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6DOPDQ�4XUHVKL������/RXLVH�%DOOHVW\������<DUOLQL�3RQQDPERODQ������6DP�.XDQ������5LFKDUG�/\QFK����

���(PHUJHQF\�0HGLFLQH��0LGODQG�5HJLRQDO�+RVSLWDO��0XOOLQJDU��0XOOLQJDU��,5(/$1'

.H\ZRUGV��(&*��OHDG�PLVSODFHPHQW��SXOPRQDU\�HPEROLVP

$EVWUDFW��

/HIW�DUP�v�9��(&*�OHDG�PLVSODFHPHQW��D�ODUJHO\�XQNQRZQ�HQWLW\�ZKLFK�FDQ�HDVLO\�EH�PLVGLDJQRVHG�DV�D�SXOPRQDU\�HPEROLVP�

,QWURGXFWLRQ��&RUUHFW�HOHFWURFDUGLRJUDSKLF��(&*��OHDG�SODFHPHQW�LV�HVVHQWLDO�IRU�DFFXUDWH�(&*�DQDO\VLV��(&*�OHDG�PLVSODFHPHQW�GRHV�RFFXU�DQG��LI
XQUHFRJQL]HG��FDQ�PDVTXHUDGH�DV�SDWKRORJ\�ZLWK�WKH�SRWHQWLDO�IRU�HUURQHRXV�GLDJQRVLV�DQG�XQQHFHVVDU\�PDQDJHPHQW��/HIW�DUP�9��OHDG
PLVSODFHPHQW��IRU�H[DPSOH��FDQ�HDVLO\�EH�PLVGLDJQRVHG�DV�SXOPRQDU\�HPEROLVP�

$LPV��7R�GHWHUPLQH�LI�DQ\�VLJQLILFDQW�FKDQJHV�LQ�4567�PRUSKRORJ\�RFFXUV�LQ�OLPE�OHDGV�DQG�9��EHWZHHQ�QRUPDOO\�SODFHG�DQG�PLVSODFHG�/$�9��OHDGV�

0HWKRGV��7ZR�(&*V��RQH�QRUPDO�WKH�RWKHU�ZLWK�/$9��PLVSODFHPHQW�ZHUH�UHFRUGHG�LQ����SDWLHQWV��(&*V�ZLWK�EXQGOH�EUDQFK�EORFN��YHQWULFXODU
K\SHUWURSK\��D[LV�GHYLDWLRQ�DQG�WKRVH�RI�SRRU�TXDOLW\�ZHUH�H[FOXGHG�����LQ�WRWDO���6WDWLVWLFDO�DQDO\VLV��ZLWK���WDLOHG�7�WHVW�DQG�:LOFR[RQ�VLJQHG�UDQN
WHVW�ZDV�SHUIRUPHG�

5HVXOWV�����SDLUV�RI�(&*V�ZHUH�LQFOXGHG�IRU�DQDO\VLV��7KHUH�ZDV�D�VWDWLVWLFDO�VLJQLILFDQW�GLIIHUHQFH�LQ�PHDQ�DPSOLWXGH�LQ�6��������YHUVXV������
GLIIHUHQFH�����PP�����&,�����WR�������4��������YHUVXV�������GLIIHUHQFH���������&,������WR�������7��������YHUVXV�������GLIIHUHQFH�����������&,�����
WR�������DQG�5��������YHUVXV��������GLIIHUHQFH���������&,������WR��������7KH�SUHVHQFH�RI�6�4�7�5���YHU\�GHHS�6�ZDYHV�LQ�OHDG�,��GHHS�4��YHU\�WDOO�5
DQG�GHHSO\�LQYHUWHG�7�ZDYHV�LQ�OHDG�,,,��ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�/$9��PLVSODFHPHQW��6WDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�QRWHG
WKURXJKRXW�WKH�OLPE�OHDGV�

&RQFOXVLRQ�

7KH�SUHVHQFH�RI�6�4�7�5��SDWWHUQ�DSSHDUV�WR�EH�SDWKRJQRPRQLF�IRU�/$9��PLVSODFHPHQW��+HDOWKFDUH�SURIHVVLRQDOV�UHVSRQVLEOH�IRU
UHFRUGLQJ�LQWHUSUHWLQJ�(&*V�QHHG�WR�EH�IDPLOLDU�ZLWK�WKLV��ODUJHO\�XQNQRZQ�HQWLW\��ZKLFK�FDQ�HDVLO\�EH�PLVLQWHUSUHWHG�DV�SXOPRQDU\�HPEROLVP�

�
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��������$FXWH�P\RFDUGLDO�LQIDUFWLRQ�LQ�D�\RXQJ�PDOH�ZLWK�SURWKURPELQ�JHQH�PXWDWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU
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/XLV�uQJHO�0DWHRV�9HJD����

���$&87(�0(',&,1(�$1'�(0(5*(1&<�'(3$570(17��+263,7$/�&/x1,&2�81,9(56,7$5,2��9DOHQFLD��63$,1

.H\ZRUGV��FORW��P\RFDUGLDO��LQIDUFWLRQ��SURWKURPELQ��WKURPERVLV

$EVWUDFW��

*�����D�PXWDWLRQ�RI�SURWKURPELQ�JHQH�UHVXOWV�LQ�GLIILFXOW\�LQ�GHJUDGDWLRQ�RI�SURWKURPELQ�DQG�IDYRXUV�D�SURFRDJXODWLRQ�VWDWH�WKDW�LQFUHDVHV�WKH�ULVN
RI�WKURPERVLV��$OWKRXJK�LW�LV�D�UHODWLYHO\�IUHTXHQW�FDXVH�RI�YHQRXV�WKURPERHPEROLF�GLVHDVH��ZH�SUHVHQW�KHUH�D�FDVH�UHSRUW�RI�P\RFDUGLDO�LQIDUFWLRQ
FDXVHG�E\�FRURQDU\�RFFOXVLRQ�IURP�D�WKURPERWLF�FORW�LQ�D�SDWLHQW�ZLWK�WKLV�PXWDWLRQ�

:H�UHFHLYHG�LQ�WKH�$	(�GHSDUWPHQW�D����\HDU�ROG�PDOH�ZLWK�SUHYLRXV�KLVWRU\�RI�NQHH�LQMXU\�IROORZHG�E\�D�SXOPRQDU\�HPEROLVP��+H�ZDV�RQ
DFHQRFXPDURO�DQG�KDG�WKH�,15�ZLWKLQ�QRUPDO�OLPLWV��+H�FRPSODLQHG�RI�DW\SLFDO�FKHVW�SDLQ�RI�WKUHH�KRXU�ORQJ��+H�KDG�QR�FKDQJHV�LQ�LQLWLDO�(&*��DQG
EORRG�VDPSOHV�DQG�FKHVW�;�UD\�ZHUH�SHUIRUPHG�IROORZLQJ�WKH�LQLWLDO�H[DPLQDWLRQ��$IWHU�D�VXGGHQ�ZRUVHQLQJ�RI�KLV�SDLQ�KH�VXIIHUHG�WZR�HSLVRGHV�RI
FDUGLDF�DUUHVW�ZLWK�YHQWULFXODU�ILEULOODWLRQ�WKDW�ZHUH�GHILEULOODWHG�ZLWK����-�GLVFKDUJH�WR�GHILEULOODWH�WKHP��ZLWK�67�HOHYDWLRQ�LQ�WKH�QHZ�(&*
SHUIRUPHG��7KH�SDWLHQW�ZDV�WUDVIHUUHG�WR�WKH�,QWHQVLYH�&DUH�8QLW��ZKHUH�DQ�HSLVRGH�RI�YHQWULFXODU�WDFK\FDUGLD�ZDV�WUHDWHG�ZLWK�,9�DPLRGDURQH�DQG
PDJQHVVLXP�VXOIDWH��&DUGLDF�FDWKHWHUL]DWLRQ�ZDV�SHUIRUPHG��ILQGLQJ�DQ�RFFOXVLRQ�RI�WKH�FLUFXPIOH[�DUWHU\�WKDW�ZDV�WUHDWHG�ZLWK�D�VWHQW�DIWHU
SUHYLRXV�DGPLQLVWUDWLRQ�RI�FORSLGRJUHO��+H�ZDV�GLVFKDUJHG�KRPH���ZHHN�ODWHU�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$
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��������,QWUDYHQRXV�&DIIHLQH�YHUVXV�,QWUDYHQRXV�.HWRURODF�IRU�WKH�0DQDJHPHQW�RI�0RGHUDWH�WR�6HYHUH�0LJUDLQH�+HDGDFKH�LQ
WKH�(PHUJHQF\�'HSDUWPHQW��D�5DQGRPL]HG�&RQWUROOHG�7ULDO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$OLUH]D�%DUDWORR������$ODOHK�5RXKLSRXU������0RKDPPDG�0HKGL�)RURX]DQIDU������6DHHG�6DIDUL������%HQMDPLQ�:RONLQ�)ULHGPDQ������$OL�$EGDOYDQG����

���(PHUJHQF\�'HSDUWPHQW��6KRDKDGD\H�7DMULVK�+RVSLWDO���6KDKLG�%HKHVKWL�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,5$1��,6/$0,&�5(38%/,&
���3HGLDWULF�6SHFLDLVW���3ULYDWH�5HVHDUFKHU��7HKUDQ��,5$1��,6/$0,&�5(38%/,&
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��0RQWHILRUH�0HGLFDO�&HQWHU����$OEHUW�(LQVWHLQ�&ROOHJH�RI�0HGLFLQH��1HZ�<RUN��86$
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH����8QLYHUVLW\�RI�&DOJDU\��&DOJDU\��&$1$'$

.H\ZRUGV��0LJUDLQH�+HDGDFKH��.HWRURODF��&DIIHLQH��3DLQ�0DQDJHPHQW��(PHUJHQF\�'HSDUWPHQW

$EVWUDFW��

2EMHFWLYH��.HWRURODF�LV�D�VWDQGDUG�DJHQW�IRU�DERUWLYH�PDQDJHPHQW�RI�PLJUDLQH�KHDGDFKH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���7KH�REMHFWLYH�RI�WKLV
VWXG\�ZDV�WR�GHWHUPLQH�LI�LQWUDYHQRXV�FDIIHLQH�LV�DV�HIIHFWLYH�DV�LQWUDYHQRXV�NHWRURODF�IRU�WKH�WUHDWPHQW�RI�PRGHUDWH�WR�VHYHUH�PLJUDLQH�KHDGDFKHV�

0HWKRGV��7KLV�UDQGRPL]HG�GRXEOH�EOLQG�FOLQLFDO�WULDO�ZDV�FRQGXFWHG�EHWZHHQ�-DQXDU\�DQG�'HFHPEHU������LQ�WZR�('V�LQ�7HKUDQ��,UDQ��3DWLHQWV�ZKR
PHW�,QWHUQDWLRQDO�&ODVVLILFDWLRQ�RI�+HDGDFKH�'LVRUGHUV���QG�HGLWLRQ�FULWHULD�IRU�PLJUDLQH�ZHUH�HQUROOHG��%DVHG�RQ�DQ�RQOLQH�UDQGRP�QXPEHU
JHQHUDWRU��SDWLHQWV�UHFHLYHG����PJ�FDIIHLQH�FLWUDWH�RU����PJ�NHWRURODF�LQIXVHG�LQWUDYHQRXVO\�RYHU����PLQXWHV��9LVXDO�DQDORJ�VFDOHV��9$6��ZHUH�XVHG
WR�PHDVXUH�SDLQ�DW�EDVHOLQH�DQG�RQH�KRXU�DQG�WZR�KRXUV�DIWHU�LQIXVLRQ��7KHUDSHXWLF�VXFFHVV�ZDV�GHILQHG�DV�LPSURYHPHQW�RI���SRLQWV�RQ�WKH�9$6
ZLWKRXW�UHTXLUHPHQW�RI�UHVFXH�PHGLFDWLRQ��$�VDPSOH�VL]H�FDOFXODWLRQ�GHWHUPLQHG�WKH�QHHG�IRU�DW�OHDVW�����SDWLHQWV�

5HVXOWV������SDWLHQWV�ZHUH�DSSURDFKHG�IRU�SDUWLFLSDWLRQ�DQG�����SDWLHQWV�ZHUH�UDQGRPL]HG�����SDWLHQWV�ZHUH�DVVLJQHG�WR�HDFK�JURXS�RI�ZKRP�����
��ZHUH�ZRPHQ��%DVHOLQH�SDLQ�VFRUHV�ZHUH�FRPSDUDEOH�EHWZHHQ�WKH�JURXSV��7KHUDSHXWLF�VXFFHVV�DIWHU����PLQXWHV�ZDV�DFKLHYHG�E\��������RI
SDWLHQWV�LQ�WKH�FDIIHLQH�DQG�������RI�SDWLHQWV�LQ�WKH�NHWRURODF�JURXS��S �������$IWHU�����PLQXWHV���������RI�WKH�FDIIHLQH�JURXS�DQG�������RI�WKH
NHWRURODF�JURXS�DFKLHYHG�WKHUDSHXWLF�VXFFHVV��S �������6XEJURXS�DQDO\VLV�GLG�QRW�UHYHDO�DQ\�DVVRFLDWLRQ�EHWZHHQ�DJH�RU�VH[�DQG�RXWFRPH�

&RQFOXVLRQ��,Q�WKLV�PXOWL�FHQWHU��UDQGRPL]HG�GRXEOH�EOLQG�('�VWXG\��LQWUDYHQRXV�FDIIHLQH�ZDV�DV�HIIHFWLYH�DV�LQWUDYHQRXV�NHWRURODF�IRU�ILUVW�OLQH
DERUWLYH�PDQDJHPHQW�RI�DFXWH�PLJUDLQH�
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��������&RUUHODWLRQ�RI�&HQWUDO�9HQRXV�3UHVVXUH�ZLWK�9HQRXV�%ORRG�*DV�$QDO\VLV�3DUDPHWHUV��D�'LDJQRVWLF�6WXG\
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$OLUH]D�%DUDWORR������$ODOHK�5RXKLSRXU������6DHHG�6DIDUL������0RKDPPDG�0HKGL�)RURX]DQIDU������6LPD�5DKLP�7DOHJKDQL����

���(PHUJHQF\�'HSDUWPHQW��6KRDKDGD\H�7DMULVK�+RVSLWDO���6KDKLG�%HKHVKWL�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,5$1��,6/$0,&�5(38%/,&
���3HGLDWULF�6SHFLDLVW���3ULYDWH�5HVHDUFKHU��7HKUDQ��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��6KRFN��6HSWLF��&HQWUDO�9HQRXV�3UHVVXUH��%ORRG�*DV�$QDO\VLV��(PHUJHQF\�'HSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ��7KLV�VWXG\�ZDV�FRQGXFWHG�WR�DVVHVV�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�DPRXQWV�RI�FHQWUDO�YHQRXV�SUHVVXUH��&93��ZLWK�YHQRXV�EORRG�JDV
�9%*��DQDO\VLV�SDUDPHWHUV�WR�IDFLOLWDWH�VHSWLF�VKRFN�PDQDJHPHQW�LQ�HPHUJHQF\�GHSDUWPHQW�

0HWKRGV��7KLV�GLDJQRVWLF�VWXG\�ZDV�FRQGXFWHG�IURP�-DQXDU\������XQWLO�-XQH������LQ�WKUHH�PDLQ�HGXFDWLRQDO�PHGLFDO�FHQWHUV��7HKUDQ��,UDQ��$OO
SDWLHQWV�ZLWK�GLDJQRVLV�RI�VHSWLF�VKRFN�ZHUH�HQUROOHG�DQG�WKRVH�ZLWK�NQRZQ�KHDUW�IDLOXUH��UHQDO�IDLOXUH��LQLWLDO�&93�PRUH�WKDQ���FP+�2��DQG�UDLVLQJ
&93�PRUH�WKDQ���FP+�2�IROORZLQJ�IOXLG�FKDOOHQJH�WHVW�ZHUH�H[FOXGHG��)RU�VHOHFWHG�SDWLHQWV��SHULSKHUDO�EORRG�VDPSOH�ZDV�WDNHQ�IRU�WHVWLQJ�WKH�9%*
DQG�DQLRQ�JDS��$*��ZDV�FDOFXODWHG��$OO�PHQWLRQHG�SDUDPHWHUV�UHJLVWHUHG�DJDLQ�DIWHU�LQIXVLRQ�RI����FF�NJ�QRUPDO�VDOLQH������LQ����PLQXWHV�

5HVXOWV��7RWDOO\����SDWLHQWV�ZLWK�VHSWLF�VKRFN�ZHUH�HQUROOHG�LQFOXGLQJ����PDOHV�	����IHPDOHV��7�KH�PHDQ�DJH�ZDV������k������DQG�WKH�PHDQ
6KRFN�,QGH[��6,��ZDV�����k������3+�	�$*�VKRZHG�VLJQLILFDQW�UHYHUVH�FRUUHODWLRQV�ZLWK�&93��:KLOH�+&2��VKRZHG�D�VLJQLILFDQW�VWUDLJKW�FRUUHODWLRQ
ZLWK�&93��7KHVH�UHODWLRQV�FDQ�EH�DIIHFWHG�E\�WKH�WUHDWPHQW�PRGDOLWLHV�XVHG�LQ�VKRFN�PDQDJHPHQW�DV�IOXLG�WKHUDS\��PHFKDQLFDO�YHQWLODWLRQ�	
9DVRSUHVVRU�WUHDWPHQW�

&RQFOXVLRQ��,W�LV�OLNHO\�WKDW�WKHUH�LV�VLJQLILFDQW�VWDWLVWLFDO�FRUUHODWLRQ�EHWZHHQ�9%*�SDUDPHWHUV�ZLWK�&93��EXW�IRU�EHLQJ�FOLQLFDOO\�SUDFWLFDO��VWLOO�QHHGV
IXUWKHU�UHVHDUFK�
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��������,QWUDYHQRXV�&DIIHLQH�IRU�WKH�7UHDWPHQW�RI�$FXWH�0LJUDLQH��D�3LORW�6WXG\
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$XWKRUV�

$OLUH]D�%DUDWORR������$ODOHK�5RXKLSRXU������1D]DQLQ�%HKQD]������$KPHG�1HJLGD����

���(PHUJHQF\�'HSDUWPHQW��6KRDKDGD\H�7DMULVK�+RVSLWDO���6KDKLG�%HKHVKWL�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,5$1��,6/$0,&�5(38%/,&
���3HGLDWULF�6SHFLDLVW���3ULYDWH�5HVHDUFKHU��7HKUDQ��,5$1��,6/$0,&�5(38%/,&
���'HSDUWPHQW�RI�2SKWDOPRORJ\����6KDKLG�%HKHVKWL�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,5$1��,6/$0,&�5(38%/,&
���)DFXOW\�RI�0HGLFLQH���=DJD]LJ�8QLYHUVLW\��=DJD]LJ��(*<37

.H\ZRUGV��&DIIHLQH��0LJUDLQH�ZLWKRXW�$XUD��(PHUJHQF\�7UHDWPHQW

$EVWUDFW��

%DFNJURXQG��&DIIHLQH�KDV�D�ORQJ�SURILOH�RI�XVH�DV�DQ�DGMXYDQW�WKHUDS\�IRU�KHDGDFKH�DQG�PLJUDLQH��7KLV�VWXG\�HYDOXDWHV�WKH�VDIHW\�DQG�HIILFDF\�RI
LQWUDYHQRXV�&DIIHLQH�&LWUDWH�IRU�SDWLHQWV�ZLWK�DFXWH�PLJUDLQH�KHDGDFKH�

0HWKRGV��,Q�WKLV�VLQJOH�DUP�VWXG\��ZH�HQUROOHG����SDWLHQWV�ZKR�ZHUH�GLDJQRVHG�ZLWK�PLJUDLQH�DFFRUGLQJ�WR�,QWHUQDWLRQDO�+HDGDFKH�6RFLHW\�&ULWHULD�
3DWLHQWV�UHFHLYHG����PJ�FDIIHLQH�FLWUDWH�LQWUDYHQRXVO\�DV�D�GULS�LQ�DERXW����PLQXWH��9$6�SDLQ�VFRUHV�ZHUH�PHDVXUHG�RQ�EDVHOLQH�DQG�RQH�KRXU�DQG
WZR�KRXUV�DIWHU�FDIIHLQH�LQIXVLRQ��6WDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�E\�6366�YHUVLRQ�����:LOFR[RQ�DQG�0DQQ�:KLWQH\�WHVWV�ZHUH�HPSOR\HG�WR�WHVW
GLIIHUHQFHV�LQ�9$6�SDLQ�VFRUH�

5HVXOWV��7KH�LPSURYHPHQW�LQ�9$6�SDLQ�VFRUH�ZDV�!��SRLQW�FKDQJH�IURP�EDVHOLQH�WR�RQH�KRXU�DIWHU�,9�LQIXVLRQ��3��������DQG�!��SRLQW�FKDQJH�IURP
EDVHOLQH�WR�WZR�KRXUV�DIWHU�,9�LQIXVLRQ��3���������3DWLHQWV��ZKR�UHFHLYHG�RWKHU�PHGLFDWLRQV�EHIRUH�FDIIHLQH�,9�LQIXVLRQ��GLG�QRW�VKRZ�EHWWHU
LPSURYHPHQW�DIWHU�RQH�KRXU��3 �������RU�WZR�KRXUV��3 �������WKDQ�RWKHU�SDWLHQWV�

&RQFOXVLRQV��,9�LQIXVLRQ�RI����PJ�&DIIHLQH�FLWUDWH�LV�VDIH�DQG�ZHOO�WROHUDWHG��,W�DFKLHYHG�WKHUDSHXWLF�VXFFHVV�IRU�SDWLHQWV�ZLWK�DFXWH�PLJUDLQH
KHDGDFKH�DIWHU�RQH�DQG�WZR�KRXUV��)XUWKHU�FRQWUROOHG�VWXGLHV�DUH�UHFRPPHQGHG�



0$1$*(0(17���('�25*$1,6$7,21 $OLUH]D�%DUDWORR

��������3DWLHQW�6DWLVIDFWLRQ�%HIRUH�DQG�$IWHU�([HFXWLQJ�+HDOWK�6HFWRU�(YROXWLRQ�3ODQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$OLUH]D�%DUDWORR������$ODOHK�5RXKLSRXU������%HKURX]�+DVKHPL������6DHHG�6DIDUL������0RKDPPDG�0HKGL�)RURX]DQIDU����

���(PHUJHQF\�'HSDUWPHQW��6KRDKDGD\H�7DMULVK�+RVSLWDO���6KDKLG�%HKHVKWL�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,5$1��,6/$0,&�5(38%/,&
���3HGLDWULF�6SHFLDLVW���3ULYDWH�5HVHDUFKHU��7HKUDQ��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��'HOLYHU\�RI�KHDOWK�FDUH��(PHUJHQF\�VHUYLFH��+RVSLWDO��3DWLHQW�VDWLVIDFWLRQ

$EVWUDFW��

,QWURGXFWLRQ��$IWHU�ORQJ�GLVFXVVLRQV��FDUU\LQJ�RXW�KHDOWK�VHFWRU�HYROXWLRQ��+6(��SODQ�EHJDQ�RQ�0D\���������WKURXJKRXW�,UDQ��6KRKDGD\H�7DMULVK
+RVSLWDO��7HKUDQ��ZDV�DOVR�LQFOXGHG�LQ�WKLV�SODQ��7KLV�VWXG\�DLPHG�WR�HYDOXDWH�WKH�OHYHO�RI�HPHUJHQF\�GHSDUWPHQW�SDWLHQW�VDWLVIDFWLRQ��EHIRUH�DQG
DIWHU�UXQQLQJ�WKLV�SODQ�
0HWKRGV��7KLV�FURVV�VHFWLRQDO�VWXG\�DQDO\]HG�WKH�GDWD�H[WUDFWHG�IURP�D�VWDQGDUG�TXHVWLRQQDLUH�ILOOHG�RXW�E\�WKH�SDWLHQWV�SUHVHQWHG�WR�WKH
HPHUJHQF\�GHSDUWPHQW�RI�6KRKDGD\H�7DMULVK�+RVSLWDO�RYHU���PRQWK�SHULRGV�EHIRUH�DQG�DIWHU�WKH�EHJLQQLQJ�RI�+6(�

5HVXOWV�������SDWLHQWV�ZHUH�VXUYH\HG��$IWHU�WKH�H[HFXWLRQ�RI�WKH�SODQ��VDWLVIDFWLRQ�GHFUHDVHG�VLJQLILFDQWO\�UHJDUGLQJ�SUH�GLVFKDUJH�WUDLQLQJ��S� 
�������KRVSLWDOL]DWLRQ�URRP�FRQGLWLRQ��S� ����������UHVWURRP�VDQLWDWLRQ��S� ���������ZDLWLQJ�WLPH�WR�EH�YLVLWHG�E\�WKH�SK\VLFLDQ��S� ��������DFFXUDF\
DQG�GXUDWLRQ�RI�SK\VLFDO�H[DPLQDWLRQ��S� ���������IHHOLQJ�FRQILGHQW�DQG�GHVLUDEOH�RXWFRPH��S� ��������FRPPLWPHQW�WR�UHOLJLRXV�DQG�PRUDO�SULQFLSOHV
�S� ��������DQG�KDQGOLQJ�ILQDQFLDO�DIIDLUV��S� �������

&RQFOXVLRQ��%DVHG�RQ�WKH�UHVXOWV�RI�WKH�SUHVHQW�VWXG\��DIWHU�H[HFXWLRQ�RI�+6(�SODQ��SDWLHQW�VDWLVIDFWLRQ�KDV�GHFUHDVHG�VLJQLILFDQWO\�UHJDUGLQJ
SUH�GLVFKDUJH�WUDLQLQJ��KRVSLWDOL]DWLRQ�URRP�FRQGLWLRQ��UHVWURRP�VDQLWDWLRQ��WLPHO\�YLVLW�RI�WKH�SK\VLFLDQV��DFFXUDF\�DQG�GXUDWLRQ�RI�SK\VLFDO
H[DPLQDWLRQ��VXJJHVWLRQV�IRU�ZHOOEHLQJ�RI�WKH�SDWLHQW��KDQGOLQJ�ILQDQFLDO�DIIDLUV��DQG�FRPPLWPHQW�WR�UHOLJLRXV�DQG�PRUDO�SULQFLSOHV�



,1)(&7,286�',6($6(���6(36,6 'HQDGD�6HOIR

��������(9,'(1&(�2)�0(',&$/�67$))�(;32685(�72�352)(66,21$/�5,6.6�$7�7+(�$0%8/$17�&(175(�2)�9/25(�'85,1*�7+(
3(5,2'�������������

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'HQDGD�6HOIR������6NHQGHU�6NHQGHUL������&KULVWRV�&KDW]LV������0DMOLQGD�=DKDM����

���/HFWXUHU��8QLYHUVLW\�RI�9ORUD��9ORUH��$/%$1,$
���/HFWXUHU��8QLYHUVLW\�RI�7LUDQD��7LUDQD��$/%$1,$
���/HFWXUHU��8QLYHUVLW\�RI�&UHWH�&UHFFH��&UHWH��*5((&(

.H\ZRUGV��.H\�ZRUGV��ELRVHFXULW\�PHDVXUHV�KRVSLWDO�ZDVWH�PDQDJHPHQW��SURIHVVLRQDO�ULVNV

$EVWUDFW��

(9,'(1&(�2)�0(',&$/�67$))�(;32685(�72�352)(66,21$/�5,6.6�$7�7+(�$0%8/$17�&(175(�2)�9/25(�'85,1*�7+(�3(5,2'�����
�������

���������������������'HQDGD�6HOIR���6NHQGHU�6NHQGHUL��&KULVWRV�&KDW]LV���0DMOLQGD�=DKDM�
��������������������������8QLYHUVLW\�RI�9ORUD��8QLYHUVLW\�RI�7LUDQD��8QLYHUVLW\�RI�&UHFFH���8QLYHUVLW\�RI�9ORUD�

��������������������������������������������������������$EVWUDFW

�$LP�$�VWXG\�IRU�H[WHQGLQJ�WKH�NQRZOHGJH�DQG�LQIRUPDWLRQ�DERXW�HYLGHQFLQJ�RI�SURIHVVLRQDO�ULVNV��XVH�RI��ELRVHFXULW\�PHDVXUHV��KRVSLWDO��RU
DPEXODQW��ZDVWH�PDQDJHPHQW�DQG�WKH�SURIHVVLRQDO�WUHDWPHQWV�IURP�WKH�PHGLFDO�VWDII�LQ�D�FRXQWU\�RI�9ORUD��0DWHULDO�DQG�0HWKRGV�7KHUH�ZDV�D
TXHVWLRQQDLUH�XVHG�IRU�LQIRUPDWLRQ�JDWKHULQJ�DW�WKLV�VWXG\��7KH�TXHVWLRQQDLUH�ZDV�VHOI�DGPLQLVWUDWHG�IRU�WKH�PHGLFDO�VWDII��0HGLFDO�&HQWUH�È6KXVKLFHÉ
RI��9ORUD�7KH�GDWD�ZDV�HYDOXDWHG�VWUXFWXUHG�DQG�WDEOHG�ZLWK�WKH�6366�PHWKRG�YHUVLRQ�������5HVXOWV�$ERXW�����EHORQJHG�WR�WKH�DJH�RI������
\HDUV�����ZHUH�IHPDOHV��$ERXW����ZHUH�ZLWK�KLJK�HGXFDWLRQ�����RI�WKHP�VKDUH�WKH�DPEXODQW�ZDVWHV������RI�WKH�QXUVHV�DUH�QRW�KDSS\�ZLWK�WKH
K\JLHQLF�DQG�VDQLW\�FRQGLWLRQV�DQG�����RI�WKHP�WKLQN�WKDW�WKHLU�FHQWUH�QHHGV�UHFRQVWUXFWLRQ��$ERXW�����RI�WKH�QXUVHV�ZHUH�YDFFLQDWHG�IRU
SURSK\OD[LV�EHIRUH�MRE�DFFHSWDQFH��$ERXW�����RI�WKH�QXUVHV�DGPLWWHG�WKH�DEVHQFH�RI�WKH�QHHGHG�PDWHULDOV�IRU�WKH�VDIHW\�SUHVHUYDWLRQ�DW�ZRUN�DQG
IRU�MRE�SHUIRUPDQFH��$ERXW�����RI�WKH�QXUVHV�DSSOLHG�WKH�VDIHW\�PHDVXUHV�LQ�WKH�ZRUNLQJ�HQYLURQPHQW��0RVW�RI�WKHP�DERXW�����ZHUH�LQIRUPHG
DERXW�WKH�SURIHVVLRQDO�ULVNV�7KHUH�ZDV�����RI�QXUVHV�ZKR�ZHUH�GULOOHG�ZLWK�QHHGOHV�GXULQJ�WKH�LQMHFWLRQV���&RQFOXVLRQ�7KH�XVH�RI�SURWHFWLYH
HOHPHQWV�HVSHFLDOO\�WKH�KDQGOHV�ZDV�DSSOLHG�E\�PRUH�WKDQ�KDOI�RI�WKH�QXUVHV��7KLV�DVFHUWDLQV�DQ�LQFUHDVH�RI�WKHLU�XVH�FRPSDULQJ�WR�DQRWKHU�VWXG\�LQ
����������ZKHUH�RQO\�������RI�QXUVHV�KDG�GHFODUHG�WKDW�WKH\�DOZD\V�XVH�WKH�SHUVRQDO�SURWHFWLRQ�HOHPHQWV�6KRZV�DQ�LQFUHDVH�LQ�WKH�LQIRUPLQJ
OHYHO�FRPSDULQJ�WR�\HDU�����������

.H\�ZRUGV��ELRVHFXULW\�PHDVXUHV�KRVSLWDO�ZDVWH�PDQDJHPHQW��SURIHVVLRQDO�ULVNV�



,1)(&7,286�',6($6(���6(36,6 'HQDGD�6HOIR

��������(9,'(1&(�2)�0(',&$/�67$))�(;32685(�72�352)(66,21$/�5,6.6�$7�7+(�$0%8/$17�&(175(�2)�9/25(�'85,1*�7+(
3(5,2'�������������

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'HQDGD�6HOIR������6NHQGHU�6NHQGHUL������&KULVWRV�&KDW]LV������0DMOLQGD�=DKDM����

���/HFWXUHU��8QLYHUVLW\�RI�9ORUD��9ORUH��$/%$1,$
���/HFWXUHU��8QLYHUVLW\�RI�7LUDQD��7LUDQD��$/%$1,$
���/HFWXUHU��8QLYHUVLW\�RI�&UHWH�&UHFFH��&UHWH��*5((&(

.H\ZRUGV��.H\�ZRUGV��ELRVHFXULW\�PHDVXUHV�KRVSLWDO�ZDVWH�PDQDJHPHQW��SURIHVVLRQDO�ULVNV

$EVWUDFW��

(9,'(1&(�2)�0(',&$/�67$))�(;32685(�72�352)(66,21$/�5,6.6�$7�7+(�$0%8/$17�&(175(�2)�9/25(�'85,1*�7+(�3(5,2'�����
�������

���������������������'HQDGD�6HOIR���6NHQGHU�6NHQGHUL��&KULVWRV�&KDW]LV���0DMOLQGD�=DKDM�
��������������������������8QLYHUVLW\�RI�9ORUD��8QLYHUVLW\�RI�7LUDQD��8QLYHUVLW\�RI�&UHFFH���8QLYHUVLW\�RI�9ORUD�

��������������������������������������������������������$EVWUDFW

�$LP�$�VWXG\�IRU�H[WHQGLQJ�WKH�NQRZOHGJH�DQG�LQIRUPDWLRQ�DERXW�HYLGHQFLQJ�RI�SURIHVVLRQDO�ULVNV��XVH�RI��ELRVHFXULW\�PHDVXUHV��KRVSLWDO��RU
DPEXODQW��ZDVWH�PDQDJHPHQW�DQG�WKH�SURIHVVLRQDO�WUHDWPHQWV�IURP�WKH�PHGLFDO�VWDII�LQ�D�FRXQWU\�RI�9ORUD��0DWHULDO�DQG�0HWKRGV�7KHUH�ZDV�D
TXHVWLRQQDLUH�XVHG�IRU�LQIRUPDWLRQ�JDWKHULQJ�DW�WKLV�VWXG\��7KH�TXHVWLRQQDLUH�ZDV�VHOI�DGPLQLVWUDWHG�IRU�WKH�PHGLFDO�VWDII��0HGLFDO�&HQWUH�È6KXVKLFHÉ
RI��9ORUD�7KH�GDWD�ZDV�HYDOXDWHG�VWUXFWXUHG�DQG�WDEOHG�ZLWK�WKH�6366�PHWKRG�YHUVLRQ�������5HVXOWV�$ERXW�����EHORQJHG�WR�WKH�DJH�RI������
\HDUV�����ZHUH�IHPDOHV��$ERXW����ZHUH�ZLWK�KLJK�HGXFDWLRQ�����RI�WKHP�VKDUH�WKH�DPEXODQW�ZDVWHV������RI�WKH�QXUVHV�DUH�QRW�KDSS\�ZLWK�WKH
K\JLHQLF�DQG�VDQLW\�FRQGLWLRQV�DQG�����RI�WKHP�WKLQN�WKDW�WKHLU�FHQWUH�QHHGV�UHFRQVWUXFWLRQ��$ERXW�����RI�WKH�QXUVHV�ZHUH�YDFFLQDWHG�IRU
SURSK\OD[LV�EHIRUH�MRE�DFFHSWDQFH��$ERXW�����RI�WKH�QXUVHV�DGPLWWHG�WKH�DEVHQFH�RI�WKH�QHHGHG�PDWHULDOV�IRU�WKH�VDIHW\�SUHVHUYDWLRQ�DW�ZRUN�DQG
IRU�MRE�SHUIRUPDQFH��$ERXW�����RI�WKH�QXUVHV�DSSOLHG�WKH�VDIHW\�PHDVXUHV�LQ�WKH�ZRUNLQJ�HQYLURQPHQW��0RVW�RI�WKHP�DERXW�����ZHUH�LQIRUPHG
DERXW�WKH�SURIHVVLRQDO�ULVNV�7KHUH�ZDV�����RI�QXUVHV�ZKR�ZHUH�GULOOHG�ZLWK�QHHGOHV�GXULQJ�WKH�LQMHFWLRQV���&RQFOXVLRQ�7KH�XVH�RI�SURWHFWLYH
HOHPHQWV�HVSHFLDOO\�WKH�KDQGOHV�ZDV�DSSOLHG�E\�PRUH�WKDQ�KDOI�RI�WKH�QXUVHV��7KLV�DVFHUWDLQV�DQ�LQFUHDVH�RI�WKHLU�XVH�FRPSDULQJ�WR�DQRWKHU�VWXG\�LQ
����������ZKHUH�RQO\�������RI�QXUVHV�KDG�GHFODUHG�WKDW�WKH\�DOZD\V�XVH�WKH�SHUVRQDO�SURWHFWLRQ�HOHPHQWV�6KRZV�DQ�LQFUHDVH�LQ�WKH�LQIRUPLQJ
OHYHO�FRPSDULQJ�WR�\HDU�����������

.H\�ZRUGV��ELRVHFXULW\�PHDVXUHV�KRVSLWDO�ZDVWH�PDQDJHPHQW��SURIHVVLRQDO�ULVNV�



&5,7,&$/�&$5( <28,&+,�<$1$*$:$

��������)DFWRUV�DIIHFWLQJ�GLIILFXOW\�LQ�H[WXEDWLRQ�DIWHU�LQLWLDO�VXFFHVVIXO�UHVXVFLWDWLRQ�LQ�FDUGLRSXOPRQDU\�DUUHVW�SDWLHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

<28,&+,�<$1$*$:$����

���'HSDUWPHQW�RI�$FXWH�&ULWLFDO�&DUH�0HGLFLQH��6KL]XRND�+RVSLWDO��-XQWHQGR�8QLYHUVLW\��,]XQRNXQL��-$3$1

.H\ZRUGV��H[WXEDWLRQ��FDUGLRSXOPRQDU\�DUUHVW��RXWFRPH

$EVWUDFW��

3XUSRVH��:H�UHWURVSHFWLYHO\�LQYHVWLJDWHG�WKH�IDFWRUV�DIIHFWLQJ�WKH�GLIILFXOW\�RI�H[WXEDWLRQ�DIWHU�DQ�LQLWLDO�VXFFHVVIXO�UHVXVFLWDWLRQ�

0HWKRGV��)URP�2FWREHU������WR�-XO\�������D�PHGLFDO�FKDUW�UHYLHZ�ZDV�UHWURVSHFWLYHO\�SHUIRUPHG�IRU�DOO�SDWLHQWV�ZLWK�FDUGLRSXOPRQDU\�DUUHVW��&3$���
7KH�H[FOXVLRQ�FULWHULD�LQFOXGHG�SDWLHQWV�ZKR�H[SHULHQFHG�&3$�LQ�WKH�KRVSLWDO��SDWLHQWV�ZLWK�WUDXPDWLF�&3$��DQG�WKRVH�ZKR�GLHG�ZLWKLQ�D�ZHHN�DQG
ZKR�GLG�QRW�XQGHUJR�WUDFKHDO�LQWXEDWLRQ�LQ�WKH�FRXUVH�RI�WKH�UHVXVFLWDWLRQ��7KH�VXEMHFWV�ZHUH�GLYLGHG�LQWR�WZR�JURXSV��WKH�GLIILFXOW\�LQ�H[WXEDWLRQ
�'(��JURXS��ZKLFK�LQFOXGHG�SDWLHQWV�ZKR�UHPDLQHG�WUDFKHDOO\�LQWXEDWHG�IRU�WZR�ZHHNV�DIWHU�WKHLU�FROODSVH��DQG�WKH�&RQWURO�JURXS��ZKLFK�LQFOXGHG
SDWLHQWV�ZKR�FRXOG�XQGHUJR�H[WXEDWLRQ�DQG�ZKR�ZHUH�IUHH�RI�WUDFKHDO�LQWXEDWLRQ�ZLWKLQ�WZR�ZHHNV�DIWHU�WKHLU�FROODSVH��

5HVXOWV��7KHUH�ZHUH���SDWLHQWV�LQ�WKH�'(�JURXS�DQG����SDWLHQWV�LQ�WKH�FRQWURO�JURXS���7KH�UDWHV�RI�IHPDOH�SDWLHQWV��XQGHUO\LQJ�SXOPRQDU\�GLVHDVH�
IODLO�FKHVW�DQG�WKH�DYHUDJH�DJH�LQ�WKH�'(�JURXS�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�FRPSDULVRQ�WR�WKH�&RQWURO�JURXS���,Q�FRQWUDVW��WKH�UDWH�RI�SDWLHQWV�ZKR
UHWXUQHG�WR�FRQVFLRXVQHVV�DQG�WKH�VXUYLYDO�UDWH�ZHUH�VLJQLILFDQWO\�ORZHU�LQ�WKH�'(�JURXS�WKDQ�LQ�WKH�&RQWURO�JURXS�

&RQFOXVLRQ��7KLV�VWXG\�GHPRQVWUDWHG�WKDW�DPRQJ�WKH�SDWLHQWV�ZLWK�2+�&3$�ZKR�REWDLQHG�VSRQWDQHRXV�FLUFXODWLRQ�DQG�VXUYLYHG�IRU�PRUH�WKDQ�RQH
ZHHN��IHPDOH��DGYDQFHG�DJH��XQGHUO\LQJ�SXOPRQDU\�GLVHDVH��WKH�FRPSOLFDWLRQ�RI�IODLO�FKHVW�DQG�SHUVLVWHQW�XQFRQVFLRXVQHVV��ZHUH�ULVN�IDFWRUV�IRU
GLIILFXOW�H[WXEDWLRQ�



35(�+263,7$/���(06���287�2)�+263,7$/ /DGGDZDQ�.LHWWLNXQZRQJ

��������0RUWDOLW\�UDWH�LQ�DOWHUDWHG�VWDWH�RI�FRQVFLRXVQHVV�SDWLHQWV���FRPSDULVRQ�EHWZHHQ�PRGH�RI�SDWLHQW�DUULYDO�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/DGGDZDQ�.LHWWLNXQZRQJ������1DWKLGD�6XPDWFKRWLPD\WKD����

���(PHUJHQF\�PHGLFLQH��5DMDYLWKL�+RVSLWDO��%DQJNRN��7+$,/$1'

.H\ZRUGV��$OWHUDWHG�VWDWH�RI�FRQVFLRXVQHVV���PRGH�RI�WUDQVSRUWDWLRQ���)LUVW�UHVSRQGHUV���(06���3ULYDWH�WUDQVSRUWDWLRQ���0RUWDOLW\�UDWH

$EVWUDFW��

%DFNJURXQG��(PHUJHQF\�PHGLFDO�VHUYLFHV��(06��SURYLGH�DGHTXDWH�SUH�KRVSLWDO�WUHDWPHQW�DQG�WUDQVSRUWV�SDWLHQW�WR�WKH�DSSURSULDWH�KRVSLWDO�
3DWLHQW�ZKR�KDV�DOWHUHG�VWDWH�RI�FRQVFLRXVQHVV�LV�HPHUJHQW�DQG�QHHG�D�SURSHU�PDQDJHPHQW�DQG�WUDQVSRUWDWLRQ�

2EMHFWLYH��7KLV�VWXG\�DLPV�WR�GHWHUPLQH�PRUWDOLW\�LQ�DOWHUHG�VWDWH�RI�FRQVFLRXVQHVV�SDWLHQWV�ZLWK�GLIIHUHQW�PRGH�RI�DUULYDO�

0DWHULDOV�DQG�0HWKRG��$�UHWURVSHFWLYH�FKDUW�UHYLHZ�ZDV�SHUIRUPHG�IRU�����FRQVHFXWLYH�DOWHUDWLRQ�RI�FRQVFLRXVQHVV�SDWLHQWV�SUHVHQWLQJ�WR
5DMDYLWKL�KRVSLWDO�IURP�-DQXDU\������WR�'HFHPEHU��������3DWLHQWV�ZLWK�FDUGLDF�DUUHVW��SHGLDWULF��SUHJQDQW�DQG�WUDXPD�ZHUH�H[FOXGHG��7KH�SDWLHQWV
ZHUH�GLYLGHG�LQ�WKUHH�JURXSV�E\�PRGH�RI�WUDQVSRUWDWLRQ��2QH�ZD\�$129$�ZDV�XVHG�WR�GHWHUPLQH�WKH�VWUHQJWK�RI�FRUUHODWLRQ�EHWZHHQ�GHPRJUDSKLF
YDULDEOHV��DV�ZHOO�DV�WKH�YDULDWLRQ�EHWZHHQ�LQGLYLGXDO�WUDQVSRUWDWLRQ�

5HVXOW��1R�VWDWLVWLFDOO\�VLJQLILFDQFH�GLIIHUHQFHV�LQ�PRUWDOLW\�UDWH�H[LVWHG�ZKHQ�FRPSDUHG�EHWZHHQ�$/6��������%/6�������DQG�SULYDWH�FDU���������S
 ��������6HSVLV���������DQG�QHXURORJLFDO�FDXVH���������ZKLFK�WRS�HWLRORJ\��OHDG�WR�DOWHUDWLRQ�RI�FRQVFLRXVQHVV��+RZHYHU�WKH�PHDQ�RI�*&6�LQ
SDWLHQWV�ZKR�WUDQVSRUWHG�E\�$/6�LV�VLJQLILFDQWO\�OHVV�WKDQ�WKH�RWKHUV��S� ���������0RGLILHG�HDUO\�ZDUQLQJ�VFRUH��0(:6��LV�VLJQLILFDQWO\�KLJKHU��LQ
SDWLHQWV�WUDQVSRUW�E\�$/6��EHWZHHQ�GHDWK�LQ�KRVSLWDO�DQG�GLVFKDUJH�DOLYH��S� �����������&,����������������,W�LV�WKH�VDPH�DV�0(:6�LQ�SDWLHQWV�ZKR
WUDQVSRUW�E\�SULYDWH�FDU��GHDWK�LQ�KRVSLWDO�KDG�VLJQLILFDQW�JUHDWHU�VFRUH�WKDQ�GLVFKDUJH�DOLYH��S� �����������&,���������������

&RQFOXVLRQ���7KH�VWXG\�VKRZQ�KLJKHU�PRUWDOLW\�UDWH�LQ�%/6�JURXS�EXW�WKHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW��7KH�VWXG\�DOVR�VKRZQ�VLJQLILFDQWO\�OHVV
*&6�VFRUH�LQ�SDWLHQWV�WUDQVSRUW�E\�$/6�JURXS��$SSURSULDWH�SUH�KRVSLWDO�WUHDWPHQW�DQG�HYDOXDWLRQ�VKRXOG�EH�SURPRWHG�LQ�RUGHU�WR�KHOS�(06
GHYHORSPHQW�LQ�WKH�IXWXUH�



,1)(&7,286�',6($6(���6(36,6 *ORGLDQD�6LQDQDM

��������6WXG\�RQ�(SLGHPLRORJLFDO�6LWXDWLRQ�RI�+,9���$,'6�LQ�$OEDQLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*ORGLDQD�6LQDQDM������$UMDQ�+DU[KL������0LNHO�1DNXFL������0DMOLQGD�=DKDM������%UXQLOGD�0LIWDUL������%UXQLOGD�6XEDVKL������'HQDGD�6HOIR������5R]HWD�/XFL����

����'HSDUWPHQW�RI�1XUVLQJ��)DFXOW\�RI�3XEOLF�+HDOWK���8QLYHUVLW\�RI�9ORUH��$OEDQLD���9ORUH��$/%$1,$
����)DFXOW\�RI�7HFKQLFDO�0HGLFDO�6FLHQFHV����6HUYLFH�RI�,QIHFWLRQ�'LVHDVH���7LUDQH��$/%$1,$
����)DFXOW\�RI�7HFKQLFDO�0HGLFDO�6FLHQFHV����6HUYLFH�RI�,QIHFWLRQ�'LVHDVH���9ORUH��$/%$1,$

.H\ZRUGV��VLWXDWLRQ��+,9�$,'6��HSLGHPLRORJLFDO��WUDQVPLVVLRQ�

$EVWUDFW��

%DFNJURXQG��+,9�FRQWLQXHV�WR�EH�D�PDMRU�JOREDO�LVVXH�RI�SXEOLF�KHDOWK�WKDW�KDV�UHFHLYHG�PRUH�WKDQ����PLOOLRQ�OLYHV�VR�IDU��2QO\�LQ�������DERXW����
PLOOLRQ�SHRSOH�KDYH�GLHG�JOREDOO\�IURP�FDXVHV�UHODWHG�WR�+,9��*OREDOO\��E\�WKH�HQG�RI�������WKH�QXPEHU�RI�SHRSOH�OLYLQJ�ZLWK�+,9�ZDV������PLOOLRQ�
ZLWK���PLOOLRQ�QHZ�FDVHV�LQ������DORQH��+,9�LQIHFWLRQ�LV�GLDJQRVHG�WKURXJK�UDSLG�GLDJQRVWLF�WHVWV�WKDW�GHWHFW�WKH�SUHVHQFH�RU�DEVHQFH�RI�DQWLERGLHV
WR�+,9��7KHVH�WHVWV�SURYLGH�UDSLG�UHVXOWV��HVVHQWLDO�IRU�HDUO\�GLDJQRVLV�DQG�WUHDWPHQW�

$LP��7KH�HYDOXDWLRQ�RI�WKH�HSLGHPLRORJLFDO�VLWXDWLRQ�RI�+,9���$,'6�LQ�$OEDQLD�

0DWHULDOV�DQG�PHWKRGV��'DWD�RI�WKLV�VWXG\�ZHUH�FROOHFWHG�E\�WKH�,QVWLWXWH�RI�3XEOLF�+HDOWK��7LUDQD�DV�IDU�DV�WKH�VSUHDG�RI�WKH�YLUXV�LQ�WKH�SRSXODWLRQ�

5HVXOWV��)URP������WR�1RYHPEHU������E\�UHJLVWHUHG�����FDVHV��RI�ZKLFK����DUH�FKLOGUHQ��0RVW�RI�WKHP�DUH�PHQ��ZKR�PDNH�XS����SHUFHQW�RI�WKRVH
DIIHFWHG��,Q�WHUPV�RI�GLVWULEXWLRQ�E\�JHQGHU�+,9�SRVLWLYH�FDVHV������RI�WKHP�DUH�PDOH�DQG�����DUH�IHPDOH��0HDQZKLOH��LQ������WKH\�UHSRUWHG����PHQ
DQG����ZRPHQ�GLDJQRVHG�ZLWK�+,9���$,'6����6H[XDO�ZD\�RI�WUDQVPLVVLRQ�RI�WKH�YLUXV�FRQWLQXHV�WR�GRPLQDWH�LQ�RXU�FRXQWU\��ZKLFK�LV�IRXQG�LQ���
SHUFHQW�RI�FDVHV��0HDQZKLOH��RWKHU�ZD\V�DUH�DW�ORZ�UDWHV�IURP�PRWKHU�WR�FKLOG�WUDQVPLVVLRQ��DV�ZHOO�DV�WKURXJK�EORRG�WUDQVIXVLRQV��2I�WKH���
FKLOGUHQ�DIIHFWHG�����RI�WKHP�KDYH�FRQWUDFWHG�WKH�YLUXV�IURP�WKH�PRWKHU�GXULQJ�SUHJQDQF\�

&RQFOXVLRQ���7KH�GLVWULEXWLRQ�E\�DJH�JURXS�VKRZV�WKDW�LQ�RXU�FRXQWU\�SUHGRPLQDWHV�������DJH�JURXS��IROORZHG�E\�WKH�DJH�JURXS�RI��������ZKLFK�LV�D
VH[XDOO\�DFWLYH�DJH�JURXS���IXUWKHU�VWDWHG�LQ�WKH�UHSRUW�RI�,3+��7KH�ILUVW�FDVHV�RI�WKRVH�DIIHFWHG�E\�ZKDW�LV�NQRZQ�DV�WKH�GLVHDVH�RI�WKH�FHQWXU\�LQ�RXU
FRXQWU\��DSSHDUHG�LQ������'XULQJ�WKHVH�\HDUV�WKHUH�ZHUH�WKRVH�ZKR�IDLOHG�LQ�WKH�IDFH�RI�EDWWOH��7KURXJKRXW�WKLV�\HDU�WKH\�KDYH�NLOOHG���SHRSOH�
ZKLOH�E\������WKH�QXPEHU�KDV�JRQH�WR�����



0$1$*(0(17���('�25*$1,6$7,21 -LUL�6RXSDO

��������2YHUFURZGLQJ��$�WDVN�WR�VROYH�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-LUL�6RXSDO������-DQ�%\G]RYVN\��0'��3K'��'RF�������-DURVODY��0'�.UDWRFKYLO����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�0RWRO��3UDJXH��&=(&+�5(38%/,&

.H\ZRUGV��2YHUFURZGLQJ��('��SDWLHQW�IORZ��WLPH�RI�WUHDWPHQW��ZDLWLQJ�WLPH��WLPH�WR�QHHGOH��WLPH�WR�LQWHUYHQWLRQ��WLPH�WR�EHG��LQWHUGHSDUWPHQWDO
FRRSHUDWLRQ�

$EVWUDFW��

,Q�WKH�VSULQJ�RI������8QLYHUVLW\�+RVSLWDO�0RWRO�LQ�3UDJXH�RSHQHG�ZKROH�QHZ��ODUJHU�DQG�PRGHUQ�(PHUJHQF\�'HSDUWPHQW��('���0RVW�RI�WKH�DFXWH
RXWSDWLHQW�FOLQLFV�LQ�WKH�KRVSLWDO�ZHUH�FORVHG�DQG�('�ZDV�GHVLJQDWHG�DV�RQH�DQG�RQO\�SODFH��WKUXH�ZKLFK�DOO�RI�WKH�HPHUJHQF\�SDWLHQWV�FRPH�
1XPEHU�RI�YLVLWV�DW�WKH�('�URVH�GUDPDWLFDOO\��6R�WKH�GRFWRUV��QXUVHV�DQG�DGPLQLVWUDWRUV�RI�('�H[SHULHQFHG�ILVW�KDQG�UHDO�FULVLV��ZKLFK�ODVWHG�IRU
ZHHNV�DQG�PRQWKV��&ULVLV�ZDV�E\�WKH�PRVW�GHILQHG�DV�ERDUGLQJ�RI�SDWLHQWV�LQ�WKH�GHSDUPHQW�DQG�RYHUFURZGLQJ�RI�ZDLWLQJ�DUHD�DQG�GHSDUWPHQWDO
VSDFH��&RPPXQLFDWLRQ�WURXEOHV�DQG�FRQIOLFWV�EHWZHHQ�('�VWDII�DQG�FRQVXOWDQWV�IURP�RWKHU�VHUYLFHV�ZDV�GDLO\�EXVVLQHVV��3HUVRQHOO�ZDV�RYHUZKHOPHG
E\�SDWLHQWV�DQG�WDVNV��KHDOWK�FDUH�SHRSOH�XVHG�WR��HPHUJHQFLHV��VWDUWHG�WR�IHHO�XQGHU�PRUH�SUHVVXUH�WKDQ�EHDUDEOH��$W�KH�VDPH�WLPH�FRPSODLQWV
IURP�SDWLHQWV��PRVWO\�DERXW�ORQJ�WLPHV�DQG�ODFN�RI�FRPPXQLFDWLRQ��VN\URFNHWWHG��:H�ZHQW�TXLFNO\�WKUX�WKH�OLWHUDWXUH�DQG�WULHG�WR�XVH�VRPH�RI�WKH
UHFRPPHQGDWLRQV�DQG�H[SHULHQFHV�IURP�LW��$XWKRU�RI�WKLV�SUHVHQWDWLRQ�VKDUHV�NQRZOHGJH�IURP�WKH�UHFHQW�SXEOLFDWLRQV��'HILQLWLRQ�RI�WKH
RYHUFURZGLQJ��LWV�V\PSWRPV�DQG�FRQVHTXHQFHV�DUH�SUHVHQWHG��3RVVLEOH�VROXWLRQV��WLSV�DQG�WULFV�DUH�GLVFXVVHG��)LQDOO\�DXWKRU�VKRZV�UHVXOWV�IURP�KLV
GHSDUWPHQW��ZKHUH�QXPEHU�RI�YLVLWV�URVH�E\������LQWHUDQXDOO\�DV�WKH�QHZ�GHSDUWPHQW�ZDV�RSHQHG��&KDQJHV�LQ�ZRUN�RUJDQL]DWLRQ��FKDQJHV�LQ
FRPPXQLFDWLRQ�ZLWK�RWKHU�GHSDUWPHQWV�DQG�SXVK�WR�JHW�WKH�ZKROH�KRVSLWDO�WR�XQGHUVWDQG�WKH�VSHFLILFV�RI�KRZ�WKH�('�RSHUDWHV��SXVK�WR�FRRSHUDWH�
FUHDWHG�PRPHQWXP�WRZDUGV�LPSURYHPHQW��2XU�WLPH�WR�WUHDW�LQ�WKH�('�FKDQJHG�IURP�DOPRVW�����PLQXWHV�LQ�-XO\������WR����PLQXWHV�LQ�)HEUXDU\
������$W�WKH�ZRUVW�WLPHV�ZH�XVHG�WKH�FRPSDULVRQ�WR�WKH�0F'RQQDOGV�IDVWIRRG�VHUYLFH��,Q�FDVH�RI�GRXEOLQJ�RI�QXPEHU�RI�FXVWRPHUV�\RX�HLWKHU�ZRUN
WZLFH�IDVWHU��RU�QHHG�WR�LQYHVW�LQ�DQRWKHU�XQLW�ZLWK�WKH�VDPH�QXPEHU�RI�EHGV�DQG�SHUVRQHOO��,Q�RXU�FDVH��ZH��WRJHWKHU�ZLWK�RWKHU�GHSDUWPHQWV�
PDQDJHG�WR�ZRUN�IDVWHU��2YHUFURZGLQJ�DQG�ERDUGLQJ�LV�QR�PRUH�FRPPRQ��SHRSOH�DUH�VHQVLWLYH�IRU�VLJQV�RI�ORRPLQJ�SUREOHP�DQG�PDQDJH�WR�SUHYHQW
LW�LQ�PRVW�FDVHV��$XWKRU�GHVFULEHV�VSHFLILF�VWHSV�ZKLFK�ZHUH�SXW�LQ�SODFH�WR�VKRUWHQ�WLPH�WR�WUHDW��VWHSV�WDNHQ�WR�FRPIRUW�DQG�LQIRUP�WKH�ZDLWLQJ
�FURZG��DQG�VWHSV�WR�SUHYHQW�RYHUFURZGLQJ�DQG�LWV�FRQVHTXHQFHV��$XWKRU�VKRZV�UHVXOWV�RI�VWDWLVWLFV�RI�SDWLHQW�IORZ�RYHU�WKH�PHQWLRQHG�SHULRG��-XQH
�������)HEUXDU\�������DQG�SUHVHQWV�RXU�RZQ�UHVHDUFK�RI�SDWLHQW�VDWLVIDFWLRQ�ZLWK�ZDLWLQJ�DQG�WUHDWPHQW�WLPH�IURP�SHULRG�EHIRUH�DQG�DIWHU�WKH
PHDVXUHV�WDNHQ�SODFH��,Q�FRQFOXVLRQ��ZRUOGZLGH�SKHQRPHQRQ�RI�('�RYHUFURZGLQJ�RFFXUUHV�LQ�WKH�KHDUW�RI�(XURSH�WRR�DQG�WKDQN�WR�WKH�VKDUHG
H[SHULHQFH�DQG�RZQ�ZRUN�ZH��VR�IDU��PDQDJHG�WR�VROYH�LW��,W�LV��QHYHUWKHOHVV�WKH�ODVWLQJ�SUREOHP�ZKLFK�ZLOO�SUREDEO\�RFFXU�LQ�DQ\�QHZ�('�LQ�RWKHU
SODFHV�DQG�ZKLFK�LV�WKH�FDQDU\�RI�WKH�OHYHO�RI�FRRSHUDWLRQ�ZLWKLQ�WKH�ZKROH�KRVSLWDO�



%,20$5.(56 $UWXUR�)XHQWHV

��������,QDSSURSULDWH�LQWHUSUHWDWLRQ�RI�KLJK�VHQVLWLYH�WURSRQLQ�,�YDOXHV�LV�DVVRFLDWHG�WR�QRQ�RFFOXVLYH�FRURQDU\�DQJLRJUDSKLHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$UWXUR�-��)XHQWHV�*�PH]������'DYLG�*RQ]�OH]�.ODGLDQR������&HOVR�0RQWR\D�*RQ]�OH]����

���(PHUJHQF\�GHSDUWPHQW��7KH�$PHULFDQ�%ULWLVK�&RZGUD\�0HGLFDO�&HQWHU��0H[LFR�&LW\��0(;,&2

.H\ZRUGV��&DUGLDF�ELRPDUNHUV��P\RFDUGLDO�LQIDUFWLRQ��WURSRQLQ�,��KLJK�VHQVLWLYH�WURSRQLQ�,��FRURQDU\�DQJLRJUDSK\��GHOWD�DSSURDFK

$EVWUDFW��

+LJK�VHQVLWLYH�WURSRQLQ�DVVD\V��GHVLJQHG�IRU�WKH�HDUOLHU�P\RFDUGLDO�LQIDUFWLRQ�GHWHFWLRQ��KDYH�LQFUHDVHG�WKH�IDOVH�SRVLWLYH�UDWH�IRU�WKLV�GLVRUGHUV��VR
LW�LV�QHFHVVDU\�DQ�DFFXUDWH�VHOHFWLRQ�RI�WKH�LQGLYLGXDOV�ZLWK�KLJK�YDOXHV�WKDW�ZLOO�EHQHILW�IURP�FRURQDU\�DQJLRJUDSK\��2EMHFWLYH��7R�HYDOXDWH�WKH�UDWH
RI�DQJLRJUDSKLHV�ZLWKRXW�VHYHUH�FRURQDU\�RFFOXVLRQ�EHWZHHQ�D�FRQYHQWLRQDO�WURSRQLQ�,��7Q,��PHWKRG�DQG�D�KLJK�VHQVLWLYH�WURSRQLQ�,��KV�7Q,��DVVD\�
0HWKRGV��$�WRWDO�RI�����SDWLHQWV�IURP�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�VXVSLFLRQ�RI�QRQ�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��ZHUH
UHWURVSHFWLYHO\�DQDO\]HG���,Q����SDWLHQWV�ZHUH�HYDOXDWHG�WKH�LQLWLDO�YDOXHV�RI�FRQYHQWLRQDO�7Q,��ZKLOH�LQ�RWKHU����SDWLHQWV��KV�7Q,�ZDV�LQYHVWLJDWHG�
)ROORZLQJ�7Q,�PHDVXUHV�ZHUH�UHYLHZ��DQG�GHFLVLRQV�RI�DQJLRJUDSK\�ZHUH�FDWHJRUL]HG�E\�WKH�EDVDO�YDOXHV�DQG�7Q,�HOHYDWLRQV��5HVXOWV��&RQYHQWLRQDO
7Q,�PHWKRG�VKRZHG�����RI�DQJLRJUDSKLHV�ZLWKRXW�VHYHUH�FRURQDU\�RFFOXVLRQ��KV�7Q,�DVVD\�KDG�D�KLJKHU�VHQVLELOLW\��DQG�����RI�DQJLRJUDSKLHV
ZDVQÇW�DVVRFLDWHG�WR�VHYHUH�RFFOXVLRQV��+RZHYHU��ZKLOH�WKH�DUHD�XQGHU�WKH�52&�FXUYH�ZDV�H[DPLQH�IRU�ERWK�PHWKRGRORJLHV��FRQYHQWLRQDO�7Q,��GXH
WR�LWV�VSHFLILFLW\��WHQGHG�WR�KLJKHU�UHVXOWV��:KHQ�HOHYDWLRQ�FULWHULD��DEVROXWH�GHOWD��DQG�UHODWLYH�GHOWD��ZHUH�DSSURDFKHG�IRU�KV�7Q,��DOO�WKH
DQJLRJUDSKLHV�GHPRQVWUDWHG�VHYHUH�FRURQDU\�RFFOXVLRQV��&RQFOXVLRQV��$�VLQJOH�KV�7Q,�PHDVXUHPHQW�ZDVQÇW�PRUH�DFFXUDWH�WKDQ�FRQYHQWLRQDO�7Q,
PHWKRG�LQ�WHUPV�RI�WKH�DUHD�XQGHU�WKH�52&�FXUYH��VR�HOHYDWLRQ�FULWHULD�PXVW�EH�FRQVLGHUHG�ZKHQ�KV�7Q,�LV�XVHG��LQ�RUGHU�WR�GHFUHDVHG�WKH
DQJLRJUDSKLHV�ZLWKRXW�FRURQDU\�RFFOXVLRQ���



5(63,5$725<�(0(5*(1&,(6 2]JXU�6RJXW

��������0XOWLSOH�&\VWLF�/XQJ�'LVHDVH�LQ�DQ�$GROHVFHQW�%R\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

2]JXU�6RJXW������'HPHW�7DV����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��+DVHNL�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��7XUNH\��,VWDQEXO��785.(<

.H\ZRUGV��0XOWLSOH�F\VWLF�OXQJ�GLVHDVH��DGROHVFHQW��JLDQW�OXQJ�F\VW��SQHXPRWKRUD[

$EVWUDFW��

%DFNJURXQG��&\VWLF�OXQJ�GLVHDVH�LV�GHILQHG�DV�LQWUDSXOPRQDU\�DLU�FRQWDLQLQJ�PXOWLSOH�F\VWV�VXUURXQGHG�E\�VKDUSO\�GHPDUFDWHG�WKLQ�ZDOOV��$OWKRXJK
F\VWLF�OXQJ�GLVHDVH�LV�UDUH��LQFLGHQWDO�GHWHFWLRQ�KDV�LQFUHDVHG�VLJQLILFDQWO\�LQ�UHFHQW�\HDUV�E\�VFUHHQLQJ�XVLQJ�FRPSXWHG�WRPRJUDSK\��:H�SUHVHQW�D
FDVH�UHSRUW�RI�D�PXOWLSOH�F\VWLF�OXQJ�GLVHDVH�GLDJQRVHG�ZLWK�FKHVW�UDGLRJUDSK\�DQG�WKRUDFLF�FRPSXWHG�WRPRJUDSK\�

&DVH��$����\HDU�ROG�SUHYLRXVO\�KHDOWK\�ER\�ZDV�LQYROYHG�LQ�D�WUDIILF�DFFLGHQW�DQG�SUHVHQWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW��('��ZLWK�FRPSODLQWV�RI
FKHVW�SDLQ�DQG�PLOG�VKRUWQHVV�RI�EUHDWK��2Q�SK\VLFDO�H[DPLQDWLRQ��KH�KDG�FRPSODLQHG�IRU�WKH�ODVW���KRXUV�RI�WKH�ULJKW�KHPLWKRUD[�SDLQ�LQ�WKH�ILIWK
LQWHUFRVWDO�VSDFH�UDGLDWLQJ�WR�WKH�ULJKW�PLGD[LOODU\�OLQH��+H�KDG�QR�SDVW�PHGLFDO�RU�VXUJLFDO�KLVWRU\��&KHVW�[�UD\�GHPRQVWUDWHG��GRXEWIXO�PXOWLSOH
WKLQ�ZDOOHG�F\VWLF�OHVLRQV�LQ�WKH�ULJKW�OXQJ��&RPSXWHG�WRPRJUDSK\���&7��VFDQ�RI�WKRUD[�UHYHDOHG�D�ZHOO��GHILQHG�WKLQ�ZDOOHG��DQG������[������FP�LQ
GLDPHWHU�JLDQW�DLU�F\VW�RFFXS\LQJ�WKH�ULJKW�XSSHU�OREH�SDUHQFK\PD�ZLWK�PXOWLSOH�DLU�VSDFH�F\VWV��7KH�SDWLHQW�ZDV�ILQDOO\�GLDJQRVHG�DV�D�PXOWLSOH
F\VWLF�OXQJ�GLVHDVH�DQG�KH�XQGHUZHQW��HOHFWLYH�WKRUDFLF�VXUJHU\�IRU�F\VW�UHPRYDO�

&RQFOXVLRQ��3DWLHQWV�ZLWK�F\VWLF�OXQJ�GLVHDVH�PD\�EH�DV\PSWRPDWLF�RU�SUHVHQW�ZLWK�QRQVSHFLILF�V\PSWRPV��VXFK�DV�FKURQLF�FRXJK�RU�VKRUWQHVV�RI
EUHDWK��DV�LW�ZDV�LQ�WKLV�FDVH��7KH\�DUH�DW�LQFUHDVHG�ULVN�IRU�VSRQWDQHRXV�SQHXPRWKRUD[��+HQFH��VXUJLFDO�WUHDWPHQW�RI�PXOWLSOH�F\VWLF�OXQJ�GLVHDVH
SOD\V�D�FUXFLDO�UROH�LQ�WKH�SUHYHQWLRQ�RI�SQHXPRWKRUD[��



3(',$75,&6 &UDLJ�6ZLQEXUQH

��������&ULWLFDO�LQFLGHQW�GHEULHILQJ�DIWHU�IDLOHG�SDHGLDWULF�UHVXVFLWDWLRQ�DQG�FKLOGKRRG�GHDWK��D�UHYLHZ�RI�WKH�OLWHUDWXUH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&UDLJ�6ZLQEXUQH����

���'HSDUWPHQW�RI�3DHGLDWULFV��:LVKDZ�*HQHUDO�+RVSLWDO��:LVKDZ��8.

.H\ZRUGV��FULWLFDO�LQFLGHQW�GHEULHILQJ��GHEULHILQJ��UHVXVFLWDWLRQ��GHDWK��FKLOGUHQ��SDHGLDWULF

$EVWUDFW��

&ULWLFDO�LQFLGHQW�GHEULHILQJ�DIWHU�IDLOHG�SDHGLDWULF�UHVXVFLWDWLRQ�DQG�FKLOGKRRG�GHDWK��D�UHYLHZ�RI�WKH�OLWHUDWXUH

�

'U�&UDLJ�6ZLQEXUQH��'HSDUWPHQW�RI�3DHGLDWULFV��:LVKDZ�*HQHUDO�+RVSLWDO��:LVKDZ��6FRWODQG��8.�

�

,QWURGXFWLRQ

$SSUR[LPDWHO\������FKLOGUHQ�DQG�\RXQJ�SHRSOH�DJHG�EHWZHHQ���DQG����\HDUV�GLH�LQ�WKH�8.�DQQXDOO\��ZLWK�DSSUR[LPDWHO\�WZR�WKLUGV�RI�GHDWKV
RFFXUULQJ�LQ�LQIDQF\���$OWKRXJK�FKLOGKRRG�GHDWK�LQ�WKH�8.�LV�D�UDUH�HYHQW��WKH�UHVXVFLWDWLRQ�DQG�GHDWK�RI�D�FKLOG�UHPDLQV�RQH�RI�WKH�PRVW�VWUHVVIXO
FULWLFDO�LQFLGHQWV�HQFRXQWHUHG�E\�KHDOWKFDUH�VWDII���&ULWLFDO�LQFLGHQW�GHEULHILQJ�DLPV�WR�UHGXFH�WKH�DGYHUVH�VHTXHODH�DVVRFLDWHG�ZLWK�VXFK�HYHQWV
ZKLOH�DOVR�HQKDQFLQJ�SDWLHQW�FDUH�

�

3XUSRVH

7R�UHYLHZ�FXUUHQW�SUDFWLFHV�LQ�FULWLFDO�LQFLGHQW�GHEULHILQJ�IROORZLQJ�IDLOHG�SDHGLDWULF�UHVXVFLWDWLRQ�DQG�FKLOGKRRG�GHDWK�

�

0DWHULDOV�DQG�0HWKRGV

$�OLWHUDWXUH�VHDUFK�ZDV�SHUIRUPHG�XVLQJ�29,'��:HE�RI�6FLHQFH��0,',56��&,1$+/�DQG�(0%$6(�GDWDEDVHV���$�WRWDO�RI����SDSHUV�ZHUH�LGHQWLILHG����RI
ZKLFK�ZHUH�GHHPHG�UHOHYDQW�DQG�LQFOXGHG�LQ�WKH�OLWHUDWXUH�UHYLHZ���$�IXUWKHU����SDSHUV�ZHUH�LGHQWLILHG�LQGHSHQGHQWO\�RI�WKH�OLWHUDWXUH�VHDUFK�DQG
ZHUH�LQFOXGHG�IRU�UHYLHZ�

�

5HVXOWV

7KLV�OLWHUDWXUH�UHYLHZ�H[SORUHV�FXUUHQW�SUDFWLFHV�LQ�FULWLFDO�LQFLGHQW�GHEULHILQJ�IROORZLQJ�IDLOHG�SDHGLDWULF�UHVXVFLWDWLRQ�DQG�FKLOGKRRG�GHDWK���7KH
UHYLHZ�IRFXVHV�RQ�WKH�DLPV�RI�GHEULHILQJ��GHEULHILQJ�WHFKQLTXHV��SDWWHUQV�LQ�WKH�XVH�RI�GHEULHILQJ��LQGLFDWLRQV�IRU�GHEULHILQJ��DWWLWXGHV�WRZDUGV
GHEULHILQJ�DQG�EDUULHUV�WR�GHEULHILQJ�

�

&RQFOXVLRQV

&ULWLFDO�LQFLGHQWV�LQYROYLQJ�FKLOGUHQ�FDUU\�LQFUHDVHG�ULVN�RI�DGYHUVH�RXWFRPH�IRU�KHDOWK�FDUH�VWDII���(PHUJHQF\�GHSDUWPHQW�VWDII�LQ�SDUWLFXODU�DUH
NQRZQ�WR�EH�DW�LQFUHDVHG�ULVN�RI�GHYHORSLQJ�DGYHUVH�SV\FKRORJLFDO�VHTXHODH���'HVSLWH�D�ODFN�RI�HYLGHQFH�WR�VXSSRUW�LWV�XVH�LW�LV�FOHDU�WKDW�KHDOWK�FDUH
VWDII�VXSSRUW�GHEULHILQJ�DQG�ILQG�LW�EHQHILFLDO���1RW�RQO\�GRHV�LW�VXSSRUW�KHDOWK�FDUH�VWDII�EXW�LW�DOVR�KHOSV�WR�HQKDQFH�SDWLHQW�FDUH���,GHDOO\�GHEULHILQJ
VKRXOG�RFFXU�ZLWKLQ�VHYHUDO�GD\V�IROORZLQJ�D�FULWLFDO�LQFLGHQW��VKRXOG�EH�OHG�D�VHQLRU�PHPEHU�RI�VWDII�ZLWK�DSSURSULDWH�WUDLQLQJ�LQ�GHEULHILQJ�DQG
VKRXOG�DGGUHVV�PHGLFDO��HPRWLRQDO�DQG�SV\FKRORJLFDO�LVVXHV���)XUWKHU�UHVHDUFK�LV�UHTXLUHG�WR�DGGUHVV�WKH�ODFN�RI�HYLGHQFH�UHJDUGLQJ�WKH�XVH�RI
GHEULHILQJ�LQWHUYHQWLRQV�LQ�SDHGLDWULF�SUDFWLFH��



35(�+263,7$/���(06���287�2)�+263,7$/ $/$6'$,5�&25),(/'

��������,PSDFW�RI�SUHKRVSLWDO�FULWLFDO�SK\VLFLDQ�WHDP�RQ�WLPH�RQ�VFHQH�DQG�WUDQVSRUW�WLPH�IROORZLQJ�PDMRU�WUDXPD��DQDO\VLV�RI�D
QDWLRQDO�WUDXPD�UHJLVWU\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$OLVWDLU�0DGGRFN������$ODVGDLU�&RUILHOG������0LFKDHO�'RQDOG������+HDUQV�6WHSKHQ������'DYLG�)LW]SDWULFN����

���(PHUJHQF\�0HGLFDO�5HWULHYDO�6HUYLFH��6FRW67$5��*ODVJRZ��8.
���(PHUJHQF\�'HSDUWPHQW��5R\DO�$OH[DQGUD�+RVSLWDO��3DLVOH\��8.
���(PHUJHQF\�'HSDUWPHQW��1LQHZHOOV�+RVSLWDO��'XQGHH��8.
���(PHUJHQF\�'HSDUWPHQW��5R\DO�$OH[DQGUD�+RVSLWDO��*ODVJRZ��8.
���5HVHDUFK�	�'HYHORSPHQW��6FRWWLVK�$PEXODQFH�6HUYLFH��6WLUOLQJ��8.

.H\ZRUGV��HPHUJHQF\�PHGLFDO�VHUYLFHV��PRUWDOLW\��SUHKRVSLWDO�FDUH��FULWLFDO�FDUH��WUDXPD��UHJLVWU\

$EVWUDFW��

,1752'8&7,21

6WXGLHV�LQ�VHYHUDO�FRXQWULHV�VXJJHVW�WKHUH�PD\�EH�D�EHQHILW�WR�SDWLHQWV�ZKR�UHFHLYH�SK\VLFLDQ�OHG�SUHKRVSLWDO�FULWLFDO�FDUH��HVSHFLDOO\�PRUH�VHULRXVO\
LQMXUHG�SDWLHQWV��'DWD�DERXW�WKH�HIIHFW�RI�SK\VLFLDQ�OHG�SUHKRVSLWDO�FDUH�RQ�RQ�VFHQH�WLPH�DQG�WLPH�WR�KRVSLWDO�DUULYDO�LV�PL[HG�ZLWK�VRPH�VWXGLHV
VKRZLQJ�D�ORQJHU�VFHQH�DQG�WUDQVSRUW�WLPH�IRU�SK\VLFLDQ�OHG�WHDPV��6FRWODQG�KDV�WKUHH�SUHKRVSLWDO�FULWLFDO�FDUH�WHDPV��ZH�ZLVKHG�WR�LQYHVWLJDWH
ZKHWKHU�WUHDWPHQW�E\�VXFK�D�WHDP�ZDV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�RQ�VFHQH�WLPH�

0(7+2'6

:H�SHUIRUPHG�D�UHWURVSHFWLYH�FRKRUW�VWXG\�RI�SDWLHQW�GDWD�IURP�WKH�6FRWWLVK�7UDXPD�$XGLW�*URXS��FRYHULQJ�DOO�WUDXPD�SDWLHQWV�DGPLWWHG�WR�KRVSLWDOV
LQ�6FRWODQG��IRU�WKH�IRXU�FDOHQGDU�\HDUV����������:H�FRPSDUHG�WKRVH�ZKR�ZHUH�VHHQ�E\�D�SK\VLFLDQ�OHG�SUHKRVSLWDO�FULWLFDO�FDUH�WHDP�WR�WKRVH�ZKR
UHFHLYHG�VWDQGDUG�DPEXODQFH�FDUH��:H�H[FOXGHG�SDWLHQWV�VHHQ�E\�RWKHU�SK\VLFLDQV��PRVW�RI�ZKRP�FDQQRW�SURYLGH�FULWLFDO�FDUH��7KH�SULPDU\
RXWFRPH�PHDVXUH�ZDV�WLPH�IURP�ILUVW�DPEXODQFH�UHVRXUFH�DUULYDO�WR�GHSDUWXUH�RI�SDWLHQW�IURP�VFHQH�

(;&/86,216

3DWLHQWV�VHHQ�E\�QRQ�FULWLFDO�FDUH�SK\VLFLDQV��H�J�*3�

3DWLHQWV�SURQRXQFHG�OLIH�H[WLQFW�DW�VFHQH

5(68/76

$�WRWDO�RI��������SDWLHQWV�ZHUH�LQFOXGHG�LQ�LQLWLDO�GDWDVHW��2I�WKHVH��������HOLJLEOH�SDWLHQWV������SDWLHQWV�ZHUH�VHHQ�E\�D�QRQ�FULWLFDO�FDUH�GRFWRU�DQG
LQ������FDVHV��LW�ZDV�QRW�UHFRUGHG�ZKHWKHU�FDUH�ZDV�IURP�DPEXODQFH�VHUYLFH�RU�RWKHU�VWDII��OHDYLQJ�D�WRWDO�RI��������SDWLHQWV�DYDLODEOH�IRU�DQDO\VLV�
2I�WKHVH�SDWLHQWV�������������ZHUH�VHHQ�E\�D�SUHKRVSLWDO�FULWLFDO�FDUH�WHDP�DQG��������������UHFHLYHG�VWDQGDUG�DPEXODQFH�FDUH��&RPSOHWH�WLPH
VHULHV�GDWD�ZDV�DYDLODEOH�IRU����������������������RI�HOLJLEOH�FDVHV��

$QDO\VLV�VKRZHG�WKH�PHDQ�WLPH�VSHQW�RQ�VFHQH�IRU�WKH�JURXS�RI�SDWLHQWV�ZKHUH�D�SUHKRVSLWDO�FULWLFDO�FDUH�WHDP�DWWHQGHG�ZDV������PLQXWHV�YHUVXV
�����PLQXWHV�ZKHUH�QR�SUHKRVSLWDO�FULWLFDO�FDUH�WHDP�ZDV�LQ�DWWHQGDQFH��7KH�GLIIHUHQFH�ZDV������PLQXWHV�����&,������WR������S��������

7KHUH�ZHUH�VLJQLILFDQW�RWKHU�GLIIHUHQFHV�EHWZHHQ�WKRVH�SDWLHQWV�DWWHQGHG�E\�D�YHUVXV�WKRVH�UHFHLYLQJ�VWDQGDUG�DPEXODQFH�FDUH��7KRVH�DWWHQGHG�E\
D�SUHKRVSLWDO�FULWLFDO�FDUH�WHDP�ZHUH�OLNHO\�WR�EH�\RXQJHU�������Y������\HDUV��S���������ZHUH�PRUH�VHYHUHO\�LQMXUHG��PHGLDQ�,66����Y����S�������
DQG�ZHUH�PRUH�OLNHO\�WR�UHFHLYH�LQWXEDWLRQ�DW�WKH�VFHQH�RI�WKH�LQFLGHQW��������Y�������S���������7KH\�ZHUH�DOVR�PRUH�OLNHO\�WR�EH�WUDQVSRUWHG�E\�DLU
������Y�������S�������

',6&866,21

2XU�GDWD�VKRZV�DWWHQGDQFH�RI�D�SK\VLFLDQ�OHG�SUHKRVSLWDO�FULWLFDO�FDUH�WHDP�LQ�DVVRFLDWHG�ZLWK�D�ORQJHU�RQ�VFHQH�WLPH��+RZHYHU�WKH�JURXS�DWWHQGHG
E\�SUHKRVSLWDO�FULWLFDO�FDUH�SK\VLFLDQV�DUH�PRUH�VHULRXVO\�LQMXUHG�DQG�KDYH�D�ODUJHU�QXPEHU�RI�LQYDVLYH�SURFHGXUHV�GRQH��*HRJUDSKLFDO�ORFDWLRQ
ZDV�QRW�UHFRUGHG�LQ�WKLV�VWXG\��0RUH�DLU�WUDQVSRUWV�VXJJHVWV�PRUH�UHPRWH�ORFDWLRQ�DQG�SRVVLEO\�ORQJHU�ZDLWLQJ�RQ�VFHQH�IRU�UHVRXUFHV�WR�DUULYH�

2XU�GDWD�LV�EDVHG�RQ�WKH�WLPH�RI�LQLWLDO�DPEXODQFH�UHVRXUFH�DUULYDO��ZKLFK�PD\�QRW�EH�WKH�SUHKRVSLWDO�FULWLFDO�FDUH�WHDP��XQWLO�SDWLHQW�OHDYHV�VFHQH�
6RPH�RI�WKH�RQ�VFHQH�WLPH�PD\�UHIOHFW�ZDLW�IRU�D�SUHKRVSLWDO�FULWLFDO�FDUH�WHDP�WR�DUULYH�GXH�WR�GLVSDWFK�LVVXHV�

�

�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

-LUL�6RXSDO

��������&RPELQDWLRQ�RI�D�ORZ�GRVH�NHWDPLQ�DQG�PLGD]RODP�LQ�DGXOW�('�WUDXPD�SDWLHQWV�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-LUL�6RXSDO������-DQ�%\G]RYVN\��0'��3K'��'RF�������-DURVODY��0'�.UDWRFKYLO����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�0RWRO��3UDJXH��&=(&+�5(38%/,&

.H\ZRUGV��NHWDPLQ��PLGD]RODP��DQDOJHVLD��VHGDWLRQ��RSLRLGV��16$��9$6��PRQLWRULQJ��QRQ�DQHVWKHVLD�SK\VLFLDQ��PRQLWRULQJ��KHPRG\QDPLF�VWDELOLW\�
UHVSLUDWLRQ

$EVWUDFW��

$XWKRUV�GLVFXVV�SUDFWLFH�RI�PRQLWRULQJ��WUHDWPHQW�DQG�HYDOXDWLRQ�RI�SDLQ�LQ�WUDXPD�SDWLHQWV�DW�WKH�HPHUJHQF\�GHSDUWPHQW��7KH\�GHVFULEH�WKHLU
GHSDUWPHQWDO�SROLF\�RI�SDLQ�PDQDJHPHQW��7KH\�GLVFXVV�NQRZQ�OLWHUDWXUH�DQG�VWXGLHV�RI�NHWDPLQ�DQG�EHQ]RGLD]HSLQH�XVDJH�LQ�HPHUJHQF\
GHSDUWPHQW�VHWWLQJV��7KH\�GHVFULEH�QHZ�GHSDUWPHQWDO�NHWDPLQ�PLGD]RODP�UHFRPPHQGDWLRQV��7KH\�VKRZ�KRZ�NHWDPLQ�LV�VDIHO\�XVHG�LQ�FDVH�RI
RSLRLG�16$�WUHDWPHQW�IDLOXUH�RU�DV�ILUVW�OLQH�DQDOJRVHGDWLRQ�IRU�WUDXPD�SDWLHQWV�ZLWK�SDLQ��7KH\�GHVFULEH�VXLWDELOLW\�RI�WKLV�FRPELQDWLRQ�IRU�VPDOO
SURFHGXUH��GULOOLQJ��UHSRVLWWLRQ�HWF���DQDOJRVHGDWLRQ�7KH\�VKRZ�FRPSOLDQFH�RI�QRQ�DQHVWKHVLRORJLVW�SK\VLFLDQV�LQ�('�WHDP�WR�WKLV�SROLF\��)XUWKHU�
WKH\�VKRZ�FKDQJH�RI�SDLQ�OHYHO���FKDQJH�LQ�OHYHOV�RI�SDWLHQW�DQG�SHUVRQQHO�VDWLVIDFWLRQ�ZLWK�WKLV�QHZ�SROLF\�LPSOHPHQWDWLRQ��7KH\�GLVFXVV�RFFXUUHQF\
RI�VLGH�HIIHFWV�DQG�SRVVLEOH�SLWIDOOV��)LQDOO\��WKH\�GLVFXVV�IXUWKHU�GHYHORSPHQW�RI�DQDOJHVLD�DQG�DQDOJRVHGDWLRQ�LQ�WKHLU�('��XOWUDVRXQG�JXLGHG
UHJLRQDO�DQHVWKHVLD��



&$5',29$6&8/$5 <RKHL�.DZDWDQL

��������7KH�HIIHFWV�RI�SUHRSHUDWLYH�DQG�SRVWRSHUDWLYH�FRDJXODWLRQ�SURILOH�RQ�RXWFRPH�RI�HQGRYDVFXODU�DRUWLF�UHSDLU�SHUIRUPHG
IRU�UXSWXUHG�DEGRPLQDO�DRUWLF�DQHXU\VP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

<RKHL�.DZDWDQL������.XUREH�+LURWVXJX������+D\DVKL�<XMLUR������7DQHLFKL�7HWVX\RVKL������,WR�<XMLUR������1DNDPXUD�<RVKLWVXJX������6XGD�<XML������7HWVX\D
.LWDJDZD������+RUL�7DNDNL����

���&DUGLRYDVFXODU�VXUJHU\��&KLED�1LVKL�*HQHUDO�+RVSLWDO��0DWVXGR��-$3$1
���&DUGLRYDVFXODU�VXUJHU\��7RNXVKLPD�8QLYHUVLW\�+RVSLWDO��7RNXVKLPD��-$3$1

.H\ZRUGV��UXSWXUHG�DEGRPLQDO�DRUWLF�DQHXU\VP��HQGRYDVFXODU�DRUWLF�UHSDLU��SDUWLDO�WKURPERSODVWLQ�WLPH��LQWHQVLYH�FDUH�XQLW��FRDJXORSDWK\

$EVWUDFW��

>,QWURGXFWLRQ@�3UHVHQWO\��HQGRYDVFXODU�DRUWLF�UHSDLU��(9$5��LV�UHSRUWHG�WR�EH�DQ�HIIHFWLYH�WUHDWPHQW�IRU�UXSWXUHG�DEGRPLQDO�DRUWLF�DQHXU\VP
�U$$$���+RZHYHU��WKH�PRUWDOLW\�DVVRFLDWHG�ZLWK�U$$$�UHPDLQV�KLJK��3UHYLRXV�UHSRUWV�LQGLFDWHG�WKDW�D�PDMRU�FDXVH�RI�GHDWK�LQ�SDWLHQWV�ZLWK�U$$$�LV
KHPRUUKDJH�GXH�WR�FRDJXORSDWK\�IROORZLQJ�RSHQ�UHSDLU�IRU�U$$$��7KH�IDFWRUV�WKDW�PLJKW�DIIHFW�VXUYLYDO�LQ�SDWLHQWV�ZLWK�U$$$�ZKR�XQGHUJR�(9$5�DUH
QRW�ZHOO�NQRZQ��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�HIIHFWV�RI�SHULRSHUDWLYH�DQG�SRVWRSHUDWLYH�FRDJXODWLRQ�VWDWXV�RQ�VXUYLYDO�LQ�SDWLHQWV�ZLWK
U$$$�IROORZLQJ�HPHUJHQF\�(9$5�

�

>0HWKRGV@�,Q�WKLV�UHWURVSHFWLYH�VWXG\��ZH�UHYLHZHG�SDWLHQWV�ZKR�ZHUH�DGPLWWHG�WR�RXU�KRVSLWDO�ZLWK�HQKDQFHG�FRPSXWHG�WRPRJUDSK\
�&7��FRQILUPHG�U$$$�EHWZHHQ�2FWREHU������DQG�'HFHPEHU�������3DWLHQWV�ZLWK�V\PSWRPDWLF�DEGRPLQDO�DQHXU\VP�ZLWKRXW�HYLGHQFH�RI�KHPRUUKDJH
LQ�&7�LPDJHV�ZHUH�H[FOXGHG��,Q�RXU�IDFLOLW\��(9$5�LV�FRQVLGHUHG�DV�WKH�ILUVW�OLQH�VXUJLFDO�WUHDWPHQW�IRU�U$$$��+RZHYHU��LI�(9$5�ZDV�FRQWUDLQGLFDWHG�
RSHQ�UHSDLU�ZDV�SHUIRUPHG��%ORRG�WHVWV�ZHUH�SHUIRUPHG�DW�WKH�WLPH�RI�DGPLVVLRQ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��SUHRSHUDWLYH�VWDWXV���DW�WKH�WLPH�RI
DGPLVVLRQ�WR�WKH�LQWHQVLYH�FDUH�XQLW��,&8��SRVWRSHUDWLYHO\��0DMRU�FRDJXORSDWK\�ZDV�GHILQHG�DV�DQ�LQWHUQDWLRQDO�QRUPDOL]HG�UDWLR�RU�DFWLYDWHG�SDUWLDO
WKURPERSODVWLQ�WLPH��$377��UDWLR�RI�Õ����

>5HVXUWV@�7ZHQW\�ILYH�SDWLHQWV�ZKR�XQGHUZHQW�(9$5�ZHUH�HQUROOHG���1R�SDWLHQWV�GLHG�LQ�WKH�(5����ZDV�FRQVLGHUHG�QRW�ILW�IRU�VXUJHU\�DQG����ZHQW�WR
WKHDWUH��2I����FDVHV�����XQGHUZHQW�(9$5���7KH�PHDQ�SDWLHQW�DJH�ZDV�����k�����\HDUV��7KH�PDOH�IHPDOH�UDWLR�ZDV�������(LJKWHHQ�SDWLHQWV
H[SHULHQFHG�SRVWRSHUDWLYH�VKRFN��7KH�PHDQ�RSHUDWLRQ�WLPH�ZDV����k�����PLQXWHV��%ORRG�WUDQVIXVLRQ��UHG�FHOO�FRQFHQWUDWHV������k�����XQLWV�
IUHVK�IUR]HQ�SODVPD�����k����XQLWV��DQG�SODWHOHW�FRQFHQWUDWH�����k���XQLWV��7KUHH�SDWLHQWV�GLHG�RI�DEGRPLQDO�FRPSDUWPHQW�V\QGURPH�ZLWKLQ���
SRVWVXUJLFDO�KRXUV��$Q�DGGLWLRQDO���SDWLHQWV�GLHG�EHWZHHQ����KRXUV�DQG����GD\V�SRVWVXUJLFDOO\����SDWLHQW�GLHG�GXH�WR�UHVSLUDWRU\�IDLOXUH��DQG���GXH
WR�FDQFHU��7ZHQW\�SDWLHQWV�������VXUYLYHG��1RQH�RI�WKH�SDWLHQWV�KDG�D�PDMRU�FRDJXORSDWK\�SUHRSHUDWLYHO\��ZKHUHDV�����������SUHVHQWHG�ZLWK�PDMRU
FRDJXORSDWK\�SRVWRSHUDWLYHO\��$OWKRXJK�SUHRSHUDWLYH�SURWKURPELQ�WLPH��37���$377��DQG�PDMRU�FRDJXORSDWK\�ZHUH�QRW�REVHUYHG��SRVWRSHUDWLYH�$377
DQG�PDMRU�FRDJXORSDWK\�ZHUH�DVVRFLDWHG�ZLWK����KRXU�VXUYLYDO�>6XUYLYHG���1RQ�VXUYLYHG�����k���������k�����3 ������$377�������3 ������PDMRU
FRDJXORSDWK\�@�DQG����GD\�VXUYLYDO�>6XUYLYHG���1RQ�VXUYLYHG�����k���������k�����3 �������$377�������3 �������PDMRU�FRDJXORSDWK\�@��$377�ZDV
VLJQLILFDQWO\�JUHDWHU�LQ�SDWLHQWV�ZKR�GLHG�FRPSDUHG�ZLWK�WKRVH�ZKR�VXUYLYHG�DW�ERWK����KRXUV�>6XUYLYHG���1RQ�VXUYLYHG�����k���������k����
3 �����@�DQG����GD\V�>6XUYLYHG���1RQ�VXUYLYHG�����k���������k�����3 �����@��+HPRJORELQ��KHPDWRFULW��DQG�SODWHOHW�FRXQWV�ZHUH�QRW�VLJQLILFDQWO\
GLIIHUHQW�EHWZHHQ�WKRVH�ZKR�VXUYLYHG�DQG�WKRVH�WKDW�GLHG�

�

>'LVFXVVLRQ@�3UHRSHUDWLYH�$377��37��DQG�PDMRU�FRDJXORSDWK\�ZHUH�QRW�REVHUYHG��+RZHYHU��$377�RQ�DGPLVVLRQ�WR�,&8�ZDV�VLJQLILFDQWO\�ORQJHU�LQ
SDWLHQWV�ZKR�GLG�QRW�VXUYLYH��$GGLWLRQDOO\��SRVWRSHUDWLYH�PDMRU�FRDJXORSDWK\�ZDV�PRUH�IUHTXHQWO\�REVHUYHG�LQ�SDWLHQWV�WKDW�GLG�QRW�VXUYLYH�
0RUHRYHU��WKH�GLIIHUHQFHV�EHWZHHQ�SUHRSHUDWLYH�DQG�SRVWRSHUDWLYH�$377�RU�PDMRU�FRDJXORSDWK\�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�QRQ�VXUYLYRUV
VXJJHVWLQJ�WKDW�SURJUHVVLYH�FRDJXORSDWK\�PLJKW�KDYH�VWURQJ�DGYHUVH�HIIHFWV�RQ�VXUYLYDO�

>&RQFOXVLRQ@�3RVWRSHUDWLYH�$377�DQG�PDMRU�FRDJXORSDWK\�ZHUH�DVRFFLDWHG�ZLWK�PRUWDOLW\�



36<&+,$75< /HVOLH�=81

��������'RHV�3V\FKH�3DLQ�0DQLIHVW�DV�$JLWDWLRQ�LQ�WKH�(PHUJHQF\�6HWWLQJ"�$�3LORW�6WXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

=XQ�/HVOLH������'RZQH\�/DYRQQH����

���(PHUJHQF\�0HGLFLQH��6LQDL�+HDOWK�6\VWHP��&KLFDJR��86$
���+HDOWK�3ROLF\��5RRVHYHOW�8QLYHUVLW\���&KLFDJR��86$

.H\ZRUGV��3V\FKH�SDLQ��DJLWDWLRQ��SV\FKLDWULF�SDWLHQWV

$EVWUDFW��

�2EMHFWLYH��7KH�REMHFWLYH�ZDV�WR�GHWHUPLQH�D�SDWLHQWÇV�OHYHO�RI�SV\FKH�SDLQ�ZKHQ�WKH\�SUHVHQW�WR�DQ�(PHUJHQF\�'HSDUWPHQW��('��DQG�ZKHWKHU�WKHUH
ZDV�D�UHODWLRQVKLS�EHWZHHQ�WKLV�SV\FKH�HPHUJHQF\�'HSDUWPHQW�DQG�ZKHWKHU�WKHUH�ZDV�D�UHODWLRQVKLS�EHWZHHQ�WKLV�SV\FKH�SDLQ�DQG�WKH�SDWLHQWÇV
OHYHO�RI�DJLWDWLRQ�

0HWKRGV�Ä�7KLV�ZDV�D�SURVSHFWLYH�VWXG\�XVLQJ�D�FRQYHQLHQFH�VDPSOH�RI�����SDWLHQWV�SUHVHQWLQJ�WR�DQ�('�ZLWK�D�SV\FKLDWULF�FRPSODLQW��7KLV�VWXG\
ZDV�FRQGXFWHG�LQ�DQ�XUEDQ��LQQHU�FLW\�WUDXPD�FHQWHU�ZLWK��������('�YLVLWV�D�\HDU��$IWHU�REWDLQLQJ�FRQVHQW��D�UHVHDUFK�IHOORZ�DGPLQLVWHUHG�YDOLGDWHG
WRROV�IRU�DVVHVVLQJ�DJLWDWLRQ��%ULHI�$JLWDWLRQ�7RRO��%$0���3RVLWLYH�DQG�1HJDWLYH�6\QGURPH�6FDOH�([FLWHG�&RPSRQHQW��3$166���$JLWDWLRQ�&DOPQHVV
(YDOXDWLRQ�6FDOH��$&(6���3V\FKRORJLFDO�3DLQ�$VVHVVPHQW�6FDOH��0HH�%XQQH\�3V\FKRORJLFDO�3DLQ�$VVHVVPHQW�Ä�0%33$6�DQG�D�VHOI�DVVHVVPHQW�RI
DJLWDWLRQ�DW�DGPLVVLRQ��6366�YHUVLRQ����ZDV�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV�DQG�WKH�VWXG\�ZDV�,5%�DSSURYHG�

5HVXOWV�$�WRWDO�RI����SDWLHQWV�ZHUH�HQUROOHG�DW�WKLV�WLPH��7KH�PRVW�('�GLDJQRVLV�ZDV�GHSUHVVLRQ��VFKL]RSKUHQLD�RU�ELSRODU�GLVRUGHU��0DMRULW\�RI�WKH
SDWLHQWV�ZHUH�$IULFDQ�$PHULFDQ��������IDOOLQJ�LQ�WKH�������\HDU�ROG�DJH�UDQJH������������PDOH�DQG�����IHPDOH��3V\FKH�SDLQ�DV�UDWHG�E\�0533$6
DV�PDUNHG���������RU�PRGHUDWH����������7KH�VHOI�UHSRUWHG�WRRO�GHPRQVWUDWHG�����QRQH������PLOG�����PRGHUDWH�DQG�����PDUNHG�OHYHO�RI
DJLWDWLRQ��7KH�DJLWDWLRQ�UDWLQJ�YDULHG�E\�WKH�WRRO�ZLWK�WKH�VHOI�UHSRUWHG�OHYHO�RI�DJLWDWLRQ�KDYLQJ�WKH�KLJKHVW�FRUUHODWLRQ�ZLWK�OHYHO�SI�SV\FKH�SDLQ
�S������

&RQFOXVLRQ�3V\FKLDWULF�SDWLHQW�IUHTXHQWO\�SUHVHQW�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�D�KLJK�OHYHO�RI�SV\FKH�SDLQ�DQG�KLJK�OHYHO�RI�VHOI�UHSRUWHG
DJLWDWLRQ��7KLV�FRUUHODWLRQ�PD\�VLJQDO�WKH�QHHG�WR�DGGUHVV�D�SDWLHQWÇV�OHYHO�RI�SV\FKH�SDLQ�DQG�DJLWDWLRQ�HDUO\�LQ�WKH�HYDOXDWLRQ�SURFHVV��



36<&+,$75< /HVOLH�=81

��������&RPSDULVRQ�RI�6HOI�$GPLQLVWHUHG�3RVW�7UDXPDWLF�6WUHVV�'LVRUGHU�7RRO�YV��5HVHDUFKHU�$GPLQLVWHUHG�7RRO�LQ�WKH
(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

=XQ�/HVOLH����

���(PHUJHQF\�0HGLFLQH��6LQDL�+HDOWK�6\VWHP��&KLFDJR��86$

.H\ZRUGV��376'��6HOI�$GPLQLVWHUHG�

$EVWUDFW��

2EMHFWLYH���7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�ZKHWKHU�SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�ZRXOG�XWLOL]H�D�VHOI�DGPLQLVWHUHG
SRVWWUDXPDWLF�VWUHVV�GLVRUGHU��376'��DVVHVVPHQW�DQG�UHIHUUDO�YV��D�UHVHDUFKHU�DGPLQLVWHUHG�WRRO�WR�HVWDEOLVK�WKHLU�OHYHO�RI�ULVN�IRU�376'�DQG�VHHN
DVVLVWDQFH�

0HWKRGV��7KLV�ZDV�D�FRQYHQLHQFH�VDPSOH�RI�SDWLHQWV���FRQVHQWLQJ�DQG�DVVHQWLQJ�����\HDUV�DQG�ROGHU��ZKR�SUHVHQWHG�ZLWK�D�QRQ�SV\FKLDWULF�LOOQHVV�
WR�D�OHYHO�RQH�LQQHU�FLW\�DGXOW�DQG�SHGLDWULF�(PHUJHQF\�'HSDUWPHQW����7KH�VXUYH\��D�YDOLGDWHG�IRXU�TXHVWLRQ�376'�VHOI�DVVHVVPHQW�DQG�UHIHUUDO�WRRO�
ZDV�UDQGRPL]HG�VR�WKDW�KDOI�RI�WKH�SDWLHQWV�FRPSOHWHG�WKH�VXUYH\�RQ�WKHLU�RZQ�DQG�KDOI�ZHUH�DVVLVWHG�E\�UHVHDUFK�IHOORZ�LQ�FRPSOHWLQJ�WKH�VXUYH\�
7KRVH�ZKR�VFUHHQ�SRVLWLYH�RQ�WKH�WRRO�ZHUH�FRQWDFWHG�RQH�ZHHN�ODWHU�WR�GHWHUPLQH�LI�WKH\�KDYH�VFKHGXOHG�DQ�DSSRLQWPHQW�RU�ZHUH�VHHQ�IRU�D
IROORZ�XS�DSSRLQWPHQW���7KLV�VWXG\�ZDV�,5%�DSSURYHG�

5HVXOWV���$�WRWDO�RI�����SDUWLFLSDQWV�FRPSOHWHG�WKH�VXUYH\��KDOI�������RI�ZKLFK�ZHUH�VHOI�DGPLQLVWHUHG��7KH�WRWDO�DPRXQW�RI�SDUWLFLSDQWV�ZKR�WHVWHG
SRVLWLYH�IRU�376'�ZDV�������������)LIW\�LQ�ERWK�JURXSV�WHVWHG�SRVLWLYH���7KHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH�������EHWZHHQ�WKRVH�ZKR�VHOI�DGPLQLVWHUHG
WKH�WRRO�DQG�WKRVH�ZKR�KDG�WKH�WRRO�DGPLQLVWHUHG�LQ�UHODWLRQVKLS�WR�ZKRP�ZDV�PRUH�OLNHO\�WR�IROORZ�XS�ZLWK�EHKDYLRUDO�KHDOWK�UHIHUUDOV����2I�WKRVH
WKDW�WHVWHG�SRVLWLYH�IRU�376'�V\PSWRPV���RQO\����������IROORZHG�XS�ZLWK�UHIHUUDOV��WKH�PDMRULW\�RI�ZKLFK�KDG�VHOI�DGPLQLVWHUHG�WKH�WRRO��6HOI�UHIHUUDO
PDGH�FRQWDFW������PRUH�IUHTXHQW�WKDW�WKRVH�ZKR�ZHUH�UHVHDUFKHU�DGPLQLVWHUHG������

&RQFOXVLRQV��7KHVH�UHVXOWV�UHYHDO�WKDW�����RI�WKH�SDUWLFLSDQWV�WHVWHG�SRVLWLYH�IRU�376'���2XW�RI�WKRVH�WKDW�WHVW�SRVLWLYH�RQO\�����IROORZHG�XS�ZLWK
UHIHUUDOV��WKH�PDMRULW\�RI�ZKLFK�KDG�VHOI�



&$6(�35(6(17$7,21 -DPHV�%DUURZPDQ

��������)HPRUDO�QHUYH�SDOV\��D�UDUH�SUHVHQWDWLRQ�RI�:XQGHUOLFK�V\QGURPH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-DPHV�%DUURZPDQ������1LUPDO�-DPHV����

���1DWLRQDO�+HDOWK�6HUYLFH��7KH�5R\DO�*ZHQW�+RVSLWDO��1HZSRUW��8.

.H\ZRUGV��:XQGHUOLFK
V�V\QGURPH��GLDO\VLV��VRQWDQHRXV�UHQDO�KDHPRUUKDJH

$EVWUDFW��

,QWURGXFWLRQ

7KLV�LV�D�FDVH�UHSRUW�RI�D����\HDU�ROG�JHQWOHPDQ�ZKR�SUHVHQWHG�DIWHU�EHFRPLQJ�DFXWHO\�XQZHOO�ZKLOVW�UHFHLYLQJ�GLDO\VLV��3UHVHQWLQJ�V\PSWRPV�ZHUH
OHIW�DEGRPLQDO�SDLQ��ZLWK�OHIW�KLS�DQG�NQHH�ZHDNQHVV�DQG�SDUDHVWKHVLD��7KH�SDWLHQW�UHFLHYHG�GLDO\VLV�WKUHH�WLPHV�D�ZHDN�IRU�UHQRYDVFXODU�GLVHDVH
VHFRQGDU\�WR�K\SHUWHQVLRQ��2WKHU�SDVW�PHGLFDO�KLVWRU\�LQFOXGHG�D�IDLOHG�UHQDO�WUDQVSODQW��VSOHQHFWRP\��FHUHEURYDVFXODU�DFFLGHQW�DQG�DWULDO
ILEULOODWLRQ�IRU�ZKLFK�KH�WDNHV�ZDUIDULQ��7KH�SDWLHQW�ZDV�WHQGHU�LQ�WKH�OHIW�OXPEDU�UHJLRQ�EXW�ZDV�QRW�SHULWRQLWLF��1HXURORJLFDO�H[DPLQDWLRQ�RI�WKH
ORZHU�OLPEV�UHYHDOHG�VRPH�SDUDHVWKHVLD�WR�OLJKW�WRXFK�RYHU�WKH�OHIW�WKLJK�DQG�PDUNHGO\�UHGXFHG�SRZHU��3RZHU�LQ�WKH�OHIW�KLS�DQG�NQHH�ZDV�UHGXFHG
WR�����XVLQJ�WKH�0HGLFDO�5HVHDUFK�&RXQFLO�VFDOH�DQG�����LQ�WKH�DQNOH��2Q�LQLWLDO�YHQRXV�EORRG�JDV��9%*��WKH�ODFWDWH�ZDV�����GHVSLWH�D�KDHPRJORELQ�RI
����DQG�DQ�,15������7KH�SDWLHQW�ZDV�KDHPRG\QDPLFDOO\�XQVWDEOH�DQG�UHSHDW�9%*�VKRZHG�DQ�DFXWH�GURS�LQ�KDHPRJORELQ�WR������,QLWLDO�GLIIHUHQWLDO
GLDJQRVHV�LQFOXGHG�D�OHDNLQJ�DEGRPLQDO�DRUWLF�DQHXU\VP��LVFKDHPLF�ERZHO�DQG�GLVFLWLV��&RQWUDVW�FRPSXWHG�WRPRJUDSK\��SOHDVH�VHH�LPDJHV�
UHYHDOHG�:XQGHUOLFK�V\QGURPH�ZLWK�VSRQWDQHRXV�OHIW�SHULUHQDO�KDHPRUUKDJH��7KH�KDHPRUUKDJH�KDG�H[WHQGHG�WR�WKH�OHIW�LOLRSVRDV�UHJLRQ��FDXVLQJ
FRPSUHVVLRQ�RI�WKH�IHPRUDO�QHUYH�DQG�WKLV�ZDV�WKH�UHDVRQ�IRU�KLV�QHXURORJ\��7KH�SDWLHQW�XQGHUZHQW�OHIW�UHQDO�DUWHU\�HPEROLVDWLRQ�ZLWK�WUDQVIXVLRQ
DQG�LPSURYHG�RQ�WKH�KLJK�GHSHQGHQF\�XQLW��+LV�QHXURORJ\�IXOO\�UHVROYHG�IROORZLQJ�KLV�SURFHGXUH��

:KDW�LV�:XQGHUOLFK�V\QGURPH"

:XQGHUOLFK�V\QGURPH��:6��LV�D�FOLQLFDO�FRQGLWLRQ�GHILQHG�DV�D�VSRQWDQHRXV�UHQDO�EOHHGLQJ�RI�QRQ�WUDXPDWLF�RULJLQ��FRQWDLQHG�ZLWKLQ�WKH�VXEFDSVXODU
DQG�SHULUHQDO�VSDFHV��7KH�PRVW�FRPPRQ�XQGHUO\LQJ�FDXVH�LV�UHQDO�WXPRU��DQJLRP\ROLSRPD��DQJLRVDUFRPD��UHQDO�FHOO�FDUFLQRPD��RQFRF\WRPD��
RWKHUV�LQFOXGH�YDVFXODU�FDXVHV��UHQDO�LQIHFWLRQ�RU�FDOFXOXV�DQG�VHFRQGDU\�V\VWHPLF�GLVHDVHV��7KH�PDLQ�ULVN�IDFWRUV�DUH�KDHPRGLDO\VLV�DQG
DQWLFRDJXODQW�WKHUDS\��+HPRUUKDJLF�WHQGHQF\�LQ�KHPRGLDO\VLV�SDWLHQWV�LV�UHODWHG�WR�EOHHGLQJ�GLDWKHVLV�GXH�WR�HQG�VWDJH�UHQDO�GLVHDVH�DQG�WKH�XVH�RI
KHSDULQ�IRU�WKH�GLDO\VLV�FLUFXLW��&ODVVLFDOO\�LW�SUHVHQWV�ZLWK�DFXWH�IODQN�SDLQ��WHQGHU�SDOSDEOH�PDVV�DQG�FOLQLFDO�KHPRG\QDPLF�GHWHULRUDWLRQ
�K\SRYROHPLF�VKRFN���7KHVH�V\PSWRPV�DUH�GHILQHG�DV�WKH�/HQN
V�FODVVLF�WULDG��+RZHYHU��WKH�FOLQLFDO�PDQLIHVWDWLRQV�FDQ�EH�YDULHG�DQG�QRQVSHFLILF�

&OLQFDO�VLJQLILFDQFH

$V�PHQWLRQHG�DERYH��VSRQWDQHRXV�UHQDO�KDHPRUUKDJH�LV�RIWHQ�D�GLIILFXOW�FOLQLFDO�GLDJQRVLV��7KLV�FDVH�UHSUHVHQWV�DQ�DW\SLFDO�SUHVHQWDWLRQ�ZLWK�TXLWH
SURQRXQFHG�QHXURORJ\��3K\VLFLDQV�VKRXOG�HQVXUH�WKDW�WKH\�GR�QRW�EHFRPH�WRR�GLVWUDFWHG�E\�WKHVH�ILQGLQJV�DQG�FRQFHQWUDWH�WKHLU�DWWHQWLRQ�RQ�WKH
PRUH�SUHVVLQJ�PDWWHUV��LQ�WKLV�FDVH�WKH�GHYHORSPHQW�RI�VKRFN��5HQDO�KDHPRUUKDJH�VKRXOG�EH�FRQVLGHUHG�LQ�DOO�SDWLHQWV�RQ�FKURQLF�KDHPRGLDO\VLV
UHFHLYLQJ�DQWLFRDJXODWLRQ�ZKR�SUHVHQW�KDHPRG\QDPLFDOO\�XQVWDEOH�RU�ZLWK�D�SURJUHVVLYH�DQDHPLD��7KHVH�SDWLHQWV�UHTXLUH�DQ�DEGRPLQDO�&7�DQG
UHQDO�DQJLRJUDSK\�WR�HVWDEOLVK�WKH�PHWKRG�RI�WUHDWPHQW��

0DQDJHPHQW

0DQDJHPHQW�RSWLRQV�LQFOXGH�D�FRQVHUYDWLYH�DSSURDFK��EHG�UHVW��WUDQVIXVLRQ�DQG�ZLWKGUDZDO�RI�DQWLFRDJXODWLRQ�WKHUDS\���LQWHUYHQWLRQDO�UDGLRORJ\�RU
VXUJHU\��7KLV�FDVH�LOOXVWUDWHV�WKH�VDIH�DQG�VXFFHVVIXO�DSSOLFDWLRQ�RI�LQWHUYHQWLRQDO�UDGLRORJ\�UHQDO�DUWHU\�HPEROLVDWLRQ�LQ�WKH�PDQDJHPHQW�RI
QRQWUDXPDWLF�UHQDO�KHPRUUKDJH�LQ�D�KHPRGLDO\VHG�SDWLHQW�
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��������$�UDUH�FDVH�RI�D�SDUDWUDFKHDO�PDVV�UHTXLULQJ�HPHUJHQF\�LQWHUYHQWLRQV��$Q�LQIHFWHG�WUDFKHDO�GLYHUWLFXOXP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6KRWD�$NDEDQH������-XQ�.DZDFKL������5\XWD�)XNDL������5DL�6KLPR\DPD������+LUR\XNL�.DVKLZDJL������+LGHPLWVX�2JLQR������.D]XQDR�:DWDQDEH����

���*HQHUDO�VXUJHU\��6KRQDQ�.DPDNXUD�*HQHUDO�+RVSLWDO��.DPDNXUD��-$3$1

.H\ZRUGV��DLUZD\�PDQDJHPHQW��LQIHFWLRQ��WUDFKHD��SDUDWUDFKHDO�PDVV��&7

$EVWUDFW��

5HFHQWO\��SURJUHVVLRQ�RI�UDGLRORJLFDO�LPDJLQJ�KDV�UHYHDOHG�YDULRXV�DV\PSWRPDWLF�DEQRUPDOLWLHV�WKDQ�HYHU��7UDFKHDO�GLYHUWLFXOD�DUH�UHODWLYHO\�UDUH
HQWLWLHV�DQG�IRXQG�LQFLGHQWDOO\�RQ�UDGLRORJLFDO�LPDJLQJ�VXFK�DV�&7�VFDQ��:H�SUHVHQW�WKH�FDVH�RI�DQ�LQIHFWLRXV�WUDFKHDO�GLYHUWLFXOXP�SUHVHQWLQJ�DV�D
SDUDWUDFKHDO�PDVV�UHTXLULQJ�HPHUJHQF\�LQWHUYHQWLRQV�

$����\HDU�ROG�PDOH�QRQVPRNHU�SUHVHQWHG�ZLWK�D�IHYHU��ORZHU�QHFN�SDLQ�DQG�DJJUDYDWLRQ�RI�G\VSQHD�IRU�D�ZHHN��+LV�HQKDQFHG�&7�VFDQ�GHPRQVWUDWHG
WKDW�WUDFKHD�ZDV�GLVSODFHG�E\�D�SDUDWUDFKHDO�PDVV�ZLWK�D�ZHOO�GHILQHG�WKLQ�ZDOO��+LV�UHVSLUDWRU\�VWDWXV�ZDV�VR�XUJHQW�WKDW�HPHUJHQF\�LQWXEDWLRQ�ZDV
SHUIRUPHG�DQG�VXUJLFDO�GUDLQDJH�RI�WKH�DEVFHVV�ZDV�FDUULHG�RXW�DV�ZHOO��+LV�&7�VFDQ�SHUIRUPHG��GD\V�DIWHU�DGPLVVLRQ�GHPRQVWUDWHG�WKH�VKULQNLQJ
DEVFHVV�DQG�KH�ZDV�H[WXEDWHG�DQG�GLVFKDUJHG��GD\V�DIWHU�DGPLVVLRQ�ZLWKRXW�DQ\�FRPSOLFDWLRQ�

:H�IRXQG�RXW�WZR�LPSRUWDQW�FOLQLFDO�LVVXHV��)LUVW��DQ�LQIHFWLRXV�WUDFKHDO�GLYHUWLFXOXP�FDQ�SUHVHQW�DV�D�SDUDWUDFKHDO�DEVFHVV�LPSDLULQJ�DLUZD\�
6HFRQG��&7�VFDQV�LV�KHOSIXO�IRU�WKH�GLDJQRVLV�RI�WKLV�FRQGLWLRQ��0RVW�SDWLHQWV�RI�D�WUDFKHDO�GLYHUWLFXOXP�LWVHOI�KDYH�QR�V\PSWRPV��:KHQ�V\PSWRPV
RFFXU��VRPHWLPHV�ZLWK�LQIHFWLRQ���QHFN�SDLQ��FKURQLF�FRXJK��G\VSKDJLD��RG\QRSKDJLD��KRDUVHQHVV�RU�KHPRSW\VLV�DUH�FRPPRQ��7KLV�LV�WKH�ILUVW�UHSRUW
GHVFULELQJ�DQ�LQIHFWLRXV�WUDFKHDO�GLYHUWLFXOXP�SUHVHQWHG�DV�D�SDUDWUDFKHDO�PDVV�LPSDLULQJ�DLUZD\�DQG�UHTXLUHG�HPHUJHQF\�LQWHUYHQWLRQV�VXFK�DV
LQWXEDWLRQ�RU�VXUJLFDO�GUDLQDJH��7KH�&7�IHDWXUHV�RI�DQ�DEVFHVV�DUH�ORZ�DWWHQXDWLRQ�PDVVHV�ZLWK�D�ZHOO�GHILQHG�WKLQ�ZDOO�WKDW�XVXDOO\�HQKDQFHV�DIWHU
LQWUDYDVFXODU�DGPLQLVWUDWLRQ�RI�FRQWUDVW�PDWHULDOV��+LV�&7�VFDQ�SHUIRUPHG���\HDUV�EHIRUH�REWDLQHG�WKH�SURRI�WKDW�WKH�PDVV�ZDV�RULJLQDWHG�IURP�D
WUDFKHDO�GLYHUWLFXOXP��7KLV�LV�WKH�ILUVW�UHSRUW�GHVFULELQJ�D�WUDFKHDO�GLYHUWLFXOXP�FDQ�SURJUHVV�WR�DQ�DEVFHVV�RQ�&7�VFDQ�DV�ZHOO�

7KRXJK�WKHUH�DUH�VHYHUDO�GLIIHUHQWLDO�GLDJQRVHV�GHWHFWHG�DV�D�SDUDWUDFKHDO�PDVV��WKLV�FDVH�LV�FOLQLFDOO\�LPSRUWDQW�WKDW�FDQ�UHTXLUH�HPHUJHQF\
LQWHUYHQWLRQV��$OVR��UHFHQW�SURJUHVVLRQ�RI�&7�VFDQ�KDV�UHYHDOHG�YDULRXV�DV\PSWRPDWLF�DEQRUPDOLWLHV�LQFOXGLQJ�WUDFKHDO�GLYHUWLFXOD��7KLV�FDVH�DOVR
VXJJHVWV�IROORZ�XS�RI�VXFK�DEQRUPDOLWLHV�FDQ�EH�D�FOXH�WR�REWDLQ�WKH�GLDJQRVLV�



3(',$75,&6 3HWHU�+HLQ]

��������)ROORZ�XS�UHYLHZ�RI�WKH�LPSDFW�RI�QDWLRQDO�MDXQGLFH�JXLGDQFH��1,&(�&*����RQ�LQDSSURSULDWH�DWWHQGDQFHV�WR�D�SDHGLDWULF
HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

;XH�(Q�&KXDQJ������3HWHU�+HLQ]����

���8QLYHUVLW\�RI�&DPEULGJH�&OLQLFDO�6FKRRO��1�$��&DPEULGJH��8.
���&8+)7��$GGHQEURRNH
V�+RVSLWDO��&DPEULGJH��8.

.H\ZRUGV��1HRQDWDO�MDXQGLFH��DWWHQGDQFHV��1,&(

$EVWUDFW��

%DFNJURXQG

1,&(�JXLGHOLQHV��1,&(�&*����ODXQFKHG�LQ�0D\������RQ�QHRQDWDO�MDXQGLFH�PDQGDWH�TXDQWLWDWLYH�ELOLUXELQ�WHVWLQJ�LQ�HYHU\�QHRQDWH�QRWLFHG�WR�EH
YLVLEO\�MDXQGLFHG��7KH�JXLGHOLQHV�ZHUH�LPSOHPHQWHG�ORFDOO\�LQ�$XJXVW�������DQG�FRQVHTXHQWO\��FDXVHG�D�VLJQLILFDQW�VXUJH�LQ�WKH�QXPEHU�RI
DWWHQGDQFHV�WR�RXU�SDHGLDWULF�HPHUJHQF\�GHSDUWPHQW��('��IRU�ELOLUXELQ�OHYHO�DVVHVVPHQWV��VWUDLQLQJ�HPHUJHQF\�VHUYLFHV�VLJQLILFDQWO\��DV�VHHQ�LQ�D
UHYLHZ�GRQH�LQ�������7UDQVFXWDQHRXV�ELOLUXELQRPHWHUV�ZHUH�SXUFKDVHG�IRU�ORFDO�PLGZLIHU\�WHDPV�WR�HQDEOH�TXDQWLWDWLYH�ELOLUXELQ�WHVWLQJ�LQ�WKH
FRPPXQLW\��7KLV�VWXG\�ZDV�XQGHUWDNHQ�WR�UHYLHZ�WKH�LPSDFW�RI�WKH�1,&(�JXLGHOLQHV�DQG�WKH�SURYLVLRQ�RI�WUDQFXWDQHRXV�ELOLUXELQRPHWHUV�VLQFH�

0DWHULDOV

5HYLHZ�RI�KRVSLWDO�HSLVRGH�VWDWLVWLFV�IURP�1RYHPEHU������WR�$XJXVW������DV�UHFRUGHG�RQ�(3,&�DQG�FRPSDULVRQ�RI�('�DWWHQGDQFHV�DJDLQVW�WKH�ORFDO
ELUWK�UDWHV�DQG�LQSDWLHQW�DGPLVVLRQV�ZLWK�QHRQDWDO�MDXQGLFH�DV�D�GLDJQRVLV��DQG�FRPSDULQJ�WKLV�DJDLQVW�D�VLPLODU�UHYLHZ�RI�WKH�GDWD�XQGHUWDNHQ�LQ
������5HYLHZ�RI�WKH�SURSRUWLRQ�RI�DGPLVVLRQV�DQG�EHG�GD\V�IRU�IHHGLQJ�DQG�REVHUYDWLRQ�FRPSDUHG�WR�SKRWRWKHUDS\�DQG�VHSWLF�VFUHHQV�

5HVXOWV

)URP�WKH�SUHYLRXV�UHYLHZ�GRQH�LQ������LQ�WKH�GHSDUWPHQW��SUH�JXLGHOLQH�LPSOHPHQWDWLRQ�VDZ�DQ�DYHUDJH�RI������SDWLHQWV�SHU�PRQWK�SUHVHQW�WR�WKH
SDHGLDWULF�('�ZLWK�MDXQGLFH��ULVLQJ�GUDPDWLFDOO\�WR�DQ�DYHUDJH�RI����SDWLHQWV�SHU�PRQWK�SRVW�JXLGHOLQH�LPSOHPHQWDWLRQ��/RFDO�ELUWK�UDWHV�UHPDLQHG
VWDEOH�DW�DERXW�����ELUWKV�SHU�PRQWK��2YHU�WKH�VDPH�WLPH�SHULRG��DGPLVVLRQ�RI�QHRQDWHV�WR�D�SDHGLDWULF�LQSDWLHQW�ZDUG�ZLWK�MDXQGLFH�GLG�QRW�ULVH
VLJQLILFDQWO\�DW�DSSUR[LPDWHO\����DGPLVVLRQV�SHU�PRQWK��2YHU�WKH�SHULRG�RI�1RYHPEHU������WR�$XJXVW�������ZLWK�WKH�LQWURGXFWLRQ�RI�WUDQVFXWDQHRXV
ELOLUXELQRPHWHUV�IRU�FRPPXQLW\�PLGZLYHV��ZKLFK�DOORZV�IRU�TXDQWLWDWLYH�DVVHVVPHQW�RI�ELOLUXELQ�OHYHOV�LQ�WKH�FRPPXQLW\��WKH�DWWHQGDQFH�RI�SDWLHQWV
WR�WKH�SDHGLDWULF�('�ZLWK�MDXQGLFH�KDV�IDOOHQ�EDFN�WR�EDVHOLQH�RI�DQ�DYHUDJH�RI������SDWLHQWV�SHU�PRQWK��)LJ������7KLV�LV�DVVXPLQJ�WKDW�WKH�ORFDO�ELUWK
UDWH�UHPDLQHG�VWDEOH��2I�WKHVH�DWWHQGDQFHV��������ZHUH�UHFDOOV�WR�('�IRU�VHULDO�VHUXP�ELOLUXELQ�UHDGLQJV��2I�WKHVH�UHFDOOV������ZHUH�UHFDOOHG�IRU�WZR
VHULDO�ELOLUXELQ�WHVWV��ZKLOH�WKH�RWKHU�����ZHUH�UHFDOOHG�RQFH��2I�WKHVH�SDWLHQWV��PRVW�RI�WKHP�KDG�DQ�LQLWLDO�SUHVHQWDWLRQ�RI�MDXQGLFH�DORQH�ZLWK�QR
RWKHU�ZRUU\LQJ�IHDWXUHV��H�J��OHWKDUJ\��IHYHU��ORVV�RI�ZHLJKW���$OO�WKHVH�SDWLHQWV�ZHUH�GLVFKDUJHG�ZLWK�QR�IXUWKHU�IROORZ�XS�

&RQFOXVLRQ

%HIRUH�WKH�LPSOHPHQWDWLRQ�RI�QDWLRQDO�JXLGHOLQHV��D�FDUHIXO�DVVHVVPHQW�DQG�DQWLFLSDWLRQ�RI�LWV�GRZQVWUHDP�HIIHFWV�LV�UHTXLUHG��6LPSOH�LQYHVWLJDWLRQV
PDGH�DYDLODEOH�LQ�WKH�FRPPXQLW\�ZLOO�KHOS�PLWLJDWH�DWWHQGDQFHV�WR�WKH�HPHUJHQF\�GHSDUWPHQW��DQG�ZLOO�KHOS�UHGXFH�KHDOWKFDUH�FRVWV�DQG
LQFRQYHQLHQFH�WR�SDWLHQWV�DQG�IDPLOLHV��6LPLODUO\��SURYLGLQJ��HQFRXUDJLQJ�RU�HQDEOLQJ�XWLOLVDWLRQ�RI�VHUYLFHV�LQ�WKH�FRPPXQLW\�WKDW�SUHYHQW�WKH�LQLWLDO
SUREOHP�ZLOO�KHOS�LQ�UHGXFLQJ�DWWHQGDQFHV�DW�WKH�('�DQG�DGPLVVLRQV�IRU�REVHUYDWLRQV�DQG�VXSSRUW�VHUYLFHV�WKDW�DUH�DOUHDG\�DYDLODEOH�LQ�WKH
FRPPXQLW\��
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$XWKRUV�

(</(0�8/$©�6$=������$/,�<8576(9(1������0(+0(7�$5'$�.,/,1v������)(5+$7�6$5,������+$6$1�$�,1����

���3HGLDWULF�(PHUJHQF\�0HGLFLQH��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<
���3HGLDWULF�,QWHQVLYH�&DUH�0HGLFLQH��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<
���3HGLDWULFV��'U�%HK�HW�8]�vRFXN�+DVWDO¢NODU¢�9H�&HUUDKLVL�(�LWLP�9H�$UDªW¢UPD�+DVWDQHVL��,]PLU��785.(<

.H\ZRUGV��5LYDVWLJPLQH��3RLVRQLQJ��3UDOLGR[LPH

$EVWUDFW��

7KH�DLP�RI�WKLV�UHSRUW�LV�WR�GHVFULEH�WKH�VXFFHVVIXO�XVH�RI�SUDOLGR[LPH�LQ�SHGLDWULF�SDWLHQW�ZKR�DFFLGHQWDOO\�LQJHVWHG����PJ�RI�ULYDVWLJPLQH�DQG
SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��ZLWK�ZHDNQHVV��GURZVLQHVV��K\SRUHDFWLYLW\�WR�HQYLURQPHQWDO�VWLPXOL�DQG�IXOO�FKROLQHUJLF�V\QGURPH�
&DVH�UHSRUW�7KH�SDWLHQW�SUHVHQWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��WZR�KRXUV�DIWHU�D�VXVSHFWHG�LQJHVWLRQ�RI�ULYDVWLJPLQH��+H�ZDV�VOHHS\�EXW
RULHQWHG�DQG�FRRSHUDWLYH��K\SRWRQLF��K\SRUHIOH[LF�DQG�D�*ODVJRZ�&RPD�6FRUH�RI�����(�0�9����/DERUDWRU\�WHVWV�VKRZHG�D�ORZ�SODVPD�FKROLQHVWHUDVH
OHYHOV�RI�����8�/�QRUPDO�UDQJH�������������8�/���K\SHUJO\FHPLD������PJ�G/���DQG�OHXFRF\WRVLV�ZLWK�QHXWURSKLOLD���������P/��������QHXWURSKLOV��
2QO\�WZR�SHGLDWULF�FDVHV�RI�ULYDVWLJPLQH�SRLVRQLQJ�KDYH�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH�DQG�WKHUH�DUH�QR�SULRU�UHSRUWV�RI�XVLQJ�SUDOLGR[LPH�LQ�WKH
PDQDJHPHQW�RI�WKLV�SRLVRQLQJ��,Q�WKH�SUHVHQW�FDVH�LQWUDYHQRXV�SUDOLGR[LPH����PJ�NJ��ZDV�DGPLQLVWHUHG�WZLFH�DW�WKH��WK�DQG��WK�KRXU�RI�LQJHVWLRQ
IRU�QLFRWLQLF�DQG�FHQWUDO�HIIHFWV��7KHUH�LV�UHDVRQDEOH�WKHRUHWLFDO�VFLHQFH�WR�VXJJHVW�SUDOLGR[LPH�LQ�FDVH�RI�DFHW\OFKROLQHVWHUDVH�LQKLELW�U�WR[LFLW\���:H
FRQFOXGH�WKDW�REVHUYHG�FOLQLFDO�LPSURYHPHQW�LQ�ZHDNQHVV�WHPSRUDOO\�DVVRFLDWHG�ZLWK�SUDOLGR[LPH�DGPLQLVWUDWLRQ��,QFUHDVHG�SODVPD�FKROLQHVWHUDVH
DFWLYLW\�IROORZLQJ�SUDOLGR[LPH�DGPLQLVWUDWLRQ�DOVR�PDNH�LW�XVHIXO�LQ�WKHVH�SRLVRQLQJ�
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&$6(�35(6(17$7,21 /XLV�bQJHO�0DWHRV�9HJD

��������+\SRYROHPLF�VKRFN�LQ�D�SDWLHQW�ZLWK�VSRQWDQHRXV�NLGQH\�KDHPDWKRPD�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/XLV�uQJHO�0DWHRV�9HJD����

���$&87(�0(',&,1(�$1'�(0(5*(1&<�'(3$570(17��+263,7$/�&/x1,&2�81,9(56,7$5,2��9DOHQFLD��63$,1

.H\ZRUGV��VKRFN��K\SRYROHPLF��KDHPDWKRPD

$EVWUDFW��

,�SUHVHQW�KHUH�WKH�D�FDVH�RI�D����\HDU�ROG�SDWLHQW�ZLWK�DFXWH�RQVHW�K\SRYROHPLF�VKRFN�VHFRQGDU\�WR�VSRQWDQHRXV�KDHPDWKRPD�LQ�WKH�ULJKW�NLGQH\��,W
LV�D�SDUWLFXODU�RQH��EHFDXVH�WKH�SDWLHQW
V�FRPSODLQ�ZHUH�WZR�SUHV\QFRSDO�HSLVRGHV�LQ�WKH�FRQWH[W�RI�IHYHU�XS�WR���q&��FRXJK�DQG�VSXWXP�IRU�WKH�ODVW
��GD\V��VR�WKH�LQLWLDO�PDQDJHPHQW�ZDV�WR�UXOH�RXW�SQHXPRQLD�

$IWHU�DQDPQHVLV��SK\VLFDO�H[SORUDWLRQ�DQG�LQLWLDO�EORRG�VDPSOH�ZHUH�SHUIRUPHG��KH�VXIIHUHG�D�VXGGHQ�RQVHW�RI�WDFK\SQHD�DQG�UHGXFWLRQ�LQ
FRQFLRXVQHVV�OHYHO��5HPDUNDEO\��LQ�WKH�H[SORUDWLRQ�KLV�OLPEV�ZHUH�FROG�DQG�LQ�JDVRPHWU\�KH�KDG�D�IDOO�RI���J�G/�LQ�KDHPRJORELQ�OHYHO�LQ����PLQXWHV�
,Q�RUGHU�WR�SUHYHQW�FDUGLDF�DUUHVW��LQWXEDWLRQ�ZDV�SHUIRUPHG�DQG�YDVFXODU�UHVXVFLWDWLRQ�ERWK�ZLWK�IOXLGV�DQG�QRUHSLQHSKULQH�WKURXJK�D�FHQWUDO�YHLQ
DFFHVV��%HGVLGH�XOWUDVRXQG�UHYHDOHG�QR�VLJQLILFDQW�ILQGLQJV��VR�D�FRPSXWHG�WRPRJUDSK\�VFDQ�ZDV�SHUIRUPHG��JLYLQJ�WKH�GLDJQRVLV�DQG�WKH�FDXVH�RI
WKH�VKRFN��$W�ODERUDWRU\�UHVXOWV�ZDV�UHPDUNDEOH�DQ�,15�RI�����WKH�SDWLHQW�ZDV�RQ�UHJXODU�DFHQRFXPDURO��

$IWHU�EHLQJ�WUDQVIHUUHG�WR�WKH�,&8��HPEROLVDWLRQ�RI�WKH�VRXUFH�ZDV�PDGH����ZHHNV�ODWHU�KH�LV�VWLOO�UHFRYHULQJ�LQ�WKH�,&8�

7KHUH�DUH�VRPH�NH\�SRLQWV�,�ILQG�LQWHUHVWLQJ�DERXW�WKLV�FDVH�

�'LIIHUHQWLDO�GLDJQRVLV�RI�VKRFN�

�,QWXEDWLRQ�WR�DYRLG�FDUGLDF�DUUHVW�

�&HQWUDO�YHLQ�SXQFWXUH�DV�D�VNLOO�IRU�(PHUJHQF\�3K\VLFLDQV�



('8&$7,21�$1'�75$,1,1* 0HDJKDQ�&XVVHQ

��������'HYHORSPHQW�RI�D�FROODERUDWLYH�FRPSHWHQF\�EDVHG�HPHUJHQF\�QXUVLQJ�HGXFDWLRQ�SURJUDP�LQ�5HJLRQ�6MDHOODQG��'HQPDUN

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6KHOOH\�&DOGHU������-HWWH�-HQVHQ������3RXO�0RVVLQ������*LWWH�-XXO�+DQVHQ������7RYH�)XJOHYLJ������6WLYH�/RYLVH�1LHOVHQ������7RP�+DQVHQ������&KULVWLQD
~UVWHG�5DVPXVVHQ������,EHQ�5LLV������3HWHU�6FKOLHPDQQ������0HDJKDQ�&XVVHQ������-RQDWKDQ�(GORZ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%HWK�,VUDHO�'HDFRQHVV�0HGLFDO�&HQWHU��%RVWRQ��86$
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6ODJHOVH�+RVSLWDO��6ODJHOVH��'(10$5.
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��.RJH�+RVSLWDO��.RJH��'(10$5.
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��+ROEDHN�+RVSLWDO��+ROEDHN��'(10$5.
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��1\NRELQJ�)DOVWHU�+RVSLWDO��1\NRELQJ�)DOVWHU��'(10$5.
���5HJLRQDO�+HDOWKFDUH�$XWKRULW\��5HJLRQ�6MDHOODQG��'HQPDUN��6RUR��'(10$5.

.H\ZRUGV��(PHUJHQF\�QXUVLQJ��FRPSHWHQFLHV��VNLOOV�VWDWLRQV��HPHUJHQF\�PHGLFLQH�HGXFDWLRQ��V\QHUJ\�PRGHO

$EVWUDFW��

(PHUJHQF\�QXUVH�VNLOOV�EDVHG�HGXFDWLRQ�LQ�5HJLRQ�6MDHOODQG��'HQPDUN�LV�QRW�VWDQGDUGL]HG�EHWZHHQ�LWV�IRXU�KRVSLWDOV��UHVXOWLQJ�LQ�YDULDELOLW\�RI
HPHUJHQF\�QXUVLQJ�SUDFWLFH��7R�DGGUHVV�WKLV�ODFN�RI�VWDQGDUGL]DWLRQ�DQG�UDLVH�RYHUDOO�FRPSHWHQF\�OHYHOV��HPHUJHQF\�QXUVLQJ�OHDGHUV�IURP�5HJLRQ
6MDHOODQG�SDUWQHUHG�ZLWK�QXUVH�VSHFLDOLVWV�IURP�+DUYDUG�0HGLFDO�)DFXOW\�3K\VLFLDQV�DW�%HWK�,VUDHO�'HDFRQHVV�0HGLFDO�&HQWHU��IRUPLQJ�D�WDVN�IRUFH�WR
GHYHORS�D�VWDQGDUGL]HG�DSSURDFK�WR�UHJLRQDO�('�QXUVH�HGXFDWLRQ������QXUVHV�ZKR�VWDII�WKH�IRXU�('V�LQ�5HJLRQ�6MDHOODQG��ZKLFK�VHUYH�D�SRSXODWLRQ�RI
���������ZLOO�SDUWLFLSDWH�LQ�WKH�UHJLRQDO�SURJUDP�

,QLWLDOO\��D�QHHGV�DVVHVVPHQW�ZDV�FRQGXFWHG�WR�DVVHVV�QXUVH�FRPSHWHQF\�LQ�����HVVHQWLDO�('�QXUVH�FOLQLFDO�DQG�DGPLQLVWUDWLYH�VNLOOV��1XUVHV�DQG
WKHLU�VXSHUYLVRUV�ZHUH�DVNHG�WR�UDWH�VNLOOV�FRPSHWHQF\�RQ�D�VFDOH�RI���WR����ZLWK�SURILFLHQW�EHLQJ�D�VFRUH�! ���2Q�DYHUDJH��QXUVHV�VFRUHG
WKHPVHOYHV�SURILFLHQW�LQ�������RI�VNLOOV��ZKLOH�OHDGHUVKLS�VFRUHG�WKHLU�QXUVHV�DV�SURILFLHQW�LQ�����RI�VNLOOV��$W�WKH�WLPH�RI�WKH�VXUYH\������RI�VWDII
QXUVHV�IHOW�WKH\�ZHUH�QRW�DGHTXDWHO\�SUHSDUHG�WR�SHUIRUP�WKHLU�MRE�ZLWKRXW�VXSHUYLVLRQ�

7KH�WDVN�IRUFH�LGHQWLILHG�WKH�$$&1Ç6�6\QHUJ\�0RGHO�DV�D�WKHRUHWLFDO�IUDPHZRUN�IRU�WKHLU�ZRUN��6\QHUJ\�RFFXUV�ZKHQ�HPHUJHQF\�QXUVHV
FRPSHWHQFLHV�DOLJQ�ZLWK�WKH�QHHGV�RI�WKH�SDWLHQWV�WKH\�FDUH�IRU��7R�DGGUHVV�WKH�UHJLRQDO�FRPSHWHQF\�JDS��WKH�WDVN�IRUFH�GHFLGHG�WR�LPSOHPHQW�D
VWDQGDUGL]HG�HGXFDWLRQDO�SURJUDP��WKDW�XVHV�VNLOOV�VWDWLRQV��WDXJKW�GXULQJ�ÈQXUVH�FRPSHWHQF\�GD\V�É�WR�UHYLHZ�DQG�YDOLGDWH�VNLOOV��,Q�WKH�ILUVW�\HDU�
���FRPSHWHQFLHV�DQG�DVVHVVPHQWV�ZLOO�EH�YDOLGDWHG�WKURXJK���WKHPHG�VNLOOV�VWDWLRQV��WDXJKW�GXULQJ�FRPSHWHQF\�GD\V�VFKHGXOHG�DW�HDFK�KRVSLWDO��$
WHDP�RI����QXUVH�WUDLQHUV�FRPSOHWHG�D�UHJLRQDO�WUDLQ�WKH�WUDLQHUV�FRXUVH�DQG�ZLOO�IDFLOLWDWH�WKH�HGXFDWLRQ��$GGLWLRQDO�EDVLF�RU�ORZHU�ULVN�FRPSHWHQFLHV
ZLOO�EH�DGGUHVVHG�WKURXJK�H/HDUQLQJ��VLPXODWLRQ��DQG�IURQWOLQH�HGXFDWLRQ�

7KURXJK�WKH�HPSRZHUPHQW�RI�WKH�WDVN�IRUFH��5HJLRQ�6MDHOODQG�KDV�GHYHORSHG�WKH�ILUVW�VWDQGDUGL]HG��FRPSHWHQF\�EDVHG�HPHUJHQF\�QXUVLQJ
HGXFDWLRQ�SURJUDP�LQ�'HQPDUN�



35(�+263,7$/���(06���287�2)�+263,7$/ 6WHIIHQ�+HUGWOH

��������,PSOHPHQWDWLRQ�RI�D�SUH�KRVSLWDO�LQWXEDWLRQ�UHJLVWHU��'DWD�FROOHFWLRQ�RI�LQGLFDWLRQV��PHWKRGV��VXFFHVV�UDWHV��DQG
FRPSOLFDWLRQV�RI�SUH�KRVSLWDO�LQWXEDWLRQV�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6WHIIHQ�+HUGWOH������6HEDVWLDQ�/DQJ������-HQV�5HLFKHO������:LOKHOP�%HKULQJHU������&KULVWLDQ�+RKHQVWHLQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDO�RI�-HQD��-HQD��*(50$1<
���'HSDUWPHQW�RI�$QDHVWKHVLRORJ\�DQG�,QWHQVLY�&DUH��8QLYHUVLW\�+RVSLWDO�RI�-HQD��-HQD��*(50$1<

.H\ZRUGV��,QWXEDWLRQ��SUH�KRVSLWDO��UHJLVWHU��LQGLFDWLRQV��PHWKRGV��VXFFHVV�UDWHV��FRPSOLFDWLRQV��HPHUJHQF\�PHGLFDO�VHUYLFHV

$EVWUDFW��

%DFNJURXQG�

,Q�SUH�KRVSLWDO�VHWWLQJV�WKHUH�H[LVW�VRPH�GDWD�RI�LQGLFDWLRQV��PHWKRGV��VXFFHVV�UDWHV��DQG�FRPSOLFDWLRQV�RI�SUH�KRVSLWDO�LQWXEDWLRQV��%XW�WKHUH�H[LVW
QR�VWDQGDUG�GDWD�FROOHFWLRQ�LQ�WKH�JHUPDQ�VSHDNLQJ�FRXQWULHV��$LP�LV�WR�JHW�VWDQGDUG�GDWD�WR�JLYH�HYLGHQFH�DERXW�SUH�KRVSLWDO�LQWXEDWLRQV�

0HWKRGV�

$�VWDQGDUGL]HG�ZHE�EDVHG�TXHVWLRQDLUH�KDV�EHHQ�FUHDWHG��7KHUH�LV�DVNHG�HJ��IRU�TXDOLILFDWLRQ�RI�SHUIRUPHU��VXFFHVV�UDWH��PHWKRG��LQGLFDWLRQ�
FRPSOLFDWLRQ�DQG�RWKHU�RSWLRQV�LQ�FDVH�RI�QR�VXFFHVV�

5HVXOWV�

7KH�GDWD�FROOHFWLRQ�KRPHSDJH�FDQ�EH�IRXQG�XQGHU�ZZZ�LQWXEDWLRQVUHJLVWHU�GH��$OO�GDWD�FDQ�EH�DQDO\VHG�E\�PDVWHU�DGPLQ��,QGLYLGXDO�ORJLQV�IRU�HDFK
HPHUJHQF\�VHUYLFH�EDVH�DOORZ�ORFDO�DGPLQV�WR�FKHFN�WKHUH�RZQ�GDWD��%RWK��DQDO\VLV�RI�JHQHUDO�DQG�ORFDO�GDWD�LV�DQRQ\PRXV�

&RQFOXVLRQV�

7KH�LPSOHPHQWDLRQ�RI�D�SUH�KRVSLWDO�LQWXEDWLRQ�UHJLVWHU�LV�DQ�HDV\�DQG�TXLFN�SRVVLELOLW\��WR�FROOHFW�VWDQGDUGL]HG�GDWD��7KLV�GDWD�FDQ�EH�XVHG�IRU�HJ
TXDOLW\�PDQDJHPHQW�



75$80$ WKRPDV�DEUDPR

��������&HUHEUDO�2[LPHWU\�PRQLWRULQJ�GXULQJ���+76�LQIXVLRQ�LQ�LQWXEDWHG�SHGLDWULF�SDWLHQWV�ZLWK�LVRODWHG�+HDG�7UDXPD�LQ�D
3('�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7KRPDV�$EUDPR�0'������/\GLD�:DVKHU�0'������*UHJRU\�$OEHUW�PG������7RGG�0D[VRQ������-RQ�2UVERUQ�0'������1LFKRODV�3RUWHU�0'������(OL]DEHWK�6WRUP
0'������=KXRSHL�+X�06����

���3HGLDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN���86$
���SHGLDWULF�QHXURVXUJHU\��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN��86$
���SHGLDWULF�WUDXPD�VXUJHU\��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN��86$
���3HGLDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN��86$
���%LRVWDW�IRU�'LYLVLRQ�RI�3HGLDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN���86$

.H\ZRUGV��&HUHEUDO�2[LPHWU\���+76��+HDG�WUDXPD�

$EVWUDFW��

$OWHUHG�FHUHEUDO�SK\VLRORJ\��SDWKRORJ\��DQG�,QFUHDVH�,&3�FDQ�EH�GHWHFWHG�E\�FHUHEUDO�R[LPHWU\�LQ�QXPHURXV�SHGLDWULF�('�VWXGLHV���,Q�LQWXEDWHG
SHGLDWULF�('�WUDXPDWLF�EUDLQ�LQMXU\���7%,�SDWLHQWV�GHWHFWLQJ�	�UHVSRQVH�WR�WUHDWPHQW�IRU�WKH��DOWHU�FHUHEUDO�SK\VLRORJ\�DQG�,&3�LV�VROHO\�E\
FDUGLRYDVFXODU�PRQLWRULQJ��DQG�*&6�ZKLFK�KDV�PDMRU�IODZV���,Q�SHGLDWULF�7%,��KHDG�WUDXPD�SDWLHQWV�ZLWK�LQFUHDVHG�,&3����+76�WKHUDS\�LV�D�VWDQGDUG
WKHUDS\�IRU�LQFUHDVHG�,&3�EXW�DVVHVVLQJ�LWV�HIIHFW�RQ�LQWXEDWHG�SHGLDWULF�7%,�SDWLHQW
V�FHUHEUDO�SK\VLRORJ\�E\�FHUHEUDO�R[LPHWU\�KDV�QHYHU�EHHQ
UHSRUWHG�

2EMHFWLYH��,Q�LVRODWHG�SHGLDWULF�7%,�3('�SDWLHQWV�ZKR�UHFHLYHG����+76����PO�NJ���DQDO\]H�WKHLU�FHUHEUDO�R[LPHWU\�FKDQJHV�LQ�FRUUHODWLRQ�WR�WKHLU���
PLQXWHV�EHIRUH��DQG��������PLQXWHV�SRVW����+76�LQIXVLRQ�

0HWKRGV

('�REVHUYDWLRQDO�FRQYHQLHQFH�VWXG\�RI�LQWXEDWHG�SHGLDWULF�LVRODWHG�7%,�SDWLHQWV�ZLWK�SRVLWLYH�FHUHEUDO�SDWKRORJ\�E\�&7�VFDQ��HSLGXUDO��VXEGXUDO��7%,�
�����+76�LQIXVLRQ�DQG�FHUHEUDO�R[LPHWU\�PRQLWRULQJ��3DWLHQW
V�OHIW�DQG�ULJKW�FHUHEUDO�R[LPHWU\�UHDGLQJV����PLQXWHV�EHIRUH���+76�LQIXVLRQ�DQG����	
���PLQXWHV�DIWHU���+76�LQIXVLRQ��3DWLHQWV�ZHUH�IXUWKHU�VXE�JURXS�E\�WKHLU��U62��LQLWLDO�UHDGLQJV�OHIW��ULJKW�RU�ERWK�U62��LQLWLDO�UHDGLQJV���DEQRUPDO
FHUHEUDO�SK\VLRORJ\�U62�����	�QRUPDO�FHUHEUDO�SK\VLRORJ\�U62�������

5HVXOWV

����SDWLHQWV�HQUROOHG��DJH����������������HSLGXUDO��������VXEGXUDO��������7%,�RQO\�����*&6���������WLPH�WR�ILUVW�����U62��FKDQJH�ZDV�����PLQXWH
�����������)LJXUH��

&RQFOXVLRQV

��+76�LQIXVLRQ�SURGXFHG��VLJQLILFDQW�FHUHEUDO�R[LPHWU\�FKDQJHV�LQ�LVRODWHG�SHGLDWULF�LQWXEDWHG�7%,�SDWLHQWV�ZLWK�DEQRUPDO�FHUHEUDO�SK\VLRORJ\�
LQFUHDVHG�,&3�DQG�SDWKRORJ\���&KDQJHV�LQ�&HUHEUDO�2[LPHWU\�UHDGLQJV�IURP�WKH���+76�ZDV�UDSLG�����PLQXWHV������������,Q�LQWXEDWHG�LVRODWHG
SHGLDWULF�7%,��('�SDWLHQWV�ZLWK�LQFUHDVHG�,&3�IURP�EUDLQ�LQMXU\��FHUHEUDO�R[LPHWU\�FDQ�GHWHFW�WKH�HIIHFWV�RI���+76�RQ�WKHVH�SDWLHQW
V��LQFUHDVH�,&3
DQG�DEQRUPDO�KHPLVSKHULF�FHUHEUDO�SK\VLRORJ\��)XUWKHU�LQYHVWLJDWLRQ�LV�ZDUUDQWHG�



75$80$ WKRPDV�DEUDPR

��������&HUHEUDO�R[LPHWU\�PRQLWRULQJ�LQ�DVVHVVLQJ�&HUHEUDO�3K\VLRORJ\�FKDQJHV�LQ�QRQ�LQWXEDWHG�SHGLDWULF�LVRODWHG�7%,�('
SDWLHQWV�UHFHLYLQJ����+76

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7KRPDV�$EUDPR�0'������6KDQH�0F.LQQH\�0'������*UHJRU\�$OEHUW�PG������7RGG�0D[VRQ������-RQ�2UVERUQ�0'������1LFKRODV�3RUWHU�0'������(OL]DEHWK
6WRUP�0'������=KXRSHL�+X�06����

���3HGLDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN���86$
���3HGLDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOHU�URFN��86$
���SHGLDWULF�QHXURVXUJHU\��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN��86$
���SHGLDWULF�WUDXPD�VXUJHU\��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN��86$
���3HGLDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN��86$
���%LRVWDW�IRU�'LYLVLRQ�RI�3HGLDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN���86$

.H\ZRUGV��FHUHEUDO�R[LPHWU\���QRQ�LQWXEDWHG�SHGLDWULF�7%,��7%,

$EVWUDFW��

,Q�DOWHUHG�WUDXPDWLF�EUDLQ�LQMXU\��7%,��SDWLHQWV��WKH�FXUUHQW�('�PRQLWRULQJ�VNLOOV�IRU�GHWHFWLQJ�DQG�DVVHVVLQJ�LQFUHDVHG�,&3�DQG�WKHUDSHXWLF�UHVSRQVH
LV�LQFRQVLVWHQW�GXH�KHDOWKFDUH�SURYLGHU
V�FOLQLFDO�DVVHVVPHQW�YDULDELOLW\��&HUHEUDO�R[LPHWU\�FDQ�GHWHFW�DFXWH�FKDQJHV�LQ�FHUHEUDO�SK\VLRORJ\�
SDWKRORJ\��DQG�,&3�FKDQJHV����3HGLDWULF�&HUHEUDO�UF62��QRUPDO�UDQJHV����������UF62���������RU�UF62��!�����DQG�LQWHUKHPLVSKHULF�VLGH
GLIIHUHQFHV�!�����UHIOHFW�DEQRUPDO�FHUHEUDO�SK\VLRORJ\�	�LQFUHDVH�,&3�����+76�WKHUDS\�KDV�EHHQ�XVHG�LQ�('�QRQ�LQWXEDWHG�7%,�VKRZLQJ�FOLQLFDO
EHQHILW�EXW�QR�REMHFWLYH�FHUHEUDO�SK\VLRORJ\�HIIHFW�FKDQJH��$VVHVVLQJ�+76�HIIHFW�RQ�LQWXEDWHG�7%,�FHUHEUDO�SK\VLRORJ\�FKDQJHV�LV�GRQH�RQO\
LQYDVLYHO\�LQ�,&8�UHI���$VVHVVLQJ����+76�HIIHFWV�LQ�DOWHUHG�QRQ�LQWXEDWHG�('�7%,�SDWLHQWV�ZLWK�FHUHEUDO�SDWKRORJ\��HSLGXUDO�RU�VXEGXUDO��RU�ZLWKRXW
E\�FHUHEUDO�R[LPHWU\�KDV�QHYHU�EHHQ�LQYHVWLJDWHG�

2EMHFWLYH��$VVHVVLQJ�LQ�DOWHUHG�QRQ�LQWXEDWHG�LVRODWHG�7%,�SDWLHQWV�ZKR�UHFHLYHG�WKHUDSHXWLF�GRVHV�RI����+76����PO�NJ��ZLWK�VLPXOWDQHRXVO\
FHUHEUDO�R[LPHWU\�UHDGLQJV���UF62���DQG�*&6�FKDQJHV�FRPSDUHG�WR�WKHLU�SUH�	�SRVW����+76�LQIXVLRQ�WLPHV�

0HWKRGV��3('�REVHUYDWLRQDO�FRQYHQLHQFH�VWXG\�RI�DOWHUHG��*&6�������QRQ�LQWXEDWHG�7%,�SDWLHQWV�ZLWK�&7�VFDQ�DQG�FOLQLFDO�GHFLVLRQV�IRU����+76
LQIXVLRQ�KDG�VLPXOWDQHRXV�FHUHEUDO�R[LPHWU\�PRQLWRULQJ�GXULQJ�WKHLU���+76�LQIXVLRQ��3DWLHQW
V�FHUHEUDO�R[LPHWU\�	�*&6�FKDQJHV�ZHUH�FRPSDUHG�DW
���PLQ�EHIRUH��DQG��������PLQ�DIWHU���+76�LQIXVLRQV��3DWLHQWV�ZHUH�VXEJURXS�DQG�DQDO\]HG�E\�WKHLU�U62��LQLWLDO�UHDGLQJV�
���$EQRUPDO�&HUHEUDO�3DWKRORJ\��U62�������RU�!���
���1RUPDO�&HUHEUDO�3DWKRORJ\��U62��������

5HVXOWV��$JH�����������������$OO�7%,�JURXSV�*&6�FKDQJHV�EHIRUH�	�DIWHU���+76�ZHUH�����������	��������������*&6�GLIIHUHQFH��������S����������
��+76�LQIXVLRQ�WLPH�IURP�VWDUW�WR�WKH�ILUVW�����FKDQJH�LQ�/HIW�	�5LJKW�U62��ZDV�����PLQXWHV�������������7DEOH��

&RQFOXVLRQV��7KLV�SUHOLPLQDU\�VWXG\�KDV�GHPRQVWUDWHG�WKH�DELOLW\�RI�&HUHEUDO�2[LPHWU\�WR�GHWHFW�WKH�UHDO�WLPH�HIIHFWV�RI���+76�RQ�WKH�DOWHUHG
QRQ�LQXWEDWHG�7%,�SDWLHQW
V�FHUHEUDO�SK\VLRORJ\�LQ�DQ�('��,Q�LVRODWHG�QRQ�LQWXEDWHG�DOWHUHG�7%,�3('�SDWLHQWV�ZLWK�RU�ZLWKRXW�DEQRUPDO�FHUHEUDO
SDWKRORJ\��HSLGXUDO�DQG�RU�VXEGXUDO��WKH���+76�HIIHFW�RQ�WKHLU�FHUHEUDO�SK\VLRORJ\�DV�GHILQHG�E\�FHUHEUDO�R[LPHWU\�FKDQJHV�ZHUH�KLJKO\�VLJQLILFDQW
DQG�FRUUHODWHG�ZLWK�*&6�FKDQJHV��&HUHEUDO�2[LPHWU\�PRQLWRULQJ�KDV�VKRZQ�LWV�FDSDELOLWLHV�DV�DQ�REMHFWLYH�QHXUR�DVVHVVPHQW�DQG�PRQLWRULQJ�WRRO�LQ
DOWHUHG�QRQ�LQWXEDWHG�7%,�SDWLHQW
V�FHUHEUDO�SK\VLRORJ\�DQG�UHVSRQVH�WR�WKHUDS\��7KLV�VWXG\�DORQJ�ZLWK�RXU�SULRU�VWXGLHV�IXUWKHU�VXEVWDQWLDWH
FHUHEUDO�R[LPHWU\ÇV�XWLOL]DWLRQ�LQ�HXUR�HPHUJHQFLHV�DQG�QHXURUHVXVFLWDWLRQ�DQG�D�VWDQGDUG�QHXUR�PRQLWRULQJ�WRRO�LQ�WKH�('�

��/XPED�%URZQ�����+76�DV�D�WKHUDS\�IRU�SHGLDWULF�FRQFXVVLYH�SDLQ��D�UDQGRPL]HG�FRQWUROOHG�WULDO�RI�V\PSWRP�WUHDWPHQW�LQ�WKH�HPHUJHQF\
GHSDUWPHQW�3HGLDWU�(PHUJ�&DUH�������0DU�������������



3(',$75,&6 WKRPDV�DEUDPR

��������7KH�(IIHFW�RI�.HWDPLQH�RQ�&HUHEUDO�3K\VLRORJ\�DV�GHWHFWHG�E\�&HUHEUDO�2[LPHWU\�GXULQJ�UDSLG�VHTXHQFH�LQWXEDWLRQ��56,�
RI�FULWLFDOO\�LOO�3HGLDWULF�SDWLHQWV�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7KRPDV�$EUDPR�0'������6DPXHO�6HOE\�0'������*UHJRU\�$OEHUW�PG������7RGG�0D[VRQ������-RQ�2UVERUQ�0'������1LFKRODV�3RUWHU�0'������(OL]DEHWK�6WRUP
0'������=KXRSHL�+X�06����

���3HGLDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN���86$
���SHGLDWULF�QHXURVXUJHU\��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN��86$
���SHGLDWULF�WUDXPD�VXUJHU\��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN��86$
���3HGLDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN��86$
���%LRVWDW�IRU�'LYLVLRQ�RI�3HGLDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�$UNDQVDV�6FKRRO�RI�0HGLFLQH��OLWWOH�URFN���86$

.H\ZRUGV��.HWDPLQH��3HGLDWULFV��6HSVLV��56,��5HVSLUDWRU\�)DLOXUH

$EVWUDFW��

.HWDPLQH�LV�DYRLGHG�LQ�UDSLG�VHTXHQFH�LQWXEDWLRQ��56,��RI�WUDXPD�SDWLHQWV�EHFDXVH�RI�DQ�DVVXPSWLRQ�LW�FDXVHV�LQFUHDVH�LQWUDFUDQLDO�SUHVVXUH��,&3��
+RZHYHU�WZR�UHFHQW�VWXGLHV�VKRZHG��WKDW�WKHUH�ZDV�QR�LQFUHDVH�LQ�LQWUDRFXODU�SUHVVXUH��,23���DQG�LW�ZDV�WKHUHIRUH�DVVXPHG�WKHUH�ZDV�QR�LQFUHDVH�LQ
,&3�HLWKHU��$Q�,23�FKDQJH�KDV�QHYHU�EHHQ�VKRZQ�WR�FKDQJH�FHUHEUDO�SK\VLRORJ\���&HUHEUDO�R[LPHWU\�VWXGLHV�KDYH�HVWDEOLVKHG�LW�FDQ�FRUUHODWH�ZLWK
DFXWH�DOWHU�FHUHEUDO�SK\VLRORJ\�DQG�,&3�FKDQJHV��7KH�HIIHFW�RI�NHWDPLQH�RQ�FHUHEUDO�SK\VLRORJ\�LQ�SHGLDWULF�SDWLHQWV�ZKR�KDYH�KDG�UHVSLUDWRU\
IDLOXUH�RU�VHSVLV�KDV�QRW�EHHQ�VWXGLHG���&HUHEUDO�R[LPHWU\�VWXGLHV�KDYH�VKRZQ�QRUPDO�KHPLVSKHULF�FHUHEUDO�SK\VLRORJ\�U62���LV��������ZLWK�D����
PHDQ�YDULDQFH��$EQRUPDO�FHUHEUDO�SK\VLRORJ\�KDV�EHHQ��GHPRQVWUDWHG�WR�EH�DV��U62��������RU�!����DQG�RU�VLGH�GLIIHUHQFHV�!����

�

2EMHFWLYH�

7R�DQDO\]H�NHWDPLQHÇV�HIIHFW�RQ�FHUHEUDO�SK\VLRORJ\�GXULQJ�56,�RI�SDWLHQWV�ZLWK�VHSVLV�RU�UHVSLUDWRU\�IDLOXUH�E\�XWLOL]LQJ�FHUHEUDO�R[LPHWU\�LQ�WKH
3HGLDWULF�('��3('��

�

0HWKRGV�

$Q�REVHUYDWLRQDO�FRQYHQLHQFH�VWXG\�RI�SDWLHQWV�LQWXEDWHG�LQ�WKH�3('�ZLWK�VHSVLV�RU�UHVSLUDWRU\�IDLOXUH�ZKR�KDG��ELODWHUDO�FHUHEUDO�R[LPHWU\��T���VHF�
SODFHG�DQG�NHWDPLQH�ZDV�XVHG�DV�DQ�LQGXFWLRQ�DJHQW���:H�DQDO\]HG�U62�����PLQ�EHIRUH�	�WKHQ����DQG����PLQ�DIWHU�NHWDPLQH�DORQJ�ZLWK�FHUHEUDO
EORRG�YROXPH�LQGH[��&%9,��DQG�FRPSDUHG�WR�������	�����YDULDQFH���U62��VLGH�GLIIHUHQFHV��!����DQG�SDWLHQWV�ZLWK�U62�����ZHUH�DQDO\]HG�DV�WKLV�LV
FRQVLGHUHG�DEQRUPDO�FHUHEUDO�SK\VLRORJ\��

�

5HVXOWV�

7KH�PD[LPXP�FKDQJH�RQ�WKH�OHIW�ZDV������6'��������DQG�ULJKW�ZDV������6'���������2YHUDOO��WKH�/HIW��5LJKW�U62���&%9,�DQG�KHDUW�UDWH�FKDQJHVDW
DOO�SRLQWV�GXULQJ�GDWD�FROOHFWLRQ�ZHUH�OHVV�WKDQ������S �������)LJXUH���

�

�

&RQFOXVLRQV�

3DWLHQWV�ZLWK�VHSVLV�RU�UHVSLUDWRU\�IDLOXUH�ZKR�XQGHUZHQW�56,�ZLWK�NHWDPLQH�VKRZHG�QR�DOWHUDWLRQ�LQ�WKHLU�FHUHEUDO�SK\VLRORJ\�EDVHG�RQ�FHUHEUDO
R[LPHWU\���7KH�QRUPDO�DQG�DEQRUPDO�FHUHEUDO�R[LPHWU\��U62��	�&%9,��IRU����DQG����PLQXWH�FKDQJHV�ZHUH�VLJQLILFDQWO\�������YDULDQFH��6LQFH
NHWDPLQH�LV�XVHG�LQ�DGXOW�WUDXPD�LQYHVWLJDWLQJ�NHWDPLQHÇV�HIIHFW�RQ�SHGLDWULF�WUDXPD�FHUHEUDO�SK\VLRORJ\�E\�FHUHEUDO�R[LPHWU\�LV�ZDUUDQWHG��



&$6(�35(6(17$7,21 681*0,1�/((

��������7HUPLQDWLRQ�RI�LGLRSDWKLF�VXVWDLQHG�PRQRPRUSKLF�YHQWULFXODU�WDFK\FDUGLD�E\�V\QFKURQL]HG�HOHFWULFDO�FDUGLRYHUVLRQ
GXULQJ�SUHJQDQF\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/((�6XQJ0LQ������.LP�+\XQ&KDQJ������6RQJ�.\RXQJ�+ZDQ����

���'HSDUWPHQW�RI�(PHUJHQF\�PHGLFLQH��&KRQQDP�1DWLRQDO�8QLYHUVLW\�+RVSLWDO��0HGLFDO�6FKRRO��*ZDQJMX��.25($��5(38%/,&�2)
���'HSDUWPHQW�RI�(PHUJHQF\�PHGLFLQH��*ZDQJMX�9HWHUDQV�+RVSLWDO��*ZDQJMX��.25($��5(38%/,&�2)
���'HSDUWPHQW�RI�(PHUJHQF\�PHGLFLQH��&KRQQDP�1DWLRQDO�8QLYHUVLW\�0HGLFDO�6FKRRO��.6�+RVSLWDO��*ZDQJMX��.25($��5(38%/,&�2)

.H\ZRUGV��,GLRSDWKLF�YHQWULFXODU�WDFK\FDUGLD��6\QFKURQL]HG�FDUGLRYHUVLRQ��3UHJQDQF\

$EVWUDFW��

7HUPLQDWLRQ�RI�LGLRSDWKLF�VXVWDLQHG�PRQRPRUSKLF�YHQWULFXODU�WDFK\FDUGLD�E\�V\QFKURQL]HG�HOHFWULFDO�FDUGLRYHUVLRQ�GXULQJ
SUHJQDQF\

��6XQJ�0LQ�/HH��0'���+\XQJFKDQJ�.LP�0'���.\RXQJ�+ZDQ�6RQJ��0'�

�

$UUK\WKPLD�LV�RQH�RI�WKH�PRVW�FRPPRQ�FDUGLDF�FRPSOLFDWLRQV�HQFRXQWHUHG�GXULQJ�SUHJQDQF\��+RZHYHU��LGLRSDWKLF�VXVWDLQHG�PRQRPRUSKLF
YHQWULFXODU�WDFK\FDUGLD��97��GXULQJ�SUHJQDQF\�LV�UDUH��$����\HDU�ROG�SUHJQDQW�ZRPDQ�DW����ZHHNV�RI�JHVWDWLRQ�SUHVHQWHG�SURJUHVVLYH�ZLWK
SDOSLWDWLRQV�DQG�HSLVRGHV�RI�DJLWDWLRQ��$Q�LQLWLDO����OHDG�HOHFWURFDUGLRJUDP��(&*��VKRZHG�QRUPDO�VLQXV�UK\WKP��+RZHYHU�����PLQ�DIWHU�HPHUJHQF\
URRP��(5��SUHVHQWDWLRQ��VKH�FRPSODLQHG�RI�FRPSODLQ�FKHVW�SDLQ��7KH�IROORZLQJ�(&*�VKRZHG�ZLGH�FRPSOH[V�PRQRPRUSKLF�97��:H�DWWHPSWHG
DGPLQLVWUDWLRQ�RI�DQ�DQWLDUUK\WKPLF�GUXJ��+RZHYHU��VKH�UHIXVHG�DQ\�PHGLFDWLRQ�EHFDXVH�RI�WKH�FRQFHUQ�UHJDUGLQJ�DQ\�DGYHUVH�HIIHFW�RQ�WKH�IHWXV�
7KHUHIRUH��ZH�FRQGXFWHG�V\QFKURQL]HG�HOHFWULFDO�FDUGLRYHUVLRQ���WLPHV��$IWHU�WKH�HLJKWK�V\QFKURQL]HG�FDUGLRYHUVLRQ�DW�����-��WKH�(&*�VKRZHG�VLQXV
WDFK\FDUGLD��7KH�IHWDO�FRQGLWLRQ�ZDV�PRQLWRUHG�E\�XOWUDVRQRJUDSK\��DQG�QR�DGYHUVH�HYHQWV�ZHUH�REVHUYHG��:H�SUHVHQW�WKH�FDVH�RI�VXFFHVVIXO
V\QFKURQL]HG�HOHFWULFDO�FDUGLRYHUVLRQ�SHUIRUPHG�LQ�D�ZRPDQ�DW����ZHHNV�RI�JHVWDWLRQ�EHFDXVH�RI�VXVWDLQHG�V\PSWRPDWLF�97�

�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

KRVVHLQL�NDVQDYLHK�VH\HG�PRKDPPDG

��������7KH�FRPSDULVRQ�LQMHFWLRQ�OLGRFDHLQH�DQG�PRUSKLQH�HIIHFW�LQ�WKH�DFXWH�SDLQ�FRQWURO�GXH�WR�OLPEV�IUDFWXUH�LQ�SDWLHQWV
UHIHUUHG�WR�HPHUJHQF\�RI�VKRKDGD\H�KDIWRP�WLU�KRVSLWDO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6H\HG�PRKDPPDG�+RVVHLQL�NDVQDYLHK������6H\HG�KRVVHLQ�VKDNHU������6DNLQHK�EHLNL�KDVDQ������0RKDPPDG�UH]D�<DVLQ]DGHK������JKRODPUH]D
PDVRXPL������+DVVDQ�$PLUL������VDHHG�DEEDVL������1DGHU�7YDNROL������6DPDQD�1DEL����

���,UDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,UDQ��,UDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,UDQ��WHKUDQ��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��OLGRFDHLQH���PRUSKLQH���DFXWH�SDLQ�FRQWURO���OLPEV�IUDFWXUH

$EVWUDFW��

,QWURGXFWLRQ��7KH�ILUVW�REMHFWLYH�LV�WR�SURYLGH�SDWLHQW�FRPIRUW�DQG�DFXWH�SDLQ�PDQDJPHQW�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��IROORZHG�WR
SUHYHQW�WKH�QHJDWLYH�SK\VLRORJLFDO�UHVSRQVHV�VR�WKLV�VWXG\�WR�FRPSDULVLRQ�LQMHFWLRQ�OLGRFDLQ�DQG�PRUSKLQH�HIIHFW�LQ�WKH�DFXW�SDLQ
FRQWURO�GXH�WR�OLPEV�IUDFWXUH�LQ�SDWHQW�UHIHUUHG��WR�HPHUJHQF\�GHSDUWPHQW�RI�VKRKGD\�KDIWHWLU�KRVSLWDO

0DWHULDOV�DQG�0HWKRGH��,Q�WKLV�UDQGRPLVHG�GRXEOH��EOLQG�FOLQLFDO�WUDLDO�
DOO�SDWHQWV����WR����\HDUV�ROG�5DVRXO�$NUDP�KRVSLWDO�LQ�����
ZLWK�OLPE�IUDFWXUHV�DQG�ZLWKRXW�D�KLVWRU\�RI�NLGQH\�GLVHDVH�
OLYHU�DQG�KHDUW��LVFKPLF�KHDUW�GHDVHVH�DQG�DUUK\WPLDV��WR�FRPSOHW�$
VDPSOH�RI�WKH�V\XG\�ZLOO�EH�UHTXLUHG��3DWLHQWV�ZLWKH�D�KLVWRU\�RI�VHQVLWLYLW\�WR�OLGRFDLQH�DQG�PRUKLQH��LOOLWHUDWH�SDWLHQWV�DQG�
SDWLHQWV�ZKR�FDQ�QRW�VSHDN��ODFN�RI�DZDUHQHVV��DQG��SDWLHQW�ZKR�KDYH�EHHQ�H[FOXGHG�3UQQPD\QG�ZULWWHQ�FRQVHQW�SDWLHQW�DUH
UDQGRPO\�GLYLGHG�LQWR�WZR�JURXSV�)RU�D�JURXS�$\GYND\\Q�LQMHFWLRQ��PJ�NJ�����DQG�DQRWKHU�JURXS�RI�PRUSKLQH�LQMHFWLRQ��PJ�NJ����
LV�LQMHFWHG�DV�D�VLQJOH�GRVH��9LWDO�VLJQV
SDLQ�DQG�RWKHU�LQMHFWHG�DV�D�VLQJOH�GRVH��9LWDO�VLJQV
SDLQ�DQG�RWKHU�V\PSWRPV�DUH�DW��
��
��
DQG����DQG�GDWD�UHFRUG�DW�WKH�FKHFNOLVW�WKHQ�GDWD�ZLOO�EH�DQDO\]HG�
XVLQJ�6366
�9(56,21����

5HVDOWV��7KH�PHDQ�DJH�RI�SDWLHQWV�UHFHLYLQJ�PRUSKLQH�LQWUDYHQRXVO\�WR��������������\HDUV�DQG�LQ�SDWLHQWV�UHFHLYLQJ�LQWUDYHQRXV
OLGRFDHLQH�WR��������������\HDUVH�5HSHDWHG�0HDVXUHPHQW�WHVW�VKRZHG�WKDW�GLIIHUHQFHV�WKH�DYHUDJH�VHYHULW\�RI�SDLQ�DFFRUGLQJ�WR
9$6�VFDOH�VLJQLILFDQFO\�EHWZHHQ�WKH�VWXG\�SHULRGV�UHVSHFWLYO\�LQ�WKH�WZR�JURXSV�UHFHLYLQJ�PRUSKLQH�DQG�OLGRFDLQVHHQ��3 ������
DQG�3 �������

&RQFOXVLRQ�DFFRUGLQJ�WKH�UHVXOWV�FDQ�EH�FRQFOXGHG�WKDW�OLGRFDLQH�FRPSDUHG�ZLWKH�LQMHFWLRQ�RI�PRUSKLQH�DQDOJHVLF�HIIHFWV�GHVLUDEOH
DQG�PRUH�HIHFWLYH�DQG�KDYU�IHZHU�VLGH�HIIHFWV�WKDQ�PRUSKLQ�
OLGRFDLQH�LQMHFWLRQ��VR�WKLV�VWXG\�VXJJHVWV�OLGRFDHLQ�DV�WKH�ILUVW�FKRLFH
DQDOJHVLD�LQ�WUDXPD�SDWHQWV

.H\ZRUGV��OLGRFDHLQH�
PRUSKLQH�
�DFXWH�SDLQ�FRQWURO�
OLPEV�IUDFWXUHV

�

�

�

�

�

�

�

�

�

�

�

�

�

�



%,20$5.(56 7KRPDV�0RQEDLOOLX

��������'LDJQRVWLF�ELRPDUNHUV�IRU�LVFKHPLF�VWURNH��D�PHWD�DQDO\VLV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7KRPDV�0RQEDLOOLX������6D�G�+DFKLPL�,GULVVL������-ROLQH�*RRVVHQV����

���0'��8QLYHUVLW\�*KHQW��9DUVHQDUH��%(/*,80
���0'��3K'��)&&0��8QLYHUVLW\�*KHQW��*KHQW��%(/*,80
���3K'��8QLYHUVLW\�*KHQW��*KHQW��%(/*,80

.H\ZRUGV��,VFKHPLF�VWURNH��VWURNH��KHPRUUKDJLF�VWURNH��VWURNH�PLPLFV��GLDJQRVLV��ELRPDUNHUV��ELRFKHPLFDO�PDUNHUV��EORRG�PDUNHUV��PHWD�DQDO\VLV�

$EVWUDFW��

2EMHFWLYHV

7KH�GHYHORSPHQW�RI�D�GLDJQRVWLF�ELRPDUNHU�WHVW�ZRXOG�KDYH�D�PDMRU�LPSDFW�RQ�WKH�FDUH�RI�VWURNH�E\�IDFLOLWDWLQJ�HDUOLHU�DQG�PRUH�DFFXUDWH
LGHQWLILFDWLRQ�RI�LVFKHPLF�VWURNH�SDWLHQWV��WKXV�LQFUHDVLQJ�WKH�QXPEHU�RI�SDWLHQWV�UHFHLYLQJ�WKURPERO\WLF�WUHDWPHQW��7KHUHIRUH�WKH�DLP�RI�WKLV�VWXG\�LV
WR�SHUIRUP�D�PHWD�DQDO\VLV�UHJDUGLQJ�WKH�XVH�RI�ELRPDUNHUV�WKDW�DUH�DEOH�WR�GLVWLQJXLVK�LVFKHPLF�VWURNH�SDWLHQWV�IURP�KHDOWK\�FRQWUROV��VWURNH
PLPLFV�DQG�KHPRUUKDJLF�VWURNH�SDWLHQWV�

'HVLJQ�DQG�PHWKRGV

$�FRPSUHKHQVLYH�OLWHUDWXUH�UHVHDUFK�ZDV�FDUULHG�RXW�WR�FROOHFW�VWXGLHV�UHSRUWLQJ�WKH�XVH�RI�EORRG�ELRPDUNHUV�IRU�VWURNH�LQ�KXPDQV��'DWD�ZDV
H[WUDFWHG�IURP�WKH�VWXGLHV�WKDW�PHW�WKH�LQFOXVLRQ�FULWHULD�RI�WKLV�PHWD�DQDO\VLV��7KH�PHWD�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�WKH�5HYLHZ�0DQDJHU����
VRIWZDUH��'LIIHUHQFHV�LQ�ELRPDUNHU�OHYHOV�EHWZHHQ�WKH�WZR�FRPSDULVRQ�JURXSV�ZHUH�H[SUHVVHG�DV�3�YDOXH�DQG�IRU�HDFK�PHWD�DQDO\VLV�WKH�,l�YDOXH
ZDV�XVHG�WR�HVWLPDWH�WKH�SRWHQWLDO�KHWHURJHQHLW\�DPRQJ�VWXGLHV��5HVXOWV�ZHUH�UHJDUGHG�DV�VWDWLVWLFDOO\�VLJQLILFDQW�LI�WKH�3�YDOXH�ZDV�������

5HVXOWV

:H�LGHQWLILHG�����VWXGLHV�GHVFULELQJ�ELRPDUNHUV�WR�GLDJQRVH�LVFKHPLF�VWURNH��'DWD�FRXOG�EH�H[WUDFWHG�IURP����VWXGLHV�WKDW�PHW�WKH�LQFOXVLRQ�FULWHULD�
,Q�WRWDO����ELRPDUNHUV�ZHUH�H[DPLQHG�LQ�WKLV�PHWD�DQDO\VLV��KRZHYHU�RQO\�WZR��%13�DQG�6���%��ZHUH�DEOH�WR�VLJQLILFDQWO\�GLIIHUHQWLDWH�LVFKHPLF
VWURNH�SDWLHQWV�IURP�KHDOWK\�FRQWUROV��VWURNH�PLPLFV�DQG�KHPRUUKDJLF�VWURNH�SDWLHQWV��*)$3��D�ELRPDUNHU�UHSRUWHG�WR�KDYH�KLJK�GLDJQRVWLF�DFFXUDF\
IRU�GLIIHUHQWLDWLQJ�+6�SDWLHQWV�IURP�,6�SDWLHQWV��ZDV�QRW�DEOH�WR�GLIIHUHQWLDWH�WKHVH�FRPSDULVRQ�JURXSV�LQ�WKLV�PHWD�DQDO\VLV�

&RQFOXVLRQV�

&RQVLGHULQJ�WKH�PDQ\�OLPLWDWLRQV�LQWHUIHULQJ�ZLWK�WKH�UHVXOWV�RI�WKLV�PHWD�DQDO\VLV�DQG�WKH�TXHVWLRQDEOH�DGGLWLRQDO�YDOXH�RI�D�EORRG�EDVHG�ELRPDUNHU
WHVW�EH\RQG�FOLQLFDO�DVVHVVPHQW�DQG�QHXURLPDJLQJ��WKH�ZLGHVSUHDG�XVH�RI�ELRPDUNHUV�LQ�D�GLDJQRVWLF�WHVW�IRU�,6�VHHPV�XQOLNHO\��+RZHYHU�
ELRPDUNHUV�PD\�VWLOO�KDYH�DQ�DGGLWLRQDO�UROH�WR�WKH�FXUUHQW�FOLQLFDO�PRGDOLWLHV�RI�FOLQLFDO�DVVHVVPHQW�DQG�LPDJLQJ��7KH\�PD\�EH�HVSHFLDOO\�XVHIXO�LQ
FDVHV�RI�UHPDLQLQJ�GLDJQRVWLF�XQFHUWDLQW\�RU�ZKHQ�OHVV�H[SHULHQFHG�KHDOWK�FDUH�SHUVRQQHO�KDYH�WR�GLDJQRVH�,6��,Q�WKLV�FDVH��WKH�XVH�RI�WKH�SURWHLQ
ELRPDUNHUV�EUDLQ�QDWULXUHWLF�SHSWLGH�DQG�6����FDOFLXP�ELQGLQJ�SURWHLQ�%�FRXOG�EH�UHFRPPHQGHG�DV�D�UHVXOW�IURP�WKLV�PHWD�DQDO\VLV��,Q�RUGHU�WR
PDNH�VWXGLHV�PRUH�HOLJLEOH�IRU�D�PHWD�DQDO\VLV�LQ�WKH�IXWXUH��WKLV�SDSHU�DOVR�SURSRVHG�D�VWXG\�GHVLJQ�VXLWDEOH�IRU�GLDJQRVWLF�ELRPDUNHU�VWXGLHV�IRU�,6�

�



&35���5(686&,7$7,21 -H�+\HRN�2K

��������:KLFK�ILQJHUV�VKRXOG�ZH�SHUIRUP�WZR�ILQJHU�FKHVW�FRPSUHVVLRQ�WHFKQLTXH�ZLWK�ZKHQ�SHUIRUPLQJ�FDUGLRSXOPRQDU\
UHVXVFLWDWLRQ�RQ�DQ�LQIDQW�LQ�FDUGLDF�DUUHVW"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-H�+\HRN�2K������<RXQJ�6LQQ�.LP������&KDQ�:RRQJ�.LP������6XQJ�(XQ�.LP������'RQJ�+RRQ�/HH������-XQ�<RXQJ�+RQJ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��&KXQJ�$QJ�8QLYHUVLW\�&ROOHJH�RI�0HGLFLQH��6HRXO��.25($��5(38%/,&�2)

.H\ZRUGV��&DUGLRSXOPRQDU\�5HVXVFLWDWLRQ��,QIDQW��)LQJHUV��+DQG

$EVWUDFW��

7KLV�VWXG\�FRPSDUHG�WKH�HIIHFWLYHQHVV�WZR�ILQJHU�FKHVW�FRPSUHVVLRQ�WHFKQLTXH��7)&&��SHUIRUPHG�XVLQJ�WKH�ULJKW�YV��OHIW�KDQG�DQG�WKH�LQGH[�PLGGOH
YV��PLGGOH�ULQJ�ILQJHUV�

)RXU�GLIIHUHQW�ILQJHU�KDQG�FRPELQDWLRQV�ZHUH�WHVWHG�UDQGRPO\�LQ����KHDOWKFDUH�SURYLGHUV�SHUIRUPLQJ�7)&&��7HVW����WKH�ULJKW�LQGH[�PLGGOH�ILQJHUV�
7HVW����WKH�OHIW�LQGH[�PLGGOH�ILQJHUV��7HVW����WKH�ULJKW�PLGGOH�ULQJ�ILQJHUV��7HVW����WKH�OHIW�PLGGOH�ULQJ�ILQJHUV��XVLQJ�WZR�FURVV�RYHU�WULDOV��7KH
ÈSDWLHQWÉ�ZDV�D���PRQWK�ROG�LQIDQW�VL]HG�PDQLNLQ��(DFK�H[SHULPHQW�FRQVLVWHG�RI�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35��FRQVLVWLQJ�RI���PLQ�RI�����
FRPSUHVVLRQ��YHQWLODWLRQ�SHUIRUPHG�E\�RQH�UHVFXHU�RQ�D�PDQLNLQ�O\LQJ�RQ�WKH�IORRU�DV�LI�LQ�FDUGLDF�DUUHVW��9HQWLODWLRQV�ZHUH�SHUIRUPHG�XVLQJ�WKH
PRXWK�WR�PRXWK�PHWKRG��&RPSUHVVLRQ�DQG�YHQWLODWLRQ�GDWD�ZHUH�FROOHFWHG�GXULQJ�WKH�WHVWV�

7KH�PHDQ�FRPSUHVVLRQ�GHSWK��0&'��ZDV�VLJQLILFDQWO\�JUHDWHU�LQ�7)&&�SHUIRUPHG�ZLWK�WKH�LQGH[�PLGGOH�ILQJHUV�WKDQ�ZLWK�WKH�PLGGOH�ULQJ�ILQJHUV
UHJDUGOHVV�RI�WKH�KDQG������FRQILGHQFH�LQWHUYDOV��ULJKW�KDQG������Ä�����YV������Ä�����PP��3� ��������OHIW�KDQG������Ä�����YV������Ä�����PP��3� 
��������$�GHHSHU�0&'�ZDV�DFKLHYHG�ZLWK�WKH�LQGH[�PLGGOH�ILQJHUV�RI�WKH�ULJKW�YHUVXV�WKH�OHIW�KDQG��3� ���������7KH�UDWLR�RI�VXIILFLHQWO\�GHHS
FRPSUHVVLRQV�VKRZHG�WKH�VDPH�SDWWHUQV��7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�RWKHU�GDWD�

7KH�EHVW�SHUIRUPDQFH�RI�7)&&�LQ�VLPXODWHG������FRPSUHVVLRQ��YHQWLODWLRQ�&35�SHUIRUPHG�E\�RQH�UHVFXHU�RQ�DQ�LQIDQW�LQ�FDUGLDF�DUUHVW�O\LQJ�RQ�WKH
IORRU�ZDV�REWDLQHG�XVLQJ�WKH�LQGH[�PLGGOH�ILQJHUV�RI�WKH�ULJKW�KDQG�



&35���5(686&,7$7,21 -H�+\HRN�2K

��������(IIHFWV�RI�EHG�KHLJKW�VWDQGDUGLVDWLRQ�XVLQJ�WKH�UHVFXHUVx�DYHUDJH�NQHH�KHLJKW�GXULQJ�LQ�KRVSLWDO�FDUGLRSXOPRQDU\
UHVXVFLWDWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-H�+\HRN�2K������7DH�6RRQ�3DUN������'RQJ�+RRQ�/HH������&KDQ�:RRQJ�.LP������6XQJ�(XQ�.LP������-XQ�<RXQJ�+RQJ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��&KXQJ�$QJ�8QLYHUVLW\�&ROOHJH�RI�0HGLFLQH��6HRXO��.25($��5(38%/,&�2)

.H\ZRUGV��&DUGLRSXOPRQDU\�5HVXVFLWDWLRQ��%HGV��3RVWXUH

$EVWUDFW��

2EMHFWLYH��7KLV�VWXG\�HYDOXDWHG�ZKHWKHU�FKHVW�FRPSUHVVLRQ�LQ�D�VWDQGDUGLVHG�LQ�KRVSLWDO�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35��VHWWLQJ�FDQ�EH
SHUIRUPHG�DV�HIIHFWLYHO\�E\�XVLQJ�WKH�UHVFXHUVÇ�DYHUDJH�NQHH�KHLJKW�DV�E\�NQHHOLQJ�EHVLGH�D�SDWLHQW�O\LQJ�RQ�WKH�IORRU�

0DWHULDOV�DQG�PHWKRGV��:H�GHYLVHG�WKH�IROORZLQJ�VWDQGDUGLVHG�LQ�KRVSLWDO�&35�VHWWLQJ��)LUVW��EHG�KHLJKW�ZDV�IL[HG�DW����FP��6HFRQG��WKH�JDS
EHWZHHQ�WKH�EHG�DQG�D�VWHS�VWRRO�ZDV�VHW�WR�WKH�DYHUDJH�NQHH�KHLJKW�RI�WKH�&35�WHDP�PHPEHUV�����FP���7KLUW\�HLJKW�PHGLFDO�GRFWRUV�RQ�WKH�&35
WHDP�HDFK�SHUIRUPHG���PLQ�FKHVW�FRPSUHVVLRQ�LQ�WHVWV����H[SHULPHQW�VHWWLQJ��DQG����NQHHOLQJ�RQ�WKH�IORRU��LQ�UDQGRP�RUGHU��FURVV�RYHU�WULDO���$
/LWWOH�$QQH�ZDV�XVHG�DV�WKH�VLPXODWHG�FDUGLDF�DUUHVW�SDWLHQW��&KHVW�FRPSUHVVLRQ�SDUDPHWHUV��VXFK�DV�WKH�DYHUDJH�GHSWK�DQG�UDWH��ZHUH�PHDVXUHG
XVLQJ�&35PHWHU�

5HVXOWV��,Q�DOO�WHVWV��DYHUDJH�GHSWKV�ZHUH�WKRVH�UHFRPPHQGHG�LQ�WKH�UHFHQW�&35�JXLGHOLQHV����Ä���PP���ZLWK�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ
WHVWV���DQG���>����FRQILGHQFH�LQWHUYDO��&,�������Ä�����YV������Ä�����PP��S� ������@��7KH�DYHUDJH�UDWH�LQ�WHVW��������&,�������Ä�������ZDV�VOLJKWO\
IDVWHU�WKDQ�WKH�UHFRPPHQGHG�UDWH�����Ä����FRPSUHVVLRQV�PLQ��DQG�GLIIHUHG�VLJQLILFDQWO\�IURP�WKDW�LQ�WHVW��������&,�������Ä�������S� ��������

&RQFOXVLRQ��7KH�TXDOLW\�RI�FKHVW�FRPSUHVVLRQ�LQ�D�VWDQGDUGLVHG�LQ�KRVSLWDO�&35�VHWWLQJ�XVLQJ�WKH�UHVFXHUVÇ�DYHUDJH�NQHH�KHLJKW�GLG�QRW�GLIIHU�IURP
WKDW�SHUIRUPHG�LQ�WKH�NQHHOLQJ�SRVLWLRQ�RQ�WKH�IORRU�



35(�+263,7$/���(06���287�2)�+263,7$/ 0DULD�6KLOD�&ODULRQ�&DUDDQ

��������3UHSDULQJ�(PHUJHQF\�0HGLFDO�6HUYLFHV�RUJDQL]DWLRQV�WR�EH�KHDOWK�OLWHUDWH�KHDOWK�FDUH�RUJDQL]DWLRQV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�6KLOD�&ODULRQ�&DUDDQ����

���(PHUJHQF\�PHGLFDO�6HUYLFHV��'XEDL�&RUSRUDWLRQ�RI�$PEXODQFH�6HUYLFHV���'XEDL��81,7('�$5$%�(0,5$7(6

.H\ZRUGV��KHDOWK��OLWHUDF\��LPSURYHPHQW��VHUYLFHV��VDIHW\

$EVWUDFW��

7LWOH��3UHSDULQJ�(PHUJHQF\�0HGLFDO�6HUYLFHV�RUJDQL]DWLRQV�WR�EH�+HDOWK�/LWHUDWH�+HDOWK�&DUH�RUJDQL]DWLRQV

%DFNJURXQG�2EMHFWLYHV��

7KH�DFWLRQ�SODQ�WR�LPSURYH�KHDOWK�OLWHUDF\�LQ�DQ�RUJDQL]DWLRQ�LV�D�VHW�RI�KHDOWK�OLWHUDF\�SULRULWLHV�WR�EH�DGGUHVVHG�E\�WKH�'XEDL�&RUSRUDWLRQ�RI
$PEXODQFH�6HUYLFHV��'&$6��WR�WKH�(PHUJHQF\�0HGLFDO�6HUYLFHV��(06��RUJDQL]DWLRQV�EDVHG�RQ�WKH�WZR�����RI�WKH�7HQ������DWWULEXWHV�RI�KHDOWK�OLWHUDWH
KHDOWK�FDUH�RUJDQL]DWLRQV�������,QWHJUDWH�KHDOWK�OLWHUDF\�LQWR�SODQQLQJ��HYDOXDWLRQ�PHDVXUHV��SDWLHQW�VDIHW\��DQG�TXDOLW\�LPSURYHPHQW�DQG�����
SUHSDUH�WKH�ZRUN�IRUFH�WR�EH�KHDOWK�OLWHUDWH�DQG�PRQLWRUV�SURJUHVV�

0HWKRGV�

$V�DQ�LQWHJUDO�SDUW�RI�WKH�KHDOWK�FDUH�V\VWHP��(06�SURYLGHUV�DQG�RUJDQL]DWLRQV�PXVW�UHFRJQL]H�WKH�QHHG�RI�KHDOWK�FDUH�OLWHUDF\�WUDLQLQJ�WR�DOO�RI�LWV
SHUVRQQHO�IURP�DOO�OHYHOV�RI�WKH�RUJDQL]DWLRQ�WKRXJK�KHDOWK�OLWHUDF\�WUDLQLQJ�LV�PRUH�IRFXVHG�WR�WKH�FOLQLFLDQV�RU�PHGLFDO�SHUVRQQHO�RQ�GLUHFW�FRQWDFW
ZLWK�FOLHQWV�RU�WKH�VLFN�DQG�LQMXUHG�DQG�WKHLU�IDPLOLHV�

5HVXOW�

+LJK�OHYHO�RI�KHDOWK�OLWHUDF\�RI�WKH�(06�RUJDQL]DWLRQV�SHUVRQQHO�ZLOO�FDXVH�D�KLJK�OHYHO�RI�LQIOXHQFH�RI�SDWLHQW�FDUH�DQG�VDIHW\�WKDW�ZLOO�UHVXOW�WR�D
KLJK�VWDQGDUG�TXDOLW\�RI�SDWLHQW�FDUH�VHUYLFHV�DQG�FRQVXPHU�VDWLVIDFWLRQV�

&RQFOXVLRQV�

8QOHVV�ZH��DV�DQ�(PHUJHQF\�0HGLFDO�6HUYLFH�RUJDQL]DWLRQV��DQ�LQWHJUDO�SDUW�RI�WKH�RYHUDOO�3XEOLF�+HDOWK�&DUH�6\VWHP�DUH�SUHSDUHG�WR�IRFXV�DWWHQWLRQ
DQG�UHVRXUFHV�RQ�KHDOWK�OLWHUDF\�LVVXHV��RXU�RUJDQL]DWLRQV�ZLOO�OLNHO\�FRQWLQXH�SURGXFLQJ�SHUVRQQHO��3DUDPHGLFV�PHGLFV�ZKR�ODFN�VNLOOV�DQG�DUH
LOO�SUHSDUHG�WR�GHDO�ZLWK�WKH�GHPDQGV�RI�WKH�FRPPXQLW\�DQG�ZRUN�SODFH�LQ�WHUPV�RI�TXDOLW\�RI�SDWLHQW�FDUH�DQG�VDIHW\�DQG�UDSSRUW�EXLOGLQJ�ZLWK�WKH
SXEOLF��WKH�FRPPXQLW\��DQG�RWKHU�RUJDQL]DWLRQV�DV�ZHOO�



&$6(�35(6(17$7,21 &UDYHQ�+HQU\

��������3URIRXQG�RSLDWH�WR[LFLW\�LQ�JDVWURSDUHVLV�IROORZLQJ�WKHUDSHXWLF�GRVH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&UDYHQ�+HQU\����

���%URRPILHOG�+RVSLWDO��&KHOPVIRUG��0LG�(VVH[�+RVSLWDOV�7UXVW��/RQGRQ��8.

.H\ZRUGV��JDVWURSDUHVLV��RSLDWHV��RYHUGRVH

$EVWUDFW��

3URIRXQG�RSLDWH�WR[LFLW\�LQ�JDVWURSDUHVLV�IROORZLQJ�WKHUDSHXWLF�GRVH

,QWURGXFWLRQ�

*DVWURSDUHVLV�LV�GHILQHG�E\�WKH�SUHVHQFH�RI�GHOD\HG�JDVWULF�HPSW\LQJ�ZLWKRXW�PHFKDQLFDO�REVWUXFWLRQ��6\PSWRPV�RI�ZKLFK�LQFOXGH�DEGRPLQDO�SDLQ
DQG�YRPLWLQJ��QDXVHD��EORDWLQJ��IXOOQHVV�DQG�HDUO\�VDWLHW\��7KH�SUHYDOHQFH�LV�HVWLPDWHG�WR�EH�DW����SHU���������DQG�ZRPHQ�PRUH�FRPPRQO\
DIIHFWHG�WKDQ�PHQ���,W�LV�DVVRFLDWHG�ZLWK�D�QXPEHU�RI�FRQGLWLRQV�LQFOXGLQJ�GLDEHWHV��3DUNLQVRQÇV�GLVHDVH��PXOWLSOH�VFOHURVLV��SUHYLRXV�DEGRPLQDO
VXUJHULHV�DQG�FRQQHFWLYH�WLVVXH�GLVRUGHUV�VXFK�DV�VFOHURGHUPD�DQG�(KOHUV�'DORV�V\QGURPH�

�

&DVH��

$����\HDU�ROG�IHPDOH�ZDV�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�VXGGHQ�RQVHW�FHQWUDO�DEGRPLQDO�SDLQ�DQG�YRPLWLQJ�DW��������%DFNJURXQG�Ä
(KOHUV�'DQORV�W\SH����JDVWURSDUHVLV���H[WUHPHO\�GHOD\HG�JDVWULF�HPSW\LQJ�DV�FRQILUPHG�E\�&����EUHDWK�WHVW�PRWLOLW\�VWXGLHV��WUDQVLW�WLPH�!���PLQV�
DQG�DZDLWLQJ�D�JDVWULF�SDFHPDNHU�SURFHGXUH��6KH�KDG�D�ORQJ�WHUP�QDVRMHMXQDO�IHHG�LQ�VLWX�IRU�PDQDJHPHQW�RI�KHU�FRQGLWLRQ�DQG�KDG�PXOWLSOH
SUHYLRXV�DGPLVVLRQV�ZLWK�VHYHUH�DEGRPLQDO�SDLQ�UHODWLQJ�WR�KHU�FRQGLWLRQ�

7KH�SDWLHQW�UHFHLYHG����PJ�,9�PRUSKLQH�DW�������LQ�WKH�HPHUJHQF\�GHSDUWPHQW��DQG�ODWHU�DW�������UHFHLYHG���PJ�2UDPRUSK��DGPLQLVWHUHG�RUDOO\�
QRW�YLD�1-�WXEH��RQ�WKH�VXUJLFDO�ZDUG�

$Q�DUUHVW�FDOO�ZDV�SXW�RXW�DW��������2EVHUYDWLRQV��55��������VDWXUDWLRQ�RQ�DLU��+5������%3����������ELODWHUDO�SLQSRLQW�SXSLOV��,QLWLDO�EORRG�JDV�Ä�S+
������S2�������S&2������+&2�������EDVH�H[FHVV������ODFWDWH������6KH�ZDV�JLYHQ�D�EROXV�RI�,9�QDOR[RQH�ZLWK�LQVWDQW�HIIHFW��7KH�SDWLHQW�ZDV
WUDQVIHUUHG�WR�WKH�LQWHQVLYH�FDUH�XQLW�IRU�IXUWKHU�VXSSRUWLYH�PDQDJHPHQW��6KH�ZHQW�RQ�WR�PDNH�D�IXOO�UHFRYHU\�DQG�D�IHZ�PRQWKV�ODWHU�XQGHUZHQW�D
JDVWULF�SDFLQJ�SURFHGXUH�

�

'LVFXVVLRQ�

7KH�SDWLHQW�ZDV�QRW�NQRZQ�WR�EH�RSLDWH�VHQVLWLYH�DQG�KDG�SUHYLRXVO\�WDNHQ�VLPLODU�GRVHV�DQG�SUHSDUDWLRQV�RI�RSLDWHV�ZLWKRXW�LOO�HIIHFW��,W�LV�IXUWKHU
QRWDEOH�WKDW�WKH�LQLWLDO����PJ�LQWUDYHQRXV�GRVH�GLG�QRW�SURGXFH�VLJQLILFDQW�FDUGLR�UHVSLUDWRU\�FRPSURPLVH��+RZHYHU��ZKHQ�WDNHQ�LQ�WKH�RUDO
SUHSDUDWLRQ�VRPH�KRXUV�ODWHU�WKH�HIIHFWV�RI�RSLDWH�WR[LFLW\�ZHUH�SURIRXQG��7KH�GHJUHH�RI�K\SHUFDUELD�DQG�DFLGRVLV�RQ�WKH�DUWHULDO�EORRG�JDV�DOVR
GHPRQVWUDWH�WKDW�WKH�SDWLHQW�KDG�H[SHULHQFHG�D�SURORQJHG�SHULRG�RI�UHVSLUDWRU\�GHSUHVVLRQ�E\�WKDW�WLPH�

*DVWURSDUHVLV�FDQ�EH�D�VHYHUHO\�GHELOLWDWLQJ�DQG�SDLQIXO�FRQGLWLRQ��7KH�PDMRULW\�RI�SKDUPDFRORJLFDO�WKHUDS\�IRU�JDVWURSDUHVLV�LQFOXGH�D�YDULHW\�RI
SURNLQHWLF�DJHQWV�VXFK�DV�PHWRFORSUDPLGH��FLVDSULGH��GRPSHULGRQH�DQG�HU\WKURP\FLQ��'UXJV�WKDW�DUH�NQRZQ�WR�SURORQJ�JDVWULF�WUDQVLW�WLPH�VXFK�DV
RSLDWHV�DUH�UHODWLYHO\�FRQWUDLQGLFDWHG�DQG�KDYH�EHHQ�VKRZQ�WR�H[DFHUEDWH�V\PSWRPV���

&RQFOXVLRQ�

*DVWURSDUHVLV�LV�D�SRRUO\�XQGHUVWRRG��FKURQLF�FRQGLWLRQ�WKDW�FDQ�EH�GHELOLWDWLQJ��3DWLHQWV�PD\�SUHVHQW�LQ�H[WUHPH�SDLQ�WKH�V\PSWRPV�RI�ZKLFK�FDQ
PLPLF�DQ�DFXWH�DEGRPHQ��8VH�RI�RSLDWH�PHGLFDWLRQV�PD\�IXUWKHU�H[DFHUEDWH�WKH�V\PSWRPV�DQG�VKRXOG�EH�DYRLGHG�ZKHUH�SRVVLEOH�

5HIHUHQFHV



/DF\�%(��1HXURHQWHULF�VWLPXODWLRQ�IRU�JDVWURSDUHVLV��&XUU�7UHDW�2SWLRQV�*DVWURHQWHURO�������'HF���������������
+DVOHU�:/��HW�DO��)DFWRUV�UHODWLQJ�WR�DEGRPLQDO�SDLQ�LQ�JDVWURSDUHVLV��FRQWUDVW�WR�SDWLHQWV�ZLWK�SUHGRPLQDQW�QDXVHD�DQG�YRPLWLQJ���
1HXURJDVWURHQWHURORJ\�DQG�PRWLOLW\�������0D\��������������



75$80$ 7KRPDV�6DXWHU

��������'HWHFWLRQ�RI�SQHXPRWKRUDFHV�LQ�SDWLHQWV�ZLWK�PXOWLSOH�EOXQW�WUDXPD��8VH�DQG�OLPLWV�RI�H)$67

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7KRPDV�6DXWHU������6LPRQ�+RHVV������%HDW�/HKPDQQ������$ULVWRPHQLV�([DGDNW\ORV������+DLGHU�'RPLQLN����

���(PHUJHQF\�GHSDUWPHQW��,QVHOVSLWDO�%HUQ��%HUQ��6:,7=(5/$1'
���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO��,QVHOVSLWDO��%HUQ��6:,7=(5/$1'

.H\ZRUGV��EOXQW�WUDXPD�SDWLHQWV��H)$67��SQHXPRWKRUD[��PXOWLSOH�EOXQW�WUDXPD

$EVWUDFW��

%DFNJURXQG�

7UDXPD�SDWLHQWV�DUH�FRPPRQO\�HYDOXDWHG�LQ�WKH�WUDXPD�URRP�E\�H[WHQGHG�IRFXVHG�DVVHVVPHQW�ZLWK�VRQRJUDSK\�IRU�WUDXPD��H)$67���EXW
SQHXPRWKRUDFHV��37;V��DUH�RIWHQ�PLVVHG��/LWWOH�LV�NQRZQ�DERXW�WKH�ORFDWLRQ�RU�VL]H�RI�WKHVH�PLVVHG�37;V�LQ�WUDXPD�SDWLHQWV�ZLWK�PXOWLSOH�EOXQW
WUDXPD�DQG�FOLQLFDO�SUHGLFWRUV�IRU�VXFFHVVIXO�GHWHFWLRQ�DUH�XQFOHDU�

0HWKRGV�

7KLV�FURVV�VHFWLRQDO�VWXG\�LQFOXGHV�DOO�SDWLHQWV�ZLWK�PXOWLSOH�EOXQW�WUDXPD�DQG�37;�ZKR�ZHUH�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�RI�D�OHYHO��
WUDXPD�FHQWUH�LQ�%HUQ��6ZLW]HUODQG�EHWZHHQ�-XQH���������DQG�6HSWHPEHU�����������Q ������H)$67�ZDV�SHUIRUPHG�LQ�WKH�WUDXPD�URRP�E\
FRQVXOWDQWV�LQ�HPHUJHQF\�PHGLFLQH��'HPRJUDSKLF�GDWD��LPDJLQJ�PRGDOLWLHV��PHGLFDO�GDWD�RQ�DGPLVVLRQ�DQG�SUHFOLQLFDO�VXVSLFLRQ�RI�SQHXPRWKRUD[
ZHUH�FRPSDUHG�LQ�SDWLHQW�JURXSV�ZLWK�DQG�ZLWKRXW�37;V�GHWHFWHG�LQ�H)$67��FRPSDUHG�ZLWK�&7��XVLQJ�WKH�0DQQ�:KLWQH\�8�RU�3HDUVRQÇV�FKL�VTXDUH
WHVWV��8QLYDULDWH�ELQDU\�ORJLVWLF�UHJUHVVLRQ�PRGHOV�ZHUH�XVHG�WR�LGHQWLI\�SUHGLFWRUV�IRU�GHWHFWLRQ�RI�37;V�

5HVXOWV�

7KH�SDWLHQWV�ZLWK�PLVVHG�37;�ZHUH�\RXQJHU������k�����YV������k�����\HDUV��S ��������7KH�JURXS�RI�PLVVHG�37;V�FRQWDLQHG�VLJQLILFDQWO\�IHZHU
YHQWUDO�37;V�������������YV������������S���������EXW�PRUH�DSLFDO�DQG�EDVDO�37;V������������YV��������������S �����������������YV�������������
S �������UHVSHFWLYHO\�����7KH�37;V�PLVVHG�LQ�WKH�H)$67�H[DPLQDWLRQ�ZHUH�VPDOOHU�RQ�ERWK�VLGHV��OHIW�VLGH������k������YV������k�����PP��ULJKW�VLGH�
����k�����YV�����k����PP��ERWK�S���������0RUH�ULE�IUDFWXUHV�ZHUH�IRXQG�LQ�SDWLHQWV�ZLWK�GHWHFWHG�37;V�������������YV��������������S��������,Q
XQLYDULDWH�DQDO\VLV��ZH�IRXQG�WKDW�WKH�SUHFOLQLFDO�VXVSLFLRQ�RI�37;�ZDV�DVVRFLDWHG�ZLWK�WKH�GHWHFWLRQ�RI�37;V�LQ�H)$67�LQ�DOO�37;V���S��������25
�����������������������DV�ZHOO�DV�LQ�WKH�VXEJURXS�DQDO\VLV�RI�SDWLHQWV�ZKR�QHHGHG�WKRUDFLF�GUDLQDJH��S �������25�������������������������

&RQFOXVLRQ�

2XU�VWXG\�GHPRQVWUDWHV�WKDW�PLVVHG�37;V�DUH�VPDOOHU�DQG�LQ�PRUH�DW\SLFDO�ORFDWLRQV�WKDQ�WKRVH�GHWHFWHG�LQ�H)$67��0LVVHG�37;V�OHVV�RIWHQ�QHHG
WUHDWPHQW�ZLWK�WKRUDFLF�GUDLQDJH��7KHUH�ZDV�QR�H[DPSOH�RI�DQ�XQVWDEOH�SDWLHQW�ZKRVH�LQVWDELOLW\�ZDV�OLQNHG�WR�WKH�PLVVHG�37;��3UHFOLQLFDO�VXVSLFLRQ
RI�37;�LV�VWURQJO\�DVVRFLDWHG�ZLWK�WKH�GHWHFWLRQ�RI�37;�LQ�H)$67�DQG�GHVHUYHV�VSHFLDO�DWWHQWLRQ�



3+$50$&2/2*< 7KRPDV�6DXWHU

��������'LUHFW�QHZ�RUDO�DQWLFRDJXODQWV�LQ�JHQHUDO�SUDFWLFH��$�VXUYH\�RI�6ZLVV�JHQHUDO�SUDFWLWLRQHUV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7KRPDV�6DXWHU������:ROI�+DXW]������0HUHW�5LFNOLQ������$ULVWRPHQLV�([DGDNW\ORV����

���(PHUJHQF\�GHSDUWPHQW��,QVHOVSLWDO�%HUQ��%HUQ��6:,7=(5/$1'
���(PHUJHQF\�GHSDUWPHQW��,QVHOVSLWDO�%HUQ��EHUQ��6:,7=(5/$1'
���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO��,QVHOVSLWDO��%HUQ��6:,7=(5/$1'

.H\ZRUGV��DSL[DEDQ��EOHHGLQJ�HYHQW��GDELJDWUDQ��HYHU\GD\�JHQHUDO�SUDFWLFH��UHDO�OLIH��ULYDUR[DEDQ

$EVWUDFW��

3XUSRVH�

1HZ�GLUHFW�RUDO�DQWLFRDJXODQWV��12$&V��DUH�RI�LQFUHDVLQJ�LPSRUWDQFH�LQ�FOLQLFDO�ZRUN�LQ�JHQHUDO�SUDFWLFH��,W�LV�FXUUHQWO\�XQNQRZQ�WR�ZKLFK�H[WHQG
H[LVWLQJ�JXLGHOLQHV�UHJDUGLQJ�IROORZ�XS�WHVWV��GRVLQJ�DGMXVWPHQWV�DQG�LQGLFDWLRQV�DUH�LPSOHPHQWHG��:H�WKHUHIRUH�DLPHG�WR�LQYHVWLJDWH�WKH�UHDO�OLIH
KDQGOLQJ�DQG�FRPSOLFDWLRQV�RI�SDWLHQWV�WUHDWHG�ZLWK�12$&V�LQ�JHQHUDO�SUDFWLWLRQHUV
�FOLQLFDO�SUDFWLFH�

0HWKRGV�

:H�FRQGXFWHG�D�SDSHU�EDVHG�VXUYH\�RI�JHQHUDO�SUDFWLWLRQHUV�DWWHQGLQJ�D�FRQJUHVV�DW�,QVHOVSLWDO��%HUQ�8QLYHUVLW\�+RVSLWDO��6ZLW]HUODQG��2XU
TXHVWLRQQDLUH�DVVHVVHG�SUHIHUHQFH�RI�12$&V�WR�YLWDPLQ�.�DQWDJRQLVWV��9.$���SUHYDOHQFH�DQG�FKRLFH�RI�12$&��FOLQLFDO�IROORZ�XS�LQFOXGLQJ�IROORZ�XS
EORRG�WHVWLQJ��DQG�EOHHGLQJ�FRPSOLFDWLRQV�

5HVXOWV�

���*3V�SDUWLFLSDWHG�LQ�RXU�VXUYH\��7KH\�WUHDWHG������k���RI�WKHLU�SDWLHQWV�UHTXLULQJ�RUDO�DQWLFRDJXODWLRQ�ZLWK�12$&V��1HZ�SDWLHQWV�ZKR�KDG�VWDUWHG
RUDO�DQWLFRDJXODWLRQ�UHFHLYHG�12$&V�IURP����*3V���������EXW�PRVW�*3V�ZRXOG�QRW�VZLWFK�SDWLHQWV�IURP�H[LVWLQJ�9.$�WKHUDS\�WR�12$&V��&OLQLFDO
FRQWUROV�DUH�VFKHGXOHG�E\�D�PDMRULW\�RI�*3V���������DW�OHDVW�HYHU\���PRQWKV��FUHDWLQLQH�DQG�KDHPRJORELQ�DUH�PRQLWRUHG�E\�PRVW�*3V�������������
DQG�������������UHVSHFWLYHO\���,Q�WKH�SUHFHGLQJ���\HDUV��*3V�KDG�VHHQ����k�����EOHHGLQJ�FRPSOLFDWLRQV�LQ�SDWLHQWV�ZLWK�12$&V�����k������UDQJH�����
RI�WKHVH�UHTXLUHG�KRVSLWDO�WUHDWPHQW�

&RQFOXVLRQ�

12$&V�DUH�EURDGO\�DFFHSWHG�LQ�6ZLVV�JHQHUDO�SUDFWLFH�DV�ILUVW�FKRLFH�RYHU�9.$V�IRU�SDWLHQWV�QHZO\�UHTXLULQJ�RUDO�DQWLFRDJXODWLRQ��%HFDXVH�RQO\
DERXW�WZR�WKLUGV�RI�*3V�DGKHUH�WR�UHFRPPHQGDWLRQV�RQ�FOLQLFDO�DQG�EORRG�WHVW�IROORZ�XSV��IXUWKHU�HIIRUWV�WR�LPSOHPHQW�IROORZ�XS�JXLGHOLQHV�DUH
QHFHVVDU\��%OHHGLQJ�FRPSOLFDWLRQV�DUH�UDUH�DQG�FDQ�PRVWO\�EH�KDQGOHG�LQ�JHQHUDO�SUDFWLFH�ZLWKRXW�KRVSLWDO�DGPLVVLRQ�



35(�+263,7$/���(06���287�2)�+263,7$/ &+5,67,$1�+2+(167(,1

��������&RPPXQLFDWLRQ�GHILFLWV�OHDG�WR�FULWLFDO�LQFLGHQWV�LQ�SUHKRVSLWDO�HPHUJHQF\�PHGLFLQH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6RSKLD�:LON������3HWHU�5XSS������-RKDQQHV�:LQQLQJ������7KRPDV�)OHLVFKPDQQ������&KULVWLDQ�+RKHQVWHLQ����

�����QRQH��-HQD��*(50$1<
�����QRQH��$XULFK��*(50$1<
���Q��QRQH��+HLGH��*(50$1<

.H\ZRUGV��FRPPXQLFDWLRQ�GHILFLW���FULWLFDO�LQFLGHQW���SUHKRVSLWDO

$EVWUDFW��

%DFNJURXQG��&RPPXQLFDWLRQ�IDLOXUH�LQ�SUHKRVSLWDO�HPHUJHQF\�PHGLFLQH�FDQ�DIIHFW�SDWLHQW�VDIHW\�DV�LW�GRHV�LQ�RWKHU�DUHDV�RI�PHGLFLQH�DV�ZHOO��:H
DQDO\VHG�WKH�GDWDEDVH�RI�WKH�FULWLFDO�LQFLGHQW�UHSRUWLQJ�V\VWHP�IRU�SUHKRVSLWDO�HPHUJHQF\�PHGLFLQH�LQ�*HUPDQ\�UHWURVSHFWLYHO\�UHJDUGLQJ
FRPPXQLFDWLRQ�HUURUV��0HWKRGV��([SHUWV�RI�SUHKRVSLWDO�HPHUJHQF\�PHGLFLQH�DQG�ULVN�PDQDJHPHQW�VFUHHQHG�WKH�GDWDEDVH�IRU�YHUEDO
FRPPXQLFDWLRQ�IDLOXUH��QRQ�YHUEDO�FRPPXQLFDWLRQ�IDLOXUH�DQG�PLVVLQJ�FRPPXQLFDWLRQ�DW�DOO��5HVXOWV��%HWZHHQ������DQG����������UHSRUWV�ZHUH
DQDO\VHG�RI�ZKLFK�����UHSRUWV�ZHUH�FRQVLGHUHG�WR�EH�UHODWHG�WR�FRPPXQLFDWLRQ�IDLOXUH��$Q�DUELWUDU\�FODVVLILFDWLRQ�UHVXOWHG�LQ�VL[�GLIIHUHQW�NLQGV����
QR�DFNQRZOHGJHPHQW�RI�D�VXJJHVWLRQ����PHGLFDWLRQ�HUURU����PLVFRPPXQLFDWLRQ�ZLWK�GLVSDWFKHU����XWWHUDQFH�KHDUG�XQGHUVWRRG�LPSURSHUO\���
PLVVLQJ�LQIRUPDWLRQ�WUDQVIHU�EHWZHHQ�WZR�SHUVRQV����RWKHU�FRPPXQLFDWLRQ�IDLOXUH��&RQFOXVLRQ��&RPPXQLFDWLRQ�GHILFLWV�FDQ�OHDG�WR�FULWLFDO�LQFLGHQWV
LQ�SUHKRVSLWDO�HPHUJHQF\�PHGLFLQH�DQG�DUH�D�YHU\�LPSRUWDQW�DVSHFW�LQ�SDWLHQW�VDIHW\�



3(',$75,&6 3HWHU�+HLQ]

��������/RJJLQJ�VDIHJXDUGLQJ�FRQFHUQV�LQ�SDHGLDWULF�HPHUJHQF\�PHGLFLQH��WLFNLQJ�WKH�ULJKW�ER[HV�ZKHQ�JRLQJ�SDSHUOHVV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

%DVLD�&KPLHOHZVND������3HWHU�+HLQ]����

���8QLYHUVLW\�RI�&DPEULGJH�&OLQLFDO�6FKRRO��1�$��&DPEULGJH��8.
���&8+)7��$GGHQEURRNH
V�+RVSLWDO��&DPEULGJH��8.

.H\ZRUGV��6DIHJXDUGLQJ��FKLOGUHQ��FKLOG�DEXVH��1,&(�JXLGHOLQH�&*����GRFXPHQWDWLRQ��HOHFWURQLF�SDWLHQW�UHFRUG

$EVWUDFW��

%DFNJURXQG

1,&(�&*����Æ&KLOG�PDOWUHDWPHQW��ZKHQ�WR�VXVSHFW�FKLOG�PDOWUHDWPHQW�LQ�XQGHU���VÇ�����VXJJHVWV�WKDW�KHDOWK�SURIHVVLRQDOV�VKRXOG�FRQVLGHU
VDIHJXDUGLQJ�LVVXHV�LQ�DOO�HQFRXQWHUV�ZLWK�FKLOGUHQ��JLYHV�JXLGDQFH�RQ�ZKHQ�WR�VXVSHFW�DEXVH��DQG�VWUHVVHV�WKH�LPSRUWDQFH�RI�GRFXPHQWDWLRQ��7KH
(PHUJHQF\�'HSDUWPHQW�LV�D�SODFH�ZKHUH�WKLV�LV�RI�SDUWLFXODU�LPSRUWDQFH�DV�FKLOGUHQ�RIWHQ�SUHVHQW�ZLWK�LQMXULHV�WKDW�FRXOG�EH�LQGLFDWLYH�RI
PDOWUHDWPHQW��VXFK�DV�EXUQV�RU�KHDG�LQMXULHV��7KHUHIRUH��DOO�DWWHQGDQFHV�VKRXOG�KDYH�D�UHFRUG�RI�D�VDIHJXDUGLQJ�DVVHVVPHQW�VWDWLQJ�ZKHWKHU�WKH
SRVVLELOLW\�RI�FKLOG�DEXVH�KDV�EHHQ�FRQVLGHUHG�RU�VXVSHFWHG��3UHYLRXV�DXGLWV�����KDYH�VKRZQ�WKDW�WKH�OHYHO�RI�GRFXPHQWDWLRQ�RI�VDIHJXDUGLQJ
DVVHVVPHQWV�LQ�WKH�('�ZDV�YHU\�KLJK��ZLWK�DQ�H[FHVV�RI�����RI�FKLOGUHQ�KDYLQJ�VDIHJXDUGLQJ�FRQVLGHUDWLRQV�GRFXPHQWHG��7KLV�OHYHO�ZDV�DFKLHYHG
IROORZLQJ�WKH�LPSOHPHQWDWLRQ�RI�D�ZULWWHQ�SURPSW�LQ�WKH�SDSHU�EDVHG�SDWLHQW�UHFRUG��6LQFH�WKH�ODVW�DXGLW�LQ������WKH�KRVSLWDO�KDV�LQWURGXFHG�D�QHZ
HOHFWURQLF�V\VWHP�RI�SDWLHQW�UHFRUGV��(SLF��7KLV�UH�DXGLW�DLPV�WR�DVVHVV�ZKHWKHU�WKH�KLJK�OHYHOV�RI�GRFXPHQWDWLRQ�KDYH�EHHQ�PDLQWDLQHG�DIWHU�WKH
LPSOHPHQWDWLRQ�RI�WKLV�QHZ�V\VWHP�WKH�VDIHJXDUGLQJ�VHFWLRQ�RI�ZKLFK�ZLOO�EH�EULHIO\�SUHVHQWHG�

0HWKRGV

(OHFWURQLF�SDWLHQW�UHFRUGV�RI�DOO�3DHGLDWULF�('�DWWHQGDQFHV�GXULQJ�WKH�ZHHN����������WR����������ZHUH�UHYLHZHG�DQG�FKHFNHG�DV�WR�ZKHWKHU�FOLQLFDO
VWDII�FRPSOHWHG�WKH�UHTXLUHG�GRFXPHQWDWLRQ�RI�VDIHJXDUGLQJ�DVVHVVPHQWV�DQG�WR�JDWKHU�LQIRUPDWLRQ�DERXW�WKRVH�ZLWK�DEVHQW�VDIHJXDUGLQJ
DVVHVVPHQWV��6DPSOH�VL]H�������5HVXOWV�ZUH�FRPSDUHG�WR�WKH�SUHYLRXV�DXGLW�SHUIRUPHG�LQ������

5HVXOWV

������������KDG�D�VDIHJXDUGLQJ�DVVHVVPHQW�FRPSOHWHG��LQ�����������FDVHV�WKH�DVVHVVPHQW�ZDV�PLVVLQJ��5H�DWWHQGHUV��Q ����KDG�QR�VDIHJXDUGLQJ
DVVHVVPHQW�GRFXPHQWHG�RQ�WKH�VHFRQG�DWWHQGDQFH�LQ���FDVHV��6SOLW�LQWR�DJH�JURXSV��WKH�SHUFHQWDJH�RI�DVVHVVPHQWV�QRW�FRPSOHWHG�UDQJHG�IURP
������LQ�WKH��������\HDU�ROGV�WR����LQ�WKH�������\HDU�ROGV�����SDWLHQWV��������LQ�ZKRP�VDIHJXDUGLQJ�DVVHVVPHQWV�ZHUH�PLVVLQJ�SUHVHQWHG�ZLWK
GLDJQRVHV�OLNH�EXUQV��KHDG�RU�RWKHU�LQMXU\�

&RQFOXVLRQ

)ROORZLQJ�WKH�LPSOHPHQWDWLRQ�RI�D�QHZ�HOHFWURQLF�V\VWHP�RI�SDWLHQW�UHFRUG�NHHSLQJ�DQG�WKXV�WKH�UHPRYDO�RI�WKH�SUHYLRXV�('�SDSHU�EDVHG�V\VWHP
ZLWK�LWV�ZHOO�HVWDEOLVKHG�SURPSWV��GRFXPHQWDWLRQ�RI�SUHVHQFH��RU�DEVHQFH��RI�VDIHJXDUGLQJ�FRQFHUQV�LQ�WKH�3DHGLDWULF�(PHUJHQF\�'HSDUWPHQW
UHPDLQV�LQ�H[FHVV�RI������7KLV�LV�GHVSLWH�WKH�IDFW�WKDW�VDIHJXDUGLQJ�DVVHVVPHQWV�RQ�(SLF�DUH�QRW�D�FRPSXOVRU\�GRFXPHQWDWLRQ�LWHP��UHIOHFWLQJ�D
SRVLWLYH�FXOWXUH�RI�VDIHJXDUGLQJ�DZDUHQHVV��&KLOGUHQ�ZKR�UH�DWWHQGHG�WKH�('�ZHUH�DPRQJVW�WKRVH�ZKR�ZHUH�ODFNLQJ�VDIHJXDUGLQJ�DVVHVVPHQWV
ZKHQ�DWWHQGLQJ�WKH�VHFRQG�WLPH�EXW�RQH�FRXG�DUJXH�WKDW�WKLV�PD\�EH�DSSURSULDWH�LQ�WKH�YDVW�PDMRULW\�RI�SDWLHQWV�WKDW�UH�DWWHQG�ZLWKLQ�VXFK�D�VKRUW
WLPH���7KH�FXUUHQW�V\VWHP�LV�HIIHFWLYH�EXW�VWLOO�GRHV�QRW�FDSWXUH�D�SURSRUWLRQ�RI�SDWLHQWV�WKDW�SUHVHQW�ZLWK�VLJQLILFDQW�LQMXULHV�



$,5:$< 8OODK�,UIDQ

��������0DQDJHPHQW�RI�D�GLIILFXOW�DLUZD\�LQ�('���$�FDVH�VWXG\�RI�7UHDFKHU�&ROOLQV�V\QGURPH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,5)$1�8//$+������)5('5,&$�)5$1&2������&+,�1*����

�����5R\DO�)UHH�1+6�75867������)RUHVW�5RDG�ORQGRQ�1����+)��8.
�����5R\DO�)UHH�1+6�75867��/RQGRQ��8.

.H\ZRUGV��'LIILFXOW�DLUZD\��$LUZD\��7UHDFKHU�&ROOLQV�V\QGURPH��,QWXEDWLRQ��'$6

$EVWUDFW��

,QWURGXFWLRQ��

7UHDFKHU�&ROOLQV�V\QGURPH�LV�D�JHQHWLF�FRQGLWLRQ�ZKLFK�HIIHFWV�WKH�GHYHORSPHQW�RI�WKH�GHYHORSPHQW�RI�ERQHV�DQG�WKH�VRIW�WLVVXH�RI�WKH�IDFH�

0XWDWLRQV�LQ�WKH�7&2)���32/5�&��RU�32/5�'�JHQH�FDQ�FDXVH�7UHDFKHU�&ROOLQV�V\QGURPH�

7KH�FRQGLWLRQ�FDXVHV�K\SRSODVLV�RI�FHUWDLQ�IDFLDO�VWUXFWXUHV��LQFOXGLQJ�WKH�FKHHNERQHV��MDZ��PLFURJQDWKLD��DQG�RWKHU�]\JRPDWLF�VWUXFWXUHV�

3DWLHQW�RIWHQ�DUH�ERUQ�ZLWK�FOHIW�SDODWHV�OHDGLQJ�WR�IXUWKHU�ULVNV�RI�UHVSLUDWRU\�FRPSURPLVH����

$LP��

3RVWHU�$LP�LV�WR�KLJKOLJKW�OHDUQLQJ�SRLQWV�RI�ZKDW�KDSSHQHG�ZKHQ�RXU�WHDP�KDG�WR�LQWXEDWH�D�SDWLHQW�ZLWK�7UHDFKHU�&ROOLQV�V\QGURPH�

&DVH�VWXG\��

���\HDU�ROG�PDOH�SDWLHQW�ZDV�ERXJKW�LQ�E\�DPEXODQFH��DW��DP���IROORZLQJ�VWDWXV�HSLOHSWLFXV��DQG�WUHDWHG�IRU�WKLV��3DWLHQW�KDV�D�EDFNJURXQG�RI
7UHDFKHU�&ROOLQV�V\QGURPH��3DWLHQW�ZDV�SRVW�LFWDO�DIWHU�WUHDWPHQW�DQG�ZDV�XQDEOH�WR�PDLQWDLQ�KLV�DLUZD\��3DWLHQW�ZDV�RN�WR�YHQWLODWHG��KRZHYHU�DIWHU
PXOWLSOH�DWWHPSWV�ZHUH�QRW�DEOH�WR�LQWXEDWH�SDWLHQW�

)ROORZLQJ�WKLV�,78�&RQVXOWDQW�ZDV�FDOOHG�IURP�KRPH�ZKLOVW�SDWLHQW�ZDV�PDQXDOO\�YHQWLODWHG�

$IWHU�PXOWLSOH�DWWHPSWV��,78�FRQVXOWDQW�ZDV�XQDEOH�WR�LQWXEDWH�DQG�(17�&RQVXOWDQW�ZDV�FDOOHG�WR�GR�VXUJLFDO�FLFRLGHFWRP\��+RZHYHU�EHIRUH�WKLV
FRXOG�KDSSHQ�SDWLHQW�ZDV

�

/HDUQLQJ�SRLQWV

7UHDFKHU�&ROOLQV�V\QGURPH�DQG�DQDWRP\�DEQRUPDOLWLHV��
$QWLFLSDWLRQ�RI�GLIILFXOW�DLUZD\��DQG�UHDGLQHVV�IRU�GLIILFXOW�LQWXEDWLRQ��
'LIILFXOW�DLUZD\�VRFLHW\�JXLGHOLQHV��
:RUNLQJ�ZLWK�,78��$QDHVWKHWLVW�HDUO\���



72;,&2/2*< -$%5$1(�0$16285,

��������7KH�VFRUSLRQ�HQYHQRPDWLRQV�LQ�WKH�HPHUJHQF\�URRP�RI�EmMD
V�UHJLRQDO�KRVSLWDO��WXQLVLD�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-REUDQH�0$16285,����

���(PHUJHQF\�URRP��8QLYHUVLW\�WHDFKLQJ�KRVSLWDO�/D�5DEWD��7XQLV��781,6,$

.H\ZRUGV��(QYHQRPDWLRQ��VWLQJ��VFRUSLRQ��%�MD

$EVWUDFW��

%DFNJURXQG���DSSUR[LPDWHO\������GHDWKV�FDXVHG�E\�VFRUSLRQ�HQYHQRPDWLRQ�DUH�UHFRUGHG�HYHU\�\HDU�LQ�WKH�ZRUOG��,Q�WKH�0HGLWHUUDQHDQ�UHJLRQV�
WKHVH�HQYHQRPDWLRQV�DUH�QRW�HQRXJK�UHSRUWHG�EHFDXVH�RI�WKHLU�XVXDO�EHQLJQLW\��2XU�REMHFWLYH�ZDV�WR�VWXG\�WKH�IHDWXUHV�RI�WKH�YDULRXV�JUDGHV�RI�WKH
HQYHQRPDWLRQ��WKH�SRWHQWLDO�VHYHULW\�RI�WKLV�SDWKRORJ\�LQ�WKH�UHJLRQ�RI�%�MD��WKH�WUHDWPHQW�LQ�RXU�HPHUJHQF\�URRP�DQG�WKH�FOLQLFDO�HYROXWLRQ�RI�WKH
SDWLHQWV�

0HWKRGV���,W�ZDV�D�UHWURVSHFWLYH�VWXG\�UHDOL]HG�IURP������������WLOO������������LQ�WKH�HPHUJHQF\�URRP�RI�WKH�UHJLRQDO�KRVSLWDO�RI�%�MD��:H
LQFOXGHG�RQO\�D�SDUW�RI�VWXQJ�SDWLHQWV�DFFRUGLQJ�WR�WKH�DYDLODELOLW\�RI�WKH�FOLQLFDO�GDWD�FROOHFWHG�IURP�WKHP�

5mVXOWV������SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��7KH�PHGLDQ�RI�DJH�ZDV������\HDUV���������RI�WKH�FDVHV�WRRN�SODFH�LQ�UXUDO�]RQHV���������RI�WKH
VWLQJV�KDSSHQHG�LQVLGH�WKH�KRXVHV�������RI�WKH�FDVHV�RI�VFRUSLRQ�VWLQJV�WRRN�SODFH�LQ�WKH�PRUQLQJ�EHWZHHQ�������DP�DQG�������DP��������
EHWZHHQ�������DP�DQG�QRRQ���������LQ�WKH�DIWHUQRRQ�EHWZHHQ������SP�DQG������SP�DQG��������LQ�WKH�HYHQLQJ�EHWZHHQ������SP�DQG������SP��7KH
VFDULILFDWLRQV�DQG�RU�WKH�DSSOLFDWLRQ�RI�WRXUQLTXHW�ZHUH�QRWHG�LQ������RI�WKH�SDWLHQWV�������RI�WKH�SDWLHQWV�FRQVXOWHG�GXULQJ�WKH�ILUVW�KRXU�DIWHU�WKH
VWLQJ�������FRQVXOWHG�GXULQJ�WKH�ILUVW�WZR�KRXUV��,Q��������RI�WKH�FDVHV��WKH�VWLQJ�LV�ORFDWHG�LQ�WKH�XSSHU�OLPE��LQ��������LW�LV�ORFDWHG�LQ�WKH�ORZHU
OLPE��0RGHUDWH�V\VWHPLF�PDQLIHVWDWLRQV�RI�VFRUSLRQ�HQYHQRPDWLRQ�RI�WKH�JUDGH�,,�ZHUH�IRXQG�LQ������RI�SDWLHQWV��7KH�PRVW�IUHTXHQWO\�UHSRUWHG�ZHUH
WKH�VZHDWLQJ��������DQG�IHYHU���������7KH�YRPLWLQJ�ZDV�QRWHG�LQ�RQO\�RQH�SDWLHQW��������DV�ZHOO�DV�WKH�UKLQRUUKHD�DQG�WHDULQJ�LQ�DQRWKHU�RQH�������
7KH�SULDSLVP�ZDV�QRW�UHSRUWHG�E\�DQ\�PDOH�SDWLHQW��1RQ�VSHFLILF�SRO\PRUSKRXV�FKDQJHV�RI�WKH�(&*�ZHUH�QRWHG�LQ��������RI�WKH�SDWLHQWV��2QH
SDWLHQW�������ZDV�FODVVLILHG�JUDGH�,,,�������ZHUH�FODVVLILHG�JUDGH�,,�DQG������ZHUH�FODVVLILHG�JUDGH�,��2QO\����SDWLHQWV����������UHFHLYHG�WKH�VFRUSLRQ
DQWLYHQRP��7KH�GXUDWLRQ�RI�WKH�KRVSLWDOL]DWLRQ�ZDV�EHWZHHQ����PLQXWHV�DQG����KRXUV��ZLWK�D�PHGLDQ�RI���KRXU����PLQXWHV��7KH�HYROXWLRQ�ZDV
IDYRUDEOH�ZLWK�FOLQLFDO�UHFRYHU\�RI�DOO�WKH�SDWLHQWV�RI�RXU�VDPSOH�

&RQFOXVLRQ���7KH�VFRUSLRQ�HQYHQRPDWLRQ�LV�VWLOO�D�SXEOLF�KHDOWK�SUREOHP�LQ�WKH�UHJLRQ�RI�%�MD��,W�FRQFHUQV�HVVHQWLDOO\�WKH�DFWLYH�DGXOWV�RI�WKH�UXUDO
DUHDV��ZLWK�D�SHDN�RI�IUHTXHQF\�GXULQJ�6HSWHPEHU�DQG�2FWREHU��7KH�PRGHUDWH�V\VWHPLF�PDQLIHVWDWLRQV�DUH�RIWHQ�SUHVHQW�ZLWK�D�SRWHQWLDO�RI�VHYHULW\�
7KH�LUUDWLRQDO�DQG�GDQJHURXV�SUDFWLFHV��DSSOLFDWLRQ�RI�WRXUQLTXHW��VFDULILFDWLRQV��DUH�VWLOO�ZLGHO\�XVHG�E\�SDWLHQWV��7KH�WUHDWPHQW�UHPDLQV
XQIRUWXQDWHO\�QRQ�VWDQGDUGL]HG��DQG�LW�LV�YDULDEOH�DFFRUGLQJ�WR�WKH�KDELWV�DQG�WKH�NQRZOHGJH�RI�WKH�GRFWRUV�ZKLFK�WDNH�FDUH�RI�WKH�VWXQJ�SDWLHQWV�LQ
WKH�HPHUJHQF\�URRP�
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��������0DQDJHPHQW�RI�DFXWH�S\HORQHSKULWLV�LQ�WKH�HPHUJHQF\�URRP�RI�WKH�WHDFKLQJ�KRVSLWDO�OD�UDEWD��WXQLVLD�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-REUDQH�0$16285,����

���(PHUJHQF\�URRP��8QLYHUVLW\�WHDFKLQJ�KRVSLWDO�/D�5DEWD��7XQLV��781,6,$

.H\ZRUGV��3\HORQHSKULWLV��HVFKHULFKLD�FROL��HPHUJHQF\�URRP��DQWLELRWLF�WKHUDS\

$EVWUDFW��

%DFNJURXQG���7KH�XULQDU\�WUDFW�LQIHFWLRQV�DQG�LQ�SDUWLFXODU�WKH�DFXWH�S\HORQHSKULWLV�RFFXS\�DQ�LPSRUWDQW�SODFH�LQ�*HQHUDO�0HGLFLQH�DQG�WKH\
JHQHUDWH�DQ�DSSUHFLDEOH�DPRXQW�RI�DQWLELRWLF�WKHUDS\��QRW�DOZD\V�DGDSWHG�DV�IRU�WKH�FKRLFH�RI�DQWLELRWLFV�DQG�IRU�WKH�GXUDWLRQ�RI�WKH�WUHDWPHQW��7KH
DLP�RI�RXU�VWXG\�ZDV�WR�DVVHVV�WKH�PDQDJHPHQW�RI�WKH�DFXWH�S\HORQHSKULWLV�E\�WKH�GRFWRUV�H[HUFLVLQJ�LQ�WKH�(5�RI�WKH�WHDFKLQJ�KRVSLWDO�/D�5DEWD�
WKHQ�WR�FRPSDUH�WKH�UHVXOWV�REWDLQHG�ZLWK�WKH�QHZ�UHFRPPHQGDWLRQV�RI�/D�6RFL�W��GH�SDWKRORJLH�LQIHFWLHXVH�GH�ODQJXH�IUDQ�DLVH��63,/)��

0HWKRGV��,W�ZDV�DERXW�DQ�DQDO\WLFDOFURVV�VHFWLRQDO�VWXG\�FRQFHUQLQJ����SDWLHQWV�DIIHFWHG�E\�DFXWH�S\HORQHSKULWLV�DQG�FRQVXOWLQJ�LQ�WKH�(5�RI�WKH
WHDFKLQJ�KRVSLWDO�/D5DEWD�GXULQJ�WKH�SHULRG�IURP�)HEUXDU\������WLOO�-XO\������

5HVXOWV�����SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�����ZRPHQ�DQG����PHQ��7KH�PHDQ�DJH�RI�WKH�SDWLHQWV�ZDV������\HDUV�������WR����\HDUV���7KH
XULQDU\�WUDFW�G\VIXQFWLRQV�DQG�DQRPDOLHV�ZHUH�QRWLFHG�LQ��������Q �������RI�WKH�SDWLHQWV��7KLV�ZDV�PDLQO\�WXPRUV�RI�WKH�XULQDU\�WUDFW��SURVWDWLF
K\SHUWURSK\��UHQDO�F\VWVÌ��LQ��������Q ��������D�GLODWLRQ�RI�WKH�XULQDU\�WUDFW�LQ��������Q �������DQG�DQ�XUROLWKLDVLV�LQ��������Q �������7KH�ULVN
IDFWRUV�RI�FRPSOLFDWLRQ�ZHUH�QRWHG�LQ��������Q �������RI�RXU�SDWLHQWV��,W�ZDV�HVSHFLDOO\�DERXW�WKH�GLDEHWHV�QRWHG�LQ��������Q ��������HOGHUO\
SHRSOH�ZLWK�FRPRUELGLW\�LQ��������Q �������D�SUHJQDQF\�LQ��������Q ������DQG�D�VHYHUH�UHQDO�IDLOXUH�LQ�������Q �������$�VHYHUH�VHSVLV�ZDV�IRXQG
LQ�������Q ������RI�WKH�SDWLHQWV�RI�RXU�VDPSOH��1R�FDVH�RI�WR[LF�VKRFN�ZDV�REVHUYHG��(��&ROL�ZDV�WKH�EDFWHULD�LVRODWHG�LQ��������Q �������RI�WKH
FDVHV��7KH�ZLOG�W\SH�(��&ROL�ZDV�LGHQWLILHG�LQ��������Q �������RI�WKH�SDWLHQWV�ZLWK�DQ�(��&ROL�FDXVHG�S\HORQHSKULWLV��([WHQGHG�VSHFWUXP
EHWD�ODFWDPDVHV��(6%/V��SURGXFLQJ�(��&ROL�ZDV�LGHQWLILHG�LQ��������Q ��������7KH�SODLQ�ILOP�UDGLRJUDSK\�ZDV�SHUIRUPHG�LQ������Q �������RI�RXU
VDPSOHÇV�FDVHV��7KH�UHQDO�XOWUDVRQRJUDSK\�ZDV�UHDOL]HG�LQ��������Q ��������$�FRQWUDVW�HQKDQFHG�&7�VFDQ�ZDV�SHUIRUPHG�LQ�RQO\�������Q ������RI
WKH�SDWLHQWV��:H�GHFLGHG�WKH�KRVSLWDOL]DWLRQ�IRU��������Q �������RI�WKH�FDVHV��7KLV�GHFLVLRQ�LQWHUHVWHG��������Q �������RI�WKH�SDWLHQWV�ZLWK�D
S\HORQHSKULWLV�DW�ULVN�RI�FRPSOLFDWLRQ��7KH�HPSLULF�DQWLELRWLF�WKHUDS\�ZDV�EHJXQ�LQ�WKH�(5�LQ��������Q �������RI�WKH�SDWLHQWV���,Q��������Q �������RI
WKH�SDWLHQWV�ZKR�ZHUH�LQLWLDOO\�WUHDWHG�LQ�WKH�(5��WKH�HPSLULF�DQWLELRWLF�WKHUDS\�ZDV�LQFRPSDWLEOH�ZLWK�WKH�ODVW�UHFRPPHQGDWLRQV�RI�WKH�63,/)��,Q������
�Q �������RI�WKH�SDWLHQWV�WUHDWHG�H[FOXVLYHO\�LQ�WKH�(5��GXUDWLRQ�RI�WKH�DQWLELRWLF�WKHUDS\�ZDV�QRW�LQ�FRPSOLDQFH�ZLWK�WKH�QHZ�UHFRPPHQGDWLRQV�
7KH�FOLQLFDO�HYROXWLRQ�ZDV�IDYRUDEOH�LQ�DOO�SDWLHQWV�ZLWKRXW�DQ\�FRPSOLFDWLRQ�

�

&RQFOXVLRQ��7KH�PDQDJHPHQW�RI�DFXWH�S\HORQHSKULWLV�LQ�WKH�(5�RI�WKH�WHDFKLQJ�KRVSLWDO�/D�5DEWD�SUHVHQWV�VRPH�FRQIOLFWV�FRPSDUHG�ZLWK�WKH�ODVW
UHFRPPHQGDWLRQV�RI�WKH�63,/)��DV�UHJDUGV�HVSHFLDOO\�WKH�QDWXUH�DQG�WKH�GXUDWLRQ�RI�WKH�HPSLULF�DQWLELRWLF�WKHUDS\��7KH�LPSOHPHQWDWLRQ�RI�D
WKHUDSHXWLF�SURWRFRO�ZLWKLQ�WKH�(5�DQG�WKH�IROORZ�XS�RI�WKH�SDWLHQWÇV�HYROXWLRQ�ZLOO�DOORZ�WKH�RSWLPL]DWLRQ�RI�WKLV�PDQDJHPHQW�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 $OL�1DTYL

��������0DQDJHPHQW�RI�WUDXPD�SDWLHQWV�RQ�DQ�REVHUYDWLRQ�ZDUG�LQ�DQ�(PHUJHQF\�'HSDUWPHQW��LPSURYLQJ�SDWLHQW�SDWKZD\V�DQG
SDWLHQW�VDIHW\�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$OL�1DTYL������6HUJLR�6DZK������1LFROD�%DWULFN����

���&RUH�7UDLQHH��1+6��/RQGRQ��8.
���5HJLVWUDU��1+6��/RQGRQ��8.
���&RQVXOWDQW�LQ�(PHUJHQF\�0HGLFLQH��1+6��/RQGRQ��8.

.H\ZRUGV��0DMRU�7UDXPD��3DWLHQW�6DIHW\��3DWLHQW�3DWKZD\V��*XLGHOLQHV��$GPLVVLRQ�&ULWHULD

$EVWUDFW��

%DFNJURXQG�	�2EMHFWLYHV

$QDO\VLV�RI�PDMRU�WUDXPD�DGPLVVLRQV�LQ�WR�WKH�&OLQLFDO�'HFLVLRQ�8QLW�RYHU�WKH�SHULRG�RI�RQH�\HDU�DQG�HIIHFW�RI�LPSOHPHQWLQJ�H[FOXVLRQ�FULWHULD�ZLWK
WKH�DLP�RI�LPSURYLQJ�SDWLHQW�SDWKZD\V�DQG�SDWLHQW�VDIHW\��,QLWLDO�GDWD�FROOHFWHG�FRPSDUHG�WR�GDWD�FROOHFWHG�SRVW�LPSOHPHQWDWLRQ�RI�JXLGHOLQHV�DQG
GHSDUWPHQWDO�WHDFKLQJ�

0HWKRGRORJ\

,QLWLDO�GDWD�ZDV�FROOHFWHG�E\�UHYLHZLQJ�FDVH�QRWHV�RI�DOO�SDWLHQWV�DGPLWWHG�WR�WKH�&'8�IRU�D�RQH�\HDU�SHULRG�IURP��VW�$XJXVW���������VW-XO\�����

3DWLHQWV�WULJJHULQJ�WKH�PDMRU�WUDXPD�SUH�DOHUW�IROORZHG�E\�D�SUHOLPLQDULO\�DVVHVVPHQW�E\�D�FRQVXOWDQW�OHG�WUDXPD�WHDP�LQ�WKH�HPHUJHQF\
GHSDUWPHQW�ZLWK�UHOHYDQW�LPDJLQJ�ZKR�WKHQ�UHTXLUHG�LQSDWLHQW�DGPLVVLRQ�LQ�WR�WKH�&'8�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�

7KHVH�ZHUH�SDWLHQW�ZKRP�GLG�QRW�KDYH�OLIH�WKUHDWHQLQJ�LQMXULHV�KRZHYHU�UHTXLUHG�D�VKRUW�SHULRG�RI�REVHUYDWLRQ�SULRU�WR�WKHLU�GLVFKDUJH�DQG�WKXV�WKH
&'8�ZDV�GHHPHG�WKH�PRVW�DSSURSULDWH�ZDUG���3DWLHQWV�ZLWK�VLJQLILFDQW�LQMXULHV�RU�WKRVH�LQYROYLQJ�PXOWLSOH�OLPEV�DQG�KLJK�,QMXU\�6HYHULW\�6FRUHV��,66�
DQG�WKXV�DGPLWWHG�GLUHFWO\�WR�WKH�0DMRU�7UDXPD�:DUG��07:��ZHUH�QRW�LQFOXGHG�LQ�WKLV�VWXG\�DORQJ�ZLWK�WKRVH�WKDW�ZHUH�GLVFKDUJHG�KRPH�GLUHFWO\
IURP�WKH�HPHUJHQF\�GHSDUWPHQW�

)ROORZLQJ�WKHVH�UHVXOWV��IURP��VW�$XJXVW������Ä���VW�-XO\�������H[FOXVLRQ�FULWHULD�ZHUH�GHYLVHG�DQG�LPSOHPHQWHG�YLD�IRUPDO�WHDFKLQJ�DQG�FKDQJHV�WR
WKH�SUH�H[LVWLQJ�SURIRUPD��'XULQJ�D�VL[�PRQWK�SHULRG�IROORZLQJ�WKH�UHFRPPHQGHG�FKDQJHV�SDWLHQWV�SUHVHQWLQJ�DV�PDMRU�WUDXPD�KDG�WKHLU�FDVH�QRWHV
DQDO\VHG�ZLWK�D�SDUWLFXODU�IRFXV�RQFH�DJDLQ�RQ�QXPEHU�RI�DGPLVVLRQV��OHQJWK�RI�VWD\��GLVFKDUJH�GHVWLQDWLRQ�DQG�ODWH�LGHQWLILHG�LQMXULHV�

5HVXOWV�DQG�&RQFOXVLRQ

$GPLVVLRQ�WR�6W��0DU\V�KRVSLWDO�UHPDLQHG�DW�D�KLJK�OHYHO�ZKHQ�FRPSDUHG�WR�WKH�LQWLWDO�GDWD�FROOHFWLRQ�SHULRG����������Q �����UHTXLUHG�DGPLVVLRQ�LQ
WKH�SHULRG�RI�'HFHPEHU�WR�-XQH������LV�LQ�FRPSDULVRQ�WR��������Q �������EHWZHHQ��VW�$XJXVW��������VW�-XO\�������7KH�SHUFHQWDJH�RI�WUDXPD
SDWLHQWV�KRZHYHU�WUDQVIHUUHG�WR�WKH�FOLQLFDO�GHFLVLRQ�XQLW�KRZHYHU�GHFUHDVHG�DQG�LV�VXJJHVWLYH�RI�LPSURYHPHQW�LQ�SDWLHQW�VDIHW\�ZLWK�SDWLHQWV
UHTXLULQJ�VSHFLDOLVW�DGPLVVLRQ�WUDQVIHUUHG�GLUHFWO\�WR�WKH�UHOHYDQW�WHDP�DQG�IHZHU�ODWH�LGHQWLILHG�LQMXULHV�

:LWK�WKH�LPSOHPHQWDWLRQ�RI�VWULFW�H[FOXVLRQ�FULWHULD�DQG�IRUPDO�WHDFKLQJ�ZH�DUH�DEOH�WR�GHPRQVWUDWH�PDQDJHPHQW�RI�SDWLHQWV�ZLWK�ORZ�,66�FDQ�EH
DFKLHYHG�LQ�D�VDIH�DQG�WLPHO\�PDQQHU��'XH�WR�UHVXOWV�JDWKHUHG�DQG�DQDO\VLV�RI�WKH�GDWD�IURP�����������ZH�ZHUH�DEOH�WR�KLJKOLJKW���NH\�VHWV�RI
SDWLHQWV�ZKLFK�ZHUH�QRW�VDIH�WR�EH�PDQDJHG�LQ�&'8�

6WDE�9LFWLPV��
3HOYLF�,QMXULHV��
0HGLFDO�&DXVHV��

:LWK�WKH�DERYH�H[FOXVLRQ�FULWHULD�LQ�SODFH�DORQJ�ZLWK�D�VLJQ�RII�E\�WKH�WUDXPD�WHDP�OHDGHU�D�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�PLVVHG�LQMXULHV
ZDV�QRWHG�IURP����WR�����7KXV��RXW�RI�����WUDXPD�SDWLHQWV�DGPLWWHG�WR�&'8�QRQH�ZHUH�WDNHQ�WR�WKHDWUH��PDMRU�WUDXPD�ZDUG�RU�UHIHUUHG�WR�WKH
VXUJLFDO�WHDPV�IRU�PDQDJHPHQW�RI�XQGLDJQRVHG�PLVVHG�LQMXULHV�

,Q�RXU�H[SHULHQFH�KDYLQJ�JXLGHOLQHV�DQG�SURFHGXUHV�WR�IDFLOLWDWH�WKLV�KDV�OHG�WR�D�GHFUHDVH�LQ�WKH�OHQJWK�RI�VWD\�RI�SDWLHQWV�IURP�DQ�DYHUDJH�RI�����
GD\V�WR�������ZKLFK�LV�ZKDW�LV�H[SHFWHG�IURP�WKH�REVHUYDWLRQ�XQLWV�DFURVV�WKH�8QLWHG�.LQJGRP��



&$5',29$6&8/$5 &UDYHQ�+HQU\

��������&KHVW�SDLQ�DQG�ULVN�VWUDWLILFDWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&UDYHQ�+HQU\����

���%URRPILHOG�+RVSLWDO��&KHOPVIRUG��0LG�(VVH[�+RVSLWDOV�7UXVW��/RQGRQ��8.

.H\ZRUGV��&KHVW�SDLQ��FDUGLRYDVFXODU��SDWLHQW�SDWKZD\

$EVWUDFW��

,QWURGXFWLRQ�

&KHVW�SDLQ�LV�D�FRPPRQO\�SUHVHQWLQJ�V\PSWRP�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�PXOWLSOH�DHWLRORJ\��7KH�QHHG�WR�GLVWLQJXLVK�EHWZHHQ�OLIH
WKUHDWHQLQJ�FRQGLWLRQV�DQG�WKH�OHVV�VHYHUH�LV�FULWLFDO��,Q�PDQ\�FDVHV�KLVWRU\�DQG�FOLQLFDO�H[DPLQDWLRQ�FDQ�SURYLGH�RQO\�OLPLWHG�LQIRUPDWLRQ�DQG�PRVW
SDWLHQWV�ZLOO�XQGHUJR�IXUWKHU�LQYHVWLJDWLRQV�LQWR�WKH�FDXVH�RI�WKHLU�V\PSWRPV��:H�ORRNHG�DW�D�VDPSOH�RI����SDWLHQWV�DWWHQGLQJ�WKH�HPHUJHQF\
GHSDUWPHQW�DQG�KDYH�DQDO\VHG�RXWFRPH�DVVRFLDWHG�ZLWK�LQGLYLGXDO�ULVN�SURILOH�

5HVXOWV�

���SDWLHQWV�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�����PDOH�����IHPDOH��EHWZHHQ�-XQH�2FWREHU�������,Q�WRWDO�����SDWLHQWV�GHVFULEHG�V\PSWRPV�RI
FDUGLDF�FKHVW�SDLQ��DV�GHVFULEHG�E\�1,&(������JXLGHOLQHV��ZLWK����SDWLHQWV�SUHVHQWLQJ�ZLWK�QRQ�FDUGLDF�FKHVW�SDLQ��2I�DOO�SDWLHQWV�����SUHVHQWHG
ZLWKLQ�IRXU�KRXUV�RI�RQVHW���RI�ZKLFK����ZHUH�IURP�WKH�FDUGLDF�FKHVW�SDLQ�JURXS��7KH�PDMRULW\������RI�FDUGLDF�FKHVW�SDLQ�SDWLHQWV�KDG�FDUGLRYDVFXODU
ULVN�IDFWRUV�DQG�ZHUH�DGPLWWHG�WR�KRVSLWDO��,Q�DGGLWLRQ�PRVW�RI�WKRVH�GHHPHG�ORZ�ULVN�ZHUH�DOVR�DGPLWWHG�IRU�IXUWKHU�LQYHVWLJDWLRQ��1RQH�RI�WKH
SDWLHQWV�SUHVHQWLQJ�ZLWK�QRQ�FDUGLDF�FKHVW�SDLQ�KDG�D�SRVLWLYH�WURSRQLQ�DQG�WKH�PDMRULW\�ZHUH�GLVFKDUJHG�IURP�WKH�HPHUJHQF\�GHSDUWPHQW��2QO\�D
VPDOO�QXPEHU�RI�SDWLHQWV������ZHUH�GHHPHG�VXLWDEOH�IRU�UHIHUUDO�WR�WKH�DPEXODWRU\�FDUH�GD\�XQLW��$&8��WR�DZDLW�D�VHFRQG�DVVHVVPHQW��DQG�DOO�ZHUH
HYHQWXDOO\�GLVFKDUJHG�

'LVFXVVLRQ�

7KH�PDMRULW\�RI�SDWLHQWV�DWWHQGLQJ�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�V\PSWRPV�RI�FDUGLDF�FKHVW�SDLQ�SUHVHQWHG�ZLWKLQ�IRXU�KRXUV�RI�RQVHW�DQG�ZHUH
DVVRFLDWHG�ZLWK�FDUGLRYDVFXODU�ULVN�IDFWRUV��2I�WKRVH�DGPLWWHG�PRVW�KDG�VHULRXV�XQGHUO\LQJ�SDWKRORJ\�UXOHG�RXW�E\�UHSHDW�WURSRQLQ�DQG�ZHUH�ODWHU
GLVFKDUJHG��0RVW�SDWLHQWV�ZLWK�QRQ�FDUGLDF�FKHVW�SDLQ�SUHVHQWHG�ODWHU�DQG�KDG�FDUGLDF�DHWLRORJ\�UXOHG�RXW�E\�QHJDWLYH�WURSRQLQ��7KH�XVH�RI�WKH
DPEXODWRU\�FDUH�XQLW�LQ�PDQDJHPHQW�RI�FKHVW�SDLQ�ZDV�OLPLWHG�DV�SDWLHQWV�ZHUH�RIWHQ�DGPLWWHG�WR�D�PHGLFDO�EHG�IRU�D�UHSHDW�EORRG�WHVW�DQG�VXLWDEOH
SDWLHQWV�IRU�WKH�$&8�ZRXOG�RIWHQ�SUHVHQW�RXW�RI�KRXUV�

&RQFOXVLRQ�

$OO�SDWLHQWV�DGPLWWHG�ZLWK�FKHVW�SDLQ�VKRXOG�KDYH�FDUGLRYDVFXODU�ULVN�IDFWRUV�FOHDUO\�GRFXPHQWHG��$�FOHDU�SDWKZD\�IRU�ORZ�ULVN�SDWLHQWV�ZRXOG�EH�RI
EHQHILW�DQG�FRXOG�DYRLG�XQQHFHVVDU\�DGPLVVLRQ��:LWK�PDQ\�SDWLHQWV�GHVFULELQJ�FDUGLDF�OLNH�FKHVW�SDLQ�SUHVHQWLQJ�HDUO\�WKHUH�PD\�DOVR�EH�EHQHILW�RI
WKH�XVH�RI�QHZHU�KLJK�VHQVLWLYLW\�WURSRQLQ�DVVD\V�IRU�HDUO\�GLDJQRVLV�RU�H[FOXVLRQ�



3(',$75,&6 3LQN\�5RVH�(VSLQD

��������3HUIRUPDQFH�RI�PDQFKHVWHU�WULDJH�F\VWHP�IRU�FKLOGUHQ�ZLWK�FKURQLF�FDUGLRYDVFXODU�GLVHDVHV�LQFOXGLQJ�YLWDO�SDUDPHWHU
PHDVXUHPHQW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3LQN\�5RVH�(VSLQD������7KRPDV�:UED������6XVDQQH�*UHEHU�3ODW]HU����

���5HVLGHQW��'HSDUWPHQW�RI�3HGLDWULFV�DQG�$GROHVFHQW�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��9LHQQD��$XVWULD��9LHQQD��$8675,$
���+HDG�RI�$.,0��&HQWHU�IRU�0HGLFDO�6WDWLVWLFV��,QIRUPDWLFV�DQG�,QWHOOLJHQW�6\VWHPV��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��9LHQQD��$XVWULD��9LHQQD��$8675,$
���+HDG�RI�'HSDUWPHQW��'HSDUWPHQW�RI�3HGLDWULFV�DQG�$GROHVFHQW�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��9LHQQD��$XVWULD��9LHQQD��$8675,$

.H\ZRUGV��PDQFKHVWHU�WULDJH�V\VWHP��SHGLDWULF�HPHUJHQF\�GHSDUWPHQW��FDUGLRYDVFXODU�GLVHDVHV��YLWDO�SDUDPHWHUV��RXWFRPH

$EVWUDFW��

3HUIRUPDQFH�RI�0DQFKHVWHU�7ULDJH�6\VWHP��076��IRU�FKLOGUHQ�ZLWK�FKURQLF�FDUGLRYDVFXODU�GLVHDVHV��&9'��LQFOXGLQJ�YLWDO�SDUDPHWHU
PHDVXUHPHQW�

35�(VSLQD��7�:UED��6�*UHEHU�3ODW]HU
0HGLFDO�8QLYHUVLW\�9LHQQD��$XVWULD

%DFNJURXQG��,Q�SHGLDWULF�HPHUJHQF\�FDUH�076�KDV�PRGHUDWH�VHQVLWLYLW\�������DQG�D�JRRG�VSHFLILFLW\��������YDQ�9HHQ�HW�DO��������6HLJHU�HW�DO���
������KDYH�VKRZQ�WKDW�LQFOXVLRQ�RI�YLWDO�SDUDPHWHUV��93��LQ�076�IRU�SHGLDWULF�HPHUJHQF\�FDUH�GLG�QRW�LPSURYH�WULDJH�FODVVLILFDWLRQ��3HUIRUPDQFH�RI
076�IRU�FKLOGUHQ�ZLWK�FKURQLF�GLVHDVHV��&'���HVSHFLDOO\�ZLWK�&9'�KDV�EDUHO\�EHHQ�HYDOXDWHG�

2EMHFWLYH��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�HYDOXDWH�WKH�076�SHUIRUPDQFH�LQ�FKLOGUHQ�ZLWK�&9'�E\�PHDVXULQJ�93��+)��55��3R[\��

0HWKRGV��'DWD�GHULYHG�IURP�D�UHJLVWU\�RI�SDWLHQWV�DWWHQGLQJ�WKH�SHGLDWULF�HPHUJHQF\�RI�WKH�'HS��IRU�3HGLDWULFV�DQG�$GROHVFHQW�0HGLFLQH�IURP
����������������ZHUH�DQDO\]HG�UHWURVSHFWLYHO\��,QFOXVLRQ�FULWHULD�ZHUH�FKLOGUHQ�����\�R���FKLOGUHQ�ZLWK�&9'��FRQJHQLWDO�KHDUW�GHIHFW��DUUK\WKPLD�
DFTXLUHG�KHDUW�GLVHDVH�DQG�FDUGLRP\RSDWK\��DQG�ZLWKRXW�NQRZQ�&'�LQFOXGLQJ�GDWD�IRU�076�XUJHQF\�OHYHO��8/���93��WKHUDS\��GLDJQRVWLF�H[DPLQDWLRQ�
GLDJQRVLV�DQG�RXWFRPH�

5HVXOWV��,Q�WRWDO�������SDWLHQWV�������������IHPDOH��ZLWK�DQ�RYHUDOO�PHDQ�DJH�RI���\�R���ZHUH�LQFOXGHG��2I�WKHVH������������FKLOGUHQ�SUHVHQWHG
ZLWK�&9'�DQG���������������FKLOGUHQ�ZLWKRXW�&'��93�ZHUH�PRUH�RIWHQ�PHDVXUHG�LQ�FKLOGUHQ�ZLWK�&9'�������FRPSDUHG�WR�FKLOGUHQ�ZLWKRXW�NQRZQ
&'��������:H�IXUWKHU�LQYHVWLJDWHG�WKH�FRKRUW�RI�FKLOGUHQ�ZLWK�&9'�DQG�FRPSDUHG�EHWZHHQ�WKRVH�ZLWK�PHDVXUHG�93�DQG�WKRVH�ZLWKRXW�PHDVXUHG�93�
,Q�WKH�JURXS�ZLWK�93�PRUH�RIWHQ�DFXWH�WUHDWPHQW�ZDV�JLYHQ��������YV���������GLDJQRVWLF�H[DPLQDWLRQ�ZDV�SHUIRUPHG�������YV��������DQG
OLIHVDYLQJ�LQWHUYHQWLRQV�ZHUH�QHHGHG�������YV������$�KLJKHU�8/�ZDV�PRUH�RIWHQ�VHOHFWHG�LQ�FKLOGUHQ�ZLWK�&9'�DQG�PHDVXUHG�93�WKDQ�ZLWKRXW
PHDVXUHG�93��8/�������YV�����8/������YV��������$GPLVVLRQ�WR�DQ�LQWHQVLYH�FDUH�XQLW�������ZLWK�YV������QR�93��GLG�QRW�GHSHQG�RQ�93
PHDVXUHPHQW��EXW�D�VOLJKW�LQFUHDVHG�KRVSLWDOL]DWLRQ�UDWH��������YV��������DQG�GHFUHDVHG�IROORZ�XS�DW�RXWSDWLHQW�FOLQLF�RU�E\�SHGLDWULFLDQ�������
YV��������ZDV�IRXQG�LQ�FKLOGUHQ�ZLWK�93�PHDVXUHPHQW�
&RPSDULQJ�SDWLHQWV�ZLWKRXW�&'�DQG�ZLWK�RU�ZLWKRXW�93�PHDVXUHPHQW�VKRZHG�PRUH�RIWHQ�DQ�DFXWH�WUHDWPHQW��������YV���������GLDJQRVWLF
H[DPLQDWLRQ��������YV��������DQG�OLIHVDYLQJ�LQWHUYHQWLRQV��������YV�����ZLWK�PHDVXUHG�93��DOVR�D�PRUH�IUHTXHQW�DQG�KLJKHU�8/��8/���������
YV�������8/��������YV��������ZDV�FKRVHQ��$OVR�DGPLVVLRQ�WR�,&8�������ZLWK�93�YV�������QR�93��RU�KRVSLWDOL]DWLRQ�UDWH�������YV�������ZDV�VOLJKWO\
KLJKHU�LQ�SDWLHQWV�ZLWK�PHDVXUHG�93��)ROORZ�XS�DW�RXWSDWLHQW�FOLQLF�RU�E\�SHGLDWULFLDQ���������YV���������GLG�QRW�GHSHQG�RQ�93�PHDVXUHPHQW�
7KH�PRVW�IUHTXHQW�GLDJQRVHV�LQ�FKLOGUHQ�ZLWK�PHDVXUHG�93�ZHUH�LQIHFWLRQV�RI�WKH�UHVSLUDWRU\�WUDFW��57���������ERWK���YLUDO�LQIHFWLRQ�RU�IHYHU�������
IRU�FKLOGUHQ�ZLWK�&9'��������IRU�FKLOGUHQ�ZLWKRXW�&'��DQG�JDVWURLQWHVWLQDO�LQIHFWLRQV��*,��������DQG����������,Q�WKH�JURXS�RI�FKLOGUHQ�ZLWKRXW�93
PHDVXUHPHQWV�*,������ZLWK�&9'�DQG�����ZLWKRXW�&'��DQG�57��������DQG������LQIHFWLRQV�ZHUH�VDPH�IUHTXHQW��IROORZHG�E\�YLUDO�LQIHFWLRQV�RU�IHYHU
�������DQG��������

&RQFOXVLRQV��2XU�VWXG\�GHPRQVWUDWHV�WKDW�076�SHUIRUPDQFH�FRXOG�EHQHILW�E\�LQFOXGLQJ�93�PHDVXUHPHQW�LQ�FKLOGUHQ�ZLWK�&9'�
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��������:DUG�GHWHULRUDWLRQ�LQ�WKH�ILUVW����KRXUV�RI�DGPLVVLRQ�YLD�WKH�HPHUJHQF\�GHSDUWPHQW��D�UHWURVSHFWLYH�PDWFKHG�FRKRUW
VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-XOLH�&RQVLGLQH������'DU\O�-RQHV������'DYLG�3LOFKHU������-XG\�&XUUH\����

���6FKRRO�RI�1XUVLQJ�DQG�0LGZLIHU\���&HQWUH�IRU�4XDOLW\�DQG�3DWLHQW�6DIHW\�5HVHDUFK��'HDNLQ�8QLYHUVLW\���*HHORQJ��$8675$/,$
���'HSDUWPHQW�RI�,QWHQVLYH�&DUH��$XVWLQ�+HDOWK��+HLGHOEHUJ��$8675$/,$
���,QWHQVLYH�&DUH�8QLW��$OIUHG�+HDOWK��3UDKUDQ��$8675$/,$

.H\ZRUGV��SDWLHQW�VDIHW\��FOLQLFDO�GHWHULRUDWLRQ��UDSLG�UHVSRQVH�WHDP�

$EVWUDFW��

,QWURGXFWLRQ��$OPRVW�RQH�TXDUWHU�RI�5DSLG�5HVSRQVH�7HDP��PHGLFDO�HPHUJHQF\�RU�FDUGLDF�DUUHVW�WHDP��DFWLYDWLRQV�RFFXU�ZLWKLQ����KRXU�RI�KRVSLWDO
DGPLVVLRQ��7KH�DLPV�RI�WKLV�VWXG\�ZHUH�WR�H[DPLQH��L��WKH�UHODWLRQVKLS�EHWZHHQ�SK\VLRORJLFDO�VWDWXV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��DQG�557�FDOO
ZLWKLQ����KRXUV�RI�HPHUJHQF\�DGPLVVLRQ��DQG�LL��ZKHWKHU�557�DFWLYDWLRQ�ZDV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�,&8�DGPLVVLRQ�DQG�LQ�KRVSLWDO
PRUWDOLW\���

0HWKRGV��$�UHWURVSHFWLYH�PDWFKHG�FRKRUW�VWXG\�ZDV�FRQGXFWHG�DW�WKUHH�KRVSLWDOV�LQ�0HOERXUQH��$XVWUDOLD��([SRVXUHV�ZHUH�DGXOWV��Õ���\HDUV��
DGPLWWHG�YLD�WKH�('�WR�QRQ�PRQLWRUHG�PHGLFDO�RU�VXUJLFDO�ZDUGV�GXULQJ������ZKR�KDG�DQ�557�DFWLYDWLRQ�ZLWKLQ����KRXUV�RI�DGPLVVLRQ��7KHUH�ZHUH
WZR�PDWFKHG�FRQWUROV��QR�557�DFWLYDWLRQ��IRU�HDFK�FDVH��

5HVXOWV��([SRVXUHV�ZHUH�PRUH�OLNHO\�WR�KDYH�Õ��SK\VLRORJLFDO�DEQRUPDOLWLHV�IXOILOOLQJ�WKHLU�KRVSLWDOÇV�557�DFWLYDWLRQ�FULWHULD�GXULQJ�('�FDUH�������
YV��������S���������7KH�ULVN�DGMXVWHG�RGGV�RI�557�DFWLYDWLRQ�ZLWKLQ����KRXUV�RI�DGPLVVLRQ�ZDV�KLJKHVW�LQ�SDWLHQWV�ZLWK�WDFK\SQRHD�IXOILOOLQJ�557
DFWLYDWLRQ�FULWHULD�GXULQJ�('�FDUH��25 ���������&,���������������S���������7KH�ULVN�DGMXVWHG�RGGV�RI�557�DFWLYDWLRQ�ZLWKLQ����KRXUV�RI�HPHUJHQF\
DGPLVVLRQ�ZDV�KLJKHVW�LQ�SDWLHQWV�ZLWK�WDFK\SQRHD��25 ���������&,�������Ä�������S��������RU�K\SRWHQVLRQ��25 ���������&,���������������S ������
IXOILOOLQJ�557�DFWLYDWLRQ�FULWHULD�GXULQJ�('�FDUH��&DVHV�KDG�PRUH�LQ�KRVSLWDO�GHDWKV��������YV�������S���������,&8�DGPLVVLRQV��������YV������
S��������DQG�ORQJHU�KRVSLWDO�OHQJWK�RI�VWD\��0GQ� ���GD\V�YV���GD\V��S����������7KH�ULVN�DGMXVWHG�RGGV�UDWLR��25��IRU�LQ�KRVSLWDO�GHDWK�ZDV�KLJKHVW
IRU�H[SRVXUHV�ZLWK�DQ�DOWHUHG�FRQVFLRXV�VWDWH�GXULQJ�WKHLU�('�VWD\��25�������������&,�������Ä��������S �������

'LVFXVVLRQ��)DFWRUV�DVVRFLDWHG�ZLWK�557�DFWLYDWLRQ�RQ�WKH�ZDUGV�DUH�LGHQWLILDEOH�ZKHQ�SDWLHQWV�DUH�LQ�WKH�('��557�DFWLYDWLRQV�ZLWKLQ����KRXUV�RI
HPHUJHQF\�DGPLVVLRQ�DUH�DVVRFLDWHG�ZLWK�KLJKHU�PRUWDOLW\�DQG�LQFUHDVHG�/26��)XUWKHU�VWXGLHV�DUH�UHTXLUHG�WR�YDOLGDWH�WKHVH�ILQGLQJV�PRUH�ZLGHO\
DQG�GHWHUPLQH�ZKHWKHU�HDUO\�LGHQWLILFDWLRQ�DQG�LQWHUYHQWLRQ�LQ�SDWLHQWV�DW�ULVN�RI�557�DFWLYDWLRQV�FDQ�LPSURYH�WKHLU�HYHQWXDO�RXWFRPHV��

$FNQRZOHGJHPHQWV��7KLV�VWXG\�ZDV�JHQHURXVO\�IXQGHG�E\�WKH�1XUVHV�%RDUG�RI�9LFWRULD�/HJDF\�/LPLWHG�0RQD�0HQ]LHV�3RVWGRFWRUDO�5HVHDUFK�*UDQW
DQG�DQ�(DVWHUQ�+HDOWK�5HVHDUFK�*UDQW�

5HIHUHQFHV

&RQVLGLQH�-��-RQHV�'��3LOFKHU�'��&XUUH\�-���LQ�SUHVV���3DWLHQW�SK\VLRORJLFDO�VWDWXV�GXULQJ�HPHUJHQF\�FDUH�DQG�UDSLG�UHVSRQVH�WHDP�RU�FDUGLDF�DUUHVW
WHDP�DFWLYDWLRQ�GXULQJ�HDUO\�KRVSLWDO�DGPLVVLRQ��(XU�-�(PHUJ�0HG��$FFHSWHG�������������$YDLODEOH�RQ�OLQH�����������
KWWS���MRXUQDOV�OZZ�FRP�HXUR�HPHUJHQF\PHG�WRF�SXEOLVKDKHDG

&RQVLGLQH�-��-RQHV�'��3OLFKHU�'�	�&XUUH\�-���������3K\VLRORJLFDO�VWDWXV�GXULQJ�HPHUJHQF\�GHSDUWPHQW�FDUH��UHODWLRQVKLS�ZLWK�LQKRVSLWDO�GHDWK�DIWHU
FOLQLFDO�GHWHULRUDWLRQ��&ULWLFDO�&DUH�DQG�5HVXVFLWDWLRQ�������������

&RQVLGLQH�-��&KDUOHVZRUWK�'�	�&XUUH\�-���������&KDUDFWHULVWLFV�DQG�RXWFRPHV�RI�SDWLHQWV�UHTXLULQJ�UDSLG�UHVSRQVH�V\VWHP�DFWLYDWLRQ�ZLWKLQ����KRXUV
RI�HPHUJHQF\�DGPLVVLRQ��&ULW�&DUH�5HVXVF����������������
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��������,QGLFDWRUV�RI�FOLQLFDO�GHWHULRUDWLRQ�GXULQJ�HDUO\�KRVSWLDO�DGPLVVLRQ�SUHVHQW�GXULQJ�HPHUJHQF\�GHSDUWPHQW�WR�ZDUG
WUDQVIHU

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-XOLH�&RQVLGLQH������'DU\O�-RQHV������'DYLG�3LOFKHU������-XG\�&XUUH\����

���6FKRRO�RI�1XUVLQJ�DQG�0LGZLIHU\���&HQWUH�IRU�4XDOLW\�DQG�3DWLHQW�6DIHW\�5HVHDUFK��'HDNLQ�8QLYHUVLW\���*HHORQJ��$8675$/,$
���'HSDUWPHQW�RI�,QWHQVLYH�&DUH��$XVWLQ�+HDOWK��+HLGHOEHUJ��$8675$/,$
���,QWHQVLYH�&DUH�8QLW��$OIUHG�+HDOWK��3UDKUDQ��$8675$/,$

.H\ZRUGV��SDWLHQW�VDIHW\��FOLQLFDO�GHWHULRUDWLRQ��UDSLG�UHVSRQVH�WHDP��WUDQVLWLRQV�RI�FDUH

$EVWUDFW��

,QWURGXFWLRQ��7KH�UHODWLRQVKLS�EHWZHHQ�DEQRUPDO�SK\VLRORJLFDO�VWDWHV�GXULQJ�('�FDUH�DQG�VXEVHTXHQW�DGYHUVH�HYHQWV�RQ�WKH�ZDUG�UDLVHV�TXHVWLRQV
DERXW�WKH�SDWLHQWÇV�FOLQLFDO�VWDWXV�GXULQJ�WKH�WUDQVLWLRQ�IURP�('�WR�WKH�ZDUG��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ
SK\VLRORJLFDO�VWDWXV�GXULQJ�WUDQVLWLRQ�IURP�WKH�HPHUJHQF\�GHSDUWPHQW�WR�WKH�ZDUG�DQG�HPHUJHQF\�FDOOV�IRU�FOLQLFDO�GHWHULRUDWLRQ�GXULQJ�WKH�ILUVW���
KRXUV�RI�KRVSLWDO�DGPLVVLRQ�

�

0HWKRGV��$�GHVFULSWLYH��H[SORUDWRU\�GHVLJQ�ZDV�XVHG��7KH�VWXG\�LQYROYHG������SDWLHQWV�DW�WKUHH�KRVSLWDOV�LQ�0HOERXUQH�$XVWUDOLD��L������UDQGRPO\
VHOHFWHG�DGXOWV�DGPLWWHG�YLD�WKH�('�WR�PHGLFDO�RU�VXUJLFDO�ZDUGV�GXULQJ�������DQG�ZKR�KDG�DQ�HPHUJHQF\�FDOO�IRU�FOLQLFDO�GHWHULRUDWLRQ�GXULQJ�WKH
ILUVW����KRXUV�RI�DGPLVVLRQ�DQG�LL�������DGXOWV�ZLWKRXW�HPHUJHQF\�FDOOV�PDWFKHG�IRU�JHQGHU��WULDJH�FDWHJRU\��XVXDO�UHVLGHQFH��DGPLWWLQJ�XQLW�DQG
DJH�

�

5HVXOWV��7KH�PHGLDQ�SDWLHQW�DJH�ZDV����\HDUV�DQG�������ZHUH�PDOHV��7KH�PHGLDQ�WLPH�WR�WKH�ILUVW�HPHUJHQF\�FDOO�ZDV������KRXUV��2QH�RU�PRUH
DEQRUPDO�SK\VLRORJLFDO�SDUDPHWHUV�ZHUH�GRFXPHQWHG�LQ�������RI�SDWLHQWV�GXULQJ�WKH�ODVW�KRXU�RI�('�FDUH�DQG�������RI�SDWLHQWV�GXULQJ�ILUVW�KRXU�RI
ZDUG�FDUH��(PHUJHQF\�FDOOV�ZHUH�PRUH�FRPPRQ�LQ�SDWLHQWV�ZLWK�KHDUW�UDWH��������YV��������S��������DQG�FRQVFLRXV�VWDWH��������YV�������
S �������DEQRUPDOLWLHV�GXULQJ�WKH�ODVW�KRXU�RI�HPHUJHQF\�FDUH�DQG�DEQRUPDO�R[\JHQ�VDWXUDWLRQ��������YV��������S���������KHDUW�UDWH��������YV
�������S��������RU�UHVSLUDWRU\�UDWH��������YV��������S �������GXULQJ�WKH�ILUVW�KRXU�RI�ZDUG�FDUH�

�

'LVFXVVLRQ��$EQRUPDO�SK\VLRORJLFDO�SDUDPHWHUV�DW�WKH�('�ZDUG�LQWHUIDFH�ZHUH�FRPPRQ�DQG�SUHGLFWHG�VXEVHTXHQW�HPHUJHQF\�FDOOV��7KH�XWLOLW\�RI
SK\VLRORJLFDO�VWDWXV�DW�WKH�WUDQVLWLRQ�EHWZHHQ�WKH�('�DQG�LQSDWLHQW�ZDUGV�WR�JXLGH�FDUH�SODQQLQJ��SDUWLFXODUO\�IUHTXHQF\�RI�QXUVLQJ�DQG�PHGLFDO
DVVHVVPHQWV�ZDUUDQWV�IXUWKHU�DQDO\VLV�

�

$FNQRZOHGJHPHQWV��7KLV�VWXG\�ZDV�JHQHURXVO\�IXQGHG�E\�WKH�1XUVHV�%RDUG�RI�9LFWRULD�/HJDF\�/LPLWHG�0RQD�0HQ]LHV�3RVWGRFWRUDO�5HVHDUFK�*UDQW
DQG�DQ�(DVWHUQ�+HDOWK�5HVHDUFK�*UDQW�

�

5HIHUHQFHV

&RQVLGLQH�-��-RQHV�'��3LOFKHU�'��&XUUH\�-���LQ�SUHVV���3DWLHQW�SK\VLRORJLFDO�VWDWXV�GXULQJ�HPHUJHQF\�FDUH�DQG�UDSLG�UHVSRQVH�WHDP�RU�FDUGLDF�DUUHVW
WHDP�DFWLYDWLRQ�GXULQJ�HDUO\�KRVSLWDO�DGPLVVLRQ��(XU�-�(PHUJ�0HG��$FFHSWHG�������������$YDLODEOH�RQ�OLQH�����������
KWWS���MRXUQDOV�OZZ�FRP�HXUR�HPHUJHQF\PHG�WRF�SXEOLVKDKHDG

&RQVLGLQH�-��-RQHV�'��3LOFKHU�'�	�&XUUH\�-��LQ�SUHVV���3DWLHQW�SK\VLRORJLFDO�VWDWXV�DW�WKH�HPHUJHQF\�GHSDUWPHQW��ZDUG�LQWHUIDFH�DQG�HPHUJHQF\�FDOOV
IRU�FOLQLFDO�GHWHULRUDWLRQ�GXULQJ�HDUO\�KRVSLWDO�DGPLVVLRQ��-�$GY�1XUV��DFFHSWHG�������������$YDLODEOH�RQOLQH������������IURP
KWWS���RQOLQHOLEUDU\�ZLOH\�FRP�GRL�����������MDQ�������DEVWUDFW



1(852/2*< <RX�-H�6XQJ

��������+\SRWKHUPLD�LQKLELWV�WKH�SURSDJDWLRQ�RI�DFXWH�LVFKHPLF�LQMXU\�E\�LQKLELWLQJ�+0*%�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-H�6XQJ�<RX������-XQJ�+R�/HH������&KXO�+RRQ�.LP������6XQJ�3KLO�&KXQJ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��<RQVHL�8QLYHUVLW\�&ROOHJH�RI�0HGLFLQH��6HRXO��.25($��5(38%/,&�2)
���'HSDUWPHQW�RI�3KDUPDFRORJ\�%.���3/86�3URMHFW�IRU�0HGLFDO�6FLHQFH��%UDLQ�5HVHDUFK�,QVWLWXWH��<RQVHL�8QLYHUVLW\�&ROOHJH�RI�0HGLFLQH��6HRXO�
.25($��5(38%/,&�2)

.H\ZRUGV��DFXWH�LVFKHPLF�VWURNH��KLJK�PRELOLW\�JURXS�ER[����+0*%����LQIODPPDWRU\�F\WRNLQHV��SHQXPEUD��K\SRWKHUPLD��JO\F\UUKL]LQ

$EVWUDFW��

$LPV��$FXWH�LVFKHPLF�VWURNH�FDXVHV�VLJQLILFDQW�FKURQLF�GLVDELOLW\�ZRUOGZLGH��:H�GHVLJQHG�WKLV�VWXG\�WR�FODULI\�WKH�PHFKDQLVP�E\�ZKLFK�K\SRWKHUPLD
KHOSV�DOOHYLDWH�DFXWH�LVFKHPLF�VWURNH�

0HWKRGV��%HJLQQLQJ����PLQ�DIWHU�LQGXFLQJ�D�PLGGOH�FHUHEUDO�DUWHU\�RFFOXVLRQ��0&$2���ZH�NHSW�JURXSV�RI�UDWV�XQGHU�HLWKHU�K\SRWKHUPLF����j&��RU
QRUPRWKHUPLF����j&��FRQGLWLRQV��:H�WKHQ�KDUYHVWHG�EUDLQV�DQG�VHUD���K�DIWHU�WKH�RQVHW�RI�0&$2��7KLUW\�PLQ�SULRU�WR�0&$2�RQVHW��ZH�LQKLELWHG�KLJK
PRELOLW\�JURXS�ER[����+0*%���LQ�WZR�ZD\V��LQWUDSHULWRQHDO�DGPLQLVWUDWLRQ�RI�JO\F\UUKL]LQ������PJ�NJ��DQG�LQWUDFHUHEURYHQWULFXODU�LQMHFWLRQ�RI�DQ
DQWL�+0*%��QHXWUDOL]LQJ�DQWLERG\�

5HVXOWV��+\SRWKHUPLD�HIIHFWLYHO\�UHGXFHV�PHDQ�LQIDUFW�YROXPH��+\SRWKHUPLD�DOVR�SUHYHQWV�QHXURQV�LQ�WKH�LQIDUFW�DUHD�IURP�UHOHDVLQJ�+0*%���%\
SUHYHQWLQJ�LWV�UHOHDVH��K\SRWKHUPLD�DOVR�SUHYHQWV�WKH�0&$2�LQGXFHG�LQFUHDVH�LQ�VHUXP�+0*%���:H�DOVR�IRXQG�WKDW�ERWK�JO\F\UUKL]LQ�PHGLDWHG
LQKLELWLRQ�RI�+0*%��DQG�LQWUDFHUHEURYHQWULFXODU�QHXWUDOL]LQJ�DQWLERG\�WUHDWPHQWV�GLPLQLVK�LQIDUFW�YROXPH��:H�QH[W�XVHG�57�3&5�WR�PHDVXUH�WKH
OHYHOV�RI�SUR�LQIODPPDWRU\�F\WRNLQHV�LQ�SHUL�LQIDUFW�UHJLRQV��$OWKRXJK�0&$2�LQFUHDVHV�WKH�H[SUHVVLRQ�RI�LQWHUOHXNLQ��¸��,/��¸��DQG�WLVVXH�QHFURVLV
IDFWRU�·��71)�·���WKLV�HOHYDWLRQ�LV�VXSSUHVVHG�E\�ERWK�K\SRWKHUPLD�DQG�JO\F\UUKL]LQ�WUHDWPHQW�

&RQFOXVLRQ��:H�VKRZ�WKDW�K\SRWKHUPLD�UHGXFHV�WKH�SURGXFWLRQ�RI�LQIODPPDWRU\�F\WRNLQHV�DQG�KHOSV�VDOYDJH�SHUL�LQIDUFW�UHJLRQV�IURP�WKH
SURSDJDWLRQ�RI�LVFKHPLF�LQMXU\�YLD�+0*%��EORFNDGH��,Q�DGGLWLRQ�WR�VXJJHVWLQJ�D�SRWHQWLDO�PHFKDQLVP�IRU�K\SRWKHUPLDÇV�WKHUDSHXWLF�HIIHFWV��RXU
UHVXOWV�VXJJHVW�+0*%��PRGXODWLRQ�PD\�OHQJWKHQ�WKH�WKHUDSHXWLF�ZLQGRZ�IRU�VWURNH�WUHDWPHQWV�



',$*1267,&�7(&+12/2*<�	�5$',2/2*< 0LKDHOD�'XPHD

��������8UJHQW�HQGRVFRS\�YHUVXV�HDUO\�HQGRVFRS\�LQ�SDWLHQWV�ZLWK�XSSHU�JDVWURLQWHVWLQDO�EOHHGLQJ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0LKDHOD�'XPHD������'LDQD�&DUPHQ�&LPSRHVX������$QFD�+DLVDQ������3DXO�1HGHOHD������$QGUHL�&RQVWDQWLQ������$QGUHL�+DQFX������*DEULHOD�*ULJRUDVL�����
&ODXGLD�5DVFDQX������*LRUJLDQD�/RUHGDQD�0DWHL����

���(PHUJHQF\�'HSDUWPHQW���6W��6SLULGRQ�+RVSLWDO��LDVL��520$1,$
���(PHUJHQF\�'HSDUWPHQW���6W��6SLULGRQ�+RVSLWDO��8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\�*U�7�3RSD��,DVL��520$1,$
���(PHUJHQF\�'HSDUWPHQW��6W��6SLULGRQ�+RVSLWDO��8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\�*U�7�3RSD��,DVL��520$1,$
���(PHUJHQF\�'HSDUWPHQW��6W��6SLULGRQ�+RVSLWDO��,DVL��520$1,$

.H\ZRUGV��XSSHU�JDVWURLQWHVWLQDO�EOHHGLQJ��XUJHQW�HQGRVFRS\��HDUO\�HQGRVFRS\��SHSWLF�XOFHU

$EVWUDFW��

%DFNJURXQG��$FXWH�XSSHU�JDVWURLQWHVWLQDO�EOHHGLQJ��8*,%��LV�RQH�RI�WKH�FRPPRQHVW�PHGLFDO�HPHUJHQFLHV��7KH�LQLWLDO�HYDOXDWLRQ�RI�SDWLHQWV�ZLWK
8*,%�LQYROYHV�DQ�DVVHVVPHQW�RI�KHPRG\QDPLF�VWDELOLW\�DQG�UHVXVFLWDWLRQ�LI�QHFHVVDU\��(QGRVFRS\�LV�WKH�SULPDU\�GLDJQRVWLF�LQYHVWLJDWLRQ�LQ�SDWLHQWV
ZLWK�DFXWH�8*,%�EXW�LW�KDV�QRW�DOZD\V�EHHQ�FOHDU�ZKHWKHU�XUJHQW�HQGRVFRS\�LV�FRVW�HIIHFWLYH�DV�ZHOO�DV�FOLQLFDOO\�YDOXDEOH��(QGRVFRS\�DLGV�GLDJQRVLV�
SUHGLFW�RXWFRPH�DQG�PRVW�LPSRUWDQWO\�DOORZV�WUHDWPHQWV�WR�EH�GHOLYHUHG�WKDW�FDQ�VWRS�EOHHGLQJ�DQG�UHGXFH�WKH�ULVN�RI�UH�EOHHGLQJ�

$LP��7R�FRPSDUH�XUJHQW�YHUVXV�HDUO\�HQGRVFRS\�LQ�SDWLHQWV�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�DFXWH�XSSHU�JDVWURLQWHVWLQDO�EOHHGLQJ�

0HWKRGV��5HWURVSHFWLYH�VWXG\�LQ�GHVLJQ��ZLWK�D�WDUJHW�SRSXODWLRQ�RI�DGXOW�SDWLHQWV�GLDJQRVHG�ZLWK�XSSHU�JDVWURLQWHVWLQDO�EOHHGLQJ��ZKR�SUHVHQWHG
WR�WKH�HPHUJHQF\�GHSDUWPHQW�RI�WKH�(PHUJHQF\�+RVSLWDO��6W��6SLULGRQ���,DVL�1RUWKHDVW�5RPDQLD��GXULQJ�-DQXDU\�WR�'HFHPEHU�������:HUH�LQFOXGHG
SDWLHQWV�DJHG�RYHU����\HDUV�ZKR�DFXWH�8*,%�PDQLIHVWHG�E\�KDHPDWHPHVLV�DQG�PHOHQD��(DUO\�DQG�XUJHQW�HQGRVFRS\�ZDV�GHILQHG�DFFRUGLQJ�WR�WKH
QHZ�JXLGHOLQHV��'DWD�ZDV�FROOHFWHG�IURP�KRVSLWDO�FKDUWV�DQG�VWDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�6366������

5HVXOWV��2I�����SDWLHQWV�ZLWK�DFXWH�8*,%�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�����SDWLHQWV��&KDUDFWHULVWLFV�RI�WKH�VWXG\�JURXS�DUH��PHDQ�DJH�������\HDUV�k
������������&,�������WR�������������ZRPHQ��������������PHQ����������ZLWK�SUHSRQGHUDQFH�RI�SDWLHQWV�LQ�XUEDQ�DUHDV������������������SDWLHQWV
���������UHFHLYHG�XUJHQW�HQGRVFRS\��ZLWKLQ���KRXUV��YHUVXV�������������ZKR�UHFHLYHG�HDUO\�HQGRVFRS\��ZLWKLQ����KRXUV���$PRQJ�SDWLHQWV�ZKR
UHFHLYHG�XUJHQW�HQGRVFRS\�������������ZDV�LQ�WKH�ILUVW�KRXU�RI�SUHVHQWDWLRQ�LQ�HPHUJHQF\�GHSDUWPHQW�DQG������������LQ�WKH�ILUVW���KRXUV��7KH�PDLQ
HWLRORJ\�ZDV�YDULFHDO�EOHHGLQJ�����������IROORZHG�E\�SHSWLF�XOFHU�������������

&RQFOXVLRQV��7KH�GHFLVLRQ�WR�DGPLW�SDWLHQWV�GHSHQGHG�RQ�WKH�UHVXOW�REWDLQHG�DW�XUJHQW�HQGRVFRS\���7KH�QHHG�WR�VWDUW�WUHDWPHQW�DOVR�GHSHQGHG�RQ
WKH�RXWFRPH�RI�HQGRVFRS\�



0,6&(//$1(286 0DUkD�*LO�/RSH]

��������$QDO\VLV�FRUUHODWLRQ�EHWZHHQ�GLIIHUHQW�VFDOHV�RI�VHYHULW\�DVVHVVPHQW�LQ�DFXWH�SDQFUHDWLWLV��VWXG\�LQ�HPHUJHQF\
GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�*LO�/RSH]������(OHQD�3UDGR�0HO������)ORUHQWLQD�0RUHQR�&DODWUDYD������$QWRQLR�%HUQDE��5RMDV�5DPLUH]����

���(PHUJHQF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6\VWHP��6HYLOOH��63$,1
���+RVSLWDO�3KDUPDF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6\VWHP��6HYLOOH��63$,1

.H\ZRUGV��$FXWH�SDQFUHDWLWLV��SURJQRVLV��FRUUHODWLRQ��VFRULQJ�V\VWHPV

$EVWUDFW��

,QWURGXFWLRQ��$FXWH�SDQFUHDWLWLV�LV�D�GLVHDVH�FKDUDFWHUL]HG�E\�VHYHUH�IRUP�LQ�����RI�FDVHV��SUHVHQWLQJ�D�KLJK�PRUWDOLW\�ZKLFK�LV�YLWDO�WR�SUHGLFW�LWV
VHYHULW\��$W�SUHVHQW�WKHUH�DUH�GLIIHUHQW�FOLQLFDO�DQG�ELRFKHPLFDO�VHYHULW\�VFDOHV�DV�5DQVRQ��$SDFKH�,,��0DUVKDOO�DQG�%LVDS��ZKLFK�FDUU\�GLVFUHSDQFLHV
ZKHQ�EHLQJ�FRPSDUHG�WR�WRPRJUDSKLF�VFDOHV�OLNH�%DOWKD]DU�

2EMHWLYH��'HVFULSWLRQ�RI�GHJUHH�VHYHULW\�LQ�DFXWH�SDQFUHDWLWLV�DFFRUGLQJ�WR�5DQVRQ��$SDFKH�,,��0DUVKDOO�DQG�%LVDS�VFDOHV�DSSOLHG�LQ�SDWLHQWV�DW�WKH
PRPHQW�RI�DGPLVVLRQ�DQG�FRUUHODWH�WKHVH�RXWFRPHV�ZLWK�WKH�UHVXOWV�E\�%DOWKD]DU�VFDOH�

0HWKRGRORJ\�'HVFULSWLYH��REVHUYDWLRQDO�DQG�UHWURVSHFWLYH�VWXG\��3RSXODWLRQ�VWXG\�ZHUH�DOO�SDWLHQWV�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK
DFXWH�SDQFUHDWLWLV�EHWZHHQ�-XO\�WR�'HFHPEHU�������7KH�GLDJQRVLV�RI�DFXWH�SDQFUHDWLWLV�ZDV�HVWDEOLVKHG�ZLWK�WKH�IROORZLQJ�FULWHULD��VHYHUH�DEGRPLQDO
SDLQ�DQG�HOHYDWHG�DP\ODVH�DQG��RU�OLSDVH�PRUH�WKDQ�WKUHH�WLPHV�WKH�XSSHU�OLPLW�RI�QRUPDO��3DWLHQWV�ZKR�ZHUH�QRW�SHUIRUPHG�DEGRPLQDO�&7�VFDQ
ZLWKLQ����KRXUV�RI�RQVHW�RI�V\PSWRPV�ZHUH�H[FOXGHG��$�FRUUHODWLRQ�EHWZHHQ�FOLQLFDO�VFDOHV��5DQVRQ��$SDFKH�,,��0DUVKDOO�DQG�%LVDS��DQG�%DOWKD]DU
VFDOH�ZDV�SHUIRUPHG�EDVHG�RQ�WKH�3HDUVRQ�&RUUHODWLRQ�FRHIILFLHQW��6HQVLWLYLW\��VSHFLILFLW\��SRVLWLYH�DQG�QHJDWLYH�SUHGLFWLYH�YDOXH�RI�HDFK�FOLQLFDO
VFDOHV�ZHUH�FDOFXODWHG�ZLWK�UHVSHFW�%DOWKD]DU�VFDOH��7KH�SUHGLFWLYH�FDSDFLW\�RI�HYHU\�VFDOH�ZDV�PHDVXUHG�E\�WKH�DUHD�XQGHU�WKH�UHFHLYHU�RSHUDWLQJ
FXUYH��$8&���'DWD�ZHUH�DQDO\]HG�E\�6366�Y����

5HVXOWV�7KH�VWXG\�LQFOXGHG����SDWLHQWV�ZLWK�D�PHDQ�DJH�RI������\HDUV��6'������\HDUV���������ZHUH�ZRPHQ��7KH�DOFRKRO�LQGXFHG�SDQFUHDWLWLV
RFXUUHG�LQ������RI�PHQ�DQG�D�RQO\�FDVH�LQ�ZRPHQ��0RVW�SDWLHQWV�ZHUH�KRVSLWDOL]HG�DQ�DYHUDJH�RI����GD\V��6'���������7KH�5DQVRQ�VFDOH�FODVVLILHG�DV
VHYHUH�������RI�SDWLHQWV�FRPSDUHG�WR�WKH�$SDFKH�,,�VFDOH�WKDW�ULVHV�WR��������0DUVKDOO�DQG�%LVDS��VFDOHV�FODVVLILHG�WR�WKH�SDWLHQWV�VLPLODUO\�DV�PLOG
DSSUR[LPDWHO\�����DQG�����VHYHUH��%DOWKD]DU�FODVVLILHG�DV�VHYHUH�DFXWH�SDQFUHDWLWLV�DOPRVW�����RI�FDVHV���%,6$3�LV�WKH�VFDOH�ZLWK�WKH�EHVW�$UHD
8QGHU�WKH�&XUYH��$8&�����������%,6$3�SUHVHQWHG�WKH�EHVW�3HDUVRQnV�FRUUUHODWLRQ�ZLWK�UHVSHFW�%DOWKD]DU���������S �������

&RQFOXVLRQV��$FXWH�SDQFUHDWLWLV�LV�GLVWULEXWHG�HTXDOO\�LQ�ERWK�VH[HV��DOFRKROLF�HWLRORJ\�LV�FOHDUO\�PRUH�FRPPRQ�LQ�PHQ��5DQVRQ�VFDOH�DSSOLHG�RQO\
RQH�WLPH�WR�WKH�DGPLVVLRQ�RI�SDWLHQWV�LV�QRW�YDOLG�DV�SUHGLFWHG�VFDOH��$FXWH�SDQFUHDWLWLV�PD\�KDYH�SDQFUHDWLF�DQG�H[WUDSDQFUHDWLF�FRPSOLFDWLRQV�VR
WKH�VFDOH�RI�%DOWKD]DU�&7�VKRXOG�QRW�EH�XVHG�DV�D�EHQFKPDUN��EXW�DV�D�FRPSOHPHQWDU\�WRRO�LQ�ULVN�VWUDWLILFDWLRQ�DQG�SURJQRVLV�RI�DFXWH�SDQFUHDWLWLV�
%LVDS�LV�SRVWXODWHG�DV�WKH�PRVW�DSSURSULDWH�VFDOH�LQ�RXU�VWXG\�VKRZLQJ�KLJK�VSHFLILFLW\�DQG�JRRG�3HDUVRQnV�FRUUHODWLRQ�ZLWK�%DOWKD]DU�VFDOH�



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< 62�+<81�3$(.

��������0LGGOH�(DVW�5HVSLUDWRU\�6\QGURPH�WUHQGV�LQIOXHQFH�HPHUJHQF\�GHSDUWPHQW�XWLOL]DWLRQ�SDWWHUQV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3$(.�62�+<81������.LP�'R�.\XQ������-81*�-,1�+((������/HH�-LQ�+HH������.ZRQ�+\XNVRRO������&KDQJ�,N�:DQ������3$5.�-81*:$1����

�����12��VHRXO��.25($��5(38%/,&�2)

.H\ZRUGV��(PHUJHQF\�GHSDUWPHQW��0(56��3HGLDWULF��$GXOW

$EVWUDFW��

$Q�RXWEUHDN�RI�0LGGOH�(DVW�5HVSLUDWRU\�6\QGURPH��0(56��RFFXUUHG�LQ�0D\�RI������LQ�6RXWK�.RUHD��$OO�FDVHV�ZHUH�DVVRFLDWHG�ZLWK�KHDOWKFDUH
IDFLOLWLHV��6LQFH�HPHUJHQF\�GHSDUWPHQWV�('��ZHUH�VXJJHVWHG�DV�WKH�SULPDU\�ZD\�WKDW�WKH�YLUXV�VSUHDGV��WKH�FKDQJH�RI�YLVLWV�SDWWHUQV�WR�WKH�('�ZHUH
REVHUYHG��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�DQDO\]H�WKH�SDWWHUQV�RI�DGXOW�DQG�SHGLDWULF�SDWLHQWV�YLVLWLQJ�WKH�HPHUJHQF\�GHSDUWPHQW��('��GXULQJ�WKH
0(56�SHULRG��7KLV�VWXG\�ZDV�FDUULHG�RXW�IURP�-XQH���������WR�-XO\����������GXULQJ�WKH�0(56�HSLGHPLF�LQ�6RXWK�.RUHD��:H�SHUIRUPHG�D�UHWURVSHFWLYH
VWXG\�RQ�DOO�('�SDWLHQWV�DW�6HRXO�1DWLRQDO�8QLYHUVLW\�+RVSLWDO��:H�FRPSDUHG�DQG�DQDO\]HG�WKH�FKDUDFWHULVWLFV�RI�SDWLHQWV��HPHUJHQF\�VHYHULW\�LQGH[
�(6,��OHYHO�DW�YLVLWV��FDXVH�RI�YLVLW��GLDJQRVLV��HPHUJHQF\�URRP�WUHDWPHQW�UHVXOWV��LQMXU\�QRQ�LQMXU\��OHQJWK�RI�('�VWD\��('/26��DQG�KRVSLWDOL]DWLRQ
UDWH��$�WRWDO�RI�������SDWLHQWV�YLVLWHG�WKH�('�GXULQJ�WKLV�SHULRG��������SHGLDWULF�SDWLHQWV���������DQG�������DGXOW�SDWLHQWV����������7KH�PRVW
FRPPRQ�FDXVH�RI�('�YLVLW�ZDV�IHYHU��DGXOWV���������SHGLDWULF���������7KH�SURSRUWLRQ�QRQ�XUJHQW�YLVLWV�RI�(6,������QRQ�LQMXU\�SDWLHQW�UDWH��DQG�WKH
('/26�DOO�GHFUHDVHG�VLJQLILFDQWO\�LQ�SHGLDWULF�SDWLHQWV��'XULQJ�WKH�0(56�SHULRG��SHGLDWULF�('�YLVLWV�IRU�QRQ�XUJHQW�FDVHV�GHFUHDVHG�FRPSDUHG�WR�WKH
SUHYLRXV�WZR�\HDUV�ZKLOH�WKH�UDWH�RI�LQMXUHG�SDWLHQWV�LQFUHDVHG�FRPSDUHG�WR�WKH�SUHYLRXV�WZR�\HDUV��7KHUH�ZHUH�PRUH�SURQRXQFHG�GLIIHUHQFHV�LQ
HPHUJHQF\�GHSDUWPHQW�XWLOL]DWLRQ�SDWWHUQV�IRU�DGXOW�SDWLHQWV�WKDQ�LQ�SHGLDWULF�SDWLHQWV�



72;,&2/2*< 7DH�+RRQ�.LP

��������7KH�UHFRYHU\�RI�VHUXP�SVHXGRFKROLQHVWHUDVH�DQG�FOLQLFDO�FKDUDFWHULVWLFV�RI�SDWLHQWV�E\�RUJDQRSKRVSKDWH�SRLVRQLQJ
URXWH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-LQ�6X�-X������7DH�+RRQ�.LP������.\XQJ�+RRQ�6XQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%XVDQ�%DLN�+RVSLWDO��&ROOHJH�RI�0HGLFLQH��,QMH�8QLYHUVLW\��%XVDQ��.25($��5(38%/,&�2)

.H\ZRUGV��2UJDQRSKRVSKDWH��3VHXGRFKROLQHVWHUDVH

$EVWUDFW��

%DFNJURXQG�DQG�REMHFWLYHV��2UJDQRSKRVSKDWHV�DUH�FRPPRQO\�XVHG�SHVWLFLGHV�WKDW�DUH�DVVRFLDWHG�ZLWK�D�KLJK�ULVN�RI�SRLVRQLQJ��$�VHUXP
SVHXGRFKROLQHVWHUDVH�OHYHO�V�XVHG�IRU�GLDJQRVLV�RI�RUJDQRSKRVSKDWH�SRLVRQLQJ�DQG�HVWLPDWLRQ�RI�VHYHULW\��7KLV�VWXG\�ZDV�SHUIRUPHG�WR�FRPSDUH
VHULDO�FKDQJH�RI�VHUXP�SVHXGRFKROLQHVWHUDVH�OHYHO�DQG�VHYHULW\�LQ�WKH�VHWWLQJ�RI�RUJDQRSKRVSKDWH�SRLVRQLQJ�

0HWKRGV��:H�FRPSDUHG�DQG�DQDO\]HG�VHUXP�SVHXGRFKROLQHVWHUDVH�OHYHO�FKDQJH�DQG�FOLQLFDO�FKDUDFWHULVWLFV�ZLWK�RUDO�URXWH�SRLVRQHG�JURXS�DQG
QRQ�RUDO�URXWH�SRLVRQHG�JURXS�LQ�SDWLHQWV�ZKR�YLVLWHG�WKH�HPHUJHQF\�GHSDUWPHQW�GXH�WR�RUJDQRSKRVSKRUXV�LQWR[LFDWLRQ�IURP�-DQXDU\������WR�0D\
�����

5HVXOWV��$�WRWDO�����SDWLHQWV�ZHUH�HQUROOHG�WKDW�����ZHUH�RUDO�URXWH�SRLVRQHG�JURXS�DQG����ZHUH�QRQ�RUDO�URXWH�SRLVRQHG�JURXS��$�VHUXP
SVHXGRFKROLQHVWHUDVH�OHYHO�ZDV�ORZHU�LQ�RUDO�URXWH�SRLVRQHG�JURXS�WKDQ�QRQ�RUDO�URXWH�SRLVRQHG�JURXS�DW�WKH�HDUO\�VWDJH�ZLWKLQ���GD\V�DIWHU
SRLVRQLQJ��$�KXQGUHG�DQG�WZHOYH�SDWLHQWV�LQ�RUDO�URXWH�JURXS�DQG����SDWLHQWV�LQ�QRQ�RUDO�JURXS�VXIIHUHG�IURP�UHVSLUDWRU\�GLVWUHVV��3� ���������,Q�RUDO
URXWH�SRLVRQLQJ�JURXS������SDWLHQWV�UHTXLUHG�PHFKDQLFDO�YHQWLODWLRQ�ZLWK�HQGRWUDFKHDO�LQWXEDWLRQ�DQG����SDWLHQWV�GHYHORSSHG�DVSLUDWLRQ�SQHXPRQLD�
2Q�WKH�RWKHU�KDQG�����SDWLHQWV�QHHGHG�D�PHFKDQLFDO�YHQWLODWLRQ�ZLWK�HQGRWUDFKHDO�LQWXEDWLRQ�DQG���SDWLHQWV�GHYHORSSHG�DVSLUDWLRQ�SQHXPRQLD�LQ
WKH�QRQ�RUDO�URXWH�SRLVRQLQJ�JURXS��7KH�UDWH�RI�DGPLVVLRQ�DQG�LQWHQVLYH�FDUH�LQ�RUDO�URXWH�SRLVRQHG�JURXS�ZDV�KLJKHU�WKDQ�QRQ�RUDO�URXWH�SRLVRQHG
JURXS�

&RQFOXVLRQV��6HUXP�SVHXGRFKROLQHVWHUDVH�OHYHO�LQ�WKH�RUDO�URXWH�JURXS�ZDV�ORZHU�WKDQ�QRQ�RUDO�URXWH�JURXS�DW�WKH�HDUO\�VWDJH��$�IUHTXHQF\�RI
UHVSLUDWRU\�FRPSOLFDWLRQV�UDWH�ZDV�KLJKHU�LQ�RUDO�URXWH�SRLVRQHG�JURXS�WKDQ�QRQ�RUDO�URXWH�SRLVRQHG�JURXS�



&35���5(686&,7$7,21 9HHUDSRQJ�9DWWDQDYDQLW

��������&OLQLFDO�RXWFRPHV�RI�WKUHH�\HDUV�RI�H[SHULHQFH��WDUJHWLQJ�WHPSHUDWXUH�PDQDJHPHQW��770��LQ�SDWLHQWV�ZLWK
RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��LQ�6RQJNODQDJDULQG�+RVSLWDO��6RXWKHUQ�7KDLODQG��WKH�DQDO\VLV�RI�0,&8�770�UHJLVWU\�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9HHUDSRQJ�9DWWDQDYDQLW������5XQJVXQ�%KXUD\DQRQWDFKDL����

���'LYLVLRQ�RI�&ULWLFDO�&DUH�0HGLFLQH��'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH��3ULQFH�RI�6RQJNOD�8QLYHUVLW\��+DW�<DL��7+$,/$1'

.H\ZRUGV��RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��WDUJHWHG�WHPSHUDWXUH�PDQDJHPHQW

$EVWUDFW��

%DFNJURXQG�

2XW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��LV�RQH�RI�WKH�OHDGLQJ�FDXVHV�IRU�,&8�DGPLVVLRQ��ZKLFK�FDXVHV�D�KLJK�LQ�KRVSLWDO�PRUWDOLW\��)URP�RXU�UHFHQW
UHFRUGV��WKH�VXUYLYDO�WR�KRVSLWDO�GLVFKDUJH�UDWH��DIWHU�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ���&35��ZDV�RQO\�������)RUWXQDWHO\��770�KDV�EHHQ�LQWURGXFHG
RYHU��PDQ\�\HDUV�WR�LPSURYH�QHXURORJLFDO�DQG�PRUWDOLW\�RXWFRPHV��SDUWLFXODUO\�LQ�FDUGLDF�DUUHVW�SDWLHQWV�IURP�FDUGLRJHQLF�FDXVHV�ZLWK�VKRFNDEOH
UK\WKPV��770�KDV�EHHQ�LPSOLHG�WR�RXU�KRVSLWDO�VLQFH�WKH�\HDU������ZKLFK��H[SHFWHGO\��LPSURYHG�WKH�VWDQGDUG�RI�FDUH�LQ�2+&$�SDWLHQWV��7KLV�LV�D
�UHSRUW�RI�WKH�FOLQLFDO��DQG�PRUWDOLW\�RXWFRPHV�DIWHU�770�ZDV��LQWURGXFHG�WR�RXU�KRVSLWDO�RYHU�WKH�SDVW���\HDUV�

0HWKRG�

$�UHWURVSHFWLYH�VWXG\�ZDV�SHUIRUPHG�XVLQJ�0,&8�770�UHJLVWU\�LQ������������6WDQGDUG�&35�ZDV�SHUIRUPHG��770�KDG�EHHQ�SHUIRUPHG�RQ�HYHU\�2+&$
SDWLHQW��HLWKHU�GXH�WR�FDUGLDF�RU�QRQ�FDUGLDF�FDXVHV��LI�QR�FRQWUDLQGLFDWLRQ��$IWHU�WKH�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��526&���DQ�$UFWLF�6XQiVXUIDFH
FRROLQJ�PDFKLQH�ZDV�FRQQHFWHG�WR��UDSLGO\�FRQWUROO�ERG\�WHPSHUDWXUH�WR�D�WDUJHW�RI����GHJUHH�&HOVLXV�IRU����KRXUV��$IWHUZDUGV��WKH�UH�ZDUPLQJ
SURFHVV�ZDV�VWDUWHG�WR�VORZO\�UHWXUQ�WKH�ERG\�WHPSHUDWXUH�WR����GHJUHH�&HOVLXV��7KH�&HUHEUDO�3HUIRUPDQFH�&DWHJRU\��&3&��VFDOH�DORQJ�ZLWK�WKH
�FOLQLFDO�RXWFRPHV�ZHUH�UHFRUGHG�LQWR�WKH�0,&8�770�UHJLVWU\�

5HVXOWV�

)URP�����FDVHV��WKRVH�RI�PDOH�JHQGHU�ZHUH��WKH�PDMRULW\�RI�SDWLHQWV��������������ZLWK�WKH�PHDQ�DJH�RI���������������\HDUV��7KH�2+&$�IURP�FDUGLDF
FDXVHV�ZDV�RQO\���������7KH�LQLWLDO�(&*�UK\WKPV�ZHUH�YHQWULFXODU�ILEULOODWLRQ����������DV\VWROH����������DQG�SXOVHOHVV�HOHFWULFDO�DFWLYLW\���������
UHVSHFWLYHO\��7KH�PHDQ�WLPH�IURP�DUUHVW�WR�526&�ZDV��������������PLQXWHV��6XUYLYDO�UDWH�WR�KRVSLWDO�GLVFKDUJH�ZDV����������������EXW�QHXURORJLFDO
RXWFRPHV�ZHUH�LQ�D�SHUVLVWHQW�YHJHWDWLYH�VWDWH����������������9HQWLODWRU�DVVRFLDWHG�SQHXPRQLD��9$3��RFFXUUHG�LQ�������RI�WKH�WRWDO�770�WUHDWHG
SDWLHQWV��,Q�PXOWLYDULDWH�DQDO\VLV��LQLWLDO�VKRFNDEOH�UK\WKP�ZDV�SRVLWLYHO\�DVVRFLDWHG�ZLWK�VXUYLYDO�DW�KRVSLWDO�GLVFKDUJH��25�����������&,�����������S
�������7KH�JURXS�RI�SRRU�QHXURORJLFDO�RXWFRPHV�KDG�D�VLJQLILFDQWO\�KLJKHU�$3$&+(�,,�VFRUH�WKDQ�DQRWKHU�JURXS���������������YV���������������S�������

&RQFOXVLRQ�

,Q�RXU�SUDFWLFH��770�LQ�2+&$�SDWLHQWV�GHPRQVWUDWHG�EHWWHU�PRUWDOLW\�EHQHILWV�FRPSDUHG�WR�RXU�SUHYLRXV�UHFRUGLQJV��GHVSLWH�WKH�SRRU�QHXURORJLFDO
RXWFRPH��9$3�ZDV�WKH�PDMRU�FRPSOLFDWLRQ�RI�770��1HYHUWKHOHVV��770�VKRXOG�EH�FRQVLGHUHG�LQ�HYHU\�FDVHV�RI�2+&$��UHJDUGOHVV�RI�FDXVHV��DIWHU
REWDLQHG�526&�



0,6&(//$1(286 3DWULFN�'LVVPDQQ

��������'R�UHIXJHHV�SRVH�D�VHULRXV�QDWLRQDO�SXEOLF�KHDOWK�WKUHDW"�,QFLGHQFH�RI�FRPPXQLFDEOH�GLVHDVHV�DPRQJVW�D
UHSUHVHQWDWLYH�FRKRUW�RI�������UHIXJHHV�LQ�*HUPDQ\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3DWULFN�'LVVPDQQ������)HOL[�.RHKULQJ������)ORULDQ�)LVFKHU����

���(PHUJHQF\�'HSDUWPHQW���&HQWUH�IRU�5HIXJHH�0HGLFLQH��.OLQLNXP�/LSSH�*PE+��'HWPROG��*(50$1<
���6FKRRO�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI�%LHOHIHOG��%LHOHIHOG��*(50$1<

.H\ZRUGV��5HIXJHHV��SXEOLF�KHDOWK��LQIHFWLRQ��FRPPXQLFDEOH�GLVHDVH��VFUHHQLQJ��QDWLRQDO�WKUHDW��LQFLGHQFH

$EVWUDFW��

,QWURGXFWLRQ�

*HUPDQ�LPPLJUDWLRQ�ODZV�UHTXLUH�UHIXJHHV�WR�XQGHUJR�PHGLFDO�VFUHHQLQJ�DV�SDUW�RI�WKH�DV\OXP�DSSOLFDWLRQ�SURFHVV��7KLV�FRQVLVWV�RI�D�VHOI�UHSRUWLQJ
TXHVWLRQQDLUH��D�SK\VLFDO�H[DPLQDWLRQ�DQG�D�WXEHUFXORVLV�VFUHHQLQJ��7KHUH�DSSHDUV�WR�EH�VRPH�DQ[LHW\�ZKHWKHU�UHIXJHHV�SRVH�D�SXEOLF�KHDOWK�WKUHDW
WR�WKH�*HUPDQ�SRSXODWLRQ�WKURXJK�KLJKHU�WKDQ�XVXDO�UDWHV�RI�FRPPXQLFDEOH�GLVHDVHV��7KLV�VWXG\�DLPV�WR�DVVHVV�WKH�LQFLGHQFH�RI�FRPPXQLFDEOH
GLVHDVHV��L�H��KHDG�OLFH��VFDELHV��KHSDWLWLV��+,9�RU�WXEHUFXORVLV�DPRQJVW�UHIXJHHV�

�

0HWKRGV�

:H�FROOHFWHG�GDWD�RQ�FRPPXQLFDEOH�GLVHDVHV�RI�UHIXJHHV�OLYLQJ�LQ�KROGLQJ�FDPSV�LQ�WKH�&RXQW\�RI�/LSSH��*HUPDQ\��$OO�UHIXJHHV�QRW�KDYLQJ
XQGHUJRQH�D�PHGLFDO�VFUHHQLQJ�H[DPLQDWLRQ�RU�SDUWV�WKHUHRI�XQGHUZHQW�D�PHGLFDO�VFUHHQLQJ�H[DPLQDWLRQ�DV�SDUW�RI�WKH�ZHHNO\�UHIXJHH�PHGLFLQH
FOLQLFV�UXQ�E\�WKH�HPHUJHQF\�GHSDUWPHQW��'HPRJUDSKLFDO�GDWD�LQFOXGLQJ�DJH��JHQGHU�DQG�FRXQWU\�UHJLRQ�RI�RULJLQ�DV�ZHOO�DV�DQ\�QRWDEOH�ILQGLQJV
GXULQJ�WKH�VHOI�UHSRUWLQJ�TXHVWLRQQDLUH��SK\VLFDO�H[DPLQDWLRQ�DQG�WXEHUFXORVLV�VFUHHQLQJ�ZHUH�UHFRUGHG��7XEHUFXORVLV�VFUHHQLQJ�FRQVLVWHG�RI�HLWKHU
FKHVW�UDGLRJUDSKV��LQWHUIHURQ�JDPPD�LPPXQR�DVVD\�RU�D�0HQGHO�0DQWRX[�VNLQ�SULFN�WHVW��RU�D�FRPELQDWLRQ�RI�WKHVH��GHSHQGLQJ�RQ�DJH�DQG�RU
SUHJQDQF\�VWDWXV�

�

5HVXOWV�

7KH�&RXQW\�RI�/LSSH�RSHUDWHV���UHIXJHH�FDPSV�ZLWK�D�FDSDFLW\�RI��������UHIXJHHV�HDFK��)URP�2FWREHU������XQWLO�0DUFK������DOWRJHWKHU������
UHIXJHHV�ZHUH�UHJLVWHUHG�IRU�PHGLFDO�H[DPLQDWLRQ�ZLWK�������DFWXDOO\�DWWHQGLQJ����������2I�WKHVH��������ZHUH�PDOH�DQG�������IHPDOH��7KH�PHDQ
DJH�ZDV����\HDUV��0RVW�UHIXJHHV�RULJLQDWHG�IURP�:HVWHUQ�$VLD����������IROORZHG�E\�WKRVH�FRPLQJ�IURP�%DONDQ�VWDWHV����������$IULFD��������DQG
IRUPHU�6RYLHW�VWDWHV��������

$V�SDUW�RI�WXEHUFXORVLV�VFUHHQLQJ�������UHIXJHHV�XQGHUZHQW�FKHVW�[�UD\�LQ�RXU�FOLQLF��ZKHUHDV�������ZHUH�[�UD\HG�HOVHZKHUH��������UHIXJHHV
UHFHLYHG�LQWHUIHURQ�JDPPD�LPPXQR�DVVD\�DQG�����FKLOGUHQ�XQGHU�WKH�DJH�RI���\HDUV�UHFHLYHG�D�0HQGHO�0DQWRX[�VNLQ�SULFN�WHVW��'XH�WR�D�ODFN�RI
VXSSO\�RI�0HQGHO�0DQWRX[�VHUXP�IURP�'HFHPEHU������RQZDUGV�LQ�ZKROH�(XURSH������FKLOGUHQ�GLG�QRW�UHFHLYH�DQ\�WXEHUFXORVLV�VFUHHQLQJ�DW�DOO�

2YHUDOO��RQO\����UHIXJHHV�ZHUH�IRXQG�WR�KDYH�VFDELHV���������DQG������������ZHUH�WHVWHG�SRVLWLYH�IRU�KHDG�OLFH����������,Q�FRQWUDVW������UHIXJHHV
KDG�D�QRQ�FRPPXQLFDEOH�\HW�UHOHYDQW�PHGLFDO�FRQGLWLRQ���������UHTXLULQJ�IROORZ�XS��:H�IRXQG����RI�������VFUHHQHG�UHIXJHHV�WR�KDYH�DQ�DEQRUPDO
WXEHUFXORVLV�VFUHHQLQJ�UHVXOW����������2I�WKHVH��RQO\���ZHUH�FRQILUPHG�WR�KDYH�DFWLYH�WXEHUFXORVLV�UHTXLULQJ�VWDQGDUG�FRPELQDWLRQ�WKHUDS\��������
DQG���UHIXJHHV�UHTXLUHG�LVRODWLRQ�GXH�WR�RSHQ�WXEHUFXORVLV����������,QWHUHVWLQJO\����UHIXJHHV�ZHUH�NQRZQ�WR�VXIIHU�IURP�YLUDO�KHSDWLWLV���������DQG
��UHSRUWHG�WR�EH�+,9�SRVLWLYH���������

�

'LVFXVVLRQ�

7KLV�VWXG\�LV�WKH�ILUVW�WR�GHVFULEH�WKH�LQFLGHQFH�RI�QRWLILDEOH�FRPPXQLFDEOH�GLVHDVHV�DQG�WXEHUFXORVLV�DPRQJVW�D�UHSUHVHQWDWLYH�VDPSOH�RI�UHIXJHHV
FRPLQJ�WR�*HUPDQ\��$OWKRXJK�RQO\������RI�WKH�WRWDO�UHIXJHHV�HQWHULQJ�*HUPDQ\�ZHUH�LQFOXGHG��WKH�UHVXOWV�DSSHDU�WR�EH�IDLUO\�FRPSDUDEOH�WR�WKH
RYHUDOO�UHIXJHH�SRSXODWLRQ��7KH�LQFLGHQFH�RI�WXEHUFXORVLV�DPRQJVW�UHIXJHHV�DSSHDUV�WR�EH����WLPHV�KLJKHU�WKDQ�IRU�WKH�UHVLGHQW�*HUPDQ�SRSXODWLRQ�
1HYHUWKHOHVV��WKH�SURMHFWHG�RYHUDOO�QXPEHU�RI�DSSUR[LPDWHO\�����QHZ�WXEHUFXORVLV�FDVHV�DPRQJVW�UHIXJHHV�FRPSDUHG�WR�DQ�RYHUDOO�QDWLRQDO
LQFLGHQFH�RI�������QHZ�FDVHV�LQ������GRHV�QRW�VHHP�WR�SRVH�DQ\�VHULRXV�SXEOLF�KHDOWK�WKUHDW�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

.DUHQ�'L'RQDWR

��������(IILFDF\�DQG�6DIHW\�RI�6XIHQWDQLO�6XEOLQJXDO���PFJ�7DEOHW�IRU�0DQDJHPHQW�RI�$FXWH�7UDXPDWLF�3DLQ�LQ�WKH�(PHUJHQF\
'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-DPHV�0LQHU������+DUROG�0LQNRZLW]������=XEDLG�5DILTXH������.DUHQ�'L'RQDWR����

���(PHUJHQF\�0HGLFLQH���3ULQFLSDO�,QYHVWLJDWRU��+HQQHSLQ�&RXQW\�0HGLFDO�&HQWHU��0LQQHDSROLV��86$
���$QHVWKHVLD����+RXVWRQ��86$
���(PHUJHQF\�0HGLFLQH���3ULQFLSDO�,QYHVWLJDWRU��%D\ORU�&ROOHJH�RI�0HGLFLQH��+RXVWRQ��86$
���0HGLFDO�$IIDLUV��$FHO5[�3KDUPDFHXWLFDOV��%XUOLQJDPH��86$

.H\ZRUGV��VXIHQWDQLO��VXEOLQJXDO��SDLQ�PDQDJHPHQW��DQDOJHVLD

$EVWUDFW��

,QWURGXFWLRQ��3DLQ�LV�WKH�PRVW�FRPPRQ�UHDVRQ�SHRSOH�YLVLW�WKH�HPHUJHQF\�URRP��$�UHYLHZ�RI�HPHUJHQF\�GHSDUWPHQW��('��SDLQ�PDQDJHPHQW
SUDFWLFHV�KRZHYHU�GHPRQVWUDWHV�WUHDWPHQW�LQFRQVLVWHQF\�DQG�LQDGHTXDF\�WKDW�H[WHQGV�DFURVV�DOO�GHPRJUDSKLF�JURXSV��7KLV�GLVFUHSDQF\�DSSHDUV�WR
VWHP�IURP�D�PXOWLWXGH�RI�EDUULHUV�LQFOXGLQJ�ODFN�RI�HGXFDWLRQDO�HPSKDVLV�RQ�SDLQ�PDQDJHPHQW�LQ�QXUVLQJ�DQG�PHGLFDO�VFKRRO��IDLOXUH�WR�LPSOHPHQW
('�VSHFLILF�SDLQ�PDQDJHPHQW�JXLGHOLQHV��FOLQLFLDQVÇ�LQDSSURSULDWH�DWWLWXGHV�WRZDUG�RSLRLG�DQDOJHVLFV�DQG�D�SDXFLW\�RI�ULJRURXV�VWXGLHV�RI
SRSXODWLRQV�ZLWK�VSHFLDO�SDLQ�PDQDJHPHQW�QHHGV��LH�SHGLDWULFV�DQG�WKH�HOGHUO\���6SHFLILFDOO\��PDQ\�SDWLHQWV�VWLOO�VXIIHU�IURP�DFXWH�SDLQ�ZKLOH�ZDLWLQJ
WR�EH�HYDOXDWHG��ZDLWLQJ�IRU�LQWUDYHQRXV��,9��DFFHVV�WR�EH�HVWDEOLVKHG�DQG�RU�ZDLWLQJ�IRU�WUHDWPHQW�RU�SURFHGXUHV��7KHUH�UHPDLQV�D�FOLQLFDO�QHHG�IRU
UDSLG�DFWLQJ��SRWHQW�DQDOJHVLFV�WKDW�GR�QRW�UHTXLUH�DQ�LQYDVLYH�URXWH�RI�GHOLYHU\���$�VXEOLQJXDO�VXIHQWDQLO���PFJ�WDEOHW�LV�LQ�GHYHORSPHQW�IRU
WUHDWPHQW�RI�DFXWH�SDLQ�LQ�HPHUJHQF\�PHGLFLQH�RU�ILHOG�WUDXPD�VHWWLQJV�7KH�SULPDU\�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�VDIHW\�DQG�HIILFDF\
RI�WKH�VXIHQWDQLO�VXEOLQJXDO���PFJ�WDEOHW�IRU�WKH�PDQDJHPHQW�RI�PRGHUDWH�WR�VHYHUH�DFXWH�SDLQ�LQ�SDWLHQWV�LQ�DQ�('�VHWWLQJ��

0HWKRGV��7KLV�LV�D�SKDVH����PXOWL�FHQWHU�DQG�RSHQ�ODEHO�VWXG\�IRU�XS�WR���KRXUV�LQ�DGXOW�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�ZLWK�DFXWH�SDLQ�EURXJKW�RQ�E\
UHFHQW�WUDXPD�RU�LQMXU\��)ROORZLQJ�,5%�DSSURYDO�DQG�SDWLHQW�LQIRUPHG�FRQVHQW��DSSUR[LPDWHO\�����SDWLHQWV�ZKR�PHW�DOO�LQFOXVLRQ�DQG�QRQH�RI�WKH
H[FOXVLRQ�FULWHULD�ZHUH�DGPLQLVWHUHG�XS�WR�IRXU�LQGLYLGXDO�GRVHV�RI�WKH�VXIHQWDQLO�VXEOLQJXDO���PFJ�WDEOHW��JLYHQ�DW�OHDVW����PLQXWHV�DSDUW���(IILFDF\
ZDV�DVVHVVHG�E\�SDWLHQW�UHSRUWV�RI�SDLQ�LQWHQVLW\�RQ�DQ����SRLQW�QXPHULFDO�UDWLQJ�VFDOH����� �QR�SDLQ��DQG���� �ZRUVW�SRVVLEOH�SDLQ��DQG�D�ILYH�SRLQW
SDLQ�UHOLHI�VFDOH���� �QR�UHOLHI���� �FRPSOHWH�UHOLHI��DV�ZHOO�DV�SDWLHQW�DQG�KHDOWKFDUH�SURIHVVLRQDO�JOREDO�DVVHVVPHQWV��3*$�DQG�+3*$����3ULPDU\
HIILFDF\�YDULDEOH�ZDV�WKH�VXPPHG�SDLQ�LQWHQVLW\�GLIIHUHQFH�WR�EDVHOLQH�RYHU�WKH�ILUVW�KRXU��63,'����6DIHW\�ZDV�DVVHVVHG�YLD�YLWDO�VLJQV��R[\JHQ
VDWXUDWLRQ�PRQLWRULQJ�DQG�DGYHUVH�HYHQW�UHSRUWLQJ��$(V��

5HVXOWV��(QUROOPHQW�LV�RQ�JRLQJ�ZLWK�DSSUR[LPDWHO\����RI�WKH�����SDWLHQWV�HQUROOHG�WR�GDWH���$Q�LQWHULP�DQDO\VLV�ZDV�SHUIRUPHG�IROORZLQJ�SDWLHQW
�����LQGLFDWLQJ�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�FOLQLFDOO\�PHDQLQJIXO�UHGXFWLRQV�LQ�SDLQ�LQWHQVLW\�IROORZLQJ�D�VLQJOH�GRVH�RI�VXEOLQJXDO�VXIHQWDQLO���PFJ��
$�ORZ�QXPEHU�RI�DGYHUVH�HYHQWV�KDYH�EHHQ�UHSRUWHG��PRVW�RI�ZKLFK�DUH�PLOG�LQ�VHYHULW\��1DXVHD�DQG�VRPQROHQFH�DUH�WKH�RQO\�HYHQWV�UHSRUWHG�E\
PRUH�WKDQ�RQH�SDWLHQW��,I�VHOHFWHG�IRU�SUHVHQWDWLRQ��FRPSOHWH�WRS�OLQH�UHVXOWV�ZLOO�EH�SUHVHQWHG�LQ�9LHQQD�DW�WKH�(X6(0�PHHWLQJ��LQFOXGLQJ�D�GHWDLOHG
EUHDNGRZQ�RI�WKH�GHPRJUDSKLFV�DQG�W\SH�RI�WUDXPD��LH�EURNHQ�ERQH��ODFHUDWLRQ��EXUQ��HWF���

&RQFOXVLRQV��6XIHQWDQLO���PFJ�WDEOHWV�DUH�LQ�SKDVH���GHYHORSPHQW�IRU�WUHDWPHQW�RI�PRGHUDWH�WR�VHYHUH�DFXWH�SDLQ�LQ�DQ�DGXOW�('�SRSXODWLRQ�
�(DUO\�HIILFDF\�DQG�WROHUDELOLW\�UHVXOWV�IURP�WKLV�VWXG\�VXJJHVW�WKDW�ZKHQ�GLVSHQVHG�VXEOLQJXDOO\��VXIHQWDQLO���PFJ�PD\�RIIHU�D�YLDEOH�DOWHUQDWLYH�WR
,0�RU�,9�GRVLQJ�



1(852/2*< .,0�7$(5,0

��������5HYHUVLEOH�&HUHEUDO�9DVRFRQVWULFWLRQ�6\QGURPH�DW�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.,0�7$(5,0����

���HPHUJHQF\�PHGLFLQH��$6$1�PHGLFDO�FHQWHU��6HRXO��.25($��5(38%/,&�2)

.H\ZRUGV��+HDGDFKH��7KXQGHUFODS��6XEDUDFKQRLG�KHPRUUKDJH

$EVWUDFW��

2EMHFW��5HYHUVLEOH�FHUHEUDO�YDVRVSDVP�V\QGURPH��5&96��UHPDLQV�DQ�XQGHUUDWHG�FDXVH�RI�WKXQGHUFODS�KHDGDFKH�ZKLFK�VKDUHV�VLPLODU�KLVWRU\�RI�WKH
ÆZRUVW�HYHUÇ�KHDGDFKH�ZLWK�VXEDUDFKQRLG�KHPRUUKDJH��6$+��WR�WKH�HPHUJHQF\�SK\VLFLDQV��7KLV�VWXG\�HYDOXDWHG�WKH�FOLQLFDO�PDQLIHVWDWLRQV�
UDGLRORJLFDO�IHDWXUHV��DQG�RXWFRPHV�RI�SDWLHQWV�ZLWK�5&96�VR�WKDW�WKH�SK\VLFLDQV�FRXOG�UDLVH�WKH�KLJK�LQGH[�RI�VXVSLFLRQ�WR�GHWHFW�5&96�LQ�PRUH
SDWLHQWV�ZLWK�WKXQGHUFODS�KHDGDFKH�EHIRUH�KDYLQJ�OLIH�WKUHDWHQLQJ�FRPSOLFDWLRQV�

0HWKRGV��7KH�HOHFWULF�PHGLFDO�UHFRUGV�RI����SDWLHQWV�ZLWK�GLDJQRVWLF�FULWHULD�RI�5&96�DW�WKH�HPHUJHQF\�GHSDUWPHQW��('��EHWZHHQ�-DQXDU\������DQG
'HFHPEHU������ZHUH�UHWURVSHFWLYH�UHYLHZHG�

5HVXOWV��7KH�PHDQ�DJH�ZDV������\HDUV��DQG�����ZHUH�ZRPHQ��3DWLHQWV�ZLWK�5&96�YLVLW�DQ�DYHUDJH�RI�����SK\VLFLDQV�EHIRUH�UHFHLYLQJ�DQ�DFFXUDWH
GLDJQRVLV�DQG�PHDQ�GXUDWLRQ�RI�V\PSWRP�XQWLO�GLDJQRVLV�LV�����GD\V��$OO�SDWLHQWV�H[FHSW�RQH�H[SHULHQFHG�VHYHUH�KHDGDFKH��IURP���WR����SDLQ
LQWHQVLW\�RQ�D�QXPHULFDO�UDWLQJ�VFDOH��156�������RI�SDWLHQWV�KDG�QDXVHD�DV�DQ�DVVRFLDWHG�V\PSWRP������RI�SDWLHQWV�H[SHULHQFHG�ZRUVHQLQJ�RI
KHDGDFKH�ZKLOH�JDJJLQJ��OHDQLQJ�IRUZDUG��GHIHFDWLQJ��XULQDWLQJ�RU�KDYLQJ�VH[��7KH�PRVW�IUHTXHQWO\�DIIHFWHG�YHVVHOV�DUH�PLGGOH�FHUHEUDO�DUWHULHV
GHPRQVWUDWLQJ�WKH�FKDUDFWHULVWLF�GLIIXVH�ÈVWULQJ�RI�EHDGVÉ�DSSHDUDQFH����SDWLHQWV�KDG�6$+�DV�D�FRPSOLFDWLRQ�

&RQFOXVLRQ��3DWLHQWV�ZLWK�5&96�KDYH�D�XQLTXH�VHW�RI�FOLQLFDO�DQG�LPDJLQJ�IHDWXUHV��(PHUJHQF\�SK\VLFLDQV�VKRXOG�UDLVH�WKH�KLJK�LQGH[�RI�VXVSLFLRQ�WR
GHWHFW�5&96�LQ�PRUH�SDWLHQWV�ZLWK�WKXQGHUFODS�KHDGDFKH�EHIRUH�OLIH�WKUHDWHQLQJ�FRPSOLFDWLRQV



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

(PLO\�+LJQHOO

��������$�KLVWRU\�WR�PDNH�KLVWRU\"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(PLO\�+LJQHOO������-RQDWKDQ�/HZLQ����

���(PHUJHQF\�'HSDUWPHQW��)ULPOH\�3DUN�)RXQGDWLRQ�7UXVW��2[IRUG��8.
���(PHUJHQF\�'HSDUWPHQW��)ULPOH\�3DUN�)RXQGDWLRQ�7UXVW��:H[KDP��8.

.H\ZRUGV��GRFXPHQWDWLRQ��VDIH�JXDUGLQJ��SDHGLDWULF�SDLQ�PDQDJHPHQW

$EVWUDFW��

%DFNJURXQG�

1DWLRQDO�DXGLWV�RI�WKH�3DHGLDWULF�(PHUJHQF\�'HSDUWPHQW�KDYH�KLJKOLJKWHG�UHFXUUHQW�SLWIDOOV�LQ�VRPH�DUHDV�GXULQJ�LQLWLDO�FOHUNLQJ��7KHVH�LQFOXGH
UHFRJQLWLRQ�DQG�PDQDJHPHQW�RI�FKLOGUHQ�LQ�SDLQ��UHVSRQVH�WR�DEQRUPDO�YLWDO�VLJQV�DQG�FRQVLGHUDWLRQ�RI�QRQ�DFFLGHQWDO�LQMXU\�

,Q�WKH�ORFDO�(PHUJHQF\�'HSDUWPHQW�RI�:H[KDP�3DUN�+RVSLWDO�LW�ZDV�LGHQWLILHG�WKDW�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH�VWDQGDUGV�ZHUH�QRW�EHLQJ�PHW
ZKHQ�LW�FDPH�WR�PDQDJLQJ�PRGHUDWH�SDLQ�LQ�D�WLPHO\�IDVKLRQ�DQG�UH�HYDOXDWLQJ�SDLQ��$Q�LQLWLDO�DXGLW�H[DPLQLQJ�PDQDJHPHQW�RI�FKLOGUHQ�LQ�SDLQ
ORRNHG�DW����FKLOGUHQ�SUHVHQWLQJ�WR�WKH�(PHUJHQF\�'HSDUWPHQW��:H[KDP�3DUN�+RVSLWDO��ZLWK�PRGHUDWH�WR�VHYHUH�SDLQ�VFRUHV��,W�GHPRQVWUDWHG�SDLQ
PDQDJHPHQW�ZDV�EHORZ�DJUHHG�VWDQGDUGV�IURP�WKH�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH��$�SDLQ�SDWKZD\�ZDV�GHVLJQHG�WR�JXLGH�FOLQLFLDQV�WKURXJK
DSSURSULDWH�SDLQ�DVVHVVPHQW�DQG�SUHVFULELQJ�RI�DQDOJHVLD��$IWHU�FUHDWLRQ�RI�WKH�SDLQ�SDWKZD\�D�IXUWKHU����FDVHV�ZHUH�LGHQWLILHG�DQG�WKHLU
PDQDJHPHQW�UHYLHZHG��7KLV�GHPRQVWUDWHG�DQ�LPSURYHPHQW�LQ�PDQDJHPHQW�RI�VHYHUH�SDLQ��EXW�UH�HYDOXDWLRQ�RI�SDLQ�DQG�PDQDJHPHQW�RI�PRGHUDWH
SDLQ�UHPDLQHG�SRRU��7KH�UHSHDW�DXGLW�KDG�IDLOHG�WR�GHPRQVWUDWH�VLJQLILFDQW�LPSURYHPHQW�LQ�SUDFWLFH��DQG�KLJKOLJKWHG�WKDW�WKH�SDWKZD\�ZDV�QRW
EHLQJ�XWLOLVHG�

1RQ�DFFLGHQWDO�LQMXU\�FRQVLGHUDWLRQ�LV�ZHOO�GRFXPHQWHG�HOHFWURQLFDOO\�LQ�:H[KDP�3DUN�+RVSLWDO�(PHUJHQF\�'HSDUWPHQW�EHFDXVH�RI�D�FRGHG�OLQN
ZKLFK�SUHYHQWV�GLVFKDUJLQJ�WKH�SDWLHQW�IURP�WKH�V\VWHP�ZLWKRXW�FRPSOHWLRQ��:ULWWHQ�GRFXPHQWDWLRQ�LQ�SDWLHQW�QRWHV�KRZHYHU�LV�QRW�RIWHQ�UHFRUGHG�

�

0HWKRG�

$�UHFRQVLGHUDWLRQ�RI�WKH�FOHUNLQJ�GRFXPHQWV�ZDV�FRPPHQFHG�LQ�RUGHU�WR�LPSURYH�WKH�TXDOLW\�RI�WKH�VHUYLFH�SURYLGHG��,W�ZDV�GHFLGHG�WKDW�WKH
FOHUNLQJ�GRFXPHQW�VKRXOG�EH�VLJQLILFDQWO\�FKDQJHG�IURP�WZR�EODQN�VKHHWV�RI�KHDGHG�SDSHU��7KH�QHZ�GRFXPHQW�ZRXOG�DLP�WR�HQFRXUDJH�FOLQLFLDQV�WR
XVH�DSSURSULDWH�SDWKZD\V�DQG�WULJJHU�DSSURSULDWH�UHVSRQVHV�WR�DUHDV�RI�SUHYLRXV�SRRU�SHUIRUPDQFH��7R�UHIRUP�WKH�FOHUNLQJ�GRFXPHQWV�LW�ZDV
GHFLGHG�WR�XVH�VLJQSRVWLQJ�WRROV��FKHFN�SRLQWV�DQG�GLDJUDPPDWLF�DLGV�WR�LPSURYH�WKH�TXDOLW\�RI�FOHUNLQJV�DQG�PDQDJHPHQW�RI�SDWLHQWV�

�

'LVFXVVLRQ�

$W�WKH�WRS�RI�WKH�FOHUNLQJ�GRFXPHQW�D�VLJQSRVWLQJ�WRRO�UHPLQGV�FOLQLFLDQV�WR�XVH�WKH�UHOHYDQW�SDWKZD\�LI�RQH�LV�DYDLODEOH�IRU�WKH�SUHVHQWLQJ�FRPSODLQW�
+DYLQJ�WR�FKHFN�D�ER[�RI�FRQILUPDWLRQ�QH[W�WR�WKH�VLJQSRVW�DLPV�WR�HQFRXUDJH�FOLQLFLDQV�FOHUNLQJ�WKH�SDWLHQWV�WR�WDNH�UHVSRQVLELOLW\�IRU�WKLV�

&KHFN�SRLQWV�KDYH�EHHQ�FRPSLOHG�IRU�WDUJHWV�FRQVLGHUHG�PRVW�LPSRUWDQW�WR�SDWLHQW�VDIHW\�DQG�RSWLPXP�FDUH��EDVHG�RQ�DXGLWV�KLJKO\�UHFRPPHQGHG
E\�WKH�'HSDUWPHQW�RI�+HDOWK��7KHVH�LQFOXGH�UHVSRQVH�WR�DEQRUPDO�YLWDO�VLJQV�DQG�PDQDJHPHQW�RI�FKLOGUHQ�LQ�PRGHUDWH�RU�VHYHUH�SDLQ�

$UWZRUN�ZDV�FUHDWHG�VSHFLILFDOO\�IRU�WKH�FOHUNLQJ�GRFXPHQWV�E\�D�GRFWRU�ZRUNLQJ�LQ�(DU��1RVH�DQG�7KURDW�VXUJLFDO�VSHFLDOLW\��'LDJUDPPDWLF
UHSUHVHQWDWLRQV�RI�WKH�PRXWK�DQG�W\PSDQLF�PHPEUDQH�ZHUH�LQFOXGHG�WR�HQFRXUDJH�GRFXPHQWDWLRQ�RI�WRQVLOODU�DQG�DXUDO�SDWKRORJLHV��7KH�GLDJUDPV
DUH�GHVLJQHG�WR�EH�DQDWRPLFDO�DLGH�PHPRLUV�DQG�VHOHFWHG�WR�VHUYH�DV�UHPLQGHUV�WR�H[DPLQH�FRPPRQ�VRXUFHV�RI�LQIHFWLRQ�LQ�WKH�SDHGLDWULF
SRSXODWLRQ�

7KH�GHVLJQHG�3DHGLDWULF�(PHUJHQF\�'HSDUWPHQW�FOHUNLQJ�GRFXPHQW�LQWURGXFHG�KDV�EHHQ�VSHFLILFDOO\�GHVLJQHG�WR�HQFRXUDJH�RSWLPXP�DQG�VDIH�FDUH
IRU�SDWLHQWV��,W�LV�DXWKRULVHG�E\�FOLQLFDO�JRYHUQDQFH�DQG�KDV�EHHQ�ZHOO�UHFHLYHG�E\�FOLQLFLDQV�



&$6(�35(6(17$7,21 'HHSZDQW�6LQJK

��������3LYRWDO�UROH�RI�UHYLVLWLQJ�SHUVRQDO�VRFLDO�KLVWRU\��DQRWKHU�FDVH�RI�G\VSQRHD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1LNKLO�3UDVDG������9DQHVVD�.LQJ������'HHSZDQW�6LQJK����

�����6DLQW�0DU\
V�+RVSLWDO�,VOH�RI�:LJKW�1+6�7UXVW��1HZSRUW��8.

.H\ZRUGV��$HURVRO�6SUD\��+\SHUVHQVLWLYLW\�SQHXPRQLWLV

$EVWUDFW��

,QWURGXFWLRQ��+\SHUVHQVLWLYLW\�SQHXPRQLWLV��+3��UHSUHVHQWV�D�VSHFWUXP�RI�UHVSLUDWRU\�GLVRUGHUV�DVVRFLDWHG�ZLWK�W\SH�,,,�DQG�W\SH�,9�LPPXQH
UHVSRQVHV��7KH�QRQ�VSHFLILF�DQG�RIWHQ�LQVLGLRXV�FRXUVH�RI�VXE�DFXWH�IRUPV�RI�+3�FDQ�OHDG�WR�PLVFODVVLILFDWLRQ�RU�PLVGLDJQRVLV��:H�SUHVHQW�D�FDVH�RI
���\HDU�ROG�PDQ�SUHVHQWLQJ�ZLWK�G\VSQRHD�ZKHUH�RQ�UHYLVLWLQJ�KLV�SHUVRQDO�VRFLDO�KLVWRU\��IXUWKHU�SLYRWDO�LQIRUPDWLRQ�ZDV�REWDLQHG�ZKLFK�OHG�WR�WKH
FRUUHFW�GLDJQRVLV�DQG�DSSURSULDWH�PDQDJHPHQW�

&DVH��$����\HDU�ROG�PDOH�DWWHQGHG�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�VXE�DFXWH�RQVHW�EUHDWKOHVVQHVV�RQ�H[HUWLRQ�ZLWK�IDWLJXH�DQG�IOX�OLNH�V\PSWRPV�
+H�ZDV�QRQ�DWRSLF��RWKHUZLVH�KHDOWK\�DQG�ZDV�QRW�RQ�WDNLQJ�DQ\�UHJXODU�PHGLFDWLRQV��+H�KDG�QR�SHWV�DQG�WKHUH�ZDV�QR�VLJQLILFDQW
WUDYHO�KLVWRU\�RFFXSDWLRQDO�H[SRVXUH�KLJK�ULVN�EHKDYLRXU��+H�GHQLHG�DQ\�RWKHU�V\VWHPLF�V\PSWRPV��+H�VPRNHV���JUDPV�RI�WREDFFR�ZHHNO\�DQG
GULQNV�XQGHU����XQLWV�RI�DOFRKRO�ZHHNO\�

5HVSLUDWRU\�H[DPLQDWLRQ�UHYHDOHG�PXOWLSOH�UKRQFKL�DQG�KLJK�IUHTXHQF\�LQVSLUDWRU\�FUDFNOHV�RQ�DXVFXOWDWLRQ�RI�ERWK�OXQJ�ILHOGV��7KH�UHVW�RI�WKH
V\VWHPLF�H[DPLQDWLRQ�ZDV�XQUHPDUNDEOH��/DERUDWRU\�LQYHVWLJDWLRQV�UHYHDOHG�QHXWURSKLOLF�OHXFRF\WRVLV�ZLWK�UDLVHG�LQIODPPDWRU\�PDUNHUV��+LV
FKHVW�UDGLRJUDSK�UHYHDOHG�VHYHUDO�LOO�GHILQHG�LUUHJXODU�IRFL�RI�SDUHQFK\PDO�RSDFLILFDWLRQ�LQ�ERWK�OXQJV��+H�ZDV�WUHDWHG�HPSLULFDOO\�IRU�D�FKHVW
LQIHFWLRQ�DQG�SRVVLEOH�SUHVXPHG�XQGHUO\LQJ�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVRUGHU��&23'���'HVSLWH�RUDO�DQWLELRWLFV��R[\JHQ��QHEXOLVHUV�DQG
ORZ�GRVH�VWHURLGV��KLV�V\PSWRPV�JUDGXDOO\�SURJUHVVHG�RYHU�WKH�QH[W����KRXUV��+LV�SXOPRQDU\�IXQFWLRQ�WHVWLQJ�VKRZHG�D�QRUPDO�SDWWHUQ��,Q�YLHZ�RI
KLV�VPRNLQJ�KLVWRU\�DQG�SHFXOLDU�FKHVW�UDGLRJUDSKLF�ILQGLQJV��WKH�UDGLRORJLVW�SURFHHGHG�ZLWK�D�FRPSXWHULVHG�WRPRJUDSK\��&7��VFDQ�RI�KLV�FKHVW�ZLWK
FRQWUDVW�ZKLFK�GHPRQVWUDWHG�QXPHURXV�LUUHJXODU�FHQWULOREXODU�RSDFLWLHV����PP�LQ�GLDPHWHU�ZLWK�DUHDV�RI�SDWFK\�RHGHPD�DIIHFWLQJ�ERWK�OXQJV�
FRQFHQWUDWHG�LQ�WKH�PLGGOH�SDUW�DQG�EDVH�RI�WKH�OXQJV�EXW�SUHGRPLQDQWO\�RQ�WKH�ULJKW�OXQJ�ILHOGV�ZLWKRXW�DQ\�SXOPRQDU\�PDVV�OHVLRQ�RU�&23'
FKDQJHV��KRZHYHU��WKH�SRVVLELOLW\�RI�DOOHUJLF�K\SHUVHQVLWLYLW\�SQHXPRQLWLV�ZDV�VXJJHVWHG�

6XEVHTXHQWO\�RQ�UHYLVLWLQJ�KLV�SHUVRQDO�VRFLDO�KLVWRU\�DQG�RQ�IXUWKHU�GLUHFW�TXHVWLRQLQJ��KH�UHFDOOHG�WKDW�MXVW�SULRU�WR�WKH�RQVHW�RI�KLV�V\PSWRPV��KH
ERXJKW�D�QHZ�EUDQG�RI�DQ�DHURVRO�VSUD\�SDLQW�RQOLQH�IRU��PRGGLQJ��KLV�PRWRU�ELNH�ZKLFK�KH�XVHG�ZLWKRXW�XVLQJ�DQ\�SHUVRQDO�SURWHFWLYH�HTXLSPHQW
RQ�UHODWLYHO\�ZDUP�PHWDO�ZRUN��DIWHU�D�ORQJ�GULYH��RQ�KLV�ELNH�LQ�DQ�LQGRRU�JDUDJH�VHWWLQJ��7KH�DHURVRO�VSUD\�SDLQW�ZDV�FRQILUPHG�WR�FRQWDLQ
LVRF\DQD\WH�

+H�UHIXVHG�WR�KDYH�ERWK�EURQFKR�DOYHRODU�ODYDJH��%$/��DQG�IXUWKHU�KLJK�UHVROXWLRQ�&7�VFDQ�

+3�ZDV�GLDJQRVHG�LQ�YLHZ�RI�WKH�FOLQLFDO�V\PSWRPV��WKH�KLVWRU\�VXJJHVWLYH�RI�H[SRVXUH�WR�DHURVRO�VSUD\�SDLQW�ZLWK�IXUWKHU�SRVVLELOLW\�RI�KDSWHQDWLRQ
ZLWK�LVRF\DQDWH�FRPSRQHQW�DQG�FRPSDWLEOH�UDGLR�LPDJLQJ�ILQGLQJV��+H�UHFHLYHG�KLJK�GRVH�SUHGQLVRORQH����PJ�NJ��LQ�D�WDSHULQJ�UHJLPHQ��ZKLFK�OHDG
WR�UHPDUNDEOH�LPSURYHPHQW�RI�KLV�V\PSWRPV�DQG�KH�PDGH�D�UHFRYHU\�ZLWKLQ�RQH�ZHHN�ZLWKRXW�DQ\�UHFXUUHQFH�RI�V\PSWRPV�DW�RQH�PRQWKÇV�IROORZ
XS�

'LVFXVVLRQ��+3�LV�D�IRUP�RI�LQWHUVWLWLDO�OXQJ�GLVHDVH�WKDW�LV�SUHYHQWDEOH�DQG��FXUDEOH��E\�HDUO\�UHFRJQLWLRQ�RI�DQWLJHQ�H[SRVXUH�DQG�VXEVHTXHQW
DYRLGDQFH�WKDW�FRXOG�LPSURYH�WKH�RYHUDOO�SURJQRVLV�DQG�OHDG�WR�D�FOLQLFDOO\�IDYRXUDEOH�RXWFRPH��2XU�FDVH�UHSRUW�UH�HPSKDVL]HV�WKH�SLYRWDO�UROH�RI
UHYLVLWLQJ�SDWLHQWÇV�SHUVRQDO�VRFLDO�KLVWRU\�ZKLOH�SHUIRUPLQJ�WKH�FUXFLDO�H[FHHGLQJO\�WKRURXJK�VHDUFK�IRU�DQ�REYLRXV�DQWLJHQ�H[SRVXUH�LQ�D�FDVH�RI�+3
ZKLFK�KDG�FRQVHTXHQFHV�ERWK�IRU�GLDJQRVLV��SUHYHQWLRQ�DQG�SURJQRVLV�



35(�+263,7$/���(06���287�2)�+263,7$/ +HLGL�6WRUP�9LNNH

��������y+\JLHQH�LQ�WKH�SUHKRVSLWDO�VHWWLQJ���$�VWXG\�RI�EDFWHULDO�FRQWDPLQDWLRQ��SHUVRQQHO�FRPSOLDQFH�DQG�LPSDFW�RI�YDULRXV
K\JLHQH�LQWHUYHQWLRQV�LQ�WKH�HPHUJHQF\�PHGLFDO�VHUYLFHz

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+HLGL�6WRUP�9LNNH������0DWWKLDV�*LHEQHU����

���+HDG�RI�'HSDUWPHQW��UHVHDUFK���)DOFN�'DQPDUN��0HGLFDO�'HSDUWPHQW��.ROGLQJ��'(10$5.
���0HGLFDO�GLUHFWRU��)DOFN�'DQPDUN��0HGLFDO�'HSDUWPHQW��.ROGLQJ��'(10$5.

.H\ZRUGV��.H\ZRUGV��+\JLHQH��LQIHFWLRQ�FRQWURO��FRQWDPLQDWLRQ��FOHDQLQJ��SUHKRVSLWDO��HPHUJHQF\�PHGLFDO�VHUYLFH

$EVWUDFW��

,QWURGXFWLRQ��3DWLHQWV�DUH�DW�ULVN�RI�FRQWUDFWLQJ�D�KHDOWKFDUH�DVVRFLDWHG�LQIHFWLRQ��+$,��VWUDLQLQJ�RQ�VRFLHW\�GXH�WR�SURORQJHG�KRVSLWDOL]DWLRQ�
PRUELGLW\�DQG�PRUWDOLW\��3ULRU�UHVHDUFK��DOWKRXJK�OLPLWHG��LQGLFDWHV�WKDW�DPEXODQFH�HQYLURQPHQW�DQG�SHUVRQQHO�XQLIRUPV�PD\�FRQVWLWXWH�D�UHVHUYRLU
IRU�SRWHQWLDO�SDWKRJHQLF�EDFWHULD�DQG�WKDW�K\JLHQH�FRPSOLDQFH�DPRQJ�DPEXODQFH�SHUVRQQHO�FRXOG�EH�LPSURYHG��7UHDWPHQW�LQ�WKH�HPHUJHQF\
PHGLFDO�VHUYLFH�XQGHU�QRQ�FOLQLFDO�FRQGLWLRQV��VRPHWLPHV�XQGHU�VHYHUH�WLPH�SUHVVXUH��DQG�QRW�DOZD\V�ZLWK�XQOLPLWHG�TXDQWLWLHV�RI�FOHDQLQJ
HTXLSPHQW�KDQG�UXEELQJ�DQG�H[DPLQDWLRQ�JORYHV�DUH�FKDOOHQJLQJ��DQG�GHVSLWH�WKDW�SDWLHQWV�UHFHLYH�DGYDQFHG�WUHDWPHQW�GXULQJ�WKH�SUHKRVSLWDO
FRXUVH��K\JLHQH�KDYH�QRW�\HW�UHFHLYHG�WKH�DPRXQW�RI�IRFXV�DV�VHHQ�LQ�SULPDU\�VHWWLQJV��7KLV�3K'�SURMHFW�FRQVLVWV�RI�ILYH�GLIIHUHQW�VWXGLHV��YDOXDEOH
WR�DQ\RQH�LQ�FRQWDFW�ZLWK�WKH�HPHUJHQF\�PHGLFDO�VHUYLFH��ERWK�QDWLRQDOO\�DQG�LQWHUQDWLRQDOO\��7KH�UHVXOWV�ZLOO�DOORZ�FRQFLVH�K\JLHQH�HIIRUWV�DQG
WKHUHE\�HQKDQFH�SUHYHQWLRQ�RI�+$,V�GXULQJ�WKH�SUHKRVSLWDO�FRXUVH�

0HWKRG�

&XUUHQW�K\JLHQH�JXLGHOLQHV�DSSHDU�ZLWKRXW�HYLGHQFH��KHQFH�FDOOLQJ�IRU�D�V\VWHPDWLF�UHYLHZ�LQ�RUGHU�WR�HYDOXDWH�H[LVWLQJ�HYLGHQFH�DQG�IXWXUH��
UHVHDUFK�UHTXLUHPHQWV��7KH�DLP�LV�WR�FKDUDFWHUL]H�HQYLURQPHQWDO�FRQWDPLQDWLRQ�DQG�WR�LOOXPLQDWH�K\JLHQH�LQWHUYHQWLRQV��FRPSOLDQFH�DQG
FKDOOHQJHV�LQ�D�SUHKRVSLWDO�FRQWH[W�
'HILFLHQW�HYLGHQFH�RI�FXUUHQW�H[WHQW�RI�EDFWHULDO�FRQWDPLQDWLRQ�PRWLYDWHV�WR�D�FURVV�VHFWLRQDO�GHPRQVWUDWLRQ�RI�FRQWDPLQDWLRQ�E\�HQYLURQPHQWDO��
VDPSOLQJ��XVLQJ�D�FRPELQHG�VZDEELQJ�DQG�DJDU�LPSULQW�PHWKRG��3ULPDU\�RXWFRPH��WRWDO�FRORQ\�IRUPLQJ�XQLWV��&)8���6HFRQGDU\�RXWFRPHV�
6WDSK\ORFRFFXV�DXUHXV��056$���(QWHURFRFFXV��95(��DQG�(QWHUREDFWHULDFHDH��(6%/���WLPH�VLQFH�ODVW�FOHDQLQJ��DUHD�RI�VHUYLFH�DQG�WRWDO�QR��RI
SDWLHQWV�
+\JLHQH�FRPSOLDQFH�LV�FUXFLDO�EXW�DSSHDUV�XQGRFXPHQWHG�LQ�D�SUHKRVSLWDO�FRQWH[W��KHQFH�LQFHQWLYL]LQJ�DQ�REVHUYDWLRQDO�VWXG\�WR�LOOXPLQDWH��
TXDOLW\�DQG�HYHQWXDO�FKDOOHQJHV�����KRXUV�RI�VHPL�EOLQGHG�REVHUYDWLRQ��:LWK�IRFXV�RQ�FRQYHQWLRQDO�KDQG�UXE�JORYH�RFFDVLRQV��DQVZHUHG�E\
<(6�12��%HIRUH�WRXFKLQJ�D�SDWLHQW��EHIRUH�FOHDQ�DVHSWLF�SURFHGXUH��DIWHU�ERG\�IOXLG�H[SRVXUH�ULVN��DIWHU�WRXFKLQJ�D�SDWLHQW�DQG�DIWHU�WRXFKLQJ
SDWLHQW�VXUURXQGLQJV��$GGLWLRQDO�SDUDPHWHUV��6KRUW�KDLU�GRQH�XS��VKRUW�QDLOV�DQG�5LQJV�ZDWFKHV�
7KH�HIIHFW�RI�FOHDQLQJ�LV�XQGRFXPHQWHG��KHQFH�PRWLYDWLQJ�D�FRQWUROOHG�EHIRUH�DQG�DIWHU�VWXG\�RI�EDFWHULDO�UHGXFWLRQ�ZKHQ�FOHDQLQJ�HQYLURQPHQW��
DQG�PHGLFDO�HTXLSPHQW��7KH�DLP�LV�WR�GRFXPHQW�WKH�HIIHFW�RI�FXUUHQW�FOHDQLQJ�LQWHUYHQWLRQV�ZKHQ�XVLQJ�VDPSOLQJ�PHWKRGV�GHVFULEHG�LQ�VXE
VWXG\�WZR��3ULPDU\�RXWFRPH��WRWDO�FRORQ\�IRUPLQJ�XQLWV��&)8���6HFRQGDU\�RXWFRPHV��6WDSK\ORFRFFXV�DXUHXV��056$��DQG�WLPH�VSHQG�RQ�FOHDQLQJ�
8QLIRUPV�PD\�FRQVWLWXWH�D�UHVHUYRLU�IRU�SRWHQWLDO�SDWKRJHQLF�EDFWHULD��+RZHYHU��HYLGHQFH�RI�GRPHVWLF�ZDVKLQJ�LV�OLPLWHG��KHQFH�PRWLYDWLQJ�WR�D��
FURVV�UHJLRQDO�EHIRUH�DQG�DIWHU�VWXG\��7KH�DLP�LV�WR�GRFXPHQW�WKH�HIIHFW�ZKHQ�VDPSOLQJ�DV�GHVFULEHG�LQ�VXE�VWXG\�WZR�DQG�IRXU��3ULPDU\�RXWFRPH�
WRWDO�FRORQ\�IRUPLQJ�XQLWV��&)8���6HFRQGDU\�RXWFRPHV��6WDSK\ORFRFFXV�DXUHXV��056$��DQG�HQYLURQPHQWDO�FRQWDPLQDWLRQ�LQ�WKH�ZDVKLQJ�DUHD�

5HVXOWV��1R�UHVXOWV�LQ�WLPH�RI�ZULWLQJ��ZH�H[SHFW�WR�SUHVHQW�WKHP�VLPXOWDQHRXVO\�ZLWKLQ�WKH�IROORZLQJ�WKUHH�\HDUV��



:281'�&$5(���%851�&$5( &HPLO�.$9$/&,

��������$QDO\VLV�RI�3DWLHQW�ZLWK�%XUQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7ROJD�(VHU������FHPLO�.DYDOFL������DIVLQ�ND\LSPD]����

���HPHUJHQF\��EDVNHQW�XQLYHUVLW\�IDFXOW\�RI�PHGLFLQH��DQNDUD��785.(<

.H\ZRUGV��%XUQ��HPHUJHQF\�GHSDUWPHQW��FRVW

$EVWUDFW��

%XUQ��KDV��EHHQ��DQ��LPSRUWDQW�FDXVH��RI��WUDXPD��WURXJK�KXPDQ�KLVWRU\���0RVW��RI��WKH

EXUQ�FDXVHV�FDQ�EH�SUHYHQWHG�E\�LQIRUPLQJ�SHRSOH�DQG�VLPSOH�SUHFDXWLRQV�EXW�WKHUH�LV�QR

GHFOLQH�LQ�WKH�QXPEHU�RI�EXUQ�FDVHV�ZLWK�WHFQRORJLFDO�DGYDQFHPHQWV��7UHDWPHQW��RI�EXUQ

WUDXPD�LV�D�ORQJ�DQG�FRVWO\�SURFHVV���$OO�DURXQG�WKH�ZRUOG�WKHUH�DUH�PDQ\�UHVHDUFKV�GRQH

DERXW�EXUQ�WUHDWPHQW�EXW�WKHUH�DUH�OLPLWHG�UHVHDUFKHV�DERXW�WKH�FRVW�RI�EXUQ�WUHDWPHQW��7KH

GHFUHDVH�LQ�OLIH�TXDOLW\�DIWHU�EXUQ�WUDXPD�HIIHFWV�SDWLHQWVÇSV\FKRORJLFDO�KHDOWK�DQG�ILQDQFLDO

VWDWXV��,W�KDV�EHHQ�VKRZQ�EHFDXVH�RI�WKHVH�UHDVRQV��QRW�RQO\�PDMRU�EXUQ�WUDXPD�SDWLHQWV�EXW

DOVR�VLPSOH�EXUQ�SDWLHQWV�VKRXOG�UHFHLYH�KLJK�TXDOLW\�KHDOWKFDUH�VHUYLFH�DQG�WKLV�VHUYLFH

VKRXOG�EH�JLYHQ�E\�H[SHULHQFHG�KHOWKFDUH�SURYLGHUV��%HFDXVH�RI�WKLV�UHDVRQ�DOO�WKH�SDWLHQWV

WKDW�KDV�FRPH�WR�HPHUJHQF\�GHSDUWPHQW�ZLWK�EXUQ�VKRXOG�EH�WUHDWHG�HIILFLHQWO\�DQG�ZLWK

ORZ�FRVWV�

$OO�DGPLWWHG�ZH�DLPHG�WR�DQDO\]H��DJH��JHQGHU��DGPLWWDQFH���WLPH��W\SH��RI��EXUQ�

FOLQLFDO�SURJQRVLV��PRUWDOLW\��DQG�SHUFHQWDJH�RI�EXUQVLWH��DQG�WRWDO�FRVW�RI�WUHDWPHQW�RI�WKH

SDWLHQWV�SUHVHQWHG�ZLWK�EXUQ�LQMXU\�WR�WKH�HPHUJHQF\�GHSDUWPHQW�

$FFRUGLQJ�WR�WKLV�SXUSRVH�ZH�KDYH�DFTXLUHG�WKH�GDWD�RI�����SDWLHQWV�ZKR�KDYH�EHHQ

DGPLWWHG�WR�%DVNHQW�8QLYHUVLW\�(PHUJHQF\�'HSDUWPHQW�ZLWK�EXUQ�LQMXU\�EHWZHHQ������WR

������:H�DQDO\VHG�DJH��JHQGHU���WLPH��PRQWKV�DQG�\HDU�RI�DGPLWDQFH��FDXVHV�RI�EXUQ�

ZKHWKHU�LW�LV�ZRUN�UHODWHG�RU�QRW��VHOI�LQGXFHG�RU�QRW��LI�WKH�WUHDWPHQW�FRQVLVWV�VXUJHU\�RU

DGPLWWDQFH�IRU�IROORZ�XS��EXUQVLWH��WKLFNQHVV�RI�EXUQ�DQG�WKH�WRWDO�FRVW�RI�WUHDWPHQW��7KH

GDWD�KDV�EHHQ�FROOHFWHG�IURP�KRVSLWDO�SDWLHQW�UHJLVWLUDWLRQ�V\VWHP�

,Q�FRQFOXVLRQ��LW�LV�VKRZQ�WKDW�SDWLHQWVÇFRQGLWLRQ��JHQGHU��DGPLWWDQFH�\HDU��VXUJHU\�

EXUQ�FDXVH��DJH�GRHV�QRW�HIIHFW�FRVW�RI�WKH�WUHDWPHQW��2Q�WKH�RWKHU�KDQG�WKH�PDLQ�IDFWRUV

WKDW�FKDQJHV�WKH�FRVW�DUH�GHJUHH�RI�EXUQ�DQG�EXUQ�VLWH�



&$5',29$6&8/$5 5RVKDQ�6DOHK

��������1RW�IRU�WKH�IDLQW�KHDUWHG��WRZDUGV�EHWWHU�PDQDJHPHQW�RI�V\QFRSDO�SDWLHQWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KLHXQ�+DQ������6DUDK�6KDZ������5RVKDQ�6DOHK����

�����1+6��0DQFKHVWHU��8.
�����1+6��%DQEXU\��8.

.H\ZRUGV��V\QFRSH��FROODSVH��7/R&

$EVWUDFW��

%DFNJURXQG�,QWURGXFWLRQ�

6\QFRSH�LV�D�FRPPRQ�(PHUJHQF\�'HSDUWPHQW��('��SUHVHQWDWLRQ��DQG�RIWHQ�PLVGLDJQRVHG������,QLWLDO�DVVHVVPHQW�VHHNV�WR�GLVFHUQ�HSLVRGHV�ZLWK�DQ
XQGHUO\LQJ�FDUGLDF�FDXVH�IURP�WKRVH�WKDW�DUH�YDVRYDJDO�SRVWXUDO��7KH�IRUPHU�DUH�PRUH�GDQJHURXV��FDUU\LQJ�JUHDWHU�PRUWDOLW\��DQG�RIWHQ�UHTXLUH
DGPLVVLRQ�IRU�HDUO\�FDUGLDF�IROORZ�XS��PRQLWRULQJ��RU�RWKHU�LQYHVWLJDWLRQ�WUHDWPHQW������:H�DXGLWHG�WKH�('�DVVHVVPHQW�RI�V\QFRSH�DJDLQVW�1DWLRQDO
,QVWLWXWH�RI�&OLQLFDO�([FHOOHQFH��1,&(��JXLGDQFH�WR�DVVHVV�ZKHWKHU�ZH�ZHUH�H[WUDFWLQJ�WKH�SURSHU�LQIRUPDWLRQ�WKDW�ZRXOG�UDLVH�WKH�DODUP�IRU�FDUGLDF
V\QFRSH������7KH�HYHQWXDO�DLP�LV�WR�HVWDEOLVK�D�JXLGDQFH�GRFXPHQW�WKDW�KDV�VRPH�NH\�SRLQWV�WR�UHPHPEHU�ZKHQ�GHDOLQJ�ZLWK�D�V\QFRSDO�SDWLHQW�

�

3DUWLFLSDQWV�0HWKRGV�

7KLV�ZDV�D�UHWURVSHFWLYH�VWXG\�LQ�SDWLHQWV�SUHVHQWLQJ�ZLWK�V\QFRSH�WR�WKH�('�RI�5R\DO�3UHVWRQ�+RVSLWDO�LQ�-DQXDU\�������7KH�VHDUFK�WHUPV�IURP
WULDJH�LQFOXGHG��ÆIDOO��FROODSVH��IDLQW��WUDQVLHQW�ORVV�RI�FRQVFLRXVQHVV��7/R&���EODFNRXWV�DQG�YDVRYDJDOÇ��7KH�DJH�UDQJH�ZDV�EHWZHHQ����DQG�����2I
����VHWV�RI�FDVHQRWHV�����ZHUH�LQFOXGHG�RQ�FORVHU�UHYLHZ�DV�WKH\�ZHUH�WUXO\�V\QFRSDO��7KH�GRFXPHQWDWLRQ�ZDV�VHDUFKHG�IRU�HYLGHQFH�RI����NH\
YDULDEOHV�ZH�GHHPHG�RI�NH\�LPSRUWDQFH�LQ�WKH�V\QFRSH�DVVHVVPHQW�

�

(YLGHQFH�RI�D�FRKHUHQW�KLVWRU\��
2EVHUYDWLRQV�>SXOVH��UHVSLUDWRU\�UDWH��WHPSHUDWXUH��EORRG�VXJDU��%0�@��
/\LQJ�VWDQGLQJ�EORRG�SUHVVXUH��%3���
3DVW�PHGLFDO�KLVWRU\��30+��RI�FDUGLDF�GLVHDVH��
'UXJ�KLVWRU\��'+���
(OHFWURFDUGLRJUDP��(&*���
(YLGHQFH�RI�FRQJHVWLYH�FDUGLDF�IDLOXUH��&&)���
([HUWLRQDO�V\QFRSH��
6KRUWQHVV�RI�EUHDWK��62%���
0XUPXU���
)DPLO\�KLVWRU\�RI�VXGGHQ�FDUGLDF�GHDWK��)+[����

�

�

5HVXOWV�

1R�VLQJOH�YDULDEOH�KDG�HYLGHQFH�RI�GRFXPHQWDWLRQ�FRQVLGHUDWLRQ�LQ�PRUH�WKDQ�����RI�WKH�VDPSOH��2I�WKH����YDULDEOHV��WKH�IROORZLQJ�KDG�HYLGHQFH�RI
GRFXPHQWDWLRQ�FRQVLGHUDWLRQ�LQ�PRUH�WKDQ�����RI�WKH����SDWLHQW�VDPSOH��(&*��������FRKHUHQW�KLVWRU\��������KLVWRU\�RI�FDUGLDF�GLVHDVH�������
PXUPXU��������REVHUYDWLRQV�LQFOXGLQJ�%0��������'+��������7KH�UHPDLQLQJ�YDULDEOHV�KDG�EHHQ�GRFXPHQWHG�FRQVLGHUHG�LQ�IHZHU�WKDQ�����RI�WKH
VDPSOH��62%��������O\LQJ�VWDQGLQJ�%3��������&&)�������H[HUWLRQDO�V\QFRSH�������)+[������

�

'LVFXVVLRQ�&RQFOXVLRQ�

7KH�YDULDEOHV�ZH�DXGLWHG�UHSUHVHQW�HLWKHU�ÆUHG�IODJVÇ�RU�HVVHQWLDO�GDWD�IRU�WKH�PDQDJHPHQW�RI�V\QFRSDO�SDWLHQWV��'RFXPHQWDWLRQ�RI�WKHVH�ZHUH�SRRU
DQG�LQFRQVLVWHQW��SHUKDSV�UHSUHVHQWLQJ��D�ODFN�RI�HGXFDWLRQ�DPRQJ�FOLQLFLDQV�DERXW�EHVW�PDQDJHPHQW�RI�V\QFRSH��DSSURSULDWH�FRQVLGHUDWLRQ�RI
IDFWRUV�EXW�LQFRPSOHWH�GRFXPHQWDWLRQ��LOOHJLEOH�KDQGZULWLQJ��QRWHG�LQ�RXU�GDWD�FROOHFWLRQ���RU�FOLQLFLDQVÇ�SUHVXPSWLRQ��\RXQJHU�SDWLHQWV�KDG�OHVV
FRPSOHWH�GUXJ�KLVWRULHV�SHUKDSV�EHFDXVH�WKH\�ZHUH�SUHVXPHG�QRW�WR�WDNH�DQ\��

:H�KDYH�LPSOHPHQWHG�D�JXLGDQFH�GRFXPHQW�WKDW�ZLOO�KHOS�FRQVLGHU�DOO�WKHVH�YDULDEOHV�ZKHQ�GHDOLQJ�ZLWK�D�V\QFRSDO�SDWLHQW��ZKLFK�ZH�DUH
UH�DXGLWLQJ��7KH�NH\�EHQHILW�LV�LPSURYHPHQW�LQ�SDWLHQW�VDIHW\�E\�QRW�PLVVLQJ�NH\�SRLQWV�WKDW�VXJJHVW�D�GDQJHURXV�FDXVH�RI�WKH�V\QFRSDO�HSLVRGH�
)XUWKHUPRUH��ÆORZ�ULVNÇ�SDWLHQWV�VXIIHULQJ�D�FOHDU�YDVRYDJDO�FDQ�EH�VDIHO\�GLVFKDUJHG�ZLWK�DGYLFH�DIWHU�PLQLPDO�LQYHVWLJDWLRQ�LI�DOO�WKH�UHG�IODJ�LVVXHV
DUH�DGGUHVVHG�



�

5HIHUHQFHV�

�������1LFH�RUJ�XN��7UDQVLHQW�ORVV�RI�FRQVFLRXVQHVV��
EODFNRXWV
��LQ�RYHU���V_��*XLGDQFH_*XLGDQFH�DQG�JXLGHOLQHV_1,&(�����

�������0R\D�$��6XWWRQ�5��$PPLUDWL�)�HW�DO��*XLGHOLQHV�IRU�WKH�GLDJQRVLV�DQG�PDQDJHPHQW�RI�V\QFRSH��7KH�7DVN�)RUFH�IRU�WKH�'LDJQRVLV�DQG
0DQDJHPHQW�RI�6\QFRSH�RI�WKH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\��(XURSHDQ�+HDUW�-RXUQDO������������������������



&$5',29$6&8/$5 <RKHL�.DZDWDQL

��������7KH�HIIHFWV�RI�EORRG�WUDQVIXVLRQ�DQG�FU\VWDOOLG�LQIXVLRQ�RQ�RXWFRPH�RI�HQGRYDVFXODU�DRUWLF�UHSDLU�SHUIRUPHG�IRU�UXSWXUHG
DEGRPLQDO�DRUWLF�DQHXU\VP��7KH�HYDOXDWLRQ�RI�WKH�DPRXQW�DQG�FRPSRVLWLRQ�RI�EORRG�WUDQVIXVLRQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

<RKHL�.DZDWDQL������.XUREH�+LURWVXJX������+D\DVKL�<XMLUR������7DQHLFKL�7HWVX\RVKL������,WR�<XMLUR������1DNDPXUD�<RVKLWVXJX������6XGD�<XML������7HWVX\D
.LWDJDZD������+RUL�7DNDNL����

���&DUGLRYDVFXODU�VXUJHU\��&KLED�1LVKL�*HQHUDO�+RVSLWDO��0DWVXGR��-$3$1
���&DUGLRYDVFXODU�VXUJHU\��7RNXVKLPD�8QLYHUVLW\�+RVSLWDO��7RNXVKLPD��-$3$1

.H\ZRUGV��UXSWXUHG�DEGRPLQDO�DRUWLF�DQHXU\VP��HQGRYDVFXODU�DRUWLF�UHSDLU��EORRG�WUDQVIXVLRQ

$EVWUDFW��

(QGRYDVFXODU�DRUWLF�UHSDLU��(9$5��LV�UHSRUWHG�WR�EH�DQ�HIIHFWLYH�WUHDWPHQW�IRU�UXSWXUHG�DEGRPLQDO�DRUWLF�DQHXU\VP��U$$$���+RZHYHU��WKH�PRUWDOLW\
DVVRFLDWHG�ZLWK�U$$$�UHPDLQV�KLJK��7KH�IDFWRUV�WKDW�PLJKW�DIIHFW�VXUYLYDO�LQ�SDWLHQWV�ZLWK�U$$$�ZKR�XQGHUJR�(9$5�DUH�QRW�ZHOO�NQRZQ��,Q�VWXGLHV
DERXW�SDWLHQWV�ZLWK�WUDXPD��EORRG�WUDQVIXVLRQ�DQG�FU\VWDOORLG�LQIXVLRQ�LV�UHSRUWHG�WR�EH�DVVRFLDWHG�ZLWK�VXUYLYDO��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR
HYDOXDWH�WKH�HIIHFWV�RI�EORRG�WUDQVIXVLRQ�DQG�FU\VWDOORLG�LQIXVLRQ�RQ�VXUYLYDO�LQ�SDWLHQWV�ZLWK�U$$$�IROORZLQJ�HPHUJHQF\�(9$5�

�,Q�WKLV�UHWURVSHFWLYH�VWXG\��ZH�UHYLHZHG�SDWLHQWV�ZKR�ZHUH�DGPLWWHG�WR�RXU�KRVSLWDO�ZLWK�HQKDQFHG�FRPSXWHG�WRPRJUDSK\��&7��FRQILUPHG�U$$$
EHWZHHQ�2FWREHU������DQG�'HFHPEHU�������3DWLHQWV�ZLWK�V\PSWRPDWLF�DEGRPLQDO�DQHXU\VP�ZLWKRXW�HYLGHQFH�RI�KHPRUUKDJH�LQ�&7�LPDJHV�ZHUH
H[FOXGHG��,Q�RXU�IDFLOLW\��(9$5�LV�FRQVLGHUHG�DV�WKH�ILUVW�OLQH�VXUJLFDO�WUHDWPHQW�IRU�U$$$��+RZHYHU��LI�(9$5�ZDV�FRQWUDLQGLFDWHG��RSHQ�UHSDLU�ZDV
SHUIRUPHG��:H�DVVHVVHG�EORRG�WUDQVIXVLRQ�DQG�FU\VWDOORLG�LQIXVLRQ�SHUIRUPHG�LQ�WKH�SHULRG�EHWZHHQ�DGPLVVLRQ�WR�WKH�HPHUJHQF\�URRP�DQG
DGPLVVLRQ�WR�,&8�DIWHU�VXUJHU\�

�7ZHQW\�ILYH�SDWLHQWV�ZKR�XQGHUZHQW�(9$5�ZHUH�HQUROOHG���1R�SDWLHQWV�GLHG�LQ�WKH�(5����ZDV�FRQVLGHUHG�QRW�ILW�IRU�VXUJHU\�DQG����ZHQW�WR�WKHDWUH�
2I����FDVHV�����XQGHUZHQW�(9$5���7KH�PHDQ�SDWLHQW�DJH�ZDV������k������\HDUV��7KH�PDOH�IHPDOH�UDWLR�ZDV�������(LJKWHHQ�SDWLHQWV�H[SHULHQFHG
SUHRSHUDWLYH�VKRFN��7KH�PHDQ�RSHUDWLRQ�WLPH�ZDV�����k������PLQXWHV��%ORRG�WUDQVIXVLRQ��UHG�FHOO�FRQFHQWUDWHV�������k������XQLWV��IUHVK�IUR]HQ
SODVPD������k�����XQLWV��DQG�SODWHOHW�FRQFHQWUDWH������k����XQLWV��7KUHH�SDWLHQWV�GLHG�RI�DEGRPLQDO�FRPSDUWPHQW�V\QGURPH�ZLWKLQ����SRVWVXUJLFDO
KRXUV��$Q�DGGLWLRQDO���SDWLHQWV�GLHG�EHWZHHQ����KRXUV�DQG����GD\V�SRVWVXUJLFDOO\����SDWLHQW�GLHG�GXH�WR�UHVSLUDWRU\�IDLOXUH��DQG���GXH�WR�FDQFHU�
7ZHQW\�SDWLHQWV�������VXUYLYHG�

5&&�))3�UDWLR�ZHUH�VLJQLILFDQWO\�ODUJHU�LQ�ERWK�WKH����KRXU��VXUYLYHG�QRQ�VXUYLYHG ����������������������S �������DQG
���GD\�VXUYLYHG�QRQ�VXUYLYHG ����������������������S �������QRQ�VXUYLYDO�JURXSV�FRPSDUHG�ZLWK�WKH�UHVSHFWLYH�VXUYLYDO�JURXSV��3DWLHQWV�ZLWK
5&&�))3�UDWLRV�JUHDWHU�WKDQ�����ZHUH�REVHUYHG�VLJQLILFDQWO\�PRUH�LQ�QRQ�VXUYLYDO�JURXSV�LQ�ERWK����KRXU�VXUYLYHG�QRQ�VXUYLYHG ���������������
S �������DQG����GD\V�VXUYLYHG�QRQ�VXUYLYHG ���������������S ��������/DUJHU�DPRXQWV�RI�FU\VWDOORLGV�ZHUH�XVHG�LQ�WKH�ERWK�WKH����KRXU
�VXUYLYHG�QRQ�VXUYLYHG �����������������������S ������DQG����GD\�VXUYLYHG�QRQ�VXUYLYHG �������������������������S �������QRQ�VXUYLYDO
JURXSV�FRPSDUHG�ZLWK�WKH�UHVSHFWLYH�VXUYLYDO�JURXSV��3DWLHQWV�ZKR�ZHUH�JLYHQ�FU\VWDOORLG�PRUH�WKDQ����/�ZHUH�REVHUYHG�VLJQLILFDQWO\�PRUH�LQ
QRQ�VXUYLYDO�JURXS�ERWK�LQ����KRXU�VXUYLYHG�QRQ�VXUYLYHG �����������������S �������DQG����GD\V�VXUYLYHG�QRQ�VXUYLYHG ��������������
S �������

,Q�D�VWXG\�RI�WUDXPD�SDWLHQWV��ODUJH�DPRXQWV�RI�FU\VWDOORLGV�KDV�DGYHUVH�HIIHFWV�RQ�VXUYLYDO�DQG�WKRVH�ZKR�LQIXVHG�ODUJH�DPRXQWV�RI�FU\VWDOORLGV
QHHGHG�ODUJHU�EORRG�WUDQVIXVLRQV��$�UHWURVSHFWLYH�LQYHVWLJDWLRQ�RI�5&&�))3�UDWLR�LQ�WUDXPD�SDWLHQWV�UHSRUWHG�D�OLQN�EHWZHHQ�D�����5&&�))3�UDWLR�DQG
SRVLWLYH�SURJQRVLV��7KH�352335�UDQGRPL]HG�FOLQLFDO�WULDO�GLYLGHG�WUDXPD�SDWLHQWV�E\�EORRG�WUDQVIXVLRQ�W\SH�LQWR�DQ�5&&�))3�3& ������JURXS�DQG�DQ
5&&�))3�3& ������JURXS��%HWWHU�SURJQRVHV�ZHUH�REVHUYHG�LQ�WKH�IRUPHU��:H�VXJJHVW�WKDW�DOVR�LQ�U$$$�SDWLHQWV�WUHDWHG�ZLWK�(9$5��HDUO\�))3�WUDQV
IXVLRQ�DQG�OLPLWDWLRQ�RI�FU\VWDOORLGV�FDQ�LPSURYH�SURJQRVLV�RI�WKH�SDWLHQWV�



35(�+263,7$/���(06���287�2)�+263,7$/ 7UDFH\�%DUURQ

��������'LVSDWFKHU�$VVLVWHG�&35�7LPH�7R�)LUVW�&RPSUHVVLRQ�8VLQJ�WKH�03'6�Y�����2EYLRXVO\�1RW�%UHDWKLQJ�)DVW�7UDFN�)HDWXUH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*UHJ�6FRWW������&ODZVRQ�-HII������2OROD�&KULV������%DUURQ�7UDFH\����

���(06��,QWHUQDWLRQDO�$FDGHPLHV�RI�(PHUJHQF\�'LVSDWFK��8WDK��86$
�����,$('��6DOW�/DNH�&L\��86$
���(06��,QWHUQDWLRQDO�$FDGHPLHV�RI�(PHUJHQF\�'LVSDWFK��%ULVWRO��8.

.H\ZRUGV��&35��FRPSUHVVLRQV��'LVSDWFKHU�DVVLVWHG�&35��7LPH�WR�ILUVW�FRPSUHVVLRQ

$EVWUDFW��

,QWURGXFWLRQ��5DSLG�LGHQWLILFDWLRQ�RI�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��DQG�GHOLYHU\�RI�E\VWDQGHU�FKHVW�FRPSUHVVLRQV�LQ�SDWLHQWV�ZLWK�YHQWULFXODU
ILEULOODWLRQ�DUH�NH\�HOHPHQWV�LQ�WKH�FKDLQ�RI�VXUYLYDO��7KH�WLPHOLQHVV�RI�GLVSDWFKHU�DVVLVWHG�&35�PD\�LPSURYH�VXUYLYDO�LQ�VXFK�SDWLHQWV��7KH�0HGLFDO
3ULRULW\�'LVSDWFK�6\VWHP��03'6i��KDV�UHFHQWO\�LQWURGXFHG�D�VWUHDPOLQHG�SURFHVV�IRU�HPHUJHQF\�PHGLFDO�GLVSDWFKHUV��(0'V��WKDW�SURYLGHV�HDUO\
LGHQWLILFDWLRQ�RI�2+&$�DQG�UDSLG�GHOLYHU\�RI�FKHVW�FRPSUHVVLRQ�LQVWUXFWLRQV�LQ�YHUVLRQ�������NQRZQ�DV�WKH�2EYLRXVO\�1RW�%UHDWKLQJ�)DVW�7UDFN�IHDWXUH�

2EMHFWLYH��7KH�SULPDU\�REMHFWLYH�ZDV�WR�GHWHUPLQH�HODSVHG�WLPH�WR�VWDUW�RI�LQVWUXFWLRQV�DQG�WLPH�WR�LQLWLDWH�FKHVW�FRPSUHVVLRQ�E\�E\VWDQGHUV�ZKHUH
(0'V�XVHG�WKH�03'6�Y���2EYLRXVO\�1RW�%UHDWKLQJ�)DVW�7UDFN�IHDWXUH��$�VHFRQGDU\�REMHFWLYH�ZDV�WR�LGHQWLI\�EDUULHUV�HQFRXQWHUHG�E\�E\VWDQGHUV�LQ
FRPSOHWLQJ�WKH�GHOLYHU\�RI�SURPSW�FKHVW�FRPSUHVVLRQV�

0HWKRGV��$�UHWURVSHFWLYH��REVHUYDWLRQDO�VWXG\�RI����FDVHV�RI��DGXOW�FDUGLDF�DUUHVW��GLVSDWFKHU�DVVLVWHG�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35��XVLQJ
WKH�03'6�Y���)DVW�7UDFN�IHDWXUH�ZDV�SHUIRUPHG��&DVH�DXGLR�ZDV�GRZQORDGHG�IURP�WKH�HPHUJHQF\�PHGLFDO�GLVSDWFK�V\VWHP��(ODSVHG�WLPH�ZDV
UHFRUGHG�IRU���NH\�VWHSV�LQ�WKH�FDOO��%DUULHUV�WKDW�LPSHGHG�SURJUHVV�RI�E\VWDQGHU�WR�GHOLYHU�SURPSW�FKHVW�FRPSUHVVLRQV�ZHUH�LGHQWLILHG�

5HVXOWV��������������KDG�EDUULHUV�WKDW�LPSHGHG�WKH�WLPH�WR�FKHVW�FRPSUHVVLRQ�LQVWUXFWLRQV�DQG�E\VWDQGHU�GHOLYHU\�RI�FKHVW�FRPSUHVVLRQV��7KH
PRVW�IUHTXHQW�EDUULHU���������������ZDV�GLIILFXOW\�JHWWLQJ�WKH�SDWLHQW�IURP�D�EHG�WR�WKH�IORRU��2YHUDOO�HODSVHG�WLPH�IURP�FDOO�SLFNXS�WR
DGGUHVV�SKRQH�YHULILFDWLRQ�ZDV����VHFRQGV�����VHFRQGV�ZLWKRXW�EDUULHUV�����VHFRQGV�ZLWK�EDUULHUV��S ��������(ODSVHG�WLPH�IURP�DGGUHVV�YHULILFDWLRQ
WR�FRPSOHWLRQ�RI�SDWLHQW�GHVFULSWLRQ�ZDV����VHFRQGV�����VHFRQGV�ZLWKRXW�EDUULHUV�����VHFRQGV�ZLWK�EDUULHUV��S ��������7KH�PHGLDQ�HODSVHG�WLPH
IURP�DGGUHVV�YHULILFDWLRQ�WR�LGHQWLILFDWLRQ�HQWU\�RI�FDUGLDF�DUUHVW��&$��FKLHI�FRPSODLQW�ZDV����VHFRQGV��ZLWK�RU�ZLWKRXW�EDUULHUV���7KH�PHGLDQ�WLPH�WR
VWDUW�FKHVW�FRPSUHVVLRQ�LQVWUXFWLRQV�ZDV�����VHFRQGV�RYHUDOO�����VHFRQGV�ZLWKRXW�EDUULHUV������VHFRQGV�ZLWK�EDUULHUV��S���������7KH�PHGLDQ�WLPH
IRU�E\VWDQGHU�WR�LQLWLDWH�ILUVW�FRPSUHVVLRQ�DV�LQVWUXFWHG�ZDV�����VHFRQGV�RYHUDOO������VHFRQGV�ZLWKRXW�EDUULHUV������VHFRQGV�ZLWK�EDUULHUV�
S���������(ODSVHG�WLPH�WR�FRPSOHWH�DGGUHVV�YHULILFDWLRQ��WR�&$�LGHQWLILFDWLRQ��WR�VWDUW�&35�LQVWUXFWLRQ��DQG�WR�UHVSRQGHUV�DUULYDO�E\�SDWLHQW�VLGH�ZHUH
VLJQLILFDQWO\�GLIIHUHQW��S ������HDFK��VWDWLVWLFDOO\�ZKHUH�WKHUH�ZDV���EDUULHU�YV��!��EDUULHU�

&RQFOXVLRQ��8VH�RI�WKH�03'6�Y���)DVW�7UDFN�IHDWXUH�LPSURYHV�WLPH�WR�ILUVW�FRPSUHVVLRQ��ZKHQ�FRPSDUHG�WR�SUHYLRXV�03'6�YHUVLRQV��0DQ\�FDVHV
KDG�EDUULHUV�WKDW�LPSHGHG�WLPH�WR�FKHVW�FRPSUHVVLRQ�LQVWUXFWLRQV�DQG�E\VWDQGHU�GHOLYHU\�RI�FKHVW�FRPSUHVVLRQV��$�VLJQLILFDQW�GLIIHUHQFH�H[LVWV�LQ
ERWK�WLPH�WR�FRPSUHVVLRQ�LQVWUXFWLRQV�DQG�WLPH�WR�FRPSUHVVLRQ�GHOLYHUHG�EHWZHHQ�FDVHV�ZLWK�QR�EDUULHUV�DQG�WKRVH�ZLWK�EDUULHUV��*HWWLQJ�WKH
SDWLHQW�IURP�D�EHG�WR�WKH�IORRU�ZDV�WKH�PRVW�FRPPRQ�EDUULHU��)XWXUH�VWXGLHV�WKDW�HYDOXDWH�GLVSDWFKHU�DVVLVWHG�&35�VKRXOG�LGHQWLI\�WKHVH�EDUULHUV
DQG�UHSRUW�RQ�KRZ�WKH\�LPSDFWHG�HODSVHG�WLPHV��$GGUHVV�DQG�SKRQH�QXPEHU�YHULILFDWLRQ�LV�D�UHTXLUHPHQW�IRU�GLVSDWFK��DQG�WLPH�WR�FRPSOHWH�WKLV
VWHS�YDULHV�IURP�FDVH�WR�FDVH��7KHUHIRUH�WKLV�WLPH�PXVW�EH�FRQVLGHUHG�ZKHQ�HYDOXDWLQJ�WLPH�WR�ILUVW�FKHVW�FRPSUHVVLRQ��G)UDJPHQW��!�VVLRQ�



&$6(�35(6(17$7,21 $QQ�<RXQ

��������5HWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��526&��IURP�UHOHDVH�RI�DXWR�3((3

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$QQ�<RXQ����

���$QHVWKHVLRORJ\��&KXQJQDP�1DWLRQDO�8QLYHUVLW\�+RVSLWDO��'DHMRQ��.25($��5(38%/,&�2)

.H\ZRUGV��$XWR�3((3��6XGGHQ�FDUGLDF�DUUHVW��YHQWLODWLRQ

$EVWUDFW��

7KH�/D]DUXV�SKHQRPHQRQ�LV�GHILQHG�DV�WKH�GHOD\HG�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��526&��DIWHU�FHVVDWLRQ�RI�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35��
%HFDXVH�IDFWRUV�VXFK�DV�DXWR�3((3�SOD\�D�UROH�DQG�FDXVH�RI�GHDWK�LV�XVXDOO\�IRXQG�SRVWPRUWHP��LW�LV�GLIILFXOW�WR�PDNH�DQ�H[DFW�GLDJQRVLV�DW�WKH�WLPH
RI�DUUHVW��$�VLPSOH��QRQ�LQYDVLYH�PHWKRG�VXFK�DV�GLVFRQWLQXLQJ�PDQXDO�YHQWLODWLRQ�FDQ�FRUUHFW�K\SRWHQVLRQ�RU�HOHFWURPHFKDQLFDO�GLVVRFLDWLRQ��(0'�
DVVRFLDWHG�ZLWK�K\SHULQIODWLRQ�RI�OXQJV�IURP�GLVFUHSDQF\�EHWZHHQ�H[KDODWLRQ�DQG�LQVSLUDWLRQ��:H�UHSRUW�D����\HDU�ROG�ZRPDQ�ZKR�VXIIHUHG�IURP
FDUGLDF�DUUHVW�VXVSHFWHG�RI�DXWR�3((3��SRVLWLYH�HQG�H[SLUDWRU\�SUHVVXUH��IURP�LPSURSHU�PDQXDO�YHQWLODWLRQ�GXULQJ�WUDQVIHU�IURP�WKH�,&8�WR�WKH�25
EXW�ZDV�UHVXVFLWDWHG�ZKHQ�YHQWLODWLRQ�ZDV�FHDVHG�E\�UHOHDVLQJ�LQWUDWKRUDFLF�SUHVVXUH��(GXFDWLRQ�IRU�XQGHUVWDQGLQJ�WKH�SK\VLRORJ\�RI�WKLV
SKHQRPHQRQ�DQG�UHFRJQL]LQJ�LW�ZKHQ�LW�RFFXUV�LV�QHHGHG�



3(',$75,&6 %DODNULVKQD�9DOOXUX

��������6WHUQDO�IUDFWXUH��UDUH�EXW�SRVVLEOH�LQ�FKLOGUHQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%LPDO�0HKWD������6DUDK�)LVVOHU������%DODNULVKQD�9DOOXUX����

�����QRQH��/LYHUSRRO��8.

$EVWUDFW��

$�QLQH�\HDU�ROG�ER\�SUHVHQWHG�WR�D�GLVWULFW�JHQHUDO�HPHUJHQF\�GHSDUWPHQW�DIWHU�KH�WRSSOHG�RII�D�VZLQJ�DQG�ODQGHG�RQWR�KLV�DQWHULRU�FKHVW�ZDOO�

+H�ZDV�LQLWLDOO\�PDQDJHG�DV�D�FKHVW�ZDOO�FRQWXVLRQ�DQG�ZDV�GLVFKDUJHG�KRPH�ZLWK�RUDO�DQDOJHVLD��'HVSLWH�DGHTXDWH�RUDO�DQDOJHVLD��KLV�SDLQ
SHUVLVWHG�DQG�KH�UH�DWWHQGHG�WKH�HPHUJHQF\�GHSDUWPHQW�D�ZHHN�ODWHU�

2Q�H[DPLQDWLRQ�KLV�FDUGLR�UHVSLUDWRU\�VWDWXV�ZDV�VWDEOH��7KHUH�ZDV�WHQGHUQHVV�DQG�D�VWHS�RYHU�WKH�VWHUQDO�DUHD�ZLWK�QR�DVVRFLDWHG�LQMXULHV�

2Q�FOLQLFDO�VXVSLFLRQ�SODLQ�UDGLRJUDSKV�RI�WKH�FKHVW�DQG�D�ODWHUDO�YLHZ�RI�WKH�VWHUQXP�ZHUH�GRQH�ZKLFK�VKRZHG�D�IUDFWXUH�RI�WKH�ERG\�RI�WKH�VWHUQXP
ZLWK�SRVWHULRU�GLVSODFHPHQW�

+H�ZDV�WKHQ�WUDQVIHUUHG�WR�RXU�KRVSLWDO�IRU�IXUWKHU�PDQDJHPHQW��,Q�RXU�HPHUJHQF\�GHSDUWPHQW�KLV�FOLQLFDO�H[DPLQDWLRQ�GLG�QRW�FKDQJH�IURP
SUHYLRXVO\�GHVFULEHG��$����OHDG�HOHFWURFDUGLRJUDP�DQG�D�EHGVLGH�HFKRFDUGLRJUDP�GLG�QRW�UHYHDO�DQ\�DEQRUPDOLW\�

+H�ZDV�DGPLWWHG�XQGHU�FDUGLRWKRUDFLF�VXUJHRQV�IRU�RYHUQLJKW�REVHUYDWLRQ��+H�VXEVHTXHQWO\�GHYHORSHG�QHFN�SDLQ�ZLWKRXW�QHXURORJLFDO�GHILFLW��3ODLQ
ILOPV�DQG�05,�RI�WKH�WKRUDFLF�VSLQH�ZHUH�QRUPDO�

7KH�VWHUQDO�IUDFWXUH�ZDV�PDQDJHG�FRQVHUYDWLYHO\�DQG�KH�ZDV�IROORZHG�XS�DSSURSULDWHO\�

2Q�UHYLHZLQJ�WKH�OLWHUDWXUH�FKHVW�ZDOO�LQMXULHV�FDXVLQJ�IUDFWXUHV�DUH�XQFRPPRQ�LQ�FKLOGUHQ��7KH�LQFUHDVHG�SOLDELOLW\�DQG�HODVWLFLW\�RI�WKH�FKLOGÇV�FKHVW
ZDOO�UHGXFHV�WKH�VXVFHSWLELOLW\�WR�IUDFWXUH��7KRXJK�UDUH��VWHUQDO�IUDFWXUH�GRHV�RFFXU�ZLWK�GLUHFW�LQMXU\��EOXQW�WUDXPD��WR�WKH�FKHVW�ZDOO�DQG�LQGLUHFW
LQMXU\�IROORZLQJ�IOH[LRQ�FRPSUHVVLRQ�WR�WKH�XSSHU�WKRUD[��+HQFH�FDUHIXO�H[DPLQDWLRQ�RI�WKH�WKRUDFLF�VSLQH�LQ�WKH�SUHVHQFH�RI�D�VWHUQDO�LQMXU\�DQG
YLFH�YHUVD�LV�HPSKDVL]HG�IRU�LQGLUHFW�LQMXULHV��7KH�DVVRFLDWHG�LQWUD�WKRUDFLF�LQMXULHV�LV�KLJK�LQ�FKLOGUHQ�DV�D�UHVXOW�RI�VHYHUH�EOXQW�WUDXPD�OLNH�PRWRU
YHKLFOH�FUDVKHV��$�ODWHUDO�[�UD\�RI�WKH�FKHVW�LV�WKH�HDVLO\�DYDLODEOH�LQYHVWLJDWLRQ�EXW�D�EHG�VLGH�XOWUDVRXQG�KDV�KLJKHU�VHQVLWLYLW\�DQG�VSHFLILFLW\�LQ
GLDJQRVLQJ�VWHUQDO�IUDFWXUHV��8OWUDVRXQG�H[SHUWLVH�LQ�HPHUJHQF\�GHSDUWPHQW�LV�KLJKO\�YDULDEOH�

6WHUQDO�IUDFWXUHV�LQ�FKLOGUHQ�DUH�JHQHUDOO\�PDQDJHG�FRQVHUYDWLYHO\��,Q�DGXOWV�ZKR�DUH�RWKHUZLVH�ILW�DQG�ZHOO�DQG�KDYH�QRUPDO�HOHFWURFDUGLRJUDP�	
FKHVW�[�UD\�RQ�SUHVHQWDWLRQ�FDQ�EH�VDIHO\�GLVFKDUJHG�IURP�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�RUDO�DQDOJHVLFV��+RZHYHU�WKH�SRLQW�DW�ZKLFK�ZH�FDQ
VDIHO\�GLVFKDUJH�FKLOGUHQ�ZLWK�VWHUQDO�IUDFWXUH�IURP�WKH�HPHUJHQF\�GHSDUWPHQW�LV�QRW�FOHDU�

7KHUH�DUH�QR�VHW�JXLGHOLQHV�UHJDUGLQJ�PDQDJLQJ�VWHUQDO�IUDFWXUHV�LQ�FKLOGUHQ��EXW�HDFK�SUHVHQWDWLRQ�LV�PDQDJHG�EDVHG�RQ�WKH�FOLQLFDO�VLWXDWLRQ��7KLV
FDVH�UHSRUW�KLJKOLJKWV�WKH�QHHG�IRU�IXUWKHU�VWXGLHV�WR�PDNH�DQG�YDOLGDWH�GHFLVLRQ�UXOHV�UHJDUGLQJ�PDQDJLQJ�VWHUQDO�IUDFWXUHV�LQ�FKLOGUHQ�



72;,&2/2*< 2]JXU�6RJXW

��������,QWHUQDWLRQDO�VPXJJOLQJ�RI�FRFDLQH�E\�ERG\�FRQFHDOPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

2QXU�.DSODQ������2]JXU�6RJXW������0HKPHW�<LJLW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��+DVHNL�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��7XUNH\��,VWDQEXO��785.(<

.H\ZRUGV��%RG\�SDFNHU��FRFDLQH�ILOOHG�SDFNDJHV��DEGRPLQDO�UDGLRJUDSK\��FRPSXWHG�WRPRJUDSK\��FRQVHUYDWLYH�PDQDJHPHQW

$EVWUDFW��

%DFNJURXQG��'UXJ�VPXJJOLQJ�E\�LQWHUQDO�ERGLO\�FRQFHDOPHQW��FDOOHG�ÆERG\�SDFNLQJÇ��LV�D�ZLGHVSUHDG�PHWKRG�RI�WUDQVSRUWLQJ�QDUFRWLFV��3HRSOH
XVLQJ�WKLV�PHWKRG�DUH�NQRZQ�DV�ÆERG\�SDFNHUVÇ��ÆPXOHVÇ��ÆLQWHUQDO�FDUULHUVÇ��RU�ÆFRXULHUVÇ��7KH�WKUHH�PDLQ�GUXJV�VPXJJOHG�LQ�WKLV�PDQQHU�DUH�FRFDLQH�
KHURLQ��DQG�FDQQDELV�SURGXFWV��&RFDLQH�LV�WKH�GUXJ�PRVW�FRPPRQO\�VPXJJOHG�E\�ERG\�FRQFHDOPHQW��IROORZHG�E\�KHURLQ��:H�SUHVHQW�D�FDVH�UHSRUW�RI
D�KHDOWK\�PDQ�ZKR�LQJHVWHG�D�ODUJH�QXPEHU�RI�ZHOO�PDQXIDFWXUHG�FRFDLQH�SDFNDJHV�WR�VPXJJOH�WKHP�DFURVV�LQWHUQDWLRQDO�ERUGHUV�

&DVH��$����\HDU�ROG�PDQ�LQJHVWHG�FRFDLQH�SDFNDJHV�ZRUWK�DSSUR[LPDWHO\�86����������WR�WUDQVSRUW�LW�IURP�'XEDL�WR�0DGULG��+H�ZDV�DUUHVWHG�E\
SROLFH�DW�,VWDQEXO�$WDWXUN�$LUSRUW�IRU�VXVSHFWHG�ERG\�SDFNLQJ�RI�GUXJV��+H�FRQIHVVHG�WKDW�KH�KDG�DWWHPSWHG�WR�VPXJJOH����SDFNDJHV�RI�FRFDLQH�LQ
KLV�JDVWURLQWHVWLQDO�WUDFW��7KH�SDWLHQW�KDG�QDXVHD��EXW�QR�DEGRPLQDO�SDLQ��+H�DSSHDUHG�ZHOO�DQG�ZDV�FRQVFLRXV�DQG�RULHQWHG��&DUGLRSXOPRQDU\�
DEGRPLQDO��DQG�UHFWDO�H[DPLQDWLRQV�ZHUH�QRUPDO��DQG�WKHUH�ZHUH�QR�VLJQV�RI�GUXJ�RYHUGRVH�RU�LQWR[LFDWLRQ��$�SODLQ�DEGRPLQDO�UDGLRJUDSK�UHYHDOHG
PXOWLSOH�RSDTXH�IRUHLJQ�ERGLHV�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW���1RQ�FRQWUDVW�HQKDQFHG�WKUHH�GLPHQVLRQDO���'��DEGRPLQDO�DQG�SHOYLF�FRPSXWHG
WRPRJUDSK\��&7��VKRZHG�PXOWLSOH�VSKHULFDO�FDSVXOHV�LQ�WKH�VPDOO�LQWHVWLQH��FRORQ��DQG�UHFWXP��$IWHU�GHWHFWLQJ�WKH�FDSVXOHV�UDGLRORJLFDOO\��KH
FRQIHVVHG�WR�FDUU\LQJ�DERXW������NJ�RI�FRFDLQH��SUHVVHG�DQG�ZUDSSHG�LQWR�SDFNDJHV�ZHLJKLQJ����J�HDFK��+H�KDG�VZDOORZHG�WKH�SDFNDJHV�RI�FRFDLQH
LQ�'XEDL�WZR�GD\V�EHIRUH�DGPLVVLRQ�WR�RXU�KRVSLWDO�

7KH�SDWLHQW�ZDV�PDQDJHG�VXFFHVVIXOO\�ZLWK�FRQVHUYDWLYH�PHDVXUHV��LQFOXGLQJ�HQHPDV�DQG�OD[DWLYHV��$OO�RI�WKH�LQJHVWHG�SDFNDJHV�ZHUH�HYDFXDWHG
VSRQWDQHRXVO\�DQG�WKH�SROLFH�VHFXUHG�DQG�FROOHFWHG����LQWDFW�VZDOORZHG�SDFNDJHV�RI�FRFDLQH��&7���KRXUV�ODWHU�VKRZHG�WKDW�WKH�DEGRPHQ�ZDV�FOHDU
RI�FRFDLQH�SDFNDJHV��7KH�SDWLHQW�ZDV�REVHUYHG�LQ�WKH�('�IRU�VL[�KRXUV�SRVW�DUUHVW��1R�V\PSWRPV�RI�FRFDLQH�WR[LGURPH�RU�RWKHU�FRPSOLFDWLRQV�VXFK
DV�REVWUXFWLRQ�RU�LOHXV�ZHUH�REVHUYHG��+H�ZDV�GLVFKDUJHG�LQWR�SROLFH�FXVWRG\��$QDO\VLV�VXEVHTXHQWO\�LQGLFDWHG�WKDW�WKH�FRFDLQH�ZDV�����SXUH�DQG
W\SH�,,,�SDFNDJHV�KDG�EHHQ�XVHG�

&RQFOXVLRQ��$EGRPLQDO�UDGLRJUDSK\�DQG�&7�DUH�XVHIXO�WRROV�IRU�VFUHHQLQJ�SDWLHQWV�VXVSHFWHG�RI�ERG\�SDFNLQJ�FRFDLQH��$OWKRXJK�RXU�SDWLHQW�KDG
VZDOORZHG�D�ODUJH�QXPEHU�RI�FRFDLQH�FDSVXOHV��KH�ZDV�PDQDJHG�FRQVHUYDWLYHO\�DQG�DOO�RI�WKH�FDSVXOHV�ZHUH�HYDFXDWHG�XQHYHQWIXOO\��7KLV�PD\�EH
EHFDXVH�RI�WKH�VRSKLVWLFDWHG�FDSVXOH�PDWHULDO�DQG�SDFNLQJ�WHFKQLTXH��DQG�WKH�KHDOWK�RI�RXU�SDWLHQW��



,17(59(17,216 'DUUHQ�/LOOLV

��������(PHUJHQF\�'HSDUWPHQW�EORRG�ERUQH�9LUXV�6FUHHQLQJ�6WXG\��('96�678'<���)HDVLELOLW\�DQG�UHVXOWV�LQ�DQ�XUEDQ�LQQHU�FLW\
(PHUJHQF\�'HSDUWPHQW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'DUUHQ�/LOOLV������6�2
&RQQHOO������$�&RWWHU������6�2
'HD������+�7XLWH������'DUUDJK�6KLHOGV������6�1RUULV������%�&URZOH\������3.�3OXQNHWW������&�%HUJLQ����

�����'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6W�-DPHVÇV�+RVSLWDO��'XEOLQ��,UHODQG��'XEOLQ��,5(/$1'
�����'HSDUWPHQW�RI�*HQLWR�8ULQDU\�DQG�,QIHFWLRXV�'LVHDVHV��6W�-DPHVÇV�+RVSLWDO��'XEOLQ��,UHODQG��'XEOLQ��,5(/$1'
�����,QIHFWLRXV�'LVHDVHV�'HSDUWPHQW��8QLYHUVLW\�&ROOHJH�+RVSLWDO�*DOZD\��,UHODQG���*DOZD\��,5(/$1'
�����+HSDWRORJ\�'HSDUWPHQW��6W�-DPHVÇV�+RVSLWDO��'XEOLQ��,UHODQG��'XEOLQ��,5(/$1'
�����0LFURELRORJ\�'HSDUWPHQW��6W�-DPHVÇV�+RVSLWDO��'XEOLQ��,UHODQG��'XEOLQ��,5(/$1'

.H\ZRUGV��(PHUJHQF\�'HSDUWPHQW��+,9��+HSDWLWLV�%��+HSDWLWLV�&��6FUHHQLQJ

$EVWUDFW��

,QWURGXFWLRQ

5HFHQW�GDWD�VXJJHVWV�!�������SHRSOH�OLYH�ZLWK�+,9�LQ�WKH�'XEOLQ�DUHD��%ULWLVK�+,9�$VVRFLDWLRQ�JXLGHOLQHV�DGYLVH�XQLYHUVDO�+,9�WHVWLQJ�DW�WKLV
WKUHVKROG��5HSRUWHG�SUHYDOHQFH�RI�+HSDWLWLV�&��+&9��LQ�,UHODQG�LV������������+HSDWLWLV�%��+%9��SUHYDOHQFH�LV�XQNQRZQ��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR
DVVHVV�WKH�IHDVLELOLW\�RI�D�+,9��+%9�DQG�+&9�SDQHO�VFUHHQLQJ�SURJUDPPH�LQ�DQ�XUEDQ�(PHUJHQF\�'HSDUWPHQW��('��

�0HWKRGV

:LWK�HWKLFDO�DSSURYDO��RSW�RXW�VHUXP�VFUHHQLQJ�ZDV�SLORWHG�IURP�0DUFK������WR�-DQXDU\�������3DWLHQWV�ZKR�XQGHUZHQW�YHQHSXQFWXUH�LQ�('�ZHUH
RIIHUHG�DQ�DGGLWLRQDO�SDQHO�YLUDO�VFUHHQ�RI�+,9��+%9�DQG�+&9�WHVWLQJ��$Q�H[WHQVLYH�VWDII�HGXFDWLRQ�SURJUDPPH�ZDV�FRQGXFWHG�EHIRUH�WKH�VWXG\
FRPPHQFHG��9LVXDO�DQG�YHUEDO�UHPLQGHUV�ZHUH�LQVWLWXWHG�DW�GDLO\�VWDII�KDQGRYHUV��7KH�VWXG\�RUJDQLVHUV�SURYLGHG�UHJXODU�VWXG\�XSGDWHV�

5HVXOWV

2I��������VDPSOHV�������ZHUH�DQDO\VHG�IROORZLQJ�UHPRYDO�RI�GXSOLFDWHV��$�VXVWDLQHG�XSWDNH�RI�!����RI�VDPSOHV�ZDV�DWWDLQHG�E\�:HHN���

�������DQG�����SDWLHQWV�WHVWHG�SRVLWLYH�IRU�+,9��+%9�DQG�+&9�UHVSHFWLYHO\��2I�WKHVH��������DQG����ZHUH�QHZ�GLDJQRVHV�RI�+,9��+%9�DQG�+&9
UHVSHFWLYHO\��7KH�LQFLGHQFH�DQG�SUHYDOHQFH�RI�DOO�WKUHH�YLUXVHV�DUH�RXWOLQHG�EHORZ

+,9��LQFLGHQFH�����SHU�������SUHYDOHQFH����SHU�����

+%9��LQFLGHQFH������SHU�������SUHYDOHQFH������SHU�����

+&9��LQFLGHQFH�����SHU�������SUHYDOHQFH������SHU�����

&RQFOXVLRQV

7KH�UHVXOWV�GHPRQVWUDWH�D�KLJK�SUHYDOHQFH�RI�EORRG�ERUQH�YLUXVHV�LQ�RXU�SRSXODWLRQ��2SW�RXW�VHUXP�VFUHHQLQJ�IRU�EORRG�ERUQH�YLUXVHV�LV�IHDVLEOH�DQG
DFFHSWDEOH�LQ�D�EXV\�XUEDQ�('�IRU�ERWK�VWDII�DQG�SDWLHQWV��,W�KDV�QRZ�EHFRPH�VWDQGDUG�RI�FDUH�LQ�RXU�(PHUJHQF\�'HSDUWPHQW�



*(5,$75,&6 -DFLQWD�$��/8&.(

��������,PSDLUHG�FRJQLWLRQ�LV�DVVRFLDWHG�ZLWK�DGYHUVH�RXWFRPHV�LQ�ROGHU�SDWLHQWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��WKH
$323�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-DFLQWD�/XFNH������-HOOH�GH�*HOGHU������%DV�GH�*URRW������&KULVWLDQ�+HULQJKDXV������-DDS�)RJWHORR������6DQGHU�$QWHQ������*HUDUG�-DQ�%ODXZ������6LPRQ
0RRLMDDUW����

���(PHUJHQF\�0HGLFLQH��/HLGHQ�8QLYHUVLW\�0HGLFDO�&HQWUH��/HLGHQ��7+(�1(7+(5/$1'6
���*HURQWRORJ\�DQG�*HULDWULFV��/HLGHQ�8QLYHUVLW\�0HGLFDO�&HQWUH��/HLGHQ��7+(�1(7+(5/$1'6
���,QWHUQDO�0HGLFLQH���6HFWLRQ�RI�$FXWH�&DUH��/HLGHQ�8QLYHUVLW\�0HGLFDO�&HQWUH��/HLGHQ��7+(�1(7+(5/$1'6
���,QWHUQDO�0HGLFLQH��$OULMQH�+RVSLWDO��/HLGHUGRUS��7+(�1(7+(5/$1'6

.H\ZRUGV��JHULDWULFV��FRJQLWLRQ��FRJQLWLYH�IXQFWLRQ��IXQFWLRQDO�GHFOLQH��PRUWDOLW\

$EVWUDFW��

%DFNJURXQG��7KH�QXPEHU�RI�HPHUJHQF\�GHSDUWPHQW��('��YLVLWV�E\�WKH�HOGHUO\�LV�LQFUHDVLQJ��&RJQLWLYH�LPSDLUPHQW�LV�D�ULVN�IDFWRU�IRU�IXQFWLRQDO
GHFOLQH�DQG�PRUWDOLW\�EXW�LWV�DVVHVVPHQW�WDNHV�WRR�PXFK�WLPH�LQ�ROGHU�SDWLHQWV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��,QIRUPDWLRQ�DERXW�FRJQLWLRQ�DW�DUULYDO
PLJKW�EH�RI�JUHDW�YDOXH�WR�DVVLVW�FOLQLFLDQV�LQ�PDNLQJ�WUHDWPHQW�GHFLVLRQV��WR�GHWHFW�ULVN�RI�GHOLULXP�LQ�DQ�HDUO\�SKDVH�DQG�WR�UHGXFH�WKH�ULVN�RI
DGYHUVH�KHDOWK�RXWFRPHV�E\�LPSOHPHQWLQJ�WDUJHWHG�LQWHUYHQWLRQV��7KHUHIRUH��WKH�DLP�ZDV�WR�LQYHVWLJDWH�LI�WKH�UHODWLYHO\�EULHI
6L[�,WHP�&RJQLWLYH�,PSDLUPHQW�7HVW����&,7��LV�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�IXQFWLRQDO�GHFOLQH�DQG�PRUWDOLW\��D�SUH�UHTXLVLWH�WR�EH�XVHG�DV�D
VFUHHQLQJ�WRRO�LQ�WKH�DFXWH�VHWWLQJ�

�

0HWKRGV��$�PXOWLFHQWUH�SURVSHFWLYH�REVHUYDWLRQDO�IROORZ�XS�VWXG\�ZDV�FRQGXFWHG�LQ�SDWLHQWV�DJHG����\HDUV�RU�ROGHU��YLVLWLQJ�WKH�('�RI�WKH�/HLGHQ
8QLYHUVLW\�0HGLFDO�&HQWHU��/80&��DQG�$OULMQH�+RVSLWDO�LQ�WKH�1HWKHUODQGV��$W�EDVHOLQH��WKH�6L[�,WHP�&RJQLWLYH�,PSDLUPHQW�7HVW���&,7��DQG�IXQFWLRQDO
VWDWXV��DV�DVVHVVHG�ZLWK�WKH�.DW]�$'/��ZDV�DVVHVVHG��&RJQLWLYH�LPSDLUPHQW�ZDV�GHILQHG�DV�D��&,7�VFRUH�Õ����0XOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ
DQDO\VLV�ZLWK�WKH�SULPDU\�RXWFRPHV�PRUWDOLW\�DQG�IXQFWLRQDO�GHFOLQH��FRPSRVLWH�HQGSRLQW�DGYHUVH�RXWFRPH���DW�WKUHH�DQG�WZHOYH�PRQWKV��/80&�RQO\�
DIWHU�WKH�('�YLVLW�ZDV�XVHG�

5HVXOWV�������SDWLHQWV�ZHUH�LQFOXGHG��/80&�Q �����$OULMQH�Q ����������SDWLHQWV���������KDG�FRJQLWLYH�LPSDLUPHQW��&RPSDUHG�WR�QRUPDO�FRJQLWLRQ�
FRJQLWLYH�LPSDLUPHQW�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI�DGYHUVH�KHDOWK�RXWFRPHV��LQGHSHQGHQW�RI�DJH��VH[��HGXFDWLRQ�DQG�WULDJH�XUJHQF\��ZLWK
FRUUHFWHG�RGGV�UDWLRV�RI����������&,������������DW�WKUHH�PRQWKV��3DWLHQWV�ZLWK�LPSDLUHG�FRJQLWLRQ�KDG�LQFUHDVHG�ULVN�RI�PRUWDOLW\�DIWHU�WKUHH�DQG
WZHOYH�PRQWKV��+5���������&,������������

&RQFOXVLRQ�&RJQLWLYH�LPSDLUPHQW��PHDVXUHG�ZLWK�WKH�����PLQXWH��&,7��LV�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�DGYHUVH�KHDOWK�RXWFRPHV�LQ�ROGHU�('
SDWLHQWV�



0$1$*(0(17���('�25*$1,6$7,21 '$1�/8&,$1�*+,85/8&

��������(PHUJHQF\�'HSDUWPHQW�0DQDJHPHQW�RI�167(0,

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$XVWLQ�.H]LDK������'DQ�*KLXUOXF������8PDU�&KDXGKU\����

���)<��(PHUJHQF\�0HGLFLQH��/RQGRQ�1RUWKZHVW�+RVSLWDOV��/RQGRQ��8.
���$FFLGHQW�DQG�(PHUJHQF\��1RUWKZLFN�3DUN�+RVSLWDO�1+6�7UXVW��/RQGRQ��8.

.H\ZRUGV��167(0,��GXDO�DQWLSODWHOHW��ULVN�VWUDWLILFDWLRQ��PDQDJHPHQW

$EVWUDFW��

(PHUJHQF\�'HSDUWPHQW�0DQDJHPHQW�RI�167(0,

$XVWLQ�.���&KDXGKU\�8���*KLXUOXF�'�

�

��v�)<��GRFWRU�LQ�(PHUJHQF\�0HGLFLQH��1RUWKZLFN�3DUN�+RVSLWDO

��v�&RQVXOWDQW�3K\VLFLDQ�LQ�(PHUJHQF\�0HGLFLQH��1RUWKZLFN�3DUN�+RVSLWDO

�

,QWURGXFWLRQ

1RQ�67�(OHYDWLRQ�0\RFDUGLDO�,QIDUFWLRQ��167(0,��LV�D�FRPPRQ�DQG�VHULRXV�DFXWH�PHGLFDO�SUHVHQWDWLRQ��'LDJQRVWLF�GLIILFXOWLHV�DQG�IUHTXHQW�FKDQJHV
WR�JXLGHOLQHV�PHDQ�SDWLHQWV�SUHVHQWLQJ�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��DUH�YXOQHUDEOH�WR�PLVPDQDJHPHQW��7KHUH�DUH�FOHDU�JXLGHOLQHV�DW
1RUWKZLFN�3DUN�+RVSLWDO��1,&(�DQG�7UXVW��RXWOLQLQJ�RSWLPDO�PDQDJHPHQW�RI�167(0,��EXW�ZH�QRWLFHG�WKHVH�ZHUH�QRW�EHLQJ�IROORZHG��WR�WKH�OLNHO\
GHWULPHQW�RI�SDWLHQW�FDUH��:H�DLPHG�WR�HYDOXDWH�RXU�('�SUDFWLFH�DJDLQVW�SUHGHWHUPLQHG�VWDQGDUGV��WHDFK�WKH�GHSDUWPHQW�UHJDUGLQJ�SURWRFROV��DQG
VXEVHTXHQWO\�UHDVVHVV�TXDOLW\�RI�FDUH��

�

0HWKRGV

7KH�HOHFWURQLF�('�GDWDEDVH�GHPRQVWUDWHG�ZKHWKHU�����SDWLHQWV�ZLWK�D�ÆSURYLVLRQDO�GLDJQRVLVÇ�RI�167(0,�LQ�$SULO�KDG�EHHQ�DSSURSULDWHO\�ULVN�VWUDWLILHG�
���DSSURSULDWH�DQDOJHVLD�ZDV�JLYHQ�����GXDO�DQWL�SODWHOHWV�ZHUH�SUHVFULEHG�����WKH�FKRLFH�RI�WKH�VHFRQG�DJHQW�ZDV�DSSURSULDWH�WR�WKHLU�GHJUHH�RI�ULVN�
:H�WKHQ�XVHG�PXOWLSOH�PHWKRGV�WR�HGXFDWH�WKH�GHSDUWPHQW�RQ�167(0,�PDQDJHPHQW��DQG�WKHQ�UHFROOHFWHG�GDWD�WR�DVVHVV�IRU�D�FKDQJH�LQ�SUDFWLFH��

�

5HVXOWV

$OO�DVSHFWV�RI�PDQDJHPHQW�LPSURYHG��PRVW�QRWDEO\�WKH�SUHVFULSWLRQ�RI�DVSLULQ������SDWLHQWV�LQ�WKH�ILUVW�URXQG�������LQ�WKH�VHFRQG��DQG�D�VHFRQG
DQWLSODWHOHW������SDWLHQWV�LQ�WKH�ILUVW�URXQG������LQ�WKH�VHFRQG���7KH�IUHTXHQF\�RI�FRUUHFW�FKRLFH�RI�VHFRQG�DJHQW�LPSURYHG��DV�GLG�ULVN�VWUDWLILFDWLRQ
DQG�DQDOJHVLD�SUHVFULSWLRQ��

�

&RQFOXVLRQV

,PSRUWDQW�DFXWH�SUREOHPV�VXFK�DV�167(0,��ZKLFK�LQLWLDOO\�SUHVHQW�WR�('�GRFWRUV��UHTXLUH�QRW�RQO\�WKRURXJK�JXLGHOLQHV�IURP�VSHFLDOW\�GHSDUWPHQWV�
EXW�IXOO�DZDUHQHVV�DQG�XQGHUVWDQGLQJ�E\�IURQW�OLQH�VWDII�UHVSRQVLEOH�IRU�LQLWLDO�PDQDJHPHQW��,Q�WKLV�FDVH��VLPSOH�HGXFDWLRQ�YLD�PXOWLSOH�PHGLD�DQG
UDLVLQJ�DZDUHQHVV�KDV�VLJQLILFDQWO\�LPSURYHG�SDWLHQW�RXWFRPHV�

�

�
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��������8SSHU�*DVWURLQWHVWLQDO�%OHHGLQJ�33,�JXLGDQFH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-DPHV�/RN������'DQ�*KLXUOXF����

���)<��(PHUJHQF\�0HGLFLQH��/RQGRQ�1RUWKZHVW�+RVSLWDOV��/RQGRQ��8.
���$FFLGHQW�DQG�(PHUJHQF\��1RUWKZLFN�3DUN�+RVSLWDO�1+6�7UXVW��/RQGRQ��8.

.H\ZRUGV��DQWL�DFLGV��PDQDJHPHQW��XSSHU�*�,�EOHHG

$EVWUDFW��

�����������������������������������������������������������������������������������������0DQDJHPHQW�RI�DFXWH�XSSHU�*,�EOHHGV�LQ�$	(�DQG�33,�JXLGDQFH

�

$FXWH�XSSHU�JDVWURLQWHVWLQDO�KHPRUUKDJH�LV�D�FRPPRQ�PHGLFDO�HPHUJHQF\�DQG�LV�UHVSRQVLEOH�IRU�DSSUR[LPDWHO\��������KRVSLWDO
DGPLVVLRQV�HYHU\�\HDU�LQ�WKH�8.��'HVSLWH�DGYDQFHV�LQ�LWV�PDQDJHPHQW�RYHU�WKH�SDVW�IHZ�\HDUV��WKH�KRVSLWDO�PRUWDOLW\�UDWH�IRU�DQ
DFXWH�XSSHU�*,�EOHHG�UHPDLQV�������$SSURSULDWH�PDQDJHPHQW�RI�WKHVH�SDWLHQWV�LQYROYHV�SURPSW�UHVXVFLWDWLRQ�ZLWK�IOXLGV�DQG�EORRG
SURGXFWV��HDUO\�ULVN�VWUDWLILFDWLRQ��DSSURSULDWH�XVH�RI�SKDUPDFRORJLFDO�DJHQWV�DQG�SURPSW�HQGRVFRS\�WR�LGHQWLI\�WKH�EOHHGLQJ�SRLQW
DQG�DSSO\�OXPLQDO�WKHUDS\�

,Q�WKLV�UHWURVSHFWLYH�VWXG\��DOO�RI�WKH�SDWLHQWV�ZKR�SUHVHQWHG�WR�1RUWKZLFN�3DUN�HPHUJHQF\�GHSDUWPHQW�EHWZHHQ��VW�'HFHPEHU�����
DQG���VW�-DQXDU\������ZLWK�DQ�DFXWH�XSSHU�*,�EOHHG�ZHUH�LGHQWLILHG�DQG�RXU�PDQDJHPHQW�RI�WKHVH�SDWLHQWV�ZDV�FRPSDUHG�ZLWK�WKH
ODWHVW�1,&(�JXLGHOLQHV�SXEOLVKHG�RQ�WKLV�WRSLF�LQ������DQG�RXU�ORFDO�7UXVW�SROLFLHV��,Q�WRWDO�����SDWLHQWV�PHW�WKH�LQFOXVLRQ�FULWHULD�IRU
WKLV�VWXG\�ZLWK���SDWLHQWV�SUHVHQWLQJ�ZLWK�D�VXVSHFWHG�YDULFHDO�EOHHG�DQG����SDWLHQWV�SUHVHQWLQJ�ZLWK�D�VXVSHFWHG�QRQ�YDULFHDO
EOHHG�

5HVXOWV�REWDLQHG�IURP�WKLV�VWXG\�KDYH�KLJKOLJKWHG�D�QXPEHU�RI�DUHDV�WKDW�FDQ�EH�LPSURYHG��)LUVWO\��DSSURSULDWH�ULVN�VWUDWLILFDWLRQ
DQG�FDOFXODWLRQ�RI�WKH�%ODWFKIRUG�VFRUH�ZDV�FDOFXODWHG�LQ�RQO\�����RI�FDVHV��,Q�DGGLWLRQ������RI�SDWLHQWV�GLG�QRW�KDYH�D�JURXS�	
VDYH�RU�FURVV�PDWFK�SHUIRUPHG���0RUWDOLW\�LV�SDUWLFXODUO\�KLJK�DPRQJVW�WKRVH�SDWLHQWV�SUHVHQWLQJ�ZLWK�D�YDULFHDO�EOHHG�DQG�DPRQJVW
WKLV�JURXS�RI�SDWLHQWV�����KDG�D�EORRG�FXOWXUH�SHUIRUPHG�DQG�RQO\�����RI�SDWLHQWV�UHFHLYHG�EURDG�VSHFWUXP�DQWLELRWLFV�DQG
WHUOLSUHVVLQ�WKHUDS\��)XUWKHUPRUH��LQ�DFFRUGDQFH�ZLWK�1,&(�JXLGHOLQHV��DFLG�VXSSUHVVLRQ�WKHUDS\�VKRXOG�QRW�EH�JLYHQ�WR�SDWLHQWV
ZLWK�D�VXVSHFWHG�QRQ�YDULFHDO�EOHHG�EHIRUH�HQGRVFRS\�DQG�VKRXOG�RQO\�EH�RIIHUHG�DIWHU�HQGRVFRS\�LI�WKHUH�LV�HYLGHQFH�RI�UHFHQW
KDHPRUUKDJH��7KLV�VWXG\�VKRZHG�WKDW����SDWLHQWV�UHFHLYHG�LQDSSURSULDWH�DFLG�VXSSUHVVLRQ�WKHUDS\�ZKLOVW�LQ�WKH�$	(�GHSDUWPHQW�
)LQDOO\��ORZ�ULVN�SDWLHQWV�ZKR�KDYH�D�%ODWFKIRUG�VFRUH�RI���FDQ�EH�FRQVLGHUHG�IRU�HDUO\�GLVFKDUJH�DQG�UHIHUUDO�WR�DPEXODWRU\�FDUH�IRU
XUJHQW�RXWSDWLHQW�HQGRVFRS\�

,W�LV�LPSRUWDQW�WKDW�WKLV�SDWKZD\�LV�XVHG�FRUUHFWO\�DQG�LV�QRW�DSSURSULDWH�IRU�KLJK�ULVN�SDWLHQWV��LQFOXGLQJ�WKRVH�ZLWK�D�%ODWFKIRUG
VFRUH�RI���RU�PRUH��RU�D�KLVWRU\�RI�D�FKURQLF�OLYHU�GLVHDVH��2YHU�D�WZR�PRQWK�SHULRG��ILYH�SDWLHQWV�SUHVHQWLQJ�ZLWK�DQ�XSSHU�*,�EOHHG
ZHUH�GLVFKDUJHG�IURP�$	(�DQG�UHIHUUHG�WR�DPEXODWRU\�FDUH��+RZHYHU��WKUHH�RI�WKHVH�SDWLHQWV�ZHUH�LQDSSURSULDWHO\�GLVFKDUJHG
KRPH�IURP�$	(��LQFOXGLQJ�D�JHQWOHPDQ�ZKR�KDG�D�%ODWFKIRUG�VFRUH�RI���ZLWK�NQRZQ�RHVRSKDJHDO�YDULFHV�

7KH�UHVXOWV�RI�WKLV�DXGLW�ZHUH�SUHVHQWHG�DW�D�ORFDO�FOLQLFDO�JRYHUQDQFH�PHHWLQJ�ZLWK�VWURQJ�HPSKDVLV�RQ�HGXFDWLRQ�RI�WKH�KHDOWK
FDUH�SURIHVVLRQDOV�ZKR�ZRUN�LQ�RXU�$FFLGHQW�DQG�(PHUJHQF\�'HSDUWPHQW��,Q�DGGLWLRQ��WKH\�ZHUH�HQFRXUDJHG�WR�XVH�WKH�XSSHU�*,
SUR�IRUPD�WKDW�LV�UHDGLO\�DYDLODEOH�RQ�WKH�LQWUDQHW�DQG�FDQ�DFW�DV�D�SURPSW�IRU�FOLQLFLDQV��

��$FXWH�XSSHU�JDVWURLQWHVWLQDO�KDHPRUUKDJH�LQ�RYHU���V��PDQDJHPHQW��1,&(�JXLGHOLQHV������KEKVKVKV�
��QYMKEQYQYEEYEEYEIIKMIKIMDPHV�ORN#QKV�QHW



*(5,$75,&6 KXVH\LQ�HOEL

��������3UHGLFWLQJ�WKH����GD\�PRUWDOLW\�UDWH�LQ�HOGHUO\�SDWLHQWV�ZLWK�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��(YDOXDWLRQ�RI����ULVN
SUHGLFWLRQ�VFRUHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+XVH\LQ�(OEL������$GQDQ�%LOJH������0XUDW�2]VDUDF������%XUFX�*ROFXN������+DOLO�,EUDKLP�'D\DQJDF������2QXU�'LNPHQ������<DOFLQ�*ROFXN����

���GHSDUWPHQW�RI�IDPLO\�PHGLFLQH��FHODO�ED\DU�XQLYHUVLW\��VFKRRO�RI�PHGLFLQH��PDQLVD��785.(<
���GHSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH��FHODO�ED\DU�XQLYHUVLW\��VFKRRO�RI�PHGLFLQH��0DQLVD��785.(<
���'HSDUWPHQW�RI�0HGLFDO�%LRFKHPLVWU\��0HUNH]�(IHQGL�6WDWH�+RVSLWDO��PDQLVD��785.(<

.H\ZRUGV��HOGHUO\��FRPPXQLW\�DFTXLUHG�SQHXPRQLD��VHYHULW\��HPHUJHQF\�PHGLFLQH

$EVWUDFW��

$EVWUDFW

2EMHFWLYH��7KLV�VWXG\�DLPHG�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�H[LVWLQJ�ULVN�VFRUHV�IRU�SUHGLFWLQJ�WKH����GD\�PRUWDOLW\�UDWH�LQ�SDWLHQWV�SUHVHQWLQJ�ZLWK
FRPPXQLW\�DFTXLULQJ�SQHXPRQLD��&$3��LQ�DQ�HPHUJHQF\�GHSDUWPHQW�

0HWKRGV��:H�FRQGXFWHG�D�FURVV�VHFWLRQDO�VWXG\�DW�WKH�&HODO�%D\DU�8QLYHUVLW\�+RVSLWDO�LQ�0DQLVD��7XUNH\��7KH�UHFRUGV�RI�FRQVHFXWLYH�HOGHUO\
SDWLHQWV�ZLWK�&$3�ZHUH�UHYLHZHG�IRU�WKLV�UHWURVSHFWLYH�VWXG\��$OO�SDWLHQWV�ZHUH�IROORZHG�XS�WR�DVVHVV�WKHLU�RXWFRPH�ZLWKLQ����GD\V�RI�WKH�DGPLVVLRQ�
7KH�GLVFULPLQDWLYH�SHUIRUPDQFH�RI�WKH����ULVN�SUHGLFWLRQ�VFRUHV�IRU�SDWLHQWV�ZLWK�&$3�ZDV�DVVHVVHG�XVLQJ�WKH�DUHD�XQGHU�WKH�UHFHLYHU�RSHUDWLQJ
FKDUDFWHULVWLF�FXUYH��$8&���

5HVXOWV��$�WRWDO�RI�����HOGHUO\�SDWLHQWV�>PHDQ�DJH�������k�����\HDUV��UDQJH��������\HDUV���������PHQ@�ZLWK�&$3�ZHUH�HYDOXDWHG��7KHUH�ZHUH���
GHDWKV�E\����GD\��DQ�DOO�FDXVH�PRUWDOLW\�UDWH�RI��������7KH�&85%�DJH�KDG�WKH�EHVW�SHUIRUPDQFH�ZLWK�DQ�$8&�RI��������7KUHH�RWKHU�VFRUHV�WKDW
SHUIRUPHG�ZHOO�ZHUH�6&$3��,'6$�$76��DQG�&85;2�����$8&����������������������UHVSHFWLYHO\��

&RQFOXVLRQ��)RXU�RI�WKH�H[LVWLQJ�VFRUHV�KDG�JRRG�GLVFULPLQDWRU\�SRZHU��$8&�!��������WR�SUHGLFW�WKH����GD\�PRUWDOLW\�UDWH��7KH�EHVW�GLVFULPLQDWLRQ
ZDV�GHPRQVWUDWHG�E\�&85%�DJH��D�VFRUH�GHVLJQHG�IRU�WKH�HOGHUO\�SDWLHQWV�ZLWK�&$3���2QO\�RQH�VFRUH�ZDV�XQGHU�WKH�OHYHO�WKDW�LV�FRQVLGHUHG�WR
LQGLFDWH�IDLU�GLVFULPLQDWLYH�SRZHU��$8&�����������$GGLWLRQDO�UHVHDUFK�LV�QHHGHG�WR�GHWHUPLQH�WKH�EHVW�ULVN�VFRUH�IRU�SUHGLFWLQJ�HDUO\�PRUWDOLW\�UDWHV
RI�HOGHUO\�SDWLHQWV�IROORZLQJ�&$3��

.H\ZRUGV��HOGHUO\��&$3��VHYHULW\



,1)(&7,286�',6($6(���6(36,6 *HUPDQD�5XJJLDQR

��������(DUO\�LGHQWLILFDWLRQ�RI�VHSWLF�SDWLHQWV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��UROH�RI�ODFWDWHV�DW�7ULDJH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*HUPDQD�5XJJLDQR������/XFD�1DOGL������$OHVVLR�EHUWLQL������5HQ]R�&DPDMRUL�7HGHVFKLQL������$QGUHD�&DPDUUL������$XUHOLD�*X]]R����

���8�2��0HGLFLQD�G
8UJHQ]D��2VSHGDOH�6��0DULD�$QQXQ]LDWD�)LUHQ]H��$]LHQGD�6DQLWDULD�)LUHQ]H��,WDO\��)LUHQ]H��,7$/<
���6SHFLDOL]]D]LRQH�LQ�PHGLFLQD�,QWHUQD��8QLYHUVLWD
�GL�)LUHQ]H��8QLYHUVLWD
�GL�)LUHQ]H��,WDO\��)LUHQ]H��,7$/<
���(PHUJHQF\�GHSDUWPHQW��2VSGHDOH�GL�/LYRUQR��$]LHQGD�6DQLWDULD�1RUGRYHVW�7RVFDQD��/LYRUQR��,7$/<
���(PHUJHQF\�PHGLFLQH��RVSHGDOH�6��*LRYDQQL�GL�'LR��$]LHQGD�6DQLWDULD�7RVFDQD�&HQWUR��)ORUHQFH��,7$/<
���(PHUJHQF\�0HGLFLQH��2VSHGDOH�/H�6FRWWH���$]LHQGD�6DQLWDULD�6XGHVW�7RVFDQD��6LHQD��,7$/<
���(PHUJHQF\�GHSDUWPHQW�2VSHGDOH�GL�6��0DULD�$QQXQ]LDWD��$]LHQGD�6DQLWDULD�7RVFDQD�&HQWUR��)ORUHQFH��,7$/<

.H\ZRUGV��6HSVLV��ODFWDWHV��7ULDJH

$EVWUDFW��

(DUO\�LQGHWLILFDWLRQ�RI�SDWLHQWV�ZLWK�VHYHUH�LQIHFWLRQ�WKD�FDQ�UDSLGO\�HYROYH�WR�VHSVLV��IRUPHUO\�FDOOHG�VHYHUH�VHSVLV��LV�FUXFLDO�DV�LW�KDV�EHHQ�SURYHQ
WKDW��DJJUHVVLYH��WUHDWPHQW�RI�WKHVH�SDWLHQWV�UHGXFHV�PRUWDOLW\�

,Q������ZH�FRQGXFWHG�D�UHWURVSHFWLYH�VWXG\�LQ�RXU�(PHUJHQF\�GHSDUWPHQW�ZLWK�WKHVH�JRDOV�����DQDO\VLV�RI�FRUUHODWLRQ�EHWZHHQ���V\PSWRPV�DW
DGPLVVLRQ��IHYHU��WDFK\FDUGLD��DUWHULDO�K\SRWHQVLRQ�����YLWDO�VLJQV�DW�WUDLJH��6%3��0%3��+5�����SUHVHQFH�RI�6LVWHPLF�,QIODPPDWRU\�5HVSRQVH�6\QGURPH
�6,56�����6KRFN�,QGH[�DW�WULDJH��ZLWK�D��K\SHUODFWDWHPLD��!��PPRO�O��SULPDU\�RXWRFRPH��E�����GD\�PRUWDOLW\�VHFRQGDU\�RXWRPH�

,Q�WKDW�VWXG\�ZH�IRXQG�WKDW�QRQ�DQDPQHVWLF�RU�FOLQLFDO�HOHPHQW�ZDV�LQGLYLGXDOO\�DVVRFLDWHG�QHLWKHU�ZLWK�K\SHUODFWDFLGHPLD�QRU�ZLWK�PRUWDOLW\��H[FHSW
SURQRXQFHG�DUWHULDO�K\SRWHQVLRQ��6,56�FULWHULD�ZHUHQ
W�DVVRFLDWHG�QHLWKHU�ZLWK�ODFWDWH!��PPRO�O�QRU�ZLWK����GD\�PRUWDOLW\��:H�VXJJHVWHG�WKDW�6KRFN
,QGH[�FRXOG�EH�XVHG�DV�DQ�HDUO\�ZDUQLQJ�DW�WULDJH��,Q�RXU�UHWURVSHFWLYH�VWXG\�6,!����ZDV�SUHGLFWRU�RI�ODFWDWH!��PPRO�O�DQV�6,!��ZDV�SUHGLFWRU�RI
ERWK�ODFWDWH!��PPRO�O�DGQG����GD\�PRUWDOLW\��ERWK�ZLWK�DQ�HOHYDWHG�1JDWLYH�3UHGLFWLYH�9DOXH�

,Q������ZH�VWDUWHG�D�PXOWLFHQWULF�REVHUYDWLRQDO�VWXG\�XVLQJ�6KRFN�,QGH[�DW�WULDJH�LQ�SDWLHQWV�SUHVHQWLQJ�WR�RXU�(PHUJHQF\�'HSDUWPHQWV�ZLWK
VXVSLFLRQ�RI�LQIHFWLRQ��:LWK�D�6,!����ODFWDWHV�DUH�PHDVXUHG�LPPHGLDWHO\�DQG�LI�WKH�YDOXH�LV�!��PPRO�O�WKH�SDWLHQW�LV�LPPHGLDWHO\�PRQLWRUHG�DQG
VHHQ�E\�DQ�([SHUW�(PHUJHQF\�3K\VLFLDQ��,IODFWDWHV�DUH�!��PPRO�O�WKH�SDWLHQW�LV�VHHQ�ZLWKLQ������
�E\�DQ�H[SHUW�WHDP�

7KH�REMHFWV�RI�RXU�VWXG\�DUH�����WR�UHGXFH�WKH�GHOD\�EHWZHHQ�WULDJH�DQG�WUHDWPHQW��GRRU�WR�DQWLELRWLF�IOXLGV�WLPH��RI�SDWLHQWV�ZLWK�VHSVLV�����WR
LQFUHDVH�WKH�FDSDFLW\�RI�UHFRJQL]LQJ�VHSVLV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�DQG�DOORZ�WKH�DGPLVVLRQ�WR�WKH�DGHTXDWH�VHWWLQJ�

2XU�SUHOLPLQDU\�GDWD�VKRZ�WKDWD�6KRFN�,QGH[�DW�WULDJH�FRUUHODWHV�ZLWK�ODFWDWHV�DQG�WKDW�WKH�UDSLG�ODFWDWHV�DVVHVVHPHQW�JLYHV�D�UDSLG�DZDUHQHVVRW
WKH�FOLQLFDO�VLWXDWLRQ�RI�WKH�SDWLHQW�ZLWK�FRQVHTXHQW�HDUO\�DJJUHVVLYH�WUHDWPHQW�



*(5,$75,&6 3LHUULFN�/H�%RUJQH

��������&OLQLFDO�FKDUDFWHULVWLFV�DQG�RXWFRPH�RI�QRQDJHQDULDQV�DQG�FHQWHQDULDQV�LQ�D�PHGLFDO�,&8

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3LHUULFN�/H�%RUJQH������6RSKLH�&RXUDXG������&KDUOHV�(ULF�/DYRLJQHW������-HDQ�(WLHQQH�+HUEUHFKW������$OH[DQGUD�%RLYLQ������4XHQWLQ�0DHVWUDJJL�����
3DVFDO�%LOEDXOW������)UDQFLV�6FKQHLGHU����

���8UJHQFHV�$GXOWHV��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(
���5�DQLPDWLRQ�P�GLFDOH��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(

.H\ZRUGV��,&8��(OGHUO\��2XWFRPH

$EVWUDFW��

%DFNJURXQG�

$V�D�UHVXOW�RI�GHPRJUDSKLF�WUDQVLWLRQ��WKH�SURSRUWLRQ�RI�h�YHU\�HOGHUO\�r��Õ����\HDUV��SDWLHQWV�LV�LQFUHDVLQJ�ZRUOGZLGH�DQG�PRUH�RI�WKHVH�SDWLHQWV�DUH
QRZDGD\V�DGPLWWHG�WR�LQWHQVLYH�FDUH�XQLWV��,&8���$PRQJ�SK\VLFLDQV�WKH�GLVFXVVLRQ�DERXW�DSSURSULDWHQHVV�RI�WKHVH�,&8�DGPLVVLRQV�VWLOO�UHPDLQV
FRQWURYHUVLDO��PRVWO\�GXH�WR�TXHVWLRQDEOH�RXWFRPH��OLPLWHG�UHVVRXUFHV�DQG�FRVWV��7KH�DLP�RI�WKH�VWXG\�ZDV�WR�GHWHUPLQH�DQG�HYDOXDWH�WKH�FOLQLFDO
FKDUDFWHULVWLFV�DQG�RXWFRPH�LQ�D�YHU\�ROG�SRSXODWLRQ�DGPLWWHG�WR�D�PHGLFDO�,&8�LQ�DQ�XUEDQ�KRVSLWDO�

0HWKRGV���

:H�SUHVHQW�KHUH�D�UHWURVSHFWLYH�DQG�PRQRFHQWULF�VWXG\��:H�UHYLHZHG�WKH�FKDUWV�RI�DOO�SDWLHQWV��Õ����\HDUV��DGPLWWHG�WR�D�PHGLFDO�,&8�EHWZHHQ
�����DQG�������:H�FROOHFWHG�HSLGHPLRORJLFDO��FOLQLFDO�DQG�ELRORJLFDO�SDUDPHWHUV�DQG�DOO�WKHUDSHXWLF�PHDVXUHV�GXULQJ�WKH�,&8�VWD\��$�ORQJ�WHUP
VXUYLYDO�IROORZ�XS�ZDV�DOVR�SHUIRUPHG������SDWLHQWV�ZHUH�LQFOXGHG�IRU�VWDWLVWLFDO�DQDO\VLV�

5HVXOWV�

$�WRWDO�RI�����SDWLHQWV�ZHUH�LQFOXGHG��ZKLFK�UHSUHVHQWHG������RI�DGPLVVLRQV�WR�WKH�,&8�GXULQJ�WKLV����\HDU�SHULRG��7KH�PHDQ�DJH�ZDV�������������
\HDUV��WKH�VH[�UDWLR�ZDV�������0RVW�RI�SDWLHQWV�������ZHUH�DGPLWWHG�IURP�WKH�HPHUJHQF\�GHSDUWPHQW��('��DQG�����GLUHFWO\�IURP�SUH�KRVSLWDO�FDUH
�(06���7KH�PHDQ�&KDUOVRQ�FRPRUELGLW\�VFRUH�ZDV����������&,��>�������@��DQG�WKH�PHDQ�0F&DEH�VFRUH�ZDV�����������&,��>���������@���7KH�DGPLVVLRQ
GLDJQRVLV�LQ�WKH�,&8�ZDV�PDLQO\�UHVSLUDWRU\�GLVWUHVV��������VHSWLF�VKRFN��������FRPD�������DQG�FDUGLDF�DUUHVW��������7KH�DYHUDJH�6$36�,,�VFRUH
ZLWKLQ����KRXUV�RI�,&8�DGPLVVLRQ�ZDV������������������RI�WKHVH�SDWLHQWV�VXIIHUHG�RI�SUHYLRXV�GHPHQWLD������RI�SDWLHQWV�UHTXLUHG�VXSSRUW�E\
PHFKDQLFDO�YHQWLODWLRQ��PHDQ�GXUDWLRQ�����GD\V��DQG����RI�SDWLHQWV�UHFHLYHG�UHQDO�UHSODFHPHQW�WKHUDS\��,&8�DQG�KRVSLWDO�PRUWDOLW\�UDWHV�ZHUH����
DQG�����UHVSHFWLYHO\��2YHUDOO�VXUYLYDO�DW�WKUHH�PRQWKV�DIWHU�KRVSLWDO�GLVFKDUJH�ZDV������)RU�����RI�WKHVH�SDWLHQWV��D�OLPLWDWLRQ�RI�DFWLYH�WUHDWPHQW
ZDV�GHFLGHG��RQ�DYHUDJH�DIWHU�WZR�GD\V�RI�VWD\���)RU�����WKHUH�ZDV�QR�MXVWLILFDWLRQ�IRU�OLPLWLQJ�FDUH�EHFDXVH�RI�D�ZHOO�HVWDEOLVKHG�WUHDWPHQW�SODQ
�ZLWK�IDPLO\��*3��,&8�WHDP��

&RQFOXVLRQ�

7KH�SURSRUWLRQ�RI�HOGHUO\�SDWLHQWV�UHPDLQV�ORZ��EXW�WKH\�DUH�LQFUHDVLQJO\�EHLQJ�WUHDWHG�LQ�LQWHQVLYH�FDUH�XQLWV��7KH�LQ�KRVSLWDO�PRUWDOLW\�LV�KLJK������
FRPSDUHG�WR�WKH�DYHUDJH�PRUWDOLW\�LQ�RXU�,&8�RYHU�WKH�VDPH�SHULRG��������7KH�SURJQRVLV�LV�RIWHQ�QRW�DV�SRRU�DV�SHUFHLYHG�E\�SK\VLFLDQV��7KH
LQGLFDWLRQ�IRU�,&8�WUHDWPHQW�LQ�RXU�VWXG\�ZDV�PRVWO\�MXVWLILHG���LQ�WKH�VHWWLQJ�RI��FRQVLVWHQW�SDWLHQW�FDUH�DQG�JRRG�FOLQLFDO�SUDFWLFH��,W�UHPDLQV
WKHUHIRUH�DSSURSULDWH�WR�GLVFXVV�HYHU\�,&8�DGPLVVLRQ�RI�HOGHUO\�SDWLHQWV�ZLWKRXW�DQ\�UHVWULFWLRQ�UHODWHG�WR�DJH�



$,5:$< 3LHUULFN�/H�%RUJQH

��������0DQDJHPHQW�RI�HSLVWD[LV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��D�UHWURVSHFWLYH�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&DUPHQ�+DPPDQQ������3LHUULFN�/H�%RUJQH������)DQQ\�6FKZHLW]HU������&KDUOHV�(ULF�/DYRLJQHW������&ODLUH�.DP������)UDQ�RLV�/HIHEYUH������&KULVWLDQ
'HEU\������3DVFDO�%LOEDXOW����

���8UJHQFHV�$GXOWHV��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(
���'�SDUWHPHQW�GH�VDQW��SXEOLTXH��&+8�GH�6WUDVERXUJ��6WUDVERXUJ��)5$1&(
���25/��+�SLWDO�GH�+DXWHSLHUUH��&+8�GH�6WUDVERXUJ��6WUDVERXUJ��)5$1&(

.H\ZRUGV��HSLVWD[LV��(17

$EVWUDFW��

,QWURGXFWLRQ��(SLVWD[LV�KDV�EHHQ�UHSRUWHG�WR�RFFXU�LQ�XS�WR�����LQ�WKH�JHQHUDO�SRSXODWLRQ�DQG�DFFRXQWV�IRU����LQ�WKH�(PHUJHQF\�'HSDUWPHQWV
�('���6RPHWLPHV�LW�FDQ�EH�TXLWH�D�VHYHUH��FRQGLWLRQ�QHFHVVLWDWLQJ�D�PHGLFDO�LQWHUYHQWLRQ��EXW�LW�LV�PRVWO\�EHQLJQ��1RZDGD\V��WKHUH�DUH�QR�H[LVWLQJ
JXLGHOLQHV�IRU�PDQDJHPHQW�RI�HSLVWD[LV�DQG�WKH�SUDFWLFHV�DUH�KLJKO\�YDULDEOH�DPRQJ�SK\VLFLDQV��7KH�DLP�RI�WKH�VWXG\�ZDV�WR�HYDOXDWH�WKH
PDQDJHPHQW�RI�HSLVWD[LV�LQ�DQ�XUEDQ�('�

0HWKRGV��:H�SUHVHQW�KHUH�D�UHWURVSHFWLYH�DQG�PRQRFHQWULF�VWXG\��:H�LQFOXGHG�DOO�DGXOW�SDWLHQWV�ZLWK�DQ�HSLVWD[LV�ZKR�SUHVHQWHG�WR�WKH�('�RI�DQ
XUEDQ�WHDFKLQJ�KRVSLWDO�LQ����������SDUDPHWHUV�ZHUH�DQDO\]HG�LQ�WKH�IROORZLQJ�FDWHJRULHV��HSLGHPLRORJ\��KHPRG\QDPLFV��ELRORJ\��WUHDWPHQWV�

5HVXOWV������SDWLHQWV�ZHUH�LQFOXGHG�IRU�VWDWLVWLFDO�DQDO\VLV��7KLV�UHSUHVHQWV������RI�DQQXDO�DGPLVVLRQV�LQ�WKH�('��7KH�VH[�UDWLR�ZDV������7KH�PHGLDQ
DJH�ZDV����\HDUV��,4���>�����@�������RI�WKH�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�KDG�DQ�K\SHUWHQVLRQ��V\VWROLF�EORRG�SUHVVXUH�Õ�����PP+J��DW�DGPLVVLRQ
EXW�RQO\����RI�WKHP�ZHUH�RQ�DQWLK\SHUWHQVLYH�PHGLFDWLRQ��$�EORRG�WHVWV�ZHUH�FRQGXFWHG�LQ�����������&,��>�����@��RI�SDWLHQWV�DQG�VKRZHG�����RI
WKURPERSHQLD�����RI�DQHPLD�DQG����RI�SDWLHQWV�KDG�DQ�LQWHUQDWLRQDO�QRUPDOL]HG�UDWLR��,15��RXWVLGH�WKHLU�GLVHDVH�VSHFLILF�UDQJH��$OPRVW�WKUHH
TXDUWHUV�RI�HSLVWD[LV�KDG�QRW�EHHQ�GLUHFWO\�WUHDWHG�E\�WKH�(5�SK\VLFLDQ��VWRSSHG�VSRQWDQHRXVO\���(17�VSHFLDOLVW�ILUVW�FDOOHG���7KH�(17�VSHFLDOLVW�ZDV
FRQWDFWHG�LQ����������&,����������RI�WKH�FDVHV��EXW�FDPH�WR�WKH�('�RQO\�IRU�KDOI�RI�WKHP��3URSK\ODFWLF�V\VWHPLF�DQWLELRWLFV�LQ�VSRQWDQHRXV�HSLVWD[LV
ZHUH�SUHVFULEHG�IRU�����RI�WKH�SDWLHQWV��$�FRQWURO�YLVLW�ZDV�RUJDQL]HG�RQO\�IRU�����RI�WKH�SDWLHQWV��0RUH�WKDQ�KDOI�RI�WKH�SRSXODWLRQ�KDG
DQWLFRDJXODQW�RU�DQWLSODWHOHW�PHGLFDWLRQ��KRZHYHU�WKHUH�ZDV�QR�OLQN�EHWZHHQ�WKHVH�WUHDWPHQWV�DQG�WKH�SUREDELOLW\�WR�EH�DGPLWWHG�WR�WKH�KRVSLWDO
�S �������7KHUH�ZDV�QR�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�DQWLFRDJXODQW�PHGLFDWLRQ�DQG�WKH�ULVN�RI�UHEOHHGLQJ���GD\V�ODWHU��S �����������RI�SDWLHQWV
ZHUH�KRVSLWDOL]HG��PHDQ�GXUDWLRQ�RI�VWD\����GD\V��

&RQFOXVLRQ��2XU�VWXG\�VKRZV�WKDW�(5�SK\VLFLDQV�PDQDJH�HSLVWD[LV�LQ�D�ORZ�SHUFHQWDJH�RI�FDVHV�LQ�RXU�('��7KH�XVH�RI�DQWLK\SHUWHQVLYH�PHGLFDWLRQV�
SURSK\ODFWLF�DQWLELRWLFV�DQG�EORRG�WHVWV�LV�KLJKO\�YDULDEOH�DPRQJ�SUDFWLRQHUV��6RPH�JXLGHOLQHV�DQG�FRPSOHPHQWDU\�WUDLQLQJ�PD\�EH�DSSURSULDWH�LQ
RUGHU�WR�RSWLPD]H�PDQDJHPHQW�RI�WKLV�IUHTXHQW�FRQGLWLRQ�



,1)(&7,286�',6($6(���6(36,6 3LHUULFN�/H�%RUJQH

��������$GKHUHQFH�WR�JXLGHOLQHV�IRU�WKH�GLDJQRVLV�DQG�PDQDJHPHQW�RI�DFXWH�SURVWDWLWLV�LQ�WKH�('

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3LHUULFN�/H�%RUJQH������6�EDVWLHQ�.LUVFK������0LKDHOD�0LKDOFHD�'DQFLX������+DNLP�6OLPDQL������&ODXGH�*HURQLPXV������&ODLUH�.DP������3KLOLSSH
.DXIIPDQQ������3DVFDO�%LOEDXOW����

���8UJHQFHV�$GXOWHV��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(

.H\ZRUGV��SURVWDWLV��JXLGHOLQHV

$EVWUDFW��

,QWURGXFWLRQ��8ULQDU\�WUDFW�LQIHFWLRQV��87,��DUH�FRPPRQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('���PDOH�87,�SUHYDOHQFH���������7KHUH�LV�RIWHQ�D�ZLGH
YDULDWLRQ�LQ�WKH�LQLWLDO�FOLQLFDO�SUHVHQWDWLRQ��7KH�)UHQFK�JXLGHOLQHV��63,/)��������KDYH�VSHFLILHG�WKH�PDQDJHPHQW�RI�WKLV�GLVHDVH�ZLWK�DQ
XQGHUHVWLPDWHG�PRUEL�PRUWDOLW\�ULVN��7KH�PDLQ�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�WKH�PDQDJHPHQW�RI�DFXWH�SURVWDWLWLV�LQ�DQ�XUEDQ�('��:H�DOVR
ZDQWHG�WR�HYDOXDWH�LQ�RXU�('�ZKHWKHU�WKH�H[LVWLQJ�JXLGHOLQHV�ZHUH�IROORZHG

0HWKRGV��:H�SUHVHQW�KHUHE\�D�UHWURVSHFWLYH�DQG�PRQRFHQWULF�VWXG\��FROOHFWLQJ�DOO�WKH�SDWLHQWV�ZKR�DWWHQGHG�ZLWK�D�VLPSOH�DFXWH�SURVWDWLWLV�LQ
�����LQ�RXU�('��8QLYHUVLW\�+RVSLWDO���3DWLHQWV�SUHVHQWLQJ�ZLWK�FRPSOLFDWHG�XULQDU\�LQIHFWLRQ�ZHUH�H[FOXGHG�IURP�WKH�VWXG\�����SDUDPHWHUV��FOLQLFDO�
ELRFKHPLFDO��WUHDWPHQWV��RXWFRPHÌ��KDYH�EHHQ�DQDO\]HG�����SDWLHQWV�KDYH�EHHQ�LQFOXGHG�IRU�VWDWLVWLFDO�DQDO\VLV�

5HVXOWV��7KH�PHGLDQ�ZDV����\HDUV��,4��>�����@���7KH�LQLWLDO�FOLQLFDO�VLJQV�ZHUH�PL[HG������RI�WKH�SDWLHQWV�SUHVHQWHG�ZLWK�IXQFWLRQDO�XULQDU\�VLJQV
DQG�RQO\�����ZLWK�IHYHU��%LRFKHPLVWU\�DQG�KHPDWRORJ\�UHYHDOHG�DQ�LQIODPPDWRU\�SURILOH��PHDQ�OHXNRF\WRVLV��������PP��DQG�PHDQ�&53����PJ�O��
8ULQH�ZDV�WHVWHG�ZLWK�GLSVWLFN�LQ�����RI�WKH�SDWLHQWV�DQG�����KDG�WKHLU�XULQH�VHQW�IRU�FXOWXUH��35�H[DPLQDWLRQ�ZDV�SHUIRUPHG�LQ�RQO\�����RI�WKHVH
SDWLHQWV��LW�ZDV�WHQGHU�LQ�KDOI�RI�WKH�FDVHV���(VFKHULFKLD�FROL�UHPDLQV�WKH�SUHGRPLQDQW�XURSDWKRJHQ��������7KH�EDFWHULDO�HQYLURQPHQW�DOVR�IRXQG�ZDV�
���6��(SLGHUPLGLV�����&�.RVHUL�����.��3QHXPRQLDH�DQG�����RI�RWKHU�XUR�SDKWRJHQV��)OXRURTXLQRORQV�ZHUH�PRVWO\�SUHVFULEHG�������DQG�����RI�WKH
SDWLHQWV�ZHUH�WUHDWHG�ZLWK��UG�JHQHUDWLRQ�FHSKDORVSRULQ��7KH�PHGLDQ�GXUDWLRQ�RI�WUHDWPHQW�ZDV����GD\V��,4��>�����@�������RI�WKHVH�SDWLHQWV�ZHUH
PDQDJHG�GLUHFWO\�E\�WKH�8URORJ\�&RQVXOWDQW�LQ�WKH�('��7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WHUP�RI�WUHDWPHQW�GXUDWLRQ��S �������QHLWKHU�LQ�WHUP�RI
DQWLELRWLFV�XVHG��S ������EHWZHHQ�SK\VLFLDQV������RI�WKH�SDWLHQWV�ZHUH�VHQW�IRU�LPDJLQJ��PRVWO\�XOWUDVRXQG���)LQDOO\������RI�WKH�SDWLHQWV�ZHUH
DGPLWWHG������&,��>������@���DYHUDJH�KRVSLWDOLVDWLRQ�GXUDWLRQ������GD\V���)RU�WKH�DPEXODWRU\�SDWLHQWV��D�XURORJ\�FRQVXOWDWLRQ�ZDV�RQO\�RIIHUHG�IRU
����RI�WKHP��7KH�PRUWDOLW\�DW�'D\���ZDV���������&,��>����@��

&RQFOXVLRQ�2XU�VWXG\�LQ�WKH�('�KLJKOLJKWV�WKH�SRRU�DGKHUHQFH�WR�FXUUHQW�JXLGHOLQHV��7KH�PDQDJHPHQW�RI�PDOH�87,V�LQ�WKH�('�UHPDLQV
KHWHURJHQHRXV��7KH�)UHQFK�JXLGHOLQHV�VXJJHVW�DQ�LQWHUHVWLQJ�DOJRULWKP��ZKLFK�LQVLVWV�RQ�WKH�XULQH�GLSVWLFN��87,V�ZLWK�IHZ�V\PSWRPV��DGPLVVLRQ
FULWHULD�DQG�WKH�DSSURSULDWH�XVH�RI�LPDJLQJ��$V�ZHOO�DV�FXUELQJ�WKH�DGGLWLRQDO�FRVW�RI�QRQ�JXLGHOLQH�SUHVFULSWLRQ��DGKHUHQFH�WR�JXLGHOLQHV�LV�HVVHQWLDO
LQ�RUGHU�WR�VXSSUHVV�JURZLQJ�UHVLVWDQFHV�WR�DQWLELRWLF�WUHDWPHQW�



&$5',29$6&8/$5 3LHUULFN�/H�%RUJQH

��������(YDOXDWLRQ�RI�GLIIHUHQW�DGHQRVLQH�GRVH�LQ�MXQFWLRQDO�WDFK\FDUGLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6DUDK�8J�������0LFNDHO�)RUDWR������3LHUULFN�/H�%RUJQH������&�OLQH�5HQIHU������/DXUD�%HMLQDULX������/DXUD�'DVFDOX������&KDUOHV�(ULF�/DYRLJQHW������/DXUHQW
7ULWVFK����

���6$08�6085��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(
���8UJHQFHV�$GXOWHV��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(

.H\ZRUGV��DGHQRVLQH��MXQFWLRQDO�WDFK\FDUGLD

$EVWUDFW��

%DFNJURXQG��-XQFWLRQDO�WDFK\FDUGLDV��-7��RFFXU�LQ������������SHUVRQV�SHU�\HDU��,Q�)UDQFH�V\PSWRPDWLF�HSLVRGHV�PRVWO\�EHQHILW�RI�RXW�RI�KRVSLWDO
FDUH��6LQFH�WKH�\HDU�������DGHQRVLQH�LV�WKH�ILUVW�OLQH�WUHDWPHQW�RI�-7��$OWKRXJK�LQWHUQDWLRQDO�JXLGHOLQHV�DGYRFDWH�WKH�XVH�RI�D��PJ�GRVH�WR�UHGXFH�-7�
)UHQFK�JXLGHOLQHV�UHFRPPHQG�WR�VWDUW�ZLWK��PJ��7KH�DLP�RI�WKH�VWXG\�ZDV�WR�HYDOXDWH�WKH�HIILFDF\�RI�GLIIHUHQW�DGHQRVLQH�GRVDJHV�LQ�RUGHU�WR�UHGXFH
-7��)XUWKHU��WR�HYDOXDWH�WKH�HIILFDF\�RI�RWKHU�LQWHUYHQWLRQV�WR�UHGXFH�-7�DQG�WKH�EHQHILW�RI�WURSRQLQ�WHVWLQJ�DIWHU�-7�

0HWKRGV��:H�SUHVHQW�KHUH�D�PRQRFHQWULF�DQG�UHWURVSHFWLYH�VWXG\�XVLQJ�GDWD�FROOHFWHG�E\�WKH�(PHUJHQF\�0HGLFDO�6HUYLFH��(06���$OO�DGXOW�SDWLHQWV
IURP�-DQXDU\������WR�-XO\������ZHUH�LQFOXGHG��3DWLHQWV�ZHUH�H[FOXGHG�LI�-7�ZDV�QRW�UHFRUGHG�GXULQJ�PDQDJHPHQW�RQ�D�KDUGFRS\�(&*�

5HVXOWV������SDWLHQWV�ZHUH�LQFOXGHG�IRU�VWDWLVWLFDO�DQDO\VLV�����EHQHILWWHG�RI�DW�OHDVW�RQH�GRVH�RI�DGHQRVLQH�DQG�FHVVDWLRQ�RI�-7�ZDV�DFKLHYHG�LQ����
�����&,������������&RQVLGHULQJ�DOO�WKH�GRVDJHV�DGPLQLVWUDWHG��DGHQRVLQH�EROL�RI�UHVSHFWLYHO\������DQG����PJ�VWRSSHG���������DQG�����RI�-7�����
RI�SDWLHQWV�UHVSRQGHG�WR�D�VHFRQG��PJ�DGHQRVLQH�GRVH�DIWHU�DQ�XQVXFFHVVIXO�ILUVW�RQH������RI�SDWLHQWV�ZHUH�JLYHQ�D���PJ�GRVH�ZKHQ�WKH��PJ�GRVH
IDLOHG��-7�UHGXFHG�VSRQWDQHRXVO\�LQ���SDWLHQWV���������9DJDO�PDQHXYHUV�ZHUH�XVHG�LQ����������&,�������������RI�SDWLHQWV�DQG�ZHUH�VXFFHVVIXO�LQ
RQO\����������RI�DOO�SDWLHQWV�ZHUH�FRQGXFWHG�WR�WKH�(5�DQG�����WR�WKH�&DUGLDF�,QWHQVLYH�&DUH�8QLW��2I�WKHVH�SDWLHQWV����������&,�������������KDG
DW�OHDVW�RQH�VHUXP�WURSRQLQ�DVVD\��DQG�DW�OHDVW�RQH�WURSRQLQ�DVVD\�ZDV�HOHYDWHG�LQ�����RI�WKHVH�SDWLHQWV��$YHUDJH�WURSRQLQ�ZDV�����QJ�PO
�1�����QJ�PO���7KHUH�ZDV�QR�UHODWLRQ�EHWZHHQ�WURSRQLQ�HOHYDWLRQ�DQG�FKHVW�SDLQ�GXULQJ�-7��S ������RU�67�VHJPHQW�HOHYDWLRQ��S �������$IWHU
KRVSLWDO�FDUH��D�GDLO\�WUHDWPHQW�ZDV�LQLWLDWHG�IRU�RQO\���SDWLHQWV�

&RQFOXVLRQ��$GHQRVLQH�UHVSRQVH�LV�DIIHFWHG�E\�DQ�LPSRUWDQW�LQWHU��DQG�LQWUD�LQGLYLGXDO�YDULDELOLW\�DQG�FRQVLGHULQJ�WKH�SRWHQWLDO�VLGH�HIIHFWV��ORZ
GRVHV�VKRXOG�EH�JLYHQ�ILUVW��*XLGHOLQHV�UHFRPPHQG�ILUVW�YDJDO�PDQHXYHUV�EHIRUH�SKDUPDFRORJLFDO�UHGXFWLRQ��(IILFLHQF\�RI�D��PJ�GRVH�DPRQJ
SDWLHQWV�ZLWK�-7�UHPDLQV�ORZ��5HFHQW�86�UHFRPPHQGDWLRQV�DGYRFDWH�WR�EHJLQ�ZLWK�D��PJ�EROXV��DQG�WR�IROORZ�ZLWK�D���PJ�EROXV��WR�EH�UHSHDWHG
RQFH���2XU�VWXG\�DOVR�VXJJHVWV�WKH�XVH�RI�DQ�LQLWLDO��PJ�DGHQRVLQH�EROXV�DQG�DQ�DOWHUQDWLYH�WR�WKH�VHFRQG�VWHS�RI�WKH�JXLGHOLQHV�UHSHDWLQJ�WKH��PJ
GRVH�



0$1$*(0(17���('�25*$1,6$7,21 .DUHQ�6TXLUHV

��������$QDO\VLV�RI�(PHUJHQF\�'HSDUWPHQW�$WWHQGDQFHV�DQG�WKHLU�6XLWDELOLW\�IRU�3ULPDU\�&DUH��D�UHWURVSHFWLYH�REVHUYDWLRQDO
VWXG\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

.DUHQ�6TXLUHV������1LFROD�+DLQHV������/DXUD�0F*O\QQ������(PPD�/\QFK������+HOHQ�5\DQ������-DVRQ�1JXL������5RVDOLQG�+DUULVRQ����

���$LQWUHH�8QLYHUVLW\�+RVSLWDO��QRQH���/LYHUSRRO��8.
���$LQWUHH�8QLYHUVLW\�+RVSLWDO��QRQH��/LYHUSRRO��8.

$EVWUDFW��

�7KHUH�LV�D�JHQHUDO�IHHOLQJ�WKDW�ZRUN�QRZ�XQGHUWDNHQ�E\�WKH�(PHUJHQF\�'HSDUWPHQW��('��DW�$LQWUHH�8QLYHUVLW\�+RVSLWDO��/LYHUSRRO��RYHUODSV�JUHDWO\
ZLWK�WKDW�RI�SULPDU\�FDUH��7KH�UHDVRQV�IRU�WKLV�DUH�PXOWLIDFWRULDO�DQG�DUH�VKDUHG�DQG�UHFRJQLVHG�QDWLRQDOO\���

�,Q�D�PRYH�WR�FRQVLGHU�LQFRUSRUDWLQJ�D�SULPDU\�FDUH�VHUYLFHV�DORQJVLGH�WKH�('�LQ�WKH�IXWXUH��D�UHWURVSHFWLYH�DQDO\VLV�ZDV�FRQGXFWHG�WR�JDLQ�WKH
HYLGHQFH�QHHGHG�WR�VXSSRUW�VXFK�D�VHUYLFH��&XUUHQW�HVWLPDWHV�DUH�DURXQG��������RI�('�DWWHQGDQFHV�ZRXOG�EH�VXLWDEOH�IRU�SULPDU\�FDUH�

�$OO�DWWHQGDQFHV�LQ�0DUFK������WR�$LQWUHH�8QLYHUVLW\�+RVSLWDO�('�ZHUH�DQDO\VHG�UHWURVSHFWLYHO\�IURP�HOHFWURQLF�QRWHV�

�7KRVH�SUHVHQWLQJ�EHWZHHQ�PLGQLJKW�DQG��DP��FDWHJRU\���RQ�DUULYDO��DGPLWWHG�WR�VSHFLDOWLHV�RU�ZKR�KDG�VXVWDLQHG�PLQRU�LQMXULHV�ZHUH�H[FOXGHG
IURP�WKH�LQLWLDO�SRWHQWLDO�*3�FULWHULD��

�&RUUHODWLRQ�RI�WKH�WULDJH�VOLS�RI�WKRVH�UHPDLQLQJ�ZLWK�D�UREXVW��ORQJVWDQGLQJ��SRWHQWLDO�*3�VXLWDEOH�OLVW��WDNHQ�IURP�RXU�RXW�RI�KRXUV�XUJHQW�FDUH
SURYLGHU��ZDV�WKHQ�DVVHVVHG�

�7KH�*3�VXLWDEOH�SDWLHQWV�ZHUH�WKHQ�VFUXWLQLVHG�IRU��DJH��JHQGHU��WLPH�RI�SUHVHQWDWLRQ��SUHVHQWLQJ�FRPSODLQW��LQYHVWLJDWLRQV�GRQH�DQG�GLVSRVDO�

$OO�LQIRUPDWLRQ�ZDV�WDEXODWHG�DQG�DQDO\VHG�

�

�����DWWHQGDQFHV�WR�$LQWUHH�('�LQ�0DUFK�������

����SDWLHQWV�ZHUH�LGHQWLILHG�DV�*3�VXLWDEOH�

�7KLV�UHSUHVHQWV�RQ�DYHUDJH�

���������������SDWLHQWV�SHU�GD\��UDQJH��������

����������������RI�SRSXODWLRQ�ZLWK�H[FOXVLRQV��UDQJH���������DQG

����������������RI�DOO�DGPLVVLRQV��UDQJH��������

�)XUWKHU�DQDO\VLV�UHYHDOHG�

������������SUHGRPLQDQW�DJH�ZDV�XQGHU���\

������������PDOH IHPDOH

������������VWHDG\�VWUHDP�WKURXJKRXW�WKH�GD\��DP�XQWLO���SP

������������PRVW�FRPPRQ�SUHVHQWDWLRQ�ZDV�QRQ�WUDXPDWLF�MRLQW�RU�EDFN�SDLQ�DQG�XSSHU�UHVSLUDWRU\�WUDFW�V\PSWRPV

������������LQYHVWLJDWLRQV�ZHUH�FRPSOHWHG�RQ�����RI�SDWLHQWV������RI�ZKLFK�GLG�QRW�FKDQJH�PDQDJHPHQW�RQ�REMHFWLYH�UHYLHZ�

����������������RI�SDWLHQWV�ZHUH�GLVFKDUJHG�KRPH

7KH�VWXG\�FRQILUPV�WKH�VLJQLILFDQW�DPRXQW�RI�SULPDU\�FDUH�ZRUN�WDNHQ�RQ�E\�RXU�('�

����RI�DOO�DGPLVVLRQV�LV�VOLJKWO\�OHVV�WKDQ�H[SHFWHG��KRZHYHU��WKLV�VWLOO�UHSUHVHQWV�D�ODUJH�SURSRUWLRQ�RI�GDLO\�ZRUN���

7KH�OLVW�XVHG�WR�DVVHVV�*3�VXLWDELOLW\�ZDV�WKRXJKW�WR�EH�FRQVHUYDWLYH��7KH�WUXH�ILJXUH�PD\�EH�KLJKHU�WKDQ�VKRZQ�

7KH�HYLGHQFH�JHQHUDWHG�LV�VXIILFLHQW�WR�ZDUUDQW�D�EXVLQHVV�SODQ�WR�FR�ORFDWH�SULPDU\�FDUH�ZLWK�RXU�('������UHGXFWLRQ�ZDONLQJ�PDMRUV�SDWLHQWV�RU����
UHGXFWLRQ�RI�DOO�DWWHQGDQFHV�FRXOG�GUDPDWLFDOO\�GHFUHDVH�WKH�ZRUNORDG�

�



�

SRSXODWLRQ�ZLWK�H[FOXVLRQV���LH��7KRVH�SUHVHQWLQJ�EHWZHHQ�PLGQLJKW�DQG��DP��FDWHJRU\���RQ�DUULYDO��DGPLWWHG�WR�VSHFLDOWLHV�RU�ZKR�KDG�VXVWDLQHG
PLQRU�LQMXULHV�

�

*3�VXLWDEOH�FULWHULD�

6RUH�H\HV●

(DU�SDLQ●

6RUH�WKURDW●

1HFN�SDLQ●

9LUDO�LOOQHVV��FRU\]D��FRXJKV�DQG�FROGV��ZHOO�FKHVW�LQIHFWLRQ●

&KURQLF�PLOG�DEGRPLQDO�SDLQ��FRQVWLSDWLRQ��GLDUUKRHD��JDVWULWLV●

1RQ�WUDXPDWLF�EDFN�RU�MRLQW�SDLQ●

8ULQDU\�V\PSWRPV●

*\QDH�V\PSWRPV●

5DVKHV��EXQLRQV��LQ�JURZLQJ�WRHQDLOV●

0ROHV��OXPSV��EXPSV●

�

5HIHUHQFHV�

�

67(3�FDPSDLJQ��5&(0ÇV�VWHSV�WR�UHEXLOGLQJ�HPHUJHQF\�PHGLFLQH��5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH���������



&35���5(686&,7$7,21 6RKLO�3RWKLDZDOD

��������5DQGRPL]HG�&RQWUROOHG�7ULDO�RI�,QWHUQDO�DQG�([WHUQDO�7DUJHWHG�7HPSHUDWXUH�0DQDJHPHQW�PHWKRGV�LQ�SRVW�FDUGLDF
DUUHVW�SDWLHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6RKLO�3RWKLDZDOD������;LQTL�/RRN������.HQQHWK�7DQ������$DURQ�:RQJ������6KDKLGDK�1XU������3LQ�3LQ�3HN������-XOLDQD�3RK������(ULF�/LP������&KHH�7DQJ�&KLQ
�����'XX�:HQ�6HZD������0DUFXV�2QJ����

���(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(
���<RQJ�/RR�/LQ�6FKRRO�RI�0HGLFLQH��1DWLRQDO�8QLYHUVLW\�RI�6LQJDSRUH��6LQJDSRUH��6,1*$325(
���&DUGLRORJ\��1DWLRQDO�+HDUW�&HQWHU�6LQJDSRUH��6LQJDSRUH��6,1*$325(
���,QWHQVLYH�&DUH���6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(

.H\ZRUGV��7DUJHWHG�WHPSHUDWXUH�PDQDJHPHQW��FDUGLDF�DUUHVW��HPHUJHQF\�GHSDUWPHQW��QHXURORJLFDO�IXQFWLRQ��VXUYLYDO�RXWFRPHV

$EVWUDFW��

,QWURGXFWLRQ

7DUJHWHG�WHPSHUDWXUH�PDQDJHPHQW��770��SRVW�FDUGLDF�DUUHVW�LV�FXUUHQWO\�LPSOHPHQWHG�XVLQJ�YDULRXV�PHWKRGV��EURDGO\�FDWHJRUL]HG�DV�LQWHUQDO�DQG
H[WHUQDO��HDFK�ZLWK�WKHLU�DGYDQWDJHV�DQG�GLVDGYDQWDJHV��2EMHFWLYH�RI�WKH�VWXG\�LV�WR�HYDOXDWH�VXUYLYDO�WR�KRVSLWDO�GLVFKDUJH�DQG�QHXURORJLFDO
RXWFRPHV��*ODVJRZ�3LWWVEXJK�6FRUH��RI�SRVW�FDUGLDF�DUUHVW�SDWLHQWV�XQGHUJRLQJ�LQWHUQDO�FRROLQJ�YHUVHV�H[WHUQDO�FRROLQJ��7KH�VHFRQGDU\�REMHFWLYH
ZDV�WR�FRPSDUH�VXUYLYDO�RXWFRPHV�IRU�770��HLWKHU�PHWKRG��DQG�QRUPRWKHUPLD��KLVWRULFDO�FRQWUROV��

0HWKRGRORJ\

$�UDQGRPL]HG�FRQWUROOHG�WULDO�RI�SRVW�UHVXVFLWDWLRQ�FDUGLDF�DUUHVW�SDWLHQWV�ZDV�FRQGXFWHG�IURP�2FWREHU������Ä�6HSWHPEHU�������3DWLHQWV�ZHUH
UDQGRPL]HG�WR�HLWKHU�LQWHUQDO�RU�H[WHUQDO�FRROLQJ�PHWKRGV��+LVWRULFDO�FRQWUROV�ZHUH�VHOHFWHG�PDWFKHG�E\�DJH�DQG�JHQGHU��$QDO\VLV�XVLQJ�6366
YHUVLRQ������SUHVHQWHG�GHVFULSWLYH�VWDWLVWLFV�DQG�IUHTXHQFLHV�ZKLOH�XQLYDULDWH�ORJLVWLF�UHJUHVVLRQ�ZDV�GRQH�XVLQJ�5�������

5HVXOWV

���SDWLHQWV�ZHUH�UDQGRPL]HG�WR�LQWHUQDO�FRROLQJ�DQG����SDWLHQWV�WR�H[WHUQDO�FRROLQJ�DQG����PDWFKHG�FRQWUROV�ZHUH�VHOHFWHG��1R�VLJQLILFDQW
GLIIHUHQFH�ZDV�VHHQ�EHWZHHQ�LQWHUQDO�DQG�H[WHUQDO�FRROLQJ�LQ�WHUPV�RI�VXUYLYDO��QHXURORJLFDO�RXWFRPHV�DQG�FRPSOLFDWLRQV��+RZHYHU�LQ�WKH�LQWHUQDO
FRROLQJ�DUP��WKHUH�ZDV�ORZHU�ULVN�RI�GHYHORSLQJ�RYHUFRROLQJ��25 ����������&, ��������������RU�XQGHUFRROLQJ�GXULQJ�PDLQWHQDQFH�SKDVH��25 �����
����&, ���������������&RPSDUHG�WR�QRUPRWKHUPLD��LQWHUQDO�FRROLQJ�KDG�KLJKHU�VXUYLYDO��25 �����������&, �����������������DQG�ORZHU�ULVN�RI
GHYHORSLQJ�FDUGLDF�DUUK\WKPLDV��25 �����������&, �����������������6XEJURXS�DQDO\VLV�VKRZHG�WKRVH�ZLWK�FDUGLDF�FDXVH�RI�DUUHVW��25 ���������
&, ���������������DQG�VXVWDLQHG�526&��25 ����������&, ���������������KDG�EHWWHU�VXUYLYDO�ZLWK�LQWHUQDO�FRROLQJ�FRPSDUHG�WR�QRUPRWKHUPLD�
&RROLQJ�FXUYHV�VKRZHG�WLJKWHU�WHPSHUDWXUH�FRQWURO�IRU�LQWHUQDO�FRPSDUHG�WR�H[WHUQDO�FRROLQJ

&RQFOXVLRQ

,QWHUQDO�FRROLQJ�VKRZHG�WLJKWHU�WHPSHUDWXUH�FRQWURO�FRPSDUHG�WR�H[WHUQDO�FRROLQJ��,QWHUQDO�FRROLQJ�FDQ�SRWHQWLDOO\�SURYLGH�EHWWHU�VXUYLYDO�WR�KRVSLWDO
GLVFKDUJH�RXWFRPHV�DQG�UHGXFH�FDUGLDF�DUUK\WKPLD�FRPSOLFDWLRQV�LQ�FDUHIXOO\�VHOHFWHG�SDWLHQWV�DV�FRPSDUHG�WR�QRUPRWKHUPLD���
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6RKLO�3RWKLDZDOD

��������3UHGLFWLYH�3HUIRUPDQFH�RI�D�5HJUHVVLRQ�0RGHO�WR�HYDOXDWH�FOLQLFDO�RXWFRPHV�RI�$FXWH�/RZ�%DFN�SDLQ�SDWLHQWV�LQ
HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6RKLO�3RWKLDZDOD������-LDQJ�%R������-HQQLIHU�/LDZ������0DUN�/HRQJ������&HOLD�7DQ����

���(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(
���'HSDUWPHQW�RI�3K\VLRWKHUDS\��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(

.H\ZRUGV��ORZ�EDFN�SDLQ��HPHUJHQF\�GHSDUWPHQW��UHJUHVVLRQ�PRGHO��FOLQLFDO�RXWFRPHV

$EVWUDFW��

%DFNJURXQG�

/RZ�EDFN�SDLQ��/%3��FRQVWLWXWHV�D�FKDOOHQJLQJ�KHDOWK�SUREOHP�ZKLFK�FDXVHV�FRQVLGHUDEOH�VRFLR�HFRQRPLF�EXUGHQ�WR�KHDOWKFDUH�V\VWHP�JOREDOO\�
(IIRUWV�KDYH�EHHQ�IRFXVHG�RQ�HDUO\�SURJQRVWLF�DVVHVVPHQW�DQG�VWUDWLILFDWLRQ�RI�/%3�SDWLHQWV�WR�PDWFKHG�LQWHUYHQWLRQV��5HFHQWO\��WKH�67DU7�%DFN
6FUHHQLQJ�7RRO��6%7��IRU�EDFN�SDLQ�SURJQRVWLF�LQGLFDWRUV�KDV�EHHQ�GHYHORSHG�WR�KHOS�LQLWLDO�GHFLVLRQ�PDNLQJ�LQ�SULPDU\�FDUH�VHWWLQJV�DQG�KDV�VKRZQ
FOLQLFDO�DQG�HFRQRPLF�EHQHILWV��7R�RXU�NQRZOHGJH��6%7�KDV�QRW�EHHQ�XVHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��WR�DVVHVV�/%3�SDWLHQWV��,Q�WKLV�VWXG\�
ZH�DLP�WR�FUHDWH�D�UHJUHVVLRQ�PRGHO�E\�LQWHJUDWLQJ�6%7��GHPRJUDSKLF�DQG�FOLQLFDO�YDULDEOHV�DQG�WR�HYDOXDWH�LWV�SUHGLFWLYH�SHUIRUPDQFH�IRU���PRQWK
FOLQLFDO�RXWFRPHV�RI�DFXWH�/%3�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�RI�D�WHUWLDU\�KRVSLWDO�LQ�6LQJDSRUH�

0HWKRGV�

$�SURVSHFWLYH�REVHUYDWLRQDO�FRKRUW�VWXG\�ZDV�FRQGXFWHG��(OLJLEOH�SDWLHQWV�FRQVXOWLQJ�('�GRFWRUV�ZLWK�DFXWH�/%3�ZHUH�LQYLWHG�WR�SDUWLFLSDWH�DQG
DGPLQLVWHUHG�WKH�6%7�DW�LQLWLDO�HYDOXDWLRQ��'HPRJUDSKLF�LQIRUPDWLRQ�DQG�/%3�UHODWHG�FOLQLFDO�FKDUDFWHULVWLFV�ZHUH�HLWKHU�JDWKHUHG�IURP�SDWLHQWVÇ
FDVH�QRWHV�RU�VHOI�UHSRUWHG�E\�SDWLHQWV�YLD�WHOHSKRQH�LQWHUYLHZ��7KH�SULPDU\�FOLQLFDO�RXWFRPH�ZDV�SDLQ�VFRUH�PHDVXUHG�XVLQJ�WKH�9LVXDO�$QDORJXH
6FDOH�ZKLFK�ZDV�FROOHFWHG�DW�EDVHOLQH�DQG�DW���ZHHN�DQG���PRQWK�IROORZ�XS��7UHDWPHQW�RU�UHIHUUDO�RI�SDWLHQWV�ZDV�DW�WKH�GLVFUHWLRQ�RI�('�GRFWRUV�LQ
OLQH�ZLWK�FXUUHQW�EHVW�SUDFWLFH��3UHGLFWLRQ�RI�SDLQ�VFRUH�DW���PRQWK�ZDV�HYDOXDWHG�E\�XVLQJ�D�PXOWLSOH�UHJUHVVLRQ�PRGHO�ZKLFK�LQWHJUDWHG
LQGHSHQGHQW�YDULDEOHV�LQFOXGLQJ�6%7�VFRUH��GHPRJUDSKLFV��DJH��JHQGHU��HWKQLFLW\��%0,��HPSOR\PHQW�VWDWXV��DQG�/%3�UHODWHG�FOLQLFDO�FKDUDFWHULVWLFV
�SULRU�/%3�RQVHW��FXUUHQW�/%3�HSLVRGH�GXUDWLRQ��SDLQ�VFRUH�DW�('��SDLQ�VFRUH�DW���ZHHN��

5HVXOWV�

$�WRWDO�RI�����HOLJLEOH�SDWLHQWV�ZHUH�UHFUXLWHG��RI�ZKLFK����SDWLHQWV�ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV�GXH�WR�ORVV�RI�FRQWDFW�LQ���PRQWK�IROORZ�XS�
0XOWLFROOLQHDULW\�GLDJQRVWLF�DQDO\VLV�VKRZHG�QR�FRUUHODWLRQ�EHWZHHQ�LQGHSHQGHQW�YDULDEOHV�RI�LQWHUHVW�H[FHSW�IRU�6%7�RYHUDOO�DQG�SV\FKRVRFLDO�VFRUHV
�3HDUVRQ�FRUUHODWLRQ �������7KHUHIRUH��6%7�SV\FKRVRFLDO�VFRUH�ZDV�QRW�LQFOXGHG�LQ�WKH�PRGHO�GHYHORSPHQW�LQ�WKLV�VWXG\��7KH�PXOWLSOH�UHJUHVVLRQ
PRGHO�DFKLHYHG�5��RI�������DQG�DGMXVWHG�5��RI��������ZKHUH�SDLQ�VFRUH�DW���ZHHN��¸ �������HPSOR\PHQW�VWDWXV��¸ �������DQG�DJH��¸ �������ZHUH
WKH�WKUHH�VWURQJ�SUHGLFWRUV�DPRQJ�DOO�WKH�YDULDEOHV�

�&RQFOXVLRQ�

$�UHJUHVVLRQ�PRGHO�EXLOW�E\�LQWHJUDWLQJ�6%7�RYHUDOO�VFRUH��GHPRJUDSKLF�DQG�FOLQLFDO�YDULDEOHV�KDV�VKRZQ�YDOXH�LQ�SUHGLFWLQJ���PRQWK�SDLQ�VFRUH�IRU
DFXWH�/%3�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('��7KLV�VWXG\�FRQFOXGHV�WKDW�D�SUHGLFWLYH�PRGHO�LV�XVHIXO�LQ�GHWHUPLQLQJ�WKH�SDLQ�VFRUH�DW���PRQWKV�DQG�HDUO\
SK\VLRWKHUDS\�VKRXOG�EH�SURYLGHG�WR�KLJK�ULVN�SDWLHQWV�WR�DYRLG�SRRU�RXWFRPHV�
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��������5HGXFHG�$GPLVVLRQ�3URFHVV�7LPHV�E\�'LUHFW�$GPLVVLRQ�RI�&DUGLRORJ\�3DWLHQWV�DW�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6RKLO�3RWKLDZDOD������6ZHH�+DQ�/LP������3DXO�/LP������$DURQ�:RQJ������(YHO\Q�:RQJ������0DUFXV�2QJ����

���(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(
���&DUGLRORJ\��1DWLRQDO�+HDUW�&HQWHU�6LQJDSRUH��6LQJDSRUH��6,1*$325(

.H\ZRUGV��DGPLVVLRQ�WLPH��HPHUJHQF\�GHSDUWPHQW��ZRUNIORZ

$EVWUDFW��

,QWURGXFWLRQ�

3URORQJHG�ZDLWLQJ�WLPHV�DUH�FRPPRQ�LQ�(PHUJHQF\�'HSDUWPHQWV��('��ZRUOGZLGH��7UDGLWLRQDOO\��SDWLHQWV�SUHVHQWLQJ�ZLWK�FDUGLDF�FRPSODLQWV�WR�('�DW
6LQJDSRUH�*HQHUDO�+RVSLWDO��6*+��ZHUH�VHHQ�E\�('�SK\VLFLDQ�DQG�WKHQ�ZDLW�IRU�UHYLHZ�E\�RQ�FDOO�FDUGLRORJLVW�EHIRUH�DGPLVVLRQ��7KH�REMHFWLYH�ZDV�WR
LPSURYH�WKH�DGPLVVLRQ�SURFHVV�DQG�HYDOXDWH�WKH�HIIHFW�RI�D�QHZ�GLUHFW�DGPLVVLRQ�SDWKZD\�RQ�('�DGPLVVLRQ�SURFHVV�WLPHV�

0HWKRGV�

$�MRLQW�('�&DUGLRORJ\�ZRUNJURXS�SURSRVHG�DQG�LPSOHPHQWHG�D�GLUHFW�DGPLVVLRQV�SDWKZD\��('�VSHFLDOLVWV�ZHUH�HPSRZHUHG�WR�GHFLGH�GLUHFW
DGPLVVLRQ�IRU�VWDEOH�FDVHV�RI�DQJLQD�SHFWRULV��KHDUW�IDLOXUH�DQG�DUUK\WKPLDV��%XW�IRU�FDVHV�QHHGLQJ�D�+LJK�'HSHQGHQF\�RU�,&8�EHG��WKH�('�GRFWRU
ZRXOG�FRQVXOW�FDUGLRORJLVW�RQ�FDOO�WR�JHW�D�EHG��'DWD�EHIRUH�LPSOHPHQWDWLRQ��,QGLUHFW�$GPLVVLRQ��ZDV�FROOHFWHG�IURP����$XJ������WR����6HSW�����
����GD\V��DQG�DIWHU�LPSOHPHQWDWLRQ��'LUHFW�$GPLVVLRQ��IURP����6HSW�����WR����2FW����������GD\V��

5HVXOWV�

7KHUH�ZHUH�����FDVHV�LQ�,QGLUHFW�DQG�����FDVHV�'LUHFW�$GPLVVLRQ�SHULRG��7KH�PHGLDQ�('�DUULYDO�WR�GLVSRVLWLRQ�WLPH�GHFUHDVHG�VLJQLILFDQWO\�IURP����
PLQV��LQWHUTXDUWLOH�UDQJH�>,45@� ����Ä���PLQV��LQ�WKH�,QGLUHFW�$GPLVVLRQ�SHULRG�WR�����PLQV��,45� ���Ä���PLQV��LQ�WKH�'LUHFW�$GPLVVLRQ�SHULRG��S
����������$OVR��WKH�PHGLDQ�WLPH�WR�GXUDWLRQ�RI�VWD\�LQ�'(0�GHFUHDVHG�VLJQLILFDQWO\�IURP�����PLQV��,45� ����Ä���PLQXWHV��WR�����PLQV��,45� 
���Ä�����S� ��������

�&RQFOXVLRQ�

7KHUH�ZDV�VLJQLILFDQW�UHGXFWLRQ�LQ�('�DUULYDO�WR�GLVSRVLWLRQ�WLPHV�DV�ZHOO�DV�UHGXFHG�('�OHQJWK�RI�VWD\�DIWHU�LPSOHPHQWDWLRQ�RI�'LUHFW�$GPLVVLRQ�WR
FDUGLRORJ\�LQ�WHUWLDU\�WHDFKLQJ�KRVSLWDO��,W�DOVR�OHG�WR�UHGXFH�WKH�SUREOHP�RI�RYHUFURZGLQJ�RI�WKH�SDWLHQWV�LQ�WKH�('�WR�D�VLJQLILFDQW�H[WHQW�DQG�WKXV
UHGXFH�WKH�QXPEHU�RI�DGYHUVH�HYHQWV�RI�('�SDWLHQWV�GXH�WR�SURORQJHG�ZDLWLQJ�WLPHV�
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��������,PSURYHG�FRPSOLDQFH�ZLWK�NH\�TXDOLW\�DQG�VDIHW\�SURFHVV�PHDVXUHV�GXULQJ�HPHUJHQF\�LQWXEDWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$QQH�0DUHH�.HOO\������3DQQLIH[�-DQ����

���(&&1���'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��9LFWRULD��$XVWUDOLD��6W�$OEDQV��$8675$/,$
���(&&1���'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��0HOERXUQH��$8675$/,$

.H\ZRUGV��LQWXEDWLRQ��FULWLFDO�FDUH��TXDOLW\�LPSURYHPHQW

$EVWUDFW��

%DFNJURXQG���(PHUJHQF\�LQWXEDWLRQ�LV�D�KLJK�ULVN�SURFHGXUH�LQ�HPHUJHQF\�GHSDUWPHQWV��('���5HFHQWO\�SXEOLVKHG�HYLGHQFH�VWURQJO\�VXJJHVWV�WKDW
FRPSOLDQFH�ZLWK�NH\�SURFHVV�PHDVXUHV�LPSURYHV�WKH�VDIHW\�RI�WKLV�SURFHGXUH�DQG�DYRLGV�DGYHUVH�HYHQWV���7KH�(PHUJHQF\�&DUH�&OLQLFDO�1HWZRUN
�(&&1��9LFWRULD��$XVWUDOLD��ZRUNV�ZLWK�('�DFURVV�WKH�VWDWH�WR�LPSURYH�FOLQLFDO�FDUH�E\�XSWDNH�RI�HYLGHQFH�EDVHG�SUDFWLFH�DQG�UHGXFWLRQ�LQ�YDULDWLRQ�LQ
SUDFWLFH���0HPEHU�('V�YDU\�LQ�VL]H��VWDIILQJ�DQG�VXSSRUWLQJ�VSHFLDOLVW�VHUYLFHV��DSSUR[LPDWHO\�KDOI�DUH�EDVHG�LQ�UXUDO�DQG�UHJLRQDO�DUHDV��

3DUWLFLSDQWV�DQG�PHWKRGV��7KH�DLP�RI�WKLV�SURMHFW�ZDV�WR�LPSURYH�FRPSOLDQFH�ZLWK�NH\�TXDOLW\�DQG�VDIHW\�SURFHVV�PHDVXUHV�GXULQJ�HPHUJHQF\
LQWXEDWLRQ�LQ�HPHUJHQF\�GHSDUWPHQWV���7KLV�ZDV�D�TXDOLW\�LPSURYHPHQW�SURMHFW�PHDVXUHG�E\�FROOHFWLRQ�RI�EHIRUH�DQG�DIWHU�GDWD���3DUWLFLSDWLRQ�ZDV
E\�H[SUHVVLRQ�RI�LQWHUHVW��(&&1�XVHV�D�PRGLILHG�NQRZOHGJH�WUDQVIHU�PHWKRGRORJ\��7KH�QHWZRUN�PDQDJHPHQW�WHDP�GHYHORSV�WKH�SURMHFW�SDUDPHWHUV�
FRQGXFWV�DZDUHQHVV�UDLVLQJ�DFWLYLWLHV��SURYLGHV�UHVRXUFHV��LQFOXGLQJ�SXEOLVKHG�SDSHUV��GDWD�FROOHFWLRQ�WRROV���SURYLGHV�SURMHFW�PDQDJHPHQW�WUDLQLQJ
IRU�SURMHFW�OHDGV��DQDO\]HV�GDWD�DQG�PHQWRUV�SURMHFW�OHDGV�WKURXJKRXW�WKH�SURMHFW���/RFDO�FOLQLFDO�OHDGV�DQG�VXSSRUWLQJ�WHDPV�GHYHORS�D�ORFDO
LPSOHPHQWDWLRQ�SODQ��LPSOHPHQW�FKDQJHV�DQG�FROOHFW�EHIRUH�DQG�DIWHU�GDWD���2XWFRPH�RI�LQWHUHVW�IRU�WKLV�SURMHFW�ZHUH��DW�WKH�('�OHYHO��URXWLQH�XVH�RI
LQWXEDWLRQ�FKHFNOLVWV�DQG�DXGLW�RI�HPHUJHQF\�LQWXEDWLRQV��3DWLHQW�OHYHO�RXWFRPHV�ZHUH�GRFXPHQWHG�VWUXFWXUHG�ULVN�DVVHVVPHQW�RI�WKH�DLUZD\��XVH�RI
DSQRHLF�R[\JHQDWLRQ��FRQILUPDWLRQ�RI�FRUUHFW�WXEH�SODFHPHQW�E\�FDSQRJUDSK\��ORZ�WLGDO�YROXPH�YHQWLODWLRQ��SRVW�LQWXEDWLRQ�FKHVW�[UD\�DQG
QDVRJDVWULF�WXEH�SODFHPHQW��

5HVXOWV��)RXUWHHQ�('�FRPSOHWHG�WKH�SURMHFW���7KHUH�ZHUH�����SDWLHQWV�LQ�WKH�SUH�GDWD�DQG�����LQ�WKH�SRVW�GDWD�VHW���8VH�RI�FKHFNOLVWV�DQG�DXGLWV
HDFK�LQFUHDVHG�IURP�����WR������S ���������7KH�SURSRUWLRQ�RI�SDWLHQWV�XQGHUJRLQJ�ULVN�DVVHVVPHQW�LQFUHDVHG�IURP�����WR������S����������WKH
SURSRUWLRQ�KDYLQJ�DSQRHLF�R[\JHQDWLRQ�LQFUHDVHG�IURP�����WR������S����������WKH�SURSRUWLRQ�KDYLQJ�FDSQRJUDSKLF�FRQILUPDWLRQ�RI�WXEH�SODFHPHQW
LQFUHDVHG�IURP�����WR������S���������DQG�WKH�SURSRUWLRQ�KDYLQJ�ORZ�WLGDO�YROXPH�YHQWLODWLRQ�LQFUHDVHG�IURP�����WR������S�����������7KH
SURSRUWLRQ�KDYLQJ�&;5�FRQILUPDWLRQ�RI�(7�WXEH�LQFUHDVHG�IURP�����WR������S ������DQG�WKH�SURSRUWLRQ�KDYLQJ�QDVRJDVWULF�WXEH�LQVHUWLRQ�LQFUHDVHG
IURP�����WR������S �������

&RQFOXVLRQ��$�ORFDOO\�PDQDJHG��FOLQLFDO�QHWZRUN�VSRQVRUHG�TXDOLW\�LPSURYHPHQW�SURMHFW�UHVXOWHG�LQ�VLJQLILFDQW�LPSURYHPHQWV�WR�NH\�TXDOLW\�DQG
VDIHW\�SURFHVV�PHDVXUHV�IRU�HPHUJHQF\�LQWXEDWLRQ���7KLV�PHWKRGRORJ\�LV�WUDQVIHUDEOH�WR�RWKHU�FOLQLFDO�LVVXHV�DQG�DFURVV�GLVFLSOH�ERXQGDULHV�

6RXUFHV�RI�IXQGLQJ��7KLV�SURMHFW�ZDV�VXSSRUWHG�E\�GLUHFW�JUDQWV�WR�('�IURP�(&&1�
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��������,PSURYHG�FRPSOLDQFH�ZLWK�D�EXQGOH�RI�FDUH�IRU�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$QQH�0DUHH�.HOO\������3DQQLIH[�-DQ����

���(&&1���'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��9LFWRULD��$XVWUDOLD��6W�$OEDQV��$8675$/,$
���(&&1���'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��0HOERXUQH��$8675$/,$

.H\ZRUGV��&23'��TXDOLW\�LPSURYHPHQW

$EVWUDFW��

%DFNJURXQG���&KURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'��LV�D�FRPPRQ�UHDVRQ�IRU�DWWHQGLQJ�HPHUJHQF\�GHSDUWPHQWV��('����(YLGHQFH�DQG
SXEOLVKHG�JXLGHOLQHV�UHFRPPHQG�WKH�XVH�RI�D�EXQGOH�RI�FDUH�LQFOXGLQJ�FRQWUROOHG�R[\JHQ�WKHUDS\��LQKDOHG�EURQFKRGLODWRUV�DQG�V\VWHPLF
FRUWLFRVWHURLGV�DORQJ�ZLWK�DQWLELRWLFV��EORRG�JDVHV�DQG�QRQ�LQYDVLYH�YHQWLODWLRQ��1,9��ZKHQ�LQGLFDWHG��7KH�(PHUJHQF\�&DUH�&OLQLFDO�1HWZRUN��(&&1�
9LFWRULD��$XVWUDOLD��ZRUNV�ZLWK�('�DFURVV�WKH�VWDWH�WR�LPSURYH�FOLQLFDO�FDUH�E\�XSWDNH�RI�HYLGHQFH�EDVHG�SUDFWLFH�DQG�UHGXFWLRQ�LQ�YDULDWLRQ�LQ
SUDFWLFH���0HPEHU�('V�YDU\�LQ�VL]H��VWDIILQJ�DQG�VXSSRUWLQJ�VSHFLDOLVW�VHUYLFHV��DSSUR[LPDWHO\�KDOI�DUH�EDVHG�LQ�UXUDO�DQG�UHJLRQDO�DUHDV��

3DUWLFLSDQWV�DQG�PHWKRGV��7KH�DLP�RI�WKLV�SURMHFW�ZDV�WR�LPSURYH�FRPSOLDQFH�ZLWK�EXQGOH�RI�FDUH�HOHPHQWV�IRU�WKH�PDQDJHPHQW�RI�DFXWH
H[DFHUEDWLRQV�RI�&23'�LQ�('���7KLV�ZDV�D�TXDOLW\�LPSURYHPHQW�SURMHFW�PHDVXUHG�E\�FROOHFWLRQ�RI�EHIRUH�DQG�DIWHU�GDWD���3DUWLFLSDWLRQ�ZDV�E\
H[SUHVVLRQ�RI�LQWHUHVW��(&&1�XVHV�D�PRGLILHG�NQRZOHGJH�WUDQVIHU�PHWKRGRORJ\��7KH�QHWZRUN�PDQDJHPHQW�WHDP�GHYHORSV�WKH�SURMHFW�SDUDPHWHUV�
FRQGXFWV�DZDUHQHVV�UDLVLQJ�DFWLYLWLHV��SURYLGHV�UHVRXUFHV��LQFOXGLQJ�SXEOLVKHG�SDSHUV��GDWD�FROOHFWLRQ�WRROV���SURYLGHV�SURMHFW�PDQDJHPHQW�WUDLQLQJ
IRU�SURMHFW�OHDGV��DQDO\]HV�GDWD�DQG�PHQWRUV�SURMHFW�OHDGV�WKURXJKRXW�WKH�SURMHFW���/RFDO�FOLQLFDO�OHDGV�DQG�VXSSRUWLQJ�WHDPV�GHYHORS�D�ORFDO
LPSOHPHQWDWLRQ�SODQ��LPSOHPHQW�FKDQJHV�DQG�FROOHFW�EHIRUH�DQG�DIWHU�GDWD���2XWFRPH�RI�LQWHUHVW�IRU�WKLV�SURMHFW�ZHUH�DGPLQLVWUDWLRQ�RI�FRQWUROOHG
R[\JHQ�WKHUDS\��LQKDOHG�EURQFKRGLODWRUV��V\VWHPLF�VWHURLGV�DQG�WDNLQJ�RI�D�FKHVW�[UD\�DQG��IRU�TXDOLI\LQJ�FDVHV��DGPLQLVWUDWLRQ�RI�DQWLELRWLFV��EORRG
JDV�DQDO\VLV�DQG�XVH�RI�1,9�����

5HVXOWV��6HYHQ�('�FRPSOHWHG�WKH�SURMHFW��PRVW�IURP�UXUDO�RU�UHJLRQDO�DUHDV���7KHUH�ZHUH�����SDWLHQWV�LQ�WKH�SUH�GDWD�DQG�����LQ�WKH�SRVW�GDWD�VHW��
7KH�SURSRUWLRQ�RI�SDWLHQWV�UHFHLYLQJ�FRQWUROOHG�R[\JHQ�LQFUHDVHG�IURP�����WR������S QV���WKH�SURSRUWLRQ�WUHDWHG�ZLWK�EURQFKRGLODWRUV�LQFUHDVHG
IURP�����WR������S �������DQG�WKH�SURSRUWLRQ�WUHDWHG�ZLWK�V\VWHPLF�FRUWLFRVWHURLGV�LQFUHDVHG�IURP�����WR������S ��������7KH�SURSRUWLRQ�RI
SDWLHQWV�ZLWK�VLJQV�RI�LQIHFWLRQ�UHFHLYLQJ�DQWLELRWLFV�LQFUHDVHG�IURP�����WR������S���������WKH�SURSRUWLRQ�RI�QRQ�PLOG�FDVHV�KDYLQJ�EORRG�JDV
DQDO\VLV�LQFUHDVHG�IURP�����WR������S�������DQG�WKH�SURSRUWLRQ�RI�SDWLHQWV�ZLWK�S+������UHFHLYLQJ�1,9�LQFUHDVHG�IURP�����WR������S��������7KH
SURSRUWLRQ�KDYLQJ�D�FKHVW�[UD\�ZDV�XQFKDQJHG������YV������

&RQFOXVLRQ��$�ORFDOO\�PDQDJHG��FOLQLFDO�QHWZRUN�VXSSRUWHG�TXDOLW\�LPSURYHPHQW�SURMHFW�UHVXOWHG�LQ�VLJQLILFDQW�LPSURYHPHQWV�LQ�FRPSOLDQFH�ZLWK
&23'�EXQGOH�RI�FDUH�HOHPHQWV���7KLV�PHWKRGRORJ\�LV�WUDQVIHUDEOH�WR�RWKHU�FOLQLFDO�LVVXHV�DQG�DFURVV�GLVFLSOH�ERXQGDULHV�

6RXUFHV�RI�IXQGLQJ��7KLV�SURMHFW�ZDV�VXSSRUWHG�E\�GLUHFW�JUDQWV�WR�('�IURP�(&&1�



,0$*,1*���8/75$6281'���5$',2/2*< 0HKPHW�$OL�.DUDFD

��������7KH�GLDJQRVWLF�YDOXH�RI�RSWLF�QHUYH�VKHDWK�GLDPHWHU�PHDVXUHPHQWV�E\�XOWUDVRQRJUDSK\�LQ�HOHYDWHG�LQWUDFUDQLDO
SUHVVXUH�LQ�VWURNH�SDWLHQWV�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$OL�%DWXU������0HKPHW�$OL�.DUDFD������9RONDQ�$UVODQ������0XVWDID�%R]������%XOHQW�(UELO������=DXU�,EUDKLPRY������0�5XKL�2QXU����

���(PHUJHQF\�0HGLFLQH�'HSDUWPHQW��+DFHWWHSH�8QLYHUVLW\��$QNDUD��785.(<
���5DGLRORJ\�'HSDUWPHQW��+DFHWWHSH�8QLYHUVLW\��$QNDUD��785.(<

.H\ZRUGV��6WURNH��HOHYDWHG�LQWUDFUDQLDO�SUHVVXUH��XOWUDVRQRJUDSK\��RSWLN�QHUYH�VKHDWK�GLDPHWHU��05,

$EVWUDFW��

,QGWURGXFWLRQ�6WURNH�LV�WKH�PRVW�FRPPRQ��WK�FDXVH�RI�GHDWK�DURXQG�WKH�ZRUOG��'XH�WR�EUDLQ�HGHPD�HOHYDWHG�,&3�LV�D�UHDVRQ�RI�FOLQLFDO�GHWHULRUDWLRQ
LQ�VWURNH�SDWLHQWV����������216'�PHDVXUHPHQW�ZLWK�XOWUDVRQRJUDSK\�LV�DQ�LQGLUHFW�DQG�QRQ�LQYDVLYH�WHFKQLTXH�WR�GHWHFW�(,&3�

$LP�7KH�DLP�RI�WKLV�VWXG\�LV�WR�LQYDVWLJDWH�WKH�GLDJQRVWLF�YDOXH�RI�216'�PHDVXUHPHQWV�LQ�(,&3�LQ�VWURNH�SDWLHQWV�

0HWKRGV�7KH�SDSHU�LQYROYHV�GDWD�FRQFHUQLQJ�D�FRQWURO�JURXS����LQGLYLGXDOV�ZLWK�VWXG\�JURXS�RI�����SDWLHQWV�GLDJQRVHG�ZLWK�DFXWH�VWURNH�DW�WKH
$GXOW�(PHUJHQF\�'HSDUWPHQW�RI�+DFHWWHSH�8QLYHUVLW\�EHWZHHQ�)HEUXDU\��������DQG�-XQH�����������6\PSWRPV�DQG�SK\VLFDO�H[DPLQDWLRQV�RI�WKH
SDWLHQWV�ZHUH�UHFRUGHG��:H�SHUIRUPHG�21�86�WR�DOO�SDWLHQWV�DQG�216'�PHDVXUHPHQWV�E\�86�ZHUH�FRPSDUHG�ZLWK�WKH�UHVXOWV�RI�VWXG\�JURXS
05,�216'�PHDVXUHPHQWV��

5HVXOWV�05,�216'�PHDVXUHPHQWV�ZHUH�XVHG�WR�GLDJQRVH�(,&3�DQG�WKH�FXW�RII�IRU�(,&3�ZDV�����PP�LQ�05,�216'��7KH�VWXG\�JURXS�GLYLGHG�LQ�WZR
VXEJURXSV�DV�(,&3��Q ����DQG�QRQ�(,&3��Q ����JURXSV��2I�WKH�����SDWLHQWV�VWXGLHG�������������ZHUH�PDOH�DQG����ZHUH���������IHPDOH��7KH�PHDQV
RI�216'�E\�86��IRU�QRQ�(,&3�JURXS�IRU�ULJKW�DQG�OHIW�H\H�ZHUH������PP������PP��IRU�(,&3�JURXS�ZHUH������PP������PP��7KH�PHDQV�RI�05,�216'
IRU�(,&3�JURXS�ZHUH������PP������PP�DQG�QRQ�(,&3�JURXS�ZHUH������PP������PP��*UHDWHU�WKDQ�����PP�216'�E\�86�SUHGLFWHG�(,&3�ZLWK
VHQVLWLYLW\��������VSHFLILFLW\�������JHQHUDO�WUXWK�YDOXH�������DQG�NDSSD��������7KH�PHDQV�RI�216'�E\�86�ZHUH�VLJQLILFDQWO\�FRUUHODWHG�ZLWK
05,�216'�PHDVXUHPHQWV��6\PSWRPV�VXFK�DV�KHDGDFKH��FRQIXVLRQ�DQG�YRPLWLQJ�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�(,&3�JURXS�DQG�WKHVH�V\PSWRPV
SUHGLFWHG�(,&3�ZLWK�VHQVLWLYLW\��������VSHFLILFLW\�������7KH�LQWHQVLYH�FDUH�UHTXLUHPHQW�ZDV�LQFUHDVHG�LQ�(,&3�JURXS�UDWKHU�WKDQ�QRQ�(,&3�JURXS
���������������(VSHFLDOO\�0&$�LQIDUFWLRQ�DVVRFLDWHG�ZLWK�EUDLQ�HGHPD���������DQG�HOHYDWHG�PRUWDOLW\�UDWH������������SDWLHQWV���������ZHUH�H[LWXV
LQ�LQWHQVLYH�FDUH�XQLW�DQG�DOO�WKH�SDWLHQWV�KDG�0&$�LQIDUFWLRQ�

&RQFOXVLRQ�$V�D�UHVXOW��216'�PHDVXUHPHQWV�E\�86�LV�VXIILFLHQW��UHOLDEOH�DQG�SUDFWLFDO�LQ�WKH�GLDJQRVLV�RI�DFXWH�VWURNH��,&3�DVVHVVPHQW�ZLWK�21�86�LQ
DFXWH�VWURNH�SDWLHQWV�FRXOG�EH�XVHG�WR�SUHGLFW�WUHDWPHQW�SURFHVV��SURJQRVLV�DQG�PRUWDOLW\�



&35���5(686&,7$7,21 -RQDWKDQ�/HXQJ

��������$Q�KRXU�WR�VDYH�\RXU�OLIH"�'RHV�LQWUD�DUUHVW�H[WUDFRUSRUHDO�PHPEUDQH�R[\JHQDWLRQ�DSSOLFDWLRQ�VDYH�OLIH"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-RQDWKDQ�/HXQJ����

���(PHUJHQF\�GHSDUWPHQW��8QLYHUVLW\�&ROOHJH�/RQGRQ�+RVSLWDOV�1+6�)RXQGDWLRQ�7UXVW��/RQGRQ��8.

.H\ZRUGV��(&02��([WUDFRUSRUHDO�PHPEUDQH�R[\JHQDWLRQ��&DUGLRUHVSLUDWRU\�UHVXVFLWDWLRQ

$EVWUDFW��

,QWURGXFWLRQ�

([WUDFRUSRUHDO�PHPEUDQH�R[\JHQDWLRQ�>(&02@�LQWHJUDWHG�&DUGLRSXOPRQDU\�UHVXVFLWDWLRQ�>&35@�>(�&35@�KDV�EHFRPH�RQH�RI�WKH�PRVW�SURPLVLQJ
DGYDQFHPHQW�LQ�WKH�ILHOG�RI�UHVXVFLWDWLRQ�PHGLFLQH��2XU�DLP�LV�WR�FRQGXFW�DQ�LQGHSHQGHQW�PHWD�DQDO\VLV�FRPELQLQJ�DOO�DYDLODEOH�KLJK�TXDOLW\
REVHUYDWLRQDO�VWXGLHV��LQ�RUGHU�WR�HYDOXDWH�ZKHWKHU�(�&35�FDQ�UHVXOW�LQ�QHXURORJLFDO�LQWDFW�PRUWDOLW\�EHQHILW�DV�FRPSDUHG�ZLWK�FRQYHQWLRQDO�&35�

0HWKRG

$�FRPSUHKHQVLYH�VHDUFK�ZDV�SHUIRUPHG�LQ�WKH�IROORZLQJ�GDWDEDVHV��0HGOLQH�>�����WR�SUHVHQW@��(0%$6(>�����WR�SUHVHQW@��&,1$+/�>�����WR�SUHVHQW@�
%1,�>�����WR�SUHVHQW@��$0('�>�����WR�SUHVHQW@�DQG+HDOWK�%XVLQHVV�(OLWH�>�����WR�SUHVHQW@��7KH�OLWHUDWXUH�VHDUFK�ZDV�VXSSOHPHQWHG�ZLWK�DGGLWLRQDO
VHDUFK�RI�WKH�IROORZLQJ�GDWDEDVHV��5HIHUHQFH�VHDUFK�DQG�SHUVRQDO�GLVFXVVLRQ�ZLWK�(&02�H[SHUW�UHJDUGLQJ�JUH\�OLWHUDWXUH�

5HVXOWV

��KLJK�TXDOLW\�FRPSDULVRQ�REVHUYDWLRQDO�VWXGLHV�ZHUH�LGHQWLILHG��(�&35�DSSOLFDWLRQ�WR�,+&$�DQG�22+&$�KDV�DQ�LPSUHVVLYH�DVVRFLDWLRQ�ZLWK�VKRUW
WHUP�QHXURORJLFDO�LQWDFW�VXUYLYDO�EHQHILW��>25������������������S�������@�6XUSULVLQJO\��WKH�DQDO\VLV�LQGLFDWHV�WKDW�22+&$�(�&35�>25������
��������������S�������@�KDV�D�EHWWHU�VXUYLYDO�EHQHILW�DV�FRPSDUHG�ZLWK�,+&$��>25�����������������S �����@��

&RQFOXVLRQ�

(�&35�LV�DVVRFLDWHG�ZLWK�QHXURORJLFDOO\�LQWDFW�VXUYLYDO�EHQHILW��7KH�PDLQ�OLPLWDWLRQ�RI�WKLV�PHWD�DQDO\VLV�LV�WKDW�WKH�FRPELQHG�GDWD�DUH�DOO
REVHUYDWLRQDO�GDWHV��KHQFH�FDXVDWLRQ�RI�EHQHILW�LV�\HW�WR�EH�SURYHQ�



75$163257$7,21 'DYLG�3HUDQ

��������2[\JHQ�FRQFHQWUDWLRQ�GXULQJ�SDWLHQW�WUDQVSRUWDWLRQ�LQ�WKH�DPEXODQFH�FDU

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-LUL�.RGHW������'DYLG�3HUDQ����

���(06��=GUDYRWQLFN��]�FKUDQQ��VOX¯ED�KO��P��3UDK\��3UDJXH��&=(&+�5(38%/,&

.H\ZRUGV��R[\JHQ��GHILEULOODWLRQ��ULVN�RI�ILUH��DPEXODQFH

$EVWUDFW��

,QWURGXFWLRQ

(XURSHDQ�5HVXVFLWDWLRQ�&RXQFLO�*XLGHOLQHV�IRU�5HVXVFLWDWLRQ������DQG�$GYDQFHG�/LIH�6XSSRUW�3URYLGHU�&RXUVH�WHDFK�WKDW�WKH�R[\JHQ�VXSSO\�PXVW�EH
UHPRYHG�IURP�WKH�SDWLHQW�GXULQJ�GHILEULOODWLRQ�WR�WKH�GLVWDQFH�RI�PLQLPXP�RI���PHWHU��6FLHQWLILF�DUWLFOHV�GHVFULEH�IHZ�LQFLGHQWV�RI�ILUH�GXULQJ
GHILEULOODWLRQ�LQ�R[\JHQ�Ä�HQULFKHG�DWPRVSKHUHV�

0HWKRGRORJ\

:H�SHUIRUPHG�D�VHULHV�RI�PHDVXUHPHQW�RI�WKH�R[\JHQ�FRQFHQWUDWLRQ�LQ�WKH�DPEXODQFH�YHKLFOH�RI����FXELF�PHWHUV��7KH�PHDVXUHPHQWV�ZHUH�PDGH�LQ
SDUNHG�YHKLFOH��3DWLHQW�ZDV�VHDWHG�RQ�WKH�VWUHWFKHUV�DQG�R[\JHQ�ZDV�DSSOLHG�ZLWK�R[\JHQ�PDVN�RQ�KLJK�IORZ�����O�SHU�PLQXWH��

:H�PHDVXUHG�WKH�R[\JHQ�FRQFHQWUDWLRQ�RQ�GLIIHUHQW�SODFHV�LQ�WKH�DPEXODQFH�FDU�Ä�WKH�SDWLHQWÆV�IDFH��RQ�WKH�FKHVW��RQ�WKH�ZDOO�LQ�IURQW�RI�WKH�FDU��RQ
WKH�ZDOO�LQ�WKH�UHDU�DQG�RQ�WKH�FHOOLQJ��:H�PHDVXUHG�WHPSHUDWXUH��DWPRVSKHULF�SUHVVXUH�DQG�KXPLGLW\�WRJHWKHU�ZLWK�R[\JHQ�FRQFHQWUDWLRQ�

:H�XVHG�'U�JHU�;�DP�������GHYLFH�ZLWK�;;6�VHQVRU�IRU�WKH�&+���2��D�&2��)RU�WKH�R[\JHQ�FRQFHQWUDWLRQ�ZDV�XVHG�'U�JHU6HQVRU�;;6�2��ZLWK�UDQJH
RI���Ä������ZLWK�PHDVXUDEOH�YDULDWLRQ�RI��������:H�DOVR�XVHG�DQRWKHU�GHYLFH�*DV$OHUW�0LFUR&OLS�;/�ZLWK�VHQVRU�IRU�WKH�+�6��2��D�&2�ZLWK�WKH�UDQJH
RI���Ä������ZLWK�PHDVXUDEOH�YDULDWLRQ�RI�������

5HVXOWV

7KH�UHVXOW�RI�RXU�VWXG\�VKRZHG�WKDW�WKH�R[\JHQ�FRQFHQWUDWLRQ�KDV�ULVHQ�IURP������WR�PRUH�WKDQ������DW�DOO�ORFDWLRQV�RI�WKH�DPEXODQFH��,Q�FHUWDLQ
ORFDWLRQV�WKH�FRQFHQWUDWLRQ�KDV�LQFUHDVHG�RYHU������

5HFRPPHQGDWLRQV

:H�KDYH�SUHSDUHG�UHFRPPHQGDWLRQV�IRU�GHILEULOODWLRQ�GXULQJ�R[\JHQ�DGPLQLVWUDWLRQ�DFFRUGLQJ�WR�WKH�OLWHUDWXUH�DQG�RXU�VWXG\�

,��5HPRYH�WKH�R[\JHQ�VXSSO\�WR�WKH�GLVWDQFH�RI�PLQLPXP�RI���PHWHU�IURP�WKH�SDWLHQW�EHIRUH�GHILEULOODWLRQ�LV�SHUIRUPHG��LI�WKH�R[\JHQ�LV�JLYHQ�YLD
RSHQ�FLUFXLW��

,,��'R�QRW�UHPRYH�WKH�R[\JHQ�EHIRUH�GHILEULOODWLRQ�LV�SHUIRUPHG�LI�WKH�FLUFXLW�LV�FORVHG�ZLWKRXW�DQ\�OHDN�EHFDXVH�RI�WKH�ULVN�RI�GLVORGJLQJ�WKH
HQGRWUDFKHDO�DLUZD\�

,,,��'XULQJ�WKH�GHILEULOODWLRQ�RI�D�SDWLHQW�UHFHLYLQJ�R[\JHQ��DSSO\�WKH�GHILEULOODWRU�SDGGOHV�ILUPO\��L�H��ZLWK�DW�OHDVW����OE�RI�SUHVVXUH��

,9��'R�QRW�GHILEULOODWH�LI�WKH�FKHVW�LV�FRDWHG�ZLWK�HQRXJK�JHO�RU�VDOLQH�VROXWLRQ�WR�IRUP�D�FRQGXFWLYH�EULGJH�EHWZHHQ�WKH�SDGGOHV�

9��(QVXUH�WKDW�WKH�SDWLHQWÇV�(&*�OHDGV�DUH�QRW�GUDSHG�QHDU�DQ�DUHD�RI�WKH�ERG\�ZKHUH�GHOLYHULQJ�R[\JHQ�LV�OLNHO\�WR�SRFNHG�RU�JR�XQGHWHFWHG�RU
ZKHUH�WKH�SDGGOHV�DUH�SODFHG�

9,��2SHQ�WKH�ZLQGRZ�RU�WXUQ�RQ�WKH�IDQ�GXULQJ�DGPLQLVWUDWLRQ�RI�WKH�R[\JHQ�LQ�DQ�DPEXODQFH�FDU�

5HIHUHQFHV

(8523($1�5(686&,7$7,21�&281&,/��$GYDQFHG�/LIH�6XSRUW��%HOJLXP��(5&��������,6%1�����������������
'HILEULOODWLRQ�LQ�R[\JHQ�HQULFKHG�HQYLURQPHQWV�>KD]DUG@��+HDOWK�'HYLFHV����������������
0F$18/7<�*5��5REHUWVKDZ�+��5LVN�RI�ILUH�RXWZHLJKHG�E\�QHHG�IRU�R[\JHQ�DQG�GHILEULOODWLRQ��-�$FFLG�(PHU�0HG��������������



75$80$ 0XKDPPDG�$EGXOKDOHHP

��������$�SURVSHFWLYH�FRPSDULVRQ�RI�EHGVLGH�XOWUDVRXQG�DQG�&7��VFDQ�RI�WKH�FKHVW�IRU�WKH�GLDJQRVLV�RI�WUDXPDWLF�SQHXPRWKRUD[

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0XKDPPDG�$EGXOKDOHHP����

�����QRQH��DOH[��(*<37

.H\ZRUGV��7UDXPDWLF�SQHXPRWKRUD[��()$67�LQ�GLDJQRVLV�RI�WUDXPDWLF�SQHXPRWKRUD[�FRPSDULVRQ�RI�EHGVLGH�XOWUDVRXQG�DQG�&7�VFDQ�RI�WKH�FKHVW

$EVWUDFW��

,1752'8&7,21

,Q�WKH�8QLWHG�6WDWHV��LW�LV�HVWLPDWHG�WKDW�WUDXPD�LV�UHVSRQVLEOH�IRU�DSSUR[LPDWHO\���������GHDWKV�DQQXDOO\�

$FFLGHQWV��XQLQWHQWLRQDO�LQMXULHV��DUH�WKH�ILIWK�PRVW�FRPPRQ�FDXVH�RI�GHDWK�

$SSUR[LPDWHO\�����RI�GHDWKV�IURP�EOXQW�WUDXPD�DULVH�IURP�FKHVW�LQMXULHV�

7UDGLWLRQDO�LPDJLQJ�IRU�D�SRWHQWLDO�WUDXPDWLF�SQHXPRWKRUD[�LQLWLDOO\�EHJLQV�ZLWK�FKHVW�UDGLRJUDSK\��+RZHYHU��GXH�WR�WKH�OLPLWDWLRQV�RI�VSLQDO
LPPRELOL]DWLRQ�LQ�WUDXPD�SDWLHQWV��WKLV�H[DPLQDWLRQ�RIWHQ�FRQVLVWV�RI�DQWHURSRVWHULRU��$3��VXSLQH�ILOPV��LQ�ZKLFK�UDGLRJUDSKLF�IHDWXUHV�RI�SQHXPR
WKRUD[�PD\�EH�TXLWH�VXEWOH��&RPSXWHG�WRPRJUDSK\��&7��LV�PXFK�PRUH�VHQVLWLYH�IRU�SQHXPRWKRUD[��EXW�UHTXLUHV�WKH�SDWLHQW�WR�EH�UHPRYHG�IURP�WKH
HPHUJHQF\�GHSDUWPHQW��('��HQYLURQPHQW�DQG�LWV�UHVXVFLWDWLYH�FDSDELOLW\�

%HGVLGH�XOWUDVRXQG�EHFRPH�D�YHU\�VHQVLWLYH�WRRO�IRU�WKH�GLDJQRVLV�RI�WUDXPDWLF�SQHXPRWKRUD[�QRW�RQO\�LQ�GHWHFWLRQ�RI�LWV�SUHVHQFH�EXW�DOVR�LQ
TXDQWLILFDWLRQ�RI�LWV�VL]H�ZLWKRXW�WKH�WUDQVSRUWDWLRQ�ULVN�DQG�UDGLDWLRQ�H[SRVXUH�DQG�ZLWK�D�ORZHU�FRVW�

$,0�2)7+(�:25.

7KH�DLP�RI�WKLV�VWXG\�LV�WR�HYDOXDWH�WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�FKHVW�XOWUDVRXQG�LQ�WKH�GHWHFWLRQ�RI�WUDXPDWLF�SQHXPRWKRUD[�DQG�TXDQWLILFDWLRQ
RI�LWV�VL]H�LQ�FRPSDULVRQ�WR�WKH�&7�&KHVW�DV�D�JROG�VWDQGDUG�GLDJQRVWLF�WRRO��3$7,(176

([FOXVLRQ�FULWHULD�

/LIH�WKUHDWHQLQJ�SQHXPRWKRUD[�

3DWLHQWV�ZKR�GR�QRW�XQGHUJR�&7�&KHVW�HLWKHU�IRU�QRW�EHLQJ�VWDEOH�IRU�WUDQVSRUWDWLRQ�RU�GR�QRW�PHW�$PHULFDQ�FROOHJH�RI�UDGLRORJ\�DSSURSULDWHQHVV
FULWHULD��$&5�$335235,$7(1(66�&5,7(5,$��

0(7+2'6

3DWLHQWV�ZLWK�FKHVW�WUDXPD�SUHVHQWLQJ�WR�RXU�HPHUJHQF\�GHSDUWPHQW��('��DW�$OH[DQGULD�0DLQ�8QLYHUVLW\�+RVSLWDO�ZLOO�EH�H[DPLQHG�DFFRUGLQJ�WR�WKH
SULPDU\�VXUYH\�GHVFULEHG�E\�WKH�(7&�FRXUVH�DQG�UHVXVFLWDWHG�DV�QHHGHG�DQG�WKH�DWWHQGLQJ�(0�SK\VLFLDQ�ZLOO�SHUIRUP�WKH�([WHQGHG�)RFXVHG
$VVHVVPHQW�ZLWK�6RQRJUDSK\�IRU�7UDXPD��()$67�35272&2/���7KH�FKHVW�ZLOO�EH�VFDQQHG��XVLQJ�WKH�VXSHUILFLDO�SUREH�����0+]�W\SH�/�0�$�RI�RXU
&+,621�GHYLFH�PRGHO�(&2����DW�WKUHH�OLQHV�DQG�WZR�YLHZV�IRU�HDFK�KHPLWKRUD[�DV�WKH�IROORZLQJ����DQWHULRU�VHFRQG�WKURXJK�VL[WK�LQWHUFRVWDO�VSDFHV
DW�WKH�SDUDVWHUQDO�OLQH������DQWHULRU�VHFRQG�WKURXJK�VL[WK�LQWHUFRVWDO�VSDFHV�DW�WKH�PLG�FODYLFXODU�OLQH������IRXUWK�WKURXJK�VL[WK�LQWHUFRVWDO�VSDFHV�DW
WKH�DQWHULRU�D[LOODU\�OLQH�����IRXUWK�LQWHUFRVWDO�VSDFH�DW�WKH�PLG�D[LOODU\�OLQH������IRXUWK�LQWHUFRVWDO�VSDFH�DW�WKH�SRVWHULRU�D[LOODU\�OLQH��WR�DVVHVV�IRU
WKH�SUHVHQFH�RI�D�VOLGLQJ�OXQJ��3UHVHQFH�RU�DEVHQFH�RI�WKLV�VLJQ�ZLOO�FODVVLI\�WKH�SDWLHQW�HLWKHU�EHLQJ�QHJDWLYH�RU�SRVLWLYH�IRU�SQHXPRWKRUD[��,I
SRVLWLYH�IRU�SQHXPRWKRUD[�DEVHQW�OXQJ�VOLGLQJ�LQ�WKH���OLQHV�GHQRWHV�VPDOO�SQHXPRWKRUD[���DEVHQFH�RI�WKLV�VLJQ�XS�WR�YLHZ���GHQRWHV�PRGHUDWH
SQHXPRWKRUD[�DQG�DEVHQFH�RI�OXQJ�VOLGLQJ�DW�WKH�ILYH�YLHZV�GHQRWHV�PDVVLYH�SQHXPRWKRUD[��LQ�VSRQWDQHRXVO\�EUHDWKLQJ�SDWLHQWV�RU�LQWXEDWHG
SDWLHQWV�DIWHU�H[FOXVLRQ�RI�ULJKW�PDLQ�EURQFKXV�LQWXEDWLRQ���7KHQ�WKH�SDWLHQW�ZLOO�EH�DGPLWWHG�WR�WKH�VXUJLFDO�HPHUJHQF\�XQLW�ZKHUH�UHVXVFLWDWLRQ�LV
FRQWLQXHG�DV�UHTXLUHG�DQG�WKH�SDWLHQW�ZLOO�EH�LQYHVWLJDWHG�LQFOXGLQJ�&7�&KHVW�VFDQQLQJ�LI�QHHGHG�DFFRUGLQJ�WR�WKH�$&5�$335235,$7(1(66�&5,7(5,$�

7KHQ�WKH�UHVXOW�IURP�ERWK�ZLOO�EH�FRPSDUHG�

5()(5(1&(6

��6KHUU\�/��0XUSK\�6/��;X�-��.RFKDQHN�.'��-LDTXDQ�;X��.HQQHWK�'��'HDWKV��3UHOLPLQDU\�'DWD�IRU�������1DWLRQDO�YLWDO�VWDWLVWLFV�UHSRUWV��+\DWWVYLOOH��0'�
1DWLRQDO�&HQWHU�IRU�+HDOWK�6WDWLVWLFV������������������



(1'2&5,1(���',$%(7(6 <XQJ�&KHQJ�6X

��������+\SHUJO\FHPLF�FULVLV�HSLVRGHV�PD\�EH�DVVRFLDWHG�ZLWK�KLJKHU�ULVN�RI�SDQFUHDWLF�FDQFHU��D�SRSXODWLRQ�EDVHG�FRKRUW�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

<XQJ�&KHQJ�6X������<XQJ�&KHQJ�6X����

�����'DOLQ�7]X�&KL�+RVSLWDO��%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��&KLD\L��7DLZDQ��&KLD\L��7$,:$1
���DWWHQGLQJ�SK\VLFLDQ���'DOLQ�7]X�&KL�+RVSLWDO��%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��&KLD\L��7DLZDQ��&KLD\L��7$,:$1

.H\ZRUGV��+\SHUJO\FHPLF�FULVLV�HSLVRGHV��SDQFUHDWLF�FDQFHU��GLDEHWHV

$EVWUDFW��

,QWURGXFWLRQ��7KH�UHODWLRQVKLS�EHWZHHQ�GLDEHWHV�DQG�SDQFUHDWLF�FDQFHU�KDV�EHHQ�GLVFXVVHG��+RZHYHU��WKH�HIIHFWV�RI�JO\FHPLF�FRQWURO�RQ�SDQFUHDWLF
FDQFHU�KDYH�QHYHU�EHHQ�HYDOXDWHG��:H�DGGUHVV�WKH�VWUHQJWK�RI�DVVRFLDWLRQ�IRU�UHODWLRQVKLS�EHWZHHQ�JO\FHPLF�FRQWURO�DQG�SDQFUHDWLF�FDQFHU�

0HWKRGV��7KH�VDPSOHG�GDWD�IURP�RQH�PLOOLRQ�1DWLRQDO�+HDOWK�,QVXUDQFH�EHQHILFLDULHV�ZHUH�XWLOL]HG��7KH�VWXG\�FRKRUW�FRQVLVWHG�RI��������GLDEHWLF
SDWLHQWV�DQG���������XQH[SRVHG�VXEMHFWV��$PRQJ�SDWLHQWV�ZLWK�GLDEHWHV�������ZKR�KDG�EHHQ�DGPLWWHG�IRU�K\SHUJO\FHPLF�FULVLV�HSLVRGHV�ZHUH
GHILQHG�DV�GLDEHWHV�ZLWK�SRRU�FRQWURO��$OO�DGXOW�EHQHILFLDULHV�ZHUH�IROORZHG�IURP���-DQXDU\������WR����'HFHPEHU������WR�HYDOXDWH�LI�SDQFUHDWLF
FDQFHU�ZDV�GLDJQRVHG��&R[�UHJUHVVLRQ�PRGHOV�ZHUH�DSSOLHG�WR�FRPSDUH�WKH�KD]DUGV�DGMXVWHG�IRU�SRWHQWLDO�FRQIRXQGHUV�

5HVXOWV��$IWHU�FRQWUROOLQJ�IRU�DJH��JHQGHU��XUEDQL]DWLRQ�OHYHO��VRFLRHFRQRPLF�VWDWXV��FKURQLF�OLYHU�GLVHDVH��K\SHUWHQVLRQ��FRURQDU\�DUWHU\�GLVHDVH�
K\SHUOLSLGHPLD��PDOLJQDQFLHV��VPRNLQJ��FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��REHVLW\��KLVWRU\�RI�DOFRKRO�LQWR[LFDWLRQ��FKURQLF�UHQDO�LQVXIILFLHQF\�
ELOLDU\�WUDFW�GLVHDVH��FKURQLF�SDQFUHDWLWLV��&KDUOVRQ�&RPRUELGLW\�,QGH[�VFRUH�DQG�KLJK�GLPHQVLRQDO�SURSHQVLW\�VFRUH��WKH�DGMXVWHG�KD]DUG�UDWLR�RI
SDQFUHDWLF�FDQFHU�ZDV�����������FRQILGHQFH�LQWHUYDO������Å������LQ�SDWLHQWV�ZLWK�GLDEHWHV��,Q�GLDEHWLF�SDWLHQWV�ZLWK�SRRU�FRQWURO��WKH�KD]DUG�UDWLR
RI�SDQFUHDWLF�FDQFHU�ZDV�VLJQLILFDQW�KLJKHU���KD]DUG�UDWLR������������FRQILGHQFH�LQWHUYDO������Å�����

�

&RQFOXVLRQV��7KLV�FRKRUW�VWXG\�UHYHDOV�D�SRVVLEOH�UHODWLRQVKLS�EHWZHHQ�GLDEHWHV�DQG�SDQFUHDWLF�FDQFHU��0RUHRYHU��SRRUO\�FRQWUROOHG�GLDEHWHV�PD\
EH�DVVRFLDWHG�ZLWK�D�KLJKHU�ULVN�RI�SDQFUHDWLF�FDQFHU�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

3LHUULFN�/H�%RUJQH

��������$FXWH�VKRXOGHU�GLVORFDWLRQ�LQ�WKH�('��5HWURVSHFWLYH�HYDOXDWLRQ�RI�SDLQ�PDQDJHPHQW�DQG�D�SURSRVDO�IRU�D�VWDQGDUG
RSHUDWLQJ�SURFHGXUH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

2ULDQH�*XLOORW������-HDQ�3KLOLSSH�6WHLQPHW]������3KLOLSSH�.DXIIPDQQ������3LHUULFN�/H�%RUJQH������&KDUOHV�(ULF�/DYRLJQHW������&ODLUH�.DP������3KLOLSSH
$GDP������3DVFDO�%LOEDXOW����

���8UJHQFHV�$GXOWHV��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(
���&KLUXUJLH�J�Q�UDOH�HW�GLJHVWLYH��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(
���6HUYLFH�GH�WUDXPDWRORJLH�HW�GH�FKLUXUJLH�RUWKRS�GLTXH��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(

.H\ZRUGV��VKRXOGHU�GLVFRODWLRQ��SDLQ�PDQDJPHQW��DQDOJHVLF

$EVWUDFW��

,QWURGXFWLRQ�

6KRXOGHU�GLVORFDWLRQ�LV�D�YHU\�FRPPRQ�FRQGLWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���,WÇV�RQH�RI�WKH�PRVW�SDLQIXO�PHGLFDO�HPHUJHQF\��9$6�VFRUH�
PHDQ�YLVXDO�DQDORJ�VFDOH�DW�WKH�DGPLVVLRQ�������IRU�ZKLFK�WKHUH�LV�QR�VSHFLILF�UHFRPPHQGDWLRQ�VXSSRUWHG��7KH�PDLQ�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR
DQDO\]H�WKH�PDQDJHPHQW�RI�SDLQ�LQ�WKH�('��7KH�VHFRQGDU\�REMHFWLYH�ZDV�WR�LQYHVWLJDWH�WKH�LQIOXHQFH�RI�VHYHQ�FOLQLFDO�SDUDPHWHUV�RQ�WKH�FKRLFH�RI
DQDOJHVLF�GUXJV�

0HWKRGV�

:H�FRQGXFWHG�D�PRQRFHQWULF�DQG�REVHUYDWLRQDO�VWXG\��RQ�����SDWLHQWV�ZKR�FRQVXOWHG�IRU�DQ�DFXWH�VKRXOGHUÇV�GLVORFDWLRQ�IURP���-DQXDU\������WR���
$SULO������LQ�RXU�('�DGPLWWHG�LQ�WKH��O\LQJ�DUHDÉ�RU�LQ�WKH��DPEXODWRU\�DUHDÉ��:H�H[FOXGHG�DOO�RWKHU�SDWLHQWV�ZKR�KDG�DOUHDG\�EHHQ�UHGXFHG��ZKR
KDG�VKRXOGHU�SURVWKHVLV��GLVORFDWLRQ�RU�DV\PSWRPDWLF�FKURQLF�GLVORFDWLRQV�ZLWK�IRUWXLWRXV�GLVFRYHU\���)LIW\�VHYHQ�SDUDPHWHUV�UHIOHFWLQJ�WKH�RYHUDOO
PDQDJHPHQW�ZHUH�DQDO\]HG�

5HVXOWV�

'HVFULSWLYH�DQDO\VLV�FRQILUPHG�WKDW�DFXWH�GLVORFDWLRQ�VKRXOGHU��ZHUH�UHGXFHG�PRVWO\�LQ�WKH�('���������������RI�DOO�GLVORFDWLRQV���7KH�PDLQ
DQDOJHVLFV�XVHG�ZHUH�HTXLPRODU�PL[WXUH�RI�R[\JHQ�DQG�QLWURXV�R[LGH��QLWURXV�R[LGH������������������PLGD]RODP��������PRUSKLQH�������QHIRSDP
�������WUDPDGRO�������DQG�DFHWDPLQRSKHQ��������.HWDPLQH�DQG�SURSRIRO�ZHUH�XVHG�LQ�OHVV�WKDQ����FDVHV��7KHUH�ZDV�QR�WUDFH�RI�DQDOJHVLF
SUHVFULSWLRQ�LQ�����RI�FRPSOLFDWHG�IUDFWXUH�GLVORFDWLRQ�ILOHV��$GPLVVLRQÇV�9$6�PHDQ�VFRUH�ZDV��������������&,��>�����@��IRU�DOO�SDWLHQWV��7KH�XQLYDULHG
DQDO\]HV�VKRZ�D�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�WKH�SUHVFULSWLRQ�RI�PRUSKLQH�DQG�RWKHU�WZR�SDUDPHWHUV��WKH�SODFH�LQ�WKH�('�RI�SDWLHQW�FDUH��IRU
ÈWKH�O\LQJ�DUHDÉ��S �������DQG�WKH�SUHVHQFH�RI�DQ�DVVRFLDWHG�IUDFWXUH��S �������:KDWHYHU��WKH�OHYHO�RI�DQDOJHVLF�FRQVLGHUHG��WKHUH�ZDV�QR
VWDWLVWLFDO�UHODWLRQ�ZLWK�DGPLVVLRQÇV�9$6�VFRUH��S!�������

&RQFOXVLRQ�

7KLV�VWXG\�VKRZHG�D�YHU\�IHZ�XVH�RI�VWURQJ�DQDOJHVLFV�DQG�K\SQRWLFV�GHVSLWH�KLJK�DGPLVVLRQ�9$6�VFRUH��HYHQ�LI�WKHUH�ZDV�DQ�DVVRFLDWHG�IUDFWXUH�
7KHVH�ILQGLQJV�KLJKOLJKW�WKH�LPSRUWDQFH�RI�LQIRUPDWLRQV�WUDFHDELOLW\�LQ�PHGLFDO�ILOHV��2XU�SDLQ�PDQDJHPHQW�VWDQGDUG�RSHUDWLQJ�SURFHGXUH�WU\�WR
LPSURYH�SDWLHQWV�DQDOJHVLFV�FDUH�HVSHFLDOO\�GXULQJ�UHGXFWLRQ�PDQHXYHUV�LQ�WKH�('�



,1)(&7,286�',6($6(���6(36,6 %DV�GH�*URRW

��������7+(�86(�2)�+,*+�6(16,7,9(�&$5',$&�752321,1�7�$6�$1�,1'(3(1'(17�35(',&725�2)�,1�+263,7$/�0257$/,7<�,1
(0(5*(1&<�'(3$570(17�3$7,(176�+263,7$/,=('�:,7+�6863(&7('�,1)(&7,21�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

%DV�GH�*URRW������*RUGRQ�&KX������0R�$EEDV������0DULV\D�YDQ�*HPHUW������*XUSUHHWK�6LQJK������6RSKLH�WHU�+DDU������7KRP�5LMNHQ����

�����1RQH��/HLGHQ��7+(�1(7+(5/$1'6
�����/HLGHQ�XQLYHUVLW\�PHGLFDO�FHQWUH��/HLGHQ��7+(�1(7+(5/$1'6

.H\ZRUGV��5LVN�VWUDWLILFDWLRQ��VHSVLV��LQIHFWLRXV�GLVHDVH��KLJK�VHQVLWLYLW\�FDUGLDF�WURSRQLQ�7��PRUWDOLW\�

$EVWUDFW��

6WXG\�REMHFWLYH

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�LI�KLJK�VHQVLWLYH�FDUGLDF�WURSRQLQ�7��KV�F7Q7��LV�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�LQ�KRVSLWDO�PRUWDOLW\��DQG
LPSURYHV�ULVN�VWUDWLILFDWLRQ�E\�WKH�3UHGLVSRVLWLRQ��,QIHFWLRQ��5HVSRQVH��DQG�2UJDQ�IDLOXUH��3,52��VFRUH�RI�HPHUJHQF\�GHSDUWPHQW��('��SDWLHQWV
KRVSLWDOL]HG�ZLWK�D�VXVSHFWHG�LQIHFWLRQ�

0HWKRGV

7KLV�ZDV�D�SURVSHFWLYH�REVHUYDWLRQDO�FRKRUW�VWXG\�LQFOXGLQJ������SDWLHQWV��7KH�SURJQRVWLF�SHUIRUPDQFH�RI�KV�F7Q7��LQ���FDWHJRULHV�Ä�ORZ�

5HVXOWV

7KH�KV�F7Q7�OHYHO��PHGLDQ��,45���ZDV������������QJ�/�LQ�QRQ�VXUYLYRUV��VLJQLILFDQWO\�KLJKHU��S����������WKDQ�WKH�����������QJ�/�LQ�VXUYLYRUV��+V�F7Q7
ZDV�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�LQ�KRVSLWDO�PRUWDOLW\��&RUUHFWHG�RGGV�UDWLRV��25������FRQILGHQFH�LQWHUYDOV���ZHUH���������������IRU�KV�F7Q7�LQ�WKH
LQWHUPHGLDWH��DQG���������������IRU�WKH�KLJKHVW�FDWHJRU\��FRPSDUHG�WR�WKH�ORZHVW�FDWHJRU\��)RU�LQWHUPHGLDWH�3,52�VFRUHV����WKURXJK����SRLQWV���D�ULVH
LQ�KV�F7Q7�FDWHJRU\�LV�FRUUHODWHG�ZLWK�KLJKHU�LQ�KRVSLWDO�PRUWDOLW\��)RU�WKH�ORZHVW����WR���SRLQWV��DQG�WKH�KLJKHVW��!����SRLQWV��VFRUHV��KV�F7Q7�GRHV
QRW�LPSURYH�PRUWDOLW\�SUHGLFWLRQ�E\�WKH�3,52�VFRUH�

&RQFOXVLRQ

,Q�('�SDWLHQWV�KRVSLWDOL]HG�ZLWK�VXVSHFWHG�LQIHFWLRQ��WKH�URXWLQHO\�XVHG�ELRPDUNHU�KV�F7Q7�LV�DQ�LQGHSHQGHQW�SUHGLFWRU�RI�LQ�KRVSLWDO�PRUWDOLW\��DQG
LPSURYHV�ULVN�VWUDWLILFDWLRQ�RI�SDWLHQWV�ZLWK�LQWHUPHGLDWH�LOOQHVV�VHYHULW\�DV�PHDVXUHG�ZLWK�WKH�3,52�VFRUH�



,0$*,1*���8/75$6281'���5$',2/2*< 3LHUULFN�/H�%RUJQH

��������5HOHYDQFH�RI�LPDJLQJ�LQ�FDVH�RI�GL]]LQHVV�LQ�DQ�XUEDQ�('

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/DXUD�'DVFDOX������3LHUULFN�/H�%RUJQH������&KDUOHV�(ULF�/DYRLJQHW������6DUDK�8J�������&�OLQH�5HQIHU������+DNLP�6OLPDQL������&ODLUH�.DP������3DVFDO
%LOEDXOW����

���8UJHQFHV�$GXOWHV��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(
���6$08�6085��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(

.H\ZRUGV��'LDJQRVWLF�LPDJLQJ��'L]]LQHVV��$FXWH�YHVWLEXODU�V\QGURPH��$96���+HDG�LPSXOVH�WHVW��+,7�

$EVWUDFW��

,QWURGXFWLRQ�

'L]]LQHVV�LV�UHVSRQVLEOH�IRU�DQ�HVWLPDWHG������RI�HPHUJHQF\�GHSDUWPHQW��('��YLVLWV�LQ�)UDQFH��)DFHG�ZLWK�YDULRXV�FOLQLFDO�SUHVHQWDWLRQV��SK\VLFLDQV
PXVW�GLVWLQJXLVK�EHWZHHQ�SHULSKHUDO�DQG�FHQWUDO�FDXVHV�RI�GL]]LQHVV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�WKH�UHOHYDQFH�RI�LPDJLQJ�H[DPLQDWLRQV�LQ
FDVH�RI�GL]]LQHVV�LQ�D�WHDFKLQJ�KRVSLWDO�LQ�)UDQFH�

0HWKRGV�

:H�SUHVHQW�KHUH�D�UHWURVSHFWLYH�DQG�PRQRFHQWULF�VWXG\�WKDW�HQUROOHG�DOO�SDWLHQWV�IURP�-XO\����WR�1RYHPEHU�����������LQ�D�WHDFKLQJ�KRVSLWDO��7KH
WDUJHW�SRSXODWLRQ�ZDV�SDWLHQWV�SUHVHQWLQJ�ZLWK�DFXWH�GL]]LQHVV��Q\VWDJPXV�RU�EDODQFH�SUREOHPV�

5HVXOWV�

2QH�KXQGUHG�VHYHQW\�IRXU�SDWLHQWV�ZLWK�GL]]LQHVV�ZHUH�LQFOXGHG�IRU�VWDWLVWLFDO�DQDO\VLV��7KH�VWXG\�SRSXODWLRQ�FRQVLVWHG�RI�������PHQ�ZLWK�DQ
DYHUDJH�DJH�RI����\HDUV��������\HDUV��UDQJLQJ�IURP����WR����\HDUV���%DVHG�RQ�FOLQLFDO�H[DPLQDWLRQ��ZH�GLYLGHG�WKH�SDWLHQWV�LQWR���JURXSV��$��FHQWUDO
OHVLRQ� ���SDWLHQWV��%��EHQLJQ�SHULSKHUDO�YHVWLEXODU�GLVRUGHUV� �����SDWLHQWV��DQG�&��DOO�RWKHU�FDXVHV��K\SRWHQVLRQ��KHDGDFKH��K\SRJO\FHPLD�
LQWR[LFDWLRQ�� ����SDWLHQWV����05,��PDJQHWLF�UHVRQDQFH�LPDJLQJ��ZHUH�SHUIRUPHG�RQ�JURXS�$�DQG���VWURNHV�ZHUH�IRXQG������&7�VFDQV��FRPSXWHG
WRPRJUDSK\�VFDQ��ZLWKRXW�HQKDQFHPHQW�ZHUH�SHUIRUPHG�RQ�JURXSV�%��Q ����DQG�&��Q �����ZLWKRXW�DQ\�DFXWH�SDWKRORJLFDO�ILQGLQJV��$�VSHFLDOL]HG
FRQVXOW�ZDV�UHTXHVWHG�LQ�����RI�FDVHV������QHXURORJ\�DQG�����(17�VSHFLDOLVW���*URXS�$�FRQVLVWHG�RI���FDVHV�ZLWK�YHUWHEUREDVLODU�VWURNH����FDVHV
RI�QHZO\�GLDJQRVHG�WXPRU�DQG���FDVH�RI�PXOWLSOH�VFOHURVLV��*URXS�%�KDG�D�GLDJQRVLV�RI�EHQLJQ�SDUR[\VPDO�SRVLWLRQDO�YHUWLJR�LQ�����FDVHV��0HQLHUHÇV
GLVHDVH�LQ���FDVHV�DQG�YHVWLEXODU�QHXULWLV�LQ���FDVHV��,Q�JURXS�&��D�GLDJQRVLV�RI�K\SRWHQVLRQ�ZDV�PDGH�LQ���FDVHV��FHUYLFDO�SDLQ�LQ���FDVHV��KHDGDFKH
LQ����FDVHV�DQG�K\SRJO\FHPLD�RU�GLVFRPIRUW�LQ����FDVHV�

'LVFXVVLRQ�

,Q�RXU�VWXG\��WKH�LQLWLDO�H[DPLQDWLRQ�FRQVLVWHG�RI�D�IXOO�FOLQLFDO�H[DPLQDWLRQ��FDUGLRYDVFXODU��UHVSLUDWRU\��GLJHVWLYH���D�YHVWLEXODU�H[DPLQDWLRQ
�Q\VWDJPXV��LQGH[�GHYLDWLRQ��)XNXGD�DQG�5RPEHUJÇV�WHVWV��DQG�D�QHXURORJLFDO�H[DPLQDWLRQ��FUDQLDO�QHUYHV��PXVFXODU�DQG�VHQVLWLYLW\�WHVW��GHHS
WHQGRQ�UHIOH[HV��%DELQVNL���5HFHQW�VWXGLHV�VXJJHVW�WKDW�D�FRPSOHWH�EHGVLGH�FOLQLFDO�H[DPLQDWLRQ�FRPELQHG�ZLWK�D�EHQLJQ�UHVXOW�WR�+,176��KHDG
LPSXOVH�WHVW��Q\VWDJPXV��VNHZ�GHYLDWLRQ��H[DPLQDWLRQ�ÈUXOH�RXWÉ�VWURNH�ZLWK�DQ�DFFHSWDEOH�VSHFLILFLW\��������ZKLFK�UHGXFHV�WKH�QXPEHU�RI�LPDJLQJ
WHVW�

&RQFOXVLRQ�

'HVSLWH�D�FOLQLFDO�GLDJQRVLV�RI�EHQLJQ�SHULSKHUDO�YHVWLEXODU�GLVRUGHUV��PRVW�SK\VLFLDQV�FKRRVH�WR�SHUIRUP�DQ�LPDJLQJ�WHVW�WR�H[FOXGH�D�PRUH�VHULRXV
FRQGLWLRQ��PDLQO\�D�VWURNH��8VLQJ�WKH�+,176�WHVW�FRPELQHG�ZLWK�DQ�$%&'��VFRUH��DJH��EORRG�SUHVVXUH��FOLQLFDO�IHDWXUHV��GLDEHWHV���FRXOG�KHOS�('
SK\VLFLDQV�LQ�WKHLU�GLDJQRVWLF�SURFHVV�DQG�UHGXFH�WKH�QXPEHU�RI�LPDJLQJ�WHVWV�SHUIRUPHG�DV�ZHOO�DV�SDWLHQW�UDGLDWLRQ�GRVH�



:281'�&$5(���%851�&$5( (UVHO�0XUDW

��������(IIHFWV�RI�6LON�6HULFLQ�RQ�,QFLVLRQ�:RXQG�+HDOLQJ�LQ�D�'RUVDO�6NLQ�)ODS�:RXQG�+HDOLQJ�5DW�0RGHO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0XUDW�(UVHO������<LJLW�8\DQLNJLO������)XQGD�.DUEHN�$NDUFD������(QYHU�2]FHWH������<XVXI�$OL�$OWXQFL������)DWLK�.DUDEH\������7XUNHU�&DYXVRJOX������$\IHU
0HUDO������*XUNDQ�<LJLWWXUN������(PHO�2\NX�&HWLQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��¡]PLU��785.(<
���'HSDUWPHQW�RI�+LVWRORJ\�DQG�(PEU\RORJ\��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��¡]PLU��785.(<
���'HSDUWPHQW�RI�%LRWHFKQRORJ\��(JH�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�1DWXUDO�DQG�$SSOLHG�6FLHQFHV��¡]PLU��785.(<
���'HSDUWPHQW�RI�%LRFKHPLVWU\��)DFXOW\�RI�0HGLFLQH��'XPOXS¢QDU�8QLYHUVLW\��.XWDK\D��785.(<
���'HSDUWPHQW�RI�%LRSKDUPDFHXWLFV�DQG�3KDUPDFRNLQHWLFV��(JH�8QLYHUVLW\�)DFXOW\�RI�3KDUPDF\��¡]PLU��785.(<

.H\ZRUGV��$QWLR[LGDQWV��6HULFLQV��:RXQG�+HDOLQJ

$EVWUDFW��

%DFNJURXQG��7KH�ZRXQG�KHDOLQJ�SURFHVV�LV�FRPSOH[�DQG�VWLOO�SRRUO\�XQGHUVWRRG��6HULFLQ�LV�D�VLON�SURWHLQ�V\QWKHVL]HG�E\�VLON�ZRUPV��%RPE\[�PRUL��
7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�LQ�YLYR�ZRXQG�KHDOLQJ�HIIHFWV�RI�VHULFLQ�FRQWDLQLQJ�JHO�IRUPXODWLRQ�LQ�DQ�LQFLVLRQ�ZRXQG�PRGHO�LQ�UDWV��

0DWHULDO	0HWKRGV��7ZHQW\�HLJKW�:LVWDU�$OELQR�UDWV�ZHUH�GLYLGHG�LQWR���JURXSV��Q ����1R�LQWHUYHQWLRQ�RU�WUHDWPHQW�ZDV�DSSOLHG�WR�WKH�,QWDFW�FRQWURO
JURXS��)RU�RWKHU�JURXSV��D�GRUVDO�VNLQ�IODS���[��FP��ZDV�GUDZQ�DQG�SXOOHG�XS�ZLWK�VKDUS�GLVVHFWLRQ��7KH�6KDP�RSHUDWHG�JURXS�UHFHLYHG�QR
WUHDWPHQW��$OVR�WKH�SODFHER�JURXS�UHFHLYHG�SODFHER�JHO�ZLWKRXW�VHULFLQ�DQG�WKH�VHULFLQ�JURXS�UHFHLYHG����JHO��%RWK�JHOV�DSSOLHG�WR�WKH�LQFLVLRQ�DUHD
RQFH�D�GD\��IURP�GD\���WR�GD\����+HPDWR[\OLQ�DQG�HRVLQ�VWDLQ�ZDV�DSSOLHG�IRU�KLVWRORJLFDO�DQDO\VLV�DQG�0DOORU\�$]DQ�VWDLQLQJ�ZDV�DSSOLHG��)RU
KLVWRLPPXQRFKHPLFDO�DQDO\VLV�RI�DQWLERGLHV�DQG�L126��LQGXFLEOH�QLWULF�R[LGH�V\QWKDVH��DQG�GHVPLQ�ZDV�DSSOLHG�WR�SDUDIILQ�VHFWLRQV�RI�VNLQ�ZRXQG
VSHFLPHQV��3DUDPHWHUV�RI�R[LGDWLYH�VWUHVV�ZHUH�PHDVXUHG�LQ�WKH�ZRXQG�DUHD�

5HVXOWV��(SLGHUPDO�WKLFNQHVV�DQG�YDVFXODUL]DWLRQ�ZHUH�LQFUHDVHG��DQG�KDLU�URRW�GHJHQHUDWLRQ��HGHPD��FHOOXODU�LQILOWUDWLRQ��FROODJHQ�GLVFRORUDWLRQ�DQG
QHFURVLV�ZHUH�GHFUHDVHG�LQ�6HULFLQ�JURXS�LQ�FRPSDULVLRQ�WR�WKH�3ODFHER�JURXS�DQG�WKH�6KDP�RSHUDWHG�JURXS��0DORQ\GLDOGHK\GH��0'$��LV�DQ
LPSRUWDQW�R[LGDWLYH�VWUHVV�PDUNHU�ZKLFK�DSSHDUV�DIWHU�OLSLG�SHUR[LGDWLRQ��0'$�OHYHOV�ZHUH�GHFUHDVHG��EXW�DFWLYLWHV�RI�LPSRUWDQW�DQWLR[LGDWLYH
GHIHQVH�HQ]\PHV�VXFK�DV�VXSHUR[LGH�GLVPXWDVH��62'���FDWDODVH��&$7��DQG�JOXWDWKLRQH�SHUR[LGDVH��*3[��ZHUH�IRXQG�WR�EH�DV�LQFUHDVHG�LQ�WKH
6HULFLQ�JURXS�

&RQFOXVLRQV��:H�IRXQG�WKDW�6HULFLQ�KDG�VLJQLILFDQW�SRVLWLYH�HIIHFWV�RQ�ZRXQG�KHDOLQJ�DQG�DQWLR[LGDQW�DFWLYLW\��6HULFLQ�EDVHG�IRUPXODWLRQV�FDQ
LPSURYH�KHDOLQJ�RI�LQFLVLRQ�ZRXQGV�������



0$1$*(0(17���('�25*$1,6$7,21 65,5$0�1$//$027+8

��������9LROHQFH�DJDLQVW�VWDII�RI�HPHUJHQF\�GHSDUWPHQWV�DFURVV�VRXWK�7ULQLGDG

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

65,5$0�1$//$027+8������NDYLWKD�'XJJLQHQL������5LVKL�5DPWDKDO����

�����1RQH��6$1�)(51$1'2��75,1,'$'�$1'�72%$*2

.H\ZRUGV��9LROHQFH��6WDII��(PHUJHQF\�GHSDUWPHQW��6RXWK�7ULQLGDG

$EVWUDFW��

3XUSRVH��7KH�LQFUHDVH�LQ�LQFLGHQFH�RI�YLROHQFH�DJDQLVW�KHDOWK�FDUH�ZRUNHUV�LV�D�PDWWHU�RI�JUHDW�FRQFHUQ�LQ�GHYHORSLQJ�VRFLHWLHV�DFURVV�WKH�JOREH�2Q
D�FRPSDUWLYH�EDVLV�WKH�KHDOWK�FDUH�VHFWRU�UDQNV�KLJKHVW�DV�WKH�WDUJHW�RI�ZRUNSDODFH�YLROHQFH�7KH�SUHVHQW�VWXG\�ZDV�GHVLJQHG�WR�LGHQWLIL\�WKH
SUHYDOHQFH�DQG�H[WHQW�RI�YLROHQFH�GLUHFWHG�DW�HPHUJHQF\�GHSDUWPHQW�VWDII�DFURVV�VRXWK�7ULQLGDG�

0HWKRGV�0DWHULDOV��7KH�LQYHVWLJDWLRQ�ZDV�FRQGXFWHG�LQ�ILYH�HPHUJHQF\�GHSDUWPHQWV�DFURVV�6RXWK�7ULQLGDG�$�TXHVWLRQQDLUH�ZDV�GHVLJQHG�EDVHG
RQ�JXLGHOLQHV�IURP�HDUOLHU�VWXGLHV�REWDLQHG�WKURXJK�OLWHUDWXUH�VHDUFK��,W�ZDV�PRGLILHG�WR�VXLW�ORFDO�SUDFWLFHV�DQG�XVHG�DV�D�WRRO�IRU�FROOHFWLQJ�GDWD
IURP�����VWDII�ZRUNLQJ�DFURVV�YDULRXV�HPHUJHQF\�VHWWLQJV�DW�YDULRXV�SURIHVVLRQDO�OHYHOV��7KH�VWXG\�VDPSOH�DQG�RFFXUHQFH�RI�YLROHQFH�ZHUH
FKDUFWHUL]HG�ZLWK�WKH�KHOS�RI�GHVFULSWLYH�VWDWLVWLFV�

5HVXOWV�7KH�VWXG\�UHYHDOHG�������RI�WKH�SDUWLFLSDWLQJ�VWDII�KDG�EHHQ�VXEMHFWHG�WR�YLROHQFH��EXW�RQO\�������RI�WKH�FDVHV�KDG�EHHQ
UHSRUWHG������RI�WKH�VDPSOH�ZHUH�LJQRUDQW�DERXW�VDIWH\�SROLFLHV��DQG�������RI�WKHP�KDG�QHYHU�UHFHLYHG�WUDLQLQJ�LQ�KDQGOLQJ�RI�YLROHQW�SDWLHQWV�

&RQFOXVLRQ�7KH�SUHVHQW�VWXG\�EURXJKW�WR�OLJKW�WKH�IDFW�WKDW�KHDOWKFDUH�ZRUNHUV�IDFHG�D�KLJK�ULVN�RI�YLROHQFH�DQG�DEXVH��EXW�ODFNHG�WKH�VNLOOV�DQG
NQRZOHGJH�WR�GHDO�ZLWK�VXFK�VLWXDWLRQV�(YHU\�KHDOWK�IDFLOLW\�PXVW�WDNH�SURWHFWLYH�PHDVXUHV�OLNH�LQFUHDVLQJ�VHFXULW\�DQG�VKRXOG�DGRSW�VWULQJHQW
PHDVXUHV�WR�SXQLVK�WKH�RIIHQGHUV�



('8&$7,21�$1'�75$,1,1* 6RSKLH�0RQWDJQRQ

��������5LVN�PDQDJHPHQW�LQ�WKH�$FFLGHQW�DQG�(PHUJHQF\�'HSDUWPHQW��VKDOO�ZH�SOD\"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6RSKLH�0RQWDJQRQ������*KDQLPD�$O�'DQGDFKL������&RORPELQH�%RQLHU������3DWULFN�3ODLVDQFH����

���$FFLGHQW�DQG�(PHUJHQF\�'HSDUWPHQW��+�SLWDO�/DULERLVL�UH��$3+3��3DULV��)5$1&(

.H\ZRUGV��%HKDYLRXU��5LVN�PDQDJHPHQW��6HULRXV�JDPH

$EVWUDFW��

,QWURGXFWLRQ

+RZ�WR�WHDFK�EHKDYLRXUDO�VNLOOV"�(YHQ�WKH�EHVW�SUHVHQWDWLRQ�LV�QRW�DQ�HIIHFWLYH�WRRO�WR�FKDQJH�RXU�EHKDYLRU��7DONLQJ�DERXW�EHKDYLRU�FDQ�EH�YHU\
GLIILFXOW�LQ�D�RQH�WR�RQH�LQWHUYLHZ�DQG�WKH�SUHVHQFH�RI�DQ�REVHUYHU�DXWRPDWLFDOO\�JHQHUDWHV�D�GLIIHUHQW�EHKDYLRU�

$V�D�OLQN�EHWZHHQ�GHIHFWV�RI�FRPPXQLFDWLRQ�VNLOOV�DQG�ULVNV��IRU�SURIHVVLRQDOV�DQG�SDWLHQWV��KDV�EHHQ�SURYHG��FRXOGQÇW�ZH�ILQG�D�QHZ�ZD\�WR
DSSURDFK�WKLV�WRSLF"�+RZ�FRXOG�ZH�LQFUHDVH�RXU�SHUFHSWLRQ�RI�RXU�RZQ�ULVN�JHQHUDWLRQ"

0HWKRGV

,Q�JURXS�ZRUN��ZH�XVHG�D�PRGXOH�IRFXVHG�RQ�PDQDJHPHQW�RI�DJJUHVVLYHQHVV��ZKLFK�LV�D�SDUW�RI�D�VHULRXV�JDPH�LQLWLDOO\�GHVLJQHG�WR�WHDFK�EHKDYLRXU
DQG�VRIW�VNLOOV�WR�UHFHSWLRQ�DJHQWV�LQ�WKH�KRVSLWDO��7KH�VDPH�TXHVWLRQQDLUHV�ZHUH�VXEPLWWHG�WR�HDFK�OHDUQHU�EHIRUH�DQG�DIWHU�WKH�RQH�KRXU�VHVVLRQ�
7KH\�LQFOXGHG�D�FRPPRQ�SDUW��ZLWK�DQDORJLF�VFDOHV�DERXW�ULVN�SHUFHSWLRQ��LPSRUWDQFH�RI�EHKDYLRU�DQG�LPSRUWDQFH�RI�LQGXFHG�VWUHVV��7KH�PHDQV
EHIRUH�WKH�VHVVLRQ�DQG�DIWHU�WKH�VHVVLRQ�ZHUH�FRPSDUHG�E\�XVLQJ�SDLUHG�VDPSOH�7�WHVW�

5HVXOWV

���PHGLFDO�VWXGHQWV�ZHUH�HQUROOHG�����FRPSOHWHG�IXOO\�WKH�ERWK�TXHVWLRQQDLUHV��:H�REVHUYHG�D�VLJQLILFDQW�LQFUHDVH�LQ�OHYHOV�RI�ULVN�SHUFHSWLRQ������
YV�����������S��������$�GHFUHDVH�ZDV�REVHUYHG�LQ�OHYHOV�RI�LQGXFHG�VWUHVV�DQG�DQ�LQFUHDVH�LQ�OHYHOV�RI�RSLQLRQ�RQ�LPSDFW�RI�WKH�EHKDYLRXU�RQ�WKH
ULVN������RI�WKH�SDUWLFLSDQWV�GHFODUHG�WKDW�WKH\�ZLOO�FRPPXQLFDWH�GLIIHUHQWO\�DIWHU�WKLV�DFWLYLW\�

'LVFXVVLRQ

6HULRXV�JDPHV�KDYH�VKRZQ�WKHLU�FDSDELOLW\�WR�LQGXFH�EHKDYLRXUDO�FKDQJHV�DQG�WR�JHQHUDWH�DQ�LQWULQVLF�PRWLYDWLRQ�IURP�SDUWLFLSDQWV��,Q�IDFW��WKH�WRRO
XVHG�IRU�WKLV�DFWLYLW\�LV�PRUH�D�VRUW�RI�JDPH�EDVHG�OHDUQLQJ��ZLWKRXW�D�UHDO�JDPHSOD\��%XW�LW�DFWV�DV�D�PHGLDWRU�LQ�D�UHIOHFWLYH�DFWLYLW\�DQG�KHOSV�WR
JHQHUDWH�HQJDJHPHQW�RQ�WKLV�VHQVLWLYH�WRSLF��,W�FDQ�EH�DQ�LQWHUHVWLQJ�SHUVSHFWLYH�ZKHQ�VWXGHQWV�FRQVLGHU�DV�PRGHUDWH�WKH�FDSDFLW\�RI�WKHLU
SUDFWLFDO�WUDLQLQJ�WR�SUHSDUH�WKHP�WR�PDQDJH�ULVNV�



',6$67(5�0(',&,1( 6RSKLH�0RQWDJQRQ

��������&RPSDUHG�DQDO\VLV�RI�/RQGRQ��%RVWRQ�DQG�3DULV�DWWDFNV���OHDUQLQJ�IURP�HDFK�RWKHU�WR�EHFRPH�VWURQJHU�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6RSKLH�0RQWDJQRQ������;DYLHU�/HVDIIUH������'DQLHO�-RVW������6W�SKDQH�%RL]DW������2OLYLHU�%RQ������0LFKHO�%LJQDQG������3DWULFN�3ODLVDQFH������-HDQ�3LHUUH
7RXUWLHU����

���$FFLGHQW�DQG�(PHUJHQF\�'HSDUWPHQW��+�SLWDO�/DULERLVL�UH��$3+3��3DULV��)5$1&(
���0HGLFDO�VHUYLFH�RI�WKH�)LUVW�)LUH�*URXS��3DULV�)LUH�%ULJDGH��3DULV��)5$1&(
���(PHUJHQF\�0HGLFDO�'HSDUWPHQW��3DULV�)LUH�%ULJDGH��3DULV��)5$1&(
���0HGLFDO�VHUYLFH�RI�WKH�7KLUG�)LUH�*URXS��3DULV�)LUH�%ULJDGH��3DULV��)5$1&(

.H\ZRUGV��%RPELQJV��7HUURU�DWWDFNV��0DVV�&DVXDOWLHV�,QFLGHQW�3ODQ

$EVWUDFW��

%DFNJURXQG

,Q������������DQG������UHVSHFWLYHO\��/RQGRQ��%RVWRQ�DQG�3DULV��1RYHPEHU�HYHQWV�IRU�WKLV�VWXG\��ZHUH�WDUJHWHG�E\�PDMRU�WHUURULVW�DWWDFNV��'HVSLWH
WKHLU�GLIIHUHQFHV�WKHVH�DWWDFNV�FDXVHG�PDQ\�FRPPRQ�GLIILFXOWLHV�DQG�LVVXHV�IRU�UHVFXH�RUJDQL]DWLRQV�LQ�FRXQWULHV
ZLWK�PDVV�FDVXDOW\�SODQV�WKDW�GLIIHU�ZLGHO\��7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�DQDO\]H�DQG�FRPSDUH�WKH�VSHFLILF�UHVSRQVHV�RI�HDFK�FLW\�WR�D�VLPLODU
NLQG�RI�FULVLV�

3DUWLFLSDQWV�DQG�PHWKRGV

:H�XVHG�SXEOLFDWLRQV�DQG�RIILFLDO�UHSRUWV�DERXW�WKH�/RQGRQ�ERPELQJV�>�@��%RVWRQ�ERPELQJV�>�@�DQG�3DULV�WHUURULVW�DWWDFNV�>���@��:H�GHWDLOHG��ZKHQ
DYDLODEOH��UHVSRQVH�WLPHOLQHV�IRU�HDFK�DWWDFN��WKH�UHVRXUFHV�FRPPLWWHG��WKH�SUH�KRVSLWDO�RUJDQL]DWLRQ�DQG�KRVSLWDO�GLVSDWFK��

5HVXOWV

,Q�/RQGRQ����VXLFLGH�ERPE�DWWDFNV����DERDUG�/RQGRQ�8QGHUJURXQG�WUDLQV�DQG���RQ�D�GRXEOH�GHFNHU�EXV��NLOOHG����FLYLOLDQV�DQG�LQMXUHG�RYHU�����PRUH�
,Q�%RVWRQ����SUHVVXUH�FRRNHU�ERPEV�SODFHG�QHDU�WKH�ILQLVK�OLQH�RI�WKH�%RVWRQ�PDUDWKRQ�NLOOHG���FLYLOLDQV�DQG�LQMXUHG�����PRUH��,Q�3DULV��VXLFLGH�ERPE
DWWDFNV��PDVV�VKRRWLQJ�DQG�KRVWDJH�WDNLQJ�NLOOHG�����FLYLOLDQV��LQFOXGLQJ����RQ�RQH�FORVHG�VLWH�RI�PDVV�VKRRWLQJ��DQG�LQMXUHG�RYHU�����PRUH��7KUHH
GLIIHUHQW�GLVSDWFK�VWUDWHJLHV�ZHUH�XVHG��SUR[LPLW\�GLVSDWFKLQJ�LQ�/RQGRQ��HTXDO�SUH�GHILQHG�GLVSDWFKLQJ�LQ�%RVWRQ�DQG�UHJLRQDO�SDUWLDOO\�PHGLFDO
GLVSDWFKLQJ�LQ�3DULV��,I�QRW�DOUHDG\�DFWLYDWHG��QDWLRQDO�FULVLV�PDQDJHPHQW�IDFLOLW\�ZDV�RSHUDWLRQDO�LQ�OHVV�WKDQ����PLQXWHV����WR����KRVSLWDOV�ZHUH
LQYROYHG�LQ�FDULQJ�WKH�YLFWLPV��,Q�DOO�FLWLHV��HYDFXDWLRQ�RI�WKH�YLFWLPV�ZDV�DFKLHYHG�LQ�OHVV�WKDQ�DERXW���KRXUV�DIWHU�WKH�EHJLQQLQJ�RI�WKH�DWWDFN�

�

�

'LVFXVVLRQ

6HYHUDO�NH\�SRLQWV�FDQ�EH�H[WUDFWHG�IURP�WKH�WKUHH�UHVSRQVHV��$�SUH�GHILQHG�LGHD�RI�WKH�FDSDFLWLHV�RI�HDFK�KRVSLWDO�DV�ZHOO�DV�D
UHDO�WLPH�DVVHVVPHQW�SURYHG�H[WUHPHO\�KHOSIXO��$�XQLTXH�GLVSDWFK�DQG�FRQWURO�FHQWHU�DOORZV�D�JRRG�RYHUYLHZ�RI�WKH�GHVWLQDWLRQ�RI�WKH
SDWLHQWV��'HGLFDWHG�FRPPXQLFDWLRQ�FKDQQHOV�EHWZHHQ�DOO�WKH�FULWLFDO�QDWLRQDO�LQIUDVWUXFWXUHV�DOORZ�VZLIWHU�DOHUW�RI�DOO�WKH�LQYROYHG�VHUYLFHV��*RRG
FRPPXQLFDWLRQ�LV�DOZD\V�D�PDMRU�LVVXH��SDUWLFXODUO\�LQ�DUHDV�ZKHUH�QHWZRUNV�DUH�VDWXUDWHG��VZLWFKHG�RII��GHJUDGHG�RU�GHVWUR\HG��:KHQ�WKH�QHWZRUN
LV�RQ��JLYLQJ�WKH�ULJKW�LQIRUPDWLRQ�WR�WKH�ULJKW�SHUVRQV�DW�WKH�ULJKW�WLPH�LV�ERWK�YLWDO�EXW�YHU\�GLIILFXOW��0DVV�FDVXDOWLHV�UHTXLUH�PDWHULDO��YHKLFOHV�DQG
SHUVRQQHO�LQ�QXPEHUV�WKDW�QHHG�WR�EH�RUJDQL]HG�LQ�DGYDQFH�LI�ZH�ZDQW�WR�UHVSRQG�ZLWKRXW�GHOD\��'HDOLQJ�ZLWK�WKH�XQFHUWDLQW\�RI�WKH�VLWXDWLRQV�DQG
UHDFWLQJ�TXLFNO\�UHTXLUHV�UHVSRQVH�V\VWHPV�WKDW�DUH�VLPSOH�DQG�UREXVW�DQG�WKDW�IDYRU�WKH�DXWRQRP\�RI�WKH�RSHUDWLRQDO
WHDPV��)LQDOO\��GULOOV��H[HUFLVLQJ��DQG�UHSHDWLQJ�SURFHGXUHV�DJDLQ�DQG�DJDLQ�DUH�DEVROXWHO\�FUXFLDO�LI�ZH�DUH�WR�EH�DJLOH�DQG�HIIHFWLYH�LQ�RXU
UHVSRQVHV��

�

���5HSRUW�RI�WKH�2IILFLDO�$FFRXQW�RI�WKH�%RPELQJV�LQ�/RQGRQ�RQ�WKH��WK�-XO\�����

���$IWHU�$FWLRQ�5HSRUW�IRU�WKH�5HVSRQVH�WR�WKH������%RVWRQ�0DUDWKRQ�%RPELQJV��GHF�����

���+LUVFK�0�HW�DO���7KH�PHGLFDO�UHVSRQVH�WR�PXOWLVLWH�WHUURULVW�DWWDFNV�LQ�3DULV��/DQFHW������'HF�����������������������

���/HVDIIUH�;��$WWDFNV�RQ�3DULV��ZKDW�FDQ�ZH�OHDUQ��RUDO�SUHVHQWDWLRQ



72;,&2/2*< 3R6XQJ�/L

��������&OLQLFDO�IHDWXUHV�DQG�RXWFRPHV�RI�SDWLHQWV�ZLWK�RUJDQRSKRVSKDWH�SRLVRQLQJ��D�ILYH�\HDU�UHWURVSHFWLYH�DQDO\VLV�LQ�D
PHGLFDO�FHQWHU�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3R�6XQJ�/L������&KHQJ�+DQ�7VDL����

���(PHUJHQF\�SK\VLFLDQ��7DLFKXQJ�YHWHUDQV�JHQHUDO�KRVSLWDO��7DLFKXQJ��7$,:$1
���(PHUJHQF\�SKVLFLDQ��&KLD�\L�EUDQFK��7DLFKXQJ�YHWHUDQV�JHQHUDO�KRVSLWDO��&KLD�\L���7$,:$1

.H\ZRUGV��2UJDQRSKRVSKDWH�SRLVRQLQJ��ULVN�IDFWRU��PRUWDOLW\��$3$&+(�,,�VFRUH�

$EVWUDFW��

%DFNJURXQG�2UJDQRSKRVSKRUXV�SHVWLFLGHV�DUH�ZLGHO\�XVHG�LQ�7DLZDQ��7KHVH�LQVHFWLFLGHV�LQFOXGH�PRUH�WKDQ�RQH�KXQGUHG�YDULHWLHV�DQG�KDYH�ODUJH
LPSDFW�RQ�KXPDQ�DQG�DQLPDOV��$FFRUGLQJ�WR�WKH�VWDWLVWLFDO�LQIRUPDWLRQ�RI�:RUOG�+HDOWK�2UJDQL]DWLRQ��WKHUH�DUH�DERXW����PLOOLRQ�SHRSOH�ZLWK
SHVWLFLGH�SRVLRQLQJ�HYHU\�\HDU��LQ�ZKLFK�WKH�PDMRULW\�RI�WKHVH�SDWLHQWV�KDYH�RUJDQRSKRVSKDWH�SRLVRQLQJ��5HJDUGOHVV�RI�WKH�H[SRVXUH�SDWKZD\V�LQ
RUJDQRSKRVSKDWH�SRLVRQLQJ��LW�LV�OLNHO\�WR�FDXVH�VHULRXV�RXWFRPHV�RU�LUUHYHUVLEOH�KDUP��HYHQ�GHDWK��7KHUHIRUH��WKH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR
LGHQWLI\�GHWHUPLQDQWV�RI�SURJQRVLV�LQ�SDWLHQWV�ZLWK�RUJDQRSKRVSKDWH�SRLVRQLQJ��

0HWKRGV��7KLV�UHWURVSHFWLYH�VWXG\�ZDV�FRQGXFWHG�DW�D�PHGLFDO�FHQWHU��&RQVHFXWLYH�SDWLHQWV�KDYLQJ�RUJDQRSKRVSKDWH�SRLVRQLQJ�ZKR�YLVLWHG�WKH
(PHUJHQF\�5RRP�EHWZHHQ�-DQXDU\������DQG�'HFHPEHU������ZHUH�UHWURVSHFWLYHO\�HQUROOHG��'DWD�ZKLFK�ZHUH�FROOHFWHG�IURP�WKH�PHGLFDO�UHFRUG�RI
HYHU\�SDWLHQW�LQFOXGHG�GHPRJUDSKLF�LQIRUPDWLRQ��GHWDLOV�RI�PHGLFDO�KLVWRU\��FOLQLFDO�LQIRUPDWLRQ��WKH�WUHDWPHQW�PRGDOLWLHV�DQG�RXWFRPHV��/RJLVWLF
UHJUHVVLRQ�ZDV�SHUIRUPHG�WR�GHWHUPLQH�LQGHSHQGHQW�FRUHODWHV�RI�PRUWDOLW\�LQ�SDWLHQWV�ZLWK�RUJDQRSKRVSKDWH�SRLVRQLQJ�

5HVXOWV�2I�WKH����SDWLHQWV�ZLWK�RUJDQRSKRVSKDWH�SRLVRQLQJ�UHFUXLWHG��WKHLU�PHDQ�DJH�ZDV�������������\HDUV��LQ�ZKLFK�������ZHUH�PDOH�DQG������
ZHUH�DGPLWWHG�WR�WKH�LQWHQVLYH�FDUH�XQLW��7KH�PRVW�FRPPRQ�FRPRUELGLWLHV�LQ�WKHVH�SDWLHQWV�ZHUH�SV\FKLDWULF�GLVRUGHU���������IROORZHG�E\
FDUGLRYDVFXODU�GLVRUGHUV��������'XULQJ�WKH�VWXG\�SHULRG����RI�WKH����SDWLHQWV�GLHG��JLYLQJ�DQ�RYHUDOO�FDVH�IDWDOLW\�UDWH�RI��������,Q�PXOWLYDULDWH
DQDO\VLV��DQ�LQFUHDVHG�$FXWH�3K\VLRORJ\�DQG�&KURQLF�+HDOWK�(YDOXDWLRQ�$3$&+(��,,�VFRUH��S �������ZDV�DVVRFLDWHG�ZLWK�,&8�PRUWDOLW\�

&RQFOXVLRQ�7KH�$3$&+(�,,�VFRUH�RQ�,&8�DGPLVVLRQ�LV�D�VLJQLILFDQW�SURJQRVWLF�LQGLFDWRU�LQ�SDWLHQWV�ZLWK�RUJDQRSKVSKDWH�SRLVRQLQJ��$�IXUWKHU
SURVSHFWLYH�VWXG\�WR�VWUHQJWKHQ�WKLV�SRLQW�LV�UHTXLUHG�

.H\�:RUGV�2UJDQRSKRVSKDWH�SRLVRQLQJ��ULVN�IDFWRU��PRUWDOLW\��$3$&+(,,�



72;,&2/2*< 0HKPHW�7DKLU�*RNGHPLU

��������(IIHFW�RI�&DSVDLFLQ�LQ�$FHWDPLQRSKHQ�3RLVRQLQJ��$Q�([SHULPHQWDO�5DW�0RGHO

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$KPHW�&DQ�'HQL]������0HKPHW�7DKLU�*�NGHPLU������+DVDQ�%�\�NDVODQ������+DOLO�.D\D����

���(PHUJHQF\�0HGLFLQH��+DUUDQ�8QLYHUVLW\��VDQOLXUID��785.(<
���(PHUJHQF\�0HGLFLQH��+DUUDQ�8QLYHUVLW\��ªDQO¢XUID��785.(<
���(PHUJHQF\�0HGLFLQH��©HYNHW�<¢OPD]�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��%XUVD��785.(<

.H\ZRUGV��&DSVDLFLQ��3DUDFHWDPRO�3RLVRQLQJ�5DWV

$EVWUDFW��

�

��������������

2EMHFWLYH��3ODQWV�KDYH�EHHQ�XVHG�DV�D�PHGLFLQH�LQ�WKHWUHDWPHQW�RI�GLVHDVHV�DPRQJ�SHRSOHIRUFHQWXULHV��7KH�KRW�SHSSHU�ZKLFK�FRQWDLQLQJ�FDSVDLFLQ�
LV�RQH�RI�WKHVHSODQWV��,W�KDV�EHQ�VKRZQ�WKDW�WKH�FDSVDLFLQ�KDYHDQDOJHVLF��DQWLWXPRUDO��DQWLR[LGDQW��DQWLPLFURELDO��DQWL�LQIODPPDWRU\DQ
GLPPXQRPRGXODWRU\�HIIHFWV��7KHDLP�RI�WKLV�LQ�YLYR�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�SRVLWLYH�HIIHFWV�RI�FDSVDLFLQ�RQ�DFHWDPLQRSKHQ�SRLVRQLQJ�XVLQJ�D
UDW�PRGHO�

0DWHULDO�DQG�0HWKRGV�����IHPDOH�ZHLJKW�VUDQJLQJ�IURP���������J�:LVWDU�$OELQR�UDWV�ZHUH�LQFOXGHG�WR�VWXG\��:LVWDU�UDWV�ZHUH�UDQGRPL]HG�LQWR��
JURXSV�RI���HDFK��JURXS����FRQWURO��QR�WUHDWPHQWDQG�QR�SRLVRQLQJ��JURXS����SDUDFHWDPRO�SRLVRQLQJ��JURXS����SDUDFHWDPRO�SRLVRQLQJ�DQG�WUHDWHG�ZLWK
FDSVDLFLQ�7DEOH����$OO�WKHUDWV�UDWV�ZHUH�DQHVWKHWL]HG�ZLWK�LQWUDPXVFXODU�LQMHFWLRQ�RI����PJ���NJ�NHWDPLQH��NHWDPLQH����PJ���P/�����P/YLDOV��3IL]HU�
DQG����PJ���NJ�[\OD]LQH��%DVLOD]�������P/��EDYHWWH���%ORRG�VDPSOHV�DQG�OLYHU�WLVVXH�ZHUH�WDNHQ�IRU�ELRFKHPLFDO�DQG�SDWKRORJLFDO�H[DPLQDWLRQ��7KH
VWXG\�SURWRFRO�ZDV�DSSURYHG�'ROOYHW�,QF��$QLPDO�([SHULPHQWV�(WKLFV�%RDUG��'ROOYHW�+$'<(.��VXSHUYLVHG�E\�+DUUDQ�8QLYHUVLW\�$QLPDO�([SHULPHQWV
/RFDO�(WKLFV�&RPPLWWHH��$OO�VWDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�6WDWLVWLFDO�3DFNDJH�IRU�WKH�6RFLDO�6FLHQFHV�������6366���VRIWZDUH�SURJUDP��7KH
UHVXOWV�ZHUH�H[SUHVVHG�DV�PHGLDQk,5��$QDO\VLV�ZDV�SHUIRUPHG�XVLQJ�WKH�$129$��0DQQ�:KLWQH\�8�DQGFKL�VTXDUHWHVWV��3�YDOXHVOHVVWKDQ������ZHUH
FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW�

5HVXOWV���$Q\�LQIODPPDWLRQ�ZHUH�QRW�REVHUYHG�E\�SDWKRORJLFDO�H[DPLQDWLRQ�LQ�WKH�JURXS����FRQWUROJURXS��DQG�JURXS����SRLVRQLQJ�DQG�WUHDWHG�ZLWK
FDSVDLFLQ����+RZHYHU�LQIODPPDWLRQ�ZDV�VLJQLILFDQWO\�REVHUYHG�LQ�WKH�JUXS����SDUDFHWDPROJURXS�JUXS�����S �������&RPSDUHG�WR�WKH�JURXS�RI
SRLVRQLQJ�UHGXFWLRQ�RI�ELRFKHPLFDO�SDUDPHWHUV�ZHUH�REVHUYHG�LQ�WKH�FDSVDLFLQ�JURXS��%XW�QR�VLJQLILFDQW�GLIIHUHQFH�KDV�EHHQ�QRWHG�EHWZHHQ�WKH���
JURXSV�IRU�$/7��$/7���$/3�RU�&53��PHGLDQ�YDOXHOHYHOV�LQ�ELRFKHPLFDO�H[DPLQDWLRQ�

&RQFOXVLRQ��,QFRQFOXVLRQ��DFFRUGLQJ�WR�WKH�KLVWRSDWKRORJLFDO�H[DPLQDWLRQ�RI�WKH�OLYHU�VDPSOHV��FDSVDLFLQ�KDYH�D�SUHYHQWLYH�LQIODPPDWLRQ�HIIHFW�LQ
WKHUDW��PRGHO��)XUWKHU�VWXGLHVDUH�QHFHVVDU\�IRUH�YDOXDWLQJ�WKH�EHQHILWV�HIIHFWV�RI�WKH�FDSVDLFLQ��RQ�SDUDFHWDPRO�SRLVRQLQJ�

�



',$*1267,&�7(&+12/2*<�	�5$',2/2*< $11(�0$5((�.(//<

��������&RPSDULVRQ�RI�SURSRVHG�G�GLPHU�DJH�UHODWHG�FXW�RIIV�IRU�WKH�DFFXUDWH�LGHQWLILFDWLRQ�RI�SXOPRQDU\�HPEROLVP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

LPRJHQ�$FNOHUO\������$QQH�0DUHH�.HOO\������.OLP�6KDURQ����

���-(&(05��:HVWHUQ�+HDOWK��0HOERXUQH��$8675$/,$
���(&&1���'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��9LFWRULD��$XVWUDOLD��6W�$OEDQV��$8675$/,$
���-(&(05��:HVWHUQ�+HDOWK��6W�$OEDQV��$8675$/,$

.H\ZRUGV��SXOPRQDU\�HPEROLVP��G�GLPHU

$EVWUDFW��

%DFNJURXQG���3UHYLRXVO\��D�IL[HG�FXW�RII�IRU�G�GLPHU��������»J�/��ZDV�XVHG�DV�SDUW�RI�D�ÆUXOH�RXWÇ�SXOPRQDU\�HPEROLVP��3(��GLDJQRVWLF�SDWKZD\
KRZHYHU�HYLGHQFH�VXJJHVWHG�WKDW�WKLV�DSSURDFK�ODFNHG�VSHFLILFLW\�LQ�SDWLHQWV�DJHG�RYHU����\HDUV�UHVXOWLQJ�LQ�D�KLJK�SURSRUWLRQ�RI�IDOVH�SRVLWLYH�WHVWV�
$�UDQJH�RI�DJH�VSHFLILF�G�GLPHU�FXW�RIIV�KDYH�EHHQ�SURSRVHG��DJH�[�����DJH�[����DQG�GHFDGH�VWUDWLILHG���DLPHG�DW�LQFUHDVLQJ�VSHFLILFLW\�ZLWKRXW
UHGXFLQJ�VHQVLWLYLW\�RI�G�GLPHU�WHVWLQJ�LQ�ROGHU�SDWLHQWV��2XU�REMHFWLYH�ZDV�WR�FRPSDUH�WKH�GLDJQRVWLF�SHUIRUPDQFH�RI�WKH�FRQYHQWLRQDO�FXW�RII�ZLWK
WKH�WKUHH�SURSRVHG�DOWHUQDWLYHV�

3DUWLFLSDQWV�DQG�PHWKRGV��7KLV�ZDV�D�UHWURVSHFWLYH�FRKRUW�VWXG\�FRQGXFWHG�E\�PHGLFDO�UHFRUG�UHYLHZ�RI�SDWLHQWV�LQYHVWLJDWHG�IRU�3(�ZLWK�ERWK�D
G�GLPHU�DVVD\�DQG�&7�SXOPRQDU\�DQJLRJUDSK\��&73$��LQ�D�XQLYHUVLW\�WHDFKLQJ�KRVSLWDO��'DWD�FROOHFWHG�LQFOXGHG�GHPRJUDSKLFV��FOLQLFDO�SDUDPHWHUV�
3(�ULVN�VFRUH�GDWD�DQG�&73$�UHVXOWV���7KH�DVVD\�XVHG�ZDV�,QQRYDQFH�G�GLPHU��6LHPHQV�0HGLFDO�6ROXWLRQV����2XWFRPHV�RI�LQWHUHVW�ZHUH�GLDJQRVWLF
SHUIRUPDQFH��VHQVLWLYLW\��VSHFLILFLW\�DQG�QHJDWLYH�SUHGLFWLYH�YDOXH��139���IRU�3(��

5HVXOWV������SDWLHQWV�PHW�LQFOXVLRQ�FULWHULD��0HGLDQ�DJH�ZDV�����,45��������DQG�����ZHUH�IHPDOH��7ZHQW\�WKUHH�SDWLHQWV�KDG�FRQILUPHG�3(��������
����&,�������������6HQVLWLYLW\�IRU�FRQYHQWLRQDO�FXW�RII�YHUVXV�WKH�GHFDGH�VWUDWLILHG��DJH�[����DQG�DJH�[���FXW�RIIV�ZHUH����������������DQG����
UHVSHFWLYHO\�ZLWK�VSHFLILFLW\�RI���������������DQG�����UHVSHFWLYHO\�DQG�139�RI����������������DQG�����UHVSHFWLYHO\��$GRSWLRQ�RI�WKH�DJH�[���
FXW�RII�ZRXOG�UHVXOW�LQ�����IHZHU�SDWLHQWV�UHTXLULQJ�&73$�WR�UXOH�RXW�3(������&,���������

&RQFOXVLRQ��%RWK�WKH�GHFDGH�VWUDWLILHG�DQG�DJH�[����FXW�RIIV�KDG�DFFHSWDEOH�GLDJQRVWLF�DFFXUDF\�DQG�ZRXOG�UHVXOW�LQ�IHZ�IHZHU�SDWLHQWV�UHTXLULQJ
&73$��DOWKRXJK�WKH�VPDOO�QXPEHU�RI�3(�PDNHV�WKH�FRQILGHQFH�LQWHUYDOV�ZLGH���)XUWKHU�GDWD�LV�UHTXLUHG�WR�FRQILUP�WKHVH�ILQGLQJV�

6RXUFHV�RI�IXQGLQJ��7KLV�SURMHFW�ZDV�E\�7KH�8QLYHUVLW\�RI�0HOERXUQH�6FKRODUO\�6HOHFWLYH�3URJUDP�



35(�+263,7$/���(06���287�2)�+263,7$/ $QQD�+RUEHUJ

��������6WULYLQJ�IRU�%DODQFH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$QQD�+RUEHUJ������9HURQLFD�/LQGVWURP������6XVDQQH�.DO�Q������0D[�6FKHMD������9HURQLFD�9LFHQWH����

���$PEXODQFH��$,6$%��6WRFNKROP��6:('(1
���.DUROLQVND�,QVWLWXWHW��.DUROLQVND�,QVWLWXWHW��6WRFNKROP��6:('(1
���6WRFNKROPV�O�QV�ODQGVWLQJ��6//�SHUVRQDO�RFK�XWELOGQLQJ��6WRFNKROP��6:('(1
���(GXFDWLRQ��6WRFNKROPV�XQLYHUVLWHW���6WRFNKROP��6:('(1

.H\ZRUGV��$PEXODQFH��(PHUJHQF\�PHGLFDO�WHFKQLFLDQV��3UHKRVSLWDO�HPHUJHQF\�QXUVLQJ��EHLQJ�QHZ��SURIHVVLRQDO�GHYHORSPHQW��OHDUQLQJ

$EVWUDFW��

%DFNJURXQG��1HZ�QXUVHV�LQ�WKH�SUHKRVSLWDO�HPHUJHQF\�FDUH�VHUYLFH�DUH�D�SUHFLRXV�DQG�YDOXDEOH�UHVRXUFH��KRZHYHU�WKH\�HQWHU�D�FKDOOHQJLQJ
HQYLURQPHQW�DQG�WKH�ULVN�RI�FOLQLFDO�HUURUV�LV�LQFUHDVHG��7KH�WUDQVLWLRQ�IURP�QRYLFH�WR�SURILFLHQW�KDV�EHHQ�GHVFULEHG�DV�D�SURFHVV�RI�EHFRPLQJ��$Q
HYROXWLRQDU\�MRXUQH\�WKDW��DOWKRXJK�QRW�DOZD\V�OLQHDU�RU�VWULFWO\�SURJUHVVLYH��LV�XOWLPDWHO\�WUDQVIRUPDWLYH��7KLV�WUDQVIRUPDWLRQDO�MRXUQH\�KDV�EHHQ
ZHOO�GHVFULEHG�LQ�VWXGHQWV�EHFRPLQJ�SURIHVVLRQDOV�LQ�LQWUDKRVSLWDO�FRQWH[W��/LWWOH�LV�NQRZQ�KRZHYHU�DERXW�WKH�H[SHULHQFH�RI�EHLQJ�QHZ�LQ�WKH
SUHKRVSLWDO�VHWWLQJ��ZKHUH�D�QRYLFH�SUHKRVSLWDO�FDUH�QXUVH�ZRUN�ZLWK�WKH�VROH�PHGLFDO�UHVSRQVLELOLW\�RI�WKH�SDWLHQWV��ZLWK�QR�GRFWRU�DQG�RIWHQ�ZLWKRXW
DQ�H[SHULHQFHG�QXUVH�WR�DVN�IRU�VXSSRUW�ZKHQ�GLIILFXOW�VLWXDWLRQV�HPHUJH�

$LP��7KLV�VWXG\�DLPHG�WR�GHHSHQLQJ�WKH�XQGHUVWDQGLQJ�RI�QHZO\�KLUHG�DPEXODQFH�QXUVHV�H[SHULHQFHV�RI�WKH�ILUVW�\HDU�RI�HPSOR\PHQW�LQ�WKH
(PHUJHQF\�0HGLFDO�6HUYLFH��(06�

0HWKRG��'DWD�ZHUH�JHQHUDWHG�IURP����VHPL�VWUXFWXUHG�LQWHUYLHZV�ZLWK�QHZO\�KLUHG�SUHKRVSLWDO�HPHUJHQF\�FDUH�QXUVHV��3(&1ÇV��IURP�VHYHQ�GLVWULFWV
UHSUHVHQWLQJ�UXUDO��XUEDQ�DQG�VXEXUEDQ�DUHDV�LQ�6ZHGHQ��$QDO\VLV�ZDV�D�ODWHQW�LQGXFWLYH�TXDOLWDWLYH�FRQWHQW�DQDO\VLV�

5HVXOW��7KH�ILQGLQJV�VKRZ�WKDW�EHLQJ�QHZ�LV�H[SHULHQFHG�DV�6WULYLQJ�IRU�EDODQFH�LQ�LQWHUQDO�H[SHFWDWLRQV�DQG�H[WHUQDO�FRQGLWLRQV�DQG�FDQ�EH
GHVFULEHG�ZLWK�WKH�WKUHH�JHQHULF�FDWHJRULHV��5HIOHFWLQJ�RQ�WKH�RZQ�DELOLW\��6HDUFKLQJ�IRU�LGHQWLW\�DQG�6WUDWHJLHV�IRU�OHDUQLQJ�

7KLV�VWXG\�DGGV�WR�WKH�NQRZOHGJH�DERXW�EHLQJ�QHZ�LQ�WKH�(06�DQG�LOOXPLQDWHV�WKH�QHHG�IRU�IXUWKHU�UHVHDUFK�LQ�KRZ�WR�VXSSRUW�QRYLFH�3(&1ÇV�VWULYH
IRU�EDODQFH�LQ�WKLV�FRQWH[W�



36<&+,$75< %DUKDP�)ILRQ

��������6LPSOH�TXHVWLRQQDLUH�WR�HQDEOH�QXUVH�OHG�HPHUJHQF\�GHSDUWPHQW�UHIHUUDO�GLUHFW�WR�PHQWDO�KHDOWK

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/LDP�.HYHUQ������&KDUORWWH�/LQGHQEDXP������)ILRQ�%DUKDP����

���1+6��1RUWK�'HYRQ�'LVWULFW�+RVSLWDO��%DUQVWDSOH��8.

.H\ZRUGV��PHQWDO�KHDOWK��SV\FKLDWU\�OLDLVRQ��GLUHFW�UHIHUUDO

$EVWUDFW��

,QWURGXFWLRQ

�����SDWLHQWV�DWWHQGHG�����%ULWLVK�HPHUJHQF\�GHSDUWPHQWV��('V��IRU�PHQWDO�KHDOWK�LVVXHV�LQ�������������7KH�5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH
�5&(0�������È0HQWDO�+HDOWK�LQ�WKH�('É�UHSRUW��ZDV�FULWLFDO�RI�ULVN�DVVHVVPHQW�GRFXPHQWDWLRQ�DQG�WLPH�WR�EH�VHHQ�E\�D�PHQWDO�KHDOWK�SUDFWLWLRQHU
�0+3���DV�QDWLRQDOO\�VWDQGDUGV�ZHUH�QRW�PHW��7KH�(PHUJHQF\�'HSDUWPHQW�$GXOW�0HQWDO�+HDOWK�7ULDJH�7RRO��WKH�WRRO��DOORZV�WKH�WULDJH�QXUVH�WR�UHIHU
SDWLHQWV�GLUHFWO\�WR�WKH�SV\FKLDWU\�OLDLVRQ�VHUYLFH��3/6��ZLWKRXW�WKH�QHHG�IRU�UHSHDWHG�DVVHVVPHQWV�DQG�SRWHQWLDOO\�XQQHFHVVDU\�ZDLWLQJ�WLPH��7KH
DLPV�DUH�WR�UHGXFH�WKH�WLPH�WR�3/6�UHIHUUDO��WRWDO�WLPH�LQ�GHSDUWPHQW��WKH�QXPEHU�RI�SDWLHQWV�ZKR�DEVFRQG��SUHYHQW�WKH�VWUHVV�DQG�FRVW�RI
XQQHFHVVDU\�UHSHDWHG�FRQVXOWDWLRQV�DQG�SHUIRUP�D�VWDQGDUGLVHG�ULVN�DVVHVVPHQW��

�

0HWKRGV

7KH�UHFRUGV�RI����FRQVHFXWLYH�SDWLHQWV�SUHVHQWLQJ�ZLWK�PHQWDO�KHDOWK�FRPSODLQWV�EHIRUH�DQG�DIWHU�WKH�LQWURGXFWLRQ�RI�WKH�WRRO�ZHUH�UHYLHZHG�DQG
UHOHYDQW�WLPLQJV�UHFRUGHG�DQRQ\PRXVO\��3DWLHQWV�ZHUH�RQO\�LQFOXGHG�LI�WKH\�ZHUH�PHGLFDOO\�ILW�DGXOWV��QR�LQWR[LFDWLRQ��VHOI�SRLVRQLQJ�RU�VHOI�KDUP
UHTXLULQJ�PHGLFDO�VXUJLFDO�DVVHVVPHQW��DQG�UHIHUUHG�GLUHFWO\�WR�SV\FKLDWU\�E\�WKH�DWWHQGLQJ�GRFWRU�WULDJH�QXUVH��7KH�WRRO�FRQVLVWV�RI�D�VWDQGDUG�ULVN
DVVHVVPHQW��GHPRJUDSKLF�GDWD�FROOHFWLRQ�DQG�WULDJH�GLVFULPLQDWRUV����TXHVWLRQV��

�

5HVXOWV�

$YHUDJH�WLPH�WR�UHIHUUDO�ZDV�VLJQLILFDQWO\�UHGXFHG����KRXU����PLQXWHV�WR����PLQXWHV��DQG�SDWLHQWV�UDUHO\�VDZ�WZR�KHDOWKFDUH�WHDPV�DIWHU�WULDJH����
UDWKHU�WKDQ���������KRXU�WDUJHW�EUHDFKHV�ZHUH�KDOYHG�����WR�����DIWHU�WKH�LQWURGXFWLRQ�RI�WKH�WRRO��$YHUDJH�WLPH�LQ�GHSDUWPHQW�ZDV�VOLJKWO\�UHGXFHG
���������WR�����������1R�VLJQLILFDQW�UHGXFWLRQ�LQ�DEVFRQGLQJ�EXW�3/6�ZDV�DZDUH�RI�WKHVH�SDWLHQWV�DIWHU�WKH�LQWURGXFWLRQ�RI�WKH�WRRO��$GPLVVLRQV�URVH
IURP�����WR�����EXW�LW�LV�XQFOHDU�ZKHWKHU�WKHVH�FRXOG�KDYH�EHHQ�DYRLGHG�ZLWK�('�GRFWRU�LQWHUYHQWLRQ��'RFXPHQWDWLRQ�LPSURYHG�JOREDOO\�

�

'LVFXVVLRQ

7KLV�YXOQHUDEOH�JURXS�RI�SDWLHQWV�KDV�UHFHLYHG�LPSURYHG�FDUH�VLQFH�WKH�LQWURGXFWLRQ�RI�WKLV�WRRO��DV�GHPRQVWUDWHG�E\�WKH�SDUDPHWHUV�DERYH��3DWLHQWV
KDYH�QRW�XQQHFHVVDULO\�JLYHQ�WKH�VDPH�KLVWRU\�WR�WZR�KHDOWKFDUH�WHDPV�DQG�IHZHU�KDYH�EUHDFKHG�ZKLFK�KDV�LPSURYHG�WKH�SDWLHQW�H[SHULHQFH��('
GRFWRUV�DUH�UHOHDVHG�WR�VHH�RWKHU�SDWLHQWV��)DVWHU��VWDQGDUGLVHG�UHIHUUDOV�PHDQ�3/6�DUH�DGYLVHG�RI�WKH�QHHG�WR�DVVHVV�D�SDWLHQW�DV�VRRQ�DV�LV
SRVVLEOH��7KH�GHSDUWPHQW�LV�QRW�D�È3ODFH�RI�6DIHW\É��VR�DOO�HIIRUWV�WR�UHGXFH�WKH�ULVNV�WR�SDWLHQWV�DQG�RWKHUV�DQG�HQVXUH�D�PDQDJHPHQW�SODQ�LV
FUHDWHG�TXLFNO\�DQG�HIILFLHQWO\�ZLOO�EHVW�VHUYH�WR�SURWHFW�WKHVH�LQGLYLGXDOV��$�GHVFULSWLRQ�LV�UHFRUGHG�IRU�SDWLHQWV�ZKR�DEVFRQG��7KH�OLPLWDWLRQV�RI�WKLV
WRRO�LQFOXGH��WULDJH�QXUVHV�UHFHLYLQJ�QR�DGGLWLRQDO�PHQWDO�KHDOWK�WUDLQLQJ��DQG�QR�HIIHFW�RQ�WLPH�IURP�UHIHUUDO�WR�3/6�DVVHVVPHQW��7KLV�VLPSOH�WRRO�KDV
WKH�SRWHQWLDO�WR�UHGXFH�GLVWUHVV��RYHUDOO�WLPH�DQG�FRVW�IRU�HYHU\�PHGLFDOO\�ILW�PHQWDO�KHDOWK�('�SDWLHQW��

�

1R�DVVRFLDWHG�FRQIOLFWV�RI�LQWHUHVW�RU�IXQGLQJ��

�

5HIHUHQFHV

��5&(0�0HQWDO�+HDOWK�LQ�WKH�('�1DWLRQDO�5HSRUW����������



',$*1267,&�7(&+12/2*<�	�5$',2/2*< <RXQJ�+ZDQ�/HH

��������'HOWD�QHXWURSKLO�LQGH[�DV�DQ�HDUO\�SUHGLFWRU�RI�DFXWH�DSSHQGLFLWLV�LQ�DGXOWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

<RXQJ�+ZDQ�/HH������+HH�&KHRO�$KQ������6HXQJ�0LQ�3DUN������<RXQJ�7DHFN�2K������-L�+XQ�.LP������0RRQ�6LN�.LP����

���'HSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH��6DFUHG�+HDUW�+RVSLWDO��+DOO\P�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��$Q\DQJ��.25($��5(38%/,&�2)

.H\ZRUGV��$SSHQGLFLWLV��FRPSOLFDWHG�DSSHQGLFLWLV��GHOWD�QHXWURSKLO�LQGH[

$EVWUDFW��

%DFNJURXQG�

7KH�GHOWD�QHXWURSKLO�LQGH[��'1,��LV�QHZ�LQIODPPDWRU\�PDUNHU�DQG�WKLV�UHWURVSHFWLYH�VWXG\�DLPHG�WR�HYDOXDWH�WKH�DELOLW\�RI�WKH�'1,�WR�SUHGLFW�DFXWH
DSSHQGLFLWLV�SUH�RSHUDWLYHO\�DQG�WR�GLIIHUHQWLDWH�EHWZHHQ�VLPSOH�DQG�FRPSOLFDWHG�DSSHQGLFLWLV�

�

0HWKRGV�

$�GDWD�RI�����SDWLHQWV�ZKR�XQGHUZHQW�VXUJLFDO�DSSHQGHFWRP\�ZDV�HYDOXDWHG��%DVHG�RQ�SRVWRSHUDWLYH�KLVWRSDWKRORJLFDO�H[DPLQDWLRQ��WKH�SDWLHQWV
ZHUH�GLYLGHG�LQWR�SRVLWLYH�DQG�QHJDWLYH�DSSHQGHFWRP\�JURXSV��7KH�SDWLHQWV�LQ�WKH�DFXWH�DSSHQGLFLWLV�JURXS�ZHUH�IXUWKHU�VXE�GLYLGHG�LQWR�VLPSOH
DQG�FRPSOLFDWHG��SHUIRUDWLRQ��DEVFHVV��SHULWRQLWLV��DSSHQGLFLWLV�JURXSV�

�

5HVXOWV�

'1,�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�SRVLWLYH�JURXS�WKDQ�QHJDWLYH�DSSHQGHFWRP\�JURXS������YV��������S���������'1,�LQGHSHQGHQWO\�SUHGLFWHG�SRVLWLYH
DSSHQGHFWRP\�>RGGV�UDWLR��25������������FRQILGHQFH�LQWHUYDO��&,�������a�������S �����@��7KH�RSWLPXP�FXWRII�IRU�LQLWLDO�'1,�ZDV������JLYLQJ�D
VHQVLWLYLW\�RI�������DQG�VSHFLILFLW\�RI��������$8&���������$OVR��'1,�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�FRPSOLFDWHG�JURXS�WKDQ�VLPSOH�DSSHQGLFLWLV�JURXS
�����YV�������S���������'1,�LQGHSHQGHQWO\�SUHGLFWHG�DFXWH�FRPSOLFDWHG�DSSHQGLFLWLV�>RGGV�UDWLR��25������������FRQILGHQFH�LQWHUYDO��&,�������a������
S������@��7KH�RSWLPXP�FXWRII�IRU�LQLWLDO�'1,�ZDV������JLYLQJ�D�VHQVLWLYLW\�RI�������DQG�VSHFLILFLW\�RI��������$8&��������

�

&RQFOXVLRQV�

:H�VXJJHVW�WKDW�SUHRSHUDWLYH�'1,�LV�D�XVHIXO�SDUDPHWHU�WR�DLG�LQ�WKH�GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV�DQG�GLIIHUHQWLDWH�EHWZHHQ�VLPSOH�DQG
FRPSOLFDWHG�DSSHQGLFLWLV�



72;,&2/2*< +HH�&KHRO�$KQ

��������7KH�HIIHFW�RI�DOFRKRO�FRQVXPSWLRQ�RQ�SDWLHQW�VXUYLYDO�DIWHU�RUJDQRSKRVSKDWH�SRLVRQLQJ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+HH�&KHRO�$KQ������<RXQJ�+ZDQ�/HH������3DUN�6HXQJ�0LQ������<RXQJ�7DHFN�2K������-L�+XQ�.LP������0RRQ�6LN�.LP����

���'HSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH��6DFUHG�+HDUW�+RVSLWDO��+DOO\P�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��$Q\DQJ��.25($��5(38%/,&�2)

.H\ZRUGV��RUJDQRSKRVSKDWH��SRLVRQLQJ��DOFRKRO��PRUWDOLW\

$EVWUDFW��

$LP��2UJDQRSKRVSKDWH��23��LQWR[LFDWLRQ�UHPDLQV�D�VHULRXV�ZRUOGZLGH�KHDOWK�FRQFHUQ��DQG�PDQ\�SDWLHQWV�ZLWK�DFXWH�23�LQWR[LFDWLRQ�KDYH�DOVR
FRQVXPHG�DOFRKRO��7KHUHIRUH��ZH�HYDOXDWHG�WKH�HIIHFW�RI�EORRG�DOFRKRO�FRQFHQWUDWLRQ��%$&��RQ�PRUWDOLW\�DPRQJ�SDWLHQWV�ZLWK�23�LQWR[LFDWLRQ�

0HWKRGV��:H�UHWURVSHFWLYHO\�UHYLHZHG�UHFRUGV�IURP�����SDWLHQWV�ZKR�ZHUH�DGPLWWHG�WR�DQ�HPHUJHQF\�GHSDUWPHQW�IRU�23�LQWR[LFDWLRQ�EHWZHHQ
-DQXDU\������DQG�'HFHPEHU�������)DFWRUV�WKDW�ZHUH�DVVRFLDWHG�ZLWK�SDWLHQW�VXUYLYDO�ZHUH�LGHQWLILHG�YLD�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�FXUYH�
PXOWLSOH�ORJLVWLF�UHJUHVVLRQ��DQG�.DSODQ�0HLHU�VXUYLYDO�DQDO\VHV�

5HVXOWV��$PRQJ�����SDWLHQWV�ZLWK�DFXWH�23�SRLVRQLQJ������SDWLHQWV�VXUYLYHG��RYHUDOO�PRUWDOLW\�UDWH��������7KH�QRQ�VXUYLYRUV�DOVR�H[KLELWHG�D
VLJQLILFDQWO\�KLJKHU�%$&��FRPSDUHG�WR�WKH�VXUYLYRUV��QRQ�VXUYLYRUV������PJ�G/��LQWHUTXDUWLOH�UDQJH�>,45@����Ä����PJ�G/�YV��VXUYLYRUV�����PJ�G/��,45�
�Ä�������PJ�G/��S�����������$�%$&�FXW�RII�YDOXH�RI�����PJ�G/�SURYLGHG�DQ�DUHD�XQGHU�WKH�FXUYH�RI������������FRQILGHQFH�LQWHUYDO�>&,@�
�����Ä��������D�VHQVLWLYLW\�RI��������DQG�D�VSHFLILFLW\�RI��������$�%$&�RI�!����PJ�G/�ZDV�DVVRFLDWHG�ZLWK�D�VLJQLILFDQWO\�LQFUHDVHG�ULVN�RI���PRQWK
PRUWDOLW\�LQ�WKH�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ�PRGHO��RGGV�UDWLR������������&,������Ä�������S� ���������7KH�&R[�SURSRUWLRQDO�KD]DUG�PRGHO�UHYHDOHG
WKDW�D�%$&�RI�!����PJ�G/�SURYLGHG�D�KD]DUG�UDWLR�RI�����������&,������Ä������S� ��������

&RQFOXVLRQ��$�%$&�RI�!����PJ�G/�LV�D�ULVN�IDFWRU�IRU�PRUWDOLW\�DPRQJ�SDWLHQWV�ZLWK�23�LQWR[LFDWLRQ�



&35���5(686&,7$7,21 6(81*�0,1�3$5.

��������5HIUDFWRU\�YHQWULFXODU�ILEULOODWLRQ�WUHDWHG�ZLWK�HVPRORO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6HXQJ�0LQ�3DUN������<RXQJ�+ZDQ�/HH������+HH�&KHRO�$KQ������<RXQJ�7DHFN�2K������-L�+XQ�.LP������0RRQ�6LN�.LP����

���'HSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH��6DFUHG�+HDUW�+RVSLWDO��+DOO\P�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��$Q\DQJ��.25($��5(38%/,&�2)

.H\ZRUGV��&DUGLRSXOPRQDU\�5HVXVFLWDWLRQ��9HQWULFXODU�)LEULOODWLRQ��$GUHQHUJLF�EHWD���5HFHSWRU�$QWDJRQLVWV

$EVWUDFW��

$LPV��7KLV�VWXG\�DLPHG�WR�HYDOXDWH�WKH�HIIHFWV�RI�HVPRORO�WUHDWPHQW�IRU�SDWLHQWV�ZLWK�UHIUDFWRU\�YHQWULFXODU�ØEULOODWLRQ��59)��DQG�RXW�RI�KRVSLWDO
FDUGLDF�DUUHVW��2+&$��

0HWKRGV��7KLV�VLQJOH�FHQWUH�UHWURVSHFWLYH�SUH�SRVW�VWXG\�HYDOXDWHG�SDWLHQWV�ZKR�ZHUH�WUHDWHG�EHWZHHQ�-DQXDU\������DQG�'HFHPEHU�������6RPH
SDWLHQWV�KDG�UHFHLYHG�HVPRORO��ORDGLQJ�GRVH������oJ�NJ��LQIXVLRQ���Ä����oJ�NJ�PLQ��IRU�59)��Õ��GHILEULOODWLRQ�DWWHPSWV���DIWHU�REWDLQLQJ�FRQVHQW
IURP�WKH�SDWLHQWÇV�JXDUGLDQ�

5HVXOWV��7ZHQW\�ILYH�SDWLHQWV�GLG�QRW�UHFHLYH�HVPRORO��WKH�FRQWURO�JURXS���DQG����SDWLHQWV�UHFHLYHG�HVPRORO��6XVWDLQHG�UHWXUQ�RI�VSRQWDQHRXV
FLUFXODWLRQ��526&��ZDV�VLJQLILFDQWO\�PRUH�FRPPRQ�LQ�WKH�HVPRORO�JURXS��FRPSDUHG�WR�WKH�FRQWURO�JURXS������YV�������S� ���������6XUYLYDO�DQG
JRRG�QHXURORJLFDO�RXWFRPHV�DW����GD\V�DQG�DW���PRQWKV�ZHUH�!��IROG�EHWWHU�LQ�WKH�HVPRORO�JURXS��FRPSDUHG�WR�WKH�FRQWURO�JURXS��DOWKRXJK�WKHVH
LQFUHDVHV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��$�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ�PRGHO�UHYHDOHG�WKDW�HVPRORO�WUHDWPHQW�SURYLGHG�DQ�RGGV�UDWLR�RI������IRU
VXVWDLQHG�526&������FRQILGHQFH�LQWHUYDO������Ä�������S� ��������

&RQFOXVLRQV��$PRQJ�SDWLHQWV�ZLWK�59)�DQG�2+&$��WUHDWPHQW�ZLWK�HVPRORO�ZDV�DVVRFLDWHG�ZLWK�KLJKHU�UDWHV�RI�VXVWDLQHG�526&�DQG�VXUYLYDO��DQG
SDWLHQWV�ZKR�UHFHLYHG�HVPRORO�H[KLELWHG�DQ�RGGV�UDWLR�RI������IRU�VXVWDLQHG�526&��7KHUHIRUH��ZH�VXJJHVW�FRQVLGHULQJ�HVPRORO�IRU�SDWLHQWV�ZLWK�59)
DQG�2+&$�DIWHU�DGPLQLVWHULQJ�VWDQGDUG�WKHUDS\�



',$*1267,&�7(&+12/2*<�	�5$',2/2*< -L�+XQ�.LP

��������'HOWD�QHXWURSKLO�LQGH[�DV�DQ�HDUO\�SUHGLFWRU�RI�DFXWH�DSSHQGLFLWLV�LQ�WKH�HOGHUO\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-L�+XQ�.LP������<RXQJ�+ZDQ�/HH������+HH�&KHRO�$KQ������6HXQJ�0LQ�3DUN������2K�<RXQJ�7DHFN������0RRQ�6LN�.LP����

���'HSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH��6DFUHG�+HDUW�+RVSLWDO��+DOO\P�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��$Q\DQJ��.25($��5(38%/,&�2)

.H\ZRUGV��$SSHQGLFLWLV��SHUIRUDWHG�DSSHQGLFLWLV��GHOWD�QHXWURSKLO�LQGH[

$EVWUDFW��

%DFNJURXQG�

$ERXW�KDOI�RI�HOGHUO\�SDWLHQWV�ZLWK�DFXWH�DSSHQGLFLWLV�SUHVHQW�ZLWK�SHUIRUDWLRQ��DQG�WKH�HDUO\�GLDJQRVLV�RI�SHUIRUDWLRQ�LV�NQRZQ�WR�LPSURYH�RXWFRPH�
6HUXP�GHOWD�QHXWURSKLO�LQGH[��'1,��LV�D�QHZ�LQIODPPDWRU\�PDUNHU�DQG�WKH�SUHVHQW�VWXG\�DLPHG�WR�HYDOXDWH�WKH�SUHGLFWLYH�YDOXH�RI�WKH�'1,�IRU�WKH
SUHVHQFH�RI�D�SHUIRUDWLRQ�LQ�HOGHUO\�ZLWK�DFXWH�DSSHQGLFLWLV�

�

0HWKRGV�

7KLV�UHWURVSHFWLYH�REVHUYDWLRQDO�VWXG\�ZDV�FRQGXFWHG�RQ�����FRQVHFXWLYH�HOGHUO\�SDWLHQWV��Õ����\HDUV�ROG��ZLWK�DFXWH�DSSHQGLFLWLV�WUHDWHG�RYHU�D
���PRQWK�SHULRG��'1,��&�UHDFWLYH�SURWHLQ��&53���DQG�ZKLWH�EORRG�FHOOV��:%&V��ZHUH�PHDVXUHG�LQ�DQ�HPHUJHQF\�GHSDUWPHQW�DQG�LQYHVWLJDWHG�ZLWK
UHVSHFW�WR�WKHLU�DELOLW\�WR�SUHGLFW�WKH�SUHVHQFH�RI�DSSHQGLFHDO�SHUIRUDWLRQ�

�

5HVXOWV�

6L[W\�QLQH�RI�WKH�����SDWLHQWV��PHGLDQ�DJH�����\HDUV��ZHUH�DOORFDWHG�WR�WKH�SHUIRUDWHG�DSSHQGLFLWLV�JURXS���������DQG����WR�WKH�QRQ�SHUIRUDWHG
DSSHQGLFLWLV�JURXS����������:%&��QHXWURSKLO�WR�O\PSKRF\WH�UDWLR��SODWHOHW�WR�O\PSKRF\WH�UDWLR�DQG�'1,�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�WKH�SHUIRUDWHG
JURXS��,Q�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ�DQDO\VHV��LQLWLDO�'1,�ZDV�WKH�RQO\�LQGHSHQGHQW�PDUNHU�WKDW�FDQ�VLJQLILFDQWO\�SUHGLFW�WKH�SUHVHQFH�RI�SHUIRUDWLRQ
LQ�PXOWLSOH�UHJUHVVLRQ�>RGGV�UDWLR�����������FRQILGHQFH�LQWHUYDO������a��������S �����@��5HFHLYHU�RSHUDWRU�FKDUDFWHULVWLF�FXUYH�DQDO\VLV�VKRZHG
WKDW�VHUXP�'1,�LV�D�JRRG�SUHGLFWRU�IRU�WKH�SUHVHQFH�RI�DSSHQGLFHDO�SHUIRUDWLRQ�DW�DQ�RSWLPDO�FXWRII�IRU�'1,�EHLQJ�������VHQVLWLYLW\��������VSHFLILFLW\
�������$8&��������

�

&RQFOXVLRQ�

&OLQLFLDQV�FDQ�UHOLDEO\�GLIIHUHQWLDWH�DFXWH�SHUIRUDWHG�DSSHQGLFLWLV�IURP�QRQ�SHUIRUDWHG�DSSHQGLFLWLV�E\�'1,�OHYHO�RI�PRUH�����RU�PRUH�LQ�HOGHUO\
SDWLHQWV�



3(',$75,&6 9DQHVVD�0HUULFN

��������5HGXFLQJ�WKH�SDLQ�RI�SDHGLDWULF�HPHUJHQF\�GHSDUWPHQW�LQWUDYHQRXV�FDQQXODWLRQ�v�FRPSDULVRQ�RI�D�QHZ�ORFDO�FRROLQJ
GHYLFH�ZLWK�WRSLFDO�DQDHVWKHWLF�FUHDP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9DQHVVD�0HUULFN������-HVVLFD�)DUORZ������$Q\D�:LOVRQ������5RVH�6DFFD������(OL]DEHWK�%DUQHV������0DU\�0F&DVNLOO����

���3DHGLDWULF�(PHUJHQF\�'HSDUWPHQW��7KH�&KLOGUHQ
V�+RVSLWDO�DW�:HVWPHDG��6\GQH\��$8675$/,$
���.LGV�5HVHDUFK�,QVWLWXWH��7KH�&KLOGUHQ
V�+RVSLWDO�DW�:HVWPHDG��6\GQH\��$8675$/,$

.H\ZRUGV��,QWUDYHQRXV�FDQQXODWLRQ��SDLQ��FKLOGUHQ��WRSLFDO�DQDHVWKHWLF��FRROLQJ

$EVWUDFW��

%DFNJURXQG

7RSLFDO�ORFDO�DQDHVWKHWLF�FUHDPV�DUH�SURYHQ�WR�UHGXFH�WKH�SDLQ�DQG�GLVWUHVV�DVVRFLDWHG�ZLWK�LQWUDYHQRXV�FDQQXODWLRQ�LQ�FKLOGUHQ��$�PDMRU
GLVDGYDQWDJH�RI�WKHLU�XVH�LV�WKH�UHODWLYHO\�ORQJ�DSSOLFDWLRQ�WLPH��$�PLQLPXP�RI����PLQXWHV�LV�UHTXLUHG�IRU�/0;�70�����/LGRFDLQH�Z�Z�FUHDP�
>)HUQGDOH�3KDUPDFHXWLFDOV�/WG@��WKH�PRVW�UDSLGO\�DFWLQJ�DJHQW��&RROVHQVH70�>&RROVHQVH�0HGLFDO�/WG@�LV�D�UHODWLYHO\�QHZ��UHXVDEOH�GHYLFH�GHVLJQHG�WR
SURGXFH�LPPHGLDWH��WUDQVLHQW�ORFDO�DQDOJHVLD�WKURXJK�UDSLG�FRROLQJ�RI�WKH�VNLQ�VXUIDFH��1R�VWXG\�KDV�\HW�DVVHVVHG�WKH�HIIHFWLYHQHVV�RI�&RROVHQVH70
XVH�LQ�WKH�SDHGLDWULF�HPHUJHQF\�GHSDUWPHQW��3('��

�

$LPV

7R�GHWHUPLQH�DQ\�GLIIHUHQFH�LQ�DJH�DSSURSULDWH�SDHGLDWULF�SDLQ�VFRUH��DW�WKH�WLPH�RI�LQWUDYHQRXV�FDQQXODWLRQ��IROORZLQJ�XVH�RI�WKH�&RROVHQVH70
GHYLFH�RU�/0;�70�FUHDP��7R�GHVFULEH�WKH�HIIHFW�RI�HDFK�LQWHUYHQWLRQ�RQ�DGGLWLRQDO�RXWFRPHV��VXFK�DV�WLPH�IURP�GHFLVLRQ�WR�FDQQXODWH�WR�SHUIRUPLQJ
WKH�SURFHGXUH��ZKLFK�PD\�LQIOXHQFH�WKH�GHFLVLRQ�WR�VHOHFW�D�SDUWLFXODU�PHWKRG�IRU�XVH�LQ�WKH�3('�

�

0HWKRGV

3URVSHFWLYH��TXDVL�UDQGRPLVHG�VWXG\�LQ�D�WHUWLDU\�3('�RYHU���ZHHNV��)HEUXDU\�Ä�0DUFK�������

�

5HVXOWV

����SDWLHQWV�ZHUH�LQFOXGHG��PHDQ�DJH�����\HDUV������ZHUH�DOORFDWHG�WR�UHFHLYH�&RROVHQVH70�DQG����/0;�70��RQ�D�ZHHN�E\�ZHHN�EDVLV��:KHQ
DQDO\VHG�E\�DOORFDWHG�LQWHUYHQWLRQ��WKH�PHDQ�SDLQ�VFRUH�DW�WLPH�RI�FDQQXODWLRQ�ZDV�VLJQLILFDQWO\�ORZHU�ZLWK�&RROVHQVH70�WKDQ�/0;�70
�����YV�������S ��������0HDQ�WLPH�IURP�GHFLVLRQ�WR�FDQQXODWH�WR�SHUIRUPLQJ�WKH�SURFHGXUH�ZDV�VLJQLILFDQWO\�VKRUWHU�ZLWK�&RROVHQVH70
WKDQ�/0;�70�������PLQV�YV�������PLQV��S����������7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�QXPEHU�RI�VXFFHVVIXO�ILUVW�FDQQXODWLRQ�DWWHPSWV
�����YV�������S �������RU�LQWHUYHQWLRQ�DVVRFLDWHG�DGYHUVH�HIIHFWV�������YV��������S �������EHWZHHQ�WKH�WZR�JURXSV��5HGQHVV��YDVRFRQVWULFWLRQ�DQG
LQFUHDVHG�DQ[LHW\�ZHUH�DVVRFLDWHG�ZLWK�/0;�70�DSSOLFDWLRQ�LQ�D�PLQRULW\�RI�FDVHV�

�

&RQFOXVLRQV

7KH�&RROVHQVH70�GHYLFH�SHUIRUPHG�EHWWHU�WKDQ�/0;�70�FUHDP�DW�UHGXFLQJ�WKH�SDLQ�DVVRFLDWHG�ZLWK�LQWUDYHQRXV�FDQQXODWLRQ�LQ�FKLOGUHQ��7KH
LPPHGLDWH�QDWXUH�RI�LWV�ORFDO�DQDOJHVLF�HIIHFW�PHDQV�LW�VLJQLILFDQWO\�UHGXFHV�WKH�ZDLWLQJ�WLPH�WR�FDQQXODWLRQ��%RWK�LQWHUYHQWLRQV�SURGXFH�VLPLODU�ILUVW
FDQQXODWLRQ�VXFFHVV�UDWHV�DQG�IUHTXHQF\�RI�UHSRUWHG�DGYHUVH�HIIHFWV��&RROVHQVH70�VKRXOG�EH�FRQVLGHUHG�D�YLDEOH�DOWHUQDWLYH�WR�WRSLFDO�DQDHVWKHWLF
FUHDP�IRU�SURYLGLQJ�ORFDO�DQDOJHVLD�LQ�FKLOGUHQ�UHTXLULQJ�LQWUDYHQRXV�FDQQXODWLRQ�LQ�WKH�3('�



,17(59(17,216 <YHWWH�&DOGHURQ

��������$�WZR�SURQJHG�DSSURDFK�WR�LPSURYLQJ�HIILFLHQF\�RI�SDWLHQW�WUDQVIHU�IURP�WKH�HPHUJHQF\�GHSDUWPHQW�WR�WKH�,&8�LQ�DQ
XUEDQ�KRVSLWDO�VHWWLQJ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

<YHWWH�&DOGHURQ������8WWDUD�*DGGH������6XVDQ�*XOOR������0DJGDOHQD�&KHUU\������'DLV\�1DQWD������)UHGHULFN�1DJHO����

���(PHUJHQF\�0HGLFLQH��1RUWK�&HQWUDO�%URQ[�+RVSLWDO���%URQ[��86$
���,QWHQVLYH�&DUH�8QLW��1RUWK�&HQWUDO�%URQ[�+RVSLWDO���%URQ[��86$

.H\ZRUGV��TXDOLW\�LPSURYHPHQW�HPHUJHQF\�PHGLFLQH�RSHUDWLRQV

$EVWUDFW��

%$&.*5281'��(PHUJHQF\�'HSDUWPHQW��('��YROXPHV�KDYH�EHHQ�UDSLGO\�LQFUHDVLQJ��ZLWK�D�����LQFUHDVH�LQ�DQQXDO�SDWLHQW�YLVLWV�LQ�WKH�86�IURP
�����WR�������&URZGLQJ�LV�D�VHULRXV�SUREOHP�WKDW�FDQ�LPSDFW�SDWLHQW�FDUH��VDIHW\��DQG�KRVSLWDO�HIILFLHQF\��'HOD\V�LQ�SDWLHQW�WUDQVIHU�IURP�WKH�('�WR
WKH�,&8�KDYH�EHHQ�DVVRFLDWHG�ZLWK�KLJKHU�SDWLHQW�PRUWDOLW\�UDWHV��7KLV�TXDOLW\�LPSURYHPHQW�SURMHFW�VRXJKW�WR�LPSURYH�,&8�SDWLHQW�WUDQVIHU�IURP�WKH
('�E\�LPSOHPHQWLQJ�VWUDWHJLHV�WR�GHFUHDVH�SDWLHQW�OHQJWK�RI�VWD\��/26��LQ�WKH�('�

'(6,*1�$1'�0(7+2'6��7KLV�SURMHFW�ZDV�FRQGXFWHG�LQ�D�����EHG�XUEDQ�KRVSLWDO�LQ�%URQ[��1<��$�WZR�SURQJHG�LQWHUYHQWLRQ�ZDV�LPSOHPHQWHG�WR
UHGXFH�SDWLHQW�/26�LQ�WKH�('�E\������UHPRYLQJ�WKH�605ÇV��6HQLRU�0HGLFDO�5HVLGHQWÇV��LQYROYHPHQW�IURP�WKH�WKURXJKSXW�SURFHVV�DQG����
LPSOHPHQWLQJ�D�SXOO�SURFHVV�RI�VHQGLQJ�WKH�SDWLHQW�GLUHFWO\�XS�WR�WKH�,&8�IRU�WKH�IDFH�WR�IDFH�QXUVLQJ�KDQGRII��7UDLQHG�UHVHDUFK�DVVLVWDQWV�PRQLWRUHG
HDFK�SDWLHQWÇV�OHQJWK�RI�VWD\�LQ�WKH�('�IURP�GRFXPHQWHG�SDWLHQW�DUULYDO�WR�H[LW�DFFRUGLQJ�WR�WKH�KRVSLWDOÇV�HOHFWURQLF�UHFRUGLQJ�V\VWHP��$YHUDJH�('
/26�ZDV�PRQLWRUHG�RYHU�WLPH�WR�GHWHUPLQH�LI�WKH�LPSOHPHQWDWLRQ�RI�WKLV�('�EDVHG�LQWHUYHQWLRQ�ZDV�DVVRFLDWHG�ZLWK�D�GHFUHDVH�LQ�DYHUDJH�SDWLHQW
/26�LQ�WKH�('��6HSVLV�GDWD�ZDV�PRQLWRUHG�RYHU�WLPH�DV�D�PDUNHU�RI�KHDOWKFDUH�RXWFRPHV���

5(68/76��$YHUDJH�,&8�SDWLHQW�/26�LQ�WKH�('�ZDV�FROOHFWHG�RYHU�D����PRQWK�WLPH�SHULRG��LQFOXGLQJ�VL[�PRQWKV�SRVW�LQWHUYHQWLRQ���6LQFH�WKH
EHJLQQLQJ�RI�WKH�WZR�SURQJHG�LQWHUYHQWLRQ��DYHUDJH�,&8�SDWLHQW�/26�GHFUHDVHG�IURP���KRXUV�WR�DSSUR[LPDWHO\���KRXUV�DQG����PLQXWHV��DQ�RYHUDOO
GHFUHDVH�RI���KRXUV�DQG����PLQXWHV��7KH�LPSOHPHQWDWLRQ�RI�WKH�LQWHUYHQWLRQ�ZDV�DVVRFLDWHG�ZLWK�D�FOHDU�GHFUHDVLQJ�WUHQG�RI�SDWLHQW�/26�LQ�WKH�('�
,Q�DGGLWLRQ��VHSVLV�GDWD�VKRZHG�D�PDUNHG�LPSURYHPHQW�RQ�WLPHO\�DGPLQLVWUDWLRQ�RI�VHYHUDO�WUHDWPHQW�PHDVXUHV��3HUFHQW�DGKHUHQFH�RI�WLPHO\
DGPLQLVWUDWLRQ�RI�EURDG�VSHFWUXP�DQWLELRWLFV�LQFUHDVHG�IURP�������WR��������WLPHO\�ODFWDWH�OHYHO�LQFUHDVHG�IURP�������WR��������DQG�WLPHO\
DGPLQLVWUDWLRQ�RI�YDVRSUHVVRU�LQFUHDVHG�IURP�������WR�������

&21&/86,21��$�WZR�SURQJHG�DSSURDFK�WR�UHGXFLQJ�('�SDWLHQW�/26�XVLQJ�PXOWL�VWDII�EX\�LQ�FDQ�LPSURYH�WLPHOLQHVV�RI�,&8�SDWLHQW�WUDQVIHU��7KLV
UHVXOW�KDV�SRVLWLYH�LPSOLFDWLRQV�IRU�ERWK�KRVSLWDO�HIILFLHQF\�DQG�SDWLHQW�VDIHW\��%\�XWLOL]LQJ�WKH�SRZHU�RI�('�EDVHG�LQWHUYHQWLRQV�WR�LPSURYH�SDWLHQW
IORZ��('�PDQDJHPHQW�FDQ�FUHDWH�D�VDIHU��PRUH�HIILFLHQW�KRVSLWDO�H[SHULHQFH�IRU�FULWLFDOO\�LOO�SDWLHQWV�



3(',$75,&6 &RPIRUW�$GHGRNXQ

��������3HGLDWULF�FDVH�RI�$FFLGHQWDO�0HWKRWUH[DWH�,QJHVWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&RPIRUW�$GHGRNXQ������,RPKDU�2
VXOOLYDQ������$GULDQ�PXUSK\������5L]ZDQ�PXKDPPHG����

���(PHUJHQF\�0HGLFLQH���3HGLDWULFV��&RUN�XQLYHUVLW\�KRVSLWDO���,5(/$1'
���(PHUJHQF\�0HGLFLQH���3HGLDWULF�(PHUJHQF\�PHGLFLQH��&RUN��,5(/$1'
���(PHUJHQF\�0HGLFLQH���3HGLDWULF�(PHUJHQF\�PHGLFLQH��FRUN��,5(/$1'
���SHGLDWULFV��3HGLDWULFV��FRUN��,5(/$1'

.H\ZRUGV��P\HORVXSSUHVVLRQ�PHWKRWUH[DWH��UHVFXH�WKHUDS\

$EVWUDFW��

3DHGLDWULF�RYHUGRVHV�DQG�DFXWH�SRLVRQLQJ�LV�D�FRPPRQ�SKHQRPHQRQ�HQFRXQWHUHG�LQ�FOLQLFDO�SUDFWLFH��+RZHYHU��PHWKRWUH[DWH�RYHU�GRVHV�LV�D�UDUH
SUHVHQWDWLRQ�GHVSLWH�WKH�LQFUHDVLQJ�XVH�LQ�SUDFWLFH�
0HWKRWUH[DWH�LV�D�F\WRWR[LF�DQWLPHWDEROLWH�DQG�DQWLIRODWH�GUXJ�ZLGHO\�XVHG��IRU�FKHPRWKHUDS\�WUHDWPHQW�RI�DXWRLPPXQH�GLVHDVHV�DQG�VHOGRPO\�DV
DQ�DERUWLIDFLHQW�,W�KDV�ERWK�UDSLG�DQG�FRPSOHWH�DEVRUSWLRQ�IURP�WKH�JDVWURLQWHVWLQDO�WUDFW�ZLWK�SULPDU\�UHQDO�H[FUHWLRQ��3DUHQWHUDO�WR[LFLW\�KDV�EHHQ
UHSRUWHG�WR�EH�OHWKDO��PRUH�IUHTXHQWO\�NQRZQ�WR�UHVXOW�LQ�P\HORVXSUHVVLRQ��UHVSLUDWRU\�IDLOXUH��UHQDO�IDLOXUH��KHSDWRWR[LFLW\��QHXURORJLFDO�G\VIXQFWLRQ�
DERUWLRQ�VHSVLV�DQG�PXOWL�RUJDQ�IDLOXUH�
$QWLGRWHV�OLNH�*OXFDUSDULGDVH��9RUD[D]H��PD\�EH�FRQVLGHUHG�LQ�VHYHUH�WR[LFLW\�DQG�DFXWH�NLGQH\�LQMXU\�
5HJXODU�LQIXVLRQ�RI�OHXFRYRULQ��IROLQLF�DFLG��UHPDLQV�WKH�UHFRPPHQGHG�LQLWLDO�WUHDWPHQW�LQ�V\PSWRPDWLF�DQG�VLJQLILFDQW�RYHUGRVHV�WR�UHGXFH
WR[LFLW\�$FWLYDWHG�FKDUFRDO�FDQ�EH�XVHG�ZLWKLQ�DQ�KRXU�RI�VXVSHFWHG�WR[LFLW\��8ULQH�DONDOLQLVDWLRQ�PD\�EH�EHQHILFLDO�LQ�GUXJ�H[FUHWLRQ�

:H�SUHVHQW�D�FDVH�RI�3DHGLDWULF�0HWKRWUH[DWH�DFXWH�LQJHVWLRQ�ZLWK�QR�SUHYLRXV�WKHUDS\�LQ�D���\HDUV�ROG�ER\��ZKR�SUHVHQWHG�WR�WKH�HPHUJHQF\
GHSDUWPHQW����KRXUV�IROORZLQJ�D�VXVSHFWHG�DFFLGHQWDO�LQJHVWLRQ�RI�KLV�PRWKHU
V�PHGLFDWLRQ�
+LVWRU\�UHYHDOHG�VXVSHFWHG�LQWDNH�ZDV�JUHDWHU�WKDQ��PJ�NJ�DV���PJ�WDEOHWV�ZDV�XQDFFRXQWHG�IRU�P\�SDUHQW��+H�KDG�QRQ�VSHFLILF�V\PSWRPV�ZLWK�D
VLQJOH�YRPLWLQJ�HSLVRGH�DQG�DQ�KRXU�RI�SURIRXQG�K\SHUDFWLYLW\�+H�ZDV�WUHDWHG�ZLWK�LPPHGLDWH�OHXFRYRULQ�UHVFXH�WKHUDS\�ZLWKRXW�ZDLWLQJ�IRU
PHWKRWUH[DWH�DVVD\�DV�UHFRPPHQG�E\�7R[EDVH�WR�DYRLG�VHYHUH�WR[LFLW\��%ORRG�LQYHVWLJDWLRQ���K��UHVXOW�VKRZHG�OHXFRF\WRVLV��ZLWK�VOLJKWO\�UDLVHG
$ONDOLQH�3KRVSKDWDVH�DQG�HOHYDWHG�PHWKRWUH[DWH�OHYHO�
1DWLRQDO�SRLVRQLQJ�FHQWUH��13,&���ZDV�FRQWDFWHG�DQG�SDWLHQW�ZDV�DGPLWWHG�E\�SDHGLDWULF�WHDP�ZLWK�XQUHPDUNDEOH�FOLQLFDO�FRXUVH�DOVR�ZLWK�QR
DGYHUVH�VHTXHODH���ZHHNV�DIWHU�RYHUGRVH�
,Q�FRQFOXVLRQ��HDUO\�LGHQWLILFDWLRQ�DQG�FDOFXODWLRQ�RI�HVWLPDWHG�GRVDJH�LV�HVVHQWLDO��LQFOXGLQJ��SURPSW�DGPLQLVWUDWLRQ�RI�IROLQLF�DFLG�WR�GHFUHDVH
WR[LFLW\�DQG�SUHYHQW�PHWKRWUH[DWH�RYHUGRVH�YDVW�FRPSOLFDWLRQ�LQ�SDWLHQW�PDQDJHPHQW�:HHNO\�DVVHVVPHQW�ZLWK�EORRG�LQYHVWLJDWLRQ�IRU��ZHHNV
SRVW�DFXWH�LQJHVWLRQ�GXH�WR�GHOD\HG�FRPSOLFDWLRQV�LV�UHFRPPHQGHG�



&$6(�35(6(17$7,21 'DLVXNH�1LVKLRND

��������7KUHH�PHWHUV�RI�ERZHO�JDQJUHQH�FDXVHG�E\�VWUDQJXODWHG�3HWHUVHQxV�KHUQLD���\HDUV�DIWHU�RSHQ�WRWDO�JDVWUHFWRP\�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'DLVXNH�1LVKLRND������<R�,QRNXFKL������.HLWDUR�*RWR������*LLFKLUR�2KQR����

���(PHUJHQF\�'HSDUWPHQW��7RNDWVX�+RVSLWDO��1DJDUH\DPD��&KLED��-$3$1
���6XUJHU\��7RNDWVX�+RVSLWDO��1DJDUH\DPD��&KLED��-$3$1

.H\ZRUGV��3HWHUVHQ
V�KHUQLD��LQWHUQDO�KHUQLD�DIWHU�JDVWULF�E\SDVV��ERZHO�JDQJUHQH

$EVWUDFW��

%$&.*5281'��3HWHUVHQÇV�KHUQLD�LV�RQH�RI�WKH�LQWHUQDO�KHUQLDV�GHYHORSV�DIWHU�JDVWUHFWRP\�ZLWK�5RX[�HQ�<��5�<��UHFRQVWUXFWLRQ��3HWHUVHQÇV�KHUQLD�LV
D�VSHFLILF�W\SH�RI�KHUQLD�WKDW�WKH�VPDOO�ERZHO�PRYHV�LQWR�D�PHVHQWHULF�GHIHFW�RI�WKH�WUDQVYHUVH�PHVRFRORQ��$OWKRXJK�LQWHUQDO�KHUQLD�LV�ZHOO�NQRZQ
FRPSOLFDWLRQ�RI�5�<�JDVWULF�E\SDVV��WKHUH�DUH�IHZ�UHSRUWV�RI�ERZHO�QHFURVLV�FDXVHG�E\�3HWHUVHQÇV�KHUQLD��:H�H[SHULHQFHG�WKH�FDVH�RI�ERZHO
JDQJUHQH�DV�ORQJ�DV���PHWHUV�GXH�WR�3HWHUVHQÇV�KHUQLDWLRQ���\HDUV�DIWHU�RSHQ�WRWDO�JDVWUHFWRP\��,QWHUQDO�KHUQLD�PLJKW�SUHVHQW�ZLWK�DPELJXRXV
SK\VLFDO�H[DPLQDWLRQ�ILQGLQJV��LQLWLDO�DOPRVW�QRUPDO�ODERUDWRU\��DQG�QRQVSHFLILF�UDGLRJUDSKLF�UHVXOWV��PDNLQJ�HDUO\�GLDJQRVLV�DQG�WUHDWPHQW�GLIILFXOW�
ZKLOH�WKHUH�LV�D�FDVH�UHVXOWLQJ�LQ�PDVVLYH�ERZHO�QHFURVLV�

2%-(&7,9(��7KLV�LV�D�UDUH�FDVH�RI�PDVVLYH�ERZHO�JDQJUHQH�RFFXUUHG�DIWHU�RSHQ�JDVWUHFWRP\��7KH�SXUSRVH�RI�WKH�UHSRUW�LV�WR�KHLJKWHQ�DZDUHQHVV�RI
3HWHUVHQÇV�KHUQLD�DPRQJ�SK\VLFLDQV�RI�DOO�VSHFLDOWLHV�ZKR�KDYH�UHOHYDQFH�WR�WKH�SDWLHQWV�DIWHU�JDVWUHFWRP\�DQG�DOO�HPHUJHQF\�SK\VLFLDQV�ZKR�GHDO
ZLWK�DFXWH�DEGRPHQ��,QFUHDVHG�VXVSLFLRQ�DJDLQVW�LQWHUQDO�KHUQLD��SK\VLFLDQV�FDQ�REWDLQ�SURPSW�VXUJLFDO�FRQVXOWDWLRQ�LQ�JDVWULF�E\SDVV�SDWLHQWV�ZLWK
XQVSHFLILF�DEGRPLQDO�V\PSWRPV�

&$6(�5(3257�����\HDU�ROG�PDQ��ZKR�KDG�XQGHUJRQH�RSHQ�WRWDO�JDVWUHFWRP\�ZLWK�5�<�UHFRQVWUXFWLRQ�IRU�JDVWULF�FDQFHU���\HDUV�HDUOLHU��ZDV
WUDQVSRUWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW�E\�DPEXODQFH�EHFDXVH�RI�KLV�DOWHUHG�PHQWDO�VWDWXV��$EGRPLQDO�H[DPLQDWLRQ�ZDV�GLVWHQGHG��DQG�UHYHDOHG
GLIIXVH�DEGRPLQDO�WHQGHUQHVV�DQG�SHULWRQHDO�LUULWDWLRQ��$EGRPLQDO�FRPSXWHG�WRPRJUDSK\�VKRZHG�GLODWLRQ�RI�VPDOO�LQWHVWLQH�DQG�WKH�ZKLUO�VLJQ�RI
VXSHULRU�PHVHQWHULF�DUWHU\��$OPRVW�DOO�RI�VPDOO�LQWHVWLQH�KDG�QR�HQKDQFHPHQW�GHVSLWH�WKH�XVH�RI�FRQWUDVW�DJHQW��%DVHG�RQ�WKHVH�ILQGLQJV��KH�ZDV
GLDJQRVHG�DV�KDYLQJ�LQWHUQDO�MHMXQDO�KHUQLD�DQG�SRVVLEOH�PDVVLYH�ERZHO�QHFURVLV��'XULQJ�DQ�HPHUJHQW�RSHUDWLRQ��KH�ZDV�IRXQG�WR�KDYH�D
VWUDQJXODWHG�3HWHUVHQ
V�KHUQLD�ZLWK�FRORXU�FKDQJH�WKDW�VXJJHVWV�ERZHO�QHFURVLV��DQG�QHFHVVLWDWHG���PHWHUV�RI�H[WHQVLYH�VPDOO�ERZHO�UHVHFWLRQ�
3DWKRORJLFDO�ILQGLQJV�VKRZHG�WKDW�WKHUH�ZDV�D�VKRUW�WLPH�XQWLO�IRUPLQJ�WKH�ERZHO�REVWUXFWLRQ�DQG�QHFURVLV�E\�WKH�FRQWHQWV�RI�UHVHFWHG�LQWHVWLQH�

',6&866,21�DQG�&21&/86,216��7KH�UHSRUWV�RI�3HWHUVHQ
V�KHUQLDV�DUH�LQFUHDVLQJ�UHFHQWO\��DQG�WKH�LQFLGHQFH�RI�WKH�KHUQLD�LV�GHVFULEHG�DV�KLJKHU�LQ
ODSDURVFRS\�WKDQ�LQ�ODSDURWRP\��7KHUHIRUH��WKHUH�DUH�VRPH�FDVHV�RI�ERZHO�JDQJUHQH�FDXVHG�E\�3HWHUVHQÇV�KHUQLD�DIWHU�ODSDURVFRSLF�VXUJHU\��EXW
UDUHO\�PHW�DIWHU�RSHQ�JDVWUHFWRP\��3HWHUVHQÇV�KHUQLD�FDQ�RFFXU�ZLWKLQ�GD\V�RU�VHYHUDO�\HDUV�DIWHU�JDVWULF�E\SDVV��)XUWKHUPRUH��SDWLHQWV�ZLWK
LQWHUQDO�KHUQLD�PD\�SUHVHQW�ZLWK�YDJXH�FRPSODLQWV�VXFK�DV�LQWHUPLWWHQW�DEGRPLQDO�SDLQ��QDXVHD��RU�YRPLWLQJ�DQG�LQLWLDO�XQUHPDUNDEOH�ODERUDWRU\
DQG�[�UD\�ILQGLQJV��7KXV�LW�FDQ�OHDG�WR�WKH�GHOD\�RI�SK\VLFLDQÇV�GLDJQRVLV��KHLJKWHQ�VXVSLFLRQ�DQG�FDUHIXO�HYDOXDWLRQV�DUH�QHHGHG�ZKHQ�VHHLQJ�WKH
SDWLHQW�DIWHU�JDVWULF�E\SDVV��6XFK�RXU�FDVH��WKHUH�LV�D�FDVH�RI�3HWHUVHQÇV�KHUQLD�WKDW�GHYHORSV�ERZHO�JDQJUHQH�DIWHU�ODSDURWRP\�DQG�WKDW�UHVXOWV�LQ
H[WHQVLYH�ERZHO�UHVHFWLRQ��LW�LV�HVVHQWLDO�WR�EH�DZDUH�RI�HDUO\�UHFRJQLWLRQ�DQG�WUHDWPHQW�DJDLQVW�WKH�KHUQLDWLRQ�QRW�RQO\�DIWHU�ODSDURVFRSLF�VXUJHU\
EXW�DIWHU�RSHQ�VXUJHU\�



75$80$ 3LHUULFN�/H�%RUJQH

��������$QWLELRSURSK\OD[LV�LQ�QRQVXUJLFDO�IDFLDO�WUDXPD�LQ�WKH�('

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KDUOHV�(ULF�/DYRLJQHW������3LHUULFN�/H�%RUJQH������&DUPHQ�+DPPDQQ������&�OLQH�5HQIHU������6DUDK�8J�������3KLOLSSH�.DXIIPDQQ������+DNLP�6OLPDQL
�����3DVFDO�%LOEDXOW����

���8UJHQFHV�$GXOWHV��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(
���6$08�6085��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(

.H\ZRUGV��)DFLDO�WUDXPD��$QWLELRWLFV

$EVWUDFW��

,QWURGXFWLRQ�

)DFLDO�IUDFWXUHV�DUH�D�IUHTXHQW�FDXVH�RI�HPHUJHQF\�GHSDUWPHQW��('��YLVLW��7KH�LQGLFDWLRQ�IRU�VXUJHU\�LV�UDUH��$QWLELRWLF�SURSK\OD[LV�LV�IUHTXHQWO\
LQWURGXFHG�LQ�QRW�UHTXLULQJ�XUJHQW�VXUJHU\�SDWLHQWV��,QIHFWLRXV�FRPSOLFDWLRQV�RI�WKHVHV�IUDFWXUHV�DUH�XQXVXDO��7KH�LQGLFDWLRQV�DQG�PRGDOLWLHV�RI�WKLV
DQWLELRSURSK\OD[LV�DUH�QRW�ZHOO�FRGLILHG�LQ�WKH�OLWHUDWXUH�DQG�DUH�EDVHG�PRVWO\�RQ�HPSLULFDO�KDELWV��$Q\�DQWLELRWLF�SURYLGHV�EDFWHULDO�UHVLVWDQFH��:H
DLP�WR�GHWHUPLQH�ZKDW�SURSRUWLRQ�RI�SDWLHQWV�DUH�WUHDWHG�ZLWK�DQWLELRWLFV�LQ�QRQ�VXUJLFDO�WUDXPD�RI�WKH�IDFH��:H�DOVR�ZDQWHG�WR�GLVFXVV�WKH
PRGDOLWLHV�RI�VXFK�DQ�DQWLELRSURSK\O[LV�LQ�RXU�('�

0HWKRGV�

:H�FRQGXFWHV�D�VLQJOH�FHQWHU�DQG�UHWURVSHFWLYH�VWXG\�IRU���PRQWKV��IURP�-XQH�WR�$XJXVW�������LQ�WKH�('�RI�DQ�XUEDQ�WHDFKLQJ�KRVSLWDO��$OO�SDWLHQWV
ZLWK���RU���IDFLDO�IUDFWXUHV�ZLWKRXW�XUJHQW�VXUJLFDO�LQGLFDWLRQ�ZHUH�LQFOXGHG��7KH�H[LVWHQFH�RI�DQWLELRWLF�WKHUDS\�DQG�LWV�PRGDOLWLHV��PROHFXOH��GRVDJH�
GXUDWLRQ��ZHUH�VRXJKW��3DWLHQWV�ZLWK�D�IUDFWXUH�UHTXLULQJ�XUJHQW�VXUJHU\��RU�ZLWK�PXOWLSOH�IUDFWXUHV�ZHUH�QRW�LQFOXGHG�

�

5HVXOWV�

����SDWLHQWV�ZHUH�HQUROOHG�LQ�WKLV�VWXG\�IRU�VWDWLVWLFDO�DQDO\VLV��$QWLELRWLF�WUHDWPHQW�ZDV�LQWURGXFHG�LQ����SDWLHQWV���������>&,������������@���7KH
DPR[LFLOOLQ�FODYXODQLF�DFLG�DVVRFLDWLRQ�ZDV�XVHG�LQ����FDVHV���������ZLWK�DQ�DYHUDJH�RI������GD\V�RI�WUHDWPHQW��6'�������GD\V��

&RQFOXVLRQ�

$QWLELRWLFV�DUH�SUHVFULEHG�LQ�QHDUO\�����RI�LQMXULHV�LQ�WKH�QRQ�VXUJLFDO�IDFLDO�WUDXPD�ZKHUHDV�UHDO�LQGLFDWLRQV�DUH�UDUH���,Q�WKH�FXUUHQW�FOLPDWH�RI
LQFUHDVLQJ�EDFWHULDO�UHVLVWDQFH�DQG�FRQFHUQ��LQWHUHVW�RI�DQWLELRWLF�SURSK\OD[LV�LQ�QRQVXUJLFDO�WUDXPD�RI�WKH�IDFH�VKRXOG�EH�GLVFXVVHG�WDNLQJ�LQWR
DFFRXQW�WKH�ULVN�RI�VHOHFWLQJ�UHVLVWDQW�EDFWHULD��RU�HQFRXUDJH�ODWH�LQIHFWLRQ�ZLWK�UHVLVWDQW�RUJDQLVPV��:KHQ�DQWLELRWLF�WUHDWPHQW�LQGLFDWLRQ�ZDV�ODLG�LQ
SURSK\OD[LV��HVSHFLDOO\�LQ�IUDJLOH�SDWLHQWV�DQG�LQ�VLWXDWLRQV�ZLWK�LQFUHDVHG�ULVN�RI�LQIHFWLRXV�FRPSOLFDWLRQV��WKH�XVH�RI�DPR[LFLOOLQ�FODYXODQLF�DFLG
FRPELQDWLRQ�LV�D�SRVVLELOLW\��+RZHYHU��WKH�HQYLURQPHQWDO�FRQVHTXHQFHV�RI�LWV�ZLGHVSUHDG�XVH�VKRXOG�EH�FRQVLGHUHG��3ULVWLQDP\FLQ�DQG�FOLQGDP\FLQ
PD\�FRQVWLWXWH�LQWHUHVWLQJ�DOWHUQDWLYHV�LQ�WKLV�QRQ�VXUJLFDO�WUDXPD�VLWXDWLRQ��7KH�GXUDWLRQ�RI�WUHDWPHQW�VKRXOG�QRW�H[FHHG����WR����KRXUV�



75$80$ 0XKDPPDG�$VDG�0RRVD

��������&DQ�FOLQLFDO�HYDOXDWLRQ�GHWHUPLQH�WKH�QHHG�IRU�SHOYLF�[�UD\�LQ�DZDNH�DQG�VWDEOH�EOXQW�WUDXPD�SDWLHQWV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0XKDPPDG�$VDG�0RRVD������+DVQDLQ�=DIDU������5D]D�6D\\HG������,TUD�-DQJGD����

���6XUJHU\���$JD�.KDQ�8QLYHUVLW\�+RVSLWDO���.DUDFKL��3$.,67$1
���$QHVWKHVLD��$JD�.KDQ�8QLYHUVLW\�+RVSLWDO���.DUDFKL��3$.,67$1

.H\ZRUGV��%OXQW�7UDXPD��5DGLDWLRQ�LQ�(5��&OLQLFDO�H[DPLQDWLRQ

$EVWUDFW��

$LP��3HOYLF�IUDFWXUHV�LV�FRPPRQ�DQG�FDQ�EH�SRWHQWLDOO\�OLIH�WKUHDWHQLQJ���7KH�HDUO\�GLDJQRVLV�RI�SHOYLF�IUDFWXUHV�UHVXOWLQJ�IURP�EOXQW�DEGRPLQDO
WUDXPD�WUDGLWLRQDOO\�UHOLHV�RQ�WKH�DQWHULRU�SRVWHULRU�SHOYLF�UDGLRJUDSK�DOWKRXJK�VRPHWLPHV�LW�PD\�QRW�JLYH�D�GHILQLWLYH�GLDJQRVLV�RI�SHOYLF�IUDFWXUHV�
6R�UHOLDELOLW\�RI�SHOYLF�[�UD\�KDV�EHHQ�TXHVWLRQHG�DQG�ZD\V�RI�UHPRYLQJ�SHOYLF�[�UD\�IURP�WKH�$7/6�SURWRFRO�DUH�EHLQJ�REVHUYHG�RQ�WKH�EDVLV�RI
ILQGLQJ�WKH�UHOLDELOLW\�RI�FOLQLFDO�H[DPLQDWLRQ�LQ�ILQGLQJ�RXW�SHOYLF�IUDFWXUHV�LQ�DOHUW�DQG�DZDNH��KHPRG\QDPLFDOO\�VWDEOH�SDWLHQW�DQG�DOVR�WR�DYRLG�WKH
XQQHFHVVDU\�H[SRVXUH�RI�UDGLDWLRQ�DQG�UHGXFH�WKH�ILQDQFLDO�EXUGHQ�

0HWKRGV��7KLV�LV�D�FURVV�VHFWLRQDO�VWXG\�FRQGXFWHG�LQ�WKH�GHSDUWPHQW�RI�VXUJHU\��$JD�.KDQ�8QLYHUVLW\�+RVSLWDO��.DUDFKL��7KLV�VWXG\�LQFOXGHG�SDWLHQWV
ZLWK�EOXQW�WUDXPD�PDLQO\�WKH�URDG�WUDIILF�DFFLGHQW�YLFWLPV�SUHVHQWLQJ�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�*&6�RI�����KHPRG\QDPLFDOO\�VWDEOH�DQG�DOHUW
DQG�DZDNH��&OLQLFDO�H[DPLQDWLRQ�RI�SHOYLV�RI�WKHVH�SDWLHQWV�ZHUH�GRQH�RQ�WKUHH�GLIIHUHQW�H[DPLQDWLRQ�PDQHXYHUV�DQG�DVVHVVPHQW�RI�SHOYLF�PDGH
ZKLFK�ZDV�WKHQ�FRPSDUHG�WR�URXWLQH�SHOYLF�[�UD\�ILQGLQJV�

5HVXOWV��7RWDO�RI�WZR�WZHQW\�RQH�������RI�EOXQW��WUDXPD�SDWLHQWV�ZHUH�UHYLHZHG�KDYLQJ�PHFKDQLVP�RI�LQMXU\�EHLQJ�URDG�WUDIILF�DFFLGHQW�DQG�KLVWRU\�RI
IDOO��2I�WKHVH�����SDWLHQWV�WKLUW\�WZR������ZHUH�QRW�HQWHUHG�LQ�WKH�VWXG\�DV�WKH\�KDG�*&6�RI�������ILIWHHQ�SDWLHQWV�ZHUH�QRW�LQFOXGHG�DV�WKH\�KDYH
DEGRPLQDO�WHQGHUQHVV��IRXUW\�RQH������SDWLHQWV�KDG�DVVRFLDWHG�ORZHU�OLPE�LQMXULHV��6R�WKH�ILQDO�RI�RQH�WKLUW\�WKUHH�������SDWLHQWV�ZHUH�LQFOXGHG�LQ
RXU�VWXG\��2I�WKHVH�����SDWLHQWV�PDMRULW\�RI�SDWLHQWV�ZHUH�PDOH�DURXQG�������DQG������ZHUH�IHPDOHV��0HDQ�DJH�RI�SDWLHQWV�LQFOXGHG�LQ�WKLV�VWXG\
���ZLWK�VWDQGDUG�GHYLDWLRQ�RI�����������)RXUWHHQ�SDWLHQWV�ZHUH�SRVLWLYH�IRU�SHOYLF�IUDFWXUH�RQ�FOLQLFDO�H[DPLQDWLRQ�DQG�SRVLWLYH�RQ�3;5�FDWHJRUL]HG�DV
WUXH�SRVLWLYH��73���IRXUWHHQ�SDWLHQWV�ZHUH�SRVLWLYH�IRU�SHOYLF�IUDFWXUH�RQ�FOLQLFDO�H[DP�EXW�QHJDWLYH�RQ�3;5�DQG�FDWHJRUL]HG�DV�IDOVH�SRVLWLYH��)3���WZR
SDWLHQWV�ZHUH�QHJDWLYH�IRU�SHOYLF�IUDFWXUH�RQ�FOLQLFDO�H[DP�EXW�SRVLWLYH�RQ�3;5�FDWHJRUL]HG�DV�IDOVH�QHJDWLYH��)1���RQH�KXQGUHG�DQG�WKUHH�SDWLHQWV
ZHUH�QHJDWLYH�IRU�SHOYLF�IUDFWXUH�ERWK�RQ�FOLQLFDO�H[DP�DQG�3;5�DQG�ZHUH�ODEHOOHG�DV�WUXH�QHJDWLYH��71��

6HQVLWLYLW\��6SHFLILFLW\��3RVLWLYH�SUHGLFWLYH�YDOXH�DQG�1HJDWLYH�SUHGLFWLYH�YDOXH�ZHUH�FDOFXODWHG�E\�XVLQJ�WZR�;�WZR�WDEOH��6HQVLWLYLW\�RI�FOLQLF
H[DPLQDWLRQ�ZDV�IRXQG�WR�EH��������6SHFLILFLW\���������3RVLWLYH�3UHGLFWLYH�9DOXH�����DQG�1HJDWLYH�SUHGLFWLYH�YDOXH��������

&RQFOXVLRQ��,Q�UHODWLRQ�WR�DERYH�PHQWLRQ�ILQGLQJV�QHZ�SURWRFRO�FDQ�EH�DGYLVHG�IRU�DOHUW�DQG�DZDNH�SDWLHQWV�DQG�SHOYLF�[�UD\�FDQ�EH�DYRLGHG�KHOSLQJ
LQ�UHGXFLQJ�WKH�ILQDQFLDO�EXUGHQ�WR�SDWLHQW��UHGXFLQJ�HPHUJHQF\�KDVVOH�DQG�XQQHFHVVDU\�UDGLDWLRQ���



3(',$75,&6 (UDQ�.R]HU

��������+\SHUS\UH[LD�DV�D�SUHGLFWRU�IRU�VHULRXV�EDFWHULDO�LQIHFWLRQ��6%,��LQ�FKLOGUHQ�v�D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1RD�5RVHQIHOG�<HKRVKXD������6KLUL�%DUNDQ������,EUDKLP�$EX�.LVKN������0HLUDY�%RRFK������5XWK�6XKDPL������(UDQ�.R]HU����

���3HGLDWULF�,QWHQVLYH�&DUH�8QLW��$VVDI�+DURIHK�0HGLFDO�&HQWHU��=HULILQ��,65$(/
���3HGLDWULF�(PHUJHQF\�8QLW��$VVDI�+DURIHK�0HGLFDO�&HQWHU��=HULILQ��,65$(/
���0HGLFDO�/LEUDU\��$VVDI�+DURIHK�0HGLFDO�&HQWHU��=HULILQ��,65$(/
���*LWWHU�6PRODU]�/LIH�6FLHQFH�	�0HGLFLQH�/LEUDU\��7HO�$YLY�8QLYHUVLW\��7HO�$YLY��,65$(/
���3HGLDWULF�(PHUJHQF\�8QLW��$VVDI�+DURIHK�0HGLFDO�&HQWHU��7HO�$YLY�8QLYHUVLW\��=HULILQ��,65$(/

.H\ZRUGV��)HYHU��K\SHUS\UH[LD��FKLOGUHQ��EDFWHULDO�LQIHFWLRQ��PHWD�DQDO\VLV

$EVWUDFW��

,PSRUWDQFH��)HYHU�LV�RQH�RI�WKH�PRVW�FRPPRQ�V\PSWRPV�LQ�FKLOGUHQ��,W�LV�QRW�FOHDU�LI�FKLOGUHQ�ZLWK�KLJK�IHYHU�DUH�DW�LQFUHDVHG�ULVN�IRU�VHULRXV
EDFWHULDO�LQIHFWLRQ��6%,���

2EMHFWLYHV��7R�V\VWHPDWLFDOO\�UHYLHZ�DQG�WR�SHUIRUP�D�PHWD�DQDO\VLV��LQ�RUGHU�WR�GHWHUPLQH�ZKHWKHU�FKLOGUHQ�VXIIHULQJ�IURP�KLJK�IHYHU�DUH�DW�KLJK
ULVN�IRU�6%,�

'DWD�VRXUFHV��7KH�IROORZLQJ�GDWDEDVHV�ZHUH�VHDUFKHG�IURP�WKHLU�LQFHSWLRQ�XQWLO�WKH�ODVW�ZHHN�RI�'HFHPEHU�������(PEDVH��YLD�(PEDVH�FRP��
0HGOLQH��YLD�2YLG63��DQG�3XEPHG�

6WXG\�VHOHFWLRQ��&RKRUW�DQG�FDVH�FRQWURO�VWXGLHV�FRPSDULQJ�WKH�LQFLGHQFH�RI�6%,�LQ�FKLOGUHQ�ZLWK�D�WHPSHUDWXUH�KLJKHU�WKDQ����&���ZLWK�FKLOGUHQ
ZLWK�IHYHU�RI����&�RU�OHVV��DQG�FKLOGUHQ�ZLWK�D�WHPSHUDWXUH�KLJKHU�WKDQ����&��ZLWK�FKLOGUHQ�ZLWK�IHYHU�RI����&�RU�OHVV�

'DWD�H[WUDFWLRQ�DQG�V\QWKHVLV��%DVHG�RQ�D�SUHOLPLQDU\�UHYLHZ��WZR�UHYLHZHUV�LQGHSHQGHQWO\�SRROHG�VWXGLHV�IRU�GHWDLOHG�UHYLHZ�XVLQJ�D
VWUXFWXUHG�GDWD�FROOHFWLRQ�IRUP��:H�FDOFXODWHG�WKH�RGGV�UDWLR�DQG�����FRQILGHQFH�LQWHUYDOV��&,��IRU�6%,��DVVXPLQJ�D�UDQGRP�HIIHFWV�PRGHO��$
VXE�JURXS�DQDO\VLV�ZDV�FRQGXFWHG�EDVHG�RQ�DJH�

0DLQ�RXWFRPH�DQG�PHDVXUHV��6%,

5HVXOWV��7HQ�VWXGLHV�PHW�WKH�LQFOXVLRQ�FULWHULD���2QO\�WZR�VWXGLHV�FRPSDUHG�FKLOGUHQ�ZLWK�WHPSHUDWXUH�RYHU����&�ZLWK�FKLOGUHQ�ZLWK�OHVVHU�GHJUHH�RI
IHYHU��&KLOGUHQ�ZLWK�WHPSHUDWXUH�RYHU����&�KDG�KLJKHU�ULVN�IRU�6%,��25���������&,������������1LQH�VWXGLHV�UHSRUWHG�RQ�FKLOGUHQ�ZLWK�WHPSHUDWXUH
RYHU����&��7KH�VXPPDU\�HQG�SRLQW�VXJJHVWV�DQ�LQFUHDVHG�ULVN�IRU�6%,�LQ�FKLOGUHQ�ZLWK�KLJK�IHYHU��25����������&,�������������:KHQ�DQDO\]LQJ�WKH
VWXGLHV�UHSRUWLQJ�RQ�\RXQJ�LQIDQWV��WKH�RGGV�UDWLR�IRU�6%,�LQ�FKLOGUHQ�ZLWK�WHPSHUDWXUH�RYHU����&�ZDV�KLJKHU�FRPSDUHG�WR�LQIDQWV�ZLWK�ORZHU�GHJUHH
RI�IHYHU��25���������&,�������������)RXU�VWXGLHV�UHSRUWHG�RQ�ROGHU�FKLOGUHQ��WKH�RGGV�UDWLR�IRU�6%,�LQ�FKLOGUHQ�ZLWK�KLJK�IHYHU�ZDV�RQO\�VOLJKWO\�KLJKHU
WKDQ�LQ�FKLOGUHQ�ZLWK�ORZHU�GHJUHH�RI�IHYHU��25����������&,������������

&RQFOXVLRQV�DQG�UHOHYDQFH��<RXQJ�LQIDQWV�ZLWK�WHPSHUDWXUH�KLJKHU�WKDQ����&�DUH�DW�LQFUHDVHG�ULVN�IRU�6%,��&RPSDUHG�ZLWK�FKLOGUHQ�ZKR�KDYH
ORZHU�GHJUHH�RI�IHYHU��WKH�ULVN�RI�6%,�LQ�ROGHU�FKLOGUHQ�ZLWK�WHPSHUDWXUH�!���&�LV�PLQLPDO�



35(�+263,7$/���(06���287�2)�+263,7$/ $/$6'$,5�&25),(/'

��������0XOWLFHQWUH�YDOLGDWLRQ�RI�$03'6�FRGH�ZLWK�,&8�DGPLVVLRQ�DQG����GD\�PRUWDOLW\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$ODVGDLU�&RUILHOG������5RRQH\�.HYLQ������.HOO\�3DXO������6WHZDUW�(ODLQH������6LOFRFN�'DQQ\����

���(PHUJHQF\�'HSDUWPHQW��5R\DO�$OH[DQGUD�+RVSLWDO��3DLVOH\��8.
���+HDOWK�&DUH�,PSURYHPHQW��8QLYHUVLW\�RI�:HVW�RI�6FRWODQG��+DPLOWRQ��8.
���&OLQLFDO�*RYHUQDQFH��6FRWWLVK�$PEXODQFH�6HUYLFH��'XQGHH��8.
���,QWHQVLYH�&DUH��1+6�*UHDWHU�*ODVJRZ�	�&O\GH��*ODVJRZ��8.

.H\ZRUGV��HPHUJHQF\�PHGLFDO�VHUYLFHV��PRUWDOLW\��$03'6

$EVWUDFW��

,QWURGXFWLRQ

$OJRULWKLP�EDVHG�GLVSDWFK�FRGHV�DUH�ZLGHO\�XVHG�DPRQJVW�DPEXODQFH�VHUYLFHV�WR�SULRULWLVH�GLVSDWFK�RI�DPEXODQFH�UHVRXUFHV��7KLV�SULRULWLVDWLRQ�LV
EDVHG�RQ�SHUFHLYHG�XUJHQF\�DW�WKH�WLPH�RI�GLVSDWFK��7KHUH�LV�OLWWOH�GHVFULEHG�LQ�WKH�OLWHUDWXUH�DERXW�KRZ�WKLV�SHUFHLYHG�OHYHO�RI�XUJHQF\�DW
DPEXODQFH�GLVSDWFK�UHODWHV�WR�ORQJ�WHUP�RXWFRPH�

$LP

7R�GHWHUPLQH�ZKHWKHU�WKH�$03'6�GLVSDWFK�FRGH�ZDV�D�SUHGLFWRU�RI�D�FRPSRVLWH�RXWFRPH�RI�PRUWDOLW\�ZLWKLQ����GD\V�DQG�RU�,&8�DGPLVVLRQ�ZLWKLQ
WZR�GD\V�

0HWKRGV

$OO�DGXOW�SDWLHQWV�DWWHQGHG�WR�E\�WHQ�6FRWWLVK�$PEXODQFH�6HUYLFH��6$6��SDUDPHGLFV�ZRUNLQJ�DFURVV���FHQWUHV�RYHU�D����PRQWK�SHULRG��'DWD�IRU�DOO
SDWLHQWV�LQ�WKH�VWXG\�ZDV�REWDLQHG�IURP�WKH�HOHFWURQLF�UHFRUGV�YLD�WKH�6$6�'DWD�:DUHKRXVH��7KLV�GDWD�ZDV�WKHQ�PDWFKHG�ZLWK�WKH�UHFHLYLQJ
,QWHQVLYH�&DUH�8QLWV�DQG�KRVSLWDO�LQIRUPDWLRQ�V\VWHPV�WR�DVFHUWDLQ�RXWFRPH�

5HVXOWV

$�WRWDO�RI������SDWLHQWV�ZHUH�DYDLODEOH�IRU�DQDO\VLV��&RPSOHWH�GDWD�RQ�$03'6�FRGH�DQG�RXWFRPH�ZDV�DYDLODEOH�IRU�������������������

7KH�PHDQ�DJH�RI�VXEMHFWV�LQ�WKH�VWXG\�ZDV������\HDUV������&,������WR�������ZLWK�������RI�VXEMHFWV�EHLQJ�PDOH�JHQGHU�

5HJDUGLQJ�RXWFRPH�������RI�VXEMHFWV�ZHUH�DGPLWWHG�WR�DQ�,QWHQVLYH�&DUH�8QLW�ZLWKLQ����KRXUV�DQG������RI�VXEMHFWV�GLHG�ZLWKLQ����GD\V�RI�WKH�LQLWLDO
DPEXODQFH�FDOO��7KH�FRPELQHG�RXWFRPH�RI�,&8�DGPLVVLRQ�ZLWKLQ����KRXUV�RU�GHDWK�ZLWKLQ����GD\V�FRQWDLQHG������RI�DOO�VXEMHFWV��6RPH�VXEMHFWV
ZHUH�LQ�ERWK�RI�WKHVH�JURXSV�

7KHUH�ZHUH�D�WRWDO�RI�����GLIIHUHQW�$03'6�FRGHV�XVHG�WR�GLVSDWFK�DQ�DPEXODQFH�UHVRXUFH�WR�WKH�VXEMHFWV�LQ�RXU�VWXG\�

���RI�����FRGHV�KDG�PRUH�WKDQ����VXEMHFWV�GLVSDWFKHG��,Q�WKLV�JURXS�RI����FRGHV�WKH�FRPELQHG�RXWFRPH�PHDVXUH�DJDLQ�YDULHG�EHWZHHQ���DQG������
ZLWK�D�PHGLDQ�RI������

��RI�WKH����FRGHV��FRYHULQJ�����VXEMHFWV��KDG�D�����RU�JUHDWHU�UDWH�RI�WKH�FRPELQHG�RXWFRPH�PHDVXUH�RI�,&8�DGPLVVLRQ�ZLWKLQ����KRXUV�RU�GHDWK
ZLWKLQ����GD\V�

���RI�WKH����FRGHV��FRYHULQJ�����VXEMHFWV��KDG�QR�VXEMHFWV�DVVRFLDWHG�ZLWK�D�FRPELQHG�RXWFRPH�PHDVXUH�RI�,&8�DGPLVVLRQ�ZLWKLQ����KRXUV�RU�GHDWK
ZLWKLQ����GD\V�

'LVFXVVLRQ

�

7KLV�GDWD�LV�WKH�ILUVW�WR�OLQN�LQLWLDO�$03'6�FRGLQJ�WR�PHGLXP�WHUP�RXWFRPHV�VXFK�DV�,&8�DGPLVVLRQ�RU����GD\�PRUWDOLW\��)LUVWO\�WKH�GDWD�IURP�RXU
VWXG\�VKRZV�WKDW�WKLV�LV�IHDVLEOH�

�

:H�DOVR�VKRZ�WKDW�WKHUH�LV�D�ZLGH�YDULDWLRQ�LQ�RXWFRPHV�DFFRUGLQJ�WR�$03'6�FRGH��6RPH�FRGHV��VXFK�DV�FDUGLDF�DUUHVW��DUH�DVVRFLDWHG�ZLWK�D�KLJK
LQFLGHQFH�RI�DGYHUVH�RXWFRPH���6RPH�RWKHU�OHVV�VSHFLILF�FRGHV�VXFK�DV�VLFN�SHUVRQ�XQZHOO�DUH�DOVR�DVVRFLDWHG�ZLWK�D�KLJK�LQFLGHQFH�RI�DGYHUVH
RXWFRPH�

�

&RQYHUVHO\��VRPH�FRGHV�KDYH�QR�DGYHUVH�RXWFRPHV�DVVRFLDWHG�ZLWK�WKHP��$OWKRXJK�WKHVH�DUH�EDVHG�RQ�ORZ�DEVROXWH�QXPEHUV��WKLV�PD\�VXSSRUW



GRZQ�JUDGLQJ�RU�UHJDUGLQJ�RI�VRPH�GLVSDWFK�FRGHV�

�

7KHVH�ILQGLQJV�ZLOO�UHTXLUH�UHSOLFDWLRQ�LQ�D�PXFK�ELJJHU�FRKRUW�WR�FRQILUP�LWV�DFFXUDF\�DW�DQ�DFFHSWDEOH�OHYHO��KRZHYHU�WKH\�RSHQ�WKH�SRVVLELOLW\�RI
EDVLQJ�GLVSDWFK�FRGHV�EDVHG�RQ�KDUG�RXWFRPHV�VXFK�DV�,&8�DGPLVVLRQ�RU����GD\�PRUWDOLW\��UDWKHU�WKDQ�MXVW�LPPHGLDWH�RXWFRPHV�



3(',$75,&6 &ROLQ�:RQJ

��������0DQDJHPHQW�RI�FKLOGUHQ�SUHVHQWLQJ�ZLWK�'HOLEHUDWH�6HOI�+DUP�LQ�D�PHGLXP�VL]HG�'LVWULFW�*HQHUDO�+RVSLWDO

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&ROLQ�:RQJ������+RZLH�,VDDF����

���3DHGLDWULFV��1+6��&KHVWHU��8.

.H\ZRUGV��'HOLEHUDWH�6HOI�+DUP��6WDII�$WWLWXGHV��&KLOGUHQ��$GROHVFHQWV��6DIHJXDUGLQJ��3DUDFHWDPRO��$QWL�'HSUHVVDQWV��6XUYH\

$EVWUDFW��

,QWURGXFWLRQ

'HOLEHUDWH�VHOI�KDUP��'6+��LV�UHDFKLQJ�HSLGHPLF�SURSRUWLRQV�LQ�WKH�8.�DGROHVFHQW�SRSXODWLRQ�ZLWK�DQ�HVWLPDWHG��������RI�\RXQJ�SHRSOH
VHOI�KDUPLQJ�DQG�&KLOGOLQH�HVWLPDWLQJ�D�����LQFUHDVH�LQ�GHOLEHUDWH�VHOI�KDUP�LQ�FKLOGUHQ�ZKLFK�WLHV�LQ�ZLWK�3XEOLF�+HDOWK�(QJODQG�ILJXUHV�JLYLQJ�D����
ULVH�LQ�WHQ�\HDUV��7KLV�HTXDWHV�WR�DERXW��������DWWHQGDQFHV�SHU�DQQXP�LQ�(QJODQG�IRU�XQGHU���V�

3HRSOH�ZKR�GHOLEHUDWHO\�VHOI�KDUP�KDYH�D����WLPHV�JUHDWHU�ULVN�RI�FRPSOHWLQJ�VXLFLGH�WKDQ�WKH�JHQHUDO�SRSXODWLRQ�

0DQDJLQJ�SDWLHQWV�SUHVHQWLQJ�ZLWK�'HOLEHUDWH�6HOI�+DUP�LV�DQ�DUHD�WKDW�PDQ\�KHDOWKFDUH�SURIHVVLRQDOV�IHHO�XQFRPIRUWDEOH�ZLWK�

0HWKRG

:H�HVWDEOLVKHG�KRZ�FKLOGUHQ�DQG�\RXQJ�SHRSOH�XQGHU�WKH�DJH�RI����SUHVHQWLQJ�ZLWK�'HOLEHUDWH�6HOI�+DUP�WR�D�PHGLXP�VL]HG�'LVWULFW�*HQHUDO
+RVSLWDO�ZHUH�PDQDJHG�ZLWK�UHJDUG�WR�ORFDO�DQG�1DWLRQDO�,QVWLWXWH�RI�&OLQLFDO�([FHOOHQFH��1,&(��JXLGHOLQHV�WKURXJK�D�UHWURVSHFWLYH�DXGLW�RI�FDVH
QRWHV�

,Q�DGGLWLRQ�WR�WKLV�ZH�FRQGXFWHG�D�VXUYH\�RI����FOLQLFDO�VWDII�ZRUNLQJ�LQ�WKH�3DHGLDWULF�'HSDUWPHQW��WKH�(PHUJHQF\�'HSDUWPHQW��WKH�0HGLFDO
$VVHVVPHQW�8QLW�DQG�RWKHU�FOLQLFDO�VXSSRUW�WHDPV�WR�LGHQWLI\�WUDLQLQJ�UHFHLYHG�DQG�KRZ�FRPSHWHQW�DQG�FRPIRUWDEOH�VWDII�IHOW�GHDOLQJ�ZLWK�FKLOGUHQ
ZKR�SUHVHQWHG�ZLWK�'6+�

5HVXOWV

$�WRWDO�RI�����HSLVRGHV�RI�'6+�LQ���V�DQG�XQGHU�ZHUH�LGHQWLILHG�LQ�D�ILIWHHQ�PRQWK�SHULRG�

&RPSOLDQFH�ZLWK�WKH�ORFDO�JXLGOHLQHV�DQG�1,&(�JXLGDQFH�UDQJHG�EHWZHHQ����DQG������IRU�YDULRXV�LWHPV��/RRNHG�DIWHU�&KLOGUHQ�DQG�0XOWLSOH
DWWHQGHUV�PDGH�XS�WKH�PDMRULW\�RI�DWWHQGDQFHV�

)LYH�FKLOGUHQ�ZHUH�UHVSRQVLEOH�IRU�����RI�DOO�'HOLEHUDWH�6HOI�+DUP�SUHVHQWDWLRQV�WR�WKLV�(PHUJHQF\�'HSDUWPHQW��('��

)LIWHHQ�FKLOGUHQ�KDG���RU�PRUH�SUHVHQWDWLRQV��2QH�KDG����DWWHQGDQFHV�

����RI�'6+�DWWHQGDQFHV�ZHUH�E\�FKLOGUHQ�NQRZQ�WR�VRFLDO�VHUYLFHV������RI�SUHVHQWDWLRQV�WR�WKH�('�ZHUH�E\�SV\FKLDWULF�LQSDWLHQWV�DW�WKH�WLPH�RI�WKH
HSLVRGH������RI�DWWHQGDQFHV�ZHUH�IRU�RYHUGRVH�ZLWK�SUHVFULEHG�DQWLGHSUHVVDQWV��2QH�SDWLHQW�RYHUGRVHG�ZKLOVW�DGPLWWHG�DQG�DZDLWLQJ�WUHDWPHQW�IRU
DQRWKHU�RYHUGRVH�

7ZR�WKLUGV�RI�SUHVHQWDWLRQV�ZHUH�IRU�SRWHQWLDOO\�IDWDO�RYHUGRVHV�

3DUDFHWDPRO�DV�ZHOO�DV�DQWLGHSUHVVDQW�DQG�16$,'�RYHUGRVH�ZHUH�E\�IDU�WKH�PRVW�FRPPRQ�SUHVHQWLQJ�FRPSODLQWV�IROORZHG�E\�ODFHUDWLRQV�

����RI�VWDII�UHVSRQGHQWV�ZKR�GHDO�ZLWK�FKLOGUHQ�KDYH�UHFHLYHG�QR�WUDLQLQJ�LQ�KRZ�WR�PDQDJH�'6+�LQ�FKLOGUHQ��WZR�WKLUGV�IHOW�WKH\�KDG�UHFHLYHG
LQDGHTXDWH�WUDLQLQJ��$�WKLUG�ZHUH�ZHUH�QRW�FRQILGHQW�LQ�KDQGOLQJ�FKLOGUHQ�SUHVHQWLQJ�ZLWK�'6+�

�����RI�VWDII�VXUYH\HG�DJUHHG�RU�VWURQJO\�DJUHHG�WKH\�ZRXOG�EHQHILW�IURP�IXUWKHU�WUDLQLQJ�

&RQFOXVLRQV

7KHUH�ZHUH�ODUJH�YDULDQFHV�LQ�KRZ�IURQW�OLQH�VWDII�DVVHVVHG�FKLOGUHQ�PHGLFDOO\�DQG�SV\FKRVRFLDOO\��6WDII�IHHO�WKHLU�WUDLQLQJ�FRXOG�EH�EHWWHU��7KHUH
PD\�EH�D�OLQN�

$�IRUPDO��VWUXFWXUHG�SDWKZD\�QHHGV�WR�EH�FRQVLGHUHG�IRU�FKLOGUHQ�SUHVHQWLQJ�ZLWK�'6+�

6WDII�WUDLQLQJ�QHHGV�WR�EH�LPSURYHG�WKURXJKRXW�WKH�WUXVW�LQFOXGLQJ�DUHDV�ZKHUH�DGROHVFHQWV�PD\�EH�DGPLWWHG�DQG�WUHDWHG�DV�DGXOWV�



6RFLDO�6HUYLFHV�LQYROYHPHQW�VKRXOG�EH�FRQVLGHUHG�IRU�PXOWLSOH�DWWHQGHUV�

,W�LV�HVVHQWLDO�*HQHUDO�3UDFWLWLRQHUV�SUHVFULELQJ�DQWL�GHSUHVVDQWV�WR�\RXQJ�SHRSOH�FRQVLGHU�WKH�ULVN�RI�'HOLEHUDWH�6HOI�+DUP�



&$6(�35(6(17$7,21 /8&,$1$�7(2'25$�527$58

��������$IWHU�FDUGLDF�DUUHVW���GLOHPPDV�LQ�D�FDVH�RI�DFXWH�FRURQDU\�V\QGURPH�E\�OXSXV�YDVFXOLWLV�GLVHDVH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/XFLDQD�5RWDUX������&ULVWLDQ�%RHULX������/HWLWLD�%RMLQ������9LUJLQLD�$UPHJD����

���('���6085'��8QLYHUVLW\�&RXQW\�+RVSLWDO��&UDLRYD��520$1,$
���('��&RXQW\�KRVSLWDO�����7DUJX�0XUHV��520$1,$
���HPHUJHQF\�GHSDUWPHQW��8QLYHUVLW\�&RXQW\�+RVSLWDO��&UDLRYD��520$1,$
���('��&RXQW\�+RVSLWDO�&UDLRYD�����&UDLRYD��520$1,$

.H\ZRUGV��FDUGLR�UHVSLUDWRU\�DUUHVW��DFXWH�FRURQDU\�V\QGURPH��&$'��V\VWHPLF�OXSXV�HU\WKHPDWRVXV��DQWLFDUGLROLSLQ�DQWLERGLHV

$EVWUDFW��

%DFNJURXQG��&$'�DV�DQ�LPSRUWDQW�FDXVH�RI�FDUGLR�UHVSLUDWRU\�DUUHVW�DQG�VXGGHQ�GHDWK��KDV�KRZHYHU��VSHFLDOO\�WR�\RXQJ�SHRSOHV��VR�PXFK
SDUWLFXODU�IDFHV�WR�FRQILUP�IRU�HDUO\�DQG�DGHTXDWH�PDQDJHPHQW��VRPH�RI�WKHVH�GLIILFXOW�WR�H[SORUH�RU�LPSOHPHQW�GXULQJ�FDUGLDF�DUUHVW�

3XUSRVH�RI�WKH�VWXG\�ZDV�WR�KLJKOLJKW�WKH�VSHFLILF�SUDFWLFDO�LVVXHV�UHODWHG�WR�D�VSHFLDO�FRURQDU\�DUWHU\�RFFOXVLRQ�HWLRORJ\��RXWFRPH�LPSDFW�DQG
VXEVHTXHQW�SUHYHQWLRQ��IRU�D�FDUGLDF�DUUHVW�FDVH�RFFXUULQJ�DW�D�YHU\�\RXQJ�DJH�ZRPHQ��FDXVHG�E\�QRQ�XVXDO�FRURQDU\�DUWHU\�GLVHDVH�LQ�V\VWHPLF
YDVFXODU�LQIODPPDWRU\�GLVHDVH�FRQWH[W

&DVH�SUHVHQWDWLRQ�Ä�D����\HDUV�ZRPHQ�ZLWK�VXGGHQ��LQ�KRVSLWDO��FDUGLR�UHVSLUDWRU\�DUUHVW��UHIUDFWRU\�9)���1R�VLJQLILFDQW�SHUVRQDO�RU�IDPLO\
SDWKRORJLFDO�KLVWRU\�RU�SURGURPH�

3URPSW�UHVXVFLWDWLRQ�LQ�VFHQH�E\�KRVSLWDO�UHVXVFLWDWLRQ�WHDP��(DUO\�DIWHU�526&��HFKRFDUGLRJUDSK\�VXJJHVWV�DNLQHVLV�]RQH�DQG�PLWUDO�YDOYH
YHJHWDWLRQ�VXJJHVWLYH�IRU�HQGRFDUGLWLV��(&*�Ä�DQWHURVHSWDO�DFXWH�67(0,��/RZ�OHYHO�RI�/'/��17�Ä�SUR%13�Ä����SJ�PO��FUHDWLQLQH�OHYHO�Ä�����PJ��

7KH�FRURQDURJUDSK\�LGHQWLILHV�D�P\RFDUGLDO�QHFURVLV�DUHD�DQG�YDVFXODU�FKDQJHV�VXJJHVWLYH�IRU�DXWRLPPXQH�YDVFXOLWLV��QR�HOHPHQWV�IRU�FRURQDU\
DUWHU\�DWKHURVFOHURWLF�SODTXHV�RU�VSDVP��&RPSOHWLRQ�RI��LPDJLVWLF��&7�DQJLRJUDSK\�DQG�FDUGLDF�50,��DQG�ODERUDWRU\�WHVWV�UHYHDO�HOHPHQWV�RI
FRQILUPDWLRQ�RI�V\VWHPLF�OXSXV�HU\WKHPDWRVXV�GLVHDVH�ZLWK�GLIIXVH�FRURQDU\�DUWHU\�YDVFXOLWLV�DQG��VXEFOLQLFDO�UHQDO�GHWHUPLQDWLRQV��$QWLFDUGLROLSLQ
DQWLERGLHV�IRXQGHG�

,Q�WHUPV�RI�SURPSW�DQG�YLJRURXV�UHVXVFLWDWLRQ��JHQHUDO�DQHVWKHVLD�PDLQWDLQLQJ�DQG�LPPHGLDWHO\�DLU�HYDFXDWLRQ�WR�D�LQWHUYHQWLRQDO�OHYHO�,�FDUGLRORJ\
FHQWHU��P\RFDUGLDO�QHFURVLV�ZDV�UHVWULFWHG�WR�D�VPDOO�DSLFDO�WHUULWRU\��(YROXWLRQ�ZLWKRXW�FHUHEUDO�VHTXHODH��DFXWH�KHDUW�IDLOXUH�SKHQRPHQD�RU�VLJQV�RI
KHDUW�IDLOXUH�DW���PRQWKV�

&RQFOXVLRQV

��������)�RFXVLQJ�RQ�GLIIHUHQWLDWLRQ�FDXVHV�RI�&$'�WR�D�\RXQJ�ZRPHQ�ZLWKRXW�DQ\�ULVN�HOHPHQWV�IRU�FRURQDU\�DUWHU\�DWKHURVFOHURVLV�ZDV�IURP�WKH
EHJLQLQJ�D�WDUJHW

��������2EVHUYLQJ�DQWHULRU�PLWUDO�YDOYH�FKDQJHV�VXJJHVWLQJ�HQGRFDUGLWLV�KDV�EHHQ�WKH�PDLQ�UHDVRQ�IRU�WDUJHWLQJ�SULPDU\�LQWHUYHQWLRQDO�FDUGLRORJ\

��������7KH�PDLQ�WKHUDSHXWLF�GLOHPPD�ZDV�WR�UHIUDLQ�IURP�WKH�LQLWLDO�WKURPERO\VLV�GXULQJ�UHVXVFLWDWLRQ��,15�����VSRQWDQHRXVO\��HYHQ�ZLWK
DSSUR[LPDWHO\���
�GHOD\�DQWLFLSDWLRQ�WR�SULPDU\�3&,

��������/XSXV�YDVFXOLWLV�GLVHDVH�H[LVWHQFH�JHQHUDWHG�D�GHEDWH�DERXW�W\SH��WKHUPV��ULVNV�DQG�EHQHILWV�RI�DQWLSODWHOHW�DJHQWV�XVH�

��������,PPXQRVXSSUHVVLYH���FRUWLFRLGH�WKHUDS\�FRPELQDWLRQ�EULQJV�LQWR�TXHVWLRQ�WKH�VXEVHTXHQW�FRURQDU\�ULVN�DXJPHQWDWLRQ�WKURXJK�WKH�VLGH�HIIHFWV
RI�WKLV�WKHUDS\��HYHQ�LQ�FRQGLWLRQV�RI�YDVFXOLWLV�GLVHDVH�LPSDFW�FRQWURO��ZKLFK��LQ�WXUQ��UHTXLUHV�FXVWRPL]LQJ�LPDJLQJ�UHVRXUFHV�DOJRULWKP

��������7KH�UHFXUUHQFH�ULVN�RI�PDOLJQDQW�DUU\K\WKPLDV�UHPDLQV�KLJK��OHDGLQJ�WR�HYDOXDWH�GHILEULOODWRU�LPSODQWDWLRQ�EHQHILWV

/HUQLQJ�SRLQWV

<RXQJ��KHDOWK\�SHRSOHV�GHYHORSLQJ�DQ�$&6��DUH�VWURQJO\�VXVSHFWHG�WR�KDYH�VSHFLDO�HWLRORJ\�RI�&$'��RWKHU�WKDQ�WKURPERWLF

,Q�WKDW�FLUFXPVWDQFHV�SULPDU\�3&,�VWURQJO\��HDUO\�LQGLFDWHG

6SHFLDO�LQYHVWLJDWLRQ��&7�DQJLRJUDSK\��FDUGLDF�50,����HQGRP\RFDUGLDO�ELRSV\��QXFOHDU�VWXG\���LQIODPPDWRU\���LPPXQRORJLF�WHVWV��ULVN�VFRUH
DVVHVVPHQW�UHPDLQV�PDQGDWRU\�WR�GLUHFW�WKHUDS\

7KHUH�LQ�XQFOHDU�KRZ�DQWLWKURPERWLF�WKHUDS\�LQIOXHQFHV�WKH�ODWH�SURJQRVLV��RU�LI�WKURPERO\VLV�GXULQJ�UHVXVFLWDWLRQ��&$'�ZLWK�XQNQRZQ�HWLRORJ\��
LQIOXHQFHV�526&��RU�VXUYLYDO�FKDQFH

5HIHUHQFHV�

$OL�.DUUDU��:LQVWRQ�6HTXHLUD��-RHO�$��%ORFN�&RURQDU\�DUWHU\�GLVHDVH�LQ�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��$�UHYLHZ�RI�WKH�OLWHUDWXUH��6HPLQDUV�LQ�$UWKULWLV



DQG�5KHXPDWLVP��-XQH�������9RO����������Ä�����GRL���������VDUK�����������



,17(59(17,216 VDQGUD�VFKQHLGHU

��������(PHUJHQF\�SK\VLFLDQ�NQRZOHGJH�RI�DQDSK\OD[LV�LQ�86

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

VDQGUD�VFKQHLGHU������GDYLG�VNODU������HVWHU�FKRR������O\QQH�ULFKDUGVRQ����

�����QRQH��,UYLQJ��W[��86$
�����QRQH��$OEHTXHUTXH��10��86$
�����QRQH��3URYLGHQFH��UL��86$
�����QRQH��QHZ�\RUN��Q\��86$

.H\ZRUGV��DQDSK\OD[LV��NQRZOHGJH

$EVWUDFW��

$QDSK\OD[LV�UHTXLUHV�LPPHGLDWH�WUHDWPHQW�ZLWK�HSLQHSKULQH�WR�SUHYHQW�GHDWK��$OO�SK\VLFLDQV��EXW�HVSHFLDOO\�HPHUJHQF\�SK\VLFLDQV��VKRXOG�EH�DEOH
WR�UHFRJQL]H�DQG�WUHDW�SDWLHQWV�ZLWK�DQDSK\OD[LV��:KLOH�JXLGHOLQHV�VXJJHVW�WKDW�DOO�SDWLHQWV�EH�GLVFKDUJHG�ZLWK�VHOI�DGPLQLVWHUHG�HSLQHSKULQH��SULRU
VWXGLHV�VXJJHVW�WKDW�WKLV�SUDFWLFH�LV�QRW�XQLYHUVDO�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��+RZHYHU�WKHVH�VWXGLHV�GLG�QRW�DGMXVW�IRU�WKH�SRWHQWLDO�WKDW�SDWLHQWV
DOUHDG\�KDG�HSLQHSKULQH�DW�KRPH���:H�VRXJKW�WR�VXUYH\�HPHUJHQF\�SK\VLFLDQV��XVLQJ�D�UHSUHVHQWDWLYH�VDPSOH�RI�PHPEHUV�RI�WKH�$PHULFDQ�&ROOHJH
RI�(PHUJHQF\�3K\VLFLDQV��$&(3���UHJDUGLQJ�WKHLU�NQRZOHGJH�RI�DQDSK\OD[LV�DQG�LWV�WUHDWPHQW�

2EMHFWLYH��WR�GHWHUPLQH�LI�HPHUJHQF\�SK\VLFLDQV�NQRZ�WR�GLVFKDUJH�SDWLHQWV�ZLWK�VHOI�DGPLQLVWHUHG�HSLQHSKULQH��,Q�DGGLWLRQ�ZH�DVVHVVHG�WKH�VSHFLILF
WULJJHUV�RI�DQDSK\OD[LV��DQG�IROORZ�HVWDEOLVKHG�JXLGHOLQHV�IRU�FDUH�RI�WKHVH�SDWLHQWV�

0HWKRGV��$Q�RQ�OLQH�VXUYH\�ZDV�GLVWULEXWHG�WR�WKH�(PHUJHQF\�0HGLFLQH�3UDFWLFH�5HVHDUFK�1HWZRUN��(0351���D�JURXS�RI�$&(3�PHPEHUV�ZKR�KDYH
DJUHHG�WR�FRPSOHWH�VXUYH\V�RQ�D�TXDUWHUO\�EDVLV��(0351�PHPEHUVKLS�LV�UHSUHVHQWDWLYH�RI�$&(3�PHPEHUV�E\�JHRJUDSKLF�DUHD��VH[�DQG�DJH��7KH
VXUYH\�LQYLWDWLRQ�DQG���IROORZXS�UHPLQGHUV�ZHUH�VHQW�RXW�GXULQJ�WKH�VXUYH\�SHULRG�RI�������������6LPSOH�GHVFULSWLYH�VWDWLVWLFV�ZHUH�XVHG��*XLGHOLQHV
SXEOLVKHG�E\�WKH�$PHULFDQ�$FDGHP\�RI�$OOHUJ\�$VWKPD�DQG�,PPXQRORJ\���$$$$,��ZHUH�XVHG�DV�WKH�JROG�VWDQGDUG��7KHVH�JXLGHOLQHV�DUH�YHU\�VLPLODU
WR�WKRVH�SURGXFHG�E\�WKH�8QLWHG�.LQJGRP��$XVWUDOLD�DQG�WKH�:RUOG�$OOHUJ\�2UJDQL]DWLRQ

5HVXOWV��$�WRWDO�RI�����UHVSRQVHV�ZHUH�UHFHLYHG�IURP�WKH������PHPEHUV������ZHUH�PDOH��PHGLDQ�DJH����\HDUV��$OO�UHVSRQGHQWV�ZRXOG�SUHVFULEH
VHOI�DGPLQLVWHUHG�HSLQHSKULQH�DW�GLVFKDUJH������JOXFRFRUWLFRLGV������%HWD�DJRQLVWV������+��EORFNHUV��$OO�UHVSRQGHQWV�UHFRJQL]HG�LQVHFWV�DQG
SHDQXWV�FRXOG�FDXVH�DQDSK\OD[LV��KRZHYHU�IHZHU�UHVSRQGHQWV�FRUUHFWO\�LGHQWLILHG�RWKHU�WULJJHUV��([HUFLVH�ZDV�FRUUHFWO\�LGHQWLILHG�E\������JDUOLF�E\
�����PHQVHV�E\�����DQG�VSRQWDQHRXV�DQDSK\OD[LV�E\������+RZHYHU�����RI�UHVSRQGHQWV�LQGLFDWHG�VWHDN�FRXOG�FDXVH�DQDSK\OD[LV��$FXWH
DQDSK\OD[LV�KDV�QRW�EHHQ�UHSRUWHG��D�GHOD\HG�DOOHUJLF�W\SH�UHDFWLRQ�KDV�EHHQ�UHSRUWHG�LQ�D�IHZ�FDVH�VWXGLHV����2QO\������RI�UHVSRQGHQWV�FRUUHFWO\
LGHQWLILHG�WKH�OHQJWK�RI�WLPH�D�VWDEOH�SDWLHQW�VKRXOG�EH�REVHUYHG�DIWHU�WUHDWPHQW������KRXUV���DQG�����FRUUHFWO\�LGHQWLILHG�WKH�FRUUHFW�REVHUYDWLRQ
WLPH�IRU�DQ�LQLWLDOO\�K\SRWHQVLYH��XQVWDEOH�SDWLHQW��!��KRXUV��

&RQFOXVLRQ��7KLV�VWXG\�GHPRQVWUDWHV�WKDW�HPHUJHQF\�SK\VLFLDQV�GR�XQGHUVWDQG�WKH�QHHG�WR�SUHVFULEH�VHOI�DGPLQLVWHUHG�HSLQHSKULQH�RQ�GLVFKDUJH�
3ULRU�VWXGLHV�ZKLFK�VXJJHVWHG�WKDW�HPHUJHQF\�SK\VLFLDQV�GLG�QRW�SUHVFULEH�HSLQHSKULQH�PD\�EH�IODZHG�RU��RYHU�WLPH��SUDFWLFH�KDV�LPSURYHG�
+RZHYHU�WKHUH�DUH�VWLOO�LPSRUWDQW�NQRZOHGJH�JDSV�IRU�SK\VLFLDQV�ZKR�WUHDW�DQDSK\OD[LV�

�



&$6(�35(6(17$7,21 5$8/�)$//26�0$57,

��������0RP��L�KDWH�WKH�ILVK�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5$8/�)$//26�0$57,������&DUROLQD�)HUQ�QGH]�3DODFLRV������&HFLOLD�&DUUDVFR�9LGR]������5DTXHO�&DVHUR�*RPH]������3DWULFLD�%D]DQ�'RPLQJXH]�����
0DQXHO�-HVXV�5XL]�3RODLQD����

���HPHUJHQF\��+263,7$/�,1)$17$�/(2125��0$'5,'��63$,1
���HPHUJHQF\��+263,7$/�81,9(56,7$5,2�'(�*(7$)(��PDGULG��63$,1
���HPHUJHQF\��+263,7$/�81,9(56,7$5,2�'(�*(7$)(��0$'5,'��63$,1
���HPHUJHQF\��+263,7$/�6$1,7$6��0$'5,'��63$,1

.H\ZRUGV��$EGRPLQDO�SDLQ��ILVKERQH��HPHUJHQF\�URRP�

$EVWUDFW��

$����\HDU�ROG�ZRPDQ�ZLWK�DEGRPLQDO�SDLQ�ZDV�DGPLWWHG�WR�WKH�HPHUJHQF\�URRP��(5���7KH�DEGRPLQDO�SDLQ�VWDUWHG���KRXUV�DJR��ORFDWHG�LQ�ORZHU
DEGRPHQ��6KH�GLGQCW�VKRZ�QDXVHD��YRPLWLQJ�RU�DOWHUHG�ERZHO�UK\WKP��1R�IHYHU�ZDV�UHSRUWHG�

2Q�SK\VLFDO�H[DPLQDWLRQ��WKH�SDWLHQW�KDV�D�GLVWHQGHG�DEGRPHQ�ZLWKRXW�DVFLWLF�VHPLRORJ\��WHQGHUQHVV�PDLQO\�LQ�ORZHU�DEGRPHQ��1R�VLJQV�RI
SHULWRQLWLV��1R�&9$7��&RVWR�YHUWHEUDO�DQJOH�WHQGHUQHVV���/DERUDWRU\�WHVWV�ZHUH�QRUPDO�H[FHSW�IRU�&�UHDFWLYH�SURWHLQ��&53�������PJ�/��$EGRPLQDO
;UD\�ZDV�UHSRUWHG�DV�QRUPDO�

([DPLQHG�E\�*\QHFRORJ\�ZLWK�YDJLQDO�XOWUDVRXQG��DQQH[HV�ZHUH�QRUPDO�DQG�QR�IUHH�SHULRWHQDO�IOXLG�ZDV�GHWHFWHG���6KH�ZDV�GLVFKDUJHG�IURP
J\QHFRORJ\�GHSDUWPHQW�DQG�UHIHUUHG�WR�RXU�(5�DJDLQ�

.HSW�XQGHU�REVHUYDWLRQ�IRU���KRXUV�ZLWKRXW�DQ\�FKDQJHV��7KH�DQDO\WLFDO�H[DPLQDWLRQ�UHPDLQV�QRUPDO�H[FHSW�IRU�WKH�&53�ZDV�LQFUHDVLQJ�������PJ�/��
8OWUDVRQRJUDSK\�UHYHDOHG�GLVWHQGHG�JDOOEODGGHU��ZKLFK�VHYHUDO�SLFWXUHV�RI�FKROHOLWKLDVLV��1R�IUHH�IOXLG�LQ�WKH�DEGRPHQ�DQG�SHOYLV��$SSHQGL[�QRW
GLVSOD\HG��EXW�QRW�LQGLUHFW�XOWUDVRXQG�VLJQV�VXJJHVWLYH�RI�DFXWH�DSSHQGLFLWLV�ZHUH�LGHQWLILHG�

���KRXUV�DIWHU�WKH�DUULYDO�RI�WKH�(5��SDWLHQW�ZDV�UHHYDOXDWHG�ZLWKRXW�ORFDWLQJ�FKDQJHV�LQ�SK\VLFDO�H[DPLQDWLRQ�EXW�FRQWLQXRXV�LQFUHDVH�LQ�DFXWH
SKDVH�UHDFWDQWV��&53�����PJ�/���6LQFH�WKH�SK\VLFDO�H[DPLQDWLRQ�DQG�WKH�DQDO\WLFV�ILQGLQJV�ZHUH�QRW�FRUUHODWHG��DEGRPLQDO�&7�VFDQ�ZDV�SHUIRUPHG�
7KH�ILQGLQJV�ZHUH��LQ�OHIW�KHPLSHOYLV�D�ORRS�RI�VPDOO�LQWHVWLQH�GLVWHQGHG�ZLWK�GLVFUHWH�PXUDO�WKLFNHQLQJ�FLUFXPIHUHQWLDO�LGHQWLILHG��K\SHUGHQVH�OLQHDU
LPDJH�RI�DSSUR[LPDWHO\���FP�LQ�OHQJWK�WKURXJK�WKH�ULJKW�ZDOO�DQG�JRHV�WR�WKH�IDW�SDWK�H[WUD�OXPLQDO�PDLQO\�E\�FRQWDFWLQJ�DQRWKHU�VHJPHQW�RI�WKH
VPDOO�LQWHVWLQH�DQG�WKH�SRVWHULRU�ZDOO�RI�WKH�UHFWXP��FRPSDWLEOH�ZLWK�IRUHLJQ�ERG\��)%���SUREDEO\�ILVKERQH�

7KH�SDWLHQW�ZDV�RSHUDWHG�LQIUDXPELOLFDO�ODSDURWRP\��ERZHO�UHVHFWLRQ�ZLWK�PHFKDQLFDO�ODWHUR�ODWHUDO�DQDVWRPRVLV��1R�SRVWRSHUDWLYH�FRPSOLFDWLRQV
DUH�GHVFULEHG��EHLQJ�GLVFKDUJHG�IURP�KRVSLWDO�D�ZHHN�ODWHU�

',6&866,21

)%�LQJHVWLRQ�LV�XVXDOO\�HQFRXQWHUHG�LQ�FKLOGUHQ��,WCV�UDUH�LQ�DGXOWV���DERXW�����DQG�LV�XVXDOO\�FDXVHG�E\�ORQJ��VKDUS�REMHFWV��VXFK�DV�WRRWKSLFNV��ILVK
ERQHV�RU�QHHGOHV��7KH�PRVW�RI�WKH�LQJHVWHG�)%�PRYH�WKURXJK�JDVWURLQWHVWLQDO�WUDFW�ZLWKRXW�FDXVLQJ�FRPSOLFDWLRQV��HVSHFLDOO\�LI�WKH\�JHW�WKURXJK�WKH
HVRSKDJXV��3HUIRUDWLRQV�DUH�PRUH�FRPPRQ�LQ�VHJPHQWV�ZLWK�D�FORVHG�DQJXODWLRQ��DV�WKH�S\ORUXV��WKH�DQJOH�RI�7UHLW]��WKH�GLVWDO�LOHXP�DQG�UHFWR
VLJPRLG�MXQFWLRQ�

&OLQLFDO�SUHVHQWDWLRQ�LV�XVXDOO\�LQVLGLRXV�DQG�GLIILFXOW�WR�GLDJQRVH�XQOHVV�RFFXUV�D�FRPSOLFDWLRQ�RI�GULOOLQJ�LWVHOI�DV�DEVFHVV�IRUPDWLRQ��FRORUHFWDO
ILVWXODV��FRORYHVLFDO�DQG�HQWHU�YDVFXODU��SVHXGR�WXPRU�RI�RPHQWXP��EDFWHUHPLD�DQG�HQGRFDUGLWLV��3DWLHQWV�RIWHQ�GR�QRW�UHPHPEHU�WKH�KLVWRU\�RI
LQWDNH�ILVK�DQG�PD\�WDNH�PRQWKV�EHWZHHQ�LQWDNH�DQG�GULOOLQJ�

7KH�XWLOLW\�RI�DEGRPLQDO�UDGLRJUDSK\�LV�OLPLWHG��DQG�GHSHQGV�RQ�WKH�GHQVLW\�RI�WKH�ILVK�ERQH��&7�LV�VXSHULRU�WR�UDGLRJUDSK\�DQG�LW�FDQ�LGHQWLI\�WKH
FDXVH��GHWHFW�SDWKRORJLFDO�LQWHVWLQDO�FRPSOLFDWLRQV�DUHD�DQG�GULOOLQJ�LWVHOI��7KH�ILVK�ERQHV�DUH�W\SLFDOO\�GLVSOD\HG�DV�LPDJHV�OLQHDU�GHQVLW\�FDOFLXP
LQVLGH�DQ�LQIODPPDWRU\�DUHD��1HYHUWKHOHVV��WKHUH�DUH�D�VLJQLILFDQW�QXPEHU�RI�FDVHV�GLDJQRVHG�LQWUDRSHUDWLYHO\�

,Q�VXPPDU\��LQWHVWLQDO�SHUIRUDWLRQV�E\�ILVK�ERQHV�DUH�UDUH��EXW�VKRXOG�EH�NHSW�LQ�PLQG�LQ�DQ�DGXOW�SDWLHQW�DGPLWWLQJ�ZLWK�D�ORQJVWDQGLQJ��QRQVSHFLILF
DEGRPLQDO�SDLQ�



(1'2&5,1(���',$%(7(6 <XQJ�&KHQJ�6X

��������'LDEHWLF�FRQWURO�DQG�ULVN�RI�FRORQ�FDQFHU��D�SRSXODWLRQ�EDVHG�FRKRUW�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KLRX�3LQJ�&KHQ����

���1XUVH��'DOLQ�7]X�&KL�+RVSLWDO��%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��&KLD\L��7DLZDQ��&KLD\L�&RXQW\���7$,:$1

.H\ZRUGV��GLDEHWHV��K\SHUJO\FDHPLF�FULVLV�HSLVRGH��FRORQ�FDQFHU

$EVWUDFW��

,QWURGXFWLRQ��7KH�UHODWLRQVKLS�EHWZHHQ�GLDEHWHV�DQG�FRORQ�FDQFHU�KDV�EHHQ�GLVFXVVHG��+RZHYHU��WKH�HIIHFWV�RI�JO\FHPLF�FRQWURO�RQ�FRORQ�FDQFHU
KDYH�QHYHU�EHHQ�HYDOXDWHG��:H�HYDOXDWH�WKH�SRVVLEOH�UHODWLRQVKLSR�EHWZHHQ�JO\FHPLF�FRQWURO�DQG�FRORQ�FDQFHU�

0HWKRGV��2QH�PLOOLRQ�SDWLHQWV�IURP�1DWLRQDO�+HDOWK�,QVXUDQFH�EHQHILFLDULHV�LQ�7DLZDQ�ZHUH�VDPSOHG��7KHUH�ZHUH��������GLDEHWLF�SDWLHQWV�DQG
��������XQH[SRVHG�VXEMHFWV��$PRQJ�SDWLHQWV�ZLWK�GLDEHWHV�������KDG�EHHQ�DGPLWWHG�IRU�K\SHUJO\FHPLF�FULVLV�HSLVRGHV�DQG�ZHUH�GHILQHG�DV
GLDEHWHV�ZLWK�SRRU�FRQWURO��$OO�DGXOW�SDWLHQWV�ZHUH�IROORZHG�IURP���-DQXDU\������WR����'HFHPEHU������WR�HYDOXDWH�LI�FRORQ�FDQFHU�ZDV�GLDJQRVHG�
&R[�UHJUHVVLRQ�PRGHOV�ZHUH�DSSOLHG�WR�FRPSDUH�WKH�KD]DUGV�DGMXVWHG�IRU�SRWHQWLDO�FRQIRXQGHUV�

5HVXOWV��$IWHU�FRQWUROOLQJ�IRU�DJH��JHQGHU��XUEDQL]DWLRQ�OHYHO��VRFLRHFRQRPLF�VWDWXV��FKURQLF�OLYHU�GLVHDVH��K\SHUWHQVLRQ��FRURQDU\�DUWHU\�GLVHDVH�
K\SHUOLSLGHPLD��PDOLJQDQFLHV��VPRNLQJ��FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��REHVLW\��KLVWRU\�RI�DOFRKRO�LQWR[LFDWLRQ��FKURQLF�UHQDO�LQVXIILFLHQF\�
&KDUOVRQ�&RPRUELGLW\�,QGH[�VFRUH�DQG�KLJK�GLPHQVLRQDO�SURSHQVLW\�VFRUH��WKH�DGMXVWHG�KD]DUG�UDWLR�RI�FRORQ�FDQFHU�ZDV�����������FRQILGHQFH
LQWHUYDO������Å������LQ�SDWLHQWV�ZLWK�GLDEHWHV��,Q�GLDEHWLF�SDWLHQWV�ZLWK�SRRU�FRQWURO��WKH�KD]DUG�UDWLR�RI�FRORQ�FDQFHU�ZDV�QRW�VLJQLILFDQW���KD]DUG
UDWLR������������FRQILGHQFH�LQWHUYDO������Å�����

&RQFOXVLRQV��7KLV�FRKRUW�VWXG\�UHYHDOV�D�SRVVLEOH�UHODWLRQVKLS�EHWZHHQ�GLDEHWHV�DQG�FRORQ�FDQFHU��+RZHYHU��SRRUO\�FRQWUROOHG�GLDEHWHV�GLG�QRW
VHHPHG�WR�EH�DVVRFLDWHG�ZLWK�D�KLJKHU�ULVN�RI�FRORQ�FDQFHU



,0$*,1*���8/75$6281'���5$',2/2*< $PLW�&KDFNR

��������(YDOXDWLRQ�RI�DJH�UHODWHG�G�GLPHUV�LQ�GHWHUPLQLQJ�WKH�SUHVHQFH�RI�3XOPRQDU\�(PEROLVP�DQG�UDWLRQDOLVLQJ�WKH�XVH�RI�&7
3XOPRQDU\�$QJLRJUDPV�LQ�D�%ULVEDQH�+RVSLWDO�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$PLW�&KDFNR������7LP�+DLQD����

���3ULQFHVV�$OH[DQGUD�+RVSLWDO��4XHHQVODQG�+HDOWK��%ULVEDQH��$8675$/,$

.H\ZRUGV��'�'LPHU��3XOPRQDU\�(PEROLVP��&7�3XOPRQDU\�$QJLRJUDP

$EVWUDFW��

3XUSRVH�

�

7KH�G�GLPHU�LV�D�EUHDNGRZQ�SURGXFW�RI�FURVVOLQNHG�ILEULQ�DQG�RFFXUV�FRLQFLGHQW�ZLWK�DFWLYDWLRQ�RI�WKH�FRDJXODWLRQ�FDVFDGH��7KH�G�GLPHU�OHYHO�PD\�EH
HOHYDWHG�LQ�WKH�SUHVHQFH�RI�D�FORW�WKDW�HPEROLVHV�WR�WKH�OXQJV�FDXVLQJ�D�SXOPRQDU\�HPEROLVP��3(���7KH�G�GLPHU�OHYHO�LV�XVHG�LQ�SDWLHQWV�ZLWK�D�ORZ�WR
PRGHUDWH�SUHWHVW�SUREDELOLW\�IRU�3(���

�

7KHUH�LV�LQFUHDVLQJ�HYLGHQFH�WKDW�LQ�SDWLHQWV�RYHU����\HDUV�RI�DJH��WKH�VWHDG\�VWDWH�OHYHO�RI�WKH�G�GLPHU�LQFUHDVHV����7KLV�VWXG\�LQYHVWLJDWHV�WKH
SRVVLELOLW\�RI�LQFUHDVLQJ�WKH�VWDQGDUG�FXWRII�IRU�SDWLHQWV�RYHU����\HDUV�ZLWKRXW�ORVLQJ�WKH�VHQVLWLYLW\�RI�WKH�G�GLPHU�WHVW����7KLV�ZLOO�UHGXFH�WKH�QHHG
IRU�D�&7�3XOPRQDU\�$QJLRJUDP��&73$��ZLWK�D�UHVXOWDQW�FRVW�VDYLQJ�WR�WKH�KRVSLWDO��UHGXFHG�H[SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ�DQG�WKH�ULVN�RI�FRQWUDVW
UHDFWLRQV�

�

0HWKRGV�DQG�0DWHULDOV�

�

$�UHWURVSHFWLYH�DXGLW�RI�&73$V�RYHU�DQ�HLJKW�PRQWK�SHULRG�ZDV�XQGHUWDNHQ��$OO�SDWLHQWV�ZKR�KDG�D�&73$�WR�H[FOXGH�D�SXOPRQDU\�HPEROLVP�KDG�WKHLU
G�GLPHUV�UHYLHZHG��3DWLHQWV�ZKR�GLG�QRW�KDYH�D�G�GLPHU�ZHUH�H[FOXGHG�IURP�WKH�UHYLHZ�

�

$JH�VWUDWLILHG�'�'LPHU�FXW�RIIV�ZHUH�

�

$JH���������������������

$JH������������������

$JH��������������������

�

9DOXHV�ZHUH�FRPSDUHG�WR�WKH�QHZ�DJH�DGMXVWHG�FXW�RIIV�DQG�&73$�UHVXOWV�WR�GHWHUPLQH�LI�LQFUHDVLQJ�WKH�VWDQGDUG�FXW�RII�YDOXH�LQ�SDWLHQWV�RYHU���
PD\�EH�SRVVLEOH�ZLWKRXW�PLVVLQJ�WKH�SUHVHQFH�RI�3(�

�

5HVXOWV�

�

$�WRWDO�RI�HLJKW�PRQWKV�RI�GDWD����������������������ZDV�DFTXLUHG��LQ�ZKLFK�����&73$V�ZHUH�SHUIRUPHG������H[DPLQDWLRQV�KDG�D�G�GLPHU�UHTXHVWHG
DQG�WKHVH�H[DPLQDWLRQV�ZHUH�DQDO\]HG�

�

�����������RI�WKH�SDWLHQWV�ZHUH�RYHU�WKH�DJH�RI���������������SDWLHQWV�DERYH�WKH�DJH�RI����KDG�D�&73$�SRVLWLYH�IRU�3(�

�

,PSOHPHQWLQJ�WKH�DJH�DGMXVWHG�G�GLPHU�FXW�RII�UHVXOWHG�LQ�QR�PLVVHG�SXOPRQDU\�HPEROLVPV��2I�WKH����SDWLHQWV�RYHU����������������SDWLHQWV�DJH



DGMXVWHG�G�GLPHUV�ZRXOG�KDYH�EHHQ�QHJDWLYH�����������RI�WKH�����DJH�JURXS�FRXOG�KDYH�DOVR�DYRLGHG�UDGLDWLRQ�ZLWK�WKH�QHZ�FXW�RIIV�

�

&RQFOXVLRQ�

�

7KLV�VWXG\�GHPRQVWUDWHG�WKDW�RQH�LQ�WZR�SDWLHQWV�RYHU����FRXOG�EH�VSDUHG�D�&73$�XVLQJ�WKH�DJH�DGMXVWHG�G�GLPHU�OHYHOV��7KH�QXPEHU�RI�VFDQV
DYRLGHG�FRXOG�KDYH�VDYHG��������LQ�MXVW�HLJKW�PRQWKV����7KH�UDGLDWLRQ�EXUGHQ�LQ�WKLV�VWXG\�WKDW�FRXOG�KDYH�EHHQ�DYRLGHG�FRPELQHG�WR�D�����\HDUV
RI�EDFNJURXQG�UDGLDWLRQ�����PV9�����,Q�YLHZ�RI�WKHVH�UHVXOWV��D�SURVSHFWLYH�PXOWLFHQWHU�VWXG\�KDV�EHHQ�FRPPHQFHG�WR�YDOLGDWH�WKHVH�ILQGLQJV�



(1'2&5,1(���',$%(7(6 <XQJ�&KHQJ�6X

��������0HWIRUPLQ�DQG�5LVN�RI�3DQFUHDWLF�&DQFHU�LQ�'LDEHWLF�3DWLHQWV��$�3RSXODWLRQ�EDVHG�&RKRUW�6WXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6KX�3LQJ�&KRX����

���1XUVH��'DOLQ�7]X�&KL�+RVSLWDO��%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��&KLD\L��7DLZDQ��&KLD\L�&RXQW\���7$,:$1

.H\ZRUGV��PHWIRUPLQ��SDQFUHDWLF�FDQFHU��GLDEHWHV

$EVWUDFW��

%DFNJURXQG��,W�LV�NQRZQ�WKDW�PHWIRUPLQ�KDV�EHHQ�IRXQG�WR�KDYH�VXUYLYDO�EHQHILWV�RQ�SDWLHQWV�ZLWK�SDQFUHDWLF�FDQFHU��+RZHYHU��WKH�UHSRUWV
UHJDUGLQJ�ULVN�RI�SDQFUHDWLF�FDQFHU�LQ�PHWIRUPLQ�XVHUV�DUH�FRQIOLFWLQJ�

2EMHFWLYHV��:H�LQYHVWLJDWHG�WKH�LQFLGHQFHV�RI�SDQFUHDWLF�FDQFHU�DPRQJ�SDWLHQWV�ZLWK�GLDEHWHV�SUHVFULEHG�ZLWK�PHWIRUPLQ�WR�HYDOXDWH�LI�WKHUH�LV
ORZHU�ULVN�

0HWKRGV��:H�XWLOL]HG�D�VDPSOHG�1DWLRQDO�+HDOWK�,QVXUDQFH��1+,��FODLPV�GDWD�FRQWDLQLQJ�RQH�PLOOLRQ�EHQHILFLDULHV��:H�IROORZHG�DOO�DGXOWV�ZLWK
GLDEHWHV�IURP�-DQXDU\���������WLOO�'HFHPEHU����������WR�VHH�LI�WKH\�KDG�GLDJQRVHG�ZLWK�SDQFUHDWLF�FDQFHU��:H�IXUWKHU�LGHQWLI\�SDWLHQWV�SUHVFULEHG
ZLWK�PHWIRUPLQ�DQG�FRPSDUHG�WKHLU�ULVN�RI�SDQFUHDWLF�FDQFHU�ZLWK�WKRVH�ZKR�KDG�QHYHU�WDNHQ�PHWIRUPLQ��0HWIRUPLQ�XVH�ZDV�WUHDWHG�DV�D
WLPH�GHSHQGHQW�YDULDEOH��7KH�&R[�UHJUHVVLRQ�PRGHO�ZDV�DSSOLHG�WR�FRPSDUH�WKH�DGMXVWHG�KD]DUGV�IRU�SRWHQWLDO�FRQIRXQGHUV�

5HVXOWV��7KHUH�DUH�������GLDEHWLF�SDWLHQWV�ZLWKRXW�SDQFUHDWLF�FDQFHU�EHIRUH�-DQXDU\����������:H�LGHQWLILHG���������������SDWLHQWV�SUHVFULEHG�ZLWK
PHWIRUPLQ�DQG���������������ZLWKRXW��$IWHU�FRQWUROOLQJ�IRU�DJH��JHQGHU��XUEDQL]DWLRQ�OHYHO��VRFLRHFRQRPLF�VWDWXV��FKURQLF�OLYHU�GLVHDVH�
K\SHUWHQVLRQ��FRURQDU\�DUWHU\�GLVHDVH��K\SHUOLSLGHPLD��PDOLJQDQFLHV��VPRNLQJ��FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��REHVLW\��KLVWRU\�RI�DOFRKRO
LQWR[LFDWLRQ��FKURQLF�UHQDO�LQVXIILFLHQF\��ELOLDU\�WUDFW�GLVHDVH��FKURQLF�SDQFUHDWLWLV�DQG�&KDUOVRQ�&RPRUELGLW\�,QGH[�VFRUH��WKH�DGMXVWHG�KD]DUG�UDWLR�RI
SDQFUHDWLF�FDQFHU�ZDV������������FRQILGHQFH�LQWHUYDO������Å������LQ�SDWLHQWV�ZLWK�PHWIRUPLQ�XVH�

&RQFOXVLRQV��0HWIRUPLQ�SUHVFULSWLRQ�GLG�QRW�VHHP�WR�EH�DVVRFLDWHG�ZLWK�ORZHU�ULVN�RI�SDQFUHDWLF�FDQFHU�LQ�SDWLHQWV�ZLWK�GLDEHWHV�

�

�
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���������<RXQG�SDWLHQW�ZLWK�ULJKW�VLGHG�EOLQGQHVV��D�FDVH�UHSRUW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DKGL�$ORVHUW������6ULNULVKQD�9HPSDW\������'DQ�*KLXUOXF����

���$FFLGHQW�DQG�(PHUJHQF\��1RUWKZLFN�3DUN�+RVSLWDO�1+6�7UXVW��/RQGRQ��8.
���&RQVXOWDQW�PD[LOORIDFLDO���/RQGRQ�1RUWKZHVW�+RVSLWDOV��/RQGRQ��8.

.H\ZRUGV��3HULRUELWDO�VZHOOLQJ��2UELWDO�FRPSDUWPHQW�V\QGURPH��2UELWDO�866�

$EVWUDFW��

È<RXQJ�SDWLHQW�ZLWK�ULJKW�VLGHG�EOLQGQHVV��D�FDVH�UHSRUW�

�$XWKRUV��>�@�'U��6ULNULVKQD�9HPSDW\��>�@�'U��0DKGL�$ORVHUW��'U��'DQ�*KLXUOXF�

�6RXUFHV��+RVSLWDO�UHFRUGV�

.H\ZRUGV��3HULRUELWDO�VZHOOLQJ��2UELWDO�FRPSDUWPHQW�V\QGURPH��2UELWDO�866�

0HWKRG��HOHFWURQLF�HQJLQH�UHVHDUFK�XVLQJ�3XEPHG��(PEDVH�DQG�0HGOLQH�GDWDEDVHV�

�,QWURGXFWLRQ�

2UELWDO�8OWUDVRXQG�>866@�SURYLGHV�TXLFN�DQG�QRQ�LQYDVLYH�HYDOXDWLRQ�RI�WKH�RUELW��,W�DOORZV�WKH�FOLQLFLDQ�WR�DVVHVV�VWUXFWXUHV�WKDW�PD\�QRW�EH�YLVLEOH
ZLWK�URXWLQH�RSKWKDOPLF�H[DPLQDWLRQ�RI�WKH�VZROOHQ�H\H�ZKHQ�VZHOOLQJ�PDNHV�GLUHFW�YLVXDOLVDWLRQ�GLIILFXOW��

�

7KH�XVH�RI�XOWUDVRXQG�LV�ZHOO�HVWDEOLVKHG�LQ�ORFDOLVDWLRQ�DQG�FKDUDFWHULVDWLRQ�RI�RUELWDO�OHVLRQV��LW�SURYLGHV�D�GHWDLOHG�FURVV�VHFWLRQDO�DQDWRP\�RI�WKH
HQWLUH�JOREH�ZLWK�H[FHOOHQW�WRSRJUDSKLF�YLVXDOLVDWLRQ�DQG�UHDO�WLPH�GLVSOD\�RI�WKH�PRYLQJ�RUJDQ��

�$OWKRXJK�WKLV�LV�D�URXWLQH�SURFHGXUH��PLVVHG�RFXODU�SDWKRORJ\�FRXOG�EH�GHWULPHQWDO�WR�D�SDWLHQWÇV�YLVLRQ��*URVV�VZHOOLQJ�RI�WKH�3HUL�2UELWDO�WLVVXHV
FDQ�PDNH�H[DPLQDWLRQ�RI�WKH�H\H�GLIILFXOW�

�

&DVH�

���\HDU�ROG�PDOH��KDV�QR�VLJQLILFDQW�SDVW�PHGLFDO�KLVWRU\��$WWHQGHG�RXU�HPHUJHQF\�GHSDUWPHQW�>('@�IRU�ULJKW�RUELWDO�VZHOOLQJ��UHGQHVV�DQG�SDLQ�
6\PSWRPV�GHYHORSHG����KRXUV�SRVW�ULJKW�PD[LOODU\�VLQXV�HOHFWLYH�SRO\SHFWRP\��

�

$IWHU�D�WKRURXJK�SK\VLFDO�H[DPLQDWLRQ�E\�WKH�('�DQG�(17�WHDPV��D�PDQDJHPHQW�SODQ�KDV�EHHQ�HVWDEOLVKHG�WR�WUHDW�LW�DV�SRVW�RSHUDWLYH�SHUL�RUELWDO�
RUELWDO�FHOOXOLWLV�IRU�LQSDWLHQW�,9�DQWLELRWLFV��('�EHGVLGH�RUELWDO�866�VKRZHG�È3UH�VHSWDO�DQG�RUELWDO�FROOHFWLRQV�ZLWK�VRQRJUDSKLF�K\SHUDHPLD
VXJJHVWLYH�RI�RUELWDO�FHOOXOLWLVÉ

�+H�UHPDLQHG�FOLQLFDOO\�VWDEOH��ZDLWLQJ�KDYLQJ�RUELWDO�&7�VFDQ�DQG�MRLQW�DVVHVVPHQW�E\�RSKWKDOPRORJ\�WHDP����KRXUV�DIWHU�WKH��VW�('
EHGVLGH�RUELWDO�866��KH�GHYHORSHG�ULJKW�VLGHG�EOLQGQHVV�WKDW�UHTXLUHG�D��QG�('�EHGVLGH�RUELWDO�866�>E\�WKH�VDPH�RSHUDWRU@�ZKLFK�UHYHDOHG�ÈD
VLJQLILFDQW�UHWUREXOEDU�FROOHFWLRQ�LQ�FRPSDULVRQ�ZLWK�WKH�SUHYLRXV�RUELWDO�866É��

+H�ZDV�PRYHG�WR�WKH�UHVXVFLWDWLRQ�DUHD�ZKHUH�DQ�HPHUJHQF\�ODWHUDO�&DQWKDWRP\�XQGHU�ORFDO�DQDHVWKHVLD�KDV�EHHQ�GRQH�WKHQ�KH�ZDV�WUDQVIHUUHG�WR
WKHDWUH�IRU�IXUWKHU�VXUJLFDO�PDQDJHPHQW�DV�RUELWDO�FRPSDUWPHQW�V\QGURPH�

�'LVFXVVLRQ�

7HQ�SDWLHQWV�SUHVHQWLQJ�WR�('�ZLWK�SHUL�RUELWDO�VZHOOLQJ�ZHUH�DVVHVVHG�XVLQJ�EHGVLGH�866��7KH\�LQFOXGHG�SDWLHQWV�ZLWK�WUDXPD��UHWUREXOEDU
KDHPRUUKDJH�DQG�3HUL�2UELWDO�FHOOXOLWLV��7ZR�SDWLHQWV�ZHUH�GLDJQRVHG�ZLWK�UHWUREXOEDU�SDWKRORJ\��RQH�ZLWK�UHWUREXOEDU�KDHPRUUKDJH�DQG�DQRWKHU
ZLWK�D�UHWUREXOEDU�FROOHFWLRQ��3RVW�WUHDWPHQW�DQG�IROORZ�XS�VFDQV�ZHUH�XVHG�WR�PRQLWRU�SURJUHVV��7KH�UHPDLQLQJ�SDWLHQWV�KDG�SUHVHSWDO�FHOOXOLWLV�DQG
RUELWDO�IORRU�IUDFWXUHV��7KHVH�PRWLRQ�VFDQV�ZHUH�UHFRUGHG�DQG�DQDO\VHG�

�&RQFOXVLRQ�

$VVHVVPHQW�DQG�GLDJQRVLV�RI�RUELWDO�SDWKRORJ\�LV�ERWK�FOLQLFDO�DQG�UDGLRORJLFDO��$FXWH�UHWUREXOEDU�SDWKRORJ\�PD\�QRW�DOORZ�WKH�OX[XU\�RI�WLPH�WR
RUJDQLVH�FRPSXWHG�WRPRJUDSK\��7KLV�QRQ�LQYDVLYH�SURFHGXUH�FRXOG�EH�SHUIRUPHG�E\�('�GRFWRUV�DQG�IURQWOLQH�PD[LOORIDFLDO�GRFWRUV�IROORZLQJ
DGHTXDWH�WUDLQLQJ��%HGVLGH�2UELWDO�866�LV�KHOSIXO�LQ�GHWHFWLQJ�DQG�DGGUHVVLQJ�RFXODU�SDWKRORJ\��8VH�RI�XOWUDVRXQG�DV�DQ�LPPHGLDWH�LQYHVWLJDWLRQ�LQ
WKH�('�ZLOO�KHOS�GHOLQHDWH�DQG�UDWLRQDOLVH�WKH�WUHDWPHQW�SODQQLQJ�



�

�

5HIHUHQFHV�

�

���������.HQGDOO�&-��3UDJHU�7&��&KHQJ�+��*RPERV�'��7DQJ�5$��6FKLIIPDQ�-6��'LDJQRVWLF�2SKWKDOPLF�8OWUDVRXQG�IRU�5DGLRORJLVWV��1HXURLPDJLQJ�&OLQ�1
$P�������$XJ�������������

����������1DJDUDMX�50��*XUXVKDQNDU�*��%KLPDUDR��.DGDNROD�%��(IILFDF\�RI�+LJK�)UHTXHQF\�8OWUDVRXQG�LQ�/RFDOL]DWLRQ�DQG�&KDUDFWHUL]DWLRQ�RI�2UELWDO
/HVLRQV��-RXUQDO�RI�&OLQLFDO�DQG�'LDJQRVWLF�5HVHDUFKÍ��-&'5�������������7&���7&���



1(852/2*< <XQJ�&KHQJ�6X

��������,QFUHDVHG�5LVN�RI�,VFKHPLF�6WURNH�LQ�3DWLHQWV�ZLWK�9HQRXV�7KURPERHPEROLVP��$�1DWLRQZLGH�&RKRUW�6WXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6KLK�.DL�/DQ����

���DWWHQGLQJ�SK\VLFLDQ���'DOLQ�7]X�&KL�+RVSLWDO��%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��&KLD\L��7DLZDQ��&KLD\L�&RXQW\���7$,:$1

.H\ZRUGV��LVFKHPLF�VWURNH��YHQRXV�WKURPERHPEROLVP

$EVWUDFW��

%DFNJURXQG��&RQIOLFWLQJ�UHVXOWV�KDYH�EHHQ�REWDLQHG�E\�VWXGLHV�DWWHPSWLQJ�WR�DVVHVV�WKH�ULVNV�RI�LVFKHPLF�VWURNH�LQ�SDWLHQWV�ZLWK�YHQRXV
WKURPERHPEROLVP��ZKLOH�WKH�ORQJ�WHUP�ULVN�RI�VWURNH�LQ�VXUYLYRUV�RI�YHQRXV�WKURPERHPEROLVP�UHPDLQV�XQH[SORUHG�

2EMHFWLYH��:H�HYDOXDWHG�ZKHWKHU�WKH�ULVN�RI�LVFKHPLF�VWURNH�LQ�SDWLHQWV�KRVSLWDOL]HG�ZLWK�YHQRXV�WKURPERHPEROLVP�LV�KLJKHU�ZKHQ�FRPSDUHG�WR
WKH�JHQHUDO�SRSXODWLRQ�

0HWKRGV��2QH�PLOOLRQ�SDWLHQWV�IURP�1DWLRQDO�+HDOWK�,QVXUDQFH�EHQHILFLDULHV�LQ�7DLZDQ�ZHUH�VDPSOHG��7KHUH�ZHUH�������SDWLHQWV�ZKR�KDG�EHHQ
KRVSLWDOL]HG�ZLWK�GLDJQRVLV�RI�YHQRXV�WKURPERHPEROLVP�DQG���������XQH[SRVHG�VXEMHFWV��$OO�DGXOW�SDWLHQWV�ZHUH�IROORZHG�IURP���-DQXDU\������WR
���'HFHPEHU������WR�HYDOXDWH�LI�LVFKHPLF�VWURNH�ZDV�GLDJQRVHG��&R[�UHJUHVVLRQ�PRGHOV�ZHUH�DSSOLHG�WR�FRPSDUH�WKH�KD]DUGV�DGMXVWHG�IRU�SRWHQWLDO
FRQIRXQGHUV�

5HVXOWV��$IWHU�FRQWUROOLQJ�IRU�DJH��JHQGHU��XUEDQL]DWLRQ�OHYHO��VRFLRHFRQRPLF�VWDWXV��GLDEHWHV��K\SHUWHQVLRQ��FRURQDU\�DUWHU\�GLVHDVH�
K\SHUOLSLGHPLD��KLVWRU\�RI�DOFRKRO�LQWR[LFDWLRQ��PDOLJQDQFLHV��FRQJHVWLYH�KHDUW�IDLOXUH��DWULDO�ILEULOODWLRQ��VPRNLQJ��SHULSKHUDO�DUWHU\�GLVHDVH�DQG
&KDUOVRQ�&RPRUELGLW\�,QGH[��WKH�DGMXVWHG�KD]DUG�UDWLR�RI�LVFKHPLF�VWURNH�ZDV�VLJQLILFDQWO\�LQFUHDVHG�LQ�SDWLHQWV�ZLWK�YHQRXV�WKURPERHPEROLVP
�����������&,������Ä�������$�VXEJURXS�DQDO\VLV�EDVHG�RQ�SDWLHQWV�ZKR�VXUYLYHG�ORQJHU�WKDQ����PRQWKV�LQ�WKH�FRKRUW�DOVR�UHYHDOHG�KLJKHU�KD]DUG
UDWLR�LQ�WKH�SDWLHQWV�ZLWK�YHQRXV�WKURPERHPEROLVP�������������&,������Ä������

&RQFOXVLRQ��7KH�SRVVLEOH�ULVN�RI�LVFKHPLF�VWURNH�LV�VLJQLILFDQWO\�KLJKHU�LQ�SDWLHQWV�KRVSLWDOL]HG�ZLWK�YHQRXV�WKURPERHPEROLVP�WKDQ�LQ�WKH�JHQHUDO
SRSXODWLRQ�

�



75$80$ <XQJ�&KHQJ�6X

��������,QFUHDVHG�ULVN�RI�SV\FKLDWULF�GLVHDVHV�LQ�SDWLHQWV�ZLWK�PLOG�WUDXPDWLF�EUDLQ�LQMXU\��D�QDWLRQZLGH�FRKRUW�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

<XQJ�&KHQJ�6X����

���DWWHQGLQJ�SK\VLFLDQ���'DOLQ�7]X�&KL�+RVSLWDO��%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��&KLD\L��7DLZDQ��&KLD\L��7$,:$1

.H\ZRUGV��SV\FKLDWULF�GLVHDVHV��WUDXPDWLF�EUDLQ�LQMXU\

$EVWUDFW��

%DFNJURXQG��,W�LV�NQRZQ�WKDW�SV\FKLDWULF�GLVRUGHUV�DIWHU�WUDXPDWLF�EUDLQ�LQMXU\�DUH�IUHTXHQW��+RZHYHU��WKH�UHODWLRQVKLS�EHWZHHQ�PLOG�WUDXPDWLF
EUDLQ�LQMXU\�DQG�SV\FKLDWULF�GLVHDVHV�KDV�QHYHU�EHHQ�HVWDEOLVKHG��:H�FRQGXFWHG�D�VWXG\�RI�SDWLHQWV�ZLWK�PLOG�WUDXPDWLF�EUDLQ�LQMXU\�WR�HYDOXDWH�LI
WKH\�KDG�D�KLJKHU�ULVN�RI�SV\FKLDWULF�GLVHDVHV�FRPSDUHG�ZLWK�WKH�JHQHUDO�SRSXODWLRQ�

0HWKRGV��:H�XWLOL]HG�D�VDPSOHG�1DWLRQDO�+HDOWK�,QVXUDQFH�FODLPV�GDWDEDVH�FRQWDLQLQJ�RQH�PLOOLRQ�EHQHILFLDULHV��:H�IROORZHG�DOO�EHQHILFLDULHV�IURP
-DQXDU\���������WR�'HFHPEHU����������WR�GHWHUPLQH�LI�WKH\�ZHUH�GLDJQRVHG�ZLWK�SV\FKLDWULF�GLVHDVHV��7KH�GHILQLWLRQV�RI�SV\FKLDWULF�GLVHDVHV�LQ�RXU
VWXG\�DUH�VFKL]RSKUHQLD��ELSRODU�GLVRUGHUV�DQG�PDMRU�GHSUHVVLRQ��:H�IXUWKHU�LGHQWLILHG�SDWLHQWV�ZLWK�PLOG�WUDXPDWLF�EUDLQ�LQMXU\�DQG�FRPSDUHG�WKHLU
ULVN�RI�SV\FKLDWULF�GLVHDVHV�ZLWK�WKH�JHQHUDO�SRSXODWLRQ�

5HVXOWV��:H�LGHQWLILHG��������SDWLHQWV�ZLWK�PLOG�WUDXPDWLF�EUDLQ�LQMXU\�DQG���������SDWLHQWV�ZLWKRXW�PLOG�WUDXPDWLF�EUDLQ�LQMXU\��$IWHU�FRQWUROOLQJ
IRU�DJH��JHQGHU��XUEDQL]DWLRQ�OHYHO��VRFLRHFRQRPLF�VWDWXV��OLYHU�FLUUKRVLV��FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��GLDEHWHV��K\SHUWHQVLRQ��FRURQDU\
DUWHU\�GLVHDVH��K\SHUOLSLGHPLD��KLVWRU\�RI�DOFRKRO�LQWR[LFDWLRQ��PDOLJQDQFLHV��VPRNLQJ��REHVLW\��FKURQLF�UHQDO�LQVXIILFLHQF\�DQG�&KDUOVRQ�&RPRUELGLW\
,QGH[�VFRUH��WKH�DGMXVWHG�KD]DUG�UDWLR�IRU�SV\FKLDWULF�GLVHDVHV�ZDV�����������FRQILGHQFH�LQWHUYDO������Å������

&RQFOXVLRQ��0LOG�WUDXPDWLF�EUDLQ�LQMXU\�PD\�EH�DVVRFLDWHG�ZLWK�GLDJQRVHV�RI�SV\FKLDWULF�GLVHDVHV�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 $PLW�&KDFNR

��������$SSURSULDWH�XVH�RI�&7�3XOPRQDU\�$QJLRJUDSK\�DW�D�%ULVEDQH�+RVSLWDO���$Q�DQDO\VLV�RI�RUGHULQJ�'�'LPHUV�LQ�WKH
(PHUJHQF\�'HSDUWPHQW�DQG�WKH�SRWHQWLDO�IRU�LPSURYHPHQW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$PLW�&KDFNR������&DUO�'X[����

���3ULQFHVV�$OH[DQGUD�+RVSLWDO��4XHHQVODQG�+HDOWK��%ULVEDQH��$8675$/,$

.H\ZRUGV��&7�3XOPRQDU\�$QJLRJUDSK\��'�'LPHUV��+HDOWKFDUH�VDIHW\�DQG�TXDOLW\

$EVWUDFW��

3XUSRVH�

�

7KH�V\PSWRPV�DQG�VLJQV�RI�D�SXOPRQDU\�HPEROLVP��3(��DUH�H[WUHPHO\�YDULHG�DQG�WKXV�D�FOLQLFDO�GLDJQRVLV�RI�3(�FDQ�EH�XQUHOLDEOH��$�UREXVW�ZD\�WR
VWUDWLI\�D�SDWLHQWÇV�ULVN�RI�3(�LV�WR�XVH�RQH�RI�WKH�YDOLGDWHG�FOLQLFDO�GHFLVLRQ�WRROV�VXFK�DV�WKH�:HOOV�VFRUH����8VLQJ�WKHVH�WRROV��D�SDWLHQW�FDQ�EH
VWUDWLILHG�LQWR�D�ORZ��PRGHUDWH�RU�KLJK�SUHWHVW�SUREDELOLW\�RI�3(��7KH�DGGLWLRQ�RI�D�G�GLPHU�WHVW�SURYLGHV�D�SDWKZD\�WR�GHWHUPLQH�LI�D�SDWLHQW�UHTXLUHV
LPDJLQJ�WR�H[FOXGH�D�3(���

�

7KH�G�GLPHU�LV�D�EUHDNGRZQ�SURGXFW�RI�FURVVOLQNHG�ILEULQ�DQG�RFFXUV�FRLQFLGHQW�ZLWK�DFWLYDWLRQ�RI�WKH�FRDJXODWLRQ�FDVFDGH��7KH�G�GLPHU�OHYHO�PD\�EH
HOHYDWHG�LQ�WKH�SUHVHQFH�RI�D�FORW�WKDW�HPEROLVHV�WR�WKH�OXQJV�FDXVLQJ�D�SXOPRQDU\�HPEROLVP��3(���7KH�G�GLPHU�OHYHO�VKRXOG�EH�XVHG�LQ�SDWLHQWV�ZLWK
D�ORZ�WR�PRGHUDWH�SUHWHVW�SUREDELOLW\�IRU�3(���

�

0HWKRGV�DQG�0DWHULDOV�

�

$�UHWURVSHFWLYH�DXGLW�ZDV�SHUIRUPHG�RI�SDWLHQWV�ZKR�XQGHUZHQW�&7�3XOPRQDU\�$QJLRJUDSK\��&73$��IRU�VXVSHFWHG�3(�IURP�WKH�HPHUJHQF\
GHSDUWPHQW�LQ�-DQXDU\�������,03$;�VHDUFK�SDUDPHWHUV�

�

6WXG\�'DWHV� �����������������������

6WXG\�'HVFULSWLRQ� �È&7�3XOPÉ

5HTXHVW� �('�&OLQLFLDQ�DQG�RU�ORFDWLRQ�('�

�

8VLQJ�WKHVH�VWXGLHV�D�PRUH�GHWDLOHG�UHYLHZ�RI�WKH�DYDLODEOH�GRFXPHQWDWLRQ�LQFOXGLQJ�G�GLPHU�UHVXOW��D�UHFHQW�FKHVW�[�UD\��YLWDO�VLJQV�DQG�FOLQLFDO
KLVWRU\�ZHUH�XVHG�WR�SURGXFH�D�UHWURVSHFWLYH�:HOOV�3(�SUREDELOLW\�VFRUH�

�

5HVXOWV�

�

7KH�ILUVW�����&73$V�SHUIRUPHG�ZHUH�DQDO\]HG������RI�WKH�SDWLHQWV�KDG�D�SRVLWLYH�&73$�IRU�3(������RI�SDWLHQWV�ZHUH�RI�ORZ�WR�PRGHUDWH�SUHWHVW
SUREDELOLW\�IRU�3(������RI�WKHVH�SDWLHQWV�KDG�D�G�GLPHU�UHTXHVWHG�SULRU�����������RI�WKH�SDWLHQWV�ZKR�KDG�D�FRQILUPHG�3(�ZHUH�RI�ORZ�RU�PRGHUDWH
SUHWHVW�SUREDELOLW\��,W�ZDV�QRWHG��RQH�SDWLHQW�ZLWK�ORZ�SUHWHVW�SUREDELOLW\�RI�3(��ZKR�KDG�D�QHJDWLYH�G�GLPHU��VWLOO�FRQWLQXHG�WR�KDYH�D�&73$�ZKLFK
ZDV�DOVR�QHJDWLYH�

�

&RQFOXVLRQ�

�

7KH�SRVLWLYH�&73$�UDWH�IRU�3(�ZDV�������OHVV�WKDQ�WKH�UDWH�UHFRPPHQGHG�E\�WKH�5R\DO�&ROOHJH�RI�5DGLRORJLVWV�RI���������������2QO\�����RI�WKH�ORZ
DQG�PRGHUDWH�SUHWHVW�SUREDELOLW\�SDWLHQWV�KDG�D�G�GLPHU�UHTXHVWHG��,I�WKH�G�GLPHU�WHVW�ZDV�XWLOL]HG�DSSURSULDWHO\��LW�FRXOG�KDYH�FRQFHLYDEO\�DYRLGHG



XS�WR�����RI�WKH�&73$V����(GXFDWLRQ�VHVVLRQV�DQG�HPSKDVLV�RQ�WKH�GLDJQRVWLF�LPDJLQJ�SDWKZD\�ZRXOG�VDYH�FRVW��UHGXFH�H[SRVXUH�RI�SDWLHQWV�WR
LRQL]LQJ�UDGLDWLRQ��WKH�ULVN�RI�FRQWUDVW�FRPSOLFDWLRQV�DQG�ZRXOG�LPSURYH�SDWLHQW�WXUQ�RYHU�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�

�

5HIHUHQFHV�

�

/XFDVVHQ�:��*HHUVLQJ�*-��(UNHQV�30��HW�DO��&OLQLFDO�GHFLVLRQ�UXOHV�IRU�H[FOXGLQJ�SXOPRQDU\�HPEROLVP��D�PHWD�DQDO\VLV��$QQ�,QWHUQ�0HG��
������������Ä���
'HSDUWPHQW�RI�+HDOWK��*RYHUQPHQW�RI�:HVWHUQ�$XVWUDOLD��'LDJQRVWLF�LPDJLQJ�SDWKZD\V�Ä�UHVSLUDWRU\��$YDLODEOH�DW���
ZZZ�LPDJLQJSDWKZD\V�KHDOWK�ZD�JRY�DX�LQGH[�SKS�LPDJLQJ�SDWKZD\V�UHVSLUDWRU\�>$FFHVVHG����0DUFK�����@�
7RUELFNL�$��3HUULHU�$��.RQVWDQWLQLGHV�6��HW�DO��*XLGHOLQHV�RQ�WKH�GLDJQRVLV�DQG�PDQDJHPHQW�RI�DFXWH�SXOPRQDU\�HPEROLVP��7KH�7DVN�)RUFH�IRU�WKH��
'LDJQRVLV�DQG�0DQDJHPHQW�RI�$FXWH�3XOPRQDU\�(PEROLVP�RI�WKH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\��(6&���(XU�+HDUW�-�������������Ä����
'XQFDQ�.��+RZOHWW�'��$SSURSULDWHQHVV�RI�XVDJH�RI�FRPSXWHG�WRPRJUDSK\�SXOPRQDU\�DQJLRJUDSK\�LQYHVWLJDWLRQ�RI�VXVSHFWHG�SXOPRQDU\��
HPEROLVP��������$YDLODEOH�IURP��KWWSV���ZZZ�UFU�DF�XN�DXGLWWHPSODWH�DVS["3DJH,' ����	$XGLW7HPSODWH,' ���



0$1$*(0(17���('�25*$1,6$7,21 %HUQKDUG�)ODVFK

�����������SRLQW�SODQ�WR�LQFUHDVH�SDWLHQW�VDIHW\�LQ�$	(�GHSDUWPHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%HUQKDUG�)ODVFK����

���(PHUJHQF\�'HSDUWPHQW��.+�$JDWKDULHG��+DXVKDP��*(50$1<

.H\ZRUGV��SDWLHQW�VDIHW\��(PHUJHQ\�'HSDUWPHQW��TXDOLW\��JHULDWULF�SDWLHQWV�

$EVWUDFW��

���SRLQW�SODQ�WR�LQFUHDVH�SDWLHQW�VDIHW\�LQ�$	(�GHSDUWPHQWV��SDUWLFXODUO\�IRU�JHULDWULF�SDWLHQWV���GLUHFWO\�LQWHJUDWHG�623V�DQG�RWKHU�SURFHGXUHV
IRU�HDFK�SDWLHQW�

$JDWKDULHG�+RVSLWDO��LQ�*HUPDQ\��KDV�VLJQLILFDQWO\�LPSURYHG�$	(�SDWLHQW�VDIHW\�E\�VXFFHVVIXOO\�LPSOHPHQWLQJ�WKH����SRLQW�SODQ��7KH�KRVSLWDOÇV
SULPDU\�FDUH�XQLW�GHDOV�ZLWK��������SDWLHQWV�SHU�\HDU��ZLWK�WKH�ODUJHVW�DJH�JURXS�EHLQJ����WR����\HDU�ROGV��7KH�UHYLHZ�DQG�RSWLPLVDWLRQ�RI�SURFHVVHV
DQG�WKH�LPSOHPHQWDWLRQ�RI�VXSSRUWLQJ�VRIWZDUH�XVLQJ�WKH����SRLQW�SODQ��KDYH�UHVXOWHG�LQ�LPSURYHG�SDWLHQW�VDIHW\��LQFOXGLQJ�DUHDV�VXFK�DV�WKH�WLPHO\
GHWHFWLRQ�RI�D�KHDUW�DWWDFNV�WR�HDUO\�LGHQWLILFDWLRQ�RI�JHULDWULF�SDWLHQWV�
7KH�PHDVXUHV�WDNHQ�UHODWHG�WR�ERWK�VWUXFWXUDO�DQG�WHFKQLFDO�DQG�FKDQJHV��7KH�PHDVXUHV�ZHUH�GHYHORSHG�LQ�FROODERUDWLRQ�ZLWK�WKH�FRPSDQ\
&OLQ3DWK��DQG�WKH�623V�DQG�RWKHU�SURFHGXUHV�ZHUH�LQWHJUDWHG�ZLWK�WKH�QHZ�VRIWZDUH�(53DWK��&OLQ3DWKÇV�$	(�3DWLHQW�PDQDJHPHQW�6RIWZDUH���7KH���
SRLQWV�ZHUH�GLUHFWO\�LQWHJUDWHG�DQG�LPSOHPHQWHG�LQ�WKH�VRIWZDUHÇV�SDWKZD\�VROXWLRQ��EDVHG�RQ�SDWLHQW�RULHQWHG�GLDJQRVLV�RI�V\PSWRPV�DQG
WUHDWPHQW�SDWKZD\V��7KH�V\VWHP�LV�QRZ�GHHSO\�LQWHJUDWHG�LQWR�WKH�$	(�GHSDUWPHQWÇV�ZRUNIORZ�SURFHVVHV�DQG�WKH�KRVSLWDOÇV�,7�LQIUDVWUXFWXUH�
LQFOXGLQJ�$3,ÇV�WR�UHOHYDQW�V\VWHPV�
7KH�IROORZLQJ����SRLQWV�ZHUH�LPSOHPHQWHG�
����,VVXH��8QGHWHFWHG�OHYHOV�RI�WUHDWPHQW�XUJHQF\
����,VVXH��,QVXIILFLHQW�SDWLHQW�GRFXPHQWDWLRQ
����,VVXH��)RUJRWWHQ�WUHDWPHQW�VWHSV�RU�XQNQRZQ�VLGH�GLDJQRVLV
����,VVXH��/RVW�RU�IRUJRWWHQ�SDWLHQWV�LQ�FDVH�RI�RYHUORDG
����,VVXH��8QFHUWDLQW\�LQ�WKH�RQ�ERDUGLQJ�RI�QHZ�HPSOR\HHV
����,VVXH��1HHGV�RI�HOGHUO\�SDWLHQWV�DUH�PLVVHG�XQGHU�VWUHVV
����,VVXH��0HGLFDWLRQ�HUURUV�GXH�WR�PLVLQWHUSUHWDWLRQ�RI�KDQGZULWWHQ�GRFXPHQWDWLRQ
����,VVXH��/DFN�RI�XVH�RI�623V�JXLGHOLQHV�DQG�XQFHUWDLQW\�DERXW�WKH�XS�WR�GDWHQHVV�RI�WKHVH
����,VVXH��0RUWDOLW\�DQG�PRUELGLW\�SODQQLQJ�DQG�PDQDJHPHQW���ODFN�RI�FDVH�GLVFXVVLRQ
�����,VVXH��5HVRXUFH�VFDUFLW\�GXULQJ�XQSUHGLFWDEOH�SHDN�ORDGV



,1)(&7,286�',6($6(���6(36,6 0LQJ�-HQ�7VDL

��������,QFUHDVHG�ULVN�RI�S\RJHQLF�OLYHU�DEVFHVV�DPRQJ�SDWLHQWV�ZKR�UHFHLYH�XSSHU�JDVWURLQWHVWLQDO�HQGRVFRSLHV�ZLWKLQ����GD\V�
D�QDWLRQZLGH�FRKRUW�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0LQJ�-HQ�7VDL������&KLQ�/L�/X������<LQJ�&��+XDQJ������6RORPRQ�&KLK�&KHQJ�&KHQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��'LWPDQVRQ�0HGLFDO�)RXQGDWLRQ�&KLD�<L�&KULVWLDQ�+RVSLWDO��&KLD\L��7$,:$1
���'HSDUWPHQW�RI�3XEOLF�+HDOWK��&ROOHJH�RI�0HGLFLQH��1DWLRQDO�&KHQJ�.XQJ�8QLYHUVLW\��7DLQDQ��7$,:$1
���'HSDUWPHQW�RI�0HGLFDO�5HVHDUFK��'LWPDQVRQ�0HGLFDO�)RXQGDWLRQ�&KLD�<L�&KULVWLDQ�+RVSLWDO��&KLD\L��7$,:$1

.H\ZRUGV��S\RJHQLF�OLYHU�DEVFHVV��JDVWURLQWHVWLQDO�HQGRVFRS\

$EVWUDFW��

%DFNJURXQG��3\RJHQLF�OLYHU�DEVFHVV��3/$��LV�D�SRWHQWLDO�OHWKDO�GLVHDVH�ZLWK�NQRZQ�SDWKRJHQHVHV�LQFOXGLQJ�DVFHQGLQJ�ELOLDU\�WUDFW�LQIHFWLRQ��%7,��DQG
KHPDWRORJLF�EDFWHULDO�VSUHDGLQJ�IURP�SRUWDO�V\VWHPV�RU�V\VWHPLF�FLUFXODWLRQ��*DVWURLQWHVWLQDO��*,��HQGRVFRSLHV�DUH�FRPPRQO\�SHUIRUPHG�SURFHGXUHV
ZLWK�FRPSOLFDWLRQV�RI�PXFRVD�WUDXPD��ORFDO�LQIHFWLRQ�DQG�HYHQ�EDFWHUHPLD��7KHUH�KDV�EHHQ�QR�SRSXODWLRQ�EDVHG�ODUJH�VFDOH�VWXG\�RQ�WKH
UHODWLRQVKLS�EHWZHHQ�JDVWURLQWHVWLQDO��*,��HQGRVFRSLHV�DQG�VXEVHTXHQW�S\RJHQLF�OLYHU�DEVFHVV��3/$��

2EMHFWLYH��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�ULVN�RI�3/$�IROORZLQJ�UHFHQW�*,�HQGRVFRSLHV�

0HWKRGV��8VLQJ�7DLZDQ�1DWLRQDO�+HDOWK�,QVXUDQFH�5HVHDUFK�'DWDEDVH��������SDWLHQWV�ZLWK�ILUVW�GLDJQRVLV�RI�3/$�ZHUH�LGHQWLILHG�IURP������WR�����
�,QWHUQDWLRQDO�&ODVVLILFDWLRQ�RI�'LVHDVH���WK�5HYLVLRQ��&OLQLFDO�0RGLILFDWLRQ��FRGH����������������SDWLHQWV�ZLWKRXW�3/$�PDWFKHG�E\�DJH�DQG�VH[�ZHUH
VHOHFWHG�IURP�WKH�VDPH�GDWDEDVH�DV�UHIHUHQFH�FRQWUROV�XVLQJ�LQFLGHQFH�GHQVLW\�VDPSOLQJ�PHWKRG��:H�LGHQWLILHG�DQG�FRPSDUHG�WKH�NQRZQ�RU
SRVVLEOH�ULVN�IDFWRUV�IRU�3/$�DQG�*,�HQGRVFRSLHV�SHUIRUPHG�GXULQJ�WKH�UHFHQW����GD\V�EHIRUH�WKH�LQGH[�GDWH��WKH�GLDJQRVLV�GDWH�RI�3/$��EHWZHHQ�WKH
WZR�FRKRUWV�

5HVXOWV��3DWLHQWV�ZLWK�KLVWRU\�RI�GLDEHWHV�>DGMXVWHG�RGGV�UDWLR��D25�������������FRQILGHQFH�LQWHUYDO��&,������������@��HQG�VWDJH�UHQDO�GLVHDVH��D25�
���������&,��������������%7,��D25�����������&,��������������OLYHU�FLUUKRVLV��D25�����������&,��������������DSSHQGLFLWLV��D25�����������&,�������������
DQG�GLYHUWLFXOLWLV��D25�����������&,��������������ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�WKH�ULVN�RI�3/$��$IWHU�DGMXVWLQJ�WKH�DERYH�ULVN�IDFWRUV��DQG�WKH
IUHTXHQF\�RI�RXWSDWLHQW�GHSDUWPHQW�YLVLWV�DQG�DEGRPLQDO�XOWUDVRXQG�GXULQJ�WKH�UHFHQW����GD\V�EHIRUH�WKH�LQGH[�GDWH��XSSHU�*,�HQGRVFRS\��D25�
���������&,�������������EXW�QRW�ORZHU�*,�HQGRVFRS\��D25�����������&,�������������ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�3/$�

&RQFOXVLRQ��3DWLHQWV�ZKR�UHFHLYHG�XSSHU�*,�HQGRVFRS\�GXULQJ�WKH�UHFHQW����GD\V�ZHUH�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�3/$�FRPSDUHG�WR
SDWLHQWV�ZLWKRXW�UHFHLYLQJ�XSSHU�*,�HQGRVFRS\�



35(�+263,7$/���(06���287�2)�+263,7$/ &KDL\DSRUQ�<XNVHQ

��������&35�5V4�$VVLVW�FRPSDUHG�ZLWK�+DQGV�RQO\�&35�LQ�PDQLNLQ�PRGHO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&KDL\DSRUQ�<XNVHQ����

�����5DPDWKRERGL�KRVSLWDO���%DQJNRN��7+$,/$1'

.H\ZRUGV��KDQGV�RQO\�FKHVW�FRPSUHVVLRQ��&35�5V4�$VVLVW�GHYLFH

$EVWUDFW��

%DFNJURXQG���&KHVW�FRPSUHVVLRQ�TXDOLW\�LV�D�GHWHUPLQDQW�RI�VXUYLYDO�IURP�VXGGHQ�FDUGLDF�DUUHVW��7KH�&35�5V4�$VVLVW�LV�D�QHZ�FDUGLRSXOPRQDU\
UHVXVFLWDWLRQ�GHYLFH�IRU�KDQG�RQO\�FKHVW�FRPSUHVVLRQ�7KH�DLP�RI�WKLV�VWXG\�LV�WR�FRPSDWH�WKH�&35�5V4�$VVLVW�ZLWK�WKH�VWDQGDUG�KDQG�RQO\
FRPSUHVVLRQ�LQ�WHUP�RI�FKHVW�FRPSUHVVLRQ�TXDOLW\�LQ�PDQLNLQ�PRGHO�

PHWKRG������SDUWLFLSDQWV�ZHUH�LQFOXGHG�IURP�PHGLFDO�VWXGHQW��HPHUJHQF\�UHVLGHQW��QXUVH�DQG�SDUDPHGLF�LQ�5DPDWKLERGL�KRVSLWDO��(DFK�SDUWLFLSDQWV
ZHUH�SHUIRUPHG�PD[LPXP���PLQXWHV�KDQG�RQO\�FRPSUHVVLRQ�ZLWK�RU�ZLWKRXW�WKH�&35�5V4�$VVLVW�GHYLFH�'XULQJ�FKHVW�FRPSUHVVLRQ��TXDOLW\
SDUDPHWHUV�IURP�PDQLNLQ�ZHUH�UHFRUGHG��FRPSUHVVLRQ�UDWH��GHSWK�DQG�LQFRUUHFW�KDQG�SRVLWLRQ�

5HVXOW���7LPH�WR�VWRS�FKHVW�FRPSUHVVLRQ�ZDV�VLJQLILFDQWO\�LQFUHDVHG�LQ�&35�5V4�$VVLVW�GHYLFH�XVHU�FRPSDUHG�ZLWK�VWDQGDUG�KDQG�RQO\
FRPSUHVVLRQ�������k������96�������k������VHFRQGV��3�����������7KH�PHDQ�FRPSUHVVLRQ�GHSWK�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQW�EHWZHHQ
VWDQGDUG�FRPSUHVVLRQ�ZLWK�&35�5V4�$VVLVW�FRPSUHVVLRQ�������k�����96������k������3 ��������$W�WKH�ILUVW�DQG�VHFRQG�PLQXWHV��FRPSUHVVLRQ�UDWH
ZDV�KLJKHU�LQ�VWDQGDUG�FRPSUHVVLRQ��������k������96����k������3��������DQG�������k������96������k������3���������1R�VWDWLVWLFDOO\�VLJQLILFDQW
GLIIHUHQW�LQ�SHUFHQW�RI�WRR�VKDOORZ�FRPSUHVVLRQ�DQG�LQFRUUHFW�KDQG�SRVLWLRQ�

&RQFOXVLRQ���&35�5V4�$VVLVW�FDQ�KHOS�WR�UHGXFH�WKH�IDWLTXH�RI�UHVFXHUV�WR�FKHVW�FRPSUHVVLRQ�7KH�TXDOLW\�RI�WKH�FRPSUHVVLRQ�LV�VLPLODU�WR�PDQXDO
FKHVW�FRPSUHVVLRQ�



1(852/2*< 3LHUULFN�/H�%RUJQH

��������8VH�RI�yXUJHQWz�(OHFWURHQFHSKDORJUDSK\�LQ�WKH�('��D�UHWURVSHFWLYH�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+DNLP�6OLPDQL������3LHUULFN�/H�%RUJQH������$PLVK�6HHUXWWXQ������&KDUOHV�(ULF�/DYRLJQHW������&�OLQH�5HQIHU������/DXUD�'DVFDOX������3KLOLSSH�.DXIIPDQQ
�����3DVFDO�%LOEDXOW����

���8UJHQFHV�$GXOWHV��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(

.H\ZRUGV��((*��6WDWXV�HSLOHSWLFXV

$EVWUDFW��

,QWURGXFWLRQ��(OHFWURHQFHSKDORJUDSK\��((*��KDV�D�VSHFLDO�SODFH�LQ�WKH�IXUWKHU�LQYHVWLJDWLRQV�WR�KRVW�HPHUJHQF\�GHSDUWPHQW��('���$OWKRXJK��LW�KDV
EHHQ�VXJJHVWHG�WKDW�WKH�XVH��HPHUJHQF\��((*�ZDV�DEXVLYH�DQG�WKDW�PRVW�DSSOLFDWLRQV�FRXOG�EH�UHPRWO\�SURJUDPPHG��VHYHUDO�VWXGLHV�KDYH
KLJKOLJKWHG�WKH�VLJQLILFDQW�FRQWULEXWLRQ�GLDJQRVWLF�DQG�WKHUDSHXWLF�LPSDFW�RI�WKLV�H[DP�

0HWKRGV��:H�SUHVHQW�KHUH�D�UHWURVSHFWLYH�DQG�PRQRFHQWULF�VWXG\�RYHU�D�VL[�PRQWK�SHULRG���������������:H�DQDO\]HG�DOO�WKH�((*�UHDOL]HG�LQ�('
WDNLQJ�LQWR�DFFRXQW�WKH�FOLQLFDO�SDUDPHWHUV�EXW�DOVR�SDWWHUQ�DQG�WKH�UHOHYDQFH�RI�WKH�UHTXHVW��7KH�PDLQ�REMHFWLYH�RI�WKLV�ZRUN�ZDV�WR�HYDOXDWH�WKH
XVH�RI�((*�LQ�DQ�XUEDQ�('�

5HVXOWV��:H�FROOHFWHG�����SDWLHQWV�IRU�VWDWLVWLFDO�DQDO\VLV��7KH�VH[�UDWLR�ZDV�������7KH�DYHUDJH�DJH�RI�SDWLHQWV�ZDV���������\HDUV������RI�SDWLHQWV
KDG�D�KLVWRU\�RI�HSLOHSV\��,QGLFDWLRQV�ZHUH�YDULHG������RI�IRFDO�QHXURORJLFDO�VLJQV������IRU�JHQHUDOL]HG�VHL]XUHV������IRU�LPSDLUHG�DOHUWQHVV�RU
EHKDYLRU������DQG�����IRU�FRQIXVLRQ�RU�GLVFRPIRUW��8OWLPDWHO\�����������&,��>������@��((*�REMHFWLILHG�DQ�HSLOHSWLF�V\QGURPH������GLIIXVH�VORZLQJ
DQG�RQO\����D�VWDWXV�HSLOHSWLFXV�����������&,��>������@��RI�WKH�((*�SHUIRUPHG�ZHUH�QRUPDO�

'LVFXVVLRQ��7KH�FRQWULEXWLRQ�RI�WKH�((*�LQ�WKH�GLDJQRVLV�RI�WUDQVLHQW�IRFDO�GHILFLWV�RU�PDGH�EH�QRWHG��LQ�IDFW�����ZHUH�DEQRUPDO�DQG�VXJJHVWLYH�RI
EUDLQ�GDPDJH��YDVFXODU�������,Q�FRQIXVLRQDO�V\QGURPH��((*�KDV�LWV�RZQ�SODFH��LQ�IDFW�����RI�((*�ZDV�SDWKRORJLFDO�LQ�RXU�VHULHV��,Q�IURQW�RI�D�VLPSOH
ILUVW�FULVLV��WKH�((*�LV�QRW�UHFRPPHQGHG�LQ�WKH�('��7KH�)UHQFK�6RFLHW\�RI�1HXURORJ\�UHFRPPHQGV�SHUIRUPLQJ�WKH�GLVWDQFH�RI�WKH�HSLVRGH��,Q�RXU
VWXG\��RQO\�����RI�((*�UHDOL]HG�LQ�WKH�('�IRU�D�ILUVW�VHL]XUH�ZHUH�SDWKRORJLFDO��5HJDUGLQJ�GLVFRPIRUW��WKH�FRQWULEXWLRQ�RI�WKH�((*������QRUPDO��KDV
EHHQ�DVVHVVHG�DV�YHU\�ORZ�GXH�WR�WKH�ODFN�RI�VSHFLILFLW\�RI�REMHFWLILHG�DQRPDOLHV�

&RQFOXVLRQ��$OWKRXJK�LQGLFDWLRQV�IURP�WKH�JHW�DQ��HPHUJHQF\��((*�DUH�FOHDUO\�HVWDEOLVKHG�LQ�WKH�JXLGHOLQHV��LWV�XVH�LQ�('�UHPDLQV�WR�EH�FODULILHG�
7KXV��PRUH�WKDQ�KDOI�RI�WKH�UHTXHVWV�PDGH�E\�RXU�GHSDUWPHQW�DUH�FRQVLGHUHG�LQDSSURSULDWH�DQG�FRXOG�EH�FDUULHG�RXW�RIIOLQH��1RQ�LQYDVLYH�
LQH[SHQVLYH�DQG�FRUUHFW�DFFHVVLELOLW\��WKH�((*�VWLOO�UHPDLQV�D�YDOXDEOH�WRRO�IRU��HPHUJHQF\�SK\VLFLDQV�



&$6(�35(6(17$7,21 /8&,$1$�7(2'25$�527$58

��������$FXWH�P\RFDUGLDO�LQIDUFWLRQ�UHODWHG�'XFKHQQH�GLVHDVH��+RZ�XVVHIXO�DUH�67(0,�JXLGHOLQH"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/XFLDQD�5RWDUX������&ULVWLDQ�%RHULX������/HWLWLD�%RMLQ������9LUJLQLD�$UPHJD����

���('���6085'��8QLYHUVLW\�&RXQW\�+RVSLWDO��&UDLRYD��520$1,$
���('��&RXQW\�KRVSLWDO�����7DUJX�0XUHV��520$1,$
���HPHUJHQF\�GHSDUWPHQW��8QLYHUVLW\�&RXQW\�+RVSLWDO��&UDLRYD��520$1,$
���('��&RXQW\�+RVSLWDO�&UDLRYD�����&UDLRYD��520$1,$

.H\ZRUGV��0XVFXODU�G\VWURSK\��$FXWH�FRURQDU\�V\QGURPH��&DUGLRP\RSDWK\��&05��&DUGLDF�HYHQWV��%LRPDUNHUV��3URJQRVLV��/*(

$EVWUDFW��

%DFNJURXQG��&DUGLDF�LPSDLUPHQW�DQG�HYHQWV�DUH�FRPPRQ�WR�PXVFXODU�G\VWURSK\��'XFKHQQH��SDWLHQW��OHIW�YHQWULFXODU�UHPRGHOLQJ�DQG�GLODWDWLRQ�
KHDUW�IDLOXUH��DUUK\WKPLDV��EXW�YDVFXODU�GLVHDVH�LQ�FDUGLDF�GDPDJH�GHWHUPLQLVP�LV�QRW�D�OHDGLQJ�FDXVH�

7KH�DLP�RI�WKH�SDSHU�DUH��ILUVWO\��WR�SUHVHQW�DQ�H[FHSWLRQDO�UDUH�HYHQW�LQ�'0'�Ä�DFXWH�P\RFDUGLDO�LQIDUFWLRQ��ZLWK�DW\SLFDO�SUHVHQWDWLRQ�LQ�FRQWH[W
DQG�UHODWHG�GLDJQRVWLF�DQG�WKHUDSHXWLF�VWUDWHJLHV�LPSOHPHQWHG�

7KH�VHFRQG�LQWHQWLRQ�DUH�WR�DQDO\]H�KRZ�XVHIXO�DUH�67(0,�JXLGHOLQH�IRU�SHGLDWULF�SDWLHQW�ZLWK�SDUWLFXODU�GLVHDVH�FDXVLQJ�WKLV�HYHQW

)LQDOO\��ZH�WDUJHWHG�REWDLQLQJ�WKH�EHVW�H[SODQDWLRQ�RI�WKH�SKHQRPHQRQ�GHWHUPLQLVP��KRZ�WR�GLIIHUHQWLDWH�DVSHFWV�RI�P\RFDUGLDO�GDPDJHV�DQG
LQWHUSUHW�FOLQLFDO�DQG�SDUDFOLQLFDO�ILQGLJV�

&DVH�SUHVHQWDWLRQ��:H�DUH�SUHVHQWLQJ�D����\HDUV�ROG�ER\�FDVH�ZLWK�FRQILUPHG�PXVFXODU�G\VWURSK\�'XFKHQQH��QR�KLVWRU\�RI�FDUGLDF�HYHQWV�
PRGHUDWH�PHQWDO�UHWDUGDWLRQ��ZLWK�EHWD�Ä�EORFNHUV�DQG�FRUWLFRVWHURLGV�WUHDWPHQW��DGGUHVVHG�LQ�('�8QLYHUVLW\�&RXQW\�+RVSLWDO�&UDLRYD�IRU�XSSHU
DEGRPLQDO�SDLQ�DQG�YRPLWLQJ�IURP��K�

(&*��W\SLFDO�67(0,�FKDQJHV���SRVWHUR�LQIHULRU�0,��PLQRU�5%%�

7URSRQLQ�7�LQLWLDO�OHYHO�Ä�����QJ�PO��LQFUHDVLQJ�WR�������Ä�������QJ�PO��GHFUHDVLQJ�ODWHU

17�Ä�SUR�%13�Ä�����SJ�PO

(FKRFDUGLRJUDSK\�ÄEDVDO�VHSWXP��SRVWHULRU�DQG�LQIHULRU�ZDOO�K\SRNLQHVLV��UHFRQQHFWHG�DIWHU���GD\V

(PHUJHQF\�FRURQDURJUDSK\���FRURQDU\�DUWHU\�ZLWK�QRUPDO�IORZ��QR�REVWUXFWLRQ��QR�$0,�FRQILUPHG

/9()�Ä�XQGHU����

50,���PXOWLSOH�FLFDWULFLDO�]RQHV��VSHFLILF�'0'�DVSHFW�FDUGLRP\RSDWK\

$V�WKHUDSHXWLF�GHFLVLRQ�Ä�ZLWK�QR�JXLGHOLQH�UHFRPPHQGDWLRQ�DERXW�WURPERO\WLF�WKHUDS\�UHJDUGLQJ�SHGLDWULF�SDWLHQW��SULPDU\�3&,�SHUIRUPHG�DIWHU
LPPHGLDWH�DLU�HYDFXDWLRQ�WR�D�UHIHUHQFH�SHGLDWULF�FDUGLDF�FHQWHU��XQGHU�KHSDULQH�VXEFXWDQHRXV�DGPLQLVWUDWLRQ�

$&(�LQKLELWRUV��OLVLQRSULO��DGGHG�WR�WUHDWPHQW

$�GRXEOH�GRVDJH�RI�FRUWLFRVWHURLGV�GHFLGHG�IRU�PHGLXP�SHULRG�RI�WLPH

7DNLQJ�LQWR�DFFRXQW�DFXWH�KHDUW�IDLOXUH�Ä�EHWD�EORFNHUV�ZLWKGUDZDO

&RQFOXVLRQV

6RPH�K\SRWKHVLV�ZKHUH�WDNHQ�XQGHU�FRQVLGHUDWLRQ�

$FFHOHUDWHG�DSRSWRVLV�DVVRFLDWH�WR�PDOGLVWULEXWLRQ�GXH�WR�FDUGLRP\RSDWK\�DQG�GHFUHDVHG�/9()Ä�WKH�PRVW�SRVVLEOH�K\SRWKHVLV��ZHOO�VXVWDLQHG�E\
'0'�VWDJH�RI�HYROXWLRQ��DJH�RI�SDWLHQW��50,�DVSHFWV

$UUK\WKPLD�HYHQW�LQGXFLQJ�KLSRG\DVWROLF�LQVXIILFLHQF\�Ä�QRW�GRFXPHQWHG

/RQJ�WHUP�FRUWLFRVWHURLGV�WKHUDS\��FROODWHUDO�HIIHFWV�RQ�YHVVHOV�Ä�QRW�H[FOXGHG�DV�DVVRFLDWH�IDFWRU

9DVFXOLWLV���QR�IRXQGLQJ�LQIODPPDWRU\�HOHPHQWV�RU�FRURQDURJUDSK\�HYLGHQFHV

/HUQLQJ�SRLQWV

9HU\�UDUHO\�DQ�DFXWH�P\RFDUGLDO�LQIDUFWLRQ�FLWHG�DV�D�FDUGLDF�HYHQW�UHODWHG�'0'��(YDQ�ZKHQ�$&6�FRQILUPHG��KLJKO\�SUREDELOLW\�LW�WKDW�LV�QRW�D
FRURQDU\�DUWHU\�GLVHDVH�LQYROYHG�EXW��DSRSWRVLV�HYHQWV�DUH�FRPPRQO\�XQSDLQIXOO



&DUGLRP\RSDWK\��XELTXLWDU\�LQ�'0'�DQG�DVVRFLDWH�ZLWK�P\RFDUGLDO�ILEURVLV��DUH�QRW�XVXDOO\�UHODWHG�WR�&$'

,Q�WKDW�FLUFXPVWDQFHV�SULPDU\�3&,�VWURQJO\�LQGLFDWHG

6SHFLDO�LQYHVWLJDWLRQ��&7�DQJLRJUDSK\��FDUGLDF�50,��HYHQWXDOO\�0\RFDUGLDO�/DWH�*DGROLQLXP�(QKDQFHPHQW�05,���LQIODPPDWRU\�WHVWV�QHHGHG

1R�DQ\�DUUK\WKPLF�HYHQWV�LQ�WKLV�FRQWH[W�

5HIHUHQFHV�

��:DJQHU�.5��/HFKW]LQ�1��-XGJH�'3��&XUUHQW�WUHDWPHQW�RI�DGXOW�'XFKHQQH�PXVFXODU�G\VWURSK\��%LRFKLP�%LRSK\V�$FWD��������������������Ä��

��%XVKE\�.��0XQWRQL�)��%RXUNH�-3�����WK�(10&�LQWHUQDWLRQDO�ZRUNVKRS��WKH�PDQDJHPHQW�RI�FDUGLDF�LQYROYHPHQW�LQ�PXVFXODU�G\VWURSK\�DQG
P\RWRQLF�G\VWURSK\��1HXURPXVFXO�'LVRUG������������������Ä��

��'DQLHO�3��-XGJH��'DYLG�$��.DVV��:��5HLG�7KRPSVRQ��.DWKU\Q�5��:DJQHU��3DWKRSK\VLRORJ\�DQG�7KHUDS\�RI�&DUGLDF�'\VIXQFWLRQ�LQ�'XFKHQQH�0XVFXODU
'\VWURSK\��$P�-�&DUGLRYDVF�'UXJV��������������������



,1)(&7,286�',6($6(���6(36,6 0DWV�(ULNVVRQ

��������,QWUDRVVHRXVO\�DGPLQLVWHUHG�DQWLELRWLFV�LQ�H[SHULPHQWDO�VHSWLF�VKRFN�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*XQQDU�6WUDQGEHUJ������$QGHUV�/DUVVRQ������0LNO�V�/LSFVH\������-RHO�0LFKDOHN������0DWV�(ULNVVRQ����

���'HSW��$QDHVWK��	�&ULW�&DUH��8SSVDOD�8QLYHUVLW\�+RVSLWDO��8SSVDOD��6:('(1
���'HSW��&OLQ��&KHPLVWU\��8SSVDOD�8QLYHUVLW\�+RVSLWDO��8SSVDOD��6:('(1
���'HSW��(SLGHPLRO��	�%LRVWDWLVWLFV��8QLYHUVLW\�RI�7H[DV�+HDOWK�6FLHQFH�&HQWHU��6DQ�$QWRQLR��7;��86$

.H\ZRUGV��,QWUDRVVHRXV��DQWLELRWLF��VKRFN��VHSVLV��HPHUJHQF\

$EVWUDFW��

%DFNJURXQG�

,QWUDRVVHRXV��,2��DFFHVV�LV�SURYHQ�XVHIXO�ZKHQ�YDVFXODU�DFFHVV�LV�GLIILFXOW�WR�DFKLHYH��,2�RSWLRQV�DSDUW�IURP�IOXLG�DGPLQLVWUDWLRQ�DUH�GUXJ�GHOLYHU\�
EORRG�VDPSOLQJ��EORRG�WUDQVIXVLRQ��LQMHFWLRQ�RI�FRQWUDVW�G\H�DV�ZHOO�DV�LQGXFWLRQ�RI�K\SRWKHUPLD�IRU�FHUHEUDO�SURWHFWLRQ�DIWHU�FDUGLDF�DUUHVW�DQG
UHVXVFLWDWLRQ�

+RZHYHU��LW�LV�QRW�NQRZQ�ZKHWKHU�DQWLELRWLFV�DGPLQLVWHUHG�,2�UHDFK�VXIILFLHQW�SODVPD�OHYHOV�GXULQJ�VKRFN�

7KXV��ZH�GHVLJQHG�DQ�H[SHULPHQW�LQ�RUGHU�WR�FRPSDUH�WKH�SODVPD�OHYHOV�RI�WZR�DQWLELRWLFV�FRPPRQO\�XVHG�LQ�VHYHUH�LQIHFWLRQV��L�H��JHQWDPLFLQ�DQG
FHIRWD[LPH��GXULQJ�H[SHULPHQWDO�VHSWLF�VKRFN�

�

$QLPDOV�DQG�0HWKRGV�

(LJKW�DSSDUHQWO\�KHDOWK\�SLJV�ZHUH�DQHVWKHWL]HG��$UWHULDO��FHQWUDO�YHQRXV�DQG�SXOPRQDU\�DUWHULDO�FDWKHWHUV�ZHUH�LQVHUWHG��$Q�(=�,2i��7HOHIOH[
0HGLFDO�(XURSH��$WKORQH��,UHODQG��ZDV�LQWURGXFHG�LQWR�WKH�SUR[LPDO�WLELD��7KH�$QLPDO�(WKLFV�&RPPLWWHH�RI�8SSVDOD�8QLYHUVLW\��6ZHGHQ�DSSURYHG�WKH
H[SHULPHQW�

$Q�LQIXVLRQ�RI�HQGRWR[LQ�DW���PLFURJ�NJ�K�ZDV�VWDUWHG�WR�LQGXFH�H[SHULPHQWDO�VHSWLF�VKRFN�����PJ�NJ�RI�FHIRWD[LPH�DQG���PJ�NJ�RI�JHQWDPLFLQ�ZHUH
UDQGRPO\�DGPLQLVWHUHG�LQWUDYHQRXVO\��,9��RU�,2�DW�WKH�RQVHW�RI�HQGRWR[HPLF�VKRFN��&HIRWD[LPH�LQ�SODVPD�ZDV�GHWHUPLQHG�E\�UHYHUVHG�SKDVH
KLJK�SUHVVXUH�OLTXLG�FKURPDWRJUDSK\�VHSDUDWLRQ�FRXSOHG�WR�PDVV�VSHFWURPHWU\��*HQWDPLFLQ�ZDV�DQDO\]HG�RQ�DQ�$UFKLWHFW�&L�����DQDO\]HU�

9HQRXV�VDPSOHV�ZHUH�WDNHQ�DW��������������������DQG�����PLQXWHV�IURP�WKH�SXOPRQDU\�DUWHU\�FDWKHWHU�

$UHD�XQGHU�WKH�FXUYH��$8&��PJ�K�/��ZDV�GHWHUPLQHG�DQG�WKH�FRQILGHQFH�LQWHUYDO�IRU�WKH�UDWLR�RI�PHDQV�ZDV�FRPSXWHG��9DOXHV�DUH�JLYHQ�DV�PHGLDQ
�UDQJH��

5HVXOWV�

7KH�HQGRWR[LQ�LQIXVLRQ�LQGXFHG�H[SUHVVHG�FLUFXODWRU\�GHUDQJHPHQWV��%RWK�PHDQ�DUWHULDO�SUHVVXUH��0$3��DQG�FDUGLDF�LQGH[�ZHUH�UHGXFHG��ZKHUHDV
PHDQ�SXOPRQDU\�DUWHULDO�SUHVVXUH��03$3��LQFUHDVHG��'XH�WR�WKH�UHGXFHG�FDUGLDF�SHUIRUPDQFH�DQG�LQFUHDVHG�ULJKW�VLGHG�ILOOLQJ�SUHVVXUH��VHYHQ�RXW
RI�WKH�HLJKW�SLJV�UHFHLYHG�QRUHSLQHSKULQH��ZKLFK�ZDV�DGPLQLVWHUHG�DW�WKH�LQYHVWLJDWRUV�GLVFUHWLRQ��LQ�RUGHU�WR�NHHS�0$3�!����PP�+J�DQG�RU�0$3�!
03$3�

$W���PLQXWHV�DIWHU�WKH�,9�DQG�,2�LQMHFWLRQV�RI�FHIRWD[LPH��WKH�SODVPD�FRQFHQWUDWLRQV�ZHUH�����PJ�P/������Ä������DQG�����PJ�P/������Ä������
UHVSHFWLYHO\��7KH�FRUUHVSRQGLQJ�YDOXHV�IRU�JHQWDPLFLQ�LQMHFWHG�,9�ZDV������PJ�P/�������Ä�������DQG�ZKHQ�DGPLQLVWHUHG�,2����PJ�P/�������Ä�������

$8&�IRU�FHIRWD[LPH�DGPLQLVWHUHG�,9�ZDV��������������DQG�ZKHQ�JLYHQ�,2�LW�ZDV���������������7KH�NLQHWLFV�RI�HOLPLQDWLRQ�IRU�ERWK�DQWLELRWLFV�ZHUH
VLPLODU�UHJDUGOHVV�RI�LQMHFWLRQ�VLWH�

�

&RQFOXVLRQ�

&HIRWD[LPH�DQG�JHQWDPLFLQ�DUH�FRPPRQO\�XVHG�LQ�VHYHUH�LQIHFWLRQV�H�J��PHQLQJLWLV�RU�VHSWLFHPLD��,Q�VHSWLF�VKRFN��H[SUHVVHG�FLUFXODWRU\
GHUDQJHPHQW��LV�RQH�RI�WKH�FOLQLFDO�PDQLIHVWDWLRQV��:KHQ�YHQRXV�DFFHVV�LV�GLIILFXOW�WR�DFKLHYH��ZKLFK�PD\�EH�WKH�FDVH�LQ�SHGLDWULF�SDWLHQWV�
HVSHFLDOO\�LQ�WKH�SUH�KRVSLWDO�VHWWLQJ��DQG�UDSLG�DGPLQLVWUDWLRQ�RI�DQWLELRWLFV�LV�XUJHQW��WKH�,2�DSSURDFK�PD\�EH�FRQVLGHUHG�

�

5HIHUHQFHV�

5HVXVFLWDWLRQ����������������



5HVXVFLWDWLRQ�������������������

&ULW�FDUH�PHG�������������������

&ULW�&DUH�0HG������������������

$FWD�$QDHVWKHVLRO�6FDQG����������������

�

$FNQRZOHGJHPHQWV�

�'U�(ULNVVRQ�KDV�DOVR�UHFHLYHG�D�WUDYHO�JUDQW�IURP�9LGDFDUH�&RUSRUDWLRQ�DQG�'U�0LFKDOHN�UHFHLYHG�SD\PHQW�IRU�VWDWLVWLFDO�DVVLVWDQFH�IURP�WKH�VDPH
FRPSDQ\��9LGDFDUH�DQG�7HOHIOH[�KDV�ILQDQFLDOO\�VXSSRUWHG�RXU�UHVHDUFK�



,1)(&7,286�',6($6(���6(36,6 8OULND�0�:DOOJUHQ

��������0HGLFDO�KLVWRU\�RI�DGXOW�VHSWLF�SDWLHQWV�LQ�WKH�SUHKRVSLWDO�VHWWLQJ��ZKDW�GR�VHSWLF�SDWLHQWV�VD\"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

8OULND�0�:DOOJUHQ������.DWDULQD�%RKP������/LVD�.XUODQG����

���.DUROLQVND�,QVWLWXWHW��'HSDUWPHQW�RI�&OLQLFDO�6FLHQFH�DQG�(GXFDWLRQ��6�GHUVMXNKXVHW��QRQH��6WRFNKROP��6:('(1

.H\ZRUGV��(PHUJHQF\�0HGLFDO�6HUYLFHV��3UHKRVSLWDO�&DUH��(PHUJHQF\�&DUH��6HSVLV

$EVWUDFW��

2%-(&7,9(��7R�GLDJQRVH�VHSVLV�LV�RIWHQ�GLIILFXOW�GXH�WR�QRQ�VSHFLILF�SUHVHQWDWLRQV��([LVWLQJ�VFUHHQLQJ�WRROV�UHO\�RQ�YLWDO�SDUDPHWHUV��ZKLFK�DUH
KRZHYHU�QRUPDO�LQ�RQH�WKLUG�RI�SDWLHQWV�ZLWK�VHULRXV�LQIHFWLRQV��7KHUH�LV�D�QHHG�WR�LQFOXGH�YDULDEOHV�RWKHU�WKDQ�YLWDO�SDUDPHWHUV�WR�LGHQWLI\�VHSVLV�
2XU�SULPDU\�DLP�ZDV�WR�H[SORUH�WKH�GRFXPHQWHG�SUHVHQWDWLRQV�RI�VHSWLF�SDWLHQWV�LQ�WKH�SUHKRVSLWDO�VHWWLQJ��DQG�WR�LGHQWLI\�DQG�TXDQWLI\�NH\ZRUGV
UHODWHG�WR�WKH�SDWLHQWVn�PHGLFDO�KLVWRU\��$�VHFRQGDU\�DLP�ZDV�WR�FRPSDUH�WKH�SUHYDOHQFH�RI�NH\ZRUGV�EHWZHHQ�VXEJURXSV�RI�VHSWLF
SDWLHQWV������������������������������������������������������������0(7+2'6��0L[HG�PHWKRGV�DQDO\VLV�RI�D�VHTXHQWLDO�H[SORUDWRU\�GHVLJQ��VWDUWLQJ�ZLWK�D�FRQWHQW
DQDO\VLV�RI�SUHVHQWDWLRQV�RI�VHSWLF�SDWLHQWV�DV�GRFXPHQWHG�LQ�(PHUJHQF\�0HGLFDO�6HUYLFHV��(06��UHFRUGV��Q ����GXULQJ�������WR�LGHQWLI\�NH\ZRUGV
UHODWHG�WR�VHSVLV�SUHVHQWDWLRQ��6HFRQG��WKH�LGHQWLILHG�NH\ZRUGV�ZHUH�TXDQWLILHG�DPRQJ�����VHSWLF�SDWLHQWV�GXULQJ�������$OO�SDWLHQWV�ZHUH�DGXOWV�
DGPLWWHG�WR�6�GHUVMXNKXVHW�DQG�GLVFKDUJHG�ZLWK�DQ�,&'����FRGH�FRPSDWLEOH�ZLWK
VHSVLV�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������5(68/76��7KH�PRVW�FRPPRQ
NH\ZRUGV�UHODWHG�WR�WKH�SDWLHQWVÇ�PHGLFDO�KLVWRU\�ZHUH��DEQRUPDO��RU�VXVSHFWHG�DEQRUPDO�WHPSHUDWXUH�����������SDLQ����������DFXWH�DOWHUHG�PHQWDO
VWDWXV����������ZHDNQHVV�RI�WKH�OHJV����������ULVN�IDFWRUV�IRU�VHSVLV����������EUHDWKLQJ�GLIILFXOWLHV����������ORVV�RI�HQHUJ\���������DQG
JDVWURLQWHVWLQDO�V\PSWRPV����������3UHVHQWDWLRQV�GLIIHUHG�EHWZHHQ�DJH�FDWHJRULHV��VXUYLYRUV�DQG�GHFHDVHG�DQG�EHWZHHQ�SDWLHQWV�ZLWK�VHYHUH�DQG
QRQ�VHYHUH�VHSVLV��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
&21&/86,216��.H\ZRUGV�UHODWHG�WR�WKH�SDWLHQWVÇ�PHGLFDO�KLVWRU\�UHFXU�LQ�(06�UHFRUGV�RI�VHSWLF�SDWLHQWV�LQ�WKH�SUHKRVSLWDO�VHWWLQJ��7KLV
LQIRUPDWLRQ�LV�QRW�LQFOXGHG�LQ�FXUUHQW�VHSVLV�VFUHHQLQJ�WRROV�EXW�PD\�EH�XVHG�WR�LQFUHDVH�WKH�LGHQWLILFDWLRQ�RI�VHSVLV�



3(',$75,&6 $QG\�'H�/HHXZ

��������(YDOXDWLRQ�RI�D�PDQDJHPHQW�WRRO�IRU�IHYHU�RI�XQNQRZQ�RULJLQ�LQ�LQIDQWV�\RXQJHU�WKDQ���PRQWKV�LQ�WKH�(PHUJHQF\
'HSDUWPHQW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$QG\�'H�/HHXZ������*HUODQW�YDQ�%HUODHU������'RPLQLTXH�%XOFNDHUW������,YHV�+XEORXH����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLWDLU�=LHNHQKXLV�%UXVVHO��%UXVVHOV��%(/*,80

.H\ZRUGV��,QIDQWV��HPHUJHQF\�GHSDUWPHQW��IHYHU�ZLWKRXW�VRXUFH��JXLGHOLQH�

$EVWUDFW��

%$&.*5281'�$1'�385326(

0DQDJHPHQW�RI�LQIDQWV�\RXQJHU�WKDQ�WKUHH�PRQWKV�ROG�SUHVHQWLQJ�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��ZLWK�IHYHU�RI�XQNQRZQ�RULJLQ�UHPDLQV�D
GLIILFXOW�FKDOOHQJH�IRU�FOLQLFLDQV��3UHQDWDO�*URXS�%�6WUHSWRFRFFXV�VFUHHQLQJ�DQG�UHFHQWO\�GHYHORSHG�YDFFLQDWLRQV�FKDQJHG�WKH�RFFXUUHQFH�DQG
HSLGHPLRORJ\�RI�VHULRXV�EDFWHULDO�LQIHFWLRQV��6%,��LQ�WKLV�SRSXODWLRQ��$Q�HYLGHQFH�EDVHG�JXLGHOLQH�ZDV�GHYHORSHG�IRU�XVH�LQ�WKH�3DHGLDWULF�('�RI�D
WHUWLDU\�XQLYHUVLW\�KRVSLWDO�LQ�%UXVVHOV�

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�H[DPLQH�WKH�DFFXUDF\�RI�WKLV�JXLGHOLQH�WR�GHWHFW�6%,��WR�VHDUFK�IRU�WKH�LQIHFWLRXV�DJHQWV�LQ�WKLV�SRSXODWLRQ��DQG�WR
DQDO\VH�SK\VLFLDQV
�FRPSOLDQFH�WR�WKH�JXLGHOLQH�

3$7,(176�$1'�0(7+2'6

$OO�LQIDQWV�\RXQJHU�WKDQ�WKUHH�PRQWKV�ROG�ZKR�SUHVHQWHG�WR�WKH�('�ZLWK�IHYHU�ZLWKRXW�FOLQLFDO�VRXUFH��EHWZHHQ�-DQXDU\���������DQG�1RYHPEHU����
�����ZHUH�HOLJLEOH�WR�LQFOXGH��$OO�DQDPQHVWLF�DQG�FOLQLFDO�GDWD��ODERUDWRU\�WHVW�DQG�FXOWXUH�UHVXOWV��FKHVW�;�UD\�ILQGLQJV��WUHDWPHQWV�DQG�FOLQLFDO
RXWFRPHV�ZHUH�REWDLQHG�IURP�GLJLWDO�PHGLFDO�UHFRUGV��DQG�UHWURVSHFWLYHO\�DQDO\VHG�

5(68/76

)URP�������SDHGLDWULF�SDWLHQWV�ZKR�SUHVHQWHG�WR�WKH�3DHGLDWULF�('�RYHU����PRQWKV
�WLPH������������ZHUH�XQGHU�WKUHH�PRQWKV�ROG��RI�ZKRP����
������KDG�IHYHU�RI�XQNQRZQ�RULJLQ��0HGLDQ�DJH�ZDV����GD\V��UDQJH��Ä���GD\V�������ZHUH�ER\V��������DQG�����������KDG�D�KLVWRU\�RI�SUHPDWXULW\�

'LDJQRVWLF�VFUHHQLQJ�FDWHJRULVHG�����LQIDQWV���������DV�KLJK�ULVN�IRU�6%,��RI�ZKRP����������KDG�FRQILUPHG�6%,��,Q�����LQIDQWV���������FDWHJRULVHG
DV�ORZ�ULVN��QR�6%,�ZDV�GHWHFWHG�

,Q���������LQIDQWV��������D�PLFURELRORJLFDO�VRXUFH�ZDV�IRXQG���������������KDG�D�YLUDO�LQIHFWLRQ����������������KDG�D�XULQDU\�WUDFW�LQIHFWLRQ��87,��
DQG���������������KDG�D�EDFWHULDO�SQHXPRQLD��,Q�WKH�PDMRULW\�RI�LQIDQWV��Q ���������������QR�SDWKRJHQ�ZDV�GHWHFWHG��7KH�PRVW�IUHTXHQWO\
GHWHFWHG�SDWKRJHQV�ZHUH�(VFKHULFKLD�FROL��PRVWO\�LQ�XULQH��DQG�(QWHURYLUXV��PRVWO\�LQ�FHUHEURVSLQDO�IOXLG��

0RVW�LQIDQWV��Q ��������������ZHUH�DGPLWWHG�WR�WKH�KRVSLWDO��RI���SDWLHQWV������SDUHQWV�UHIXVHG�DGPLWWDQFH��,Q������Q ����������HPSLULF
DQWLELRWKHUDS\�ZDV�LQLWLDWHG��,Q�WKH�KLJK�ULVN�JURXS��DOO�LQIDQWV�ZHUH�WUHDWHG��LQ�WKH�ORZ�ULVN�JURXS��������������LQIDQWV�UHFHLYHG�LQWUDYHQRXV
DQWLELRWLFV��,Q����FDVHV��������DF\FORYLU�ZDV�DGGHG�

2QH�LQIDQW�GLHG�IROORZLQJ�VHSWLF�VKRFN�DIWHU�SHULWRQLWLV�GXH�WR�ERZHO�SHUIRUDWLRQ�

0DQ\�QRQ�DGKHUHQFHV�WR�WKH�JXLGHOLQH�ZHUH�GHWHFWHG��LQ����LQIDQWV������QR�EORRG�FXOWXUH�ZDV�REWDLQHG��RQO\��������XULQH�VDPSOHV�������ZHUH
REWDLQHG�LQ�D�VWHULOH�FROOHFWLRQ�������Q ����GLG�QRW�XQGHUJR�OXPEDU�SXQFWLRQ��DQG�����Q ���GLG�QRW�KDYH�D�FKHVW�;�UD\��0RVW�LQIDQWV��Q ��������RU
�����ZHUH�QRW�VFUHHQHG�IRU�%RUGHWHOOD�SHUWXVVLV��,Q�WKH�ORZ�ULVN�JURXS�������Q ��������UHFHLYHG�DQWLELRWLFV�DOWKRXJK�WKH�JXLGHOLQH�UHFRPPHQGHG
GLIIHUHQWO\�

&21&/86,216

7KLV�VWXG\�LQGLFDWHV�WKDW�LQ����RI�LQIDQWV�SUHVHQWLQJ�WR�WKH�('�ZLWK�IHYHU�ZLWKRXW�VRXUFH�DQ�6%,�ZDV�GHWHFWHG��0RVW�FRPPRQ�LQIHFWLRQV�ZHUH�RI�YLUDO
RULJLQ��PRVW�FRPPRQ�6%,�ZHUH�87,��$GGLQJ�VWDQGDUG�VFUHHQLQJ�IRU�%RUGHWHOOD�SHUWXVVLV�WR�WKH�JXLGHOLQH�LV�UHFRPPHQGHG��*LYHQ�WKHVH�UHVXOWV��WKH
FRPSOLDQFH�RI�SK\VLFLDQV�WR�WKH�HYLGHQFH�EDVHG�JXLGHOLQH�VKRXOG�EH�LPSURYHG��DQG�DWWHQWLRQ�LV�QHHGHG�UHJDUGLQJ�VWHULOH�XULQH�FROOHFWLRQ�DQG
DQWLELRWLF�SROLF\�LQ�WKH�ORZ�ULVN�JURXS�



,1)(&7,286�',6($6(���6(36,6 <DPDPRWR�7RPRQRUL

��������'LDJQRVWLF�YDOXH�RI�SUHVHSVLQ�IRU�VHSVLV�LQ�WKH�QHZ�GHILQLWLRQV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7RPRQRUL�<DPDPRWR������<DPDPRWR�+LURPDVD������7HWVXUR�1LVKLPXUD�7HWVXUR������6KLQ\DPD�1DRNL������1RGD�7RPRKLUR������6KLQLFKLUR�.DJD�����
7DNDKXPL�7HUDGD������.HQLFKLUR�8FKLGD������7DNDVHL�0RULRND������+LURKDUX�7DNHVDGD������0DLNR�(VDNL������+RVKL�+LPXUD������<DVXPLWVX�0L]REDWD����

�����QRQH��6KLM\RQDZDWH��-$3$1
�����QRQH��2VDND��-$3$1

.H\ZRUGV��VHSVLV��QHZ�GHILQLWLRQV��SUHVHSVLQ

$EVWUDFW��

%DFNJURXQG��7KH�WKLUG�LQWHUQDWLRQDO�FRQVHQVXV�SUHVHQWHG�WKH�QHZ�GHILQLWLRQV�IRU�VHSVLV�DQG�VHSWLF�VKRFN��EXW�WKHUH�LV�OLWWOH�GLVFXVVLRQ�DERXW
H[DFWO\�KRZ�WR�GHWHUPLQH�ZKHWKHU�LQIHFWLRQ�LV�VXVSHFWHG��3UHVHSVLQ�LV�FXUUHQWO\�XQGHU�LQYHVWLJDWLRQ�LQ�FOLQLFDO�SUDFWLFH�DV�D�ELRPDUNHU�RI�EDFWHULDO
LQIHFWLRQV�

2EMHFWLYH��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�GLDJQRVWLF�YDOXH�RI�SUHVHSVLQ�FRPSDUHG�WR�RWKHU�GLDJQRVWLF�PDNHUV�RI�VHSVLV�LQ�WKH�QHZ
GHILQLWLRQV�

0HWKRGV��1LQHW\�RQH�SDWLHQWV�ZLWK�62)$�VFRUH�RI���RU�PRUH�ZHUH�LQFOXGHG��:H�GLYLGHG�SDWLHQWV�LQWR�WKUHH�JURXSV�EDVHG�RQ�WKHLU�FOLQLFDO�IHDWXUHV�
QRQ�VHSVLV�JURXS��Q �����VHSVLV�JURXS��Q ����DQG�VHSWLF�VKRFN�JURXS��Q �����%ORRG�VDPSOHV�IRU�ELRPDUNHU�PHDVXUHPHQWV�RI�SUHVHSVLQ�
SURFDOFLWRQLQ��3&7���&�UHDFWLYH�SURWHLQ��&53��DQG�ZKLWH�EORRG�FHOOV��:%&��ZHUH�FROOHFWHG�DW�GD\V������DQG���DIWHU�FOLQLFDO�RQVHW�RI�D�62)$�VFRUH�RI��
RU�PRUH�

5HVXOWV��%RWK�3&7�DQG�SUHVHSVLQ�FRQFHQWUDWLRQV�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�ERWK�VHSVLV�DQG�VHSWLF�VKRFN�JURXSV�FRPSDUHG�WR�QRQ�VHSVLV�JURXS
>3&7��PHGLDQ��QJ�P/�������YV������YV�������S��������SUHVHSVLQ��PHGLDQ��SJ�P/�������YV������YV�������S��������QRQ�VHSVLV�YV��VHSVLV�YV��VHSWLF
VKRFN�JURXS@��6LQFH�WKH�DUHD�XQGHU�WKH�FXUYHV��$8&��RI�WKH�SUHVHSVLQ�WR�GLVWLQJXLVK�VHSVLV�LQFOXGLQJ�VHSWLF�VKRFN�RU�QRQ�VHSVLV�DW�GD\��ZDV������
DQG�VLJQLILFDQWO\�KLJKHU�WKDQ�WKDW�RI�3&7��&53��RU�:%&��LQGLFDWLQJ�WKDW�SUHVHSVLQ�OHYHOV�KDYH�YDOXDEOH�FDSDFLW\�WR�GLDJQRVH�RI�VHSVLV�RU�QRQ�VHSVLV�LQ
WKH�HDUO\�SKDVH��7KH�FXWRII�YDOXH�IRU�SUHVHSVLQ�ZDV�����SJ�PO�ZLWK�WKH�����VHQVLWLYLW\�DQG�����VSHFLILFLW\��2Q�WKH�RWKHU�KDQG��WKH�FXWRII�YDOXH�IRU
3&7�ZDV�����QJ�PO��FRUUHVSRQGLQJ�WR�����VHQVLWLYLW\�DQG�����VSHFLILFLW\��,Q�DGGLWLRQ��WKH�ORJLVWLF�UHJUHVVLRQ�DQDO\VLV�UHYHDOHG�WKDW�KLJK�SUHVHSVLQ
OHYHOV��Õ����SJ�PO��ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�GLDJQRVLV�RI�VHSVLV��RGGV�UDWLR�������������&,�����������������S��������

&RQFOXVLRQ��3UHVHSVLQ�LV�XVHIXO�LQ�GLDJQRVLV�RI�ZKHWKHU�VHSVLV�RU�QRQ�VHSVLV�SDWLHQWV�ZLWK���RU�PRUH�WKDQ�62)$�SRLQWV�



&$6(�35(6(17$7,21 0DUkD�(XJHQLD�5H\HV�*DUFkD

��������,QIHFWLRXV�VSRQG\OLWLV�DV�D�GLIIHUHQWLDO�GLDJQRVLV�LQ�DFXWH�ORZ�EDFN�SDLQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'DYLG�1��H]�&DVWLOOR������0DU�D�(XJHQLD�5H\HV�*DUF�D������-RV��,JQDFLR�9DOHUR�5ROG�Q����

���(PHUJHQF\�GHSDUWPHQW��0DODJD�5HJLRQDO�8QLYHUVLW\�+RVSLWDO��0DODJD��63$,1
���(PHUJHQF\�GHSDUWPHQW��0DODJD�5HJLRQDO�8QLYHUVLW\�+RVSLWDO��0�ODJD��63$,1

.H\ZRUGV��VSRQG\OLWLV��RVWHRDUWLFXODU��EDFN�SDLQ

$EVWUDFW��

&DVH�5HSRUW�

3DWLHQW����\HDUV�ROG�ZKR�KDV�EDFN�SDLQ�ZLWK�VHYHUDO�GD\V�RI�HYROXWLRQ�DFFRPSDQLHG�E\�GHWHULRUDWLRQ�RI�JHQHUDO�FRQGLWLRQ�LQ�WKH�ODVW�IHZ�KRXUV�
+H�KDV�FRQVXOWHG�LQ�KLV�KHDOWK�FHQWUH�DQG�HPHUJHQF\�XQLW�IRU�WKLV�UHDVRQ�ZKHUH�KH�KDV�EHHQ�GLDJQRVHG�ZLWK�ORZ�EDFN�SDLQ�DQG�SUHVFULEHG�XVXDO
DQDOJHVLF�WUHDWPHQW�DQG�EHQ]RGLD]HSLQHV��*LYHQ�WKH�SHUVLVWHQFH�RI�WKH�V\PSWRPV�ILQDOO\�LW�LV�GHFLGHG�WR�WUHDW�KLP�ZLWK�VKRUW�FRXUVH�RI
FRUWLFRVWHURLGV�
'HVSLWH�WKH�GLIIHUHQW�WUHDWPHQWV��WKH�SDWLHQW�FRPSODLQHG�RI�DQ�LQFUHDVH�RI�WKH�SDLQ�DQG�LQ�WKH�ODVW�KRXUV�D�IXUWKHU�GHWHULRUDWLRQ�RI�JHQHUDO�FRQGLWLRQ
DQG�FRJQLWLYH�OHYHO���7KH\�GHQ\�WKH�SUHVHQFH�RI�DQRWKHU�FOLQLF�FRQGLWLRQ�

3HUVRQDO�KLVWRU\�
1R�NQRZQ�DOHUJLHV�WR�GUXJV��0RUELG�REHVLW\��/LPLWHG�PRELOLW\��%URQFKLDO�DVWKPD��+DVKLPRWR
V�WK\URLGLWLV��$Q[LRXV�GHSUHVVLYH�V\QGURPH��)HFDO�DQG
XULQDU\�LQFRQWLQHQFH��

3K\VLFDO�H[DPLQDWLRQ�

*HQHUDOO\�SRRU�FRQGLWLRQ��3RRUO\�SHUIXVHG��'U\�VNLQ�DQG�PXFRXV�PHPEUDQHV��0RUELG�REHVLW\��8QUHVSRQVLYH�WR�VWLPXODWLRQ��*ODVJRZ����
$&5��ZHDN�EXW�UK\WKPLF�WRQHV��QR�PXUPXUV�RU�H[WUDVLVWROHV�DSSUHFLDWHG��%UHDWKLQJ�VRXQGV�FRQVHUYHG�ZLWKRXW�SDWKRORJLF�VRXQG�H[FHSW�PLOG
K\SRYHQWLODWLRQ�LQ�EDVHV��
$EGRPHQ�JOREXODU��QRW�WHQGHU�WR�SDOSDWLRQ�ZLWKRXW�SHULWRQHDO�LUULWDWLRQ�3UHVHUYHG�SHULVWDOVLV��'LVWDO�QHXURYDVFXODU�XQFKDQJHG�

,QYHVWLJDWLRQV�

,Q�DQDO\WLFDO�KLJKOLJKWV�SODWHOHW��������������OHXNRF\WRVLV�ZLWK�QHXWURSKLOLD��3&5�����������FUHDWLQLQH��DOWHUHG�OLYHU�SURILOH�

5[�WKRUD[�DQG�DEGRPHQ�ZLWKRXW�REYLRXV�DOWHUDWLRQV�VR�WKH\�GHFLGHG�WR�SHUIRUP�DQ�DEGRPLQDO�&7�ZKLFK�VKRZV�GHJHQHUDWLYH�FKDQJHV�LQ
GRUVDO�OXPEDU�VSLQH�ZLWK�GHFUHDVHG�KHLJKW�DQG�LUUHJXODULW\�RI�'���GLVF�ZLWK�DQ�LQFUHDVHG�VRIW�WLVVXH�DQG�DVVRFLDWHG�JDV�EXEEOHV�LQVLGH��GLDJQRVLV�RI
VSRQG\OLWLV�

3DWLHQW�LV�DGPLWWHG�WR�WKH�,&8��$QWLELRWLF�WKHUDS\�DQG�UHVXVFLWDWLYH�PHDVXUHV�GHVSLWH�ZKLFK�WKH�SDWLHQW�KDV�MXVW�SUHVHQWHG�PXOWLRUJDQ�IDLOXUH�DQG
GLHG�

&RQFOXVLRQV��$OWKRXJK�WKH�RVWHRDUWLFXODU�SDWKRORJ\�LV�FRPPRQ�LQ�WKH�HOGHUO\��ZH�PXVW�EH�FDXWLRXV�LQ�VLWXDWLRQV�WKDW�GR�QRW�VKRZ�JRRG
SHUIRUPDQFH�DQG�LQIOXHQFH�SRVVLEOH�GLIIHUHQWLDO�GLDJQRVHV�



&$6(�35(6(17$7,21 0DUkD�9LFWRULD�$ODUFnQ�0RUDOHV

��������5DVK�DV�D�PDQLIHVWDWLRQ�RI�VHFRQGDU\�/8(6

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DQXHO�$JXLODU�&DVDV������0DU�D�9LFWRULD�$ODUF�Q�0RUDOHV������-RV��,JQDFLR�9DOHUR�5ROG�Q����

���(PHUJHQF\�GHSDUWPHQW��5HJLRQDO�8QLYHUVLW\�+RVSLWDO�RI�0DODJD��0�ODJD��63$,1

.H\ZRUGV��6\SKLOLV��UDVK��%HQ]DWKLQH�3HQLFLOOLQ

$EVWUDFW��

&DVH�5HSRUW

���\HDU�ROG�PDOH�GULQNHU�ZHHNHQG��VWDEOH�SDUWQHU�+H�FDPH�WR�WKH�HPHUJHQF\�ER[�JHQHUDOL]HG�UDVK�IRU���GD\V�ZLWK�PXVFXORVNHOHWDO�SDLQ��IDWLJXH�
IHHOLQJ�IHYHULVK�QRW�KDYH�PHDVXUDEOH�DQG�VRPH�YRPLWLQJ�DW�QLJKW��FRQFHUQHG�WKDW�\RXU�SDUWQHU�KDV�VLPLODU�V\PSWRPV

%URZVH�

8SRQ�DUULYDO�WR�WKH�HPHUJHQF\�GHSDUWPHQW�SUHVHQWV�D�EORRG�SUHVVXUH���������+HDUW�UDWH����EHDWV�SHU�PLQXWH��ESP��DQG�WHPSHUDWXUH������j�&�

7KH�VNLQ�SUHVHQWV�VPDOO�OHVLRQV��ODUJH�UDLVHG�ZLWKRXW�YHVLFOHV��HU\WKHPDWRXV��SUXULWLF�VSUHDG�ZLGHO\��VWULNLQJ�YDVFXOLWLF�OHVLRQV�RQ�SDOPV�DQG�VROHV�

,QYHVWLJDWLRQV�

&KHVW�[�UD\��1R�SLFWXUHV�RI�SQHXPRQLF�LQILOWUDWHV�DUH�VHHQ�

%ORRG�WHVW��������OHXNRF\WHV�ZLWK�����QHXWURSKLOV��FUHDWLQLQH�������QRUPDO�OLYHU�SURILOH�DQG�3&5���

(YROXWLRQ�

7KH�FDVH�ZDV�GLVFXVVHG�ZLWK�WKH�DWWHQGLQJ�SK\VLFLDQ�IRU�UHYLHZ�DW�RXWSDWLHQW�FOLQLFV�RI�LQIHFWLRXV�GLVHDVHV��DQDO\WLFDO�FRQWURO�LV�UHTXHVWHG�ZLWK�OLYHU
PDUDFDGRUHV�DQG�+,9�DQG�6\SKLOLV�VHURORJ\�DQG�VXEMHFW�WR�UHYLVLRQ�LQ�FRQVXOWDWLRQ�DQG�WUHDWPHQW�5LFNWWVLD�HPSLULFDOO\�ZLWK�GR[\F\FOLQH�GRVH�LV
HVWDEOLVKHG�����PJ�HYHU\����KRXUV

,Q�WKLV�DQDO\WLFDO������535�SRVLWLYH��WRWDO�DQWLERG\�SRVLWLYH�6\SKLOLV��6\SKLOLV�(OLVD�,J0�SRVLWLYH��QHJDWLYH�UHVW�DSSHDU�

'HILQLWLYH�WUHDWPHQW�LV�VWDUWHG�ZLWK�%HQ]DWKLQH�3HQLFLOOLQ�����PLOO�XQLWV�D�ZHHN�IRU�WKUHH�ZHHNV�

&RQFOXVLRQV�

7KLQN�RI�VH[XDOO\�WUDQVPLWWHG�LQIHFWLRQV�LQ�IHEULOH�UDVK�LQ�VXVFHSWLEOH�SHRSOH�ULVN�VH[



&$6(�35(6(17$7,21 0DUkD�9LFWRULD�$ODUFnQ�0RUDOHV

��������%LODWHUDO�SQHXPRSHULWRQHXP�LQ�SDWLHQW�ZLWK�YRPLWLQJ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DQXHO�$JXLODU�&DVDV������0DU�D�9LFWRULD�$ODUF�Q�0RUDOHV������-RV��,JQDFLR�9DOHUR�5ROG�Q����

���(PHUJHQF\�GHSDUWPHQW��5HJLRQDO�8QLYHUVLW\�+RVSLWDO�RI�0DODJD��0�ODJD��63$,1

.H\ZRUGV��ELODWHUDO�SQHXPRSHULWRQHXP��S\ORULF�SHUIRUDWLRQ��VWRPDFK�XOFHU

$EVWUDFW��

&DVH�5HSRUW�

���\HDU�ROG�PDOH��VPRNHU����SDTXHWHV���GD\��EHQLJQ�SURVWDWLF�K\SHUWURSK\

7KH�SDWLHQW�FRPHV�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�YRPLWLQJ�IRU�WZR�GD\V�RI�HYROXWLRQ��KDV�EDUHO\�WROHUDWHG�UHIHUUHG�OLTXLGV�DQG�DEGRPLQDO
GLVFRPIRUW�ULJKW�XSSHU�TXDGUDQW�DQG�ULJKW�IODQN�

([SORUDWLRQ���'HYHORSPHQW

8SRQ�DUULYDO�WR�WKH�HPHUJHQF\�GHSDUWPHQW�SUHVHQWV�D�EORRG�SUHVVXUH���������+HDUW�UDWH����EHDWV�SHU�PLQXWH��ESP��DQG�WHPSHUDWXUH������j�&�

6LJQV�RI�GHK\GUDWLRQ�LQ�PXFRVDO�GLVHDVH�VWULNHV��VNLQ�SDOORU��DEGRPLQDO�H[DPLQDWLRQ�WR�WHQGHUQHVV�LQ�DEGRPHQ�5+�VLJQHG�0XUSK\���DQG�YROXQWDU\
PXVFXODU�GHIHQVH��:KHQ�WKLQNLQJ�DERXW�SRVVLEOH�GLVHDVH�RI�WKH�ELOH�GXFW�RU�NLGQH\�GLVHDVH��EORRG�WHVW�UHTXHVW��XULQH��DEGRPLQDO�UDGLRJUDSK\�DQG
SHULSKHUDOO\�DGPLQLVWHULQJ�FKDQQHOHG�3DQWRSUD]ROH���0HWDPL]RO�,9�

$IWHU����PLQXWHV�RI�DUULYDO��1XUVLQJ�ZDUQV�XV�IRU�ZRUVHQLQJ�RI�WKH�SDWLHQW��ZKLFK�LV�UHVFDQQHG�DQG�SUHVHQWV�DQ�DEGRPLQDO�SDOSDWLRQ�ZLWK�ZLGHVSUHDG
SDLQ��EHOO\��RQ�ERDUG��ZLWK�VLJQV�RI�SHULWRQHDO�LUULWDWLRQ��KH�PRYHG�WR�UDGLRORJ\�DQG�DEGRPLQDO�UDGLRJUDSK\�LQ�ZKLFK�GLODWHG�VPDOO�ERZHO�ORRSV�DQG
DEVHQFH�RI�GLVWDO�JDV�DQG�FKHVW�UDGLRJUDSK\�LQ�SULQFLSOH�LV�SHUIRUPHG�LQ�VXSLQH�IRU�SDWLHQW�FRPIRUW�LQ�ZKLFK�QR�SDWKRORJLFDO�LPDJHV�DUH�VHHQ�VHHQ�LV
SHUIRUPHG��EXW�LQ�WKH�GLDJQRVWLF�LPSUHVVLRQ�GULOOLQJ�LV�SHUIRUPHG�VHDWHG�FKHVW��DSSUHFLDWLQJ�LPJHQ�RI��ELODWHUDO�SQHXPRSHULWRQHXP��

,W�FRQWDFWV�WKH�VHUYLFH�RI�'LJHVWLYH�6XUJHU\�DQG�WUHDWPHQW�LV�LQLWLDWHG�ZLWK�DQWLELRWLFV��SLSHUDFLOOLQ���WD]REDFWDP���PJ��

7KHQ�WKH\�SURFHHG�WR�VXUJHU\�DQG�WKH\�DSSUHFLDWH�D�VKDUS�VWRPDFK�XOFHU�ZLWK�S\ORULF�SHUIRUDWLRQ���FP�ORQJ�D[LV�DQG�FKHPLFDO�SHULWRQLWLV�ZLWK
LQYROYHPHQW�RI�WKH���TXDGUDQWV�

,QYHVWLJDWLRQV�

&KHVW�[�UD\��1R�SLFWXUHV�RI�SQHXPRQLF�LQILOWUDWHV�DUH�VHHQ�

%ORRG�WHVW��������OHXNRF\WHV�ZLWK�����QHXWURSKLOV��FUHDWLQLQH�������QRUPDO�OLYHU�SURILOH�DQG�3&5���

(YROXWLRQ�

$IWHU�VXUJHU\��WKH�SDWLHQW�LV�DGPLWWHG�WR�SODQW�DQWLELRWLFV�6XUJHU\

&RQFOXVLRQV�

,W�LV�LPSRUWDQW�WR�WKH�VXFFHVVIXO�FRPSOHWLRQ�RI�FHUWDLQ�GLDJQRVWLF�WHVWV�LQ�VXVSHFWHG�DFXWH�DEGRPLQDO�SDWKRORJ\



5(63,5$725<�(0(5*(1&,(6 5RQ�-DFRE

��������,V�FDSQRPHWU\�KHOSIXO�LQ�FKLOGUHQ�ZLWK�EURQFKLROLWLV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5RQ�-DFRE������/HD�%HQWXU������,WDL�6KDYLW������)DKHG�+DNLP������5LYD�%ULN����

���'HSDUWPHQWV�RI�3HGLDWULFV��5XWK�5DSSRUW�&KLOGUHQÇV�+RVSLWDO��5DPEDP�+HDOWK�&DPSXV��+DLID��,VUDHO��+DLID��,65$(/
���3HGLDWULF�3XOPRQDU\�,QVWLWXWH��5XWK�5DSSRUW�&KLOGUHQÇV�+RVSLWDO��5DPEDP�+HDOWK�&DPSXV��+DLID��,VUDHO��+DLID��,65$(/
���3HGLDWULF�(PHUJHQF\�0HGLFLQH�'HSDUWPHQW��5XWK�5DSSRUW�&KLOGUHQÇV�+RVSLWDO��5DPEDP�+HDOWK�&DPSXV��+DLID��,VUDHO��+DLID��,65$(/

.H\ZRUGV��&DSQRPHWU\��%URQFKLROLWLV��(W&2�

$EVWUDFW��

%DFNJURXQG��$FXWH�EURQFKLROLWLV�LV�WKH�PRVW�IUHTXHQW�ORZHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQ�LQ�LQIDQWV��2QO\�VPDOO�VXEVHWV�RI�SDWLHQWV�GHYHORS�VHYHUH
GLVHDVH�UHVXOWLQJ�LQ�KRVSLWDOL]DWLRQ�GHVSLWH�KDYLQJ�QR�LGHQWLILDEOH�ULVN�IDFWRUV��7KHUH�LV�VWLOO�D�GHEDWH�DV�WR�WKH�UROH�RI�FDSQRPHWU\�LQ�DVVHVVLQJ
YHQWLODWLRQ�LQ�FKLOGUHQ�ZLWK�DFXWH�UHVSLUDWRU\�GLVWUHVV��DQG�EURQFKLROLWLV�LQ�SDUWLFXODU�

0HWKRGV��7KLV�ZDV�D�SURVSHFWLYH��VLQJOH�EOLQG�FRKRUW�VWXG\�LQ�ZKLFK�FKLOGUHQ�\RXQJHU�WKDQ�WZR�\HDUV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('�
ZLWK�EURQFKLROLWLV�ZHUH�LQFOXGHG��2XU�SULPDU\�RXWFRPH�ZDV�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�HQG�WLGDO�&2���(W&2���DQG�WKH�FOLQLFDO�GHFLVLRQ�RI�KRVSLWDO
DGPLVVLRQ�DQG�GLVFKDUJH��2XU�VHFRQGDU\�RXWFRPH�PHDVXUH�ZDV�WKH�FRUUHODWLRQ�RI�(W&2��XSRQ�DUULYDO�WR�WKH�('�DQG�FOLQLFDO�PHDVXUHV�RI�EURQFKLROLWLV
VHYHULW\��)LQDOO\��E\�XVLQJ�PXOWLYDULDWH�PRGHOV��ZH�ORRNHG�IRU�RWKHU�SDUDPHWHUV�WKDW�FRXOG�FRQWULEXWH�WR�WKH�SUHGLFWLRQ�RI�LOOQHVV�VHYHULW\�

5HVXOWV��2QH�KXQGUHG�DQG�IRXUWHHQ�FKLOGUHQ�ZLWK�EURQFKLROLWLV�ZHUH�HYDOXDWHG��7KHLU�PHGLDQ�(W&2��XSRQ�DUULYDO�WR�WKH�('�ZDV����PP+J��UDQJH
������PP+J���(W&2��YDOXHV�XSRQ�DGPLVVLRQ�RU�GLVFKDUJH�ZHUH�QRW�VWDWLVWLFDOO\�GLIIHUHQW�DPRQJ�SDWLHQWV�ZKR�ZHUH�KRVSLWDOL]HG�DQG�DPRQJ�WKRVH
ZKR�ZHUH�GLVFKDUJHG�IURP�WKH�('��$PRQJ�DGPLWWHG�SDWLHQWV��ZH�IRXQG�QR�FRUUHODWLRQ�EHWZHHQ�FDSQRPHWU\�UHDGLQJV�DW�DGPLVVLRQ�DQG�QXPEHU�RI
R[\JHQ�GHVDWXUDWLRQ�GD\V��QRU�ZLWK�WKH�OHQJWK�RI�KRVSLWDOL]DWLRQ��:DQJ�FOLQLFDO�UHVSLUDWRU\�VHYHULW\�VFRUH�ZDV�IRXQG��E\�XVLQJ�PXOWLYDULDWH�PRGHOV�
WR�SUHGLFW�QDVRJDVWULF�WXEH�QHHG��R[\JHQ�GHVDWXUDWLRQ�GD\V��DQG�OHQJWK�RI�KRVSLWDOL]DWLRQ�

&RQFOXVLRQ��&DSQRPHWU\�UHDGLQJV�XSRQ�DUULYDO�WR�WKH�('�GLG�QRW�SUHGLFW�KRVSLWDO�DGPLVVLRQ�RU�KRVSLWDO�GLVFKDUJH�HOLJLELOLW\��$PRQJ�KRVSLWDOL]HG
SDWLHQWV��(W&2��GLG�QRW�FRUUHODWH�ZLWK�WKH�HYDOXDWHG�GLVHDVH�VHYHULW\�PHDVXUHV��:DQJ�VFRUH�ZDV�IRXQG�WR�EH�WKH�PRVW�FRQVLVWHQW�SUHGLFWRU�RI
VLJQLILFDQW�RXWFRPHV�



&$6(�35(6(17$7,21 0DUkD�(XJHQLD�5H\HV�*DUFkD

��������$QDO�DEVFHVV�LQ�D�SDWLHQW�DIWHU�PXOWLSOH�(PHUJHQF\�5RRP�DVVLVWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DU�D�GHO�3LQR�6DOLQDV�0DUW�Q������0DU�D�(XJHQLD�5H\HV�*DUF�D������,Y�Q�9LOODU�0HQD����

���(PHUJHQF\�GHSDUWPHQW��0DODJD�5HJLRQDO�8QLYHUVLW\�+RVSLWDO��0DODJD��63$,1
���(PHUJHQF\�GHSDUWPHQW��0DODJD�5HJLRQDO�8QLYHUVLW\�+RVSLWDO��0�ODJD��63$,1
���(PHUJHQF\�GHSDUWPHQW��0DODJD�5HJLRQDO�8QLYHUVLW\�+RVSLWDO��PDODJD��63$,1

.H\ZRUGV��DQDO�DEFHVV��UHFWDO�SDLQ��LVFKLRUUHFWDO

$EVWUDFW��

&DVH�5HSRUW�

0$OH�3DWLHQW����\HDUV�ROG�ZLWK�SHUVRQDO�DQWHFHGHQWV�RI�DWULDO�ILEULOODWLRQ��K\SHUWHQVLRQ��EHQLJQ�SURVWDWLF�K\SHUSODVLD�DQG�FKURQLF�REVWUXFWLYH
SXOPRQDU\�GLVHDVH�LV�WUHDWHG�ZLWK�GLJR[LQ��6LQWURP��GR[D]RVLQ�DQG�LQKDOHUV�

+H�&RPHV�WR�WKH�HPHUJHQF\�URRP�IRU�LQWHQVH�UHFWDO�SDLQ�RQH�\HDU�RI�HYROXWLRQ�WKDW�KDV�LQWHQVLILHG�VLQFH�RQH�PRQWK�WKDW�SUHYHQWV�WKH�VHDWHG
DFFRPSDQLHG�E\�IHDU�RI�GHIHFDWLRQ�DQG�HPLVVLRQ�RI�OLTXLG�VWRROV�SHU�GD\�DJR�

+H�*RHV�WR�WKH�HPHUJHQF\�URRP�VHYHUDO�WLPHV�ZKHUH�KH�ZDV�GLDJQRVHG�ZLWK�KHPRUUKRLGV�V\QGURPH��FRQWLQXRXVO\�ZLWK�QR�HYLGHQFH�RI�KHPRUUKRLGV
WKURPERVHG�DQG�QRW�UHOLHYHG�DIWHU�PXOWLSOH�WUHDWPHQWV�SUHVFULEHG�

([SORUDWLRQ

$IIHFWHG�E\�SDLQ�

'5(�ZLWK�K\SHUWRQLF�VSKLQFWHU��,VFKLRUHFWDO�UHG�]RQH�DW���LQ�WKH�OLWKRWRP\�SRVLWLRQ��1R�FUDFNV�RU�ILVWXODV��3DOSDWLRQ�HQGR�UHFWDO�PDVV��ZHOO�GHILQHG�
ZDUP��IOXFWXDWLQJ�LQ�WKH�OHIW�SRVWHULRU�SHULDQDO�DUHD�

&RPSOHPHQWDU\�WHVWV

%ORRG�WHVWV��KLJKOLJKWV�OHXNRF\WHV��������ZLWK�QHXWURSKLOLD�DQG�O\PSKRSHQLD��WKURPERSODVWLQ�WLPH�������,15�������&UHDWLQLQH��������5HPDLQLQJ
XQFKDQJHG�

;�5D\��XQFKDQJHG�

3HOYLF�&7��DEVFHVV�ZLWK�DFFXPXODWLRQ�RI�SXUXOHQW�FRQWHQW�RI�����[�����FP�DQG�LQFUHDVLQJ�\RXU�ZDOO��ORFDWHG�LQ�WKH�OHIW�DQG�SRVWHULRU�SHULDQDO�UHJLRQ
DIIHFWLQJ�,VFKLRUHFWDO�OHIW�IRVVD�DQG�SDUWLDOO\�WKH�LSVLODWHUDO�OHYDWRU�DQL�PXVFOH�

'LDJQRVLV��DQDO�DEVFHVV

(YROXWLRQ�

,W�LV�GLVFXVVHG�LQ�*HQHUDO�6XUJHU\�IRU�HYDOXDWLRQ�DQG�WUDQVIHU�LV�GRQH�DW�WKH�XQLYHUVLW\�5HJLRQDO�5HIHUUDO�+RVSLWDO��IRU�SHUIRUPLQJ�DEGRPLQR�SHOYLF�&7
VFDQ�ZKLFK�VKRZV�DQ�DQDO�DEVFHVV�DQG�WHVWLQJ�IRU�HOHFWLYH�VXUJHU\�LV�GHFLGHG��:H�SURFHHG�WR�JHQHUDO�ZDUG�ZLWK�DQWLELRWLFV�DQG�DQDOJHVLD�XQWLO�WKH
GDWH�GHFLGHG�

'XULQJ�VXUJHU\��H[WUDFWLRQ�LV�SHUIRUPHG�DQG�HPSW\LQJ�DQDO�DEVFHVV�ZLWKRXW�LQFLGHQW�



&$6(�35(6(17$7,21 0DUkD�(XJHQLD�5H\HV�*DUFkD

��������3RO\P\RVLWLV�VHFRQGDU\�WR�K\SRWK\URLGLVP�XQNQRZQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DU�D�7(UHVD�9DOOH�*LO������0DU�D�(XJHQLD�5H\HV�*DUF�D������-RV��,JQDFLR�9DOHUR�5ROG�Q����

���(PHUJHQF\�GHSDUWPHQW��5HJLRQDO�8QLYHUVLW\�+RVSLWDO�RI�0DODJD��0�ODJD��63$,1
���(PHUJHQF\�GHSDUWPHQW��0DODJD�5HJLRQDO�8QLYHUVLW\�+RVSLWDO��0�ODJD��63$,1

.H\ZRUGV��3RO\P\RVLWLV��K\SRWK\URLGLVP�DXWRLQPXQH��FUHDWLQH�SKRVSKRNLQDVH

$EVWUDFW��

3RO\P\RVLWLV�VHFRQGDU\�WR�K\SRWK\URLGLVP�XQNQRZQ

0(',&$/�+,6725<�

���\HDU�ROG�ZRPDQ�ZKR�FRPHV�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�SDLQ��RSSUHVVLRQ�DQG�IHHOLQJ�NQRWV�LQ�XSSHU�DQG�ORZHU�OLPEV�WKDW�YDU\�LQ�LQWHQVLW\
WKURXJKRXW�WKH�GD\�IURP�RQH�ZHHN�DJR��$OVR�UHIHUV�\HOORZLVK�YDJLQDO�GLVFKDUJH�DQG�SDLQ�VLQFH�ODVW�QLJKW�XULQDWLRQ��

0HGLFDO�KLVWRU\��DOOHUJ\�WR�DFHW\OVDOLF\OLF�DFLG�

1R�GLVHDVH�RI�LQWHUHVW��QR�UHJXODU�PHGLFDWLRQ

%URZVH�

+HPRG\QDPLFDOO\�VWDEOH�WKURXJKRXW�

&RQVFLRXV��RULHQWHG�DQG�FROODERUDWLYH��ZHOO�K\GUDWHG�DQG�SHUIXVHG��QRUPR�FRORUHG��HXSQHLF�

+HDG��QHFN��WKRUD[��DEGRPHQ�DQG�XSSHU�DQG�ORZHU�OLPEV�ZLWKRXW�DOWHUDWLRQV�LQ�H[SORUDWLRQ�

&RPSOHPHQWDU\�WHVWV�

&KHVW�UDGLRJUDSK\�ZLWKRXW�VLJQLILFDQW�DOWHUDWLRQV

$QDO\WLFDO�8ULQH�OHXFRFLWXULD

$QDO\WLFDO�EORRG��EORRG�FRXQW��FRDJXODWLRQ��EORRG�JDV�DQG�FKHPLVWU\��H[FHSW�IRU�FUHDWLQH�SKRVSKRNLQDVH������8���/��QRUPDO�UDQJH���������8���/���ZLWK
QR�DOWHUDWLRQV�

(YROXWLRQ�DQVG�WUHDOWPHQW�

:H�SURFHHG�WR�GLVFKDUJH�KRPH�ZLWK�D�GLDJQRVLV�RI�XULQDU\�WUDFW�LQIHFWLRQ�DIWHU�XULQDO\VLV�ZLWK�HYLGHQFH�RI�OHXNRF\WHV�ZLWK�KRPH�WUHDWPHQW�

%HVLGHV�XVXDO�DQDOJHVLF�WUHDWPHQW�UHJLPHQ�P\RSDWK\�DIWHU�FRQGXFWLQJ�EORRG�WHVWV�VKRZLQJ�RQO\�FUHDWLQH�YDOXHV�RI������8���/��QRUPDO�UDQJH��������
8���/��DQG�LV�GHULYHG�5KHXPDWRORJ\�SUHIHUHQWLDOO\�WR�FRQWLQXH�VWXG\�

,Q�SDWLHQW�PRQLWRULQJ�SHUIRUPHG�E\�5KHXPDWRORJ\��DGGLWLRQDO�WHVWV�DUH�PDGH�PRUH�DQG�DQDO\WLFDO�YDOXHV�RI�76+�ZHUH�REVHUYHG������P,8���/��1RUPDO�
����WR�����P,8���/��DQG�IUHH�7��������QJ���G/���1RUPDO�YDOXHV������WR������QJ���G/��ZLWK�DQWL�732�DQWLFXHUSRV���������6KH�ZDV�GLDJQRVHG�ZLWK
+\SRWK\URLGLVP�DXWRLQPXLQH�DQG�VHFRQGDU\�SRO\P\RVLWLV��HVWDEOLVKLQJ�/HYRWLUR[LQD�����PFJ�WUHDWPHQW�

�&OLQLFDO�7ULDO��+\SRWK\URLGLVP�DXWRLPPXQH�HWLRORJ\��3RO\P\RVLWLV�



&$6(�35(6(17$7,21 0DUkD�(XJHQLD�5H\HV�*DUFkD

��������3UHVHQWDWLRQ�RI�D�FDVH�RI�DQ�LQWUDRFXODU�VWUDLJQ�PDWHULDO

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DQXHO�$JXLODU�&DVDV������0DU�D�(XJHQLD�5H\HV�*DUF�D������'DYLG�1��H]�&DVWLOOR����

���(PHUJHQF\�GHSDUWPHQW��5HJLRQDO�8QLYHUVLW\�+RVSLWDO�RI�0DODJD��0�ODJD��63$,1
���(PHUJHQF\�GHSDUWPHQW��0DODJD�5HJLRQDO�8QLYHUVLW\�+RVSLWDO��0�ODJD��63$,1
���(PHUJHQF\�GHSDUWPHQW��0DODJD�5HJLRQDO�8QLYHUVLW\�+RVSLWDO��0DODJD��63$,1

.H\ZRUGV��LQWUDRFXODU��YLWUHRXV

$EVWUDFW��

0(',&$/�+,6725<�

3DWLHQW�RI����\HDUV�ZLWKRXW�GUXJ�DOOHUJLHV�DQG�UHOHYDQW�PHGLFDO�KLVWRU\�SUHVHQWHG�WR�WKH�HPHUJHQF\�E\�SDLQ�DQG�UHGQHVV�RI�WKH�OHIW�H\H�DIWHU�KDYLQJ
WKH�IHHOLQJ�MXPS�RQ�VRPHWKLQJ�DV�KH�IL[HG�D�SLFWXUH�RQ�WKH�ZDOO��7KH�SDWLHQW�KDV�QR�DOWHUDWLRQ�LQ�YLVLRQ�DV�UHJDUGV

$VVHVVPHQW�UHTXHVWHG�E\�2SKWKDOPRORJ\�DW�WKH�VLJKW�RI�IRUHLJQ�ERG\�GHHS�DIWHU�IOXRUHVFHLQ�VWDLQLQJ�DVVRFLDWHG�ZLWK�FRUQHDO�HURVLRQ�

%URZVH�

9LVXDO�DFXLW\�SUHVHUYHG��LVRFKRULF�DQG�QRUPRUHDFWLYDV�SXSLOV��3UHVHUYHG�H\H�PRYHPHQWV�

(URVLRQ�VXSHULRU�OLQHDU�IXOO�WKLFNQHVV�FRUQHDO�EXW�VHDOHG�VSRQWDQHRXVO\�

)XQGXV�ZLWK�VRPH�EOHHGLQJ�URXQGHG�VXSUDWHPSRUDO�DUHD�ZLWK�VPDOO�ZKLWLVK�URXQGHG�SLFWXUH�VL]H�DGMDFHQW�VXVSHFWHG�LQWUDRFXODU�VWUDLJQ
PDWHULDOIRUHLJQ�YLWUHRXV�

$IWHU�WKH�SK\VLFDO�H[DPLQDWLRQ�E\�WKH�VSHFLDOLVW��&7�LV�SHUIRUPHG�RUELWDO

�&RPSOHPHQWDU\�WHVWV�

%ORRG�WHVWV�XQDOWHUHG

(OHFWURFDUGLRJUDP�VKRZHG�VLQXV�UK\WKP�DW����ESP�

7$&�RUELWDO��6WUDLJQ�PDWHULDO�LQ�VXSHULRU�WHPSRUDO�OHYHO�URXQGHG

&OLQLFDO�7ULDO��,QWUDRFXODU�VWUDLJQ�PDWHULDO

(YROXWLRQ�DQG�7UHDWPHQW��$IWHU�2SKWKDOPRORJ\�YDOXDWLRQ�DQG�UHDOL]DWLRQ�RI�RUELWDO�7$&�LV�UHDFKHG�GHILQLWLYH�GLDJQRVLV�RI�LQWUDRFXODU�IRUHLJQ�ERG\�
3UHRSHUDWLYH�HYDOXDWLRQ�LV�SHUIRUPHG��LV�HQWHUHG�LQ�2EVHUYDWLRQ�IRU�KRPH�LQWUDYHQRXV�DQWLELRWLF�WUHDWPHQW�DQG�VXUJHU\�LV�SHUIRUPHG�VXEVHTXHQWO\�



('8&$7,21�$1'�75$,1,1* 0DUkD�9LFWRULD�$ODUFnQ�0RUDOHV

��������&HUYLFDO�FDQFHU�SUHYHQWLRQ�LQ�D�IDPLO\�SODQQLQJ�FRQVXOWDWLRQ�RI�XUEDQ�KHDOWK�FHQWHU

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&DUROLQD�*DUULGR�&$QQLQJ������0DU�D�9LFWRULD�$ODUF�Q�0RUDOHV������-RV��,JQDFLR�9DOHUR�5ROG�Q����

���(PHUJHQF\�GHSDUWPHQW��5HJLRQDO�8QLYHUVLW\�+RVSLWDO�RI�0DODJD��0�ODJD��63$,1

.H\ZRUGV��FHUYLFDO�FDQFHU��SUHYHQWLRQ��IDPLO\�SODQQLQJ�FRQVXOWDWLRQ

$EVWUDFW��

2%-(&7,9(6

(YDOXDWH�WKH�GDWD�UHFRUG�LQ�WKH�FOLQLFDO�UHFRUGV�RI�SDWLHQWV�DWWHQGLQJ�IDPLO\�SODQQLQJ�FRQVXOWDWLRQ�DFFRUGLQJ�WR�WKH�LQWHJUDWHG�FHUYLFDO�FDQFHU�FDUH
SURWRFRO��

'(6,*1

&URVV�VHFWLRQDO�UHWURVSHFWLYH

3238/$7,21�$1'�6$03/(

$�WRWDO�RI����SDWLHQWV�DWWHQGLQJ�IDPLO\�SODQQLQJ�FRQVXOWDWLRQ�GXULQJ������LQ�D�KHDOWK�FHQWHU��VLQJOH�UDQGRPO\�FKRVHQ�ZHUH�DVVHVVHG��7KLV�VDPSOH
VL]H�DOORZHG�XV�WR�VWXG\�WKH�PDLQ�REMHFWLYH�RI�WKH�UHVHDUFK�ZLWK�DQ�DFFXUDF\�RI������ZLWK�D�FRQILGHQFH�OHYHO�RI����

�,17(59(17,216

7KH�YDULDEOHV�DJH��UHFRUG�RI�3$,�RI�FHUYLFDO�FDQFHU�UHJLVWU\�VDPSOLQJ��FRPPXQLFDWLRQ�UHFRUG�UHVXOWV��DQDPQHVLV��SK\VLFDO�H[DPLQDWLRQ�DQG
FRPSOLDQFH�ZLWK�WKH�WLPLQJ�RI�F\WRORJ\�DV�ULVN�IDFWRUV�ZHUH�HYDOXDWHG�

�5(68/76

2I�WKH����SDWLHQWV�HYDOXDWHG�����GLG�QRW�DWWHQG�\RXU�DSSRLQWPHQW�F\WRORJ\��2I�WKH�UHPDLQLQJ����WKH�DYHUDJH�DJH�ZDV����\HDUV��2QO\����ZHUH
GHULYHG�J\QHFRORJ\�E\�SDWKRORJLFDO�F\WRORJ\��7KH�ODUJHVW�GHILFLW�UHFRUG�RFFXUUHG�LQ�YDULDEOHV�DQDPQHVLV��QRW�UHJLVWHUHG�LQ�����RI�FDVHV��LI������
SK\VLFDO�H[DPLQDWLRQ��QRW�FROOHFWHG�LQ�����RI�FDVHV��LI�������7KH�VHTXHQWLDO�LPSOHPHQWDWLRQ�RI�VPHDUV�DFFRUGLQJ�WR�3$,�ZDV�FRUUHFW�LQ�������RI
FDVHV�

�&21&/86,216

'HVSLWH�WKH�GHFOLQH�LQ�WKH�LQFLGHQFH�RI�FHUYLFDO�FDQFHU��D�GHILFLW�LQ�PHGLFDO�XSWDNH��������HVSHFLDOO\�LQ�SHRSOH�RYHU����ZLWK�)5��ZLWK�OLWWOH�DZDUHQHVV
RQ�WKH�SDUW�RI�SDWLHQWV�VWLOO�SHUVLVWV��7KH�FROOHFWLRQ�RI�GDWD�RQ�FOLQLFDO�KLVWRU\�LV�VFDUFH��PDLQO\�LQ�WKH�DQDPQHVLV��)5��DQG�SK\VLFDO�H[DPLQDWLRQ�

,I�ZH�LPSURYH�WKH�UHFUXLWPHQW�DQG�GDWD�FROOHFWLRQ�ZLOO�LPSURYH�WKH�TXDOLW\�RI�WKH�FDUH�SURFHVV�



&$6(�35(6(17$7,21 0DUkD�9LFWRULD�$ODUFnQ�0RUDOHV

��������,GLRSDWKLF�WKURPERF\WRSHQLF�SXUSXUD�DIWHU�RQVHW�RI�VNLQ�OHVLRQV�LQ�\RXQJ�SDWLHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DU�D�9LFWRULD�$ODUF�Q�0RUDOHV������0DU�D�(XJHQLD�5H\HV�*DUF�D������-RV��,JQDFLR�9DOHUR�5ROG�Q����

���(PHUJHQF\�GHSDUWPHQW��5HJLRQDO�8QLYHUVLW\�+RVSLWDO�RI�0DODJD��0�ODJD��63$,1

.H\ZRUGV��,GLRSDWKLF�WKURPERF\WRSHQLF�SXUSXUD��WKURPERF\WRSHQLD�9DVFXODU�SXQFWDWH

$EVWUDFW��

0(',&$/�+,6725<�

���\HDUV�ROG�PDOH�SDWLHQW�ZLWKRXW�GUXJ�RU�LQWHUHVW�SHUVRQDO�PHGLFDO�KLVWRU\�SUHVHQWHG�WR�WKH�HPHUJHQF\�ZLWK�VNLQ�OHVLRQV�RQ�ERWK�OHJV�RI���GD\V�RI
HYROXWLRQ�DOOHUJLHV��+H�UHJDUGV�WKH�SRVVLELOLW\�RI�DQ�DOOHUJLF�UHDFWLRQ�

)HHOLQJ�IHYHULVK�QRW�KDYH�PHDVXUDEOH�LQ�WKH�ODVW����GD\V�

6XEVHTXHQWO\�WKH�SDWLHQW�LQGLFDWHV�KDYH�PLOG�EORRG�UHPDLQV�LQ�QDVDO�DQG�JLQJLYDO�JUDYHV�IURP�WKH�RQVHW�RI�V\PSWRPV��1R�ER[�RU�FDWDUUKDO�LQIHFWLRQ
DVVRFLDWHG�

,W�KDV�QRW�WDNHQ�DQ\�PHGLFDO�WUHDWPHQW�RU�ULVN�EHKDYLRU�ODWHO\��

%URZVH��9DVFXODU�SXQFWDWH��SUXULWLF�OHVLRQV�ZLWK�QHJDWLYH�GLDVFRS\��QR�SUHVVXUH�GLVDSSHDUDQFH�RI�OHVLRQV��DIIHFWLQJ�EDFN�DQG�OHJV�DV�ZHOO�DV�SDOPV
DQG�VROHV�

&RPSOHPHQWDU\�WHVWV�

%ORRG�DQDO\VLV�LQ�WKH�SUHVHQFH�RI�SODWHOHWV�������,8���PLFUROLWHU���1RUPDO�UDQJH����������WR���������,8���PLFUROLWHU���5HVW�DQDO\VLV�XQDOWHUHG�

%ORRG�VPHDUV�ZLWKRXW�REVHUYLQJ�G\VSODVLDV�RU�LPPDWXUH�FHOOV�DQG�HU\WKURLG�FRQILUPV�WKURPERF\WRSHQLD�ZLWKRXW�SDWKRORJ\��

(YROXWLRQ�DQG�7UHDWPHQW�

7KH�FDVH�LV�GLVFXVVHG�ZLWK�+HPDWRORJ\�DQG�WUDQVIHU�RI�SDWLHQW�UHIHUUDO�KRVSLWDO�IRU�HYDOXDWLRQ�LQ�WXUQ�LV�GHFLGHG�

7KH�VSHFLDOLVW�LQ�KHPDWRORJ\�LQIRUPV�WKH�SDWLHQW�RI�KHPRUUKDJLF�ULVN�LQ�\RXU�FDVH��������DQG�WKH�SDWLHQW�GHFLGHV�WR�VWDUW�KRPH�WUHDWPHQW�DQG
UHPDLQ�DW�UHVW�UHODWLYH�VORSH�KRXVH�SUHIHUHQWLDO�DSSRLQWPHQW�WR�FRQWLQXH�VWXG\�

,Q�FRQVXOWDWLRQ�ERQH�PDUURZ�ELRSV\��P\HORJUDP��FUDQLDO�DEGRPLQDO�8OWUDVRXQG�DQG�&7�DUH�VFKHGXOHG�IRU�UHVLVWDQFH�WR�WUHDWPHQW��ZLWK�QR�HYLGHQFH
RI�FKDQJHV�LQ�WKH�UHVXOWV�

$QDO\WLFDO�SURWHLQ�HOHFWURSKRUHVLV�ZHUH�SHUIRUPHG��DXWRLPPXQH�PDUNHUV��WK\URLG�KRUPRQHV�DQG�FRPSOHWH�VHURORJ\��+,9��+%9��+&9��&09��(%9������
ZLWK�QHJDWLYH�UHVXOWV

:H�FRQFOXGH�ZLWK�D�GLDJQRVLV�RI�LGLRSDWKLF�WKURPERF\WRSHQLF�SXUSXUD

�&OLQLFDO�7ULDO��LGLRSDWKLF�WKURPERF\WRSHQLF�SXUSXUD



&$6(�35(6(17$7,21 0DUkD�9LFWRULD�$ODUFnQ�0RUDOHV

��������'\VSQHD�DQG�FRXJK�VHFRQGDU\�WR�/\PSKRPD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-RV��,JQDFLR�9DOHUR�5ROG�Q������,Y�Q�9LOODU�0HQD������0DU�D�9LFWRULD�$ODUF�Q�0RUDOHV����

���(PHUJHQF\�GHSDUWPHQW��5HJLRQDO�8QLYHUVLW\�+RVSLWDO�RI�0DODJD��0�ODJD��63$,1

.H\ZRUGV��/\PSKREODVWLF�7�FHOO��/\PSKRPD��G\VSQHD�

$EVWUDFW��

0(',&$/�+,6725<�

$����\HDUV�ROG�PDQ���ZLWK�QR�PHGLFDO�KLVWRU\�RI�LQWHUHVW���H[FHSW�IRU�VPRNLQJ���ZKR�FRPHV�WR��WKH�HPHUJHQF\�VHUYLFH��ZLWK�FRXJK���ULEV�SDLQ���HIIRUW
G\VSQHD��DQG�ORZ�JUDGH�IHYHU��IRU�D�ZHHN�RI�HYROXWLRQ���EHVLGHV�KH�ZDV�WUHDWHG�ZLWK�LEXSURIHQ�DQG�DFHWDPLQRSKHQ�

)DPLO\KLVWRU\����DVWKPDWLF�EURWKHUV��PRWKHUZLWK�&�KHSDWLWLV���PDWHUQDO�JUDQGPRWKHU�ZLWK�'0��)DWKHUnV�IDPLO\�KLVWRU\�LV�XQNQRZQ�

(;3/25$7,21�

$FFHSWDEOH�JHQHUDO�FRQGLWLRQ��1RUPDO�K\GUDWHG��SDOHQHVV�RI�VNLQ�DQG�PXFRXV��6WUDZ�FRORUHG��+DJJDUG��1RQ�IHYHU�

+HDG�DQG�QHFN��QRUPDO�

$&��UK\WKPLF�EHDW�ZLWKRXW�EORZLQJ�����EHDWV�SHU�PLQXWH

$3��YHVLFXODU�PXUPXU�SUHVHUYHG��ZLWK�����2��VDWXUDWLRQ

$EGRPHQ��VRIW��GHSUHVVLEOH��QRW�SDLQIXO�O\LQ�WRXFKLQJ��QR�PDVVHV�RU�PHJDOLHV��1RW�LQJXLQDO�QRGHV�

&203/(0(17$5<�7(676�

&KHVW�;�5D\��ZLGHQLQJ�PHGLDVWLQXP��(OHYDWLRQ�RI�OHIW�KHPLGLDSKUDJP�

%ORRG�DQDO\VLV��EORRG�FRXQW��ELRFKHPLVWU\��YHQRXV�EORRG�JDV�DQG�FRDJXODWLRQ�ZLWKRXW�DOWHUDWLRQV��ZLWK�3&5�����

7KH�SDWLHQW�ZDV�DGPLWWHG�WR�LQWHUQDO�PHGLFLQH��UHD�LQ�RUGHU�WR�VWXG\�PHGLDVWLQXP�PDVV�

(92/87,21��

'XULQJ�KLV�SHUPDQHQFH�LQ�KRVSLWDO��D�QHFN�DQG�DEGRPHQ�VFDQQHU�ZDV�PDGH�ZLWKRXW�ILQGLQJV��WKRUD[�VFDQQHU�UHVXOWHG�ZLWK�PHGLDVWLQXP�PDVV�WKDW
DIIHFWV�DOO�WKH�PHGLDVWLQXP��ZLWK�DQWHULRU�SUHGRPLQDQFH�DQG�FRPSUHVVLQJ�WKH�OHIW�PDLQ�EURQFKXV��ZLWK�GHIHFW�RI�UHSOHWLRQ�LQ�WKH�ULJKW�ORZHU�OREDU�
DUWHU\��DFXWH�37(�68%$&87(��

0XOWLSOH�ELRSV\�RI�DQWHULRU�PHGLDVWLQXP�PDVV�ZDV�PDGH��DQG�DIWHU�WKDW�SDWLHQW�VWDUWV�ZLWK�SDLQ�DQG�WXPHIDFWLRQ�RQ�ULJKW�VLGH��UHODWLRQHG�ZLWK�VPDOO
ULJKW�SQHXPRWKRUD[�DQG�VXEFXWDQHRXV�HPSK\VHPD

5HVXOW�RI�WKH�ELRSV\��/<03+2%/$67,&�7�FHOO�/\PSKRPD

3DWLHQW�LV�XQGHU�UHVSRQVLELOLW\�RI�KDHPDWRORJ\��ZLWK�VWHURLG�WUHDWPHQW�WLOO�JHWWLQJ�*��3'�UHVXOWV���DQG�WKHQ�VWDUWV�WUHDWPHQW�ZLWK�FKHPRWKHUDS\�



&$6(�35(6(17$7,21 0DUkD�(XJHQLD�5H\HV�*DUFkD

��������$UUK\WKPRJHQLF�G\VSODVLD�HYLGHQFHG�DIWHU�IRRG�SRLVRQLQJ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'DYLG�1��H]�&DVWLOOR������0DU�D�(XJHQLD�5H\HV�*DUF�D������-RV��,JQDFLR�9DOHUR�5ROG�Q����

���(PHUJHQF\�GHSDUWPHQW��0DODJD�5HJLRQDO�8QLYHUVLW\�+RVSLWDO��0DODJD��63$,1
���(PHUJHQF\�GHSDUWPHQW��0DODJD�5HJLRQDO�8QLYHUVLW\�+RVSLWDO��0�ODJD��63$,1

.H\ZRUGV��YHQWULFXODU�WDFK\FDUGLD��DUUK\WPRJHQLF��SDOSLWDWLRQV

$EVWUDFW��

&DVH�5HSRUW

3DWLHQW�SUHVHQWLQJ�ZLWK�V\PSWRPV�RI�YRPLWLQJ�DQG�GLDUUKHD�DIWHU�GLQQHU�ODVW�QLJKW��+H�JRHV�RQ�KLV�RZQ�SLFWXUH�GHVFULEHG�UHIHUULQJ�WR�KRVSLWDO�DQG
GHFD\�
1R�NQRZQ�GUXJ�DOOHUJLHV��+\SHUWHQVLRQ��FKURQLF�UHQDO�LQVXIILFLHQF\��7UHDWPHQW��2OPHVDUWDQ����PJ�

3K\VLFDO�([SORUDWLRQ�

&RQVFLRXV��2ULHQWHG��)HHOLQJ�GLVHDVH��PXFRFXWDQHRXV�SDOORU��PLOG�GHK\GUDWLRQ�RI�PXFRXV��$XVFXODWDFLRQ�FDUGLRUHVSLUDWRU\��UK\WKPLF�WRQHV�����
EHDWV�SHU�PLQXWH��QR�PXUPXUV�RU�H[WUDWRQRV��3UHVHUYHG�YHVLFXODU�PXUPXU�ZLWKRXW�VXSHUDGGHG�QRLVH��$EGRPHQ�VRIW�DQG�SDOSDEOH��QR�SDOSDEOH
PDVVHV�RU�RUJDQ�HQODUJHPHQW��QR�VLJQV�RI�SHULWRQHDO�LUULWDWLRQ��,QFUHDVHG�SHULVWDOVLV��3UHVHUYHG�GLVWDO�SXOVHV��QR�VLJQV�RI�GHHS�YHLQ�WKURPERVLV�

$GGLWLRQDO�WHVWV

5[�WKRUD[�DQG�DEGRPHQ�ZLWKRXW�LQWHUHVW�
$QDO\WLFDO�UHTXHVWHG�ZLWK�JDVHV�DQG�SURFHHGV�WR�FKDQQHOLQJ�WR�VWDUW�LQWUDYHQRXV�IOXLG�DQG�HQWHUV�REVHUYDWLRQ�IRU�VWDELOL]DWLRQ�

(YROXWLRQ

2Q�DGPLVVLRQ�REVHUYDWLRQ�ZDV�FRQWLQXDOO\�PRQLWRUHG�GLVSOD\HG�RQ�79�PRQLWRU�VXVWDLQHG�PRQRPRUSKLF��ZLWK�K\SRWHQVLRQ�ZKHQ�LW�FRPHV�WR�HOHFWULFDO
FDUGLRYHUVLRQ�ZLWK�����-�VKRFN�DIWHU�ZKLFK�KDSSHQV�WR�VLQXV�UK\WKP�
+H�WXUQV�WR�LQWHUURJDWH�WKH�SDWLHQW�DFNQRZOHGJHV�RFFDVLRQDO�HSLVRGHV�RI�SDOSLWDWLRQV�ZLWK�H[HUFLVH�GRPLQDQFH�IRU�ZKLFK�KH�KDG�QHYHU�FRQVXOWHG�
,Q�DQDO\WLFDO�UHVXOWV�KLJKOLJKWV�GHFRPSHQVDWLRQ�SUHYLRXV�UHQDO�IXQFWLRQ��FUHDWLQLQH�����QR�RWKHU�ILQGLQJV��
$IWHU�HQWHULQJ�SLFWXUH�VWDELOL]DWLRQ�SODQ�RI�&DUGLRORJ\��)LQDOO\��GXULQJ�DGPLVVLRQ�ZDV�GLDJQRVHG�ZLWK�DUUK\WKPRJHQLF�ULJKW�YHQWULFXODU�DQG�SURFHHGV
WR�LPSODQWDWLRQ�RI�LPSODQWDEOH�FDUGLRYHUWHU�GHILEULOODWRU��,&'��

&21&/86,21��6RPHWLPHV�FRQVLGHUHG�EDQDO�SDWKRORJ\�FDQ�DIIRUG�WKH�FDVXDO�GLDJQRVLV�RI�VHULRXV�ODWHQW�GLVHDVH�



0,6&(//$1(286 0DUkD�%ULQJDV�%ROODGD

��������'2(6�7+(�7<3(�2)�&$5',$&�&2035(66,21�&21',7,21�7+(�0$,17(1$1&(�2)�81&21752//('�'21256�$)7(5�&$5',$&
'($7+"��7+5((�<($56�5(9,(:

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�%ULQJDV�%ROODGD������1LHYHV�GH�/XFDV������6DUD�'RPLQJR�0$ULQ������&DQGLGR�3DUGR�5H\������$QWRQLR�7ULQR�6DOWR������)UDQFLVFR�-RVH�GHO�5LR
*$OOHJRV����

���7UDQVSODQW�&RRUGLQDWLRQ�8QLW��+RVSLWDO�&OLQLFR�6DQ�&DUORV��0DGULG��63$,1
���6$085�3527(&&,21�&,9,/��6$085�3527(&&,21�&,9,/��0DGULG��63$,1
���7UDQVSODQW�&RRUGLQDWRU�8QLW��+�&OLQLFR�6DQ�&DUORV��0DGULG��63$,1

.H\ZRUGV��PHFKDQLFDO�FRPSUHVVLRQ�WUDQVSODQW��GRQRUV

$EVWUDFW��

,1752'8&7,21�
2XU�KRVSLWDO�KDV�VHWWOHG�IURP������D�VSHFLILF�SURWRFRO�WR�REWDLQ�GRQRUV�IURP�SHRSOH�ZKR�GLH�LQ�WKH�VWUHHW�RU�DW�KRPH�IURP�VXGGHQ�RU�XQH[SHFWHG
GHDWK��(YHQ�WKLV�SURJUDP�LV�HVWDEOLVKHG��WKH�LPSURYH�SURFHGXUHV�IRU�WKH�&35�KDYH�FKDQJH�WKH�PDLQWHQDQFH�RI�WKH�SRWHQWLDO�GRQRU��7KHVH�QHZ
YDULDEOHV�QHHG�WR�EH�VWXGLHG�
2%-(&7,9(6�
7R�HYDOXDWH��WKH�TXDOLW\�RI�FDUGLRFRPSUHVVLRQ�LQ�XQFRQWUROOHG�GRQRU�DIWHU�FDUGLDF�GHDWK��X'&'��DV�SUHVHUYDWLRQ�PDQHXYHUV
0(7+2'6��$IWHU����PLQXWHV�RI�XQVXFFHVVIXO�&35�PDQHXYHUV��GHDWK�LV�GHFODUHG�WKURXJK�FDUGLRYDVFXODU�FULWHULD��7KH�RQO\�SUHVHUYDWLRQ�PHWKRG�XQWLO
(&02�LV�FDUGLDF�PDVVDJH�DQG�PHFKDQLFDO�YHQWLODWLRQ��,Q�DGGLWLRQ�WR�JHQHUDO�SURFHGXUH�ZH�DQDO\]H�WKH�FDUGLDF�PDVVDJH��PDQXDO�YHUVXV�PHFKDQLFDO�
DV�SUHVHUYDWLRQ�PDQHXYHU
5(68/76������GRQRUV�ZHUH�LQFOXGHG�GXULQJ����������������������NLGQH\V�ZHUH�GHVHVWLPDWHG�IRU�WUDQVSODQW��:H�DQDO\]H�FXDQWLWDWLYH�YDULDEOHV
WKURXJK�W�VWXGHQW�DQG�FXDOLWDWLYH�WKURXJK�VTXDUHG�FKL��:H�IRXQG�WKDW�NLGQH\V�IURP�SDWLHQWV�\RXQJHU�WKDQ������\HDUV��ZLWK�PDQXDO�FRPSUHVVLRQ
ZHUH�GHVHVWLPDWHG������YV�WKH�RQHV�WKDW�ZHUH�UHDQLPDWHG�ZLWK�PHFKDQLFDO�FRPSUHVVLRQ���������S �������:H�IRXQG

DVVRFLDWLRQ�EHWZHHQ�DJH�DQG�GLVFKDUJHG�NLGQH\V�������\HDUV�IRU�GLVFKDUJH�,&���������D�������DQG�IRU�ZDUP�LVFKHPLD�WLPH������PLQXWHV�IRU
GLVFKDUJHG�NLGQH\V��S ��������$PRQJ�UHDO�GRQRU�����NLGQH\V�ZHUH�WUDQVSODQWHG��(LJKW�ZHUH�H[SODQWHG����EHFDXVH�LVFKHPLD�UHSHUIXVLRQ�LQMXU\����GXH
WR�VXUJLFDO�LQFLGHQW����7KH�UHVW�UHPDLQV�QRUPRIXQFWLRQDO�DQG�IUHH�RI�FRPSOLFDWLRQV
&21&/86,216�

X'&'�SURJUDP�FRQVWLWXWHV�����RI�WKH�WRWDO�GRQRU�DPRXQW�RI�0DGULG������������G�S�P�S�DQG�PRUH�WKDQ�WKH�����RI�WKH�WRWDO�DPRXQW�RI�GRQRU�LQ��
6SDLQ
7KHUH�LV�D�WUHQG�W\SH�RI�FDUGLDF�FRPSUHVVLRQ��PDQXDO�YHUVXV������PHFKDQLFDO���EHLQJ�IDYRUDEOH�WR�������PDQXDO�LQ�WKH�JURXS�RI�SDWLHQWV�\RXQJHU��
WKDQ�����
7KHUH�LV�DVVRFLDWLRQ�EHWZHHQ�DJH��ZDUP�LVFKHPLD�DQG�GLVFKDUJHG������NLGQH\V��



',6$67(5�0(',&,1( -DPHV�9DVVDOOR

��������0DMRU�LQFLGHQW�WULDJH��WKH�FLYLOLDQ�YDOLGDWLRQ�RI�WKH�0RGLILHG�3K\VLRORJLFDO�7ULDJH�7RRO��0377��

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-DVRQ�6PLWK������-DPHV�9DVVDOOR����

���$FDGHPLF�'HSDUWPHQW�RI�0LOLWDU\�(PHUJHQF\�0HGLFLQH��5R\DO�&HQWUH�IRU�'HIHQFH�0HGLFLQH��%LUPLQJKDP��8.
���'LYLVLRQ�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�&DSH�7RZQ��&DSH�7RZQ��6287+�$)5,&$

.H\ZRUGV��WULDJH��SK\VLRORJLFDO�WULDJH��UHVRXUFH�SUHGLFWLRQ��WUDXPD��PDMRU�LQFLGHQWV

$EVWUDFW��

,QWURGXFWLRQ�

7ULDJH��WKH�SURFHVV�RI�FDWHJRULVLQJ�SDWLHQWV�EDVHG�RQ�FOLQLFDO�DFXLW\��LV�D�NH\�SULQFLSOH�LQ�WKH�HIIHFWLYH�PDQDJHPHQW�RI�D�PDMRU�LQFLGHQW��0,����7KHUH
DUH�DW�OHDVW�WKUHH�GLIIHUHQW�WULDJH�V\VWHPV�LQ�XVH�ZRUOGZLGH��DQG�SUHYLRXV�DWWHPSWV�WR�YDOLGDWH�WKHP�KDYH�GHPRQVWUDWHG�OLPLWHG�SHUIRUPDQFH��

8VLQJ�D�PLOLWDU\�FRKRUW�DQG�UHJUHVVLRQ�DQDO\VLV��WKH�0RGLILHG�3K\VLRORJLFDO�7ULDJH�7RRO��0377��ZDV�GHYHORSHG�DQG�ZKHQ�FRPSDUHG�WR�H[LVWLQJ�WULDJH
PHWKRGV��GHPRQVWUDWHG�DQ�LPSURYHG�SHUIRUPDQFH�DW�SUHGLFWLQJ�QHHG�IRU�OLIH�VDYLQJ�LQWHUYHQWLRQ�DQG�\LHOGHG�WKH�ORZHVW�UDWH�RI�XQGHU�WULDJH
����������:LWKLQ�WKH�DGXOW�FLYLOLDQ�SRSXODWLRQ��ZKHUH�EOXQW�WUDXPD�SUHGRPLQDWHV�DQG�WKHUH�LV�DQ�ROGHU�SRSXODWLRQ��QR�VXFK�ZRUN�KDV�EHHQ
XQGHUWDNHQ�WR�GHYHORS�DQ�LPSURYHG�V\VWHP�RI�WULDJH�

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�SHUIRUP�D�FRPSDUDWLYH�DQDO\VLV�DQG�LQLWLDO�YDOLGDWLRQ�RI�WKH�0377�ZLWKLQ�D�FLYLOLDQ�HQYLURQPHQW��

0HWKRGV�

$�UHWURVSHFWLYH�UHYLHZ�RI�WKH�7UDXPD�$XGLW�5HVHDUFK�1HWZRUN��7$51��GDWDEDVH�ZDV�SHUIRUPHG�IRU�DOO�DGXOW�SDWLHQWV��!���\HDUV��SUHVHQWLQJ�WR�D�8.
(PHUJHQF\�'HSDUWPHQW��('��EHWZHHQ���-DQXDU\������DQG����'HFHPEHU�������3DWLHQWV�ZHUH�GHILQHG�DV�*ROG�6WDQGDUG�3ULRULW\�2QH�LI�WKH\�KDG
UHFHLYHG�RQH�RU�PRUH�OLIH�VDYLQJ�LQWHUYHQWLRQV�IURP�D�SUHYLRXVO\�GHILQHG�OLVW���2QO\�SDWLHQWV�ZLWK�FRPSOHWH�SK\VLRORJLFDO�GDWD�DQG�ZKR�UHFHLYHG
WUHDWPHQW�DW�D�VLQJOH�KRVSLWDO�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV�

8VLQJ�ILUVW�UHFRUGHG�SK\VLRORJLFDO�GDWD��+5�55�*&6�6%3���SDWLHQWV�ZHUH�FDWHJRULVHG�DV�3ULRULW\�2QH�RU�1RW�3ULRULW\�2QH�E\�WKH�QHZO\�GHULYHG�0377
����!�55�������+5�!������*&6�������DQG�H[LVWLQJ�PDMRU�LQFLGHQW�WULDJH�WRROV��67$57���67��&$5()/,*+7���&)��0RGLILHG�0LOLWDU\�6LHYH�Ä�006�DQG
7ULDJH�6LHYH�Ä�76���3HUIRUPDQFH�FKDUDFWHULVWLFV�RI�DOO�WULDJH�WRROV�ZHUH�HYDOXDWHG�XVLQJ�VHQVLWLYLW\��VSHFLILFLW\�DQG�$852&��DQG�UDWHV�RI�RYHU�DQG
XQGHU�WULDJH�ZHUH�FRPSDUHG��$852&�ZHUH�FRPSDUHG�IRU�WULDJH�WRROV�ZLWK�VLPLODU�SHUIRUPDQFH�

5HVXOWV�

7KH�7$51�UHJLVWU\�KHOG�UHFRUGV�IRU���������DGXOW�SDWLHQWV�GXULQJ�WKH�VWXG\�SHULRG��RI�ZKLFK�����������������KDG�FRPSOHWH�GDWD�DQG�ZHUH�LQFOXGHG
LQ�WKH�DQDO\VLV�������RI�SDWLHQWV�ZHUH�PDOH��ZLWK�D�PHGLDQ�DJH�RI�����UDQJH������������������SDWLHQWV���������ZHUH�GHILQHG�DV�3ULRULW\�2QH��ZLWK�D
PHGLDQ�,66�RI�����%OXQW�WUDXPD�SUHGRPLQDWHG����������ZLWK�IDOOV����P�WKH�PRVW�FRPPRQ�LQMXU\�PHFKDQLVP���������

7KH�0377�RXWSHUIRUPHG�DOO�H[LVWLQJ�WULDJH�PHWKRGV�ZLWK�WKH�KLJKHVW�VHQVLWLYLW\���������DQG�GHPRQVWUDWHG�DQ�DEVROXWH�UHGXFWLRQ�LQ�XQGHU�WULDJH�RI
������ZKHQ�FRPSDUHG�WR�WKH�H[LVWLQJ�0,006�7ULDJH�6LHYH���:LWK�DQ�$852&�LQFUHDVH�RI������52&�FRPSDULVRQ�GHPRQVWUDWHG�VLJQLILFDQFH�EHWZHHQ
WKH�0377�DQG�006��F�� ��������S�����������VWDWLVWLFDOO\�VXSSRUWLQJ�WKH�XVH�RI�WKH�0377�

&RQFOXVLRQ�

7KLV�VWXG\�KDV�GHILQHG�WKH�SHUIRUPDQFH�RI�WKH�0377��D�WRRO�GHULYHG�XVLQJ�D�PLOLWDU\�FRKRUW��LQ�D�FLYLOLDQ�HQYLURQPHQW��ZKHUH�LW�KDV�EHHQ�VKRZQ�WR
RXWSHUIRUP�DOO�H[LVWLQJ�0,�WULDJH�V\VWHPV�LQ�LWV�DELOLW\�WR�SUHGLFW�QHHG�IRU�OLIH�VDYLQJ�LQWHUYHQWLRQ���$V�D�UHVXOW�RI�WKLV�YDOLGDWLRQ��LWV�XVH�ZLWKLQ�D
FLYLOLDQ�PDMRU�LQFLGHQW�FRQWH[W�LV�UHFRPPHQGHG�

�

�



72;,&2/2*< 2vX]�(URvOX

��������$Q�(YDOXDWLRQ�RI�3DWLHQWV�ZLWK�&DUERQ�0RQR[LGH�3RLVRQLQJ�8VLQJ�WKH�7(036�$�7HPSHUDPHQW�6FDOH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

2�X]�(UR�OX������2UKDQ�0XUDW�.R�DN������©DGL\H�9LVDO�%XWXUDN������)LJHQ�&RªNXQ������7XUJXW�'HQL]����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��.¢U¢NNDOH�8QLYHUVLW\��.¢U¢NNDOH��785.(<
���'HSDUWPHQW�RI�3V\FKLDWU\��.¢U¢NNDOH�8QLYHUVLW\��.¢U¢NNDOH��785.(<

.H\ZRUGV��&DUERQ�PRQR[LGH�SRLVRQLQJ��7(036�$��7HPSHUDPHQWDO�FKDUDFWHULVWLFV��1HXURSV\FKLDWULF�GLVRUGHUV��(PHUJHQF\�GHSDUWPHQW

$EVWUDFW��

$LP���7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�ZKHWKHU�SDWLHQWV�GLDJQRVHG�ZLWK�FDUERQ�PRQR[LGH�SRLVRQLQJ��&23��ZRXOG�GLIIHU�LQ�WHUPV�RI
WHPSHUDPHQW�LQ�WKH�HDUO\�DQG�ODWH�SHULRGV�XVLQJ�WKH�È7(036�$�WHPSHUDPHQW�TXHVWLRQQDLUH�É

0DWHULDOV�DQG�PHWKRGV�3DWLHQWV�SUHVHQWLQJ�WR�RXU�HPHUJHQF\�GHSDUWPHQW�ZLWK�FDUER[\KHPRJORELQ��&2+E��OHYHOV�RI�����RU�DERYH�DQG�GLDJQRVHG
ZLWK�&23�E\�RXU�FOLQLF��ZLWK�QR�QHXURSV\FKLDWULF�GLVHDVH�DQG�DJHG�RYHU����ZHUH�LQFOXGHG�LQ�WKH�VWXG\��6XEMHFWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\
GHSDUWPHQW�ZLWK�QRQVSHFLILF�V\PSWRPV��ZLWK�QR�QHXURSV\FKLDWULF�GLVHDVH�DQG�DJHG�RYHU����ZHUH�HQUROOHG�DV�WKH�FRQWURO�JURXS��$OO�SDWLHQWVÇ7(036�$
WHPSHUDPHQW�VFDOH�UHVXOWV�ZHUH�UHFRUGHG�

5HVXOWV�:KHQ�WKH�UHVXOWV�RI�WKH�7(036�$�WHPSHUDPHQW�VFRUHV�RI�SDWLHQWV�GLDJQRVHG�ZLWK�&23�DW�ILUVW�SUHVHQWDWLRQ�WR�WKH�HPHUJHQF\�GHSDUWPHQW
ZHUH�FRPSDUHG�ZLWK�WKH�VFRUHV�RI�WKH�KHDOWK\�YROXQWHHUV��'7�W\SH�VFRUHV�ZHUH����k�����DQG�����k������UHVSHFWLYHO\��S ��������67�W\SH
VFRUHV����k�����DQG�����k������S �������+7�W\SH�VFRUHV������k�����DQG������k������S ��������,7�W\SH�VFRUHV�����k�����DQG�����k����
�S �������DQG$0�W\SH�VFRUHV�����k�����DQG�����k������S �������2Q�WKH�EDVLV�RI�WKHVH�GDWD��FRPSDULVRQ�RI�7(03�$�WHPSHUDPHQW�VFDOH�VFRUHV
SHUIRUPHG�ZKHQ�SDWLHQWV�GLDJQRVHG�ZLWK�&23�ILUVW�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�WKH�UHVXOWV�IURP�WKH�KHDOWK\�YROXQWHHUV�UHYHDOHG
VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�LQ�WHUPV�RI�'7�DQG�$7�W\SHV�

&RQFOXVLRQ��,OOXPLQDWLRQ�RI�WKH�PHFKDQLVPV�EHKLQG�WKH�UHODWLRQVKLS�EHWZHHQ�&23�DQG�WHPSHUDPHQWDO�FKDUDFWHULVWLFV��ZKLFK�DUH�DIIHFWHG�E\�WKH
IDFWRUV�RI�ORZ�VRFLRHFRQRPLF�OHYHO�DQG�IHPDOH�JHQGHU��ZLOO�EH�LPSRUWDQW�LQ�WHUPV�RI�SUHYHQWLYH�PHDVXUHV�DLPHG�DW�UHGXFLQJ�WKH�ULVN�RI�HQFRXQWHULQJ
&23�



('8&$7,21�$1'�75$,1,1* 6DELQH�%ODVFKNH

��������,QWHOOLJHQW�$VVLVWDQFH�6HUYLFHV�DQG�3HUVRQDOL]HG�/HDUQLQJ�(QYLURQPHQWV�IRU�6XSSRUW�RI�.QRZOHGJH�DQG�3HUIRUPDQFH�LQ
,QWHUGLVFLSOLQDU\�(PHUJHQF\�&DUH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6DELQH�%ODVFKNH������%MRHUQ�6HOOHPDQQ������&DUVWHQ�8OOULFK������0LFKDHO�6FKPXFNHU������.DWULQ�:HGOHU������6DELQH�5H\������6WHIDQ�5RHGH������0DUNXV
5RHVVOHU������2WWR�5LHQKRII������)HOL[�:DOFKHU������0DUWLQ�+DDJ������&KULVWRSK�,JHO����

���,QWHUGLVFLSOLQDU\�(PHUJHQF\�&DUH�'HSDUWPHQW��8QLYHUVLW\�0HGLFDO�&HQWHU�*RHWWLQJHQ��*RHWWLQJHQ��*(50$1<
���(GXFDWLRQDO�7HFKQRORJ\�/DE��*HUPDQ�5HVHDUFK�&HQWHU�IRU�$UWLILFLDO�,QWHOOLJHQFH��%HUOLQ��*(50$1<
���*(&.2�,QVWLWXWH��+HLOEURQQ�8QLYHUVLW\��+HLOEURQQ��*(50$1<
���6WDII�8QLW�&DUH�5HVHDUFK��8QLYHUVLW\�0HGLFDO�&HQWHU�RI�+DOOH��+DOOH��*(50$1<
���,QVWLWXWH�RI�0HGLFDO�,QIRUPDWLFV��8QLYHUVLW\�0HGLFDO�&HQWHU�*RHWWLQJHQ��*RHWWLQJHQ��*(50$1<
���'HSW��RI�$QDHVWKHVLRORJ\��8QLYHUVLW\�0HGLFDO�&HQWHU�*RHWWLQJHQ��*RHWWLQJHQ��*(50$1<
���'HSW��7UDXPD�6XUJHU\��8QLYHUVLW\�0HGLFDO�&HQWHU�0DJGHEXUJ��0DJGHEXUJ��*(50$1<

.H\ZRUGV��,QWHUGLVFLSOLQDU\�(PHUJHQF\�&DUH��,QIRUPDWLRQ�7HFKQRORJ\��$UWLILFLDO�,QWHOOLJHQFH��0RELOH�'HYLFHV

$EVWUDFW��

%DFNJURXQG�

'XULQJ�WKH�SDVW�GHFDGH�HPHUJHQF\�PHGLFLQH�HYROYHG�WR�DQ�LQFUHDVLQJ�FKDOOHQJH�IRU�FOLQLFV�RI�DOO�VWDJHV�RI�SDWLHQW�FDUH�GXH�WR�D�VXEVWDQWLDO�DQG
FRQWLQRXV�FKDQJH�RI�PHGLFDO�NQRZOHGJH��OLPLWV�RI�WLPH�DQG�KHDOWK�FDUH�HFRQRPLFV�DV�ZHOO�DV�DQ�HQRUPRXV�ULVH�RI�SDWLHQW�FDVHV��7KXV��FRQWLQXRXV
PHGLFDO�HGXFDWLRQ�IRU�DOO�HPSOR\HHV�LQYROYHG�LQ�WKH�SUHFOLQLFDO�RU�FOLQLFDO�SKDVH�RI�HPHUJHQF\�FDUH�UHSUHVHQWV�DQ�HVVHQWLDO�SUHUHTXLVLWH�IRU�KLJK
TXDOLW\�SDWLHQW�FHQWHUHG�FDUH�WR�RYHUFRPH�WKHVH�SUREOHPV��+RZHYHU��LQ�WKLV�VSHFLDO�VHWWLQJ�RI�UXVK��VWUHVV�DQG�KLJKO\�LQWHQVH�ZRUNORDG�FRQYHQWLRQDO
OHDUQLQJ�WHFKQLTXHV�GR�QRW�DOORZ�IRU�FRQWLQRXV�WUDLQLQJ�RQ�WKH�MRE��7R�DGGUHVV�WKLV�SUREOHP�ZH�GHYHORSHG�QRYHO�OHDUQLQJ�DQG�WHDFKLQJ�VWUDWHJLHV
EDVHG�RQ�GLJLWDO�WHFKQRORJLHV�IRU�ERWK�DFDGHPLF�DQG�QRQ�DFDGHPLF�VWDII�PHPEHUV�ZLWKLQ�LQWHUGLVFLSOLQDU\�HPHUJHQF\�FDUH�GHSDUWPHQWV��('��

�

0HWKRGV�

)RU�PHGLFDO�VWXGHQWV�DQG�WUDLQHHV�ZH�FUHDWHG�D�SRGFDVW�DQG�DQ�HPHUJHQF\�FDUH�VRIWZDUH�IRU�VLPXODWLRQ�RI�HPHUJHQF\�FDVHV�LQ�RUGHU�WR�SUHSDUH�IRU
WKH�ZRUN�ZLWKLQ�WKH�('�LQ�FRPSDULVRQ�WR�FRQWURO�JURXSV�ZLWKRXW�DFFHVV�WR�WKHVH�OHDUQLQJ�WRROV��$FFHSWDQFH��IUHTXHQF\�RI�XVDJH�DQG�HIIHFWV�RI�WKHVH
WHFKQLTXHV�ZHUH�DVVHVVHG�SULRU�WR�DQG�DIWHU�WKH�RFFXSDWLRQ�ZLWKLQ�WKH�('�E\�VWDQGDUGL]HG�TXHVWLRQQDLUHV�DQG�WHVWV��)RU�QXUVHV�DQG�SDUDPHGLFV�ZH
ILUVW�DVVHVVHG�WKH�LQIRUPDWLRQ�GHPDQGV�GXULQJ�DOO�SURFHVVHV�RI�HPHUJHQF\�SDWLHQW�FDUH�LQ�WKH�SUHFOLQLFDO�DQG�FOLQLFDO�SKDVH��%DVHG�RQ�WKHVH�QHHGV
LQWHOOLJHQW�DVVLVWDQFH�VHUYLFHV�ZHUH�HVWDEOLVKHG�LQ�FRRSHUDWLRQ�ZLWK�WZR�WHFKQRORJLFDO�SDUWQHUV�WR�VXSSRUW�GDLO\�ZRUNIORZ�YLD�ZHE�EDVHG�VHUYLFHV�

�

5HVXOWV�

,QWURGXFWLRQ�RI�WKH�SRGFDVW�DQG�WKH�HPHUJHQF\�FDUH�VRIWZDUH�SULRU�WR�WKH�VWDUW�ZLWKLQ�WKH�('�UHVXOWHG�LQ�D�VLJQLILFDQW�LPSURYHPHQW�RI�VNLOOV�DQG
H[SHUW�NQRZOHGJH�IRU�ERWK�PHGLFDO�VWXGHQWV�DQG�WUDLQHHV�LQ�FRPSDULVRQ�WR�WKH�FRQWURO�JURXSV��S����������%RWK�LQQRYDWLYH�WRROV�ZHUH�ZLGHO\
DFFHSWHG�DQG�IUHTXHQWO\�XVHG�E\�HDFK�SUREDQG��$QDO\VLV�RI�SURFHVVHV�ZLWKLQ�WKH�SUHFOLQLFDO�DQG�FOLQLFDO�SKDVH�RI�HPHUJHQF\�FDUH�UHYHDOHG
LQIRUPDWLRQ�GHPDQGV�IRU�SDUDPHGLFV�DQG�QXUVHV�HVSHFLDOO\�ZLWK�UHVSHFW�WR�LQYDVLYH�QRQ�LQYDVLYH�WHFKQLTXHV��ILUVW�DLG�VWDQGDUG�RSHUDWLQJ�SURFHGXUHV�
PHGLFDWLRQV�DQG�PHGLFDO�GHYLFHV��&RQWHQW�IRU�WKHVH�DVVLVWDQFH�VHUYLFHV�ZDV�GHYHORSHG�DQG�VXEVHTXHQWO\�GLJLWDOL]HG�IRU�ZHE�EDVHG�XVDJH�YLD
PRELOH�GHYLFHV��WDEOHWV���3UHOLPLQDU\�UHVXOWV�RI�WKHVH�DSSOLFDWLRQV�ZLOO�EH�GHPRQVWUDWHG�DQG�HYDOXDWHG�LQ�D�SLORW�VWXG\�

�

&RQFOXVLRQV�

,QWURGXFWLRQ�RI�QRYHO�OHDUQLQJ�DQG�WHDFKLQJ�VWUDWHJLHV�ZLWKLQ�WKH�('�DOORZV�IRU�D�FRQWLQXRXV�PHGLFDO�HGXFDWLRQ�DQG�WUDLQLQJ�RQ�WKH�MRE�LQ�WKH�VSHFLDO
VHWWLQJ�FKDUDFWHULVWLFV�RI�HPHUJHQF\�FDUH��5HVXOWV�RI�RXU�VWXGLHV�UHYHDOHG�D�VLJQLILFDQW�LPSURYHPHQW�RI�WHFKQLFDO�VNLOOV�DQG�PHGLFDO�H[SHUWLVH�WKXV
OHDGLQJ�WR�D�EHWWHU�SHUIRUPDQFH�RI�WKH�DFDGHPLF�VWDII�ZLWKLQ�WKH�('��)XUWKHU�VWXGLHV�ZLWK�QRQ�DFDGHPLF�HPSOR\HHV�QRZ�KDYH�WR�HYDOXDWH�WKH�HIIHFWV
RI�WKHVH�LQQRYDWLYH�VWUDWHJLHV�ZLWKLQ�WKH�SUHFOLQLFDO�DQG�FOLQLFDO�SKDVH�RI�HPHUJHQF\�FDUH�



0$1$*(0(17���('�25*$1,6$7,21 $QWKRQ\�5RGLJLQ

��������,PSOHPHQWDWLRQ�RI�WKH�HPHUJHQF\�GHSDUWPHQW�PRGHO�LPSURYHV�MXVWLILHG�KRVSLWDOL]DWLRQV�DQG�KRVSWLDO�HIILFLHQF\�LQ�6W�
3HWHUVEXUJ��5XVVLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6HUJH\�%DJQHQNR������$OH[DQGU�0LURVKQLFKHQNR������5XVODQ�$OLPRY������$QWKRQ\�5RGLJLQ������'PLWU\�.RUEXW����

�����)LUVW�3DYORY�6WDWH�0HGLFDO�8QLYHUVLW\��6W��3HWHUVEXUJ��5866,$
�����1RUWK�:HVWHUQ�0HFKQLNRY�6WDWH�0HGLFDO�8QLYHUVLW\��6W��3HWHUVEXUJ��5866,$
�����']KDQHOLG]H�(PHUJHQF\�0HGLFDO�&DUH�5HVHDUFK�,QVWLWXWH��6W��3HWHUVEXUJ��5866,$
�����QRQH��6DQ�5DPRQ��86$

.H\ZRUGV��HPHUJHQF\�GHSDUWPHQW��HPHUJHQF\�PHGLFLQH�DGPLQLVWUDWLRQ��KRVSLWDO�HIILFLHQF\

$EVWUDFW��

5HOHYDQFH���7RGD\��HIIHFWLYH�XWLOL]DWLRQ�RI�KHDOWKFDUH�UHVRXUFHV�LV�FUXFLDO�DQ\ZKHUH��,Q�5XVVLD��LQWURGXFWLRQ�RI�WKH�HPHUJHQF\�GHSDUWPHQW��('�
PRGHO�LV�DQ�LPSRUWDQW�VWHS�WRZDUGV�LPSURYLQJ�LQ�KRVSLWDO�HPHUJHQF\�FDUH��*RDO��7R�DQDO\]H�RXWFRPHV�RI�D�SLORW�('�DW�D�PXOWL�VSHFLDOW\�KRVSLWDO�
0HWKRGV��:H�DQDO\]HG�('�SHUIRUPDQFH�DW�WKH�']KDQHOLG]H�,QVWLWXWH�RI�(PHUJHQF\�&DUH��6W��3HWHUVEXUJ��IRU�WKH�SHULRG������������5HVXOWV��7KH
QHHG�WR�LPSURYH�WKH�PHWULF�RI�MXVWLILHG�KRVSLWDOL]DWLRQV�H[SDQGHG�WKH�XVH�RI�GLDJQRVWLFV�E\�WKH�('�E\�������FRPSDUHG�ZLWK�WKH�SULRU�È5HFHLYLQJ
'HSDUWPHQWÉ��IURP��������������WR��������������VWXGLHV�SHU�����SDWLHQWV��(.*�XVH�LQFUHDVHG�E\���������86�E\�������;5�E\���������EORRG
FKHPLVWU\�E\����������XULQH�DQDO\VLV�E\���������&7�XVH�LQFUHDVHG�IURP���FDVHV�WR����SHU�����SDWLHQWV��7KH�RYHUDOO�UDWH�RI�PHGLFDO�LQWHUYHQWLRQV
LQFUHDVHG�E\���������LQFOXGLQJ�D���������LQFUHDVH�RI�V\QGURPH�EDVHG�WUHDWPHQWV��7KH�ODWWHU�OHG�WR�D�ILYH�IROG�LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�SDWLHQWV
FRQVLGHUHG�ÈDPEXODWRU\É��IURP�������������WR���������������RU�������LI�FRXQWLQJ�('�REVHUYDWLRQ�EHGV��7RWDO�SHUFHQWDJH�RI�LQFRUUHFW�RU�GLVFUHSDQW
GLDJQRVHV�IHOO�IURP�������WR��������7KHUH�ZDV�D�������GHFUHDVH�LQ�OHQJWK�RI�VWD\�IRU�VKRUW�VWD\�SDWLHQWV������GD\V���$ERYH�RXWFRPHV�LPSURYHG
SHUFHQW�RI�MXVWLILHG�KRVSLWDOL]DWLRQV�WR�VSHFLDOL]HG�GHSDUWPHQWV��H�J��VKLIWLQJ�WKH�UHODWLYH�ZHLJKW�RI�VWD\V�RI�RYHU����GD\V�IURP�������WR�������
2YHUDOO�KRVSLWDO�PRUWDOLW\�GHFUHDVHG�IURP������WR�������LQ�SDUDOOHO�ZLWK�D�������LQFUHDVH�LQ�WKH�DQQXDO�SDWLHQW�YROXPH���������WR���������
&RQFOXVLRQ��7KH�('�PRGHO�LPSURYHG�MXVWLILHG�KRVSLWDOL]DWLRQV�E\�DOLJQLQJ�LQSDWLHQW�UHVRXUFHV�ZLWK�VLFNHU�SDWLHQWV��SUHVHUYHG�RYHUDOO�TXDOLW\�RI�FDUH
DQG�DOORZHG�WR�DFFRPPRGDWH�\HDUO\�ULVH�LQ�KRVSLWDO�WKURXJKSXW�



32,17�2)�&$5( -HDQ�/HH

��������$JUHHPHQW�RI�3RLQW�RI�&DUH�7HVW�DQG�/DERUDWRU\�/DFWDWH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-HDQ�/HH������6LWL�)DWLPDK�,VPDLO������+0�.DQJ����

���32&7��6HQJNDQJ�+HDOWK��6LQJDSRUH��6,1*$325(
�����6HQJNDQJ�+HDOWK��6,1*$325(��6,1*$325(
���32&7��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(

$EVWUDFW��

/DFWDWH�LV�D�XVHIXO�SURJQRVWLF�PDUNHU�LQ�ERWK�VHSVLV�DQG�WUDXPD��3RLQW�RI�&DUH�7HVWLQJ�32&7�IRU�ODFWDWH�LV�QRZ�UHDGLO\�DYDLODEOH�LQ�PDQ\�HPHUJHQF\
GHSDUWPHQWV��7KLV�VWXG\�DLPHG�WR�H[DPLQH�WKH�DJUHHPHQW�RI�WKH�UHVXOWV�RI����EORRG�VSHFLPHQV�IRU�32&�ODFWDWH�ZLWK�WKH�ODERUDWRU\�YDOXHV�LQ�WKH
6LQJDSRUH�*HQHUDO�+RVSLWDO��$JUHHPHQW�EHWZHHQ�WKH���DVVD\V�ZHUH�DQDO\VHG�DQG�VKRZHG�JRRG�DJUHHPQW�RI�32&7�YV�ODE�ODFWDWH��

+HQFH�ZH�FRQFOXGH�WKDW�32&7�IRU�ODFWDWH�FDQ�EH�FRQVLGHUHG�IRU�IXUWKHU�XVH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�WR�KHOS�LQ�LQVWLWXWLQJ�HDUO\�DJUHVVLYH
UHDVXVFLWDWLRQ�RI�FULWLFDOO\�LOO�SDWLHQWV���



&$6(�35(6(17$7,21 3DWULFLD�%D]DQ

��������$VWKPD�LV�QRW�WKH�RQO\�FDXVH�RI�G\VSQHD�LQ�\RXQJ�SDWLHQWV�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3DWULFLD�%D]DQ������(OHQD�$]QDU������0DUWD�0HUOR������5DTXHO�&DVHUR������9LUJLQLD�$OYDUH]����

���$	(��+RVSLWDO�XQLYHUVLWDULR�GH�*HWDIH��0DGULG��63$,1

.H\ZRUGV��DVWKPD��G\VSQHD��FRXJK

$EVWUDFW��

2EMHFWLYH��7KH�GHVFULSWLRQ�RI�WKLV�FDVH�LV�GXH�WR�WKH�UDULW\�RI�WKLV�FOLQLFDO�HQWLW\�DQG�LWV�VHPLRWLF�GLYHUVLW\�WKDW�LPSOLHV�D�KLJK�OHYHO�RI�VXVSLFLRQ�IRU�D
FRUUHFW�DQG�TXLFN�GLDJQRVLV�

7KH�FDVH�GHVFULEHV�D����\HDU�ROG�PDOH�ZKR�SUHVHQWHG�WR�WKH�$	(�GHSDUWPHQW�FRPSODLQLQJ�RI�RG\QRSKDJLD�DQG�FHUYLFDO�SDLQ�IURP���GD\V�DJR��+H
DOVR�FRPSODLQHG�RI�KDHPRSW\VLV�LQ�WKH�ODVW����KRXUV��+H�VWDUWHG�ZLWK�VKRUWQHVV�RI�EUHDWK��PLOG�LQ�VHYHULW\��DQG�VHYHUDO�ERXWV�RI�LQWHQVH�FRXJK��
GD\V�DJR�DIWHU�WRXFKLQJ�D�UDEELW�+LV�*3�GRFWRU�SUHVFULEHG�KLP�DQWLKLVWDPLQLF�DQG�GU\�SRZGHU�LQKDOHUV��ZKLFK�GLGQÇW�LPSURYH�KLV�UHVSLUDWRU\
V\PSWRPV��1R�IHYHU��QR�VKLYHULQJ��+H�GHQLHG�DQ\�VLPLODU�V\PSWRP�LQ�WKH�SDVW�

3DVW�PHGLFDO��VRFLDO��VXUJLFDO�DQG�IDPLO\�KLVWRU\

+H�DOVR�GHQLHG�DQ\�XVH�RI�LOOLFLW�GUXJV�RU�DQ\�KLVWRU\�RI�WUDXPD��+H�KDG�D�KLVWRU\�RI�DVWKPD�EXW�KH�ZDV�RQ�QR�SUHVFULSWLRQ�PHGLFDWLRQV�DQG
SDUWLFLSDWHG�LQ�VSRUWV�ZLWKRXW�DQ\�GLIILFXOW\��+H�GLG�QRW�VPRNH�RU�GULQN�DOFRKRO�

3K\VLFDO�H[DPLQDWLRQ

%ORRG�SUHVVXUH�ZDV��������PP+J��+5����ESP��WHPS������q&�DQG�55�ZDV����PLQ��6S2������RQ�URRP�DLU�

+H�ZDV�ZHOO�GHYHORSHG�EXW�LQ�PLOG�UHVSLUDWRU\�GLVWUHVV�

+((17��FUHSLWDQFH�IHOW�LQ�WKH�ULJKW�VXSUDFODYLFXODU�DUHD��2WKHUZLVH�XQUHPDUNDEOH��7UDFKHD�ZDV�LQ�WKH�PLGGOH�

&KHVW��FOHDU�WR�DXVFXOWDWLRQ�ELODWHUDOO\��1R�VWULGRU

+HDUW��1R�PXUPXUV��UXEV�RU�JDOORSV��5HJXODU�UDWH�DQG�UK\WKP�

$EGRPHQ��QR�UHPDUNDEOH

1R�SHGDO�HGHPD�ZDV�DSSUHFLDWHG�

1R�IRFDO�ILQGLQJV�RI�QHXURORJLFDO�GHILFLWV�

1H[W�VWHS�LQ�WKH�PDQDJHPHQW�RI�WKLV�SDWLHQW

$�3$�FKHVW�;�UD\��SRVWHURDQWHULRU�DQG�ODWHUDO�YLHZ��ZDV�GRQH��ZKLFK�VKRZHG�D�VOLJKW�OD\HU�RI�DLU�VXUURXQGLQJ�WKH�FDUGLDF�VLOKRXHWWH��ULJKW�FKHVW�ZDOO
DQG�H[WHQVLYH�VXEFXWDQHRXV�HPSK\VHPD�LQ�VXSUDFODYLFXODU�DUHD�

'LDJQRVLV

6SRQWDQHRXV�SQHXPRPHGLDVWLQXP

'HYHORSPHQW

+H�ZDV�DGPLWWHG�WR�WKH�KRVSLWDO��IROORZHG�XS�RI�D�FKHVW�;�UD\�ZLWKLQ�������KRXUV�WR�GHWHFW�DQ\�SURJUHVVLRQ�RU�FRPSOLFDWLRQV��7UHDWPHQW�LQFOXGHG
DQDOJHVLD��UHVW��DQG�LQLWLDO�R[\JHQ�WKHUDS\��+H�ZDV�GLVFKDUJHG�RQ�WKH��WK�GD\�RI�KRVSLWDOL]DWLRQ�DQG�WKHUH�ZHUH�QR�VLJQV�RI�UHFXUUHQFHV�

6XPPDU\

7KH�GLDJQRVLV�RI�VSRQWDQHRXV�SQHXPRPHGLDVWLQXP�LQ�DQ�DFXWH�KRVSLWDO�VHWWLQJ�FDQ�SUHVHQW�DV�D�FKDOOHQJH��3QHXPRPHGLDVWLQXP�VKRXOG�QRW�EH
FRQIXVHG�ZLWK�RWKHU�SDWKRORJLFDO�FRQGLWLRQV�VXFK�DV�LQWHUVWLWLDO�HPSK\VHPD��SQHXPRWKRUD[�DQG�SQHXPRSHULFDUGLXP��ZKLFK�PRVWO\�UHTXLUH�VSHFLILF
W\SHV�RI�PDQDJHPHQW��6SRQWDQHRXV�SQHXPRQHGLVWLLQXP�LV�UDUH�LQ�DGXOWV��ZLWK�\RXQJ�PDOH�EHLQJ�WKH�PRVW�IUHTXHQWO\�DIIHFWHG��ZLWK�D�PDOH�IHPDOH
UDWLR�RI������%DVHG�RQ�SUHYLRXV�VWXGLHV��WKH�SUHYDOHQFH�RI�VSRQWDQHRXV�SQHXPRPHGLDVWLQXP�UDQJLQJ�IURP���SHU�����WR���SHU��������SDWLHQWV
SUHVHQWLQJ�WR�D�KRVSLWDO�HPHUJHQF\�GHSDUWPHQW��2I�WKHVH�FDVHV��DSSUR[LPDWHO\����KDV�D�KLVWRU\�RI�DVWKPD��7KH�QDWXUDO�FRXUVH�LV�IRU�WKH
SQHXPRPHGLDVWLQXP�WR�VSRQWDQHRXVO\�UHVROYH�

�

�



�



&5,7,&$/�&$5( &+5,67,$1�+2+(167(,1

��������'RUVDO�HOHYDWLRQ�DQG�SHHS�IRU�FDWKHWHUL]DWLRQ�RI�LQWHUQDO�MXJXODU�YHLQ�LQ�FULWLFDOO\�LOO�SDWLHQWV�LQ�HPHUJHQF\�GHSDUWPHQWV
�'(&,=,9(����PDQ\�SDWLHQWV�GR�QRW�WROHUDWH�WKH�UHFRPPHQGHG�SRVLWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&RUQHOLD�0DUHLNH�%XUJKROG������&KULVWLDQ�+RKHQVWHLQ������+HQGULN�5�GGHO����

�����QRQH��-HQD��*(50$1<
�����QRQH��-HQ��*(50$1<

.H\ZRUGV��FHQWUDO�OLQH���WUHQGHOHQEXUJ�SRVLWLRQ���FRQWUDLQGLFDWLRQ

$EVWUDFW��

,QWURGXFWLRQ

6RPH�SDWLHQWV�LQ�HPHUJHQF\�GHSDUWPHQWV��('��QHHG�D�FDWKHWHUL]DWLRQ�RI�LQWHUQDO�MXJXODU�YHLQ��,-9��7KH�DSSOLFDWLRQ�RI�D�FHQWUDO�YHQRXV�FDWKHWHU�LV
W\SLFDOO\�SHUIRUPHG�ZKLOH�WKH�SDWLHQW�LV�LQ�7UHQGHOHQEXUJ�3RVLWLRQ��73���7KH�PDLQ�FDXVH�IRU�WKLV�SXUSRVH�LV�WKH�EHQHILW�RI�LQFUHDVLQJ�WKH�,-9�Ä
GLDPHWHU��ZKLFK�UHVXOWV�LQ�D�VHFXUHU�DSSOLFDWLRQ�RI�WKH�FHQWUDO�OLQH�ZLUH�

+RZHYHU��LQ�WKH�GDLO\�SUDFWLFH�WKH�73�SRVHV�D�FKDOOHQJH�LQ�WKH�('�VLQFH�PDQ\�SDWLHQWV�GR�QRW�WROHUDWH�WKH�KHDG�WLOW�SRVLWLRQ�RU�KDYH�FRQWUDLQGLFDWLRQV�

7KH�DLP�RI�WKH�VWXG\�LV�WR�GHWHUPLQH�KRZ�PDQ\�FULWLFDOO\�LOO�SDWLHQWV�LQ�DQ�HPHUJHQF\�GHSDUWPHQW�GR�QRW�WROHUDWH�WKH�7UHQGHOHQEXUJ�SRVLWLRQ�

0HWKRGV

)URP�2FWREHU�WR�'HFHPEHU������ZH�HQUROOHG�����QRQ�LQWXEDWHG�SDWLHQWV�!���\HDUV�DGPLWWHG�E\�(06�ZLWK�D�(6,�VFRUH�����:H�DOORFDWHG�WKH�SDWLHQWV
HLWKHU�WR�WKH�73�JURXS��WUHQGHOHQEXUJ�SRVLWLRQ�SRVVLEOH��RU�QRQ�73�JURXS��WUHQGHOHQEXUJ�SRVLWLRQ�LPSRVVLEOH��

8VLQJ�D�JRQLRPHWHU�SDUWLFLSDQWV�ZLWKRXW�DQ\�FRQWUDLQGLFDWLRQV�IRU�7UHQGHOHQEXUJ�SRVLWLRQ�ZHUH�WLOWHG���j�KHDG�GRZQ�ZKLOH�O\LQJ�LQ�EHG�IRU���
FRQVHFXWLYH�PLQXWHV��:KHQ�WKH�SDWLHQW�SHUFHLYHG�DQ\�GLVFRPIRUW�OLNH�G\VSQHD��YHUWLJR��QDXVHD��SDLQ�RU�D�FRQVXOWDQW�RI�WKH�('�GHFLGHG�WKDW�WKHUH�LV
D�FRQWUDLQGLFDWLRQ�IRU�WKH�KHDG�GRZQ�SRVLWLRQ��WKH�SDWLHQW�ZDV�DOORFDWHG�WR�WKH�QRQ�73�JURXS�

5HVXOWV

�������RI�DOO�HQUROOHG�SDWLHQWV�FRXOG�QRW�EH�SRVLWLRQHG�LQ�73�EHFDXVH�RI�FRQWUDLQGLFDWLRQV��VXFK�DV�FDUGLR�SXOPRQDU\�GHILFLWV���������RU�LQ�FRQGLWLRQ
RI�&16�SDWKRORJLHV����������)XUWKHUPRUH��������GLG�QRW�WROHUDWHG�WKLV�SRVLWLRQ�Ä���SDWLHQWV�VWRSSHG�WKH�SURFHGXUH�GXULQJ�SRVLWLRQLQJ�DQG����ZLWKLQ
WKH����PLQXWHV�RI�KHDG�WLOW�GXH�WR�YDULRXV�UHDVRQV��H[DFW�QXPEHUV�ZLOO�IROORZ��

&RQFOXVLRQ

7R�VHFXUH�D�VDIH�FHQWUDO�YHLQ�FDWKHWHUL]DWLRQ��73�LV�VHHQ�DV�WKH�JROG�VWDQGDUG�DFFRUGLQJ�WR�WKH�JXLGHOLQHV��7KLV�VXUYH\�LV�WKH�ILUVW�ZKLFK�UHYHDOV�WKH
OLPLWDWLRQV�RI�WKLV�SRVLWLRQLQJ�IRU�FULWLFDOO\�LOO�SDWLHQWV��$OPRVW�����RI�WKH�SDWLHQWV�ZHUH�QRW�DEOH�WR�EH�WLOWHG���j�KHDG�GRZQ�DV�WKH�JROG�VWDQGDUG
UHTXHVWV��$�SUHYLRXV�VXUYH\�RI�RXU�ZRUNLQJ�JURXS�DOUHDG\�VKRZHG�WKDW���j�KHDG�XS�HOHYDWLRQ�FRPELQHG�ZLWK�QRQ�LQYDVLYH�YHQWLODWLRQ�GHPRQVWUDWHV
D�VDIH�DQG�ZHOO�WROHUDWHG�DOWHUQDWLYH�WR�WKH�KHDG�GRZQ�WLOW��7KLV�ZLOO�EH�UHYLHZHG�LQ�WKH�FRQWH[W�RI�RXU�VWXG\�

5HIHUHQFHV

)DK\�%*��%DUQDV�*0��1DJOH�6(��)ORZHUV�-/��1MRNX�0-��$JDUZDO�0��������(IIHFWV�RI�7UHQGHOHQEXUJ�DQG�UHYHUVH�7UHQGHOHQEXUJ�SRVWXUHV�RQ�OXQJ�DQG
FKHVW�ZDOO�PHFKDQLFV��-�&OLQ�$QHVWK����������������

.HXVFK�'-��:LQWHUV�6��7K\V�'0��������7KH�SDWLHQW
V�SRVLWLRQ�LQIOXHQFHV�WKH�LQFLGHQFH�RI�G\VUK\WKPLDV�GXULQJ�SXOPRQDU\�DUWHU\�FDWKHWHUL]DWLRQ�
$QHVWKHVLRORJ\�����������������

0DYURFRUGDWRV�3��%LVVRQQHWWH�%��5DYXVVLQ�3��������(IIHFWV�RI�QHFN�SRVLWLRQ�DQG�KHDG�HOHYDWLRQ�RQ�LQWUDFUDQLDO�SUHVVXUH�LQ�DQDHVWKHWL]HG
QHXURVXUJLFDO�SDWLHQWV��SUHOLPLQDU\�UHVXOWV��-�1HXURVXUJ�$QHVWKHVLRO���������������

5HLFK�'/��.RQVWDGW�61��5DLVVL�6��+XEEDUG�0��7K\V�'0��������7UHQGHOHQEXUJ�SRVLWLRQ�DQG�SDVVLYH�OHJ�UDLVLQJ�GR�QRW�VLJQLILFDQWO\�LPSURYH
FDUGLRSXOPRQDU\�SHUIRUPDQFH�LQ�WKH�DQHVWKHWL]HG�SDWLHQW�ZLWK�FRURQDU\�DUWHU\�GLVHDVH��&ULW�&DUH�0HG�����������������
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��������-89(;�3(33(5�7ULDO���SLORW�VWXG\��MXJXODU�YHLQ�H[SDQVLRQ�E\�SRVLWLYH�HQG�H[SLUDWRU\�SUHVVXUH�SRVLWLRQLQJ�LQ�HPHUJHQF\
GHSDUWPHQW�SDWLHQWV�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&ODXGLD�(KUOLFK������&KULVWLDQ�+RKHQVWHLQ������-RKDQQHV�:LQQLQJ������+HQGULN�5�GGHO����

�����QRQH��-H��*(50$1<
�����QRQH��-HQD��*(50$1<
�����QRQH��-HQ��*(50$1<

.H\ZRUGV��FHQWUDO�YHQRXV�DFFHVV���SRVLWLYH�HQG�H[SLUDWRU\�SUHVVXUH���QRQ�LQYDVLYH�YHQWLODWLRQ���FURVV�VHFWLRQDO�DUHD�MXJXODU�YHLQ

$EVWUDFW��

%DFNJURXQG

*XLGHOLQHV�UHFRPPHQG�FHQWUDO�YHQRXV�DFFHVV�LQ�7UHQGHOHQEXUJ�SRVLWLRQ��&ULWLFDOO\�LOO�SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��RIWHQ�VKRZ
FRQWUDLQGLFDWLRQ�IRU�WKLV�SRVLWLRQLQJ��1RQ�LQYDVLYH�YHQWLODWLRQ��1,9��ZLWK�SRVLWLYH�HQG�H[SLUDWRU\�SUHVVXUH�DOVR�LQFUHDVH�WKH�FDOLEHU�RI�WKH�LQWHUQDO
MXJXODU�YHLQ��:H�K\SRWKHVL]H�WKDW�WKH�FURVV�VHFWLRQDO�DUHD��&6$��RI�WKH�ULJKW�LQWHUQDO�MXJXODU�YHLQ��5,-9��LQ�7UHQGHOHQEXUJ�LV�HTXDO�WR�WKH�&6$�LQ���j
HOHYDWLRQ�SRVLWLRQ�ZLWK�3((3�E\�1,9�LQ�FULWLFDOO\�LOO�SDWLHQWV�LQ�('�

0DWHULDOV�DQG�0HWKRGV

���FULWLFDOO\�LOO�DGXOW�SDWLHQWV�LQ�('�ZHUH�H[DPLQHG�EHWZHHQ���������DQG����������7KH�&6$�ZDV�PHDVXUHG�E\�XOWUDVRXQG�LQ���GLIIHUHQW�SRVLWLRQV����j
HOHYDWLRQ��VXSLQH�DQG�7UHQGHOHQEXUJ�SRVLWLRQ��:H�UHSHDWHG�PHDVXUHPHQWV�ZLWK�D�FRQWLQXRXV�DSSOLFDWLRQ�RI�1,9��3((3�RI����P%DU���3DWLHQWV�ZLWKRXW
EHLQJ�DEOH�WR�JLYH�LQIRUPHG�FRQVHQW�RU�UHODWLYH�DEVROXWH�FRQWUDLQGLFDWLRQV�IRU�1,9�ZHUH�H[FOXGHG��:H�GHILQHG�FULWLFDO�LOOQHVV�E\�DQ�HPHUJHQF\
VHYHULW\�LQGH[�!��LQ�FRPELQDWLRQ�ZLWK�WKH�QHFHVVLW\�WR�OLH�RQ�D�VWUHWFKHU�RU�EHG�

5HVXOWV

7KH�LQFUHDVH�RI�WKH�&6$�RI�WKH�5,-9�LQ�7UHQGHOHQEXUJ�SRVLWLRQ�ZDV�WKH�ODUJHVW������k����FPl��FRPSDUHG�WR�WKH�VXSLQH������k����FPl��DQG���j
HOHYDWLRQ�SRVLWLRQ������k����FPl�����j�HOHYDWLRQ�SRVLWLRQLQJ�ZLWK�3((3������k����FPl��ZDV�VLJQLILFDQW�ODUJHU�WKDQ�ZLWKRXW�3((3��1,9�ZDV�D
ZHOO�WROHUDWHG�SURFHGXUH�������

&RQFOXVLRQ

��j�HOHYDWLRQ�SRVLWLRQLQJ�ZLWK�3((3�YLD�1,9�LV�DQ�DOWHUQDWLYH�SURFHGXUH�IRU�FHQWUDO�YHQRXV�DFFHVV��HVSHFLDOO\�IRU�FULWLFDOO\�LOO�SDWLHQWV�LQ�('�XQDEOH�WR
UHPDLQ�LQ�7UHQGHOHQEXUJ�SRVLWLRQ��%DVHG�RQ�WKH�UHVXOWV��D�VXFFHVVIXO�FDQQXODWLRQ�RI�WKH�5-,9�VHHPV�YLDEOH�LQ�SDWLHQWV�ZKR�QHHG�WR�PRYH�WR�WKH���j
HOHYDWLQJ�SRVLWLRQ�IRU�ZKDWHYHU�UHDVRQ��7KH�FXUUHQW�JXLGHOLQH�DERXW�SDWLHQW�SRVLWLRQLQJ�GXULQJ�FHQWUDO�YHQRXV�DFFHVV�VKRXOG�FRQVLGHU�WKHVH�ILQGLQJV
IRU�FULWLFDOO\�LOO�SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW���,Q�WKH���j�HOHYDWLRQ�SRVLWLRQLQJ�ZLWK�3((3�LQ��������D�VDIH�SXQFWXUH��Õ���FPl��FRXOG�EH
H[SHFWHG��

�
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��������/DFWDWH�DQG�&53�OHYHOV�LQ�XQVHOHFWHG�HPHUJHQF\�GHSDUWPHQW�SDWLHQWV��$VVRFLDWLRQ�ZLWK�KRVSLWDO�DGPLVVLRQ��LQWHQVLYH
FDUH�XQLW�DGPLVVLRQ�DQG�KRVSLWDO�OHQJWK�RI�VWD\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�%HUQKDUGW������&KULVWLDQ�+RKHQVWHLQ����

�����QRQH��-HQD��*(50$1<

.H\ZRUGV��/DFWDWH���&53���HPHUJHQF\�GHSDUWPHQW���KRVSLWDO�DGPLVVLRQ���KRVSLWDO�OHQJWK�RI�VWD\

$EVWUDFW��

,QWURGXFWLRQ

,QFUHDVLQJ�LQWHUHVW�KDV�EHHQ�JLYHQ�WR�ODFWDWH�OHYHOV�LQ�DFXWH�LOO�SDWLHQWV��(VSHFLDOO\�VHSWLF�SDWLHQWV�DUH�GHVFULEHG�WR�KDYH�HOHYDWHG�ODFWDWH�OHYHOV�
DOWKRXJK�LW�LV�XQFOHDU�ZKHWKHU�KLJK�ODFWDWH�LQ�HPHUJHQF\�GHSDUWPHQW�SDWLHQWV�KHOSV�WR�GLVWLQJXLVK�WKRVH�ZLWK�KLJK�ULVN�IURP�ORZ�ULVN�SDWLHQWV�
)XUWKHUPRUH��QHLWKHU�WKH�SURJQRVWLF�QRU�WKH�GLDJQRVWLF�YDOXH�RI�ODFWDWH�OHYHOV�LV�FOHDU�LQ�XQVHOHFWHG�SDWLHQWV�RI�WKH�HPHUJHQF\�GHSDUWPHQW��7KHUH�LV
JURZLQJ�HYLGHQFH�WKDW�ODFWDWH�OHYHOV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�PLJKW�VHUYH�DV�D�VFUHHQLQJ�PHWKRG�IRU�SDWLHQWV�DW�KLJKHU�ULVN�IRU�PRUWDOLW\��EXW�LW
LV�VWLOO�XQFOHDU�XQGHU�ZKLFK�FLUFXPVWDQFHV�DQG�ZKLFK�V\PSWRPV�RU�GLDJQRVHV�WKH\�DUH�UHDOO\�XVHIXO�IRU��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�DQDO\]H�WKH
ODFWDWH�OHYHOV�RI�XQVHOHFWHG�SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DQG�ORRN�IRU�SRVVLEOH�FRUUHODWLRQV�RI�FHUWDLQ�SDWLHQW�FKDUDFWHULVWLFV�DV�ZHOO�DV
WKHLU�SRVVLEOH�SURJQRVWLF�YDOXH�LQ�GLIIHUHQW�GLDJQRVLV�JURXSV�

0HWKRGV�����������������������������������������������������������������

:H�UHWURVSHFWLYHO\�DQDO\]HG�DOO�SDWLHQW�GDWD��ZHUH�EORRG�VDPSOHV�ZHUH�GUDZQ�GXULQJ�D���ZHHN�SHULRG��0DUFK��������H[FOXGLQJ�SDWLHQWV����\HDUV�
QR�ODFWDWH�OHYHOV�DYDLODEOH��QR�GRFXPHQWDWLRQ��$QDO\]HG�SDWLHQW�FKDUDFWHULVWLFV�ZHUH�DJH��VH[��W\SH�RI�DOORFDWLRQ��ZDON�LQ��IDPLO\�SK\VLFLDQ��(06�ZLWK
DQG�ZLWKRXW�SK\VLFLDQ��RWKHU���V\PSWRPV��GLDJQRVLV��KRVSLWDO�DGPLVVLRQ��,&8�DGPLVVLRQ�����GD\�PRUWDOLW\��YLWDO�VLJQV��EORRG�VDPSOHV��&53�
OHXNR]\WHV��WKURPER]\WHV��FUHDWLQLQH��KHPRJORELQ��ODFWDWH��

5HVXOWV

�����YLVLWHG�WKH�HPHUJHQF\�GHSDUWPHQW�GXULQJ�WKH�VWXG\�SHULRG��RI�ZKLFK�����ZHUH�LQFOXGHG�LQWR�WKH�VWXG\��7KH�PHDQ�DJH�ZDV������\HDUV��VG
�����������SDWLHQWV�ZHUH�DGPLWWHG�WR�KRVSLWDO�ZLWK�DQ�DYHUDJH�OHQJWK�RI�VWD\�RI������GD\V��VG�����������SDWLHQWV�ZHUH�DGPLWWHG�WR�WKH�,&8��������
ZLWK�D�PRUWDOLW\�UDWH�RI�������7KH�PDLQ�GLDJQRVWLF�JURXSV�ZHUH�FDUGLRYDVFXODU����������LQIHFWLRQV�VHSVLV����������RUWKRSHGLF�WUDXPD���������DQG
RWKHU���������ZLWK�VRPH�GLIIHUHQFHV�LQ�GLVWULEXWLRQ�EHWZHHQ�KRVSLWDO�DGPLVVLRQV�DQG�DPEXODWRU\�PDQDJHPHQW��$YHUDJH�ODFWDWH�OHYHOV�ZHUH
����PPRO�O��VG�������S�������.ROPRJRURY�6PLUQRY���8QLYDULDWH�UHJUHVVLRQ�DQDO\VLV�VKRZHG�D�VLJQLILFDQW��S�������LQIOXHQFH�RQ�KRVSLWDO�DGPLVVLRQ�RI
WKH�YDULDEOHV�DJH��+5��VDWXUDWLRQ��W\SH�RI�DOORFDWLRQ��ODFWDWH��&53��OHXNR]\WHV��KHPRJORELQ�DQG�FUHDWLQLQH��0XOWLYDULDWH�UHJUHVVLRQ�DQDO\VLV�VKRZHG�D
VLJQLILFDQW��S�������LQIOXHQFH�RQ�KRVSLWDO�DGPLVVLRQ�RI�WKH�YDULDEOHV�+5��DOORFDWLRQ��ODFWDWH�DQG�&53��0XOWLYDULDWH�UHJUHVVLRQ�DQDO\VLV�GLVFRQILUPHG
ODFWDWH�DV�D�IDFWRU�IRU�,&8�DGPLVVLRQ��25��������S ��������7KH�PXOWLYDULDWH�UHJUHVVLRQ�DQDO\VLV�DOVR�VKRZHG�QR�LQIOXHQFH�RI�ODFWDWH�IRU�OHQJWK�RI
KRVSLWDO�VWD\��UHJUHVVLRQ�FRHIILFLHQW�%��������S �������ZKHUHDV�RQO\�&53�OHYHOV�VKRZ�DQ�LQIOXHQFH��UHJUHVVLRQ�FRHIILFLHQW�%��������S �������

'LVFXVVLRQ

/DFWDWH�OHYHOV�LQ�XQVHOHFWHG�SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RQ�DYHUDJH�DUH�ORZ��,QFUHDVHG�ODFWDWH�OHYHOV�PHDQ�KLJKHU�ULVN�IRU�KRVSLWDO
DGPLVVLRQ��DOWKRXJK�LW�GRHV�QRW�LQIOXHQFH�DGPLVVLRQ�UDWH�WR�WKH�,&8�RU�OHQJWK�RI�KRVSLWDO�VWD\��7KH�SURJQRVWLF�YDOXH�RI�ODFWDWH�OHYHOV�LQ�XQVHOHFWHG
SDWLHQWV�RI�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWKRXW�D�SUHWHVW�SUREDELOLW\�VHHPV�WR�EH�ORZ�



%,20$5.(56 &+5,67,$1�+2+(167(,1

��������/DFWDWH�OHYHOV�LQ�GLIIHUHQW�GLDJQRVWLF�JURXSV�RI�XQVHOHFWHG�SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�%HUQKDUGW������&KULVWLDQ�+RKHQVWHLQ����

�����QRQH��-HQD��*(50$1<

.H\ZRUGV��ODFWDWH�OHYHO���HPHUJHQF\�GHSDUWPHQW���GLDJQRVWLF�JURXSV

$EVWUDFW��

,QWURGXFWLRQ

,QFUHDVLQJ�LQWHUHVW�KDV�EHHQ�JLYHQ�WR�ODFWDWH�OHYHOV�LQ�DFXWH�LOO�SDWLHQWV��(VSHFLDOO\�VHSWLF�SDWLHQWV�DUH�GHVFULEHG�WR�KDYH�HOHYDWHG�ODFWDWH�OHYHOV�
DOWKRXJK�LW�LV�XQFOHDU�ZKHWKHU�KLJK�ODFWDWH�LQ�HPHUJHQF\�GHSDUWPHQW�SDWLHQWV�KHOSV�WR�GLVWLQJXLVK�WKRVH�ZLWK�KLJK�ULVN�IURP�ORZ�ULVN�SDWLHQWV�
)XUWKHUPRUH��QHLWKHU�WKH�SURJQRVWLF�QRU�WKH�GLDJQRVWLF�YDOXH�RI�ODFWDWH�OHYHOV�LV�FOHDU�LQ�XQVHOHFWHG�SDWLHQWV�RI�WKH�HPHUJHQF\�GHSDUWPHQW��7KHUH�LV
JURZLQJ�HYLGHQFH�WKDW�ODFWDWH�OHYHOV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�PLJKW�VHUYH�DV�D�VFUHHQLQJ�PHWKRG�IRU�SDWLHQWV�DW�KLJKHU�ULVN�IRU�PRUWDOLW\��EXW�LW
LV�VWLOO�XQFOHDU�XQGHU�ZKLFK�FLUFXPVWDQFHV�DQG�ZKLFK�V\PSWRPV�RU�GLDJQRVHV�WKH\�DUH�UHDOO\�XVHIXO�IRU��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�DQDO\]H�WKH
ODFWDWH�OHYHOV�RI�XQVHOHFWHG�SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DQG�ORRN�IRU�SRVVLEOH�FRUUHODWLRQV�RI�FHUWDLQ�SDWLHQW�FKDUDFWHULVWLFV�DV�ZHOO�DV
WKHLU�SRVVLEOH�SURJQRVWLF�YDOXH�LQ�GLIIHUHQW�GLDJQRVLV�JURXSV�

0HWKRGV�����������������������������������������������������������������

:H�UHWURVSHFWLYHO\�DQDO\]HG�DOO�SDWLHQW�GDWD��ZHUH�EORRG�VDPSOHV�ZHUH�GUDZQ�GXULQJ�D���ZHHN�SHULRG��0DUFK�������DV�GHVFULEHG�LQ�DQ�HDUOLHU
DEVWUDFW�

7KH�FODVVLILFDWLRQ�RI�V\PSWRPV�DQG�GLDJQRVHV�ZDV�EDVHG�RQ�VLPLODU�VWXGLHV�DQG�LQFOXGHG�D�V\VWHPLF�FDWHJRU\��LQIHFWLRQ��WUDXPD��LQWR[LFDWLRQ��VKRFN�
K\SRYROHPLD��DOOHUJLF��QHRSODVP��RU�LQYROYHPHQW�RI�DQ�RUJDQ�V\VWHP��FDUGLRYDVFXODU��RUWKRSHGLF��QHXURORJLF��JDVWURLQWHVWLQDO��SXOPRQDU\��(17��H\H�
VNLQ��XURJHQLWDO��J\QHFRORJLFDO��SV\FKLDWULF�SV\FKRORJLFDO��KHPDWRORJLFDO��RWKHU���6WDWLVWLFDO�DQDO\VLV�ZDV�GRQH�ZLWK�6366��PXOWLYDULDWH�UHJUHVVLRQ
DQDO\VLV��GHWHUPLQDWLRQ�RI�.ROPRJRURY�6PLUQRY�7HVW��.UXVNDO�:DOOLV�7HVW�DQG�0DQQ�:KLWKQH\�8�7HVW�LQ�RUGHU�WR�GHWHUPLQH�WKH�LQIOXHQFH�RI�ODFWDWH�LQ
GLIIHUHQW�GLDJQRVWLF�RU�V\VWHPDWLF�JURXSV�DQG�WKH�FRPSDULVRQ�EHWZHHQ�DGPLWWHG�YHUVXV�DPEXODWRU\�SDWLHQWV�

5HVXOWV

2QO\�LQ�WKH�RUWKRSHGLF�WUDXPD�JURXS�ODFWDWH�OHYHOV�VKRZ�D�QRUPDO�GLVWULEXWLRQ��.ROPRJRURY�6PLUQRY�7HVW���������7KH�ODFWDWH�OHYHOV�ZLWKLQ�WKH
GLIIHUHQW�GLDJQRVWLF�JURXSV�GR�QRW�GLIIHU�VLJQLILFDQWO\��.UXVNDO�:DOOLV�7HVW�S ��������:LWKLQ�WKH�DPEXODWRU\�SDWLHQW�JURXS��ODFWDWH�OHYHOV�VKRZ�D
QRUPDO�GLVWULEXWLRQ�LQ�WKH�QHXURORJLF�DV�ZHOO�DV�FDUGLRYDVFXODU�JURXS��.ROPRJRURY�6PLUQRY�7HVW�����DQG��������UHVS����1R�GLIIHUHQFH�RI�ODFWDWH�OHYHOV
LV�REVHUYHG�DPRQJ�WKH�GLDJQRVWLF�JURXSV��.UXVNDO�:DOOLV�7HVW�S ��������:LWKLQ�WKH�SDWLHQW�JURXS�DGPLWWHG�WR�KRVSLWDO��ODFWDWH�OHYHOV�DUH�QRW
QRUPDOO\�GLVWULEXWHG�LQ�DQ\�GLDJQRVWLF�JURXS��.ROPRJRURY�6PLUQRY�7HVW�DOZD\V���������1R�GLIIHUHQFH�RI�ODFWDWH�OHYHOV�LV�REVHUYHG�DPRQJ�WKH
GLDJQRVWLF�JURXSV��.UXVNDO�:DOOLV�7HVW�S ��������7KH�0DQQ�:LWKQH\�8�7HVW�VKRZHG�VLJQLILFDQW�ORZHU�ODFWDWH�OHYHOV�LQ�SDWLHQW�ZLWK�QHXURORJLFDO
GLVHDVH��S�������

:LWKLQ�WKH�JURXS�LQIHFWLRQ�VHSVLV�WKH�0DQQ�:KLWKQH\�8�7HVW�VKRZHG�QR�GLIIHUHQFH�RI�ODFWDWH�OHYHOV�LQ�FRPSDULVRQ�ZLWK�WKH�RYHUDOO�SDWLHQW�SRSXODWLRQ�
LQ�FRQWUDVW�WR�+5��WHPSHUDWXUH��&53��OHXNR]\WHV��FUHDWLQLQH��DOO�KLJKHU���DUWHULDO�SUHVVXUH��VDWXUDWLRQ�DQG�KHPRJORELQ��DOO�ORZHU��

'LVFXVVLRQ

,W�VHHPV�WR�EH�XQFOHDU��ZKLFK�SDWLHQW�SRSXODWLRQ�ZRXOG�EHQHILW�IURP�ODFWDWH�VDPSOLQJ��7KLV�VWXG\�GRHV�QRW�FRQILUP�WKH�QRWLRQ��WKDW�KLJK�ODFWDWH
PLJKW�EH�PRUH�IUHTXHQW�LQ�FHUWDLQ�GLDJQRVWLF�JURXSV�OLNH�LQIHFWLRQ�VHSVLV�WKDQ�LQ�RWKHU�EXW�LV�HTXDOO\�GLVWULEXWHG�UHJDUGOHVV�RI�V\PSWRPV�RU�GLDJQRVLV�
7KH�YDOXH�RI�ODFWDWH�OHYHOV�LQ�ULVN�VWUDWLILFDWLRQ�DQG�GLDJQRVWLF�DQG�SURJQRVWLF�FOLQLFDO�VXSSRUW�KDV�\HW�WR�EH�GHWHUPLQHG�



&$5',29$6&8/$5 6DQMD\�5DPDPRRUWK\

��������(YDOXDWLRQ�RI�WKH�VDIHW\�RI�DQ�DFFHOHUDWHG�GLVFKDUJH�SURWRFRO�IRU�ORZ�ULVN�FKHVW�SDLQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&KHU\O�'DYLHV������6DQMD\�5DPDPRRUWK\����

�����8QLYHUVLW\�+RVSLWDOV�6RXWKDPSWRQ��6RXWKDPSWRQ��8.
���(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDOV�6RXWKDPSWRQ��6RXWKDPSWRQ��8.

.H\ZRUGV��$FFHOHUDWHG�GLVFKDUJH�SURWRFRO��/RZ�ULVN�FKHVW�SDLQ�

$EVWUDFW��

&KHVW�SDLQ�LV�RQH�RI�WKH�FRPPRQHVW�UHDVRQV�IRU�SUHVHQWDWLRQ�WR�(PHUJHQF\�'HSDUWPHQWV��('V��&XUUHQW�HVWLPDWHV�VXJJHVW�WKDW�XS�WR����RI�DOO
DWWHQGDQFHV�WR�8.�('V�DUH�GXH�WR�D�SULPDU\�FRPSODLQW�RI�FKHVW�SDLQ��,Q�RXU�('�WKLV�HTXDWHV�WR�DSSUR[LPDWHO\������SDWLHQWV�D�\HDU�

:KLOVW�WKH�YDVW�PDMRULW\�RI�WKHVH�SDWLHQWV�GR�QRW�KDYH�D�P\RFDUGLDO�LQIDUFWLRQ��WKHUH�LV�JRRG�HYLGHQFH�WR�VKRZ�WKDW�UHO\LQJ�RQ�WKH�KLVWRU\�DQG�(&*�RI
SDWLHQWV�LQ�LVRODWLRQ�ZLOO�OHDG�WR�FOLQLFLDQV�PLVVLQJ�WKHVH�FRQGLWLRQV��0\RFDUGLDO�LQIDUFWLRQ��0,��LV�D�SRWHQWLDOO\�IDWDO�FRQGLWLRQ��DQG�WKH�PRUWDOLW\�IRU
SDWLHQWV�ZLWK�0,�ZKR�DUH�ZURQJO\�GLVFKDUJHG�LV�PXFK�KLJKHU�WKDQ�WKRVH�ZKR�DUH�DGPLWWHG�WR�KRVSLWDO�

,Q�RUGHU�WR�LPSURYH�RXU�GLDJQRVWLF�DFFXUDF\��LQ�DFFRUGDQFH�ZLWK�QDWLRQDO�JXLGHOLQHV�IURP�WKH�1DWLRQDO�,QVWLWXWH�RI�&OLQLFDO�([FHOOHQFH��1,&(���RXU
SUHYLRXV�SUDFWLFH�ZDV�WR�ULVN�VWUDWLI\�SDWLHQWV�ZLWK�SRWHQWLDO�0,�LQWR�ORZ��PRGHUDWH�RU�KLJK�ULVN�RI�KDYLQJ�DQ�0,�7KLV�ZDV�GRQH�XVLQJ�DQ�HYLGHQFH
EDVHG�FOLQLFDO�ULVN�VWUDWLILFDWLRQ�WRRO��7,0,�VFRUH���DQG�WKH�(&*��,QWHUPHGLDWH�DQG�KLJK�ULVN�SDWLHQWV�ZHUH�DGPLWWHG��IRU�IXUWKHU�DVVHVVPHQW��DQG�ORZ
ULVN�SDWLHQWV�ZHUH�PDQDJHG�LQ�WKH�('�WKURXJK�RXU�VKRUW�VWD\�ZDUG��

7KH�SUHYLRXV�SDWKZD\�IRU�ORZ�ULVN�SDWLHQWV�LQYROYHG�SHUIRUPLQJ�D�VHUXP�WURSRQLQ�DW����KRXUV�DIWHU�WKH�SDWLHQWÇV�ZRUVW�V\PSWRPV��

7KHUH�KDV�EHHQ�DQ�LQFUHDVLQJ�HYLGHQFH�EDVH�DURXQG�WKH�XVDJH�RI�KLJK�VHQVLWLYLW\�WURSRQLQ�WHVWV�LQ�WKH�ODVW�IHZ�\HDUV��7KHVH�GLIIHU�IURP�WKH�WURSRQLQ
DVVD\V�WKDW�ZH�ZHUH�SUHYLRXVO\�XVLQJ�DV�WKH\�FDQ�GHWHFW�PXFK�VPDOOHU�OHYHOV�RI�WURSRQLQ�LQ�D�SDWLHQWV�EORRG�WKDQ�SUHYLRXVO\�

7KHUH�KDV�EHHQ�UHVHDUFK�FRQGXFWHG�LQWR�ZKHWKHU�WKH�WLPH�LQWHUYDO�IRU�WHVWLQJ�LQ�ORZ�ULVN�SDWLHQWV�XVLQJ�WKH�KLJK�VHQVLWLYLW\�DVVD\V�FDQ�EH�VKRUWHQHG�
7KH�FRQFOXVLRQ�IURP�VHYHUDO�ZHOO�FRQGXFWHG�VWXGLHV�LV�WKDW�LQ�ORZ�ULVN�SDWLHQWV��KLJK�VHQVLWLYLW\�DVVD\V�FDQ�EH�XVHG�WR�VDIHO\�GLVFKDUJH�SDWLHQWV�DW��
KRXUV�DIWHU�WKHLU�DUULYDO�LQ�WKH�('�

:H�LQWURGXFHG�DQ�DFFHOHUDWHG�GLVFKDUJH�SDWKZD\�XVLQJ�D�KLJK�VHQVLWLYLW\�WURSRQLQ�DVVD\�LQ�-XQH������

5HVXOWV

)URP�WKH���������WR����������D�WRWDO�RI������SDWLHQWV�ZHQW�WKURXJK�WKH�ORZ�ULVN�FKHVW�SDLQ�SDWKZD\��ZLWK�D�PHGLDQ�RI����D�ZHHN�

:KDW�ZDV�WKH�UDWH�RI�PDMRU�DGYHUVH�FDUGLDF�HYHQWV�DW����GD\V�DIWHU�GLVFKDUJH"

1HZ�SDWKZD\ ���SDWLHQWV�����

2OG�SDWKZD\�EDVHG�RQ����PRQWKV�GDWD ������

:KDW�ZDV�WKH�WRWDO�OHQJWK�RI�VWD\�IRU�ORZ�ULVN�SDWLHQWV�LQ�WKH�('"

1HZ�SDWKZD\ ��KRXUV����PLQXWHV��PHGLDQ�/R6�IURP�DUULYDO�WR�GLVFKDUJH�

2OG�SDWKZD\ ��KRXUV����PLQXWHV��PHGLDQ�/RV�IURP�DUULYDO�WR�GLVFKDUJH�

5HGXFWLRQ�LQ�PHGLDQ�OHQJWK�RI�VWD\�E\���KRXU����PLQXWHV�

&RQFOXVLRQV

2Q�WKH�EDVLV�RI�RYHU�D�\HDUVÇ��GDWD�IRU������SDWLHQWV��WKH�QHZ�SDWKZD\�KDV�UHVXOWHG�LQ�D�UHGXFWLRQ�LQ�OHQJWK�RI�VWD\�E\��DSSUR[LPDWHO\�����PLQXWHV
SHU�SDWLHQW��ZLWK�QR�VLJQLILFDQW�FRPSURPLVH�LQ�SDWLHQW�VDIHW\��7KHUH�KDYH�VR�IDU�EHHQ�QR�DGYHUVH�FDUGLDF�HYHQWV�DW����GD\V�SUH�GLVFKDUJH�

7KLV�UHSUHVHQWV�D�WRWDO�UHGXFWLRQ�LQ�OHQJWK�RI�VWD\�RYHU�WKH�\HDU�RI�DSSUR[LPDWHO\����EHG�GD\V��RU������KRXUV�

�
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��������8QVFKHGXOHG�UHWXUQ�YLVLWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWKLQ���GD\V���UDWH�DQG�DQDO\VLV�RI�LQLWLDO�GLDJQRVWLF�HUURU

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)HOL[�/XGZLJ������6WHIIHQ�+HUGWOH������&KULVWLDQ�+RKHQVWHLQ����

�����QRQH��MH��*(50$1<
�����QRQH��-HQD��*(50$1<

.H\ZRUGV��XQVFKHGXOHG�UHWXUQ�YLVLW���HPHUJHQF\�GHSDUWPHQW���GLDJQRVWLF�HUURU

$EVWUDFW��

,QWURGXFWLRQ�

8QVFKHGXOHG�UHWXUQ�YLVLWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��OHDG�WR�XWLOL]DWLRQ�RI�UHVRXUFHV��'LIIHUHQW�FLUFXPVWDQFHV�DQG�IDFWRUV�PD\�FRQWULEXWH�WR
WKHVH�YLVLWV��VRPH�RI�WKHP�PLJKW�EH�SUHYHQWDEOH��6WXGLHV�VXJJHVW�WKDW�PDQ\�SDWLHQWV�DPRQJ�WKRVH�ZKR�UHYLVLW�WKH�('�JRW�D�ZURQJ�GLDJQRVLV�DW�WKHLU
ILUVW�YLVLW�

7KH�DLP�RI�WKH�VWXG\�ZDV�WR�LGHQWLI\�WKH�IDFWRUV�WKDW�OHDG�WR�XQVFKHGXOHG�UHWXUQ�YLVLWV�ZLWKLQ���GD\V�LQ�DQ�HPHUJHQF\�GHSDUWPHQW�

�

0HWKRGV�

5HWURVSHFWLYHO\��ZH�DQDO\]HG�DOO�SDWLHQWV�WKDW�YLVLWHG�WKH�('�GXULQJ�IRXU�PRQWKV�LQ�WKH�\HDU�������7KRVH��ZKR�XVHG�WKH�('�VHUYLFH�WZLFH�RU�PRUH
ZLWKLQ���GD\V�ZHUH�LQFOXGHG�LQWR�WKH�VWXG\��2XU�VWXG\�JURXS�GHYHORSHG�DQ�DUELWUDU\�FODVVLILFDWLRQ��7ZR�FRQVXOWDQWV�LQGHSHQGHQWO\�DOORFDWHG�WKH
SDWLHQWV�WR�WKH�GLIIHUHQW�FODVVHV��,Q�FDVH�RI�GLIIHUHQW�DOORFDWLRQV��D�WKLUG�FRQVXOWDQW�GHFLGHG�ZKLFK�DOORFDWLRQ�VXLWHG�EHVW�

�

5HVXOWV��

����SDWLHQWV�UHYLVLWHG�WKH�('�XQVFKHGXOHG�ZLWKLQ���GD\V�RI�WKHLU�ILUVW�YLVLW��:H�LGHQWLILHG���GLIIHUHQW�PDLQ�FDWHJRULHV�IRU�ERXQFH�EDFN�FDVHV��D�
SDWLHQW�UHODWHG���������E�LOOQHVV�UHODWHG����������F��SK\VLFLDQ�UHODWHG����������G��V\VWHP�UHODWHG�������H��RWKHU����������)XUWKHUPRUH��ZH�LGHQWLILHG
VHYHUDO�VXEFDWHJRULHV�LQVLGH�WKH�PDLQ�FDWHJRULHV��D��ZURQJ�GLDJQRVLV��������E��LOOQHVV�SHUVLVWHQFH��������F��QR�FRUUHODWLRQ��������G��RWKHU�������

'HWDLOHG�VXEFDWHJRULHV�ZLOO�EH�SUHVHQWHG�

�

&RQFOXVLRQ�

:H�VSHFXODWH�WKDW�QHDUO\�����RI�DOO�XQVFKHGXOHG�UHWXUQ�YLVLWV�FRXOG�EH�SUHYHQWDEOH��0DQ\�SDWLHQWV�JRW�ZURQJ�LQVWUXFWLRQV�E\�WKH�GRFWRU�RU�V\VWHP
IDLOXUHV�FRQWULEXWHG��OLNH�GLIILFXOW�VSHFLDOLVW�IROORZ�XS��3UHYLRXV�VWXGLHV�VXJJHVW�D�KLJK�UDWH�RI�PLVGLDJQRVLV�DPRQJ�WKH�ERXQFH�EDFN�SDWLHQWV��ZKLFK
WKLV�VWXG\�FRQILUPV��7KHUH�VHHP�WR�EH�VRPH�W\SLFDO�KLJK�ULVN�V\PSWRPV�DQG�SK\VLFLDQ�EHKDYLRU�WKDW�FDQ�EH�GLVFXVVHG�
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��������.QRZOHGJH�DQG�SUHSDUHGQHVV�RI�WKH�HPHUJHQF\�GHSDUWPHQW�QXUVLQJ�VWDII�IRU�D�PDVV�FDVXDOW\�UDGLDWLRQ�HYHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

XUL�DL]LN������\DQLY�SHUHW]����

���$VVDI�+DURIHK�0HGLFDO�&HQWHU��QRQH��WHO�DYLY��,65$(/
���$VVDI�+DURIHK�0HGLFDO�&HQWHU��QRQH��EHHU�WDDNRY��,65$(/

.H\ZRUGV��0DVV�FDVXDOW\�UDGLDWLRQ�HYHQW��QXUVLQJ�VWDII��GHSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH��NQRZOHGJH��VWDII�IHDU��SUHSDUHGQHVV

$EVWUDFW��

%DFNJURXQG�

7KH�PHGLFDO�UHVSRQVH�WR�UDGLDWLRQ�UHPDLQV�RQH�RI�WKH�OHDVW�WDXJKW�DPRQJ�DOO�GLVFLSOLQHV�ZLWKLQ�PHGLFDO�HGXFDWLRQ����5HFHQW�ZRUOG�HYHQWV�KDYH
LQFUHDVHG�FRQFHUQ�WKDW�KRVSLWDOV�PXVW�EH�SUHSDUHG�IRU�UDGLRORJLFDO�HPHUJHQFLHV��(VSHFLDOO\�(PHUJHQF\�GHSDUWPHQWV����

REMHFWLYH�

7KH�PDLQ�SXUSRVH�RI�WKLV�VWXG\�LV�WR�H[DPLQH�WKH�OHYHO�RI�NQRZOHGJH�RI�UHJLVWHUHG�QXUVHV�ZKR�ZRUN�LQ�HPHUJHQF\�GHSDUWPHQWV��UHJDUGLQJ�D�PDVV
FDVXDOW\�UDGLDWLRQ�HYHQW��E\�FRPSDULQJ�WKH�OHYHO�RI�NQRZOHGJH�EHWZHHQ�QXUVLQJ�VWDII�DW�D�PHGLFDO�FHQWHU�ZKLFK�LV�GHVLJQDWHG�WR�UHFHLYH�YLFWLPV�RI
UDGLDWLRQ�DQG�WKH�QXUVLQJ�VWDII�DW�D�PHGLFDO�FHQWHU�ZKLFK�GRHV�QRW�UHFHLYH�UDGLDWLRQ�YLFWLPV��2WKHU�REMHFWLYHV�DUH�WR�H[DPLQH�WKH�UHODWLRQVKLS
EHWZHHQ�WKH�OHYHO�RI�NQRZOHGJH�DQG�WKH�OHYHO�RI�VWDII�IHDU�RI�WUHDWLQJ�WKH�YLFWLPV�RI�D�UDGLRORJLFDO�LQFLGHQW�DQG�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ
WKH�VWDII
V�IHDU�DQG�LWV�SUHSDUHGQHVV�WR�UHSRUW�WR�ZRUN�LQ�D�UDGLRORJLFDO�IRUPDW�

0HWKRGV�

7KLV�FURVV�VHFWLRQDO�VWXG\�LQFOXGHG����UHJLVWHUHG�QXUVHV��PDOH�DQG�IHPDOH��LQ�HPHUJHQF\�GHSDUWPHQWV�DW�WKUHH�PHGLFDO�FHQWHUV�LQ�,VUDHO��ZKHUH�RQH
RI�WKH�FHQWHUV�LV�GHVLJQDWHG�IRU�LQWDNH�RI�UDGLDWLRQ�YLFWLPV��7KH�VDPSOLQJ�PHWKRG�XVHG�ZDV�FOXVWHU�VDPSOLQJ�

5HVXOWV�

7KH�ILQGLQJV�UHYHDOHG�D�ORZ�VFRUH����������RQ�WKH�TXHVWLRQQDLUH�DERXW�NQRZOHGJH��ZLWK�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�PHGLFDO�FHQWHUV�
LQFOXGLQJ�WKH�RQH�GHVLJQDWHG�IRU�WKH�LQWDNH�RI�YLFWLPV�RI�UDGLRORJLFDO�LQMXU\��)HDU�RI�D�KLJK�SUREDELOLW\�WKDW�WKLV�VFHQDULR�ZLOO�EHFRPH�D�UHDOLW\�UDQJHV
IURP�����WR������)HDU�RI�WKH�IRXU�VFHQDULRV�ZKLFK�ZHUH�SUHVHQWHG�WR�UHVSRQGHQWV�ZDV�KLJK��UDQJLQJ�IURP�������WR������7KH�UDWH�RI�SUHSDUHGQHVV
WR�UHSRUW�IRU�ZRUN�UDQJHG�IURP�������LQ�DQ�RUDO�SRLVRQLQJ�VFHQDULR�WR�������LQ�WKH�HYHQW�RI�WKH�H[SORVLRQ�RI�D��GLUW\�ERPE��

&RQFOXVLRQV�

7KH�SUHVHQW�VWXG\�GHPRQVWUDWHG�WKDW�WKH�OHYHO�RI�NQRZOHGJH�DPRQJ�WKH�QXUVLQJ�VWDIIV�LQ�HPHUJHQF\�GHSDUWPHQWV�LV�ORZ��7KLV�LV�UHJDUGOHVV�RI
ZKHWKHU�WKH�PHGLFDO�FHQWHU�LV�RQH�GHVLJQDWHG�WR�WUHDW�UDGLDWLRQ�YLFWLPV�RU�RQH�WKDW�LV�QRW��7KH�VWXG\�GHPRQVWUDWHG�D�OLQN�EHWZHHQ�WKH�OHYHO�RI
NQRZOHGJH�DQG�WKH�VHQVH�RI�ULVN��IHDU��DQG�ZLOOLQJQHVV�WR�UHSRUW�IRU�ZRUN��,Q�RWKHU�ZRUGV��LQFUHDVLQJ�WKH�OHYHO�RI�NQRZOHGJH�RI�WKH�VWDII�UHJDUGLQJ�D
PDVV�FDVXDOW\�UDGLDWLRQ�HYHQW�ZLOO�KDYH�D�VLJQLILFDQWO\�SRVLWLYHO\�LPSDFW�RQ�DOO�WKH�IDFWRUV�PHQWLRQHG�DERYH��:H�UHFRPPHQG�WKH�LQVWLWXWLRQ�RI
SURJUDPV�DW�DOO�WKH�PHGLFDO�FHQWHUV�WR�LQFUHDVH�NQRZOHGJH��E\�LQFRUSRUDWLQJ�FRQWHQWV�EDVHG�RQ�WKH�
DOO�KD]DUG
�DSSURDFK�DQG�LQFOXGLQJ�WKH�XQLTXH
IHDWXUHV�RI�D�PDVV�FDVXDOW\�UDGLDWLRQ�HYHQW�WKURXJK�OHFWXUHV�DW�VWDII�PHHWLQJV��H[HFXWLYH�WHDP�EXLOGLQJ�JDPHV��WKH�FUHDWLRQ�RI�FRXUVHZDUH��DQG�WKH
OLNH��,Q�DGGLWLRQ�WKHVH�VXEMHFWV�VKRXOG�EH�DGGHG�WR�SURIHVVLRQDO�LQ�VHUYLFH�WUDLQLQJ�

%LEOLRJUDSK\�

0F)HH��5��%���	�/HLNLQ��-��%���������)HEUXDU\���'HDWK�E\�SRORQLXP������OHVVRQV�OHDUQHG�IURP�WKH�PXUGHU�RI�IRUPHU�6RYLHW�VS\�$OH[DQGHU�/LWYLQHQNR���
,Q6HPLQDUV�LQ�GLDJQRVWLF�SDWKRORJ\��9RO������1R�����SS����������:%�6DXQGHUV�
%XVKEHUJ��-��7���.URJHU��/��$���+DUWPDQ��0��%���/HLGKROGW��(��0���0LOOHU��.��/���'HUOHW��5���	�:UDD��&����������1XFOHDU�UDGLRORJLFDO�WHUURULVP���
HPHUJHQF\�GHSDUWPHQW�PDQDJHPHQW�RI�UDGLDWLRQ�FDVXDOWLHV��7KH�-RXUQDO�RI�HPHUJHQF\�PHGLFLQH���������������



',6$67(5�0(',&,1( )UDQFHVFR�)LOLSSRQH

��������+RVSLWDO�SUHSDUHGQHVV�LQ�UHVSHFW�RI�WHUURULVW�DWWDFNV��D�FRPSDULVRQ�EHWZHHQ�,WDO\�DQG�)LQODQG

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)UDQFHVFR�)LOLSSRQH������0DDUHW�&DVWU�Q������3LHUOXLJL�,QJUDVVLD������0DUWD�&DYLJOLD������$KPDGUH]D�'MDODOL����

�����&HQWHU�IRU�5HVHDUFK�DQG�(GXFDWLRQ�LQ�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH���&5,0(',0��8QLYHUVLW��GHJOL�6WXGL�GHO�3LHPRQWH�2ULHQWDOH��1RYDUD��,WDO\
��8QLYHUVLW\�RI�+HOVLQNL��.RWND��),1/$1'
�����8QLYHUVLW\�RI�+HOVLQNL��+HOVLQNL��),1/$1'
�����&HQWHU�IRU�5HVHDUFK�DQG�(GXFDWLRQ�LQ�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH���&5,0(',0��8QLYHUVLW��GHJOL�6WXGL�GHO�3LHPRQWH�2ULHQWDOH��1RYDUD��,WDO\
��8QLYHUVLW\�RI�+HOVLQNL��1RYDUD��,7$/<

.H\ZRUGV��)LQODQG��,WDO\��WHUURULVP��KRVSLWDO��SUHSDUHGQHVV

$EVWUDFW��

%DFNJURXQG��+RVSLWDOV�DUH�LQFOXGHG�LQ�KHDOWK�FULWLFDO�LQIUDVWUXFWXUHV��ZKLFK�PXVW�FRQWLQXH�GDLO\�IXQFWLRQ�LQ�WKH�FDVH�RI�WHUURULVW�DWWDFNV��7KH
REMHFWLYH�RI�WKH�VWXG\�ZDV�WR�HYDOXDWH�DQG�FRPSDUH�WKH�VHFXULW\�DQG�SUHSDUHGQHVV�FRQGLWLRQ�RI�HLJKW�KRVSLWDOV�LQ�,WDO\�DQG�LQ�)LQODQG��LQ�UHVSHFW�RI
WHUURULVW�DWWDFNV�

0DWHULDO�DQG�PHWKRGV��7KLV�FURVV�VHFWLRQDO�REVHUYDWLRQDO�VWXG\�ZDV�FRQGXFWHG�IURP�1RYHPEHU������WR�1RYHPEHU�������$�FRQYHQLHQFH�VDPSOLQJ
PHWKRG�ZDV�DSSOLHG�WR�SHUIRUP�WKLV�VWXG\��$�TXHVWLRQQDLUH��FRQVLVWHG�RI����TXHVWLRQV��ZDV�YDOLGDWHG�WKURXJK�WKH�H[SHUWV
�FRQVHQVXV��7KH
TXHVWLRQQDLUH�ZDV�FDWHJRUL]HG�LQWR�WKUHH�PDLQ�WRSLFV�����,QIRUPDWLRQ�DERXW�WKH�KRVSLWDO�VWUXFWXUHV�����,QIRUPDWLRQ�DERXW�WKH�HPHUJHQF\�FULVLV
PDQDJHPHQW�SODQ�DQG����,QIRUPDWLRQ�DERXW�UHVRXUFHV��)RU�JHQHUDO�UHVXOWV�GLFKRWRPRXV�TXHVWLRQV�ZHUH�DSSOLHG��2QH�SRLQW�ZDV�JLYHQ�WR�SRVLWLYH
DQVZHUV��]HUR�SRLQWV�WR�QHJDWLYH�RQHV�

5HVXOWV��7KH�VWXG\�VKRZHG�WKDW��XS�WR����SRVVLEOH�SRLQWV��)LQQLVK�KRVSLWDOV�JRW����SRLQWV��ZKLOH�,WDOLDQ�KRVSLWDOV�JRW����SRLQWV��,Q�DGGLWLRQ�ZH�IRXQG
ODFN�RI�FRPPXQLFDWLRQ�EHWZHHQ�WKH�JRYHUQPHQWV�DQG�WKH�KRVSLWDOV�UHJDUGLQJ�WHUURULVW�DWWDFNV��)XUWKHUPRUH��WKH�VWXG\�GHPRQVWUDWHG�WKDW�WKH
KRVSLWDOV�KDG�ORZ�DYDLODELOLW\�RI�IXQGLQJ�WR�LPSURYH�WKH�OHYHO�RI�SUHSDUDWLRQ�DQG�WKH�VKRUWDJH�RI�WKH�KRVSLWDO�PDQDJHUV��ZKRVH�UHVSRQVLELOLW\�LV�WR
SUHSDUH�DJDLQVW�WHUURULVW�WKUHDWV�

&RQFOXVLRQV��7KH�OHYHO�RI�SUHSDUHGQHVV�LQ�UHVSHFW�RI�WHUURULVW�DWWDFNV�LV�KLJKHU�DPRQJ�WKH�)LQQLVK�KRVSLWDOV�WKDQ�WKH�,WDOLDQ�KRVSLWDOV��0RUHRYHU��WKH
JRYHUQPHQWV�DQG�WKH�KRVSLWDOV�KDG�VKRUWDJH�LQ�WKH�FRPPXQLFDWLRQ�UHJDUGLQJ�WHUURULVW�DWWDFNV��)XUWKHUPRUH��WKH�KRVSLWDOV�KDG�PLQRU�IXQGLQJ�IRU
LPSURYHPHQW�RI�WKH�SUHSDUDWLRQ�
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��������7KH�(IILFLHQ\�2I�8OWUDVRQRJUDSK\�)RU�5HGXFWLRQ�RI�'LVWDO�5DGLDO�)UDFWXUHV�,Q�7KH�(PHUJHQF\�'HDSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

2]JXU�%R]NXUW������0XUDW�(UVHO������)XQGD�.DUEHN�$NDUFD������6HUFDQ�<DOFLQOL������6DGL\H�0LGLN������/HYHQW�.XFXN����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��¡]PLU��785.(<
���'HDSDUPHQW�2I�2UWKRSHGLFV��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��¡]PLU��785.(<

.H\ZRUGV��XOWUDVRQRJUDSK\��GLVWDO�UDGLXV��IUDFWXUH��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ��'LVWDO�UDGLXV�IUDFWXUH�LV�WKH�PRVW�FRPPRQ�IUDFWXUH�RI�WKH�ZULVW��$GHTXDF\�RI�UHGXFWLRQ�LV�HYDOXDWHG�WKURXJK�WZR�ZD\�SRVW�UHGXFWLRQ
JUDSKLHV��,Q�WKH�HYHQW�WKDW�LQDGHTXDWH�UHGXFWLRQ�LV�DVFHUWDLQHG�LQ�WKH�ZDNH�RI�WKH�HYDOXDWHG�JUDSKLHV��VHGDWLRQ�DQG�UHGXFWLRQ�SURFHGXUHV�DUH
SHUIRUPHG�RQ�WKH�SDWLHQW�RQFH�DJDLQ��8OWUDVRQRJUDSK\��86*��FDQ�EH�XVHG�LQ�WKH�PDQDJHPHQW�RI�WKH�SDWLHQWV�ZLWK�GLVWDO�UDGLXV�IUDFWXUHV��KRZHYHU�
WKHUH�DUH�QR�DGHTXDWH�QXPEHU�RI�VWXGLHV�VXJJHVWLQJ�WKH�HIILFLHQF\�RI�86*�DORQH�LQ�VKRZLQJ�WKH�VWDWXV�RI�UHGXFWLRQ�VXFFHVV��7KH�DLP�RI�WKH�VWXG\�LV
WR�HYDOXDWH�WKH�HIILFLHQF\�RI�WKH�XVH�RI�EHGVLGH�86*�IRU�GHWHUPLQLQJ�UHGXFWLRQ�VXFFHVV�GLVWDO�UDGLXV�IUDFWXUHV�DQG��WR�LQYHVWLJDWH�WKH�GHWHFWWDELOLW\�RI
WKH�SRVVLEOH�FDXVHV�OHDGLQJ�WR�XQVXFFHVVIXO�UHGXFWLRQ�ZKHQ�XVLQJ�86*��

0HWKRGV��&RQVHFXWLYH�SDWLHQWV�DSSOLHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�RI�WKH�)DFXOW\�RI�0HGLFLQH�RI�(JH�8QLYHUVLW\�EHWZHHQ�WKH�SHULRG��$SULO
����Ä6HSWHPEHU�������ZHUH�LQFRUSRUDWHG�LQWR�WKLV�SURVSHFWLYH�GRXEOH�EOLQG�FURVV�VHFWLRQDO�VWXG\��7KH�SDWLHQWV�DJHG�RYHU�����ZKR�KDG�ZULVW�WUDXPD
DQG�GLVWDO�UDGLXV�IUDFWXUH�DQG�RQ�ZKRP�UHGXFWLRQ�ZDV�SHUIRUPHG�ZHUH�LQFOXGHG�WR�WKH�VWXG\��3UH��DQG�SRVWUHGXFWLRQ�XOWUDVRQRJUDSKLF�LPDJHV�ZHUH
UHFRUGHG�E\�D�UHVHDUFK�DVLVWDQW�WUDLQHG�LQ�H[WUHPLW\�XOWUDVRQRJUDSK\��LPDJHV�ZHUH�UHFRUGHG�LQ�ORQJLWXGLQDO�DQG�KRUL]RQWDO�D[HV��

6HSDUDWHO\��HPHUJHQF\�PHGLFLQH�VSHFLDOLVW��(06�DOVR��E\�H[DPLQLQJ�WKH�XOWUDVRQRJUDSKLF�LPDJHV��HYDOXDWHG�WKH�DQJXODWLRQ�RI�WKH�GLVWDO�IUDJPHQW
WRZDUGV�WKH�GRUVDO�RU�YRODU�SDUW��DQG�ZKHWKHU�RU�QRW�WKHUH�ZDV�DQ\�VKRUWHQLQJ�LQ�WKH�UDGLXV��DQG�ZKHWKHU�WKHUH�ZHUH�DQ\�PXOWLSOH�IUDJPHQWV�LQ�WKH
GRUVDO�SDUW�RI�WKH�GLVWDO�IUDJPHQW��7KH�SRVW�UHGXFWLRQ�JUDSKLHV�ZHUH�UH�HYDOXDWHG�LQ�WHUPV�RI�UHGXFWLRQ�VXFFHVV�E\�DQRWKHU�RUWKRSHGLF�VXUJHRQ
XQLQIRUPHG�DERXW�WKH�SHUIRUPHG�SURFHGXUHV��7KH�RUWKRSHGLF�VXUJHRQ�HYDOXDWHG�WKH�UHGXFWLRQ�VXFFHVV�DQG��WKH�UDGLDO�KHLJKW��Õ�PP��UDGLDO
DQJXODWLRQ��EHWZHHQ���Î���Î���DQG�WKH�YRODU�WLOW�DQJOH��EHWZHHQ���Î���Î��ZHUH�FRQVLGHUHG�DV�QRUPDO�YDOXHV��(YDOXDWLRQ�RI�RUWKRSHGLF�VXUJHRQ�ZDV
DFFHSWHG�DV�JROG�VWDQGDUW�DQG�FRPSDUHG�ZLWK�(06��6HQVLWLYLW\��VSHFLILFLW\��DQG�SRVLWLYH�DQG�QHJDWLYH�SUHGLFWLYH�YDOXHV�ZHUH�PHDVXUHG���

5HVXOWV��8OOWUDVRQRJUDSK\�ZDV�������VHQVLWLYH�DQG�����VSHFLILF�LQ�GHWHUPLQLQJ�WKH�UHGXFWLRQ�VXFFHVV��WKH�SRVLWLYH�SUHGLFWLYH�YDOXH��339��ZDV�IRXQG
DV��������ZKHUHDV�WKH�QHJDWLYH�SUHGLFWLYH�YDOXH��139��ZDV�IRXQG�DV������:KHQ�GLUHFW�JUDSK\�ZDV�DFFHSWHG�WR�EH�WKH�JROGHQ�VWDQGDUG��WKH
GLUHFWLRQ�RI�WKH�GLVWDO�IUDJPHQW�ZDV�GHWHUPLQHG�ZLWK������VHQVLWLYLW\�DQG������VSHFLILFLW\�WKURXJK�XOWUDVRQRJUDSK\��339�������139��������7KH
QXPEHU�RI�WKH�PXOWLSOH�IUDJPHQWV�ZDV�GHWHUPLQHG�ZLWK�����VHQVLWLYLW\�DQG�����VSHFLILFLW\�ZLWK�XVH�RI�XOWUDVRQRJUDSK\��339�������139�������
ZKLOH�WKH�SUHVHQFH�RI�UDGLDO�VKRUWHQLQJ�ZDV�DVFHUWDLQHG�ZLWK�����VHQVLWLYLW\�DQG�����VSHFLILFLW\��339�������139�������

%RWK�XOWUDVRQRJUDSK\�DQG�GLUHFW�JUDSK\�ZDV�GHWHUPLQHG�WKDW�GLVWDO�IUDJPHQW�ORFDWHG�WRZDUGV�WKH�YRODU�DQG�SUHVHQFH�RI�PXOWLSOH�GLVWDO�IUDJPHQWV
KDG�QHJDWLYHO\�DIIHFWHG�WKH�UHGXFWLRQ�VXFFHVV�VLJQLILFDQWO\��+RZHYHU�XOWUDVRQRJUDSK\�ZDV�IDLOHG�WR�GHWHUPLQH�UHGXFWLRQ�VXFFHVV�LQ�WKH�SUHVHQFH
UDGLDO�VKRUWHQLQJ��S ��������ZKHQ�GLUHFW�JUDSK\�VXFFHVIXOO\�GHWHUPLQHG�WKH�UHGXFWLRQ�VXFFHVV��S ��������

&RQFOXVLRQ��8OWUDVRQRJUDSK\�FDQ�EH�KHOSIXO�LQ�GHWHUPLQLQJ�WKH�UHGXFWLRQ�VXFFHVV�IRU�GLVWDO�UDGLXV�IUDFWXUHV�ZKLFK�QHHGV�UHGXFWLRQ��,Q�WKH�IXWXUH�
XVLQJ�XOWUDVRQRJUDSK\�PD\�ERRVW�UHGXFWLRQ�VXFFHVV�SURPLQHQWO\�LQ�WKH�('�



:281'�&$5(���%851�&$5( (UVHO�0XUDW

��������(IIHFWV�RI�0RPRUGLFD�&KDUDQWLD�,Q�$�%XUQ�:RXQG�+HDOLQJ�5DW�0RGHO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)DWLK�7HSH������0XUDW�(UVHO������(PHO�2\NX�&HWLQ������<LJLW�8\DQLNJLO������7XUNHU�&DYXVRJOX������)DWLK�.DUDEH\������6HODKDWWLQ�.L\DQ������<LJLW
7LIWLNFLRJOX������¡OKDQ�8]����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��¡]PLU��785.(<
���'HSDUWPHQW�RI�%LRSKDUPDFHXWLFV�DQG�3KDUPDFRNLQHWLFV��(JH�8QLYHUVLW\�)DFXOW\�RI�3KDUPDF\��¡]PLU��785.(<
���'HSDUWPHQW�RI�+LVWRORJ\�DQG�(PEU\RORJ\��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��¡]PLU��785.(<
���'HSDUWPHQW�RI�%LRWHFKQRORJ\��(JH�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�1DWXUDO�DQG�$SSOLHG�6FLHQFHV��¡]PLU��785.(<
���'HSDUWPHQW�RI�3ODVWLF�DQG�5HFRQWUXFWLYH�6XUJHU\��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��¡]PLU��785.(<

.H\ZRUGV��PRPRUGLFD�FKDUDQWLD��EXUQ��ZRXQG�KHDOLQJ��UDW�PRGHO

$EVWUDFW��

,1752'8&7,21��0RPRUGLFD�FKDUDQWLD��ELWWHU�JRXUG��LV�D�KHUE��ZKLFKV�OHDIV�DQG�IUXLWV�DUH�XVHG�IRU�SURGXFWLRQ�RI�WKH�DQWLEDFWHULDO��DQWLYLUDO��ODUYDFLGDO
DQG�FKHPRWKHUDSHXWLF�GUXJV��0��FKDUDQWLD�KDV�DOVR�DQWLR[LGDQW�HIIHFWV��,WV�ULSH�IUXLWV�ZHUH�XVHG�IRU�ZRXQG�KHDOLQJ�DQG�DV�DQWLXOFHU�LQ�WUDGLWLRQDO
7XUNLVK�PHGLFLQH��7KH�OLWHUDWXUH�UHYLHZ�VKRZV�RQO\�D�IHZ�DQLPDO�H[SHULPHQWDO�VWXGLHV�GHVLJQHG�WR�HYDOXDWH�ZRXQG�KHDOLQJ�HIIHFWV�RI�0��FKDUDQWLD�
1RQH�RI�WKRVH�VWXGLHV�ZHUH�GHVLJQHG�WR�LQYHVWLJDWH�KHDOLQJ�HIIHFW�RI�0��FKDUDQWLD�LQ�EXUQ�ZRXQGV��,W�LV�DLPHG�WR�GHWHUPLQH�ZKHWKHU�0��FKDUDQWLD�KDV
DQ�HIIHFW�RQ�KHDOLQJ�RI�H[SHULPHQWDO�FRQWDFW�W\SH�EXUQ�PRGHOV�DQG�WR�FRPSDUH�LWV�HIIHFWV�RQ�EXUQ�KHDOLQJ�ZLWK�VLOYHU�VXOIRGLD]LQH��66'��ZKLFK�LV
DFFHSWHG�DV�D�FRPPRQO\�XVHG�WRSLFDO�WUHDWPHQW�DJHQW�IRU�EXUQV��

0(7+2'6��7KLV�VWXG\�LV�VWDUWHG�DIWHU�DSSURYDO�RI�(JH�8QLYHUVLW\�$QLPDO�([SHULPHQWV�(WKLFV�%RDUG��7KLUW\�ILYH�6SUDJXH�Ä'DZOH\�EUHHG�UDW�IURP
IHPDOH�VH[�ZKLFK�UHDFKHG�VH[XDO�PDWXULW\�ZHLJKLQJ���������JU�ZHUH�VHSDUDWHG�LQWR���JURXSV��$IWHU�LQWUDSHULWRQHDO�[\OD]LQH�DQG�NHWDPLQH
DQDHVWKHVLD��D�VWDQGDUWL]HG�EXUQ�PRGHO�DSSOLHG�SUHYLRXVO\�VKDYHG�VROLG�VNLQ�DUHDV�RI�WKH�UDWV��$Q\�SURFHGXUH�RU�WUHDWPHQW�ZDV�DSSOLHG�WR�*URXS�,��LQ
JURXS�,,�RQO\�QRUPDO�VDOLQH��LQ�JURXS�,,,����66'��LQ�JURXS�,9����0��FKDUDQWLD�H[WUDFW�FRQWDLQLQJ�JHO�DQG�LQ�JURXS�9�D�SODFHER�JHO�������
1D�FDUER[\PHW\OFHOOXORVH��ZHUH�DSSOLHG�WR�WKH�EXUQHG�VNLQ�DUHD�DW�WKH�KRXUV����������DQG�����)XOO�WKLFNQHVV�VNLQ�ELRSVLHV��ZKLFK�DUH�WDNHQ�IURP
WKUHH�EXUQHG�DUHDV�RI�WKH�UDWV�DW�WKH�KRXUV������DQG����ZHUH�H[DPLQHG�XQGHU�D�OLJKW�PLFURVFRSH�ZLWK�KHPDWR[\OLQ�DQG�HRVLQ��+	(��VWDLQLQJ�
5(68/76��(SLGHUPDO�WKLFNQHVV�ZDV�LQFUHDVHG�LQ�0��FKDUDQWLD�JURXS�LQ�FRPSDULVLRQ�ZLWK�EXUQ��66'�DQG�SODFHER�JURXSV��6LPLODUO\��QXPEHU�RI
GHJHQHUDWHG�KDLU�URRWV�ZDV�GHFUHDVHG�LQ�0��FKDUDQWLD�JURXS�LQ�FRPSDULVLRQ�ZLWK�DOO�JURXSV��7KH�QXPEHU�RI�LQWDFW�YHVVHOV�ZDV�IRXQG�WR�EH�DV
LQFUHDVHG�LQ�0��FKDUDQWLD�JURXS�LQ�FRPSDULVLRQ�ZLWK�EXUQ��SODFHER�DQG�66'�JURXSV�DW��WK���WK�DQG���WK�KRXUV�ZKLOH�66'�KDV�DQ\�SRVLWLYH�HIIHFWV�LQ
FRPSDULVLRQ�ZLWK�SODFHER��

,Q�KLVWRORJLFDO�HYDOXDWLRQ�ZKLFK�ZDV�PDGH�ZLWK�0RGLILHG�9HUKRIVWDG�6FRUH��VFRUHV�IRU�HGHPD�LQ��WK���WK�DQG���WK�KRXU�ZHUH�GLVWULEXWLQJ�DW�ORZHU
VFRUHV�LQ�0��FKDUDQWLD�JURXS�LQ�FRPSDULVLRQ�ZLWK�66'�DQG�SODFHER�JURXSV��DQG�DOVR�DOO�VFRUHV�IRU�301/�LQILOWUDWLRQ�ZHUH�IRXQG�WR�EH�DV�ORZHU�WKDQ
66'�DQG�SODFHER�JURXS�LQ��WK���WK�DQG���WK�KRXUV��,Q�WHUPV�RI�FROODJHQ�GLVFRORUDWLRQ��0��FKDUDQWLD�JURXS�KDV�VLJQLILFDQWO\�ORZHU�VFRUHV�LQ�DOO�KRXUV
WKDQ�66'�DQG�SODFHER��6FRUHV�RI�0��FKDUDQWLD�ZHUH�PDUNHGO\�GLVWULEXWLQJ�LQ�ORZHU�VWDJHV�IRU�YDVFXODU�GDPDJH��KDLU�URRW�GDPDJH�DQG�JODQGXOD
VHEDFHD�GDPDJH��LQ�FRPSDULVLRQ�ZLWK�66'�DQG�SODFHER�JURXSV�LQ��WK���WK�DQG���WK�KRXUV��

&21&/86,21��0��FKDUDQWLD�KDV�SURWHFWHG�HSLGHUPLV��KDLU�URRWV�DQG�YHVVHOV�EHWWHU�WKDQ�66'�DQG�SODFHER�DQG�UHGXFHG�JO��VHEDFHD�GDPDJH�LQ�DFXWH
FRQWDFW�WHUPDO�EXUQV��0��FKDUDQWLD�KDV�UHGXFHG�WLVVXH�HGHPD�DQG�301/�LQILOWUDWLRQ�ZLWK�DSSOLFDWLRQ�RQ�EXUQHG�VNLQ�PRUH�HIIHFWLYHO\�LQ�FRPSDULVLRQ
ZLWK�FRQYHQWLRQDO�EXUQ�WRSLFDO�DJHQW�66'�DQG�DOVR�SODFHER�JHO��



&$6(�35(6(17$7,21 9$6,/(�*$95,/$

��������&KHVW�SDLQ��V\QFRSH��K\SRWHQVLRQ�DQG�OHIW�KHPLSDUHVLV��DOO�LQ�RQH�GLDJQRVLV��DRUWLF�GLVVHFWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9DVLOH�*DYULOD������$OH[DQGUX�1LFRODH�&DUVWHD������5RGLFD�'DQLHOD�*DYULOD������*DEULHOD�)LOLS����

���(PHUJHQF\�'HSDUWPHQW��&OLQLFDO�(PHUJHQF\�&RXQW\�+RVSLWDO��7LPLVRDUD��520$1,$
���'HSDUWPHQW�RI�)DPLO\�+HDOWK�&DUH�3URYLGHUV����5RPDQLDQ�1DWLRQDO�6RFLHW\�RI�)DPLO\�0HGLFLQH��7LPLVRDUD��520$1,$

.H\ZRUGV��DRUWLF�GLVVHFWLRQ��FKHVW�SDLQ��K\SRWHQVLRQ

$EVWUDFW��

$FXWH�DRUWLF�GLVVHFWLRQ��$'��LV�D�VXUJLFDO�HPHUJHQF\�ZLWK�D�KLJK�PRUWDOLW\�UDWH��WKDW�UHTXLUHV�TXLFN�GLDJQRVLV�DQG�HPHUJHQF\�VXUJLFDO�LQWHUYHQWLRQ�
7KLV�GLVHDVH�ZDV�ILUVW�GHVFULEHG�E\�0RUJDJQL�LQ�������$RUWLF�UXSWXUH�LV�FDWDVWURSKLF�DQG�KDV�DQ�����PRUWDOLW\��:H�SUHVHQW�D����\HDU�ROG�ZRPDQ�ZLWK
KLVWRU\�RI�FKURQLF�K\SHUWHQVLRQ��EURXJKW�WR�('�E\�DPEXODQFH�ZLWK�D�RQH�GD\�KLVWRU\�RI�FKHVW�SDLQ�DQG�V\QFRSH��6KRUWO\�DIWHU�SUHVHQWLQJ�WR�('��WKH
SDWLHQW�GHYHORSHG�D�WUDQVLHQW�HSLVRGH�RI�OHIW�KHPLSDUHVLV�DQG�DSKDVLD��2Q�SK\VLFDO�H[DPLQDWLRQ�KHU�EORRG�SUHVVXUH�LQ�WKH�ULJKW�DUP�ZDV������
PP+J�DQG�LQ�OHIW�DUP�ZDV��������SXOVH�����SHU�PLQXWH��6KH�KDG�WHQGHUQHVV�RQ�SDOSDWLRQ�RYHU�WKH�XSSHU�DEGRPHQ��HVSHFLDOO\�LQ�WKH�HSLJDVWULXP�
(OHFWURFDUGLRJUDP�VKRZHG�PLQRU�WUDQVLHQW�ULJKW�EXQGOH�EUDQFK�EORFN��EXW�QR�DFXWH�LVFKHPLF�FKDQJHV��$EGRPLQDO�XOWUDVRXQG�GLG�QRW�GHWHFW�IUHH�IOXLG
LQ�WKH�DEGRPLQDO�FDYLW\��QR�FDUGLDF�WDPSRQDGH��EXW�HFKRFDUGLRJUDSK\�VKRZHG�HQODUJHPHQW�RI�WKH�DVFHQGLQJ�DRUWD��&7�DQJLRJUDSK\�RI�WKRUD[�ZDV
SHUIRUPHG�ZKLFK�VKRZHG�D�6WDQIRUG�W\SH�$�DRUWLF�GLVVHFWLRQ��ZLWK�GRXEOHG�OXPHQ�H[WHQGLQJ�IURP�DVFHQGLQJ�DRUWD�WR�DRUWLF�ELIXUFDWLRQ��(PHUJHQF\
SK\VLFLDQV�PXVW�EH�DZDUH�RI�DW\SLFDO�SUHVHQWDWLRQV�RI�DFXWH�DRUWLF�GLVVHFWLRQ��$VVRFLDWLRQ�RI�FKHVW�SDLQ��V\QFRSH��K\SRWHQVLRQ�DQG�QHXURORJLFDO
VLJQV�PD\�EH�VXJJHVWLYH�RI�DRUWLF�GLVVHFWLRQ�



&$6(�35(6(17$7,21 9$6,/(�*$95,/$

��������8QLODWHUDO�FRQJHQLWDO�F\VWLF�DGHQRPDWRLG�PDOIRUPDWLRQ�RI�OXQJ�LQ�DGXOWV��FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9DVLOH�*DYULOD������*DEULHOD�)LOLS������5RGLFD�'DQLHOD�*DYULOD������$OH[DQGUX�1LFRODH�&DUVWHD����

���(PHUJHQF\�'HSDUWPHQW��&OLQLFDO�(PHUJHQF\�&RXQW\�+RVSLWDO��7LPLVRDUD��520$1,$
���'HSDUWPHQW�RI�)DPLO\�+HDOWK�&DUH�3URYLGHUV����5RPDQLDQ�1DWLRQDO�6RFLHW\�RI�)DPLO\�0HGLFLQH��7LPLVRDUD��520$1,$

.H\ZRUGV��FRQJHQLWDO�F\VWLF�DGHQRPDWRLG�PDOIRUPDWLRQ��SXOPRQDU\�F\VWV��&&$0

$EVWUDFW��

&RQJHQLWDO�F\VWLF�DGHQRPDWRLG�PDOIRUPDWLRQ�RI�WKH�OXQJ��&&$0��LV�FKDUDFWHUL]HG�E\�DQ�DGHQRPDWRLG�SUROLIHUDWLRQ�RI�EURQFKLROH�OLNH�VWUXFWXUHV�DQG
F\VW�IRUPDWLRQ��&&$0�LV�PRVW�FRPPRQO\�IRXQG�LQ�QHZERUQV�DQG�FKLOGUHQ��DOWKRXJK�LW�KDV�EHHQ�GHVFULEHG�LQ�DGXOWV�LQ�UDUH�FDVHV��&KÇLQ�DQG�7DQJ
GHVFULEHG�WKLV�GLVHDVH�IRU�WKH�ILUVW�WLPH�LQ������DQG�6WRFNHU�PDGH�WKH�DFWXDO�FODVVLILFDWLRQ�LQ�������LQFOXGLQJ�ILYH�GLIIHUHQW�W\SHV�UHJDUGLQJ�WR�WKH
VL]H�RI�WKH�F\VWV�DQG�WKHLU�KLVWRORJLFDO�FKDUDFWHULVWLFV��:H�SUHVHQW�WKH�FDVH�RI�D����\HDUV�ROG�ZRPHQ��ZKR�GHQLHG�DQ\�SULRU�KLVWRU\�RI�SXOPRQDU\
LOOQHVV��WUDQVIHUUHG�IURP�DQRWKHU�KRVSLWDO�IRU�VKRUWQHVV�RI�EUHDWK��(&*�VKRZHG�OHIW�EXQGOH�EUDQFK�EORFN��+DHPRJUDP�DQG�ELRFKHPLFDO�WHVWV�
LQFOXGLQJ�WURSRQLQ�7��ZHUH�QRUPDO��3RVWHUR�DQWHULRU�FKHVW�UDGLRJUDSK\�VKRZHG�PXOWLSOH�FDYLWLHV�LQ�WKH�OHIW�OXQJ�DQG�FRQWUD�ODWHUDO�FRPSHQVDWRU\
K\SHULQIODWLRQ��&7�VFDQ�RI�WKRUD[�UHYHDOHG�PHGLDVWLQDO�VKLIW�WR�WKH�OHIW�DQG�HOHYDWLRQ�RI�WKH�OHIW�KHPLGLDSKUDJP��VXJJHVWLYH�RI�YROXPH�ORVV�LQ�WKH�OHIW
KHPLWKRUD[��0XOWLSOH�WKLQ�ZDOOHG��DLU�ILOOHG�FDYLWLHV�RI�YDU\LQJ�VL]HV�ZHUH�VHHQ�DOPRVW�FRPSOHWHO\�UHSODFLQJ�WKH�SDUHQFK\PD�RI�ERWK�OREHV�RI�WKH�OHIW
OXQJ��$IWHU�DGPLVVLRQ��WKH�SDWLHQWÇV�HYROXWLRQ�ZDV�IDYRUDEOH��EHLQJ�VXEVHTXHQWO\�WUDQVIHUUHG�WR�D�SQHXPRORJ\�VHUYLFH��7KLV�LV�D�W\SLFDO�SUHVHQWDWLRQ
IRU�DQ�DGXOW�ZLWK�XQGLDJQRVHG�&&$0�WKDW�ZDV�DV\PSWRPDWLF�IRU�D�ORQJ�SHULRG�RI�WLPH�DQG�RQO\�SLFNHG�XS�RQFH�WKH�GLDVHV�KDV�SURJUHVVHG�VXIILFLHQWO\
WR�LQYROYH�D�ODUJH�SRUWLRQ�RI�WKH�OXQJV�
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��������&DQ�ULVN�IDFWRUV�SUHGLFW�WKH�OLNHOLKRRG�RI�VXFFHVVIXO�UHGXFWLRQ�RI�GLVSODFHG�ZULVW�IUDFWXUHV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$O\]D�*RVVDW������$PDU�:LQD\DN������.OLP�6KDURQ������-HQQ\�&RRSHU������3HWHU�5LWFKLH������ZHL�/LP������$QQH�0DUHH�.HOO\����

���-(&(05��:HVWHUQ�+HDOWK��6W�$OEDQV��$8675$/,$
���UDGLRORJ\��:HVWHUQ�+HDOWK��6W�$OEDQV��$8675$/,$
���(&&1���'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV��9LFWRULD��$XVWUDOLD��6W�$OEDQV��$8675$/,$

.H\ZRUGV��IUDFWXUH��UHGXFWLRQ��ULVN�IDFWRUV

$EVWUDFW��

%DFNJURXQG��7KH�PDMRULW\�RI�GLVSODFHG�LVRODWHG�ZULVW�IUDFWXUHV�LQ�$XVWUDOLD�DUH�UHGXFHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('��DQG�IROORZHG�XS�DV
RXWSDWLHQWV��3UHYLRXV�UHVHDUFK�KDV�LGHQWLILHG�D�QXPEHU�RI�ULVN�IDFWRUV�IRU�IUDFWXUH�LQVWDELOLW\���2XU�DLP�ZDV�WR�GHVFULEH�WKH�SUHYDOHQFH�RI�LQVWDELOLW\
ULVN�IDFWRUV��WKH�UDWH�RI�VXFFHVVIXO�IUDFWXUH�UHGXFWLRQ�DFFRUGLQJ�WR�SUHYLRXVO\�GHILQHG�UDGLRORJLFDO�FULWHULD�DQG�ZKHWKHU�WKH�QXPEHU�RI�ULVN�IDFWRUV�ZDV
DVVRFLDWHG�ZLWK�VXFFHVV�RI�IUDFWXUH�UHGXFWLRQ�

3DUWLFLSDQWV�DQG�PHWKRGV��7KLV�ZDV�D�UHWURVSHFWLYH�VWXG\�SHUIRUPHG�E\�PHGLFDO�UHFRUG�UHYLHZ��$OO�DGXOW�('�SDWLHQWV�FRGHG�DV�KDYLQJ�DQ�LVRODWHG
ZULVW�IUDFWXUH�LQ������ZHUH�VFUHHQHG�IRU�HOLJLELOLW\��'DWD�FROOHFWHG�LQFOXGHG�GHPRJUDSKLFV��KLVWRU\�RI�RVWHRSRURVLV��PHFKDQLVP�RI�LQMXU\�DQG
UDGLRORJLFDO�IHDWXUHV�RQ�LQLWLDO�DQG�SRVW�UHGXFWLRQ�[�UD\V���2XWFRPHV�RI�LQWHUHVW�ZHUH�WKH�SUHYDOHQFH�RI�SUHYLRXVO\�GHILQHG�ULVN�IDFWRUV��WKH�SURSRUWLRQ
RI�SDWLHQWV�ZLWK�JRRG�UDGLRORJLFDO�RXWFRPH�DFFRUGLQJ�WR�SUH�GHILQHG�FULWHULD�DQG�DQ\�DVVRFLDWLRQ�EHWZHHQ�WKH�QXPEHU�RI�ULVN�IDFWRUV�DQG�VXFFHVVIXO
UHGXFWLRQ�

5HVXOWV�������SDWLHQWV�ZHUH�VFUHHQHG�IRU�HOLJLELOLW\������PHW�LQFOXVLRQ�FULWHULD�DQG�KDG�IXOO�GDWD��0HGLDQ�DJH�ZDV�����,45��������DQG�����ZHUH
IHPDOH��0RVW�IUDFWXUHV�������UHVXOWHG�IURP�D�IDOO�IURP�OHYHO�JURXQG�RU�KHLJKW����FP���7KH�PHGLDQ�QXPEHU�RI�LQVWDELOLW\�PDUNHUV�ZDV����,45����������
RI�SDWLHQWV�KDG�Õ��ULVN�IDFWRUV��*RRG�UDGLRORJLFDO�SRVLWLRQ�DFFRUGLQJ�WR�SUH�GHILQHG�FULWHULD�ZDV�DFKLHYHG�LQ�����SDWLHQWV�����������&,����������
7KH�QXPEHU�RI�LQVWDELOLW\�PDUNHUV�ZDV�DVVRFLDWHG�ZLWK�VXFFHVV�RI�UHGXFWLRQ�Ä�WKH�KLJKHU�WKH�QXPEHU�WKH�OHVV�OLNHO\�VXFFHVVIXO�UHGXFWLRQ��$8&������
����&L������������S����������7KH�SUHYLRXVO\�VXJJHVWHG�FXW�RII�IRU�QXPEHU�RI�ULVN�IDFWRUV�WR�SUHGLFW�SRRUHU�RXWFRPH��Õ���KDG�VHQVLWLYLW\�RI�����
VSHFLILFLW\�RI�����DQG�QHJDWLYH�SUHGLFWLYH�YDOXH�RI�����

&RQFOXVLRQ��,QVWDELOLW\�PDUNHUV�DUH�FRPPRQ�LQ�SDWLHQWV�XQGHUJRLQJ�IUDFWXUH�UHGXFWLRQ�LQ�('��7KH�QXPEHU�RI�ULVN�IDFWRUV�LV�RQO\�PRGHUDWHO\
DVVRFLDWHG�ZLWK�VXFFHVVIXO�UHGXFWLRQ�KRZHYHU�WKH�SUHYLRXVO\�VXJJHVWHG�FXW�RII�RI�Õ��ULVN�IDFWRUV�KDG�SRRU�VHQVLWLYLW\��SRRU�VSHFLILFLW\�DQG�QHJDWLYH
SUHGLFWLYH�YDOXH�IRU�VXFFHVVIXO�IUDFWXUH�UHGXFWLRQ�LQ�('��



&$6(�35(6(17$7,21 5$8/�)$//26�0$57,

��������12�025(�$%*6��3/($6(�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5DTXHO�&DVHUR�*RPH]������3DWULFLD�%D]DQ�'RPLQJXH]������9LUJLQLD�uOYDUH]�5RGU�JXH]������0DUWD�0HUOR�/RUDQFD������5$8/�)$//26�0$57,������0DQXHO
-HVXV�5XL]�3RODLQD����

���HPHUJHQF\��+263,7$/�81,9(56,7$5,2�'(�*(7$)(��PDGULG��63$,1
���HPHUJHQF\��+263,7$/�81,9(56,7$5,2�'(�*(7$)(��0$'5,'��63$,1
���HPHUJHQF\��+263,7$/�,1)$17$�/(2125��0$'5,'��63$,1
���HPHUJHQF\��+263,7$/�6$1,7$6��0$'5,'��63$,1

.H\ZRUGV��&23'��$%*��WHQRV\QRYLWLV

$EVWUDFW��

$����\HDU�ROG�PDQ�ZDV�VHHQ�LQ�WKH�(PHUJHQF\�URRP�ZLWK�D�GLDJQRVLV�RI�KDQG�SDLQ�����GD\V�SUHYLRXVO\��KH�KDG�EHHQ�KRVSLWDOL]HG�ZLWK�D�UHVSLUDWRU\
LQIHFWLRQ��7KH�SDWLHQW�EHOLHYHV�WKH�VLPSWRPV�VWDUWHG�ZKHQ�KH�KDG�DQ�DUWHULDO�EORRG�JDV�DQDO\VLV��$%*��MXVW�EHIRUH�KH�ZDV�DGPLWWHG���1R�IHYHU��1RU
�FRQVWLWXFLRQDO�V\PSWRPV��1RU�SUHYLRXV��KLVWRU\�RI�DUWKULWLV�

:H�SUHVHQW�WKH�FDVH�RI�D�SDWLHQW�ZLWK�SDVW�PHGLFDO�KLVWRU\�RI�VHYHUH�&23'��FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVHV����EURQFKLHFWDVLV��VHYHUH
REVWUXFWLYH�VOHHS�DSQHD�26$���VROLWDU\�NLGQH\�ZLWK�FKURQLF�NLGQH\�GLVHDVH���GLDEHWHV�PHOOLWXV���K\SHUWHQVLRQ��K\SHUFKROHVWHUROHPLD��K\SHUXULFHPLD
DQG�K\SRJDPPDJOREXOLQHPLD��$OOHUJLHV��6XOIRQDPLGHV��S\UD]RORQHV�

6RFLDO�KLVWRU\��+H�LV�WRWDOO\�LQGHSHQGHQW�LQ�WHUPV�RI�DFWLYLW\�RI�WKH�GDLO\�OLYLQJ��/RQJ�WHUP�VXSSOHPHQWDO�R[\JHQ�WKHUDS\��/727����O���K�SHU�GD\��1R
GHPHQWLD

3K\VLFDO�H[SORUDWLRQ��9LWDO�VLJQV�VWDEOH��%ORRG�SUHVVXUH����������PP+J��KHDUW�UDWH�����ESP��6S2��DLU�URRP�������7g�����q&

(U\WKHPD��ZDUPWK��VHYHUH�SDLQ�DQG�WHQGHUQHVV�LQ�ZULVW�DQG�KDQG��1R�RWKHU�DIIHFWHG�MRLQWV�

/DERUDWRU\�WHVW��*OXFRVH�����PJ�GO��3&5����PJ�/��/HXNRF\WH����������(��o/��&UHDW�����PJ�G/

'G�PHUR�����PJ�G/��������

:ULVW�;UD\��QR�ERQH�LQMXU\

(FR�GRSSOHU��1R�'97

(FKRJUDSK\���KHPDWRPD�GRXEWIXO�SRVWSXQFWXUH

7UDXPDWRORJLVW��GLVFKDUJHG�KLP�DQG�KH�ZDV�UHIHUUHG�WR�RXU�(5�DJDLQ��:LWK�WKH�GLDJQRVLV�RI��LQIHFWLRXV�WHQRV\QRYLWLV��KH�ZDV�DGPLWWHG�LQ�LQWHUQDO
PHGLFLQH�GHSDUWPHQW�

:ULVW�50��VLJQLILFDQW�HIIHFW�LQMXU\�RI�FRPPRQ�IOH[RU�GLJLWRUXP

)LQDO�GLDJQRVLV���VHSWLF�WHQRV\QRYLWLV

$QWLELRWLFV�ZHUH�DGPLQLVWUDWHG�GXULQJ���GD\V��SLSHUD]LOLQ�WD]REDFWDP���OLQH]ROLG�ZKLOH�KH�ZDV�DW�WKH�ZDUG��6XUJHU\�ZDV�QRW�QHFHVVDU\��

,1)(&7,286�7(126<129,7,6

7HQRV\QRYLWLV�UHIHUV�WR�LQIODPPDWLRQ�RI�D�WHQGRQ�DQG�LWV�V\QRYLDO�VKHDWK��,W�LV�PRVW�IUHTXHQWO\�LQ�WKH�KDQGV�DQG�ZULVW�EXW�FDQ�RFFXU�LQ�DQ\�MRLQW�

7KUHH�PHFKDQLVP�

�7UDXPD�ZLWK�GLUHFW�LQRFXODWLRQ��ODFHUDWLRQ��SXQFWXUH�RU�ELWH�

��&RQWLJXRXV�VSUHDG�IURP�LQIHFWHG�DGMDFHQW�VRIW�WLVVXHV

��+HPDWRJHQRXV�VSUHDG

7KH�PRVW�FRPPRQ�SDWKRJHQV�LPSOLFDWHG�LQ�WHQRV\QRYLWLV�GXH�WR�WUDXPD�DUH�VNLQ�IORUD��HJ��JUDP��SRVLWLYH�FRFFL�VXFK�DV�6WDSK\ORFRFFXV�DXUHXV�DQG
VWUHSWRFRFFL�

&O�QLFDO�PDQLIHVWDWLRQV�UDQJH�IURP�SDLQ�ZLWK�SDVVLYH�H[WHQVLRQ�WR�WHQGHUQHVV�DORQJ�WKH�WHQGRQ�VKHDWK��)HYHU�PD\�RU�PD\�QRW�EH�SUHVHQW��)LQGLQJV
RI�DGYDQFHG�LQIHFWLRQ�PD\�LQFOXGH�VXEFXWDQHRXV�SXUXOHQFH��WLVVXH�QHFURVLV��DQG�RU�FRPSDUWPHQW�V\QGURPH�

5LVN�IDFWRUV�DVVRFLDWHG�ZLWK�SRRU�RXWFRPH�LQFOXGHG��DJH!�����SUHVHQFH�RI�GLDEHWHV�PHOOLWXV��SHULSKHUDO�YDVFXODU�GLVHDVH�RU�UHQDO�IDLOXUH��



VXEFXWDQHRXV�SXUXOHQFH��GLJLWDO�LVFKHPLD��SRO\PLFURELDO�LQIHFWLRQ

7KH�GLDJQRVLV�LV�FRQILUPHG�E\�PLFURELRORJLFDO�DQG�KLVWRSDWKRORJLFDO�HYDOXDWLRQ��,Q�PRVW�FDVHV��DVSLUDWLRQ�DQG�RU�ELRSV\�LV�UHTXLUHG�IRU�GLDJQRVWLF�DQG
WKHUDSHXWLF��SXUSRVHV��8OWUDVRQRJUDSK\�DQG�PDJQHWLF�UHVRQDQFH�LPDJLQJ�PD\�DOVR�EH�XVHIXO�WR�FRQILUP�WKH�SUHVHQFH�RI�WHQGRQ�VKHDWK
DEQRUPDOLWLHV�

7KH�PDQDJHPHQW�LQFOXGHV�VXUJLFDO�LQWHUYHQWLRQ�DQG�DQWLELRWLF�WKHUDS\��$�UHDVRQDEOH�DSSURDFK�WHQRV\QRYLWLV�DVVRFLDWHG�ZLWK�WUDXPD��LV�WR�FRPELQH
YDQFRP\FLQ�ZLWK�FLSURIOR[DFLQ�RU��WKLUG�FHSKDORVSRULQ�VXFK�DV�FHIWULD[RQH��,Q�JHQHUDO�����WR����GD\V�RI�WKHUDS\�LV�DSSURSULDWH�IRU�XQFRPSOLFDWHG
EDFWHULDO�LQIHFWLRQ�

&21&/86,21

$%*�LV�D�URXWLQH�WHVW�LQ�WKH�HPHUJHQF\�URRP�EXW�LV�QRW�ZLWKRXW�FRPSOLFDWLRQV��6HSWLF�WHQRV\QRYLWLV�LV�D�UDUH�EXW�VHULRXV�FRPSOLFDWLRQ�

�



&$6(�35(6(17$7,21 /DXUL�.HVNSDLN

��������7KURPERSKOHELWLV�RI�WKH�IDFLDO�YHLQ��$�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/DXUL�.HVNSDLN������/LLV�,OPHW����

���(PHUJHQF\�0HGLFLQH�&HQWUH��7KH�1RUWK�(VWRQLD�0HGLFDO�&HQWUH��7DOOLQQ��(6721,$

.H\ZRUGV��YHQRXV�WKURPERVLV��IDFLDO�YHLQ

$EVWUDFW��

,QWURGXFWLRQ

$OWKRXJK�YHQRXV�WKURPERVLV�DQG�WKURPERIOHELWLV�DUH�FRPPRQO\�HQFRXQWHUHG�LQ�FOLQLFDO�SUDFWLFH���WKURPERSKOHELWLV�RI�WKH�IDFLDO�YHLQ�LV�UDUHO\�VHHQ�LQ
RXU�WLPHV�DQG�WKHUH�LV�OLWWOH�GDWD�LQ�WKH�HQJOLVK�ODQJXDJH�OLWHUDWXUH��:H�IRXQG�WZR�FDVHV�GDWLQJ�EDFN�WR������DQG������GHVFULELQJ�WKLV�FRQGLWLRQ
DVVRFLDWHG�ZLWK�WKH�IDFLDO�DUHD�LQIHFWLRQ��7KLV�FDVH�UHSRUW�VXPPDULVHV�WKH�SUHVHQWDWLRQ�RI�D����\HDU�ROG�IHPDOH�ZLWK�VLJQV�DQG�V\PSWRPV
FKDUDFWHULVWLF�RI�IDFLDO�YHLQ�WKURPERSKOHELWLV�

&DVH�SUHVHQWDWLRQ

3DWLHQW�ZDV�SUHVHQWHG�WR�HPHJHQF\�GHSDUWPHQW�ZLWK�VZHOOLQJ�DQG�WHQGHUQHVV�RI�WKH�OHIW�VLGH�RI�KHU�IDFH��+HU�PHGLFDO��KLVWRU\�UHYHDOHG
QHXURILEURPDWRVLV��XOFHUDWLYH�FROLWLV�DQG�K\SHUWHQVLRQ��7ZR�ZHHNV�EHIRUH�DGPLVVLRQ�WR�WKH�KRVSLWDO�VKH�KDG�QHXURILEURPDWRVLV�VNLQ�OHVLRQ�H[FLVLRQ
ORFDWHG�EHKLQG�WKH�ULJKW�HDU�

3K\VLFDO�H[DPLQDWLRQ�VKRZHG�SDLQIXO�LQGXUDWLRQ�DORQJ�WKH�FRXUVH�RI�WKH�IDFLDO�YHLQ��PXOWLSOH�GHUPDO�QHXURILEURPDV��QRUPDO�GHQWDO�VWDWXV�DQG�ERG\
WHPSHUDWXUH��)XUWKHU�LQYHVWLJDWLRQ�UHYHDOHG�QRUPDO�SULPDU\�ODERUDWRU\�ILQGLQJV��&7�VFDQ�RI�WKH�IDFH�VKRZHG�HQODUJHPHQW�RI�OHIW�IDFLDO�YHLQ�ILOOHG
ZLWK�WKURPEXV����[���FP�LQ�GLDPHWHU�PHDVXUHG�D[LOODU\��$�'RSSOHU�XOWUDVRXQG�ZDV�SHUIRUPHG��DQG�VKRZHG�XS�WR��FP�H[SDQGHG�K\SRHFKRLF
QRQ�FRPSUHVVLEOH�WKURPERVHG�OHIW�IDFLDO�YHLQ��ZLWK�QR�IORZ�VHHQ�RQ�FRORU�IORZ�'RSSOHU�LPDJLQJ�

6XEVHTXHQW�VWXGLHV�UHYHDOHG�QR�FRPPRQ�SUHGLVSRVLQJ�IDFWRUV�IRU�YHQRXV�WKURPERVLV�VXVK�DV�PDOLJQDQFLHV�HWF��7KH�RQO\�ODERUDWRU\�ILQGLQJ�ZDV�87,
DQG�(��&ROL�JURZWK�LQ�XULQH�FXOWXUH��ZLWKRXW�VLJQV�RI�V\VWHPLF�LQIHFWLRQ�

7KH�SDWLHQW�ZDV�PDQDJHG�ZLWK�DQWLFRDJXODQW�PHGLFDWLRQV�ZLWK�IXOO�GRVH�ORZ�PROHFXODU�ZHLJKW�KHSDULQ��(QR[DSDULQ��GXULQJ�KRVSLWDOLVDWLRQ�GD\V�DQG
FRQWLQXHG�ZLWK�IXOO�GRVH�12$&��5LYDUR[DEDQ��IRU�WKUHH�PRQWKV��87,�ZDV�WHDWHG�ZLWK�VXOIDPHWKR[D]ROH�WULPHWKURSULP�DQWLELRWLFV��'XULQJ�WKH�ILUVW
GD\V�RI�WUHDWPHQW��VZHOOLQJ�DQG�WHQGHUQHVV�VXEVLGHG��$�UHSHDW�XOWUDVRXQG�ZDV�SHUIRUPHG�DIWHU�ILYH�ZHHNV�DQG�VKRZHG�IDFLDO�YHLQ�HQODUJHPHQW
ZLWKRXW�WKURPEXV�ILQGLQJV�

&RQFOXVLRQ

*HQHVLV�RI�IDFLDO�YHLQ�WKURPERVLV�UHPDLQV�XQFOHDU�LQ�RXU�FDVH��7KH�FDXVH�PD\�EH�UHFHQW�SURFHGXUH�RI�IDFLDO�DUHD��7KHUH�LV�QR�HYLGHQFH�RI
QHXURILEURPDWRVLV�EHLQJ�ULVN�IDFWRU�IRU�YHQRXV�WKURPERVLV��5DWKHU�DJUHVVLYH�DQWLFRDJXODQW�WKHUDS\�ZDV�LQLWLDWHG�FRQVLGHULQJ�LWV�YDOYHOHVV�FRQQHFWLRQ
ZLWK�FDYHUQRV�VLQXV��1R�DGYHUVH�HYHQWV�ZHUH�VHHQ�GXULQJ�GUXJ�WKHUDS\�



&$5',29$6&8/$5 6KLQ�-L.\RXQJ

��������,PSDFW�RI�(DUO\�&RURQDU\�$QJLRJUDSK\�RQ�WKH�6XUYLYDO�WR�'LVFKDUJH�DIWHU�2XW�RI�+RVSLWDO�&DUGLDF�$UUHVW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-L.\RXQJ�6KLQ������(XQVLO�.R������:RQ�&KXO�&KD������7HD�*XQ�6KLQ������0LQ�6HRE�6LP������,N�-RRQ�-R������-LQ�+R�&KRL����

�����6DPVXQJ�PHGLFDO�FHQWHU��6HRXO��.25($��5(38%/,&�2)

.H\ZRUGV��(DUO\�&RURQDU\�$QJLRJUDSK\��HDOU\�&$*��6XUYLYDO�DIWHU�2+&$

$EVWUDFW��

%DFNJURXQG������$FXWH�P\RFDUGLDO�LQIDUFWLRQ�LV�D�PDMRU�FDXVH�RI�RXW�RI�FDUGLDF�DUUHVW��2+&$���&RURQDU\�DQJLRJUDSK\��&$*��ZRXOG�HQDEOH�GLDJQRVWLF
FRQILUPDWLRQ�RI�FRURQDU\�DUWHU\�GLVHDVH�VXEVHTXHQW�UHYDVFXODUL]DWLRQ��ZKLFK�PLJKW�LPSURYH�WKH�SURJQRVLV�RI�2+&$��+RZHYHU�GDWD�VKRZLQJ�WKH
LPSDFW�RI�&$*�RQ�WKH�FOLQLFDO�RXWFRPH�RU�WKH�RSWLPDO�WLPLQJ�RI�&$*�DUH�OLPLWHG�

0HWKRGV�����������&OLQLFDO�RXWFRPH�RI�����2+&$�SDWLHQWV�ZKR�ZHUH�UHJLVWHUHG�LQ�&DUGLDF�$UUHVW�3XUVXLW�7ULDO�ZLWK�8QLTXH�5HJLVWUDWLRQ�DQG
(SLGHPLRORJLF�6XUYHLOODQFH��&$3785(6���D�QDWLRQZLGH�PXOWLFHQWHU�UHJLVWU\�FRQVLVWLQJ����KRVSLWDOV��ZHUH�DQDO\]HG��(DUO\�&$*�ZDV�GHILQHG�E\�ZLWKLQ
���KRXUV�RI�DUULYDO�WR�HPHUJHQF\�GHSDUWPHQW��('���3ULPDU\�RXWFRPH�ZDV�VXUYLYDO�WR�GLVFKDUJH�ZLWK�QHXURORJLFDOO\�IDYRUDEOH�VWDWXV�GHILQHG�E\
FHUHEUDO�SHUIRUPDQFH�FDWHJRULHV�Ô��

5HVXOWV��������������&RPSDUHG�WR�SDWLHQWV�ZLWKRXW�&$*��1 ������SDWLHQWV�ZKR�XQGHUZHQW�HDUO\�&$*��1 �����ZHUH�\RXQJHU��PRUH�OLNHO\�WR�EH�PDOH�WR
XQGHUZHQW�E\VWDQGHU�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35���SUHKRVSLWDO�GHILEULOODWLRQ��DQG�UHYDVFXODUL]DWLRQ��S�������DOO���$QDO\VLV�RI�����SURSHQVLW\
VFRUH���PDWFKHG�SDLUV�VKRZHG�WKDW�HDUO\�&$*�LV�DVVRFLDWHG�ZLWK�����IROG�LQFUHDVHG�VXUYLYDO�WR�GLVFKDUJH�ZLWK�QHXURORJLFDOO\�IDYRUDEOH�VWDWXV
�S��������DOO���6XUYLYDO�WR�GLVFKDUJH�LQFUHDVHG�FRQVLVWHQWO\�DFFRUGLQJ�WR�WKH�LQWHUYDO�EHWZHHQ�('�YLVLW�WR�&$*��S�������

&RQFOXVLRQV������(DUO\�&$*�RI�2+&$�SDWLHQWV�ZDV�DVVRFLDWHG�ZLWK�EHWWHU�VXUYLYDO�DQG�IDYRUDEOH�QHXURORJLF�RXWFRPH�DW�GLVFKDUJH��7KHUH�ZDV�QR
FOHDU�WKUHVKROG�RI�&$*�WLPH�DVVRFLDWHG�ZLWK�VXUYLYDO�WR�GLVFKDUJH�



,1)(&7,286�',6($6(���6(36,6 )HUUDQ�/ORSLV

��������)DFWRUV�DVVRFLDWHG�ZLWK�DFXWH�EDFWHULDO�SURVWDWLWLV�UHFRQVXOWDWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)HUUDQ�/ORSLV������&DUOHV�)HUUH������-DYLHU�-DFRE������(OHQD�)XHQWHV������&RQFHSFLRQ�0DUWLQH]������,JQDVL�%DUGHV����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�8QLYHUVLWDUL�GH�%HOOYLWJH��%DUFHORQD��63$,1

.H\ZRUGV��DFXWH�SURVWDWLWLV��UHFRQVXOWDWLRQ��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

$LP�RI�WKH�VWXG\�

7R�DQDO\]H�WKH�IDFWRUV�DVVRFLDWHG�ZLWK�UHFRQVXOWDWLRQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('��RI�SDWLHQWV�ZLWK�DFXWH�EDFWHULDO�SURVWDWLWLV��$%3��

0HWKRGV�

'HVLJQ��'HVFULSWLYH�DQG�UHWURVSHFWLYH�VWXG\��6HWWLQJ�DQG�SHULRG��('�RI�D�����EHG�WHUWLDU\�FDUH�WHDFKLQJ�KRVSLWDO�LQ�WKH�PHWURSROLWDQ�DUHD�RI
%DUFHORQD��&DWDORQLD��6SDLQ��GXULQJ���\HDU��3DWLHQWV��$OO�SDWLHQWV�ZLWK�$%3��'DWD�ZHUH�FROOHFWHG�IRU�GHPRJUDSKLF�YDULDEOHV��FRPRUELGLWLHV��SUHYLRXV
HSLVRGHV�RI�$%3��VLJQV�DQG�V\PSWRPV��PLFURELRORJLFDO�ILQGLQJV��DQWLELRWLF�WUHDWPHQW��DGPLVVLRQ�WR�WKH�KRVSLWDO��RXWFRPH�DQG�UHWXUQ�WR�WKH�('�LQ�WKH
���GD\V�IROORZLQJ�GLVFKDUJH���6WDWLVWLFDO�DQDO\VLV��D�XQLYDULDWH�DQDO\VLV�ZDV�XQGHUWDNHQ�WR�HYDOXDWH�WKH�IDFWRUV�DVVRFLDWHG�ZLWK�UHFRQVXOWDWLRQ�LQ�WKH
('��&KL�VTXDUH�WHVW�ZDV�XVHG�IRU�TXDOLWDWLYH�YDULDEOHV��RU�)LVKHU
V�H[DFW�WHVW�ZKHQ�WKH�H[SHFWHG�YDOXHV�ZHUH�OHVV�WKDQ����DQG�D�W�6WXGHQW�WHVW�IRU
TXDQWLWDWLYH�YDULDEOHV��6WDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�FRQVLGHUHG�IRU�S�YDOXH���������7KH�VWDWLVWLFDO�SURJUDP�XVHG�ZDV�6366������

5HVXOWV�

'XULQJ�WKH�VWXG\�SHULRG�����HSLVRGHV�RI�$%3�ZHUH�LQFOXGHG�IRU�DQDO\VLV��0HDQ�DJH�ZDV������k����\HDUV��D�KLVWRU\�RI�SURVWDWH�DGHQRPD�ZDV�UHSRUWHG
LQ����FDVHV����������SULRU�PDQLSXODWLRQ�RI�WKH�ORZHU�XULQDU\�WUDFW�LQ����������DQG�GLDEHWHV�PHOOLWXV�LQ����SDWLHQWV����������0HDQ�V\PSWRPV�GXUDWLRQ
ZDV������k������GD\V��YRLGLQJ�V\PSWRPV�ZHUH�SUHVHQW�LQ�����FDVHV�������DQG�IHYHU�LQ������������)URP�����XULQH�FXOWXUHV������ZHUH�SRVLWLYH
������DQG������������RXW�RI�����EORRG�FXOWXUHV��(VFKHULFKLD�FROL�ZDV�WKH�PDLQ�SDWKRJHQ��������RI�XULQH�FXOWXUHV�DQG�����RI�EORRG�FXOWXUHV��ZLWK
UHVLVWDQW�VWUDLQV�WR�IOXRUTXLQRORQHV��FRWULPR[D]ROH�DQG�DPR[LFLOOLQ�FODYXODQLF�LQ��������������DQG�������RI�FDVHV�UHVSHFWLYHO\��2WKHU�SDWKRJHQV
LVRODWHG�ZHUH�(QWHURFRFFXV�IDHFDOLV�����HSLVRGHV���.OHEVLHOOD�VSS�������ZLWK�EDFWHUHPLD���3URWHXV�VSS�������ZLWK�EDFWHUHPLD��DQG�3VHXGRPRQDV
DHUXJLQRVD������6HYHQW\�SDWLHQWV�������ZHUH�DGPLWWHG�WR�WKH�KRVSLWDO�DQG���GLHG��$W����GD\�IROORZ�XS�����SDWLHQWV�������UHWXUQHG�WR�WKH�('��,Q�WKH
XQLYDULDWH�DQDO\VLV��UHFRQVXOWDWLRQ�WR�WKH�('�ZDV�VLJQLILFDQWO\�DVVRFLDWHG�RQO\�WR�SURVWDWH�SDOSDWLRQ��S �������DQG�EDFWHUHPLD��S ��������5HYLVLWV
DSSHDUHG�WR�EH�PRUH�IUHTXHQW�LQ�SDWLHQWV�ZLWK�GLDEHWHV�PHOOLWXV��S �������DQG�SULRU�LPPXQRVXSSUHVVLYH�WKHUDS\��S �������DOWKRXJK�QRW�UHDFKLQJ
VWDWLVWLFDO�VLJQLILFDQFH�

&RQFOXVLRQV�

,Q�RXU�VHULHV��SURVWDWH�SDOSDWLRQ�DQG�EDFWHUHPLD�ZHUH�WKH�RQO\�YDULDEOHV�IRXQG�WR�EH�UHODWHG�WR�UHFRQVXOWDWLRQ�LQ�WKH�('�DPRQJ�SDWLHQWV�ZLWK�$%3���
3DWLHQWV�ZLWK�$%3�GLVFKDUJHG�IURP�WKH�('�QHHG�FOLQLFDO�IROORZ�XS�DQG�PRQLWRULQJ�RI�PLFURELRORJLFDO�ILQGLQJV�LQ�RUGHU�WR�DVVXUH�DQ�DGHTXDWH��
DQWLELRWLF�WUHDWPHQW�



0$1$*(0(17���('�25*$1,6$7,21 )HUUDQ�/ORSLV

��������6KRXOG�ZH�UHFRPPHQG�WKH�LPSOHPHQWDWLRQ�RI�HPHUJHQF\�GHSDUWPHQW�VKRUW�VWD\�XQLWV�WR�DOOHYLDWH�HPHUJHQF\
GHSDUWPHQW�RYHUFURZGLQJ"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&DUOHV�)HUUH������)HUUDQ�/ORSLV������$QWRQL�-XDQ������)UDQFLVFR�-DYLHU�0DUWLQ�6DQFKH]������*RQ]DOR�6HPSHUH������3HUH�/ORUHQV������&DUPHQ�1DYDUUR�����
0LNHO�0DUWLQH]����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�8QLYHUVLWDUL�GH�%HOOYLWJH��%DUFHORQD��63$,1
���*HUHQFLD��,QVWLWXW�&DWDOD�GH�OD�6DOXW��%DUFHORQD��63$,1
���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�&OLQLFR�6DQ�&DUORV��0DGULG��63$,1
���6KRUW�VWD\�XQLW��+RVSLWDO�'U�3HVHW��9DOHQFLD��63$,1
���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�*HQHUDO�GH�$OLFDQWH��$OLFDQWH��63$,1
���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�9LUJHQ�GH�OD�0DFDUHQD��6HYLOOD��63$,1
���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�GH�%DVXUWR��%LOEDR��63$,1

.H\ZRUGV��6KRUW�VWD\�XQLWV��HPHUJHQF\�GHSDUWPHQW��RYHUFURZGLQJ

$EVWUDFW��

$LP�

7R�GHVFULEH�WKH�JHQHUDO�FKDUDFWHULVWLFV�DQG�HYDOXDWH�WKH�DFWLYLW\�RI�(PHUJHQF\�'HSDUWPHQW�VKRUW�VWD\�XQLWV��('668V��LQ�6SDQLVK�KRVSLWDOV�

0HWKRGV�

7KLV�LV�D�FURVV�VHFWLRQDO�VWXG\�EDVHG�RQ�D�VXEDQDO\VLV�RI�WKH�5(*,&(�GDWDEDVH��6SDQLVK�DEEUHYLDWLRQ�IRU�6KRUW�VWD\�8QLW�5HJLVWU\��IRFXVVLQJ
VSHFLILFDOO\�RQ�VKRUW�VWD\�XQLWV�IXQFWLRQDOO\�GHSHQGLQJ�RQ�WKH�(PHUJHQF\�'HSDUWPHQW��('���$�TXHVWLRQQDLUH�ZDV�VHQW�WR�FRRUGLQDWRUV�UHVSRQVLEOH�IRU
WKH�('668V�LGHQWLILHG�DPRQJ�DOO�6SDQLVK�KRVSLWDOV�DSSHDULQJ�RQ�WKH�0LQLVWU\�RI�+HDOWK�ZHE�SDJH��'DWD�UHJDUGLQJ�VWUXFWXUH��FDVHORDGV�DQG�FOLQLFDO
PDQDJHPHQW�SUDFWLFHV�ZHUH�FROOHFWHG��2EVHUYDWLRQ�XQLWV�IRU�('�SDWLHQWV�VWD\LQJ�OHVV�WKDQ����KRXUV�DQG�VSHFLDOL]HG�XQLWV�GHVLJQDWHG�WR�WUHDW�RQH
VSHFLILF�FRQGLWLRQ�ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV�

5HVXOWV�

$�WRWDO�RI�����KRVSLWDOV�DSSHDULQJ�RQ�WKH�ZHE�SDJH�RI�WKH�6SDQLVK�0LQLVWU\�RI�+HDOWK�ZHUH�FRQWDFWHG�DQG����('668V��������ZHUH�LGHQWLILHG��2I�WKHVH�
���SDUWLFLSDWHG�LQ�WKH�VWXG\�UHSRUWLQJ�WKH����PRQWK�DFWLYLW\�UHJLVWHUHG�LQ����('668V�DQG�EHWZHHQ���DQG������PRQWKV�LQ�WKH�UHPDLQLQJ���WKURXJK
������2Q�DYHUDJH��WKH�('668V�KDG����EHGV��UDQJH�������DQG�D�PHDQ�SK\VLFLDQ�EHG�UDWLR�RI������UDQJH������������$�WRWDO�RI��������SDWLHQWV�ZLWK�D
PHDQ�DJH�RI������k�����\HDUV�ZHUH�DGPLWWHG�GXULQJ�WKH�VWXG\�SHULRG��6HYHQ�('668V���������DGPLWWHG�EHWZHHQ������DQG������SDWLHQWV�HDFK�DQG
IRXU�('668V���������PRUH�WKDQ������SDWLHQWV�HDFK��,Q�WKH�ODWWHU�JURXS��SDWLHQWV�DGPLWWHG�WR�WKH�('668�DFFRXQWHG�IRU�����WR�������RI�DOO
DGPLVVLRQV�IURP�WKH�('��7KH�PRVW�IUHTXHQW�GLDJQRVHV�ZHUH�DFXWH�KHDUW�IDLOXUH��FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH�H[DFHUEDWLRQ��XULQDU\�WUDFW
LQIHFWLRQ�DQG�UHVSLUDWRU\�WUDFW�LQIHFWLRQ��'5*�FRGHV���������������DQG�������2Q�DYHUDJH��WKH�/26�ZDV�����k�����GD\V��UDQJH����������YDU\LQJ
EHWZHHQ�����DQG������GD\V�IRU�WKH����PRVW�IUHTXHQW�'5*�FRQVLGHUHG�VHSDUDWHO\��WKH����GD\�UHDGPLVVLRQ�UDWH�DIWHU�GLVFKDUJH�IURP�WKH�('668�ZDV
������UDQJH����������DQG�LQ�KRVSLWDO�PRUWDOLW\�ZDV��������UDQJH������������

&RQFOXVLRQV�

7R�GDWH��RQO\�D�IHZ�6SDQLVK�KRVSLWDOV�KDYH�LPSOHPHQWHG�('668���
3UHYDOHQW�LQIHFWLRQV�DQG�H[DFHUEDWLRQ�RI�FKURQLF�FRQGLWLRQV�DUH�WKH�PRVW�IUHTXHQW�FDXVHV�IRU�DGPLVVLRQ���
&RQVLGHULQJ�WKH�UHVXOWV�LQ�WHUPV�RI�/26��DQG�WKH�PRUWDOLW\�DQG�UHDGPLVVLRQ�UDWHV�DIWHU�GLVFKDUJH��('668�DSSHDU�WR�EH�VDIH�DQG�HIIHFWLYH���
6SHFLILF�LQGLFDWRUV�VKRXOG�EH�GHYHORSHG�LQ�WKH�QHDU�IXWXUH�WR�PRQLWRU�DQG�DVVHVV�DFWLYLW\��SDWLHQW�RXWFRPH��TXDOLW\�RI�FDUH��FRVWV�DQG�UHVRXUFH�XVH��
RI�('668V�
*LYHQ�WKH�LPSRUWDQW�QXPEHU�RI�DGPLVVLRQV��ERWK�DEVROXWH�DQG�UHODWLYH��('668V�PD\�EH�D�XVHIXO�WRRO�WR�DOOHYLDWH�('�RYHUFURZGLQJ�DOWKRXJK��
VWXGLHV�WR�DVVHVV�WKH�VSHFLILF�LPSDFW�RI�VXFK�XQLWV�DUH�ODFNLQJ�



*(1,7285,1$5< )UHG�)LHVVHOHU

��������'RHV�3ULDSLVP�(WLRORJ\�6LJQLILFDQWO\�&KDQJH�2XWFRPHV�LQ�7KRVH�3DWLHQWV�3UHVHQWLQJ�WR�WKH�(PHUJHQF\�'HSDUWPHQW"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)UHG�)LHVVHOHU������'DYH�6DOR������%ULDQ�:DOVK������5HQHH�5LJJV����

�����0RUULVWRZQ�0HGLFDO�&HQWHU��0RUULVWRZQ��86$
�����5XWJHUV�0HGLFDO�6FKRRO��1HZ�%UXQVZLFN��1HZ�%UXQVZLFN��86$

.H\ZRUGV��SULDSLVP��HPHUJHQF\�PHGLFLQH��HUHFWLOH�G\VIXQFWLRQ

$EVWUDFW��

,QWURGXFWLRQ��3ULDSLVP�LV�D�VSRUDGLF�GLVHDVH��ZKLFK�UHTXLUHV�SURPSW�HYDOXDWLRQ�WUHDWPHQW�WR�DYRLG�VLJQLILFDQW�VHTXHODH��7UHDWPHQW�RI�WKLV�GLVHDVH�LV
KLJKO\�YDULDEOH�DQG�LV�GHSHQGHQW�XSRQ�WKH�HWLRORJ\�

2EMHFWLYH��7R�GHWHUPLQH�WKH�RXWFRPHV�RI�SDWLHQWV��SWV��SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��ZLWK�SULDSLVP�EDVHG�XSRQ�WKH�VXVSHFWHG
HWLRORJ\���

'HVLJQ��5HWURVSHFWLYH�FRKRUW�VWXG\�XWLOL]LQJ�DQ�HOHFWURQLF�GDWDEDVH��&KDUWV�ZHUH�H[WUDFWHG�XVLQJ�,&'��GLDJQRVLV�RYHU���\UV���(QUROOLQJ�KRVSLWDOV
�1 ����UHSUHVHQW�XUEDQ��VXEXUEDQ��DFDGHPLF��DQG�FRPPXQLW\�VHWWLQJV���&KDUWV�ZHUH�GH�LGHQWLILHG�DQG�UHYLHZHG�IRU�SUHGHWHUPLQHG�GDWD�SRLQWV�E\
EOLQGHG�VWXG\�SHUVRQQHO���([FOXVLRQ�FULWHULD��QRQ�SULDSLVP�GLDJQRVLV�RU�FKDUW�XQDYDLODELOLW\��3HGLDWULFV�LQFOXGHG�WKRVH������\UV�ROG��,QWUDSHQLOH
SURFHGXUHV�LQFOXGHG�DQ\�EHGVLGH�DVSLUDWLRQ�LQMHFWLRQ�RI�PHGLFDWLRQ���6WDWLVWLFV��&KL�VTXDUH�WHVW��ZLWK�D�VLJQLILFDQW�3�YDOXH�RI�������

5HVXOWV��'XULQJ�WKH�VWXG\�SHULRG�����FKDUWV�ZHUH�DQDO\]HG��([FOXVLRQ��XQDYDLODELOLW\�1 ���DQG�QRQ�SULDSLVP�GLDJQRVLV�1 ����OHDYLQJ�����FKDUWV�
�0HGLDQ�DJH�RYHUDOO�ZDV����\UV�,45���������3HGLDWULFV�FRPSULVHG����1 ����0XOWLSOH�YLVLWV�RFFXUUHG�LQ����1 �����5HJDUGLQJ�HWLRORJ\��HUHFWLOH
G\VIXQFWLRQ�PHGLFDWLRQV�('0��LQYROYHG�����1 ����ZLWK�����1 ����EHLQJ�LQWUDSHQLOH��VLFNOH�FHOO�FRPSULVHG�����1 �����DQWLSV\FKRWLF�PHGLFDWLRQV
����1 �����FRFDLQH�XWLOL]DWLRQ�LQ����RI�FDVHV�1 ����DQG�����1 ����KDG�QR�LGHQWLILDEOH�HWLRORJ\��$GPLVVLRQ�RFFXUUHG�LQ�����1 ����RYHUDOO�
�$GPLVVLRQ�UDWHV�RI�WKRVH�RQ�('0�ZDV����1 ���S ��������VLFNOH�FHOO�FRPSULVHG�����1 ���S �������DQWLSV\FKRWLF�PHGLFDWLRQV�����1 ���S ������
DQG�LQ�����1 ���S ������RI�FRFDLQH�DVVRFLDWHG�FDVHV��,QWUDSHQLOH�SURFHGXUH�RFFXUUHG�LQ�����1 �����RYHUDOO��:LWK�UHJDUGV�WR�WKLV����
�1 ���S��������ZHUH�RQ�('0������1 ����S ������ZLWK�VLFNOH�FHOO������1 ����S �����RQ�DQWLSV\FKRWLF�PHGLFDWLRQ��DQG�����1 ���S ������RI
FRFDLQH�XVHUV�XQGHUZHQW�('�LQWUDSHQLOH�WUHDWPHQW���(PHUJHQW�RSHUDWLRQ�RFFXUUHG�LQ����1 �����('0�ZHUH�LPSOHPHQWHG�LQ����1 ���S ������
DQWLSV\FKRWLF�����1 ����������DQG�FRFDLQH�VLFNOH�FHOO����

&RQFOXVLRQ�3ULDSLVP�FDXVHG�E\�('0��WKH�PRVW�FRPPRQ�HWLRORJ\��ZHUH�DVVRFLDWHG�ZLWK�VLJQLILFDQWO\�OHVV�DGPLVVLRQV�DQG�QHHG�RI�HPHUJHQW
LQWUDSHQLOH�SURFHGXUHV�



('8&$7,21�$1'�75$,1,1* )UHG�)LHVVHOHU

��������3UHVV�*DQH\�VFRUHV�GR�QRW�LPSURYH�IRU�HPHUJHQF\�PHGLFLQH�UHVLGHQWV�DV�WKH\�SURFHHG�WKURXJK�WUDLQLQJ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)UHG�)LHVVHOHU������3DXO�6]XFV������'DYH�6DOR������5HQHH�5LJJV����

�����0RUULVWRZQ�0HGLFDO�&HQWHU��0RUULVWRZQ��86$
�����5XWJHUV�0HGLFDO�6FKRRO��1HZ�%UXQVZLFN��1HZ�%UXQVZLFN��86$

.H\ZRUGV��3UHVV�*DQH\��5HVLGHQWV��HPHUJHQF\�PHGLFLQH

$EVWUDFW��

3UHVV�*DQH\�VFRUHV�DUH�RIWHQ�XVHG�DV�DQ�DGPLQLVWUDWLRQ�PDUNHU�IRU�ERQXVHV�DQG�MRE�VHFXULW\���&HUWDLQO\�WKLV�DSSOLFDWLRQ�KDV�LWV�GUDZEDFNV��EXW
QRQHWKHOHVV�WKLV�HYDOXDWLRQ�WRRO�KDV�EHFRPH�DQ�LPSRUWDQW�LQVWUXPHQW�IRU�DFFHVVLQJ�SK\VLFLDQ�FDSDELOLWLHV�DQG�SDWLHQW�VDWLVIDFWLRQ���5HVLGHQWV�DW�RXU
IDFLOLW\�DUH�DFWLYHO\�WUDLQHG�ZLWK�UHJDUGV�WR�SDWLHQW�FRQWHQWPHQW�DQG�ZD\V�WR�LPSURYH�WKLV�PHWULF�

�

:H�VRXJKW�WR�GHWHUPLQH�LI�3UHVV�*DQH\�VFRUHV�ZRXOG�LPSURYH�GXULQJ�HPHUJHQF\�PHGLFLQH�UHVLGHQF\�WUDLQLQJ����

�

7KLV�ZDV�D�UHWURVSHFWLYH�FRKRUW�VWXG\�RI�HPHUJHQF\�PHGLFLQH�UHVLGHQWV����3RSXODWLRQ��2QO\�WKRVH�UHVLGHQW�ZLWK�WKUHH�\HDUV�RI�3UHVV�*DQH\�VFRUHV
ZHUH�XWLOL]HG���2QO\�WKRVH�VFRUHV�NQRZQ�WR�EH�DVVRFLDWHG�ZLWK�D�VSHFLILF�UHVLGHQW�ZHUH�WDEXODWHG�DQG�WKH�ÈGRFWRUV�VFRUHÉ�FRPSRQHQW�RI�3UHVV�*DQH\
HYDOXDWLRQ�ZDV�HPSOR\HG���6FRUHV�ZHUH�VHSDUDWHG�IRU�DQDO\VLV�LQWR�WZR�WLPH�VHJPHQWV��ILUVW�����\HDUV�RI�UHVLGHQF\�DQG�VHFRQG�����\HDUV�RI�WUDLQLQJ�
�6WDWLVWLFV��$�SDLUHG�VWXGHQW�7�WHVW�ZLWK�D�VLJQLILFDQW�3�YDOXH�RI������ZDV�XWLOL]HG���,Q�FDVHV�RI�EODQN�GDWD�IRU�DQ\�VSHFLILF�UHVLGHQW�WKH�DYHUDJH�VFRUH
IRU�WKDW�WLPH�SHULRG�ZDV�FDOFXODWHG�DQG�XVHG�IRU�WKDW�GDWD�SRLQW���7KLV�VWXG\�ZDV�DSSURYHG�E\�RXU�,5%��5(68/76��7KUHH�KXQGUHG�DQG�VL[W\�WZR
LQGLYLGXDO�3UHVV�*DQH\�VFRUHV�ZHUH�DYDLODEOH�IRU�DQDO\VLV�IRU�WHQ�GLIIHUHQW�UHVLGHQWV�ILWWLQJ�LQFOXVLRQ�FULWHULD���(LJKW\�SHUFHQW��1 ���ZHUH�PDOH
UHVLGHQWV���0HDQ�RYHUDOO�3UHVV�*DQH\�GRFWRUÇV�VFRUH�ZDV������DQG�RYHUDOO�3UHVV�*DQH\�VFRUH�ZDV��������7KH�DYHUDJH�VFRUH�IRU�WKH�ILUVW�KDOI�RI
UHVLGHQF\�ZDV������ZKLOH�WKH�VHFRQG�KDOI�ZDV��������0HDQ�GLIIHUHQFH�ZDV����������&,������WR������3 �������7KH�KLJKHVW�PHDQ�VFRUH�RFFXUUHG�LQ�WKLUG
\HDU�DQG�ORZHVW�VFRUH�ZDV�LQ�\HDU�WZR��S ��������5HJDUGLQJ�JHQGHU��IHPDOH�UHVLGHQWV�PHDQ�3UHVV�*DQH\�ZDV������DQG�FRPSDUHG�WR�WKH�PDOHV�����
�S 16��VFRUH���

�

7KRXJK�RYHUDOO�3UHVV�*DQH\�VFRUHV�ZHUH�YHU\�JRRG��QR�VLJQLILFDQW�LPSURYHPHQW�RFFXUUHG�GXULQJ�UHVLGHQW�WUDLQLQJ�



0$1$*(0(17���('�25*$1,6$7,21 3LHUULFN�/H�%RUJQH

��������,QWHUQDO�0DQDJHPHQW�DV�D�NH\�OHYHU�WR�UHWDLQ�H[SHULHQFHG�QXUVHV�LQ�WKH�('

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&ODLUH�.DP������3LHUULFN�/H�%RUJQH������&ODXGH�*HURQLPXV������&KDUOHV�(ULF�/DYRLJQHW������6DUDK�8J�������6RSKLH�+DWVFK������3DVFDO�%LOEDXOW������3LHUUH
9LGDLOKHW����

���8UJHQFHV�$GXOWHV��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(
���6$08�6085��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(
���81,6,0(6��)DFXOW��GH�0�GHFLQH�GH�6WUDVERXUJ��6WUDVERXUJ��)5$1&(

.H\ZRUGV��QXUVHV��LQWHUQDO�PDQDJPHQW

$EVWUDFW��

,QWURGXFWLRQ�

%XLOGLQJ�XS�QXUVHVÇ�OR\DOW\�WR�WKHLU�ZRUN�SODFH�LV�D�VWUDWHJLF�VWDNH�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('���+RZHYHU��LQ�RXU�WHDFKLQJ�KRVSLWDO��WKH
WXUQRYHU�UHPDLQV�RYHU�����HDFK�\HDU��7KH�QXUVHV�DUH�NH\�DFWRUV�LQ�WKH�HIIHFWLYH�DQG�VPRRWK�UXQQLQJ�RI�WKH�GHSDUWPHQW��7KH�TXDOLW\�RI�FDUH�WKH\
GHOLYHU�LV�DIIHFWHG�E\�WKH�ZRUN�HQYLURQPHQW��7KH\�RIWHQ�IHHO�FRQIOLFWHG�EHWZHHQ�WKHLU�UROHV�DV�DQ�('�QXUVH�DQG�WKH�LQWHUQDO�RUJDQL]DWLRQ�RI�WKH
GHSDUWPHQW��L�H��EHWZHHQ�TXDOLW\�RI�FDUH�DQG�SHUIRUPDQFH�UHTXLUHPHQWV���2XU�DLP�ZDV�WR�DQDO\]H�VWDII�VDWLVIDFWLRQ�LQ�WKH�('�LQ�RUGHU�WR�LGHQWLI\�WKH
EHVW�DFWLRQV�VXLWDEOH�IRU�WKHLU�QHHGV��7KLV�DSSURDFK�LV�NQRZQ�DV�LQWHUQDO�PDUNHWLQJ��&RQFHSWV�VXFK�DV�0DJQHW�KRVSLWDOV�KDYH�EHHQ�UHFHQWO\
GHYHORSHG�DQG�D�VLJQLILFDQW�OLWHUDWXUH�LV�WKHUH�WR�GHPRQVWUDWH�WKHLU�HIIHFWLYHQHVV�>�@�

0HWKRGV�

$OO�QXUVHV�ZHUH�LQYLWHG�WR�ILOO�LQ�D�TXHVWLRQQDLUH�LQ�RUGHU�WR�DVVHVV�WKHLU�VDWLVIDFWLRQ��WKHLU�DXWRQRP\��WKHLU�EHOLHIV�DQG�WKHLU�WUDLQLQJ�QHHGV�

5HVXOWV�

$�WRWDO�RI����QXUVHV�UHWXUQHG�WKH�TXHVWLRQQDLUH������UHVSRQVH�UDWH���2XU�QXUVHV�JHW�DORQJ�ZHOO�WRJHWKHU�DQG�DUH�KDSS\�WR�KHOS�HDFK�RWKHU��7KH\
ZRXOG�OLNH�WR�EH�PRUH�LQYROYHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��7KH\�KDYH�YDULRXV�OHDUQLQJ�QHHGV�DQG�DVN�IRU�DSSURSULDWH�WUDLQLQJ��+RZHYHU��WKHUH
DUH�VHYHUDO�QHJDWLYH�SRLQWV��ILUVWO\�D�ODFN�RI�VWUDWHJLF�YLVLRQ�IRU�WKH�GHSDUWPHQW��7KH\�DOVR�IHHO�WKDW�WKHLU�WHDPZRUN�LV�QRW�YDOXHG��6RPHWLPHV�WKH
UHODWLRQVKLS�EHWZHHQ�SK\VLFLDQV�DQG�QXUVHV�LV�WURXEOHG�OHDGLQJ�WR�DQ�LQHIILFLHQW�RUJDQL]DWLRQ��7KH�QXUVHV�ZLWK�PRUH�WKDQ���\HDUV�RI�H[SHULHQFH�DUH
SDUDGR[LFDOO\�WKH�OHDVW�VDWLVILHG��7KH\�IHHO�WKDW�WKHLU�YDOXH�DQG�TXDOLILFDWLRQV�DUH�QRW�UHFRJQL]HG�DQG�WKDW�WKH\�FDQQRW�H[SUHVV�WKHLU�FRQFHUQV��WKLV�LQ
WXUQ�JHQHUDWLQJ�IUXVWUDWLRQ�

&RQFOXVLRQ�

)URP�WKLV�DQDO\VLV�D�VWUDWHJLF�SODQ�KDV�EHHQ�GHYHORSHG�ZLWK���SULRULWLHV�

��������0DLQWDLQ�D�VHQVH�RI�EHORQJLQJ�

��������6HW�XS�D�WUDLQLQJ�SURJUDP�IRU�VWDII�

��������,PSURYH�WKH�UHODWLRQVKLS�EHWZHHQ�SK\VLFLDQV�DQG�QXUVHV�

:H�KDYH�LQLWLDWHG�D�VKRUW�WUDFN�SODQ�IRU�SDWLHQWV��ZKLFK�ZDV�UHTXHVWHG�E\�����RI�QXUVHV��OHDGLQJ�WR�LPSURYHG�DQG�IDVWHU�HPHUJHQF\�FDUH��,QWHUQDO
PDUNHWLQJ�LV�D�SRZHUIXO�OHYHU�FUHDWLQJ�D�PHDQLQJIXO�ZRUN�HQYLURQPHQW�DV�ZHOO�DV�D�PRUH�XQLILHG�DQG�ZHOO�WUDLQHG�WHDP��2XU�DLP�LV�WR�EHFRPH�D
JUHDW�SODFH�WR�ZRUN�ZLWK�D�IRFXV�RQ�TXDOLW\�RI�FDUH��LQ�RWKHU�ZRUGV�WR�EHFRPH�D�KRVSLWDO�ZLWK�PDJQHW�VWDWXV��,W�KDV�EHHQ�SURYHQ�WKDW�WKLV�NLQG�RI
GHSDUWPHQW�DWWUDFWV�DQG�UHWDLQV�WKH�PRVW�TXDOLILHG�QXUVHV�ZKLOH�DOVR�EHLQJ�SUHIHUUHG�E\�SDWLHQWV��DV�ZHOO�DV�KDYLQJ�WKH�KLJKHVW�TXDOLW\�RI�FDUH�

>�@$LNHQ�/��+DYHQV�'��6ORDQH�'��7KH�0DJQHW�QXUVLQJ�VHUYLFHV�UHFRJQLWLRQ�SURJUDP��D�FRPSDULVRQ�RI�WZR�JURXSV�RI�0DJQHW�KRVSLWDOV��-�1XUV�$GP�
��������VXSSO�����6�Ä6��
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��������3UDFWLFH�VWXG\�RQ�WKH�XVH�RI�*DPPD�2+�LQ�SUH�KRVSLWDO�HPHUJHQF\�PHGLFLQH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$PDQGLQH�$EULDW������0LFKDHO�/HPDLUH������'DQLHO�-RVW������5HQ��%LKDQQLF������0LFKHO�%LJQDQG������-HDQ�3LHUUH�7RXUWLHU����

���6HUYLFH�P�GLFDO�G
XUJHQFH���%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV���)5$1&(
���6HUYLFH�P�GLFDO�G
XUJHQFH���%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(

.H\ZRUGV��*DPPD�2+��SUH�KRVSLWDO�HPHUJHQF\�PHGLFLQH��DQHVWKHWLF�GUXJ��GLVDVWHU�PHGLFLQH

$EVWUDFW��

,QWURGXFWLRQ��1HDUO\����\HDUV�DIWHU�LWV�GLVFRYHU\��*DPPD�2+��*2+��LV�XVHG�OHVV�DQG�OHVV�LQ�SUH�KRVSLWDO�HPHUJHQF\�PHGLFLQH��<HW�LW�RIIHUV�JRRG
KHPRG\QDPLF�WROHUDQFH��LV�QRW�PXFK�RI�D�UHVSLUDWRU\�GHSUHVVDQW�DQG�LV�HDV\�WR�XVH�LQ�H[WUD�KRVSLWDO�VLWXDWLRQV��,Q�WKH�DEVHQFH�RI�UHFHQW�SUDFWLFH
VWXGLHV��ZH�GHWHUPLQHG�UHSRUWLQJ�LWV�PRVW�IUHTXHQW�LQGLFDWLRQV�LQ�WKH�FXUUHQW�SUH�KRVSLWDO�VHWWLQJ�DV�WKH�PDLQ�REMHFWLYH��6HFRQGDU\�REMHFWLYHV�ZHUH
WR�DVVHVV�FRPSOLDQFH�ZLWK�SURSHU�XVH��DVVRFLDWHG�DQHVWKHWLFV�DQG�WKH�RFFXUUHQFH�RI�FRPSOLFDWLRQV�

�0DWHULDO�DQG�PHWKRGV��5HWURVSHFWLYH�PRQRFHQWHULF�SUDFWLFH�VWXG\�LQ�D�SUH�KRVSLWDO�HPHUJHQF\�PHGLFDO�VHUYLFH�ZLWK���PRELOH�LQWHQVLYH�FDUH
XQLWV��0,&8���,QFOXVLRQ�FULWHULD��DOO�SDWLHQWV�ZKR�UHFHLYHG�*2+�DGPLQLVWUDWLRQ�LQ�D�SUH�KRVSLWDO�VLWXDWLRQ��'DWD�FROOHFWHG�IURP�PHGLFDO�REVHUYDWLRQ
VKHHWV�ZHUH�HSLGHPLRORJLFDO��FOLQLFDO��WKHUDSHXWLF��LQGLFDWLRQ�DQG�GRVH�RI�*DPPD�2+�DGPLQLVWHUHG��DVVRFLDWHG�K\SQRWLF�DQG�RU�DQDOJHVLF�WUHDWPHQWV�
DQG�VDIHW\��DGYHUVH�HYHQWV��FRPSOLFDWLRQV�IURP�DQHVWKHWLFV��

�5HVXOWV�DQG�'LVFXVVLRQ��)URP������������WR�����������������SDWLHQWV�ZHUH�LQFOXGHG��ZLWK�D�PHDQ�DJH�RI����\HDUV�>����@�DQG����������PHQ�
3UHVFULSWLRQ�RI�*2+�ZDV�UHODWHG�WR��LQ����������FDVHV��UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��526&��DIWHU�FDUGLDF�DUUHVW��LQ����������FDVHV��FRPD��LQ���
��������FDVHV��VHYHUH�WUDXPD��LQFOXGLQJ���DVVRFLDWHG�ZLWK�VHYHUH�KHDG�WUDXPD��6+7���LQ����������FDVHV��DQ�LVRODWHG�6+7��LQ����������FDVHV��DFXWH
UHVSLUDWRU\�GLVWUHVV�ZLWK�UHGXFHG�FRQVFLRXVQHVV��DQG�LQ�RQH�FDVH��D�EXUQ�SDWLHQW��1RWH�WKDW�DPRQJ�WKH�VHYHUH�WUDXPD�SDWLHQWV�WKHUH�ZHUH���YLFWLPV
RI�PXOWLSOH�EDOOLVWLF�ZRXQGV�LQ�WKH�1RYHPEHU����DWWDFNV�WKDW�UHFHLYHG�PDLQWHQDQFH�GRVH�RI�*2+�DIWHU�WUDFKHDO�LQWXEDWLRQ�XVLQJ�UDSLG�VHTXHQFH
LQGXFWLRQ�

$IWHU�WUDFKHDO�LQWXEDWLRQ��PDLQWHQDQFH�RI�VHGDWLRQ�ZDV�SHUIRUPHG�E\�*2+�DORQH�LQ������������FDVHV��E\�*2+�DVVRFLDWHG�ZLWK�VXIHQWDQLO�LQ���������
FDVHV�DQG�*2+�PLGD]RODP�VXIHQWDQLO�LQ������������FDVHV��,Q�DGXOWV��Q ������WKH�LQLWLDO�GRVH�ZDV����PJ�NJ�LQ�WKH�PDMRULW\�RI�FDVHV�������DV
UHFRPPHQGHG��DQG����PJ�NJ�LQ�����RI�FDVHV��7KLV�DGPLQLVWUDWLRQ�ZDV�IROORZHG�E\�D�VHFRQG�KDOI�GRVH�LQMHFWLRQ�LQ����������FDVHV��1R�DQDSK\ODFWLF
FRPSOLFDWLRQV�ZHUH�UHSRUWHG��2QO\���HSLVRGHV�RI�K\SRWHQVLRQ�ZHUH�REVHUYHG�LQ�SDWLHQWV�ZKR�UHFHLYHG�LW�ZLWK�PLGD]RODP��

&RQFOXVLRQ��%HFDXVH�RI�LWV�HDVH�RI�XVH�DQG�D�ORZ�FRPSOLFDWLRQ�UDWH��*DPPD�2+�SURYHV�HYHQ�WRGD\�WR�EH�D�UHOHYDQW�SURGXFW�LQ�SUH�KRVSLWDO
VLWXDWLRQV�RU�LQ�GLVDVWHU�PHGLFLQH��*DPPD�2+�UHPDLQV�LQ�IDYRXU�ZLWK�RXU�0,&8�SK\VLFLDQV��SDUWLFXODUO\�LQ�FDVHV�RI�526&�DIWHU�FDUGLDF�DUUHVW�RU
VHYHUH�WUDXPD��7KHVH�SUHIHUHQFHV�DUH�H[SODLQHG�E\�IDFLOLWDWLQJ�WKH�PDQDJHPHQW�RI�DQHVWKHVLD��HVSHFLDOO\�GXULQJ�ORQJ�DQG�GLIILFXOW�WUDQVSRUWDWLRQ�E\
VWUHWFKHU��$�SURVSHFWLYH�VWXG\�VKRXOG�EH�VWDUWHG�WR�FRPSDUH�LW�WR�RWKHU�SURGXFWV�

�
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��������6\QFRSH�WHHQDJH�IRRWEDOOHU

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�,VDEHO�&RUUHD������-XVWLQR�3DFKHFR����

���(PHUJHQF\�DQG�FULWLFDO�FDUH��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1
���(PHUJHQF\��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1

.H\ZRUGV��0L[RPD��V\QFRSH��ILEULOODWLRQ

$EVWUDFW��

6\QFRSH�WHHQDJH�IRRWEDOOHU

�

$Q����\HDUV�ROG�PDQ��ZLWKRXW�PHGLFDO�RU�IDPLO\�KLVWRU\�WKDW�ZKLOH�SOD\LQJ�D�IRRWEDOO�JDPH�VLQFRSH�VXIIHUV�FDUGLDF�PDVVDJH�PDQHXYHUV�VWDUWLQJ�E\
VSHFWDWRUV�RI�WKH�SDUW\��XQWLO�WKH�DUULYDO�RI�HPHUJHQF\�HTXLSPHQW��$IWHU����PLQXWHV�EHJLQQLQJ���PRQLWRULQJ�YHQWULFXODU�ILEULOODWLRQ�GHILEULOODWLRQ�DQG
LQLWLDWLQJ�HQGRWUDFKHDO�LQWXEDWLRQ�ZDV�UHFRYHULQJ�IURP�FDUGLDF�DUUHVW�DIWHU����PLQXWHV�RI�UHVXVFLWDWLRQ�VLQXV�KHDUW�UDWH�DQG�HOHFWURFDUGLRJUDP�67
HOHYDWLRQ�LQ�LQIHULRU�WHUULWRU\��'XULQJ�WUDQVIHU�WR�RXU�KRVSLWDO�PDJQHVLXP�VXOIDWH��DPLRGDURQH��DGPLQLVWHUHG�DQG�LQGXFWLRQ�VHGDWLRQ�EHJDQ�WR
FDUGLRUHVSLUDWRU\�SRVWSDUDGD�K\SRWKHUPLD�

2Q�DUULYDO�7$��������QRUPRWHQVLYH������VDWXUDWLRQ�DVVLVWHG�EUHDWKLQJ��1HXURORJLFDO��XQGHU�WKH�LQIOXHQFH�RI�VHGDWLRQ��V\PPHWULF�DQG�UHDFWLYH�SXSLOV
SURQH�VSRQWDQHRXVO\�PRELOL]LQJ�P\GULDVLV�DQG�XSSHU�H[WUHPLWLHV��1HW�FDUGLDF�DXVFXOWDWLRQ�WRQHV�ZLWKRXW�DXGLEOH�PXUPXUV��ZLWKRXW�SDWKRORJLFDO
UHVSLUDWRU\�VRXQGV��GHSUHVVLEOH�VRIW�DEGRPHQ�DQG�QR�SDOSDEOH�PDVVHV�DQG�V\PPHWULFDO�FHQWUDO�SXOVHV�DUH�SDOSDWHG���

$QDO\WLFDO�+WF�������������1�OHXNRF\WHV�3ODWHOHWV��������������������GLPHU�'�73�������&UHDW������.�LRQV��0J�QRUPDO��WURSRQLQ�������DW���R
FORFN
FXUYH�SRVLWLYH�FDUGLDF�ELRPDUNHUV�&.�0%�7URSRQLQ������������

5[�WKRUD[�ZLWKRXW�ILQGLQJV�

(.*��56����SP�ZLWK�67�HOHYDWLRQ�VLJQLILFDQWO\�ORZHU�WHUULWRU\�

'LIIHUHQWLDO�GLDJQRVLV�

���DUUK\WKPRJHQLF�KHDUW�GLVHDVH�ZKHUH�WKH�KHDUW�LV�VWUXFWXUDOO\�QRUPDO�EXW�KDV�HOHFWULFDO�IDXOWV�DV�%UXJDGD�V\QGURPH�DQG�ORQJ�47�V\QGURPH�

���SRVVLEOH�VWUXFWXUDO�KHDUW�GLVHDVH�VXFK�DV�K\SHUWURSKLF�FDUGLRP\RSDWK\��GLODWHG�FDUGLRP\RSDWK\�RU�DUUK\WKPRJHQLF�ULJKW�YHQWULFXODU�WR�PDNH�WKLV
VFUHHQLQJ�ODSWRS�(FKRFDUGLRJUDSK\�ZDV�UHTXHVWHG�

���:LWK�WKH�DQDO\WLFDO�GDWD�DQG�HOHFWURFDUGLRJUDSKLF�P\RFDUGLDO�SRVVLEOH�DW�WKH�H[SHQVH�RI�ULJKW�FRURQDU\�LQIDUFWLRQ�

���VFUHHQLQJ�RI�SXOPRQDU\�HPEROLVP

$IWHU�FRPSOHWLRQ�RI�SRUWDEOH�PDVV�(FKRFDUGLRJUDSK\�ILQGLQJ�VXJJHVWLYH�RI�OHIW�DWULDO�P\[RPD�

:LWKLQ����KRXUV�RI�DGPLVVLRQ�SHUVLVWHG�ZLWK�HOHYDWHG�ELRPDUNHUV�&.�0%�����SHDN�PD[LPXP��FDWDWHULVPR�KHDUW�ZDV�GLVPLVVHG�GXH�WR�WKH
LPSRVVLELOLW\�RI�UHYDVFXODUL]DWLRQ�RU�DVSLUDWLQJ�HPEROLF�PDWHULDO�PD\�P\[RPDWRXV�RULJLQ�DQG�DW�DOO�WLPHV�WKH�RYHUDOO�YHQWULFXODU�FRQWUDFWLOLW\�ZDV
SUHVHUYHG�

7KH\�LQWHUYHQHG�RSHQLQJ�OHIW�DWULXP�DQG�UHOLDEOH�PDVV�UHVHFWLRQ�DQG�DQFKRUHG�LQ�IRUDPHQ�RYDOH�FRPSDWLEOH�ZLWK�P\[RPD�DSSHDUDQFH�

([FHOOHQW�SRVWRSHUDWLYH�HYROXWLRQ��,W�ZDV�H[WXEDWHG����KRXUV�DIWHU�VXUJHU\�DQG�ZDV�GLVFKDUJHG�IURP�WKH�VHUYLFH�RI�FDUGLRYDVFXODU�VXUJHU\�DW���
GD\V�RI�FDUGLDF�DUUHVW�

'LVFXVVLRQ�

3ULPDU\�FDUGLDF�WXPRUV�UHSUHVHQW����RI�DOO�WXPRUV�DQG�FDUGLDF�P\[RPD�LV�WKH�PRVW�FRPPRQ�W\SH�RI�SULPDU\�FDUGLDF�WXPRU�LQ�DGXOWV��,WV�PRVW
FRPPRQ�SUHVHQWDWLRQ�LV�LQ�WKH�OHIW�DWULXP��7KH\�PD\�FOLQLFDOO\�SUHVHQW�ZLWK�YDULRXV�IRUPV��DV\PSWRPDWLF�LQFLGHQWDO�ILQGLQJ�RQ�HFKRFDUGLRJUDSKLF
H[DPLQDWLRQ��DXVFXOWDWLRQ�FDQ�FOHDUO\�UHYHDO�RQH�PLWUDO�PXUPXU��ZLWK�QHXURORJLFDO�V\PSWRPV�DQG�FDUGLRHPERO�JHQRV�SLFWXUHV�EHFDXVH�RI�WKH
HPEROLF�SRWHQWLDO�SUHVHQWHG�ZLWK�GHWDFKPHQWV�VPDOO�SRUWLRQV�HPEROL�LQ�VPDOO�YHVVHOV�

,Q�FRQFOXVLRQ�UHIOHFW�XVHIXO�LQ�HPHUJHQF\�DUHDV�DYDLODELOLW\�SRUWDEOH�HFKRFDUGLRJUDSK\�



,1)(&7,286�',6($6(���6(36,6 7KRPDV�/DIRQ

��������6WDSK\ORFRFFDO�FRPPXQLW\�DFTXLUHG�XULQDU\�WUDFW�LQIHFWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��D�VLJQ�IRU�DFXWH�LQIHFWLYH
HQGRFDUGLWLV"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/DIRQ�7KRPDV������3KLOLSSH�9LJQRQ������7KRPDV�'DL[������/XFLH�/DYDXG������$OH[DQGUD�$SSHUW������9LQFHQW�%LJUDW������9LQFHQW�/HJDU�RQ������2OLYLHU
%DUUDXG������%UXQR�)UDQ�RLV����

���(PHUJHQF\�'HSDUWPHQW�DQG�,QVHUP�&,&�������/LPRJHV�8QLYHUVLW\�+RVSLWDO��/LPRJHV��)5$1&(
���,QWHQVLYH�&DUH�8QLW��/LPRJHV�8QLYHUVLW\�+RVSLWDO��/LPRJHV��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��/LPRJHV�8QLYHUVLW\�+RVSLWDO��/LPRJHV��)5$1&(
���0LFURELRORJ\�'HSDUWPHQW�DQG�,QVHUP�805�6������/LPRJHV�8QLYHUVLW\�+RVSLWDO��/LPRJHV��)5$1&(
���,QWHQVLYH�&DUH�8QLW�DQG�,QVHUP�&,&�������/LPRJHV�8QLYHUVLW\�+RVSLWDO��/LPRJHV��)5$1&(

.H\ZRUGV��,QIHFWLYH�HQGRFDUGLWLV��6DSK\ORFRFFXV�DXUHXV��EDFWHULXULD

$EVWUDFW��

,QWURGXFWLRQ��8ULQDU\�WUDFW�LQIHFWLRQ�LV�D�IUHTXHQW�FDXVH�RI�DGPLVVLRQ�DW�WKH�(PHUJHQF\�'HSDUWPHQW��('���0RVW�SUHYDOHQW�EDFWHULD�DUH�XVXDOO\
JUDP�QHJDWLYH�EDFLOOL�DQG�6WDSK\ORFRFFXV�DXUHXV��6D��LV�UDUHO\�HYLGHQFHG��������H[FHSW�LQ�KRVSLWDO�DFTXLUHG�LQIHFWLRQV�GXH�WR�XULQDU\�FDWKHWHU
�(NNHOHQNDPS��&OLQ�,QIHFW�'LV�2II�3XEO�,QIHFW�'LV�6RF�$P�����������������Ä����%DFWHULXULD�FDQ�EH�REVHUYHG�LQ�6D�LQIHFWLYH�HQGRFDUGLWLV��,(��EHFDXVH
RI�WKH�PHWDVWDWLF�SURSHUWLHV�RI�6D��:H�K\SRWKHVL]HG�WKDW�SUHVHQFH�RI�6D�LQ�WKH�XULQH�FRXOG�EH�UHODWHG�WR�6WDSK\ORFRFFDO�EDFWHUHPLD�DVVRFLDWHG�ZLWK
XQVXVSHFWHG�,(�DQG�QRW�RQO\�WKH�H[SUHVVLRQ�RI�D��XVXDO��XULQDU\�WUDFW�LQIHFWLRQ�

0HWKRGV��7KLV�LV�D�GHVFULSWLYH�VLQJOH�FHQWHU�VWXG\�FRQGXFWHG�RYHU�D����\HDU�SHULRG�LQ�WKH�7HDFKLQJ�+RVSLWDO�RI�/LPRJHV��$OO�SDWLHQWV�DGPLWWHG�WR�WKH
('�ZLWK�6D��ERWK�066$�DQG�056$��LVRODWHG�IURP�WKHLU�XULQH�FXOWXUHV�ZHUH�UHWURVSHFWLYHO\�DQDO\]HG��'DWD�ZHUH�FROOHFWHG�IURP�WKH�GDWDEDVH�RI�WKH
PLFURELRORJ\�GHSDUWPHQW�DQG�WKH�SDWLHQW�PHGLFDO�FKDUWV��:H�VHFRQGDULO\�VHDUFKHG�LI�D�6D�,(�KDG�EHHQ�GRFXPHQWHG�LQ�SDWLHQWV�ZLWK�6D�LVRODWHG�IURP
WKHLU�EORRG�FXOWXUHV�LQ�RUGHU�WR�HVWDEOLVK�D�OLQN�EHWZHHQ�,(�DQG�SUHVHQFH�RI�6D�LQ�WKH�XULQH��:H�XVHG�PRGLILHG�'XNHV�FULWHULD�DV�GLDJQRVWLF�FULWHULD�RI
,(��/L��&OLQ�,QIHFW�'LV�2II�3XEO�,QIHFW�'LV�6RF�$P���������������Ä���

5HVXOWV��%HWZHHQ������DQG���������������SDWLHQWV�ZHUH�DGPLWWHG�LQ�WKH�('��2XW�RI�WKH�����UHFRUGV�DQDO\]HG������SDWLHQWV�ZKRVH�XULQH�FXOWXUH
JUHZ�6D�ZHUH�H[FOXGHG�EHFDXVH�WKH\�KDG�D�XULQDU\�FDWKHWHU��Q ����RU�VWHULOH�EORRG�FXOWXUHV��Q �����)LQDOO\�����SDWLHQWV�ZHUH�VWXGLHG�����PHQ�
PHGLDQ�DJH�����\HDUV��GLDEHWHV��Q ���PLWUDO�YDOYXODU�GLVHDVH��Q ���DRUWLF�YDOYXODU�GLVHDVH��Q ����5HDVRQV�IRU�DGPLVVLRQ�ZHUH�PDUNHGO\
KHWHURJHQHRXV�DQG�IHYHU�DFFRXQWHG�IRU����FDVHV��(FKRFDUGLRJUDSK\�ZDV�SHUIRUPHG�LQ����SDWLHQWV�ZLWK�D�PHGLDQ�GHOD\�RI�����GD\V��UDQJH������
GD\V��DQG�,(�ZDV�FRQILUPHG�LQ����RI�WKHP��2QO\�WKUHH�FDVHV�RI�,(�KDYH�EHHQ�GLDJQRVHG�LQ�WKH�('�EHFDXVH�RI�D�IHYHU�DQG�YDOYXODU�PXUPXU��Q ���EXW
QR�SDWLHQW�ZDV�DGPLWWHG�WR�WKH�('�IRU�,(�VXVSLFLRQ��2WKHU�LQLWLDOO\�VXVSHFWHG�GLDJQRVHV�ZHUH�SURVWDWLWLV��SQHXPRQLD�RU�DSSHQGLFLWLV�DQG�QRW�UHODWHG
WR�DQ\�W\SH�RI�LQIHFWLRQ�LQ�����RI�WKH�FDVHV��7KH�RULJLQ�RI�6D�EDFWHUHPLD�ZDV�FXWDQHRXV�LQ�����RI�WKH�FDVHV��'XULQJ�WKH�KRVSLWDO�VWD\������RI�WKH
SDWLHQWV�SUHVHQWHG�VHFRQGDU\�VLWHV�RI�6D�LQIHFWLRQ�LQ�DGGLWLRQ�WR�WKH�XULQDU\�WUDFW��DUWKULWLV��VSOHQLF�DEFHVV��FHUHEUDO�KHPDWRPD���$PRQJ����SDWLHQWV
SUHVHQWLQJ�ZLWK�DQ�,(����GLHG�ZLWKLQ���GD\V��DQG�WRWDO�KRVSLWDO�PRUWDOLW\�UHDFKHG������

&RQFOXVLRQ��7KLV�FDVH�VHULHV�VXJJHVWV�WKDW�,(�VKRXOG�EH�UXOHG�RXW�ZKHQ�6D�EDFWHULXULD�LV�HYLGHQFHG��LUUHVSHFWLYH�RI�WKH�FOLQLFDO�SUHVHQWDWLRQ��7KLV
FRXOG�TXHVWLRQ�WKH�UHDOLW\�RI�LVRODWHG�FRPPXQLW\�DFTXLUHG�XULQDU\�WUDFW�LQIHFWLRQV�GXH�WR�6D�
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��������*ULSDO�V\QGURPH�LQ�-DQXDU\�ZLOO�QRW�DOZD\V�EH�*ULSH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�,VDEHO�&RUUHD������-XVWLQR�3DFKHFR����

���(PHUJHQF\�DQG�FULWLFDO�FDUH��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1
���(PHUJHQF\��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1

.H\ZRUGV��VHSVLV��ULFNHWWVLD��LQIOXHQ]D

$EVWUDFW��

$����\HDUV�ROG�PDQ�VWXGHQW�ZLWK�QR�PHGLFDO�KLVWRU\���+H�FRQVXOWDWLRQ�LQ�)HEUXDU\�ZLWK���GD\V�RI��HYROXWLRQ�LQ�DUWURPLDOJLDV��ZHDNQHVV�LQ�WKH�ORZHU
OLPEV����&�IHYHU��GHFUHDVHG�DSSHWLWH�DQG�DOWHUHG�EHKDYLRU�

3K\VLFDO�H[DPLQDWLRQ��DJLWDWLRQ�DQG�QHUYRXVQHVV��IHHOLQJ�RI�LOOQHVV��IHYHU��K\SRWHQVLYH�DQG�WDFK\FDUGLF���6DWXUDWLRQ������WDFK\SQHLF�

2URSKDU\Q[�QRUPDO��QR�O\PSKDGHQRSDWK\��&DUGLRSXOPRQDU\�DXVFXOWDWLRQ�ZLWKRXW�ILQGLQJV��$EGRPHQ��VRIW�DQG�GHSUHVVLEOH�ZLWK�QR�VLJQV�RI
SHULWRQHDO�LUULWDWLRQ��GLVFUHHW�KHSDWRVSOHQRPHJDO\��1HXURORJLF��PRGHUDWH�QXFKDO�ULJLGLW\�DQG�ORZHU�OLPEV�GHFUHDVHG�VHQVLWLYLW\��$�VNLQ�OHYHO�
PDFXORSDSXODU�UDVK�RQ�WKH�OHJV�DQG�WUXQN�ZLWK�HU\WKHPDWRXV�XOFHUDWHG�OHVLRQ�LQ�WKH�ULJKW�HGJH�RI�LQQHU�VLGH�NQHH��7KH�SDWLHQW�WHOOV�XV�WKDW�VLQFH�LW
DSSHDUHG�WR�WKUHH�ZHHNV�VNLQ�OHVLRQV�DWWULEXWHG�WR�IOHD�ELWHV�IURP�\RXU�KDPVWHU�

�����������7HVWV��OHXNRF\WRVLV�QHXWURSKLOLD���������73��������&UHDW�������3&5������7KRUD[�5DGLRJUDSK\��ZLWKRXW�ILQGLQJV��*LYHQ�WKHVH�UHVXOWV�KH
HQWHUHG�H[SDQG�DQDO\WLFDO�REVHUYDWLRQ�ZLWK�VXVSHFWHG�VHSWLF�SURFHVV��3K������/DFWDWH������DQG�7$&�SULRU�VNXOO�SXQFWXUH��KLJK�SUHVVXUH�OLTXLG
FU\VWDOOLQH��ZDV�SHUIRUPHG��%ORRG�FXOWXUHV�ZHUH�H[WUDFWHG�WKURDW�VZDE�+�1���VHDVRQDO�LQIOXHQ]D�SHDN�$���XULQH��DQG�&6)�FXOWXUH�6HURORJ\��5LFNHWWVLD�
&R[LHOOD��%RUUHOLD��%UXFHOOD��

:H�EHJLQ�HPSLULFDO�WUHDWPHQW��FHIWULD[RQH��FODULWKURP\FLQ��GR[\F\FOLQH�DQG�DF\FORYLU��7UDV���KRXUV�XQGHU�REVHUYDWLRQ��EHJDQ�ZLWK�WDFK\SQHD�
K\SR[HPLD��DOYHRODU�LQILOWUDWHV�UD\�7KRUD[�ZKHUH�ELODWHUDO�LQWHUVWLWLDO�ZHUH�REVHUYHG�UHSHDWHG�

�6HURORJ\�QHJDWLYH�+�1���'XH�WR�UHVSLUDWRU\�GLVWUHVV�SURFHHG�WR�RURWUDFKHDO�LQWXEDWLRQ��6HSWLF�6KRFN�'LVWULEXWLYH�DVVRFLDWLQJ�UHQDO�IDLOXUH�
FRDJXORSDWK\�FRQVXPSWLRQ��ODFWLF�DFLGRVLV�

$IWHU����K�LQ�,&8�VHURORJLFDO�UHVXOW�ZDV�UHFHLYHG��5LFNHWWVLD�DJJOXWLQDWLRQ�FRQRULL�SRVLWLYH�,J�0�������FRQILUPLQJ�)HYHU�ERXWRQQHXVH��+H�HYROYHG�ZHOO
UHPDLQ�KLJK�DW���GD\V�

'LVFXVVLRQ�

�:H�KDYH�SUHVHQWHG�WKLV�FDVH�EHFDXVH�IXOO�VRFLDO�DODUP�LQIOXHQ]D�PXVW�EH�DOHUW�WR�IHEULOH�DOPRVW�DOO�DVVRFLDWHG�DUWURPLDOJLDV��PDODLVH��KHDGDFKH�DQG
IHYHU��UHDVRQV�IRU�FRQVXOWDWLRQ�YHU\�FRPPRQ�LQ�HPHUJHQFLHV��WKXV�KLJKOLJKWLQJ�WKH�KLVWRU\�DQG�SK\VLFDO�H[DPLQDWLRQ�DUH�YHU\�YDOXDEOH�WRROV�LQ�WKLV
FDVH��ZKHUH�DOPRVW�XQQRWLFHG�ERXWRQQHXVH�WKH�VNLQ�OHVLRQ�VSRW�RQ�OHJ�DQG�)HEUXDU\�LV�QRW�H[DFWO\�WKH�WLPH�ZKHUH�WKH�YHFWRU��WKH�WLFN��KDV�LQFUHDVHG
DFWLYLW\��LW�XVXDOO\�KDSSHQV�LQ�VXPPHU�

5LFNHWWVLDH�XVXDOO\�OLYH�LQVHFWV�VXFK�DV�PLWHV��WLFNV��IOHDV�RU�OLFH��+XPDQ�LQIHFWLRQ�RFFXUV�E\�WKH�ELWH�RI�WKHVH�LQVHFWV�WKDW�DFW�DV�D�UHVHUYRLU��7KH
FOLQLFDO�FDVH�FRUUHVSRQGV�WR�DQ�LQIHFWLRXV�GLVHDVH��ERXWRQQHXVH�IHYHU��FDXVHG�E\�5LFNHWWVLD�FRQRULL�DQG�WUDQVPLWWHG�E\�WKH�KDPVWHU�WLFN�ZLWK�VNLQ
VWLQJ�IURP�WKLV�ORFDWLRQ�RYHU�WKH�EORRG�RFFXUV��FDXVLQJ�D�YDVFXOLWLV�ZLGHVSUHDG��7RGD\�LW�LV�NQRZQ�WKDW�HQGRWKHOLDO�LQMXU\�EUHDN�HQGRWKHOLXP�SODWHOHW
XQLW��SODWHOHW�DFWLYDWLRQ��LQFUHDVHG�WKURPER[DQH�$��DQG�HQGRWKHOLQ�UHOHDVH�

6SRWWHG�IHYHU�XVXDOO\�KDV�D�EHQLJQ�FOLQLFDO�FRXUVH��EXW�D�VPDOO�SHUFHQWDJH�RI�FDVHV��������KDV�D�VHYHUH�FRXUVH�ZLWK�VLJQLILFDQW�YLVFHUDO�LQYROYHPHQW�
UHVXOWLQJ�LQ�UHQDO�IDLOXUH��GLVVHPLQDWHG�LQWUDYDVFXODU�FRDJXODWLRQ�ZLWK�SXUSXULF�UDVK��VHYHUH�KHSDWLF�LPSDLUPHQW��LQILOWUDWRUV�OXQJ�DQG�DOWHUHG
FRQVFLRXVQHVV��5LFNHWWVLDH�SUROLIHUDWH�LQ�WKH�HQGRWKHOLXP�RI�VPDOO�DUWHULHV��YHLQV�DQG�FDSLOODULHV�FDXVLQJ�LQFUHDVHG�YDVFXODU�SHUPHDELOLW\�
PLFURWKURPEL�IRUPDWLRQ��YDVFXODU�RFFOXVLRQ�DQG�PLFURLQIDUFWV��,QMXULHV�FDQ�DIIHFW�YDULRXV�RUJDQV�VXFK�DV�WKH�OLYHU��VSOHHQ��OXQJ��NLGQH\��P\RFDUGLXP�
PXVFOH��PHQLQJHV�DQG�EUDLQ�



6,08/$7,21�,1�(0 -HIIUH\�)UDQF

��������$Q�,WDOLDQ�YHUVLRQ�RI�WKH�2WWDZD�FULVLV�UHVRXUFH�PDQDJHPHQW�UDWLQJ�VFDOH��$�UHOLDEOH�DQG�YDOLG�WRRO�IRU�DVVHVVPHQW�RI
VLPXODWLRQ�SHUIRUPDQFH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-HIIUH\�)UDQF������0DQXHOD�9HUGH������$OED�5LSROO�*DOODUGR������/XFD�&DUHQ]R������3LHU�/XLJL�,QJUDVVLD����

���8QLYHUVLW\�RI�$OEHUWD��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��(GPRQWRQ��&$1$'$
���8QLYHUVLWD�GHO�3LHPRQWH�2ULHQWDOH��7UDQVODWLRQ�0HGLFLQH��1RYDUD��,7$/<

.H\ZRUGV��VLPXODWLRQ��HYDOXDWLRQ

$EVWUDFW��

,1752'8&7,21���2EMHFWLYH�PHDVXUHPHQW�RI�VLPXODWLRQ�SHUIRUPDQFH�UHTXLUHV�D�YDOLGDWHG�DQG�UHOLDEOH�WRRO���+RZHYHU��QR�SXEOLVKHG�,WDOLDQ�ODQJXDJH
DVVHVVPHQW�WRRO�LV�DYDLODEOH���7UDQVODWLRQ�RI�D�SXEOLVKHG�(QJOLVK�ODQJXDJH�WRRO��7KH�2WWDZD�&ULVLV�5HVRXUFH�0DQDJHPHQW�*OREDO�5DWLQJ�6FDOH��*56�
PD\�OHDG�WR�D�YDOLGDWHG�DQG�UHOLDEOH�WRRO�

�0(7+2'6���$IWHU�GHYHORSLQJ�DQ�,WDOLDQ�ODQJXDJH�WUDQVODWLRQ�RI�WKH�(QJOLVK�ODQJXDJH�WRRO��WKH�VWXG\�PHDVXUHG�WKH�UHOLDELOLW\�RI�WKH�QHZ�WRRO�E\
FRPSDULVRQ�WR�WKH�(QJOLVK�ODQJXDJH�WRRO�XVHG�LQGHSHQGHQWO\�LQ�WKH�VDPH�VLPXODWLRQ�VFHQDULRV���,Q�DGGLWLRQ��YDOLGLW\�RI�WKH�,WDOLDQ�ODQJXDJH�WRRO�ZDV
PHDVXUHG�E\�FRPSDULVRQ�WR�D�VNLOOV�VFRUH�DOVR�DSSOLHG�LQGHSHQGHQWO\�

5(68/76��7KH�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�WKH�,WDOLDQ�ODQJXDJH�RYHUDOO�*56�DQG�WKH�(QJOLVK�ODQJXDJH�RYHUDOO�*56�ZDV�������$GMXVWHG����
FRQILGHQFH�LQWHUYDO�������WR���������7KH�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�WKH�,WDOLDQ�ODQJXDJH�RYHUDOO�*56�DQG�WKH�VNLOO�VFRUH�ZDV�������$GMXVWHG����
FRQILGHQFH�LQWHUYDO�������WR�������

',6&866,21���7KLV�VWXG\�GHPRQVWUDWHG�WKDW�WKH�,WDOLDQ�ODQJXDJH�*56�KDV�DFFHSWDEOH�UHOLDELOLW\�ZKHQ�FRPSDUHG�WR�WKH�(QJOLVK�ODQJXDJH�WRRO�
VXJJHVWLQJ�WKDW�LW�FDQ�EH�XVHG�UHOLDEO\�WR�HYDOXDWH�SHUIRUPDQFH�GXULQJ�VLPXODWHG�HPHUJHQFLHV���7KH�VWXG\�DOVR�VXJJHVWV�WKDW�WKH�WRRO�KDV
DFFHSWDEOH�YDOLGLW\�IRU�DVVHVVLQJ�VLPXODWLRQ�SHUIRUPDQFH�

&21&/86,21���7KH�VWXG\�VXJJHVWV�WKDW�WKH�,WDOLDQ�ODQJXDJH�*56�WUDQVODWLRQ�KDV�UHDVRQDEOH�UHOLDELOLW\�ZKHQ�FRPSDUHG�WR�WKH�(QJOLVK�ODQJXDJH�*56�
DQG�UHDVRQDEOH�YDOLGLW\�ZKHQ�FRPSDUHG�WR�WKH�DVVHVVPHQW�RI�WKH�VNLOOV�VFRUHV���'DWD�VXJJHVW�WKDW�WKH�LQVWUXPHQW�LV�DGHTXDWHO\�UHOLDEOH�IRU�LQIRUPDO
DQG�IRUPDWLYH�W\SH�H[DPLQDWLRQV��EXW�PD\�UHTXLUH�IXUWKHU�FRQILUPDWLRQ�EHIRUH�XVHG�IRU�KLJK�VWDNHV�H[DPLQDWLRQV�VXFK�DV�OLFHQVLQJ�

���
���
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��������3DJHW�6FKURWWHU�V\QGURPH�DV�D�FDXVH�RI�SXOPRQDU\�HPEROLVP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�,VDEHO�&RUUHD������-XVWLQR�3DFKHFR����

���(PHUJHQF\�DQG�FULWLFDO�FDUH��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1
���(PHUJHQF\��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1

.H\ZRUGV��WKURPERVLV��YHQRXV��3DJHW�6FKURWWHU

$EVWUDFW��

)HPDOH����\HDUV�QXUVH�ZLWK�D�PHGLFDO�KLVWRU\�RI�WRQVLOOHFWRP\�DQG�DQHPLD�LQ�FXUUHQW�VWXG\��EHLQJ�WUHDWHG�ZLWK�LURQ��3UDFWLFH�XVXDOO\�TXLWH�VSRUW�
LQFOXGLQJ�VSLQQLQJ�

�

(PHUJHQF\�URRP�EHFDXVH�SDLQ��SDUHVWKHVLD�DQG�ULJKW�DUP�VL]H�LQFUHDVH�SURJUHVVLYHO\�IURP�VHYHQ�GD\V�DJR��+H�ZDV�WUHDWHG�ZLWK�DQWL�LQIODPPDWRULHV
DQG�EHQ]RGLD]HSLQH�DUP�SDLQ��*LYHQ�WKH�LPSURYHPHQW�QRW�FRQVXOW�XV��)URP�PDGH����KRXUV�VKRUWQHVV�RI�GHHS�LQVSLUDWLRQ�DLU��1R�FKHVW�SDLQ�RU
SDOSLWDWLRQV�

3K\VLFDO�H[SORUDWLRQ��$IHEULOH��QRUPRWHQVLYH������VDWXUDWLRQ�HXSQHLF��5LJKW�DUP�LQFUHDVH�LQ�GLDPHWHU�FRPSDUHG�ZLWK�FRQWUDODWHUDO�DUP�VPHDULQJ
ELFHSV�DQG�FKHVW�YDVFXODU�UHGLVWULEXWLRQ��3XOVHV�SUHVHQW��1RUPDO�FDUGLRSXOPRQDU\�DXVFXOWDWLRQ��QRQGHVFULSW�DEGRPHQ��QRUPDO�OHJV�

6XVSLFLRQ�'LDJQ�VWLFD��0XVFOH�,QMXU\�KHPDWRPD��O\PSKRHGHPD��YHQRXV�WKURPERVLV��FHOOXOLWLV�LQ�WKH�ULJKW�DUP�

$GGLWLRQDO�WHVWV��1RUPDO�DQDO\WLFDO�H[FHSW�KLJK�'�GLPHU������(.*��56����SP�VKDIW���*��&KHVW�UDGLRJUDSK�ZLWKRXW�DOWHUDWLRQV��'RSSOHU�XOWUDVRXQG
DUP�WKURPERVLV�VXEFODYLDQ��D[LOODU\�YHLQ�DQG�ULJKW�%DVLOLFD�

�

�

%HFDXVH�GHHS�YHLQ�WKURPERVLV�ULJKW�DUP�DQG�PLOG�G\VSQHD�ZDV�UHIHUULQJ�WKH�SDWLHQW�&7�DQJLRJUDSK\�7KRUD[�VKRZLQJ�GHIHFW�VHJPHQWDO�UHSOHWLRQ
OHYHO�OREDU�DUWHU\�ORZHU�OHIW�ZDV�UHTXHVWHG�OREDU�DUWHU\�ORZHU�ULJKW�DQG�DW�WKH�OHYHO�RI�DUWHU\�PLGGOH�OREH��DOO�FRPSDWLEOH�ZLWK�WKURPERHPEROLVP
SXOPRQDU\�

)LQDO�GLDJQRVLV��SUR[LPDO�GHHS�YHQRXV�WKURPERVLV�DQG�LQ�WKH�ULJKW�IRUHOLPE��%DVLOLFD�YHLQV��D[LOODU\�DQG�VXEFODYLDQ���3DJHW�6FKURWWHU�V\QGURPH�
3XOPRQDU\�HPEROLVP�LQ�VHJPHQWDO�OHYHO�

(YROXWLRQ��WKH�SDWLHQW�ZDV�DGPLWWHG�LQ�,QWHUQDO�0HGLFLQH�ZLWK�DQWLFRDJXODQW�WUHDWPHQW�DQG�VWXG\�RI�QHJDWLYH�WKURPERSKLOLD�KLJK��,W�ZDV�DIWHU���GD\V
LQ�KRVSLWDO��UHFHLYLQJ�WUHDWPHQW�ZLWK�ZDUIDULQ�

�

'LVFXVVLRQ�

�'HHS�YHLQ�WKURPERVLV�RI�WKH�XSSHU�OLPE�LV�UDUH��DFFRXQWLQJ�IRU������EXW�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�E\�WKH�HPHUJHQF\�SK\VLFLDQ�EHFDXVH�RI�WKH
ULVN�RI�SXOPRQDU\�HPEROLVP�������RI�GHHS�7KURPERVLV�PD\�EH�FRPSOLFDWHG�E\�SXOPRQDU\�WKURPERVLV���7KH�XSSHU�OLPE�WKURPERVLV�DUH�GLYLGHG�LQWR
SULPDU\�DQG�VHFRQGDU\��7KH�SULPDU\�FDQ�EH�LGLRSDWKLF��FRPSUHVVLRQ�RI�VXEFODYLDQ�YHLQ�ZLWK�DGMDFHQW�PXVFXORWHQGLQRXV�VWUXFWXUHV�GXULQJ�H[HUFLVH
�3DJHW�6FKURWWHU�V\QGURPH���6HFRQGDU\�UHODWH�WR�FDWKHWHUV��YHQRXV�RU�SDFHPDNHUV���FDQFHU��WKURPERSKLOLD��WUDXPD��VKRXOGHU�VXUJHU\�RU�KRUPRQDO�

7KH�3DJHW�6FKURWWHU�V\QGURPH�LV�DQ�XQGHUGLDJQRVHG�GLVHDVH��ZKLFK�PDLQO\�DIIHFWV�\RXQJ�LQGLYLGXDOV�LQ�WKHLU�GRPLQDQW�OLPE��,WV�LQFLGHQFH�LV���SHU
��������LQKDELWDQWV��DYHUDJH�DJH����\HDUV�EHLQJ�WKH�PDOH�IHPDOH�UDWLR������$�����RI�SDWLHQWV�UHSRUW�VLJQLILFDQW�SUHYLRXV�SK\VLFDO�DFWLYLW\��DOWKRXJK
WKH�ILUVW�ULE�DQG�FODYLFOH�KDUGO\�PRYH��WKH�YHLQ�LV�ORFDWHG�DW�WKH�SRLQW�RI�PD[LPXP�FRPSUHVVLRQ�RQ�SDVVLQJ�EHWZHHQ�WKH�DQWHULRU�VFDOHQH�DQG
VXEFODYLDQ�PXVFOH�WHQGRQ�

7KHUH�LV�QR�FRQVHQVXV�UHJDUGLQJ�WKH�WUHDWPHQW�RI�WKLV�GLVHDVH��7RGD\��PRVW�RI�WKH�DXWKRUV�VHHP�WR�DJUHH�WKDW�DQWLFRDJXODWLRQ�DORQH�RIIHUV�SRRU
UHVXOWV�VR�LW�LV�UHFRPPHQGHG�WR�DVVRFLDWH�WR�ILEULQRO\VLV�DQG�VXUJLFDO�WUHDWPHQW��ILUVW�ULE�UHVHFWLRQ��RU�HQGRYDVFXODU�
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��������)OXWWHU�LF�FDVH�RI�SURDUUK\WKPLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�,VDEHO�&RUUHD������-XVWLQR�3DFKHFR����

���(PHUJHQF\�DQG�FULWLFDO�FDUH��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1
���(PHUJHQF\��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1

.H\ZRUGV��$WULDO�IOXWWHU��IOHFDLQLGH��YHQWULFXODU�WDFK\FDUGLD

$EVWUDFW��

&OLQLF�KLVWRU\�

���\HDUV�UHWLUHG�SOXPEHU�PDQ�ZLWK�DFWLYH�OLIH�PHGLFDO�KLVWRU\�RI�K\SHUWHQVLRQ��G\VOLSLGHPLD��SDUR[\VPDO�DWULDO�ILEULOODWLRQ�DQG�QHRSODVLD�WUHDWHG�ZLWK
UDGLRWKHUDS\�SURVWDWH��+LV�IOHFDLQLGH�����PJU�PHGLFDWLRQ�HYHU\����KRXUV��ELVRSURORO���PJU��HQDODSULO���PJU��DFHQRFXPDURO�DQG�WDPVXORVLQ�

%HIRUH�WR�UHFHLYH�UDGLRWKHUDS\��VXIIHUV�ER[�ZLWK�VZHDWLQJ�GL]]LQHVV��JHQHUDO�PDODLVH�ZKLFK�OHDGV�KLP�WR�WKH�HPHUJHQF\�FRQWDFW��+H�KDG�EUHDNIDVWHG
DQG�WDNHQ�KLV�GRVH�RI�ELVRSURORO�DQG�IOHFDLQLGH�PRUQLQJ��HOHFWURFDUGLRJUDP�REMHFWLI\LQJ�ZLGH�456�UHJXODU�WDFK\FDUGLD�DW�����ESP��ZK\�LW�SDVVHV
FULWLFDO�DUHD�LV�SHUIRUPHG��+H�VKRZHG�QR�FKHVW�SDLQ�RU�SDOSLWDWLRQV�RU�G\VSQHD�

3K\VLFDO�H[DPLQDWLRQ�RQ�DGPLVVLRQ��FRQVFLRXV�DQG�RULHQWHG��KLSRWHQVR�7$��������WDTXLF�UGLFR����OSP��SDOH�VNLQ�ZLWK�VZHDWLQJ�DQG�IHHOLQJ�VLFN�

1R�MXJXODU�YHQRXV�GLVWHQVLRQ

UK\WKPLF�FDUGLDF�DXVFXOWDWLRQ�WRQHV�WR����SP�QR�PXUPXUV��QR�SDWKRORJLFDO�OXQJ�VRXQGV�

QRQGHVFULSW�DEGRPHQ��ORZHU�H[WUHPLWLHV�ZLWKRXW�HGHPD�RU�VLJQV�RI�YHQRXV�WKURPERVLV�

�

'XH�WR�KHPRG\QDPLF�LQVWDELOLW\�DQG�HYLGHQFH�RI�ZLGH�456�UHJXODU�WDFK\FDUGLD�SURFHHGV�WR�V\QFKURQL]HG�HOHFWULFDO�FDUGLRYHUVLRQ�DIWHU�VHGDWLRQ�ZLWK
D�VLQJOH�GRZQORDG�UHYHUWLQJ�WR�VLQXV�UK\WKP�����MRXOHV�

�

�

$IWHU�FDUGLRYHUVLRQ��(&*�56����SP�VKDIW����*q�6LJQV�+\SHUWURSK\

/HIW�YHQWULFXODU��DOO�DQWLDUUK\WKPLF�PHGLFDWLRQ�ZDV�GLVFRQWLQXHG�

�

&RPSOHPHQWDU\�WHVWV��DQDO\WLFDO�,15����&KHVW�UDGLRJUDSK\��FDUGLRPHJDO\�GLVFUHHW��SDUHQFK\PDV�ZLWKRXW�ILQGLQJV��(FKRFDUGLRJUDSK\�PRGHUDWH�DQG
/9+�SUHYDOHQFH�RI�EDVDO�DRUWLF�VWHQRVLV�

�

'LIIHUHQWLDO�GLDJQRVHV�

��9HQWULFXODU�WDFK\DUUK\WKPLD�ZLGH�456

��$FXWH�&RURQDU\�6\QGURPH

��456�WDFK\DUUK\WKPLD�VHFRQGDU\�,&�DQWLDUUK\WKPLF�ZLGWK��IOHFDLQLGH��SURSDIHQRQH�

�

)LQDO�GLDJQRVLV��)OXWWHU�ZLGH�456�WDFK\DUUK\WKPLD�,&�

�

(YROXWLRQ��7KH�SDWLHQW�UHPDLQHG�VWDEOH�IRU����K�XQGHU�REVHUYDWLRQ�HQWHULQJ�FDUGLRORJ\�VWXG\��ZKHUH�FDWKHWHUL]DWLRQ�ZHUH�SHUIRUPHG�ZKLFK�VKRZHG
QRUPDO�FRURQDU\�DUWHULHV��+ROWHU�ZLWK�IUHTXHQW�SUHPDWXUH�YHQWULFXODU�FRQWUDFWLRQV�DQG�YHQWULFXODU�WDFK\FDUGLD�HSLVRGH�1RQ�+ROG����EHDWV��
HOHFWURSK\VLRORJLFDO�VWXG\�ZLWKRXW�LQGXFWLRQ�RI�YHQWULFXODU�WDFK\FDUGLD�DQG�YHQWULFXODU�SDFLQJ�DIWHU�VKRZLQJ�DEHUUDQW�DIWHU�DWULDO�VWLPXODWLRQ
VXJJHVWLYH�RI�VXSUDYHQWULFXODU�SDUR[\VPDO�WDFK\FDUGLD�DEHUUDWHG�

�



'LVFXVVLRQ��WKH�ILUVW�FDVH�RI�SUR�DUUK\WKPLD��LH�LQGXFWLRQ�DQWLDUUK\WKPLF�GUXJV�RU�FKDQJH�ZRUVHQLQJ�DUUK\WKPLD�WUHDWHG�ZHOO�ZLWK�WKH�GHYHORSPHQW�RI
D�QHZ�EUDG\DUUK\WKPLD�RU�WDFK\DUUK\WKPLD��GDWHV�IURP������

�7KHUH�ZDV�D�EHIRUH�DQG�DIWHU�LQ�WHUPV�RI�SURDUUK\WKPLDV�IROORZLQJ�WKH�SXEOLFDWLRQ�LQ������RI�WKH�VWXG\�&$67��7KH�&DUGLDF�$UUKU\WKPLD�6XSSUHVVLRQ
7ULDO��VKRZLQJ�DQ�LQFUHDVH�LQ�PRUWDOLW\�ZLWK�WKH�XVH�RI�IOHFDLQLGH�DQG�HQFDLQLGH�YHUVXV�SODFHER�LQ�SDWLHQWV�ZLWK�SUHYLRXV�P\RFDUGLDO�LQIDUFWLRQ��,Q�RXU
FDVH�ZDV�D�SDWLHQW�ZLWK�SDUR[\VPDO�DWULDO�ILEULOODWLRQ�WUHDWHG�ZLWK�IOHFDLQLGH��SRFNHW�SLOO��KH�GHYHORSHG�DWULDO�IOXWWHU��)OHFDLQLGH�LV�DQ�DQWLDUUK\WKPLF
�&�JURXS�WKDW�DFWV�E\�EORFNLQJ�WKH�FKDQQHO�VRGLR�/D�IOHFDLQLGH�RU�SURSDIHQRQH�PDQDJHPHQW��DWULDO�ILEULOODWLRQ�FDQ�WUDQVIRUP�LQWR�IOXWWHU��IOXWWHU
FDOOHG��&���7KH�UHVXOW�ZLOO�EH�OHQW�IOXWWHU�ZLWK������FRQGXFWLRQ�WR�YHQWULFOHV�DQG�ZLGH�456�

,W�LV�XVHIXO�WR�SUHYHQW�FR�DGPLQLVWUDWLRQ�RI�EHWD�EORFNHUV�

7KH�LQFLGHQFH�RI�WKLV�W\SH�RI�,&�)OXWWHU�LV�ORZ��DERXW����



$,5:$< <($�-,�/((

��������&RPSDULVRQ�RI�VLPSOH�VW\OHW�YHUVXV�OLJKWHG�VW\OHW�IRU�WUDFKHDO�LQWXEDWLRQ�ZLWK�GLUHFW�ODU\QJRVFRS\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.,0�-,1�+((������3$5.�6(21*�-22������/((�<($�-,����

�����'HSDUWPHQW�RI�$QHVWKHVLRORJ\�DQG�3DLQ�0HGLFLQH��6HRXO�1DWLRQDO�8QLYHUVLW\�%XQGDQJ�+RVSLWDO��6HRQJQDP��.25($��5(38%/,&�2)

.H\ZRUGV��OLJKWHG�VW\OHW��WUDFKHDO�LQWXEDWLRQ��GLUHFW�ODU\QJRVFRS\

$EVWUDFW��

%DFNJURXQG��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�HIIHFWLYHQHVV�RI�OLJKWHG�VW\OHW�GXULQJ�WUDFKHDO�LQWXEDWLRQ�ZLWK�GLUHFW�ODU\QJRVFRS\�

0HWKRGV��7ZR�KXQGUHG�HLJKW\�IRXU�SDWLHQWV�XQGHUJRLQJ�JHQHUDO�DQHVWKHVLD�ZHUH�UDQGRPO\�DVVLJQHG�WR�HLWKHU�VLPSOH�VW\OHW��JURXS�6��RU�OLJKWHG
VW\OHW�JURXS��JURXS�/���,Q�ERWK�JURXSV��VW\OHW�DVVLVWHG�WUDFKHDO�LQWXEDWLRQ�ZDV�SHUIRUPHG�ZLWK�GLUHFW�ODU\QJRVFRS\��,Q�JURXS�6��VLPSOH�VW\OHW�ZDV
XVHG��'XULQJ�LQWXEDWLRQ��WKH�VW\OHW�ZDV�UHPRYHG�ZKHQ�WKH�WLS�RI�WKH�HQGRWUDFKHDO�WXEH�ZDV�VXSSRVHG�WR�SDVV�WKH�ODU\Q[��,Q�JURXS�/��OLJKWHG�VW\OHW
ZDV�XVHG�DQG�UHPRYHG�DIWHU�FRQILUPLQJ�WUDQVLOOXPLQDWLRQ�RI�VRIW�WLVVXH�DERYH�WKH�VXSUDVWHUQDO�QRWFK��7KH�VXFFHVV�UDWH�DW�WKH�ILUVW�DWWHPSW��WRWDO
LQWXEDWLRQ�WLPH��WKH�LQFLGHQFH�RI�PXFRVDO�EOHHGLQJ�DQG�WKH�GHJUHH�RI�SRVWRSHUDWLYH�VRUH�WKURDW�ZHUH�FRPSDUHG�

5HVXOWV��&RPSDUHG�ZLWK�VLPSOH�VW\OHW��OLJKWHG�VW\OHW�VLJQLILFDQWO\�LQFUHDVHG�LQ�WKH�VXFFHVV�UDWH�RI�WUDFKHDO�LQWXEDWLRQ�DW�WKH�ILUVW�DWWHPSW������>���@
YV�����>���@��3����������*URXS�6�DQG�/��UHVSHFWLYHO\���7KH�LQFLGHQFH�RI�PXFRVDO�EOHHGLQJ�ZDV�VLJQLILFDQWO\�ORZHU�LQ�*URXS�/����>���@�YV����>���@��3�
�������*URXS�6�DQG�/��UHVSHFWLYHO\���7RWDO�LQWXEDWLRQ�WLPH�DQG�WKH�GHJUHH�RI�SRVWRSHUDWLYH�VRUH�WKURDW�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�WKH
WZR�JURXSV�

&RQFOXVLRQV��/LJKWHG�VW\OHW�LQFUHDVHV�LQ�WKH�VXFFHVV�UDWH�RI�WUDFKHDO�LQWXEDWLRQ�GXULQJ�VW\OHW�DVVLVWHG�WUDFKHDO�LQWXEDWLRQ�ZLWK�GLUHFW�ODU\QJRVFRS\�

5HIHUHQFHV��*�W]�6HURFNL���HW�DO����������È0DQDJHPHQW�RI�WKH�SUHGLFWHG�GLIILFXOW�DLUZD\��D�FRPSDULVRQ�RI�FRQYHQWLRQDO�EODGH�ODU\QJRVFRS\�ZLWK
YLGHR�DVVLVWHG�EODGH�ODU\QJRVFRS\�DQG�WKH��

��������������������������������������������������������������*OLGH6FRSHÉ���(XURSHDQ�-RXUQDO�RI�$QDHVWKHVLRORJ\���������Ä��

��������������������5LFKDUG�0��/HYLWDQ��HW�DO����������È7KH�FRPSOH[LWLHV�RI�WUDFKHDO�LQWXEDWLRQ�ZLWK�GLUHFW�ODU\QJRVFRS\�DQG�DOWHUQDWLYH�LQWXEDWLRQ�GHYLFHVÉ
$QQ�(PHUJ�0HG�������������



&$6(�35(6(17$7,21 $/,&,$�52''5d*8(=

��������$QRWKHU�FDXVHV�RI�DFXWH�FRURQDU\�V\QGURPH��.RXQLV�6\QGURPH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$OLFLD�5RGU�JXH]������9LUJLQLD�/R]DQR������)�WLPD�)HUQDGH]�6DOJDGR������*XLOO�Q�,UHQH������5LFR�5DTXHO����

���$	(�'HSDUWPHQW��+RVSLWDO�8QLYHUVLWDULR�GH�0�VWROHV��0DGULG��63$,1

.H\ZRUGV��$OOHUJLF�DQJLQD�DQG�P\RFDUGLDO�LQIDUFWLRQ��FRURQDU\�YDVRHVSDVP��NRXQLV�V\QGURPH

$EVWUDFW��

&OLQLF�KLVWRU\�

����\HDUV�ROG�ZRPDQ�ZLWK�K\SHUWHQVLRQ�DQG�RVWHRSRURVLV�WKDW�DIWHU�HDWLQJ�D�FKRFRODWH�EHJLQV�ZLWK�HU\WKHPD�DQG�LWFKLQJ�LQ�XSSHU�H[WUHPLWLHV�DQG
RSSUHVLYH�FKHVW�SDLQ�DFFRPSDQLHG�E\�VZHDWLQJ��2Q�SK\VLFDO�H[DPLQDWLRQ��WKH�SDWLHQW�KDV�EORRG�SUHVVXUH���������KHDUW�UDWH����DQG�WHPSHUDWXUH���q�
HU\WKHPD�DQG�ZKHDOV�RQ�WUXQN�DQG�XSSHU�H[WUHPLWLHV��OLS�HGHPD��7KH�EORRG�FRXQW�DQG�ELRFKHPHVWU\�KDYH�QR�QRWDEOH�FKDQJHV��,Q�WKH�LQLWLDO
HOHFWURFDUGLRJUDPD�67�LV�GHFUHDVHG�LQ�9���9��DQG�,,��$IWHU�WUHDWPHQW�ZLWK�QLWURJO\FHULQH�DQG�DQWLKLVWDPLQHV�GUXJV��LPSURYHV�WKH�SDLQ�DQG�WKH�(&*
FKDQJHV��$W����KRXUV�WKH�SDWLHQW�EHJLQV�DJDLQ�ZLWK�FKHVW�SDLQ�DQG�/%%%�LQ�(&*�WKHQ�DFWLYDWLQJ�WKH�P\RFDUGLDO�FRGH��&DWKHWHULVP�LV�SHUIRUPHG
ZLWKRXW�FRURQDU\�OHVLRQV�REMHFWLILHG��7KH�SDLQ�LPSURYHV�DJDLQ�DIWHU�DGPLQLVWUDWDLRQ�17*��PHWLOSUHGQLVRORQH�DQG�DQWLKLVWDPLQHV�GUXJV��$W�QR�WLPH
P\RFDUGLDO�HQ]\PHV�ULVH�

&RQFOXVLRQ�

7KH�DVVRFLDWLRQ�EHWZHHQ�FRURQDU\�HYHQWV�DQG�DOOHUJLF�UHDFWLRQV��DUH�UHFRJQL]HG�IRU�\HDUV��7KH�ILUVW�FDVH�ZDV�GHVFULEHG�LQ������DIWHU�DOOHUJLF
UHDFWLRQ�WR�SHQLFLOOLQ��,Q������.RXQLV�DQG�=D\UDV�GHVFULEH�.RXQLV�V\QGURPH�HVWDEOLVKLQJ�WZR�W\SHV��7\SH�,���SDWLHQWV�ZLWK�FDUGLRYDVFXODU�ULVN�IDFWRUV
DQG�FRURQDU\�VSDVP�ZLWK�QRUPDO�FRURQDU\�DUWHULHV���7\SH�,,��ZLWK�DWKHURVFOHURWLF�SODTXHV�LQ�WKH�FRURQDU\�DUWHULHV�WKDW�DUH�EURNHQ�GXULQJ�WKH�DOOHUJLF
UHDFWLRQ�

,Q�FRFOXVLRQ�DQ�DOOHUJLF�UHDFWLRQ�FDQ�OHDG�WR�FDUGLRYDVFXODU�HYHQWV�$&6�RQ�DUWHULHV�ZLWK�RU�ZLWKRXW�DQJLRJUDSKLF�OHVLRQV�EHLQJ�WKH�SDWKRJHQLF
PHFKDQLVP�YDVRVSDVP�SURGXFHG�E\�PHGLDWRUV�GHOLYHUHG�LQ�DQDSK\OD[LV�DV�KLVWDPLQH�DQG�OHXNRWULHQHV�WKDW�DFW�DV�D�SRWHQW�YDVRFRQVWULFWRU�
)DFLODWLQJ�IDFWRUV�DUH�WKH�SUHVHQFH�RI�FDUGLRYDVFXODU�ULVN�IDFWRUV�DQG�WKH�H[LVWHQFH�RI�DWKHURVFOHURVWLF�SODTXHV��



&$6(�35(6(17$7,21 =HLQDE�$EGHO�5DKPDQ

��������*$//�%/$''(5�92/98/86

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

=HQDE�$EGHO�5DKPDQ����

���7UDXPD�&ULWLFDO�&DUH�)HOORZ��+DPDG�0HGLFDO�&RUSRUDWLRQ��'RKD��4$7$5

.H\ZRUGV��$EGRPLQDO�SDLQ��*DOO�%ODGGHU��9ROYXOXV

$EVWUDFW��

$EVWUDFW

&DVH�UHSRUW��*$//�%/$''(5�92/98/86

$XWKRUV�

'U�=HLQDE�$EGHO�5DKPDQ�6HQLRU�&OLQLFDO�)HOORZ

'U�5D]DQD�0RKDPPHG�3*<�

(PHUJHQF\�GHSDUWPHQW��+*+

,QWURGXFWLRQ�

*DOO�EODGGHU�YROYXOXV�LV�D�UDUH�HQWLW\��ZLWK�D�SUHGLOHFWLRQ�IRU�HOGHUO\�ZRPHQ�LQ�WKHLU��WK�RU��WK�GHFDGHV�RI�OLIH��7KH�FRQGLWLRQ�UHVXOWV�LQ�URWDWLRQ�RI�WKH
JDOOEODGGHU�RQ�LWV�PHVHQWHU\�DORQJ�WKH�D[LV�RI�F\VWLF�GXFW�DQG�DUWHU\��3UHVHQFH�RI�UHGXQGDQW�PHVHQWHU\�LV�D�SUHUHTXLVLWH��7KH�GLVHDVH�LV�D�IUHTXHQW
PLPLFNHU�RI�DFXWH�&KROHF\VWLWLV��RIWHQ�GLIILFXOW�WR�GLDJQRVH�SUHRSHUDWLYHO\��7LOO�GDWH�RQO\�DERXW�����FDVHV�KDYH�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH��ZLWK
FKLOGUHQ�DQG�DGROHVFHQW�SUHVHQWDWLRQV�EHLQJ�H[FHHGLQJO\�UDUH�

�

&DVH�'HVFULSWLRQ�

:H�UHSRUW�D�FDVH�RI�DQ����\HDU�ROG�IHPDOH�ZKR�SUHVHQWHG�WR�(PHUJHQF\�ZLWK�ULJKW�XSSHU�4XDGUDQW�SDLQ�IRU�D�GD\�DVVRFLDWHG�ZLWK�UHSHDWHG�YRPLWLQJ�
7KH�SDWLHQW�ZDV�VWDEOH��KDG�WHQGHUQHVV�LQ�ULJKW�K\SRFKRQGULXP�

3DWLHQW�ZDV�HYDOXDWHG�DV�D�SRWHQWLDO�FDVH�RI�DFXWH�FKROHF\VWLWLV�

/DERUDWRU\�LQYHVWLJDWLRQV�KDYH�VKRZQ�QRUPDO�:KLWH�FHOO�FRXQW��'RXEOH�QRUPDO�/LYHU�IXQFWLRQ�WHVWV�

8OWUDVRXQG�VKRZHG�WKH�JDOO�EODGGHU�ZDV�RXW�RI�WKH�IRVVD�ZLWK�VLJQLILFDQW�HGHPD�DQG�ZDOO�WKLFNQHVV�VXJJHVWLYH�RI�È*DOO�EODGGHU�WRUVLRQÉ�

)XUWKHU�ZRUNXS�ZLWK�05&3�ZDV�GRQH��ZKLFK�KDYH�VKRZQ�ÈUHWURKHSDWLF�*DOO�%ODGGHU��ZLWK�SDUWLDO�YROYXOXV�DQG�KHPRUUKDJLF�DFDOFXODU�&KROHF\VWLWLV�
7KH�SDWLHQW�XQGHUZHQW�ODSDURVFRSLF�GHWRUVLRQ�DQG�FKROHF\VWHFWRP\�DQG�KDG�DQ�LQWUDRSHUDWLYH�HYLGHQFH�RI�JDOO�EODGGHU�YROYXOXV�ZLWK�JDQJUHQH�ZLWK
DQ�XQHYHQWIXO�FRXUVH�RI�KRVSLWDO�VWD\�

&RQFOXVLRQ�

:H�EHOLHYH�WKDW�WKLV�PD\�EH�WKH�ILUVW�GRFXPHQWHG�FDVH�RI�WKLV�UDUH�FRQGLWLRQ�IURP�4DWDU�

*DOO�%ODGGHU�YROYXOXV�PRVWO\�RFFXUV�LQ�(OGHUO\��EXW�LW�PLJKW�RFFXU�LQ�\RXQJ�SDWLHQWV�DV�ZHOO�DQG�VKRXOG�EH�LQFOXGHG�LQ�GLIIHUHQWLDO�GLDJQRVLV�RI
DEGRPLQDO�SDLQ�

8OWUDVRXQG�LV�VDIH��IHDVLEOH�GLDJQRVWLF�WRRO��DV�VHQVLWLYH�DV�05,�LQ�GLDJQRVLV�RI�*DOO�%ODGGHU�9ROYXOXV���������������������������



0$1$*(0(17���('�25*$1,6$7,21 5DGRVYHWD�:HOOV

��������3DWLHQW�3HUFHSWLRQV�RI�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6WRUP\�0RQNV������,JRU�.XVKQHU������$OHMDQGUR�9DUJDV������5D\PRQG�5XL]������5DGRVYHWD�:HOOV����

���(PHUJHQF\�0HGLFQH��7H[DV�7HFK�8QLYHUVLW\�+HDOWK�6FLHQFHV�&HQWHU�(O�3DVR��(O�3DVR��86$
���3DXO�/��)RVWHU�6FKRRO�RI�0HGLFLQH��7H[DV�7HFK�8QLYHUVLW\�+HDOWK�6FLHQFHV�&HQWHU�(O�3DVR��(O�3DVR��86$

.H\ZRUGV��SHUFHSWLRQ��WULDJH��HPHUJHQW��QRQ�HPHUJHQW��RYHUFURZGLQJ

$EVWUDFW��

%DFNJURXQG�

)URP������WR�������WKH�QXPEHU�RI�HPHUJHQF\�GHSDUWPHQW��('��YLVLWV�LQFUHDVHG�IURP�DSSUR[LPDWHO\����PLOOLRQ�WR�����PLOOLRQ���('�RYHUFURZGLQJ�LV
DPRQJ�WKH�ELJJHVW�SUREOHPV�LQ�WKH�8QLWHG�6WDWHV�KHDOWKFDUH�V\VWHP��WR�WKH�H[WHQW�WKDW�('�GLUHFWRUV�QDWLRQZLGH�DGPLW�WKH�TXDOLW\�RI�FDUH�RI�SDWLHQWV
LV�QHJDWLYHO\�LPSDFWHG�DV�D�GLUHFW�UHVXOW�RI�LW���:KLOH�D�YDULHW\�RI�FRPSOH[�IDFWRUV�DUH�UHVSRQVLEOH�IRU�RYHUFURZGLQJ��LQDSSURSULDWH�XVH�RI�WKH�('�LV
RIWHQ�WDUJHWHG�EHFDXVH�LW�LV�FRQVLGHUHG�H[SHQVLYH�DQG�ZDVWHIXO��2WKHU�IDFWRUV�VXFK�DV�QRW�KDYLQJ�D�SULPDU\�FDUH�SURYLGHU��3&3��RU�RYHUHVWLPDWLQJ
WKH�VHYHULW\�RI�WKHLU�FRQGLWLRQ�PD\�DOVR�LQIOXHQFH�WKHLU�GHFLVLRQ�WR�SUHVHQW�WR�WKH�('��%\�LGHQWLI\LQJ�IDFWRUV�WKDW�FDXVH�('�RYHUFURZGLQJ��('�VWDII
PD\�EH�DEOH�WR�SURYLGH�PRUH�WLPHO\�FDUH�WR�WKH�SDWLHQWV�ZKR�QHHG�LPPHGLDWH�FDUH�

3XUSRVH�

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�H[DPLQH�WKH�W\SH�RI�FRQGLWLRQV�SDWLHQWV�DUH�SUHVHQWLQJ�ZLWK�WR�WKH�('�DQG�WKHLU�UHDVRQV�IRU�FKRRVLQJ�WR�VHHN�FDUH
LQ�WKH�('�

0HWKRGV�

7KLV�FURVV�VHFWLRQDO�VWXG\�FROOHFWHG�����VXUYH\V�YLD�FRQYHQLHQFH�VDPSOLQJ�IURP�HPHUJHQF\�GHSDUWPHQW�SDWLHQWV�DW�D�FRXQW\�KRVSLWDO��'XH�WR�EHLQJ
RQ�WKH�86�0H[LFR�ERUGHU��VXUYH\V�DQG�FRQVHQWV�ZHUH�SURYLGHG�LQ�(QJOLVK�DQG�6SDQLVK���7KH�VXUYH\�ZDV�XVHG�WR�FROOHFW�GDWD�UHJDUGLQJ�XUJHQF\�IRU
WKH�('�YLVLW��WULDJH�UDWLQJ�E\�WKH�('�VWDII��VHOI�UHSRUWHG�FRQGLWLRQ��GHPRJUDSKLFV��DQG�3&3�VWDWXV��'DWD�DQDO\VLV�ZDV�FRPSOHWHG�XVLQJ�,%0�6366�����
5HVXOWV�
6WXG\�UHVXOWV�VKRZHG�WKDW�����RI�SDWLHQWV�UHSRUWHG�QRW�KDYLQJ�D�3&3��$�WRWDO�RI�����RI�WKH�SDWLHQWV�VXUYH\HG�FRQVLGHUHG�WKHLU�FRQGLWLRQ�WR�EH
OLIH�WKUHDWHQLQJ��$GGLWLRQDOO\�����RI�SDWLHQWV�ZHUH�UDWHG�DV�HPHUJHQW�DQG�����DV�XUJHQW�E\�WKH�('�WULDJH�UDWLQJ�VXJJHVWLQJ�WKDW�D�ODUJH�SRUWLRQ�RI
WKH�SDWLHQWV�VXUYH\HG�FRXOG�KDYH�UHFHLYHG�FDUH�HOVHZKHUH��+RZHYHU��RQO\�����RI�WKH�SDWLHQWV�EHOLHYHG�WKDW�WKH\�FRXOG�EH�WUHDWHG�DW�D�FOLQLF��7KH
PDLQ�LQIOXHQFHV�RQ�VHHNLQJ�FDUH�LQ�WKH�('�ZDV�EHLQJ�ÈVHHQ�TXLFNO\�DQG�RU�ZLWKRXW�DQ�DSSRLQWPHQWÉ�DQG�ÈDOORZHG�WKHP�WR�ZRUN�DURXQG�WKHLU
VFKHGXOHÈ�
&RQFOXVLRQV�
7KHVH�ILQGLQJV�VXJJHVW�WKDW�PDQ\�SDWLHQWV�DUH�DZDUH�WKH\�DUH�XVLQJ�WKH�('�LQDSSURSULDWHO\�RU�DUH�FRQVLGHULQJ�WKHPVHOYHV�DV�PRUH�LQ�QHHG�RI�XUJHQW
FDUH�WKDQ�WKH�('�VWDII�HYDOXDWHV�WKHP�WR�EH��$OWKRXJK�PDQ\�SDWLHQWV�PD\�QRW�QHHG�LPPHGLDWH�FDUH��WKH�('�PD\�EH�WKHLU�RQO\�RSWLRQ�IRU�KHDOWKFDUH��
7KH�DYDLODELOLW\�DQG�FRQYHQLHQFH�RI�WKH�('��DORQJ�ZLWK�D�ODFN�RI�DFFHVV�WR�RWKHU�VRXUFHV�RI�FDUH�DUH�KLJKO\�LQIOXHQWLDO�IDFWRUV�WKDW�WKH�KHDOWKFDUH
V\VWHP�VKRXOG�IRFXV�RQ�WR�UHGXFH�WKH�RYHUFURZGLQJ�LQ�('V�LQ�WKH�8QLWHG�6WDWHV��$GGUHVVLQJ�WKHVH�IDFWRUV�ZLOO�DOORZ�('V�WR�SURYLGH�DSSURSULDWH�
XQFRPSURPLVHG��DQG�WLPHO\�FDUH�WR�WKH�SDWLHQWV�ZLWK�WUXH�HPHUJHQFLHV�
5HIHUHQFHV�
��$PHULFDQ�+RVSLWDO�$VVRFLDWLRQ��7UHQGZDWFK�&KDUWERRN�������7UHQGV�$IIHFWLQJ�+RVSLWDOV�DQG�+HDOWK�6\VWHPV��:DVKLQJWRQ��'&��$YDOHUH�+HDOWK�
�����
��'HUOHW�5��5LFKDUGV�-��.UDYLW]�5��)UHTXHQW�RYHUFURZGLQJ�LQ�8�6��HPHUJHQF\�GHSDUWPHQWV��$FDG�(PHUJ�0HG��������������������



('8&$7,21�$1'�75$,1,1* 5RGROIR�)HUUDUL

��������7KH�PXOWLIDFHWHG�LPSDFW�RI�G\LQJ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5RGROIR�)HUUDUL������&KLDUD�/DQ]DULQL������$QQDPDULD�/RQJDQHVL������5RVVHOOD�5DSDJQDQL������'RQDWHOOD�5RWRQGR������0DULR�&DYD]]D����

���0HGLFLQD�GÇ8UJHQ]D�H�3URQWR�6RFFRUVR��3ROLFOLQLFR�6DQWÇ2UVROD�Ä�0DOSLJKL�GL�%RORJQD��'LSDUWLPHQWR�GHOOÇ(PHUJHQ]D�Ä�8UJHQ]D��$]LHQGD�2VSHGDOLHUR
8QLYHUVLWDULD�GL�%RORJQD��%RORJQD��,7$/<
���/RJLVWLFD�6DQLWDULD��'LUH]LRQH�6DQLWDULD��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�GL�%RORJQD��%RORJQD��,7$/<
���0HGLFLQD�GÇ8UJHQ]D��3ROLFOLQLFR�6DQWÇ2UVROD�Ä�0DOSLJKL�GL�%RORJQD��'LSDUWLPHQWR�GHOOÇ(PHUJHQ]D�Ä�8UJHQ]D��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�GL
%RORJQD��%RORJQD��,7$/<

.H\ZRUGV��'HDWK��LPSDFW��HPHUJHQF\�URRP��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

%$&.*5281'

:LWKLQ�D�SURMHFW�QDPHG�È6RIW�(PHUJHQF\�Ä�QRW�RQO\�WR�FXUH�EXW�DOVR�WR�FDUHÉ��RQH�RI�WKH�PDLQ�SKDVHV�FRQFHUQHG�È%DG�QHZV�FRPPXQLFDWLRQÉ�

7R�FUHDWH�D�VSHFLILF�HGXFDWLRQDO�SURJUDP�DERXW�FRPPXQLFDWLQJ�EDG�QHZV�LQ�WKH�HPHUJHQF\�VHWWLQJ�ZH�WKRXJKW�WR�EH�QHFHVVDU\�WR�HYDOXDWH��ERWK
IRUP�D�TXDQWLWDWLYH�DQG�D�TXDOLWDWLYH�SRLQW�RI�YLHZ��WKH�LPSDFW�RI�G\LQJ�RQ�RXU�(PHUJHQF\�'HSDUWPHQW�

�

�

0(7+2'6

:H�UHWURVSHFWLYHO\�UHYLHZHG�HYHU\�FDVH�RI�GHDWK�RFFXUUHG�GXULQJ�WKH�\HDU������ZLWKLQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI�D�8QLYHUVLW\�WHDFKLQJ�+RVSLWDO�

:H�WKHQ�DQDO\]HG�HDFK�VLQJOH�FDVH�DERXW�LWV�SHFXOLDU�FKDUDFWHULVWLFV�

�

�

5(68/76

������FDVHV�ZHUH�HYDOXDWHG��PHGLD�������GD\��

ZH�UHFRUGHG�����GHDWKV�LQ�WKH�(PHUJHQF\�5RRP�����DOUHDG\�GHDG��

LQ�WKH�GLIIHUHQW�DUHDV�RI�WKH�:DUG��EULHI�REVHUYDWLRQ�DQG�UHJXODU�ZDUG��KLJK�GHSHQGHQF\�PHGLFDO�XQLW��ZH�GRFXPHQWHG����������������LQ�WKH�ILUVW���
KRXUV��DQG���������FDVHV�����LQ�WKH�HDUOLHU����KRXUV���UHVSHFWLYHO\�

(YHU\�VLQJOH�FDVH�ZDV�XQLTXH��IURP�WKH�DOUHDG\�GHDG��WR�VXGGHQ�GHDWK��IURP�FDVHV�ZLWK�XVHOHVV�ORQJ�ODVWLQJ�FDUGLR�SXOPRQDU\�UHVXVFLWDWLRQ�HIIRUWV�
WR�WKRVH�ZLWK�FDUHIXO�SDOOLDWLYH�PHDVXUHV��IURP�FDVHV�ZLWK�DQ�XQH[SODLQHG�FDXVH��WR�WKRVH�FOHDUO\�SUHGLFWDEOH��IURP�FDVHV�LQ�ZKLFK�WLPH�PDGH
SRVVLEOH�WR�GHEDWH�DQG�VKDUH�GHFLVLRQV�ZLWK�ERWK�WKH�SDWLHQW�DQG�WKH�IDPLO\��WR�WKRVH�LQ�ZKLFK�IDPLO\�PHPEHUV�ZHUH�QHLWKHU�DWWHQGLQJ�QRU�DZDUH�RI
WKH�RFFXUULQJ�HYHQWV�

�

�

&21&/86,216

,Q�WKH�\HDU����������SHRSOH�GLHG�LQVLGH�RXU�(PHUJHQF\�'HSDUWPHQW�

(DFK�FDVH�UHSUHVHQWHG�D�SHFXOLDU�PHGLFDO�PDQDJHPHQW��ZHOIDUH�DQG�ROLVWLF�FRPPLWWPHQW��DQG�HPRWLRQDO�LQYROYHPHQW��LW�LV�QRW�SRVVLEOH�WR�VKDUH�DQ\
VWDQGDUG�UHFRPPHQGDWLRQ��PDLQO\�DERXW�WLPHV�DQG�ZD\V�RI�UHVXVFLWDWLRQ�IRU�WKH�SDWLHQW��DQG�RI�FRPPXQLFDWLRQV�IRU�WKH�IDPLO\�

'HDWK��DQG�LWV�FRPPXQLFDWLRQ�LQ�WKH�HPHUJHQF\�VHWWLQJ��DUH�SULPDULO\�LPSRUWDQW��ERWK�LQ�IUHTXHQF\�DQG�VLJQLILFDQFH��RQ�WKH�HYHU\�GD\�OLIH�RI�WKH
(PHUJHQF\�'HSDUWPHQW��WKH�EXUGHQ�RI�WKHVH�GUDPDWLF�LVVXHV�ZHLJK�RQ�(PHUJHQF\�3K\VLFLDQV�DQG�(PHUJHQF\�1XUVHV�LQ�WKH�ZRUVW�PRPHQWV�DQG
FRQGLWLRQV��MXVW�DIWHU�XVHOHVV�ORQJ�ODVWLQJ�UHVXVFLWDWLRQ�HIIRUWV��DQG�RIWHQ�ZLWK�QHLWKHU�D�VSHFLILF�HGXFDWLRQ��QRU�ORJLVWLFV�VXSSRUW��QRU�WKH�FKDQFH�RI�DQ
LPPHGLDWH�GHEULHILQJ�



9(17,/$7,21���,19$6,9(�$1'�121
,19$6,9(

5RGROIR�)HUUDUL

��������8QFRQYHQWLRQDO�LQGLFDWLRQV�WR�QRQ�LQYDVLYH�PHFKDQLFDO�YHQWLODWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5RGROIR�)HUUDUL������5LFFDUGR�9R]D������'DQLHOD�$JRVWLQHOOL������5REHUWR�/D]]DUL������1LFROD�%LQHWWL������0DULR�&DYD]]D����

���0HGLFLQD�GÇ8UJHQ]D�H�3URQWR�6RFFRUVR��3ROLFOLQLFR�6DQWÇ2UVROD�Ä�0DOSLJKL�GL�%RORJQD��'LSDUWLPHQWR�GHOOÇ(PHUJHQ]D�Ä�8UJHQ]D��$]LHQGD�2VSHGDOLHUR
8QLYHUVLWDULD�GL�%RORJQD��%RORJQD��,7$/<
���3URQWR�6RFFRUVR�HG�(PHUJHQ]D�7HUULWRULDOH��$UHD�1RUG��'LSDUWLPHQWR�(PHUJHQ]D��$86/�%RORJQD��%RORJQD��,7$/<
���0HGLFLQD�,QWHUQD��3ROLFOLQLFR�6DQWÇ2UVROD�Ä�0DOSLJKL�GL�%RORJQD��'LSDUWLPHQWR�0HGLFR�GHOOD�&RQWLQXLW��$VVLVWHQ]LDOH�H�GHOOH�'LVDELOLW���$]LHQGD
2VSHGDOLHUR�8QLYHUVLWDULD�GL�%RORJQD��%RORJQD��,7$/<

.H\ZRUGV��1RQ�LQYDVLYH�YHQWLODWLRQ��XQFRQYHQWLRQDO�LQGLFDWLRQV��DFXWH�UHVSLUDWRU\�IDLOXUH��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

%$&.*5281'

�

,Q�WKH�ODVW�GHFDGHV�1RQ�,QYDVLYH�0HFKDQLFDO�9HQWLODWLRQ�VSUHDG�RXW�IURP�WKH�,QWHQVLYH�&DUH�8QLWV�WR�WKH�(PHUJHQF\�'HSDUWPHQWV��ZLWK�PDLQ
HYLGHQFH�LQ�HIILFDF\�ZKHQ�WUHDWLQJ�$FXWH�5HVSLUDWRU\�)DLOXUH�GXH�WR�$FXWH�([DFHUEDWLRQ�RI�&KURQLF�2EVWUXFWLYH�3XOPRQDU\�'LVHDVH�DQG�$FXWH
&DUGLRJHQLF�3XOPRQDU\�(GHPD�

,Q�WKH�PHDQWLPH��PDQ\�GLIIHUHQW�FDXVHV��FRQVLGHUHG�DV�ÈXQXVXDOÉ�LQGLFDWLRQV�IRU�1,09��VKRZHG�ORZHU�OHYHOV�RI�HIILFDF\�DQG�VWUHQJWK�RI
UHFRPPHQGDWLRQ��EXW�DUH�LQFUHDVLQJ�LQ�XVH�

�

�

0(7+2'6

�

:H�SHUIRUPHG�DQ�REVHUYDWLRQDO�SURVSHFWLYH�VWXG\��LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI�D�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO��LQFOXGLQJ�HYHU\�QRQ�VHOHFWHG
SDWLHQW�WUHDWHG�E\�1,09�LQ�D���PRQWKV�WLPH��WR�DVVHVV�WKH�LPSDFW�DQG�WKH�RXWFRPH�RI�FRQGLWLRQV�FRQVLGHUHG�DV�XQFRQYHQWLRQDO�IRU�1,09�

)DLOXUH�ZDV�GHILQHG�DV�LQ�KRVSLWDO�GHDWK�RU�WUDFKHDO�LQWXEDWLRQ�

�

�

5(68/76

�

7RWDO������3DWLHQWV��PHGLD��������GD\��

S+���PHGLD��PHGLDQ��������������3�)�����������

1,09�DV�D�FHLOLQJ�WUHDWPHQW��������

IDLOXUH�UDWH��������

�

8QFRQYHQWLRQDO�LQGLFDWLRQV�

UDWH��������

FHLOLQJ��������

IDLOXUH�UDWH��������

FHLOLQJ�LQ�IDLOXUHV��������

IDLOXUH�ZLWKRXW�WUDFKHDO�LQWXEDWLRQ��������



�

�

&21&/86,216

�

7KH�XVH�RI�1,09�IRU�XQFRQYHQWLRQDO�LQGLFDWLRQV�LV�VSUHDGLQJ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��LWV�IDLOXUH�UDWH�LV�KLJKHU�WKDQ�XVXDO�FDVHV��DV�DOUHDG\
NQRZQ�LQ�WKH�OLWHUDWXUH��GDWD�XVXDOO\�FRPLQJ�IURP�,QWHQVLYH�&DUH�8QLWV���EXW�LQ�WKLV�VXEJURXS�WKH�UDWH�RI�SDWLHQWV�ZLWK�QR�LQGLFDWLRQ�WR�LQYDVLYH
YHQWLODWLRQ�LQ�FDVH�RI�IDLOXUH��È1,09�DV�D�FHLOLQJ�WUHDWPHQWÉ��LV�GUDPDWLFDOO\�KLJK�

:H�FRXOG�QRW�ILQG�DQ\�HDUO\�SUHGLFWRUV�RI�RXWFRPH�IURP�WKH�ODE�WR�KHOS�ULVN�VWUDWLILFDWLRQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��LQ�IDLOXUH�FDVHV�DUWHULDO
EORRG�JDV�GDWD�VKRZHG�VRPH�VOLJKW�DEQRUPDOLWLHV�RQ�WKH�PHWDEROLF�VLGH��PRUH�WKDQ�WKH�UHVSLUDWRU\�RQH���SQHXPRQLD�DQG�LQKDODWLRQ�VKRZHG�D
SDUWLFXODUO\�KLJK�IDLOXUH�UDWH�



9(17,/$7,21���,19$6,9(�$1'�121
,19$6,9(

5RGROIR�)HUUDUL

��������1RQ�LQYDVLYH�YHQWLODWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��OHQJWK�RI�VWD\LQJ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5RGROIR�)HUUDUL������5REHUWR�/D]]DUL������'DQLHOD�$JRVWLQHOOL������5LFFDUGR�9R]D������0DULR�&DYD]]D����

���0HGLFLQD�GÇ8UJHQ]D�H�3URQWR�6RFFRUVR��3ROLFOLQLFR�6DQWÇ2UVROD�Ä�0DOSLJKL�GL�%RORJQD��'LSDUWLPHQWR�GHOOÇ(PHUJHQ]D�Ä�8UJHQ]D��$]LHQGD�2VSHGDOLHUR
8QLYHUVLWDULD�GL�%RORJQD��%RORJQD��,7$/<
���0HGLFLQD�,QWHUQD��3ROLFOLQLFR�6DQWÇ2UVROD�Ä�0DOSLJKL�GL�%RORJQD��'LSDUWLPHQWR�0HGLFR�GHOOD�&RQWLQXLW��$VVLVWHQ]LDOH�H�GHOOH�'LVDELOLW���$]LHQGD
2VSHGDOLHUR�8QLYHUVLWDULD�GL�%RORJQD��%RORJQD��,7$/<
���3URQWR�6RFFRUVR�HG�(PHUJHQ]D�7HUULWRULDOH��$UHD�1RUG��'LSDUWLPHQWR�(PHUJHQ]D��$86/�%RORJQD��%RORJQD��,7$/<

.H\ZRUGV��1RQ�LQYDVLYH�YHQWLODWLRQ��WLPLQJ��OHQJWK�RI�VWD\LQJ��DFXWH�UHVSLUDWRU\�IDLOXUH��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ�

,Q�ODVW�GHFDGHV�1RQ�LQYDVLYH�9HQWLODWLRQ�>1,9@��ERWK�&RQWLQXRXV�3RVLWLYH�$LUZD\�3UHVVXUH�>&3$3@�DQG�GLIIHUHQW�PRGDOLWLHV�RI�1RQ�LQYDVLYH�3RVLWLYH
3UHVVXUH�9HQWLODWLRQ�>1,339@��KDV�EHHQ�LQFUHDVLQJO\�DSSOLHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('��WR�WUHDW�$FXWH�5HVSLUDWRU\�)DLOXUH�>$5)@�

�

$LPV�

3URVSHFWLYH�REVHUYDWLRQDO�VWXG\�WR�LGHQWLI\�SUHGLFWRUV�RI�RXWFRPH�LQ�3DWLHQWV�ZLWK�$5)�WUHDWHG�ZLWK�1,9�LQ�WKH�('��DQG�IDFWRUV�UHODWHG�WR�WKH�QHHGHG
OHQJWK�RI�1,9�EHIRUH�VKLIWLQJ�WR�VWDQGDUG�R[\JHQ�WKHUDS\��2�WS��

�

0HWKRGV�

:H�HQUROOHG�HYHU\�3DWLHQWV�WUHDWHG�ZLWK�1,9�IRU�$5)�LQ�WKH�('�LQ�D���PRQWKV�WLPH�

&ULWHULD�WR�VWDUW�DQG�VWRS�1,9�UHIHUUHG�WR�DQ�LQVWLWXWLRQDO�SURWRFRO�

$WWHQWLRQ�ZDV�IRFXVHG�RQ�GLDJQRVWLF�K\SRWKHVLV�RI�$5)��&DUGLRJHQLF�>&@��EURQFKR�SXOPRQDU\�>%3@��ERWK�RU�PL[HG�>0@��RWKHUV�>2@��DQG�WKH�WLPH�WR
UHVROXWLRQ�>W5@�RI�WKH�DFXWH�SKDVH��PLQ�RI�1,9�EHIRUH�VKLIWLQJ�WR�2�WS�IRU�DOPRVW����K��

�

5HVXOWV�

2QH�KXQGUHG�DQG�IRXUW\�QLQH�SDWLHQWV�LQFOXGHG��PHGLD������GD\��

W5�VLJQLILFDQWO\�KLJKHU�LQ�FDVH�RI�FKURQLF�%3�GLVHDVH��PHGLD������YV����
��&,��������Ä����
�YV����Ä���
��S�������

&DVHV�ZLWK�DFLGRVLV�RU�K\SHUFDSQLD�KDG�D�VOLJKWO\�KLJKHU�W5��S� ������DQG�������UHVSHFWLYHO\��

17�SUR%13�ZDV�QRW�UHODWHG�ZLWK�W5�LQ�DQ\�JURXS�

3DWLHQWV�KDYLQJ�0�RU�2�$5)�VLJQLILFDQWO\�GLIIHUHG�LQ�W5�ZKHQ�FRPSDUHG�ZLWK�&�DQG�%3�JURXSV��S��������

W5�LQ�&�SDWLHQWV�ZDV�QRW�GLIIHUHQW�ZLWK�RU�ZLWKRXW�FKURQLF�%3�GLVHDVH�

�

&RQFOXVLRQV�

3DWLHQWV�ZLWK�FKURQLF�%3�GLVHDVH�DQG�DQ�HSLVRGH�RI�$5)�GXH�WR�D�%3�FDXVH�VKRXOG�EH�DGPLWWHG�WR�D�+LJK�0HGLFDO�'HSHQGHQF\�8QLW�FDSDEOH�WR�HQVXUH
D�VXSSRVDEOH�ORQJHU�1,339�

,W
V�SRVVLEOH�WR�FRQVLGHU�FDUU\LQJ�RXW�LQ�WKH�('�WKH�WUHDWPHQW�RI�WKH�VKRUWHU�YHU\�DFXWH�SKDVH�RI�D�&�$5)��DQG�WKHQ�DGPLW�WR�D�UHJXODU�ZDUG�DEOH�WR
DOORZ�DW�OHDVW�&3$3�



&5,7,&$/�&$5( 0LFKDHO�6FKZDPHLV

��������$GGLWLRQDO�YDOXH�RI�G�GLPHU�DQG�WKH�GLVVHPLQDWHG�LQWUDYDVFXODU�FRDJXODWLRQ�VFRUH�LQ�SUHGLFWLQJ�RXWFRPH�DIWHU
RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1LQD�%XFKWHOH������%HUQG�-LOPD������$QGUHDV�6FKREHU������&KULVWLDQ�6FKRHUJHQKRIHU������)ULW]�6WHU]������0LFKDHO�6FKZDPHLV����

���0HGLFDO�6WXGHQW��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��'HSDUWPHQW�RI�&OLQLFDO�3KDUPDFRORJ\��9LHQQD��$8675,$
���3URI��0'��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��&OLQLFDO�3KDUPDFRORJ\���9LHQQD��$8675,$
���0'��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��(PHUJHQF\�0HGLFLQH��9LHQQD��$8675,$
���0'��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��,QWHUQDO�0HGLFLQH�,��9LHQQD��$8675,$
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��9LHQQD��$8675,$
���0'��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��&OLQLFDO�3KDUPDFRORJ\���9LHQQD��$8675,$

.H\ZRUGV��2+&$��',&

$EVWUDFW��

%DFNJURXQG��&KDQFHV�RI�VXUYLYDO�LQ�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��SDWLHQWV�GHFUHDVH�ZLWK�LQFUHDVLQJ�GXUDWLRQ�RI�K\SRSHUIXVLRQ��7KH
SDWKRSK\VLRORJLFDO�FKDQJHV�DIWHU�SURORQJHG�UHVXVFLWDWLRQ�HIIRUWV�DQG�FRQVHFXWLYH�K\SRSHUIXVLRQ�DSSHDUV�FRPSDUDEOH�WR�WKRVH�LQ�VHYHUH�VHSVLV
OHDGLQJ�WR�SRVW�UHVXVFLWDWLRQ�FRDJXORSDWK\��7KH�RFFXUUHQFH�RI�RYHUW�GLVVHPLQDWHG�LQWUDYDVFXODU�FRDJXODWLRQ��',&��LV�DVVRFLDWHG�ZLWK�SRRU�RXWFRPHV
DQG�KLJK�PRUWDOLW\�ULVN�LQ�YDULRXV�PHGLFDO�FRQGLWLRQV��6LPLODUO\��WKH�RFFXUUHQFH�RI�',&�LQ�FDUGLDF�DUUHVW�SDWLHQWV�VHHPV�WR�EH�DVVRFLDWHG�ZLWK�DQ
XQIDYRUDEOH�SURJQRVLV��

2EMHFWLYH��5HFHQW�GDWD�VXJJHVW�DQ�RYHUW�',&�UDWH�RI�����LQ�2+&$�SDWLHQWV�ZLWK�VXVWDLQHG�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��526&���7KH�FXUUHQW
VWXG\�GHWHUPLQHG�WKH�SUHYDOHQFH�RI�RYHUW�',&��LWV�DVVRFLDWLRQ�ZLWK�RXWFRPH��DQG�WKH�SUHGLFWLYH�YDOXH�RI�G�GLPHU�LQ�DQ�$XVWULDQ�FROOHFWLYH�RI�2+&$
SDWLHQWV�

0HWKRGV��$OO�SDWLHQWV�ZLWK�DYDLODEOH�FRDJXODWLRQ�SDUDPHWHUV�IURP�����������ZHUH�H[WUDFWHG�IURP�D�SURVSHFWLYHO\�FRPSLOHG�2+&$�UHJLVWU\��3ULPDU\
RXWFRPH�ZDV�WKH�SUHYDOHQFH�RI�RYHUW�',&��%LQRPLQDO�ORJLVWLF�UHJUHVVLRQ�DQDO\VLV�ZDV�DSSOLHG�WR�DVFHUWDLQ�SUHGLFWRUV�RI�RYHUW�',&�����GD\�PRUWDOLW\
DQG�QHXURORJLF�RXWFRPH��7KH�GLVFULPLQDWLRQ�RI�WKH�ILWWHG�ORJLVWLF�PRGHOV�ZDV�DVVHVVHG�XVLQJ�WKH�DUHD�XQGHU�WKH�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF
�52&��FXUYH�

5HVXOWV��2XW�RI������2+&$�SDWLHQWV��FRDJXODWLRQ�SDUDPHWHUV�ZHUH�DYDLODEOH�LQ����������PDOH����\HDUV����������7KH�UDWH�RI�RYHUW�',&�ZDV����
����&,��������Q ����RYHUDOO�DQG��������&,��������Q ����LQ�WKH�VXVWDLQHG�526&�VXEJURXS��7KH�RGGV�UDWLR�IRU����GD\�PRUWDOLW\����������&,�������
Q �����LQFUHDVHG�ZLWK�WKH�',&�VFRUH�DQG�ZDV������FUXGH�25�����&,����������LQ�SDWLHQWV�ZLWK�RYHUW�',&�RQ�DGPLVVLRQ��Q �����7KH�UHJUHVVLRQ�PRGHO
LQFOXGLQJ�G�GLPHU��ODFWDWH�OHYHOV��QR�IORZ�LQWHUYDO�DQG�LQLWLDO�UK\WKP��¼���� �������S��������+/7 ������EHVW�SUHGLFWHG����GD\�PRUWDOLW\��5� 
�������7KH�LQFOXVLRQ�RI�G�GLPHU�OHYHOV�LQWR�WKH�PRGHO�VLJQLILFDQWO\�LQFUHDVHG�WKH�DUHD�XQGHU�WKH�52&�FXUYH�IURP����������&,�������������WR�����
����&,�������������S �������

&RQFOXVLRQ��7KH�FXUUHQW�VWXG\�LGHQWLILHG�LQFUHDVLQJ�QR�IORZ�LQWHUYDOV��LQGLFDWLQJ�WKH�H[WHQW�RI�QRQ�SHUIXVLRQ���D�QRQ�VKRFNDEOH�LQLWLDO�KHDUW�UK\WKP
DQG�HOHYDWHG�ODFWDWH�OHYHOV��LQGLFDWLQJ�WKH�PDJQLWXGH�RI�WLVVXH�K\SR[LD��DV�WKH�PDLQ�SUHGLFWRUV�RI�RYHUW�',&�SDWWHUQV�LQ�2+&$��7KH�LQFOXVLRQ�RI
G�GLPHU�OHYHOV�LQWR�D�SUHGLFWLRQ�PRGHO��KRZHYHU��LPSURYHG�LWV�DFFXUDF\��DQG�G�GLPHU�OHYHOV�PD\�VHUYH�DV�DQ�DGGLWLRQDO��LQGHSHQGHQW�VXUURJDWH
SDUDPHWHU�WR�DVVHVV�RXWFRPH�LQ�2+&$�

�
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��������,V�WKH�HPHUJHQF\�GHSDUWPHQW�D�JRRG�SODFH�WR�GLH"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$OLFLD�5RGU�JXH]������9LUJLQLD�/R]DQR������0DULD�9LOOD������5DP�Q�0DU�Q������*XLOO�Q�,UHQH������)�WLPD�)HUQDGH]�6DOJDGR����

���$	(�'HSDUWPHQW��+RVSLWDO�8QLYHUVLWDULR�GH�0�VWROHV��0DGULG��63$,1

.H\ZRUGV��0RUWDOLW\��3ODFH�RI�GHDWK��7HUPLQDO�FDUH�

$EVWUDFW��

,1752'8&7,21��7KH�PRUWDOLW\�UDWH�LQ�WKH�(PHUJHQFLHV�'HSDUWPHQWV�LV�FRQVLGHUHG�DQ�LQGH[�RI�KRVSLWDO�TXDOLW\��WKHLU�DQDO\VLV�FDQ�EH�GHULYHG�VSHFLILF
DFWLRQV�DLPHG�DW�LPSURYLQJ�FHUWDLQ�DVSHFWV�RI�WKH�KRVSLWDO�DVVLWDQFH��,Q�UHFHQW�\HDUV�LW�KDV�QRWLFHG�DQ�LQFUHDVH�RI��SDWLHQWV�G\LQJ�LQ�HPHUJHQF\
GHSDUWPHQWV�LQ�FRQQHFWLRQ�ZLWK�LQFUHDVLQJ�WHUPLQDO�DQG�FKURQLF�SDWLHQWV�DQG��ZLWK�ODFN�RI�EHGV�LQ�KRVSLWDO�VHUYLFHV�LQFUHDVLQJ�RUJDQL]DWLRQDO
SUHVVXUH�RQ�HPHUJHQFLHV�GHSDUWPHQWV��'HWHUPLQDWH�ZKLFK�SDWLHQWV�VKRXOG�QRW�GLH�LQ�WKH�HPHUJHQF\�URRP�LV�GLIILFXOW�EHFDXVH�LQ�DGGLFWLRQ�WR�FOLQLFDO
IDFWRUV�PXVW�EH�WDNHQ�VRFLRFXOWXUDO�FKDQJHV�RYHU�VKRXOG�GHOLYHU�WKH�FDUH�RI�G\LQJ�SDWLHQWV��$OO�WKLV�PDNHV�HVVHQWLDO�WR�HVWDEOLVK�WKH�QHFHVVDU\
PHDVXUHV�IRU�WKHVH�SDWLHQWV

2%-(7,9(6��7R�GHVFULEH�FOLQLFDO�DQG�GHPRJUDSKLF�FKDUDFWHUVLWLFV�RI�SDWLHQWV�ZKR�G\HG�LQ�RXU�HPHUJHQF\�GHSDUWPHQW�DQG�DQ\OL]H�ZKDW�SRLQWV�FRXOG
LPSURYH�KHDWKFDUH�DWWHQWLRQ�WR�WKLV�JURXS�RI�SDWLHQWV���8QLYHUVLW\�+RVSLWDO�RI�0�VWROHV�LQ�0DGULG�ZLWK�D�SRSXODWLRQ�RI���������KDELWDQWV

0(7+2'��5HWURVSHFWLYH�GHVFULSWLYH�VWXG\�RI�SDWLHQWV�ZKR�GLHG�HQ�WKH�HPHUJHQF\�GHSDUWPHQW�EHWZHHQ��VW�RI�-DQXDU\�DQG���VW�RI�'HFHPEHU�RI�WKH
\HDUV������������DQG�������H[FOXGLQJ�SDWLHQWV�ZKR�GLHV�LQ�WKH�DUHDV�RI�SDHGLDWULFV�DQG�J\QHFRORJ\��'DWD�ZHUH�FROOHFWHG��DJH�DQG�VH[��GHDWK�FDXVH�
SUH�H[LWXV��WHUPLQDO�SDWLHQWV��FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ�LQLWLDWHG��SDOOLDWLYH�FDUHG�ZHUH�DSOLHG��QHFURSV\�ZDV�UHTXHVWHG��KRXUV�VSHQW�LQ�WKH
HPHUJHQF\�GHSDUWPHQW���PHGLFDO�GLVFKDUJHG�UHSRUW�DQG�LQIRUPDWLRQ�WR�UHODWLYHV�RI�WKH�SDWLHQWnV�FXUUHQW�FRQGLWLRQ�

5(68/76��$�WRWDO�RI����SDWLHQWV�ZHUH�DQDO\]HG��7KH�PRVW�IUHFXHQW�ZDV�DQ�HOGHUO\�SDWLHQW�ZKRVH�GHDWK�ZDV�H[SHFWHG�������ZLWK�D�PHDQ�DJH�RI�����
\HDUV������ZRPZQ������ZHUH�WHUPLQDO�SDWLHQWV�DQG�����ZHUH�GHSHQGDQW�IRU�GDLO\�DFWLYLWLHV�

1R�UHODWLRQVKLS�ZDV�HYLGHQW�WKH�GD\�RI�WKH�ZHHN�RU�WKH�WLPH�RI��GHDWK��-DQXDU\�ZDV�WKH�PRQWK�ZLWK�WKH�KLJKHVW�QXPEHU�RI�GHDWKV��

7KH�DYHUDJH�VSHQW�LQ�HPHUJHQF\�GHSDUPHQW�ZDV���KRXUV��ZLWK�����SUH�H[LWXV�SDWLHQW�GLHG�LQ�OHVV�WKDQ���KRXUV�������UHFHLYHG�SDOOLDWLYH�FDUH��

&DUGLRSXOPRQDU�UHVXVFLWDWLRQ�ZHUH�UHDOLVHG�LQ������7KH�FDXVH�RI�GHDWK�ZDV�HVWDEOLVKHG�LQ�������DQG�QR�DXWRSV\�ZDV�UHTXHVWHG�LQ�DQ\�FDVH

,Q�����ZDV�JLYHQ�LQIRUPDWLRQ�WR�UHODWLYHV�RI�WKH�FXUUHQW�VLWXDWLRQ�RI�WKH�SDWLHQW���LQ�KDOI�FDVHV�ZUH�UHJLVWDUHG�DV�QR�UHDQLPDEOHV�SDWLHQWV�

&21&/86,216��7KH�SDWLHQWV�ZLWK�WHUPLQDO�LOOQHV�ZKR�GLH�LQ�HPUJHQF\�VHUYLFHV�DUH�D�VLJQLILFDQW�QXPEHU�RI�GHDWKV�LQ�HPHUJHQFLHV��0RVWO\�RI�WKH
HPHUJHQF\�GHSDUWPHQWV�DUH�QRW�SUHSDUHG�IRU�WKHVH�SDWLHQWV�PDNLQJ�FRQVLGHU�GHYRORSLQJ�VSHFLILF�SURWRFROV�IRU�WKLV�JURXS�RI�SDWLHQWV�

,W�LV�LPSRUWDQW�WR�GHHSHQ�WKH�PHDVXUHV�QHFHVDU\�LQ�WHUPLQDO�SDWLHQWV�FRYHULQJ�FOLQLFDO�DV�QRQ�FOLQLFDO�FRQGLFLRQV��7KH�PDMRULW\�RI�GHDWKV�ZHUH
H[SHFWHG��WHUPLQDO�RU�QRW����LW�ZRXOG�EH�DGYLVDEOH�WR�KDYH�D�SODFH�ZLWK�PRUH�SULYDF\�ZKHUH�WKH\�FRXO�EH�DFFRPSDQLHG�E\�WKHLU�UHODWLYHV��DV�ZHOO
JXLGHOLQHV�IRU�VHGDWLRQ�LQ�RUGHU�WR�IDFLOLWDWH�D�GLJQLILHG�GHDWK��

,Q�FRQFOXVLRQ��WKHUH�LV�D�FRQVLGHUDEOH�SHUFHQWDJH�RI�SDWLHQWV�ZKR�GLH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DQG�ZKRVH�GHDWK�LV�H[SHFWHG��6KRXOG�EH
LPSURYHG�SDOOLDWLYHV�FDUH�XQLWV�DQG�KRPH�VXSSRUW�WU\LQJ�WR�HDVH�WKH�ODVW�PRPHQWV�RI�OLIH�



*(1,7285,1$5< 6DQGKX�.DELU

��������5H�DXGLW��DUH�GLSVWLFN�SRVLWLYH�XULQDU\�WUDFW�LQIHFWLRQV�PDQDJHG�DSSURSULDWHO\�LQ�WKH�(PHUJHQF\�'HSDUWPHQW"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.DELU�6DQGKX������)LRQD�:LVQLDFNL����

���1DWLRQDO�+HDOWK�6HUYLFH��/RQGRQ�1RUWK�:HVW�+HDOWKFDUH�1+6�7UXVW��/RQGRQ��8.

.H\ZRUGV��XULQDU\�WUDFW�LQIHFWLRQ��DQWLPLFURELDO��XULQH�GLSVWLFN��FXOWXUH�DQG�VHQVLWLYLW\��FDWKHWHULVHG�SDWLHQW��JXLGHOLQHV

$EVWUDFW��

$�XULQDU\�WUDFW�LQIHFWLRQ��87,��LV�GHILQHG�DV�WKH�SUHVHQFH�RI�V\PSWRPV�DQG�VLJQLILFDQW�EDFWHULXULD������FRORQ\�IRUPLQJ�XQLWV�SHU�PLOOLOLWUH��DORQJ�WKH
XULQDU\�WUDFW���,W�DFFRXQWV�IRU������RI�8.�FRQVXOWDWLRQV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('����$Q�LQLWLDO�DXGLW�RI�WKH�PDQDJHPHQW�RI�87,V�LQ�WKH�('�RI
(DOLQJ�+RVSLWDO��/RQGRQ�8.��ZDV�XQGHUWDNHQ�LQ�6HSWHPEHU��������,W�UHYHDOHG�WKDW�����RI�87,V�ZHUH�GLDJQRVHG�FRUUHFWO\������RI�87,V�ZHUH�PDQDJHG
DFFRUGLQJ�WR�1DWLRQDO�,QVWLWXWH�IRU�+HDOWK�DQG�&DUH�([FHOOHQFH��1,&(��JXLGHOLQHV�RQ�DQWLPLFURELDO�SUHVFULELQJ��ZKLOH�DOO�FDWKHWHULVHG�SDWLHQWV�ZHUH
PDQDJHG�LQFRUUHFWO\�LQ�WHUPV�RI�XULQH�GLSVWLFN��FXOWXUH�DQG�VHQVLWLYLW\���$�UH�DXGLW�ZDV�XQGHUWDNHQ���PRQWKV�ODWHU�LQ�0DUFK������DIWHU�SUHVHQWLQJ
ILQGLQJV�DQG�KROGLQJ�GHSDUWPHQWDO�HGXFDWLRQDO�VHVVLRQV�

7KH�DLPV�ZHUH�DV�IROORZV���,��7R�HQVXUH�DQWLPLFURELDO�SUHVFULELQJ�IRU�87,ÇV�LQ�WKH�('�FRPSOLHV�ZLWK�QDWLRQDO�JXLGHOLQHV����,,��,I�GHYLDWLQJ�IURP�WKH
JXLGHOLQH��HQVXUH�WKHUH�LV�DGHTXDWH�GRFXPHQWDWLRQ�H[SODLQLQJ�WKH�UDWLRQDOH�IRU�FKRRVLQJ�DQ�DOWHUQDWLYH�DQWLPLFURELDO����,,,��(QVXUH�DGHTXDWH
NQRZOHGJH�RI�GLDJQRVLQJ�DQG�PDQDJLQJ�87,V�LQ�FDWKHWHULVHG�SDWLHQWV�

���V\PSWRPDWLF�SDWLHQWV�ZLWK�GLSVWLFN�SRVLWLYH�XULQH�ZHUH�UHWURVSHFWLYHO\�UH�DXGLWHG���7KH�6\PSKRQ\�SDWLHQW�GDWDEDVH�ZDV�VHDUFKHG���6WDQGDUGV
ZHUH�DGDSWHG�IURP�WKH�5R\DO�&ROOHJH�RI�3DWKRORJLVWV�0HGLFDO�0LFURELRORJ\�DXGLW�WHPSODWH�DQG�GLYLGHG�LQWR�ILYH�VWDQGDUGV���,��PDQDJHPHQW�RI�87,V
IROORZV�QDWLRQDO�JXLGHOLQHV�RQ�DQWLPLFURELDO�DQG�WUHDWPHQW�GXUDWLRQ���,,��YDOLG�H[SODQDWLRQ�SURYLGHG�LI�FOLQLFLDQ�GHYLDWHG�IURP�JXLGHOLQHV�E\�FKRRVLQJ
DQ�DOWHUQDWLYH�DQWLPLFURELDO���,,,��XVH�RI�1LWURIXUDQWRLQ�LQ�UHQDO�LPSDLUPHQW��H*)5��������,9��FRUUHFW�XWLOLVDWLRQ�RI�XULQH�FXOWXUH�DQG�VHQVLWLYLW\���9�
PDQDJHPHQW�RI�FDWKHWHULVHG�SDWLHQWV�Ä�GLSVWLFN�WHVWLQJ�QRW�LQGLFDWHG�DQG�XULQH�FXOWXUHG�RQO\�ZKHQ�FOLQLFDOO\�VHSWLF���7KH�DXGLW�WDUJHW�ZDV�!����

5HVXOWV�DUH�SUHVHQWHG�EHORZ�ZLWK�WKH�ILUVW�F\FOH�DXGLW�ILQGLQJV�LQ�SDUHQWKHVHV���6\PSWRPDWLF�EDFWHULXULD�ZLWK�SRVLWLYH�GLSVWLFN�WUHDWHG�ZLWK�DQ
DQWLPLFURELDO�FRPSOLDQW�ZLWK�QDWLRQDO�JXLGHOLQHV��������������9DOLG�MXVWLILFDWLRQ�IRU�GHYLDWLQJ�IURP�JXLGHOLQHV��������������1LWURIXUDQWRLQ�SUHVFULEHG
ZKHQ�H*)5!����������������8ULQH�FXOWXUH�VHQW�RQO\�ZKHQ�FOLQLFDOO\�LQGLFDWHG���������������,I�FDWKHWHULVHG��QRW�JLYHQ�DQWLPLFURELDO�SURSK\OD[LV�
������������XULQH�QRW�GLSVWLFNHG������������XULQH�QRW�FXOWXUHG�XQOHVV�VHSWLF�����������

,Q�FRQFOXVLRQ��HGXFDWLRQDO�VHVVLRQV�KDYH�YDVWO\�LPSURYHG�RXWFRPHV��GHFUHDVLQJ�ULVN�WR�SDWLHQWV�E\�LPSURYLQJ�DOLJQPHQW�ZLWK�HVWDEOLVKHG�VWDQGDUGV
RI�FDUH���7KH�JUHDWHVW�LPSURYHPHQW�LV�GRFXPHQWLQJ�WKH�UDWLRQDOH�IRU�FKRRVLQJ�DQ�DQWLPLFURELDO�ZKHQ�GHYLDWLQJ�IURP�JXLGHOLQHV��FR�LQIHFWLRQ��FKHVW
DQG�XURVHSVLV��LV�WKH�VROH�UHDVRQ�IRU�WKLV���$OO�FXOWXUH�VDPSOHV�ZHUH�VHQW�FRUUHFWO\�ZKHQ�FOLQLFDOO\�LQGLFDWHG��KLJKOLJKWLQJ�DQRWKHU�LPSURYHPHQW
IROORZLQJ�HGXFDWLRQDO�VHVVLRQV�ZLWK�WKH�PXOWLGLVFLSOLQDU\�WHDP���6LPLODUO\��VWDII�DUH�QRZ�VHQGLQJ�XULQH�IRU�FXOWXUH�LQ�FDWKHWHULVHG�SDWLHQWV�RQO\�ZKHQ
VHSWLF��DQ�LPSURYHPHQW�RI��������+RZHYHU��VRPH�SHUWLQHQW�HUURUV�IURP�WKH�LQLWLDO�DXGLW�UHPDLQ��SHUWDLQLQJ�WR�PDQDJLQJ�87,V�LQ�WKH�FDWKHWHULVHG
SDWLHQW���2QO\�����RI�FDWKHWHULVHG�SDWLHQWV�FRUUHFWO\�GLG�QRW�KDYH�WKHLU�XULQH�GLSVWLFNHG�DV�VWDII�PHPEHUV�RIWHQ�PDQDJH�WKH�SDWLHQW�DV�WKH\�ZRXOG
PDQDJH�QRQ�FDWKHWHULVHG�SDWLHQWV���)XUWKHUPRUH������RI�FDWKHWHULVHG�SDWLHQWV�KDG�XULQH�FXOWXUHG�ZKHQ�DVHSWLF���)XUWKHU�PXOWLGLVFLSOLQDU\�HGXFDWLRQ
DQG�WKH�SURGXFWLRQ�RI�D�87,�PDQDJHPHQW�SDWKZD\�IRU�WKH�('�DUH�LQ�SURJUHVV�LQ�RUGHU�WR�IXUWKHU�LPSURYH�RXWFRPHV��SDUWLFXODUO\�LQ�WKH�FDWKHWHULVHG
SDWLHQW�JURXS�
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3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6KDR�+XL�.RK����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(

.H\ZRUGV��7KLQQHU�LQJHVWLRQ��DOWHUHG�PHQWDO�VWDWXV��K\GURFDUERQ�SRLVRQLQJ

$EVWUDFW��

3DLQW�WKLQQHU�LQJHVWLRQ���DQ�XQFRPPRQ�FDXVH�RI�DOWHUHG�PHQWDO�VWDWXV�DQG�DEGRPLQDO�SDLQ�

�

&DVH�SUHVHQWDWLRQ

$����\HDU�ROG�0DOD\�PDQ�ZDV�VHHQ�DW�WKH�('�IRU�DFXWH�FRQIXVLRQ�DQG�VHYHUH�DEGRPLQDO�SDLQ�

+LV�V\PSWRPV�VWDUWHG�IROORZLQJ�DQ�DFFLGHQWDO�LQJHVWLRQ�RI�È3DLQW�WKLQQHUÉ��+H�KDG�K\SHUWHQVLRQ��G\VOLSLGHPLD�DQG�GLDEHWHV�PHOOLWXV�EXW�QR
XQGHUO\LQJ�SV\FKLDWULF�LOOQHVVHV�

+H�ZDV�WDFK\FDUGLF�DQG�K\SHUWHQVLYH�EXW�DIHEULOH�DQG�VDWXUDWLQJ�QRUPDOO\�

2Q�SK\VLFDO�H[DPLQDWLRQ��KH�ZDV�QRWHG�WR�EH�YHU\�FRPEDWLYH�DQG�DJLWDWHG��([DPLQDWLRQ�RI�KLV�KHDUW��OXQJV�DQG�DEGRPHQ�ZHUH�XQUHPDUNDEOH��1R
IRFDO�QHXURORJLFDO�GHILFLWV�ZHUH�QRWHG�

1R�DEQRUPDOLWLHV�ZHUH�GHWHFWHG�RQ�D�UHVWLQJ�HOHFWURFDUGLRJUDP��+H�KDG�PLOG�QHXWURSKLOLD��+LV�UHQDO�DQG�OLYHU�IXQFWLRQ�WHVWV�ZHUH�QRUPDO�

&RPSXWHG�7RPRJUDSKLF�VFDQV�RI�KLV�EUDLQ��WKRUD[�DQG�DEGRPHQ�GLG�QRW�UHYHDO�DQ\�HYLGHQFH�RI�LQWUDFUDQLDO�LQIDUFWLRQ��EOHHG��SQHXPRQLWLV�
SQHXPRPHGLDVWLQXP�RU�SQHXPRSHULWRQHXP��

+H�ZDV�JLYHQ�LQWUDPXVFXODU�+DORSHULGRO�DQG�LQWUDYHQRXV�IHQWDQ\O�IRU�VHGDWLRQ�DQG�SDLQ�UHOLHI�

+LV�PHQWDO�VWDWH�QRUPDOLVHG�VXEVHTXHQWO\�RYHU�WLPH�

$Q�RHVRSKDJHDO�JDVWUR�GXRGHQRVFRS\�VKRZHG�PLOG�RHVRSKDJLWLV�DQG�SDQ�JDVWULWLV�RHVRSKDJLWLV�

+H�ZDV�WUHDWHG�V\PSWRPDWLFDOO\�DQG�GLVFKDUJHG�VWDEOH�DIWHU�WZR�GD\V�

�

'LVFXVVLRQ

È3DLQW�WKLQQHUVÉ�DUH�VROYHQWV�XVHG�LQ�WKH�FOHDQLQJ�RI�RLO�EDVHG�SDLQWV��7KH\�W\SLFDOO\�FRQWDLQ�D�FRPELQDWLRQ�RI�DOLSKDWLF�DQG�DURPDWLF�K\GURFDUERQV�
WHUSHQHV�DQG�R[\JHQDWHG�VROYHQWV��>�@

3DWLHQWV�SUHVHQW�SULPDULO\�ZLWK�&16�V\PSWRPV�DQG�RU�V\PSWRPV�RI�SQHXPRQLWLV�DIWHU�LQJHVWLRQ�RI�DOLSKDWLF�K\GURFDUERQV��>�@

&16�V\PSWRPV�LQFOXGH�DWD[LD��FRQIXVLRQ�DQG�&16�GHSUHVVLRQ��7KH�PHFKDQLVP�RI�&16�WR[LFLW\�UHPDLQV�ODUJHO\�XQNQRZQ�EXW�PD\�EH�UHODWHG�WR
VROYHQW�HIIHFWV�RQ�QHXURQDO�PHPEUDQHV�RU�LQWHUDFWLRQV�ZLWK�OLJDQG�JDWHG�LRQ�FKDQQHOV��7KH\�PD\�DOVR�EH�WKH�UHVXOW�RI�K\SR[HPLD�UHVXOWLQJ�IURP
GLVSODFHPHQW�RI�R[\JHQ�LQ�WKH�OXQJV�E\�YDSRXU�IURP�WKH�DVSLUDWHG�K\GURFDUERQ�

3QHXPRQLWLV�PD\�EH�GXH�WR�DVVRFLDWHG�DVSLUDWLRQ�RI�WKH�K\GURFDUERQ�DQG�LV�OLNHO\�WKH�UHVXOW�RI�GLUHFW�WR[LFLW\�WR�SXOPRQDU\�WLVVXH�DQG�OLSLG
VXUIDFWDQW�GLVUXSWLRQ��3DWLHQWV�PD\�SUHVHQW�ZLWK�K\SR[HPLD��KDHPRSW\VLV�RU�SXOPRQDU\�RHGHPD�

)ROORZLQJ�DQ�LQJHVWLRQ��RWKHU�RUJDQ�V\VWHPV�WKDW�PD\�EH�DIIHFWHG�LQFOXGH�WKH�FDUGLRYDVFXODU��FDUGLDF�DUUHVW��DUUK\WKPLDV���JDVWURLQWHVWLQDO
�$EGRPLQDO�SDLQ��QDXVHD��YRPLWLQJ��KDHPDWHPHVLV���KDHPDWRORJLF��/HXFRF\WRVLV��',&��KDHPRO\VLV��DQG�KHSDWLF�V\VWHPV��7UDQVPLQLWLV�

0DQDJHPHQW�RI�VXFK�SDWLHQWV�VKRXOG�IROORZ�WKH�VWHSV�RI�FRQWDLQPHQW��GHFRQWDPLQDWLRQ�DQG�VWDELOLVDWLRQ��)RUFHG�HPHVLV�DQG�XVH�RI�DFWLYDWHG
FKDUFRDO�DUH�QRW�UHFRPPHQGHG�LQ�VXFK�SDWLHQWV��3URSK\ODFWLF�DGPLQLVWUDWLRQ�RI�DQWLELRWLFV�DQG�RU�VWHURLGV�DUH�FRQWURYHUVLDO�EXW�GR�QRW�DSSHDU�WR�EH
XVHIXO��>�@�

3DWLHQWV�ZLWK�UHVSLUDWRU\�IDLOXUH�PD\�UHTXLUH�WKH�XVH�RI�PHFKDQLFDO�YHQWLODWLRQ��([WUDFRUSRUHDO�PHPEUDQH�R[\JHQDWLRQ�PD\�EH�FRQVLGHUHG�IRU�VHYHUH
SQHXPRQLWLV�RU�SXOPRQDU\�IDLOXUH��>�@

3DWLHQWV�ZKR�UHPDLQ�DV\PSWRPDWLF�DIWHU���WR���KRXUV�RI�REVHUYDWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�D�QRUPDO�FKHVW�UDGLRJUDSK�FDQ�EH
GLVFKDUJHG�ZLWK�WKH�DGYLFH�WR�UHWXUQ�LI�UHVSLUDWRU\�V\PSWRPV�GHYHORS�ZLWKLQ�WKH�QH[W����KRXUV��3DWLHQWV�ZLWK�&16�GHSUHVVLRQ��IHYHU��DEQRUPDO�FKHVW



[�UD\�ILQGLQJV��RU�UHVSLUDWRU\�GLVWUHVV�VKRXOG�EH�DGPLWWHG�IRU�IXUWKHU�LQSDWLHQW�PDQDJHPHQW�

5HIHUHQFHV

3DLQWV�	�&RDWLQJV�Ä�6ROYHQWV���
KWWS���ZZZ�VLJPDDOGULFK�FRP�DQDO\WLFDO�FKURPDWRJUDSK\�DLU�PRQLWRULQJ�DSSOLFDWLRQV�SDLQWV�DQG�FRDWLQJV�VROYHQWV�KWPO
/H[LFRPS�2QOLQHi��$OLSKDWLF�+\GURFDUERQV��/H[L�7R[���/H[L�&RPS��,QF���
*XPPLQ�''��+U\KRUF]XN�'2��+\GURFDUERQV��*ROGIUDQN
V�7R[LFRORJLF�(PHUJHQFLHV���WK�HG���
6FDO]R�$-��:HEHU�75��-DHJHU�5:��&RQQRUV�5+��7KRPSVRQ�0:��([WUDFRUSRUHDO�PHPEUDQH�R[\JHQDWLRQ�IRU�K\GURFDUERQ�DVSLUDWLRQ��$P�-�'LV�&KLOG���
��������������������
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��������,QIOXHQFH�RI�VRFLDO�LQVXUDQFH�VWDWXWV�RQ�HPHUJHQF\�GHSDUWPHQW�YLVLWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-DFTXHV�'�VLU��1NHQJ�0HWRXN�������0DUF�9UDQFN[����

���(PHUJHQF\�GHSDUWPHQW���,633&��&+8�&KDUOHURL��%UXVVHOV��%(/*,80
���(PHUJHQF\�GHSDUWPHQW���,633&��&+8�&KDUOHURL��0RQV��%(/*,80

.H\ZRUGV��HPHUJHQF\��VRFLDO�VWDWXV��LQVXUDQFH

$EVWUDFW��

,QWURGXFWLRQ

IUHTXHQWDWLRQ�RI�HPHUJHQF\�GHSDUWPHQWV��('��LV�FRQWLQXRXVO\�ULVLQJ��7KHUH�DUH�VHYHUDO�SURSRVDOV�WR�FRQYLQFH�WKH�SDWLHQWV�WR�FRQWDFW�ILUVW�WKHLU
JHQHUDO�SUDFWLRQHU��*3��DQG�HYHQ�WR�IRUELG�DFFHVV�WR�DQ�('�ZLWKRXW�SULRU�*3�FRQVXOWDWLRQ�VRPH�DUJXH�('�DUH�D�VDIHW\�QHW�JXDUDQW\LQJ�DFFHVV�WR
PHGLFDO�FDUH�WR�HYHU\ERG\�,I�UHFHQW�UHVHDFK
V�VKRZ�WKDW�IUHTXHQWDWLRQ�RI�('�LV�UDUHO\�GXH�WR�ILQDQFLDO�FRQGLWLRQV��RWKHU�VWXGLHV�KDYH�VKRZQ�D�OLPLWHG
DFFHVV�WR�PHGLFDO�FDUH�RI�SUHFDULRXV�SHRSOH�GHVSLWH�D�ODFN�RI�XQLYHUVDO�GHILQLWLRQ��ODFN�RI�VRFLDO�LQVXUDQFH���/6,��LV�PRVW�RIWHQ�DQ�DGPLWWHG�FULWHULD�RI
SRVVLEOH�SUHFDULW\��$�UHFHQW�VWXG\�RI�D�VRFLDO�LQVXUDQFH�FRPSDJQ\�KDYH�VKRZQ�WKDW�XQLQVXUHG�SDWLHQWV�KDYH�D�VL[�IROG�KLJKHU�IUHTXHQWDWLRQ�UDWH�RI
('�FRPSDUHG�WR�WKHLU�LQVXUHG�DIILOLDWHV�:H�LQYHVWLJDWHG�PRUH�GHHSO\�WKH�LQIOXHQFH�RI�WKH�VRFLDO�LQVXUDQFH�VWDWXV�RQ�('�YLVLWV�

0DWHULDO�DQG�PHWKRG

:H�FRQGXFWHG�D�UHWURVSHFWLYH�DQDO\VH�RI�DOO�WKH�PHGLFDO�UHFRUGV�RI�SDWLHQWV�DWWHQGLQJ�RXU�('�LQ�������'DWD�FROOHFWHG�ZHUH�WKH�GHPRJUDSKLF
FKDUDFWHULVWLFV���DJH�DQG�VH[���VRFLDO�LQVXUDQFH�VWDWXV��WLPH�DQG�UHDVRQ�RI�SUHVHQWDWLRQ��OHQJWK�RI�VWD\��DGPLVVLRQ�PRGH��W\SH�RI�LQYHVWLJDWLRQV�DQG
GHVWLQDWLRQ�DW�WKH�H[LW�RI�('�

5HVXOWV

$IWHU�H[FOXVLRQ�RI������XQFRPSOHWHG�RU�LQFRQVLVWHQW�UHUHFRUGV��������YLVLWV�ZHUH�DQDO\]HG��DPRQJ�ZLWFK������/6,���������

/6,�ZDV�VLJQLILFDQWO\���S��������PRUH�SUHYDOHQW�LQ�PDOH�������YV��������DQG�LQ�\RXQJHU�SDWLHQWV����DJH��������������YV�������DJH�������������YV
����DJH�!���������YV���������/6,�SDWLHQWV�ZHUH�OHVV�OLNHO\�DGPLWWHG�E\�DPEXDOFH��������YV��������S����������KDG�D�VKRUWHU�OHQJWK�RI�VWD\��������
YV��������S���������DQG�D�YHU\�ORZHU�UDWH�RI�KRVSLWDOL]DWLRQ��������YV��������S����������$PRQJ�/6,�SDWLHQWV���ZH�DOVR�REVHUYHG�D�ORZHU�UDWH�RI�WKRVH
ZKR�OHIW�ZLWKRXW�EHLQJ�VHHQ�������YV�������S���������6LJQLILFDQWO\��S���������OHVV�LQYHVWLJDWLRQ�H[DPV�ZHUH�SHUIRPHG�LQ�/6,�SDWLHQWV���QR�H[DP�
������YV�����������H[DP�������YV�������!���H[DPV������YV�������

'LVFXVLRQ�DQG�FRQFOXVLRQ

(PHUJHQF\�GHSDUWPHQW�SDWLHQWV�ZLWK�D�ODFN�RI�VRFLDO�LQVXUDQFH�DUH�PRUH�OLNHO\�WR�EH�\RXQJ�DQG�PDOH�6SRQWDQHRXV�SUHVHQWDWLRQ�IRU�FRQVXOWDWLRQ��D
ORZHU�QHHG�RI�LQYHVWLJDWLRQ�H[DPV��D�VKRUWH�OHQJWK�RI�VWD\��D�YHU\�ORZHU�UDWH�RI�KRVSLWDO�DGPLVVLRQ�DQG�D�ORZHU�UDWH�RI�OHDYLQJ�ZLWKRXW�EHLQJ�VHHQ
DUH�DOO�LQGLFDWRUV�WKDW�WKH�HPHUJHQF\�GHSDUWHPHQW�LV�HIIHFWLYHO\�WKH�VDIHW\�QHW�DOORZLQJ�DFFHVV�WR�PHGLFDO�FDUH�RI�WKHVH�SUHFDULRXV�SRSXODWLRQ
EHIRUH�GHWHULRUDWLRQ�RI�WKHLU�PHGLFDO�FRQGLWLRQV�



',6$67(5�0(',&,1( $PLQ�$OEDKDUL

��������$QDO\VLV�RI�6SRQWDQHRXV�9ROXQWHHU�5HVSRQVH�WR������6XGDQ�)ORRGV��&KDQJLQJ�WKH�3DUDGLJP�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$PLQ�$OEDKDUL������&DUO�6FKXOW]����

�����8QLYHUVLW��GHJOL�6WXGL�GHO�3LHPRQWH�2ULHQWDOH���*DOZD\��,5(/$1'
���3URIHVVRU�RI�(PHUJHQF\�0HGLFLQH��&HQWHU�IRU�'LVDVWHU�0HGLFDO�6FLHQFHV��8&,�6FKRRO�RI�0HGLFLQH��(PHUJHQF\�'HSDUWPHQW�8&,�0HGLFDO�&HQWHU��
,UYLQH��86$

.H\ZRUGV��'LVDVWHU��)ORRGV��1DIHHU��6XGDQ��6SRQWDQHRXV�YROXQWHHU��FRQYHUJDQFH

$EVWUDFW��

6WXG\�2EMHFWLYHV�
7KH�UROH�RI�VSRQWDQHRXV�YROXQWHHUV�GXULQJ�WKH�LQLWLDO�UHVSRQVH�WR�GLVDVWHUV�UHPDLQV�FRQWURYHUVLDO��,Q�DQ�DWWHPSW�WR�UHVROYH�VRPH�RI�WKH�GHEDWH�
LQYHVWLJDWRUV�H[DPLQHG�WKH�DFWLYLWLHV�RI�D�VSRQWDQHRXV�YROXQWHHU�JURXS�FDOOHG�1DIHHU�DIWHU�WKH�6XGDQ�IORRGV�DURXQG�WKH�FLW\�RI�.KDUWRXP�LQ�$XJXVW
RI������
0HWKRGV�
7KLV�UHWURVSHFWLYH�GHVFULSWLYH�FDVH�VWXG\�LQYROYHG�����LQWHUYLHZV�ZLWK�1DIHHU�PHPEHUV�WKDW�SDUWLFLSDWHG�LQ�WKH�GLVDVWHU�UHVSRQVH�WR�WKH�.KDUWRXP
IORRGV�����H[DPLQDWLRQ�RI�GRFXPHQWV�JHQHUDWHG�GXULQJ�WKH�HYHQW��DQG����VXEVHTXHQW�EHQFKPDUNLQJ�RI�WKHLU�HIIRUWV�ZLWK�WKH�6SKHUH�+DQGERRN�
,QWHUYLHZV�ZHUH�KHOG�ZLWK�YROXQWHHUV�ZKR�KHOG�WRS�DGPLQLVWUDWLYH�SRVLWLRQV�ZLWKLQ�1DIHHU�DV�ZHOO�DV�LQGLYLGXDO�PHPEHUV��0HPEHUV�ZKR�DJUHHG�WR
SDUWLFLSDWH�ZHUH�UHTXHVWHG�WR�SURYLGH�DOO�GRFXPHQWV�LQ�WKHLU�SRVVHVVLRQ�UHODWLQJ�WR�1DIHHU��7KH�UHVSRQVH�E\�1DIHHU�ZDV�WKHQ�EHQFKPDUNHG�WR�WKH
6SKHUH�+DQGERRNÇV�VL[�FRUH�VWDQGDUGV��DV�ZHOO�DV�WKH�HOHYHQ�PLQLPXP�VWDQGDUGV�LQ�HVVHQWLDO�KHDOWK�VHUYLFHV�
5HVXOWV�
$�WRWDO�RI����LQGLYLGXDOV�ZHUH�LQWHUYLHZHG����IURP�OHDGHUVKLS��DQG���IURP�DFWLYH�PHPEHUV���1DIHHU
V�DFWLYLWLHV�LQFOXGHG��IRRG�SURYLVLRQ��GHOLYHU\�RI
EDVLF�KHDOWKFDUH��HQYLURQPHQWDO�VDQLWDWLRQ�FDPSDLJQV��HIIRUWV�WR�UDLVH�DZDUHQHVV��DQG�FRQVWUXFWLRQ�DQG�VWUHQJWKHQLQJ�RI�IORRG�EDUULFDGHV��7DEOH��
,WV�XVH�RI�HOHFWURQLF�SODWIRUPV�DQG�VRFLDO�PHGLD�WR�FROOHFW�GDWD�DQG�FRRUGLQDWH�WKH�RUJDQL]DWLRQÇV�UHVSRQVH�SURYHG�KLJKO\�HIIHFWLYH��0HPEHUV�RI
1DIHHU�FDPH�IURP�GLYHUVH�EDFNJURXQGV��LQFOXGLQJ�HPSOR\HHV�RI�FRUSRUDWLRQV�DQG�1*2V��PHGLFDO�SUDFWLWLRQHUV��QXUVHV��SKDUPDFLVWV��DQG�XQLYHUVLW\
VWXGHQWV��1DIHHU�DGRSWHG�D�IODW�PDQDJHPHQW�VWUXFWXUH��GLYLGLQJ�LWVHOI�LQWR����FRPPLWWHHV��$�FRRUGLQDWLRQ�FRPPLWWHH�ZDV�LQ�FKDUJH�RI�OLDLVLQJ
EHWZHHQ�DOO�FRPPLWWHHV��7KH�+HDOWK�DQG�6DQLWDWLRQ�FRPPLWWHH�VXSHUYLVHG���KHDOWK�GD\V�ZKLFK�LQFOXGHG�PRELOH�PHGLFDO�DQG�GHQWLVWU\�FOLQLFV
VXSSRUWHG�E\�D�PRELOH�ODERUDWRU\�DQG�SKDUPDF\��$�WRWDO�RI�����SDWLHQWV�ZHUH�VHHQ��7KH�HQJLQHHULQJ�FRPPLWWHH�PDQDJHG�WR�FRQVWUXFW�DQG�PDLQWDLQ
IORRG�EDUULFDGHV��1DIHHU�XVHG�FURZG�VRXUFLQJ�WR�IXQG�LWV�DFWLYLWLHV��UHFHLYLQJ�GRQDWLRQV�ORFDOO\�DQG�LQWHUQDWLRQDOO\�XVLQJ�VXSSRUWHUV�RXWVLGH�6XGDQ��,W
DOVR�UHFHLYHG�LQ�NLQG�GRQDWLRQV��1DIHHU
V�WRWDO�EXGJHW�ZDV����������86��RI�ZKLFK�����ZDV�VSHQW�RQ�DGPLQLVWUDWLRQ��1DIHHU�FRPSOHWHO\�RU�SDUWLDOO\
IXOILOOHG�DOO���FRUH�6SKHUH�VWDQGDUGV�EXW�QRQH�RI�WKH�HVVHQWLDO�KHDOWK�VHUYLFHV�VWDQGDUGV��1DIHHU�GLG�QRW�VHW�VSHFLILF�REMHFWLYHV�IRU�LWVHOI�EDVHG�RQ
ZKLFK�GDWD�HOHPHQWV�ZRXOG�EH�LGHQWLILHG�DQG�VXEVHTXHQWO\�PHDVXUHG��(YHQ�WKRXJK�WKH�6SKHUH�+DQGERRN�ZDV�FKRVHQ�DV�WKH�EHVW�DYDLODEOH�JROG
VWDQGDUG�WR�EHQFKPDUN�1DIHHUÇV�HIIRUWV��LW�VKRZHG�VLJQLILFDQW�OLPLWDWLRQV�LQ�HIIHFWLYHO\�PHDVXULQJ�VXFK�JURXSV��$�VSHFLILF�WHPSODWH�GRHV�QRW
FXUUHQWO\�H[LVW�WR�HYDOXDWH�FRPPXQLW\�OHG�LQLWLDWLYHV�LQ�GLVDVWHUV�
&RQFOXVLRQ�
,W�DSSHDUV�WKDW�LQGHSHQGHQW�VSRQWDQHRXV�YROXQWHHU�LQLWLDWLYHV�OLNH�1DIHHU�SRWHQWLDOO\�FDQ�SOD\�D�VLJQLILFDQW�UROH�LQ�WKH�KXPDQLWDULDQ�UHVSRQVH��6XFK
RUJDQL]DWLRQV�VKRXOG�EH�WKH�VXEMHFW�RI�LQFUHDVHG�UHVHDUFK�DFWLYLW\��5HOHYDQW�ERGLHV�VKRXOG�FRQVLGHU�LVVXLQJ�VHSDUDWH�JXLGHOLQHV�VXSSRUWLQJ
VSRQWDQHRXV�YROXQWHHU�RUJDQL]DWLRQV�

$FNQRZOHGJPHQW��'U��$OEDKDULÇV�RQO\�ILQDQFLDO�FRQIOLFW�RI�LQWHUHVW�LV�KLV�GRQDWLRQ�RI������WR�WKH�1DIHHU�RUJDQL]DWLRQ��'U��6FKXOW]�UHSRUWV�QR�FRQIOLFW
RI�LQWHUHVW�



35(�+263,7$/���(06���287�2)�+263,7$/ (LNH�3OD]LNRZVNL

��������(PHUJHQF\�3URFHGXUHV�LQ�,VRODWHG��+LJKO\�&RQWDJLRXV�3DWLHQWV��$�UDQGRPL]HG�FRQWUROOHG�VWXG\�FRPSDULQJ�DGYDQFHG
DLUZD\�PDQDJHPHQW�LQ�GLIIHUHQW�VHWWLQJV�LQ�PDQLNLQV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(LNH�3OD]LNRZVNL������'RPLQLF�.�VHU������5RODQG�$OEUHFKW������5REHUW�*UHLI������/RUHQ]�7KHLOHU����

���'HSDUWPHQW�RI�$QDHVWKHVLRORJ\�	�3DLQ�0HGLFLQH��8QLYHUVLW\�+RVSLWDO�DQG�8QLYHUVLW\�RI�%HUQ��%HUQ��6:,7=(5/$1'
���6ZLVV�$LU�5HVFXH��5(*$��=�ULFK��6:,7=(5/$1'

.H\ZRUGV��$LUZD\�0DQDJHPHQW��3UHYHQWLRQ�RI�FRQWDJLRQ��3DWLHQW�,VRODWLRQ��3RUWDEOH�,VRODWLRQ�8QLW��3HUVRQDO�3URWHFWLYH�(TXLSPHQW

$EVWUDFW��

%DFNJURXQG�
,QFLGHQFH�UDWHV�RI�KLJKO\�LQIHFWLRXV�GLVHDVHV�DUH�ULVLQJ�DQG�WUHDWPHQW�IRU�SDWLHQWV�VXIIHULQJ�IURP�GLVHDVHV��VXFK�DV�(EROD�RU�7XEHUFXORVLV��LV
FKDOOHQJLQJ�IRU�HPHUJHQF\�SHUVRQQHO�ZRUOGZLGH��,Q�WKHVH�FDVHV��SDWLHQW�LVRODWLRQ�LV�D�NH\�FRPSRQHQW��+RZHYHU��ZHDULQJ�SHUVRQDO�SURWHFWLYH
HTXLSPHQW�LV�ERWK�FXPEHUVRPH�IRU�KHDOWK�FDUH�SHUVRQQHO�DQG�QHJDWLYHO\�DIIHFWV�PHGLFDO�SHUIRUPDQFH��$OWHUQDWLYHO\��SRUWDEOH�LVRODWLRQ�XQLWV�PD\�EH
XVHG��EXW�WKHLU�LQIOXHQFH�RQ�HPHUJHQF\�VNLOO�SHUIRUPDQFH�VXFK�DV�DLUZD\�PDQDJHPHQW�LV�XQNQRZQ��)RU�WKDW�UHDVRQ�ZH�FRPSDUHG�VL[�DLUZD\�VNLOOV�RQ
PDQLNLQV�LQ�WKUHH�GLIIHUHQW�LVRODWLRQ�VHWWLQJV�

0DWHULDOV��0HWKRGV�
:LWK�,5%�DSSURYDO�����DQDHVWKHWLVWV�ZRUNLQJ�LQ�HPHUJHQF\�VHUYLFHV�SHUIRUPHG�DGYDQFHG�DLUZD\�PDQDJHPHQW�SURFHGXUHV�RQ�PDQLNLQV�LQ�WKUHH
VHWWLQJV�
���VWDQGDUG�VHWWLQJ��JORYHV�DQG�IDFH�PDVN�RQO\�
���SDUWLFLSDQWV�ZHDULQJ�SHUVRQDO�SURWHFWLYH�HTXLSPHQW��33(���-XSLWHUÑ��9HUVDIORÑ6���������0Ñ��7\FKHP�&Ñ�'X3RQWÑ�
���PDQLNLQ�LVRODWHG�LQ�D�SRUWDEOH�LVRODWLRQ�XQLW��3,8���9HQ,213,8�7%�6DIHW\�
6L[�GHYLFHV���VNLOOV�ZHUH�XVHG�LQ�HDFK�VHWWLQJ�WR�VHFXUH�YHQWLODWLRQ�
�0DFLQWRVK�EODGH�IRU�GLUHFW�ODU\QJRVFRS\
�$LUWUDT63Ñ�YLGHR�ODU\QJRVFRSH
�L�JHOÑ
�,/0$�)DVWUDFKÑ
�$PEX�ILEUHRSWLF�D6FRSHÑ
�&ULFRWK\URWRP\��&RRN�0HONHU�&DWKHWHU�6HWÑ�
2UGHU�RI�VHWWLQJV�DQG�GHYLFHV�ZDV�UDQGRPL]HG��7LPH�ZDV�PHDVXUHG�LQ�VHFRQGV��3DUWLFLSDQWV�DGGLWLRQDOO\�UDWHG�WKH�VXEMHFWLYH�OHYHO�RI�GLIILFXOW\�RQ�D
���PP�YLVXDO�DQDORJXH�VFDOH��9$6��IRU�HDFK�GHYLFH�LQ�HDFK�VHWWLQJ��È�É�UHSUHVHQWLQJ�YHU\�HDV\�DQG�È���É�H[WUHPHO\�GLIILFXOW�
5HVXOWV�
,Q�����RI�DWWHPSWV��UHJDUGOHVV�RI�VHWWLQJ�RU�GHYLFH��SDUWLFLSDQWV�ZHUH�DEOH�WR�VHFXUH�WKH�DLUZD\�LQ�XQGHU���V��7KH�WLPH�XQWLO�YHQWLODWLRQ�ZDV�VKRUWHU
WKDQ���V�LQ�����RI�DWWHPSWV�LQ�VWDQGDUG�VHWWLQJ������ZKLOVW�ZHDULQJ�SHUVRQDO�SURWHFWLYH�HTXLSPHQW�DQG�����ZKLOVW�WKH�PDQLNLQ�ZDV�LVRODWHG�LQ�WKH
SRUWDEOH�LVRODWLRQ�XQLW��7DNLQJ�HDFK�LQGLYLGXDO�GHYLFH�LQWR�FRQVLGHUDWLRQ��WKH�WLPH�XQWLO�YHQWLODWLRQ�GLIIHUHG�VLJQLILFDQWO\�LQ�HDFK�VHWWLQJ��S��������,Q
WKH�VWDQGDUG�VHWWLQJ�PHDQ�WLPH�XQWLO�YHQWLODWLRQ�ZDV���k��VHFRQGV�����&,�������VHFRQGV���DOWKRXJK�WLPH�YDULHG�FRQVLGHUDEO\�EHWZHHQ�WKH�GHYLFHV�
IURP�IDVWHVW��L�JHO���k�VHFRQGV�����&,�����VHFRQGV���WR�ORQJHVW��&ULFRWK\URWRP\���k��VHFRQGV�����&,�������VHFRQGV����/RQJHU
WLPHV�XQWLO�YHQWLODWLRQ�ZHUH�REVHUYHG�LQ�WKH�3,8�6HWWLQJ����k��VHFRQGV�����&,�������VHFRQGV���,Q�WKH�33(�6HWWLQJ�LW�ZDV���k��VHFRQGV�����&,�
�����VHFRQGV���7KH�RYHUDOO�OHYHO�RI�GLIILFXOW\��9$6�6FRUH��ZDV�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�HDFK�VHWWLQJ��S��������,W�ZDV�KLJKHVW�IRU�WKH�3,8
���k����FRPSDUHG�ZLWK�VWDQGDUG�VHWWLQJ���k���DQG�33(�6HWWLQJ����k����

'LVFXVVLRQ�DQG�&RQFOXVLRQ�V��
:HDULQJ�SHUVRQDO�SURWHFWLYH�HTXLSPHQW�RQO\�VOLJKWO\�SURORQJV�WLPH�XQWLO�YHQWLODWLRQ��ZKHQ�FRPSDUHG�WR�WKH�VWDQGDUG�VHWWLQJ��+RZHYHU��KDQGOLQJ�RI
WKH�SURWHFWLRQ�HTXLSPHQW�LV�GLIILFXOW��DQG�FRQWDPLQDWLRQ�SRVVLEOH��7KH�3,8�LV�D�VDIH�DOWHUQDWLYH��ZKLOH�LW�FRQVLGHUDEO\�DIIHFWV�PHGLFDO�WDVNV�
&ULFRWK\URWRP\�DQG�WKH�XVH�RI�D�ILEUHRSWLF�VFRSH�ZLWKLQ�D�3,8�6HWWLQJ�DUH�YHU\�GLIILFXOW�DQG�H[FOXGLQJ�LW�IURP�WKH�DQDO\VLV�LQFUHDVHG�VXFFHVV�UDWHV�IRU
YHQWLODWLRQ�XQGHU���V�WR������7KLV�VKRZV��WKDW�WKRXJK�FKDOOHQJLQJ�IRU�KHDOWKFDUH�SURIHVVLRQDOV��DLUZD\�PDQDJHPHQW�LQ�D�3,8�VHWWLQJ�LV�IHDVLEOH
ZLWKLQ�D�FOLQLFDOO\�WROHUDEOH�WLPH�IUDPH��:LWK�RYHUDOO�DYHUDJH�WLPHV�XQWLO�YHQWLODWLRQ�RI�DURXQG���V��VXSUDJORWWLF�DLUZD\�GHYLFHV�UHPDLQ�KLJKO\
UHFRPPHQGDEOH�WRROV��HYHQ�LQ�WKLV�FKDOOHQJLQJ�VHWWLQJ��$W�WKH�FRQJUHVV��WDEOHV�ZLWK�GHWDLOHG�UHVXOWV�ZLOO�EH�VKRZQ�



',6$67(5�0(',&,1( 6YHWODQD�&DNDUHYLF

��������+RZ�&DQ�3ULPDU\�&DUH�&OLQLFV�DQG�8UJHQW�&DUH�&OLQLFV�$LG�+RVSLWDO�(PHUJHQF\�'HSDUWPHQWV�LQ�WKH�7UHDWPHQW�RI�3DWLHQWV
GXULQJ�D�'LVDVWHU"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6YHWODQD�&DNDUHYLF������-HIIUH\�0LFKDHO�)UDQF����

�����4ZHHQVZD\�&DUOHWRQ�+RVSLWDO��2WWDZD��&$1$'$
���&OLQLFDO�3URIHVVRU�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�$OEHUWD��&DOJDU\��&$1$'$

.H\ZRUGV��'LVDVWHU��3ULPDU\�&DUH��0DVV�&DVVXDOW\�,QFLGHQW��)DPLO\�3UDFWLFH��7ULDJH

$EVWUDFW��

%DFNJURXQG�,Q�WKH�FDVH�RI�D�GLVDVWHU��WKHUH�LV�DQ�LQFUHDVHG�QHHG�WR�SURYLGH�FDUH�WR�GLVDVWHU�YLFWLPV��2QH�RI�WKH�FKDOOHQJHV�LV�WKH�ODFN�RI�UHVRXUFHV�
RU�GLYHUWLQJ�RI�UHVRXUFHV��WR�PDQDJH�WKH�PRVW�VHULRXV�FDVHV��+RZHYHU��WKHUH�LV�VWLOO�D�QHHG�WR�SURYLGH�FDUH�IRU�RWKHU�SDWLHQWV�ZLWK�PLQRU�LQMXULHV�
ZKRVH�FDUH�PLJKW�EH�GHOD\HG��7KH�FRPPRQO\�XVHG�67$57�WULDJH�WRRO�ZDV�IRXQG�WR�KDYH�VHQVLWLYLW\�RI����������&,�������Ä�������IRU�FDVXDOWLHV�WKDW
DUH�WULDJHG�DV�JUHHQ�

*RDO��7KH�SXUSRVH�RI�WKH�VWXG\�LV�WR�GHYHORS�DQG�WHVW�D�WULDJH�WRRO�XVHG�WR�GLYHUW�VRPH�RI�WKH�SDWLHQWV�IURP�WKH�VFHQH�RI�WKH�GLVDVWHU�GLUHFWO\�WR
SULPDU\�FDUH�RIILFHV�DQG�XUJHQW�FDUH�FHQWHUV�

7KH�SULPDU\�RXWFRPH�RI�WKH�VWXG\�ZDV�WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�WKH�WULDJH�WRRO��7KH�VHFRQGDU\�JRDO�LV�WR�DQDO\]H�LI�WKHUH�LV�D�VLJQLILFDQW
GLIIHUHQFH�LQ�VHQVLWLYLW\�DQG�VSHFLILFLW\�ZKHQ�WRRO�LV�XVHG�E\�SDUDPHGLFV�YV��SK\VLFLDQV�

0HWKRGRORJ\��7KLV�ZDV�D�WZR�VWHS�VWXG\��,Q�WKH�'HULYDWLRQ�3KDVH��WKH�3ULPDU\�&DUH�$VVHVVPHQW�7ULDJH�7RRO��3&$77��ZDV�GHYHORSHG�E\�D�IRFXV
JURXS�RI�IDPLO\�SK\VLFLDQV��1HLWKHU�WKH�DXWKRUV�RI�WKLV�VWXG\�QRU�WKH�IRFXV�JURXS�SDUWLFLSDQWV�KDG�DQ\�NQRZOHGJH�RI�WKH�VXEVHTXHQW�YDOLGDWLRQ�FDVHV
GXULQJ�WKH�GHULYDWLRQ�SKDVH�

,Q�WKH�9DOLGDWLRQ�3KDVH��FDVHV�ZHUH�H[WUDSRODWHG�IURP�WKH�FKDUWV�RI�NQRZQ�SDWLHQWV��ZKR�ZHUH�WKH�YLFWLPV�RI�D�%XV�YV��7UDLQ�DFFLGHQW�LQ�2WWDZD�
&DQDGD��&DVHV�ZHUH�FRQVLGHUHG�WR�EH�VXLWDEOH�IRU�PDQDJHPHQW�LQ�SULPDU\�FDUH�RIILFHV�LI�WKH\�UHTXLUHG�QR�SURFHGXUHV�RU�KRVSLWDO�DGPLVVLRQ��:H
ORRNHG�LQWR�HOHYHQ�FDVXDOWLHV�WKDW�SUHVHQWHG�WR�WKH�4XHHQVZD\�&DUOHWRQ�(PHUJHQF\�'HSDUWPHQW�2WWDZD��&DQDGD��DIWHU�WKH�%XV�YHUVXV�7UDLQ
DFFLGHQW�WKDW�KDSSHQHG�RQ�6HSWHPEHU����������LQ�2WWDZD��2QWDULR��&DQDGD���2Q�WKH�EDVLV�RI�WKHVH�FKDUWV��WHVW�FDVHV�ZHUH�FUHDWHG�DQG�GLVWULEXWHG
WR�SDUDPHGLFV�DQG�SK\VLFLDQV�

5HVXOWV����,Q�WRWDO�����UHVSRQGHQWV�EHJDQ�WKH�TXHVWLRQQDLUH��DQG�����FRPSOHWHG�WKH�IXOO����FDVHV���7KLV�LQFOXGHG�����SK\VLFLDQV�DQG���
SDUDPHGLFV���2YHUDOO�VHQVLWLYLW\�RI�WKH�3&$77�WRRO�ZDV�������ZLWK�����FRQILGHQFH�LQWHUYDO�����WR������2YHUDOO�VSHFLILFLW\�RI�WKH�3&$77�WRRO�ZDV
������ZLWK�����FRQILGHQFH�LQWHUYDO�RI�����WR�����:KHQ�WKH�3&$77�WRRO�ZDV�XVHG�E\�SK\VLFLDQV��VHQVLWLYLW\�ZDV�������DQG�ZKHQ�XVHG�E\
SDUDPHGLFV��VHQVLWLYLW\�ZDV��������7KLV�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��S �������IRU�FRQILGHQFH�LQWHUYDO�IRU�HIIHFW�VL]H�RI�������WR�����6SHFLILFLW\�ZDV
������IRU�SK\VLFLDQV�DQG�������IRU�WKH�SDUDPHGLFV��7KLV�ZDV�DOVR�VWDWLVWLFDOO\�VLJQLILFDQW��S �������IRU�FRQILGHQFH�LQWHUYDO�IRU�HIIHFW�VL]H�RI������
WR�����

&RQFOXVLRQ��,Q�WKH�FDVH�RI�RXU�VDPSOH�0DVV�&DVXDOW\�,QFLGHQW��WKH�3&$77�WRRO�KDG�D�UHDVRQDEOH�VHQVLWLYLW\�ZKHQ�FRPSDUHG�WR�RWKHU�FRPPRQO\�XVHG
WRROV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��DOWKRXJK�IXUWKHU�VWXG\�LV�FOHDUO\�QHFHVVDU\��7KLV�WRRO�DSSHDUV�WR�EH�WR�KDYH�UHDVRQDEOH�VHQVLWLYLW\�WR�EH�XVHG�WR
GLYHUW�FDVXDOWLHV�ZLWK�PLQRU�LQMXULHV�DQG�SV\FKRVRFLDO�QHHG�WR�WKH�FDUH�RI�WKH�SULPDU\�FDUH�SK\VLFLDQV�DQG�WKXV�UHOLHYH�WKH�EXUGHQ�RQ�DOUHDG\
VWUHWFKHG�UHVRXUFHV�LQ�WKH�HPHUJHQF\�GHSDUWPHQWV�
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��������38/6(
V�VXSSRUW�IRU�DQ�HQKDQFHG�(XURSHDQ�KHDOWK�V\VWHP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9LRUHO�3HWFX������$'(/,1$�*(25*(6&8����

���5	'��6&�21(67�62/87,216�65/��%XFKDUHVW��520$1,$

.H\ZRUGV��PDMRU�PHGLFDO�HPHUJHQF\��KHDOWK�VHUYLFHV��SUHSDUHGQHVV��UHVSRQVH��FULVLV�PDQDJHPHQW��VWDQGDUGLVHG�SURFHGXUHV�DQG�SURFHVVHV��6$5V�
ZHDN�VLJQDO�GHWHFWLRQ��WKUHDW�DQDO\VLV

$EVWUDFW��

1RZDGD\V��RXU�VRFLHW\�IDFHV�DQ�LQFUHDVLQJO\�QXPEHU�RI�WUDJHGLHV�GXH�WR�GHDGO\�WKUHDWV�VXFK�DV�SDQGHPLF�GLVHDVH�DQG�PDMRU�DFFLGHQWV��WHUURU
DWWDFNV�RU�QDWXUDO�KD]DUGV�OHDGLQJ�WR�WKH�QHFHVVLW\�RI�DQ�(XURSHDQ�SODWIRUP�IRU�PHGLFDO�VXSSRUW�GXULQJ�PDMRU�HPHUJHQFLHV��,Q�VXFK�VLWXDWLRQV��LW�LV
FULWLFDO�IRU�WKH�(XURSHDQ�HPHUJHQF\�PHGLFDO�VHUYLFHV�WR�EH�LQ�DQ�H[FHOOHQW�VWDWH�RI�SUHSDUHGQHVV�VXSSRUWHG�E\�ILUVW�FODVV�SODQQLQJ�DQG�GHFLVLRQ
VXSSRUW�WRROV��0RUHRYHU��LQ�WKH�UHVSRQVH�SKDVH��(XURSHDQ�HPHUJHQF\�PHGLFDO�VHUYLFHV�QHHG�FRQVLVWHQW��FRRUGLQDWHG�DQG�VWDQGDUGL]HG�DGYDQFHG
VXSSRUW�PHWKRGV�DQG�WRROV�SURYLGLQJ�VXSSRUW�LQ�FULWLFDO�WDVNV�OLNH�H�J��HDUO\�WKUHDW�GHWHFWLRQ��FRPPRQ�RSHUDWLRQDO�SLFWXUH��FUHDWLRQ�RI�VXUJH�FDSDFLW\
HWF�

7KLV�SDSHU�SUHVHQWV�WKH�GHYHORSPHQWV�DQG�WKH�DFKLHYHPHQWV�RI�WKH�38/6(��3ODWIRUP�IRU�(XURSHDQ�0HGLFDO�6XSSRUW�GXULQJ�PDMRU�HPHUJHQFLHV�
SURMHFW���D�&ROODERUDWLYH�5HVHDUFK�3URMHFW�XQGHU�WKH�(XURSHDQ��WK�)UDPHZRUN�3URJUDPPH�Ä�7KHPH�6(&��������������É'HYHORSPHQW�RI�GHFLVLRQ
VXSSRUW�WRROV�IRU�LPSURYLQJ�SUHSDUHGQHVV�DQG�UHVSRQVH�RI�+HDOWK�6HUYLFHV�LQYROYHG�LQ�HPHUJHQF\�VLWXDWLRQVÉ�

38/6(�3ODWIRUP�LV�PDGH�XS�RI�WKUHH�KLJK�OHYHO�FRPSRQHQWV��VRIWZDUH�PDWKHPDWLFDO�PRGHOV��VRIWZDUH�WRROV�DQG�623V��6WDQGDUG�2SHUDWLRQDO
3URFHGXUHV���,W�LV�H[SHFWHG�WKDW�(QG�XVHUV�ZLOO�WDNH�EHQHILW�IURP�WKH�38/6(�SODWIRUP�XVLQJ�WKH�VRIWZDUH�7RROV�ZKLOH�RSHUDWLQJ�DFFRUGLQJ�WR�WKH
SURFHVVHV�RSWLPL]HG�E\�WKH�38/6(�SURMHFW�ZLWK�623�EDVHG�RQ�(XURSHDQ�EHVW�SUDFWLFHV��6RIWZDUH�7RROV�ZLOO�XVH�0RGHOV��ZKLFK�PD\�EH�FRQVLGHUHG�DV
ÈVRIWZDUH�URXWLQHÉ�EDVHG�RQ�PDWKHPDWLFDO�PRGHOV�DOJRULWKPV��38/6(�3ODWIRUP�ZLOO�PDLQO\�VXSSRUW�WKH�(QG�XVHUV�PDNLQJ�WKH�EHVW�GHFLVLRQ�RQ�WKH
WZR�UHODWHG�LVVXHV�RI�5HVRXUFH�DOORFDWLRQ�DQG�DOVR�3DWLHQW�GLVSDWFK�ZLWK�UHVSHFW�WR�WKH�H[SHFWHG�IXWXUH�IORZ�VWDWXV�RI�SDWLHQWV�ZLWK�WKH�FRQVWUDLQW�RI
DYDLODEOH�UHVRXUFHV�DQG�PHGLFDO�GRFWULQHV���38/6(�VXEVWDQWLDOO\�LPSURYHV�WKH�SUHSDUHGQHVV�DQG�UHVSRQVH�FDSDELOLWLHV�RI�WKH�KHDOWK�VHUYLFHV
LQYROYHG�LQ�PDMRU�HPHUJHQF\�VLWXDWLRQV��PLWLJDWLQJ�WKH�ORVV�RI�OLIH�DQG�UDLVLQJ�WKH�VXUYLYDO�UDWHV�DPRQJ�PDVV�FDVXDOWLHV��

7KH�38/6(�SURMHFW�SURYLGHV�YDOLGDWHG�SURFHGXUHV�ZKLFK�ZLOO�EH�DGHTXDWH�WR�LPSURYH�WKH�RSHUDWLRQ�DQG�VXFFHVV�RI�WKH�KHDOWKFDUH�V\VWHP�LQ
FKDOOHQJLQJ�GLVDVWHU�VLWXDWLRQV�ZKHUH�FRPELQHG�RSHUDWLRQV�DUH�UHTXLUHG�DW�ORFDO��UHJLRQDO��FURVV�ERUGHU�DQG�LQWHUQDWLRQDO�OHYHOV�

38/6(�SURMHFW�VXSSRUWV�DQ�HQKDQFHG�(XURSHDQ�KHDOWK�V\VWHP�E\�WKH�LPSURYHPHQW�RI�WKH�KHDOWK�VHUYLFHV�LQ�ERWK�SUHSDUHGQHVV�DQG�UHVSRQVH�VWDJHV
RI�D�PDMRU�PHGLFDO�LQFLGHQW�OHDGLQJ�WR�D�PRUH�HIILFLHQW�HPHUJHQF\�PDQDJHPHQW��RSHUDWLRQDO�SURFHGXUHV�KDUPRQL]DWLRQ��LPSURYHG�FURVV�ERUGHU
FRRSHUDWLRQ�RI�WKH�PHGLFDO�VHUYLFHV��LPSURYHG�XQGHUVWDQGLQJ�RI�WKH�SXEOLF�DFFHSWDQFH��DQG�OHJDO��HWKLFDO�DQG�VRFLDO�LVVXHV�LQ�PDMRU�HPHUJHQF\
PDQDJHPHQW�
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��������2SSRUWXQLWLHV�DQG�GLIILFXOWLHV�IRU�DFKLHYLQJ�DQ�HTXDO�DQG�WLPHO\�DFFHVV�RI�SDWLHQWV�WR�HPHUJHQF\�FDUH�LQ�%XOJDULD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'HVLVODYD�.DWHOLHYD������/RUD�*HRUJLHYD����

���1*2��%(06$��6RILD��%8/*$5,$
���0HGLFDO�8QLYHUVLW\�RI�9DUQD��'HSDUWPHQW�RI�6RFLDO�0HGLFLQH�DQG�+HDOWKFDUH�2UJDQL]DWLRQ��9DUQD��%8/*$5,$

.H\ZRUGV��RUJDQL]DWLRQ��OHJDO�IUDPHZRUN��HPHUJHQF\�FDUH��%XOJDULD

$EVWUDFW��

,QWURGXFWLRQ��(PHUJHQF\�PHGLFLQH�LV�SURYLGHG�LQ�GHILFLW�RI�WLPH�DQG�LQIRUPDWLRQ��(YHU\�HPHUJHQF\�WHDP�PXVW�UHDFK�WKH�SDWLHQW�RQ�WLPH�DQG�DSSO\
WKH�DSSURSULDWH�OLIHVDYLQJ�GLDJQRVWLFV�DQG�WUHDWPHQW��%XOJDULD�KDV�ORQJ�VWDQGLQJ�WUDGLWLRQV�LQ�HPHUJHQF\�FDUH��VWULYLQJ�WR�HQVXUH�HTXDO�DQG�WLPHO\
DFFHVV�IRU�DOO�WKH�SRSXODWLRQ�

0DWHULDO�DQG�PHWKRGV��7KH�RUJDQL]DWLRQ�DQG�WKH�OHJDO�IUDPHZRUN�RI�HPHUJHQF\�PHGLFDO�FDUH�LQ�%XOJDULD�LQ�SUH�KRVSLWDO�DQG�KRVSLWDO�HQYLURQPHQW
DUH�DQDO\]HG��7KH�UHVXOWV�DUH�SUHVHQWHG�IURP�D�VWXG\�WKDW�ZDV�FDUULHG�RXW�LQ������DPRQJ�����SURIHVVLRQDOV�LQ�HPHUJHQF\�DLG�UHJDUGLQJ�WKH�UHIRUPV
LQ�WKH�HPHUJHQF\�V\VWHP�Ä�LQIRUPDWLRQ�ZDV�REWDLQHG�YLD�D�VHPL�VWUXFWXUHG�TXHVWLRQQDLUH�

5HVXOWV�DQG�GLVFXVVLRQ��7KH�HPHUJHQF\�PHGLFDO�FDUH�LQ�%XOJDULD�LV�IUHH�RI�FKDUJH�IRU�WKH�SDWLHQWV�LUUHVSHFWLYH�RI�WKHLU�KHDOWK�LQVXUDQFH�VWDWXV�RU
SODFH�RI�UHVLGHQFH��DQG�LW�LV�ILQDQFHG�E\�WKH�VWDWH�EXGJHW��,W�ZDV�RUJDQL]HG�E\�WKH�����V�LQ�VWUXFWXUHV�EHORQJLQJ�WR�KRVSLWDOV�DQG�SRO\FOLQLFV��,Q�WKH
����V�����FHQWHUV�IRU�SUH�KRVSLWDO�HPHUJHQF\�ZHUH�HVWDEOLVKHG��DQG�HPHUJHQF\�ZDUGV�ZHUH�GLIIHUHQWLDWHG�LQ����KRVSLWDOV�LQ�������1RZDGD\V�WKHUH
DUH�����PRELOH�WHDPV�LQ�WKH�FRXQWU\������HPHUJHQF\�URRPV�ZLWK�WHDPV�RQ�GXW\��DQG����HPHUJHQF\�GHSDUWPHQWV�LQ�WKH�ELJJHVW�KRVSLWDOV��7KH
(XURSHDQ�(PHUJHQF\�1XPEHU�����KDV�EHHQ�RSHUDWLQJ�VLQFH������LQ�%XOJDULD�DQG�LV�FRQQHFWHG�WR����HPHUJHQF\�PHGLFDO�WHOHSKRQH�H[FKDQJHV�
6SHFLDOW\�RI�HPHUJHQF\�PHGLFLQH�ZDV�LQWURGXFHG�LQ�������7KH�VSHFLDOL]HG�KRVSLWDO�RI�HPHUJHQF\�PHGLFLQH�È3LURJRYÉ�LQ�6RILD�LV�UHVSRQVLEOH�IRU�WKH
FRQWLQXLQJ�HGXFDWLRQ�RI�WKH�SK\VLFLDQV�LQ�HPHUJHQF\�PHGLFLQH��7KH�PDLQ�GLIILFXOWLHV�IRU�WLPHO\�DQG�HTXDO�DFFHVV�RI�SDWLHQWV�WR�HPHUJHQF\�DLG
LQFOXGH�WKH�LUUHJXODU�GLVWULEXWLRQ�RI�HPHUJHQF\�WHDPV�WKURXJKRXW�WKH�FRXQWU\��WKH�VKRUWDJH�RI�SHUVRQQHO�GXH�WR�DJHLQJ��ORZ�UHPXQHUDWLRQ�DQG�FDVHV
RI�DJJUHVVLRQ�DJDLQVW�WKHP��DV�ZHOO�DV�D�ORW�RI�SDWLHQWV�ZKR�DUH�QRW�XUJHQW�EXW�GR�QRW�SRVVHVV�D�KHDOWK�LQVXUDQFH�DQG�XVH�HPHUJHQF\�VWUXFWXUHV
HYHU\�WLPH�WKH\�QHHG�PHGLFDO�FDUH��WKXV��WKH�VHUYLFH�RI�XUJHQW�SDWLHQWV�LV�GHOD\HG���$�QHZ�PHGLFDO�VWDQGDUG�LQ�HPHUJHQF\�PHGLFLQH�ZDV�DGRSWHG�LQ
������EDVHG�RQ�WKH�EHVW�ZRUOG�SUDFWLFHV�DQG�SDUWLFXODUO\�WKH�(XURSHDQ�FXUULFXOXP�IRU�HPHUJHQF\�PHGLFLQH�RI�WKH�(XURSHDQ�6RFLHW\�IRU�(PHUJHQF\
0HGLFLQH��(X6(0���7KH�QHZ�VWDQGDUG�ZDV�LQWHQGHG�WR�LQWURGXFH�WKH�WULDJH��DOJRULWKPV�RI�ZRUN��VWDQGDUGL]HG�DUFKLWHFWXUH�DQG�HTXLSPHQW�RI�DOO
HPHUJHQF\�VWUXFWXUHV��7KH�WUDLQLQJ�RI�SDUDPHGLFV�DQG�SK\VLFLDQÇV�DVVLVWDQWV�ZKR�VKRXOG�HQWHU�LQ�SUH�KRVSLWDO�HPHUJHQF\�ZDV�LQWURGXFHG��7KH
UHVXOWV�RI�WKH�VWXG\�DPRQJ�HPHUJHQF\�SHUVRQQHO�VKRZ�WKDW�������RI�WKH�UHVSRQGHQWV�FRQVLGHU�WKDW�WKH�LQWURGXFWLRQ�RI�WKH�WULDJH�ZLOO�LPSURYH
HPHUJHQF\�VHUYLFHV��������DSSURYH�DOJRULWKPV�IRU�ZRUN��������EHOLHYH�WKDW�WKH�SDUDPHGLFV�ZLOO�VROYH�WKH�SHUVRQQHO�VKRUWDJH������DUH�PRWLYDWHG
E\�UHIRUPV�WR�FRQWLQXH�WR�ZRUN�LQ�WKH�V\VWHP�

&RQFOXVLRQ��$V�D�ZKROH��WKH�HPHUJHQF\�FDUH�LQ�%XOJDULD�LV�ZHOO�VWUXFWXUHG�EXW�LW�H[SHULHQFHV�VRPH�RUJDQL]DWLRQDO�DQG�SHUVRQQHO�SUREOHPV��ZKLFK
DUH�H[SHFWHG�WR�EH�VROYHG�WKURXJK�DQ�LQWURGXFWLRQ�RI�WKH�WULDJH��LPSURYLQJ�WKH�HTXLSPHQW��DQG�WKH�LQFOXVLRQ�RI�SDUDPHGLFV�DQG�SK\VLFLDQÇV
DVVLVWDQWV�LQ�WKH�HPHUJHQF\�WHDPV��
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3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6(1(0�1(%¡������085$7�(56(/������)81'$�.$5%(.�$.$5&$������|=*(�&$1����

�����©¡©/¡�(7)$/�(�¡7¡0�9(�$5$©7,50$�+$67$1(6¡��LVWDQEXO��785.(<
���$&¡/�7,3�$%'��(*(��1¡9(56¡7(6¡�7,3�)$.�/7(6¡�+$67$1(6¡��L]PLU��785.(<
���$&¡/�7,3�$%'��(*(��1¡9(56¡7(6¡�7,3�)$.�/7(6¡�+$67$1(6¡��¡=0¡5��785.(<

.H\ZRUGV��SQHXPRQLD��5':��PRUWDOLW\

$EVWUDFW��

2%-(&7,9(6��7KH�SULPDU\�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�HYDOXDWH�WKH�SURJQRVWLF�HIILFLHQF\�RI�FRPSOHWH�EORRG�SDUDPHWHUV���7KH�VHFRQGDU\�REMHFWLYH�RI
WKLV�VWXG\�LV�WR�HYDOXDWH�WKH�IDFWRUV�WKDW�HIIHFW�WKH�SURJQRVLV�LQ�SDWLHQWV�ZLWK�SQHXPRQLD��

0(7+2'6��,Q�RXU�UHWURVSHWLYH�VWXG\��SDWLHQWV�ZLWK�SQHXPRQLD�ZKR�DUH�ROGHU�WKDQ����\HDUV�ROG�DQG��ZKR�DGPLWWHG�(JH�8QLYHUVLW\�(PHUJHQF\
0HGLFLQH�6HUYLFH�EHWZHHQ���������������������ZHUH�VWXGLHG��'DWDV�ZHUH�DFTXLUHG�E\�XVLQJ�WKH�KRVSLWDO�GDWDEDVH��7KH�SDWLHQWV�ZKR�DGPLWWHG�DIWHU
WKHLU�WUHDWPHQW�VWDUWHG�LQ�DQRWKHU�KHDOWK�LQVWXWLWLRQ��SDWLHQWV�ZKR�DUH�XVLQJ�GUXJV�ZKLFK�HIIHFW�EORRG�FHOOV��SDWLHQWV�ZKR�KDYH�GLVHDVH�WKDW�HIIHFW
EORRG�FHOOV��SDWLHQWV�ZKRVH�GHDWK�GDWD�ZHUH�LQDFFHVVLEOH���DQG�SDWLHQWV�ZKRVH�SQHXPRQLD�GLDJQRVLV�ZHUH�QRW�FHUWDLQ�ZHUH�H[FOXGHG�IURP�WKH�VWXG\�
'DWDV�ZHUH�JURXSHG�DQG�ZHUH�UHJLVWHUHG�DW�GDWD�IRUPV��'DWDV�ZHUH�ORDGHG�WR�6366������SURJUDP�DQG�DQDO\]HG���

5(68/76��0HGLDQ�DJH�RI�����SDWLHQWV�ZKR�LQFOXGHG�WKH�VWXG\�ZHUH��������������������RI�WKH�SDWLHQWV�ZHUH�PDOH��$FFRUGLQJ�WR�3QHXPRQLD�6HYHULW\
,QGH[��36,���������������RI�WKH�SDWLHQWV�ZHUH�6WDJH�,9�9�DQG�ZHUH�UHTXLUHG�KRVSLWDOL]DWLRQ��������������RI�WKH�SDWLHQWV�ZHUH�6WDJH�,�,,�,,,�DQG�ZHUH
WUHDWDEOH�DV�RXWSDWLHQWV��$FFRUGLQJ�WR�&85%���VFRUH������������RI�WKH�SDWLHQWV�ZHUH�DW�ORZ�ULVN��VFRUH���DQG����DQG�����������RI�WKH�SDWLHQWV�ZHUH
DW�KLJK�ULVN��VFRUH�Õ����,W�ZDV�IRXQG�WKDW�����������RI�WKH�SDWLHQWV�ZHUH�GLHG�LQ�ILUVW����KRXUV��������������RI�WKH�SDWLHQWV�ZHUH�GLHG�LQ�ILUVW����KRXUV�
������������RI�WKH�SDWLHQWV�ZHUH�GLHG�LQ�ILUVW�ZHHN��DQG�������������RI�WKH�SDWLHQWV�ZHUH�GLHG�LQ�WKH�ILUVW�PRQWK��,Q�SDWLHQWV�ZKR�DGPLWWHG
HPHUJHQF\�VHUYLFH�ZLWK�DW\SLFDO�V\PSWRPV��H�J��DEGRPLQDO�SDLQ��ORVV�RI�FRQVFLHQFH��LPSDLUPHQW�RI��RUDO�LQWDNH��ZHUH�IRXQG�VWDWLVWLFDOO\�KLJKHU
PRUWDOL\��S�������FRPSDUHG�WR�WKH�SDWLHQWV�ZKR�DGPLWWHG�ZLWK�W\SLFDO�V\PSWRPV��H�J��FRXJK��VSXWXP��G\VSQHD���0RUWDOLW\�ZHUH��VWDWLVWLFDOO\�KLJKHU
LQ�SDWLHQWV�ZKR�KDV�DW�OHDVW���DGGLWLYH�LOQHVV��S��������,W�ZDV�IRXQG�WKDW�PRUWDOLW\�ZHUH�LQFUHDVHG��������k�������WLPHV�DV�UDWH�RI�EUHDWK�LQFUHDVH
DV���PLQ��PRUWDOLW\�ZHUH�LQFUHDVHG���������������������WLPHV�LI�IHYHU�ZDV����j&�RU�!��j&��PRUWDOLW\�ZHUH�LQFUHDVHG��������k�������WLPHV�DV�XUHD
LQFUHDVH�DV��PJ�GO��,W�ZDV�IRXQG�WKDW�JHQGHU��SXOVH�UDWH��WURPERF\WH�FRXQW��������X/��DQG�&53�YDOXHV�ZHUH�QRW�LQGHSHQGHQW�ULVN�IDFWRUV�WKDW
HIIHFW�PRUWDOLW\��$QDO\]LQJ�FRPSOHWH�EORRG�FRXQW�SDUDPHWHUV��LW�ZDV�IRXQG�WKDW����GD\�PRUWDOLW\�ZHUH�LQFUHDVHG��������k�������WLPHV�DV�5':
LQFUHDVH�DV�����7KHUH�ZHUH�IRXQG�QR�FRQQHFWLRQ�EHWZHHQ�ORZQHVV�RI�KHDPRJORELQ��KDHPDWRFULW�DQG�PRUWDOLW\��7KHUH�ZHUH�IRXQG�QR�FRQQHFWLRQ
EHWZHHQ�WURPERF\WH�FRXQW��039�YDOXH��36:�YDOXH�DQG�PRUWDOLW\��

&21&8/6,21��&85%���DQG�36,�VFRUH�GLVWULEXLRQV�RI�WKH�SDWLHQWV�LQFOXGHG�WR�RXU�VWXG\�ZHUH�VLPLODU�WR�WKH�OLWHUDWXUH��,W�ZDV�IRXQG�WKDW�LQFUHDVH�RI
5:'�YDOXH�ZHUH�UHODWHG�WR�PRUWDOLW\��+HDPRJORELQ��KHDPDWRFULW��WURPERF\WH��3':��039�YDOXHV�ZHUH�IRXQG�XQUHODWHG�WR�PRUWDOLW\��7KHUH�ZHUH�QRW
HQRXJK�VWXGLHV�UHODWHG�WR�SURJQRVWLF�YDOXH�RI�FRPSOHWH�EORRG�FRXQW�SDUDPHWHUV��,W�LV�UHTXLUHG�WR�VWXG\�ZLGHVFDOH�UHVHDUFKV�ZLWK�KHDOWK\�FRQWURO
JURXSV�



0,6&(//$1(286 5DTXHO�3HUH]�&DVWLOOR

��������/RZ�EDFN�SDLQ�LQ�(PHUJHQF\�5RRP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5DTXHO�3HUH]�&DVWLOOR������-RVH�/XLV�5XL]�/RSH]������0DULD�&XHQFD�7RUUHV����

���(PHUJHQF\��+RVSLWDO�8QLYHUVLWDULR�GH�OD�5LEHUD��$O]LUD��63$,1

.H\ZRUGV��/RZ�EDFN�SDLQ

$EVWUDFW��

$FXWH�ORZ�EDFN�SDLQ�LQ�DQ�H[WUHPHO\�FRPPRQ�FRQGLWLRQ�LQ�WKH�HPHUJHQF\�FDUH�IRU�WKHLU�LQWHQVLW\�DQG�VXGGHQ�RQVHW��/RZ�EDFN�SDLQ�DQQXDOO\
JHQHUDWHV�ODUJH�DPRXQW�RI�VLFN�OHDYH�DQG�PXOWLSOH�FRQVXOWDWLRQV�LQ�GLIIHUHQW�VSHFLDOWLHV�UHSUHVHQWLQJ�D�KXJH�KHDOWK�DQG�HPSOR\PHQW��HFRQRPLF�DQG
VRFLDO�VSHQGLQJ��,W�LV�WKH�MRE�RI�WKH�HQWLUH�PHGLFDO�WHDP�WU\�WR�UHDFK�WKH�VDPH�GLIIHUHQWLDO�GLDJQRVLV�RI�HDUO\�LGHQWLILFDWLRQ�DQG�WKRVH�VSHFLILF�ORZ�EDFN
SDLQ�IRU�WKH�VSHFLILF�WUHDWPHQW�DV�VRRQ�DV�SRVVLEOH�

,Q�WKLV�SDSHU�LV�GHVFULEHG�DQG�DQDO\]HG�WKH�DVVHVVPHQW�RI�ORZ�EDFN�SDLQ�LQ�WKH�('��IRFXVLQJ�RQ�WKH�VSHFLILF�EDFN�SDLQ��$QDO\]LQJ�WKH�LQIRUPDWLRQ
JDWKHUHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��WULDJH�VKHHW�DQG�VKHHW�GLVFKDUJH��WR�VHH�LI�WKHUH�DUH�VSHFLILF�SURJQRVWLF�IDFWRUV�IRU�EDFN�SDLQ�LQ�WKH�('�

0HWKRGV��REVHUYDWLRQDO��GHVFULSWLYH��DQDO\WLFDO�DQG�UHWURVSHFWLYH�VWXG\�ZDV�FRQGXFWHG�LQ������LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�WKH�8QLYHUVLW\
+RVSLWDO�GH�OD�5LEHUD��'DWD�FROOHFWLRQ�LQ�([FHOi�IRUPDW�IRU�WKH�WUHDWPHQW�DQG�RUJDQL]DWLRQ�RI�YDULDEOHV��ZKLFK�DUH�WKHQ�DQDO\]HG�LQ�WKH�6WDWLVWLFDO
3DFNDJH�IRU�WKH�6RFLDO�6FLHQFHV��6366�,QF���&KLFDJR��,/��YHUVLRQ����ZDV�SHUIRUPHG�

5HVXOWV��7KH�VWXG\�ZDV�FRQIRUP�ZLWK�����SDWLHQWV�RI�ERWK�VH[HV�ZLWK�DQ�DYHUDJH�DJH�RI����\HDUV�DQG�D�VWDQGDUG�GHYLDWLRQ�RI���������/RZ�EDFN�SDLQ
SUHGRPLQDWHG�LQ�IHPDOHV��2I�DOO�GLDJQRVHV�DW�GLVFKDUJH��WKH�PDMRULW\�ZDV�ORZ�EDFN�SDLQ��DQG�EDFN�SDLQ�GLDJQRVHV�FRQVLGHUHG�DV�VSHFLILF�YHUWHEUDO
IUDFWXUH�

&RQFOXVLRQV��$FFRUGLQJ�WR�RXU�VWXG\�FRXOG�EH�GHILQHG�DV�SURJQRVWLF�IDFWRUV�VSHFLILF�ORZ�EDFN�SDLQ�LQ�WKH�('��7KH�(9$�LQ�WKH�GLDJQRVLV�RI�YHUWHEUDO
IUDFWXUH�DQG�WKH�SULRULW\�JLYHQ�LQ�WULDJH�RQO\�IRU�WKH�GLDJQRVLV�RI�YHUWHEUDO�IUDFWXUH��'RFWRUV�KHOSHG�GLDJQRVWLF�WHVWV��VSHFLILFDOO\�WKH�5;�WR�LVVXH�D
FOLQLFDO�GLDJQRVLV�ULJKW��7KRVH�SDWLHQWV�ZKR�FDPH�UHSHDWHGO\�WR�+86�ZLWK�EDFN�SDLQ�DQG�ZHUH�VHQW�WR�&&((�IRU�WKDW�UHDVRQ��ZHUH�HYHQWXDOO\
GLDJQRVHG�ZLWK�VSHFLILF�ORZ�EDFN�SDLQ�



75$80$ /LP�%HQJ�/HRQJ

��������7UDXPDWLF�GLDSKUDJPDWLF�LQMXULHV�����\HDU�H[SHULHQFH�IURP�D�WHUWLDU\�WUDXPD�FHQWUH��$�UHWURVSHFWLYH�FRKRUW�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/LP�%HQJ�/HRQJ������7HR�/L�7VHUQJ������&KLX�0LQJ�7HUN������$VLQDV�7DQ�0DU[HQJHO������6HRZ�(LOO\QH����

���6HQLRU�&RQVXOWDQW��(PHUJHQF\�'HSDUWPHQW��1J�7HQJ�)RQJ�+RVSLWDO��6LQJDSRUH��6,1*$325(
���&RQVXOWDQW��7UDXPD�DQG�$FXWH�FDUH�6XUJHU\��7DQ�7RFN�6HQJ�+RVSLWDO��6LQJDSRUH��6,1*$325(
���6HQLRU�FRQVXOWDQW��7UDXPD�DQG�$FXWH�FDUH�6XUJHU\��7DQ�7RFN�6HQJ�+RVSLWDO��6LQJDSRUH��6,1*$325(
���&OLQLFDO�$VVRFLDWH��(PHUJHQF\�'HSDUWPHQW��1J�7HQJ�)RQJ�+RVSLWDO��6LQJDSRUH��6,1*$325(
���6HQLRU�FRQVXOWDQW��(PHUJHQF\�'HSDUWPHQW��.KRR�7HFN�3KXDW�+RVSLWDO��6LQJDSRUH��6,1*$325(

.H\ZRUGV��GLDSKUDJPDWLF��LQMXULHV��WUDXPD

$EVWUDFW��

,QWURGXFWLRQ��7UDXPDWLF�GLDSKUDJPDWLF�LQMXULHV��7',V��DUH�FOLQLFDOO\�FKDOOHQJLQJ��:H�DLPHG�WR�UHYLHZ�7',V�WUHDWHG�LQ�D�WHUWLDU\�WUDXPD�FHQWUH�

0DWHULDOV�DQG�0HWKRGV��:H�SHUIRUPHG�D����\HDU��VLQJOH�FHQWUH�UHWURVSHFWLYH�UHYLHZ�RI�DGXOW�SDWLHQWV�ZLWK�7',V��3ULPDU\�RXWFRPHV�ZHUH�VXUYLYDO�
PRUWDOLW\�UDWHV�DQG�LQMXU\�VHYHULW\�VFRUHV��,66��DVVRFLDWHG�ZLWK�HDFK�7',�VXEW\SH��6HFRQGDU\�RXWFRPHV�LQFOXGHG�SURSRUWLRQV�RI�7',V�GLDJQRVHG
UDGLRORJLFDOO\��RSHUDWLYHO\�RU�DW�DXWRSV\��:H�FRPSDUHG�7',�VXEW\SHV�ZLWK�WKHLU�PHFKDQLVP�RI�LQMXU\��PRUWDOLW\�UDWHV�DQG�PHGLDQ�,66��'DWD�ZDV
DQDO\]HG�XVLQJ�GHVFULSWLYH�VWDWLVWLFV��3�YDOXHV��������ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW�

5HVXOWV��:H�UHFUXLWHG����SDWLHQWV�ZLWK�DFXWH�GLDSKUDJPDWLF�KHUQLDWLRQ��������RU���������WHDUV��������RU��������RU�FRQWXVLRQV��������RU��������
7KH�VXUYLYDO�DQG�PRUWDOLW\�UDWHV�UDQJHG�IURP�����WR�������DQG������WR��������UHVSHFWLYHO\�DPRQJ�WKH�7',�VXEW\SHV��7KH�,66�DPRQJ�VXUYLYRUV�DQG
GHDWKV�UDQJHG�IURP�������LQWHUTXDUWLOH�UDQJH�>,45@������WR�������,45�������DQG�������,45�������WR�������,45�������UHVSHFWLYHO\�DPRQJ�WKHVH�VXEW\SHV�
&KHVW�;�UD\�UHYHDOHG�������������ZKLOH�FRPSXWHU�WRPRJUDSKLF�VFDQV�GHWHFWHG��������������SDWLHQWV�ZLWK�7',V��$OO�VXUYLYRUV��Q ����DQG�GHDWKV
�Q ����XQGHUZHQW�RSHQ�VXUJHU\�RU�DXWRSV\�UHVSHFWLYHO\�WKDW�FRQILUPHG�WKHLU�7',V��%OXQW�DQG�SHQHWUDWLQJ�WUDXPD�ZDV�PRUH�IUHTXHQWO\�DVVRFLDWHG
ZLWK�DFXWH�KHUQLDWLRQ�DQG�WHDU�UHVSHFWLYHO\��7KHUH�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�DPRQJ�WKH�7',�VXEW\SHV�ZLWK�WKHLU�PHFKDQLVP�RI�LQMXU\�
PRUWDOLW\�UDWHV�DQG�PHGLDQ�,66�RI�VXUYLYRUV�

&RQFOXVLRQV��7',V�KDG�D�SUHGLFWDEOH�SDWWHUQ�ZLWK�PHFKDQLVP�RI�LQMXU\�DQG�ZHUH�DVVRFLDWHG�ZLWK�VLJQLILFDQW�PRUWDOLW\�UDWHV��3UH�RSHUDWLYH�LPDJLQJ
KDG�OLPLWHG�GLDJQRVWLF�XVH�



,1)(&7,286�',6($6(���6(36,6 9LQFHQW�/$12(

��������(YDOXDWLRQ�RI�NQRZOHGJH�RI�SUH�KRVSLWDO�SK\VLFLDQV�RQ�WKH�GLDJQRVLV�DQG�PDQDJHPHQW�RI�SXUSXUD�IXOPLQDQV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-HQQLIHU�&8/20$������6DELQH�/(02,1(������9LQFHQW�/$12(������&KULVWLDQ�/(�1*2&�+8(������)ORULDQ�/2*$5,'(6������)UDQN�3('8==,������'DQLHO�-267
�����0LFKHO�%,*1$1'������-HDQ�3LHUUH�72857,(5����

���(PHUJHQF\�GHSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(

.H\ZRUGV��SXUSXUD�IXOPLQDQV��VHSVLV�VFKRFN��SUH�KRVSLWDO�PDQDJPHQW

$EVWUDFW��

,QWURGXFWLRQ��3XUSXUD�IXOPLQDQV��3)��LV�D�UDUH�GLVHDVH�EXW�DQ\�GHOD\�LQ�GLDJQRVLV�DQG�RU�WKHUDS\�LQFUHDVHV�WKH�ULVN�RI�PRUELGLW\�DQG�PRUWDOLW\��(DUO\
GLDJQRVLV�IURP�ILUVW�FRQWDFW�LQ�WKH�PHGLFDO�FKDLQ�LV�HVVHQWLDO�WR�HVWDEOLVK�DSSURSULDWH�WUHDWPHQW�DV�HDUO\�DV�SRVVLEOH��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV
WR�DVVHVV�WKH�NQRZOHGJH�RI�SUH�KRVSLWDO�HPHUJHQF\�GRFWRUV�LQ�XUEDQ�DUHDV�RQ�WKH�GLDJQRVLV�DQG�PDQDJHPHQW�RI�3)�

0DWHULDOV�DQG�PHWKRGV��$Q�LQLWLDO�SUDFWLFH�VXUYH\�ZDV�EDVHG�RQ�DQ�RQOLQH�TXHVWLRQQDLUH�VHQW�WR�DOO�SUH�KRVSLWDO�SK\VLFLDQV�LQ�RXU�(PHUJHQF\
'HSDUWPHQW��7KH�TXHVWLRQV�ZHUH�PXOWLSOH�FKRLFH�ZLWK���TXHVWLRQV�ZLWK���LWHPV�DQG���TXHVWLRQ�ZLWK���LWHPV��7KH�TXHVWLRQQDLUH�LQFOXGHG���SDUWV�
HYDOXDWLQJ�WKH�NQRZOHGJH�RI�HSLGHPLRORJ\��FOLQLFDO�VLJQV��WUHDWPHQW�DQG�SUHYHQWLRQ�SURSK\OD[LV��$OO�UHVSRQVHV�RI�GRFWRUV�ZKR�KDYH�FRPSOHWHG�DQG
UHWXUQHG�WKH�TXHVWLRQQDLUH�ZHUH�LQFOXGHG��7KH�HQGSRLQW�ZDV�WKH�UDWH�RI�FRUUHFW�DQVZHUV�

5HVXOWV��)URP�1RYHPEHU����WR�'HFHPEHU��VW��������������GRFWRUV�DQVZHUHG�WKH�TXHVWLRQQDLUH��RU�D�UDWH�RI�FRPSOHWLRQ�RI������2XW�RI�DOO�WKH
DQVZHUV��Q ��������������������������ZHUH�FRUUHFW��$PRQJ�WKH�����HSLGHPLRORJLFDO�DQVZHUV������������ZHUH�DFFXUDWH��LQFOXGLQJ������������
FRUUHFW�DQVZHUV�RQ�3)�PRUWDOLW\������DQVZHUV�DERXW�3)�FOLQLFV�ZHUH�FRUUHFW�LQ�����������FDVHV�ZLWK�����������FRUUHFW�DQVZHUV�DERXW��WKH�DEVHQFH
RI�PHQLQJHDO�V\QGURPH��EHLQJ�SHUFHLYHG�DV�D�VHYHULW\�IDFWRU��7KH�����DQVZHUV�DERXW�WKHUDS\�ZHUH�FRUUHFW�LQ�����������FDVHV�ZLWK�������������IRU
WKH�LWHP�FRQFHUQLQJ�HDUO\�DGPLQLVWUDWLRQ�RI�FDWHFKRODPLQHV��7KH�����DQVZHUV�RQ�SUHYHQWLRQ�SURSK\OD[LV�ZHUH�FRUUHFW�LQ�����������FDVHV�ZLWK������
������IRU�WKH�LWHP�FRQFHUQLQJ�WKH�XVHIXOQHVV�RI�WKH�LQWURGXFWLRQ�RI�WKH�DQWLELRWLF�SURSK\OD[LV�EH\RQG����KRXUV�RI�LQLWLDO�FDUH�

'LVFXVVLRQ��7KH�WKHRUHWLFDO�NQRZOHGJH�RI�HPHUJHQF\�SK\VLFLDQV�ZHUH�JRRG�IRU�PRVW�LWHPV��7KHUH�LV�URRP�IRU�LPSURYHPHQW��SDUWLFXODUO\�RQ�WKH
FRQFHSW�RI�VHYHULW\�DVVRFLDWHG�ZLWK�WKH�DEVHQFH�RI�FOLQLFDO�VLJQV�DQG�PRGDOLWLHV�RI�WKHUDSHXWLF�LQWHQVLILFDWLRQ�

&RQFOXVLRQ��$Q�LOOXVWUDWHG�LQVWUXFWLRQ�FDUG�ZDV�WKHQ�PDGH�WR�RYHUFRPH�WKH�PLVXQGHUVWDQGLQJV�DQG�KDUPRQL]H�WKH�WKHUDSHXWLF�DQG�SURSK\ODFWLF
SUDFWLFHV�LQ�WKH�VWXGLHG�VHUYLFH�



&35���5(686&,7$7,21 9LQFHQW�/$12(

��������&DUGLDF�DUUHVW�LQ�FKLOGUHQ�RXWVLGH�WKH�KRVSLWDO��ZKDW�LV�WKH�LPSDFW�RI�VKRFNDEOH�UK\WKPV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9LQFHQW�7+20$6������6DELQH�/(02,1(������'DQLHO�-267������9LQFHQW�/$12(������0DULO\Q�)5$1&+,1������%HQRLW�)5$77,1,������0LFKHO�%,*1$1'������-HDQ
3LHUUH�72857,(5����

���(PHUJHQF\�'HSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(
���(PHUJHQF\�GHSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(

.H\ZRUGV��RXW�RI�KRVSLWDO��FDUGLDF�DUUHVW��FKLOGUHQ

$EVWUDFW��

,QWURGXFWLRQ��2XW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��LQ�FKLOGUHQ�LV�D�VLWXDWLRQ�WKDW�IDFHG�E\�WKH�ZKROH�SUH�KRVSLWDO�HPHUJHQF\�WHDP��7KH�DLP�RI�WKLV
VWXG\�ZDV�WR�GHVFULEH�SHGLDWULF�2+&$�KHDUW�UK\WKPV�UHFRUGHG�E\�VHPL�DXWRPDWHG�H[WHUQDO�GHILEULOODWRUV��$('��XVHG�E\�RQ�VFHQH�)LUVW�$LG
SURIHVVLRQDOV�

0DWHULDO�DQG�PHWKRGV��7KLV�ZDV�D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�RI�DQ�XUEDQ�DUHD�ZLWK�KLJK�SRSXODWLRQ�GHQVLW\��,W�LQFOXGHG�FKLOGUHQ�IURP���WR���
\HDUV�LQ�2+&$�ZKR�UHFHLYHG�DQ�$('���:KHQ�XVHG��SHGLDWULF�HOHFWURGHV�GHOLYHUHG����MRXOHV�RI�HQHUJ\���7KH�FROOHFWHG�YDULDEOHV�VKRZHG�D�UHODWLRQ�WR
WKH�HSLGHPLRORJLFDO�GDWD�LQ�DFFRUGDQFH�ZLWK�8WVWHLQ
V�UHFRPPHQGDWLRQV��DV�ZHOO�DV�WKH�HOHFWURFDUGLRJUDSKLF�GDWD�IURP�WKH�$('V�

9LQFHQW�7KRPDV��6DELQH�/HPRLQH��'DQLHO�-RVW��9LQFHQW�/DQR���0DULO\Q�)UDQFKLQ��%HQRLW�)UDWWLQL��0LFKHO�%LJQDQG��-HDQ�3LHUUH�7RXUWLHU�

5HVXOWV��2YHU�D�SHULRG�RI���\HDUV������FKLOGUHQ�ZHUH�LQFOXGHG�DQG�����$('�SORWV�ZHUH�DQDO\]HG���7KH�PHGLDQ�>,QWHU�4XDUWLOH�5DQJH@�DJH�ZDV��
>����@�\HDUV��ZLWK�����ER\V��������7ZHQW\�HLJKW�FKLOGUHQ�������KDG�D�VKRFNDEOH�UK\WKP�RQ�WKH�)LUVW�$LG�ZRUNHUV
�DUULYDO�DQG�ZHUH�PXOWL�VKRFNHG�LQ
����RI�FDVHV��7KH�IUDFWLRQ�RI�WLPH�GHYRWHG�WR�H[WHUQDO�FKHVW�FRPSUHVVLRQV�RYHU�WKH�WRWDO�WLPH�RI�FDUH�ZDV������7KH�$('�UHSRUWHG�VKRFN�LQ��
FKLOGUHQ�DQG�DGPLQLVWHUHG�DQ�H[FHVVLYH�VKRFN�LQ���FDVH��7KH�UDWH�RI�VXFFHVVIXO�GHILEULOODWLRQ�ZDV�������

&RQFOXVLRQ��6KRFNDEOH�UK\WKPV�LQ�FKLOGUHQ�ZHUH�UDUH��5HGXFLQJ�FKHVW�FRPSUHVVLRQ�LQWHUUXSWLRQV�E\�)LUVW�$LG�ZRUNHUV�DQG�EHWWHU�FRQVLGHUDWLRQ�RI
SHGLDWULF�VSHFLILFV�LQ�WKH�DQDO\VLV�DOJRULWKP�RI�$('V�FDQ�LPSURYH�FDUH��7KH�VWXG\�FRQWLQXHV�ZLWK�WKH�FROOHFWLRQ�RI�VXUYLYDO�DQG�QHXURORJLFDO�RXWFRPH
GDWD�DW���\HDU�



35(�+263,7$/���(06���287�2)�+263,7$/ 9LQFHQW�/$12(

��������$UH�WKH�GLDJQRVHV�RI�SUH�KRVSLWDO�DQG�KRVSLWDO�HPHUJHQF\�SK\VLFLDQV�FRQVLVWHQW"�$�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

2OLYLHU�<$9$5,�6$57$.+7,������2OJD�0$85,1������'DQLHO�-267������6W�SKDQH�%2,=$7������3DXOD�9$1+$(&.(������)UDQFRLV�9,$5'������-RQDWKDQ�*21=9$
�����6DELQH�/(02,1(������-HDQ�3LHUUH�72857,(5����

���(PHUJHQF\�GHSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(

.H\ZRUGV��SUHKRVSLWDO�PHGLFDO�WHDP��EDVLF�OLIH�VXSSRUW�WHDP�WUDQVSRUW��GHILQLWLYH�GLDJQRVLV

$EVWUDFW��

,QWURGXFWLRQ��,W�LV�DFFHSWHG�WKDW�WKH�SUH�KRVSLWDO�HPHUJHQF\�SK\VLFLDQ��(3���DIWHU�H[DPLQDWLRQ�DQG�LQ�WKH�DEVHQFH�RI�VHULRXV�FRQGLWLRQV��FDQ�HQWUXVW
D�SDWLHQW�WR�D�%DVLF�/LIH�6XSSRUW�7HDP�WUDQVSRUW��%/67��WR�UHDFK�WKH�QHDUHVW�(PHUJHQF\��'HSDUWPHQW��(6'��

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�GLDJQRVLV�DJUHHPHQW�EHWZHHQ�(3V�DQG�WKH�KRVSLWDO�IRU�WKHVH�%/67�SDWLHQWV�DQG�WKHQ�YHULI\�WKH�DEVHQFH�RI
GHOHWHULRXV�HIIHFWV�RI��%/67�WUDQVSRUW��

0DWHULDOV�DQG�PHWKRGV��7KLV�ZDV�D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\��ZLWK�D�ILUVW�DLG�FKDLQ�TXDOLW\�DSSURDFK��,QFOXVLRQ�FULWHULD��SDWLHQW�RYHU���
\HDUV�DIWHU�H[DPLQDWLRQ�E\�D�(3�ZDV�WUDQVSRUWHG�E\�%/67�WR�DQ�('��&ROOHFWHG�YDULDEOHV��DJH��JHQGHU��SUH�KRVSLWDO�DQG�KRVSLWDO�GLDJQRVLV��IROORZ�XS
�OLYLQJ��WUDQVIHUUHG�RU�GHFHDVHG�RQ�'D\�����$�FRPPLWWHH�RI�WKUHH�GRFWRUV�UXOHG�RQ�WKH�FRQVLVWHQF\�RI�WKH�SUH�KRVSLWDO�DQG�KRVSLWDO�GLDJQRVLV�DQG�WKHQ
WKH�UHOHYDQFH�RI�WKH�GHFLVLRQ�WR�WUDQVSRUW�E\�%/67�DQG�WKH�DGMXVWPHQW�RI�KRVSLWDO�UHIHUUDO��

7KH�SULPDU\�HQGSRLQW�ZDV�WKH�GLDJQRVWLF�DJUHHPHQW�EHWZHHQ�(3V�DQG�WKH�KRVSLWDO�WHDP���7KH�6HFRQGDU\�HQGSRLQW�ZHUH�WKH�UDWH�RI�SDWLHQWV�ZKR
QHHGHG�WR�EH�WUDQVIHUUHG�IURP�('�WR�D�VSHFLDOL]HG�VHUYLFH��WKH�UDWH�RI�XQH[SHFWHG�GHDWK��

5HVXOWV��)URP�6HSWHPEHU���WR�2FWREHU���������������SDWLHQWV�ZHUH�LQFOXGHG��7ZHQW\�RQH��ZHUH�ORVW�WR�IROORZ�XS��7KH�PHGLDQ�DJH�ZDV����>�����@
\HDUV��ZLWK����PHQ����������7KH�DJUHHPHQW�UDWH�EHWZHHQ�SUH�KRVSLWDO�DQG�KRVSLWDO�GLDJQRVHV�ZDV�������

7KH�GLDJQRVWLF�GLVFUHSDQF\�GLG�QRW�LQYROYH�PRUH�WUDQVIHUV�DIWHU�DUULYDO�DW�('��S �������2QH�SDWLHQW�GLHG�ZLWKLQ����KRXUV�RI�DGPLVVLRQ�WR�WKH�('�

0RVW�RIWHQ�SUH�KRVSLWDO�GLDJQRVHV�ZHUH�FDUGLRORJLFDO��Q ����DQG�UHVSLUDWRU\��Q �����)LYH��SDWLHQWV��������ZHUH�WUDQVIHUUHG�ZLWKLQ����KRXUV�WR�DQ
,&8��6HYHQWHHQ�FDVHV�ZHUH�VXEMHFW�WR�UHYLHZ��6L[�KDG�D�GLVFRUGDQW�GLDJQRVLV��$�SRVWHULRUL����SDWLHQWV�RXW�RI����ZHUH�VXEMHFW�WR�DQ�LQDSSURSULDWH
GHFLVLRQ�DERXW�WKH�WUDQVSRUW�DQG�RU�KRVSLWDO�UHIHUUDO�

'LVFXVVLRQ��'HVSLWH�DQ�LQWHUPHGLDWH�UDWH�RI�GLDJQRVWLF�DJUHHPHQW��WKH�QXPEHU�RI�SDWLHQWV�WUDQVIHUUHG�VHFRQGDULO\�ZDV�ORZ�DQG�WKH�GHDWK�UDWH�RI
OHVV�WKDQ�����'LDJQRVWLF�GLVFUHSDQF\�GLG�QRW�FRUUHODWH�WR�LQDGHTXDWH�KRVSLWDO�UHIHUUDO�RI�WKH�SDWLHQW�



&$6(�35(6(17$7,21 9$6,/(�*$95,/$

��������$V\PSWRPDWLF�UXSWXUHG�RI�DEGRPLQDO�DRUWLF�DQHXU\VP�LQ�D�SDWLHQW�ZLWK�&23'�SUHVHQWHG�LQ�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9DVLOH�*DYULOD������*DEULHOD�)LOLS������$OH[DQGUX�1LFRODH�&DUVWHD������5RGLFD�'DQLHOD�*DYULOD����

���(PHUJHQF\�'HSDUWPHQW��&OLQLFDO�(PHUJHQF\�&RXQW\�+RVSLWDO��7LPLVRDUD��520$1,$
���'HSDUWPHQW�RI�)DPLO\�+HDOWK�&DUH�3URYLGHUV����5RPDQLDQ�1DWLRQDO�6RFLHW\�RI�)DPLO\�0HGLFLQH��7LPLVRDUD��520$1,$

.H\ZRUGV��DEGRPLQDO�DRUWLF�DQHXU\VP��(PHUJHQF\�'HSDUWPHQW��SXOVDWLQJ�DEGRPLQDO�PDVV

$EVWUDFW��

5XSWXUHG�DEGRPLQDO�DRUWLF�DQHXU\VP��$$$��LV�RQH�RI�WKH�PRVW�IDWDO�VXUJLFDO�HPHUJHQFLHV��ZLWK�DQ�RYHUDOO�PRUWDOLW\�UDWH�RI������7KH�FODVVLF�WULDG
FRQVLVWV�RI�DEGRPLQDO�RU�IODQN�SDLQ��K\SRWHQVLRQ�DQG�D�SXOVDWLOH�DEGRPLQDO�PDVV��EXW�RQO\�PDQLIHVWV�LQ�����RI�FDVHV�DW�EHVW��$$$V�FDQ�EH
V\PSWRPDWLF�ZLWKRXW�DFXWH�UXSWXUH�DV�ZHOO��:H�SUHVHQW�WKH�FDVH�RI�D����\HDUV�ROG�PDQ�ZLWK�&23'��DFWLYH�VPRNHU��K\SHUWHQVLYH��EURXJKW�E\
DPEXODQFH�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�ZLWK�PLOG�G\VSQHD��FRXJK�DQG�KHPRSW\VLV��3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�D�SXOVDWLQJ�DEGRPLQDO�PDVV�
/DERUDWRU\�LQYHVWLJDWLRQV�VKRZHG�PLOG�DQHPLD��$EGRPLQDO�XOWUDVRXQG�UHYHDOHG�DQ�LQIUDUHQDO�DRUWLF�DQHXU\VP��8Q�XUJHQW�DQJLR&7�ZDV�SHUIRUPHG�
ZKLFK�VKRZHG�XQ�LQIUDUHQDO�DRUWLF�DQHXU\VP�ZLWK�PLQLPDO�H[WUDYDVDWLRQ�RI�FRQWUDVW��5XSWXUH�RI�DQ�DEGRPLQDO�DQHXU\VP�LV�D�FDWDVWURSKLF
FRPSOLFDWLRQ�ZLWK�D�KLJK�PRUWDOLW\�UDWH��,Q�WKLV�FDVH��WKH�DQHXU\VP�UXSWXUH�ZDV�DV\PSWRPDWLF�DQG�RQO\�D�WKRURXJK�FOLQLFDO�H[DPLQDWLRQ�LGHQWLILHG�D
SXOVDWLOH�PDVV�ZKLFK�UDLVHG�WKH�VXVSLFLRQ�RI�DRUWLF�DQHXU\VP�



35(�+263,7$/���(06���287�2)�+263,7$/ 9LQFHQW�/$12(

��������,V�WKHUH�D�UHODWLRQVKLS�EHWZHHQ�WKH�PRGH�RI�WUDQVSRUW�WR�WKH�KRVSLWDO�DQG�WKH�GHDGOLQH�IRU�WKH�ILUVW�LPDJHU\�RI�VWURNH�"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/DXUH�$/+$1$7,������6W�SKDQH�'8%285',(8������/DXUHQFH�6=78/0$1������'DQLHO�-267������*XLOODXPH�&$662855(7������(ULF�5$0'$1,������0LFKHO
%,*1$1'������-HDQ�3LHUUH�72857,(5����

���(PHUJHQF\�GHSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(

.H\ZRUGV��VWURNH��EUDLQ�LPDJLQJ��EDVLF�OLIH�VXSSRUW�WHDP�WUDQVSRUW

$EVWUDFW��

,QWURGXFWLRQ��7KH�UHIHUUDO�RI�FHUHEURYDVFXODU�DFFLGHQW�SDWLHQWV��&9$��WR�QHXURYDVFXODU�XQLWV��198��KDV�LPSURYHG�WKH�SURJQRVLV�RI�VDLG�SDWLHQWV�
,PDJLQJ��&7�RU�05,��PXVW�EH�V\VWHPDWLFDOO\�FDUULHG�RXW�RQ�DUULYDO�DW�WKH�KRVSLWDO��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�LQ�XUEDQ�DUHDV�RI�KLJK
SRSXODWLRQ�GHQVLW\�WKH�WLPH�EHWZHHQ�VWURNH�RQVHW�DQG�WKH�FRPSOHWLRQ�RI�WKH��VW�EUDLQ�LPDJLQJ��DFFRUGLQJ�WR�WKH�WUDQVSRUWDWLRQ�RI�SDWLHQWV�WR�WKH
KRVSLWDO��

�

0DWHULDOV�DQG�PHWKRGV��7KLV�ZDV�D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�LQFOXGLQJ�DOO�SDWLHQWV�KRVSLWDOL]HG�LQ�198V�RI�D�ODUJH�PHWURSROLV��'DWD
FROOHFWLRQ�LQYROYHG�SDWLHQW�FKDUDFWHULVWLFV��DJH��JHQGHU���WKHLU�PHDQV�RI�DUULYDO�LQ�WKH�VHUYLFH��SHUVRQDO�YHKLFOH��39���SULYDWH�DPEXODQFH��3$��
SURIHVVLRQDO�UHVFXHUV��35���HPHUJHQF\�SK\VLFLDQ��(3���WLPH�RI�&9$�RQVHW�DQG��ILUVW�DUULYDO�LQ�FDUH���VW�EUDLQ�LPDJLQJ��DW�WKH�EHJLQQLQJ�RI�HDUO\
WKURPERO\VLV�LI�FDUULHG�RXW��7KH�GLIIHUHQW�WLPHV�ZHUH�UHSRUWHG�E\�WKHLU�PHGLDQ�>LQWHUTXDUWLOH�UDQJH@��&RPSDULVRQ�RI�WLPHV�PDGH�XVH�RI�D�PHGLDQ�WHVW
�67$7$i������

�

5HVXOWV���)URP�WKH�-XQH��VW�WR���������������SDWLHQWV��ZLWK�WKH�DYHUDJH�DJH�RI���������\HDUV������PHQ��ZHUH�DGPLWWHG�LQ����198V�LQ�WKH�VWXGLHG
JHRJUDSKLF�DUHD��7KH�DYHUDJH��&9$��VW�LPDJLQJ��WLPHV�ZHUH�����>�������@�PLQXWHV�LQ�FDVH�RI�SHUVRQDO�WUDQVSRUWDWLRQ��Q ����������>�������@�PLQ
E\�SULYDWH�DPEXODQFH��Q ���������>�������@�PLQ��E\�SURIHVVLRQDO�EDVLF�OLIH�VXSSRUW��%/6��WHDPV��Q ����������>�������@�PLQ�E\�D�PHGLFDO�WHDP
�Q ��������>�����@�PLQXWHV�LQ�FDVH�RI�LQWUD�KRVSLWDO�WUDQVIHU��Q ����

7UDQVLHQW�,VFKHPLF�$WWDFNSDWLHQWV�IDYRUHG�D�SHUVRQDO�PRGH�RI�WUDQVSRUW��KHPRUUKDJLF�&9$��%/6�WHDPV�WUDQVSRUW��LVFKHPLF�&9$��D�PHGLFDO�WHDP�WLHG
ZLWK�WKH�UHVFXHUV�

�

'LVFXVVLRQ��7KH�WLPH�EHWZHHQ�WKH��VW�V\PSWRPV�DQG�FDUU\LQJ�RXW�WKH��VW�LPDJLQJ�GRXEOHG�ZKHQ�SDWLHQWV�XVHG�WKHLU�SHUVRQDO�WUDQVSRUWDWLRQ�YHUVXV
WKDW�RI�LQVWLWXWLRQDO�FDUH��$ZDUHQHVV�FDPSDLJQV�IRU�LQVWLWXWLRQDO�FDUH�LQ�FDVH�RI�RQVHW�RI�&9$�VLJQV�VKRXOG�FRQWLQXH�WR�EH�FDUULHG�RXW�



&35���5(686&,7$7,21 9LQFHQW�/$12(

��������8VLQJ�D�ZLWQHVV�JHRORFDWLRQ�V\VWHP�DGDSWHG�WR�ILUVW�DLG�ZRUN�WR�LPSURYH�WKH�PDQDJHPHQW�RI�RXW�RI�KRVSLWDO�FDUGLDF
DUUHVWV�LQ�XUEDQ�DUHD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6W�SKDQH�75$9(56������'DQLHO�-267������3DXO�'$5'(/������6DELQH�/(02,1(������9LQFHQW�/$12(������)U�G�ULTXH�%5,&+(������%HQMDPLQ�5$-21�����
0LFKHO�%,*1$1'������-HDQ�3LHUUH�72857,(5����

���(PHUJHQF\�GHSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(
���6WD\LQJ�$OLYH��$('0$3��3$5,6��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(

.H\ZRUGV��RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��ZLWQHVV�JHRORFDWLRQ��ILUVW�DLG

$EVWUDFW��

,QWURGXFWLRQ��7KH�WLPH�EHWZHHQ�RFFXUUHQFH�RI�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��DQG�LQLWLDWLRQ�RI�FKHVW�FRPSUHVVLRQV��&&��GHWHUPLQHV
SURJQRVLV��7R�RYHUFRPH�WKH�ODFN�RI�ZLWQHVVHV�WUDLQHG�LQ�ILUVW�DLG�DQG�WKH�GLIILFXOWLHV�LQ�FDUU\LQJ�RXW�D�WHOHSKRQH�JXLGHG�(&0��WKH������LQWHUQDWLRQDO
UHFRPPHQGDWLRQV�HPSKDVL]H�WKH�YDOXH�RI�JHRORFDWLQJ�UHVFXHUV�QHDU�D�SDWLHQW�LQ�2+&$��7KH�SXUSRVH�RI�WKLV�VLPXODWLRQ�VWXG\�ZDV�WR�WHVW�JHRORFDWLRQ
DQG�WKH�2+&$�ZLWQHVV�DOHUW��YLD�WKH�XVH�RI�D�VPDUWSKRQH�DSSOLFDWLRQ�LQ�DQ�HPHUJHQF\�FDOOV�UHFHSWLRQ�FHQWHU��7KLV�VWXG\�ZDV�WKH�SUHFRQGLWLRQ�IRU
ODUJH�VFDOH�GHSOR\PHQW�

0DWHULDOV�DQG�PHWKRGV��7KUHH�WHVWV�ZHUH�SHUIRUPHG�LQYROYLQJ�VLPXODWHG�FDOOV�IRU�2+&$��FDOO�UHVSRQVH�LQ�DFFRUGDQFH�ZLWK�WKH�VHUYLFH�SURFHGXUH
�DGGUHVV��GHWHFWLRQ�RI�2+&$��SKRQH�JXLGHG�&&�DQG�WKHQ�VHDUFKLQJ�LI�WKH�VLWXDWLRQ�UHTXLUHG�IRU��*RRG�6DPDULWDQV���*6��ORFDWHG�ZLWKLQ�����PHWHUV�RI
WKH�VLPXODWHG�YLFWLP��7KH�*6�ZHUH�SHUVRQQHO�GHSOR\HG�LQ�WKH�DUHD�EXW�QRW�LQIRUPHG�RI�WKH�DGGUHVV�RI�WKH�HPHUJHQF\��)RU�WKH�ODVW���WHVWV��VHQGLQJ
DQ�DPEXODQFH�ZDV�SHUIRUPHG�LQ�UHDO�WLPH�

5HVXOWV���'HOD\��PLQ��PHDVXUHG�GXULQJ���WHVWV��7��7��7���RI�WKH�*6�HQJDJHPHQW�E\�FDOO�FHQWHU�IURP�VLPXODWHG�FDOO�WLPH�IRU�2+&$�WR�

��6HDUFK�WLPH�IRU�D�*6���������

��*6�HQJDJHPHQW�WLPH��������

��5979�'HSDUWXUH�WLPH��QRW�PHDVXUHG�����

��5979�DUULYDO�WLPH��QRW�PHDVXUHG������

��7LPH�VDYHG�IRU�WKH�LQLWLDWLRQ�RI�&&��QRW�PHDVXUHG������

'LVWDQFH��P��IURP�*6�DW�HQJDJHPHQW�DQG�GHOD\��PLQ��RI�&&�VWDUW�

��7�����������������

��7�����������������

��7���������

5979� �UHVFXH�YHKLFOH�WR�YLFWLPV

7KH�UHVXOWV�VKRZ�D�EHQHILW�RI�XVLQJ�WKLV�V\VWHP�LQ�WHUPV�RI�WKH�&&�LQLWLDWLRQ�SHULRG�

'LVFXVVLRQ��7KHVH�UHVXOWV�FRQILUP�WKH�XVHIXOQHVV�RI�WKLV�WRRO�WR�LQWHJUDWH�HPHUJHQF\�FDOOV�UHFHSWLRQ�FHQWHU��7KH�QH[W�JRDO�ZLOO�EH�WR�PHDVXUH�LWV
LPSDFW�RQ�WKH�LPPHGLDWH�RXWFRPH�RI�SDWLHQWV�



35(�+263,7$/���(06���287�2)�+263,7$/ +LGHR�7RKLUD

��������2XWFRPHV�RI�ROGHU�SDWLHQWV�DWWHQGHG�E\�SDUDPHGLFV�IRU�IDOOV�LQ�3HUWK��:HVWHUQ�$XVWUDOLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+LGHR�7RKLUD������6WHSKHQ�%DOO������7HUHVD�:LOOLDPV������3DXO�%DLOH\������$QWKRQ\�&HOHQ]D������-XGLWK�)LQQ����

���3UHKRVSLWDO��5HVXVFLWDWLRQ�DQG�(PHUJHQF\�&DUH�5HVHDUFK�8QLW��&XUWLQ�8QLYHUVLW\��3HUWK��$8675$/,$
���&OLQLFDO�6HUYLFHV�'LUHFWRU��6W�-RKQ�$PEXODQFH�:HVWHUQ�$XVWUDOLD��%HOPRQW��$8675$/,$
���'LVFLSOLQH�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�:HVWHUQ�$XVWUDOLD��1HGODQGV��$8675$/,$

.H\ZRUGV��)DOOV��HPHUJHQF\�PHGLFDO�VHUYLFHV��LQMXU\

$EVWUDFW��

%DFNJURXQG��)DOOV�DUH�D�OHDGLQJ�FDXVH�RI�LQMXU\�UHODWHG�KRVSLWDOLVDWLRQ��DQG�RQH�RI�WKH�PRVW�FRPPRQ�UHDVRQV�IRU�HPHUJHQF\�DPEXODQFH�FDOOV�DPRQJ
HOGHUO\�SDWLHQWV�LQ�$XVWUDOLD�>�@���'HVSLWH�WKH�KLJK�LQFLGHQFH��OLWWOH�LV�NQRZQ�DERXW�RXWFRPHV�RI�IDOOV�DPRQJ�ROGHU�SDWLHQWV���:H�DLPHG�WR�FRPSDUH
RXWFRPHV�RI�IDOOV�DWWHQGHG�E\�DPEXODQFH�SDUDPHGLFV�ZLWK�WKRVH�IURP�RWKHU�FRPPRQ�UHDVRQV�IRU�HPHUJHQF\�DPEXODQFH�FDOOV�DPRQJ�ROGHU�SDWLHQWV�

3DUWLFLSDQWV�DQG�PHWKRGV��:H�FRQGXFWHG�D�UHWURVSHFWLYH�FRKRUW�VWXG\�RI�IDOOV�DWWHQGHG�E\�DPEXODQFH�SDUDPHGLFV�LQ�3HUWK��:HVWHUQ�$XVWUDOLD��:$�
EHWZHHQ���2FWREHU������DQG����'HFHPEHU�������:H�VHOHFWHG�SDWLHQWV�ZKR�ZHUH����\HDUV�RU�ROGHU�IURP�HOHFWURQLF�SDWLHQW�FDUH�UHFRUGV��H3&5��IURP
WKH�6W�-RKQ�$PEXODQFH�:HVWHUQ�$XVWUDOLD��6-$�:$����WKH�VROH�SURYLGHU�RI�JURXQG�EDVHG�HPHUJHQF\�DPEXODQFH�VHUYLFHV�LQ�3HUWK��:H�LGHQWLILHG
SDWLHQWV�ZKR�KDG�D�IDOO�EDVHG�RQ�GLVSDWFK�FRGHV��:H�OLQNHG�WKH�H3&5�ZLWK�WKH�HPHUJHQF\�GHSDUWPHQW��('��LQIRUPDWLRQ�V\VWHP�GDWD�DQG�WKH�:$
GHDWK�UHJLVWU\�WR�LGHQWLI\�SDWLHQW�RXWFRPHV��7KH�SULPDU\�RXWFRPH�ZDV�SDWLHQW�GLVSRVLWLRQ�DIWHU�DVVHVVPHQW�E\�SDUDPHGLFV�DW�WKH�VFHQH��DQG
VHFRQGDU\�RXWFRPHV�LQFOXGHG�SDWLHQW�GLVSRVLWLRQ�IURP�('�DV�ZHOO�DV�VXEVHTXHQW�DPEXODQFH�UHTXHVW��('�SUHVHQWDWLRQ��DQG�GHDWK�ZLWKLQ����KRXUV
DIWHU�WKH�LQGH[�HYHQW��WKH�ILUVW�DWWHQGDQFH�E\�SDUDPHGLFV���7KHVH�RXWFRPHV�ZHUH�FRPSDUHG�WR�RXWFRPHV�RI�ROGHU�SDWLHQWV�ZLWK�WKH�QH[W�WZR
PRVW�FRPPRQ�UHDVRQV�IRU�HPHUJHQF\�DPEXODQFH�UHVSRQVH�Ä�XQGLIIHUHQWLDWHG�ÈVLFNQHVVÉ�DQG�FKHVW�SDLQ�

5HVXOWV��7KHUH�ZHUH����������������DQG�������FDVHV�RI�IDOOV��VLFNQHVV�DQG�FKHVW�SDLQ��UHVSHFWLYHO\��3DWLHQWV�ZKR�KDG�D�IDOO�ZHUH�ROGHVW�DPRQJ�WKH
WKUHH�SDWLHQW�JURXSV��PHGLDQ�DJH����\HDUV�ROG�YV�����IRU�VLFNQHVV�����IRU�FKHVW�SDLQ���3DWLHQWV�ZKR�KDG�D�IDOO�ZHUH�PRVW�OLNHO\�WR�EH�GLVFKDUJHG�DW
WKH�VFHQH������YV�����IRU�VLFNQHVV�����IRU�FKHVW�SDLQ��S���������VXEVHTXHQWO\�UHTXHVW�DQ�DPEXODQFH�����YV�����IRU�VLFNQHVV�����IRU�FKHVW�SDLQ�
S��������DQG�SUHVHQW�DW�('�����YV�����IRU�VLFNQHVV�����IRU�FKHVW�SDLQ��S��������ZLWKLQ����KRXUV�DIWHU�WKH�LQGH[�HYHQW��$PRQJ�WKRVH�ZKR�ZHUH
WUDQVSRUWHG�WR�('��SDWLHQWV�ZKR�KDG�D�IDOO�ZHUH�PRVW�OLNHO\�WR�EH�GLVFKDUJHG�IURP�('������YV������IRU�VLFNQHVV������IRU�FKHVW�SDLQ��S��������
3DWLHQWV�GLVSDWFKHG�DV�VLFNQHVV�ZHUH�PRVW�OLNHO\�WR�GLH�ZLWKLQ����KRXUV�DIWHU�WKH�LQGH[�HYHQW�������YV������IRU�IDOOV�DQG������IRU�FKHVW�SDLQ��

'LVFXVVLRQ�FRQFOXVLRQ��:H�IRXQG�WKDW�SDWLHQWV�ZKR�KDG�D�IDOO�ZHUH�PRVW�OLNHO\�WR�EH�GLVFKDUJHG�DW�WKH�VFHQH�DQG�IURP�('�DPRQJ�WKH�WKUHH�PRVW
IUHTXHQW�UHDVRQV�IRU�UHTXHVWLQJ�HPHUJHQF\�DPEXODQFH�VHUYLFHV�LQ�ROGHU�SDWLHQWV��+RZHYHU��ZH�DOVR�IRXQG�WKDW�SDWLHQWV�ZKR�KDG�D�IDOO�ZHUH�PRVW
OLNHO\�WR�VXEVHTXHQWO\�UHTXHVW�DPEXODQFH�VHUYLFHV�DQG�SUHVHQW�DW�('�ZLWKLQ����KRXUV�DIWHU�WKH�LQGH[�HYHQW��,Q�:$�FXUUHQWO\�WKHUH�DUH�QR�FOLQLFDO
GHFLVLRQ�UXOHV�WR�JXLGH�SDUDPHGLFV�DV�WR�ZKLFK�SDWLHQW�FRXOG�EH�PDQDJHG�DW�WKH�VFHQH��'HFLVLRQ�UXOHV�WR�LGHQWLI\�SDWLHQWV�ZKR�KDG�D�IDOO�DQG�FRXOG
EH�GLVFKDUJHG�DW�WKH�VFHQH�DUH�UHTXLUHG�

5HIHUHQFHV�

��������������$XVWUDOLDQ�,QVWLWXWH�RI�+HDOWK�DQG�+HDOWK���������)DOOV�LQ�ROGHU�SHRSOH��KWWS���ZZZ�DLKZ�JRY�DX�LQMXU\�IDOOV��



75$80$ 5H]D�0RVDGGHJK

��������&RXOG�VHULDO�KHPDWRFULW�PHDVXUHPHQW�EH�DV�DQ�DOWHUQDWLYH�GLDJQRVWLF�PHWKRG�IRU�$EGRPLQR�SHOYLF�&7�VFDQ�LQ�EOXQW
DEGRPLQDO�WUDXPD"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5H]D�0RVDGGHJK������0DKGL�5H]DL������1DVULQ�1RRKL����

���(PHUJHQF\�'HSDUWPHQW��)LURR]JDU�+RVSLWDO��(PHUJHQF\�PHGLFLQH�PDQDJHPHQW�5HVHDUFK�FHQWHU��5DVRXO�H�$NUDP�+RVSLWDO��,UDQ�XQLYHUVLW\�RI
0HGLFDO�6��7HKUDQ��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��6HULDO�KHPDWRFULW��%OXQW�DEGRPLQDO�WUDXPD��,QWUD�DEGRPLQDO�KHPRUUKDJH��6HQVLWLYLW\��6SHFLILFLW\

$EVWUDFW��

,QWURGXFWLRQ��$VVHVVPHQW�IRU�EORRG�ORVV�LV�WKH�WKLUG�SULRULW\�LQ�WKH�SULPDU\�VXUYH\�RI�PXOWLSOH�WUDXPD�SDWLHQWV��6HULDO�SK\VLFDO�H[DPLQDWLRQ�
UDGLRORJLF�DQG�XOWUDVRXQG�LQYHVWLJDWLRQV�PD\�EH�KHOSIXO�LQ�GLDJQRVLQJ�EORRG�ORVV�LQ�SDWLHQWV�ZLWK�%OXQW�$EGRPLQDO�7UDXPD��%$7���*HQHUDOO\��VHULDO
KHPDWRFULW�PHDVXUHPHQW�LV�SHUIRUPHG�LQ�PDQ\�KRVSLWDO�WR�GHWHFW�SUREDEOH�EORRG�ORVV�LQ�%$7�SDWLHQWV��:H�XQGHUWRRN�WKLV�VWXG\�WR�ILQG�RXW�WKH
DFFXUDF\�RI�VHULDO�KHPDWRFULW�PHDVXUHPHQW�LQ�GHWHFWLRQ�RI�LQWUD�DEGRPLQDO�LQMXULHV�LQ�%$7�SDWLHQWV�ZLWK�GLIIHUHQW�VHYHULW\�ZLWKRXW�REYLRXV�ILQGLQJV
RI�EORRG�ORVV�

0HWKRGV��:H�HQUROOHG�WUDXPD�SDWLHQWV�SUHVHQWHG�WR�RXU�(PHUJHQF\�'HSDUWPHQWV��('V��IURP������WR������SURVSHFWLYHO\��$OO�WUDXPD�SDWLHQWV�ZKR
VXVWDLQHG�%$7�DQG�FDQGLGDWH�IRU�DEGRPLQR�SHOYLF�&7�VFDQ�HQWHUHG�WKH�VWXG\�DQG�WZR�EORRG�VDPSOHV����DQG���KRXUV�DIWHU�DGPLVVLRQ��ZHUH�GURZQ
IURP�WKHP��6HYHULW\�RI�LQMXU\�GHWHUPLQHG�E\�XVH�RI�,QMXU\�6HYHULW\�6FRUH��,66���/DSDURWRP\�RU�&7�VFDQ�FRQVLGHUHG�DV�D�JROG�VWDQGDUG�GLDJQRVWLF
PHWKRGV�LQ�WKLV�VWXG\�

5HVXOWV��1LQH�KXQGUHG�DQG�VL[W\�ILYH�SDWLHQWV�ZHUH�HQWHUHG�WKH�VWXG\�DQG�����������VXIIHUHG�IURP�LQWUD�DEGRPLQDO�KHPRUUKDJH��7KH�GURS�RI
KHPDWRFULW�LQ�KHPRUUKDJH�JURXS�ZDV�QRW�VLJQLILFDQWO\�ORZHU�WKDQ�QRQ�KHPRUUKDJH�JURXS�����k����YV����k����UHVSHFWLYHO\��3 ������7KH�VHQVLWLYLW\
DQG�VSHFLILFLW\�RI�VHULDO�KHPDWRFULW��GURS�!��OHYHOV��IRU�GHWHFWLQJ�LQWUD�DEGRPLQDO�KHPRUUKDJH�ZHUH������DQG������UHVSHFWLYHO\��&KDQJLQJ�RI�+FW�ZDV
D�ZHDN�SUHGLFWRU�IRU�LQWUD�DEGRPLQDO�EOHHGLQJ��DUHD�XQGHU�UHFHLYHU�RSHUDWRU�FXUYH��$8&��������

&RQFOXVLRQ��%$7�LV�D�PDMRU�FDXVH�RI�PRUELGLW\�DQG�PRUWDOLW\�DPRQJ�DOO�DJH�JURXSV�DQG�UHJXODUO\�HQFRXQWHUHG�LQ�('V��,GHQWLILFDWLRQ�RI
LQWUD�DEGRPLQDO�KHPRUUKDJH�LV�RIWHQ�FKDOOHQJLQJ��2XU�VWXG\�VKRZHG�WKDW�VHULDO�KHPDWRFULW�PHDVXUHPHQW�KDG�QRW�HQRXJK�DFFXUDF\�WR�GHWHFW
LQWUD�DEGRPLQDO�KHPRUUKDJH�LQ�%$7�SDWLHQWV��



,1)(&7,286�',6($6(���6(36,6 +LURPDVD�<DNXVKLML

��������+RZ�LV�WKH�FOLQLFDO�LPSDFWV�RI�EORRG�FXOWXUHV�"�$QDO\VLV�RI�SDWLHQW�SUHVHQWLQJ�ZLWK�VHSVLV�GXH�WR�SQHXPRQLD�DW�WKH
HPHUJHQF\�GHSDUWPHQW�LQ�-DSDQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

<DNXVKLML�+LURPDVD����

���(PHUJHQF\�DQG�&ULWLFDO�&DUH�&HQWUH��.LVKLZDGD�7RNXVKXNDL�+RVSLWDO��.LVKLZDGD��-$3$1

.H\ZRUGV��EORRG�FXOWXUHV��VHSVLV��SQHXPRQLD

$EVWUDFW��

%DFNJURXQG

%ORRG�FXOWXUHV�DUH�URXWLQHO\�XVHG�WR�LQYHVWLJDWH�VXVSHFWHG�VHSVLV�ZLWK�SQHXPRQLD�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��+RZHYHU��UHFHQW�VWXGLHV�KDYH
UHSRUWHG�WKH�ORZ�LPSDFW�RI�WKHVH�FXOWXUHV�RQ�WKHUDS\�RI�SQHXPRQLD�

2EMHFWLYH

7R�DVVHVV�WKH�FOLQLFDO�XWLOLW\�RI�EORRG�FXOWXUHV�IRU�SDWLHQW�SUHVHQWLQJ�ZLWK�VHSVLV�GXH�WR�SQHXPRQLD�

0HWKRGV

7KLV�LV�WZR�\HDUV�UHWURVSHFWLYH�VWXG\��7KH�SDWLHQWV��DJH�Ö���\HDUV��ZKR�ZHUH�WUDQVSRUWHG�WR�RXU�KRVSLWDO�E\�DPEXODQFH�DQG�KRVSLWDOL]HG�ZLWK�VHSVLV
GXH�WR�SQHXPRQLD�IURP�-DQXDO\���������WR�'HFHPEHU�����������ZHUH�HQUROOHG��7KH�GLDJQRVLV�RI�SQHXPRQLD�ZDV�PDGH�E\�FOLQLFDO�DQG�UDGLRJUDSKLF
HYLGHQFH��&OLQLFDO�HYLGHQFH�RI�SQHXPRQLD�LQFOXGHG�ILQGLQJV�IURP�WKH�PHGLFDO�KLVWRU\��YLWDO�VLJQV��SK\VLFDO�H[DPLQDWLRQ��ODERUDWRU\�ILQGLQJV��DQG
JUDP�VWDLQHG�VSXWXP�

7KH�EORRG�FXOWXUH�UHVXOWV��WUHDWPHQW�IRU�SQHXPRQLD��DQG�VHYHULW\�ZHUH�LQYHVWLJDWHG��%ORRG�FXOWXUHV�ZHUH�FODVVLILHG�DV�QHJDWLYH��WUXH�SRVLWLYH��RU
FRQWDPLQDQW��$�FRQWDPLQDQW�FXOWXUH�LV�GHILQHG�ZKHQ�FRPPRQ�FRQWDPLQDQWV�LVRODWHG�RQO\���VHW�RI�EORRG�FXOWXUHV�

5HVXOWV

7KH�VWXG\�LQYROYHG�����RI�WKH�WRWDO�RI�������FDVHV�WUDQVSRUWHG�E\�DPEXODQFH�����FDVHV�ZHUH�VHSWLF�VKRFN��7ZR�VHWV�RI�EORRG�FXOWXUHV�ZHUH�FROOHFWHG
LQ�DOO�RI�FDVHV�ZLWK�WKH�H[FHSWLRQ�RI�RQH�FDVH��2I�DOO�FDVHV�RI�SQHXPRQLD������������KDG�SRVLWLYH�EORRG�FXOWXUHV�DQG����������UHVXOWHG�LQ�FKDQJHG�LQ
PDQDJHPHQW��7KRVH�ZLWK�VHSWLF�VKRFN�ZHUH�KLJKHU�SRVLWLYH�EORRG�FXOWXUH�UDWLR�WKDQ�WKRVH�ZLWK�QRW��EXW�ZH�IRXQG�QR�VLJQLILFDQW�GLIIHUHQFH��������YV
������25�������3 ������

'LVFXVVLRQ

5HFHQWO\��WKH�ORZ�SRVLWLYH�EORRG�FXOWXUH�UDWHV�RI�SQHXPRQLD�KDYH�EHHQ�UHSRUWHG�LQ�-DSDQ��7KH\�UHSRUWHG�LW�ZDV�������7KLV�VWXG\�VKRZV�HYHQ�WKH
SDWLHQWV�ZHUH�VHSWLF�VWDWH��SRVLWLYH�EORRG�FXOWXUH�UDWHV�ZHUH�ORZ�DQG�EORRG�FXOWXUHV�KDYH�ORZ�FOLQLFDO�LPSDFWV�IRU�VHSVLV�GXH�WR�SQHXPRQLD��,W�PD\
QRW�EH�QHFHVVDU\�WR�REWDLQ�EORRG�FXOWXUHV�IRU�SDWLHQWV�ZLWK�VHSVLV�GXH�WR�SQHXPRQLD�

&RQFOXVLRQ

(YHQ�WKH�SDWLHQWV�ZHUH�VHSWLF�VKRFN�VWDWH��SRVLWLYH�EORRG�FXOWXUH�UDWHV�ZHUH�ORZ�LQ�SQHXPRQLD�FDVHV�DQG�KDG�ORZ�FOLQLFDO�LPSDFWV��,W�PD\�QRW�EH
QHFHVVDU\�WR�REWDLQ�EORRG�FXOWXUHV�IRU�SDWLHQWV�ZLWK�VHSVLV�GXH�WR�SQHXPRQLD



7(/(0(',&,1( -XGLWK�%RUQ

��������0HGLFDO�HPHUJHQF\�GDWD���SRWHQWLDO�LPSDFWV�DQG�EHQHILWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-XGLWK�%RUQ������-�UJHQ�$OEHUW������$QGUHDV�%RKQ������1RUEHUW�%XW]������.DUOKHLQ]�)XFKV������-RKDQQHV�6FKHQNHO������&KULVWLDQ�-XKUD����

�����8QLYHUVLW\�+RVSLWDO�0XHQVWHU��0�QVWHU��*(50$1<
�����*HUPDQ�0HGLFDO�$VVRFLDWLRQ��%HUOLQ��*(50$1<
�����(PHUJHQF\�0HGLFDO�6HUYLFH��&LW\�RI�0XHQVWHU��0�QVWHU��*(50$1<
�����(PHUJHQF\�0HGLFDO�6HUYLFH��'LVWULFW�RI�6WHLQIXUW��6WHLQIXUW��*(50$1<

.H\ZRUGV��KHDOWK�WHOHPDWLFV��HOHFWURQLF�KHDOWK�UHFRUG��PHGLFDO�LQIRUPDWLRQ�H[FKDQJH��HPHUJHQF\�WUHDWPHQW

$EVWUDFW��

���,QWURGXFWLRQ

$�FRQVLGHUDEOH�QXPEHU�RI�SUREOHPV�LQ�HPHUJHQF\�FDUH�DUH�FDXVHG�E\�D�ODFN�RI�SURYLGHU�DFFHVV�WR�SUH�H[LVWLQJ�SDWLHQW�LQIRUPDWLRQ�DW�WKH�SRLQW�RI
FDUH�>����@�

,Q�RUGHU�WR�LPSURYH�DFFHVV�WR�YLWDO�SDWLHQW�GDWD�LQ�FDVH�RI�HPHUJHQF\�WKH�*HUPDQ�(OHFWURQLF�+HDOWK�&DUG��(+&��LV�VXSSRVHG�WR�KROG�HPHUJHQF\�GDWD�
2Q�UHTXHVW�RI�WKH�LQVXUHG��WKH�HPHUJHQF\�GDWD�LV�VXSSRVHG�WR�EH�VDYHG�RQ�WKH�FDUG�E\�DXWKRUL]HG�KHDOWK�SURIHVVLRQDOV��H�J��SULPDU\�FDUH
SK\VLFLDQV���VR�WKDW�LW�FDQ�EH�VHFXUHO\�DFFHVVHG�LQ�FDVH�RI�HPHUJHQF\�E\�SURYLGHUV�RI�HPHUJHQF\�FDUH�

$V�D�EDVLV��WKH�*HUPDQ�0HGLFDO�$VVRFLDWLRQ�GHYHORSHG�D�PHGLFDO�HPHUJHQF\�GDWDVHW��0('���ZKLFK�SURYLGHV�WKH�SRVVLELOLW\�WR�VWRUH�LQIRUPDWLRQ�RQ
FRQWDFW�SHUVRQV��SULRU�GLDJQRVLV��PHGLFDWLRQV��DOOHUJLHV��LPSODQWV�DQG�RWKHU�HPHUJHQF\�UHOHYDQW�LQIRUPDWLRQ�

7KH�DLP�RI�WKH�VWXG\�JURXS�LV�WR�LQYHVWLJDWH�ZKDW�LPSDFW�WKH�GHYHORSHG�0('�ZLOO�KDYH�RQ�WKH�WUHDWPHQW�SURFHVV�DQG�ZKLFK�EHQHILWV�FDQ�EH�H[SHFWHG
LQ�D�VSHFLILF�HPHUJHQF\�VLWXDWLRQ�

����3DUWLFLSDQWV�DQG�PHWKRGV

)URP������WR������D�ILUVW�H[SORUDWRU\�VWXG\�ZDV�FRQGXFWHG�WR�WHVW�WKH�XVDELOLW\�DQG�WKH�SRWHQWLDO�EHQHILWV�RI�WKH�0('��:LWKLQ�WKLV�VWXG\����SULPDU\
FDUH�SK\VLFLDQV�FRPSOHWHG�D�WRWDO�RI����HPHUJHQF\�GDWD�VHWV��$IWHUZDUGV�WKH�XVDELOLW\�DQG�SRWHQWLDO�EHQHILW�RI�WKH�FRPSOHWHG�GDWD�VHWV�ZHUH
DVVHVVHG�E\�HPHUJHQF\�FDUH�SURYLGHUV�����FOLQLFLDQV�ZLWK�H[SHULHQFH�LQ�HPHUJHQF\�FDUH�����HPHUJHQF\�SK\VLFLDQV�DQG���SDUDPHGLFV��EDVHG�RQ�D
VHPL�VWDQGDUGL]HG�TXHVWLRQQDLUH��6LQFH�WKH�QHFHVVDU\�WHOHPDWLF�LQIUDVWUXFWXUH�LV�QRW�\HW�HVWDEOLVKHG��WKH�HYDOXDWLRQ�SURFHVV�ZDV�SHUIRUPHG
SDSHU�EDVHG�

%DVHG�RQ�WKH�ILUVW�VWXG\��D�WZR�DUPHG�VLPXODWLRQ�VWXG\�LV�FXUUHQWO\�SUHSDUHG�WR�WHVW�WKH�0('�XQGHU�OLIHOLNH�FRQGLWLRQV�DQG�WR�FRPSDUH�WKH�WUHDWPHQW
SURFHVV�ZLWK�DQG�ZLWKRXW�0('�

%RWK�PHQWLRQHG�VWXGLHV�DUH�IXQGHG�E\�WKH�(XURSHDQ�8QLRQ�DQG�WKH�)HGHUDO�0LQLVWU\�RI�+HDOWK��(PDQFLSDWLRQ��&DUH�DQG�$JLQJ�RI�1RUWK�5KLQH
:HVWSKDOLD�

���5HVXOWV

:LWKLQ�WKH�H[SORUDWRU\�VWXG\�FOLQLFLDQV��HPHUJHQF\�SK\VLFLDQV�DV�ZHOO�DV�SDUDPHGLFV�UDWHG�WKH�HPHUJHQF\�GDWD�VHW�LQ�PRUH�WKDQ�����RI�WKH
UHYLHZHG�FDVHV�DV�YHU\�XVHIXO�RU�XVHIXO��7KH�JUHDWHVW�EHQHILW�ZDV�DWWULEXWHG�WR�WKH�LQIRUPDWLRQ�RQ�GLDJQRVHV�DQG�PHGLFDWLRQ�

7KH�VLPXODWLRQ�VWXG\�ZLOO�VWDUW�LQ�IDOO�������VR�WKH�UHVXOWV�DUH�SHQGLQJ�DW�WKLV�WLPH��

���'LVFXVVLRQ

)LUVW�UHVXOWV�LQGLFDWH�KLJK�SRWHQWLDO�EHQHILWV�RI�WKH�HPHUJHQF\�GDWD�VHW�LQ�UHDO�SDWLHQW�FDUH�VLWXDWLRQV��)XUWKHU�UHVHDUFK�ZLOO�VKRZ�ZKHWKHU�WKHVH
EHQHILWV�FDQ�EH�FRQILUPHG�XQGHU�UHDOLVWLF�FRQGLWLRQV�

5HIHUHQFHV

-�6��6KDSLUR�HW�DO���(PHUJHQF\�3K\VLFLDQVÇ�3HUFHSWLRQV�RI�+HDOWK�,QIRUPDWLRQ�([FKDQJH��-RXUQDO�RI�WKH�$PHULFDQ�0HGLFDO�,QIRUPDWLFV�$VVRFLDWLRQ�����
����������������
$��6WLHOO�HW�DO���3UHYDOHQFH�RI�LQIRUPDWLRQ�JDSV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DQG�WKH�HIIHFW�RQ�SDWLHQW�RXWFRPHV��&DQDGLDQ�0HGLFDO�$VVRFLDWLRQ��
-RXUQDO������������������������



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< -XOLD�6HDUOH

��������(PHUJHQF\�DQG�$FXWH�0HGLFLQH�1HWZRUN�IRU�+HDOWK�&DUH�5HVHDUFK��(0$1HW��%HUOLQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-XOLD�6HDUOH������$QQD�6ODJPDQ������-RKDQQ�)ULFN������/LDQH�6FKHQN������$GHOKHLG�.XKOPH\������0DUWLQ�0�FNHO����

���'LYLVLRQ�RI�(PHUJHQF\�0HGLFLQH�&9.��&&0��&KDULW����8QLYHUVLW�WVPHGL]LQ�%HUOLQ��%HUOLQ��*(50$1<
���,QVWLWXWH�RI�0HGLFDO�6RFLRORJ\�DQG�5HKDELOLWDWLRQ�6FLHQFH��&KDULW����8QLYHUVLW�WVPHGL]LQ�%HUOLQ��%HUOLQ��*(50$1<

.H\ZRUGV��(PHUJHQF\�'HSDUWPHQWV��('V���('�FURZGLQJ��PXOWLPRUELGLW\��KHDOWK�FDUH�UHVHDUFK�

$EVWUDFW��

%DFNJURXQG��,Q�UHFHQW�\HDUV��XWLOLVDWLRQ�RI�('V�DQG�OHQJWK�RI�VWD\�LQ�('V�KDYH�LQFUHDVHG�VWHDGLO\��('V�DUH�D�ORZ�WKUHVKROG�JDWH�WR���K�SHU�GD\��
GD\V�SHU�ZHHN�DYDLODEOH��PXOWL�GLVFLSOLQDU\�HPHUJHQF\�DQG�DFXWH�FDUH�DQG�DUH�IUHTXHQWO\�XVHG�E\�SDWLHQWV�ZLWKRXW�ÈFODVVLFÉ�HPHUJHQF\�FRQGLWLRQV�
ZKR�GR�QRW�UHTXLUH�KRVSLWDOLVDWLRQ��6RFLHWDO�DQG�GHPRJUDSKLF�FKDQJHV�KDYH�EHHQ�OHDGLQJ�WR�D�JURZLQJ�QXPEHU�RI�ROGHU��VRFLDOO\�GHSULYHG�DQG
PXOWLPRUELG�SDWLHQWV�DQG�WKHUHIRUH�WR�D�GUDPDWLF�LQFUHDVH�RI�WKH�PHGLFDO�DQG�SV\FKRVRFLDO�FRPSOH[LW\�RI�SDWLHQWV�VHHQ�LQ�WKH�('��7KH�UHVXOW�LV
FURZGLQJ�RI�('V�ZKLFK�LV�V\PSWRPDWLF�IRU�VXSSO\�JDSV�EH\RQG�('V�DFURVV�WKH�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�FDUH�LQVWLWXWLRQV��LQFOXGLQJ�QXUVLQJ
KRPHV�

(0$1HW�VWUXFWXUH��(0$1HW�LV�D�UHJLRQDO�KHDOWK�FDUH�UHVHDUFK�QHWZRUN�LQ�WKH�ODUJH�FLW\�FHQWUH�GLVWULFW�RI�%HUOLQ�0LWWH��IXQGHG�E\�WKH�*HUPDQ
)HGHUDO�0LQLVWU\�IRU�(GXFDWLRQ�DQG�5HVHDUFK��%0%)���(0$1HW�ZLOO�EH�VHW�XS�WR�GHYHORS�DQG�VXVWDLQ�KLJK�TXDOLW\��WUDQV�VHFWRUDO��PXOWL�GLVFLSOLQDU\
KHDOWK�FDUH�UHVHDUFK�LQ�DQG�DFURVV�DOO���('V�RI�%HUOLQ�0LWWH��(0$1HW�LV�D�FROODERUDWLRQ�RI�LQVWLWXWLRQV�ZLWK�H[SHUWLVH�LQ�SXEOLF�KHDOWK�UHVHDUFK�DW�WKH
&KDULW��Ä�8QLYHUVLW�WVPHGL]LQ�%HUOLQ�DQG�SURYLVLRQ�RI�HPHUJHQF\�DQG�DFXWH�FDUH�DFURVV�WKH�LQQHU�FLW\�FHQWUH�RI�%HUOLQ�DV�ZHOO�DV�WKH�ODUJHVW�VWDWXWRU\
KHDOWK�LQVXUDQFH�IXQG��7KH�1HWZRUN�ZLOO�EH�FRRUGLQDWHG�E\�WKH�'LYLVLRQ�RI�(PHUJHQF\�DQG�$FXWH�0HGLFLQH�DQG�WKH�,QVWLWXWH�RI�0HGLFDO�6RFLRORJ\�DQG
5HKDELOLWDWLRQ�6FLHQFH�ERWK�DW�WKH�&KDULW��%HUOLQ��7KH�VFLHQWLILF�SDUWQHUV�UHIOHFW�WKH�LQWHJUDO��WUDQV�VHFWRUDO�QHWZRUN�VWUXFWXUH�FRPELQLQJ�KHDOWK�FDUH
UHVHDUFK��PHWKRGRORJLFDO�DQG�FOLQLFDO�H[SHUWLVH�DV�ZHOO�DV�KHDOWK�HFRQRPLF�DVVHVVPHQWV�LQ�DOO�(0$1HW�UHVHDUFK�SURMHFWV��7KH�FRQVRUWLXP�ZLOO
JUDGXDOO\�EH�H[WHQGHG�E\�LQWHJUDWLQJ�SULPDU\�FDUH�SK\VLFLDQV��QXUVLQJ�VFLHQFHV�DQG�QXUVLQJ�KRPHV��VRFLDO�VHUYLFHV��VSHFLDOLVW�KRVSLWDO�GHSDUWPHQWV�
UHKDELOLWDWLRQ�LQVWLWXWLRQV�DQG�IXUWKHU�UHJLRQDO�KHDOWK�FDUH�UHVHDUFKHUV�

(0$1HW�DLPV��7KH�VFLHQWLILF�DLPV�LQ�WKH�ILUVW�IXQGLQJ�SHULRG�DUH�WR�DVVHVV�SDWLHQW�FKDUDFWHULVWLFV��WUDQV�VHFWRUDO�VXSSO\�WUHDWPHQW�WUDMHFWRULHV�DQG
JDSV�LQ�KHDOWK�FDUH�IRU�PXOWLPRUELG�SDWLHQWV�DGPLWWHG�WR�DOO�RI�%HUOLQÇV�LQQHU�FLW\�('V��)RU�WKH�VHFRQG�SKDVH��(0$1HW�ZLOO�DLP�GHYHORS�DQG�LPSOHPHQW
LPSURYHG�DQG�FRVW�HIILFLHQW�KHDOWK�FDUH�SURYLVLRQ�IRU�PXOWLPRUELG�SDWLHQWV�ZLWK�DFXWH�FRQGLWLRQV��(0$1HW�IRFXVHV�RQ�KHDOWK�FDUH�UHVHDUFK�LQ�DQ�DUHD
WKDW�KDV�JUHDWO\�EHHQ�QHJOHFWHG�LQ�*HUPDQ\�EXW�LV�NH\�WR�LGHQWLI\LQJ�VXSSO\�JDSV�LQ�DQG�DFURVV�DOO�VHFWRUV�RI�WKH�*HUPDQ�KHDOWK�FDUH�V\VWHP��,W�DLPV
WR�GHYHORS�UHOHYDQW�LQWHUYHQWLRQV�IRU�PXOWLPRUELG�SDWLHQWV�ZKR�DUH�FXUUHQWO\�QRW�VXIILFLHQWO\�VXSSRUWHG�RU�LQWHJUDWHG�LQ�RXU�KHDOWK�FDUH�V\VWHP�



&$6(�35(6(17$7,21 6KRWDUR�.DZDPXUD

��������(SLJDVWULF�SDLQ�FDXVHG�IURP�VSRQWDQHRXV�LVRODWHG�OHIW�JDVWULF�DUWHU\�GLVVHFWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6KRWDUR�.DZDPXUD������+LGHWRVKL�:DWDQDEH����

���(PHUJHQF\�GHSDUWPHQW��,FKLQRPL\D�QLVKL�KRVSLWDO��,FKLQRPL\D��-$3$1

.H\ZRUGV��YLVFHUDO�DUWHU\�GLVVHFWLRQ��FHOLDF�DUWHU\�GLVVHFWLRQ��OHIW�JDVWULF�DUWHU\�GLVVHFWLRQ��DFXWH�DEGRPHQ

$EVWUDFW��

%DFNJURXQG

6SRQWDQHRXV�YLVFHUDO�DUWHU\�GLVVHFWLRQ�ZLWKRXW�FRQFRPLWDQW�DRUWLF�GLVVHFWLRQ�LV�D�UDUH�EXW�IDWDO�GLVHDVH��,W�LV�GLIILFXOW�WR�GLDJQRVH�E\�FRQWUDVW
HQKDQFHG�FRPSXWHG�WRPRJUDSK\�&(&7���EHFDXVH�DIIHFWHG�DUWHU\�LV�VPDOO�HVSHFLDOO\�ZKHQ�WKH�OHVLRQ�LV�LQ�FHOLDF�DUWHU\��:H�WKLQN�LW�LV�LPSRUWDQW�WR
UHSRUW�WKLV�FDVH�EHFDXVH�YLVFHUDO�DUWHU\�KDYH�WR�EH�DVFHUWDLQHG�IURP�LWV�RULJLQ�WR�GLVWDO�EUDQFKHV�

�

&DVH�SUHVHQWDWLRQ

$����\HDU�ROG�IHPDOH�KDG�VXGGHQ��VHYHUH�HSLJDVWULF�SDLQ�DW�UHVW��7KH�SDLQ�ZDV�VWDEELQJ�TXDOLW\��UDGLDWLQJ�WR�WKH�EDFN��QRW�LQWHUPLWWHQW�DQG�ZDV
DVVRFLDWHG�ZLWK�VZHDWLQJ��6KH�ZDV�WDNHQ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�E\�DPEXODQFH�DIWHU�IRXU�KRXUV��6KH�KDG�%DVHGRZ�GLVHDVH�DQG�XQWUHDWHG
K\SHUWHQVLRQ��+HU�FXUUHQW�PHGLFDWLRQ�ZDV�PHWKLPD]ROH��6KH�ZDV�D�QRQ�VPRNHU�DQG�QRQ�GULQNHU��+HU�PRWKHU�KDG�DRUWLF�GLVVHFWLRQ�

�

2Q�SK\VLFDO�H[DPLQDWLRQ�KHU�EORRG�SUHVVXUH�ZDV���������PP+J�DQG�SXOVH����EHDWV�SHU�PLQXWH��6KH�KDG�WHQGHUQHVV�WR�SDOSDWLRQ�RYHU�KHU�XSSHU
DEGRPHQ��HVSHFLDOO\�LQ�WKH�HSLJDVWULXP�ZLWKRXW�DVVRFLDWHG�JXDUGLQJ��7KH�FKHVW��OXQJ��DQG�FDUGLDF�H[DPV�ZHU�UHSRUWHG�DV�QRUPDO�

�

/DE�UHVXOWV�ZHUH�DOO�ZLWKLQ�QRUPDO�OLPLWV��+HU�HOHFWURFDUGLRJUDP�VKRZHG�QRUPDO�VLQXV�UK\WKP�EXW�QR�DFXWH�LVFKHPLF�FKDQJHV��7UDQVWKRUDFLF
HFKRFDUGLRJUDP�DQG�DEGRPLQDO�XOWUDVRQRJUDSK\�VKRZHG�ERWK�QRUPDO�UHVXOWV��2XU�LPSUHVVLRQ�ZDV�WKDW�WKH�SDLQ�ZDV�PRVW�OLNHO\�DWWULEXWDEOH�WR�DRUWLF
GLVVHFWLRQ�DQG�&(&7�ZDV�SHUIRUPHG�

�

7KH�&(&7�UHYHDOHG�D�IRFDO�OHIW�JDVWULF�DUWHU\�GLVVHFWLRQ��7KH�GLVVHFWLRQ�EHJDQ�DSSUR[LPDWHO\����FP�GLVWDO�WR�WKH�RULJLQ�RI�WKH�OHIW�JDVWULF�DUWHU\��DQG
LWV�IDOVH�OXPHQ�ZDV�FRPSOHWHO\�WKURPERVHG��7KHUH�ZDV�QR�GLVUXSWLRQ�RI�EORRG�IORZ�LQ�LWV�WUXH�OXPHQ�DQG�RWKHU�EUDQFKHV�LQFOXGLQJ�FHOLDF�DUWHU\�ZHUH
LQWDFW��2XU�WKHUDSHXWLF�VWUDWHJ\�ZDV�QRQLQYDVLYH�FRQVHUYDWLYH�PHGLFDO�WUHDWPHQW�DQG�VKH�ZDV�VWDUWHG�RQ�LQWUDYHQRXV�1LFDUGLSLQH�WR�ORZHU�KHU�EORRG
SUHVVXUH��$QRWKHU�&(&7�ZDV�SHUIRUPHG�DIWHU�WZR�GD\V�DQG�WKHUH�ZDV�QR�SURJUHVVLRQ�RI�GLVVHFWLRQ��6KH�ZDV�GLVFKDUJHG�KRPH�ZLWK�FORVH�IROORZ�XS
DUUDQJHG�

�

&RQFOXVLRQ

7KHUH�KDV�EHHQ�UHSRUWHG�IHZHU�WKDQ�����FDVHV�RI�LVRODWHG�FHOLDF�DUWHU\�GLVVHFWLRQ�LQ�WKH�OLWHUDWXUH��EXW�QRW�EHHQ�UHSRUWHG�DQ\�FDVHV�RI�VSRQWDQHRXV
LVRODWHG�OHIW�JDVWULF�DUWHU\�GLVVHFWLRQ��:KHQ�ZH�VXSSRVH�DRUWLF�GLVVHFWLRQ��ZH�QHHG�WR�FRQVLGHU�QRW�RQO\�FHOLDF�RU�VXSHULRU�PHVHQWHULF�DUWHU\
GLVVHFWLRQ��EXW�DOVR�OHIW�JDVWULF�DUWHU\�GLVVHFWLRQ�



1(852/2*< <8=(1*�6+(1

��������2EVWUXFWLYH�+\GURFHSKDOXV�6HFRQGDU\�7R�7KLUG�9HQWULFOH�&ROORLG�&\VW��$�5DUH�&DXVH�2I�6HYHUH�$FXWH�+HDGDFKH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

<8=(1*�6+(1������<((�&+,(1�7$<����

���'(3$570(17�2)�(0(5*(1&<�0(',&,1(��6,1*$325(�*(1(5$/�+263,7$/��6,1*$325(��6,1*$325(
�����02++2/',1*6��6,1*$325(��6,1*$325(

.H\ZRUGV��KHDGDFKH��FROORLG�F\VW��WKLUG�YHQWULFOH��K\GURFHSKDOXV

$EVWUDFW��

,1752'8&7,21��+HDGDFKH�LV�D�FRPPRQ�SUHVHQWLQJ�FRPSODLQW�WR�WKH�(PHUJHQF\�'HSDUWPHQW��ZLWK�D�YDULHW\�RI�HWLRORJLHV�UDQJLQJ�IURP�EHQLJQ
SULPDU\�KHDGDFKHV�WR�FDWDVWURSKLF�LQWUDFUDQLDO�EOHHGLQJ��:H�SUHVHQW�D�SDWLHQW�ZLWK�VHYHUH��DFXWH�KHDGDFKH�VHFRQGDU\�WR�REVWUXFWLYH�K\GURFHSKDOXV
IURP�WKLUG�YHQWULFOH�FROORLG�F\VW�

�

&$6(�5(3257��$����\HDU�ROG�PDOH�ZLWK�QR�VLJQLILFDQW�SDVW�PHGLFDO�KLVWRU\�RI�QRWH�SUHVHQWV�WR�WKH�HPHUJHQF\�GHSDUWPHQW�DIWHU�ODQGLQJ�IURP�D�IRXU
KRXU�IOLJKW��+H�SUHVHQWHG�ZLWK�DFXWH�RQVHW�RI�KHDGDFKH�SULRU�WR�KLV�IOLJKW�DQG�WKH�VHYHULW\�RI�KHDGDFKH�ZRUVHQHG�GXULQJ�WKH�IOLJKW��DVVRFLDWHG�ZLWK
DOWHUHG�PHQWDO�VWDWH�GXULQJ�IOLJKW�GHVFHQW�

�

�+LV�YLWDO�VLJQV�DUH�DV�IROORZV��WHPSHUDWXUH������2&��SXOVH�UDWH�����PLQ��UHVSLUDWRU\�UDWH�����PLQ��EORRG�SUHVVXUH��������PP+J��SXOVH�R[LPHWU\������
RQ�URRP�DLU��*&6�VFRUH�RI�����H\H�RSHQLQJ����YHUEDO�UHVSRQVH����PRWRU�UHVSRQVH�����2Q�SK\VLFDO�H[DPLQDWLRQ��QHFN�ZDV�VXSSOH�DQG�SDWLHQW�ZDV�VWLOO
DEOH�WR�FRQYHUVH��EXW�RSHQV�H\HV�RQO\�WR�FDOOLQJ��7KHUH�ZHUH�QR�IRFDO�QHXURORJLFDO�GHILFLWV��/DERUDWRU\�LQYHVWLJDWLRQV�VKRZHG�HOHYDWHG�WRWDO�ZKLWH
EORRG�FHOO�FRXQW�RI������[�����X/��&KHVW�[�UD\�ZDV�XQUHPDUNDEOH��&7�KHDG�VKRZHG�D�K\SHUGHQVH�PDVV�LQ�WKH�LQWHUSHGXQFXODU�FLVWHUQ�FDXVLQJ�PDVV
HIIHFW�RQ�WKH�IORRU�RI�WKH�WKLUG�YHQWULFOH�DQG�SUREDEO\�RQ�WKH�IRUDPHQ�RI�0RQUR�ZLWK�UHVXOWDQW�PRGHUDWH�K\GURFHSKDOXV��3DWLHQW�ZDV�DGPLWWHG�WR�WKH
1HXURVXUJHU\�GHSDUWPHQW�IRU�IXUWKHU�PDQDJHPHQW�

�

�([WHUQDO�YHQWULFXODU�GUDLQ��(9'��ZDV�LQVHUWHG�HDUO\�WR�UHOLHYH�DFXWH�K\GURFHSKDOXV��,QSDWLHQW�05,�RI�WKH�EUDLQ�VKRZHG�D�FROORLG�F\VW�RYHU�LQIHULRU
DVSHFW�RI�IRUDPHQ�RI�0RQUR�DQG�WKLUG�YHQWULFOH��FDXVLQJ�K\GURFHSKDOXV�ZLWK�PLOG�GHFRPSUHVVLRQ�RI�ODWHUDO�YHQWULFOHV�SRVW�(9'�LQVHUWLRQ�

��,I�LGHQWLILHG�IRU�SRVWHU�SUHVHQWDWLRQ��DGGLWLRQDO�UHOHYDQW�LPDJHV�RI�SHUWLQHQW�UDGLRORJLFDO�LQYHVWLJDWLRQV�GRQH�ZRXOG�EH�LQFOXGHG�WR�SURYLGH�IXUWKHU
LOOXVWUDWLRQ�DQG�HQKDQFH�OHDUQLQJ�YDOXH�

�

�6XEVHTXHQWO\��WKH�SDWLHQW�XQGHUZHQW�FUDQLRWRP\�DQG�H[FLVLRQ�RI�WKLUG�YHQWULFOH�FROORLG�F\VW�DQG�ZDV�QRWHG�WR�KDYH�GHILFLWV�LQ�DWWHQWLRQ�VSDQ�
ZRUNLQJ�PHPRU\��VSHHG�RI�LQIRUPDWLRQ�SURFHVVLQJ��OHDUQLQJ��DQG�H[HFXWLYH�IXQFWLRQ��,QSDWLHQW�VHSWLF�ZRUN�XS�ZDV�QHJDWLYH�DQG�IHYHU�ZDV�DWWULEXWHG
WR�D�FHQWUDO�FDXVH��7KH�SDWLHQW�ZDV�GLVFKDUJHG�ZLWK�RXWSDWLHQW�IROORZ�XS�WR�QHXURVXUJHU\�DQG�UHKDELOLWDWLRQ�PHGLFLQH���

�

�',6&866,21��&ROORLG�F\VWV�DUH�UDUH�LQWUDFUDQLDO�OHVLRQV�DQG�DUH�WKH�PRVW�FRPPRQ�WXPRU�RI�WKH�WKLUG�YHQWULFOH��3DWLHQWV�ZLWK�FROORLG�F\VWV�PD\
UHPDLQ�DV\PSWRPDWLF�RU�FDQ�EH�DVVRFLDWHG�ZLWK�PRUELGLW\�ZKHQ�REVWUXFWLRQ�RI�WKH�IRUDPHQ�RI�0RQUR�RFFXUV��OHDGLQJ�WR�VHYHUH�KHDGDFKH�
K\GURFHSKDOXV�DQG�HYHQ�GHDWK���&7�KHDG�VKRXOG�EH�SHUIRUPHG�DW�WKH�HPHUJHQF\�GHSDUWPHQW�WR�LGHQWLI\�FDXVHV�RI�VHYHUH�KHDGDFKH��DQG�VXUJLFDO
LQWHUYHQWLRQ�VKRXOG�EH�SHUIRUPHG�LI�WKHUH�LV�HYLGHQFH�RI�DFXWH�K\GURFHSKDOXV�

�

�&21&/86,21��$�WKLUG�YHQWULFOH�FROORLG�F\VW�LV�D�UDUH�FDXVH�RI�DFXWH�KHDGDFKH�ZLWK�VLJQLILFDQW�PRUELGLW\�DQG�PRUWDOLW\�LQ�WKH�VHWWLQJ�RI�DFXWH
REVWUXFWLYH�K\GURFHSKDOXV��,W�UHTXLUHV�D�KLJK�LQGH[�RI�VXVSLFLRQ��SDUWLFXODUO\�LI�KHDGDFKH�LV�VHYHUH�DQG�XQUHPLWWLQJ��ZLWK�WKH�SUHVHQFH�RI�UHG�IODJ
VLJQV�DQG�V\PSWRPV�



('8&$7,21�$1'�75$,1,1* 3LHUULFN�/H�%RUJQH

��������+RZ�PHGLFDO�VWXGHQWV�XVH�WKH�ZHE�WR�FRQGXFW�HYHU\GD\�FOLQLFDO�UHVHDUFK"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&DULQH�=XPVWHLQ������&ODLUH�.DP������3LHUULFN�/H�%RUJQH������6RSKLH�+DWVFK������&DUROLQH�:LWW������$UQDXG�3HUULJXH\������&KDUOHV�(ULF�/DYRLJQHW�����
3LHUUH�9LGDLOKHW����

���8UJHQFHV�$GXOWHV��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(
���81,6,0(6��)DFXOW��GH�0�GHFLQH�GH�6WUDVERXUJ��6WUDVERXUJ��)5$1&(

.H\ZRUGV��,QWHUQHW��ZHEVLWHV��PHGLFDO�VWXGHQWV

$EVWUDFW��

,QWURGXFWLRQ�

*LYHQ�WKH�ILHOG�RI�PHGLFLQH�LV�LQFUHDVLQJO\�EURDG��D�SK\VLFLDQ�PD\�VRPHWLPHV�XVH�,QWHUQHW�LQ�RUGHU�WR�LPSURYH�KLV�NQRZOHGJH��$V�D�UHVXOW��ZH
H[DPLQHG�KRZ�PHGLFDO�VWXGHQWV�ORRN�IRU�DQ�DQVZHU�WR�D�FOLQLFDO�TXHVWLRQ�XVLQJ�,QWHUQHW�ZLWKLQ�D�OLPLWHG�WLPH�

0HWKRGV�

7KH�VWXG\�ZDV�GLYLGHG�LQWR�WZR�SDUWV��3DUW����HDFK�VWXGHQW�KDV�WR�VROYH�D�FOLQLFDO�FDVH��ZLWKLQ�D�OLPLWHG�WLPH��XVLQJ�,QWHUQHW�LI�QHFHVVDU\��3DUW����HDFK
VWXGHQW�KDV�WR�FRPSOHWH�D�VXUYH\�GHWDLOLQJ�KLV�GRFXPHQWDU\�UHVHDUFK�RQ�WKH�,QWHUQHW��7KH�VWXGHQWV�ZHUH�GLYLGHG�LQWR�WZR�JURXSV��7KH�ILUVW�JURXS
DQVZHUHG�WR�WKH�FOLQLFDO�TXHVWLRQ�WKHQ�GLG�D�VHOI�DVVHVVPHQW�DQG�YLFH�YHUVD�IRU�WKH�VHFRQG�JURXS��:H�H[DPLQHG�WKHLU�EURZVLQJ�KLVWRULHV��KRZ�PDQ\
ZHEVLWHV�ZHUH�YLVLWHG��WKH�IUHTXHQF\�RI�FRQVXOWDWLRQ�IRU�HDFK�ZHEVLWH��WKH�QXPEHU�RI�FRS\�	�SDVWH��WKH�VHDUFK�WLPH������(DFK�VWXGHQW�KDV�DOVR�WR
DVVHVV�WKH�UHOHYDQFH�RI�ZHEVLWHV�DV�ZHOO�DV�KLV�OHYHO�RI�WUDLQLQJ�IRU�GRFXPHQWDU\�UHVHDUFK�DQG�KLV�NQRZOHGJH�RI�WKH�FHUWLILHG�ZHEVLWHV�

5HVXOWV�

,Q�WKLV�VWXG\�����VWXGHQWV�ZHUH�HYDOXDWHG�����ZHEVLWHV�ZHUH�FRQVXOWHG��7KH�PRVW�YLVLWHG�ZHEVLWHV�ZHUH��JRRJOH�IU�ZLWK�����RI�FRQVXOWDWLRQV�LQ�WKH��VW
JURXS�YHUVXV������RI�FRQVXOWDWLRQV�LQ�WKH��QG��S �������+$6�VDQWH�IU��)UHQFK�1DWLRQDO�$XWKRULW\�IRU�+HDOWK������RI�FRQVXOWDWLRQV�IRU�JURXS���YHUVXV
����RI�FRQVXOWDWLRQV�IRU�JURXS����S ��������,W�ZDV�QRWHG�WKDW�WKH�:+2�ZHEVLWHV�ZHUH�OHVV�IUHTXHQWO\�FRQVXOWHG�E\�VWXGHQWV������YHUVXV����
�S ��������%\�FRQWUDVW��:LNLSHGLD�IU�DQG�GRFWLVVLPR�IU��)UHQFK�PHGLFDO�SRSXODUL]DWLRQ�ZHEVLWH��ZHUH�PRUH�FRQVXOWHG�LQ�WKH�ILUVW�JURXS������YHUVXV
����DQG�����YHUVXV�����UHVSHFWLYHO\���7KH�VWXGHQWV�ZKR�XVH�WKH�,QWHUQHW�ZHUH�PRUH�KLJKO\�UDWHG�WKDQ�RWKHUV��S �������

&RQFOXVLRQ�

7KH�VWXGHQWV�FRQVXOW�ZHEVLWHV�VXFK�DV�:LNLSHGLD�IU�DQG�GRFWLVVLPR�IU��EXW�WKH\�GRQÇW�FKHFN�LQIRUPDWLRQ�ZLWK�RWKHU�ZHEVLWHV��$�VWXG\�RQ�WKH�UHOHYDQW
RI�WKH�ZHEVLWHV�KHOSV�WR�LPSURYH�WKHLU�VHDUFKHV��DV�KDV�VDQWH�IU�RU�GRFWLVVLPR�IU��DQG�UHFHLYH�KLJK�UDWLQJV��,QWHUQHW�RIIHUV�DGGLWLRQDO�NQRZOHGJH�
KRZHYHU�WKH�VWXGHQWV�GRQÇW�XVH�FRUUHFWO\�WKLV�WRRO��)RU�H[DPSOH��WKH\�FRQVXOW�WKH�VDPH�,QWHUQHW�SDJH�DQG�WKH\�GRQÇW�KDYH�WKH�VDPH�DQVZHU��7KH\
GRQÇW�FRQVLGHU�ZLNLSHGLD�IU�DV�D�UHIHUHQFH�VLWH�EXW�WKH\�NHHS�FRQVXOWLQJ�WKLV�ZHEVLWH��7R�VXP�LW�XS��WKH�PHGLFDO�VWXGHQW�VKRXOG�EH�WUDLQHG�RQ�WKH
,QWHUQHW�VHDUFK�LQ�RUGHU�WR�NQRZ�WKH�DVVHWV�DQG�WKH�OLPLWV�
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��������1HXURJHQLF�SXOPRQDU\�HGHPD��FDVH�UHSRUW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�GH�OD�3H�D�/RSH]�*DOLQGR������$OED�+HUQDQGH]������%HDWUL]�6LHUUD������$OH[DQGHU�0D]D������6DUD�/DLQH]������0DULD�-RVH�*LPHQR������%ODQFD
0DUDGLDJD����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�/R]DQR�%OHVD���=DUDJR]D��6SDLQ��=DUDJR]D��63$,1
���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�/R]DQR�%OHVD��=DUDJR]D��6SDLQ��=DUDJR]D��63$,1
���1HXURVXUJHU\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�/R]DQR�%OHVD��=DUDJR]D��6SDLQ��=DUDJR]D��63$,1
���5DGLRORJ\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�/R]DQR�%OHVD��=DUDJR]D��6SDLQ��=DUDJR]D��63$,1

.H\ZRUGV��1HXURJHQLF�SXOPRQDU\�HGHPD

$EVWUDFW��

1HXURJHQLF�SXOPRQDU\�HGHPD��ILUV�GHVFULEHG�E\�6KDQDKDQ�LQ�������LV�FKDUDFWHUL]HG�E\�SXOPRQDU\�HGHPD�WKDW�RFFXUV�VKRUWO\�DIWHU�VHULRXV�LQMXU\�RI
WKU�FHQWUDO�QHUYRXV�V\VWHP��,W�LV�D�FRPPRQ�EXW�XQGHUGLDJQRVHG�FRQGLWLRQ��LWV�LQFLGHQFH�YDULHV�IURP����WR�����DPRQJ�SDWLHQWV�ZLWK�VHULRXV
QHXURORJLFDO�LQMXULHV�DQG�LWV�PRUWDOLW\�UHDFKH�����'LIIHUHQWLDO�GLDJQRVLV�PXVW�EH�PDGH�ZLWK�DVSLUDWLRQ�SQHXPRQLD��SXOPRQDU\�HGHPD�IURP�SULPDU\
P\RFDUGLDO�GLVIXQFWLRQ��SXOPRQDU\�FRQWXVLRQ�DQG�YHQWLODWRU�LQGXFHF�OXQJ��EDURWUDXPD��

7KH�SXUSRVH�RI�WKLV�FDVH�UHSRUW�FRPPXQLFDWLRQ�LV�WR�UHYLHZ�WKLV�HQWLW\�DQG�UHPLQG�WKH�LPSRUWDQFH�RI�HDUO\�GLDJQRVLV�

$����\HDU�ROG�PDOH��SUHYLRXVO\�KHDOWK\��ZDV�WUDQVIHUUHG�WR�WKH�HPHUJHQF\�URRP�RI�RXU�FHQWHU�LQ�D�PHGLFDOL]HG�DPEXODQFH�DIWHU�VXIIHULQJ�DEUXSW
V\QFRSH��FROODSVH�DQG�PDLQWDLQHG�ORVV�RI�FRQVFLRXVQHVV�ZKLOH�GRLQJ�SK\VLFDO�H[HUFLVH�

$VVHVVHG�LQ�VLWX�DQ�HPHUJHQF\�SK\VLFLDQ��WKH�SDWLHQW�KDG�D�*ODVJRZ�&RPD�6FDOH�RI���ZLWK�PHGLXP��QRQ�UHDFWLYH�SXSLOV��EORRG�SUHVVXUH�RI�������
PP+J�����EHDWV�SHU�PLQXWH�DQG�R[\JHQ�VDWXUDWLRQ�RI������7KH�SDWLHQW�ZDV�LQWXEDWHG�EHIRUH�WKH�WUDQIHU�

:KHQ�HQWHULQJ�WKH�HPHUJHQF\�URRP�EORRG�SUHVVXUH�ZDV��������PP+J�DQG�KHDUW�UDWH�����EHDWV�SHU�PLQXWH��,Q�VSLWH�RI�WKH�LQYDVLYH�HQGRWUDFKHDO
LQWXEDWLRQ�DQG�PHFKDQLFDO�YHQWLODWLRQ��WKH�SDWLHQWnV�R[\JHQ�VDWXUDWLRQ�OHYHO�ZDV��������DQG�RXWOHW�RI�SLQN��IRDP\�OLTXLG�IURP�WKH�WXEH�ZDV�QRWLFHG�
6LQXV�WDFKLFDUGLD�ZLWK�QR�UHSRODUL]DWLRQ�DOWHUDWLRQV�ZDV�REVHUYHG�RQ�WKH�HOHFWURFDUGLRJUDP�

)URP�SXOPRQDU\�DXVFXOWDWLRQ�FUDFNHOV�ZHUH�KHDUG�LQ�ERWK�OXQJ�ILHOGV�VXJJHVWLQJ�DFXWH�SXOPRQDU\�HGHPD��8UJHQW�EUDLQ�DQG�WKRUDFRDEGRPLQDO�&7
VFDQV�ZHUH�UHTXHVWHG�UHYHDOLQJ�WKH�SUHVHQFH�RI�H[WHQVLYH�)LVKHU�,9�VXEDUDFKQRLG�KHPRUUKDJH�DQG�D�����[�����[�����PP�UXSWXUHV�DQHXU\VP�RI�WKH
DQWHULRU�FRPPXQLFDWLQJ�DUWHU\�ZDV�FRQILUPHG�E\�6XSUD�$RUWLF�7UXQNV�DQG�&LUFOH�RI�:LOOLV�DQJLRJUDSK\��$OVR�WKRUDFLF�LPDJHV�VXJJHVWLYH�RI�ELODWHUDO
DOYHRODU�FRQVROLGDWLRQ�ZHUH�DSSUHFLDWHG�

7KH�EORRG�ZRUN��FRDJXODWLRQ�VWXG\�DQG�FDUGLDF�HQ]\PHV�ZHUH�ZLWKLQ�WKH�QRUPDO�UDQJH��7KH�SDWLHQW�GLHG����KRXUV�DIWHU�DGPLVVLRQ�LQ�WKH�,QWHQVLYH
&DUH�8QLW�

&21&/86,21

1HXURJHQLF�SXOPRQDU\�HGHPD�VKRXOG�EH�VXVSHFWHG�LQ�SDWLHQWV�ZLWK�DFXWH�DQG�VHYHUH�LQMXU\�WR�WKH�FHQWUDO�QHUYRXV�V\VWHP�DQG�UDSLG�GHYHORSPHQW�RI
DFXWH�UHVSLUDWRU\�IDLOXUH��KLSR[HPLD�DQG�GHVDWXUDWLRQ�

����RI�SDWLHQWV�ZLWK�VXEDUDFKQRLG�KHPRUUKDJH�IURP�UXSWXUHG�DQHXU\VP�WKDW�GLH�DEUXSWO\�SUHYLRXVO\�SUHVHQW�QHXURJHQLF�SXOPRQDU\�HGHPD��,WV
RQVHW�FDQ�EH�DFXWH�DQG�VXGGHQ��DV�LQ�RXU�FDVH��EXW�XVXDOO\�LW�DSSHDUV�EHWZHHQ�WKH��QG�DQG��WK�GD\�RI�EOHHGLQJ��5LVN�IDFWRUV�DVVRFLDWHG�ZLWK�WKH
PDJQLWXGH��VHYHULW\�RI�EOHHGLQJ��GLDJQRVLV�DQG�HDUO\�WUHDWPHQW�DUH�HVVHQWLDO�WR�UHGXFH�PRUWDOLW\�DQG�LPSURYH�WKH�SURJQRVLV�



0$1$*(0(17���('�25*$1,6$7,21 6DXQGHUV�$QGUHZ

��������&OLQLFDO�GHYHORSPHQW�IHOORZVKLS�SRVWV�v�$�QRYHO�ZD\�WR�VDYH�DQ�HPHUJHQF\�GHSDUWPHQW"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$QGUHZ�6DXQGHUV������9LFWRULD�%UDGIRUG������$QG\�6WHYHQVRQ������%HWK�+DUULVRQ������+DQQDK�0RQDJKDQ����

���(PHUJHQF\�0HGLFLQH��1+6�/RWKLDQ��(GLQEXUJK��8.
���0HGLFDO�(GXFDWLRQ��1+6�/RWKLDQ��(GLQEXUJK��8.

.H\ZRUGV��6WDIILQJ��HPHUJHQF\��PHGLFLQH��IHOORZVKLS��GHYHORSPHQW

$EVWUDFW��

%DFNJURXQG���

:LWK�PRUH�(PHUJHQF\�0HGLFLQH��(0��GRFWRUV�PRYLQJ�WR�ZRUN�DEURDG��IHZHU�)RXQGDWLRQ�'RFWRUV��)<���PRYLQJ�GLUHFWO\�LQWR�WUDLQLQJ�SRVWV�DQG
GZLQGOLQJ�QXPEHUV�RI�PLGGOH�JUDGH�WLHU�GRFWRUV�LQ�6FRWWLVK�(PHUJHQF\�'HSDUWPHQWV��('���URWD�JDSV�DUH�EHLQJ�ILOOHG�LQ�SDUW�E\�ORFXP�GRFWRUV��7KLV�LV
D�ZDVWH�RI�SUHFLRXV�IXQGV�DW�D�WLPH�ZKHQ�1DWLRQDO�+HDOWK�6HUYLFH��1+6��UHVRXUFHV�DUH�VFDUFH�

�

,Q������6W�-RKQÇV�+RVSLWDO��6-+��('��D�PHGLXP�VL]HG�('�ZLWK�D�a�������\HDU�IRRWIDOO�LQ�/LYLQJVWRQ��6FRWODQG��ZDV�IDFLQJ�DQ�RXW�RI�KRXUV�VWDIILQJ�FULVLV�
<HDU�ORQJ�&OLQLFDO�'HYHORSPHQW�)HOORZVKLS��&')��SRVWV�ZHUH�LQWURGXFHG�WR�VROYH�WKLV�VWDIILQJ�VKRUWIDOO��VDYH�UHVRXUFHV�DQG�WR�GHYHORS�SRVW�)<�
WUDLQHHV�LQ�FOLQLFDO�VNLOOV��WHDFKLQJ��VLPXODWLRQ��OHDGHUVKLS�DQG�TXDOLW\�LPSURYHPHQW��6R�IDU�WKUHH�FRKRUWV�KDYH�EHHQ�XQGHUWDNHQ�

�

$LP�

7KH�DLP�RI�WKLV�SURMHFW�ZDV�WR�LQYHVWLJDWH�WKH�LPSDFW�RI�(0�VSHFLILF�&')V�ZLWKLQ�6-+�('�DQG�SRWHQWLDO�EHQHILWV�IRU�IXWXUH�(0�WUDLQLQJ�

�

0HWKRGV�

8VLQJ�RQOLQH�TXHVWLRQQDLUHV�IURP�WKH����SUHYLRXV�DQG�FXUUHQW�&')V�DV�ZHOO�DV�VHPL�VWUXFWXUHG�LQWHUYLHZV�ZLWK�('�&RQVXOWDQWV�ZH�H[SORUHG�ZKHWKHU
&')�SRVWV�LQ�(0�PDGH�WKH�VSHFLDOW\�PRUH�RU�OHVV�DSSHDOLQJ�DV�D�IXWXUH�FDUHHU��DV�ZHOO�DV�XQFRYHULQJ�EHQHILWV�WKDW�WKH�SURJUDPPH�SURYLGHG�WR�WKH
('�DQG�&')V�WKHPVHOYHV���

�

5HVXOWV�

,QLWLDO�UHVXOWV�LQGLFDWH������RI�&')V�ZHUH�LQYROYHG�LQ�VLPXODWLRQ�SURMHFWV��LQFOXGLQJ�WKH�VHW�XS�RI�LQ�VLWX�SRLQW�RI�FDUH�PXOWLGLVFLSOLQDU\�VLPXODWLRQ�
7KH�PDMRULW\�RI�&')V�DOVR�DFKLHYHG�SXEOLFDWLRQV�RU�SUHVHQWDWLRQV�RI�SURMHFWV�XQGHUWDNHQ�DV�SDUW�RI�WKHLU�SRVW�DQG�ZHUH�WUDLQHG�LQ�DQG�SUDFWLFHG�4,
PHWKRGRORJ\��6HYHUDO�SURMHFWV�KDYH�UHVXOWHG�LQ�LQWURGXFWLRQ�RI�QHZ�SUR�IRUPDV�ZLWKLQ�WKH�('��LPSURYLQJ�SDWLHQW�FDUH���

�

$OO�&')V�KDG�H[SRVXUH�WR�WHDFKLQJ��JDLQLQJ�D�SRVLWLYH�H[SHULHQFH�UHJDUGOHVV�RI�IXWXUH�FDUHHU�GLUHFWLRQ�DQG�DFKLHYHG�WHDFKLQJ�TXDOLILFDWLRQV��HLWKHU�LQ
WKH�IRUP�RI�D�3RVW�*UDGXDWH�FHUWLILFDWH�RU�IURP�WKH�&OLQLFDO�(GXFDWRU�3URJUDPPH��D�ORFDO�WHDFKLQJ�TXDOLILFDWLRQ��&3'�DFFUHGLWHG�E\�WKH�5R\DO�&ROOHJHV�
�����RI�&')V�DOVR�XQGHUWRRN�DQ�DFFUHGLWHG�0HGLFDO�/HDGHUVKLS�FRXUVHU��DOO�VWDWLQJ�WKLV�ZDV�EHQHILFLDO�LQ�WKHLU�GD\�WR�GD\�ZRUN�DQG�WKDW�WKLV
LPSURYHG�FRQILGHQFH�LQ�EHFRPLQJ�D�&OLQLFDO�6XSHUYLVRU�LQ�WKH�IXWXUH��:LWK�VNLOOV�OHDUQW�IURP�WKHVH�FRXUVHV��VHYHUDO�&')V�VHW�XS�WHDFKLQJ
SURJUDPPHV�ZLWKLQ�WKH�('�WR�KHOS�IDFLOLWDWH�MXQLRU�GRFWRU�DQG�XQGHUJUDGXDWH�OHDUQLQJ�

2Q�WKH�ZKROH�FRQVXOWDQWV�YLHZHG�WKH�VDIHW\�SURILOH�RI�&')V�ZRUNLQJ�LQ�FRPELQDWLRQ�ZLWK�)<��GRFWRUV�RYHUQLJKW�SRVLWLYHO\��DQG�DFNQRZOHGJH�RWKHU
EHQHILWV�LQFOXGLQJ�UHVRXUFH�VDYLQJ�DQG�URWD�ILOOLQJ���7KLV�LV�VXSSRUWHG�E\�H[WUDSRODWHG�GDWD�WKDW�VKRZV�DQ�HVWLPDWHG�VDYLQJ�RI�d�������SHU�DQQXP�IRU
HDFK�&')�SRVW��LI�FRPSDUHG�WR�XVH�RI�QRQ�SHUPDQHQW�VWDII��DQ�HVWLPDWHG�WRWDO�VDYLQJ�RI�d��������RYHU���FRKRUWV�

�

&RQFOXVLRQ�

&')�SRVWV�FRQIHU�ILQDQFLDO�DQG�VNLOOV�EDVHG�EHQHILWV�WR�('V�WKDW�DUH�KHDYLO\�UHOLDQW�RQ�ORFXPV��7KH\�KDYH�VKRZQ�D�SURPLVLQJ�VWDUW�ZLWKLQ�1+6�/RWKLDQ�
DQG�QRZ�RWKHU�%RDUGV�ZLWKLQ�6FRWODQG�UXQ�WKH�VDPH�SURJUDPPH�VXSSRUWLQJ�D�YDULHW\�RI�DFXWH�DUHDV��,W�DSSHDUV�WKDW�WKHVH�SRVWV�QRW�RQO\�SURYLGH�WKH
FOLQLFDO�DQG�GHYHORSPHQW�H[SHULHQFH�ZKLFK�SRVW�)<��GRFWRUV�GHVLUH��EXW�DOVR�KDYH�D�SRVLWLYH�LPSDFW�RQ�WKH�'HSDUWPHQW�DV�D�ZKROH�LQ�WHUPV�RI
UHOLDEOH�VWDIILQJ�DQG�YDOXH�





72;,&2/2*< %\XQJ�+DN�6R

��������&DUGLRWR[LFLW\�DIWHU�RYHUGRVH�RI�NRUHDQ�PHGLFLQH��.\XVKLQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%\XQJ�+DN�6R����

���(PHUJHQF\�GHSDUWPHQW��7KH�&DWKROLF�8QLYHUVLW\�RI�.RUHD��6W��9LQFHQW
V�+RVSLWDO��6XZRQ��.25($��5(38%/,&�2)

.H\ZRUGV��SRLVRQLQJ��EXUDGLHQROLGH��DUUK\WKPLD

$EVWUDFW��

.\XVKLQ��&KLQHVH��PHDQLQJ��VDYLQJ�KHDUW���SLOO��PDQXIDFWXUHG�E\�%RU\XQJ�SKDUPDFHXWLFV��5HSXEOLF�RI�.RUHD��LV�D�GDUN�EURZQ�SLOO�ZLWK�D�XQLTXH�VFHQW
DQG�WDVWH�LQFOXGLQJ�WRDG�YHQRP������PJ��7RDG��%XIR�YHQRP��IRXQG�LQ�JUDQXODU�JODQGV�RI�WKH�VNLQ��SDURWLG�JODQGV�DQG�HJJV�RI�VRPH�VSHFLHV�RI�WRDGV
�%XIR�JDUJDUL]DQV��%XIR�VWHMQHJHUL�LQ�.RUHD��FRQWDLQV�VHYHUDO�WR[LQV�DQG�ELRDFWLYH�DONDORLGV��VXFK�DV�EXIDGLHQROLGH��EXIRWHQLQ�DQG�EXIRJHQLQH��HWF���
GLJR[LQ�OLNH�FDUGLDF�JO\FRVLGHV��:H�UHSRUW�D�FDVH�RI�%XIRWR[LQ�LQWR[LFDWLRQ�LQ����\HDU�ROG�IHPDOH�SDWLHQW�ZKR�VKRZHG�VLJQV�RI�GLJLWDOLV�LQWR[LFDWLRQ
DQG�UHFRYHUHG�IURP�WDFK\�EUDG\DUUK\WKPLD�DQG�SXOVHOHVV�HOHFWULFDO�DFWLYLW\�FDUGLDF�DUUHVW��

���\HDU�ROG��IHPDOH�SDWLHQW�SUHVHQWHG�LQ�WKH�('�ZLWK�GHFUHDVHG�PHQWDO�VWDWXV��RFFXUUHG���KRXUV�DJR����KRXUV����PLQXWHV�EHIRUH�WR�('�SUHVHQWDWLRQ�
D�PHGLFDO�FUHZ�LQ�D�QXUVLQJ�IDFLOLW\�IRXQG�WKH�SDWLHQW�LQ�GHFUHDVHG�PHQWDO�VWDWXV�DQG�HPSWLHV�RI�.\XVKLQ�QH[W�WR�WKH�SDWLHQW��*ODVJRZ�FRPD�VFDOH
ZDV���SRLQWV��6\VWROLF�EORRG�SUHVVXUH�ZDV����PP+J��KHDUW�UDWH�����SHU�PLQXWH��UHVSLUDWRU\�UDWH����SHU�PLQXWHV�DQG�ERG\�WHPSHUDWXUH�����j&�ZLWK
,9�GRSDPLQH�LQIXVLRQ��7KH�ILUVW����OHDGV�HOHFWURFDUGLRJUDP�RQ�SDWLHQW
V�DUULYDO�VKRZHG�VLQXV�WDFK\FDUGLD�ZLWK�KHDUW�UDWH�����PLQ�DQG�ULJKW�EXQGOH
EUDQFK�EORFN��35�LQWHUYDO�ZDV����PVHF��FRUUHFWHG�47�LQWHUYDO�ZDV����PVHF��$IWHU���PLQXWHV��VXGGHQO\�KHDUW�UDWH�GURSSHG�WR���V�SHU�PLQXWHV�ZLWK
6%3���PP+J��,9�DWURSLQH��PJ�EROXV�ZDV�LQMHFWHG��,9�GREXWDPLQH�LQIXVLRQ�VWDUWHG�DQG�DFWLYDWHG�FKDUFRDO�RI���J�ZDV�DSSOLHG�YLD�QDVRJDVWULF�WXEH��

$IWHU����PLQXWHV�ZKHQ�SDWLHQW�DUULYHG��YHQWULFXODU�ILEULOODWLRQ�RQ�(&*�PRQLWRU�ZDV�GHWHFWHG��FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ�ZDV�VWDUWHG�
GHILEULOODWLRQV�ZLWK�HQHUJ\�RI����-�ZHUH�GHOLYHUHG���WLPHV��,9�PDJQHVLXP��J�DQG�DPLRGDURQH����PJ�DQG����PJ�ZHUH�LQMHFWHG��$IWHU���F\FOHV�RI
FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��SDWLHQW
V�RI�VSRQWDQHRXV�FLUFXODWLRQ�KDG�UHWXUQHG��6%3�ZDV����PP+J��(&*�VKRZHG�FRPSOHWH�$9�EORFN�ZLWK
YHQWULFXODU�UDWH�RI����PLQ��0HFKDQLFDO�YHQWLODWRU�DQG�H[WHUQDO�FDUGLDF�WUDQVFXWDQHRXV�SDFLQJ�ZLWK����P$�����PLQ�ZHUH�DSSOLHG��

3ODVPD�WR[LFRORJLF�WHVW�UHYHDOHG�WKH�VHUXP�FRQFHQWUDWLRQ�RI�GLJLWR[LQ�������QJ�PO��GLJR[LQ������QJ�PO��

$IWHU���KRXUV�RI�('�SUHVHQWDWLRQ��FDUGLDF�WUDQVFXWDQHRXV�SDFLQJ�ZDV�UHPRYHG��6%3�ZDV�����PP+J�DQG�PHQWDO�VWDWXV�FDPH�WR�EH�DOHUW��(&*
VKRZHG�VLQXV�EUDG\FDUGLD�ZLWK�UDWH�RI����PLQ��35�LQWHUYDO�����PVHF�DQG�456�LQWHUYDO����PVHF��$IWHU����KRXUV�RI�SUHVHQWDWLRQ��WKH�SDWLHQW�KDG�EHHQ
ZHDQHG�DQG�WUDQVIHUUHG�WR�WKH�QXUVLQJ�IDFLOLW\�DFFRUGLQJ�WR�WKH�ZLOOLQJ�RI�JXDUGLDQV����ZHHN�ODWHU��WKH�SDWLHQW
V�UHFRYHU\�IURP�DUUK\WKPLDV�ZLWKRXW
DQ\�VHULRXV�FRPSOLFDWLRQ�ZDV�FRQILUPHG�E\�WHOHSKRQH�

.\XVKLQ�RYHUGRVH�FDQ�FDXVH�VHULRXV�DUUK\WKPLDV�VLPLODU�WR�GLJLWDOLV�LQWR[LFDWLRQ��

5HIHUHQFH

���.R��5��-���HW�DO�����������/HWKDO�LQJHVWLRQ�RI�&KLQHVH�KHUEDO�WHD�FRQWDLQLQJ�FK
DQ�VX���:HVW�-�0HG���������������



',$*1267,&�7(&+12/2*<�	�5$',2/2*< 0XVWDID�8]NHVHU

��������'XDO�HQHUJ\�FRPSXWHG�WRPRJUDSK\�VKRZV�EUDLQ�LVFKHPLD�DQG�K\SHUEDULF�R[\JHQ�WKHUDS\�HIILFDF\�LQ�DFXWH�FDUERQ
PRQR[LGH�LQWR[LFDWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0XVWDID�8]NHVHU������$EGXOODK�2VPDQ�.RFDN������,ONHU�$NEDV������*RNKDQ�3RODW������0HFLW�.DQWDUFL������0XFDKLW�(PHW������6DKLQ�$VODQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH���)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<
���'HSDUWPHQW�RI�5DGLRORJ\��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<

.H\ZRUGV��&DUERQ�PRQR[LGH�SRLVRQLQJ��GXDO�HQHUJ\�FRPSXWHG�WRPRJUDSK\��K\SHUEDULF�R[\JHQ�WUHDWPHQW��SHUIXVLRQ�GHIHFW

$EVWUDFW��

,Q�FDUERQ�PRQR[LGH��&2��SRLVRQLQJ��WKH�R[\JHQ�FDUU\LQJ�FDSDFLW\�RI�EORRG�LV�UHGXFHG��WKH�DPRXQW�RI�R[\JHQ��2���GHOLYHUHG�WR�WKH�WLVVXHV�GHFUHDVHV
DQG�LW�OHDGV�WR�K\SR[LD�DW�WKH�WLVVXH�OHYHO��7KH�PRVW�DIIHFWHG�RUJDQV�DUH�WKH�RQHV�ZKLFK�XVH�SOHQW\�RI�2��VXFK�DV�WKH�EUDLQ�DQG�KHDUW��%\�LPDJLQJ
PHWKRGV��WKHVH�HIIHFWV�FDQ�EH�VKRZQ�WR�VRPH�H[WHQW�LQ�WKH�DFXWH�SKDVH��5DGLRORJLF�ILQGLQJV�DSSHDU�ODWHU��OHDGLQJ�WR�GHOD\V�LQ�GLDJQRVLV��5DSLG
GLDJQRVLV�DQG�WUHDWPHQW�LQFUHDVHV�WKH�FKDQFH�RI�D�VXFFHVVIXO�GLVFKDUJH��+HUH��ZH�SUHVHQW�D�\RXQJ�PDQ�ZKR�ZDV�IRXQG�XQFRQVFLRXV�SRVVLEO\�GXH�WR
&2�H[SRVXUH��:KHQ�KH�DUULYHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('���WKHUH�ZDV�QR�QHXURORJLF�ILQGLQJ��,QLWLDO�EUDLQ�FRPSXWHG�WRPRJUDSK\��&7��IDLOHG�WR
VKRZ�DQ\�GDPDJH��+RZHYHU��GXDO�HQHUJ\�&7��'(&7��DV�IDU�DV�ZH�NQRZ��ILUVW�LQ�WKH�OLWHUDWXUH��UHYHDOHG�SHUIXVLRQ�GHIHFW�RQ�WKH�WHPSRUDO�OREH�
'XDO�HQHUJ\�&7�ZDV�DOVR�HIILFDFLRXV�LQ�VKRZLQJ�WKH�KHDOLQJ�LQ�WKH�EUDLQ�DIWHU�K\SHUEDULF�R[\JHQ�WUHDWPHQW��+%27���$����\HDU�ROG�PDOH�SDWLHQW�ZDV
IRXQG�XQFRQVFLRXV�DQG�GHOLYHUHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW�E\�DPEXODQFH�IRU�VXVSHFWHG�FDUERQ�PRQR[LGH�SRLVRQLQJ��:KHQ�KH�DUULYHG�WR�WKH
HPHUJHQF\�GHSDUWPHQW��WKHUH�ZDV�QR�QHXURORJLF�ILQGLQJ��,QLWLDO�EUDLQ�FRPSXWHG�WRPRJUDSK\�IDLOHG�WR�VKRZ�DQ\�GDPDJH��+LV�ODERUDWRU\�UHVXOWV�ZHUH
ZLWKLQ�UHIHUHQFH�UDQJH��H[FHSW�FDUER[\KHPRJORELQ�EHLQJ������'XDO�HQHUJ\�FRPSXWHG�WRPRJUDSK\��'(&7��DV�IDU�DV�ZH�NQRZ��ILUVW�LQ�WKH�OLWHUDWXUH�
UHYHDOHG�SHUIXVLRQ�GHIHFW�DV�LW�VKRZHG�K\SRGHQVH�DUHDV�RQ�WKH�ULJKW�WHPSRUDO�OREH��+H�ZDV�WUDQVIHUUHG�LQ�WKH�HPHUJHQF\�LQWHQVLYH�FDUH�XQLW��,Q
DGGLWLRQ�WR�QRUPREDULF�R[\JHQ�WUHDWPHQW����VHVVLRQV�RQ�WKH�ILUVW�GD\�DQG���VHVVLRQ�RQ�WKH�VHFRQG�DQG�WKLUGV�GD\V�RI�K\SHUEDULF�R[\JHQ�WUHDWPHQW
ZHUH�SHUIRUPHG��&RQWURO�'(&7�ZDV�WDNHQ�RQ�WKH�IRXUWK�GD\�RI�KRVSLWDOL]DWLRQ�DIWHU�K\SHUEDULF�R[\JHQ�WUHDWPHQW�ZDV�FRPSOHWHG��&RQWURO�'(&7
UHYHDOHG�D�GHFUHDVH�LQ�LRGLQH�XSWDNH�DQG�UHODWLYH�UHFRYHU\�LQ�SHUIXVLRQ�RQ�WKH�VDPH�UHJLRQ��$IWHU�UHOLHI�RI�KLV�FRPSODLQWV�DQG�ZLWK�WRWDO�UHFRYHU\�LQ
QHXURORJLF�H[DPLQDWLRQ��WKH�SDWLHQW�ZDV�GLVFKDUJHG�WR�IROORZ�XS�ZLWK�UHFRPPHQGDWLRQV�RQ�KLV�IRXUWK�GD\�RI�DGPLVVLRQ��:H�FRQFOXGH�WKDW�EUDLQ
'(&7�PD\�EH�XVHIXO�IRU�ERWK�WKH�GLDJQRVLV�DQG�WKH�HIIHFWLYLW\�RI�WUHDWPHQW�LQ�SDWLHQWV�ZLWK�FDUERQ�PRQR[LGH�LQWR[LFDWLRQ�ZKR�KDG�QHXURORJLF
V\PSWRPV�

�7KLV�FDVH�UHSRUW�LV�DFFHSWHG�LQ�$PHULFDQ�-RXUQDO�RI�(PHUJHQF\�0HGLFLQH�ZLWK�GRL�QXPEHU�DV����������M�DMHP�������������



',$*1267,&�7(&+12/2*<�	�5$',2/2*< $KPHG�6DEU\�(OVDHLG�5$0$'$1

��������$SSOLFDWLRQ�RI�WKH�&DQDGLDQ�&�6SLQH�5XOH�DQG�1H[XV�ORZ�FULWHULD�DQG�UHVXOWV�RI�FHUYLFDO�VSLQH�UDGLRJUDSK\�LQ�HPHUJHQF\
FRQGLWLRQ�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

:LOOLDP�1JDWFKRX������-HDQQH�%HLUQDHUW������'DQLHO�/HPRJRXP������&\ULO�%RXODQG������3LHUUH�<RXDWRX������$KPHG�6DEU\�(OVDHLG�5DPDGDQ������5HJLV
6RQWRX������0DLPRXQD�%RO�$OLPD������$ODLQ�3OXPDNHU������9LUJLQLH�*XLPIDFT������&ODXGH�%LND������3LHUUH�0ROV����

���(PHUJHQF\�VHUYLFHV��&+8�6DLQW�3LHUUH��%UXVVHOV��%(/*,80
���5DGLRORJ\��&+8�6DLQW�3LHUUH��%UXVVHOV��%(/*,80

.H\ZRUGV��FHUYLFDO�VSLQH�;�UD\��HPHUJHQF\��TXDOLW\�

$EVWUDFW��

%DFNJURXQG��7KH�&DQDGLDQ�&�6SLQH�5XOH��&&5��DQG�WKH�1DWLRQDO�(PHUJHQF\�;�5DGLRJUDSK\�8WLOL]DWLRQ�6WXG\��1H[XV��ORZ�FULWHULD�DUH�ZHOO�DFFHSWHG
DV�JXLGH�WR�KHOS�SK\VLFLDQ�LQ�FDVH�RI�FHUYLFDO�EOXQW�WUDXPD��:H�DLPHG�WR�HYDOXDWH�WKH�DSSOLFDWLRQ�RI�WKHVH�UHFRPPHQGDWLRQV�LQ�RXU�HPHUJHQF\
GHSDUWPHQW��6HFRQGO\�ZH�DQDO\]HG�WKH�TXDOLW\�RI�FHUYLFDO�VSLQH�UDGLRJUDSK\��&65��LQ�DQ�HPHUJHQF\�VHWWLQJ�

5HVXOWV������SDWLHQWV�ZLWK�FHUYLFDO�EOXQW�WUDXPD�ZHUH�DQDO\]HG�UHWURVSHFWLYHO\��7KH�&&5�DQG�WKH�1(;86�UXOHV�ZHUH�UHVSHFWHG�LQ�������DQG������
RI�FDVHV�UHVSHFWLYHO\��1R�OHVLRQV�ZHUH�IRXQG�LQ�������RI�SDWLHQW��$�OHVLRQ�ZDV�SUHVHQW�LQ������RI�SDWLHQW�DQG�VXVSHFWHG�LQ������RI�SDWLHQW��7KH
TXDOLW\�RI�&65�ZDV�DGHTXDWH�LQ�RQO\�������RI�SDWLHQW��7KH�SRRU�TXDOLW\�RI�&65�ZDV�GXH�HLWKHU�WR�WKH�ODFN�RI�&��YHUWHEUDH�YLVXDOL]DWLRQ�LQ�������RU
RWKHU�ORZHU�YHUWHEUDH�LQ������2WKHU�FDXVHV�LQFOXGHG�WKH�DEVHQFH�RI�RSHQ�PRXWK�YLHZ�������WKH�DEVHQFH�&��YHUWHEUDH�YLVXDOL]DWLRQ���������DUWLIDFW
LQ������DQG�WKH�DEVHQFH�RI�ODWHUDO�YLHZ�LQ������RI�SDWLHQW�

&RQFOXVLRQV��&&5�DQG�1(;86�DUH�ZLGHO\�XVHG�LQ�RXU�HPHUJHQF\�GHSDUWPHQW��7KH�KLJK�UDWH�RI�LQDGHTXDWH�&65�UHLQIRUFHV�WKH�GHEDWH�DERXW�LWÇV
XWLOLW\�LQ�HPHUJHQF\�FRQGLWLRQ�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

&KULVWLDQH�%HUWD

��������.HWDPLQH�DQG�0RUSKLQH�LQ�SUHKRVSLWDO�FDUH��DQ�HIIHFWLYH�WRRO�IRU�SDUDPHGLFV�LQ�URXWLQH�SUDFWLFH��$�EHIRUH�DIWHU�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6WHIDQR�'HOODJLDFRPD������0LFDHOD�+RFKVWUDVVHU������3DROD�'L�*LXOLR������)XOYLR�5LFFHUL������0LFKDHO�=XUUX������&KULVWLDQH�%HUWD������%UXQR�&RQWL�5RVVLQL
�����/XFLDQR�$QVHOPL����

���6SHFLDOLVHG�QXUVH�LQ�DQHVWKHVLD�DQG�UHVXVFLWDWLRQ��6$/9$�/RFDUQR�������/RFDUQR��6:,7=(5/$1'
���6SHFLDOLVHG�QXUVH�LQ�LQWHQVLYH�FDUH�PHGLFLQH�DQG�UHVXVFLWDWLRQ��&URFH�9HUGH�%HOOLQ]RQD�������%HOOLQ]RQD��6:,7=(5/$1'
���06F��8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�DQG�$UWV�RI�6RXWKHUQ�6ZLW]HUODQG��GHS�RI�EVLQHVV�HFRQRPLFV��KHDOWK�DQG�VRFLDO�FDUH�������0DQQR�
6:,7=(5/$1'
���8QLW�RI�&DQFHU�(SLGHPLRORJ\��8QLYHUVLW\�RI�7XULQ��7XULQ��,7$/<
���0'��6$/9$�/RFDUQR�������/RFDUQR��6:,7=(5/$1'
���0'��/D�&DULW��+RVSLWDO��/RFDUQR�������/RFDUQR��6:,7=(5/$1'
���0'��6DQ�*LRYDQQL�+RVSLWDO�%HOOLQ]RQD�������%HOOLQ]RQD��6:,7=(5/$1'

.H\ZRUGV��SUHKRVSLWDO�HPHUJHQF\�FDUH��.HWDPLQH��ILUH�DQG�UHVFXH�SHUVRQQHO��DFXWH�PHGLFDO�SDLQ��DFXWH�WUDXPD�SDLQ

$EVWUDFW��

$%675$&7

%DFNJURXQG��$OWKRXJK�WKHUH�DUH�VHYHUDO�SDSHUV�ZKLFK�KDYH�DVVHVVHG�WKH�HIIHFWLYHQHVV�RI�WKH�DVVRFLDWLRQ�RI�PRUSKLQH�VXOSKDWH�ZLWK�.HWDPLQH�LQ
SUHKRVSLWDO�WUDXPD�FDUH��XQWLO�QRZ�ZH�GRQCW�NQRZ�DQ\�VWXG\�WR�H[DPLQH�WKH�HIIHFWLYHQHVV�DQG�VDIHW\�RI�WKH�PRUSKLQH�.HWDPLQH��0�.��FRPELQDWLRQ
DGPLQLVWHUHG�E\�SDUDPHGLFV�LQ�HYHU\GD\�SUDFWLFH�

0HWKRGV��'DWD�EHIRUH�DQG�DIWHU�WKH�LPSOHPHQWDWLRQ�RI�D�QHZ�SDLQ�SURWRFRO�ZHUH�FROOHFWHG�LQ���7LFLQR�$PEXODQFH�6HUYLFHV��3UHYLRXVO\��D�EROXV�RI�L�Y�
PRUSKLQH����PJ�NJ��XS�WR����PJ��ZDV�DGPLQLVWHUHG�WR�SDWLHQWV�ROGHU�WKDQ����\HDUV��ZLWK�PHGLFDO�RU�WUDXPD�SDLQ�PRUH�WKDQ����VFDOH��������LI�WKH
SDLQ�UHPDLQHG��PRUH�WKDQ����VXEVHTXHQW�GRVHV�RI������PJ�ZHUH�DGPLQLVWHUHG�HYHU\�ILYH�PLQXWHV��XS�WR����PJ��LI�WKH�LQLWLDO�SDLQ�VFRUH�ZDV������WKHQ
L�Y��PRUSKLQH�����PJ�LQLWLDOO\�DQG�����PJ�HYHU\�ILYH�PLQXWHV�XS�WR����PJ�ZDV�DGPLQLVWHUHG���,Q�WKH�QHZ�SURWRFRO��WKH�VDPH�GRVDJH�RI�L�Y��.HWDPLQH
�����PJ�NJ�RU�����PJ��UHVSHFWLYHO\��ZDV�DVVRFLDWHG�ZLWK�PRUSKLQH��$W�EDVHOLQH��DIWHU���DQG����PLQXWHV��DQG�XQWLO�DUULYDO�DW�WKH�HPHUJHQF\
GHSDUWPHQW��WKH�IROORZLQJ�GDWD�ZHUH�FROOHFWHG��VWDWH�RI�FRQVFLRXVQHVV��YLWDO�VLJQV��KHDUW�UDWH��EORRG�SUHVVXUH����OHDG�(&*��SDLQ��DJLWDWLRQ�
KDOOXFLQDWLRQV��QDXVHD�DQG�YRPLWLQJ�

5HVXOWV��2Q�WKH�ZKROH������SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\������WUHDWHG�ZLWK�PRUSKLQH�DQG�����ZLWK�0�.���SDLQ�ZDV�VLJQLILFDQWO\�UHGXFHG�LQ�ERWK
JURXSV�EXW�PRUH�LQ�WKH�0�.�JURXS��PRUSKLQH�YV�0�.����PLQ�PHDQ�VFRUH�������6'������YV�����������������PLQ�������������YV��������������('�DUULYDO
������������YV��������������3���������IRU�DOO�FRPSDULVRQV��

1R�GLIIHUHQFHV�ZHUH�REVHUYHG�DW�DQ\�WLPH�IRU�QDXVHD�DQG�YRPLWLQJ��3DWLHQWV�WUHDWHG�ZLWK�0�.�KDG�PRUH�HSLVRGHV�RI�KDOOXFLQDWLRQV����FDVHV�YV�QRQH�
3�������ZKLFK�UHJUHVVHG�UDSLGO\�DQG�GLGQÇW�QHHG�DGPLQLVWUDWLRQ�RI�EHQ]RGLD]HSLQHV��7KH�PHDQ�GRVDJH�RI�PRUSKLQH�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW
�PRUSKLQH����������PJ��0�.�����������PJ�S �����

&RQFOXVLRQV��7KH�DVVRFLDWLRQ�RI�0�.�LV�DQ�HIIHFWLYH�DQG�ZHOO�WROHUDWHG�WUHDWPHQW�ZKLFK�FDQ�EH�DGPLQLVWHUHG�E\�SDUDPHGLFV�LQ�HYHU\GD\�SUDFWLFH�



&$5',29$6&8/$5 0DWWKLHX�0DUFKHWWL

��������3UHGLFWRUV�RI����GD\�PRUWDOLW\�LQ�SDWLHQWV�DGPLWWHG�WR�HPHUJHQF\�GHSDUWPHQWV�IRU�DFXWH�KHDUW�IDLOXUH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$QWRLQH�%HQHGHWWL������0DWWKLHX�0DUFKHWWL������-HDQ�<YHV�/DUGHXU������1LFRODV�0DUMDQRYLF������2OLYLHU�0LPR]����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�&HQWHU�RI�3RLWLHUV��3RLWLHUV��)5$1&(

.H\ZRUGV��DFXWH��KHDUW�IDLOXUH��HPHUJHQF\��PRUWDOLW\

$EVWUDFW��

,QWURGXFWLRQ��$FXWH�KHDUW�IDLOXUH��$+)��LV�D�OHDGLQJ�FDXVH�RI�DGPLVVLRQ�LQ�HPHUJHQF\�GHSDUWPHQWV��('���,W�LV�DOVR�DVVRFLDWHG�ZLWK�VLJQLILFDQW
LQ�KRVSLWDO�PRUWDOLW\��VXJJHVWLQJ�WKDW�WKHUH�LV�URRP�IRU�LPSURYHPHQW�RI�FDUH��2XU�DLPV�ZDV�WR�LQYHVWLJDWH�FOLQLFDO�SDWWHUQV��ELRORJLFDO�FKDUDFWHULVWLFV
DQG�GHWHUPLQDQWV�RI�LQ�KRVSLWDO�PRUWDOLW\�

0HWKRGV��:H�FRQGXFWHG�D�PRQRFHQWULF��UHWURVSHFWLYH�UHYLHZ�RI�SDWLHQWV�DGPLWWHG�WR�('�IRU�$+)�LQ�D�ODUJH�DFDGHPLF�FHQWHU�RYHU�D����PRQWKV
SHULRG��'DWD�FROOHFWHG�LQFOXGHG�GHPRJUDSKLFV��FOLQLFDO��ELRORJLFDO�DQG�RXWFRPHV�GDWD��(SLGHPLRORJLF�GDWD�ZHUH�FROOHFWHG�DW�EDVHOLQH��DQG�SDWLHQWV
ZHUH�IROORZHG�XS�GXULQJ�D����GD\V�SHULRG��7KH�ORJ�UDQN�WHVW��RGG�UDWLRV��25��ZLWK�����FRQILGHQFH�LQWHUYDOV��&,��DQG�52&�DQDO\VLV�ZHUH�XVHG�WR
GHWHUPLQH�WKH�SURJQRVWLF�YDOXH�RI�FOLQLFDO�DQG�ELRORJLFDO�SDWWHUQV�RQ����GD\V�PRUWDOLW\�

5HVXOWV��7KHUH�ZHUH�D�WRWDO�RI�����SDWLHQWV��0HDQ�DJH�ZDV����������\HDUV��DQG�����RI�WKH�SDWLHQWV�ZHUH�ZRPHQ��'XULQJ�WKH����PRQWKV�RI�WKH�VWXG\
SHULRG�����SDWLHQWV���������GLHG�ZLWKLQ����GD\V�RI�DGPLVVLRQ�WR�WKH�('��7KH�IROORZLQJ�WKUHH�FKDUDFWHULVWLFV�ZHUH�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK
LQFUHDVHG�PRUWDOLW\��DJH�!���\HDUV��25 ���>���&,��������@��FUHDWLQLQH�FOHDUDQFH�����P/�PLQ��25 ���>���&,������@�DQG�17�SUR%13�!�����SJ�P/�
25 ���>���&,������@��%DVHG�RQ�WKH�52&�FXUYH��WKH�EHVW�17�SUR%13�FXW�RII�YDOXH�WR�SUHGLFW�ILUVW�GD\�PRUWDOLW\�ZDV������SJ�P/��DUHD�XQGHU�WKH
FXUYH��$8&��RI���������)RU���GD\V�PRUWDOLW\��LW�ZDV������SJ�P/��$8&�RI��������DQG�IRU����GD\V�PRUWDOLW\�������SJ�P/��$8&�RI��������

&RQFOXVLRQ��7KH�DGPLVVLRQ�17�SUR%13�OHYHO��DJH�DQG�FUHDWLQLQH�FOHDUDQFH�DUH�SUHGLFWLYH�RI�LQ�KRVSLWDO�PRUWDOLW\�LQ�HOGHUO\�SDWLHQWV�DGPLWWHG�WR�('
IRU�$+)�



3(',$75,&6 -HQQLIHU�6PLWK

��������y,V�OHVV�UHDOO\�PRUH"z�2XW�SDWLHQW�DQWLELRWLF�WUHDWPHQW��23$7��LQ�WKH�SDHGLDWULF�HPHUJHQF\�GHSDUWPHQW��3('�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-HQQLIHU�.DWH�6PLWK����

�����QRQH��(GLQEXUJK��8.

.H\ZRUGV��SDHGLDWULF��DPEXODWRU\��FHIWULD[RQH

$EVWUDFW��

$,06��7R�GHVFULEH�WKH�SRSXODWLRQ�RI�SDHGLDWULF�SDWLHQWV�DWWHQGLQJ�D�WHUWLDU\�3DHGLDWULF�(PHUJHQF\�'HSDUWPHQW��3('��RQ�DQ�DPEXODWRU\�EDVLV�IRU
LQWUDYHQRXV�FHIWULD[RQH�IROORZLQJ�WKH�LQWURGXFWLRQ�RI�D��IRUPDOLVHG�23$7�SURWRFRO�IURP�6HSWHPEHU�������,QFOXGHG�LQ�WKH�DQDO\VLV�DUH�SDWLHQW
GHPRJUDSKLFV��UHDVRQ�IRU�WUHDWPHQW��QXPEHU�RI�GRVHV�RI�DQWLELRWLF��LQYHVWLJDWLRQV�SHUIRUPHG��DGPLVVLRQ�UDWHV�DQG�FRPSOLFDWLRQV�RI�23$7�

0(7+2'6��'DWD�ZHUH�UHWURVSHFWLYHO\�LGHQWLILHG�IURP�WKH�23$7�GDWDEDVH�ZKLFK�DOO�SDWLHQWV�WUHDWHG�ZHUH�LQFOXGHG�RQ�DQG�SDWLHQW�HOHFWURQLF�UHFRUGV
DQDO\VHG�E\�WKH�OHDG�DXWKRU�

5(68/76�����SDWLHQWV�ZLWK�D�PHGLDQ�DJH�RI�IRXU�\HDUV��UDQJH�WZR�PRQWKV�Ä����\HDUV��IURP�6HSWHPEHU������XQWLO�0DUFK������ZHUH�WUHDWHG�ZLWK
23$7�������ZHUH�PDOH��������GRVHV�RI�,9�FHIWULD[RQH�ZHUH�DGPLQLVWHUHG��PHDQ������PHGLDQ�����0RUH�SDWLHQWV�UHFHLYHG�23$7�RQ�)UL�6XQ�WKDQ�WKH
RWKHU�ZHHNGD\V�DQG�WKHUH�ZDV�D�SHDN�LQ�DFWLYLW\�LQ�)HEUXDU\�0DUFK�UHIOHFWLQJ�GHSDUWPHQWDO�RYHUDOO�DWWHQGDQFH�WUHQGV��7KH�ODUJHVW�GLDJQRVWLF�JURXS
WUHDWHG�ZHUH�SDWLHQWV�ZLWK�OLPE�RU�WUXQN�FHOOXOLWLV�������IROORZHG�E\�SHULRUELWDO�FHOOXOLWLV��������O\PSKDGHQLWLV�������DQG�RWKHU�����������RI�WKH���
SDWLHQWV�KDG�D�GRFXPHQWHG�WHPSHUDWXUH�LQ�WKH�HOHFWURQLF�UHFRUG��RI�ZKLFK����������ZHUH�!����R&��2YHU�����RI�SDWLHQWV�KDG�EDVHOLQH�IXOO�EORRG
FRXQW�DQG�&�UHDFWLYH�SURWHLQ�DW�SUHVHQWDWLRQ������KDG�D�EORRG�FXOWXUH�DQG�����KDG�RWKHU�PLFURELRORJLFDO�RU�YLURORJ\�ODERUDWRU\�VDPSOHV�WDNHQ�
7KHUH�ZHUH����SRVLWLYH�UHVXOWV�IURP�WKHVH��LQFOXGLQJ�RQH�SRVLWLYH�EORRG�FXOWXUH��VWUHSWRFRFFXV�SQHXPRQLDH���ILYH�JURXS�$�VWUHSWRFRFFDO�VZDEV��ILYH
VWDSK\ORFRFFXV�DXUHXV�VZDEV�DQG�VPDOOHU�QXPEHUV�RI�RWKHU�EDFWHULDO�DQG�YLUDO�SDWKRJHQV�������KDG�LPDJLQJ��PRVWO\�XOWUDVRXQG�VFDQV������SDWLHQWV
������ZHUH�VXEVHTXHQWO\�DGPLWWHG��RI�ZKRP�����ZHUH�PDOH��2I�WKHVH��VHYHQ�SDWLHQWV�KDG�FHOOXOLWLV��ILYH�SHULRUELWDO�FHOOXOLWLV��RQH�WHQRV\QRYLWLV��RQH
DEVFHVV��RQH�O\PSKDGHQLWLV�DQG�RQH�RFFXOW�EDFWHUDHPLD��0RVW�ZHUH�DGPLWWHG�IRU�ZRUVHQLQJ�DSSHDUDQFH�DQG�QR�FKLOGUHQ�ZHUH�V\VWHPLFDOO\�VHSWLF�RU
XQZHOO��$GPLVVLRQ�UDWHV�LQ�WKH�IHEULOH�YHUVXV�QRQ�IHEULOH�JURXSV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW������YHUVXV�����������RI�WKH�SDWLHQWV�DGPLWWHG
UHTXLUHG�VXUJLFDO�LQWHUYHQWLRQ�LQ�WKH�IRUP�RI�LQFLVLRQ�DQG�GUDLQDJH�RU�ZDVKRXW��2QH�FKLOG�KDG�DQ�RUELWDO�FHOOXOLWLV�DIWHU����KRXUV�23$7�DQG�DQ
XQHYHQWIXO�GUDLQDJH�RI�WKLV��$QRWKHU�KDG�D�FDOFDQHDO�RVWHRP\HOLWLV�DQG�VXEVHTXHQWO\�GHYHORSHG�D�VXEWDODU�VHSWLF�DUWKULWLV��7KH�UHPDLQGHU�KDG�D
FKDQJH�LQ�LQWUDYHQRXV�DQWLELRWLFV�DQG�ZHUH�LQ�SDWLHQWV�IRU�XS�WR����KRXUV�

&21&/86,216���23$7�ZLWK�,9�FHIWULD[RQH�LV�DQ�DOWHUQDWLYH�WR�KRVSLWDO�DGPLVVLRQ�LQ�ZHOO�FKLOGUHQ�ZLWK�SUHGLFWDEOH�SDWKRORJLHV���,Q�RXU�SRSXODWLRQ�RI
���SDWLHQWV������RI�SDWLHQWV�ZHUH�VXFFHVVIXOO\�PDQDJHG�LQ�WKLV�ZD\��WKXV�UHGXFLQJ�EHG�VWD\V�DVZHOO�DV�HPRWLRQDO�DQG�SK\VLFDO�LQFRQYHQLHQFH��7KRVH
WKDW�ZHUH�DGPLWWHG�KDG�FRPSOLFDWLRQV�XQIRUHVHHQ�DW�WKH�RXWVHW�RI�WUHDWPHQW�EXW�ZHUH�SUHGLFWDEOH�RI�WKH�SULPDU\�GLVHDVH�SURFHVV�DQG�FOLQLFDOO\
UHFRJQLVHG�ZLWK�DSSURSULDWH�HVFDODWLRQ�RI�FDUH��&DUHJLYHUV�RI�FKLOGUHQ�WUHDWHG�ZLWK�23$7�PXVW�EH�FRXQVHOOHG�DERXW�WKH�ULVN�RI�FRPSOLFDWLRQV�DQG
SRWHQWLDO�QHHG�IRU�PRUH�IUHTXHQW�LQWUDYHQRXV�DQWLELRWLFV�RU�VXUJLFDO�LQWHUYHQWLRQ�DW�WKH�EHJLQQLQJ�RI�WUHDWPHQW�VR�WKDW�WKHLU�H[SHFWDWLRQV�FDQ�EH
DGMXVWHG�DFFRUGLQJO\��������



5(63,5$725<�(0(5*(1&,(6 'DOLS�.XPDU

��������3XOPRQDU\�(PEROLVP�$EGRPLQDO�3DLQ�D�FOLQLFDO�GLOHPPD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

GDOLS�.XPDU������0RKDPPDG�:DWID������0DWWKHZ�2VERUQH������&DUROLQH�+RZDUG������&ODLUH�:LOOLV������'LOVKDG�$O�6KHLNK����

���1DWLRQDO�+HDOWK�6HUYLFH�('�&RQVXOWDQW��6RXWKHQG�8LQYHUVLW\�+RVSLWDO�1+6�7UXVW��:HVWFOLII�RQ�6HD��8.
���1DWLRQDO�+HDOWK�6HUYLFH�('�&KDUJH�1XUVH��6RXWKHQG�8LQYHUVLW\�+RVSLWDO�1+6�7UXVW��:HVWFOLII�RQ�6HD��8.
���1DWLRQDO�+HDOWK�6HUYLFH�('�&RQVXOWDQW�	�&OLQLFDO�('�'LUHFWRU��6RXWKHQG�8LQYHUVLW\�+RVSLWDO�1+6�7UXVW��:HVWFOLII�RQ�6HD��8.
���1DWLRQDO�+HDOWK�6HUYLFH�('�/RFXP�&RQVXOWDQW��6RXWKHQG�8LQYHUVLW\�+RVSLWDO�1+6�7UXVW��:HVWFOLII�RQ�6HD��8.

.H\ZRUGV��3XOPRQDU\�(PEROLVP��$EGRPLQDO�3DLQ

$EVWUDFW��

3XOPRQDU\�(PEROLVP��$EGRPLQDO�3DLQ�D�FOLQLFDO�GLOHPPD

$XWKRUV�

'U�'DOLS�.XPDU��0%%6��('�&RQVXOWDQW�6RXWKHQG�8QLYHUVLW\�+RVSLWDO�●

0DWWKHZ�2VERUQH��51��'LS+H��%6F��3*&HUW��3*'LS���('�&KDUJH�1XUVH��6RXWKHQG�8QLYHUVLW\�+RVSLWDO�	�/HFWXUHU��6FKRRO�RI�+HDOWK�DQG�+XPDQ●

6FLHQWLVWV��8QLYHUVLW\�RI�(VVH[�
'U�0RKDPPDG�$EX�:DWID��0X�'U��('�&RQVXOWDQW�6RXWKHQG�8QLYHUVLW\�+RVSLWDO�●

'U�&DUROLQH�+RZDUG��0%%6��05&3��)&(0���&OLQLFDO�'LUHFWRU�DQG�&RQVXOWDQW�('�6RXWKHQG�8QLYHUVLW\�+RVSLWDO�●

'U�&ODLUH�:LOOLV��0%%6��05&6�^$	(�(G`��)&(0��('�&RQVXOWDQW�6RXWKHQG�8QLYHUVLW\�+RVSLWDO�●

'U�'LOVKDG�$O�6KHLNK��0%&+%��'LS�0HG���8�.����05&(0���/RFXP�('�&RQVXOWDQW�6RXWKHQG�8QLYHUVLW\�+RVSLWDO�●

.H\�:RUGV�

����������������$EGRPLQDO�SDLQ��&7��)$67�VFDQ��SXOPRQDU\�HPEROLVP��WKURPERO\VLV��KDHPRG\QDPLF�LQVWDELOLW\��REVWUXFWLYH�VKRFN

�

$EVWUDFW��&DVH�5HSRUW��

7KH�WUHDWPHQW�DQG�GLVSRVLWLRQ�RI�SDWLHQWV�ZLWK�SXOPRQDU\�HPEROXV��3(��LV�FRPPRQSODFH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���EXW�DW\SLFDO
SUHVHQWDWLRQV�FDQ�SURYH�WR�EH�HVSHFLDOO\�FKDOOHQJLQJ��$EGRPLQDO�SDLQ�LV�DQ�XQFRPPRQ�SUHVHQWLQJ�V\PSWRP�IRU�SXOPRQDU\�HPEROLVP��3(��:H�UHSRUW
D�FDVH�RI�DQ����\HDU�ROG�PDQ�SUHVHQWHG�WR�WKH�('�YLD�DPEXODQFH�ZLWK�D�KLVWRU\�RI�FHQWUDO�DEGRPLQDO�SDLQ�DQG�QDXVHD�IRU�OHVV�WKDQ����KRXUV��KLV
SDVW�PHGLFDO�KLVWRU\�LQFOXGHG�3DUNLQVRQÇV�GLVHDVH��7KH�SDUDPHGLF�FUHZ�LQLWLDOO\�IRXQG�WKH�SDWLHQW�WR�KDYH�WDFK\SQRHD�DQG�SHULSKHUDO�F\DQRVLV�EXW
ZDV�LQ�VLQXV�UK\WKP�DQG�QRUPRWHQVLYH��KH�DOVR�KDG�DQ�DOWHUHG�OHYHO�RI�FRQVFLRXVQHVV��DOWKRXJK�WKLV�KDG�VLQFH�UHVROYHG��:LWK�WKH�KLVWRU\�RI�FROODSVH�
HYLGHQFH�RI�VKRFN�DQG�DEGRPLQDO�SDLQ��SULPDU\�FRQVLGHUDWLRQ�ZDV�IRU�D�UXSWXULQJ�DEGRPLQDO�DRUWLF�DQHXU\VP��DV�VXFK�KH�ZDV�PDQDJHG�XVLQJ�DQ
$%&'(�DSSURDFK�LQ�WKH�('ÇV�UHVXVFLWDWLRQ�DUHD�

$VVHVVPHQW�UHYHDOHG�KH�ZDV�DOHUW�DQG�KLV�DLUZD\�SDWHQW��WKH�UHVSLUDWRU\�UDWH�UHPDLQHG�WDFK\SQRHLF�DQG�VKDOORZ�GHVSLWH�KLJK�IORZ�R[\JHQ�WKHUDS\
ZKLOH�UHVSLUDWRU\�DXVFXOWDWLRQ�ZDV�XQUHPDUNDEOH��7KH�SDWLHQW�UHPDLQHG�LQ�VLQXV�UK\WKP�DQG�KDG�K\SRWHQVLRQ�ZKLFK�GLG�QRW�UHVSRQGHG�WR
UHVXVFLWDWLYH�IOXLG�FKDOOHQJH��KH�ZDV�DIHEULOH��+H�DGGLWLRQDOO\�KDG�VLJQLILFDQW�GLIIHUHQFH�LQ�OHIW�DQG�ULJKW�EORRG�SUHVVXUH�UHDGLQJV�DQG�GLVSOD\HG�D
SURORQJHG�FDSLOODU\�UHILOO�WLPH�DQG�UDLVHG�-93��$EGRPLQDO�DVVHVVPHQW�UHYHDOHG�QR�SDOSDEOH�RU�SXOVDWLOH�PDVVHV��RQO\�WHQGHUQHVV�LQ�WKH�HSLJDVWULXP�
)$67�6FDQ�UHYHDOHG�DQ�DRUWD�RI����FP�EXW�LQFLGHQWDOO\�VKRZHG�D�GLODWHG�LQIHULRU�YHQD�FDYD�DQG�D�GLODWHG�ULJKW�YHQWULFOH�

7KH�VXUJLFDO�WHDP�ZDV�FDOOHG�LQ�WR�VXSSRUW�WKH�('�WHDP�WR�DVVLVW�LQ�UXOLQJ�RXW�DEGRPLQDO�SDWKRORJ\��DQG�D�&7�VFDQ�RI�FKHVW�DQG�DEGRPHQ�ZDV�GRQH�
7KH�ILQGLQJV�RI�WKH�&7�UHYHDOHG�ELODWHUDO�SXOPRQDU\�HPEROL�DW�ZKLFK�SRLQW�WKH�PHGLFDO�WHDP�ZHUH�FRQVXOWHG�IRU�DGGLWLRQDO�LQSXW�

7\SLFDO�SUHVHQWDWLRQ�RI�3(�LV�WDFK\FDUGLD��KDHPRSW\VLV��V\QFRSH��K\SRWHQVLRQ��FUHSLWDWLRQV�DQG�FRXJK�RU�IHYHU>���@��D�FRPELQDWLRQ�RI�WKHP�DUH
SUHVHQW�LQ�����RI�SDWLHQWV�ZLWK�3(>���@��5HIHUUHG�DEGRPLQDO�SDLQ�PD\�EH�VHHQ�LQ�OHVV�WKDQ����RI�FDVHV>���@��3(�FDQ�EH�FODVVLILHG�DFFRUGLQJ�WR�VL]H>�@�DV
PDVVLYH��PDQLIHVWLQJ�DV�KDHPRG\QDPLF�LQVWDELOLW\���VXE�PDVVLYH��KDHPRG\QDPLFDOO\�VWDEOH�RQ�SUHVHQWDWLRQ�EXW�ZLWK�WKH�SRWHQWLDO�IRU�LQVWDELOLW\
SUHGLFWDEOH�E\�VLJQV�RI�ULJKW�YHQWULFXODU�VWUDLQ��DQG�QRQ�PDVVLYH��KDHPRG\QDPLFDOO\�VWDEOH�DQG�QR�VLJQV�RI�ULJKW�YHQWULFXODU�VWUDLQ���$�GHFLVLRQ�ZDV
PDGH�WR�WKURPERO\VH�ZLWK�$OWHSODVH�DV�WKH�SDWLHQW�UHPDLQHG�FOLQLFDOO\�XQVWDEOH�LQ�DQ�REVWUXFWLYH�VKRFN�ZLWK�D�PDVVLYH�3(>�@�7KLV�SDWLHQW�ZDV
DGPLWWHG�XQGHU�WKH�RQJRLQJ�FDUH�RI�WKH�PHGLFDO�WHDP�

7KH�FRQVHTXHQFHV�RI�PLVVLQJ�D�3(�FDQ�EH�FDWDVWURSKLF��ZLWK�DURXQG����RI�DOO�KRVSLWDO�GHDWKV�GXH�WR�3(�DORQH>�@�DQG��PRUWDOLW\�RI�XQWUHDWHG�3(ÇV�DW
���>�@�7KHUHIRUH��UDSLG�GLDJQRVLV�DQG�WUHDWPHQW�LV�HVVHQWLDO��HVSHFLDOO\�LQ�WKH�KDHPRG\QDPLFDOO\�XQVWDEOH�SDWLHQW�LQ�WKH�('��7KLV�LV�IDFLOLWDWHG�E\
DFFHVV�WR�GLDJQRVWLF�LPDJLQJ�VXFK�DV�WKH�)$67�VFDQ�DQG�&7�VFDQ��WKH�GLVWLQJXLVKLQJ�RI�K\SRYROHPLF�VKRFN�FRPSDUHG�WR�REVWUXFWLYH�VKRFN�
HVFDODWLRQ�DQG�LQYROYHPHQW�RI�VSHFLDOLW\�FDUH�DQG�WKH�XVH�RI�WKURPERO\VLV�LQ�KDHPRG\QDPLFDOO\�XQVWDEOH�SDWLHQWV�

7KLV�DEVWUDFW�GHPRQVWUDWHV�WKDW�SDWLHQWV�SUHVHQWLQJ�ZLWK�DEGRPLQDO�SDLQ�VKRXOG�EH�FRQVLGHUHG�IRU�3(�DV�WKHLU�GLIIHUHQWLDO�GLDJQRVLV�

5HIHUHQFHV



:HVW��-���*RRGDFUH��6��DQG�6DPSVRQ��)���������7KH�YDOXH�RI�FOLQLFDO�IHDWXUHV�LQ�WKH�GLDJQRVLV�RI�DFXWH�SXOPRQDU\�HPEROLVP��V\VWHPDWLF�UHYLHZ�DQG��
PHWD�DQDO\VLV��4-0������������������
1DWLRQDO�,QVWLWXWH�RI�&OLQLFDO�([FHOOHQFH��������&OLQLFDO�.QRZOHGJH�6XPPDULHV��3XOPRQDU\�(PEROLVP��
KWWS���FNV�QLFH�RUJ�XN�SXOPRQDU\�HPEROLVP��GLDJQRVLVVXE�>DFFHVVHG�$SULO������
6WHLQ�3��%HHPDWK�$��0DWWD�)��:HJ�-*��<XVHQ�5��+DOHV�&$��+XOO�5��/HHSHU�.��6RVWPDQ�+��7DSVRQ�9��%XFNOH\�-��*RWWVFKDON�$��*RRGPDQ�/��:DNHILHG�7���
:RRGDUG�3���������&OLQLFDO�FKDUDFWHULVWLFV�RI�SDWLHQWV�ZLWK�DFXWH�SXOPRQDU\�HPEROLVP��GDWD�IURP�3,23('�,,��$PHULFDQ�-RXUQDO�RI�0HGLFLQH�
�����������������
6HWKXUDPDQ�8��6LDGDW�0��/HSDN�+LWFK�&�DQG�+DULWRV�'��������3XOPRQDU\�HPEROLVP�SUHVHQWLQJ�DV�DFXWH�DEGRPHQ�LQ�D�FKLOG�DQG�DGXOW��$P�-�(PHUJ��
0HG���������
$PHVTXLWD�0��&RFFKL�0�DQG�'RQQLQR�0��������3XOPRQDU\�HPEROLVP�SUHVHQWLQJ�DV�IODQN�SDLQ��D�FDVH�VHULHV��-�(PHUJ�0HG����������H��Ä������
-DII�0��0F0XUW\�6��$UFKHU�6��&XVKPDQ�0��*ROGHQEHUJ�1��*ROGKDEHU�6��-HQNLQV�6��.OLQH�-��0LFKDHOV�$��7KLVWOHWKZDLWH�3��9HGDQWKDP�6��:KLWH�-��=LHUOHU��
%��������0DQDJHPHQW�RI�0DVVLYH�DQG�6XEPDVVLYH�3XOPRQDU\�(PEROLVP��,OLRIHPRUDO�'HHS�9HLQ�7KURPERVLV�DQG�&KURQL[�7KURPERHPEROLF
3XOPRQDU\�+\SWHUWHQVLRQ��D�VFLHQWLILF�VWDWHPHQW�IURP�WKH�$PHULFDQ�+HDUW�$VVRFLDWLRQ�����������������
1DWLRQDO�,QVWLWXWH�RI�&OLQLFDO�([FHOOHQFH��������XSGDWHG��������9HQRXV�7KURPERHPEROLF�GLVHDVH��GLDJQRVLV��PDQDJHPHQW�DQG�WKURPERSKLOLD��
WHVWLQJ��1,&(�*XLGDQFH�&*����KWWSV���ZZZ�QLFH�RUJ�XN�*XLGDQFH�&*����>DFFHVVHG�$SULO�����@�
.RSFNH�'��+DUU\PDQ�2��%HQERZ�(��+D\�&�DQG�&KDOPHUV�1��������0RUWDOLW\�IURP�SXOPRQDU\�HPEROLVP�LV�GHFUHDVLQJ�LQ�KRVSLWDO�SDWLHQWV��-560���
����������������
6FRWWLVK�,QWHUFROOHJLDWH�*XLGHOLQHV�1HWZRUN��������3UHYHQWLRQ�DQG�PDQDJHPHQW�RI�YHQRXV�WKURPERHPEROLVP��D�QDWLRQDO�FOLQLFDO�JXLGHOLQH���������
+HDOWK�,PSURYHPHQW�6FRWODQG�

�

�

�

$EVWUDFW�:RUG�&RXQW�����

�



3(',$75,&6 1DWDVKD�/HSRUH

��������:HE�EDVHG�WRROV�IRU�HGXFDWLQJ�FDUHJLYHUV�DERXW�FKLOGKRRG�IHYHU��D�UDQGRPL]HG�FRQWUROOHG�WULDO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1DWDVKD�/HSRUH������/DUD�+DUW������1DYHHQ�3RRQDL����

���%DFKHORU�RI�0HGLFDO�6FLHQFHV��6FKXOLFK�6FKRRO�RI�0HGLFLQH�	�'HQWLVWU\��:HVWHUQ�8QLYHUVLW\��/RQGRQ��&$1$'$
���'HSDUWPHQW�RI�3HGLDWULFV��6FKXOLFK�6FKRRO�RI�0HGLFLQH�	�'HQWLVWU\��:HVWHUQ�8QLYHUVLW\��/RQGRQ��&$1$'$
���'HSDUWPHQW�RI�3HGLDWULFV��6FKXOLFK�6FKRRO�RI�0HGLFLQH�	�'HQWLVWU\��:HVWHUQ�8QLYHUVLW\�	�'LYLVRQ�RI�(PHUJHQF\�0HGLFLQH��/RQGRQ�+HDOWK�6FLHQFHV
&HQWUH��/RQGRQ��&$1$'$

.H\ZRUGV��,QWHUQHW��HGXFDWLRQ��IHYHU��SHGLDWULF

$EVWUDFW��

7LWOH��:HE�EDVHG�WRROV�IRU�HGXFDWLQJ�FDUHJLYHUV�DERXW�FKLOGKRRG�IHYHU��D�UDQGRPL]HG�FRQWUROOHG�WULDO��

,QWURGXFWLRQ��)HYHU�LV�D�FRPPRQ�UHDVRQ�IRU�DQ�HPHUJHQF\�GHSDUWPHQW��('��YLVLWV�DQG�PLVFRQFHSWLRQV�DERXQG��7R�GDWH��HGXFDWLRQDO�VWUDWHJLHV
WDUJHWLQJ�FDUHJLYHUV�KDYH�PDGH�OLWWOH�LPSDFW��0XOWLPHGLD�DSSURDFKHV�WR�HGXFDWH�FDUHJLYHUV�KDYH�SURYHQ�HIIHFWLYH�LQ�PDQ\�FKLOGKRRG�FRQGLWLRQV�
+RZHYHU��WKH�XWLOLW\�RI�ZHE�EDVHG�LQWHUYHQWLRQV�LQ�FDUHJLYHUV�KDV�QRW�EHHQ�H[SORUHG�IRU�FKLOGKRRG�IHYHU��,Q�WKLV�VWXG\��ZH�DVVHVVHG�WKH�HIIHFWLYHQHVV
RI�DQ�LQWHUDFWLYH�ZHE�EDVHG�PRGXOH��:%0���UHDG�RQO\�ZHEVLWH��52:���DQG�ZULWWHQ�DQG�YHUEDO�LQIRUPDWLRQ��62&��WR�HGXFDWH�FDUHJLYHUV�DERXW�IHYHU�LQ
WKHLU�FKLOGUHQ�

0HWKRGV��7KLV�ZDV�D�SDUDOOHO�JURXS��UDQGRPL]HG��VXSHULRULW\�WULDO�DW�D�SHGLDWULF�('�LQ�/RQGRQ��2QWDULR��&DQDGD�IURP�'HFHPEHU������WR�-DQXDU\
������7KH�FDUHJLYHUV�RI�FKLOGUHQ������\HDUV�SUHVHQWLQJ�WR�WKH�('�ZLWK�HLWKHU�D�FKLHI�FRPSODLQW�RI�IHYHU�RU�KDG�D�WHPSHUDWXUH�JUHDWHU�WKDQ����&�ZHUH
LQFOXGHG��&DUHJLYHUV�ZHUH�UDQGRPL]HG�WR�D�:%0��52:��RU�62&��3ULPDU\�RXWFRPH�ZDV�WKH�JDLQ�VFRUH�RQ�D�QRYHO�TXHVWLRQQDLUH�WHVWLQJ�WKH
FDUHJLYHUÇV�NQRZOHGJH�RQ�WKH�PHDVXUHPHQW�DQG�PDQDJHPHQW�RI�IHYHU��6HFRQGDU\�RXWFRPH�ZDV�WKH�FDUHJLYHU�VDWLVIDFWLRQ�ZLWK�WKH�LQWHUYHQWLRQV�
3ULPDU\�RXWFRPH�ZDV�DQDO\]HG�XVLQJ�$129$�DQG�FRQWUDVW�DQDO\VLV�XVLQJ�WKH�6WXGHQWÇV�W�WHVW�ZDV�SHUIRUPHG�LI�RYHUDOO�GLIIHUHQFHV�ZHUH�IRXQG�
&DUHJLYHU�VDWLVIDFWLRQ�VFRUHV�ZHUH�FRPSDUHG�XVLQJ�WKH�6WXGHQWÇV�W�WHVW�

5HVXOWV��7KHUH�ZHUH���������DQG����SDUWLFLSDQWV�LQ�WKH�:%0��52:��DQG�62&�JURXSV��UHVSHFWLYHO\��:HE�EDVHG�LQWHUYHQWLRQV�ZHUH�DVVRFLDWHG�ZLWK�D
VLJQLILFDQW�PHDQ��6'��SUH�WHVW�WR�LPPHGLDWH�SRVW�WHVW�JDLQ�VFRUH�RI�����������>����&,����������@�IRU�:%0��S����������DQG�����������>����&,����������@
IRU�52:��S����������LQ�FRQWUDVW�WR�D�QRQ�VLJQLILFDQW�JDLQ�VFRUH�RI�����������>����&,�����������@�IRU�62&��0HDQ��6'��FDUHJLYHU�VDWLVIDFWLRQ�VFRUHV��RXW
RI�����IRU�WKH�:%0��52:��DQG�62&�JURXSV�ZHUH�������������������������DQG�����������$OO�JURXSV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�RQH�DQRWKHU�LQ�WKH
IROORZLQJ�UDQN��:%0�!�52:�!�62&������&,�:%0��������������52:��������������62&��������������S����������

&RQFOXVLRQV��,Q�FRQWUDVW�WR�YHUEDO�DQG�ZULWWHQ�LQIRUPDWLRQ��ZHE�EDVHG�LQWHUYHQWLRQV�DUH�DVVRFLDWHG�ZLWK�VLJQLILFDQW�LPSURYHPHQWV�LQ�FDUHJLYHU
NQRZOHGJH�DERXW�IHYHU��$�ZHE�EDVHG�PRGXOH�LV�DVVRFLDWHG�ZLWK�WKH�JUHDWHVW�FDUHJLYHU�VDWLVIDFWLRQ�DQG�VKRXOG�EH�URXWLQHO\�XVHG�LQ�WKH�('�

5HIHUHQFHV�

:DOOHQVWHLQ�0%��6FKURHGHU�$5��+ROH�0.��5\DQ�&��)LMDONRZVNL�1��$OYDUH]�(��&DUPLFKDHO�6/��)HYHU�OLWHUDF\�DQG�IHYHU�SKRELD��&OLQLFDO�3HGLDWULFV�������
���������������

:DOVK�$��(GZDUGV�+��0DQDJHPHQW�RI�FKLOGKRRG�IHYHU�E\�SDUHQWV��/LWHUDWXUH�UHYLHZ��-RXUQDO�RI�$GYDQFHG�1XUVLQJ����������������������

.REDN�.$��6WRQH�:/��:DOODFH�(��:DUUHQ�=��6ZDQVRQ�$��5REVRQ�.��$�ZHE��EDVHG�WXWRULDO�IRU�SDUHQWV�RI�\RXQJ�FKLOGUHQ�ZLWK�DXWLVP��5HVXOWV�IURP�D
SLORW�VWXG\��7HOHPHGLFLQH�-RXUQDO�	�(�+HDOWK�����������������������

$FNQRZOHGJHPHQWV��7KH�DXWKRUV�KDYH�QR�FRQIOLFWV�RI�LQWHUHVW�UHOHYDQW�WR�WKLV�DUWLFOH



75$80$ 6LPRQ�5DXFK

��������3UH�KRVSLWDO�WLPHV�DQG�FOLQLFDO�FKDUDFWHULVWLFV�RI�PXOWL�V\VWHP�WUDXPD�SDWLHQWV��$�FRPSDULVRQ�EHWZHHQ�PRXQWDLQ�DQG
XUEDQ�DUHDV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6LPRQ�5DXFK������7RPDV�'DO�&DSSHOOR������*LDFRPR�6WUDSD]]RQ������)UDQFHVFR�%RQVDQWH������0DUWLQ�3DOPD������(OLVDEHWK�*UXEHU������0DWWKLDV�6WU�KOH
�����$OEHUWR�7ULQFDQDWR������$QGUHDV�)UDVQHOOL������3HWHU�0DLU������+HUPDQQ�%UXJJHU����

���,QVLWXWH�RI�PRXQWDLQ�HPHUJHQF\�PHGLFLQH��(XUDF��%RO]DQR��,7$/<
���'HSDUWPHQW�RI�$QHVWKHVLRORJ\�DQG�,QWHQVLYH�&DUH�0HGLFLQH��%RO]DQR�&HQWUDO�+RVSLWDO��%RO]DQR��,7$/<
���'HSDUWPHQW�RI�$QHVWKHVLRORJ\�DQG�,QWHQVLYH�&DUH�0HGLFLQH��%UXQHFN�+RVSLWDO��%UXQHFN��,7$/<
���'HSDUWPHQW�RI�$QHVWKHVLRORJ\�DQG�,QWHQVLYH�&DUH�0HGLFLQH��,QQVEUXFN�0HGLFDO�8QLYHUVLW\�+RVSLWDO��,QQVEUXFN��$8675,$
���1RWIDOOVWDWLRQ�9LOV��6SLWDO]HQWUXP�2EHUZDOOLV���*LOV��6:,7=(5/$1'

.H\ZRUGV��PXOWL�V\VWHP�WUDXPD��PRXQWDLQ�DUHDV��SUH�KRVSLWDO�WLPHV

$EVWUDFW��

2EMHFWLYH��7LPH�IURP�DFFLGHQW�WR�KRVSLWDO�DGPLVVLRQ�LQ�WUDXPD�SDWLHQWV�LV�H[SHFWHG�WR�EH�ORQJHU�LQ�PRXQWDLQ�DV�FRPSDUHG�WR�XUEDQ�DUHDV��7KH�DLP
RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�SUH�KRVSLWDO�WLPHV�DQG�FOLQLFDO�FKDUDFWHULVWLFV�RI�PXOWL�V\VWHP�WUDXPD�SDWLHQWV�LQ�PRXQWDLQRXV�DUHDV�DQG�FRPSDUH
WKHP�ZLWK�XUEDQ�FHQWUHV�

0HWKRGV��3UH�KRVSLWDO�DQG�LQ�KRVSLWDO�GDWD�RI�WUDXPD�YLFWLPV�LQFOXGHG�LQ�WKH�SURVSHFWLYH�,QWHUQDWLRQDO�$OSLQH�7UDXPD�5HJLVWHU��,$75��KRVWHG�LQ
%RO]DQR��,WDO\��ZHUH�FRPSDUHG�ZLWK�SXEOLVKHG�GDWD�RI�WUDXPD�YLFWLPV�IURP�UXUDO�DQG�VXEXUEDQ�DUHDV�LQFOXGHG�LQ�WKH�7UDXPD5HJLVWHU�'*8i��75�'*8�
RI�WKH�*HUPDQ�7UDXPD�6RFLHW\��2QO\�SDWLHQWV�DJHG����WR����\HDUV�ZLWK�,66Õ���ZHUH�LQFOXGHG�

5HVXOWV��$�WRWDO�RI����SDWLHQWV�IURP�,$75�DQG�������SDWLHQWV�IURP�75�'*8�PHW�WKH�LQFOXVLRQ�FULWHULD��$OWKRXJK�KHOLFRSWHU�UHVFXH�ZDV�PRUH�IUHTXHQW
LQ�PRXQWDLQ�FRPSDUHG�WR�XUEDQ�DUHDV������YV�������)LVKHUÇV�H[DFW�WHVW�S���������WKH�PHDQ�SUHKRVSLWDO�WLPH�ZDV�VLJQLILFDQWO\�ORQJHU�LQ�PRXQWDLQ
DUHDV�������k������YV������k����PLQ��:HOFKÇV�W�WHVW�S �������ZLWK�����RI�SDWLHQWV�KDYLQJ�D�SUH�KRVSLWDO�WLPH�RI�!��PLQ��0HDQ�,66�ZDV�KLJKHU�LQ
,7$5�SDWLHQWV�DV�FRPSDUHG�WR�'*8i�7UDXPD5HJLVWHU�SDWLHQWV������k�����YV������k������S���������0RUHRYHU��SDWLHQWV�SUHVHQWLQJ�ZLWK�D�ORZ
V\VWROLF�EORRG�SUHVVXUH��Ô��PP+J��DW�VFHQH�ZHUH�PRUH�IUHTXHQW�LQ�,7$5������YV�������)LVKHUÇV�H[DFW�WHVW�S���������\HW�OHVV�SDWLHQWV�IURP�,$75�DV
FRPSDUHG�WR�75�'*8i�UHFHLYHG�SUH�KRVSLWDO�YROXPH�WKHUDS\������YHUVXV������S ��������7KH�UDWH�RI�XQFRQVFLRXV�SDWLHQWV�ZLWK�*&6Ô�������YV�
�����S �������DV�ZHOO�DV�SUH�KRVSLWDO�LQWXEDWLRQ�UDWH������YV�������S �������ZHUH�VLPLODU�LQ�PRXQWDLQ�DQG�XUEDQ�DUHDV��$W�KRVSLWDO�DUULYDO�PHDQ
KDHPRJORELQ�ZDV�FRPSDUDEOH�������YV������J�GO��S ��������ZKHUHDV�PHDQ�EDVH�H[FHVV�ZDV�ORZHU�LQ�PRXQWDLQ�WKDQ�XUEDQ�DUHDV������k����YV�
����k�����S���������)XUWKHUPRUH��SDWLHQWV�ZLWK�D�ORZ�V\VWROLF�EORRG�SUHVVXUH��Ô��PP+J��DW�KRVSLWDO�DUULYDO�ZHUH�PRUH�IUHTXHQW�LQ�,$75�DV
FRPSDUHG�WR�'5�'*8i������YV�������S ��������1R�VLJQLILFDQW�GLIIHUHQFH�LQ�KRVSLWDO�PRUWDOLW\�ZDV�REVHUYHG�EHWZHHQ�SDWLHQWV�IURP�WKH�WZR
UHJLVWULHV��������YV�������S �������

&RQFOXVLRQ��0XOWL�V\VWHP�WUDXPD�LQ�PRXQWDLQ�DUHDV�KDV�VRPH�GLVWLQFWLYH�FKDUDFWHULVWLFV�DQG�LV�DVVRFLDWHG�ZLWK�D�VLJQLILFDQWO\�LQFUHDVHG�SUH�KRVSLWDO
WLPH�GHVSLWH�KHOLFRSWHU�UHVFXH�LQ�RYHU�����RI�FDVHV�



&$6(�35(6(17$7,21 ,U\QD�'RPRUDWVND

��������3UH�KRVSLWDO�WUDQVFXWDQHRXV�SDFLQJ��$�FDVH�RI�SRVW�FDUGLDF�DUUHVW�RULJLQ�LGLRYHQWULFXODU�HVFDSH�UK\WKP�SDFLQJ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

,U\QD�'RPRUDWVND����

���(PHUJHQF\�PHGLFLQH�VHUYLFH��)DOFN�=DFUDQQD�6ORYDNLD��.RVLFH��6/29$.,$

$EVWUDFW��

,QWURGXFWLRQ��7KLV�LV�D�FDVH�RI�VXFFHVVIXO�DFXWH�PDQDJHPHQW�RI�D�UDUH�FRQGLWLRQ�RI�LGLRYHQWULFXODU�HVFDSH�UK\WKP�IROORZHG�E\�FDUGLDF�DUUHVW��3($�
DV\VWROH�LQ�D�SRO\PRUELG�SDWLHQW��PDQDJHG�E\�WUDQVFXWDQHRXV�SDFLQJ��7&3��

&DVH�GHVFULSWLRQ��(PHUJHQF\�6HUYLFH�3DUDPHGLFV�ZHUH�VHQW�E\�'LVSDWFKHUV�IRU����\HDU�ROG�IHPDOH�SDWLHQW��ZKR�ZDV�IRXQG�VXGGHQO\�XQUHVSRVLYH�E\
KHU�UHODWLYHV��8SSRQ�DUULYDO��WKH�SDUDPHGLFV�IRXQG�WKH�SDWLHQW�O\LQJ�RQ�WKH�IORRU�RI�WKH�OLYLQJ�URRP��7KH�SDWLHQW�ZDV�XQUHVSRQVLYH��DQG�KHU�GDXJKWHU
ZDV�SUHVHQW�DQG�LQGLFDWHG�WKDW�VKH�KDV�MXVW�FROODSVHG�

7KH�SDWLHQW�ZDV�SURWHFWLQJ�KHU�RZQ�DLUZD\��KDG�QR�UDGLDO�SXOVH��EXW�WKH�FDURWLG�SXOVH�ZDV�IHOW�VORZ�DQG�ZHHN��+HU�*&6�ZDV����DQG�ZLWKLQ�IHZ
PLQXWHV�WKH�SDWLHQW�ZHQW�LQWR�FDUGLDF�DUUHVW��7KH�SDUDPHGLFV�FDOOHG�IRU�WKH�PHGLFDO�WHDP�DQG�VWDUWHG�&35��7KH�PHGLFDO�WHDP�DUULYHG�IRXU�PLQXWHV
ODWHU��DQG�WKH�&35�ZDV�RQJRLQJ��EXW�WKH�SDWLHQW�ZDV�VWLOO�XQFRQVFLRXV��EUHDWKOHVV��WKH�SXSLOV�ZHUH�HTXDO����PP�LQ�GLDPHWHU��ZLWK�QR�UHDFWLRQ�WR�OLJKW�
7KHUH�ZDV�QR�SDOSDEOH�FDURWLG�SXOVH��ZLWK�3($�RQ�/3����PRQLWRU��DQG�KHU�EORRG�VXJDU�ZDV������PPRO�O�

:H�VWDUWHG�$&/6�DQG�D�EULHI�KLVWRU\�ZDV�WDNHQ��7KH�SDWLHQW�KDG�PXOWLSOH�FRPRUELGLWLHV�ZLWK�D�KLVWRU\�RI�,+'��DUWHULDO�K\SHUWHQVLRQ��'0�W\SH���RQ
LQVXOLQ��6KH�ZDV�IHHOLQJ�XQZHOO�EHIRUH�EHFRPLQJ�XQUHVSRQVLYH��(7,��$/9�ZLWK������R[\JHQ��FKHVW�FRPSUHVVLRQ��L�Y��OLQH�LQVHUWHG�DQG�$GUHQDOLQH�ZDV
JLYHQ���PJ�L�Y��HYHU\���PLQ��7KH�3($�UK\WKP�FKDQJHG�WR�DV\VWROH�WKDQ�DJDLQ�WR�3($��:LWKLQ����PLQXWHV�DIWHU�$&/6�VWDUW��WKH�FDURWLG�SXOVH�VWDUWHG�WR
EH�SDOSDEOH�ZLWK�D�UDWH����PLQ��DQG�KHU�%3�ZDV�������PP+J��2Q�/3�PRQLWRU�WKHUH�ZDV�D�SLFWXUH�RI�LGLRYHQWULFXODU�HVFDSH�UK\WKP��UHJXODU�����PLQ�
ZLWK�ZLGH�456�DQG�QR�3�ZDYHV�

7KH�PHGLFDO�WHDP�VWDUWHG�SUHSHDULQJ�IRU�7&3��ZKLOH�JLYLQJ���PJ�$WURSLQ�L�Y���XQWLO�D�WRWDO�GRVH�RI���PJ��DQG�'RSDPLQH���PFJ�NJ�PLQ��3DFLQJ�VWDUWHG
ZLWK�D�IUHTXHQF\����PLQ������P$��,PPHGLDWHO\��D�SLFWXUH�RI�VXFFHVVIXO�PHFKDQLFDO�DQG�HOHFWULFDO�FDSWXUH�ZDV�REWDLQHG��DQG�KHU�%3�EHFDPH�������
PP�+J��7KH�SDWLHQW�ZDV�WUDQVSRUWHG�WR�WKH�,&8�GHSDWPHQW��ZKHUH�ZLWKLQ����PLQXWHV�VLQXV�UK\WKP�UHDSSHDUHG��7KH�SDWLHQW�VXUYLYHG�ZLWKRXW�DQ\
QHXURORJLFDO�GHILFLW��7KH�UHDVRQ�RI�WKH�FDUGLDF�DUUHVW�ZDV�GLDJQRVHG�DV�167(0,��DQG�3&,�ZDV�SHUIRUPHG�

'LVFXVVLRQ��7KH�SUHVHQWHG�FDVH�LV�LQWHUHVWLQJ�GXH�WR�WKH�UDUH�DSSHDUHQFH�RI�DQ�LGLRYHQWULFXODU�HVFDSH�UK\WKP�DIWHU�&35�ZLWK�DV\VWROH�DQG�3($��7KH
DXWKRU��DQG�WKH�KHDG�RI�WKH�UHVXVFLWDWLRQ�WHDP�LQ�SUHVHQWHG�FDVH��GLG�QRW�ILQG�LQ�OLWHUDWXUH�VXFK�FDVH�GHVFULSWLRQ��7KH�LGLRYHQWULFXODU�HVFDSH�UK\WKP
LV�DOZD\V�PHQWLRQHG�DV�D�WHUPLQDO�HYHQW�MXVW�EHIRUH�YHQWULFXODU�VWDQGVWLOO�LQ�SDWLHQWV�ZLWK�XQGHUO\LQJ�FDUGLDF�GLVHDVH��7KH�PDQDJHPHQW�RI�WKH
SUHVHQWHG�FDVH�ZDV�GRQH�DFFRUGLQJ�WR�WKH�(5&�JXLGHOLQHV�IRU�$&/6��DQG�7&3�ZDV�D�OLIH�VDYLQJ�PHWKRG�RI�WUHDWPHQW�IRU�WKH�SDWLHQW�



72;,&2/2*< ,ONHU�$NEDV

��������3DUDFHWDPRO�RYHUGRVH�PD\�FDXVH�WUDQVXGDWLF�SOHXUDO�HIIXVLRQ�LQ�DGXOWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0XFDKLW�(PHW������$EGXOODK�2VPDQ�.RFDN������,ONHU�$NEDV������6LEHO�*XFOX����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<

.H\ZRUGV��SDUDFHWDPRO��DFHWDPLQRSKHQ��RYHU�GRVH��SOHXUDO�HIIXVLRQ��WUDQVXGH

$EVWUDFW��

6LQFH�LWV�ILUVW�FOLQLFDO�LQWURGXFWLRQ�LQ�WKH�8QLWHG�6WDWHV�GXULQJ�WKH�����V��DFHWDPLQRSKHQ��SDUDFHWDPRO��KDV�EHHQ�RQH�WKH�PRVW�ZLGHO\�XVHG�GUXJ�LQ
WKH�ZRUOG��,W�LV�KLJKO\�HIIHFWLYH�DQG�VDIH�LQ�WKH�UHFRPPHQGHG�GRVHV��$OWKRXJK�LW�LV�D�UHPDUNDEO\�VDIH�GUXJ��LW�LV�WKH�PRVW�FRPPRQ�FDXVH�RI�SRLVRQLQJ
DQG�IDWDOLW\�GXH�WR�LWV�WR[LF�DGPLQLVWUDWLRQ�ZRUOGZLGH��/LYHU�DQG�NLGQH\�GDPDJH�DIWHU�LWV�WR[LF�DGPLQLVWUDWLRQ�DUH�ZHOO�NQRZQ��KRZHYHU��GLUHFW
GDPDJH�WR�RWKHU�RUJDQV�KDV�UDUHO\�EHHQ�UHSRUWHG��7KLV�FDVH�LV�WKH�ILUVW�UHSRUW�LQ�WKH�OLWHUDWXUH�RQ�WKH�GHYHORSPHQW�RI�WKH�SOHXUDO�HIIXVLRQ�DIWHU
KLJK�GRVH�SDUDFHWDPRO�LQWDNH�

$����\HDU�ROG�IHPDOH�SDWLHQW�DSSOLHG�WR�RXU�('�ZLWK�WKH�FRPSODLQW�RI�VZDOORZLQJ����J�RI�SDUDFHWDPRO�ZLWK�VXLFLGDO�LGHDWLRQ��+HU�LQLWLDO�DQG�IROORZ�XS
YLWDO�DQG�ODERUDWRU\�ILQGLQJV�ZHUH�ZLWKLQ�QRUPDO�UDQJH��$IWHU�URXWLQH�WR[LFLW\�WUHDWPHQW��D�WRWDO�RI�����PJ�NJ�1�DFHW\OF\VWHLQH�,9�WKHUDS\�ZDV�JLYHQ
GXULQJ����KRXUV��2Q�WKH�WKLUG�GD\�RI�WKH�KRVSLWDOL]DWLRQ��G\VSQHD�DQG�SDLQ�RQ�WKH�ULJKW�KHPLWKRUD[�DQG�ULJKW�IODQN�RFFXUUHG��&KHVW�;�UD\�VKRZHG
EOXQWHG�ULJKW�VLQXV�ZKLFK�ZDV�QRW�REVHUYHG�EHIRUH��&7�DQJLRJUDSK\�UHYHDOHG�ELODWHUDO�SOHXUDO�HIIXVLRQ�WKDW�ZDV�PRUH�SURPLQHQW�RQ�WKH�ULJKW��:LWK
WKRUDFHQWHVLV��FOHDU��FRORUOHVV�DQG�RGRU�IUHH�IOXLG�RI�DERXW�����FF�ZDV�GUDLQHG��/DERUDWRU\�H[DPLQDWLRQ�RI�WKH�IOXLG�FRQILUPHG�LW�DV�WUDQVXGDWH��%ORRG�
VSXWXP��XULQH��SOHXUDO�IOXLG�FXOWXUHV�DQG�$5%�VWDLQLQJ�ZHUH�DOO�QHJDWLYH��:H�EHOLHYH�SOHXUDO�HIIXVLRQ�RFFXUUHG�GXH�WR�GHFUHDVH�LQ�SOHXUDO
SHUPHDELOLW\�DQG�WKH�FRQVHTXHQW�GHFUHDVH�RI�WKH�IOXLG�DEVRUSWLRQ��7KH�DEVHQFH�RI�DQ\�FKURQLF�GLVHDVH�LQ�WKH�PHGLFDO�KLVWRU\��RFFXUUHQFH�RI�WKH
HYHQW�MXVW�DIWHU�WKH�GUXJ�LQWDNH��WUDQVXGDWLYH�FKDUDFWHU�RI�WKH�IOXLG�DQG�WKH�H[FOXVLRQ�RI�RWKHU�GLVRUGHUV��

3OHXUDO�HIIXVLRQ�LV�GHILQHG�DV�DQ�DEQRUPDO�IOXLG�DFFXPXODWLRQ�EHFDXVH�RI�WKH�SHQHWUDWLRQ�RI�H[FHVVLYH�IOXLG�LQ�WKH�SOHXUDO�FDYLW\�RU�RI�WKH�GHFUHDVH�RI
WKH�DEVRUSWLRQ�RI�WKH�IOXLG�RU�RI�ERWK��$OWKRXJK�SOHXUDO�HIIXVLRQ�FDQ�GHYHORS�DV�D�FRPSOLFDWLRQ�RI�YDULRXV�GLVHDVHV��KHDUW�IDLOXUH��SQHXPRQLD�
WXEHUFXORVLV��DQG�SXOPRQDU\�HPEROLVP�DUH�WKH�PRVW�FRPPRQ�XQGHUO\LQJ�IDFWRUV�LQ�DGXOWV��3OHXUDO�HIIXVLRQ�GXH�WR�GUXJ�LQWDNH�LV�UDUH��:H�IRXQG�QR
RWKHU�UHSRUWHG�FDVH�RI�SDUDFHWDPRO�LQGXFHG�SOHXUDO�HIIXVLRQ��,Q�D�FOLQLFDO�VWXG\�RQ�,9�SDUDFHWDPRO��LW�ZDV�UHSRUWHG�WKDW�SOHXUDO�HIIXVLRQ�PLJKW�RFFXU
DV�D�UDUH�DGYHUVH�HIIHFW�LQ�WKH�SHGLDWULF�SDWLHQW�SRSXODWLRQ��7KHUH�ZHUH�QR�UHSRUWV�RQ�WKH�ULVN�LQ�DGXOWV��3DUDFHWDPRO�DQG�16$,'V�EORFNHG�WKH�1D�
FKDQQHOV�DQG�WKH�1D��.��SXPSV�LQ�QRUPDOO\�IXQFWLRQLQJ�SDULHWDO�SOHXUD��'XH�WR�WKLV�EORFNDJH��WKH�SHUPHDELOLW\�RI�WKH�SOHXUDO�PHPEUDQH�GHFUHDVHV�
7KHUHIRUH��WKH�DEVRUSWLRQ�RI�WKH�IOXLG�IURP�WKH�SOHXUDO�PHPEUDQH�LV�DOVR�GHFUHDVHG��,Q�D�UHFHQW�LQ�YLYR�VWXG\�FRQGXFWHG�RQ�UDWV��SDUDFHWDPRO�DQG
16$,'V�GHOD\HG�WKH�SOHXUDO�IOXLG�DEVRUSWLRQ�LQ�WKH�UDWV�ZLWK�SRVWRSHUDWLYH�K\GUR�WKRUD[�:H�EHOLHYH�WKDW�WKH�FDXVH�RI�WKH�SOHXUDO�HIIXVLRQ�LQ�RXU
SDWLHQW�ZDV�WKH�YDULDELOLW\�RI�WKH�SOHXUDO�SHUPHDELOLW\�DQG�WKH�FRQVHTXHQW�GHFUHDVH�LQ�IOXLG�DEVRUSWLRQ�FDXVHG�E\�WKH�KLJK�GRVH�LQWDNH�RI
SDUDFHWDPRO��,Q�VXPPDU\��LW�VKRXOG�EH�NHSW�LQ�PLQG�WKDW�KLJK�GRVH�LQWDNH�RI�SDUDFHWDPRO�PD\�FDXVH�WUDQVXGDWLYH�SOHXUDO�HIIXVLRQ�DV�D�FRPSOLFDWLRQ�



,1)(&7,286�',6($6(���6(36,6 $OEHUWR�3L]DUUR

��������3UHYDOHQFH�DQG�FKDUDFWHULVWLFV�RI�SDWLHQWV�ZLWK�XQGLDJQRVHG�KLY�LQIHFWLRQ�LQ�DQ�XUEDQ�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

DOEHUWR�3L]DUUR�3RUWLOOR������$OEHUWR�3L]DUUR�3RUWLOOR������0RQLFD�1HJUR������$QD�'HO�5H\������&DUPHQ�GHO�$UFR������,JQDFLR�6DQWRV�*LO������)UDQFLVFR
5RGUJLXH]����

���(PHUJHQF\�'HSDUWPHQW��/D�3ULQFHVD�+RVSLWDO���0DGULG��63$,1
���,QIHFWLRXV�'LVHDVHV�'HSDUWPHQW��/D�3ULQFHVD�+RVSLWDO���0DGULG��63$,1
���%LRVWDWLVWLFV��/D�3ULQFHVD�+RVSLWDO���0DGULG��63$,1

.H\ZRUGV��+,9�LQIHFWLRQ��5RXWLQH�+,9�WHVW��3UHYDOHQFH��(PHUJHQF\�'HSDUWPHQW

$EVWUDFW��

%DFNJURXQG�

&RVW�HIIHFWLYHQHVV�DQDO\VHV�VXSSRUW�+,9�VFUHHQLQJ�LQ�KHDOWK�FDUH�VHWWLQJV�LQFOXGLQJ�HPHUJHQF\�GHSDUWPHQWV��('V��ZKHQ�ORFDO�XQGLDJQRVHG�+,9
LQIHFWLRQ�SUHYDOHQFH�H[FHHGV�������,Q�6SDLQ�URXWLQH�+,9�WHVWLQJ�LV�QRW�LQFRUSRUDWH�LQ�WKH�('V��7R�HYDOXDWH�WKH�SRWHQWLDO�IRU�WKH�LPSOHPHQWDWLRQ�RI
URXWLQH�VFUHHQLQJ�ZH�GHWHUPLQHG�WKH�SUHYDOHQFH�RI�XQNQRZQ�+,9�LQIHFWLRQ�DPRQJ�SDWLHQWV�VHHNLQJ�FDUH�LQ�WKH�IDVW�WUDFN�DUHD�RI�WKH�('�DQG
GHVFULEHG�WKH�IDFWRUV�DVVRFLDWHG�ZLWK�WKH�GLDJQRVLV�

3DUWLFLSDQV�DQG�PHWKRGV�

7KH�VWXG\�ZDV�FRQGXFWHG�DW�D�VLQJOH�XUEDQ�DFDGHPLF�('���/D�3ULQFHVD�+RVSLWDO�LQ�0DGULG���3DWLHQWV�DJHG�������SUHVHQWLQJ�WR�WKH�IDVW�WUDFN�DUHD�RI
WKH�('�DQG�ZKR�ZDV�JHWWLQJ�D�EORRG�GUDZ�IRU�RWKHU�UHDVRQV�ZDV�WHVWHG�IRU�+,9�UHJDUGOHVV�RI�ULVNV�RU�V\PSWRPV��6WUHDP�SUHWHVW�ZULWWHQ�LQIRUPDWLRQ
ZDV�JLYHQ�WR�SDWLHQWV�QRWLI\LQJ�WKDW�WKH�WHVW�ZDV�JRLQJ�WR�EH�QRUPDOO\�SHUIRUPHG�XQOHVV�WKH�SDWLHQW�RSWHG�RXW��3DWLHQWV�ZHUH�H[FOXGHG�LI�WKH\�KDG
NQRZQ�+,9�GLDJQRVLV��KDG�DQ�DFXWH�SV\FKLDWULF�RU�XQVWDEOH�PHGLFDO�LOOQHVV�RU�LI�D�ODQJXDJH�EDUULHU�H[LVWHG��3ODVPD�VDPSOHV�ZHUH�VHQW�WR�WKH�KRVSLWDO
PLFURELRORJ\�ODERUDWRU\�DQG�VFUHHQHG�IRU�+,9�ZLWK�WUDGLWLRQDO��WK�JHQHUDWLRQ�(,$�WHVW��3DWLHQWV�ZLWK�SRVLWLYH�UHVXOWV�ZHUH�UHIHUUHG�WR�LQIHFWLRXV
GLVHDVHV�GHSDUWPHQW�IRU�FRQILUPDWRU\�WHVWLQJ�DQG�WUHDWPHQW��7KH�SUHYDOHQFH�RI�XQNQRZQ�+,9�LQIHFWLRQ�DQG�����FRQILGHQFH�LQWHUYDOV��&,V��ZHUH
GHWHUPLQHG�E\�VWDQGDUG�PHWKRGV��2GGV�UDWLRV�ZHUH�FDOFXODWHG�IRU�DOO�IDFWRUV�SRWHQWLDOO\�DVVRFLDWHG�ZLWK�XQNQRZQ�+,9�LQIHFWLRQ��$QDO\VHV�ZHUH
SHUIRUPHG�ZLWK�6366�Y�����DQG�67$7$�Y���

5HVXOWV�

$�WRWDO�RI�������SDWLHQWV�KDG�EORRG�GUDZQ��2I�WKHVH�����SDWLHQWV��������RSWHG�RXW�IURP�WKH�VFUHHQLQJ�DQG�����������RI�WKH�EORRG�VDPSOHV�ZHUHQÇW
HYHQWXDOO\�DQDO\]HG��7KH�SUHYDOHQFH�RI�XQGLDJQRVHG�+,9�LQIHFWLRQ�LQ�WKH�('�DPRQJ�������SDWLHQWV�WHVWHG�ZDV������>���&,�����������@��,W�ZDV�
VWDWLVFDOO\�QRQ�VLJQLILFDQW��KLJKHU�DPRQJ�IRUHLQJ�ERUQ�LQGLYLGXDOV�������>���&,��������@��DQG�PLGGOH�DJHG�LQGLYLGXDOV������������
>���&,��������@���%HLQJ�PDOH��25���������&,�������������FKLHI�FRPSODLQW�VXJJHVWLQJ�LQIHFWLRQ��25���������&,�����������DQG�KLVWRU\�RI�KHSDWLWLV
�25���������&,������������ZHUH��DVVRFLDWHG�ZLWK�XQNQRZQ�+,9�LQIHFWLRQ�

�&RQFOXVLRQ�

7KHUH�ZDV�D�KLJK�SUHYDOHQFH���������RI�XQGLDJQRVHG�+,9�LQIHFWLRQ�DPRQJ�SDWLHQWV�VHHNLQJ�FDUH�LQ�WKLV�(PHUJHQF\�'HSDUWPHQW��8QLYHUVDO�URXWLQH
2SW��RXW�+,9�WHVWLQJ�ZDV�KLJKO\�DFFHSWHG��7KHVH�UHVXOWV�DGYLVH�('V�DQG�KRVSLWDOV�WR�LPSOHPHQW�GLIIHUHQW�VWUDWHJLHV�OLNH�URXWLQJ�VFUHHQLQJ�RU
LQGLFDWRU�FRQGLWLRQ�JXLGHG�+,9�WHVWLQJ�WR�DYRLG�DV�PDQ\�PLVVHG�+,9�GLDJQRVHV�DV�SRVVLEOH�



0,6&(//$1(286 ,ONHU�$NEDV

��������/LQJXDO�$EVFHVV�,Q�$�+HDY\�6PRNHU

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0XVWDID�8]NHVHU������,ONHU�$NEDV������$EGXOODK�2VPDQ�.RFDN������)DWPD�&DNPDN������0XFDKLW�(PHW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<

.H\ZRUGV��OLQJXDO�DEVFHVV��KHDY\�VPRNH�

$EVWUDFW��

/LQJXDO�DEVFHVV�LV�DQ�H[WUHPHO\�UDUH�GLVHDVH�WKDW�PLVGLDJQRVH�PD\�OHDG�WR�VHSVLV�DQG�RU�DLUZD\�REVWUXFWLRQ��2QO\����FDVHV�ZHUH�UHSRUWHG�GXULQJ
WKH�ODVW�FHQWXU\�LQ�WKH�8QLWHG�6WDWHV�RI�$PHULFD���+HUH��ZH�SUHVHQW�D�FDVH�ZLWK�OLQJXDO�DEVFHVV�ZLWK�QR�LGHQWLILDEOH�HWLRORJLFDO�FDXVH��:H�VXJJHVW
WKDW�WKH�UHDVRQ�PD\�EH�PXFRVDO�GDPDJH�UHODWHG�WR�VPRNLQJ��

$����\HDU�ROG�PDOH�SDWLHQW�ZDV�DGPLWWHG�WR�RXU�HPHUJHQF\�VHUYLFH�ZLWK�FRPSODLQWV�RI�VZHOOLQJ�RI�KLV�WRQJXH��SDLQ�DQG�G\VSKDJLD��7KH�VZHOOLQJ�DQG
SDLQ�KDG�VWDUWHG���GD\V�DJR�DQG�KDG�EHHQ�LQFUHDVLQJ�JUDGXDOO\��$GGLWLRQDOO\��RYHU�WKH�ODVW����KRXUV��G\VSKDJLD�DQG�GLIILFXOW\�LQ�VSHDNLQJ�GHYHORSHG�
+H�ZDV�D�KHDY\�VPRNHU����SDFNHWV�GD\�IRU����\HDUV���+LV�PHGLFDO�KLVWRU\�UHYHDOHG�QHLWKHU�D�SUHGLVSRVLQJ�IDFWRU�VXFK�DV�D�FKURQLF�GLVRUGHU�LQFOXGLQJ
LPPXQRVXSSUHVVLRQ�QRU�UHFHQW�KLVWRU\�RI�RUDO�WUDXPD��+LV�SK\VLFDO�H[DPLQDWLRQ�UHYHDOHG�SRRU�RUDO�K\JLHQH�DQG�D�UHG��VZROOHQ�WRQJXH��7KHUH�ZHUH
WZR�SDLQIXO��SURWXEHUDQW�OHVLRQV�ZLWK�SXUXOHQW�GLVFKDUJH��RQH�ORFDWHG�RYHU�WKH�WRQJXH���[��FP�LQ�GLPHQVLRQ�DQG�WKH�RWKHU�ORFDWHG�VXEOLQJXDOO\���[�
FP�LQ�GLPHQVLRQ���+H�KDG�KRDUVH�YRLFH�DQG�VDOLYD�ZDV�GLVFKDUJLQJ�IURP�KLV�PRXWK��0D[LOORIDFLDO�DQG�FHUYLFDO�WRPRJUDSKLF�H[DPLQDWLRQV�ZLWK
FRQWUDVW�ZHUH�SHUIRUPHG��7RPRJUDSKLF�H[DPLQDWLRQ�UHYHDOHG�D�OHVLRQ�ZLWK�SHULSKHUDO�FRQWUDVW�XSWDNH��ORFDWHG�DW�WKH�PLG�SRUWLRQ�RI�WKH�WRQJXH�DQG
FRQVLVWHQW�ZLWK�DQ�DEVFHVV���7KH�SDWLHQW�ZDV�FRQVXOWHG�ZLWK�DQ�RWRUKLQRODU\QJRORJLVW�DQG�WKHQ�KRVSLWDOL]HG��+HUH��ILQH�QHHGOH�DVSLUDWLRQ�ZDV
SHUIRUPHG�IRU�GLDJQRVWLF�DQG�WKHUDSHXWLF�SXUSRVHV�DQG�SXV�ZDV�GUDLQHG�IURP�WKH�OHVLRQ��WKHQ��FHIWULD[RQH���JU�GD\�,9�DQG�RUQLGD]ROH��JU�GD\�ZHUH
VWDUWHG�HPSLULFDOO\��7KH�FXOWXUH�UHVXOW�UHYHDOHG�JUDP�SRVLWLYH�FRFFL�DQG�DQDHUREHV��7KH�HPSLULFDO�DQWLELRWLF�WUHDWPHQW�ZDV�FRQWLQXHG�ZLWK�WKH�VDPH
SURWRFRO��7KH�SDWLHQW�ZDV�GLVFKDUJHG�IURP�WKH�KRVSLWDO�DW�KLV��WK�GD\�RI�DGPLVVLRQ��IROORZLQJ�UHJUHVVLRQ�RI�KLV�V\PSWRPV�

$OWKRXJK�WKH�WRQJXH�LV�LQ�FRQWDFW�ZLWK�QXPHURXV�SDWKRJHQV��LW�LV�KLJKO\�UHVLVWDQW�WR�LQIHFWLRQV��6PRNLQJ�LQFUHDVHV�WKH�VHQVLWLYLW\�WR�RUDO�PXFRVDO
LQIHFWLRQV��,W�UHGXFHV�WKH�LPPXQRORJLFDO�UHVSRQVH�RI�WKH�KRVW�E\�DOWHULQJ�WKH�LPPXQH�V\VWHP�LQ�WKH�RUDO��QDVDO�DQG�DLUZD\�PXFRVD��7KH
GHYHORSPHQW�RI�LQIHFWLRQ�LV�PRUH�HYLGHQW�LQ�FDVHV�ZKR�KDYH�SRRU�RUDO�K\JLHQH�RU�GLDEHWHV�PHOOLWXV�DQG�LPPXQRFRPSURPLVHG�VWDWXV�DFFRPSDQ\LQJ
KHDY\�VPRNLQJ��:H�FRQVLGHU�WKDW�VPRNLQJ�FDXVHG�LPSDLUPHQW�LQ�WKH�PXFRVD�OHDGLQJ�WR�EH�LQIHFWHG�E\�HOHPHQWV�RI�RUDO�IORUD�LQ�RXU
FDVH��,PPXQRFRPSURPLVHG�VWDWXV��SRRU�RUDO�K\JLHQH��FKHPRWKHUDSHXWLF�DJHQWV�DQG�GLDEHWHV�PHOOLWXV�DUH�DPRQJ�SUHGLVSRVLQJ�IDFWRUV�IRU
GHYHORSPHQW�RI�OLQJXDO�DEVFHVV��,W�LV�HVVHQWLDO�WR�HYDOXDWH�XQGHUO\LQJ�PHGLFDO�SUREOHPV�DQG�WUDXPD��+RZHYHU��QR�VSHFLILF�FDXVH�FDQ�EH�LGHQWLILHG�LQ
VRPH�FDVHV��1R�KLVWRU\�RI�WUDXPD��QR�KLVWRU\�RI�D�FKURQLF�GLVRUGHU��IRUHLJQ�ERG\�RU�ELWH�ZDV�SUHVHQW�LQ�RXU�FDVH��,Q�FRQFOXVLRQ��WKLV�FDVH�OHDGV�XV�WR
VXJJHVW�WKDW�VPRNLQJ�PD\�EH�DQ�HWLRORJLFDO�IDFWRU�LQ�WKH�GHYHORSPHQW�RI�OLQJXDO�DEVFHVV�LQ�SDWLHQWV�ZLWK�QR�RWKHU�LGHQWLILDEOH�HWLRORJLFDO�IDFWRUV�
$OWKRXJK�FOLQLFDO�H[SODQDWLRQV�UHODWHG�WR�OLQJXDO�DEVFHVV�DUH�QRW�JHQHUDOO\�PHQWLRQHG�LQ�WKH�PDMRULW\�RI�FODVVLFDO�HVVHQWLDO�WH[WERRNV��HPHUJHQF\
VHUYLFH�SK\VLFLDQV�DQG�KHDG�QHFN�VXUJHRQV�VKRXOG�EH�DZDUH�RI�WKLV�VLWXDWLRQ�ZKLFK�PD\�OHDG�WR�IDWDO�FRQVHTXHQFHV��



&$6(�35(6(17$7,21 %RGnFVL�%HgWD

��������5DUH�FDXVH�RI�FKHVW�SDLQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%RG�FVL�%H�WD������.RQF]�,VWY�Q������+XP�=VLJPRQG������6HUI§]§�2UVRO\D������3DS�6]HNHUHV�-�]VHI������6]DE��,VWY�Q����

���%�FV�.LVNXQ�&RXQW\�+RVSLWDO��(PHUJHQF\�'HSDUWPHQW��.HFVNHP�W��+81*$5<
���%�FV�.LVNXQ�&RXQW\�+RVSLWDO��6XUJLFDO�'HSDUWPHQW��.HFVNHP�W��+81*$5<

.H\ZRUGV��FKHVW�SDLQ��KLDWDO�KHUQLD

$EVWUDFW��

,QWURGXFWLRQ��&KHVW�SDLQ�LV�D�FRPPRQ�V\PSWRP�LQ�SDWLHQWV�ZKR�YLVLW�(PHUJHQF\�'HSDUWPHQWV��7KH�PDLQ�ZRUN�LV�WR�H[FOXGH�WKH�OLIH�WKUHDWHQLQJ
GLVHDVHV��DFXWH�FRURQDU\�V\QGURPH��SXOPRQDU\�HPEROL]DWLRQ�DQG�GLVVHFWLRQ�RI�WKH�WKRUDFLF�DRUWD��7KH�GLDJQRVWLF�DOJRULWKPV�WDUJHW�WR�FRQILUP�RU�WR
UHMHFW�WKH�SRVVLELOLW\�RI�WKHVH�LOOQHVVHV�EXW�WR�NHHS�LQ�PLQG�WKDW�PDQ\�OHVV�FRPPRQ�EXW�GDQJHURXV�GLVHDVHV�PD\�FDXVH�FKHVW�SDLQ�

&DVH�UHSRUW��$Q�����\HDU�ROG�PDQ�ZLWK�G\VSQHD�DQG�LQWHQVH�FKHVW�SDLQ�IRU�VHYHQ�KRXUV�ZDV�DGPLWWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW��7KH�SDWLHQW
KDG�QR�RWKHU�V\PSWRPV��,Q�KLV�SDVW�PHGLFDO�KLVWRU\�WKHUH�DUH�VXVSHFWHG�SURVWDWLF�FDQFHU��K\SHUWRQLD�DQG�FDWDUDFW��3K\VLFDO�H[DPLQDWLRQ�GLG�QRW
UHYHDO�DQ\�DEQRUPDOLWLHV�KRZHYHU�WKH�EORRG�SUHVVXUH�RI�WKH�SDWLHQW�ZDV���������+JPP������OHDG�(&*�VKRZHG�5LJKW�7DZDUD�EXQGOH�EXQFK�EORFN
�5%%%��ZLWK�VHFXQGHU�67�7�DOWHUDWLRQV��&KHVW�;�UD\�VKRZHG�RQO\�PLQRU�DOWHUDWLRQV�DQG�WKH�FDUGLDF�QHFURHQ]\PHV�ZHUH�LQVLJQLILFDQW��7KH�SDWLHQW�KDG
LPSDLUHG�UHQDO�IXQFWLRQ��H*)5�����PO�PLQ������P���DQG�HOHYDWHG�'�'LPHU������oJ�PO��OHYHO��3XOPRQDU\�HPEROL]DWLRQ�DQG�DRUWLF�GLVVHFWLRQ�ZHUH
PDLQO\�VXVSHFWHG��:H�SHUIRUPHG�D�FKHVW�FRPSXWHU�WRPRJUDSK\��&7��VFDQ�DQG�LQWHUHVWLQJO\�ZH�IRXQG�WKDW�WKH�SDWLHQWÇV�VWRPDFK�ZDV�SODFHG�LQ�WKH
PHGLDVWLQXP��7KH�SDWLHQW�KDG�DQ�XUJHQW�1LVVHQ�ODSDURVFRSLF�IXQGXSOLFDWLRQ�DQG�KH�ZDV�HPLWWHG�KRPH�

'LVFXVVLRQ��7KH�FDXVH�RI�FKHVW�SDLQ�ZDV�KLDWXV�KHUQLD�LQ�WKLV�FDVH��&KHVW�SDLQ�LV�D�VHULRXV�SUREOHP�DV�FDUGLRYDVFXODU�GLVHDVHV�DUH�RQ�WKH�WRS�RI
PRUWDOLW\�VWDWLVWLFV�EXW�VRPHWLPHV�OHVV�FRPPRQ�FDXVHV�VKRXOG�EH�FRQVLGHUHG���



3$,1�0$1$*(0(17���$1$/*(6,$��
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+DGL�0LUID]DHOLDQ

��������9DVRSUHVVLQ�HIIHFWLYHQHVV�LQ�UHQDO�FROLF�SDLQ�PDQDJHPHQW��V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RKDPPDG�-DOLOL������(QWH]DUL�3RX\D������'RRVWL�,UDQL�$PLQ������0DVRRPL�5DVRXO������0LUID]DHOLDQ�+DGL����

�����QRQH��7HKUDQ��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��5HQDO�FROLF��9DVRSUHVVLQ��3DLQ�0DQDJHPHQW

$EVWUDFW��

%DFNJURXQG��7KLV�PHWD�DQDO\VLV�RI�WULDOV�ZDV�FRQGXFWHG�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�YDVRSUHVVLQ�RQ�UHQDO�FROLF�SDLQ�PDQDJHPHQW�LQ�FRPSDULVRQ
WR�PRUH�W\SLFDOO\�XVHG�PHGLFDWLRQV��RSLRLGV�DQG�QRQVWHURLGDO�DQWL�LQIODPPDWRU\�GUXJV��16$,'V���

0HWKRGV��3XE0HG��(0EDVH��6FRSXV��&,1+$/��DQG�&RFKUDQH�&HQWUDO�5HJLVWHU�RI�&RQWUROOHG�7ULDOV�ZHUH�VHDUFKHG�IRU�FOLQLFDO�WULDOV��2XWFRPHV�RI
LQWHUHVW�ZHUH�SDLQ�UHGXFWLRQ�DQG�QHHG�IRU�UHVFXH�WUHDWPHQW�

5HVXOWV��7HQ�VWXGLHV�PHW�RXU�LQFOXVLRQ�FULWHULD�DQG�DQDO\]HG��6HYHQ�RXW�RI����VWXGLHV�KDG�ORZ�TXDOLW\�DQG���RWKHUV�ZHUH�KLJK�LQ�TXDOLW\�DVVHVVPHQW
XVLQJ�-DGDG�VFRULQJ�V\VWHP��2Q�WKH�VFDOH�RI�������16$,'�VKRZHG�VLJQLILFDQWO\�PRUH�SDLQ�UHGXFWLRQ�DIWHU����PLQXWHV�LQ�FRPSDULVRQ�WR�YDVRSUHVVLQ
������ZLWK�D�����FRQILGHQFH�LQWHUYDO��&,��RI������������S ���������EXW�WKLV�UHGXFWLRQ�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�16$,'�DQG
YDVRSUHVVLQ�16$,'�FRPELQDWLRQ��������ZLWK�����&,�RI�������������S ���������6XPPDU\�RI�55�IRU�WKH�QHHG�IRU�UHVFXH�WUHDWPHQW�LQ�YDVRSUHVVLQ�LQ
FRPSDULVRQ�WR�16$,'�ZDV������ZLWK�D�����&,�RI�����������DQG�D�VLJQLILFDQW�55��3 ��������EXW�QR�GLIIHUHQFH�ZDV�VKRZQ�LQ�YDVRSUHVVLQ�16$,'
FRPELQDWLRQ�LQ�FRPSDULVRQ�WR�16$,'�������ZLWK�D�����&,�RI������������S ����������2Q�QHHG�IRU�UHVFXH�WUHDWPHQW��YDVRSUHVVLQ�LQ�FRPSDULVRQ�WR
RSLRLG�VKRZHG�LQVLJQLILFDQW�55�������ZLWK�D�����&,�RI������������S ��������EXW�IRU�YDVRSUHVVLQ�LQ�FRPSDULVRQ�WR�YDVRSUHVVLQ�RSLRLG�FRPELQDWLRQ��LW
ZDV������ZLWK�D�����&,�RI�����������DQG�D�VLJQLILFDQW�55��S ��������

&RQFOXVLRQ��7KH�UHVXOWV�RI�WKLV�V\VWHPDWLF�UHYLHZ�VKRZHG�WKDW�DFFRUGLQJ�WR�WKH�SUHVHQW�ORZ�TXDOLW\�VWXGLHV��YDVRSUHVVLQ�FDQ�EH�XVHG�DV�DQ�DGMXYDQW
WKHUDS\�LQ�UHQDO�FROLF�PDQDJHPHQW�LQ�FRPELQDWLRQ�ZLWK�RSLRLGV�EXW�GRHV�QRW�KDYH�DQ\�DGGLWLRQ�WKHUDSHXWLF�HIIHFW�LQ�16$,'�FRPELQDWLRQ�



0,6&(//$1(286 5RVH�'DQLHO

��������(YDOXDWLRQ�RI�WKH�LQIODPDWRU\�SURILOH��NLQLQV�DQG�F\WRNLQHV��DQG�HOHWURFDUGLRJUDSKLF�LQ�SDWLHQWV�ZLWK�$UERYLURVHV
�'HQJXH�DQG�=LND�9LUXV��DWWHQGHG�LQ�5LEHLUDR�3UHWR��%UD]LO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5RVHPDU\�'DQLHO������6DQWRV�/XLV������'HERUDK�)HUUHLUD������/HDQGUR�3HUHV������0DWKHXV�)HUUHLUD������:DOWKHU�&DPSRV������&HVDU�0HQGHV������*DEULHO
/RSHV������)HOLSH�/H�R������(GVRQ�7H[HLUD������5HQDWD�-RYLOLDQR������5HLQDOGR�%HVWHWWL����

���WHDFKHU�PHGLFDO��81$(53��ULEHLU�R�SUHWR��%5$=,/
���UHVLGHQW�GRFWRU��81,)(63��ULEHLU�R�SUHWR��%5$=,/
���UHVLGHQW�GRFWRU��81$(53��ULEHLU�R�SUHWR��%5$=,/
���PHGLFLQH�VWXGHQW��81$(53��ULEHLU�R�SUHWR��%5$=,/
���QXUVH��XQDHUS��ULEHLU�R�SUHWR��%5$=,/

.H\ZRUGV��'HQJXH��=LND�YLUXV��LQIODPPDWRU\�UHVSRQVH��HOHFWURFDUGLRJUDSKLF�FKDQJHV

$EVWUDFW��

�

7KH�$UERYLUXV�DUH�YLUXVHV�WUDQVPLWWHG�E\�DUWKURSRGV��$UWKURSRG��ERUQH�YLUXVHV���DQG�SDUW�RI�LWV�UHSOLFDWLYH�F\FOH�RFFXUV�LQ�LQVHFWV��,W�LV�WUDQVPLWWHG�WR
KXPDQV�DQG�RWKHU�DQLPDOV�E\�WKH�ELWH�RI�EORRG�VXFNLQJ�DUWKURSRGV��7KH�DUERYLUXVHV�WKDW�FDXVH�GLVHDVHV�LQ�KXPDQV�DUH�RI�IDPLOLHV��%XQ\DYLULGDH�
7RJDYLULGDH��)ODYLYLULGDH��5HRYLULGDH�DQG�5KDEGRYLULGDH�

7KH�)ODYLYLULGDH�IDPLO\�KDV�VLQJOH�VWUDQGHG�51$�YLUXV�DQG�HQFDSVXODWHG��7KH\�DUH�PDLQO\�IRXQG�LQ�WLFNV�DQG�PRVTXLWRHV��$HGHV�DOERSLFWXV�DQG
$HGHV�DHJ\SLW��DQG�FDQ�LQIHFW�KXPDQV��7KH�)ODYLYLUXV�KDYH�VLJQLILFDQW�PRUELGLW\�DQG�PRUWDOLW\�DQG�DUH�ZRUOGZLGH��$PRQJ�WKH�YLUXVHV�WUDQVPLWWHG�E\
PRVTXLWRHV�EHORQJLQJ�WR�WKLV�IDPLO\�DUH��<HOORZ�)HYHU��'HQJXH��'(19���(QFHSKDOLWLV�DQG�=LND�YLUXV��=,.9��

,Q�0D\�������WKH�3DQ�$PHULFDQ�+HDOWK�2UJDQL]DWLRQ�UHSRUWHG�WKH�ULVN�RI�WUDQVPLVVLRQ�RI�=,.9�LQ�VRPH�FLWLHV�LQ�QRUWKHDVWHUQ�%UD]LO��:HUH�ODERUDWRU\
FRQILUPHG�LQGLJHQRXV�FDVHV��ZDUQLQJ�RI�WKH�SRWHQWLDO�IRU�JOREDO�VSUHDG�RI�WKH�YLUXV��VLPLODU�WR�WKH�'(19�DQG�&+,.9��)URP�RFW������WKHUH�ZDV�DQ
LQFUHDVH�LQ�FDVHV�RI�PLFURFHSKDO\�LQ�WKH�QRUWKHDVW�

%\�WKH�DERYH��DV�DOUHDG\�DQQRXQFHG��LQ������EHJDQ�ZLWK�DQ�HSLGHPLF�RI�'(19�DQG�DQ�DYDODQFKH�RI�VXVSHFWHG�FDVHV�RI�=,.9��'XH�WR�WKH�UDSLG
SURJUHVV�RI�FDVHV�DQG�DSSHDUDQFH�LQ�RWKHU�FRXQWULHV��WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�LQ�IHE�����DQQRXQFHG�WKDW�=,.9�LV�DQ�LQWHUQDWLRQDO�SXEOLF�KHDOWK
HPHUJHQF\�

2EMHFWLYHV��*HQHUDO��LQYHVWLJDWH�WKH�SDWKRSK\VLRORJ\�RI�LQIHFWLRQ�=,.9��6SHFLILF��HOHFWURFDUGLRJUDSKLF�HYDOXDWLRQ�DQG�SODVPD�LQIODPPDWRU\�UHVSRQVH
SURILOH��NLQLQV�DQG�F\WRNLQHV��LQ�SDWLHQWV�ZLWK�GLIIHUHQW�W\SHV�RI�DUERYLUXVHV��'(19��=,.9�

%HFDXVH�LW�LV�QHZ�YLUXV�LQ�RXU�HQYLURQPHQW��ZH�KDYH�OLWWOH�NQRZOHGJH�DERXW�=,.9��7KXV��ZLWK�WKHVH�UHYLHZV�ZH�KRSH�WR�LGHQWLI\�D�SDWWHUQ�RI�YDULDWLRQ
LQ�WKH�LQIODPPDWRU\�SURILOH�EHWZHHQ�DUERYLUXVHV�DQG�HOHFWURFDUGLRJUDSKLF�FKDQJHV��SDUWLFXODUO\�LQ�SDWLHQWV�ZLWK�=,.9��:LOO�EH�DVVHVVHG��

��/HYHOV�RI�KLJK�.LQLQRJHQV�DQG�ORZ�PROHFXODU�ZHLJKW��&$30�DQG�&%30���DPLGRO\WLF�DFWLYLW\�SODVPD�SUHNDOOLNUHLQ��NDOOLNUHLQ�DQG�NLQLQDVH�,,��(&$��

���3URILOH�'HWHUPLQDWLRQ�RI�F\WRNLQHV�DVVRFLDWHG�ZLWK�7K��SDWWHUQ��,1)�JDPPD��,/������7K���,/����,/�����,/�����,/����DQG�7+����,/�����,/����DQG�,/����

���4XDQWLILFDWLRQ�RI�F\WRNLQHV�ZLWK�DQWL�DFWLYLW\�DQG�VHUXP�SUR�LQIODPPDWRU\��,/��EHWD��71)�DOSKD��,/����,/����DQG�7*)�EHWD�����

,Q�HOHFWURFDUGLRJUDPV�WKH�IROORZLQJ�FKDQJHV�ZLOO�EH�HYDOXDWHG��WDFK\FDUGLD�VLQXV�EUDG\FDUGLD�VLQXV��DWULDO�ILEULOODWLRQ��DWULDO�IOXWWHU��ULJKW�EXQGOH
EUDQFK�EORFN��OHIW�EXQGOH�EUDQFK�EORFN��67�7�FKDQJHV��47F�LQWHUYDO��47�GLVSHUVLRQ

0HWKRGRORJ\��3DWLHQWV�WUHDWHG�DW����������WR����������SHULRG��WKH�(PHUJHQF\�8QLW�$WWHQGDQFH��5LEHLUDR�3UHWR�ZLWK�FOLQLFDO�DUERYLUXV��'(19�DQG
=,.9��ZLOO�XQGHUJR�EORRG�FROOHFWLRQ�IRU�ODERUDWRU\�WHVWV�DQG�SHUIRUPHG�DQ�HOHFWURFDUGLRJUDP�

'DWD�DQDO\VLV��QRQSDUDPHWULF�0DQQ�:KLWQH\��.UXVNDO�:DOOLV�RU�:LOFRFR[

5HVXOWV��7KH�H[DQWKHP�LQ�FDVHV�RI�=,.9�DSSHDU�LQ�WKH�ILUVW�GD\V�RI�V\PSWRPV�DFFRPSDQLHG�E\�SUXULWXV��$UWKUDOJLD�LV�PRUH�LQWHQVH�LQ�WKH�FDVH�RI
'(19�ZHOO�DV�IHYHU��,Q�EORRG�FRXQW�WKURPERF\WRSHQLD�LV�PRUH�VHYHUH�LQ�FDVHV�RI�'(19��KRZHYHU�=,.9�SUHVHQWV�DQ�LPSRUWDQW�OHXNRSHQLD��:H�DUH�VWLOO
LQ�WKH�GDWD�FROOHFWLRQ�DQG�DQDO\VLV�SKDVH��$W�SUHVHQW�ZH�KDYH�����VDPSOHV�IRU�DQDO\VLV�

�



&$6(�35(6(17$7,21 6L�<RQJ�,YDQ�&KXD

��������,V�WKLV�DQRWKHU�FDVH�RI�YDVRYDJDO�V\QFRSH"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,YDQ�&KXD����

���(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(

.H\ZRUGV��V\QFRSH��PHGLDVWLQDO�PDVV

$EVWUDFW��

6\QFRSH�LV�D�FRPPRQ�SUHVHQWDWLRQ�WR�WKH�(PHUJHQF\�'HSDUWPHQW�ZLWK�DW�OHDVW�����RI�WKH�SRSXODWLRQ�KDYLQJ�H[SHULHQFHG�LW�DW�OHDVW�RQFH�GXULQJ�WKHLU
OLIHWLPH��7KH�WRS���FDXVHV�RI�V\QFRSH�DUH�YDVRYDJDO���������DQG�FDUGLDF���������DQG�WKH�FDXVH�LV�XQNQRZQ�LQ��������:H�SUHVHQW�D�FDVH�RI�D���
\HDU�ROG�&KLQHVH�JHQWOHPDQ�ZLWK�DQ�XQXVXDO�FDXVH�RI�V\QFRSH�GXH�WR�D�PHGLDVWLQDO�PDVV��+H�SUHVHQWHG�ZLWK�D�ILUVW�RQVHW�RI�V\QFRSH�ODVWLQJ���PLQ
IROORZLQJ�D�YLVLW�WR�WKH�ORFDO�JHQHUDO�SUDFWLWLRQHU�IRU���ZHHN�RI�FRXJK��$�&;5�ZDV�SHUIRUPHG�LQ�YLHZ�RI�WKH�FRXJK�ZKLFK�UHYHDOHG�SURPLQHQFH�RI�WKH
OHIW�KLODU�VKDGRZ�ZKLFK�VXJJHVWHG�D�SRVVLEOH�KLODU�PDVV��ZKLFK�XSRQ�IXUWKHU�HYDOXDWLRQ�ZLWK�&7��WXUQHG�RXW�WR�EH�D�������FP�KHWHURJHQHRXV
OREXODWHG�DQWHULRU�PHGLDVWLQDO�PDVV��:H�ZLOO�DOVR�UHYLHZ�WKH�SHUWLQHQW�SRLQWV�LQ�WKH�HYDOXDWLRQ�RI�D�SDWLHQW�ZKR�SUHVHQWV�ZLWK�V\QFRSH�



&$5',29$6&8/$5 -LXQ�-LD�&KHQ

��������*LDQW�VSOHQLF�DUWHU\�DQHXU\VP�SUHVHQWHG�ZLWK�VXGGHQ�HSLJDVWULF�FUDPSLQJ�SDLQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-LXQ�-LD�&KHQ����

���(PHUJHQF\�SK\VLFLDQ��&KHQJ�&KLQJ�+RVSLWDO�&KXQJ�.DQJ�%UDQFK��7DLFKXQJ�&LW\��7$,:$1

.H\ZRUGV��6SOHQLF�DUWHU\�DQHXU\VP

$EVWUDFW��

,QWURGXFWLRQ�
6SOHQLF�DUWHU\�DQHXU\VPV��6$$��DUH�WKH�WKLUG�PRVW�FRPPRQ�WUXH�DQHXU\VP�RFFXUULQJ�LQ�WKH�DEGRPHQ�DIWHU�DRUWLF�DQG�LOLDF�DUWHU\�DQHXU\VPV��6$$V
DUH�PRUH�FRPPRQ�LQ�ZRPHQ��IHPDOH��PDOH� ������DQG�LQ�WKH�VL[WK�GHFDGH�RI�OLIH��ZLWK�DV�PDQ\�DV����SHUFHQW�RFFXUULQJ�LQ�SDWLHQWV�!���\HDUV�RI�DJH�
3DWLHQWV�ZLWK�V\PSWRPDWLF�6$$�SUHVHQW�ZLWK�QDXVHD�DQG�YDJXH�DEGRPLQDO�GLVFRPIRUW�LQ�WKH�PLGHSLJDVWULF�RU�OHIW�XSSHU�TXDGUDQW��7KH\�DUH�FOLQLFDOO\
LPSRUWDQW�EHFDXVH�RI�WKH�SRVVLELOLW\�RI�UXSWXUH��ZKLFK�LV�DVVRFLDWHG�ZLWK�D�KLJK�PRUWDOLW\�UDWH��HVSHFLDOO\�GXULQJ�SUHJQDQF\�DQG�RU�LQ�SDWLHQWV�ZLWK
SRUWDO�K\SHUWHQVLRQ��7KLV�WLPH��ZH�SUHVHQWHG�D�FDVH�RI�JLDQW�6$$�����[���[���FP��ZLWK�LQLWLDOO\�PDQLIHVWDWLRQ�RI�VXGGHQ�HSLJDVWULF�FUDPSLQJ�SDLQ�

&DVH�UHSRUW�
$����\HDU�ROG�PDOH�ZLWK�D�SDVW�PHGLFDO�KLVWRU\�RI�K\SHUWHQVLRQ�SUHVHQWHG�ZLWK�VXGGHQ�HSLJDVWULF�FUDPSLQJ�SDLQ�HLJKW�KRXUV�SULRU�WR�DGPLVVLRQ�
,QLWLDO�YLWDO�VLJQV�ZHUH�7�����Ð��SXOVH�UDWH�����PLQ��UHVSLUDWRU\�UDWH����PLQ��%3��������PP+J��URRP�DLU�6S2�������3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG
HSLJDVWULF�WHQGHUQHVV�ZLWKRXW�SHULWRQHDO�VLJQV�DQG�RQH�DEGRPLQDO�SXOVDWLOH�PDVV�

&KHVW�;�UD\�UHYHDOHG�QR�REYLRXV�VXESKUHQLF�IUHH�DLU�RU�ZLGHQLQJ�PHGLDVWLQXP��(&*�UHYHDOHG�VLQXV�WDFK\FDUGLD��/DERUDWRU\�GDWD�UHYHDOHG�:%&
�����»/��6HJ���������FUHDWLQLQH�������PJ�GO��WRWDO�ELOLUXELQ������PJ�G/��OLSDVH������,8�/��:H�LQLWLDOO\�VXVSHFWHG�DEGRPLQDO�DRUWLF�DQHXU\VP�DQG
DUUDQJHG�DEGRPLQDO�&7�ZLWK�ZLWKRXW�FRQWUDVW�IRU�IXUWKHU�VXUYH\��7KH�DEGRPLQDO�&7�UHVXOW�UHYHDOHG�JLDQW�6$$��(QGRYDVFXODU�VWHQWLQJ�ZDV�SHUIRUPHG
E\�UDGLRORJLVW��+LV�HSLJDVWULF�SDLQ�ZDV�UHOLHYHG�ZHOO�DIWHU�VWHQWLQJ�

'LVFXVVLRQ�
3UHYLRXV�VWXGLHV�KDYH�VKRZQ�D�KLJK�ULVN�IRU�6$$�UXSWXUH�ZKHQ�WKH�DQHXU\VP�PHDVXUHV�!��FP��3DWLHQWV�WUHDWHG�ZLWK�FRQVHUYDWLYH�WUHDWPHQW�VKRZHG
D�KLJKHU�ODWH�PRUWDOLW\�UDWH��(QGRYDVFXODU�UHSDLU�RI�WKH�6$$�KDV�EHWWHU�VKRUW�WHUP�UHVXOWV�FRPSDUHG�ZLWK�RSHQ�VXUJLFDO�UHSDLU��LQFOXGLQJ�VLJQLILFDQWO\
ORZHU�SHULRSHUDWLYH�PRUWDOLW\��KRZHYHU��RSHQ�VXUJLFDO�UHSDLU�LV�DVVRFLDWHG�ZLWK�IHZHU�ODWH�FRPSOLFDWLRQV�DQG�UHLQWHUYHQWLRQV�GXULQJ�IROORZ�XS�
(QGRYDVFXODU�UHSDLU�KDV�WKH�EHVW�RXWFRPHV�DQG�VKRXOG�EH�WKH�WUHDWPHQW�RI�FKRLFH�LI�WKH�VSOHQLF�DUWHU\�KDV�D�VXLWDEOH�DQDWRP\�IRU�HQGRYDVFXODU
UHSDLU�



&$5',29$6&8/$5 -LXQ�-LD�&KHQ

��������$FXWH�FRURQDU\�V\QGURPH�SUHVHQWHG�ZLWK�DQ�RQO\�SUHVHQWDWLRQ�RI�H[HUWLRQDO�KHDGDFKH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-LXQ�-LD�&KHQ����

���(PHUJHQF\�SK\VLFLDQ��&KHQJ�&KLQJ�+RVSLWDO�&KXQJ�.DQJ�%UDQFK��7DLFKXQJ�&LW\��7$,:$1

.H\ZRUGV��$FXWH�FRURQDU\�V\QGURPH��KHDGDFKH��FDUGLDF�FHSKDODOJLD

$EVWUDFW��

,QWURGXFWLRQ�
3DLQ�DERYH�WKH�QRVH�RU�EHORZ�WKH�QDYHO�LV�UDUHO\�FDUGLDF�LQ�RULJLQ��&DUGLDF�FHSKDODOJLD�PHDQV�WKDW�D�FDVH�RI�KHDGDFKH�LV�SUHVHQWHG�ZKHUH�WKH
XQGHUO\LQJ�FDXVH�ZDV�FDUGLDF�LVFKHPLD��7KLV�LV�D�YHU\�UDUH�V\QGURPH�DQG�WKH�PHFKDQLVP�LV�VWLOO�XQNQRZQ�QRZ��7KLV�WLPH��ZH�SUHVHQWHG�D�FDVH�RI
DFXWH�FRURQDU\�V\QGURPH��$&6��ZLWK�DQ�RQO\�SUHVHQWDWLRQ�RI�H[HUWLRQDO�KHDGDFKH�RI�VXGGHQ�RQVHW�

&DVH�UHSRUW�
$����\HDU�ROG�IHPDOH�ZLWK�SDVW�PHGLFDO�KLVWRU\�RI�GLDEHWHV�PHOOLWXV�DQG�HQG�VWDJH�UHQDO�GLVHDVH�XQGHU�UHJXODU�KHPRGLDO\VLV�SUHVHQWHG�ZLWK�VHYHUH
KHDGDFKH�RI�VXGGHQ�RQVHW�ZKLOH�H[HUFLVH�IRU�RQH�KRXU�SULRU�WR�DGPLVVLRQ��'LDSKRUHVLV�ZDV�QRWHG�DW�WULDJH��6KH�GHQLHG�FKHVW�SDLQ�RU�WLJKWQHVV�
6KH�GHQLHG�VLPLODU�KLVWRU\�EHIRUH��,QLWLDO�YLWDO�VLJQV�ZHUH�7�����Ð��SXOVH�UDWH����PLQ��UHVSLUDWRU\�UDWH����PLQ��%3��������PP+J��3K\VLFDO
H[DPLQDWLRQ�VKRZHG�QR�UHPDUNDEOH�ILQGLQJV��'XH�WR�WKH�VXVSLFLRQ�RI�EUDLQ�OHVLRQ��VXFK�DV�VXEDUDFKQRLG�KHPRUUKDJH��HPHUJHQW�EUDLQ�FRPSXWHG
WRPRJUDSK\��&7��ZDV�DUUDQJHG��(PHUJHQW�EUDLQ�&7�UHYHDOHG�QR�REYLRXV�LQWUDFUDQLDO�OHVLRQ��3DWLHQW�VWLOO�FRPSODLQHG�RI�VHYHUH�KHDGDFKH�RQH�KRXU
DIWHU�PRUSKLQH���PJ�,0���8QGHU�WKH�FRQVLGHUDWLRQ�RI�HOHFWURO\WHV�LPEDODQFHV�RU�FDUGLDF�LVFKHPLD��(&*�DQG�EORRG�H[DP�ZHUH�DUUDQJHG��(&*�UHYHDOHG
67�HOHYDWLRQ�RI�OHDG�D95�DQG�PXOWLSOH�67�GHSUHVVLRQV�RI�OHDG�,��,,��,,,��D9)��DQG�9�a9���3UHYLRXV�(&*���PRQWKV�DJR�UHYHDOHG�QRUPDO�VLQXV�UK\WKP
ZLWKRXW�67�7�FKDQJHV��/DERUDWRU\�GDWD�VKRZHG�WURSRQLQ�,������QJ�P/��1URPDO�����������&RURQDU\�DQJLRJUDSK\�ZDV�SHUIRUPHG�E\�FDUGLRORJLVW��7KH
UHVXOW�VKRZHG�����VWHQRVLV�RI�ULJKW�FRURQDU\�DUWHU\��5&$��DQG�����VWHQRVLV�RI�OHIW�FLUFXPIOH[�DUWHU\��/&;���%RWK�SHUFXWDQHRXV�WUDQVOXPLQDO
FRURQDU\�DQJLRSODVW\�DQG�EDUH�PHWDO�VWHQW�ZHUH�DSSOLHG�IRU�5&$�DQG�/&;��+HU�KHDGDFKH�ZDV�UHOLHYHG�ZHOO�DIWHU�VWHQWLQJ��7KHQ�WKH�ILQDO�GLDJQRVLV
ZDV�FRQILUPHG�DV�VHYHUH�KHDGDFKH�RI�VXGGHQ�RQVHW�GXH�WR�$&6��6KH�ZDV�XQGHU�UHJXODU�IROORZ�XS�DW�FDUGLRYDVFXODU�RXWSDWLHQW�GHSDUWPHQW�ZLWKRXW
FRPSOLFDWLRQV�

'LVFXVVLRQ�
:KHQ�WKH�KHDGDFKH�RFFXUV�DV�WKH�RQO\�PDQLIHVWDWLRQ�RI�DQ�DFXWH�FRURQDU\�HYHQW��WKH�FOXHV�IRU�VXVSLFLRQ�DUH������ROGHU�DJH�DW�RQVHW������QR�SDVW
PHGLFDO�KLVWRU\�RI�KHDGDFKH������SUHVHQFH�RI�ULVN�IDFWRUV�IRU�YDVFXODU�GLVRUGHUV������RQVHW�RI�KHDGDFKH�XQGHU�VWUHVV�



3(',$75,&6 3HWHU�+HLQ]

��������'LDJQRVLQJ�WHHQDJH�SUHJQDQF\�LQ�('��:KHQ�WR�WHVW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DUFXV�<��/��6LP������3HWHU�+HLQ]����

���8QLYHUVLW\�RI�&DPEULGJH�&OLQLFDO�6FKRRO��1�$��&DPEULGJH��8.
���&8+)7��$GGHQEURRNH
V�+RVSLWDO��&DPEULGJH��8.

.H\ZRUGV��DGROHVFHQWV��WHHQDJH�SUHJQDQF\��SUHJQDQF\�WHVWLQJ��DEGRPLQDO�SDLQ

$EVWUDFW��

%DFNJURXQG��$GROHVFHQW�JLUOV�SUHVHQWLQJ�WR�HPHUJHQF\�GHSDUWPHQWV��('��ZLWK�DEGRPLQDO�SDLQ�DUH�D�FRPPRQ�SUHVHQWDWLRQ��3UHJQDQF\�LV�RQH
GLIIHUHQWLDO�GLDJQRVLV�DPRQJVW�PDQ\�EXW�LI�PLVVHG�FDQ�KDYH�VHULRXV�FRQVHTXHQFHV��7KH�8.�LV�RQH�RI�WKH�(XURSHDQ�FRXQWULHV�ZLWK�WKH�KLJKHVW�UDWH�RI
WHHQDJH�SUHJQDQFLHV�ZLWK�ODUJH�UHJLRQDO�YDULDWLRQV��������RI�DOO�GHOLYHULHV�DUH�WR�PRWKHUV�DJHG����RU�\RXQJHU���������S�D����7KHUH�LV�OLPLWHG
JXLGDQFH�RQ�ZKHQ�WR�VFUHHQ�IRU�SUHJQDQF\�LQ�WKLV�DJH�JURXS��,Q�RXU�VWXG\�ZH�DXGLWHG�SUDFWLFH�LQ�D�FRKRUW�RI�DGROHVFHQW�JLUOV�SUHVHQWLQJ�WR�D�WHUWLDU\
WHDFKLQJ�KRVSLWDO�('�ZLWK�DEGRPLQDO�SDLQ�IROORZLQJ�D�UHYLHZ�RI�WKH�OLWHUDWXUH�

0HWKRGV��5HVRXUFH�ZHEVLWHV�RI�5&3&+��8.���5&(0��8.���$$3��86���1+6�,PSURYLQJ�4XDOLW\��8.��DQG�3XEPHG�ZHUH�VHDUFKHG�IRU�SURWRFROV�DQG
JXLGHOLQHV��$OO�IHPDOH�DWWHQGDQFHV�DJHG�EHWZHHQ�WKHLU���WK�DQG���WK�ELUWKGD\�ZLWK�D�SUHVHQWLQJ�SUREOHP�RI�DEGRPLQDO�SDLQ�EHWZHHQ�2FWREHU�����
DQG�-DQXDU\������ZHUH�LGHQWLILHG�DQG�WKH�HOHFWURQLF�UHFRUGV�UHYLHZHG��'DWD�ZDV�FROOHFWHG�RQ�ZKHWKHU�D�PHQVWUXDO�KLVWRU\�ZDV�WDNHQ��VH[XDO�DFWLYLW\�
SUHJQDQF\�WHVWLQJ�DQG�ILQDO�GLDJQRVLV�DQG�GLVSRVDO�

5HVXOWV��$�WRWDO�RI�����('�DWWHQGDQFHV�E\����SDWLHQWV�ZHUH�LGHQWLILHG��2QH����\HDU�ROG�JLUO�ZDV�IRXQG�WR�EH�SUHJQDQW�RQ�WHVWLQJ�ZLWK�VXVSHFWHG
HFWRSLF�SUHJQDQF\������RI�DWWHQGDQFHV�GLG�QRW�KDYH�D�SUHJQDQF\�WHVW��ZKHQ�H[FOXGLQJ�SUH�PHQDUFKDO�SDWLHQWV�WKLV�UDWH�GURSSHG�WR���������DQG���
\HDU�ROGV�KDG�D�SUHJQDQF\�WHVW�UHVXOW�GRFXPHQWHG�LQ�RQO\�����RI�FDVHV��2I�WKRVH�SDWLHQWV�QRW�WHVWHG������ZHQW�WR�WKHDWUH�DQG�������ZHUH�H[SRVHG
WR�LRQLVLQJ�UDGLDWLRQ�LQFOXGLQJ�&7�VFDQV��6H[XDO�DFWLYLW\�ZDV�DVNHG�DERXW�LQ�RQO\�����RI�FDVHV�EXW�GLG�QRW�LPSDFW�RQ�WKH�UDWH�RI�WHVWLQJ��0HQVWUXDO
KLVWRU\�ZDV�GRFXPHQWHG�LQ�����RI�DWWHQGDQFHV������RI�DWWHQGDQFHV�ZKR�ZHUH�QRW�WHVWHG�KDG�QR�GHILQLWLYH�GLDJQRVLV�RQ�GLVFKDUJH�IURP�WKH�('�

&RQFOXVLRQ��'HWHFWLRQ�RI�WHHQDJH�SUHJQDQF\�LV�LPSRUWDQW��7KHUH�DUH�UHFRPPHQGDWLRQV�IRU�WHVWLQJ�LQ�ULVN�JURXSV�EXW�WKLV�LV�QRW�XQLYHUVDOO\
LPSOHPHQWHG��$�QXPEHU�RI�IDFWRUV�DFFRXQW�IRU�VXEVWDQGDUG�SUDFWLFH�DV�KLJKOLJKWHG�LQ�RXU�FRKRUW�DQG�ZH�SUHVHQW�FXUUHQW�ODWHVW�UHFRPPHQGDWLRQV
DQG�SURSRVH�D�PDQDJHPHQW�DOJRULWKP�



5(63,5$725<�(0(5*(1&,(6 &ULVWLQD�$QD�%DTXHU�6DKXQ

��������$�UDUH�FDXVH�RI�SXOPRQDU�KHPRUUKDJH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&ULVWLQD�$QD�%DTXHU�6DKXQ������0DUWD�-RUGDQ�'RPLQJR������'DQLHO�6DHQ]�$EDG������&DUPHQ�/DKR]D�3HUH]������0DULD�0DUWLQH]�'LH]������5DTXHO
0RQWR\D�6DHQ]������,QHV�0XULOOR�'LD]�GH�&HULR������0LJXHO�5LYDV�-LPHQH]����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�&O�QLFR�8QLYHUVLWDULR�/R]DQR�%OHVD��=DUDJR]D��=DUDJR]D��63$,1

.H\ZRUGV��SXOPRQDU�KHPRUUKDJH��FKURQLF�NLGQH\�GLVHDVH��*RRGSDVWXUH�V\QGURPH

$EVWUDFW��

&DVH�'HVFULSWLRQ�����\HDU�ROG�PDOH�ZLWK�PHGLFDO�KLVWRU\�RI�K\SHUWHQVLRQ��VLJPRLG�GLYHUWLFXORVLV�DQG�FKURQLF�NLGQH\�GLVHDVH��&.'���GLDJQRVHG�E\
1HSKURORJLVW�DV�VHFRQGDU\�WR�QHSKURVFOHURVLV��ZLWKRXW�KLVWRORJLF�GLDJQRVLV���ZDV�DGPLWWHG�DW�WKH�(PHUJHQF\�'HSDUWPHQW�EHFDXVH�RI�KHPRSW\VLV
DQG�G\VSQHD�ZLWK�ROLJXULD��+H�GLG�QRW�KDYH�KHPRSW\VLV�EHIRUH�

([SORUDWLRQ�DQG�DGGLWLRQDO�WHVWV��2Q�SK\VLFDO�H[DPLQDWLRQ�WKH�SDWLHQW�ZDV�DIHEULOH�ZLWK�����R[\JHQ�VDWXUDWLRQ�DQG�EORRG�SUHVVXUH�������
PP+J��7KH�SXOPRQDU\�DXVFXOWDWLRQ�VKRZHG�GHFUHDVHG�EUHDWK�VRXQGV�DQG�FUDFNOHV�LQ�ERWK�OXQJV��7KH�EORRG�WHVWV�VKRZHG��KHPRJORELQ����JU�GO�
KHPDWRFULW������FUHDWLQLQH�����PJ�GO��XUHD������J�GO��S2���LQ�DUWHULDO�EORRG�JDVHV���PP+J��7RUD[�;�UD\��FDUGLRPHJDO\��DOYHRODU�LQWHUVWLWLDO
LQYROYHPHQW�

$IWHU�KHPRG\QDPLF�VWDELOL]DWLRQ��WKH�SDWLHQW�ZDV�DGPLWWHG�LQ�1HSKURORJ\�'HSDUWPHQW�WR�FRQWLQXH�WKH�VWXG\��7R�UHDFK�WKH�ILQDO�GLDJQRVLV��VHYHUDO
FRPSOHPHQWDU\�WHVWV�ZHUH�UHTXHVWHG�

�����������5HQDO�ELRSV\��UDSLGO\�SURJUHVVLYH�JORPHUXORQHSKULWLV��ZLWK������RI�HSLWKHOLDO�FUHVFHQWV

�����������F$1&$�����X�PO

�����������S$1&$������X�PO

�����������$QWL�JORPHUXODU�EDVHPHQW�PHPEUDQH�DQWLERGLHV��SRVLWLYH���WLPHV

'LIIHUHQWLDO�GLDJQRVLV��SXOPRQDU\�UHQDO�V\QGURPHV��VXFK�DV�:HJHQHUnV�JUDQXORPDWRVLV��*RRGSDVWXUH�V\QGURPH��&KXUJ�6WUDXVV�V\QGURPH�
SRO\DUWHULWLV�QRGRVD�DQG�PLFURVFRSLF�SRO\DQJLLWLV��V\VWHPLF�OXSXV�HU\WKHPDWRVXV��*RRGSDVWXUH�V\QGURPH��HVVHQWLDO�PL[HG�FU\RJOREXOLQHPLD��:H
DOVR�VKRXOG�NHHS�LQ�PLQG�DV�GLIIHUHQWLDO�GLDJQRVLV�LQIHFWLRXV�GLVHDVH�

'LDJQRVLV��$OYHRODU�KHPRUUKDJH�ZLWK�UDSLGO\�SURJUHVVLYH�JORPHUXORQHSKULWLV�DQG�DQWL�JORPHUXODU�EDVHPHQW�PHPEUDQH�DQWLERGLHV�LV�GLDJQRVWLF�RI
*RRGSDVWXUH�V\QGURPH�

&RQFOXVLRQ��'XULQJ�DGPLVVLRQ�LQ�QHSKURORJ\��WKH�SDWLHQW�ZDV�WUHDWHG�ZLWK�SODVPDSKHUHVLV�DQG�SUHGQLVRQH��ZLWK�IDYRUDEOH�HYROXWLRQ��*RRGSDVWXUH
V\QGURPH�LV�DQ�DXWRLPPXQH�GLVHDVH�ZLWK�JORPHUXODU�EDVHPHQW�PHPEUDQH�DQWLERGLHV�WKDW�PDLQO\�DIIHFWV�WKH�NLGQH\V�DQG�DOYHROL��,W�LV�D�UDUH
GLVHDVH�DQG�D�ORZHU�LQFLGHQFH�LV�HVWLPDWHG�DW�RQH�FDVH�SHU�PLOOLRQ�SRSXODWLRQ��7KLV�FDVH�VKRZV�WKH�GLIILFXOW\�RI�HDUO\�GLDJQRVLV�RI�UHQR�SXOPRQDU\
V\QGURPH�LQ�FDVHV�ZKHUH�WKHUH�LV�RQO\�NLGQH\�FOLQLFDO�PDQLIHVWDWLRQV��DV�ZDV�RXU�FDVH�EHIRUH�WKH�GHEXW�ZLWK�KHPRSW\VLV��7KHUHIRUH�LW�LV�YHU\
LPSRUWDQW�D�WKRURXJK�PHGLFDO�KLVWRU\�DORQJ�ZLWK�D�GHWDLOHG�SK\VLFDO�H[DPLQDWLRQ�DQG�DSSURSULDWH�FRPSOHPHQWDU\�WHVWV�WR�PDNH�D�FRUUHFW
GLIIHUHQWLDO�GLDJQRVLV�



&$6(�35(6(17$7,21 7DNDFV�,UPD

��������'HWR[LILFDWLRQ�ZLWK�HQGRVFRS\�v�UHPRYDO�RI�PHWDOOLF�PHUFXU\�IURP�WKH�JDVWURLQWHVWLQDO�WUDFW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

=DJ�/HYHQWH������=DJ�/HYHQWH������%HUNHV�*DERU������7DNDFV�,UPD������6]HSHV�$WWLOD������6]DER�,VWYDQ����

���(PHUJHQF\�'HSDUWPHQW��%DFV�.LVNXQ�&RXQW\�+RVSLWDO��.HFVNHPHW��+81*$5<
���*DVWURHQWHURORJ\���%DFV�.LVNXQ�&RXQW\�+RVSLWDO��.HFVNHPHW��+81*$5<

.H\ZRUGV��PHUFXU\��LQWR[LFDWLRQ��HQGRVFRS\

$EVWUDFW��

%DFNJURXQG��,QJHVWLRQ�RI�PHWDOOLF�PHUFXU\�ZDV�WKRXJKW�WR�EH�LQQRFXRXV�XQWLO�WKH�PLGGOH�RI���WK�&HQWXU\��6HYHUDO�FDVHV�SURYHG�WKH�RSSRVLWH��ZKHQ
DVSLUDWLRQV��DFXWH�UHQDO�IDLOXUH��OLYHU�IXQFWLRQ�LPSDLUPHQW�DQG�PHPRU\�GHILFLWV�GHYHORSHG�DIWHU�PHUFXU\�LQJHVWLRQ��0DQDJHPHQW�LQFOXGHV�JDVWULF
ODYDJH��XVH�RI�RVPRWLF�OD[DWLYHV�DQG�FKHODWLQJ�DJHQWV��'HVSLWH�WKH�WUHDWPHQW��V\VWHPLF�LQWR[LFDWLRQ�PD\�RFFXU��WKHUHIRUH�PRUH�HIILFLHQW�PHWKRG�RI
WUHDWPHQW�LV�QHHGHG�WR�DYRLG�WKH�SRVVLEOH�QHJDWLYH�FRQVHTXHQFHV��&DVH�UHSRUW��:H�UHSRUW�D�FDVH�RI�DQ����\HDU�ROG�PDQ��ZKR�DWWHPSWHG�VXLFLGH�ZLWK
GULQNLQJ������J�RI�HOHPHQWDO�PHUFXU\��+H�ZDV�EURXJKW�E\�DPEXODQFH���KRXUV�DIWHU�LQJHVWLRQ�WR�RXU�HPHUJHQF\�GHSDUWPHQW��+H�FRPSODLQHG�RI
SHULXPELOLFDO�SDLQ��YLWDO�VLJQV�ZHUH�QRUPDO��3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�DEGRPLQDO�WHQGHUQHVV��/DERUDWRU\�YDOXHV�ZHUH�QRUPDO��H[FHSW�IURP
HOHYDWHG�$67�DQG�$/7��ZKLFK�ZHUH�WKH�VDPH�DV�WKH�ODERUDWRU\�UHVXOWV�D�\HDU�DJR��+LV�EORRG�PHUFXU\�OHYHO�ZDV�QRUPDO��ZKLOH�XULQH�PHUFXU\�OHYHO�ZDV
VOLJKWO\�HOHYDWHG�ZKHQ�PHDVXUHG�RQ�GD\���IURP�H[SRVXUH��5DGLRJUDSK�ZDV�SHUIRUPHG�DQG�VKRZHG�RQH�ODUJH�RSDFLW\�DW�WKH�UHJLRQ�RI�WKH�VWRPDFK�RU
LQ�WKH�MHMXQXP��7KH�1DWLRQDO�7R[LFRORJ\�,QIRUPDWLRQ�&HQWHU�ZDV�FRQVXOWHG��DQG�EDVHG�RQ�WKH�LQIRUPDWLRQ�JLYHQ�ZH�GHFLGHG�WR�UHPRYH�WKH�PHUFXU\
IURP�WKH�JDVWURLQWHVWLQDO�WUDFW�ZLWK�JDVWURVFRS\��'XULQJ�JDVWURVFRS\��RQH�ODUJH�DQG�VHYHUDO�VPDOOHU�PHUFXU\�EHDGV�ZHUH�VHHQ�DQG�UHPRYHG�ZLWK
VXFWLRQ��7KH�IRRG�GHEULV�SUHYHQWHG�WKH�FRPSOHWH�UHPRYDO�RI�PHUFXU\��7KH�IROORZ�XS�UDGLRJUDSK�VKRZHG�VFDWWHUHG�RSDFLWLHV�LQ�WKH�VPDOO�ERZHOV�
$IWHU�WKH�UHPRYDO��WKH�SDWLHQW�ZDV�WUDQVIHUUHG�WR�LQWHQVLYH�FDUH�XQLW��WKHQ�WR�SV\FKLDWU\��'XULQJ�WKH���PRQWK�IROORZ�XS�SHULRG�QR�V\PSWRPV�RU�DQ\
SK\VLFDO�SUREOHP�GHYHORSHG��'LVFXVVLRQ��:H�DSSOLHG�JDVWURVFRS\�DV�PDQDJHPHQW�RI�PDVVLYH�PHWDOOLF�PHUFXU\�LQJHVWLRQ��ZKLFK�KDV�QRW�EHHQ
SXEOLVKHG�\HW�LQ�WKH�OLWHUDWXUH��:LWK�HQGRVFRS\�ZH�FRXOG�SUHYHQW�DVSLUDWLRQ��VKRUWHQ�H[SRVXUH�WLPH��WKHUHIRUH�ZH�PLQLPDOL]HG�WKH�ULVN�RI�LQWR[LFDWLRQ�
:H�FRQFOXGH�WKDW�HQGRVFRS\�LV�D�VDIH�ZD\�WR�PDQDJH�PDVVLYH�HOHPHQWDO�PHUFXU\�LQJHVWLRQ�



35(�+263,7$/���(06���287�2)�+263,7$/ 9LQFHQW�/$12(

��������:KDW�LV�WKH�FRDJXORSDWKLHV
�LPSDFW�RQ�DUULYDO�DW�WKH�KRVSLWDO�LQ�VHYHUH�WUDXPD�SDWLHQWV�LQLWLDOO\�FDUHG�IRU�E\�SUHKRVSLWDO
PHGLFDO�WHDPV"�$�UHWURVSHFWLYH�REVHUYDWLRQDO�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DULO\Q�)5$1&+,1������6DELQH�/(02,1(������,VDEHOOH�./(,1������%HQRLW�)5$77,1,������2OJD�0$85,1������5XG\�7,75(9,//(������'DQLHO�-267������-HDQ
3LHUUH�72857,(5����

���(PHUJHQF\�GHSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(

.H\ZRUGV��FRDJXORSDWK\��VHYHUH�WUDXPD��KHPRUUKDJHV

$EVWUDFW��

,QWURGXFWLRQ��3UH�KRVSLWDO�VHYHUH�WUDXPD�SDWLHQWV
��673��FORWWLQJ�GLVRUGHUV�DUH�HDUO\�DQG�ZRUVHQ�WKHLU�SURJQRVLV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR
GHVFULEH�WKH�LQFLGHQFH�RI�FRDJXORSDWK\�DQG�WR�H[SORUH�WKH�H[LVWHQFH�RI�VWDWLVWLFDO�DVVRFLDWLRQV�EHWZHHQ�WKH�SUHVHQFH�RI�FRDJXORSDWK\�DQG�RWKHU
FKDUDFWHULVWLFV�JDWKHUHG�IURP�673V�FDUHG�IRU�E\�SUHKRVSLWDO�PHGLFDO�WHDPV�LQ�XUEDQ�DUHDV�

0DWHULDO�DQG�PHWKRG��7KLV�ZDV�D�UHWURVSHFWLYH�REVHUYDWLRQDO�VWXG\���7KH�LQFOXVLRQ�FULWHULDV�ZHUH�SDWLHQWV�FDUHG�IRU�KHPRUUKDJHV�E\�SUHKRVSLWDO
PHGLFDO�WHDPV��WUDQVSRUWHG�WR�D�KRVSLWDO�UHFRYHU\�URRP��DQG�IRU�ZKRP�WKH�LQLWLDO�KRVSLWDO�KHPRVWDVLV�UHFRUG�VKHHW�ZDV�DYDLODEOH��7KH�SUH�KRVSLWDO
YDULDEOHV�UHFRUGHG�ZHUH����(SLGHPLRORJLFDO��DJH��JHQGHU��FLUFXPVWDQFHV�����3DUDFOLQLFDO�DQG�ELRORJLFDO��VKRFN�LQGH[��*ODVJRZ�VFDOH�VFRUH��EORRG
ODFWDWH�YDOXHV�����7KHUDSHXWLF��LQWXEDWLRQ��WUDQH[DPLF�DFLG�DQG�RU�FDWHFKRODPLQHV�DGPLQLVWUDWLRQ�����7LPH�IURP��SUHKRVSLWDO�PHGLFDO�WHDP
HQJDJHPHQW�WR�UHFRYHU\�URRP�DUULYDO��7KH�KRVSLWDO�YDULDEOHV�ZHUH�WKH�HDUO\�ELRORJLFDO�UHVXOWV��SURWKURPELQ�WLPH��37����7KH�DQDO\VLV�RI�UHVXOWV�ZDV
JDWKHUHG�DQG�WKHQ�PXOWLYDULDWHG�XVLQJ�67$7$������i�

5HVXOWV��2YHU����PRQWKV��LQFOXGLQJ������PHGLFDO�WUDQVSRUWV������������ZHUH�673V����)RU����RI�WKHVH�����673V��LQLWLDO�KRVSLWDO�KHPRVWDVLV�UHFRUG
FRXOG�EH�IRXQG��)RU�WKHVH�����������LQFOXGHG��WKH�PHGLDQ�DJH�ZDV����\HDUV��,45�>�����@��ZLWK����������PHQ��7KH�WUDXPD�ZDV�OLQNHG�WR�HLWKHU�D
SXEOLF�KLJKZD\�DFFLGHQW��Q ���RU������RU�SHQHWUDWLYH�ZHDSRQ�ZRXQG��Q ����RU�GHIHQHVWUDWLRQ��Q �����7KH�LQLWLDO�VKRFN�LQGH[�ZDV�!��LQ����������
FDVHV��7KH�SDWLHQWV�ZHUH�LQWXEDWHG�LQ����������FDVHV��UHFHLYHG�FDWHFKRODPLQH�LQ��������FDVHV�DQG�UHFHLYHG�SUH�KRVSLWDO�WUDQH[DPLF�LQ���������
FDVHV��7KH�PHGLDQ��SUHKRVSLWDO�PHGLFDO�WHDP�HQJDJHPHQW�UHFRYHU\�DUULYDO��WLPH�ZDV����PLQ��,45�>�����@���2Q�KRVSLWDO�DUULYDO�����������673V�KDG�D
37�������

,Q�XQLYDULDWH�DQDO\VLV��WKH�KRVSLWDO�37�WHQGHG�WR�EH�FRUUHODWHG�ZLWK�SUH�KRVSLWDO�ODFWDWH�YDOXHV��S �������,Q�PXOWLYDULDWH�DQDO\VLV��ZH�IRXQG�DQ
DVVRFLDWLRQ�EHWZHHQ�KRVSLWDO�37������DQG�UHVSHFWLYHO\��SUH�KRVSLWDO�VKRFN�LQGH[�!���S �������WKH�HOGHUO\��S �������DQG�SHOYLV�LQMXU\��S ������

�

'LVFXVVLRQ��&ORWWLQJ�GLVRUGHUV�ZHUH�IRXQG�LQ�RQH�LQ�ILYH�GHVSLWH�FXUUHQWO\�SURSHU�FDUH���7KH�VWXG\�FRQWLQXHV�RQ�D�ODUJHU�FRKRUW�WDNLQJ�LQWR�DFFRXQW
VXUYLYDO��,W�DOVR�FRQVWLWXWHV�WKH�UHIHUHQFH�JURXS�RI�D�SUH�SRVW�VWXG\��7KH��DIWHU��SHULRG�ZLOO�EH�WR�DGPLQLVWHU�O\RSKLOL]HG�SODVPD�DW�WKH�SUH�KRVSLWDO
SKDVH��



&35���5(686&,7$7,21 9LQFHQW�/$12(

��������8VLQJ�WKH�%RXVVLJQDFc�RURWUDFKHDO�LQWXEDWLRQ�SUREH�LQ�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��DQ�REVHUYDWLRQDO�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

2OJD�0$85,1������'DQLHO�-267������1LFRODV�*(127(//(������2OLYLHU�<$9$5,�6$57$.+7,������$OH[DQGUH�0(1',%,/������-XOLH�75,&+(5($8������9LQFHQW
/$12(������&O�PHQW�'(5.(11(������-HDQ�3LHUUH�72857,(5����

���(PHUJHQF\�'HSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(
���(PHUJHQF\�GHSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(

.H\ZRUGV��RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��%RXVVLJQDF�LQWXEDWLRQ�SUREH��DXWRPDWHG�H[WHUQDO�FDUGLDF�PDVVDJH�GHYLFH

$EVWUDFW��

,QWURGXFWLRQ��7KH�%RXVVLJQDF�LQWXEDWLRQ�SUREH��%,3��LV�D�GHYLFH�WKDW�DOORZV�WKH�FRQWLQXRXV�LQVXIIODWLRQ�RI�R[\JHQ�LQ�SDWLHQWV�LQ�RXW�RI�KRVSLWDO
FDUGLDF�DUUHVW��2+&$���7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�UHSRUW�WKH�H[SHULHQFH�IHHGEDFN�RI�%,3�XVH�DQG�WKH�FKDUDFWHULVWLFV�RI�SDWLHQWV�ZKR�UHFHLYHG�LW��LQ
D�UHVFXH�V\VWHP�XVLQJ�WKH�%,3�LQ�URXWLQH�FDUH�

0DWHULDO�DQG�PHWKRGV��7KLV�ZDV�D�UHWURVSHFWLYH�REVHUYDWLRQDO�VWXG\�ZKLFK�LQFOXGHG�2+&$�DJHG�RYHU����\HDUV�ZKR�UHFHLYHG�DGYDQFHG�OLIH�VXSSRUW
E\�D�SUHKRVSLWDO�PHGLFDO�WHDP��307��XVLQJ�WKH�%,3�LQ�URXWLQH�FDUH��&ROOHFWHG�GDWD�ZHUH�WKH�8WVWHLQ�YDULDEOHV��WKH�GLIILFXOW\�IRU�LQWXEDWLRQ��&RUPDFN
JUDGH��6S2��DQG�(W&2���IROORZ�XS��WUDQVSRUW�WR�KRVSLWDO�ZLWK�D�EHDWLQJ�KHDUW�RU�XQGHU�DXWRPDWHG�H[WHUQDO�FDUGLDF�PDVVDJH�GHYLFH���$�XQLYDULDWH
GHVFULSWLRQ�ZDV�FRQGXFWHG�FRPSDULQJ�SDWLHQWV�ZKR�UHFHLYHG��%���RU�GLG�QRW�UHFHLYH��%���WKH�%,3��$�ORJLVWLF�UHJUHVVLRQ�ZDV�XVHG�WR�H[SODLQ�WKH
ÈDGPLVVLRQ�DOLYH��ZLWK�EHDWLQJ�KHDUW��DW�WKH�KRVSLWDOÉ��7KH�FRYDULDEOHV�ZHUH��DJH��JHQGHU��HOHFWULF�VKRFN�DGPLQLVWUDWLRQ�IRU�GHILEULOODWLRQ��WKH�ORFDWLRQ�
:H�XVHG�D�SURSHQVLW\�VFRUH�WR�PDNH�WKH�%��DQG�%��JURXSV�FRPSDUDEOH��7KH�VRIWZDUH�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV�ZDV�6WDWD������

5HVXOWV��)URP�-DQXDU\������WR�'HFHPEHU������������&$V�ZHUH�VXSSRUWHG�E\�D�SURIHVVLRQDO�EDVLF�OLIH�VXSSRUW�WHDP��7KH�PHDQ�DJH�ZDV����������
\HDUV������ZHUH�PHQ��,Q�WRWDO������SDWLHQWV�ZHUH�LQWXEDWHG�ZLWK�D�%,3��7KH�%��YHUVXV�%��SDWLHQWV�ZHUH�\RXQJHU��PRUH�RIWHQ�LQLWLDOO\�LQ�YHQWULFXODU
ILEULOODWLRQ��9)���%���������YV�%����������(W&2��ZDV�KLJKHU�GXULQJ�H[WHUQDO�FDUGLDF�PDVVDJH��%����������������N3D�YV�%��������������N3D���7KH�UDWH�RI
GLIILFXOW�LQWXEDWLRQ�ZDV�WKH�VDPH�LQ�ERWK�JURXSV��S ������,Q�PXOWLYDULDWH�DQDO\VLV��WKH�IDFWRU�WR�H[SODLQ��WUDQVSRUWDWLRQ�RI�EHDWLQJ�KHDUW�SDWLHQW
YHUVXV�GHFHDVHG�OHIW�RQ�VLWH��ZDV�QRW�DVVRFLDWHG�ZLWK�WKH�XVH�RI�WKH�%,3��25 ���>�������@��

'LVFXVVLRQ��&RQFHUQLQJ�WKH�GLIILFXOWLHV�HQFRXQWHUHG��JUHDWHU�ULJLGLW\�RI�WKH�SUREH�LV�UHWDLQHG�DV�ZHOO�DV�WKH�ULVN�RI�SHUVRQDO�H[SRVXUH�LQ�FRQWDFW�ZLWK
ELRORJLFDO�IOXLGV��PXFXV��EORRG�LQ�FDVH�RI�KHPRSW\VLV��GXH�WR�WKH�SUR[LPDO�HQG�RI�WKH�WXEH�OHIW�RSHQ�WR�DWPRVSKHUH�

&RQFOXVLRQ��7KH�%,3�LV�D�FRPPRQO\�XVHG�SUH�KRVSLWDO�GHYLFH��HVSHFLDOO\�ZLWK�\RXQJ�VXEMHFWV�LQ�9)��,WV�XVH�LPSURYHV�(W&2���GRHV�QRW�JHQHUDWH�PRUH
GLIILFXOW�LQWXEDWLRQ��EXW�GRHV�QRW�DOORZ�WKH�WUDQVSRUWDWLRQ�RI�PRUH�EHDWLQJ�KHDUW�SDWLHQWV��&RPSOHPHQWDU\�VWXGLHV�QHHG�WR�H[SORUH�VXUYLYDO�UDWHV�



('8&$7,21�$1'�75$,1,1* $OED�5LSROO�*DOODUGR

��������+XPDQLWDULDQ�HPHUJHQFLHV��WUDLQLQJ�UHVLGHQWV�LQ�DQDHVWKHVLD�IRU�GHSOR\PHQW�ZLWK�0mGHFLQV�6DQV�)URQWLlUHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$OED�5LSROO�*DOODUGR������/XFD�5DJD]]RQL������(WWRUH�0D]]DQWL������6WHOOD�(JLGL������3LHU�/XLJL�,QJUDVVLD������)UDQFHVFR�'HOOD�&RUWH����

�����&5,0(',0��5HVHDUFK�&HQWHU�LQ�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH���8QLYHUVLW��GHO�3LHPRQWH�2ULHQWDOH��1RYDUD��,7$/<
���WUDQVODWLRQDO�PHGLFLQH��&5,0(',0��5HVHDUFK�&HQWHU�LQ�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH���8QLYHUVLW��GHO�3LHPRQWH�2ULHQWDOH��1RYDUD��,7$/<
�����&DUHHU�PDQDJHU�+5�)LHOG��06)�,WDO\���5RPH��,7$/<
�����0HGLFDO�$GYLVRU��06)�,WDO\��5RPH��,7$/<

.H\ZRUGV��+XPDQLWDULDQ�DVVLVWDQFH��3URIHVVLRQDOL]DWLRQ��$QHVWKHVLD�HGXFDWLRQ��5HVLGHQWÇV�HGXFDWLRQ

$EVWUDFW��

%$&.*5281'

2YHU�WKH�ODVW�IHZ�\HDUV��LQWHUQDWLRQDO�FRQFHUQV�KDYH�EHHQ�ULVHQ�UHJDUGLQJ�WKH�QHHG�RI�SURIHVVLRQDOL]DWLRQ�LQ�KXPDQLWDULDQ�DVVLVWDQFH��$VLGH�IURP�WKH
HVFDODWLRQ�RI�YLROHQFH��WKH�GLVSDULW\�EHWZHHQ�PHGLFDO�QHHGV�DQG�WKH�TXDOLW\�RI�FDUH�SURYLGHG�LV�IXHOHG�E\�WKH�LQVXIILFLHQW�ZRUNIRUFH�FDSDFLW\�DQG
SRRU�SHUIRUPDQFH�RI�LQH[SHULHQFHG�KXPDQLWDULDQ�KHDOWK�VWDII��7KH�QXDQFHV�RI�KXPDQLWDULDQ�VHWWLQJV�GHPDQG�SURIHVVLRQDOV�DEOH�WR�GLVSOD\�VSHFLILF
FRPSHWHQFLHV�DQG�DGDSW�WKHLU�DELOLWLHV�WR�FRPSOH[�FRQWH[WV�UHJDUGOHVV�RI�WKH�VNLOOV�JDLQHG�GXULQJ�PHGLFDO�UHVLGHQFLHV��7KH�5HVHDUFK�&HQWHU�LQ
(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH��&5,0(',0��DORQJVLGH�ZLWK�06)�,WDOLDQ�VHFWLRQ�GHYHORSHG�DQ�HYLGHQFH�EDVHG�WUDLQLQJ�SURJUDP�DLPHG�WR�SURPRWH
WKH�SURIHVVLRQDOL]DWLRQ�RI�\RXQJ�GRFWRUV�LQ�WKH�ILHOG�RI�GLVDVWHU�PHGLFLQH�DQG�KXPDQLWDULDQ�KHDOWK��7KLV�LV�D�GHVFULSWLYH�DQDO\VLV�RI�WKH�SURJUDP
LQQRYDWLRQ�

0(7+2'6

8SRQ�DFFHSWDQFH�RI�WKH�SURMHFW�SURSRVDO�E\�WKH�06)�,WDOLDQ�VHFWLRQ�GLUHFWLRQDO�EUDQFK��WKH�FRXUVH�GLGDFWLF�VWUXFWXUH�DQG�OHDUQLQJ�REMHFWLYHV�DV�ZHOO
DV�WKH�HOLJLELOLW\�FULWHULD�IRU�SDUWLFLSDQWV�ZHUH�GHILQHG�WKURXJK�D�PHWLFXORXV�OLWHUDWXUH�UHYLHZ��H[SHUW�RSLQLRQ�DQG�URXQG�WDEOHV�ZLWK�06)�UHFUXLWHUV�
7KH�FRXUVH�FXUULFXOXP�FRYHUHG�WKH�IROORZLQJ�WRSLFV��GLVDVWHU�PHGLFLQH��SXEOLF�KHDOWK��VDIHW\�DQG�VHFXULW\��LQIHFWLRXV�GLVHDVHV��SV\FKRORJLFDO�VXSSRUW�
FRPPXQLFDWLRQ��DQDHVWKHVLD�LQ�XQGHUVHUYHG�DUHDV��OHDGHUVKLS��GHFLVLRQ�PDNLQJ��SUREOHP�VROYLQJ��WHDPZRUNLQJ��DQG�KXPDQ�UHVRXUFH�PDQDJHPHQW�
6HQLRU�UHVLGHQWV���WK�RU��WK�\HDU��ZHUH�GHILQHG�DV�WDUJHW�DXGLHQFH��&DQGLGDWHV��ZHUH�MRLQWO\�VHOHFWHG�RQ�WKH�EDVLV�RI�WKHLU�PRWLYDWLRQ��IOH[LELOLW\�
SURIHVVLRQDO�FRPSHWHQFH�DQG�ODQJXDJH�SURILFLHQF\��8SRQ�DFFHSWDQFH��SDUWLFLSDQWV�FRPSOHWHG�D�FRPSHWHQF\�EDVHG�FRXUVH��7KH�DFWXDO�QRYHOW\�ZDV
WKH�FRXUVH�IRUPDW�ZKLFK�LQWHQGHG�WR�H[SRVH�SDUWLFLSDQWV�WR�DQ�LQQRYDWLYH�EOHQGHG�OHDUQLQJ�H[SHULHQFH�FRQVLVWLQJ�RI�WKUHH�PRQWKV�RI�GLVWDQFH
OHDUQLQJ��RQH�ZHHN�WUDGLWLRQDO�LQVWUXFWRU�OHG�WHDFKLQJ�ZLWK�VWDWH�RI�WKH�DUW�VLPXODWLRQ�WHFKQRORJLHV�DQG�ZRUNVKRSV�DQG�DSSUHQWLFHVKLS�LQ�WKH�ILHOG�LQ
D�SURMHFW�UXQ�E\�06)��8SRQ�FRPSOHWLRQ�RI�WKH�DSSUHQWLFHVKLS��WKH�UHVLGHQWVÇ�SHUIRUPDQFH�ZDV�HYDOXDWHG�E\�WKH�0HGLFDO�)RFDO�3RLQW��0)3��RI�WKHLU
SURMHFWV�WKURXJK�WKH�06)�VWDQGDUG�HYDOXDWLRQ�PRGXOH�

5(68/76

7ZR�HGLWLRQV�RI�WKH�FRXUVH�WRRN�SODFH�EHWZHHQ������DQG�������(LJKW�UHVLGHQWV�ZHUH�DGPLWWHG��RI�WKHVH����ZHUH�IHPDOH�DQG���ZHUH�PDOH�ZLWK�D
PHGLDQ�DJH�RI����\�R��2QH�UHVLGHQW�ZDV�GHSOR\HG�LQ�3DNLVWDQ����LQ�$IJKDQLVWDQ����LQ�'HPRFUDWLF�5HSXEOLF�RI�&RQJR����LQ�6RXWK�6XGDQ����LQ�&HQWUDO
$IULFDQ�5HSXEOLF�DQG���LQ�WKH�3KLOLSSLQHV��2QH�ZDV�VHTXHQWLDOO\�GHSOR\HG�LQ�1HSDO�DQG�<HPHQ��6L[�FDQGLGDWHV�KHOG�D�SRVLWLRQ�DV�DQHVWKHWLVWV�ZKLOH��
IXQFWLRQHG�DV�HPHUJHQF\�SK\VLFLDQV��7KH�PHDQ�WLPH�RI�GHSOR\PHQW�ZDV�����PRQWKV�ZLWK���06)�RSHUDWLRQDO�FHQWHUV�LQYROYHG��(YDOXDWRUV�KLJKOLJKWHG
WKH�IROORZLQJ�SDUWLFLSDQWVÇ�VWUHQJWKV��OHDGHUVKLS��SUREOHP�VROYLQJ��FRPPXQLFDWLRQ��WHDP�ZRUNLQJ��FXOWXUDO�DZDUHQHVV�DQG�FRPSOLDQFH�ZLWK
KXPDQLWDULDQ�SULQFLSOHV��7KHLU�SURIHVVLRQDO�FRPSHWHQFH�ZDV�QHYHU�TXHVWLRQHG��$OO�UHVLGHQWV�ZHUH�UHFRPPHQGHG�IRU�IXWXUH�06)�PLVVLRQV�DQG�WZR
ZHUH�DJDLQ�GHSOR\HG�E\�WKH�HQG�RI������

&21&/86,21

7KLV�FRXUVH�LQWHQGV�WR�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�\RXQJ�GRFWRUVÇ�SURIHVVLRQDO�VNLOOV�ZKHQ�ZRUNLQJ�LQ�HPHUJHQF\�VHWWLQJV�DQG�OLPLWHG�UHVRXUFH
HQYLURQPHQWV��0RUHRYHU��WKLV�SURMHFW�GHPRQVWUDWHV�KRZ�DFDGHPLD�FDQ�VXFFHVVIXOO\�SDUWQHU�ZLWK�KXPDQLWDULDQ�DLG�RUJDQL]DWLRQV�WR�SURPRWH�WKH
SURIHVVLRQDOL]DWLRQ�RI�IXWXUH�KXPDQLWDULDQ�KHDOWK�ZRUNHUV�

�

�

�

�

�

�

�



�



%,20$5.(56 (UZLQ�+$16&215$'

��������3URJQRVWLF�FRQWULEXWLRQ�RI�05�SUR$'0�LQ�SDWLHQWV�ZLWK�DFXWH�H[DFHUEDWLRQV�RI�&23'�SUHVHQWLQJ�WR�WKH�HPHUJHQF\
GHSDUWPHQW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(UZLQ�+DQVFRQUDG������(UZLQ�+DQVFRQUDG������$OH[DQGUH�0HED]DD������3DWULFN�3ODLVDQFH������6DLG�/DULEL����

���8QLW��,QVHUP������%LRPDUTXHXUV�FDUGLR�QHXUR�YDVFXODLUHV��+�SLWDO�/DULERLVL�UH��3DULV��)5$1&(
���6HUYLFH�G
$FFXHLO�GHV�8UJHQFHV��+�SLWDO�/DULERLVL�UH��3DULV��)5$1&(

.H\ZRUGV��DFXWH�H[DFHUEDWLRQ�RI�&23'�Ä�05�SUR$'0�Ä�&85%���

$EVWUDFW��

%DFNJURXQG��,W�LV�HVVHQWLDO�WR�ULVN�VWUDWLI\�SDWLHQWV�ZLWK�DFXWH�H[DFHUEDWLRQ�RI�&23'��$(&23'��SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('���WR
DGDSW�WKHLU�PDQDJHPHQW��05�SUR$'0�KDV�EHHQ�VKRZQ�WR�SUHGLFW���\HDU�VXUYLYDO�LQ�$(&23'��&85%����VFRUH�LV�DVVRFLDWHG�ZLWK�VKRUW�WHUP�PRUWDOLW\
$(&23'��7KH�DLP�RI�RXU�VWXG\�LV�WR�H[DPLQH�WKH�SURJQRVWLF�SHUIRUPDQFH�RI�05�SUR$'0�DORQH�DQG�LQ�FRPELQDWLRQ�ZLWK�&85%����VFRUH�WR�SUHGLFW
VKRUW�WHUP�PRUWDOLW\�LQ�$(&23'�LQ�WKH
('����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

0HWKRGV��$�SURVSHFWLYH�FRKRUW�RI�����SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�ZLWK�G\VSQHD�ZLWK�D�GLDJQRVLV�RI��$(&23'�ZHUH�LQFOXGHG�LQ�WKLV�DQDO\VLV�
05�SUR$'0�DVVD\V�ZHUH�SHUIRUPHG�DW�DUULYDO�WR�WKH�('��3DWLHQWV�ZHUH�FODVVLILHG�LQWR���ULVN�JURXSV�XVLQJ�&85%����VFRUH���ORZ��/5���LQWHUPHGLDWH��,5�
DQG�KLJK�ULVN�RI�PRUWDOLW\��+5���$�VFRUH�RI�&85%����RI���RU���FRUUHVSRQGLQJ�WR�D�/5��D�VFRUH�RI���FRUUHVSRQGLQJ�WR�DQ�,5�DQG�D�VFRUH�EHWZHHQ����
FRUUHVSRQGLQJ�WR�D�+5�JURXS�

5HVXOWV��7KH����GD\�PRUWDOLW\�UDWH�ZDV�������Q� �����+LJK�OHYHOV�RI�3D&R���1,9�WKHUDS\�RU�PHFKDQLFDO�YHQWLODWLRQ�ZLWKLQ���KRXUV�RI�('�DUULYDO�ZHUH
SUHGLFWLYH�RI����GD\�PRUWDOLW\��(OHYDWHG�OHYHO�RI�05�SUR$'0�DW�DGPLVVLRQ�ZDV�D�VLJQLILFDQW�SUHGLFWRU�RI����GD\�PRUWDOLW\��05�SUR$'0� ������QPRO�/
>�������@�LQ�VXUYLYRUV�YV�05�SUR$'0� ������QPRO�/�>�����WR����@�DPRQJ�SDWLHQWV�ZKR�GLHG�DW����GD\V�ZLWK�S� ���������/HYHO�RI�05�SUR$'0�FKDQJHG
VLJQLILFDQWO\�GHSHQGLQJ�RQ�WKH�RULHQWDWLRQ�RI�SDWLHQW��ZLWK�KLJKHU�OHYHO�LQ�SDWLHQWV�KRVSLWDOL]HG�LQ�LQWHQVLYH�FDUH�XQLW��7KH�05�SUR$'0�LQFUHDVHG�ZLWK
WKH�&85%����VFRUH�ZLWK�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�ULVN�JURXSV��/5��05�SUR$'0� ������QPRO�/�>�����WR�����@��,5��05�SUR$'0� ������QPRO�/
>�����WR�����@��+5��05�SUR$'0� ������QPRO�/�>�����WR�����@�ZLWK�S���������

&RQFOXVLRQ��05�SUR$'0�SUHGLFWV����GD\�PRUWDOLW\�LQ�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�LQ�$(&23'��7KH�OHYHOV�RI�05�SUR$'0�DUH�FRUUHODWHG�WR�WKH
&85%����VFRUH�VXJJHVWLQJ�WKDW�05�SUR$'0�LQ�DVVRFLDWLRQ�ZLWK�WKH�&85%����VFRUH�FRXOG�KHOS�HPHUJHQF\�SK\VLFLDQV�LQ�DVVHVVLQJ�$(&23'�SDWLHQWV
VHYHULW\�LQ�WKH�('�



32,17�2)�&$5( (5,&�'5<9(5

��������6LPXODWLRQ�EDVHG�WULDO�RI�FULVLV�FKHFNOLVWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��D�SLORW�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(ULF�'U\YHU������&KDUORWWH�2GHYDOO������$QGHUV�%HUJHQIHO]������8OI�(NHOXQG����

���(PHUJHQF\�'HSDUWPHQW��6NDQH�8QLYHUVLW\�+RVSLWDO��/XQG��/XQG��6:('(1
���3UDFWLFXP�&OLQLFDO�6NLOOV�&HQWUH���6NDQH�8QLYHUVLW\�+RVSLWDO��/XQG��6:('(1

.H\ZRUGV��&KHFNOLVW��(PHUJHQF\�0HGLFLQH��6LPXODWLRQ��5HVXVFLWDWLRQ

$EVWUDFW��

%DFNJURXQG��&KHFNOLVWV�LPSURYH�WKH�PDQDJHPHQW�RI�FULVHV�LQ�VLPXODWHG�RSHUDWLQJ�URRPV�DQG�LQWHQVLYH�FDUH�XQLWV��&ULVLV�FKHFNOLVWV�KDYH�QRW�EHHQ
HYDOXDWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��VHWWLQJ��&KHFNOLVWV�PD\�QRW�QHFHVVDULO\�KDYH�WKH�VDPH�YDOXH�ZKHQ�XVHG�LQ�WKH�DFWXDO�ZRUNLQJ
HQYLURQPHQW�DV�RSSRVHG�WR�D�VLPXODWLRQ�FHQWHU�

$LP��7KH�DLP�RI�WKLV�SLORW�VWXG\�ZDV�WR�HYDOXDWH�FULVLV�FKHFNOLVWV�XVLQJ�LQ�VLWX�VLPXODWLRQV�LQ�DQ�DFWXDO�('�

0HWKRGV��&KHFNOLVWV�RI�NH\�HPHUJHQF\�WUHDWPHQWV�ZHUH�GHYHORSHG�IRU�HLJKW�FULVHV�DQDSK\OD[LV��KHPRUUKDJLF�FKRFN��67�VHJPHQW�HOHYDWLRQ
P\RFDUGLDO�LQIDUFWLRQ��EHWD�EORFNHU�DQG�RU�FDOFLXP�DQWDJRQLVW�SRLVRQLQJ��SRLVRQLQJ�ZLWK�D�PHPEUDQH�VWDELOL]LQJ�DJHQW��VWDWXV�HSLOHSWLFXV��VHYHUH
VHSVLV��LQFUHDVHG�LQWUDFUDQLDO�SUHVVXUH�7KH�FRQWHQW�RI�WKH�FKHFNOLVWV�ZDV�EDVHG�RQ�LQWHUQDWLRQDO�JXLGHOLQHV�DQG�RWKHU�DXWKRULWDWLYH
VRXUFHV�(PHUJHQF\�FDUH�WHDPV�ZRUNLQJ�LQ�WKH�('�RI�/XQG��6ZHGHQ��ZHUH�UDQGRPL]HG�WR�PDQDJH�VLPXODWHG�FULVHV�ZLWK�RU�ZLWKRXW�DFFHVV�WR�WKHVH
FKHFNOLVWV��IRU�D�WRWDO�RI����VLPXODWLRQV�ODVWLQJ�������PLQXWHV��7LPH�IURP�VFHQDULR�VWDUW�WR�NH\�WUHDWPHQW�GHOLYHU\�ZDV�LQGHSHQGHQWO\�PHDVXUHG�E\
WZR�REVHUYHUV��(DFK�FULVLV�IHDWXUHG�EHWZHHQ���DQG����NH\�WUHDWPHQWV�&KHFNOLVW�XVHU�IULHQGOLQHVV�ZDV�HYDOXDWHG�XVLQJ�D�TXHVWLRQQDLUH�

5HVXOWV��7KH�PHGLDQ�SHUFHQWDJH�RI�WUHDWPHQWV�FDUULHG�RXW�ZDV������UDQJH����������ZLWK�FKHFNOLVW�DFFHVV�YHUVXV������UDQJH���������ZLWKRXW��S
 ��������2QH�VLPXODWLRQ�QHHGHG�WR�EH�SUHPDWXUHO\�WHUPLQDWHG�GXH�WR�FOLQLFDO�FDUH�UHTXLUHPHQWV�DQG�VXEVHTXHQWO\�UHSHDWHG��2I�WKH����SDUWLFLSDQWV
ZKR�KDG�FKHFNOLVW�DFFHVV�����������IHOW�WKDW�WKH�FKHFNOLVW�KHOSHG�WKHP�PDQDJH�WKH�FDVH��$OPRVW�DOO�SDUWLFLSDQWV�����RI�����������ZRXOG�ZDQW�WKH
FKHFNOLVWV�XVHG�LI�WKH\�ZHUH�WKH�SDWLHQW�

,QWHUSUHWDWLRQ��6WXG\LQJ�FULVLV�FKHFNOLVWV�LQ�DQ�DFWXDO�('�LV�IHDVLEOH��7KH�SLORW�VWXG\�UHVXOWV�VXJJHVW�WKDW�FKHFNOLVWV�PD\�LPSURYH�WKH�FDUH�RI
FULWLFDOO\�LOO�SDWLHQWV�LQ�WKH�('�



*(5,$75,&6 (UZLQ�+$16&215$'

��������8VH�RI�3K\VLFDO�UHVWUDLQW�RQ�HOGHUO\�SHRSOH�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(UZLQ�+DQVFRQUDG������$QWKRQ\�&KDXYLQ������3DWULFN�3ODLVDQFH����

���6HUYLFH�G
$FFXHLO�GHV�8UJHQFHV��+�SLWDO�/DULERLVL�UH��3DULV��)5$1&(

.H\ZRUGV��HOGHUO\�SHRSOH�Ä�SK\VLFDO�UHVWUDLQW���FKHPLFDO�WUHDWPHQW

$EVWUDFW��

%DFNJURXQG��&RQIXVLRQ�LQ�HOGHUO\�SHRSOH�SUHVHQWLQJ�WR�(PHUJHQF\�'HSDUWPHQW��('��LV�RIWHQ�DVVRFLDWHG�ZLWK�D�VWDWH�RI�DJLWDWLRQ�ZLWK�RU�ZLWKRXW
DJJUHVVLYLW\��5HFRPPHQGDWLRQV�IRU�WKH�PDQDJHPHQW�RI�WKHVH�SDWLHQWV�H[LVW��3K\VLFDO�UHVWUDLQW��35��LV�VRPHWLPHV�QHFHVVDU\�WR�SURWHFW�WKHP�EXW�LW�LV
D�VRXUFH�RI�PRUELGLW\�DQG�PRUWDOLW\��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�H[DPLQH�KRZ�HPHUJHQF\�SK\VLFLDQV�SUHVFULEH�SK\VLFDO�UHVWUDLQW�IRU�HOGHUO\�SHRSOH
SUHVHQWLQJ�WR�('��7KH�SULPDU\�RXWFRPH�ZDV�DVVRFLDWLRQ�FKHPLFDO�WUHDWPHQW��EHQ]RGLD]HSLQHV�DQG���RU�QHXUROHSWLF��RU�QRW�WR�35�

0HWKRGV��(OGHUO\�SHRSOH��DJH�!����\HDUV�ROG��ZLWK�SUHVFULSWLRQ�RI�35�ZHUH�LQFOXGHG�LQ�WKLV�UHWURVSHFWLYH�VWXG\�EHWZHHQ�QRYHPEHU������DQG�PDUFK
�����LQ�/DULERLVL�UH�8QLYHUVLW\�+RVSLWDO��(PHUJHQF\�'HSDUWPHQW���7ZR�JURXSV�ZHUH�FRPSDUHG�RQ�VXFK�FULWHULD������35�DORQH��JURXS�$�������35��
FKHPLFDO�WUHDWPHQW��JURXS�%���7KH�SULPDU\�RXWFRPH�ZDV�WKH�DVVRFLDWLRQ�FKHPLFDO�WUHDWPHQW��EHQ]RGLD]HSLQHV�DQG���RU�QHXUROHSWLF��RU�QRW�WR�35�
7KH�VHFRQGDU\�RXWFRPHV�ZHUH�MXVWLILHG�SUHVFULSWLRQ�RI�35��UHYDOXDWLRQ�RI�WKH�LQGLFDWLRQ�RI�35�DQG�PRQLWRULQJ�RI�WKH�35��7KH�VWXGHQW�WHVW�ZDV�XVHG
IRU�TXDQWLWDWLYH�YDULDEOHV��7KH�&KL���WHVW�ZDV�XVHG�IRU�TXDOLWDWLYH�YDULDEOHV�

5HVXOWV��2QH�KXQGUHG�WKLUW\�HLJKW�FRQVHFXWLYH�SDWLHQWV�ZHUH�DQDO\]HG�����>���@�LQ�JURXS�$�DQG����>���@�LQ�JURXS�%��ZLWK�QR�VLJQLILFDQW�GLIIHUHQFH
EHWZHHQ�WKH���JURXSV��S� ��������7KH�SUHVFULSWLRQ�RI�EHQ]RGLD]HSLQH�DVVRFLDWHG�ZLWK�35�ZDV�VLJQLILFDQWO\�KLJKHU�FRPSDUHG�WR�WKH�SUHVFULSWLRQ�RI
QHXUROHSWLF��7KH�QXPEHU�RI�MXVWLILHG�SUHVFULSWLRQ�RI�35�ZDV�KLJKHU�EXW�QRW�VLJQLILFDQWO\�GLIIHUHQW��S� �������LQ�JURXS�%��Q� ����>���@��WKDQ�LQ�JURXS�$
�Q� ���>���@���+DOI�RI�MXVWLILHG�SUHVFULSWLRQ�RI�35�ZDV�OLQNHG�WR�DQ�DFW�RI�QXUVLQJ�FDUH��7KH�GDLO\�UHYDOXDWLRQ�RI�WKH�35�ZDV�VLJQLILFDQWO\�KLJKHU�LQ
JURXS�%��UHVSHFWLYHO\����>���@�YV���LQ�JURXS�$��S��������

&RQFOXVLRQ��(OGHUO\�SHRSOH�KDYLQJ�35�GLG�QRW�DOZD\V�KDYH�DQ�DVVRFLDWHG�FKHPLFDO�WUHDWPHQW�DV�SURYLGHG�E\�WKH�UHFRPPHQGDWLRQV��7KH
SUHVFULSWLRQ�RI�35�ZHUH�LQVXIILFLHQWO\�MXVWLILHG��7KH�GDLO\�UHYDOXDWLRQ�RI�WKH�LQGLFDWLRQ�RI�WKH�35�DQG�FOLQLFDO�ELRORJLFDO�PRQLWRULQJ�ZHUH�DOPRVW
QRQ�H[LVWHQW�FDXVLQJ�D�ULVN�RI�LQFUHDVHG�PRUELGLW\�DQG�PRUWDOLW\��7KLV�VWXG\�MXVWLILHG�WKH�HVWDEOLVKPHQW�RI�D�SURWRFRO�WR�JXLGH�WKH�SUHVFULSWLRQ�RI�WKH
35�LQ�HOGHUO\�SHRSOH�LQ�RXU�('�



35(�+263,7$/���(06���287�2)�+263,7$/ )UDQN�&RIIH\

��������(IILFDF\�DQG�VDIHW\�RI�PHWKR[\IOXUDQH�DQDOJHVLD�LQ�DGXOW�SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��D�UDQGRPLVHG�
GRXEOH�EOLQG��SODFHER�FRQWUROOHG�VWXG\��6723��

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)UDQN�&RIIH\������3DWULFN�'LVVPDQQ������.D]LP�0LU]D������0DUN�/RPD[����

���'5(($0��'HSDUWPHQW�RI�5HVHDUFK�DQG�(GXFDWLRQ�LQ�(PHUJHQF\�0HGLFLQH��$FXWH�0HGLFLQH�DQG�0DMRU�7UDXPD��1RWWLQJKDP�8QLYHUVLW\�+RVSLWDOV
1+6�7UXVW��8.��1RWWLQJKDP��8.
���(PHUJHQF\�'HSDUWPHQW��-DPHV�&RRN�8QLYHUVLW\�+RVSLWDO��0LGGOHVEURXJK��8.
���$FFLGHQW�DQG�(PHUJHQF\�'HSDUWPHQW��&ROFKHVWHU�+RVSLWDO�8QLYHUVLW\�)RXQGDWLRQ�1+6�7UXVW��&ROFKHVWHU���8.
���'DWD�0DQDJHPHQW�	�6WDWLVWLFV��0XQGLSKDUPD�5HVHDUFK�/LPLWHG��&DPEULGJH��8.

.H\ZRUGV��WUDXPD��DFXWH�SDLQ��DQDOJHVLF��PHWKR[\IOXUDQH��3HQWKUR[��SUHKRVSLWDO��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

%DFNJURXQG�,QWURGXFWLRQ

$FXWH�SDLQ�UHPDLQV�KLJKO\�SUHYDOHQW�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('��VHWWLQJ�����ZLWK�PDQ\�SDWLHQWV�XQGHUWUHDWHG���/RZ�GRVH�PHWKR[\IOXUDQH�
VHOI�DGPLQLVWHUHG�E\�WKH�SDWLHQW�YLD�D�KDQGKHOG�LQKDOHU��3HQWKUR[i���P/�GRVH��LV�D�IDVW�DFWLQJ��QRQ�QDUFRWLF�DQDOJHVLF�DJHQW�WKDW�KDV�EHHQ�XVHG�LQ
$XVWUDOLD�IRU����\HDUV��'DWD�RXWVLGH�RI�$XVWUDOLD�DUH�OLPLWHG��WKHUHIRUH�WKLV�GRXEOH�EOLQG��UDQGRPLVHG��SODFHER�FRQWUROOHG�8.�VWXG\�LQYHVWLJDWHG�WKH
HIILFDF\�DQG�VDIHW\�RI�ORZ�GRVH�PHWKR[\IOXUDQH�DQDOJHVLD�IRU�WKH�WUHDWPHQW�RI�DFXWH�SDLQ�LQ�WKH�('�VHWWLQJ�

�

3DUWLFLSDQWV�DQG�0HWKRGV

3DWLHQWV�SUHVHQWLQJ�WR�WKH�('�ZLWK�D�SDLQ�VFRUH�RI�����RQ�WKH�1XPHULFDO�5DWLQJ�6FDOH�GXH�WR�PLQRU�WUDXPD��FRQWXVLRQV��IUDFWXUHV��ODFHUDWLRQV��HWF�
ZHUH�UDQGRPLVHG�LQ�D�����UDWLR�WR�UHFHLYH�PHWKR[\IOXUDQH��XS�WR��P/��RU�SODFHER��QRUPDO�VDOLQH���ERWK�YLD�D�3HQWKUR[i�LQKDOHU��6WXG\�PHGLFDWLRQ
ZDV�VHOI�DGPLQLVWHUHG�E\�WKH�SDWLHQW�DV�UHTXLUHG�E\�LQKDOLQJ�IURP�WKH�GHYLFH��5HVFXH�PHGLFDWLRQ��SDUDFHWDPRO�RSLRLGV��ZDV�DYDLODEOH�LPPHGLDWHO\
XSRQ�UHTXHVW�RI�WKH�SDWLHQW�

�

7KH�SULPDU\�HIILFDF\�HQGSRLQW�ZDV�YLVXDO�DQDORJXH�VFDOH��9$6��SDLQ�LQWHQVLW\��&KDQJHV�IURP�EDVHOLQH�ZHUH�DQDO\VHG�XVLQJ�UHSHDWHG�PHDVXUHV
$1&29$��7UHDWPHQW�HIIHFWV�ZHUH�HVWLPDWHG�DV�OHDVW�VTXDUHV�PHDQ�GLIIHUHQFHV�EHWZHHQ�WKH�WUHDWPHQW�JURXSV�RYHUDOO��SULPDU\�DQDO\VLV��DQG�DW�HDFK
WLPHSRLQW��.H\�VHFRQGDU\�HQGSRLQWV�ZHUH�WLPH�WR�ILUVW�SDLQ�UHOLHI�DQG�WLPH�WR�UHTXHVW�IRU�UHVFXH�PHGLFDWLRQ��FRPSDUHG�XVLQJ�&R[�SURSRUWLRQDO
KD]DUGV�PRGHO��DQG�UHVFXH�PHGLFDWLRQ�XVH��\HV�QR��ZLWKLQ����PLQXWHV�RI�WKH�VWDUW�RI�WUHDWPHQW��FRPSDUHG�XVLQJ�ORJLVWLF�UHJUHVVLRQ���$OO�DQDO\VHV
DGMXVWHG�IRU�EDVHOLQH�9$6�VFRUH���3DWLHQWV�KDG�D����GD\�SRVW�WUHDWPHQW�VDIHW\�IROORZ�XS�

�

5HVXOWV

����DGXOW�DQG�DGROHVFHQW�SDWLHQWV�ZHUH�HQUROOHG��GDWD�DUH�SUHVHQWHG�IRU�WKH�DGXOW�VXEJURXS��1 ������0HDQ�EDVHOLQH�9$6�SDLQ�VFRUH�ZDV�a��PP�LQ
ERWK�JURXSV��0HDQ�FKDQJH�LQ�9$6�SDLQ�IURP�EDVHOLQH�WR�����������DQG����PLQXWHV�ZDV�JUHDWHU�IRU�PHWKR[\IOXUDQH����������������������DQG������PP�
UHVSHFWLYHO\��WKDQ�SODFHER���������������������DQG������PP��UHVSHFWLYHO\���2YHUDOO��WKHUH�ZDV�D�KLJKO\�VLJQLILFDQW�WUHDWPHQW�GLIIHUHQFH��HVWLPDWHG
WUHDWPHQW�HIIHFW�������PP������&,��������WR�Â����PP��S����������0HGLDQ�WLPH�WR�ILUVW�SDLQ�UHOLHI�ZDV�VLJQLILFDQWO\�VKRUWHU�ZLWK�PHWKR[\IOXUDQH���
PLQXWHV��FRPSDUHG�ZLWK�SODFHER�����PLQXWHV���KD]DUG�UDWLR������������&,��������������S����������7KH�SURSRUWLRQ�RI�SDWLHQWV�ZKR�XVHG�UHVFXH
PHGLFDWLRQ�LQ�WKH�ILUVW����PLQXWHV�ZDV������IRU�PHWKR[\IOXUDQH�DQG�������IRU�SODFHER��RGGV�UDWLR������������&,��������������S ���������7KH
SURSRUWLRQ�RI�SDWLHQWV�UHTXHVWLQJ�UHVFXH�PHGLFDWLRQ�DW�DQ\�WLPH��SULRU�WR�FHQVRULQJ��ZDV�ORZHU�IRU�PHWKR[\IOXUDQH���������WKDQ�SODFHER��������
�KD]DUG�UDWLR������������&,��������������S����������PHGLDQ�WLPH�WR�UHTXHVW�FRXOG�QRW�EH�HVWLPDWHG��7UHDWPHQW�UHODWHG�DGYHUVH�HYHQWV��PRVWO\
GL]]LQHVV�KHDGDFKH��ZHUH�UHSRUWHG�E\�����RI�SDWLHQWV�UHFHLYLQJ�PHWKR[\IOXUDQH�DQG�����RI�SDWLHQWV�UHFHLYLQJ�SODFHER��QRQH�FDXVHG�ZLWKGUDZDO
DQG�WKH�PDMRULW\�ZHUH�PLOG�DQG�WUDQVLHQW�

�

&RQFOXVLRQV

7KH�UHVXOWV�RI�WKLV�VWXG\�VXSSRUW�WKH�HYLGHQFH�IURP�SUHYLRXV�WULDOV�WKDW�ORZ�GRVH�PHWKR[\IOXUDQH�DGPLQLVWHUHG�YLD�WKH�3HQWKUR[i�LQKDOHU�LV�D�VDIH�
HIILFDFLRXV�DQG�UDSLG�DFWLQJ�DQDOJHVLF�

�

5HIHUHQFHV

&RUGHOO�HW�DO��$P�-�(PHUJ�0HG������������Ä������



%HUEHQ�HW�DO��,QMXU\������������Ä������
3LHULN�-*-�HW�DO��3DLQ�0HG������������������

i��3(17+52;�LV�D�UHJLVWHUHG�WUDGHPDUN�RI�0',�/LPLWHG�



&$5',29$6&8/$5 (XQVLO�.R

��������&RURQDU\�DQJLRJUDSK\�LV�UHODWHG�WR�LPSURYHG�FOLQLFDO�RXWFRPH�RI�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW�ZLWK�LQLWLDO�QRQ�VKRFNDEOH
UK\WKP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(XQVLO�.R������(XQVLO�.R������-L�.\RXQJ�6KLQ������0LQ�6HRE�6LP������,N�-RRQ�-R������-LQ�+R�&KRL����

�����QRQH��6HRXO��.25($��5(38%/,&�2)

.H\ZRUGV��2XW�RI�KRVSLWDO�FDUGLDF�DUUHVW��QRQ�VKRFNDEOH�UK\WKP��FRURQDU\�DQJLRJUDSK\

$EVWUDFW��

%$&.*5281'��&RURQDU\�DQJLRJUDSK\��&$*��IRU�VXUYLYRUV�RI�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��HQDEOHV�HDUO\�LGHQWLILFDWLRQ�RI�FRURQDU\�DUWHU\
GLVHDVH�DQG�UHYDVFXODUL]DWLRQ��ZKLFK�PLJKW�LPSURYH�FOLQLFDO�RXWFRPH��+RZHYHU��WKH�UROH�RI�&$*�KDV�QRW�EHHQ�YDOLGDWHG�DJDLQVW�LQLWLDO�QRQ�VKRFNDEOH
UK\WKP�

0(7+2'6��)URP�0DUFK�WR�'HFHPEHU�������ZH�DVVHVVHG�FOLQLFDO�RXWFRPH�RI�����DGXOW�2+&$�SDWLHQWV�DW����KRVSLWDOV�UHJLVWHUHG�LQ�D�&DUGLDF�$UUHVW
3XUVXLW�7ULDO�ZLWK�8QLTXH�5HJLVWUDWLRQ�DQG�(SLGHPLRORJLF�6XUYHLOODQFH��&$3785(6���D�SURVSHFWLYH�QDWLRQZLGH�PXOWLFHQWHU�UHJLVWU\��7KH�SULPDU\
RXWFRPH�ZDV�VXUYLYDO�ZLWK�JRRG�QHXURORJLFDO�RXWFRPH�DW�KRVSLWDO�GLVFKDUJH�

5(68/76��,QLWLDO�VKRFNDEOH�UK\WKP�DQG�QRQ�VKRFNDEOH�UK\WKP�ZHUH�IRXQG�LQ�������������DQG�������������SDWLHQWV��UHVSHFWLYHO\��3DWLHQWV�ZLWK
QRQ�VKRFNDEOH�UK\WKP�ZHUH�ROGHU��PRUH�OLNHO\�WR�EH�IHPDOH��OHVV�OLNHO\�WR�XQGHUZHQW�D�E\VWDQGHU�UHVXVFLWDWLRQ�RU�SUH�KRVSLWDO�GHILEULOODWLRQ��S�������
DOO���&$*�ZDV�SHUIRUPHG�LQ�������������DQG������������RI�VKRFNDEOH�DQG�QRQ�VKRFNDEOH�UK\WKP��UHVSHFWLYHO\��3HUIRUPLQJ�&$*�ZDV�DVVRFLDWHG�LQ
EHWWHU�FOLQLFDO�RXWFRPH�QRW�RQO\�LQ�SDWLHQWV�ZLWK�VKRFNDEOH�UK\WKP��������YHUVXV��������EXW�DOVR�LQ�SDWLHQWV�ZLWK�QRQ�VKRFNDEOH�UK\WKP�������
YHUVXV�������ORJ�UDQN�S��������DOO��

&21&/86,21��$PRQJ�2+&$�VXUYLYRUV��ZH�IRXQG�FRURQDU\�DQJLRJUDSK\�ZDV�UHODWHG�WR�EHWWHU�VXUYLYDO�DQG�JRRG�QHXURORJLFDO�RXWFRPH�RI�SDWLHQWV
ZLWK�LQLWLDO�QRQ�VKRFNDEOH�DV�ZHOO�DV�VKRFNDEOH�UK\WKP�



&$6(�35(6(17$7,21 3KLOLS�9HUGRQFN

��������6KRXOG�ZH�UHGHILQH�FULWHULD�IRU�H[WUDFRUSRUHDO�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ�LQ�SURORQJHG�FDUGLDF�DUUHVW"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3KLOLS�9HUGRQFN������'DYLG�<HR������.RHQUDDG�0RQVLHXUV����

���$FFLGHQW�DQG�(PHUJHQF\��8QLYHUVLW\�+RVSLWDO�%LUPLQJKDP�1+6�)RXQGDWLRQ�7UXVW��%LUPLQJKDP��8.
���(PHUJHQF\�GHSDUWPHQW��8QLYHUVLW\�+RVSLWDO�RI�$QWZHUS��$QWZHUS��%(/*,80

.H\ZRUGV��H[WUDFRUSRUHDO�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��9$�(&02��FDUGLDF�DUUHVW

$EVWUDFW��

,QWURGXFWLRQ

0RVW�SURWRFROV�IRU�H[WUDFRUSRUHDO�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��(�&35��QRUPDOO\�H[FOXGH�SDWLHQWV�LQ�SURORQJHG�FDUGLDF�DUUHVW��DV�JRRG�QHXURORJLFDO
RXWFRPH�DQG�VXUYLYDO�GHFUHDVH�VLJQLILFDQWO\�ZLWK�ORQJHU�&35�WLPHV��:H�SUHVHQW�DQ�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��FDVH��ZKR�UHFHLYHG
YHQR�DUWHULDO�H[WUDFRUSRUHDO�PHPEUDQH�R[\JHQDWLRQ��9$�(&02��DIWHU�����PLQXWHV�RI�DGYDQFHG�OLIH�VXSSRUW��7KH�SDWLHQW�ZDV�HYHQWXDOO\�GLVFKDUJHG
IROORZLQJ�VXFFHVVIXO�FDUGLDF�WUDQVSODQWDWLRQ�ZLWK�FRPSOHWH�QHXURORJLFDO�UHFRYHU\��

&DVH�UHSRUW

$����\HDU�ROG�IHPDOH�VXIIHUHG�D�ZLWQHVVHG�2+&$�ZKLOH�VKRSSLQJ�DQG�EDVLF�OLIH�VXSSRUW�ZDV�VWDUWHG�LPPHGLDWHO\��7����(PHUJHQF\�PHGLFDO�VHUYLFHV
DUULYHG�ZLWKLQ����PLQXWHV��7�����7KH�LQLWLDO�UK\WKP�ZDV�YHQWULFXODU�ILEULOODWLRQ�DQG�DGYDQFHG�OLIH�VXSSRUW�ZDV�LQLWLDWHG�DFFRUGLQJ�WR�(XURSHDQ
5HVXVFLWDWLRQ�&RXQFLO�JXLGHOLQHV�DQG�FRQWLQXHG�XQWLO�DUULYDO�DW�WKH�(PHUJHQF\�'HSDUWPHQW��7KH�SDWLHQW�UHPDLQHG�LQ�UHIUDFWRU\�YHQWULFXODU�ILEULOODWLRQ
ZLWK�DQ�HQG�WLGDO�&2���(7&2���DERYH����PP+J�GXULQJ�SUHKRVSLWDO�UHVXVFLWDWLRQ��2Q�DUULYDO�DW�WKH�('��7����WKH�SDWLHQW�KDG�SXOVHOHVV�HOHFWULFDO
DFWLYLW\��%HGVLGH�FDUGLDF�XOWUDVRXQG�GLG�QRW�GHPRQVWUDWH�WDPSRQDGH�RU�ULJKW�YHQWULFXODU�GLVWHQVLRQ�EXW�VHYHUH�OHIW�YHQWULFXODU�G\VIXQFWLRQ�ZDV�QRWHG�

9HQRXV�EORRG�JDV�DW�7���VKRZHG�D�S+�RI�������DQG�ODFWDWH�RI�����PPRO�/��$W�7���WKHUH�ZDV�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��EXW�WKLV�ZDV
QRQ�VXVWDLQHG��DQG�DW�7���VKH�UHYHUWHG�EDFN�WR�YHQWULFXODU�ILEULOODWLRQ��DQG�FKHVW�FRPSUHVVLRQV�ZHUH�UHVWDUWHG��7KH�FDUGLRWKRUDFLF�WHDP�ZDV
FRQVXOWHG�DQG�VKH�ZDV�DFFHSWHG�IRU�9$�(&02��'XH�WR�ORJLVWLF�UHDVRQV��VKH�ZDV�RQO\�WUDQVSRUWHG�WR�WKHDWUH�DW�7�����)HPRUDO�9$�(&02�ZDV
VXFFHVVIXOO\�LQLWLDWHG�DW�7�����3RVWRSHUDWLYH�HFKRFDUGLRJUDSK\�LQ�WKH�,QWHQVLYH�&DUH�8QLW��,&8��GHPRQVWUDWHG�VHYHUH�GLODWHG�FDUGLRP\RSDWK\��$W�GD\
���VKH�ZDV�PRYLQJ�DOO�IRXU�OLPEV�DQG�D�GHFLVLRQ�WR�LPSODQW�D�ELYHQWULFXODU�DVVLVW�GHYLFH�DV�D�WUDQVSODQW�EULGJH�ZDV�PDGH��6KH�KDG�D�VXFFHVVIXO
FDUGLDF�WUDQVSODQWDWLRQ�RQ�GD\����DQG�ZDV�GLVFKDUJHG�IURP�,&8�DW�GD\�����ZLWK�FRPSOHWH�QHXURORJLFDO�UHFRYHU\��+LVWRSDWKRORJ\�GHPRQVWUDWHG
QRQ�VSHFLILHG�FDUGLRP\RSDWK\��7KH�SDWLHQW�KDG�D�VLVWHU�ZKR�GLHG�LQ�VLPLODU�FLUFXPVWDQFHV�DW�\RXQJ�DJH�

'LVFXVVLRQ

'HVSLWH�SURORQJHG�2+&$�DQG�GHOD\HG�LQLWLDWLRQ�RI�9$�(&02��RXWVLGH�UHFRPPHQGHG�JXLGHOLQHV��WKHUH�ZDV�D�VXFFHVVIXO�RXWFRPH�ZLWK�FRPSOHWH
QHXURORJLFDO�UHFRYHU\��7KLV�SDWLHQW�PDWFKHG�VHYHUDO�LQFOXVLRQ�FULWHULD�IRU�(�&35��ZLWQHVVHG�2+&$��PLQLPDO�QR�IORZ�WLPH��UDSLG�GHFLVLRQ�WR�WUDQVSRUW�
DQG�JRRG�(7&2��GXULQJ�UHVXVFLWDWLRQ��0RVW�VWXGLHV�UHFRPPHQG�9$�(&02�LQLWDWLRQ�ZLWKLQ����PLQXWHV�SRVW�DUUHVW�DV�QHXURORJLFDO�RXWFRPH�DQG
FKDQFHV�RI�VXUYLYDO�VLJQLILFDQWO\�GHFUHDVH�LQ�SURORQJHG�2+&$��(YHQ�LQ�FDVH�RI�VXUYLYDO��QHXURORJLFDO�RXWFRPH�LV�RIWHQ�SRRU��0DLQWDLQLQJ�HIILFLHQW
WLVVXH�SHUIXVLRQ�ZLWK�DGHTXDWH�FKHVW�FRPSUHVVLRQV�LV�SUREDEO\�PRUH�LPSRUWDQW�WKDQ�WKH�DEVROXWH�WLPH�IURP�RQVHW�RI�FDUGLDF�DUUHVW��7KLV�LV�DOVR
VXJJHVWHG�E\�WKH�)UHQFK�QDWLRQDO�UHFRPPHQGDWLRQV�RQ�WKLV�VXEMHFW�

&RQFOXVLRQ

:H�UHSRUW�D�FDVH�RI�(�&35�DIWHU�SURORQJHG�2+&$��ZLWK�IXOO�QHXURORJLFDO�UHFRYHU\�IROORZLQJ�FDUGLDF�WUDQVSODQWDWLRQ��&RQWUDU\�WR�FXUUHQW�OLWHUDWXUH��ZH
VXJJHVW�WKDW�UDWKHU�WKDQ�EDVH�WKH�GHFLVLRQ�WR�LQLWLDWH�9$�(&02�SULPDULO\�RQ�WLPH�IURP�FDUGLDF�DUUHVW��RWKHU�IDFWRUV�VKRXOG�EH�FRQVLGHUHG��7KLV�LV
SDUWLFXODUO\�VR�ZKHQ�WKH�RXW�RI�KRVSLWDO�FDUGLDF�FKDLQ�RI�VXUYLYDO�LV�SUHVHUYHG��DQG�WKLV�FDVH�GHPRQVWUDWHV�WKDW�WKH�HQYHORSH�FDQ�EH�H[WHQGHG
EH\RQG����PLQXWHV�LQ�VRPH�FLUFXPVWDQFHV�



3(',$75,&6 -HQQLIHU�6PLWK

��������$WUDXPDWLF�OLPS�LQ�FKLOGUHQ�SUHVHQWLQJ�WR�D�WHUWLDU\�SDHGLDWULF�HPHUJHQF\�GHSDUWPHQW��3('���WLPH�IRU�FKDQJH"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-HQQLIHU�.DWH�6PLWK������-DPHV�&DUU������*RUGRQ�:KLWH����

�����QRQH��(GLQEXUJK��8.
�����QRQH��(GLQEXUJK���8.

.H\ZRUGV��DWUDXPDWLF��OLPS��SDHGLDWULF

$EVWUDFW��

$,06��7R�UHWURVSHFWLYHO\�UHYLHZ�WKH�LQYHVWLJDWLRQV�DQG�RXWFRPHV�RI�DOO�FKLOGUHQ�ZLWK�DWUDXPDWLF�OLPS�SUHVHQWLQJ�WR�D�WHUWLDU\�SDHGLDWULF�HPHUJHQF\
GHSDUWPHQW�LQ������WR�DVVHVV�ZKHWKHU�WKH�FXUUHQW�PDQDJHPHQW�SURWRFRO��DGYRFDWLQJ�EORRG�WHVWV�DQG�XOWUDVRXQG�IRU�DOO��ZDV�QHFHVVDU\�

0(7+2'6��$OO�SDWLHQWV�ZKR�KDG�D�KLS�RU�NQHH�XOWUDVRXQG�VFDQ�RUGHUHG�IURP�WKH�3('�ZHUH�LGHQWLILHG�DQG�WKHLU�HOHFWURQLF�SDWLHQW�UHFRUGV�DFFHVVHG
ZLWK�UHOHYDQW�FRQVHQW�WR�UHWULHYH�WKH�IROORZLQJ�GDWD��DJH��GXUDWLRQ�DQG�QDWXUH�RI�V\PSWRPV��H[DPLQDWLRQ�ILQGLQJV�LQFOXGLQJ�DELOLW\�WR�ZHLJKW�EHDU�
EORRG�UHVXOWV��ZKLWH�FHOO�FRXQW��DEVROXWH�QHXWURSKLO�FRXQW��&�UHDFWLYH�SURWHLQ��HU\WKURF\WH�VHGLPHQWDWLRQ�UDWH���S\UH[LD�SUHFHGLQJ�RU�GRFXPHQWHG
GXULQJ�3('�DWWHQGDQFH��GXUDWLRQ�RI�V\PSWRPV��H[DPLQDWLRQ�ILQGLQJV��FOLQLFDO�GLDJQRVHV�DQG�RXWFRPHV��

5(68/76������SDWLHQWV�KDG�KLS�DQG�RU�NQHH�XOWUDVRXQG�VFDQV�LQ�������RI�ZKLFK�����ZHUH�SHUIRUPHG�IRU�DWUDXPDWLF�OLPS�DQG�ZHUH�WKHUHIRUH�LQFOXGHG
LQ�WKH�DQDO\VLV��$JH�UDQJH�ZDV����PRQWKV����\HDUV��PHGLDQ�����\HDUV���7KUHH�KXQGUHG�DQG�WZHQW\�VHYHQ�SDWLHQWV�������KDG�D�GLDJQRVLV�RI�WUDQVLHQW
V\QRYLWLV��WKUHH�SDWLHQWV�KDG�VHSWLF�DUWKULWLV�DQG�RVWHRP\HOLWLV�UHVSHFWLYHO\���������IRXU�SDWLHQWV�KDG�3HUWKHV�GLVHDVH��������DQG�RQH�KDG�VOLSSHG
FDSLWDO�IHPRUDO�HSLSK\VHV��6&)(����������7ZHQW\�WKUHH�SHUFHQW�KDG�QR�IRUPDO�GLDJQRVLV�UHFRUGHG��EXW�QR�VLJQLILFDQW�ODWHU�GLDJQRVHV�HPHUJHG�LQ�DQ\�
DQG�WKHUH�ZHUH�VPDOO�QXPEHUV�RI�RYHUXVH��VRIW�WLVVXH�DQG�IUDFWXUH�LQMXULHV�DVZHOO�DV�VLQJOH�SDWLHQWV�ZLWK�UKHXPDWRORJLFDO�RU�QHXURORJLFDO�FDXVHV���$OO
WKH�SDWLHQWV�ZLWK�VHSWLF�DUWKULWLV�ZHUH�\RXQJ�����PRQWKV�RU�\RXQJHU��DQG�D�IHEULOH�KLVWRU\�DQG�UDLVHG�LQIODPPDWRU\�PDUNHUV��$OO�WKH�SDWLHQWV�ZLWK
RVWHRP\HOLWLV�ZHUH�GLDJQRVHG�RQ�05,�VFDQ��7ZR�KDG�PLOGO\�UDLVHG�EORRG�LQIODPPDWRU\�PDUNHUV��QRQH�ZHUH�S\UH[LDO��7KH�SRVLWLYH�SUHGLFWLYH�YDOXH
DQG�VHQVLWLYLW\�RI�:&&��QHXWURSKLOV��&53�DQG�(65�ZHUH�XQLYHUVDOO\�SRRU�LQ�LGHQWLI\LQJ�VHSWLF�DUWKULWLV�DQG�RVWHP\HOLWLV�WKRXJK�QHJDWLYH�SUHGLFWLYH
YDOXHV��DV�H[SHFWHG��ZHUH�YHU\�KLJK��!���������6OLSSHG�FDSLWDO�IHPRUDO�HSLSK\VHV�ZDV�LGHQWLILHG�LQ�D����\HDU�ROG�ZKR�KDG�D�SHOYLF�[UD\��DV�SHU�WKH
H[LVWLQJ�SURWRFRO��DV�ZHUH�WKH�3HUWKHV�GLVHDVH�SDWLHQWV��ZKR�KDG�PRUH�SURWUDFWHG�KLVWRULHV�UDQJLQJ�IURP���GD\V�Ä���PRQWKV���7KH�ODERUDWRU\�FRVW�RI
SHUIRUPLQJ�)%&��&53�DQG�(65�LQ�WKLV�FRKRUW�ZDV�d������DQG�&RQVXOWDQW�5DGLRORJLVW�WLPH�WR�SHUIRUP�WKH�KLS�NQHH�866�ZDV�LQ�H[FHVV�RI����KRXUV
�HVWLPDWHG�DW���PLQXWHV�SHU�VFDQ�����������������

&21&/86,216���7KH�PDMRULW\�RI�FKLOGUHQ�ZKR�DUH�ZHOO�DQG�DIHEULOH�SUHVHQWLQJ�ZLWK�DWUDXPDWLF�OLPS�FDQ�EH�VDIHO\�PDQDJHG�DW�ILUVW�SUHVHQWDWLRQ
ZLWKRXW�EORRG�DQG�UDGLRORJLFDO�LQYHVWLJDWLRQV�JLYHQ�WKH�H[WUHPHO\�ORZ�LQFLGHQFH�RI�LQIHFWLYH�SDWKRORJLHV�LQ�WKLV�SRSXODWLRQ��%RQ\�DEQRUPDOLWLHV�VXFK
DV�6&)(�DQG�3HUWKHV�PXVW�EH�FRQVLGHUHG�LQ�ROGHU�FKLOGUHQ�RU�WKRVH�ZLWK�DW\SLFDOO\�OHQJWK\�KLVWRULHV�DQG�D�SODLQ�[UD\�LV�WKH�LQYHVWLJDWLRQ�RI�FKRLFH�
2XU�SURWRFRO�KDV�EHHQ�UHGHVLJQHG�WR�UHIOHFW�WKLV�ZLWK�DWWHQWLRQ�WR�ULJRURXV�VDIHW\�QHWWLQJ�LQ�WKH�IRUP�RI�ZULWWHQ�FDUHJLYHU�LQIRUPDWLRQ�OHDIOHWV�DQG
3('�&RQVXOWDQW�UHYLHZ�LQ�����GD\V�DW�ZKLFK�WLPH�IXUWKHU�LQYHVWLJDWLRQV�LQFOXGLQJ�EORRG�WHVWV�DQG�LPDJLQJ�PLJKW�EH�FRQVLGHUHG�LQ�WKH�SDWLHQW�ZKR
KDV�QRW�LPSURYHG�������

�



35(�+263,7$/���(06���287�2)�+263,7$/ 9LQFHQW�/$12(

��������3UHKRVSLWDO�XVH�RI�O\RSKLOL]HG�SODVPD�IRU�KHPRUUKDJLF�VKRFN��GHVFULSWLRQ�RI�D�UDQGRPL]HG�FRQWUROOHG�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'DQLHO�-267������9LQFHQW�/$12(������%HQRLW�9,9,(1������3LHUUH�<YHV�'8%,(1������-HDQ�6W�SKDQH�'$9,'������$OEULFH�/(95$7������'RPLQLTXH�6$9$5<�����
6�EDVWLHQ�%($80(������)UDQFRLV�723,1������0DUF�)2851,(5������)UDQFRLV�.(5%$8/������3LHUUH�<YHV�*8(8*1,$8'������.DULP�7$=$52857(������$QQH
6$,//,2/�������-HDQ�3LHUUH�72857,(5����

���(PHUJHQF\�GHSDUWPHQW��)LUH�%ULJDGH�RI�3DULV��3$5,6��)5$1&(
���6$08�����1HFNHU�+RVSLWDO���3$5,6��)5$1&(
���6$08�����(GRXDUG�+HUULRW�+RVSLWDO��/<21��)5$1&(
���'HSDUWPHQW�RI�$QHVWKHVLRORJ\�DQG�&ULWLFDO�&DUH��/\RQ�6XG�+RVSLWDO��/<21��)5$1&(
���'HSDUWPHQW�RI�&ULWLFDO�&DUH�0HGLFLQH��+RVSLWDO�FHQWHU�RI�$QQHF\�*HQHYRLV��$11(&<��)5$1&(
���6$08�����+RVSLWDO�FHQWHU�RI�$QQHF\�*HQHYRLV��$11(&<��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��0DUVHLOOH�PDULQH�ILUH�GHSDUWPHQW��0$56(,//(��)5$1&(
���6$08�����/D�7LPRQH�+RVSLWDO��0$56(,//(��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��(GRXDUG�+HUULRW�+RVSLWDO��/<21��)5$1&(
����0LOLWDU\�%ORRG�7UDQVIXVLRQ�&HQWHU��)UHQFK�'HIHQFH�+HDOWK�6HUYLFH��&/$0$57��)5$1&(

.H\ZRUGV��O\RSKLOL]HG�SODVPD��KHPRUUKDJLF�VKRFN��PDVVLYH�WUDQVIXVLRQ��SRVW�WUDXPDWLF�FRDJXORSDWK\

$EVWUDFW��

,QWURGXFWLRQ��%OHHGLQJ�IURP�WUDXPD�LV�UHVSRQVLEOH�RI�D�IDOO�RI�FORWWLQJ�IDFWRUV�ZKLFK�PDLQWDLQV�DQG�SURPRWHV�EOHHGLQJ��(DUO\�SODVPD�DGPLQLVWUDWLRQ
FDQ�FRUUHFW�SRVW�WUDXPDWLF�FRDJXORSDWK\��8QOLNH�IUR]HQ�SODVPD�ZKLFK�UHTXLUHV�VSHFLILF�ORJLVWLFV�RQO\�DYDLODEOH�DW�WKH�KRVSLWDO��O\RSKLOL]HG�SODVPD�LV
VWRUDEOH�DW�URRP�WHPSHUDWXUH��LV�UHFRYHUDEOH�LQ�OHVV�WKDQ���PLQXWHV��DQG�LV�FRPSDWLEOH�ZLWK�DOO�EORRG�W\SHV��ZKLFK�DOORZV�LWV�XVH�LQ�SUH�KRVSLWDO
HPHUJHQF\�VLWXDWLRQV��7KH�DLP�RI�WKLV�UHSRUW�LV�WR�GHVFULEH�WKH�SURWRFRO�RI�D�VWXG\�WKDW�MXVW�VWDUWHG�ZKRVH�PDLQ�SXUSRVH�LV�WR�VKRZ�WKH�IHDVLELOLW\�DQG
HIIHFWLYHQHVV�RI�XVLQJ�O\RSKLOL]HG�SODVPD�LQ�SUH�KRVSLWDO�VLWXDWLRQV�IRU�SRVW�WUDXPDWLF�KHPRUUKDJLF�VKRFN��

0DWHULDO�DQG�PHWKRG��5DQGRPL]HG��RSHQ��FRQWUROOHG��PXOWLFHQWHU�VWXG\�LQ�WZR�SDUDOOHO�JURXSV��,QFOXVLRQ�FULWHULD��VHYHUH�WUDXPD�!����\HDUV�ZLWK
KHPRUUKDJLF�VKRFN�>V\VWROLF�EORRG�SUHVVXUH��6%3�����@�RU�VKRFN�LQGH[�!������'XULQJ�SUHKRVSLWDO�FDUH��SDWLHQWV�UHFHLYH�HLWKHU�O\RSKLOL]HG�SODVPD�RU
VDOLQH�LQ�DGGLWLRQ�WR�WKH�XVXDO�WUHDWPHQW�DSSOLHG�LQ�SRVW�WUDXPDWLF�KHPRUUKDJLF�VKRFN�

)LUVW�HQGSRLQW��YDULDWLRQ�RI�SURWKURPELQ�WLPH��37�GHOWD��EHWZHHQ�SUH�KRVSLWDO�FDUH��EHIRUH�DGPLQLVWUDWLRQ�RI�O\RSKLOL]HG�SODVPD��DQG�KRVSLWDO�DUULYDO
�DIWHU�O\RSKLOL]HG�SODVPD���6HFRQGDU\�HQGSRLQWV�����ILEULQRJHQ�YDULDWLRQ��)�GHOWD��EHWZHHQ�WKH�SUH�KRVSLWDO�DQG�KRVSLWDO�DGPLVVLRQ�����7UDQVIXVLRQ
QHHG�GXULQJ�WKH�ILUVW�����������KRXUV�RI�KRVSLWDOL]DWLRQ�����'XUDWLRQ�RI�LQWHQVLYH�FDUH�XQLW�VWD\�����VXUYLYDO�DW�GD\��������6DIHW\�HQGSRLQW��GHVFULSWLRQ
RI�DFFLGHQWV��LQFLGHQWV��HYHQWV��DQG�DGYHUVH�HYHQWV�SRWHQWLDOO\�UHODWHG�WR�O\RSKLOL]HG�SODVPD��$Q�DQFLOODU\�VWXG\�ZLOO�FRPSDUH�WKH
WKURPERHODVWRPHWULF��527(0i��SDUDPHWHUV�EHWZHHQ�WKH�WZR�JURXSV��7KH�QXPEHU�RI�VXEMHFWV�UHTXLUHG�LV����SHU�JURXS�IRU�DQ�DOSKD�ULVN� �����DQG
DQ�����SRZHU��6WDWLVWLFDO�SODQV�WKH�LQWHQWLRQ�WR�WUHDW�DQG�SHU�SURWRFRO�DQDO\VLV���37�'HOWD��)�GHOWD�DQG�WKURPERHODVWRPHWULF�GDWD�ZLOO�EH�FRPSDUHG
EHWZHHQ�WKH�WZR�JURXSV�E\�DQDO\VLV�RI�FRYDULDQFH��7KH�WUDQVIXVLRQ�QHHG�ZLOO�EH�MXGJHG�RQ�WKH�PHGLDQ�DPRXQW�WUDQVIXVHG�DW�WKH�KRVSLWDO��UHG�EORRG
FHOO�FRQFHQWUDWHV��ILEULQRJHQ��))3�DQG�SODWHOHW�FRQFHQWUDWHV��6XUYLYDO�DQDO\VLV�ZLOO�XVH�WKH�FRPSDULVRQ�EHWZHHQ�.DSODQ�0HLHU�FXUYHV��)HDVLELOLW\�ZLOO
EH�MXGJHG�RQ�WKH�RFFXUUHQFH�RI�WHFKQLFDO�RU�ORJLVWLFDO�SUREOHPV�HQFRXQWHUHG�GXULQJ�WKH�O\RSKLOL]HG�SODVPD�DGPLQLVWUDWLRQ�LQ�SUHKRVSLWDO�VHWWLQJ�
6DIHW\�ZLOO�EH�MXGJHG�RQ�WKH�RFFXUUHQFH�RI�VHULRXV�DQG�XQH[SHFWHG�DGYHUVH�HYHQWV�DWWULEXWDEOH�WR�O\RSKLOL]HG�SODVPD������

'LVFXVVLRQ��7KLV�VWXG\�VKRXOG�LPSURYH�RXU�NQRZOHGJH�RQ�WKH�HIIHFWV�RI�SUH�KRVSLWDO�SODVPD�WUDQVIXVLRQ�IRU�SDWLHQWV�LQ�KHPRUUKDJLF�VKRFN��

&RQFOXVLRQ��7KH�VWXG\�VWDUWHG�LQ������ZLWK�UHVXOWV�H[SHFWHG�LQ������



%,20$5.(56 0XFDKLW�(PHW

��������&DQ�ZH�GLIIHUHQWLDWH�KLYHV��DQJLRQHXURWLF�HGHPD�DQG�DQDSK\OD[LV�XVLQJ�VHUXP�HU\WKURSRLHWLQ�OHYHOV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)DWLK�0HKPHW�6DUL������0XFDKLW�(PHW������6DLPH�2]EHN�6HELQ������+DWLFHWXO�.XEUD�6DUL������$EGXONDGLU�<LOGLULP����

���(PHUJHQF\�'HSDUWPHQW��$WDW�UN�8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��(U]XUXP��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\��$WDWXUN�8QLYHUVLW\��(U]XUXP��785.(<
���3K\VLRORJ\��$WDW�UN�8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��(U]XUXP��785.(<
���'HUPDWRORJ\��$WDW�UN�8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��(U]XUXP��785.(<
���%LRFKHPLVWU\��$WDW�UN�8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��(U]XUXP��785.(<

.H\ZRUGV��8UWLFDULD��$QJLRHGHPD��$QDSK\OD[LV��(U\WKURSRLHWLQ

$EVWUDFW��

%DFNJURXQG

(U\WKURSRLHWLQ��(32���D�UHQDO�W\SH�,�F\WRNLQH��SOD\V�NH\�UROH�LQ�WKH�UHJXODWLRQ�RI�HU\WKURSRLHVLV��(32�LV�DOVR�LQFUHDVHG�DW�WKH�DUHD�RI�LQIODPPDWLRQ�LQ
DGGLWLRQ�WR�HU\WKURSRLHVLV�DQG�K\SR[LD�VKRZLQJ�DQ�DQWL�LQIODPPDWRU\�PHFKDQLVP��(32�GHFUHDVHV�UHOHDVLQJ�RI�SURLQIODPPDWRU\�IDFWRUV�VXFK�DV�71)·�
,/����,/����,/�����UHGXFH�SURGXFWLRQ�RI�12�E\�LQKLELWLQJ�LQGXFLEOH�12�V\QWKDVH��L126���VKRZV�DQWL�LQIODPPDWRU\�HIIHFW�E\�UHGXFLQJ�1)�º%�GHSHQGHQW
LPPXQRF\WRNLQHV�SURGXFWLRQ��LQKLELWV�UHDFWLYH�R[\JHQ�VSHFLHV�DW�QHXWURSKLOV�DQG�FKDQJHV�DFWLYLW\�RI�7�FHOOV�LQGLUHFWO\�E\�GLVUXSWLRQ�RI�DQWLJHQ
SUHVHQWDWLRQ�RU�DIIHFWLQJ�VLJQDO�WUDQVPLVVLRQ�RI�DQWLJHQ�SUHVHQWLQJ�FHOOV��(32�VKRZV�QRQ�HU\WKURSRLHWLF�IXQFWLRQV�VXFK�DV�LPPXQRUHJXODWRU\�HIIHFW�LQ
DXWRLPPXQH�GLVHDVHV�DQG�WLVVXH�SURWHFWLYH�HIIHFW�LQ�WUDXPD�DQG�LVFKHPLD�

$LP

:H�DLPHG�WKDW�ZKHWKHU�WKHUH�LV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�HU\WKURSRLHWLQ��(32��OHYHOV�LQ�SDWLHQWV�ZKR�ZHUH�DGPLQLVWUDWHG�WR�HPHUJHQF\
GHSDUWPHQW�ZLWK�XUWLFDULD��DQJLRHGHPD�DQG�DQDSK\OD[LV�RU�QRW�

0HWKRG

2XU�VWXG\�ZDV�FRQGXFWHG�SURVSHFWLYHO\�LQ�('�GXULQJ�WZR�\HDUV��([FOXVLRQ�FULWHULD��3DWLHQWV�ZKR�UHIXVHG�WR�SDUWLFLSDWH��ZLWK�SUHYLRXVO\�NQRZQ
DQHPLD��UHQDO�IDLOXUH��OLYHU�GLVHDVH��FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��DVWKPD��DQ\�GLVHDVH�DIIHFWLQJ�ERQH�PDUURZ��DQG�PDOLJQDQFLHV��3DWLHQWV
ZHUH�FODVVLILHG�DV�XUWLFDULD��MXVW�VNLQ�OHVLRQV���DQJLRHGHPD��VNLQ�DQG�RU�PXFRVD�VLJQV��DQG�DQDSK\OD[LV��DFFRUGLQJ�WR�LQWHUQDWLRQDO�DQDSK\OD[LV
FULWHULD���%ORRG�OHYHOV�RI�ZKLWH�EORRG�FHOO��:%&���QHXWURSKLO��1(8���O\PSKRF\WH��/(1���HRV\QRSKLO��(2���EDVRSKLO��%$6���UHG�EORRG�FHOO��5%&��
KDHPRJORELQH��KDHPDWRFULW��+7&���PHDQ�FRUSXVFXODU�YROXPH��0&9���PHDQ�FRUSXVFXODU�KHPRJORELQ��0+&���PHDQ�FRUSXVFXODU�KHPRJORELQ
FRQFHQWUDWLRQ��0&+&���UHG�FHOO�GLVWULEXWLRQ�ZLGWK��5':���SODWHOHW��SODWHOHW�GLVWULEXWLRQ�ZLGWK��3':���FUHDWLQLQH��EORRG�XUHD�QLWURJHQ��%81��ZHUH
HYDOXDWHG��3DUDPHWHUV�UHODWHG�WR�HU\WKURSRLHWLQ�DV�+7&�(32��5':�(32��:%&�(32��1(8�(32��/(1�(32��5%&�(32��3/7�(32��(2�(32��%$6�(32�ZHUH
FDOFXODWHG�DQG�FRPSDUHG�

5HVXOWV

����SDWLHQWV�JURXSHG�DV�XUWLFDULD��Q ������������DQJLRHGHPD��Q ������������DQDSK\OD[LV��Q �����������ZHUH�LQFOXGHG��2I����DQDSK\OD[LV�SDWLHQWV�
������KDG�UDVK������KDG�LWFKLQJ��������KDG�IDFLDO�HGHPD��������KDG�SHULRUELWDO�HGHPD��������KDG�SHULRUDO�HGHPD��������KDG�WRQJXH�HGHPD�
������KDG�VKRUWQHVV�RI�EUHDWK��7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH��LQ�WHUPV�RI�HU\WKURSRLHWLQ�DQG�UHODWHG�SDUDPHWHUV�DPRQJ�XUWLFDULD�����k���
PO8�PO���DQJLRHGHPD�����k����PO8�PO��DQG�DQDSK\OD[LV�����k����PO8�PO��SDWLHQWV��S ��������(U\WKURSRLHWLQ�OHYHOV�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ
SDWLHQWV�ZLWK�XYXOD�HGHPD�FRPSDUHG�WR�SDWLHQWV�ZLWKRXW�����k����YV�����k�����S ��������+7&�(32�DQG�5':�(32�UDWLRV�ZHUH�ORZHU�LQ�SDWLHQWV�ZKR
KDG�UDVK�WKDQ�SDWLHQWV�ZKR�KDG�QRW�����k����YV�����k�����S ������DQG����k����YV�����k�����UHVSHFWLYHO\��S ��������

'LVFXVVLRQ

(SR5�H[SUHVVLRQ�LQ�QRQ�KHPDWRSRLHWLF�WLVVXHV�LV�VKRZQ�LQ�SUHYLRXV�VWXGLHV��$�VWXG\�FRQGXFWHG�RQ�FXWDQHRXV�PDVW�FHOOV�RI�VXEMHFWV�ZLWK�RU�ZLWKRXW
GHUPDWRORJLF�GLVHDVHV�VKRZHG�WKH�SUHVHQFH�RI�VROXEOH�(SR5�LQ�VHFUHWRU\�JUDQXOHV��2WKHU�LPPXQH�FHOOV�VXFK�DV�PDFURSKDJHV�DOVR�FDQ�UHOHDVH�(32
ZKLFK�DFWLYDWH�PDVW�FHOOV�LQ�SDUDFULQH�ZD\�WR�H[SUHVV�(SR5��&RQVLGHULQJ�WKH�SDUDFULQH�HIIHFW�RQ�PDVW�FHOOV��WKH�WLVVXH�OHYHO�RI�(32�PD\�EH�KLJK
EHIRUH�EORRG�OHYHOV�HOHYDWHG��7KH�UHODWLRQVKLS�RI�PDVW�FHOOV�LQ�GLIIHUHQW�WLVVXHV�DQG�GLIIHUHQFH�EHWZHHQ�WLVVXH�DQG�EORRG�OHYHOV�RI�(32�QHHG�IXUWKHU
VWXGLHV�

&RQFOXVLRQ

8UWLFDULD��DQJLRHGHPD��DQDSK\OD[LV�FDQQRW�EH�GLIIHUHQWLDWHG�YLD�XVLQJ�OHYHOV�RI�HU\WKURSRLHWLQ��+RZHYHU��XYXOD�HGHPD�LV�FRUUHODWHG�ZLWK�KLJKHU
HU\WKURSRLHWLQ�OHYHOV���



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< 0RKDPPDG�$QVDUL

��������$FXWH�3K\VLFLDQV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�UHGXFH�DGPLVVLRQV�LQ�+RVSLWDO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0RKDPPDG�$QVDUL������$KPDG�,VPDLO������,QD\DW�5HKPDQ������4D]L�=DPDQ������'DYLG�)DURRJL����

�����JHRUJH�HOOLRW�KRVSLWDO��%LUPLQJKDP��8.
�����JHRUJH�HOOLRW�KRVSLWDO��1XQHDWRQ��8.

.H\ZRUGV��$FXWH�3K\VLFLDQV��DGPLVVLRQV

$EVWUDFW��

,QWURGXFWLRQ

7KH�1DWLRQDO�+HDOWK�6HUYLFH�LQ�WKH�8.�LV�XQGHU�VHYHUH�SUHVVXUH�IRU�YDFDQW�EHGV�LQ�WKH�KRVSLWDO�DV�WKH�QXPEHU�RI�SDWLHQWV�DWWHQGLQJ�(PHUJHQF\
'HSDUWPHQWV�NHHS�LQFUHDVLQJ�HYHU\�\HDU�DQG�WKH�QXPEHU�RI�DGPLVVLRQV�LQFUHDVH�RQ�D�GDLO\�EDVLV��:H�DUH�DOZD\V�ORRNLQJ�IRU�ZD\V�WR�GHFUHDVH�WKH
QXPEHU�RI�KRVSLWDO�DGPLVVLRQV��:H�GHFLGHG�WR�DSSRLQW�$FXWH�3K\VLFLDQV�LQ�RXU�(PHUJHQF\�'HSDUWPHQW�WR�VHH�ZKHWKHU�LW�KDG�DQ\�LPSDFW�LQ�UHGXFLQJ
DGPLVVLRQV�WR�KRVSLWDO��$FXWH�SK\VLFLDQV�ZHUH�WR�VWD\�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�EHWZHHQ��$0�WR���30�GDLO\��7KH\�ZHUH�WR�WDNH�FDUH�RI�WKH
PDQDJHPHQW�RI�(PHUJHQF\�0HGLFDO�SDWLHQWV�RQ�DUULYDO�WR�RXU�(PHUJHQF\�'HSDUWPHQW�

2EMHFWLYH

7KLV�VWXG\�ZDV�FDUULHG�RXW�DW�*HRUJH�(OLRW�+RVSLWDO��1XQHDWRQ�WR�VHH�LI�DSSRLQWLQJ�DFXWH�SK\VLFLDQV�LQ�RXU�KRVSLWDO�UHGXFHG�KRVSLWDO�DGPLVVLRQV�

0HWKRGV

:H�ORRNHG�DW�WKH�WRWDO�QXPEHU�RI�SDWLHQWV�DWWHQGLQJ�RXU�(PHUJHQF\�'HSDUWPHQW�EHWZHHQ�WKH�\HDUV������������������DQG�������,Q�WKH�0DUFK�WR
$SULO�RI�WKH�\HDU�EHIRUH�DQG�DIWHU�WKH�DSSRLQWPHQW�RI�DFXWH�SK\VLFLDQV�DQG�QXPEHU�RI�DGPLVVLRQV�GXULQJ�WKLV�SHULRG�

5HVXOWV

������SDWLHQWV�ZHUH�VHHQ�LQ�(PHUJHQF\�'HSDUWPHQW�LQ������WR������DQG�������ZHUH�DGPLWWHG�LQ�WKH�+RVSLWDO��������ZHUH�VHHQ�LQ������WR�����
DQG�������ZHUH�DGPLWWHG���������ZHUH�VHHQ�LQ������WR������DQG�������ZHUH�DGPLWWHG��7KHUH�ZDV�D�UHGXFWLRQ�RI�������LQ�WKH�PRQWK�RI�'HFHPEHU
������$�UHGXFWLRQ�RI��������LQ�DGPLVVLRQV�LQ�WKH�PRQWK�RI�-DQXDU\�������$�UHGXFWLRQ�RI��������LQ�WKH�PRQWK�RI�)HE������DQG�D�UHGXFWLRQ�RI�����
LQ�WKH�PRQWK�RI�0DUFK��7KHUH�ZDV�D�WRWDO�RYHUDOO�UHGXFWLRQ�RI�������LQ�DGPLVVLRQV�WR�WKH�KRVSLWDO�IRU�WKH�ZKROH�\HDU������WR������

'LVFXVVLRQ

(PHUJHQF\�GHSDUWPHQW�ZDLWLQJ�WLPHV�DUH�FRQWLQXLQJ�WR�LQFUHDVH�ZLWK�ILJXUHV�RI�WKH�WKLUG�TXDUWHU�RI�WKLV�\HDU��2FWREHU�WR�'HFHPEHU��VKRZLQJ�WKDW
WKH�QXPEHU�RI�SHRSOH�ZDLWLQJ�ORQJHU�WKDQ�IRXU�KRXUV�KDV�UHDFKHG�LWV�KLJKHVW�OHYHO�LQ�RYHU�D�GHFDGH�7KH�FDXVHV�RI�WKLV�SUREOHP�DQG�WKH�VROXWLRQ�WR
DGGUHVV�WKLV�SUREOHP�DUH�FRPSOH[�DQG�PXOWLIDFWRULDO�0DQ\�SDWLHQWV�DUH�ZDLWLQJ�IRU�ORQJ�SHULRGV�RI�WLPH�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�IRU�D�EHG��7KH
QXPEHU�RI�SHRSOH�DGPLWWHG�LQ�KRVSLWDO�KDV�LQFUHDVHG�RYHUWLPH�DQG�WKH�DYDLODELOLW\�RI�EHGV�GHSHQGV�RQ�HDUO\�GLVFKDUJH�DQG�OHVV�DGPLVVLRQV�IURP�WKH
(PHUJHQF\�'HSDUWPHQW�

&RQFOXVLRQV

2XU�UHVXOWV�VKRZ�WKDW�DSSRLQWLQJ�$FXWH�3K\VLFLDQV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�FDQ�VLJQLILFDQWO\�UHGXFH�DGPLVVLRQV�LQ�WKH�KRVSLWDO�



,1)(&7,286�',6($6(���6(36,6 0RKDPPDG�$QVDUL

��������3UHVHQWDWLRQV�RI�7XEHUFXORVLV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI�8QLWHG�.LQJGRP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RKDPPDG�$QVDUL������$KPDG�,VPDLO������,QD\DW�5HKPDQ����

�����JHRUJH�HOOLRW�KRVSLWDO��%LUPLQJKDP��8.

.H\ZRUGV��7XEHUFXORVLV��(PHUJHQF\�'HSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ

2YHU�QLQH�PLOOLRQ�FDVHV�RI�WXEHUFXORVLV��7%��DQG�QHDUO\�WZR�PLOOLRQ�GHDWKV�IURP�7%�RFFXU�LQ�WKH�:RUOG�HYHU\�\HDU��7%�LV�WKH�OHDGLQJ�FDXVH�RI�GHDWK
DPRQJ�FXUDEOH�LQIHFWLRXV�GLVHDVHV��7KH�:RUOG�+HDOWK�2UJDQLVDWLRQ�GHFODUHG�7%�D�JOREDO�HPHUJHQF\�LQ�������$�WRWDO�RI������FDVHV�RI�7%�ZHUH
QRWLILHG�LQ�8QLWHG�.LQJGRP�LQ������ZLWK�DQ�LQFLGHQFH�RI��������������7KH�RYHUDOO�QXPEHU�RI�7%�SDWLHQWV�LQ�WKH�8.�KDV�GHFOLQHG�E\�������LQ�WKH�SDVW
WZR�\HDUV������RI�FDVHV�RFFXUUHG�DPRQJ�SHRSOH�ERUQ�RXWVLGH�WKH�8.�DOWKRXJK�RQO\�����ZHUH�UHFHQW�LPPLJUDQWV�

2EMHFWLYH�

:H�FRQGXFWHG�D�UHWURVSHFWLYH�VWXG\�WR�DVVHVV�YDULRXV�SUHVHQWDWLRQV�RI�7%�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�DW�&LW\�+RVSLWDO��%LUPLQJKDP�DQG�*HRUJH
(OLRW�+RVSLWDO��1XQHDWRQ��8.�

0HWKRGV

7KLV�VWXG\�ZDV�FDUULHG�RXW�LQ�WKH�$FFLGHQW�DQG�(PHUJHQF\�GHSDUWPHQW�RI�&LW\�+RVSLWDO��%LUPLQJKDP��8QLWHG�.LQJGRP�DQG�WKH�(PHUJHQF\
'HSDUWPHQW�RI�*HRUJH�(OLRW�+RVSLWDO��1XQHDWRQ��8QLWHG�.LQJGRP��$�OLVW�RI�SDWLHQWV�GLDJQRVHG�WR�KDYH�7%�ZDV�REWDLQHG�IURP�WKH�PHGLFDO�UHFRUGV
GHSDUWPHQW��+RVSLWDO�QRWHV�RI�DOO�WKHVH�SDWLHQWV�ZHUH�UHYLHZHG�WR�FROOHFW�WKH�IROORZLQJ�GDWD��DJH��VH[��HWKQLFLW\�DQG�SUHVHQWDWLRQ�LQ�WKH�(PHUJHQF\
'HSDUWPHQW�

5HVXOWV

$�WRWDO�QXPEHU�RI����SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��7KHVH�ZHUH�SDWLHQWV�GLDJQRVHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�GXULQJ�WKH�WLPH�RI�WKH�VWXG\�
���ZHUH�)HPDOH�DQG����ZHUH�0DOH��7KH�DJH�JURXS�RI�WKHVH�SDWLHQWV�ZDV����WR��������SDWLHQWV�ZHUH�XQGHU�WKH�DJH�RI����\HDUV��2QO\���SDWLHQWV�ZHUH
ERUQ�LQ�WKH�8QLWHG�.LQJGRP�DQG�WKH�UHVW�RI�WKH�SDWLHQWV�ZHUH�IURP�DQ�LPPLJUDQW�SRSXODWLRQ��,Q�WKH�SDWLHQWV�ZLWK�3XOPRQDU\�7%�RQO\����SDWLHQWV�KDG
FRXJK�DQG�RWKHU�FKHVW�V\PSWRPV����SDWLHQWV�KDG�ZHLJKW�ORVV��IHYHU�DQG�QLJKW�VZHDWV�����SDWLHQWV�SUHVHQWHG�ZLWK�EDFN�SDLQ�DQG�OXPEDU�VZHOOLQJ�RI
YDU\LQJ�GHJUHHV�DQG�RQH�RI�WKHVH�SUHVHQWHG�ZLWK�QHXURORJLFDO�GHILFLW�FRQVLVWHQW�ZLWK�FDXGD�HTXLQH�V\QGURPH��2QH�SDWLHQW�SUHVHQWHG�ZLWK
DSSHQGLFLWLV�GLDJQRVHG�WR�KDYH�DEGRPLQDO�7%�DQG�DQRWKHU�SDWLHQW�ZLWK�DEGRPLQDO�7%�SUHVHQWHG�ZLWK�ZHLJKW�ORVV�DQG�QLJKW�VZHDWV�

'LVFXVVLRQ

2XU�VWXG\�UHVXOWV�VKRZ�WKHUH�LV�D�VLJQLILFDQW�QXPEHU�RI�SDWLHQWV�WKDW�DWWHQG�WKH�(PHUJHQF\�'HSDUWPHQW�ZLWK�DW\SLFDO�SUHVHQWDWLRQV�RI�7%��7KH
PDMRULW\�RI�SDWLHQWV�DUH�IURP�WKH�LPPLJUDQW�SRSXODWLRQ��2XU�VWXG\�LV�FRQVLVWHQW�ZLWK�D�UHSRUW�IURP�WKH�+HDOWK�3URWHFWLRQ�$JHQF\��+3$��RI�WKH�8QLWHG
.LQJGRP�UHJDUGLQJ�WKH�SUHVHQWDWLRQ�LQ�WKH�LPPLJUDQW�SRSXODWLRQ��+3$�ILJXUHV�VKRZ�D�KLJKHU�SHUFHQWDJH�RI�SXOPRQDU\�������FRPSDUHG�WR
H[WUD�SXOPRQDU\�7%��,Q�RXU�VWXG\�ZH�VDZ�PRUH�������H[WUD�SXOPRQDU\�7%��7KH�PDLQ�UHDVRQ�IRU�WKLV�REVHUYDWLRQ�LV�EHWWHU�FRPPXQLW\�PDQDJHPHQW
RI�SXOPRQDU\�7%��0RVW�RIWHQ�SDWLHQWV�ZLWK�SXOPRQDU\�V\PSWRPV�DUH�GHWHFWHG�LQ�WKH�FRPPXQLW\��VHHQ�E\�*HQHUDO�3UDFWLWLRQHUV�DQG�WUHDWHG�DV
RXW�SDWLHQWV��%XW�H[WUD�SXOPRQDU\�WXEHUFXORVLV�LV�GLIILFXOW�WR�GLDJQRVH�LQ�WKH�FRPPXQLW\�DQG�WKH\�PDNH�WKHLU�ZD\�WR�(PHUJHQF\�'HSDUWPHQWV�DV�D
ODVW�UHVRUW�



&$6(�35(6(17$7,21 0RKDPPDG�$QVDUL

��������$FXWH�FRQIXVLRQ��$�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,QD\DW�5HKPDQ������0RKDPPDG�$QVDUL������$KPDG�,VPDLO����

�����JHRUJH�HOOLRW�KRVSLWDO��%LUPLQJKDP��8.

.H\ZRUGV��$FXWH�FRQIXVLRQ

$EVWUDFW��

$FXWH�FRQIXVLRQ�LV�D�FOLQLFDO�V\QGURPH�ZKLFK�LV�GLIILFXOW�WR�GHILQH�H[DFWO\��EXW�LQYROYHV�DQ�HQRUPLW\�RI�WKRXJKW��SHUFHSWLRQ�DQG�OHYHOV�RI�DZDUHQHVV�

,W�LV�W\SLFDOO\�RI�DFXWH�RQVHW�DQG�LQWHUPLWWHQW��%RWK�K\SHUDFWLYH�DQG�K\SRDFWLYH�GHOLULXP�LV�UDUHO\�UHFRJQLVHG�DQG�RIWHQ�SDWLHQWV�H[KLELW�IHDWXUHV�RI
ERWK��(SLVRGHV�RI�FRQIXVLRQ�ZLWK�PHPRU\�ORVV�DQG�WHPSRUDU\�DPQHVLD�DUH�IUHTXHQW�V\PSWRPV�RI�EUDLQ�GLVHDVH�DQG�YDULHG�HWLRORJ\�

$PRQJ�WKH�PRUH�FRPPRQ�FDXVHV�DUH��KHDG�WUDXPD��VHQLOLW\�DQG�GHPHQWLD��GHIXVHG�YDVFXODU�GLVHDVH�RI�WKH�EUDLQ��PHWDEROLF�GLVWXUEDQFHV�ZKLFK
HIIHFW�WKH�EUDLQ�VXFK�DV��K\SHUJO\FDHPLD��LQWR[LFDWLRQ�Ä�VXFK�DV�DFXWH�DOFRKROLFV��DOFRKROLVP��SV\FKRPRWRU�HSLOHSV\�DQG�SRVWLFWDO�VWDWH�RI�VHL]XUHV
FDXVHG�E\�EUDLQ�WXPRXU�DQG�RWKHU�GLVHDVHV�

:H�SUHVHQW�D�FDVH�RI�D����\HDU�ROG�JHQWOHPDQ�ZKR�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�DFXWH�FRQIXVLRQ��+LV�IULHQG�IRXQG�KLP�DW�KRPH�
FRQIXVHG��GLVRULHQWDWHG�DQG�DJJUHVVLYH��+H�ZDVQÇW�FRPPXQLFDWLQJ�YHUEDOO\��DOWKRXJK�KH�ZDV�KLV�QRUPDO�VHOI�WKH�GD\�EHIRUH��+H�KDG�SDVW�PHGLFDO
KLVWRU\�RI�NLGQH\�VWRQHV��GHSUHVVLRQ�DQG�DQ[LHW\��+H�ZDV�RQ�/DPRWULJLQH�DQG�4XHWLDSLQH�

2Q�H[DPLQDWLRQ�KLV�DLUZD\�ZDV�FOHDU��KLV�FKHVW�H[DPLQDWLRQ�GLG�QRW�VKRZ�DQ\�DEQRUPDOLW\��UHVSLUDWRU\�UDWH�ZDV����SHU�PLQXWH�ZLWK�R[\JHQ
VDWXUDWLRQ�RI�����RQ�DLU��$EGRPLQDO�H[DPLQDWLRQ�VKRZHG�QR�DEQRUPDOLW\��3XOVH�UDWH�ZDV���ESP�ZLWK�%3���������*&6�RI��������,QLWLDO�SUHVHQWDWLRQ
ZDV�DFXWH�FRQIXVLRQ�VWDWH��$�&7�KHDG�DQG�05,�KHDG�ZDV�SHUIRUPHG�ZKLFK�ZDV�IRXQG�WR�EH�QRUPDO��+LV�FKHVW�[�UD\�ZDV�QRUPDO��+LV�EORRGV�ZHUH
QRUPDO��XUHD������FUHDWLQLQH�RI����DQG�&UHDWLQLQH�.LQDVH������

+H�ZDV�GLDJQRVHG�WR�EH�VXIIHULQJ�IURP�GUXJ�LQGXFHG�UKDEGRP\RO\VLV��KLV�PHGLFDWLRQ�ZDV�VWRSSHG��7KH�SDWLHQW�LPSURYHG�DQG�ZDV�GLVFKDUJHG�KRPH�

&RQFOXVLRQ�

$FXWH�FRQIXVLRQ�PD\�EH�FDXVHG�E\�PDQ\�UHDVRQV��EXW�LW�LV�XQFRPPRQ�WR�ILQG�VRPHERG\�GHYHORSLQJ�UKDEGRP\RO\VLV�RQ�/DPRWULJLQH�DQG
4XHWLDSLQH��



&$6(�35(6(17$7,21 0RKDPPDG�$QVDUL

��������$Q�XQXVXDO�SUHVHQWDWLRQ�RI�3XOPRQDU\�(PEROLVP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,QD\DW�5HKPDQ������$KPDG�,VPDLO������0RKDPPDG�$QVDUL����

�����JHRUJH�HOOLRW�KRVSLWDO��%LUPLQJKDP��8.

.H\ZRUGV��3XOPRQDU\�(PEROLVP

$EVWUDFW��

:H�SUHVHQW�D�FDVH�RI�ELODWHUDO�SXOPRQDU\�HPEROLVP�ZKLFK�SUHVHQWHG�WR�WKH�DFFLGHQW�DQG�HPHUJHQF\�GHSDUWPHQW�RI�*HRUJH�(OLRW�+RVSLWDO��1XQHDWRQ
IROORZLQJ�DQ�LQMXU\�WR�WKH�SDWLHQWÇV�FKHVW�

&DVH�UHSRUW�

$����\HDU�ROG�ODG\�SUHVHQWHG�WR�WKH�DFFLGHQW�DQG�HPHUJHQF\�GHSDUWPHQW�DIWHU�EHLQJ�XQZHOO�DQG�IRXQG�FROODSVHG��6KH�KDG�D�IDOO�WZR�GD\V�SUHYLRXVO\
ZKLOH�VKH�ZDV�YLVLWLQJ�/RQGRQ��6KH�LQMXUHG�WKH�ULJKW�VLGH�RI�KHU�FKHVW��6KH�ZDV�VHHQ�LQ�WKH�ORFDO�KRVSLWDO�DQG�GLVFKDUJHG�ZLWK�DQDOJHVLD�

7ZR�GD\V�ODWHU�VKH�FROODSVHG��6KH�IHOW�OLJKW�KHDGHG�DQG�GL]]\�DQG�EHLQJ�YHU\�SDOH��$Q�DPEXODQFH�ZDV�FDOOHG�DQG�ZKHQ�WKH�SDUDPHGLFV�DUULYHG�KHU
SXOVH�UDWH�ZDV����ESP�DQG�KHU�%3��������+HU�SDVW�PHGLFDO�KLVWRU\�LQFOXGHG�K\SHUWHQVLRQ��6KH�ZDV�RQ�/LVLQRSULO��6KH�ZDV�ILW�DQG�ZHOO��LQGHSHQGHQW
DQG�VHOI�FDULQJ�

2Q�H[DPLQDWLRQ�VKH�ZDV�DOHUW�DQG�RULHQWDWHG��7KH�DLUZD\�ZDV�FOHDU��6KH�ZDV�EUHDWKLQJ�VSRQWDQHRXVO\��5HVSLUDWRU\�UDWH�RI������:H�ZHUH�XQDEOH�WR
JHW�KHU�R[\JHQ�VDWXUDWLRQV�RQ����OLWUHV��6KH�KDG�GHFUHDVHG�DLU�HQWU\�RQ�WKH�ULJKW�EDVH��DQG�VKH�DV�WHQGHU�RYHU�WKH�ULJKW�FKHVW�ZDOO��$EGRPLQDO
H[DPLQDWLRQ�VKRZHG�WHQGHUQHVV�RYHU�WKH�ULJKW�XSSHU�TXDGUDQW��%\�WKLV�WLPH�KHU�SXOVH�UDWH�KDG�ULVHQ�WR����ESP�ZLWK�D�%3���������&OLQLFDO�GLDJQRVLV
RI�DEGRPLQDO�LQMXU\�ZDV�PDGH�DQG�VKH�ZDV�UHIHUUHG�WR�WKH�VXUJLFDO�WHDP��+HU�FKHVW�[�UD\�ZDV�XQUHPDUNDEOH�

/DWHU�RQ�D�&7�VFDQ�RI�KHU�FKHVW�DQG�DEGRPHQ�ZDV�SHUIRUPHG��ZKLFK�VKRZHG�ELODWHUDO�SXOPRQDU\�HPEROLVP��3(��DQG�JHQHUDOLVHG�IDWW\�OLYHU��6KH�ZDV
WUHDWHG�ZLWK�GDELJDWUDQ�IRU�D�SHULRG�RI�VL[�PRQWKV�IRU�ELODWHUDO�3(�

6KH�ZDV�GLVFKDUJHG�KRPH�ZLWK�D�IROORZ�XS�DSSRLQWPHQW�LQ�DQ�RXWSDWLHQW�FOLQLF��



72;,&2/2*< 526$5,2�3(,1$'2�&/(0(16

��������&DQQDELQRLG�K\SHUHPHVLV��$Q�XQXVDO�FDXVH�RI�GLJHVWLYH�V\PSWRPV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5RVDULR�3HLQDGR������0LJXHO�$QJHO�5XL]������&RQFHSFLRQ�'H�9HUD������$OYDUR�0DUWLQ����

���6HUYLFLR�GH�8UJHQFLDV�,QIDQWD�&ULVWLQD��6HUYLFLR�([WUHPH�R�GH�6DOXG��%DGDMR]��63$,1
���6HUYLFLR�GH�8UJHQFLDV�+RVSLWDO�&RULD��6HUYLFLR�([WUHPH�R�GH�6DOXG��FRULD��63$,1

.H\ZRUGV��&DQQDELV��K\SHUHPHVLV��KRW�EDWK

$EVWUDFW��

&DQQDELQRLG�K\SHUHPHVLV��$Q�XQXVDO�FDXVH�RI�GLJHVWLYH�V\PSWRPV

�&DQQDELV�KDV�EHHQ�XVHG�UHFUHDWLRQDOO\�IRU�D�ORQJ�WLPH��DQG�LV�WKH�WKLUG�PRVW�FRPPRQO\�XVHG�GUXJ�DIWHU�WREDFFR�DQG�DOFRKRO��7KH�WKHUDSHXWLF
SRWHQWLDO�RI�FDQQDELQRLGV�KDV�EHHQ�UHFRJQL]HG�DQG�XWLOL]HG�DV�DQWL�HPHWLFV��+RZHYHU��WKH��&DQQDELQRLG�K\SHUHPHVLV�V\QGURPH�KDV�EHHQ�GHVFULEHG
FKDUDFWHUL]HG�E\�D�SDUDGR[LFDO�HIIHFW�RI�K\SHUHPHVLV�LQ�VRPH�VXVFHSWLEOH�FKURQLF�FDQQDELV�DEXVHUV��7KH�HWLRORJ\�RI�FDQQDELQRLG�K\SHUHPHVLV�LV�QRW
NQRZQ�EXW�VRPH�DXWKRUV�SURSRVH�WKDW�WKH�FHQWUDO�HIIHFWV�RI�ORQJ�WHUP�FDQQDELV�XVH�RQ�WKH�K\SRWKDODPLF�SLWXLWDU\�DGUHQDO�D[LV�PLJKW�SOD\�D�PDMRU
UROH�LQ�WKH�GHYHORSPHQW�RI�&+�

,W��ZRXOG�EH�HVVHQWLDO�IRU�WKH�GLDJQRVLV�WKH�UHJXODU�XVH�RI�FDQQDELV�IRU�\HDUV��F\FOLF�QDXVHDV�DQG�YRPLWLQJ���DEGRPLQDO�SDLQ��DQG�UHVROXWLRQ�RI
V\PSWRPV�DIWHU�VWRSSLQJ�FDQQDELV�XVH��&RPSXOVLYH�KRW�EDWKV�ZLWK�V\PSWRP�UHOLHI�ZRXOG�VXSSRUW�WKH�GLDJQRVLV�

�

:H�SUHVHQW��D�FDVH�VHULHV��RI���SDWLHQWV��DGPLWWHG�LQ��WKH�(PHUJHQF\�'HSDUWPHQW�RI�RXU�KRVSLWDO�IURP�0D\������WR�0D\�������DOO�RI�WKHP��ZLWK
ORQJ�WHUP�FDQQDELV�XVH�DQG�UHFXUUHQW�QDXVHD��YRPLWLQJ��DEGRPLQDO�SDLQ��DQG��VRPH�RI�WKHP��UHOLHYHG�ZLWK�KRW�ZDWHU�EDWKLQJ�

$OO�SDWLHQWV����IHPDOHV�DQG���PDOHV���ZHUH�XQGHU����\HDUV�RI�DJH�DQG�UHSRUWHG�XVLQJ�RI�FDQQDELV�IRU�PRUH�WKDQ���\HDUV�EHIRUH�WKH��V\PSWRP�RQVHW�
7ZR�SDWLHQWV�XVHG�LW�IRU����DQG����\HDUV�

7KH�DYHUDJH�DWWHQGDQFH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�ZDV��������,Q�RQH�FDVH��ZH�FRXQWHG����WLPHV���,Q����RI�WKHP��ZH�IRXQG�DQRWKHU�GUXJV�LQ�XULQH
�+HURLQ��FRFDLQH������UHSRUWHG�ZHHNO\�XVH�RI�DOFRKRO�

'LDJQRVWLF�VWXGLHV�ZHUH�SHUIRUPHG�LQ�PRVW�SDWLHQWV�DQG�JHQHUDWHG��QHJDWLYH�UHVXOWV�IRU��DOWHUQDWLYH�GLDJQRVHV��7KHVH�VWXGLHV�LQFOXGHG�FRPSOHWH
EORRG�FHOO�FRXQW��JOXFRVH�OHYHO��OLYHU�ELRFKHPLVWULHV��SDQFUHDWLF�HQ]\PH�OHYHO��DEGRPHQ�;�UD\�DQG�LQ�WZR�FDVHV��DEGRPLQDO�FRPSXWHG�WRPRJUDSK\
DQG�XSSHU�HQGRVFRS\�

6WDQGDUG�WUHDWPHQW�ZDV�XVHG�ZLWK�IOXLG�WKHUDS\��DQWLHPHWLF��DQG�SURWRQ�SXPS�LQKLELWRU�LQ�DOO�RI�WKHP��WKXV��DFKLHYLQJ�LPSURYHPHQW�LQ�DOO�FDVHV�DIWHU
PRUH�WKDQ����KRXUV�RI�VWD\�LQ�WKH�HPHUJHQF\�URRP�����SDWLHQWV�UHSRUWHG�UHOLHI�RI�V\PSWRPV�ZLWK��KRW�EDWKV�RU�VKRZHUV��

7KH�FOLQLFDO�LPSURYHPHQW�ZDV�FRQILUPHG�LQ�IRXU�SDWLHQWV��DIWHU�FHVVDWLRQ�RI�FDQQDELV�XVH��7KH�UHVW�FRQWLQXH�JRLQJ�WR�WKH�HPHUJHQF\�URRP��DW�WKH
WLPH�RI�ZULWLQJ�WKLV�DUWLFOH�

�

%HFDXVH��RI��WKH�KLJK�SUHYDOHQFH�DQG�LQFUHDVLQJ�FRQVXPSWLRQ�RI�&DQQDELV��LW�LV�OLNHO\�WKDW�ZH�ZLOO�VHH�DQ�LQFUHDVHG��QXPEHU�RI�SDWLHQWV�ZLWK�WKLV
V\QGURPH�LQ�WKH�(PHUJHQF\�'HSDUWPHQWV���7KHUHIRUH���LW�LV�QHFHVVDU\�WR�FROOHFW�WKH�PHGLFDO�UHFRUGV�RI�DOO�SDWLHQWV�ZKR�FRPH�ZLWK�QDXVHD�DQG
YRPLWLQJ�WKDW�DUH�UHIUDFWRU\�WR�VWDQGDUG�WKHUDS\�EXW��LPSURYHG��ZLWK�KRW�EDWKV��&DQQDELQRLG�K\SHUHPHVLV�VKRXOG�FRQVHTXHQWO\�EH�FRQVLGHUHG�LQ
WKHVH�SDWLHQWV�

�



75$80$ 7HUH]LD�3DVWHNRYD

��������3UHGLFWLRQ�RI�KRVSLWDO�PRUWDOLW\�DFFRUGLQJ�WR�WKH�ODFWDWH�OHYHO�WDNHQ�DIWHU�WKH�SUHKRVSLWDO�LQWHUYHQWLRQV�LQ�SRO\WUDXPD
SDWLHQWV

$XWKRUV�

7HUH]LD�3DVWHNRYD������.DWDULQD�%UVWLDNRYD����

���$QHVWKHVLRORJLVW��+RVSLWDO�LQ�3RSUDG��7UQDYD��6/29$.,$
���(PHUJHQF\�GRFWRU��$LU�7UDQVSRUW�(XURSH��1LWUD��6/29$.,$

.H\ZRUGV��.H\�ZRUGV��/DFWDWH��SRO\WUDXPD��PRUWDOLW\

$EVWUDFW��

,1752'8&7,21�
7KH�SUHGLFWLYH�YDOXH�RI�D�VLQJOH�HOHYDWHG�EORRG�ODFWDWH�RU�EORRG�ODFWDWH�FOHDUDQFH�RQ�PRUWDOLW\�LQ�WUDXPD�SDWLHQWV�KDV�EHHQ�GHPRQVWUDWHG�LQ�D
QXPEHU�RI�VWXGLHV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�ODFWDWH�OHYHO�RQ�WKH�DUULYDO�WR�WKH�KRVSLWDO�DIWHU�RXU�SUHKRVSLWDO�LQWHUYHQWLRQV�LQ
SRO\WUDXPD�SDWLHQWV�DQG�VXEVHTXHQW�KRVSLWDO�PRUWDOLW\�
0(7+2'2/2*<�
:H�KDYH�UHWURVSHFWLYHO\�HYDOXDWHG����SRO\WUDXPD�SDWLHQWV�ZKR�ZHUH�HYDFXDWHG�E\�WKH�KHOLFRSWHU�HPHUJHQF\�VHUYLFH�DQG�DGPLWWHG�WR�WKH�FOLQLFV�RI
DQDHVWKHVLRORJ\�DQG�LQWHQVLYH�FDUH�RI���WUDXPD�FHQWUHV�LQ�D�SHULRG�IURP������WR�������7KHVH�SDWLHQWV�ZHUH�GLYLGHG�LQWR���JURXSV�DFFRUGLQJ�WR�WKH
ODFWDWH�OHYHO��ZKLFK�KDG�WR�EH�WDNHQ�LPPHGLDWHO\�RQ�WKH�DUULYDO�WR�WKH�KRVSLWDO��,QWR�WKH�ILUVW�JURXS�WKH�SDWLHQWV�ZLWK�ODFWDWH�Ô����PPRO�O��/����ZHUH
HQUROOHG��LQWR�WKH�VHFRQG�JURXS�WKH�SDWLHQWV�ZLWK�WKH�ODFWDWH�OHYHO�RI��������PPRO�O��/����DQG�WKH�WKLUG�JURXS�ZDV�IRUPHG�E\�WKH�SDWLHQWV�ZLWK�WKH
ODFWDWH�OHYHO�Õ�����PPRO�O���/����7KHVH�JURXSV�ZHUH�FRPSDUHG�WDNLQJ�LQWR�DFFRXQW�WKH�DJH��GXUDWLRQ�RI�+(06�PLVVLRQ�IURP�WKH�ILUVW�DOHUW�WR�WKH
DGPLVVLRQ�WR�WKH�KRVSLWDO��WKH�SUHKRVSLWDO�DPRXQW�RI�LQWUDYHQRXV�IOXLGV��WKH�LQWDNH�KDHPRJORELQ��DQG�PRUWDOLW\��)RU�VWDWLVWLFDO�DQDO\VLV�$129$��7XNH\
.UDPHU�WHVW�DQG�.UXVNDO�Ä:DOOLV�ZLWK�'XQQ�WHVW�ZHUH�XVHG��7KH�GLIIHUHQFHV�LQ�QXPEHUV�RI�LQGLYLGXDO�FDWHJRULHV�ZHUH�WHVWHG�XVLQJ�WKH��[�
FRQWLQJHQF\�WDEOH��3�YDOXH�������ZDV�VLJQLILFDQW�IRU�DOO�VWDWLVWLFDO�WHVWV�
5(68/76�
7KH�DYHUDJH�DJH�RI�DOO�SDWLHQWV�ZDV������\HDUV��ZLWKRXW�VLJQLILFDQW�GLIIHUHQFH�DPRQJ�WKH�JURXSV��/��������/��������/��������$129$��S �������7KH
DYHUDJH�WLPH�IURP�WKH�ILUVW�DOHUW�WR�DGPLVVLRQ�ZDV������PLQXWHV�ZLWKRXW�VLJQLILFDQW�GLIIHUHQFH�DPRQJ�WKH�JURXSV��/���������/��������/����������:H
SUHKRVSLWDO\�DGPLQLVWHUHG�LQ�DYHUDJH������PO�RI�LQWUDYHQRXV�IOXLGV��7KH�DPRXQW�RI�IOXLGV�ZDV�LQFUHDVLQJ�ZLWK�HOHYDWLQJ�ODFWDWH���/������PO�
/������PO��/������PO��ZLWK�VWDWLVWLFDO�VLJQLILFDQFH�EHWZHHQ�WKH�JURXSV�/��DQG�/���7KH�LQWDNH�KDHPRJORELQ�ZDV�VLJQLILFDQWO\�ORZHU�LQ�WKH�WKLUG�JURXS
�/�����J�O��/������J�O��/����J�O���7KH�KRVSLWDO�PRUWDOLW\�URVH�ZLWK�LQFUHDVHG�ODFWDWH��/�������/��������,Q�WKH�WKLUG�JURXS�WKH�PRUWDOLW\�UHDFKHG
��������,Q�WKLV�ODVW�JURXS�����RI�SDWLHQWV�KDG�DW�OHDVW�LQ�RQH�SUHKRVSLWDO�PHDVXUHPHQW�WKH�V\VWROLF�EORRG�SUHVVXUH�OHVV�WKDQ���PP+J�DQG������
ZHUH�FRQWLQXRXVO\�DGPLQLVWHUHG�1RUHSLQHSKULQH�GXULQJ�WKH�PLVVLRQ�
&21&/86,21�
:H�KDYH�FRQILUPHG�WKH�JURZLQJ�KRVSLWDO�PRUWDOLW\�ZLWK�LQFUHDVLQJ�ODFWDWH��EXW�WKLV�VWXG\�KDV�EHHQ�OLPLWHG�E\�WKH�VPDOO�QXPEHU�RI�SDWLHQWV��:H�KDYH
REVHUYHG�TXLWH�KLJK�KRVSLWDO�PRUWDOLW\�LQ�WKH�JURXS�ZLWK�ODFWDWH�Õ�����PPRO�O��GHVSLWH�WKH�KLJKHU�SUHKRVSLWDO�DPRXQW�RI�LQWUDYHQRXV�IOXLGV��HDUO\
LQWXEDWLRQ�DQG�DUWLILFLDO�OXQJ�YHQWLODWLRQ�LI�WKHUH�ZDV�DQ�LQGLFDWLRQ��:KDW�FRXOG�KHOS�WR�GHFUHDVH�PRUWDOLW\�LQ�WKHVH�SDWLHQWV�LV�WKH�IXUWKHU�VKRUWHQLQJ
RI�SUHKRVSLWDO�SKDVH�HYHQ�WKRXJK�RXU�WUDQVSRUW
WLPHV�DUH�FRPSDUDEOH�ZLWK�DQRWKHU�KHOLFRSWHU�HPHUJHQF\�V\VWHP��/RQGRQnV�$LU�$PEXODQFH�����PLQ���7KH�QH[W�WKLQJ�FRXOG�EH�DGPLQLVWUDWLRQ�RI
EORRG�SURGXFWV�RQ�ERDUG�RI�D�KHOLFRSWHU�



&$6(�35(6(17$7,21 )DUDK�0XVWDID

��������$IWHU�WKH�ELNH�KH�FDQxW�WDNH�D�KLNH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1LNLWD�6YLUNRY�9DLQEHUJ������)DUDK�0XVWDID������$LGDQ�*OHHVRQ������3HDGDU�*LOOLJDQ����

���(PHUJHQF\�0HGLFLQH��%HDXPRQW�+RVSLWDO��'XEOLQ��,5(/$1'

.H\ZRUGV��EOXQW�WUDXPD��VSLQDO�FRQWXVLRQ��VSLQDO�FRUG�LQMXU\

$EVWUDFW��

7LWOH

$IWHU�WKH�ELNH�KH�FDQÇW�WDNH�D�KLNH

$XWKRUV

1�6�9DLQEHUJ��)�0XVWDID��$�*OHHVRQ��3�*LOOLJDQ

,QWURGXFWLRQ

%LF\FOH�DQG�VNDWH�ERDUGLQJ�LQMXULHV�LQ�\RXQJ�SDWLHQWV�DUH�D�FRPPRQ�SUHVHQWDWLRQ�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('���1RW�DOO�LQMXULHV�DUH�REYLRXV�RQ
LQLWLDO�DVVHVVPHQW�RI�WKH�SDWLHQW��7KHUHIRUH��D�WKRURXJK�VHFRQGDU\�VXUYH\�RI�WUDXPD�SDWLHQWV�LV�DEVROXWHO\�FUXFLDO�WR�HQVXUH�DGHTXDWH�DQG
DSSURSULDWH�PDQDJHPHQW��:H�SUHVHQW�D�FDVH�RI�D�WHHQDJHU�WKDW�KDG�VXVWDLQHG�WUDXPD�SHUIRUPLQJ�D�VWXQW�RQ�KLV�ELNH�

&DVH�5HSRUW

$����\HDU�PDOH�SDWLHQW�ZDV�EURXJKW�WR�WKH�('�E\�DPEXODQFH�LQ�VSLQDO�SUHFDXWLRQV�DIWHU�ODQGLQJ�RQ�KLV�KHDG�ZKLOVW�XQGHUWDNLQJ�D�IURQW�IOLS�RQ�KLV
%0;�ELNH��+H�KDG�EHHQ�ZHDULQJ�D�KHOPHW�DQG�VKRXOGHU�SDGV�DQG�KDG�IDOOHQ�IURP�D�KHLJKW�RI���PHWHUV�RQ�WR�KLV�KHDG�DQG�OHIW�VKRXOGHU�ZKLOH
SHUIRUPLQJ�WKH�VWXQW��+H�VXVWDLQHG�D�ORVV�RI�FRQVFLRXVQHVV�RI�DSSUR[LPDWHO\�RQH�PLQXWH�GXUDWLRQ�DQG�ZDV�FRPSODLQLQJ�RI�VHYHUH�VKRXOGHU�SDLQ��+H
GLG�QRW�FRPSODLQ�RI�DQ\�VHQVRU\�GHILFLW�RU�ZHDNQHVV�

+LV�SULPDU\�VXUYH\�ZDV�XQUHPDUNDEOH�

+H�UHFHLYHG�DQDOJHVLD�DQG�KDG�[�UD\V�RI�KLV�OHIW�VKRXOGHU��FHUYLFDO��WKRUDFLF�DQG�OXPEDU�VSLQH��$OO�[�UD\V�ZHUH�QRUPDO�

2Q�IXUWKHU�H[DPLQDWLRQ��WKH�SDWLHQW�ZDV�QRWHG�QRW�WR�KDYH�VSLQDO�WHQGHUQHVV�EXW��ZKHQ�KH�ZDV�PRELOLVHG��KH�ZDV�QRWHG�WR�EH�5KRPEHUJÇV�SRVLWLYH
DQG�ZDONHG�ZLWK�D�EURDG�EDVHG�JDLW��)XUWKHU�QHXURORJLFDO�HYDOXDWLRQ�UHYHDOHG�UHGXFHG�FR�RUGLQDWLRQ�LQ�KLV�ORZHU�OLPEV��EXW�QR�VHQVRU\�RU�PRWRU
GHILFLW��+RZHYHU��KH�KDG�JUDGH�����ZHDNQHVV�RI�&��DQG�&���DV�ZHOO�DV�JUDGH�����ZHDNQHVV�IRU�&����

+H�ZDV�UHIHUUHG�IRU�DQ�05,�RI�KLV�FHUYLFDO�VSLQH��ZKLFK�UHYHDOHG�D�VSLQDO�FRQWXVLRQ�DW�&����

+H�ZDV�DGPLWWHG�XQGHU�WKH�QHXURVXUJLFDO�WHDP�IRU�FRQVHUYDWLYH�PDQDJHPHQW��SK\VLRWKHUDS\�DQG�RFFXSDWLRQDO�WKHUDS\�DQG�LV�UHFRYHULQJ�ZHOO�

&RQFOXVLRQ

6SLQDO�FRUG�LQMXU\�ZLWKRXW�UDGLRJUDSKLF�DEQRUPDOLW\��6&,:25$��UHIHUV�WR�VSLQDO�LQMXULHV��ZLWK�QR�LGHQWLILDEOH�ERQ\�RU�OLJDPHQWRXV�LQMXU\�RQ�FRPSOHWH�
WHFKQLFDOO\�DGHTXDWH��SODLQ�UDGLRJUDSKV�RU�FRPSXWHG�WRPRJUDSK\��6&,:25$�VKRXOG�EH�VXVSHFWHG�LQ�SDWLHQWV�VXEMHFWHG�WR�EOXQW�WUDXPD�ZKR�UHSRUW
HDUO\��LPPHGLDWH��RU�WUDQVLHQW�V\PSWRPV�RI�QHXURORJLF�GHILFLW�RU�ZKR�KDYH�ILQGLQJV�XSRQ�LQLWLDO�DVVHVVPHQW��7UHDWPHQW�DQG�SURJQRVLV�DUH�EDVHG
XSRQ�QHXURORJLF�SUHVHQWDWLRQ�DQG�05,�ILQGLQJV��

,W�LV�LPSRUWDQW�WR�UHPHPEHU�WKDW�SDWLHQWV�ZLWK�EOXQW�WUDXPD�ZKR�KDYH�D�KLVWRU\�RI�WUDQVLHQW�QHXURORJLF�V\PSWRPV�WKDW�KDYH�UHVROYHG�E\�WKH�WLPH�RI
LQLWLDO�HYDOXDWLRQ�PD\�KDYH�D�VLJQLILFDQW�LQMXU\�WR�WKH�VSLQDO�FRUG�DQG�RU�VSLQDO�FROXPQ�GHVSLWH�D�QRUPDO�SK\VLFDO�H[DPLQDWLRQ�DQG�QRUPDO�VSLQH
UDGLRJUDSKV�DQG�RU�&7�

5HIHUHQFHV�

KWWS���ZZZ�XSWRGDWH�FRP�FRQWHQWV�VSLQDO�FRUG�LQMXU\�ZLWKRXW�UDGLRJUDSKLF�DEQRUPDOLW\�VFLZRUD�LQ�FKLOGUHQ



&$6(�35(6(17$7,21 )DUDK�0XVWDID

��������&�LV�IRU�FRQIXVLRQ�DQG�FRQVLGHU�&7�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)DUDK�0XVWDID������1LNLWD�6YLUNRY�9DLQEHUJ������3HDGDU�*LOOLJDQ����

���(PHUJHQF\�0HGLFLQH��%HDXPRQW�+RVSLWDO��'XEOLQ��,5(/$1'

.H\ZRUGV��0HGLFDO�GLDJQRVLV��&HUHEUDO�YHQRXV�WKURPERVLV��,QWUDFUDQLDO�KHPRUUKDJH

$EVWUDFW��

7LWOH

&�LV�IRU�FRQIXVLRQ�DQG�FRQVLGHU�&7�

�$XWKRUV

)�0XVWDID��1�6�9DLQEHUJ��3�*LOOLJDQ

,QWURGXFWLRQ

0HGLFDO�GLDJQRVLV�LV�WKH�SURFHVV�RI�GHWHUPLQLQJ�ZKLFK�GLVHDVH�RU�FRQGLWLRQ�H[SODLQV�D�SHUVRQ
V�V\PSWRPV�DQG�VLJQV��,W�LV�VDLG�WKDW�RYHU�����RI
GLDJQRVHV�DUH�PDGH�RQ�KLVWRU\�DORQH��D�IXUWKHU�������RQ�H[DPLQDWLRQ�DQG�WKH�UHPDLQGHU�RQ�LQYHVWLJDWLRQV��8QIRUWXQDWHO\��LQ�WKH�(PHUJHQF\
'HSDUWPHQW��('���WKH�FOLQLFLDQV�RIWHQ�IDFH�WKH�FKDOOHQJH�RI�QRW�KDYLQJ�D�GHWDLOHG�KLVWRU\�DYDLODEOH��DQG�WKH�GLDJQRVLV��LQYHVWLJDWLRQV�DQG
PDQDJHPHQW�RI�WKH�SDWLHQW�DUH�YHU\�GHSHQGHQW�RQ�WKH�FOLQLFDO�JHVWDOW�RI�WKH�SK\VLFLDQ�

0HWKRGV

:H�SUHVHQW�D�FDVH�RI�D�FRQIXVHG��ZLWKGUDZQ�\RXQJ�IHPDOH�SDWLHQW�WKDW�SUHVHQWHG�WR�WKH�('�ZLWK�QR�FOHDU�KLVWRU\�DYDLODEOH�EXW�VKH�DGPLWWHG�WR
WDNLQJ�SDUDFHWDPRO�

5HVXOWV

$����\HDUV�ROG�IHPDOH�SDWLHQW�ZDV�EURXJKW�LQ�E\�DPEXODQFH�WR�WKH�('�ZLWK�D�VXVSHFWHG�SDUDFHWDPRO�RYHUGRVH��6KH�SUHVHQWHG�RQ�KHU�RZQ�DQG�WKHUH
ZDV�QR�FOHDU�KLVWRU\�RU�FROODWHUDO�KLVWRU\�DYDLODEOH��6KH�DSSHDUHG�ZLWKGUDZQ�DQG�KDG�D�*&6�RI�������

$�WR[LFRORJ\�VFUHHQ�ZDV�VHQW�ZLWK�URXWLQH�LQYHVWLJDWLRQV�WKDW�DOO�FDPH�EDFN�QRUPDO��$W�WKLV�VWDJH��D�IULHQG�RI�KHUV�DUULYHG�WR�WKH�('�H[SUHVVLQJ
FRQFHUQV�WKDW�KH�KDG�FRQWDFWHG�WKH�DPEXODQFH�DIWHU�QRW�KHDULQJ�IURP�KHU�IRU�PRUH�WKDQ���GD\V�DQG�FRQILUPHG�WKDW�WKH�SDWLHQWÇV�IDPLO\�ZDV�DZD\�
,Q�WKH�FRQWH[W�RI�KHU�FRQIXVLRQ�DQG�DOWHUHG�PHQWDO�VWDWH�D��&7�VFDQ�RI�KHU�EUDLQ�ZDV�SHUIRUPHG�ZKLFK�VKRZHG�VLJQLILFDQW�LQWUDFUDQLDO�KHPRUUKDJH�LQ
OHIW�SDULHWDO�DQG�WHPSRUDO�OREHV�ZLWK�VLJQLILFDQW�VXUURXQGLQJ�HGHPD��PDVV�HIIHFW��VXOFDO�HIIDFHPHQW��FRPSUHVVLRQ�RI�ODWHUDO�YHQWULFOH�DQG�PLGOLQH
VKLIW�

$�&7�YHQRJUDP�GHPRQVWUDWHG�WKURPERWLF�RFFOXVLRQ�RI�WKH�LQWUDFUDQLDO�YHQRXV�V\VWHP�IURP�WKH�OHYHO�RI�WKH�OHIW�LQWHUQDO�MXJXODU�YHLQ�LQFOXGLQJ�OHIW
VLJPRLG�DQG�OHIW�WUDQVYHUVH�VLQXV�

)XUWKHU�HYDOXDWLRQ�DQG�DVVHVVPHQW�UHYHDOHG�WKDW�WKH�SDWLHQW�KDG�DGPLWWHG�WDNLQJ�SDUDFHWDPRO�WR�UHOLHYH�WKH�KHDGDFKH�VKH�KDG�KDG�IRU�WKH�ODVW��
ZHHNV�

7KH�SDWLHQWÇV�VXEVHTXHQW�PDQDJHPHQW�DQG�SURJUHVV�DUH�GHVFULEHG�LQ�GHWDLO�

�&RQFOXVLRQ�

&HUHEUDO�YHQRXV�WKURPERVLV��&97��LV�DQ�XQFRPPRQ�SUHVHQWDWLRQ�WR�WKH�('��&97�LV�EHOLHYHG�WR�EH�PRUH�FRPPRQ�LQ�ZRPHQ�WKDQ�LQ�PHQ��,Q�D�VWXG\�
����RI�ZRPHQ�ZLWK�&97�ZHUH�DJHG����WR����\HDUV��7KLV�GLIIHUHQFH�PD\�EH�UHODWHG�WR�SUHJQDQF\�RU�WKH�XVH�RI�RUDO�FRQWUDFHSWLYHV�

1RW�KDYLQJ�D�KLVWRU\�DYDLODEOH��SRVHV�SDUWLFXODU�GLIILFXOW\�IRU�(0�FOLQLFLDQV�WR�UHDFK�D�GLDJQRVLV��0HGLFDO�LPDJLQJ�XVHG�DSSURSULDWHO\�LQ�FRQMXQFWLRQ
ZLWK�FOLQLFDO�JHVWDOW�FDQ�KHOS�VLJQLILFDQWO\�LQ�LQYHVWLJDWLQJ�DQG�PDQDJLQJ�SDWLHQWV�

5HIHUHQFHV

$PHUL�$��%RXVVHU�0*��&HUHEUDO�YHQRXV�WKURPERVLV��1HXURO�&OLQ�������)HE�����������������
*DODU]D�0��*D]]HUL�5��&HUHEUDO�YHQRXV�VLQXV�WKURPERVLV�DVVRFLDWHG�ZLWK�RUDO�FRQWUDFHSWLYHV��WKH�FDVH�IRU�QHXURVXUJHU\��1HXURVXUJ�)RFXV��������
1RY��������(��



0$1$*(0(17���('�25*$1,6$7,21 )DUDK�0XVWDID

��������&KDSHURQHV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�v�DQ�DXGLW�RI�FOLQLFDO�SUDFWLFH�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)DUDK�0XVWDID������$QGUHZ�&DVH\������3HDGDU�*LOOLJDQ����

���(PHUJHQF\�0HGLFLQH��%HDXPRQW�+RVSLWDO��'XEOLQ��,5(/$1'

.H\ZRUGV��%HVW�SUDFWLFH�JXLGHOLQHV��&KDSHURQH��(PHUJHQF\�'HSDUWPHQW��6HQVLWLYH�DUHD�H[DPLQDWLRQ

$EVWUDFW��

7LWOH

&KDSHURQHV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�Ä�DQ�DXGLW�RI�FOLQLFDO�SUDFWLFH�

,QWURGXFWLRQ

7KH�5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH��8.�KDV�HVWDEOLVKHG�EHVW�SUDFWLFH�JXLGHOLQHV�IRU�FKDSHURQHV�LQ�WKH�(PHUJHQF\�GHSDUWPHQW��VXPPDULVHG
DV�IROORZV�

7KH�SUHVHQFH�RI�D�FKDSHURQH�VKRXOG�EH�RIIHUHG�WR�DOO�(PHUJHQF\�'HSDUWPHQW�SDWLHQWV�XQGHUJRLQJ�D��6HQVLWLYH�$UHD�([DPLQDWLRQ���UHJDUGOHVV�RI��
SDWLHQW�RU�SUDFWLWLRQHU�JHQGHUV�
7KH�SUHVHQFH�RU�DEVHQFH�RI�D�FKDSHURQH�VKRXOG�EH�DSSURSULDWHO\�GRFXPHQWHG����
,I�DQ�(PHUJHQF\�'HSDUWPHQW�SDWLHQW�GHFOLQHV�D�FKDSHURQH��WKH�IDFW�WKDW�RQH�ZDV�RIIHUHG�DQG�GHFOLQHG�VKRXOG�EH�GRFXPHQWHG�LQ�WKH�('�UHFRUG���

:H�SUHVHQW�DQ�DXGLW�RI�FOLQLFDO�SUDFWLFH�LQ�RXU�('�UHJDUGLQJ�WKH�XVH�RI�&KDSHURQHV�

0HWKRGV

:H�FRQGXFWHG�WKH�ILUVW�F\FOH�RI�WKH�DXGLW�RYHU�D���PRQWK�SHULRG�ZLWK�������DWWHQGDQFHV�RXW�RI�ZKLFK�����SDWLHQWV�QHHGHG�È6HQVLWLYH�$UHD
([DPLQDWLRQÉ�

$IWHU�DQDO\VLQJ�WKH�UHVXOWV�RI�WKH�ILUVW�F\FOH��ZH�DUH�SUHVHQWLQJ�WKH�ILQGLQJV�WR�WKH�PHGLFDO�DQG�QXUVLQJ�VWDII�LQ�WKH�('��DQG�DUH�UHLWHUDWLQJ�WKH
LPSRUWDQFH�RI�WKH�SUHVHQFH�RI�&KDSHURQHV�DV�ZHOO�DV�WKH�LPSRUWDQFH�RI�FOHDU�GRFXPHQWDWLRQ�RI�WKH�SUHVHQFH�RU�DEVHQFH�RI�D�&KDSHURQH�DQG�RU�LI
RQH�ZDV�RIIHUHG�EXW�GHFOLQHG�E\�WKH�SDWLHQW��:H�DUH�XVLQJ�WKH�GHOLYHUHG�OHFWXUHV�DQG�HOHFWURQLF�PHGLXP�IRU�HGXFDWLQJ�WKH�VWDII�LQ�('�DQG�ZLOO
SURFHHG�WR�FRPSOHWH�WKH�DXGLW�F\FOH�

5HVXOWV

7KH�UHVXOWV�RI�WKH�ILUVW�F\FOH�RI�WKH�DXGLW�VKRZHG�D�YHU\�SRRU�FRPSOLDQFH�RI�GRFXPHQWLQJ�WKH�SUHVHQFH�RU�DEVHQFH�RI�D�FKDSHURQH�DQG�RU�LI�WKH
SDWLHQW�KDG�GHFOLQHG�RQH�IRU�È6HQVLWLYH�$UHD�([DPLQDWLRQÉ��:H�DUH�LQ�WKH�SURFHVV�RI�HGXFDWLQJ�PHGLFDO�DQG�QXUVLQJ�VWDII�LQ�WKH�('�FXUUHQWO\�WR
LPSURYH�SUDFWLFH�DQG�ZLOO�FRPSOHWH�WKH�DXGLW�F\FOH�VKRUWO\�

&RQFOXVLRQ

7KH�(PHUJHQF\�'HSDUWPHQW�LV�DQ�HQYLURQPHQW�LQ�ZKLFK�WKH�HQWLUH�UDQJH�RI�SK\VLFDO�H[DPLQDWLRQV�PD\�EH�FOLQLFDOO\�QHFHVVDU\��DQG�VR�D�KRVSLWDO
VKRXOG�UHFRJQLVH�WKH�QHHG�IRU�D�FOHDU�FKDSHURQH�SROLF\�WDLORUHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW�VHWWLQJ��:LWK�WKH�KHOS�RI�WKLV�DXGLW��ZH�KDYH�WULHG�WR
LPSURYH�RXU�FXUUHQW�SUDFWLFH�UHODWLQJ�WR�WKH�PDQDJHPHQW�RI�SDWLHQWV�WKDW�UHTXLUH�È6HQVLWLYH�$UHD�([DPLQDWLRQÉ�LQ�RXU�GHSW�

5HIHUHQFHV�

7KH�5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH�EHVW�SUDFWLFH�JXLGHOLQH�Ä�&KDSHURQHV�LQ�(PHUJHQF\�'HSDUPHQWV�
&��LQHWSXE�ZZZURRW�PHGLFDO�FHP�8SORDG�GRFXPHQW]�&(0�����&KDSHURQHV�LQ�('V



3(',$75,&6 OXLV�VDQFKH]

��������6<67(0$7,&�$66(660(17�2)�7+(�5(68/76�2)�6&+22/�$/(57�352*5$0

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(0,/,$�3(5(=�0(,5,y2������FDUORV�PLUDV�EHOOR������FRUVLQD�SUDGR�SLFR������PDQXHO�EHUQDUGH]�RWHUR������OXLV�VDQFKH]�VDQWRV������DQWRQLR�LJOHVLDV
YD]TXH]����

���(PHUJHQFLHV�0HGLFDO�6\VWHP��)386*��������VDQWLDJR��63$,1

.H\ZRUGV��$1$3+</$;,6��(0(5*(1&,(6��$*8',=$7,21��&+,/'5(1

$EVWUDFW��

,1752'8&7,21�$1'�2%-(&7,9(6

7KH�k$/(57�6&+22/l�SURJUDP�ZDV�GHYHORSHG�WR�DQWLFLSDWH�WKH�WUHDWPHQW�RI�HPHUJHQFLHV�LQ�FKLOGUHQ��UHODWHG�ZLWK�FKURQLF�LOOQHVVHV�GLDJQRVHG
SUHYLRXVO\��,W�LQFOXGHV�DGPLQLVWUDWLYH�DFWLRQV���WUDLQLQJ�DFWLRQV�DGGUHVVHG�WR�WKH�WHDFKHUV�LQ�FKDUJH�RI�WKRVH�FKLOGUHQ��LQFOXGLQJ�KRZ�WR�UHFRJQL]H�D
FULWLFDOO\�LOO�FKLOGUHQ��KRZ�WR�DFWLYDWH�HIIHFWLYHO\�WKH�HPHUJHQF\�V\VWHP��DQG�KRZ�WR�SUHVHUYH�DQG�LGHQWLI\�DGHTXDWHO\�WKH�PHGLFDWLRQ�QHHGHG���DQG
OHJDO�DFWLRQV��RQFH�WKH�����LV�DFWLYDWHG��WKH�GRFWRUV�RI�WKH�&(&�PDNH�WKHPVHOYHV�UHVSRQVLEOH�RI�WKH�WUHDWPHQW���

7KH�LOOQHVVHV�LQFOXGHG�LQ�WKH�SURJUDP�DUH��HSLOHSV\�DQG�XQVSHFLILHG�FRQYXOVLRQV��VHYHUH�DOOHUJ\�LQ�UHODWLRQ�ZLWK�SRWHQWLDO�DQDSK\ODFWLF�VKRFN�
GLDEHWHV�PHOOLWXV�DQG�VHYHUH�K\SRJO\FDHPLD��DQG�ORVV�RI�FRQVFLRXVQHVV�

7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�HYDOXDWH�WKH�UHVXOWV�REWDLQHG�ZLWK�WKH�3URJUDP�k6FKRRO�$OHUWl�LQFOXGLQJ�LWV�HIIHFWLYHQHVV�ERWK�WR�GHWHFW�FKLOGUHQ
ZLWK�WKH�LOOQHVVHV�LQFOXGHG�LQ�WKH�SURJUDP��DV�ZHOO�DV�WR�GLVWULEXWH�DGHTXDWHO\�WKH�VDQLWDU\�UHVRXUFHV�WR�SURYLGH�WKH�WUHDWPHQW�WR�WKH�HPHUJHQFLHV
UHODWHG�

�0(7+2'6

�$�UHWURVSHFWLYH�DQDO\VLV�VLQFH�WKH�EHJLQQLQJ�RI�WKH�3URJUDP��LQFOXGLQJ�WKH�WRWDO�RI��SDWLHQWV�FODVVLILHG�E\�SDWKRORJ\��WKH�QXPEHU�RI�HPHUJHQF\�FDOOV
UHFHLYHG�UHJDUG�ZLWK�WKH�3URJUDP��DQG�WKH�UHVRXUFH�UHTXLUHG�WR�VROYH�WKH�VLWXDWLRQ��ZDV�SHUIRUPHG��7KH�SRVVLEOH�VROXWLRQV�ZHUH��VROYH�E\�SKRQH
�ZLWK�RU�ZLWKRXW�GLUHFW�LQWHUYHQWLRQ�RI�WKH�WHDFKHUV���PRELOL]DWLRQ�RI�VDQLWDU\�UHVRXUFHV��LQFOXGLQJ�KHDOWKFDUH�WHDP�DQG�DPEXODQFH��DQG�VROYHG�LQ
VLWX��DQG�DGPLVVLRQ�WR�DQ�8UJHQF\�5RRP��85��RI�D�+RVSLWDO�&HQWUH��

�5(68/76

�%HWZHHQ�-DQXDU\�RI������DQG�'HFHPEHU�RI������������SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�3URJUDP���������������LQ�UHODWLRQ�ZLWK�VHYHUH�DOOHUJ\�����
���������HSLOHSV\�RU�IHEULOH�FRQYXOVLRQV���������������GLDEHWHV�PHOOLWXV��K\SRJO\FDHPLD���DQG�WKH�UHVW���������������LQFOXGHG�GLIIHUHQW�LOOQHVVHV
ZLWK�WKH�FRPPRQ�ULVN�WR�SUHVHQW�D�ORVV�RI�FRQVFLRXVQHVV�

�,Q�WKH���\HDU�SHULRG�LQ�WKH�&(&�ZHUH�UHFHLYHG�����HPHUJHQF\�FDOOV�UHODWHG�WR�WKRVH�FKLOGUHQ��LQ�����FDVHV����������WKH�FDOO�ZDV�VROYHGE\�SKRQH�LQ
VLWX��,Q�WKH�RWKHU�����FDVHV�����������LQ����D�GLUHFW�FOLQLFDO�DVVLVWDQFH�ZDV�QHHGHG�LQFOXGLQJ�DPEXODQFH�DQG�VROYHG�E\�WUHDWPHQW�LQ�VLWX��DQG�LQ�WKH
ODVW����SDWLHQWV�����������WKH�FKLOG�ZDV�DGPLWWHG�WR�WKH�85�RI�D�+RVSLWDO�&HQWUH�

�',6&866,21

�7KH�ILUVW��E\VWDQGHUV��OLQN�RI�WKH�FDUH�FKDLQ��LV�WKH�ZHDNHVW��7R�VWUHQJWKHQ�LW��LW
V�HVVHQWLDO�WR�SURYLGH�WR�E\VWDQGHUV�ERWK�WKH�DELOLW\�WR�UHFRJQL]H
SUHFRFLRXVO\�WKH�HPHUJHQF\��DV�ZHOO�DV�WKH�DELOLW\�WR�DFWLYDWH�HIIHFWLYHO\�WKH�HPHUJHQF\�V\VWHP��DQG�ILQDOO\�RQFH�LV�DFWLYDWHG��WKH�DELOLW\�WR�SURYLGH
WKH��DGHTXDWH�WUHDWPHQW�JXLGHG�E\�WKH�GRFWRUV�RI�WKH�&(&��7R�IDFLOLWDWH�WKH�ZKROH�SURFHVV��WKH�DVVXPSWLRQ�RI�OHJDO�UHVSRQVLELOLW\�E\�WKH�GRFWRUV�RI
WKH�(06�LV�HVVHQWLDO��

7KH�SURJUDP�ZDV�HIIHFWLYH�WR�GHWHFW�DQG�LQFOXGH�FKLOGUHQ�ZLWK�WKH�LOOQHVVHV�UHODWHG���������,Q�DGGLWLRQ��LI�ZH�FRQVLGHU�WKDW�XS�WR�������RI�WKH
HPHUJHQFLHV�ZHUH�VROYHG�LQ�VLWX��DQG�WKH�UHDO�HPHUJHQFLHV����������ZHUH�LGHQWLILHG�DQG�VWDELOLVHG�LQ�VLWX�EHIRUH�DGPLWWLQJ�WKHP�WR�WKH�85�RI�D
+RVSLWDO�&HQWUH��ZH�FRQFOXGH�WKDW�LW�ZDV�DOVR�HIIHFWLYH�WR�GLVWULEXWH�DGHTXDWHO\�WKH�VDQLWDU\�UHVRXUFHV�



0,6&(//$1(286 )UHG�)LHVVHOHU

��������0RVW�HPHUJHQF\�GHSDUWPHQW�SDWLHQWV�ZLWK�HSLVWD[LV�DUH�WUHDWHG�ZLWKRXW�LQWHUYHQWLRQ�DQG�ERXQFH�EDFNV�DUH�XQFRPPRQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5HQHH�5LJJV������)UHG�)LHVVHOHU������'DYH�6DOR������'DYH�&XWKEHUW������-DPLH�$OOHQ����

�����5XWJHUV�0HGLFDO�6FKRRO��1HZ�%UXQVZLFN��1HZ�%UXQVZLFN��86$
�����0RUULVWRZQ�0HGLFDO�&HQWHU��0RUULVWRZQ��86$

.H\ZRUGV��HSLVWD[LV��HPHUJHQF\�PHGLFLQH

$EVWUDFW��

(SLVWD[LV�LV�D�FRPPRQ�GLVHDVH�HQFRXQWHUHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQWV��('���ZKLFK�FDQ�EH�WLPH��ODERU��DQG�UHVRXUFH�LQWHQVLYH���7KRXJK�UDUHO\
OLIH�WKUHDWHQLQJ�LWV�WUHDWPHQW�FDQ�FDXVH�VLJQLILFDQW�GLVFRPIRUW���$OVR�WURXEOLQJ�DUH�WKH�UDWH�RI�ERXQFH�EDFNV���6WXG\�2EMHFWLYH��7R�HYDOXDWH
HSLVWD[LV�('�UHWXUQV�YLVLWV�DQG�DQDO\]H�EDVHG�RQ�SURFHGXUDO�LQWHUYHQWLRQ����0HWKRGV���'HVLJQ��$�PXOWL�FHQWHU�UHWURVSHFWLYH�FRKRUW�VWXG\��6HWWLQJ����
XUEDQ��VXEXUEDQ��DQG�UXUDO�('�LQ�WKH�1HZ�<RUN�1HZ�-HUVH\�DUHD��3DUWLFLSDQWV��&RQVHFXWLYH�SDWLHQWV�ZLWK�ILQDO�,&'��GLDJQRVLV�RI�HSLVWD[LV�IURP�-DQ����
�����WR�6HSW�������������([FOXVLRQ��Ô����\UV�RI�DJH��5HSHDW�YLVLWV�ZHUH�GHILQHG�DV�DQ�XQSODQQHG�('�HQFRXQWHU������KRXUV�IURP�LQLWLDO�YLVLW�
�6HDVRQDOLW\�ZDV�GHWHUPLQHG�E\�HTXLQR[HV�DQG�VROVWLFHV���3URFHGXUH�FRGHV�ZHUH�H[WUDFWHG�XWLOL]LQJ�,&'���ELOOLQJ�LQIRUPDWLRQ���6WDWLVWLFV��&KL�VTXDUH
DQG�0DQQ�:KLWQH\�ZHUH�XWLOL]HG�ZLWK�D�3�YDOXH��������DV�VLJQLILFDQW���5HVXOWV���$�WRWDO�RI�����������SDWLHQW�HQFRXQWHUV�RFFXUUHG�GXULQJ�WKH�VWXG\
SHULRG���7KH�WRWDO�RI�������������ZHUH�GLDJQRVHG�ZLWK�HSLVWD[LV���3HGLDWULF�SDWLHQWV�FRPSULVHG������1 �������DQG�ZHUH�H[FOXGHG���7KH�RYHUDOO
PHGLDQ�DJH�ZDV������\UV��,45��������������)HPDOHV�FRPSULVHG������1 �������1LQHW\�WKUHH�SHUFHQW�ZHUH�GLVFKDUJHG�����ZHUH�DGPLWWHG��DQG������
ZHUH�WUDQVIHUUHG���0HDQ�DJH�LQ�\HDUV�RI�WKRVH�DGPLWWHG�YHUVXV�WKRVH�GLVFKDUJHG�ZDV����DQG�����UHVSHFWLYHO\��S ����������7KH�PRVW�FRPPRQ
VHDVRQ�IRU�('�HSLVWD[LV�YLVLWV�ZDV�ZLQWHU�����IROORZHG�E\�VSULQJ��������IDOO�������DQG�VXPPHU����������8QSODQQHG�UHWXUQ�YLVLWV�RFFXUUHG�LQ�����RI
FDVHV��1 ��������0HGLDQ�DJH�RI��WKRVH�ZKR�KDG�UHSHDW�YLVLWV�ZDV���������&,������������\HDUV��YHUVXV���������&,������������\HDUV��IRU�WKRVH�ZKR
GLG�QRW��S ��������3URFHGXUH�FRGHV�LQFLGHQFH��DQWHULRU�VLPSOH������SRVWHULRU�����DQWHULRU�FRPSOH[����DQG�QRQH������FDXWHU\�DQG�RU�SDFNLQJ�ZRXOG
KDYH�EHHQ�SHUIRUPHG�RQ�DOO�FRGHV�H[FHSW�IRU�ÈQRQHÉ����6L[WHHQ�SHUFHQW�RI�WKRVH�ZKR�XQGHUZHQW�DQ�DQWHULRU�SURFHGXUH�KDG�DQ�XQSODQQHG�UHWXUQ�DQG
���RI�HSLVWD[LV�SDWLHQWV�ZLWKRXW�D�SURFHGXUH�KDG�DQ�XQSODQQHG�UHWXUQ����S �����������&RQFOXVLRQ���8QSODQQHG�UHWXUQ�HPHUJHQF\�GHSDUWPHQW
YLVLWV�IRU�HSLVWD[LV�DUH�XQFRPPRQ�DQG�RFFXU�PRUH�IUHTXHQWO\�IROORZLQJ�SDFNLQJ���3K\VLFLDQV�GLVSOD\�JRRG�FOLQLFDO�MXGJHPHQW�RQ�WKRVH�SDWLHQWV�ZKR
GR�QRW�UHTXLUH�SDFNLQJ�RU�FDXWHU\��ZKLFK�FDQ�EH�XQFRPIRUWDEOH���WLPH�FRQVXPLQJ��DQG�FRVWO\��



3(',$75,&6 +HH\RXQJ�.,0

��������6XJJHVWLRQ�RI�D�PRGLILHG�UHGXFWLRQ�PDQHXYHUV�ZLWK�SDUHQWV�LQ�WKH�SXOOHG�HOERZ�FKLOGUHQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+HH\RXQJ�.,0������-XQVHRN�6HR������+DQ6HRQJ�/HH����

�����QRQH��*R\DQJ�&LW\��.25($��5(38%/,&�2)
�����QRQH��*R\DQJ��.25($��5(38%/,&�2)

.H\ZRUGV��5DGLDO�KHDG�VXEOX[DWLRQ��$QQXODU�OLJDPHQW��5HGXFWLRQ

$EVWUDFW��

,QWURGXFWLRQ

,I�UDGLDO�KHDG�VXEOX[DWLRQ��RWKHUZLVH�NQRZQ�DV�SXOOHG�HOERZ��RFFXUV��FORVHG�UHGXFWLRQ�FDQ�GLDJQRVH�DQG�WUHDW�WKH�FKLOG�VLPXOWDQHRXVO\��$V�WKH
JXDUGLDQ�VHOGRP�XQGHUVWDQGV�WKH�PDQHXYHU�ZLWKRXW�H[SODQDWLRQ��ZH�UHYLVHG�D�PHWKRG�WR�LQYROYH�WKH�FDUHJLYHU�LQ�WKH�WUHDWPHQW�

�

0HWKRG

7KLV�LV�D�SURVSHFWLYH�FRQWUROOHG�VWXG\��)URP�-DQXDU\�������WR�'HFHPEHU��������FKLOGUHQ�VXVSHFWHG�RI�UDGLDO�KHDG�VXEOX[DWLRQ��XQGHU�WKH�DJH�RI���
ZHUH�HQUROOHG��3DWLHQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�WZR�JURXSV��2QH�JURXS�ZDV�WUHDWHG�FRQYHQWLRQDOO\�DQG�WKH�RWKHU�JURXS�ZDV�WUHDWHG�ZKLOVW�WKH
SDUHQWÇV�ILQJHU�ZDV�RQ�WKH�SDWLHQWÇV�ODWHUDO�HSLFRQG\OH��$�WRWDO�RI�WKUHH�DWWHPSWV�ZHUH�PDGH�XVLQJ�K\SHUSURQDWLRQ�PHWKRG�DQG�WKH�VXSLQDWLRQ�IOH[LRQ
PHWKRG��7KH�SK\VLFLDQ�WKHQ�UHFRUGHG�ZKHWKHU�WKH�WUHDWPHQW�VXFFHHGHG��WKH�QXPEHU�RI�DWWHPSWV��HDVLQHVV�RI�WKH�UHGXFWLRQ��JXDUGLDQÇV�GHJUHH�RI
XQGHUVWDQGLQJ�DQG�VDWLVIDFWLRQ�

�

5HVXOWV

$�WRWDO�RI�����SDWLHQWV�ZHUH�HQUROOHG��7KH�QXPEHU�RI�DWWHPSWV�LQ�WKH�H[SHULPHQWDO�JURXS�DQG�WKH�FRQWURO�JURXS�ZDV������DQG������WLPHV
UHVSHFWLYHO\��7KH�VXFFHVV�UDWH�ZDV�������LQ�WKH�H[SHULPHQWDO�JURXS�DQG�������RQ�WKH�FRQWURO�JURXS��7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH
ZLWKLQ�WKH�WZR�JURXSV��7KH�SK\VLFLDQV�IRXQG�WKH�UHYLVHG�PHWKRG�DV�HDV\�DV�WKH�FRQYHQWLRQDO�PHWKRG�DQG�WKH�FDUHJLYHUÇV�GHJUHH�RI�XQGHUVWDQGLQJ
ZDV�KLJKHU�LQ�WKH�H[SHULPHQWDO�JURXS�

�

&RQFOXVLRQ

$V�WKH�UHYLVHG�PHWKRG�LQFUHDVHV�WKH�GHJUHH�RI�JXDUGLDQVÇ�XQGHUVWDQGLQJ�DQG�GRHV�QRW�LQFUHDVH�WKH�GLIILFXOW\�RI�WKH�SURFHGXUH��ZH�UHFRPPHQG�XVLQJ
WKH�UHYLVHG�PHWKRG�LQ�WUHDWLQJ�UDGLDO�KHDG�VXEOX[DWLRQ�



35(�+263,7$/���(06���287�2)�+263,7$/ <RQJMLQ�3DUN

��������8UEDQ�DQG�5XUDO�'LIIHUHQFHV�LQ�2XW�RI�+RVSLWDO�&DUGLDF�$UUHVW�RI�$GYDQFHG�/LIH�6XSSRUW�IRU�D�9LGHR�&DOO�RQ�6PDUWSKRQHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6HRQJ�-XQJ�.LP������<RQJMLQ�3DUN������6RR�+\XQJ�&KR����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��&KRVXQ�8QLYHUVLW\�+RVSLWDO��*ZDQJMX��.25($��5(38%/,&�2)
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��&ROOHJH�RI�PHGLFLQH��&KRVXQ�8QLYHUVLW\��*ZDQJMX��.25($��5(38%/,&�2)

.H\ZRUGV��8UEDQ��5XUDO��&DUGLDF�$UUHVW��9LGHR�&DOO

$EVWUDFW��

2EMHFWLYH

�7R�FRPSDUH�WKH�VXUYLYDO�UDWH�DQG�QHXURORJLF�RXWFRPHV�IURP�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW�LQ�UXUDO�DQG�XUEDQ�DUHDV�RI�DGYDQFHG�OLIH�VXSSRUW�IRU�D
YLGHR�FDOO�RQ�VPDUWSKRQHV��DQG�WR�LQYHVWLJDWH�WKH�IDFWRUV�DVVRFLDWHG�ZLWK�WKHVH�GLIIHUHQFHV�

�

0HWKRGV

�7KH�����UHVFXH�VHUYLFH�.RUHDQ�HPHUJHQF\�UHVFXH�V\VWHP��GDWD�EDVHV�RI�������FDUGLDF�DUUHVWV��ZKR�ZHUH�WUDQVSRUWHG�LQ���SLORW�DUHDV�E\�����UHVFXH
VHUYLFHV�IURP�$XJXVW���������WR�'HFHPEHU�����������ZHUH�DQDO\]HG�

�

5HVXOWV

�7KH�PHGLDQ�DPEXODQFH�UHVSRQVH�WLPH�ZDV�VKRUWHU��3����������DQG�WKH�PHGLDQ�GLVWDQFH�IURP�FDUGLDF�DUUHVW�ORFDWLRQ�WR�WKH�FORVHVW�DPEXODQFH
VWDWLRQ�ZDV�VKRUWHU��3����������LQ�XUEDQ�WKDQ�LQ�UXUDO�DUHDV��5XUDO�SDWLHQWV�ZHUH�D�PHGLDQ�GLVWDQFH�RI������NP�IURP�WKH�DPEXODQFH�VWDWLRQ�
FRPSDUHG�ZLWK������NP�IRU�XUEDQ�SDWLHQWV��:H�IRXQG�WKDW�FDUGLDF�DUUHVW�LQVLGH�WKH�KRPH�ZDV�PRUH�IUHTXHQW��3����������DPRQJ�WKH�XUEDQ�SDWLHQWV
��������WKDQ�DPRQJ�WKH�UXUDO�SDWLHQWV����������%XW�VXUYLYDO�UDWHV�DQG�QHXURORJLF�RXWFRPHV�GLG�QRW�GLIIHU�EHWZHHQ�XUEDQ�DQG�UXUDO�FDUGLDF�DUUHVW
SDWLHQWV�LQ�VPDUW�DGYDQFHG�OLIH�VXSSRUW�

�

&RQFOXVLRQ

�$V�LW�LV�LPSUDFWLFDO�WR�VXEVWDQWLDOO\�GHFUHDVH�UHVSRQVH�WLPHV�DQG�GLVWDQFH�LQ�UXUDO�DUHDV��DGYDQFHG�OLIH�VXSSRUW�XVLQJ�YLGHR�FDOO�RQ�VPDUW�SKRQHV
WKDW�PD\�LPSURYH�RXWFRPH�DIWHU�FDUGLDF�DUUHVW�



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< +DQ6HRQJ�/HH

��������$GYHUVH�GUXJ�HYHQWV�LQ�DGXOW�SDWLHQWV�YLVLWLQJ�HPHUJHQF\�GHSDUWPHQW�LQ�NRUHD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-HRQJ�+XQ�/HH������+DQ�6HRQJ�/HH����

�����'RQJJXN�XQLYHUVLW\�LOVDQ�KRVSLWDO��*R\DQJ��.25($��5(38%/,&�2)

.H\ZRUGV��$GYHUVH�GUXJ�HYHQWV��SUHYDOHQFH��VSRQWDQHRXV�DGYHUVH�GUXJ�HIIHFWV

$EVWUDFW��

$GYHUVH�GUXJ�HYHQWV��$'(V��GLGQÇW�XQIUHTXHQWO\�KDSSHQ�LQ�ERWK�LQSDWLHQW�DQG�RXWSDWLHQW��7KHVH�HYHQWV�DUH�D�VLJQLILFDQW�FDXVH�RI�PRUELGLW\�DQG
PRUWDOLW\��DQG�UHVXOWV�LQ�LQFUHDVLQJ�,QVWLWXWLRQDO�FDUH��LQFOXGLQJ�DQG�SK\VLFLDQ�YLVLWV��DQG�GLDJQRVWLF�WHVWV��PHGLFDWLRQ�XVH��LQFUHDVHG�HPHUJHQF\
GHSDUWPHQW��('��DQG�KRVSLWDO�DGPLVVLRQV��$'(V�KDYH�EHHQ�HVWLPDWHG�WKDW��Ä����RI�DGPLVVLRQV�DUH�GUXJ�UHODWHG�DQG�KDYH�EHHQ�VWXGLHG�PRVWO\
DPRQJ�KRVSLWDO�SDWLHQWV��+RZHYHU��$'(V�RFFXUULQJ�LQ�WUHDWHG�LQ�('V�UHFHLYH�OHVV�DWWHQWLRQ��WKRXJK�QHDUO\���IROG�PRUH�SDWLHQWV�DUH�WUHDWHG�LQ�('V�IRU
$'(V�FRPSDUHG�WR�WKRVH�DGPLWWHG��,Q�VXFK�D�UHDVRQ��ZH�LQYHVWLJDWH�WR�GHWHUPLQH�WKH�SUHYDOHQFH��VHYHULW\��DQG�SUHYHQWDELOLW\�RI�$'(V�LQ�SDWLHQWV
SUHVHQWLQJ�DW�('V�LQ�'RQJJXN�8QLYHUVLW\�0HGLFDO�&HQWHU�,OVDQ�+RVSLWDO�IRU���\HDUV�

$�UHWURVSHFWLYH�UHJLVWU\�VWXG\�ZKLFK�ZDV�SHUIRUPHG�E\�XVLQJ�WKH�VSRQWDQHRXV�DGYHUVH�GUXJ�HIIHFWV�UHSRUWHG�GDWD�RQ�DQ�HOHFWURQLF�PHGLFDO�UHFRUG
IRU�DGYHUVH�GUXJ�HIIHFWV�ZDV�FRQGXFWHG�RQ�D�VWUDWLILHG�UDQGRP�VDPSOH��Q� ������RI�DGXOWV��Õ���\��ZKR�SUHVHQWHG�WR�('V�IURP�-DQXDU\���������WR
'HFHPEHU����������7KH�DYHUDJH�DJH�RI�SDWLHQWV�ZLWK�DGYHUVH�GUXJ�HIIHFWV�LQ�('������k������\HDUV��DQG�0DOH�JHQGHU�ZHUH��������'UXJ�FRPELQDWLRQ
ZDV�DYHUDJH�����k������6HYHULW\�RI�V\PSWRPV�ZHUH�VHYHUH�LQ������DQG�QRQ��VHYHUH�LQ��������7KH�UHSRUWHU�ZDV�QXUVHV�LQ��������GRFWRUV�LQ�������
7KH�PRVW�FRPPRQ�V\PSWRP�ZDV�XUWLFDULD�LQ�������DQG�WKH�PRVW�FRPPRQ�GUXJ�FODVV�ZDV�DQDOJHVLFV�LQ����������8VLQJ�WKH�VSRQWDQHRXV�DGYHUVH
GUXJ�HIIHFWV�UHSRUWHG�GDWD�RQ�DQ�HOHFWURQLF�PHGLFDO�UHFRUG�LV�ZRUWK�QRWLQJ��7KH�IXWXUH�SDUWLFLSDWLRQ�RI�PRUH�LQVWLWXWLRQV�QHHGV�DGGLWLRQDO�VWXG\



('8&$7,21�$1'�75$,1,1* $XNVWDNDOQLV�9\WDXWDV

��������7UHDWLQJ�WKH�WUDXPD�WHDP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$XNVWDNDOQLV�9\WDXWDV������-DVLQVNDV�1HGDV������6WDVDLWLV�.HVWXWLV������'RER]LQVNDV�3DXOLXV������'DPEUDXVNDV�=LOYLQDV������9DLWNDLWLV�'LQDV����

�����+RVSLWDO�RI�/LWKXDQLDQ�8QLYHUVLW\�RI�+HDOWK�6FLHQFHV��.DXQDV��/,7+8$1,$
�����&ULVHV�5HVHDUFK�&HQWUH��'HSDUWPHQW�RI�'LVDVWHU�0HGLFLQH��/LWKXDQLDQ�8QLYHUVLW\�RI�+HDOWK�6FLHQFHV��.DXQDV��/,7+8$1,$

.H\ZRUGV��7UDXPD�WHDP��WUDXPD��HPHUJHQF\�PHGLFLQH

$EVWUDFW��

%DFNJURXQG

,WCV�EHHQ�GHFDGHV�VLQFH�ÈJROGHQ�KRXUÉ�KDV�EHHQ�LQFRUSRUDWHG�LQ�WUDXPD�SDWLHQW�PDQDJHPHQW�DQG�ÈWUDXPD�WHDPÉ�EHFDPH�WKH�IURQW�OLQH�VROGLHUV�RI
(5��0DQ\�VWXGLHV�KDV�VKRZQ�WKH�EHQHILW�RQ�SDWLHQWV�RXWFRPH�DIWHU�LPSOHPHQWDWLRQ�RI�WUDXPD�V\VWHP��+RZHYHU�WKH�EHVW�ZD\�RI�PDLQWDLQLQJ�DQG
LPSURYLQJ�WUDXPD�WHDP�SHUIRUPDQFH�HVSHFLDOO\�RQ�QRQ�WHFKQLFDO�VNLOOV�LV�VWLOO�QRW�ZHOO�NQRZQ��,W�LV�NQRZQ�WKDW�FRQWLQXHV�OHDUQLQJ��TXDOLW\
PHDVXUHPHQW�DQG�IHHGEDFN�DUH�WKH�IRXQGDWLRQ�RI�NHHSLQJ�KLJK�VWDQGDUGV�RQ�SDWLHQWV�VDIHW\�

0HWKRGV

7UDXPD�WHDP�DXGLW�KDV�EHHQ�FDUULHG�RXW�LQ�/LWKXDQLDQ�PDMRU�OHYHO�,,,�WUDXPD�FHQWHU��:H�LQFRUSRUDWHG�WZR�QHZ�FRPSRQHQWV�LQ�WUDXPD�DXGLW��)LUVW�RQH
ZDV�FRQWLQXRXV�VLPXODWLRQ�OHDUQLQJ��HYHU\�PRUQLQJ�DOO�WUDXPD�WHDP�PHPEHUV�KDG�WR�JDWKHU�XS�LQ�WKH�(5�IRU�RQH�VLPXODWLRQ�VHVVLRQ��7KH�VHFRQG�ZDV
PHDVXUHPHQW�RI�QRQ�WHFKQLFDO�VNLOOV�DQG�JLYLQJ�IHHGEDFN�DIWHU�VLPXODWLRQ�OHDUQLQJ�DQG�UHDO�OLIH�H[SHULHQFHV��7UDXPD�WHDP�SHUIRUPDQFH�KDV�EHHQ
HYDOXDWHG�XVLQJ�RXU�GHYHORSHG�HYDOXDWLRQ�WRRO��7UDXPD�WHDP�PHPEHUV�KDV�QRW�EHHQ�LQIRUPHG�DERXW�WKH�DXGLW�

5HVXOWV

7UDXPD�WHDP�SHUIRUPDQFH�RQ�QRQ�WHFKQLFDO�VNLOOV�KDV�EHHQ�HYDOXDWHG�EHIRUH�WKH�LQWHUYHQWLRQ�DQG�DIWHU�XVLQJ�RXU�GHYHORSHG�SHUIRUPDQFH�HYDOXDWLRQ
WRRO�

&RQFOXVLRQ

:H�VWLOO�KDYH�D�IDU�ZD\�WR�D�ZHOO�EDODQFHG�DQG�IXQFWLRQLQJ�WUDXPD�WHDP��%XW�ÈWLPH�RIIVÉ�DW�WKH�EHJLQQLQJ�RI�D�VKLIW�VHHPV�WR�EH�DQ�HDVLO\
DFFRPSOLVKHG�SHUIRUPDQFH�LPSURYHPHQW�VWUDWHJ\��È7LPH�RIIVÉ�GULOOV��TXDOLW\�PHDVXUHPHQW�DQG�IHHGEDFN�VKRXOG�EHFRPH�D�VWDQGDUG�HYHU\GD\
SURFHGXUH�HVSHFLDOO\�LQ�OHVV�FURZGHG�HPHUJHQF\�URRPV��ZHUH�UHDO�OLIH�SUDFWLFH�LV�QRW�WKDW�FRPPRQ�



72;,&2/2*< +DQ�6XQJ�&KRL

��������$�FDVH�RI�G\VDUWKULD�FDXVHG�E\�5LFLQXV�&RPPXQLV�WHD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+DQ�6XQJ�&KRL������6HR�.\RQJ�/HH������-XQVRR�6HRN������.\RXQJKZDQ�.LP������+\HRQVRQJ�.LP������6XQJN\RR�.LP������<RXQJ�*ZDQ�.R������6HRN�+RRQ
.R������+RRQ�3\R�+RQJ����

�����.\XQJ�+HH�8QLYHUVLW\�+RVSLWDO��6HRXO��.25($��5(38%/,&�2)
�����5RJHQ�+RVSLWDO��'RQJGXFKHRQ��.25($��5(38%/,&�2)
�����.\XQJ�+HH�8QLYHUVLW\�+RVSLWDO��<RXQJ�*ZDQ��.25($��5(38%/,&�2)

.H\ZRUGV��5LFLQXV�&RPPXQLV��QHXURORJLF�GHILFLW��ZDWHU�H[WUDFWV

$EVWUDFW��

7KH�FDVWRU�RLO�SODQW��5LFLQXV�FRPPXQLV��LV�D�SHUHQQLDO�VFUXE�RI�WKH�VSXUJH�IDPLO\�(XSKRUELDFHDH��5�FRPPXQLV�SUREDEO\�RULJLQDWHV�IURP�$IULFD�
1RZDGD\V�WKH�SODQW�JURZV�ZLOG�LQ�WURSLFDO�DQG�VXEWURSLFDO�UHJLRQV��&DVWRU�VHHGV�DUH�D�ULFK�VRXUFH�RI�RLO�ZKLFK�FDQ�EH�XVHG�DV�DQ�LQH[SHQVLYH�IXHO�IRU
RLO�ODPSV�DQG�LQGXVWULDO�UDZ�PDWHULDO�IRU�OXEULFDQWV��SDLQWV��FRDWV�DQG�FRVPHWLF�SURGXFWV��5LFLQXV�FRPPXQLV�LV�FRQVLGHUHG�WR�EH�OHVV�WR[LF�LQ�KXPDQV�
7KH�PDMRULW\�RI�LQWR[LFDWLRQV�ZHUH�GXH�WR�GLUHFW�LQJHVWLRQ�RI�VHHGV�DQG�WKH�PRVW�FRPPRQ�FRPSODLQWV�ZHUH�YRPLWLQJ��GLDUUKHD��DEGRPLQDO�SDLQ��DQG
G\VSQHD�LQ�JHQHUDO��%XW�SRLVRQLQJ�E\�ZDWHU�H[WUDFWV�RI�5��FRPPXQLV�ZLWK�QHXURORJLF�V\PSWRPV�KDYH�QRW�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH�VR�IDU��+HUH
ZH�UHSRUW�D�FDVH�RI�G\VDUWKULD�FDXVHG�E\�GULQNLQJ�WHD�EUHZHG�ZLWK�5�FRPPXQLV�LQ�D����\HDU�ROG�ZRPDQ�ZLWK�PDQLIHVWDWLRQV�RI�G\VDUWKULD��:DWHU
H[WUDFWV�RI�5�FRPPXQLV�FDQ�FDXVH�WR[LFLW\�DQG�PD\�FDXVH�QHXURORJLFDO�V\PSWRPV�



%,20$5.(56 -RR�6XN�2K

��������3���SHDN�RI�WKH�VRPDWRVHQVRU\�HYRNHG�SRWHQWLDOV�DV�D�QRYHO�ELRPDUNHU�RI�QHXURORJLF�RXWFRPH�DIWHU�FDUGLDF�DUUHVW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-RR�6XN�2K������6XQJ�:RRN�.LP������.\RXQJ�+R�&KRL����

�����7KH�&DWKROLF�8QLYHUVLW\�RI�.RUHD��6HRXO��.25($��5(38%/,&�2)
�����7KH�&DWKROLF�8QLYHUVLW\�RI�.RUHD��8LMHRQJEX�VL��.25($��5(38%/,&�2)

.H\ZRUGV��6(3��FDUGLDF�DUUHVW��QHXURORJLF�RXWFRPH

$EVWUDFW��

,QWURGXFWLRQ

7KH�DEVHQFH�RI�1���RI�WKH�VRPDWRVHQVRU\�HYRNHG�SRWHQWLDOV��6(3��LV�UHFRPPHQGHG�DV�D�YDOXDEOH�SUHGLFWRU�RI�SRRU�QHXURORJLF�RXWFRPH�LQ
SRVW�FDUGLDF�DUUHVW�SDWLHQWV�����+RZHYHU��LQWHUSUHWDWLRQ�RI�1���LV�DIIHFWHG�E\�WKH�EDFNJURXQG�QRLVH�OHYHOV��5HOLDEOH�DQDO\VLV�RI�1���LV�OLPLWHG�ZLWK
KLJK�QRLVH�OHYHOV�DQG�DUWLIDFWV��3���LV�D�SRVLWLYH�GHIOHFWLRQ�RI�1���RFFXUULQJ�DW�������PVHF��7KH�DPSOLWXGH�RI�1���YDULHV�ZLGHO\�EHWZHHQ�LQGLYLGXDOV
ZKLOH�3���LV�HYLGHQW�HYHQ�ZLWK�DQ�DPELJXRXV�1���LQ�SDWLHQWV�ZLWK�JRRG�RXWFRPH��:H�K\SRWKHVL]HG�WKDW�WKH�QHJDWLYH�SRVLWLYH�GHIOHFWLRQ�RI�1���3��
FRPSRQHQWV�LV�PRUH�YDOXDEOH�SUHGLFWRU�WKDQ�WKH�1���DORQH�

3DUWLFLSDQWV�DQG�0HWKRGV

:H�UHWURVSHFWLYHO\�LQYHVWLJDWHG�6(3��UHFRUGHG����KRXUV�DIWHU�FDUGLDF�DUUHVW�LQ����SDWLHQWV�WUHDWHG�ZLWK�K\SRWKHUPLF�WDUJHWHG�WHPSHUDWXUH
PDQDJHPHQW��:H�FODVVLILHG�1���DQG�3���DV�QRUPDO�RU�DEQRUPDO��$EQRUPDO�1���ZDV�GHILQHG�DV�WKH�ELODWHUDO�RU�XQLODWHUDO�DEVHQFH�RI�1����$EQRUPDO
3���ZDV�GHILQHG�DV�WKH�ELODWHUDO�RU�XQLODWHUDO�DEVHQFH�RI�SRVLWLYH�GHIOHFWLRQ�RFFXUUHG�DIWHU�1���LQ�WKH���Ä���PVHF�UDQJH��$�SHDN�ZDV�FRQVLGHUHG
DEVHQW�LI�WKH�DPSOLWXGH�ZDV�OHVV�WKDQ�����»9��&HUHEUDO�SHUIRUPDQFH�FDWHJRU\��&3&��ZDV�GHWHUPLQHG�XSRQ�KRVSLWDO�GLVFKDUJH��3RRU�RXWFRPH�ZDV
GHILQHG�DV�&3&������'LDJQRVWLF�SDUDPHWHUV�RI�1���DQG�3���ZHUH�FDOFXODWHG�

5HVXOWV

����RI�WKH�SDWLHQWV�ZLWK�SRRU�RXWFRPH��Q ����VKRZHG�DEQRUPDO�1���ZKLOH�����VKRZHG�DEQRUPDO�3����1RQH�RI�WKH�SDWLHQWV�ZLWK�JRRG�RXWFRPH
�Q ����VKRZHG�DEQRUPDO�1���RU�3����'LDJQRVWLF�YDOXHV�RI�1���DQG�3���DQG�WKHLU�����FRQILGHQFH�LQWHUYDOV�ZHUH�DV�IROORZV��6HQVLWLYLW\�������
����������������������������6SHFLILFLW\������������������������������������1HJDWLYH�OLNHOLKRRG�UDWLR��������������������������������������3RVLWLYH
SUHGLFWLYH�YDOXH������������������������������������1HJDWLYH�SUHGLFWLYH�YDOXH��������������������������������������$UHD�XQGHU�FXUYH������
��������������������������������

'LVFXVVLRQ

7KLV�VWXG\�UHYHDOHG�WKDW�WKH�1���IROORZHG�E\�D�SRVLWLYH�GHIOHFWLRQ��3����LV�PRUH�YDOXDEOH�DV�D�SURJQRVWLF�PDUNHU�WKDQ�WKH�1���DORQH��$FFRUGLQJ�WR
WKH�UHFHQW�VWXG\��QRW�RQO\�WKH�SUHVHQFH�RI�1���EXW�WKH�DPSOLWXGH�RI�1���KDV�DOVR�SUHGLFWLYH�YDOXH������+RZHYHU��1���DPSOLWXGH�LV�YDULDEOH�DPRQJ
SDWLHQWV��DQG�D�IHZ�SDWLHQWV�ZLWK�JRRG�RXWFRPH�VKRZ�VPDOO�1����7KHUHIRUH��VPDOO�1���FDQQRW�LGHQWLI\�SRRU�RXWFRPH�RU�JRRG�RXWFRPH�RI�QRUPDO
YDULDQW��1R�3���RFFXU�ZLWKRXW�SUHFHGLQJ�1����DQG�WKH�DPSOLWXGH�RI�3���VHHPV�WR�EH�FORVHO\�UHODWHG�WR�WKH�RXWFRPH�VLPLODU�WR�WKH�1����,W�VHHPV�WKDW
WKH�GHIHFWLYH�VRPDWRVHQVRU\�SDWKZD\�UHVXOWLQJ�VPDOO�1���DOVR�OHDGV�WR�VPDOO�3����+RZHYHU��WKH�DPSOLWXGH�RI�3���RFFXUUHG�LQ�WKH�QRUPDO
VRPDWRVHQVRU\�SDWKZD\�LV�QRW�VWULFWO\�UHODWHG�WR�WKH�DPSOLWXGH�RI�1����,Q�SDWLHQWV�ZLWK�JRRG�RXWFRPH��VPDOO�1���FDQ�EH�IROORZHG�E\�D�ODUJH�3���
ZKLFK�PDNHV�3���PRUH�UHOLDEOH�PDUNHU�WKDQ�1����0HDQZKLOH��WKUHH�SDWLHQWV�ZLWK�SRRU�RXWFRPH�VKRZHG�YHU\�KLJK�1���DQG�3���DPSOLWXGH��!�»9��
9HU\�KLJK�DPSOLWXGH�PLJKW�LQGLFDWH�SRRU�RXWFRPH��ZKLFK�LV�FRQVLVWHQW�ZLWK�D�UHFHQW�VWXG\������7KH�SURJQRVWLF�YDOXH�RI�1���DQG�3���QHHGV�WR�EH
UHHYDOXDWHG�LQ�ODUJHU�SURVSHFWLYH�VWXGLHV�

5HIHUHQFHV

:LMGLFNV�()0��HW�DO��1HXURORJ\�������������������
(QGLVFK�&��HW�DO��1HXURORJ\���������������������

�

$FNQRZOHGJHPHQW

1RQH�



&$5',29$6&8/$5 0$5,$�&8(1&$�7255(6

��������&255(&7�,'(17,),&$7,21�2)�7+(�6(0,27,&6�2)�&+(67�3$,1�,1�7+(�(0(5*(1&<�75,$*(

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$LQKRD�6�QFKH]�&RUW�V������$QWRQLR�3ULHWR�'DYLD������0$5,$�&8(1&$�7255(6������0�-RVH�&RUW�V�*�PH]����

���QXUVLQJ��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$O]LUD��63$,1
���(PHUJHQF\��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$/&,5$�$/=,5$��63$,1
���5HVHDUFK��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$/&,5$�$/=,5$��63$,1

.H\ZRUGV��7ULDJH�QXUVH��(PHUJHQF\�'HSDUWPHQW��FKHVW�SDLQ�DQG�LVFKHPLF�KHDUW�GLVHDVH�

$EVWUDFW��

7ULDJH�LV�D�WRRO�IRU�WKH�FODVVLILFDWLRQ�RI�SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��$FXWH�&RURQDU\�6\QGURPH��$&6��LV�WKH�OHDGLQJ�FDXVH�RI�GHDWK�LQ�RXU
FRXQWU\�DQG�QHHGV�HDUO\�GLDJQRVLV�DQG�WUHDWPHQW��&KHVW�SDLQ�LV�WKH�PDLQ�V\PSWRP�RI�$&6��DQG�D�IUHTXHQW�UHDVRQ�IRU�FRQVXOWDWLRQ�LQ�WKH�HPHUJHQF\
GHSDUWPHQW��7KLV�VWXG\�GHVFULEHV�WKH�LPSRUWDQFH�RI�D�FRUUHFW�LGHQWLILFDWLRQ�RI�WKH�VHPLRWLFV�RI�FKHVW�SDLQ�WULDJH�E\�QXUVHV��EDVHG�RQ�D�VDPSOH�RI
����ZKR�GHPDQGHG�XUJHQW�DWWHQWLRQ�IRU�WKLV�SUREOHP�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DW�WKH�+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD�

7R�DVVHVV�WKH�FRUUHFW�VHPLRWLFV�RI�FKHVW�SDLQ�E\�QXUVHV�GXULQJ�WULDJH�DW�WKH�+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��'HSDUWPHQW����

7KLV�ZRUN�LV�D�UHWURVSHFWLYH��REVHUYDWLRQDO�DQG�GHVFULSWLYH�VWXG\�WKDW�ZDV�FRQGXFWHG�RQ����SDWLHQWV�LQ�WKH�KHDOWK�DUHD�GHSDUWPHQW�DW�WKH�+RVSLWDO
8QLYHUVLWDULR�GH�/D�5LEHUD��7KHVH�SDWLHQWV�WXUQHG�XS�WR�WULDJH�DW�WKH�(PHUJHQF\�'HSDUWPHQW�E\�DQ\�VXVFHSWLEOH�FRPSODLQW�SRWHQWLDOO\�UHODWHG�WR
LVFKHPLF�KHDUW�GLVHDVH�EHWZHHQ���$XJXVW�DQG����2FWREHU�������7KH�GDWD�ZHUH�FROOHFWHG�XVLQJ�WKH�SURJUDP�ÈFOLQLFDO�6,$6É�ZLWK�����SDWLHQWV
LQFOXGHG�LQ�WKH�VWXG\��7KH�YDULDEOHV�WKDW�ZH�KDYH�UDLVHG�ZLOO�DQDO\VH�DJH��VH[��(.*��WKH�SULRULW\�DVVLJQHG�E\�WKH�WULDJH�QXUVH�'(,026��WKH�GLVFKDUJH
GLDJQRVLV�DQG�SHUIRUPLQJ�WULDJH�(.*�

7KH�DYHUDJH�DJH�ZDV�������DQG�D������SHUFHQWDJH�RI�PHQ���������RI�SDWLHQWV�GHPDQGHG�XUJHQW�DWWHQWLRQ�ÈFKHVW�SDLQÉ��7KH�PRVW�XVHG
GLVFULPLQDWRU�ZDV�ÈUHFHQW�SUREOHPÉ�LQ�������RI�WKH�FDVHV��7KH�PRVW�UHSUHVHQWDWLYH�SULRULW\�DVVLJQHG�ZDV�������IURP�3���$PRQJ�WKH�VWXG\�SDWLHQWV�
������RI�WKH�WRWDO�KDG�D�KLVWRU\�RI�LVFKHPLF�KHDUW�GLVHDVH��������RI�SDWLHQWV�XQGHUZHQW�DQ�HOHFWURFDUGLRJUDSKLF�WHVW��������RI�SDWLHQWV�ZHUH
WUHDWHG�LQ�WKH�TXHU\�DUHD��H[DPLQDWLRQ�URRP���EHLQJ�ÈFKHVW�SDLQÉ�WKH�PRVW�UHSUHVHQWDWLYH�GLVFKDUJH�GLDJQRVLV�LQ��������RI�WKH�FDVHV�VWXGLHG�������
RI�WKH�SDWLHQWV�ZHUH�GLVFKDUJHG�

0RVW�RI�WKH�SDWLHQWV�LQ�RXU�VWXG\�ZHUH�PHQ�ZLWK�DQ�DYHUDJH�DJH�RI��������EXW�QR�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�REVHUYHG�UHJDUGLQJ�VH[�

5HJDUGLQJ�WKH�HOHFWURFDUGLRJUDSKLF�WHVW��WKH�UHDOL]DWLRQ�RI�LW�ZDV�QRW�VLJQLILFDQW�DPRQJ�SDWLHQWV�LQ�WKH�VDPSOH�

������������7KH�PRVW�SUHYDOHQW�SULRULW\�DVVLJQHG�LQ�PRVW�RI�WKH�FDVHV�IRU�WKH�GLDJQRVLV�RI�FKHVW�SDLQ�ZDV�È3�É��7KH�PRVW�UHSUHVHQWDWLYH�UHDVRQ�IRU
FRQVXOWDWLRQ�ZDV�ÈFKHVW�SDLQÉ�ZKLOH�PDNLQJ�WKH�PRVW�SUHYDOHQW�KLJK�GLDJQRVLV�

������������,Q�WKH�VWXG\��WKH�PRVW�FRPPRQ�GLVFKDUJH�GLDJQRVLV�XVHG�ZDV�ÈFKHVW�SDLQÉ��WR�ZKLFK�D�SULRULW\�3��ZDV�PRVWO\�DVVLJQHG�

������������7KH�GLDJQRVLV�RI�ÈDQ[LHW\É�ZDV�PRVW�SUHYDOHQW�DW�D�\RXQJHU�DJH�RQ�DYHUDJH��7KH�KLJKHVW�DYHUDJH�DJH�EHORQJHG�WR�WKH�ILQDO�GLDJQRVLV�RI
È,�$�0�É

������������,Q�WKH�FDVHV�VWXGLHG��WKH�GLVFKDUJH�GLDJQRVLV�PDGH�ZLWK�HOHFWURFDUGLRJUDPV�ZDV�PDLQO\�ÈFKHVW�SDLQÉ��ZKLOH�WKH�ILQDO�GLDJQRVLV�PDGH�ZLWK
IHZHU�HOHFWURFDUGLRJUDSKLF�WHVWV�ZDV�ÈDQ[LHW\É�

������������:KHQ�SHUIRUPLQJ�WKH�HOHFWURFDUGLRJUDP��WKH�KLVWRU\�RI�LVFKHPLF�KHDUW�GLVHDVH�ZDV�QRW�WDNHQ�LQWR�DFFRXQW��QRW�EHLQJ�VLJQLILFDQW�WKH
UHDOL]DWLRQ�RI�WKH�VDPH�EHWZHHQ�ERWK�JURXSV�RI�SDWLHQWV�

������������(PHUJHQF\�QXUVLQJ�GLG�QRW�FRUUHFWO\�LGHQWLI\�WKH�VHPLRWLFV�RI�FKHVW�SDLQ�



&$6(�35(6(17$7,21 0DUWD�-RUGgQ�'RPLQJR

��������$QLVDNLV��DQ�XQXVXDO�FDXVH�RI�DQDSK\OD[LV�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DUWD�-RUG�Q�'RPLQJR������'DQLHO�6�HQ]�$EDG������&ULVWLQD�%DTXHU�6DK�Q������6XVDQD�0RQ]RQ�%DOODULQ������0LJXHO�5LYDV�-LP�QH]����

���(PHUJHQF\��+RVSLWDO�&O�QLFR�8QLYHUVLWDULR��/R]DQR�%OHVD���=DUDJR]D��63$,1
���(PHUJHQF\��+RVSLWDO�&O�QLFR�8QLYHUVLWDULR���=DUDJR]D��63$,1
���$OOHUJRORJ\��+RVSLWDO�&O�QLFR�8QLYHUVLWDULR�/R]DQR�%OHVD��=DUDJR]D��63$,1
���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�&O�QLFR�8QLYHUVLWDULR�/R]DQR�%OHVD��=DUDJR]D��63$,1

.H\ZRUGV��$QDSK\OD[LV��$QLVDNLV��$EGRPLQDO�SDLQ

$EVWUDFW��

&$6(�5(3257��$����\HDUV�ROG�PDQ�ZLWK�DQ\�DQWHFHGHQW�RI�LQWHUHVW��SUHVHQWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��FRPSODLQLQJ�DQ�HSLVRGH�RI���
KRXUV�RI�HYROXWLRQ�RI�D�SHULXPELOLFDO�DQG�HSLJDVWULF�SDLQ�RI�PRGHUDWH�LQWHQVLW\�ZLWKRXW�LUUDGLDWLRQ�DQG�DVVRFLDWHG�ZLWK�PDODLVH��+H�GLG�QRW�UHIHU�IHYHU�
,Q�WKH�ODVW�KRXUV��KH�SUHVHQWHG�DV�ZHOO�VNLQ�OHVLRQV�DV�DQ�XUWLFDULD�LQ�DUPSLW�DQG�DEGRPHQ��:KHQ�WKH�SDWLHQW�DUULYHG�WR�WKH�('��LW�KLJKOLJKWV
K\SRWHQVLRQ��������PP+J���WDFK\FDUGLD������EHDWV�SHU�PLQXWH���ORZ�R[\JHQ�VDWXUDWLRQ������EDVHOLQH��DQG�HU\WKHPDWRXV�OHVLRQV�LQ�DEGRPHQ�DQG
DUPSLWV��QRW�VFDO\�DQG�FRQIOXHQW��2Q�DEGRPLQDO�H[DPLQDWLRQ��LW�KLJKOLJKWV�HSLJDVWULXP�SDLQ��ZLWKRXW�VLQJV�RI�SHULVWRQLVP��:LWK�WKH�LQLWLDO�VXVSLFLRQ�RI
DQDSK\OD[LV��WUHDWPHQW�ZDV�LQLWLDWHG�ZLWK�LQWUDPXVFXODU�DGUHQDOLQH��DQWLKLVWDPLQH�DQG�FRUWLFRVWHURLG�DQG�LQWHQVLYH�LQWUDYHQRXV�IOXLG�WKHUDS\�
&OLQLFDO�VLWXDWLRQ�ZDV�VWDELOL]HG�GLVDSSHDULQJ�LWFKLQJ�DQG�VNLQ�OHVLRQV�EXW�QRW�DEGRPLQDO�SDLQ��$QDO\WLFDO�UHVXOWV�ZHUH�QRUPDO��H[FHSW�IRU�WKH
SUHVHQFH�RI�PLOG�HRVLQRSKLOLD��'XH�WR�WKH�SHUVLVWHQFH�RI�DEGRPLQDO�SDLQ��XOWUDVRXQG�ZDV�SHUIRUPHG�GHPRQVWUDWLQJ�WKH�SUHVHQFH�RI�IUHH�OLTXLG
SHULVSOHQLF�DQG�SHULKHSDWLF�IOXLG�DQG�QR�HYLGHQFH�RI�ELOLRSDQFUHDWLF�RU�DQ\RWKHU�DOWHUDWLRQV��7KH�VWXG\�ZDV�H[WHQGHG�E\�DEGRPLQDO�&RPSXWHG
7RPRJUDSK\��&7���ZLWK�HYLGHQFHG�WKLFNHQLQJ�RI�JDVWULFV�IROGV�VXJJHVWLQJ�JDVWULF�LQIODPPDWRU\�SURFHVV��)LJXUH����

',))(5(17,$/�',$*126,6��FRPSOLFDWHG�K\GDWLG�F\VW��HSLVRGH�RI�KLVWDPLQHUJLF�LQWHVWLQDO�DQJLRHGHPD��IRRG�LQGXFHG�DQDSK\OD[LV��SDUDVLWLF
JDVWULWLV��HRVLQRSKLOLF�JDVWULWLV�

(92/87,21��)ROORZLQJ�WKH�ILQGLQJV�LQ�DEGRPLQDO�&7��QHZ�RULHQWHG�DQDPQHVLV�ZDV�SHUIRUPHG��DQG�WKH�SDWLHQW�UHFRJQL]HG�LQWDNH�XQIUR]HQ�ILVK
�DQFKRYLHV�LQ�YLQHJDU��SULRU�WR�WKH�VWDUW�RI�DEGRPLQDO�SDLQ��$QLVDNLDVLV�ZDV�VXVSHFWHG��DQG�XUJHQW�JDVWURVFRS\�ZDV�UHTXHVWHG��ZDWFKLQJ�OLYH
SDUDVLWHV�LQ�WKH�JDVWULF�PXFRVD��SUHGRPLQDQWO\�LQ�WKH�ERG\�DQG�IXQGXV��)LJXUH�����(QGRVFRSLF�UHPRYDO�RI�DOO�SDUDVLWHV�GLVSOD\HG�ZDV�SHUIRUPHG�DQG
WKH�SDWLHQW�VKRZHG�SURJUHVVLYH�LPSURYHPHQW�ZLWK�ILQDO�GLVDSSHDUDQFH�RI�SDLQ�

),1$/�',$*126,6��$QLVDNLV�DQDSK\OD[LV

',6&866,21��7KH�$QLVDNLV�VLPSOH[��WKH�PDLQ�VSHFLHV�FDXVLQJ�KXPDQ�DQLVDNLDVLV�FRPSOH[��KDV�DQ�H[WHQVLYH�GLVWULEXWLRQ��,W�LV�WUDQVPLWWHG�WR
KXPDQV�E\�HDWLQJ�UDZ�RU�XQGHUFRRNHG�ILVK��,Q�6SDLQ��WKH�PDLQ�UHVSRQVLEOH�ILVK�DUH�IUHVK�DQFKRYLHV��EXW�WKH\�KDYH�DOVR�LQYROYHG�RWKHU�VSHFLHV��KDNH�
VDUGLQHV��FRG�����$QLVDNLDVLV�LV�DQ�XQGHUGLDJQRVLV�GLVHDVH�LQ�RXU�DUHD��VR�LWV�DFWXDO�SUHYDOHQFH�LV�SUREDEO\�KLJKHU�WKDQ�GRFXPHQWHG�LQ�WKH�OLWHUDWXUH�
,W�LV�SURGXFHG�E\�WKH�ORFDO�DFWLRQ�RI�WKH�SDUDVLWH�RQ�WKH�VWRPDFK��DIWHU�D�ODWHQF\�SHULRG�RI�������KRXUV�IURP�WKH�LQJHVWLRQ�RI�SDUDVLWL]HG�ILVK��7KH
PRVW�FRPPRQ�IRUPV�RI�SUHVHQWDWLRQ�DUH�JDVWULF��LQWHVWLQDO�DQG�JDVWUR�DOOHUJLF��,Q�WKH�VWRPDFK��WKH�SDUDVLWH�DWWDFKHV�WR�WKH�PXFRVD��SURGXFLQJ�ORFDO
LUULWDWLRQ�WKDW�FDXVH�LQWHQVH�HSLJDVWULF�SDLQ��QDXVHD��YRPLWLQJ�DQG�IHYHU�ZLWKLQ�D�IHZ�KRXUV�DIWHU�WKDW�LQJHVWLRQ��,W�PD\�EH�DFFRPSDQLHG�E\�VNLQ�UDVK�
7KH�GLDJQRVLV�RI�WKLV�SDUDVLWRVLV�FDQ�EH�GLIILFXOW��HVSHFLDOO\�LI�WKH�KLVWRU\�RI�LQWDNH�RI�UDZ�RU�XQGHUFRRNHG�ILVK�LV�QRW�WDNHQ�LQWR�DFFRXQW��7KH
DQDO\WLFDO�DQG�UDGLRORJLFDO�ILQGLQJV�DUH�YHU\�XQVSHFLILF��(QGRVFRS\�LV�GLDJQRVWLF�DQG�WKHUDSHXWLF�EHFDXVH�LW�DOORZV�WKH�H[WUDFWLRQ�RI�WKH�SDUDVLWH�DQG
WKH�FRQVHTXHQW�LPSURYHPHQW�RI�V\PSWRPV�



0,6&(//$1(286 0DUWD�-RUGgQ�'RPLQJR

��������3DUDPHWHUV�LQ�(PHUJHQF\�'HSDUWPHQW�UHODWHG�ZLWK�LQFUHDVH�RI�KRVSLWDO�PRUWDOLW\�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DUWD�-RUG�Q�'RPLQJR������'DQLHO�6�HQ]�$EDG������&ULVWLQD�%DTXHU�6DK�Q������&DUPHQ�/DKR]D�3�UH]������,Q�V�0XULOOR�'�D]�GH�&HULR������0HUFHGHV
-LP�QH]�&DVDGR������0DU�D�0DUW�QH]�'�H]������0LJXHO�5LYDV�-LP�QH]����

���(PHUJHQF\��+RVSLWDO�&O�QLFR�8QLYHUVLWDULR��/R]DQR�%OHVD���=DUDJR]D��63$,1
���(PHUJHQF\��+RVSLWDO�&O�QLFR�8QLYHUVLWDULR��/R]DQR�%OHVD���=DUDJR]D��63$,1
���(PHUJHQF\��+RVSLWDO�&O�QLFR�8QLYHUVLWDULR���=DUDJR]D��63$,1
���(PHUJHQF\��+RVSLWDO�&O�QLFR�8QLYHUVLWDULR�/R]DQR�%OHVD��=DUDJR]D��63$,1
���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�&O�QLFR�8QLYHUVLWDULR�/R]DQR�%OHVD��=DUDJR]D��63$,1

.H\ZRUGV��+RVSLWDO�PRUWDOLW\��/DFWDWH��&KDUOVRQ�VFRUH�

$EVWUDFW��

,1752'8&,21��+HDOWKFDUH�LQ�SDWLHQWV�ZKR�DUH�DGPLWWHG�LQ�KRVSLWDO�WULHV�WR�WUHDW�WKH�FDXVH�WKDW�PRWLYDWHV�WKH�LQFRPH�DQG�GHWHFW�DQG�WUHDW�RWKHU
KHDOWK�SUREOHPV��7KH�H[SHFWHG�LPSDFW�LV�WR�UHGXFH�KRVSLWDO�VWD\��UHDGPLVVLRQV�DQG�ILQDOO\��WKH�KRVSLWDO�PRUWDOLW\�DV�ZHOO��,I�ZH�FRXOG�LGHQWLI\�WKH
IDFWRUV�SUHVHQW�RQ�DVVRFLDWHG�ZLWK�LQFUHDVHG�KRVSLWDO�PRUWDOLW\��ZH�FRXOG�FKDQJH�WKHP�HDUOLHU�DQG�LQWHQVLI\�PRQLWRULQJ�RI�WKRVH�SDWLHQWV�

2%-(7,9(6��,GHQWLI\�ZKLFK�FKDUDFWHULVWLFV�RI�SDWLHQWV�RQ�RI�DGPLVVLRQ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�DUH�DVVRFLDWHG�ZLWK�KLJKHU�PRUWDOLW\�GXULQJ
KRVSLWDO�VWD\�

3$57,&,3$176�$1'�0(7+2'6��&DVH�FRQWURO�VWXG\��:H�FROOHFWHG�DV�FDVHV�DOO�SDWLHQWV�ZKR�GLHG�LQ�KRVSLWDO�EHWZHHQ���-XO\�DQG����'HFHPEHU
������&RQWUROV�ZHUH�SDWLHQWV�GLVFKDUJHG�GXULQJ�WKH�VDPH�SHULRG�ZLWK�DJHG�PDWFKHG�����ZLWK�D�GHYLDWLRQ�RI�k���\HDUV��7KH�FOLQLFDO�HQGSRLQW�ZDV
KRVSLWDO�PRUWDOLW\��7KH\�ZHUH�FROOHFWHG�SULRU�WR�HQWHULQJ�FOLQLFDO��SHUVRQDO�EDFNJURXQG��&KDUOVRQ�VFRUH��EORRG�SUHVVXUH��%3���WHPSHUDWXUH��DQG
DQDO\WLFDO�YDULDEOHV��JOXFRVH��FUHDWLQLQH��JORPHUXODU�ILOWUDWLRQ�UDWH��*)5��ZLWK�&.'�(3,���LRQV��KHPRJUDP�DQG�DUWHULDO�EORRG�JDVHV���'LIIHUHQFHV�ZLWK�S
������ZHUH�FRQVLGHUHG�VLJQLILFDQW�

5(68/76�������SDWLHQWV������FDVHV�DQG�����FRQWUROV��ZHUH�LQFOXGHG��7KHUH�ZHUH�VLJQLILFDQW�GLIIHUHQFHV�LQ�FDVHV�YV�FRQWUROV�DW�&KDUOVRQ�LQGH[�����
YV������S�����������V\VWROLF�%3������YV�����PP+J��S�����������JOXFRVH������YV�����PJ���GO��S�����������*)5�����YV����PO���PLQ��������P���S
����������VRGLXP������YV������P(T���/��S� ���������2��VDWXUDWLRQ�������YV����������S�����������KHPRJORELQ�������YV������J���GO��S����������
OHXNRF\WHV��������YV�������PP���S�����������S+��������YV�������S����������DQG�ODFWDWH������YV�����PPRO���/��S����������

',6&866,21��7KHUH�DUH�IHDWXUHV�RQ�DGPLVVLRQ��LQFUHDVHG�&KDUOVRQ�VFRUH��DUWHULDO�K\SRWHQVLRQ��K\SHUJO\FHPLD��UHGXFHG�*)5��DQHPLD��K\SR[HPLD�
OHXNRF\WRVLV�DQG�LQFUHDVHG�ODFWDWH��WKDW�DUH�DVVRFLDWHG�ZLWK�LQFUHDVHG�KRVSLWDO�PRUWDOLW\��3DWLHQWV�ZLWK�WKHVH�FKDUDFWHULVWLFV�UHTXLUH�PRUH�LQWHQVLYH
PRQLWRULQJ�IURP�DGPLVVLRQ�



',6$67(5�0(',&,1( $OH[DQGUH�$//211($8

��������3UDFWLFDO�JXLGHOLQHV�DQG�FRQVHUYDWLRQ�RI�VXFFLQ\OFKROLQH�LQ�XQFRQYHQWLRQDO�VLWXDWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+XJXHV�/()257������$OH[DQGUH�$//211($8������$OH[DQGUH�0(1',%,/������)UDQFN�3('8==,������0LFKHO�%,*1$1'������5HQ��%,+$11,&������.DULP
7$=$52857(������-HDQ�3LHUUH�72857,(5����

���%XUHDX�0�GHFLQH�G
8UJHQFH��%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���3�OH�8UJHQFHV�6$08�����&+8�(GRXDUG�+HUULRW��/\RQ��)5$1&(

.H\ZRUGV��VXFFLQ\OFKROLQH��SUDFWLFDO�JXLGHOLQHV��VWRUDJH��DOOHUJLF�ULVN��FRQVHUYDWLRQ�PRGDOLWLHV��DOJRULWKP��XQFRQYHQWLRQDO�VLWXDWLRQ

$EVWUDFW��

,QWURGXFWLRQ��LQ�������7KH�)UHQFK�1DWLRQDO�3KDUPDFHXWLFDOV�$JHQF\��$160��UHFDOOHG�WKH�QHHG�WR�VWRUH�VXFFLQ\OFKROLQH����WR���j&�XQWLO
DGPLQLVWUDWLRQ��DVVXPLQJ�RWKHUZLVH�DQ�LQFUHDVHG�ULVN�RI�DOOHUJ\��,I�WKLV�ULVN�KDV�QRW�EHHQ�IRUPDOO\�GHPRQVWUDWHG��D�FRQVHUYDWLRQ�DOJRULWKP�LV�\HW�WR
EH�HVWDEOLVKHG�LQ�XQFRQYHQWLRQDO�VLWXDWLRQ�

0DWHULDO�DQG�PHWKRGV��5HYLHZ�RI�WKH�OLWHUDWXUH�RQ�VWDELOLW\�RI�VXFFLQ\OFKROLQH�VWXGLHV�LQ�GLIIHUHQW�VWRUDJH�UHTXLUHPHQWV�DQG�DOOHUJLF�ULVN�GHSHQGLQJ
RQ�WKH�H[SLU\�GDWH�

5HVXOWV��VLQFH�������6$08�KDV�HYROYHG�JUHDWO\�WKHLU�FRQVHUYDWLRQ�PRGDOLWLHV�RI�VXFFLQ\OFKROLQH��/HIRUW��$11)$5��������D�NH\�GUXJ�LQ�SUH�KRVSLWDO
PHGLFLQH��7KH�UHFRPPHQGDWLRQV�DUH�SRRUO\�DGDSWHG�WR�UHVXVFLWDWLRQ�LQ�H[FHSWLRQDO�HQYLURQPHQW��/LWHUDWXUH�KHOSHG�SURYLGLQJ�DUJXPHQWV�IRU�WKH
UHVSRQVLEOH�XVH�DQG�VHFXULW\�ZKLOH�UHGXFLQJ�RSHUDWLRQDO�DQG�ORJLVWLFDO�FRQVWUDLQWV��&RQVHUYDWLRQ�VKRXOG�EH�GRQH�EHWZHHQ���DQG��j&�DV�PXFK�DV
SRVVLEOH��'HSHQGLQJ�RQ�WKH�XQGHUWDNLQJ�WLPH��

&RQFOXVLRQ��VXFFLQ\OFKROLQH�LV�D�ILUVW�OLQH�FXUDUH�IRU�UDSLG�VHTXHQFH�LQWXEDWLRQ��2XU�SUDFWLFDO�UHFRPPHQGDWLRQV�DQG�WKH�SURSRVHG�DOJRULWKP�FRQVLGHU
D�UHDVRQDEOH�DOWHUQDWLYH�WR�FRQVHUYDWLRQ�VWDQGDUGV�JXLGHOLQHV�EDVHG�RQ�VFLHQWLILF�HYLGHQFH��7KH�XVH�RI�URFXURQLXP�LV�WR�EH�FRQVLGHUHG�D�UHOLDEOH
DOWHUQDWLYH�



,1)(&7,286�',6($6(���6(36,6 0$5,$�&8(1&$�7255(6

��������87,/,7<�2)�/$&7$7(�'(7(50,1$7,21�$6�$�',$*1267,&�7(67�,1�3$7,(176�:,7+�6(36,6�,1�7+(�(0(5*(1&<
'(3$570(17

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3DEOR�/DIXHQWH�6DQFKLV������6LOYLD�'RQDW�6DQMXDQ������0$5,$�&8(1&$�7255(6������/XLV�0DQFO�V�0RQWR\D������/XFLD�&LDQFRWWL�2OLYHU����

���(PHUJHQF\��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$O]LUD��63$,1
���5HVHDUFK��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$/&,5$�$/=,5$��63$,1
���'LUHFFL�Q�*HQHUDO�GH�6DOXG�3�EOLFD��*HQHUDOLWDW�9DOHQFLDQD��$O]LUD��63$,1

.H\ZRUGV��/DFWDWH��VHSVLV��HPHUJHQF\

$EVWUDFW��

,1752'8&7,21

$PRQJ�ELRPDUNHUV�WKDW�KDYH�DURXVHG�PRUH�LQWHUHVW�LQ�SDWLHQWV�ZLWK�VHSVLV��ODFWDWH�KDV�EHHQ�FRQVLGHUHG�RQH�RI�WKH�PRVW�LPSRUWDQW��,W�KDV�EHHQ
UHSRUWHG�WKDW�LQFUHDVHG�OHYHOV�RI�ODFWDWH�LQ�HPHUJHQF\��(5��SDWLHQWV�DUH�UHODWHG�ZLWK�EDG�SURJQRVLV�RXWFRPH�

2%-(&7,9(

7R�DVVHVV�WKH�XWLOLW\�RI�ODFWDWH�GHWHUPLQDWLRQ�IRU�VHSVLV�GLDJQRVH�LQ�SDWLHQWV�DWWHQGLQJ�RXU�(5�GHSDUWPHQWV�DQG�DQDO\]H�ZKHWKHU�WKH�VH[�RI�WKH
SDWLHQWV��WKH�VRXUFH�RI�LQIHFWLRQ��,&8�DGPLVVLRQ�DQG�H[LWXV�DUH�UHODWHG�WR�WKHLU�EORRG�OHYHOV�

�

0$7(5,$/�$1'�0(7+2'6

�

5HWURVSHFWLYH�REVHUYDWLRQDO�VWXG\�FRQGXFWHG�LQ�WKH�(5�GHSDUWPHQW�RI�/D�5LEHUD�8QLYHUVLW\�+RVSLWDO��9DOHQFLD�6SDLQ���$�VDPSOH�RI�DGXOW�SDWLHQWV
�Q ����IURP�WKRVH�DWWHQGLQJ�RXU�(5�URRP�GXULQJ������WKDW�ZHUH�GLDJQRVHG�ZLWK�LQIHFWLRQ�RU�VHSVLV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV�

�

5(68/76

�

$�WRWDO�RI����SDWLHQWV�DWWHQGLQJ�WKH�(5�SUHVHQWHG�KLJK�OHYHOV�RI�ODFWDWH���PPROO���PHDQ�DJH�ZHUH�������6' �������\HDUV�ZKR�PDLQO\�DWWHQGHG�E\
IHYHU�DQG�G\VQHD��

5HVSLUDWRU\��Q ;;�������IROORZHG�E\�XULQDU\�ZHUH�WKH�PDLQ�VRXUFHV�RI�LQIHFWLRQ������RI�WKHVH�SDWLHQWV�ZHUH�DGPLWWHG�WR�WKH�,&8�DQG�WKH�H[LWXV�UDWH
ZDV����

1R�DVVRFLDWLRQ�EHWZHHQ�WKH�ODFWDWH�OHYHOV�DQG�VH[��S ��������DGPLVVLRQ�WR�WKH�,&8��S �������QRU�VRXUFH�RI�LQIHFWLRQ��S �������ZHUH�GHWHFWHG�

6LJQLILFDQWO\�KLJKHU�OHYHOV�RI�ODFWDWH��S�������ZHUH�UHODWHG�ZLWK�H[LWXV��ZLWK�D�GLUHFW�UHODWLRQVKLS�EHWZHHQ�WKH�OLNHOLKRRG�RI�H[LWXV�DQG�ODFWDWH�OHYHOV�

�

&21&/86,216

7KH�GLUHFW�UHODWLRQVKLS�EHWZHHQ�PRUWDOLW\�DQG�ODFWDWH�OHYHOV�GHPRQVWUDWHG�WKH�XVHIXOQHVV�RI�LWV�GHWHUPLQDWLRQ�LQ�SDWLHQWV�SUHVHQWLQJ�VHSVLV�LQ�WKH�(5
GHSDUWPHQW�VSHFLDOO\�GHSLFWLQJ�WKH�OLNHOLKRRG�RI�([LWXV�������

�



35(�+263,7$/���(06���287�2)�+263,7$/ -DVQD�-DVQH}�.RYDtHYLs

��������&RPSDUDWLRQ�EHWZHHQ�LPSOHPHQWDWLRQ�RI�&URDWLDQ�DQG�1RUZHJLDQ�(PHUJHQF\�&DOO�,QGH[�LQ�(0&&

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-DVQD�-DQH¬�.RYD�HYL�������6HQND�«WUER������$QD�0DUL�L�����

���VSHFLDOLVW�HPHUJHQF\�PHGLFLQH��=DYRG�]D�KLWQX�PHGLFLQX�3*®��5LMHND��&52$7,$
���EDFF��PHG��WHFK��5LQHOV��5LMHND��&52$7,$

.H\ZRUGV��,QGH[�RI�0HGLFDO�(PHUJHQF\�$VVLVWDQFH��5HG�UHVSRQVH��FRPSDUDWLRQ

$EVWUDFW��

,QWURGXFWLRQ

:KHQ�VRPHRQH�FDOOV�WKH�HPHUJHQF\�QXPEHU������RU������LQ�5HSXEOLF�RI�&URDWLD��WKH�FDOO�LV�URXWHG�WR�WKH�QHDUHVW�(PHUJHQF\�0HGLFDO
&RPPXQLFDWLRQ�&HQWUH��(0&&���%DVHG�RQ�WKH�SUREOHP�V\PSWRPV�HYHQWV�SUHVHQWHG�(0&&�GLVSDWFKHU�DFFRUGLQJ�WR��&URDWLDQ�,QGH[�RI�0HGLFDO
(PHUJHQF\�$VVLVWHQFH���,QGH[��ZLOO�GHFLGH�DERXW�WKH�OHYHO�RI�UHVSRQVH�UHG��\HORZ�RU�JUHHQ��$�5HG�UHVSRQVH���5HG��LV�GHILQHG�DV�DQ��DFXWH���ZLWK�WKH
KLJKHVW�SULRULW\��7KH�DLP�RI�WKHVH�VWXG\�ZDV�WR�DQDO\VH�WKH��5HG�SDWLHQWV�DQG�WR�FRPSDUH�UHVXOWV�RI�XVLQJ�WKH�,QGH[�LQ�&URDWLD�DQG�1RUZD\�

0HWKRGV

$QDO\VLV�LQFOXGHV�DOO��5HG��LQWHUYHQWLRQV�LQ�WKH����(0&&�GXULQJ�WKUHH�PRQWK�SHULRG�LQ��������FRYHULQJ�����������LQKDELWDQWV�LQ�&URDWLD�������/HYHO
RI�OLIH�WKUHDWHQLQJ�FRQGLFLRQV�IRU�WKH��5HG��ZDV�EDVHG�RQ�WKH�1$&$�VFRUH�V\VWHP��$OO�GDWD�ZHUH�FROOHFWHG�IURP��H�+LWQD��LQIRUPDWLRQ�VLVWHP�

5HVXOWV

'XULQJ�WKHVH�SHULRG�(0&&�GLVSDWFKHUV�UHFHLYHG���������SKRQH�FDOOV��7KHUH�DUH���������FDOOV�LQ�SURMHFW��RWKHU�ZHUH�H[FOXGHG�IRU�YDULRXV�UHDVRQV�
�������FDOOV�DUH�PDUNHG�DV��5HG�SULRULW\���FRPSDUHG�ZLWK�1$&$�VFRULQJ�IURP�H5HFRUGV����������SDWLHQWV���&URDWLDQ�UHVXOWV�ZHUH�FRPSDUHG�WR
1RUZHJLDQ�UHWURVSHFWLYH�VWXG\�

7KH�PDMRULW\�RI�WKH�SDWLHQWV�KDYH�D�QRQ�OLIH�WKUHDWHQLQJ�VLWXDWLRQV������RI�5HG�UHVSRQVH�SDWLHQWV�LQ�&URDWLD�DQG�LQ�1RUZHJLDQ�VWXG\��1$&$����������
RI�5HG�UHVSRQVH�SDWLHQWV�LQ�&URDWLD�ZHUH�VFRUHG�WR�EH�LQ�D�OLIH�WKUHDWHQLQJ�VLWXDWLRQ��1$&$�������ZLWK����GHDG��1$&$�����,Q�1RUZHJLDQ�VWXG\����
5HG�UHVSRQVH�SDWLHQWV�ZHUH�VFRUHG�WR�EH�LQ�D�OLIH�WKUHDWHQLQJ�VLWXDWLRQ��ZLWK����GHDG�

5HG�UHVSRQVH�LQ�&ULWHULD�&RGH��&ULWHULD��&KHVW�SDLQ��ZDV�XVHG�LQ�����LQ�ERWK�FRXQWULHV��&ULWHULD��,QFRQFOXVLYH�SUREOHP��ZDV�XVHG�LQ������&URDWLD�
DQG�LQ������1RUZD\���&ULWHULD��8QFRQVFLRXV!��\HDUV��ZDV�XVHG�LQ����LQ�ERWK�FRXQWULHV��&ULWHULD��7UDIILF�$FFLGHQWV��ZDV�XVHG�����&URDWLD��DQG�LQ����
�1RUZD\���2IWHQ�XVHG�&ULWHULD�LQ�&URDWLD�ZHUH�DOVR��5HGXFHG�FRQVFLRXVQHVV��LQ������DQG��%UHDWKLQJ�SUREOHPV��LQ������,Q�&URDWLD�WKHUH�LV�QR
&ULWHULD�2UGHUHG�PLVVLRQ�ZKLFK�LV�XVHG�LQ�1RUZD\������&ULWHULD��'LDEHWHV����%DFN�DQG�DEGRPLQDO�SDLQ��DQG��$FFLGHQWV��ZHUZ�XVHG�LQ������LQ�ERWK
FRXQWULHV�����&ULWHULD�LQ�&URDWLD�DQG����LQ�1RUZD\�ZHUH�UHSUHVHQWHG�LQ�OHVV�WKDQ���������RI�DOO��5HG��LQ�&URDWLD�ZHUH�UHSUHVHQWHG�ZLWK���&ULWHULD�����
RI�DOO��5HG��LQ�1RUZD\�ZHUH�UHSUHVHQWHG�ZLWK���&ULWHULD�

&RQFOXVLRQ

2XU�VWXG\�LQGLFDWHG�WKDW�WKHUH�LV�D�KLJK�GHJUHH�RI�VLPLODULWLHV�LQ�WKH�LPSOHPHQWDWLRQ�RI�,QGH[�EHWZHHQ�&URDWLD�DQG�1RUZD\��ERWK�LQ�WKH�VFRULQJ�RI
5HG�UHVSRQVH�SDWLHQWV�DQG�LQ�WKH�HSLGHPLRORJ\�RI�HPHUJHQFLHV��(GXFDWLRQDO�SURJUDP�IRU�PHGLFDO�GLVSDWFKHUV�LV�FRQWLQLRXV�SURFHVV�XQGHU�VWDWH
FRQWURO��&URDWLDQ�,QGH[�LV�D�WRRO�XVHG�IRU�WKH�UHFHSWLRQ�HPHUJHQF\�FDOOV�DQG�WULDJH��DOORZV�WKH�DQDO\VLV�RI�WKH�FROOHFWHG�GDWD�WR�LPSURYH�RXWSDWLHQW
HPHUJHQF\�PHGLFLQH��DQG�DOVR�DOORZV�FRPSDULVRQ�ZLWK�RWKHU�FRXQWULHV�WKDW�XVH�LW�

5HIHUHQFH

(�=DNDULDVVHQ�HW�DO��7KH�HSLGHPLRORJ\�RI�PHGLFDO�HPHUJHQF\�FRQWDFWV�RXWVLGH�KRVSLWDOV�LQ�1RUZD\���D�SURVSHFWLYH�SRSXODWLRQ�EDVHG
VWXG\���6FDQGLQDYLDQ�-RXUQDO�RI�7UDXPD��5HVXVFLWDWLRQ�DQG�(PHUJHQF\�0HGLFLQH������

0LQLVWDUVWYR�]GUDYOMD�5+��+UYDWVNL�,QGHNV�SULMHPD�KLWQRJ�SR]LYD������

7KH�1DWLRQDO�&RPPLWHH�RQ�$HURQDXWLFV��1$&$�

=DYRG�]D�KLWQX�PHGLFLQX�ZZZ�K]KP�KU

H�+LWQD�5LQHOV�ZZZ�ULQHOV�KU�HKLWQD�SKS



&/,1,&$/�32/,&< 0$5,$�&8(1&$�7255(6

��������'(*5((�2)�.12:/('*(�$1'�$&&(37$1&(�2)�7+(�%8//(7,1�$%287�0,&52%,2/2*,&$/�,1)250$7,21�$1'
&2168037,21�2)�$17,%,27,&6�$021*�+($/7+�352)(66,21$/6�2)�$1�(0(5*(1&<�6(59,&(

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0$5,$�&8(1&$�7255(6������-DYLHU�&RORPLQD�5RGULJXH]������/XLV�0DQFO�V�0RQWR\D������0LJXHO�0XUFLD�6ROHU������%ODQFD�)ROFK�0DULQ����

���5HVHDUFK��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$/&,5$�$/=,5$��63$,1
���0LFURELRORJ\�	�,QIHFWLRXV�GLVHDVH��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$O]LUD��63$,1
���(PHUJHQF\��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$O]LUD��63$,1
���3KDUPDF\��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$O]LUD��63$,1
���3ULPDU\�FDUH��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$O]LUD��63$,1

.H\ZRUGV��$QWLELRWLF��UHVLVWDQFH��EXOOHWLQ

$EVWUDFW��

,1752'8&7,21

7KH�1DWLRQDO�$FWLRQ�3ODQ�RQ�$QWLELRWLF�5HVLVWDQFH�LQFOXGHV�XS�WR����YLWDO�DFWLRQV�LQ�WKH�ILJKW�DJDLQVW�EDFWHULDO�UHVLVWDQFH��LQFOXGLQJ�ORFDO
GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ�DPRQJ�KHDOWK�SURIHVVLRQDOV�LV�LQFOXGHG��6LQFH������WKH�'HSDUWPHQW�RI�0LFURELRORJ\�EURDGFDVWV��ELDQQXDOO\�DQG�LQ
GLJLWDO�IRUPDWV�DQG�SDSHU��WKH�0LFURELRORJLFDO�,QIRUPDWLRQ�%XOOHWLQ�DQG�FRQVXPSWLRQ�RI�DQWLELRWLFV��ZKLFK�FROOHFWV�LQIRUPDWLRQ�RQ�WKH�SHUFHQWDJHV�RI
VHQVLWLYLW\�WR�PDMRU�DQWLELRWLFV�IRU�FOLQLFDO�XVH�LQ�WKH�PRVW�SUHYDOHQW�EDFWHULDO�VSHFLHV�LQ�LQIHFWLRXV�GLVHDVH��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHVFULEH�WKH
GHJUHH�RI�DZDUHQHVV�DQG�DFFHSWDQFH�RI�WKH�0LFURELRORJLFDO�,QIRUPDWLRQ�%XOOHWLQ�DQG�FRQVXPSWLRQ�RI�DQWLELRWLFV�DPRQJ�KHDOWK�SURIHVVLRQDOV�RI�DQ
+RVSLWDO�(PHUJHQF\�'HSDUWPHQW

�

0$7(5,$/�$1'�0(7+2'6

2EVHUYDWLRQDO��GHVFULSWLYH�DQG�SURVSHFWLYH�VWXG\�FDUULHG�RXW�EHWZHHQ�-DQXDU\�0DUFK������DW�WKH�(PHUJHQF\�'HSDUWPHQW�RI�8QLYHULVWDULR�+RVSLWDO
GH�/D�5LEHUD��$O]LUD�9DOHQFLD�6SDLQ�

7KH�LQIRUPDWLRQ�VRXUFH�IRU�GDWD�FROOHFWLRQ�ZDV�D�VXUYH\�GHVLJQHG�VSHFLILFDOO\�IRU�WKH�VWXG\�FRQVLVWHG�RI����TXHVWLRQV�GHYHORSHG�LQ�RUGHU�WR�NQRZ�WKH
KDELWV�RI�DQWLELRWLF�SUHVFULSWLRQV�IURP�WKH�IDFXOWDWLYH�DW�WKH�HPHUJHQF\�GHSDUWPHQW��WKHLU�GHJUHH�RI�FRQFHUQ�LQ�UHODWLRQ�WR�WKH�UDWLRQDO�XVH�RI
DQWLELRWLFV�DQG�EDFWHULDO�UHVLVWDQFH��WKH�NQRZOHGJH�RI�WKH�OHYHOV�RI�UHVLVWDQFH�WR�WZR�SURWRW\SH�EDFWHULD��6WDSK\ORFRFFXV�DXUHXV�\�(VFKHULFKLD�FROL��
WKH�0LFURELRORJLFDO�,QIRUPDWLRQ�%XOOHWLQ�DQG�FRQVXPSWLRQ�RI�DQWLELRWLFV�NQRZOHGJH�DQG�WKH�XVHIXOQHVV�RI�LWV�IRUPDW�

5(68/76

7KH�VWXG\�LQYROYHG�����RI�WKH�VWDII��������PHQ�ZLWK�D�PHDQ�DJH�RI���k��\HDUV��7KH�����RI�WKHP�LQGLFDWHG�WKH�SUHVFULSWLRQ�RI�DQWLELRWLFV�PRUH
WKDQ���WLPHV�D�GD\

7KH�GHJUHH�RI�NQRZOHGJH�RI�%,0&$�ZDV������EXW�RQO\�����NQHZ�WKH�UHVLVWDQFH�OHYHOV�RI�FLSURIOR[DFLQ�UHVLVWDQFH�DJDLQVW�(VFKHULFKLD�FROL�DQG������
NQHZ�WKH�SHUFHQWDJH�RI�GH�6��DXUHXV�PHWKLFLOOLQ�UHVLVWDQW�

$�����RI�WKH�IDFXOWDWLYH�LQWHUYLHZHG�FRQVLGHUHG�XVHIXO��TXLWH�XVHIXO�RU�YHU\�XVHIXO�IRU�GDLO\�FOLQLFDO�SUDFWLFH�WKH�0LFURELRORJLFDO�,QIRUPDWLRQ�EXOOHWLQV
DQG�FRQVXPSWLRQ�RI�DQWLELRWLFV��7KH�PRVW�VXLWDEOH�IRUPDWV�ZHUH�WKH�HOHFWURQLF��������IROORZHG�E\�SRFNHW�IRUPDW�������ZKLFK�DUH�WKH�FXUUHQWO\
HPSOR\HG�LQ�WKH�+HDOWK�'HSDUWPHQW�RI�/D�5LEHUD�

&21&/86,216�

7KHUH�LV�D�KLJK�GHJUHH�RI�DZDUHQHVV�DQG�DFFHSWDQFH�RI�0LFURELRORJLFDO�,QIRUPDWLRQ�EXOOHWLQV�DQG�FRQVXPSWLRQ�RI�DQWLELRWLFV�E\�KHDOWK�VWDII��KRZHYHU
D�VLJQLILFDQW�SURSRUWLRQ�RI�SURIHVVLRQDOV�DUH�XQDZDUH�RI�WKH�UDWHV�RI�UHVLVWDQFH�WR�FRPPRQO\�XVHG�DQWLELRWLFV�LQ�EDFWHULD�XVXDOO\�IUHTXHQW��2WKHU
FRPSOHPHQWDU\�PHDVXUHV�DUH�QHFHVVDU\�WR�LPSURYH�WKH�GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ�RQ�EDFWHULDO�UHVLVWDQFH�LQ�RXU�+HDOWK�$UHD�



32,17�2)�&$5( 'LHGHULFN�.HL]HU

��������&OLQLFDO�DQG�DQDO\WLFDO�HYDOXDWLRQ�RI�WKH�3KLOLSV�0LQLFDUH�F7Q,�DVVD\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'LHGHULFN�.HL]HU������/LDQ�YDQ�/LSSHQ������)HPNH�GH�7KHLMH������'DQLHOOH�.HPSHU������'DYH�'HNNHUV������-HURHQ�1LHXZHQKXLV������9HURQLTXH�6HPMRQRZ
���

���+DQGKHOG�GLDJQRVWLFV��3KLOLSV��(LQGKRYHQ��7+(�1(7+(5/$1'6
�����)XWXUH�GLDJQRVWLFV��:LMFKHQ��7+(�1(7+(5/$1'6

.H\ZRUGV��3RLQW�RI�FDUH��$0,��DFXWH�P\RFDUGLDO�LQIDUFWLRQ�7URSRQLQ��7URSRQLQ�,��F7Q,��32&��32&7��,PPXQRDVVD\��('��HPHUJHQF\�GHSDUWPHQW�
ELRPDUNHU

$EVWUDFW��

,QWURGXFWLRQ

&DUGLDF�7URSRQLQ�,��F7Q,��WHVWLQJ�LV�D�SRZHUIXO�WRRO�WR�DLG�LQ�WKH�GLDJQRVLV�RI�DFXWH�P\RFDUGLDO�LQIDUFWLRQ��$0,���:KHQ�WKH�DVVD\�FDQ�EH�SHUIRUPHG
QH[W�WR�WKH�SDWLHQW��HIILFLHQW�ZRUNIORZV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('��FDQ�EH�UHDOL]HG�HQDEOLQJ�UDSLG�FOLQLFDO�GHFLVLRQ�PDNLQJ�

:H�SUHVHQW�WKH�UHVXOWV�RI�ILUVW�DQDO\WLFDO�DQG�FOLQLFDO�VWXGLHV�RI�WKH�QHZ�0LQLFDUH�F7Q,�DVVD\�RQ�WKH�3KLOLSV�0LQLFDUH�,�����ZKLFK�KDV�EHHQ�GHVLJQHG�DV
D�SRLQW�RI�FDUH�LPPXQRDVVD\�V\VWHP�IRU�QHDU�SDWLHQW�WHVWLQJ�LQ�WKH�DFXWH�FDUH�VHWWLQJ�

0HWKRGV

7KH�DQDO\WLFDO�SHUIRUPDQFH�RI�WKH�0LQLFDUH�F7Q,�DVVD\�ZDV�HYDOXDWHG�EDVHG�RQ�UHFRPPHQGDWLRQV�RI�WKH�&OLQLFDO�/DERUDWRU\�6WDQGDUGV�,QVWLWXWH
�&/6,���/L�KHSDULQ�ZKROH�EORRG�DQG�/L�KHSDULQ�SODVPD�VDPSOHV�ZHUH�XVHG�WR�SHUIRUP�DQDO\WLFDO�VHQVLWLYLW\��SUHFLVLRQ��DQG�PDWUL[�FRPSDULVRQ�VWXGLHV�
7KH���WK�SHUFHQWLOH�XSSHU�UHIHUHQFH�OLPLW��85/��VWXG\�ZDV�SHUIRUPHG�XVLQJ�/L�KHSDULQ�SODVPD��/L�KHSDULQ�YHQRXV�ZKROH�EORRG�DQG�FDSLOODU\�EORRG
VDPSOHV�IURP�LQ�WRWDO�����KHDOWK\�PDOH��Q �����DQG�IHPDOH�DGXOWV��Q ��������UDQJLQJ�IURP����WR����\HDUV�

7R�HYDOXDWH�WKH�FOLQLFDO�SHUIRUPDQFH�RI�0LQLFDUH�F7Q,�IRU�WKH�GLDJQRVLV�RI�$0,�D�(XURSHDQ�PXOWL�FHQWHU��SURVSHFWLYH��QRQ�UDQGRPL]HG�VWXG\�ZDV
SHUIRUPHG�LQ���KRVSLWDOV�IURP���(XURSHDQ�FRXQWULHV��RQ�����SDWLHQWV�VXVSHFWHG�RI�167(�$&6�DW�WKH�('�RU�&&8��%RWK�/L�KHSDULQ�ZKROH�EORRG�DQG
/L�KHSDULQ�SODVPD�VDPSOHV��ZHUH�GUDZQ�DW�WKUHH�WLPH�SRLQWV��DW�SUHVHQWDWLRQ�DW�WKH�('����Ä���KRXUV�DQG������KRXUV�DIWHU�ILUVW�EORRG�GUDZ��'LDJQRVLV
RI�$0,�ZDV�GRQH�E\�H[WHUQDO�DGMXGLFDWLRQ�ERDUG�RI�FDUGLRORJLVWV�

5HVXOWV

/LPLW�RI�GHWHFWLRQ�ZDV�GHWHUPLQHG�LQ�/L�KHSDULQ�SODVPD�DW����QJ�O��7KH�����OLPLW�RI�TXDQWLILFDWLRQ�ZDV�FDOFXODWHG�DW����QJ�O�ZLWK�QR�VLJQLILFDQW
GLIIHUHQFH�EHWZHHQ�VDPSOH�W\SHV��7RWDO�LPSUHFLVLRQ�ZDV������������EHWZHHQ�������QJ�O�Ä������QJ�O��7KH�VDPSOH�W\SH�FRPSDULVRQ�VWXG\�EHWZHHQ
FDSLOODU\�ZKROH�EORRG��YHQRXV�/L�KHSDULQ�ZKROH�EORRG�DQG�/L�KHSDULQ�SODVPD�VDPSOHV��Q �����GHPRQVWUDWHG�D�FRUUHODWLRQ�FRHIILFLHQW��U��RI������DQG
D�VORSH�EHWZHHQ������Ä������

7KH�RYHUDOO���WK�SHUFHQWLOH�85/�ZDV�FDOFXODWHG�WR�EH����QJ�O�ZLWK�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�JHQGHUV��RU�VDPSOH�W\SHV�

7KH�LQFLGHQFH�RI�$0,�LQ�WKH�VWXGLHG�SRSXODWLRQ�ZDV������7KH�FOLQLFDO�VHQVLWLYLW\�IRU�WKH�GLDJQRVLV�RI�$0,�RI�WKH�0LQLFDUH�F7Q,�ZDV�����DQG�����DW
WKH�����KRXU�DQG������KRXU�WLPH�SRLQWV�UHVSHFWLYHO\��ZLWK�DQG�139�RI�����DQG������DQG�$8&V�RI�������DQG��������WKHUH�ZHUH�QR�VLJQLILFDQW
GLIIHUHQFHV�LQ�FOLQLFDO�SHUIRUPDQFH��$8&��EHWZHHQ�VDPSOH�W\SHV��/L�KHSDULQ�SODVPD�DQG�/L�KHSDULQ�ZKROH�EORRG����

&RQFOXVLRQ

7KH�0LQLFDUH�F7Q,�DVVD\�LV�D�VHQVLWLYH��HDV\�WR�XVH�DQG�SUHFLVH�WHVW�WKDW�FDQ�EH�XVHG�LQ�WKH�('�QHDU�WKH�SDWLHQW��:LWK�DQ�$8&�RI������D�VHQVLWLYLW\�DW
����DQG�D�139�RI�����IRU�D�FXWRII�DW�WKH���WK�SHUF��85/�YDOXH��0LQLFDUH�F7Q,�FDQ�EH�XVHG�DV�DQ�DLG�LQ�WKH�GLDJQRVLV�RI�$0,�LQ�D�GLDJQRVWLF�SURWRFRO
LQFOXGLQJ�D�F7Q�WHVW�DW�SUHVHQWDWLRQ�RI�WKH�SDWLHQW�DW�WKH�('�DQG�����KRXU�ODWHU�����K�GLDJQRVWLF�SURWRFRO��DV�UHFRPPHQGHG�LQ�WKH������(6&
JXLGHOLQHV�IRU�WKH�PDQDJHPHQW�RI�167(�$&6�SDWLHQWV���

�

�3URGXFW�DYDLODEOH�LQ�VHOHFWHG�FRXQWULHV�RQO\



75$80$ /XLV�0DQFOqV�0RQWR\D

��������,1$'(48$&<�2)�7+(�35(6&5,37,21�2)�&(59,&$/�&2//$5�72�3$7,(176�:,7+�$�:+,3/$6+�,1�$1�(0(5*(1&<
'(3$570(17

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/XLV�0DQFO�V�0RQWR\D������0DU�D�&XHQFD�7RUUHV������0DU�D�7HUHVD�*DOPHV�5DPLUH]������-RDQD�*XLOOHP�*RQ]DOHV������$OPXGHQD�/OXFK�6DVWULTXHV�����
-RV��0DU�D�7HQLDV�%XULOOR����

���(PHUJHQF\��+RVSLWDO�8QLYHUVLWDULR�/D�5LEHUD��$O]LUD��63$,1
���5HVHDUFK��+RVSLWDO�8QLYHUVLWDULR�/D�5LEHUD��$O]LUD��63$,1
���(PHUJHQF\��+RVSLWDO�3ROLW�FQLFR�\�8QLYHUVLWDULR�/D�)H��9DOHQFLD��63$,1
���0HGLFLQD�3UHYHQWLYD��+RVSLWDO�3DGUH�MRIUH��9DOHQFLD��63$,1

.H\ZRUGV��:KLSODVK��:KLSODVK�,QMXULHV��(PHUJHQF\

$EVWUDFW��

,1752'8&7,21

'HVSLWH�WKH�H[WHQVLYH�ELEOLRJUDSK\�DQG�LQIRUPDWLRQ�DERXW�6/&�SURYLGHG�E\�DVVRFLDWLRQV�DQG�VWXG\�JURXSV�ZKHUH�WKH�DWWHQWLRQ�ZD\�WR�SDWLHQWV�ZLWK�D
ZKLSODVK�DUH�GHVFULEHG��WKH�DWWHQWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�WR�WKHVH�SDWLHQWV�DUH�VWDQGDUGL]HG�WR�WKH�SRLQW�WKDW�DOPRVW�DOZD\V�D
UDGLRJUDSK\�RI�WKH�SDWLHQWVÇ�FHUYLFDO�VSLQH�LV�WDNHQ�DQG�WKH\�DUH�WUHDWHG�LQ�WKH�VDPH�ZD\��PXVFOH�UHOD[DQW��DQDOJHVLFV�DQG�FHUYLFDO�LPPRELOL]DWLRQ
ZLWK�D�FROODU��UHJDUGOHVV�RI�WKH�VHYHULW\�H[HQW�RI�WKH�LQMXU\�

2%-(&7,9(

7R�NQRZ�WKH�SUHVFULSWLRQ�RI�FHUYLFDO�FROODU�WR�SDWLHQWV�WUHDWHG�LQ�D�KRVSLWDO�HPHUJHQF\�GHSDUWPHQW�DQG�WR�DQDO\]H�LI�WKLV�SUHVFULSWLRQ�LV�DGMXVWHG�WR�D
FOLQLFDO�SUDFWLFH�JXLGH�

0$7(5,$/6�$1'�0(7+2'2/2*<

7KH�VWXG\�ZDV�FRQGXFWHG�DW�+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$O]LUD�9DOHQFLD�6SDLQ���$OO�WKH�SDWLHQWV�GLDJQRVHG�ZLWK�D�ZKLSODVK�WKDW�ZHUH�WUHDWHG
EHWZHHQ��VW�-DQXDU\�DQG���VW�'HFHPEHU������ZHUH�LQFOXGHG�

7KH�YDULDEOHV�VHOHFWHG�ZHUH��DJH�DQG�VH[�RI�WKH�SDWLHQWV��PHFKDQLVP�DQG�VHYHULW\�RI��WKH�LQMXU\�DQG�SUHVFULSWLRQ�RI�D�FHUYLFDO�FROODU�

5(68/76�

����SDWLHQWV�ZHUH�LQFOXGHG��$�OLWWOH�ELW�PRUH�RI�D�KDOI�ZHUH�IHPDOHV��7KH�DJH�DYHUDJH�ZDV�������k������\HDUV�ROG�

7KH�UHJLVWUDWLRQ�RI�WKH�W\SH�RI�DFFLGHQW�ZDV�GRQH�LQ�WKH���������RI�WKH�FDVHV��7KH�PRVW�IUHTXHQW�W\SH�RI�DFFLGHQW�ZDV�WKH�WUDIILF�DFFLGHQW�WKDW�ZDV
VXIIHUHG�E\�����SDWLHQWV�

��������RI�WKH�SDWLHQWV�KDG�D�JUDGH���LQMXU\��������JUDGH�,,D����������JUDGH�,,E�DQG�RQO\�RQH�SDWLHQW�ZLWK�JUDGH�,,,�

��������RI�WKH�SDWLHQWV�ZHUH�SUHVFULEHG�D�FHUYLFDO�FROODU��7KLV�SUHVFULSWLRQ�ZDV�ZURQJ�LQ�WKH���������RI�WKH�SDWLHQWV�ZLWK�JUDGH�,��������ZLWK�JUDGH
,,D�DQG�������ZLWK�JUDGH�,,E�

&21&/86,216�

,Q�VSLWH�RI�WKH�UHFRPPHQGDWLRQV�RI�WKH�4XHEHF�7DVN�)RUFH��WKH�DWWHQWLRQ�WR�WKH�SDWLHQW�ZLWK�D�ZKLSODVK�KDV�EHHQ�VWDQGDUGL]HG�LQ�WKH�HPHUJHQF\
GHSDUWPHQW�WR�WKH�SRLQW�WKDW�PRVW�RI�WKH�SDWLHQWV�DUH�WUHDWHG�LQ�WKH�VDPH�ZD\�DQG�LPPRELOL]DWLRQ�ZLWK�D�FHUYLFDO�FROODU�LV�DOPRVW�DOZD\V�SUHVFULEHG
ZLWKRXW�FRQVLGHULQJ�WKH�LQMXU\�JUDGH�



&$6(�35(6(17$7,21 (YL�9DQ�GHQ�.HUFNKRYH

��������$����\HDU�ROG�JLUO�ZLWK�LPSDLUHG�YLVLRQ�DQG�LQVWDEOH�JDLW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(YL�9DQ�GHQ�.HUFNKRYH������6DELQH�/HPR\QH������.RHQ�0RQVLHXUV����

���(PHUJHQF\�GHSDUWPHQW��$QWZHUS�8QLYHUVLW\�+RVSLWDO��(GHJHP��%(/*,80

.H\ZRUGV��DFFLGHQWDO�FDQQDELV�LQWR[LFDWLRQ��GLHWDU\�VXSSOHPHQWV

$EVWUDFW��

,QWURGXFWLRQ

'LHWDU\�VXSSOHPHQWV�PD\�FDXVH�DGYHUVH�HYHQWV�EXW�DUH�XVXDOO\�QRW�OLVWHG�RQ�WKH�SDWLHQWÇV�PHGLFDWLRQ�OLVW���7KH�FXUUHQW�FDVH�UHSRUW�HPSKDVL]HV�WKH
LPSRUWDQFH�RI�DVNLQJ�DERXW��WKHVH�SURGXFWV�

&DVH�UHSRUW

$����\HDU�ROG�JLUO�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�LPSDLUHG�YLVLRQ��LPSDLUPHQW�RI�SHUFHSWLRQ�RI�GHSWK�DQG�LQVWDEOH�JDLW��6KH�DOVR
FRPSODLQHG�RI�QDXVHD��YRPLWLQJ�DQG�DEGRPLQDO�DQG�WKRUDFLF�SDLQ��

6KH�ZDV�FXUUHQWO\�WUHDWHG�IRU�D��FODVVLFDO��+RGJNLQ�O\PSKRPD��ZLWK�FKHPRWKHUDS\��LIRVIDPLGH��FDUERSODWLQ�DQG�HWRSRVLGH���+HU�FXUUHQW�PHGLFDWLRQ
FRQVLVWHG�RI�IOXFRQD]RO��DOL]DSULGH��ORUPHWD]HSDP�DQG�SDQWRSUD]RO�

&OLQLFDO�H[DPLQDWLRQ�UHYHDOHG�D�QHUYRXV�JLUO�ZKR�ZDV�JLJJOLQJ�D�ORW��6KH�ZDV�WDFK\FDUGLF������ESP��ZLWK�D��QRUPDO�EORRG�SUHVVXUH���������PP+J��
+HU�ERG\�WHPSHUDWXUH�ZDV�QRUPDO������j&��DQG�R[\JHQ�VDWXUDWLRQ�ZDV������2Q�DXVFXOWDWLRQ�ZH�IRXQG�QRUPDO�ELODWHUDO�EUHDWK�VRXQGV��6KH�
SUHVHQWHG�ZLWK�D�GU\�VNLQ�DQG�FRQMXQFWLYDO�LQMHFWLRQ��+HU�ZDONLQJ�SDWWHUQ�ZDV�XQVWDEOH�DQG�VKH�KDG�GLIILFXOW\�PDLQWDLQLQJ�KHU�EDODQFH�ZLWKRXW�VLJQV
RI�ODWHUDOLVDWLRQ��7KHUH�ZHUH�QR�FRRUGLQDWLRQ�SUREOHPV��EXW�DQ�DWD[LF�JDLW�ZDV�SUHVHQW�

$�URXWLQH�EORRG�H[DP��DQ�HOHFWURFDUGLRJUDP��DQG�XULQH�WR[LFRORJ\�VFUHHQLQJ�ZHUH�REWDLQHG��

$�KLVWRU\�WDNHQ�IURP�WKH�SDUHQWV�UHYHDOHG�WKDW�KHU�ODVW�FKHPRWKHUDS\�VHVVLRQ�ZDV�IRXU�GD\V�HDUOLHU�DIWHU�ZKLFK�VKH�KDG�FRPSODLQHG�RI�PXVFOH�DFKH
�DV�XVXDO���7R�UHOLHYH�WKH�SDLQ��WKH�SDWLHQWÇV�PRWKHU�KDG�JLYHQ�KHU�VRPH�GURSV�RI�D�KHUEDO�PHGLFLQH�VKH�KDG�RUGHUHG�RQ�WKH�LQWHUQHW��$�IULHQG�KDG
DGYLVHG�KHU�WR�EX\�WKLV�FODLPLQJ�WKDW�LW�ZRXOG�EH�KLJKO\�HIIHFWLYH�LQ�VXEVWLWXWLQJ�PLQHUDOV�LQ�SDWLHQWV�XQGHUJRLQJ�FKHPRWKHUDS\��:H�ZHUH�DEOH�WR
WUDFH�WKH��GURSV�EDFN�WR�D�6SDQLVK�FRPSDQ\�È7HUDSHXWLFR�'DQGHOLRQVÉ��7KH\�FRQVLVWHG�RI�DQ�RLO\�VROXWLRQ�RI��7&+��WHWUDK\GURFDQQDELQRO��DQG�&%&
�FDQQDELFKURPHQH���ERWK�GHULYDWHV�RI�FDQQDELV��7KH�FRPSDQ\�SURILOHV�LWVHOI�DV�D�
QDWXUDOLVW�VKRS
�DQG�SURPRWHV�VHYHUDO�GUXJV�FRQWDLQLQJ�FDQQDELV�

7KH�UHVXOWV�RI�WKH��WHFKQLFDO�H[DPLQDWLRQV�UHYHDOHG�QR�LQIHFWLRQ�DQG�QR�OLYHU�RU�NLGQH\�LPSDLUPHQW��7KH�HOHFWURFDUGLRJUDP��ZDV�QRUPDO��8ULQH
WR[LFRORJ\�VFUHHQLQJ�FRQILUPHG�WKH�GLDJQRVLV�RI�DFXWH�FDQQDELV�LQWR[LFDWLRQ�

/LWHUDWXUH�NH\�SRLQWV

$�UHFHQW�VWXG\�HVWLPDWHG�WKDW�LQ�WKH�8QLWHG�6WDWHV�������HPHUJHQF\�GHSDUWPHQW�YLVLWV�SHU��\HDU�PD\�EH�DWWULEXWHG�WR�DGYHUVH�HYHQWV�UHODWHG�WR
GLHWDU\�VXSSOHPHQWV��$QRWKHU�VWXG\�VKRZHG�WKDW�QHDUO\�RQH�LQ�ILYH�\RXQJ�DGXOWV�UHSRUWHG�XVLQJ�GLHWDU\�VXSSOHPHQWV����)XUWKHUPRUH���SK\VLFLDQV�GR
QRW�DVN�DIWHU�GLHWDU\�VXSSOHPHQWV�ZKHQ�SHUIRUPLQJ�D�SDWLHQWÇV�KLVWRU\��

&RQFOXVLRQ

:H�UHSRUW�DQ�DFFLGHQWDO�FDQQDELV�LQWR[LFDWLRQ�LQ�D�\RXQJ�JLUO�FDXVHG�E\�D�GLHWDU\�VXSSOHPHQW��,Q�D�ZRUOG�ZKHUH�HYHU\WKLQJ�FDQ�EH�ERXJKW�RQOLQH
ZLWKRXW�SDWLHQWV�UHDOL]LQJ�ZKDW�WKH\�DUH�EX\LQJ��HPHUJHQF\�SK\VLFLDQV�QHHG�WR�UHPDLQ��YLJLODQW�DQG�DVN�WKHLU�SDWLHQWV�DFWLYHO\�DERXW�DQ\�VXEVWLWXWHV
RU�IRRG�VXSSOHPHQWV�WDNHQ��,W�LV�LPSRUWDQW�WR�WKRURXJKO\��FKHFN�WKH�FRPSRVLWLRQ�RI��WKHVH�VXSSOHPHQWV�



*(5,$75,&6 /XLV�0DQFOqV�0RQWR\D

��������87,/,7<�2)�$1�,17(*5$/�3+<6,&$/�,17(59(17,21�,1�*(5,$75,&�3$7,(176�:,7+�+,*+�&2025%,',7<��)5$*,/,7<
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3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3DEOR�/DIXHQWH�6DQFKLV������6HUJLR�(QJR�9HUJDUD������/XLV�0DQFO�V�0RQWR\D������0DU�D�&XHQFD�7RUUHV������/XFLD�&LDQFRWWL�2OLYHU����

���(PHUJHQF\��+RVSLWDO�8QLYHUVLWDULR�/D�5LEHUD��$O]LUD��63$,1
���6WXGHQW��8QLYHUVLGDG�&DW�OLFD�GH�9DOHQFLD��$O]LUD��63$,1
���5HVHDUFK��+RVSLWDO�8QLYHUVLWDULR�/D�5LEHUD��$O]LUD��63$,1
���'LUHFFL�Q�*HQHUDO�GH�6DOXG�3�EOLFD��*HQHUDOLWDW�9DOHQFLDQD��9DOHQFLD��63$,1

.H\ZRUGV��*HULDWULF�$VVHVVPHQW��(PHUJHQF\�6HUYLFHV��FRPRUELGLW\��)UDLO�(OGHUO\

$EVWUDFW��

,1752'8&7,21�

)RU�WKH�(PHUJHQF\�6HUYLFHV�'HSDUWPHQW��WKH�IUDJLOH�DQFLHQWV�VXSSRVH�D�FKDOOHQJH�GXH�WR�WKH�ZLGH�V\PSWRPV�WKDW�WKH\�SUHVHQW��EHLQJ�LQ�VRPH
RFFDVLRQV�YHU\�YDULHG�DQG�XQVSHFLILF�

2%-(&7,9(�

.QRZLQJ�WKH�SRVVLEOH�PRGLILFDWLRQ�RQ�WKH�QXPEHU�RI�YLVLWV�WR�(PHUJHQF\�RI�JHULDWULF�IUDJLOH�SDWLHQWV�ZKR�DUH�IUHTXHQW�LQ�WKH�KRVSLWDO�(PHUJHQF\
6HUYLFHV�WKURXJK�DQ�LQWHJUDO�LQWHUYHQWLRQ�ZKLFK�LQFOXGHV�SK\VLFDO�DHURELF��DQDHURELF�DFWLYLW\�DQG�HTXLOLEULXP�

0$7(5,$/�$1'�0(7+2'6�

6WXG\�RI�FRPPXQLW\�LQWHUYHQWLRQV��SURVSHFWLYH�DQG�TXDVLH[SHULPHQWDO�FRQVLVWLQJ�LQ�WKH�DSSOLFDWLRQ�RI�DQ�LQWHJUDO�SK\VLFDO�LQWHUYHQWLRQ�GXULQJ���GD\V
D�ZHHN��RQH�KRXU�D�GD\��OHDGHG�E\�SHUVRQQHO�RI�WKH�QXUVHU\�IRU�VXEMHFWV�ROGHU�WKDQ����\HDUV�ROG�IURP�D�VDQLWDU\�DUHD�

5(68/76�

7KH�VDPSOH�ZDV�IRUPHG�E\����SHUVRQV��D�����ZRPHQ�ZLWK�DQ�DYHUDJH�DJH�RI�������\HDUV�ZKR�GHFLGHG�WR�SDUWLFLSDWH�YROXQWDULO\�LQ�WKH�VWXG\�

7KH�����RI�WKH�DQFLHQWV�SUHVHQWHG���FULWHULD�RI�IUDJLOLW\��WKH�������FULWHULD�DQG�WKH�������FULWHULD�RI�IUDJLOLW\�

7KH�����RI�WKH�VXEMHFWV�VWXGLHG�ZHUH�WDNLQJ�DOSKD�EORFNHUV��WKH�����EHWD�EORFNHUV��D�����QHXUROHSWLFV�DQG�D�����EHQ]RGLD]HSLQHV�

,Q�UHODWLRQ�WR�WKH�QXPEHU�RI�YLVLWV�EHIRUH�DQG�DIWHU�WKH�LQWHUYHQWLRQ��LW�ZDV�REVHUYHG�WKDW���RI�WKH����SDWLHQWV�������GLGQÇW�FDPH�WR�(PHUJHQF\����RI
WKHP�KDG�JRQH�RQH����KDG�JRQH�WZLFH����RI�WKHP���WLPHV�DG�WZR�SHUVRQV���DQG����WLPHV�UHVSHFWLYHO\�

$IWHU�WKH�VHFRQG�HYDOXDWLRQ����RI�WKH����������DQFLHQWV�LQFOXGHG�LQ�WKH�VWXG\�GLGQÇW�FRPH�LQ�DQ\�RFFDVLRQ�WR�WKH�(PHUJHQF\�6HUYLFH�RI�WKH�+RVSLWDO�
2QH�SHUVRQ�WXUQHG�XS�RQFH�DQG�WZR�SHUVRQV�LQ�WZR�RFFDVLRQV���

&21&/86,216�

7KH�SK\VLFDO�H[HUFLVH�SURGXFHV�EHQHILFLDU\�FKDQJHV�LQ�WKH�KHDOWK�RI�WKH�IUDJLOH�DQFLHQWV��UHGXFLQJ�WKH�QXPEHU�RI�YLVLWV�WR�WKH�(PHUJHQF\�6HUYLFHV�RI
WKH�KRVSLWDO�



%,20$5.(56 *HUPDQD�5XJJLDQR

��������,GHQWLILFDWLRQ�RI�VHYHUH�VHSVLV�DW�WULDJH��D�VLPSOH�VFUHHQLQJ�WRRO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*HUPDQD�5XJJLDQR������0RQLFD�*DOOL������0RQLFD�*LXVWL������SDWUL]LD�VLJQRURQL����

���8�2��0HGLFLQD�G
8UJHQ]D��2VSHGDOH�6��0DULD�$QQXQ]LDWD�)LUHQ]H��$]LHQGD�6DQLWDULD�)LUHQ]H��,WDO\��)LUHQ]H��,7$/<
���(PHUJHQF\�GHSDUWPHQW�2VSHGDOH�GL�6��0DULD�$QQXQ]LDWD��$]LHQGD�6DQLWDULD�7RVFDQD�&HQWUR��)ORUHQFH��,7$/<

.H\ZRUGV��VHSVLV��WULDJH�VFUHHQLQJ�WRRO��ODFWDWHV

$EVWUDFW��

6HSVLV�LV�RQH�RI�WKH�OHDGLQJ�FDXVHV�RI�GHDWK�LQ�KRVSLWDO�SDWLHQWV�ZRUOGZLGH��,W�FDXVHV�PRUH�GHDWKV�WKDQ�SURVWDWH�FDQFHU��EUHDVW�FDQFHU�DQG�+,9�$,'6
FRPELQHG��,W�LV�D�PHGLFDO�HPHUJHQF\�MXVW�OLNH�D�KHDUW�DWWDFN�RU�VWURNH�EXW�LW�FDQ�EH�VXEWOH�DQG�GLIILFXOW�WR�GLDJQRVH��(DUO\�UHFRJQLWLRQ�DQG�SURPSW
WUHDWPHQW�LV�HVVHQWLDO�WR�LPSURYH�VXUYLYDO��3DWLHQWV�ZLWK�VHSVLV�DUH�KLJK�ULVN�DQG�PD\�GHWHULRUDWH�UDSLGO\��,W�H[WUHPHO\�LPSRUWDQW�WR�LGHQWLI\�VHSWLF
SDWLHQW�DW�WULDJH�DQG�WR�GHWHFW�VLJQV�RI�SRVVLEOH�XQIDYRXUDEOH�HYROXWLRQ�

7ULDJH�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��LV�WKH�PRVW�FULWLFDO�WLPH�LQ�WKH�LGHQWLILFDWLRQ�RI�HYROYLQJ�VHYHUH�VHSVLV�DQG�LV�WKH�ILUVW�SDUW�RI�D�GLIIHUHQWLDO
GLDJQRVLV��7KHUHIRUH��LW�LV�HVVHQWLDO�WR�KDYH�VLPSOH�WRROV�RU�VFDOHV�WR�DVVLVW�UDSLG�DQG�UHOLDEOH�LGHQWLILFDWLRQ�

$�FOLQLFDOO\�EDVHG�V\VWHP�RI�WULDJLQJ�HQVXUHV�WKDW�SDWLHQWV�QHHGLQJ�SULRULW\�PHGLFDO�FDUH�JHW�LW�

7KH�LGHQWLILFDWLRQ�RI�VHYHUH�VHSVLV�LV�EDVHG�RQ�FOLQLFDO�VLJQV�EXW�DOVR�RQ�ODERUDWRU\�ILQGLQJV�

$Q�HDUO\�ZDUQLQJ�LQGLFDWRU�LV�QHFHVVDU\�IRU�HDUO\�LGHQWLILFDWLRQ�RI�SDWLHQWV�DW�KLJK�ULVN�RI�HYROXWLRQ�

6KRFN�,QGH[��+HDUW�5DWH�6\VWROLF�EORRG�SUHVVXUH��LV�D�YDOXDEOH�DQG�QRQ�FRVWO\�WRRO��WKDW�FRXOG�KHOS�LGHQWLI\��SDWLHQWV�DW�KLJK�ULVN�RI�HYROXWLRQ�DW
WULDJH�DV�LWÇV�HOHYDWLRQ�LV�FRUUHODWHG�WR�DQ�LQFUHDVH�LQ�ODFWDWHV��7KH�SURJQRVWLF�YDOXH�RI�LVRODWHG�ODFWDWH�PHDVXUHPHQWV�DQG�VHULDO�PHDVXUHPHQWV�KDV
EHHQ

LQYHVWLJDWHG�LQ�YDULRXV�VHWWLQJV��6KDSLUR�HW�DO��IRXQG�WKDW�ODFWDWH�OHYHOV�FRXOG�FRUUHFWO\�VWUDWLI\�SDWLHQWV�DFFRUGLQJ�WR�PRUWDOLW\��/DFWDWH�OHYHOV�RI
�Ä��������Ä����DQG�Õ��PPRO�/�ZHUH�DVVRFLDWHG�ZLWK�PRUWDOLWLHV�RI������UHVSHFWLYHO\�

,Q�RXU�(PHUJHQF\�GHSDUWPHQW��ZH�VWDUWHG�D�PXOWLFHQWULF�REVHUYDWLRQDO�VWXG\��XVLQJ�6,�DW�WULDJH�LQ�SDWLHQWV�SUHVHQWLQJ�WR�RXU�(PHUJHQF\�'HSDUWPHQW
ZLWK�VXVSLFLRQ�RI�LQIHFWLRQ��:LWK�D��6KRFN�,QGH[�!���ODFWDWHV�DUH�PHDVXUHG�LPPHGLDWHO\�DQG�LI�WKH�YDOXH�LV�!��PPRO�O�WKH�SDWLHQW�LV�LPPHGLDWHO\
PRQLWRUHG�DQG�VHHQ�E\�DQ�H[SHUW�(PHUJHQF\�3K\VLFLDQ��,I�ODFWDWHV�DUH�!��PPRO�O�WKH�SDWLHQW�LV�VHHQ�ZLWKLQ������Ç�E\�DQ�H[SHUW�WHDP�

3UHOLPLQDU\�UHVXOWV�VKRZ�WKDW�LPSOHPHQWDWLRQ�RI�WULDJH�DOJRU\WKP�ZLWK�6,�DQG�LPPHGLDWH�ODFWDWH�PHDVXUHPHQW�LQ�DGXOW�('�SDWLHQWV�ZLWK�VXVSHFWHG
VHSVLV�UHGXFHV�WLPH�WR�(PHUJHQF\�SK\VLFLDQ�FDUH��DQG�WR�L�Y��IOXLGV�DQG�DQWLELRWLFV��:H�H[SHFW�DOVR�D�GHFUHDVH�LQ�PRUWDOLW\�DQG�,&8�DGPLVVLRQ�

�



,0$*,1*���8/75$6281'���5$',2/2*< 0RKLW�$URUD

��������3RLQW�RI�&DUH�8OWUDVRXQG�IRU�0DQLSXODWLRQ�RI�&ROOHVx�IUDFWXUH�LQ�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RKLW�$URUD����

���(PHUJHQF\�0HGLFLQH��/HHGV�7HDFKLQJ�+RVSLWDOV�1+6�UXVW��/HHGV��8.

.H\ZRUGV��&ROOHV
�)UDFWXUH��'LVWDO�5DGLXV�)UDFWXUH��8OWUDVRXQG

$EVWUDFW��

3RLQW�RI�&DUH�8OWUDVRXQG�IRU�0DQLSXODWLRQ�RI�&ROOHVx�IUDFWXUH�LQ�WKH�(PHUJHQF\�'HSDUWPHQW

%DFNJURXQG��&ROOHVÇ�IUDFWXUH��GLVWDO�UDGLDO�IUDFWXUH��LV�D�FRPPRQ�SUHVHQWDWLRQ�WR�WKH�('�DQG�WKHLU�UHGXFWLRQ�FRPHV�XQGHU�WKH�VFRSH�DQG
FRPSHWHQF\�RI�(PHUJHQF\�3K\VLFLDQV���,W�LV�HVWLPDWHG�WKDW��������DGXOWV�VXVWDLQ�D�GLVWDO�IRUHDUP�IUDFWXUH�LQ�%ULWDLQ�HDFK�\HDU���)UDFWXUHV�RI�WKH
GLVWDO�UDGLXV�DUH�WKH�PRVW�FRPPRQ�IUDFWXUHV�RI�XSSHU�OLPE��DQG�UHSUHVHQW�����RI�DOO�IUDFWXUHV�WUHDWHG�HDFK�\HDU��

&XUUHQWO\�UHGXFWLRQ�DQG�PDQLSXODWLRQ�RI�GLVWDO�UDGLDO�IUDFWXUHV�LV�GRQH�ZLWK�EOLQG�PDQXDO�SDOSDWLRQ��ZLWK�SRVW�UHGXFWLRQ�[�UD\V�DV�D�JXLGH�IRU
DGHTXDF\��3UH�UHGXFWLRQ�WKH�SDWLHQW�LV�HLWKHU�JLYHQ�D�KHPDWRPD�EORFN��%LHUÇV�EORFN�RU�FRQVFLRXV�VHGDWLRQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��7KRVH�ZLWK
XQVDWLVIDFWRU\�UHGXFWLRQ��WKH�RXWFRPH�PD\�EH�����D�UH�PDQLSXODWLRQ�DQG�[�UD\V������DGPLVVLRQ�XQGHU�RUWKRSDHGLF�VXUJHU\�IRU�UH�PDQLSXODWLRQ�XQGHU
JHQHUDO�DQDHVWKHWLF��RU�����DFFHSWLQJ�WKH�VXERSWLPDO�SRVLWLRQ�LQ�WKRVH�ZKHUH�IXQFWLRQDO�LVVXH�LV�OHVV�LPSRUWDQW�

$�0HGOLQH�VHDUFK�IRXQG�WZR�UHOHYDQW�SDSHUV��ZKLFK�VXJJHVWHG�XOWUDVRXQG�PLJKW�EH�D�XVHIXO�WRRO�IRU�GLVWDO�UDGLXV�PDQLSXODWLRQ��%RWK�ZHUH
VLQJOH�FHQWUH�SURVSHFWLYH�VWXGLHV�DQG�LQYROYHG�VPDOO�QXPEHU�RI�SDWLHQWV����

3URVSHFWLYH�REVHUYDWLRQDO�VWXG\

��SDWLHQWV�ZLWK�&ROOHÇV�IUDFWXUH�XQGHUZHQW�PDQLSXODWLRQ�DQG�UHGXFWLRQ�RI�IUDFWXUH�LQ�WKH�XVXDO�ZD\��EXW�ZLWK�UHDO�WLPH�WZR�SODQH�XOWUDVRXQG�JXLGHG
REVHUYDWLRQ�GXULQJ�WKH�SURFHGXUH�

0HWKRG��$�OLQHDU�KLJK�IUHTXHQF\�SUREH�ZDV�XVHG�DQG�WKH�GLVWDO�UDGLXV�ZDV�YLHZHG�LQ�ORQJ�D[LV�LQ�WZR�SODQHV��IURP�GRUVDO�VXUIDFH�DQG�UDGLDO
VXUIDFH���8OWUDVRXQG�ZDV�UHSHWLWLYHO\�XVHG�GXULQJ�PDQLSXODWLRQ�XQWLO�WKH�RSHUDWRU�ZDV�VDWLVILHG�ZLWK�SRVLWLRQ�RI�GLVWDO�UDGLDO�IUDJPHQW��3ODVWHU�FDVW
DQG�SODLQ�UDGLRJUDSK�ZDV�SHUIRUPHG�LQ�WKH�XVXDO�ZD\�DIWHU�UHGXFWLRQ��

5HVXOWV��Æ1R�QHHG�IRU�IXUWKHU�PDQLSXODWLRQÇ�ZDV�FRQVLGHUHG�DV�VXFFHVVIXO�UHGXFWLRQ��$OO�UHGXFWLRQV�ZHUH�VDWLVIDFWRU\�DQG�QRQH�UHTXLUHG
UH�PDQLSXODWLRQ�

/LPLWDWLRQV�����6PDOO�QXPEHUV�LQ�WKH�VWXG\�����1R�REMHFWLYH�PHDVXUHPHQWV��XOWUDVRXQG�RU�UDGLRJUDSKLF��XVHG�WR�GHILQH�VXFFHVVIXO�UHGXFWLRQ�����1R
RWKHU�IDFWRUV�WDNHQ�LQWR�FRQVLGHUDWLRQ�HJ��DQDHVWKHWLF�WHFKQLTXH�XVHG��WRWDO�WLPH�VSHQG�LQ�WKH�GHSDUWPHQW��SDWLHQW�H[SHULHQFH�HYDOXDWLRQ�

&RQFOXVLRQ��8OWUDVRXQG�JXLGHG�UHGXFWLRQ�DQG�FRQILUPDWLRQ�RI�VDWLVIDFWRU\�UHGXFWLRQ�SULRU�WR�DSSO\LQJ�SODVWHU�FDVW�VHHPV�D�YHU\�QRYHO�DQG�DWWUDFWLYH
FRQFHSW��7KLV�PLJKW�SURYH�EHQHILFLDO�WR�SDWLHQWV�E\�UHGXFLQJ�VHFRQG�H[SRVXUH�WR�UDGLDWLRQ�LI�VDWLVIDFWRU\�SRVLWLRQ�FRQILUPHG�ZLWK�XOWUDVRXQG�
LPSURYHG�SDWLHQW�H[SHULHQFH�DQG�SRVVLEOH�UHGXFWLRQ�LQ�WLPH�VSHQW�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��$�ODUJHU�PXOWL�FHQWULF�UDQGRPL]HG�FRQWURO�VWXG\�LQ
IXWXUH�ZRXOG�SURYLGH�EHWWHU�HYLGHQFH�WR�VXSSRUW�WKLV�QRYHO�FRQFHSW�

5HIHUHQFHV

���2Ç1HLOO�7:��&RRSHU�&��)LQQ�-'�HW�DO��,QFLGHQFH�RI�GLVWDO�IRUHDUP�IUDFWXUH�LQ�%ULWLVK�PHQ�DQG�ZRPHQ��2VWHRSRURV�,QW��������������Ä����

���-XSLWHU�-%��)HUQDQGH]�'/��&RPSDUDWLYH�FODVVLILFDWLRQ�IRU�IUDFWXUHV�RI�WKH�GLVWDO�HQG�RI�WKH�UDGLXV��-�+DQG�6XUJ����������������

���&KHUQ�7&��-RX�,0��/DL�.$��<DQJ�&<��<HK�6+��&KHQJ�6&��HW�DO�6RQRJUDSK\�IRU�PRQLWRULQJ�FORVHG�UHGXFWLRQ�RI�GLVSODFHG�H[WUD�DUWLFXODU�GLVWDO�UDGLDO
IUDFWXUHV�-RXUQDO�RI�%RQH�	�-RLQW�6XUJHU\���$PHULFDQ�9ROXPH�)HEUXDU\�������YRO��LV����$������������������������

���$QJ�6�+��/HH�6�:��/DP�.�<��8OWUDVRXQG�JXLGHG�UHGXFWLRQ�RI�GLVWDO�UDGLXV�IUDFWXUHV��$P�-�(PHUJ�0HG�����������������Ä��
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��������,1$'(48$&<�,1�&+$11(/,1*�3(5,3+(5$/�9(1286�&$7+(5,=$7,21�$1'�,76�5(/$7,216+,3�:,7+�7+(�35,25,7<�2)
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3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0$5,$�&8(1&$�7255(6������/DXUD�&RUWLMR�0RQWHDJXGR������$QD�5HYHUW�&RJROORV������0DULVD�5RPDQ\�&DVD�������0�-RVH�(VTXHU�3HULV������-RVH�/XLV�5XL]
/�SH]������/XLV�0DQFO�V�0RQWR\D������3DEOR�*DUPLOOD�(]TXHUUD����

���5HVHDUFK��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$/&,5$�$/=,5$��63$,1
���VWXGHQW��8QLYHUVLGDG�&DW�OLFD�GH�9DOHQFLD��$O]LUD��63$,1
���1XUVLQJ��+RVSLWDO�GH�9DOGHFLOODV��6DQWDQGHU��63$,1
���1XUVLQJ��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$O]LUD��63$,1
���QXUVLQJ��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$O]LUD��63$,1
���(PHUJHQF\��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$O]LUD��63$,1
���(PHUJHQF\��+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��6DQWDQGHU��63$,1

.H\ZRUGV��SKHULSKHUDO�YHQRXV�FDWKHUL]DWLRQ��SULRULW\

$EVWUDFW��

,1752'8&7,21�

2QH�RI�WKH�WHFKQLTXHV�UHDOL]HG�E\�QXUVLQJ�VWDII�SUHVHQWV�JUHDW�LQFLGHQFH�LQ�HPHUJHQF\�GHSDUWPHQWV�LQ�WKH�SHULSKHUDO�YHQRXV�FDWKHUL]DWLRQ��+RZHYHU�
WKHUH�DUH�D�VLJQLILFDQW�QXPEHU�RI�QRQ�LQGLFDWHG�YHQRXV�FDWKHUL]DWLRQV�WKDW�LPSO\�DQ�LDWURJHQLF�ULVN�IRU�WKH�SDWLHQW��DQ�XQQHFHVVDU\�XVH�RI�PDWHULDO
DQG�DQ�LQFUHDVH�RI�WKH�QXUVLQJ�VWDIInV�ZRUNORDG�

$,0�

7KH�PDLQ�JRDO�RI�WKLV�VWXG\�ZDV�WR�GHVFULEH�WKH�XVH�RI�SHULSKHUDO�YHQRXV�FDWKHWHUL]DWLRQV�UHJLVWHUHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI�WKH�+RVSLWDO
8QLYHUVLWDULR�GH�/$�5LEHUD�DQG�DQDOL]H�LWV�LQGLFDWLRQV�GHSHQGLQJ�RQ�WKH�SULRULW\�RI�WKH�SDWLHQWV�

0(7+2'2/2*<�

)RU�WKLV�SXUSRVH��D�UHWURVSHFWLYH�REVHUYDWLRQDO��GHVFULSWLYH�DQG�WUDQVYHUVDO�UHVHDUFK�KDV�EHHQ�FDUULHG�RXW�GXULQJ�-DQXDU\������

$�UDQJH�RI�WKH�SDWLHQWVÇ�IDFWRUV�ZHUH�VWXGLHG�VXFK�DV�VRFLRGHPRJUDSKLF�FKDUDFWHULVWLFV��DWWHQWLRQ�SULRULW\�IROORZLQJ�0DQFKHVWHU�WULDJH�V\VWHP��
YHQRXV�FDWKHWHUL]DWLRQ��LQGLFDWLRQ�DQG�WKH�GHVWLQ\�RI�SDWLHQWV�DIWHU�GLVFKDUJH�IURP�HPHUJHQF\�FDUH�

5(68/76�

�����SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��ZLWK�D�VOLJKW�SUHIHUHQFH�LQ�IHPDOH�JHQGHU����Ç�����ZLWK�D�PHDQ�DJH�RI����\HDUV�

,Q�UHODWLRQ�ZLWK�SULRULW\��PRVW�RI�WKH�SDWLHQWV�ZHUH�FODVVLILHG�IROORZLQJ�0DQFKHVWHUÇV�WULDJH�V\VWHP�ZLWK�JUHHQ�SULRULW\��VWDQGDUG�SULRULW\��

3HULSKHUDO�YHQRXV�FDWKHWHUL]DWLRQ�ZDV�LQGLFDWHG�LQ�����RI�SDWLHQWV��ZLWK�WKH�PDLQ�IXQFWLRQ�RI�WKLV�GHYLFH�EHLQJ�GUXJ�DGPLQLVWUDWLRQ���

7KH�PDMRULW\�RI�SHULSKHUDO�YHQRXV�FDWKHWHUL]DWLRQ�ZDV�UHJLVWHUHG�LQ�SDWLHQWV�ZLWK�ORZ�SULRULW\����Ç�����3DWLHQWV�ZLWK�KLJK�XUJHQW�SULRULW\�REWDLQHG�WKH
KLJKHVW�SHUFHQWDJH�RI�SHULSKHUDO�YHQRXV�FDWKHWHUL]DWLRQV�LQGLFDWHG����������ZKLOH�SDWLHQWV�ZLWK�OLWWOH�XUJHQW�SULRULW\�KDG�ORZHU�SHUFHQWDJHV�RI
SHULSKHUDO�YHQRXV�FDWKHWHUL]DWLRQV�QRW�LQGLFDWHG���������

�

&21&/86,21�

7KHUH�LV�DQ�H[FHVVLYH�XVH�RI�YHQRXV�SHULSKHUDO�FDWKHWHUL]DWLRQ�LQ�QRQ�LQGLFDWHG�VLWXDWLRQV��EHLQJ�WKRVH�FDWKHWHUL]DWLRQV�LQ�XUJHQW�SULRULW\�WKH�PRVW
LQGLFDWHG��ZKLOVW�WKRVH�ZKLFK�KDYH�ORZ�SULRULW\��WKH�OHDVW��



72;,&2/2*< (XQ�-XQJ�3DUN

��������7KH�(PHUJLQJ�0HWKRG�RI�6XLFLGH�E\�WKH�)DWDO�([SRVXUH�WR�(OHFWURQLF�&LJDUHWWH�/LTXLG���&DVH�5HSRUWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(XQ�-XQJ�3DUN������(XQ�-XQJ�3DUN������<RXQJJL�0LQ����

���(PHUJHQF\�0HGLFLQH��$MRX�8QLYHUVLW\�KRVSLWDO��6XZRQ��.25($��5(38%/,&�2)
���(PHUJHQF\�PHGLFLQH��$MRX�XQLYHUVLW\�KRVSLWDO��6XZRQ��.25($��5(38%/,&�2)

.H\ZRUGV��(OHFWRUQLF�&LJDUHWWH��1LFRWLQH��6XLFLGH

$EVWUDFW��

(OHFWURQLF�QLFRWLQH�GHOLYHU\�V\VWHP�RU�HOHFWURQLF�FLJDUHWWH��(&��LV�D�GHYLFH�WKDW�DHURVROL]HG�OLTXLG�QLFRWLQH�E\�KHDWLQJ�D�VROXWLRQ�RI�QLFRWLQH��JO\FHURO
DQG�IODYRULQJ�DJHQWV��7KH�DZDUHQHVV�DQG�WKH�XVDJH�RI�(&�KDV�EHHQ�LQFUHDVHG�LQ�PDQ\�FRXQWULHV��'XH�WR�WKH�RQOLQH�VDOHV�DQG�WKH�DEVHQFH�RI
UHJXODWLRQV�RI�(&��WKH�SUHYDOHQFH�RI�(&�XVDJH�LV�HVSHFLDOO\�KLJK�LQ�DGROHVFHQWV�DQG�\RXQJ�DGXOWV��'XH�WR�WKH�ODUJH�DPRXQW�DQG�WKH�KLJK�QLFRWLQH
FRQFHQWUDWLRQ�RI�(&�OLTXLG��WKH�LQJHVWLRQ�IRU�VXLFLGH�HDVLO\�FDQ�OHDG�WR�FDUGLDF�GHDWK��:H�KDG�WZR�SDWLHQWV�RI����\HDU�ROG�PDOH�ZKR�LQJHVWHG�DERXW���
PJ�NJ�DV�QLFRWLQH�DQG����\HDU�ROG�IHPDOH�ZKR�LQJHVWHG�DERXW����PJ�NJ�DV�QLFRWLQH��%RWK�SDWLHQWV�KDG�FDUGLDF�DUUHVW�IROORZHG�E\�FDUGLRSXOPRQDU\
UHVXVFLWDWLRQ�DQG�SRVW�FDUGLDF�DUUHVW�FDUH��ZKR�GLVFKDUJHG�DV�&3&���DQG���UHVSHFWLYHO\�



3(',$75,&6 *LOOLHV�)LRQD

��������3DHGLDWULF�GLVWDO�UDGLXV�DQG�IRUHDUP�IUDFWXUH�FORVHG�UHGXFWLRQ���HPHUJHQF\�GHSDUWPHQW�SURFHGXUDO�VHGDWLRQ�YHUVXV
RSHUDWLQJ�WKHDWUH�PDQLSXODWLRQ�XQGHU�JHQHUDO�DQDHVWKHVLD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)LRQD�*LOOLHV������*UHJRU�&DPSEHOO�+HZVRQ������1LFN�%HDWWLH����

���1+6���5R\DO�+RVSLWDO�IRU�6LFN�&KLOGUHQ�(PHUJHQF\�'HSDUWPHQW��(GLQEXUJK��8.
���1+6���5R\DO�+RVSLWDO�IRU�6LFN�&KLOGUHQ�2UWKRSDHGLF�6XUJHU\��(GLQEXUJK��8.

.H\ZRUGV��3DHGLDWULF�HPHUJHQF\�PHGLFLQH��SURFHGXUDO�VHGDWLRQ��SURVSHFWLYH�VWXG\��WUDXPD��RUWKRSDHGLF�VXUJHU\��PDQLSXODWLRQ�XQGHU�DQDHVWKHVLD�

$EVWUDFW��

$�SURVSHFWLYH�FRKRUW�VWXG\�RI�PDQLSXODWLRQ�DQG�FORVHG�UHGXFWLRQ�RI�SDHGLDWULF�GLVWDO�UDGLXV�DQG�IRUHDUP�IUDFWXUHV���HPHUJHQF\�GHSDUWPHQW��('�
SURFHGXUDO�VHGDWLRQ�YHUVXV�JHQHUDO�DQDHVWKHVLD�LQ�HPHUJHQF\�WKHDWUH��6LQJOH�FHQWUH�VWXG\�EDVHG�DW�WKH�5R\DO�+RVSLWDO�IRU�6LFN�&KLOGUHQ��5+6&��
(GLQEXUJK�8.�

%DFNJURXQG

'LVWDO�UDGLXV�DQG�IRUHDUP�IUDFWXUHV�DUH�FRPPRQ�LQMXULHV�LQ�WKH�SDHGLDWULF�SRSXODWLRQ���,Q�WKH�VXEVHW�RI�WKHVH�LQMXULHV�WKDW�GHPRQVWUDWH�DQ
XQDFFHSWDEOH�GHJUHH�RI�DQJXODWLRQ�RU�GLVSODFHPHQW��FORVHG�UHGXFWLRQ�LV�WKH�VWDQGDUG�SUDFWLFH�RI�FDUH�ZKHUH�LQVWUXPHQWDWLRQ�LV�QRW�LQGLFDWHG��7KLV
PD\�EH�SHUIRUPHG�XQGHU�SURFHGXUDO�VHGDWLRQ�ZLWKLQ�WKH�('�RU�XQGHU�JHQHUDO�DQDHVWKHVLD��*$��LQ�WKHDWUH��,W�LV�SRVWXODWHG�WKDW�SURFHGXUDO�VHGDWLRQ
ZLWKLQ�WKH�('�PD\�UHGXFH�FRVW�DQG�WLPH�WR�WUHDWPHQW�ZKHQ�FRPSDUHG�WR�UHGXFWLRQ�XQGHU�*$��+RZHYHU�FRQFHUQV�FXUUHQWO\�H[LVW�WKDW�UHGXFWLRQ�XQGHU
SURFHGXUDO�VHGDWLRQ�ZLWKLQ�WKH�('�PD\�EH�DVVRFLDWHG�ZLWK�LQFUHDVHG�DQ[LHW\�DQG�SDLQ��SRRUHU�WUHDWPHQW�RXWFRPHV�DQG�FRPSOLFDWLRQV�DULVLQJ�IURP
VHGDWLRQ�ZKHQ�FRPSDUHG�ZLWK�LQSDWLHQW�*$��7KLV�VWXG\�DLPV�WR�FRPSDUH�WKH�RXWFRPHV�IRU�WKH�FORVHG�UHGXFWLRQ�RI�IRUHDUP�DQG�GLVWDO�UDGLXV
SDHGLDWULF�IUDFWXUHV�XQGHU�SURFHGXUDO�VHGDWLRQ�LQ�WKH�('�WR�WKRVH�UHGXFHG�XQGHU�*$�LQ�HPHUJHQF\�WKHDWUH�

�

0HWKRGV

$OO�SDWLHQWV�SUHVHQWLQJ�WR�5+6&�('�IURP�$XJXVW������ZLWK�GLVWDO�UDGLXV�RU�IRUHDUP�IUDFWXUHV�DSSURSULDWH�IRU�FORVHG�UHGXFWLRQ�ZHUH�LQFOXGHG��7HUWLDU\
UHIHUUDOV�DQG�DQ\�IUDFWXUHV�UHTXLULQJ�LQVWUXPHQWDWLRQ�ZHUH�H[FOXGHG��$OORFDWLRQ�WR�('�SURFHGXUDO�VHGDWLRQ�ZDV�EDVHG�RQ�DQWLFLSDWHG�VDIHW\�DQG�ZDV
DVVHVVHG�E\�WKH�VXSHUYLVLQJ�('�FRQVXOWDQW�XVLQJ�D�GHSDUWPHQWDO�VWDQGDUG�RSHUDWLQJ�SURFHGXUH��6HGDWLRQ�DJHQWV�XVHG�YDULHG�DFFRUGLQJ�WR
VHGDWLRQLVW�SUHIHUHQFH�EXW�PRVW�FRPPRQO\�ZHUH�D�FRPELQDWLRQ�RI�SURSRIRO�DQG�RSLRLG��2XU�PHDVXUDEOH�RXWFRPHV�ZHUH�WLPH�WR�UHGXFWLRQ�
FRPSOLFDWLRQV�VHFRQGDU\�WR�JHQHUDO�DQDHVWKHVLD�RU�SURFHGXUDO�VHGDWLRQ��QHHG�IRU�WUHDWPHQW�UHYLVLRQ��LQFLGHQFH�RI�UH�IUDFWXUH�RU�PDO�XQLRQ�QRQ�XQLRQ
SRVWRSHUDWLYHO\�

�

5HVXOWV

2YHU�WKH�LQLWLDO���PRQWK�SHULRG�����SDWLHQWV�DJHG�EHWZHHQ���DQG����\HDUV�ZHUH�LQFOXGHG�����IRUHDUP�DQG����GLVWDO�UDGLXV�IUDFWXUHV�����IUDFWXUHV
������ZHUH�UHGXFHG�XQGHU�SURFHGXUDO�VHGDWLRQ�LQ�WKH�('�����������XQGHU�*$�LQ�WKHDWUH��7KHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH�LQ�PHDQ�WLPH�WR
SURFHGXUH�RI����KRXUV��SURFHGXUDO�VHGDWLRQ�PHDQ�WLPH���KRXUV��*$����KRXUV��S��������7KHUH�ZDV�QR�GLIIHUHQFH�LQ�FRPSOLFDWLRQ�UDWH�EHWZHHQ�('
VHGDWLRQ�DQG�LQSDWLHQW�*$��Q ���DQG�('�UHGXFWLRQ�ZDV�QRW�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�UDWH�RI�UHRSHUDWLRQ��Q ����5H�IUDFWXUH�UDWHV�ZHUH
FRPSDUDEOH�LQ�ERWK�JURXSV��Q ���DQG�DOO�IUDFWXUHV�ZHUH�XQLWHG�LQ�DQ�DFFHSWDEOH�SRVLWLRQ�DW�IROORZ�XS��:H�ZLOO�LQFUHDVH�WKH�SRZHU�RI�WKLV�VWXG\
WKURXJK�D�IXUWKHU���PRQWKV�RI�GDWD�FROOHFWLRQ��:H�DUH�DOVR�DVVHVVLQJ�VHUYLFH�XVHU�VDWLVIDFWLRQ�DQG�TXDQWLI\LQJ�WKH�ILQDQFLDO�VDYLQJV�DVVRFLDWHG�ZLWK
WKH�SURFHGXUDO�VHGDWLRQ�WUHDWPHQW�OLPE�

�

&RQFOXVLRQ

2XU�SUHOLPLQDU\�GDWD�LQGLFDWHV�WKDW�('�SURFHGXUDO�VHGDWLRQ�LV�DV�HIIHFWLYH�DV�LQSDWLHQW�*$�IRU�WKH�FORVHG�UHGXFWLRQ�RI�SDHGLDWULF�GLVWDO�UDGLXV�DQG
IRUHDUP�IUDFWXUHV�LQ�WKRVH�GHHPHG�VDIH�IRU�VHGDWLRQ��,W�DSSHDUV�WR�SURYLGH�D�PRUH�UDSLG��HIILFLHQW�DQG�FRVW�HIIHFWLYH�DOWHUQDWLYH�WR�LQSDWLHQW�*$
UHGXFWLRQ��,W�KDV�VKRZQ�WR�VLJQLILFDQWO\�GHFUHDVH�WLPH�WR�UHGXFWLRQ�DQG�DYRLGV�KRVSLWDO�DGPLVVLRQ�DQG�WKH�XVH�RI�HPHUJHQF\�WKHDWUH�VORWV���



35(�+263,7$/���(06���287�2)�+263,7$/ .DWDULQD�9HVHOD

��������(06�3UDJXH�v�LQ�WKH�KHDUW�RI�(XURSH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

.DWDULQD�9HVHOD������3HWU�.RORXFK������-L¨��'DQGD����

�����=GUDYRWQLFN��]�FKUDQQ��VOX¯ED�KO��P�VWD�3UDK\��(06�3UDJXH���3UDJXH��&=(&+�5(38%/,&

.H\ZRUGV��&]HFK�UHSXEOLF���(06��+(06��3UDJXH��559��UDQGH]�YRXV�V\VWHP

$EVWUDFW��

3UDJXH�(PHUJHQF\�0HGLFDO�6HUYLFH�ZDV�IRXQGHG�DOPRVW�����\HDUV�DJR�LQ�WKH�\HDU�������ZKLFK�PDNHV�LW�RQH�RI�WKH�ROGHVW�HPHUJHQF\�VHUYLFHV�LQ
(XURSH��&XUUHQWO\��3UDJXH�(PHUJHQF\�0HGLFDO�6HUYLFH�LV�D�FRQWULEXWLRQ�EDVHG�RUJDQL]DWLRQ�HVWDEOLVKHG�E\�WKH�FLW\�RI�3UDJXH�LQ�WKH�YHU\�KHDUW�RI
(XURSH�

,WV�PDLQ�SXUSRVH�LV�WR�SURYLGH�KLJKO\�TXDOLILHG�XUJHQW�PHGLFDO�FDUH��(PHUJHQF\�FDOOV�IURP�WKH�ZKROH�DUHD�RI�WKH�FDSLWDO�FLW\�DUH�EHLQJ�SURFHVVHG
WKURXJK�D�����OLQH�IUHH�RI�FKDUJH��7KLV�OLQH�LV�VHUYLFHG�E\�0HGLFDO�2SHUDWLRQ�&HQWUH�ZKLFK�DFFHSWV�DQG�HYDOXDWHV�HPHUJHQF\�FDOOV�DQG�FRQVHTXHQWO\
VHQGV�YDULRXV�UHVFXH�VHUYLFHV�WR�KHOS�WKH�FLWL]HQV�DQG�YLVLWRUV�RI�WKH�FDSLWDO�

(PHUJHQF\�0HGLFDO�6HUYLFH�YHKLFOHV��ZLWK�WKH�GULYHU�DQG�D�SDUDPHGLF�RQ�ERDUG��DQG�5DSLG�5HVSRQVH�9HKLFOHV��ZLWK�WKH�GRFWRU�RQ�ERDUG��DUH�WKH
YHU\�FRUH�RI�HPHUJHQF\�VHUYLFHV��7KHVH�YHKLFOHV�RSHUDWH�ZLWKLQ�WKH�VR�FDOOHG�5DQGH]�YRXV�V\VWHP�

$SDUW�IURP�WKHVH��3UDJXH�(PHUJHQF\�0HGLFDO�6HUYLFH�DOVR�RSHUDWHV�VHYHUDO�VSHFLDO�DQG�XQLTXH�YHKLFOHV�VXFK�DV�*2/(0�YHKLFOH�IRU�WKH�SXUSRVHV�RI
VDIHW\�LQVXUDQFH�GXULQJ�H[WUDRUGLQDU\�HYHQWV�RU�GLVDVWHUV�DQG�WKH�;;/�PHGLFDO�YHKLFOH�VSHFLILFDOO\�GHVLJQHG�WR�WUDQVSRUW�VLJQLILFDQWO\�REHVH�SDWLHQWV�

5HVFXH�WHDPV�DUH�EHLQJ�GLVSDWFKHG�E\�WKH�0HGLFDO�2SHUDWLRQ�&HQWUH�IURP����VWDWLRQV�VWUDWHJLFDOO\�GLVSHUVHG�DFURVV�WKH�ZKROH�3UDJXH
DJJORPHUDWLRQ��VR�WKH�XUJHQW�FDUH�ZRXOG�DOZD\V�EH�VHFXUHG�IRU�WKH�SDWLHQWV�LQ�PDWWHU�RI�PLQXWHV�

7KH�(PHUJHQF\�6HUYLFH�DOVR�RSHUDWHV�D�VSHFLDO�VWDWLRQ�RI�+(06�FUHZ�SURYLGHG�LQ�FRRSHUDWLRQ�ZLWK�WKH�3ROLFH�RI�WKH�&]HFK�5HSXEOLF��7KLV�VWDWLRQ�LV
EDVHG�RQ�9�FODY�+DYHO�,QWHUQDWLRQDO�$LUSRUW�LQ�3UDJXH�

7KH�+(06�FUHZ�SURYLGHV�LWV�VHUYLFHV�LQ�WKH�FDSLWDO�DV�ZHOO�DV�LQ�WKH�UHJLRQ�RI�&HQWUDO�%RKHPLD�RU�DQ\ZKHUH�HOVH�LQ�WKH�&]HFK�5HSXEOLF�LI�WKH�VLWXDWLRQ
UHTXLUHV�VR�

7KH�PDLQ�IRFXV�RI�WKLV�OHFWXUH�LV�WR�LQWURGXFH�3UDJXH�(PHUJHQF\�0HGLFDO�6HUYLFH�DQG�LWV�KLVWRU\�DV�ZHOO�DV�WR�JLYH�D�FRPSOH[�LQVLJKW�LQWR�WKH�LVVXH�RI
SURYLGLQJ�XUJHQW�PHGLFDO�FDUH�LQ�WKH�YHU\�KHDUW�RI�(XURSH��LQ�3UDJXH��WKH�FDSLWDO�FLW\�RI�&]HFK�5HSXEOLF�

�



7(/(0(',&,1( 3R�/LDQJ�&KHQJ

��������(YDOXDWH�WKH�IHDVLELOLW\�RI�D�VPDUWSKRQH�EDVHG�DSS�LQ�WKH�PDVV�FDVXDOW\�LQFLGHQW�WR�VLPSOLI\�WKH�LQMXULHV�DQG�WKHLU
GLVSRVLWLRQV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3R�/LDQJ�&KHQJ������<XQJ�&KHQJ�6X������<L�.XQJ�/HH������3R�/XQ�&KDQJ����

���(PHUJHQF\�SK\VLFLDQ��'DOLQ�7]X�&KL�+RVSLWDO��%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��7DLQDQ�&LW\��7$,:$1
���(PHUJHQF\�SK\VLFLDQ��'DOLQ�7]X�&KL�+RVSLWDO��%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��&KLD\L�&RXQW\��7$,:$1
���3URIHVVRU��%LRPHGLFDO�,QIRUPDWLFV�,QVWLWXWH��1DWLRQDO�<DQJ�0LQJ�8QLYHUVLW\��7DLSHL�&LW\��7$,:$1

.H\ZRUGV��PDVV�FDVXDOW\�LQFLGHQW��VPDUW�SKRQH��DSS��PHGLFDO�LQIRUPDWLFV��PRELOH�KHDOWK��GLVDVWHU�PHGLFLQH

$EVWUDFW��

%DFNJURXQG��'XH�WR�WKH�OLPLWHG�LQIRUPDWLRQ�LQ�WKH�HDUO\�SKDVH�RI�UHVFXH�RSHUDWLRQ��WKH�JRYHUQPHQW��HPHUJHQF\�PHGLFLQH�VHUYLFH��(06��V\VWHPV
DQG�WKH�SRSXODWLRQ�LQ�7DLZDQ�XVXDOO\�JHW�WKH�DPELJXRXV�LQIRUPDWLRQ�RI�GDPDJH��8WLOL]DWLRQ�RI�WKH�PHGLFDO�HOHFWURQLFV�ZLWK�ZHOO�HVWDEOLVKHG
LQIUDVWUXFWXUH�RI�LQIRUPDWLRQ�FRPPXQLFDWLRQ�WHFKQRORJ\�WR�PDQDJH�DIIHFWHG�SRSXODWLRQ�LQ�VXFK�VFHQDULR�LV�WKRXJKW�WR�EH�SUDFWLFDO�DQG�XVHIXO�
&XUUHQWO\�LQ�7DLZDQ��SDSHUZRUN�EDVHG�GRFXPHQWDWLRQ�UHPDLQHG�WKH�PDMRU�PHWKRG�IRU�WKH�ILUVW�UHVSRQGHUV��'XH�WR�SRRUO\�DGDSWHG�WRROV�DQG
VWUDWHJLHV��UHVSRQGHUV�DUH�LQFUHDVLQJO\�LOO�SUHSDUHG�WR�SURGXFH�XVHIXO�NQRZOHGJH�IURP�WKH�IORZ�RI�LQIRUPDWLRQ��7KH�DLP�RI�WKH�SURMHFW�LV�PDQDJLQJ
WKH�GDWDIORZ�RI�WKH�SDWLHQWV�ZLWK�PRELOH�GHYLFHV�

0HWKRGV��7KH�LQIRUPDWLRQ�SODWIRUP�DV�DQ�LQGHSHQGHQW�VPDUWSKRQH�DSS�ZDV�FRGHG�E\�'U��&KHQJ�ZLWK�$QGURLG�6WXGLR������,QVWDQW�DQG�HGLWDEOH
LQIRUPDWLRQ�ZLOO�EH�SURYLGHG�WR�WKH�FOLHQWV�LQFOXGLQJ�WKH�PHGLFDO�UHVSRQGHUV�LQ�WKH�VFHQH��WKH�VWDIIV�LQ�WKH�KRVSLWDOV�DQG�WKH�FRPPDQG�FHQWHU��$OO
GDWD�LQ�WUDQVLW�ZLOO�EH�HQFU\SWHG�EHFDXVH�RI�WKH�VHFXULW\�FRQFHUQV��6XEVHTXHQWO\��D�WDEOH�GULOO�ZDV�KHOG�WR�HYDOXDWH�WKH�HIILFDF\�DQG�HIILFLHQF\��7KUHH
YROXQWDU\�PHGLFDO�VWXGHQWV�ZHUH�UHFUXLWHG��$����PLQXWHV�PLQL�OHFWXUH�DERXW�VLPSOH�WULDJH�DQG�UDSLG�WUHDWPHQW��67$57��ZDV�SURYLGHG�LQ�DGYDQFH�
7ZR�GLIIHUHQW�JURXSV�RI�VFHQDULR�FDUG�ZHUH�JLYHQ�WR�WKHVH�WKUHH�PHGLFDO�VWXGHQW��,Q�WKH�ILUVW�JURXS��WKH\�ZHUH�DVNHG�WR�FRPSOHWH�WULDJH�E\�XVLQJ�WKH
VPDUWSKRQH��,Q�WKH�VHFRQG�JURXS��WKH\�ZRXOG�FRPSOHWH�RWKHU����WULDJH�E\�XVLQJ�WUDGLWLRQDO�SDSHUZRUN�DORQH��)LQDOO\��WKH\�PXVW�FDOFXODWH�DQG�UHSRUW
WKH�WRWDO�LQMXULHV�DQG�WKHLU�GLVSRVLWLRQV��7KH�WLPH�DQG�DFFXUDF\�ZDV�UHFRUGHG�E\�FRPSDULVRQ�

5HVXOWV��7KHUH�ZDV�QR�GLIIHUHQFH�LQ�WKH�WRWDO�WULDJH�WLPH�EHWZHHQ�WKH�VPDUWSKRQH�JURXS�������VHFRQGV��DQG�WKH�SDSHUZRUN�JURXS��������VHFRQGV�
�S ������+RZHYHU��LW�ZDV�VLJQLILFDQW�GLIIHUHQFH�LQ�VRUWLQJ�WKH�LQIRUPDWLRQ�EHWZHHQ�WKH�VPDUWSKRQH�JURXS�����VHFRQGV��DQG�WKH�SDSHUZRUN�JURXS�
�����VHFRQGV���S �������,W�LV�WLPH�FRQVXPLQJ�WR�ILQG�RXW�ZKLFK�GHVWLQDWLRQ�DQG�WKH�WUDQVIHU�WLPH��7KH�DFFXUDF\�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH
EHWZHHQ�WKH�VPDUWSKRQH�JURXS���������������DQG�WKH�SDSHUZRUN�JURXS��������������

&RQFOXVLRQ��,W�LV�IHDVLEOH�WR�XVH�WKH�PRELOH�SKRQH�DSS�WR�FODULI\�WKH�LQMXULHV�DQG�WKHLU�GLVSRVLWLRQV�LQ�WKH�HDUO\�SKDVH�RI�D�PDVV�FDVXDOW\�LQFLGHQW�
7KH�OLPLWDWLRQ�LQ�WKLV�EULHI�VWXG\�DUH�WKH�VPDOO�FRQYHQLHQW�VDPSOHV�DQG�VFHQDULRV�

5HIHUHQFH�

%HOOLQL�3�HW�DO��0RELOH�HPHUJHQF\��DQ�HPHUJHQF\�VXSSRUW�V\VWHP�IRU�KRVSLWDOV�LQ�PRELOH�GHYLFHV��SLORW�VWXG\��-0,5�5HV�3URWRF�������0D\��
��������H���
%DFKPDQQ�'-�HW�DO��(PHUJHQF\�3UHSDUHGQHVV�DQG�'LVDVWHU�5HVSRQVH��7KHUH
V�$Q�$SS�IRU�7KDW��3UHKRVS�'LVDVWHU�0HG�������2FW����������������

$FNQRZOHGJHPHQWV��7KHUH�ZDV�FXUUHQWO\�QR�IXQGLQJ�RU�FRQIOLFW�RI�LQWHUHVW�LQ�WKLV�VWXG\�



,1)(&7,286�',6($6(���6(36,6 $]DGHK�0DKPRXGL�*KDUDHH

��������(IIHFW�RI�SK\VLRORJLF�GRVH�RI�LQWUDYHQRXV�K\GURFRUWLVRQH�LQ�SDWLHQWV�ZLWK�UHIUDFWRU\�VHSWLF�VKRFN

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0RUWH]D�7DOHEL�'ROXHH������$]DGHK�0DKPRXGL�*KDUDHH������0DMLG�-DODO\D]GL������0DU\DP�6DOHKL����

�����QRQH��0DVKKDG��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��+\GURFRUWLVRQH��6HSWLF�6KRFN��$GUHQDO�,QVXIILFLHQF\��&RUWLVRO

$EVWUDFW��

2EMHFWLYHV��6HSWLF�VKRFN�LV�D�V\VWHPLF�UHVSRQVH�WR�LQIHFWLRQ�ZLWK�WLVVXH�K\SRSHUIXVLRQ�ZKLFK�GRHV�QRW�UHVSRQGLQJ�WR�IOXLG�WKHUDS\�DQG�HYHQWXDOO\
OHDG�WR�RUJDQ�G\VIXQFWLRQ��'LDJQRVLV�DQG�WUHDWPHQW�RI�VHSWLF�VKRFN�LV�DQ�HPHUJHQF\��&OLQLFDO�VXVSLFLRQ�DQG�DJJUHVVLYH�WUHDWPHQW�RI�EURDG�VSHFWUXP
DQWLPLFURELDO�DQG�VXSSRUWLYH�PHDVXUHV�LV�WKH�FRUQHUVWRQH�RI�VXFFHVVIXO�WUHDWPHQW��,Q�DGGLWLRQ�WR�WKH�PDLQ�WUHDWPHQW��WKHUH�DUH�DGMXQFWLYH�WKHUDSLHV�
6WHURLGV�DUH�RQH�RI�WKH�WUHDWPHQWV�EHLQJ�VWXGLHG�VHSWLF�VKRFN�PDQDJHPHQW��'HVSLWH�QXPHURXV�VWXGLHV�RQ�WKH�UROH�RI�VWHURLGV�LQ�WKH�PRUWDOLW\�RI
VHYHUH�VHSVLV�DQG�VHSWLF�VKRFN��VWLOO�ORWV�RI�FRQWURYHUVLHV�H[LVW��7KHVH�FRQIOLFWV�DUH�RIWHQ�DERXW�WKH�VWHURLG�GRVH�DQG�GXUDWLRQ�RI�DGPLQLVWUDWLRQ�

0HWKRG��7KLV�LV�D�GRXEOH�EOLQG�FOLQLFDO�WULDO��3DWLHQWV�UHIHUUHG�WR�,PDP�5H]D��$6��LQ�0DVKKDG�ZKR�KDG�UHIUDFWRU\�VHSWLF�VKRFN�FULWHULD�ZHUH�GLYLGHG
LQWR�WZR�JURXSV�����SDWLHQWV�ZHUH�LQFOXGHG�LQ�HDFK�JURXS��$IWHU�REWDLQLQJ�WKH�EDVHOLQH�FRUWLVRO�OHYHO�DQG�FRV\QWURSLQ�WHVW��RQH�JURXS�WUHDWHG�ZLWK
LQWUDYHQRXV�K\GURFRUWLVRQH��DQG�WKH�RWKHU�JURXS�WUHDWHG�ZLWK�SODFHER��7KH�UHVSRQVH�WR�K\GURFRUWLVRQH�DQG�UHWXUQ�RI�VKRFN�DQG�PRUWDOLW\�DW����GD\V
ZDV�VWXGLHG�

5HVXOWV��7KH�UHWXUQ�RI�VKRFN�DQG�PRUWDOLW\�LQ�LQWHUYHQWLRQ�JURXS�SDWLHQWV�ZDV�PRUH�WKDQ�FRQWURO�JURXS��EXW�LW�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�

&RQFOXVLRQ��'HVSLWH�QXPHURXV�VWXGLHV�LQ�WKLV�ILHOG��WKHUH�DUH�YDULRXV�RXWFRPHV��PRUWDOLW\�UDWH��UDWH�RI�UHWXUQ�RI�VKRFN��WLPH�RI�UHWXUQ�RI�VKRFN��
7KHVH�GLIIHUHQFHV�FDQ�EH�DWWULEXWHG�WR�KLJK�GHJUHH�RI�KHWHURJHQHVLW\��3HUKDSV�FRQVLGHULQJ�WKH�XQGHUO\LQJ�GLVHDVH�DQG�PRUH�GLIIHUHQWLDWLRQ�FRXOG
FKDQJH�UHWXUQ�RI�VKRFN�DQG�PRUWDOLW\�UDWH�



,0$*,1*���8/75$6281'���5$',2/2*< 0DFNHQ]LH�'DYLG

��������$FFXUDF\�DQG�UHOLDELOLW\�RI�XOWUDVRXQG�IRU�GHWHFWLQJ�VWRPDFK�FRQWHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'DYLG�0DFNHQ]LH������$IWDE�$]DG������9LFNL�1REOH������$QGUHZ�/LWHSOR����

�����QRQH��3RUWODQG��86$
�����QRQH��%RVWRQ��86$

.H\ZRUGV��8OWUDVRXQG��VWRPDFK��DLUZD\��VHGDWLRQ

$EVWUDFW��

%DFNJURXQG

,GHQWLILFDWLRQ�RI�VWRPDFK�FRQWHQW�E\�SRLQW�RI�FDUH�XOWUDVRXQG�FDQ�KHOS�GHWHUPLQH�ULVN�RI�DVSLUDWLRQ�SULRU�WR�SURFHGXUDO�VHGDWLRQ�RU�LQWXEDWLRQ��:H
VRXJKW�WR�GHWHUPLQH�WKH�WHVW�SHUIRUPDQFH�FKDUDFWHULVWLFV�DQG�DJUHHPHQW�RI�HPHUJHQF\�SK\VLFLDQ�LQWHUSUHWDWLRQ�RI�JDVWULF�XOWUDVRXQG�

�

0HWKRGV

:H�SHUIRUPHG�JDVWULF�XOWUDVRXQG�RI�KHDOWK\�YROXQWHHUV�UDQGRPL]HG�WR�IDVW�IRU�DW�OHDVW���KRXUV��RU�WR�FRQVXPH�FDUERK\GUDWHV�DQG�ZDWHU��,PDJHV�RI
WKH�VWRPDFK�ZHUH�REWDLQHG�XVLQJ�HDFK�RI�WKH�VXE[LSKRLG��OHIW�XSSHU�TXDGUDQW��DQG�ULJKW�ODWHUDO�GHFXELWXV�ZLQGRZV��7ZR�HPHUJHQF\�SK\VLFLDQV�ZLWK
IHOORZVKLS�WUDLQLQJ�LQ�HPHUJHQF\�XOWUDVRXQG��EXW�OLPLWHG�H[SHULHQFH�ZLWK�JDVWULF�XOWUDVRXQG��LQGHSHQGHQWO\�UHYLHZHG�DOO�WKH�H[DPLQDWLRQV��7KH\
UHFRUGHG�WKHLU�LQWHUSUHWDWLRQ�IRU�HDFK�ZLQGRZ�DV�VWRPDFK�FRQWHQW�SUHVHQW�RU�DEVHQW��RU�VWRPDFK�QRW�YLVXDOL]HG��7HVW�SHUIRUPDQFH�FKDUDFWHULVWLFV�IRU
HDFK�VRQRORJLVW�DQG�LQWHU�UDWHU�DJUHHPHQW�ZHUH�FDOFXODWHG�

�

5HVXOWV

���JDVWULF�XOWUDVRXQGV�ZHUH�SHUIRUPHG��)RU�HDFK�RI�WKH�VRQRJUDSKLF�ZLQGRZV��WKH�VRQRORJLVWV�GHWHFWHG�VWRPDFK�FRQWHQWV�ZLWK�KLJK�VHQVLWLYLW\�
UDQJLQJ�IURP����Ä�����������&,����Ä��������6RQRORJLVW�VSHFLILFLW\�IRU�VWRPDFK�FRQWHQW�ZDV�KLJKHVW�XVLQJ�WKH�VXE[LSKRLG�YLHZ�����������&,����Ä
������DQG�ORZHVW�LQ�WKH�OHIW�XSSHU�TXDGUDQW�ZLQGRZ�����������&,���Ä�������2YHUDOO�LQWHU�UDWHU�DJUHHPHQW�EHWZHHQ�WKH�VRQRORJLVWV�ZDV�JRRG��NDSSD
����������&,���������������$JUHHPHQW�ZDV�YHU\�JRRG�XVLQJ�WKH�ULJKW�ODWHUDO�GHFXELWXV��NDSSD�����������&,�����������DQG�VXE[LSKRLG��NDSSD����������
&,������Ä�������DSSURDFKHV�EXW�RQO\�IDLU�IRU�WKH�OHIW�XSSHU�TXDGUDQW�ZLQGRZ��NDSSD����������&,�������������

�

&RQFOXVLRQ

(PHUJHQF\�SK\VLFLDQ�VRQRORJLVWV�ZHUH�VHQVLWLYH�EXW�QRW�VSHFLILF�DW�GHWHFWLQJ�VWRPDFK�FRQWHQWV��6HQVLWLYLW\�RI�WKH�VXE[LSKRLG��OHIW�XSSHU�TXDGUDQW�
DQG�ULJKW�ODWHUDO�GHFXELWXV�ZLQGRZV�ZHUH�VLPLODU��,PDJH�LQWHUSUHWDWLRQ�DJUHHPHQW�EHWZHHQ�HPHUJHQF\�SK\VLFLDQV�ZDV�YHU\�JRRG�IRU�WKH�VXE[LSKRLG
DQG�ULJKW�ODWHUDO�GHFXELWXV�DSSURDFKHV��*DVWULF�XOWUDVRXQG�PD\�EH�LQWHUSUHWHG�PRUH�UHDGLO\�DQG�DFFXUDWHO\�XVLQJ�WKHVH�ZLQGRZV�

�

5HIHUHQFHV

3HUODV�$��'DYLV�/��.KDQ�0��0LWVDNDNLV�1��&KDQ�9:��*DVWULF�VRQRJUDSK\�LQ�WKH�IDVWHG�VXUJLFDO�SDWLHQW��D�SURVSHFWLYH�GHVFULSWLYH�VWXG\��$QHVWK�$QDOJ
���������������

9DQ�GH�3XWWH�3��3HUODV�$��8OWUDVRXQG�DVVHVVPHQW�RI�JDVWULF�FRQWHQW�DQG�YROXPH��%U�-�$QHVWK�����������������

$FNQRZOHGJPHQWV

1R�IXQGLQJ�VRXUFH�WR�UHSRUW�RU�FRQIOLFWV�RI�LQWHUHVW�WR�GLVFORVH�



&$6(�35(6(17$7,21 )UDQFHVFR�%RUUHOOL

��������1HFURWL]LQJ�IDVFLLWLV��$�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)UDQFHVFR�%RUUHOOL������&DWHULQD�=DQGRPHQHJKL������0DXUL]LR�3RQ]�GH�/HRQ����

���(PHUJHQF\�0HGLFLQH�5HVLGHQF\�3URJUDPPH��8QLYHUVLW\�RI�0RGHQD�DQG�5HJJLR�(PLOLD��0RGHQD��,7$/<
���0HGLFLQD�,��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�3ROLFOLQLFR�GL�0RGHQD��0RGHQD��,7$/<

.H\ZRUGV��1HFURWL]LQJ�)DVFLLWLV��6XUJHU\��6RIW�WLVVXHV�LQIHFWLRQV

$EVWUDFW��

&$6(�+<6725<�0�*�.��LV�D����\R�ODG\�ZLWK�D�SULRU�PHGLFDO�KLVWRU\�RI�W\SH���GLDEHWHV��K\SHUWHQVLRQ�DQG�,9�VWDJH�FKURQLF�UHQDO�VHFRQGDU\�WR
SRVW�DFWLQLF��ELODWHUDO�LGURXUHWHURQHSKURVLV�6KH�SUHVHQWHG�WR�WKH�('�DIWHU�D��KU�SODQH�IOLJKW�FRPSODLQLQJ�RI�ULJKW�OHJ�VZHOOLQJ��WHQGHUQHVV�WR�WKH�ULJKW
KLS�DQG�IHYHU������j&��VLQFH�WKH�ODVW�KRXUV��$�&%&�VKRZHG�OHXNRF\WRVLV�ZLWK�QHXWURSKLOLD��:%&���[��A��PPF��1HX������5RXWLQH�ODEV�SRLQWHG�RXW
HOHYDWHG�&�UHDFWLYH�SURWHLQH����PJ�GO���HOHYDWHG�'�'LPHU�DQG�D�VOLJKWO\�ZRUVHQHG�UHQDO�IXQFWLRQ��FUHDWLQLQH����PJ�GO���$�GRSSOHU�XOWUDVRXQG
UHYHDOHG�IHPRUR�SRSOLWHDO�GHHS�YHQRXV�WKURPERVLV�DQG�WKH�SDWLHQW�ZDV�UHIHUUHG�WR�RXU�,QWHUQDO�0HGLFLQH�ZDUG�ZKHUH�ZDV�VWDUWHG�RQ�HQR[DSDULQ�
&LSURIOR[DFLQ�ZDV�DOVR�DGPLQLVWHUHG�VXVSHFWLQJ�DQ�87,�GXH�WR�SDWLHQW
V�FRPSODLQW�RI�W\SLFDO�XULQDU\�V\PSWRPV��7KH�GD\�DIWHU�WKH�SDWLHQW�ZDV�VWLOO
IHEULOH��FRPSODLQLQJ�RI�ZRUVHQLQJ�SDLQ�DQG�SDUHVWKHVLDV�WR�WKH�ULJKW�OLPE��+HU�:%&�FRXQW�UDLVHG�WR���[��A��PPF��&�UHDFWLYH�SURWHLQ�ZDV�VWDEOH�DQG
SURFDOFLWRQLQ�ZDV���PJ�GO��0RUHRYHU��KHU�+E$�F�UHYHDOHG�D�SRRU�JOLFHPLF�FRQWURO�ZLWK�D�YDOXH�RI����PPRO�PRO��2Q�FOLQLFDO�H[DPLQDWLRQ��H[FHSW�IURP
OHJ�RHGHPD�DQG�PDUNHG�K\SHUDOJHVLD��QRWKLQJ�UHOHYDQW�ZDV�QRWHG��$�PXVFXORVNHOHWDO�86�VKRZHG�GLIIXVH�RHGHPD�RI�VXEFXWDQHRXV�WLVVXHV�WR�WKH
ULJKW�KLS�ZLWK�D�OLTXLG�OD\HU�RI����PP�VXUURXQGLQJ�PXVFXODU�IDVFLD�H[WHQGHG�IRU���PP�LQ�OHQJKW��$�VXEVHTXHQW�7&�VFDQ�VKRZHG�WKLFNHQLQJ�RI
VXEFXWDQHRXV�IDW�DQG�IDVFLDO�OD\HU�QH[W�WR�WKH�JUHDWHU�WURFKDQWHU���PHGLXP�DQG�VPDOO�JOXWHXV�DQG�WKH�DQWHULRU�IDFH�RI�ULJKW�WKLJK�ZLWK�FRQWH[WXDO
O\PSKDGHQRSDWK\��'XH�WR�ZRUVHQLQJ�FOLQLFDO�FRQGLWLRQV�WKH�SDWLHQW�XQGHUZHQW�HPHUJHQW�IDVFLRWRP\�RQ�WKH�VDPH�GD\����KUV�DIWHU�FOLQLFDO�GLDJQRVLV
RI�QHFURWL]LQJ�IDVFLLWLV�KDV�EHHQ�SHUIRUPHG��IDVFLDO�WLVVXHV�LQ�WKH�DUHD�RI�FOLQLFDO�ILQGLQJV�ZHUH�JUH\LVK�DQG�HDVLO\�GHWDFKDEOH�IURP�PXVFXODU�JURXSV�
FRQILUPLQJ�WKH�GLDJQRVLV��7KH�SDWLHQW�FDPH�EDFN�WR�WKH�,0�ZDUG�VRRQ�DIWHU�VXUJHU\�DQG�ZDV�VWDUWHG�RQ�FOLQGDP\FLQ�DQG�SLSHUDFLOOLQ�WD]REDFWDP��7KH
GD\�DIWHU�VKH�GHYHORSHG�PDVVLYH�EOHHGLQJ�IURP�IDVFLRWRP\�DQG�QHHGHG�XUJHQW�WUDQVIXVLRQV�DQG�HPHUJHQF\�VXWXUH�RI�VXUJLFDO�ZRXQG��$IWHU�DQ
KRVSLWDOL]DWLRQ�RI��PRQWKV�0�*�.��VXUYLYHG�DQG�ZDV�VHQW�KRPH�

',6&866,21��1HFURWLQJ�)DVFLLWLV��1)���ILUVW�GHVFULEHG�E\�&RQIHGHUDWH�$UP\�6XUJHRQ�-RVHSK�-RQHV��LV�WKH�PRVW�OHWKDO�IRUP�RI�VRIW�WLVVXHV�LQIHFWLRQV�
ZLWK�UHSRUWHG�PRUWDOLW\�IURP����WR������DFFRUGLQJ�WR�GLIIHUHQW�VWXGLHV��'LDEHWHV�UHSUHVHQWV�WKH�PRVW�NQRZQ�ULVN�IDFWRU��ZLWK�����RI�SUHYDOHQFH�LQ�DOO
FDVHV�RQ�1)�LQ�OLWHUDWXUH��EXW�RWKHU�LGHQWLILHG�ULVN�IDFWRUV�DUH�(W2+�DEXVH��UHQDO�GLVHDVH�FKLUURVLV�DQG�WKURPERF\WRSHQLD��1)�LV�D�WULFN\�GLDJQRVLV
VLQFH�VOLJKW�LQLWLDO�FOLQLFDO�ILQGLQJV�PD\�DSSHDU�FRQIOLFWLQJ�ZLWK�SDWLHQW
V�UHIHUUHG�SDLQ��0RUHRYHU��1)�UHSUHVHQWV�D�VXUJLFDO�HPHUJHQF\�DQG�PD[LPDO
GHEULGHPHQW�PXVW�EH�WKH�JRDO�RI�LQWHUYHQWLRQ��6RPH�FDVH�VHULHV�VKRZHG�D�OLQHDU�FRUUHODWLRQ�EHWZHHQ�GHOD\�RI�VXUJHU\�DQG�PRUWDOLW\�)XOO�VSHFWUXP
HDUO\�DQWLELRWLF�WKHUDS\�DQG�IOXLG�UHVXVFLWDWLRQ�DUH�RWKHU�FRUQHUVWRQHV�RI�WUHDWPHQW��/5,1(&�VFRUH�FDQ�EH�KHOSIXO�IRU�HDUO\�GLDJQRVLV�LQ�WKH�(5��EXW�LW
KDV�EHHQ�YDOLGDWHG�RQO\�IRU�FHUYLFDO�1)��7KHUH�LV�QR�HYLGHQFH�IRU�UHFRPPHQGLQJ�VRPH�NLQG�RI�LPDJLQJ�RYHU�RWKHU��EXW�D�PXOWL�WHFKQLTXH�DSSURDFK
VHHPV�WR�EH�WKH�PRVW�HIIHFWLYH�WR�IDFLOLWDWH�DQG�VXSSRUW�D�GLDJQRVLV�WKDW�UHPDLQV�SULPDULO\�FOLQLFDO�



&$5',29$6&8/$5 $]DGHK�0DKPRXGL�*KDUDHH

��������(DUO\�GHWHFWLRQ�RI�VXE�PDVVLYH�SXOPRQDU\�HPEROLVP�E\�HOHFWURFDUGLRJUDP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DMLG�-DODO\D]GL������$]DGHK�0DKPRXGL�*KDUDHH����

�����QRQH��0DVKKDG��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��SXOPRQDU\�HPEROLVP��HOHFWURFDUGLRJUDP

$EVWUDFW��

,QWURGXFWLRQ��&ORWWHG�EORRG�LQ�SXOPRQDU\�DUWHULDO�FLUFXODWLRQ�UHVXOWV�LQ�3(��SXOPRQDU\�HPEROLVP��>�@��,W�LV�SUHVHQWHG�ZLWK�YDULRXV�DQG
KHWHURJHQHRXV�V\PSWRPV�>�@��LGHQWLI\LQJ�SRRU�SURJQRVLV�SDWLHQWV�ZLWK�3(�LV�YHU\�LPSRUWDQW�DQG�FKDOOHQJLQJ�>�@��7KHUH�DUH�QXPHURXV�ULVN
VWUDWLILFDWLRQ�VFRUHV�WR�LGHQWLI\�KLJK�ULVN�3(��(OHFWURFDUGLRJUDP�FKDUDFWHULVWLF�DV�WKH�ILUVW�VWHS�IRU�GLDJQRVLV�RI�3(�LV�YDOXDEOH�>�@��&RPPRQ�(&*
ILQGLQJ�LQ�SXOPRQDU\�HPEROLVP�DUH�VLQXV�WDFK\FDUGLD��5%%%��7�ZDYH�LQYHUVLRQ�LQ�9��9��DQG�6��4��7��SDWWHUQ��+HUH�ZH�FRQVLGHU�WKH�UROH�RI�D95
67�VHJPHQW�HOHYDWLRQ�LQ�GHWHFWLQJ�ULJKW�YHQWULFXODU�GLODWLRQ�

0HWKRG��7KLV�LV�D�FDVH�FRQWURO�VWXG\�LQ�,PDP�5H]D�KRVSLWDO�0DVKKDG��&DVH�JURXS�ZHUH����SDWLHQWV�ZLWK�ZHOOV�VFRUH�PRUH�WKDQ���ZKR�ZHUH
KHPRG\QDPLFDOO\�VWDEOH�DQG�KDG�67�VHJPHQW�HOHYDWLRQ�LQ�D95�OHDG��3DWLHQWV�ZKR�KDG�FKURQLF�SXOPRQDU\�GLVHDVH��VWUXFWXUDO�KHDUW�GLVHDVH��UHQDO
IDLOXUH�DQG�FDUGLDF�VXUJHU\�ZHUH�H[FOXGHG��&RQWURO�JURXS�FRQVLVW�RI����SDWLHQWV�VHOHFWHG�IURP�SDWLHQWV�ZKR�SUHVHQWHG�WR�WKH�VDPH�GHSDUWPHQW�ZLWK
ZHOOV�VFRUH�PRUH�WKDQ���ZKR�ZHUH�KHPRG\QDPLFDOO\�VWDEOH�DQG�GLGQÇW�KDYH�67�VHJPHQW�HOHYDWLRQ�LQ�D95�OHDG��7KH\�ZHUH�DOO�PDWFKHG�ZLWK�FDVH
JURXS�IURP�DJH��JHQGHU��GLDEHWHV�PHOOLWXV��K\SHUWHQVLRQ��LVFKHPLF�DQG�YDOYXODU�KHDUW�GLVHDVH��%RWK�JURXS�KDG�JRQH�XQGHU�FKHVW�&7�$QJLRJUDSK\
DQG�HFKRFDUGLRJUDSK\��7KHQ�59��ULJKW�YHQWULFXODU��GLODWLRQ�ZDV�HYDOXDWHG�LQ�ERWK�JURXSV�

5HVXOWV��LQ�FDVH�JURXS�������KDG�GLODWHG�ULJKW�YHQWULFOH�EXQ�LQ�FRQWURO�JURXS�RQO\�����KDG�LW��S�������25 ������

&RQFOXVLRQ��67�VHJPHQW�HOHYDWLRQ�LQ�D95�LV�D�JRRG�SURJQRVWLF�IDFWRU�IRU�59�GLODWLRQ�LQ�SXOPRQDU\�WKURPERHPEROLVP�



&$6(�35(6(17$7,21 3R�/LDQJ�&KHQJ

��������6SLNHG�+HOPHW�6LJQ�v�$�PLPLF�RI�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3R�/LDQJ�&KHQJ������7LQJ�$Q�'XQJ����

���(PHUJHQF\�SK\VLFLDQ��'DOLQ�7]X�&KL�+RVSLWDO��%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��7DLQDQ�&LW\��7$,:$1
���(PHUJHQF\�SK\VLFLDQ��'DOLQ�7]X�&KL�+RVSLWDO��%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��&KLD\L�&RXQW\��7$,:$1

.H\ZRUGV��6SLNHG�+HOPHW�6LJQ��67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��67(0,

$EVWUDFW��

,QWURGXFWLRQ��(OHFWURFDUGLRJUDP��(&*��LV�DQ�LPSRUWDQW�GLDJQRVWLF�WRRO�IRU�WKH�SURPSW�UHFRJQLWLRQ�RI�P\RFDUGLDO�LQIDUFWLRQ��7KHUH�DUH�VRPH�(&*
ILQGLQJV�RI�QRQ�FDUGLDF�GLVHDVH�LQ�FULWLFDOO\�LOO�SDWLHQWV�SUHVHQWLQJ�DV�67�VHJPHQW�HOHYDWLRQ��ZKLFK�PLJKW�EH�PLPLFNLQJ�DV�67�VHJPHQW�HOHYDWLRQ
P\RFDUGLDO�LQIDUFWLRQ��7KH�VSLNHG�KHOPHW�VLJQ�LV�D�UDUH�DQG�QRWRULRXV�(&*�PDUNHU�EHFDXVH�RI�D�KLJK�ULVN�RI�LPSHQGLQJ�GHDWK���+RZHYHU��WKH�FXUUHQW
SUHYDOHQFH�DQG�PHFKDQLVP�UHPDLQ�XQFHUWDLQ��,W�PLJKW�EH�OHDGLQJ�LQWR�FDWDVWURSKLF�UHVXOW�LI�LW�LV�XQUHFRJQL]HG�DQG�WUHDWHG�LQ�D�GLIIHUHQW�FOLQLFDO
PDQDJHPHQW���:H�SUHVHQWHG�D�UDUH�FDVH�ZLWK�WKH�VSLNHG�KHOPHW�VLJQ�SUHVHQWHG�ZLWK�HSLJDVWULF�SDLQ�

&DVH�UHSRUW��7KLV����\HDU�ROG�PDQ�KDV�WKH�PHGLFDO�KLVWRU\�RI�DOFRKRO�GHSHQGHQFH��+H�SUHVHQWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW�EHFDXVH�RI
SURJUHVVLYH�HSLJDVWULF�SDLQ�IRU�WKUHH�GD\V��2Q�SK\VLFDO�H[DPLQDWLRQ��WKHUH�ZHUH�VHYHUH�WHQGHUQHVV�RQ�WKH�HSLJDVWULXP�ZLWK�REYLRXV�UHERXQGLQJ�SDLQ�
7KH�LQLWLDO�(&*�VKRZHG�D�GRPH�DQG�VSLNHG�67�7�VHJPHQW�FKDQJHV�7�ZDYH�RQ�,,��,,,��D9)�DQG�DW\SLFDO�9��WR�9��67�7�VHJPHQW�HOHYDWLRQ��+RZHYHU�
VHULDO�(&*�ZKLFK�ZDV�SHUIRUPHG�ILYH�PLQXWHV�ODWHU�VKRZHG�VLQXV�WDFK\FDUGLD�DORQH�ZLWKRXW�DQ\�67�7�VHJPHQW�FKDQJH�DIWHU�WKH�SUHVFULSWLRQ�RI
LQWUDPXVFXODU���PJ�0RUSKLQH��7KH�ODERUDWRU\�GDWD�VKRZHG�WKDW�WKHUH�ZDV�QHLWKHU�K\SHUNDOHPLD������PPRO�/��QRU�WURSRQLQ�,��������QJ�P/�
HOHYDWLRQ��7KH�UHPDUNDEOH�ODERUDWRU\�DEQRUPDOLW\�ZDV�WKH�HOHYDWHG�OLSDVH�OHYHO�������,8�/���6XEVHTXHQWO\��DEGRPLQDO�FRPSXWHG�WRPRJUDSK\��&7�
ZDV�DUUDQJHG�DQG�VKRZHG�VZROOHQ�SDQFUHDV�ZLWK�IDW�VWUDQGLQJ�VLJQ��ZKLFK�LV�UHIHUUHG�WR�WKH�LPSUHVVLRQ�RI�DFXWH�SDQFUHDWLWLV��+H�ZDV�GLVFKDUJHG
ZLWKRXW�DQ\�VHTXHODH�DIWHU�D�VHYHQ�GD\�KRVSLWDOL]DWLRQ�

'LVFXVVLRQ��6SLNHG�KHOPHW�VLJQ��UHSRUWHG�E\�/LWWPDQQ�DQG�0RQURH��ZDV�OLQNHG�WR�D�VSLNHG�*HUPDQ�PLOLWDU\�KHOPHW��%DVHG�RQ�WKH�UHFHQW�DUWLFOHV�
WKH�SVHXGR�67�VHJPHQW�HOHYDWLRQ�PD\�LPSO\�FULWLFDO�LOO�GLVHDVH�DQG�KLJKHU�PRUWDOLW\���7KH�PHFKDQLVP�RI�WKLV�SKHQRPHQRQ�UHPDLQ�XQFHUWDLQ�DQG
WKHUH�DUH�VRPH�K\SRWKHVHV��&HUWDLQ�SDWKRORJLFDO�FRQGLWLRQV�FDQ�UDUHO\�FDXVH�UHSHWLWLYH�FRQWUDFWLRQ�RI�WKH�GLDSKUDJP�WKDW�LV�VLPXOWDQHRXV�ZLWK�WKH
FDUGLDF�F\FOH���7KH�GHILQLWH�PHFKDQLVP�RI�WKLV�SVHXGR�67�VHJPHQW�HOHYDWLRQ�LV�XQNQRZQ��KRZHYHU��LQ�WKH�FDVH�RI�LQIHULRU�67�VHJPHQW�HOHYDWLRQ��WKH
SRVWXODWHG�PHFKDQLVP�ZDV�GLDSKUDJPDWLF�PRWLRQ�RU�DQ�DFXWH�ULVH�LQ�LQWUD�DEGRPLQDO�SUHVVXUH���,Q�RXU�FDVH��DQ�DFXWH�ULVH�LQ�LQWUD�DEGRPLQDO
SUHVVXUH�GXH�WR�DFXWH�SDQFUHDWLWLV�PD\�EH�WKH�UHDVRQ�RI�WKH�SVHXGR�67�VHJPHQW�HOHYDWLRQ��%DVHG�RQ�RXU�NQRZOHGJH��WKLV�LV�WKH�ILUVW�FDVH�RI�VSLNHG
KHOPHW�VLJQ�FDXVHG�E\�DFXWH�SDQFUHDWLWLV��)XUWKHUPRUH��WR�VHWWOH�ZKHWKHU�WKH�VSLNHG�KHOPHW�VLJQ�ZLOO�DOWHU�FOLQLFDO�PDQDJHPHQW�RU�MXVW�UHPDLQ�DQ
HOHFWULF�FXULRVLW\�UHTXLUH�IXUWKHU�UHVHDUFKHV�

5HIHUHQFH�

/LWWPDQQ�/��HW�DO��7KH�ÈVSLNHG�KHOPHWÉ�VLJQ��D�QHZ�HOHFWURFDUGLRJUDSKLF�PDUNHU�RI�FULWLFDO�LOOQHVV�DQG�KLJK�ULVN�RI�GHDWK��0D\R�&OLQ�3URF���
����������������Ä����
7RPFV�Q\L�-�HW�DO��67�HOHYDWLRQ�DQWHULRU�ÈVSLNHG�KHOPHWÉ�VLJQ��0D\R�&OLQ�3URF���������������
$JDUZDO�$��HW�DO��6SLNHG�KHOPHW�VLJQ��$Q�XQGHU�UHFRJQL]HG�HOHFWURFDUGLRJUDP�ILQGLQJ�LQ�FULWLFDOO\�LOO�SDWLHQWV��,QGLDQ�-�&ULW�&DUH�0HG�������$SU���
����������Ä����



%,20$5.(56 /LQH�-HH�+DUWPDQQ�5DVPXVVHQ

��������VX3$5�SUHGLFWV�UHDGPLVVLRQ�DQG�PRUWDOLW\�LQ�SDWLHQWV�GLVFKDUJHG�ZLWKLQ����K

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/LQH�-HH�+DUWPDQQ�5DVPXVVHQ������6WHHQ�/DGHOXQG������7KRPDV�+XQHFN�+DXSW������*HUWUXGH�(OOHNLOGH������-�UJHQ�+MHOP�3RXOVHQ������0DUWLQ�6FKXOW]
�����.DVSHU�,YHUVHQ������2YH�$QGHUVHQ������-HVSHU�(XJHQ�2OVHQ����

���3K'�VWXGHQW��&OLQLFDO�5HVHDUFK�&HQWUH��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+YLGRYUH��&RSHQKDJHQ��'(10$5.
���6WDWLVWLFLDQ��&OLQLFDO�5HVHDUFK�&HQWUH��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+YLGRYUH��5RVNLOGH��'(10$5.
���3K'�VWXGHQW��&OLQLFDO�5HVHDUFK�&HQWUH��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+YLGRYUH��+YLGRYUH��'(10$5.
���0'��+HDG�RI�'HSDUWPHQW��$FXWH�0HGLFDO�8QLW��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+YLGRYUH��+YLGRYUH��'(10$5.
���0'��'HSW��RI�&OLQLFDO�%LRFKHPLVWU\��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+YLGRYUH��+YLGRYUH��'(10$5.
���3K'�VWXGHQW��'HSW��RI�&DUGLRORJ\��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY��+HUOHY��'(10$5.
���0'��'HSW��RI�&DUGLRORJ\��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY��+HUOHY��'(10$5.
���&OLQLFDO�UHVHDUFK�GLUHFWRU��&OLQLFDO�5HVHDUFK�&HQWUH��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+YLGRYUH��+YLGRYUH��'(10$5.
���6HQLRU�UHVHDUFKHU��&OLQLFDO�5HVHDUFK�&HQWUH��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+YLGRYUH��+YLGRYUH��'(10$5.

.H\ZRUGV��%LRPDUNHU��$FXWH�FDUH��3URJQRVLV��5LVN�DVVHVVPHQW��7ULDJH��,QIODPPDWLRQ��(PHUJHQF\�PHGLFLQH

$EVWUDFW��

%DFNJURXQG

7KH�FULWLFDO�GHFLVLRQ�RI�ZKHWKHU�WR�GLVFKDUJH�RU�DGPLW�D�SDWLHQW�WR�WKH�KRVSLWDO�LV�RIWHQ�PDGH�DW�WKH�KRVSLWDOÇV�DFXWH�FDUH�GHSDUWPHQW��0RUH�WKDQ�KDOI
RI�WKH�SDWLHQWV�WKDW�SUHVHQW�DW�RXU�DFXWH�FDUH�GHSDUWPHQW�DUH�GLVFKDUJHG�ZLWKLQ����K�DQG�QRW�DGPLWWHG�WR�WKH�VSHFLDOL]HG�ZDUGV�RI�WKH�KRVSLWDO��6WLOO�
VRPH�RI�WKHVH�SDWLHQWV�DUH�VXEVHTXHQWO\�UHDGPLWWHG�RU�PD\�GLH��7KHUHIRUH��LPSURYHPHQW�RI�WKH�FXUUHQW�PHWKRGV�WR�SURJQRVWLFDWH�DQG�DVVHVV
SDWLHQW�ULVN�PXVW�EH�LPSURYHG��LQ�RUGHU�WR�DYRLG�GLVFKDUJH�RI�KLJK�ULVN�SDWLHQWV�

,Q�WKLV�VWXG\��ZH�DLPHG�WR�GHWHUPLQH�ZKHWKHU�WKH�SURJQRVWLF�ELRPDUNHU��VROXEOH�XURNLQDVH�SODVPLQRJHQ�DFWLYDWRU�UHFHSWRU��VX3$5��ZDV�DEOH�WR
SUHGLFW�UHDGPLVVLRQ�DQG�PRUWDOLW\�LQ�SDWLHQWV�ZKR�DUH�GLVFKDUJHG�IURP�WKH�DFXWH�FDUH�GHSDUWPHQW�ZLWKLQ����K�

�

0HWKRGV

%HWZHHQ����1RYHPEHU������DQG����6HSWHPEHU�������������SDWLHQWV�ZHUH�DGPLWWHG�WR�WKH�DFXWH�PHGLFDO�GHSDUWPHQW��&RSHQKDJHQ�8QLYHUVLW\
+RVSLWDO�+YLGRYUH��)ROORZ�XS�ZDV�FDUULHG�RXW�IRU����GD\V�YLD�'DQLVK�QDWLRQDO�UHJLVWULHV��VX3$5�PHDVXUHPHQWV�DQG�UHJLVWU\�GDWD�RQ�GLDJQRVHV��YLWDO
VWDWXV�HWF��ZHUH�DYDLODEOH�IRU��������SDWLHQWV��7KH�&KDUOVRQ�VFRUH�ZDV�FDOFXODWHG�DQG�XVHG�DV�D�PHDVXUH�RI�FRPRUELGLW\�EXUGHQ��6WDWLVWLFDO�DQDO\VLV
ZDV�FDUULHG�RXW�XVLQJ�.UXVNDO�:DOOLV�WHVW�DQG�PXOWLSOH�&R[�UHJUHVVLRQ�DQDO\VLV�

�

5HVXOWV

$�WRWDO�RI������SDWLHQWV�������PHQ�DQG������ZRPHQ��ZHUH�GLVFKDUJHG�ZLWKLQ����K��0HGLDQ�VX3$5�ZDV�����QJ�PO��,QWHUTXDUWLOH�UDQJH��,45����������
IRU�SDWLHQWV�GLVFKDUJHG�ZLWKLQ����K��FRPSDUHG�ZLWK�����QJ�PO��,45����������3���������IRU�SDWLHQWV�ZLWK�LQ�KRVSLWDO�VWD\V�ORQJHU�WKDQ����K��0HGLDQ
DJH�IRU�SDWLHQWV�GLVFKDUJHG�ZLWKLQ����K�ZDV������\HDUV��,45������������DQG������\HDUV��,45������������3���������IRU�SDWLHQWV�ZLWK�ORQJHU
DGPLVVLRQV�

�

$PRQJ�SDWLHQWV�ZKR�ZHUH�GLVFKDUJHG�ZLWKLQ����K������SDWLHQWV��������GLHG�DQG������SDWLHQWV���������ZHUH�UHDGPLWWHG�GXULQJ����GD\�IROORZ�XS��,Q
FRPSDULVRQ������SDWLHQWV��������GLHG�DQG��������������ZHUH�UHDGPLWWHG�DPRQJ�SDWLHQWV�ZLWK�LQ�KRVSLWDO�VWD\V�ORQJHU�WKDQ����K�

�

)RU�SDWLHQWV�GLVFKDUJHG�ZLWKLQ����K��WKH�PHGLDQ�VX3$5�OHYHO�DPRQJ�WKRVH�ZKR�VXUYLYHG�DQG�ZHUH�QRW�UHDGPLWWHG�GXULQJ�IROORZ�XS��Q ������ZDV����
QJ�PO��,45�����������3DWLHQWV�ZKR�ZHUH�UHDGPLWWHG�KDG�D�VOLJKWO\�HOHYDWHG�VX3$5�OHYHO�RI�����QJ�PO��,45����������3����������DQG�WKRVH�ZKR�GLHG�KDG
D�PHGLDQ�VX3$5�RI�����QJ�PO��,45����������3���������

�

,Q�PXOWLSOH�&R[�UHJUHVVLRQ�DQDO\VHV�RI�ORJ��WUDQVIRUPHG�VX3$5�YDOXHV�DGMXVWHG�IRU�DJH��VH[��&KDUOVRQ�VFRUH��DQG�&�UHDFWLYH�SURWHLQ��WKH�+5V�IRU
���GD\�PRUWDOLW\�DQG�UHDGPLVVLRQ�ZHUH�����������FRQILGHQFH�LQWHUYDO��&,�������������DQG�����������&,�������������UHVSHFWLYHO\��IRU�SDWLHQWV
GLVFKDUJHG�ZLWKLQ����K��)RU�SDWLHQWV�ZLWK�LQ�KRVSLWDO�VWD\V�ORQJHU�WKDQ����K��WKH�+5V�ZHUH�����������&,������������3���������IRU����GD\�PRUWDOLW\
DQG�����������&,������������3�������IRU����GD\�UHDGPLVVLRQ�

�



&RQFOXVLRQ

3DWLHQWV�ZLWK�VKRUW�DGPLVVLRQV������K��KDG�ORZHU�VX3$5�OHYHOV�DV�ZHOO�DV����GD\�UHDGPLVVLRQ�DQG�PRUWDOLW\�UDWHV��KRZHYHU��DPRQJ�WKHVH�SDWLHQWV��D
KLJK�VX3$5�OHYHO�ZDV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�UHDGPLVVLRQ�DQG�PRUWDOLW\�FRPSDUHG�ZLWK�SDWLHQWV�ZLWK�LQ�KRVSLWDO�VWD\V�ORQJHU�WKDQ����K�



75$80$ )ORUHQW�)(0<

��������'LUHFWLQJ�PDVVLYHO\�DQG�VLPXOWDQHRXVO\�QXPHURXV�WHUURULVW�YLFWLPV�LQ�D�KRVSLWDO�SURYLGHG�ZLWK�DOO�VXUJLFDO�VSHFLDOWLHV�
$Q�DGDSWHG�DQVZHU�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)ORUHQW�)�P\������$QQH�/DXUH�)�UDO�3LHUVVHQV������$UQDXG�)ROOLQ������3KLOLSSH�-XYLQ����

���(PHUJHQF\�GHSDUWPHQW��$VVLVWDQFH�3XEOLTXH�+�SLWDX[�GH�3DULV��*HRUJHV�3RPSLGRX�(XURSHDQ�+RVSLWDO��3$5,6��)5$1&(
���(PHUJHQF\�GHSDUWPHQW��$VVLVWDQFH�3XEOLTXH�+�SLWDX[�GH�3DULV��*HRUJHV�3RPSLGRX�(XURSHDQ�+RVSLWDO��3$5,6��)5$1&(
���$QHVWKHVLRORJ\�DQG�,QWHQVLYH�FDUH�GHSDUWPHQW��$VVLVWDQFH�3XEOLTXH�+�SLWDX[�GH�3DULV��*HRUJHV�3RPSLGRX�(XURSHDQ�+RVSLWDO��3$5,6��)5$1&(
���(PHUJHQF\�GHSDUWPHQW��$VVLVWDQFH�3XEOLTXH�+�SLWDX[�GH�3DULV��*HRUJHV�3RPSLGRX�(XURSHDQ�+RVSLWDO�DQG�0HGLFLQH�IDFXOW\��5HQ��'HVFDUWHV
8QLYHUVLW\��3$5,6��)5$1&(

.H\ZRUGV��7HUURULVW�DWWDFNV���0DVVLYH�YLFWLPV�LQIOX[��*XQVKRW�ZRXQGV���('�RUJDQL]DWLRQ�

$EVWUDFW��

6WXG\�REMHFWLYHV��2Q�WKH���WK�RI�1RYHPEHU�������3DULV�ZDV�WDUJHWHG�E\�PXOWLVLWH�WHUURULVW�DWWDFNV��7ULDJH�SULQFLSOHV�RQ�WKH�ILHOG�KDYH�EHHQ�DSSOLHG
LQ�RUGHU�WR�DGDSW�SDWLHQWV�FDUH�QHHGV�WR�KRVSLWDO�FDSDFLWLHV��7KH�LPSRUWDQW�QXPEHU�RI�YLFWLPV�IRUFHG�WKH�ILUVW�UHVSRQGHUV�WR�GLUHFW�VLPXOWDQHRXVO\�D
WUHPHQGRXV�QXPEHU�RI�SDWLHQWV�WR�IHZ�KRVSLWDOV�SURYLGHG�ZLWK�DOO�VXUJLFDO�VSHFLDOWLHV��7KH�PDLQ�REMHFWLYH�RI�RXU�VWXG\�ZDV�WR�DVVHVV�LI�WKLV
RULHQWDWLRQ�VWUDWHJ\�ZDV�DGDSWHG�RU�LI�PDQ\�VHFRQGDU\�WUDQVIHUV�KDYH�EHHQ�QHHGHG�VKRUWO\�DIWHU�UHFHLYLQJ�YLFWLPV�WR�RXU�FHQWHU�

0HWKRGV��:H�FRQGXFWHG�D�PRQRFHQWULF�UHWURVSHFWLYH�VWXG\�LQ�RXU�DFDGHPLF�KRVSLWDO�RQ�DOO�DWWDFNV�YLFWLPV�EURXJKW�WR�XV�GXULQJ�WKH�ILUVW���KRXUV
IROORZLQJ�WKH�DWWDFNV��7KH�ZRXQGV�GHVFULSWLRQ�DQG�KHDOWK�FDUH�UHVRXUFHV�XWLOL]DWLRQ�GXULQJ�WKH�ILUVW����KRXUV�KDYH�EHHQ�FROOHFWHG�WKURXJK�WKH
DQDO\VLV�RI�PHGLFDO�FKDUWV��3DWLHQWV�SUHVHQWLQJ�D�VLQJOH�SV\FKRWUDXPD�KDYH�EHHQ�H[FOXGHG��2XU�SULPDU\�HQGSRLQW�ZDV�WKH�SURSRUWLRQ�RI�WUDQVIHUV�WR
DQRWKHU�KRVSLWDO�LQ�WKH�ILUVW����KRXUV�GX�WR�H[FHHGHG�FDSDFLWLHV��'DWD�DUH�JLYHQ�LQ�Q��SHUFHQWDJHV�DQG�PHDQ���VWDQGDUG�GHYLDWLRQ�

5HVXOWV��Q ���SDWLHQWV��������RI�DOO�SDWLHQWV�EURXJKW�WR�WKH�KRVSLWDO��ZHUH�EURXJKW�WR�RXU�FHQWHU��������ZLWK�JXQVKRW�ZRXQGV��6H[�UDWLR�ZDV�����
3DWLHQWV�ZHUH������k����\HDUV�ROG��7KH\�ZHUH�EURXJKW�WR�WKH�KRVSLWDO�EHWZHHQ������DQG������$0��3UH�KRVSLWDO�VHUYLFHV�KDG�DGYLVHG�����������
$EVROXWH�(PHUJHQFLHV�DQG������������5HODWLYH�(PHUJHQFLHV�EXW�RQO\�������RI�RXU�SDWLHQWV�KDG�ZULWWHQ�PHGLFDO�FKDUWV�ZLWK�SUHKRVSLWDO�SDUDPHWHUV�
:KHQ�DUULYLQJ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('���D�WULDJH�ZDV�GRQH�DQG������������SDWLHQWV�ZHUH�NHSW�LQ�WKH�('�DUHD�ZKHUHDV������������ZHUH
EURXJKW�WR�,QWHQVLYH�&DUH��3DWLHQWV�ZHUH�SUHVHQWLQJ�ZRXQGV����������PDLQO\�RQ�PHPEHUV�RI�WKH�ERG\���������ZLWK�SURMHFWLOH�IRU�KDOI�RI�WKH�FDVHV
���������������KDG�DQ�RSHQ�IUDFWXUH�������������SDWLHQWV�ZHUH�DGPLWWHG�WR�WKH�KRVSLWDO��PHDQ�OHQJWK�RI�VWD\�������GD\V�>�����@��������RI�DOO
SDWLHQWV�KDYH�KDG�VXUJHU\�LQ�RXU�IDFLOLW\�LQ�WKH�ILUVW����KRXUV�LQFOXGLQJ�������IRU�RUWKRSHGLFV��$W�ODVW��DOO�SDWLHQWV�QHHGLQJ�D�VXUJHU\�KDG�LW�SHUIRUPHG
LQ�WKH�ILUVW����KRXUV�LQFOXGLQJ���SDWLHQWV�QHHGLQJ�WR�EH�WUDQVIHUUHG�EHFDXVH�RI�H[FHHGHG�FDSDFLWLHV�LQ�RXU�KRVSLWDO��2XU�SURSRUWLRQ�RI�WUDQVIHUV�ZDV
������7KHVH�WUDQVIHUUHG�SDWLHQWV�KDG�PHPEHUVÇ�RUWKRSHGLFV�VXUJHULHV��'XH�WR�VSRQWDQHRXV�DUULYDO�RI�VHQLRU�FROOHDJXHV�LQ�WKH�('��WKH�PHGLFDO
ZRUNIRUFH�KDV�LQFUHDVHG�RI��������7KHUH�KDV�EHHQ�QR�LQ�KRVSLWDO�GHDWK�

&RQFOXVLRQ��7KH�WULDJH�VWUDWHJ\�RQ�WKH�ILHOG�IROORZHG�E\�GLUHFWLQJ�PDVVLYHO\�DQG�VLPXOWDQHRXVO\�YLFWLPV�WR�D�KRVSLWDO�SURYLGHG�ZLWK�DOO�VXUJLFDO
VSHFLDOWLHV�VHHPV�WR�EH�DQ�DGDSWHG�DQVZHU�LQ�IURQW�RI�DQ�LPSRUWDQW�QXPEHU�RI�SDWLHQWV��$�WHFKQLFDO�SODWIRUP�DVVRFLDWHG�ZLWK�ZRUNIRUFH�PRELOL]DWLRQ
DOORZHG�XV�WR�SURYLGH�FDUH�WR�DOPRVW�DOO�YLFWLPV�EURXJKW�WR�RXU�KRVSLWDO�IURP�WKH�WHUURULVW�DWWDFNV��2QO\���SDWLHQWV�RXW�RI����KDYH�EHHQ�WUDQVIHUUHG�WR
DQRWKHU�IDFLOLW\�IRU�D�PLQRU�VXUJHU\��1R�GHDWK�ZDV�WR�GHSORUH�



&$5',29$6&8/$5 &KULVWHOOH�+HUPDQG

��������$VVHVVPHQW�RI�WKH�HSLGHPLRORJ\�DQG�WKH�PDQDJHPHQW�RI�WKH�SDWLHQWV�ZLWK�DFXWH�KHDUW�IDLOXUH�GLDJQRVLV�LQ�(PHUJHQF\
GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&KULVWHOOH�+HUPDQG������-HQQLIHU�6RERWND������,QHV�/HXQJ������&OHPHQW�7RXUQRQ������'RPLQLTXH�3DWHURQ����

���(PHUJHQF\�GHSDUWPHQW��+RSLWDO�6DLQW�$QWRLQH��3DULV��)5$1&(

.H\ZRUGV��DFXWH�KHDUW�IDLOXUH��HOGHUO\��PDQDJPHQW

$EVWUDFW��

%DFNJURXQG��0DMRULW\�RI�DFXWH�SDWLHQWV�DUH�DGPLWWHG�WR�WKH�KRVSLWDO�WKURXJK�WKH�HPHUJHQF\�GHSDUWPHQW��('���$FXWH�KHDUW�IDLOXUH��$+)��LV�D�IUHTXHQW
FDXVH�RI�SUHVHQWDWLRQ�WR�WKH�('�DQG�LQFUHDVH�ZLWK�DJH��(PHUJHQF\�SK\VLFLDQ�VXJJHVWV�D�SRWHQWLDO�FDVH�WR�WKH�FDUGLRORJLVW�ZKR�GHFLGHV�WR�DFFHSW�LW
RU�QRW�

2EMHFWLYH��7R�GHVFULEH�HSLGHPLRORJ\�DQG�RXWFRPH�RI�SDWLHQWV�ZLWK�DFXWH�KHDUW�IDLOXUH�GLDJQRVLV�LQ�('�

0HWKRGV��$�SURVSHFWLYH��REVHUYDWLRQDO��PRQRFHQWULF��VWXG\�ZDV�FDUULHG�RXW�RYHU�D���ZHHNV�SHULRG��$OO�SDWLHQWV�ZLWK�$+)�GLDJQRVLV�ZHUH�LQFOXGHG�

5HVXOWV��)URP�������WR�������������WKHUH�ZHUH������HPHUJHQF\�GHSDUWPHQW�DGPLVVLRQV�DQG����SDWLHQWV������KDG�$+)�GLDJQRVLV�����������ZRPHQ�
���PHQ��7KH�DYHUDJH�DJH�DQG�PHGLDQ�DJH�ZDV�UHVSHFWLYHO\������DQG����\HDU�ROG�����Ä�������6L[W\�IRXU�SHUFHQW�RI�SDWLHQWV�KDG�FRQVHUYHG�DXWRQRP\
DQG�QR�FRJQLWLYH�GHFOLQH������ZHUH�ROGHU�WKDQ����\HDUV��7KH�PHDQ�DQG�PHGLDQ�WLPH�HODSVHG�IURP�DUULYDO�DQG�PHGLFDO�FRQVXOWDWLRQ�ZDV�UHVSHFWLYHO\
���DQG����PLQXWHV�����SDWLHQWV�������KDG�$+)�RQO\�����SDWLHQWV���������KDG�FRPELQHG�ZLWK�VHSVLV�SDWKRORJ\���7KH�FDUGLRORJLVW�ZRXOG�EH�FDOOHG�IRU
���SDWLHQWV�������ZLWK�PHDQ�DJH����\HDU�ROG��DPRQJ�WKHP���KDG�FRPELQHG�SDWKRORJ\�����KDG�QR�IXQFWLRQDO�LPSDLUPHQW�DQG�QR�GHPHQWLD����
SDWLHQWV�������ZHUH�ROGHU�WKHQ�����FDUGLRORJLVW�ZRXOG�EH�FDOOHG�IRU���RI�WKHP��$OO�WKH�SDWLHQWV�ZHUH�KRVSLWDOL]HG�������LQ�D�FDUGLRORJ\�XQLW������LQ
JHULDWULF�XQLW�DQG�����LQ�PHGLFLQH�GHSDUWPHQW��$OO�WKH�SDWLHQWV�ZLWK�$+)�GLDJQRVLV�DW�('�KDG�WKH�VDPH�GLDJQRVLV�DW�GLVFKDUJH��7KH�PRUWDOLW\�ZDV����
���SDWLHQWV��

'LVFXVVLRQ��(PHUJHQF\�SK\VLFLDQÇV�DVVHVVPHQW�VHOHFWHG�SDWLHQWV�WR�SURSRVH�WR�WKH�FDUGLRORJLVW���$JH��GHPHQWLD�DQG�IXQFWLRQDO�LPSDLUPHQW�DUH
OLPLWHG�IDFWRUV�WR�FDUGLRORJ\�GHSDUWPHQW�KRVSLWDOL]DWLRQ���

&RQFOXVLRQ��$�KLJK�SURSRUWLRQ�RI�SDWLHQW�ZLWK�$+)�DUH�DJHG�PRUH�WKDQ����\HDUV��7KH�GLDJQRVLV�LV�FRPPRQO\�DVVRFLDWHG�ZLWK�VHSVLV��&DUGLRORJLVW�FDOO
DQG�KRVSLWDOL]DWLRQ�LQ�D�FDUGLRORJLF�XQLW�DUH�PRWLYDWHG�E\�DEVHQFH�RI�FRPRUELGLW\��IXQFWLRQDO�LPSDLUPHQW�RU�FRJQLWLYH�GHFOLQH�



,0$*,1*���8/75$6281'���5$',2/2*< 3HWHU�&URIW

��������$ELOLW\�RI�HPHUJHQF\�UHVLGHQWV�WR�LGHQWLI\�DQG�ORFDOL]H�UHJLRQDO�ZDOO�PRWLRQ�DEQRUPDOLWLHV�LQ�DFXWH�P\RFDUGLDO�LQIDUFWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3HWHU�&URIW������'DYLG�0DFNHQ]LH������6WURXW�7DQLD������6DPLS�9DVDLZDOD����

�����0DLQH�0HGLFDO�&HQWHU��3RUWODQG��86$

.H\ZRUGV��8OWUDVRXQG��5HJLRQDO��:DOO��0RWLRQ��P\RFDUGLDO��LQIDUFWLRQ

$EVWUDFW��

%DFNJURXQG��7KH�DELOLW\�RI�UHVLGHQW�HPHUJHQF\�SK\VLFLDQV�WR�LGHQWLI\�UHJLRQDO�ZDOO�PRWLRQ�DEQRUPDOLWLHV�LV�XQNQRZQ��:H�K\SRWKHVL]HG�WKDW�(0
UHVLGHQWV�ZRXOG�VKRZ�SURILFLHQF\�ZLWK�OLPLWHG�WUDLQLQJ�LQ�LGHQWLI\LQJ�WKH�SUHVHQFH�DV�ZHOO�DV�WKH�ORFDWLRQ�RI�UHJLRQDO�ZDOO�PRWLRQ�DEQRUPDOLWLHV
�5:0$��LQ�$0,�

0HWKRGV��$IWHU�UHYLHZLQJ�D�EULHI�LQVWUXFWLRQDO�PRGXOH�RQ�5:0$����(0�UHVLGHQWV�DQDO\]HG����FRQVHFXWLYH�FRPSUHKHQVLYH�HFKRFDUGLRJUDPV�RQ
SDWLHQWV�WKDW�ZHUH�WDNHQ�HPHUJHQWO\�WR�WKH�FDUGLDF�FDWKHWHUL]DWLRQ�VXLWH�IRU�67�HOHYDWLRQ�0,���)RU�HDFK�VWXG\��WKH\�UHVSRQGHG�WR�TXHVWLRQV�����LV
WKHUH�D�5:0$�SUHVHQW"��<HV��0D\EH��RU�1R��DQG����ZKHUH�LV�WKH�5:0$�ORFDWHG"��$QWHULRU��,QIHULRU��/DWHUDO��6HSWDO��RU�1�$����7KH\�UHFHLYHG���SRLQW�IRU
D�FRUUHFW�È<HVÉ�RU�È1RÉ�DQVZHU��DQG���SRLQWV�IRU�DQ�LQFRUUHFW�DQVZHU��IRU�D�WRWDO�SRVVLEOH�VFRUH�RI����SRLQWV��$Q�DQVZHU�RI�È0D\EHÉ�ZDV�RQO\
FRQVLGHUHG�YDOLG�LI�WKH�UHVLGHQW�ORFDOL]HG�WKH�5:0$�FRUUHFWO\�

5HVXOWV���$VVXPLQJ�D�FRPSHWHQF\�FXW�RII�RI����������('�UHVLGHQWV�SRVWHG�D�VFRUH�GHPRQVWUDWLQJ�SURILFLHQF\��5DQJH�����������$OO���('�UHVLGHQWV
GHPRQVWUDWHG�SURILFLHQF\�LQ�LGHQWLI\LQJ�WKH�SUHVHQFH�RI�D�5:0$��5DQJH����������

&RQFOXVLRQ��(0�UHVLGHQWV�ZLWK�OLPLWHG�WUDLQLQJ�DUH�DEOH�WR�LGHQWLI\�ERWK�WKH�SUHVHQFH�DV�ZHOO�DV�WKH�ORFDWLRQ�RI�5:0$�LQ�SDWLHQWV�WKDW�KDYH
VXVWDLQHG�DQ�$0,���7KHLU�DELOLW\�WR�LGHQWLI\�WKH�SUHVHQFH�RI�D�5:0$�DORQH�LV�HYHQ�PRUH�IDYRUDEOH��3KDVH�,,�RI�WKLV�WULDO�LV�FXUUHQWO\�XQGHUZD\�DQG�DLPV
WR�SURVSHFWLYHO\�YDOLGDWH�WKLV�HGXFDWLRQDO�LQWHUYHQWLRQ�

5HIHUHQFHV��

$��(��-RQHV��9��6��7D\DO��DQG�-��$��.OLQH��È)RFXVHG�WUDLQLQJ�RI�HPHUJHQF\�PHGLFLQH�UHVLGHQWV�LQ�JRDO�GLUHFWHG�HFKRFDUGLRJUDSK\��D�SURVSHFWLYH��
VWXG\�É�$FDGHPLF�(PHUJHQF\�0HGLFLQH��YRO������QR������SS������Ä�����������
3��6DELD��$��$IURRNWHK��'��$��7RXFKVWRQH��0��:��.HOOHU��/��(VTXLYHO��DQG�6��.DXO��È9DOXH�RI�UHJLRQDO�ZDOO�PRWLRQ�DEQRUPDOLW\�LQ�WKH�HPHUJHQF\�URRP��
GLDJQRVLV�RI�DFXWH�P\RFDUGLDO�LQIDUFWLRQ��$�SURVSHFWLYH�VWXG\�XVLQJ�WZR�GLPHQVLRQDO�HFKRFDUGLRJUDSK\�É�&LUFXODWLRQ��YRO������QR�����SS��,��Ä,���
�����

$FNQRZOHGJHPHQWV��1R�FRQIOLFWV�RI�LQWHUHVW�



&$6(�35(6(17$7,21 6$50,/$�68%5$0$1,$0

��������3RWW
V�3XII\�7XPRXU

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6$50,/$�68%5$0$1,$0������6$50,/$�68%5$0$1,$0����

���(0(5*(1&<�0(',&,1(��+6(��*$/:$<��,5(/$1'

.H\ZRUGV��IURQWDO��VLQXV��DEVFHVV

$EVWUDFW��

:H�UHSRUW�WKH�FDVH�RI�D���\HDU�ROG�PDOH�ZKR�SUHVHQWHG��WR�RXU�HPHUJHQF\�GHSDUWPHQW�FRPSODLQLQJ�RI��IRUHKHDG�VZHOOLQJ�IRU�WKH�SDVW�VL[�PRQWKV
ZKLFK�LV�LQFUHDVLQJ�LQ�VL]H�DQG��DVVRFLDWHG�ZLWK�SUHVVXUH�VHQVDWLRQ��RQ�DQG�RII�KHDGDFKH�DQG�EORFNHG�QRVH��1R�KLVWRU\�RI�IHYHU�FKLOOV�VHL]XUH��+H�DOVR
GLG�QRW�UHVSRQG��WR�PXOWLSOH�FRXUVH�RI�RUDO�DQWLELRWLFV�SUHVFULEHG�E\�*3�LQ�WKLV�SDVW�VL[�PRQWKV��3DWLHQW�KDV�XQGHUO\LQJ�FKURQLF�VLQXVLWLV�

,QYHVWLJDWLRQ�

3ODLQ�;�UD\�UHYHDOHG�VRIW�WLVVXH�VZHOOLQJ�DJDLQVW�WKH�IURQWDO�ERQH�DQG�GHYLDWHG�QDVDO�VHSWXP��$��&7�EUDLQ�ZDV�WKHUHIRUH�SHUIRUPHG��ZKLFK
GHPRQVWUDWHG��H[SDQVLOH�OHVLRQ�RULJLQDWLQJ�IURP�IURQWDO�VLQXV��PRVW�OLNHO\�WR�EH�D�IURQWDO�VLQXV�PXFRFHOH�RU�DEVFHVV��7KH�OHVLRQ�ZDV�LQ�GLUHFW�FRQWDFW
ZLWK�WKH�XQGHUO\LQJ�PHQLQJHV�

0DQDJHPHQW�

+H�ZDV�WKHQ�UHIHUUHG�WR�%HDXPRQW�+RVSLWDO��'XEOLQ���ZKHUH�KH�XQGHUZHQW�ELIURQWDO�FUDQLRWRP\�DQG�H[FLVLRQ�RI�IURQWDO�VLQXV�DEVFHVV��7KH�VSHFLPHQ
JUHZ�066$�DQG�6WUHSWRFRFFXV�,QWHUPHGLXV��+H�LV�EHLQJ�WUHDWHG�ZLWK�,9�)OXFOR[DFLOOLQ��,9�%HQ]\OSHQLFLOOLQ�,9�0HWURQLGD]ROH�IRU�VL[�ZHHNV�

'LVFXVVLRQ�

3277Ç6�38))<�780285

:DV�ILUVW�GHVFULEHG�E\�3HUFLYDOO�3RWW�LQ�������LWV�D�QRQ�QHRSODVWLF�FRPSOLFDWLRQ�RI�VLQXVLWLV�FKDUDFWHUL]HG�E\�VXESHULRVWHDO�DEVFHVV�DQG�RVWHRP\HOLWLV�
,W�FDQ�EH�DVVRFLDWHG�ZLWK�H[WHQVLRQ�LQWUDFUDQLDOO\�ZLWK�HSLGXUDO�DEVFHVV��VXEGXUDO�HPS\HPD��PHQLQJLWLV��FHUHEUDO�DEVFHVV��DQG�GXUDO�VLQXV
WKURPERVLV��)URQWDO�VLQXV�GLVHDVH�KDV�UHGXFHG�VLJQLILFDQWO\�VLQFH�WKH�DUULYDO�RI�DQWLELRWLFV��EXW�LW�PD\�VWLOO�RFFXU���3RWWÇV�SXII\�WXPRXU�FDQ�EH�FDXVHG
E\�6LQXVLWLV�FKURQLF�DQG�DFXWH���7UDXPD��3RVW�VXUJHU\��IURQWDO�VLQXV�UHFRQVWUXFWLRQ���LQWUDQDVDO�VXEVWDQFH�DEXVH�

�

�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 $OH[DQGUD�0DOLQRYVND

��������4XDOLWDWLYH�'DWD�$QDO\VLV�RI�D�:HE�%DVHG�'HFLVLRQ�6XSSRUW�7RRO�IRU�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KULVWLDQH�5RVLQ������$OH[DQGUD�0DOLQRYVND������&\ULOO�6FKZDE������&H\ODQ�(NHQ������&KULVWLDQ�+��1LFNHO������5RODQG�%LQJLVVHU����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�%DVHO��%DVHO��6:,7=(5/$1'

.H\ZRUGV��GHFLVLRQ�VXSSRUW�WRRO��HPHUJHQF\�DOJRULWKPV��TXDOLW\�PDQDJHPHQW

$EVWUDFW��

%DFNJURXQG�

ZZZ�PHGVWDQGDUGV�FK��GHYHORSHG�DW�WKH�8QLYHUVLW\�+RVSLWDO�RI�%DVHO��LV�D�ZHE�EDVHG�GHFLVLRQ�VXSSRUW�WRRO�FRQVLVWLQJ�RI�VHYHUDO�KXQGUHG�DOJRULWKPV
FRYHULQJ�FRPPRQ�HPHUJHQFLHV��$V�SDUW�RI�D�TXDOLW\�PDQDJHPHQW�SURMHFW�ZH�FRQGXFWHG�D�TXDOLWDWLYH�GDWD�DQDO\VLV�RI����HPHUJHQF\�DOJRULWKPV��7KH
DLP�RI�WKH�VWXG\�ZDV�WR�DQDO\VH�WKH�VWUXFWXUH�RI�WKH�PHGLFDO�DOJRULWKPV�LQ�RUGHU�WR�GHILQH�D�VR�FDOOHG�È0DVWHU�$OJRULWKPÉ�HQDEOLQJ�XV�WR�XVH�D
V\VWHPDWLF�DSSURDFK�IRU�IXWXUH�FUHDWLRQV�RI�QHZ�DOJRULWKPV�DQG�UHYLVLRQV�RI�H[LVWLQJ�DOJRULWKPV�

�

0HWKRGV�

)RU�GDWD�DQDO\VLV��DQ�DGDSWHG�YHUVLRQ�RI�TXDOLWDWLYH�FRQWHQW�DQDO\VLV��0D\ULQJ�������ZDV�XVHG��D�PHWKRG�WKDW�DOORZV�UHGXFWLRQ�DQG�VWUXFWXULQJ�RI
WH[W�IRU�DQDO\VLV��6WHS�RQH��WKH�VWUXFWXUH�RI�WKH�DOJRULWKPV�ZDV�DQDO\VHG�E\�DQ�H[SHUW�WHDP�GHILQLQJ�FDWHJRULHV�DFFRUGLQJ�WR�PHGLFDO�SUDFWLFH
�GHGXFWLYH�DSSURDFK���VWDWLQJ�ÈDQFKRU�H[DPSOHVÉ�IRU�HDFK�FDWHJRU\�DQG�UXOHV�WR�HQDEOH�WKH�DSSURSULDWH�DOORFDWLRQ��H�J��7ULDJH��5HG�)ODJV�
0RQLWRULQJ���6WHS�WZR�����DOJRULWKPV�ZHUH�DQDO\VHG�XVLQJ�PLQGPXS�FRP�DOORZLQJ�XV�WR�DOORFDWH�WH[W�SDVVDJHV�LQWR�WKH�SUHGHILQHG�FDWHJRULHV�LQ�D
WKUHH�VWHS�UHYLHZLQJ�SURFHVV�LQFOXGLQJ�D�PHGLFDO�VWXGHQW��D�MXQLRU�GRFWRU�DQG�D�VHQLRU�SK\VLFLDQ��7H[W�SDVVDJHV��WKDW�ZHUH�VLPLODU��ZHUH
SDUDSKUDVHG��H�J��È'XUFKEOXWXQJ��0RWRULN��6HQVLELOLW�W��LQWDNW"É�DQG�ÈS'06�WHVWHQÉ�ZHUH�VXEVXPHG�WR�ÈS'06�LQWDNW"É��DQG�VXEVXPHG�WR�FDWHJRULHV�
$IWHU�HDFK�UXQ�WKH�È0DVWHU�$OJRULWKPÉ�ZDV�DGMXVWHG�E\�DGDSWLQJ�RU�FUHDWLQJ�QHZ�FDWHJRULHV��6WHS�WKUHH��D�WHDP�RI����VHQLRU�HPHUJHQF\�SK\VLFLDQV
DQDO\VHG�DQRWKHU����DOJRULWKPV�PDNLQJ�ILQDO�DGMXVWPHQWV�WR�WKH�È0DVWHU�$OJRULWKPÉ���:H�DUH�FXUUHQWO\�LQ�WKH�SURFHVV�RI�UH�DQDO\VLQJ�DOO�DOJRULWKPV
DFFRUGLQJ�WR�WKH�FXUUHQW�È0DVWHU�$OJRULWKPÉ�

�

5HVXOWV�

$�È0DVWHU�$OJRULWKPÉ�ZDV�GHILQHG�FRQWDLQLQJ�PDLQ�FDWHJRULHV��VXE�FDWHJRULHV��VXE�VXE�FDWHJRULHV�DQG�VR�IRUWK��7KH�VWUXFWXUH�RI�WKH�FDWHJRULHV
UHVHPEOHV�VHFWLRQV�RI�D�ERRN�ZLWK�D�KLHUDUFK\�LQ�GLIIHUHQW�OHYHOV��:H�DUH�FXUUHQWO\�LQ�WKH�SURFHVV�RI�YDOLGDWLQJ�WKH�È0DVWHU�$OJRULWKPÉ��TXDOLWDWLYH
DQG�TXDQWLWDWLYH�GDWD�ZLOO�EH�SUHVHQWHG��

�

&RQFOXVLRQ�

%\�XVLQJ�WKH�DGDSWHG�0D\ULQJ�$QDO\VLV�ZH�GHILQHG�RXU�È0DVWHU�$OJRULWKPÉ�ZLWK�D�FRPSOH[�KLHUDUFK\�RI�FDWHJRULHV��8VLQJ�WKH�VR�HVWDEOLVKHG
IUDPHZRUN��ZH�ZLOO�QRZ�UHYLVH�DOO�H[LVWLQJ�VWDQGDUGV�LQ�RUGHU�WR�HQVXUH�V\VWHPDWLFDOO\�FRPSOHWH�DOJRULWKPV�

�

5HIHUHQFH�

0D\ULQJ��3���������4XDOLWDWLYH�&RQWHQW�$QDO\VLV�>���SDUDJUDSKV@��4XDOLWDWLYH�6R]LDOIRUVFKXQJ���)RUXP��4XDOLWDWLYH�6RFLDO�5HVHDUFK�>2Q�OLQH�-RXUQDO@

�D�IUHH�VRIWZDUH�PLQG�PDSSLQJ�DSSOLFDWLRQ�



35(�+263,7$/���(06���287�2)�+263,7$/ %ULDQ�:DOVK

��������7KH�8VH�RI�9HQRXV�/DFWDWH�/HYHOV�LQ�WKH�3UHKRVSLWDO�6HWWLQJ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%ULDQ�:DOVK������'DQLHOOH�%LJJV������'DYLG�)HOGPDQ������/LVD�&OD\WRQ������.ULVWHQ�:DOVK����

���(PHUJHQF\�0HGLFLQH��0RUULVWRZQ�0HGLFDO�&HQWHU��0HQGKDP��86$
���(PHUJHQF\�0HGLFLQH��0RUULVWRZQ�0HGLFDO�&HQWHU��0RUULVWRZQ��86$

.H\ZRUGV��(06��VHSVLV��ODFWDWH

$EVWUDFW��

%DFNJURXQG�DQG�2EMHFWLYH���7KH�DJJUHVVLYH�WUHDWPHQW�RI�VHSVLV�KDV�EHHQ�VKRZQ�WR�GHFUHDVH�PRUWDOLW\���6HSVLV�SURWRFROV�KDYH�EHHQ�GHYHORSHG�LQ
(PHUJHQF\�'HSDUWPHQWV��('V��WR�LGHQWLI\�DQG�WUHDW�SDWLHQWV�TXLFNO\�DQG�HIILFLHQWO\���,W�IROORZV�WKDW�LGHQWLILFDWLRQ�RI�VHSWLF�SDWLHQWV�LQ�WKH�SUHKRVSLWDO
VHWWLQJ�ZRXOG�SURYLGH�DGGLWLRQDO�EHQHILW���7R�WKLV�HQG��ZH�UHFHQWO\�EHJDQ�REWDLQLQJ�YHQRXV�ODFWDWH�OHYHOV�LQ�WKH�SUHKRVSLWDOO\���:H�VRXJKW�WR�GHVFULEH
RXU�LQLWLDO�H[SHULHQFH�DQG�WR�GHWHUPLQH�WKH�XWLOLW\�RI�LWV�XVH�SUHKRVSLWDOO\�

0HWKRGV���6HWWLQJ��$�VXEXUEDQ��KRVSLWDO�EDVHG��WZR�WLHUHG�(06�V\VWHP�LQ�ZKLFK�WKH�$GYDQFHG�/LIH�6XSSRUW��$/6��SURYLGHUV�WUHDW�DERXW�������
SDWLHQWV�DQQXDOO\���6XEMHFWV��&RQVHFXWLYH�SDWLHQWV�LQ�ZKRP�D�YHQRXV�ODFWDWH�OHYHO�ZDV�REWDLQHG�SUHKRVSLWDOO\���3URWRFRO��%HJLQQLQJ�LQ�0DUFK�������
SDUDPHGLFV�LQ�RXU�V\VWHP�ZHUH�DEOH�WR�GUDZ�YHQRXV�ODFWDWH�RQ�SDWLHQWV�SUHKRVSLWDOO\���3DUDPHGLFV�ZHUH�LQVWUXFWHG�E\�(06�DGPLQLVWUDWLRQ�WR�DVVHVV
ODFWDWH�OHYHOV�RQ�SDWLHQWV�ZLWK�ÈVHSVLV��VKRFN��VXVSHFWHG�LQIHFWLRQ��RU�ZKHQ�LW�PLJKW�EH�KHOSIXOÉ����WKHUH�DUH�QR�VSHFLILF�JXLGHOLQHV�IRU�LWV�XVH���:H
FDOFXODWHG�DYHUDJH�FRQWDFW�DQG�WUDQVSRUW�WLPHV��YLWDO�VLJQV��DPRXQW�RI�,9�IOXLGV�RUGHUHG�SUHKRVSLWDOO\��DQG�ZKHWKHU�WKH�ODFWDWH�GUDZQ�ZDV�ÈXVHIXO�É
������FRQILGHQFH�LQWHUYDOV��&,��ZHUH�DOVR�FDOFXODWHG�IRU�HDFK�YDULDEOH���)RU�WKH�SXUSRVH�RI�WKLV�VWXG\��ZH�GHILQHG�D�ÆXVHIXOÉ�SUHKRVSLWDO�ODFWDWH�DV�RQH
GUDZQ�LQ�D�SDWLHQW�ZLWK�D�VXVSHFWHG�LQIHFWLRQ�DQG�RQH�RI�WKH�IROORZLQJ�6,56�FULWHULD��ÈKRWÉ�VNLQ�RQ�H[DP���IHYHU��HOHYDWHG�UHVSLUDWRU\�UDWH�!����RU
WDFK\FDUGLD�!���

5HVXOWV���,Q�WKH�ILUVW�WZR�PRQWKV�RI�WKH�SURJUDP�����SDWLHQWV�KDG�ODFWDWH�OHYHOV�GUDZQ���7KH�DYHUDJH�DJH�ZDV����DQG�����ZHUH�PDOH������FDOOV�ZHUH
GLVSDWFKHG�DV�È5HVSLUDWRU\�É�IRXU�DV�È$OWHUHG�0HQWDO�6WDWXV�É�DQG�WZR�FDOOV�HDFK�IRU�È)DOO�É�È&DUGLDF�É�È0HGLFDO�126�É��7KH�DYHUDJH�WRWDO�FRQWDFW
WLPH�ZLWK�WKH�SDWLHQW�ZDV����PLQXWHV��&,����������ZKLOH�WKH�DYHUDJH�WUDQVSRUW�WLPH�ZDV����PLQXWHV��&,������������2I�WKH�SDWLHQWV�ZLWK�ODFWDWHV�GUDZQ�
WKH�DYHUDJH�6%3�ZDV������&,�������������DYHUDJH��ZDV�����&,������������DYHUDJH�KHDUW�UDWH�ZDV�����&,������������DQG�WKH�DYHUDJH�UHVSLUDWRU\�UDWH
ZDV�����&,�����������������&,���������RI�WKH�ODFWDWHV�GUDZQ�ZHUH�FRQVLGHUHG�ÈXVHIXOÉ�XQGHU�RXU�FULWHULD���2I�WKRVH�ZLWK�HOHYDWHG�ODFWDWH�OHYHOV��WKH
DYHUDJH�DPRXQW�RI�,9�IOXLG�JLYHQ�ZDV�����PO��&������������DQG�WKRVH�ZLWK�QRUPDO�ODFWDWH�OHYHOV�ZHUH�JLYHQ�DQ�DYHUDJH�RI�����PO�����������
��'LIIHUHQFH��������&,��������������

&RQFOXVLRQ���$OWKRXJK�WKH�SURWRFRO�LV�QHZ�DQG�VDPSOH�VL]H�LV�VPDOO��LW�DSSHDUV�SUHKRVSLWDO�ODFWDWH�OHYHOV�DUH�EHLQJ�GUDZQ�LQ�SDWLHQWV�LQ�ZKLFK�LW�ZLOO
EH�XVHIXO�WR�('�SURYLGHUV���7KH�UHVXOWV�RI�WKLV�WHVWLQJ�KDYH�QRW�WUDQVODWHG�LQWR�DGGLWLRQDO�WUHDWPHQW�SUHKRVSLWDOO\��DQG�LW�LV�XQFOHDU�LI�WKH�UHVXOWV�ZLOO
KDYH�DQ�HIIHFW�RQ�WUHDWPHQW�LQ�WKH�('�RU�SDWLHQW�RXWFRPHV�



3(',$75,&6 +HLGL�(GPXQGVRQ

��������$�FKLOG
V�DGYHQWXUH�LQ�$�DQG�(

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+HLGL�(GPXQGVRQ������/RXLVH�%URZQ����

�����:KLWWLQJWRQ�+RVSLWDO��/RQGRQ��/RQGRQ��8.

.H\ZRUGV��H[SHULHQFH��ZULWLQJ��UROH�SOD\��JXLGH�ERRN��FKLOG
V�SHUVSHFWLYH

$EVWUDFW��

$��JXLGHERRN�WR�WKH�FKLOGUHQÇV�HPHUJHQF\�GHSDUWPHQW�ZULWWHQ�IRU�FKLOGUHQ�E\�FKLOGUHQ

����������

,�DP�DQ�HPHUJHQF\�PHGLFLQH�FRQVXOWDQW�EDVHG�LQ�DQ�LQQHU�FLW\�KRVSLWDO�ZKLFK�VHHV�DSSUR[LPDWHO\��������FKLOGUHQ�\U�

�

0RVW�FKLOGUHQÇV�H[SHULHQFH�RI�KRVSLWDO�LV�HLWKHU�RI�RU�LQYROYHV�WKH�(PHUJHQF\�'HSDUWPHQW�

�

:H�KDYH�D�JHQHUDO�DVVXPSWLRQ�WKDW�FKLOGUHQ�PD\�ILQG�WKHVH�YLVLWV�VWUHVVIXO��+RZHYHU�,�IHOW�WKDW�LW�ZRXOG�EH�LQWHUHVWLQJ�WR�H[SORUH�ZKDW�WKH\�UHDOO\
WKRXJKW�DQG�IHOW�DERXW�WKH�GHSDUWPHQW�DQG�WR�H[SORUH�ZKDW�WKHLU�KRSHV��IHDUV�DQG�H[SHFWDWLRQV�ZHUH�

�

$OVR���GXH�WR�LWV�QDWXUH��YLVLWLQJ�DQ�HPHUJHQF\�GHSDUWPHQW�LV�XQSODQQHG�DQG�XQSUHGLFWDEOH��:H�GHFLGHG�WR�FUHDWH�D�JXLGH�WR�SUHSDUH�ERWK�FKLOGUHQ
DQG�WKHLU�SDUHQWV�IRU�ZKDW�WKH\�PLJKW�H[SHFW�RU�HQFRXQWHU�

�

,�ZRUNHG�ZLWK�FKLOGUHQ�IURP�*UDIWRQ�SULPDU\�VFKRRO��WKHLU�ZULWHU�LQ�UHVLGHQFH�'LDQH�6DPXHOV�DQG�DUWLVW�LQ�UHVLGHQFH�7HVVD�*DUODQG�

�

'LDQH�DQG�,�KDG�VHVVLRQV�ZLWK�WKH�FKLOGUHQ�GXULQJ�ZKLFK�WKH\�DVNHG�PH�DQ\WKLQJ�WKH\�ZDQWHG�WR�NQRZ�DQG�WKH\�DOVR�YLVLWHG�WKH�GHSDUWPHQW��7KH\
HDFK�VHOHFWHG�DQ�DFFLGHQW�ZKLFK�WKH\�DFWHG�RXW�LQ�WKHLU�GUDPD�FODVV��)ROORZLQJ�WKLV�WKH\�DWWHQGHG�DQG�ZH�UROH�SOD\HG�WKH�PDQDJHPHQW�WKH\�ZRXOG
UHFHLYH�LQFOXGLQJ�ZDLWLQJ�

�

7KURXJKRXW�WKH\�ZHUH�HQFRXUDJHG�WR�ZULWH�DERXW�HYHU\WKLQJ��)URP�WKLV�ODUJH�ERG\�RI�ÆUDZ�ZRUNÇ�WKH\�VHOHFWHG�ZKDW�WKH\�ZDQWHG�WR�WHOO�RWKHU
FKLOGUHQ��7KH\�ZDQWHG�D�ERRNOHW�ZKLFK�KDG�D�PDJD]LQH�FRPLF�IHHO�WR�LW�

�

7KH\�ZRUNHG�ZLWK�DUWLVW�7HVVD�*DUODQG�RQ�WKH�LOOXVWUDWLRQV�DQG�DOVR�VHOHFWHG�WKH�OD\RXW�GHVLJQ��IRQW�W\SH�HWF�ZLWK�JUDSKLF�GHVLJQHU�$OH[�$QWKRQ\�

�

7KH�UHVXOW���$�&KLOGÇV�$GYHQWXUH�LQ�$���(���LV�D�JXLGH�ERRN�ZULWWHQ�IRU�FKLOGUHQ�E\�FKLOGUHQ�

�

'XULQJ�WKHLU�WLPH�ZLWK�XV�WKH\�EHFDPH�H[SHUWV�LQ�WKH�GHSDUWPHQW�KDYLQJ�H[SHULHQFHG�LW�LQ�D�YHU\�UHDO�ZD\��7KH\�QRWLFHG�D�YDULHW\�RI�WKLQJV�ZKLFK
KDG�SUHYLRXVO\�HVFDSHG�P\VHOI�DQG�RWKHU�VWDII�PHPEHUV�RU�VDZ�WKLQJV�IURP�D�ZKROH�GLIIHUHQW�SHUVSHFWLYH��$OO�RI�ZKLFK�KDV�EHHQ�FDSWXUHG�LQ�D�Æ
&KLOGÇV�$GYHQWXUH�LQ�$���(�Æ

�

,�IHHO�WKDW�WKLV�SURMHFW�JDYH�XV�D�YHU\�LQWHUHVWLQJ�LQVLJKW�LQWR�WKH�H[SHULHQFH�RI�WKH�GHSDUWPHQW�IURP�D�FKLOGÇV�SHUVSHFWLYH��6LPLODUO\�LQ�SURGXFLQJ�WKH
ERRNOHW�WKH�FKLOGUHQ�KDYH�FDSWXUHG�WKLV�LQIRUPDWLRQ�LQ�D�IXQ�IRUPDW�ZKLFK�ZLOO�DSSHDO�WR�RWKHU�FKLOGUHQ�DQG�KRSHIXOO\�LPSURYH�WKHLU�H[SHULHQFH�RI�WKH
KRVSLWDO�

$OVR�PRVW�FKLOGUHQÇV�H[SHULHQFH�RI�KRVSLWDO�LV�YLD�WKH�HPHUJHQF\�GHSDUWPHQW�ZKLFK��E\�LWV�QDWXUH��LV�XQSODQQHG���YHU\�OLWWOH�LQIRUPDWLRQ�OLWHUDWXUH
H[LVWV�WR�SUHSDUH�FKLOGUHQ�IRU�WKLV�H[SHULHQFH�



�

7KH�SRVWHU�VKRZV�KLJKOLJKWV�IURP�WKLV�JXLGHERRN�DOO�RI�ZKLFK�DUH�WKH�FKLOGUHQÇV�RZQ�ZRUGV�DQG�GUDZLQJV�

�

�������

����������

�

�

�



',6$67(5�0(',&,1( 0HKPHW�)DWLK�(URO

��������7KH�HIIHFW�RI�&DIIHLF�DFLG�SKHQHWK\O�HVWHU��&$3(��RQ�DFXWH�UHQDO�IDLOXUH�LQ�FUXVK�V\QGURPH�PRGHO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

%XQ\DPLQ�&XQH\W�7XUDQ������+DWLFH�*XO�6DULND\D������)LOL]�7XUDQ������¡EUDKLP�*HOLQFLN������2PHU�.XUW������0HKPHW�)DWLK�(URO������$KVHQ�<¢OPD]�����
$KPHW�*�UHO����

���$QHVWKHVLRORJ\�DQG�5HDQLPDWLRQ��1DPLN�.HPDO�8QLYHUVLW\��7HNLUGDJ��785.(<
���3DWKRORJ\��1DPLN�.HPDO�8QLYHUVLW\��7HNLUGDJ��785.(<
���8URORJ\��1DPLN�.HPDO�8QLYHUVLW\��7HNLUGDJ��785.(<
���2UWKRSHGLFV�DQG�7UDXPDWRORJ\��1DPLN�.HPDO�8QLYHUVLW\��7HNLUGDJ��785.(<
���%LRFKHPLVWU\��1DPLN�.HPDO�8QLYHUVLW\��7HNLUGDJ��785.(<

.H\ZRUGV��FUXVK�V\QGURPH��FDIIHLF�DFLG�SKHQHWK\O�HVWHU��P\RJOREXOLQ�ULD��DFXWH�UHQDO�IDLOXUH

$EVWUDFW��

,QWURGXFWLRQ

&UXVK�V\QGURPH�LV�D�VHYHUH�FOLQLFDO�FRQGLWLRQ�FDXVHG�E\�UKDEGRP\RO\VLV�ZKLFK�LV�VHHQ�DIWHU�PDVVLYH�FUXVK�LQMXULHV�OLNH�HDUWKTXDNH�LQMXULHV���WKLV
V\QGURPH�FDXVHV�D�QXPEHU�RI�V\VWHPLF�DQG�PHWDEROLF�GLVRUGHUV�LQFOXGLQJ��P\RJORELQXULF�DFXWH�UHQDO�IDLOXUH��0$5)���&$3(�KDV�VWURQJ�DQWLR[LGDQW
DQG�DQWL�LQIODPPDWRU\�SURSHUWLHV��7KH�SXUSRVH�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�HYDOXDWH�WKH�SURWHFWLYH�HIIHFW�RI�&$3(�DJDLQVW�0$5)�LQ�FUXVK�V\QGURPH
RQ�DQ�H[SHULPHQWDO�DQLPDO�PRGHO�

0DWHULDO�DQG�0HWKRGV

)RXU�JURXSV�ZHUH�FUHDWHG�ZLWK����ZHOO�PDWFKHG�KHDOWK\�6SUDUJXH�'DZOH\�UDWV��,Q�JURXS������P/�NJ�LQWUDPXVFXODU��,0��JOLVHURO�ZDV�DGPLQLVWHUHG�WR
HDFK�UDW�WR�FUHDWH�WKH�FUXVK�V\QGURPH�PRGHO��&RQVHTXHQWO\����PLFURPROH�NJ�&$3(�ZDV�DGPLQLVWHUHG�LQWUDPXVFXODUO\��7KH�VDPH�&$3(�GRVH�ZDV
UHSHDWHG�DW���WK�KRXU�RI�ILUVW�GRVH��,Q�JURXS������P/�NJ�,0�JOLVHURO�ZDV�DGPLQLVWHUHG�DQG�D�FUXVK�V\QGURPH�PRGHO�ZDV�FUHDWHG��,Q�JURXS���D�VLQJOH
GRVH�RI����PLFURPROH�NJ�&$3(�ZDV�DGPLQLVWHUHG�LQWUDPXVFXODUO\�ZLWKRXW�FUHDWLQJ�D�FUXVK�V\QGURPH�PRGHO��7KH�JURXS���ZDV�WKH�FRQWURO�JURXS����$W
WKH���WK�KRXU�RI�WKH�ILUVW�&$3(�DGPLQLVWUDWLRQ�RI�JURXS�RQH�FDUGLDF�EORRG�VDPSOHV�ZHUH�REWDLQHG�DQG�ELODWHUDO�QHSKUHFWRP\�ZDV�FDUULHG�RXW�DQG�WKH
VDPSOHV�ZHUH�SUHSDUHG�IRU�KLVWRSDWKRORJLFDO�DQG�ELRFKHPLFDO�HYDOXDWLRQV�LQ�DOO���JURXSV��6HUXP�XUHD��FUHDWLQLQH��,/��¸��71)�·��,/����DQG�,/��5D
ZHUH�VWXGLHG�RQ�WKH�EORRG�VDPSOHV���7KH�NLGQH\V�ZHUH�HYDOXDWHG�KLVWRSDWKRORJLFO\�WR�LQYHVWLJDWH�DQ\�FKDQJHV�UHODWHG�WR�0$5)���7R�HYDOXDWH�WKH
R[LGDWLYH�GDPDJH�PDORQGLDOGHK\GH��0'$��QLWULF�R[LGH��12��OHYHOV�DQG�VXSHUR[LGH�GLVPXWDVH��62'��DQG�FDWDODVH�&$7��DFWLYLWLHV�ZHUH�VWXGLHV�RQ�WKH
UHQDO�WLVVXH�VDPSOHV��

�5HVXOWV

6HUXP�XUHD��FUHDWLQLQH��,/��¸��71)�DOSKD��DQG�,/����OHYHOV�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�JURXS���FRPSDUHG�WR�FRQWUROV�ZKLOH�WKHVH�YDOXHV�ZHUH
VLJQLILFDQWO\�ORZ�LQ�JURXS���FRPSDUHG�WR�JURXS�����6HUXP�,/��5D�OHYHOV�ZHUH�VLJQLILFDQWO\�ORZHU�LQ�JURXS���FRPSDUHG�WR�FRQWURO�JURXS��0'�DQG�12
OHYHOV�RI�UHQDO�WLVVXH�VDPSOHV�ZHUH�KLJKHU�LQ�JURXS���FRPSDUHG�WR�JURXS���DQG�FRQWURO�JURXS��62'�DQG�&$7�DFWLYLWLHV�ZHUH�VLJQLILFDQWO\�ORZHU�LQ
JURXS���FRPSDUHG�WR�FRQWUROV�ZKLOH�WKHUH�ZDV�D�VLJQLILFDQW�LQFUHDVH�RI�WKHVH�DFWLYLWLHV�LQ�JURXS�RQH�FRPSDUHG�WR�JURXS����7KH�FKDQJHV�UHODWHG�WR
R[LGDWLYH�VWUHVV�DQG�P\RJORELQXULD�ZHUH�REVHUYHG�LQ�KLVWRSDWKRORJLFDO�HYDOXDWLRQ�RI�JURXS���DQG�JURXS����7KH�UHQDO�WLVVXH�FKDQJHV�ZHUH�DSSDUHQWO\
PLOGHU�LQ�JURXS���LQ�FRQWUDVW�WR�JURXS����

�&RQFOXVLRQ

2XU�UHVXOWV�UHYHDO�WKDW�&$3(�DGPLQLVWUDWLRQ�KDV�D�GLPLQLVKLQJ�HIIHFW�RQ�WKH�UHQDO�IXQFWLRQ�GHWHULRUDWLRQ�DQG�UHQDO�WLVVXH�FKDQJHV�REVHUYHG�LQ�FUXVK
V\QGURPH��:H�KRSH�WKDW�RXU�VWXG\�OHDG�LQQRYDWLRQV�LQ�WKH�GHYHORSPHQW�RI�QHZ�SURWHFWLRQ�RU�PDQDJHPHQW�RI�UHQDO�IDLOXUH�FDXVHG�E\�FUXVK
V\QGURPH�



1(852/2*< 7VH�+VXDQ�6X

��������7R�ORDG�RU�QRW�WR�ORDG"�$VSLULQ�ORDGLQJ�LQ�DFXWH�LVFKHPLF�VWURNH��D�VWXG\�RI�FOLQLFDO�RXWFRPHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7VH�+VXDQ�6X������<L�/LQJ�&KDQ������-LDQQ�'HU�/HH������0HQJ�/HH������/HQJ�&KLHK�/LQ������<X�:HQ�:HQ������7VRQJ�+DL�/HH����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��/LQNRX�&KDQJ�*XQJ�0HPRULDO�+RVSLWDO��7DR\XDQ��7$,:$1
���'HSDUWPHQW�RI�1HXURORJ\��&KLD\L�&KDQJ�*XQJ�0HPRULDO�+RVSLWDO��&KLD\L�&RXQW\��7$,:$1
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��&KLD\L�&KDQJ�*XQJ�0HPRULDO�+RVSLWDO��&KLD\L�&RXQW\��7$,:$1
���&OLQLFDO�,QIRUPDWLFV�DQG�0HGLFDO�6WDWLVWLFV�5HVHDUFK�&HQWHU��&KDQJ�*XQJ�8QLYHUVLW\��7DR\XDQ��7$,:$1
���6WURNH�&HQWHU�DQG�'HSDUWPHQW�RI�1HXURORJ\��/LQNRX�&KDQJ�*XQJ�0HPRULDO�+RVSLWDO��7DR\XDQ��7$,:$1

.H\ZRUGV��DVSLULQ�DFXWH�VWURNH�WUHDWPHQW�ORDGLQJ�GRVH�REVHUYDWLRQDO�VWXG\

$EVWUDFW��

%DFNJURXQG�DQG�SXUSRVH�

������������$VSLULQ�LV�NQRZQ�WR�UHGXFH�PRUWDOLW\�DQG�UHFXUUHQW�YDVFXODU�HYHQWV��+RZHYHU��WKHUH�DUH�QR�UHSRUWV�DERXW�GRVH�UHVSRQVH�RI�ORDGLQJ�DVSLULQ�LQ
WUHDWLQJ�DFXWH�LVFKHPLF�VWURNH��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�FRPSDUH�WKH�HIIHFWLYHQHVV�RI�GLIIHUHQW�ORDGLQJ�GRVHV�RI�DVSLULQ�LQ�DFXWH�LVFKHPLF
VWURNH�SUHVHQWLQJ�ZLWKLQ����KRXUV�RI�V\PSWRP�RQVHW�

0HWKRGV�

������������7KLV�ZDV�D�UHWURVSHFWLYH��KRVSLWDO�EDVHG�FRKRUW�VWXG\��3DWLHQWV�ZHUH�FODVVLILHG�DV�KLJK�GRVH����������PJ��RU�ORZ�GRVH�������PJ��EDVHG�RQ
WKH�LQLWLDO�ORDGLQJ�GRVH�RI�DVSLULQ�DW�WKH�HPHUJHQF\�GHSDUWPHQW��7KH�SULPDU\�RXWFRPH�PHDVXUH�ZDV�D�IDYRUDEOH�PRGLILHG�5DQNLQ�VFDOH��P56��VFRUH
RI�Ô��RQ�GLVFKDUJH��6HFRQGDU\�RXWFRPHV�LQFOXGHG�LQ�KRVSLWDO�PRUWDOLW\��VWURNH�SURJUHVVLRQ�GXULQJ�DGPLVVLRQ��DQG�EOHHGLQJ�HYHQWV��$�SURSHQVLW\
VFRUH�ZLWK�����PDWFKLQJ�ZDV�XVHG�WR�EDODQFH�EDVHOLQH�FKDUDFWHULVWLFV��DQG�VWHSZLVH�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ�ZDV�SHUIRUPHG�IRU�YDULDEOHV
DGMXVWPHQW�

5HVXOWV�

������������)URP�D�WRWDO�RI������DYDLODEOH�SDWLHQWV�������SDWLHQWV�ZHUH�LQFOXGHG��$PRQJ�WKHP������SDWLHQWV�EHORQJHG�WR�WKH�KLJK�GRVH�JURXS��0XOWLSOH
ORJLVWLF�UHJUHVVLRQ�DIWHU�PDWFKLQJ�UHYHDOHG�WKDW�WKH�KLJK�GRVH�JURXS�ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�D�IDYRUDEOH�FOLQLFDO�RXWFRPH�RQ�GLVFKDUJH
�RGGV�UDWLR������������FRQILGHQFH�LQWHUYDO�������������S��������EXW�WKH�DVVRFLDWLRQV�ZHUH�QRW�IRXQG�ZLWK�PRUWDOLW\�DQG�VWURNH�SURJUHVVLRQ�
1RQHWKHOHVV��WKH�KLJK�GRVH�JURXS�DOVR�H[SHULHQFHG�PRUH�EOHHGLQJ�HYHQWV��EXW�ZDV�VLJQLILFDQW�RQO\�LQ�PLQRU�EXW�QRW�PDMRU�EOHHGLQJ�

&RQFOXVLRQV�

������������$�KLJKHU�ORDGLQJ�GRVH�RI�DVSLULQ����������PJ��FDQ�EH�EHQHILFLDO�LQ�WUHDWLQJ�DFXWH�LVFKHPLF�VWURNH�LQ�WKH�HPHUJHQF\�GHSDUWPHQWV��$OWKRXJK
WKHUH�LV�DQ�LQFUHDVHG�ULVN�RI�EOHHGLQJ��ZKLFK��KRZHYHU��LV�XVXDOO\�PLQRU�



1(852/2*< $GHOLQH�+,*8(7

��������6KH�LV�H[KDXVWHG��6KH�QHHGV�SV\FKRORJLFDO�DVVLVWDQFH�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(ONH�7KLMV������$GHOLQH�+LJXHW������6DDUWMH�7KLMV����

���(PHUJHQF\��VWXGHQW�0HGLFLQH��8=�*HQW��%HOJLXP��*HQW��%(/*,80
���8UJHQFHV��VLQW�0DULD�+DOOH��%HOJLXP��+DOOH��%(/*,80
���,QWHUQH�PHGLFLQH��VWXGHQW�0HGLFLQH��8=�*HQW��%HOJLXP��*HQW��%(/*,80

.H\ZRUGV��KHDGDFKH��EUDG\SV\FKLD�GHSUHVVLRQ�FDYHUQRXV�VLQXV�WKURPERVH

$EVWUDFW��

$����\HDU�ROG�ZRPDQ�ZDV�EURXJKW�WR�WKH�HPHUJHQF\�ZDUG�E\�WZR�RI�KHU�IULHQGV��$FFRUGLQJ�WR�KHU�UHODWLYHV��VKH�ZDV�H[KDXVWHG�DQG�KDG�WR�VHH�D
SV\FKLDWULVW�

6KH�ZRUNHG�DV�DQ�HPSOR\HH�LQ�WKH�DGPLQLVWUDWLRQ��OLYHG�DORQH�DQG�KDG�DOZD\V�KDG�D�ORW�RI�HQHUJ\��%XW�VLQFH�WKH�KRVSLWDOL]DWLRQ�RI�KHU�PRWKHU�IRU
VHYHUH�GHSUHVVLRQ�D�IHZ�ZHHNV�HDUOLHU��WKH�SDWLHQW�KDG�VWD\HG�WKH�ZKROH�GD\�LQ�KHU�EHG��ODFNHG�HQHUJ\�DQG�GLGQCW�VSHDN�DQ\PRUH��+HU�IULHQGV�VDLG�
�VKH�LV�QRW�UHFRJQL]DEOH�DQ\PRUH�DQG�QHHGV�XUJHQWO\�SV\FKRORJLFDO�DVVLVWDQFH��

,Q�UHJDUG�WR�KHU�PHGLFDO�SDVW��ZH�QRWHG�RQO\�D�IHZ�PLJUDLQH�HSLVRGHV�DQG�RQH�IOHELWLV�RI�WKH�ULJKW�OHJ����\HDUV�EHIRUH��6KH�WRRN�QR�PHGLFDWLRQ�H[FHSW
WKH�SLO�DQG�SDUDFHWDPRO�WDEOHWV�RFFDVLRQDOO\�

6KH�FRPSODLQHG�DERXW�KDYLQJ�KDG�D�KHDGDFKH�D�ZHHN�EHIRUH�DQG�WKHUHIRUH�KHU�*3�KDG�FRPH�WZLFH�IRU�LQMHFWLRQ�RI�16$,'6�

%HFDXVH�RI�KHU�DJJUDYDWLQJ�V\PSWRPV�RI�OHWKDUJ\��PXWLVPH�HQ�EUDG\SV\FKLD�VKH�ZDV�UHIHUUHG�WR�WKH�('�RQ�D�)ULGD\�QLJKW�

2Q�DGPLVVLRQ�KHU�SDUDPHWHUV�ZHUH�VWDEOH��D�EORRG�SUHVVXUH�RI������PP�+J��D�SXOVH�RI����%SP���D�WHPSHUDWXUH�RI������j&��DQG�D�6S���RI�������7KH
FOLQLFDO�H[DPLQDWLRQ�UHYHDOHG�RQO\�DQ�DOWHUHG�QHXURORJLFDO�H[DPLQDWLRQ��VKH�ZDV�FRQVFLRXV�DQG�ZHOO�RULHQWHG�LQ�WLPH�DQG�VSDFH��KHU�SXSLOV�ZHUH
UHIOHFWHG�DQG�LVRFRUH��6KH�SUHVHQWHG�QR�VLJQ�RI�ODWHUDOLVDWLRQ��KDG�V\PPHWULFDO�UHIOH[HV�DQG�QR�PHQLQJHDO�VLJQV�EXW�VKH�ZDV�VRPQROHQW�
EUDG\SV\FKLTXH�DQG�VKRZHG�D�GLIILFXOW\�ZLWK�FRRUGLQDWLRQ��/DERUDWRU\�HYDOXDWLRQ�UHYHDOHG�QRUPDOH�JO\FHPLD��QRUPDOH�HOHFWURO\WHV��QRUPDOH
FUHDWLQLQH��QRUPDOH�76+�DQG�7���FUS������PJ�/��''��������QJ�PO��*27���X�/��*37����X�O��HWKDQRO���J�GO�7KH�XULQDU\�WR[LFRORJ\�DQDO\VHV�VKRZHG�RQO\
WKH�SUHVHQFH�RI�SDUDFHWDPRO�LQ�D�WKHUDSHXWLFDO�GRVH�

7KH�KHDG�&7�ZDV�SUHIRUPHG��RQH�KRXU�DIWHU�DGPLVVLRQ�DQG�ZDV�QHJDWLYH��7KH�U[�WKRUD[�ZDV�QRUPDO��6KH�ZDV�DGPLWWHG�IRU�REVHUYDWLRQ�LQ�QHXURORJ\�
2Q�WKH�IROORZLQJ�GD\V�RWKHU�H[DPV�ZHUH�SHUIRUPHG��WKH�((*�ZDV�QRUPDO��WKH�GXSSOH[�RI�ORZHU�OLPEV�ZDV�QRUPDO��WKH�&7�$QJLR�RI�WKH�WKRUD[�ZDV
QRUPDO��WKH�KHDG�&7�VFDQ�ZLWK�FRQWUDVW�VKRZHG�DQ�HPSW\�GHOWD�VLJQ�SDWKRJQRPRQLF�RI�D�YHQHXVH�WKURPERVH�$�KHDG�05,�ZDV�SHUIRUPHG�LQ
HPHUJHQF\�DQG�UHYHDOHG�PXOWLSOH�IRFL�RI�UHFHQW�LVFKDHPLD�LQ�WKH�ZKLWH�PDWWHU�ELODWHUDOO\�DQG�D�FHQWUDO�YHQRXV�VLQXV�WKURPERVLV�VXSHULRU�VDJLWWDO�
VLJPRLGHXV��UHFWXV�DQG�LQWHUQD�FHUHEUL��7KH�WUHDWPHQW�ZDV�LPPHGLDWHO\�VWDUWHG�ZLWK�ORZ�PROHFXODU�ZHLJKW�KHSDULQV�DW�WKH�WKHUDSHXWLF�GRVH
RI��PJ�NJ�WZLFH�D�GD\�EHIRUH�D�UHOD\�SHU�RV�DQG�WKH�SLO�ZDV�VWRSSHG�DW�OLYH�

,Q�D�VHFRQG�WLPH�DQ�H[WHQGHG�ELODQ��LQ�J\QHFRORJ\��FDUGLRORJ\���GHUPDWRORJ\������ZDV�SHUIRUPHG�DQG�DOORZHG�WR�H[FOXGH�DQ\�PDOLJQLW\��7KLV
GLDJQRVH�KDG�DQ�LPSRUWDQW�LPSDFW�RQ�KHU�VRFLDO�DQG�SURIHVVLRQDO�OLIH��,Q�FRQFOXVLRQ��LQVWHDG�RI�UHIHUULQJ�WKH�SDWLHQW�WRR�HDUO\�WR�WKH�SV\FKLDWULF�ZDUG�
D�SRVVLEOH�GLDJQRVLV�RI�DQ�DFXWH�FHQWUDO�YHQRXV�WKURPERVLV�VKRXOG�DOZD\V�EH�FRQVLGHUHG�E\�WKH�HPHUJHQF\�SK\VLFLDQ�LQ�FDVH�RI�KHDGDFKH�RU�DOWHUHG
QHXURORJLFDO�H[DPLQDWLRQ�ZLWK�HOHYDWHG�G�GLPHU�

�



&$5',29$6&8/$5 6f0(<<(�c$.0$.

��������$�\RXQJ�ZRPDQ�ZLWK�VHYHUH�KHDUW�IDLOXUH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$GQDQ�<DPDQRJOX������6XPH\\H�&DNPDN������2]JXU�6RJXW����

���(PHUJHQF\�0HGLFLQH��+DVHNL�(GXFDWLRQ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<

.H\ZRUGV��SHULSDUWXP�FDUGLRP\RSDWK\��DFXWH�KHDUW�IDLOXUH��HFKRFDUGLRJUDP

$EVWUDFW��

,QWURGXFWLRQ��3HULSDUWXP�FDUGLRP\RSDWK\��33&0��LV�RQH�RI�WKH�PRVW�VHYHUH�FDUGLDF�GLVHDVHV�DQG�LV�D�OHDGLQJ�FDXVH�RI�PDWHUQDO�GHDWK��33&0�LV�D
QRQ�IDPLOLDO�IRUP�RI�SHULSDUWXP�KHDUW�IDLOXUH��DQG�LV�FKDUDFWHULVHG�DV�DQ�LGLRSDWKLF�FDUGLRP\RSDWK\�SUHVHQWLQJ�ZLWK�KHDUW�IDLOXUH�VHFRQGDU\�WR�OHIW
YHQWULFXODU�V\VWROLF�G\VIXQFWLRQ�LQ�WKH�DEVHQFH�RI�DQRWKHU�FDXVH�RI�KHDUW�IDLOXUH��FORVH�WR�WKH�HQG�RI�SUHJQDQF\�RU�LQ�WKH�ILUVW�PRQWKV�DIWHU�WKH�ELUWK
����

:H�SUHVHQW�D�FDVH�UHSRUW�RI�D�\RXQJ�ZRPDQ�ZKR�VXIIHUHG�IURP�G\VSQRHD��KDHPRSW\VLV��DQG�SDOSLWDWLRQV�ZKR�ZDV�GLDJQRVHG�ZLWK�DFXWH�KHDUW
IDLOXUH�UHVXOWLQJ�IURP�33&0�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��

&DVH�5HSRUW��$����\HDU�ROG�IHPDOH�JDYH�ELUWK�E\�HOHFWLYH�&DHVDUHDQ�VHFWLRQ�DW����ZHHNV�WR�KHU�ILUVW�FKLOG��6KH�SUHVHQWHG�WR�WKH�('�WKUHH�GD\V�ODWHU
ZLWK�G\VSQRHD��KDHPRSW\VLV��DQG�SDOSLWDWLRQV��7KH�SDWLHQWÇV�LQLWLDO�YLWDO�VLJQV�ZHUH��EORRG�SUHVVXUH��������PP+J��KHDUW�UDWH�����EHDWV�PLQ�
UHVSLUDWRU\�UDWH����EUHDWKV�PLQ��WHPSHUDWXUH�������DQG�R[\JHQ�VDWXUDWLRQ�����RQ����/�PLQ�E\�R[\JHQ�PDVN��$�SODLQ�FKHVW�ILOP�VKRZHG�SXOPRQDU\
RHGHPD��DQG�(&*�RQ�DGPLVVLRQ�VKRZHG�VLQXV�WDFK\FDUGLD��&DUGLDF�HQ]\PHV�ZHUH�ZLWKLQ�QRUPDO�OLPLWV��$Q�HFKRFDUGLRJUDP�UHYHDOHG�PLWUDO
UHJXUJLWDWLRQ��GLODWDWLRQ�RI�OHIW�YHQWULFOH��DQG�JHQHUDO�K\SRNLQHVLD�ZLWK�VHYHUH�OHIW�YHQWULFXODU�G\VIXQFWLRQ��L�H���HMHFWLRQ�IUDFWLRQ�RI�������EXW�QR
SHULFDUGLDO�HIIXVLRQ�RU�FDUGLDF�WDPSRQDGH��7KH�SDWLHQW�ZDV�GLDJQRVHG�DV�KDYLQJ�SHULSDUWXP�FDUGLRP\RSDWK\�LQ�SUHJQDQF\��EDVHG�RQ�WKH
HFKRFDUGLRJUDP�DQG�FOLQLFDO�V\PSWRPV�RI�FRQJHVWLYH�KHDUW�IDLOXUH�

'LVFXVVLRQ�DQG�&RQFOXVLRQ��7KH�GLDJQRVLV�RI�33&0�LQ�WKH�FXUUHQW�SDWLHQW�ZDV�EDVHG�RQ�WKH�IROORZLQJ�FULWHULD�SUHYLRXVO\�GHVFULEHG�E\�'HPDNLV�HW
DO�DQG�+LEEDUG�HW�DO���������GHYHORSPHQW�RI�KHDUW�IDLOXUH�LQ�WKH�ODVW�PRQWK�RI�SUHJQDQF\�RU�ZLWKLQ�ILYH�PRQWKV�SRVWSDUWXP��QR�KLVWRU\�RI�SUH�H[LVWLQJ
KHDUW�GLVHDVH��XQNQRZQ�HWLRORJ\�IRU�KHDUW�IDLOXUH��DQG�HFKRFDUGLRJUDSK\�ILQGLQJV�WKDW�LQFOXGHG�D�OHIW�YHQWULFXODU�HMHFWLRQ�IUDFWLRQ�RI�OHVV�WKDQ����
DQG�RU�����0�PRGH�IUDFWLRQDO�VKRUWHQLQJ��DQG�DQ�HQG�GLDVWROLF�GLPHQVLRQ�RI����FP�P��

33&0�VKRXOG�EH�FRQVLGHUHG�LQ�G\VSQRHLF�IHPDOH�SDWLHQWV�RI�FKLOGEHDULQJ�DJH��DQG�VKRXOG�EH�GLDJQRVHG�HDUO\�WR�SUHYHQW�IDWDO�FRQVHTXHQFHV��,Q
DGGLWLRQ��33&0�VKRXOG�EH�H[FOXGHG�IURP�RWKHU�GLVHDVHV�DVVRFLDWHG�ZLWK�WKH�UHGXFHG�HMHFWLRQ�IUDFWLRQ��33&0�LV�D�UDUH�GLVHDVH��EXW�GXH�WKH�ULVN�RI
DFXWH�KHDUW�IDLOXUH�LW�VKRXOG�EH�FRQVLGHUHG�LQ�SDWLHQWV�ZLWK�VXVSHFW�V\PSWRPV��3K\VLFLDQV�VKRXOG�EH�DSSURSULDWHO\�HGXFDWHG�ZLWK�HFKRFDUGLRJUDSK\
RQ�33&0�V\PSWRPV�VR�WKDW�LW�FDQ�EH�GLDJQRVHG�DQG�WUHDWHG�HDUO\���

5HIHUHQFHV

���6OLZD�.��+LOILNHU�.OHLQHU�'��3HWULH�0&��HW�DO��&XUUHQW�VWDWH�RI�NQRZOHGJH�RQ�DHWLRORJ\��GLDJQRVLV��PDQDJHPHQW��DQG�WKHUDS\�RI�SHULSDUWXP
FDUGLRP\RSDWK\��D�SRVLWLRQ�VWDWHPHQW�IURP�WKH�+HDUW�)DLOXUH�$VVRFLDWLRQ�RI�WKH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\�:RUNLQJ�*URXS�RQ�SHULSDUWXP
FDUGLRP\RSDWK\��(XU�-�+HDUW�)DLO�������������������

���'HPDNLV�-*��5DKLPWRROD�6+��3HULSDUWXP�FDUGLRP\RSDWK\��&LUFXODWLRQ������������������

���+LEEDUG�-8��/LQGKHLPHU�0��/DQJ�50��$�PRGLILHG�GHILQLWLRQ�IRU�SHULSDUWXP�FDUGLRP\RSDWK\�DQG�SURJQRVLV�EDVHG�RQ�HFKRFDUGLRJUDSK\��2EVWHW
*\QHFRO������������������



('8&$7,21�$1'�75$,1,1* 0RKLW�$URUD

��������0867���0HGLFDO�VWXGHQWV�8OWUD�6RXQG�7UDLQLQJ�IRU��WK�<HDU�0HGLFDO�VWXGHQWV��8VHU�IHHGEDFN

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0RKLW�$URUD������$VRND�:HHUDVLQJKH������3DWULFN�7XQJ������'HDQ�2NHUHNH����

���&RQVXOWDQW�(PHUJHQF\�0HGLFLQH��/HHGV�7HDFKLQJ�+RVSLWDOV�1+6�7UXVW��/HHGV��8.
���&RQVXOWDQW�(PHUJHQF\�0HGLFLQH��'HZVEXU\�	�'LVWULFW�*HQHUDO�+RVSLWDO��'HZVEXU\��8.

.H\ZRUGV��8OWUDVRXQG��(GXFDWLRQ��7UDLQLQJ��)HHGEDFN

$EVWUDFW��

0867���0HGLFDO�VWXGHQWV�8OWUD�6RXQG�7UDLQLQJ��IRU��WK�<HDU�0HGLFDO�VWXGHQWV��8VHU�IHHGEDFN�

7KH�0HGLFDO�VWXGHQW�8OWUD�6RXQG�7UDLQLQJ��0867��IRU��WK�<HDU�PHGLFDO�VWXGHQWV�WR�REWDLQ�XOWUDVRXQG�JXLGHG�YDVFXODU�DFFHVV�DQG�DUWHULDO�EORRG�JDV
VDPSOH�

7KLV�ZDV�WKH�ILUVW�HYHU�SURFHGXUDO�XOWUDVRXQG�WUDLQLQJ�IRU�PHGLFDO�VWXGHQWV�LQ�WKH�8.��7KH�FRXUVH�KDV�HYROYHG�VLQFH�LW�ZDV�ILUVW�VWDUWHG�LQ������

7KH�WUDLQLQJ�FRPSULVHG�RI�H�OHDUQLQJ�HTXLYDOHQW�WR����PLQXWHV�WHDFKLQJ�VHVVLRQ�YLD�9/(½�SODWIRUP�����PLQXWHV�RI�GLGDFWLF�WHDFKLQJ��OHFWXUH�ZLWK
GHPRQVWUDWLRQ�RI�SURFHGXUH�DQG�OHFWXUH�RQ�XOWUDVRXQG�JRYHUQDQFH��DQG�����PLQXWHV�RI�VXSHUYLVHG�VFDQQLQJ��7KH�IDFH�WR�IDFH�FRXUVH�ZKLFK�UXQV
RYHU�RQH�IXOO�GD\�JLYHV�WKH�VWXGHQWV�SOHQW\�RI�KDQGV�RQ�H[SHULHQFH�LQ�VFDQQLQJ��7KLV�LV�IROORZHG�E\�DQ�HQG�RI�WUDLQLQJ�IRUPDWLYH�DVVHVVPHQW�

'XULQJ�WKH�\HDU���������WKH�FRXUVH�ZDV�KHOG�RQ���GD\V�DW�WZR�ORFDWLRQV��/HHGV�DQG�'HZVEXU\��DQG�����PHGLFDO�VWXGHQWV�XQGHUZHQW�WUDLQLQJ�

/HDUQLQJ�RXWFRPHV�RI�WKH�FRXUVH�

Ë%DVLF�XOWUDVRXQG�SK\VLFV�	�.QRERORJ\��9/(�
Ë+RZ�WR�RSHUDWH�WKH�XOWUDVRXQG�PDFKLQH�DQG�RSWLPL]LQJ�LPDJH
Ë8OWUDVRXQG�JXLGHG�SHULSKHUDO�YDVFXODU�DFFHVV
Ë*RYHUQDQFH�LVVXHV�UHODWHG�WR�XOWUDVRXQG�JXLGHG�SURFHGXUHV�

7KH�FDQGLGDWHV�ZHUH�DVNHG�WR�IHHGEDFN�RQ�D�VFDOH�IURP����YHU\�GLVDSSRLQWHG��WR����YHU\�SOHDVHG���7KH�UHVSRQVH�UDWH�ZDV�������

�����������������������������������������������������������������������������������������������

8OWUDVRXQG�3K\VLFV�DQG�.QRERORJ\��9/(���������������������������������

86�*XLGHG�,9�$FFHVV�DQG�$%*�VDPSOLQJ�/HFWXUH����������������������������

6FDQQLQJ�KDQGV�RQ�SUDFWLFH���������������������������������������������������������

*RYHUQDQFH�/HFWXUH�����������������������������������������������������������������

&RPPHQWV�

Ë/RWV�RI�RSSRUWXQLW\�WR�SUDFWLFH��OHDUQW�D�VNLOO�ZKLFK�ZLOO�EH�YHU\�XVHIXO�LQ�WKH�IXWXUH�
Ë*UHDW�WR�EH�WDXJKW�WKLV���,�IHHO�FRQILGHQW�WR�EH�PRUH�XVHIXO�DV�DQ�)RXQGDWLRQ�<HDU���GRFWRU�
Ë9HU\�IULHQGO\�VWDII��YHU\�VXSSRUWLYH�DQG�HQWKXVLDVWLF�
Ë([FHOOHQW�VWUXFWXUH���%ULHILQJ�Ó�SUDFWLFH�Ó�DVVHVVPHQW�Ó�GHEULHI�Ó�ZHOO�VLJQ�SRVWHG�
Ë:H�JRW�SOHQW\�RI�SUDFWLFH�DQG�WHDFKLQJ�IURP�H[SHULHQFHG�DQG�NQRZOHGJHDEOH�FOLQLFLDQV���$OVR�JUHDW�WR�SUDFWLFH�RQ�HDFK�RWKHU�DQG�ZLWK�GLIIHUHQW
PDFKLQHV�
Ë8VHIXO�WR�OHDUQ�D�QHZ�VNLOO��ZKLFK�LV�DSSOLFDEOH�WR�ZRUNLQJ�DV�D�MXQLRU�GRFWRU�
Ë,�UHDOO\�HQMR\HG�OHDUQLQJ�KRZ�WR�XVH�WKH�SUREH�DQG�SUDFWLFLQJ�P\�QHHGOH�WHFKQLTXH���7KH�FRXUVH�VKRXOG�GHILQLWHO\�EH�LQFOXGHG�IRU�WKH�FXUULFXOXP�LQ
IXWXUH�\HDUV�DV�LW�LV�D�YHU\�XVHIXO�VNLOO�WR�NQRZ�
Ë,W�ZDV�JRRG�WR�UHFHLYH�FRQVWDQW�IHHGEDFN�
Ë%HVW�WHDFKLQJ�,
YH�HYHU�KDG��
Ë$�UHIUHVKHU�VHVVLRQ�ODWHU�LQ�WKH�\HDU�LI�SRVVLEOH
Ë6RPH�SUDFWLFH�ZLWK�VWHULOH�SURFHGXUH�ZKLOH�DFTXLULQJ�YHQRXV�DFFHVV
Ë/HVV�UXVKHG�IRU�WLPH��D�ELW�ORQJHU�LQ�HDFK�VWDWLRQ���/RQJHU�SUHVHQWDWLRQ�RI�DOO�WHFKQLTXHV�DW�WKH�VWDUW�

&RQFOXVLRQ

7KH�FRXUVH�KDV�HYROYHG�DQG�DFKLHYHG�VXFFHVV�RYHU�WKH�ODVW�IHZ�\HDUV��2YHUZKHOPLQJ�SRVLWLYH�IHHGEDFN�IURP�PHGLFDO�VWXGHQWV�KDV�DFWHG�DV�D
FDWDO\VW�WR�SDYH�WKH�ZD\�LQWR�LQWHJUDWLQJ�XOWUDVRXQG�LQWR�WKH�XQGHUJUDGXDWH�FXUULFXOXP�DW�/HHGV�0HGLFDO�6FKRRO�





0,6&(//$1(286 -RVH�/XLV�5XL]�/RSH]

��������'LIILFXOWLHV�RI�QXUVHV�LQ�WKH�XVH�DQG�KDQGOLQJ�RI�SRUW�D�FDWK�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5$48(/�3(5(=�&$67,//2������SHGUR�*DUFLD�%HUPHMR������0DULD�&XHQFD�7RUUHV������-RVH�/XLV�5XL]�/RSH]������$VLI�0XKDPPDG����

���(PHUJHQF\�GHSDUWPHQW��+RVSLWDO�GH�/D�5LEHUD��$O]LUD��63$,1

.H\ZRUGV��SRUW�D�FDWK��QXUVHV��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

(YHU\�GD\�WKH�HPHUJHQF\�GHSDUWPHQW�UHFHLYHV�SDWLHQWV�ZKR�DUH�EHLQJ�WUHDWHG�ZLWK�FKHPRWKHUDS\�RU�RWKHU�FKURQLF�WKHUDSLHV�YLD�WKHLU�SRU�D�FDWKV����

1RQ�FKDQQHOLQJ�RI�VXFK�UHVHUYRLUV�E\�QXUVHV�LQ�HPHUJHQF\�GHSDUWPHQWV�DUH�RIWHQ�SDUWO\�GXH�WR�LJQRUDQFH�DQG�GLIILFXOWLHV�LQ�KDQGOLQJ�VXFK�GHYLFHV�
WU\LQJ�WR�PDNH�SHULSKHUDO�YHQRXV�DFFHVV�E\�ZD\�RI�GLIILFXOW�DSSURDFK�WR�WKH�WHFKQLFDO�GLIILFXOW\�LQYROYHG�DQG�WKH�VXIIHULQJ�LW�LQIOLFWV�WKH�SDWLHQW�

2%-(&7,9(�

'HVFULEH�WKH�NQRZOHGJH�DPRQJ�QXUVHV�DERXW�WKH�DSSURDFK�DQG�KDQGOLQJ�RI�WKH�3RUW�D�FDWK�V\VWHPV�ZKHQ�XVLQJ�D�FHQWUDO�YDVFXODU�DFFHVV�LQ�WKH
HPHUJHQF\�GHSDUWPHQW�

0$7(5,$/�$1'�0(7+2'6�

$�SURVSHFWLYH��REVHUYDWLRQDO�DQG�DQDO\WLFDO�VWXG\�ZDV�FRQGXFWHG�DW�WKH�8QLYHUVLW\�+RVSLWDO�GH�OD�5LEHUD��$O]LUD�9DOHQFLD�6SDLQ��DQG�KHDOWK�FHQWHUV�LQ
WKH�DUHD�RI�LQIOXHQFH�HPHUJHQF\�VHUYLFH��7KH�KRVSLWDO�KDV�2QFRORJ\�6HUYLFH�DQG�'D\�+RVSLWDO�ZKHUH�WKH\�URXWLQHO\�XVH�WKHVH�GHYLFHV�

7KH�VWXG\�SRSXODWLRQ�FRQVLVWHG�RI�QXUVHV�ZRUNLQJ�LQ�WKH�HPHUJHQF\�VHUYLFHV�RI�WKH�+RVSLWDO�GH�OD�5LEHUD�DQG�KHDOWK�FHQWHUV�RI�LQIOXHQFH��7KH�PDLQ
YDULDEOHV�DQDO\]HG�ZHUH��JHQGHU��DJH��VHQLRULW\�DQG�NQRZOHGJH�RQ�WKH�XVH�DQG�PDQDJHPHQW�RI�WKH�3RUW�D�FDWK�EHIRUH�WKH�DUULYDO�RI�D�SDWLHQW�ZLWK
XUJHQW�SULRULW\�

�

7KH�GDWD�FROOHFWLRQ�SURFHGXUH�ZDV�EDVHG�RQ�WKH�GLVWULEXWLRQ�RI�D�VSHFLILF�TXHVWLRQQDLUH�QRW�YDOLGDWHG��GLVWULEXWHG�E\�UHVHDUFKHUV�DQG�DXWR�FRPSOHWHG
E\�WKH�QXUVLQJ�VWDII��7KH�TXHVWLRQQDLUH�H[LVW�DERXW���SRLQWV�WR�ILOO�DQG����FORVHG�TXHVWLRQV�GLFKRWRPRXV��)RU�WKH�GLVWULEXWLRQ�RI�WKH�TXHVWLRQQDLUH
FRQIRUPLW\�RI�WKH�(WKLFV�&RPPLWWHH�RI�5HVHDUFK�,QYHVWLJDWLRQ�&RPPLVVLRQ�LW�UHTXHVWHG�WKH�+HDOWK�'HSDUWPHQW�

5(68/76�

�����RI�UHVSRQGHQWV�QXUVHV�NQRZ�ZKDW�D�3RUW�D�FDWK�RU�VXEFXWDQHRXV�UHVHUYRLU��EHFDXVH�WKH\�KDYH�ZHOO�VWXGLHG�LQ�WKHLU�HGXFDWLRQ�

1XUVHV�ZLWK�OHVV�ZRUN�H[SHULHQFH�DUH�WKRVH�WKDW�KDYH�QRW�XVHG�WKLV�UHVHUYRLU�

0RVW�UHVSRQGHQWV�ZRXOG�FKRRVH�WKH�SHULSKHUDO�URXWH�DV�D�ZD\�WR�FKDQQHO�LQ�D�SDWLHQW�SUHVHQWLQJ�ZLWK�XUJHQW�SULRULW\��QRW�KDYLQJ�VNLOO�LQ�KDQGOLQJ�D
UHVHUYRLU�3RUW�D�FDWK�

7KRVH�ZKR�FKRVH�3RUW�D�FDWK�FKRRVH�WKLV�RSWLRQ�WR�HQVXUH�D�VDIH�DQG�KLJK�FDOLEHU�WUDFN��EXW�KHUH�\RX�FDQ�VHH�WKDW�ZH�RQO\�FKRVH�WKRVH�QXUVHV�ZLWK
PRUH�ZRUN�H[SHULHQFH�DQG�KDQGOLQJ�RI�WKH�UHVHUYRLU�

�����DVN�IRU�KHOS�D�FROOHDJXH�LI�KH�IRXQG�DQ\�GLIILFXOW\�LQ�DGGUHVVLQJ�DQG�UHVHUYRLU�PDQDJHPHQW�

�����ZRXOG�EH�ZLOOLQJ�WR�WDNH�D�FRXUVH�RI�WKHRUHWLFDO�DQG�SUDFWLFDO�WUDLQLQJ

�&21&/86,216�

*LYHQ�WKH�YROXPH�RI�FDQFHU�SDWLHQWV�WUHDWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�WKHVH�GHYLFHV�LV�LQFUHDVLQJ��,W�VKRXOG�EH�SURYLGHG�RQ�D�UHJXODU�EDVLV
WUDLQLQJ�FRXUVHV�DQG�WUDLQLQJ��6R�WKH�ULVN�RI�FRPSOLFDWLRQV�DQG�LQVHFXULW\�VWDII�DUH�PLQLPL]HG�



&$5',29$6&8/$5 *LDFRPR�9HURQHVH

��������(PHUJHQF\�SK\VLFLDQ�DFFXUDF\�LQ�LQWHUSUHWLQJ�HOHFWURFDUGLRJUDPV�ZLWK�SRWHQWLDO�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO
LQIDUFWLRQ��LV�LW�HQRXJK"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*LDFRPR�9HURQHVH������)HGHULFR�*HUPLQL������6WHOOD�,QJUDVVLD������2PEUHWWD�&XWXOL������/XFD�%RQDFFKLQL������0DXUD�0DUFXFFL������$QGUHD�)DEEUL����

���(PHUJHQF\�0HGLFLQH��0LODQR�%LFRFFD�8QLYHUVLW\��0LODQ��,7$/<
���2VSHGDOH�0DJJLRUH�3ROLFOLQLFR��)RQGD]LRQH�,5&&6�&DÇ�*UDQGD��0LODQR��,7$/<
���(PHUJHQF\�0HGLFLQH��$667�3DSD�*LRYDQQL�;;,,,��%HUJDPR��,7$/<
���(PHUJHQF\�0HGLFLQH��,5&&6�$]LHQGD�2VSHGDOLHUD�8QLYHUVLWDULD�6DQ�0DUWLQR���,67��*HQRYD��,7$/<
���(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�0LODQR�%LFRFFD��0LODQR��,7$/<
���'HSDUWPHQW�RI�&OLQLFDO�6FLHQFHV�DQG�&RPPXQLW\�+HDOWK��8QLYHUVLW\�RI�0LODQR��0LODQR��,7$/<
���(PHUJHQF\�0HGLFLQH��0RUJDJQL�3LHUDQWRQL�+RVSLWDO��)RUO���,7$/<

.H\ZRUGV��0\RFDUGLDO�LQIDUFWLRQ��$FFXUDF\��(PHUJHQF\�PHGLFLQH��(OHFWURFDUGLRJUDP

$EVWUDFW��

%DFNJURXQG�DQG�DLPV��5DSLG�UHFRJQLWLRQ�RI�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��67(0,��LV�RI�XWPRVW�LPSRUWDQFH�WR�SXUVXH�D�WLPHO\
UHVWRUDWLRQ�RI�FRURQDU\�EORRG�IORZ��$V�D�FRQVHTXHQFH��HOHFWURFDUGLRJUDP��(&*��LQWHUSUHWDWLRQ�LV�QRZ�ZLGHO\�SHUIRUPHG�E\�HPHUJHQF\�SK\VLFLDQV�
:H�DLPHG�WR�GHWHUPLQH�WKH�DFFXUDF\�RI�LQWHUSUHWDWLRQ�RI�SRWHQWLDO�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��67(0,��(&*V�ZKHQ�RQO\�D�IHZ�FOLQLFDO
GDWD�DUH�DYDLODEOH�DQG�UDSLG�UHFRJQLWLRQ�LV�QHFHVVDU\��E\�D�FRKRUW�RI�,WDOLDQ�SK\VLFLDQV�ZRUNLQJ�LQ�WKH�HPHUJHQF\�PHGLFLQH�ILHOG�

0HWKRGV��,WDOLDQ�SK\VLFLDQV�ZHUH�UHFUXLWHG�WR�SDUWLFLSDWH�LQ�WKLV�VWXG\�GXULQJ�D�VFLHQWLILF�VHVVLRQ�RI�WKH�(XURSHDQ�6RFLHW\�RI�(PHUJHQF\�0HGLFLQH
�(X6(0�������FRQJUHVV��7RULQR��,WDO\���3DUWLFLSDQWV�ZHUH�DVNHG�WR�UHVSRQG�WR�D�VXUYH\�LQFOXGLQJ�D�WRWDO�RI�������OHDG�(&*V�SUHYLRXVO\�UHVXOWHG�LQ
SXWDWLYH�67(0,�GLDJQRVHV��7R�EHWWHU�UHSUHVHQW�DQ�HPHUJHQF\�VLWXDWLRQ��DOO�SDUWLFLSDQWV�ZHUH�JLYHQ����VHFRQGV�WR�GHILQH�HDFK�(&*�XVLQJ�D
VWDQGDUGL]HG�IRUP��7KH�VXUYH\�LQFOXGHG�DQ�LQWURGXFWRU\�VWDWHPHQW�H[SODLQLQJ�WKDW�DOO�(&*V�EHORQJHG�WR�SDWLHQWV�ZLWK�PRGHUDWH�ULVN�RI�DFXWH
FRURQDU\�V\QGURPH�DQG�DVNLQJ�WR�IRFXV�RQ�ZKHWKHU�RU�QRW�WKH�(&*�LQ�TXHVWLRQ�PHW�WKH�GLDJQRVWLF�FULWHULD�IRU�D�67(0,��%DVHG�RQ�WKH�FRURQDU\
DQJLRJUDP��D�ELQDU\�RXWFRPH�RI�DFFXUDWH�YHUVXV�LQDFFXUDWH�(&*�LQWHUSUHWDWLRQ�ZDV�GHILQHG��:H�FRPSXWHG�WKH�VHQVLWLYLW\��VSHFLILFLW\��SRVLWLYH
SUHGLFWLYH�YDOXHV��339���QHJDWLYH�SUHGLFWLYH�YDOXHV��139���DFFXUDF\�DQG�WKHLU�����&,V�IRU�(&*�LQWHUSUHWDWLRQ�IRU�WKH�ZKROH�FRKRUW��:H�WKHQ
FDOFXODWHG�DQG�FRPSDUHG�WKH�GLDJQRVWLF�SHUIRUPDQFH�DFFRUGLQJ�WR�WKH�UHDGHU�OHYHO�RI�WUDLQLQJ��ZRUNLQJ�H[SHULHQFH�DQG�WKH�KRVSLWDO�OHYHO�RI�FDUH�

5HVXOWV��$�WRWDO�RI�����SDUWLFLSDQWV�LQWHUSUHWHG������(&*V��6L[W\�VHYHQ���������UHVSRQGHQWV�ZHUH�IXOO\�OLFHQVHG�SK\VLFLDQV��ÈDWWHQGLQJÉ�����
��������ZHUH�HPHUJHQF\�PHGLFLQH�UHVLGHQWV��DQG������������ZHUH�PHGLFDO�VWXGHQWV�ZLWK�DQ�LQWHUHVW�LQ�HPHUJHQF\�PHGLFLQH��7KH�PDMRULW\�RI
SDUWLFLSDQWV��Q� ������������GHFODUHG�WR�ZRUN�LQ�D�WHUWLDU\�FDUH�HPHUJHQF\�GHSDUWPHQW��('���������LQ�D�VHFRQGDU\�FDUH�('��DQG����LQ�D�SULPDU\
FDUH�FHQWUH��$�WRWDO�RI����SDUWLFLSDQWV���������KDG�OHVV�WKDQ���\HDUV�RI�ZRUNLQJ�H[SHULHQFH�LQ�DQ�('�������������EHWZHHQ���DQG����\HDUV����
��������PRUH�WKDQ����\HDUV��7KH�RYHUDOO�VHQVLWLYLW\�WR�LGHQWLI\�ÈWUXHÉ�67(0,�(&*V�ZDV������������&,�������������ZKLOH�SDUWLFLSDQWVÇ�VSHFLILFLW\�LQ
GHWHUPLQLQJ�ÈIDOVHÉ�(&*V�ZDV����������&,������������2YHUDOO�DFFXUDF\�DPRQJ�UHDGHUV��QDPHO\�WKH�DELOLW\�WR�GLVFULPLQDWH�ÈWUXHÉ�67(0,�SDWWHUQ�IURP
ÈIDOVHÉ�67(0,�(&*��ZDV�PRGHVW������������&,��������������7KHUH�ZDV�D�WUHQG�WRZDUG�D�KLJKHU�DFFXUDF\�LQ�(&*�LQWHUSUHWDWLRQ�IRU�DWWHQGLQJ
SK\VLFLDQV��SDUWLFLSDQWV�ZRUNLQJ�LQ�WHUWLDU\�FDUH�HPHUJHQF\�GHSDUWPHQWV�DQG�WKRVH�KDYLQJ�PRUH�WKDQ�WHQ�\HDUV�RI�H[SHULHQFH�

&RQFOXVLRQ��7KH�VWXG\�VXSSRUWV�WKH�QRWLRQ�WKDW�(&*�LQWHUSUHWDWLRQ�IRU�HVWDEOLVKLQJ�D�67(0,�GLDJQRVLV�ODFNV�WKH�QHFHVVDU\�VHQVLWLYLW\�DQG�VSHFLILFLW\
WR�EH�FRQVLGHUHG�D�UHOLDEOH�ÈVWDQG�DORQHÉ�GLDJQRVWLF�WHVW��:H�XQGHUOLQH�WKH�UHOHYDQFH�RI�HDUO\�DGMXYDQW�IDFWRUV��H�J��KLVWRU\��FOLQLFDO�FKDUDFWHULVWLFV�
HFKRFDUGLRJUDSKLF�SDWWHUQ��ZKHQ�HVWDEOLVKLQJ�D�67(0,�GLDJQRVLV�DQG�VXSSRUW�WKH�UROH�RI�WDUJHWHG�HGXFDWLRQDO�HIIRUWV�WRZDUGV�WKH�\RXQJHU
HPHUJHQF\�PHGLFLQH�SURIHVVLRQDOV�DQG�WKRVH�ZRUNLQJ�LQ�QRQ�UHIHUUDO�FHQWUHV�



75$80$ 08+$00$'�)$,6$/�.+,/-,

��������('�3UHVHQWDWLRQ�RI�3RVW�7UDXPDWLF�$SSHQGLFLWLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0XKDPPDG�)DLVDO�.KLOML������4D]L�=LD�8OODK����

���6SHDNHU��)LUVW�$XWKRU��6XOWDQ�4DERRV�8QLYHUVLW\�+RVSLWDO��(PHUJHQF\�0HGLFLQH��0XVFDW��20$1
�����6XOWDQ�4DERRV�8QLYHUVLW\�+RVSLWDO��(PHUJHQF\�0HGLFLQH��0XVFDW��20$1

.H\ZRUGV��$SSHQGL[��$SSHQGLFLWLV��&RPSXWHG�WRPRJUDSK\

$EVWUDFW��

('�3UHVHQWDWLRQ�RI�3RVW�7UDXPDWLF�$SSHQGLFLWLV

$SSHQGLFLWLV�DQG�WUDXPD�ERWK�SUHVHQW�LQ�HPHUJHQF\�GHSDUWPHQW�FRPPRQO\�EXW�WKHLU�SUHVHQWDWLRQ�WRJHWKHU�LQ�VDPH�SDWLHQW�LV�XQXVXDO��:H�SUHVHQW�D
FDVH�RI���\HDUV�ROG�PDQ�EURXJKW�E\�HPHUJHQF\�PHGLFDO�VHUYLFHV��(06��WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�FRPSODLQWV�RI�DEGRPLQDO�SDLQ�DIWHU�KH
ZDV�LQYROYHG�LQ�PRWRU�YHKLFOH�FROOLVLRQ��WZR�KRXUV�HDUOLHU��+H�ZDV�SHUIHFWO\�ILQH�EHIRUH�WKH�DFFLGHQW��+LV�SULPDU\�VXUYH\�ZDV�QRUPDO��6HFRQGDU\
VXUYH\�UHYHDOHG�WHQGHUQHVV�LQ�ULJKW�LOLDF�IRVVD�ZLWK�VHDW�EHOW�PDUN�RYHUO\LQJ�LW��&RPSXWHUL]HG�WRPRJUDSK\��&7��RI�DEGRPHQ�DQG�SHOYLV�ZDV
SHUIRUPHG�ZKLFK�VKRZHG��PP�WKLFNHQLQJ�RI�DSSHQGL[�ZLWK�PLQLPDO�DGMDFHQW�IDW�VWUDQGLQJ��7KHUH�LV�DOVR�VXEFXWDQHRXV�IDW�VWUDQGLQJ�RI�DQWHULRU
ORZHU�DEGRPLQDO�ZDOO�SRVVLEO\�GXH�WR�EUXLVLQJ��,PSUHVVLRQ�RI�SRVW�WUDXPDWLF�DSSHQGLFLWLV�ZDV�PDGH��/DSURVFRSLF�DSSHQGHFWRP\�ZDV�GRQH�DQG
SDWLHQW�UHFRYHUHG�XQHYHQWIXOO\��+LVWRSDWKRORJ\�VKRZHG�LQIODPHG�DSSHQGL[�

�



*(5,$75,&6 VDLGD�]HOIDQL

��������(YDOXDWLRQ�RI�WKH�PDQDJHPHQW�RI�HOGHUO\�E\�WKH�PRELOH�HPHUJHQF\�FDUH�XQLW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5$),.$�%(1�&+,+$28,������VDLGD�]HOIDQL������$)()�&+$.5281������VOLP�%HQ�'ODOD������&+('/<�*+$1(0������VDPLU�DEGHOPRXPHQ������PRXQLU
'DJKIRXV����

���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��781,6��)5$1&(
���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��7XQLV��781,6,$
���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��781,6��781,6,$
���6$08�6085��F��7XQLV��781,6,$
���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��WXQLV��781,6,$

.H\ZRUGV��HOGHUO\�PDQDJHPHQW�6$08

$EVWUDFW��

,QWURGXFWLRQ��7DNLQJ�FDUH�RI�WKH�HOGHUO\�LV�D�SUREOHP�WKDW�LV�JURZLQJ�GXH�WR�WKH�DJLQJ�SRSXODWLRQ�DQG�DGYDQFHV�LQ�WUHDWPHQW��

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�PDQDJHPHQW�RI�HOGHUO\�E\�WKH�PRELOH�HPHUJHQF\�FDUH�XQLW��0(&8��

0HWKRGV��7KLV�ZDV�D�SURVSHFWLYH��REVHUYDWLRHQDO�VWXG\�RYHU���PRQWKV��-XO\�DQG�$XJXVW��������XVLQJ�WKH�0(&8�GDWDEDVH�IRU�DOO�RXW�RI�KRVSLWDO�HOGHUO\
SDWLHQWV�FDUH��LQFOXGHG�SDWLHQWV�DJH�JUHDWHU�WKDQ�RU�HTXDO�WR����\HDUV��:H�VWXGLHG�WKH�GHPRJUDSKLF�FKDUDFWHULVWLFV�RI�SDWLHQWV��WKHLU�FDUH�DQG�WKHLU
RXWFRPH��7KH�UHVXOWV�ZHUH�H[SUHVVHG�DV�PHDQ��RX���6'�DQG�SRXUFHQWDJH

5HVXOWV��'XULQJ�WKH�SHULRG�RI�VWXG\������HOGHUO\�SDWLHQWV�ZHUH�PDQDJHPHQW�E\�WKH�0(&8�WHDPV��7KHUH�ZHUH����PDOHV�DQG����IHPDOHV��7KH�PHGLDQ
DJH�ZDV����RX����\HDUV��7KH�FDOOV�ZHUH�UHFHLYHG�LQ�WKH�PRUQLQJ�LQ�����RI�FDVHV��WKH\�FRPLQJ�LQ�����RI�FDVHV�IURP�WKH�SDWLHQWV�KRPH��7KH\�ZHUH
GRPLQDWHG�E\�QHXURORJLFDO�GLVRUGHUV�LQ�������RI�FDVHV��7KH�0(&8�ZDV�PRELOL]HG�LQ�����RI�FDVHV��7KH�PRVW�IUHTXHQW�SDWKRORJLHV�ZHUH�GRPLQDWHG
E\�VWURNH�������DQG�UHVSLUDWRU\�GLVHDVHV��������1LQHW\�SHUFHQW�RI�SDWLHQWV�ZHUH�DGPLWWHG�WR�WKH�HPHUJHQF\�VHUYLFHV�DQG����ZHUH�DGPLWWHG�GLUHFWO\
LQWR�D�FDUGLDF�LQWHQVLYH�FDUH�XQLW��2YHUDOO�PRUWDOLW\�DW���PRQWKV�ZDV������

&RQFOXVLRQ��7KH�VXUYLYDO�UDWH�RI�WKH�HOGHUO\�PDQDJHG�E\�WKH�0(&8�WHDPV�ZDV�HQFRXUDJLQJ��7KLV�VXJJHVWV�D�VXFFHVVIXO�LQWHJUDWLRQ�LQWR�WKH
HPHUJHQF\�V\VWHP�



&$6(�35(6(17$7,21 7\OHU�+ROOLGD\

��������7HVWLFXODU�)UDFWXUH��$�7RXJK�1XW�WR�&UDFN�0DGH�(DVLHU�ZLWK�3R&86

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7\OHU�+ROOLGD\������.ULVWLQH�5RELQVRQ������1LFROH�'RULQ]L������$QGUHZ�9XFHOLN������(ULQ�6HW]HU������'HEUD�:LOOLDPV������-RVHSK�0LQDUGL����

���6FKRRO�RI�0HGLFLQH��:HVW�9LUJLQLD�8QLYHUVLW\��0RUJDQWRZQ��:HVW�9LUJLQLD��86$
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��:HVW�9LUJLQLD�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��0RUJDQWRZQ��:HVW�9LUJLQLD��86$

.H\ZRUGV��WHVWLFOH��IUDFWXUH��XOWUDVRXQG��WUDXPD

$EVWUDFW��

%DFNJURXQG���,QMXULHV�LQYROYLQJ�WKH�VFURWXP�DQG�WHVWLFOHV�DUH�FRPPRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW���+LVWRU\�DQG�SK\VLFDO�H[DPLQDWLRQ�DUH
LQDGHTXDWH�WR�GLIIHUHQWLDWH�EHWZHHQ�VXUJLFDO�DQG�QRQ�VXUJLFDO�WHVWLFXODU�HPHUJHQFLHV���(DUO\�DQG�DFFXUDWH�GLDJQRVLV�LV�FULWLFDO�WR�SUHVHUYH�WKH
VWUXFWXUH�DQG�IXQFWLRQ�RI�WKH�WHVWHV��DQG�WLPHO\�XOWUDVRXQG�LV�HVVHQWLDO�IRU�UDSLG��GHILQLWLYH�GLDJQRVLV���2EMHFWLYH���7R�UHSRUW�D�FDVH�RI�WHVWLFXODU
IUDFWXUH�GLDJQRVHG�E\�DQ�HPHUJHQF\�SK\VLFLDQ�XVLQJ�3RLQW�RI�&DUH�8OWUDVRXQG���&DVH�5HSRUW���$Q����\HDU�ROG�PDOH�SUHVHQWHG�WR�WKH�HPHUJHQF\
GHSDUWPHQW�ZLWK�OHIW�WHVWLFXODU�SDLQ�DQG�VZHOOLQJ�IROORZLQJ�DQ�LQMXU\�ZKHUH�KH�ZDV�DFFLGHQWDOO\�VWUXFN�LQ�WKH�JURLQ�E\�KLV�RSSRQHQW�GXULQJ�D�ODFURVVH
PDWFK���3K\VLFDO�H[DP�UHYHDOHG�D�WHQVH�DQG�VZROOHQ�OHIW�WHVWLFOH�ZKHQ�FRPSDUHG�WR�WKH�ULJKW���'XH�WR�WKH�QDWXUH�RI�KLV�SUHVHQWDWLRQ�
XOWUDVRQRJUDSK\�ZDV�LPPHGLDWHO\�SHUIRUPHG�E\�WKH�HPHUJHQF\�SK\VLFLDQ��OHDGLQJ�WR�D�UDSLG�GLDJQRVLV�RI�WHVWLFXODU�IUDFWXUH���)RU�WKH�XOWUDVRXQG
H[DPLQDWLRQ��D�KLJK�UHVROXWLRQ�OLQHDU�WUDQVGXFHU������0+]��ZLWK�&RORU�'RSSOHU�ZDV�HPSOR\HG���6RQRJUDSKLF�ILQGLQJV�LQFOXGHG�KHWHURJHQHRXV
HFKRJHQLF�SDUHQFK\PD�LQ�WKH�ORZHU�SROH��GLVFRQWLQXLW\�RI�WKH�WXQLFD�DOEXJLQHD��DQG�FRPSOH[�K\SRHFKRLF�IOXLG�FROOHFWLRQ�ZLWKLQ�WKH�OHIW�KHPLVFURWXP
ZLWK�SUHVHUYHG�WHVWLFXODU�EORRG�IORZ�LQFOXGLQJ�WKH�IUDFWXUHG�VHJPHQW�E\�&RORU�'RSSOHU���8URORJ\�ZDV�FRQVXOWHG���$IWHU�WKHLU�HYDOXDWLRQ��WKH�SDWLHQW
ZDV�SURPSWO\�WDNHQ�WR�WKH�RSHUDWLQJ�URRP�IRU�VFURWDO�H[SORUDWLRQ��SDUWLDO�RUFKLHFWRP\��DQG�GHEULGHPHQW�RI�WKH�OHIW�WHVWLV���'LVFXVVLRQ���$�SUHYLRXV
VWXG\�KDV�VKRZQ�WKDW�HPHUJHQF\�SK\VLFLDQV�FDQ�DFFXUDWHO\�GLDJQRVH�DFXWH�WHVWLFXODU�SDWKRORJLHV�E\�XWLOL]LQJ�EHGVLGH�XOWUDVRXQG��$V�GHPRQVWUDWHG
E\�WKLV�FDVH��XVH�RI�URXWLQH�EHGVLGH�XOWUDVRQRJUDSK\�IRU�LQMXULHV�LQYROYLQJ�WKH�VFURWXP�DQG�WHVWLFOHV�E\�HPHUJHQF\�SK\VLFLDQV�PD\�KHOS�H[SHGLWH
GLDJQRVLV�DQG�FDQ�EH�XVHG�WR�VWUDWLI\�SDWLHQWV�RQ�WKH�QHHG�IRU�HPHUJHQW�XURORJLF�FRQVXOWDWLRQ�DQG�VXUJLFDO�LQWHUYHQWLRQ�WR�LPSURYH�SDWLHQW
RXWFRPHV��



72;,&2/2*< 6RK\XQ�%DH

��������(SLGHPLRORJLF�FKDUDFWHULVWLFV�RI�FDUERQ�PRQR[LGH�SRLVRQLQJ�LQ�.RUHD���(PHUJHQF\�'HSDUWPHQW�EDVHG�,QMXU\�,Q�GHSWK
6XUYHLOODQFH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6RK\XQ�%DH������:RRFKDQ�-HRQ������.\XQJKZDQ�.LP������-XQVHRN�3DUN������'RQJZXQ�6KLQ������-RRQPLQ�3DUN������+\XQMRQJ�.LP������+RRQ�.LP����

�����,OVDQ�3DLN�KRVSLWDO��.R\DQJ��.25($��5(38%/,&�2)

.H\ZRUGV��FDUERQ�PRQR[LGH�SRLVRQLQJ��VXLFLGH��LQWHQWLRQ

$EVWUDFW��

3XUSRVH

7KH�DLP�RI�WKLV�VWXG\�LV�WR�GHVFULEH�WKH�FKDUDFWHULVWLFV�RI�SDWLHQWV�ZLWK�FDUERQ�PRQR[LGH��&2��SRLVRQLQJ�

0HWKRGV

:H�VXUYH\HG�WKH�GDWD�RI�(PHUJHQF\�'HSDUWPHQW�EDVHG�,QMXU\�,Q�GHSWK�6XUYHLOODQFH���������������.RUHD�&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ�
UHWURVSHFWLYHO\��:H�LQFOXGHG�WKH�SDWLHQWV�WKDW�PHFKDQLVP�RI�LQMXU\�LV�DFXWH�&2�SRLVRQLQJ��:H�VXUYH\HG�WKH�DQQXDO�DQG�PRQWKO\�LQFLGHQFH��JHQGHU�
DJH��WKH�UHVXOW�RI�HPHUJHQF\�WUHDWPHQW��WKH�UDWH�RI�LQWHQVLYH�FDUH�XQLW��,&8��DGPLVVLRQ��WKH�UHVXOW�RI�DGPLVVLRQ��DVVRFLDWLRQ�ZLWK�DOFRKRO��DQG�SODFH
RI�DFFLGHQW��:H�DOVR�VXUYH\HG�WKH�FDXVH�DQG�H[SHULHQFH�RI�SDVW�VXLFLGH�DWWHPSW�RI�LQWHQWLRQDO�SRLVRQLQJ�

5HVXOWV

7RWDO�������SDWLHQWV�ZHUH�LQFOXGHG��PDOH�DQG�IHPDOH�ZDV��������������DQG���������������PHDQ�DJH�ZDV������k������\HDU�ROG��7KH�DQQXDO
QXPEHU�RI�&2�SRLVRQLQJ�KDG�EHHQ�LQFUHDVHG��7KH�LQFLGHQFH�RI�XQLQWHQWLRQDO�&2�SRLVRQLQJ�ZDV�KLJKHU�WKDQ�LQWHQWLRQDO�&2�SRLVRQLQJ�DW�-DQXDU\�
)HEUXDU\�DQG�'HFHPEHU��7KH�PHDQ�DJH�RI�XQLQWHQWLRQDO�&2�SRLVRQLQJ�ZDV�\RXQJHU�WKDQ�XQLQWHQWLRQDO�&2�SRLVRQLQJ��������k�������YV�������k
��������7KH�UDWHV�RI�GLVFKDUJH�DJDLQVW�PHGLFDO�DGYLFH��'$0$���,&8�FDUH�DQG�DOFRKRO�DVVRFLDWLRQ�RI�LQWHQWLRQDO�&2�SRLVRQLQJ�ZHUH�KLJKHU�WKDQ
XQLQWHQWLRQDO�&2�SRLVRQLQJ��������YV��������������YV�������������YV��������7KH�PRVW�FRPPRQ�SODFH�RI�&2�SRLVRQLQJ�ZDV�UHVLGHQFH�DUHD

&RQFOXVLRQ

7KH�DQQXDO�LQFLGHQFH�UDWH�RI�&2�SRLVRQLQJ�KDG�EHHQ�LQFUHDVHG�ZLWK�VHDVRQDO�YDULDWLRQ��'$0$��,&8�FDUH��DQG�DOFRKRO�DVVRFLDWLRQ�RI�LQWHQWLRQDO�&2
SRLVRQLQJ�ZHUH�KLJKHU�WKDQ�XQLQWHQWLRQDO�&2�SRLVRQLQJ�



5(63,5$725<�(0(5*(1&,(6 5\RWD�,QRNXFKL

��������,QKDOHG�IXURVHPLGH�HIIHFWLYHQHVV�IRU�DFXWH�DVWKPD�H[DFHUEDWLRQV��$�PHWD�DQDO\VLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5\RWD�,QRNXFKL������<XWD�$RNL������$L�$RNL������+LURPX�0DHKDUD������<RNR�<DPDJXFKL������.HQW�'RL������6XVXPX�1DNDMLPD������1DRWR�0RULPXUD����

���+RVSLWDO��-5�*HQHUDO�+RVSLWDO��%XQN\R�NX��-$3$1
�����7KH�8QLYHUVLW\�RI�7RN\R�+RVSLWDO��0LQDWR�NX��-$3$1
���+RVSLWDO��7KH�8QLYHUVLW\�RI�7RN\R�+RVSLWDO��0LQDWR�NX��-$3$1
���+RVSLWDO��-5�*HQHUDO�+RVSLWDO��6KLEX\D�NX��-$3$1
���DVVLVWDQW�SURIHVVRU��7KH�8QLYHUVLW\�RI�7RN\R�+RVSLWDO��%XQN\R�NX��-$3$1
���DVVRFLDWH�SURIHVVRU��7KH�8QLYHUVLW\�RI�7RN\R�+RVSLWDO��6KLEX\D�NX��-$3$1
���SURIHVVRU��7KH�8QLYHUVLW\�RI�7RN\R�+RVSLWDO��<RNRKDPD�FLW\��-$3$1

.H\ZRUGV��KXPDQ��ODVL[��HPHUJHQF\��EURQFKRFRQVWULFWLRQ��DGXOW��FKLOG

$EVWUDFW��

%DFNJURXQG��$OWKRXJK�LQKDOHG�IXURVHPLGH�LV�H[SHFWHG�WR�EH�HIIHFWLYH�IRU�WUHDWLQJ�DVWKPD�H[DFHUEDWLRQV��SUHYLRXV�VWXGLHV�KDYH�\LHOGHG
LQFRQVLVWHQW�UHVXOWV�

0HWKRGV��7R�WHVW�WKH�K\SRWKHVLV�WKDW�LQKDOHG�IXURVHPLGH�LV�HIIHFWLYH�GXULQJ�DVWKPD�DWWDFN��ZH�SHUIRUPHG�D�FRPSUHKHQVLYH�OLWHUDWXUH�VHDUFK�RI
0('/,1(��(0%$6(��:HE�RI�6FLHQFH��DQG�&RFKUDQH�/LEUDU\�GDWDEDVHV�WR�LGHQWLI\�VWXGLHV�WKDW�H[DPLQHG�LQKDOHG�IXURVHPLGH�HIIHFWLYHQHVV�IRU�DVWKPD
DWWDFNV�E\�DGGLQJ�LW�WR�FRQYHQWLRQDO�WKHUDS\�XVLQJ�D�GRXEOH�EOLQGHG�UDQGRPL]HG�FOLQLFDO�WULDO�GHVLJQ��$�PHWD�DQDO\VLV�ZDV�FRQGXFWHG�E\�FDOFXODWLQJ�D
VWDQGDUGL]HG�PHDQ�GLIIHUHQFH�IURP�HDFK�VWXG\�DQG�LQWHJUDWLQJ�WKHP�XVLQJ�D�UDQGRP�HIIHFWV�PRGHO��6XE�DQDO\VHV�ZHUH�PDGH�IRU�VWXGLHV�WKDW
HYDOXDWHG�SHDN�H[SLUDWRU\�IORZ�UDWH��3()5��DQG�IRUFHG�H[SLUDWRU\�YROXPH�LQ���VHFRQG��)(9������-DFNNQLIH�VHQVLWLYLW\�DQDO\VLV�ZDV�DOVR�FRQGXFWHG�

5HVXOWV��6L[�VWXGLHV�LQYROYLQJ����SDWLHQWV�ZKR�UHFHLYHG�LQKDOHG�IXURVHPLGH�DQG����ZKR�UHFHLYHG�SODFHER�ZHUH�HOLJLEOH�IRU�LQFOXVLRQ�LQ�RXU
PHWD�DQDO\VLV��7KLV�DQDO\VLV�IRXQG�D�VLJQLILFDQW�HIIHFW�RI�LQKDOHG�IXURVHPLGH�GXULQJ�DVWKPD�DWWDFNV��=� �������3� ���������6XE�DQDO\VHV�RI�VWXGLHV
WKDW�UHSRUWHG�3()5��=� �������3� ��������Q� ��������LQKDOHG�IXURVHPLG�SODFHER��DQG�)(9�����=� �������3� ��������Q� ��������LQKDOHG�IXURVHPLGH�
SODFHER��YDOXHV�SUHVHUYHG�WKH�VLJQLILFDQFH�RI�LQKDOHG�IXURVHPLGH�HIIHFWLYHQHVV�IRU�DVWKPD�DWWDFNV��-DFNNQLIH�VHQVLWLYLW\�DQDO\VHV�FRQILUPHG�WKH
UHSOLFDELOLW\�RI�WKHVH�ILQGLQJV��3�����������1R�DGYHUVH�HYHQWV�ZLWK�IXURVHPLGH�LQKDODWLRQ�ZHUH�UHSRUWHG�

&RQFOXVLRQ��$GGLQJ�LQKDOHG�IXURVHPLGH�WR�FRQYHQWLRQDO�WKHUDS\�IRU�DVWKPD�DWWDFNV�PD\�LPSURYH�UHVSLUDWRU\�IXQFWLRQ�ZLWKRXW�DSSDUHQW�DGYHUVH
HIIHFWV�



75$80$ &KLD�+VL�&KHQ

��������,V�:KROH�%RG\�1RQ�&RQWUDVW�&RPSXWHU�7RPRJUDSK\�8VHIXO�LQ�%OXQW�$EGRPLQDO�7UDXPD"�5HWURVSHFWLYH�6WXG\�LQ�%OXQW
/LYHU�7UDXPD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KLD�+VL�&KHQ������:DL�%XQ�&KDQ������7DN�<HH�:RQJ������-XL�)DQJ�+XDQJ������6X�/DQ�:X����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6W��0DUWLQ�'H�3RUUHV�+RVSLWDO��&KLD�<L�&LW\��7$,:$1
���'HSDUWPHQW�RI�5DGLRORJ\��6W��0DUWLQ�'H�3RUUHV�+RVSLWDO��&KLD�<L�&LW\��7$,:$1
���'HSDUWPHQW�RI�(GXFDWLRQ�DQG�5HVHDUFK��6W��0DUWLQ�'H�3RUUHV�+RVSLWDO��&KLD�<L�&LW\��7$,:$1
���'HSDUWPHQW�RI�1XUVLQJ���6W��0DUWLQ�'H�3RUUHV�+RVSLWDO��&KLD�<L��7$,:$1

.H\ZRUGV��)$67��OLYHU�WUDXPD��QRQ�FRQWUDVW�DEGRPLQDO�FRPSXWHU�WRPRJUDSK\

$EVWUDFW��

%DFNJURXQG�DQG�,QWURGXFWLRQ��7KH�HVWLPDWHG�SHUFHQWDJH�RI�OLYHU�LQMXU\�LQ�PXOWLSOH�WUDXPD�SDWLHQWV�LV�DERXW����WR������7KH�)RFXVHG�$VVHVVPHQW
6RQRJUDSK\�RI�7UDXPD��)$67��FRXOG�EH�XVHG�LQ�WKH�VXUYH\�RI�EOXQW�DEGRPLQDO�WUDXPD�SRSXODUO\�DQG�WKH�ZKROH�ERG\�FRPSXWHU�WRPRJUDSK\��&7��LV
SURPRWHG�LQ�WKH�UHFHQW�SDSHUV�ZKHQ�WKH�SDWLHQW�LV�XQGHU�VHYHUH�WUDXPD��:KHQ�SDWLHQWV�DUULYH�LQ�WKH�HPHUJHQF\�URRP�WKH�UHQDO�IXQFWLRQ�UHVXOW�RI
SDWLHQWV�LV�QRW�XVXDOO\�DYDLODEOH��:H�WU\�WR�ILQG�WKDW�WKH�XVDJH�RI�QRQ�FRQWUDVW�&7�FDQ�EH�PRUH�HIILFLHQW�PHWKRG�LQ�WKH�GLDJQRVLV�RI�OLYHU�WUDXPD��

3DUWLFLSDQWV�DQG�0HWKRGV��7KH�UHVXOWV�RI�OLYHU�WUDXPD�SDWLHQWV�DUH�FROOHFWHG�IURP�-XO\������WR�0DUFK�������7KHUH�DUH�����SDWLHQWV�DUH�LQFOXGHG�LQ
WKLV�UHYLHZ�VWXG\��3DWLHQWV�EHORQJ�WR�OLYHU�WUDXPD�WR�EH�LQFOXGHG�DQG�WKHVH�SDWLHQWV�DUH�FRQILUPHG�E\�DEGRPLQDO�&7�DQG�JUDGHG�ZLWK�$EEUHYLDWHG
,QMXU\�6FDOH��$,6������7KH�)$67�H[DPLQDWLRQ�LV�SHUIRUPHG�DW�WKH�VFHQH�RI�HPHUJHQF\�URRP��2XU�GRFWRUV�ZKLFK�DUH�LQ�FKDUJH�UHYLHZ�WKH�ILQGLQJ�DQG
WDNH�XOWUDVRXQG�UHSRUWV�LQ�WKH�PHGLFDO�KLVWRU\��:H�UHYLHZ�RXU�OLYHU�WUDXPD�FDVHV�DQG�SUHVHQW�WKH�GLIIHUHQW�UHVXOWV�EHWZHHQ�)$67��QRQ�FRQWUDVW
DEGRPLQDO�&7�DQG�FRQWUDVW�DEGRPLQDO�&7���

5HVXOWV��:LWKLQ�����SDWLHQWV�RI�OLYHU�WUDXPD�WKH�)$67�LV�SHUIRUPHG�LQ����SDWLHQWV��,Q�)$67�JURXS�WKHUH�DUH�������SDWLHQWV�ZLWK�QHJDWLYH�ILQGLQJ��,Q
FDVHV�RI�QHJDWLYH�OLYHU�WUDXPD�RQ�QRQ�FRQWUDVW�DEGRPLQDO�&7�ZH�ILQG�WKHUH�DUH����FDVHV�EHORQJLQJ�WR�JUDGH�,,�OLYHU�LQMXU\�VFDOH�DIWHU�FRQWUDVW
LQMHFWLRQ��7KH�QHJDWLYH�SUHGLFWLYH�YDOXH�RI�QRQ�FRQWUDVW�&7�LV����������������LQ�OLYHU�WUDXPD��%HVLGHV�LQ����SDWLHQWV�SUHVHQWLQJ�OLYHU�WUDXPD�RQ
QRQ�FRQWUDVW�&7���FDVHV�DUH�QHJDWLYH�ILQGLQJ�RQ�)$67�H[DPLQDWLRQ��7KH�OLYHU�LQMXU\�VFDOH�EHORQJV�WR�JUDGH�,,�DQG�JUDGH�,,,�

'LVFXVVLRQ�DQG�&RQFOXVLRQ��7KH�&7�VKRXOG�SOD\�PRUH�LPSRUWDQW�UROHV�LQ�GLDJQRVLV�RI�PDMRU�WUDXPD��7KH�)$67�VFDQ�KDV�OLPLWDWLRQV�DW�OLYHU�WUDXPD
GLDJQRVLV��7KH�PLVV�GLDJQRVLV�UDWH�LV������DQG�QRQ�FRQWUDVW�&7�SURYLGH�XV�KLJKHU�GLDJQRVLV�UDWH�WKDQ�)$67�EXW�ZH�ILQG�WKDW�WKLV�UHVXOW�LV�VWLOO�QRW
VDWLVIDFWRU\�LQ�FOLQLFDO�XVDJH��7KH�QHJDWLYH�SUHGLFWLYH�UDWH�LV�VR�KLJK�DQG�XVXDOO\�LV�XQGHU�HVWLPDWHG���&RPELQDWLRQV�RI�RWKHU�FOLQLFDO�ILQGLQJV�VXFK�DV
ELRFKHPLFDO�VWXG\��YLWDO�VLJQ�DQG�PHFKDQLVPV�PD\�EH�PRVW�XVHIXO��,I�OLYHU�WUDXPD�LV�KLJKO\�VXVSHFWHG�WKH�FRQWUDVW�&7�VWLOO�KDV�EH�SHUIRUPHG�

5HIHUHQFHV�

*HUULW�0DWWKHV��'LUN�6WHQJHO��-XOLD�6HLIHUW�HW�DO��%OXQW�/LYHU�,QMXULHV�LQ�3RO\WUDXPD��5HVXOWV�IURP�D�&RKRUW�6WXG\�ZLWK�WKH�5HJXODU�8VH�RI�:KROH�ERG\��
+HOLFDO�&RPSXWHG�7RPRJUDSK\�:RUOG�-��6XUJ����������Ä����������
'DQLHO�.��1LVKLMLPD��'DYLG�/��6LPHO��'DYLG�+��:LVQHU��-DPHV�)��+ROPHV�'RHV�7KLV�$GXOW�3DWLHQW�+DYH�D�%OXQW�,QWUD�DEGRPLQDO�,QMXU\"�-$0$���
�����������������������



&$6(�35(6(17$7,21 5\RWD�,QRNXFKL

��������&RURQDU\�$UWHU\�$QHXU\VPV�DIWHU�$GXOW�RQVHW�.DZDVDNL�'LVHDVH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5\RWD�,QRNXFKL������7DNDKLUR�+LUXPD������.HQVXNH�1DNDPXUD������<XWD�$RNL������7DNHKLUR�0DWVXEDUD������0DVDWDND�*XQVKLQ������.HQW�'RL������6XVXPX
1DNDMLPD������1DRWR�0RULPXUD����

���+RVSLWDO��-5�*HQHUDO�+RVSLWDO��%XQN\R�NX��-$3$1
���$VVLVWDQW�3URIHVVRU��7KH�8QLYHUVLW\�RI�7RN\R�+RVSLWDO��%XQN\R�NX��-$3$1
���GLUHFWRU��+LWDFKL�*HQHUDO�+RVSLWDO��+LWDFKL�FLW\��-$3$1
�����7KH�8QLYHUVLW\�RI�7RN\R�+RVSLWDO��0LQDWR�NX��-$3$1
���DVVLVWDQW�SURIHVVRU��7KH�8QLYHUVLW\�RI�7RN\R�+RVSLWDO��%XQN\R�NX��-$3$1
���DVVRFLDWH�SURIHVVRU��7KH�8QLYHUVLW\�RI�7RN\R�+RVSLWDO��6KLEX\D�NX��-$3$1
���SURIHVVRU��7KH�8QLYHUVLW\�RI�7RN\R�+RVSLWDO��<RNRKDPD�FLW\��-$3$1

.H\ZRUGV��$FXWH�FRURQDU\�V\QGURPHV��&RURQDU\�LPDJLQJ��&RPSXWHUL]HG�WRPRJUDSK\�DQG�0DJQHWLF�5HVRQDQFH�,PDJLQJ

$EVWUDFW��

:H�HQFRXQWHUHG�D�UDUH�FDVH�RI�DGXOW�RQVHW�.DZDVDNL�GLVHDVH��.'���ZLWK�FRURQDU\�DUWHU\�DEQRUPDOLWLHV��LQ�D����\HDU�ROG�-DSDQHVH�PDQ��7KH�SDWLHQW
SUHVHQWHG�ZLWK�UHFHQW�RQVHW�FKHVW�SDLQ�WKDW�RFFXUUHG�ZKHQ�KH�ZDV�DW�UHVW�DQG�QR�RWKHU�V\PSWRPV��+LV�PHGLFDO�KLVWRU\�LQFOXGHG�KRVSLWDOL]DWLRQ��
\HDUV�SUHYLRXV�WR�WKH�SUHVHQW�DGPLVVLRQ��DW�DQRWKHU�KRVSLWDO��GXH�WR�D�IHYHU�RI�XQNQRZQ�RULJLQ�WKDW�ODVWHG�IRU���ZHHNV��DFFRPSDQLHG�E\�SRO\PRUSKLF
H[DQWKHPD��FHUYLFDO�O\PSKDGHQRSDWK\��QRQSXUXOHQW�FRQMXQFWLYLWLV��VWUDZEHUU\�WRQJXH��DQG�ILQJHU�WLS�GHVTXDPDWLRQ��$W�WKDW�WLPH��WKH�SDWLHQW�ZDV
GLDJQRVHG�ZLWK�DGXOW�RQVHW�6WLOOÇV�GLVHDVH��%DVHG�RQ�WKDW�GLDJQRVLV��KH�ZDV�WUHDWHG�ZLWK�VWHURLG�SXOVH�WKHUDS\��DORQH��DQG�KLV�V\PSWRPV�ZHUH
DOOHYLDWHG��$IWHU���PRQWKV��KH�UHFHLYHG�RUDO�VWHURLG�WKHUDS\��DQG�ZDV�DVVXPHG�WR�KDYH�EHHQ�VXFFHVVIXOO\�WUHDWHG��+RZHYHU��WKH�SDWLHQW�ZDV
DGPLWWHG�WR�RXU�KRVSLWDO����PRQWKV�DIWHU�FRQFOXGLQJ�WKH�RUDO�VWHURLG�WKHUDS\�

8SRQ�DGPLVVLRQ�WR�RXU�KRVSLWDO��.'�ZDV�VXVSHFWHG�EHFDXVH�RI�KLV�SDVW�KLVWRU\�RI�ÈVWUDZEHUU\�WRQJXHÉ�ZKLFK�LV�XQLTXH�WR�WKLV�GLVHDVH��7KH�FKHVW�SDLQ
ZDV�DVVRFLDWHG�ZLWK�DQ�DEQRUPDO�HOHFWURFDUGLRJUDP�WKDW�VKRZHG�DQ�DEQRUPDO�4�ZDYH�LQ�WKH�LQIHULRU��,,��,,,��D9)��HOHFWURFDUGLRJUDSKLF�]RQHV��$
FDUGLDF�WKUHH�GLPHQVLRQDO�FRPSXWHG�WRPRJUDSK\�VFDQ�VKRZHG�DQ�DQHXU\VP�RI�WKH�SUR[LPDO�ULJKW�FRURQDU\�DUWHU\��ZLWK�WLJKW�SRVWDQHXU\VPDO
VWHQRVLV��7KH�VFDQ�DOVR�VKRZHG�SUR[LPDO�DQHXU\VPV�RI�WKH�OHIW�DQWHULRU�GHVFHQGLQJ�DUWHU\�DQG�WKH�SUR[LPDO�FLUFXPIOH[�DUWHU\��+H�ZDV�WUHDWHG�ZLWK
SHUFXWDQHRXV�FRURQDU\�LQWHUYHQWLRQ�DQG�GLVFKDUJHG�RQ�GD\�����ZLWKRXW�DQ\�FRPSOLFDWLRQV�

7\SLFDO�.'�ILQGLQJV�LQ�ERWK�DGXOWV�DQG�FKLOGUHQ�LQFOXGH�IHYHU��FRQMXQFWLYLWLV��SKDU\QJLWLV��VNLQ�HU\WKHPD�SURJUHVVLQJ�WR�D�GHVTXDPDWLQJ�UDVK�RQ�WKH
SDOPV�DQG�VROHV��DQG�VWUDZEHUU\�WRQJXH��$GXOWV�PRUH�IUHTXHQWO\�SUHVHQW�ZLWK�FHUYLFDO�DGHQRSDWK\��KHSDWLWLV��DQG�DUWKUDOJLD��,Q�FRQWUDVW��DGXOWV�DUH
OHVV�IUHTXHQWO\�DIIHFWHG�E\�PHQLQJLWLV��WKURPERF\WRVLV��DQG�FRURQDU\�DUWHU\�DQHXU\VPV�

.'�LV�D�FRPPRQ�YDVFXOLWLGH�RI�FKLOGKRRG��EXW�DGXOW�RQVHW�.'�LV�H[WUHPHO\�UDUH��1R�VSHFLILF�GLDJQRVWLF�WHVWV�DUH�DYDLODEOH�IRU�.'��WKH�GLDJQRVLV�LV
EDVHG�RQ�WKH�SUHVHQFH�RI�FKDUDFWHULVWLF�FOLQLFDO�ILQGLQJV��2QFH�D�GLIIHUHQWLDO�GLDJQRVLV�H[FOXGHV�WKH�SRVVLELOLW\�RI�UKHXPDWRORJLF�GLVRUGHUV�RU
DXWRLPPXQH�GLVHDVH��VWHURLG�WKHUDS\�LV�RIWHQ�DGPLQLVWHUHG��+RZHYHU��WUHDWPHQW�ZLWK�VWHURLGV��DORQH��PLJKW�KDYH�DGYHUVH�HIIHFWV�LQ�.'�SDWLHQWV�
FDXVLQJ�SURJUHVVLRQ�RI�FRURQDU\�OHVLRQV��,Q�WKH�SUHVHQW�FDVH��RQO\�VWHURLG�WKHUDS\�ZDV�DGPLQLVWHUHG�WR�WKH�SDWLHQW�DW�WKH�WLPH�RI�KLV�LQLWLDO
KRVSLWDOL]DWLRQ����\HDUV�HDUOLHU��DQG�PD\�KDYH�UHVXOWHG�LQ�DQ�H[DFHUEDWLRQ�RI�WKH�SDWLHQWÇV�FRURQDU\�DUWHU\�DEQRUPDOLWLHV��7KXV��WKH�SUHVHQW�UHSRUW
VXJJHVWV�WKDW�DGXOW�RQVHW�.'�VKRXOG�EH�FRQVLGHUHG�DV�D�GLIIHUHQWLDO�GLDJQRVLV�LQ�FDVHV�SUHVHQWLQJ�DV�UKHXPDWRORJLF�GLVRUGHUV�RU�DXWRLPPXQH
GLVHDVH�WR�SUHYHQW�DGYHUVH�HIIHFWV�FDXVHG�E\�VWHURLG�WUHDWPHQW�LQ�DGXOW�RQVHW�.'�SDWLHQWV�



&$5',29$6&8/$5 6KLJHNL\R�7RPRNR

��������0LVGLDJQRVHG�FDVHV�RI�DFXWH�DRUWLF�GLVVHFWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7RPRNR�6KLJHNL\R������7DL]R�1DNDQLVKL������0DNRWR�6HUD������+LGH\D�1DJDL������6KLQVXNH�7DQL]DNL������+LGH\XNL�0DWDQR������6KLJHQREX�0DHGD�����
+LURVKL�,VKLGD����

���*HQHUDO�PHGLFLQH��7DQQDQ�+RVSLWDO��)XNXL�FLW\��-$3$1
���(SLGHPLRORJ\�DQG�3UHYHQWLYH�0HGLFLQH��0RQDVK�8QLYHUVLW\��0HOERXUQH��$8675$/,$
���(PHUJHQF\�GHSDUWPHQW��)XNXL�3UHIHFWXUDO�+RVSLWDO��)XNXL��-$3$1

.H\ZRUGV��DRUWLF�GLVVHFWLRQ��HPHUJHQF\�GHSDUWPHQW��FKHVW�SDLQ

$EVWUDFW��

�%DFNJURXQG�

$FXWH�DRUWLF�GLVVHFWLRQ��$$'��LV�D�OLIH�WKUHDWHQLQJ�GLVHDVH�DQG�QHDUO\�����RI�SDWLHQWV�GLH�ZLWKLQ�WKH�ILUVW����KRXUV�ZLWKRXW�WUHDWPHQW��:H�FRQVLGHUHG
SDWLHQWV�ZLWK�$$'�ZKR�ZHUH�PLVGLDJQRVHG�DW�WKH�ILUVW�YLVLW�LQ�)XNXL�3UHIHFWXUDO�+RVSLWDO��)3+��

�0HWKRGV�

:H�UHWURVSHFWLYHO\�DQDO\]HG����SDWLHQWV�ZLWK�$$'�ZKR�YLVLWHG�WKH�HPHUJHQF\�GHSDUWPHQW�RI�)3+�EHWZHHQ�$SULO������DQG�0DUFK��������:H
LGHQWLILHG�SDWLHQWV�GLDJQRVHG�SURPSWO\�DW�WKH�ILUVW�YLVLW��*URXS�$��DQG��WKRVH�PLVGLDJQRVHG��*URXS�%���:H�FRPSDUHG�WKH�IROORZLQJ�LWHPV�VWDWLVWLFDOO\
XVLQJ�)LVKHU�WHVW�DQG�0DQQ�:KLWQH\�WHVW��VH[��DJH��PRUWDOLW\��6WDQIRUG�W\SH�RI�GLVVHFWLRQ��SUHVHQWLQJ�V\PSWRPV��XVH�RI�HPHUJHQF\�PHGLFDO�VHUYLFHV
DQG�WLPH�WR�GHILQLWH�GLDJQRVLV�ZLWK�&7�

�5HVXOWV�

*URXS�$�ZDV����SDWLHQWV�������DQG�*URXS�%�ZDV����SDWLHQWV��������0HGLDQ�WLPH�WR�GHILQLWH�GLDJQRVLV�ZLWK�&7�ZDV����PLQ��LQWHUTXDUWLOH�UDQJH�
������WR�������PLQ��LQ�*URXS�$�DQG�����PLQ�����WR�����PLQ��LQ�*URXS�%��3���������*URXS�%�ZDV�ROGHU��*URXS�$��PHGLDQ������\HDUV��*URXS�%����
\HDUV��3 ������DQG�KDG�PRUH�6WDQIRUG�W\SH�$�GLVVHFWLRQ�SDWLHQWV��*URXS�$����������*URXS�%���������3 ��������6WDQIRUG�W\SH�$�SDWLHQWV�FRPSODLQHG
FKHVW�DQG�RU�EDFN�SDLQ�OHVV�FRPSDUHG�ZLWK�W\SH�%�SDWLHQWV��3 ��������0LVGLDJQRVHG�SDWLHQWV�ZHUH�GLDJQRVHG�DW�WKH�ILUVW�YLVLW�DV�JDVWURLQWHVWLQDO
GLVHDVH��IRXU�FDVHV���DFXWH�P\RFDUGLDO�LQIDUFWLRQ��WKUHH�FDVHV���PXVFXORVNHOHWDO�GLVHDVH��WZR�FDVHV���FHUHEUDO�LQIDUFWLRQ��RQH�FDVH��DQG�RWKHUV��WKUHH
FDVHV��

�&RQFOXVLRQ�

2OGHU�DJH�DQG�6WDQIRUG�W\SH�$�GLVVHFWLRQ�ZDV�DVVRFLDWHG�ZLWK�PLVGLDJQRVHG�$$'�LQ�RXU�VWXG\��)XUWKHU�RXU�VWXG\�LQGLFDWHV�WKDW�ZH�VKRXOG�QRW
UHPRYH�$$'�IURP�GLIIHUHQWLDO�GLDJQRVLV�HYHQ�LQ�WKH�SDWLHQWV�ZLWKRXW�FKHVW�RU�EDFN�SDLQ��HVSHFLDOO\�LQ�WKH�HOGHUO\�

�



32,17�2)�&$5( 6KRWDUR�.DZDPXUD

��������,PSDFW�RI�XVLQJ�SRLQW�RI�FDUH�FUHDWLQLQH�GHYLFH�SULRU�WR�FRQWUDVW�HQKDQFHG�FRPSXWHG�WRPRJUDSK\�LQ�HPHUJHQF\
GHSDUWPHQW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6KRWDUR�.DZDPXUD������+LGHWRVKL�:DWDQDEH����

���(PHUJHQF\�GHSDUWPHQW��,FKLQRPL\D�QLVKL�KRVSLWDO��,FKLQRPL\D��-$3$1

.H\ZRUGV��SRLQW�RI�FDUH�GHYLFH��FRQWUDVW�HQKDQFHG�FRPSXWHG�WRPRJUDSK\

$EVWUDFW��

%DFNJURXQG

&RQWUDVW�HQKDQFHG�FRPSXWHG�WRPRJUDSK\��&(&7��LV�HVVHQWLDO�WR�GLDJQRVH�VRPH�IDWDO�HPHUJHQW�GLVHDVHV��+RZHYHU��ODFN�RI�WKH�NLGQH\�IXQFWLRQ�GDWD
PD\�RIWHQ�GHOD\�&(&7�LQ�HPHUJHQF\�GHSDUWPHQW�DQG�DV�D�UHVXOW��SDWLHQWV�KDYH�WR�UHFHLYH�SODLQ�&7�SULRU�WR�WKH�&(&7�WKXV�WLPH�DQG�FRVW�PD\�GRXEOH
LQ�VRPH�SDWLHQWV��6WDW6HQVRUi�&UHDWLQLQH�;SUHVVÑ�0HWHU��ZKLFK�LV�RQH�RI�WKH�SRLQW�RI�FDUH��32&��FUHDWLQLQH�GHYLFHV��FDQ�SURYLGH�TXDQWLWDWLYH�GDWD�RQ
D�SDWLHQWÇV�NLGQH\�IXQFWLRQ�ZLWKLQ����VHF��:H�LQWURGXFHG�WKLV�GHYLFH�IURP�-DQ������LQ�RXU�HPHUJHQF\�GHSDUWPHQW�DQG�KDYH�XVHG�LW�URXWLQHO\�VLQFH
WKHQ��7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�DVVHVV�KRZ�32&�FUHDWLQLQH�GHYLFH�KDYH�DIIHFWHG�WKH�QXPEHU�RI�&(&7�RU�ÈGRXEOH�&7É�LQ�HPHUJHQF\�GHSDUWPHQW�

0DWHULDO�DQG�PHWKRGV

%HWZHHQ�-DQ������DQG�'HF�������WKH�GDWD�RI�WKRUDFLF�DQG�DEGRPLQDO�&7�RUGHUHG�IURP�HPHUJHQF\�GHSDUWPHQW�ZDV�FROOHFWHG�UHWURVSHFWLYHO\��&7�WKDW
ZDV�WDNHQ�EHWZHHQ�-DQ������DQG�'HF������ZHUH�JURXSHG�DV�ÈEHIRUH�32&É�DQG�&7�WDNHQ�EHWZHHQ�-DQ������DQG�'HF������ZHUH�JURXSHG�DV�ÈDIWHU
32&É��7KH�UDWH�RI�&(&7��UDWH�RI�SDWLHQWV�ZKR�KDG�SODLQ�&7�SULRU�WR�WKH�&(&7��DQG�UDWH�RI�GLDJQRVHV�WKDW�ZHUH�FRUUHFWHG�RU�FRQILUPHG�DIWHU�DGGHG
&(&7�ZHUH�FRPSDUHG�EHWZHHQ�WKHVH�WZR�JURXSV��7KH�FKL�VTXDUH�WHVW�ZDV�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV��DQG�WKH�YDOXHV�RI�3������ZHUH�FRQVLGHUHG
VLJQLILFDQW�

5HVXOWV

7KH�WRWDO�QXPEHU�RI�&7�LQ�ÈEHIRUH�32&É�DQG�ÈDIWHU�32&É�ZHUH������DQG�������UHVSHFWLYHO\��7KH�UDWH�RI�&(&7�ZHUH������������������IRU�ÈEHIRUH
32&É�DQG������������������IRU�ÈDIWHU�32&É�VKRZLQJ�VLJQLILFDQW�LQFUHDVH�DIWHU�WKH�LQWURGXFWLRQ�RI�32&��3���������7KH�UDWH�RI�&(&7�DGGHG�DIWHU�SODLQ
&7�LQ�ÈEHIRUH�32&É�DQG�ÈDIWHU�32&É�ZHUH����������������DQG�����������������UHVSHFWLYHO\��Q�V����7KH�UDWH�RI�FDVHV�WKDW�GLDJQRVHV�ZHUH�FRUUHFWHG
RU�FRQILUPHG�DIWHU�DGGHG�&(&7�ZHUH���������������LQ�ÈEHIRUH�32&É��DQG������������LQ�ÈDIWHU�32&É��Q�V���

&RQFOXVLRQ

7KH�XVH�RI�32&�FUHDWLQLQH�GHYLFH�VLJQLILFDQWO\�LQFUHDVHG�WKH�UDWH�RI�&(&7�LQ�HPHUJHQF\�GHSDUWPHQW��7KLV�PD\�KDYH�DVVLVWHG�DQ�DFFXUDWH�GLDJQRVLV
RI�IDWDO�GLVHDVHV�ZLWKLQ�OLPLWHG�WLPH��+RZHYHU��LQ�FRQWUDVW��GLDJQRVLV�PDGH�DIWHU�DGGHG�&(&7�KDYH�QRW�EHHQ�GHFUHDVHG�DQG�WKLV�PD\�KDYH�DGGHG
XQQHFHVVDU\�&(&7�DV�ZHOO��)XUWKHU�LQYHVWLJDWLRQ�LV�HVVHQWLDO�WR�DQDO\]H�WKH�HIILFDF\�RI�DGGLWLRQDO�&(&7�WR�DVVHVV�WKH�UHDO�XVHIXOQHVV�RI�32&
FUHDWLQLQH�GHYLFH�LQ�HPHUJHQF\�GHSDUWPHQW�



&$6(�35(6(17$7,21 6XQJ�%LQ�&KRQ

��������%HGVLGH�3HUFXWDQHRXV�&HFRVWRP\��D�&DQGLGDWH�7UHDWPHQW�2SWLRQ�IRU�
$FXWH�7HQVLRQ�0HJDFRORQx�DW�('��D�&DVH�5HSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6XQJ�%LQ�&KRQ������,QWDHN�/HH����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6KHLNK�.KDOLID�6SHFLDOW\�+RVSLWDO��5DV�$O�.KDLPDK��81,7('�$5$%�(0,5$7(6
���'HSDUWPHQW�RI�6XUJHU\��6KHLNK�.KDOLID�6SHFLDOW\�+RVSLWDO��5DV�$O�.KDLPDK��81,7('�$5$%�(0,5$7(6

.H\ZRUGV��3HUFXWDQHRXV�FHFRVWRP\��1HHGOH�GHFRPSUHVVLRQ��,OHXV��2JLOYLH
V�V\QGURPH

$EVWUDFW��

,QWURGXFWLRQ

7KH�WUHDWPHQW�RI�2JLOYLHÇV�V\QGURPH�EHJLQV�ZLWK�XVXDO�FRQVHUYDWLYH�WUHDWPHQW�RI�LOHXV�IROORZHG�E\�QHRVWLJPLQH�DGPLQLVWUDWLRQ�DQG�RU�FRORQRVFRSLF
H[VXIIODWLRQ��ZLWK�VXUJHU\�DV�WKH�ODVW�FKRLFH��:H�UHSRUW�D�FDVH��IRU�ZKLFK�EHGVLGH�SHUFXWDQHRXV�FHFRVWRP\��D�UDUHO\�XWLOL]HG�PHWKRG��ZDV�WULHG�DW�('�

&DVH�SUHVHQWDWLRQ

$����\HDU�ROG��XQFRPPXQLFDEOH��EHG�ULGGHQ�PDOH�SDWLHQW�ZLWK�FHUHEUDO�SDOV\�DQG�HSLOHSV\�RQ�OHYHWLUDFHWDP�SUHVHQWHG�DW�('��$FFRUGLQJ�WR�WKH
FDUHJLYHU��KLV�DEGRPHQ�EHJDQ�WR�GLVWHQG���GD\V�DJR�ZLWK�FRQVWLSDWLRQ��7KH�QH[W�GD\��KH�YRPLWHG�WZLFH��2QH�GD\�DJR��IHYHU�GHYHORSHG��1RWKLQJ�ZDV
JLYHQ�YLD�WKH�3(*�VLQFH�WKHQ��+H�KDG�XQGHUJRQH�PHGLDVWLQDO�WUDFKHRVWRP\�DQG�SHUFXWDQHRXV�HQGRVFRSLF�JDVWURVWRP\��3(*��IRU�DVSLUDWLRQ�WHQGHQF\�

+H�ORRNHG�DFXWHO\�LOO��VOLJKWO\�GURZV\��DQG�FDFKH[LF�����FP����NJ���9LWDO�VLJQV�ZHUH�������PP+J�����PLQÄ���PLQ�����j&��$EGRPHQ�ZDV�GLVWHQGHG�
WHQVH��DQG�K\SHU�W\PSDQLF�RQ�SHUFXVVLRQ��0HWDOOLF�VRXQG�ZDV�KHDUG��3(*�GUDLQHG�EURZQ�WR�GDUN�JUHHQ�IOXLG��7KHUH�ZHUH�QR�SUHVVXUH�XOFHUV��&KHVW
[�UD\�ZDV�QRQ�VSHFLILF��$EGRPHQ�[�UD\�UHYHDOHG�PHJDFRORQ��5RXWLQH�ODERUDWRU\�ILQGLQJV�ZHUH�QRUPDO�H[FHSW�OHXNRF\WRVLV�����������cO��DQG�KLJK
&53������PJ�GO��

6XVSHFWLQJ�LOHXV�UHODWHG�VHSVLV��ZH�LQLWLDWHG�IXOO�K\GUDWLRQ�DQG�HPSLULFDO�DQWLELRWLFV��FHIWULD[RQH�DQG�PHWURQLGD]ROH���3(*�ZDV�QDWXUDOO\�GUDLQHG��$
UHFWDO�WXEH�ZDV�LQVHUWHG��$EGRPHQ�&7�UHYHDOHG�PHJDFRORQ��PD[LPXP�GLDPHWHU������FP��ZLWKRXW�REVWUXFWLQJ�PDVV��IUHH�DLU��RU�PHDQLQJIXO
SHULWRQHDO�IOXLG��2Q�FRQVXOWDWLRQ��ZLWK�SRVVLEOH�ODSDURWRP\�LQ�PLQG��WKH�JHQHUDO�VXUJHRQ�LQVHUWHG�D���PP�ORQJ�����JDXJH�QHHGOH�YHUWLFDOO\�DW��FP
DERYH�WKH�XPELOLFXV��ZKHUH�WKH�PHJDFRORQ�DEXWWHG�DEGRPLQDO�ZDOO��+H�FRPSUHVVHG�DEGRPHQ�YHU\�JHQWO\�IRU����PLQXWHV�IRU�WKH�JDV�LQVLGH�WKH
PHJDFRORQ�WR�FRPH�RXW��7KH�ZLGWK�DQG�KHLJKW�RI�DEGRPHQ��DW�WKH�XPELOLFXV�OHYHO��GHFUHDVHG�IURP�����FP�WR�����FP�DQG�IURP�����FP�WR�����FP�
UHVSHFWLYHO\��7KH�SDWLHQW�ORRNHG�FRPIRUWDEOH�DQG�ZDV�DGPLWWHG�WR�D�JHQHUDO�ZDUG�ZLWK�VWDELOL]HG�YLWDO�VLJQV��������PP+J����PLQ����PLQ�����j&�

&RORQRVFRSLF�H[VXIIODWLRQ�ZDV�DOVR�SHUIRUPHG��+RZHYHU��WKH�SDWLHQW�JRW�XQVWDEOH�DQG�UHFHLYHG�R[\JHQ�DQG�PHURSHQHP�IURP�WKH��QG�KRVSLWDO�GD\
�+'���7ZR�GD\V�ODWHU��KH�XQGHUZHQW�ULJKW�KHPLFROHFWRP\��7KH�UHPDUNDEO\�GLODWHG�DVFHQGLQJ�FRORQ�VKRZHG�XOFHU�DQG�SHUIRUDWLRQ�DW�LWV�ULJKW�ODWHUDO
DVSHFW�ZLWK�JHQHUDOL]HG�SHULWRQLWLV�DQG�DGKHVLRQV���7KH�QHHGOH�GHFRPSUHVVLRQ�SXQFWXUH�VLWH��IDU�IURP�WKHVH�OHVLRQV��ZDV�XQGHWHFWDEOH���'HVSLWH
LQWUDDEGRPLQDO�DEVFHVV��ZKLFK�ZDV�GUDLQHG�SHUFXWDQHRXVO\�IRU���ZHHNV����WK���WK�+'���KH�KDV�LPSURYHG�VWHDGLO\�DQG�ZLOO�EH�VHQW�KRPH�VRRQ�DV�RI
WKH���WK�+'�

'LVFXVVLRQ

$V�QR�REVWUXFWLRQ�QRU�FROLWLV�FDXVHG�PHJDFRORQ��WKLV�FDVH�FRXOG�EH�GHILQHG�DV�2JLOYLHÇV�V\QGURPH��DFXWH�FRORQLF�SVHXGR�REVWUXFWLRQ��$&32���,Q�FDVH
RI�$&32��VXSSRVHGO\�FDXVHG�E\�GHFUHDVHG�SDUDV\PSDWKHWLF�DFWLYLW\��QHRVWLJPLQH�DQG�FRORQLF�H[VXIIODWLRQ�DUH�UHFRPPHQGHG�DGGLWLRQDOO\��)RU�WKLV
EHG�ULGGHQ�SDWLHQW�ZLWK�PDOQXWULWLRQ��VXUJHU\�ZDV�WR�EH�GHOD\HG��LI�SRVVLEOH��FRQVLGHULQJ�KLJK�SRVWRSHUDWLYH�PRUWDOLW\�UDWH��������%HGVLGH�QHHGOH
GHFRPSUHVVLRQ��ZKLFK�KDV�EHHQ�UHSRUWHG�IRU�WUHDWPHQW�RI�$&32��ZDV�WULHG�LQLWLDOO\��$OWKRXJK�VXUJHU\�ZDV�SHUIRUPHG�ILQDOO\��SHUFXWDQHRXV
FHFRVWRP\�VHHPV�WR�KDYH�GHOD\HG�WKH�VHSWLF�SURFHVV��,W�UHPDLQV�WR�EH�DQVZHUHG�ZKHWKHU�D�UHWHQWLRQ�FDWKHWHU�SODFHPHQW�PLJKW�KDYH�REYLDWHG�WKH
QHHG�IRU�VXUJHU\�

5HIHUHQFHV

���3HUHLUD�3HW�DO��2JLOYLH
V�6\QGURPH�$FXWH�&RORQLF�3VHXGR�2EVWUXFWLRQ�-�9LVF�6XUJ��������������������

���YDQ6RQQHQEHUJ�(�HW�DO��3HUFXWDQHRXV�&HFRVWRP\�IRU�2JLOYLH�6\QGURPH��/DERUDWRU\�2EVHUYDWLRQV�DQG�&OLQLFDO�([SHULHQFH�
5DGLRORJ\��������������������



3(',$75,&6 5,$11(�2267(1%5,1.

��������,QIOXHQFHV�RI�FOLQLFDO�VSHFWUXP�DQG�FXOWXUDO�EDFNJURXQG�RQ�DQWLELRWLF�SUHVFULSWLRQ�LQ�IHEULOH�FKLOGUHQ��$�(XURSHDQ
REVHUYDWLRQDO�VWXG\�LQ�HPHUJHQF\�FDUH�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(OOHV�YDQ�GHU�9RRUW������6DQWL�0LQWHJL������+HQULHWWH�0ROO������$ODLQ�*HUYDL[������5LDQQH�2RVWHQEULQN����

���*HQHUDO�3HGLDWULFV��(UDVPXV�0&���6RSKLD��5RWWHUGDP��7+(�1(7+(5/$1'6
���3HGLDWULF�(PHUJHQF\��&UXFHV�8QLYHUVLW\�+RVSLWDO���%LOEDR��63$,1
���'HSW��*HQHUDO�3HGLDWULFV��(UDVPXV0&���6RSKLD��5RWWHUGDP��7+(�1(7+(5/$1'6
���SHGLDWULFV��8QLYHUVLW\�+RVSLWDO��*HQHYD��6:,7=(5/$1'

.H\ZRUGV��IHYHU��FKLOGUHQ��DQWLELRWLF�XVH��FOLQLFDO�SUHVHQWDWLRQ��FXOWXUH

$EVWUDFW��

2Q�EHKDOI�RI�WKH�6+,9(5�JURXS��6WXGLHV�LQ�F+,OGUHQ�ZLWK�IH9(5��IURP�5HVHDUFK�LQ�(XURSHDQ�3HGLDWULF�(PHUJHQF\�0HGLFLQH��5(3(0��QHWZRUN�

%DFNJURXQG

)HYHU�LV�WKH�PRVW�IUHTXHQW�UHDVRQ�IRU�D�FKLOG�WR�DWWHQG�SHGLDWULF�HPHUJHQF\�FDUH��('���:H�KDYH�D�KLJK�DQWLELRWLF�SUHVFULSWLRQ�UDWH�LQ�IHEULOH�FKLOGUHQ�
RIWHQ�EURDG�VSHFWUXP�
7KH�PDMRULW\�RI�IHEULOH�FKLOGUHQ��KRZHYHU��VXIIHU�IURP�VHOI�OLPLWLQJ�LOOQHVV��EDFWHULDO�LQIHFWLRQV�FRPSULVH�SQHXPRQLD�DQG�XULQDU\�WUDFW�LQIHFWLRQV
PRVWO\��$LP��HYDOXDWLQJ�DQWLELRWLF�SUHVFULSWLRQ�LQ�IHEULOH�FKLOGUHQ�DW�('V�IRFXVLQJ�RQ�YDULDELOLW\�DPRQJ�FRXQWULHV�DQG�FOLQLFDO�V\PSWRPV�

0HWKRGV

'HVLJQ��3URVSHFWLYH�REVHUYDWLRQDO�PXOWLFHQWHU�VWXG\�EHWZHHQ�2FWREHU������)HEUXDU\������
3RSXODWLRQ��)HEULOH�FKLOGUHQ�DJHG���PRQWK����\HDUV�YLVLWLQJ�WKH�SHGLDWULF�('�
2XWFRPHV��DQWLELRWLF�SUHVFULSWLRQ�UDWH��SULPDU\���DQWLELRWLF�W\SH��JHRJUDSKLFDO�EDFNJURXQG��FOLQLFDO�V\PSWRPV��VHFRQGDU\���'DWD�FROOHFWLRQ��HDFK
FHQWHU�UHJLVWHUHG�FOLQLFDO�GDWD�DQG�WUHDWPHQW��RQH�UDQGRPO\�VHOHFWHG�GD\�SHU�PRQWK��GXULQJ����FRQVHFXWLYH�PRQWKV��

5HVXOWV

3UHOLPLQDU\�UHVXOWV�DUH�EDVHG�RQ������FKLOGUHQ�IURP����KRVSLWDOV�����(XURSHDQ�FRXQWULHV��0HGLDQ�DJH�ZDV�����\HDUV����WKÄ��WK�SHUFHQWLOH����Ä�����
�����������PDOH��:RUNLQJ�GLDJQRVLV�ZDV�GHILQLWH�EDFWHULDO�LQ�����FKLOGUHQ������DQG�SUREDEOH�EDFWHULDO�LQ�������������,QIHFWLRQV�ZHUH�ORFDWHG�LQ
XSSHU�DLUZD\�PRVW�IUHTXHQWO\��Q ������������IROORZHG�E\�ORZHU�DLZD\��Q ����������DQG�HQWHULF��Q �����������7KH�PDMRULW\�ZDV�PDQDJHG
DPEXODWRU\��Q ������������$QWLELRWLFV�ZHUH�SUHVFULEHG�LQ�������������ZLWK��DPLQR�SHQLFLOOLQ�������DQG�DPR[LFLOOLQ�FODYXODQLF�DFLG�������PRVW
IUHTXHQW��FHSKDORVSRULQV�LQ������7ZR�FRXQWULHV�FRXOG�EH�FODVVLILHG�LQWR�ORZ�056$�SUHYDOHQFH�RI����������('�YLVLWV�����FRXQWULHV�LQWR�056$
SUHYDOHQFH�������������('�YLVLWV���DQG���FRXQWULHV�LQWR�KLJK�056$�SUHYDOHQFH�RI�!�����������('�YLVLWV���$QWLELRWLF�XVH�ZDV�����DQG�����IRU�ORZ
DQG�LQWHUPHGLDWH�056$�SUHYDOHQFH�FRXQWULHV��DQG�����LQ�FRXQWULHV�ZLWK�KLJK�056$�SUHYDOHQFH�UDWHV��6PDOO�VSHFWUXP�DQWLELRWLFV�ZHUH�DSSOLHG�LQ����
DQG�����LQ�ORZ�DQG�LQWHUPHGLDWH�056$�SUHYDOHQFH�FRXQWULHV�UHVSHFWLYHO\��EXW�LQ�RQO\�����IRU�KLJK�056$�SUHYDOHQFH�FRXQWULHV��$QWLELRWLF�XVH�ZDV
DOVR�UHODWHG�WR�\RXQJHU�DJH��WKH�SUHVHQFH�RI�DEQRUPDO�YLWDO�VLJQV�DQG�LOO�DSSHDUDQFH��EXW�QRW�UHODWHG�WR�WKH�SUHVHQFH�RI�PHQLQJHDO�VLJQV�RU
SHWHFKLDH��'LDJQRVWLF�WHVWV��VHUXP�&53��EORRG�OHXNRF\WH�FRXQW��XULQH�GLSVWLFN�DQG�FKHVWUDGLRJUDSKV��ZHUH�PRUH�IUHTXHQWO\�SHUIRUPHG�LQ�WKRVH�ZKR
KDG�DQWLELRWLFV�SUHVFULEHG��5HVXOWV�RI�FKHVWUDGLRJUDSKV�RU�XULQH�WHVWV�ZHUH�QRW�UHODWHG�WR�DQWLELRWLF�SUHVFULSWLRQ��$�FRPELQDWLRQ�RI�FOLQLFDO�YDULDEOHV
H[SODLQHG����RI�DQWLELRWLF�SUHVFULSWLRQ�YDULDWLRQ�

&RQFOXVLRQV�,Q�D�PXOWLFHQWHU�VWXG\�DPRQJ�(XURSHDQ�('V��D�PLQRULW\�RI�IHEULOH�FKLOGUHQ�LV�DW�ULVN�IRU�EDFWHULDO�LQIHFWLRQV��$QWLELRWLFV�ZHUH�SUHVFULEHG
LQ������ZLWK��DPLQR�SHQLFLOOLQ�DQG�DPR[LFLOOLQ�FODYXODQLF�DFLG�PRVW�IUHTXHQWO\��$QWLELRWLF�XVH�LQ�IHEULOH�FKLOGUHQ�LV�PRVW�UHODWHG�WR�056$�SUHYDOHQFH
UDWHV��EXW�DOVR�WR�WKH�FOLQLFDO�SUHVHQWDWLRQ��7KH�SHUIRUPDQFH�RI�GLDJQRVWLF�WHVWV��EXW�QRW�WKH�UHVXOW�RI�FKHVWUDGLRJUDSKV�RU�XULQHWHVWV�DUH�UHODWHG�WR
KLJKHU�DQWLELRWLF�SUHVFULSWLRQ�UDWHV��,QWHUQDWLRQDO�EHVW�SUDFWLFHV�QHHG�WR�EH�LGHQWLILHG�IRU�PDQDJHPHQW�RI�DFXWH�IHEULOH�FKLOGUHQ�



('8&$7,21�$1'�75$,1,1* 9LVQDNRYV�$OHNVHMV

��������0XOWLSOH�FDVXDOW\�WUDLQLQJ�IRU�XQLYHUVLW\�KRVSLWDO�HPHUJHQF\�GHSDUWPHQW�VWDII

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$OHNVHMV�9LVQDNRYV������$QLWD�6ORNHQEHUJD������6ROYLWD�6WDELQD������$OHNVDQGUV�*DULQV����

���(PHUJHQF\�GHSDUWPHQW��5LJD�(DVW�FOLQLFDO�XQLYHUVLW\�KRVSLWDO��5LJD��/$79,$
���$GPLQLVWUDWLRQ��5LJD�(DVW�FOLQLFDO�XQLYHUVLW\�KRVSLWDO��5LJD��/$79,$

.H\ZRUGV��HPHUJHQF\��PXOWLSOH�FDVXDOW\��WUDLQLQJ��PLOLWDU\

$EVWUDFW��

,QWURGXFWLRQ

0XOWLSOH�FDVXDOWLHV�FDQ�RFFXU�LQ�GLIIHUHQW�ZD\V��DQG�PLOLWDU\�FRQIOLFWV�DUH�FRQVLGHUHG�WR�EH�D�VSHFLDO�W\SH�RI�WKHP��:H�SUHVHQW�D�GLVDVWHU�WUDLQLQJ
PRGHO�GHVLJQHG�LQ�FROODERUDWLRQ�ZLWK�86$�PLOLWDU\�IRUFHV�ORFDWHG�LQ�/DWYLD��7KH�DLP�RI�WKLV�H[HUFLVH�ZDV�WR�YHULI\�WKH�HPHUJHQF\�UHVSRQFH�RI
FLYLO�XQLYHUVLW\�KRVSLWDO��LQ�FDVH�RI�WKUHH�VLPXOWDQHRXV�H[SORVLRQV�DW�PLOLWDU\�EDVHV�ORFDWHG�DFURVV�/DWYLD�ZLWK�DOO�FDVXDOWLHV�FRQYHUJLQJ�RQWR�WKH�5LJD
(DVW�FOLQLFDO�XQLYHUVLW\�KRVSLWDO�HPHUJHQF\�GHSDUWPHQW�

0DWHULDO�DQG�PHWKRGV

7UDLQLQJ�IRU�PXOWLSOH�FDVXDOWLHV�LQ�HPHUJHQF\�GHSDUWPHQW�

5HVXOWV

�7KH�OHJHQG�RI�WUDLQLQJ�ZDV�XQNQRZQ�IRU�HPHUJHQF\�GHSDUWPHQW�SHUVRQQHO��7KH�GD\�RI�WUDLQLQJ�ZDV�0RQGD\�ZLWK�XVXDO�RYHUFURZGLQJ�GXULQJ
DIWHUQRRQ�KRXUV��$OO�SDWLHQWV�FRQYHUJLQJ�RQWR�5LJD�(DVW�FOLQLFDO�XQLYHUVLW\�KRVSLWDO�(PHUJHQF\�'HSDUWPHQW�WR�GR�WKH�EHVW�WUDLQLQJ�IRU�ERWK�86�DQG
/DWYLDQ�SHUVRQQHO��7RWDOO\����LQWHUQDWLRQDO�FDVXDOWLHV�ZHUH�WUDQVIHUUHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWKLQ���KRXUV�DIWHU�QRWLILFDWLRQ�RI�FULVLV
VLWXDWLRQ�����RI�WKHP�ZHUH�HYDFXDWHG�E\�86�DUP\�KHOLFRSWHUV������E\�/DWYLDQ�ERUGHUJXDUG�KHOLFRSWHU�DQG�����E\�DPEXODQFHV�RI�/DWYLDQ�QDWLRQDO
DUPHG�IRUFHV��$OO�SDWLHQWV�ZHUH�UH�WULDJHG�XSRQ�DUULYLQJ�����SDWLHQWV�KDG�UHG�WDJV�����SDWLHQV���\HOORZ�WDJV����SDWLHQWV���JUHHQ�WDJV�DQG���SDWLHQWV��
EODFN�WDJV���GHDG�XSRQ�DUULYLQJ���,W�ZDV�LPSRUWDQW�IRU�HPHUJHQF\�GHSDUWPHQW�SHUVRQQHO�WR�FRQWLQXH�ZRUNLQJ�ZLWK�RU�WUDQVIHU�FXUUHQW�SDWLHQWV�WR
RWKHU�GHSDUWPHQWV�DQG�LQFUHDVH�HPHUJHQF\�UHODWHG�VWDII�WR�EROVWHU�FDSDELOLWLHV��'XULQJ�H[HUFLVH�����FDVXDOWLHV�ZHUH�WUDQVIHUUHG�GLUHFWO\�WR
WKH�RSHUDWLRQ�URRPV���WLPH�IURP�WULDJH�WR�WUDQVIHU���Ä����PLQXWHV������FDVXDOWLHV�GLGQÇW�QHHG�LPPHGLDWH�VXUJHU\�DQG�ZHUH�UHIHUUHG�IURP�HPHUJHQF\
GHSDUWPHQW�WR�LQWHQVLYH�FDUH�XQLW������RU�WR�WKH�VXUJLFDO�GHSDUWPHQWV�������$OO�FDVXDOWLHV�XQGHUZHQW�HPHUJHQF\�GLDJQRVWLF�DQG�OLIH�WKUHDWLQJ
SURFHGXUHV�DFFRUGLQJ�WR�LQ�KRVSLWDO�WUDXPD�SURWRFRO��3HU�OLPLWDWLRQV�RI�WKH�H[HUFLVH��WKH�VWDII�DQG�V\VWHPV�PDLQWDLQHG�OLIH�IRU�DOO�OLYLQJ�SDWLHQWV
UHFHLYHG�
&RQFOXVLRQ
7KH�RQO\�ZD\�WR�FKHFN�WKH�HPHUJHQF\�UHVSRQFH��FDSDFLW\�DQG�UHVRXUFHV�RI�FLYLO�KRVSLWDO�LQ�FDVH�RI�PXOWLSOH�FDVXDOW\�HYHQW�LV�ZHOO�RUJDQL]HG�DQG
UHDOLVWLF�WUDLQLQJ���&ROODERUDWLRQ�EHWZHHQ�PLOLWDU\�DQG�FLYLOLDQ�PHGLFV��FRPPXQLFDWLRQV���SUH�KRVSLWDO�FDUH��WLPH�RI�WUDQVSRUWDWLRQ���HPHUJHQF\
GHSDUWPHQW�UHDGLQHVV�DQG�UHVRXUFHV�SOD\�YHU\�LPSRUWDQW�UROH�DQG�KDYH�WR�EH�LPSURYHG�GXULQJ�UHJXODU�WUDLQLQJV�

�



('8&$7,21�$1'�75$,1,1* $GHOLQH�+,*8(7

��������+RZ�WR�SHUIRUP�WKH�FDUH�RI�WKH�DFXWH�RSKWKDOPRORJLFDO�FDVH�FRPLQJ�LQ�$�DQG�(�"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(ONH�7KLMV������$GHOLQH�+LJXHW������6DDUWMH�7KLMV����

���(PHUJHQF\��VWXGHQW�0HGLFLQH��8=�*HQW��%HOJLXP��*HQW��%(/*,80
���8UJHQFHV��VLQW�0DULD�+DOOH��%HOJLXP��+DOOH��%(/*,80
���,QWHUQH�PHGLFLQH��VWXGHQW�0HGLFLQH��8=�*HQW��%HOJLXP��*HQW��%(/*,80

.H\ZRUGV��IOXRUHVFLQH��FRUQHDOH�HURVLRQ��JODXFRPD�DUWHULWLV��WKURPERVH��UHWLQDO�GHWDFKPHQW

$EVWUDFW��

�,QWURGXFWLRQ

2SKWKDOPRORJ\�LV�D�VPDOO�SDUW�RI�WKH�MRE�LQ�HPHUJHQF\�EXW�DV�HPHUJHQF\�SK\VLFLDQV�ZH�VKRXOGQCW�PLVV�D�UHYHUVLEOH�GLVHDVH�ZLWK�D�SRWHQWLDOO\
FDWDVWURSKLF�FRQVHTXHQFH�RQ�WKH�YLVLRQ�RI�WKH�SDWLHQW��ZH�KDYH�WR�UHFRJQL]H�HDUO\�DQ�DFXWH�RSKWKDOPRORJLFDO�SUREOHP�DQG�WU\�WR�WUHDW�LW�DQG�RU�WR
WUDQVIHU�WKH�SDWLHQW�LI�QHHGHG�DVDS�WR�WKH�VSHFLDOLVW�

:KLFK�LV�WKH�SRSXODWLRQ�FRPLQJ�ZLWK�DQ�DFXWH�RIWDOPRORJLFDO�SUREOHP�WR�('"�:KHQ�DUH�WKH\�FRPLQJ�WR�('�"�+RZ�DUH�WKH\�PDQDJHG�E\�WKH�('
SK\VLFLDQ"�+RZ�PDQ\�DUH�WKHQ�UHIHUUHG"�+RZ�WR�SHUIRUP�WKLV�DFXWH�FDUH�IURP�WKH�HPHUJHQF\�SRLQW�RI�YLHZ�IRU�D�EHWWHU�FROODERUDWLRQ�ZLWK�WKH
RIWDOPRORJLVW"

0DWHULHO�PHWKRGV�DQG�UHVXOWV

:H�SURFHHGHG�WR�D�SURVSHFWLYH�VWXG\�LQ�D�JHQHUDO�KRVSLWDO�ZKHUH�WKH�RIWDOPRORJLVW�LV�QRW�RQ�FDOO�ORFDOO\��:H�UHJLVWUHWHG�DOO�WKH�SDWLHQWV�ZLWK�D
SUREOHP�ZLWK�KLV�H\H�IURP�WKH������XQWLO�WKH�����������$Q�LQIRUP�FRQVHQW�LV�VLJQHG�E\�WKH�SDWLHQW��:H�UHFHQVHG����SDWLHQWV��$Q�H[FHO�WDEHO�UHFHQVHV
WKH�IROORZLQJ�GDWD������ZHUH�UHIHUUHG�E\�GH�*3��RQO\�����RI�WKH�SDWLHQWV�FRPH�WR�WKH�('�GXULQJ�WKH�ZRUNLQJ�KRXUV��IURP���DP�XQWLOO����SP�������
RI�WKH�SDWKRORJLHV�ZHUH�QRQ�WUDXPDWLF�DQG�����ZHUH�WUDXPDWLF�GLVHDVH��FRUQHDOH�HURVLRQ�LQ�PDMRULW\����DQ�DQDPQHVLV�LV�SHUIRUPHG�LQ�����EXW�LQ����
UHOHYDQW�TXHVWLRQV�DERXW�WKH�YLVLRQ�RI�WKH�SDWLHQW�DUH�ODFNLQJ��H[DPLQDWLRQ�ZLWK�IOXRUHVFLQH�LV�GRQH�LQ�����������DUH�LQ�D�VHFRQG�WLPH�UHIHUUHG�WR
WKH�RIWDOPRORJLVW�

'LVFXVVLRQ

:H�QRWLFH�D�KLJK�SHUFHQWDJH���������RI�RXW�RI�KRXUV�SDWLHQWV�7KDW�PHDQV�WKDW�RQ�WKLV�PRPHQW�WKH�('�LV�WKH�RQO\�VROXWLRQ�IRU�WKLV�SDWLHQWV�DQG�ZH
GHFLGH�LI�WKLV�SUREOHP�FRXOG�EH�SRVWSRQHG��7KLV�LPSRUWDQW�UROH�PDNHV�XV�UHVSRQVLEOH�IRU�QRW�PLVVLQJ�DQ\�UHYHUVHDEOH�SDWKRORJ\�

7KH�HPHUJHQF\�SK\VLFLDQ�GRHVQ
W�HQFRXQWHU�WR�FDUH�ZLWK�WUDXPDWLF�H\H�SUREOHP�������RI�FRUQHDOH�HURVLRQ��EXW�KDYH�PRUH�GLIILFXOW�WR�PDQDJH�D
QRQ�WUDXPDWLF�H\H�GLVHDVH
DQG�WKLV�SDWLHQW�LV�TXLFNO\�UHIHUUHG�EXW�ZLWKRXW�ULJKW�DQDPQHVLV�WR�HVWLPDWH�D�UHDO�ULVN�DV�JODXFRPD��UHWLQDO�GHWDFKPHQW��WKURPERVLV�RU�DUWHULWLV�

����RI�WKH�GRFWRUV�SHUIRUPHG�D�PLQLPDO�DQDPQHVLV�ZLWKRXW�HQTXLULQJ�DERXW�WKH�EDVLF�TXHVWLRQV�DERXW�WKH�YLVLRQ��WKH�IDFWRUV�WR�HVWLPDWH�WKH�ULVN�RI
D�UHYHUVHDEOH�GDQJHURXV�SDWKRORJ\�

&RQFOXVLRQ�

(YHQ�DFXWH�RIWDOPRORJ\�LV�D�VPDOO�SDUW�RI�KRXU�MRE�������SDWLHQWV�ZLWK�WKLV�SUREOHP�ZLO�FRPH�WR�XV�EHFDXVH�RI�WKH�KRXUV��DQG�ZH�ZLOO�WKH�ILUW�DQG
SRWHQWDO�GRFWRU�WR�VHH�WKLV�

7KLV�UHDVRQ�LV�HQRXJK�WR�HQFRXUDJH�WKH�HPHUJHQF\�SK\VLFLDQ�WR�LQFUHDVH�KLV�NQRZOHGJH�LQ�WKLV�DUHD�DQG�SHUKDSV�WR�FUHDWH�LQ�FROODERUDWLRQ�ZLWK�WKH
RSKWKDOPRORJLFDO�ZDUG�D�IORZ�FKDUW�WR
VXPPDUL]H�WKH�UHOHYDQW�TXHVWLRQV�WR�HVWLPDWH�WKH�ULVN�RI�UHYHUVHDEOH�SDWKRORJLHV�

:H�VHH�WKH�SDWLHQW�EXW�KRZ�ZHOO�FDQ�WKH�SDWLHQW�VHH"�*RRG�TXHVWLRQ�LQGHHG��



1(3+52/2*< -HYJHQLMV�.UDYFXNV

��������&RQWUDVW�LQGXFHG�QHSKURSDWK\�DIWHU�FRPSXWHU�WRPRJUDSK\�RI�WKH�SXOPRQDU\�DUWHULHV�LQ�HPHUJHQF\�VHWWLQJV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-HYJHQLMV�.UDYFXNV������2OHJV�6DEHOQLNRYV����

���(PHUJHQF\�GHSDUWPHQW��3�6WUDGL¦¬�8QLYHUVLW\�+RVSLWDO��5 JD��/$79,$
���'HSDUWPHQW�RI�,QWHQVLYH�&DUH��3�6WUDGL¦¬�8QLYHUVLW\�+RVSLWDO��5 JD��/$79,$

.H\ZRUGV��&RQWUDVW�LQGXFHG�QHSKURSDWK\��SXOPRQDU\�HPEROLVP��WRPRJUDSK\

$EVWUDFW��

�,QWURGXFWLRQ

&RQWUDVW�LQGXFHG�QHSKURSDWK\��&,1��LV�GHILQHG�DV�LDWURJHQLF�GHWHULRUDWLRQ�RI�UHQDO�IXQFWLRQ�IROORZLQJ�LQWUDYDVFXODU�FRQWUDVW�PHGLD�DGPLQLVWUDWLRQ�LQ
WKH�DEVHQFH�RI�DQRWKHU�QHSKURWR[LF�HYHQW��&,1�LV�RQH�RI�WKH�OHDGLQJ�FDXVHV�RI�KRVSLWDO�DFTXLUHG�DFXWH�NLGQH\�LQMXULHV�

&RQWUDVW�HQKDQFHG�FRPSXWHG�WRPRJUDSK\��&(&7��RI�WKH�SXOPRQDU\�DUWHULHV�LV�RQH�RI�WKH�PRVW�FRPPRQ�LPDJLQJ�VWXGLHV�SHUIRUPHG�LQ�WKH
HPHUJHQF\�GHSDUWPHQW�WR�HYDOXDWH�SDWLHQWV�ZLWK�VXVSHFWHG�SXOPRQDU\�HPEROLVP��3(���7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHILQH�LI�&,1�IROORZHG�&73$�

0HWKRGV

:H�DQDO\]HG�PHGLFDO�UHFRUGV�RI�SDWLHQWV�ZKR�UHFHLYHG�LQWUDYHQRXV�FRQWUDVW�IRU�&(&7�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��EHWZHHQ�-DQXDU\������DQG
$SULO��������7KH�RXWFRPHV�PHDVXUHG�ZHUH�DV�IROORZV��DQ�LQFUHDVH�LQ�VHUXP�FUHDWLQLQH�Õ������PNPRO�O�RU�Õ�������WR���GD\V�DIWHU�WKH�FRQWUDVW
DGPLQLVWUDWLRQ��VHYHUH�UHQDO�IDLOXUH�ZLWK�RU�ZLWKRXW�DFXWH�KHPRGLDO\VLV�DQG�UHQDO�IDLOXUH�DV�D�FRQWULEXWLQJ�FDXVH�RI�GHDWK�

5HVXOWV

$�WRWDO�RI�����SDWLHQWV�XQGHUZHQW�&73$��ZLWK�DFXWH�3(�LQ����SDWLHQWV����������DQG�����SDWLHQW�EHLQJ�KRVSLWDOL]HG�DIWHU�&(&7��:H�DQDO\]HG���
KRVSLWDOL]HG�SDWLHQWÇV�PHGLFDO�UHFRUGV�DQG�PHDVXUHG�SRVW�SURFHGXUDO��VHUXP�FUHDWLQLQH�OHYHO��3UHOLPLQDU\�GDWD�VKRZV�WKDW�WKH�LQFLGHQFH�RI�&,1�LV
��������Q ���RI������LQFOXGLQJ���ZLWK�DFXWH�3(��2QH�SDWLHQW���������GHYHORSHG�DFXWH�UHQDO�IDLOXUH�ZKLFK�UHTXLUHG�DFXWH�KHPRGLDO\VLV����SDWLHQW�GLHG
DQG��WKH�GHYHORSPHQW�RI�&,1�ZDV�REVHUYHG�LQ���RI�GHFHDVHG�SDWLHQWV��&,1�GHYHORSHG�LQ���SDWLHQWV����������ZLWK�DFXWH�3(��5LVNV�IDFWRUV�IRU�&,1
LQFOXGLQJ�DJH�RYHU�����DQHPLD��DUWHULDO�K\SHUWHQVLRQ��FRURQDU\�DUWHU\�GLVHDVH�DVVRFLDWHG�ZLWK�KLJKHU��&,1�GHYHORSPHQW���ZKHUHDV�RWKHU�YDVFXODU
GLVHDVHV��SHULSKHUDO��UHQDO�RU�FHUHEUDO���FRQJHVWLYH�KHDUW�IDLOXUH��SUH�H[LVWLQJ�UHQDO�GLVHDVH��GLDEHWHV�PHOOLWXV��WKH�PDOLJQDQF\�DVVRFLDWHG�ZLWK�&,1
ZDV�QRW�VLJQLILFDQW�

�

'LVFXVVLRQ�FRQFOXVLRQ

7KH�QXPEHU�RI�&,1�LQFLGHQFHV�LV�KLJK�DPRQJ�HPHUJHQF\�GHSDUWPHQW�SRSXODWLRQ�XQGHUJRLQJ�&73$��&,1�VKRXOG�EH�FRQVLGHUHG�EHIRUH�HPHUJHQF\
LPDJLQJ�UHTXLUHV�LQWUDYHQRXV�FRQWUDVW�PHGLD�LQ�SDWLHQWV�ZLWK�VXVSHFWHG�3(��$OWHUQDWLYH�LQYHVWLJDWLRQ�PHWKRG�PXVW�EH�DSSOLHG�ZKHQ�GHDOLQJ�ZLWK
SDWLHQWV�KDYLQJ�SUH�H[LVWLQJ�ULVN�IDFWRUV�

�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 9LVQDNRYV�$OHNVHMV

��������&RPSDULVRQ�RI�WKHRUHWLFDO�FOLQLFDO�DSSURDFK�DQG�YDOLGDWHG�FOLQLFDO�SUHGLFWLYH�WRROV�LQ�WKH�GLDJQRVH�RI�DFXWH�SXOPRQDU\
WKURPERHPEROLVP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

%UXQR�6RXVD�GRV�6DQWRV������,HYD�.ULHYD������6DQGUD�6HLPDQH������$OHNVHMV�9LVQDNRYV����

���(PHUJHQF\�GHSDUWPHQW��5LJD�6WUDGLQV�8QLYHUVLW\��5LJD��/$79,$
���(PHUJHQF\�GHSDUWPHQW��5LJD�(DVW�FOLQLFDO�XQLYHUVLW\�KRVSLWDO��5LJD��/$79,$

.H\ZRUGV��&RPSXWHU�7RPRJUDSK\�3XOPRQDU\�$QJLRJUDSK\��:HOOV�6FRUH��FOLQLFDO�WKHRUHWLFDO�DSSURDFK��'�GLPHUV

$EVWUDFW��

%DFNJURXQG���,QWURGXFWLRQ��9DOLGDWHG�FOLQLFDO�SUHGLFWLYH�WRROV�IRU�DFXWH�SXOPRQDU\�WKURPERHPEROLVP��37(��KDYH�VKRZQ�WKHLU�HIILFDF\�LQ
HVWLPDWLRQ�SUHWHVW�SUREDELOLW\�IRU�SDWLHQWV�ZKRP�DFXWH�37(�LV�FRQVLGHUHG��/DWHVW�EHVW�SUDFWLFH�DGYLFH��(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\��������
�$PHULFDQ�&ROOHJH�RI�3K\VLFLDQV���������UHFRPPHQG�WKH�XVH�RI�VXFK�WRROV�DV�D�PDLQ�HVWLPDWLRQ�WRRO�IRU�DFXWH�37(��+RZHYHU��VRPH�GRFWRUV�VWLOO
SUHIHU�D�FOLQLFDO�WKHRUHWLFDO�DSSURDFK�WR�DFXWH�37(�DV�WKH�PDLQ�VWUDWHJ\��WKLV�VDPH�DSSURDFK�LV�XVHG�DW�WKH�HPHUJHQF\�GHSDUWPHQW��('��RI�5LJD�(DVW
&OLQLFDO�8QLYHUVLW\�+RVSLWDO��5(&8+��

2EMHFWLYHV��7R�HYDOXDWH�WKH�SRVVLELOLW\�RI�XVLQJ�UHFRPPHQGHG�YDOLGDWHG�FOLQLFDO�SUHGLFWLYH�WRROV�LQ�WKH�GLDJQRVLV�RI�DFXWH�37(�DW�('��7R�LPSURYH
SDWLHQW�VDIHW\�DQG�WR�VDYH�WLPH�LQ�GLDJQRVLQJ�E\�DYRLGLQJ�H[FHVVLYH�H[DPLQDWLRQV�ZKHQ�QRW�UHTXLUHG�

3DUWLFLSDQWV�DQG�0HWKRGV��5HWURVSHFWLYH�DQDO\VLV�RI�����FDVHV��ZKHQ�&RPSXWHU�7RPRJUDSK\�3XOPRQDU\�$QJLRJUDSK\��&73$��SHUIRUPHG�WR
VXVSHFWHG�DFXWH�37(�DW�WKH�('�GXULQJ�RQH�\HDU���������&DOFXODWLRQ�RI�:HOOVÇ�VFRUH�ULVN�JURXSV��IRU�HDFK�FDVH��)RU�HDFK�ULVN�OHYHO�'�GLPHUV�DQG�&73$
UHVXOWV�ZHUH�DQDO\]HG�WR�HVWLPDWH�WKH�QXPEHU�RI�SRVVLEOH�XQQHFHVVDU\�&73$�DQG�RU�'�GLPHUV�

5HVXOWV��)URP�����&73$�FDVHV��������������ZHUH�PDOH�DQG�������������IHPDOH�SDWLHQWV��0HDQ�DJH�������IRU�PDOH�DQG�������IRU�IHPDOH�����
��������FDVHV�ZHUH�37(�QHJDWLYH�DQG������������Ä�SRVLWLYH��:HOOVÇ�ULVN�VFRULQJ�VKRZHG�����������ORZ�ULVN�FDVHV��������������LQWHUPHGLDWH�ULVN
FDVHV�DQG��������������KLJK�ULVN�FDVHV��)URP����ORZ�ULVN�SDWLHQWV���ZDV�37(�SRVLWLYH�DQG����Ä�QHJDWLYH��'�GLPHUV�ZHUH�HOHYDWHG�LQ����RXW�RI����ORZ
ULVN�SDWLHQWV��)URP�����LQWHUPHGLDWH�ULVN�SDWLHQWV�������������ZHUH�37(�QHJDWLYH���ZLWK�HOHYDWHG�'�GLPHUV�LQ�������������FDVHV��DQG�������������
SRVLWLYH���DOO�ZLWK�HOHYDWHG�'�GLPHUV���)URP����KLJK�ULVN�SDWLHQWV�������������ZHUH�37(�QHJDWLYH�DQG�������������SRVLWLYH���DOO�ZLWK�HOHYDWHG
'�GLPHUV���)URP����37(�SRVLWLYH�FDVHV�������������ZHUH�ZLWK�HOHYDWHG�'�GLPHUV���LQ���FDVHV�'�GLPHUV�ZHUH�QRQ�WDNHQ����)URP�RYHUDOO������������
QHJDWLYH�WR�37(�ZLWK�G�GLPHUV�HOHYDWHG�LQ�������������DQG�QRQ�HOHYDWHG�LQ�����������QRQ�WDNHQ�LQ����������FDVHV�

&RQFOXVLRQ��)RU�ORZ�DQG�LQWHUPHGLDWH�ULVN�JURXSV�LI�È:HOOVÇ�VFRUHÉ�ZDV�XVHG�WKH�QRQ�HOHYDWHG�'�GLPHUV�VKRXOG�QRW�XQGHUJR�&73$��1HJDWLYH
'�GLPHUV�PDWFK�WKH�LQWHUQDWLRQDO�GDWD�VXSSRUWLQJ�D�SUHGLFWLYH�QHJDWLYH�&73$��1,&(���������,Q�RXU�GDWD�DOO�&73$�GRQH�ZLWKLQ�KLJK�ULVN�JURXS�WKH
'�GLPHUV�ZKHUH�KXQGUHG�SHU�FHQW�HOHYDWHG��EXW�'�GLPHUV�HOHYDWHG�GR�QRW�SUHGLFW�D�SRVLWLYH�&73$��3� ���������5HFRPPHQGDWLRQ�IRU�XVH�RI�YDOLGDWHG
FOLQLFDO�SUHGLFWLYH�WRROV�LQ�HVWLPDWLRQ�SUHWHVW�SUREDELOLW\�IRU�SDWLHQWV�ZKRP�DFXWH�37(�LV�FRQVLGHUHG�



&$6(�35(6(17$7,21 5XVKDEK�6KDK

��������$�&DVH�RI�5KHXPDWRLG�$UWKULWLV�DQG�0XOWLSOH�0\HORPD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5XVKDEK�6KDK������5DDMXO�6KDK����

�����0LOWRQ�.H\QHV�8QLYHUVLW\�+RVSLWDO��/RQGRQ��8.

.H\ZRUGV��5KHXPDWRLG�$UWKULWLV��0XOWLSOH�0\HORPD

$EVWUDFW��

&OLQLFDO�FDVH�UHSRUW

�

$����\HDU�ROG�IHPDOH�ZLWK�VHUR�SRVLWLYH�HURVLYH�UKHXPDWRLG�DUWKULWLV��5$��SUHVHQWHG�ZLWK�D�RQH�PRQWK�KLVWRU\�RI�IDWLJXH��QLJKW�VZHDWV��QRFWXUQDO
SUXULWLV�DQG�VSRQWDQHRXV�EUXLVLQJ�ZLWK�EOHHGLQJ�JXPV���6KH�GHQLHG�ZHLJKW�ORVV��IHYHU��HSLVWD[LV��KDHPRSW\VLV��KDHPDWXULD�RU�UHFHQW�LQIHFWLRQ��6KH
ZDV�GLDJQRVHG�ZLWK�5$�LQ�������RQ�WUHDWPHQW�ZLWK�0HWKRWUH[DWH�DQG�(WDQHUFHSW�DQG�KHU�5$�ZDV�LQ�UHPLVVLRQ�ZLWK�QR�VZROOHQ�DQG�QR�WHQGHU�MRLQWV�

2Q�H[DPLQDWLRQ��VKH�KDG�D�QRQ�EODQFKLQJ��SHWHFKLDO��QRQ�SDOSDEOH��SUXULWLF�UDVK�DIIHFWLQJ�KHU�IDFH�DQG�QHFN���7KHUH�ZDV�QR�KHSDWRVSOHQRPHJDO\�RU
O\PSKDGHQRSDWK\���9LWDO�VLJQV�DQG�JHQHUDO�H[DPLQDWLRQ�ZHUH�XQUHPDUNDEOH�

+HU�URXWLQH�EORRGV�VKRZHG�D�QRUPRF\WLF�DQDHPLD��+E���J�O��DQG�D�QHZ�DFXWH�NLGQH\�LQMXU\��FUHDWLQLQH�����oPRO�/���:KLWH�FHOO�FRXQW��SODWHOHWV�DQG
FDOFLXP�ZHUH�QRUPDO��+HU�&53�ZDV�QRUPDO�EXW�(65�KDG�ULVHQ�WR���PP�KRXU��6KH�KDG�VLJQLILFDQW�SURWHLQXUHD�RI��J�O�ZLWK�QR�PLFURVFRSLF�KDHPDWXULD�
)XUWKHU�EORRG�WHVWV�UHYHDOHG�QRUPDO�KDHPDWLQLFV��ILEULQRJHQ�DQG�FRPSOHPHQW�OHYHOV��$Q�XOWUDVRXQG�RI�WKH�DEGRPHQ�ZDV�QRUPDO�

+LVWRU\�DQG�LQYHVWLJDWLRQ�VXJJHVWHG�D�SDUDSURWHQHPLD�DV�WKH�GLIIHUHQWLDO�GLDJQRVLV��$�P\HORPD�VFUHHQ�LGHQWLILHG�DQ�,*$�ODPEGD�SDUDSURWHLQHPLD
ZLWK�LPPXQRSDUHVLV�DQG�UDLVHG�%��PLFURJOREXOLQ��$�VNHOHWDO�VXUYH\�ZDV�QRUPDO��6KH�KDG�D�ERQH�PDUURZ�WUHSKLQH�ELRSV\�ZKLFK�GHPRQVWUDWHG
ODPEGD�UHVWULFWHG�QHRSODVWLF�FHOOV�FRQVLVWHQW�ZLWK�D�GLDJQRVLV�RI�PXOWLSOH�P\HORPD��6KH�ZDV�GLDJQRVHG�ZLWK�PXOWLSOH�P\HORPD�DQG�D�P\HORPD
NLGQH\�DQG�VWDUWHG�RQ�GH[DPHWKDVRQH��DOORSXULQRO�DQG�ERUWH]RPLE��6KH�UHVSRQGHG�ZHOO�DQG�KHU�UHQDO�IXQFWLRQ�UHFRYHUHG�IXOO\�

�

'LVFXVVLRQ

,W�LV�ZHOO�UHFRJQLVHG�WKDW�SDWLHQWV�ZLWK�5$�DUH�DW�LQFUHDVHG�ULVN�RI�GHYHORSLQJ�O\PSKRPD��6R�GRHV�5$�LQFUHDVH�WKH�ULVN�RI�GHYHORSLQJ�PXOWLSOH
P\HORPD"�$�PHWD�DQDO\VLV�RI����VWXGLHV�KDV�VKRZQ�WKDW�5$�GRHV�QRW�LQFUHDVH�WKH�ULVN�RI�GHYHORSLQJ�0XOWLSOH�0\HORPD���)XUWKHUPRUH��LV�WKH�5$
WUHDWPHQW�LQFOXGLQJ�ELRORJLF�WKHUDS\�D�ULVN�IRU�PXOWLSOH�P\HORPD"�$�PHWD�DQDO\VLV�RI����UDQGRPLVHG�FRQWUROOHG�WULDOV�VKRZHG�WKDW�WKH�XVH�RI
ELRORJLFV�GRHV�QRW�LQFUHDVH�WKH�ULVN�RI�PDOLJQDQF\�

�

�&RQFOXVLRQ�DQG�OHDUQLQJ�SRLQWV

�

7KLV�FDVH�GHPRQVWUDWHV�WKDW�ZH�VKRXOG�EH�FDXWLRXV�RI�DVFULELQJ�V\PSWRPV�WR�WKH�FKURQLF�LQIODPPDWRU\�GLVHDVH�DV�LW�LV�HDV\�WR�DWWULEXWH�V\PSWRPV
RI�OHWKDUJ\�DQG�DQDHPLD�WR�D�IODUH�RI�WKH�5$��/LVWHQLQJ�WR�WKH�SDWLHQW�LV�RI�SDUDPRXQW�LPSRUWDQFH�DQG�WKLV�ODG\�ZDV�DGDPDQW�WKDW�KHU�V\PSWRPV
ZHUH�QRW�GXH�WR�D�IODUH�RI�WKH�DUWKULWLV�EXW�D�QHZ�FRQGLWLRQ��3DWWHUQ�UHFRJQLWLRQ�LV�LPSRUWDQW�DV�WKH�QHZ�DFXWH�NLGQH\�LQMXU\�DQG�WKH�ODFN�RI�5$
GLVHDVH�DFWLYLW\�VXJJHVWHG�D�QHZ�GLVHDVH�SURFHVV�ZDV�RFFXULQJ�DQG�SURPSWHG�IXUWKHU�LQYHVWLJDWLRQ�

7KLV�FDVH�LOOXVWUDWHV�WKDW�GLDJQRVLV�RI�P\HORPD�LV�QRW�VWUDLJKWIRUZDUG�HVSHFLDOO\�RQ�D�EDFNJURXQG�RI�FKURQLF�LQIODPPDWRU\�GLVHDVH��7KH�QHZ�DFXWH
NLGQH\�LQMXU\�VXJJHVWHG�D�QHZ�SDWKRORJLFDO�SURFHVV�DQG�D�GLDJQRVLV�RI�PXOWLSOH�P\HORPD�ZDV�PDGH�ZLWK�WKH�SDWLHQW�PDNLQJ�D�JRRG�UHFRYHU\�

5HIHUHQFHV

���6KHQ�.��5LVN�RI�PXOWLSOH�P\HORPD�LQ�UKHXPDWRLG�DUWKULWLV��D�PHWD�DQDO\VLV�RI�FDVH�FRQWURO�DQG�FRKRUW�VWXGLHV��3ORV�RQH������������

���'RPPDVFK�%$��,V�WKHUH�WUXO\�D�ULVN�RI�O\PSKRPD�IURP�ELRORJLF�WKHUDSLHV"�'HUPDWRORJLF�WKHUDS\��������YROXPH����S�������

�

�

�



�

�

�



&$6(�35(6(17$7,21 &KL�)HQJ�+VX

��������6XFFHVVIXO�0HGLFDO�7UHDWPHQW�RI�0D\�7KXUQHU�6\QGURPH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+VX�&KL�)HQJ������7VDL�0LQJ�-HQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��'LWPDQVRQ�0HGLFDO�)RXQGDWLRQ�&KLD�<L�&KULVWLDQ�+RVSLWDO��&KLD�<L�&LW\��7$,:$1

.H\ZRUGV��0D\�7KXUQHU�6\QGURPH��0HGLFDO�WUHDWPHQW

$EVWUDFW��

0D\�7KXUQHU�6\QGURPH�LV�D�UDUH�EXW�SUHYDOHQW�FRQGLWLRQ�LQ�SRVW�PRUWHP�H[DPLQDWLRQV��,W�LV�FKDUDFWHUL]HG�E\�DQ�DQDWRPLFDO�YDULDEOH�FRQGLWLRQ
UHVXOWLQJ�LQ�FRPSUHVVLRQ�RI�WKH�OHIW�FRPPRQ�LOLDF�YHLQ�E\�WKH�ULJKW�FRPPRQ�LOLDF�DUWHU\�DQG�XQGHUO\LQJ�VSLQH��ZKLFK�OHDG�WR�WKH�GHYHORSPHQW�RI�OHIW
GHHS�YHLQ�WKURPERVLV��'97���7KH�DFXWH�PDQLIHVWDWLRQ�RI�'97�LQFOXGHG�VZHOOLQJ�DQG�SDLQ�RYHU�WKH�DIIHFWHG�OLPE��,W�KDV�EHHQ�DVVRFLDWHG�ZLWK
SURORQJHG�LPPRELOL]DWLRQ��GHK\GUDWLRQ��FRQWUDFWLYH�WKHUDS\��VXUJLFDO�SURFHGXUH�IRU�DEGRPLQDO��J\QHFRORJLFDO��RU�VSLQDO�SDWKRORJ\��PXOWLSOH
SUHJQDQF\��DQG�SRVW�SDUWXP�SHULRG�
3KDUPDFRORJLFDO�WUHDWPHQW��HQGRYDVFXODU�LQWHUYHQWLRQ��DQG�VXUJLFDO�PDQDJHPHQW�KDG�DOO�EHHQ�SURSRVHG�DV�WUHDWPHQW��EXW�KDYHQÇW�KDG�FRQVHQVXV
DW�WKH�FXUUHQW�WLPH��$OVR��GHILQLWLYH�WUHDWPHQW�VKRXOG�EH�WDLORUHG�LQ�HDFK�SDWLHQW�DV�WKHLU�FRQGLWLRQ�YDULHV�

+HUH�ZH�GHVFULEHG�D����\HDU�ROG�ODG\��SUHVHQWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW�ZLWK�WKH�FKLHI�FRPSODLQW�RI�VZHOOLQJ�DQG�SDLQ�RI�OHIW�FDOI�IRU���GD\V�
6KH�KDG�D�KXJH�XWHULQH�P\RPD�ZLWK�K\SHUPHQRUUKHD�IRU�FRXSOH�RI�\HDUV��DQG�EHHQ�JLYHQ�'LDQH��DQ�RUDO�FRQWUDFHSWLYH��&\SURWHURQH��E\
J\QHFRORJLVW�LQ�UHFHQW����GD\V��6KH�GHQLHG�SUHYLRXV�PHGLFDO�GLVHDVH��UHFHQW�WUDXPD��UHFHQW�DEGRPLQDO�RSHUDWLRQ��QRU�ORQJ�WHUP�LPPRELOL]DWLRQ��$
SK\VLFDO�H[DPLQDWLRQ�UHYHDOHG�VZROOHQ�DQG�SDLQIXO�OHIW�FDOI��$�EORRG�WHVW�UHYHDOHG�QRUPDO�FHOO�FRXQW�DQG�FRDJXODWLRQ�SURILOH��EXW�VLJQLILFDQWO\
HOHYDWHG�'�GLPHU��!��������)ROORZLQJ�OHIW�ORZHU�OLPE�XQWUDVRQRJUDSK\�UHYHDOHG�OHIW�IHPRUDO�SRSOLWHDO�'97�ZLWK�QRQ�FRPSUHVVLEOH�YHLQ��ZKLFK�WKHQ
FRQILUPHG�E\�FRQWUDVW�HQKDQFHG�FRPSXWHG�WRPRJUDSK\�&7��YHQRJUDSK\��7KH�&7�VFDQ�DOVR�UHYHDOHG�FRPSUHVVLRQ�RI�OHIW�FRPPRQ�LOLDF�YHLQ�E\�WKH
KXJH�XWHULQH�P\RPD�DQG�ULJKW�FRPPRQ�LOLDF�DUWHU\��$�YDULDQW�RI�0D\�7KXUQHU�V\QGURPH�ZDV�LPSUHVVHG��$IWHU�DGPLWWHG��WKURPERO\WLF�WKHUDS\�ZLWK
XURNLQDVH�DQG�DQWLFRDJXODQW�ZHUH�LQLWLDWHG��+HU�FRQGLWLRQ�LPSURYHG�UDSLGO\�DQG�ZDV�GLVFKDUJHG�XQHYHQWIXOO\���GD\V�ODWHU��6KH�ZDV�UHIHUHG�WR�D
J\QHFRORJLVW�IRU�VXUJLFDO�HYDOXDWLRQ�RI�WKH�KXJH�XWHULQH�P\RPD��EHFDXVH�WKH�UHFXUUHQFH�RI�'97�PD\�KDSSHQ�LI�WKH�DQDWRPLFDO�OHVLRQ�ZDV�QRW�IL[HG�

3K\VLFLDQ�VKRXOG�EH�IDPLOLDU�ZLWK�WKH�0D\�7KXUQHU�V\QGURPH�DV�DQ�HWLRORJ\�RI�XQLODWHUDO�'97��7KH�UHFXUUHQFH�RI�WKURPERVLV��SXOPRQDU\�HPEROLVP�
DQG�SRVWWKURPERWLF�V\QGURPH�PD\�KDSSHQ�LQ�WKLV�GLVHDVH�ZKLFK�PD\�OHDG�WR�VLJQLILFDQW�PRUELGLW\�DQG�PRUWDOLW\��7KH�NH\�WR�VXFFHVVIXO�WUHDWPHQW�LQ
0D\�7KXUQHU�V\QGURPH�UHODWHG�'97�LV�WR�IL[�WKH�DQDWRPLFDO�OHVLRQ�DORQJ�ZLWK�UHPRYDO�RI�WKH�FORW�DQG�XVH�RI�DQWLFRDJXODWLRQ�



,1)(&7,286�',6($6(���6(36,6 $OH[DQGUD�0DOLQRYVND

��������5HOLDQFH�RQ�6HOI�UHSRUWLQJ�RI�)HYHU�LQ�(PHUJHQF\�3DWLHQWV�0LJKW�0LVV�6HYHUH�,OOQHVV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$OH[DQGUD�0DOLQRYVND������&KULVWLDQ�+��1LFNHO������5RODQG�%LQJLVVHU����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�%DVHO��%DVHO��6:,7=(5/$1'

.H\ZRUGV��)HYHU��6XEMHFWLYH�)HYHU��5LVN�VWUDWLILFDWLRQ��,Q�KRVSLWDO�0RUWDOLW\

$EVWUDFW��

,QWURGXFWLRQ�

7KH�SDWLHQWVÇ�PHGLFDO�KLVWRU\��SK\VLFDO�H[DPLQDWLRQ�DQG�YLWDO�VLJQV�DUH�HVVHQWLDO�FRPSRQHQWV�LQ�WKH�HYDOXDWLRQ�RI�HPHUJHQF\�SDWLHQWV��+RZHYHU�
VXEMHFWLYH�IHHOLQJ�DQG�VHOI�DVVHVVPHQW�RI�SDWLHQWV�PLJKW�GLIIHU�IURP�WKH�DFWXDO�KHDOWK�FRQGLWLRQ��2QH�LPSRUWDQW�H[DPSOH�LV�VHOI�UHSRUW�RI�IHYHU��6RPH
SDWLHQWV�PLJKW�EH�IHHOLQJ�IHYHULVK��EXW�WKHLU�WHPSHUDWXUH�LV�QRW�DOWHUHG��&RQYHUVHO\��SDWLHQWV�QRW�FRPSODLQLQJ�DERXW�IHYHU�FDQ�KDYH�DQ�DOWHUHG
WHPSHUDWXUH�

6WXGLHV�VKRZHG�D�JRRG�DFFXUDF\�RI�WKH�VXEMHFWLYH�IHHOLQJ�WRZDUGV�WKH�DFWXDO�KHDOWK�FRQGLWLRQ��<HW��WKH�VWXG\�SRSXODWLRQ�ZDV�FRQVLVWLQJ�RI�\RXQJ
DGXOWV�ZLWK�D�ORZ�UDWH�RI�FRPRUELGLWLHV��7KHUHIRUH��ZH�VHW�RXW�WR�GHWHUPLQH�WKH�DFFXUDF\�RI�IHYHU�KLVWRU\�LQ�DQ�DOO�FRPHUV�HPHUJHQF\�GHSDUWPHQW��('�
SRSXODWLRQ��)XUWKHU��ZH�FRPSDUHG�RXWFRPH�RI�SDWLHQWV�ZKR�FRPSODLQHG�DERXW�IHYHU�ZLWK�DQG�ZLWKRXW�DOWHUHG�WHPSHUDWXUH�DQG�SDWLHQWV�ZKR�GHQLHG
KDYLQJ�IHYHU�ZLWK�DQG�ZLWKRXW�DOWHUHG�WHPSHUDWXUH���

�

0HWKRGV�

:H�DFTXLUHG�GDWD�IRU�WKLV�SURVSHFWLYH�FRQVHFXWLYH�VWXG\�GXULQJ���ZHHNV�DW�WKH�('�RI�WKH�8QLYHUVLW\�+RVSLWDO�%DVHO��$OO�SDWLHQWV�ZHUH�LQWHUYLHZHG�E\
PHGLFDO�VWXGHQWV��ZKR�UHFHLYHG�WUDLQLQJ�LQ�REWDLQLQJ�V\VWHPDWLF�KLVWRULHV�E\�WKH�VWDII�SK\VLFLDQV�RI�WKH�('��6WXGHQWV�ILOOHG�LQ�D�FRPSUHKHQVLYH
TXHVWLRQQDLUH�UHJDUGLQJ�WKH�SDWLHQWVÇ�V\PSWRPV�DQG�YLWDO�VLJQ�PHDVXUHPHQWV�XSRQ�DUULYDO��$OWHUHG�HDU�WHPSHUDWXUH�ZDV�GHILQHG�DV�JUHDWHU�WKDQ
����j&�RU�ORZHU�WKDQ�����j&�DFFRUGLQJ�WR�6,56�FULWHULD��,QIRUPDWLRQ�RQ�DJH�DQG�RXWFRPHV�ZHUH�REWDLQHG�IURP�WKH�KRVSLWDO
V�GDWDEDVH�

�

5HVXOWV�

'XULQJ���ZHHNV�������SDWLHQWV�SUHVHQWHG�WR�WKH�('�������SDWLHQWV�ZHUH�HQUROOHG�LQ�WKH�VWXG\��DQG�LQ������FDVHV�SDWLHQWÇV�TXHVWLRQQDLUH�DQG
WHPSHUDWXUH�PHDVXUHPHQW�ZDV�IXOO\�UHFRUGHG������RI�SDWLHQWV�UHSRUWHG�VXIIHULQJ�IURP�IHYHU��,Q�����RI�WKHVH�SDWLHQWV�DQ�DOWHUHG�WHPSHUDWXUH�ZDV
GHWHFWHG��3DWLHQWV�UHSRUWLQJ�IHYHU�ZLWK�DQ�DOWHUHG�WHPSHUDWXUH�ZHUH�ROGHU�WKDQ�SDWLHQWV�UHSRUWLQJ�IHYHU�ZLWKRXW�DOWHUHG�WHPSHUDWXUH��PHGLDQ�DJH�RI
���\HDUV�YV�������\HDUV�UHVSHFWLYHO\���7KH�VHQVLWLYLW\�RI�VHOI�UHSRUWHG�IHYHU�ZDV������������&RQILGHQFH�,QWHUYDOO��&,���������Ä���������,Q�WKH�JURXS
RI�SDWLHQWV��������QRW�UHSRUWLQJ�IHYHU��DOWHUHG�WHPSHUDWXUH�FRXOG�EH�GHWHFWHG�LQ�����SDWLHQWV��7KHVH�SDWLHQWV�KDG�D�PHGLDQ�DJH�RI����\HDUV��,Q�����
SDWLHQWV��ZKR�ÈWUXO\É�GHQLHG�IHYHU��PHGLDQ�DJH�ZDV����\HDUV��7KH�QHJDWLYH�SUHGLFWLYH�YDOXH�ZDV�����������&,����������������3DWLHQWV�QRW
UHSRUWLQJ�IHYHU�ZKLOH�KDYLQJ�DQ�DOWHUHG�WHPSHUDWXUH�KDG�WKH�KLJKHVW�UDWH�RI�LQWHQVLYH�FDUH�XQLW�WUDQVIHUV�DQG�LQ�KRVSLWDO�PRUWDOLW\�

�

&RQFOXVLRQ�

:H�IRXQG�D�VXUSULVLQJO\�ORZ�VHQVLWLYLW\�RI�GHWHFWLQJ�DOWHUHG�WHPSHUDWXUH�LQ�VHOI�UHSRUWHG�IHYHU�LQ�RXU�FRKRUW��'HVSLWH�WKH�JRRG�QHJDWLYH�SUHGLFWLYH
YDOXH��WKH�SDWLHQWnV�GHQLDO�FRXOG�OHDG�WR�PLVVLQJ�VHYHUH�LOOQHVV�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

$PLU�1HMDWL

��������7KH�HYDOXDWLRQ�RI�SDLQ�UHGXFWLRQ�DQG�QHUYH�EORFN�HIILFDF\�LQ�H[WUHPLWLHV�ZLWK�LQMXU\�DPRQJ�SDWLHQWV�LQ�D�WHDFKLQJ
KRVSLWDO�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$PLU�1HMDWL������/HLOL�%HKURR]������6H\HG�+RVVHLQ�+RVVHLQL�'DYDUDQL����

���(PHUJHQF\�'HSDUWPHQW��7HKUDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��SDLQ�PDQDJHPHQW��QHUYH�EORFN��XOWUDVRXQG�JXLGHG

$EVWUDFW��

%DFNJURXQG�

3DLQ�LV�RQH�RI�WKH�PRVW�FRPPRQ�FRPSODLQWV�LQ�WKH�HPHUJHQF\�URRP��(5��EXW�LW�LV�SRRUO\�FRQWUROOHG��,Q�DGGLWLRQ�WR�SDWLHQWV�HQWHU�LQ�SDLQ���PDQ\
SURFHGXUHV�WKDW�WDNH�SODFH�LQ�WKH�(5�QHHG�ORFDO�DQHVWKHVLD��VHGDWLRQ�DQG�WUDQTXLOL]HUV�WR�DFKLHYH�SDWLHQWÇV�SDFLILFDWLRQ�DQG�FRRSHUDWLRQ�

&RQVLGHULQJ�WKH�LPSRUWDQFH�RI�SDLQ�IRU�SDWLHQWV�DQG�WKH�KLJK�SUHYDOHQFH�RI�SDLQ�LQ�WKH�(5�PDNHV�LW�QHFHVVDU\�WR�ZRUN�PRUH�RQ�WKLV�LVVXH��7KH
SXUSRVH�RI�WKLV�VWXG\�LV�WR�LQYHVWLJDWH�SDWLHQWÇV�DV�ZHOO�DV�SK\VLFLDQÇV�VDWLVIDFWLRQ�IURP�QHUYH�EORFNV�DV�D�SDLQ�PDQDJHPHQW�WHFKQLTXH�LQ�WKH�(5�

0HWKRGV�

6WXG\�FRQGXFWHG�DW�WKH�ELJJHVW�WHDFKLQJ�KRVSLWDO�DURXQG�WKH�FRXQWU\�ZKLFK�FRQWDLQV�PRUH�WKDQ�����EHGV�ZLWK�HPHUJHQF\�GHSDUWPHQW�DQQXDO
HQWUDQFH�RI��������)RUW\�VL[�SDWLHQWV�ZKR�UHIHUUHG�WR�WKH�HPHUJHQF\�URRP�ZLWK�LQMXU\�LQ�XSSHU�RU�ORZHU�H[WUHPLWLHV�ZHUH�HQUROOHG�LQ�WKH�VWXG\�
3DWLHQWV�UHFHLYHG�HLWKHU�IHPRUDO��D[LOODU\�RU�VFLDWLF�QHUYH�EORFN�EDVHG�RQ�WKH�VLWH�RI�WKHLU�LQMXU\��8OWUDVRXQG�JXLGHG�QHUYH�EORFN�SHUIRUPHG�E\
HPHUJHQF\�SK\VLFLDQV�ZLWK�����PJ�SHU�NJ�RI�%XSLYDFDLQH�SOXV�GLVWLOOHG�ZDWHU��3DWLHQWV�ZHUH�DVNHG�DERXW�WKHLU�OHYHO�RI�SDLQ�EHIRUH��156���DQG�DIWHU
�156���UHFHLYLQJ�WKH�QHUYH�EORFN�EDVHG�RQ�QXPHULFDO�UDWLQJ�VFDOH��7KH�GLIIHUHQFH�EHWZHHQ�156��DQG�156��ZDV�FDOFXODWHG��156����3DWLHQWV�DV�ZHOO
DV�WKH�SK\VLFLDQV�ZHUH�DVNHG�DERXW�WKHLU�VDWLVIDFWLRQ�IURP�WKH�QHUYH�EORFN�LQ���OHYHO�/LNHUW�VFDOH��$OO�SDWLHQWV�ZHUH�PRQLWRUHG�IRU���KRXUV�DIWHUZDUGV
IRU�DQ\�FRPSOLFDWLRQV��3DWLHQWVÇ�EORRG�SUHVVXUHV�DQG�SXOVH�UDWHV�ZHUH�PHDVXUHG�EHIRUH�DQG�DIWHU�WKH�QHUYH�EORFN�IRU�SRVVLEOH�FKDQJHV�

5HVXOWV�

+LJK�OHYHOV�RI�VDWLVIDFWLRQ�ZHUH�VHHQ�LQ�ERWK�SDWLHQWV�DQG�SK\VLFLDQV��7KHUH�ZDV�D�VLJQLILFDQW�GHFUHDVH�LQ�156�DIWHU�WKH�QHUYH�EORFN��0HDQ�156��ZDV
GHFUHDVHG�IURP�������WR�������LQ�156��DIWHU�WKH�QHUYH�EORFN�������RI�WKH�SDWLHQWV�DQG�������RI�WKH�SK\VLFLDQV�ZHUH�VDWLVILHG�DQG�KLJKO\�VDWLVILHG
IURP�WKH�SURFHGXUH�DQG�LWV�HIIHFWV��7KHUH�ZDV�D�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�156��DQG�SDWLHQWVÇ�VDWLVIDFWLRQ�DV�ZHOO�DV�SK\VLFLDQÇV�VDWLVIDFWLRQ�
�7KHUH�ZDV�D�VLJQLILFDQW�VWDWLVWLFDO�UHGXFWLRQ�LQ�ERWK�EORRG�SUHVVXUH�DQG�SXOVH�UDWH�DIWHU�WKH�QHUYH�EORFN��KRZHYHU�LW�ZDVQCW�FOLQLFDOO\�LPSRUWDQW�

&RQFOXVLRQ�

&RQVLGHULQJ�WKH�IDFW�WKDW�ERWK�SDWLHQWV�DQG�SK\VLFLDQV�ZHUH�DSSURSULDWHO\�VDWLVILHG�ZLWK�WKH�UHVXOWV�DQG�DOVR�WKH�IDLU�UHGXFWLRQ�LQ�SDWLHQWVÇ�SDLQ�DIWHU
WKH�QHUYH�EORFN��LW�FDQ�EH�FRQFOXGHG�WKDW�8OWUD�VRXQG�JXLGHG�QHUYH�EORFN�KDV�SURYHG�WR�EH�DQ�HIIHFWLYH�DQG�VDIH�PHWKRG�IRU�DQDOJHVLD�LQ�WKH�(5�



75$80$ *LDQQL�7XUFDWR

��������7KH�1RPRJUDP�LV�D�SUH�&7�VFDQ�FOLQLFDO�WRRO�WR�SUHGLFW�DQG�VWUDWLI\�WKH�LQGLYLGXDO�ULVN�RI�LQWUDFUDQLDO�OHVLRQ�DIWHU�0LQRU
+HDG�7UDXPD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*LDQQL�7XUFDWR������$QWRQLR�%RQRUD������$OLFH�'LOGD������*DEULHOH�7DLROL������0DVVLPR�=DQQRQL������'RPHQLFR�9HUDOGL������*LRUJLR�5LFFL������0DULDQR
%HOORQL������&ODXGLR�3LVWRUHOOL������)UDQFHVFR�%XRQRFRUH����

���(PHUJHQF\�DQG�,QWHQVLYH�&DUH�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�RI�9HURQD��,WDO\��9HURQD��,7$/<

.H\ZRUGV��0LQRU�+HDG�7UDXPD��3UHGLFWLYH�WRRO��&7�6FDQ��,QWUDFUDQLDO�SRVW�WUDXPDWLF�OHVLRQ�

$EVWUDFW��

%DFNJURXQG��7KH�PDQDJHPHQW�RI�SDWLHQWV�REVHUYHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�IRU�PLQRU�KHDG�WUDXPD��0+7��UHPDLQV�FRQWURYHUVLDO��8S�WR�QRZ
DOO�WKH�PDLQ�GHFLVLRQ�UXOHV��12&�DQG�&&+5��DUH�IRFXVHG�WR�LGHQWLI\�WKH�ULVN�RI�LQWUDFUDQLDO�OHVLRQV�VXLWDEOH�IRU�QHXURVXUJHU\�LQ�VHOHFWHG�SDWLHQWV�
WKRVH�ZLWK�ORVV�RI�FRQVFLRXVQHVV�DQG�RU�DPQHVLD��$V�D�FRQVHTXHQFH��D�FOLQLFDO�WRRO�DEOH�WR�VWUDWLI\�IRU�HYHU\�SDWLHQW�WKH�LQGLYLGXDO�ULVN�RI�DOO
LQWUDFUDQLDO�OHVLRQV��HLWKHU�QHXURVXUJLFDO�RU�QRW��VWLOO�ODFNV�

$LP��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�FUHDWH�D�SUHGLFWLYH�WRRO�DEOH�WR�HVWLPDWH�WKH�ULVN�RI�LQWUDFUDQLDO�OHVLRQ�DIWHU�0+7��WKH�QRPRJUDP��7KLV�ZRXOG�EH�D
IDVW�DQG�UHOLDEOH�WRRO�WR�VWUDWLI\�WKH�LQGLYLGXDO�OLNHOLKRRG�RI�WUDXPDWLF�VHTXHQFHV�LQ�HYHU\�SDWLHQW�REVHUYHG�LQ�(PHUJHQF\�'HSDUWPHQW��

0HWKRGV��:H�FRQVLGHUHG������SDWLHQWV�FRQVHFXWLYHO\�REVHUYHG�IRU�0+7�DQG�WKH�VXEPLWWHG�WR�&7�VFDQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI�WKH
8QLYHUVLW\�+RVSLWDO�RI�9HURQD��,WDO\��EHWZHHQ�-DQXDU\������DQG�-XQH�������$OO�EDVHOLQH�IHDWXUHV��FRPPRQ�ULVN�IDFWRUV�DQG�&7�ILQGLQJV�RI�HYHU\
SDWLHQW�ZHUH�FROOHFWHG�DQG�WKHQ�UHJLVWHUHG��)LUVW�VWHS�ZDV�GLUHFWHG�WRZDUG�WKH�FRQVWUXFWLRQ�RI�QRPRJUDP��$OO�WKH�ULVN�IDFWRUV�DVVRFLDWHG�LQ�WKH
XQLYDULDWH�DQDO\VLV�ZLWK�WKH�RXWFRPH��&7�VFDQ�SRVLWLYH��ZHUH�FDQGLGDWHV�IRU�WKH�PXOWLYDULDWH�DQDO\VLV��7KH�ILQDO�PRGHO�ZDV�WKHQ�XVHG�WR�H[SODLQ�WKH
QRPRJUDP��6HFRQG�VWHS�ZDV�WKH�YDOLGDWLRQ�RI�WKH�QRPRJUDP�RQ�DQ�LQGHSHQGHQW�GDWDVHW��DIWHU�GLVFULPLQDWLRQ��&�LQGH[��52&�FXUYH��DQG�FDOLEUDWLRQ
�FDOLEUDWLRQ�SORW��ZHUH�YHULILHG�

5HVXOWV��7KH�HOHYHQ�ULVN�IDFWRUV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�DOO�LQWUDFUDQLDO�OHVLRQ�LQ�WKH�PXOWLYDULDWH�PRGHO�UHVXOWHG�WR�EH��VXVSHFW�RI�VNXOO�IUDFWXUH
�25�������,&������������i����������GDQJHURXV�PHFKDQLVP��25������,&�����������i��������YRPLWLQJ��25������,&�����������i��������*&6�������25
�����,&����������i���������SRVW�WUDXPDWLF�/2&��25������,&�����������i��������SUHYLRXV�QHXURVXUJHU\��25������,&�����������i��������IRFDO
QHXURORJLFDO�GHILFLW��25������,&�����������i���������DPQHVLD��25������,&�����������i��������DJH�RYHU����\HDUV��25������,&�����������i��������YLVLEOH
VLJQV�RI�WUDXPD��25������,&�����������i��������DQWLSODWHOHW�WKHUDS\��25������,&�����������i��������7KH�QRPRJUDP�JDYH�HDFK�ULVN�IDFWRU�D�OLNHOLKRRG
UDWH�RI�LQWUDFUDQLDO�OHVLRQ�DQG�WKH�LQGLYLGXDO�ULVN�OHYHO�ZDV�GHILQHG�E\�WKH�DPRXQW�RI�ULVN�IDFWRUV�UHSRUWHG�LQ�HYHU\�SDWLHQW��7KH�SUHGLFWLRQV�RI�WKH
QRPRJUDP�DSSHDUHG�WR�EH�DFFXUDWH�DQG�WR�KDYH�JRRG�GLVFULPLQDWRU\�DELOLWLHV��VLQFH�LW�JHQHUDWHG�DQ�DUHD�XQGHU�52&�FXUYH�RI�������$V�PDWWHU�RI�IDFW�
WKH�QRPRJUDP�DFKLHYHG�D�KLJK�SUHGLFWLYH�QHJDWLYH�YDOXH��������LQ�ORZ�ULVN�SDWLHQWV���������ZKLOH�KLJK�VSHFLILFLW\��������LQ�KLJK�ULVN�RQHV��!������

&RQFOXVLRQV��5LVN�IDFWRUV�FDQ�EH�FRPELQHG�LQWR�ULVN�SURILOH�WR�SUHGLFW�WKH�OLNHOLKRRG�RI�WUDXPDWLF�VHTXHQFHV��7KLV�SUHGLFWLYH�WRRO��WKH�QRPRJUDP�
FDQ�EH�XVHG�WR�VWUDWLI\�DOO�WKH�PLQRU�KHDG�WUDXPD�SDWLHQWV�DFFRUGLQJ�WR�D�JURZLQJ�ULVN�RI�LQWUDFUDQLDO�OHVLRQV�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 )HGHULFR�*HUPLQL

��������9DOLGDWLRQ�RI�%$3����VFRUH�IRU�SUHGLFWLRQ�RI�LQ�KRVSLWDO�GHDWK�RU�XVH�RI�PHFKDQLFDO�YHQWLODWLRQ�LQ�SDWLHQWV�SUHVHQWLQJ�WR
WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�DFXWH�H[DFHUEDWLRQV�RI�&23'��D�UHWURVSHFWLYH�PXOWL�FHQWHU�VWXG\�IURP�WKH�6,0(8�VWXG\�JURXS�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)HGHULFR�*HUPLQL������*LDFRPR�9HURQHVH������*LXOLD�0DULD�$]LQ������0DVVLPR�=DFFKLQR������0DXUD�0DUFXFFL������'DQLHOH�&RHQ������$QGUHD�)DEEUL����

���*HULDWULF�8QLW��)RQGD]LRQH�,5&&6�&D
�*UDQGD���2VSHGDOH�0DJJLRUH�3ROLFOLQLFR��0LODQR��,7$/<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��$667�*UDQGH�2VSHGDOH�0HWURSROLWDQR�1LJXDUGD��0LODQR��,7$/<
���'HSDUWPHQW�RI�&OLQLFDO�6FLHQFHV�DQG�&RPPXQLW\�+HDOWK��8QLYHUVLW\�RI�0LODQ��0LODQR��,7$/<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��)RQGD]LRQH�,5&&6�&D
�*UDQGD���2VSHGDOH�0DJJLRUH�3ROLFOLQLFR��0LODQR��,7$/<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��2VSHGDOH�0RUJDJQL�3LHUDQWRQL��)RUO���,7$/<

.H\ZRUGV��&23'��DFXWH�H[DFHUEDWLRQ��%$3����VFRUH��YDOLGDWLRQ��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

%DFNJURXQG�$FXWH�H[DFHUEDWLRQV�RI�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��$(&23'��UHTXLUH�IUHTXHQW�KRVSLWDOL]DWLRQ��PD\�QHFHVVLWDWH�PHFKDQLFDO
YHQWLODWLRQ��09��DQG�DUH�DVVRFLDWHG�ZLWK�D�UHPDUNDEOH�LQ�KRVSLWDO�PRUWDOLW\��7KH�%$3����VFRUH�LV�EDVHG�RQ�LQIRUPDWLRQ�HDVLO\�DYDLODEOH��HOHYDWHG
EORRG�XUHD�QLWURJHQ�>%81@��DOWHUHG�PHQWDO�VWDWXV��SXOVH�!�����EHDWV�PLQ��DJH�!����\HDUV���DQG�PD\�VHUYH�FOLQLFLDQV�DV�D�VLPSOH�ULVN�VWUDWLILFDWLRQ
WRRO��:H�DLPHG�WR�GHVFULEH�WKH�FKDUDFWHULVWLFV�RI�SDWLHQWV�DWWHQGLQJ�('V�IRU�DQ�$(&23'��WKH�PDQDJHPHQW�RI�HYHQWV�DQG�WKH�ILQDO�RXWFRPH��:H
IXUWKHU�YDOLGDWHG�WKH�%$3����DELOLW\�WR�SUHGLFW�LQ�KRVSLWDO�GHDWK�RU�WKH�QHHG�IRU�PHFKDQLFDO�YHQWLODWLRQ��09��LQ�D�ODUJH�FRKRUW�RI�$(&23'�SDWLHQWV
DGPLWWHG�WR�WKH�('�

0HWKRGV�:H�UHSRUW�WKH�SUHOLPLQDU\�UHVXOWV�RI�D�UHWURVSHFWLYH�DQDO\VLV�RI�GDWD�IURP����,WDOLDQ�('V�LQ�D����PRQWK�SHULRG��-DQXDU\�'HFHPEHU�������
3DWLHQWV�DJHG�Õ����\HDUV�SUHVHQWLQJ�WR�WKH�('�ZLWK�HLWKHU�D�SULQFLSDO�GLDJQRVLV�RI�$(&23'�RU�DFXWH�UHVSLUDWRU\�IDLOXUH�ZLWK�D�VHFRQGDU\�GLDJQRVLV�RI
$(&23'�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��,QIRUPDWLRQ�RQ�SDWLHQW�GHPRJUDSKLFV��FOLQLFDO�FKDUDFWHULVWLFV��LQFOXGLQJ�FKURQLF�&23'�UHODWHG�WUHDWPHQW�
FRPRUELGLW\�EXUGHQ�DFFRUGLQJ�WR�WKH�&KDUOVRQ�&RPRUELGLW\�,QGH[��&&,���SUHVHQWLQJ�V\PSWRPV��%81�OHYHO��DQG�('�PDQDJHPHQW�ZDV�FROOHFWHG�
'LVSRVLWLRQ�IROORZLQJ�('�DGPLVVLRQ�ZDV�UHWULHYHG��,Q�KRVSLWDO�PRUWDOLW\�RU�WKH�QHHG�IRU�09�VHUYHG�DV�FRPSRVLWH�SULPDU\�RXWFRPH��$VVRFLDWLRQ
EHWZHHQ�D�%$3����DQG�WKH�RFFXUUHQFH�RI�FRPSRVLWH�RXWFRPH�ZDV�LQYHVWLJDWHG�WKURXJK�XQLYDULDWH�DQG�PXOWLYDULDWH�ORJLVWLF�UHJUHVVLRQ��:H�DVVHVVHG
WKH�GLVFULPLQDWLRQ�RI�%$3����YLD�WKH�DUHD�XQGHU�WKH�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�FXUYH��$852&��DQG�WKH�SURJQRVWLF�SHUIRUPDQFH�RI�D�%$3���
VFRUH�Õ���IRU�WKH�SULPDU\�RXWFRPH�

5HVXOWV�$�WRWDO�RI������SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��������������ZHUH�IHPDOH��PHDQ�DJH�ZDV���k���\HDUV��&RPRUELGLW\�EXUGHQ�ZDV�ORZ
�&&,����LQ�������������FDVHV��PRGHUDWH��&&,������LQ��������������DQG�VHYHUH��&&,�Õ���LQ�������������SDWLHQWV��$OPRVW�KDOI�FDVHV��Q� �������������
UHTXLUHG�WKH�LQWHUYHQWLRQ�RI�WKH�HPHUJHQF\�DPEXODQFH�VHUYLFHV��)ROORZLQJ�WKH�('�YLVLW������FDVHV���������ZHUH�VHQW�KRPH������FDVHV�������
UHFHLYHG�D�VKRUW�WHUP�REVHUYDWLRQ���������������ZHUH�DGPLWWHG�WR�KRVSLWDO�ZDUGV��,Q�KRVSLWDO�GHDWK�RFFXUUHG�LQ����SDWLHQWV���������09�ZDV�GHHPHG
QHFHVVDU\�LQ�����������FDVHV��)LYH�FHQWUHV������SDWLHQWV��ZHUH�QRW�DEOH�WR�SURYLGH�GDWD�RQ�%81�DQG�ZHUH�H[FOXGHG�IURP�WKH�YDOLGDWLRQ�DQDO\VLV��$
WRWDO�RI�������������SDWLHQWV�KDG�D�%$3����VFRUH�Õ����7KH�PXOWLYDULDEOH�DQDO\VLV�VKRZHG�D�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�WKH�%$3����VFRUH�DQG�WKH
SULPDU\�RXWFRPH��25�����������&,�������������7KH�$852&�IRU�%$3����ZDV������������&,�������������7KH�VHQVLWLYLW\�RI�%$3����VFRUH�Õ���WR�SUHGLFW
WKH�FRPSRVLWH�RXWFRPH�ZDV������������&,�������������WKH�VSHFLILFLW\�ZDV������������&,��������������WKH�SRVLWLYH�SUHGLFWLYH�YDOXH�ZDV����������
&,�����������DQG�WKH�QHJDWLYH�SUHGLFWLYH�YDOXH�ZDV�����������&,������������

&RQFOXVLRQ��:H�FRQILUPHG�%$3����VFRUH�WR�KDYH�KLJK�VHQVLWLYLW\�DQG�QHJDWLYH�SUHGLFWLYH�YDOXH�IRU�VKRUW�WHUP�PRUWDOLW\�RU�XVH�RI�09�LQ�SDWLHQWV
ZLWK�$(&23'��2XU�ILQGLQJV�VXJJHVW�WKDW�LW�FDQ�EH�VDIHO\�XVHG�DV�WULDJH�LQVWUXPHQW�DW�('�WR�LGHQWLI\�ORZ�ULVN�SDWLHQWV�



,1)(&7,286�',6($6(���6(36,6 5XEHQ�'H�9RV

��������7UHDWPHQW�RI�VNLQ�DQG�VRIW�WLVVXH�LQIHFWLRQV�RQ�D�%HOJLDQ�HPHUJHQF\�GHSDUWPHQW��D�UHWURVSHFWLYH�DQDO\VLV�RI����
SDWLHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5XEHQ�'H�9RV������0DULH�'H�/HHXZ������0DUF�*LOOLV����

�����QRQH��/HXYHQ��%(/*,80
�����QRQH��%RQKHLGHQ��%(/*,80

$EVWUDFW��

%$&.*5281'��6NLQ�DQG�VRIW�WLVVXH�LQIHFWLRQV��667,��DUH�DPRQJ�WKH�PRVW�FRPPRQO\�VHHQ�LQIHFWLRQV�RQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���ZLWK�DQ
LQFUHDVLQJ�LQFLGHQFH��(XURSHDQ�DQG�PRUH�VSHFLILF�%HOJLDQ�WUHDWPHQW�JXLGHOLQHV�DUH�QRW�DYDLODEOH�DOWKRXJK�WKH\�FRXOG�LPSURYH�SDWLHQW�RXWFRPH�DQG
UHGXFH�FRVW��:H�SHUIRUPHG�D�UHWURVSHFWLYH�DQDO\VLV�RI�SDWLHQWV�ZKR�ZHUH�WUHDWHG�IRU�D�667,�LQ�D�%HOJLDQ�('�DQG�GHYHORSHG�D�SURWRFRO�IRU�RXU
HPHUJHQF\�GHSDUWPHQW�EDVHG�RQ�WKH�DYDLODEOH�OLWHUDWXUH�

6(77,1*��('�RI�DQ�LQQHU�FLW\�WHDFKLQJ�KRVSLWDO��%RQKHLGHQ��%HOJLXP��

0(7+2'6��:H�SHUIRUPHG�D�UHWURVSHFWLYH�FDVH�VHULHV�DQDO\VLV�RI�SDWLHQWV�ZKR�SUHVHQWHG�DW�WKH�('�IURP�-XQH������WR�0DUFK������ZLWK�WKH
WHQWDWLYH�GLDJQRVLV�RI�667,��:H�LQYHVWLJDWHG�LI�WKHVH�SDWLHQWV�LQGHHG�KDG�D�667,��LI�WKH\�ZHUH�KRVSLWDOL]HG�RU�UHFHLYHG�RXWSDWLHQW�WUHDWPHQW��ZKLFK
DQWLELRWLFV�DQG�RU�ORFDO�WUHDWPHQW�ZHUH�XVHG�DQG�LI�IROORZ�XS�ZDV�SURYLGHG�HLWKHU�E\�JHQHUDO�SUDFWLWLRQHU�RU�RQ�WKH�('��6XEVHTXHQWO\�ZH�SHUIRUPHG
DQ�H[WHQVLYH�3XE0HG�OLWHUDWXUH�VHDUFK��%DVHG�RQ�WKH�DYDLODEOH�OLWHUDWXUH�ZH�GHYHORSHG�RXU�SURWRFRO�IRU�WKH�PDQDJHPHQW�RI�667,ÇV�RQ�WKH�('�

5(68/76������SDWLHQWV�ZLWK�WKH�WHQWDWLYH�GLDJQRVLV�RI�D�667,�ZHUH�LQFOXGHG�����PDOHV�����IHPDOHV��DOO�DGXOWV���)XUWKHU�H[DPLQDWLRQ�VKRZHG�WKDW
����SDWLHQWV�������LQGHHG�KDG�D�667,��2I�WKHVH�����������ZHUH�KRVSLWDOL]HG�DQG����������UHFHLYHG�RXWSDWLHQW�WUHDWPHQW��7KH�PRVW�IUHTXHQWO\�XVHG
DQWLELRWLF�LQ�ERWK�JURXSV�ZDV�DPR[LFLOOLQ�FODYXODQDWH������LQ�WKH�RXWSDWLHQW�JURXS�DQG�����LQ�WKH�KRVSLWDOL]HG�JURXS���,Q�DGGLWLRQ��FOLQGDP\FLQ�ZDV
PRUH�FRPPRQO\�XVHG�LQ�WKH�KRVSLWDOL]HG�JURXS�RSSRVHG�WR�PR[LIOR[DFLQ�LQ�WKH�RXWSDWLHQW�VHWWLQJ��,Q�WKH�RXWSDWLHQW�JURXS�IROORZ�XS�ZDV�SURYLGHG�IRU
���SDWLHQWV��������7KH�PHDQ�WLPH�WR�IROORZ�XS�E\�JHQHUDO�SUDFWLWLRQHU�ZDV����KRXUV��Q� ������2Q�WKH�('�DOO�SDWLHQWV�ZHUH�UHHYDOXDWHG�ZLWKLQ���
KRXUV��Q� �����/RFDO�WUHDWPHQW�RI�WKH�LQIHFWLRQ��VLOYHU�FRQWDLQLQJ�IRDP�GUHVVLQJ��SRO\YLGRQH�MRGLXP��VLOYHU�VXOIDGLD]LQH�RU�FKORUKH[LGLQH��ZDV
SURYLGHG�IRU�����RI�SDWLHQWV�LQ�WKH�RXWSDWLHQW�VHWWLQJ�

%DVHG�RQ�WKH�DYDLODEOH�HYLGHQFH�LQ�OLWHUDWXUH�ZH�GHYHORSHG�D�SURWRFRO�IRU�WKH�WUHDWPHQW�RI�667,ÇV�RQ�WKH�('��.H\�IDFW�LQ�WKLV�SURWRFRO�LV�WKH
LGHQWLILFDWLRQ�RI�FRPSOLFDWLQJ�IDFWRUV�ERWK�SDWLHQW�UHODWHG�DV�ZHOO�DV�OLQNHG�WR�WKH�DVSHFW�RI�WKH�VNLQ�LQIHFWLRQ�

&21&/86,21��2XU�UHWURVSHFWLYH�DQDO\VLV�VKRZHG�PDMRU�LQWHULQGLYLGXDO�YDULDWLRQ�LQ�WUHDWPHQW�VWUDWHJLHV�IRU�667,ÇV�RQ�WKH�('��7KHVH�UHVXOWV�FRQILUP
WKH�QHHG�IRU�D�WUHDWPHQW�DOJRULWKP��,Q�RXU�RSLQLRQ�WKH�SURSRVHG�SURWRFRO�FDQ�LPSURYH�SDWLHQW�RXWFRPH��OHDG�WR�PRUH�UDWLRQDO�XVH�RI�DQWLELRWLFV��OHVV
KRVSLWDOL]DWLRQ�DQG�UHGXFWLRQ�RI�FRVWV��7KH�LPSOHPHQWDWLRQ�DQG�KRVSLWDO�VSHFLILF�XVH�RI�WKLV�SURWRFRO�FDQ�EH�VXEMHFW�RI�IXUWKHU�SURVSHFWLYH�VWXGLHV�



&$5',29$6&8/$5 *DEULHO�$QGUHHVFX

��������/LIH�WKUHDWHQLQJ�VORZ�DQG�IDVW�KHDUW�UDWH�GLVWXUEDQFHV�LQ�SUHKRVSLWDO�HQYLURQPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$QGUHHVFX�*DEULHO������:DQGVFKQHLGHU�$OH[DQGHU�-RVHI������7DUDQ�$QD�'DQLHOD����

���(PHUJHQF\�'HSDUWPHQW��838�6085'�6LELX��6LELX��520$1,$

.H\ZRUGV��KHDUW�UDWH�DUUK\WKPLDV�WDFK\FDUGLD�EUDG\FDUGLD

$EVWUDFW��

/LIH�WKUHDWHQLQJ�VORZ�DQG�IDVW�KHDUW�UDWH�GLVWXUEDQFHV�LQ�SUHKRVSLWDO�HQYLURQPHQW

�

$XWKRU��$QGUHHVFX�*DEULHO��3DUDPHGLF��0HGLFDO�6WXGHQW�

&R�$XWKRU��:DQGVFKQHLGHU�-RVHI�$OH[DQGHU��3DUDPHGLF��0HGLFDO�6WXGHQW�

&RRUGLQDWRU��'U��7DUDQ�$QD�'DQLHOD��6SHFLDOLVW�(PHUJHQF\�0HGLFLQH�

�

.H\�ZRUGV��KHDUW�UDWH��DUUK\WKPLDV��WDFK\FDUGLD��EUDG\FDUGLD

�

%DFNJURXQG�

5K\WKP�GLVWXUEDQFHV�UHSUHVHQWHG�E\�SDUR[LVWLF�WDFK\FDUGLD�DQG�H[WUHPH�EUDG\FDUGLD��DUH�DPRQJVW�WRS�FDXVHV�RI�FLUFXODWRU\�VKRFN�DQG
VXEVHTXHQWO\�OHDGLQJ�WR�VXGGHQ�FDUGLDF�GHDWK��WKHUHE\�WDNLQJ�DQ�HQRUPRXV�UROH�LQ�WKH�FDVHV�RI�HPHUJHQF\�PHGLFLQH��2XU�VWXG\�WULHV�WR�FROOHFW�DQG
DQDO\VH�GDWD�IURP�DFWXDO�FDVHV�HQFRXQWHUHG�E\�WKH�RUJDQLVDWLRQ�6085'�7,0�6LELX��0RELOH�(PHUJHQF\�6HUYLFH�IRU�5HVXVFLWDWLRQ�DQG�([WUDFWLRQ
,QWHQVLYH�&DUH�8QLW���:LWK�WKLV�GDWD�LQ�PLQG�ZH�WU\�WR�RSWLPLVH�FXUUHQW�WUHDWPHQW�DQG�DVVHVVPHQW�RI�WKHVH�SRWHQWLDO�OHWKDO�UK\WKPV�

�

0DWHULDO�DQG�0HWKRG�

7KLV�LV�D�UHWURVSHFWLYH�REVHUYDWLRQDO�VWXG\�FRQGXFWHG�RQ�D�JURXS�RI�����SDWLHQWV�ORFDWHG�RQ�6LELX�FRXQW\�DUHD���ZKR�QHHGHG�HPHUJHQF\�DVVLVWDQFH
DW�YDULRXV�ORFDWLRQV��IRU�WUHDWPHQW�RI�VORZ�DQG�IDVW�DUUK\WKPLDV�GXULQJ�WKH�WLPH�LQWHUYDO�RI������������Ä������������

�

5HVXOWV�

)URP�D�WRWDO��RI�����SDWLHQWV�DVVLVWHG�E\�6085'�7,0��6LELX�����ZHUH�PHQ�������DQG�����ZRPHQ�������

%DVHG�RQ�OLYLQJ�HQYLURQPHQW��SDWLHQW�DUH�GLVWULEXWHG������������LQ�XUEDQ�DUHDV�DQG����������LQ�UXUDO�DUHDV�

'HSHQGLQJ�RQ�IDVW�RU�VORZ�KHDUW�UK\WKP��WKHUH�ZHUH�����FDVHV�������RI�H[WUHPH�EUDG\FDUGLDV�ZLWK�KHDUW�UDWH�XQGHU����EHDWV�SHU�PLQXWH�DQG����
FDVHV�������RI�SDUR[LVWLF�WDFK\FDUGLD�ZLWK�KHDUW�UDWH�DERYH�����EHDWV�SHU�PLQXWH�

&ODVVLILHG�RQ�DJH�LQWHUYDO�ZH�REWDLQHG�WKH�IROORZLQJ�UHVXOWV�����������SDWLHQWV�ZHUH�EHWZHHQ�WKH�DJH����WR����\HDUV����������EHWZHHQ����WR���
\HDUV�����������EHWZHHQ����WR����\HDUV�DQG�����������DERYH����\HDUV�

7KH�PDLQ��UK\WKP�GLVWXUEDQFHV�HQFRXQWHUHG�E\�RXU�VSHFLDOLVWV�ZHUH�SDUR[LVWLF�VXSUDYHQWULFXODU�WDFK\FDUGLD�DQG�DWULDO�ILEULOODWLRQ�ZLWK�KLJK
YHQWULFXODU�UHVSRQVH�DPRQJVW�RWKHU��UDSLG�UDWH�DUUK\WKPLDV�

)RU�EUDG\FDUGLF�UK\WKP�GLVWXUEDQFHV��WKH�WRS�SDWKRORJLHV�ZHUH�WKLUG�GHJUHH�DWULRYHQWULFXODU�EORFN�DQG�DWULDO�ILEULOODWLRQ�ZLWK�VORZ�YHQWULFXODU
UHVSRQVH�DORQJVLGH�RWKHU�VORZ�UDWH�DUUK\WKPLDV�

�

&RQFOXVLRQV�

:H�REVHUYH�WKDW��ZRPHQ�DUH�PRUH�VXVFHSWLEOH�WR�KHDUW�DUUK\WKPLDV�WKHQ�PHQ�

3HRSOH�IURP�XUEDQ�DUHDV�WHQG�WR�VROLFLW�PHGLFDO�DVVLVWDQFH�PRUH�WKHQ�WKRVH�IURP�UXUDO�DUHDV�



:H�KDYH�D�SUHGRPLQDQFH�RI�IDVW�KHDUW�UDWH�DUUK\WKPLDV�WKDQ�VORZ�KHDUW�UDWH�DUUK\WKPLDV�

5DSLG�DQG�VORZ�KHDUW�UDWH�DUUK\WKPLDV�WHQG�WR�DSSHDU�DW�YHU\�\RXQJ�RU�ROG�DGXOWV��ZLWK�RQO\�D�IHZ�FDVHV�RI�\RXQJ�DGXOWV�EHWZHHQ����DQ����\HDUV�

)URP�RXU�UHVXOWV�ZH�LQIHU�WKDW�D�EHWWHU�SDWLHQW�VFUHHQLQJ�RI�SDWLHQWV�ZLWK�SRWHQWLDO�KHDUWK�ULVNV��FRQGXFWHG�E\�JHQHUDO�SUDFWLWLRQHU�DQG�UHIHUULQJ
WKHP�WR�D�FDUGLRORJ\�FRQVXOW��DORQJVLGH�ZLWK�XVH�RI�KHDUW�UDWH�PRQLWRULQJ�JDGJHWV��EUDFHOHWV���ZRXOG�UHVXOW�LQ�GHFUHDVHG�ULVN�RI�GHYHORSLQJ�OLIH
WKUHDWHQLQJ�VLWXDWLRQ�UHSUHVHQWHG�E\��VXGGHQ�FDUGLDF�GHDWK�DQG�DOVR�D�LQFUHDVH�LQ�SDWLHQWV�UHDVVXUDQFH��



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< &KLQJ�+VLQJ�/HH

��������6RFLDO�QHWZRUN�DQDO\VLV�RI�LQWHUQDWLRQDO�FROODERUDWLRQ�LQ�HPHUJHQF\�PHGLFLQH�UHVHDUFKHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&KLQJ�+VLQJ�/HH����

���$WWHQGLQJ�3K\VLFLDQ��&KDQJ�*XQJ�0HPRULDO�+RVSLWDO��7DLSHL��7$,:$1

.H\ZRUGV��6RFLDO�QHWZRUN�DQDO\VLV��LQWHUQDWLRQDO�FROODERUDWLRQ��DFDGHPLF��SXEOLFDWLRQ

$EVWUDFW��

%DFNJURXQG�
'LYHUVLW\�DQG�FROODERUDWLRQ�IDFLOLWDWH�WKH�GHYHORSPHQW�RI�KXPDQ�VRFLHW\��7KH�HIIHFWV�RI�QDWLRQDO�GLYHUVLW\�DQG�LQWHUQDWLRQDO�FROODERUDWLRQ�RQ�WKH
LPSDFW�RI�HPHUJHQF\�PHGLFLQH��(0��UHVHDUFKHV�DUH�QRW�VWXGLHG�

2EMHFWLYHV�
7KLV�VWXG\�DLPV�WR�HYDOXDWH�WKH�HIIHFW�RI�LQWHUQDWLRQDO�FROODERUDWLRQ�RQ�(0�UHVHDUFKHV�LPSDFW�DQG�GHWHUPLQH�WKH�KXE�FRXQWULHV�RI�LQWHUQDWLRQDO
FROODERUDWLRQ�E\�VRFLDO�QHWZRUN�DQDO\VLV��61$��

0HWKRGV�
'HVLJQ��7KLV�VWXG\�ZDV�DQ�REVHUYDWLRQDO�VWXG\�
6HWWLQJ��$OO�RI�WKH�GDWD�ZHUH�FROOHFWHG�IURP�6FL9HUVH�6FRSXV�GDWDEDVH�
7\SH�RI�SDUWLFLSDQWV��$OO�RI�WKH�DUWLFOHV�SXEOLVKHG�LQ�MRXUQDOV�RI�(0�FDWHJRU\�������-RXUQDO�&LWDWLRQ�5HSRUWV��EHIRUH������ZHUH�HQUROOHG�
'DWD�&ROOHFWLRQ��$�FRPSXWHUL]HG�OLWHUDWXUH�VHDUFK�ZDV�FRQGXFWHG�LQ�0DUFK��������:H�FROOHFWHG�GDWD�RQ�SXEOLFDWLRQV�LQFOXGLQJ�SXEOLFDWLRQ�\HDU�
DXWKRUÇV�DIILOLDWHG�FRXQWU\��GRFXPHQW�W\SH��DQG�FLWHG�WLPHV�IRU�IXUWKHU�DQDO\]H��7KH�SXEOLFDWLRQÇV�RULJLQDWLRQ�ZDV�FODVVLILHG�DFFRUGLQJ�WR�WKH�ILUVW
DXWKRUÇV�QDWLRQDOLW\��7KH�LQWHUQDWLRQDO�FROODERUDWLYH�UHVHDUFK�ZDV�GHILQHG�DV�WKH�DXWKRUV�ZHUH�DIILOLDWHG�ZLWK�WZR�RU�PRUH�FRXQWULHV�
'DWD�$QDO\VLV��7KH�GHPRJUDSKLF�GDWD�ZHUH�DQDO\]HG�E\�GHVFULSWLYH�VWDWLVWLFV��/LQHDU�UHJUHVVLRQ�ZDV�XVHG�IRU�WUHQG�DQDO\VLV��7KH�FLWHG�WLPHV
GLIIHUHQFH�EHWZHHQ�VLQJOH�QDWLRQ�DQG�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV�ZHUH�DQDO\]HG�E\�:LOFR[RQ�UDQN�VXP�WHVW��1RGH;/�ZHUH�XVHG�WR
FDOFXODWH�61$�PHWULFV�RI�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV��,Q�GHJUHH��FR�DXWKRU�QXPEHUV��2XW�GHJUHH��OHDGLQJ�DXWKRU�QXPEHUV��%HWZHHQQHVV
FHQWUDOLW\��FRQQHFWLYLW\�RI�KXE�FRXQWU\��(LJHQYHFWRU�FHQWUDOLW\��UDQNLQJ�RI�OLQNDJH�WR�LQIOXHQWLDO�KXE�FRXQWULHV��DQG�FUHDWH�YLVXDOL]DWLRQ�JUDSKV�

5HVXOWV�
$�WRWDO�RI�������SXEOLFDWLRQV�ZHUH�HQUROOHG�DQG��������������ZHUH�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV��7KH�QXPEHU�RI�LQWHUQDWLRQDO
FROODERUDWLYH�SXEOLFDWLRQV�LQFUHDVH�IURP���LQ������WR�������������RXW�RI������LQ�������7KH�WUHQGV�RI�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV�DQG
UDWLR�RI�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV�WR�DOO�(0�SXEOLFDWLRQV�IURP������WR������ZHUH�������DQG��������UHVSHFWLYHO\��DOO�S���������7KH
DYHUDJH�FLWHG�WLPHV�RI�VLQJOH�QDWLRQ�DQG�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV�ZHUH������DQG��������S���������7KH�8QLWHG�6WDWHV��8QLWHG�.LQJGRP�
&DQDGD��*HUPDQ\��DQG�$XVWUDOLD�ZHUH�OHDGLQJ�ILYH�FRXQWULHV�LQ�LQWHUQDWLRQDO�FROODERUDWLRQ��7KH�VRFLDO�QHWZRUN�PHWULFV�RI�OHDGLQJ�WHQ�FRXQWULHV�LQ
LQWHUQDWLRQDO�FROODERUDWLRQ�ZHUH�LQ�7DEOH�

&RQFOXVLRQV�
,QWHUQDWLRQDO�FROODERUDWLRQ�LQ�(0�UHVHDUFKHV�ZDV�LQFUHDVLQJ�DQG�WKH�LPSDFW�RI�LQWHUQDWLRQDO�FROODERUDWLYH�UHVHDUFKHV�ZDV�JUHDWHU�WKDQ�VLQJOH�QDWLRQ
UHVHDUFKHV�IURP�WKH�SHUVSHFWLYH�RI�FLWHG�WLPHV��7KH�OHDGLQJ�FRXQWULHV�ZHUH�WKH�KXEV�RI�LQWHUQDWLRQDO�FROODERUDWLYH�(0�UHVHDUFKHV�ZKLFK�ZHUH�LQ
1RUWK�$PHULFD�DQG�(XURSH��)URP�WKH�SHUVSHFWLYHV�RI�(0�MRXUQDO�HGLWRUV��DFFHSWLQJ�PRUH�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV�PD\�HQKDQFH�WKH
DFDGHPLF�LQIOXHQFH�RI�MRXUQDOV��)URP�WKH�SHUVSHFWLYHV�RI�LQWHUQDWLRQDO�(0��LPSOHPHQW�VWUDWHJLHV�WKDW�VWUHQJWKHQLQJ�LQWHUQDWLRQDO�FROODERUDWLRQ�LQ�(0
UHVHDUFKHV�PD\�HQKDQFH�JOREDO�DFDGHPLF�H[FHOOHQFH�LQ�(0��HVSHFLDOO\�FRXQWULHV�RXWVLGH�WKH�KXEV��)XUWKHU�DQDO\VLV�RI�WKH�FKDUDFWHULVWLF�RI
LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV�VXFK�DV�IXQGLQJ�VXSSRUW��OHDGLQJ�DXWKRUVÇ�SDVW�DFDGHPLF�FRQWULEXWLRQ�FRXOG�LGHQWLI\�IDFWRUV�WKDW�HQKDQFH
UHVHDUFKHVÇ�LPSDFW�DQG�IDFLOLWDWH�(0�VSHFLDOW\�GHYHORSPHQW�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

$PLU�1HMDWL

��������(IIHFW�RI�LQWUDQDVDO�NHWDPLQH�RQ�SDWLHQWV�ZLWK�PXVFXORVNHOHWDO�SDLQ��D�GRXEOH�EOLQG�UDQGRPL]HG�FOLQLFDO�WULDO

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$PLU�1HMDWL������6H\HG�+RVVHLQ�+RVVHLQL�'DYDUDQL������=RKUHK�)HLOL����

���(PHUJHQF\�'HSDUWPHQW��7HKUDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,5$1��,6/$0,&�5(38%/,&
���(PHUJHQF\�'HSDUWPHQW��0DVKKDG�8QLYHUVLW\�RI�0HGLFDO�VFLHQFH��0DVKKDG��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��SLQ�PDQDJHPHQW��PXVFXORVNHOHWDO�SDLQ��LQWUDQDVDO�NHWDPLQH

$EVWUDFW��

%DFNJURXQG�.HWDPLQH�ZDV�GHYHORSHG�LQ�WKH�����V�DV�DQ�DQHVWKHWLF�DJHQW��DQG�LV�JLYHQ�LQWUDYHQRXVO\�RU�LQWUDPXVFXODUO\�IRU�SURFHGXUDO�VHGDWLRQ
DQG�DQHVWKHVLD�HVSHFLDOO\�LQ�FKLOGUHQ��,W�LV�DOVR�XVHG�DV�DQ�DGMXYDQW�WR�RSLRLGV�LQ�WKH�WUHDWPHQW�RI�QRQH�DFXWH�UHIUDFWRU\�SDLQ��5HFHQWO\�NHWDPLQH
XVHV�YLD�RWKHU�URXWV��VXFK�DV�LQWUDQDVDO�

2EMHFWLYHV�7KH�PDLQ�JRDO�RI�WKLV�VWXG\�ZDV�GHWHUPLQLQJ�WKH�SDLQ�UHGXFLQJ�HIIHFW�RI�LQWUDQDVDO�NHWDPLQH�RQ�PXVFXORVNHOHWDO�LQMXULHV�DW�HPHUJHQF\
GHSDUWPHQW�

0HWKRGV�$�SURVSHFWLYH�GRXEOH�EOLQG�UDQGRPL]HG�FOLQLFDO�WULDO�ZDV�SHUIRUPHG�RQ�DOHUW�KHPRG\QDPLFDOO\�VWDEOH�SDWLHQWV�DUULYLQJ�DW�WKH�('�RI�D
WHDFKLQJ�KRVSLWDO�GXULQJ�0DUFK�DQG�$XJXVW�������7KH�VXEMHFWV�KDG�PXVFXORVNHOHWDO�SDLQ�ZLWK�156�Õ��LQ�H[WUHPLWLHV��OLPEV��EDFN��DQG�KLSV��7KH
SDWLHQWV�ZHUH�GLYLGHG�LQWR�WZR�JURXSV��WKH�NHWDPLQH�JURXS�UHFHLYHG���PJ�LQWUDQDVDO�VSUD\�RI�NHWDPLQH��ZKLOH�GLVWLOOHG�ZDWHU�ZDV�VSUD\HG�LQ�WKH
QDVDO�FDYLW\�RI�WKH�FRQWURO�JURXS��$OVR��WR�DOOHYLDWH�WKH�SDLQ�RI�DOO�SDWLHQWV�WKH�SK\VLFLDQ�DGPLQLVWHUHG�D�����PJ�DFHWDPLQRSKHQ�WDEOHW�WR�HYHU\
SDWLHQW��7KHQ��WKH�156�ZRXOG�EH�DVVHVVHG�DORQJ�ZLWK�UHSRUWLQJ�DQ\�FRPSOLFDWLRQ�RU�VLGH�HIIHFW�GXULQJ�FRQVHFXWLYH����PLQXWHV�WLPH�SHULRGV�XQWLO���
PLQ�DIWHU�WKH�LQLWLDO�DGPLQLVWUDWLRQ�RI�WKH�NHWDPLQH�RU�SODFHER��9LWDO�VLJQV�DQG
2�����������������������������������������������������������������������������������������������������������������������VDWXUDWLRQV�RI�SDWLHQWV�ZHUH�PHDVXUHG�HYHU\����PLQXWHV�

5HVXOWV�2QH�KXQGUHG�DQG�WKLUW\�WKUHH�SDWLHQWV�SDVVHG�WKH�LQFOXVLRQ�FULWHULD�DQG�����UHPDLQHG�DIWHU�H[FOXGLQJ�EDVH�RQ�H[FOXVLRQ�FULWHULD��)RXU��RI
WKHP�GLG�QRW�VLJQ�ZULWWHQ�FRQVHQW�IRUP�DQG�ILQDOO\�RQH�KXQGUHG�DQG�WZHQW\�VXEMHFWV�ZHUH�HQUROOHG�LQ�WKH�VWXG\�����LQ�HDFK�JURXS�����RI�WKHP�ZHUH
IHPDOH��7KHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�SDLQ�VFRUH�RI�WKH�NHWDPLQH�DQG�FRQWURO�JURXSV������k�����YV������k�������%RWK�JURXSV
H[SHULHQFHG�HTXDO�FRPSOLFDWLRQV�VXFK�DV�QDXVHD�DQG�YRPLWLQJ��ZKLFK�KDYH�FRQWUROOHG�VSRQWDQHRXVO\�

&RQFOXVLRQ�,QWUDQDVDO�NHWDPLQH�VSUD\�LV�DQ�HIIHFWLYH�DJHQW�LQ�UHGXFLQJ�PXVFXORVNHOHWDO�SDLQ�DPRQJ�SDWLHQWV�ZLWKRXW�VHULRXV�XQGHUO\LQJ�LOOQHVV�
$OWKRXJK�WKH�GUXJ�LV�PRGHUDWHO\�HIILFLHQW��FRPSOLFDWLRQV�DUH�QHJOLJLEOH�



,1)(&7,286�',6($6(���6(36,6 /LQDV�'DUJLQDYLFLXV

��������,V�WKHUH�D�FRUUHODWLRQ�EHWZHHQ�T62)$�FULWHULD�SRVLWLYH�SDWLHQWV�DQG�PLFURELRORJ\�SRVLWLYH�VHSVLV"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/LQDV�'DUJLQDYLFLXV������.HVWXWLV�6WDVDLWLV������$LGD�0DQNXWH������1HGDV�-DVLQVNDV����

�����1RQH��.DXQR�U���/,7+8$1,$
�����1RQH��.DXQDV��/,7+8$1,$

.H\ZRUGV��6HSVLV��T62)$��TXLFN�62)$

$EVWUDFW��

%DFNJURXQG�	�REMHFWLYHV

(DUO\�VHSVLV�GLDJQRVWLFV�LV�VWLOO�FKDOOHQJLQJ�LQ�HPHUJHQF\�GHSDUWPHQW�GXH�WR�YDULHW\�RI�V\PSWRPV�SUHVHQWHG��:KDW�LV�PRUH��VHSVLV�UDWHV�DUH�VWLOO
LQFUHDVLQJ�DQG�PRUWDOLW\�UDWHV�UHPDLQ�VLJQLILFDQW�GHVSLWH�RSWLPDO�FDUH��0DQ\�VHSVLV�VFRUHV�ZHUH�FUHDWHG�WR�HYDOXDWH�ULVN�IRU�VHSVLV�PRUWDOLW\��EXW
UHFHQWO\�T62)$�VFRUH�ZDV�UHOHDVHG�IRU�HYDOXDWLQJ�ULVN�IRU�PRUWDOLW\�GXH�WR�VHSVLV�ZLWKRXW�ODERUDWRU\�ILQGLQJV��7KLV�VWXG\�DLP�ZDV�WR�UHWURVSHFWLYHO\
HYDOXDWH�FRUUHODWLRQ�EHWZHHQ�PLFURELRORJLFDOO\�SRVLWLYH�VHSVLV�SDWLHQWV�DQG�WKHLU�T62)$�YDOLGLW\�RQ�DUULYDO�WR�HPHUJHQF\�GHSDUWPHQW�

0HWKRGV

$�UHWURVSHFWLYH�REVHUYDWLRQDO�VWXG\�ZDV�SHUIRUPHG�LQ�DGXOW�HPHUJHQF\�GHSDUWPHQW�LQ�WHUWLDU\��XQLYHUVLW\�DIILOLDWHG�KRVSLWDO��3DWLHQWV�ZHUH�LQFOXGHG
LQ�VWXG\�LI�PLFURELRORJLFDO�WHVW�DQG�ILUVW�DQWLELRWLF�GRVH�ZHUH�LQLWLDWHG�LQ�HPHUJHQF\�GHSDUWPHQW�IRU�VXVSHFWHG�VHSVLV�DQG�TXLFN�62)$�VFRUH�ZDV
FDOFXODWHG��([FOXVLRQ�FULWHULD�ZDV�WUDXPD�SDWLHQWV�DQG�GHSDUWXUH�WR�RWKHU�KRVSLWDOV�

5HVXOWV

0XFK�PRUH�SDWLHQWV�ZHUH�VXVSHFWHG�IRU�KDYLQJ�D�VHSVLV�E\�T62)$�FULWHULD�EDVHG�SURWRFRO��)XUWKHU�VWXG\�UHVXOWV�ZLOO�EH�SUHVHQWHG�

&RQFOXVLRQV

T62)$�LV�PXFK�SURPLVLQJ�VFRUH�ZLWK�DELOLW\�QRW�RQO\�UHFRJQLVLQJ�KLJK�ULVN�PRUWDOLW\�VHSVLV�SDWLHQWV�LQ�KRVSLWDO�EXW�DOVR�LQ�HPHUJHQF\�GHSDUWPHQW�RU
HYHQ�SUH�KRVSLWDO\�ZLWKRXW�XVLQJ�ODERUDWRU\�WHVWV��7KLV�VWXG\�ZDV�FUHDWHG�IRU�DFFHSWLQJ�RU�UHIXVLQJ�T62)$�FULWHULD�LQ�HPHUJHQF\�GHSDUWPHQW�
HVSHFLDOO\�LQ�SRRUO\�ILQDQVHG�HPHUJHQF\�GHSUWPHQWV�
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��������+HPRG\QDPLF�HYDOXDWLRQ�LQ�SDWLHQWV�ZLWK�XQGLIIHUHQWLDWHG�VKRFN�LQ�WKH�(PHUJHQF\�'HSDUWPHQW���YDOLGDWLRQ�RI�D�VLPSOH
JRDO�GLUHFWHG�XOWUDVRXQG�EDVHG�SURWRFRO�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3KLOLSSH�/H�&RQWH������3LHUUH�/HURX[������,GULVV�$UQDXGHW������3KLOLSSH�3HV������)U�G�ULF�9LJQDXG������(PPDQXHO�0RQWDVVLHU����

���8UJHQFHV��+�WHO�'LHX��1DQWHV��)5$1&(

.H\ZRUGV��VKRFN��OXQJ�XOWUDVRXQG��IRFXVHG�HFKRFDUGLRUDSK\

$EVWUDFW��

,QWURGXFWLRQ

6KRFN�VWDWH��66��LV�D�OLIH�WKUHDWHQLQJ�FRQGLWLRQ�ZKLFK�IUHTXHQWO\�RFFXUV�LQ�(PHUJHQF\�0HGLFLQH��,W�UHTXLUHV�D�SURPSW�WUHDWPHQW�EDVHG�RQ�DQ�DFFXUDWH
GLDJQRVLV��8VXDO�VWUDWHJ\�LQFOXGLQJ�FOLQLFDO�H[DP��ELRORJLFDO�DQG�UDGLRORJ\�H[DPV�LV�IUHTXHQWO\�FRQFOXVLYHQHVV��$�WUHDWPHQW�DV�D�IOXLG�ORDGLQJ�FDQ�EH
OLIH�VDYLQJ�LQ�D�FDVH�DQG�GHOHWHULRXV�LQ�DQRWKHU�

7KH�JRDO�RI�WKLV�VWXG\�ZDV�WR�YDOLGDWH�D�SURWRFRO�EDVHG�RQ�%�PRGH�HFKRFDUGLRJUDSKLF�YLHZV�DQG�OXQJ�XOWUDVRXQG��(38��

3DWLHQWV�DQG�PHWKRGV

,QFOXVLRQ�FULWHULD

$JH�!����\HDUV

6KRFN�GHILQHG�E\�V\VWROLF�DUWHULDO�SUHVVXUH�������PP�+J

H[FOXVLRQ�FULWHULD

FOLQLFDOO\�HYLGHQW�KHPRUUKDJLF�RU�DQDSK\ODFWLF�VKRFN

$FXWH�FRURQDU\�V\QGURPH

'RFXPHQWHG�HQG�RI�OLIH

0HWKRGV

(38�LQFOXGHG�WKH�IRXU�XVXDO�FDUGLDF�YLHZV�DQG�OXQJ�XOWUDVRXQG��3RVVLEOH�WUHDWPHQWV�ZHUH���IOXLG�ORDGLQJ��)/���LQRWURSLF�DJHQWV��,$���WKURPERO\VLV��7+��
SHULFDUGLRFHQWHVLV��3(��DQG�XQNQRZQ��$VVRFLDWHG�GLDJQRVLV�ZHUH��K\SRYROHPLF��LQFOXGLQJ�HDUO\�VHYHUH�VHSVLV���+9���FDUGLRJHQLF�&$���FDUGLDF
WDPSRQQDGH��&7���ULJKW�YHQWULFOH�RYHUORDG��59��DQG�XQNQRZQ��81��

7KLV�QRQ�LQWHUYHQWLRQLVW�VWXG\�ZDV�DSSURYHG�E\�WKH�(WKLFV�FRPPLWWHH��$IWHU�LQIRUPHG�FRQVHQW�DQG�FOLQLFDO�H[DP��WKH�(3�VWDWHG�WKH�GLDJQRVLV
K\SRWKHVLV��+����WKH�WUHDWPHQW��7���ZLWKRXW�DSSO\LQJ�LW�DQG�WKH�FHUWDLQW\��&����+H�UHDOL]HG�WKH�(38�DQG�VWDWHG�DJDLQ�WKH�GLDJQRVLV�K\SRWKHVLV��+���
WUHDWPHQW��7���DQG�FHUWDLQW\��&����'XUDWLRQ�RI�UHDOL]DWLRQ�DQG�GLIILFXOW\�HYDOXDWHG�RQ�D�VFDOH�IURP����YHU\�GLIILFXOW��WR�����YHU\�HDV\��ZHUH�UHFRUGHG�
7��ZDV�DSSOLHG�WR�WKH�SDWLHQWÇV�FDUH��5HIHUHQFH�GLDJQRVLV��+���DQG�WUHDWPHQW��7���ZHUH�GHWHUPLQHG�E\�D���H[SHUWV�SDQHO�ZLWK�WKH�ZKROH�SDWLHQWÇV
ILOH�

3ULPDU\�REMHFWLYH��FRQFRUGDQFH�EHWZHHQ�7���7��DQG�7�

6HFRQGDU\�REMHFWLYHV��

&RQFRUGDQFH�EHWZHHQ�+���+��DQG�+�

$QDO\]H�RI�GXUDWLRQ��GLIILFXOW\�DQG�FHUWDLQW\

7KH�UHTXLUHG�QXPEHU�RI�VXEMHFWV�IRU�D�FRQFRUGDQFH�RI�����EHWZHHQ�7��DQG�7��DQG�����EHWZHHQ�7��DQG�7��ZLWK�DOSKD�ULVN������DQG�EHWD������ZDV����

6WDWLVWLFDO�PHWKRG

9DOXHV�VWRUHG�LQ�0LFURVRIW�$FFHVV�ZHUH�DQDO\]HG�ZLWK�3$6:��1XPHULFDO�GDWD�H[SUHVVHG�DV�PHDQ���6'�ZHUH�FRPSDUHG�E\�D�6WXGHQW�W�WHVW�
&DWHJRULFDO�GDWD�E\�D�.KL��WHVW��&RQFRUGDQFHV�ZHUH�DQDO\]HG�XVLQJ�.DSSD�FRHIILFLHQW��3�������ZDV�FRQVLGHUHG�VLJQLILFDQW�

5HVXOWV

���SDWLHQWV�ZHUH�LQFOXGHG�����ZRPHQ�DQG����PHQ��DJHG�������\HDUV��)LQDO�WUHDWPHQWV�ZHUH����)/����������7+����������,1���������3(������DQG��
81��&RUUHVSRQGLQJ�GLDJQRVLV�ZHUH����+9����59����&$����&7�DQG���81��7���7��DQG�7��7��.DSSD�ZHUH������>���������@�DQG������>���������@
UHVSHFWLYHO\��S���������+��+��DQG�+��+��ZHUH������>���������@�DQG������>���������@�UHVSHFWLYHO\��S��������&��DQG�&��ZHUH���������DQG��������



UHVSHFWLYHO\��S��������'XUDWLRQ�ZDV������PLQ�DQG�GLIILFXOW\����������$SSURSULDWH�WUHDWPHQWV�ZHUH�����EHIRUH�(38�DQG�����DIWHU��S� ��������

'LVFXVVLRQ

&RQFRUGDQFHV�ZHUH�EDG��7��7���DQG�SRRU��+��+���IRU�WKH�XVXDO�DSSURDFK�ZKLOH�WKH\�ZHUH�H[FHOOHQW�IRU�WKH�(38��7��7���DQG��+��+����$OPRVW�����RI
LQWHQWLRQV�RI�WUHDWPHQW�ZHUH�LQDSSURSULDWH�DIWHU�WKH�XVXDO�DSSURDFK��)DFH�WR�D�VKRFN��D�VLPSOH�YLVXDO�XOWUDVRXQG�H[DP�HQKDQFHV�WKH�GLDJQRVLV
SURFHGXUH�DQG�DOORZV�WR�GHWHUPLQH�WKH�ULJKW�WUHDWPHQW�LQ�D�YHU\�VKRUW�GHOD\�



('8&$7,21�$1'�75$,1,1* =HLQDE�$EGHO�5DKPDQ

��������(PHUJHQF\�3K\VLFLDQxV�SHUFHSWLRQ�RQ�WKH�LQWURGXFWLRQ�RI�9LGHR�/DU\QJRVFRSH�DV�D�WUDLQLQJ�WRRO�IRU�GLUHFW�ODU\QJRVFRS\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

=HQDE�$EGHO�5DKPDQ������$OKDG\�<XVRI����

���7UDXPD�&ULWLFDO�&DUH�)HOORZ��+DPDG�0HGLFDO�&RUSRUDWLRQ��'RKD��4$7$5
���(PHUJHQF\�0HGLFLQH�,QWHQVLYH�FDUH�0HGLFLQH��+DPDG�0HGLFDO�&RUSRUDWLRQ��'RKD��4$7$5

.H\ZRUGV��9LGHR�/DU\QJRVFRSH�(QGRWUDFKHDO�LQWXEDWLRQ�'LUHFW�ODU\QJRVFRSH�5HVLGHQW�VXSHUYLVLRQ

$EVWUDFW��

(PHUJHQF\�3K\VLFLDQxV�SHUFHSWLRQ�RQ�WKH�LQWURGXFWLRQ�RI�9LGHR�/DU\QJRVFRSH�DV�D�WUDLQLQJ�WRRO�IRU�GLUHFW�ODU\QJRVFRS\�

$Q�HGXFDWLRQDO�LQLWLDWLYH�WR�LPSURYH�SDWLHQW�VDIHW\�DQG�WUDLQHH�VXSHUYLVLRQ

$EVWUDFW

%DFNJURXQG

&RQYHQWLRQDO�HQGRWUDFKHDO�LQWXEDWLRQ��(7,��LV�FKDOOHQJLQJ�DQG�UHTXLUHV�KLJK�OHYHO�RI�LQGLYLGXDO�VNLOOV�DQG�H[SHULHQFH���$W�WKH�VDPH�WLPH�ZH�DUH�DOVR
FRPPLWWHG�WR�SURYLGH�(7,�WUDLQLQJ�IRU�(PHUJHQF\�0HGLFLQH�5HVLGHQWV��(05����9LGHR�ODU\QJRVFRSH��9'/��OLNH�WKH�&�0$&�LV�GHVLJQHG�WR�KDYH�D�VLPLODU
EODGH�WR�WKH�QRUPDO�0DFLQWRVK�EODGHV��VL]H���DQG������,W�KDV�D�EULJKW�OLJKW�VRXUFH�DQG�EODGH�WKLFNQHVV�WKDW�DOORZ�GLUHFW�ODU\QJRVFRS\��'/��DQG�KHQFH
(7,�XQGHU�GLUHFW�YLVLRQ���:H�RUJDQLVHG�VHYHUDO�VHVVLRQV�RI�(7,�WUDLQLQJ�XVLQJ�DQ�LQWXEDWLQJ�PDQLNLQ��:H�IRXQG�WKDW�WKH�YLHZ�IURP�WKH�&�0$&�VFUHHQ
FDSWXUHG�E\�WKH�&�0$&�YLGHR�FDPHUD�LV�WKH�VDPH�YLHZ�GHVFULEHG�E\�WKH�RSHUDWRU�GRLQJ�WKH�'/�

7KHUH�ZHUH�HQRXJK�FRQVLVWHQFLHV�UHSRUWHG�GXULQJ�VHYHUDO�WUDLQLQJ�VHVVLRQV�WKDW�ZH�GHFLGHG�WR�XVH�WKH�&�0$&�IRU�'/�LQ�UHDO�FDVHV�RI�(7,�LQ�WKH
UHVXVFLWDWLRQ�URRP��:H�KDYH�GRQH�VHYHUDO�ÆOLYHÇ�FDVHV�DQG�DOO�LQWXEDWLRQV�VXFFHVVIXOO\�DV�'/��ZLWK�WKH�DGGHG�EHQHILW�RI�ÆYLGHR�VXSHUYLVLRQÇ�DQG�ÆYLGHR
FRQILUPDWLRQÇ�RI�WKH�WXEH�SRVLWLRQLQJ��:H�DOVR�XVHG�WKH�YLGHR�UHFRUGLQJ�DQG�SOD\EDFN�IXQFWLRQV�WR�JLYH�IHHGEDFN�WR�WKH�(05�DW�WKH�HQG�RI�WKH
SURFHGXUH��$IWHU���PRQWKV�RI�LQWURGXFWLRQ�LQ�RXU�(PHUJHQF\�'HSDUWPHQW��('���ZH�FRQGXFWHG�D�ÈSK\VLFLDQ�VXUYH\É�WR�EURDGO\�DVVHVV�WKHLU�RSLQLRQ�LQ
XVLQJ�9'/�DV�D�WUDLQLQJ�WRRO�IRU�'/�

0HWKRG

,Q�WKLV�HGXFDWLRQDO�SRVWHU��ZH�GHVFULEH�D�VWHS�E\�VWHS�ODU\QJRVFRSLF�SLFWXUH�JXLGH�DQG�(7,�YLHZ�VHHQ�RQ�WKH�&�0$&�VFUHHQ�GXULQJ�RQH�RI�RXU�DLUZD\
WUDLQLQJ�VHVVLRQV�ZLWK�WKH�PDQLNLQ��:H�DOVR�LQFOXGH�VHYHUDO�YLHZV�RI�SRVVLEOH�SRRU�WHFKQLTXHV�LQ�ODU\QJRVFRS\�WKDW�PD\�UHVXOW�LQ�D�IDLOHG�LQWXEDWLRQ
DWWHPSW���:H�FRQGXFWHG�RXU�VXUYH\�YLD�DQ�RQOLQH�VXUYH\�WRRO���7KH�UHVSRQGHQWV�RI�RXU�VXUYH\�ZHUH�IURP�DOO�JURXSV�RI�(PHUJHQF\�3K\VLFLDQV������
UHVLGHQWV������)HOORZV������VSHFLDOLVWV������FRQVXOWDQWV�

6XUYH\�5HVXOWV

7KHVH�DUH�WKH�VXEMHFWLYH�SHUFHSWLRQ�RI�(PHUJHQF\�3K\VLFLDQV�UHJDUGLQJ�WKH�LQWURGXFWLRQ�RI�&�0$&�9'/�LQ�RXU�FOLQLFDO�SUDFWLFH

������)HDVLELOLW\��XVHIXOQHVV�	�LPSURYLQJ�SHUIRUPDQFH������RI�UHVSRQGHQWV�DJUHHG�IRU�([FHOOHQW������JRRG������$YHUDJH�����)DLU�

������,PSURYHPHQW�RI�TXDOLW\�DQG�VDIHW\�WR�LQWXEDWLRQ�E\�WUDLQHH������VWURQJO\�DJUHHG������DJUHHG�����GLVDJUHHG��DQG����VWURQJO\�GLVDJUHHG�

������$GGHG�YDOXH�RI�XVLQJ�9'/�LQ�WUDLQLQJ�

�D����UHDVVXUDQFH�WR�VXSHUYLVRU����

�E����UHDVVXUDQFH�WR�RSHUDWRU����

�F����DELOLW\�WR�VDYH�UHYLHZ�OLYH�SLFWXUHV����������������

�

�

'LVFXVVLRQ

:H�GLVFXVV�WKH�SRWHQWLDO�SDWLHQW�VDIHW\�DQG�TXDOLW\�EHQHILWV�LQ�FRQYHQWLRQDO�(7,�XVLQJ�&�0$&�9'/��DV�ZHOO�DV�LWV�XWLOL]DWLRQ�LQ�WUDLQLQJ�SURJUDP�RI
(PHUJHQF\�0HGLFLQH�

�

&RQFOXVLRQ



:H�FRQFOXGH�WKDW�SURPRWLQJ�WKH�XVH�RI�WKLV�WHFKQLTXH�LQ�('��HVSHFLDOO\�IRU�(7,�XQGHUWDNHQ�E\�D�WUDLQHH�FOHDUO\�JLYHV�WKH�SK\VLFLDQ�SHUFHSWLRQ�RI
LPSURYHG�SDWLHQW�VDIHW\�DQG�WUDLQHH�GLUHFW�VXSHUYLVLRQ�
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��������(YDOXDWLRQ�RI�D�GLDJQRVLV�SURWRFRO�LQ�HOGHUO\�SDWLHQWV�ZLWK�DFXWH�UHVSLUDWRU\�IDLOXUH�XVLQJ�FDUGLDF�DQG�OXQJ�XOWUDVRXQG��
SURVSHFWLYH�QRQ�LQWHUYHQWLRQLVW�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3KLOLSSH�/H�&RQWH������)UDQ�RLV�-DYDXGLQ������(PPDQXHO�0RQWDVVLHU������,GULVV�$UQDXGHW������3KLOLSSH�3HV������/DXUH�GH�'HFNHU����

���8UJHQFHV��+�WHO�'LHX��1DQWHV��)5$1&(
���3�OH�GH�*�ULDWULH��+�WHO�'LHX��1DQWHV��)5$1&(

.H\ZRUGV��DFXWH�UHVSLUDWRU\�IDLOXUH��HOGHUO\��OXQJ�XOWUDVRXQG��IRFXVHG�HFKRFDUGLRJUDSK\

$EVWUDFW��

,QWURGXFWLRQ

$FXWH�UHVSLUDWRU\�IDLOXUH��$5)��LQ�HOGHUO\�SDWLHQWV�LV�D�FRPPRQ�VLWXDWLRQ�LQ�(PHUJHQF\�0HGLFLQH��8VXDO�GLDJQRVLV�SURFHGXUH��8'3��ZLWK�FOLQLFDO�H[DP�
FKHVW�;�UD\�DQG�ELRORJLFDO�VDPSOHV�LV�IUHTXHQWO\�LQFRQFOXVLYH��9LWDO�SURJQRVLV�LV�ZRUVHQHG�LQ�FDVH�RI�EDG�LQLWLDO�GLDJQRVLV��7KH�JRDO�RI�WKLV�VWXG\�ZDV
WR�LQYHVWLJDWH�WKH�SHUIRUPDQFHV�RI�D�HFKRJUDSKLF�GLDJQRVLV�SURFHGXUH��('3��LQFOXGLQJ�FDUGLDF�YLHZV�DQG�OXQJ�XOWUDVRXQG�SHUIRUPHG�E\�DQ
HPHUJHQF\�SK\VLFLDQ��(3��

3DWLHQWV�DQG�PHWKRGV

,QFOXVLRQ�FULWHULD

DJH�!����\HDUV

$5)�GHILQHG�E\�UHVSLUDWRU\�UDWH�!����PLQ�DQG�6S2��������LQ�URRP�DLU

([FOXVLRQ�FULWHULD

LQGLFDWLRQ�WR�LPPHGLDWH�WUDFKHDO�LQWXEDWLRQ

GRFXPHQWHG�HQG�RI�OLIH

PRUH�WKDQ�RQH�UHIHUHQFH�GLDJQRVLV

0HWKRG

('3�LQFOXGHG�WKH�IRXU�XVXDO�FDUGLDF�YLHZV��PLWUDO�DQG�WLVVXODU�'RSSOHU�DQG�OXQJ�XOWUDVRXQG��3RVVLEOH�GLDJQRVLV�ZHUH�DFXWH�FDUGLRJHQLF�SXOPRQDU\
HGHPD��$&3(���FRPPXQLW\�DFTXLUHG�SQHXPRQLD��&$3���FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'���FDUGLDF�WDPSRQQDGH��&7���ULJKW�YHQWULFOH
RYHUORDG��59���RWKHU��2��DQG�XQNQRZQ��81��

7KLV�QRQ�LQWHUYHQWLRQLVW�VWXG\�ZDV�DSSURYHG�E\�WKH�(WKLFV�FRPPLWWHH��$IWHU�LQIRUPHG�FRQVHQW�DQG�8'3��WKH�(3�VWDWHG�WKH�GLDJQRVLV�K\SRWKHVLV��+���
7KH�('3�ZDV�WKHQ�SHUIRUPHG�LQ�D�EOLQG�IDVKLRQ�E\�WKH�LQYHVWLJDWRU�DQG�WKH�QHZ�GLDJQRVLV�K\SRWKHVLV��+���ZDV�VWDWHG��+��ZDV�DSSOLHG�WR�WKH
SDWLHQWÇV�FDUH��5HIHUHQFH�GLDJQRVLV��+���ZDV�WKH�ILQDO�RQH�VWDWHG�LQ�WKH�SDWLHQWÇV�ILOH�

3ULPDU\�REMHFWLYH��FRQFRUGDQFH�EHWZHHQ�+��+��DQG�+��+�

6HFRQGDU\�REMHFWLYHV���KRVSLWDO�PRUWDOLW\��IUHTXHQF\�RI�GLDJQRVLV

7KH�UHTXLUHG�QXPEHU�RI�VXEMHFWV�IRU�D�FRQFRUGDQFH�RI�����EHWZHHQ�+��DQG�+��DQG�����EHWZHHQ�+��DQG�+��ZLWK�DOSKD�ULVN������DQG�EHWD������ZDV
���

6WDWLVWLFDO�PHWKRG

9DOXHV�VWRUHG�LQ�0LFURVRIW�$FFHVV�ZHUH�DQDO\]HG�ZLWK�3$6:��1XPHULFDO�GDWD�H[SUHVVHG�DV�PHDQ���6'�ZHUH�FRPSDUHG�E\�D�6WXGHQW�W�WHVW�
&DWHJRULFDO�GDWD�E\�D�.KL��WHVW��&RQFRUGDQFHV�ZHUH�DQDO\]HG�XVLQJ�.DSSD�FRHIILFLHQW��3�������ZDV�FRQVLGHUHG�VLJQLILFDQW�

5HVXOWV

���SDWLHQWV�ZHUH�LQFOXGHG�����VHFRQGDU\�H[FOXGHG�EHFDXVH�RI�PRUH�WKDQ���GLDJQRVLV��,QFOXGHG�SDWLHQWV�ZHUH������\HDUV�ROG�����ZRPHQ�DQG���
PHQ��+��ZHUH�PDLQO\�$&3(�������������&$3�������������&23'������������59������������&7���������2YHUDOO�VHQVLWLYLW\�DQG�VSHFLILFLW\�IRU�+��ZHUH
�����>&,�������������@�DQG������>&,�������������@�UHVSHFWLYHO\�DQG������>&,�������������@�DQG������>&,�������������@�IRU�+���S�������IRU
VHQVLELOLW\���.DSSD�FRHIILFLHQW�ZDV������>&,�������������@�IRU�+��+��DQG������>&,�������������@�IRU�+��+��UHVSHFWLYHO\��S��������2YHUDOO�PRUWDOLW\
ZDV������$IWHU�UHJURXSLQJ��PRUWDOLW\�ZHUH�3$&������$&3(������&23'������RWKHUV������UHVSHFWLYHO\��S������

'LVFXVVLRQ



)LQDO�GLDJQRVLV�ZHUH�FRQIRUPHG�WR�SXEOLVKHG�VWXGLHV��&RQFRUGDQFH�ZDV�SRRU�IRU�WKH�8'3�ZKLOH�LW�ZDV�H[FHOOHQW�IRU�WKH�('3��)DFH�WR�DQ�$5)�LQ�HOGHUO\
SDWLHQWV��('3�ZLWK�VLPSOH�FDUGLDF�DQG�OXQJ�XOWUDVRXQG�HQKDQFHV�WKH�GLDJQRVLV�SURFHGXUH�DQG�DOORZV�WR�GHWHUPLQH�WKH�DSSURSULDWH�WUHDWPHQW�



,0$*,1*���8/75$6281'���5$',2/2*< 3+,/,33(�/(�&217(

��������$FFXUDF\�RI�HPHUJHQF\�SK\VLFLDQ�UHQDO�XOWUDVRXQG�LQ�WKH�GLDJQRVLV�RI�K\GURQHSKURVLV���SURVSHFWLYH�VWXG\�LQ�FRPSDULVRQ
ZLWK�UDGLRORJLVW�XOWUDVRXQG�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3KLOLSSH�/H�&RQWH������)UDQ�RLV�0RXQLHU������,GULVV�$UQDXGHW������)UDQ�RLV�-DYDXGLQ����

���8UJHQFHV��+�WHO�'LHX��1DQWHV��)5$1&(

.H\ZRUGV��IRFXV�XOWUDVRXQG��UHQDO�FROLF��DFXWH�UHQDO�IDLOXUH

$EVWUDFW��

,QWURGXFWLRQ

$�UHQDO�XOWUDVRXQG��586��LV�PDQGDWRU\�LQ�UHQDO�FROLF��5&���DFXWH�S\HORQHSKULWLV��$3��DQG�DFXWH�UHQDO�IDLOXUH��$5)��LQ�VHDUFK�RI�D�K\GURQHSKURVLV
EHFDXVH�PDQDJHPHQW�ZRXOG�EH�GLIIHUHQW��6WXGLHV�KDYH�H[SORUHG�SHUIRUPDQFHV�RI�HPHUJHQF\�SK\VLFLDQ��(3��UHQDO�XOWUDVRXQG��(386��FRPSDUHG�WR
FRPSXWHG�WRPRJUDSK\��&7��EXW�QRW�FRPSDUHG�WR�UDGLRORJLVW�XOWUDVRXQG��586���7KH�JRDO�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�SHUIRUPDQFH�RI�(386
FRPSDUHG�WR�586�LQ�WKH�GLDJQRVLV�RI�K\GURQHSKURVLV��(3�KDG�GLIIHUHQW�IRUPDWLRQV�DQG�H[SHULHQFHV�

3DWLHQWV�DQG�PHWKRGV

,QFOXVLRQ�FULWHULD

VXVSHFWHG�5&��$3�RU�GRFXPHQWHG�$5)

([FOXVLRQ�FULWHULD

86�DOPRVW�GRQH

DEVHQFH�RI�586

HQG�RI�OLIH

0HWKRGV

,W�ZDV�D�QRQ�LQWHUYHQWLRQLVW�VWXG\�ZKLFK�ZDV�DSSURYHG�E\�WKH�(WKLFV�FRPPLWWHH��$IWHU�LQFOXVLRQ�DQG�LQIRUPHG�FRQVHQW��DQ�(386�ZDV�SHUIRUPHG��$
586�ZDV�WKHQ�SHUIRUPHG��WKH�UDGLRORJLVW�EHLQJ�EOLQG�WR�(386�UHVXOW��2QO\�WKH�586�UHVXOW�ZDV�XVHG�IRU�WKH�PDQDJHPHQW�RI�WKH�SDWLHQWV

7KH�SULPDU\�REMHFWLYH�ZDV�VHQVLWLYLW\�DQG�QHJDWLYH�SUHGLFWLYH�YDOXH��139���6HFRQGDU\�REMHFWLYHV�ZHUH�VSHFLILFLW\��SRVLWLYH�SUHGLFWLYH�YDOXH��339��DQG
TXDQWLILFDWLRQ�RI�WKH�K\GURQHSKURVLV��7KH�UHTXLUHG�QXPEHU�RI�VXEMHFWV�IRU�VHQVLWLYLW\�����ZLWK�DOSKD�ULVN������DQG�EHWD������ZDV����

6WDWLVWLFDO�PHWKRGV

9DOXHV�VWRUHG�LQ�0LFURVRIW�([FHO�ZHUH�DQDO\]HG�ZLWK�*UDSKSDG��1XPHULFDO�GDWD�H[SUHVVHG�DV�PHDQ���6'�ZHUH�FRPSDUHG�E\�D�6WXGHQW�W�WHVW�
&DWHJRULFDO�GDWD�E\�D�.KL��WHVW��3�������ZDV�FRQVLGHUHG�VLJQLILFDQW�

5HVXOWV

���SDWLHQWV�ZHUH�LQFOXGHG����H[FOXGHG�EHFDXVH�RI�ODFN�RI�586��$JH�ZDV���������\HDUV��VH[�UDWLR����7KHUH�ZDV����5&����$3�DQG����$5)��6HQVLWLYLW\
DQG�139�ZHUH�������&,����>���������@��DQG�������&,����>���������@��UHVSHFWLYHO\��6SHFLILFLW\�DQG�339�ZHUH��������,&����>����������@��DQG
�����,&����>����������@���UHVSHFWLYHO\��)RU����SDWLHQWV�ZLWK�K\GURQHSKURVLV��PHDVXUHPHQW�ZDV�GRQH�LQ�����WKHUH�ZDV�QR�GLIIHUHQFH��S �����

'LVFXVVLRQ

,Q�RXU�GHSDUWPHQW��VHQVLWLYLW\�DQG�139�DOORZ�WR�QRW�FRQILUP�WKH�QRUPDO�UHVXOW�E\�D�586��+RZHYHU��LQ�FDVH�RI�K\GURQHSKURVLV�IRXQG�DW�WKH�(386��D
FRQILUPDWLRQ�E\�D�586�RU�D�QRQ�LQMHFWHG�&7�LV�ZDUUDQWHG�EHFDXVH�RI�WKH�ODFN�RI�VSHFLILFLW\��7KH�DEVHQFH�RI�GLIIHUHQFH�EHWZHHQ�K\GURQHSKURVLV
PHDVXUHPHQWV�FRXOG�EH�GXH�WR�D�ODFN�RI�SRZHU��$OWKRXJK�QRQ�HYDOXDWH�LQ�WKLV�VWXG\��WKH�WLPH�VDYLQJ�ZRXOG�EH�LPSRUWDQW�LQ�FDVH�RI�(386�DORQH�
)RUPDWLRQ�RI�WKH�(3�KDV�WR�EH�LPSURYHG�WR�HQKDQFH�WKH�VSHFLILFLW\�



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< 6DOO\�$QQH�:LOVRQ

��������'HOD\V�LQ�EHLQJ�DGPLWWHG�IURP�DQ�HPHUJHQF\�GHSDUWPHQW�WR�DQ�LQSDWLHQW�ZDUG�LQFUHDVH�WKH�ULVN�RI����GD\�PRUWDOLW\��D
UHWURVSHFWLYH�GDWDEDVH�DQDO\VLV�RI�WZR�HPHUJHQF\�GHSDUWPHQWV�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6DOO\�$QQH�:LOVRQ������3DXO�-DUYLV������0RKDPHG�0RKDPPHG����

�����1RQH��/HHGV��8.
�����1RQH��/(('6��8.
�����1RQH��%UDGIRUG��8.

.H\ZRUGV��PRUWDOLW\��H[LW�EORFN��FURZGLQJ

$EVWUDFW��

,QWURGXFWLRQ��(PHUJHQF\�'HSDUWPHQW��('��H[LW�EORFN��ZKLFK�LV�D�PDQLIHVWDWLRQ�RI�SRRU�SDWLHQW�IORZ�LQ�KRVSLWDOV��XQGHUPLQHV�SDWLHQW�VDIHW\��TXDOLW\�RI
FDUH��VWDII�PRUDOH��DQG�('�SHUIRUPDQFH��7KH�H[WHQW�WR�ZKLFK�H[LW�EORFN�XQGHUPLQHV�SDWLHQW�VXUYLYDO�LQ�1+6�KRVSLWDOV�LV�OHVV�ZHOO�NQRZQ�

$LP��7R�GHWHUPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�WLPH�SDWLHQWV�KDYH�WR�ZDLW�LQ�WKH�('�IRU�DQ�LQSDWLHQW�EHG�WR�EHFRPH�DYDLODEOH�DQG�WKLUW\�GD\
PRUWDOLW\�

0HWKRG���5HWURVSHFWLYH�DQDO\VLV�RI�FRQVHFXWLYH�('�DWWHQGDQFHV�DW�WZR�('V�EHWZHHQ��VW�-XQH������DQG���UG�)HEUXDU\�����������GD\V����7KH
PRUWDOLW\�RI�SDWLHQWV�ZKR�ZHUH�DGPLWWHG�WR�D�EHG�ZDV�PRGHOOHG�XVLQJ�D�PXOWLYDULDEOH�3RLVVRQ�UHJUHVVLRQ�PRGHO�ZKLFK�FRQWUROOHG�IRU�DJH��JHQGHU�
DPEXODQFH�WUDQVSRUWDWLRQ�WR�WKH�('��FDVH�PL[�SURILOH��GD\�RI�ZHHN��VHDVRQ�RI�DWWHQGDQFH�DQG�('�VLWH�DWWHQGHG��7KH�ULVN�UDWLR�SHU�KRXU�RI�('�H[LW
GHOD\�ZDV�GHWHUPLQHG�

5HVXOWV����������SDWLHQWV�ZHUH�DGPLWWHG�IURP���������DWWHQGDQFHV�DFURVV�WZR�('V��7KH�PHDQ��6'��('�H[LW�GHOD\��KRXUV��IRU�GHFHDVHG�SDWLHQWV�ZDV
������������YV�������������IRU�QRQ�GHFHDVHG�SDWLHQWV��$ERXW�KDOI�WKH�SDWLHQWV�H[SHULHQFHG�D�PHGLDQ�H[LW�GHOD\�RI����KRXU�DQG������ZDLWHG�IRU�PRUH
WKDQ���KRXUV��('�H[LW�GHOD\V�ZHUH�DVVRFLDWHG�ZLWK�D�����LQFUHDVH�LQ�ULVN�RI�GHDWK�SHU�KRXU�RI�H[LW�GHOD\��5LVN�5DWLR�����������FRQILGHQFH�LQWHUYDO
�����WR���������DIWHU�FRQWUROOLQJ�IRU�VHDVRQDOLW\��GD\�RI�ZHHN��FDVH�PL[�SURILOH�DQG�KRVSLWDO�('�

'LVFXVVLRQ��('�([LW�EORFN�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�GHDWK��)XUWKHU�ZRUN�WR�XQGHUVWDQG�KRZ�DQG�ZK\�LQFUHDVHG�GHOD\�OHDGV�WR�LQFUHDVHG
ULVN�RI�GHDWK�LV�UHTXLUHG��6WUDWHJLHV�WR�UHGXFH�XQQHFHVVDU\�GHOD\V�IURP�('�WR�LQSDWLHQW�EHGV�LQ�KRVSLWDOV�DUH�XUJHQWO\�UHTXLUHG�



('8&$7,21�$1'�75$,1,1* 6LPRQD�6DEXO\WH

��������)DVFLD�LOLDFD�EORFN��WUDLQLQJ�DQG�WHDFKLQJ�HPHUJHQF\�PHGLFLQH�UHVLGHQWV�LQ�/LWKXDQLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6LPRQD�6DEXO\WH������'LQDV�9DLWNDLWLV������-XVWLQDV�6WXFLQVNDV������6DUXQDV�7DUDVHYLFLXV����

�����'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��+RVSLWDO�RI�/LWKXDQLDQ�8QLYHUVLW\�RI�+HDOWK�6FLHQFHV��.DXQDV��/LWKXDQLD��.DXQDV��/,7+8$1,$
�����'HSDUWPHQW�RI�7UDXPD�DQG�2UWKRSHGLF��+RVSLWDO�RI�/LWKXDQLDQ�8QLYHUVLW\�RI�+HDOWK�6FLHQFHV��.DXQDV��/LWKXDQLD��NDXQDV��/,7+8$1,$
�����'HSDUWPHQW�RI�7UDXPD�DQG�2UWKRSHGLF��+RVSLWDO�RI�/LWKXDQLDQ�8QLYHUVLW\�RI�+HDOWK�6FLHQFHV��.DXQDV��/LWKXDQLD��.DXQDV��/,7+8$1,$

.H\ZRUGV��)DVFLD�LOLDFD�EORFN��WUDLQLQJ�

$EVWUDFW��

%DFNJURXQG�	�2EMHFWLYHV

+LS�IUDFWXUHV��FRPPRQO\�LQ�ROGHU�SDWLHQWV��IROORZV�PRGHUDWH�RU�KLJK�OHYHO�RI�SDLQ��6\VWHPLF�DQDOJHVLFV��RIWHQ�SUHVFULEHG�WR�UHOLHYH�SDLQ�DIWHU�KLS
IUDFWXUHV��KDYH�KXJH�VLGH�HIIHFWV��FDQ�GHOD\�VXUJHU\�DQG�PD\�ZRUVHQ�WKH�RXWFRPHV�RI�WKH�VXUJHU\��:H�DQDO\]H�WKH�UROH�DQG�HIILFDF\�RI�DOWHUQDWLYH
IRUPV�RI�DQDOJHVLD�OLNH�IDVFLD�LOLDFD�EORFNV��),%��DQG�DVVHVV�WKH�IHDVLELOLW\�RI�D�VHUYLFH�GHOLYHUHG�E\�HPHUJHQF\�PHGLFLQH�UHVLGHQWV��DIWHU�JLYHQ�D
VKRUW�FRXUVH�DERXW�WKLV�EORFN�

�

0HWKRGV

$OO�HPHUJHQF\�PHGLFLQH�UHVLGHQWV�ZHUH�WUDLQHG�RQ�DGPLQLVWHULQJ�),%�WKURXJK�D�WHDFKLQJ�SUHVHQWDWLRQ�IURP�D�VHQLRU�HPHUJHQF\�PHGLFLQH�UHVLGHQW�
IROORZHG�E\�VXSHUYLVHG�WUDLQLQJ�LQ�WKHDWUH�E\�D�VHQLRU�DQHVWKHVLRORJLVW��2QFH�DIWHU�WKH�WUDLQLQJ��UHVLGHQWV�ZHUH�SHUPLWWHG�WR�DGPLQLVWHU�D�),%�IRU�D
SDWLHQW�ZLWK�VXVSHFWHG�RU�GLDJQRVHG�KLS�IUDFWXUH��7KH�VKRUW�YLGHR�ILOH��FRQWDLQLQJ�VXPPDU\�RI�WKH�WUDLQLQJ�FRXUVH��ZDV�FUHDWHG��LQ�RUGHU�WR�JLYH�WKH
UHVLGHQW�D�ÈWLPH�RIIÉ�DQG�DELOLW\�TXLFNO\�IOLFN�WKURXJK�WKH�PRVW�LPSRUWDQW�SRLQWV�DFFRUGLQJ�WR�WKLV�SURFHGXUH��9LGHR�ILOH�LV�DOZD\V�DYDLODEOH�LQ
HPHUJHQF\�GHSDUWPHQW��7KH�TXHVWLRQQDLUH�IRU�WKH�UHVLGHQWV�ZDV�JLYHQ�WR�NQRZ�KRZ�FRQILGHQFH�WKH\�IHHO�SHUIRUPLQJ�WKLV�SURFHGXUH��7KH
TXHVWLRQQDLUH�ZDV�JLYHQ���������PRQWKV�DIWHU�WKH�FRXUVH��7KH�FRXUVH�ZDV�UHSHDWHG���PRQWKV�DIWHU�WUDLQLQJ��HVSHFLDOO\�IRU�WKRVH�UHVLGHQWV��ZKR�GLG
QRW�SHUIRUP�WKH�SURFHGXUH�LQ���PRQWKV�SHULRG�WLPH��7KH�SDLQ�ZDV�PHDVXUHG����PLQXWHV�DQG���KRXUV�DIWHU�SURFHGXUH��LI�QHHGHG�DGGLWLRQDO
DQDOJHVLFV�ZHUH�SUHVFULEHG�

�

5HVXOWV

7KH�VKRUW�YLGHR�DERXW�WKLV�EORFN�DQG�D�ÈWLPH�RIIÉ�EHIRUH�D�SURFHGXUH�KHOSV�WR�PHPRUL]H�WKH�PRVW�LPSRUWDQW�WKLQJV��5HVLGHQWV�ZKR�SHUIRUPHG�WKLV
SURFHGXUH�PRUH�WKDQ����WLPHV�IHHO�FRQILGHQW�WR�SHUIRUP�WKLV�SURFHGXUH�DORQH��5HVLGHQWV��ZKR�SHUIRUPHG�LW�OHVV�WKDQ����WLPHV��QHHG�D�EDFN�XS�KHOS
ZKLOH�SHUIRUPLQJ�D�SURFHGXUH�DQG�H[SRVHG�WKH�ZLVK�WR�UHSHDW�WKH�FRXUVH��LQ�RUGHU�WR�EXLOG�WKHLU�FRQILGHQFH��DQG�EHWWHU�XQGHUVWDQG�WKLV�EORFN��

�

&RQFOXVLRQ

'LIIHUHQW�WUDLQLQJ�WHFKQLTXHV�KDYH�EHHQ�HYDOXDWHG�LQ�OLWHUDWXUH��:H�VXJJHVW�WKDW�UHSHDWHG�FRXUVHV�LQ�VKRUW�WLPH�DQG�TXLFN�ÈWLPH�RIIVÉ�EHIRUH�D
SURFHGXUH��LV�D�YDOXDEOH�WKLQJ�DQG�FRXOG�KHOS�DFKLHYH�WKH�EHVW�SHUIRUPDQFH��TXLFNHU�DQG�PRUH�VXVWDLQDEOH�VNLOOV�UHWHQWLRQ�

�



3$,1�0$1$*(0(17���$1$/*(6,$��
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0XVWDID�0HKPRRG

��������([WUDS\ULPLGDO�6\PSWRPV��(36���$�UDUH�VLGH�HIIHFW�RI�/LJQRFDLQH�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0XVWDID�0HKPRRG������2UOD�6PLWKZLFN������=DKLG�.KDQ����

���(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDO�*DOZD\��*DOZD\��,5(/$1'

.H\ZRUGV��/LJQRFDLQH��/LGRFDLQH��(36��([WUDS\ULPLGDO�6\PSWRPV

$EVWUDFW��

,QWURGXFWLRQ�

([WUDS\UDPLGDO�V\PSWRPV��(36��DUHD�ZHOO�UHFRJQL]HG�JURXS�RI�VLGH�HIIHFWV�RI�DQWLSV\FKRWLF�PHGLFDWLRQV��PRVW�FRPPRQO\�VHHQ�ZLWK�GUXJV�VXFK�DV
FKORUSURPD]LQH��KDORSHULGRO�HWF��6LGH�HIIHFWV�LQFOXGH�'\VWRQLD��$NHVWKHVLD��7UDGLYH�'\VNLQHVLD�DQG�3DUNLQVRQLVP������2WKHU�GUXJV�VXFK�DV
0HWRFORSUDPLGH�����KDV�EHHQ�DOVR�UHSRUWHG�WR�FDXVH�(36��(36�DIWHU�WKH�XVH�RI�/LGRFDLQH�KDV�VHOGRP�EHHQ�UHSRUWHG������+HUH�ZH�SUHVHQW�D�FDVH�ZLWK
(36�DIWHU�WKH�XVH�RI�VPDOO�GRVH�RI����/LGRFDLQH�

&DVH�5HSRUW�

���\HDUV�ROG�PDOH�FDPH�LQ�WR�(PHUJHQF\�'HSDUWPHQW�ZLWK�D�ZRXQG�RQ�WKH�OHIW�KDQG��+H�ZDV�JLYHQ���POV�RI�/LGRFDLQH�DV�ORFDO�DQHVWKHWLF�DURXQG�WKH
ZRXQG��VXEFXWDQHRXVO\��IRU�H[SORUDWLRQ�DQG�UHSDLU��6RRQ�DIWHU�WKH�/LGRFDLQH�SDWLHQW�VWDUWHG�URFNLQJ�PRYHPHQWV�WR�DQG�IUR�LQ�WKH�WUROOH\��7KHUH�ZHUH
QR�VLJQV�WR�VXJJHVW�DQ�DOOHUJLF�UHDFWLRQ��$OVR�SDWLHQW�ZDV�YLWDOO\�VWDEOH��IXOO\�FRQVFLRXV�ZLWK�*&6��������7KH�PRYHPHQW�VXEVLGHG�DIWHU����PJ�RI
3URF\FOGLQH��/DERUDWRU\�LQYHVWLJDWLRQV�VKRZHG�D�&.�RI������FRQILUPLQJ�(36�

'LVFXVVLRQ�

0HFKDQLVP�E\�ZKLFK�/LGRFDLQH�FDQ�FDXVH�DQ�(36�FDQQRW�EH�H[SODLQHG�EXW�WKH�URFNLQJ�PRYHPHQW�DIWHU�VXEFXWDQHRXV�DGPLQLVWUDWLRQ�RI�OLGRFDLQH�
LPSURYHPHQW�DIWHU�3URF\FOLGLQH�DQG�LQFUHDVHG�&.�RI�����VXJJHVW�(36�

&RQFOXVLRQ�

$OWKRXJK�WKH�EHQHILWV�RI�/LGRFDLQH�FOHDUO\�RXWZHLJK�WKH�UDUH�VLGH�RI�/LGRFDLQH�EXW�DOO�(PHUJHQF\�3K\VLFLDQV�VKRXOG�NHHS�LQ�PLQG�WKH�UDUH�VLGH�HIIHFW
RI�/LGRFDLQH

5HIHUHQFHV

'LYDF�1��3URVWUDQ�0��-DNRYFHYVN�,��&HURYDF�1��6HFRQG�JHQHUDWLRQDQWLSV\FKRWLF�DQG�H[WUDS\UDPLGDO�DGYHUH�HIIHFWV��%LR0HG�5HVHDUFK�,QWHUQDWLRQDO�
������������������GRL����������������������

0RRV�''��+DQVHQ�'-��0HWRFORSUDPLGH�DQG�H[WUDS\UDPLGDO�V\PSWRPV��D�FDVH�UHSRW��-RXUQDO�RI�3HULDQHVWKHVLD�1XUVLQJ��������������������GRL�
��������M�MRSDQ��������

/HVVHU�'��0F*RXJK�(��&DVH�5HSRUW��([WUDS\UDPLGDO�&16�7R[LFLW\�IURP�D�/LGRFDLQH

�

(SLGXUDO��$PHULFDQ�)DPLO\�3K\VLFLDQ��5HWULHYHG�IURP

�

KWWS���DDIS�RUJ�DIS�����������RO��KWPO



&$6(�35(6(17$7,21 0XVWDID�0HKPRRG

��������+HDUW�DW�WKH�WLPH�RI�LPSDFW��$�QHZ�P\VWHU\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0XVWDID�0HKPRRG������%ULDQ�0F1LFKROO����

���(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDO�*DOZD\��*DOZD\��,5(/$1'

.H\ZRUGV��+HDUW�UDWH��,PSDFW��&\FOH��*36��*36�KHDUW�UDWH�PRQLWRU��&\FOH�FUDVK��5HDO�WLPH�KHDUW�UDWH�PRWLQRULQJ

$EVWUDFW��

,QWURGXFWLRQ�+HDUW�UDWH�LV�DQ�LPSRUWDQW�LQGLFDWRU�RI�LQMXU\�DIWHU�WUDXPD��7DFK\FDUGLD�LV�DVVRFLDWHG�ZLWK�EORRG�ORVV��SDLQ��SK\VLRORJLFDO�DQG
SV\FKRORJLFDO�VWUHVV������+RZHYHU�ZKDW�KDSSHQV�WR�KHDUW�UDWH�DW�WKH�WLPH�RI�LPSDFW�LQ�D�FUDVK�LV�XQNQRZQ�DQG�KDV�QHYHU�EHHQ�UHFRUGHG��7KH�DGYHQW
RI�KHDUW�UDWH�PRQLWRUV�DOORZV�FRQVWDQW�UHDO�WLPH�UHFRUGLQJ�RI�KHDUW�UDWH�DQG�VSHHG�ZKLOH�H[HUFLVLQJ��

&DVH�5HSRUW$�FRPSHWLWLYH����\HDU�ROG�WULDWKOHWH�ZDV�RQ�NLORPHWUH���RI�D�����NP�MRXUQH\��DW�D�VSHHG�RI���NP�KU����UHFRUGHG�E\�KLV�*36�WUDFNHU��
ZKHQ�KH�VNLGGHG�RQ�LFH�DQG�IHOO�RQ�KLV�OHIW�VLGH��VNLGGLQJ�ILYH��PHWUHV�DORQJ�WKH�URDG��+H�JRW�XS�LPPHGLDWHO\�DQG�ZHQW�WR�WKH�VLGH�RI�WKH�URDG�WR
UHFRYHU��+H�UHVWHG�IRU�ILYH�PLQXWHV�DQG�WKHQ�SURFHHGHG�WR�YLVLW�D�ORFDO�GRFWRU���+H�ZDV�GLDJQRVHG�ZLWK�EUXLVLQJ�RI�WKH�OHIW�KLS�DQG�DFURPLRFODYLFXODU
MRLQW��

$W�WKH�WLPH�RI�LPSDFW�KLV�+HDUW�5DWH�0RQLWRU�VKRZHG�UDSLG�GHFHOHUDWLRQ�RYHU�D�SHULRG�RI����VHFRQGV��'XULQJ�WKHVH����VHFRQGV�SXOVH�GURSSHG�IURP�D
KLJK�RI�����PLQ�WR����PLQ�DQG�WKHQ�ZLWKLQ���VHFRQGV�UHWXUQHG�WR�QRUPDO�

2Q�DQRWKHU�HYHQW��KH�ZDV�F\FOLQJ�DW�D�VORZHU�VSHHG�ZKHQ�KH�KLW�WKH�FRUQHU�RI�D�IRRWSDWK�	�VWRSSHG�DEUXSWO\��+LV�SXOVH�DJDLQ�VKRZHG�D�UDSLG�GURS
IURP�����PLQ�WR����PLQ�LPPHGLDWHO\�DIWHU�WKH�FUDVK�ZKLFK�WKHQ�ZHQW�XS�WR�����RYHU�WKH�QH[W�IHZ�VHFRQGV�EHIRUH�QRUPDOLVLQJ�WR����PLQ�

,Q�WKLV�H[HUFLVLQJ�DWKOHWH�WKH�KHDUW�UDWH�GURSV�DQG�TXLFNO\�UHWXUQV�WR�QRUPDO�DIWHU�FUDVKLQJ�GHVSLWH�WKH�DVVRFLDWHG�SDLQ�DQG�VWUHVV�

',6&866,21

7KHUH�DUH�QR�RWKHU�UHFRUGHG�HSLVRGHV�RI�KHDUW�UDWHV�DW�WKH�WLPH�RI�LPSDFW�LQ�WKH�OLWHUDWXUH��7DFK\FDUGLD�LV�D�QRUPDO�SK\VLRORJLFDO�UHVSRQVH�WR
H[HUFLVH�ZLWK�KHDUW�UDWHV�XS�WR�����EHDWV�SHU�PLQXWH�EHLQJ�UHFRUGHG�LQ�HOLWH�DWKOHWHV��6XFK�KHDUW�UDWHV�XVXDOO\�UHWXUQ�WR�QRUPDO�UDSLGO\�GXULQJ
UHFRYHU\������7DFK\FDUGLD�LV�DOVR�D�UHVSRQVH�WR�VWUHVV�ZKLOH�UDFLQJ�FDUV�ZLWK�UDWHV�DYHUDJLQJ�����EHLQJ�UHFRUGHG�ZKLOH�UDOO\�GULYLQJ������:KLOH
WDFK\FDUGLD�LV�D�VLJQ�RI�EORRG�ORVV�DIWHU�WUDXPD��LW�LV�XQOLNHO\�WR�EH�SUHVHQW�DW�WKH�WLPH�RI�LQMXU\��DV�WKH�EORRG�ORVV�KDV�RQO\�EHJXQ�

,Q�WKLV�FDVH�ZH�FDQ�VHH�WKDW�H[HUFLVH�UHODWHG�WDFK\FDUGLD�UHWXUQV�WR�QRUPDO�UDSLGO\�DIWHU�D�F\FOLQJ�FUDVK��:H�FDQ�DOVR�DVFHUWDLQ�WKDW�SK\VLRORJLFDO
VWUHVV�VXFK�DV�H[HUFLVH�DQG�LPSDFW�GR�QRW�FDXVH�SHUVLVWHQW�WDFK\FDUGLD�LQ�DWKOHWHV�DIWHU�D�FUDVK�

,I�WDFK\FDUGLD�SHUVLVWV�DIWHU�D�FUDVK�DQ�DOWHUQDWLYH�VKRXOG�EH�VRXJKW�DQG�D�PDMRU�LQMXU\�ZLWK�KDHPRUUKDJH�RU�DQ�DUUK\WKPLD�QHHGV�WR�EH�H[FOXGHG���

5HDO�WLPH�KHDUW�UDWH�PRQLWRULQJ�DQG�*36�WUDFNLQJ�KDYH�RSHQHG�D�QHZ�FKDSWHU�RI�UHVHDUFK��7KLV�ZLOO�OHDG�WR�XQIROGLQJ�RI�PDQ\�FDUGLRYDVFXODU
P\VWHULHV�SUHYLRXVO\�XQNQRZQ�WR�PDQ��MXVW�OLNH�WKH�FDVH�PHQWLRQHG�DERYH�

5HIHUHQFHV

5HIHUHQFHV

���+DOO�-��*X\WRQ�$�7H[WERRN�RI�PHGLFDO�SK\VLRORJ\������

���7KH�+HDUW�RI�7UDLQHG�$WKOHWHV��&DUGLDF�5HPRGHOLQJ�DQG�WKH�5LVNV�RI�6SRUWV��,QFOXGLQJ�6XGGHQ�'HDWK��&LUFXODWLRQ��%�-��0DUURQ�HWDO��������9ROV�
���������������

���6WUHVV�0DUNHUV�'XULQJ�D�5DOO\�&DU�&RPSHWLWLRQ��7-6&5��'HO�5RVVR�HWDW�������9ROV����������������

�

�



*(5,$75,&6 VDLGD�]HOIDQL

��������3UH�KRVSLWDO�FDUH�RI�HOGHUO\�SDWLHQWV��JHQGHU�GLIIHUHQFHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'RUUD�&KWRXURX������VDLGD�]HOIDQL������5$),.$�%(1�&+,+$28,������$)()�&+$.5281������VDPLU�DEGHOPRXPHQ������&+('/<�*+$1(0������PRXQLU
'DJKIRXV����

���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��WXQLV��781,6,$
���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��7XQLV��781,6,$
���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��781,6��)5$1&(
���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��781,6��781,6,$

.H\ZRUGV��HOGHUO\�SUHKRVSLWDO�JHQGHU�GLIIHUHQFHV

$EVWUDFW��

,QWURGXFWLRQ��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LGHQWLI\�JHQGHU�GLIIHUHQFHV�RI�HOGHUO\�SDWLHQWV�ZKR�UHFHLYHG�FDUH�E\�WKH�PRELOH�HPHUJHQF\�FDUH�XQLW
�0(&8��

0HWKRGV��7KLV�ZDV�D�SURVSHFWLYH��REVHUYDWLRQDO�VWXG\�RYHU���PRQWKV��-XO\�DQG�$XJXVW��������XVLQJ�WKH�0(&8�GDWDEDVH�IRU�DOO�RXW�RI�KRVSLWDO�HOGHUO\
SDWLHQWV�FDUH��LQFOXGHG�SDWLHQWV�DJH�JUHDWHU�WKDQ�RU�HTXDO�WR����\HDUV��7KH�.L��WHVW�ZDV�XVHG�WR�FRPSDUH�GLIIHUHQFHV�LQ�UHODWLRQ�WR�JHQGHU
�VLJQLILFDQFH�OHYHO ������

5HVXOWV��'XULQJ�WKH�SHULRG�RI�VWXG\������HOGHUO\�SDWLHQWV�ZHUH�PDQDJHPHQW�E\�WKH�0(&8�WHDPV��7KHUH�ZHUH����PDOHV�DQG����IHPDOHV��6LJQLILFDQW
GLIIHUHQFHV�EHWZHHQ�JHQGHUV�ZHUH�REVHUYHG�UHJDUGLQJ�PHGLFDO�KLVWRU\�RI�GLDEHWHV������YHUVXV������3 ��������LQLWLDO�DXWRQRP\�������RX�����
YHUVXV������RX�������3 ������DQG�LQ�KRVSLWDOL]DWLRQ�UDWH��������YHUVXV������3 ��������:H�GLGQ
W�VKRZ�JHQGHU�UHODWHG�GLIIHUHQFHV�LQ�RYHUDOO
PRUWDOLW\������YHUVXV������3 �����

&RQFOXVLRQ��'XULQJ�SUHKRVSLWDO�FDUH��PRUWDOLW\�DPRQJ�HOGHUO\�SDWLHQWV�ZDV�QRW�LQIOXHQFHG�E\�JHQGHU��'HVSLWH�D�KLJKHU�IUHTXHQF\�RI�ZRPHQ
KRVSLWDOL]DWLRQ�DQG�D�KLJKHU�LQLWLDO�DXWRQRP\�RI�PHQ�



72;,&2/2*< 3LHUULFN�/H�%RUJQH

��������H�FLJDUHWWHV�DFXWH�LQWR[LFDWLRQ��D�UHWURVSHFWLYH�VWXG\�IURP�D�IUHQFK�FRQWURO�SRLVRQ�FHQWHU

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$PLVK�6HHUXWWXQ������&KULVWLQH�7RXUQRXG������(ULF�%D\OH������3LHUULFN�/H�%RUJQH������&KDUOHV�(ULF�/DYRLJQHW������+DNLP�6OLPDQL������&ODLUH�.DP�����
3DVFDO�%LOEDXOW����

���8UJHQFHV�$GXOWHV��+�SLWDO�GH�+DXWHSLHUUH��&+8�6WUDVERXUJ��6WUDVERXUJ��)5$1&(
���&HQWUH�$QWLSRLVRQ�HW�GH�7R[LFRYLJLODQFH��1RXYHO�+�SLWDO�&LYLO��+�SLWDX[�8QLYHUVLWDLUHV�GH�6WUDVERXUJ��6WUDVERXUJ��)5$1&(

.H\ZRUGV��H�FLJDUUHWWHV��LQWR[LFDWLRQ��FRQWURO�SRLVRQ�FHQWHU

$EVWUDFW��

,QWURGXFWLRQ�

7KH�HOHFWURQLF�FLJDUHWWH�LV�D�QLFRWLQH�GHOLYHULQJ�GHYLFH�DYDLODEOH�VLQFH�������7KH�H�OLTXLGV�FRQWDLQ�JO\FHURO��SURS\OHQH�JO\FRO��IODYRULQJ�DJHQWV�DQG
QLFRWLQH��DW�FRQFHQWUDWLRQV�EHORZ����PJ�PO�LQ�)UDQFH��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�DQDO\]H�WKH�FDVHV�RI�DFXWH�LQWR[LFDWLRQ�E\�H�OLTXLGV�UHSRUWHG
WR�D�IUHQFK�SRLVRQ�FHQWHU�

0HWKRGV�

:H�FRQGXFWHG�D�PRQRFHQWULF�DQG�UHWURVSHFWLYH�VWXG\��RI�WKH�H�OLTXLG�SRLVRQLQJ�FDVHV�FROOHFWHG�DW�WKH�SRLVRQ�FHQWHU�RI�6WUDVERXUJ�IURP�����������
WR������������

5HVXOWV�

���FDVHV�ZHUH�UHJLVWHUHG�GXULQJ�WKH�VWXG\�SHULRG��7KH�LQWR[LFDWLRQV�ZHUH�PRUH�IUHTXHQW�DPRQJ�FKLOGUHQ�DJHG�OHVV�WKDQ����\HDUV�������DQG�DGXOWV
�������8QLQWHQWLRQDO�SRLVRQLQJ�UHSUHVHQWHG�����RI�WKH�FDVHV��DQG�YROXQWDU\�LQWR[LFDWLRQV�UHSUHVHQWHG������7KH�VH[�UDWLR�ZDV�����DPRQJ�DGXOWV�DQG
����IRU�FKLOGUHQ��([SRVXUHV�RFFXUUHG�WKURXJK�LQJHVWLRQ��������GHUPDO�H[SRVXUH�������DQG�RFXODU�H[SRVXUH�����������RI�WKH�SDWLHQWV�ZHUH
V\PSWRPDWLF��3RLVRQLQJ�RFFXUUHG�YLD�WKH�GHYLFH�IRU�����RI�DGXOWV�DQG�YLD�UHILOOV�IRU�����RI�FKLOGUHQ������RI�SRLVRQLQJV�ZHUH�RI�ORZ�VHYHULW\
UHJDUGOHVV�RI�WKH�FRQFHQWUDWLRQ�RI�QLFRWLQH�LQ�WKH�OLTXLG������RI�SDWLHQWV�ZHUH�PRQLWRUHG�DW�KRPH�DQG�����FRQVXOWHG�DW�DQ�HPHUJHQF\�GHSDUWPHQW�
2Q�YROXQWDU\�LQWR[LFDWLRQV��H[SRVXUH�ZDV�PDLQO\�RUDO��ZRPHQ�ZHUH�PRUH�FRQFHUQHG�WKDQ�PHQ��65������������RI�WKHVH�SDWLHQWV�ZHUH�V\PSWRPDWLF�
����RI�WKHVH�LQWR[LFDWLRQV�ZHUH�RI�PLOG�VHYHULW\��DFFRUGLQJ�WR�WKH�3RLVRQ�6HYHULW\�6FRUH��

'LVFXVVLRQ�

7KH�DPRXQW�RI�H�OLTXLG�UHVSRQVLEOH�RI�SRLVRQLQJ�ZDV�RIWHQ�QRW�DYDLODEOH��7KH�OHWKDO�GRVH�RI�QLFRWLQH�E\�LQJHVWLRQ��HVWLPDWHG�SUHYLRXVO\�DERXW����PJ
IRU�DGXOWV��LV�FXUUHQWO\�EHLQJ�UHYLVHG��7KH�PDMRULW\�RI�H�OLTXLG�SRLVRQLQJV�DUH�XVXDOO\�DFFLGHQWDO�DQG�PLOG��&KLOGUHQ�DUH�SRLVRQHG�YLD�UHILOOV�EHFDXVH�RI
WKH�DWWUDFWLYHQHVV�RI�WKHVH�VPDOO�ERWWOHV�ZLWKRXW�VDIHW\�GHYLFH��)RU�DGXOWV��LW�LV�RIWHQ�PLVKDQGOLQJ�RU�SRRU�TXDOLW\�RI�WKH�GHYLFHV�WKDW�DUH�UHVSRQVLEOH
IRU�WKH�SRLVRQLQJ�

&RQFOXVLRQ�

,Q�RXU�VWXG\��UHJDUGOHVV�RI�WKH�FLUFXPVWDQFHV��DFXWH�SRLVRQLQJ�E\�H�OLTXLG�PRVWO\�KDYH�PLOG�FRQVHTXHQFHV��DV�IRXQG�LQ�WKH�OLWHUDWXUH�UHYLHZ��:H
QRWHG�WKDW�DIWHU�D�UDLVH�LQ�WKH�QXPEHU�RI�DFXWH�LQWR[LFDWLRQV�ZLWK�D�SHDN�LQ�������WKH�QXPEHUV�DUH�OHYHOOLQJ�GRZQ�����FDVHV�LQ��������7KH�PHGLXP
DQG�ORQJ�WHUP�HIIHFWV�DUH�VWLOO�XQNQRZQ�GXH�WR�WKH�UHFHQW�LQWURGXFWLRQ�RI�WKLV�SURGXFW�RQ�WKH�PDUNHW�DQG�WKH�UHODWLYH�ODFN�RI�NQRZOHGJH�DERXW�WKH
FRPEXVWLRQ�SURGXFWV�RI�H�OLTXLGV�



35(�+263,7$/���(06���287�2)�+263,7$/ VDLGD�]HOIDQL

��������3UH�KRVSLWDO�PDQDJHPHQW�RI�VHYHUH�WUDXPD�SDWLHQWV��DUH�ZH�UHVSHFWLQJ�WKH�JROGHQ�KRXU"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'RUUD�&KWRXURX������VDLGD�]HOIDQL������$PLQD�-HEDOL������<RVUD�0DQDL������6DPLD�$UIDRXL������VDQD�GULGL������PRXQLU�'DJKIRXV����

���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��WXQLV��781,6,$
���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��7XQLV��781,6,$

.H\ZRUGV��SUH�KRVSLWDO�VHYHUH�WUDXPD�SDWLHQW�JROGHQ�KRXU

$EVWUDFW��

,QWURGXFWLRQ��7LPH�LV�FRQVLGHUHG�DV�DQ�HVVHQWLDO�GHWHUPLQDQW�LQ�WKH�LQLWLDO�FDUH�RI�WUDXPD�SDWLHQWV��

2XU�SXUSRVH�ZDV�WR�HYDOXDWH�WKH�GHOD\V�LQ�RXW�RI�KRVSLWDO�PDQDJHPHQW�RI�VHYHUH�WUDXPD�SDWLHQWV�E\�WKH�PRELOH�HPHUJHQF\�FDUH�XQLW��0(&8��DQG
WKHLU�DGK�VLRQ�WR�UHFRPPDQGDWLRQV�

0HWKRGV��7KLV�ZDV�D�SURVSHFWLYH��REVHUYDWLRQDO�VWXG\�RYHU�RQH�\HDU��IURP�-DQXDU\�WR�'HFHPEHU��������XVLQJ�WKH�0(&8�GDWDEDVH��:H�DQDO\VHG
SUHKRVSLWDO�WLPH�LQWHUYDOV�IRU�WUDXPD�SDWLHQWV�DFFRUGLQJ�WR�WKHLU�ODYHOV�

5HVXOWV��7KHUH�ZHUH����VHYHUHO\�WUDXPD�SDWLHQWV�PDQDJHPHQW�E\�0(&8�WHDPV��2I�WKHVH�SDWLHQWV�����ZHUH�HYDOXDWHG�OHYHO�������ZHUH�HYDOXDWHG
OHYHO���DQG����ZHUH�HYDOXDWHG�OHYHO����7KH�PHDQ�WLPH�IURP�LQMXU\�RFFXUHQFH�WR�DUULYDO�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��ZDV����PLQ��2QO\���
��������SDWLHQWV�UHDFKHG�WKH�('�ZLWKLQ����PLQ��'HOD\V�ZHUH�GLIIHUHQW�DFFRUGLQJ�WR�SDWLHQW
V�OHYHO��LW�ZDV�H[FHHG����PLQ�WR�����RI�SDWLHQWV�OHYHO���
������RI�SDWLHQWV�OHYHO���DQG�������RI�SDWLHQWV�OHYHO���

&RQFOXVLRQ��7KH�PHGLDQ�WLPH�WR�FDUH�IRU�VHYHUH�WUDXPD�SDWLHQWV�ZDV�VLPLODU�WR�UHFRPPDQGDWLRQV��+RZHYHU��PRUH�WKDQ�KDOI�RI�SDWLHQWV�ZHUH�EH\RQG
WKLV�SHULRG��7KH�PRVW�VHULRXV�SDWLHQWV�ZHUH�WKRVH�IRU�ZKLFK�SHULRGV�ZHUH�ORQJHU��)RFXV�VKRXOG�QRW�EH�RQ�WKH�W\SH�RI�SUHKRVSLWDO�FDUH�GHOLYHUHG�RQO\�
EXW�DOVR�RQ�UDSLG�WUDQVSRUW�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 (OLVD�6DOHPH

��������$RUWLF�GLVVHFWLRQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&UX]�6DOHPH������.DUOD�+HUQDQGH]������+HFWRU�0RQWLHO����

���(PHUJHQF\�'HSDUWPHQW��$%&�0HGLFDO�&HQWHU�0HWKRGLVW�1HWZRUN��0H[LFR��0(;,&2

.H\ZRUGV��$RUWLF�GLVVHFWLRQ��(PHUJHQF\�'HSDUWPHQW��FKHVW�SDLQ��DOJRULWKP�IRU�GLDJQRVLV

$EVWUDFW��

'LVVHFWLRQ�RI�WKH�DRUWD�LV�D�FRQGLWLRQ�WKDW�XVXDOO\�RFFXUV�VXGGHQO\��DQG�LQ�PRVW�FDVHV��DULVH�IURP�DQ�LQFLGHQWDO�ILQGLQJ��GXULQJ�D�VHFRQGDU\
DEGRPLQDO�SDLQ�RU�DFXWH�FKHVW�DVVHVVPHQW��7KLV�FRQGLWLRQ�LV�QRW�DV�FRPPRQ�DV�RWKHU�FDXVHV�RI�FKHVW�SDLQ��EXW�LW�LV�HVVHQWLDO�WR�PDLQWDLQ�D�KLJK
LQGH[�RI�VXVSLFLRQ�EDVHG�RQ�DGHTXDWH�NQRZOHGJH�RI�WKLV�HQWLW\�

�7KH�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�GHVFULEH�WKH�SUHYDOHQFH�RI�WKLV�GLVHDVH�LQ�RXU�SRSXODWLRQ�DQG�WKXV�LGHQWLI\�ULVN�IDFWRUV�DQG�GHPRJUDSKLF
FKDUDFWHULVWLFV�WKHUHRI�ZLWK�VSHFLDO�LQWHUHVW�LQ�WKH�WLPHO\�GLDJQRVLV��%DVHG�RQ�WKLV�ZH�SURSRVH�DQ�DOJRULWKP�RI�DFWLRQ�LQ�WKH�('��0HWKRGRORJ\�
7UDQVYHUVDO��UHWURVSHFWLYH�GHVFULSWLYH�VWXG\�RQ�WKH�HSLGHPLRORJLFDO��FOLQLFDO��ZLWK�VSHFLDO�DWWHQWLRQ�WR�WKH�SUHVHQWDWLRQ��GLDJQRVLV�LQ�WKH�HPHUJHQF\
GHSDUWPHQW�DW�RXU�FHQWHU�

�7KH�LPSRUWDQFH�RI�WKLV�VWXG\�LV�WR�SURSRVH�DQ�HDUO\�GLDJQRVLV�IRU�EHWWHU�SDWLHQW�RXWFRPHV��:LWKLQ�RXU�VDPSOH���������RI�SDWLHQWV�ZHUH�PDOH��7KH
PRVW�FRPPRQ�V\PSWRP�WKDW�OHG�WR�HPHUJHQF\�URRP�SDWLHQWV�ZDV�FKHVW�SDLQ�E\�������7KH�LQLWLDO�FOLQLFDO�VXVSLFLRQ��DIWHU�PDNLQJ�KLVWRU\�DQG
H[DPLQDWLRQ�ZDV�������IRU�GLVVHFWLRQ�SULRU�WR�DQ\�GLDJQRVWLF��LQ�RWKHU�FDVHV�DQRWKHU�GLDJQRVLV�ZDV�DVVXPHG��VR�WKH�SDWLHQWV�ZHUH�DGPLWWHG�WR
KRVSLWDO��GLDJQRVHG�ZLWK��FKHVW�SDLQ�LQ�VWXG\��LQ�D�������

7KH�������RI�SDWLHQWV�ZHUH�RSHUDWHG��7KH�KRVSLWDO�PRUWDOLW\�ZDV�������

�7KH�VXGGHQ�RQVHW�RI�VHYHUH��UHWURVWHUQDO�RU�LQWHUVFDSXODU�FKHVW�SDLQ��VRPHWLPHV�UHIHUUHG�WR�DV�WHDU�DQG�VXEVHTXHQW�SURJUHVVLRQ�GRZQZDUG�RU
WRZDUG�WKH�EDFN�UHJLRQ�ZRXOG�W\SLFDOO\�ZDLW�SLFWXUH�������RI�WKH�FDVHV�KDG�FKHVW�SDLQ�UHODWHG�WR�WKH�UDQJH�GHVFULEHG�LQ�WKH�OLWHUDWXUH����������

7KH�XVH�RI�FRPSOHPHQWDU\�GLDJQRVWLF�WHVWV��GLIIHUV�PDUNHGO\�IURP�D�VHULRXV�WR�RWKHUV��H[SODLQHG�E\�WKH�DYDLODELOLW\�GHSHQGLQJ�RQ�WKH�FHQWHU�DQG
H[SHULHQFH�LQ�XVH��YDU\LQJ�IURP�RQH�FHQWHU�WR�DQRWKHU�DQG�HYHQ�IURP�VWDII�LV�RQ�FDOO�LQ�WKH�HPHUJHQF\�VHUYLFHV��

�6R�DQ�DOJRULWKP�FDUH�LV�SURSRVHG�WR�WKHVH�SDWLHQWV�IURP�WKH�SHUVSHFWLYH�RI�WKH�HPHUJHQF\�GHSDUWPHQW��LQWHJUDWLQJ�WKH�PRVW�LPSRUWDQW�GDWD�RI
FOLQLFDO�DQG�VXJJHVWLQJ�WKH�PRVW�VLPSOH�DQG�HIIHFWLYH�JXLGHOLQHV�IRU�FDUH�EHIRUH�FKHVW�SDLQ�VXJJHVWLYH�RI�DRUWLF�GLVVHFWLRQ�DSSOLFDEOH�WR�DOO
HPHUJHQF\��VHUYLFHV��



&$6(�35(6(17$7,21 0$57$�0(5/2

��������'R�QRW�DVN�PH�DJDLQ��,�KDYH�QRW�JLYH�PH�D�.QRFN���

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0$57$�0(5/2������-8$1�/848(������3$75,&,$�%$=u1������5$48(/�&$6(52������(/(1$�$=1$5������&w6$5�9(5*$5$����

���$	(��+263,7$/�81,9(56,7$5,2�*(7$)(�0$'5,'��0$'5,'��63$,1
���35,0$5<�&$5(��6(6&$0��72/('2��63$,1

.H\ZRUGV��+HPDWRPD�(PHUJHQF\�VHUYLFH�0\RVLWLV

$EVWUDFW��

$����\HDU�ROG�PHQ�ZLWK�GLDEHWHV�ZDV�DWWHQGHG�LQ�$	(�GHSDUWPHQW�IRU�SDLQ�DQG�KHPDWRPD�LQ�KLV�ULJKW�VKRXOGHU�WKDW�DSSHDUHG�WHQ�GD\V�HDUOLHU�DQG
ZDV�WUHDWHG�ZLWK�DQWLELRWLFV�IRU�VXVSHFWHG�FHOOXOLWH��'HVSLWH�WUHDWPHQW�WKH�KHPDWRPD�YROXPH�ZDV�LQFUHDVLQJ�ZLWKRXW�SDLQ�RU�LQIODPPDWRU\�VLJQV�
7KH�SDWLHQW�GHQLHG�WUDXPD��HIIRUW�RU�ELWH�DW�WKDW�ORFDWLRQ��1R�SDLQ�LQ�WKH�UHVW�RI�WKH�ULJKW�OLPE�RU�YROXPH�LQFUHDVH��1R�IHYHU��1R�G\VSQHD�RU�FKHVW
SDLQ��1R�SDOSLWDWLRQV�

�

3+<6,&$/�(;$0,1$7,21

7HPSHUDWXUH������q&��+HDUW�UDWH����OSP��%ORRG�SUHVVXUH��������PP+J�6S2�������

+HPDWRPD�ZLWK�YDULFRVH�YHLQV�LQ�VXSUDHVFDSXODU�UHJL�Q���[��FP���1R�WHQGHUQHVV�RI�ERQ\�SURPLQHQFHV��1RUPDO�MRLQW�PRELOLW\���3DLQIXO�DEGXFWLRQ�
1R�ORVV�RI�VWUHQJWK�DQG�VHQVLWLYLW\��3XOVHV�SUHVHQW��1R�VZHOOLQJ�RU�HU\WKHPD�LQ�ULJKW�IRUHDUP�
0RELOH�SDLQOHVV�OXPS�LQ�LQIUDHVFDSXODU�UHJLRQ��FP��

�

7(67

�/DERUDWRU\�WHVW��*OXFRVH����PJ�GO��&UHDWLQLQH�����PJ�GO��&UHDWLQLQH�.LQDVH����8�/��3&5����PJ�GO��+HPRJORELQH�����PJ�GO��/HXFRFLWHV�������

�&KHVW�;�5D\��1R�DWHOHFWDVLV��QR�HGHPD�

�5LJKW�VKRXOGHU�;�5D\���QR�DFXWH�ERQH�LQMXU\

8OWUDVRQRJUDSK\��KRPRJHQHRXV�VROLG�OHVLRQ��HQFDSVXODWHG��XQILOOHG��1R�KHPDWRPDV�RU�DEVFHVV�

�

(92/87,21
+H�ZDV�GLVFKDUJHG�IURP�KRVSLWDO�ZLWK�DQWLELRWLF�DQG�ZH�UHTXHVW�D�UHVRQDQFH�WR�FRPSOHWH�WKH�VWXG\��$IWHU���GD\V�WKH�SDWLHQW�UHWXUQHG�WR�WKH
KRVSLWDO�E\�ZRUVHULQJ�RI�KLV�FRQGLWLRQ��:H�SHUIRUP�05,��7KH�UHVXOW�ZDV��3LRPLRVLWLV�DEVFHVVHG���$EVFHVV�+HPDWRPD�LQ�ULJKW�GHOWRLG�DQG
VXSUDVSLQDWXV�FRPSOLFDWHG�ZLWK�RVWHRP\HOLWLV�RI�WKH�ULJKW�DFURPLRFODYLFXODU�MRLQW�

�

�

3\RP\RVLWLV�LV�DQ�DFXWH�LQIHFWLRQ�RI�VNHOHWDO�PXVFOH�FRPPRQ�LQ�WKH�WURSLFV��,Q�SULPDU\�IRUPV�LW�LV�DFFHSWHG�WKDW�PXVFOH�DEVFHVV�LV�IRUPHG�IURP
KHPDWRJHQRXV�VSUHDG�RI�D�PXVFOH�SUHYLRXVO\�DOWHUHG��8VXDOO\�RFFXUV�LQ�FKLOGUHQ�RU�\RXQJ�DGXOWV�������\HDUV��

�

7KHUH�DUH�SUHGLVSRVLQJ�IDFWRUV�VXFK�DV�GLDEHWHV�PHOOLWXV��DOFRKROLF�OLYHU�GLVHDVH��WUHDWPHQW�ZLWK�FRUWLFRVWHURLGV��LPPXQRVXSSUHVVLYH�GLVHDVHV�DQG
+,9�LQIHFWLRQ�DPRQJ�RWKHUV�

7KH�SDWKRJHQ�PRVW�RIWHQ�LPSOLFDWHG�LV�6WDSK\ORFRFFXV�DXUHXV���IROORZHG�E\�6WUHSWRFRFFXV�JURXS�$�

7KH�FOLQLF�LV�XVXDOO\�VXEDFXWH�DQG�HDUO\�VWDJH�RQO\�SURGXFHV�ORFDOL]HG�PXVFOH�SDLQ��,Q�WKH�ODWH�SKDVH�VLJQV�RI�PXVFOH�LQIODPPDWLRQ��HU\WKHPD�
HGHPD��IOXFWXDWLRQ�DQG�IXQFWLRQDO�LPSRWHQFH��IHYHU�DQG�PDODLVH��)XOPLQDQW�IRUPV�DUH�UDUH�DQG�ZKHQ�WKH\�RFFXU��WKH�RUJDQLVP�LQYROYHG�LV�PRVW
RIWHQ�6WUHSWRFRFFXV�JURXS�$�

�

$PRQJ�WKH�KLJKOLJKWV�ODERUDWRU\�DEQRUPDOLWLHV�QHXWURSKLOLF�OHXNRF\WRVLV��XQOLNH�WURSLFDO�IRUPV�LV�UDUH�HRVLQRSKLOLD�DQG�LQFUHDVHG�VHGLPHQWDWLRQ�UDWH�



,W�LV�QRW�RIWHQ�HOHYDWHG�PXVFOH�HQ]\PHV�GHVSLWH�WKH�H[WHQVLYH�PXVFOH�GHVWUXFWLRQ��,Q�QRQ�WURSLFDO�SLRPLRVLWLV�EDFWHUHPLD�UDQJHV�IURP�������

,PDJLQJ�WHFKQLTXHV�VXFK�DV�XOWUDVRXQG��&7�VFDQ�DQG�05,�DUH�XVHIXO�WR�LGHQWLI\�WKH�QXPEHU��VL]H��H[WHQVLRQ��ORFDWLRQ�RI�DEVFHVVHV�DQG�JXLGH�WKH
QHHGOH�VWLFN�

7KH�PLFURELRORJLFDO�GLDJQRVLV�LV�EDVHG�RQ�EORRG�FXOWXUHV�DQG�FXOWXUH�RI�WKH�VDPSOH�RI�PXVFOH�DEVFHVV�ZKRVH�VHQVLWLYLW\�LV�������7KH�GLIIHUHQWLDO
GLDJQRVLV�LQFOXGHV�PXVFOH�WUDXPD��'97��RVWHRP\HOLWLV��FHOOXOLWLV��VHSWLF�DUWKULWLV�DQG�PDOLJQDQW�WXPRUV�

7UHDWPHQW�LV�PHGLFDO�VXUJLFDO��DQWLELRWLF�WKHUDS\�DQG�VXUJLFDO�GUDLQDJH�RI�DEVFHVVHV��7KH�SURJQRVLV�LV�IDYRUDEOH�ZLWK�DSSURSULDWH�WUHDWPHQW�
0RUWDOLW\�UDQJHV�IURP�������GHSHQGLQJ�RQ�WKH�XQGHUO\LQJ�GLVHDVH��UDSLG�GLDJQRVLV�DQG�LQLWLDWLRQ�RI�WUHDWPHQW�

�

,V�DQ�XQXVXDO�FDVH�WKDW�KDSSHQV�LQ�D�PDOH�LQ�WKH�HLJKWK�GHFDGH�RI�OLIH�ZKLFK�KDYH�SUHGLVSRVLQJ�IDFWRUV��EXW�ZH�KDYH�QRW�EHHQ�DEOH�WR�ILOLDO�RULJLQ�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

)UHG�)LHVVHOHU

��������5HGXFWLRQ�LQ�(PHUJHQF\�'HSDUWPHQW�9LVLWV�DIWHU�,PSOHPHQWLQJ�D�&DUH�3ODQ�LQ�3DWLHQWV�ZLWK�'UXJ�6HHNLQJ�%HKDYLRU��)LYH
<HDU�$QDO\VLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)UHG�)LHVVHOHU������5HQHH�5LJJV������'DYH�6DOR������%ULDQ�:DOVK������3DXO�6]XFV������.-�5DSS����

�����0RUULVWRZQ�0HGLFDO�&HQWHU��0RUULVWRZQ��86$
�����5XWJHUV�0HGLFDO�6FKRRO��1HZ�%UXQVZLFN��1HZ�%UXQVZLFN��86$

.H\ZRUGV��FDUH�SODQV��RSLRLG��HPHUJHQF\�PHGLFLQH

$EVWUDFW��

6WXG\�REMHFWLYHV��3DWLHQWV�ZLWK�GUXJ�VHHNLQJ�EHKDYLRU�FDQ�EH�ERWK�ODERU�DQG�UHVRXUFH�LQWHQVLYH�WR�WKH�HPHUJHQF\�GHSDUWPHQW���:H�GHWHUPLQHG
WKH�FKDQJH�LQ�QXPEHU�RI�(PHUJHQF\�'HSDUWPHQW��('��YLVLWV�IRU�ILYH�FRQVHFXWLYH�\HDUV�IROORZLQJ�D�FDUH�SODQ�LQLWLDWLRQ�IRU�LQGLYLGXDOV�ZKR�GLVSOD\HG
GUXJ�VHHNLQJ�EHKDYLRU�

�

0HWKRGV��$�UHWURVSHFWLYH��FRKRUW�REVHUYDWLRQDO�VWXG\���/RFDWLRQ��D�VXEXUEDQ�WHDFKLQJ�KRVSLWDO�ZLWK�DQ�DQQXDO�FHQVXV�RI��������SDWLHQWV���$�FDUH
SODQ�ZDV�LQLWLDWHG�IRU�SDWLHQWV�IODJJHG�E\�('�VWDII�DV�FRQFHUQLQJ�IRU�GUXJ�VHHNLQJ�EHKDYLRU���$Q�('�DGPLQLVWUDWRU�WKHQ�FROODERUDWHG�ZLWK�WKH�SDWLHQWÇV
SULPDU\�GRFWRU�UHJDUGLQJ�WKHLU�FRQFHUQV���,I�WKH�SULPDU\�GRFWRU�FRQFXUUHG��D�SODQ�RI�FDUH�ZDV�LQLWLDWHG��ZKLFK�W\SLFDOO\�UHVWULFWHG�QDUFRWLF
DGPLQLVWUDWLRQ���3DWLHQWV�VXEVHTXHQWO\�UHFHLYHG�D�FHUWLILHG�OHWWHU�UHJDUGLQJ�WKHLU�SODQ���&RSLHV�RI�WKH�OHWWHUV�ZHUH�SODFHG�DOSKDEHWLFDOO\�E\�QDPH�LQ
ELQGHUV�UHVLGLQJ�LQ�WKH�('��DQG�FKDUWV�ZHUH�IODJJHG�ZKHQ�SDWLHQWV�SUHVHQWHG�WR�WKH�('���7KH�ILUVW����SDWLHQWV�LQ�HDFK�RI���ELQGHUV�ZHUH�LQFOXGHG�LQ
WKH�VWXG\�SRSXODWLRQ��1 ������7KH�QXPEHUV�RI�('�9LVLWV�ZHUH�GHWHUPLQHG�RQH�\HDU�SULRU��DQG�IRU�WKH�ILYH�VXEVHTXHQW�\HDUV�IROORZLQJ�FDUH�SODQ�
EDVHG�RQ�OHWWHU�SRVWLQJ�GDWH���([FOXVLRQ�FULWHULD��XQFODLPHG�OHWWHU��LQFRPSOHWH�GDWD��RU�QRQ�GUXJ�VHHNLQJ�FDUH�SODQ��6WDWLVWLFV��7ZR�WDLOHG�:LOFR[RQ
VLJQHG�UDQN�WHVW�ZLWK�VLJQLILFDQFH�RI�S��������7KLV�VWXG\�ZDV�DSSURYHG�E\�RXU�,5%�

�

5HVXOWV���6L[W\�SDWLHQWV�ZHUH�DQDO\]HG���([FOXVLRQ�FULWHULD��LQFRPSOHWH�GDWD��1 ����GLG�QRW�UHFHLYH�OHWWHU��1 ����DQG�QRQ�GUXJ�VHHNLQJ�FDUH�SODQ
�1 �����7KLV�OHIW����SDWLHQWV�IRU�DQDO\VLV��0HDQ�DJH�ZDV����\HDUV���,45�������\UV����0DOH�JHQGHU�FRPSULVHG�����RI�VDPSOH�SRSXODWLRQ���2YHUDOO��WKHUH
ZHUH�����YLVLWV�IRU�VWXG\�SDWLHQWV�WKH�ILUVW�\HDU�DQG����GXULQJ�WKH�ILIWK�\HDU��0HDQ�\HDUO\�('�YLVLWV�SULRU�WR�FDUH�SODQ�LQLWLDWLRQ�ZHUH����������&,
�����������0HDQ�YLVLWV�IROORZLQJ�LPSOHPHQWDWLRQ�RI�FDUH�SODQ�ZHUH��RQH�\HDU�����������&,�����������WZR�\HDUV�����������&,�����������WKUHH�\HDUV�����
������&,�����������IRXU�\HDUV�����������&,�����������ILYH�\HDUV�����������&,�����������S �����������7KH�PHDQ�UHGXFWLRQ�RI�YLVLWV���\HDU�IROORZLQJ
LPSOHPHQWDWLRQ�ZDV������S �����������7KH�ILYH�\HDU�UHGXFWLRQ�LQ�YLVLWV�ZDV�E\������S ������������$�VLJQLILFDQW�UHGXFWLRQ�LQ�YLVLWV�RFFXUUHG�EHWZHHQ
RQH�\HDU�DQG�WZR�\HDUV�IROORZLQJ�LPSOHPHQWDWLRQ�ZLWK�D�PHDQ�UHGXFWLRQ�RI������S ������DQG�EHWZHHQ�WZR�\HDUV�DQG�WKUHH�\HDUV�ZLWK�D�PHDQ
UHGXFWLRQ�RI������S ��������7KHUH�ZDV�QR�VLJQLILFDQW�UHGXFWLRQ�LQ�QXPEHU�RI�YLVLWV�IURP�WKUHH�WR�IRXU�\HDUV�ZLWK�D�PHDQ�UHGXFWLRQ�RI������S �������RU
IRXU�WR�ILYH�\HDUV�ZLWK�D�PHDQ�UHGXFWLRQ�RI������S ������

�

&RQFOXVLRQ���&DUH�SODQV�DUH�HIIHFWLYH�DV�D�ORQJ�WHUP�PHDQV�RI�UHGXFLQJ�('�YLVLWV�LQ�SDWLHQWV�ZLWK�GUXJ�VHHNLQJ�EHKDYLRU���('�YLVLWV�ZHUH
VLJQLILFDQWO\�GHFUHDVHG�XS�WR�WKUHH�\HDUV�IROORZLQJ�FDUH�SODQ�LQLWLDWLRQ��



72;,&2/2*< 7DH�&KDQJ�-DQJ

��������$�)DWDO�&DVH�RI�8QLQWHQWLRQDO�&ROFKLFLQH�,QWR[LFDWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6HR�<RXQJZRR������7DH�&KDQJ�-DQJ����

���(PHUJHQF\�GHSDUWPHQW��6FKRRO�RI�0HGLFLQH��'DHJX�&DWKROLF�8QLYHUVLW\�RI�'DHJX��.RUHD�����'DHJX��.25($��'(02&5$7,&�5(38%/,&

.H\ZRUGV��&ROFKLFLQH��,QWR[LFDWLRQ

$EVWUDFW��

&ROFKLFLQH�LV�ZLGHO\�XVHG�LQ�WKH�WUHDWPHQW�RI�JRXW��%HK�HWÇV�V\QGURPH�DQG�RWKHU�GLVHDVH��&ROFKLFLQH�LQWR[LFDWLRQ��DOWKRXJK�UDUH��FDQ�FDXVH
V\PSWRPV�UDQJLQJ�IURP�PLOG�JDVWURLQWHVWLQDO�FRPSODLQWV�WR�VHYHUH�WR[LF�FRQGLWLRQV�UHVXOWLQJ�LQ�GHDWK��ZH�UHSRUWHG�D����\HDU�ROG�ZRPDQ�ZKR�KDG
%HK�HWÇV�V\QGURPH�DQG�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�DIWHU�LQJHVWLQJ����WDEOHWV���PJ��RI�FROFKLFLQH�LQ�DWWHPSW�WR�DOOHYLDWH�KHU
DEGRPLQDO�SDLQ��,QLWLDOO\��VKH�MXVW�FRPSODLQHG�RI�DEGRPLQDO�SDLQ�DQG�QDXVHD��*DVWULF�ODYDJH�ZDV�SHUIRUPHG�DQG�DFWLYDWHG�FKDUFRDO�ZDV
DGPLQLVWHUHG�LPPHGLDWHO\��2Q�DGPLVVLRQ��7KH�SDWLHQW�KHPDWRORJLF�DQG�ELRFKHPLVWU\�ODERUDWRU\�WHVW�UHVXOW�ZDV�QRUPDO��%XW�VKH�H[KLELWHG�PDQ\
SURJUHVVLQJ�IHDWXUHV�RI�FROFKLFLQH�LQWR[LFDWLRQ��VXFK�DV�JDVWURLQWHVWLQDO�V\PSWRPV��FROLWLV�LQ�&7�VFDQ��OHXNRSHQLD��UHERXQG�OHXNRF\WRVLV��HOHYDWHG
OLYHU�HQ]\PHV��PXOWLSOH�RUJDQ�IDLOXUH�DQG�VR�RQ��)LIW\�KRXUV�DIWHU�LQJHVWLQJ�WKH�FROFKLFLQH��VKH�FRPSODLQHG�RI�FKHVW�GLVFRPIRUW�DQG�G\VSQHD��DQG
GHYHORSHG�FDUGLDF�DUUHVW�LPPHGLDWHO\�WKHUHDIWHU��'HVSLWH�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��VKH�ZDV�H[SLUHG�XQIRUWXQDWHO\��7KLV�FDVH�VKRZHG�WKDW
RYHUGRVH�RI�FROFKLFLQH�LV�DVVRFLDWHG�ZLWK�UDSLG�SURJUHVVLRQ�DQG�VXGGHQ�FDUGLDF�DUUHVW��,W�LV�LPSRUWDQW�WKDW�ZH�KDYH�WR�NQRZ�EHQHILWV�DQG�SRWHQWLDO
GDQJHUV�RI�WKLV�GUXJ��&DUHIXO�SUHVFULSWLRQ�DQG�H[SODQDWLRQ�PD\EH�QHHGHG�



&$6(�35(6(17$7,21 :HL�/LQ�7DOOLH�&KXD

��������$IWHU�DFXSXQFWXUH��$FXSXQFWXUH�DVVRFLDWHG�SQHXPRWKRUD[

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

:HL�/LQ�7DOOLH�&KXD������&RULQQH�/DX����

���(PHUJHQF\�0HGLFLQH��6LQJKHDOWK��6LQJDSRUH��6,1*$325(

.H\ZRUGV��DFXSXQFWXUH��SQHXPRWKRUD[��DOWHUQDWLYH�PHGLFLQH��FRPSOHPHQWDU\�PHGLFLQH

$EVWUDFW��

,QWURGXFWLRQ

$FXSXQFWXUH�LV�SURYHQ�WR�EH�UHODWLYHO\�HIIHFWLYH�LQ�FKURQLF�SDLQ�WUHDWPHQW�>L@�>LL@�:LWK�LWV�LQFUHDVLQJ�SRSXODULW\��(PHUJHQF\�3K\VLFLDQV��(3V��VKRXOG�EH
DZDUH�RI�LWV�FRPSOLFDWLRQV��:H�UHSRUW���FDVHV�RI�DFXSXQFWXUH�LQGXFHG�SQHXPRWKRUD[�SUHVHQWLQJ�WR�RXU�KRVSLWDO�HPHUJHQF\�GHSDUWPHQW�LQ�6LQJDSRUH
RYHU�D���ZHHN�SHULRG�

&DVH��

$����\HDU�ROG�ODG\�SUHVHQWHG�ZLWK�G\VSQRHD����PLQXWHV�IROORZLQJ�DFXSXQFWXUH�WR�WKH�FKHVW��6KH�ZDV�D�QRQ�VPRNHU�ZLWK�QR�SXOPRQDU\�UHODWHG
FR�PRUELGLWLHV��2Q�DUULYDO�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('���WKH�SDWLHQW�ZDV�WDFK\SQHLF�DQG�KDG�6S2��RI�����RQ��/LWUH�R[\JHQ��2WKHU�YLWDO�VLJQV
ZHUH�QRUPDO���;�UD\�VKRZHG�D�ODUJH�ULJKW�VLPSOH�SQHXPRWKRUD[��$�FKHVW�GUDLQ�ZDV�LQVHUWHG�LQ�WKH�('�ZLWK�V\PSWRP�UHVROXWLRQ�DQG�UH�LQIODWLRQ�RI�WKH
OXQJ�RQ�UHSHDW�[�UD\V��6KH�ZDV�GLVFKDUJHG�WKH�QH[W�GD\�IROORZLQJ�UHPRYDO�RI�FKHVW�WXEH�

&DVH��

$Q����\HDU�ROG�JHQWOHPDQ�ZLWK�QR�KLVWRU\�RI�VPRNLQJ�RU�UHVSLUDWRU\�GLVHDVH�SUHVHQWHG�ZLWK�FKHVW�WLJKWQHVV�DQG�G\VSQHD���KRXU�DIWHU�DFXSXQFWXUH�WR
WKH�EDFN��+H�ZHQW�WR�WKH�DFXSXQFWXULVW�IRU�WUHDWPHQW�RI�EDFN�SDLQ�IURP�OXPEDU�UDGLFXORSDWK\��+H�ZDV�KHPRG\QDPLFDOO\�VWDEOH��;�UD\�UHYHDOHG�D
ODUJH�ULJKW�VLPSOH�SQHXPRWKRUD[��&KHVW�GUDLQ�LQVHUWLRQ�ZDV�SHUIRUPHG�LQ�('��+H��WRR�KDG�KLV�FKHVW�WXEH�UHPRYHG�DIWHU�UHVROXWLRQ�RI�KLV�V\PSWRPV
DQG�ZDV�GLVFKDUJHG�ZHOO�WKH�IROORZLQJ�GD\�

'LVFXVVLRQ

&RPPRQ>LLL@�FRPSOLFDWLRQV�RI�DFXSXQFWXUH�VXFK�DV�SQHXPRWKRUD[��SHQHWUDWLQJ�LQMXULHV�WR�RWKHU�RUJDQV�OLNH�WKH�KHDUW��KDHPRUUKDJH��DQG�LQIHFWLRQ�FDQ
EH�OLIH�WKUHDWHQLQJ��6LQFH�WKHVH�SDWLHQWV�RIWHQ�SUHVHQW�WR�('��NQRZOHGJH�DQG�DZDUHQHVV�RI�SRWHQWLDO�FRPSOLFDWLRQV�RI�DOWHUQDWLYH�WKHUDSLHV�OLNH
DFXSXQFWXUH�LV�FUXFLDO��)XUWKHUPRUH��ZLWK�LQFUHDVLQJ�SUDFWLFH�RI�FRPSOHPHQWDU\�PHGLFLQH�ZRUOGZLGH>LY@�>Y@��VXFK�NQRZOHGJH�DOVR�DOORZV�(3V�WR�EHWWHU
PDQDJH��FRXQVHO��DQG�HGXFDWH�SDWLHQWV�

2I�WKH�VHYHUH�FRPSOLFDWLRQV�WKDW�DULVH�IURP�DFXSXQFWXUH��SQHXPRWKRUD[�VHHPV�WR�EH�FRPPRQHVW>YL@��:KLOH�WKH�FDVHV�ZH�UHSRUWHG�ZHUH�VLPSOH
SQHXPRWKRUDFHV�ZLWK�JRRG�UHFRYHU\�DQG�RXWFRPH��H[WUHPH�FDVHV�RI�ELODWHUDO�WHQVLRQ�SQHXPRWKRUDFHV�KDYH�EHHQ�SXEOLVKHG>YLL@>YLLL@��,Q�WKH�PHGLDO
VFDSXODU�RU�PLGFODYLFXODU�OLQH�UHJLRQV��WKH�OXQJ�VXUIDFH�LV�RQO\����WR����PP�EHQHDWK�WKH�VNLQ>L[@��7KLV�H[SODLQV�KRZ�LPSURSHU�QHHGOLQJ�RI�DFXSRLQWV
LQ�WKLV�UHJLRQ�FRXOG�SRVVLEO\�OHDG�WR�OXQJ�SXQFWXUH��$�UHYLHZ�SXEOLVKHG�E\�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�UHYHDOV�WKDW�PRVW�WUDXPDWLF�FRPSOLFDWLRQV
LQ�&KLQD�RFFXUUHG�DIWHU�WKH�VHVVLRQV�ZHUH�SHUIRUPHG�LQ�YLOODJH�FOLQLFV�DQG�UXUDO�KRVSLWDOV��ZKHUH�DFXSXQFWXULVWV�UDUHO\�UHFHLYH�IRUPDO�HGXFDWLRQ�LQ
PHGLFDO�FROOHJHV>[@��7KLV�VXJJHVWV�WKDW�WUDLQLQJ�PD\�SOD\�D�UROH�LQ�LPSURYLQJ�WKH�VDIHW\�SURILOH�RI�DFXSXQFWXUH�

0RUH�SURSHU�WUDLQLQJ�SURJUDPV�DUH�QRZ�DYDLODEOH>[L@�>[LL@�>[LLL@��DQG�WKLV�VHHPV�WR�EH�DVVRFLDWHG�ZLWK�LQFUHDVHG�VDIHW\>[LY@�>[Y@��,Q�6LQJDSRUH��WKH�7UDGLWLRQDO
&KLQHVH�0HGLFLQH�3UDFWLWLRQHUV�$FW�SDVVHG�LQ������UHTXLUHV�UHJLVWUDWLRQ�RI�SUDFWLWLRQHUV�ZLWK�WKH�JRYHUQPHQW��7KLV�LV�DQ�H[DPSOH�RI�D�VWHS�IRUZDUG
IRU�EHWWHU�UHJXODWLRQ�DQG�VDIHW\�VWDQGDUGV�LQ�WKH�SUDFWLFH�RI�FRPSOHPHQWDU\�PHGLFLQH��,Q�IXWXUH��ZLWK�SURSHU�UHJXODWLRQV�DQG�OHJLVODWLRQ��ZH�KRSH
WKDW�WKH�SUDFWLFH�RI�DOWHUQDWLYH�PHGLFLQH�ZLOO�EHFRPH�VDIHU�



&35���5(686&,7$7,21 6]DUSDN�/XNDV]

��������&RPSDULVRQ�RI�WLELD�DQG�KXPHUXV�LQIXVLRQ�UDWHV�XVLQJ�WKH�1,2�,QWUDRVVHRXV�,QIXVLRQ�6\VWHP�RQ�WKH�DGXOW�FDGDYHU�PRGHO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6]DUSDN�/XNDV]������7UXV]HZVNL�=HQRQ������6PHUHND�-DFHN������.UDMHZVNL�3DZHO������)XGDOHM�0DUFLQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�:DUVDZ��:DUVDZ��32/$1'
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFDO�6HUYLFH��:URFODZ�0HGLFDO�8QLYHUVLW\��:URFODZ��32/$1'
���'HSDUWPHQW�RI�)RUHQVLF�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�:DUVDZ��:DUVDZ��32/$1'

.H\ZRUGV��LQWUDRVVHRXV��LQWUDYDVYXODU�DFFHVV

$EVWUDFW��

%DFNJURXQG�

5DSLG�LQWUDYDVFXODU��,9��DFFHVV�LV�D�SUHUHTXLVLWH�FRPSRQHQW�RI�HPHUJHQF\�FDUH�DQG�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35���+RZHYHU��DWWHPSWLQJ�WR
HVWDEOLVK�,9�DFFHVV�LQ�SDWLHQWV�ZLWK�ORZ�FDUGLDF�RXWSXW��&2��LV�PRUH�GLIILFXOW�ZLWKRXW�LQWHUUXSWLQJ�&35��*DLQLQJ�LQWUDRVVHRXV��,2��DFFHVV�GXULQJ�&35�LV
UHODWLYHO\�HDV\�EHFDXVH�,2�VSDFH�DV�ZHOO�DV�PDUURZ�FDYLW\��XQOLNH�SHULSKHUDO�YHVVHOV��GRHV�QRW�FROODSVH�LQ�WKH�SUHVHQFH�RI�FLUFXODWRU\
IDLOXUH�7KHUHIRUH�RXU�JRDO�ZDV�WR�FRPSDUH�WKH�,2�DFFHVV�VXFFHVV�UDWHV�RI�WKH�SUR[LPDO�WLELD�DQG�WKH�SUR[LPDO�KXPHUXV�XVLQJ�1,2�LQWUDRVVHRXV�GHYLFH
�1,2��:DLVPHG�/WG���+HU]OL\D��,VUDHO��LQ�DQ�DGXOW�FDGDYHU�PRGHO�GXULQJ�VLPXODWHG�&35�

3DUWLFLSDQWV�DQG�PHWKRGV�

:H�SHUIRUPHG�D�UDQGRPL]HG�FURVVRYHU�LQWHUYHQWLRQDO�VWXG\�LQ����FDGDYHUV��)LIW\�SDUDPHGLFV�SDUWLFLSDWHG�DQG�SHUIRUPHG�,2�DFFHVV�LQ�SUR[LPDO�WLELD
DQG�SUR[LPDO�KXPHUXV�XVLQJ�1,2�GHYLFH�LQ�UDQGRP�RUGHU��2XWFRPH�YDULDEOHV�ZHUH�,2�LQVHUWLRQ�VXFFHVV�UDWHV��ORFDWLRQ�RI�,2�DFFHVV�DQG�SURFHGXUH
UHODWHG�SUREOHPV��3URFHGXUH�WLPH�ZDV�GHILQHG�DV�WKH�GXUDWLRQ�RI�SLFNLQJ�XS�WKH�SUHSDUHG�VHW�RI�,2�GHYLFH�IURP�WKH�VKHOI��WR�ILUVW�VXFFHVVIXO
DGPLQLVWUDWLRQ�RI�LQIXVLRQ�VROXWLRQV�WKURXJK�WKH�QHZO\�HVWDEOLVKHG�YDVFXODU�DFFHVV��7R�VLPXODWH�&35�ZH�XVH�/LIH/LQH�$50��$50��'HILE7HFK��*XLOIRUG�
86$��PHFKDQLFDO�&&�GHYLFH�

5HVXOWV�

6XFFHVV�UDWHV�RQ�ILUVW�DWWHPSW�ZHUH�KLJKHU�IRU�WLELDO�,2�DFFHVV�WKDQ�KXPHUDO��������YHUVXV��������S ������DQG�SURFHGXUH�WLPHV�ZHUH�VLJQLILFDQWO\
ORZHU�IRU�WLELDO�DFFHVV�����>,45������@VHF��FRPSDUHG�WR�KXPHUDO���>������VHF@��S �������6PDOOHU�HIIHFWLYHQHVV�WR�KXPHUDO�,2�DFFHVV�GXH�WR�WKH
LQFRUUHFW�ORFDWLRQ�RI�WKH�KXPHUDO�KHDG��1R�PHFKDQLFDO�SUREOHPV�ZHUH�HQFRXQWHUHG�LQ�DQ\�RI�WKH�JURXSV�

&RQFOXVLRQ�

,Q�RXU�VWXG\��WLELDO�,2�DFFHVV�ZDV�IRXQG�WR�KDYH�WKH�KLJKHVW�ILUVW�DWWHPSW�VXFFHVV�IRU�YDVFXODU�DFFHVV�DQG�WKH�PRVW�UDSLG�WLPH�WR�YDVFXODU�DFFHVV
FRPSDUHG�ZLWK�KXPHUDO�,2�DFFHVV�



(1'2&5,1(���',$%(7(6 -$%5$1(�0$16285,

��������+\SRJO\FDHPLD�LQ�WKH�HPHUJHQF\�URRP�RI�EmMD
V�UHJLRQDO�KRVSLWDO��WXQLVLD�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-REUDQH�0$16285,����

���(PHUJHQF\�URRP��8QLYHUVLW\�WHDFKLQJ�KRVSLWDO�/D�5DEWD��7XQLV��781,6,$

.H\ZRUGV��+\SRJO\FDHPLD��HPHUJHQF\�URRP��GLDEHWHV

$EVWUDFW��

%DFNJURXQG���$OWKRXJK�HGXFDWLRQDO�SUDFWLFHV�DQG�SUHYHQWLRQ�KDYH�EHHQ�H[SDQGHG��K\SRJO\FDHPLD�ZDV�WKH�PRVW�FRPPRQ�FRPSOLFDWLRQ��SRWHQWLDOO\
WKH�JUHDWHVW�DQG�PRVW�IHDUHG�WKUHDW��7KLV�LV�GXH�WR�LWV�SRVVLEOH�EXW�UDUH�FRQVHTXHQFHV��FRPD��VXGGHQ�GHDWK��LUUHYHUVLEOH�QHXURORJLFDO�GDPDJH�
WUDXPDWLF�DFFLGHQW��
2EMHFWLYHV���7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WKH�GHVFULSWLRQ�RI�K\SRJO\FDHPLDÇV�FOLQLFDO�DQG�ELRORJLFDO�IHDWXUHV��SDWLHQWÇV�HGXFDWLRQ�DQG�RI�HYHU\RQH
LQ�KLV�VRFLDO�FLUFOH�RQ�FOLQLFDO�PDQLIHVWDWLRQV�DQG�FLUFXPVWDQFHV�RI�K\SRJO\FDHPLD��HQFRXUDJH�WKHP�PDQDJH�WKHPVHOYHV�SDUWLFXODUO\�VHOI�PRQLWRULQJ
WKH�EORRG�VXJDU��DQG�HPSKDVL]H�WKH�KLJKHU�IUHTXHQF\�DQG�SRWHQWLDO�VHYHULW\�RI�K\SRJO\FDHPLD�LQ�HOGHUO\�GLDEHWLF�SDWLHQW�GXH�WR�WKH�FR�H[LVWHQFH�RI
FRQWULEXWLQJ�IDFWRUV�
0HWKRGV���7KDW�FURVV�VHFWLRQDO�VWXG\�ZDV�GRQH�IURP���WK�RI�GHFHPEHU������WR���VW�RI�PD\������LQ�WKH�HPHUJHQF\�URRP�RI�%�MDÇV�5HJLRQDO
KRVSLWDO��,W�FRYHUHG����SDWLHQWV�����ZRPHQ�DQG����PHQ���7KH�WKUHVKROG�FKRVHQ�WR�VXSSRUW�K\SRJO\FDHPLDÇV�GLDJQRVLV�ZDV�����PPRO�O������JU�O��IRU
GLDEHWLF�SDWLHQWV�WUHDWHG��DQG�����PPRO�O������JU�O��IRU�QRQ�GLDEHWLF�SDWLHQWV��$�TXHVWLRQQDLUH�ZDV�FRPSOHWHG�
5HVXOWV���7KH�PHDQ�DJH�RI�SDWLHQWV�ZDV������\HDUV�������SHU�FHQW�RI�SDWLHQWV�KDG�SHUVRQDO�KLVWRU\�RI�GLDEHWHV��,Q������SHU�FHQW�RI�WKH�FDVHV�
K\SRJO\FDHPLD�RFFXUHG�LQ�WKH�DEVHQFH�RI�SHUVRQDO�KLVWRU\�RI�GLDEHWHV�����SHU�FHQW�RI�GLDEHWLFV�TXHVWLRQHG�RI�RXU�VDPSOH�ZHUH�WDNLQJ�LQVXOLQ�����SHU
FHQW�ZHUH�WDNLQJ�RUDO�DQWLGLDEHWLF�GUXJV�RQO\�������SHU�FHQW�RI�TXHVWLRQHG�SDWLHQWV�GLG�QRW�SHUIRUP�VHOI�PRQLWRULQJ�RI�EORRG�VXJDU��)LYH�SDWLHQWV�KDG
LPSDLUHG�UHQDO�IXQFWLRQ�ZLWKRXW�SHUVRQDO�KLVWRU\�RI�GLDEHWHV��RI�ZKRP�RQH�RQ�KHPRGLDO\VLV��7KH�DYHUDJH�EORRG�JOXFRVH�RI�DOO�SDWLHQWV�ZDV�����
PPRO�O�������SHU�FHQW�RI�SDWLHQWV�KDG�JUHDWO\�HYROYHG�DIWHU�DGPLQLVWUDWLRQ�RI�JOXFRVH��,W�KDG�EHHQ�QRWHG�VRPH�UHVLGXDO�QHXURORJLFDO�GDPDJH�DSKDVLD
W\SH�LQ�D�VLQJOH�IHPDOH�SDWLHQW��)LYH�SDWLHQWV�������SHU�FHQW��GLHG��LQFOXGLQJ���QRQ�GLDEHWLFV��ZLWKLQ�KRXUV�RU�DIWHU�D�FRXSOH�RI�GD\V��7KH�PHDQ�DJH�RI
SDWLHQWV�ZKR�GLHG�ZDV������\HDUV��7KH�DYHUDJH�EORRG�JOXFRVH�OHYHO�LQ�GHFHDVHG�SDWLHQWV�ZDV������PPRO�O��,Q������SHU�FHQW�RI�SDWLHQWV��WKH�FDXVH�RI
K\SRJO\FDHPLD�ZDV�QRQ�FRPSOLDQFH�ZLWK�GLHW��$Q�HUURU�ZKLOH�ILOOLQJ�WKH�LQVXOLQ�V\ULQJH�ZDV�LQYROYHG�LQ����SHU�FHQW�RI�SDWLHQWV��,W�ZDV�WKH�ILUVW
K\SRJO\FDHPLF�LQFLGHQW�LQ����SHU�FHQW�RI�DOO�SDWLHQWV�
&RQFOXVLRQ���+\SRJO\FDHPLD�LV�PRUH�FRPPRQ�LQ�HOGHUO\�GLDEHWLF�SDWLHQW�GXH�WR�WKH�IUHTXHQWO\�IRXQG�FR�H[LVWHQFH�RI�PDQ\�FRQWULEXWLQJ�IDFWRUV��7KH
ULVN�RI�K\SRJO\FDHPLD�LV�JUHDWHU�LQ�LQVXOLQ�WUHDWHG�SDWLHQWV��6HYHUH�K\SRJO\FDHPLF�DWWDFNV�PD\�KDYH�VHULRXV�FRQVHTXHQFHV�LQ�HOGHUO\�SDWLHQWV�
(GXFDWLRQ�RI�WKH�SDWLHQW�DQG�KLV�HQWRXUDJH��DORQJ�ZLWK�VHOI�PRQLWRULQJ�WKH�EORRG�VXJDU�DQG�UHVSHFW�RI�GLHWDU\�ODZV��DUH�FUXFLDO�WR�WKH�SUHYHQWLRQ�



0$1$*(0(17���('�25*$1,6$7,21 NDGML�URJHU

��������$QDO\VLV�RQ�WKH�UHJXODWLQJ�DFWLYLW\�RI�SV\FKLDWULF�ILOHV��'R�WKH\�ODVW�VR�ORQJ"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

URJHU�NDGML������VWHSKDQLH�SROLQL������MHDQ�SLHUUH�URVVL������$QQH�6RSKLH�)XUHW�3LJQRQ������GDYLG�VDSLU������MHDQ�FKULVWRSKH�UREDUW������DXUHOLD�URFKHGUHX[
�����IUDQFRLV�[DYLHU�ODERUQH����

���VDPX�����&+�VXG�)UDQFLOLHQ��FRUEHLO�HVVRQQH��)5$1&(

.H\ZRUGV��(06�FDOO�FHQWUH��3V\FKLDWULF��UHJXODWLQJ�DFWLYLW\

$EVWUDFW��

,QWURGXFWLRQ

$W�WKH�(06�FDOO�FHQWUH��PDQDJHPHQW�RI�SKRQH�FDOOV�IRU�SV\FKRORJLFDO�RU�SV\FKLDWULF�GLVWUHVV�VHHPV�RIWHQ�FRPSOH[�DQG�WHQG�WR�PRQRSROLVH�D�ORW�RI�WKH
UHVRXUFHV�RI�WKH�UHJXODWLQJ�WHDP�UHJXODWLRQ�WHDP��:H�SUHVHQW�KHUH�WKH�UHVXOWV�RI�RXU�DQDO\VLV�RI�WKLV�DFWLYLW\�

0DWHULDO�DQG�PHWKRG

5HWURVSHFWLYH�DQDO\VLV�RI�WKH�ILOHV�HQWHUHG�LQ�WKH�FDOO�FHQWUH�IURP������WR�������6HOHFWLRQ�RI�ILOHV�UHODWHG�WR�SV\FKLDWULF�FDVHV�VXFK�DV�SV\FKRVHV�
QHXURVLV��DGGLFWLRQ��LQWR[LFDWLRQ����FRPSDUDWLYH�DQDO\VLV�WR�RWKHU�FDVHV��WDNLQJ�LQWR�DFFRXQW�WKHLU�HYROXWLRQ�GXULQJ�WKLV�WLPH�SHULRG�XVLQJ�DV�FULWHULD�
QXPEHU�RI�ILOHV��WKHLU�UHJXODWLQJ�GXUDWLRQ��L�H��SHULRG�RI�WLPH�EHWZHHQ�WKH�VWDUW�DQG�WKH�HQG�RI�D�FDOO���LGHQWLILFDWLRQ�RI�WKH�SK\VLFLDQ�UHJXODWRU�DQG
GHFLVLRQ�&RPSDULVRQ�YLD�&KL���WHVWV�IRU�WKH�TXDOLWDWLYH�YDULDEOHV�DQG�ZLWK�PHDQ�RI�:LFR[RQ>&'D�@�
V�WHVWV�IRU�WKH�UHJXODWLQJ�GXUDWLRQ�

5HVXOWV�

2Q���������ILOHV����������ILOHV�SHU�\HDU��������ZHUH�LGHQWLILHG�DV�D�SV\FKLDWULF�GLVWUHVV��7KHLU�DQQXDO�QXPEHU�KDV�LQFUHDVHG�E\�����EHWZHHQ�����
DQG�������ZKLOH�WKH�JOREDO�DFWLYLW\�GLG�LQFUHDVH�E\�RQO\�����7KH�PHGLDQ�GXUDWLRQ�RI�WKH�UHJXODWLRQ�ZDV����PLQ�IRU�SV\FKLDWULF�ILOHV�DJDLQVW����PLQ�IRU
WKH�RWKHU�ILOHV��S����������7KLV�PHGLDQ�GXUDWLRQ�>&'D�@�RI�UHJXODWLRQ�KDG�FRQVWDQWO\�GHFUHDVHG�ZKLOH�LW�KDG�EHHQ�UHODWLYHO\�VWDEOH�IRU�WKH
QRQ�SV\FKLDWULF�ILOHV��UHVSHFWLYHO\�EHWZHHQ����DQG����PLQ�LQ����������DQG����PLQ�LQ��������,Q������������RI�WKH�SV\FKLDWULF�ILOHV�GLG�QRW�KDYH�DQ\
LGHQWLILHG�UHJXODWRU�SK\VLFLDQ�DJDLQVW�����LQ�������S����������,Q�������ZKLOH�����RI�WKH�VWXGLHG�FDVHV������IRU�WKH�QRQ�SV\FKLDWULF��HQGHG�LQ�D
VLPSOH�DGYLFH�WR�WKH�FDOOHUV������RI�WKHP�ZHUH�WDNHQ�WR�KRVSLWDO������IRU�WKH�QRQ�SV\FKLDWULF�S���������

'LVFXVVLRQ�DQG�FRQFOXVLRQ

&DOOV�WR�WKH�(06�FDOO�FHQWUH�IRU�SV\FKLDWULF�GLVWUHVV�KDG�FOHDUO\�LQFUHDVHG�GXULQJ�WKH�WKH�SDVW�IHZ�\HDUV��UHTXHVWLQJ�D�QHZ�GLVWULEXWLRQ�RI�WKLV
ZRUNORDG�DPRQJ�WKH�GLIIHUHQW�DFWRUV�RI�UHJXODWLRQ��7KRVH�FDOO�FDVHV�JHQHUDWHG�D�PHDQLQJIXO�WLPH�RI�UHJXODWLRQ��HYHQ�LI�WKH�WUHQG�ZDV�GHFUHDVLQJ�
6RPH�LPSURYHPHQWV�FRXOG�FRPH�WKURXJK�DFWLRQV�VXFK�DV�RUJDQLVLQJ�WKH�FDOO�IORZ��WUDLQLQJ�WKH�WHDPV��HVWDEOLVKLQJ�QHWZRUNV��ZULWLQJ�SURFHGXUHV�
VZLWFKLQJ�WR�RWKHUV�RSHUDWRUV��SV\FKRORJLVW��QXUVH������ZKLFK�DOO�PD\�UHGXFH�WKH�LPSDFW�RI�WKLV�DFWLYLW\�RQ�WKH�(06�FDOO�FHQWUH�



1(852/2*< -HVqV�*gOYH]�0RUD

��������6WURNH�FRGH�LQ�HPHUJHQF\�GHSDUWPHQW�EHWZHHQ������DQG�������FDQ�ZH�GR�LW�EHWWHU"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'RPLQJR�5LEDV�6HJXL������-HVXV�*DOYH]�0RUD������$QD�3HOOLV��*XLMRDQ������$OEHUW�0RUHQR�'HVWUXHOV������'RLQD�6ROWRLDQX������*LOPDU�3XJQHW����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�-RDQ�;;,,,��7DUUDJRQD��63$,1
���1HXURORJ\�'HSDUWPHQW��+RVSLWDO�-RDQ�;;,,,��7DUUDJRQD��63$,1

.H\ZRUGV��$FXWH�LVFKDHPLF�VWURNH��(PHUJHQF\�PHGLFLQH��7KURPERO\VLV��6WURNH�FRGH

$EVWUDFW��

,1752'8&7,21�

,QWUDYHQRXV�WKURPERO\WLF�WKHUDS\�DIWHU�LVFKDHPLF�VWURNH�VLJQLILFDQWO\�UHGXFHV�PRUWDOLW\�DQG�PRUELGLW\��5HSHUIXVLRQ�WKHUDS\�LV�WLPH�GHSHQGHQW�DQG�LV
E\�LWVHOI�D�PDLQ�H[FOXVLRQ�FULWHULD��(YDOXDWH�WKH�VWDWH�RI�WKH�DUW�DERXW�WKURPERO\VLV�UDWHV�DQG�GRRU�WR�QHHGOH�WLPHV�LQ�RXU�KRVSLWDO�DUH�FULWLFDO�DQG
DOORZV�WR�GHVLJQ��IXWXUH�VWUDWHJLHV�LQ�RUGHU�WR�VKRUWHQ�WLPHV�

0(7+2'6�

'HVFULSWLYH�FURVV�VHFWLRQDO�VWXG\�E\�V\VWHPDWLF�VHDUFK�IRU�DOO�SDWLHQWV�DGPLWWHG�LQ�HPHUJHQF\�GHSDUWPHQW�DV�VWURNH

�FRGH�DFWLYDWLRQ�LQ�+RVSLWDO�8QLYHUVLWDUL�-RDQ�;;,,,��&DWDORQLD��6SDLQ��)URP������WR������GDWD�FRQFHUQLQJ�DJH�

QHXURORJLFDO�VWDWXV�HYROXWLRQ��1DWLRQDO�,QVWLWXWH�RI�+HDOWK�6WURNH�6FDOH��1,+66��DW�DUULYDO�����K�DQG���PRQWKV��

�RQVHW�WR�GRRU�WLPHV��GRRU�WR�QHXURORJLVW�H[DPLQDWLRQ�WLPHV��DQG�GRRU�WR�QHHGOH�WLPHV��'71��ZHUH�FROOHFW��$OO

VWDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�E\�XVLQJ�,%0�6366�VWDWLVWLFV�

�

5(68/76�

$�WRWDO�RI�����SDWLHQWV�ZLWK�DFXWH�LVFKDHPLF�VWURNH�WUHDWHG�ZLWK�UHSHUIXVLRQ�WKHUDSLHV�ZHUH�HYDOXDWHG��7KH�PHDQ�DJH�ZDV�������\HDUV��67'��������
2QVHW�WR�GRRU�DW�HPHUJHQF\�GHSDUWPHQW�ZDV�������PLQXWHV��67'�������DQG�QHXURORJLFDO�H[DPLQDWLRQ�ZHUH�SHUIRUP�LQ������PLQXWHV��67'��������
7KH�PHGLDQ�GRRU�WR�QHHGOH�WLPH�ZDV�������PLQXWHV���67'����������'71�WLPHV�GHFUHDVHV�E\�\HDUV��IURP����PLQXWHV��67'�������LQ������DQG
��PLQXWHV��67'�������LQ������WR������PLQXWHV�������67'��LQ������DQG����PLQXWHV��67'������LQ�������1HXURORJLFDO�VWDWXV�FDOFXODWHG�E\�1,+66�VFDOH
DW�DUULYDO�WR�HPHUJHQF\�GHSDUWPHQW�ZDV����������67'��5$1*(���������1,+66�VFRUH�DW���K�DIWHU�WKURPERO\VLV�ZDV���������67'��5$1*(�������DQG
DIWHU���PRQWKV�1,6+66�VFRUH�ZHUH����67'�������5$1*(������ZLWK�5DQNLQ�VFRUH�RI����67'��������

&21&/86,21�

7KURPERO\VLV�VKRXOG�EH�JLYHQ�DV�VRQ�DV�SRVVLEOH��2XU�GRRU�WR�QHHGOH�WLPHV�DUH�DURXQG����PLQXWHV��DV�LQWHUQDWLRQDO�DQG�QDWLRQDO�VWDQGDUGV��2YHU�WKH
\HDUV��SUREDEO\�GXH�WR�VWDII�H[SHULHQFH��WLPHV�GHFUHDVHV�EXW�LPSURYH�GHOD\V�LQ�WKURPERO\VLV�QHHG�WR�EH�GRQH��$QDOD]LQJ�RXU�SUHVHQW�VLWXDWLRQ
�VKRXOG�DOORZ�XV�WR�GHVLJQ�QHZ�SURFHGXUHV�WR�VKRUWHQ�WLPHV�RQFH�WKH�SDWLHQW�DUULYHV�DW�KRVSLWDO��(PHUJHQF\�SK\VLFLDQV�KDYH�DQ�HVVHQWLDO�UROH�WR
LPSURYH�UHVXOWV�DV�ZH�DUH��UHVSRQVLEOH�IRU�WKH�ILUVW��HYDOXDWLRQ�RI�SDWLHQWV�ZLWK�DFWLYDWHG�VWURNH�FRGH�

5()(5(1&(6�

+HLNNLO���,���.XXVLVWR��+���6WROEHUJ��$���	�3DORP�NL��$����������6WURNH�WKURPERO\VLV�JLYHQ�E\�HPHUJHQF\�SK\VLFLDQV�FXWV�LQ�KRVSLWDO�GHOD\V�VLJQLILFDQWO\
LPPHGLDWHO\�DIWHU�LPSOHPHQWLQJ�D�QHZ�WUHDWPHQW�SURWRFRO��6FDQGLQDYLDQ�-RXUQDO�RI�7UDXPD��5HVXVFLWDWLRQ�DQG�(PHUJHQF\�0HGLFLQH�����������

�

�

�



35(�+263,7$/���(06���287�2)�+263,7$/ VDLGD�]HOIDQL

��������(YDOXDWLRQ�RI�SUH�KRVSLWDO�WULDJH�RI�WUDXPD�SDWLHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'RUUD�&KWRXURX������VDLGD�]HOIDQL������$PLQD�-HEDOL������6DPLD�$UIDRXL������+(/$�0$1$,������VOLP�%HQ�'ODOD������PRXQLU�'DJKIRXV����

���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��WXQLV��781,6,$
���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��7XQLV��781,6,$
���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��781,6��781,6,$
���6$08�6085��F��7XQLV��781,6,$

.H\ZRUGV��WUDXPD�SDWLHQW�HYDOXDWLRQ�SUH�KRVSLWDO

$EVWUDFW��

,QWURGXFWLRQ��3UH�KRVSLWDO�WULDJH�LV�D�NH\�HOHPHQW�LQ�D�WUDXPD�V\VWHP�WKDW�DLPV�WR�DGPLW�SDWLHQWV�WR�WKH�PRVW�VXLWDEOH�WUDXPD�FHQWHU��DQG�PD\
GHFUHDVH�LQWUD�KRVSLWDO�PRUWDOLW\�

WKH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�D�SUH�KRVSLWDO�SURFHGXUH�DQG�WKH�HIILFDF\�RI�D�WULDJH�SURWRFRO

0HWKRGV��7KLV�ZDV�D�SURVSHFWLYH�VWXG\�XVLQJ�WKH�PRELOH�HPHUJHQF\�FDUH�XQLW��0(&8��GDWDEDVH�IRU�DOO�VHYHUH�WUDXPD�SDWLHQW
V�PDQDJHPHQW�IURP
-DQXDU\�WR�'HFHPEHU�������(DFK�SDWLHQW�ZDV�JUDGHG�$��LQVWDEOH�GLVSLWH�UHVXVFLWDWLRQ���%��VWDELOL]HG�DIWHU�SUHKRVSLWDO�UHVXVFLWDWLRQ�RU�DQDWRPLF
FULWHULD��RU�&��VWDEOH�ZLWK�KLJK�NLQHWLF�FLUFXPVWDQFHV�RU�PHGLFDO�KLVWRU\��E\�DQ�HPHUJHQF\�SK\VLFLDQ��DFFRUGLQJ�WR�WKH�VHULRXVQHVV�RI�WKHLU�LQMXULHV�DW
SUHVHQWDWLRQ�RQ�VFHQH��7KH�DVVHVVHPHQW�RI�VHYHULW\�ZDV�EDVHG�RQ�9LWWHO�FULWHULD�

5HVXOWV��7KHUH�ZHUH����FDOOV�IRU�VHYHUHO\�WUDXPD�SDWLHQWV��7KH\�ZHUH�HYDOXDWHG�DQG�FDUHG�E\�0(&8�WHDPV�WKHQ�WUDQVSRUWHG�OLYLQJ�WR�WKH�HPHUJHQF\
GHSDUWPHQW��7KH�PHDQ�DJH�ZDV�������RX�����\HDUV�DQG�WKH�VH[�UDWLR�ZDV������2I�WKHVH�SDWLHQWV������ZHUH�HMHFWHG�DQG�����ZHUH�IDOOHQ�IURP�PRUH
WKDQ���PHWHUV��0(&8�WHDPV�HYDOXDWHG�������RI�SDWLHQWV�JUDGH�$������JUDGH�%�DQG�������JUDGH�&��7KHVH�SDWLHQWV�ZHUH�UH�HYDOXDWHG�LQ�HPHUJHQF\
GHSDUWPHQW��JUDGH�$��������JUDGH�%�������DQG�JUDGH�&��������

&RQFOXVLRQ��8VLQJ�9LWWHO�FULWHULD�LQ�SUHKRVSLWDO�PDQDJPHQW�RI�WUDXPD�SDWLHQWV�LQGXFHV�DQ�RYHU�WULDJH�UDWH��7KHVH�GDWD�KLJKOLJKW�WKH�LPSHUDWLYH�QHHG
WR�HYDOXDWH�WKH�HIIHFW�RQ�RXWFRPH�RI�VXFK�RUJDQL]DWLRQ�



(1'2&5,1(���',$%(7(6 )DUDQJLV�*KDQDYDWL

��������&RXOG�ELWWHU�PHORQ�H[WUDFW�GHFUHDVHEORRG�VXJDU�LQ�FDVH�RI�HPHUJHQF\�K\SHUJO\FHPLD"�$�UDQGRPL]HG�FOLQLFDO�WULDO

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)DUDQJLV�*KDQDYDWL������)RDG�0RUDGL������5H]D�0RVDGGHJK����

���$VVRFLDWHG�3URIHVVRU��6HHG�DQG�3ODQW�,PSURYHPHQW�,QVWLWXWH��.DUDM��,5$1��,6/$0,&�5(38%/,&
���$VVLVWDQW�SURIHVRU��$JULFXOWXUH�%LRWHFKQRORJ\�5HVHDUFK�,QVWLWXWH�RI�,UDQ��$%5,,���.DUDM��,5$1��,6/$0,&�5(38%/,&
���$VVLVWDQW�SURIHVRU�RI�0HGLFLQH��(PHUJHQF\�'HSDUWPHQW��)LURR]JDU�+RVSLWDO��(PHUJHQF\�PHGLFLQH�PDQDJHPHQW�5HVHDUFK�FHQWHU��5DVRXO�H�$NUDP
+RVSLWDO��,UDQ�XQLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��ELWWHU�PHORQ��GLDEHWHV�PHOOLWXV��K\SHUJO\FHPLD

$EVWUDFW��

&RXOG�ELWWHU�PHORQ�H[WUDFW�GHFUHDVHEORRG�VXJDU�LQ�FDVH�RI�HPHUJHQF\�K\SHUJO\FHPLD"�$�UDQGRPL]HG�FOLQLFDO�WULDO

$XWKRUV�

)DUDQJLV�*KDQDYDWL��$VVRFLDWHG�SURIHVVRU�RI�%RWDQ\��6HHG�DQG�3ODQW�,PSURYHPHQW�,QVWLWXWH��63,,���.DUDM��,UDQ

)RDG�0RUDGL��$VVLVWDQW�SURIHVVRU�RI�3ODQW�3K\VLRORJ\��$JULFXOWXUH�%LRWHFKQRORJ\�5HVHDUFK�,QVWLWXWH�RI�,UDQ��$%5,,���.DUDM��,UDQ

5H]D�0RVDGGHJK��$VVLVWDQW�SURIHVVRU�RI�0HGLFLQH��(PHUJHQF\�'HSDUWPHQW��)LURR]JDU�+RVSLWDO��(PHUJHQF\�0HGLFLQH�0DQDJHPHQW�5HVHDUFK�&HQWHU�
5DVRXO�H�$NUDP�+RVSLWDO��,UDQ�XQLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,UDQ

,QWURGXFWLRQ��'LDEHWHV�0HOOLWXV�LV�D�FRPPRQ�PHWDEROLF�GLVHDVH�LQ�,UDQ�DQG�LWV�SUHYDOHQFH�LV�DERXW������(PHUJHQFLHV�UHODWHG�WR�GLDEHWHV�DUH
FRPPRQ�FDXVHV�RI�UHIHUULQJ�SDWLHQWV�WR�WKH�(PHUJHQF\�'HSDUWPHQWV��,Q�WUDGLWLRQDO�PHGLFLQDO�SODQW�RI�,UDQ��ELWWHU�PHORQ��&LWUXOOXV�FRORF\QWKLV��LV
XVHG�WR�WUHDW�DQG�FRQWURO�GLDEHWHV��7KLV�H[SHULPHQW�ZDV�FRQGXFWHG�WR�XVH�ELWWHU�PHORQ�H[WUDFW�IRU�GHFUHDVLQJ�EORRG�VXJDU�OHYHO�LQ�W\SH���GLDEHWLF
SDWLHQWV�ZKHQ�WKH\�GR�QRW�UHVSRQG�WR�RWKHU�SUHYDOHQWPHGLFDWLRQV�

0HWKRGV��2QH�NLORJUDP�RI�GULHG�IUXLW�ELWWHU�PHORQ�ZDV�PLOO�DQG����OLWHUV�������ZDWHU�Ä�DOFRKRO�ZDV�DGGHG�DQG�SODFHG�LQ���j�&�ZDWHU�EDWKIRU���KRXUV�
WKHQ�ILOWHUHG��([WUDFW�ZDV�FRQFHQWUDWHG�WR�RQH�OLWHU�DW���j�&��2EWDLQHG�VROXWLRQ�ZDV�SRXUHG�LQ����PO�VSUD\�ERWWOHV�DQG�ZDV�JLYHQ�WR����W\SH��
GLDEHWLF�SDWLHQWV�ZKLOH�FRQWURO�VROXWLRQ��ZLWKRXW�WKH�H[WUDFW��ZDV�JLYHQ�WR����RWKHU�SDWLHQWV��$OO�WKH�SDWLHQWV�DVNHG�WR�LI�WKHLU�EORRG�VXJDU�OHYHO�ZHUH
DERYH�����PJ�G/��WR�VSUD\�VROXWLRQ��������SXIIV��RQ�WKHLU�IHHW�DQG�WKHQ�ZHDU�VRFNVDIWHU�GU\LQJ�%ORRG�VXJDU�OHYHO�ZDV�PHDVXUHG�DW�WLPHV�RI�VSUD\
���������������������DQG�����PLQXWHV�DIWHU�

5HVXOWV��,Q�SDWLHQWV�ZKR�XVHG�WKLV�H[WUDFW��EORRG�VXJDU�OHYHO�DIWHU��������DQG����PLQXWHV�ZDVGHFUHDVHG�UHVSHFWLYHO\�E\������k�����������k�����������
k�����ZLWK�3�YDOXH�������WR�LWV�LQLWLDO�OHYHO��EXW�DIWHU�����DQG�����PLQXWHV��EORRG�VXJDU�OHYHO�URVH�DJDLQ�DQG�UHDFKHG�WR������k�����DQG�������k����
RI��LWV�LQLWLDO�OHYHO��3�YDOXH��������

&RQFOXVLRQ�7KH�VXUYH\�UHVXOWV�VKRZ�WKDW�WKLV�WUHDWPHQW�PRGDOLW\�FDQ�EH�XVHG�DV�DQ�HPHUJHQF\�WUHDWPHQW�WR�GHFUHDVH�EORRG�VXJDU�OHYHO�LQ�GLDEHWLF
SDWLHQWV�ZKR�GR�QRW�UHVSRQG�WR�RWKHU�PHGLFDWLRQV��EXW�WR�KROG�GRZQ�EORRG�VXJDU�OHYHO�LQ�WKHVH�SDWLHQWV�RWKHU�PHWKRGV�DUH�QHHGHG�DV�ZHOO�

.H\ZRUGV�ELWWHU�PHORQ��GLDEHWHV�PHOOLWXV��K\SHUJO\FHPLD



72;,&2/2*< =(55,1�'()1(�'81'$5

��������/LIH�WKUHDWHQLQJ�FRPSOLFDWLRQ�RI�ZDUIDULQ��OLQJXDO�KHPDWRPD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

=HUULQ�'HIQH�'XQGDU������0HKPHW�(UJLQ������0XVWDID�.XUVDW�$\UDQFL������6DGLN�*LULVJLQ����

���(PHUJHQF\�0HGLFLQH�'HSDUWPHQW��1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�0HUDP�)DFXOW\�RI�0HGLFLQH��.21<$��785.(<

.H\ZRUGV��ZDUIDULQ��OLQJXDO�+HPDWRPD��HQGRWUDFKHDO�LQWXEDWLRQ

$EVWUDFW��

,QWURGXFWLRQ��:DUIDULQ�VRGLXP�LV�DQ�DQWLFRDJXODQW�GUXJ��,W�GLVUXSWV�WKH�XVXDO�SURGXFWLRQ�DQG�GHVWUXFWLRQ�RI�YLWDPLQ�.��%\�WKH�H[LVWHQFH�RI�ZDUIDULQ�
FRDJXODWLRQ�IDFWRUV�DUH�SURGXFLQJ�EXW�WKHLU�WUDQVIRUPLQJ�IRU�IXQFWLRQDO�VKDSHV�DUH�LQKLELWHG�VR�LW�DFWV�DV�DQ�DQWLFRDJXODQW��:DUIDULQ�LV�EHLQJ�XVHG�IRU
SURSK\OD[LV�DW�FDUGLRYDVFXODU�DQG�WKURPERHPEROLF�GLVHDVHV��7KH�PRVW�IUHTXHQW�FRPSOLFDWLRQ�RI�ZDUIDULQ�XVDJH�LV�KHPRUUKDJH��7KH�KHPRUUKDJH�LV
RIWHQ�VHHQ�DW�JHQLWRXULQDU\�V\VWHP��JDVWURLQWHVWLQDO�V\VWHP�DQG�FHQWUDO�QHUYRXV�V\VWHP��/LQJXDO�KHPDWRPD�LV�D�UDUH�FRPSOLFDWLRQ�DQG�LW�WKUHDWV�WKH
OLIH��,Q�WKLV�FDVH��ZH�DLP�WR�SUHVHQW�LQWXEDWLRQ�FDXVHG�E\�OLQJXDO�KHPDWRPD�

&DVH�����\HDUV�ROG�IHPDOH�SDWLHQW�KDG�SUHVHQWHG�WR�D�KHDOWK�LQVWLWXWLRQ�ZLWK�VZHOOLQJ�RI�KHU�WRQJXH�DQG�DOWHUDWLRQ�RI�PHQWDO�VWDWXV�ZKLFK�KDG�EHHQ
VWDUWHG���KRXUV�DJR��:KHQ�VKH�DGPLWWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW�ZH�OHDUQHG�WKDW�VKH�ZDV�XVLQJ�ZDUIDULQ�IRU���\HDUV��,Q�KHU�SK\VLFDO
H[DPLQDWLRQ��DUWHULDO�EORRG�SUHVVXUH�ZDV��������PP+J��SXOVH�UDWH�ZDV�����PLQ��WHPSHUDWXUH�ZDV�����j&��R[\JHQ�VDWXUDWLRQ�ZDV������*ODVJRZ
FRPD�VFRUH�ZDV�����WKHUH�ZDV�QHXURORJLFDO�GHILFLW�RQ�KHU�OHIW�XSSHU�DQG�ORZHU�H[WUHPLWLHV��+HU�WRQJXH�ZDV�HGHPDWRXV�DQG�HFFK\PRWLF��,Q
ODERUDWRU\�WHVWV��:%&�ZDV��������X/��KHPRJORELQ�ZDV������J�G/��SODWHOHW�ZDV���������X/��,15�ZDV�������DQG�$377�ZDV������VHFRQGV��%UDLQ
FRPSXWHG�WRPRJUDSK\�VFDQ�UHYHDOHG�LQWUDFHUHEUDO�KHPRUUKDJH��7KH�SDWLHQW�ZDV�LQWXEDWHG�WR�HQVXUH�WKH�DLUZD\�VHFXULW\����XQLWV�RI�IUHVK�IUR]HQ
SODVPD�DQG����PJ�LQWUDYHQRXV�YLWDPLQ�.�ZHUH�DGPLQLVWHUHG��7KH�SDWLHQW�ZDV�FRQVXOWHG�ZLWK�QHXURVXUJHU\�DQG�DGPLWWHG�WR�LQWHQVLYH�FDUH�XQLW��7KH
SDWLHQW�ZDV�IROORZHG�XS�WLOO�WKH�UHJUHVVLRQ�RI�OLQJXDO�KHPDWRPD�DQG�LQWUDFHUHEUDO�KHPRUUKDJH�

&RQFOXVLRQ��6NLSSLQJ�ZDUIDULQ�GRVHV��UHOHDVLQJ�WKH�GUXJ��RUDO�RU�LQWUDYHQRXV�YLWDPLQ�.��IUHVK�IUR]HQ�SODVPD��FRQFHQWUDWHG�SURWKURPELQ�FRPSOH[
DGPLQLVWUDWLRQ�DUH�WKHUDSHXWLF�PRGDOLWLHV�XVHG�LQ�SDWLHQWV�ZLWK�FKURQLF�LQWR[LFDWLRQV�RI�ZDUIDULQ��,Q�WKH�OLWHUDWXUH��WKHUH�DUH�FDVH�UHSRUWV�RI�SDWLHQWV
ZLWK�OLQJXDO�KHPDWRPD�GXH�WR�ZDUIDULQ��%XW�PRVW�RI�WKH�SDWLHQWVÇ�LQWXEDWLRQV�PD\�EH�FKDOOHQJLQJ�EHFDXVH�RI�WKH�ODUJH�WRQJXH��(DUO\�SURYLGHG
LQWXEDWLRQ�LV�OLIHVDYLQJ�LQ�FDVHV�ZLWK�ODUJH�OLQJXDO�KHPDWRPD��$OWHUQDWLYH�VXUJLFDO�DLUZD\�PHWKRGV�OLNH�FULFRWK\URLGRWRP\�DQG�WUDFKHRVWRP\�VKRXOG
EH�FRQVLGHUHG��



72;,&2/2*< =H\QHS�&DNLU

��������&DUERQ�PRQR[LGH�SRLVRQLQJ�GXH�WR�ZDWHU�SLSH�VPRNLQJ��FDVH�VHULHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$EGXOODK�2VPDQ�.RFDN������¡ONHU�$NEDV������=H\QHS�&DNLU����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��$WDWXUN�8QLYHUVLW\��(U]XUXP��785.(<

.H\ZRUGV��FDUERQ�PRQR[LGH�SRLVRQLQJ��KRRNDK��K\SHUEDULF�R[\JHQ�WUHDWPHQW

$EVWUDFW��

,QWURGXFWLRQ�+RRNDK�LV�D�GLIIHUHQW�IRUP�RI�WREDFFR�FRQVXPSWLRQ��,Q�UHFHQW�\HDUV��KRRNDK�XVDJH�KDV�EHFRPH�LQFUHDVLQJO\�ZLGHVSUHDG��7KH�WKRXJKW
WKDW�LW�LV�OHVV�KDUPIXO�WKDQ�FLJDUHWWHV�LQFUHDVHV�LWV�XVDJH��/RQJ�WHUP�H[SRVXUH�WR�KLJK�FDUERQ�PRQR[LGH��&2��OHYHOV�GXH�WR�KRRNDK�FRQVXPSWLRQ�PD\
FDXVH�&2�SRLVRQLQJ�

&DVH�UHSRUWV�$����\HDU�ROG�PDOH�SDWLHQW�DGPLWWHG�WR�HPHUJHQF\�URRP��+LV�FRPSODLQW�ZDV�V\QFRSH��+H�VDW�IRU���KRXUV�ZLWK�IULHQGV�LQ�D�FDI��IRU
KRRNDK�VPRNLQJ��EXW�KH�KDG�WR�XVH�KRRNDK��$IWHU�KH�KDG�OHIW�WKH�FDI���KH�VDLG�KH�KDG�KDG�KHDG�SDLQ�DQG�GL]]LQHVV�WKHQ�KH�FRXOG�QRW�UHPHPEHU
ZKDW�KDSSHQHG��+H�ZDV�GHVFULEHG�V\QFRSH�ODVWHG�DERXW���PLQXWHV��+LV�SK\VLFDO�H[DPLQDWLRQ�DQG�YLWDO�VLJQV�ZHUH�QRUPDO��$W�KLV�DUWHULDO�EORRG�JDV
DQDO\VHV��WKH�OHYHO�RI�FDUER[\KHPRJORELQ�ZDV��������QRUPDO�UDQJH�����������DQG�RWKHU�ODERUDWRU\�YDOXHV�ZHUH�QRUPDO�

$����\HDU�ROG�PDOH�SDWLHQW�ZDV�DGPLWWHG�WR�HPHUJHQF\�URRP�ZLWK�KHDG�WUDXPD��$W�KLV�DQDPQHVLV��KH�VDLG�KH�KDG�IHOW�GL]]LQHVV�DIWHU�VPRNLQJ
KRRNDK�DQG�EXPSHG�KLV�KHDG���+LV�SK\VLFDO�H[DPLQDWLRQ�DQG�YLWDO�VLJQV�ZHUH�QRUPDO��+LV�FUDQLDO�&7�VFDQ�ZDV�QRUPDO��$W�KLV�DUWHULDO�EORRG�JDV
DQDO\VHV��WKH�OHYHO�RI�FDUER[\KHPRJORELQ�ZDV�������

$����\HDU�ROG�PDOH�SDWLHQW�DGPLWWHG�WR�KRVSLWDO�ZLWK�QDXVHD��YRPLWLQJ��GL]]LQHVV�DQG�SDOSLWDWLRQ��$W�KLV�PHGLFDO�KLVWRU\��WKH�FRPSODLQWV�KDG�VWDUWHG
DIWHU�VPRNLQJ�KRRNDK��+LV�SK\VLFDO�H[DPLQDWLRQ�DQG�YLWDO�VLJQV�ZHUH�QRUPDO��$W�KLV�DUWHULDO�EORRG�JDV�DQDO\VHV��WKH�OHYHO�RI�FDUER[\KHPRJORELQ�ZDV
������

$����\HDU�ROG�PDOH�SDWLHQW�ZDV�DGPLWWHG�WR�KRVSLWDO�E\�UHODWLYHV�GXH�WR�FRQIXVLRQ��9LWDO�VLJQV�ZHUH�QRUPDO��+LV�*ODVJRZ�&RPD�6FDOH�SRLQW�ZDV�����(�
���9�����0������+H�KDG�QR�QHXURORJLFDO�GHILFLW��2WKHU�V\VWHPV�ZHUH�QRUPDO��$W�KLV�DUWHULDO�EORRG�JDV�DQDO\VHV��WKH�OHYHO�RI�FDUER[\KHPRJORELQ�ZDV
�������+LV�FUDQLDO�&7�VFDQ�ZDV�QRUPDO�

$OO�SDWLHQWV�ZHUH�DGPLQLVWHUHG�D�VHVVLRQ�RI�K\SHUEDULF�R[\JHQ�WKHUDS\�DQG�QRUPREDULF�R[\JHQ�WKHUDS\�GXULQJ�IROORZ�XS�LQ�WKH�HPHUJHQF\�URRP�
$IWHU�UHFRYHULQJ�WKHLU�FOLQLFDO�VWDWXV��WKH\�ZHUH�GLVFKDUJHG�

&RQFOXVLRQ�+RRNDK�FRQVXPSWLRQ�LV�WKH�PRVW�REVHUYHG�IRUP�RI�WREDFFR�FRQVXPSWLRQ�LQ�WKH�(DVWHUQ�0HGLWHUUDQHDQ�5HJLRQ��DQG�VHFRQG�LQ�WKH�86�
$OWKRXJK�LWÇV�FRQVLGHUHG�WKDW�DOO�WR[LF�DJHQWV�DUH�ILOWHUHG�ZKLOH�KRRNDK�VPRNH�SDVVHV�WKURXJK�ZDWHU��KRRNDK�FRQVXPSWLRQ�LQFUHDVHV�OHYHOV�RI
FDUFLQRJHQ��&2��QLFRWLQH��DQG�WDU�LQ�WKH�EORRG�FRPSDUHG�WR�VPRNLQJ��,WÇV�VWULNLQJ�WKDW�&2+E�YDOXHV�RI�RXU�FDVHV�DUH�DV�KLJK�DV��HYHQ�KLJKHU�WKDQ
VWRYH�SRLVRQLQJ�FDVHV��,W�PXVW�EH�NHSW�LQ�PLQG�WKDW�QRQ�VSHFLILF�V\PSWRPV�IROORZLQJ�KRRNDK�FRQVXPSWLRQ�PD\�EH�V\PSWRPV�RI�&2�SRLVRQLQJ�



&$6(�35(6(17$7,21 -LKHQH�$28$0

��������+HSDWLF�YHQRXV�JDV��$�FDVH�UHSRUW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-,+(1(�$28$0������0(+',�&+$5),������6$/28$�+28,0/,������0281$�7,7(<������'256$)�%(//$6)$5������5,0�+$66,1(������$%'(/0$-,'�%(1
520'+$1(����

���(PHUJHQF\�'HSDUWPHQW��,QWHUQDO�6HFXULW\�)RUFHV�+RVSLWDO��WXQLV��781,6,$
���GHSDUWPHQW�RI�UDGLRORJ\��LQWHUQDO�6HFXULW\�)RUFHV�+RVSLWDO��WXQLV��781,6,$
���(PHUJHQF\�'HSDUWPHQW��,QWHUQDO�6HFXULW\�)RUFHV�+RVSLWDO��7XQLV��781,6,$
���'HSDUWPHQW�RI�*HQHUDO�6XUJHU\��LQWHUQDO�6HFXULW\�)RUFHV�+RVSLWDO��7XQLV��781,6,$

.H\ZRUGV��6HSWLF�6KRN��3HULWRQLWLV��0HVHQWHULF�,VFKHPLD��+HSDWLF�9HQRXV�*DV�

$EVWUDFW��

,QWURGXFWLRQ���+HSDWLF�SRUWDO�YHQRXV�JDV�LV�DQ�RPLQRXV�DQG�ODWH�UDGLRORJLFDO�VLJQ�LQGLFDWLQJ�VHYHUH�LQWUD�DEGRPLQDO�SDWKRORJ\��ZLWK�WKH�PRVW
FRPPRQ�FDXVH�EHLQJ�PHVHQWHULF�LQIDUFWLRQ��7KH�PHFKDQLVP�LQGXFLQJ�WKLV�JDV�LQ�WKH�SRUWDO�YHLQ�LV�QRW�ZHOO�XQGHUVWRRG��7KH�SURJQRVLV�LV�PRUH
LQIOXHQFHG�E\�WKH�VHYHULW\�RI�XQGHUO\LQJ�GLVHDVH�UDWKHU�WKDQ�KHSDWLF�SRUWDO�YHQRXV�JDV�LWVHOI��

&DVH�UHSRUW��$����\HDUV�ROG�IHPDOH�ZLWK�PHGLFDO�KLVWRU\�RI�DQHPLD�DQG�WKURPERF\WRSHQLD��6KH�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��QLQH�GD\V
DIWHU�VXUJHU\��IRU�JHQHUDOL]HG�DEGRPLQDO�SDLQ�DQG�IHYHU��6KH�ZDV�RSHUDWHG�IRU�FDHFDO�DGHQRFDUFLQRPD�DVVRFLDWHG�ZLWK�PXOWLSOH�DGHQRPDWRXV�SRO\SV
LQ�WKH�OHIW�FRORQ��$�WRWDO�FROHFWRP\�ZLWK�SULPDU\�DQDVWRPRVLV�SHUIRUPHG��6KH�ZDV�GLVFKDUJHG�DW�KRPH�VL[�GD\V�SRVW�RSHUDWLYH��3K\VLFDO�H[DPLQDWLRQ
UHYHDOHG�D�ERG\�WHPSHUDWXUH����&��EORRG�SUHVVXUH�������D�SXOVH�UDWH�����EHDWV�PQ��D�UHVSLUDWRU\�UDWH����F\FOHV�PQ��7KH�DEGRPHQ�ZDV�GLVWHQGHG
ZLWK�QR�ERZO�VRXQGV��JHQHUDOL]HG�WHQGHUQHVV�ZLWK�UHERXQG��/DERUDWRU\�VWXGLHV�UHYHDOHG�D�KHPRJORELQ�OHYHO�DW���J�GO��D�ZKLWH�EORRG�FHOOV�FRXQW�RI
������FHOOV�XO�DQG�D�SURWKURPELQ�WLPH�RI��������+LV�FUHDWLQLQH�OHYHO�ZDV����XPRO�O�DQG�KLV�F�UHDFWLYH�SURWHLQ�OHYHO�����PJ�O��$�FRQWUDVW�HQKDQFHG
DEGRPLQDO�&7�VKRZHG�D�PXOWLSOH�EUDQFKLQJ�UDGLROXFHQFLV�LQ�WKH�SHULSKHU\�RI�WKH�OLYHU��ODUJH�DPRXQW�RI�JDV�LQ�WKH�SRUWDO�DQG�VXSHULRU�PHVHQWHULF
YHLQ��,W�VKRZHG�DOVR�DQ�LPSRUWDQW�SQHXPRSHULWRQHXP��DVFLWHV�DQG�VPDOO�ERZHO�GLVWHQVLRQ��7KHVH�ILQGLQJ�VWURQJO\�VXJJHVWHG�SRVW�RSHUDWLYH
SHULWRQLWLV���(PHUJHQF\�VXUJHU\�IROORZHG��/DSDURWRP\�VKRZHG�D�JHQHUDOL]HG�SXUXOHQW�SHULWRQLWLV�ZLWK�DQDVWRPRWLF�OHDN��3HULWRQHDO�ZDVK�DQG�FORVXUH
RI�UHFWDO�VWXPS�ZHUH�SHUIRUPHG�DQG�LOHDO�VWRPD�FRQVWUXFWHG��7KH�SDWLHQW�GLHG�WZHQW\�IRXUV�KRXUV�DIWHU�VXUJHU\�E\�VHSWLF�VKRFN�

&RQFOXVLRQ���3RUWR�PHVHQWHULF�YHQRXV�JDV�LV�D�QRQVSHFLILF�UDGLRORJLFDO�VLJQ��,WV�FDXVHV�DUH�YDULRXV�EXW�PHVHQWHULF�LQIDUFWLRQ�DQG�LQWUD�DEGRPLQDO
VHSVLV�ZHUH�WKH�PRVW�FRPPRQ��$EGRPLQDO�&7�DOORZV�WKH�GLDJQRVLV�ZLWK�KLJK�GHJUHH�RI�VHQVLWLYLW\�DQG�VHQVLELOLW\�DQG�LGHQWLILHV�WKH�XQGHUO\LQJ�FDXVH�
8UJHQW�ODSDURWRP\�LV�PDQGDWRU\�ZLWKRXW�GHOD\�WR�LPSURYH�WKH�SURJQRVLV��7KH�PRUWDOLW\�UDWH�UHPDLQV�KLJK�DQG�LV�UHODWHG�PDLQO\�WR�WKH�HWLRORJ\�



35(�+263,7$/���(06���287�2)�+263,7$/ 9,5*,/,8�&(=$5�%2/2*$

��������6XLFLGHV�PDVNHG�LQ�D�VFHQH�RI�PRWRU�YHKLFOH�DFFLGHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9LUJLOLX�&H]DU�%RORJD������$OH[DQGUD�%RWD�&ULVX����

���(0(5*(1&<�3+<6,&,$1��838�6085'�6,%,8��6LELX��520$1,$
���3+<6,&,$1��)RUHQVLFV�'HSDUWPHQW�6LELX��6LELX��520$1,$

.H\ZRUGV��VXLFLGH��PRWRU�YHKLFOH�DFFLGHQW��YLROHQW�GHDWK

$EVWUDFW��

%DFNJURXQG

&RPSDUHG�ZLWK�VXLFLGH��GHDWK�E\�DFFLGHQW�LV�PXFK�HDVLHU�WR�EH�DFFHSWHG�E\�ERWK�IDPLO\�DQG�VRFLHW\��RIWHQ�IRU�UHOLJLRXV�UHDVRQV��3UHKRVSLWDO
HPHUJHQF\�WHDPV�FRXOG�EH�PLVOHG�E\�VXLFLGHV�PDVNHG�E\�WKH�VFHQH�RI�D�PRWRU�YHKLFOH�DFFLGHQW��'\QDPLFV�RI�SURGXFWLRQ�FLUFXPVWDQFHV�RI�GHDWKV
GXH�WR�YLROHQFH��IROORZHG�RYHU�D�SHULRG�RI�WLPH�DW�D�SRSXODWLRQ�OHYHO��D�JHRJUDSKLF�DUHD�VKRZV�LQWHUHVWLQJ�WUHQGV�

0DWHULDO�DQG�PHWKRG

5HWURVSHFWLYH�REVHUYDWLRQDO�VWXG\�LV�EDVHG�RQ�D�WRWDO�RI������DXWRSVLHV�SHUIRUPHG�DW�WKH�)RUHQVLF�&OLQLFDO�6HUYLFH�6LELX�&RXQW\��EHWZHHQ
������������������������

�5HVXOWV

2I�DOO�DXWRSVLHV�SHUIRUPHG�LQ�WKH�VWXG\�SHULRG�������ZHUH�RI�YLROHQW�GHDWKV�0RWRU�YHKLFOH�DFFLGHQWV�GHDWKV�ZHUH������UHSUHVHQWLQJ��������RI�YLROHQW
GHDWKV�'HDWKV�E\�VXLFLGH�ZHUH������UHSUHVHQWLQJ���������RI�DOO�WKH�YLROHQW�GHDWKV�7KH�GLVWULEXWLRQ�E\�\HDUV�RI�GHDWK�E\�PRWRU�YHKLFOH�DFFLGHQWV�LV�
����������������������������������������������������������������������������DQG�������������������7KH�GLVWULEXWLRQ�E\�\HDUV�RI�VXLFLGH�LV�
��������������������������������������������������������������������������DQG�������������������

&RQFOXVLRQV

'\QDPLF�PRWRU�YHKLFOH�DFFLGHQWV�VKRZ�D�VWHDG\�GHFOLQH�LQ�WKHLU�QXPEHU�IURP��������������LQ�������WR��������������LQ�������<HDU������LV�DQ
H[FHSWLRQ��ZLWK�WKH�KLJKHVW�QXPEHU�RI�GHDWKV�IURP�PRWRU�YHKLFOH�DFFLGHQWV���������������6XLFLGH�G\QDPLFV�LQGLFDWH�D�VWHDG\�GHFOLQH�VORZO\��RYHU
WKH�VWXG\�SHULRG��IURP��������������LQ�������WR��������������LQ������ZLWK�D�VKDUS�GHFOLQH��DFFHQWXDWHG�DW��������������LQ������'XULQJ�WKH�VWXG\�
G\QDPLF�RI�PRWRU�YHKLFOH�DFFLGHQWV�GHDWKV�DQG�WKH�G\QDPLF�VXLFLGHV�VKRZ�LQ������YDULDWLRQV��ZLWK�D�GHFUHDVH�RI����WR����FDVHV�RI�VXLFLGHV�ZKLFK
LQFUHDVH�RI�WKH�GHDWKV�FDXVHG�E\�PRWRU�YHKLFOH�DFFLGHQWV��7KLV�PD\�EH�EHFDXVH�RI�WKH�GLIILFXOW\�RI�LGHQWLI\LQJ��LQ�FHUWDLQ�FLUFXPVWDQFHV��D�VXLFLGH
PDVNHG�LQ�D�VFHQH�RI�D�PRWRU�YHKLFOH�DFFLGHQW�7KH�HIIRUW�WR�GHFUHDVH�PRUWDOLW\�E\�DFFLGHQW�KDV�EHHQ�HIIHFWLYHO\�GHPRQVWUDWHG�E\�WKH�FRQVWDQW
GHFUHDVH�GXULQJ�WKH�VWXG\�RI�URDG�DFFLGHQW�GHDWKV�



%,20$5.(56 0RQLTXH�YDQ�GHU�/XJW

��������&KDQJHV�LQ�XULQH�ELRPDUNHUV�RI�DFXWH�NLGQH\�LQMXU\�DPRQJ�DPDWHXU�ORQJ�GLVWDQFH�UXQQHUV��D�SURVSHFWLYH�FRKRUW�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RQLTXH�9DQ�GHU�/XJW������5LFN�9DQ�GHU�'RHOHQ������1DWKDOLH�3HWHUV������/RHV�-DQVVHQ������-RV�/H�1REOH����

�����9LH&XUL�0HGLFDO�&HQWUH��9HQOR��9HQOR��1('(5/$1'�$17,//(6

.H\ZRUGV��UXQQLQJ��NLGQH\�LQMXU\��XULQH�ELRPDUNHUV��1*$/

$EVWUDFW��

2EMHFWLYH
5XQQLQJ�LV�DVVRFLDWHG�ZLWK�D�KHDOWK\�OLIHVW\OH�DQG�LPSURYHV�TXDOLW\�RI�OLIH��7KH�È:HLU�9HQORRSÉ�LV�D�\HDUO\�UXQQLQJ�HYHQW�DQG�VHYHUDO�FROODSVHG
UXQQHUV�ZHUH�DGPLWWHG�WR�RXU�(PHUJHQF\�'HSDUWPHQW��6WXGLHV�ZLWK��XOWUD�PDUDWKRQ�SDUWLFLSDQWV�KDYH�VKRZQ�WKDW�ORQJ�GLVWDQFH�UXQQLQJ�FDQ�EH
DVVRFLDWHG�ZLWK�H[HUWLRQDO�UKDEGRP\RO\VLV�DQG�DFXWH�NLGQH\�LQMXU\��$.,���7KH�OHYHO�RI�QHXWURSKLO�JHODWLQDVH�DVVRFLDWHG�OLSRFDOLQ��1*$/��LQ�XULQH�KDV
VKRZQ�SRWHQWLDO�IRU�XVH�DV�DQ�HDUO\�ELRPDUNHU�RI�$.,��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�$.,�DPRQJ�DPDWHXU�ORQJ�GLVWDQFH�UXQQHUV�E\
DQDO\]LQJ�XULQDU\�ELRPDUNHUV�DQG�LI�WKHVH�SDUDPHWHUV�FDQ�EH�UHODWHG�WR�SHUIRUPDQFH�

0HWKRGV
,Q�WKLV�REVHUYDWLRQDO�SURVSHFWLYH�VWXG\�ZH�FROOHFWHG�XULQH�VDPSOHV�RI�SDUWLFLSDQWV�RI�WKH���NP�DQG�KDOI�PDUDWKRQ�FRPSHWLQJ�WKH�È:HLU�9HQORRS
����É��LPPHGLDWHO\�EHIRUH�DQG�DIWHU�WKH�ILQLVK��$Q�XULQH�GLSVWLFN�DQDO\VLV�RI�KHPRJORELQ��JOXFRVH�DQG�NHWRQHV�FRQFHQWUDWLRQV�ZDV�GLUHFWO\
SHUIRUPHG��)XUWKHUPRUH��WKH�OHYHOV�RI�DOEXPLQ��FUHDWLQLQH��XULF�DFLG��VRGLXP�DQG�1*$/�ZHUH�PHDVXUHG�RQ�WKH�$UFKLWHFWi�F�����DQG�L�����DQDO\]HUV�
5DFH�WLPHV�ZHUH�GRFXPHQWHG�

5HVXOWV
$�WRWDO�RI����XULQH�VDPSOHV�����PDOH�����IHPDOH��IURP�WKH����NP�SDUWLFLSDQWV�DQG����VDPSOHV�����PDOH�����IHPDOH��IURP�WKH�KDOI�PDUDWKRQ
SDUWLFLSDQWV�ZHUH�FROOHFWHG��6LJQLILFDQW�LQFUHDVH�LQ�FUHDWLQLQH��DOEXPLQ��KHPDWXULD��GLSVWLFN��ZHUH�IRXQG�DIWHU�WKH�UDFH��8ULQH�OHYHOV�RI�DOEXPLQ�
KHPDWXULD��FUHDWLQLQH�DQG�XULF�DFLG�VKRZHG�VLJQLILFDQW�FRUUHODWLRQ�ZLWK�WKH�UDFH�WLPHV��L�H��H[HUWLRQ��8ULQDU\�1*$/�VLJQLILFDQWO\�LQFUHDVHG�LQ�PDOH
SDUWLFLSDQWV��PRVW�SURQRXQFHG�DIWHU�UXQQLQJ�D�KDOI�PDUDWKRQ��DQG�X1*$/�VKRZHG�VLJQLILFDQW�FRUUHODWLRQ�ZLWK�UDFH�WLPHV�EXW�RQO\�LQ�WKH�PDOH
SDUWLFLSDQWV�

&RQFOXVLRQV
/RQJ�GLVWDQFH�UXQQLQJ�ZDV�IRXQG�WR�EH�DVVRFLDWHG�ZLWK�PLFURDOEXPLQXULD�DQG�KHPDWXULD�DPRQJ�ERWK�PDOH�DQG�IHPDOH�SDUWLFLSDQWV��$�VLJQLILFDQW
LQFUHDVH�LQ�X1*$/�DQG�VLJQLILFDQW�GHFUHDVH�RI�VRGLXP�ZDV�RQO\�IRXQG�LQ�PDOH�UXQQHUV��:LWK�WKLV�NQRZOHGJH��ZH�FDQ�WDNH�EHWWHU�FDUH�RI�WKH�FROODSVHG
UXQQHU�LQ�RXU�('�



,1)(&7,286�',6($6(���6(36,6 0$77�(':$5'6

��������(PHUJHQF\�'HSDUWPHQW�$SSOLFDELOLW\�RI�62)$�6HSVLV�v�,V�7KHUH�D�0LGGOH�*URXQG"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7RP�5REHUWV������'DQQ\�<RRNHH������0DWW�(GZDUGV������-HII�.HHS����

���.LQJV�&ROOHJH�+RVSLWDO�)RXQGDWLRQ�1+6�7UXVW��(PHUJHQF\�'HSDUWPHQW��/RQGRQ��8.
���.LQJV�&ROOHJH�+RVSLWDO�)RXQGDWLRQ�1+6�7UXVW��Q�D��/RQGRQ��8.
���.LQJV�&ROOHJH�+RVSLWDO�)RXQGDWLRQ�1+6�7UXVW��.LQJV�&ROOHJH�/RQGRQ��/RQGRQ��8.

.H\ZRUGV��6HSVLV��62)$��WULDJH��GLDJQRVLV

$EVWUDFW��

%DFNJURXQG�v������KDV�VHHQ�WKH�SXEOLFDWLRQ�RI�QHZ�GHILQLWLRQV�IRU�VHSVLV�DQG�IXUWKHU�HYDOXDWLRQ�RI�WKH�62)$�VHSVLV�VFRULQJ�V\VWHP��:LWK�OLWWOH
LQYROYHPHQW�IURP�(PHUJHQF\�'HSDUWPHQW��('��SK\VLFLDQV��WKH�SUREOHP�QRZ�LV�DSSO\LQJ�WKHP�WR�WKH�ILUVW�IHZ�KRXUV�RI�SDWLHQW�FDUH��7KH�('�UHTXLUHV
D�V\VWHP�WKDW�VLWV�EHWZHHQ�WKH�EOXQW�WULDJH�WRRO�RI�
TXLFN�62)$
��T62)$��DQG�WKH�LQWHQVLYH�FDUH�EDVHG�DQG�FRQVLGHUDEO\�PRUH�GHWDLOHG�62)$�6HSVLV
VFRUH���7KH�NH\�DUHD�RI�GLIILFXOW\�ZLWK�DSSO\LQJ�WKH�62)$�VFRUH�LV�WKDW�LW�UHOLHV�RQ�FKDQJHV�IURP�SDWLHQWÇV�EDVHOLQH��7KLV�EDVHOLQH�LQIRUPDWLRQ�
KRZHYHU��LV�UDUHO\�DYDLODEOH�LQ�LWV�HQWLUHO\�LQ�WKH�FULWLFDO�SHULRG�RI�WKH�SDWLHQWÇV�LQLWLDO�FDUH�LQ�WKH�('��$VVXPLQJ�D�EDVHOLQH�VFRUH�RI���IRU�DOO�SDWLHQWV
ZLOO�FOHDUO\�UHVXOW�LQ�RYHUGLDJQRVLV�RI�VHSVLV�LQ�WKH�('�

$LPV

WR�LOOXVWUDWH�WKH�GLIILFXOWLHV�LQ�DSSO\LQJ�WKH�62)$�VFRUH�ZLWKLQ�D�UHSUHVHQWDWLYH�('�SRSXODWLRQ�LQ�FRPSDULVRQ�WR�WKH�T62)$�DQG�1DWLRQDO�(DUO\●

:DUQLQJ�6FRUH��1(:6�
WR�GHYHORS�DQG�WHVW�DQ�DGDSWHG�62)$�VFRUH��('GHOWD62)$��ZLWK�VSHFLILF��SUDJPDWLF�DVVXPSWLRQV�IRU�WKH�('�UHODWLQJ�WR�H[LVWLQJ�SK\VLRORJLFDO●

EDVHOLQH�DQG�SUH�H[LVWLQJ�GLVHDVH�

0HWKRGV

$�UHWURVSHFWLYH�DQDO\VLV�ZDV�SHUIRUPHG�RI�RQH�PRQWKÇV�SDWLHQWV�QRWHV�ZKR�KDG�EHHQ�FRGHG�IRU�ÆLQIHFWLRQÇ�ZLWKLQ�DQ�('�GDWDEDVH��7KH�1(:6�DQG
T62)$�VFRUH�ZHUH�FDOFXODWHG�IURP�UHFRUGHG�YLWDO�VLJQV�DW�WULDJH��7KHVH�VFRUHV�ZHUH�WKHQ�DSSOLHG�DJDLQVW�WKH�62)$�VFRUH��FDOFXODWHG�IURP�EORRG
WHVWV�DQG�SK\VLRORJLFDO�SDUDPHWHUV�ZLWKLQ�WKH�('��QHFHVVDULO\�DVVXPLQJ�D�EDVHOLQH�DV���DQG�WKHQ�DJDLQVW�DQ�DGDSWHG�VFRUH�

7KLV�DGDSWHG�62)$�VFRUH��WKH�
('GHOWD62)$
�XWLOLVHV�DOO�WKH�VDPH�FDWHJRULHV�DV�WKH�62)$�VFRUH�EXW�DOORZV�IRU�D�IHZ�SUDJPDWLF�DVVXPSWLRQV�EDVHG�RQ
SULRU�NQRZOHGJH�RU�UHDVRQHG�FOLQLFDO�VXVSLFLRQ�RI�WKH�SDWLHQWÇV�EDVHOLQH�SK\VLRORJ\��)RU�H[DPSOH��IRU�UHQDO�LPSDLUPHQW��ZKHUH�SUHYLRXV�FUHDWLQLQH�LV
QRW�NQRZQ�EXW�WKH�SDWLHQW�KDV�D�KLVWRU\�RI�FKURQLF�UHQDO�LPSDLUPHQW��LW�VHHPV�UHDVRQDEOH�WR�DVVXPH�D�EDVHOLQH�62)$�VFRUH�RI���UDWKHU�WKDQ�D
EDVHOLQH�VFRUH�RI���

5HVXOWV

:LWKLQ�WKH�VDPSOH�RI�����SDWLHQWV�ZKR�PHW�FULWHULD�����SDWLHQWV�ZHUH�H[FOXGHG�ZLWK�PLVVLQJ�GDWD�����SDWLHQWV�ZHUH�SRVLWLYH�IRU�62)$�VHSVLV�ZLWKLQ
WKH�VDPSOH�ZLWK�RQO\����PHHWLQJ�FULWHULD�ZLWK�WKH�DGDSWHG�('T62)$�VFRUH��1(:6�DQG�T62)$�SHUIRUPHG�SRRUO\�IRU�SUHGLFWLQJ�62)$�VHSVLV�ZKHQ�WKH
SDWLHQWÇV�EDVHOLQH�SK\VLRORJ\�VFRUH�ZDV�DVVXPHG�WR�EH�]HUR��1(:6�VHQVLWLYLW\������&�,�V��������VSHFLILFLW\������&�,�V��������DQG�T62)$������&�,�V
�������VSHFLILFLW\������&�,�V���������7KH\�SHUIRUPHG�EHWWHU�ZKHQ�WKH�('T62)$�VFRUH�ZDV�DSSOLHG��1(:6�VHQVLWLYLW\������&�,�V��������VSHFLILFLW\����
�&�,�V��������DQG�T62)$������&�,�V���������VSHFLILFLW\������&�,�V��������

&RQFOXVLRQ�

7KH�QHZ�GHILQLWLRQV�RI������DUH�DQ�H[WUHPHO\�ZHOFRPH�VWHS�IRUZDUG�LQ�RXU�XQGHUVWDQGLQJ�RI�WKH�HOXVLYH�FOLQLFDO�HQWLW\�RI�VHSVLV��,W�LV�QRZ�WKH�UROH�RI
(PHUJHQF\�3K\VLFLDQV�WR�DSSO\�WKH�NQRZOHGJH�WR�RXU�FOLQLFDO�HQYLURQPHQW��7KH�GDWD�SUHVHQWHG�DERYH�VXJJHVWV�WKDW�WKHUH�LV�D�SURPLVLQJ�PHWKRG�RI
DGDSWLQJ�WKH�62)$�VHSVLV�VFRUH��,W�LV�WKH�DXWKRUVÇ�LQWHQWLRQ�WR�GHYHORS�WKLV�WRRO�IXUWKHU�DQG�FRQGXFW�D�VHULHV�RI�ODUJHU�YDOLGDWLRQ�WULDOV�IRU�LWV�XVH�



&35���5(686&,7$7,21 VDLGD�]HOIDQL

��������2XW�RI�KRVSLWDO�FDUGLDF�DUUHVW��DQ�REVHUYDWLRQDO�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'RUUD�&KWRXURX������VDLGD�]HOIDQL������6DPLD�$UIDRXL������$PLQD�-HEDOL������P\O�QH�%HQ�KDPLGD������DEGHOD]L]�]RXDUL������PRXQLU�'DJKIRXV����

���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��WXQLV��781,6,$
���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��7XQLV��781,6,$

.H\ZRUGV��FDUGLDF�DUUHVW�RXW�RI�KRVSLWDO�UHVXVFLWDWLRQ

$EVWUDFW��

,QWURGXFWLRQ��6$08�WHDPV�ZHUH�IUHTXHQWO\�FDOOHG�IRU�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�PDQDJHPHQW�DQG�RXWFRPH�RI�SUH�KRVSLWDO�FDUGLDF�DUUHVW�E\�WKH�PRELOH�HPHUJHQF\�FDUH�XQLW��0(&8��

0HWKRGV��7KLV�ZDV�D�UHWURVSHFWLYH�VWXG\�XVLQJ�WKH�0(&8�GDWDEDVH�IRU�DOO�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW�UHJLVWUHG�IURP�-DQXDU\�WR�'HFHPEHU������
:H�VWXGLHG�WKH�GHPRJUDSKLF�FKDUHFWHULVWLFV�RI�SDWLHQWV��WKHLU�PDQDJHPHQW�DQG�WKHLU�RXWFRPH�

5HVXOWV��'XULQJ�WKH�SHULRG�RI�VWXG\������SUHKRVSLWDO�FDUGLDF�DUUHVW�ZHUH�PDQDJHPHQW�E\�WKH�0(&8�WHDPV��7KH�PHGLDQ�DJH�ZDV�����RX�����\HDUV�
SUHGRPLQDQWO\�PDOH����������7KH�PDMRULW\�RI�HYHQWV�RFFXUHG�DW�KRPH�������LQ�WKH�SHVHQFH�RI�D�IDPLO\�PHPEHU��ZKR�GLG�QRW�LQLWLDWH�UHVXVFLWDWLRQ
DWWHPSW��7KH�PHGLFDO�KLVWRU\�ZDV�GLDEHWHV�LQ�������RI�FDVHV�DQG�FRURQDU\�GLVHDVH�LQ����RI�FDVHV��7KH�PRVW�IUHTXHQW�UHDVRQ�IRU�FDOOLQJ�0(&8�WHDPV
ZDV�QHXURORJLFDO�GLVWUHVV��������7KH�DYHUDJH�WLPH�IRU�0(&8�VWHUWLQJ�ZDV����RX����PLQ�DQG�WKH�DYHUDJH�WLPH�WR�DUULYDO�RQ�WKH�VFHQH�ZDV������RX����
PLQ��&DUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35��ZDV�GRQH�IRU�RQO\�����RI�FHVHV�DQG�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ�ZDV�REWDLQHG�IRU�RQO\���SDWLHQWV
�����ZKR�ZHUH�GLHG����K�DIWHU�WKHLU�DGPLVVLRQ�WR�LQWHQVLYH�FDUH�XQLW�

&RQFOXVLRQ��8QVXFFHVVIXO�UHVXVFLWDWLRQV�ZHUH�ORQJHU�DQG�EH\RQG�JXLGHOLQH�UHFRPPDQGDWLRQV�ZKHQ�FDUGLDF�DUUHVW�RFFXUHG�RXW�RI�KRVSLWDO�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 /XLV�0DQFOqV�0RQWR\D

��������127�72�$3/3/<�7+(�&$1$',$1�63,1(�58/(��(&2120,&�&267

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/XLV�0DQFO�V�0RQWR\D������0DU�D�&XHQFD�7RUUHV������3HGUR�*DUF�D�%HUPHMR������6HUJLR�1DYDUUR�*XWLHUUH]������0LJXHO�$QJHO�*LQHU�(VSDU]D������-RV�
0DU�D�7HQLDV�%XULOOR����

���(PHUJHQF\��+RVSLWDO�8QLYHUVLWDULR�/D�5LEHUD��$O]LUD��63$,1
���5HVHDUFK��+RVSLWDO�8QLYHUVLWDULR�/D�5LEHUD��$O]LUD��63$,1
���0HGLFLQD�3UHYHQWLYD��+RVSLWDO�3DGUH�MRIUH��9DOHQFLD��63$,1

.H\ZRUGV��:KLSODVK��(PHUJHQF\�6HUYLFHV

$EVWUDFW��

,1752'8&7,21

7KH�&DQDGLDQ�6SLQH�UXOH�LV�DQ�DVVDVVPHQW�WRRO�XVHG�WR�UXOH�RXW�FHUYLFDO�VSLQH�LQMXU\�LQ�ORZ�ULVN�SDWLHQWV��REYLDWLQJ�WKH�QHHG�IRU�UDGLRJUDSK\�

$,0�

'HVFULEH�WKH�DSSOLFDWLRQ�RI�VLPSOH�UDGLRORJ\�SDWLHQWV�GLDJQRVHG�ZLWK�FHUYLFDO�ZKLSODVK�LQ�D�KRVSLWDO�HPHUJHQF\�GHSDUWPHQW�DQG�DQDO\]H�ZKHWKHU
VXFK�UHTXHVWV�LQ�DFFRUGDQFH�ZLWK�WKH�SURSRVHG�WKH�&DQDGLDQ�&�6SLQH�UXOH�DOJRULWKP�

0$7(5,$/�<�0g72'26�

7KH�VWXG\�ZDV�FRQGXFWHG�DW�WKH�+RVSLWDO�8QLYHUVLWDULR�GH�/D�5LEHUD��$O]LUD�9DOHQFLD�6SDLQ���$OO�WKH�SDWLHQWV�GLDJQRVHG�ZLWK�D�ZKLSODVK�WKDW�ZHUH
WUHDWHG�EHWZHHQ��VW�-DQXDU\�DQG���VW�'HFHPEHU������ZHUH�LQFOXGHG�

7KH�DSSOLFDWLRQ�RI�LPDJLQJ�WHVWV��6LPSOH�UDGLRORJ\��&7��05,��HOHFWURP\RJUDSK\�DQG�P\HORJUDSK\��LQ�SDWLHQWV�VDPSOH�ZDV�VWXGLHG�

)RU�UHTXHVWV�RI�SODLQ�UDGLRJUDSKV�H[DPLQHG�ZKHWKHU�WKHVH�UHTXHVWV�ZHUH�PDGH�DFFRUGLQJ�WR�7KH�&DQDGLDQ�&�6SLQH�UXOH�

5(68/7$'26�

����SDWLHQWV�ZHUH�LQFOXGHG��$�OLWWOH�ELW�PRUH�RI�D�KDOI�ZHUH�IHPDOHV��7KH�DJH�DYHUDJH�ZDV�������k������\HDUV�ROG�

,PDJLQJ�WHVWV�ZHUH�DSSOLHG�WR��������RI�SDWLHQWV����������UDGLRJUDSK\�DQG������7$&���50�

,Q���������RI�FDVHV��UDGLRJUDSKV�UHTXHVWV�GLG�QRW�FRQIRUP�WR�WKH�UHFRPPHQGDWLRQV�RI�7KH�&DQDGLDQ�&���6SLQH�UXOH�

7KLV�PHDQW�DQ�HFRQRPLF�LPSDFW�RI�������Ï���

&21&/86,21(6�

&OLQLFDOV�RI�KRVSLWDO�HPHUJHQF\�VHUYLFHV�UHTXHVWHG�UDGLRJUDSK\�WR�DOPRVW�DOO�SDWLHQWV�GLDJQRVHG�ZLWK�FHUYLFDO�VSUDLQ�ZLWKRXW�IROORZLQJ�WKH�SURSRVHG
7KH�&DQDGLDQ�&���6SLQH�UXOH�DOJRULWKP�ZKLFK�UHVXOWV�LQ�D�KHDOWK�V\VWHP�OLNH�WKH�FXUUHQW�XQMXVWLILHG�FRVW�KXPDQ�DQG�HFRQRPLF�UHVRXUFHV�

5()(5(1&(6�

����6WLHOO�,*��&OHPHQW�&0��0F.QLJKW�5'��%ULVRQ�5��6FKXOO�0-��5RZH�%+�HW�DO��7KH�&DQDGLDQ�&�6SLQH�UXOH�YHUVXV�1(;86�ORZ�ULVN�FULWHULD�LQ�SDWLHQWV�ZLWK
WUDXPD��1�(QJO�-�0HG������'HF���������������������

����6WLHOO�,*��:HOOV�*$��9DQGHPKHHQ�./��&OHPHQW�&0��/HVLXN�+��'H�0DLR�HW�DO��7KH�&DQDGLDQ�&�6SLQH�UXOH�IRU�UDGLRSJUDSK\�LQ�DOHUW�DQG�VWDEOH�WUDXPD
SDWLHQWV��-$0$������2FW����������������������

����6WLHOO�,*��&OHPHQW�&0�2n&RQQRU�$��'DYLHV�%��/DFODLU�&��6KHHKDQ�3�HW�DO��0XOWLFHQWUH�SURVSHFWLYH�YDOLGDWLRQ�RI�WKH�XVH�RI�WKH�&DQDGLDQ�&�6SLQH
5XOH�E\�WULDJH�QXUVHV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��&0$-������$XJ��������������������



1(852/2*< 3DLXV�)UDQFHVFD

��������7KH�G\QDPLFV�RI�VWURNH�SDWLHQWV�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9LUJLOLX�&H]DU�%RORJD������)UDQFHVFD�,XOLD�3DLXV������/XFLDQ�&DOXWLX����

���(PHUJHQF\�3K\VLFLDQ���(PHUJHQF\�'HSDUWPHQW���838�6085'��6LELX��520$1,$
���3DUDPHGLF��(PHUJHQF\�'HSDUWPHQW���838�6085'��6LELX��520$1,$

.H\ZRUGV��HPHUJHQF\�URRP��FHUHEURYDVFXODU�DFFLGHQW��KHPRUUKDJLF��LVFKHPLF��QHXURORJLFDO�GLVRUGHUV

$EVWUDFW��

7KH�G\QDPLFV�RI�VWURNH�SDWLHQWV�LQ�HPHUJHQF\�GHSDUWPHQW

�

9LUJLOLX�&H]DU�%RORJD�����)UDQFHVFD�,XOLD�3DLXV����/XFLDQ�&DOXWLX����

���(PHUJHQF\�'HSDUWPHQW��838�6085'��6LELX��5RPDQLD

6SHDNHU��)UDQFHVFD�,XOLD�3DLXV

.H\ZRUGV��HPHUJHQF\�URRP��FHUHEURYDVFXODU�DFFLGHQW��KHPRUUKDJLF��LVFKHPLF��QHXURORJLFDO�GLVRUGHUV

�

%$&.*5281'

,Q�5RPDQLD�WKHUH�DUH�DSSUR[LPDWHO\�����FHUHEURYDVFXODU�DFFLGHQW�&9$��UHJLVWHUHG�SHU���������LQKDELWDQWV�SHU�\HDU��FRPSDUHG�WR�D�(XURSHDQ
DYHUDJH�RI�����&9$����������LQKDELWDQWV��$W�WKH�PRPHQW�LQ�5RPDQLD�WKHUH�DUH�DSSUR[LPDWHO\���������SDWLHQWV�ZKR�KDYH�VXIIHUHG�IURP�&9$�

7KH�SUHVHQW�VWXG\�IRFXVHV�RQ�WKH�G\QDPLFV�RI�WKH�QXPEHU�RI�FDVHV�RI�&9$�HPHUJHG�DW�WKH�(PHUJHQF\�'HSDUWPHQW�6085'�6,%,8�EHWZHHQ
�����������Ä�������������DV�ZHOO�DV�RQ�WKHLU�KRVSLWDOL]DWLRQ�ZLWKLQ�WKH�GHSDUWPHQWV�RI�6LELX�&RXQW\�&OLQLFDO�(PHUJHQF\�+RVSLWDO�

�

0$7(5,$/6�$1'�0(7+2'6

7KH�VWXG\�ZDV�SHUIRUPHG�WKURXJK�D�UHWURVSHFWLYH�REVHUYDWLRQDO�PHWKRG�RQ�D�QXPEHU�RI��������FDVHV�HPHUJHG�DW�WKH�(PHUJHQF\�'HSDUWPHQW�RI
6LELX�&RXQW\�&OLQLFDO�(PHUJHQF\�+RVSLWDO�EHWZHHQ������������Ä�������������RXW�RI�ZKLFK������ZHUH�GLDJQRVHG�ZLWK�&9$�

�

5(68/76

2XW�RI�D�WRWDO�QXPEHU�RI�KRVSLWDOL]DWLRQV�ZLWKLQ�WKH�(PHUJHQF\�'HSDUWPHQW�6085'�6,%,8�EHWZHHQ������������Ä�������������WKH�QXPEHU�RI�FDVHV�RI
&9$�ZDV�RI�������ZKLFK�VWDQGV�IRU�������RXW�RI�WKH�WRWDO�QXPEHU�RI�FDVHV�

2XW�RI�WKH�WRWDO�QXPEHU�RI������FDVHV�RI�&9$�HPHUJHG�DW�WKH�(PHUJHQF\�'HSDUWPHQW��WKH�HYROXWLRQ�WKURXJKRXW�WKH���\HDUV�ZDV�DV�IROORZV��������
LQ��������������LQ��������������LQ������

2XW�RI�WKH�WRWDO�QXPEHU�RI�FDVHV����������������ZHUH�LVFKHPLF�DQG�������������ZHUH�KHPRUUKDJLF�

7KH�KRXUO\�GLVWULEXWLRQ�RI�VWURNHV�WKURXJKRXW�WKH���\HDUV�ZDV�DV�IROORZV���������Ä������������������������Ä������������������������Ä�����������������
�����Ä���������������

7KH�PRQWKO\�GLVWULEXWLRQ�ZDV�DV�IROORZV��-DQXDU\����������)HEUXDU\����������0DUFK����������$SULO����������0D\����������-XQH����������-XO\���������
$XJXVW����������6HSWHPEHU����������2FWREHU����������1RYHPEHU����������'HFHPEHU���������

7KH�GLVWULEXWLRQ�RI�&9$�SDWLHQWVÇ�KRVSLWDOL]DWLRQV�DFFRUGLQJ�WR�WKH�KRVSLWDOÇV�GHSDUWPHQWV�ZDV�WKH�IROORZLQJ��1HXURORJ\����������1HXURVXUJHU\��
�������WUDQVIHUUHG�WR�UHJLRQDO�KRVSLWDOV����������GLVFKDUJHG�XSRQ�UHTXHVW����������GHFHDVHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW���������

�

&21&/86,216

7KURXJKRXW�WKH�VWXGLHG�SHULRG��WKH�SHUFHQW�RI�SDWLHQWV�KRVSLWDOL]HG�DW�WKH�(PHUJHQF\�'HSDUWPHQW�ZLWK�WKH�GLDJQRVH�&9$��GHFUHDVHG�IURP�������



LQ������WR��������LQ�������DQG�WR��������LQ������

7KH�&9$�SUHYDOHQFH�DFFRUGLQJ�WR�WKH�PRQWKO\�LQWHUYDOV�ZDV�PDLQWDLQHG�WKURXJKRXW�WKH�WKUHH�\HDUV�E\�WKH�VSULQJ�PRQWKV���0DUFK����������$SULO
��������XQOLNH�WKH�DXWXPQ�PRQWKV���6HSWHPEHU���������

$FFRUGLQJ�WR�WKH�WLPH�LQWHUYDOV��WKH�KLJKHVW�QXPEHU�RI�&9$�FDVHV�LV�ZLWKLQ�������������IROORZHG�E\�WKRVH�RFFXUULQJ�ZLWKLQ�WKH�VHFRQG�SDUW�RI�WKH�GD\�
WKH�ORZHU�QXPEHU�RI�&9$�FDVHV�EHLQJ�UHJLVWHUHG�LQ�WKH�LQWHUYDO�������������

2XW�RI�WKH�WRWDO�QXPEHU�RI������SDWLHQWV�GLDJQRVHG�ZLWK�&9$��WUDQVIHUUHG�DFFRUGLQJ�WR�GHSDUWPHQWV���������ZHUH�KRVSLWDOL]HG�DW�1HXURORJ\�������
DW�1HXURVXUJHU\�DQG�������WUDQVIHUUHG�WR�5HJLRQDO�1HXURVXUJHU\�IRU�WKH�RSHUDWLRQ�RI�EURNHQ�DQHXULVPV��DQG�������ZHUH�GLVFKDUJHG�



&$5',29$6&8/$5 %URRNHV�,VREHO

��������7KH�HIIHFW�RI�XVLQJ�KLJK�VHQVLWLYLW\�WURSRQLQV�RQ�HPHUJHQF\�GHSDUWPHQW�DGPLVVLRQV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,VREHO�%URRNHV������-DVRQ�/RQJ����

�����3O\PRXWK�8QLYHUVLW\��*ODVJRZ��8.
���1+6�**	&��QRQH��*ODVJRZ��8.

.H\ZRUGV��FDUGLDF��FKHVW�SDLQ��WURSRQLQ

$EVWUDFW��

,Q�2FWREHU������DQ�(PHUJHQF\�'HSDUWPHQW�LQ�WKH�:HVW�RI�6FRWODQG�LPSOHPHQWHG�D�QHZ�FKHVW�SDLQ�SURWRFRO�LQ�UHVSRQVH�WR�D�VWXG\��6KDK�HW�DO���WKDW
VKRZHG�E\�XVLQJ�KLJK�VHQVLWLYLW\�WURSRQLQ��KV7Q,��OHYHOV��SDWLHQWV�ZKR�KDG�VXIIHUHG�FKHVW�SDLQ�FRXOG�EH�VDIHO\�GLVFKDUJHG�HDUOLHU��7KH�QHZ�SURWRFRO
XVHV�KV7Q,�WR�DVVHVV�WKH�OLNHOLKRRG�RI�D�FDUGLDF�FDXVH�RI�FKHVW�SDLQ�DQG�DOORZV�VDIH�GLVFKDUJH�RI�SDWLHQWV�ZLWK�D�QHJDWLYH�KV7Q,�DV�VRRQ�DV���KRXUV
DIWHU�RQVHW�RI�SDLQ��7KH�SUHYLRXV�SURWRFRO�UHTXLUHG�SDWLHQWV�WR�EH�DGPLWWHG�IRU�D����KRXU�WURSRQLQ�

7KLV�VWXG\�FRPSDUHG�WKH�VDIHW\�DQG�HIILFDF\�RI�WKH�QHZ�SURWRFRO�DJDLQVW�WKH�IRUPHU�SURWRFRO��'DWD�ZDV�UHWURVSHFWLYHO\�DQDO\VHG�IURP�����SDWLHQWV
�����IURP�HDFK�SURWRFRO��XVLQJ�SDWLHQW�UHFRUGV��3DWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�LI�WKH\�KDG�SUHVHQWHG�ZLWK�FKHVW�SDLQ�DQG�KDG�D�KV7Q,
PHDVXUHPHQW�WDNHQ��7KH�PDLQ�IDFWRUV�FRQVLGHUHG�ZHUH�DGPLVVLRQ��GLVFKDUJH�DQG�UH�DGPLVVLRQ�UDWHV��$GGLWLRQDO�GDWD�ZDV�JDWKHUHG�WR�FKHFN
FRPSOLDQFH�ZLWK�WKH�SURWRFRO��LQFOXGLQJ�FKHVW�[�UD\�DQG�WLPH�WR�(&*��5HFRPPHQGDWLRQV�IURP�WKH�VWXG\�DUH�LQWHQGHG�WR�EH�XVHG�WR�UHILQH�WKH
SURWRFRO�DQG�LQFUHDVH�FRPSOLDQFH�

7KH�QHZ�SURWRFRO�UHVXOWHG�LQ�D�VWDWLVWLFDOO\�VLJQLILFDQW�GHFUHDVH�LQ�DGPLVVLRQV��IURP�������WR��������WR�WKH�DFXWH�UHFHLYLQJ�XQLW��WKLV�HTXDWHV�WR
DSSUR[LPDWHO\������DGPLVVLRQV�SHU�DQQXP���3DWLHQWV�VHOI�GLVFKDUJLQJ�IURP�WKH�('�IHOO�IURP����WR����5H�DWWHQGDQFH�ZLWKLQ�RQH�ZHHN�ZLWK�FKHVW�SDLQ
LQFUHDVHG�IURP���SDWLHQWV�WR�����0HDQ�WLPH�WR�ILUVW�(&*�ZDV����PLQXWHV��7KH�SURWRFRO�VXJJHVWV�DQ�(&*�VKRXOG�EH�FRPSOHWHG�ZLWKLQ����PLQXWHV��RQO\
����RI�SDWLHQWV�PHW�WKLV�WDUJHW��7KH�SURWRFRO�ZDV�IROORZHG�LQ�����RI�FDVHV��ZLWK�QRQ�FRPSOLDQFH�EHLQJ�PDLQO\�GXH�WR�D�ODFN�RI�FRPSOHWLRQ�RI�D
UHSHDW�KV7Q,��GHVSLWH�FOLQLFDO�LQGLFDWLRQV�WKDW�LW�ZDV�DSSURSULDWH��RU�FKHVW�[�UD\�

,Q�VXPPDU\�WKLV�VWXG\�VKRZHG�WKDW�WKHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�UHGXFWLRQ�LQ�DGPLVVLRQV�ZLWK�FKHVW�SDLQ��DOWKRXJK�LW�ZRXOG�SRVVLEOH�WR
LPSURYH�WKLV�HYHQ�IXUWKHU�E\�FRPSOHWLQJ�DOO�UHSHDW�WURSRQLQV�LQ�WKH�('�WR�SUHYHQW�XQQHFHVVDU\�DGPLVVLRQV��7LPH�WR�ILUVW�(&*�FRXOG�DOVR�EH�LPSURYHG
E\�SHUIRUPLQJ�(&*V�LPPHGLDWHO\�RQ�SUHVHQWDWLRQ�



35(�+263,7$/���(06���287�2)�+263,7$/ VDLGD�]HOIDQL

��������3UH�KRVSLWDO�K\SRJO\FHPLD��WKH�VDIHW\�RI�QRW�WUDQVSRUWLQJ�WUHDWHG�SDWLHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'RUUD�&KWRXURX������VDLGD�]HOIDQL������<RVUD�0DQDL������$PLQD�-HEDOL������ZDID�/LPDP������6/,0�-',',������PRXQLU�'DJKIRXV����

���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��WXQLV��781,6,$
���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��7XQLV��781,6,$
���6$08�6085��FHQWUH�G
DLGH�P�GLFDOH�XUJHQWH��781,6��781,6,$

.H\ZRUGV��K\SRJO\FHPLD�SUH�KRVSLWDO�QRW�WUDQVSRUWHG

$EVWUDFW��

,QWURGXFWLRQ��0RELOH�HPHUJHQF\�FDUH�XQLW��0(&8��WHDPV�ZHUH�IUHTXHQWO\�HQFRXQWHU�SDWLHQWV�ZKR�DUH�QRW�WUDQVSRUWHG�DIWHU�EHLQJ�WUHDWHG�IRU�DQ
K\SRJO\FHPLF�HSLVRGH��7KH�RXWFRPH�RI�WKHVH�SDWLHQWV�DUH�XQNQRZQ�

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WKH�RXWFRPHV�RI�SDWLHQWV�WUHDWHG�IRU�K\SRJO\FHPLD�DQG�QRW�WUDQVSRUWHG�DQG�WR�LGHQWLI\�WKH�VDIHW\�RI�WKLV
DWWLWXGH

0HWKRGV��7KLV�ZDV�D�SURVSHFWLYH��REVHUYDWLRQDO�VWXG\�LQYROYLQJ�DOO�DGXOWV��DJHG�PRUH�WKDQ����\HDUV��K\SRJO\FHPLF�LQVXOLQ�GHSHQGHQW�SDWLHQWV��EORRG
JOXFRVH�OHVV�WKDQ���PPRO��/�E\�JOXFRPHWHU��DWWHQGHG�WR�E\�WKH�0(&8�WHDPV�WKUHH�PRQWK�LQWHUYDO�

5HVXOWV��7KHUH�ZHUH����FDOOV�IRU�DGXOW�SDWLHQWV�ZLWK�K\SRJO\FHPLD��IRU�WKH���SDWLHQWV�WUDQVSRUWHG��WKHUH�ZHUH���IXUWKHU�K\SRJOHPLF�HSLVRGHV
UHTXLULQJ�D�UHSHDWHG�FDOO�IRU�DQ�DPEXODQFH����������IRU�WKH����SDWLHQWV�WUHDWHG�DQG�QRW�WUDQVSRUWHG����IXUWKHU�HSLVRGHV�RI�K\SRJO\FHPLD��������
ZHUH�UHSRUWHG��7KHVH�GLIIHUHQFHV�ZHUH�QRW�VWDWLFDOOO\�VLJQLILFDQW��S �������7KHUH�ZDV�DOVR�QR�VWDWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�LQWHUYDOV�EHWZHHQ
K\SRJO\FHPLF�HSLVRGHV�IRU�SDWLHQWV�WUDQVSRUWHG����GD\V��RX�������FRPSDUHG�ZLWK�SDWLHQWV�QRW�WUDQVSRUWHG�IRU�WKHLU�SUHYLRXV�K\SRJO\FHPLF�HSLVRGH
�����GD\V���RX���������S �����

&RQFOXVLRQ��5HSHDW�HSLVRGHV�RI�K\SRJO\FHPLD�DUH�FRPPRQ��KRZHYHU��WKHUH�ZHUH�RQ�GLIIHUHQFH�LQ�WKH�LQFLGHQFH�RI�UHSHDW�HSLVRGHV�RI�K\SRJOXFHPLD
EHWZHHQ�WUDQVSRUWHG�DQG�QRW�WUDQVSRUWHG��LQVXOLQ�GHSHQGHQW�SDWLHQWV��



35(�+263,7$/���(06���287�2)�+263,7$/ -LWND�&DOOHURYD

��������&LUFDGLDQ�YDULDWLRQ�RI�SUH�KRVSLWDO�RFFXUHQFH�RI�FDUGLRJHQLF�SXOPRQDU\�RHGHPD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-LWND�&DOOHURYD������5RPDQ�6NXOHF������-LUL�.QRU������3DWULN�0HUKDXW����

���(06��(PHUJHQF\�0HGLFDO�6HUYLFH�RI�WKH�&HQWUDO�%RKHPLDQ�5HJLRQ��.ODGQR��&=(&+�5(38%/,&

.H\ZRUGV��&DUGLRJHQLF�SXOPRQDU\�RHGHPD��&LUFDGLDQ�YDULDWLRQ��3UHKRVSLWDO

$EVWUDFW��

,QWURGXFWLRQ��&LUFDGLDQ�YDULDWLRQ�RI�LQ�KRVSLWDO�DFXWH�FDUGLRJHQLF�SXOPRQDU\�RHGHPD��&3(��ZLWK�WKH�KLJKHVW�RFFXUUHQFH�LQ�WKH�HDUO\�PRUQLQJ�KDV
EHHQ�UHSRUWHG�UHSHDWHGO\��+RZHYHU��QR�VWXG\�HYDOXDWLQJ�FLUFDGLDQ�YDULDWLRQ�RI�&3(�LQ�WKH�ILHOG�KDV�EHHQ�SXEOLVKHG��7KHUHIRUH��ZH�GHFLGHG�WR
HYDOXDWH�WKH�FLUFDGLDQ�YDULDWLRQ�RI�&3(�LQ�WKH�&HQWUDO�%RKHPLDQ�5HJLRQ�RI�WKH�&]HFK�5HSXEOLF�LQ�WKH�SDWLHQWV�WUHDWHG�E\�UHJLRQDO�HPHUJHQF\�PHGLFDO
VHUYLFH��(06��DQG�DQDO\VH�LWV�DVVRFLDWLRQ�ZLWK�EDVHOLQH�EORRG�SUHVVXUH�LQ�WKH�ILHOG�

0HWKRGV��:H�H[WUDFWHG�DOO�GLVSDWFKHV�WR�&3(�FDVHV�IURP�(06�GDWDEDVH�IRU�WKH�SHULRG�IURP�����������WR�����������DQG�DQDO\VHG�IRU�FLUFDGLDQ
YDULDWLRQ��:H�LGHQWLILHG�WKH�SDWLHQWV�SUHVHQWLQJ�ZLWK�&3(�FRXSOHG�ZLWK�DUWHULDO�K\SHUWHQVLRQ��V\VWROLF�EORRG�SUHVVXUH�!���PP+J��DQG�K\SRWHQVLRQ
�V\VWROLF�EORRG�SUHVVXUH����PP+J��DQG�FRPSDUHG�WKH�VXEJURXSV��ERWK�VXEJURXSV�LQFOXGH������VXEMHFWV��

5HVXOWV��,Q������HSLVRGHV�RI�&3(��PD[LPDO�RFFXUUHQFH�ZDV�GHWHFWHG�LQ�WKH�QLQWK�KRXU�LQ�WKH�PRUQLQJ��UHSUHVHQWLQJ������RI�DOO�&3(�HSLVRGHV
�S��������:KLOH�&3(�ZLWK�K\SHUWHQVLRQ�������VXEMHFWV��UHDFKHG�PD[LPDO�RFFXUUHQFH�DOVR�LQ�WKH�QLQWK�KRXU�������RI�DOO�FDVHV��S��������&3(�ZLWK
K\SRWHQVLRQ������SDWLHQWV��ZDV�PRVW�IUHTXHQW�LQ�WKH�IRXUWHHQWK�KRXU�������RI�DOO�FDVHV��S�������

&RQFOXVLRQ��7KH�KLJKHVW�RFFXUUHQFH�RI�&3(�ZDV�REVHUYHG�LQ�WKH�QLQWK�KRXU�LQ�WKH�PRUQLQJ�LQ�RXU�VWXG\��0RUHRYHU��GLIIHUHQFHV�LQ�FLUFDGLDQ�YDULDWLRQ
EHWZHHQ�&3(�ZLWK�K\SHUWHQVLRQ�DQG�K\SRWHQVLRQ�ZHUH�LGHQWLILHG��.QRZOHGJH�RI�WKHVH�SDWWHUQV�PD\�KDYH�DQ�LPSDFW�RQ�WKH�ORJLVWLF�RI�SUHKRVSLWDO
HPHUJHQF\�FDUH�DQG�RQ�SUHYHQWLYH�PHDVXUHV�LQ�WKH�SDWLHQWV�ZKR�KDYH�SUHYLRXVO\�XQGHUJRQH�&3(�



&$5',29$6&8/$5 .DLVD�-RDUDQG

��������0DQDJHPHQW�RI�SDWLHQWV�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�GXH�WR�DFXWH�DWULDO�ILEULOODWLRQ�HSLVRGH�LQ�1RUWK�(VWRQLD
0HGLFDO�&HQWUH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.DLVD�-RDUDQG������+HOHQD�1HVWRU������7RRPDV�0DUDQGL����

���HPHUJHQF\�PHGLFLQH�UHVLGHQW��1RUWK�(VWRQLD�0HGLFDO�&HQWUH��7DOOLQQ��(6721,$
���FDUGLRORJ\�UHVLGHQW��1RUWK�(VWRQLD�0HGLFDO�&HQWUH��7DOOLQQ��(6721,$
���&DUGLRORJLVW��1RUWK�(VWRQLD�0HGLFDO�&HQWUH��8QLYHUVLW\�RI�7DUWX��7DOOLQQ��(6721,$

$EVWUDFW��

�,QWURGXFWLRQ�

$WULDO�ILEULOODWLRQ��$)��LV�D�IUHTXHQW�DUUK\WKPLD�DIIHFWLQJ�XS�WR����RI�SRSXODWLRQ�DQG�LV�D�PDMRU�FRQWULEXWRU�RI�VWURNH�DQG�WKURPEHPEROLVP��$)
PDQDJHPHQW�LQYROYHV�DVVHVVPHQWV��UK\WKP�FRQYHUVLRQ�LI�GHFLGHG�DQG��WKURPERSURSK\OD[LV��6HYHUDO�ULVN�DQG�V\PSWRPV�VFRUHV�DUH�XVHG��
&+$�'6�9$6F��&��FRQJHVWLYH�KHDUW�IDLOXUH��+�K\SHUWHQVLRQ��$��DJH�Õ����GRXEOHG���'LDEHWHV��6WURNH��GRXEOHG���9DVFXODU�GLVHDVH��$JH���������6H[
�IHPDOH����+$6�%/('��+\SHUWHQVLRQ��$ERUPDO�OLYHU�NLGQH\�IXQFWLRQ��6WURNH��%OHHGLQJ�KLVWRU\�RU�SUHGLVSRVLWLRQ��/DELOH�,15��(OGHUO\�!����'UXJV
FRQFRPLWDQWO\�DOFRKRO�DEXVH���(+5$��(XURSHDQ�+HDUW�5K\WKP�$VVRFLDWLRQ�VFRUH��

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHVFULEH�WKH�PDQDJHPHQW�RI�DFXWH�$)�HSLVRGH�LQ�HPHUJHQF\�GHSDUWPHQW��('���

0HWKRGV�

7KH�VWXG\�ZDV�UHWURVSHFWLYH��/LVW�RI�SDWLHQWV�DGPLWWHG�WR�('�GXULQJ�WKH�SHULRG�2FW����WR�1RY���������GXH�WR�$)��,&'�����FRGH�,����ZDV�REWDLQHG
IURP�KRVSLWDO�GDWDEDVH��3DWLHQWV�ZLWK�RQVHW�RI�$)�Ô���K�DQG�GLVFKDUJHG�KRPH�IURP�('�ZHUH�LQFOXGHG��3DWLHQWV��KRVSLWDOL]HG�RU�FRQVLGHUHG�QRW�WR�EH
VXEMHFWV�IRU�UK\WKP�FRQYHUVLRQ��HOHFWULFDO��(&�RU�PHGLFDO��0&���DOVR�SDWLHQWV�ZLWK�RQVHW�RI�$)�!���KRXUV��ZHUH�H[FOXGHG��

'DWD�DERXW�VH[��DJH��RXWSDWLHQW�WUHDWPHQW��XVH�RI�DQWLFRDJXODQWV��DQWLDJUHJDQWV��DQWLDUUK\WKPLFV���WLPH�RI�RQVHW�RI�$)�UHSRUWLQJ�RI�VFRUHV
�&+$�'6�9$6F��+$6�%/('��(+5$���PRGH�RI�UK\WKP�FRQYHUVLRQ�LQ�WKH�('��(&�RU�0&���WKH�XVH�RI�DQWLFRDJXODQWV�DQG�DQWLDUUK\WKPLFV�LQ�('�ZDV
FROOHFWHG�IURP�SDWLHQW�FDUGV�

3DWLHQWV�ZHUH�FRQWDFWHG�E\�WHOHSKRQH���PRQWKV�DIWHU�DGPLVVLRQ�DQG�GDWD�DERXW�DQWLFRDJXODWLRQ��WKURPERWLF�HSLVRGHV�DQG�EOHHGLQJ�ZHUH�FROOHFWHG���

5HVXOWV�

����SDWLHQWV�DGPLWWHG�WR�WKH�('������ZHUH�H[FOXGHG�DFFRUGLQJ�WR�SUHVSHFLILHG�FULWHULD�����ZHUH�LQFOXGHG�LQWR�WKH�ILQDO�DQDO\VHV�

7KHUH�ZHUH����PHQ�DQG����ZRPHQ������RI�SDWLHQWV�ZHUH�VHHQ�LQ�('�GXULQJ�WKH�ILUVW����KRXUV�RI�RQVHW�RI�$)��,Q����SDWLHQWV�������$)�ZDV�UHFXUUHQW�
���SDWLHQWV��������XVHG�DQWLFRDJXODQWV��LQFOXGLQJ����SDWLHQWV�������ZDUIDULQ��0HWRSURORO�ZDV�XVHG�E\�����������SURSDIHQRQ�E\���
������DQG�DPLRGDURQH�E\���SDWLHQWV����������SDWLHQWV�������XVHG�PHWRSURORO�DQG�SURSDIHQRQ�FRQFRPLWDQWO\��

&+$�'6�9$6F�VFRUH�ZDV�UHSRUWHG�LQ�('�IRU���SDWLHQWV������RWKHU�VFRUHV�ZHUH�QRW�UHSRUWHG��

����SDWLHQWV�������ZHUH�WUHDWHG�ZLWK�DQWLDUUK\WKPLFV�LQ�('�����������PHWRSURORO������������SURSDIHQRQ�����������DPLRGDURQ���

)URP����SDWLHQWV��QRW�XVLQJ�DQWLFRDJXODQWV�EHIRUH�DGPLVVLRQ�����ZHUH�WUHDWHG�E\�HQR[DSDULQ�����SDWLHQWV�GLGQÇW�JHW�DQ\�DQWLFRDJXODWLRQ��

(OHFWULFDO�FDUGLRYHUVLRQ�ZDV�SHUIRUPHG�LQ����SDWLHQWV�����������RI�WKHP�ZHUH�DQWLFRDJXODWHG��6LQXV�UK\WKP�ZDV�UHVWRUHG�LQ�DOO�RI�WKHP��0HGLFDO
FDUGLRYHUVLRQ�ZDV�GRQH�LQ����SDWLHQWV��6LQXV�UK\WKP�UHVWRUHG�VSRQWDQHRXVO\�LQ���SDWLHQWV��)XUWKHU�DQWLFRDJXODWLRQ�ZDV�DGYLVHG�WR����SDWLHQWV
�������

$OO�SDWLHQWV�ZHUH�DWWHPSWHG�WR�FRQWDFW�E\�WHOHSKRQH���PRQWKV�DIWHU�DGPLVVLRQ�����ZHUH�UHDFKHG�Ä����ZHUH�FXUUHQWO\�XVLQJ�VRPH
DQWLFRDJXODQW�DQWLDJUHJDQW�����UHSRUWHG�EOHHGLQJ�����KDHPDWRPDV����JDVWURLQWHVWLQDO�KDHPRUUKDJH���7KURPERWLF�HYHQW�ZDV�UHSRUWHG�RQFH�
LVFKDHPLF�VWURNH�LQ�D�SDWLHQW�WDNLQJ�ZDUIDULQ�DQG���SDWLHQWV�GLHG��

&RQFOXVLRQ�

2XU�DQDO\VLV�UHYHDOHG�ZLGH�YDULDELOLW\�LQ�PDQDJHPHQW�RI�SDWLHQWV�ZLWK�$)�LQ�RXU�('��7KXV��ORFDO�WUHDWPHQW�JXLGHOLQHV�VKRXOG�EH�XSGDWHG��XVH�RI
VFRUHV�UHFRPPHQGHG��&+$�'6�9$6F��+$6�%/('��(+5$��DQG�HGXFDWLRQ�FRXUVHV�SODQQHG�DV�D�SDUW�RI�LPSOHPHQWDWLRQ�SURJUDPV�



:281'�&$5(���%851�&$5( .DQHNR�0D\XNR

��������&RPELQHG�WUHDWPHQW�RI�DUWLILFLDO�GHUPLV�DQG�YDFXXP�DVVLVWHG�FORVXUH�IRU�KXJH�GHYHORSLQJ�QHFURWL]LQJ�IDVFLLWLV�ZLWK
VHYHUH�VHSVLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.DQHNR�0D\XNR������&KLMLZD�7VX\RVKL������0DWVXRND�7DWVXNL������<RVKLRND�+D\DWR������+DVHJDZD�(LMX������.DWR�+LURVKL����

���GRFWRU��'HSDUWPHQW�RI�HPHUJHQF\�DQG�FULWLFDO�FDUH�PHGLFLQH��1DWLRQDO�+RVSLWDO�2UJDQL]DWLRQ�'LVDVWHU�0HGLFDO�&HQWHU��7DFKLNDZD��-DSDQ
'HSDUWPHQW�RI�*DVWURHQWHURORJ\��'RNN\R�0HGLFDO�8QLYHUVLW\�.RVKLJD\D�+RVSLWDO��NRVLJD\D��-$3$1
���GRFWRU��'HSDUWPHQW�RI�(PHUJHQF\�DQG�&ULWLFDO�&DUH�0HGLFLQH��6DLWDPD�0HGLFDO�&HQWHU��-LFKL�0HGLFDO�8QLYHUVLW\��6DLWDPD��-$3$1
���GRFWRU��'HSDUWPHQW�RI�HPHUJHQF\�DQG�FULWLFDO�FDUH�PHGLFLQH��1DWLRQDO�+RVSLWDO�2UJDQL]DWLRQ�'LVDVWHU�0HGLFDO�&HQWHU���7DFKLNDZD��-$3$1

.H\ZRUGV��9$&��13:7��DUWLILFLDO�GHUPLV��VHSVLV��QHFURWL]LQJ�IDVFLLWLV

$EVWUDFW��

6XUJLFDO�GHEULGHPHQW�IRU�QHFURWL]LQJ�IDVFLLWLV�OHDYHV�SDWLHQWV�ZLWK�H[WHQVLYH�GHIHFWV��9DULRXV�WUHDWPHQWV�DQG�VXUJLFDO�WHFKQLTXHV�KDYH�EHHQ
GHYHORSHG�IRU�IXQFWLRQDO�DQG�DHVWKHWLF�UHVWRUDWLRQV�LQ�DIIHFWHG�FDVHV��$UWLILFLDO�VNLQ�VXEVWLWXWHV�KDYH�ZLGHO\�EHHQ�LQ�XVH�IRU�UHSDLULQJ�FRPSOH[�WLVVXH
GHIHFWV��7KHVH�VXEVWLWXWHV�VHUYH�DV�VFDIIROGLQJV�IRU�WKH�ILEUREODVWV�DQG�HQGRWKHOLDO�FHOO�LQJURZWK�DQG�SURYLGH�JRRG�GHUPDO�UHJHQHUDWLRQ�WHPSODWHV�
+RZHYHU��HQJUDIWPHQW�RI�DUWLILFLDO�VNLQ�VXEVWLWXWHV�UHPDLQV�VORZ�DQG�LQFRPSOHWH��7R�RYHUFRPH�WKHVH�ZHDNQHVVHV��YDFXXP�DVVLVWHG�FORVXUH��9$&�
V\VWHPV�KDYH�EHHQ�XVHG�RYHU�WKH�DUWLILFLDO�GHUPLV��DQG�WKLV�FRPELQHG�WUHDWPHQW�VHHPV�HIILFLHQW�DQG�OHVV�LQYDVLYH��:H�XVHG�WKLV�FRPELQHG�PHWKRG
LQ�D�IHZ�FDVHV�RI�VHYHUH�QHFURWL]LQJ�IDVFLLWLV�FRQFXUUHQW�ZLWK�YDULRXV�LQWHQVLYH�WUHDWPHQWV�IRU�V\VWHPLF�VHSWLF�VKRFN��&DVH���ZDV�D����\HDU�ROG
ZRPDQ�ZLWK�QHFURWL]LQJ�IDVFLLWLV�LQ�KHU�OHIW�LQJXLQDO�UHJLRQ��6KH�KDG�VHSWLF�VKRFN�FDXVHG�E\�VWUHSWRFRFFDO�LQIHFWLRQ�DQG�XQWUHDWHG�GLDEHWHV�
0XOWL�DQWLELRWLF�WKHUDS\�DQG�GLUHFW�KDHPRSHUIXVLRQ�ZLWK�SRO\P\[LQ�%�LPPRELOL]HG�ILEUH�FROXPQ��30;�'+3��ZHUH�DGPLQLVWHUHG�LQ�WKH�LQWHQVLYH�FDUH
XQLW��7KH�FRPELQDWLRQ�RI�DUWLILFLDO�GHUPLV�DQG�9$&�SHUIRUPHG�DIWHU�PLQLPDO�LQYDVLYH�GHEULGHPHQWV��+HU�JHQHUDO�FRQGLWLRQ�JUDGXDOO\�UHFRYHUHG�
)LQDOO\��WKH�DXWRORJRXV�VNLQ�HQJUDIWHG�FRPSOHWHO\�ZLWKRXW�MRLQW�FRQWUDFWXUHV��&DVH���ZDV�D����\HDU�ROG�PDQ�ZLWK�QHFURWL]LQJ�IDVFLLWLV�RQ�KLV�ULJKW�OHJ�
ZKLFK�KDG�UHVXOWHG�LQ�FRPSOH[�WLVVXH�GHIHFWV�LQYROYLQJ�PXOWLSOH�WHQGRQV�DQG�WKH�H[SRVXUH�RI�WLELD��+H�ZDV�DOVR�VHSVLV�ZLWK�SRRUO\�FRQWUROOHG
GLDEHWHV��DQG�KLV�ZRXQG�FXOWXUH�KDG�UHYHDOHG�ERWK�IXQJL�DQG�EDFWHULD��+H�ZDV�WUHDWHG�ZLWK�DQWLELRWLFV�DQG�DQWLP\FRWLF�DJHQWV�LQ�WKH�LQWHQVLYH�FDUH
XQLW��$IWHU�VHULDO�GHEULGHPHQWV��KH�XQGHUZHQW�WKH�FRPELQDWLRQ�RI�DUWLILFLDO�GHUPLV�DQG�9$&��+LV�ZRXQG�KHDOHG�DQG�KLV�JHQHUDO�FRQGLWLRQ�LPSURYHG�
$IWHU�WKH�DXWRORJRXV�VNLQ�HQJUDIWHG��KH�ZDV�GLVFKDUJHG�LQ�DQ�DPEXODQW�VWDWH��7KH�FRPELQHG�XVH�RI�DUWLILFLDO�GHUPLV�DQG�9$&�LV�OHVV�LQYDVLYH�WKDQ
FRQYHQWLRQDO�WLH�RYHU�GUHVVLQJ�DQG�PDNHV�LW�SRVVLEOH�WR�WUHDW�EHGVLGH��9$&�VXFNV�XS�WKH�LQIODPPDWRU\�H[XGDWLRQ��:H�DUH�OLNHO\�WR�LPPRELOL]H�WKH
DUWLILFLDO�GHUPLV�DQG�HQDEOHV�SDWLHQWV�WR�UHFHLYH�HDUO\�UHKDELOLWDWLRQ��%HFDXVH�RI�9$&�VXFWLRQLQJ�EDFWHULD�WKHPVHOYHV��WKLV�FRPELQDWLRQ�LV�PRUH
HIIHFWLYH�WKDQ�DUWLILFLDO�GHUPLV�DORQH�IURP�WKH�SHUVSHFWLYH�RI�LQIHFWLRQ�FRQWURO��7KH�TXDOLW\�RI�WKH�WUHDWPHQW�QRW�RQO\�LQFUHDVHV�WKH�HQJUDIWPHQW�UDWH
EXW�DOVR�GHFUHDVHV�WKH�FRPSOLFDWLRQV�DQG�WKH�ULVNV�RI�LQIHFWLRQ�GXH�WR�WKH�XVH�RI�DUWLILFLDO�GHUPLV��ZKLFK�LV�YXOQHUDEOH�WR�LQIHFWLRQ��2XU�UHVXOWV
VXJJHVW�WKDW�9$&�FRPELQHG�ZLWK�DUWLILFLDO�GHUPLV�LV�DQ�HIIHFWLYH�PHWKRG�IRU�UHSDLULQJ�UHIUDFWRU\�VRIW�WLVVXH�QHFURVLV�DQG�XVHIXO�HYHQ�LQ�D�VHYHUH
FRQGLWLRQ�



&$6(�35(6(17$7,21 ,DQ�+RQJ

��������0RUH�WKDQ�D�VLPSOH�ODFHUDWLRQ��H[WUHPLW\�YDVFXODU�LQMXU\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,DQ�+RQJ������:HL�/LQ�7DOOLH�&KXD����

���(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(
���(PHUJHQF\�0HGLFLQH��6LQJKHDOWK��6LQJDSRUH��6,1*$325(

.H\ZRUGV��SVHXGRDQHXU\VP��SHQHWUDWLQJ�LQMXU\��YDVFXODU�LQMXU\

$EVWUDFW��

,QWURGXFWLRQ

/DFHUDWLRQV�DQG�PLQRU�SHQHWUDWLQJ�LQMXULHV�FRPPRQO\�SUHVHQW�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('���,W�LV�VWLOO�FUXFLDO�WR�WKRURXJKO\�DVVHVV�IRU�DQ\
DVVRFLDWHG�QHXURYDVFXODU�LQMXU\�DQG�RU�LQMXU\�WR�GHHSHU�VWUXFWXUHV�LQ�WKH�PDQDJHPHQW�RI�VXFK�LQMXULHV��:H�SUHVHQW�D�FDVH�RI�D�VPDOO�ODFHUDWLRQ
ZKLFK�KDG�VHULRXV�XQGHUO\LQJ�YDVFXODU�LQMXU\�

&DVH

$����\HDU�ROG�JHQWOHPDQ�SUHVHQWHG�WR�WKH�('�DIWHU�KDYLQJ�VOLSSHG�DQG�VXVWDLQLQJ�D�VWDE�LQMXU\�E\�D�PHWDO�ILOH�ZKLFK�KH�KDSSHQHG�WR�EH�KROGLQJ�RQ
KLV�WKLJK��7KHUH�ZHUH�WZR�VPDOO�OLQHDU�ZRXQGV�����FP�DQG��FP��RYHU�WKH�ULJKW�XSSHU�LQQHU�WKLJK��DFWLYHO\�EOHHGLQJ�EXW�FRQWUROOHG�ZLWK�FRPSUHVVLRQ�
$�WRLOHW�DQG�VXWXUH�ZDV�SHUIRUPHG�IRU�WKH�WZR�ZRXQGV�DQG�WKH�SDWLHQW�ZDV�GLVFKDUJHG�

+H�UH�SUHVHQWHG�WR�WKH�('���GD\V�ODWHU�FRPSODLQLQJ�RI�LQFUHDVLQJ�SDLQ�RYHU�WKH�ZRXQG�ZLWK�VXUURXQGLQJ�KDHPDWRPD��$OWKRXJK�KH�KDG�EHHQ
PDVVDJLQJ�WKH�DUHD�DW�KRPH��WKHUH�ZDV�QR�REYLRXV�UHSHDW�WUDXPD�DQG�QR�V\PSWRPV�RI�DQDHPLD��7KHUH�ZDV�HFFK\PRVLV�RYHU�WKH�DQWHULRU�DVSHFW�RI
WKH�WKLJK�XS�WR�WKH�NQHH��'LVWDO�SXOVHV�ZHUH�SUHVHQW��+E�ZDV���PJ�G/��+H�ZDV�GLVFKDUJHG�WR�IROORZ�XS�DW�SULPDU\�FDUH�

2Q�KLV��UG�YLVLW���GD\V�ODWHU�IRU�ZRUVHQLQJ�EUXLVLQJ�DQG�SDLQ��KH�ZDV�IRXQG�WR�KDYH�H[WHQVLYH�EUXLVLQJ�LQYROYLQJ�KLV�HQWLUH�ULJKW�ORZHU�OLPE�DQG�FDOI�
WUDFNLQJ�XS�WR�WKH�SHULQHXP�DQG�ULJKW�LOLDF�IRVVD��6XWXUHV�ZHUH�VWLOO�LQ�VLWX�RYHU�WKH�ZRXQGV�ZLWK�QR�DFWLYH�EOHHGLQJ��'LVWDO�SXOVHV�ZHUH�SUHVHQW�DQG
WKHUH�ZHUH�QR�RWKHU�VLJQV�RI�FRPSDUWPHQW�V\QGURPH��+E�GURSSHG�IURP����WR����PJ�G/�LQ���GD\V��+H�ZDV�DGPLWWHG�DQG�IRXQG�WR�KDYH�D��[�FP�DQG
���[���FP�SVHXGRDQHXU\VP�RI�WKH�ULJKW�SURIXQGD�IHPRULV�ZKLFK�ZDV�HPEROLVHG��7KH�SDWLHQW�ZDV�WKHQ�GLVFKDUJHG�ZHOO�

'LVFXVVLRQ

7KLV�FDVH�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�H[FOXGLQJ�QHXURYDVFXODU�LQYROYHPHQW�GHHS�WLVVXH�LQMXU\�LQ�DQ\�SHQHWUDWLQJ�LQMXU\��QR�PDWWHU�KRZ�LQQRFXRXV
WKH�H[WHUQDO�ZRXQG�PD\�ORRN��6LJQV�RI�YDVFXODU�FRPSURPLVH�FDQ�EH�GLYLGHG�LQWR�KDUG�DQG�VRIW�VLJQV��3DWLHQWV�ZLWK�KDUG�VLJQV�VXFK�DV�DEVHQW�SXOVHV�
EUXLW�WKULOOV��DFWLYH�RU�SXOVDWLOH�KDHPRUUKDJH��SXOVDWLOH�RU�H[SDQGLQJ�KDHPDWRPD��VLJQV�RI�OLPE�LVFKDHPLD�RU�FRPSDUWPHQW�V\QGURPH�ZDUUDQW�XUJHQW
VXUJLFDO�RU�LQWHUYHQWLRQDO�UDGLRORJLFDO�LQWHUYHQWLRQ�

,Q�WKH�DEVHQFH�RI�KDUG�VLJQV��VRIW�VLJQV�VXFK�DV�GLPLQLVKHG�SXOVHV��PRQRQHXURSDWK\��QRQ�H[SDQGLQJ�KHPDWRPD�VKRXOG�EH�DFWLYHO\�ORRNHG�IRU��$Q
DUWHULDO�SUHVVXUH�LQGH[��$3,��VKRXOG�EH�PHDVXUHG�LI�VRIW�VLJQV�DUH�SUHVHQW�RU�LI�WKH�LQMXU\�LV�SUR[LPDO�WR�D�PDLQ�YHVVHO��WKHUH�ZDV�HYLGHQFH�RI
K\SRWHQVLRQ�RU�PRGHUDWH�EOHHGLQJ�DW�VFHQH��RU�LI�NQHH�RU�HOERZ�GLVORFDWLRQV�ZHUH�VXVWDLQHG��$�&7�DQJLRJUDP�VKRXOG�EH�FRQVLGHUHG�LQ�DQ�$3,�RI�����
ZLWK�VRIW�VLJQV�L�3DWLHQWV�ZLWK�QRUPDO�$3,�VWLOO�QHHG�FORVH�IROORZ�XS�RQ�GLVFKDUJH�DV������RI�WKHVH�SDWLHQWV�ZLWK�SHQHWUDWLQJ�ZRXQGV�HYHQWXDOO\
UHTXLUH�RSHUDWLRQ�IRU�SURJUHVVLRQ�RI�DQ�XQGHWHFWHG�LQMXU\�LL�LLL�



$,5:$< 5\XKHL�,JHWD

��������$FXWH�HSLJORWWLWLV�LQ�DGXOWV��:KR�QHHGV�DLUZD\�LQWHUYHQWLRQ"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5\XKHL�,JHWD������0DNRWR�6HUD������7DL]R�1DNDQLVKL������+LGH\D�1DJDL������+LGH\XNL�0DWDQR������6KLQVXNH�7DQL]DNL������6KLJHQREX�0DHGD������+LURVKL
,VKLGD����

���(PHUJHQF\�'HSHUWPHQW��2EDPD�+RVSLWDO��2EDPD�VKL��-$3$1
���(PHUJHQF\�'HSHUWPHQW��)XNXL�3UHIHFWXDO�+RVSLWDO��)XNXL��-$3$1

.H\ZRUGV��DFXWH�HSLJORWWLWLV

$EVWUDFW��

2EMHFWLYH�

$FXWH�HSLJORWWLWLV�LV�D�SRWHQWLDOO\�OLIH�WKUHDWHQLQJ�FRQGLWLRQ�DV�DQ�DLUZD\�HPHUJHQF\��WKHUHIRUH�HDUO\�GLDJQRVLV�DQG�DLUZD\�PDQDJHPHQW�DUH�HVVHQWLDO�

$OWKRXJK�ODU\QJRVFRS\�LV�WKH�JROG�VWDQGDUG�IRU�WKH�GLDJQRVLV�RI�DFXWH�HSLJORWWLWLV��WKLV�LQYDVLYH�SURFHGXUH�FDQ�EH�GDQJHURXV�DQG�VRPHWLPHV�KDUG�WR
SHUIRUP�IRU�HPHUJHQF\�GHSDUWPHQW��('��SK\VLFLDQV��,Q�WKLV�FRQWH[W��ZH�LQYHVWLJDWHG�KRZ�WKH�FOLQLFDO�PDQLIHVWDWLRQV�DQG�;�UD\�ILQGLQJV�FDQ
FRQWULEXWH�WR�WKH�GLDJQRVLV�DQG�SURSHU�DLUZD\�PDQDJHPHQW�LQ�SDWLHQWV�ZLWK�DFXWH�HSLJORWWLWLV�

�

0HWKRGV�

:H�FRQGXFWHG�D�UHWURVSHFWLYH�FKDUW�UHYLHZ�RI�SDWLHQWV�ZLWK�DFXWH�HSLJORWWLWLV�DJHG����\HDUV�RU�DERYH�DW�WKH�SUHVHQWDWLRQ�ZKR�YLVLWHG�RXU�('
EHWZHHQ������DQG������

:H�HYDOXDWHG�WKH�QXPEHU�RI�GD\V�EHWZHHQ�WKH�RQVHW�DQG�WKH�('�YLVLW��VLJQV�DQG�V\PSWRPV��VRUH�WKURDW��G\VSKDJLD��VDOLYDWLRQ��G\VSQHD��PXIIOHG
YRLFH��DQG�VWULGRU���DQG�H[DPLQDWLRQ�ILQGLQJV��WKH�ZLGWK�RI�WKH�HSLJORWWLV��(:��RQ�ODWHUDO�QHFN�;�UD\�DQG�WKH�GHJUHH�RI�VZHOOLQJ�RI�WKH�HSLJORWWLV�RQ
ODU\QJRVFRS\��

�

5HVXOWV�

2XW�RI�WKH����SDWLHQWV�LGHQWLILHG�LQ�WKLV�VWXG\�����UHTXLUHG�DLUZD\�LQWHUYHQWLRQ�VXFK�DV�WUDFKHDO�LQWXEDWLRQ��WUDFKHRWRP\��RU�FULFRWK\URLGRWRP\��0RUH
WKDQ�KDOI�RI�WKH�SDWLHQWV�YLVLWHG�WKH�('�ZLWKLQ�RQH�GD\�RI�RQVHW��'\VSQHD�ZDV�VHHQ�ZLWK�KLJKHU�IUHTXHQF\�LQ�WKH�SDWLHQWV�ZLWK�DLUZD\�LQWHUYHQWLRQ
�����LQ�WKH�DLUZD\�LQWHUYHQWLRQ�JURXS�YV�����LQ�WKH�QRQ�DLUZD\�LQWHUYHQWLRQ�JURXS��S�������$OO�RI�WKRVH�GLDJQRVHG�ZLWK�VHYHUH�VZHOOLQJ�RI�WKH
HSLJORWWLV�RQ�ODU\QJRVFRS\�UHTXLUHG�DLUZD\�LQWHUYHQWLRQ��/DWHUDO�QHFN�;�UD\�ZDV�WDNHQ�LQ����SDWLHQWV����RI�ZKRP�UHTXLUHG�DLUZD\�LQWHUYHQWLRQ��(:
ZDV��PP�RU�JUHDWHU�LQ����RI�WKHP��7KH�PHGLDQ�YDOXH�RI�WKH�DLUZD\�LQWHUYHQWLRQ�JURXS����SDWLHQWV��DQG�WKH�QRQ�DLUZD\�LQWHUYHQWLRQ�JURXS����
SDWLHQWV��ZHUH�����PP��LQWHUTXDUWLOH�UDQJH��,45���������������DQG�����PP�,45����������UHVSHFWLYHO\��VLJQLILFDQWO\�JUHDWHU�LQ�WKH�DLUZD\�LQWHUYHQWLRQ
JURXS��S�������(:�ZDV���PP�RU�JUHDWHU�LQ�DOO�IRXU�SDWLHQWV�ZLWK�DLUZD\�LQWHUYHQWLRQ�ZKR�XQGHUZHQW�ODWHUDO�QHFN�;�UD\�

�

&RQFOXVLRQV�

3DWLHQWV�ZLWKRXW�G\VSQHD�RQ�DUULYDO�DUH�PRUH�OLNHO\�WR�EH�WUHDWHG�ZLWKRXW�DLUZD\�LQWHUYHQWLRQ��/DWHUDO�QHFN�;�UD\�FDQ�EH�KHOSIXO�ERWK�LQ�WKH�GLDJQRVLV
RI�DFXWH�HSLJORWWLWLV�DQG�LQ�WKH�SUHGLFWLRQ�RI�WKRVH�ZKR�UHTXLUH�DLUZD\�LQWHUYHQWLRQ�



6+2&. 3DLXV�)UDQFHVFD

��������$QHPLD�H[SUHVVLRQ�RI�XSSHU�JDVWURLQWHVWLQDO�KHPRUUKDJH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5DPRQD�*DQHD������9LUJLOLX�&H]DU�%RORJD������'HQLVD�(OHQD�9LQWLOD������)UDQFHVFD�,XOLD�3DLXV����

���3DUDPHGLF��(PHUJHQF\�'HSDUWPHQW���838�6085'��6LELX��520$1,$
���(PHUJHQF\�3K\VLFLDQ���(PHUJHQF\�'HSDUWPHQW���838�6085'��6LELX��520$1,$

.H\ZRUGV��DQHPLD��JDVWURLQWHVWLQDO�EOHHGLQJ��XOFHU��HVRSKDJHDO�YDULFHV

$EVWUDFW��

$QHPLD�H[SUHVVLRQ�RI�XSSHU�JDVWURLQWHVWLQDO�KHPRUUKDJH

�

9LUJLOLX�&H]DU�%RORJD�������'HQLVD�(OHQD�9LQWLOD������5DPRQD�*DQHD�����)UDQFHVFD�,XOLD�3DLXV����

���(PHUJHQF\�'HSDUWPHQW��838�6085'�6LELX��6LELX��5RPDQLD

�����������������������������������������������������

.H\ZRUGV���DQHPLD��JDVWURLQWHVWLQDO�EOHHGLQJ��XOFHU��HVRSKDJHDO�YDULFHV��

6SHDNHU���'HQLVD�(OHQD�9LQWLOD

�

%$&.*5281'

7KH�XSSHU�JDVWURLQWHVWLQDO�EOHHGLQJ�LV���WLPHV�PRUH�IUHTXHQW�FRPSDUHG�WR�WKH�ORZHU�RQH���8*,%�KDV�D�SUHYDOHQFH�RI�DSSUR[LPDWHO\�����FDVHV�SHU
��������LQKDELWDQWV�SHU�\HDU���

7KH�SUHVHQW�VWXG\�DLPV�WR�HYDOXDWH�WKH�LQFLGHQFH�DQG�HWLRORJ\�RI�WKH�XSSHU�JDVWURLQWHVWLQDO�EOHHGLQJ�DW�WKH�SDWLHQWV�ZKR�DUULYHG�DW�WKH�(PHUJHQF\
'HSDUWPHQW�RI�6LELX�&RXQW\�&OLQLFDO�(PHUJHQF\�+RVSLWDO�DV�ZHOO�DV�WKHLU�KRVSLWDOL]DWLRQ�DFFRUGLQJ�WR�WKH�KRVSLWDOÇV�GHSDUWPHQWV�

�

0$7(5,$/6�$1'�0(7+2'6

7KH�VWXG\�ZDV�SHUIRUPHG�WKURXJK�D�UHWURVSHFWLYH�REVHUYDWLRQDO�PHWKRG�RQ�D�QXPEHU�RI��������FDVHV�HPHUJHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI
6LELX�&RXQW\�&OLQLFDO�(PHUJHQF\�+RVSLWDO�EHWZHHQ������������Ä�������������RXW�RI�ZKLFK�����ZHUH�GLDJQRVHG�ZLWK�8*,%�

�

5(68/76

2XW�RI�WKH�WRWDO�QXPEHU�RI�FDVHV�UHJLVWHUHG�DW�WKH�(PHUJHQF\�'HSDUWPHQW�RI�6085'�6LELX�EHWZHHQ������������Ä�����������������ZHUH�8*,%��ZKLFK
UHSUHVHQWV�������

7KH�GLVWULEXWLRQ�RI�WKH�����FDVHV�RI�8*,%�HPHUJHG�DW�WKH�(PHUJHQF\�'HSDUWPHQW�RI�6085'�6LELX�IRU�WKH�VWXGLHG�SHULRG�ZDV�DV�IROORZV�����
���������LQ��������������������LQ��������������������LQ������

2XW�RI�WKH�WRWDO�QXPEHU�RI�8*,%�FDVHV���������������ZHUH�FDVHV�ZKHUH�SDWLHQWV�KDYH�DVVRFLDWHG�VHYHUH�DQHPLD��DQG��������������ZHUH�FDVHV
ZKHUH�SDWLHQWV�KDYH�VKRZQ�PLOG�DQG�PRGHUDWH�DQHPLD�

$FFRUGLQJ�WR�WKH�HWLRORJ\�RI�8*,%��WKH�IROORZLQJ�YDOXHV�ZHUH�UHJLVWHUHG�������������FDVHV�RI�HVRSKDJHDO�YDULFHV������������FDVHV�RI�JDVWULF�DQG
HVRSKDJHDO�QHRSODVPV���������������FDVHV�RI�JDVWULF�DQG�GXRGHQDO�XOFHU�

7KH�GLVWULEXWLRQ�RI�KRVSLWDOL]DWLRQV�RI�SDWLHQWV�ZLWK�8*,%�DFFRUGLQJ�WR�WKH�KRVSLWDOÇV�GHSDUWPHQWV�ZDV�WKH�IROORZLQJ��*DVWURHQWHURORJ\����������
6XUJHU\����������0HGLFDO����������2QFRORJ\���������UHIXVHG�KRVSLWDOL]DWLRQ���������

�

&21&/86,216

%HWZHHQ������Ä������WKH�SHUFHQW�RI�SDWLHQWV�GLDJQRVHG�ZLWK�8*,%��KRVSLWDOL]HG�DW�WKH�(PHUJHQF\�'HSDUWPHQW��GHFUHDVHG��������������������
Ä�������������Ä�������



2XW�RI�WKH�WRWDO�QXPEHU�RI�8*,%�FDVHV���������������ZHUH�FDVHV�ZKHUH�SDWLHQWV�KDYH�DVVRFLDWHG�VHYHUH�DQHPLD��DQG��������������ZHUH�FDVHV
ZKHUH�SDWLHQWV�KDYH�VKRZQ�PLOG�DQG�PRGHUDWH�DQHPLD�

7KH�PDMRULW\�RI�8*,%�FDVHV�ZHUH�FDXVHG�E\�XOFHU���������������UHJLVWHUHG�FDVHV��WKH�UHVW�EHLQJ�UHSUHVHQWHG�E\�JDVWULF�DQG�HVRSKDJHDO�QHRSODVPV
�������DQG�EOHHGLQJ�HVRSKDJHDO�YDULFHV���������

2XW�RI�D�WRWDO�QXPEHU�RI�����SDWLHQWV�GLDJQRVHG�ZLWK�8*,%��WKH�KRVSLWDOL]DWLRQ�DFFRUGLQJ�WR�WKH�KRVSLWDOÇV�GHSDUWPHQWV�ZDV�DV�IROORZV��
*DVWURHQWHURORJ\�����������6XUJHU\����������0HGLFDO����������2QFRORJ\���������'LVFKDUJHG���������

�



75$80$ 3DLXV�)UDQFHVFD

��������7KH�UDWH�RI�URDG�WUDIILF�DFFLGHQWV�HPHUJHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,RDQ�/XFLDQ�0DULDQ������9LUJLOLX�&H]DU�%RORJD������$QGUHHD�/LOLDQD�%RFDL������/XFLDQ�&DOXWLX������)UDQFHVFD�,XOLD�3DLXV����

���3DUDPHGLF��(PHUJHQF\�'HSDUWPHQW���838�6085'��6LELX��520$1,$
���(PHUJHQF\�3K\VLFLDQ���(PHUJHQF\�'HSDUWPHQW���838�6085'��6LELX��520$1,$

.H\ZRUGV��WUDIILF�DFFLGHQWV��SRO\�WUDXPD��KHDG�LQMXULHV��HPHUJHQF\�URRP

$EVWUDFW��

7KH�UDWH�RI�URDG�WUDIILF�DFFLGHQWV�HPHUJHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

9LUJLOLX�&H]DU�%RORJD�����$QGUHHD�/LOLDQD�%RFDL������,RDQ�/XFLDQ�0DULDQ�����/XFLDQ�&DOXWLX�����)UDQFHVFD�,XOLD�3DLXV����

���(PHUJHQF\�'HSDUWPHQW��838�6085'�6LELX��6LELX��5RPDQLD

�

.H\ZRUGV��URDG�WUDIILF�DFFLGHQWV��SRO\�WUDXPD��KHDG�LQMXULHV��HPHUJHQF\�URRP

�

6SHDNHU����$QGUHHD�/LOLDQD�%RFDL

�

%$&.*5281'

7UDXPD�UDQNV�DV�WKH��WK�PRVW�FRPPRQ�FDXVH�RI�GHDWK�DIWHU�FDUGLRYDVFXODU�GLVHDVHV��FDQFHU�DQG�UHVSLUDWRU\�GLVHDVHV�

7KH�SUHVHQW�VWXG\�IRFXVHV�RQ�WKH�GLVWULEXWLRQ�RI�WUDXPDWLF�FDVHV�FDXVHG�E\�URDG�WUDIILF�DFFLGHQWV�HPHUJHG�DW�WKH�(PHUJHQF\�'HSDUWPHQW�RI�6LELX
&RXQW\�&OLQLFDO�(PHUJHQF\�+RVSLWDO�DV�ZHOO�DV�WKHLU�JUDYLW\�LQ�WKH�DERYH�PHQWLRQHG�SHULRG�

�

0$7(5,$/6�$1'�0(7+2'6

7KH�VWXG\�ZDV�SHUIRUPHG�WKURXJK�D�UHWURVSHFWLYH�REVHUYDWLRQDO�PHWKRG�RQ�D�QXPEHU�RI��������FDVHV�HPHUJHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI
6LELX�&RXQW\�&OLQLFDO�(PHUJHQF\�+RVSLWDO�EHWZHHQ������������Ä�������������RXW�RI�ZKLFK������ZHUH�URDG�WUDIILF�DFFLGHQWV�

�

5(68/76

�2XW�RI�D�WRWDO�RI��������DUULYDOV�DW�WKH�(PHUJHQF\�'HSDUWPHQW�RI�6085'�6LELX��WKH�QXPEHU�RI�WUDXPDV�FDXVHG�E\�URDG�WUDIILF�DFFLGHQWV�ZDV������
ZKLFK�UHSUHVHQWV���������GLVWULEXWHG�DV�IROORZV������SDWLHQWV����������LQ�����������SDWLHQWV����������LQ������DQG�����SDWLHQWV����������LQ������

$�QXPEHU�RI������RXW�RI�WKHVH�SDWLHQWV�ZHUH�QRW�UHTXLUHG�KRVSLWDOL]DWLRQ��ZKLFK�UHSUHVHQW��������DQG�����SDWLHQWV�ZHUH�KRVSLWDOL]HG��ZKLFK
UHSUHVHQW��������

7KH�GLVWULEXWLRQ�RI�KRVSLWDOL]DWLRQV�IRU�WKH�VHYHUHO\�WUDXPDWL]HG�SDWLHQWV�E\�URDG�WUDIILF�DFFLGHQWV�ZDV�WKH�IROORZLQJ��2UWKRSHGLFV����������������
6XUJHU\�����������������1HXURVXUJHU\����������������DQG�WKH�UHVW�IRU�RWKHU�GHSDUWPHQWV�

7KURXJKRXW�WKH�VWXGLHG�SHULRG�D�WRWDO�RI�����SDWLHQWV�ZHUH�GHFHDVHG�EHFDXVH�RI�URDG�WUDIILF�DFFLGHQWV��GLVWULEXWHG�DV�IROORZV�����SDWLHQWV���������
LQ����������SDWLHQWV���������LQ�������DQG����SDWLHQWV����������LQ������

7KH�GLVWULEXWLRQ�SHU�PRQWKV�RI�WKH�SDWLHQWV�WUDXPDWL]HG�EHFDXVH�RI�URDG�WUDIILF�DFFLGHQWV�ZDV�LQFUHDVHG�WKURXJKRXW�WKH�SHULRG�RI�-XO\��$XJXVW�DQG
'HFHPEHU��UHSUHVHQWLQJ��������

$FFRUGLQJ�WR�WKH�ORFDOL]DWLRQ�RI�WKH�WUDXPDWLVP��WKH�PDMRULW\�ZHUH�������FUDQLDO�WUDXPDV������PHPEHU�WUDXPDV������WKRUDFLF�WUDXPDV������LQMXULHV�
����VSLQDO�FRUG�WUDXPDV������SHOYLF�WUDXPDV�DQG�����DEGRPLQDO�WUDXPDV�

�

&21&/86,216



7KH�QXPEHU�RI�YLFWLPV�FDXVHG�E\�URDG�WUDIILF�DFFLGHQWV�ZDV�UHODWLYHO\�FRQVWDQW��PDLQWDLQLQJ�WKH�VDPH�FXUYH�ERWK�LQ�WKH�FDVH�RI�VHYHUH�DFFLGHQWV
DQG�LQ�WKH�FDVH�RI�GHDWKV�FDXVHG�E\�URDG�WUDIILF�DFFLGHQWV�DV�ZHOO�

7KH�PDMRULW\�RI�KRVSLWDOL]DWLRQV�GHWHUPLQHG�E\�URDG�WUDIILF�DFFLGHQWV�ZHUH�LQ�2UWKRSHGLFV��IROORZHG�E\�6XUJHU\�DQG�1HXURVXUJHU\�

7KH�FUDQLDO�WUDXPD�ZDV�PRVW�IUHTXHQWO\�DVVRFLDWHG�ZLWK�WKH�UHVW�RI�FRQGLWLRQV�

7KH�KLJKHVW�IUHTXHQF\�RI�URDG�WUDIILF�DFFLGHQWV�ZDV�WKURXJKRXW�WKH�PRQWKV�RI�-XO\��$XJXVW�DQG�'HFHPEHU�

7KH�VHYHUH�DFFLGHQWV�DQG�GHDWKV�KDYH�D�FRQVWDQW�IUHTXHQF\�DFFRUGLQJ�WR�WKH�QXPEHU�RI�FDVHV�

�



72;,&2/2*< :DWDUX�<DMLPD

��������3UREOHPDWLF�SDWLHQWV�ZLWK�DFXWH�DOFRKROLF�LQWR[LFDWLRQ�LQ�(PHUJHQF\�5RRP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

:DWDUX�<DMLPD����

���(PHUJHQF\�GHSDUWPHQW��-LNHL�PHGLFDO�XQLYHUVLW\��7RN\R��-$3$1

.H\ZRUGV��DFXWH�DOFRKROLF�LQWR[LFDWLRQ

$EVWUDFW��

,Q�-DSDQ��SDWLHQWV�ZLWK�DFXWH�DOFRKROLF�SRLVRQLQJ�RIWHQ�RFFXS\�EHGV�LQ�(PHUJHQF\�5RRP�(5��DQG�LPSHGH�PHGLFDO�FDUH�IRU�RWKHU�SDWLHQWV�
-LNHL�PHGLFDO�XQLYHUVLW\�KRVSLWDO�LV�ORFDWHG�QHDU�WKH�GRZQWRZQ�LQ�7RN\R�DQG�ZH�UHFHLYH�DOPRVW���������SDWLHQWV�ZLWK�DFXWH�DOFRKROLF�SRLVRQLQJ�D
\HDU�
6WDWLVWLFDO�DQDO\VLV�VKRZHG�SDWLHQW�DJH�DQG�VWD\LQJ�WLPH�LQ�(5�KDG�D�SRVLWLYH�FRUUHODWLRQ�$OVR��PDOH�SDWLHQWV�WHQGHG�WR�FDOO�DPEXODQFHV�PRUH�RIWHQ
WKDQ�IHPDOH�SDWLHQWV�EXW�WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�VWD\LQJ�WLPH�LQ�(5�EHWZHHQ�PDOH�DQG�IHPDOH�SDWLHQWV�
3DWLHQWV�YLVLWLQJ�WR�(5�E\�DPEXODQFHV�WHQGHG�WR�VWD\�LQ�(5�ORQJHU�WKDQ�ZDON�LQ�SDWLHQWV��7KH�PHDQ�WLPH�ZDV�������PLQ�DQG�������PLQ�UHVSHFWLYHO\�
0HDQ�VWD\LQJ�WLPH�LQ�DOO�SDWLHQWV�ZDV�������PLQ�DQG�PD[LPXP�VWD\LQJ�WLPH�ZDV�����PLQ�
:H�DOVR�DQDO\]HG�GDWD�IURP�DOFRKROLF�FRQFHQWUDWLRQ�DQG�µ�*73�LQ�VHUXP��WKH�SUHVHQFH�RI�KHDG�LQMXU\�DQG�WKH�QXPEHU�RI�FDVHV�ZKLFK�IDLOHG�WR
UHVSRQG�WR�D�GHPDQG�RI�HPHUJHQF\�WUDQVSRUWDWLRQ�EHFDXVH�RI�DOO�EHGV�RFFXSLHG�
3DWLHQWV�ZLWK�DFXWH�DOFRKROLF�LQWR[LFDWLRQ�LQ�(5�DUH�SUREOHPDWLF�QRW�RQO\�LQ�WKDW�WKH\�RFFXS\�(5�EHGV�ORQJ�WLPH�EXW�DOVR�WKH\�RFFXS\�EHGV�IRU�VHYHUH
SDWLHQWV�DQG�VRPHWLPHV�ZH�KDYH�WR�GHFOLQH�HPHUJHQF\�WUDQVSRUWDWLRQ�



&$6(�35(6(17$7,21 /DXUD�+HIIHUQDQ

��������.LFNLQJ�RII�D�UHWURSKDU\QJHDO�DEVFHVV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/DXUD�+HIIHUQDQ������$EGXOODK�%LQ�5DXI������-DPHV�%LQFK\����

���*DOZD\�8QLYHUVLW\�+RVSLWDO��+6(��*DOZD\��,5(/$1'

.H\ZRUGV��UHWURSKDU\QJHDO�DEVFHVV��DW\SLFDO�SUHVHQWDWLRQ��WUDXPD

$EVWUDFW��

,QWURGXFWLRQ

5HWURSKDU\QJHDO�DEVFHVVHV��53$��DUH�GHHS�QHFN�VSDFH�LQIHFWLRQV�WKDW�FDQ�SRVH�DQ�LPPHGLDWH�OLIH�WKUHDWHQLQJ�HPHUJHQF\��VXFK�DV�DLUZD\
REVWUXFWLRQ��7KH�SRWHQWLDO�VSDFH�FDQ�EHFRPH�LQIHFWHG�E\�EDFWHULD�VSUHDGLQJ�IURP�D�FRQWLJXRXV�DUHD�RU�GLUHFW�LQRFXODWLRQ�IURP�SHQHWUDWLQJ�WUDXPD�
,QIHFWLRQ�LV�RIWHQ�SRO\PLFURELDO�DQG�WKH�VRXUFH�LV�XVXDOO\�RURSKDU\QJHDO�IORUD��PRVW�FRPPRQO\�JURXS�$�EHWD�KHPRO\WLF�VWUHSWRFRFFL���7KH�LQFLGHQFH
RI�53$�LV�GHFOLQLQJ�GXH�WR�WKH�ZLGHVSUHDG�XVH�RI�DQWLELRWLFV�IRU�XSSHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQV��857,��

0HWKRGV

:H�GHVFULEH�DQ�DW\SLFDO�SUHVHQWDWLRQ�RI�53$�LQ�D�WKUHH�\HDU�ROG�JLUO�ZKR�DWWHQGHG�ZLWK�D�KLVWRU\�RI�SRVW�WUDXPDWLF�QHFN�SDLQ�

&DVH�+LVWRU\

0%�SUHVHQWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW�ZLWK�QHFN�SDLQ�DQG�UHGXFHG�UDQJH�RI�PRWLRQ�IROORZLQJ�D�NLFN�WR�WKH�QHFN�E\�D�VLEOLQJ��+HU�PRWKHU
ZLWQHVVHG�WKH�DFFLGHQW�DQG�IHOW�WKDW�LW�ZDV�D�PLOG�WUDXPD��ZLWK�GLVSURSRUWLRQDWH�SDLQ�DIWHUZDUGV��2I�QRWH��0%�KDG�DQ�RQJRLQJ�857,�IRU�ZKLFK�VKH�KDG
EHHQ�WUHDWHG�ZLWK�DQWLELRWLFV�RQH�ZHHN�SUHYLRXVO\��2Q�H[DPLQDWLRQ��0%�ZDV�LUULWDEOH�DQG�KHOG�KHU�KHDG�LQ�VOLJKW�IOH[LRQ��UHVLVWLQJ�DQ\�QHFN
PRYHPHQWV��+HU�SDLQ�ZDV�VHYHUH��UHTXLULQJ�RSLDWH�DQDOJHVLD��6KH�ZDV�FRQVWLWXWLRQDOO\�ZHOO��HDWLQJ�DQG�GULQNLQJ��KDHPRG\QDPLFDOO\�VWDEOH�DQG
DS\UH[LF��+HU�WRQVLOV�ZHUH�QRW�LQIODPHG�DQG�VKH�KDG�QR�VLJQV�RI�LQIODPPDWLRQ�RI�WKH�SRVWHULRU�SKDU\QJHDO�ZDOO��%ORRG�WHVWV�UHYHDOHG�D�QRUPDO�ZKLWH
FHOO�FRXQW�ZLWK�D�UDLVHG�&53������DQG�(65�������*LYHQ�WKH�KLVWRU\�RI�WUDXPD��D�FHUYLFDO�VSLQH�[�UD\�ZDV�SHUIRUPHG�ZKLFK�VKRZHG�SVXHGRVXEOX[DWLRQ
RI�&��&��ZLWK�D�FRQFHUQ�UHJDUGLQJ�IDFHW�MRLQW�LQMXU\��ZKLFK�ZDV�IXUWKHU�FKDUDFWHUL]HG�E\�&7��$V�SK\VLFLDQV�ZHUH�IRFXVHG�RQ�WKH�ERQH\�VWUXFWXUHV�
SUH�YHUWHEUDO�VRIW�WLVVXH�VZHOOLQJ��ZKLFK�ZDV�YLVLEOH�RQ�ERWK�[�UD\�DQG�&7��ZDV�RYHUORRNHG��8OWLPDWHO\��05,�UHYHDOHG�D�53$�ZLWKRXW�DQ\�WUDXPDWLF
ERQH�LQMXU\��7KH�53$�ZDV�LQFLVHG�DQG�GUDLQHG��&XOWXUHV�JUHZ�+DHPRSKLOXV�LQIOXHQ]DH�IRU�ZKLFK�VKH�ZDV�WUHDWHG�ZLWK�DQWLELRWLFV��6KH�UHFRYHUHG�ZHOO
ZLWKRXW�DQ\�QHJDWLYH�VHTXHOODH�

'LVFXVVLRQ

,Q�WKLV�FDVH�WKH�SUHVHQWLQJ�KLVWRU\�RI�PLOG�WUDXPD�GLG�QRW�H[SODLQ�WKH�FOLQLFDO�SLFWXUH�RI�RXU�SDWLHQW��KRZHYHU�WKHUH�ZHUH�QR�FOLQLFDO�VLJQV�RI�DQ
LQIHFWLYH�FDXVH�RI�QHFN�SDLQ�

,QIOXHQFHG�E\�WKH�KLVWRU\�RI�WUDXPD��SK\VLFLDQV�ERWK�DUUDQJHG�DQG�LQWHUSUHWHG�LPDJLQJ�ZLWK�D�YLHZ�WR�LGHQWLI\LQJ�ERQH\�LQMXU\��$OWKRXJK
SVXHGRVXEOX[DWLRQ�DW�&��&��LV�D�UHFRJQL]HG�ILQGLQJ�LQ�FKLOGUHQ��WKH�KLVWRU\�RI�WUDXPD�ZDV�FRQFHUQLQJ��7KHUHIRUH�D�QRQ�FRQWUDVW�&7�ZDV�SHUIRUPHG�WR
YLVXDOL]H�WKH�YHUWHEUDH�DQG�IDFHW�MRLQWV��DOEHLW�VDFULILFLQJ�VRIW�WLVVXH�GHWDLO�WR�UHGXFH�UDGLDWLRQ�GRVH��05,�XOWLPDWHO\�GHILQHG�WKH�53$�KRZHYHU�LQ
UHWURVSHFW��VZHOOLQJ�RI�WKH�SUHYHUWHEUDO�VRIW�WLVVXHV�ZDV�YLVLEOH�RQ�ERWK�WKH�[�UD\�DQG�&7�

0%�GLG�QRW�KDYH�FODVVLF�V\PSWRPV�DQG�VLJQV�RI�53$��6KH�GLG�KDYH�D�857,�ZKLFK�PD\�KDYH�WULJJHUHG�KHU�53$�EXW�WKLV�LV�QRW�D�FHUWDLQW\��,W�LV�DOVR
SRVVLEOH�WKDW�WKH�UHFHQW�FRXUVH�RI�DQWLELRWLFV�PDVNHG�KHU�V\PSWRPV�

&RQFOXVLRQ

7KLV�FDVH�KLJKOLJKWV�DQ�XQXVXDO�SUHVHQWDWLRQ�RI�D�FRPPRQ�GLVHDVH�DQG�UHPLQGV�XV�WKDW�WUDXPD�FDQ�RIWHQ�EH�D�UHG�KHUULQJ�LQ�D�SDWLHQWÇV�SUHVHQWDWLRQ�

�



&$6(�35(6(17$7,21 (U�.LDQ�&KLQJ

��������&RORQRVFRS\�DVVRFLDWHG�SQHXPRSHULWRQHXP��SQHXPRWKRUD[�DQG�SQHXPRPHGLDVWLQXP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(U�.LDQ�&KLQJ����

���(PHUJHQF\�GHSDUWPHQW��'DOLQ�7]X�&KL�+RVSLWDO��&KLD\L��7$,:$1

.H\ZRUGV��FRORQRVFRS\��SQHXPRSHULWRQHXP��SQHXPRWKRUD[��SQHXPRPHGLDVWLQXP

$EVWUDFW��

&RORQRVFRS\�DVVRFLDWHG�SQHXPRSHULWRQHXP��SQHXPRWKRUD[�DQG�SQHXPRPHGLDVWLQXP

.,$1�&+,1*�(5��<,�.81*��/((

(0(5*(1&<�'(3$570(17��'$/,1�7=8�&+,�+263,7$/��7$,:$1�5�2�&�

�

,QWURGXFWLRQ��&RORQRVFRS\�LV�XVHG�ERWK�GLDJQRVWLFDOO\�DQG�WKHUDSHXWLFDOO\�DQG�SHUPLWV�H[DPLQDWLRQ�DQG�WUHDWPHQW�RI�WKH�FRORQ��UHFWXP��DQG�D
SRUWLRQ�RI�WKH�WHUPLQDO�LOHXP��$V�D�UDUH�EXW�VHULRXV�FRPSOLFDWLRQ��FRORQLF�SHUIRUDWLRQ�DSSHDUV�WR�RFFXU�LQ������WR������RI�GLDJQRVWLF�FRORQRVFRSLHV
ZLWK�XS�WR�D�WKUHHIROG�LQFUHDVH�ZLWK�WKHUDSHXWLF�FRORQRVFRSLHV��,QWUDOXPLQDO�DLU�PD\�SDVV�WKURXJK�WKH�DEGRPHQ�DQG�RU�WKRUD[��7R�GDWH��WKHUH�KDYH
EHHQ�RQO\�UDUH�UHSRUWHG�FDVHV�RI�FRPELQHG�SQHXPRSHULWRQHXPD��SQHXPRWKRUD[�DQG�SQHXPRPHGLDVWLQXP�UHVXOWLQJ�IURP�FRORQRVFRS\�

&DVH�UHSRUW��2XU�SDWLHQW��DQ�HLJKW\�WKUHH�\HDU�ROG�PDQ�ZLWK�SDVW�K[�RI�WUDQVYHUVH�FRORQ�FDQFHU�RYHU�KHSDWLF�IOH[WXUH�V�S�ULJKW�KHPLFROHFWRP\�
XQGHUZHQW�FRORQRVFRS\�ZLWK�SURFHGXUDO�VHGDWLRQ�IRU�UHJXODU�ZRUNXS��'XULQJ�WKH�SURFHGXUH��VXEFXWDQHRXV�HPSK\VHPD�GHYHORSHG��3DWLHQW�ZDV
LPPHGLDWHO\�VHQW�WR�('��'XH�WR�UHVSLUDWRU\�GLVWUHVV��HQGRWUDFKHDO�LQWXEDWLRQ�ZDV�GRQH��,PDJH�VWXGLHV�VKRZHG�SQHXPRWKRUD[��SQHXPRPHGLDVWLQXP
DQG�SQHXPRSHULWRQHQHXP��&KHVW�WXEH�LQVHUWLRQ�ZDV�GRQH��$V�SDWLHQWÇV�IDPLO\�UHIXVHG�DJJUHVVLYH�VXUJLFDO�LQWHUYHQWLRQ��SDWLHQW�ZDV�WKHQ�VHQW�WR�,&8
IRU�IXUWKHU�WUHDWPHQW��3DWLHQW�ZDV�WUDQVIHUUHG�WR�RULJLQDO�ZDUG�IURP�,&8�DQG�GLVFKDUJHG�VPRRWKO\�XQGHU�WKH�FRQVHUYDWLYH�DQG�DQWLELRWLF�WUHDWPHQW�

'LVFXVVLRQ��&RORQRVFRS\�DVVRFLDWHG�SHUIRUDWLRQV�W\SLFDOO\�RFFXU�E\�EDURWUDXPD��PHFKDQLFDO�WUDXPD�DQG�HOHFWURFDXWHU\�LQMXU\�GXULQJ�SRO\SHFWRP\�
'HSHQGLQJ�RQ�WKH�VLWH�RI�LQMXU\��LW�LV�DOVR�SRVVLEOH�IRU�DLU�WR�HQWHU�WKH�UHWURSHULWRQHXP��7KLV�RFFXUV�ZKHQ�D�YLVFHUDO�ZDOO�GHIHFW�UHVXOWV�LQ�SQHXPRWRVLV
FROL��7KH�DLU�ZLOO�WUDFN�EDFN�WKH�ERZHO�ZDOO�DQG�RPHQWXP�DQG�VXEVHTXHQWO\�UHDFK�WKH�UHWURSHULWRQHXP��:KHQ�WKLV�KDSSHQV��GLUHFW�FRPPXQLFDWLRQ�WR
WKH�PHGLDVWLQXP�H[LVWHG��'XH�WR�WKH�UXSWXUH�RI�PHGLDVWLQDO�SDULHWDO�SOHXUDO��FRQFXUUHQW�SHQXPRWKRUD[�ZLOO�GHYHORSHG��'HVSLWH�D�UHODWLYH�UDUH
UHSRUWV�RI�LDWURJHQLF�SQHXPRWKRUD[�DQG�SQHXPRPHGLDVWLQXP�DIWHU�FRORQRVFRS\��WKLV�SRWHQWLDO�FRPSOLFDWLRQ�KDSSHQV�ZKHQHYHU�D�FRORQLF�SHUIRUDWLRQ
RFFXUV��'XH�WR�WKH�SRWHQWLDOO\�GHYDVWDWLQJ�FRQVHTXHQFHV��FOLQLFLDQ�VKRXOG�PRUH�DOHUW�RI�WKHVH�LDWURJHQLF�FRPSOLFDWLRQV�



&35���5(686&,7$7,21 5RPDQ�6NXOHF

��������7KH�LPSDFW�RI�DGUHQDOLQH�RQ�KDHPRG\QDPLFV�GXULQJ�H[SHULPHQWDO�FDUGLDF�DUUHVW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5RPDQ�6NXOHF������$QDWROLM�7UXKODU������'DYLG�$VWDSHQNR������9ODGLPLU�&HUQ\����

���(06��(PHUJHQF\�0HGLFDO�6HUYLFH�RI�WKH�&HQWUDO�%RKHPLDQ�5HJLRQ��.ODGQR��&=(&+�5(38%/,&
���(06��(PHUJHQF\�0HGLFDO�6HUYLFH�RI�+UDGHF�.UDORYH�5HJLRQ��+UDGHF�.UDORYH��&=(&+�5(38%/,&
���'HSDUWPHQW�RI�$QHVWKHVLRORJ\�DQG�,QWHQVLYH�&DUH��&KDUOHV�8QLYHUVLW\�LQ�3UDJXH��)DFXOW\�RI�0HGLFLQH�LQ�+UDGHF�.UDORYH��8QLYHUVLW\�+RVSLWDO�+UDGHF
.UDORYH��+UDGHF�.UDORYH��&=(&+�5(38%/,&
����'HSDUWPHQW�RI�$QHVWKHVLRORJ\��3HULRSHUDWLYH�0HGLFLQH�DQG�,QWHQVLYH�&DUH��-�(��3XUNLQMH�8QLYHUVLW\��0DVDU\N�+RVSLWDO�8VWL�QDG�/DEHP��8VWL�QDG
/DEHP��&=(&+�5(38%/,&

.H\ZRUGV��H[SHULPHQWDO�FDUGLDF�DUUHVW��HSLQHSKULQH��FRURQDU\�SHUIXVLRQ�SUHVVXUH

$EVWUDFW��

,QWURGXFWLRQ��2XW�RI�KRVSLWDO�FDUGLDF�DUUHVW�LV�D�FULWLFDO�FRQGLWLRQ��'HVSLWH�RI�SURYLGLQJ�VRSKLVWLFDWHG�SUH�KRVSLWDO�WKHUDSHXWLF�VWUDWHJ\��UHWXUQ�RI
VSRQWDQHRXV�FLUFXODWLRQ��526&��LV�UHDFKHG�DW�RQO\���������,W�KDV�EHHQ�GHPRQVWUDWHG�WKDW�FRURQDU\�SHUIXVLRQ�SUHVVXUH��&R33��KLJKHU�WKDQ����PP
+J�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�FKDQFH�RI�526&��)RU�WKDW�SXUSRVH��LQWUDYHQRXV�DGPLQLVWUDWLRQ�RI���PJ�RI�DGUHQDOLQH�HYHU\�����PLQXWHV�GXULQJ
DGYDQFHG�OLIH�VXSSRUW�KDV�EHHQ�UHFRPPHQGHG��+RZHYHU��WKHUH�KDV�QRW�EHHQ�SXEOLVKHG�DQ\�FOLQLFDO�VWXG\�GHPRQVWUDWLQJ�D�FOHDU�RXWFRPH�EHQHILW
DVVRFLDWHG�ZLWK�WKLV�DSSURDFK�DQG�WKH�UROH�RI�DGUHQDOLQH�GXULQJ�DGYDQFHG�OLIH�VXSSRUW�LV�TXHVWLRQHG��7KHUHIRUH��ZH�SHUIRUPHG�DQ�H[SHULPHQWDO�VWXG\
WR�LQYHVWLJDWH�LQWUD�DUUHVW�KDHPRG\QDPLF�HIIHFW�RI�DGUHQDOLQH�LQ�D�SRUFLQH�PRGHO�RI�YHQWULFXODU�ILEULOODWLRQ�

0HWKRGV��$IWHU�SUHSDUDWLRQ��FDUGLDF�DUUHVW�ZLWK�YHQWULFXODU�ILEULOODWLRQ�ZDV�LQGXFHG�LQ����IHPDOH�GRPHVWLF�SLJV��$IWHU���PLQXWHV�RI�XQWUHDWHG�FDUGLDF
DUUHVW��PHFKDQLFDO�FDUGLDF�FRPSUHVVLRQV�ZHUH�GHOLYHUHG�IRU���PLQXWHV�DQG�FDUGLDF�FRPSUHVVLRQV�ZLWK�PHFKDQLFDO�YHQWLODWLRQ�IRU�IXUWKHU����PLQXWHV�
7KHQ��D�GHILEULOODWLRQ�VKRFN�ZDV�GHOLYHUHG�WR�UHDFK�526&�DQG�H[SHULPHQWDO�DQLPDOV�ZHUH�PRQLWRUHG�IRU����PLQXWHV��3ULRU�WR�FDUGLDF�DUUHVW�LQGXFWLRQ�
WKH�DQLPDOV�ZHUH�UDQGRPO\�DVVLJQHG�WR�UHFHLYH�HLWKHU����»J�NJ�RI�DGUHQDOLQH�LQWUDYHQRXVO\�ILIWK�DQG�WHQWK�PLQXWH�RI�FDUGLDF�DUUHVW��JURXS�$���
DQLPDOV��RU�WR�XQGHUJR�OLIH�VXSSRUW�ZLWKRXW�DGPLQLVWUDWLRQ�RI�DGUHQDOLQH��JURXS�%����DQLPDOV���%HVLGHV�RI�XVXDO�YLWDO�VLJQV��LQYDVLYH�DUWHULDO�EORRG
SUHVVXUH��FHQWUDO�YHQRXV�SUHVVXUH��LQWUDFUDQLDO�SUHVVXUH��,&3��DQG�HQG�WLGDO�&2��ZHUH�PRQLWRUHG��&R33�DQG�FHUHEUDO�SHUIXVLRQ�SUHVVXUH��&33��ZHUH
FDOFXODWHG�

5HVXOWV��:KLOH�526&�ZDV�UHDFKHG�LQ�DOO���JURXS�$�DQLPDOV��LQ�JURXS�%�RQO\�LQ���H[SHULPHQWDO�DQLPDOV��S ��������&R33�DQG�&33�YDOXHV�ZHUH
FRPSDUDEOH�DW�WKH�EDVHOLQH�DQG�GXULQJ�WKH�ILUVW���PLQXWHV�RI�FDUGLDF�DUUHVW��(DFK�DGUHQDOLQH�DGPLQLVWUDWLRQ�LQGXFHG�DQ�LQFUHDVH�RI�&R33�LQ�JURXS�$
ZKHQ�FRPSDUHG�ZLWK�JURXS�%���WK�PLQXWH������k����YV������k����PP�+J����WK�PLQXWH������k����YV������k����PP�+J��S��������IROORZHG�E\�D
VXEVHTXHQW�GHFUHDVH�WR�JURXS�%�YDOXHV�LQ�WKH�HQG�RI�DGUHQDOLQH�GRVLQJ�LQWHUYDO��0RUHRYHU��ZH�REVHUYHG�D�VLPLODU�SDWWHUQ�RI�VLJQLILFDQW�&33�LQFUHDVH
LQ�JURXS�$��ZKHUHDV�,&3�YDOXHV�H[KLELWHG�QR�GLIIHUHQFH�IURP�WKH�JURXS�%�DQLPDOV��$GUHQDOLQH�DGPLQLVWUDWLRQ�ZDV�DVVRFLDWHG�ZLWK�VLJQLILFDQWO\�KLJKHU
(W&2��YDOXHV�WKURXJKRXW�WKH�SURWRFRO��S��������

&RQFOXVLRQV��5HJXODU�DGUHQDOLQH�DGPLQLVWUDWLRQ�OHG�WR�D�VLJQLILFDQW�LQFUHDVH�RI�&R33��&33�DQG�(W&2��LQ�RXU�PRGHO�RI�H[SHULPHQWDO�FDUGLDF�DUUHVW�
7KLV�UHVXOWHG�LQ�D�KLJKHU�FKDQFH�RI�DFKLHYLQJ�526&��$GUHQDOLQH�GLG�QRW�LQGXFHG�XQIDYRXUDEOH�LQFUHDVH�RI�,&3�YDOXHV��7KH�UHVXOWV�VXSSRUW�URXWLQH
FOLQLFDO�XVH�RI�DGUHQDOLQH�ZLWK�D�VWURQJ�HPSKDVLV�RQ�FRPSOLDQFH�ZLWK�GLVWLQFW�LQWHUYDOV�RI�LWV�DGPLQLVWUDWLRQ��UDWKHU�����PLQXWHV�WKDQ���



&$6(�35(6(17$7,21 ,VDEHO�)HUQgQGH]�0DUkQ

��������8QH[SHFWHG�FRQWUDODWHUDO�HYHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,VDEHO�)HUQ�QGH]�0DU�Q������9�FWRU�6�QFKH]�$OHPDQ\������$QD�%HO�Q�&DUODYLOOD�0DUWLQH]������$QD�6�QFKH]�0RUOD������0DU�D�/RUHQD�&DVWUR�$ULDV�����
/XLV�<XEHUR�6DOJDGR������0DU�D�&XDGUDGR�)HUQ�QGH]����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�8QLYHUVLWDULR����GH�2FWXEUH��0$'5,'��63$,1

.H\ZRUGV��&DUGLDF�&DWKHWHULVP��&RQWUDODWHUDO�3QHXPRWKRUD[��3DFHPDNHU��&RQWUDODWHUDO�+HPRWKRUD[��3DFHPDNHU�LPSODQWDWLRQ�
+HPRSQHXPRWKRUD[

$EVWUDFW��

8QH[SHFWHG�FRQWUDODWHUDO�HYHQW�

���\HDUV�ROG�PDOH�ZLWK�NQRZQ�FDUGLRYDVFXODU�ULVN�IDFWRUV��KLVWRU\�RI�FDUGLDF�DUUHVW�WUHDWHG�ZLWK�VWHQW�LPSODQWDWLRQ�DQG�ULJKW�FRURQDU\�SHUPDQHQW
SDFHPDNHU�IRU�V\PSWRPDWLF�DWULDO�G\VIXQFWLRQ�

7KH�SDWLHQW�FDPH�WR�WKH�(PHUJHQF\�5RRP�ZLWK�ULJKW�SOHXULWLF�FKHVW�SDLQ�DQG�DVVRFLDWHG�G\VSQHD�IRU�IRXU�GD\V��KH�VWDWHV�WKDW�WKH�V\PSWRPV�EHJDQ
DIWHU�WKH�SDFHPDNHU�LPSODQWDWLRQ�

2Q�DGPLVVLRQ�WKH�SK\VLFDO�H[DP�ZDV�QRUPDO��KHPRG\QDPLFDOO\�VWDEOH��DIHEULOH�DQG�EDVDO�R[\JHQ�VDWXUDWLRQ�RI������ZLWKRXW�FDUGLRSXOPRQDU\
DXVFXOWDWLRQ�ILQGLQJV�QRU�LQ�WKH�UHVW�RI�WKH�H[DPLQDWLRQ�

%ORRG�WHVWV�ZLWKRXW�DOWHUDWLRQV��17�SUR%13������UDLVHG�'�GLPHU��HOHFWURFDUGLRJUDP�ZLWK�VLQXV�UK\WKP�DW����ESP�ZLWKRXW�DOWHUDWLRQV�DQG�FKHVW
UDGLRJUDSK�VXJJHVWLYH�RI�ULJKW�SOHXUDO�HIIXVLRQ�

&KHVW�;�UD\�DIWHU�WKH�SDFHPDNHU�LPSODQWDWLRQ�ZDV�UHYLHZHG��/HIW�VXEFODYLDQ�DFFHVV��GHVFULELQJ�D�ULJKW�SQHXPRWKRUD[�

$VVHVVPHQW�ZDV�FRPSOHWHG�ZLWK�D�&KHVW�&7�GHVFULELQJ�D�ULJKW�KHPRSQHXPRWKRUD[�

7KRUDFLF�6XUJHRQV�ZHUH�FRQVXOWHG�GXULQJ�KRVSLWDOL]DWLRQ��ZKR�GHFLGHG�WR�SODFH�DQ�DQWHULRU�GUDLQDJH�ZKLFK�GUDLQHG�EORRG��7KH�SDWLHQW�ZDV�DGPLWWHG
WR�WKH�7KRUDFLF�6XUJHU\�6HUYLFH�

��&OLQLFDO�GLDJQRVLV��

,DWURJHQLF�ULJKW�SQHXPRWKRUD[�DIWHU�SDFHPDNHU�LPSODQWDWLRQ�

7KH�SDWLHQW�ZDV�DGPLWWHG�ZLWK�JRRG�HYROXWLRQ��+H�ZDV�YDOXHG�E\�WKH�$UUK\WKPLD�8QLW�GXULQJ�WKH�LQFRPH��7KH\�FRQVLGHUHG�WKH�UHOHDVH�RI�RQH�RI�WKH
DFWLYH�IL[DWLRQ�V\VWHP�GXULQJ�WKH�SURFHGXUH�DV�WKH�PRVW�SUREDEOH�FDXVH�RI�WKH�KHPRSQHXPRWKRUD[��7KHUH�ZDV�QRW�D�SHUIRUDWLRQ�LQ�DXULFXODU�FDEOH
V
FXUUHQW�ORFDWLRQ�

��&RQFOXVLRQV�

7KH�IUHTXHQF\�RI�FRPSOLFDWLRQV�UHODWHG�WR�LPSODQW�SDFHPDNHU�LV�YDULDEOH�DQG�LV�EHWZHHQV����DWR�����DQG�WKHUH�DUH�GLIIHUHQW�IDFWRUV�UHODWHG�WR�WKHP�

7KH�PRVW�FRPPRQ�DUH�UHODWHG�WR�DQ�LQH[SHULHQFHG�RSHUDWRU�DQG�ZLWK�WKH�FRQFXUUHQFH�RI�KHDUW�IDLOXUH�SULRU�WR�LPSODQW�

3QHXPRWKRUD[�LV�D�UDUH�FRPSOLFDWLRQ��HVSHFLDOO\�FRQWUDODWHUDO�WR�WKH�SXQFWXUH�SRLQW�XVHG�WR�FKDQQHO�WKH�SDWK�



&$6(�35(6(17$7,21 ,VDEHO�)HUQgQGH]�0DUkQ

��������7KH�ELJJHVW�IRXQG

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,VDEHO�)HUQ�QGH]�0DU�Q������9�FWRU�6�QFKH]�$OHPDQ\������0DU�D�&XDGUDGR�)HUQ�QGH]������&DUORV�5XELR�&KDFRQ������/XLV�3�UH]�2UGR�R������6XVDQD
%RUUXHO�1DFHQWD������$QD�%HO�Q�&DUODYLOOD�0DUWLQH]����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�8QLYHUVLWDULR����GH�2FWXEUH��0$'5,'��63$,1
���5DGLRGLDJQRVLV�'HSDUWPHQW��+RVSLWDO�8QLYHUVLWDULR����GH�2FWXEUH��0$'5,'��63$,1

.H\ZRUGV��/LWKLDVLV��6WRQH��+XJH�6WRQH��$EGRPLQDO�3DLQ��+HPDWXULD��*LDQW�LQWUDYHVLFDO�OLWKLDVLV��+LSRJDVWULXP��+\GURQHSKURVLV��5HQDO�)DLOXUH�
+\SHUNDOHPLD

$EVWUDFW��

7KH�ELJJHVW�IRXQG

���\HDU�ROG�ZRPDQ�ZLWK�KLVWRU\�RI�WUHDWHG�GHSUHVVLYH�V\QGURPH�

&DPH�WR�WKH�(PHUJHQF\�5RRP�EHFDXVH�RI�G\VXULD��XULQDU\�IUHTXHQF\�DQG�XUJHQF\�ZLWKRXW�IHYHU��ZLWK�VOLJKW�ORZHU�DEGRPLQDO�SDLQ�DVVRFLDWHG�LQ�WKH
ODVW�KRXUV��

$V�D�SDVW�PHGLFDO�KLVWRU\�WKH�SDWLHQW�UHSRUWHG�D�SUHYLRXV�F\VWLWLV�HSLVRGH�WUHDWHG�ZLWK�1RUIOR[DFLQ�

2Q�SK\VLFDO�H[DPLQDWLRQ�WKH�SDWLHQW�ZDV�FDOP�DQG�DOHUW��EORRG�SUHVVXUH��������PP+J�ZLWK�D�KHDUW�UDWH�RI�����ESP��WHPSHUDWXUH�����&q��������)q�
DQG�HXSQHLF�ZLWK�EDVDO�2��6DWXUDWLRQ�LQ�����

,QLWLDO�ODERUDWRU\�HYDOXDWLRQ�UHYHDOHG�&UHDWLQLQH������PJ���GO��SRWDVVLXP�����PHT���OLWHU��3&5�������PJ���GO��������OHXNRF\WHV��ZLWK�������301Q�
SURWKURPELQ�DFWLYLW\������9HQRXV�EORRG�JDVHV��S+������DQG�+&2�����1RUPDO�YDOXHV�IRU�WKH�UHVW�RI�WKH�KHPRJUDP�DQG��ELRFKHPLVWU\�

8ULQDO\VLV�UHYHDOHG�XULQH�VHGLPHQW�ZLWK�PRUH�WKDQ�����OHXNRF\WHV�SHU�ILHOG�DQG�RYHU�����UHG�FHOOV�SHU�ILHOG�

:H�GLDJQRVHG�WKH�SDWLHQW�DQ�XURORJLFDO�VHSVLV�ZLWK�DFXWH�UHQDO�IDLOXUH��PHWDEROLF�DFLGRVLV�DQG�VHFRQGDU\�VHYHUH�K\SHUNDOHPLD�ZLWK�QR
HOHFWURFDUGLRJUDSKLF�FKDQJHV���

:H�SURFHHGHG�WR�EODGGHU�FDWKHWHUL]DWLRQ�ZLWK�DGHTXDWH�GLXUHVLV�DQG�SXUXOHQW�XULQH�RXWSXW�

7UHDWPHQW�ZDV�LQLWLDWHG�ZLWK�IOXLG�WKHUDS\��'H[WURVH�DQG�LQVXOLQ��ELFDUERQDWH�DQG�LQWUDYHQRXV�&HIWULD[RQH��ZLWK�LPSURYHG�UHQDO�IXQFWLRQ�DQDO\WLFDO
FRQWURO�DV�ZHOO�DV�LRQLF�GLVRUGHUV�DQG�DFLG�EDVH�EDODQFH�

$EGRPLQDO�;�UD\�ZDV�UHTXHVWHG�ZKHUH�ZH�REMHFWLILHG�D���FHQWLPHWHUV�GLDPHWHU�OLWKLDVLF�LPDJH�LQ�K\SRJDVWULXP��:H�RUGHUHG�DQ�DEGRPLQDO�&7��LQ
ZKLFK�H[SDQVLRQ�RI�ERWK�UHQDO�H[FUHWRU\�V\VWHPV�ZDV�VHHQ��:H�DOVR�VDZ�VRPH�DGMDFHQW�IDW�FKDQJH�VXJJHVWLYH�RI�LQIODPPDWRU\�FKDQJHV�ZLWK�JLDQW
LQWUDYHVLFDO�OLWKLDVLV�

��&OLQLFDO�GLDJQRVLV��

6HYHUH�VHSVLV�ZLWK�PL[HG�XURORJLFDO�UHQDO�IDLOXUH�LQ�UHODWLRQ�WR�JLDQW�EODGGHU�VWRQHV��

8URORJ\�ZDV�FRQVXOWHG�DQG�GHFLGHG�XUJHQW�VXUJHU\�WR�SHUIRUP�D�OLWRSDOD[LD�DQG�D�GRXEOH�ELODWHUDO�-�FDWKHWHU�SODFHPHQW��7KH�SDWLHQW�HYROYHG
IDYRUDEO\�GXULQJ�WKH�LQFRPH�DQG�ZDV�GLVFKDUJHG�DIWHU���GD\V�RI�KRVSLWDOL]DWLRQ��8URORJ\�UHYLVLRQV�ZHUH�VFKHGXOHG�

��&RQFOXVLRQV��



7KH�JLDQW�EODGGHU�VWRQH�LV�D�YHU\�UDUH�GLVHDVH�UHTXLULQJ�GLDJQRVWLF�LPDJLQJ��,W�LV�PDQLIHVWHG�E\�UHSHWLWLRQ�VHSVLV��XULQDU\�IUHTXHQF\�DQG�VWUDQJXULD�

8OWUDVRXQG�DQG�SODLQ�UDGLRJUDSKV�DUH�VXIILFLHQW�IRU�GLDJQRVLV��&RQWLQXRXV�FDOFXODWLRQ�H[WUDFWLRQ�LV�WKH�WUHDWPHQW�RI�FKRLFH�
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��������1RQ�WUDXPDWLF�FRPD�LQ�WKH�(PHUJHQF\�'HSDUWPHQW
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$XWKRUV�

0DVVLPR�=$1121,������*LDQQL�785&$72������$OEHUWR�5,*$7(//,������9DOHQWLQD�6,9(52������)UDQFHVFR�%8212&25(����

���(PHUJHQF\�DQG�$FFLGHQW�'HSDUWPHQW��$]LHQGD�2VSHGDOLHUD�8QLYHUVLWDULD�,QWHJUDWD��9HURQD��95���,WDO\��9(521$��,7$/<
���3RVWUJUDGXDWH�(PHUJHQF\�6FKRRO��8QLYHUVLW\�RI�9HURQD��9(521$��,7$/<
���(PHUJHQF\�DQG�$FFLGHQW�'HSDUWPHQW��2VSHGDOLHUD�8QLYHUVLWDULD�,QWHJUDWD��9HURQD��9(521$��,7$/<

.H\ZRUGV��XQFRQVFLRXVQHVV��FRPD��HPHUJHQF\�GHSDUWPHQW�

$EVWUDFW��

$�OLPLWHG�QXPEHU�RI�VWXGLHV�LQYHVWLJDWH�SDWLHQWV�DGPLWWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��IRU�QRQ�WUDXPDWLF�FRPD��17&���$LP�RI�RXU�VWXG\�ZDV
WR�LQYHVWLJDWH�DHWLRORJ\�DQG�DFXWH�RXWFRPH�RI�SDWLHQWV�UHIHUULQJ�WR�WKH�('�GXH�WR�D�17&��$OO�WKH�DGXOW�SDWLHQWV�DGPLWWHG�WR�WKH�('�LQ�9HURQD��,WDO\�
IURP�0D\������WR�0DUFK������ZLWK�D�*ODVJRZ�&RPD�6FRUH�EHORZ����ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV��3RVW�WUDXPDWLF�FRPD�RU�VXEMHFWV�ZLWK�D�PDMRU
WUDXPD�ZHUH�H[FOXGHG�IURP�WKH�VWXG\��$�EUDLQ�FRPSXWHUL]HG�WRPRJUDSK\�VFDQ�ZDV�SHUIRUPHG�LQ�DOO�WKH�SDWLHQWV�DQG�WKH�FDXVH�RI�LPSDLUHG
FRQVFLRXVQHVV�ZDV�H[SORUHG�E\�LQVWUXPHQWDO�DQG�ODERUDWRU\�GDWD�DYDLODEOH�LQ�WKH�('�EHIRUH�SDWLHQW�WR�EH�GLVFKDUJH�WR�WKH�KRVSLWDO�ZDUG�RU�DW�KRPH�
LI�DSSOLFDEOH��$FXWH�RXWFRPH�LV�UHSRUWHG�WRR��'XULQJ�WKH�VWXG\�SHULRG�������SDWLHQWV�ZHUH�DGPLWWHG�IRU�17&��������PDOHV������IHPDOHV��PHDQ�DJH�
�����\HDUV��UDQJH���������\HDUV���6WURNH�FDXVHG�17&�LQ�������������SDWLHQWV��KHDUW�IDLOXUH�LQ��������������PHWDEROLF�GLVRUGHUV�LQ�������������
HSLOHSV\�LQ��������������UHVSLUDWRU\�LQVXIILFLHQF\�LQ�������������LQWR[LFDWLRQ�LQ������������LQIHFWLRQ�LQ�����������DQG�PDOLJQDQF\�LQ����������*HQGHU
DQDO\VLV�VKRZHG�PDOHV�WR�KDYH�D�KLJKHU�SUHYDOHQFH�RI�KHDUW�IDLOXUH��������YV��������17&��2Q�WKH�RWKHU�KDQG�VWURNH������YV������DQG�PDOLJQDQF\
������YV�������ZHUH�KLJKHU�LQ�IHPDOHV��:KHQ�GLYLGLQJ�WKH�VWXG\�SRSXODWLRQ�E\�DJH��DJHG��RYHU����\HDUV�ROG��KDG�KLJKHU�SUHYDOHQFH�RI�17&�GXH�WR
UHVSLUDWRU\�LQVXIILFLHQF\�������YV�������DQG�LQIHFWLRQ�����YV��������(SLOHSV\��������YV��������PDOLJQDQF\������YV�������DQG�LQWR[LFDWLRQV������YV
������ZHUH�PRUH�IUHTXHQW�LQ�SDWLHQWV�EHORZ�WKH�DJH�RI����\HDUV��'LDJQRVWLFV�DQG�SDWLHQW�VWDELOL]DWLRQ�LQ�WKH�('�DFFRXQWHG�RI���KRXUV�DQG���
PLQXWHV��6'����KUV����PLQ��RFFXSDQF\�RI�WKH�VKRFN�URRP��:H�KDG����IDWDOLWLHV�LQ�WKH�(PHUJHQF\�5RRP�����SDWLHQWV�ZHUH�GLVFKDUJHG�KRPH��7KH
UHPDLQLQJ�SDWLHQWV�ZHUH�DGPLWWHG�PRVWO\�WR�LQWHQVLYH�FDUH�XQLWV���������RU�PHGLFDO�VSHFLDOWLHV�������UDWKHU�WKDQ��PHGLFDO�ZDUGV��������'LDJQRVLV�RI
QRQ�WUDXPDWLF�FRPD�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�LV�D�UHDO�FKDOOHQJLQJ�VLWXDWLRQ��UHTXLULQJ�KXPDQ�DQG�GLDJQRVWLF�UHVRXUFHV�IRU�D�VLJQLILFDQW�DPRXQW
RI�WLPH��,QWHQVLYH�FDUH�XQLWV�DUH�RIWHQ�WKH�ILQDO�GHVWLQDWLRQ�RI�PRVW�RI�WKHVH�SDWLHQWV�DQG�GLDJQRVLV�KDV�D�SDUDPRXQW�LPSRUWDQFH�LQ�RUGHU�WR�DYRLG
KRVSLWDO�UHVRXUFHV�WR�EH�RYHUZKHOPHG��2Q�WKH�RWKHU�KDQG�ZH�KDYH�WR�FRQVLGHU�17&�D�VHULRXV�FRQGLWLRQ�UHTXLULQJ�VZLIW�PHGLFDO�RU�VXUJLFDO�GHFLVLRQ
PDNLQJ�XSRQ�DUULYDO�DW�WKH�HPHUJHQF\�GHSDUWPHQW�WR�JLYH�WKH�EHVW�FKDQFHV�WR�WKH�SDWLHQW�LQ�WHUPV�RI�VXUYLYDO�DQG�ORQJ�WLPH�FOLQLFDO�VHTXHODH�
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(YH�)ROH\

��������$Q�DXGLW�RI�SURFHGXUDO�VHGDWLRQ�LQ�DGXOWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(YH�)ROH\������0DUN�+DUULVRQ����

���$FXWH�&DUH�&RPPRQ�6WHP�$QDHVWKHWLFV��1RUWKXPEULD�6SHFLDOLVW�(PHUJHQF\�&DUH�+RVSLWDO��1HZFDVWOH�8SRQ�7\QH��8.
���(PHUJHQF\�0HGLFLQH��1RUWKXPEULD�6SHFLDOLVW�(PHUJHQF\�&DUH�+RVSLWDO��1HZFDVWOH�8SRQ�7\QH��8.

.H\ZRUGV��VHGDWLRQ

$EVWUDFW��

,QWURGXFWLRQ

6HGDWLRQ�LV�FRPPRQO\�DGPLQLVWHUHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('��WR�SURPRWH�UHOD[DWLRQ�RU�VOHHS�GXULQJ�SDLQIXO�RU�GLVWUHVVLQJ�SURFHGXUHV�
*LYHQ�FRUUHFWO\�VHGDWLRQ�FDQ�LPSURYH�D�SDWLHQWÇV�H[SHULHQFH�RI�DQ�XQSOHDVDQW�SURFHGXUH��+RZHYHU�VHGDWLYH�GUXJV�FDQ�EH�XQSUHGLFWDEOH�DQG�LI�XVHG
LQFRUUHFWO\�FDQ�FDXVH�XQH[SHFWHG�FRPSOLFDWLRQV�DQG�HYHQ�GHDWK��7KH�5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH��5&(0��GHVLJQHG�WKH�IROORZLQJ�DXGLW�WR
UHIOHFW�WKH�QHHG�WR�DGGUHVV�VDIHW\�EHIRUH��GXULQJ�DQG�DIWHU�WKH�DGPLQLVWUDWLRQ�RI�VHGDWLRQ�IRU�D�SURFHGXUH�LQ�WKH�('�

$LPV

7R�EHQFKPDUN�FXUUHQW�SHUIRUPDQFH�LQ�HPHUJHQF\�GHSDUWPHQWV�DJDLQVW�5&(0�5&2$��5R\DO�&ROOHJH�RI�$QDHVWKHWLVWV��DQG�$R05&��$FDGHP\�RI��
0HGLFDO�5R\DO�&ROOHJHV��FOLQLFDO�JXLGHOLQHV
7R�DOORZ�FRPSDULVRQ�QDWLRQDOO\��
7R�LGHQWLI\�DUHDV�LQ�QHHG�RI�LPSURYHPHQW��
7R�SURYLGH�D�EDVHOLQH�IRU�IXWXUH�FRPSDULVRQ��
7R�GHYHORS�D�ORFDO�GRFXPHQW�ZKLFK�RXWOLQHV�WKH�IXQGDPHQWDO�FRQFHSWV�IRU�GHOLYHULQJ�VDIH�VHGDWLRQ�ZKLFK�FDQ�DOVR�EH�XVHG�WR�GRFXPHQW��
SURFHGXUDO�VHGDWLRQ�LQ�SDWLHQW�QRWHV�

6WDQGDUGV

7KHUH�VKRXOG�EH�GRFXPHQWHG�HYLGHQFH�RI�WKH�SDWLHQWÇV�LQIRUPHG�FRQVHQW�XQOHVV�ODFN�RI�PHQWDO�FDSDFLW\�KDV�EHHQ�UHFRUGHG���
3DWLHQWV�XQGHUJRLQJ�SURFHGXUDO�VHGDWLRQ�LQ�WKH�('�VKRXOG�KDYH�GRFXPHQWHG�HYLGHQFH�RI�SUH�SURFHGXUDO�DVVHVVPHQW���
3URFHGXUDO�VHGDWLRQ�VKRXOG�EH�XQGHUWDNHQ�LQ�D�UHVXVFLWDWLRQ�URRP�RU�RQH�ZLWK�GHGLFDWHG�UHVXVFLWDWLRQ�IDFLOLWLHV���
6HGDWLRQ�UHTXLUHV�WKH�SUHVHQFH�RI�DOO�RI�WKH�EHORZ���
$�GRFWRU�DV�VHGLWLRQLVW��
$�VHFRQG�GRFWRU�RU�HPHUJHQF\�QXUVH�SUDFWLWLRQHU��(13��DV�SURFHGXULVW��
$�QXUVH��

0RQLWRULQJ�GXULQJ�SURFHGXUDO�VHGDWLRQ�PXVW�EH�GRFXPHQWHG�WR�KDYH�LQFOXGHG�DOO�RI�WKH�EHORZ���
1RQ�LQYDVLYH�EORRG�SUHVVXUH��
3XOVH�R[LPHWU\���
&DSQRJUDSK\��
(&*��

2[\JHQ�VKRXOG�EH�JLYHQ�IURP�WKH�VWDUW�RI�VHGDWLYH�DGPLQLVWUDWLRQ�XQWLO�WKH�SDWLHQW�LV�UHDG\�IRU�GLVFKDUJH�IURP�WKH�UHFRYHU\�DUHD���
)ROORZLQJ�SURFHGXUDO�VHGDWLRQ��SDWLHQWV�VKRXOG�RQO\�EH�GLVFKDUJHG�DIWHU�GRFXPHQWHG�IRUPDO�DVVHVVPHQW�RI�VXLWDELOLW\���

0HWKRGV

7KLV�ZDV�D�UHWURVSHFWLYH�FDVH�QRWH�DXGLW�IURP�-DQXDU\������WR�-DQXDU\�������7KH�LQFOXVLRQ�FULWHULD��DV�GHILQHG�E\�WKH�5&(0��FRQVLVWHG�RI�DGXOW
SDWLHQWV�DJHG�RYHU����\HDUV��XQGHUJRLQJ�SURFHGXUDO�VHGDWLRQ��3DWLHQWV�UHFHLYLQJ�(QWRQR[������QLWURXV�R[LGH�R[\JHQ��RQO\��RSLDWHV�RQO\�RU�(QWRQR[
DQG�RSLDWHV�LQ�FRPELQDWLRQ�ZHUH�H[FOXGHG��2XU�VDPSOH�VL]H�ZDV����SDWLHQWV�

5HVXOWV

3UH�SURFHGXUH�DVVHVVPHQW�RI�$6$�JUDGH�ZDV�GRFXPHQWHG�LQ�����RI�FDVHV��SRWHQWLDO�DLUZD\�GLIILFXOW\�ZDV�DVVHVVHG�LQ����RI�FDVHV�DQG�IDVWLQJ�VWDWXV
LQ����RI�FDVHV��0RVW�SDWLHQWV�ZHUH�VHGDWHG�ZLWK�D�EHQ]RGLD]HSLQH�EXW�LQ�����RI�FDVHV�WKH�DJHQW�XVHG�ZDV�QRW�UHFRUGHG�LQ�WKH�QRWHV��2QO\�����RI
SDWLHQWV�KDG�EORRG�SUHVVXUH�PRQLWRUHG������(&*�PRQLWRULQJ������FDSQRJUDSK\�DQG�����SXOVH�R[LPHWU\��2QO\�����RI�SDWLHQWV�KDG�R[\JHQ�GXULQJ
WKH�SURFHGXUH��3RVW�VHGDWLRQ�DVVHVVPHQW�ZDV�YLUWXDOO\�FRPSOHWHO\�XQUHFRUGHG�

&RQFOXVLRQ

7KH�UHVXOWV�RI�WKLV�DXGLW�LQGLFDWH�WKDW�FXUUHQWO\�RXU�GHSDUWPHQW�LV�QRW�PHHWLQJ�WKH�VWDQGDUGV�VHW�E\�5&(0�EHIRUH��GXULQJ�RU�DIWHU�WKH�VHGDWLRQ�
:KHWKHU�WKLV�LV�EHFDXVH��WKH�VWDQGDUGV�ZHUH�SK\VLFDOO\�PHW�DW�WKH�WLPH�RI�VHGDWLRQ�EXW�MXVW�QRW�GRFXPHQWHG�LQ�WKH�QRWHV�ZH�FDQQRW�EH�VXUH��:H
SODQ�WR�GHVLJQ�DQG�LPSOHPHQW�D�GRFXPHQW�WR�EH�XVHG�IRU�SURFHGXUDO�VHGDWLRQ�FDVHV�WR�LPSURYH�SDWLHQW�VDIHW\�DQG�RXU�GRFXPHQWDWLRQ�RI�FOLQLFDO
SUDFWLFH�





&$6(�35(6(17$7,21 &KHQ�:HQ�1JXD

��������&DVH�UHSRUW��0DVVLYH�SXOPRQDU\�HPEROLVP�LQ�SUHJQDQF\�v�,QWUD�DUUHVW�WKURPERO\VLV�DQG�UHVXVFLWDWLYH�K\VWHURWRP\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1JXD�&KHQ�:HQ������-RKQ�7D\ORU������0DWWKHZ�&DUZDUGLQH����

���(PHUJHQF\�8QLW��8QLYHUVLW\�+RVSLWDO�RI�:DOHV��&DUGLII��6RXWK�*ODPRUJDQ��8.
���(PHUJHQF\�8QLW��5R\DO�*ZHQW�+RVSLWDO��1HZSRUW��8.
���$QDHVWKHWLF�'HSDUWPHQW��0RUULVWRQ�+RVSLWDO��&DUGLII��8.

.H\ZRUGV��0DVVLYH�SXOPRQDU\�HPEROLVP��FDUGLDF�DUUHVW�LQ�SUHJQDQF\��LQWUD�DUUHVW�WKURPERO\VLV��UHVXVFLWDWLYH�K\VWHURWRP\

$EVWUDFW��

%DFNJURXQG

0DVVLYH�SXOPRQDU\�HPEROLVP�LV�D�OHDGLQJ�FDXVH�RI�PDWHUQDO�GHDWK�DQG�PD\�UHTXLUH�LQWUD�DUUHVW�WKURPERO\VLV�DV�ZHOO�DV�UHVXVFLWDWLYH�K\VWHURWRP\�

�

&DVH�5HSRUW

7KH�FDVH�SUHVHQWHG�LV�WKDW�RI�D����\HDU�ROG�SULPLJUDYLGD�DW����ZHHNV�JHVWDWLRQ��7KH�SDWLHQW�ZDV�EURXJKW�WR�WKH�(PHUJHQF\�'HSDUWPHQW�LQ�FDUGLDF
DUUHVW�ZLWK�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35��RQJRLQJ�ZLWK�D�SDUDPHGLF�DPEXODQFH�FUHZ��,QLWLDO�UK\WKP�ZDV�3($��UHWXUQ�RI�VSRQWDQHRXV
FLUFXODWLRQ��526&��ZDV�REWDLQHG�IROORZLQJ�RQH�F\FOH�RI�WKH�$GYDQFHG�/LIH�6XSSRUW��$/6��SURWRFRO�DQG�DGUHQDOLQH�EROXV��6SRQWDQHRXV�FLUFXODWLRQ�ZDV
QRW�VXVWDLQHG��HSLVRGLF�&35�ZLWK�DGUHQDOLQH�EROXVHV�ZDV�UHTXLUHG��5HVXVFLWDWLYH�K\VWHURWRP\�ZDV�SHUIRUPHG�LQWUD�DUUHVW��7KH�EDE\�ZDV�JLYHQ�WR�WKH
QHRQDWDO�DUUHVW�WHDP��LW�KDG�QR�RXWSXW�DQG�GLG�QRW�VXUYLYH�GHVSLWH�UHVXVFLWDWLRQ�DWWHPSWV��(FKRFDUGLRJUDSK\�ZDV�SHUIRUPHG�GXULQJ�PDWHUQDO
UHVXVFLWDWLRQ�XVLQJ�WKH�)RFXVHG�(FKRFDUGLRJUDSK\�(YDOXDWLRQ�LQ�/LIH�6XSSRUW��)((/��SURWRFRO�UHYHDOLQJ�D�JURVVO\�GLODWHG�ULJKW�KHDUW��7KH�SDWLHQW�ZDV
WKURPERO\VHG�LQWUD�DUUHVW�ZLWK����PJ�$OWHSODVH��526&�ZDV�REWDLQHG�SRVW�WKURPERO\VLV�DQG�RXWSXW�ZDV�PDLQWDLQHG�WKHUHDIWHU��,QRWURSLF�VXSSRUW�ZDV
LQLWLDWHG�DQG�VXUJLFDO�KDHPRVWDVLV�ZDV�DFKLHYHG�LQ�WKH�UHVXVFLWDWLRQ�URRP��5HSHDW�HFKRFDUGLRJUDSK\�VKRZHG�JRRG�ELYHQWULFXODU�IXQFWLRQ��7KH
SDWLHQW�ZDV�WUDQVIHUUHG�WR�WKH�,QWHQVLYH�&DUH�8QLW�ZKHUH�GHVSLWH�LPSURYHG�FDUGLRYDVFXODU�VWDWXV�VXEVHTXHQW�FRPSXWHG�WRPRJUDSK\��&7��EUDLQ
UHYHDOHG�FDWDVWURSKLF�LUUHYHUVLEOH�K\SR[LF�LQMXU\��7UHDWPHQW�ZDV�ZLWKGUDZQ�ZLWK�WKH�VXSSRUW�RI�IDPLO\�PHPEHUV��3RVW�PRUWHP�H[DPLQDWLRQ
FRQILUPHG�PDVVLYH�SXOPRQDU\�HPEROLVP�DV�WKH�FDXVH�RI�GHDWK�

�

&RQFOXVLRQ

,QWUD�DUUHVW�WKURPERO\VLV�FDQ�VLJQLILFDQWO\�UHVWRUH�DQG�LPSURYH�FDUGLRYDVFXODU�VWDWXV�LQ�FDUGLDF�DUUHVW�FDXVHG�E\�PDVVLYH�SXOPRQDU\�HPEROLVP�
7KURPERO\VLV�LV�QRW�FRQWUDLQGLFDWHG�LQ�PDWHUQDO�UHVXVFLWDWLRQ�ZKHUH�UHVXVFLWDWLYH�K\VWHURWRP\�PD\�DOVR�EH�UHTXLUHG�



,1)(&7,286�',6($6(���6(36,6 6RILDQH�<()6$+

��������(YDOXDWLRQ�RI�EORRG�FXOWXUHV�SURILWDELOLW\�SHUIRUPHG�LQ������LQ�D�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6RILDQH�<()6$+������&KULVWHOOH�+(50$1'������$OHVVDQGUD�38,*������-HVVLFD�528&+(������)�OLFLW��*())5,(5������,QHV�/(81*������%DUEDUD�6$.$529,7&+
�����'RPLQLTXH�3$7(521����

���6$8�6W�$QWRLQH��&+8�6W�$QWRLQH��3DULV��)5$1&(
���6$8�6W�$QWRLQH��$3+3��3DULV��)5$1&(

.H\ZRUGV��VHSVLV��EORRG�FXOWXUHV��LQIHFWLRORJ\��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ���6HSVLV�UHSUHVHQWV�������RI�HPHUJHQF\�URRP�YLVLWV��%ORRG�FXOWXUHV�VDPSOLQJ�LV�RQH�PHDQ�IRU�PLFURELRORJLFDO�GRFXPHQWDWLRQ�RI�VHSVLV�
:H�TXHVWLRQQHG�WKH�SURILWDELOLW\�RI�WKLV�H[DP�LQ�DQ�HPHUJHQF\�GHSDUWPHQW��WKH�VWDWH�RI�ORFDO�SUDFWLFHV�DQG�ZH�UHVHDUFK�SUHGLFWLYH�SRVLWLYH�EORRG
FXOWXUHV�IDFWRUV�

0DWHULDO�DQG�PHWKRG���'HVFULSWLYH�UHWURVSHFWLYH�VLQJOH�FHQWHU�VWXG\��'DWD�ZHUH�FROOHFWHG�IURP�WKH�KRVSLWDO�EDFWHULRORJ\�ODERUDWRU\�ZLWKRXW�H[FOXVLRQ
FULWHULD�IURP�-DQXDU\��VW������WR�'HFHPEHU���WK������7KH�VHDUFK�IRU�SRVLWLYH�SUHGLFWLYH�FULWHULD�ZDV�FDUULHG�RXW�IURP�-DQXDU\��VW�������WR���)HEUXDU\
�VW������

5�VXOWV���$PRQJ��������SDWLHQWV�ZKR�KDG�FRQVXOWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�FRQFHUQHG�RYHU�WKH�VWXG\�SHULRG�������VDPSOHV�ZHUH�SHUIRUPHG
RI�ZKLFK�����ZHUH�SRVLWLYH�IRU������SURILWDELOLW\��7KHVH�VDPSOHV�FRUUHVSRQGHG�WR������SDWLHQWV�LQFOXGHG�UHSUHVHQWLQJ�����SDWLHQWV�ZKR�KDG�DW�OHDVW
RQH�SRVLWLYH�EORRG�FXOWXUH��7KH�SURILWDELOLW\�SHU�SDWLHQW�ZDV������7KH�DYHUDJH�QXPEHU�RI�VDPSOHV�SHU�SDWLHQW�ZDV�������7KH�SUHGLFWLYH�SRVLWLYH
EORRG�FXOWXUHV�FULWHULD�IRXQG�ZHUH��FHQWUDO�FDWKHWHU�VDPSOLQJ��25����������&,�>����������@��S����������WKH�SUHVHQFH�RI�FHQWUDO�FDWKHWHUV��25���������
&,�>����������@��S�����������WKH�VDPSOLQJ�RI�PRUH�WKDQ�RQH�EORRG�FXOWXUHV�SHU�SDWLHQW��YHUVXV���EORRG�FXOWXUH��25����������&,�>����������@�S�������
IRU���EORRG�FXOWXUHV���R5����������&,�>�����������@�S��������IRU���EORRG�FXOWXUHV�DQG�PRUH���DJH�Õ���\HDUV��25����������&,�>�����������@�S
����������WKH�QRWLRQ�RI�LPPXQRVXSSUHVVLRQ��25����������&,�>����������@�S� ��������WKH�QRWLRQ�RI�IHYHU��25����������&,�>������������@�S� �������
IHYHU�DW�DGPLVVLRQ���25���������&,�>�����������@�S� ���������KRVSLWDOL]DWLRQ��25����������&,�>������������@�S� ��������SUDFWLFH�RI�XULQDU\�VFUHHQLQJ
�25����������&,�>����������@�S� ������

'LVFXVVLRQ���2XU�VWXG\�ZDV�XQGHUSRZHUHG�IRU�WKH�VHDUFK�FULWHULD�SUHGLFWLYH�RI�SRVLWLYH�EORRG�FXOWXUHV��D�VWXG\�RQ�D�ODUJHU�VDPSOH�ZRXOG�EH
DSSURSULDWH�WR�DGDSW�RXU�SUDFWLFHV�

&RQFOXVLRQ���7KH�SURILWDELOLW\�RI�EORRG�FXOWXUHV�LQ�WKH�VWXG\�VLWH�ZDV�FRPSDUDEOH�WR�OLWHUDWXUH�GDWD��IURP���WR�������+LJKOLJKWLQJ�SRVLWLYH�SUHGLFWLYH
FULWHULD�LV�D�ZD\�WR�LPSURYH�RXU�SUDFWLFHV�EXW�UHTXLUHV�IXUWKHU�VWXGLHV��SURVSHFWLYH�LQ�SDUWLFXODU�



',$*1267,&�7(&+12/2*<�	�5$',2/2*< &KHQ�:HQ�1JXD

��������)LYH�\HDU�WUHQGV�LQ�FRPSXWHG�WRPRJUDSK\�RI�SXOPRQDU\�DQJLRJUDP��&73$��IRU�VXVSHFWHG�SXOPRQDU\�HPEROLVP��D
UHWURVSHFWLYH�UHYLHZ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1JXD�&KHQ�:HQ������7LPRWK\�5DLQHU����

���(PHUJHQF\�8QLW��8QLYHUVLW\�+RVSLWDO�RI�:DOHV��&DUGLII��6RXWK�*ODPRUJDQ��8.
���(PHUJHQF\�0HGLFLQH�$FDGHPLF�8QLW��&DUGLII�8QLYHUVLW\��&DUGLII��8.

.H\ZRUGV��FRPSXWHG�WRPRJUDSK\�RI�SXOPRQDU\�DQJLRJUDP��&73$���SXOPRQDU\�HPEROLVP�

$EVWUDFW��

%DFNJURXQG

&73$�LV�FRQVLGHUHG�WKH�JROG�VWDQGDUG�IRU�GLDJQRVLQJ�SXOPRQDU\�HPEROLVP��3(���DQG�HYLGHQFH�RI�ULJKW�KHDUW�VWUDLQ�VXJJHVWV�VXE�PDVVLYH�3(��

�

0HWKRG

$�UHWURVSHFWLYH�UHYLHZ�RI���\HDUV�&73$�VFDQV�ZDV�SHUIRUPHG�DW�D�WHUWLDU\�WHDFKLQJ�KRVSLWDO��8QLYHUVLW\�+RVSLWDO�RI�:DOHV��8+:��IURP�$XJXVW������WR
-XO\��������7KH�REMHFWLYH�RI�WKLV�VWXG\�LV�ILUVWO\�WR�DVVHVV�FKDQJLQJ�WUHQGV�LQ�WKH�LQFLGHQFH�RI�HPHUJHQF\�GHSDUWPHQW��('��GLDJQRVHG�DFXWH�3(�DQG
VXEPDVVLYH�3(��VHFRQGO\�WR�HYDOXDWH�WKH�SLFN�XS�UDWH�DJDLQVW�5R\DO�&ROOHJH�RI�5DGLRORJLVW��8.��UHFRPPHQGDWLRQV�

�

5HVXOW

2I�WKH�WRWDO������&73$�VFDQV�UHTXHVWHG�LQ�WKH�('��������������ZHUH�SRVLWLYH�IRU�3(��DQG�DW�OHDVW����������������FRXOG�KDYH�EHHQ�FDWHJRUL]HG�DV
VXEPDVVLYH�3(��-XVW�RYHU�KDOI�������RI�WKH�SRVLWLYH�&73$�VFDQV�UHSRUWLQJ�GLG�QRW�PHQWLRQ�DQ\�UDGLRJUDSKLF�HYLGHQFH�RI�ULJKW�KHDUW�VWUDLQ��7KHUH�ZDV
D�IRXU�IROG�ULVH�UHTXHVWHG�&73$�VFDQV�IURP������WR�������7KH�SRVLWLYH�\LHOG�RYHU�WKH�\HDUV�KRZHYHU�GHFUHDVHV�IURP�������WR�������

�

&RQFOXVLRQ�

7KHUH�LV�D�WUHQG�LQ�LQFUHDVHG�UHTXHVWV�LQ�&73$��DQG�D�KLJKHU�DEVROXWH�UDWH�LQ�SLFN�XS�LQ�3(�ZKLFK�LV�ZLWKLQ�WKH�DFFHSWDEOH�UDQJH�SURSRVHG�E\�WKH
5R\DO�&ROOHJH�RI�5DGLRORJLVW�8.�



0,6&(//$1(286 3DWULFLD�%RQHG�%ODV

��������,WeV�QRW�DOZD\V�D�FKLOGeV�SOD\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3DWULFLD�%RQHG�%ODV������7HUHVD�)HUQDQGR�*URV������5RFLR�(VFULFKH�5RV������$OLFLD�%DJXHQD�*DUFLD������$OED�*DOOHJR�5R\R����

���(PHUJHQF\��+RVSLWDO�5R\R�9LOODQRYD��=DUDJR]D��]XHUD��63$,1
���(PHUJHQF\��+RVSLWDO�5R\R�9LOODQRYD��=DUDJR]D��]DUDJR]D��63$,1

.H\ZRUGV��DQHPLD��FHOLDF�GLVHDVH��HGHPD

$EVWUDFW��

������������)HPDOH�SDWLHQW����\HDUV�ROG�ZLWKRXW�LPSRUWDQW�DQWHFHGHQWV��6KH�FDPH��WR�WKH�HPHUJHQF\�URRP�IRU�IDFLDO�DQG��ORZHU�H[WUHPLWLHV�HGHPDV
�DFFRPSDQLHG�E\�G\VSQHD�DQG�DVWKHQLD�LPSRUWDQW�ZLWK�DPHQRUUKHD�WKUHH�PRQWKV�DQG��QRW�DOWHUHG�ERZHO�KDELWV�

������������2Q�H[DPLQDWLRQ��,PSRUWDQW�SDOH�VNLQ�DQG�PXFRXV�PHPEUDQHV��UHVW��QRQGHVFULSW�H[FHSW��HGHPDV���$GGLWLRQDO�WHVWV��EORRG�FRXQW�+E������+FW
����9&0�������������SODWHOHWV���$EGRPLQDO�XOWUDVRXQG��KHSDWRPHJDO\�ZLWK�LQFUHDVHG�HFKRJHQLFLW\�LWV�VXJJHVWLYH�RI�VWHDWRVLV��6WXG\�SULRU�WR
WUDQVIXVLRQ�DQHPLD�LV�UHTXHVWHG�DQG�HQWHUHG�LQ�,QWHUQDO�0HGLFLQH�

�

������������'XULQJ�DGPLVVLRQ�RWKHU�WHVWV�DUH�SHUIRUPHG����1RUPDO�JDVWURVFRS\���EORRG��IROLF�DF!����QJ���PO��QHJDWLYH�DQWLHQGRP\VLDO�$&���$&
DQWLWUDQJOXWDPLQDVD�����SRVLWLYH�

,QWHVWLQDO�WUDQVLW�WKLFNHQLQJ�FRPSDWLEOH�ZLWK�MHMXQDO�ORRSV�ZLWK�FHOLDF�ER[��VPDOO�ERZHO�ELRSV\��FKURQLF�GXRGHQLWLV�ZLWK�PDUNHG�YLOOXV�DWURSK\�

�

�������������,W�LV�GLDJQRVHG�E\�IROLF�DFLG�GHILFLHQF\�DQG�FHOLDF�GLVHDVH�DQG�WUHDWHG�ZLWK�IRODWH�VXSSOHPHQWV�DQG�JOXWHQ�IUHH�GLHW��'XULQJ�IROORZ�XS��LQ
RXWSDWLHQWV�SUHVHQWV�HOHYDWLRQ�RI�WUDQVDPLQDVH��**7�����DQG�KHSDWRPHJDO\��SDUHVWKHVLD�SHUVLVWHQW�LQ�ORZHU�H[WUHPLWLHV�DFFRPSDQLHG�E\�ORVV�RI
VWUHQJWK��HQWHU�DJDLQ�WR�FRQFOXGH�VWXG\�EHLQJ�UHDOL]HG�(0*�FRPSDWLEOH�ZLWK�VHQVRU\�SRO\QHXURSDWK\�RI�D[RQDO�SUHGRPLQDQFH�LQ�PRGHUDWH�GHJUHH�
DQG�OLYHU�ELRSV\��ZLWK�VWHDWRKHSDWLWLV�DQG�SHULFHOOXODU�ILEURVLV

�����������

������������'XULQJ�DGPLVVLRQ�K\SHUWUDQVDPLQDVHPLD�QRUPDOL]HV��ZH�FDQ�QRW�EH�DWWULEXWHG�WR�QXWULWLRQDO�GHILFLHQFLHV�SRO\QHXURSDWK\�RU�LQFUHDVHG�IHUULWLQ
DQG�0&9��EXW�GXH�WR�H[LVWLQJ�DOWHUDWLRQV�DV�ZHOO�DV�WKH�SUHVHQFH�RI�WHOHDQJHFWDVLDV�DQG�K\SHUWURSK\�RI�SDURWLG�PDNHV�XV�WKLQN�RI�D�KDUPIXO�GULQNLQJ
��VR�WKDW�UHKDELOLWDWLRQ�EHJLQV�GXULQJ�DGPLVVLRQ

�

������������&RQFOXVLRQ�

������������&HOLDF�GLVHDVH�LV�DQ�DXWRLPPXQH�GLVRUGHU�WKDW�FDQ�RFFXU�LQ�JHQHWLFDOO\�SUHGLVSRVHG�SHRSOH�ZKHUH�WKH�LQJHVWLRQ�RI�JOXWHQ�OHDGV�WR�GDPDJH�LQ
WKH�VPDOO�LQWHVWLQH���,W�LV�HVWLPDWHG�WR�DIIHFW���LQ�����SHRSOH�ZRUOGZLGH��:KHQ�SHRSOH�ZLWK�FHOLDF�GLVHDVH�HDW�JOXWHQ��D�SURWHLQ�IRXQG�LQ�ZKHDW��U\H
DQG�EDUOH\���WKHLU�ERG\�PRXQWV�DQ�LPPXQH�UHVSRQVH�WKDW�DWWDFNV�WKH�VPDOO�LQWHVWLQH��7KHVH�DWWDFNV�OHDG�WR�GDPDJH�RQ�WKH�YLOOL��VPDOO�ILQJHUOLNH
SURMHFWLRQV�WKDW�OLQH�WKH�VPDOO�LQWHVWLQH��WKDW�SURPRWH�QXWULHQW�DEVRUSWLRQ��:KHQ�WKH�YLOOL�JHW�GDPDJHG��QXWULHQWV�FDQQRW�EH�DEVRUEHG�SURSHUO\�LQWR
WKH�ERG\�
�7KH�PRVW�FRPPRQ�IRUP�LV�FODVVLFDO�ZLWK�HVWHDWRUUHLFD�GLDUUKHD��PDOQXWULWLRQ��DEGRPLQDO�GLVWHQWLRQ�DQG�JURZWK�DUUHVW��/HIW�XQWUHDWHG��FHOLDF�GLVHDVH
FDQ�OHDG�WR�DGGLWLRQDO�VHULRXV�KHDOWK�SUREOHPV��7KHVH�LQFOXGH�WKH�GHYHORSPHQW�RI�RWKHU�DXWRLPPXQH�GLVRUGHUV�OLNH�7\SH�,�GLDEHWHV�DQG�PXOWLSOH
VFOHURVLV��06���GHUPDWLWLV�KHUSHWLIRUPLV��DQ�LWFK\�VNLQ�UDVK���DQHPLD��RVWHRSRURVLV��LQIHUWLOLW\�DQG�PLVFDUULDJH��QHXURORJLFDO�FRQGLWLRQV�OLNH�HSLOHSV\
DQG�PLJUDLQHV��VKRUW�VWDWXUH��DQG�LQWHVWLQDO�FDQFHUV�DV�LQ�RXU�FDVH��$OO�WKHVH�YDULDQWV�FDQ�LQGXFH�GLDJQRVLV�GHOD\���,QWHVWLQDO�ELRSV\�UHPDLQV�WKH�JROG
VWDQGDUG
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��������7KURPERHPEROLF�'LVHDVH�LQ�3UHJQDQF\�v�$FXWH�0DQDJHPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+LQD�,IWLNKDU������0DKQRRU�/DOOPDKDPRRG������$QQD�,TEDO������&KULVWRSKHU�0F4XLWW\������-DFTXHOLQH�6LD������1HLO�&DPSEHOO����

���$FXWH�0HGLFLQH���%URRPILHOG�+RVSLWDO��&KHOVPIRUG��8.
���$FXWH�0HGLFLQH���%URRPILHOG�+RVSLWDO��&KHOPVIRUG��8.

.H\ZRUGV��3UHJQDQF\��7KURPERHPEROLF�'LVHDVH��$FXWH�0DQDJHPHQW��2EMHFWLYH�WHVWLQJ��'LDJQRVLV��7KURPERSURSK\OD[LV��$QWL�FRDJXODWLRQ

$EVWUDFW��

%DFNJURXQG�

9HQRXV�WKURPERHPEROLVP��97(��LQFOXGLQJ�GHHS�YHQRXV�WKURPERVLV��'97��DQG�SXOPRQDU\�HPEROLVP��3(��UHPDLQV�RQH�RI�WKH�PDLQ�GLUHFW�FDXVHV�RI
PDWHUQDO�GHDWK�DFFRUGLQJ�WR�WKH�&HQWUH�IRU�0DWHUQDO�DQG�&KLOG�(QTXLULHV��7KH�ULVN�RI�DQWHQDWDO�97(�LV�IRXU�WR�ILYH�IROGV�KLJKHU�LQ�SUHJQDQW�YHUVXV
QRQ�SUHJQDQW�ZRPHQ��$FXWH�97(�VKRXOG�EH�VXVSHFWHG�LQ�SUHJQDQW�ZRPHQ�ZLWK�VLJQV�DQG�V\PSWRPV�RI�'97�DQG�3(�

7KH�VXEMHFWLYH�FOLQLFDO�DVVHVVPHQW�LV�XQUHOLDEOH�LQ�SUHJQDQF\�DQG�RQO\�D�PLQRULW\�RI�ZRPHQ�ZLWK�VXVSHFWHG�97(�KDYH�WKH�GLDJQRVLV�FRQILUPHG�ZLWK
REMHFWLYH�WHVWLQJ��)DLOXUH�WR�REWDLQ�REMHFWLYH�GLDJQRVLV�DQG�VXEVHTXHQW�WUHDWPHQW�KDV�EHHQ�DWWULEXWHG�WR�PRUWDOLW\�LQ�WKHVH�SDWLHQWV�DFFRUGLQJ�WR�WKH
VHTXHQWLDO�UHSRUWV�RQ�&RQILGHQWLDO�(QTXLULHV�LQWR�0DWHUQDO�'HDWKV��(DUO\�UHFRJQLWLRQ�RI�97(�DQG�ZLGHVSUHDG�XVH�RI�ORZ�PROHFXODU�ZHLJKW�KHSDULQ
�/0:+��WKURPERSURSK\OD[LV�XQWLO�WKH�GLDJQRVLV�LV�UHDFKHG�E\�REMHFWLYH�WHVWLQJ�FDQ�SUHYHQW�PRUWDOLW\�

0HWKRG�

$�UHWURVSHFWLYH�VWXG\�RI����SUHJQDQW�SDWLHQWV�UHIHUUHG�WR�DFXWH�DPEXODWRU\�FDUH�XQLW�ZLWK�VXVSHFWHG�97(��VXVSHFWHG�3(��Q ����VXVSHFWHG�'97�Q ���
ZDV�FRQGXFWHG�RYHU�D���\HDU�SHULRG�

3DWLHQW�GHPRJUDSKLFV��DJH��JHVWDWLRQ���VLJQV�DQG�V\PSWRPV�FRQVLVWHQW�ZLWK�97(��SUHGLVSRVLQJ�ULVN�IDFWRUV��:HOOV�VFRUH���WKURPERSURSK\OD[LV�ZLWK
/0:+��REMHFWLYH�WHVWLQJ�ZLWK�LQYHVWLJDWLRQV�LQFOXGLQJ�EORRGV��G�GLPHU�������&KHVW�;�UD\V��(&*V��'XSOH[�8OWUDVRXQG��9HQWLODWLRQ�SHUIXVLRQ��9�4��RU
&7�SXOPRQDU\�$QJLRJUDP��&73$��VFDQV�ZHUH�DQDO\VHG�

5HVXOWV�

7KH�PHDQ�DJH�RI�RXU�SUHJQDQW�SDWLHQWV�ZDV����\HDUV����������7KH�PHDQ�SUHVHQWDWLRQ�ZLWK�VXVSHFWHG�97(�ZDV�DW����ZHHNV�

��������RXW�RI����SDWLHQWV�ZHUH�JLYHQ�/0:+�WKURPERSURSK\OD[LV�SULRU�WR�REMHFWLYH�WHVWLQJ����������SDWLHQWV�GLG�QRW�UHFHLYH�WKURPERSURSK\OD[LV
GXH�WR�SURPSW�DFFHVV�WR�UDGLRORJLFDO�LPDJLQJ��ORZ�VXVSLFLRQ�LQGH[�RI�97(�QHJDWLYH�G�GLPHU��ORZ�:HOOV�VFRUH��RU�PDWHUQDO�UHIXVDO�XQWLO�LPDJLQJ�ZDV
FRQGXFWHG����������RXW�RI�WKHVH����SDWLHQWV�KDG�D�SRVLWLYH�'97�VFDQ�DQG�ZDV�FRPPHQFHG�RQ�/0:+�LPPHGLDWHO\�

'�GLPHU�ZDV�UDLVHG�LQ���������SDWLHQWV��QHJDWLYH�LQ��������SDWLHQWV�EXW�SURYHQ�SRVLWLYH�LQ���SDWLHQW�IRU�D�'97�DQG�QRW�FRQGXFWHG�LQ��������
SDWLHQWV�JLYHQ�D�KLJK�LQGH[�RI�VXVSLFLRQ�IRU�D�97(�

�������SDWLHQWV�VXVSHFWHG�RI�KDYLQJ�D�3(�KDG�D�&;5�DQG���������&;5�ZDV�VXJJHVWLYH�RI�FRQVROLGDWLRQ��(&*V�ZHUH�SHUIRUPHG�LQ�DOO�SDWLHQWV��������

2I�WKH����SUHJQDQW�SDWLHQWV�ZLWK�VXVSHFWHG�97(���������SDWLHQWV�KDG�D�FRQILUPHG�97(�RQ�REMHFWLYH�WHVWLQJ����������SDWLHQWV�XQGHUZHQW�D�'XSOH[
8OWUDVRXQG���������XQGHUZHQW�D�&73$��9�4�VFDQ�ZDV�QRW�FRQGXFWHG�LQ�DQ\�SDWLHQW���������RXW�RI����SDWLHQWV�ZLWK�VXVSHFWHG�'97�KDG�D�SRVLWLYH
GXSOH[�XOWUDVRXQG��������RXW�RI����SDWLHQWV�ZLWK�VXVSHFWHG�3(�KDG�D�FRQILUPHG�97(�������SRVLWLYH�&73$�DQG�������SRVLWLYH�GXSOH[�XOWUDVRXQG�

&RQFOXVLRQ�

3UHJQDQF\�LV�DVVRFLDWHG�ZLWK�D�K\SHUFRDJXODEOH�VWDWH��LQFUHDVLQJ�WKH�ULVN�RI�97(��7KH�VXEMHFWLYH�FOLQLFDO�DVVHVVPHQW�RI�97(�LV�XQUHOLDEOH�LQ
SUHJQDQF\�DQG�LI�FOLQLFDOO\�VXVSHFWHG��WUHDWPHQW�ZLWK�/0:+�VKRXOG�EH�FRPPHQFHG�LPPHGLDWHO\�XQWLO�D�GHILQLWLYH�GLDJQRVLV�LV�UHDFKHG�E\�REMHFWLYH
WHVWLQJ��'�GLPHU�LV�DIIHFWHG�GXH�WR�SK\VLRORJLFDO�FKDQJHV�LQ�SUHJQDQF\�DQG�VKRXOG�QRW�EH�UHOLHG�XSRQ��5DGLRORJLFDO�REMHFWLYH�WHVWLQJ�ZLWK�SDWLHQW
FRXQVHOOLQJ�VKRXOG�EH�FRQVLGHUHG�LQ�DOO�VXVSHFWHG�FDVHV�WR�FRQILUP�RU�H[FOXGH�97(��OHDGLQJ�WR�DSSURSULDWH�PDQDJHPHQW�LQ�WKHVH�KLJK�ULVN�SDWLHQWV��



('8&$7,21�$1'�75$,1,1* %DUEDUD�*DEULHOOL

��������$ZDUHQHVV�RI�(PHUJHQF\�SK\VLFLDQV�WR�WKH�$GYHUVH�'UXJ�5HDFWLRQV�UHSRUWLQJ��WKH�HIIHFW�RI�DQ�,WDOLDQ�SKDUPDFRYLJLODQFH
SURMHFW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

%DUEDUD�*DEULHOOL������5REHUWD�0DULQR������)HGHULFD�&DOGHUD������0DULDQJHOD�(VLOLDWR������$OGR�7XD������)UDQFHVFR�6DYHULR�0RVFKHOOD������5REHUWR
&RUJQDWL������5REHUWD�3HWULQR����

���(PHUJHQF\�'HSDUWPHQW��6DQW
$QGUHD�+RVSLWDO�9HUFHOOL��9HUFHOOL��,7$/<
���(PHUJHQF\�'HSDUWPHQW�6DQW
$QGUHD�+RVSLWDO��9HUFHOOL��9HUFHOOL��,7$/<
���3KDUPDF\�'HSDUWPHQW�6DQW
$QGUHD�+RVSLWDO��9HUFHOOL��9HUFHOOL��,7$/<

.H\ZRUGV��$GYHUVH�'UXJ�5HDFWLRQV��3KDUPDFRYLJLODQFH��'UXJ�UHDFWLRQ�UHSRUWLQJ�V\VWHP

$EVWUDFW��

%DFNJURXQG

9ROXQWDU\�UHSRUWLQJ�LV�D�IXQGDPHQWDO�WRRO�WR�LQFUHDVH�NQRZOHGJH�DERXW�GUXJ�VHFXULW\�DQG�SRVWPDUNHWLQJ�VXUYHLOODQFH��6HYHUDO�HSLGHPLRORJLFDO
VWXGLHV�VKRZ�WKDW�D�JRRG�SHUFHQWDJH�RI�(PHUJHQF\�'HSDUWPHQW��('��YLVLWV�DUH�GXH�WR�DGYHUVH�GUXJ�UHDFWLRQV��$'5V���1RQHWKHOHVV��XQGHU�UHSRUWLQJ
RI�WKHVH�HYHQWV�LV�VWLOO�IUHTXHQW��7KHUHIRUH��LQWHUYHQWLRQ�LV�QHHGHG�WR�HGXFDWH�('�SK\VLFLDQV�RQ�D�FRQWLQXRXV�SKDUPDFRYLJLODQFH�DFWLYLW\�

0HWKRGV

$�SKDUPDFRYLJLODQFH�SURMHFW�KDV�EHHQ�LQLWLDWHG�RQ�6HSWHPEHU������LQ��6DQWÇ$QGUHD�+RVSLWDO�RI�9HUFHOOL��,WDO\��LQYROYLQJ�ERWK�SKDUPDFLVWV�DQG
HPHUJHQF\�GRFWRUV��,Q�WKLV�VWXG\�WKH�UHSRUWLQJ�WUHQG�RI�$'5V�LQ�WKH�('�KDV�EHHQ�HYDOXDWHG�IURP������WR�������DQG�WKH�HIIHFW�RI�WKH�SURMHFW�RQ
FOLQLFDO�SUDFWLFH�ZDV�FRQVLGHUHG��7KH�SURMHFW�GLGQÇW�SURYLGH�D�WUDLQLQJ�SKDVH�IRU�WKH�SK\VLFLDQV�EHIRUH�LWV�RQVHW�

5HVXOWV

9HUFHOOL�+RVSLWDO�LV�D�VHFRQGDU\�KRVSLWDO�LQ�3LHGPRQW�UHJLRQ��7KH�DFWLYLW\�RI�('�FDQ�EH�FRQVLGHUHG�DV�XQLIRUP�IURP������WR������UHJDUGLQJ�RYHUDOO
YLVLWV��DYHUDJH��������SDWLHQW�SHU�\HDU���PLGGOH�DJH��������\HDUV���WULDJH�FRORU�DYHUDJH�UDWH��LQ�WHUPV�RI�FOLQLFDO�SULRULW\��UHG�FRGHV���������\HOORZ
FRGHV�������JUHHQ�FRGHV���������ZKLWH�FRGHV����������DQG�FOLQLFDO�SUREOHPV�GLVWULEXWLRQ��WUDXPDWLF�SDWKRORJLHV�DYHUDJH�UDWH��������
QRQ�WUDXPDWLF�SDWKRORJLHV�DYHUDJH�UDWH����������7KH�$'5V�UHSRUWLQJ�LQ�WKLV�ILYH�\HDUV�LQWHUYDO�ZDV����LQ�������EHIRUH�WKH�SKDUPDFRYLJLODQFH
SURMHFW������LQ�����������LQ�����������LQ�����������LQ������

&RQFOXVLRQV

$W�9HUFHOOL�KRVSLWDO�('��FRQVLGHULQJ�DQ�XQLIRUP�SRSXODWLRQ�HYDOXDWHG��WKH�VWDUWLQJ�RI�D�SKDUPDFRYLJLODQFH�SURMHFW��ZLWKRXW�D�GLUHFW�WUDLQLQJ�IRU�WKH
SK\VLFLDQV��KDV�LQFUHDVHG�WKH�DZDUHQHVV�RI�$'5V�UHSRUWLQJ�DPRQJ�WKHP��ZLWK�D�SURJUHVVLYH�LQFUHDVH�RI�WKH�UHSRUWV�DQG�D�PRUH�FDUHIXO�DWWLWXGH�WR
FRQVLGHU�GUXJ�LQWHUDFWLRQV�DV�D�SRVVLEOH�FDXVH�RI�VLJQV�DQG�V\PSWRPV�HYDOXDWHG�LQ�('��7KH�FROODERUDWLRQ�EHWZHHQ�SK\VLFLDQV�DQG�SKDUPDFLVWV�KDV
PDGH�WKH�SURFHVV�PXFK�VLPSOHU�



&$5',29$6&8/$5 9LMLWKD�'H�6LOYD

��������(SLGHPLRORJ\�RI�SDWLHQWV�DGPLWWHG�ZLWK�FKHVW�SDLQ�DQG�WKH�FDUH�WKH\�UHFHLYHG�DW�(PHUJHQF\�7UDXPD�&HQWUH��7HDFKLQJ
+RVSLWDO�.DUDSLWL\D��*DOOH��6UL�/DQND�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$URVKD�$EH\ZLFNUDPD������5RVKHO�:LMHQD\DND������0DOVKD�1HWKPLQL������+HPDMLWK�7KDULQGUD������6KHOWRQ�3HUHUD������9LMLWKD�'H�6LOYD����

���&RQVXOWDQW�3K\VLFLDQ��(PHUJHQF\�7UDXPD�&HQWUH��7HDFKLQJ�+RVSLWDO��.DUDSLWL\D��*DOOH��6UL�/DQND��*DOOH��65,�/$1.$
���'HPRQVWUDWRU��'HSDUWPHQW�RI�&RPPXQLW\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�5XKXQD��*DOOH��65,�/$1.$
���6RFLDO�ZRUNV�LQVWUXFWRU��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�5XKXQD��*DOOH��65,�/$1.$
���'LUHFWRU��7HDFKLQJ�+RVSLWDO��.DUDSLWL\D��*DOOH��65,�/$1.$
���6HQLRU�/HFWXUHU��'HSDUWPHQW�RI�&RPPXQLW\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�5XKXQD��*DOOH��65,�/$1.$

.H\ZRUGV��HSLGHPLRORJ\�RI�FKHVW�SDLQ��FDUH�UHFHLYHG�DW�HPHUJHQF\�WUDXPD�FHQWUH

$EVWUDFW��

,QWURGXFWLRQ��7HDFKLQJ�+RVSLWDO�.DUDSLWL\D��7+.��LV�ORFDWHG�ZLWKLQ�WKH�FLW\�OLPLWV�RI�*DOOH��WKH�FDSLWDO�RI�VRXWKHUQ�6UL�/DQND��7+.�LV�WKH�VHFRQG
ODUJHVW�KRVSLWDO�LQ�WKH�FRXQWU\��ZLWK�RYHU������LQSDWLHQW�EHGV�DQG�VHUYHV�DV�WKH�UHIHUUDO�KRVSLWDO�IRU�VRXWKHUQ�6UL�/DQND�

7KH�(PHUJHQF\�7UDXPD�&HQWHU��(7&��ZDV�HVWDEOLVKHG�LQ�7+.�LQ�\HDU������2YHU��������SDWLHQWV�DUH�HYDOXDWHG�DQQXDOO\��7KLV�SUHOLPLQDU\�VWXG\�ZDV
FRQGXFWHG�WR�HYDOXDWH�WKH�RXWFRPH�RI�SDWLHQWV�SUHVHQWLQJ�ZLWK�QRQ�WUDXPDWLF�FKHVW�SDLQ�WR�(7&�

0HWKRGV��&URVV�VHFWLRQDO�VWXG\�ZDV�FDUULHG�RXW�DPRQJ�WKH�DOO�SDWLHQWV�DGPLWWHG�WR�WKH�(7&�ZLWK�WKH�FRPSODLQW�RI�QRQ�WUDXPDWLF�FKHVW�SDLQ��$OO�WKH
HOLJLEOH�SDWLHQWV�DGPLWWHG�WR�(7&�GXULQJ�WKH�WKUHH�PRQWKV�VWDUWLQJ�IURP�-DQXDU\������ZHUH�UHFUXLWHG�WR�WKH�VWXG\��'DWD�ZDV�FROOHFWHG�E\�WZR�WUDLQHG
GRFWRUV�XVLQJ�DQ�LQWHUYLHZHU�DGPLQLVWHUHG�TXHVWLRQQDLUH�DIWHU�REWDLQLQJ�WKH�LQIRUPHG�FRQVHQW��)LQDO�SDUW�RI�WKH�TXHVWLRQQDLUH�RQ�DGPLVVLRQ
SDUDPHWHUV�ZHUH�FRPSOHWHG�XVLQJ�WKH�SDWLHQWV�QRWHV��'DWD�DQDO\VLV�ZDV�FDUULHG�RXW�XVLQJ�6366�

5HVXOWV��7ZR�KXQGUHG�HOLJLEOH�SDWLHQWV�ZHUH�UHFUXLWHG�WR�WKH�VWXG\��2XW�RI�WKHP�RYHU�WZR�WKLUGV�������ZHUH�PDOHV��0HDQ�DJH�RI�WKH�SDWLHQWV�ZDV
�����\HDUV�ZLWK�D�6'�RI������DQG�D�UDQJH�RI����WR����\HDUV��/DUJH�PDMRULW\�������RI�SDWLHQWV�ZHUH�IURP�WKH�*DOOH�GLVWULFW�DQG�RWKHU����ZHUH�IURP
0DWDUD�DQG�+DPEDQWKRWD�GLVWULFWV��2YHU�����RI�SHRSOH�DUH�OLYLQJ�LQ�UXUDO�DUHDV�RI�DERYH���GLVWULFWV������RI�WKH�SDWLHQWV�GLUHFWO\�JRW�DGPLWWHG�E\
WKHPVHOYHV�WR�WKH�(7&�GXH�WR�WKHLU�V\PSWRPV��$QRWKHU�����ZHUH�WUDQVIHUUHG�E\�WKH�SHULSKHUDO�KRVSLWDOV�WR�WKH�(7&�DQG�RWKHU����ZHUH�UHIHUUHG�E\
WKH�RXWSDWLHQW�GHSDUWPHQW�RI�7+.�DQG�E\�JHQHUDO�SUDFWLWLRQHUV��2XW�RI�WKH�SDWLHQWV�������KDG�SDVW�KLVWRU\�RI�LVFKHPLF�KHDUW�GLVHDVH��������KDG
K\SHUWHQVLRQ�DQG�������KDG�GLDEHWHV�PHOOLWXV��$W�WKH�(7&�������RI�SDWLHQWV�ZHUH�GLDJQRVHG�WR�KDYH�67(0,��������ZLWK�167(0,�DQG�������ZLWK
8QVWDEOH�$QJLQD��������RI�SDWHQWV�ZHUH�GLDJQRVHG�DV�KDYLQJ�FKHVW�SDLQ�RI�QRQ�FDUGLDF�RULJLQ��2QO\����RI�WKH�SDWLHQWV�JRW�WKHLU�FDUGLDF�HQ]\PHV
FKHFNHG�GXULQJ�WKH�VWD\�LQ�(7&�DQG�RXW�RI�WKHP�RQO\�����JRW�D�SRVLWLYH�UHVXOW��2QO\����KDG�SULPDU\�3&,�ZLWK������VXFFHVV�UDWH�DQG�������KDG
WKURPERO\VLV��6WUHSWRNLQDVH��DW�WKH�(7&��$&6�SURWRFRO�IRU�167(0,�ZDV�IROORZHG�LQ�WKH�WUHDWPHQW�RI�������SDWLHQWV�RI�167(0,�DQG�$&6�SURWRFRO�IRU
8QVWDEOH�$QJLQD�ZDV�IROORZHG�LQ�WKH�WUHDWPHQW�RI�������SDWLHQWV�ZLWK�8QVWDEOH�$QJLQD��2XW�RI�WKH�����SDWLHQWV��QRERG\�GLHG�GXULQJ�WKH�(7&�VWD\
DQG�������ZHUH�WUDQVIHUUHG�WR�ZDUGV�DQG�������ZHUH�WUDQVIHUUHG�WR�WKH�FDUGLDF�LQWHQVLYH�FDUH�XQLWV�IRU�IXUWKHU�PDQDJHPHQW�

&RQFOXVLRQV��0DMRULW\�RI�SDWLHQWV�ZKR�SUHVHQWHG�ZLWK�FKHVW�SDLQ�KDG�LVFKHPLF�KHDUW�GLVHDVH�DQG�PRVW�RI�WKHP�KDG�RQH�RU�PRUH�YDVFXODU�ULVN
IDFWRUV��3ULPDU\�3&,�LV�QRW�IUHHO\�DYDLODEOH�\HW�LQ�RXU�KRVSLWDO�DQG�6WUHSWRNLQDVH�LV�WKH�FKRLFH�RI�WKURPERO\WLF�GXH�WR�WKH�ORZ�FRVW�



&5,7,&$/�&$5( =HLQDE�$EGHO�5DKPDQ

��������y2QH�IRU�DOO��DOO�IRU�RQHz��FDVH�VHULHV�IRU�w7ULSOH�/XPHQ�'LDO\VLV�/LQHz�LQ�5HVXVFLWDWLRQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$OKDG\�<XVRI������=HQDE�$EGHO�5DKPDQ����

���(PHUJHQF\�0HGLFLQH�,QWHQVLYH�FDUH�0HGLFLQH��+DPDG�0HGLFDO�&RUSRUDWLRQ��'RKD��4$7$5
���7UDXPD�&ULWLFDO�&DUH�)HOORZ��+DPDG�0HGLFDO�&RUSRUDWLRQ��'RKD��4$7$5

.H\ZRUGV��7ULSOH�/XPHQ�GLDO\VLV�&DWKHWHU�&HQWUDO�9HQRXV�&DWKHWHU

$EVWUDFW��

�

$EVWUDFW

�,QWURGXFWLRQ

'RHV�DQ�ÆLGHDOÇ�FHQWUDO�OLQH�IRU�HPHUJHQF\�DQG�UHVXVFLWDWLRQ�XVH�H[LVW"��:KDW�DUH�LWV�HVVHQWLDO�FKDUDFWHULVWLFV"���$�OLQH�WKDW�DOORZV�D�KLJK�LQIXVLRQ�UDWH
RI�UHVXVFLWDWLRQ�IOXLGV�GXULQJ�VHYHUH�EOHHGLQJ�DQG�VKRFN��WKH�DYDLODELOLW\�RI�PXOWLSOH�SRUWV�WKDW�FDQ�EH�XVHG�IRU�YDVR�DFWLYH�DJHQWV�DV�ZHOO�DV
VLPXOWDQHRXV�LQIXVLRQ�RI�VHYHUDO�LQFRPSDWLEOH�PHGLFDWLRQV��WKH�IOH[LELOLW\�RI�XVLQJ�WKH�VDPH�OLQH�WR�LQLWLDWH�HPHUJHQF\�KDHPR�GLDO\VLV�LI�QHFHVVDU\�
WKH�DYDLODELOLW\�RI�DQ�ÆH[WUD�SRUWÇ�WR�LQLWLDWH�YDVRSUHVVRU�WKHUDS\�LQ�K\SRWHQVLYH�FDVHV�GXULQJ�GLDO\VLV��&XUUHQWO\�LQ�RXU�(PHUJHQF\�'HSDUWPHQW���('�
ZH�VWRFN�DW�OHDVW���GLIIHUHQW�W\SHV�RI�FHQWUDO�OLQHV�EDVHG�RQ�DOO�WKH�WUDGLWLRQDO�XVH�PHQWLRQHG�DERYH�Ä�3XOPRQDU\�DUWHU\�FDWKHWHU�VKHDWK�LQWURGXFHU
�IRU�UDSLG�IOXLG�UHVXVFLWDWLRQ���WULSOH�OXPHQ�FHQWUDO�OLQH��IRU�YDVR�DFWLYH�DQG��PXOWLSOH�PHGLFDWLRQ�LQIXVLRQ���GRXEOH�OXPHQ�ÆYDVFDWKÇ�GLDO\VLV�OLQH��DQG
WULSOH�OXPHQ�GLDO\VLV�OLQH�ZLWK�ÆH[WUD�SRUWÇ���:H�K\SRWKHVL]H�WKH�XVH�RI�WKH�ODWWHU�DV�D�FHQWUDO�OLQH�WKDW�FDQ�EH�XVHG�LQ�DOO���FDVH�VFHQDULRV���7KH�WULSOH
OXPHQ�GLDO\VLV�OLQH��7/'/��ZH�DUH�XVLQJ�KDV�D���*����*�DQG�D���*�DFFHVV�SRUWV���7KH�PDQXIDFWXUHU�FODLPHG�IORZ�UDWHV�RI����POV�PLQ�����POV�PLQ�
DQG���POV�PLQ�UHVSHFWLYHO\���:H�KDYH�EHHQ�XVLQJ�7/'/V�LQ�RXU�EXV\�WHUWLDU\�WHDFKLQJ�KRVSLWDO�('�IRU�WKH�ODVW���\HDUV�

0HWKRGV�

:H�DUH�UHSRUWLQJ���FDVHV�WR�GHVFULEH�WKH�VXFFHVVIXO�XVH�RI�WKH�7/'/�LQ�GLIIHUHQW�FOLQLFDO�VFHQDULRV������$����\HDU�ROG�PDOH�ZKR�SUHVHQWHG�ZLWK�D
PDVVLYH�KDHPDWHPHVLV��UHGXFHG�FRQVFLRXV�OHYHO��EORRG�SUHVVXUH��%3��RI������PP+J�DQG�SXOVH�UDWH��35��RI����ESP���7/'/�ZDV�LQVHUWHG�WR
DFFRPPRGDWH�UDSLG�IOXLG�UHVXVFLWDWLRQ�DQG�PXOWLSOH�VLPXOWDQHRXV�EORRG�SURGXFW�LQIXVLRQ�����$����\HDU�ROG�IHPDOH�ZKR�SUHVHQWHG�ZLWK���GD\�KLVWRU\
RI�IHYHU��LQFUHDVHG�XULQDU\�IUHTXHQF\�DQG�D�%3�RI������PP+J�GHVSLWH���OLWHUV�RI�FU\VWDOORLG�UHVXVFLWDWLRQ���7/'/�ZDV�XVHG�IRU�QRUDGUHQDOLQ�DQG
YDVRSUHVVLQ�LQIXVLRQ�����$����\HDU�ROG�PDOH�SUHVHQWHG�ZLWK���ZHHNV�KLVWRU\�RI�GLDUUKHD�DQG�LQFUHDVHG�OHWKDUJ\��+H�ZDV�QRUPRWHQVLYH��EXW
GHK\GUDWHG�ZLWK�YHU\�KLJK�FUHDWLQLQH�UHDGLQJ�DQG�D�SRWDVVLXP�OHYHO�RI��PPRO�/��+H�UHPDLQHG�DQXULF�GHVSLWH���OLWHUV�RI�IOXLG�DQG�FRQVHUYDWLYH
WKHUDS\���7/'/�ZDV�LQVHUWHG�WR�DOORZ�IRU�XUJHQW�GLDO\VLV�LQ�WKH�('�����$����\HDU�ROG�PDQ�ZLWK�D�EDFNJURXQG�KLVWRU\�RI�KHDUW�IDLOXUH�SUHVHQWHG�ZLWK
VHSWLF�VKRFN�RI�XQNQRZQ�RULJLQ��+LV�%3�UHPDLQHG�UHODWLYHO\�ORZ�GHVSLWH�MXGLFLRXV�IOXLG�UHVXVFLWDWLRQ���+H�ZDV�ROLJXULF�VR�7/'/�ZDV�LQVHUWHG�LQ�KLV�ULJKW
LQWHUQDO�MXJXODU�YHLQ�WR�ILQH�WXQH�WKH�PDQDJHPHQW�RI�KLV�FDUGLRYDVFXODU�VWDWXV���$�VPDOO�GRVH�RI�QRUDGUHQDOLQ�ZDV�VWDUWHG�WR�NHHS�D�PHDQ�DUWHULDO
SUHVVXUH�RI���PP+J��'HVSLWH�WKLV��KLV�UHQDO�IXQFWLRQ�FRQWLQXHV�WR�GHWHULRUDWH�DQG�KH�ZDV�FRPPHQFHG�RQ�KDHPR�GLDO\VLV���GD\V�ODWHU�LQ�WKH
,QWHQVLYH�&DUH�8QLW�

5HVXOWV�

:H�GLVFXVV�WKH�SURV�DQG�FRQV�RI�WKH�7/'/�EHLQJ�WKH�RQO\�DYDLODEOH�FHQWUDO�OLQH�IRU�LQLWLDO�XVH�LQ�WKH�('�

&RQFOXVLRQ�

,W�LV�TXLWH�FOHDU�IURP�RXU�H[SHULHQFH�WKDW�7/'/�FDQ�IXQFWLRQ�DV�WKH�LQLWLDO�FHQWUDO�OLQH�RI�FKRLFH�IRU�DOO�FULWLFDO�FDUH�VFHQDULRV�ZH�IDFHG�LQ�RXU�('�



&$6(�35(6(17$7,21 $EGR�6DWWRXW

��������3QHXPRPHGLDVWLQXP�VHFRQGDU\�WR�FRFDLQH�LQVXIIODWLRQ��DQ�XQFRPPRQ�FDXVH�RI�FHQWUDO�FKHVW�SDLQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*HUDLQW�3KLOOLSV������/DXUD�%LUNV������$EGR�6DWWRXW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��$LQWUHH�8QLYHUVLW\�+RSVLWDO��/LYHUSRRO��8.

.H\ZRUGV��3QHXPRPHGLDVWLQXP��0HGLDVWLQDO�(PSK\VHPD

$EVWUDFW��

,QWURGXFWLRQ

0HGLDVWLQDO�HPSK\VHPD��RU�SQHXPRPHGLDVWLQXP��LV�WKH�DEQRUPDO�SUHVHQFH�RI�DLU�ZLWKLQ�WKH�PHGLDVWLQXP�DQG�FDQ�UHVXOW�LQ�OLIH�WKUHDWHQLQJ
FRPSOLFDWLRQV��$�SURSRUWLRQ�RI�SQHXPRPHGLDVWLQXP�FDVHV�KDYH�EHHQ�DWWULEXWHG�WR�FRFDLQH�VPRNLQJ�DQG�LQVXIIODWLRQ�

�

&DVH

$����\HDU�ROG�PDQ��QRUPDOO\�ILW�DQG�ZHOO��SUHVHQWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��ZLWK�DQ�HLJKW�KRXU�KLVWRU\�RI�FHQWUDO�SOHXULWLF�FKHVW�WLJKWQHVV
UDGLDWLQJ�WR�WKH�EDFN�DQG�DVVRFLDWHG�ZLWK�ORZHU�QHFN�SDLQ��+H�ZDV�D�QRQ�VPRNHU�EXW�DGPLWWHG�WR�RFFDVLRQDO�FRFDLQH�XVH�

+H�VWDWHG�WR�KDYH�FRQVXPHG�DQ�XQTXDQWLILHG�DPRXQW�RI�DOFRKRO�DQG�FRFDLQH��YLD�LQVXIIODWLRQ��RYHU�WKH�SUHYLRXV�WKUHH�GD\V��+H�ZDV
KDHPRG\QDPLFDOO\�VWDEOH�DQG�H[DPLQDWLRQ�RI�WKH�QHFN�UHYHDOHG�ULJKW�VLGHG�SDOSDEOH�VXEFXWDQHRXV�HPSK\VHPD��(OHFWURFDUGLRJUDP��(&*��GLVSOD\HG
QRUPDO�VLQXV�UK\WKP�ZKLOVW�D�SODLQ�FKHVW�UDGLRJUDSK��&;5��VKRZHG�D�OLQHDU�VKDGRZ�RXWOLQLQJ�WKH�OHIW�KHDUW�ERUGHU�ZLWK�VLJQLILFDQW�DQWHULRU
VXEFXWDQHRXV�HPSK\VHPD��8UJHQW�FRPSXWHG�WRPRJUDSK\��&7��RI�WKH�FKHVW�FRQILUPHG�PHGLDVWLQDO�HPSK\VHPD�ZKLOVW�FRQWUDVW�VZDOORZ�VWXGLHV�UXOHG
RXW�D�FRQFRPLWDQW�RHVRSKDJHDO�SHUIRUDWLRQ�

7KH�SDWLHQW�ZDV�PDQDJHG�FRQVHUYDWLYHO\�DQG�GLVFKDUJHG�ZLWK�DQ�RXWSDWLHQW�IROORZ�XS�

'LVFXVVLRQ

3QHXPRPHGLDVWLQXP�DQG�DVVRFLDWHG�VXEFXWDQHRXV�HPSK\VHPD�UHVXOW�IURP�WKH�SUR[LPDO�WUDFNLQJ�RI�IUHH�DLU�IURP�UXSWXUHG�DOYHROL�DORQJ
SHUL�EURQFKLRODU�VKHDWKV�WRZDUGV�WKH�PHGLDVWLQXP�DQG�GHHS�IDVFLDO�WLVVXHV�RI�WKH�QHFN��5HSHDWHG�IRUFHG�GHHS�LQVSLUDWLRQ�DQG�9DOVDOYD�PDQRHXYUHV
DVVRFLDWHG�ZLWK�FRFDLQH�XVH�FDXVH�ORFDO�EDURWUDXPD�DV�D�FRQVHTXHQFH�RI�WKH�DOWHUQDWLQJ�SUHVVXUH�JUDGLHQWV�DFURVV�WKH�DOYHRODU�ZDOO�ZKLFK�UHVXOW�LQ
DOYHRODU�UXSWXUH�DQG�VXEVHTXHQW�DLU�GLVVHFWLRQ��7KLV�LQ�WXUQ�OHDGV�WR�DLU�WUDFNLQJ�DQG�WKH�GHYHORSPHQW�RI�PHGLDVWLQDO�DQG�VXEFXWDQHRXV�HPSK\VHPD�
7KLV�SKHQRPHQRQ�LV�ZHOO�GRFXPHQWHG�LQ�FRFDLQH�VPRNLQJ��ZLWK�UHFHQW�FDVHV�DOVR�LGHQWLI\LQJ�FRFDLQH�LQVXIIODWLRQ�DV�DQRWKHU�DHWLRORJ\�

$�VHFRQGDU\�FDXVDWLYH�PHFKDQLVP�KDV�DOVR�EHHQ�K\SRWKHVLVHG��LW�VXJJHVWV�GLUHFW�WR[LF�GDPDJH�WR�DOYHRODU�FHOOV�IXUWKHU�SUHFLSLWDWHV�DOYHROL�UXSWXUH
DQG�KHQFH�WKH�GHYHORSPHQW�RI�SQHXPRPHGLDVWLQXP��+RZHYHU��WKLV�LV�PRUH�OLNHO\�D�FRQVHTXHQFH�RI�SURORQJHG�H[SRVXUH�WR�FRFDLQH�UDWKHU�WKDQ
DFXWH�XVH�

3QHXPRPHGLDVWLQXP�DQG�DVVRFLDWHG�VXEFXWDQHRXV�HPSK\VHPD�DUH�UDUH�EXW�VLJQLILFDQW�FRPSOLFDWLRQV�RI�LOOLFLW�GUXJV�XVH��LQFOXGLQJ�QDVDO�LQVXIIODWLRQ
RI�FRFDLQH��DQG�FDQ�RIWHQ�EH�SUHVHQW�ZLWK�PLOG��QRQVSHFLILF�V\PSWRPV�VXFK�DV�FKHVW�SDLQ��G\VSQRHD��G\VSKDJLD��G\VSKRQLD�DQG�FRXJK�

$V�GHPRQVWUDWHG�E\�RXU�FDVH��WKH�FRQGLWLRQ�LV�XVXDOO\�VHOI�OLPLWLQJ�DQG�FDQ�EH�PDQDJHG�FRQVHUYDWLYHO\��+RZHYHU��LW�LV�HVVHQWLDO�WR�PRQLWRU�SRWHQWLDO
UHVSLUDWRU\�FRPSOLFDWLRQV�DQG�WR�XQGHUWDNH�IXUWKHU�LQYHVWLJDWLRQV��&7�VFDQV�DQG�RWKHU�FRQWUDVW�VWXGLHV��WR�H[FOXGH�RWKHU�FDXVHV�VXFK�DV
PHGLDVWLQLWLV��WUDFKHDO�DQG�RHVRSKDJHDO�UXSWXUH��SQHXPRSHULFDUGLXP��SQHXPRUUKDFKLV�DQG�DLUZD\�FRPSUHVVLRQ�

&RQFOXVLRQ

3DWLHQWV�IUHTXHQWO\�SUHVHQW�WR�WKH�('�FRPSODLQLQJ�RI�FKHVW�SDLQ�IROORZLQJ�FRFDLQH�XVH��$OWKRXJK�WKH�PDMRULW\�ZLOO�QRW�H[SHULHQFH�DQ\�DGYHUVH�HIIHFW�
LW�LV�LPSRUWDQW�WR�EH�YLJLODQW�IRU�VLJQV�RI�SQHXPRPHGLDVWLQXP�DQG�SUXGHQW�WR�RUJDQLVH�D�SODLQ�&;5�WR�FRQILUP�VXFK�RFFXUUHQFH�



%,20$5.(56 .HVNSDLN�7ULLQX

��������3UHVHQFH�DQG�SURJQRVWLF�YDOXH�RI�HOHYDWHG�KLJK�VHQVLWLYLW\�FDUGLDF�WURSRQLQ�LQ�SDWLHQWV�ZLWK�DFXWH�LVFKHPLF�VWURNH���D
UHWURVSHFWLYH�DQDO\VLV�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.HVNSDLN�7ULLQX������.XLGR�1�PP������6LUOL�6DDU������,QJHO�7�UN����

���HPHUJHQF\�PHGLFLQH�UHVLGHQW��7DUWX�8QLYHUVLW\�+RVSLWDO��7DUWX��(6721,$
���0'��KHDG�RI�WKH�HPHUJHQF\�GHSDUWPHQW��7DUWX�8QLYHUVLW\�+RVSLWDO��7DUWX��(6721,$
���PHGLFDO�VWXGHQW��7DUWX�8QLYHUVLW\�+RVSLWDO��7DUWX��(6721,$

.H\ZRUGV��$FXWH�LVFKHPLF�VWURNH��SURJQRVWLF�YDOXH�RI�KLJK�VHQVLWLYLW\�FDUGLDF�WURSRQLQ�

$EVWUDFW��

,QWURGXFWLRQ

&HUHEURYDVFXODU�DQG�FDUGLRYDVFXODU�GLVHDVHV�DUH�PDMRU�FDXVHV�RI�GHDWK�DQG�GLVDELOLW\�ZRUOGZLGH��%HFDXVH�RI�WKH�FORVH�DVVRFLDWLRQ�EHWZHHQ�VWURNH
DQG�FDUGLDF�GLVHDVH��FXUUHQW�$PHULFDQ�+HDUW�$VVRFLDWLRQ�$PHULFDQ�6WURNH�$VVRFLDWLRQ��$+$�$6$��JXLGHOLQHV�IRU�WKH�HDUO\�PDQDJHPHQW�RI�SDWLHQWV
ZLWK�DFXWH�LVFKHPLF�VWURNH�UHFRPPHQG�DVVHVVPHQW�RI�FDUGLDF�ELRPDUNHUV��SUHIHUDEO\�FDUGLDF�WURSRQLQ�>F7Q@��LQ�DOO�SDWLHQWV�SUHVHQWLQJ�ZLWK�DFXWH
LVFKHPLF�VWURNH��,Q�7DUWX�8QLYHUVLW\�+RVSLWDO�DW�WKH�WLPH�RI�WKLV�VWXG\�FDUGLDF�WURSRQLQ�ZDV�QRW�URXWLQHO\�DVVHVVHG�LQ�WKHVH�SDWLHQWV�

7KH�DLP�RI�RXU�VWXG\�ZDV�WR�HYDOXDWH�WKH�SUHVHQFH�RI�HOHYDWHG�KLJK�VHQVLWLYLW\�F7Q�RQ�DGPLVVLRQ�DQG�LWV�LPSDFW�WR�QHXURORJLFDO�LPSURYHPHQW�DQG
VKRUW�WHUP�VXUYLYDO�LQ�SDWLHQWV�ZLWK�DFXWH�LVFKHPLF�VWURNH�

0HWKRGV

7KLV�LV�D�UHWURVSHFWLYH�VWXG\�RI�DOO�SDWLHQWV�DGPLWWHG�WR�WKH�7DUWX�8QLYHUVLW\�+RVSLWDO�HPHUJHQF\�PHGLFLQH�GHSDUWPHQW�ZLWK�VLJQV�DQG�V\PSWRPV�RI
DFXWH�LVFKHPLF�VWURNH�LQ�D�RQH�\HDU�SHULRG��-DQXDU\������WR�'HFHPEHU��������,Q�RXU�KRVSLWDO�FULWHULD�IRU�VWURNH�ÊDODUPÈ�LV�DQ\�VWRNH�ZDUQLQJ�VLJQ�RU
V\PSWRP�UHJDUGOHVV�RI�WKH�VHYHULW\�RI�QHXURORJLFDO�GHILFLWV�ZLWKLQ�����KRXUV��,Q�WKLV�DQDO\VLV�ZH�LQFOXGHG�RQO\�WKHVH�SDWLHQWV�ZKR�UHFHLYHG
WKURPERO\WLF�WKHUDS\��3DWLHQWV�ZHUH�GLYLGHG�LQWR�WZR�JURXSV�DFFRUGLQJ�WR�WKHLU�F7Q7�YDOXH��OHVV�WKDQ���QJ�/�YHUVXV�Õ��QJ�/��:H�XVH�KLJKO\�VHQVLWLYH
DVVD\�LQ�RXU�KRVSLWDO��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�6WURNH�6FDOH��1,+66��G\QDPLFV�IURP�DGPLVVLRQ�WR��WK�GD\�VFRUH�ZDV�XVHG�WR�HYDOXDWH�WKH
QHXURORJLFDO�LPSURYHPHQW��$V�IRU�VKRUW�WHUP�VXUYLYDO��SDWLHQWV�ZKR�OHIW�WKH�KRVSLWDO�DOLYH�IRUPHG�RQH�JURXS�DQG�WKH�RQHV�ZKR�GLHG�ZLWKLQ�WKH
FXUUHQW�VWURNH�FDVH�IRUPHG�WKH�VHFRQG�JURXS�

5HVXOWV

$OWRJHWKHU�ZH�KDG�����VWURNH�ÊDODUPÈ�SDWLHQWV������RI�WKHP�ZHUH�GLDJQRVHG�ZLWK�DFXWH�VWURNH�DQG�����SDWLHQWV�UHFHLYHG�WKURPERO\WLF�WKHUDS\�
)URP�WKRVH��F7Q�KV�ZDV�PHDVXUHG�LQ������Q ����RI�FDVHV�RQ�DGPLVVLRQ�WR�WKH�HPHUJHQF\�GHSDUWPHQW���F7Q7�KV�ZDV�HOHYDWHG��Õ��QJ�/��LQ�����RI
WKHVH�SDWLHQWV��Q �����6WDWLVWLFDO�OLQHDU�PRGHO�VKRZHG�WKDW�SDWLHQWV��ZKRVH�F7Q�KV�ZDV�EHORZ���QJ�/�KDG�EHWWHU�QHXURORJLFDO�LPSURYHPHQW
FRPSDUHG�ZLWK�SDWLHQWV�ZKRVH�F7Q7�KV�ZDV�DERYH���QJ�/���1,+66�G\QDPLFV������LQ�F7Q7�KV�OHVV�WKDQ���QJ�/�JURXS�YHUVXV�1,+66�G\QDPLFV������LQ
F7Q7�KV�Õ��QJ�/�JURXS���S ���������

:H�IRXQG�QR�FRUUHODWLRQ�EHWZHHQ�HOHYDWHG�WURSRQLQ�DQG�VKRUW�WHUP�VXUYLYDO��S ������

&RQFOXVLRQV

$FFRUGLQJ�WR�RXU�VWXG\�HOHYDWHG�F7Q7�KV�FRUUHVSRQGV�ZLWK�ZRUVH�QHXURORJLFDO�LPSURYHPHQW�LQ�SDWLHQWV�ZKR�DUH�GLDJQRVHG�ZLWK�DFXWH�VWURNH�DQG
WUHDWHG�ZLWK�WKURPERO\WLF�GUXJ��1R�UHODWLRQVKLS�ZDV�UHYHDOHG�ZLWK�HOHYDWHG�F7Q7�KV�DQG�VKRUW�WLPH�VXUYLYDO��EXW�VLQFH�RXU�FRKRUW�ZDV�YHU\�VPDOO�WKLV
LV�LQFRQFOXVLYH�

(OHYDWHG�F7Q7�KDV�D�SRWHQWLDO�SURJQRVWLF�YDOXH�LQ�DFXWH�VWURNH�SDWLHQWV�DQG�VKRXOG�EH�URXWLQHO\�PHDVXUHG�LQ�SDWLHQWV�KRVSLWDOL]HG�WR�WKH�HPHUJHQF\
GHSDUWPHQW�DV�DFXWH�VWURNH�SDWLHQWV�

.H\�ZRUGV
$FXWH�LVFKHPLF�VWURNH��SURJQRVWLF�YDOXH�RI�KLJK�VHQVLWLYLW\�FDUGLDF�WURSRQLQ�



&$6(�35(6(17$7,21 6HUJLR�$]QDU

��������$�&$6(�5(3257��.281,6�6<1'520(��+($57�$77$&.�&$86(

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6HUJLR�$]QDU������9DQHVVD�+HUDV������(]UD�+RQDQ�5RL]������*HPD�(VWHEDQ������&HVDU�%ULHJD������0DU�D�,VDEHO�&DUUDVFR������0DU�D�-RV��-LPHQH]����

���(PHUJHQFLHV�'HSDUWPHQW��+RVSLWDO�3ULQFLSH�GH�$VWXULDV��$OFDO��GH�+HQDUHV��63$,1
���(PHUJHQFLHV�'HSDUWPHQW��+RVSLWDO�*HQHUDO�GH�*XDGDODMDUD��*XDGDODMDUD��63$,1

.H\ZRUGV��.RXQLV�V\QGURPH��KHDUW�DWWDFN��QRQ67(0,

$EVWUDFW��

���\HDU�ROG�PDOH�ZLWK�VXGGHQ�RQVHW�VHYHUH�DEGRPLQDO�SDLQ�DIWHU�WKH�LQJHVWLRQ�RI�IRRG��3URIXVH�VZHDWLQJ��VWURQJ�ZHDNQHVV��GLVWDO�FROGQHVV�DQG
IHHOLQJ�RI�G\VWKHUPLD��1R�QDXVHD�RU�YRPLWLQJ��+H�GHQLHV�FKHVW�SDLQ�

'RHV�QRW�KDYH�PHGLFLQH�DOOHUJ\�RU�FDUGLRYDVFXODU�ULVN�IDFWRUV�H[FHSW�VPRNLQJ�

�

3K\VLFDO�H[DPLQDWLRQ�

�

9LWDO�VLJQV��%3��������PP+J�����ESP��7HPSHUDWXUH������q&

&RQVFLRXV�DQG�RULHQWHG��(XSQHLF��3DOHQHVV�ZLWK�VZHDW\�VNLQ��(U\WKHPD�LQ�WKRUD[�ZLWK�ZKHDO�VN\Q�OHVLRQV�

&DUGLRSXOPRQDU\�DXVFXOWDWLRQ�ZLWKRXW�SDWKRORJLFDO�GDWD�

7KH�DEGRPHQ�LV�VRIW��GHSUHVVLEOH��SDLQ�WR�K\SRJDVWULXP�SDOSDWLRQ�ZLWKRXW�SHULWRQHDO�LUULWDWLRQ�VLJQV��1R�KHUQLDV�

�

&RPSOHPHQWDU\�WHVWV�

�

��������(&*��6LQXV�WDFK\FDUGLD�RI�����ESP�ZLWKRXW�GDWD�RI�LQWHUHVW�

��������&KHVW�[�UD\��ZKLWRXW�VLJQLILFDQW�UDGLRORJLFDO�ILQGLQJV�

��������%ORRG�WHVW��VOLJKW�OHXNRF\WRVLV���������ZLWK�SUHGRPLQDQFH�RI�QHXWURSKLOV����������WKH�UHVW�RI�WKH�KHPRJUDP�LV�QRUPDO��%LRFKHPLVWU\�
K\SHUJO\FHPLD�������DQG�VOLJKWO\�LQFUHDVH�RI�7URSRQLQ�,�XS�WR�������QRUPDO���������

�

�

�

'LIIHUHQWLDO�GLDJQRVLV�

�

,Q�D�FOLQLFDO�GLDJQRVLV�FRPSDWLEOH�ZLWK�VKRFN�ZH�YDOXH�GLIIHUHQW�FDXVHV��K\SRYROHPLF��FDUGLRJHQLF��REVWUXFWLYH�RU�GLVWULEXWLYH�

7KH�DQDSK\ODFWLF�VKRFN��GLVWULEXWLYH��LV�SURGXFHG�E\�WKH�PDVW�FHOOV�UHOHDVH��RI�VXGGHQ�DSSHDUDQFH��LV�FKDUDFWHUL]HG�E\�ORZ�EORRG�SUHVVXUH��VNLQ�UDVK�
XUWLFDULD��EURQFKRVSDVP�DQG�GLJHVWLYH�V\PSWRPV�VXFK�DV�SDLQ��YRPLWLQJ�DQG�GLDUUKHD�

�

(YROXWLRQ�DQG�'LVFXVVLRQ�

�



,QLWLDOO\�WUHDWHG�ZLWK�VHUXP�WKHUDS\�DQG�DGPLQLVWHULQJ�RI�����PJ�RI�DGUHQDOLQ�LPSURYLQJ�FOLQLFDOO\�ZLWK�%3��������PP+J�DQG�UDVK�GLVDSSHDUDQFH�

�

6HFRQG�7URSRQLQ�RI�������Ò��DJDLQ��UHDVRQ�IRU�ZKLFK�VXVSHFWHG�1RQ�67�(OHYDWLRQ�0LRFDUGLDO�,QIUDFWLRQ��1RQ67(0,��LQ�WKH�FRQWH[W�RI�DQDSK\ODFWLF
VKRFN�LQLWLDWLQJ�WUHDWPHQW�ZLWK�GXDO�DQWLSODWHOHW�WKHUDS\��DQG�ZDV�DGPLWWHG�WR�KRVSLWDO�WR�FRPSOHWH�WKH�VWXG\��1RUPDO�(FKRFDUGLRJUDP�DQG�FRURQDU\
DQJLRSODVW\�ZLWKRXW�LQMXULHV�LQ�WKH�FRURQDU\�DUWHULHV��2EWDLQHG�YDOXHV�RI�SRVLWLYH�7U\SWDVH�DQG�OJ(�VSHFLILF�IRU�$QLVDNLV��7KH�ILQDO�GLDJQRVLV�ZDV
.RXQLV�V\QGURPH�W\SH�,�

�

7KH�.RXQLV�V\QGURPH�LV�WKH�VLPXOWDQHRXV�DSSHDUDQFH�RI�DFXWH�FRURQDU\�HYHQWV�DQG�DQDSK\ODFWLF�DOOHUJ\�UHDFWLRQV��7KURXJK�KLVWDPLQH�DQG
OHXNRWULHQHV�RQ�VPRRWK�PXVFOH�FDQ�FDXVH�WKH�RQVHW�RI�YDVRVSDVWLF�DQJLQD�

�

7ZR�VXEW\SHV�,�DQG�,,�DUH�GLVWLQJXLVKHG��ZLWKRXW�FRURQDU\�GLVHDVH�DQG�ZLWK�DWKHURPDWRXV�FRURQDU\�DUWHU\�GLVHDVH��UHVSHFWLYHO\��$�7\SH�,,,�SRVWXODWHV
IRU�SDWLHQWV�ZLWK�VWHQWV�WKURPERVLV�SURGXFHG�E\�PDVW�FHOOV�DQG�HRVLQRSKLOV�

�

7KH�GLDJQRVLV�LV�FOLQLFDO�E\�WKH�SUHVHQFH�RI�VLJQV�VXJJHVWLQJ�DQ�DOOHUJLF�UHDFWLRQ�DQG�D�FRURQDU\�HYHQW�VLPXOWDQHRXVO\��7KHUH�DUH�QR�SDWKRJQRPRQLF
WHVWV�DQG�LQ�FDVH�RI�VXVSLFLRQ�RI�LW��ZH�PXVW�FDUU\�RXW��(.*�WR�DVVHVV�67�DOWHUDWLRQV�LQ�UHODWLRQ�WR�YDVRVSDVP��EORRG�WHVW�ZLWK�7URSRQLQ�DQG�WU\SWDVH
OHYHOV��(FKRFDUGLRJUDP�DQG�FDUGLDF�FDWKHWHUL]DWLRQ�DOORZ�WR�FRPSOHWH�WKH�VWXG\�

�

,W�VKRXOG�EH�QRWHG�WKDW�PDQ\�RI�WKH�GUXJV�XVHG�VHSDUDWHO\�LQ�DQDSK\OD[LV�RU�LQ�$&6�FDQ�SUHVHQW�FRQWUDLQGLFDWLRQV�ZKHQ�ERWK�HSLVRGHV�DSSHDUV
VLPXOWDQHRXVO\��7KH�DGUHQDOLQ�WKDW�FDQ�DJJUDYDWH�LVFKHPLD�RI�$&6�DQG�LQGXFH�YDVRVSDVP��7KH�GUXJV�XVHG�LQ�$&6�FDQ�DJJUDYDWH�DQDSK\OD[LV�
DFHW\OVDOLF\OLF�DFLG�FDXVH�GUXJ�DOOHUJLF�UHDFWLRQV��QLWUDWHV�DUH�FRQWUDLQGLFDWHG�LQ�K\SRWHQVLRQ�DQG�WDFK\FDUGLD��DQG�PRUSKLQH�FDQ�JLYH�ULVH�WR�PDVW
FHOO�GHJUDQXODWLRQ�

�

.RXQLV�V\QGURPH�LV�LQIUHTXHQW�DQG�SUREDEO\�XQGHU�GLDJQRVHG��8QDZDUHQHVV�FDQ�FDXVH�XQGHVLUDEOH�HIIHFWV�IRU�WKH�SURJQRVLV�DQG�HYROXWLRQ�RI
SDWLHQWV�WKDW�VXIIHU�LW�LQ�FDVH�RI�SUHVHQW�LQWHUDFWLRQV�EHWZHHQ�GLIIHUHQW�GUXJV�XVHG�LQ�WKHLU�WUHDWPHQW�



75$80$ $OLFLD�%DJXHQD

��������(PHUJHQF\�IDVFLRWRP\�DV�WUHDWPHQW�IRU�XSSHU�OLPE�FRPSDUWLPHQWDO�V\QGURPH�RI�WKH�QHZ�ERUQ��&DVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%DJXHQD�$OLFLD������(VFULFKH�5RFLR������3DUGR�7HUHVD������+DPDP�6DPL������)HUQDQGR�7HUHVD������%RQH]�3DWULFLD����

���(PHJQF\��+RVSLWDO�5R\R�9LOODQRYD��=DUDJR]D��63$,1
���(PHUJHQF\��+RVSLWDO�5R\R�9LOODQRYD��=DUDJR]D��63$,1
���7UDXPDWRORJ\��+RVSLWDO�0LJXHO�6HUYHW��=DUDJR]D��63$,1
���(PHUJQF\��+RVSLWDO�5R\R�9LOODQRYD��=DDJR]D��63$,1

.H\ZRUGV��FRPSDUWPHQW�V\QGURPH��1HZ�ERUQ��IDVFLRWRP\

$EVWUDFW��

,QWURGXFWLRQ��7KH�FRPSDUWPHQW�V\QGURPH�LQ�WKH�QHZERUQ�LV�D�UDUH�GLVHDVH��,W�LV�RIWHQ�LQLWLDOO\�PLVGLDJQRVHG�GXH�WR�WKH�ORZ�LQFLGHQFH�RI�WKLV�GLVHDVH
DQG�EHFDXVH�OHVLRQV�VXJJHVW�RWKHU�FRQGLWLRQV�RI�WKH�QHZERUQ��7KH�LQLWLDO�SUHVHQWDWLRQ�YDULHV�IURP�D�ORFDO�VNLQ�OHVLRQ�WR�JDQJUHQH�RI�WKH�IRUHDUP�
(DUO\�GLDJQRVLV�DQG�LQWHUYHQWLRQ�DUH�FULWLFDO�WR�DFKLHYH�WKH�EHVW�UHVXOWV�DQG�WR�DYRLG�WKH�FRQVHTXHQFHV�RI�SURORQJHG�LVFKHPLD��VXFK�DV�WKH
GHYHORSPHQW�RI�VHQVRULPRWRU�GLVRUGHUV�RU�9RONPDQQ�FRQWUDFWXUH�

2EMHFWLYHV��'HVFULEH�WKH�WUHDWPHQW�DQG�PDQDJHPHQW�GRQH�LQ�D�QHZERUQ�FRPSDUWPHQW�V\QGURPH��E\�H[SRVLQJ�D�FDVH�

0HWKRGV��:H�SUHVHQW�D�FDVH�RI�D����KRXU�QHZERUQ�IUXLW�RI�WKH�ILIWK�SUHJQDQF\�RI�\RXQJ�ZRPDQ�ZLWK�WZR�KHDOWK\�FKLOGUHQ��:H�H[SODLQ�FOLQLFDO
V\PSWRPV�DQG�GLDJQRVWLF�WHVWV�WKDW�OHG�WR�WKH�GLDJQRVLV�RI�FRPSDUWPHQW�V\QGURPH��8SSHU�OLPE�HPHUJHQF\�IDVFLRWRP\�ZDV�SHUIRUPHG�LQFOXGLQJ
GRUVDO�DQG�YRODU�IRUHDUP��FDUSDO�WXQQHO��HOERZ�IOH[XUH�DQG�GLVWDO�YRODU�DUP��7KH�RSHUDWLRQ�ZDV�GHWDLOHG�E\�SKRWRJUDSKV�WDNHQ�IURP�WKH�VXUJLFDO�DUHD�
:H�GHVFULEH�WKH�VXEVHTXHQW�HYROXWLRQ�DQG�RXWFRPH�

5HVXOWV��3HULRGLF�IDVFLRWRPLHV�FXUHV�DQG�DUWLILFLDO�VNLQ�FORVXUH�ZHUH�SHUIRUPHG��7KH�SDWLHQW�WRGD\��RQH�PRQWK�DIWHU�WKH�LQWHUYHQWLRQ��KDV�LPSURYHG
IRUHDUP�PRELOLW\�ZLWKRXW�EHFRPLQJ�IXOO��QR�SDLQ��DQG�LQMXULHV�KDYH�HYROYHG�WRZDUG�KHDOLQJ�

&RQFOXVLRQV��&RQJHQLWDO�LVFKHPLF�QHFURVLV�RI�WKH�IRUHDUP�KDV�SUHYLRXVO\�EHHQ�UHSRUWHG�WR�RFFXU�ZLWK�FRPSRXQG�SUHVHQWDWLRQ��ZKHQ�DQ�H[WUHPLW\�
KDQG��DUP��RU�IRRW�RI�WKH�EDE\
SURODSVHV�WRJHWKHU�ZLWK�WKH�YHUWH[�LQ�D�ZRPDQ�LQ�ODERU���,Q�RXU�FDVH��WKLV�ZDV�VSRQWDQHRXVO\�UHPRYHG�E\�EUHDNLQJ�WKH�DPQLRWLF�VDF�DQG�WKHUH�ZDV�D
YDJLQDO�GHOLYHU\��7KH�QHZERUQ�VKRXOG�EH�FDUHIXOO\�H[DPLQHG�IRU�FOLQLFDO�VLJQV�RI�FLUFXODWRU\�FRPSURPLVH��WKH�HDUOLHVW�RI�ZKLFK�DUH�WKH�VNLQ�OHVLRQV�
(DUO\
GLDJQRVLV�DQG�LQWHUYHQWLRQ�PXVW�EH�SHUIRUPHG�



*(5,$75,&6 &DPLOOD�6WUpP

��������$GYHUVH�HYHQWV�LQ�HOGHUO\�SDWLHQWV�DGPLWWHG�WR�D�PHGLFDO�VKRUW�VWD\�XQLW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&DPLOOD�6WU�P������/DUV�6��5DVPXVVHQ������7KRPDV�$��6FKPLGW����

���'HSW��RI�(PHUJHQF\�0HGLFLQH��+ROEDHN�6\JHKXV��8QLYHUVLW\�RI�&RSHQKDJHQ��&RSHQKDJHQ��'(10$5.
���'HSW��RI�$QDHVWKHVLRORJ\��&HQWUH�RI�+HDG�DQG�2UWKRSHGLFV��5LJVKRVSLWDOHW��8QLYHUVLW\�RI�&RSHQKDJHQ��&RSHQKDJHQ��'(10$5.

.H\ZRUGV��HOGHUO\��VKRUW�VWD\�XQLWV��IDVW�WUDFN�FDUH��DGYHUVH�HYHQWV

$EVWUDFW��

,QWURGXFWLRQ

(OGHUO\�SDWLHQWV�DUH�DW�SDUWLFXODU�ULVN�RI�H[SHULHQFLQJ�DGYHUVH�HYHQWV�RI�KRVSLWDOLVDWLRQ��DQG�WKH\�DUH�PRUH�YXOQHUDEOH�WR�DGYHUVH�HYHQWV�FRPSDUHG
WR�\RXQJHU�SDWLHQWV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�FRPSDUH�WKH�RFFXUUHQFH�RI�DGYHUVH�HYHQWV�GXULQJ�KRVSLWDOLVDWLRQ�RU�ZLWKLQ����GD\V�DIWHU�GLVFKDUJH
WR�HLWKHU�D�VKRUW�VWD\�XQLW�RU�D�GHSDUWPHQW�RI�LQWHUQDO�PHGLFLQH�LQ�HOGHUO\�LQWHUQDO�PHGLFLQH�SDWLHQWV�

0HWKRGV

7KLV�UHWURVSHFWLYH�VWXG\�HYDOXDWHG�DGYHUVH�HYHQWV�GXULQJ�KRVSLWDOLVDWLRQ�RI�HOGHUO\�LQWHUQDO�PHGLFLQH�SDWLHQWV�HLWKHU�LQ�DQ�HPHUJHQF\�GHSDUWPHQW
EDVHG�VKRUW�VWD\�XQLW�FDOOHG�Æ4XLFN�'LDJQRVWLF�8QLWÇ��4'8��RU�DQ�LQWHUQDO�PHGLFLQH�GHSDUWPHQW��,0'��DW�+ROEDHN�+RVSLWDO��'HQPDUN��IURP�-DQXDU\��VW
�������(OLJLEOH�SDWLHQWV�ZHUH����\HDUV�RU�ROGHU�DQG�DGPLWWHG�IRU�DQ\�LQWHUQDO�PHGLFLQH�GLVHDVH�DQG�WKH\�VKRXOG�KDYH�D�QRQ�HPHUJHQW��JUHHQ��WULDJH
OHYHO�DW�DGPLVVLRQ��,0'�SDWLHQWV�ZHUH�PDWFKHG�ZLWK�4'8�SDWLHQWV�E\����\HDU�RI�ELUWK�DQG����GDWH�RI�DGPLVVLRQ��0HGLFDO�UHFRUGV�ZHUH�UHYLHZHG�LQ�D
WZR�VWDJH�SURFHVV�E\�SK\VLFLDQV�WR�GHWHFW�DGYHUVH�HYHQWV��(DUOLHU�VWXGLHV�KDYH�VKRZQ�WKDW�XS�WR������RI�HOGHUO\�SDWLHQWV�H[SHULHQFH�DQ�DGYHUVH
HYHQW�GXULQJ�D�KRVSLWDOLVDWLRQ��WR�GHWHFW�D������ULVN�UHGXFWLRQ�EDVHG�RQ�DOSKD �����DQG�EHWD ������D�VDPSOH�VL]H�RI�����SDWLHQWV�ZDV�UHTXLUHG��7KH
SULPDU\�RXWFRPH�ZDV�WKH�RFFXUUHQFH�RI�DQ\�DGYHUVH�HYHQW�RQ�D�OLVW�RI����SUHGHILQHG�HYHQWV�GXULQJ�KRVSLWDOLVDWLRQ�RU�XS�WR����GD\V�DIWHU�GLVFKDUJH�
6HFRQGDU\�RXWFRPH�PHDVXUHV�LQFOXGHG�W\SHV�RI�DGYHUVH�HYHQWV�DQG�PRUWDOLW\��$�S�YDOXH�������ZDV�FRQVLGHUHG�VLJQLILFDQW�

5HVXOWV

:H�VFUHHQHG�D�WRWDO�RI�����SDWLHQWVÇ�KRVSLWDO�FKDUWV�IRU�LQFOXVLRQ�DQG�����SDWLHQWV�PHW�WKH�LQFOXVLRQ�FULWHULD������SDWLHQWV�LQ�HDFK�JURXS��7KH�PHGLDQ
DJH�RI�SDWLHQWV�ZHUH����\HDUV��,45�������\HDUV��IRU�ERWK�JURXSV��7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�EDVHOLQH�YDULDEOHV��)RU�ERWK�JURXSV��WKH
PHGLDQ�&KDUOVRQ�&RPRUELGLW\�,QGH[�VFRUH�ZDV���ZLWK�,45������$GYHUVH�HYHQWV�ZHUH�VLJQLILFDQWO\�OHVV�FRPPRQ�LQ�WKH�4'8�JURXS�WKDQ�LQ�WKH
,0'�JURXS��L�H�������������SDWLHQWV�LQ�WKH�4'8�JURXS�DQG�����������SDWLHQWV�LQ�WKH�,0'�JURXS�KDG�RQH�RU�PRUH�DGYHUVH�HYHQWV�RI�KRVSLWDOLVDWLRQ���S
 �������7KH�UHODWLYH�ULVN�RI�DQ�DGYHUVH�HYHQW�ZDV������������&,������������LQ�WKH�4'8�JURXS�DQG�����������&,������������LQ�WKH�,0'�JURXS�
UHVSHFWLYHO\��7KH�PRVW�FRPPRQ�DGYHUVH�HYHQWV�ZHUH����WUDQVIHU�GXULQJ�KRVSLWDOLVDWLRQ�����XQSODQQHG�UHDGPLVVLRQ�����QRVRFRPLDO�LQIHFWLRQ�LQ�ERWK
JURXSV��:H�IRXQG�QR�VLJQLILFDQW�GLIIHUHQFH�LQ����GD\�PRUWDOLW\�4'8�JURXS�FRPSDUHG�WR�WKH�,0'�JURXS������������YHUVXV�����������+5�����������
��������������

&RQFOXVLRQV

$GYHUVH�HYHQWV�ZDV�VLJQLILFDQWO\�OHVV�FRPPRQ�LQ�HOGHUO\�SDWLHQWV�WUHDWHG�LQ�D�PHGLFDO�VKRUW�VWD\�XQLW�FRPSDUHG�WR�DQ�LQWHUQDO�PHGLFLQH�ZDUG�
+RVSLWDOLVDWLRQ�LQ�D�VKRUW�VWD\�XQLW�VHHPV�QRW�RQO\�IHDVLEOH��EXW�LQ�VHOHFWHG�FDVHV�PD\EH�HYHQ�SUHIHUDEOH��IRU�HOGHUO\�PHGLFDO�SDWLHQWV���



0$1$*(0(17���('�25*$1,6$7,21 -(11,)(5�758&+27

��������'HVFULSWLYH�DQDO\VLV�RI�WKH�FRPSODLQW�OHWWHUV�VHQW�WR�WZR�HPHUJHQF\�GHSDUWPHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-HQQLIHU�7UXFKRW������$QWKRQ\�&KDXYLQ������%HUWUDQG�*DOLFKRQ������*LQD�.UXQLF������)DELHQ�0DUWLQH]������-HDQ�3DXO�)RQWDLQH������3DWULFN�3ODLVDQFH����

���6HUYLFH�GÇ$FFXHLO�GHV�8UJHQFHV���&HQWUH�+RVSLWDOLHU�8QLYHUVLWDLUH�/DULERLVL�UH��$3�+3����UXH�$PEURLVH�3DU���3DULV��8QLYHUVLW��3DULV�9,,�5HQ��'LGHURW�
3DULV��)5$1&(��$3+3��3DULV��)5$1&(
���6HUYLFH�GÇ$FFXHLO�GHV�8UJHQFHV���&HQWUH�+RVSLWDOLHU�8QLYHUVLWDLUH�/DULERLVL�UH��$3�+3����UXH�$PEURLVH�3DU���3DULV��3DULV��)5$1&(
���'LUHFWLRQ�GHV�8VDJHUV��GX�6\VW�PH�GÇ,QIRUPDWLRQ�HW�GH�OD�4XDOLW�����+�SLWDX[�8QLYHUVLWDLUHV��6DLQW�/RXLV���/DULERLVL�UH���)HUQDQG�:LGDO���3DULV�
)5$1&(
���'LUHFWLRQ�GHV�8VDJHUV��GX�6\VW�PH�GÇ,QIRUPDWLRQ�HW�GH�OD�4XDOLW����+�SLWDX[�8QLYHUVLWDLUHV��6DLQW�/RXLV���/DULERLVL�UH���)HUQDQG�:LGDO���3DULV�
)5$1&(
���6HUYLFH�GÇ$FFXHLO�GHV�8UJHQFHV���&HQWUH�+RVSLWDOLHU�8QLYHUVLWDLUH�6DLQW�/RXLV��$3�+3��3DULV��8QLYHUVLW��3DULV�9,,�5HQ��'LGHURW��3DULV��)5$1&(
���6HUYLFH�GÇ$FFXHLO�GHV�8UJHQFHV���&HQWUH�+RVSLWDOLHU�8QLYHUVLWDLUH�/DULERLVL�UH��$3�+3����UXH�$PEURLVH�3DU���3DULV��8QLYHUVLW��3DULV�9,,�5HQ��'LGHURW�
3DULV��)5$1&(��$3+3��3$5,6��)5$1&(

.H\ZRUGV��&RPSODLQWV��FRPPXQLFDWLRQ��PHGLFDO�HUURU

$EVWUDFW��

,QWURGXFWLRQ��2YHU�WKH�ODVW�IHZ�\HDUV�WKHUH�KDV�EHHQ�DQ�LQFUHDVH�LQ�OLWLJDWLRQ�DJDLQVW�GRFWRUV��,Q�WKH�86$��RQH�RXW�RI�VL[�SK\VLFLDQ�LV�IDFLQJ
PDOSUDFWLFH�FODLPV��(PHUJHQF\�GHSDUWPHQWV��('��DUH�SDUWLFXODUO\�YXOQHUDEOH�WR�WKLV�ULVN��7KLV�SKHQRPHQRQ�FDXVHV�PRGLILFDWLRQV�LQ�WKH�ZD\V�RI
SUDFWLFLQJ�PHGLFLQH��DPRQJ�WKRVH��RYHU�SUHVFULSWLRQ�RI�FRPSOHPHQWDU\�H[DPV��7RR�IHZ�VWXGLHV�H[LVW�RQ�WKH�DQDO\VLV�RI�WKH�FRQWHQW�RI�FRPSODLQWV
OHWWHUV��(YHQ�WKRXJK��LW�LV�QRZ�DGPLWWHG�WKDW�WKH�QXPEHU�RI�FRPSODLQWV�LV�D�JRRG�LQGLFDWRU�RI�WKH�TXDOLW\�RI�FDUH��6WUXFWXUDO�HYROXWLRQ�RI�WZR�('V
PRWLYDWHG�WKH�TXDOLWDWLYH�DQDO\VLV�RI�FRPSODLQWV�

0HWKRGV���:H�FRQGXFWHG�D�UHWURVSHFWLYH�PXOWLFHQWHU�ZLWKLQ�D�KRVSLWDO�JURXS�RI�WZR�('V�IURP�-XQH������WR�-XQH�������7KH�OHWWHUV�ZHUH�DQRQ\PLVHG
DOORZLQJ�D�EOLQG�DQDO\VLV�RI�WKHLU�FRQWHQW��5HVXOWV�DUH�H[SUHVVHG�LQ�PHDQV�DQG�LQWHUTXDUWLOH��PHGLDQ�DQG�VWDQGDUG�GHULYDWLRQV��DQG�SHUFHQWDJHV�

5HVXOWV��$�WRWDO�RI����OHWWHUV�ZHUH�DQDO\VHG��7KH�SDWLHQWÇV�PHGLDQ�DJH����ZDV���������������\HDUV�ROG�ZLWK�D�PDMRULW\�RI�ZRPHQ����������7KH
SDWLHQWV�ZURWH�WKH�OHWWHUV�WKHPVHOYHV�LQ�PRVW�FDVHV����������7KH�PDLQ�UHDVRQV�IRU�ZULWLQJ�ZHUH�FRPPXQLFDWLRQ�GHIDXOW����������D�VXVSLFLRQ�RI
PHGLFDO�HUURU�����������PDOLFLRXV�DFW��VWHDOLQJ�RU�ORRVLQJ�RI�SHUVRQDO�REMHFWV������������7KH�ZDLWLQJ�WLPH�ZDV�RQO\�PHQWLRQHG�LQ�RQH�FRPSODLQW�OHWWHU�
7KH�SDWLHQWV�FRQFHUQHG�E\�WKHVH�FRPSODLQWV�ZHUH�PDQDJHG�LQ�WKH�PHGLFDO�ZDUG����������WKH�WUDXPDWRORJ\�ZDUG����������J\QDHFRORJ\��������DQG
SV\FKLDWU\���������7KH�DQDO\VLV�RI�WKH�UHSDUWLWLRQ�RYHU�WLPH�GLG�QRW�VKRZ�D�FRUUHODWLRQ�EHWZHHQ�WKH�QXPEHU�RI�FRPSODLQWV�DQG�WKH�UHVLGHQWV�VKLIWLQJ
SHULRG�RU�WKH�PRUH�FURZGHG�SHULRGV�LQ�WKH�('V��6XE�JURXS�DQDO\VLV�DFFRUGLQJ�WR�DJH�RU�FDUH�ZDUG�GLG�QRW�VKRZ�D�GLIIHUHQFH�LQ�WKH�QXPEHU�RI
FRPSODLQWV�

'LVFXVVLRQ��2XU�UHVXOWV�DUH�FRQFRUGDQW�ZLWK�WKH�FXUUHQW�OLWHUDWXUH��&RPPXQLFDWLRQ�UHPDLQV�WKH�PDLQ�UHDVRQ�IRU�ZULWLQJ�D�FRPSODLQW�OHWWHU��2QH�RI
WKH�OLPLWV�RI�WKLV�ZRUN�LV�WKH�QHFHVVLW\�WR�ZULWH��GXULQJ�WKLV�SHULRG�����SDWLHQWV�WUDQVPLWWHG�WKHLU�FRPSODLQWV�GXULQJ�D�YLVLW�DQG�QRW�E\�ZULWLQJ��7KH
VPDOO�QXPEHU�RI�FRPSODLQWV�GLG�QRW�DOORZ�SHUWLQHQW�VXE�JURXSV�DQDO\VLV��7KH�EOLQGHG�DQDO\VLV�GLG�QRW�DOORZ�WR�FRQILUP�WKH�VXVSLFLRQ�RI�PHGLFDO
HUURUV��

&RQFOXVLRQ��7KH�SULQFLSDO�UHDVRQV�IRU�ZULWLQJ�D�FRPSODLQW�OHWWHU�ZHUH�KXPDQ�IDFWRUV�IRU�ZKLFK�DQ�LQWHUYHQWLRQ�VXFK�DV�VSHFLILF�VWDII�HGXFDWLRQ
VHVVLRQV�FRXOG�EH�VXJJHVWHG��&RPPXQLFDWLRQ�LQ�WKH�('�UHPDLQV�D�NH\�HOHPHQW�WR�LPSURYH�



('8&$7,21�$1'�75$,1,1* 1HGDV�-DVLQVNDV

��������&RPELQLQJ�(�/HDUQLQJ��0DVWHU\�/HDUQLQJ��3HHU�7HDFKLQJ��DQG�5HPRWH�0RQLWRULQJ�LQ�D�+\EULG�3URJUDP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'DYLG�5RGJHUV������1HGDV�-DVLQVNDV������'LQDV�9DLWNDLWLV������3DXOLXV�'RER]LQVNDV������/DLPD�-XR]DSDYLFLHQH������%LUXWH�.XPSDLWLHQH������(OL]DEHWK
6LQ]������.HYLQ�0F9HLJK����

�����&OLQLFDO�6LPXODWLRQ�&HQWHU��3HQQ�6WDWH�0LOWRQ�6��+HUVKH\�0HGLFDO�&HQWHU��+HUVKH\��3$��+HUVKH\��86$
�����+RVSLWDO�RI�/LWKXDQLDQ�8QLYHUVLW\�RI�+HDOWK�6FLHQFHV��.DXQDV��/,7+8$1,$
�����/LWKXDQLDQ�8QLYHUVLW\�RI�+HDOWK�6FLHQFHV��.DXQDV��/,7+8$1,$
�����$QHVWKHVLRORJ\�DQG�3HULRSHUDWLYH�0HGLFLQH��3HQQ�6WDWH�0LOWRQ�6��+HUVKH\�0HGLFDO�&HQWHU��+HUVKH\��+HUVKH\��86$

.H\ZRUGV��+\EULG�OHDUQLQJ��H�OHDUQLQJ��VLPXOODWLRQ

$EVWUDFW��

%DFNJURXQG

6NLOOV�WHDFKLQJ�LQ�KHDOWKFDUH�FDQ�EH�FKDOOHQJLQJ�LQ�WKH�EHVW�RI�FRQGLWLRQV��$GG�LQ�D�ODFN�RI�LQVWUXFWRUV�RU�IDFXOW\�DQG�UHPRWH�ORFDWLRQV��DQG�WKH
GLIILFXOW\�LV�PXOWLSOLHG��7KH�&ULVLV�5HVHDUFK�&HQWUH�DW�WKH�/LWKXDQLDQ�8QLYHUVLW\�RI�+HDOWK�6FLHQFHV�ZDV�WDVNHG�ZLWK�WHDFKLQJ�RU�XSGDWLQJ�D�ZLGH
YDULHW\�RI�SUDFWLFLQJ�FOLQLFLDQV�LQ�.D]DNKVWDQ�ZLWK�VNLOOV�HVVHQWLDO�WR�QHZERUQ��SHGLDWULF��DQG�DGXOW�UHVXVFLWDWLRQ��7KH�ODFN�RI�DFFHVV�WR�H[SHULHQFHG
IDFXOW\�DQG�JHRJUDSKLFDOO\�LVRODWHG�ORFDWLRQV�PDGH�WKLV�WDVN�PRUH�GLIILFXOW��7KH�&HQWUH�GHYHORSHG�D�K\EULG�DSSURDFK�WR�WHDFK�WKHVH�VNLOOV�WKDW
LQFOXGHG�IRXU�NH\�FRPSRQHQWV��5HYLHZ�RI�RQOLQH��YLGHR�GULYHQ�GHVFULSWLRQV�DQG�LQVWUXFWLRQV�RI�VNLOOV��%UHDNLQJ�HDFK�FRPSOH[�WDVN�LQWR�HVVHQWLDO
HOHPHQWV�LQ�DQ�HGXFDWLRQDO�SURJUDP�WKDW�EXLOW�PDVWHU\�E\�KDYLQJ�OHDUQHUV�SURJUHVV�WKURXJK�IXQGDPHQWDO�WDVNV�WR�FRPSOHWH�VLPXODWLRQV�RI�WKH�WDVNV
LQ�LQFUHDVLQJO\�GLIILFXOW�LQFUHPHQWV���'HYLVLQJ�D�WHDFKLQJ�PHWKRGRORJ\�WKDW�UHOLHG�RQ�SHHU�WR�SHHU�WHDFKLQJ�XVLQJ�SURFHGXUDO�FKHFNOLVWV�WKDW�IRUFHG
OHDUQHUV�GRZQ�FRUUHFW�SDWKZD\V�GXULQJ�OHDUQLQJ�H[HUFLVHV��5HPRWH�YLGHR�PRQLWRULQJ�RI�ILQDO�SHUIRUPDQFH�WHVWV�RI�OHDUQHUV�LQ�.D]DNKVWDQ�E\�WKH
&HQWUHÇV�VWDII�LQ�/LWKXDQLD�

(GXFDWLRQDO�JRDO

/LPLWDWLRQV�LQ�IDFXOW\�DYDLODELOLW\�DW�WKH�ORFDO�OHYHO�IRUFHG�D�FUHDWLYH�DSSURDFK�WR�WKH�SUREOHP��7KH�V\VWHP�KDV�EHHQ�GHYHORSHG�DQG�WHVWHG�ZLWK�RYHU
������UHVXVFLWDWLRQ�WHDP�PHPEHUV�LQ�.D]DNKVWDQ�VLQFH�������2SHUDWLRQDOO\��WKH�V\VWHP�LV�ZRUNLQJ�ZHOO��+RZHYHU��QR�IRUPDO�WHVW�RI�LWV�HIILFDF\
FRPSDUHG�WR�VWDQGDUG�IDFXOW\�OHG�WHDFKLQJ�KDV�EHHQ�GRQH��$�UDQGRPL]HG�FRQWUROOHG�VWXG\�FRPSDULQJ�WKH�K\EULG�PRGHO�DJDLQVW�VWDQGDUG�LQVWUXFWLRQ
LV�SODQQHG�ZLWK�H[SHFWHG�LQLWLDWLRQ�LQ�VXPPHU������

3URSRVHG�$SSURDFK

7KH�SURSRVHG�VWXG\�ZLOO�UDQGRPL]H�PHGLFDO�VWXGHQWV�RQ�DQHVWKHVLD�URWDWLRQ�DW�WKH�3HQQ�6WDWH�+HUVKH\�0HGLFDO�&HQWHU�WR�HLWKHU�UHFHLYH�WKH�K\EULG
WUDLQLQJ�RU�VWDQGDUG�LQVWUXFWLRQ�LQ�EDVLF�DQG�DGYDQFHG�DLUZD\�SURFHGXUHV��7KUHH�SULPDU\�GDWD�SRLQWV�DUH��,QLWLDO�SRVW�LQVWUXFWLRQ�VNLOOV�WHVW��IDFXOW\
DVVHVVPHQW�RI�VNLOOV�LQ�DFWXDO�25�SDWLHQW�FDVHV��DQG�H[LW�VNLOOV�WHVW�DW�FRQFOXVLRQ�RI�URWDWLRQ��$GGLWLRQDO�GDWD�SRLQWV�ZLOO�LQFOXGH�OHDUQHU�DQG�IDFXOW\
WLPH�VSHQW�RQ�LQVWUXFWLRQ��OHDUQHU�HYDOXDWLRQ�RI�LQVWUXFWLRQDO�PHWKRGRORJLHV��DQG�OHDUQHU�SHUFHSWLRQV�RI�FRPSHWHQFH�

'LVFXVVLRQ

:KLOH�WKH�&HQWUHÇV�ZRUN�KDV�WDUJHWHG�ORZ�UHVRXUFH�DUHDV��ILQGLQJV�RI�WKLV�VWXG\�ZRXOG�KDYH�LPSOLFDWLRQV�LQ�DOO�DUHDV�DV�IDFXOW\�WLPH�FRXOG�EH�EHWWHU
DOORFDWHG�WR�PRUH�SURGXFWLYH�IXQFWLRQV��7KH�XVH�RI�D�PDVWHU\�OHDUQLQJ�PRGHO�LV�QRW�LQ�LWVHOI�XQLTXH�LQ�PHGLFLQH��EXW�FRPELQLQJ�LW�ZLWK�H�OHDUQLQJ�DQG
SHHU�WHDFKLQJ�LV�XQLTXH��,I�WKH�VWXG\�K\SRWKHVLV�WKDW�WKH�K\EULG�EXQGOH�ZLOO�SURGXFH�SHUIRUPDQFH�UHVXOWV�HTXDO�WR�RU�JUHDWHU�WKDQ�LQVWUXFWRU�OHG�VNLOOV
WUDLQLQJ�LV�VXSSRUWHG��WKLV�PRGHO�RI�LQVWUXFWLRQ�ZLOO�EH�D�YDOXDEOH�WRRO�IRU�QRW�RQO\�UHVRXUFH�OLPLWHG�DUHDV�EXW�DOVR�IRU�KHDOWKFDUH�HGXFDWLRQ�LQ
JHQHUDO��



72;,&2/2*< +$<$72�<26+,2.$

��������7UDQVLWLRQ�RI�WKH�EORRG�LQVXOLQ�FRQFHQWUDWLRQ�LQ�LQVXOLQ�SRLVRQLQJ�WUHDWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+$<$72�<26+,2.$������.$=86+,*(�,128(������0$<8.2�.$1(.2������768<26+,�&+,-,:$������12%8$.,�.,5,8������+,526+,�.$72����

���(PHUJHQF\�'HSDUWPHQW��1DWLRQDO�+RVSLWDO�2UJDQL]DWLRQ�'LVDVWHU�0HGLFDO�&HQWHU��72.<2��-$3$1
���(PHUJHQF\�'HSDUWPHQW��'HSDUWPHQW�RI�(PHUJHQF\�DQG�&ULWLFDO�&DUH�0HGLFLQH��6DLWDPD�0HGLFDO�&HQWHU��-LFKL�0HGLFDO�8QLYHUVLW\��7RN\R��-$3$1
���(PHUJHQF\�'HSDUWPHQW��'HSDUWPHQW�RI�(PHUJHQF\�DQG�&ULWLFDO�&DUH�0HGLFLQH��6DLWDPD�0HGLFDO�&HQWHU��-LFKL�0HGLFDO�8QLYHUVLW\��6DLWDPD��-$3$1

.H\ZRUGV��7R[LFRORJ\��,QVXOLQ�SRLVRQLQJ��%ORRG�LQVXOLQ�FRQFHQWUDWLRQ

$EVWUDFW��

%DFNJURXQG��:KLOH�WKH�IUHTXHQF\�RI�LQVXOLQ�XVH�LV�LQFUHDVLQJ�LQ�DVVRFLDWLRQ�ZLWK�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�GLDEHWLF�SDWLHQWV��UHSRUWV�RQ�WKH�LQVXOLQ
SRLVRQLQJ�KDYH�EHHQ�LQFUHDVLQJ�

2EMHFWLYH��7KH�IROORZLQJ�WKUHH�SRLQWV�DUH�LPSRUWDQW�LQ�WUHDWLQJ�LQVXOLQ�SRLVRQLQJ������HDUO\�WKHUDSHXWLF�LQWHUYHQWLRQ������UHSHDWHG�EORRG�JOXFRVH
PHDVXUHPHQWV�DQG�DSSURSULDWH�DGPLQLVWUDWLRQ�RI�JOXFRVH��DQG�����PHDVXUHPHQW�RI�EORRG�SRWDVVLXP�FRQFHQWUDWLRQ��,Q�WKHRU\��DOWKRXJK�WKH
PHWDEROLVP�RI�LQVXOLQ�LV�DERXW����KRXUV�DW�ORQJHVW��WKH�WUHDWPHQW�RIWHQ�WDNHV�VHYHUDO�GD\V��:H�KDYH�H[DPLQHG�WKH�EORRG�LQVXOLQ�FRQFHQWUDWLRQ�RI�WKH
WUHDWPHQW�LQ�LQVXOLQ�SRLVRQLQJ�FDVHV����FDVHV��

5HVXOWV��5HJDUGOHVV�RI�WKH�LQLWLDO�EORRG�LQVXOLQ�FRQFHQWUDWLRQ��ZH�KDYH�UHFRJQL]HG�WKH�SRVVLELOLW\�WKDW�WKH�EORRG�LQVXOLQ�FRQFHQWUDWLRQ�GHFUHDVHV
UHJXODUO\�XQGHU�DSSURSULDWH�WUHDWPHQW��8QGHU�DOO�W\SHV�RI�LQVXOLQ��IURP�D�5DSLG�$FWLQJ�,QVXOLQ�WR�D�/RQJ�$FWLQJ�,QVXOLQ���VLPLODU�WUHQGV�ZHUH�REVHUYHG�
:H�SUHVHQWHG�DQ�H[DPSOH��D�SDWLHQW�ZKR�LQRFXODWHG�RQHVHOI�ZLWK�������XQLWV�RI�LQVXOLQ��LQWHUPHGLDWH�DFWLQJ��LQ�RUGHU�WR�FRPPLW�VXLFLGH��$IWHU
HQWHULQJ�WKH�,&8��WKH�SDWLHQW�UHFHLYHG�D�JOXFRVH�LQIXVLRQ�DQG�SRWDVVLXP�VXSSOHPHQWDWLRQ��DQG�ZLWKRXW�GHYHORSLQJ�DQ\�FRPSOLFDWLRQV��WKH�SDWLHQW
ZDV�WKHUHDIWHU�GLVFKDUJHG�IURP�KRVSLWDO�RQ�'D\����0D[LPXP�JOXFRVH�GRVDJH�GXULQJ�WKH�FRXUVH�RI�WUHDWPHQW�ZDV���J���K�

'LVFXVVLRQ��)LUVW��WKH�HIIHFW�GXUDWLRQ�RI�WKH�EORRG�LQVXOLQ�FRQFHQWUDWLRQ�GHSHQGV�RQ�LQVXOLQ�PHWDEROLVP��WKH�LQMHFWLRQ�DPRXQW��DQG�WKH�DEVRUSWLRQ
VSHHG��)RU�WKH�UHDVRQ��LW�LV�QHFHVVDU\�WR�IUHTXHQWO\�PHDVXUH�WKH�EORRG�LQVXOLQ�FRQFHQWUDWLRQ��,Q�WKHRU\��LQWHUPHGLDWH�DFWLQJ�LQVXOLQ�VKRXOG�GLVDSSHDU
ZLWKLQ����KRXUV�EXW�ODVWHG�IRU���GD\V�LQ�WKH�SUHVHQW�FDVH��:H�KDYH�UHFRJQL]HG�WKDW�WKH�EORRG�LQVXOLQ�FRQFHQWUDWLRQ�GHFUHDVHG�OLQHDUO\�XQGHU�WKH
ORJDULWKP��%\�PHDVXULQJ�VHYHUDO�WLPHV�WKH�EORRG�LQVXOLQ�FRQFHQWUDWLRQ�RI�WUHDWPHQW�LQ�WKH�EHJLQQLQJ�������KRXUV��WKH�SRVVLELOLW\�RI�SUHGLFWLQJ�WKH
WLPH�WR�UHDFK�WKH�QRUPDO�OHYHO�RI�WKH�EORRG�LQVXOLQ�FRQFHQWUDWLRQ�ZDV�VXJJHVWHG��1H[W��PD[LPXP�JOXFRVH�GRVDJHV�GXULQJ�WKLV�UHVHDUFK�ZHUH
��J�K���J�K���,QVXOLQ�LQWDNHV��EORRG�LQVXOLQ�FRQFHQWUDWLRQ�DQG�PD[LPXP�JOXFRVH�GRVDJH�GLG�QRW�FRUUHODWH��7KLV�UHVXOW�ZDV�WKRXJKW�WR�EH�GXH�WR
JOXFRVH�XSWDNH�OLPLWDWLRQV�RI�WKH�LQVXOLQ�UHFHSWRU�

&RQFOXVLRQ��3UHGLFWLQJ�WKH�QRUPDOL]DWLRQ�RI�WKH�EORRG�LQVXOLQ�FRQFHQWUDWLRQV�LV�XVHIXO�LQ�EXLOGLQJ�D�WKHUDSHXWLF�VWUDWHJ\�



',$*1267,&�7(&+12/2*<�	�5$',2/2*< DQLWD�VDE]JKDEDHL

��������8OWUDVRXQG�*XLGHG�5HGXFWLRQ�RI�'LVWDO�5DGLXV�)UDFWXUHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

DQLWD�VDE]JKDEDHL������PDMLG�VKRMDHH������6$(('�KDVDQSRRXU������WDJKLDQ�VDKDU����

���HPHUJHQF\�PHGLFLQH��VKDKLG�EHKHVKWL�XQLYHUVLW\�RI�PHGLFDO�VLHQFH��7(+5$1��,5$1��,6/$0,&�5(38%/,&
���5$',2/2*<��+2502=*+$1�81,9(56,7<�2)�0(',&$/�6,(1&(��%$1'$5$%$6��,5$1��,6/$0,&�5(38%/,&
���JHQHUDO�SK\VLFLDQ��SULYDWH�RIILFH��%$1'$5$%$6��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��8OWUDVRXQG��UHGXFWLRQ��GLVWDO�UDGLXV�IUDFWXUH

$EVWUDFW��

,QWURGXFWLRQ��'LVWDO�UDGLXV�IUDFWXUHV�DUH�D�FRPPRQ�WUDXPDWLF�LQMXU\��SDUWLFXODUO\�LQ�WKH�HOGHUO\�SRSXODWLRQ��,Q�WKH�SUHVHQW�VWXG\�ZH�H[DPLQHG�WKH
HIIHFWLYHQHVV�RI�XOWUDVRXQG�JXLGDQFH�LQ�WKH�UHGXFWLRQ�RI�GLVWDO�UDGLXV�IUDFWXUHV�LQ�DGXOW�SDWLHQWV�SUHVHQWLQJ�WR�HPHUJHQF\�GHSDUWPHQW��('���
0HWKRGV��,Q�WKLV�SURVSHFWLYH�FDVH�FRQWURO�VWXG\��HOLJLEOH�SDWLHQWV�ZHUH�DGXOWV�ROGHU�WKDQ����\HDUV�ZKR�SUHVHQWHG�WR�WKH�('�ZLWK�GLVWDO�UDGLXV
IUDFWXUHV������FRQVHFXWLYH�SDWLHQW�FRQVLVWHG�RI�WZR�JURXS�RI�6L[W\�)LYH�SDWLHQWV�ZHUH�SURVSHFWLYHO\�HQUROOHG�IRU�DURXQG���\HDUV��7KH�ILUVW�JURXS
XQGHUZHQW�XOWUDVRXQG�JXLGHG�UHGXFWLRQ�DQG�WKH�VHFRQG��FRQWURO�JURXS��XQGHUZHQW�EOLQG�UHGXFWLRQ��$OO�SURFHGXUHV�ZHUH�SHUIRUPHG�E\�WZR�WUDLQHG
HPHUJHQF\�UHVLGHQWV�XQGHU�VXSHUYLVLRQ�RI�VHQLRU�HPHUJHQF\�SK\VLFLDQV��5HVXOWV��%DVHOLQH�FKDUDFWHULVWLFV�EHWZHHQ�WZR�JURXSV�ZHUH�VLPLODU��7KH
UDWH�RI�UHSHDW�UHGXFWLRQ�ZDV�UHGXFHG�LQ�WKH�XOWUDVRXQG�JURXS�������YV��������3� ��������7KH�SRVW�UHGXFWLRQ�UDGLRJUDSKLF�LQGLFHV�ZHUH�VLPLODU
EHWZHHQ�WKH�WZR�JURXSV��DOWKRXJK�WKH�XOWUDVRXQG�JURXS�KDG�LPSURYHG�YRODU�WLOW��PHDQ�����j�YV����j��3� ��������7KH�RSHUDWLYH�UDWH�ZDV�UHGXFHG�LQ
WKH�XOWUDVRXQG�JURXSV��������YV��������3� ��������&RQFOXVLRQ��8OWUDVRXQG�JXLGDQFH�LV�HIIHFWLYH�DQG�UHFRPPHQGHG�IRU�URXWLQH�XVH�LQ�WKH�UHGXFWLRQ
RI�GLVWDO�UDGLXV�IUDFWXUHV



,0$*,1*���8/75$6281'���5$',2/2*< )HOL[�/RUDQJ

�������������FRQVHFXWLYH�XOWUDVRXQG�H[DPLQDWLRQV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��,QGLFDWLRQV��SHUIRUPHU�DQG�GRFXPHQWDWLRQ
TXDOLW\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)HOL[�/RUDQJ����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�-HQD��-HQD��*(50$1<

.H\ZRUGV��8OWUDVRXQG��GRFXPHQWDWLRQ��,QGLFDWLRQ��GDWD��VWDQGDUGL]DWLRQ��RYHUYLHZ

$EVWUDFW��

%DFNJURXQG��

8OWUDVRXQG�LV�DQ�LPSRUWDQW�WRRO�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���ZKLFK�LV�DOUHDG\�KLJKO\�LQWHJUDWHG�LQ�WKH�URXWLQH�ZRUN�LQ�WKH�('��6LPLODU�WR�RWKHU
HPHUJHQF\�GHSDUWPHQWV��WKH�LPSOHPHQWDWLRQ�RI�QHZ�XOWUDVRXQG�WHFKQLTXHV�IRU�GLIIHUHQW�FOLQLFDO�TXHVWLRQV�LV�LQFUHDVLQJ�FRQVWDQWO\��&RQWLQXRXV
PHGLFDO�HGXFDWLRQ�IRU�DGYDQFHG�XOWUDVRXQG�WHFKQLTXHV�VHHP�WR�EH�YHU\�KLJK�DPRQJ�HPHUJHQF\�SK\VLFLDQV��'DWD�DERXW�WKH�H[DFW�QXPEHU�RI
GLIIHUHQW�H[DPLQDWLRQV�DUH�ODFNLQJ�DV�ZHOO�DV�LQGLFDWLRQV��TXDOLW\�RI�GRFXPHQWDWLRQ�DQG�OHYHO�RI�H[SHULHQFH�RI�WKH�SHUIRUPHU�

0HWKRGV��

:H�FROOHFWHG�WKH�GDWD�RI������3DWLHQWV�UHWURVSHFWLYHO\��ZKR�UHFHLYHG�RQH�RU�PRUH�8OWUDVRXQG�([DPV�GXULQJ�WKHLU�VWD\�LQ�RXU�('��:H�DQDO\]HG�WKH
GRFXPHQWV�ZLWK�UHJDUG�WR�WKH�QXPEHU�RI�FHUWDLQ�H[DP�WHFKQLTXHV��WKH�TXDOLW\�RI�GRFXPHQWDWLRQ�DQG�SHUIRUPDQFH�

�

5HVXOWV��

,Q������3DWLHQWV�ZKR�UHFHLYHG�XOWUDVRXQG�LQ�WKH�('�ZH�FRXOG�LGHQWLI\������GLIIHUHQW�H[DPV��(VSHFLDOO\��FULWLFDO�LOO�3DWLHQWV�UHFHLYH�XS�WR���GLIIHUHQW
H[DPV�OLNH�HFKRFDUGLRJUDSK\��DEGRPLQDO�VRQRJUDSK\��'RSSOHU�VRQRJUDSK\��HWF��

$EGRPLQDO�8OWUDVRXQG�FRQWULEXWHG�WR��������OXQJ�XOWUDVRXQG��YHQRXV�GXSOH[VRQRJUDSK\�DV�ZHOO�DV�WKH�IRFXVHG�(FKRFDUGLRJUDSK\�WR�����������
()$67�DQG�XOWUDVRXQG�RI�IUDFWXUHV��LQFOXGLQJ�WKH�ULEV��ZLWK�����DQG�������UHVSHFWLYHO\��DUH�DOVR�FRPPRQ�SURFHGXUHV��7KH�UHPDLQLQJ�H[DPV�FRQVLVW
RI�8OWUDVRXQG�RI�6RIW�WLVVXH��$UWHULHV��&HUHEUDO�YHVVHOV��H\HV�DQG�D�VLQJXODU�DUHD�RI�,QWHUHVW�OLNH�DVVHVVLQJ�XULQDU\�VWDVLV��

&RQFOXVLRQ��8OWUDVRXQG�([DPV�LQ�WKH�('�FRQVLVW�RI�D�ZLGH�ILHOG�RI�WDUJHW�DUHDV��:H�VKRZHG�WKDW�QHDUO\�HYHU\�ILHOG�RI�LQWHUHVW�UHDFKDEOH�E\�XOWUDVRXQG
LV�FRYHUHG�LQ�RXU�GHSDUWPHQW��DQG�VRPHWLPHV�HYHQ�WKH�ERG\SDUWV�FRQVLGHUHG�LPSHQHWUDEOH�E\�XOWUDVRXQG�OLNH�WKH�OXQJV�RU�ERQHV��,PSURYLQJ
TXDQWLW\�RI�XOWUDVRXQGV�LQ�WKH�('�YLD�VWDQGDUGL]HG�DQG�VLPSOLILHG�GRFXPHQWDWLRQ�VHHPV�SUXGHQW�DQG�EHFDXVH�RI�WKH�ZLGH�UDQJH�RI�SRVVLEOH
LPSOLFDWLRQ��XOWUDVRXQG�VKRXOG�EH�PRUH�SURPRWHG�DQG�VWDQGDUGL]HG�LQ�HPHUJHQF\�PHGLFLQH�HGXFDWLRQ��VLQFH�RXU�GDWD�VKRZ�D�YHU\�LQKRPRJHQRXV
XVH�RI�WKLV�WRRO�



,0$*,1*���8/75$6281'���5$',2/2*< )HOL[�/RUDQJ

��������,PSURYLQJ�TXDQWLW\�RI�XOWUDVRXQGV�LQ�WKH�HG�YLD�VWDQGDUGL]HG�DQG�VLPSOLILHG�GRFXPHQWDWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)HOL[�/RUDQJ������7XGRU�3�UQHU����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�-HQD��-HQD��*(50$1<
���'HSDUWPHQW�RI�&DUGLRORJ\��8QLYHUVLW\�+RVSLWDO�-HQD��-HQD��*(50$1<

.H\ZRUGV��6WDQGDUGL]DWLRQ��'RFXPHQWDWLRQ��8OWUDVRXQG��4XDQWLW\��4XDOLW\

$EVWUDFW��

%DFNJURXQG��

,Q�UHFHQW�\HDUV�HPHUJHQF\�XOWUDVRXQG�KDV�EHHQ�D�UDSLG�GHYHORSLQJ�VXEVSHFLDOW\�LQ�(PHUJHQF\�PHGLFLQH��$�ORW�RI�QHZ�VWDQGDUGL]HG�([DPV�OLNH�)$67�
)((/�RU�586+�IRU�GHWHFWLQJ�IUHH�IOXLGV�RU�WKH�JHQHVLV�RI�VKRFN�KDYH�HPHUJHG��%HVLGHV�WKH�ZHOO�NQRZQ�H[DPV�OLNH�(FKRFDUGLRJUDSK\�RU�DEGRPLQDO
8OWUDVRXQG��SURFHGXUHV�OLNH�/XQJ�XOWUDVRXQG�RU�8OWUDVRXQG�RI�ERQHV�DQG�PXVFOHV�DUH�LQFUHDVLQJO\�SHUIRUPHG��7KH�ZD\�RI�GRFXPHQWDWLRQ�RIWHQ
VHHPV�DV�YDULDEOH�DV�WKH�GLYHUVLWL\�RI�WKH�H[DPV��:H�K\SRWKHVL]H�WKDW�D�VWDQGDUGL]HG�8OWUDVRXQG�SURFHGXUH�LQGLYLGXDOLVHG�IRU�HDFK�HQWLWL\�FRPELQHG
ZLWK�DQ�HDV\�WR�XVH�GRFXPHQWDWLRQ�V\VWHP�ZLOO�VXEVWDQWLDOO\�LQFUHDVH�WKH�QXPEHU�RI�GRFXPHQWHG�SURFHGXUHV��

�

0HWKRGV��

)ROORZLQJ�D�EDVHOLQH�VXUYH\�ZLWK�LGHQWLI\LQJ�FRUUHFWO\�GRFXPHQWHG�([DPV�GXULQJ���0RQWKV�LQ�WKH�ILUVW�KDOI�RI�������ZH�LPSOHPHQWHG�RXU
GRFXPHQWDWLRQ�V\VWHP�DQG�HYDOXDWHG�WKH�UHVXOWV�DIWHU�D�VKRUW�UXQ�LQ�SKDVH��:H�FRPSDUHG�WKH�QXPEHUV�RI�GRFXPHQWHG�XOWUDVRXQG�LQ�WKH���WLPH
SHULRGV��

�

5HVXOWV��

,Q�WKH�ILUVW�KDOI�\HDU����FRUUHFWO\�GRFXPHQWHG�8OWUDVRXQG�H[DPV�FRXOG�EH�LGHQWLILHG��$IWHU�LPSOHPHQWLQJ�RXU�VLPSOLILHG�GRFXPHQWDWLRQ�V\VWHP�����
UHOHYDQW�H[DPV�ZHUH�SHUIRUPHG�ZLWKLQ�WKH�ILUVW�WKUHH�PRQWKV��S����������

�

&RQFOXVLRQ��

,PSOHPHQWLQJ�DQ�HDV\�DQG�DSSURDFKDEOH�ZD\�WR�GRFXPHQW�WKH�H[DPV�ZLOO�VLJQLILFDQWO\�LQFUHDVH�WKH�FRUUHFWO\�GRFXPHQWHG�XOWUDVRXQG�H[DPV�
)XUWKHUPRUH��WKH�TXDOLW\�RI�SHUIRUPHG�XOWUDVRXQG�LV�SUREDEO\�LQFUHDVHG�DV�ZHOO��DV�RWKHU�VWXGLHV�VXJJHVW�

�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 :LVDUXW�%XQFKLW

��������$SSOLFDWLRQ�RI�T62)$�VFRUH�FRPSDUHG�ZLWK�0RGLILHG�HDUO\�ZDUQLQJ�VLJQV�IRU�SUHGLFWLQJ����KRXUV�LQ�KRVSLWDO�FDUGLDF
DUUHVW���$�UHWURVSHFWLYH�UHYLHZ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

:LVDUXW�%XQFKLW������9HHUDSRQJ�9DWWDQDYDQLW����

���(PHUJHQF\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH��3ULQFH�RI�6RQNODQDJDULQG�8QLYHUVLW\��6RQJNKOD��7+$,/$1'
���&ULWLFDO�&DUH�0HGLFLQH��)DFXOW\�RI�0HGLFLQH��3ULQFH�RI�6RQNODQDJDULQG�8QLYHUVLW\��6RQJNKOD��7+$,/$1'

.H\ZRUGV��T62)$��0RGLILHG�HDUO\�ZDUQLQJ�VLJQV��0(:6��FDUGLDF�DUUHVW

$EVWUDFW��

3XUSRVH

4XLFN�62)$��T62)$��LV�D�QHZO\�SXUSRVHG�VLPSOH�VFUHHQLQJ�WRRO�WR�SUHGLFW�LQ�KRVSLWDO�PRUWDOLW\�IURP�VHSVLV�DQG�LW�VKRXOG�DOVR�EH�XVHG�WR�SUHGLFW
PRUWDOLW\�IURP�RWKHU�FDXVHV�WRR��%XW�WKH�UROH�RI�WKLV�VFRUH�IRU�SUHGLFWLQJ�RYHUDOO�LQ�KRVSLWDO�FDUGLDF�DUUHVW�LQ����KRXUV�LV�QRW�NQRZQ��0RGLILHG�HDUO\
ZDUQLQJ�VLJQV��0(:6��ZDV�D�ZLGHO\�XVHG�VFRUH�IRU�SUHGLFWLQJ�LQ�KRVSLWDO�PRUWDOLW\�IURP�DQ\�FDXVHV�QRZ�EXW�UHFHQW�VWXGLHV�VKRZHG�WKDW�ORZ�0(:6
VFRUH�VWLOO�FDQQRW�UXOHG�RXW�LQ�KRVSLWDO�PRUWDOLW\��6R�WKH�DLP�RI�RXU�VWXG\�ZDV�WR�GHWHUPLQH�WKH�UROH�RI�T62)$�DQG�FRPSDULVRQ�WR�0(:6�VFRUH�LQ
SUHGLFWLQJ����KRXUV�LQ�KRVSLWDO�FDUGLDF�DUUHVW�

0HWKRGV

7KLV�LV�D�VLQJOH�FHQWUH�UHWURVSHFWLYH�VWXG\��7KH�VWXG\�LQFOXGHG�DGXOW�LQ�KRVSLWDO�FDUGLDF�DUUHVW��,+&$��SDWLHQWV�ZKR�ZHUH�PRQLWRUHG�DQG�UHVXVFLWDWHG
E\�D�PHGLFDO�HPHUJHQF\�WHDP�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��RQ�WKH�JHQHUDO�ZDUG�RU�,&8��7KH\�ZHUH�HQUROOHG�LQ�WKLV�VWXG\�EHWZHHQ�-DQXDU\�WR
'HFHPEHU�������T62)$�DQG�+LJK�ULVN�0(:6�VFRUH��0(:6��Õ���ZHUH�FDOFXODWHG�IRU�WKH�KLJKHVW�VFRUH�WUDFLQJ�EDFN�WR����KRXUV�EHIRUH�FDUGLDF�DUUHVW�
7LPLQJ�EHIRUH�,+&$��526&�UDWH�DQG�VXUYLYDO�WR�GLVFKDUJH�UDWH�ZHUH�FROOHFWHG�

5HVXOWV

3UHOLPLQDU\�UHVXOWV�ZHUH�UHSRUWHG�IURP����SDWLHQWV��2XW�RI����SDWLHQWV��������KDG�D�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��$QG�������RI�WKH�SDWLHQWV
KDG�VXUYLYDO�XQWLO�GLVFKDUJH��$IWHU�WUDFLQJ�EDFN�XQWLO����KRXUV�EHIRUH�WKH\�KDG�,+&$�HYHQW��WKHUH�ZHUH�������DQG�����,+&$�3DWLHQWV�ZKR�KDYH
T62)$�Õ��DQG�+LJK�ULVN�0(:6�UHVSHFWLYHO\��7KH�PHDQ�WLPH�WKDW�T62)$�Õ��ZDV�SUHVHQWHG�ZDV�����KRXUV�EHIRUH�FDUGLDF�DUUHVW��:KLOH�IRU�KLJK�ULVN
0(:6�ZDV�����KRXUV��7KHUH�ZDV�QR�VWDWLVWLFDO�GLIIHUHQFH�UHSRUWHG�LQ�DQ\�HOHPHQWV�

&RQFOXVLRQV

$V�RXU�SUHOLPLQDU\�UHVXOWV�VKRZHG��WKHUH�ZHUH�QR�GLIIHUHQFHV�LQ�XVLQJ�T62)$�IRU�SUHGLFWLQJ����KRXUV�,+&$�FRPSDUHG�ZLWK�KLJK�ULVN�0(:6��:H
VXSSRVHG�WKDW�WKLV�UHVXOW�ZLOO�DOVR�EH�SUHVHQWHG�LQ�WKH�ILQDO�UHVXOW�RI�WKLV�VWXG\�DQG�T62)$�VKRXOG�EH�DEOH�WR�XVH�DV�DQ�HDUO\�SUHGLFWRU�IRU�,+&$�RI�DQ\
FDXVHV�



75$80$ 9DOHQWLQD�$FRVWD

��������&KHVW�SDLQ�LQ�\RXQJ�PDQ�DIWHU�FDU�DFFLGHQW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9DOHQWLQD�$FRVWD�5DP�Q������(PLOLR�3DULHQWH�5RGULJR������0DULD�3LODU�&DUORV�*RQ]DOH]������1XULD�2YDOOH�*RQ]DOH]������:DOWHU�5REHUWR�)HUUHUR�2KVH�����
1RHOLD�6DQWRV�0HQGH]������0DLWH�(VWLEDOL]�/�SH]�GH�*RLFRFKHD�6DL]�������-RHO�$QGLQR�/RSH]����

���6HUYLFLR�8UJHQFLDV��+RVSLWDO�8QLYHUVLWDULR�0DUTXHV�GH�9DOGHFLOOD��6DQWDQGHU��63$,1
���&HQWUR�GH�6DOXG�-RVH�%DUURV��6LVWHPD�&DQWDEUR�GH�6DOXG����6DQWDQGHU��63$,1
���6HUYLFLR�8UJHQFLDV��+RVSLWDO�8QLYHUVLWDULR�0DUTXHV�GH�9DOGHFLOOD��VDQWDQGHU��63$,1

.H\ZRUGV��&KHVW�SDLQ��FDU�DFFLGHQW�

$EVWUDFW��

0HGLDVWLQDO�KHPDWRPD�ZLWK�FRPSUHVVLYH�HIIHFW�RQ�FDUGLDF�FDYLWLHV�LV�D�UDUH�DQG�VHULRXV�FRPSOLFDWLRQ�RI�EOXQW�FKHVW�WUDXPD��)RU�D�PDQ�RI����\HDUV�
ZLWK�QR�KLVWRU\�RI�LQWHUHVW�ZKR�VXIIHUV�DQ�DFFLGHQW�E\�IURQWDO�FUDVK�DW����NP���K��RFFXS\LQJ�WKH�SDVVHQJHU�VHDW�ZLWK�WKH�VHDW�EHOW�LW�LV�SUHVHQWHG��+H
ZHQW�WR�WKH�HPHUJHQF\�URRP�IRU�WKHLU�RZQ�UHSRUWLQJ�D�FHQWUDO�FKHVW�SDLQ�RI�PRGHUDWH�LQWHQVLW\�
$W�WKDW�WLPH��FRQVWDQWV�DQG�SK\VLFDO�H[DPLQDWLRQ�ZHUH�QRUPDO��ZLWK�WKH�RQO\�GDWD�RI�SUHVVXUH�SDLQ�RQ�WKH�ORZHU�WKLUG�RI�WKH�VWHUQXP��$�VWXG\�RI
SODLQ�UDGLRJUDSK\�ZHUH�SHUIRUPHG��DSSUHFLDWLQJ�SRVWHULRU�GLVORFDWLRQ�RI�WKH�[LSKRLG�SURFHVV��DQ�HOHFWURFDUGLRJUDP�VKRZHG�VLQXV�UK\WKP�ZLWK�DQ
LQFRPSOHWH�ULJKW�EXQGOH�EUDQFK�EORFN��DQG�DQ�DQDO\WLFDO��UHVXOWLQJ�QRUPDO�EORRG�FRXQW�DQG�OHYHOV�RI�WURSRQLQ�QRW�KLJK��7KUHH�KRXUV�DIWHU�KLV�DUULYDO�WR
WKH�HPHUJHQF\�URRP��WKH�SDWLHQW�SUHVHQWHG�D�SURJUHVVLYH�PDODLVH��ZLWK�SDOORU��DQG�K\SRWHQVLRQ��$�FKHVW�VFDQ�ZDV�SHUIRUPHG�ILQGLQJ�D�YROXPLQRXV
DQWHULRU�PHGLDVWLQDO�KHPDWRPD�ZLWK�FRPSUHVVLRQ�HIIHFW�RQ�ULJKW�KHDUW�FKDPEHUV�GXH�WR�DFWLYH�EOHHGLQJ�IURP�WKH�OHIW�LQWHUQDO�PDPPDU\�YHLQ��7KH
SDWLHQW�XQGHUZHQW�HPHUJHQF\�9$76�ZLWK�EOHHGLQJ�YHVVHO�FORVXUH�DQG�SODFHPHQW�RI�SOHXUDO�GUDLQDJH��SUHVHQWLQJ�D�IDYRUDEOH�HYROXWLRQ��0HGLDVWLQDO
KHPDWRPDV�DUH�FDXVHG�E\�LQMXU\�RI�PHGLDVWLQDO�YHVVHOV��VRPHWLPHV�VHFRQGDU\�VWHUQDO�RU�YHUWHEUDO�IUDFWXUH��,Q�VHYHUH�FDVHV�FDQ�OHDG�WR�FDUGLDF
WDPSRQDGH�H[WUDSHULFDUGLDO�RULJLQ��D�SRWHQWLDOO\�IDWDO�FRPSOLFDWLRQ��,Q�WKH�HDUO\�VWDJHV��V\PSWRPV�DQG�SK\VLFDO�H[DPLQDWLRQ�PD\�QRW�EH�UHOHYDQW��LQ
WKH�DEVHQFH�RI�V\PSWRPV�RI�ERWK�DFXWH�EOHHGLQJ�DQG�FDUGLDF�WDPSRQDGH�FODVVLFV��EUDG\FDUGLD��MXJXODU�YHQRXV�GLVWHQVLRQ��SDUDGR[LFDO�SXOVH��
7KH�FDVH�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�PDLQWDLQLQJ�D�KLJK�GHJUHH�RI�VXVSLFLRQ�RI�PHGLDVWLQDO�KHPDWRPD��GHVSLWH�DQ�LQLWLDO�SHULRG�RI�KHPRG\QDPLF
VWDELOLW\��LQ�D�SDWLHQW�ZLWK�EOXQW�FKHVW�WUDXPD��5HJDUGLQJ�RXU�FDVH��LW�VKRXOG�DOVR�UHPHPEHU�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�XVH�RI�VHDW�EHOWV�DQG
VWHUQDO�IUDFWXUH��(DUO\�GLDJQRVLV�IDFLOLWDWHV�UDSLG�KDQGOLQJ�RI�WKLV�SRWHQWLDOO\�VHULRXV�VLWXDWLRQ�

�

�





,0$*,1*���8/75$6281'���5$',2/2*< )HOL[�/RUDQJ

��������8S�WR�����RI�TXDOLILHG�XOWUDVRXQG�H[DPV�LQ�WKH�HG�SURYLGHV�WKHUDS\�UHOHYDQW�LQIRUPDWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)HOL[�/RUDQJ����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�-HQD��-HQD��*(50$1<

.H\ZRUGV��8OWUDVRXQG��VLJQLILFDQFH��LQIRUPDWLRQ��WKHUDS\��GLVFKDUJH

$EVWUDFW��

%DFNJURXQG�
(PHUJHQF\�XOWUDVRXQG�LV�DQ�LPSRUWDQW�WRRO�LQ�WKH�('��ZKLFK�LV�DOUHDG\�KLJKO\�LQWHJUDWHG�LQ�WKH�GDLO\�ZRUN�LQ�RXU�(PHUJHQF\�5RRP��+RZHYHU��QRW
PXFK�GDWD�LV�DYDLODEOH�FRQFHUQLQJ�WKH�QXPEHU��WKH�TXDOLW\�DQG�WKH�UHOHYDQFH�RI�WKRVH�XOWUDVRXQGV�LQ�UHJDUG�WR�GHFLVLRQV�DERXW�SDWLHQWV�WKHUDS\��,Q
RXU�RSLQLRQ�HVSHFLDOO\�WKH�ODVW�SDUW�LV�H[WUHPHO\�LPSRUWDQW�DV�LW�GLUHFWO\�DIIHFWV�WKH�WUHDWPHQW��7R�WKLV�GD\�WKHUH�LV�WR�RXU�NQRZOHGJH�QR�GDWD�RQ�WKH
LQIOXHQFH�RQ�GHFLVLRQ�PDNLQJ�LQ�(PHUJHQF\�8OWUDVRXQG�DYDLODEOH��:H�VXVSHFW�WKDW�,QIRUPDWLRQ�REWDLQHG�E\�8OWUDVRXQG�LV�VLJQLILFDQWO\�LQIOXHQFLQJ
WKHUDS\�GHFLVLRQV�DV�ZHOO�DV�IDFLOLWDWHV�GLVFKDUJH�IURP�WKH�('��LQ�FDVH�RI�D�FOHDQ�UHVXOW��

0HWKRGV�
'XULQJ���:HHNV�DOO�8OWUDVRXQG�H[DPV�LQ�WKH�GD\WLPH��������������ZHUH�FROOHFWHG�DQG�ORRNHG�DW��:H�PDGH�VXUH��WKDW�HDFK�H[DP�ZDV�SHUIRUPHG�E\
DQ�H[SHULHQFHG�GRFWRUV�RI�RXU�('��DOO�RI�WKHP�ZLWK�DW�OHDVW���\HDUV�RI�('�DQG�SURILFLHQW�8OWUDVRXQG�H[SHULHQFH��6XIILFLHQW�([SHULHQFH�ZDV�GHILQHG�E\
WKH�UHFRPPHQGDWLRQV�RI�WKH�*HUPDQ�VRFLHW\�RQ�8OWUDVRXQG��:H�FRXOG�FROOHFW����H[DPV�LQ�RXU�WLPH�IUDPH��:H�ORRNHG�DW�WKH�W\SH�RI�8OWUDVRXQG��WKH
LQGLFDWLRQ�IRU�WKH�([DP��7KHUDS\�UHOHYDQFH�GHILQHG�DV�LQGXFLQJ�IXUWKHU�'LDJQRVWLFV��H�J��&7��RU�7UHDWPHQW��H�J��6XUJHU\���D�SRVVLEOH�GLVFKDUJH�GXH
WR�DQ�DJH�DSSURSULDWH�QRUPDO�8OWUDVRXQG�H[DP�DQG�LQFRQFOXVLYH�5HVXOWV�

5HVXOWV�
2I�WKH����H[DPV�ZH�FRXOG�LGHQWLI\����FOLQLFDOO\�UHOHYDQW�([DPV�LQ�RXU�UHVXOWV��$QRWKHU����3DWLHQWV�FRXOG�EH�VDIHO\�GLVFKDUJHG�IURP�RXU�('��QRQH�RI
ZKRP�KDG�D�VHFRQG�YLVLW�LQ�WKH�QH[W���K��,Q�RQO\����3DWLHQWV�WKH�8OWUDVRXQG�GLGQÇW�KHOS�LQ�WKH�GHFLVLRQ�PDNLQJ�RU�GLGQÇW�EULQJ�DQ\�UHOHYDQW�UHVXOWV�

&RQFOXVLRQ�
+LJK�TXDOLW\�8OWUDVRXQG�([DPV�DUH�D�YDOXDEOH�7RRO�LQ�RXU�('��%DVHG�RQ�WKH�UHVXOWV�ZH�KDYH�VWURQJ�HYLGHQFH�WKDW�LQ�PRUH�WKHQ�����RI�DOO�FDVHV�DW
OHDVW�LQ�RXU�('�DQG�ZD\�PRUH�RIWHQ�WKDQ�DQWLFLSDWHG�WKH�UHVXOWV�RI�RXU�8OWUDVRXQG�([DPV�DUH�UHOHYDQW�DQG�ZLOO�FOLQLFDOO\�VLJQLILFDQWO\�LQIOXHQFH�WKH
IROORZLQJ�WUHDWPHQW�RI�WKH�3DWLHQW��



&$6(�35(6(17$7,21 1LFROHWD�&UHWX

��������&RPSOLFDWLRQV�GHYHORSHG�DIWHU�SHULRSHUDWRU\�DQWLFRDJXODWLRQ�ZLWKKROG���SUHVHQWDWLRQ�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1LFROHWD�&UHWX������1LFROHWD�&UHWX������%HQ�7HDVGDOH����

���/HLFHVWHU�5R\DO�,QILUPDU\�+RVSLWDO���/HLFHVWHU��8.��/HLFHVWHU�8QLYHUVLW\�+RVSLWDOV�7UXVW��/HLFHVWHU��8.��/HLFHVWHU��8.

.H\ZRUGV��:DUIDULQ��3XOPRQDU\�(PEROLVP��+RVSLWDO�DFTXLUHG�SQHXPRQLD��+DHPRILOWUDWLRQ��,OHXV

$EVWUDFW��

,1752'8&7,21

&RUUHFWO\�ZLWKKROG�RI�DQWLFRDJXODWLRQ�WUHDWPHQW�SHULRSHUDWRU\��HYHQ�IRU�VKRUW�SHULRGV��FDQ�EH�XQSURWHFWLYH�DJDLQVW�WKURPEXVHV�IRUPDWLRQ��ZLWK
QHJDWLYH�FRQVHTXHQFHV�IRU�WKH�SDWLHQW
V�HYROXWLRQ��SRVWRSHUDWRU\�

(0(5*(1&<�'(3$570(17�35(6(17$7,21

0DOH�SDWLHQW�RI����\HDUV�ROG�SUHVHQWHG�E\�DPEXODQFH�WR�(PHUJHQF\�'HSDUWPHQW�('��ZLWK����KRXUV�KLVWRU\�RI�VKRUWQHVV�RI�EUHDWK��IDWLJXH��QDXVHD��
YRPLWLQJ��DQXULD�

3DVW�PHGLFDO�KLVWRU\��$WULDO�ILEULOODWLRQ��DVWKPD��'LDEHWHV�PHOOLWXV��ULJKW�NQHH�UHSODFHPHQW���ZHHN�SULRU�('�SUHVHQWDWLRQ�

0HGLFDWLRQ�:DUIDULQ��VWRSSHG���ZHHN�SULRU�NQHH�UHSODFHPHQW���EHWD�EORFNHU��'LJR[LQ��LQKDOHUV��RUDO�DQWLGLDEHWLFV�

2Q�H[DPLQDWLRQ��SDWLHQW�ZDV�GURZV\�*&6���������SUHVHQWHG�FUDFNOHV�SXOPRQDU\�ELODWHUDO��SRO\SQRHD��GLVWHQGHG�DEGRPHQ�

,QLWLDO�YLWDO�VLJQV��+5 ���ESP�LUUHJXODU��%3 �����PP+J��6S2� ����ZLWK���O�2��������*&6 ������

('�PDQDJHPHQW����LQWUDYHQRXV�LY��ODUJH�ERUH�FDQQXODV��(&*��FKHVW�[�UD\��XULQDU\�FDWKHWHU�DQXULD���LY�IOXLGV��EORRG�WHVWV��&73$�

%RRG��WHVWV�Ä�XUHD ������FUHDWLQLQH �����H*)5 ����,15 �����:&& ������1HXWURSKLOHV ������

&73$�ELODWHUDO�SXOPRQDU\�HPEROLVP�3(���GLVWHQGHG�VWRPDFK�IOXLG�ILOOLQJ��LOHXV�

'LDJQRVLV�%LDWHUDO�3(�SRVW�SHULRSHUDWRU\�:DUIDULQ�ZLWKKROG��$FXWH�NLGQH\�LQMXU\��,OHXV��5HFHQW�ULJKW�NQHH�UHSODFHPHQW

3ODQ�SDWLHQW�DGPLWWHG�RQ�,QWHQVLYH�&DUH�8QLW�

�

,17(16,9(�&$5(�81,7��,78��0$1$*(0(17

7KH�SDWLHQW�ZDV�DGPLWWHG�RQ��,78�IRU���PRQWK�

+H�UHFHLYHG��DUWHULDO�OLQH��OHIW�LQWHUQDO�MXJXODU�YDV�FDWK��IXOO�PRQLWRULQJ��+5��%3��6S2���S&2���&93��(&*��XULQDU\�RXWSXW���1*�WXEH���ZLWK�PRUH�WKDQ���/
IOXLG�DVSLUDWHG�

5HTXLUHG�&99+��LQWXEDWLRQ��YHQWLODWLRQ�

'HYHORSHG�OHIW�KDHPRWKRUD[�ZKLFK�UHTXLUHG�OHIW�FKHVW�GUDLQ�LQVHUWLRQ��YDV�FDWK�ZDV�FKDQJHG�RQ�WKH�ULJKW�LQWHUQDO�MXJXODU�YHLQ�

+H�ZHQW�WR��WKHDWUH�IRU�ODSDURWRP\�IRU�VSOHQLF�UXSWXUH�DQG�LQWUDDEGRPLQDO�EOHHGLQJ��VXFFHVVIXOO\�WUHDWHG�

+H�GHYHORSHG�KRVSLWDO�DFTXLUHG�SQHXPRQLD��ZKLFK�ZDV�WUHDWHG�ZLWK�DQWLELRWLFV��VHFRQGDU\�WR�ZKLFK�KH�GHYHORSHG�GLDUUKRHD�

'LVFXVVLRQ

7KH�DQWLFRDJXODWLRQ�WUHDWPHQW�IRU�DWULDO�ILEULOODWLRQ�ZDV�FRUUHFWO\�ZLWKKHOG�SULRU�WKH�ULJKW�NQHH�UHSODFHPHQW��'HVSLWH�RI�WKDW��WKH�SDWLHQW�GHYHORSHG
ELODWHUDO�3(��ZKLFK�UHFHLYHG�KHSDULQ�LQIXVLRQ�DFXWH�NLGQH\�LQMXU\�ZKLFK�UHTXLUHG�KDHPRILOWUDWLRQ��%HFDXVH��RI�DQWLFRDJXODWLRQ�WKHUDS\�KH�GHYHORSHG
OHIW�VLGHG�KDHPRWKRUD[��UHVROYHG�ZLWK�FKHVW�GUDLQ�LQVHUWLRQ�DQG�VSOHQLF�UXSWXUH�ZLWK�VHFRQGDU\�LQWUDDEGRPLQDO�EOHHGLQJ�ZKLFK�UHTXLUHG�ODSDURWRP\
DQG�VSOHQLF�UHSDLU�

'XH�WR�KLV�SURORQJHG�KRVSLWDO�VWD\LQJ��KH�GHYHORSHG�KRVSLWDO�DFTXLUHG�SQHXPRQLD��ZLWK�DQWLELRWKHUDS\�DQG�VHFRQGDU\�GLDUUKRHD�

7KH�ULJKW�NQHH�UHSODFHPHQW�KHDOLQJ�SURFHVV�ZHQW�ZHOO��WKH�SDWLHQW�UHTXLULQJ�3K\VLRWKHUDS\�LQ�RUGHU�WR�KHOS�WKH�SDWLHQWÇV�PRELOL]DWLRQ�DIWHU�KLV
SURORQJHG�KRVSLWDO�DGPLVVLRQ�

&21&/86,21



(YHQ�WKH�SHULRSHUDWRU\�DQWLFRDJXODWLRQ�WUHDWPHQW�LV�FRUUHFWO\�ZLWKKROG�IROORZLQJ�WKH�SURWRFROV��VRPHWLPHV�WKH�SDWLHQWV�FDQ�GHYHORS�FRPSOLFDWLRQV
UHODWHG�ZLWK�WKLV�SURFHVV��ZLWK�VHFRQGDU\�SURORQJHG�KRVSLWDO�VWD\LQJ�DQG�ZLWK�ULVN�RI�DFTXLULQJ�KRVSLWDO�SDWKRJHQV�LQIHFWLRQV��ZLWK�KLJK�HPRWLRQDO
LPSDFW�RQ�WKH�PHGLFDO�VWDII�WKDW�LV�WUHDWLQJ�WKLV�SDWLHQWV�DV�IRU�WKH�SDWLHQWÇV�IDPLO\�

'U�1LFROHWD�&UHWX�$&&6�67��(PHUJHQF\�0HGLFLQH�WUDLQHH

'U�%HQ�7HDVGDOH��(PHUJHQF\�0HGLFLQH�&RQVXOWDQW

/HLFHVWHU�5R\DO�,QILUPDU\�+RVSLWDO��/HLFHVWHU��8.

�

�

�

�

�



0$1$*(0(17���('�25*$1,6$7,21 &+$:.,�-(%$/,

��������3URVSHFWLYH�DVVHVVPHQW�RI�WUDQVIXVLRQ�SUDFWLFH�DPRQJ�HPHUJHQF\�URRP�QXUVHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1HVULQH�,EQ�+$66,1(������&+$:.,�-(%$/,������1DZIHO�&+%,/,������$FKUHI�+$-�$/,������0(-',�205,������+DMHU�.5$,(0������0RKDPHG�1(-,%�.$528,����

���6$08������&+8�6$+/28/��6RXVVH��781,6,$
���8UJHQFHV��&+8�6DKORXO�GH�6RXVVH��6RXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���6RXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���VRXVVH��781,6,$
���6$08������&+8�6$+/28/��VRXVVH��781,6,$
���6$08������&+8�6$+/28/��6RXVVH���781,6,$

.H\ZRUGV��7UDQVIXVLRQ��HPHUJHQF\��QXUVHV

$EVWUDFW��

,QWURGXFWLRQ��WUDQVIXVLRQ��HYHQ�LQ�GLIILFXOW�HPHUJHQF\�FRQGLWLRQV��QHYHUWKHOHVV�UHTXLUHV�ULJRURXV�LPSOHPHQWDWLRQ�E\�IROORZLQJ�WR�WKH�OHWWHU�WKH�UXOHV
RI��JRRG�WUDQVIXVLRQ�SUDFWLFHV��WR�HQVXUH�RSWLPDO�EORRG�WUDQVIXVLRQ�VDIHW\��7KLV�UHTXLUHV�DGHTXDWH�EORRG�VDIHW\�EDVLF�NQRZOHGJH��D�FRQWLQXRXV�DQG
UHSHDWHG�WUDLQLQJ�VR�WKDW�WKH�WUDQVIXVLRQ�DFW�LV�VHW�LQ�WKH�UXOHV�RI�DUW��1R�VWXGLHV�KDYH�HYDOXDWHG�WKH�NQRZOHGJH�DQG�VNLOOV�RI�SDUDPHGLFV�LQ�RXU
HPHUJHQF\�GHSDUWPHQW�

3RSXODWLRQ�DQG�0HWKRGV��2XU�VWXG\�ZDV�SURVSHFWLYH��GHVFULSWLYH��PRQR�FHQWULF�FRQGXFWHG�GXULQJ�D�SHULRG�D�SHULRG����ZHHNV��7KH�WRRO�XVHG�ZDV
D�TXHVWLRQQDLUH�FRQWDLQLQJ����LWHPV�LQ�WKH�IRUP�RI�PXOWLSOH�FKRLFH�TXHVWLRQV�ZKLFK�ZHUH�GLVWULEXWHG�LQ�FRQQHFWLRQ�ZLWK�WKH�WKUHH�VWDJHV�RI�WKH
WUDQVIXVLRQ��SUH�WUDQVIXVLRQ��SHU�WUDQVIXVLRQ�DQG�SRVW�WUDQVIXVLRQ���7KH�FROOHFWLRQ�RI�LQIRUPDWLRQ�ZDV�FDUULHG�RXW�E\�WZR�VHQLRU�WHFKQLFLDQ�LQ
HPHUJHQF\�PHGLFLQH��YROXQWHHULQJ�DQG�UHVSHFWLQJ�DQRQ\PLW\��$OO�SDUDPHGLFV�ZRUNLQJ�LQ�RXU�HPHUJHQF\�GHSDUWPHQW�RXWVLGH�WKH�DGPLQLVWUDWLYH
ZHUH�LQFOXGHG��2XWFRPH�PHDVXUHV�ZHUH�DGKHUHQFH�WR�WUDQVIXVLRQ�JRRG�SUDFWLFH�LQFOXGH�WDNLQJ�WKH�FRUUHFW�DQVZHUV�

5HVXOWV���WKLUW\�QLQH�������QXUVHV�KDYH�SDUWLFLSDWHG�WR�VWXG\��2QO\������KDYH�DSSURSULDWH�NQRZOHGJH�DQG�SUDFWLFH�ZLWK�QR�QHJDWLYH�FRQVHTXHQFHV
IRU�WKH�SDWLHQW�VDIHW\��,Q�RXU�VDPSOH��SRRU�NQRZOHGJH�DQG�SUDFWLFH�FRQFHUQHG�PDLQO\�SUH�WUDQVIXVLRQ�FRPSDWLELOLW\�FKHFN�ZKHQUHFHLYLQJ�EORRG�XQLWV
�������GHOD\�LQ�SUHVHUYDWLRQ�RI�EORRG�XQLW�LQ�WKH�ZDUG��������DQG�UHFRJQLWLRQ�RI�DEQRUPDO�UHDFWLRQV�DIWHU�WUDQVIXVLRQ��������7KHVH�UHVXOWV�VKRZHG
RQ�ZKLFK�WRSLFV�WKH�WHDFKLQJ�SURJUDP�VKRXOG�HPSKDVL]H�VR�DV�WR�LPSURYH�WKH�TXDOLW\�RI�EORRG�WUDQVIXVLRQ�LQ�WKHPHGLFDO�FHQWHUV�DFFRUGLQJ�WR�OHJDO
REOLJDWLRQV�

&RQFOXVLRQ��7KHVH�UHVXOWV�VKRZHG�RQ�ZKLFK�WRSLFV�WKH�WHDFKLQJ�SURJUDP�VKRXOG�HPSKDVL]H�VR�DV�WR�LPSURYH�WKH�TXDOLW\�RI�EORRG�WUDQVIXVLRQ�LQ�WKH
PHGLFDO�FHQWHUV�DFFRUGLQJ�WR�OHJDO�REOLJDWLRQV�

�



&$6(�35(6(17$7,21 $EGR�6DWWRXW

��������8QXVXDO�DQG�XQH[SHFWHG�;�UD\�ILQGLQJ��D�FDVH�RI�2OOLHU�GLVHDVH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7RP�%DUNHU������$EGR�6DWWRXW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��$LQWUHH�8QLYHUVLW\�+RSVLWDO��/LYHUSRRO��8.

.H\ZRUGV��2OOLHU�GLVHDVH��(QFKRQGURPDWRVLV��(QFKRQGURPD

$EVWUDFW��

,QWURGXFWLRQ

$�VPDOO�JURXS�RI�SDWLHQWV�FDQ�SUHVHQW�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��ZLWK�OLPE�GHIRUPLW\�DQG�XQXVXDO�UDGLRORJLFDO�ILQGLQJV�ZKLFK�DUH�DWWULEXWHG
WR�XQGHUO\LQJ�EHQLJQ�FRQGLWLRQV�

�

&DVH

$����\HDU�ROG�IHPDOH�SUHVHQWHG�WR�RXU�('�ZLWK�D�ULJKW�VKRXOGHU�LQMXU\�WKDW�VKH�VXVWDLQHG�ZKLOVW�DW�WKH�J\P�GRLQJ�RQH�KDQGHG�SUHVV�XSV�

7KH�ULJKW�VKRXOGHU�;�UD\�VKRZHG�DQ�DQWHULRU�GLVORFDWLRQ�ZLWK�GHIRUPHG�KXPHUDO�KHDG�DQG�VFDSXOD�ZLWK�DUHDV�RI�IRFDO�FDOFLILFDWLRQ��2Q�IXUWKHU
TXHVWLRQLQJ��WKH�SDWLHQW�DGPLWWHG�WKDW�VKH�ZDV�GLDJQRVHG�ZLWK�2OOLHU�GLVHDVH�LQ�HDUO\�FKLOGKRRG�

7KH�GLVORFDWLRQ�ZDV�VXFFHVVIXOO\�UHGXFHG�DQG�DQ�RUWKRSDHGLFV�RXW�SDWLHQW�IROORZ�XS�ZDV�DUUDQJHG��

�

'LVFXVVLRQ

2OOLHU�GLVHDVH��RU�(QFKRQGURPDWRVLV��LV�D�UDUH�ERQH�GLVHDVH�GHILQHG�E\�WKH�SUHVHQFH�RI�PXOWLSOH�HQFKRQGURPDV��3UHYDOHQFH�LV�DURXQG���LQ��������
DQG�LV�WZLFH�DV�FRPPRQ�LQ�PHQ�WKDQ�ZRPHQ�

(QFKRQGURPDV�DUH�JHQHUDOO\�EHQLJQ�DV\PSWRPDWLF�WXPRXUV�RI�K\DOLQH�FDUWLODJH�DQG�RFFXU�VHFRQGDU\�WR�GHIHFW�LQ�WKH�GHYHORSPHQW�RI�WKH�OLPE�EXG�
ZKLFK�FDXVHV�WKH�ORQJ�ERQHV�WR�JURZ�LQ�GLDPHWHU�LQ�SRVW�IRHWDO�OLIH��3DWKRORJ\�LV�QRW�FOHDUO\�XQGHUVWRRG�EXW�LV�EHOLHYHG�WR�EH�GXH�WR�KHWHUR]\JRXV
PXWDWLRQV�LQ�WKH�LVRFLWUDWH�GHK\GURJHQDVH�JHQH�DQG�G\VUHJXODWLRQ�LQ�WKH�,QGLDQ�KHGJHKRJ�VLJQDOOLQJ�SDWKZD\�FDXVLQJ�DQRPDOLHV�LQ�WKH�SDWKZD\
FRQWUROOLQJ�WKH�SUROLIHUDWLRQ�DQG�GLIIHUHQWLDWLRQ�RI�FKRQGURF\WHV�UHVXOWLQJ�LQ�WKH�IRUPDWLRQ�RI�LQWUDRVVHRXV�FDUWLODJLQRXV�IRFL�

2OOLHU�GLVHDVH�SUHVHQWV�DV�SDLQOHVV�ERQ\�OHVLRQV��PDLQO\�FRQILQHG�WR�WKH�DSSHQGLFXODU�VNHOHWRQ��LQ�D�ELODWHUDO�EXW�DV\PPHWULF�GLVWULEXWLRQ��PRVW
FRPPRQO\�DIIHFWLQJ�WKH�SKDODQJHV�DQG�PHWDFDUSDOV��DQG�XVXDOO\�LQ�WKH�ILUVW�GHFDGH�RI�OLIH��/HVLRQV�XVXDOO\�DSSHDU�DQG�JURZ�EHIRUH�SXEHUW\�EXW�VRRQ
UHPRGHO�LQWR�QRUPDO�ERQH��,W�PD\�DOVR�SUHVHQW�ZLWK�VKRUWHQHG�OLPEV�GXH�WR�DQ�DEQRUPDO�HSLSK\VHDO�SODWH�DGMDFHQW�WR�WKH�HQFKRQGURPDV�DIIHFWLQJ
WKH�ORQJLWXGLQDO�JURZWK�RI�WKH�ERQHV�

3DWKRORJLFDO�IUDFWXUHV�FDQ�RFFXU�GXH�WR�WKLQQLQJ�RI�WKH�FRUWLFDO�ERQH�RYHU�WKH�JURZLQJ�OHVLRQV�

9DULRXV�WXPRXUV�DUH�DVVRFLDWHG�ZLWK�2OOLHU�VXFK�DV�FKRQGURVDUFRPD��RVWHRVDUFRPD��FHQWUDO�QHUYRXV�V\VWHP��RYDULHV��EUHDVW�DQG�OXQJ��7KH�UHSRUWHG
LQFLGHQFH�RI�PDOLJQDQW�WUDQVIRUPDWLRQ�RI�HQFKRQGURPDV�UDQJHV�IURP����WR�����

7KH�GLDJQRVLV�LV�EDVHG�RQ�FOLQLFDO�DQG�UDGLRORJLFDO�ILQGLQJV��3ODLQ�UDGLRJUDSKV�UHYHDO�DV\PPHWULFDO�RVWHRO\WLF�OHVLRQV�ZLWK�ZHOO�GHILQHG��VFOHURWLF
PDUJLQV�DQG�JURXQG�JODVV�DSSHDUDQFH�RI�WKH�PDWUL[�DW�WKH�PHWDSK\VLV�DQG�HSLSK\VLV�RI�ORQJ�ERQHV��&RPSXWHG�WRPRJUDSK\��&7��VFDQV�DUH�XVHIXO�WR
DVVHVV�WKH�OHVLRQV�IXUWKHU�DV�ZHOO�DV�HYDOXDWLQJ�DQ\�VRIW�WLVVXH�FRPSRQHQW�

+RZHYHU��JLYHQ�WKH�K\SHUFHOOXODULW\�RI�HQFKRQGURPDV��KLVWRORJLFDO�GLVWLQFWLRQ�EHWZHHQ�EHQLJQ�DQG�PDOLJQDQW�WXPRXUV�PD\�EH�GLIILFXOW��7KHUHIRUH��LQ
VXVSHFWHG�PDOLJQDQW�WUDQVIRUPDWLRQ��G\QDPLF�PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,��VFDQV�DQG�ERQH�VFLQWLJUDSK\�DUH�XVHIXO�

7KH�WUHDWPHQW�LV�XVXDOO\�FRQVHUYDWLYH�DQG�VXUJHU\�LV�UHVHUYHG�IRU�FDVHV�RI�GHIRUPLW\��OLPE�OHQJWK�GLVFUHSDQF\��SDWKRORJLFDO�IUDFWXUH�RU�PDOLJQDQW
WUDQVIRUPDWLRQ��2YHUDOO�SURJQRVLV�LV�JRRG�

�

&RQFOXVLRQ

2OOLHU�GLVHDVH�LV�D�UDUH�ERQH�GLVHDVH�DQG�GRHVQÇW�XVXDOO\�FDXVH�DQ\�VLJQLILFDQW�IXQFWLRQDO�LPSDLUPHQW��7KH�SUHVHQFH�RI�VLPLODU�UDGLRORJLFDO�ILQGLQJV�LQ
WKH�('�VKRXOG�GLFWDWH�GHWDLOHG�PHGLFDO�KLVWRU\�DQG�UHFRUGV�UHYLHZ�
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��������0RUWDOLW\�LQ�HPHUJHQF\�GHSDUWPHQW��P\WK�RU�UHDOLW\"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1HVULQH�,EQ�+$66,1(������&+$:.,�-(%$/,������+DMHU�.5$,(0������1DZIHO�&+%,/,������0(-',�205,������0RKDPHG�1(-,%�.$528,����

���6$08������&+8�6$+/28/��6RXVVH��781,6,$
���8UJHQFHV��&+8�6DKORXO�GH�6RXVVH��6RXVVH��781,6,$
���6$08������&+8�6$+/28/��VRXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���6RXVVH��781,6,$
���6$08������&+8�6$+/28/��6RXVVH���781,6,$

.H\ZRUGV��0RUWDOLW\��HPHUJHQF\��OLPLW�DQ\�DFWLYH�WKHUDSHXWLFV

$EVWUDFW��

,QWURGXFWLRQ��7KH�VWXG\�RI�PRUWDOLW\�LQ�HPHUJHQFLHV�LV�RI�KLJK�LPSRUWDQFH�IRU�HPHUJHQF\�GLGDFWLF��,W�LV�DOVR�D�XVHIXO�LQGLFDWRU�IRU�DVVHVVLQJ�WKH
SURYLVLRQ�RI�FDUH�DQG�VXSSRUW�IRU�SDWLHQWV��2XU�HPHUJHQF\�GHSDUWPHQW�KDV�QRW�\HW�EHHQ�WKH�VXEMHFW�RI�VXFK�D�VWXG\��7KXV��LW�VHHPHG�DSSURSULDWH�WR
FRQVLGHU�D�SURVSHFWLYH�VWXG\�ZKRVH�REMHFWLYHV�ZHUH�WR�GHWHUPLQH�WKH�FKDUDFWHULVWLFV�RI�WKH�SDWLHQWV�GLHG�LQ�WKH�HPHUJHQF\�VSHFLI\�WKH�FDXVH�RI
GHDWK�DQG�WR�HYDOXDWH�SDWLHQWV�ZKR�GLHG�ZLWK�WKH�ZDQLQJ�RI�WKH�OLPLWDWLRQ�RU�VKXWGRZQ�WKHUDSHXWLFDOO\�DFWLYH�

0DWHULDOV�DQG�PHWKRGV��7KLV�LV�D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�PRQR�FHQWULF�RYHU�D�SHULRG�RI�RQH�\HDU�LQFOXGLQJ�DOO�GHDWKV�LQ�WKH�HPHUJHQF\
GHSDUWPHQW�GXULQJ�WKH�SHULRG�RI�VWXG\��6HYHUDO�SDUDPHWHUV�ZHUH�FROOHFWHG�IURP�WKH�PHGLFDO�UHFRUGV��7KHQ��WZR�VHQLRUV�KDYH�LQYHVWLJDWHG�ZKHWKHU
WKH�GHDWK�ZDV�UHYHUVLEOH�ZLWK�WKH�ZDQLQJ�RI�D�PHGLFDO�FRQGLWLRQ��WKHUH�ZDV�D�FRQFHSW�RI�SUHYHQWDEOH�GHDWK�LQ�VHYHUH�WUDXPD�DQG�ILQDOO\��LI�WKH
OLPLWDWLRQ�RU�FHVVDWLRQ�RI�DFWLYH�WUHDWPHQW�ZDV�IRUPDOL]HG�FRQGXFW�RU�LPSOLFLWO\��([FOXVLRQ�FULWHULD�LQFOXVLRQV�ZHUH��SDWLHQWV�DOUHDG\�DUULYHG�GHDG��DJH
����\HDUV��SDWLHQWV�ZLWKRXW�PHGLFDO�UHFRUGV�DQG�SDWLHQWV�ZKRVH�PHGLFDO�UHFRUGV�DUH�XQXVDEOH�GXH�WR�ODFN�RI�GDWD�

5HVXOWV��:H�LQFOXGHG�QLQHW\�IRXU�GHDWKV�LQ�HPHUJHQFLHV��7KXV��ZH�KDYH�REMHFWLILHG�PDOH�SUHGRPLQDQFH��7KH�PDMRULW\�RI�GHDWK�DIIHFWV�D�\RXQJ
SRSXODWLRQ�ZLWK�DQ�DYHUDJH�DJH�RI����k���\HDUV��2QO\�������RI�RXU�SDWLHQWV�XQGHUZHQW�D�PHGLFDO�WUDQVSRUW��0RUH�WKDQ�KDOI�RI�SDWLHQWV�KDYH
FDUGLRYDVFXODU�KLVWRU\��7KH�FDXVH�RI�GHDWK�ZDV�WKH�PRVW�FRPPRQ�VWURNH�DQG�LQ�������RI�FDVHV�WKH�HWLRORJ\�RI�GHDWK�ZDV�XQFOHDU��7KH�LQFLGHQFH�RI
UHYHUVLEOH�PHGLFDO�GHDWK�ZDV��������:H�QRWHG����SUHPDWXUH�GHDWKV�SRVW�WUDXPDWLF�

&RQFOXVLRQ��HDUO\�GHDWKV�ZHUH�IUHTXHQW�HPHUJHQFLHV�DQG�DUH�PDLQO\�WKH�HOGHUO\��IRU�ZKLFK�DQ��DOWHUQDWLYH��KRPH�PDLQWHQDQFH�GHFLVLRQ�FRXOG�EH
WDNHQ��$FWLYH�UHVXVFLWDWLRQ�PHDVXUHV�KDYH�EHHQ�WDNHQ�LQ�SULQFLSOH�LQ�PRVW�FDVHV�EHIRUH�GHFLGLQJ�RQ�D�OLPLWDWLRQ�RU�WHUPLQDWLRQ�RI�DFWLYH�WUHDWPHQW�



&$6(�35(6(17$7,21 5RFLR�(VFULFKH

��������5KDEGRP\RO\VLV�DQG�KHPDWXULD�DVVRFLDWHG�ZLWK�WKH�XVH�RI�VLPYDVWDWLQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5RFLR�(VFULFKH������$OLFLD�%DJXHQD������3DWULFLD�%RQHG������7HUHVD�'H�)HUQDQGR������7HUHVD�3DUGR������3LODU�0LUDQGD����

���(PHUJHQF\��5R\R�9LOODQRYD�+RVSLWDO��=DUDJR]D��63$,1

.H\ZRUGV��5KDEGRP\RO\VLV��KHPDWXULD��VLPYDVWDWLQ

$EVWUDFW��

0DOH�SDWLHQW�RI����\HDUV�ROG�ZLWK�D�KLVWRU\�RI�ULJKW�QHSKUHFWRP\����\HDUV�DJR�DIWHU�FRQJHQLWDO�DQRPDO\�GHWHFWHG�E\�FKDQFH�DIWHU�WUDIILF�DFFLGHQW�
LVFKHPLD�RI�OHIW�UHQDO�DUWHU\�LQ������E\�ZKDW�ZDV�EHLQJ�IROORZHG�E\�K\SHUWHQVLYH�QHSKURSDWK\�RI�JUDGH�,9�GXULQJ���\HDUV��$IWHU�DOO��WKH�K\SHUWHQVLRQ
KDV�EHHQ�ZHOO�FRQWUROOHG��WKHUH�LV�D�PLOG�UHQDO�LPSDLUPHQW���DQ�G\VOLSLGHPLD�DQG�DQ�DQ[LRXV�V\QGURPH�ZLWK�SV\FKLDWULF�WUHDWPHQW��%DVDO�FKURQLF
WUHDWPHQW�ZLWK�2PHSUD]ROH���PJ��7RUDVHPLGH��PJ����PJ�0DQLGLSLQH��$OSUD]RODP�����PJ���PJ�7ULIOXRSHUD]LQH�DQG�D�FRPELQDWLRQ�RI�6LPYDVWDWLQ
DQG�(]HWLPLEH���PJ�WR���PJ��&RQVXOWDWLRQ�LQ�WKH�HPHUJHQF\�URRP�IRU�VXGGHQ�KHPDWXULD�ZLWKRXW�XULQDU\�V\PSWRPV�DVVRFLDWHG�RU�IHYHU��7KH�RQO\
DQWHFHGHQW�RI�LQWHUHVW�LV�WKH�UHVXPSWLRQ�RI�PRGHUDWH�SK\VLFDO�DFWLYLW\�LQ�WKH�SUHYLRXV����KRXUV��7KHUH�KDYH�EHHQ�QR�FKDQJHV�LQ�WKHLU�XVXDO
WUHDWPHQW��7KHUH�KDV�EHHQ�QR�GUXJ�XVH��8S�VWXG\�FRQGXFWHG�&U�����PJ���GO��XUHD���PJ���GO��1D����P(T���/��.����P(T���/�DQG�&.��������7KHUH�LV�D
IUDQN�KHPDWXULD�ZLWKRXW�LQIHFWLRXV�VLJQV�XULQDOV��%ORRG�FRXQW�DQG�FRDJXODWLRQ�XQFKDQJHG��$EGRPLQDO�XOWUDVRXQG�SHUIRUPHG�ZLWKRXW
DOWHUDWLRQV�*LYHQ�ORZ�SUREDELOLW\�HSLVRGH�RI�UKDEGRP\RO\VLV�VHFRQGDU\�WR�H[HUFLVH�GHVFULEHG��RI�PLOG�RU�YHU\�PRGHUDWH�LQWHQVLW\���WKH�VWXG\�LV
H[WHQGHG�LQ�HPHUJHQF\�URRP�IRU�VXVSHFWHG�VLGH�HIIHFWV�WR�VWDWLQV��FRQILUPLQJ�DOWHUDWLRQ�RI�WUDQVDPLQDVHV�*27�����,8���/��*37����8,���/��KLJK
P\RJORELQDHPLD!������QJ���P/�DQG�FRQILUPDWLRQ�P\RJORELQXULD�LQ�XULQDU\�VHGLPHQW��$W�ILUVW�WKH�SDWLHQW�H[SHULHQFHV�D�WRUSLG�HYROXWLRQ��ZLWK�ORZ
XULQH�RXWSXW�GHVSLWH�IOXLG�LQIXVLRQ�DQG�PDLQWHQDQFH�RI�KLJK�OHYHOV�RI�&.�GXULQJ�WKH�ILUVW����KRXUV��$IWHU�VXVSHQVLRQ�RI�OLSLG�ORZHULQJ�WKHUDS\�DQG
DGHTXDF\�RI�IOXLG�WKHUDS\�LV�REMHFWLYHO\�SURJUHVVLYH�FOLQLFDO�LPSURYHPHQW�ZLWK�JUDGXDO�QRUPDOL]DWLRQ�RI�ELRFKHPLFDO�SDUDPHWHUV�GXULQJ
KRVSLWDOL]DWLRQ��&RQFOXVLRQ��,Q�GDLO\�FOLQLFDO�SUDFWLFH�LV�YHU\�FRPPRQ�WKH�XVH�RI�OLSLG�ORZHULQJ�GUXJV�IRU�VHFRQGDU\�SUHYHQWLRQ�RI�LVFKHPLF�KHDUW
GLVHDVH��,W�LV�NQRZQ�WKH�UHODWLRQVKLS�RI�VWDWLQV�ZLWK�WKH�RQVHW�RI�OLYHU�GDPDJH�EHLQJ�ZLGHVSUHDG�PRQLWRULQJ�RI�WUDQVDPLQDVHV�DQG�FDQ�VSHQG�PRUH
XQQRWLFHG�DVVRFLDWLRQ�ZLWK�P\RSDWKLHV�WKDW�FRXOG�FRQGLWLRQ�D�P\RJORELQDHPLD�DQG�P\RJORELQXULD�ZLWK�HYHQ�IDWDO�UHQDO�IDLOXUH��ZKLFK�VKRXOG�EH
FRQVLGHUHG�LQ�SDWLHQWV�VXVFHSWLEOH�WR�UHQDO�LQYROYHPHQW�



3$,1�0$1$*(0(17���$1$/*(6,$��
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��������NHWRSURIHQ�YHUVXV�GLFORIHQDF�LQ�WUHDWPHQW�RI�UHQDO�FROLF��GRXEOH�EOLQG�UDQGRPL]HG�IRUZDUG�ORRNLQJ�FRPSDUDWLYH�6WXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1HVULQH�,EQ�+$66,1(������&+$:.,�-(%$/,������$FKUHI�+$-�$/,������/27),�%28.$','$������$VPD�=25*$7,������5LDGK�%RXNHI����

���8UJHQFHV��&+8�6DKORXO�GH�6RXVVH���6RXVVH��781,6,$
���8UJHQFHV��&+8�6DKORXO�GH�6RXVVH��6RXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���VRXVVH��781,6,$
���(PHUJHQF\�RI�6DKORXO��6RXVVH��6RXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���6RXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���6RXVVH���781,6,$

.H\ZRUGV��.HWRSURIHQ��GLFORIHQDF��UHQDO�FROLF��HPHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ��7KH�UHQDO�FROLF�RI�WKH�DGXOW�LV�D�IUHTXHQW�ORPER�DEGRPLQDO�SDLQIXO�V\QGURPH�LQ�HPHUJHQFLHV��7UHDWPHQW�LV�EDVHG�RQ�QRQVWHURLGDO
DQWL�LQIODPPDWRU\�GUXJ��16$,'��EXW�WKH�FKRLFH�EHWZHHQ�GLIIHUHQW�16$,'V�UHPDLQV�D�VXEMHFW�RI�FRQWURYHUV\��2XU�DLP�ZDV�WR�FRPSDUH�WKH�HIILFLHQF\
DQG�WKH�WROHUDQFH�RI�WZR�LQWUDPXVFXODUO\�16$,'V�LQ�UHQDO�FROLF�

0DWHULDOV�DQG�PHWKRGV��$�UDQGRPL]HG�FRQWUROOHG�FOLQLFDO�WULDO��VLQJOH�FHQWHU�GRXEOH�EOLQG�UHDOL]HG�LQ�HPHUJHQFLHV�VHUYLFH�RYHU�DQ���PRQWK�SHULRG�
ZDV�LQFOXGHG��$JH�!����\HDUV�ZLWK�D�YLVXDO�DQDORJXH�VFDOH��9$6��Õ�����([FOXVLRQ�FULWHULD��3UHJQDQW���UHQDO�IDLOXUH�RU�NQRZQ�KHSDWLF��NQRZQ�RU
VXVSHFWHG�DOOHUJ\�WR�16$,'V��NQRZQ�SHSWLF�XOFHU��KHPRUUKDJLF��$OO�SDWLHQWV�ZDV�UDQGRPL]HG�LQ�WR���JURXSV��*.��.HWRSURIHQ���D���PO�V\ULQJH�ZLWK�DQ
DPSRXOH�����PJ�����PO�����PO�RI�VHUXP��*'��GLFORIHQDF���D���P/�V\ULQJH�FRQWDLQLQJ�D�EXOE�RI����PJ�����PO��7KH�URXWH�RI�LQMHFWLRQ�ZDV
LQWUDPXVFXODUO\��,I�9$6�!���DIWHU����PQ����J�RI�SDUDFHWDPRO�VORZ�LQWUDYHQRXV�ZDV�DGPLQLVWHUHG�WR�WKH�SDWLHQW��3ULPDU\�RXWFRPHV�ZHUH�VXFFHVVIXO
WUHDWPHQW��WLPH�WR�UHVROXWLRQ�RI�SDLQ�DQG�9$6�GURS�SHUFHQWDJH��6HFRQGDU\�RXWFRPHV�ZHUH�WKH�RFFXUUHQFH�RI�VLGH�HIIHFWV�

5HVXOWV��:H�KDYH�LQFOXGHG����SDWLHQWV��,QGHHG��WKH�DYHUDJH�DJH�ZDV����k����\HDUV�IRU�*.�YHUVXV����k����\HDUV�IRU�*'��7KH�PHDQ�9$6�RQ
DGPLVVLRQ�ZDV�DOVR�VLPLODU�LQ�ERWK�DUPV��:H�REMHFWLILHG�D�WKHUDSHXWLF�VXFFHVV�UDWH�RI�����LQ�ERWK�JURXSV��7KLV�VXFFHVV�ZDV�VLPLODU�LQ�ERWK�DUPV�ZLWK
D�VOLJKW�WHQGHQF\�IRU�WKH�NHWRSURIHQ�JURXS��7KH�XVH�RI�UHVFXH�PHGLFDWLRQ�ZDV�������LQ�WKH�*.�YHUVXV�������LQ�WKH�*'���3 �������:H�KDYH�REVHUYHG
LQ������Q� �����RI�WKH�VWXG\�SRSXODWLRQ�VLGH�HIIHFWV��7KHVH�HIIHFWV�ZHUH�RQO\�PLQRU�DQG�QR�PDMRU�LQWROHUDQFH�H[SUHVVLRQ�ZDV�UHJLVWHUHG�

&RQFOXVLRQ��7KH�HIIHFW�RI�DQWL�LQIODPPDWRU\�GUXJV�RQ�WKH�HIILFDF\�DQG�WROHUDQFH�LQ�WKH�WUHDWPHQW�RI�UHQDO�FROLF�ZDV�WKH�VDPH�IRU�GLFORIHQDF�DQG
NHWRSURIHQ��2WKHU�IDFWRUV�VXFK�FRVW��VLGH�HIIHFW�SURILOH��DQG�SHUVRQDO�SUHIHUHQFH�PD\�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�LQ�WKH�FKRLFH�RI�WUHDWPHQW�



,0$*,1*���8/75$6281'���5$',2/2*< -RKDQQHV�%oHU

��������(PHUJHQF\�8OWUDVRXQG�6XUYH\��5HVXOWV�IURP�D�QDWLRQDO�6XUYH\�LQ�*HUPDQ\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-RKDQQHV�%�HU������7RELDV�/LQGQHU������$OH[DQGHU�+HLQ]PDQQ������7RELDV�.XQ]PDQQ������/DUV�/RPEHUJ������:ROIJDQJ�%ODQN������0DUWLQ�0�FNHO����

���=HQWUDOH�1RWDXIQDKPH��.UHLVNOLQLNHQ�5HXWOLQJHQ��5HXWOLQJHQ��*(50$1<
���&DPSXV�9LUFKRZ�.OLQLNXP��1RWIDOOPHGL]LQ��8QLYHUVLW�WVPHGL]LQ�%HUOLQ�&KDULW����%HUOLQ��*(50$1<
���0HGL]LQLVFKH�.OLQLN�,��.UHLVNOLQLNHQ�5HXWOLQJHQ��5HXWOLQJHQ��*(50$1<
���,QWHUGLV]LSOLQ�UH�1RWDXIQDKPH��.OLQLNXP�6WXWWJDUW��6WXWWJDUW��*(50$1<

.H\ZRUGV��HPHUJHQF\��XOWUDVRXQG��HGXFDWLRQ

$EVWUDFW��

3XUSRVH��
7R�HYDOXDWH�WKH�FXUUHQW�VWDWH�RI�XOWUDVRXQG�86��XVH�LQ�*HUPDQ�HPHUJHQF\�GHSDUWPHQWV��('���
0HWKRGV��
('�([SHUWV��'*,1$�DQG�'(*80�0HPEHUV�ZHUH�DVNHG�WR�FRPSOHWH�WKH�TXHVWLRQDLUH�RQOLQH�E\�6XUYH\PRQNH\i��5HVSRQVHV�ZHUH�FROOHFWHG�DQG
DQRQ\PL]HG��
5HVXOWV��
����YDOLG�DQVZHUV�IURP�GLIIHUHQW�KRVSLWDOV�ZHUH�UHFHLYHG������RI�WKH�KRVSLWDOV�KDYH���RU�PRUH�XOWUDVRXQG�PDFKLQHV�LQ�WKH�('������RI�WKH
H[DPLQDWLRQV�DUH�GRQH�E\�UHVLGHQWV�ZLWKRXW�VXSHUYLVLRQ�IURP�DQ�H[SHUW�VRQRJUDSKHU��$PRQJ�WKH�PRVW�IUHTXHQW�86�H[DPLQDWLRQV�DUH�ÊDEGRPHQÈ�
Ê)$67È��ÈORZHU�H[WUHPLW\�GXSOH[É��ÈHFKR�)((/É�DQG�ÈFKHVW�86É��7KH�SDUWLFLSDQWV�FODLP�WKDW�EDVLF�H[DPLQDWLRQV�VKRXOG�EH�PDVWHUHG�E\�HYHU\�GRFWRU�
6SHFLDO�XOWUDVRXQG�H[DPLQDWLRQV�LQFOXGLQJ�JXW�VRQRJUDSK\�DQG�FRQWUDVW�HQKDQFHG�XOWUDVRXQG�DUH�DSSOLHG�LQ�VRPH�('V��EXW�WKH�UHVSHFWLYH�XVH�GLIIHUV
ZLGHO\��
&RQFOXVLRQ��
7R�HQVXUH�86�TXDOLW\�LQ�WKH�('��OHYHOV�RI�FRPSHWHQFH�DQG�WUDLQLQJ�SURJUDPV�QHHG�WR�EH�HVWDEOLVKHG��&RQWUDVW�HQKDQFHG�86�LV�VR�UDUHO\�XVHG�LQ�('V
HYHQ�WKRXJK�����KDYH�WKH�WHFKQLFDO�SRVVLELOLW\��)XUWKHU�UHVHDUFK�LV�UHTXLUHG�ZLWK�UHVSHFW�WR�PRVW�QHHGHG�H[DPLQDWLRQ�W\SHV�DQG�IRFXV�RQ�HGXFDWLRQ�



&5,7,&$/�&$5( 0DUWLQD�%DWWLVWLROL

��������6<3+,/,7,&�$257,7,6��:+(1�&+(67�3$,1�%(&20(6�7+(�:2567�1,*+70$5(�2)�7+(�(0(5*(1&<�3+<6,&,$1

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DUWLQD�%DWWLVWLROL������(OHRQRUD�5HOOD������2VFDU�7RWLV������$OHVVDQGUR�'H�/HR������0DXUR�0DVDW������(OYLR�3ROHVHO������=RUDQ�2OLYDUL������3LHU�*LRUJLR
6FRWWRQ������0DXUL]LR�6DFKHU����

���(PHUJHQF\�0HGLFLQH���7UHYLVR�&D
�)RQFHOOR�+RVSLWDO���7UHYLVR��,7$/<
���&DUGLRORJ\���7UHYLVR�&D
�)RQFHOOR�+RVSLWDO���7UHYLVR��,7$/<
���&DUGLRWKRUDFLF�6XUJHU\��7UHYLVR�&D
�)RQFHOOR�+RVSLWDO���7UHYLVR��,7$/<
���$QHVWKHVLD�DQG�,QWHQVLYH�&DUH���7UHYLVR�&D
�)RQFHOOR�+RVSLWDO���7UHYLVR��,7$/<
���,QIHFWLRXV�'LVHDVH��7UHYLVR�&D
�)RQFHOOR�+RVSLWDO���7UHYLVR��,7$/<

.H\ZRUGV��V\SKLOLWLF�DRUWLWLV��FKHVW�SDLQ��FULWLFDO�FDUH��DRUWLF�GLVVHFWLRQ��LQIHFWLRXV�UDUH�GLVHDVH

$EVWUDFW��

,QWURGXFWLRQ

7HUWLDU\�6\SKLOLV�LV�XVXDOO\�VORZO\�SURJUHVVLYH�DQG�DQ\�RUJDQ�PD\�EH�LQYROYHG��LQ�SDUWLFXODU�KHDUW���&DUGLRYDVFXODU�V\SKLOLV�LQYROYHV�WKH�DVFHQGLQJ
DRUWD�DQG�WKH�DUFK�DQG�FDQ�FDXVH�DRUWLF�DQHXU\VP��DRUWLF�UHJXUJLWDWLRQ�DQG�FRURQDU\�RVWLDO�VWHQRVLV�GXH�WR�DRUWLWLV��WKXV�PLPLQJ�DOO�HPHUJHQW�FDXVHV
RI�FKHVW�SDLQ�

&DVH�5HSRUW

$����\HDUV�ROG�ZRPDQ�SUHVHQWHG�LQ�WKH�('�ZLWK�KLVWRU\�RI�HSLVRGLF�VWUHVV�UHODWHG�FKHVW�SDLQ�DVVRFLDWHG�ZLWK�G\VSQHD�DQG�WDFK\FDUGLD�IRU�WKH�SDVW��
PRQWKV��+HU�SDVW�KLVWRU\�ZDV�PXWH�DQG�VKH�KDG�QR�FDUGLRYDVFXODU�IDFWRU\�ULVNV�DW�DOO�

3K\VLFDO�H[DPLQDWLRQ��YLWDO�SDUDPHWHUV��&KHVW�;�5D\�DQG�EORRG�WH[WV��LQFOXGLQJ�PDUNHUV�RI�FDUGLDF�LVFKHPLD�DQG�'�GLPHU��ZHUH�QRUPDO��7KH�(&*�LQ
FRXUVH�RI�SDLQ�VKRZHG�D�WUDQVLHQW�GLIIXVH�67�GHSUHVVLRQ����PP��PRUH�HYLGHQW�LQ�WKH�LQIHULRU�DQG�ODWHUDO�OHDGV��7KH�EHGVLGH�HFKRFDUGLRJUDP�VKRZHG
QR�DEQRUPDOLWLHV��3DWLHQW�ZDV�JLYHQ�D�GRVH�RI�$VSLULQ������PJ�FKHZHG�WDEOHW��DQG�UHFRYHUHG�LQ�WKH�(PHUJHQF\�0HGLFLQH�'HSDUWPHQW�IRU�IXUWKHU
LQYHVWLJDWLRQV�

7KH�GD\V�DIWHU��VKH�SUHVHQWHG�WZR�RWKHU�HSLVRGHV�RI�FKHVW�SDLQ��DVVRFLDWHG�ZLWK�WDFK\FDUGLD�DQG�G\VSQHD��6HULDWHG�(&*V��GXULQJ�SDLQ��VKRZHG�QRW
RQO\�WKH�VDPH�67�GHYLDWLRQ�SUHVHQWHG�LQ�WKH�('�EXW�DOVR�67�VHJPHQW�HOHYDWLRQ�LQ�WKH�DQWHULRU�DQG�VHSWDO�OHDGV��DQG�WUDQVLHQW�7�ZDYH�LQYHUVLRQ�LQ
WKH�LQIHULRU�DQG�ODWHUDO�RQHV�DIWHU�WKH�SDLQ�GHFUHDVHG���7KH�ODVW�HSLVRGH�RI�FKHVW�SDLQ�ZDV�DVVRFLDWHG�ZLWK�UHVSLUDWRU\�GLVWUHVV�GXH�WR�SXOPRQDU\
HGHPD��EHLQJ�QHFHVVDU\�D�&�3$3�PDVN�WR�FRUUHFW�K\SR[HPLD��&7�7KRUD[�$QJLRJUDSK\��VKRZHG�MXVW�D�VXEVHJPHQWDU\�SXOPRQDU\�HPEROLVP�ZKHUHDV
XUJHQW�&RURQDU\�&DWKHWHUL]DWLRQ�VKRZHG�WKH�SUHVHQFH�RI�DQ�ÈDE�HVWULQVHFRÉ�VWHQRVLV�RI�WKH�FRURQDULHVÇ�RVWLD���WKXV�OHDGLQJ�WR�LPPHGLDWH�VXUJHU\�LQ
WKH�K\SRWKHVLV�RI�DRUWLF�GLVVHFWLRQ���

'XULQJ�WKH�VXUJHU\��ZKLFK�FRQVLVWHG�RQ��VXEVWLWXWLRQ�RI�DRUWLF�YDOYH�DQG�DUFK�DQG�&$%*��/,0$�RQ�$'��EHFDXVH�RI�WKH�GDPDJH�RI�VLQXV�WXEXODU
MXQFWLRQ�DQG�FRURQDULHVÇ�RVWLD��LW�ZDV�PDGH�WKH�K\SRWKHVLV�RI�HLWKHU�LQIODPPDWRU\�RU�LQIHFWLRXV�GLVHDVH�FDXVLQJ�DRUWLWLV�LQVWHDG�RI�KHPDWRPD��ZKLFK
ZDV�QRW�SUHVHQW�DW�DOO��/DWHU��VHURORJ\�IRU�V\SKLOLV�UHVXOWHG�SRVLWLYH��DQG�KLVWRORJ\�FRQILUPHG�WKH�VXVSHFW�

7KH�SDWLHQW�ZDV�WKDQ�DGPLWWHG�WR�WKH�,QIHFWLRXV�'LVHDVH�'HSDUWPHQW�DQG�WKHQ�IXOO\�UHFRYHUHG�

'LVFXVVLRQ

&KHVW�3DLQ�LV�VRPHWLPHV�D�FKDOOHQJH�IRU�WKH�('�3K\VLFLDQ��EHFDXVH�RI�WKH�GLIILFXOWLHV�LQ�WKH�GLIIHUHQWLDO�GLDJQRVLV��$&/6�VWUHVVHV�WKH�LPSRUWDQFH�RI
LGHQWLI\LQJ�VRPH�RI�WKHVH�È$&6�PLPLQJÉ�WKDW�DUH�VHYHUH�DQG�OLIH�WKUHDWHQLQJ��DERYH�DOO��DRUWLF�GLVVHFWLRQ��SXOPRQDU\�HPEROLVP��DFXWH�WDPSRQDGH�
WHQVLRQ�SQHXPRWKRUD[�

7KLV�SDWLHQW�KDG�SUHVHQWHG�VHYHUDO�HSLVRGHV�RI�FKHVW�SDLQ�ZLWK�(&*V�VXJJHVWLYH�IRU�LVFKHPLD��WKXV�OHDGLQJ�WR�WKLQN��DW�ILUVW�LQVWDQFH��WR�3ULQW]PHWDOÇV
$QJLQD��)XUWKHU�LQYHVWLJDWLRQV�LGHQWLILHG�SXOPRQDU\�HPEROLVP�DQG�DOVR�OHG�WKH�VXVSHFW�RI�DRUWLF�GLVVHFWLRQ��+RZ�LV�WKDW�SRVVLEOH�WKDW�WKUHH�RI�WKH
PDLQ��PRVW�IULJKWHQLQJ�FKHVW�SDLQ�FDXVHV�DUH�SUHVHQW�LQ�WKH�VDPH�SDWLHQW�DW�WKH�VDPH�WLPH"�7KH�DQVZHU�LV�V\SKLOLWLF�DRUWLWLV��EHFDXVH�RI�WKH�ÈDE
HVWULQFHFRÉ�FRPSUHVVLRQ�RI�WKH�FRURQDULHVÇ�RVWLD�ZKLFK�LQ�IDFW�PLPHV�DQ�$&6���,Q�WKH�DQWLELRWLF�HUD��ZKHQ�V\SKLOLV�LV�EHFRPLQJ�XQFRPPRQ��WHUWLDU\
V\SKLOLV�LV�UDUH�DQG�QR�RQH�WKLQNV�DERXW�LW�DV��FDXVH�RI�FKHVW�SDLQ��

�



75$80$ $]DGHK�0DKPRXGL�*KDUDHH

��������7UDXPDWLF�DQWHULRU�GLVORFDWLRQ�RI�WKH�KLS�MRLQW��FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$]DGHK�0DKPRXGL�*KDUDHH������EHKUDQJ�UH]YDQL������0RUWH]D�7DOHEL�'ROXHH����

�����QRQH��0DVKKDG��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��7UDXPDWLF��DQWHULRU�KLS�GLVORFDWLRQ

$EVWUDFW��

,QWURGXFWLRQ

�

7UDXPDWLF�GLVORFDWLRQV�DQG�IUDFWXUH�GLVORFDWLRQV�RI�WKH�KLS�DUH�VHYHUH�LQMXULHV�FDXVHG�PRVWO\�E\�KLJK�VSHHG�PRWRU�YHKLFXODU�DFFLGHQWV��IDOO�IURP�D
VLJQLILFDQW�KHLJKW�RU�VSRUW�LQMXULHV��<RXQJ�DGXOW�PDOHV�DUH�PRVW�FRPPRQO\�DIIHFWHG��7UDXPDWLF�DQWHULRU�GLVORFDWLRQ�RI�WKH�KLS�MRLQW�LV�XQFRPPRQ�
+HUH�ZH�SUHVHQW�D�WUDXPDWLF�DQWHULRU�KLS�GLVORFDWLRQ�GXH�WR�PRWRU�YHKLFOH�DFFLGHQW��

�

7KH�&DVH

$����\HDUV�ROG�PDOH�PRWRUF\FOLVW�ZKR�KDG�D�FDU�DFFLGHQW�ZDV�EURXJKW�WR�('�E\�(06��,QLWLDO�VWDELOL]DWLRQ�ZDV�GRQH��2Q�SULPDU\�VXUYH\�QR�VHULRXV
LQMXU\�ZDV�GLVFRYHUHG��7KH�SDWLHQW�KDG�KHOG�KLV�ULJKW�KLS�DQG�WKLJK�LQ�IOH[LRQ�DQG�DEGXFWLRQ��1HXURYDVFXODU�H[DPLQDWLRQ�ZDV�QRUPDO��2Q�KLS�[�UD\
DQWHULRU�GLVORFDWLRQ�RI�ULJKW�KLS�ZDV�REYLRXV��7KH�SDWLHQW�DGPLWWHG�E\�RUWKRSHGLF�VHUYLFH�DQG�FORVH�UHGXFWLRQ�ZDV�GRQH�LQ�OHVV�WKDQ���KRXUV��%RQH
WUDFWLRQ�ZDV�DSSOLHG�DQG�WKH�SDWLHQW�GLVFKDUJHG�ZLWK�QR�FRPSOLFDWLRQ��2Q�IROORZ�XS�YLVLWV�WUDFWLRQ�ZDV�UHPRYHG�DQG�KH�ZDV�DOORZHG�WR�ZDON��1R
FRPSOLFDWLRQ�VXFK�DV�DYDVFXODU�QHFURVLV�RI�IHPRUDO�KHDG�ZDV�GHWHFWHG�

�

&RQFOXVLRQ

+LS�GLVORFDWLRQ�ZDV�FRQVLGHUHG�WR�EH�XQFRPPRQ�LQ�SUHYLRXV�\HDUV�EXW�WKH�LQFUHDVH�LQ�LQFLGHQFH�KDV�EHHQ�DWWULEXWHG�WR�WUDIILF�DFFLGHQWV�
7UDXPDWLF�GLVORFDWLRQ�RI�WKH�KLS�LV�FRQVLGHUHG�DQ�RUWKRSDHGLF�HPHUJHQF\��'HOD\�LQ�UHGXFWLRQ�PRUH�WKDQ���K�KDV�EHHQ�DVVRFLDWHG�ZLWK�D�KLJK�ULVN�RI
DYDVFXODU�QHFURVLV�RI�WKH�IHPRUDO�KHDG�DQG�RVWHRDUWKULWLF�MRLQW�GHJHQHUDWLRQ��7KH�ILQDO�RXWFRPH�RI�LVRODWHG�WUDXPDWLF�KLS�GLVORFDWLRQ�ZKLFK�LV
UHGXFHG�ZLWKLQ���KRXUV�LV�EHOLHYHG�WR�EH�H[FHOOHQW���,Q�WKLV�FDVH�UHGXFWLRQ�ZDV�GRQH�LQ�OHVV�WKDQ���KRXUV�DQG�QR�FRPSOLFDWLRQ�ZDV�GHWHFWHG�RQ�IROORZ
XS�YLVLWV�

�



:281'�&$5(���%851�&$5( +$/w/�8u85�6$9${

��������&RPSDULVRQ�RI�WKH�HIIHFWV�RI�K\SHULFXP�SHUIRUDWXP��6W�-RKQ
V�:RUW��WUHDWPHQW�DQG�DOSLQD�RIILFLQDUXP��JDODQJDO�
WUHDWPHQW�RQ�WKH�ZRXQG�KHDOLQJ�LQ�H[SHULPHQWDO�FRQWDFW�EXUQV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+$/¡/�8�85�6$9$©������6(/$+$77¡1�.,<$1������<¡�¡7�8<$1,.*¡/����

���(0(5*(1&<�0(',&,1(���0U��*$=¡$17(3��785.(<
���(0(5*(1&<�0(',&,1(���0U��¡=0¡5��785.(<
���+,672/2*<�$1'�(0%5<2/2*<��0U��¡=0¡5��785.(<

.H\ZRUGV��%XUQ��+\SHULFXP�3HUIRUDWXP��$OSLQD�RIILFLQDUXP

$EVWUDFW��

H�3XUSRVH�7RSLFDO�DJHQWV�DUH�FRPPRQO\�XVHG�IRU�EXUQ�WUHDWPHQW�7KHUH�LV�QRW�DQ\�DJHQW�RU�D�PHWKRG�LQ�WKH�WUHDWPHQW�WKDW�DGRSWHG�DV�DQ�HIIHFWLYH
DQG�FRPPRQ�PHWKRG�6W��-RKQÇV�ZRUW�DQG�JDODQJDO�KDV�EHHQ�XVHG�IRU�WKH�WUHDWPHQW�RI�QXPHURXV�GLVRUGHUV�IRU�PDQ\�\HDUV��,W�ZDV�DLPHG�WR
GHWHUPLQH�ZKHWKHU�+�3HUIRUDWXP�DQG�$�RIILFLQDUXP�ZKLFK�KDYH�EHHQ�UHJDUGHG�WR�EH�HIIHFWLYH�RQ�EXUQ�DQG�ZRXQG�KHDOLQJ�DUH�HIIHFWLYH�RQ
H[SHULPHQWDO�FRQWDFW�W\SH�EXUQV�LQ�WHUPV�RI�ZRXQG�KHDOLQJ�RU�QRW�DQG�FRPSDUH�WKHLU�HIIHFWV�ZLWK�HDFK�RWKHU�0(7+2'����KHDOWK\�DOELQR�:LVWDU�UDWV
ZHUH�VXEMHFWHG��5DWV�ZHUH�VHSDUDWHG�LQWR���JURXSV��%XUQV�ZHUH�IRUPHG�E\�FRQWDFWLQJ�WKH��[��FP�FRSSHU�HQG��ZKLFK�ZDV�NHSW�DW����j&�FRQVWDQW
WHPSHUDWXUH��RI�WKH�GHYLFH�GHVLJQHG�ZLWK�WKH�DLP�RI�IRUPLQJ�EXUQ�PRGHO�WR�WKH�VKDYHG�DUHDV�IRU����VHFRQGV�ZLWKRXW�DSSO\LQJ�H[WUD�SUHVVXUH��$Q\
SURFHGXUH�RU�WUHDWPHQW�ZDV�QRW�DSSOLHG�WR�*URXS����,Q�*URXS����EXUQV�ZHUH�RQO\�LUULJDWHG�ZLWK����FF�6)�IRU���PLQXWHV�DQG�FRYHUHG�ZLWK�GUXJ�IUHH
GUHVVLQJ�DIWHU�EXUQ�DSSOLFDWLRQ�DQG�DQ\�RWKHU�WUHDWPHQW�ZDV�QRW�DSSOLHG��,Q�*URXS����WKH�JHO�SUHSDUHG�IURP�JDODQJDO�SODQW�ZDV�DSSOLHG�IRU�RQH�WLPH
DIWHU�EXUQ�DSSOLFDWLRQ��,Q�*URXS����WKH�JHO�SUHSDUHG�IURP�6W�-RKQ
V�ZRUW�ZDV�DSSOLHG�IRU�RQH�WLPH�DIWHU�EXUQ�DSSOLFDWLRQ�,Q�*URXS����SODLQ�JHO�ZDV
DSSOLHG�IRU�RQH�WLPH�DIWHU�EXUQ�DSSOLFDWLRQ�),1',1*6�+RXU����EHIRUH�EXUQ��DQG�KRXU�����DIWHU�EXUQ��ZHLJKWV�ZHUH�PHDVXUHG�DQG�DVVHVVHG�(GHPD
DPRXQW�ZDV�VHHQ�WR�EH�UHGXFH�LQ�DOO�JURXSV�ZLWK�WLPH�,Q�WKLV�VWXG\��WKH�SURFHGXUHV�RI�YHLQ��KDLU�URRW�DQG�GHJHQHUDWHG�KDLU�URRW�FRXQW�ZHUH
SHUIRUPHG�RQ�DOO�SUHSDUDWHV�REWDLQHG�IURP�HDFK�DQLPDO�RI�HDFK�JURXS�'HJHQHUDWHG�KDLU�URRW�QXPEHU�LQFUHDVHG�VWHS�E\�VWHS�LQ�EXUQ�FRQWURO�JURXS�
:KHQ�JDODQJDO�DQG�6W�-RKQ
V�ZRUW�ZHUH�FRPSDUHG�LQ�WHUPV�RI�WKH�HIIHFW�RQ�WKH�GHJHQHUDWHG�KDLU�URRW�QXPEHU��DQ\�VWDWLVWLFDOO\�GLIIHUHQW�YDOXH�FRXOG
QRW�EH�REWDLQHG��6W�-RKQ
V�ZRUW�KDG�D�VWDWLVWLFDOO\�PHDQLQJIXO�GLIIHUHQFH��S�������LQ�WHUPV�RI�GHJHQHUDWHG�KDLU�URRW�QXPEHU�����UDQGRPL]HG
KLVWRORJLFDO�VHFWLRQV�ZDV�WDNHQ�IURP�HDFK�ELRSV\�PDWHULDOV�REWDLQHG�IURP�DOO�DQLPDOV�RI�HDFK�JURXS�DQG�WLVVXHV�RI�HDFK�DQLPDO��DQG�LQ�HDFK
SUHSDUDWH��HSLGHUPLV�WKLFNQHVVHV�RI����UDQGRPL]HG�GLIIHUHQW�DUHDV�ZHUH�WDNHQ��DULWKPHWLF�PHDQ�UHVXOWV�ZHUH�ZULWWHQ�DQG�WKH\�ZHUH�DVVHVVHG
VWDWLVWLFDOO\��5(68/7�LW�ZDV�REVHUYHG�WKDW�WKH�WRSLFDO�+�SHUIRUDWXP�WUHDWPHQW�WKDW�ZDV�DSSOLHG�IRU�RQH�WLPH�LQ�DFXWH�FRQWDFW�W\SH�H[SHULPHQWDO
EXUQV�UHGXFHG�HGHPD�DQG�GDPDJHV�RI�KDLU�URRW�DQG�JODQGXOD�VHEDFHD��DQG�ZDV�HIIHFWLYH�ERWK�IRU�WKH�SURWHFWLRQ�RI�KDLU�URRW�QXPEHU��YHLQ�QXPEHU
DQG�HSLGHUPLV�WKLFNQHVV��DQG�ORZHULQJ�WKH�GHJHQHUDWHG�KDLU�URRW�QXPEHU�,W�ZDV�XQGHUVWRRG�WKDW�$�RIILFLQDUXP�WUHDWPHQW�KDG�DOVR�HIIHFWV�UHGXFLQJ
WKH�HGHPD��JODQGXOD�VHEDFHD�GDPDJH�DQG�ZDV�HIIHFWLYH�IRU�WKH�SURWHFWLRQ�RI�HSLGHUPLV�WKLFNQHVV�DQG�ORZHULQJ�WKH�GHJHQHUDWHG�KDLU�URRW�QXPEHU�
+RZHYHU�ZKHQ�WKH�WUHDWPHQW�DSSOLFDWLRQV�ZHUH�FRPSDUHG��WKH�HIIHFWV�RI�+�3HUIRUDWXP�WUHDWPHQW�ZDV�PRUH�SURPLQHQW�WKDQ�WRSLFDO�$�RIILFLQDUXP�
WUHDWPHQW�IRU�ZRXQG�KHDOLQJ�UHJDUGLQJ�WKH�FRQWDFW�W\SH�EXUQV��,W�FDQ�EH�VDLG�WKDW�+�3HUIRUDWXP�WRSLFDO�WUHDWPHQW�LV�JRLQJ�WR�JLYPRUH�SRVLWLYH
UHVXOWV�IRU�DFXWH�SHULRG�EXUQV�ZKHQ�FRPSDUHG�WR�$�RIILFLQDUXP�WUHDWPHQW�



&$5',29$6&8/$5 .$5,1$�9$/'(=

��������0\RFDUGLDO�LQIDUFWLRQ�DQG�GH[WURFDUGLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.DULQD�9DOGH]�)ORUHV������0DULD�GHO�&DUPHQ�5RGULJXH]�2FHMR����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�6RQ�(VSDVHV��3DOPD�GH�0DOORUFD��63$,1
���(PHUJHQF\�GHSDUWPHQW��+RVSLWDO�6RQ�(VSDVHV��3DOPD�GH�0DOORUFD��63$,1

.H\ZRUGV��GH[WURFDUGLD��HFJ��P\RFDUGLDO�LQIDUFWLRQ

$EVWUDFW��

0\RFDUGLDO�LQIDUFWLRQ�DQG�GH[WURFDUGLD

9DOGH]�)���.DULQD��5RGULJXH]�2���&DUPHQ�

(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�6RQ�(VSDVHV��6SDLQ

�

%DFNJURXQG�

�

7KLV�FDVH�UHSRUW�GHVFULEH�WKH�GLIILFXOWLHV�RI�HPHUJHQF\�SK\VLFLDQV�WR�REWDLQ�DQ�HFJ�LQ�D�SDWLHQW�ZLWK�D�NQRZQ�GH[WURFDUGLD�

�

&DVH�5HSRUW�

$����\HDUV�ROG�PDOH�ZDV�IRXQG�LQ�DQ�LQWHUQHW�FDI��E\�WKH�DPEXODQFH�FUHZ�DIWHU�KH�SUHVHQWHG�D�V\QFRSH��1R�NQRZQ�DOOHUJLHV��+H�KDV�KLVWRU\�RI
+\SHUWHQVLRQ��7\SH���'LDEHWHV�DQG�LV�D�FLJDUHWWH�VPRNHU��+H�DOVR�KDG�D�.LOOLS�,,�P\RFDUGLDO�LQIDUFW���\HDUV�DJR��WUHDWHG�ZLWK�SULPDU\�DQJLRSODVW\�DQG
��VWHQWV�LQ�WKH�ULJKW�FRURQDU\�DUWHU\�ZHUH�SODFHG��+LV�ODVW�HFKRFDUGLRJUDSK\�IRXQG�DQ�HMHFWLRQ�IUDFWLRQ�RI������+H�ZDV�FXUUHQWO\�WDNLQJ��6DO\FLOLF�DFLG
���PJ�TG�$WRUYDVWDWLQ���PJ�TG�)XURVHPLGH���PJ�TG��3DQWRSUD]ROH���PJ�TG�0HWIRUPLQH����PJ�ELG�,QVXOLQ�*ODUJLQ���8,�ELG�%LVRSURORO��PJ
�TG�(]HWLPLE���PJ�TG�,YDEUDGLQ����PJ�ELG�&DQGHVDUWDQ��PJ�TG�DQG�(SOHUHQRQ���PJ�TG��+LV�YLWDO�VLJQV�ZHUH�QRUPDO�DQG�SK\VLFDO�H[DPLQDWLRQ
VKRZHG�VLJQV�RI�GHFRPSHQVDWHG�KHDUW�IDLOXUH��

+H�ZDV�DGPLWWHG�WR�WKH�KRVSLWDO�IRU�IXUWKHU�LQYHVWLJDWLRQ�DQG�PRQLWRULQJ��7KH�SK\VLFLDQ�DQG�QXUVHV�LQ�('�KDG�ORZ�H[SHULHQFH�UHFRUGLQJ�DQ�HFJ�LQ�D
SDWLHQW�ZLWK�GH[WURFDUGLD��

�VW�HFJ�VWDQGDUG��1HJDWLYH�3�ZDYH�DQG�456�FRPSOH[�LQ�,��3RRU�SURJUHVVLRQ�RI�5�ZDYH�LQ�SUHFRUGLDO�OLPEV��456�QHJDWLYH�9��9�����PP�HOHYDWLRQ�67�LQ
,,�DQG�IODWWHQLQJ�67�LQ�,,,��D9)�DQG�9��9���1HJDWLYH�7�LQ�,,��,,,�DQG�D9)

�QG�HFJ��ELSRODU�ZLUHV�VZLWFKHG�IURP�OHIW�WR�ULJKW��3�SRVLWLYH�LQ�,��3RRU�5�ZDYH�SURJUHVVLRQ�LQ�SUHFRUGLDO�OHDGV��7KHUH�LV�QR�ORQJHU�67�HOHYDWLRQ�LQ�',,�
1HJDWLYH�7�ZDYHV�LQ�,,��,,,�DQG�D9)��

�UG�HFJ��ELSRODU�DQG�SUHFRUGLDO�ZLUHV�VZLWFKHG��3�SRVLWLYH�LQ�,��*RRG�SURJUHVVLRQ�RI�5�LQ�SUHFRUGLDO�OHDGV��1R�FKDQJHV�LQ�67��7�QHJDWLYH�LQ�,,��,,,��D9)
DQG�9��9��

'XULQJ�WKH�PRQLWRULQJ��KH�SUHVHQWHG�D�SRO\PRUSKLF�YHQWULFXODU�WDFK\FDUGLD�IROORZHG�E\�YHQWULFXODU�ILEULOODWLRQ��$GYDQFHG�&35�ZDV�SHUIRUPHG�ZLWK
IXUWKHU�UHFRYHU\�RI�YLWDO�VLJQV�DIWHU����PLQXWHV��$IWHU�&35��WKH�HFJ�VKRZHG�DQ�HOHYDWLRQ�RI�67�VHJPHQW�LQ�LQIHULRU�OHDGV��3ULPDU\�DQJLRSODVW\�ZDV
SHUIRUPHG�DQG�FRQILUPHG�WKH�WRWDO�RFFOXVLRQ�RI�WKH�OHIW�DQWHULRU�GHVFHQGDQW�FRURQDU\�DUWHU\��6HSWDO�DQG�ULJKW�FRURQDU\�DUWHU\��

&RQFOXVLRQV��7KH�GH[WURFDUGLD�LV�WKH�ULJKW�VLGHG�SRVLWLRQ�RI�WKH�KHDUW��,WÇV�D�XQXVXDO�FRQGLWLRQ���1HJDWLYH�3�ZDYH�DQG�456�FRPSOH[�LQ�,�PXVW�OHW�XV
EH�DOHUW��7KH�PDOSRVLWLRQ�RI�WKH�HOHFWURGHV�RI�WKH�ULJKW�DQG�OHIW�DUP�FDQ�DOVR�SURGXFH�D�QHJDWLYH�3�ZDYH�LQ�,��7KH�ULJKW�ZD\�WR�GR�DQ�HFJ�LQ�SUHVHQFH
RI�GH[WURFDUGLD�LV�VZLWFKLQJ�WKH�OHIW�DQG�ULJKW�DUP�OHDG�HOHFWURGHV�DQG�ULJKW�VLGHG�SUHFRUGLDO�OHDGV����

7KH�(FJ�OHFWXUH�LV�DQ�LPSRUWDQW�VNLOO�WR�GLDJQRVH�FRURQDU\�DUWHU\�GLVHDVH�DQG�ZH�PXVW�WU\�WR�UHFRJQL]H�WKH�QRUPDO�YDULDWLRQV�DQG�DYRLG�OHDG
PLVSODFHPHQW�XVLQJ�JXLGHOLQHV�RU�HOHFWURFDUGLRJUDSK�DODUPV��

�

����������.OLJILHOG�3��HW�DO��5HFRPPHQGDWLRQV�IRU�WKH�VWDQGDUGL]DWLRQ�DQG�LQWHUSUHWDWLRQ�RI�WKH�HOHFWURFDUGLRJUDP��SDUW�,��7KH�HOHFWURFDUGLRJUDP�DQG�LWV
WHFKQRORJ\��D�VFLHQWLILF�VWDWHPHQW�IURP�WKH�$PHULFDQ�+HDUW�$VVRFLDWLRQ�(OHFWURFDUGLRJUDSK\�DQG�$UUK\WKPLDV�&RPPLWWHH�&LUFXODWLRQ�������0DU
���������������Ä����



&$5',29$6&8/$5 )UDQFLVFR�-DYLHU�/XFDV

��������NHDUQV�6D\UH
V�D�Y�FRPSOHWH�EORFN��$Q�XQFRPPRQ�FDXVH�RI�FROODSVH�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)UDQFLVFR�-DYLHU�/XFDV�*DO�Q������1XULD�6�QFKH]�*DUULGR�/HVWDFKH������)HUQDQGR�&RQVWDQWLQR�%ULRQHV�0RQWHDJXGR������0DU�D�2OPRV�$OHP�Q�����
)UDQFLVFR�-DYLHU�/XFDV�,PEHUQ�Q����

���(PHUJHQF\�'HSDUWPHQW���*HQHUDO�+RVSLWDO�RI�$OEDFHWH���6(6&$0��$OEDFHWH��63$,1
���*3��2VDNLGHW]D��9LWRULD��63$,1
���(QGRFULQRORJ\�'HSDUWPHQW��*HQHUDO�+RVSLWDO�RI�$OEDFHWH��6(6&$0��$OEDFHWH��63$,1

.H\ZRUGV��PLWRFKRQGULDO�GLVHDVHV��.HDUQV�6D\UH�V\QGURPH��KHDUW�GLVHDVHV��KHDUW�EORFNV��V\QFRSH�

$EVWUDFW��

.HDUQV�6D\UH�V\QGURPH�LV�D�UDUH�GLVHDVH��GLVFRYHUHG�LQ�WKH�����V�E\�7KRPDV�.HDUQV�DQG�*HRUJH�6D\UH��FDXVHG�E\�PXWDWLRQV�LQ�WKH�PLWRFKRQGULDO
'1$��,W�LV�LPSRUWDQW�WR�NQRZ�WKDW�WKLV�V\QGURPH�LV�GHYHORSHG�GXH�WR��DQ�LVRODWHG�PXWDWLRQ��QRW�D�KHUHGLWDU\�DOWHUDWLRQ��3DWLHQWV�PD\�KDYH�UHGXFHG
YLVXDO�DELOLW\��KHDULQJ�ORVV��G\VSKDJLD��RSKWKDOPRSOHJLD��QHXURORJLFDO�DQG�FDUGLDF�GLVRUGHUV��DQG�SWRVLV�DORQJ�ZLWK�SUR[LPDO�V\PPHWULFDO�PXVFOH
ZHDNQHVV��7KHUH�LV�QR�FXUH�DQG�WKH�WUHDWPHQW�LV�SXUHO\�V\PSWRPDWLF�ZLWK�UHJXODU�DVVHVVPHQW�IRU�LWV�PDLQ�PDQLIHVWDWLRQV��HVSHFLDOO\�RI�WKRVH
V\PSWRQV�ZLWK�YLWDO�ULVN�IRU�WKH�SDWLHQW���'LVWXUEDQFHV�LQ�FDUGLDF�FRQGXFWLRQ�DUH�FRPPRQ��DOWKRXJK�PRVW�SDWLHQWV�KDYH�$�9�EORFNV�RI�ILUVW�DQG
VHFRQG�GHJUHH�EXW��LQIUHTXHQWO\��WKH\�FDQ�GHYHORS��D�FRPSOHWH�$�9�EORFN��7KDW
V�WKH�PDLQ�UHDVRQ�ZK\�PRVW�SDWLHQWV�ZLWK�.HDUQ�6D\UH
V�GLDJQRVLV
QHHG�D�SDFHPDNHU�DORQJ�WKHLU�OLYHV�

�,Q�'HFHPEHU������ZH�UHFLYHG�D����\HDU�ROG�SDWLHQW��GLDJQRVHG�ZLWK�.HDUQV�6D\UH�V\QGURPH��EURXJKW�WR�WKH�(PHUJHQF\�6HUYLFH�RI�*HQHUDO�+RVSLWDO
RI�$OEDFHWH�E\�UHFXUUHQW�V\QFRSH�ZLWK�VSRQWDQHRXV�UHFRYHU\��6KH�KDG�EHHQ�SUHYLRXVO\�DWWHQGHG�WZR�WLPHV�IRU�WKH�VDPH�UHDVRQ��DQG�WKH�WHVW
SHUIRUPHG�\LHOGHG�QRUPDO�UHVXOWV��EORRG�WHVW�DQG�(.*���6KH�WROG�XV�WKDW�1HXURORJ\�DQG�&DUGLRORJ\�H[SHUWV�ZHUH�VWXG\LQJ�KHU�GXH�WR�IUHTXHQW
GL]]LQHVV�LQ�WKH�SDVW��PRQWKV��30+��SDVV�PHGLFDO�KLVWRU\��VKH�ZDV�GLDJQRVHG�RI�W\SH���GLDEHWHV�DQG�P\RSDWK\��ULJKW�SWRVLV�DQG�SDUHVLV
RSKWKDOPRSDUHVLV�PHPEHUV��SUR[LPDO����������GLVWDO���2Q�H[DPLQDWLRQ��WKH�SDWLHQW�ZDV�DV\PSWRPDWLF���REVHUYDWLRQV��%3��+5�%5��ZHUH�QRUPDO��DQG
FDUGLDF�DXVFXOWDWLRQ��UK\WKPLF�ZLWKRXW�PXUPXUV��1R�RWKHU�V\PSWRPV�ZHUH�GRQH�LQ�H[SORUDWLRQ���7KH�HOHFWURFDUGLRJUDP�VKRZHG�D�FRPSOHWH�$9�EORFN�
DQG�D�WHPSRUDU\�SDFHPDNHU�ZDV�SODFHG�DQG�WKH�SDWLHQW�ZDV�WUDQVIHUUHG�WR�WKH�,QWHQVLYH�&DUH�8QLW�RI�&RURQDU\�ZKHUH�D�FDUGLRORJ\�H[SHUW�LPSODQWHG
D�SHUPDQHQW�SDFHPDNHU�'''5�0('7521,&�UHVXOWLQJ�LQ�FRPSOHWH�UHFRYHU\�RI�WKH�SDWLHQW�

0LWRFKRQGULDO�GLVRUGHUV��OLNH�.HDUQV�6D\UH�V\QGURPH��DUH�D�KHWHURJHQLF�JURXS�RI�GLVHDVH�ZLWK�D�YDULHW\�RI�PDQLIHVWDWLRQV��+HDUW�GDPDJH�LV�FRPPRQ�
HVSHFLDOO\�FDUGLDF�FRQGXFWLRQ��OLNH�$�9�FRPSOHWH�EORFN���6LQFH�WKLV�LV�D�YLWDO�HPHUJHQF\�LQ�WKHVH�SDWLHQWV��ZH�KDYH�WR�GHWHFW�LW�DV�VRRQ�DV�SRVVLEOH��,W
LV�LPSRUWDQW�WR�QRWH�WKDW�WKHUH�LV�QR�FXUH�IRU�WKHVH�GLVHDVHV��VR�WKH�WUHDWPHQW�LV�SXUH�V\PSWRPDWLF�DQG�SUHYHQWLYH�



*(1,7285,1$5< 'DQLHOD�5RVLOOR�&DVWUR

��������,W�ZRXOG�EH�XVHIXO�6721(�TXHVWLRQQDLUH�LQ�KRVSLWDO�HPHUJHQF\�URRPV�IRU�VXVSHFWHG�QHSKUROLWKLDVLV"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'DQLHOD�5RVLOOR�&DVWUR������&DUPHQ�+HUQ�QGH]�0DUW�QH]������0DULD�'RORUHV�3DVFXDO�0X�R]������5RF�R�/�SH]�9DOFDUFHO������0DU�D�GH�OD�3D]�(JHD
&DPSR\������0DULD�GHO�0DU�GH�OD�7RUUH�2OLYDUHV����

���(PHUJHQF\���+RVSLWDO�&RPDUFDO�GHO�1RURHVWH�GH�&DUDYDFD��0XUFLD��63$,1

.H\ZRUGV��3URJQRVLV��QHSKURORWKLDVLV��HPHUJHQF\�URRP

$EVWUDFW��

,QWURGXFWLRQ

7KH�TXHVWLRQQDLUH�6721(�SUHGLFWV�WKH�SUREDELOLW\�RI�SUHVHQFH�RI�XUHWHUDO�FDOFXOL�XQFRPSOLFDWHG�DQG�FDQ�EH�XVHG�IRU�WKH�GLDJQRVLV�RI�UHQDO�FROLF�LQ
3ULPDU\�&DUH�(PHUJHQF\

�

2EMHWLYH

&RPSDUH�WKH�SUREDELOLW\�RI�UHQDO�FROLF�DFFRUGLQJ�WR�WKH�TXHVWLRQQDLUH�6721(�ZLWK�WKH�SUHVHQFH�RI�DEQRUPDOLWLHV�LQ�LPDJLQJ�WHVWV���XOWUDVRXQG�DQG
FRPSXWHG�WRPRJUDSK\��&7�����LQ�D�KRVSLWDO�HPHUJHQF\�GHSDUWPHQW

0DWHULDO�DQG�0HWKRGV

2EVHUYDWLRQDO��ORQJLWXGLQDO���UHWURVSHFWLYH�UHYLHZ�RI�PHGLFDO�UHFRUGV���SDWLHQWV�ZHUH�VHOHFWHG�SDWLHQW�ZLWK�UHQDO�FROLF��GLDJQRVLV�LQ������WKDW
XQGHUZHQW�XOWUDVRXQG�RU�&7�LQ�WKH�SHULRG�XS�WR���ZHHN�RI�GLDJQRVLV���7KH�SUREDELOLW\�RI�QHSKUROLWKLDVLV�DFFRUGLQJ�6721(�TXHVWLRQQDLUH�ZDV
FDOFXODWHG���&ROOHFWHG�YDULDEOHV��JHQGHU���DJH���ORFDWLRQ��GXUDWLRQ�RI�FOLQLFDO��OHVV�WKDQ���KRXUV��EHWZHHQ�����K�DQG�PRUH�WKDQ����KRXUV���LI�,�KDYH
QDXVHD�RU�YRPLWLQJ��SUHVHQFH�RI�KHPDWXULD���LPSDLUHG�FUHDWLQLQH��LI�KH�KDG�OLWKLDVLV�DQG���RU�K\GURQHSKURVLV

5HVXOWV

2I�WKH�����SDWLHQWV�ZLWK�D�GLVFKDUJH�GLDJQRVLV�RI�UHQDO�FROLF�HPHUJHQF\�SDWLHQWV�XQGHUZHQW�LPDJLQJ�WHVW�����SDWLHQWV�����������7KH�PHDQ�DJH�ZDV
����������PHQ������ZHUH�OHIW�ORFDWLRQ��������ZHQW�WR�WKH�HPHUJHQF\�LQ�WKH�ILUVW���KRXUV�RI�HYROXWLRQ������������KRXUV�DQG�����ZLWK�PRUH�WKDQ��
GD\�HYROXWLRQ����7KHUH�ZHUH�KHPDWXULD�LQ��������������KDG�QDXVHD��YRPLWLQJ�������DQG�������GLG�QRW�PHDQ�DQ\�RI�WKHP��,Q�������RI�SDWLHQWV�ZDV
LPSDLUHG�FUHDWLQLQH�6721(�$FFRUGLQJ�WR�WKH�TXHVWLRQQDLUH�WKH�OLNHOLKRRG�RI�UHQDO�FROLF�ZDV�ORZ�DW�������PRGHUDWH�LQ�������DQG�KLJK�LQ�������
8OWUDVRQRJUDSK\�ZDV�SHUIRUPHG�&7�������DQG��������������LQ�WKH�SUHVHQFH�RI�FDOFXOL�ZDV�FRQILUPHG��DQG�WKHUH�XUHWHURK\GURQHSKURVLV������
JUDGH����JUDGH����������DQG�JUDGH���������$Q\�DOWHUDWLRQ�LQ��������RI�WHVWV�WDUJHW�LPDJH���7KH\�KDG�OLWLDVLV��������DQG�RQH�RI�WKH�WZR������RI
SDWLHQWV�ZLWK�KLJK�SUREDELOLW\�������VWRQHV�DQG�VRPH������RI�WKH�DYHUDJH�DQG����OLWKLDVLV�DQG������XUHWHURK\GURQHSKURVLV�,�JUDGH�RI�ORZ���,Q�����
RI�SDWLHQWV�ZLWK�PHGLXP�SUREDELOLW\�DQG�LPSDLUHG�FUHDWLQLQH�FDOFXOL�YLVXDOL]HG

&RQFOXVLRQ

$Q\�DOWHUDWLRQ�LQ�RXU�VHULHV�DLP�DW�D�KLJK�SUREDELOLW\�LQ�WKH�TXHVWLRQQDLUH�6721(�SUHGLFWV�LQ���RI����SDWLHQWV�WKH�SUHVHQFH�RI�FDOFXOL�DQG�DOPRVW����
��WKH�SUHVHQFH�RI�VRPH�DOWHUDWLRQ���,Q������RI�SDWLHQWV�ZLWK�ORZ�SUREDELOLW\�LV�QRW�REMHFWLYH�VWRQHV��,Q�DOO�SDWLHQWV�ZLWK�DYHUDJH�SUREDELOLW\�ZLWK
LPSDLUHG�UHQDO�IXQFWLRQ�FDOFXOL�YLVXDOL]HG���ZKDW�PDNHV�XV�WKLQN�DERXW�WKH�SRVVLELOLW\�WKDW�LW�FRXOG�FUHDWH�D�TXHVWLRQQDLUH�6721(�H[WHQGHG�IRU
KRVSLWDO�XVH�LQFOXGLQJ�WKLV�YDOXH�



&$5',29$6&8/$5 )UDQFLVFR�-DYLHU�/XFDV

��������3ULPDU\�3�&�,�LQ�:LQWHU
V�(�&�*�SDWWHUQ��$�QHZ�VLJQ�RI�/�$�'�RFFOXVLRQ�VXERFFOXVLRQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)UDQFLVFR�-DYLHU�/XFDV�*DO�Q������)HUQDQGR�&RQVWDQWLQR�%ULRQHV�0RQWHDJXGR������0DU�D�$VXQFL�Q�*DO�Q�7UDED������1XULD�6�QFKH]�*DUULGR�/HVWDFKH
�����0DU�D�2OPRV�$OHP�Q����

���(PHUJHQF\�'HSDUWPHQW���*HQHUDO�+RVSLWDO�RI�$OEDFHWH���6(6&$0��$OEDFHWH��63$,1
���*3��2VDNLGHW]D��9LWRULD��63$,1
���(QGRFULQRORJ\�'HSDUWPHQW��*HQHUDO�+RVSLWDO�RI�$OEDFHWH��6(6&$0��$OEDFHWH��63$,1

.H\ZRUGV��P\RFDUGLDO�LVFKHPLD��FRURQDU\�GLVHDVH��HOHFWURFDUGLRJUDSK\��FDUGLRYDVFXODU�GLVHDVHV��P\RFDUGLDO�UHYDVFXODUL]DWLRQ�

$EVWUDFW��

:LQWHU�SDWWHUQ�LV�D�UDUH��QRYHO�DQG�OLWWOH�NQRZQ�HOHFWURFDUGLRJUDSKLF�SDWWHUQ��ZLWKRXW�HOHYDWLRQ�RI�67�VHJPHQW��RI�YLWDO�LPSRUWDQFH�DV�D�VWDQGDUG�RI
SULPDU\�UHYDVFXODUL]DWLRQ�LQ�SDWLHQWV�ZLWKRXW�FRQWUDLQGLFDWLRQ�DQG�W\SLFDO�FKHVW�SDLQ��)LUVW�GHVFULEHG�LQ������E\�'U��:LQWHUV�DQG�SXEOLVKHG�LQ�1HZ
(QJODQG��LW�GHVFULEHV�DQ�RFFOXVLRQ���VXERFFOXVLRQ�RI�WKH�SUR[LPDO�OHIW�DQWHULRU�GHVFHQGLQJ�FRURQDU\�DUWHU\��/$'���EHLQJ�D�SULPDU\�FULWHULD�IRU
UHYDVFXODUL]DWLRQ�DV�VRRQ�DV�SRVVLEOH��2QO\����RI�SUR[LPDO�/$'�RFFOXVLRQV�KDYH�WKLV�SDWWHUQ��VR�PRVW�RI�WKHP�DUH�QRW�GLDJQRVHG�LQ�WLPH�

,Q�:LQWHU
V�SDWWHUQ��LQVWHDG�RI�WKH�VLJQDWXUH�67�VHJPHQW�HOHYDWLRQ��WKH�67�VHJPHQW�VKRZV�D����WR���PP�XSVORSLQJ�67�VHJPHQW�GHSUHVVLRQ�DW�WKH�-
SRLQW�LQ�OHDGV�9��WR�9��WKDW�FRQWLQXHG�LQWR�WDOO��SRVLWLYH�V\PPHWULFDO�7�ZDYHV�

7KH�ODVW�H[SHULHQFH�ZLWK�WKLV�V\QGURPH��LQ�$OEDFHWH
V�(PHUJHQF\�6HUYLFH�ZDV�ZLWK�D����\HDUV�ROG�SDWLHQW��H[�VPRNHU�IRU�PRUH�WKDQ����\HDUV�
FXUUHQWO\�RQ�VWDWLQ�IRU�G\VOLSLGHPLD�DQG�RSHUDWHG�RI�ULJKW�KHUQLRUUKDSK\��3DWLHQW�UHIHUUHUV��IURP���KRXU�DJR��OHIW�FKHVW�SDLQ�WKDW�UDGLDWHV�WR�WKH�EDFN
DQG�LV�DFFRPSDQLHG�E\�YHJHWDWLYH�V\PSWRPV��2Q�H[DPLQDWLRQ��WKH�SDWLHQW�ZDV�GLDSKRUHWLF�ZLWK�ORZ�EORRG�SUHVVXUH��%3���������7KH
HOHFWURFDUGLRJUDP��(&*��VKRZV�67�VHJPHQW�GHSUHVVLRQ�LQ�SUHFRUGLDO�ZLWK�SHDNHG�7�DQG�VOLJKW�ULVH�RI�67����PP�LQ�D95�ZLWKRXW�67�HOHYDWLRQ�LQ�9��9��
167(0,��1RQÄ67�6HJPHQW�(OHYDWLRQ�0\RFDUGLDO�,QIDUFWLRQ��LQLWLDOO\�VXVSHFWHG��ZH�WUHDWHG�ZLWK�DQDOJHVLD�DQG�GLG�WURSRQLQ
V�VHULDOL]DWLRQ�ZLWK�VOLJKW
HOHYDWLRQ�RI�LW��7Q�����&.�������$IWHU�D�ZKLOH��WKH�FKHVW�SDLQ�DQG�WKH�(&*�FKDQJHV�SHUVLVW��$IWHU�D�VHFRQG�VHULDOL]DWLRQ�ZLWK�SHUVLVWHQW�WURSRQLQV�ULVH
ZLWKRXW�(&*�FKDQJHV��LW�ZDV�GLVFXVVHG�ZLWK�FDUGLRORJ\�H[SHUW�ZKR�UHFRJQL]HG�WKH�:LQWHU
V�SDWWHUQ�DQG�IRXQG��LQ�WKH�FDWKHWHUL]DWLRQ�D�VXEVWDQWLDOO\
FRPSOHWH�SUR[LPDO�RFFOXVLRQ�RI�/$'��SURFHHGLQJ�WR�SULPDU\�UHYDVFXODUL]DWLRQ�DQG�LPSODQWLQJ�D�VWHQW�LQ�LW�

,Q�LVFKHPLF�KHDUW�GLVHDVHV�WKH�P\RFDUGLDO�GDPDJH�LV�VXEMHFWHG�WR�WKH�WLPH�RI�UHYDVFXODUL]DWLRQ��,W�LV�LPSRUWDQW�WR�OHDUQ�DQG�UHFRJQL]H�WKH�(&*
V
SDWWHUQV�WKDW�DUH�HTXLYDOHQW�WR�67�VHJPHQW�HOHYDWLRQ��VKRZLQJ�D�IDOVH�167(0,�LPDJH�



&$6(�35(6(17$7,21 PRXQD�WLWH\

��������$SODVLD�RI�WKH�SRVWHULRU�DUFKHV�RI�WKH�DWODV��D�UDUH�FDXVH�RI�DFXWH�QHFN�SDLQ�LQ�HPHUJHQF\�GHSDUWHPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

GRUVDI�EHOODVIDU������PRXQD�WLWH\������MLKHQH�DRXHP������VDORXD�KRXLPOL������DEGHOPDMLG�EHQ�URPGKDQH����

�����)6,�KVRSLWDO��WXQLV��781,6,$

.H\ZRUGV��SRVWHULRU�DUFKH��DSODVLD��DWODV

$EVWUDFW��

,QWURGXFWLRQ��&HUYLFDO�SDLQV�DUH�D�FRPPRQ�UHDVRQ�IRU�YLVLW�LQ�HPHUJHQF\�GHSDUWPHQW��$ERXW�����RI�WKH�SRSXODWLRQ�KDG�DW�OHDVW�RQH�HSLVRGH�RI�QHFN
SDLQ�LQ�KHU�OLIH�>���@��7KH�FDXVH�FDQ�EH�WUDXPDWLF��SRVWXUDO��LQIODPPDWRU\��LQIHFWLRXV��WXPRU�RU�VHFRQGDU\�WR�ERQH�GHIRUPLWLHV��$JHQHVLV�RI�WKH
SRVWHULRU�DUFK�RI�WKH�$WODV�LV�D�UDUH�FDXVH�

2EVHUYDWLRQ��:H�KDYH�UHSRUWHG�WKH�FDVH�RI�D�\RXQJ�ZRPDQ��DJHG�����EDVNHWEDOO�SOD\HU�ZKR�KDV�FRQVXOWHG�LQ�WKH�HPHUJHQF\�IRU�LVRODWHG�QHFN�SDLQ�
ODVWLQJ�IRU�WZR�GD\V��2Q�SK\VLFDO�H[DPLQDWLRQ��WKH�SDWLHQW�ZDV��QRQ�IHEULOH���PRELOLW\�ZDV�SUHVHUYHG�DQG�SDLQIXO�DQG�WKHUH�ZDV�QR�VHQVRU\�PRWRU
GHILFLW��7KH�UHVW�RI�WKH�H[DPLQDWLRQ�ZDV�ZLWKRXW�DEQRUPDOLWLHV��5DGLRJUDSK\�RI�FHUYLFDO�VSLQH�VKRZHG�DJHQHVLV�RI�WKH�SRVWHULRU�DUFK�RI�&���7KH
SDWLHQW�EHQHILWHG�IURP�D�V\PSWRPDWLF�WUHDWPHQW�EDVHG�RQ�DQWL�LQIODPPDWRU\�DQG�DQDOJHVLF�GUXJV�DQG�VKH�ZDV�VHQW�WR�WKH�RUWKRSHGLF�FRQVXOWDWLRQ
WR�FRPSOHWH�WKH�H[SORUDWLRQ�E\�DQ�05,�RI�WKH�FHUYLFDO�VSLQH�

&RQFOXVLRQ��PDOIRUPDWLRQV�RI�WKH�FHUYLFDO�VSLQH�DUH�D�UDUH�FDXVH�RI�QHFN�SDLQ��7KHLU�FOLQLFDO�H[SUHVVLRQ�PD\�UHPDLQ�DV\PSWRPDWLF�IRU�D�ORQJ�WLPH
DQG�WKHLU�GLVFRYHU\�LV�RIWHQ�IRUWXLWRXV�



0$1$*(0(17���('�25*$1,6$7,21 6DUDK�(GZDUGV

��������:KR�FDUHV�DERXW�SDWLHQW�IORZ"�8QGHUVWDQGLQJ�WKH�LVVXHV�VXUURXQGLQJ�SDWLHQW�IORZ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�DQG
+RVSLWDO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6DUDK�(GZDUGV������/HHVD�3DUNLQVRQ����

���(PHUJHQF\�'HSDUWPHQW��<VE\W\�*Z\QHGG��%HWVL�&DGZDODGU�8QLYHUVLW\�+HDOWK�%RDUG��%DQJRU��8.

.H\ZRUGV��3DWLHQW�IORZ��4XDOLW\�,PSURYHPHQW��0DQDJHPHQW

$EVWUDFW��

%DFNJURXQG

�

3DWLHQW�IORZ�DQG�KRZ�WR�LPSURYH�LW�LV�YHU\�WRSLFDO�LQ�PRVW�KRVSLWDOV��7KH�5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH�LQ�WKH�8QLWHG�.LQJGRP��VHH�WKLV�DV�DQ
LPSRUWDQW�LVVXH�ZKLFK�DV�D�ZKROH�FRXQWU\�QHHGV�LPSURYLQJ��:LWKRXW�SDWLHQW�IORZ��3)��WKURXJK�RXW�D�KRVSLWDO��SDWLHQWV�XOWLPDWHO\�JHW�VWXFN�LQ�WKH
(PHUJHQF\�'HSDUWPHQW��('���/LNH�PDQ\�WUXVWV�LQ�WKH�8QLWHG�.LQJGRP��DFXWH�EHG�SUHVVXUHV�DUH�VHHLQJ�UHIHUUHG�SDWLHQWV�UHPDLQLQJ�LQ�WKH�('�
&RQVHTXHQWO\��WKHUH�LV�SRWHQWLDOO\�GHOD\HG�WUHDWPHQW�E\�WKH�DFFHSWLQJ�VSHFLDOLW\��GXH�WR�OLPLWHG�FDSDFLW\�OHDGLQJ�WR�LQFUHDVHG�EHG�GD\V�DQG
PRUELGLW\��:H�FRQGXFWHG�DQ�DQRQ\PRXV�RQOLQH�VXUYH\�WR�DOO�WKH�FRQVXOWDQWV�RI�RQH�1DWLRQDO�+HDOWK�6HUYLFH��1+6��WUXVW�WR�VHH�LV�ZH�DV�DQ�('�FRXOG
KHOS�3)�LVVXHV��7KLV�WUXVW�VHUYHV�D�SRSXODWLRQ�RI�DSSUR[LPDWHO\���������SHRSOH��*LYHQ�LQFUHDVLQJ�SUHVVXUHV�RQ�(PHUJHQF\�'HSDUWPHQWV��('��ZH
QHHG�WR�WU\�XQGHUVWDQG�DQG�LPSURYH�WKH�LVVXHV�VXUURXQGLQJ�SDWLHQW�IORZ�LQ�WKH�KRVSLWDO�

�

$LPV

�

2XU�DLP�ZDV�WR�XQGHUVWDQG�WKH�YLHZV�RI�FRQVXOWDQWV�LQ�RQH�1+6�WUXVW�DERXW�3)�LVVXHV��:H�DQWHG�WR�XQGHUVWDQG�WKHLU�SHUFHSWLRQ�RI�3)�DQG�3)
LQLWLDWLYHV�LQ�WKH�KRVSLWDOV��%\�XQGHUVWDQGLQJ�WKHVH�DLPV�ZH�FRXOG�VHH�LI�DQ\�RI�WKHVH�LVVXH�ZH�('�EDVHG��DQG�VHH�LI�ZH�FRXOG�FKDQJH�WKHP�

�

0HWKRGV

�

8VLQJ�6XUYH\�0RQNH\Ñ�DQ�RQOLQH�VXUYH\�FUHDWRU��ZH�VHQW�D���TXHVWLRQ�VXUYH\�WR�DOO�&RQVXOWDQWV�LQ�WKH�WUXVW��������,W�ZDV�D�FRPSOHWHO\�DQRQ\PRXV
VXUYH\�DVNLQJ�TXHVWLRQV�DURXQG�3)�LQ�UHVSHFWLYH�GHSDUWPHQWV�DQG�HQJDJHPHQW�LQ�KRVSLWDO�ZLGH�3)�LQLWLDWLYHV��$�TXDOLWDWLYH�WKHPDWLF�DQDO\VLV�RI�DOO
WKH�UHVXOWV�ZDV�FRQGXFWHG�E\�RQH�UHVHDUFKHU��WU\LQJ�WR�GUDZ�RXW�WKHPHV�

�

5HVXOWV

�

��������������RI�WKH�KRVSLWDO�FRQVXOWDQWV�FRPSOHWHG�WKH�VXUYH\�DFURVV�DOO�VLWHV�LQ�WKH�KRVSLWDO��7KH�PDMRULW\�RI�UHVSRQVHV�FDPH�IURP�WKH�DFXWH
VSHFLDOLWLHV�LQFOXGLQJ�FULWLFDO�FDUH��HPHUJHQF\�PHGLFLQH��DQDHVWKHWLFV�DQG�VXUJHU\��8QVXUSULVLQJO\��QHDUO\������RI�SDUWLFLSDQWV�DFURVV�DOO�VSHFLDOLWLHV
VDLG�3)�ZDV�LPSRUWDQW�WR�WKHP�DQG�WKHLU�DUHDV�RI�SUDFWLFH��7KH�VSHFLDOLWLHV�WKDW�GLGQÇW�LQFOXGHG�KLVWRSDWKRORJ\�DQG�GHUPDWRORJ\��1R�FRQVXOWDQWV�IHOW
WKDW�WKH�('�PDGH�WKHLU�3)�LVVXHV�DQ\�ZRUVH��.H\�LVVXHV�ZHUH�QHHGLQJ�PRUH�FRPPXQLW\�EHGV�WR�PRYH�SDWLHQWV��IUXVWUDWLRQ�RI�QRWKLQJ�FKDQJLQJ
TXLFNO\�DQG�ORZ�PRUDO�ZLWK�ORQJ�SDWLHQW�ZDLWV�LQ�WKH�('��2QH�ILQDO�LVVXH��ZDV�D�IHHOLQJ�WKDW�WKHUH�LV�QR�KRVSLWDO�ZLGH�FRQVHQVXV�RU�SODQ�WKDW�LV�KHOSLQJ
PLQLPLVH�SDWLHQW�ZDLWV�LQ�WKH�WKH�('�

�

&RQFOXVLRQ

�

3)�LV�LPSRUWDQW�WR�DOO�GHSDUWPHQWV�QRW�RQO\�WKH�('��7KH�FRQVWDQW�SUHVVXUHV�DQG�GDLO\�ZDLWV�IRU�UHIHUUHG�SDWLHQWV�WR�EH�PRYHG�WR�WKH�FRUUHFW�VSHFLDOLW\
LV�GHPRUDOLVLQJ�WKH�ZRUNIRUFH��7KHUH�LV�D�JHQHUDO�IHHOLQJ�WKDW�PRUH�FRPPXQLW\�SODFHPHQWV��ZRXOG�KHOS�DOOHYLDWH�WKLV�EXUGHQ��$V�D�VSHFLDOLW\��ZH�DV
(PHUJHQF\�0HGLFLQH�PXVW�WU\�DQG�DVVLVW�RXU�VSHFLDOLW\�FROOHDJXHV�ZKHQ�UHIHUULQJ�SDWLHQWV��HVSHFLDOO\�LI�WKH\�UHPDLQ�LQ�RXU�GHSDUWPHQW��0RYLQJ
IRUZDUG��ZH�QHHG�WR�GUDZ�WRJHWKHU�DOO�VSHFLDOLWLHV�DQG�KDYH�D�KRVSLWDO�ZLGH�DSSURDFK�WR�WDFNOH�WKHVH�LVVXHV��QRW�MXVW�DQ�(PHUJHQF\�0HGLFLQH�RQH��





36<&+,$75< 6DUDK�(GZDUGV

��������'HYHORSLQJ�WKH�PHQWDO�KHDOWK�DLGH�PHPRLUH�IRU�DGXOWV�v�$�VXFFLQFW�WRRO�IRU�WKH�HPHUJHQF\�GHSDUWPHQW�SV\FKLDWULF
KLVWRU\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6DUDK�(GZDUGV������+HOHQ�6DOWHU����

���(PHUJHQF\�'HSDUWPHQW��<VE\W\�*Z\QHGG��%HWVL�&DGZDODGU�8QLYHUVLW\�+HDOWK�%RDUG��%DQJRU��8.

.H\ZRUGV��0HQWDO�+HDOWK��3V\FKLDWULF��6XLFLGH��6XLFLGH�DVVHVVPHQW��3V\FKLDWULF�KLVWRU\

$EVWUDFW��

%DFNJURXQG�DQG�$LPV

�

%HWZHHQ�ODWH�������HDUO\������WKHUH�ZHUH�PRUH�WKDQ��������LQSDWLHQW�DGPLVVLRQV�HDFK�\HDU�LQ�(QJODQG�IRU�LQWHQWLRQDO�VHOI�KDUP��D����LQFUHDVH�RQ
WKH�SUHYLRXV�\HDU��2XU�KRVSLWDO�LV�D�GLVWULFW�JHQHUDO�KRVSLWDO�ZKLFK�VHHV�EHWZHHQ���������DGXOW�SDWLHQWV�HDFK�\HDU�ZKR�SUHVHQW�ZLWK�D�PHQWDO�KHDOWK
�0+��LVVXH��,Q������WKH�5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH��5&(0��LQ�WKH�8QLWHG�.LQJGRP�UHOHDVHG�UHVXOWV�RI�D�QDWLRQDO�VXUYH\�ORRNLQJ�DW
DGPLVVLRQV�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��ZLWK�0+�LVVXHV��7KH�ZRUN�E\�5&(0�ORRNHG�DW���VWDQGDUGV�WKDW�LW�EHOLHYHG�ZHUH�LPSRUWDQW�ZKHQ
VHHLQJ�SDWLHQWV�ZLWK�0+�LVVXHV��7KLV�LQFOXGHG�D�ULVN�DVVHVVPHQW�WKURXJK�WR�SDWLHQWV�DIWHU�UHIHUUDO�EHLQJ�VHHQ�E\�D�0+�SUDFWLRQHU�ZLWKLQ�RQH�KRXU�
/RFDOO\�DQG�QDWLRQDOO\�WKH�UHVXOWV�DFURVV�PRVW�RI�WKHVH�VWDQGDUGV�ZHUH�SRRU�

�

$LPV

�

&RQVHTXHQWO\��ZH�ZDQWHG�WR�GHYHORS�D�WRRO�WKDW�FRXOG�EH�XVHG�WR�FDSWXUH�WKLV�NH\�GDWD��,W�ZRXOG�QHHG�WR�EH�TXLFN��HDV\�DQG�QRW�RQHURXV�WR�D�EXV\
HPHUJHQF\�PHGLFLQH��(0��GRFWRU�

�

0HWKRGV

�

:H�DXGLWHG�WKH�GHSDUWPHQW�DJDLQVW�WKH�5&(0V�VWDQGDUGV�SUH�GHYHORSPHQW�RI�WKH�WRRO��:H�WKHQ�ZLWK�RXU�SV\FKLDWULF�OLDLVRQ�FROOHDJXHV�GHVLJQHG�D��
SDJHG��$��VL]H�GRFXPHQW�HQFRPSDVVLQJ�ZKDW�ZDV�UHTXLUHG�E\�5&(0���,W�DOVR�LQFOXGHV�WDLORUHG�TXHVWLRQV��VHQVLWLYHO\�ZULWWHQ�WR�LGHQWLI\�WKRVH�KLJKHVW
DW�ULVN��7KH�IRUP�WDNHV�EHWZHHQ�����PLQXWHV�WR�ILOO�LQ��6XEVHTXHQWO\�ZH�UH�DXGLWHG�WKH�XVH�RI�WKH�WRRO���

�

5HVXOWV

�

:H�VDZ�D�����LPSURYHPHQW�DFURVV�WKH�ZKROH�VSHFWUXP�IRU�GRFXPHQWDWLRQ�IRU�WKH�5&(0�VWDQGDUGV��$OVR��RYHUDOO�GRFXPHQWDWLRQ�IRU�SV\FKLDWULF
SDWLHQWV�KDV�LPSURYHG�GUDPDWLFDOO\�

$Q�XQH[SHFWHG�EHQHILW��ZDV�RXU�MXQLRU�GRFWRUV�ZKR�RIWHQ�KDYH�QHYHU�ZRUNHG�LQ�D�SV\FKLDWULF�MRE�IRXQG�WKH�IRUP�YHU\�XVHIXO��7KH\�IRXQG�WKH�ZRUGLQJ
RI�WKH�TXHVWLRQV��KHOSIXO�ZKHQ�VHHLQJ�0+�SDWLHQWV��2XU�SV\FKLDWULF�OLDLVRQ�WHDP�UHSRUW�LPSURYHG�UHIHUUDOV�DQG�WKXV�KHOSLQJ�WKHP�ZLWK�SDWLHQW
PDQDJHPHQW�

�

&RQFOXVLRQ

�

2XU���SDJH�IRUP�KDV�KHOSHG�WR�UHYROXWLRQLVH�KRZ�ZH�UHFHLYH�D�0+�KLVWRU\�IURP�RXU�SDWLHQWV��,WV�TXLFN��IULHQGO\�IRU�WKH�SV\FKLDWULF�QRYLFH�DQG
KRSHIXOO\�LV�DVVLVWLQJ�ZLWK�SDWLHQW�FDUH��7KH�IRUP�LV�EHLQJ�IXUWKHU�XSGDWHG�DQG�LPSURYHG��ZLWK�DLP�WR�UROH�LW�RXW�WUXVW�ZLGH��



,0$*,1*���8/75$6281'���5$',2/2*< )DUDK�0XVWDID

��������05,�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��ZK\�GR�HPHUJHQF\�PHGLFLQH�GRFWRUV�RUGHU�05,V

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)DUDK�0XVWDID������$QGUHZ�&DVH\������3HDGDU�*LOOLJDQ����

���(PHUJHQF\�0HGLFLQH��%HDXPRQW�+RVSLWDO��'XEOLQ��,5(/$1'

.H\ZRUGV��05,��,PDJLQJ��HPHUJHQF\�GHSDUWPHQW�FOLQLFDO�GHFLVLRQV

$EVWUDFW��

7LWOH��05,�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��ZK\�GR�HPHUJHQF\�PHGLFLQH�GRFWRUV�RUGHU�05,V

$XWKRUV

$�&DVH\��)�0XVWDID��3�*LOOLJDQ

,QWURGXFWLRQ

:H�SUHVHQW�DQ�REVHUYDWLRQDO�VWXG\�WKDW�DVVHVVHV�WKH�DFFXUDF\�RI�FOLQLFDO�GLDJQRVLV�PDGH�E\�(0�SK\VLFLDQV�ZKHQ�FRUUHODWHG�ZLWK�05,�VFDQ�UHVXOWV�

*LYHQ�FRQFHUQV�ZLWK�UDGLDWLRQ�LQGXFHG�PDOLJQDQFLHV�IURP�WKH�H[FHVVLYH�XVH�RI�&7�VFDQV��LQWXLWLYHO\�DQ�DOWHUQDWLYH�PHWKRG�RI�HYDOXDWLRQ�WKDW�GRHV
QRW�HQWDLO�LRQL]LQJ�UDGLDWLRQ�LV�LQYDOXDEOH��05,�GRHV�QRW�XVH�LRQL]LQJ�UDGLDWLRQ��DQG�KDV�QRW�EHHQ�VKRZQ�WR�EH�KDUPIXO�WR�KXPDQV�EXW�WKLV�WHVW�LV�QRW
ZLWKRXW�LWV�GRZQVLGHV��LQFOXGLQJ�FRVW��DYDLODELOLW\��VRPH�FRQWUDLQGLFDWLRQV��DQG�WKH�WLPH�QHHGHG�WR�SHUIRUP�WKH�VFDQ�

0HWKRGV

$�UHWURVSHFWLYH�VWXG\�RI�05,�VFDQV�UHTXHVWHG�E\�(0�SK\VLFLDQV�XVLQJ�D�GLJLWDO�UDGLRORJ\�V\VWHP�1,0,6��1DWLRQDO�,QWHJUDWHG�0HGLFDO�,PDJLQJ�6\VWHP�
ZDV�SHUIRUPHG��:H�ORRNHG�DW�WKH�FOLQLFDO�GLDJQRVHV�VXVSHFWHG�E\�WKH�(0�SK\VLFLDQV�ZKHQ�UHTXHVWLQJ�WKH�VFDQV�DQG�FRPSDUHG�WKHP�ZLWK�WKH
UDGLRORJLFDO�UHSRUWV��7KLV�LV�D�SLORW�VWXG\�DQG�ZH�DLP�WR�DQDO\VH�WKH�GDWD�IRU�D�SHULRG�RI���\HDU�ZLWK�D�WRWDO�RI�����VFDQV�

5HVXOWV

$�WRWDO�RI����05,�VFDQV�ZHUH�UHTXHVWHG�E\�(0�SK\VLFLDQV�LQ�WKH�VWXG\�SHULRG�RI���PRQWKV�����RI�WKRVH�VFDQV�ZHUH�RI�OXPERVDFUDO�VSLQH�DQG����ZHUH
RI�EUDLQ�ZLWK�RU�ZLWKRXW�FRQWUDVW��7KHUH�ZHUH���FHUYLFRWKRUDFLF����KLS����NQHH����DQNOH�DQG���EUHDVW�VFDQ�SHUIRUPHG�

���05,�VFDQV�RI�OXPERVDFUDO�VSLQH�ZHUH�SHUIRUPHG�IRU�D�VXVSHFWHG�FDXGD�HTXLQD�V\QGURPH�RXW�RI�ZKLFK���ZHUH�SRVLWLYH�IRU�FDXGD�HTXLQD�V\QGURPH
DQG�DQRWKHU���VKRZHG�DGYDQFHG�GHJHQHUDWLYH�FKDQJHV�ZLWK�QHUYH�URRW�LPSLQJHPHQW��WKHFDO�VDF�LQGHQWDWLRQ�DQG�VLJQLILFDQW�GLVF�EXOJHV�

2I�WKH����EUDLQ�VFDQV����ZHUH�SRVLWLYH�IRU�WKH�FOLQLFDO�VXVSLFLRQ�RI�H[DFHUEDWLRQ�RI�0XOWLSOH�6FOHURVLV��LQFUHDVHG�VL]H�RI�PHQLQJLRPD��PHWDVWDWLF�EUDLQ
OHVLRQV�DQG�IRU�SURJUHVVLRQ�RI�FDYHUQRXV�KHPDQJLRPD�

7KH�KLS�VFDQ�ZDV�SHUIRUPHG�IRU�D�VXVSHFWHG�LOOLRSVRDV�DEVFHVV�ZKLFK�FRQILUPHG�WKH�FOLQLFDO�VXVSLFLRQ�RI�WKH�SK\VLFLDQ�DQG�WKH�EUHDVW�VFDQ�FRQILUPHG
D�VXVSHFWHG�LPSODQW�UXSWXUH��7KH�FHUYLFRWKRUDFLF��NQHH�DQG�DQNOH�VFDQ�UHVXOWV�GLG�QRW�FRQILUP�WKH�VXVSHFWHG�FOLQLFDO�GLDJQRVLV�

,Q�WRWDO��RI�WKH����05,�VFDQV�UHTXHVWHG�E\�(0�SK\VLFLDQ��������������ZHUH�IRXQG�SRVLWLYH�IRU�WKH�VXVSHFWHG�FOLQLFDO�GLDJQRVLV�

7KH�VWXG\�UHVXOWV�LQGLFDWH�WKDW�(0�SK\VLFLDQV�DUH�LQFUHDVLQJO\�XVLQJ�05,�LQ�WKH�HYDOXDWLRQ�RI�SDWLHQWV�DQG�WKHLU�FOLQLFDO�FRQFHUQV�DUH�RIWHQ�FRQILUPHG
UDGLRORJLFDOO\�

&RQFOXVLRQ

:LWK�WKH�LQFUHDVLQJ�DYDLODELOLW\�RI�05,�(PHUJHQF\�0HGLFLQH�VSHFLDOLVWV�QHHG�WR�FRQVLGHU�LWV�SRWHQWLDO�DSSOLFDWLRQV�LQ�WKH�HYDOXDWLRQ�RI�SDWLHQWV
DWWHQGLQJ�(PHUJHQF\�'HSDUWPHQWV��7KLV�VWXG\�VKRZV�WKDW�WKRXJK�ZH�XVH�LW�LQIUHTXHQWO\�ZH�KDYH�D�KLJK�SLFN�XS�UDWH�ZLWK�UHJDUGV�WR�SUHVXPHG
GLDJQRVLV�



&$6(�35(6(17$7,21 'RUVDI�%(//(6$)$5

��������$WULDO�ILEULOODWLRQ�LQ�WKH�:ROII�3DUNLQVRQ�:KLWH�V\QGURPH��D�FKDOOHQJLQJ�DUUK\WKPLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'RUVDI�%HOODVIDU������.DULP�2XQDOOL������6DORXD�+RXLPOL������0RXQD�7LWH\������*KDQLD�IHWLKD�$RXDGL������$PHO�$PDPRX������-LKHQ�$RXHP������)DWPD�%HQ
VDOHP������%HQ�5RPGKDQH�$EGHOPDMLG����

���HPHUJHQF\�GHSDUWPHQW��+RSLWDO�GHV�)6,�/D�0DUVD��7XQLV��781,6,$
���DQHVWKHVLD��+RSLWDO�GHV�)6,�/D�0DUVD��7XQLV��781,6,$
���HPHUJHQF\�GHSDUWPHQW��+RSLWDO�GHV�)6,�/D�0DUVD��WXQLV��781,6,$

.H\ZRUGV��:ROII�3DUNLQVRQ�:KLWH��DWULDO�ILEULOODWLRQ��V\QFRSH��FDUGLRYHUVLRQ

$EVWUDFW��

%DFNJURXQG��:ROII�3DUNLQVRQ�:KLWH�V\QGURPH�RIWHQ�UHSUHVHQWV�D�GLDJQRVWLF�DQG�WKHUDSHXWLF�GLOHPPD�IRU�HPHUJHQF\�SK\VLFLDQV�HVSHFLDOO\�LI�LWÇV
DVVRFLDWHG�ZLWK�DWULDO�ILEULOODWLRQ��,W�LV�OLIH�WKUHDWHQLQJ�EHFDXVH�RI�WKH�IDVW�YHQWULFXODU�UHVSRQVH�DQG�WKH�SRVVLELOLW\�RI�GHJHQHUDWLRQ�WR�YHQWULFXODU
ILEULOODWLRQ�

&DVH�UHSRUW��:H�UHSRUW�WKH�FDVH�RI�D����\HDUV�ROG�PDQ��ZLWK�D�PHGLFDO�KLVWRU\�RI�K\SHUWHQVLRQ��SUHVHQWHG�WR�WKH�HPHUJHQF\�URRP�IRU�ORVV�RI
FRQVFLRXVQHVV�ZLWK�SDOSLWDWLRQ�DQG�GL]]LQHVV��&OLQLFDO�H[DPLQDWLRQ�IRXQG�D�FODPP\�SDWLHQW�ZLWK�D�&RPD�*ODVJRZ�6FDOH�RI�����D�EORRG�SUHVVXUH�DERXW
�������PP+J�DQG�D�SXOVH�DERXW�����ESP��$GPLVVLRQ�HOHFWURFDUGLRJUDP�VKRZHG�LUUHJXODU�ZLGH�456�FRPSOH[�WDFK\FDUGLD��,QWUDYHQRXV�DPLRGDURQH
ZDV�DGPLQLVWUDWHG�DW�D�GRVH�RI�����PJ��:LWK�WKH�SHUVLVWHQFH�RI�WKH�VDPH�DUUK\WKPLD�DQ�HOHFWULFDO�FDUGLRYHUVLRQ�ZDV�SHUIRUPHG�ZLWK�VXFFHVV��$
VLQXV�UK\WKP�DQG�D�GHOWD�ZDYH�ZHUH�VKRZQ�LQ�WKH�SRVW�FDUGLRYHUVLRQ�HOHFWURJUDP��7KHQ��WKH�SDWLHQW�ZDV�WUDQVIHUUHG�LQ�WKH�GHSDUWPHQW�RI�FDUGLRORJ\
IRU�UDGLRIUHTXHQF\�DEODWLRQ�RI�WKH�DFFHVVRU\�SDWKZD\�

&RQFOXVLRQ��&OLQLFDO�FOXHV�WR�WKH�GLDJQRVLV�RI�DWULDO�ILEULOODWLRQ�RFFXUULQJ�LQ�WKH�VHWWLQJ�RI�WKH�:ROII�3DUNLQVRQ�:KLWH�V\QGURPH�LQFOXGH�HVVHQWLDOO\
PHGLFDO�KLVWRU\�DQG�HOHFWURFDUGLRJUDP�VLJQV��$Q�LUUHJXODU�ZLGH�456�FRPSOH[�LQ�D�\RXQJ�SDWLHQW�ZLWK�SDOSLWDWLRQV��GL]]LQHVV�RU�V\QFRSH�KDV�WR�OHDG�WR
WKLV�GLDJQRVLV��WUHDWPHQW�GHSHQGV�RQ�WKH�LQLWLDO�KHPRG\QDPLF�VWDWXV�



36<&+,$75< 6DUDK�(GZDUGV

��������3DWWHUQV�RI�FKLOG�DQG�DGROHVFHQW�PHQWDO�KHDOWK�DGPLVVLRQV�WR�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6DUDK�(GZDUGV������(OO\�/HVVHU������/HHVD�3DUNLQVRQ����

���(PHUJHQF\�'HSDUWPHQW��<VE\W\�*Z\QHGG��%HWVL�&DGZDODGU�8QLYHUVLW\�+HDOWK�%RDUG��%DQJRU��8.
���*HQHUDO�3UDFWLFH��1RUWKHUQ�'HYRQ�+HDOWKFDUH�7UXVW��%DUQVWDSOH��8.

.H\ZRUGV��0HQWDO�+HDOWK��3V\FKLDWU\��&KLOG�3V\FKLDWU\�

$EVWUDFW��

2EMHFWLYHV�DQG�%DFNJURXQG

�

$SSURPL[PDWHO\���LQ�HYHU\�����WR����FKLOGUHQ�DQG�\RXQJ�SHRSOH�GHOLEHUDWHO\�VHOI�KDUP��2XU�DLP�ZDV�WR�LGHQWLI\�DOO�WKH�SDHGLDWULF�PHQWDO�KHDOWK��0+�
SDWLHQWV�WKDW�SUHVHQWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��DQG�IROORZ�WKHLU�MRXUQH\�WR�SDHGLDWULF�ZDUG��%\�XQGHUVWDQGLQJ�WKH�VHUYLFH�QHHGV�ZH�ZLOO
EH�DEOH�WR�LGHQWLI\�DUHDV�IRU�LPSURYHPHQW��7KH�KRVSLWDO�KDV�D�&KLOG�DQG�$GXOW�0HQWDO�+HDOWK�6HUYLFH��&$0+6��VHUYLFH�ZRUNV�0RQGD\�WR�)ULGD\�LQ
GD\WLPH�KRXUV�RQO\���DP�Ä��SP��

�

0HWKRGV

�

7KLV�UHWURVSHFWLYH�DQDO\VLV�ORRNHG�DW�SDWLHQWV�\RXQJHU�WKDQ����\HDUV�ZKR�DWWHQGHG�WKH�('�LQ�D�'LVWULFW�*HQHUDO�+RVSLWDO�ZLWK�D�SULPDU\�0+�LVVXH
EHWZHHQ�-DQXDU\�DQG�'HFHPEHU�������'DWD�FROOHFWHG�LQFOXGHG�UHDVRQ�IRU�DGPLVVLRQ��OHQJWK�RI�VWD\�LQ�WKH�GHSDUWPHQW��OHQJWK�RI�VWD\�LQ�ZDUG�DQG
RWKHU�HSLGHPLRORJLFDO�GDWD��)LQDO�GLVFKDUJH�GHVWLQDWLRQ�DQG�QXUVLQJ�SURYLVLRQ�QHHGHG�ZDV�DOVR�ORRNHG�DW�

�

5HVXOWV

�

����SDHGLDWULF�SDWLHQWV�SUHVHQWHG�WR�WKH�('�ZLWK�D�SULPDU\�0+�SUREOHP��DOO�RI�ZKRP�ZHUH�DGPLWWHG�WR�DZDLW�IXUWKHU�SV\FKLDWULF�DVVHVVPHQW��0RVW
SDWLHQWV�ZHUH�IHPDOH������UDWLR���ZLWK�D�PL[HG�RYHUGRVH�DV�WKH�FRPPRQ�SUHVHQWDWLRQ�����RI�WKH�WRWDO�SDHGLDWULF�DGPLVVLRQV�RYHU�WKLV�SHULRG�ZHUH
0+�UHODWHG������RI�SDWLHQWV�SUHVHQWLQJ�RXW�RI�KRXUV��0HGLDQ�OHQJWK�RI�DGPLVVLRQ�ZDV����KRXUV�DQG����PLQXWHV��$GPLVVLRQ�RQ�D�)ULGD\�QLJKW�UHVXOWHG
LQ�WKH�ORQJHU�VWD\V��ZLWK�D�PHGLDQ�VWD\�RI����KRXUV��1HDUO\�����RI�WKHVH�SDWLHQWV�UHTXLUHG�����QXUVLQJ�FDUH�RQ�WKH�ZDUG������ZHUH�VXEVHTXHQWO\
GLVFKDUJHG�KRPH�DIWHU�SV\FKLDWULF�UHYLHZ��6LQFH������WKHUH�KDV�EHHQ�D�����LQFUHDVH�LQ�WKH�QXPEHUV�RI�DGPLWWHG�WR�WKH�SDHGLDWULF�ZDUG�LQ�RXU
KRVSLWDO�

�

'LVFXVVLRQ

�

7KLV�ULVH�LQ�SDHGLDWULF�0+�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�LV�OLNHO\�WR�EH�PLUURUHG�DFURVV�DOO�('V�LQ�WKH�8QLWHG�.LQJGRP��7KLV�KDV�D�VLJQLILFDQW�LPSDFW
ERWK�RQ�WKH�('�DQG�WKH�SDHGLDWULF�ZDUG��$�PDMRU�FRQFHUQ�LV�DOO�WKHVH�SDWLHQWV�DUH�EHLQJ�DGPLWWHG�WR�WKH�ZDUG��ZKLFK�LV�QRW�WKH�DSSURSULDWH�VHWWLQJ�WR
EH�UHYLHZHG��,I�&$0+6�ZDV�DYDLODEOH�LQ�WKH�('��WKHVH�SDWLHQWV�FRXOG�EH�GLVFKDUJHG�IURP�KHUH��6XEVHTXHQWO\�WR�WKLV�VWXG\��WKHUH�KDV�EHHQ�D�UHYLHZ
RI�VHUYLFH�SURYLVLRQ�DQG�&$0+6�LV�SODQQLQJ�WR�LQWURGXFH�D���GD\�ZHHN��$GGLWLRQDOO\��WKH�('�QRZ�DWWHPSWV�WR�LGHQWLI\�DOO�FKLOGUHQ�ZLWK�0+�SUREOHPV�DW
WULDJH��DQG�DLPV�WR�JHW�WKHP�VHHQ�DV�VRRQ�DV�SRVVLEOH�E\�WKH�SDHGLDWULF�WHDP��)XUWKHU�ZRUN�LV�QHHGHG�WR�XQGHUVWDQG�ZK\�WKHUH�KDV�EHHQ�DQ�LQFUHDVH
LQ�WKH�QXPEHU�RI�FKLOGUHQ�DQG�\RXQJ�SHRSOH�ZLWK�0+�SUREOHPV��

�

�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 (WLPEXN�8PDQD

��������*ODVJRZ�%ODWFKRUG�6FRUH��*%6���5DLVLQJ�7KH�%DU

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(WLPEXN�8PDQD������2OD\LZROD�$PRUDQ������&DURO�*RXOGLQJ����

�����8QLYHUVLW\�+RVSLWDO�*DOZD\��*DOZD\��,5(/$1'
�����1DDV�*HQHUDO�+RVSLDO��'XEOLQ��,5(/$1'

.H\ZRUGV��3DWLHQWV��*%6��2*'��%OHHGLQJ��5LVN��,QWHUYHQWLRQ

$EVWUDFW��

,QWURGXFWLRQ��8SSHU�*,�EOHHG��8*%��LV�D�FRPPRQ�SUHVHQWDWLRQ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('���,W�DFFRXQWV�IRU�WKUHH�SHUFHQW�RI�DOO�KRVSLWDO
DGPLVVLRQ��7KH�*%6�KDV�EHHQ�IRXQG�WR�EH�VXSHULRU�WR�ERWK�WKH�5RFNDOO�DQG�$,0���VFRUH�IRU�ULVN�VWUDWLILFDWLRQ�RI�8*%��$�*%6�VFRUH�RI�Ô��KDV�EHHQ
VKRZQ�WR�KDYH�D�VHQVLWLYLW\�RI�!����IRU�VWUDWLI\LQJ�ORZ�ULVN�EOHHGV��KRZHYHU�UHFHQW�VWXGLHV�VKRZ�D�*%6�RI�Ô��LV�HTXDOO\�VHQVLWLYH�DQG�WKHUHIRUH
FRXOG�EH�FRQVLGHUHG�DV�DQ�DSSURSULDWH�FXW�RII�IRU�VWUDWLI\LQJ�SDWLHQWV�DV�ORZ�ULVN�

$LPV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�D��GHWHUPLQH�WKH�IUHTXHQF\�RI�XVH�RI�WKH�*%6�VFRUH�LQ�WKH�('�DQG�E��WR�DVVHVV�WKH�UHODWLRQVKLS�EHWZHHQ�*%6�DQG
HVRSKDJRJDVWURGXRGHQRVFRS\��2*'V��ILQGLQJV�DQG�QHHG�IRU�LQWHUYHQWLRQ�

0HWKRG��5HWURVSHFWLYHO\��GDWD�ZDV�REWDLQHG�IURP�ERWK�('�DQG�HQGRVFRS\�XQLW�IURP�WKH��VW�-DQXDU\�WR���VW�RI�-XO\������RI�DOO�SDWLHQWV�SUHVHQWLQJ�WR
8QLYHUVLW\�+RVSLWDO�*DOZD\�ZLWK�8*%��3DWLHQWÇV�GHPRJUDSKLFV��*%6��2*'�ILQGLQJV�DQG�LQWHUYHQWLRQ�ZHUH�UHFRUGHG�

5HVXOWV��$�WRWDO�RI�����SDWLHQWV�ZHUH�LGHQWLILHG�EXW�GDWD�ZDV�DYDLODEOH�IRU����SDWLHQWV�ZKR�IXOILOOHG�RXU�FULWHULD��,Q�WKLV�VWXG\���������ZHUH�PDOHV�DQG
��������ZHUH�IHPDOHV��PHDQ�DJH����DQG����UHVSHFWLYHO\��2QO\���������KDG�WKHLU�*%6�GRFXPHQWHG�RQ�DGPLVVLRQ��6L[W\�IRXU�SDWLHQWV�KDG�QRUPDO
�QRQ�DFWLYH�EOHHGLQJ��2*'ÇV��VL[�KDG�DFWLYH�EOHHGLQJ�RQ�2*'��ZKLOH�VL[WHHQ�SDWLHQWV�KDG�QR�GDWD�DYDLODEOH��2I�WKH�VHYHQW\�SDWLHQWV�ZKR�XQGHUZHQW
2*'ÇV��QLQH�SDWLHQWV�UHTXLUHG�LQWHUYHQWLRQ�

6HYHQWHHQ�SDWLHQWV������KDG�D�*%6�Ô��ZKR�XQGHUZHQW�2*'
V��QRQH�KDG�DFWLYH�EOHHGLQJ�RU�UHTXLUHG�LQWHUYHQWLRQ��$�*%6Ô��KDG�D�VHQVLWLYLW\�DQG
VSHFLILFLW\�RI������DQG�����UHVSHFWLYHO\��,W�DOVR�KDG�D�139�RI�FORVH�WR������LQ�SUHGLFWLQJ�DFWLYH�EOHHGLQJ�DQG�QHHG�IRU�LQWHUYHQWLRQ�

&RQFOXVLRQV��8VLQJ�D�*%6�RI�Ô��ZDV�VKRZQ�WR�EH�VHQVLWLYH�IRU�LGHQWLI\LQJ�ORZ�ULVN�8*%�ZKLFK�FRXOG�WKHUHIRUH�EH�RIIHUHG�2*'�DV�RXW�SDWLHQWV��WKHUH
E\�UHGXFLQJ�DGPLVVLRQ�IRU�8*%�E\������(GXFDWLRQ�RI�ILUVW�UHVSRQGHUV�DQG�DSSURSULDWH�UHIHUUDO�V\VWHP�IRU�RXWSDWLHQW�PDQDJHPHQW�RI�SDWLHQWV
SUHVHQWLQJ�ZLWK�D�*%6�RI�Ô��VKRXOG�EH�IDFLOLWDWHG�



&$6(�35(6(17$7,21 'DYLG�6KDFNOHWRQ

��������7KH�H[SORVLYH�UHWXUQ�RI�GQS������GLQLWURSKHQRO�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'DYLG�6KDFNOHWRQ������$OLFLD�5HIVRQ����

���1RUWKZLFN�3DUN�+RVSLWDO��1+6��/RQGRQ��8.

.H\ZRUGV��WR[LFRORJ\

$EVWUDFW��

����GLQLWURSKHQRO��DQ�LQGXVWULDO�RUJDQLF�FRPSRXQG��KDV�EHHQ�LQFUHDVLQJ�LQ�UHFUHDWLRQDO�XVH��WKDQNV�LQ�SDUW�WR�ZLGHVSUHDG�DYDLODELOLW\�RYHU�WKH
LQWHUQHW��8VHG�RULJLQDOO\�LQ�LQGXVWU\�DV�DQ�H[SORVLYH�SUHFXUVRU��LW�ZDV�XVHG�RULJLQDOO\�DV�D�PHGLFDWLRQ�LQ������IRU�LWV�SURIRXQG�ZHLJKW�ORVV�HIIHFWV�
6HYHUH�WR[LFLW\�OHG�WR�LWV�ZLWKGUDZDO�DV�D�PHGLFDWLRQ��EXW�LW�KDV�IRXQG�QHZ�SRSXODULW\�DPRQJVW�ERG\�EXLOGHUV�DV�DQ�DJHQW�WR�LQFUHDVH�EDVDO�PHWDEROLF
UDWH��%05��DQG�HQKDQFH�IDW�ORVV��:H�SUHVHQW�WKH�FDVH�RI�DQ�LQWHQWLRQDO�RYHUGRVH�RI�'13�DQG�WKH�OHVVRQV�OHDUQW�IURP�WKLV�GDQJHURXV�GUXJ�

$����\HDU�ROG�PDOH�ZLWK�D�KLVWRU\�RI�GHSUHVVLRQ�WRRN�DQ�LQWHQWLRQDO�RYHUGRVH�RI�'13�EHIRUH�FDOOLQJ�DQ�DPEXODQFH��2Q�DUULYDO�WR�WKH�UHVXVFLWDWLRQ
URRP�KH�ORRNHG�H[WUHPHO\�XQZHOO��ZLWK�SURIRXQG�VZHDWLQJ��\HOORZ�VZHDW�DQG�FRQIXVLRQ��6WDII�FRPPHQWHG�RQ�WKH�XQXVXDO�VPHOO�IURP�KLV�VZHDW��2Q
LQLWLDO�DVVHVVPHQW��KLV�DLUZD\�ZDV�SDWHQW��6D2������LQ�URRP�DLU��KHDUW�UDWH�����ESP��%3��������PP+J�DQG�*&6�����(�9�0����WHPSHUDWXUH�ZDV
����R&��(OHFWURFDUGLRJUDP�VKRZHG�QDUURZ�FRPSOH[�WDFK\FDUGLD��2[\JHQ�ZDV�JLYHQ�E\�D�KLJK�IORZ�QRQ�UHEUHDWKHU�PDVN�DQG�,9�DFFHVV�JDLQHG���/
+DUWPDQQÇV�IOXLG�ZDV�JLYHQ�VWDW��$�YHQRXV�EORRG�JDV��9%*��VKRZHG�D�S+�RI������DQG�/DFWDWH�����PPRO�/��:LWKLQ�ILYH�PLQXWHV�RI�DUULYDO�KLV�KHDUW�UDWH
URVH�UDSLGO\�WR�RYHU�����ESP�DQG�ZLWKLQ�D�IHZ�VHFRQGV�KLV�HQWLUH�ERG\�EHFDPH�ULJLG��EUHDWKLQJ�VORZHG�EHIRUH�ORVV�RI�FDUGLDF�RXWSXW�DQG
FRPPHQFHPHQW�RI�&DUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35���,QWXEDWLRQ�ZDV�GLIILFXOW�GXH�WR�H[WUHPH�JHQHUDOLVHG�ULJLGLW\��$GPLQLVWUDWLRQ�RI�URFXURQLXP
DQG�PLGD]RODP�IDLOHG�WR�LPSURYH�WKLV�ULJLGLW\��$�UHSHDW�9%*�GXULQJ�&35�VKRZHG�D�SRWDVVLXP�RI���PPRO�/��+H�ZDV�JLYHQ���POV�RI�����FDOFLXP
JOXFRQDWH��DQ�LQVXOLQ�GH[WURVH�LQIXVLRQ�DQG�IXUWKHU�,9�IOXLG��'XULQJ�&35�KH�ZDV�JLYHQ�DQ�LQWUDOLSLG�EROXV�DQG�D�EROXV�RI������VRGLXP�ELFDUERQDWH��+H
GLHG�DIWHU�RQH�KRXU�RI�&35�ZLWK�DV\VWROH�WKURXJKRXW��+LV�ILQDO�ODFWDWH�ZDV����PPRO�/��ZLWK�DQ�XQUHFRUGDEOH�SRWDVVLXP�DQG�D�S+�RI������'XULQJ�&35�
DGYLFH�ZDV�VRXJKW�IURP�WKH�1DWLRQDO�3RLVRQV�LQIRUPDWLRQ�VHUYLFH��13,6��ZKR�DGYLVH�RQ�VHYHUH�SRLVRQLQJ�FDVHV�LQ�WKH�8.�

/HDUQLQJ�SRLQWV�

'13�DFWV�WR�XQFRXSOH�R[LGDWLYH�SKRVSKRU\ODWLRQ�DQG�DV�VXFK�JUHDWO\�LQFUHDVHV�WKH�%05�OHDGLQJ�WR�H[WUHPH�ULVHV�LQ�ERG\�WHPSHUDWXUH��([WUHPH
ULJLGLW\�GXH�WR�UHOHDVH�RI�FDOFLXP�KDV�EHHQ�UHSRUWHG�WR�RFFXU�LPPHGLDWHO\�SULRU�WR�GHDWK�DV�ZHOO�DV�TXLFNO\�DIWHU��<HOORZ�FRORXUDWLRQ�RI�VZHDW�KDV
EHHQ�UHSRUWHG�DV�SDWKRJQRPLF�RI�'13�RYHUGRVH�

7KHVH�SDWLHQW�VKRXOG�EH�FRROHG�UDSLGO\��,QWXEDWLRQ�ZLWK�SDUDO\VLV�DQG�VHGDWLRQ�VKRXOG�EH�FRQVLGHUHG�LPPHGLDWHO\��'DQWUROHQH�KDV�EHHQ�VXJJHVWHG
DV�DQ�HDUO\�WUHDWPHQW�IRU�WKH�VHYHUH�K\SHUWKHUPLD�

6NLQ�H[SRVXUH�WR�'13�LV�SRVVLEOH�DQG�VWDII�VKRXOG�ZHDU�SURWHFWLYH�FORWKLQJ�ZKLOVW�H[DPLQLQJ�WKH�SDWLHQW�

6WUHHW�QDPHV�IRU�'13�FXUUHQWO\�LQFOXGH�'LQRVDQ��6ROIR�%ODFN��1LWURSKHQ��$OGLIHQ��&KHPR[��0LFDO��&DVZHOO������1LWUR�NOHQXS�

(DV\�LQWHUQHW�DYDLODELOLW\�ZLOO�PDNH�RYHUGRVH�IDU�PRUH�FRPPRQ��(PHUJHQF\�SK\VLFLDQV�VKRXOG�EH�DZDUH�RI�WKLV�FRPSRXQG�DQG�EH�PLQGIXO�RI�KRZ
UDSLGO\�WKHVH�SDWLHQWV�FDQ�GHWHULRUDWH��9HU\�HDUO\�DJJUHVVLYH�UHVXVFLWDWLRQ�ZLWK�FRROLQJ�PD\�DOORZ�UHFRYHU\�



&$6(�35(6(17$7,21 $EGR�6DWWRXW

��������&��IUDFWXUH�ZLWK�DEVHQFH�RI�QHXURORJLFDO�VLJQV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7RP�%DUNHU������$EGR�6DWWRXW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��$LQWUHH�8QLYHUVLW\�+RSVLWDO��/LYHUSRRO��8.

.H\ZRUGV��&��IUDFWXUH��2GRQWRLG�IUDFWXUH��&HUYLFDO�VSLQH�IUDFWXUH

$EVWUDFW��

,QWURGXFWLRQ

)DOOV�DUH�D�FRPPRQ�SUHVHQWDWLRQ�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('���,Q�VRPH�FDVHV��WKH�V\PSWRPV�DQG�FOLQLFDO�H[DPLQDWLRQ�PD\�QRW�FRUUHODWH�ZLWK
WKH�VHYHULW\�RI�WKH�LQMXULHV�VXVWDLQHG�

�

&DVH

$Q����\HDU�ROG�PDOH�ZDV�EURXJKW�WR�RXU�('�DIWHU�WULSSLQJ�RQ�D�ORRVH�FDUSHW�DQG�IDOOLQJ�IRUZDUG�GRZQ����VWDLUV��7KHUH�ZDV�QR�ORVV�RI�FRQVFLRXVQHVV
DQG�KH�ZDV�DEOH�WR�PRELOLVH�ZLWK�QR�OLPLWDWLRQV�DIWHU�WKH�IDOO��+H�ZDV�LPPRELOLVHG�E\�WKH�DPEXODQFH�FUHZ�EDVHG�RQ�WKH�PHFKDQLVP�RI�LQMXU\�

([DPLQDWLRQ�UHYHDOHG�WHQGHUQHVV�WR�WKH�OHIW�DVSHFW�RI�WKH�QHFN��QR�PLGOLQH�FHUYLFDO�VSLQH�WHQGHUQHVV��D�*&6�RI����DQG�QR�QHXURORJLFDO�GHILFLW�

,Q�DFFRUGDQFH�ZLWK�1,&(�JXLGHOLQHV��DQ�XUJHQW�FRPSXWHG�WRPRJUDSK\��&7��VFDQ�RI�KHDG�DQG�QHFN�UHYHDOHG�D�GLVSODFHG�IUDFWXUH�WKURXJK�WKH�EDVH�RI
RGRQWRLG�SURFHVV�ZLWK�VLJQLILFDQW�DQWHULRU�DQG�OHIW�ODWHUDO�VXEOX[DWLRQ�DQG�GLVORFDWLRQ�RI�WKH�ERG\�RI�&��LQ�UHODWLRQ�WR�&���7KHUH�ZDV�VXUURXQGLQJ
KDHPDWRPD�ZLWK�D�GHJUHH�RI�VSLQDO�FDQDO�FRPSURPLVH�DW�&��&��OHYHO�

'XH�WR�WKH�VHYHULW\�RI�WKH�IUDFWXUH�DQG�SUHVHUYHG�QHXURORJ\��WKH�SDWLHQW�ZDV�WUDQVIHUUHG�XUJHQWO\�WR�WKH�UHJLRQDO�QHXURVXUJLFDO�XQLW�IRU�SRVWHULRU
&��&��IL[DWLRQ��+H�PDGH�JRRG�SRVW�RSHUDWLYH�UHFRYHU\�DQG�ZDV�GLVFKDUJHG���GD\V�ODWHU�ZLWK�DQ�$VSHQ�FROODU�WR�EH�ZRUQ�IRU������ZHHNV�

�

'LVFXVVLRQ

&HUYLFDO�VSLQH�LQMXULHV�DFFRXQW�IRU������RI�DOO�WUDXPD�SDWLHQWV�ZLWK�DQ�HVWLPDWHG�LQFLGHQFH�DURXQG������SHU���������SHU�\HDU��)DOOV�������DUH�WKH
FRPPRQHVW�PHFKDQLVP�RI�LQMXU\�IROORZHG�E\�PRWRU�UHODWHG�DFFLGHQWV��,QYROYHPHQW�RI�WKH�&��&��FRPSOH[�DFFRXQWV�IRU��������RI�DOO�FHUYLFDO�VSLQH
IUDFWXUHV�ZLWK�RGRQWRLG�SURFHVV�DFFRXQWLQJ�����RI�WKHVH�

2GRQWRLG�IUDFWXUHV�DUH�FODVVLILHG�DV�7\SH�,��XSSHU�WLS�RI�WKH�RGRQWRLG�SURFHVV�RQO\���7\SH�,,��WKURXJK�WKH�EDVH�RI�WKH�RGRQWRLG�SURFHVV��RU�7\SH�,,,
�ERG\�RI�&���

3DWLHQWV�XVXDOO\�FRPSODLQ�RI�QHFN�SDLQ�DQG�LQDELOLW\�WR�DFWLYHO\�PRYH�WKH�QHFN�ZLWK�D�VHQVDWLRQ�RI�LQVWDELOLW\��([DPLQDWLRQ�ILQGLQJV�FDQ�EH�DV�VHYHUH
DV�TXDGULSOHJLD�ZLWK�UHVSLUDWRU\�LQYROYHPHQW�EXW�PRUH�FRPPRQO\��XS�WR�����RI�FHUYLFDO�VSLQH�IUDFWXUHV��QR�QHXURORJLFDO�GHILFLW�LV�LGHQWLILHG�

'LDJQRVLV�UHOLHV�RQ�FOLQLFDO�H[DPLQDWLRQ�DQG�UDGLRORJLFDO�LPDJLQJ��SODLQ�;�UD\V�RU�&7�VFDQV���+RZHYHU��1,&(�VXJJHVW�WKDW��DV�D�PLQLPXP��&7�VFDQV
VKRXOG�FRYHU�DQ\�DUHDV�RI�FRQFHUQ�RU�XQFHUWDLQW\�IURP�;�UD\V�RU�FOLQLFDO�H[DPLQDWLRQ��05,�PD\�DGG�LPSRUWDQW�LQIRUPDWLRQ�DERXW�OLJDPHQW�DQG�GLVF
LQMXULHV�

7UHDWPHQW�IRU�7\SH�,�IUDFWXUHV�LV�LPPRELOL]DWLRQ�ZLWK�D�KDUG�FROODU�IRU�����ZHHNV�ZKLOVW�7\SH�,,�DQG�,,,�IUDFWXUHV�FDQ�EH�PDQDJHG�HLWKHU
FRQVHUYDWLYHO\�RU�VXUJLFDOO\��H[WHUQDO�LPPRELOL]DWLRQ�ZLWK�D�KDOR�YHVW��LQWHUQDO�IL[DWLRQ��RGRQWRLG�VFUHZ�IL[DWLRQ�RU�SRVWHULRU�&��&��DUWKURGHVLV��

�

&RQFOXVLRQ

6LJQLILFDQW�FHUYLFDO�VSLQH�LQMXU\�FDQ�EH�SUHVHQW�ZLWK�PLQLPDO�VLJQV�DQG�V\PSWRPV��3DWLHQWV�GHPRJUDSKLFV��HVSHFLDOO\�WKH�HOGHUO\��DQG�PHFKDQLVP�RI
LQMXU\�VKRXOG�DOZD\V�EH�FRQVLGHUHG�ZKHQ�GHFLGLQJ�RQ�FKRLFH�RI�LQYHVWLJDWLRQV�



&$6(�35(6(17$7,21 9LWWRULR�'HFDUR

��������$Q�XQXVXDO�FDVH�RI�FHQWUDO�YHQRXV�WKURPERVLV�DIWHU�FHQWUDO�YHQRXV�FDWKHWHULVDWLRQ�LQ�D�\RXQJ�SDWLHQW�ZLWK�XQGLDJQRVHG
%HKFHWxV�GLVHDVH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9LWWRULR�'HFDUR������$]DP�0DMHHG����

�����8QLYHUVLW\�+RVSLWDOV�%LUPLQJKDP�1+6�)RXQGDWLRQ�7UXVW��%LUPLQJKDP��8.

.H\ZRUGV��&HQWUDO�YHQRXV�WKURPERVLV��&HQWUDO�YHQRXV�FDWKHWHU��7RQVLOOLWLV��%HKFHW
V�GLVHDVH

$EVWUDFW��

,QWURGXFWLRQ��%HKFHWÇV�GLVHDVH��%'��LV�D�V\VWHPLF�VPDOO�YHVVHO�YDVFXOLWLV��$QHXU\VP�IRUPDWLRQ�DQG�YHQRXV�WKURPERVLV�DUH�UDUH�EXW�OLIH�WKUHDWHQLQJ
FRPSOLFDWLRQV��:H�SUHVHQW�WKH�XQXVXDO�FDVH�RI�FHQWUDO�YHQRXV�WKURPERVLV�LQ�D�\RXQJ�PDQ�XQGHU�LQYHVWLJDWLRQ�IRU�%'�

&DVH�UHSRUW��$����\HDU�ROG�JHQWOHPDQ�RI�$IUR�&DULEEHDQ�GHVFHQW�SUHVHQWV�WR�WKH�(PHUJHQF\�'HSDUWPHQW�ZLWK�VHYHUH�ULJKW�VLGHG�QHFN�SDLQ
XQUHVSRQVLYH�WR�LQWUD�YHQRXV��,9��PRUSKLQH�SOXV�VRUH�WKURDW�DQG�GLIILFXOW\�VZDOORZLQJ�IRU����GD\V�

+H�ZDV�XQGHU�LQYHVWLJDWLRQ�IRU�%'�IROORZLQJ�LQIUD�UHQDO�DRUWLF�DQHXU\VP�UHSDLU���ZHHNV�DJR��5HFRYHU\�RQ�,78�KDG�EHHQ�XQFRPSOLFDWHG�DVLGH�IURP�DQ
LQFLGHQWDO�VPDOO�QRQ�RFFOXVLYH�WKURPEXV�LQ�WKH�ULJKW�LQWHUQDO�MXJXODU�YHLQ��,-9��VHFRQGDU\�WR�FHQWUDO�YHQRXV�FDWKHWHULVDWLRQ��+H�ZDV�GLVFKDUJHG�ZLWK�D
3,&&�OLQH�LQ�VLWX�IRU�,9�DQWLELRWLFV��2Q�H[DPLQDWLRQ��WKH�DQWHULRU�ERUGHU�RI�ULJKW�VWHUQRFOHLGRPDVWRLG�ZDV�VLJQLILFDQWO\�WHQGHU�DQG�WKHUH�ZDV�IROOLFXODU
WRQVLOOLWLV�ZLWK�QRUPDO�QHFN�PRYHPHQWV�

9DVFXODU�DQG�(17�RSLQLRQV�ZHUH�VRXJKW�DQG�WKH�SDWLHQW�ZDV�WUHDWHG�IRU�DFXWH�EDFWHULDO�WRQVLOOLWLV�ZLWK�PHURSHQHP�DQG�YDQFRP\FLQ�VLQFH�EORRG�WHVWV
ZHUH�FRQVLVWHQW�ZLWK�LQIHFWLRQ��ZKLWH�FHOO�FRXQW������DQG�&53��������$IWHU�D�IHZ�GD\V��KH�GHYHORSHG�PDUNHG�KHDG�DQG�QHFN�VZHOOLQJ�ZKLFK�WULJJHUHG
,78�DGPLVVLRQ�IRU�LPSHQGLQJ�DLUZD\�FRPSURPLVH��7KLV�UHVSRQGHG�ZHOO�WR�D�FRXUVH�RI�GH[DPHWKDVRQH�KRZHYHU�DQWLELRWLFV�KDG�EHHQ�LQHIIHFWLYH��&7
LPDJLQJ�ZDV�WKHUHIRUH�SHUIRUPHG�DQG�UHYHDOHG�DQ�RFFOXVLYH�WKURPEXV�LQ�WKH�ULJKW�,-9�H[WHQGLQJ�FUDQLDOO\�WR�WKH�OHYHO�RI�&���7KLV�ZDV�VLJQLILFDQWO\
ZRUVH�WKDQ�EHIRUH�DQG�WKHUH�ZDV�QHZ�WKURPERVLV�LQ�WKH�ULJKW�VXEFODYLDQ�YHLQ�ZLWK�H[WHQVLRQ�LQWR�WKH�RULJLQ�RI�WKH�OHIW�VXEFODYLDQ�YHLQ��2WKHU
ILQGLQJV�ZHUH�UHWURSKDU\QJHDO�RHGHPD��ELODWHUDO�SURPLQHQW�FHUYLFDO�O\PSKDGHQRSDWK\�DQG�HQODUJHG�ULJKW�D[LOODU\�O\PSK�QRGHV���+H�UHFHLYHG���GD\V
RI�DQWLFRDJXODWLRQ�EHIRUH�UHPRYLQJ�WKH�3,&&�OLQH�WR�PLQLPLVH�WKH�ULVN�RI�GLVORGJLQJ�WKH�WKURPEXV��7UHDWPHQW�ZDV�FRQWLQXHG�ZLWK�ZDUIDULQ��$�ODFN�RI
SRVLWLYH�PLFURELRORJLFDO�WHVWV�PDGH�LW�GLIILFXOW�WR�LGHQWLI\�D�VRXUFH�RI�LQIHFWLRQ�KRZHYHU�EORRG�WHVWV�ZHUH�ODWHU�VHHQ�WR�LPSURYH�RQ�DQWLELRWLFV��7KH\
ZHUH�WKHUHIRUH�VWRSSHG����KRXUV�DIWHU�3,&&�OLQH�UHPRYDO�GXULQJ�ZKLFK�WLPH�KH�GHYHORSHG�DQRWKHU�WKURPEXV�DW�WKH�VLWH�RI�D�SHULSKHUDO�YHQRXV
FDQQXOD�LQ�WKH�OHIW�DQWHFXELWDO�IRVVD��8QIRUWXQDWHO\�WKH�SDWLHQW�VXEVHTXHQWO\�XQGHUZHQW�HQGRYDVFXODU�UHSDLU�IRU�D�OHDNLQJ�SVHXGRDQHXU\VP�
7UHDWPHQW�IRU�%'�ZDV�FRPPHQFHG�VRRQ�DIWHU�GLVFKDUJH�IURP�KRVSLWDO�

'LVFXVVLRQ�DQG�FRQFOXVLRQ��7KHUH�DUH�D�KDQGIXO�RI�FDVH�UHSRUWV�IRU�FHQWUDO�YHQRXV�WKURPERVLV�LQ�%'���7KH\�DOO�SUHVHQW�ZLWK�VZROOHQ�IDFH��QHFN�DQG
XSSHU�OLPEV�LQ�WKH�YHU\�ILUVW�LQVWDQFH��7KLV�ZDV�GLIIHUHQW�LQ�WKDW�VHYHUH�QHFN�SDLQ�ZDV�WKH�RQO\�SUHVHQWLQJ�FRPSODLQW�DQG�DOVR�FRPSOLFDWHG�E\�VLJQV
DQG�V\PSWRPV�RI�WRQVLOOLWLV��$�UHIHUUDO�WR�WKH�YDVFXODU�WHDP�ZDV�PDGH�EHFDXVH�WKH�OHYHO�RI�SDLQ�ZDV�LQFRQVLVWHQW�ZLWK�D�GLDJQRVLV�RI�WRQVLOOLWLV��%RWK
DW\SLFDO�KHDG�DQG�QHFN�SUHVHQWDWLRQV�DQG�ULVN�IDFWRUV�VKRXOG�DOHUW�WKH�HPHUJHQF\�SK\VLFLDQ�WR�VXVSHFW�FHQWUDO�YHQRXV�WKURPERVLV��6\VWHPLF
YDVFXOLWLV�LV�DQRWKHU�LPSRUWDQW�FRQVLGHUDWLRQ�HVSHFLDOO\�ZLWK�FHQWUDO�YHQRXV�FDWKHWHULVDWLRQ�



75$80$ 5LFKDUG�/RZVE\

��������7KH�EXUGHQ�RI�WUDXPD�SUHVHQWLQJ�WR�WKH�WHUWLDU\�UHIHUUDO�KRVSLWDO�LQ�)UHHWRZQ��6LHUUD�/HRQH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5LFKDUG�/RZVE\������,EUDKLP�%XQGX������+RRL�/LQJ�+DUULVRQ������7HQHPD�0
%D\R����

���.LQJ
V�6LHUUD�/HRQH�3DUWQHUVKLS��.LQJ
V�&HQWUH�IRU�*OREDO�+HDOWK��/RQGRQ��8.
���&RQQDXJKW�+RVSLWDO��0LQLVWU\�RI�+HDOWK�DQG�6DQLWDWLRQ��)UHHWRZQ��6,(55$�/(21(

.H\ZRUGV��WUDXPD��LQMXU\��UHJLVWU\

$EVWUDFW��

,QWURGXFWLRQ

,QMXU\�DFFRXQWV�IRU����RI�WKH�PRUWDOLW\�LQ�6LHUUD�/HRQH�DQG�FRQWULEXWHV�WR�VLJQLILFDQW�PRUELGLW\�DQG�GLVDELOLW\����&RQQDXJKW�+RVSLWDO�LV�WKH�PDLQ
JRYHUQPHQW�UHIHUUDO�KRVSLWDO�LQ�)UHHWRZQ��WKH�FDSLWDO�RI�6LHUUD�/HRQH���,WV�HPHUJHQF\�GHSDUWPHQW��('��UHFHLYHV�WUDXPD�YLFWLPV�WKDW�DWWHQG�GLUHFWO\
IURP�ZLWKLQ�WKH�FLW\�EXW�DOVR�WDNHV�UHIHUUDOV�IURP�DFURVV�WKH�FRXQWU\���&XUUHQWO\��WKH�FRXQWU\�LV�UHFRYHULQJ�IURP�D�UHFHQW�(EROD�HSLGHPLF��WKHUH�LV�QR
IRUPDO�WUDXPD�V\VWHP�LQ�SODFH�DQG�D�WUDXPD�UHJLVWU\�LV�ODFNLQJ���7KH�EXUGHQ�RI�FDVHV�KDV�QRW�SUHYLRXVO\�EHHQ�PHDVXUHG���7KH�DLP�RI�WKLV�VWXG\�ZDV
WR�DVVHVV�WKH�YROXPH�DQG�DFXLW\�RI�WUDXPD�FDVHV�SUHVHQWLQJ�WR�WKH�('�VR�WKDW�VHUYLFHV�FDQ�EH�GHVLJQHG�DFFRUGLQJO\�

��

0HWKRGV

:H�FROOHFWHG�GDWD�UHWURVSHFWLYHO\�RYHU�D���PRQWK�SHULRG�IURP��VW�-DQXDU\�WR���VW�0DUFK������IURP�WKH�DWWHQGDQFH�UHJLVWHU�LQ�WKH�('�WULDJH�DUHD��
%DVLF�GHPRJUDSKLF�GDWD�LQFOXGLQJ�DJH�DQG�VH[�ZHUH�REWDLQHG�DV�ZHOO�DV�WLPH�RI�SUHVHQWDWLRQ��PHFKDQLVP�RI�LQMXU\�DQG�WULDJH�FRORXU�FDWHJRU\�DV�D
PDUNHU�RI�VHYHULW\�RI�LOOQHVV�

�

5HVXOWV

'XULQJ�WKH�VWXG\�SHULRG�������SDWLHQWV�ZHUH�DVVHVVHG�E\�WKH�WULDJH�VWDII��RI�ZKLFK�������������SUHVHQWHG�IROORZLQJ�LQMXU\���6L[W\�VL[�SHUFHQW�ZHUH
PDOH�DQG�WKH�PHDQ�DJH�RI�YLFWLPV�ZDV����\HDUV�ROG���5RDG�WUDIILF�FROOLVLRQ��57&��DFFRXQWHG�IRU�����RI�SUHVHQWDWLRQV�DQG�ZDV�WKH�PRVW�FRPPRQ
FDXVH�RI�LQMXU\��IROORZHG�E\�IDOOV�IURP�KHLJKW��������DVVDXOW�������DQG�EXUQV��������2I�WKH�DVVDXOWV��SHQHWUDWLQJ�WUDXPD�ZDV�PRUH�FRPPRQ�WKDQ
EOXQW�LQMXU\�

$OWKRXJK�WKH�HDUO\�VKLIW�LV�WKH�EXVLHVW�LQ�WHUPV�RI�RYHUDOO�DWWHQGDQFHV��WKH�PDMRULW\�RI�WUDXPD�DWWHQGDQFHV�RFFXU�GXULQJ�WKH�ODWH�������DQG�QLJKW
������VKLIWV���,Q�WHUPV�RI�WULDJH�FDWHJRU\������ZHUH�UHG��HPHUJHQF\��FDVHV�DQG�����ZHUH�RUDQJH��YHU\�XUJHQW���\HOORZ�FRPSULVHG�����DQG�WKH
UHPDLQGHU�ZHUH�JUHHQ����

�

&RQFOXVLRQ

,QMXU\�DFFRXQWV�IRU�������RI�WKH�FDVHV�VHHQ�LQ�WULDJH�DW�WKH�PDLQ�JRYHUQPHQW�KRVSLWDO�LQ�)UHHWRZQ���7KH�PDMRULW\�RI�FDVHV�DUH�GXH�WR�57&�DQG
SUHVHQW�ODWHU�LQ�WKH�GD\�RU�RYHUQLJKW���)RUW\�RQH�SHUFHQW�RI�FDVHV�DUH�KLJK�DFXLW\��EHLQJ�FDWHJRU\�UHG�RU�RUDQJH���6XEVHTXHQW�WR�WKLV�VWXG\��ZH�DLP�WR
HVWDEOLVK�D�WUDXPD�VHUYLFH�WKDW�ZLOO�EH�DEOH�WR�UHVSRQG�DSSURSULDWHO\�WR�WKH�QHHGV�RI�WKHVH�SDWLHQWV�DQG�HVWDEOLVK�SDWKZD\V�DQG�WUDLQLQJ�WKDW�ZLOO
IDFLOLWDWH�XUJHQW�FDUH�WR�LPSURYH�WKHLU�RXWFRPHV��IRFXVLQJ�RQ�EDVLF�OLIH�VDYLQJ�LQWHUYHQWLRQV�VXFK�DV�R[\JHQ�GHOLYHU\�DQG�VKRFN�PDQDJHPHQW���$
IRUPDO�WUDXPD�UHJLVWU\�LV�DOVR�VHHQ�DV�DQ�LPSRUWDQW�PHWKRG�RI�PRQLWRULQJ�DQG�LPSURYLQJ�FDUH���

5HIHUHQFH

����6LHUUD�/HRQH���:+2�VWDWLVWLFDO�SURILOH���:RUOG�+HDOWK�2UJDQLVDWLRQ���������$YDLODEOH�IURP�
KWWS���ZZZ�DIUR�ZKR�LQW�HQ�VLHUUD�OHRQH�FRXQWU\�KHDOWK�SURILOH�KWPO�



&$5',29$6&8/$5 'DQLHOD�5RVLOOR�&DVWUR

��������+RZ�ZH�KDQGOH�QHZ�RQVHW�DWULDO�ILEULOODWLRQ�LQ�RXU�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'DQLHOD�5RVLOOR�&DVWUR������0DULD�'RORUHV�3DVFXDO�0X�R]������&DUPHQ�+HUQ�QGH]�0DUW�QH]������$PDOLD�&DVWD�R�9LOODU������5RF�R�/�SH]�9DOFDUFHO�����
9LYLDQQH�$QGUHD�-�PHQH]�*DU]�Q������3DXOD�5RGULJXH]�/DYDGR����

���(PHUJHQF\���+RVSLWDO�&RPDUFDO�GHO�1RURHVWH�GH�&DUDYDFD��0XUFLD��63$,1

.H\ZRUGV��$WULDO�ILEULOODWLRQ��GUXJV��KHDUW�UDWH

$EVWUDFW��

,QWURGXFWLRQ��$WULDO�ILEULOODWLRQ�LV�WKH�PRVW�FRPPRQ�DUUK\WKPLD�VHHQ�LQ�WKH�HPHUJHQF\�VHUYLFHV�

2EMHFWLYH��$VVHVV�LI�ZH�PDNH�D�SURSHU�KDQGOLQJ�RI�UHFHQW�RQVHW�DWULDO�ILEULOODWLRQ�LQ�RXU�HPHUJHQF\�GHSDUWPHQW

0DWHULDO�DQG�PHWKRG��REVHUYDWLRQDO��ORQJLWXGLQDO���UHWURVSHFWLYH�UHYLHZ�RI�PHGLFDO�UHFRUGV��$OO�SDWLHQWV�GLDJQRVHG�ZLWK�$)�VHOHFWHG�GLVFKDUJH�QRW
NQRZQ���9DULDEOHV�VWXGLHG���VH[���DJH���UHDVRQ�IRU�FRQVXOWDWLRQ���HYROXWLRQ�WLPH���LI�IUHTXHQF\�FRQWURO�LV�DWWHPSWHG�RU�PHWKRG�XVHG�DQG�XVHG�GUXJV
FDUGLRYLHUWHQ���(.*�DW�GLVFKDUJH��,I�WKH\�ZHUH�UHYLHZHG�LQ�RXWSDWLHQW�LQ�OHVV�WKDQ���PRQWK�DQG�(&*�LQ�FRQVXOWDWLRQ

5HVXOWV��%HWZHHQ�����������ZH�KDG�����SDWLHQWV�ZLWK�D�GLVFKDUJH�GLDJQRVLV�RI�DWULDO�ILEULOODWLRQ��RI�ZKLFK����SDWLHQWV�ZHUH�QRW�NQRZQ���PHDQ�DJH
����������������ZHUH�ZRPHQ��&RPSODLQW��3DOSLWDWLRQV�����������������&KHVW�SDLQ��'LVQHD��������FDVXDO���������RWKHU��������7LPH�HYROXWLRQ�!���
KRXUV��������DQG���������������,Q��������LV�PDGH�FRQWURO�KHDUW�UDWH�IF�DQG��FDUGLRYHUVLRQ���������$W��������WKH\�UHPDLQHG�KLJK�LQ�)$�DQG�������
ZHUH�LQ�VLQXV���:DV�XVHG���������HOHFWULF���SKDUPDFRORJLFDO�������������VSRQWDQHRXV���,Q�FDUGLRYHUVLRQ��VSRQWDQHXV�ZDV���������������XVHG
DPLRGDURQH���IOHFDLQLGH���������WKH�UHVW�ZLWK�GUXJV�IRU�IUHTXHQF\�FRQWURO���,Q�WKH�IUHTXHQF\�FRQWURO�ZDV�VSRQWDQHXV����������������ZDV�XVHG
GLJR[LQ���GLOWLD]HP�����������$PLRGDURQH��������ELVRSURORO���������������SURSDQRORO���YHUDSDPLO�ZDV�XVHG��������DQG��������FDUYHGLORO��7KH\�ZHUH
UHYLVHG��������LQ�RXWSDWLHQW�FDUGLORJLD�LQ�OHVV�WKDQ���PRQWK��,Q�VLQXV�����������������$WULDO�)LEULOODWLRQ����������������IOXWWHU

&RQFOXVLRQV��2YHUDOO�ZH�PDNH�D�FRUUHFW�KDQGOLQJ�RI�UHFHQW�RQVHW�DWULDO�ILEULOODWLRQ���DV�D�IXQFWLRQ�RI�WLPH�RI�HYROXWLRQ�DOPRVW���������FDUGLRYHUVLRQ�RU
IUHTXHQF\�FRQWURO�LV�SHUIRUPHG�DV�LQGLFDWHG��,W�LV�QRWHZRUWK\�WKDW�LQ���LQ���SDWLHQWV�WKLV�REMHFWLYH�LV�DFKLHYHG�VSRQWDQHRXVO\���)RU�FDUGLRYHUVLRQ�LV�WKH
PRVW�XVHG�GUXJ�IOHFDLQLGH�DQG�IUHTXHQF\�FRQWURO�GLJR[LQ�DQG�GLOWLD]HP



&$6(�35(6(17$7,21 )UDQFHVFR�%RUUHOOL

��������6HFRQGDU\�DRUWRHQWHULF�ILVWXOD��$�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)UDQFHVFR�%RUUHOOL������'DQLOR�%HQHGHWWR������0DULQD�%XGD������*LDGD�=HFFKL����

���(PHUJHQF\�0HGLFLQH�5HVLGHQF\�3URJUDPPH��8QLYHUVLW\�RI�0RGHQD�DQG�5HJJLR�(PLOLD��0RGHQD��,7$/<
���(PHUJHQF\�0HGLFLQH�5HVLGHQF\�3URJUDPPH��8QLYHUVLW��GL�0RGHQD�H�5HJJLR�(PLOLD��0RGHQD��,7$/<
���(PHUJHQF\�'HSDUWPHQW��1XRYR�2VSHGDOH�&LYLOH�6DQW
$JRVWLQR�(VWHQVH��0RGHQD��,7$/<

.H\ZRUGV��$RUWRHQWHULF�ILVWXOD��%OHHGLQJ��$RUWLF�$QHXU\VP

$EVWUDFW��

&$6(�5(3257��*�%��LV�D���\R�JHQWOHPDQ�ZLWK�D�SDVW�K\VWRU\�RI�K\SHUWHQVLRQ�DQG�DEGRPLQDO�DRUWLF�DQHXU\VP�UXSWXUH�ZLWK�HPHUJHQW�SODFHPHQW�RI
HQGRYDVFXODU�V\QWKHWLF�JUDIW�WZR�\HDUV�EHIRUH��+H�LV�RWKHUZLVH�KHDOW\�H[FOXGLQJ�NQRZQ�FROLF�GLYHUWLFXORVLV�+H�ZDV�EURXJKW�WR�RXU�('�E\�(06�IRU�SUH
V\QFRSH��+H�DOVR�UHSRUWHG�HSLJDVWULF�SDLQ�DQG�D�VLQJOH�HPLVVLRQ�RI�EODFN�VWRRO�VRPH�KRXUV�EHIRUH�SUHVHQWDWLRQ��+H�ZDV�HYDOXDWHG�IRU�DEGRPLQDO�SDLQ
DQG�EORRG\�VWRROV����GD\V�EHIRUH�DQG�ZDV�GLDJQRVHG�ZLWK�VXVSHFWHG�GLYHUWLFXOLWLV�
2Q�LQLWLDO�HYDOXDWLRQ�WKH�SDWLHQW�ZDV�WDFK\FDUGLF�ZLWK�D�+5�RI����ESP��KLV�%3�ZDV�QRUPDO�EXW�KH�KDG�D�PRWWOHG�VNLQ�DQG�DSSHDUHG�FRQIXVHG�
LQWHQVHO\�VKLYHULQJ�GHVSLWH�WKHUPDO�EODQNHW��([DPLQDWLRQ�UHYHDOHG�PRGHUDWH�SDLQ�WR�WKH�FHQWUDO�UHJLRQ�RI�DEGRPHQ�ZLWK�PRGHUDWH�ORFDO�WHQGHUQHVV�
5HFWDO�H[DPLQDWLRQ�VKRZHG�PHOHQD�LQ�WKH�UHFWDO�DPSXOOD��$Q�$%*�VKRZHG�DFXWH�PHWDEROL�ODFWLF�DFLGRVLV�ZLWK�HIILFLHQW�UHVSLUDWRU\�FRPSHQVDWLRQ�DQG
PRGHUDWH�DQHPLD��3K�������S&2����PP+J��/DF�����PPRO�O��+E��J�GO��2PHSUD]ROH���PJ�(9�ZDV�DGPLQLVWHUHG�VWDW�DQG�IOXLG�UHVXVFLWDWLRQ�ZLWK�16
ZDV�VWDUWHG��$�)$67�VFDQ�ZDV�LPPHGLDWHO\�SHUIRUPHG��QR�IUHH�IOXLG�ZDV�YLVLEOH�LQ�SHULWRQHXP�EXW�D�OLTXLG�OD\HU�HQFRPSDVVHG�WKH�H[FOXGHG
DQHXU\VP��,Q�WKH�PHDQZKLOH�D�&%&�SHUIRUPHG�MXVW����PLQXWHV�DIWHU�WKH�LQLWLDO�$%*�UHYHDOHG�DQ�+E�RI��J�GO��VR�WKH�SDWLHQW�VWDUWHG�WUDQIXVLRQ�RI��
XQLWV�RI�35%&��,Q�IHZ�PLQXWHV�WKH�VLWXDWLRQ�GHWHULRUDWHG�DQG�VHYHUDO�K\SRWHQVLYH�HSLVRGHV�RFFXUHG�EXW�GHVSLWH�WKLV�WKH�SDWLHQW�ZDV�WDNHQ�WR�WKH�&7
WR�SHUIRUP�DQ�DRUWLF�VFDQ�ZLWK�FRQWUDVW�PHGLXP��7KH�&7�VKRZHG�PDVVLYH�TXDQWLW\�RI�DLU�LQVLGH�WKH�DQHXU\VPDWLF�VDF��OLNHO\�GXH�WR�DRUWRHQWHULF
I\VWXOD�VLQFH�WKH�DEVHQFH�RI�D�FOHDU�FOHDYDJH�SODLQ�EHWZHHQ�DQHXU\VP�DQG�GXRGHQXP��7KH�SDWLHQW�QHHGHG�HPHUJHQW�ODSDURWRP\�DQG�HQGRWUDFKHDO
LQWXEDWLRQ�ZDV�SHUIRUPHG�LQ�WKH�('�XVLQJ�NHWDPLQH��PJ�NJ�DQG�PLGD]RODP��PJ��-XVW�IHZ�VHFRQGV�DIWHU�JORWWLF�YLVXDOL]DWLRQ�ZDV�REWDLQHG�DQG�WKH
(7�SDVVHG�WURXJK�WKH�FRUGV��D�PDVVLYH�KHPDWHPHVLV�RFFXUHG��DFFRPSDQLHG�E\�D�QHZ�K\SRWHQVLYH�HS\VRGH��7KH�SDWLHQW�XQGHUZHQW�VXUJLFDO
H[FOXVLRQ�RI�WKH�DQHXU\VP�DV�D�EULGJH�WKHUDS\�IRU�VHFRQGDU\�HQGRYDVFXODU�UHSDLU�
$W�WKH�WLPH�RI�WKLV�DEVWUDFW����GD\V�EHIRUH�WKH�HYHQW��WKH�SDWLHQW�LV�DOLYH�DQG�LV�ZDLWLQJ�IRU�VHFRQG�VXUJHU\�

',6&866,21�$RUWRHQWHULF�)LVWXOD��$()��LV�GHILQHG�DV�D�FRPPXQLFDWLRQ�EHWZHHQ�WKH�DRUWD�DQG�WKH�*,�WUDFW�DQG�LV�FODVVLILHG�DV�SULPDU\�LI�WKH
FRPPXQLFDWLRQ�L�EHWZHHQ�WKH�QDWLYH�DRUWD�DQG�*,�WUDFW�RU�VHFRQGDU\�LI�WKH�DRUWD�KDV�EHHQ�UHFRQVWUXFWHG��IRU�HLWKHU�DQHXU\VPDO�RU�RFFOXVLYH
GLVHDVH���6HFRQGDU\�$()�DUH�WKH�PRVW�FRPPRQ��:KHQ�OHIW�XQWUHDWHG��$()�LW�LV�DOPRVW�XQLYHUVDOO\�IDWDO�DQG�LV�QRWRULRXVO\�GLIILFXOW�WR�GLDJQRVH��$V
VXFK�DQ�KLJK�LQGH[�RI�VXVSLFLRQ�LV�UHTXLUHG�ZKHQ�DSSURDFKLQJ�D�SDWLHQW�ZLWK�*,�EOHHGLQJ�DQG�K\VWRU\�RI�DRUWLF�GLVHDVH��7KH�FODVVLFDO�WULDG�RI�*,
EOHHGLQJ��$EGRPLQDO�SDLQ�DQG�SXOVDWLOH�PDVV�LV�SUHVHQW�LQ�RQO\�����RI�FDVHV�LQ�UHFHQW�UHZLHZV��$�FODVVLFDO�FOLQLFDO�IHDWXUH�LV�WKH��KHUDOG�EOHHGLQJ���D
VHOI�OLPLWHG�PLQRU�EOHHG�WKDW��LI�OHIW�XQWUHDWHG��ZLOO�EH�IROORZHG�E\�H[VDQJXLQDWLQJ�EOHHGLQJ�ZLWKLQ�KRXUV�WR�PRQWKV��2XU�SDWLHQW
V�SULRU�HSLVRGH�RI
�GLYHUWLFXOLWLV��FRXOG�KDYH�EHHQ�DQ�KHUDOG�EOHHGLQJ�



0,6&(//$1(286 &KLQJ�+VLQJ�/HH

��������6RFLDO�QHWZRUN�DQDO\VLV�RI�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV�LQ�(XURSHDQ�-RXUQDO�RI�(PHUJHQF\�0HGLFLQH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&KLQJ�+VLQJ�/HH������3HL�&KHQ�-XDQ����

���$WWHQGLQJ�3K\VLFLDQ��&KDQJ�*XQJ�0HPRULDO�+RVSLWDO��7DLSHL��7$,:$1
���(PHUJHQF\�3K\VLFLDQ��&KDQJ�*XQJ�0HPRULDO�+RVSLWDO��7DR\XDQ��7$,:$1

.H\ZRUGV��6RFLDO�QHWZRUN�DQDO\VLV��LQWHUQDWLRQDO��SXEOLFDWLRQ

$EVWUDFW��

%DFNJURXQG�
(XURSHDQ�-RXUQDO�RI�(PHUJHQF\�0HGLFLQH��(-(0��LV�RQH�RI�WKH�OHDGLQJ�MRXUQDOV�LQ�HPHUJHQF\�PHGLFLQH��(0��ZLWK�LQFUHDVLQJ�SXEOLFDWLRQV�IURP�WKH�DOO
RYHU�WKH�ZRUOG��7KH�HIIHFWV�RI�LQWHUQDWLRQDO�FROODERUDWLRQ�RQ�WKH�LPSDFW�RI�SXEOLFDWLRQV�LQ�(-(0�DQG�WKH�KXE�FRXQWULHV�RI�LQWHUQDWLRQDO�FROODERUDWLRQ
ZHUH�QRW�VWXGLHG�

2EMHFWLYHV�
7KLV�VWXG\�DLPV�WR�HYDOXDWH�WKH�HIIHFW�RI�LQWHUQDWLRQDO�FROODERUDWLRQ�RQ�WKH�LPSDFW�RI�SXEOLFDWLRQV�LQ�(-(0�DQG�VRFLDO�QHWZRUN�DQDO\VLV��61$��RI
LQWHUQDWLRQDO�FROODERUDWLRQ�

0HWKRGV�
'HVLJQ��7KLV�VWXG\�ZDV�DQ�REVHUYDWLRQDO�VWXG\�
6HWWLQJ��$OO�RI�WKH�GDWD�ZHUH�FROOHFWHG�IURP�6FL9HUVH�6FRSXV�GDWDEDVH�
7\SH�RI�SDUWLFLSDQWV��$OO�RI�WKH�DUWLFOHV�SXEOLVKHG�LQ�(-(0�EHIRUH������ZHUH�HQUROOHG�
'DWD�&ROOHFWLRQ��$�FRPSXWHUL]HG�OLWHUDWXUH�VHDUFK�ZDV�FRQGXFWHG�LQ�0DUFK��������:H�FROOHFWHG�GDWD�RQ�SXEOLFDWLRQV�LQFOXGLQJ�SXEOLFDWLRQ�\HDU�
DXWKRUÇV�DIILOLDWHG�FRXQWU\��GRFXPHQW�W\SH��DQG�FLWHG�WLPHV�IRU�IXUWKHU�DQDO\]H��7KH�SXEOLFDWLRQÇV�RULJLQDWLRQ�ZDV�FODVVLILHG�DFFRUGLQJ�WR�WKH�ILUVW
DXWKRUÇV�QDWLRQDOLW\��7KH�LQWHUQDWLRQDO�FROODERUDWLYH�UHVHDUFK�ZDV�GHILQHG�DV�WKH�DXWKRUV�ZHUH�DIILOLDWHG�ZLWK�WZR�RU�PRUH�FRXQWULHV�
'DWD�$QDO\VLV��7KH�GHPRJUDSKLF�GDWD�ZHUH�DQDO\]HG�E\�GHVFULSWLYH�VWDWLVWLFV��/LQHDU�UHJUHVVLRQ�ZDV�XVHG�IRU�WUHQG�DQDO\VLV��7KH�FLWHG�WLPHV
GLIIHUHQFH�EHWZHHQ�VLQJOH�QDWLRQ�DQG�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV�ZHUH�DQDO\]HG�E\�:LOFR[RQ�UDQN�VXP�WHVW��1RGH;/�ZHUH�XVHG�WR
FDOFXODWH�61$�PHWULFV�RI�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV��2XW�GHJUHH��OHDGLQJ�DXWKRU�QXPEHUV��,Q�GHJUHH��FR�DXWKRU�QXPEHUV��%HWZHHQQHVV
FHQWUDOLW\��FRQQHFWLYLW\�RI�KXE�FRXQWU\��(LJHQYHFWRU�FHQWUDOLW\��UDQNLQJ�RI�OLQNDJH�WR�LQIOXHQWLDO�KXE�FRXQWULHV��

5HVXOWV�
$�WRWDO�RI������SXEOLFDWLRQV�ZHUH�HQUROOHG�DQG�����������ZHUH�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV��7KHUH�ZDV�QR�LQWHUQDWLRQDO�FROODERUDWLYH
SXEOLFDWLRQ�EHWZHHQ������DQG�������7KH�QXPEHU�LQFUHDVHG�IURP���������RI������LQ������WR����������RI������LQ�������7KH�WUHQGV�RI�LQWHUQDWLRQDO
FROODERUDWLYH�SXEOLFDWLRQV�DQG�UDWLR�RI�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV�WR�DOO�(-(0�SXEOLFDWLRQV�IURP������WR������ZHUH��������DQG�������
UHVSHFWLYHO\��DOO�S���������7KH�DYHUDJH�FLWHG�WLPHV�RI�VLQJOH�QDWLRQ�DQG�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV�ZHUH������DQG�������S���������7KH
GLIIHUHQFH�UHPDLQHG�VLJQLILFDQW�ZKHQ�ZH�OLPLWHG�WKH�SXEOLFDWLRQ�W\SH�WR�DUWLFOHV��������DQG��������S �������UHVSHFWLYHO\���7KH�8QLWHG�6WDWHV��6SDLQ�
8QLWHG�.LQJGRP��%HOJLXP��,WDO\��*HUPDQ\��)UDQFH��&DQDGD��$XVWUDOLD��1HWKHUODQGV�ZHUH�OHDGLQJ�WHQ�FRXQWULHV�LQ�LQWHUQDWLRQDO�FROODERUDWLRQ
SXEOLFDWLRQ��7KH�VRFLDO�QHWZRUN�PHWULFV�RI�WKHVH�FRXQWULHV�ZHUH�LQ�7DEOH�

&RQFOXVLRQV�
(-(0�LV�D�JOREDOL]HG�MRXUQDO�ZLWK�SXEOLFDWLRQV�IURP�PRUH�WKDQ����FRXQWULHV�HYHU\�\HDU�DQG�LQWHUQDWLRQDO�FROODERUDWLYH�SXEOLFDWLRQV�ZHUH�LQFUHDVLQJ�LQ
WKH�SDVW�WHQ�\HDUV��)URP�WKH�SHUVSHFWLYH�RI�FLWHG�WLPHV��WKHUH�ZDV�QR�VWDWLVWLF�GLIIHUHQFH�EHWZHHQ�WKH�LPSDFW�RI�LQWHUQDWLRQDO�FROODERUDWLYH�DQG
VLQJOH�QDWLRQ�SXEOLFDWLRQV��7KH�OHDGLQJ�FRXQWULHV�RI�KLJK�RXW�GHJUHH�RU�LQ�GHJUHH�ZHUH�WKH�KXEV�RI�LQWHUQDWLRQDO�FROODERUDWLYH�UHVHDUFKHV��,PSOHPHQW
VWUDWHJLHV�WKDW�VWUHQJWKHQLQJ�LQWHUQDWLRQDO�FROODERUDWLRQ�LQ�(0�UHVHDUFKHV�PD\�HQKDQFH�JOREDO�DFDGHPLF�H[FHOOHQFH�LQ�(0��HVSHFLDOO\�FRXQWULHV
RXWVLGH�WKH�KXEV�



&$6(�35(6(17$7,21 *2.68�%2='(5(/,�%(5,.2/

��������3HQHWUDWLQJ�DRUWLF�XOFHUDWLRQ��$�SUHGLFWDEOH�DRUW�GLVVHFWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*2.68�%2='(5(/,�%(5,.2/������*85.$1�%(5,.2/������2185�6$<'$0������$77,/$�%(67(0,5������0(+0(7�6(5.$1�<85'$.8/������,60$,/�(.,12=8
���

���(0(5*(1&<�0(',&,1(��.$5$0$1�38%/,&�+263,7$/��.$5$0$1��785.(<
���1(852685*(5<�'(3$570(17��.$5$0$1�38%/,&�+263,7$/��.$5$0$1��785.(<
���&$5',29$6&8/$5�685*(5<��.$5$0$1�38%/,&�+263,7$/��.$5$0$1��785.(<
���&$5',2/2*<��.$5$0$1�38%/,&�+263,7$/��.$5$0$1��785.(<

.H\ZRUGV��$RUWLF�GLVVHFWLRQ��FRPSXWHU�WRPRJUDSK\��G�GLPHU

$EVWUDFW��

,QWURGXFWLRQ��$RUW�GLVVHFWLRQ�DQG�DRUWLF�V\QGURPHV�DUH�UDUH�EXW�KLJKO\�PRUWDO�FRQGLWLRQV�LQ�HPHUJHQF\�GHSDUWPHQWV��,Q�DRUWD�OXPHQ��XOFHUDWHG
DWKHURVFOHURWLF�SODTXHV�PDNHV�WKH�LQWLPDO�OD\HU�GLVUXSW��0RVWO\�WHDULQJ�FKHVW�DQG�LQWHUVFDSXODU�SDLQ�RFFXUV�ZLWK�DRUWLF�UXSWXUH�

&DVH�UHSRUW��2XU�FDVH�LV����\HDUV�ROG�ZRPDQ�DSSO\LQJ�WR�HPHUJHQF\�GHSDUWPHQW�ZLWK�FKHVW�DQG�LQWHUVFDSXODU�SDLQ��7HDULQJ�OLNH�FKHVW�SDLQ�ZDV
VWDUWHG�HDUO\�LQ�WKH�PRUQLQJ�DQG�VHYHULW\�ZDV�QRW�GHFUHDVHG��9LWDO�VLJQV�DUH�WD�LQ�OHIW�DUP��������DQG�ULJKW�DUP���������WDFKLFDUGLF��SDOH�DQG
VZHDWLQJ��QRUPRJOLFHPLF��VDWXUDWLRQ����ZLWK�2���+HU�(&*�LV�QRUPDO�VLQXV�U\WKP��+HU�ODERUDWRU\�ILQGLQJV�DUH�QRUPDO��'�GLPHU�LV�������&RPSXWHU
DQJLRJUDSK\�LV�UHSRUWHG�DV�DFXWH�SHQHWUDQ�XOFHUDWLRQ�VWDUWHG�EHWZHHQ�DVFHQGLQJ�DQG�DUFXV�DRUWD�DQG�FRQWLQXRXV�PXUDO�KHPDWRPD�WR�LOLDF�DUWHULHV
ZLWK�REOLWHUDWLRQ�OXPHQ��3DWLHQW�ZDV�IRUZDUGHG�WR�XQLYHUVLW\�KRVSLWDO��0XOWL�VOLFHG�%7�KDV�GRQH�EXW�QR�FKDQJH�LQ�WKH�VL]H�RI�KHPDWRPD��$IWHU�VKH�ZDV
IROORZHG�XS�IRU���GD\V�ZLWK�DQWLK\SHUWHQVLYH�DQG�DQDOJHVLFV��VKH�ZDV�GLVFKDUJHG�IURP�KRVSLWDO��2Q�WKH�IRXUWK�GD\�VKH�UHDSSOLHG�WR�RXU�GHSDUWPHQW
ZLWK�VHYHUH�SDLQ��$IWHU����KRXUV�KHU�WRPRJUDSK\�UHSRUWHG�DV�DRUW�GLVVHFWLRQ�RI�DUFXV�DRUWD��6KH�ZDV�IRUZDUGHG�WR�XQLYHUVLW\�KRVSLWDO�IRU�RSHUDWLRQ�

'LVFXVVLRQ��3HQHWUDWHG�DRUWLF�XOFHUDWLRQ�FDXVHV�WHDU�OLNH�SDLQ�LQ�SDWLHQWV��(PHUJHQF\�SK\VLFLDQV�VXVSHFW�DRUWLF�GLVVHFWLRQ�DV�ZHOO�DV�SXOPRQDU\
HPEROLVP��DFXWH�FRURQDU\�V\QGURPH��DV�GLIIHUHQWLDO�GLDJQRVLV�EXW�DQJLRJUDSK\�DOVR�QRUPDO�IRU�GLVVHFWLRQ��,QWUDPXUDO�KHPDWRPDV�DQG�SHQHWUDWLQJ
DRUWLF�XOFHUV�DUH�OHVV�XUJHQW�IRU�RSHUDWLRQ�WKDQ�DRUW�GLVVHFWLRQV��'�GLPHU�FDQ�EH�D�SURJQRVWLF�YDOXH�IRU�SHQHWUDWLQJ�DRUWLF�XOFHUV��6\PSWRPDWLF�RQHV
VKRXOG�EH�WUHDWHG�HQGRYDVFXODU�EHVLGHV�DV\PSWRPDWLF�SDWLHQWV�FDQ�EH�IROORZHG�XS��,Q�HPHUJHQF\�GHSDUWPHQW��DOO�VXVSHFWHG�FKHVW�DQG�LQWHUVFDSXODU
WHDULQJ�SDLQ�VKRXOG�EH�HYDOXDWHG�DV�SURJUHVVLYH�DQG�PRUWDO�

5HIHUHQFHV����.LOLF��$UPDQ��DQG�$KPHW�.LOLF���3HQHWUDWLQJ�$RUWLF�8OFHUV���3ULQFLSOHV�DQG�3UDFWLFH�RI�&DUGLRWKRUDFLF�6XUJHU\��,Q7HFK�����������������

��*LIIRUG��6KDXQ�0���HW�DO���7KH�QDWXUDO�KLVWRU\�DQG�RXWFRPHV�IRU�WKRUDFLF�DQG�DEGRPLQDO�SHQHWUDWLQJ�DRUWLF�XOFHUV���-RXUQDO�RI�YDVFXODU�VXUJHU\�����
������������������

$FNQRZOHGJPHQWV��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�LQ�WKLV�VWXG\�



&$5',29$6&8/$5 0RKDPHG�DOL�&KHULI

��������6\VWHPLF�,QIODPPDWRU\�5HVSRQVH�6\QGURPH�3UHGLFWV�LQ�$FXWH�&RURQDU\�6\QGURPH�ZLWKRXW�&RQJHVWLYH�+HDUW�)DLOXUH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

DPUL�VDORXD������0RKDPHG�DOL�&KHULI������)DUDK�5LDKL������0RKDPHG�0H]JKHQL������$VPD�%HQ�DOL������\RXVVHI�]LHG�(O�KHFKPL������,QHV�6HGJK\HQL�����
=RXKDLHU�-HUEL����

���HPHUJHQF\�GHSDUWPHQW���KRVSLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV�
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��6,56��0RUWDOLW\�HPHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ��

+LJK�OHYHOV�RI�LQIODPPDWRU\�ELRFKHPLFDO�PDUNHUV�DUH�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�DPRQJ�SDWLHQWV�ZLWK�DFXWH�FRURQDU\�V\QGURPH��$&6���7KH
REMHFWLYH�RI�WKH�FXUUHQW�VWXG\�ZDV�WR�HYDOXDWH�WKH�SURJQRVWLF�VLJQLILFDQFH�RI�WKH�V\VWHPLF�LQIODPPDWRU\�UHVSRQVH�V\QGURPH��6,56��DPRQJ�$&6
SDWLHQWV�ZLWK�QR�FOLQLFDO�RU�UDGLRORJLFDO�HYLGHQFH�RI�FRQJHVWLYH�KHDUW�IDLOXUH��&+)��

0HWKRGV��

&RQVHFXWLYH�SDWLHQWV�ZLWK�$&6�DQG�QR�FOLQLFDO�RU�UDGLRORJLFDO�HYLGHQFH�RI�&+)��SUHVHQWHG�DW�RXU�HPHUJHQF\�GHSDUWPHQW��('��EHWZHHQ�-DQXDU\�WKH
�VW�DQG�'HFHPEHU�WKH����������ZHUH�LQFOXGHG�LQ�WKH�VWXG\��:H�KDYH�VKDUHG�RXU�SDWLHQWV�LQWR�WZR�JURXSV���JURXS���6,56���DQG�JURXS���6,56���

3K\VLFDO�H[DPLQDWLRQ��WURSRQLQV�DQG�UHIHUULQJ�SDWLHQWV�ZHUH�VWXGLHG�

5HVXOWV��

7KH�VWXG\�LQFOXGHG����SDWLHQWV�����\HDUV��PDOH�����������ZHUH�VPRNLQJ������ZHUH�K\SHUWHQVLYH������ZHUH�GLDEHWLF�DQG�����ZHUH�FRURQDU\����
SDWLHQWV�������KDG�6,56�RQ�DGPLVVLRQ�WR�WKH�('��6,56�ZDV�D�SUHGLFWRU�RI�KRVSLWDO�PRUELGLW\��S �������

&RQFOXVLRQ��

6,56�ZDV�D�PDUNHU�RI�LQFUHDVHG�ULVN�RI�KRVSLWDO�PRUELGLW\�DPRQJ�SDWLHQWV�ZLWK�$&6�DQG�QR�FOLQLFDO�RU�UDGLRORJLFDO�HYLGHQFH�RI�&+)��,W�FDQ�IDFLOLWDWH
WKH�LQLWLDO�PDQDJHPHQW�RI�SDWLHQWV�LQ�('�



&$6(�35(6(17$7,21 *2.68�%2='(5(/,�%(5,.2/

��������'LIIHUHQW�NLQG�RI�LOHXV��,QWHUQDO�KHUQLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*2.68�%2='(5(/,�%(5,.2/������*85.$1�%(5,.2/������0(+0(7�6(5.$1�<85'$.8/������$77,/$�%(67(0,5������),5$7�.,=,/.$<$����

���(0(5*(1&<�0(',&,1(��.$5$0$1�38%/,&�+263,7$/��.$5$0$1��785.(<
���1(852685*(5<�'(3$570(17��.$5$0$1�38%/,&�+263,7$/��.$5$0$1��785.(<
���5$',2/2*<��.$5$0$1�38%/,&�+263,7$/��.$5$0$1��785.(<

.H\ZRUGV��LOHXV��LQWHUQDO�KHUQLD

$EVWUDFW��

,QWURGXFWLRQ��,QWHUQDO�KHUQLD�LV�D�UDUH�FRQGLWLRQ�RI�VPDOO�ERZHO�REVWUXFWLRQ��,OHXV�RI�VPDOO�LQWHVWLQHV�DUH�LPSRUWDQW�IRU�PHVHQWHULF�LVFHPLD�DQG
SHUIRUDWLRQ�

&DVH�UHSRUW��2XU�SDWLHQW�LV����\HDUV�ROG�ZRPDQ�ZLWK�DEGRPLQDO�SDLQ�DQG�FRQVWLSDWLRQ��6KH�LV�LPPRELO�DQG�VKH�KDV�K\SRWK\URLGHD��$OK]HLPHU�
K\SHUWHQVLRQ��K\SHUOLSLGHPLD��'0��RVWHRSRURVLV��&KROHVLVWHFWRPL]HG�SDWLHQW�KDV�WHQGHUQHVV�LQ�DEGRPHQ�DQG�GHIDQVLYH��+HU�ODERUDWRU\�ILQGLQJV�DUH
QRUPDO��&RPSXWHU�WRPRJUDSK\�LPDJLQJ�LV�UHSRUWHG�DV�LQ�WKH�OHIW�XSSHU�TXDGUDQW�D�IRFDO�DUHD�RI�LQWHVWLQHV�ZLWK�FRQWUDVWHG�ZDOO��LQIODPPDWRU\
ILQGLQJV�RQ�WKH�VXUURXQGLQJ�PHVHQWHULF�IDWW\�WLVVXH�DQG�GLODWDWLRQ�ZLWK�VXVSHFWLRQ�RI�LQWHUQDO�KHUQLD��6KH�LV�KRVSLWDOL]HG�LQ�VXUJHU\�GHSDUWPHQW�IRU
ODSDURWRP\�

'LVFXVVLRQ��,QWHUQDO�KHUQLD�VHHQ�DV�HQFDSVXODWLRQ�RI�HQODUJHG�VPDOO�LQWHVWLQDO�ORRSV�DQG�FRPSRVHG�LQ�D�KHUQL�VDF��:LWK�REVWUXFWLRQ�LOHXP�VHJPHQWDO
GLODWDWLRQ�RFFXUV��:LWKRXW�FRPSXWHU�WRPRJUDSK\��[�UD\�PD\�QRW�JLYH�D�FOXH�RI�REVWUXFWLRQ�DV�DLU�IOXLG�OHYHO��)RU�FRPSOLFDWLRQV�DV�LQFDUFHUDWLRQ�
QHFURVLV���LQWHUQDO�KHUQLD�VKRXOG�EH�NHSW�LQ�PLQG�IRU�SDWLHQWV�VXVSHFWHG�DV�LOHXV�ZLWK�DEGRPLQDO�SDLQ��:KLOH�V\PSWRPV�OLNH�FRQVWLSDWLRQ��DEGRPLQDO
SDLQ�ZKLFK�OHDG�XV�WR�LOHXV��PHVHQWHULF�LVFHPLD��LQWHUQDO�KHUQL�VKRXOG�EH�NHSW�LQ�PLQG�LQ�GLIIHUHQWLDO�GLDJQRVLV

5HIHUHQFHV����$JDUZDO��0RQLFD�'���HW�DO���/LPLWHG�DGGHG�XWLOLW\�RI�SHUIRUPLQJ�IROORZ�XS�FRQWUDVW�HQKDQFHG�&7�LQ�SDWLHQWV�XQGHUJRLQJ�LQLWLDO
QRQ�HQKDQFHG�&7�IRU�HYDOXDWLRQ�RI�IODQN�SDLQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW���(PHUJHQF\�UDGLRORJ\���������������������

��.DWDJLUL��+LGHNL��.HQML�2NXPXUD��DQG�-XQML�0DFKL���,QWHUQDO�KHUQLD�GXH�WR�PHVHQWHULF�GHIHFW���-RXUQDO�RI�VXUJLFDO�FDVH�UHSRUWV����������������UMW����

$FNQRZOHGJPHQWV��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�LQ�WKLV�VWXG\�



&$5',29$6&8/$5 &DUROLQH�-RKDQVVRQ

��������6KRUW�WLPH�YDULDWLRQ�LQ�DYDLODEOH�EHGV�SUHGLFWV�DGPLVVLRQ�UDWH�DPRQJ�FKHVW�SDLQ�SDWLHQWV�LQGHSHQGHQWO\�RI
KLJK�VHQVLWLYLW\�WURSRQLQ�W��VHDVRQDO�DQG�GDLO\�YDULDWLRQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&DUROLQH�-RKDQVVRQ������$QQD�3HWWHUVVRQ������8PXW�+HLOERUQ������3HU�6YHQVVRQ����

�����.DUROLQVND�,QVWLWXWH��6WRFNKROP��6:('(1
�����.DUROLQVND�XQLYHUVLW\�KRVSLWDO��6WRFNKROP��6:('(1

.H\ZRUGV��EHG�FDSDFLW\��FKHVW�SDLQ��WURSRQLQ�7

$EVWUDFW��

,QWURGXFWLRQ��&KHVW�SDLQ�LV�D�FRPPRQ�V\PSWRP�DW�WKH�HPHUJHQF\�GHSDUWPHQW��('��ZKLFK�RIWHQ�OHDGV�WR�DGPLVVLRQ�IRU�IXUWKHU�LQYHVWLJDWLRQ�
$VVHVVPHQW�DOJRULWKPV�DLP�WR�VDIHO\�UHGXFH�WKH�UDWH�RI�DGPLVVLRQ�EXW�LW�LV�XQNQRZQ�LI�WKH�QXPEHU�RI�DYDLODEOH�EHGV�DW�WKH�WLPH�RI�DGPLVVLRQ
GHFLVLRQ�DIIHFW�DGPLVVLRQ�UDWH�RU�WKH�ULVN�RI�PDMRU�DGYHUVH�FDUGLDF�HYHQWV��0$&(��DIWHU�GLVFKDUJH��3XUSRVH��7R�LQYHVWLJDWH�ZKHWKHU�QXPEHU�RI
DYDLODEOH�EHGV�ZDV�DVVRFLDWHG�WR�DGPLVVLRQ�UDWH�RU����GD\�0$&(�DPRQJ�FKHVW�SDLQ�SDWLHQWV�LQ�WKH�('��0HWKRGV��7KLV�ZDV�DQ�REVHUYDWLRQDO�VWXG\�DW
WZR�('V�EHWZHHQ��VW�RI�-DQXDU\������WR���WK�RI�6HSWHPEHU�������$OO�SDWLHQWV�!���\HDUV�ZLWK�FKLHI�FRPSODLQW�FKHVW�SDLQ�DQG�DW�OHDVW�RQH�KLJK
VHQVLWLYLW\�FDUGLDF�WURSRQLQ�7��KV�F7Q7��PHDVXUPHQW�ZHUH�LQFOXGHG��,QIRUPDWLRQ�RQ�QXPEHU�RI�DYDLODEOH�EHGV�DW�WKH�VKRUW�WLPH�HPHUJHQF\�ZDUGV
DQG�FRURQDU\�FDUH�XQLWV�ZDV�H[WUDFWHG�HYHU\�ILYH�PLQXWHV�DQG�WKH�DYHUDJH�GXULQJ�D����PLQXWH�SHULRG�ZDV�FDOFXODWHG�IRU�HDFK�SDWLHQW��WZR�WKLUGV
LQWR�WKHLU�VWD\�DW�WKH�('��ZKHQ�WKH�DGPLVVLRQ�GHFLVLRQ�XVXDOO\�RFFXUV��$VVRFLDWLRQ�EHWZHHQ�QXPEHU�RI�DYDLODEOH�EHGV��RQH�VWDQGDUV�GHYLDWLRQ
LQFUHDVH��DQG�DGPLVVLRQ�UDWH��DFXWH�P\RFDUGLDO�LQIDUFWLRQ��$0,��DPRQJ�DGPLWWHG�DQG����GD\�0$&(�DPRQJ�GLVFKDUJHG�ZHUH�VWXGLHG�ZLWK�ORJLVWLF
UHJUHVVLRQ�WRJHWKHU�ZLWK�VH[��DJH��KV�F7Q7!���QJ�/��('�VLWH��VHDVRQ��ZLQWHU�DV�UHIHUHQFH���YLVLW�\HDU�������DV�UHIHUHQFH��DQG����KRXU�YDULDWLRQ��GD\�
HYHQLQJ�DQG�QLJKW�ZLWK�GD\�DV�UHIHUHQFH���5HVXOWV��2XW�RI��������SDWLHQW�YLVLWV��������ZHUH�DGPLWWHG�RXW�RI�ZKLFK�������ZHUH�GLDJQRVHG�ZLWK�$0,�
$PRQJ�GLVFKDUJHG�����SDWLHQWV�KDG�D����GD\�0$&(��7KH�QXPEHU�RI�DYDLODEOH�EHGV�YDULHG�LQ�UHODWLRQ�WR�WKH����KRXU�SHULRG��S���������VHDVRQ
�S��������DQG�GHFUHDVHG�\HDUO\��S��������GXULQJ�WKH�VWXG\��$GPLVVLRQ�ZDV�LQGHSHQGHQWO\�DVVRFLDWHG�WR�WKH�QXPEHU�RI�EHGV��25������&,���
������������PDOH�VH[��25������&,����������������LQLWLDO�KV�F7Q7!���QJ�/��25������&,����������������DJH��25������&,����������������\HDU��25������&,����
����������IRU������DQG������UHVSHFWLYHO\��DQG�VHHNLQJ�WKH�('�GXULQJ�VSULQJ�RU�QLJKW��25������&,��������������DQG�25������&,�������������
UHVSHFWLYHO\���$0,�DPRQJ�DGPLWWHG�ZDV�PRUH�FRPPRQ�DPRQJ�WKRVH�ZLWK�PDOH�VH[��25������&,����������������LQLWLDO�KV�F7Q7!���QJ�/��25������&,����
������������VHHNLQJ�WKH�('�GXULQJ�WKH�HYHQLQJ��25������&,���������������DQG������DV�\HDU�RI�('�DGPLVVLRQ��25������&,����������������)XUWKHUPRUH�
LQLWLDO�KV�F7Q7!���QJ�/��25������&,�����������������DJH��25������&,���������������DQG�PDOH�VH[��25������&,���������������ZHUH�DOO�DVVRFLDWHG�WR����GD\
0$&(��1R�UHODWLRQ�EHWZHHQ����GD\�0$&(�DQG�QXPEHU�RI�DYDLODEOH�EHGV�ZDV�VHHQ��S Q�V���&RQFOXVLRQV��7KH�QXPEHU�RI�DYDLODEOH�EHGV�ZDV
DVVRFLDWHG�WR�DGPLVVLRQ�UDWH�LGHSHQGHQW�RI�RWKHU�FOLQLFDO�LQIRUPDWLRQ��LQFOXGLQJ�KV�F7Q7��DQG�PD\�KDYH�DIIHFWHG�WKH�DGPLVVLRQ�GHFLVLRQ��1R�UHODWLRQ
EHWZHHQ�DYDLODEOH�EHGV�DQG����GD\�0$&(�ZDV�VHHQ��)XUWKHU�VWXGLHV�DUH�QHHGHG�RQ�WKH�FDXVDO�UHODWLRQVKLS�DQG�RSWLPDO�QXPEHU�RI�DYDLODEOH�EHGV�IRU
FKHVW�SDLQ�SDWLHQWV��



35(�+263,7$/���(06���287�2)�+263,7$/ 0�$]DP�0DMHHG

��������$FFXUDF\�RI�$OHUW�WLPHV�LQ�PDMRU�WUDXPD�SDWLHQWV�FRXOG�VDYH�VXEVWDQWLDO�DPRXQW�RI�PRQH\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0�$]DP�0DMHHG������0RKDPPHG�7XKLQ������$VLI�1DYHHG������4DVLP�$OL����

���8QLYHUVLW\�+RVSLWDOV�%LUPLQJKDP���1+6��%LUPLQJKDP��8.
�����1+6��%LUPLQJKDP��8.
���1+6��1+6��%LUPLQJKDP��8.

.H\ZRUGV��0$-25�75$80$��$/(57�7,0(

$EVWUDFW��

%DFNJURXQG�

,Q�WKH�PDQDJHPHQW�RI�PDMRU�WUDXPD�WLPH�WR�WKH�WUHDWPHQW�LV�RI�XWPRVW�LPSRUWDQFH��7KLV�WLPH�VWDUWV�IURP�WKH�WLPH�RI�LQMXU\�WR�WKH�WLPH�SDWLHQWV
UHFHLYH�VSHFLDOLVW�FDUH��7UDGLWLRQDOO\�DOO�WKHVH�VXVSHFWHG�PDMRU�WUDXPD�SDWLHQWV�DUH�UHFHLYHG�E\�D�WUDXPD�WHDP�FRQVLVWLQJ�RI�PXOWLSOH�VSHFLDOLWLHV�
7KH�LGHD�RI�KDYLQJ�WUDXPD�WHDP�LV�WKDW�SDWLHQW�UHFHLYHV�EHVW�SRVVLEOH�FDUH�DQG�LQ�WLPHO\�IDVKLRQ�WR�LPSURYH�WKH�RXWFRPH�

�

2EMHFWLYH�

�

3ULPDU\�

7R�DQDO\]H�WKH�GDWD�RI�H[SHFWHG�WLPH�RI�DUULYDO��(7$��DQG�DFWXDO�WLPH�WUDXPD�DUULYHV�LQ�5HVXVFLWDWLRQ�URRP����

6HFRQGDU\�

7R�HVWLPDWH�WKH�GHOD\�LQ�(7$V��ZKLFK�LQ�WXUQ�UHVXOWV�LQ�KXPDQ�UHVRXUFHV�XQDYDLODEOH��IRU�FOLQLFDO�ZRUN�

�

�

�

0HWKRG�

�

:H�GLG�D�UHWURVSHFWLYH�DQDO\VLV�RI�WKH�QRWHV�IURP��VW�-XO\������WR���VW�$XJXVW������DW�8+%���$OO�DGXOW�PDMRU�WUDXPD�SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH
VWXG\�

�

�

5HVXOWV�

�

:H�KDG�D�WRWDO�RI�����SDWLHQWV�SUHVHQWLQJ�GXULQJ�WKLV�WLPH�EXW�RQO\����ZHUH�LQFOXGHG�GXH�WR�LQVXIILFLHQW�UHFRUG�RQ�WUDXPD�DOHUW�VKHHW��:H�KDG���
IHPDOHV�������DQG�����PDOH�������ZLWK�PHDQ�DJH�RI���\HDUV��7KH�PRVW�FRPPRQ�VLQJOH�ERG\�UHJLRQ�LQYROYHG�ZDV�WKH�KHDG�����IROORZHG�E\�FKHVW
LQMXULHV�����UHVW�KDG�PXOWLSOH�UHJLRQV�LQYROYHG�

:H�KDG�RQO\����SDWLHQWV�DUULYHG�ZLWKLQ�WKH�H[SHFWHG�WLPH�ZLWK���PLQXWHV�PDUJLQ��5HVW�RI�WKH�����SDWLHQWV�ZHUH�GHOD\HG�WR�D�YDU\LQJ�OHQJWK
UDQJLQJ�IURP���PLQXWHV�WR����PLQXWHV�ZLWK�WKH�PHDQ�GHOD\�RI�DERXW����PLQXWHV�

�

&RQFOXVLRQ�

�

,Q�WKH�PDQDJHPHQW�RI�PDMRU�WUDXPD�SDWLHQWV�HYHU\�PLQXWH�FRXQWV��%DVHG�RQ�WKH�SUH�KRVSLWDO�LQIRUPDWLRQ�WKHUH�PLJKW�EH�D�WKHDWHU�RQ�VWDQGE\�RU
VXUJLFDO�WHDP�WR�GHOD\�WKHLU�OLVW��ZKLFK�KDV�LWV�RZQ�LPSDFW��,Q�JHQHUDO�WKH�WUDXPD�WHDP�LQ�RXU�('�FRQVLVWV�('�FRQVXOWDQW��7UDXPD�UHJLVWUDU��,78



UHJLVWUDU��7UDXPD�6+2�DQG�7UDXPD�+2�DQG���QXUVHV��1RZ�D�PHDQ�GHOD\�RI����PLQXWHV�LQ����WUDXPD�SDWLHQWV�ZLOO�DGG�XS�WR�����PDQ�KRXUV�IRU�HDFK
FOLQLFLDQ�DQG�QXUVH��7KLV�LQ�WRWDO�ZLOO�DGG�XS�WR�����PDQ�KRXUV�IRU�FOLQLFLDQV�DQG�����KRXUV�IRU�QXUVHV�ZKLOH�GHDOLQJ�ZLWK����PDMRU�WUDXPD�SDWLHQWV�
ZKLFK�KDYH�EHHQ�XQSURGXFWLYH��:H�VHH�DERXW������PDMRU�WUDXPD�SDWLHQWV�SHU�\HDU�DQG�WKLV�ZLOO�OHDG�WR�����V�RI�KRXUV�DQG�WKXV�WKRXVDQGV�RI
SRXQGV�ZDVWHG�ZKLFK�SRWHQWLDOO\�FDQ�EH�VDYHG��7KH�DERYH�GDWD�LV�IRU���PRQWKV�RQO\�EXW�LI�GRQH�RYHU�WKH�ZKROH�\HDU�WKH�UHVXOWV�FRXOG�ORRN�HYHQ
PRUH�FRQFHUQLQJ��:H�EHOLHYH�LQ�YLHZ�RI�DERYH�ILJXUHV�WKH�SUH�KRVSLWDO�WHDP�VKRXOG�HQGHDYRU�WR�LPSURYH�WKH�DFFXUDF\�RI�WKH�DOHUW�WLPHV�



*(5,$75,&6 0RKDPHG�DOL�&KHULI

��������&OLQLFDO�IHDWXUHV�RI�HOGHUO\�SDWLHQWV�DGPLWWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�VKRUW�VWD\�XQLW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RKDPHG�0H]JKHQL������0RKDPHG�DOL�&KHULI������)DUDK�5LDKL������:DOLG�0KDMED������\RXVVHI�]LHG�(O�KHFKPL������,QHV�6HGJK\HQL������0DOHN�+VRXQD�����
=RXKDLHU�-HUEL����

���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV�
���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��HOGHUO\�HPHUJHQF\�&OLQLFDO�IHDWXUHV

$EVWUDFW��

,QWURGXFWLRQ�

(OGHUO\�SDWLHQWV�DUH�DQ�LQFUHDVLQJ�SRSXODWLRQ�LQ�HPHUJHQF\�GHSDUWPHQWV��('��'HDOLQJ�ZLWK�HOGHUO\�SDWLHQWV�RIWHQ�UHTXLUHV�KRVSLWDOL]DWLRQ�LQ�WKH
HPHUJHQF\�GHSDUWPHQW�VKRUW�VWD\�XQLW��('668���7KH�DLP�RI�RXU�VWXG\�LV�WR�DVVHVV�WKH�HSLGHPLRORJLFDO�DQG�FOLQLFDO�IHDWXUHV�RI�HOGHUO\�SDWLHQWV
DGPLWWHG�LQWR�WKH�('668�RI�+DELE�7KDPHXU�KRVSLWDO�

0HWKRGV�

$�UHWURVSHFWLYH�VWXG\�LQFOXGLQJ�DOO�SDWLHQWV�DJHG����\HDUV�RU�ROGHU�ZKR�ZHUH�DGPLWWHG�GXULQJ�PRUH�WKDQ����KRXUV�LQWR�WKH�('668�VWDUWLQJ�IURP
-DQXDU\��VW�������WR�'HFHPEHU����������

:H�FROOHFWHG�GDWD�UHJDUGLQJ�DJH��JHQGHU��SDVW�PHGLFDO�KLVWRU\��OHQJWK�RI�VWD\��GLDJQRVLV��LQWUD�KRVSLWDO�PRUWDOLW\�DQGUHIHUUDODW�WKH�HQG�RI�KRVSLWDO
VWD\�WR�VWXG\�WKH�HSLGHPLRORJLFDO�DQG�FOLQLFDO�IHDWXUHV�RI�WKLV�SRSXODWLRQ�

5HVXOWV�

$PRQJ�������RI�DOO�HPHUJHQF\�GHSDUWPHQW�YLVLWV�GXULQJ������DQG������������SDWLHQWV�ZHUH�DGPLWWHG�LQWR�WKH�('668�IURP�ZKRP������VWD\HG�IRU
PRUH�WKDQ����KRXUV���������

(OGHU�SDWLHQWV�DJHG����\HDUV�DQG�ROGHU�DFFRXQW�IRU���������Q ������0HDQ�DJH�ZDV���k��\HDUV�ZLWK�D�VH[�UDWLR�RI�������3DVW�PHGLFDO�KLVWRU\
LQFOXGHG�KLJK�EORRG�SUHVVXUH����������GLDEHWHV����������DWULDO�ILEULOODWLRQ����������VWURNH����������FRURQDU\�DUWHU\�GLVHDVH����������KHDUW�IDLOXUH
���������G\VOLSLGHPLD����������UHQDO�IDLOXUH���������&23'���������DVWKPD��������

0HGLDQ�KRVSLWDO�VWD\�ZDV����KRXUV��,QWUD�KRVSLWDO�PRUWDOLW\�ZDV������3DWLHQWV�ZHUH�UHIHUUHG�WR�DQRWKHU�GHSDUWPHQW�LQ������RI�DOO�FDVHV������RI
SDWLHQWV�ZHUH�HQWLUHO\�WDNHQ�FDUH�RI�LQ�WKH�('668�DQG�UHWXUQHG�KRPH�DW�WKH�HQG�RI�KRVSLWDO�VWD\�

&RQFOXVLRQV�

7KH�HOGHUO\�DUH�DQ�HYHU�LQFUHDVLQJ�SRSXODWLRQ�LQ�HPHUJHQF\�GHSDUWPHQWV��$W\SLFDO�FOLQLFDO�SUHVHQWDWLRQ�RI�LOOQHVV�DQG�WKH�SUHVHQFH�RI�PXOWLSOH
FRPRUELGLWLHV�FRPSOLFDWH�WKHLU�HYDOXDWLRQ�DQG�PDQDJHPHQW��$�JUHDWHU�NQRZOHGJH�RI�WKH�HSLGHPLRORJLFDO�DQG�FOLQLFDO�IHDWXUHV�RI�VXFK�SDWLHQWV�FDQ
KHOS�HPHUJHQF\�SK\VLFLDQV�SURYLGH�KLJK�TXDOLW\�FDUH��EHWWHU�TXDOLW\�RI�OLIH�DQG�OHVV�PRUELGLW\�WR�WKLV�LQFUHDVLQJ�SRSXODWLRQ�



0$1$*(0(17���('�25*$1,6$7,21 0RKDPHG�DOL�&KHULI

��������&OLQLFDO�DFWLYLW\�RI�WKH�UHVXVFLWDWLRQ�URRP�LQ�DQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RKDPHG�DOL�&KHULI������)DUDK�5LDKL������0RKDPHG�0H]JKHQL������$VPD�%HQ�DOL������:DOLG�0KDMED������\RXVVHI�]LHG�(O�KHFKPL������,QHV�6HGJK\HQL�����
=RXKDLHU�-HUEL����

���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV�
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��&OLQLFDO�DFWLYLW\��0RUWDOLW\�HPHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ�

7KH�DVVHVVPHQW�RI�WKH�IXQFWLRQLQJ�RI�WKH�HPHUJHQF\�URRP�LQ�DQ�HPHUJHQF\�GHSDUWPHQW���LV�HVVHQWLDO�WR�LGHQWLI\�WKH�GHILFLHQFLHV�DQG�KHOS�SURYLGLQJ
KLJK�TXDOLW\�SDWLHQW�FDUH�

2EMHFWLYH�

$VVHVV�WKH�IXQFWLRQLQJ�RI�WKH�HPHUJHQF\�URRP�LQ�DQ�HPHUJHQF\�GHSDUWPHQW�

0HWKRGV�

2EVHUYDWLRQDO�SURVSHFWLYH�VWXG\�FRQGXFWHG�LQ�DQ�HPHUJHQF\�GHSDUWPHQW�LQFOXGLQJ�DOO�SDWLHQWV�ZKR�ZHUH�DGPLWWHG�LQ�WKH�HPHUJHQF\�URRP�IURP�-XO\
��WR�DXJXVW���WK��������(SLGHPLRORJLFDO�DQG�FOLQLFDO�IHDWXUHV�DV�ZHOO�DV�SDWLHQWÇV�RXWFRPHV�ZHUH�UHFRUGHG�

6WDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�ZLWK�6366�VRIWZDUH�

5HVXOWV�

:H�HQUROOHG�����SDWLHQWV��VH[�UDWLRQ�ZDV�������DJH�PHDQ�ZDV����\HDUV������������RI�WKH�SDWLHQWV�KDG�D�PHGLFDO�KLVWRU\��&KLHI�FRPSODLQW�ZDV�FKHVW
SDLQ�LQ����������G\VSQHD��LQ���������DOWHUHG�VWDWH�RI�FRQVFLHQFH�LQ���������EOHHGLQJ�LQ�����DQG�WUDXPD�LQ����RI�WKH�SDWLHQWV��

:H�SHUIRUPHG�EORRG�WHVWV�IRU�������RI�WKH��SDWLHQWV�DQG�UDGLRORJLFDO�LQYHVWLJDWLRQV�ZDV��UHTXLUHG�LQ�����RI�WKH�FDVHV�

�$�VSHFLDOLVW�ZDV�UHTXHVWHG�IRU�����RI�WKH��SDWLHQWV�

&DUGLRYDVFXODU�GLVHDVHV�ZHUH���GLDJQRVHG�LQ�������RI�WKH�FDVHV�������RI�WKH�SDWLHQWV��KDG�SXOPRQDU\�GLVHDVH������KDG�PHWDEROLF�GLVHDVH�����KDG
QHUYRXV�GLVHDVH�DQG�����KDG�VXUJLFDO�GLVHDVH���

������RI�WKH�SDWLHQWV�ZHUH�GLVFKDUJHG������QHHGHG��D�VKRUW�WHUP�REVHUYDWLRQ�LQ�WKH�HPHUJHQF\��GHSDUWPHQW�������ZHUH�KRVSLWDOL]HG�LQ�WKH
LQWHQVLYH�FDUH�XQLW�DQG��������ZHUH��KRVSLWDOL]HG�LQ�RWKHU�GHSDUWPHQW�

&RQFOXVLRQ�

7KH�HPHUJHQF\�URRP�LV�FUXFLDO�IRU�WKH�PDQDJHPHQW�RI�FULWLFDO�SDWLHQWV��DQ�DSSURSULDWH�WHFKQLFDO�VXSSRUW�DQG�WKH�FROODERUDWLRQ�ZLWK�RWKHU�KRVSLWDO
GHSDUWPHQW�DUH�QHFHVVDU\�IRU�LWV�JRRG�IXQFWLRQLQJ���



,0$*,1*���8/75$6281'���5$',2/2*< 0�$]DP�0DMHHG

��������8OWUDVRQRJUDSK\�RI�WKH�,QWHUQDO�-XJXODU�9HLQ�WR�DVVHVV�LQWUDYDVFXODU�VWDWXV�LQ�WKH�('

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6KDK]DG�$QZHU������0�$]DP�0DMHHG������$VLI�1DYHHG������0�6DLI�5HKPDQ����

�����1+6��%LUPLQJKDP��8.
���8QLYHUVLW\�+RVSLWDOV�%LUPLQJKDP���1+6��%LUPLQJKDP��8.
���1+6��1+6��%LUPLQJKDP��8.

.H\ZRUGV��8OWUDVRQRJUDSK\��,-9��)OXLG�DVVHVVPHQW

$EVWUDFW��

%DFNJURXQG�

,QWUDYDVFXODU�IOXLG�VWDWXV�HVWLPDWLRQ�FRQWLQXHV�WR�EH�RQH�RI�WKH�JUHDWHVW�FKDOOHQJHV�LQ�FULWLFDOO\�LOO�SDWLHQWV��7KH�FXUUHQW�JROG�VWDQGDUG�WHFKQLTXH�LV
WKH�PHDVXUHPHQW�RI�&93��ZKLFK�UHTXLUHV�DQ�LQYDVLYH�FHQWUDO�YHQRXV�FDWKHWHU��ZKLFK�LV�WLPH�FRQVXPLQJ�DQG�LV�DVVRFLDWHG�ZLWK�FRPSOLFDWLRQV�
3RLQW�RI�FDUH�XOWUDVRXQG�KDV�EHHQ�XVHG�WR�DVVHVV�WKH�FROODSVLELOLW\�,9&�DQG�6XEFODYLDQ�YHLQ�EXW�UHTXLUHV�DGYDQFHG�86�VNLOOV��:H�FXUUHQWO\�SURSRVH
WKH�XVH�RI�XOWUDVRXQG�JXLGHG�,QWHUQDO�MXJXODU�YHLQ�PHDVXUHPHQW�WR�DVVHVV�WKH�YROXPH�VWDWXV�DV�D�SRWHQWLDOO\�XVHIXO�QRQLQYDVLYH�DGMXQFW�WR�HVWLPDWH
&93�

�

2EMHFWLYHV�

3ULPDU\��7R�DVVHVV�WKH�LQWUDYDVFXODU�YROXPH�VWDWXV�XVLQJ�EHGVLGH�XOWUDVRQRJUDSK\�RI�WKH�LQWHUQDO�MXJXODU�YHLQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�

6HFRQGDU\��7R�FRPSDUH�WKH�UHVXOWV�RI�WZR�GLIIHUHQW�WHFKQLTXHV��TXDQWLWDWLYH�DQG�TXDOLWDWLYH��PHQWLRQHG�LQ�WKH�OLWHUDWXUH�

�

0HWKRG�

$�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�XVLQJ�D�FRQYHQLHQFH�VDPSOH�RI����SDWLHQWV�ZDV�SHUIRUPHG�DW�WKH�HPHUJHQF\�GHSDUWPHQW�RI�8QLYHUVLW\�+RVSLWDOV
%LUPLQJKDP��7KH�VWXG\�ZDV�SHUIRUPHG�LQ���SKDVHV��,Q�SKDVH���ZH�VFDQQHG����KHDOWK\�YROXQWHHUV�WR�DVVHVV�WKH�QRUPDO�VKDSH�DQG�DVSHFW�UDWLR�RI�,-9
DQG�LQ�SKDVH�������DFXWHO\�XQZHOO�DGXOW�SDWLHQWV��7KH�VWXG\�ZDV�SHUIRUPHG�IURP�2FWREHU�WR�1RYHPEHU�������(PHUJHQF\�SK\VLFLDQV�ZLWK�OHYHO��
HPHUJHQF\�XOWUDVRXQG�H[SHULHQFH�ZHUH�WUDLQHG�LQ�,-9�XOWUDVRXQG��7KH�DSSHDUDQFH�DQG�VL]H��DVSHFW�UDWLR��KHLJKW�ZLGWK��RI�WKH�,-9�ZDV�QRWHG�ILUVW�DW
���GHJUHHV�DQG�WKDQ�LQ�VXSLQH�SRVLWLRQ�

:H�XVHG�D�KLJK�IUHTXHQF\�OLQHDU�SUREH�DW�D�GHSWK�RI������FP��86�SLFWXUHV��VWLOOV�DQG�0�PRGH��ZHUH�WDNHQ�DW�WKH�OHYHO�RI�FULFRLG��7KH�(3�SHUIRUPLQJ
WKH�XOWUDVRXQG�ZDV�EOLQGHG�WR�WKH�FOLQLFDO�LQIRUPDWLRQ�DQG�VR�ZDV�WKH�(3�WUHDWLQJ�WKH�SDWLHQW�IURP�XOWUDVRXQG�UHVXOWV��7KH�UHVXOWV�RI�WKH�XOWUDVRXQG
ZHUH�WKHQ�FRPSDUHG�ZLWK�WKH�ILQDO�FOLQLFDO�GLDJQRVLV�RI�WKH�DWWHQGLQJ�(PHUJHQF\�3K\VLFLDQ�XVLQJ�DOO�DYDLODEOH�WUDGLWLRQDO�GDWD�

5HVXOWV�

�

7KH�UHVXOWV�XVLQJ�WKH�DVSHFW�UDWLR�WHFKQLTXH�VKRZHG�D�6HQVLWLYLW\�RI�������������&,�

������WR���������6SHFLILFLW\�RI������������&,��������WR���������339�RI������������&,�������

WR��������DQG�139�RI������������&,��������WR���������7KH�UHVXOWV�XVLQJ�WKH�DSSHDUDQFH�WHFKQLTXH�KDG�D�6HQVLWLYLW\�RI�������������&,��������WR
��������6SHFLILFLW\�RI������������&,��������WR���������339�RI�����������&,�������WR�������DQG�139�RI������������&,�������WR��������

�

�

&RQFOXVLRQ�

�

7KH�UHVXOWV�RI�WKLV�SLORW�VWXG\�GHPRQVWUDWHG�WKDW�SRLQW�RI�FDUH�XOWUDVRQRJUDSK\�RI�WKH�,-9

LQ�WKH�EXV\�('�FDQ�UHOLDEO\�DLG�LQ�WKH�DVVHVVPHQW�RI�LQWUDYDVFXODU�YROXPH�VWDWXV��%RWK�WHFKQLTXHV�VKRZHG�JRRG�VHQVLWLYLWLHV�DQG�VSHFLILFLWLHV�
KRZHYHU�DSSHDUDQFH�WHFKQLTXH�ZDV�EHWWHU�DQG�VLPSOHU��:H�SURSRVH�WR�H[WHQG�WKLV�VWXG\�LQ�('�ZLWK�ODUJHU�VDPSOH�VL]H�LQ�RUGHU�WR�YDOLGDWH�RXU
FXUUHQW�UHVXOWV�IURP�WKLV�SLORW�





,0$*,1*���8/75$6281'���5$',2/2*< 0�$]DP�0DMHHG

��������w%ORFN�WKH�EUHDNx

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1DYHHQ�5DFKDNDWOD������0�$]DP�0DMHHG������$VLI�1DYHHG������0�6DLI�5HKPDQ����

�����1+6��%LUPLQJKDP��8.
���8QLYHUVLW\�+RVSLWDOV�%LUPLQJKDP���1+6��%LUPLQJKDP��8.
���1+6��1+6��%LUPLQJKDP��8.

.H\ZRUGV��)UDFWXUHG�IHPXU��)DVFLD�LOLDF�EORFN��)HPRUDO�QHUYH�EORFN

$EVWUDFW��

%DFNJURXQG�

+LS�IUDFWXUH�LV�RQH�RI�WKH�PRVW�FRPPRQ�RUWKRSDHGLF�HPHUJHQFLHV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��2SWLPDO�SDLQ�PDQDJHPHQW�LV�FUXFLDO�WR
LPSURYH�WKH�SDWLHQW�RXWFRPHV��'LIIHUHQW�XOWUDVRXQG�JXLGHG�QHUYH�EORFNV��LQFOXGLQJ�WKH�IDVFLD�LOLDFD�FRPSDUWPHQW�EORFN�DQG�WKH�IHPRUDO�QHUYH�EORFN�
DUH�XVHG�LQ�UHGXFLQJ�SDLQ�DIWHU�KLS�IUDFWXUH��5HVHDUFK�VXJJHVWV�WKDW�DQDOJHVLD�YLD�QHUYH�EORFNDGH�LV�PRUH�HIIHFWLYH�DQG�VDIHU�WKDQ�WKH�FRQYHQWLRQDO
SDLQ�PDQDJHPHQW�ZLWK�QRQ�VWHURLGDO�DQWL�LQIODPPDWRU\�GUXJV�DQG�RU�RSLRLGV��

2EMHFWLYHV�

2XU�SULPDU\�REMHFWLYH�ZDV�WR�FRPSDUH�WKH�DQDOJHVLF�HIILFDF\�DQG�VDIHW\�RI�XOWUDVRXQG�JXLGHG�IDVFLD�LOLDFD�FRPSDUWPHQW�EORFN�WR�WKH
XOWUDVRXQG�JXLGHG�IHPRUDO�QHUYH�EORFN�LQ�SDWLHQWV�ZLWK�QHFN�RI�IHPXU�IUDFWXUHV�

0HWKRGV�

:H�GHVLJQHG�D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�8QLYHUVLW\�KRVSLWDOV�%LUPLQJKDP��$�FRQYHQLHQFH�VDPSOH�RI�DGXOW
SDWLHQWV�SUHVHQWLQJ�WR�('�ZLWK�D�QHFN�RI�IHPXU�IUDFWXUH�ZHUH�LQFOXGHG�IURP�$XJXVW������WR�2FWREHU�������$�WRWDO�RI����SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH
VWXG\��3DWLHQWV�ZHUH�UDQGRPO\�DOORFDWHG�WR�UHFHLYH�HLWKHU�D�86�),&%�RU�D�86�)1%�E\�WKH�SHUIRUPLQJ�HPHUJHQF\�SK\VLFLDQ��&RQVXOWDQW�RU�5HJLVWUDU
JUDGH��ZLWK�OHYHO���XOWUDVRXQG�H[SHULHQFH��ZKR�ZDV�WUDLQHG�WR�GR�WKH�EORFNV�ZLWK�WKH�8OWUDVRXQG��:H�XVHG���PO�������RI�OLJQRFDLQH����DQG
EXSLYLFDLQH������IRU�)1%�DQG���PO����PO�Q�V����PO�OLJQRFDLQH����DQG���PO������EXSLYLFDLQH���3DLQ�VFRUHV�ZHUH�DVVHVVHG�XVLQJ�YHUEDO�QXPHULF
UDWLQJ�VFDOH��9156��RQ�D�VWDQGDUG�GDWD�FROOHFWLRQ�VKHHW��3DWLHQWV�UHFHLYLQJ�WKH�EORFN�DQG�WKH�QXUVH�DVVHVVLQJ�WKH�SDLQ�VFRUH�ZHUH�EOLQGHG�WR�WKH
W\SH�RI�WKH�EORFN�

5HVXOWV�

���SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV��2XU�VWXG\�UHVXOWV�VXJJHVW�WKDW�ERWK�EORFNV�DUH�HTXDOO\�HIIHFWLYH�LQ�SURYLGLQJ�HIIHFWLYH�SDLQ�UHOLHI�IRU
SDWLHQWV�SUHVHQWLQJ�WR�('�ZLWK�KLS�IUDFWXUH��GURS�RI���SRLQWV�RQ�9156���%RWK�EORFNV�KDYH�TXLFN�RQVHW�RI�DFWLRQ�����PLQXWHV���WKH�WLPH�IRU�PD[LPDO
HIIHFW�ZDV�����PLQXWHV�RQ�DYHUDJH�DQG�ODVWHG�XS�WR�����PLQXWHV��3DLQ�VFRUHV�ZHUH�HTXLYDOHQW�EHWZHHQ�WKH�EORFN�JURXSV�DW�DOO�WLPHV�GXULQJ�WKH
REVHUYDWLRQ�SHULRG�

,Q�WKLV�VWXG\��WKHUH�DUH�QR�DGYHUVH�HYHQWV�UHSRUWHG��7KH�VXFFHVV�UDWHV�RI�WKH�EORFNV�DSSHDUV�LGHQWLFDO������IRU�86�),&%�DQG�����IRU�86�)1%�

&RQFOXVLRQV�

2XU�VWXG\�LQGLFDWHV�WKDW�ERWK�86�),&%�DQG�86�)1%�DUH�HTXLYDOHQW�LQ�SURYLGLQJ�D�TXLFN�DQG�HIIHFWLYH�DQDOJHVLD�IRU�SURORQJHG�SHULRGV��XS�WR�����KRXUV�
LQ�SDWLHQWV�ZLWK�QHFN�RI�IHPXU�IUDFWXUH��%RWK�EORFNV�DUH�VDIH��HDVLO\�OHDUQW�DQG�KDYH�VLPLODU�VXFFHVV�UDWHV��������(PHUJHQF\�SK\VLFLDQV�FDQ�KDYH
FRQILGHQFH�LQ�HLWKHU�WHFKQLTXH�WR�UHOLHYH�SDLQ�LQ�SDWLHQWV�SUHVHQWLQJ�ZLWK�QHFN�RI�IHPXU�IUDFWXUHV�



&$6(�35(6(17$7,21 0RKDPHG�DOL�&KHULI

��������$QWLFRDJXODQW�,QGXFHG�,QWUDPXUDO�,QWHVWLQDO�+HPDWRPD��5HSRUW�RI�WZR�&DVHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RKDPHG�DOL�&KHULI������$VPD�%HQ�DOL������)DUDK�5LDKL������0RKDPHG�0H]JKHQL������5LP�EHQ�.DGGRXU������\RXVVHI�]LHG�(O�KHFKPL������,QHV�6HGJK\HQL
�����=RXKDLHU�-HUEL����

���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV�
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��&DVH�$QWLFRDJXODQW�+HPDWRPD

$EVWUDFW��

,QWURGXFWLRQ��6SRQWDQHRXV�LQWHVWLQDO�KHPDWRPD�LV�D�UDUH�DQG�VHYHUH�FRPSOLFDWLRQ�RI�DQWLFRDJXODQW�WKHUDS\�

&DVHV��ZH�UHSRUWHG�WZR�FDVHV�RI�LQWUDPXUDO�DQG�VXEPXFRVDO�VPDOO�ERZHO�KHPDWRPD�UHVXOWLQJ�IURP�ZDUIDULQ�DGPLQLVWUDWLRQ��7KH�ILUVW�SDWLHQW
SUHVHQWHG�ZLWK�DEGRPLQDO�SDLQ��KDG�LQWUDPXUDO�KHPDWRPD�DW�MHMXQXP��WKH�PRVW�FRPPRQ�VLWH�RI�LQWUDPXUDO�VPDOO�ERZHO�KHPDWRPD��$QRWKHU�SDWLHQW
ZKR�KDG�VXEPXFRVDO�GXRGHQDO�KHPDWRPD�SUHVHQWHG�ZLWK�HSLJDVWULF�WHQGHUQHVV���7\SLFDO�ILQGLQJV�RQ�DEGRPLQDO�FRPSXWHUL]HG�WRPRJUDSK\�\LHOGHG
WKH�GLDJQRVLV��$OO�SDWLHQWV�UDSLGO\�LPSURYHG�DIWHU�FRQVHUYDWLYH�WUHDWPHQW�

&RQFOXVLRQ��7KH�KLVWRU\�RI�DQWLFRDJXODQW�XVH�ZLWK�SURORQJHG�,15�YDOXH�LQ�SDWLHQWV�SUHVHQWHG�ZLWK�DEGRPLQDO�SDLQ�VKRXOG�DOHUW�SK\VLFLDQV�WR�VHDUFK
IRU�WKLV�HQWLW\��,W�LV�H[WUHPHO\�LPSRUWDQW�WR�UHFRJQL]H�WKLV�V\QGURPH�LQ�RUGHU�WR�DYRLG�DQ�XQQHFHVVDU\�RSHUDWLRQ�VLQFH�WKH�RXWFRPH�LV�XVXDOO\
H[FHOOHQW�DIWHU�FRQVHUYDWLYH�WUHDWPHQW



,1)(&7,286�',6($6(���6(36,6 )HUQDQGR�%ULRQHV

��������)LUVW�VHL]XUH��DQ�XQFRPPRQ�,QIOXHQ]D�$�GHEXW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)HUQDQGR�&RQVWDQWLQR�%ULRQHV�0RQWHDJXGR������)UDQFLVFR�-DYLHU�/XFDV�*DO�Q������0�QLFD�/�SH]�*DUF�D������1XULD�6�QFKH]�*DUULGR�/HVWDFKH�����
5DIDHO�6�QFKH]�,QLHVWD����

���(PHUJHQF\�GHSDUWPHQW��6(6&$0��$OEDFHWH��63$,1
���(PHUJHQF\�GHSDUWPHQW��2VDNLGHW]D��9LWRULD��63$,1
���,QWHQVLYH�&DUH�8QLWV��6(6&$0��$OEDFHWH��63$,1

.H\ZRUGV��,QIOXHQ]D�$�YLUXV��PHQLQJRHQFHSKDOLWLV��VHL]XUH��3RO\PHUDVH�&KDLQ�5HDFWLRQ�

$EVWUDFW��

(QFHSKDOLWLV�E\�YLUXV�LQIOXHQ]D�$��LV�D�UDUH�GLVHDVH�LQ�:HVWHUQ�FRXQWULHV��IXUWKHUPRUH��LW�KDV�D�GLIILFXOW�GLDJQRVLV��EHFDXVH�LW�XVXDOO\�SUHVHQWV�D
QRUPDO�UHVXOWV�LQ�WKH�H[DPLQDWLRQ�RI�FHUHEURVSLQDO�IOXLG��&6)��DQG�QHXURLPDJLQJ�WHVWV�

�,Q�������WKH�DPSOLILFDWLRQ�ZDV�DFKLHYHG�E\�SRO\PHUDVH�FKDLQ�UHDFWLRQ��3&5��51$�LQIOXHQ]D�YLUXV�VHURW\SH�$�LQ�&6)��ZKLFK�IDFLOLWDWHG�WKH�HWLRORJLF
GLDJQRVLV�RI�WKH�GLVHDVH��KRZHYHU�WKLV�WHVW�LV�QRW�DYDLODEOH�LQ�PDQ\�KRVSLWDOV�

,�SUHVHQW��WKH�FDVH�RI�D����\HDUV�ROG�SDWLHQW��ZLWK�QRW�NQRZQ�GUXJ�DOOHUJLHV�RU�FDUGLRYDVFXODU�ULVN�IDFWRUV���6KH�GHQLHV�GUXJV�XVH�

7KH�SDWLHQW�FDPH�WR�$	(��(PHUJHQF\�GHSDUWPHQW��ZLWK�ORZ�*&6��*ODVJRZ�FRPD�VFDOH��DQG�VXGGHQ�RQVHW�G\VDUWUKLD��,Q�SUHYLRXV�GD\V��VKH�KDG�KDG
D�KHDGDFKH��ZDWHU\�UKLQRUUKHD�DQG�KLJK�WHPSHUDWXUH�XS�WR����j�&��DQG�VKH�ZDV�GLDJQRVHG�ZLWK�FRPPRQ�FROG��'XULQJ�RXU�LQWHUYLHZ��WKH�SDWLHQW
XQGHUZHQW�DQ�HSLVRGH�RI�WRQLF�FORQLF�PRYHPHQWV��ZLWK�YRPLWLQJ�DQG�IDHFDO�DQG�XULQDU\�LQFRQWLQHQFH�

�7KH�LQLWLDO�SK\VLFDO�H[DPLQDWLRQ�UHYHDOHG�QRUPDO�FRORUDWLRQ�RI�VNLQ�DQG�PXFRXV��EORRG�SUHVVXUH�RI��������PP+J��KHDUW�UDWH�RI����ESP��EUHDWKLQJ
UDWH����ESP��WHPSHUDWXUH������j�&��R[\JHQ�VDWXUDWLRQ���������2Q�SXOPRQDU\�DXVFXOWDWLRQ�VKH�KDG�OHIW�EDVDO�OXQJ�FUDQNOHV�DQG�QHXURORJLFDOO\�
*ODVJRZ����QR�QHFN�VWLIQHVV��PLRWLF�DQG�UHDFWLYH�SXSLOV��7KH�UHVW�RI�WKH�SK\VLFDO�H[DP�ZDV�QRUPDO�

,Q�LQLWLDO�WHVWV��%LRFKHPLVWU\�ZDV�QRUPDO�H[FHSW�WUDQVDPLQDVHV��$%*�ZLWK�ODFWDWH��EORRG�FHOO�FRXQW���FORWWLQJ�DQG�JOXFRVH�ZLWKRXW�DQ\�DOWHUDWLRQV�
&KHVW�;�5D\�DQG�FRPSXWHG�WRPRJUDSK\��&7��FUDQLDO�ZDV�QRUPDO��7KH�UDSLG�GHWHFWLRQ�RI�WR[LF�VXEVWDQFHV�LQ�XULQH�ZDV�QHJDWLYH��&HUHEURVSLQDO�IOXLG�
SURWHLQV������J���O��JOXFRVH����PJ���GO��OHXNRF\WHV�����1DVRSKDU\QJHDO�)OX�3&5�GHWHUPLQDWLRQ�ZDV�SRVLWLYH��6HURORJ\�ZDV�QHJDWLYH�IRU�RWKHU�YLUXVHV�

7UHDWPHQW�ZLWK�DQWLELRWLFV�DQG�LQWUDYHQRXV�DQWLYLUDO�ZDV�VWDUWHG��$IWHU�DGPLVVLRQ�LQ�$	(���VKH�KDG�VXGGHQ�JHQHUDO�GHWHULRUDWLRQ��ZLWK�VHL]XUHV��VR
ZDV�JLYHQ����PJ�RI�'LD]HSDP��DQG�VKH�ZDV�LQWXEDWHG�

7KH�(OHFWURHQFHSKDORJUDP�VKRZHG�QRQVSHFLILF�HQFHSKDORSDWK\�PRGHUDWH�GHJUHH��LQIOXHQFHG�SDUWLDOO\�E\�GUXJ�FRPSRQHQW�DQG�DVVRFLDWHG
SRVW�FULWLFDO�FRPSRQHQW��DQG�QR�VWDWXV�HSLOHSWLFXV�DVVRFLDWHG��$IWHU����KRXUV�RI�VHGDWLRQ�DQG�LPSURYHG�((*��VKH�ZDV�H[WXEDWHG�DQG�VKH�FRQWLQXHG
LPSURYLQJ��DQG�VKH�ZDV�GLVFKDUJHG�KRPH���ZHHN�ODWHU�

,Q�(XURSH��YLUXV�LQIOXHQ]D�LV�D�UDUH�FDXVH�RI�HQFHSKDOLWLV��KRZHYHU��LV�LPSRUWDQW�IRU�$	(�SK\VLFLDQ�WR�UHFRJQLFH�WKH�HQFHSKDOLWLV�V\PSWKRPV��DQG
WKLQN�LQ�WKH�PRVW�FRPPRQ�YLUXVHV��EXW�DOVR�WKLQNLQJ�LQ�LQIOXHQ]D�YLUXV��HVSHFLDOO\�LQ�WKH�PLGGOH�RI��VHDVRQDO�IOX�HSLGHPLF�



35(�+263,7$/���(06���287�2)�+263,7$/ 0�$]DP�0DMHHG

��������7KH�3K\VLRORJ\�FRPSRQHQW�RI�7UDXPD�7ULDJH�7RRO�KDV�WKH�KLJKHVW�339

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0�$]DP�0DMHHG������0�6DLI�5HKPDQ������$VLI�1DYHHG������6KHUHHQ�1DELO����

���8QLYHUVLW\�+RVSLWDOV�%LUPLQJKDP���1+6��%LUPLQJKDP��8.
�����1+6��%LUPLQJKDP��8.
���1+6��1+6��%LUPLQJKDP��8.

.H\ZRUGV��7UDXPD�WULDJH�WRRO��3K\VLRORJ\�FRPSRQHQW��339

$EVWUDFW��

,QWURGXFWLRQ��,QMXULHV�DUH�D�PDMRU�FDXVH�RI�PRUELGLW\�DQG�PRUWDOLW\�LQ�ERWK�GHYHORSLQJ�DQG�LQGXVWULDOL]HG�UHJLRQV�����,QMXU\�VHYHULW\�VFRUHV�DUH�VLPSO\
D�ZD\�WR�GHVFULEH�DQG�TXDQWLI\�WKH�VHYHULW\�RI�WUDXPDWLF�LQMXU\�DQG�DOVR�SURYLGH�VRPH�VHQVH�RI�WKH�SUREDELOLW\�RI�VXUYLYDO�RI�WKH�YLFWLPV���7KH�,QMXU\
6HYHULW\�6FRUH��,66��LV�D�ZLGHO\�DFFHSWHG�PHWKRG�RI�PHDVXULQJ�VHYHULW\�RI�WUDXPDWLF�LQMXU\���7KLV�VWXG\�DLPV�DW�HYDOXDWLQJ�WKH�FRPSRQHQW�RI�WUDXPD
WULDJH�WRRO�ZLWK�KLJKHVW�SRVLWLYH�SUHGLFWLYH�YDOXH�WR�LGHQWLI\�PDMRU�WUDXPD�SDWLHQWV�

2EMHFWLYH�

�

7R�GHWHUPLQH�WKH�FRPSRQHQW�RI�SUH�KRVSLWDO�WRRO��7UDXPD�7ULDJH�WRRO��ZLWK�KLJKHVW�SRVLWLYH�SUHGLFWLYH�YDOXH"

�

�

0HWKRGRORJ\�

�

�$�5HWURVSHFWLYH�GDWDEDVH�DQDO\VLV�RI�0DMRU�WUDXPD�SDWLHQWV�SUHVHQWLQJ�WR�4(+%�GXULQJ�WKH�SHULRG�-DQXDU\������WR�-DQXDU\������ZDV�SHUIRUPHG��$OO
0DMRU�WUDXPD�SDWLHQWV��777�SRVLWLYH��SUHVHQWLQJ�WR�4(+%�GXULQJ�WKLV�SHULRG�ZHUH�LQFOXGHG���7KH�SDWLHQWV�ZKR�ZHUH�777�1HJDWLYH�ZHUH�H[FOXGHG�

�

'DWD�ZHUH�FRGHG�DQG�HQWHUHG�RQ�([FHO�ILOH�DQG�VWDWLVWLFDO�DQDO\VLV�ZDV�GRQH�XVLQJ�WKH�6WDWLVWLFDO�3DFNDJH�IRU�6RFLDO�6FLHQFH��6366��YHUVLRQ������
'HVFULSWLYH�DQDO\VLV�ZDV�FRQGXFWHG�WR�GHWHUPLQH�WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�SUH��KRVSLWDO�777�DQG�HDFK�RI�LWV�FRPSRQHQWV��YLWDO�VLJQV��DQDWRP\�
LQMXU\�PHFKDQLVP�DQG�VSHFLDO�FRQGLWLRQV���3HDUVRQ�&KL��6TXDUH�WHVW��)LVKHUÇV�H[DFW�WHVW�DQG�,QGHSHQGHQW�6WXGHQW
V�W��WHVW�ZHUH�XVHG�WR�HYDOXDWH�WKH
DVVRFLDWLRQ�EHWZHHQ�WKH�VHYHULW\�RI�LQMXU\�DQG�FHUWDLQ�YDULDEOHV��0HFKDQLVP�RI�LQMXU\��*ODVJRZ�&RPD�6FRUH��*&6��OHYHO�DQG�SDWLHQW
V�DJH�

�

�

�

5HVXOWV�

7KHUH�ZHUH�����WUDXPD�SDWLHQWV�SUHVHQWHG�GXULQJ�VWXG\�SHULRG��2QO\�����SDWLHQWV�PHW�WKH�LQFOXVLRQ�FULWHULD�DQG�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��7KH
PDMRULW\�RI�RXU�VDPSOH�ZDV�PDOH����������ZLWK�D�PHDQ�DJH�RI����\HDUV��$ERXW�RQH�WKLUG�RI�WKHVH�SDWLHQWV�KDG�LQYROYHG�LQ�57&V��$SSUR[LPDWHO\�����
RI�WKH�VWXG\�JURXS�KDG�EHHQ�DOHUWHG�LQ�DV�PDMRU�WUDXPD�FDVHV�

2XW�RI�WKH�����WUDXPD�SDWLHQWV������SDWLHQWV�ZHUH�LGHQWLILHG�DV�D�PDMRU�WUDXPD�FDVHV��WUXH�SRVLWLYH�FDVHV��WKDW�KDG�DQ�HVWLPDWHG�,66�PRUH�WKDQ���
�3RVLWLYH�3UHGLFWLYH�9DOXH��339�� �������DW�����&,�������������S ��������

7KH�7UDXPD�7ULDJH�7RRO�FRQVLVWV�RI�IRXU�FRPSRQHQWV��9LWDO�VLJQV��$QDWRP\��0HFKDQLVP�RI�LQMXU\�DQG�6SHFLDO�FRQGLWLRQV��7KH�3K\VLRORJ\�FRPSRQHQW
KDG�WKH�KLJKHVW�339�RI������DW�����&,�������������ZKLFK�ZDV�IROORZHG�E\�WKH�0HFKDQLVP�RI�LQMXU\�ZLWK�339�HTXDOV�������DW�����&,�������������WKHQ
WKH�$QDWRP\�FRPSRQHQW��339 �������DW�����&,��������������WKHQ�WKH�6SHFLDO�FRQGLWLRQV�FRPSRQHQWV�ZKLFK�KDG�339�RI�������DW�����&,������������

�

&RQFOXVLRQ�

:LWKLQ�WKH�SUH�KRVSLWDO�PDQDJHPHQW�RI�VHULRXVO\�LQMXUHG�WUDXPD�YLFWLPV�WKH�DFFXUDF\�RI�WKH�ILHOG�WULDJH�LV�RI�XWPRVW�LPSRUWDQFH��7KH�FOLQLFLDQV
VLJQLILFDQWO\�GHSHQG�XSRQ�WKH�SUH�KRVSLWDO�LQIRUPDWLRQ�WR�DFWLYDWH�WKH�UHVRXUFHV���+HQFH�JUHDWHU�WKH�339�RI�777�EHWWHU�WKH�WUDXPD�WHDP�UHPL[�FDQ
EH�SODQQHG�



2XU�UHVXOWV�FOHDUO\�VXJJHVW�WKH�FRUUHODWLRQ�RI�DEQRUPDO�SK\VLRORJLFDO�SDUDPHWHUV�ZLWK�KLJK�SUREDELOLW\�RI�,66!����(YHQ�ZKHQ�FRPELQHG�ZLWK�RWKHU
FRPSRQHQWV�RI�WKH�777�WKH�339�RI�WKH�SK\VLRORJLFDO�FRPSRQHQW�UHPDLQV�WKH�KLJKHVW�



,0$*,1*���8/75$6281'���5$',2/2*< /XLV�$UFDGLR�&RUWHV�3XHQWHV

��������32,17�2)�&$5(�8/75$6281'�&+$1*(6�7+(�$,5:$<�0$1$*(0(17�'(&,6,216�,1�7+(�(0(5*(1&<�'(3$570(17

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/8,6�$5&$',2�&257(6�38(17(6������*867$92�$1'5(6�&257(6�38(17(6������*(5$5'2�/,1$5(6�0(1'2=$������021,&$�%8,75$*2����

���'HSDUWDPHQWR�(PHUJHQFLDV�)81'$&,{1�&$5',2,1)$71,/��,&�$1'�)81'$&,21�6$17$�)(�'(�%2*27$��)81'$&,{1�&$5',2,1)$17,/�,167,7872
'(�&$5',2/2*,$���,',0(&��ERJRWD�'�&��&2/20%,$
���5HVLGHQW���,QWHUQDO�0HGLFLQH���81,9(56,7<�2)�0,11(627$��0,1(627$��86$
���'HSDUWDPHQWR�(PHUJHQFLDV��)81'$&,{1�&$5',2,1)$17,/�,167,7872�'(�&$5',2/2*,$���,',0(&��ERJRWD�'�&��&2/20%,$
���(PHUJHQF\�3K\VLFLDQ��)XQGDFL�Q�&DUGLRLQIDQWLO�,QVWLWXWR�GH�&DUGLRORJLD��ERJRWD��&2/20%,$

.H\ZRUGV��8OWUDVRQRJUDSK\��$LUZD\�0DQDJHPHQW��$LUZD\�2EVWUXFWLRQ��5HVSLUDWRU\�,QVXIILFLHQF\

$EVWUDFW��

9HU\�OLWWOH�LV�GHVFULEHG�LQ�WKH�OLWHUDWXUH�UHJDUGLQJ�WKH�XWLOL]DWLRQ�RI�XOWUDVRXQG�GXULQJ�WKH�PDQDJHPHQW�RI�GLIILFXOW�DLUZD\�LQ�WKH�(PHUJHQF\
'HSDUWPHQW��('���8OWUDVRXQG�JXLGHG�DLUZD\�HYDOXDWLRQ�DW�WKH�EHGVLGH�KDV�EHHQ�GHVFULEHG�DV�DQ�HIIHFWLYH�WRRO�LQ�LGHQWLI\LQJ�GLIILFXOW�DLUZD\�LQ�WKH
SHULRSHUDWLYH�VHWWLQJ��$GGLWLRQDOO\��SRLQW�RI�FDUH�XOWUDVRXQG�KDV�EHHQ�XVHG�WR�LGHQWLI\�WKH�DSSURSULDWH�SRVLWLRQ�RI�HQGRWUDFKHDO�WXEH��WR�JXLGH
SURFHGXUHV�LQ�WKH�DLUZD\�VXFK�DV�XUJHQW�FULFRWK\URLGRWRP\�DQG�WR�LGHQWLI\�SDWKRORJLHV�RI�WKH�DLUZD\�H�J��YRFDO�FRUG�PDOIXQFWLRQ��VZDOORZLQJ
DEQRUPDOLWLHV��VXSUDJORWWLF�KHPDWRPDV�RU�DEVFHVVHV��UHVSLUDWRU\�SDSLOORPDWRVLV��ODU\QJHDO�VWHQRVLV��HWF��2XU�ZRUN�SXWV�WRJHWKHU�D�VHULHV�RI�FDVHV
ZKHUH�WKH�XOWUDVRXQG�JXLGHG�DSSURDFK�FKDQJHG�WKH�LQLWLDO�DLUZD\�PDQDJHPHQW�LQ�SDWLHQWV�DGPLWWHG�LQ�WKH�('�RI�)XQGDFL�Q�&DUGLRLQIDQWLO�LQ�%RJRW�
&RORPELD�

�

2EMHFWLYH

7R�GHVFULEH�RXU�FOLQLFDO�H[SHULHQFH�ZKHUH�DLUZD\�XOWUDVRXQG�DVVHVVPHQW�KDV�FKDQJHG�WKH�LQLWLDO�DSSURDFK�IRU�GLIILFXOW�DLUZD\�PDQDJHPHQW�LQ�WKH�('�

�

0HWKRGRORJ\

:H�GHVFULEHG����FDVHV�RI�SDWLHQWV�DGPLWWHG�WR�WKH�('�RI�)XQGDFL�Q�&DUGLRLQIDQWLO�ZKR�UHTXLUHG�DLUZD\�PDQDJHPHQW�GXULQJ�WKH�SHULRG�RI���-DQXDU\
RI������WR����0DUFK�RI��������:H�RQO\�GHVFULEHG�SDWLHQWV�LQ�ZKRP�WKH�LQLWLDO�GHFLVLRQ�IRU�DLUZD\�PDQDJHPHQW�FKDQJHG�DIWHU�XOWUDVRXQG�DVVHVVPHQW�
7KH�IROORZLQJ�DVSHFWV�ZHUH�DQDO\]HG�IRU�HDFK�SDWLHQW��LQGLFDWLRQ�IRU�DLUZD\�PDQDJHPHQW��LQLWLDO�DSSURDFK�IRU�DLUZD\�LQWXEDWLRQ��XOWUDVRXQG
H[DPLQDWLRQ�ILQGLQJV��DSSURDFK�IRU�DLUZD\�PDQDJHPHQW�DIWHU�XOWUDVRXQG�DVVHVVPHQW�DQG�RXWFRPHV�

�

5HVXOWV

7KH�PDLQ�LQGLFDWLRQ�IRU�LQWXEDWLRQ�ZDV�XSSHU�DLUZD\�REVWUXFWLRQ�GXH�WR�LQIODPPDWRU\�SURFHVV��/XGZLJ
V�DQJLQD�DQG�DQDSK\ODFWLF�UHDFWLRQ��DQG
WXPRUV��,Q�WKH�DQDSK\ODFWLF�DLUZD\�REVWUXFWLRQ��WKH�JORWWLV�VZHOOLQJ�ZDV�PRQLWRUHG�E\�XOWUDVRXQG�GXULQJ�PDQDJHPHQW�DQG�ILQDOO\�WKH�WUDFKHDO
LQWXEDWLRQ�ZDV�QRW�QHFHVVDU\��,Q���FDVHV�WKH�GHFLVLRQ�WR�SHUIRUP�RURWUDFKHDO�LQWXEDWLRQ�ZDV�VZLWFKHG�WR�VXUJLFDO�WUDFKHRVWRP\�DV�WKH�LQLWLDO
DSSURDFK�GXH�WR�XOWUDVRXQG�H[DPLQDWLRQ�ILQGLQJV�RI�VHYHUH�VXSUDJORWWLF�REVWUXFWLRQ�DQG�WUDFKHDO�WXPRU�WKDW�PDGH�RURWUDFKHDO�LQWXEDWLRQ��
8OWUDVRXQG�GHWHUPLQHG�WKH�QHHG�WR�FKDQJH�WKH�VL]H�RI�WKH�RURWUDFKHDO�WXEH�GXH�WR�WKH�ILQGLQJ�RI�XQLGHQWLILHG�VXEJORWWLF�VWHQRVLV��$GGLWLRQDOO\��LQ��
SDWLHQWV�ZLWK�SUHYLRXV�GLDJQRVLV�RI�VXEJORWWLF�VWHQRVLV�DQG�DSSDUHQW�GLIILFXOW�DLUZD\��WKH�XOWUDVRXQG�DVVHVVPHQW�FRQFOXGHG�WKDW�LW�ZDV�D�QRUPDO
DLUZD\�DQG�UDSLG�VHTXHQFH�LQWXEDWLRQ�ZDV�SHUIRUPHG�ZLWKRXW�FRPSOLFDWLRQV���)RXU�SDWLHQWV�DGPLWWHG�IRU�LQIODPPDWRU\�VXEPDQGLEXODU�SURFHVV�DQG
WXPRUV�KDG�LQLWLDO�FOLQLFDO�REVHUYDWLRQ�DQG�FRQVHUYDWLYH�PDQDJHPHQW��KRZHYHU�LQ�D�SDWLHQW�D�G\QDPLF�DLUZD\�REVWUXFWLRQ�ZHUH�LGHQWLILHG�E\
XOWUDVRXQG�DQG�LPPHGLDWH�LQWXEDWLRQ��SHUIRUPHG�E\�ILEHURSWLF�EURQFKRVFRSH��DQG�VXUJLFDO�PDQDJHPHQW�ZHUH�SHUIRUPHG�

�

&RQFOXVLRQV

%DVHG�RQ�RXU�H[SHULHQFH��XOWUDVRXQG�DSSURDFK�FRXOG�EH�D�YDOXDEOH�WRRO�IRU�GHFLVLRQ�PDNLQJ�GXULQJ�GLIILFXOW�DLUZD\�PDQDJHPHQW��$LUZD\�XOWUDVRXQG
DVVHVVPHQW�LV�QRW�RQO\�XVHIXO�IRU�LGHQWLI\LQJ�WUXH�GLIILFXOW�DLUZD\��EXW�DOVR�IRU�PRQLWRULQJ�WKH�G\QDPLF�FKDQJHV�LQ�WKH�DLUZD\�GXULQJ�LQLWLDO�WUHDWPHQW�



1(852/2*< (WLPEXN�8PDQD

��������0DQDJHPHQW�2I�+\SHUWHQVLRQ�,Q�,QWUDFHUHEUDO�+HDPRUUKDJH��,&+���$XGLWLQJ�FXUUHQW�SUDFWLFH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(WLPEXN�8PDQD������.LUHQ�*RYHQGHU����

�����8QLYHUVLW\�+RVSLWDO�*DOZD\��*DOZD\��,5(/$1'
�����3RUWLXQFXOD�+RVSLWDO��%DOOLQDVORH��,5(/$1'

.H\ZRUGV��3DWLHQW��%ORRG��,&+��6WURNH��0RUWDOLW\��7UHDWPHQW

$EVWUDFW��

,QWURGXFWLRQ��,QWUDFHUHEUDO�+DHPRUUKDJH�LV�WKH��QG�PRVW�FRPPRQ�IRUP�RI�VWURNH��DFFRXQWLQJ�IRU�����RI�VWURNH�FDVHV�JOREDOO\��+\SHUWHQVLRQ
�HOHYDWHG�0HDQ�$UWHULDO�3UHVVXUH��0$3���LV�RIWHQ�SUHVHQW�LQ�WKHVH�SDWLHQWV��6HYHUH�K\SHUWHQVLRQ��+71��FDQ�ZRUVHQ�,&+�UHVXOWLQJ�LQ�FRQWLQXHG
EOHHGLQJ�DQG�KHPDWRPD�H[SDQVLRQ�OHDGLQJ�WR�SRRU�RXW�FRPHV��7KH�(XURSHDQ�6WURNH�2UJDQL]DWLRQ�UHFRPPHQG�WKDW�LQWHQVLYH�EORRG�SUHVVXUH
PDQDJHPHQW�EHORZ�V\VWROLF�EORRG�SUHVVXUH�RI����PP+J�RU�D�0$3�RI����PP+J�ZLWKLQ���KRXUV�RI�RQVHW�LV�VDIH�DQG�FRXOG�LPSURYH�IXQFWLRQDO
RXWFRPH��,W�DOVR�UHSRUWV�WKDW�SDWLHQWV�PDQDJHG�LQ�DFXWH�VWURNH�XQLWV�KDG�EHWWHU�RXWFRPHV�IRU�PRUWDOLW\�DQG�PRUELGLW\�FRPSDUHG�WR�JHQHUDO�ZDUGV�

$LP��7R�DVVHVV�DQG�UHYLHZ�WKH�PRQLWRULQJ��WUHDWPHQW�RI�SDWLHQWV�ZLWK�+71�SUHVHQWLQJ�DIWHU�,&+�DQG�QRWH�ZKHUH�WKHLU�FDUH�ZDV�SURYLGHG�DIWHU
WUDQVIHU�IURP�WKH�HPHUJHQF\�'HSDUWPHQW��('���

0HWKRG��'DWD�ZDV�REWDLQHG�IURP�FDVH�ILOHV�UHWURVSHFWLYHO\�IRU�DOO�SDWLHQWV�SUHVHQWLQJ�WR�8QLYHUVLW\�+RVSLWDO�*DOZD\��8+*��('��ZKR�KDG�,&+�LQ������
3DWLHQWÇV�GHPRJUDSKLFV��PRQLWRULQJ��WUHDWPHQW��ZDUG�FDUH�DQG�PRUWDOLW\�ZHUH�UHFRUGHG��7KRVH�QRW�VHHQ�LQ�('�ZHUH�H[FOXGHG�IURP�WKH�VWXG\���

5HVXOWV�����SDWLHQWV�ZHUH�LGHQWLILHG�WR�KDYH�,&+�LQ����������ZHUH�LQFOXGHG�ZLWKLQ�WKH�VWXG\��7KHUH�ZDV�D�IHPDOH�SUHGRPLQDQFH�RI����������7KH
PHDQ�DJHV�IRU�PDOHV�DQG�IHPDOHV�ZHUH��������DQG������UHVSHFWLYHO\��7ZHQW\�SDWLHQWV�SUHVHQWHG�ZLWK�IRFDO�QHXURORJ\��)$67���WKH�UHPDLQLQJ��
SDWLHQWV�UHSRUWHG�KHDGDFKHV�DQG�YDJXH�V\PSWRPV��2QO\���SDWLHQWV�SUHVHQWHG�ZLWKLQ���KRXUV�RI�V\PSWRPV��7KH�PRGLILHG�5DQNLQ�DQG�1,+66�VFRUHV
ZHUH�RQO\�UHFRUGHG�LQ���FDVH�ILOHV��%ORRG�*OXFRVH�ZDV�QRW�UHFRUGHG�LQ����FDVHV��,QLWLDO�&7�%UDLQ�UHVXOWV�VKRZHG�,&+�LQ����SDWLHQWV��QRUPDO�VFDQ�LQ��
DQG�DQ�LQIDUFW��,&+�ZDV�FRQILUPHG�LQ�WKH�ODWWHU���FDVHV�RQ�UHSHDW�&7�DQG�05,���

7KH�PHDQ�0$3�ZDV������PP+J�ZLWK�WKH�ORZHVW�YDOXH�RI���PP+J�DQG�WKH�KLJKHVW�YDOXH�RI����PP+J��2YHU�����RI�WKH�SDWLHQWV�KDG�D�0$3�!
���PP+J��$ERXW����SDWLHQWV�KDG�WKHLU�0$3�PRQLWRUHG�UHJXODUO\�DQG�DFFRUGLQJ�WR�JXLGHOLQHV��(LJKW�SDWLHQWV�ZHUH�WUHDWHG�ZLWK�ODEHWDORO��DQRWKHU��
ZLWK�RWKHU�PHGLFDWLRQV�VXFK�DV�*71�3DWFK��1LPRGLSQH��$PORGLSLQH�DQG�+\GUDOD]LQH��7KH�UHPDLQLQJ����SDWLHQWV�KDG�QR�WUHDWPHQW�IRU�DFXWH�+71�
1LQH�SDWLHQWV�ZHUH�PDQDJHG�LQ�LQWHQVLYH�FDUH�XQLW����LQ�KLJK�GHSHQGHQF\�XQLWV����LQ�VWURNH�XQLW�ZKLOH�WKH�UHVW�ZHUH�PDQDJHG�LQ�JHQHUDO�ZDUGV��$
SDWLHQWÇV�0$3�GLG�QRW�DIIHFW�DGPLVVLRQ�WR�KLJK�GHSHQGHQF\�XQLWV�DV�WKHUH�ZDV�VXEVWDQWLDO�YDULDWLRQ�RI�SDWLHQWV�PDQDJHG�DFURVV�XQLWV�����SDWLHQWV
KDG�FR�PRUELGLWLHV��7KHUH�ZDV�D�������PRUWDOLW\�UHFRUGHG�LQ�WKLV�FRKRUW�ZLWKLQ�D���PRQWK�SHULRG�

&RQFOXVLRQ��7KHUH�ZDV�DGHTXDWH�PRQLWRULQJ�RI�0$3�LQ�WKLV�FRKRUW�KRZHYHU�WKHUH�ZDV�D�ODFN�RI�GRFXPHQWDWLRQ�RI�%ORRG�*OXFRVH��0RGLILHG�5DQNLQ�DQG
1,+66�VFRUHV�GHVSLWH�VWURNH�SDWKZD\�FKDUWV�EHLQJ�DYDLODEOH��+HVLWDQF\�LQ�LQLWLDWLQJ�DQWL�K\SHUWHQVLYH�WUHDWPHQW�DQG�WUDQVIHUULQJ�SDWLHQWV�WR�JHQHUDO
ZDUGV�ZDV�QRWDEOH��,QWHUHVWLQJO\�FRPRUELGLWLHV�RU�WUDQVIHU�WR�,&8�RU�ZDUG�GLG�QRW�DIIHFW�PRUWDOLW\��5HLQIRUFLQJ�NQRZOHGJH�DQG�FRQWLQXRXV�HGXFDWLRQ
ZLOO�IDFLOLWDWH�FRPSOLDQFH�ZLWK�JXLGHOLQHV�DQG�KHOS�DFKLHYH�IDYRUDEOH�RXWFRPHV�IRU�SDWLHQWV�



75$80$ 0�$]DP�0DMHHG

��������,PSDFW�RI�:%&7�LQ�HDUO\�GLDJQRVLV�DQG�PDQDJHPHQW�RI�0DMRU�7UDXPD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0�$]DP�0DMHHG������+HUHQ�:LMHVLQJKH������-HVVLFD�+LQ������%HWKDQ�-RQHV������/DUD�3LOEHDP������=RH�0FPLOODQ������$VLI�1DYHHG������0�6DLI�5HKPDQ����

���8QLYHUVLW\�+RVSLWDOV�%LUPLQJKDP���1+6��%LUPLQJKDP��8.
���1+6��1+6��%LUPLQJKDP��8.
�����1+6��%LUPLQJKDP��8.

.H\ZRUGV��0DMRU�75$80$��:KROH�%RG\�&7

$EVWUDFW��

%DFNJURXQG

�

0DMRU�WUDXPD�GHVFULEHV�VHULRXV�DQG�RIWHQ�PXOWLSOH�LQMXULHV�WKDW�PD\�UHTXLUH�OLIHVDYLQJ�LQWHUYHQWLRQV��,W�LV�WKH�ELJJHVW�NLOOHU�RI�SHRSOH�DJHG�EHORZ���
\HDUV�LQ�WKH�8.��7KH�1DWLRQDO�$XGLW�2IILFH��������UHSRUW�HVWLPDWHG�WKDW�WKHUH�DUH��������FDVHV�RI�PDMRU�WUDXPD�SHU��\HDU�LQ�(QJODQG��������SHRSOH
GLH�RI�WKHLU�LQMXULHV�ZLWK�PDQ\�RWKHUV�VXVWDLQLQJ�SHUPDQHQW�GLVDELOLW\���

,Q�SRO\�WUDXPD�SDWLHQWV�HYHU\�VHFRQG�FRXQWV��7LPH�LV�RI�WKH�HVVHQFH��(DUOLHU�:%&7�LV�MXVW�OLNH�GRLQJ�D�SULPDU\�VXUYH\�WR�JHW�HDUOLHU�GLDJQRVLV�IRU
FULWLFDOO\�LOO�SDWLHQWV��+HQFH��GLUHFW�VFDQQLQJ�FDQ�H[SHGLWH�SDWLHQW�FDUH��LPSURYH�VXUYLYDO�DQG�D�UHGXFWLRQ�LQ�HPHUJHQF\�GHSDUWPHQW�VWD\�

�

2EMHFWLYH�

�

7R�ILQG�RXW�WKH�LQFLGHQFH�DQG�,PSDFW�RI�SRVLWLYH�:%&7V�LQ�VXVSHFWHG�SRO\WUDXPD�SDWLHQWV�

�

0HWKRGRORJ\�

�

:H�GLG�WKH�UHWURVSHFWLYH�DQDO\VLV�RI�FDVH�QRWHV�IURP�-XQH������WR�-XQH������IRU�SDWLHQWV�SUHVHQWLQJ�DW�XQLYHUVLW\�KRVSLWDO�%LUPLQJKDP��$OO�DGXOW
PDMRU�WUDXPD�SDWLHQWV�ZKR�WULJJHUHG�777�ZHUH�LQFOXGHG�

�

5HVXOWV�

�

:H�KDG�D�WRWDO�����SDWLHQWV�RYHU�WKLV�SHULRG�WKDW�KDG�:%&7��7KH\�ZHUH�SUHGRPLQDQWO\�PDOH�������DQG�����ZHUH�IHPDOHV��7KH�PHDQ�DJH�ZDV���
\HDUV��7KH�PHDQ�,66�VFRUH�ZDV����DPRQJ�WKHVH�SDWLHQWV��7KH�FRPPRQHVW�FDXVH�ZDV�URDG�WUDIILF�DFFLGHQW�����IROORZHG�E\�IDOOV�����DQG�WKHQ
DVVDXOW�LQ����RI�WKH�FDVHV�

�

:H�KDG�����SDWLHQWV�ZKR�KDG�SRVLWLYH�:%&7�DV�PXOWLSOH�UHJLRQV�ZHUH�LQYROYHG��7KH�FRPPRQHVW�UHJLRQ�LQYROYHG�ZDV�WKRUD[�IROORZHG�E\�KHDG����
WKHQ�SHOYLV�����DQG�WKHQ�DEGRPHQ�LQ�����RI�WKH�SDWLHQWV��7KH�PHDQ�WLPH�WR�&7�ZDV����PLQXWHV�

�

&RQFOXVLRQ�

�

0DMRU�WUDXPD�SDWLHQWV�UHTXLUH�PRUH�WLPH�DQG�UHVRXUFHV�WR�PDQDJH�DV�WUDGLWLRQDOO\�WKH�ZKROH�WUDXPD�WHDP�UDWKHU�WKDQ���('�SK\VLFLDQ�UHFHLYHV�WKH
SDWLHQWV��$OO�WKHVH�SDWLHQWV�LQ�WKH�VWXG\�KDG�D�GLDJQRVLV�ZLWKLQ����PLQV�RI�WKHLU�DUULYDO�DQG�WKDW�OHDG�WR�HDUOLHU�WUHDWPHQW��%ORRGV��7KHDWHU��,5��DQG
ZLOO�LPSURYH�WKH�VXUYLYDO�RXW�FRPH�



:281'�&$5(���%851�&$5( /XLV�$UFDGLR�&RUWHV�3XHQWHV

��������$&,'�%$6(�(48,/,%5,80�$1$/<6,6�,1�3$7,(176�:,7+�$&87(�%8516�,1-85,(6��&$6(�6(5,(6

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/8,6�$5&$',2�&257(6�38(17(6������*(5$5'2�/,1$5(6�0(1'2=$������125%(572�1$9$55(7(������0$5,$�9,&725,$�1,(72����

���'HSDUWDPHQWR�(PHUJHQFLDV�)81'$&,{1�&$5',2,1)$71,/��,&�$1'�)81'$&,21�6$17$�)(�'(�%2*27$��)81'$&,{1�&$5',2,1)$17,/�,167,7872
'(�&$5',2/2*,$���,',0(&��ERJRWD�'�&��&2/20%,$
���'HSDUWDPHQWR�(PHUJHQFLDV��)81'$&,{1�&$5',2,1)$17,/�,167,7872�'(�&$5',2/2*,$���,',0(&��ERJRWD�'�&��&2/20%,$
���(PHUJHQF\�3K\VLFLDQ��+263,7$/�6,021�%2/,9$5��ERJRWD��&2/20%,$
���(PHUJHQF\�3K\VLFLDQ��)81'$&,21�6$17$�)(�'(�%2*27$��ERJRWD��&2/20%,$

.H\ZRUGV��7KHUPDO�%XUQ�,QMXULHV��$FLG�%DVH�(TXLOLEULXP��/DFWLF�$FLG��$QLRQ�JDS

$EVWUDFW��

,QWURGXFWLRQ��3DWLHQWV�ZLWK�DFXWH�WKHUPDO�LQMXULHV�KDYH�SK\VLRORJLFDO�GLVRUGHUV�WKDW�PDNH�GLIILFXOW�FKDUDFWHUL]LQJ�WKHLU�DFLG�EDVH�VWDWXV�DQG
LGHQWLI\LQJ�IDFWRUV�RI�SRRU�SURJQRVLV���6WXGLHV�ZLWK�QRQ�FRQFOXVLYH�UHVXOWV�KDYH�EHLQJ�GRQH�RQ�EDVH�GHILFLW��%'��DQG�D�VHUXP�ODFWDWH���'XH�WR�WKH
FRPSOH[LW\�RI�WKH�SDWKRSK\VLRORJLFDO�FKDUDFWHULVWLFV�WKDW�GHILQH�EXUQ�SDWLHQWV��WKH�SK\VLF�FKHPLFDO�DQDO\VLV�RI�WKH�DFLG�EDVH�VWDWXV�PD\
K\SRWKHWLFDOO\�SURYLGH�D�KLJKHU�DFFXUDF\�LQ�GHWHFWLQJ�PHWDEROLF�DQG�SHUIXVLRQ�GLVWXUEDQFHV�DV�ZHOO�DV�LQ�SUHGLFWLQJ�EDG�RXWFRPHV�WKDQ�WKH�RWKHU
PHWKRGV�

�

0HWKRGRORJ\��:H�SHUIRUPHG�WKH�DFLG�EDVH�DQDO\VLV�RI����SDWLHQWV�ROGHU�WKDQ����\HDUV�ROG��ZLWK�D�EXUQHG�ERG\�VXUIDFH�DUHD�JUHDWHU�WKDQ�����WKDW
ZHUH�DGPLWWHG�WR�D�EXUQ�LQWHQVLYH�FDUH�XQLW�ZLWKLQ����KRXUV�DIWHU�WKH�LQMXU\��7KH�DQDO\VLV�ZDV�SHUIRUPHG�E\�XVLQJ�WKUHH�PHWKRGV�����&RQYHQWLRQDO
PHWKRG�EDVHG�RQ�+HQGHUVRQ�+DVVHOEDOFKÇV�WKHRU\�����$QLRQ�*DS��$*��DQG�DOEXPLQ�FRUUHFWHG�$*��DQG����3K\VLF�FKHPLFDO�DSSURDFK�RI�6WHZDUWÇV
DFLG�EDVH�VWDWH�WKHRU\�

�

5HVXOWV��$IWHU�XVLQJ�WKH�+HQGHUVRQ�+DVHOEDFKÇV�PHWKRG����SDWLHQWV�KDG�PHWDEROLF�DFLGRVLV����SDWLHQWV�KDG�D�ORZ�%'����SDWLHQWV�KDG�PHGLXP�%'�
DQG���SDWLHQWV�KDG�VHYHUH�%'�HOHYDWLRQV��:KHQ�$*�DQDO\VLV�ZDV�SHUIRUPHG��RQO\���SDWLHQWV�VKRZHG�DQ�DEQRUPDO�$*��,Q�FRQWUDVW��LPSOHPHQWLQJ�WKH
DOEXPLQ�FRUUHFWHG�$*�LW�LQFUHDVHG�WKH�QXPEHU�RI�SDWLHQWV�ZLWK�DEQRUPDO�$*�WR����SDWLHQWV��6WURQJ�LRQ�GLIIHUHQFH�ZDV�DEQRUPDOO\�HOHYDWHG�LQ�DOO�WKH
SDWLHQWV�

�

&RQFOXVLRQV�$�KLJKHU�DJUHHPHQW�EHWZHHQ�DEQRUPDO�DFLG�EDVH�VWDWXVHV�ZDV�REVHUYHG�ZKHQ�XVLQJ�WKH�DOEXPLQ�FRUUHFWHG�$*�PHWKRG�DQG
3K\VLF�FKHPLFDO�DSSURDFK�RI�6WHZDUWÇV�DFLG�EDVH�VWDWH�WKHRU\��



75$80$ $EGR�6DWWRXW

��������%ORRG�SURGXFWV�ZDVWDJH�LQ�PDMRU�WUDXPDV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7RP�%DUNHU������$EGR�6DWWRXW������0LFKDHO�+LFNH\����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��$LQWUHH�8QLYHUVLW\�+RSVLWDO��/LYHUSRRO��8.

.H\ZRUGV��0DMRU�+DHPRUUKDJH�3URWRFRO��0DMRU�7UDXPD��%ORRG�3URGXFWV

$EVWUDFW��

,QWURGXFWLRQ

7KH�PDMRU�KDHPRUUKDJH�SURWRFRO��0+3��LV�IUHTXHQWO\�DFWLYDWHG�LQ�PDMRU�WUDXPD��07��FDVHV�DQG�FRQVHTXHQWO\�EORRG�SURGXFWV�ZDVWDJH�EHFRPHV
LQHYLWDEOH�

�

6LQFH�$LQWUHH�8QLYHUVLW\�+RVSLWDO�EHFDPH�D�0DMRU�7UDXPD�&HQWUH��07&��LQ�-XQH������WKHUH�KDYH�EHHQ�����0+3�DFWLYDWLRQV�IRU�WUDXPDV�DORQH�

&RGH�5HG��&5��DFWLYDWLRQV�ZHUH�LQWURGXFHG�DW�$LQWUHH�8QLYHUVLW\�+RVSLWDO�LQ�2FWREHU������ZKHUHE\�WKH�0+3�FRXOG�EH�DFWLYDWHG�SULRU�WR�SDWLHQW
DUULYDO�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('��LQ�DQWLFLSDWLRQ�RI�PDVVLYH�WUDQVIXVLRQ�UHTXLUHPHQWV�

1RW�DOO�EORRG�SURGXFWV�WKDW�DUH�RUGHUHG�DQG�LVVXHG�DUH�DSSURSULDWHO\�XVHG�RU�UHWXUQHG�WR�WKH�ODERUDWRU\��UHVXOWLQJ�LQ�DYRLGDEOH�ZDVWDJH�DQG�H[WUD
FRVWV��)URP�1RYHPEHU������WR�0DUFK�������DW�$LQWUHH�8QLYHUVLW\�+RVSLWDO��WKHUH�ZDV�d������ZRUWK�RI�ZDVWHG�EORRG�SURGXFWV�RQ�WUDXPD�FDVHV�

�

2EMHFWLYH

7R�UHYLHZ�WKH�ZDVWDJH�RI�EORRG�SURGXFWV�ZKHQ�WKH�0+3�LV�DFWLYDWHG�LQ�07�FDVHV�DQG�WR�VHH�LI�WKLV�KDV�FKDQJHG�IROORZLQJ�WKH�LQWURGXFWLRQ�RI�&5
DFWLYDWLRQV�LQ�2FWREHU������

�

0HWKRG

'DWD�IURP�0+3�DFWLYDWLRQV�DV�D�UHVXOW�RI�07�ZDV�FROOHFWHG�DQG�FROODWHG�

$���PRQWK�SHULRG�ZDV�FKRVHQ�DQG�GDWD�SULRU�WR�WKH�LQWURGXFWLRQ�RI�&5�DFWLYDWLRQV��-XQH�WR�$XJXVW�������ZDV�FRPSDUHG�ZLWK�GDWD�DIWHU�LWV
LQWURGXFWLRQ��-XQH�WR�$XJXVW�������DQG�DQDO\VHG�

�

5HVXOWV

7KHUH�ZHUH�D�WRWDO�RI����0+3�DFWLYDWLRQV�DV�D�UHVXOW�RI�07�IURP�-XQH�WR�$XJXVW������DQG�DOVR����DFWLYDWLRQV�IURP�-XQH�WR�$XJXVW������

7KHUH�ZHUH���XQLWV�5%&��2�QHJDWLYH������XQLWV�))3�DQG���XQLW�RI�SODWHOHWV�DFURVV���FDVHV�ZDVWHG�IURP�-XQH�WR�$XJXVW������FRPSDUHG�WR���XQLWV�5%&
�2�QHJDWLYH������XQLWV�))3�DQG���XQLW�&U\RSUHFLSLWDWH�DFURVV���FDVHV����ZHUH�&5�FDVHV��IURP�-XQH�WR�$XJXVW������

�

&RQFOXVLRQ

7KLV�DXGLW�GHPRQVWUDWHV�WKDW�EORRG�SURGXFWV�DUH�ZDVWHG�LQ�07�FDVHV�ZKHQ�WKH�0+3�LV�DFWLYDWHG��5HDVRQV�FRYHU�EORRG�SURGXFWV�WKDW�DUH�FROOHFWHG�
QRW�XVHG�DQG�WKHQ�UHWXUQHG�RXW�RI�WKHLU�FRQWUROOHG�WHPSHUDWXUH��!���PLQXWHV�SRVW�FROOHFWLRQ��WR�WKH�ODERUDWRU\�RU�EORRG�SURGXFWV�WKDW�DUH�RUGHUHG
DQG�LVVXHG�SRVW�0+3�DFWLYDWLRQ�EXW�WKHQ�QR�ORQJHU�QHHGHG�QRU�UHWXUQHG�WR�WKH�ODERUDWRU\�

,QWHUHVWLQJO\�WKH�ZDVWDJH�RI�EORRG�SURGXFWV�GLG�QRW�VLJQLILFDQWO\�FKDQJH�IROORZLQJ�WKH�LQWURGXFWLRQ�RI�&5�DFWLYDWLRQV�IRU�WKLV�FRKRUW�RI�GDWD�

7KLV�ZDVWDJH�RI�EORRG�SURGXFWV�FDQ�EH�SRWHQWLDOO\�DYRLGDEOH��7KLV�DXGLW�KLJKOLJKWV�WKH�QHHG�IRU�WKH�LQWURGXFWLRQ�DQG�UHLQIRUFHPHQW�RI�FOHDU�SURWRFROV
ZLWKLQ�WKH�('�IRU�HIIHFWLYH�EORRG�SURGXFW�PDQDJHPHQW�LQ�07�FDVHV�WR�UHGXFH�EORRG�SURGXFW�ZDVWDJH�DQG�DVVRFLDWHG�FRVWV�



0$1$*(0(17���('�25*$1,6$7,21 %LQR\�0LVWU\

��������$VVHVVLQJ�DFFXUDF\�DQG�LQWHU�UDWHU�UHOLDELOLW\�RI�WKH�HPHUJHQF\�VHYHULW\�LQGH[�LQ�WULDJH�LQ�WKH�DO�UDKED�HPHUJHQF\
GHSDUWPHQW��$�FURVV�VHFWLRQDO�REVHUYDWLRQDO�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%LQR\�0LVWU\������-HUHPLDK�+LQVRQ������.DPQD�%DOKDUD������6DUDK�6WHZDUW�GH�5DPLUH]������;DYLHU�$QWRQ������6FRWW�/HYLQ������-DPHV�6FKHXOHQ�����
0D\VRRQ�$EGHO�/DWLI�(
QRX]������,PDQ�<DVVLQ�2WKPDQ����

�����-RKQV�+RSNLQV�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��%DOWLPRUH��86$
�����$O�5DKED�+RVSLWDO��$EX�'KDEL��81,7('�$5$%�(0,5$7(6

.H\ZRUGV��WULDJH��HVL�

$EVWUDFW��

%DFNJURXQG��7KH�(PHUJHQF\�6HYHULW\�,QGH[��(6,��LV�D�ILYH�OHYHO�WULDJH�VFDOH�XVHG�E\�WKH�YDVW�PDMRULW\�RI�HPHUJHQF\�GHSDUWPHQWV��('��LQ�WKH
8QLWHG�6WDWHV��86��DQG�D�JURZLQJ�QXPEHU�RI�('V�JOREDOO\��7KH�VFDOH�ZDV�GHYHORSHG�DQG�YDOLGDWHG�ZLWKLQ�WKH�86��DQG�WKHUH�LV�OLWWOH�GDWD�WR�VXSSRUW�LWV
XVH�LQ�RWKHU�VHWWLQJV�ZKHUH�FOLQLFDO�WUDLQLQJ��UHVRXUFH�DYDLODELOLW\��DQG�FXOWXUDO�QRUPV�YDU\��(6,�UHOLHV�KHDYLO\�RQ�RSHUDWRU�H[SHULHQFH�DQG�LQWXLWLRQ�
DQG�DFFXUDWH�WULDJH�GHVLJQDWLRQ�LV�GHSHQGHQW�RQ�UDSLG�DVVHVVPHQW�RI�LOOQHVV�VHYHULW\�DQG�DFFXUDWH�SUHGLFWLRQ�RI�FOLQLFLDQ�WUHDWPHQW�GHFLVLRQV�
5HSRUWV�RI�(6,�SHUIRUPDQFH�LQ�FRXQWULHV�ZKHUH�HPHUJHQF\�PHGLFLQH��(0��LV�D�UHODWLYHO\�\RXQJ�VSHFLDOW\�VXJJHVW�VXE�RSWLPDO�SHUIRUPDQFH�RI�(6,�LQ
WKHVH�VHWWLQJV�

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�WULDJH�DFFXUDF\��YDULDELOLW\��DQG�VHOI�SHUFHSWLRQ�DPRQJ�IRUPDOO\�WUDLQHG�QXUVHV�SHUIRUPLQJ�(6,�WULDJH�DW
$O�5DKED�+RVSLWDO��$5+��LQ�$EX�'KDEL��8QLWHG�$UDE�(PLUDWHV��:H�K\SRWKHVL]HG�WKDW�(6,�XVHU�SHUIRUPDQFH�ZRXOG�EH�ORZHU�WKDQ�KDV�EHHQ�SUHYLRXVO\
UHSRUWHG�LQ�WKH�86��DQG�WKHUH�ZRXOG�EH�JUHDWHU�YDULDELOLW\�LQ�WULDJH�GHFLVLRQV���

0HWKRGV��:H�XWLOL]HG�WZHQW\�ILYH�VWDQGDUGL]HG�WULDJH�FDVHV�IURP�WKH�(6,�+DQGERRN�WR�HYDOXDWH�DFFXUDF\�DQG�LQWHU�UDWHU�UHOLDELOLW\�LQ�(6,�VFRUH
DVVLJQPHQW�LQ�D�FURVV�VHFWLRQDO�FRKRUW�RI�(6,�WUDLQHG�('�QXUVHV�DW�$O�5DKED�+RVSLWDO�LQ�$EX�'KDEL��7KH�JROG�VWDQGDUG�RI�DFFXUDF\�ZDV�WKH�(6,
KDQGERRN�DQVZHU�NH\�

7KH�VXUYH\�GDWD�ZDV�DQDO\]HG�ZLWK�.ULSSHQGRUIIÇV�DOSKD�WR�DVVHVV�IRU�LQWHU�UDWHU�UHOLDELOLW\��$FFXUDF\�ZDV�FDOFXODWHG�IRU�HDFK�TXHVWLRQ�DQG�EURNHQ
GRZQ�EDVHG�RQ�(6,�WULDJH�OHYHO�DQG�VFHQDULR�W\SH��PHGLFDO��WUDXPD��RU�SHGLDWULF�FDVH���:H�DOVR�GHWHUPLQHG�SHUFHQW�ÈXQGHU�WULDJHÉ�DQG�ÈRYHU�WULDJHÉ
RYHUDOO�DQG�IRU�HDFK�FDVH��DQG�DVVHVVHG�VHOI�SHUFHSWLRQ�RI�WULDJH�OHYHO�DVVLJQPHQW�DFFXUDF\�DPRQJ�QXUVHV�

�5HVXOWV��7KLUW\�ILYH�('�QXUVHV�IURP�$5+�SDUWLFLSDWHG�LQ�WKH�VWXG\��2YHUDOO�DFFXUDF\�LQ�WULDJH�VFDOH�DVVLJQPHQW�ZDV��������ZLWK�������RI�FDVHV
XQGHU�WULDJHG�DQG�������RYHU�WULDJHG���5DQJH�RI�DFFXUDF\�E\�LQGLYLGXDO�VFHQDULR�ZDV������WR�������7KH�ORZHVW�DFFXUDF\�ZDV�REVHUYHG�IRU�SHGLDWULF
FDVHV��ZLWK�������RI�DOO�VFHQDULRV�VFRUHG�FRUUHFWO\��UDQJH�E\�LQGLYLGXDO�VFHQDULR�������WR���������$FFXUDF\�ZDV�VOLJKWO\�KLJKHU�IRU�DGXOW�WUDXPD
�������RYHUDOO�DFFXUDF\��UDQJH�����WR��������DQG�DGXOW�PHGLFDO�FDVHV��RYHUDOO�DFFXUDF\��������UDQJH�������WR��������2YHUDOO�LQWHU�UDWHU
UHOLDELOLW\�ZDV�PRGHUDWH��.ULSSHQGRUIIÇV�DOSKD� ��������DQG�VHOI�SHUFHLYHG�DFFXUDF\�DPRQJ�QXUVHV�ZDV�HLWKHU�ÈPRGHUDWHO\�FRQILGHQWÉ�������RU�ÈYHU\
FRQILGHQWÉ�������

'LVFXVVLRQ��:H�REVHUYHG�ORZ�DFFXUDF\�LQ�(6,�VFRUH�DVVLJQPHQW�DQG�VLJQLILFDQW�FDVH�WR�FDVH�YDULDELOLW\�IRU�WKHVH�VWDQGDUGL]HG�FDVHV��\HW�QXUVLQJ
VHOI�SHUFHSWLRQ�RI�SHUIRUPDQFH�ZDV�KLJK��1XUVHV�VFRULQJ�WKHVH�FDVHV�KDG���RU�PRUH�\HDUV�RI�H[SHULHQFH��ZHUH�IRUPDOO\�WUDLQHG�LQ�(6,��DQG�XQGHUJR
UHJXODU�WULDJH�SHUIRUPDQFH�DVVHVVPHQWV��:KLOH�PRUH�ZRUN�LV�UHTXLUHG�WR�GHWHUPLQH�FDXVDOLW\��ZH�EHOLHYH�WKDW�SUDFWLFH�HQYLURQPHQW�KDV�D�VLJQLILFDQW
LPSDFW�RQ�(6,�XVHU�SHUIRUPDQFH��DQG�WKDW�WKLV�WULDJH�VFDOH��ZKLFK�UHOLHV�KHDYLO\�RQ�SURYLGHU�H[SHULHQFH��LQWXLWLRQ�DQG�SUHGLFWLYH�FDSDFLW\�IRU
WUHDWPHQW�GHFLVLRQV��PD\�QRW�EH�VXLWHG�WR�DOO�SUDFWLFH�HQYLURQPHQWV���)XWXUH�GLUHFWLRQV�LQFOXGH�VHPL�VWUXFWXUHG�LQWHUYLHZV�ZLWK�QXUVHV�WR�DVVHVV�IRU
EDUULHUV�WR�XVLQJ�(6,�LQ�UHDO�WLPH�DQG�UHSHDWLQJ�WKLV�VWXG\�DW�RWKHU�VLWHV�JOREDOO\��



75$80$ $EGR�6DWWRXW

��������)LEULQRJHQ�XVH�LQ�WUDXPD�SDWLHQWV�WR�FRQWURO�PDMRU�KDHPRUUKDJH��D�OLWHUDWXUH�UHYLHZ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7RP�%DUNHU������$EGR�6DWWRXW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��$LQWUHH�8QLYHUVLW\�+RSVLWDO��/LYHUSRRO��8.

.H\ZRUGV��)LEULQRJHQ��0DMRU�+DHPRUUKDJH��0DMRU�7UDXPD

$EVWUDFW��

,QWURGXFWLRQ

$�EDODQFHG�WUDQVIXVLRQ�RI�UHG�EORRG�FHOOV��IUHVK�IUR]HQ�SODVPD��))3��DQG�SODWHOHWV�DUH�UHFRPPHQGHG�IRU�PDVVLYHO\�EOHHGLQJ�WUDXPD�SDWLHQWV��7KH
�����XSGDWHG�(XURSHDQ�JXLGHOLQH�IRU�WKH�PDQDJHPHQW�RI�EOHHGLQJ�DQG�FRDJXORSDWK\�IROORZLQJ�PDMRU�WUDXPD�DOVR�UHFRPPHQGV�WKH�WUHDWPHQW�ZLWK
ILEULQRJHQ�FRQFHQWUDWH��)&��RU�FU\RSUHFLSLWDWH�LQ�WKH�FRQWLQXLQJ�PDQDJHPHQW�RI�WKH�SDWLHQW�LI�VLJQLILFDQW�EOHHGLQJ�LV�DFFRPSDQLHG�E\
WKURPERHODVWRPHWULF�VLJQV�RI�D�IXQFWLRQDO�ILEULQRJHQ�GHILFLW�RU�D�UHGXFHG�SODVPD�ILEULQRJHQ�OHYHO��7KH�HYLGHQFH�VXSSRUWLQJ�WKLV�SUDFWLFH�LV�OLPLWHG
DQG�ODUJHO\�GHULYHG�IURP�HOHFWLYH�VXUJHU\�DQG�SRVWSDUWXP�KDHPRUUKDJH�

�

6HDUFK�DQG�5HVXOWV

'RHV�DQ\�HYLGHQFH�VXSSRUW�WKH�XVH�RI�ILEULQRJHQ�LQ�WUDXPD�SDWLHQWV�WR�FRQWURO�PDMRU�KDHPRUUKDJH"

$�OLWHUDWXUH�VHDUFK�RI�PXOWLSOH�GDWDEDVHV�ZDV�FRQGXFWHG�YLD�1+6�(YLGHQFH�DQG�RQO\���SDSHUV�DQVZHUHG�RXU�TXHU\��7KHVH�SDSHUV�ZHUH�EDVHG�RQ
VPDOO�VWXGLHV����UHWURVSHFWLYH�DQG���SURVSHFWLYH��ZKLFK�VKRZHG�WKHUDS\�ZLWK�)&�FDQ�GHFUHDVH�WKH�H[SRVXUH�WR�DOORJHQLF�EORRG�SURGXFWV�WUDQVIXVLRQV
DV�ZHOO�DV�PRUELGLW\�

�

�

'LVFXVVLRQ

&XUUHQW�OLWHUDWXUH�GHPRQVWUDWHV�WKDW�XQFRQWUROOHG�EOHHGLQJ�DQG�FRDJXORSDWK\�DUH�WKH�PDLQ�SUHYHQWDEOH�FDXVHV�RI�GHDWK�LQ�WUDXPD�SDWLHQWV�
$OWKRXJK�FXUUHQW�XVH�RI�SODWHOHWV�DQG�))3�GRHV�SURGXFH�IDYRXUDEOH�RXWFRPHV�WKH\�GR�KDYH�WKHLU�OLPLWDWLRQV��)LEULQRJHQ�KDV�EHHQ�LGHQWLILHG�DV�WKH
PRVW�YXOQHUDEOH�FRDJXODWLRQ�SURWHLQ��EHLQJ�WKH�ILUVW�WR�UHDFK�FULWLFDOO\�ORZ�OHYHOV�DQG�LV�UHTXLUHG�IRU�ERWK�SODWHOHW�DJJUHJDWLRQ�DQG�ILEULQ�IRUPDWLRQ�
/RZ�SODVPD�ILEULQRJHQ�FRQFHQWUDWLRQ�LV�FRPPRQ�DPRQJVW�PDMRU�WUDXPD�SDWLHQWV�DQG�LV�DVVRFLDWHG�ZLWK�SRRU�FOLQLFDO�RXWFRPHV��VXJJHVWLQJ
UHSODFHPHQW�PD\�DVVLVW�HDUO\�KDHPRUUKDJH�FRQWURO��)LEULQRJHQ�VXSSOHPHQWDWLRQ�PD\�DOVR�FRPSHQVDWH�IRU�GLOXWLRQDO�FRDJXORSDWK\�RU�LPSDLUHG
KDHPRVWDVLV�GXH�WR�WKURPERF\WRSHQLD�

6HYHUDO�VRXUFHV�RI�ILEULQRJHQ�DUH�DYDLODEOH��KRZHYHU��)&�LV�QRW�URXWLQHO\�XVHG�LQ�FXUUHQW�WUDXPD�VHWWLQJV��)&�FRQWDLQV�D�ZHOO�GHILQHG�FRQFHQWUDWLRQ�RI
ILEULQRJHQ��KDV�D�JRRG�VDIHW\�SURILOH�DQG�LV�LPPHGLDWHO\�DYDLODEOH�IRU�XVH��+RZHYHU��WKHUH�DUH�QR�DGHTXDWHO\�SRZHUHG��ZHOO�GHVLJQHG��SURVSHFWLYH�
UDQGRPL]HG�FRQWUROOHG�WULDOV�\HW�DYDLODEOH�WR�VKRZ�WKH�ULVN�EHQHILW�DQDO\VLV�RI�XVLQJ�)&�LQ�WKH�PDQDJHPHQW�RI�WKH�EOHHGLQJ�WUDXPD�SDWLHQW��DQG�VXFK
VWXGLHV�DUH�XUJHQWO\�QHHGHG�

7KH�)LEULQRJHQ�LQ�7UDXPD�,QGXFHG�&RDJXORSDWK\��)OLQ7,&��VWXG\�LV�WKH�ILUVW�GRXEOH�EOLQG��SODFHER�FRQWUROOHG��PXOWLFHQWUH��UDQGRPL]HG�FOLQLFDO�WULDO�WR
DVVHVV�WKH�HIIHFW�RI�HDUO\�WUHDWPHQW�ZLWK�)&�LQ�WUDXPD�SDWLHQWV�DQG�UHFUXLWPHQW�LV�GXH�WR�ILQLVK�LQ������

�

&RQFOXVLRQ

5HWURVSHFWLYH�UHVHDUFK�VXJJHVWV�WKDW�)&�PD\�LPSURYH�KDHPRVWDVLV�LQ�WKH�WUDXPD�SDWLHQW�DQG�FRXOG�SRWHQWLDOO\�UHGXFH�RU�HYHQ�UHSODFH�WKH�QHHG�IRU
EORRG�SURGXFWV��+RZHYHU��DW�SUHVHQW��WKHUH�DUH�QR�UDQGRPL]HG�FRQWURO�WULDOV�DQDO\VLQJ�LWV�XVH�LQ�WUDXPD�SDWLHQWV�



0,6&(//$1(286 +HWDO�3DWHO

��������'LYHUWLFXOLWLV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��$Q�$QDO\VLV�RI����(PHUJHQF\�'HSDUWPHQWV�RYHU���\HDUV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+HWDO�3DWHO������'DYLG�6DOR������7D\ORU�6PLWK����

���(PHUJHQF\�'HSDUWPHQW��0RUULVWRZQ�0HGLFDO�&HQWHU��0RUULVWRZQ��86$

.H\ZRUGV��'LYHUWLFXOLWLV��DGPLVVLRQ��UHWURVSHFWLYH

$EVWUDFW��

,QWURGXFWLRQ��'LYHUWLFXOLWLV�LV�D�FRPPRQ�GLVHDVH�HQFRXQWHUHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�SUHVHQWLQJ�ZLWK�D�VSHFWUXP�RI�LOOQHVV�UDQJLQJ�IURP
DFXWH�YV�FKURQLF��XQFRPSOLFDWHG�YV�FRPSOLFDWHG���7KH�GHFLVLRQ�WR�DGPLW�GLYHUWLFXOLWLV�KDV�ERWK�VXEMHFWLYH�DQG�REMHFWLYH�FRPSRQHQWV���:H�VHW�RXW�WR
GHWHUPLQH�WKH�DGPLVVLRQ�UDWHV�IRU�SDWLHQWV�ZLWK�GLYHUWLFXOLWLV�DQG�WKH����GD\�('�UHWXUQ�UDWH���:H�SUHGLFW�WKDW�WKH�UDWHV�RI�DGPLVVLRQ�ZLOO�FRUUHODWH
ZLWK�WKH�DJH�RI�WKH�SDWLHQW�

6WXG\�2EMHFWLYH��7R�GHWHUPLQH�WKH�DGPLVVLRQ�UDWHV�IRU�SDWLHQWV�ZLWK�GLYHUWLFXOLWLV�DQG�WKH����GD\�('�UHWXUQ�UDWH���0HWKRGV���'HVLJQ��$
PXOWL�FHQWHU�UHWURVSHFWLYH�FRKRUW�VWXG\��6HWWLQJ�����XUEDQ��VXEXUEDQ��DQG�UXUDO�HPHUJHQF\�GHSDUWPHQWV��('��LQ�WKH�5KRGH�,VODQG�1HZ�<RUN�1HZ
-HUVH\�DUHD��3DUWLFLSDQWV��&RQVHFXWLYH�SDWLHQWV�ZLWK�WKH�ILQDO�SULPDU\�RU�VHFRQGDU\�,&'��RU�,&'���GLDJQRVLV�RI�GLYHUWLFXOLWLV�IURP�-DQXDU\���������WR
'HFHPEHU������������:H�ÈD�SULRULÉ�GHFLGHG�WR�ORRN�DW�UHSHDW�YLVLWV��ZKLFK�ZHUH�GHILQHG�DV�XQSODQQHG�('�HQFRXQWHU�IRU�GLYHUWLFXOLWLV�XS�WR����GD\V��
6WDWLVWLFV��&KL�VTXDUH�DQG�0DQQ�:KLWQH\�IRU�DQDO\VLV�ZLWK�D�VLJQLILFDQW�3�YDOXH����������5HVXOWV����$�WRWDO�RI�����������SDWLHQWV�ZHUH�VHHQ�GXULQJ
WKH�VWXG\�SHULRG���$�WRWDO�RI��������SDWLHQW�YLVLWV�ZHUH�LGHQWLILHG�RI�ZKLFK�������ZHUH�H[FOXGHG�IRU�GLDJQRVLV�RI�GLYHUWLFXORVLV�DQG�PLVVLQJ
GLVSRVLWLRQ�OHDYLQJ��������SDWLHQW�YLVLWV���2I�WKRVH����������������XQLTXH�SDWLHQWV�ZHUH�GLDJQRVHG�ZLWK�GLYHUWLFXOLWLV��2YHUDOO�PHGLDQ�DJH�ZDV
�����\UV��,45�����������\UV����)HPDOH�JHQGHU�FRPSULVHG������1 �������RI�SDWLHQWV�������1 ������ZHUH�DGPLWWHG���7KH�QXPEHU�RI�SDWLHQWV�IRU
WRWDO�QXPEHU�RI�YLVLWV�ZHUH����������LQLWLDO�YLVLW�RQO\����������YLVLWV���������YLVLWV���������YLVLWV���DQG������YLVLWV��LQ����GD\V���7KH�DJH�RI�WKH
SDWLHQW�ZDV�IRXQG�WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�DGPLVVLRQ�������\UV�����F,������������YV�GLVFKDUJH�������\UV�����F,������������S��������
:H�IRXQG�WKHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�RGGV�RI�EHLQJ�DGPLWWHG�RQ�WKH�ILUVW�YLVLW�YHUVXV�IRU�SDWLHQWV�WKDW�KDYH�UHSHDW�YLVLWV��
25����������F,����������S���������7KHUH�ZDV�DOVR�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�RI�JHQGHU�DGPLVVLRQV��ZLWK�ZRPHQ�KDYLQJ�KLJKHU�UDWHV��
25���������F,����������S��������&RQFOXVLRQ���'LYHUWLFXOLWLV�LV�D�FRPPRQ�HPHUJHQF\�GHSDUWPHQW�GLDJQRVLV�ZLWK�D�KLJK�DGPLVVLRQ�UDWHV���3DWLHQWV
PRUH�OLNHO\�WR�EH�DGPLWWHG�DUH�ROGHU��DQG�PRVW�SDWLHQWV�WKDW�QHHG�WR�EH�DGPLWWHG�DUH�DGPLWWHG�RQ�WKHLU�ILUVW�YLVLW���'LYHUWLFXOLWLV�DSSHDUV�WR�EH�PRUH
SUHYDOHQW�LQ�ZRPHQ��ZKR�DOVR�KDYH�D�KLJKHU�DGPLVVLRQ�UDWHV�
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��������6SLQDO�FRUG�FRPSUHVVVLRQ�IURP�D�VSRQWDQHXV�KHPDWRPD��D�GLDJQRVLV�FKDOOHQJH�LQ�HPHUJHQF\�URRP�SDWLHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

uOYDUR�0DUW�Q�3�UH]������&RQFHSFLRQ�'H�9HUD�*XLOO�Q������-XDQ�0DU�D�)HUQDQGH]�1X�H]������5RVDULR�3HLQDGR�&OHPHQV������0LJXHO�$QJHO�5XL]�6DQ]����

���6HUYLFLR�GH�8UJHQFLDV�GHO�+RVSLWDO�&LXGDG�GH�&RULD��6HUYLFLR�([WUHPH�R�GH�6DOXG��%DGDMR]��63$,1
���6HUYLFLR�GH�8UJHQFLDV�GHO�+RVSLWDO�,QIDQWD�&ULVWLQD��%DGDMR]��6HUYLFLR�([WUHPH�R�GH�6DOXG��%DGDMR]��63$,1
���6HUYLFLR�GH�8UJHQFLDV�GHO�+RVSLWDO�3HUSHWXR�6RFRUUR��%DGDMR]��6HUYLFLR�([WUHPH�R�GH�6DOXG��%DGDMR]��63$,1

.H\ZRUGV��6SLQDO�FRUG�FRPSUHVVVLRQ��VSRQWDQHXV�KHPDWRPD��QHXURORJLFDO�V\PSWRPV

$EVWUDFW��

63,1$/�&25'�&2035(66,21�)520�$�63217$1(86�+(0$720$�

$�',$*126,6�&+$//(1*(�,1�(0(5*(1&<�5220�3$7,(176

6SLQDO�FRUG�FRPSUHVVLRQ�IURP�D�KHPDWRPD�LV�D�UDUH�FOLQLFDO�HQWLW\�ZKLFK�FDXVHV�D�TXLFN�DQG�VHYHUH�QHXURORJLFDO�GDPDJH�WKDW�WXUQV�LUUHYHUVLEOH
ZLWKRXW�DQ�HDUO\�GLDJQRVLV�DQG�VXUJLFDO�WUHDWPHQW�

,W�LV�SUHVHQWHG�XVXDOO\�DV�VXGGHQ�DFXWH�SDLQ�IROORZHG�E\�QHXURORJLFDO�V\PSWRQV�GXH�WR�VSLQDO�FRUG�FRPSUHVVLRQ��7KH�PRVW�LPSRUWDQW�SURJQRVWLF
IDFWRUV�DUH�WKH�GHJUHH�RI�QHXURORJLFDO�DIHFWDWLRQ�DV�ZHOO�DV�WKH�WLPH�LQWHUYDO�EHWZHHQ�WKH�GLDJQRVLV�DQG�WKH�VXUJLFDO�GUDLQDJH��DQG�KHUH�OLHV�WKH�WUXH
LPSRUWDQFH�RI�UROH�RI�WKH�(PHUJHQF\�5RRPV�

:H�SUHVHQW���FDVHV�VHULH�DWWHQGHG�LQ�WKH�(PHUJHQF\�5RRP�GXULQJ�ODVW���\HDUV�ZLFK�SUHVHQW�DFXWH�SDLQ�DVVRFLDWHG�WR�QHXURORJLFDO�V\PSWRPV�ZLWK�D
FRQILUPHG�GLDJQRVLV�RI�VSLQDO�FRUG�KHPDWRPD�

$OO���FDVHV�ZHUH�VSRQWDQHXV�KHPDWRPDV�DQG�QR�FRPPRQ�ULVN�IDFWRUV�ZHUH�LGHQWLILHG�

,W�LQYROYHV�PDOHV�DQG�IHPDOHV�HTXDOO\�ZHLJKWHG��������$Q�DYHUDJH�DJH�RI������\HDUV��EHLQJ�WKH�\RXQJHU�SDWLHQW����\HDUV�ROG�DQG����WKH�ROGHU�
([WUDGXUDO�KHPDWRPD�ZDV�IRXQG�LQ���FDVHV�DQG�HSLGXUDO�LQ�WKH�RWKHU���2QO\���SDWLHQWV�ZHUH�XQGHU�DQWLFRDJXODQW�WKHUDS\�

7KH�PDLQ�V\PSWRP�ZDV�DFXWH�VSLQDO�SDLQ�IROORZHG�E\�QHXURORJLFDO�SURJUHVLYH�DIIHFWDWLRQ��7KLV�QHXURORJLFDO�LQYROPHQW�YDULHV�GHSHQGLQJ�RQ�WKH
DIIHFWHG�VSLQDO�DUHD�DQG�KHPDWRPD�PDJQLWXG�

&HUYLFDO�VSLQH�KHPDWRPDV�ZHUH�IRXQGHG�LQ���FDVHV�ZLWK�XSSHU�OLPEV�QHXURORJLFDO�V\PSWRPV�

/RZHU�OLPEV�QHXURORJLFDO�V\PSWRPDWRORJ\�ZDV�SUHVHQWHG�LQ���FDVHV����UHODWHG�ZLWK�GRUVDO�VSLQH�KHPDWRPD�DQG���ZLWK�OXPEDU�DIIHFWDWLRQ�

7KH�VXUJLFDO�VXFFHVVIXOO\�GUDLQDJH�ZDV�PDGH�LQ�IRXU�SDWLHQWV�DQG�WKH�RWKHU�WZR�GHYHORSHG�IDYRXUDEO\�ZLWK�QRQVXUJLFDO�WUHDWPHQW�SURYLGHG��$IWHU��
PRQWKV����RXW�RI���SDWLHQWV�DFKLHYHG�IXOO\�UHFRYHU��,Q�DOO���SDWLHQWV��VR�IDU��WKH\�DUH�IUHH�IURP�UHFXUHQFHV�

6SRQWDQHXV�KHPDWRPD�SKLVLRSDWKRORJ\�LV�D�FRQWURYHUV\�DQG�SURGXFWLRQ�PHFKDQLVP�DUH�XQNQRZQ��7KH�VSLQDO�FRUG�FRPSUHVVLRQ�IURP�VSRQWDQHXV
KHPDWRPD�DUH�XQFRPPRQ�DQG�SUHVHQWHG�LQ�D�ZLGH�UDQJH�RI�SRVVLELOLWLHV�GHSHQGLQJ�RQ�WKHLU�ORFDWLRQ�DQG�ZLWK�WKH�DFXWH�VSLQDO�SDLQ�DV�DQ
RYHUDUFKLQJ�FKDUDFWHULVWLF�IRU�DOO��1HXURORJLFDO�V\PSWRPV�WKDW�GHULYH�IURP�FRPSUHVVLRQ�FDQ�DSSHDU�RYHU�WLPH�

0HGLFDO�GLDJQRVLV�VNLOOV��DERYH�DOO�LQ�(PHUJHQF\�5RRP��FDQ�EH�FUXFLDOV�LQ�LGHQWLI\LQJ�WKLV�FOLQLFDO�HQWLW\�LQ�RUGHU�WR�LPPHGLDWO\�SURYLGH�DQG�QRW�GHOD\
D�VXUJLFDO�WUHDWPHQW�
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��������7KH�WLS�RI�WKH�LFHEHUJ��1HXWURSHQLF�(QWHURFROLWLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

uOYDUR�0DUW�Q�3�UH]������&RQFHSFLRQ�'H�9HUD�*XLOO�Q����

���6HUYLFLR�GH�8UJHQFLDV�GHO�+RVSLWDO�&LXGDG�GH�&RULD��6HUYLFLR�([WUHPH�R�GH�6DOXG��%DGDMR]��63$,1
���6HUYLFLR�GH�8UJHQFLDV�GHO�+RVSLWDO�,QIDQWD�&ULVWLQD��%DGDMR]��6HUYLFLR�([WUHPH�R�GH�6DOXG��%DGDMR]��63$,1

.H\ZRUGV��1HXWURSHQLF�(QWHURFROLWLV��FKHPRWKHUDS\�FRPSOLFDWLRQ

$EVWUDFW��

1HXWURSHQLF�(QWHURFROLWLV��1(&��LV�D�SDWKRORJLFDO�HQWLW\�ZKLFK�SUHYDOHQFH�LV�DURXQG��������DVRFFLDWHG�ZLWK�KDHPDWRORJLFDO�PDOLJQDQF\��RIWHQO\�DV�D
FRPSOLFDWLRQ�RI�FKHPRWKHUDS\��*LYHQ�WKH�IUHTXHQW�XQGHUGLDJQRVLV�RI�WKLV�OLIH�WKUHDWHQLQJ�SURFHVV��LW�UHTXLUHV�D�WHDP�HIIRUW�WR�UHDFK�DQ�HDUO\�DQG
DFFXUDWH�GLDJQRVLV�LQ�WKH�(PHUJHQF\�+RVSLWDODU\�5RRP��(+5���1(&�UHSUHVHQWV�DQ�LPSRUWDQW�FOLQLFDO�FKDOOHQJH�LQ�RUGHU�WR�LPSURYH�KHDOWKFDUH�TXDOLW\
LQ�WKHVH�SDWLHQWV��:H�SUHVHQW�D�1(&�FRQILUPHG�FDVH�UHSRUW�RQ�D�SDWLHQW�ZLWK�QRW�NQRZQ�KDHPDWRORJLFDO�GLVHDVH�QRU�DFWLYH�FKHPRWKHUDS\�DV�HDUO\
SUHVHQWDWLRQ�RI�DQ�XQGLDJQRVHG�KDHPDWRORJLFDO�PDOLJQDQF\�SURFHVV�

$����\HDUV�ROG�PDOH�ZLWK�DRUWLF�YDOYH�UHSODFHPHQW�GXH�WR�UKHXPDWLF�GLVHDVH�DV�XQLTXH�DQWHFHGHQW�DWWHQGLQJ�LQ�WKH�(+5�ZLWK�����q&�IHYHU�
DEGRPLQDO�SDLQ�ORFDOL]HG�LQ�WKH�ULJKW�LOLDF�IRVVD�DQG�KLSRJDVWULXP�DQG�ORRVH�VWRROV�ZLWK�QR�SDWKRO\FDO�SURGXFWV�RI����KRXUV�RI�HYROXWLRQ��1R�RWKHU
V\PSWRPV��H[FHSW�DVWKHQLD�7KH�SK\FLFDO�H[DPLQDWLRQ�VKRZHG�SHULWRQHDO�LUULWDWLRQ�DQG�LQWHQVH�VKDUS�SDLQ�XSRQ�KLSRJDVWULXP�VXSHUILFLDO�SDOSDWLRQ
DQG�WKH�UHVW�ZDV�UHJXODU��5HTXHVWHG�FRPSOHWH�DQDO\WLFDO�GHWHUPLQDWLRQ�ZDV�PDGH��,Q�FRPSOHWH�EORRG�FRXQW��SDQF\WRSHQLD�ZLWK�VHYHUH�QHXWURSHQLD
ZLWK�FHOO�SRSXODWLRQV�VXJJHVWLQJ�KDHPDWRORJLFDO�PDOLJQDQF\�SURFHVV��+DHPRJORELQ�����PJ�GO��KHPDWRFULW���������������SODWHOHWV��$W�WKLV�WLPH�
RWKHU�GLDJQRVLV�FRXOG�QRW�EHHQ�H[FOXGHG�LQLWLDOO\��DV�DFXWH�DSSHQGLFLWLV�RU�HYHQ�SVHXGRPHPEUDQRXV�GLDUUKHD��:LWK�WKHVH�UHVXOWV��DQ�(PHUJHQF\
&RPSXWHUL]HG�$[LDO�7RPRJURJUDSK\�ZDV�PDGH�DQG�D����PLOLPHWHUV�FRQFHQWULF�RHGHPDWRXV�ZDOO�WKLFNHQLQJ�DIIHFWLQJ�FHFXP�DQG�DVFHQGHQW�FRORQ
ZDV�IRXQG��LQFOXGLQJ�DGMDFHQW�IDW�DIIHFWDWLRQ�DQG�DOVR�D�WUDQVYHUVH�FRORQ�WUDEHFXODWLRQ��PHVHQWHULF�DGHQRSDWKLHV�DQG�QRUPDO�DSSHQGL[��%DVHG�RQ
WKHVH�FOLQLFDO�DQG�UDGLRORJLFDO�ILQGLQJV��WKH�FODVVLF�*RUFKOXWHU�WULDG��IHYHU��DEGRPLQDO�SDLQ�DQG�LQWHVWLQDO�ZDOO�WKLFNHQLQJ�ELJJHU�WKDQ���PLOLPHWHUV�
VXJJHVWHG�1(&�GLDJQRVLV��7KH�SDWLHQW�HQWHUHG�WR�,QWHQVLYH�&DUH�8QLW�LQ�RUGHU�WR�DYRLG�FRPSOLFDWLRQV�DQG�LW�UXQ�VXFFHVVIXOO\�ZLWK�FRQVHUYDWLYH
PDQDJHPHQW�7KH�1(&�LV�D�FOLQLFDO�V\QGURP�DVVRFLDWHG�ZLWK�KDHPDWRORJLFDO�PDOLJQDQF\�SURFHVV��VSHFLDOO\�LQ�WKRVH�ZLWK�DFWLYH�FKHPRWKHUDS\
WUHDWPHQW��EXW�QRW�LQ�WKLV�FDVHV��,W
V�WKH�UHVXOW�RI�DQ�DOWHUDWLRQ�RI�FRORQLF�PXFRXV�DQG�HQGRWR[LQ�SURGXFHU�EDFWHULDO�JURZWK��7KH�HDUO\�UHFRJQLWLRQ�RI
WKLV�V\QGURPH�VXSRVHG�D�FKDOOHQJH�EHFDXVH�WKH�DWLSLFDO�SUHVHQWDWLRQ



',6($6(�	�,1-85<�35(9(17,21 6KDURQ��6L�0LQ�*RK

��������'DQJHU�LQ�WKH�VKRSSLQJ�PDOOV�v�(VFDODWRU�UHODWHG�LQMXULHV�LQ�FKLOGUHQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6KDURQ��6L�0LQ�*RK������6KDURQ��6L�0LQ�*RK������$ULI�7\HEDOO\������6KX�/LQJ�&KRQJ����

�������..+�:RPHQ
V�DQG�&KLOGUHQ
V�+RVSLWDO��6LQJDSRUH��6,1*$325(
���&KLOGUHQ
V�(PHUJHQF\��..+�:RPHQ
V�DQG�&KLOGUHQ
V�+RVSLWDO��6LQJDSRUH��6,1*$325(

.H\ZRUGV��(VFDODWRU��(VFDODWRU�UHODWHG��,QMXULHV��&KLOGUHQ��3DHGLDWULFV

$EVWUDFW��

,QWURGXFWLRQ

(VFDODWRU�UHODWHG�LQMXULHV�DUH�D�VLJQLILFDQW�FDXVH�RI�PRUELGLW\�LQ�KLJKO\�XUEDQL]HG�6LQJDSRUH��7KLV�VWXG\�DLPV�WR�GHVFULEH�WKH�W\SHV�RI
HVFDODWRU�UHODWHG�LQMXULHV�VXVWDLQHG�LQ�FKLOGUHQ�DQG�WKH�FLUFXPVWDQFHV�XQGHU�ZKLFK�WKH\�RFFXU�VR�WKDW�SUHYHQWLYH�PHDVXUHV�FDQ�EH�SXW�LQ�SODFH

�

�

�

�

�

0HWKRGV

7KLV�LV�D�UHWURVSHFWLYH�VWXG\��7KH�..+�LQMXU\�VXUYHLOODQFH�GDWDEDVH�ZDV�UHYLHZHG�IURP�-DQXDU\������WR�0D\������IRU�DOO�SDWLHQWV�ZKR�SUHVHQWHG�WR
WKH�(PHUJHQF\�'HSDUWPHQW�ZLWK�DQ�HVFDODWRU�UHODWHG�LQMXU\��'DWD�RQ�SDWLHQW�GHPRJUDSKLFV��PHFKDQLVP��QDWXUH��VLWH�DQG�VHYHULW\�RI�LQMXU\�
WUHDWPHQW�JLYHQ�DQG�GLVSRVLWLRQ�RI�SDWLHQWV�ZHUH�FROOHFWHG�DQG�DQDO\]HG�

�

�

�

�

�

5HVXOWV

���FDVHV�ZHUH�LGHQWLILHG������LQFLGHQWV�SHU�PRQWK��GXULQJ�WKH�VWXG\�SHULRG������ZHUH�PDOHV�DQG�WKH�PHDQ�DJH�ZDV������\HDUV���������RI�WKH
LQMXULHV�LQYROYHG�IDOOV��IROORZHG�E\�HQWUDSPHQW���������DQG�PHFKDQLFDO�IDLOXUH�RI�WKH�HVFDODWRUV���������7KH�LQMXULHV�VXVWDLQHG�LQFOXGHG�RSHQ�ZRXQGV
���������VSUDLQV�FRQWXVLRQV����������VXSHUILFLDO�LQMXULHV���������DQG�IUDFWXUHV��������������RI�WKH�HVFDODWRU�UHODWHG�LQMXULHV�LQYROYHG�WKH�XVH�RI
VWUROOHUV�DQG�WKH�PDMRULW\�RI�LQFLGHQWV�RFFXUUHG�DW�VKRSSLQJ�FHQWUHV���������DQG�057�6WDWLRQV����������������RI�SDWLHQWV�UHTXLUHG�DGPLVVLRQ�WR
KRVSLWDO�RI�ZKLFK���SDWLHQWV�UHTXLUHG�LQSDWLHQW�VXUJLFDO�LQWHUYHQWLRQ

�

�

�

�

&RQFOXVLRQ

'HVSLWH�WKH�PHDVXUHV�DOUHDG\�LQ�SODFH�WR�HQVXUH�HVFDODWRU�VDIHW\�LQ�6LQJDSRUH��WKHUH�LV�VWLOO�D�VLJQLILFDQW�QXPEHU�RI�HVFDODWRU�UHODWHG�LQMXULHV�LQ
FKLOGUHQ��PRVW�RI�ZKLFK�DUH�SUHYHQWDEOH��7KH�VWUROOHU�LV�WKH�FRPPRQHVW�REMHFW�LQYROYHG�LQ�HVFDODWRU�UHODWHG�LQMXULHV�DQG�VLPSOH�PHDVXUHV�FDQ�EH�SXW
LQ�SODFH�VXFK�DV�WKH�LQVWDOODWLRQ�RI�EDUULHUV�WR�SUHYHQW�WKH�XVH�RI�VWUROOHUV�RQ�HVFDODWRUV

�





*(5,$75,&6 6X]XNL�.HLWDURX

��������3UHVHQW�VLWXDWLRQ�RI�HPHUJHQF\�RI�WKH�HOGHUO\�LQ�RXU�KRVSLWDO

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.HLWDURX�6X]XNL������+LURPDVD�<DNXVKLML������$ULWR�.DML������0RWRKLUR�<DPDGD������0DVDKLUR�6KLQR]DNL������:DWDUX�6KLUDVDND������$VXND�6XQDGD����

���'RFWRU��.LVKLZDGD�7RNXVKXNDL�+RVSLWDO��.LVKLZDGD�VKL��-$3$1

.H\ZRUGV��HPHUJHQF\�RI�DJHG�SHUVRQV��OHQJWK�RI�KRVSLWDO�VWD\��FKDQJLQJ�KRVSLWDO

$EVWUDFW��

%DFNJURXQG��

-DSDQ�KDV�RQH�RI�WKH�ORQJHVW�OLIH�H[SHFWDQFLHV�LQ�WKH�ZRUOG��DQG�WKHUH�LV�DQ�LQFUHDVLQJ�QXPEHU�RI�HPHUJHQF\�RI�DJHG�SHUVRQV��,Q�RXU�KRVSLWDO��ZH
DOVR�DFFHSW�PDQ\�DJHG�SDWLHQWV�RI�HPHUJHQF\��2XU�KRVSLWDO�LV�WKH���WK�HPHUJHQF\�DQG�FULWLFDO�FDUH�FHQWHU�LQ�2VDND�SUHIHFWXUH�DFFUHGLWHG�LQ�������,W
FRYHUV�WKH�PHGLFDO�UHJLRQ�ZKLFK�FRQVLVW�RI�DERXW�PLOOLRQ�SHRSOH��,QFUHDVLQJ�D�GHPDQG�RI�WKH�HPHUJHQF\�RI�DJHG�SHUVRQV��HVSHFLDOO\�IURP�IDFLOLWLHV
IRU�WKH�HOGHUO\��EHFRPHV�DQ�LVVXH�LQ�RXU�KRVSLWDO��,Q�WKLV�WLPH��ZH�LQYHVWLJDWHG�WKH�SUHVHQW�VLWXDWLRQ�RI�HPHUJHQF\�RI�WKH�HOGHUO\�LQ�RXU�KRVSLWDO�

2EMHFWLYH�

:H�UHVHDUFKHG�SDWLHQWV�WUDQVSRUWHG�E\�DPEXODQFH�VLQFH�-DQXDU\������WR�'HFHPEHU������DQG�IDFWRUV�DV�IROORZV���HPHUJHQF\�FDUU\LQJ�QXPEHU�
QXPEHU�RI�DGPLVVLRQ�RI�HPHUJHQF\�GHSDUWPHQW��OHQJWK�RI�KRVSLWDO�VWD\��DQG�FKDQJLQJ�KRVSLWDO�QXPEHU�

2XWFRPH�

(PHUJHQF\�FDUU\LQJ�QXPEHU�ZDV��������DQG�QXPEHU�RI�DJHG�SHUVRQV�ZDV����������������1XPEHU�RI�DGPLVVLRQ�RI�HPHUJHQF\�GHSDUWPHQW�ZDV
������DQG�QXPEHU�RI�DJHG�SHUVRQV�ZDV���������������/HQJWK�RI�KRVSLWDO�VWD\�ZDV���WR�����GD\V��7KH�DYHUDJH�RI�OHQJWK�RI�KRVSLWDO�VWD\�ZDV������
GD\V�LQ�DOO�SDWLHQWV��$JHG�SDWLHQWV�VWD\HG�LQ�KRVSLWDO�IRU�������GD\V�RQ�DYHUDJH�DQG�WKH�RWKHUV�VWD\HG�IRU������GD\V�LQ�WKH�PHDQ��&KDQJLQJ�KRVSLWDO
QXPEHU�ZDV�����LQ�DOO�SDWLHQWV��$JHG�SDWLHQWV�DFFRXQWHG�IRU��������DQG�WKH�PHDQ�GXUDWLRQ�WDNHQ�WR�FKDQJLQJ�KRVSLWDO�ZDV�������GD\V�

'LVFXVVLRQ�

7KLV�UHVHDUFK�VKRZHG�WKDW�WKH�KRVSLWDOL]DWLRQ�RI�DJHG�SDWLHQWV�WHQGHG�WR�EHFRPH�SURORQJHG�DQG�WKDW�WKH\�QHHGHG�PRUH�WLPH�WR�FKDQJH�KRVSLWDO�
%HFDXVH�RI�SURORQJHG�KRVSLWDOL]DWLRQ��EHGV�LQFOLQHG�WR�EH�RFFXSLHG�DQG�ZH�VRPHWLPHV�KDG�WR�UHIXVH�HPHUJHQF\�SDWLHQWV��-DSDQ�KDV�RQH�RI�WKH
ORQJHVW�OLIH�H[SHFWDQFLHV�LQ�WKH�ZRUOG�DQG�HPHUJHQF\�PHGLFDO�FDUH�LV�UHTXLUHG�PRUH�WKDQ�HYHU��+RZHYHU��LQ�PDQ\�FDVHV��PHGLFDO�FDUH�RI�HOGHUO\
SHRSOH�LV�QRW�DEOH�WR�FRQFOXGH�RQO\�E\�WUHDWPHQW�IRU�DQ�DFXWH�SKDVH��DQG�PDQ\�RI�HOGHUO\�SDWLHQWV�FDQQRW�EH�GLVFKDUJHG�WR�KRPH�RU�IDFLOLWLHV�IRU�WKH
HOGHUO\�DQG�QHHG�WR�WUDQVIHU�WR�FKURQLF�FDUH�KRVSLWDOV��5HDVRQV�WKH\�DUH�QRW�DEOH�WR�EH�GLVFKDUJHG�DUH�DV�IROORZV���GLVDELOLW\�RI�RUDO�LQWDNH�FDXVHG�E\
DJLQJ�RU�ZDVWLQJ��UHIXVDO�E\�IDPLOLHV�RU�IDFLOLWLHV��DQG�VR�RQ��,Q�WKLV�PDQQHU��WKH�GXUDWLRQ�RI�WUHDWPHQW�RI�HOGHUO\�SDWLHQWV�WHQG�WR�EH�SURORQJHG�DQG
WKLV�IDFW�VWDJQDWH�DQ�HPHUJHQF\�PHGLFDO�FDUH��7KLV�LV�D�SUREOHP�DQG�D�SUHVHQW�VLWXDWLRQ�RI�HOGHUO\�HPHUJHQF\�LQ�RXU�KRVSLWDO�DQG�LQ�-DSDQ�



%,20$5.(56 *XUNDQ�(562<

��������'LDJQRVWLF�,PSRUWDQFH�2I�y1HXWURSKLO�*HODWLQDVH�$VVRFLDWHG�/LSRFDOLQz�DQG�y6HPDSKRULQH��$z�DW�y$FXWH�.LGQH\�,QMXU\z
'HYHORSHG�6HFRQGDU\�WR�([SHULPHQWDO�5KDEGRP\RO\VLV�DW�5DEELWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$\KDQ�.25.0$=������*XUNDQ�(562<������2VPDQ�<,/0$=������(PHO�$/7(.,1������6DGL\H�0HKWDW�81/8������/H\OD�6HGHQ�'858������(PUH�.$56/,�����
(OYDQ�2FPHQ����

���8QLYHUVLW\�RI�'RNX]�(\OXO��6FKRRO�RI�0HGLFLQH��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�'RNX]�(\OXO��,]PLU��785.(<
���R�8QLYHUVLW\�RI�'RNX]�(\OXO��6FKRRO�RI�0HGLFLQH��'HSDUWPHQW�RI�$QLPDO�5HVHDUFK�&HQWHU��8QLYHUVLW\�RI�'RNX]�(\OXO��,]PLU��785.(<
���R�8QLYHUVLW\�RI�'RNX]�(\OXO��6FKRRO�RI�0HGLFLQH��'HSDUWPHQW�RI�ELRFKHPLVWU\��8QLYHUVLW\�RI�'RNX]�(\OXO��,]PLU��785.(<
���R�8QLYHUVLW\�RI�'RNX]�(\OXO��6FKRRO�RI�0HGLFLQH��'HSDUWPHQW�RI�3DWKRORJ\��,]PLU��8QLYHUVLW\�RI�'RNX]�(\OXO��,]PLU��785.(<
���R�8QLYHUVLW\�RI�'RNX]�(\OXO��6FKRRO�RI�0HGLFLQH��'HSDUWPHQW�RI�$QHVWKHVLRORJ\�DQG�,QWHQVLYH�&DUH��8QLYHUVLW\�RI�'RNX]�(\OXO��,]PLU��785.(<
���8QLYHUVLW\�RI�'RNX]�(\OXO��6FKRRO�RI�0HGLFLQH��'HSDUWPHQW�RI�$QHVWKHVLRORJ\�DQG�,QWHQVLYH�&DUH��8QLYHUVLW\�RI�'RNX]�(\OXO��,]PLU��785.(<

.H\ZRUGV��$FXWH�NLGQH\�LQMXU\��QHXWURSKLO�JHODWLQDVH�DVVRFLDWHG�OLSRFDOLQ��VHPDSKRULQH��$��UKDEGRP\RO\VLV��VHUXP�FUHWLQLQH

$EVWUDFW��

,QWURGXFWLRQ�DQG�2EMHFWLYH

���������(DUOLHVW�LQFUHDVH�RI�VHUXP�FUHWLQLQH�OHYHOV�RFFXU�ZLWKLQ����KRXUV��ZKLFK�LV�XVHG�DW�WKH�GLDJQRVLV�RI�DFXWH�NLGQH\�LQMXU\��$.,���DQG�WKH�LQFUHDVH
GRHV�QRW�KDSSHQ�XQWLO�����RI�UHQDO�IXQFWLRQV�DUH�ORVW��7KLV�SURORQJHV�WKH�WLPH�WR�GLDJQRVLV��È1HXWURSKLO�JHODWLQDVH�DVVRFLDWHG�OLSRFDOLQÉ��1*$/��DQG
È6HPDSKRULQ��$É�DUH�QHZ�ELRPDUNHUV�IRU�WKH�GLDJQRVLV�RI�$.,�DW�HDUO\�VWDJH��+HUH��LQ�RXU�VWXG\��ZH�DLPHG�WR�FRPSDUH�WKH�GLDJQRVWLF�LPSRUWDQFH�RI
ÈQHXWURSKLO�JHODWLQDVH�DVVRFLDWHG�OLSRFDOLQÉ�DQG�ÈVHPDSKRULQH��$É�DW�ÈDFXWH�NLGQH\�LQMXU\É�GHYHORSHG�VHFRQGDU\�WR�H[SHULPHQWDO�UKDEGRP\RO\VLV�DW
UDEELWV

�0DWHULDO�DQG�0HWKRG�

+HUH�LQ�WKLV�VWXG\�����1HZ�=HDODQG�PDOH�UDEELWV�ZHUH�XVHG��$OO�UDEELWV�DUH�SODFHG�LQ�FDJHV�DQG�,9�OLQH�ZDV�HVWDEOLVKHG�WKURXJK�WKHLU�ULJKW�DXULFXOHU
YHLQ�ZLWK���*�EUDQXOH��%ORRG�VDPSOHV�RI���FF�ZHUH�GUDZQ�IURP�HDFK�UDEELW�IRU�WKH�EDVDO�YDOXHV�RI�ÈVHUXP�FUHWLQLQHÉ��ÈVHUXP�1*$/É�DQG�ÈVHUXP
VHPDSKRULQ��$É�OHYHOV��/DWHU��DOO�UDEELWV�ZHUH�UDQGRPO\�GLYLGHG�LQWR�WR����ÈVWXG\É��Q ���DQG�ÈFRQWUROÉ��Q ���JURXSV��:KLOH����PO�NJ������JO\FHURO
ZDV�LQMHFWHG�,0�RQ�WKH�ERWK�EDFN�IRRW�RI�UDEELWV�LQ�WKH�VWXG\�JURXS�LQ�RUGHU�WR�FUHDWH�H[SHULPHQWDO�UKDEGRP\RO\VLV��Q ����QR�DGGLWLQDO�SURFHGXUH
ZDV�GRQH�IRU�WKH�FRQWURO�JURXS��)RU�WR�SUHYHQW�GHYHORSPHQW�RI�DFXWH�UHQDO�IDLOXUH�GXH�WR�K\SRYROHPLD�����FF�QRUPDO�VDOLQH�VROXWLRQ�ZDV�LQIXVHG�WR
DOO�DQLPDOV��$W�ERWK�JURXSV���UG����WK�DQG���WK�KRXU��ÈVHUXP�1*$/É��ÈVHPDSKRULQ��$É�DQG�ÈFUHWLQLQHÉ�OHYHOV�ZHUH�VWXGLHG��$W�WKH�HQG�RI�WKH�VWXG\�
IROORZLQJ�OHIW�XQLODWHUDO�QHIUHFWRP\��WKH�UDEELWV�ZHUH�VDFULILHG�XQGHU�KLJK�GRVH�RI�NHWDPLQH�LQMHFWLRQ��7KH�GHYHORSPHQW�RI�$.,�WKURXJK�NLGQH\V�ZHUH
H[DPLQHG�LQ�WKH�SDWKRORJ\�GHSDUWPHQW�DQG�ZHUH�FODVVLILHG�LQ���OHYHOV��VXFK�DV���,�,,�DQG�,,,��GHJUHH��

5HVXOWV�

$FFRUGLQJ�WR�SDWKRORJLFDO�ILQGLQJV��$.,�GLG�QRW�GHYHORS�DW�UDEELWV�LQ�FRQWURO�JURXS��KRZHYHU��LQ�WKH�VWXG\�JURXS�È,��GHJUHHÉ�$.,�GHYHORSHG�DW�VL[
UDEELWV�DQG�È,,,��GHJUHHÉ�$.,�DW�RQH�UDEELW�ZDV�GHYHORSHG��2QH�RI�WKH�UDEELWV�LQ�WKH�VWXG\�JURXS�GHYHORSHG�È,,,��GHJUHHÉ�$.,��DQG�GLHG�EHIRUH
UHDFKLQJ���WK�KRXU��1R�GLIIHUHQFH�ZDV�IRXQG�DW����KRXU�ÈVHUXP�FUHDWLQLQHÉ��ÈVHUXP�1*$/É�DQG�ÈVHUXP�VHPDSKRULQH��$É�PHGLDQ�OHYHOV�EHWZHHQ
ÈFRQWUROÉ�DQG�ÈVWXG\�JURXSVÉ��$W��UG�KRXU�RI�WKH�VWXG\��ZKLOH�WKHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�ÈVHUXP�FUHDWLQLQHÉ�DQG
ÈVHUXP�1*$/É�OHYHOV�WKH�GLIIHUHQFH�EHWZHHQ�ÈVHUXP�FUHDWLQLQHÉ�DQG�ÈVHUXP�VHPDSKRULQH��$É�OHYHOV�ZHUH�VLJQLILFDQW��S �������$W�WKH���WK�KRXU�RI
WKH�VWXG\��WKH�GLIIHUHQFH�EHWZHHQ�ÈVHUXP�FUHDWLQLQHÉ�DQG�ÈVHUXP�1*$/É�OHYHOV�ZDV�VLJQLILFDQW��S �������KRZHYHU��WKH�GLIIHUHQFH�EHWZHHQ
È6HPDSKRULQH��$É�ÈVHUXP�FUHDWLQLQHÉ�DYHUDJH�OHYHOV�ZHUH�QRW�

�&RQFOXVLRQ�

+HUH�LQ�WKLV�VWXG\�PRGHO��ZH�IRXQG�WKDW�VHUXP�È6HPDSKRULQH��$É�LV�D�PRUH�YDOXDEOH�ELRPDUNHU�WKDQ�ÈVHUXP�FUHDWLQLQHÉ�DQG�ÈVHUXP�1*$/É�DW�WKH
HDUO\�VWDJH�GLDJQRVLV�RI�DFXWH�NLGQH\�LQMXU\�GHYHORSHG�VHFRQGDU\�WR�H[SHULPHQWDO�UKDEGRP\RO\VLV�FUHDWHG�E\�LQWUDPXVFXODU�LQMHFWLRQ�RI�JO\FHURO�



32,17�2)�&$5( 'ROO\�<DGDY

��������8WLOLW\�RI�LQLWLDO�VKRFN�LQGH[�DQG�PRGLILHG�VKRFN�LQGH[�DV�SUHGLFWRUV�RI�VKRUW�WHUP�RXWFRPH�LQ�SDWLHQWV�GLDJQRVHG�ZLWK�67
HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ�LQ�DQ�DFDGHPLF�HPHUJHQF\�GHSDUWPHQW�RI�QRUWK�,QGLD��D�SLORW�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'ROO\�<DGDY������9*5�6KDVWU\������$QXSDP�*RHO����

���(PHUJHQF\�0HGLFLQH�5HVLGHQW��*HRUJH�:DVKLQJWRQ�8QLYHUVLW\��86$�DQG�0D[KHDOWKFDUH��,QGLD��1HZ�'HOKL��,1',$
���$FFLGHQW�DQG�(PHUJHQF\��0D[�+HDOWKFDUH��1HZ�'HOKL��,1',$
���&DUGLRORJ\��0D[�+HDOWKFDUH��1HZ�'HOKL��,1',$

.H\ZRUGV��DFXWH�FRURQDU\�V\QGURPH��67(0,��VKRFN�LQGH[��PRGLILHG�VKRFN�LQGH[��RXWFRPH�SUHGLFWRUV�LQ�67(0,

$EVWUDFW��

,QWURGXFWLRQ��7KHUH�DUH�DSSUR[LPDWHO\���PLOOLRQ�DQQXDO�YLVLWV�WR�HPHUJHQF\�GHSDUWPHQWV��('V��IRU�FKHVW�SDLQ�RU�V\PSWRPV�FRQVLVWHQW�ZLWK
P\RFDUGLDO�LVFKHPLD�LQ�,QGLD��8QOLNH�WKH�GHYHORSHG�FRXQWULHV������RI�,QGLDQV�SUHVHQWLQJ�ZLWK�FKHVW�SDLQ�KDYH�67�VHJPHQWÄHOHYDWLRQ�P\RFDUGLDO
LQIDUFWLRQ��67(0,���$OO�WKHVH�SDWLHQWV�PXVW�XQGHUJR�ULVN�VWUDWLILFDWLRQ�VRRQ�DIWHU�SUHVHQWDWLRQ��*LYHQ�WKH�VSHHG�ZLWK�ZKLFK�UHSHUIXVLRQ�WKHUDS\�LV
DGPLQLVWHUHG�LQ�D�WHUWLDU\�FHQWUH��OLNH�RXUV��WKH�FOLQLFDO�XWLOLW\�RI�H[LVWLQJ�ULVN�VFRUHV��LQ�WKH�('��LV�OLPLWHG��6KRFN�LQGH[��6,��DQG�PRGLILHG�VKRFN�LQGH[
�06,��KDYH�HVWDEOLVKHG�UROHV�LQ�RXWFRPH�DVVHVVPHQW�RI�FULWLFDOO\�LOO�SDWLHQWV��7KHLU�UROH��KRZHYHU��LQ�,QGLDQ�67(0,�SDWLHQWV�LV�\HW�WR�EH�VWDWHG�

�

0HWKRG��3URVSHFWLYH�GDWD�ZDV�FROOHFWHG�IURP��VW�1RYHPEHU������WKURXJK���VW�2FWREHU������LQ�WKH�('�RI�0D[�6XSHUVSHFLDOW\�+RVSLWDO��6DNHW��1HZ
'HOKL��,QGLD�DQG�ZDV�DQDO\]HG�ZLWK�52&�FXUYH��$SSURSULDWH�FXW�RII�YDOXHV�RI�6,�DQG�06,�ZHUH�REWDLQHG�ZKLFK�PD[LPL]HG�WKH�FRUUHFW�SURJQRVWLFDWLRQ
RI����GD\�DOO�FDXVH�PRUWDOLW\�LQ�67(0,�

�

5HVXOW��$�WRWDO�RI�����SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��7KH�FXW�RII�YDOXH�RI�6,�LV�IRXQG�WR�EH�����ZLWK������VHQVLWLYLW\�DQG�������VSHFLILFLW\��7KH
FXW�RII�YDOXH�RI�06,�LV�IRXQG�WR�EH������ZLWK������VHQVLWLYLW\�DQG�������VSHFLILFLW\��$UHD�XQGHU�FXUYH�LV�����ZLWK�S��������IRU�ERWK�

�

&RQFOXVLRQ��%RWK�6,�DQG�06,�DUH�QRWHZRUWK\�('�WRROV�IRU�HDUO\�ULVN�VWUDWLILFDWLRQ�RI�,QGLDQ�67(0,�SDWLHQWV��:H�QRZ�LQWHQG�WR�YDOLGDWH�WKHVH�FXW�RII
YDOXHV��
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3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&$5/26�+(51$1�&$0$5*2�0,/$������*(5$5'2�/,1$5(6�0(1'2=$������/8,6�$5&$',2�&257(6�38(17(6����
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.H\ZRUGV��8OWUDVRQRJUDSK\��%HGVLGH�8OWUDVRXQG��8OWUDVRXQG�JXLGHG�SURFHGXUHV��8OWUDVRXQG�JXLGHG�DVVHVVPHQW��(PHUJHQF\�7UHDWPHQW�
FRPSOLFDWLRQV

$EVWUDFW��

%$&.*5281'��

3RLQW�RI�FDUH�XOWUDVRXQG��86��KDV�LPSURYHG�WKH�TXDOLW\�DQG�VDIHW\�RI�SDWLHQW�FDUH�E\�KHOSLQJ�ERWK�FOLQLFDO�GHFLVLRQ�PDNLQJ�DQG�SURFHGXUDO
WHFKQLTXHV��7KH�%HGVLGH�8OWUDVRXQG�*URXS�RI�WKH�(PHUJHQF\�'HSDUWPHQW�RI�)XQGDFLRQ�&DUGLRLQIDQWLO�EHJDQ�LWV�DFWLYLW\�RQ�2FWREHU������DIWHU�DQ
LQWHQVLYH�WUDLQLQJ�DQG�FHUWLILFDWLRQ��:H�DLPHG�WR�GHVFULEH�WKH�UHVXOWV�RI�WKH�ILUVW�����\HDUV�RI�LPSOHPHQWDWLRQ�RI�WKLV�WHFKQRORJ\�WR�RXU�('�

�

2%-(&7,9(��

7R�GHVFULEH�WKH�SHUIRUPDQFH�RI�WKH�%HGVLGH�8OWUDVRXQG�*URXS�RI�WKH�(PHUJHQF\�'HSDUWPHQW�RI�)XQGDFL�Q�&DUGLRLQIDQWLO�Ä�,QVWLWXWR�GH�&DUGLRORJ�D�
%RJRW��Ä�&RORPELD�DIWHU����PRQWKV�RI�DFWLYLWLHV�LQ�WHUPV�RI�QXPEHU�DQG�W\SH�RI�SURFHGXUHV��WLPLQJ��DQG�VXFFHVV�UDWH�LQ�WKH�XOWUDVRXQG�JXLGHG
SURFHGXUHV�DQG�FRPSOLFDWLRQV�

�

0(7+2'2/2*<��

:H�SHUIRUPHG�D�UHWURVSHFWLYH�DQDO\WLF�VWXG\�RI�DOO�WKH�XOWUDVRXQG�VWXGLHV�DQG�XOWUDVRXQG�JXLGHG�SURFHGXUHV�SHUIRUPHG�DW�WKH�(PHUJHQF\
'HSDUWPHQW�RI�)XQGDFLRQ�&DUGLRLQIDQWLO�,QVWLWXWR�GH�&DUGLRORJLD�IURP�2FWREHU������WR�0DUFK�������7KH�UHSRUWV�RI�WKH�FXOWUDVRXQG�DVVHVVPHQWV�GRQH
WR�SDWLHQWV�DGPLWWHG�LQ�WKH�('�ZHUH�UHYLHZHG��$OO�WKH�GDWD�ZDV�H[WUDFWHG�IURP�WKH�%XVVLQHVV�,QWHOOLJHQFH�0RGXOH�RI�$*)$�5,6�3$&6�DQG�WKH�FOLQLFDO
FRUUHODWLRQ�DQG�RXWFRPHV�IURP�RXU�(OHFWURQLF�&OLQLFDO�5HFRUGV�6\VWHP��6HUYLQWH�&OLQLFDO�6XLWH�Ä�&DUYDMDO�6�$����$OO�WKH�VWXGLHV�ZHUH�GRQH�ZLWK�WKH
VDPH�XOWUDVRXQG�PDFKLQH��6RQRVLWH�('*(�IURP�6RQRVLWH�,QF��

�

5(68/76��

$�WRWDO�RI������H[DPV�ZHUH�UHYLHZHG��,Q�RXU�VWXG\�ZH�GHVFULEH�WKH�QXPEHU�E\�W\SH�RI�SURFHGXUH��WKH�WLPH�EHWZHHQ�WKH�RUGHU�DQG�ZKHQ�WKH�H[DP
ZDV�GRQH��WKH�UDWH�RI�VXFFHVV�LQ�XOWUDVRXQG�JXLGHG�SURFHGXUHV��DQG�WKH�W\SH�DQG�UDWH�RI�FRPSOLFDWLRQV�

&21&/86,216��

$PRQJ�WKHVH����PRQWKV�WKH�XVH�RI�SRLQW�RI�FDUH�XOWUDVRXQG��KDV�FRQILUPHG�WR�EH�D�IXQGDPHQWDO�WRRO�LQ�WKH�PDQDJHPHQW�RI�RXU�SDWLHQWV��HVSHFLDOO\
LQ�WKRVH�WKDW�UHTXLUH�D�UDSLG�DQG�FRUUHFW�GLDJQRVLV�DW�WKH�WLPH�RI�DGPLVVLRQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��DQG�WR�VDIHO\�JXLGH�LQYDVLYH�SURFHGXUHV
ZLWK�DOPRVW�QR�FRPSOLFDWLRQV��

�
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��������$�FDVH�RI�PLQLWUDFKHRVWRP\�IRU�SRVW�RI�WUDFKHRVWRP\�SDWLHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DHGD�<XML������.XULKDUD�0DNL����

���'HSDUWPHQW�RI�'LVDVWHU�DQG�(PHUJHQF\�0HGLFLQH��NREH�8QLYHUVLW\�+RVSLWDO���.REH��-$3$1

.H\ZRUGV��FULFRWK\URLG�SXQFWXUH�FHUYLFDO�VSLQDO�FRUG�LQMXU\�WUDFKHRVWRP\

$EVWUDFW��

%DFN�JURXQG���)URP�WKH�SRLQW�RI�YLHZ�IRU�VWHQRWLF��FKDQJH�RI�WUDFKHD��FULFRWKUR\G�SXQFWXUH�VXFK�DV�PLQLWUDFKHRVWRP\��LV�IRUELGGHQ�IRU
SRVWWUDFKHRVWRP\�SDWLHQW��+RZHYHU��ZH�FRXOG��VDIHO\�SHUIRUPHG�PLQLWUDFKHRVWRP\�XQGHU�REVHUYDWLRQ�RI�EURQFKRVFRS\���&DVH����\HDU�ROG�PDOH��
�+H�FRPSODLQHG�G\VSQHD�VR�KH�WUDQVIHUUHG�WR�RXU�HPHJHQF\�GHSDUWPHQW��KH�XQGHUZHQW�WUDFKHRVWRP\��ZKHQ�KH�ZDV����\HDU�ROG�GXH�WR�FHUYLFDO
VSLQDO�FRUG�LQMXU\�+LV�$'/�DFWLYLW\�RI�GDLO\�OLIH�GHPRQVWUDWHG�$6,$�$PHULFDQ�6SLQDO�FRUG�,QMXU\�$VVRFLDWLRQ��LPSDLUPHQW�VFDOH�$��FHUYLFDO���OHYHO��,Q
GDLO\�KH�PRYHG�E\�ZKHHO�FKDLU�7KLV�WLPH�KH�DGPLWWHG�GXH�WR�EDFWHULDO�SQHXPRQLDH��+H�XQGHUZHQW�LQWXEDWLRQ�GXH�WR�ZRUVHQLQJ�RI�SRRU�H[FHWLRQ�RI
VSXWXP�DQG�K\SR[LD��$FFLGHQWDOO\�WKH�SDWLHQW�UHPRYHG�WUDFKHDO�WXEH�KLPVHOI��DIWHU����GD\�ODWHU��DQG�KH�FRXOG�QRW�HQRXJKO\�EUHDWK�VSRQWDQHRXVO\
ZLWKRXW�VXFWLRQLQJ��%XW�WKH�SDWLHQW�ZLOO�QRW�DOORZ�XV�FRQYHQWLRQDO�WUDFKHRVWRP\�RU�UH�LQWXEDWLRQ�EHFDXVH�KH�ZDQW�WR�VSHDN�DQ\WLPH�LQ�FRQWUDVW�RI�KLV
ZLOOQHVV�RQ�WKH�GD\��WK��GXH�WR�VHYHUH�K\SR[LD��ZH�KDG�WR�LQWXEDWH�KLP�7KHUH�LV�QR�VWDQGDUG�JXLGHOLQHV�FRQFHUQLQJ�WKH�LQGLFDWLRQV��LQGH[�RI�WKH
LQWXEDWLRQ�DQG�H[WXEDWLRQ�RI�WKLV�FDVH�)URP�WKH�YLHZ�RI�KLV�ZLOOQHVV���&ULFRWKUR\G�SXQFWXUH�DV�PLQLWUDFKHRVWRP\�KDV�QRW�UHFRPPHQGHG
DIWHU�WUDFKHDO��VXUJLFDO�SURFHGXUH�%XW��WKLV�WLPH��ZH�SHUIRUPHG�PLQLWUDFKHRVWRP\�VDIHO\�XQGHU�REVHUYDWLRQ�RI�EURQFKRVFRS\�2Q�WKH�GD\���WK�KH
FRXOG�WUDQVIHUUHG�WR�JHQHUDO�ZDUG�RQ�WKH�GD\���WK�KH�GLVFKDUJHG�'LVFXVVLRQ��7KHUH�ZDV�QR��FRPSOLFDWLRQ�RI�PLQLWUDFKHRWRP\��:H�PD\�FRQVLGHU
PLQLWUDFKHRWRP\�IRU�DLUZD\�PDQDJHPHQW�DIWHU�DQWHULRU�FHUYLFDO�VXUJLFDO�ZLWKLQ���ZHHNV�6XPPDU\��)URP�SRLQW�RI�WKH�YLHZ�RI�DLUZD\�PDQDJHPHQW
DQG�YRFDO�FRPPXQLFDWLRQ��ZH�FRQVLGHU�LW�PD\�EH�XVHIXO�WKDW�PLQLWUDFKHRWRP\�IRU�DLUZD\�PDQDJHPHQW�DIWH�U�WUDFKHRVWRP\��)XUWKHU�VWXG\�LV�QHHGHG�



&35���5(686&,7$7,21 6]DUSDN�/XNDV]

��������)LUVW�H[SHULHQFH�ZLWK�/LIHOLQH�$50�v�D�QHZ�FKHVW�FRPSUHVVLRQ�PDFKLQH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6]DUSDN�/XNDV]������7UXV]HZVNL�=HQRQ������6PHUHND�-DFHN������&]\]HZVNL�/XNDV]����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�:DUVDZ��:DUVDZ��32/$1'
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFDO�6HUYLFH��:URFODZ�0HGLFDO�8QLYHUVLW\��:URFODZ��32/$1'
���'HSDUWPHQW�RI�1HSKURORJ\�1XUVLQJ��0HGLFDO�8QLYHUVLW\�RI�:DUVDZ��:DUVDZ��32/$1'

.H\ZRUGV��FKHVW�FRPSUHVVLRQV��FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ

$EVWUDFW��

%DFNJURXQG��7KH�(XURSHDQ�5HVXVFLWDWLRQ�&RXQFLO�*XLGHOLQHV�IRU�5HVXVFLWDWLRQ������KLJKOLJKW�WKH�VLJQLILFDQFH�RI�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ
�&35��HIIHFWLYHQHVV�DQG�RI�UHGXFLQJ�FKHVW�FRPSUHVVLRQ��&&��LQWHUUXSWLRQV��$V�KDV�EHHQ�VKRZQ�LQ�PDQ\�SXEOLFDWLRQV��WKH�HIIHFWLYHQHVV�RI�PDQXDO�&&
LV�YHU\�RIWHQ�ORZ��7KH�DLP�RI�WKH�VWXG\�ZDV�WR�FRPSDUH�WKH�TXDOLW\�RI�&&�ZLWK�DQG�ZLWKRXW�WKH�/LIHOLQH�$50��'HILEWHFK��*XLOIRUG��&7��86$��&&
PDFKLQH�GXULQJ�&35�SHUIRUPHG�E\�QRYLFH�SK\VLFLDQV�

3DUWLFLSDQWV�DQG�PHWKRGV��3DUWLFLSDQWV�ZHUH�UHFUXLWHG�GXULQJ�DQ�HPHUJHQF\�PHGLFLQH�ZRUNVKRS�IRU�SK\VLFLDQV�UXQ�E\�WKH�'HSDUWPHQW�RI
(PHUJHQF\�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�:DUVDZ��:DUVDZ��3RODQG��7KLUW\�HLJKW�QRYLFH�SK\VLFLDQV�SDUWLFLSDWHG�LQ�WKLV�UDQGRPL]HG�FURVV�RYHU�VWXG\�
(DFK�SDUWLFLSDQW�SHUIRUPHG���PLQXWH�ORQJ�&&�RQ�D�PDQLNLQ�ZLWK�DQG�ZLWKRXW�WKH�$50�PDFKLQH��7KH�SK\VLFLDQV�ZHUH�UDQGRPL]HG�LQWR�WZR�JURXSV�WR
SHUIRUP���PLQXWH�ORQJ�&35�ZLWK�$50�RU�XVLQJ�WKH�PDQXDO��VWDQGDUG��WHFKQLTXH�LQ�D�UDQGRP�RUGHU��'DWD�FRQFHUQLQJ�WKH�&&�TXDOLW\�ZHUH�UHFRUGHG�E\
WKH�PDQLNLQ�VRIWZDUH��$GGLWLRQDOO\��WKH�SDUWLFLSDQWVÇ�VXEMHFWLYH�IDWLJXH�VFRUH�YDOXHV�ZHUH�FROOHFWHG�

5HVXOWV��$OO�VXEMHFWV�FRPSOHWHG���PLQXWH�ORQJ�&35�XVLQJ�ERWK�PHWKRGV��7KH�XVDJH�RI�WKH�$50�PDFKLQH�GXULQJ�UHVXVFLWDWLRQ�UHVXOWHG�LQ�D�KLJKHU
SHUFHQWDJH�RI�HIIHFWLYH�&&V������>,45����Ä���@��DV�FRPSDUHG�ZLWK�VWDQGDUG�EDVLF�OLIH�VXSSRUW�����>,45����Ä��@��S�����������:KHQ�WKH�$50�PDFKLQH
ZDV�DSSOLHG��WKH�QXPEHU�RI�HIIHFWLYH�&&V�GHFUHDVHG�OHVV�RYHU�WLPH��S�����������WKH�UHTXLUHG�GHSWK�RI���FP�ZDV�UHDFKHG�PRUH�RIWHQ�����YV�������S
����������DQG�WKH�UHFRPPHQGHG�&&�UDWH�ZDV�REWDLQHG�PRUH�IUHTXHQWO\��S�����������7KH�PHGLDQ�KDQGV�RII�WLPH�ZDV�ORZHU�ZKHQ�XVLQJ�$50��$OVR�
WKH�IDWLJXH�VFRUH�YDOXHV�WXUQHG�RXW�ORZHU�ZKHQ�$50�ZDV�DSSOLHG�

&RQFOXVLRQ��7KH�/LIHOLQH�$50�GHYLFH�UHGXFHV�WKH�UHVFXHU�IDWLJXH�GXULQJ�FRQWLQXRXV�FKHVW�FRPSUHVVLRQ�&35��ZLWK�EHWWHU�&&�TXDOLW\�GXULQJ�&35�LQ�D
VLPXODWLRQ�VHWWLQJ�
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��������3UHGLFWLYH�YDOXH�RI�WKH�1(:6�/�IRU�PRUWDOLW\�DQG�WKH�QHHG�IRU�FULWLFDO�FDUH�DPRQJ�JHQHUDO�HPHUJHQF\�GHSDUWPHQW
SDWLHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-R�6LRQ������<RRQ�-DHFKRO������/HH�-DH�%DHN������-LQ�<RXQJKR������-HRQJ�7DHRK����

�����&KRQEXN�QDWLRQDO�8QLYHUVLW\�+RVSLWDO��-HRQMX�VL��.25($��5(38%/,&�2)
�����&KRQEXN�QDWLRQDO�8QLYHUVLW\�+RVSLWDO����-HRQMX�VL��.25($��5(38%/,&�2)

.H\ZRUGV��1(:6��1(:6�/��('��PRUWDOLW\��FULWLFDO�FDUH

$EVWUDFW��

6WXG\�REMHFWLYHV

:KDW�LV�WKH�SUHGLFWLYH�YDOXH�RI�WKH�1(:6�/�IRU�PRUWDOLW\�DQG�WKH�QHHG�IRU�FULWLFDO�FDUH�LQ�JHQHUDO�HPHUJHQF\�GHSDUWPHQW��('��SDWLHQWV"

0HWKRGV

,Q�WKLV�UHWURVSHFWLYH�FRKRUW�VWXG\��ZH�HQUROOHG�DOO�DGXOW�SDWLHQWV�ZKR�YLVLWHG�WKH�('�RI�DQ�XUEDQ�DFDGHPLF�WHUWLDU\�FDUH�XQLYHUVLW\�KRVSLWDO�LQ�6RXWK
.RUHD�RYHU�WZR�FRQVHFXWLYH�PRQWKV��7KH�SULPDU\�RXWFRPH�ZDV���GD\�PRUWDOLW\��7KH�VHFRQGDU\�RXWFRPHV�ZHUH�WKH�QHHG�IRU�FULWLFDO�FDUH��DGYDQFHG
DLUZD\�XVH��YDVRSUHVVRU�RU�LQRWURSLF�DJHQW�XVH��LQWHQVLYH�FDUH�XQLW��,&8��DGPLVVLRQ��GXULQJ�DQ�('�VWD\����GD\�FRPSRVLWH�RXWFRPH����GD\�PRUWDOLW\
DQG�WKH�QHHG�IRU�FULWLFDO�FDUH�����GD\�PRUWDOLW\��DQG�LQ�KRVSLWDO�PRUWDOLW\�

5HVXOWV

'XULQJ�WKH�VWXG\�SHULRG��������DGXOW�SDWLHQWV�YLVLWHG�WKH�('��2I�WKHVH������������GLHG�ZLWKLQ���GD\V��$�WRWDO�RI�����SDWLHQWV���������UHTXLUHG�FULWLFDO
FDUH�GXULQJ�WKHLU�('�VWD\��7KH���GD\�FRPSRVLWH�RXWFRPH����GD\�PRUWDOLW\�DQG�LQ�KRVSLWDO�PRUWDOLW\�ZHUH�����������������������������������DQG�����
������������UHVSHFWLYHO\��7KH�1(:6�/�GHPRQVWUDWHG�H[FHOOHQW�SUHGLFWLYH�YDOXH�IRU���GD\�PRUWDOLW\�ZLWK�DQ�$852&�RI�����������FRQILGHQFH�LQWHUYDO
�&,��������������WKLV�YDOXH�ZDV�EHWWHU�WKDQ�WKDW�RI�WKH�1(:6�DORQH��$852&�����������&,�������������S�����������7KH�$852&�RI�WKH�1(:6�/�IRU�WKH
QHHG�IRU�FULWLFDO�FDUH�ZDV�����������&,�������������IRU�WKH���GD\�FRPSRVLWH�RXWFRPH��LW�ZDV�����������&,�������������IRU���GD\�PRUWDOLW\��LW�ZDV�����
�����&,�������������DQG�IRU�LQ�KRVSLWDO�PRUWDOLW\��LW�ZDV�����������&,�������������/RJLVWLF�UHJUHVVLRQ�UHVXOWV�FRQILUPHG�WKDW�WKH�UDWLR�RI�WKH�1(:6�WR
WKH�LQLWLDO�ODFWDWH�OHYHO�ZDV������6LPLODU�UHVXOWV�ZHUH�VKRZQ�LQ�WKH�VXEJURXS�DQDO\VHV��GLVHDVH�LQIHFWLRQ��GLVHDVH�YDVFXODU�DQG�KHDUW��GLVHDVH�RWKHUV�
DQG�QRQ�GLVHDVH���7KH�KLJK�ULVN�1(:6�/�JURXS��1(:6�/�Õ����KDG�DQ�DGMXVWHG�RGGV�UDWLR�RI���������������������IRU���GD\�PRUWDOLW\�LQ�WKH�ORJLVWLF
UHJUHVVLRQ�PRGHO�DGMXVWHG�IRU�EDVLF�FKDUDFWHULVWLFV�

&RQFOXVLRQ

7KH�1(:6�/�FDQ�SURYLGH�H[FHOOHQW�GLVFULPLQDQW�YDOXH�IRU�SUHGLFWLQJ���GD\�PRUWDOLW\�LQ�JHQHUDO�('�SDWLHQWV��DQG�LW�DOVR�KDV�WKH�EHVW�GLVFULPLQDQW
YDOXH�IRU�WKH�QHHG�IRU�FULWLFDO�FDUH�DQG�FRPSRVLWH�RXWFRPHV��7KH�1(:6�/�PD\�EH�KHOSIXO�LQ�WKH�HDUO\�LGHQWLILFDWLRQ�RI�DW�ULVN�JHQHUDO�('�SDWLHQWV�
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��������2XWFRPHV�RI�FRPSXWHULVHG�WRPRJUDSK\�WUDXPD�VHULHV�VFDQQLQJ�LQ�WUDXPD�DOHUW�SDWLHQWV�WR�D�PDMRU�WUDXPD�FHQWUH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

2QQ�6KDXQ�7KHLQ������&KDUQ�*LOO������0XKDPPDG�$]DP�0DMHHG����

���(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDOV�%LUPLQJKDP�1+6�7UXVW��%LUPLQJKDP��8.

.H\ZRUGV��LPDJLQJ��UDGLRORJ\��WUDXPD��&7��HPHUJHQF\�PHGLFLQH

$EVWUDFW��

5DSLG�UDGLRORJLFDO�LQYHVWLJDWLRQ�LV�D�EDFNERQH�RI�WKH�8.�0DMRU�7UDXPD�1HWZRUN��ZLWK�0DMRU�7UDXPD�&HQWUHV��07&V��UHTXLUHG�WR�KDYH�LPPHGLDWH��

���SDWLHQWV����0���)��PHDQ�DJH�����EHWZHHQ�0DUFK�DQG�-XQH������ZHUH�WUDQVIHUUHG�E\�WKH�DPEXODQFH�VHUYLFH�DV�D�ÆWUDXPD�DOHUWÇ�WR�7KH�4XHHQ
(OL]DEHWK�+RVSLWDO��%LUPLQJKDP��8.���2QH�SDWLHQW�ZDV�H[FOXGHG�DV�WKH\�ZHUH�WUDQVIHUUHG�IURP�DQRWKHU�KRVSLWDO���,QLWLDO�REVHUYDWLRQV��LQMXU\
PHFKDQLVP��$�WR�(�DVVHVVPHQW��&7�VFDQ�DQG�UHVXOWV�ZHUH�UHFRUGHG���6KRFN�ZDV�FDOFXODWHG�DFFRUGLQJ�WR�$7/6�JXLGHOLQHV���4XDOLILFDWLRQ�IRU�:%&7�RQ
DUULYDO�ZDV�DVVHVVHG�DFFRUGLQJ�WR�ORFDO�JXLGHOLQHV���%RG\�UHJLRQV�ZHUH�GLYLGHG�DV�SHU�&7�UHSRUWLQJ��+HDG��7KRUD[��$EGRPHQ�3HOYLV��6SLQH�DQG�/RQJ
%RQHV���3ULPDU\�VXUYH\�ILQGLQJV�ZHUH�FRUUHODWHG�WR�WKH�&7�UHSRUW�WR�FDOFXODWH�VHQVLWLYLW\�DQG�VSHFLILFLW\�IRU�WKH�ERG\�UHJLRQV��

������SDWLHQWV�VXUYLYHG�WR�GLVFKDUJH��ZLWK�DQ�DYHUDJH�VWD\�RI������GD\V�����������������RI�SDWLHQWV�ZHUH�LQ�FODVV�,9�VKRFN�RQ�DUULYDO���������SDWLHQWV
TXDOLILHG�IRU�:%&7�RQ�DUULYDO��RI�WKH�UHPDLQLQJ������XQGHUZHQW�:%&7��DQG���KDG�SDUWLDO�ERG\�&7�VFDQV�GXH�WR�FOLQLFDO�MXGJHPHQW������SDWLHQWV
XQGHUZHQW�D�:%&7����KDG�SDUWLDO�ERG\�&7�VFDQV�DQG���ZHUH�QRW�VFDQQHG����EXUQ�SDWLHQW����&7�DEDQGRQHG�DQG�WDNHQ�WR�WKHDWUH����QRW�VSHFLILHG��
3ULPDU\�VXUYH\�WR�:%&7�UHSRUW�VWDWLVWLFV�ZHUH��+HDG��6HQVLWLYLW\��������6SHFLILFLW\��������7KRUD[��6HQVLWLYLW\��������6SHFLILFLW\��������$EGRPHQ�
3HOYLV��6HQVLWLYLW\������6SHFLILFLW\��������6SLQH��6HQVLWLYLW\��������6SHFLILFLW\��������/RQJ�%RQHV��6HQVLWLYLW\������6SHFLILFLW\���������2QH�SDWLHQW
XQGHUZHQW�IXUWKHU�LPDJLQJ�WR�LQFOXGH�RWKHU�ERG\�UHJLRQV�

7KHVH�UHVXOWV�VKRZ�D�JHQHUDO�WUHQG�RI�ORZ�VHQVLWLYLW\�DQG�KLJK�VSHFLILFLW\�RI�SULPDU\�VXUYH\�FRPSDUHG�WR�&7�UHSRUW���$�ORZ�VHQVLWLYLW\�PD\�EH
H[SODLQHG�E\�WKH�QDWXUH�RI�:%&7�VFDQQLQJ�LQ�WKH�WUDXPD�SDWLHQW���5DSLG�DVVHVVPHQW�LV�FDUULHG�RXW��SDWLHQW�VWDELOLVHG�DQG�WKHQ�WDNHQ�IRU�VFDQ�LI�WKH\
TXDOLI\��2QO\�VSLQDO�LQMXULHV�VKRZHG�D�KLJK�VHQVLWLYLW\�FRPSDUHG�WR�VSHFLILFLW\��ZKLFK�PD\�EH�GXH�WR�D�ORZ�WULSOH�LPPRELOLVDWLRQ�WKUHVKROG���2YHUDOO
WKHUH�LV�D�KLJK�VSHFLILFLW\��H[FHSW�IRU�WKH�6SLQH��2I�WKH���SDWLHQWV�ZKR�GLG�QRW�TXDOLI\�IRU�:%&7�RQ�DGPLVVLRQ��DOO�KDG�LPDJLQJ�GRQH�EDVHG�RQ�FOLQLFDO
MXGJHPHQW��WKRVH�ZKR�ZHUH�QRW�VFDQQHG�TXDOLILHG�IRU�D�:%&7���7KLV�VWXG\�GHPRQVWUDWHV�WKH�LPSRUWDQFH�RI�:%&7�VFDQQLQJ�LQ�WKH�WUDXPD�SDWLHQW
JLYHQ�WKH�ORZ�VHQVLWLYLW\�RI�WKH�SULPDU\�VXUYH\��DQG�ZRXOG�VXJJHVW�DOO�WUDXPD�SDWLHQWV�VKRXOG�KDYH�D�:%&7�RQ�DGPLVVLRQ�����:H�SODQ�WR�H[SDQG�WKH
VWXG\�QXPEHUV�WR�PD[LPLVH�WKH�VWDWLVWLFDO�SRZHU�
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��������(PHUJHQF\�$LUZD\�0DQDJHPHQW�LQ�DQ�(PHUJHQF\�'HSDUWPHQW�RI�D�8QLYHUVLW\�+RVSLWDO�LQ�*HUPDQ\���DOPRVW�VROHO\
SHUIRUPHG�E\�('�VWDIIHG�SK\VLFLDQV�ZLWK�D�KLJK�VXFFHVV�UDWH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&KULVWLQD�/DXH������6WHIIHQ�+HUGWOH������&KULVWLDQ�+RKHQVWHLQ����

�����QRQH��-H��*(50$1<
�����QRQH��MH��*(50$1<
�����QRQH��-HQD��*(50$1<

.H\ZRUGV��(PHUJHQF\�DLUZD\�PDQDJHPHQW���UHJLVWHU

$EVWUDFW��

,QWURGXFWLRQ�

6HFXULQJ�WKH�DLUZD\�FDQ�EH�D�OLIH�VDYLQJ�SURFHGXUH�XQGHU�HPHUJHQF\�FRQGLWLRQV��7HFKQLTXHV��LQGLFDWLRQV��FRPSOLFDWLRQV�DQG�DGYHUVH�HYHQWV�YDU\
ZLGHO\�LQ�GLIIHUHQW�VHWWLQJV�DQG�FRXQWULHV��,Q�*HUPDQ\��QR�GDWD�H[LVW�DERXW�HPHUJHQF\�DLUZD\�PDQDJHPHQW�LQ�HPHUJHQF\�GHSDUWPHQWV��7KH�DLP�RI
WKH�VWXG\�LV�WR�LPSOHPHQW�DQ�(PHUJHQF\�$LUZD\�5HJLVWU\�LQ�*HUPDQ\�VWDUWLQJ�ZLWK�D�SLORW�VWXG\�FROOHFWLQJ�GDWD�DERXW�HPHUJHQF\�DLUZD\
PDQDJHPHQW�LQ�RXU�IDFLOLW\�

0HWKRGV�

:H�VHW�XS�DQ�LQWHUQHW�EDVHG�ZHEVLWH�ZLWK�ORJLQ�RSWLRQV�IRU�HPHUJHQF\�GHSDUWPHQWV�DV�ZHOO�DV�HPHUJHQF\�PHGLFDO�VHUYLFHV�LQ�*HUPDQ\
�ZZZ�LQWXEDWLRQVUHJLVWHU�GH���:H�UHFRUGHG�GDWD�PDGH�RQ�HYHU\�DLUZD\�PDQDJHPHQW�DWWHPSWV�LQ�WKH�('�EHWZHHQ�6HSWHPEHU������DQG�$SULO������
:H�HYDOXDWHG�LQGLFDWLRQV��PHWKRGV��LQWXEDWRU�FKDUDFWHULVWLFV�DV�ZHOO�DV�VXFFHVV�UDWHV�DQG�DGYHUVH�HYHQWV�

5HVXOWV�

�'XULQJ�WKH���PRQWK�SHULRG�ZH�KDG�D�WRWDO�RI����HPHUJHQF\�LQWXEDWLRQV��LQ������������FDVHV�HQFRXQWHUV�IRU�QHXURORJLFDO�HPHUJHQFLHV��LQ�����������
IRU�PHGLFDO�HPHUJHQFLHV�DQG�LQ�����������IRU�WUDXPD��('�VWDIIHG�SK\VLFLDQV�PDQDJHG�������RI�HQFRXQWHUV��DQHVWKHVLRORJLVWV�LQ�URWDWLRQ�������DQG
LQWHUQLVWV�LQ�URWDWLRQ��������5DSLG�VHTXHQFH�LQWXEDWLRQ�ZDV�WKH�LQLWLDO�PHWKRG�FKRVHQ�LQ������������SDWLHQWV��7UDFKHDO�LQWXEDWLRQ�ZDV�VXFFHVVIXO�LQ
DOO�SDWLHQWV�ZLWK�Ô���DWWHPSWV��)LUVW�WLPH�VXFFHVV�UDWH�ZDV�������DQG�������RI�SDWLHQWV�ZHUH�VXFFHVVIXOO\�LQWXEDWHG�ZLWK���RU�OHVV�DWWHPSWV�
$GYHUVH�HYHQWV�RFFXUUHG�LQ������������SDWLHQWV��PDLQO\�GXH�WR�K\SRWHQVLRQ�ZLWK�WKH�QHFHVVLW\�RI�FDWHFKRODPLQHV�LQ�����������SDWLHQWV�DQG
VLJQLILFDQW�K\SR[LD�LQ�����������SDWLHQWV�

7KH�XSGDWHG�QXPEHUV�ZLOO�EH�SUHVHQWHG�DW�WKH�FRQIHUHQFH�

&RQFOXVLRQ�

7KH�YDVW�PDMRULW\�RI�HPHUJHQF\�LQWXEDWLRQV�LQ�RXU�XQLYHUVLW\�KRVSLWDO�('�LV�QRW�SHUIRUPHG�E\�DQDVWKHVLRORJLVWV��EXW�E\�('�VWDIIHG�SK\VLFLDQV��8S�WR
QRZ��WKH�VXFFHVV�UDWH�RI�RXU�HPHUJHQF\�LQWXEDWLRQV�LV�ZLWK������LQ�Ô��DWWHPSWV�YHU\�KLJK�FRPSDUHG�WR�RWKHU�UHJLVWULHV��7KH�FRPSOLFDWLRQ�UDWH�LV
FRPSDUDEOH�WR�RWKHU�UHJLVWULHV�DQG�VHHPV�WR�EH�SDVVDEOH�JLYHQ�WKH�IDFW��WKDW�PRVW�SDWLHQWV�DUH�LQ�D�FULWLFDO�DQG�XQVWDEOH�VLWXDWLRQ��,W�DSSHDUV�WR�EH
FUXFLDO�WR�JHW�PRUH�GDWD�IURP�RWKHU�KRVSLWDOV�DERXW�HPHUJHQF\�DLUZD\�PDQDJHPHQW�LQ�HPHUJHQF\�GHSDUWPHQWV�DQG�HPHUJHQF\�PHGLFDO�VHUYLFHV�
VLQFH�WKLV�SLORW�VWXG\�GRHV�QRW�FRQILUP�WKH�QRWLRQ�WKDW�D��DLUZD\�PDQDJHPHQW�LV�PDLQO\�SHUIRUPHG�E\�SK\VLFLDQV�RI�WKH�GHSDUWPHQW�RI
DQDHVWKHVLRORJ\�DQG�E��DLUZD\�PDQDJHPHQW�E\�('�VWDII�LV�FRUUHODWHG�ZLWK�D�KLJK�IDLOXUH�DQG�ORZ�VXFFHVV�UDWH�
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��������7KH�PHDQLQJ�RI�QHXWUDOLW\�DQG�LPSDUWLDOLW\�LQ�KXPDQLWDULDQ�DVVLVWDQFH�LQ�&RPSOH[�(PHUJHQFLHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

%HUQZDUG�$XI�GHP�.DPSH����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDO�-HQD��-HQD��*(50$1<

.H\ZRUGV��+XPDQLWDULDQ�$VVLVWDQFH��&RPSOH[�(PHUJHQF\��+DLWL�HDUWKTXDNH

$EVWUDFW��

,QWURGXFWLRQ

0HGLFDO�SHUVRQQHO��RIWHQ�RQ�PLVVLRQ�ZLWK�VPDOO�KXPDQLWDULDQ�1RQ�*RYHUQPHQWDO�2UJDQL]DWLRQV��1*2V���DUH�LQFUHDVLQJO\�QRW�RQO\�UHTXLUHG�WR�KDYH
VNLOOV�LQ�(PHUJHQF\�DQG�7URSLFDO�0HGLFLQH�EXW�DOVR�NQRZOHGJH�DERXW�WKH�KXPDQLWDULDQ�SULQFLSOHV�RI�QHXWUDOLW\�DQG�LPSDUWLDOLW\���,QWUD�VWDWH�DUPHG
FRQIOLFWV�DV�IUHTXHQW�GHVWLQDWLRQ�RI�WKHLU�PLVVLRQV�DUH�DGGLWLRQDOO\�IXHOOHG�E\�QDWXUDO�GLVDVWHUV�DV�HDUWKTXDNHV��IORRGV�DQG�GURXJKWV�DV�LQ�WKH�FDVH
VWXG\�DERXW�+DLWL�LQ�PDUFK�������,Q�WKLV�)DLOHG�6WDWH�8QLWHG�1DWLRQ�EOXH�KHOPHW�WURRSV�FRXOG�FRQWDLQ�WKH�H[FHVV�RI�YLROHQFH�VLQFH�WKH�ODWH�����V�EXW
WKH�HDUWKTXDNH�GHVWDELOL]HG�WKH�IUDJLOH�RUGHU�E\�FDXVLQJ�FDVXDOWLHV�DPRQJ�WKH�EOXH�KHOPHWV�DQG�LQIUDVWUXFWXUH�GHVWUXFWLRQ���7KH�KXPDQLWDULDQ
RUJDQLVDWLRQV�SXW�LQWR�WKLV�FRPSOH[�VFHQDULR�KDG�WR�GHFLGH�HLWKHU�WR�SRVLWLRQ�WKHPVHOYHV�DFFRUGLQJ�WR�SROLWLFDO�QHXWUDOLW\�DQG�LPSDUWLDO�DLG�WRZDUGV
DOO�SDUWLHV�RI�WKH�FRQIOLFW�RU�WR�VXERUGLQDWH�WKHPVHOYHV�XQGHU�WKH�FRRUGLQDWLRQ�RI�WKH�+DLWLDQ�JRYHUQPHQW�DQG�WKH�8QLWHG�1DWLRQ�ERGLHV��%H\RQG�WKLV
TXHVWLRQ�WKH�FDVH�VWXG\�IRFXVHV�RQ�WKH�FRQVHTXHQFHV�IRU�WKH�VHFXULW\�RI�KXPDQLWDULDQ�SHUVRQQHO�DQG�WKHLU�DFFHVV�WR�YLFWLPV��%HVLGH
1RQ�*RYHUQPHQWDO�2UJDQLVDWLRQV��1*2V��WKH�,QWHUQDWLRQDO�&RPPLWWHH�RI�WKH�5HG�&URVV��,&5&��DQG�WKH�:RUOG�)RRG�3URJUDPPH�RI�WKH�8QLWHG�1DWLRQV
�:)3��ZLOO�EH�ORRNHG�DW�

�

0HWKRGV

,QWHUYLHZLQJ�DQG�REVHUYLQJ�KXPDQLWDULDQ�DQG�PLOLWDU\�DFWRUV�ZLWK�IROORZLQJ�TXDOLWDWLYH�DQDO\VLV�

,QWHUSUHWLQJ�QHZV�DQG�SXEOLFDWLRQV�RI�SROLWLFDO�VFLHQFH�DQG�FRQIOLFW�UHVHDUFK�

�

5HVXOWV

%RWK�KXPDQLWDULDQ�RUJDQLVDWLRQV�RI�WKH�8QLWHG�1DWLRQV�DV�WKH�:)3�DQG�QXPHURXV�1*2V�LQWHUSUHWHG�WKH�&RPSOH[�(PHUJHQF\�SULPDULO\�DV�D�QDWXUDO
GLVDVWHU�DQG�LJQRULQJ�WKH�VWLOO�H[LVWLQJ�GLPHQVLRQ�RI�DQ�DUPHG�FRQIOLFW��$V�D�FRQVHTXHQFH��WKH\�VXERUGLQDWHG�GHVLJQ�DQG�ORFDWLRQ�RI�WKHLU�DLG
RSHUDWLRQV�XQGHU�WKH�FRRUGLQDWLRQ�RI�WKH�+DLWLDQ�JRYHUQPHQW�DQG�WKH�8QLWHG�1DWLRQV��%\�GRLQJ�VR��WKH\�JRW�RQO\�OLPLWHG�RU�QR�DFFHVV�DW�DOO�WR�WKRVH
SDUWV�RI�WKH�SRSXODWLRQ�OLYLQJ�XQGHU�WKH�FRQWURO�RI�JRYHUQPHQW�KRVWLOH�DUPHG�JURXSV��,Q�WKRVH�WHUULWRULHV�DOPRVW�RQO\�ZHOO�HVWDEOLVKHG�KXPDQLWDULDQ
RUJDQLVDWLRQV�DV�WKH�,&5&�RU�'RFWRUV�:LWKRXW�%RUGHUV�ZKR�VWULFWO\�IROORZHG�WKH�SULQFLSOHV�RI�QHXWUDOLW\�DQG�LPSDUWLDOLW\�ZHUH�DFFHSWHG�E\�WKH
QRQ�JRYHUQPHQWDO�DUPHG�JURXSV�DQG�WKXV�FRXOG�SHUIRUP�DLG�SURMHFWV�

�

'LVFXVVLRQ

7R�EH�DEOH�WR�SRVLWLRQ�WKHPVHOYHV�LQGHSHQGHQWO\�IURP�SROLWLFDO�LQIOXHQFHV�DFFRUGLQJ�WR�WKH�SULQFLSOHV�RI�QHXWUDOLW\�DQG�LPSDUWLDOLW\�KXPDQLWDULDQ
DFWRUV�QHHG�FRPSUHKHQVLYH�NQRZOHGJH�DERXW�WKH�FRQIOLFW�KLVWRU\�DQG�FRQIOLFW�SDUWLHV��$GGLWLRQDOO\��LW�LV�D�SDUDPRXQW�WR�SHUIRUP�WKH�DLG�SURMHFWV
LQGHSHQGHQWO\�IURP�EOXH�KHOPHW�WURRSV�DV�WKH\�DUH�RIWHQ�QRW�QHXWUDO�LQ�FRPSOH[�FRQIOLFW�VFHQDULRV�DV�LQ�+DLWL�EXW�FRQIOLFW�SDUW\�LQYROYHG�LQ�ILJKWLQJ
DJDLQVW�UHEHO�JURXSV�RU�JDQJV��7KRVH�1*2V�FRRSHUDWLQJ�WLJKWO\�ZLWK�QRQ�QHXWUDO�8QLWHG�1DWLRQ�WURRSV�VKRXOG�EH�FOHDU�DERXW�LQFUHDVLQJ�WKHLU�ULVN�RI
JHWWLQJ�XQGHU�DUPHG�DWWDFN�DQG�ORRVLQJ�DFFHVV�WR�YLFWLPV�OLYLQJ�LQ�WHUULWRU\�FRQWUROOHG�E\�QRQ�JRYHUQPHQWDO�DUPHG�JURXSV�
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��������&ULWLFDO�,QFLGHQWV�UHSRUWHG�LQ�D�'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH�LQ�*HUPDQ\�ZLWKLQ���\HDUV�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/LVDQQH�.RVWHN������&KULVWLDQ�+RKHQVWHLQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDO�-HQD��-HQD��*(50$1<
�����QRQH��-HQD��*(50$1<

.H\ZRUGV��&ULWLFDO�LQFLGHQW�UHSRUWLQJ���HPHUJHQF\�PHGLFLQH

$EVWUDFW��

%DFNURXQG��(UURUV�LQ�KHDOWKFDUH�SXW�SDWLHQW�VDIHW\�DW�VLJQLILFDQW�ULVLN��7R�HUU�LV�KXPDQ��EXW�LW�LV�XQQHFHVVDU\�WR�PDNH�WKH�VDPH�PLVWDNH�WZLFH��,W
KDV�EHHQ�SURYHQ�WKDW�D�GHWDLOHG�DQDO\VLV�RI�PHGLFDO�HUURUV�LV�LPSRUWDQW��HVSHFLDOO\�FLUFXPVWDQFHV�RI�SUHYHQWDEOH�HUURUV�DUH�KHOSIXO�WR�GHYHORS
SUHYHQWLYH�VWUDWHJLHV�

:KDW�NLQG�RI�LQFLGHQWV�PLJKW�KDUP�SDWLHQWV�GXULQJ�KRVSLWDO�FDUH�LQ�WKH�(PHUJHQF\�GHSDUWPHQW"

�

0HWKRGV��2XU�LQWUDQHW�ZHEVLGH�RIIHUV�DQ�DQRQ\PRXV�UHSRUWLQJ�V\VWHP�DQ\�VWDII�PHPEHU�RI�WKH�KRVSLWDO�PD\�XVH��:H�DQDO\]HG�DOO�UHSRUWHG�LQFLGHQW
UHSRUWV�UHODWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�RI�-HQD�DQG�FODVVLILHG�WKHP�DUELWUDULO\�

�

5HVXOWV��)URP������XQWLO�������WKH���\HDU�SHULRG�RI�GDWDEDVH�UHODWH�WR�FULWLFDO�LQFLGHQWV�LQ�WKH�(PHUJHQF\�'HSDUWHPHQW�-HQD�LQFOXGHV����UHSRUWV�
:H�FODVVLILHG�WKH�PDLQ�IDFWRUV��ZKLFK�OHDGHG�WR�SRWHQWLDO�VDIHW\�KD]DUGV�LQWR���JURXSV��PHGLFDO�HTXLSHPHQW�HUURUV��Q �����DGHTXDWHO\�TXDOLILHG
SHUVRQQHO�DYDLODELOLW\��Q �����LQDGHTXDWH�WUHDWPHQW�FRQFHSWV��Q �����GDWD�ORJLVWLFV�DQG�LQVXIILFLHQW�FRPPXQLFDWLRQ��Q ����PHGLFDWLRQ��Q ���
WUDQVSRUW�ORJLVWLFV��Q ����PRQLWRULQJ��Q ����PLVWDNHV��Q ����K\JLHQLFV��Q �����

�

&RQFOXVLRQV��:LWK�WKH�KHOS�RI�FULWLFDO�LQFLGHQW�UHSRUWLQJ�V\VWHP�ZH�ZHUH�DEOH�WR�LGHQWLI\�FDXVHV��ZKLFK�SRWHQWLDOO\�WKUHDW�SDWLHQW�VDIHW\�LQ�WKH
VHWWLQJ�RI�LQQHUKRVSLWDO�HPHUJHQF\�PHGLFLQH��)UHTXHQWO\�FULWLFDO�LQFLGHQWV�ZHUH�FDXVHG�E\�WHFKQLFDO�HUURUV��LQVXIILFLHQW�SHUVRQQHO�DYDLODELOLW\�DQG
LQVXIILFLHQW�FRPPXQLFDWLRQ�

7R�LPSURYH�SDWLHQW�VDIHW\�LQ�WKH�HPHUJHQF\�GHSDUWHPHQW�DQG�FRQVHTXHQWO\�LQYHVW�LQWR�D�OLIHVDYLQJ�SURMHFW��ZH�QHHG�WR�HQKDQFH�WKH�OLPLWHG
DOORFDWLRQ�RI�TXDOLILHG�VWDII��SDUWLFXODUO\�LQ�WKH�FDUH�VHFWRU��7KH�SRVVLELOLW\�RI�DWWHQGLQJ�IXUWKHU�HGXFDWLRQ�DQG�VSHFLDO�VNLOO�WUDLQLQJ�IRU�DOO�VWDII
PHPEHUV�DV�ZHOO�DV�LQYHVWLJDWLQJ�LQWR�KLJK�TXDOLW\�HTXLSHPHQW�VHHPV�WR�KDYH�KLJK�LPSDFW�RQ�SDWLHQW�VDIHW\�
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*LDQQL�7XUFDWR

��������(IIHFWLYHQHVV�RI�QRQ�LQYDVLYH�YHQWLODWLRQ�LQ�SDWLHQWV�ZLWK�DFXWH�UHVSLUDWRU\�IDLOXUH�LQ�LPSURYLQJ�GLVWUHVV�DQG�UHGXFLQJ
QHHG�IRU�LQWXEDWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(OLVD�3HURQ������$QWRQLR�%RQRUD������9DOHQWLQD�6HUDILQL������*LDQQL�7XUFDWR������'RPHQLFR�9HUDOGL������0DVVLPR�=DQQRQL������*LRUJLR�5LFFL������0DULDQR
%HOORQL������)UDQFHVFR�%XRQRFRUH����

���(PHUJHQF\�DQG�,QWHQVLYH�&DUH�'HSDUWPHQW��6DQWD�&KLDUD�+RVSLWDO�RI�7UHQWR��,WDO\��7UHQWR��,7$/<
���(PHUJHQF\�DQG�,QWHQVLYH�&DUH�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�RI�9HURQD��,WDO\��9HURQD��,7$/<

.H\ZRUGV��1RQ�LQYDVLYH�YHQWLODWLRQ��&32'��$FXWH�+HDUW�)DLOXUH

$EVWUDFW��

%DFNJURXQG��1RQ�,QYDVLYH�9HQWLODWLRQ���1,9��KDV�WXUQHG�WR�KDYH�D�ZLGH�UROH�LQ�WKH�PDQDJHPHQW�RI�DFXWH�UHVSLUDWRU\�IDLOXUH��DERYH�DOO�LQ�SDWLHQWV
VXIIHULQJ�IURP�UHFXUUHQFHV�RI�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��1,9�LV�HIIHFWLYH�LQ�UHGXFLQJ�WKH�QHHG�IRU�LQYDVLYH�YHQWLODWLRQ�DQG�SUHYHQWLQJ
WKH�UHODSVH�RI�UHVSLUDWRU\�IDLOXUH�DIWHU�LQWXEDWLRQ�UHPRYHG��$OWKRXJK�LWV�FRQILUPHG�XVHIXOQHVV�LQ�WKH�FOLQLFDO�SUDFWLFH��GDWD�DUH�VWLOO�OLPLWHG�DQG�QRW
FRQFOXVLYH�

$LP��7R�HYDOXDWH�WKH�HIIHFWLYHQHVV�RQ�1,9�LQ�WKH�PDQDJHPHQW�RI�DFXWH�UHVSLUDWRU\�IDLOXUH�LQ�WKH�ÈUHDO�OLIHÉ�RI��(PHUJHQF\�'HSDUWPHQW�DQG�WR
LGHQWLI\�IDFWRUV�WKDW�SUHGLFW�WKH�QHHG�IRU�YHQWLODWLRQ�WR�EH�FRQWLQXHG�

0HWKRGV��:H�UHWURVSHFWLYHO\�FRQVLGHUHG�DOO�SDWLHQWV�REVHUYHG�IRU�DFXWH�UHVSLUDWRU\�IDLOXUH�DQG�VXEPLWWHG�WR�1,9�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI
WKH�8QLYHUVLW\�+RVSLWDO�RI�9HURQD��,WDO\���IURP�2FWREHU������WR�0DUFK�������&OLQLFDO�KLVWRU\��PRUELGLW\��YLWDO�SDUDPHWHUV��EORRG�JDV�DQDO\VLV�DQG
EORRG�H[DPLQDWLRQV�ZHUH�UHJLVWHUHG�DQG�XVHG�WR�FDOFXODWH�WKH�$3$&+(�,,�VFRUH��'DWD�DERXW�DHWLRORJ\�RI�DFXWH�UHVSLUDWRU\�IDLOXUH��FKHVW�[�UD\�ILQGLQJV�
W\SH�DQG�GXUDWLRQ�RI�1,9�ZHUH�IXUWKHU�JDWKHUHG��7KH�HIIHFWLYHQHVV�RI�1,9�ZDV�HYDOXDWHG�LQ�WHUPV�RI�LPSURYHPHQW�RI�UHVSLUDWRU\�GLVWUHVV��WUHQG�RI
EORRG�JDV�DQDO\VLV��HDUO\�DQG�ODWH�LQWXEDWLRQ�UDWH��PRUWDOLW\�UDWH��

5HVXOWV��,Q�WKH�VFKHGXOHG�SHULRG�ZH�REVHUYHG����SDWLHQWV�����PDOHV�����IHPDOHV��PHDQ�DJH����\HDUV��ZLWK�VHYHUDO�PRUELGLW\��KHDUW�GLVHDVH�����
FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH������GLDEHWHV������FKURQLF�UHQDO�IDLOXUH�������2XW�RI�WKH�����SDWLHQWV�������ZHUH�DGPLWWHG�ZLWK�VHYHUH
UHVSLUDWRU\�GLVWUHVV��GXH�WR�KHDUW�IDLOXUH�LQ����������DQG�WR�SQHXPRQLD�LQ����FDVHV��������$3$&+(�,,�VFRUH�PHGLDQ�YDOXH�ZDV�������1,9�ZDV
SHUIRUPHG�LQ�369�PRGH�LQ����SDWLHQWV�������DQG�LQ�&3$3�PRGH�LQ����SDWLHQWV��������0HGLDQ�OHQJWK�RI�WUHDWPHQW�ZDV�����KRXUV��9HQWLODWLRQ�KDG�WR
EH�FRQWLQXHG�LQ����FDVHV��������EXW�RQO\���SDWLHQWV�UHTXLUHG�DQ�LQYDVLYH�SURFHGXUH��3UHGLFWLYH�IDFWRUV�IRU�SURORQJHG�YHQWLODWLRQ�UHVXOWHG�WR�EH�
$3$&+(�,,�VFRUH��S+�DIWHU�YHQWLODWLRQ��WUHQG�RI�EORRG�JDV�DQDO\VLV��GLDJQRVLV�RI�DFXWH�SXOPRQDU\�RHGHPD�RU�SQHXPRQLD��S��������1,9�SURYHG�WR�EH
HIIHFWLYH�LQ�UHFRYHULQJ�UHVSLUDWRU\�GLVWUHVV�LQ����SDWLHQWV�������DQG�LPSURYLQJ�EORRG�JDV�DQDO\VLV�LQ����SDWLHQWV��������2YHUDOO�LQWXEDWLRQ�UDWH�ZDV
�����DQG�PRUWDOLW\�UDWH�����

&RQFOXVLRQV��7KH�LPSURYHPHQW�RI�UHVSLUDWRU\�GLVWUHVV�SOD\V�DV�D�UHOLDEOH�SDUDPHWHU�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�1,9ZKLOH�LWV�SHUVLVWHQFH�DV�D
ULVN�IDFWRU�DV�UHJDUGV�PRUWDOLW\��)XUWKHUPRUH��WKH�FDXVH�RI�DFXWH�UHVSLUDWRU\�IDLOXUH�DQG�WKH�WUHQG�LQ�EORRG�JDV�DQDO\VLV�UHVXOWHG�WR�EH�ZHOO�UHODWHG
ZLWK�WKH�QHHG�IRU�YHQWLODWLRQ�WR�EH�SURORQJHG�



&35���5(686&,7$7,21 SRFKHQJ�FKHQ

��������6HUXP�ELRPDUNHU�OHYHOV�DQG�VFHQH�WLPH�LQWHUYDO�DUH�DVVRFLDWHG�ZLWK�RXWFRPH�LQ�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$�
SDWLHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3R�&KHQJ�&KHQ������&KHQJ�<X�&KLHQ����

���5HVLGHQW���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��&KDQJ�*XQJ�0HPRULDO�+RVSLWDO��.HHOXQJ��7DLZDQ��7DR\XDQ��7$,:$1
���3K\VLFLDQ��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��&KDQJ�*XQJ�0HPRULDO�+RVSLWDO��DQG�&KDQJ�*XQJ�8QLYHUVLW\�&ROOHJH�RI�0HGLFLQH��/LQNRX��7DLZDQ�
7DR\XDQ��7$,:$1

.H\ZRUGV��RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$���VHUXP�ELRPDUNHUV��VFHQH�WLPH�LQWHUYDO

$EVWUDFW��

2EMHFWLYH��3UHGLFWLQJ�WKH�RXWFRPH�RI�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��SDWLHQWV�LV�GLIILFXOW��7KXV��WKH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH
ZKHWKHU�VHUXP�ELRPDUNHU�OHYHOV�DQG�WKH�VFHQH�WLPH�LQWHUYDO�GLIIHU�EHWZHHQ�2+&$�SDWLHQWV�ZLWK�IDYRUDEOH�RU�XQIDYRUDEOH�RXWFRPHV�WR�LGHQWLI\
SRWHQWLDO�SUHGLFWRUV��0HWKRGV��'DWD�IURP�����2+&$�SDWLHQWV�EHWZHHQ�-DQXDU\�DQG�'HFHPEHU������DW�7DR\XDQ�&KDQJ�*XQJ�0HPRULDO�+RVSLWDO
�7DLZDQ��5�2�&���ZHUH�DQDO\]HG�LQ�WKLV�VWXG\��6HUXP�VXJDU��FUHDWLQLQH��$67��1D��.��&.0%��7URS�,��S+��DQG�S&2��ZHUH�GHWHUPLQHG�LQ�WKH�HPHUJHQF\
URRP�ZKLOH�SHUIRUPLQJ�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35���7KH�UHVSRQVH�WLPH��VFHQH�WLPH�LQWHUYDO��67,��DQG�WKH�67,�SOXV�&35�WLPH�ZHUH�DOVR
UHFRUGHG��5HVXOWV��2+&$�SDWLHQWV�ZKR�ZHUH�GLVFKDUJHG�ZLWK�JRRG�QHXURORJLF�UHVSRQVHV�KDG�QRUPDO�VHUXP�S+�YDOXHV�DQG�QRUPDO�OHYHOV�RI
FUHDWLQLQH�DQG�7URS�,��0RUHRYHU��SDWLHQWV�ZLWK�67,V�RI�OHVV�WKDQ����PLQ��RU�67,�SOXV�&35�WLPHV�OHVV�WKDQ����PLQ��KDG�EHWWHU�QHXURORJLFDO�RXWFRPHV�
&RQFOXVLRQV��2XU�GDWD�VXJJHVW�WKDW�VHUXP�ELRPDUNHUV�PD\�SUHGLFW�RXWFRPH�LQ�2+&$�SDWLHQWV�DQG�KRVSLWDO�&35�WLPHV�RI�OHVV�WKDQ����PLQ�DUH
DVVRFLDWHG�ZLWK�D�EHWWHU�FKDQFH�RI�GLVFKDUJH�



3(',$75,&6 -RDQ\�=DFKDULDVVH

��������*HQGHU�GLIIHUHQFHV�LQ�SDHGLDWULF�HPHUJHQF\�PHGLFLQH��D�PXOWLFHQWHU�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-RDQ\�=DFKDULDVVH������'RULQH�%RUHQV]WDMQ������&ODXGLR�$OYHV������3DXOR�)UHLWDV������)UDQN�6PLW������-RKDQ�YDQ�GHU�/HL������(ZRXW�6WH\HUEHUJ������,DQ
0DFRQRFKLH������6XVDQQH�*UHEHU�3ODW]HU������+HQUL�WWH�0ROO����

���'HSDUWPHQW�RI�3DHGLDWULFV��(UDVPXV�0&��6RSKLD�&KLOGUHQ
V�+RVSLWDO��5RWWHUGDP��7+(�1(7+(5/$1'6
���'HSDUWPHQW�RI�3DHGLDWULFV��(PHUJHQF\�8QLW��+RVSLWDO�)HUQDQGR�)RQVHFD��$PDGRUD��32578*$/
���,QWHQVLYH�&DUH�8QLW��+RVSLWDO�)HUQDQGR�)RQVHFD��$PDGRUD��32578*$/
���'HSDUWPHQW�RI�3DHGLDWULFV��0DDVVWDG�+RVSLWDO��5RWWHUGDP��7+(�1(7+(5/$1'6
���'HSDUWPHQW�RI�0HGLFDO�,QIRUPDWLFV��(UDVPXV�0&��5RWWHUGDP��7+(�1(7+(5/$1'6
���'HSDUWPHQW�RI�3XEOLF�+HDOWK��(UDVPXV�0&��5RWWHUGDP��7+(�1(7+(5/$1'6
���'HSDUWPHQW�RI�3DHGLDWULF�$FFLGHQW�DQG�(PHUJHQF\��6W�0DU\
V�+RVSLWDO��,PSHULDO�&ROOHJH�1+6�+HDOWKFDUH�7UXVW��/RQGRQ��8.
���'HSDUWPHQW�RI�3DHGLDWULFV�DQG�$GROHVFHQW�0HGLFLQH��9LHQQD�*HQHUDO�+RVSLWDO��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��9LHQQD��$8675,$

$EVWUDFW��

,QWURGXFWLRQ
7KH�LQIOXHQFH�RI�JHQGHU�RQ�KHDOWK�DQG�GLVHDVH�LV�LQFUHDVLQJO\�EHLQJ�UHFRJQL]HG��,Q�HPHUJHQF\�PHGLFLQH��VH[�VSHFLILF�GLIIHUHQFHV�DUH�ZHOO�GHVFULEHG
LQ�DGXOWV��LQFOXGLQJ�WKH�DFXWH�SUHVHQWDWLRQ�RI�FHUWDLQ�FRQGLWLRQV��WKH�HSLGHPLRORJ\�RI�LOOQHVVHV�DQG�LQMXULHV��DQG�WKH�HIIHFWV�DQG�VLGH�HIIHFWV�RI
PHGLFDWLRQV��%HVLGH�SK\VLRORJLF�DQG�ELRORJLF�IDFWRUV��JHQGHU�VSHFLILF�ELDVHV�DUH�IRXQG�WR�LQIOXHQFH�SK\VLFLDQÇV�WUHDWPHQW�GHFLVLRQV��6R�IDU��OLWWOH�LV
NQRZQ�DERXW�KRZ�JHQGHU�DIIHFWV�HPHUJHQF\�FDUH�IRU�FKLOGUHQ��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�WKH�UROH�RI�JHQGHU�LQ�SUHVHQWLQJ�SUREOHP��GLVHDVH
PDQDJHPHQW�DQG�RXWFRPH�LQ�FKLOGUHQ�DWWHQGLQJ�WKH�HPHUJHQF\�GHSDUWPHQW�('��

0HWKRGV
7KLV�VWXG\�LV�SDUW�RI�WKH�7U,$*(�SURMHFW��D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�LQ�ILYH�('ÇV�LQ�IRXU�(XURSHDQ�FRXQWULHV��WKH�1HWKHUODQGV��8QLWHG�.LQJGRP�
$XVWULD��3RUWXJDO���'DWD�FROOHFWLRQ�FRQVLVWV�RI�URXWLQHO\�UHFRUGHG�SDWLHQW�GDWD��DXWRPDWLFDOO\�H[WUDFWHG�IURP�HOHFWURQLF�PHGLFDO�UHFRUGV��6WXG\�VLWHV
DUH�LQVWUXFWHG�LQ�GDWD�FROOHFWLRQ�DQG�D�PLQLPXP�VHW�RI�UHTXLUHG�YDULDEOHV��'DWD�KDUPRQL]DWLRQ�DQG�TXDOLW\�FKHFNV�ZHUH�SHUIRUPHG���:H�LQFOXGHG�DOO
FRQVHFXWLYH�FKLOGUHQ�DJHG

5HVXOWV
,Q�WRWDO���������FKLOGUHQ�XQGHU�WKH�DJH�RI����ZHUH�LQFOXGHG�LQ�WKH�VWXG\��DQG�������ZHUH�PDOH��,Q�DOO���KRVSLWDOV��WKH�SURSRUWLRQ�RI�ER\V�YLVLWLQJ�WKH
('�ZDV�KLJKHU�WKDQ�JLUOV��UDQJLQJ�IURP������WR��������7KH�SURSRUWLRQ�RI�ER\V�GHFUHDVHG�ZLWK�DJH��IURP��������UDQJH�������������LQ�FKLOGUHQ���
\HDUV��%R\V�SUHVHQWHG�PRUH�RIWHQ�ZLWK�WUDXPD�DQG�OLPE�SUREOHPV��������YHUVXV���������SUHVHQWHG�PRUH�RIWHQ�ZLWK�KLJK�XUJHQW�SUREOHPV
DFFRUGLQJ�WR�WKH�0DQFKHVWHU�7ULDJH�6\VWHP��������YHUVXV��������DQG�ZHUH�PRUH�RIWHQ�DGPLWWHG��������YHUVXV���������:KHQ�DGMXVWHG�IRU�FOLQLFDO
SDUDPHWHUV��GLDJQRVWLFV�DQG�WKHUDS\��DQG�SDWLHQW�GLVSRVLWLRQ��VRPH�GLIIHUHQFHV�EHWZHHQ�ER\V�DQG�JLUOV�UHPDLQHG��*LUOV�ZHUH�WULDJHG�OHVV�RIWHQ�ZLWK
D�KLJK�XUJHQW�WULDJH�FDWHJRU\��25����������&,�������������0RUHRYHU��LQ�JLUOV�VLJQLILFDQWO\�PRUH�ODE�WHVWV�ZHUH�SHUIRUPHG�LQ�FDVH�RI�PHGLFDO
SUREOHPV��25����������&,������������DQG�PRUH�UDGLRORJLF�WHVWV�LQ�FDVH�RI�WUDXPD��25����������&,�������������*LUOV�ZHUH�OHVV�OLNHO\�WR�UHFHLYH
LQKDODWLRQ�PHGLFDWLRQ��25����������&,�������������ZKLOH�RYHUDOO�WKHUH�ZDV�QR�GLIIHUHQFH�LQ�RUDO�RU�LQWUDYHQRXV�PHGLFDWLRQV�DGPLQLVWHUHG�

&RQFOXVLRQ
,Q�FKLOGKRRG��ER\V�DWWHQG�WKH�('�PRUH�RIWHQ�WKDQ�JLUOV��DQG�WKLV�WUHQG�GHFUHDVHV�ZLWK�DJH��:KHQ�DGMXVWHG�IRU�SRWHQWLDO�FRQIRXQGHUV��JLUOV�ZHUH
WULDJHG�OHVV�RIWHQ�WR�D�KLJK�XUJHQF\�FDWHJRU\��0RUHRYHU��VRPH�JHQGHU�EDVHG�GLIIHUHQFHV�ZHUH�IRXQG�LQ�GLDJQRVWLFV�DQG�PDQDJHPHQW��)XUWKHU
UHVHDUFK�LV�QHHGHG�WR�H[SORUH�ZKHWKHU�WKHVH�ILQGLQJV�DUH�FDXVHG�E\�GLIIHUHQFHV�LQ�GLVHDVH�W\SH��GLVHDVH�SUHVHQWDWLRQ��V\PSWRP�VHYHULW\�RU�ZKHWKHU
JHQGHU�VXEFRQVFLRXVO\�SOD\V�D�UROH�LQ�PDQDJHPHQW�GHFLVLRQV�LQ�FKLOGUHQ��



&35���5(686&,7$7,21 /XLV�$UFDGLR�&RUWHV�3XHQWHV

��������&+(67�&2035(66,21�48$/,7<�021,725,1*�%<�3($.�6<672/,&�9(/2&,7<�2)�)(025$/�$57(5<

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/8,6�$5&$',2�&257(6�38(17(6������*867$92�$1'5(6�&257(6�38(17(6������*(5$5'2�/,1$5(6�0(1'2=$������&DUORV�+HUQDQ�&DPDUJR�0LOD����

���'HSDUWDPHQWR�(PHUJHQFLDV�)81'$&,{1�&$5',2,1)$71,/��,&�$1'�)81'$&,21�6$17$�)(�'(�%2*27$��)81'$&,{1�&$5',2,1)$17,/�,167,7872
'(�&$5',2/2*,$���,',0(&��ERJRWD�'�&��&2/20%,$
���5HVLGHQW���,QWHUQDO�0HGLFLQH���81,9(56,7<�2)�0,11(627$��0,1(627$��86$
���'HSDUWDPHQWR�(PHUJHQFLDV��)81'$&,{1�&$5',2,1)$17,/�,167,7872�'(�&$5',2/2*,$���,',0(&��ERJRWD�'�&��&2/20%,$
���-HIH�GH�8UJHQFLDV���)81'$&,{1�&$5',2,1)$17,/�,167,7872�'(�&$5',2/2*,$��ERJRWD�'�&��&2/20%,$

.H\ZRUGV��&DUGLRSXOPRQDU\�5HVXVFLWDWLRQ��8OWUDVRQRJUDSK\��'RSSOHU

$EVWUDFW��

7KH�FKHVW�FRPSUHVVLRQ�LV�D�NH\�RI�+LJK�TXDOLW\�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35���IRU�WKLV�UHDVRQ�WKH�FXUUHQW�*XLGHOLQHV�IRU�&DUGLRSXOPRQDU\
5HVXVFLWDWLRQ�UHFRPPHQGV�HQVXULQJ�FKHVW�FRPSUHVVLRQV�RI�DGHTXDWH�UDWH��DGHTXDWH�GHSWK��DOORZLQJ�IXOO�FKHVW�UHFRLO�EHWZHHQ�FRPSUHVVLRQ�DQG
PLQLPL]LQJ�LQWHUUXSWLRQV��$SSDUHQWO\�IHHGEDFN�PHWKRGV�FRXOG�LPSURYH�WKH�TXDOLW\�RI�FKHVW�FRPSUHVVLRQV��KRZHYHU��VXEMHFWLYH�DQDO\VLV�VKRZHG�SRRU
DFFXUDF\�WR�TXDOLI\�DGHTXDWH�UDWH�DQG�GHSWK�RI�FKHVW�FRPSUHVVLRQV��DQG�D�PRUH�FRPSOH[�PHWKRGRORJ\�IRU�HYDOXDWLRQ�LV�QHFHVVDU\��3K\VLRORJLFDO
SDUDPHWHUV�VXFK�DV�TXDQWLWDWLYH�ZDYHIRUP�FDSQRJUDSK\�RU�DUWHULDO�SUHVVXUH�PRQLWRULQJ�FRXOG�DVVHVV�WKH�UHVSRQVH�WR�WUHDWPHQW�DQG�JXLGLQJ
LQWHUYHQWLRQV�WR�LPSURYH�WKH�TXDOLW\�RI�&35��,Q�RXU�ZRUN�ZH�PHDVXUHG�WKH�SHDN�V\VWROLF�YHORFLW\�RI�IHPRUDO�DUWHU\��)369��E\�XOWUDVRXQG�GXULQJ�FKHVW
FRPSUHVVLRQV��DV�DQ�LQGLUHFW�LQGLFDWRU�RI�FDUGLDF�RXWSXW�DQG�D�TXDQWLWDWLYH�PHDVXUH�RI�WKH�TXDOLW\�RI�FKHVW�FRPSUHVVLRQV�

�

2EMHFWLYH

'HWHUPLQH�LI�LV�SRVVLEOH�WR�PHDVXUH�WKH�)369�SURGXFHG�E\�FKHVW�FRPSUHVVLRQV�GXULQJ�&35

�

0HWKRGRORJ\

,Q���FDVHV�RI�FDUGLDF�DUUHVW�WKH�FRQGLWLRQV�WR�SHUIRUP�WKH�PHDVXUHPHQW�ZHUH�REWDLQHG��3DWLHQWV�ZHUH�\RXQJHU�WKDQ����\HDUV�DQG�KDG�QRQWUDXPDWLF
FDUGLDF�DUUHVWV��SDWLHQWV�ZLWK�VLJQV�RI�DEGRPLQDO�YDVFXODU�GLVHDVHV�ZHUH�GLVFDUGHG��7KH�)369�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�LQ�WKH�FRPPRQ
IHPRUDO�DUWHU\���DW�WKH�EHJLQQLQJ�DQG����VHFRQGV�EHIRUH�WKH�HQG�RI�WKH�FRPSUHVVLRQ�F\FOH��$GGLWLRQDOO\�D�GHVFULSWLRQ�RI�FKHVW�FRPSUHVVLRQV�TXDOLW\
ZDV�SHUIRUPHG�GXULQJ�HDFK�PHDVXUHPHQW�

�

5HVXOWV

���PHDVXUHPHQWV�ZHUH�REWDLQHG����ZHUH�GLVFDUGHG�GXH�WR�SRRU�TXDOLW\�RI�XOWUDVRXQG�YLHZ��7KH�KLJKHVW�)369�ZDV�����P�V��DGHTXDWH�FKHVW
FRPSUHVVLRQ�WHFKQLTXHV�ZHUH�DVVRFLDWHG�ZLWK�DQ�DYHUDJH�PHDVXUHPHQW�RI�����P�V��UDQJH����WR�����P�V���PRVW�)369�GHFUHDVHG�WR����P�V���UDQJH
���WR�����P���VHF��DW�WKH�HQG�RI�HDFK�F\FOH��3RRU�TXDOLW\�WHFKQLTXHV�ZHUH�DVVRFLDWHG�ZLWK�)369�EHWZHHQ����WR����P�V��2QH�UHVXVFLWDWRU�ZLWK�D
KLVWRU\�RI�HOERZ�WUDXPD��SHUIRUPHG�D�SRRU�TXDOLW\�FRPSUHVVLRQV�DFFRUGLQJ�WR�TXDQWLWDWLYH�HYDOXDWLRQ��KRZHYHU�WKH�)369�GXULQJ�FKHVW�FRPSUHVVLRQV
UHVXOWHG�JUHDWHU�WKDQ����P���V

�

&RQFOXVLRQV

0HDVXUHPHQW�RI�)369�LV�SRVVLEOH�GXULQJ�&35�DQG�FRXOG�SURYLGH�TXDQWLWDWLYH�LQIRUPDWLRQ�DERXW�WKH�TXDOLW\�RI�FKHVW�FRPSUHVVLRQV��HYHQ�SURYLGH�D
UHDO�WLPH�IHHGEDFN�WR�LPSURYH�WKH�WHFKQLTXH��)XUWKHU�VWXGLHV�DUH�QHHGHG�WR�FRQILUP�WKHVH�ILQGLQJV



',6$67(5�0(',&,1( 6DNDPRWR�7DNDPLWVX

��������'LVDVWHU�PHGLFDO�UHSRUW�LQ�1HSDO�DV�132�70$7�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6DNDPRWR�7DNDPLWVX����

�����IXNXRND�WRNXVKXNDL�JHQHUDO�KRVSLWDO��IXNXRND��-$3$1

.H\ZRUGV��HDUWKTXDNH��1*2�70$7�GLVDVWHU

$EVWUDFW��

$Q�HDUWKTXDNH�RI�PDJQLWXGH������ZDV�VWUXFN�RQ�$SULO����������ZKLFK�EURXJKW�VHULRXV�GDPDJH��LQ�1HSDO�

132�PHGLFDO�DVVLVWDQW�WHDP��NQRZQ�DV�70$7�LQ�-DSDQ��ZDWFK�WKH�FLUFXPVWDQFHV�FDUHIXOO\�DQG�DQG�VHQW�DGYDQFH�PHGLFDO�WHDP�WR�FKHFN�WKH�VLWXDWLRQ
DQG�WKH�QHVVHVLW\�RI�PHGLFDO�QHHGV�RQ���WK�$SULO�IRU�IXUWKHU�GDPDJH�H[SDQVLRQ��DQG�EDVHG�LWV�DFWLYLW\�LQ�%DUDELVH��6LQGKXSDOFKRZN�DUHD��ZLWK
,ZDPXUD�0HPRULDO�+RVSLWDO��DV��D�FRXQWHUSDUWV�RQ���WK�$SULO�

DQG�DV�PHGLFDO�DVVLVWDQW�WHDP��)07FODVV����W\SH�WHDP��70$7�SHUIRUPHG�PHGLFDO�WUHDWPHQW�DFWLYLW\�IRU�DSSUR[LPDWHO\����GD\V��(VSHFLDOO\�ZRUWK
PHQWLRQLQJ�LV��DERXW�PRELOH�FOLQLF�LQ�PRXQWHQRXV�DUHD�LQ�1HSDO��70$7�PHPEHU�FDUULHG�PHGLFDO�HTXLSPHQW��LQ�EDFNSDFN�DQG�JDYH�PHGLFDO�FDUH
�ZKHUH�YLKLFOH�FDQ�QRW�DFFHVV�

2YHU�����SDWLHQWV�LQ�WKLV�SHULRG�YLVLWHG�RXU�FOLQLF�IURP�VHURXV�FDVH�WR�UDUH�FDVH��WKLV�SUHVHQWDWLRQ�LV�DERXW�GLVDVWHU�PHGLFDO��UHSRUW�RI�70$7�



,0$*,1*���8/75$6281'���5$',2/2*< /XEQD�$QGUDRXV

��������8VH�RI�%HGVLGH�8OWUDVRXQG�7R�'LDJQRVH�7\SH�$�$RUWLF�'LVVHFWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/XEQD�*KDOL�$PLQ�$QGUDRXV����

���(PHUJHQF\�'HSDUWPHQW��+DPDG�*HQHUDO�+RVSLWDO��'RKD��4$7$5

.H\ZRUGV��$RUWLF�'LVVHFWLRQ��7\SH�$�$RUWLF�'LVVHFWLRQ��%HGVLGH�(FKRFDUGLRJUDP��,QWLPDO�)ODS���3HULFDUGLDO�7DPSRQDGH�

$EVWUDFW��

,QWURGXFWLRQ�

$RUWLF�'LVVHFWLRQ�LV�D�UHODWLYHO\�XQFRPPRQ�\HW�DQ�HPHUJHQW�OLIH�WKUHDWHQLQJ�FRQGLWLRQ�ZLWK�D�KLJK�PRUELGLW\�DQG�PRUWDOLW\�UDWH��,W�UHPDLQV�D
FKDOOHQJLQJ�GLDJQRVLV�IRU�HPHUJHQF\�SK\VLFLDQV��GXH�WR�LWV�ZLGH�UDQJH�FOLQLFDO�PDQLIHVWDWLRQV�DQG�DW\SLFDO�SUHVHQWDWLRQV��+HQFH�GLDJQRVLV�LV�GLIILFXOW�
EXW�HVVHQWLDO��FRQVLGHULQJ�WKH�WLPH�VHQVLWLYLW\�RI�LQLWLDWLQJ�WUHDWPHQW�ZLWK�LQWUDYHQRXV�DQWLK\SHUWHQVLYH�DJHQWV�DQG�RSHUDWLYH�LQWHUYHQWLRQ���(DUO\
UHFRJQLWLRQ�DQG�WUHDWPHQW�DUH�FUXFLDO�HVSHFLDOO\�ZKHQ�WKH�SUR[LPDO�$RUWD�LV�LQYROYHG��'LVVHFWLRQV�LQYROYLQJ�WKH�$RUWLF�$UFK�FDQ�OHDG�WR�0\RFDUGLDO
,QIDUFWLRQ��3HULFDUGLDO�7DPSRQDGH�DQG�$RUWLF�YDOYH�IDLOXUH�UHVXOWLQJ�LQ�GHDWK��

$LP�0HWKRGV�

:H�UHSRUW�D�FDVH�ZKHUH�DQ�HPHUJHQF\�SK\VLFLDQ�XWLOL]HG�%HGVLGH�7UDQVWKRUDFLF�(FKRFDUGLRJUDP�	�$EGRPLQDO�8OWUDVRXQG�WR�GLDJQRVH�7\SH�$�$RUWLF
'LVVHFWLRQ�LQ�D�WLPHO\�PDQQHU��DERXW����PLQXWHV�IURP�SUHVHQWDWLRQ��LQ�VSLWH�RI�DW\SLFDO�SUHVHQWDWLRQ

�

&DVH

$����\HDU�ROG�6XGDQHVH�PDOH�SDWLHQW��SUHYLRXVO\�KHDOWK\�DQG�QRQ�VPRNHU��SUHVHQWHG�WR�(PHUJHQF\�'HSDUWPHQW�DW�+DPDG�*HQHUDO�+RVSLWDO�ZLWK
PLOG�ORFDOL]HG�FKHVW�GLVFRPIRUW�WKDW�VWDUWHG����KRXUV�DJR��%ORRG�3UHVVXUH�������PP+J��+HDUW�5DWH����EHDWV�PLQ��5HVSLUDWRU\�5DWH����EUHDWKV�PLQ�
2[\JHQ�6DWXUDWLRQ�����RQ�URRP�DLU�DQG�7HPSHUDWXUH�����j&��1R�MXJXODU�YHQRXV�GLVWHQVLRQ��1RUPDO�KHDUW�VRXQGV�ZLWK�QR�PXUPXUV��/XQJV�ZHUH
FOHDU��$EGRPHQ�ZDV�VRIW��QRW�WHQGHU��$OO�H[WUHPLW\�SXOVHV�ZHUH�SDOSDEOH�ZLWK�QR�IRFDO�QHXURORJLF�GHILFLWV�

(.*�VKRZHG�VLQXV�UK\WKP��UDWH�RI�����QR�LVFKHPLF�FKDQJHV��5RXWLQH�LQYHVWLJDWLRQV�ZHUH�RUGHUHG�LQFOXGLQJ�&RPSOHWH�%ORRG�&RXQW��5HQDO�)XQFWLRQ
7HVW��7URSRQLQ�7�	�&KHVW�[�UD\��,QLWLDO�GLDJQRVLV�ZDV�WR�UXOH�RXW�$FXWH�&RURQDU\�6\QGURPH��KRZHYHU�$VSLULQ�ZDV�KHOG��XQWLO�%HGVLGH�(FKRFDUGLRJUDP
ZDV�SHUIRUPHG��%HGVLGH�(FKRFDUGLRJUDP�VKRZHG�()�����D�GLODWHG�$RUWLF�URRW�PHDVXULQJ����FP�DQG�YLVXDOL]HG�LQWLPDO�IODS�H[WHQGLQJ�IURP�WKH
$RUWLF�$UFK��WR�WKH�'HVFHQGLQJ�7KRUDFLF�DQG�$EGRPLQDO�$RUWD��0LOG�$RUWLF�UHJXUJLWDWLRQ�QR�SHULFDUGLDO�HIIXVLRQ�1R�IUHH�IOXLG�LQ�WKH�DEGRPHQ�ZDV�VHHQ�

&DUGLR�7KRUDFLF�VXUJHRQ�ZDV�LPPHGLDWHO\�FRQVXOWHG��&7�$QJLRJUDP�FRQILUPHG�WKH�GLDJQRVLV�RI�H[WHQVLYH�7\SH�$�$RUWLF�'LVVHFWLRQ��3DWLHQW�KDG
HPHUJHQW�$RUWLF�VXUJLFDO�UHSDLU��H[WXEDWHG�QH[W�GD\�	�GLVFKDUJHG�LQ�JRRG�FRQGLWLRQ�DIWHU����GD\V�

'LVFXVVLRQ�

&OLQLFLDQV�VKRXOG�KDYH�D�KLJK�LQGH[�RI�VXVSLFLRQ�IRU�WKH�DW\SLFDO�SUHVHQWDWLRQ�RI�$RUWLF�'LVVHFWLRQ��$RUWLF�GLVVHFWLRQ�LV�D�FDWDVWURSKLF�FRQGLWLRQ�ZLWK
VLJQLILFDQW�PRUWDOLW\��,W�LV�IDWDO�LI�QRW�UHFRJQL]HG�HDUO\�DQG�WUHDWHG�ZLWK�DJJUHVVLYH�PHGLFDO�DQG�RU�VXUJLFDO�WKHUDS\��7KHUH�DUH�VHYHUDO�EHQHILWV�WR�XVH
%HGVLGH�8OWUDVRXQG�DW�WKH�SRLQW�RI�FDUH�WR�GLDJQRVH�$RUWLF�'LVVHFWLRQ��,W�SURYLGHV�QRW�RQO\�D�UDSLG��QRQLQYDVLYH�VWXG\��EXW�DOVR�KDV�D�KLJK
VSHFLILFLW\�IRU�GHWHFWLRQ�RI�$RUWLF�'LVVHFWLRQ��0RUHRYHU��LW�HYDOXDWHV�RWKHU�SRWHQWLDO�OLIH�WKUHDWHQLQJ�HPHUJHQFLHV�VXFK�DV�FRQFRPLWDQW�$EGRPLQDO
$RUWLF�$QHXU\VP��LQWUDSHULWRQHDO�KHPRUUKDJH��3HULFDUGLDO�(IIXVLRQ�7DPSRQDGH�DQG�$RUWLF�UHJXUJLWDWLRQ��

�

&RQFOXVLRQ�

7KLV�FDVH�KLJKOLJKWV�WKH�IDFW�WKDW��%HGVLGH�7UDQV�7KRUDFLF�DQG�DEGRPLQDO�XOWUDVRXQG�E\�WUDLQHG�HPHUJHQF\�SK\VLFLDQV��FDQ�GLDJQRVH��LQ�D�WLPHO\
PDQQHU�/LIH�WKUHDWHQLQJ�$RUWLF�'LVVHFWLRQ�DQG�H[SHGLWH�SURSHU�FRQVXOWDWLRQV��GHILQLWLYH�FDUH�DQG�EHWWHU�RXWFRPH��

$FNQRZORGJHPHW

7KH�DXWKRU�GHFODUHV�WKDW�VKH�GRVQ
W�KDYH�FRPSHWLQJ�LQWHUHVWV

5HIHUHQFHV

���5DSH]]L�&��/RQJKL�6��*UD]LRVL�0��HW�DO��5LVN�IDFWRUV�IRU�GLDJQRVWLF�GHOD\�LQ�DFXWH�DRUWLF�GLVVHFWLRQ��$P�-�&DUGLRO���������������������



��3HUNLQV�$��/LWHSOR�$��1REOH�9��8OWUDVRXQG�GLDJQRVLV�RI�W\SH�$�DRUWLF�GLVVHFWLRQ��-�(PHUJ�0HG��������������������

�



&$5',29$6&8/$5 $OH[DQGUH�$//211($8

��������&DWKHWHUL]DWLRQ�ODERUDWRU\�RU�FDUGLRORJ\�LQWHQVLYH�FDUH�XQLW���GHVWLQDWLRQ�RI�67�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-RQDWKDQ�*21=9$������$OH[DQGUH�$//211($8������$XU�OLH�/2<($8������,VDEHOOH�./(,1������<DQQ�/DXUHQW�9,2/,1������&DWKHULQH�5,9(7������-HQQLIHU
&8/20$������$PDQGLQH�$%5,$7������2OLYLHU�<$9$5,������2OJD�0$85,1������$ODLQ�&2857,2/������+XJXHV�/()257����

���%XUHDX�0�GHFLQH�G
8UJHQFH��%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�GHV�UHJLVWUH�$56,)��6L�JH�GH�O
$+�+3��3DULV��)5$1&(

.H\ZRUGV��FDWKHWHUL]DWLRQ�ODERUDWRU\��FDUGLRORJ\�LQWHQVLYH�FDUH�XQLW��67�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��FKHVW�SDLQ��HPHUJHQF\�FDOO��PRUWDOLW\

$EVWUDFW��

,QWURGXFWLRQ���7KH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\�UHFRPPHQGV�SULPDU\�SHUFXWDQHRXV�LQWHUYHQWLRQ��S3&,��IRU�67�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ
�67(0,����K�ZKHQ�WKH�GHOD\�EHWZHHQ�WKH�ILUVW�PHGLFDO�FRQWDFW��)0&��DQG�WKH�EDOORRQ�LQIODWLRQ�LV�H[SHFWHG�WR�EH�����PLQ�ZLWK�D�WDUJHW�RI����PLQ�
7KH�FKRLFH�WR�VHQG�0L&8�WRZDUGV�D�FDUGLRORJ\�LQWHQVLYH�FDUH�XQLW��&,&8��RU�D�FDWKHWHUL]DWLRQ�ODERUDWRU\��FDWK�ODE��GHSHQGV�RQ�WKH�PHGLFDO
DVVHVVPHQW��WKH�UHJXODWRU�GRFWRU�DQG�WKH�GHFLVLRQ�RI�WKH�FDUGLRORJLVW��$LP���.QRZLQJ�WKH�GLVWULEXWLRQ�RI�SDWLHQWV��PDQDJHPHQW�GHOD\V�DQG�PRUWDOLW\�

0DWHULDO�DQG�PHWKRG���'DWD�GHULYHG�IURP�D�SURVSHFWLYH�UHJLVWHU�LQFOXGLQJ�67(0,�KDYLQJ�SULPDU\�SHUFXWDQHRXV�FRURQDU\�LQWHUYHQWLRQ��3&,���PDQDJHG
E\���PHGLFDO�FDUH�LQWHQVLYH�XQLWV��0&,8���IURP������WR�������9DULDEOHV�FROOHFWHG���FKHVW�SDLQ�RQVHW�VFKHGXOH��HPHUJHQF\�FDOO�VFKHGXOH��ILUVW�PHGLFDO
FRQWDFW�VFKHGXOH��GHVWLQDWLRQ�WR�&,&8�RU�FDWK�ODE�DQG�PRUWDOLW\�

5HVXOWV��������67(0,�ZHUH�LQFOXGHG����������Q �����LQ�FDWK�ODE�DQG��������Q �����LQ�&,&8��&KHVW�SDLQ�Ä�HPHUJHQF\�FDOO�GHOD\�LQIOXHQFHV�WKH
SDWLHQW
V�GHVWLQDWLRQ�����PLQXWHV��PLQ��>��������@�IRU�FDWK�ODE�YHUVXV����PLQ�>��������@�IRU�&,&8��S��������0,&8�Ä�KRVSLWDO�GRRU�GHOD\�LV�IDVWHU�IRU�WKH
FDWK�ODE�JURXS������PLQ�>�������@�YHUVXV����PLQ�>�������@��S��������0RUWDOLW\�LV���WLPHV�KLJKHU�IRU�WKH�&,&8�JURXS���������YHUVXV������S�������

&RQFOXVLRQ���&KHVW�SDLQ�Ä�HPHUJHQF\�FDOO�GHOD\�LQIOXHQFHV�WKH�SDWLHQW
V�GHVWLQDWLRQ�WR�FDWK�ODE��7KH�UHFRPPHQGDWLRQV�DUH�QRW�DSSOLHG�WR�VRPH
SDWLHQWV�&,&8�JURXS�EHFDXVH�WKH\�KDYH�GHOD\�FRPSDWLEOH�ZLWK�FDWK�ODE�DGPLVVLRQ��0RUWDOLW\�LV�PRUH�LPSRUWDQW�IRU�&,&8ÇV�SDWLHQWV��$Q
HSLGHPLRORJLFDO�GHVFULSWLRQ�RI�WKHVH�SDWLHQWV�ZRXOG�RSWLPL]H�PHGLFDO�FDUH�



3(',$75,&6 =GHQND�3OHVD�3UHPLORYDF

��������&KLOGUHQ�DQG�DGROHVFHQWV�SUHVHQWLQJ�WR�SHGLDWULF�HPHUJHQF\�GHSDUWPHQW�ZLWK�FKHVW�SDLQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

=GHQND�3OHVD�3UHPLORYDF������0DMD�%DWLQLFD������)LOLS�5XELF����

���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��&KLOGUHQ
V�+RVSLWDO�=DJUHE��=DJUHE��&52$7,$
���3HGLDWULF�&DUGLRORJ\��&KLOGUHQ
V�+RVSLWDO�=DJUHE��=DJUHE��&52$7,$
���3HGLDWULF�2QFRORJ\��&KLOGUHQ
V�+RVSLWDO�=DJUHE��=DJUHE��&52$7,$

.H\ZRUGV��FKHVW�SDLQ��FKLOGUHQ�DQG�DGROHVFHQWV��SHGLDWULF�HPHUJHQF\�GHSDUWPHQW��3('�

$EVWUDFW��

,1752'8&7,21��&KHVW�SDLQ�LV�D�FRPPRQ�SUHVHQWLQJ�V\PSWRP�LQ�SHGLDWULF�SUDFWLFH�EXW��XQOLNH�LQ�DGXOWV��WKH�FDXVH�LV�UDUHO\�FDUGLDF��7KH�DLP�RI�WKLV
VWXG\�ZDV�WR�DVVHVV�WKH�HWLRORJ\�DQG�YDULRXV�IDFWRUV�UHODWHG�WR�FKLOGUHQVÇ�DQG�DGROHVFHQWVÇ�YLVLWV�WR�SHGLDWULF�HPHUJHQF\�GHSDUWPHQW��3('��GXH�WR�D
FKHVW�SDLQ�

0(7+2'6��5HWURVSHFWLYH�KRVSLWDO�EDVHG�VWXG\�ZDV�FRQGXFWHG�GXULQJ�RQH�\HDU���DOO�YLVLWV�WR�WKH�3('�EHFDXVH�RI�D�FKHVW�SDLQ��UHFRUGHG�LQ�D�KRVSLWDO
GDWDEDVH��ZHUH�DQDO\]HG��)RU�GDWD�DQDO\VLV�GHVFULSWLYH�VWDWLVWLFV�DQG�)LVKHU�H[DFW�WZR�WDLOHG�WHVW�ZHUH�XVHG�

5(68/76��2I��������DGPLWWHG�FKLOGUHQ��WKH�FKHVW�SDLQ�ZDV�SUHVHQWHG�LQ�����SDWLHQWV�������������ER\V�����JLUOV��DJH�UDQJH������\UV��PHDQ������\UV�
7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�DJH�EHWZHHQ�WKH�ER\V�DQG�JLUOV�������k�����YV�������k�����\UV��W �������S ��������0RVW�RI�WKHP�DUULYHG�DV
DQ�HPHUJHQF\��������ZKLOH�����ZHUH�VHQW�E\�WKHLU�SULPDU\�SHGLDWULFLDQ�

0RVW�RI�WKH�SDWLHQWV�DUULYHG�EHWZHHQ�������KUV��7KH�ER\V�DUULYHG�PRUH�IUHTXHQWO\�DW�QLJKW�DQG�GXULQJ�WKH�PRUQLQJ�EXW�WKH�GLIIHUHQFHV�ZHUH�QRW
VWDWLVWLFDOO\�VLJQLILFDQW��)LVKHU�WZR�WDLOHG�WHVW�S ��������'XULQJ�WKH�VFKRRO�\HDU������FKLOG�SHU�ZHHN�UHSRUWHG�FKHVW�SDLQ��DQG�RQO\������SHU�ZHHN
GXULQJ�YDFDWLRQV��$WWHQGDQFH�ZDV�UHODWLYHO\�PRUH�IUHTXHQW�GXULQJ�WKH�ZHHNHQG��3DLQ�RFFXUUHG�PRVWO\�DW�UHVW��������OHVV�IUHTXHQWO\�GXULQJ�DQG
LPPHGLDWHO\�DIWHU�SK\VLFDO�DFWLYLW\�������

2XW�RI�DOO�GLDJQRVWLF�SURFHGXUHV��WKH�RQO\�VLJQLILFDQW�JHQGHU�GLIIHUHQFH�ZDV�LQ�(&*��ZKLFK��ZDV�SHUIRUPHG�PRUH�RIWHQ�LQ��ER\V��S�������

$IWHU�WKH�SHGLDWULFLDQÇV�H[DP������ZHUH�VHQW�WR�DQRWKHU�VSHFLDOLVW��FDUGLRORJLVW��������SXOPRQRORJLVW��FRPPRQO\�EHFDXVH�RI�DVWKPD�DWWDFN��DQG
JDVWURHQWHURORJLVW��ERWK������RUWKRSHGLF�VXUJHRQ������DQG�VHOGRP�WR�RWKHUV��0RVW�RI�WKH�FKLOGUHQ�ZHUH�UHOHDVHG�KRPH��������ZKLOH�����ZHUH�NHSW
LQ�GD\�KRVSLWDO��2QO\�������������SDWLHQWV��ZHUH�KRVSLWDOL]HG��PRVWO\�DW�WKH�&DUGLRORJ\�8QLW����������RQO\�ILYH�GLDJQRVHV���������������FRXOG�EH
SRWHQWLDOO\�OLIH�WKUHDWHQLQJ��SQHXPRWKRUD[��FDUGLDF�DUUK\WKPLD��P\RSHULFDUGLWLV��FKHVW�WUDXPD�DQG�HOHFWULFDO�VKRFN�

7KH�HWLRORJ\�RI�WKH�FKHVW�SDLQ�DFFRUGLQJ�WR�WKH�GLDJQRVLV�UHYHDOHG�WKDW�����ZHUH�RI�PXVFXOR�VNHOHWDO�HWLRORJ\������ZHUH�GLVFKDUJHG�ZLWKRXW
VSHFLILF�HWLRORJ\������RI�WKHP�KDG�LGLRSDWKLF�SDLQ�DQG�RQO\����RI�WKHP�KDG�VRPH�FDUGLRYDVFXODU�GLVWXUEDQFHV��SHULFDUGLWLV��P\RFDUGLWLV��LUUHJXODU
KHDUW�UK\WKP�ZLWK�SUHPDWXUH�DWULDO�EHDWV��DQG�PLWUDO�YDOYH�SDWKRORJ\�

&21&/86,216��7KH�PRVW�RI�WKH�FKLOGUHQ��RYHU�������ZKR�SUHVHQW�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�WKH�FKHVW�SDLQ�V\PSWRP�DUH�QRW�OLIH
HQGDQJHUHG�E\�D�FDUGLDF�RU�RWKHU�XQGHUO\LQJ�HWLRORJ\��DQG�WKH�FKHVW�SDLQ�LV�RI�EHQLJQ�HWLRORJ\��6WLOO��WKH�EHVW�SUDFWLFH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW
ZRXOG�EH�D�V\VWHPDWLF�DSSURDFK�LQFOXGLQJ�WKH�GHWDLOHG�KLVWRU\�DQG�WKH�PHWLFXORXV�FOLQLFDO�H[DPLQDWLRQ�ZKLFK�FRXOG�UXOH�RXW�WKH�PRUH�VHULRXV
HWLRORJ\�DQG�LGHQWLI\�WKH�FRQGLWLRQV�WKDW�UHTXLUH�WKH�VSHFLILF�JRDO�RULHQWHG�GLDJQRVWLF�SURFHGXUHV�



&$5',29$6&8/$5 $OH[DQGUH�$//211($8

��������&RPSDULVRQ�ZLWK�D�SURVSHFWLYH�UHJLVWU\�RI�PDQDJHPHQW�GHOD\�IRU�SDWLHQWV�SUHVHQWLQJ�DQ�HDUO\���KRXUV�67�VHJPHQW
HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��67(0,��LQ�FLW\�RU�VXEXUE��6KRXOG�\RX�DYRLG�WKH�VXEXUEV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$OH[DQGUH�$//211($8������$PDQGLQH�$%5,$7������$XU�OLH�/2<($8������-RQDWKDQ�*21=9$������<DQQ�/DXUHQW�9,2/,1������,VDEHOOH�./(,1������2OLYLHU
<$9$5,������-HQQLIHU�&8/20$������&DWKHULQH�5,9(7������2OJD�0$85,1������$ODLQ�&2857,2/������+XJXHV�/()257����

���%XUHDX�0�GHFLQH�G
8UJHQFH��%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�GHV�UHJLVWUH�$56,)��6L�JH�GH�O
$+�+3��3DULV��)5$1&(

.H\ZRUGV��SURVSHFWLYH�UHJLVWU\��PDQDJHPHQW�GHOD\��67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��FLW\��VXEXUE��SULPDU\�SHUFXWDQHRXV�LQWHUYHQWLRQ

$EVWUDFW��

,QWURGXFWLRQ��7KH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\�UHFRPPHQGV�SULPDU\�SHUFXWDQHRXV�LQWHUYHQWLRQ��S3&,��IRU�HDUO\�SUHVHQWHUV�����K��RI
67�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��67(0,��ZKHQ�WKH�GHOD\�EHWZHHQ�WKH�ILUVW�PHGLFDO�FRQWDFW��)0&��DQG�WKH�EDOORRQ�LQIODWLRQ�LV�H[SHFWHG�WR�EH����
PLQ�ZLWK�D�WDUJHW�RI����PLQ��2XU�RXWFRPH�ZDV�WR�FRPSDUH�WKH�PDQDJHPHQW�GHOD\�IRU�XQFRPSOLFDWHG�67(0,�ÈHDUO\�SUHVHQWHUVÉ��E\�D�PRELOH
LQWHQVLYH�FDUH�XQLW��0,&8��LQ�D�FLW\��&��RU�LQ�D�VXEXUE��6��DFFRUGLQJ�WR�WKH�UHFRPPHQGDWLRQV�

0DWHULDOV�DQG�PHWKRGV���'DWD�FDPH�IURP�D�SURVSHFWLYH�UHJLVWU\�WKDW�LQFOXGHV�DOO�67(0,�FROOHFWHG�E\�RQH�RXW�RI�KRVSLWDO�HPHUJHQF\�FDUH�VHUYLFHV
���0,&8��LQ�WKH�JUHDWHU�3DULV�DUHD��(DUO\�SUHVHQWHUV�����K��RI�DQ�XQFRPSOLFDWHG�67(0,�ZLWK�D�UHSHUIXVLRQ�VWUDWHJ\�ZHUH�VWXGLHG�DFFRUGLQJ�WR�WKH
SODFH�RI�PDQDJHPHQW��FLW\�RU�VXEXUE��&�RU�6���7KH�.KL��WHVW�ZDV�XVHG�IRU�WHVWLQJ�WKH�WUHQGV��VWDWLVWLFDO�VLJQLILFDQFH�S��������

5HVXOWV���%HWZHHQ������DQG�����������HDUO\�SUHVHQWLQJ�67(0,V��XQFRPSOLFDWHG�DQG�SULPDU\�FDUHG�E\�0&,8V�ZHUH�LQFOXGHG��)RXU��������KDG
EHQHILWHG�IURP�DQ�RXW�RI�KRVSLWDO�ILEULQRO\VLV��RWKHU�SDWLHQWV�S3&,��7KH�GLVWULEXWLRQ�RI�SDWLHQWV�DFFRUGLQJ�WR�WKH�(6&�REMHFWLYHV�LV�UHSRUWHG�LQ�WKH�FKDUW
�������Q �����LQ�WKH�FLW\�DQG������Q �����LQ�VXEXUE��QR�VLJQLILFDQW�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ�WKH�WZR�JURXSV��3DWLHQWV�WUHDWHG�E\�SULPDU\�S3&,
RXW�RI�GHOD\�ZHUH�LQ�PRUH�WKDQ�RQH�WKLUG�������

&RQFOXVLRQ���7KHUH�LV�QRW�DQ\�VLJQLILFDQW�GLIIHUHQFH�LQ�)0&�S3&,�WLPHV�EHWZHHQ�VXEJURXSV��(YHQ�LI�0,&8�LQ�VXEXUE�WHQG�WR�EH�IDVWHU�WKDQ�LQ�FLW\��ZH
FDQQRW�VKRZ�D�ODFN�RI�FKDQFH�IRU�WKH�FLW\�SDWLHQWV��)RU�WKH�WKLUG�RI�SDWLHQWV��ILEULQRO\WLF�WKHUDS\�UHPDLQV�D�FKRLFH�WKDW�VKRXOG�EH�FRQVLGHUHG�
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3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6(5'$5�.$9$.����

���(PHUJHQF\�0HGLFLQH��76.��0DUPDULV��785.(<

.H\ZRUGV��+(0255+$*¡&�27255+($���7227+�(;5$&7¡21

$EVWUDFW��

$�5$5(�&$86(�2)�+(0255+$*c&�27255+($

��81868$/�&203/c&$7c21�2)�7227+�(;75$&7,21��

6HUGDU�.$9$.��$NVD]�0LOLWDU\�+RVSLWDO��0DUPDULV��785.(<

,QWURGXFWLRQ�+HPRUUKDJLF�RWRUUKHD�LV�NQRZQ�DV�EORRG�FRPLQJ��IURP�GH�H[WHUQDO�DXGLWRU\�FDQDO��7KH�PRVW�FRPPHQ�FDXVHV�RI
KHPRUUKDJH�LV�WUDXPD�WR�WKH�H[WHUQDO�DXGLWRU\�FKDQQHO��WUDXPD�WR�PLGGOH�HDU��EDVLODU�VNXOO�IUDFWXUHV�DQG�EDURWUDXPD

�

&DVH�5HSRUW

$����\HDUV�ROG�IHPDOH�SDWLHQW�YLVLWHG�RXU�HPHUJHQF\�PHGLFLQH�GHSDUWPHQW���(0'���ZLWK�FRPSODLQW�RI�KHPRUUKDJH�IURP�WKH�ULJKW�HDU�6KH�KDV�QR
RWKHU�FRPSODLQWV�RI�SDLQ��KHDU�ORVV�RU�IHYHU��7KH�KHPRUUDKDJH�KDG�EHJDQ�WZR�KRXUV�EHIRUH�VKH�YLVLWHG�WKH�HPHUJHQF\�PHGLFLQH���6KH�KDV�QR�KLVWRU\
RI�SK\VFLDO�DQG�EDUR�WUDXPD�DQG�EOHHGLQJ�GLVRUGHUV����6KH�KDG�DQ�RSHUDWLRQ�RI�WRRWK�H[WUDFWLRQ��ULJKW�ORZHU�LPSDFWHG�WKLUG�PRODU�WRRWK���VL[�KRXUV
EHIRUH�WKH�YLVLW��+HU�YLWDO�VLJQV�ZHUH�LQ�QRUPDO�UDQJHV���7KH�SK\VLFDO�H[DPLQDWLRQ�ILQGLQJV�ZDV�EORRG�LQ�ULJKW�WKH�DXGLWRU\�FKDQQHO�DQG�SHUIRUDWHG
W\PSDQLF�PHPEUDQH�$IWHU�WKH�GHWDLOHG�KLVWRU\�WKH�SDLWHQW�WROG�XV�WKDW�VKH�KDG�D�HDU�SDLQ�VL[�GD\V�DJR��7KH�SDLQ�UHOLHIHG�RQH�GD\�ODWHU�DQG�SXUXODQW
RWRUUKHD�RFFXUHG�IRU�RQH�GD\�7KH�VRXUFH�RI�EOHHGLQJ�ZDV�ZRXQG�RQ�WKH�ULJKW�PDQGLEXODU�UHJLRQ�DQG�ZKLOH�VZDOORYLQJ�WKH�VDOLYH��VKH�VZDOORYHG�
VRPH�DPRXQW�RI�EORRG��%\�WKH�UHWURJUDGH�DFWLRQ�WKH�EORRG�FDPH�WR�PLGHDU�DQG�WKHQ�FDP�RXWVLGH�WR�DXGLWRU\�FKDQQHO��$IWHU�WKH�SK\VLFDO
H[DPLQDWLRQ�ZH�DGYLVH�KHU�WR�IROORZ�XS�ZLWK�HDU�WKURDW�QRVH�VSDFLDOLVW�DERXW�WKH�SHUIRUDWHG�W\PSDQLF�PHPEUDQH��$IWHU�RQH�PRQWK�IROORZ�XS�WKH
W\PSDQLF�PHPEUDQH�FORVHG�VSRQWDQRXVO\�DQG�KHU�KHDULQ�WHVWV�ZHUH�LQ�QRUPDO�UDQJHV�

�'LVFXVVLRQ���7KH�PRVW�FRPPHQ�FDXVHV�RI�KHPRUUKDJH�LV�WUDXPD�WR�WKH�H[WHUQDO�DXGLWRU\�FKDQQHO��WUDXPD�WR�PLGGOH�HDU��EDVLODU�VNXOO�IUDFWXUHV�DQG
EDURWUDXPD��$�GHWDLOHG�KLVWRU\�PXVW�EH�WDNHQ�IURP�DOO�WKH�XQXVXDO�VLWXDWLRQV��
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$XWKRUV�

$OH[DQGUH�$//211($8������$ODLQ�&2857,2/������$XU�OLH�/2<($8������-RQDWKDQ�*21=9$������,VDEHOOH�./(,1������2OLYLHU�<$9$5,������$PDQGLQH�$%5,$7
�����-HQQLIHU�&8/20$������&DWKHULQH�5,9(7������<DQQ�/DXUHQW�9,2/,1������2OJD�0$85,1������+XJXHV�/()257����

���%XUHDX�0�GHFLQH�G
8UJHQFH��%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�GHV�UHJLVWUH�$56,)��6L�JH�GH�O
$+�+3��3DULV��)5$1&(

.H\ZRUGV��&LW\��VXEXUE�����FDOO��DQJLRSODVW\��67�HOHYDWLRQ�P\RFDUGLDO�LQIUDFWLRQ��FDWKHWHUL]DWLRQ�ODERUDWRU\

$EVWUDFW��

,QWURGXFWLRQ���,Q�WKH�VWUDWHJ\�RI�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��67(0,��PDQDJHPHQW��UHVSRQVH�WLPH�RI�D�PRELOH�FDUH�LQWHQVLYH�XQLW
�0&,8��PD\�EH�LQIOXHQFHG�E\�XUEDQ�SRSXODWLRQ�GHQVLW\��DQG�DFFHVVLELOLW\�WR�WKH�FDWKHWHUL]DWLRQ�ODERUDWRU\��FDWK�ODE��

3ULPDU\�RXWFRPH��(YDOXDWH�GHOD\V�LQ�67(0,�PDQDJHPHQW��IRU�HDFK�VWDJH��IURP�RQVHW�FKHVW�SDLQ�WR�WKH�FDWKHWHUL]DWLRQ�

0HWKRGV���'DWD�GHULYHG�IURP�D�SURVSHFWLYH�UHJLVWHU�LQFOXGLQJ�QRQ�FRPSOLFDWHG�67(0,�KDYLQJ�SULPDU\�SHUFXWDQHRXV�FRURQDU\�LQWHUYHQWLRQ��3&,��
PDQDJHG�E\���PHGLFDO�FDUH�LQWHQVLYH�XQLWV��0&,8��RI�D�)UHQFK�FLW\����LQ�WRZQ��7��DQG���LQ�VXEXUE��6���7KH�REVHUYHG�YDULDEOHV�ZHUH�WKH�SODFH�RI
PDQDJHPHQW��7�RU�6���WKH�WLPH�GHOD\V�RI�WKH�YDULRXV�VWDJHV��WLPH�GHOD\�IURP�FKHVW�SDLQ�RQVHW�WR�WKH�ILUVW�PHGLFDO�FRQWDFW��)0&��E\�WKH�SDWLHQW�WR
WKH�SUH�KRVSLWDO�GHVSDWFKLQJ�HPHUJHQF\�PHGLFDO�VHUYLFH�Ä�WLPH�GHOD\�)0&�WR�0&,8�DUULYDO�Ä�FDWK�ODE�GRRU��FDWK�ODE��Ä�QHHGOH�Ä�FDWKHWHUL]DWLRQ��.7��
:H�FRPSDUHG�GHOD\V�EHWZHHQ�0&,8�7�DQG�6�XVLQJ�WKH�:LOFRZRQ�WHVW��S�YDOXH�������

5HVXOWV���2YHU�WKUHH�\HDUV������������������67(0,�KDYH�EHHQ�LQFOXGHG��7 ������������6 ������������&KDUW�UHSRUWV�WLPH�GHOD\V�RI�YDULRXV�VWDJHV�
7KH�PHGLDQ�WLPH�GHOD\�IURP�FKHVW�SDLQ�RQVHW�WR�WKH�ILUVW�PHGLFDO�FRQWDFW�ZDV�VLJQLILFDQWO\��S� ��������IDVWHU�LQ�WRZQ�ZLWK�OHVV�GLVSHUVLRQ��7� ���
>������@�PLQ��6� ����>������@�PLQ��%\�VWDJH��DIWHU�WKH�)0&��WKHUH�ZDV�QR�VLJQLILFDQW�VWDWLVWLFDO�GLIIHUHQFH�

'LVFXVVLRQ���7KH�WRZQ�SDWLHQWV�DUH�WDNHQ�FDUH�RI�D�IHZ�PLQXWHV�IDVWHU�WKDQ�LQ�WKH�VXEXUEV��7KH�PRUH�GLVSHUVHG�GLVWULEXWLRQ�RI�FDWK�ODE�LQ�WKH
VXEXUEV��EXW�PRUH�DFFHVVLEOH�WKDQ�LQ�WKH�FLW\�GRHV�QRW�VHHP�WR�LQIOXHQFH�WKH�WLPH�GHOD\�RI�0&,8�DQG�GRHV�QRW�DIIHFW�WKH�67(0,�PDQDJHPHQW�

&RQFOXVLRQ���&LW\�RU�VXEXUE��PDQDJHPHQW�GHOD\�RI�WKH�HPHUJHQF\�FKDLQ�LV�QRW�DIIHFWHG��+RZHYHU�SDWLHQWV�LQ�WKH�VXEXUEV�VKRXOG�FDOO�WKH
HPHUJHQF\�PHGLFDO�GLVSDWFK�FHQWHU�TXLFNO\��WKDW�FDQ�EH�D�SUHYHQWLRQ�FDPSDLJQ�
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$XWKRUV�

$1$�0$5,$�0$57,1(=�9,572����

�����8,9(56,7$5<�+263,7$/�/$�3$=��0$'5,'��63$,1

.H\ZRUGV��DQJLRHGHPD��DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH�LQKLELWRU��$&(,�

$EVWUDFW��

,1752'8&7,21

$QJLRHGHPD��$(��LV�D�YDVRGLODWDWLRQ�SKHQRPHQRQ�DVVRFLDWHG�WR�HGHPD�LQ�GHHS�GHUPLV�DQG�VXEFXWDQHRXV�WLVVXH��ZLWKRXW�ZHOO�GHILQHG�FRQWRXUV�
SDLQOHVV�DQG�HODVWLFDOO\��WKDW�FDQ�EH�REVHUYHG��LQ�DQ\�DUHD�RI�WKH�ERG\�

&/,1,&$/�&$6(

:H�SUHVHQWHG�D��FDVH�RI�DQ����\HDU�ROG�PHQ�ZLWK�QR�KLVWRU\�RI�DOOHUJLHV��DUWHULDO�K\SHUWHQVLRQ�DQG�SDUDSOHJLF�GXH�WR�D�VSLQDO�FRUG�LQMXU\�LQ�D�WUDIILF
DFFLGHQW�DQG�VHFRQGDU\�QHXURSDWKLF�SDLQ��8VXDO�WUHDWPHQW�LV�RPHSUD]RO���PJ����KRXUV��ODFWXORVD��PO���KRXUV��DFHW\O�VDOLF\OLF�DFLG����PJ����KRXUV�
SUHJDEDOLQ�����PJ����KRXUV��HQDODSULO����PJ����KRXUV�DQG�PHWDPL]RO����PJ���KRXUV�

6KH�FRQVXOWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�IRU�IDFLDO�HU\WKHPD�DQG�HGHPD�RI�WKH�WRQJXH�IURP�KHU�DZDNHQLQJ�ZLWKRXW�G\VIDJLD��GLIILFXOW\�LQ
EUHDWKLQJ��UDVK�RU�SUXULWXV��2Q�SK\VLFDO�H[DPLQDWLRQ�VKH�VKRZHG�HU\WKHPD�DQG�HGHPD�RI�WKH�WRQJXH�ZLWKRXW�LQMXULHV�LQ�QHLWKHU�KHU�WKRUD[��QRU�KHU
OLPEV��+HU�EORRG�DQDO\VHV�ILQGLQJV�ZHUH�LPSDLUHG�VHUXP�FUHDWLQLQH����PJ�G/��

:H�VXVSHFWHG�$*�VHFRQGDU\�WR�HQDODSULO��ZKLFK�ZDV�VXVSHQGHG��DQG�PHWK\OSUHGQLVRORQH�SOXV�GH[FKORUSKHQLUDPLQH�WKHUDS\�ZDV�LQLWLDWHG��&OLQLFDO
LPSURYHPHQW�ZDV�FOHDU�DIWHU���KRXUV��6XEVHTXHQWO\�,FDWLEDQW�ZDV�DGPLQLVWHUHG�ZLWK�FOLQLFDO�LPSURYHPHQW�E\����D�P�

',6&&86,21

$QJLRWHQVLQJ�&RQYHUWLQJ�(Q]\PH�,QKLELWRU��$&(,��LV�WKH�WUHDWPHQW�RI�FKRLFH�IRU�DUWHULDO�K\SHUWHQVLRQ��KHDUW�IDLOXUH�DQG�GLDEHWLF�QHSKURSDWK\�ZLWK
SURWHLQXULD��'L]]LQHVV��FRXJK��PLJUDLQH��K\SRWHQVLRQ�DQG�UHQDO�IDLOXUH�DUH�WKH�PRVW�IUHTXHQW�VLGH�HIIHFWV��$QJLRHGHPD�6HFRQGDU\�WR�$&(,�DSSHDUV�LQ
������RI�WKH�WUHDWHG�LQGLYLGXDOV��$�SURJUHVVLYH�LQFLGHQFH�LV�HVWLPDWHG�EHFDXVH�RI�QHZ�WKHUDSHXWLF�LQGLFDWLRQV��$(�VKRXOG�QRW�EH�UHODWHG�ZLWK�QHLWKHU
WKH�DGPLQLVWUDWLRQ�QRU�WKH�GRVH�

&�2�1�&�/�8�6�,�2�1�6

$*�PD\�YDU\�IURP�IDFLDO�DQG�WRQJXH�HGHPD�DV�ZHOO�DV�LQ�WKH�VXSUDORWLF�DUHD��ZRUVH�FRQGLWLRQV�WKDQ�RWKHU�SUHVHQWDWLRQV��VXFK�DV�KDQGV��IHHW�DQG
YLVFHUDO�HGHPD�

%UDGLNLQLQH�LV�WKH�QRQDSHSWLG�DQG�SURLQIODPDWRU\�YDVRGLODWRU�LQ�WKH�SK\VLRSDWKRORJ\FDO�PHFKDQLVP��1HYHUWKHOHVV��LQ�$*�VHFRQGDU\��WR�$&(,�DQ
DOOHUJLF�UHDFWLRQ�VKRXOG�QRW�EH�FRQVLGHUHG�DQG�LQ�VRPH�FDVHV�LW�FDQ�EH�UHIUDFWRU\�WR�WKH�WUHDWPHQW�ZLWK�DQWLKLVWDPLQLFV�DQG�VWHURLGV��EHLQJ
QHFHVVDU\�WKH�LQWURGXFWLRQ�RI�QHZ�WKHUDSLHV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�
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3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+LURVKL�<DWVXVKLJH������7DNDQRUL�+D\DNDZD������.\RNR�6XPL\RVKL������.HLJR�6KLJHWD������7RVKL\D�0RPRVH������0DVD\D�(QRPRWR������6KLQ�6DWR������-LUR
$R\DPD����

���'HSDUWPHQW�RI�1HXURVXUJHU\��1DWLRQDO�+RVSLWDO�2UJDQL]DWLRQ�'LVDVWHU�0HGLFDO�&HQWHU��7RN\R��-$3$1

.H\ZRUGV��DFXWH�VXEGXUDO�KHPDWRPD��SURJQRVLV��VXUJLFDO�SDWLHQWV

$EVWUDFW��

%DFNJURXQG�

$FXWH�VXEGXUDO�KHPDWRPD��$6'+��LV�D�FRPPRQ�WUDXPDWLF�EUDLQ�LQMXU\�ZLWK�D�UHODWLYHO\�KLJK�PRUWDOLW\�UDWH��+RZHYHU��IHZ�VWXGLHV�KDYH�H[DPLQHG�WKH
IDFWRUV�RQ�DGPLVVLRQ�SUHGLFWLQJ�WKH�RXWFRPH�RI�WUDXPDWLF�$6'+��7KLV�FOLQLFDO�VWXG\�DQDO\]HG�WKH�SURJQRVWLF�IDFWRUV�RQ�DGPLVVLRQ�LQ�SDWLHQWV�WUHDWHG
VXUJLFDOO\�IRU�WUDXPDWLF�$6'+�

3DUWLFLSDQWV�DQG�PHWKRGV�

$�WRWDO�RI����VXUJLFDO�SDWLHQWV�IRU�WUDXPDWLF�$6'+�EHWZHHQ�-DQXDU\������DQG�2FWREHU������ZHUH�UHWURVSHFWLYHO\�UHYLHZHG��,I�VXUJLFDO�HYDFXDWLRQ�RI
DQ�$6'+�LQ�SDWLHQW�LV�LQGLFDWHG��LW�VKRXOG�EH�SHUIRUPHG�XVLQJ�D�FUDQLRWRP\�ZLWK�RU�ZLWKRXW�ERQH�IODS�UHPRYDO�DQG�GXUDSODVW\��*ODVJRZ�RXWFRPH
VFRUH��*26��ZDV�XVHG�IRU�SURJQRVWLF�HYDOXDWLRQV�DQG�IDYRUDEOH�SURJQRVLV�ZDV�GHILQHG�DV�����SRLQWV��:H�XVHG�XQLYDULDWH�DQG�PXOWLYDULDWH�ORJLVWLF
UHJUHVVLRQ�DQDO\VLV�WR�HYDOXDWH�WKH�LQIOXHQFH�RI�FOLQLFDO�YDULDEOHV�RQ�SURJQRVLV�

5HVXOWV�

7KH�PDMRULW\�ZHUH�PDOH���������DQG�WKH�PHDQ�DJH�ZDV����\HDUV��7KH�SHUFHQWDJH�RI�SDWLHQWV�ZLWK�IDYRUDEOH�SURJQRVLV�ZDV�������DQG�WKH�PRUWDOLW\
�������$JH��25� ���������*ODVJRZ�&RPD�6FRUH�RQ�DGPLVVLRQ��25� ���������'�GLPHU��25� ��������DQG�5RWWHUGDP�&7�VFRUH��25� ��������ZHUH
LQGHSHQGHQW�SUHGLFWRUV��ZKLOH�QR�LQGHSHQGHQW�DVVRFLDWLRQ�ZDV�REVHUYHG�EHWZHHQ�SURJQRVLV�DQG�SODWHOHW�FRXQW��WKLFNQHVV�RI�KHPDWRPD��DOWKRXJK
WKHVH�YDULDEOHV�ZHUH�FRUUHODWHG�ZLWK�SURJQRVLV�LQ�XQLYDULDWH�DQDO\VHV��6H[��SXSLO�DEQRUPDOLWLHV��OLJKW�UHIOH[��37�,15��ILEULQRJHQ��JOXFRVH��HOHFWURO\WHV�
DUWHULDO�EORRG�JDV�GDWD�ZHUH�QR�FRUUHODWHG�ZLWK�SURJQRVLV�LQ�XQLYDULDWH�DQDO\VLV�

'LVFXVVLRQ�&RQFOXVLRQ�

7KLV�VWXG\�LGHQWLILHG�WKH�ULVN�IDFWRUV�IRU�SRRU�SURJQRVLV�LQ�SDWLHQWV�ZKR�XQGHUZHQW�VXUJLFDO�WUHDWPHQW�IRU�WUDXPDWLF�$6'+��3RRU�RXWFRPH�LQ�WUDXPDWLF
DFXWH�VXEGXUDO�KHPDWRPD�LV�KLJKHU�LQ�HOGHUO\�SDWLHQWV�HYHQ�DIWHU�VXUJLFDO�LQWHUYHQWLRQ��7KHUH�LV�D�KLJK�LQFLGHQFH�RI�FRDJXORSDWK\�IROORZLQJ�7%,��7KH
SUHVHQFH�RI�HOHYDWHG�'�GLPH�DV�ZHOO�DV�RI�VHYHULW\�RI�7%,�DUH�VWURQJ�SUHGLFWRUV�RI�SURJQRVLV�LQ�WKHVH�SDWLHQWV��7KH�5RWWHUGDP�FODVVLILFDWLRQ�LQFOXGLQJ
FRPSUHVVHG�EDVDO�FLVWHUQ��PLGOLQH�VKLIW�!�PP��DEVHQW�RI�HSLGXUDO�KHPDWRPD�PDVV��SUHVHQW�RI�LQWUDYHQWULFXODU�EORRG�RU�VXEDUDFKQRLG�KHPRUUKDJH
VHHPV�WR�EH�DSSURSULDWH�IRU�GHVFULELQJ�WKH�HYROXWLRQ�RI�WKH�LQMXULHV�RQ�WKH�&7�VFDQV�DQG�FRQWULEXWHV�LQ�SUHGLFWLQJ�RI�RXWFRPH�LQ�VXUJLFDO�$6'+
SDWLHQWV��,Q�FRQFOXVLRQ��ROGHU�SDWLHQWV��ORZHU�*ODVJRZ�&RPD�6FRUH�RQ�DGPLVVLRQ��HOHYDWHG�'�GLPHU��KLJKHU�5RWWHUGDP�&7�VFRUH�WHQG�WR�KDYH�SRRU
SURJQRVLV��7KH�ILQGLQJV�PLJKW�KHOS�FOLQLFLDQV�GHWHUPLQH�PDQDJHPHQW�FULWHULD�DQG�LPSURYH�VXUYLYDO�

$FNQRZOHGJHPHQW��2Q�EHKDOI�RI�DOO�DXWKRUV��WKH�ILUVW�DXWKRU�VWDWHV�WKDW�WKHUH�LV�QR�ILQDQFLDO�RWKHU�FRQIOLFW�RI�LQWHUHVWV



0,6&(//$1(286 $1$�0$5,$�0$57,1(=�9,572

��������,FDWLEDQW�WUHDWPHQW�IRU�QRQ�KLVWDPLQHUJLF�DQJLRHGHPD�DFXWH�DWWDFNV�LQ�WZR�HPHUJHQF\�KRVSLWDO�GHSDUWPHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0$18(/�48,17$1$�',$=������$1$�0$5,$�0$57,1(=�9,572������0�$1*(/,&$�5,9(5$�1�y(=������-$9,(5�-$&2%������526$5,2�7255(6�6$1726�2/02
���

���,17(16,9(�&$5(�81,7��8,9(56,7$5<�+263,7$/�/$�3$=��0$'5,'��63$,1
�����8,9(56,7$5<�+263,7$/�/$�3$=��0$'5,'��63$,1
���(0(5*(1&<�'(3$570(17��8,9(56,7$5<�+263,7$/�/$�3$=��0$'5,'��63$,1
���(0(5*(1&<�'(3$570(17��81,9(56,7$5<�+263,7$/�%(//9,7*(��%$5&(/21$��63$,1

.H\ZRUGV��,&$7,%$17��121�+,67$0,1(5*,&�$1',2('(0$

$EVWUDFW��

%$&.*5281'

$QJLRHGHPD�LV�D�UHODWLYHO\�FRPPRQ�UHDVRQ�RI�HPHUJHQF\�GHSDUWPHQW�YLVLWV��$QJLRHGHPD�LV�GXH�WR�GLIIHUHQW�SDWKRJHQHWLF�PHFKDQLVPV�ZLWK�WKH
VDPH�FOLQLFDO�PDQLIHVWDWLRQV��$URXQG�����RI�DQJLRHGHPDV�DUH�UHVXOW�RI�KLVWDPLQH�UHOHDVH�DQG�LQ�D�ORZHU�SHUFHQWDJH�RI�FDVHV�EUDG\NLQLQ�LV�WKH�PDLQ
PHGLDWRU��%UDG\NLQLQ��PHGLDWHG�DQJLRHGHPDV�DUH�JHQHUDOO\�XQUHVSRQVLYH�WR�FRUWLFRVWHURLGV�DQG�+��DQWDJRQLVWV��,FDWLEDQW�LV�D�VHOHFWLYH�EUDG\NLQLQ��
UHFHSWRU�DQWDJRQLVW�WKDW�EORFNV�WKH�YDVFXODU�HIIHFWV�RI�EUDG\NLQLQ��$&(�LQGXFHG�DQJLRHGHPD�DQG�DFTXLUHG�DQJLRHGHPD�DUH�EUDG\NLQLQ��PHGLDWHG
DQJLRHGHPDV�ZKHUH�,FDWLEDQW�LV�QRW�LQGLFDWHG�DQG�LWV�XVH�LV�RII�ODEHO�DQG�UHTXLUHV�VLJQHG�LQIRUPHG�FRQVHQW�IRU�LWV�DGPLQLVWUDWLRQ�

2%-(&7,9(

'HVFULSWLRQ�RI�XVH�RI�,FDWLEDQW�LQ�EUDG\NLQLQ�PHGLDWHG�DQJLRHGHPDV�ZLWKRXW�SUHYLRXV�GLDJQRVLV

�LQ�WZR�KRVSLWDO�HPHUJHQF\�GHSDUWPHQWV

0(7+2'6

:H�UHWURVSHFWLYHO\��DQDO\]HG��DQJLRHGHPDV�WUHDWHG�ZLWK�,FDWLEDQW�IROORZLQJ�RXU�SURWRFRO�LQ�%HOOYLWJH�KRVSLWDO�DQG�8QLYHUVLWDU\�/D�3D]�KRVSLWDO
HPHUJHQF\�GHSDUWPHQWV�GXULQJ�7ZR�\HDUV�(SLGHPLRORJLFDO�GDWD��VDIHW\�GDWD�DQG�,FDWLEDQW�ODEHO�DQG�RII�ODEHO�XVH�DUH�DQDO\]HG

5(68/76

7KLUW\�ILYH�HSLVRGHV�RI�DQJLRHGHPD�ZHUH�WUHDWHG�ZLWK�,FDWLEDQW�LQ����SDWLHQWV��PHGLDQ�DJH���������\HDUV������PDOHV�������RI�HSLVRGHV�ZHUH
RUR�IDFLDO�DWWDFNV�������LQ�H[WUHPLWLHV�DQG������DEGRPLQDO�DWWDFNV��������KDG�SUHYLRXV�DWWDFNV�RI�DQJLRHGHPD��$OO�DWWDFNV�ZHUH�WUHDWHG�ZLWK
FRUWLFRVWHURLGV�DQG�+��DQWDJRQLVW�ZLWKRXW�UHVSRQVH�DQG�,FDWLEDQW�IROORZLQJ�HPHUJHQF\�SURWRFRO�IRU�DQJLRHGHPD�DW�WKH�WZR�KRVSLWDOV��6HFRQG�GRVH
ZHUH�QHHGHG�LQ���SDWLHQWV��1RQ�DGYHUVH�HYHQWV�ZHUH�REVHUYHG

'LDJQRVLV�RI�,FDWLEDQW�WUHDWHG�DQJLRHGHPDV�ZDV���������LGLRSDWKLF�DQJLRHGHPD���������DFTXLUHG�DQJLRHGHPD�DQG��������$&(�LQGXFHG
DQJLRHGHPD�

&21&/86,21

,FDWLEDQW�IRU�QRQ�KLVWDPLQHUJLF�DQJLRHGHPD�LQ�HPHUJHQF\�GHSDUWPHQW�ZHUH�HIIHFWLYH�DQG�ZHOO�WROHUDWHG��2URIDFLDO�ORFDWLRQ�ZDV�WKH�PRVW�FRPPRQ
ORFDWLRQ��7KH�ILUVW�IUHTXHQW�FDXVH�RI�,FDWLEDQW�WUHDWHG�DQJLRHGHPD�ZDV�$&(�LQGXFHG�DQJLRHGHPD�DQG�WKH�VHFRQG�RQH�ZDV�LGLRSDWKLF�DQJLRHGHPD



%,20$5.(56 $17+21<�&+$89,1

��������7KH�LPSDFW�RI�UDSLG�SUHJQDQF\�WHVW�RQ�WKH�PHGLFDO�FDUH�RI�HPHUJHQF\�SDWLHQWV��D�SURVSHFWLYH�PRQRFHQWULF�VWXG\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&+$89,1�$17+21<������FDOYR�DODLQ������HQULTXH�FDVDOLQR������3DWULFN�3ODLVDQFH������$)'-(,�$/,����

���(PHUJHQF\�'HSDUWPHQW��$3+3��3DULV��)5$1&(
�����1*�%,27(&+��SDULV��)5$1&(
���(0(5*(1&<�'(3$570(17��$3+3��3$5,6��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��3$5,6��3DULV��)5$1&(
�����(0(5*(1<�'(3$570(17��3$5/<����/(�&+(61$<��)5$1&(

.H\ZRUGV��+XPDQ�FKRULRQLF�JRQDGRWURSLQ��HPHUJHQF\

$EVWUDFW��

7KH�LPSDFW�RI�UDSLG�SUHJQDQF\�WHVW�RQ�WKH�PHGLFDO�FDUH�RI�HPHUJHQF\�SDWLHQWV��D�SURVSHFWLYH�PRQRFHQWULF�VWXG\�

%DFNJURXQG��+XPDQ�FKRULRQLF�JRQDGRWURSLQ��K&*��LV�D�JO\FRSURWHLQ�VHFUHWHG�E\�YLDEOH�SODFHQWD�WLVVXH�GXULQJ�SUHJQDQF\��,Q�QRUPDO�SUHJQDQF\��K&*
FDQ�EH�GHWHFWHG�LQ�ZKROH�EORRG�DV�HDUO\�DV���WR����GD\V�DIWHU�FRQFHSWLRQ��K&*�OHYHOV�FRQWLQXH�WR�ULVH�YHU\�UDSLGO\��IUHTXHQWO\�H[FHHGLQJ�����P,8�P/
PDNH�LW�DQ�H[FHOOHQW�PDUNHU�IRU�FRQILUPLQJ�SUHJQDQF\��7KH�1*�7HVW�K&*�:%�LV�D�UDSLG�YLVXDO�LPPXQRDVVD\�IRU�WKH�TXDOLWDWLYH�SUHVXPSWLYH�GHWHFWLRQ
RI�KXPDQ�FKRULRQLF�JRQDGRWURSLQ�LQ�KXPDQ�ZKROH�EORRG�WR�DLG�LQ�WKH�HDUO\�GHWHFWLRQ�RI�SUHJQDQF\��,Q�IDFW��WKH�1*�7HVW�K&*�:%�KDV�D�VHQVLWLYLW\�RI
��P,8�PO��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�1*�7HVW�KFJ�:%�LQ�WKH�PDQDJHPHQW�RI�ZRPHQ�SUHVHQWLQJ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��

�

0HWKRGV��:H�FRQGXFW�D�PRQRFHQWULF�VWXG\�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��IURP�-XQH������WR�-DQXDU\�������:H�LQFOXGHG�ZRPHQ�ZKR�QHHGHG
PHGLFDO�DSSOLFDWLRQ�RI�%HWD�K&*��VXVSHFWHG�SUHJQDQF\��DEGRPLQDO�SDLQ��EOHHGLQJ��DQG�ZRPDQ�VXVSHFWHG�RI�EHLQJ�SUHJQDQW�EHIRUH�UDGLRJUDSK\�
GUXJ�DGPLQLVWUDWLRQ��HPHUJHQF\�VXUJHU\��7KH�VHPL�TXDQWLWDWLYH�UHVXOWV�ZHUH�LQ�LQWHQVLW\�WR�WKH�QDNHG�H\H����WR�������DQG�FRQILUPHG�E\�WKH�YDOXHV
REWDLQHG�LQ�WKH�ODERUDWRU\�RQ�YHQRXV�VDPSOLQJ��7KH�RXWFRPHV�ZHUH�SUDFWLFDELOLW\�WHVW��WKH�LPSOHPHQWDWLRQ�RI�VSHHG��HDVH�RI�VDPSOLQJ�DQG�WHVW
UHDGLQJ��VDWLVIDFWLRQ��DQG�SDWLHQW�FRPIRUW��7KLV�ZDV�HYDOXDWHG�E\�D�VWDQGDUGL]HG�TXHVWLRQQDLUH�GHVLJQHG�E\�FRQVHQVXV�DPRQJ�DXWKRUV�

5HVXOWV��:H�LQFOXGHG�����SDWLHQWV������������KDG�D�QHJDWLYH�WHVW�DQG����������WHVWHG�SRVLWLYH��(LJKW���������SDWLHQWV�KDG�HFWRSLF�SUHJQDQF\��

�

&RQFOXVLRQ��7KH�1*�%LRWHFK�E+&*�7HVW�HQDEOHG�UDSLG�RULHQWDWLRQ�DQG�VDIHW\�RULHQWDWLRQ�IRU�SDWLHQWV�FRPLQJ�WKURXJK�(PHUJHQF\�'HSDUWPHQW�
/DERUDWRU\�EORRG�WHVW�FRQILUPDWLRQV�ZHUH�FRQVLVWHQW��FRQFRUGDQFH�UDWH�RI��������7KH�VDWLVIDFWLRQ�RI�WKLV�WHVW�ZDV�HYDOXDWHG�DV�YHU\�JRRG�E\�1XUVHV
DQG�3K\VLFLDQV�DQG�SDWLHQWV�LQ�('��HVSHFLDOO\�GXH�WR�WKH�RSWLPL]HG�ZDLWLQJ�WLPH�LQWR�('��,W�ZRXOG�EH�QRZ�UHOHYDQW�WR�FRQILUP�WKHVH�WHVWV�E\�D�ODUJHU
VWXG\�LQ�('�WR�VKRZ�PHGLFDO�DQG�HFRQRPLF�RXWFRPHV�LQ�DGGLWLRQ�WR�PRUH�HIILFLHQW�DQG�HIIHFWLYH�PHGLFDO�FDUH�



&$5',29$6&8/$5 $OH[DQGUH�$//211($8

��������&RPSDULVRQ�RI�67�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��67(0,����PRELOH�LQWHQVLYH�FDUH�XQLW��0,&8��LPPHGLDWHO\�DIWHU
HPHUJHQF\�FDOO�RU�DIWHU�ILUVW�DLG�DVVHVVPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-RQDWKDQ�*21=9$������$OH[DQGUH�$//211($8������$XU�OLH�/2<($8������$PDQGLQH�$%5,$7������2OLYLHU�<$9$5,������-HQQLIHU�&8/20$������&DWKHULQH
5,9(7������<DQQ�/DXUHQW�9,2/,1������,VDEHOOH�./(,1������$ODLQ�&2857,2/������2OJD�0$85,1������+XJXHV�/()257����

���%XUHDX�0�GHFLQH�G
8UJHQFH��%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�GHV�UHJLVWUH�$56,)��6L�JH�GH�O
$+�+3��3DULV��)5$1&(

.H\ZRUGV��67�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��PRELOH�LQWHQVLYH�FDUH�XQLW��HPHUJHQF\�FDOO��ILUVW�DLG�DVVHVVPHQW��FKDUDFWHULVWLFV�RI�67(0,

$EVWUDFW��

,QWURGXFWLRQ���$Q\�SDWLHQW�ZLWK�VXVSLFLRXV�FKHVW�SDLQ�KDV�WR�LPPHGLDWHO\�FDOO�WKH�HPHUJHQF\�PHGLFDO�GLVSDWFK�FHQWHU�WR�DQ\�VXVSLFLRXV�FKHVW�SDLQ�
$V�SDUW�RI�D�ULVN�RI�67�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��67(0,���UHJXODWRU�GRFWRU�GHFLGHG�WR�VHQG�D�PRELOH�LQWHQVLYH�FDUH�XQLW��0,&8��LPPHGLDWHO\
DIWHU�HPHUJHQF\�FDOO�RU�DIWHU�ILUVW�DLG�DVVHVVPHQW��)$$��

3ULPDU\�RXWFRPH���&RPSDUH�WKH�FKDUDFWHULVWLFV�RI�67(0,�EHWZHHQ�ZKHQ�0,&8�LV�LPPHGLDWHO\�WULJJHUHG�DIWHU�HPHUJHQF\�FDOO��(&�JURXS��RU�DIWHU�ILUVW
DLG�DVVHVVPHQW��)$$�JURXS��

0HWKRGV���'DWD�GHULYHG�IURP�D�SURVSHFWLYH�UHJLVWHU�LQFOXGLQJ�QRQ�FRPSOLFDWHG�67(0,

5HVXOWV��������67(0,�ZHUH�LQFOXGHG������LQ�(&�JURXS��7KH�RQO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH���SRSXODWLRQV�LV�ZKHQ�WKH�FDOOHU�LV�D�KHDOWKFDUH
SURIHVVLRQDO��S��������&KHVW�SDLQ�Ä�FDWKHWHUL]DWLRQ�ODERUDWRU\��FDWK�ODE��GHOD\�DQG�PRUWDOLW\�GR�QRW�VKRZ�VLJQLILFDQW�GLIIHUHQFH�

&RQFOXVLRQ���7KH�UHJXODWRU�GRFWRUÇV�GHFLVLRQ�LV�LQIOXHQFHG�ZKHQ�WKH�FDOO�LV�PDGH�E\�D�KHDOWK�FDUH�SURIHVVLRQDO��FRQWUDU\�WR�KLVWRU\�DQG�FDUGLRYDVFXODU
ULVN�IDFWRUV��+RZHYHU�LW�GRHV�QRW�LQFUHDVH�WKH�ULVN�IRU�SDWLHQWV�LQ�WHUPV�RI�PDQDJHPHQW�GHOD\�DQG�VXUYLYDO�



1(852/2*< $OH[DQGUH�$//211($8

��������(YDOXDWLRQ�RI�SURIHVVLRQDO�SUDFWLFHV�LQ�D�HPHUJHQF\�GHSDUWPHQW�IRU�SDWLHQWV�VXIIHULQJ�IURP�PLOG�KHDG�LQMXU\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$OH[DQGUH�$//211($8������3LHUUH�'$56������+XJXHV�/()257������'HOSKLQH�3$3(,;������'DQLHO�-267������'DQLHO�%$8*121������-HDQ�3LHUUH�72857,(5
�����(ULFN�'85(7����

���%XUHDX�0�GHFLQH�G
8UJHQFH��%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�GHV�XUJHQFHV��&HQWUH�+RVSLWDOLHU�GH�9HUGXQ�6W�0LKLHO��9HUGXQ��)5$1&(
���6HUYLFH�GHV�XUJHQFHV��%ULJDGH�GHV�VDSHXUV�SRPSLHUV�GH�3DULV��9HUGXQ��)5$1&(

.H\ZRUGV��(YDOXDWLRQ�RI�SURIHVVLRQDO�SUDFWLFHV��HPHUJHQF\�GHSDUWPHQW��PLOG�KHDG�LQMXU\��EUDLQ�VFDQQHU��KRVSLWDOL]DWLRQ�IRU�PRQLWRULQJ

$EVWUDFW��

,QWURGXFWLRQ���6LQFH�������WKH�)UHQFK�6RFLHW\�RI�(PHUJHQF\�0HGLFLQH��6)08��UHFRPPHQGV�SHUIRUPLQJ��IRU�PLOG�KHDG�LQMXULHV��0+,���D�EUDLQ�VFDQQHU
LI�QHXURORJLFDO�VLJQV��DPQHVLD�IDFWV�WKDQ����PLQXWHV��*ODVJRZ�FRPD�VFDOH�����WZR�KRXUV�DIWHU�WKH�WUDXPDWLVP��VLJQ�RI�IUDFWXUH�RI�WKH�EDVLV�RI�WKH
VNXOO��DQWLFRDJXODQW�RU�DQWLSODWHOHW�DJHQW�WUHDWPHQWÌ�+RVSLWDOL]DWLRQ�LV�UHFRPPHQGHG��DPRQJ�RWKHUV�LI�DEQRUPDO�EUDLQ�VFDQQHU��*ODVJRZ�FRPD
VFDOH�����DIWHU�EUDLQ�VFDQQHU��SHUVLVWHQW�YRPLWLQJ�DQG�RU�VHYHUH�KHDGDFKHVÌ�3ULPDU\�RXWFRPH���FKHFN�LI�WKH�JXLGHOLQHV�DUH�IROORZHG�FRUUHFWO\
ZLWKLQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�D�UHJLRQDO�XQLYHUVLW\�KRVSLWDO�LQ�)UDQFH��DERXW�SHUIRUPLQJ�D�EUDLQ�VFDQQHU��NHHSLQJ�VHFRQGDULO\�LQ�WKH�KRVSLWDO
DQG�JLYLQJ�WKH�VXSHUYLVLRQ�LQVWUXFWLRQV�

0HWKRGV���$�SURVSHFWLYH�DQG�PRQRFHQWULF�EHIRUH�DQG�DIWHU�VWXG\�RI�WKH�SUDFWLFHV�WDNLQJ��EHIRUH�DQG�DIWHU�VSHFLILF�LQIRUPDWLRQ�VHVVLRQV��FRQGXFWHG�LQ
WKH�UHFHSWLRQ�RI�WKH�HPHUJHQF\�GHSDUWPHQW�RI�D�UHJLRQDO�XQLYHUVLW\�KRVSLWDO�LQ�)UDQFH��,QFOXVLRQ�FULWHULD���SDWLHQW�!���\HDUV��VHHQ�LQ�WKH�HPHUJHQF\
URRP�IRU�0+,��7KH�SULPDU\�RXWFRPH�ZDV�WKH�SHUIRUPDQFH�RI�D�EUDLQ�VFDQ�DQG�RU�KRVSLWDOL]DWLRQ�IRU�PRQLWRULQJ�

5HVXOWV���)URP�-DQXDU\�WR�-XQH������È%HIRUHÉ�SHULRG�������SDWLHQWV�ZHUH�LQFOXGHG�DQG�IURP�-DQXDU\�WR�-XQH������È$IWHUÉ�SHULRG�������SDWLHQWV��7KH
FRQFRUGDQFH�UDWH�RI�JRRG�XVH�RI�EUDLQ�VFDQQHU�ZDV��������Q �����IRU�h�%HIRUH�r�DQG��������Q �����IRU�h�$IWHU�r��S �������7KH�FRQFRUGDQFH�UDWH
RI�GHFLGLQJ�DQ�KRVSLWDOL]DWLRQ�ZDV��������Q ����IRU�È%HIRUHÉ�DQG��������Q �����IRU�È$IWHUÉ��S �������7KH�LVVXDQFH�RI�VXSHUYLVLRQ�LQVWUXFWLRQV�WR
SDWLHQWV�JRLQJ�EDFN�WR�WKHLU�KRPH�ZDV�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�h�%HIRUH�r����������Q� ����LQVWUXFWLRQV����JRLQJ�EDFN�KRPH��DQG�h�$IWHU�r��
�������Q� ����LQVWUXFWLRQV�����JRLQJ�EDFN�KRPH���S �������

'LVFXVVLRQ����,W�LV�LPSRUWDQW�WR�UHDVVHVV�SURIHVVLRQDO�SUDFWLFHV�ZLWKLQ�KRVSLWDOV��0HGLFDO�VXSSRUW�RI�D�SDWLHQW�VXIIHULQJ�IURP�PLOG�KHDG�LQMXU\�ZDV
PRVWO\�UHVSHFWIXO�RI�WKH�JXLGHOLQHV��UHJDUGLQJ�WKH�XVH�RI�EUDLQ�VFDQQHU�DQG�KRVSLWDOL]DWLRQ�ZLWKRXW�EHLQJ�VLJQLILFDQWO\�LPSURYHG�E\�FRQWLQXLQJ
HGXFDWLRQ��+RZHYHU��LQVWUXFWLRQV�ZHUH�VLJQLILFDQWO\�PRUH�GHOLYHUHG�DIWHU�WKH�FRQWLQXLQJ�HGXFDWLRQ��EXW�VWLOO�LQVXIILFLHQW��6LQFH�WKHQ��UHJXODU
FRQWLQXLQJ�HGXFDWLRQ�VHVVLRQV�KDYH�EHHQ�HVWDEOLVKHG�ZLWKLQ�WKH�HPHUJHQF\�GHSDUWPHQW��ZKLFK�UHVXOWV�ZLOO�EH�HYDOXDWHG�



1(852/2*< $OH[DQGUH�$//211($8

��������0LOG�KHDG�LQMXULHV�XQGHU�DQWLSODWHOHW�DJHQWV�RU�DQWLFRDJXODQWV���FRPSOLDQFH�JXLGHOLQHV�EHIRUH�DQG�DIWHU�IRUPDWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$OH[DQGUH�$//211($8������3LHUUH�'$56������+XJXHV�/()257������'HOSKLQH�3$3(,;������'DQLHO�-267������'DQLHO�%$8*121������-HDQ�3LHUUH�72857,(5
�����(ULFN�'85(7����

���%XUHDX�0�GHFLQH�G
8UJHQFH��%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�GHV�XUJHQFHV��&HQWUH�+RVSLWDOLHU�GH�9HUGXQ�6W�0LKLHO��9HUGXQ��)5$1&(
���6HUYLFH�GHV�XUJHQFHV��%ULJDGH�GHV�VDSHXUV�SRPSLHUV�GH�3DULV��9HUGXQ��)5$1&(

.H\ZRUGV��(YDOXDWLRQ�RI�SURIHVVLRQDO�SUDFWLFHV��HPHUJHQF\�GHSDUWPHQW��PLOG�KHDG�LQMXU\��EUDLQ�VFDQQHU��KRVSLWDOL]DWLRQ�IRU�PRQLWRULQJ��DQWLSODWHOHW
DJHQW��DQWLFRDJXODQW

$EVWUDFW��

,QWURGXFWLRQ���%HIRUH�������QR�FRQVHQVXV�H[LVWHG�FRQFHUQLQJ�WKH�PDQDJHPHQW�RI�PLOG�KHDG�LQMXULHV��0+,��ZLWK�DQWLSODWHOHW�DJHQWV�RU�DQWLFRDJXODQWV�
0DVWHUV�DQG�DO��FODVVLILFDWLRQ��1(-0������������������ZDV�OHVV�DFFXUDWH�EHFDXVH�WKHUH�LV�QR�SUHFLVLRQ�DERXW�SDWLHQWV�XQGHU��DQWLSODWHOHW�DJHQWV�
6LQFH�������WKH�)UHQFK�6RFLHW\�RI�(PHUJHQF\�0HGLFLQH��6)08��UHFRPPHQGV�SHUIRUPLQJ�D�EUDLQ�VFDQQHU�DQG�KRVSLWDOL]DWLRQ�XQGHU�VXUYHLOODQFH�IRU
HYHU\�0+,�XQGHU�DQWLSODWHOHW�DJHQW��$3��RU�DQWLFRDJXODQW��$&���$LP���FKHFNLQJ�LV�WKH�JXLGHOLQHV�DUH�IROORZHG�EHIRUH�DQG�DIWHU�VSHFLILF�LQIRUPDWLRQ
VHVVLRQV�

0HWKRGV���$�SURVSHFWLYH�DQG�PRQRFHQWULF�EHIRUH�DQG�DIWHU�VWXG\�RI�WKH�SUDFWLFHV�WDNLQJ��EHIRUH�DQG�DIWHU�VSHFLILF�LQIRUPDWLRQ�VHVVLRQV��FRQGXFWHG�LQ
WKH�UHFHSWLRQ�RI�WKH�HPHUJHQF\�GHSDUWPHQW�RI�D�UHJLRQDO�XQLYHUVLW\�KRVSLWDO�LQ�)UDQFH��,QFOXVLRQ�FULWHULD���SDWLHQW�!���\HDUV��VHHQ�LQ�WKH�HPHUJHQF\
URRP�IRU�0+,�DQG�WDNLQJ�KLV�XVXDO�WUHDWPHQW�RI�DQWLSODWHOHW�DJHQWV�RU�DQWLFRDJXODQW��7KH�SULPDU\�RXWFRPH�ZDV�WKH�SHUIRUPDQFH�RI�D�EUDLQ�VFDQ
DQG�RU�KRVSLWDOL]DWLRQ�IRU�PRQLWRULQJ�

5HVXOWV���)URP�-DQXDU\�WR�-XQH��������È%HIRUHÉ�SHULRG������SDWLHQWV�XQGHU�$3�DQG���XQGHU�$&�ZHUH�LQFOXGHG��)URP�-DQXDU\�WR�-XQH��������È$IWHUÉ
SHULRG������SDWLHQWV�XQGHU�$3�DQG����XQGHU�$&�ZHUH�LQFOXGHG��)RU�SDWLHQWV�XQGHU�$3��SHUIRUPDQFH�RI�D�EUDLQ�VFDQQHU�ZDV������Q ����%HIRUH�DQG����
�Q ����$IWHU��S �������$ERXW�KRVSLWDOL]DWLRQ�IRU�PRQLWRULQJ��������Q �����%HIRUH�DQG������Q ����$IWHU��S ���������$OO�SDWLHQWV�XQGHU�$&�KDG�D
EUDLQ�VFDQ��%HIRUH�Q ��DQG�$IWHU�Q ����DQG�KRVSLWDOL]DWLRQ�IRU�PRQLWRULQJ�ZDV������Q ���%HIRUH�DQG������Q ����$IWHU��S ������

'LVFXVVLRQ���,W�KDV�EHHQ�REVHUYHG�WKDW�WKH���JURXSV�GLG�IROORZ�FRUUHFWO\�WKH�JXLGHOLQHV�DERXW�PLOG�KHDG�LQMXULHV�DQG�EUDLQ�VFDQQHU��ZKHWKHU�LW�ZDV
EHIRUH�RU�DIWHU�VSHFLILF�LQIRUPDWLRQ�VHVVLRQV��7KH�UDWH�RI�KRVSLWDOL]DWLRQ�IRU�VXUYHLOODQFH�ZDV�ORZ��PDLQO\�IRU�$3��%HWWHU�DIWHU�VSHFLILF�LQIRUPDWLRQ
VHVVLRQV�EXW�LQVXIILFLHQW��6LQFH��GLIIHUHQWV�DFWLRQV�ZHUH�HVWDEOLVKHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�IRU�LQFUHDVH�WKH�DFFRUGDQFH�ZLWK�WKH�JXLGHOLQHV�



0,6&(//$1(286 )jOL[�0DQXHO�'RPLQJR�6HUUDQR

��������'RHV�WKH�SHIHFW�GRFWRU�H[LVW"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)�OL[�0DQXHO�'RPLQJR�6HUUDQR������6HUJLR�6�QFKH]�5XL]������0DULD�-RV���-LP�QH]�0HO�QGH]������(XODOLD�/�SH]�1DKDUUR������$PRU�*LO�'�D]������(GXDUGR
)HUQ�QGH]�9HUVWHHJ������0DU�D�3LODU�/R]DQR�*DUF�D������0HUFHGHV�)HUQ�QGH]�(VFULEDQR�+HUQ�QGH]������-RVH�$QWRQLR�/DSHUDO�0DUW�Q����

���(PHUJHQF\��+*8�*XDGDODMDUD��*XDGDODMDUD��63$,1

.H\ZRUGV��SHUIHFW�GRFWRU��SK\VLFDO�DSSHDUDQFH��PHGLFDO�LQWHUYLHZ

$EVWUDFW��

,W�ZDV�PDGH�LQ�RXU�(PHUJHQF\�'HSDUWPHQW��IRU�RQH�PRQWK�SHULRG��DQ�LQWHUYLHZ�WR�WKH�SDWLHQWV�ZKLOH�WKH\�ZHUH�LQ�WKH�:DLWLQJ�5RRP��,W�ZDV
YROXQWDU\�DQG�DQRQ\PRXV��DQG�ZH�DVNHG�DERXW�WKH�FKDUDFWHULVWLFV�WKDW�WKH\�WKRXJKW�WKH��3HUIHFW�'RFWRU��VKRXOG�KDYH��7KH�WRWDO�VXUYH\�UHVSRQGHQW
ZHUH���������PDOHV�DQG����IHPDOHV��WKH�DJH�PHGLDQ�ZDV����\HDUV�ROG������ZHUH�6SDQLVK�����FDPH�IURP�8(�FRXQWULHV�����IURP�/DWLQ�$PHULFD�DQG
WKH�RWKHU����ZHUH�IURP�XQNQRZQ�RULJLQ��7KH�DFDGHPLF�OHYHO�ZDV������XQLYHUVLWDU\�OHYHO������EDVLF�OHYHO�DQG����QRQH�

:H�DVNHG�WKHVH�SDWLHQWV�DERXW�WKH�NLQG�RI�SK\VLFLDQ�WKH\�VKRXOG�SUHIHU�WR�KDYH��7KH�DQVZHUV�ZHUH�

�6H[������SUHIHUV�D�PDQ��������ZHUH�PDOHV�������SUHIHUV�D�ZRPDQ������LUUHOHYDQW�

�$JH������\RXQJHU�WKDQ����\HDUV�ROG������EHWZHHQ����DQG����\HDUV�ROG�����EHWZHHQ�������\HDUV�ROG�����ROGHU�WKDQ����\HDUV�ROG�DQG����
LUUHOHYDQW�

�6WDWXV������VWDII�GRFWRUV������UHVLGHQWV�DQG�����LUUHOHYDQW�

�1DWLRQDOLW\������6SDQLVK�GRFWRUV�����IRUHLJQHUV�DQG�����LUUHOHYDQW�

�3K\VLFDO�DSSHDUDQFH�

�:HLJKW�����IDW�����WKLQ������ZHOO�SURSRUWLRQHG�DQG�����LUUHOHYDQW�

�'UHVVLQJ��FDVXDO�FORWKHV�����ZKLWH�FRDW������VXUJLFDO�S\MDPD���������LUUHOHYDQW�

�,GHQWLW\�FDUG������\HV�����QR�����LUUHOHYDQW�

�7DWRRV������\HV������QR������LUUHOHYDQW�

�3LHUFLQJV�����\HV������QR������LUUHOHYDQW�

�,I�WKH�GRFWRU�LV�D�PDQ�

�+DLU��6KRUW�KDLU������ORQJ�KDLU�����LUUHOHYDQW�����

�%HDUG�����\HV������QR������LUUHOHYDQW�

�3HUIXPH������\HV������QR������LUUHOHYDQW�

�,I�WKH�GRFWRU�LV�D�ZRPDQ�

�+DLU��XSVZHHS������XQOHDVKHG�����LUUHOHYDQW�����

�0DNH�XS��\HV������QR������LUUHOHYDQW�����

�3HUIXPH������\HV������QR������LUUHOHYDQW�

�1DLOnV�OHQJWK��VKRUW������ORQJ�����LUUHOHYDQW����

�1DLOnV�FRORXU��SDLQWHG�����QRQ�SDLQWHG������LUUHOHYDQW�����

�-HZHOV�����\HV������QR������LUUHOHYDQW�

�0HGLFDO�,QWHUYLHZ�

�3RVLWLRQ�ZKLOH�UHFHSWLRQ��VLWWLQJ������XS������LUUHOHYDQW�����

�*UHHWLQJ��SK\VLFDO������YHUEDO������LUUHOHYDQW�����

�,QWURGXFWLRQ��<HV������1R�����LUUHOHYDQW�����



�9LVXDO�FRQWDFW������\HV�����QR��LUUHOHYDQW�����

�0DQQHU��&ORVH������FRRO�����LUUHOHYDQW�����

�'HWDLOHG�H[SODQDWLRQV��$OZD\V������1HYHU�����LW�GHSHQGV�����

�,QIRUPDWLRQ��$ORQH������ZLWK�IDPLO\�IULHQGV������LUUHOHYDQW�����

7KH��3HUIHFW�'RFWRU��IRU�WKH�SDWLHQWV�ZKR�ZHUH�DVNHG�LQ�*XDGDODMDUD��6SDLQ��VKRXOG�EH�D�������\HDUV�ROG�SHUVRQ��VWDII�GRFWRU�ZLWK�LUUHOHYDQW�VH[��QRW
IRUHLJQHU��WKH�ZHLJKW�VKRXOGQnW�PDWWHU��GUHVVHG�ZLWK�ZKLWH�FRDW�DQG�ZKR�ZHDUV�DQ�LGHQWLW\�FDUG��ZLWKRXW�SLHUFLQJV�RU�WDWRRV��7KH\�ZRXOG�OLNH�WKDW
WKH�GRFWRU�VWDQGV�XS�ZKLOH�UHFHSWLRQ��D�VKRUW�LQWURGXFWLRQ�WR�NQRZ�KLV�KHU�QDPH�DQG�D�JUHHWLQJ�ZLWKRXW�SK\VLFDO�FRQWDFW��WKH\�SUHIHU�YLVXDO�FRQWDFW
DQG�FORVH�PDQQHUV��DQG�WKH\�ZDQW�WR�KDYH�GHWDLOHG�H[SODQDWLRQV�RI�WKHLU�GLVHDVH��DQG��LI�LW�LV�SRVVLEOH��ZLWK�FRPSDQLRQ�

2XU�FRQFOXVLRQ�LV�WKDW��LQ�GHVSLWH�WKDW�VRPH�RI�WKH�TXHVWLRQV�ZHUH�DQVZHUHG�DV��LUUHOHYDQW���ZH�FRXOG�VD\�WKDW�WKH�DSSHDUDQFH�RI�WKH�GRFWRUV�LV�YHU\
LPSRUWDQW�IRU�WKH�SHRSOH�ZKR�XVH�RXU�+HDOWK�6\VWHP��,W�FRXOG�EH�YHU\�LQWHUHVWLQJ�WR�PDNH�VLPLODU�LQWHUYLHZV�LQ�DQRWKHU�KRVSLWDO�LQ�WKH�ZRUOG�WR
FRPSDUH�RXU�UHVXOWV�



3(',$75,&6 'RULQH�%RUHQV]WDMQ

��������'LIIHUHQFHV�LQ�WKH�SDHGLDWULF�SRSXODWLRQ��GLDJQRVWLFV�DQG�RXWFRPH�LQ�HPHUJHQF\�GHSDUWPHQWV��D�PXOWLFHQWUH�SURVSHFWLYH
REVHUYDWLRQDO�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'RULQH�%RUHQV]WDMQ������-RDQ\�0�=DFKDULDVVH������6XVDQQH�*UHEHU�3ODW]HU������&ODXGLR�)�$OYHV������3DXOR�)UHLWDV������)UDQN�-�6PLW������-RKDQ�YDQ�GHU�/HL
�����(ZRXW�:�6WH\HUEHUJ�������,DQ�0DFRQRFKLH�������+HQUL�WWH�$�0ROO����

���'HSDUWPHQW�RI�*HQHUDO�3DHGLDWULFV��(UDVPXV�0&���6RSKLD�&KLOGUHQÇV�+RVSLWDO��8QLYHUVLW\�0HGLFDO�&HQWHU�5RWWHUGDP��5RWWHUGDP��7+(
1(7+(5/$1'6
���'HSDUWPHQW�RI�3DHGLDWULFV�DQG�$GROHVFHQW�0HGLFLQH��9LHQQD�*HQHUDO�+RVSLWDO��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��9LHQQD��$8675,$
���'HSDUWPHQW�RI�3DHGLDWULFV��(PHUJHQF\�8QLW��+RVSLWDO�)HUQDQGR�)RQVHFD��$PDGRUD��32578*$/
���,QWHQVLYH�&DUH�8QLW��+RVSLWDO�)HUQDQGR�)RQVHFD��$PDGRUD��32578*$/
���'HSDUWPHQW�RI�SDHGLDWULFV��0DDVVWDG�+RVSLWDO��5RWWHUGDP��7+(�1(7+(5/$1'6
���'HSDUWPHQW�RI�0HGLFDO�,QIRUPDWLFV��(UDVPXV�0&��8QLYHUVLW\�0HGLFDO�&HQWHU�5RWWHUGDP��5RWWHUGDP��7+(�1(7+(5/$1'6
���'HSDUWPHQW�RI�3XEOLF�+HDOWK��(UDVPXV�0&��8QLYHUVLW\�0HGLFDO�&HQWHU�5RWWHUGDP��5RWWHUGDP��7+(�1(7+(5/$1'6
���'HSDUWPHQW�RI�3DHGLDWULF�$FFLGHQW�DQG�(PHUJHQF\��,PSHULDO�&ROOHJH�1+6�+HDOWKFDUH�7UXVW��/RQGHQ��8.

.H\ZRUGV��SHGLDWULFV��SHGLDWULF�HPHUJHQF\�PHGLFLQH��GLDJQRVWLFV��PDQDJHPHQW��RXWFRPH

$EVWUDFW��

%DFNJURXQG���LQWURGXFWLRQ

�

/LWWOH�LV�NQRZQ�DERXW�GLIIHUHQFHV�LQ�GLDJQRVWLFV�DQG�WKHUDS\�LQ�SHGLDWULF�HPHUJHQF\�PHGLFLQH��3(0��

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�GLIIHUHQFHV�LQ�SRSXODWLRQ��PDQDJHPHQW�DQG�RXWFRPH�RI�FKLOGUHQ�LQ�(XURSH��7R�RXU�NQRZOHGJH�WKLV�LV�WKH�ILUVW
ODUJH�(XURSHDQ�VWXG\�FRYHULQJ�WKLV�DUHD�

7KHVH�GLIIHUHQFHV�FDQ�EH�UHOHYDQW�ZKHQ�LQWHUSUHWLQJ�PXOWLFHQWUH�VWXGLHV�DQG�FDQ�EH�XVHG�WR�LPSURYH�FOLQLFDO�FDUH�

�����������������������������������������������������������������������������������������������

3DUWLFLSDQWV�DQG�PHWKRGV

�

7KLV�VWXG\�LV�SDUW�RI�WKH�7U,$*(�SURMHFW��D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�LQ�ILYH�('ÇV�LQ���GLIIHUHQW�(XURSHDQ�FRXQWULHV��WKH�1HWKHUODQGV��8.��$XVWULD�
3RUWXJDO���'DWD�FROOHFWLRQ�FRQVLVWV�RI�URXWLQHO\�UHFRUGHG�SDWLHQW�GDWD��DXWRPDWLFDOO\�H[WUDFWHG�IURP�HOHFWURQLF�PHGLFDO�UHFRUGV��6WXG\�VLWHV�DUH
LQVWUXFWHG�LQ�GDWD�FROOHFWLRQ�DQG�D�PLQLPXP�VHW�RI�UHTXLUHG�YDULDEOHV��'DWD�KDUPRQL]DWLRQ�DQG�TXDOLW\�FKHFNV�ZHUH�SHUIRUPHG���:H�LQFOXGHG�DOO
FRQVHFXWLYH�FKLOGUHQ�DJHG

�������������������������������������������������������������������������������������������������������������������������������

5HVXOWV

�

�������FKLOGUHQ�ZHUH�LQFOXGHG��%HWZHHQ�WKH�VHWWLQJV��SRSXODWLRQV�GLIIHU�LQ�0DQFKHVWHU�7ULDJH�6\VWHP��076��XUJHQF\��6RPH�FHQWUHV�KDYH�D�PRUH
ÈKLJK�XUJHQF\É�SRSXODWLRQ��GHILQHG�DV�076�FDWHJRU\�����DQG����WKDQ�RWKHUV��UDQJH���������XUJHQW�SDWHQWV�LQ�WKH�KLJK�XUJHQF\�VHWWLQJ�YHUVXV������
LQ�WKH�ORZ�XUJHQF\�VHWWLQJ���DQG�WKH�UDWH�RI�WUDXPD��YHUVXV�QRQ�WUDXPD�SDWLHQWV�UDQJHG�IURP������WR�����

�

6HFRQGO\��ZH�VDZ�GLIIHUHQFHV�LQ�PDQDJHPHQW��VXFK�DV�KRZ�RIWHQ�YLWDO�VLJQV�ZHUH�PHDVXUHG��,Q�����YHUVXV�����RI�WKH�FDVHV�DW�OHDVW���YLWDO�VLJQV
ZHUH�PHDVXUHG��DQG�KRZ�RIWHQ�GLDJQRVWLF�WHVWV�ZHUH�SHUIRUPHG��UDQJLQJ�IURP�OHVV�WKDQ����WR�RYHU������

7KHVH�GLIIHUHQFHV�ZHUH�UHODWHG�WR�076�XUJHQF\��DJH��JHQGHU��DQG�WUDXPD��YHUVXV�QRQ�WUDXPD�SDWLHQWV��$GPLWWDQFH�WR�KRVSLWDO�ZDV��VLJQLILFDQWO\
DVVRFLDWHG�ZLWK�WKHVH�DVSHFWV�RI�PDQDJHPHQW��HYHQ�ZKHQ�FRUUHFWHG�IRU�WKH�SUHYLRXVO\�PHQWLRQHG�FRQIRXQGHUV�

�

)LQDOO\�WKH�FHQWUHV�GLIIHUHG�LQ�RXWFRPH�PHDVXUHV�VXFK�DV�JHQHUDO�DGPLVVLRQ�UDWHV�DQG�FRPELQHG�,&�DGPLVVLRQ�UDWHV�DQG�PRUWDOLW\��7KHVH�GLIIHUHQFHV
UHPDLQHG�DIWHU�FRUUHFWLQJ�IRU�076�XUJHQF\��DJH��JHQGHU��DQG�WUDXPD��YHUVXV�QRQ�WUDXPD�SDWLHQWV�

�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������



'LVFXVVLRQ�FRQFOXVLRQ

�

2XU�GDWD�VKRZHG�VXEVWDQWLDO�GLIIHUHQFHV�LQ�SUHVHQWDWLRQ��PDQDJHPHQW�DQG�RXWFRPH�H[LVW�LQ�GLIIHUHQW�(XURSHDQ�('ÇV�

6RPH�GLIIHUHQFHV��VXFK�DV�DGPLVVLRQ�UDWHV��FDQ�EH�SDUWO\�H[SODLQHG�E\�GLIIHUHQFHV�LQ�KLJK�XUJHQF\�YHUVXV�ORZ�XUJHQF\�VHWWLQJV�RU�WKH�UDWLR�RI
WUDXPD�SDWLHQWV�YHUVXV�QRQ�WUDXPD�SDWLHQWV�

+RZHYHU��VLJQLILFDQW�GLIIHUHQFHV�UHPDLQ�HYHQ�ZKHQ�FRUUHFWLQJ�IRU�WKHVH�IDFWRUV��VKRZLQJ�WKDW�WKHUH�VHHPV�WR�EH�D�UHDO�DQG�VLJQLILFDQW�GLIIHUHQFH�LQ
SRSXODWLRQ��PDQDJHPHQW�DQG�RXWFRPH��EHWZHHQ�VHWWLQJV��RU�HYHQ�FRXQWULHV�

:H�EHOLHYH�LW�LV�ZRUWKZKLOH�LQYHVWLJDWLQJ�WKH�FDXVHV�RI�WKHVH�GLIIHUHQFHV�LQ�RXWFRPH��$VSHFWV�RI�LQIOXHQFH�FRXOG�EH�SDWLHQW�FRPRUELGLW\�RU�ORFDO
SUDFWLFH�GLIIHUHQFHV�FDXVHG�E\�FXOWXUH�DQG�ORFDO�JXLGHOLQHV�

0RUH�UHVHDUFK�LV�QHHGHG�WR�FODULI\�WKH�FDXVHV�DQG�FOLQLFDO�VLJQLILFDQFH�RI�WKHVH�GLIIHUHQFHV�



3(',$75,&6 -RDQ\�=DFKDULDVVH

��������1XUVHVx�JXW�IHHOLQJ�DERXW�VHULRXV�LOOQHVV�LQ�FKLOGUHQ�YLVLWLQJ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-RDQ\�=DFKDULDVVH������'RPLQLTXH�YDQ�GHU�/HH������1LHQNH�6HLJHU������5LDQQH�2RVWHQEULQN������+HQUL�WWH�0ROO����

���'HSDUWPHQW�RI�3DHGLDWULFV��(UDVPXV�0&��6RSKLD�&KLOGUHQ
V�+RVSLWDO��5RWWHUGDP��7+(�1(7+(5/$1'6

$EVWUDFW��

,QWURGXFWLRQ

7KH�UHFRJQLWLRQ�RI�FKLOGUHQ�ZLWK�WLPH�VHQVLWLYH�FRQGLWLRQV�DPLGVW�WKH�ODUJH�JURXS�RI�FKLOGUHQ�ZLWK�EHQLJQ�RU�VHOI�OLPLWLQJ�LOOQHVVHV�UHPDLQV�D
FKDOOHQJH�DW�WKH�HPHUJHQF\�GHSDUWPHQW��('���%HFDXVH�FKLOGUHQ�SUHVHQW�WR�WKH�('�ZLWK�D�ZLGH�VSHFWUXP�RI�SUREOHPV��LW�LV�XQOLNHO\�WKDW�D�VLQJOH
FOLQLFDO�IHDWXUH��YLWDO�VLJQ�RU�GLDJQRVWLF�WHVW�FDQ�DFFXUDWHO\�UXOH�LQ�RU�UXOH�RXW�D�VHULRXV�FRQGLWLRQ�LQ�D�FKLOG��È*XW�IHHOLQJÉ��WKH�LQWXLWLRQ�WKDW
VRPHWKLQJ�LV�ZURQJ�GHVSLWH�D�UHDVVXULQJ�FOLQLFDO�DVVHVVPHQW��PD\�EH�D�SURPLVLQJ�WRRO�WR�LGHQWLI\�FKLOGUHQ�ZLWK�VHULRXV�LOOQHVV��$�SUHYLRXV�VWXG\
UHSRUWHG�WKDW�SULPDU\�FDUH�SK\VLFLDQVÇ�JXW�IHHOLQJ�LQFUHDVHG�WKH�ULVN�RI�VHULRXV�LQIHFWLRQ�LQ�FKLOGUHQ��/LWWOH�LV�NQRZQ��KRZHYHU�DERXW�WKH�JXW�IHHOLQJ�RI
('�QXUVHV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHILQH�GHWHUPLQDQWV�RI�QXUVHVÇ�JXW�IHHOLQJ�DW�WKH�('�DQG�WR�DVVHVV�LWV�GLDJQRVWLF�YDOXH�IRU�WKH�UHFRJQLWLRQ�RI
FKLOGUHQ�ZLWK�D�VHULRXV�LOOQHVV�

0HWKRGV

7KH�VWXG\�LV�EDVHG�RQ�D�SURVSHFWLYH�REVHUYDWLRQDO�FRKRUW�RI�DOO�FKLOGUHQ�DJHG

5HVXOWV

'XULQJ�WKH�VWXG\�SHULRG��ZH�LQFOXGHG������FKLOGUHQ�ZKR�DWWHQGHG�WKH�('�ZLWK�D�PHGLFDO�SUREOHP�DQG�KDG�LQIRUPDWLRQ�DERXW�JXW�IHHOLQJ�GRFXPHQWHG�
$�JXW�IHHOLQJ�ZDV�SUHVHQW�LQ�������RI�WKHVH�YLVLWV��*XW�IHHOLQJ�ZDV�DVVRFLDWHG�ZLWK�WULDJH�XUJHQF\��25����������&,����������IRU�XUJHQF\�FDWHJRU\��
DQG���DQG�25���������&,���������IRU�XUJHQF\�FDWHJRU\�����IHYHU��25���������&,����������DQG�WKH�SUHVHQFH�RI�DEQRUPDO�YLWDO�VLJQV��25���������&,
��������IRU���DEQRUPDO�YLWDO�VLJQ�DQG�25���������&,���������IRU���RU�PRUH�DEQRUPDO�YLWDO�VLJQV���0RUHRYHU��D�JXW�IHHOLQJ�RFFXUUHG�OHVV�IUHTXHQW�LQ
VHOI�UHIHUUHG�SDWLHQWV��25���������&,����������DQG�SDWLHQWV�SUHVHQWLQJ�RXWVLGH�RIILFH�KRXUV��25���������&,�����������:KHQ�DGMXVWHG�IRU�DJH��JHQGHU�
WULDJH�XUJHQF\�DQG�IHYHU�RU�DEQRUPDO�YLWDO�VLJQV��SUHVHQFH�RI�D�JXW�IHHOLQJ�ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�,&8��25���������&,�����������DQG
KRVSLWDO�DGPLVVLRQ����������&,�����������6HQVLWLYLW\�RI�QXUVHVÇ�JXW�IHHOLQJ�IRU�WKH�UHFRJQLWLRQ�RI�SDWLHQWV�UHTXLULQJ�,&8�DGPLVVLRQ�ZDV�����
�������������DQG�VSHFLILFLW\�������������������6HQVLWLYLW\�IRU�KRVSLWDO�DGPLVVLRQ�ZDV����������&,�������������DQG�VSHFLILFLW\����������&,������������

&RQFOXVLRQ

1XUVHVÇ�JXW�IHHOLQJ�DW�WKH�HPHUJHQF\�GHSDUWPHQW�LV�DVVRFLDWHG�ZLWK�FOLQLFDO�DQG�QRQ�FOLQLFDO�IDFWRUV��7KH�SUHVHQFH�RI�D�JXW�IHHOLQJ�LQFUHDVHV�WKH�ULVN
RI�,&8�RU�KRVSLWDO�DGPLVVLRQ��EXW�LV�LQ�LWVHOI�QRW�DQ�DFFXUDWH�SUHGLFWRU��,W�LV�LPSRUWDQW�WR�FRPELQH�JXW�IHHOLQJ�ZLWK�RWKHU�FOLQLFDO�SDUDPHWHUV�WR
GHWHUPLQH�WKH�VHYHULW\�RI�LOOQHVV�RI�D�FKLOG�



('8&$7,21�$1'�75$,1,1* =ROWgQ�+oKOLQJ

��������3URPRWLQJ�PHGLFDO�VWXGHQWV
�VHOI�DZDUHQHVV�DQG�VHOI�PDQDJHPHQW�LQ�HPHUJHQF\�VLWXDWLRQV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

=ROW�Q�+�KOLQJ������6DUDK�/X�2EHUVFKHOS������$[HO�6FKPXW]������7KRPDV�$KQH������0DUHLNH�%HUJPDQQ������0LFKDHO�:LUVFKLQJ������$QGUHD�.XKQHUW����

�����8QLYHUVLW\�0HGLFDO�&HQWHU�)UHLEXUJ��)UHLEXUJ��*(50$1<

.H\ZRUGV��HPHUJHQF\�PHGLFLQH�VWXGHQWV��VHOI�DZDUHQHVV��SV\FKLDWULF�HPHUJHQF\��KXPDQ�VLPXODWLRQ

$EVWUDFW��

4XLFN�GHFLVLRQ�PDNLQJ�DQG�GHWHUPLQHG�DFWLRQ�WDNLQJ�DUH�ERWK�HVVHQWLDO�WR�FOLQLFDO�FULVLV�VLWXDWLRQV�DQG�HVSHFLDOO\�LQ�WKH�UHDOP�RI�HPHUJHQF\
PHGLFLQH��7KH�NQRZOHGJH�DQG�DZDUHQHVV�DERXW�RQHÇV�VHOI�LPDJH�DV�D�GRFWRU�LQ�UHODWLRQ�WR�UHOHYDQW�DVSHFWV�RI�WKH�SHUVRQDOLW\�UHSUHVHQW�DQ
LPSRUWDQW�IRXQGDWLRQ�IRU�DGHTXDWH�VHOI�PDQDJHPHQW�GXULQJ�KLJKO\�FRPSOH[�DQG�HPRWLRQDOO\�GHPDQGLQJ�FULVLV�VLWXDWLRQV��)HHOLQJV�RI�KHOSOHVVQHVV
DQG�RYHUSRZHULQJ�FDQ�TXLFNO\�DULVH�DQG�LPSHGH�SURIHVVLRQDO�DFWLRQ�WDNLQJ�

7KH�8QLYHUVLW\�0HGLFDO�&HQWHU�)UHLEXUJ��*HUPDQ\��KDV�EHHQ�UHSHDWHGO\�RUJDQLVLQJ�D�WUDLQLQJ�GD\�IRU�PHGLFDO�VWXGHQWV�LQWHUHVWHG�LQ�HPHUJHQF\
PHGLFLQH��,W�RIIHUV�DQ�RSSRUWXQLW\�IRU�WKH�VWXGHQWV�WR�SUDFWLFH�WKHLU�VNLOOV�LQ�D�QXPEHU�RI�GLIIHUHQW�KLJK�ILGHOLW\�VLPXODWLRQV�RI�FRPPRQ�VFHQDULRV�LQ
WKH�HPHUJHQF\�FRQWH[W��:LWK�WKH�SUHVHQFH�RI�RWKHU�RFFXSDWLRQDO�JURXSV�RI�WKH�HPHUJHQF\�ILHOG���VXFK�DV�ORFDO�ILUH�EULJDGHV���WKH�PXOWLGLVFLSOLQDU\
ZRUNLQJ�HQYLURQPHQW�UHSUHVHQWV�D�XQLTXH�IHDWXUH�RI�WKH�HYHQW��$OO�VWXGHQWV�ZKR�HQUROOHG�IRU�WKH�HOHFWLYH�FRXUVH�ÈHPHUJHQF\�PHGLFLQHÉ�KDG�WKH
SULYLOHJH�WR�SDUWLFLSDWH�LQ�LW�

7KURXJK�D�FR�RSHUDWLRQ�EHWZHHQ�WKH�GHSDUWPHQW�RI�DQDHVWKHVLRORJ\�Ä�UHVSRQVLEOH�IRU�WKH�FRQFHSWXDOLVDWLRQ�DQG�RUJDQLVDWLRQ�RI�WKH�WUDLQLQJ�GD\�Ä
DQG�WKH�GHSDUWPHQW�IRU�SV\FKRVRPDWLF�PHGLFLQH��DQ�DGGLWLRQDO�HOHFWLYH�ZRUNVKRS�ZDV�RIIHUHG�WR�WKH�VWXGHQWV��WR�FRQIURQW�WKHP�ZLWK�WKH�DERYH
PHQWLRQHG�LPSRUWDQW�IDFWRUV�RI�VHOI�DZDUHQHVV�DQG�VHOI�PDQDJHPHQW��6WXGHQWV�ZHUH�QRW�RQO\�LQYLWHG�WR�OHDUQ�IURP�H[SHULHQFHG�H[SHUWV�DERXW
KHOSIXO�FRSLQJ�VWUDWHJLHV�EXW�ZHUH�DOVR�HQFRXUDJHG�WR�RSHQO\�GLVFXVV�LQVHFXULWLHV�DQG�IHDUV�ZLWK�IHOORZ�VWXGHQWV��ZKLFK�ZDV�WKRXJKW�WR�SURPRWH�D
FOLPDWH�RI�VHOI�UHIOHFWLRQ�DQG�PXWXDO�VXSSRUW�DPRQJ�WKH�VWXGHQWV��)RU�WKDW�ZRUNVKRS��D�VSHFLDO�IRFXV�ZDV�VHW�RQ�SV\FKLDWULF�HPHUJHQF\�VLWXDWLRQV
DQG�SURIHVVLRQDO�KDQGOLQJ�RI�DJLWDWHG��DQG�RU�VXLFLGDO��SDWLHQWV��7KLV�ZDV�QRW�RQO\�GXH�WR�WKH�H[SHULHQFH�ZLWK�WKH�WRSLF�RI�RQH�RI�WKH�LQYROYHG
GHSDUWPHQWV��EXW�DOVR�EHFDXVH�LW�ZDV�EHOLHYHG�WKDW�WKH�LQWHUDFWLRQ�ZLWK�D�SDWLHQW�RI�WKDW�NLQG�SRVHV�D�VSHFLDO�FKDOOHQJH�IRU�HPHUJHQF\�GRFWRUV�

,Q�OLQH�ZLWK�WKLV�IRFXV�RI�WKH�SUHFHGLQJ�ZRUNVKRS��WKH�SV\FKLDWULF�HPHUJHQF\�VFHQDULR�RI�WKH�WUDLQLQJ�GD\�VHHPHG�SDUWLFXODUO\�VXLWDEOH�IRU�D�SLORW
VWXG\�WU\LQJ�WR�LQYHVWLJDWH�VWXGHQWVÇ�VHOI�DZDUHQHVV�LQ�KLJKO\�VWUHVVIXO�DQG�HPRWLRQDOO\�RYHUZKHOPLQJ�VLWXDWLRQV��7KH�DELOLW\�WR�DGHTXDWHO\
VHOI�PRQLWRU�RQHÇV�VWUHVV�OHYHO�VHUYHV�DV�D�EDVLV�IRU�VXEVHTXHQW�VHOI�UHJXODWLRQ��7R�LQYHVWLJDWH�WKDW�DELOLW\��VWXGHQWVÇ�KHDUW�UDWH�GXULQJ�WKH�WUDLQLQJ
VFHQDULR�ZDV�FRPSDUHG�WR�WKHLU�SHUFHLYHG�VWUHVV�OHYHO��EHIRUH��GXULQJ�DQG�DIWHU�WKH�VFHQDULR�WRRN�SODFH��

3UHOLPLQDU\�DQDO\VHV�RI�WKH�REWDLQHG�GDWD�SURYLGH�KLQWV�IRU�D�GLVFUHSDQF\�EHWZHHQ�PHDVXUHG�DQG�SHUFHLYHG�VWUHVV�OHYHO�RI�WKH�VWXGHQWV��6LPLODUO\�
WKHUH�DUH�LQGLFDWLRQV��WKDW�VWXGHQWV�ZKR�SDUWLFLSDWHG�LQ�WKH�ZRUNVKRS�ZHUH�EHWWHU�LQ�VHOI�PRQLWRULQJ�WKHLU�VWUHVV�OHYHOV�DQG�DSSO\LQJ�VHOI�UHJXODWRU\
VWUDWHJLHV�������������������������������������������������������������



&$5',29$6&8/$5 )jOL[�0DQXHO�'RPLQJR�6HUUDQR

��������1RW�DOO�PDVVDJHV�DUH�UHOD[LQJ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)�OL[�0DQXHO�'RPLQJR�6HUUDQR������6HUJLR�6�QFKH]�5XL]������(GXDUGR�)HUQ�QGH]�9HUVWHHJ������0DULD�-RV���-LP�QH]�0HO�QGH]������0HUFHGHV
)HUQ�QGH]�(VFULEDQR�+HUQ�QGH]������0DU�D�3LODU�/R]DQR�*DUF�D������$PRU�*LO�'�D]������-RVH�$QWRQLR�/DSHUDO�0DUW�Q������(XODOLD�/�SH]�1DKDUUR����

���(PHUJHQF\��+*8�*XDGDODMDUD��*XDGDODMDUD��63$,1

.H\ZRUGV��GHHS�YHLQ�WKURPERVLV��3DJHW�6FKURHWWHU�6\QGURP

$EVWUDFW��

2XU�SDWLHQW�LV�D�ZRPDQ�����\HDUV�ROG��ZLWK�)LEURP\DOJLD�DQG�DQRUH[LD��ZKR�LV�WUHDWHG�E\�3V\FKLDWU\��VKH�KDW�VHFXQGDU\�PDOQXWULWLRQ��+HU�WUHDWPHQW
LV�7UD]RGRQH��$FHFORIHQDF��3DQWRSUD]ROH��9HQODID[LQH��&ORUD]HSDWH��5HWLQRO��/RUD]HSDP�DQG�WRSLF�0RPHWDVRQH��6KH�FRPHV�WR�(PHUJHQF\�5RRP
EHFDXVH�RI�D�SDLQ�LQ�KHU�OHIW�VKRXOGHU�ZLWK�PHFKDQLF�FKDUDFWHULVWLFV��ZKLFK�EHJDQ�VHYHUDO�GD\V�EHIRUH��DQG�LW�SHUVLVWV�LQ�GHVSLWH�RI�16$,'�WKDW�KHU
GRFWRU�SUHVFULEHG�KHU�LQ�FRQVXOWDWLRQ��ZLWK�WKH�VXVSLFLRQ�RI�DQ�DFXWH�WHQGLQLWLV��6KH�VXIIHUV�IUHTXHQWO\�EDFN�SDLQV��WKDW�VKH�WUHDWV�ZLWK�SK\VLRWKHUDS\
DQG�RVWHRSDWK\��DQG�KHU�ODVW�VHVVLRQ�KDSSHQHG����GD\V�DJR�

6KH�ZDV�KHPRG\QDPLFDOO\�VWDEOH��ZLWKRXW�IHYHU��QRUPDO�EUHDWK�UDWLR�������2��6DWXUDWLRQ��7KHUH�ZHUH�QR�ILQGLQJV�LQ�FKHVW�DQG�DEGRPHQ��EXW�KHU
OHIW�DUP�ZDV�FOHDUO\�KLJKHU�WKDQ�WKH�ULJKW�RQH��IURP�VKRXOGHU�WR�WKH�KDQG���ZLWK�FROODWHUDO�FLUFXODWLRQ��7KHUH�ZDV�QR�SDLQ�LQ�ERQHV�RU�OLJDPHQWV��EXW
WKH�PRELOL]DWLRQ�RI�WKH�DUP�ZDV�SDLQIXO�

,Q�WKH�EORRG�WHVWV� �WKHUH�ZHUH�QR�DOWHUDWLRQV��H[FHSW�IRU�'GLPHU�������VR��ZLWK�WKH�VXVSLFLRQ�RI�GHHS�YHLQ�WKURPERVLV��'97�� �LWnV�PDGH�DQ
XOWUDVRQRJUDSK\�H[SORUDWLRQ��DQG�ZH�IRXQG�D�'97�LQ�OHIW�D[LOODU\�DQG�VXEFODYLDQ�YHLQV��VR�ZH�EHJDQ�ZLWK�DQWLFRDJXODWLRQ�DQG�WKH�SDWLHQW�ZDV
DGPLWWHG�LQ�,QWHUQDO�0HGLFLQH�WR�EHJLQ�WKH�VWXG\�

,Q�+RVSLWDO��WKH�FROODWHUDO�FLUFXODWLRQ�DQG�RHGHPD�ZHUH�UHVXFHG�ZLWK�WUHDWPHQW��$�7&�ZDV�PDGH��ZKLFK�VKRZHG�DQ�HPEROLVP�LQ�ORZHU�OXQJ�DUWHULHV�RI
WKH�ULJKW�OXQJ��ZLWKRXW�QRGXOHV�RU�DGHQRSDWKLHV��$OO�WKH�RWKHU�WHVWV�ZHUH�QRUPDO�

7KH�XSSHU�H[WUHPLWLHV�'97�LV�DQ�XQFRPPRQ�HQWLW\������'97���,W�FRXOG�EH�SULPDU\��EHFDXVH�RI�D�FRPSUHVVLRQ�RI�WKH�VXEFODYLDQ�YHLQ�RU�EHFDXVH�RI
SK\VLFDO�H[HUFLVH��3DJHW�6FKURHWWHU�6\QGURP���RU�VHFXQGDU\��FDWKHWHUV��SDWKPDNHUV��FDQFHU��KRUPRQDO�FDXVH��WKURPERILOLF�VWDWH��RU�GLUHFW�LQMXU\��
7KHUH�DUH�FDVHV�ZKLFK�KDSSHQ�DIWHU�D�SK\VLRWKHUDS\�RU�RVWHRSDWK\�VHVVLRQ��DV�RXU�SDWLHQW��$�SXOPRQDU\�HPEROLVP�PXVW�EH�VHDUFKHG��LQ�GHVSLWH
WKDW�LV�PRUH�FRPPRQ�LQ�'97�RI�ORZHU�H[WUHPLWLHV��

,Q�FRQFOXVVLRQ��ZH�KDYH�WR�FRQVLGHU�DOZD\V�D�'97�GLDJQRVWLF�LQ�D�SDWLHQW�ZLWK�SDLQ�DQG�RHGHPD�LQ�XSSHU�H[WUHPLW\��DQG�NQRZLQJ�WKH�5LVN�)DFWRUV�IRU
D�VRRQHU�GLDJQRVWLF�



%,20$5.(56 0DUWLQ�6FKXOW]

��������'HVLJQ��5LVN�VWUDWLILFDWLRQ�ZLWK�VX3$5�LQ�HPHUJHQF\�PHGLFLQH��7ULDJH�,,,�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DUWLQ�6FKXOW]������/LQH�-HH�+DUWPDQQ�5DVPXVVHQ������-HVSHU�(XJHQ�2OVHQ������$QGUHDV�+�MUXS�6DQG��.ULVWHQVHQ������/DUV�6LPRQ�5DVPXVVHQ������/DUV
.�EHU������(ULN�.M�OOHU������%LUJLWWH�1\ER�-HQVHQ������/LVEHW�5DYQ������7KHLV�/DQJH������.DVSHU�.DUPDUN�,YHUVHQ����

�����+HUOHY�+RVSLWDO��+HUOHY��'(10$5.
�����+YLGRYUH�+RVSLWDO��&OLQLFDO�5HVHDUFK�FHQWHU��+YLGRYUH��'(10$5.
�����+HUOHY�+RVSLWDO��GHSW��RI�&DUGLRORJ\��+HUOHY��'(10$5.
�����5LJVKRVSLWDOHW��GHSW��RI�$QDHVWKHVLD��&RSHQKDJHQ��'(10$5.
�����5LJVKRVSLWDOHW��GHSW��RI�&DUGLRORJ\��&RSHQKDJHQ��'(10$5.
�����%LVSHEMHUJ�+RVSLWDO��'HSW��RI�(PHUJHQF\�0HGLFLQH��&RSHQKDJHQ��'(10$5.
�����+HUOHY�+RVSLWDO��'HSW��RI�(PHUJHQF\�0HGLFLQH��+HUOHY��'(10$5.
�����8QLYHUVLW\�RI�&RSHQKDJHQ��'HSW��RI�3XEOLF�+HDOWK��&RSHQKDJHQ��'(10$5.

.H\ZRUGV��5LVN�VWUDWLILFDWLRQ��WULDJH��ELRPDUNHUV��VX3$5��HPHUJHQF\�PHGLFLQH��DFXWH�SDWLHQWV�

$EVWUDFW��

%DFNJURXQG��5LVN�VWUDWLILFDWLRQ�ZLWK�V\VWHPDWLF�WULDJH�SOD\V�D�SLYRWDO�UROH�LQ�WKH�HPHUJHQF\�VHWWLQJ��HQVXULQJ�WKDW�DFXWHO\�VLFN�SDWLHQWV�DUH�FDUHG
IRU�ILUVW�DQG�REVHUYHG�FORVHVW��&XUUHQW�WULDJH�DOJRULWKPV�VHUYH�DV�ULVN�VWUDWLILFDWLRQ�WRROV�LQ�PDQ\�HPHUJHQF\�GHSDUWPHQWV��('��DQG�DUH�DOO�EDVHG�RQ
D�FRPELQDWLRQ�RI�WKH�SDWLHQWVÇ�YLWDO�SDUDPHWHUV�DQG�SULPDU\�V\PSWRPV��6HYHUDO�UHWURVSHFWLYH�VWXGLHV�KDYH�LGHQWLILHG�ELRPDUNHUV�WKDW�FRQWDLQ
SURJQRVWLF�LQIRUPDWLRQ��ZKLFK�JRHV�EH\RQG�WKH�FXUUHQW�WULDJH�XWLOL]HG��DQG�WKHVH�VWXGLHV�VXJJHVWV�ELRPDUNHUV�DV�VXSSOHPHQW�WR�WULDJH�WR�LPSURYH
ULVN�VWUDWLILFDWLRQ��,GHQWLI\LQJ�SDWLHQWV�DW�KLJK�DQG�ORZ�ULVN�VKRUWO\�DIWHU�DGPLVVLRQ�FDQ�JXLGH�FOLQLFDO�GHFLVLRQ�PDNLQJ�WRZDUGV�WKH�SDWLHQWV�LQ�QHHG�
UHJDUGLQJ�WUHDWPHQW��REVHUYDWLRQ��DQG�DOORFDWLRQ�RI�UHVRXUFHV��

:KHWKHU�WKH�LPSOHPHQWDWLRQ�RI�D�SURJQRVWLF�ELRPDUNHU�LQ�LQLWLDO�ULVN�VWUDWLILFDWLRQ�RI�DFXWHO\�DGPLWWHG�SDWLHQWV�WUDQVODWHV�LQWR�EHWWHU�PDQDJHPHQW
DQG�WUHDWPHQW�DQG�DFWXDOO\�GHFUHDVHV�PRUWDOLW\��PRUELGLW\��DGPLVVLRQV�RU�UHDGPLVVLRQV�KDV�\HW�WR�EH�VKRZQ�

6ROXEOH�XURNLQDVH�SODVPLQRJHQ�DFWLYDWRU�UHFHSWRU��VX3$5��LV�D�ELRPDUNHU�ZLWK�SRWHQWLDO�XVH�LQ�WKH�('V��DV�VHYHUDO�VWXGLHV�KDYH�IRXQG�LW�WR�EH�DQ
LQGHSHQGHQW�SUHGLFWRU�RI����GD\�PRUWDOLW\�DQG�DGYHUVH�RXWFRPHV�VXFK�DV�UHDGPLVVLRQ��DGPLVVLRQ�WR�,&8��DQG�ORQJHU�OHQJWK�RI�VWD\��7KH�VX3$5�EORRG
OHYHO�UHIOHFWV�LPPXQH�DFWLYDWLRQ��DQG�LW�LV�VWURQJO\�DVVRFLDWHG�ZLWK�SUHVHQFH��SURJQRVLV��DQG�VHYHULW\�RI�D�EURDG�YDULHW\�RI�DFXWH�DQG�FKURQLF
GLVHDVHV��DV�ZHOO�DV�EHLQJ�D�SUHGLFWRU�RI�GLVHDVH�GHYHORSPHQW�LQ�WKH�JHQHUDO�SRSXODWLRQ��$OWKRXJK�XQVSHFLILF��VX3$5�PLJKW�EH�DQ�LGHDO�ELRPDUNHU�IRU
ULVN�VWUDWLILFDWLRQ�RI�XQVHOHFWHG�SDWLHQWV��

6WXG\�K\SRWKHVLV��7KH�PDLQ�K\SRWKHVLV�LV�WKDW�WKH�LQWURGXFWLRQ��IDVW�PHDVXUHPHQW��DQG�LPPHGLDWH�UHSRUWLQJ�RI�WKH�VX3$5�OHYHO�WR�WKH�DWWHQGLQJ
SK\VLFLDQV�LQ�WKH�('V�ZLOO�HQKDQFH�ULVN�VWUDWLILFDWLRQ�DQG�EH�DVVRFLDWHG�ZLWK�DQ�DEVROXWH�ULVN�UHGXFWLRQ�LQ�DOO�FDXVH�PRUWDOLW\�DW����PRQWKV�DIWHU
LQFOXVLRQ�E\��������7KH�VX3$5�OHYHO�FDQ�GUDZ�DWWHQWLRQ�WRZDUGV�SDWLHQWV�ZLWK�DQ�XQUHFRJQL]HG�KLJK�ULVN��OHDGLQJ�WR�LPSURYHG�GLDJQRVLV�DQG
WUHDWPHQW�

0HWKRG��7KH�VWXG\�LV�GHVLJQHG�DV�DQ�RSHQ�FURVV�RYHU�FOXVWHU�UDQGRPL]HG�LQWHUYHQWLRQDO�PXOWLFHQWHU�WULDO��VX3$5�LV�LQFOXGHG�LQ�WKH�URXWLQH�EORRG
ZRUN�RI�DOO�HOLJLEOH�SDWLHQWV�DGPLWWHG�DFXWHO\�GXULQJ�WKH�LQWHUYHQWLRQDO�SHULRG��PHDVXUHG�ZLWKLQ���KRXUV�DIWHU�DGPLVVLRQ��DQG�LPPHGLDWHO\�UHSRUWHG
WR�WKH�WUHDWLQJ�SK\VLFLDQV�LQ�WKH�('��3ULRU�WR�WKH�LQFOXVLRQ�SHULRG��WKHVH�SK\VLFLDQV�DUH�HGXFDWHG�LQ�WKH�SURJQRVWLF�FDSDELOLWLHV�RI�VX3$5�

5HVXOWV��7KH�LQFOXVLRQ�SHULRG�EHJDQ�-DQXDU\���WK������DQG�HQGV�-XQH��WK��������7KH�VWXG\�DLPV�WR�LQFOXGH��������SDWLHQWV�LQ�ERWK�WKH�LQWHUYHQWLRQDO
DQG�FRQWURO�DUP��5HVXOWV�UHJDUGLQJ�WKH�SULPDU\�RXWFRPH�DUH�H[SHFWHG�WR�EH�SUHVHQWHG�LQ�������

&RQFOXVLRQ��7KH�SUHVHQW�DEVWUDFW�GHVFULEHV�WKH�GHVLJQ�DQG�UDWLRQDOH�RI�WKH�75,$*(�,,,�WULDO��,I�RXU�K\SRWKHVLV�LV�FRQILUPHG��VWURQJ�FRQVLGHUDWLRQV
VKRXOG�EH�JLYHQ�WRZDUGV�VWDQGDUGL]LQJ�SURJQRVWLF�ELRPDUNHUV�DV�URXWLQH�EORRG�ZRUN�LQ�UHODWLRQ�WR�HDUO\�ULVN�VWUDWLILFDWLRQ�LQ�WKH�('��7KH�75,$*(�,,,
WULDO�KDV�WKH�SRWHQWLDO�WR�LQYHVWLJDWH�WKH�FRQFHSW��+DYLQJ�SURJQRVWLF�LQIRUPDWLRQ�FDQ�FKDQJH�WKH�SDWLHQWV�SURJQRVLV��7KLV�FRQFHSW�LV�FHQWUDO�LQ�WULDJH
DQG�VHYHUDO�RWKHU�FOLQLFDO�VLWXDWLRQV��DQG�WKH�VWXG\�PLJKW�WKHUHIRUH�KDYH�D�FHQWUDO�LPSDFW�RQ�IXWXUH�FOLQLFDO�RUJDQL]LQJ�DQG�GHFLVLRQ�PDNLQJ�



1(852/2*< *LDQQL�7XUFDWR

��������&DQ�ODFWDWH�JXLGH�WKH�LQGLFDWLRQ�IRU�WKURPERO\VLV�LQ�LVFKHPLF�VWURNH�RI�XQFHUWDLQ�RQVHW"3UHOLPLQDU\�VWXG\�LQ�(PHUJHQJ\
'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DVVLPR�=DQQRQL������/XFD�)ROODGRU������*LDQQL�7XUFDWR������$QWRQLR�%RQRUD������*LRUJLR�5LFFL������9DOHQWLQD�6HUDILQL������*DEULHOH�7DLROL������'RPHQLFR
9HUDOGL������0DULDQR�%HOORQL������)UDQFHVFR�%XRQRFRUH����

���(PHUJHQF\�DQG�,QWHQVLYH�&DUH�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�RI�9HURQD��,WDO\��9HURQD��,7$/<

.H\ZRUGV��LVFKHPLF�VWURNH�RI�XQFHUWDLQ�RQVHW��WKURPERO\VLV��LVFKHPLF�VWURNH�

$EVWUDFW��

%DFNJURXQG��,VFKHPLF�VWURNH�LV�ZRUOGZLGH�WKH�VHFRQG�VLQJOH�FDXVH�RI�GHDWK�DQG�GLVDELOLW\�DPRQJ�DGXOW�SRSXODWLRQ��,QWUDYHQRXV�WKURPERO\VLV�ZLWK
UHFRPELQDQW�WLVVXH�SODVPLQRJHQ�DFWLYDWRU���UW3$���LV�FXUUHQWO\�WKH�RQO\�DSSURYHG�WKHUDS\���KRZHYHU�FXUUHQW�JXLGHOLQHV�UHVWULFW�LWV�XVH�WR�D�����KRXUV
PD[LPXP�LQWHUYDO�WLPH�IURP�RQVHW�RI�V\PSWRPV�WR�WUHDWPHQW��2QVHW��WR���1HHGOH�7LPH���271���&RQVHTXHQWO\�SDWLHQWV�ZLWKRXW�NQRZQ�WLPH�RI�RQVHW
RI�V\PSWRPV��ZKLFK�UHSUHVHQW�XS�WR�����RI�FDVHV�RI�LVFKHPLF�VWURNH���DUH�WRGD\�H[FOXGHG�IURP�WKURPERO\WLF�WUHDWPHQW��9DULRXV�SURJQRVWLF�VFRUHV
KDYH�EHHQ�SURSRVHG�WR�DVVHVV�WKH�VWURNH�SDWLHQW�ULVN�EHQHILW�UDWLR�RI�WKURPERO\VLV�EXW�WKHUH�DUH�QR�UDQGRPL]HG�FOLQLFDO�WULDOV�WR�GHPRQVWUDWH
VXIILFLHQW�FRQILGHQFH�IRU�WKHLU�FOLQLFDO�XVH��1RQH�RI�WKH�SURSRVHG�VFRUHV�FRQVLGHU�WKH�UROH�RI�ODFWDWH�LQ�WKH�LVFKDHPLF�SURFHVV��,Q�IDFW��ODFWDWHV
UHSUHVHQW�D�PDUNHU�RI�K\SRSHUIXVLRQ�DQG�PHWDEROLF�VWUHVV�DQG�QRZDGD\V�WKH\�DUH�UDSLGO\�DYDLODEOH�LQ�HPHUJHQF\�URRP�

$LPV��HYDOXDWH�ODFWDWH�FRQFHQWUDWLRQ��EHIRUH�WKURPERO\WLF�WUHDWPHQW��DV�D�SURJQRVWLF�PDUNHU�IRU�WUHDWPHQW�FKRLFHV�LQ�SDWLHQWV�DIIHFWHG�E\�LVFKHPLF
VWURNH��HVSHFLDOO\�WKRVH�ZKRVH�V\PSWRPV�RQVHW�WLPH�LV�QRW�DYDLODEOH��$FFRUGLQJ�WR�WKH�FXUUHQW�JXLGHOLQHV�WKRVH�SDWLHQWV�ZRXOG�EH�H[FOXGHG�IURP�WKH
SRWHQWLDO�EHQHILWV�RI�D�WKURPERO\WLF�WUHDWPHQW��/DFWDWH�SURJQRVWLF�DFWLYLW\�KDG�EHHQ�FRPSDUHG�ZLWK�WKH�VKRFN�LQGH[��D�D�UHOLDEOH�DQG�HDV\�WR�XVH�WRRO
IRU�WKH�HDUO\�LGHQWLILFDWLRQ�RI�K\SRSHUIXVLRQ�0HWKRGV��ZH�UHWURVSHFWLYHO\�DQDO\]HG�����SDWLHQWV�DGPLWWHG�DQG�WUHDWHG�ZLWK�V\VWHPLF�WKURPERO\VLV
IRU�LVFKHPLF�VWURNH�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI�WKH�8QLYHUVLW\�+RVSLWDO�RI�9HURQD��9HURQD���,WDO\��IURP�-XQH������WR�-XO\�������$FFRUGLQJO\�WR
RQVHW��SDWLHQWV�ZHUH�GLYLGHG�LQ�WZR�JURXSV��SDWLHQWV�ZLWK�FOHDU�VWURNH�RQVHW�WLPH�������DQG�SDWLHQWV�ZLWK�XQFHUWDLQ�VWURNH�RQVHW�WLPH��������(DFK
SDWLHQW�KDG�271�WLPH��ODFWDWH�SODVPD�FRQFHQWUDWLRQ�DQG�VKRFN�LQGH[�EHIRUH�V\VWHPLF�WKURPERO\VLV��2XWFRPH��H[SUHVVHG�DV�GLIIHUHQFH�LQ�WKH
1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�VWURNH�VFDOH�VFRUH��ZDV�HYDOXDWHG�DW�DGPLVVLRQ�DQG�D�ZHHN�DIWHU�WKH�WUHDWPHQW�

5HVXOWV��SDWLHQWV�ZLWK�XQFHUWDLQ�VWURNH�RQVHW�WLPH�DQG�ZRUVH�RXWFRPH�KDG�D�VLJQLILFDQW�KLJKHU�ODFWDWH�FRQFHQWUDWLRQ�������PPRO�/������������
FRPSDUHG�WR�WKH�VDPH�SDWLHQWV�ZLWK�XQFKDQJHG�RU�LPSURYHG�RXWFRPH�������PPRO�/�������������S ��������:H�DOVR�REVHUYHG��LQ�WKH�WKLV�JURXS�RI
SDWLHQWV��WKDW�KLJK�SUH�WKURPERO\VLV�ODFWDWH�FRQFHQWUDWLRQ�VLJQLILFDQWO\�FRUUHODWH�ZLWK�FOLQLFDO�GHWHULRUDWLRQ�D�ZHHN�DIWHU�WKH�WUHDWPHQW��S ������
$8&��������,&������������Ä���������:H�IRXQG�QR�GLIIHUHQFH�LQ�WKH�SDWLHQW�JURXS�ZLWK�FOHDU�VWURNH�RQVHW�WLPH��,QVWHDG�LQGH[�VKRFN�DQG�SRRU�RXWFRPH
KDG�D�VLJQLILFDQW�FRUUHODWLRQ��S� ��������LQ�WKLV�SDWLHQW�JURXS�

&RQFOXVLRQV��WKH�SUHVHQW�VWXG\�SRLQW�RXW�WKH�UROH�RI�ODFWDWH�DV�D�XVHIXO�SURJQRVWLF�PDUNHU�LQ�SDWLHQWV�ZLWK�LVFKHPLF�VWURNH�RI�XQFHUWDLQ�RQVHW�
/DFWDWHV�FRQFHQWUDWLRQ��TXLFNO\�REWDLQHG�E\�DUWHULDO�EORRG�JDVVHV�DQDO\VLV�DW�SDWLHQW�DUULYDO�LQ�('�SRLQW�RI�FDUH��FRXOG�EH�XVHIXO�LQ�FKRRVLQJ
WKURPERO\WLF�WUHDWPHQW�RU�QRW��$OWKRXJK�WKH�OLPLWDWLRQ�RI�UHWURVSHFWLYH�DQDO\VLV�DQG�OLPLWHG�VDPSOLQJ�RI�SDWLHQWV��WKH�SUHOLPLQDU\�GDWD�RI�WKH�SUHVHQW
VWXG\�SRLQW�RXW�K\SRSHUIXVLRQ�DQG�LWV�PDUNHUV��ODFWDWH�LQ�H[DPSOH��D�SRVVLEOH�SURJQRVWLF�WRRO�IRU�RXWFRPH�RI�V\VWHPLF�WKURPERO\VLV�LQ�LVFKHPLF
VWURNH�SDWLHQWV�



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< /XLV�$UFDGLR�&RUWHV�3XHQWHV

��������,PSOHPHQWDWLRQ�RI�RQH�3DWLHQW�6DIHW\�3UDFWLFH�LQ�WZR�HPHUJHQF\�VHUYLFH�LQ�%RJRWD���&RORPELD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/8,6�$5&$',2�&257(6�38(17(6������*(50$1�'(9,$������*(5$5'2�/,1$5(6�0(1'2=$������&DUORV�+HUQDQ�&DPDUJR�0LOD������-(11<�7255(6�����
021,&$�%8,75$*2����

���'HSDUWDPHQWR�(PHUJHQFLDV�)81'$&,{1�&$5',2,1)$71,/��,&�$1'�)81'$&,21�6$17$�)(�'(�%2*27$��)81'$&,{1�&$5',2,1)$17,/�,167,7872
'(�&$5',2/2*,$���,',0(&��ERJRWD�'�&��&2/20%,$
���(PHUJHQF\�3K\VLFLDQ��+263,7$/�81,9(56,7$5,2�0$<25��ERJRWD��&2/20%,$
���'HSDUWDPHQWR�(PHUJHQFLDV��)81'$&,{1�&$5',2,1)$17,/�,167,7872�'(�&$5',2/2*,$���,',0(&��ERJRWD�'�&��&2/20%,$
���-HIH�GH�8UJHQFLDV���)81'$&,{1�&$5',2,1)$17,/�,167,7872�'(�&$5',2/2*,$��ERJRWD�'�&��&2/20%,$
���(PHUJHQF\�3K\VLFLDQ��)XQGDFL�Q�&DUGLRLQIDQWLO�,QVWLWXWR�GH�&DUGLRORJLD��ERJRWD��&2/20%,$

.H\ZRUGV��8OWUDVRXQG��&HQWUDO�9HQRXV�&DWKHWHUV��3DWLHQW�6DIHW\

$EVWUDFW��

8VH�RI�UHDO�WLPH�XOWUDVRXQG�IRU�FHQWUDO�OLQH�SODFHPHQW�LV�D�3DWLHQW�6DIHW\�3UDFWLFH�DFFRUGLQJ�WKH�$JHQF\�IRU�+HDOWKFDUH�5HVHDUFK�DQG�4XDOLW\�
'HVSLWH�WKLV��LQ�RXU�FRXQWU\�DQG�LQ�VLPLODU�FRXQWULHV�LQ�/DWLQ�$PHULFD�WKLV�SUDFWLFH�KDV�QRW�EHHQ�ZLGHO\�LPSOHPHQWHG��DGGLWLRQDOO\�KDG�EHHQ�SXEOLVKHG
WKH�OLPLWHG�GHYHORSPHQW�RI�SRLQW�RI�FDUH�XOWUDVRXQG�LQ�WKH�(PHUJHQF\�'HSDUWPHQWV�LQ�&RORPELD��+RZHYHU��RXU�ZRUNLQJ�JURXS�LPSOHPHQWV�WKLV
3DWLHQW�6DIHW\�3UDFWLFH�LQ�WZR�KLJKO\�FRPSOH[LW\�KRVSLWDOV�LQ�%RJRWD�&RORPELD��7R�RXU�NQRZOHGJH��EHLQJ�WKH�ILUVW�(PHUJHQF\�6HUYLFHV�WR�HVWDEOLVK
WKLV�3UDFWLFH��,Q�RXU�ZRUN�ZH�GHVFULEH�WKH�H[SHULHQFH�GXULQJ�GH�ILUVW�\HDU�RI�LPSOHPHQWDWLRQ�

2EMHFWLYH
7R�GHVFULEH�WKH�RXWFRPHV�RI�LPSOHPHQWLQJ�D�3DWLHQW�6DIHW\�3UDFWLFH�LQ�WZR�KRVSLWDOV�LQ�&RORPELD

0HWKRGRORJ\
6LQFH�-DQXDU\������DOO�FHQWUDO�YHQRXV�OLQHV�ZHUH�SODFHPHQW�JXLGHG�E\�XOWUDVRXQG��WKLV�3UDFWLFH�ZDV�LPSOHPHQWHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI
+RVSLWDO�8QLYHUVLWDULR�0D\RU���0HGHUL�DQG�)XQGDFL�Q�&DUGLRLQIDQWLO�LQ�%RJRW��&RORPELD��7KH�(PHUJHQF\�3K\VLFLDQ�SHUIRUPHG�WKHVH�SURFHGXUHV�WR
FULWLFDO�SDWLHQWV�DGPLWWHG�LQ�WKH�6KRFN�DQG�7UDXPD�URRPV��7KH�IROORZLQJ�DVSHFWV�ZHUH�DQDO\]HG�IRU�HDFK�3URFHGXUHV��UHDVRQV�IRU�YHQRXV�FHQWUDO�OLQH
SODFHPHQW��DFFHVV�VLWH��QXPEHU�RI�DWWHPSWV�DQG�FRPSOLFDWLRQV�

5HVXOWV

����SURFHGXUHV�ZHUH�DQDO\]HG��7KH�PDLQ�UHDVRQV�IRU�WKH�LPSODQWDWLRQ�RI�D�FHQWUDO�YHQRXV�OLQH�ZHUH�WKH�SUHVHQFH�RI�VKRFN����������UHVSLUDWRU\
IDLOXUH����������PRQLWRULQJ�RI�FULWLFDOO\�LOO�SDWLHQWV���������DQG�RWKHU�FDXVHV�LQ������RI�WKH�FDVHV��$SSUR[LPDWHO\�����RI�SDWLHQWV�ZHUH�HQUROOHG�ZLWK
,15�JUHDWHU�WKDQ������7KH�DFFHVV�VLWHV�ZHUH�GLVWULEXWHG�DV�IROORZV��ULJKW�LQWHUQDO�MXJXODU���������OHIW�LQWHUQDO�MXJXODU���������ULJKW�VXEFODYLDQ�����
OHIW�VXEFODYLDQ������DQG�IHPRUDO�YHLQV�������6XFFHVV�UDWHV�DFFRUGLQJ�WR�WKH�QXPEHU�RI�DWWHPSWV�ZHUH��DW�WKH�ILUVW�DWWHPSW�������DW�WKH�VHFRQG
DWWHPSW������DQG�QHHG�IRU�PRUH�WKDQ���DWWHPSWV�������7KH�FRPSOLFDWLRQ�UDWH�ZDV�������DUWHULDO�SXQFWXUHV����SDWLHQWV���YLVLEOH�KHPDWRPD���
SDWLHQWV���SQHXPRWKRUD[����SDWLHQWV���LQIHFWLRQV����SDWLHQWV��

&RQFOXVLRQ
'HVSLWH�WKH�OLPLWHG�XVH�RI�SRLQW�RI��FDUH�XOWUDVRXQG�LQ�HPHUJHQF\�GHSDUWPHQWV�LQ�&RORPELD��RXU�ZRUNLQJ�JURXS�KDV�VXFFHHGHG�LPSOHPHQWLQJ�WKLV
3DWLHQW�6DIHW\�3UDFWLFH�DQG�WKH�FRPSOLFDWLRQV�UDWH�ZHUH�ORZHU�WKDQ�WKRVH�UHSRUWHG�LQ�WKH�OLWHUDWXUH��2XU�GDWD�VXSSRUW�WKH�EHQHILWV�RI�LPSOHPHQWDWLRQ
RI�WKLV�PHGLFDO�WHFKQRORJ\�LQ�RWKHU�(PHUJHQF\�'HSDUWPHQWV�LQ�&RORPELD�DQG�LQ�RWKHU�FRXQWULHV�ZLWK�VLPLODU�SRSXODWLRQV�



1(852/2*< /RUHD�GH�8QDPXQR�/8PEUHUDV

��������:K\�,�FDQ�ZDON�VXGGHQO\"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/RUHD�GH�8QDPXQR�/XPEUHUDV������9HU�QLFD�3DUHQW�0DWKLDV������&ULVWLQD�3�UH]�2OLYDUHV������,ULQD�<H]HUVND�6XVKNR������3DEOR�GH�8QDPXQR�/XPEUHUDV
�����9DQHVVD�&DUUDVFR�$OPDJUR����

���JHQHUDO�SUDFWLWLRQHU��$QGDOXFLDQ�+HDOWK�6\VWHP��0�ODJD��63$,1
���HPHUJHQF\�PHGLFLQH��$QGDOXFLDQ�+HDOWK�6\VWHP��0�ODJD��63$,1
���JHQHUDO�SUDFWLWLRQHU��&HQWUR�6DQLWDULR�GH�$OWRV�&XLGDGRV�0HGLQDFHOL��6RWR�GH�OD�0DULQD��&DQWDEULD��63$,1
�����$QGDOXFLDQ�+HDOWK�6\VWHP��0�ODJD��63$,1

.H\ZRUGV��*XLOODLQ�%DUUH�V\QGURPH��SDUDO\VLV��GLDJQRVLV

$EVWUDFW��

3HUVRQDO�%DFNJURXQG��7\SH���GLDEHWHV�PHOOLWXV���\HDUV�RI�HYROXWLRQ�LQ�WUHDWPHQW�ZLWK�PHWIRUPLQ�DQG�LQVXOLQ��FKURQLF�OLYHU�GLVHDVH�ZLWK�SRUWDO
K\SHUWHQVLRQ�DQG�K\SHUVSOHQLVP�RI����FP�LQ�FXUUHQWO\�HWLRORJ\��PLOG�WKURPERF\WRSHQLD�

�

+LVWRU\�����\HDU�ROG�PDQ��VHYHUDO�KRXUV�DIWHU�DQ�DEGRPLQDO�&7�SHUIRUPHG�ZLWK�LRGLQDWHG�FRQWUDVW��EHJLQ�WR�QRWLFH�GLIILFXOW\�ZLWK�ZDONLQJ�DQG�VHQVH
RI�ORVV�RI�VWUHQJWK�LQ�IHHW�SURJUHVVHV�V\PPHWULFDOO\�OHJV�DQG�WKH�QH[W�GD\�WR�XSSHU�OLPEV��$V�EDFNJURXQG�KH�KDV�KDG�D�UHVSLUDWRU\�LQIHFWLRQ�DERXW���
GD\V�DJR�WKDW�LPSURYHG�ZLWK�DQWL�LQIODPPDWRU\�

�

([SORUDWLRQ��%3����������+5�����OSP��DIHEULOH��3UHGRPLQDQWO\�GLVWDO�V\PPHWULF�WHWUDSDUHVLV��,Q�XSSHU�OLPE�UHIOH[HV�SUHVHQW�DQG�V\PPHWULFDO��$FKLOOHV
UHIOH[�DEROLVKHG��6XUIDFH�VHQVLWLYLW\�ZLWKRXW�GHILFLW��DEROLVKHG�YLEUDWRU\�VHQVDWLRQ�LQ�ERWK�ORZHU�OLPEV��&HUHEHOODU�WHVWV�QRQDVVHVVDEOH�E\�SDUHVLV�
5RPEHUJ�WHVW�XQVWDEOH��SDUHWLF�PRWLRQ�WKDW�QHHGV�VXSSRUW�

�

$GGLWLRQDO�WHVWV��EORRG�FRXQW��KE�����OHXNRF\WHV�������SODWHOHW�FRXQW���������QRUPDO�KHPRVWDVLV��JOXF������QRUPDO�UHQDO�IXQFWLRQ��QRUPDO�LRQV��$67
����$/7������**7������)$������7%�������&HUHEURVSLQDO�IOXLG�DQDO\VLV��OHXNRF\WHV����SURWHLQ�������QHJDWLYH�FXOWXUH�FHUHEURVSLQDO�IOXLG��&KHVW
UDGLRJUDSK\��LQFUHDVHG�FDUGLR�WKRUDFLF�LQGH[�ZLWKRXW�RWKHU�ILQGLQJV��&7�VNXOO�ZLWKRXW�VLJQLILFDQW�ILQGLQJV��(OHFWURQHXURJUDP�DQG�HOHFWURP\RJUDP�
ILQGLQJV�FRQVLVWHQW�ZLWK�DQ�D[RQDO�DQG�PRWRU�SRO\QHXURSDWK\�ZLWK�VLJQV�RI�PRGHUDWH�LQWHQVLW\�RI�XSSHU�OLPEV�DQG�ORZHU�OLPEV�LQWHQVH�GHP\HOLQDWLRQ�

�

'LDJQRVLV��/LNHO\�SRO\QHXURSDWK\�DFXWH�PRWRU�D[RQDO�QHXURSDWK\�W\SH��FOLQLFDO�YDULHW\�RI�*XLOODLQ�%DUUH�V\QGURPH�

�

7UHDWPHQW��KH�ZDV�DGPLWWHG�WR�WKH�QHXURORJ\�DQG�SXW�WUHDWPHQW�ZLWK�FRUWLFRVWHURLGV�DQG�LPPXQRJOREXOLQV�

�

(YROXWLRQ��*RRG�FOLQLFDO�HYROXWLRQ��DOWKRXJK�JUDGXDOO\��5HFRYHU\�RI�VWUHQJWK�DQG�WHQGRQ�UHIOH[HV��ORZHU�OLPE�IDVWHU�WKDQ�KLJKHU�

�

&RQFOXVLRQV��*XLOODLQ�%DUUH�V\QGURPH�LV�DQ�DXWRLPPXQH�GLVHDVH�PRUH�FRPPRQ�LQ�PHQ��,Q�WZR�WKLUGV�RI�FDVHV�WKHUH�LV�DQ�LQIHFWLRXV�KLVWRU\�
SUHGRPLQDQWO\�RI�XSSHU�UHVSLUDWRU\�WUDFW����RU���ZHHNV�EHIRUH�WKH�VWDUW�RI�WKH�V\PSWRPV��EXW�LW�KDV�DOVR�EHHQ�DVVRFLDWHG�ZLWK�RWKHU�HQWLWLHV�DV�WR[LF�
DOOHUJLF��LPPXQH��PHWDEROLF��DIWHU�VXUJHU\��DIWHU�FKLOGELUWK�RU�DIWHU�D�YDFFLQH��,W�KDV�WKUHH�SKDVHV��SURJUHVVLRQ��UHJUHVVLRQ�DQG�VWDELOL]DWLRQ��ZKLFK
XVXDOO\�FRPSOHWHG�LQ���WR���PRQWKV������RI�SDWLHQWV�IXOO\�UHFRYHU�RU�KDYH�VPDOO�GHILFLW��EHWZHHQ����DQG�����OHIW�ZLWK�SHUPDQHQW�VHTXHODH�DQG�WKH
UHVW�ZLOO�GLH�GHVSLWH�LQWHQVLYH�FDUH�
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��������6WXG\�RI�GLIIHUHQW�QRQVSHFLILF�QHXURORJLFDO�V\PSWRPV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/RUHD�GH�8QDPXQR�/XPEUHUDV������9HU�QLFD�3DUHQW�0DWKLDV������,ULQD�<H]HUVND�6XVKNR������3DEOR�GH�8QDPXQR�/XPEUHUDV������9DQHVVD�&DUUDVFR
$OPDJUR������&ULVWLQD�3�UH]�2OLYDUHV����

���JHQHUDO�SUDFWLWLRQHU��$QGDOXFLDQ�+HDOWK�6\VWHP��0�ODJD��63$,1
���HPHUJHQF\�PHGLFLQH��$QGDOXFLDQ�+HDOWK�6\VWHP��0�ODJD��63$,1
���JHQHUDO�SUDFWLWLRQHU��&HQWUR�6DQLWDULR�GH�$OWRV�&XLGDGRV�0HGLQDFHOL��6RWR�GH�OD�0DULQD��&DQWDEULD��63$,1
�����$QGDOXFLDQ�+HDOWK�6\VWHP��0�ODJD��63$,1

.H\ZRUGV��PHQLQJLRPD��QHXURORJLFDO�V\PSWRPV��VWXG\

$EVWUDFW��

0HGLFDO�KLVWRU\��&KURQLF�YHQRXV�LQVXIILFLHQF\��LQVRPQLD��7UHDWPHQW��ORUPHWD]HSDP��PJ��IOXQDUL]LQH��PJ�DQG�WULPHWD]LGLQH���PJ�

�

$QDPQHVLV�����\HDU�ROG�ZRPDQ�FRQVXOWV�IRU�SUHVHQWLQJ�D�\HDU�DJR�DERXW�KRORFUDQHDO�RFFLSLWDO�KHDGDFKH�RSSUHVVLYH�GRPLQDQFH��PHPRU\�ORVV�
IHHOLQJV�RI�ORVV�RI�VWUHQJWK��$�IHZ�PRQWKV�DJR�VKH�KDG�DQ�HSLVRGH�RI�G\VDUWKULD��6KH�KDV�DOVR�KDG�VHYHUDO�HSLVRGHV�RI�G\VSKDJLD��'\VSKRQLD�RI�QDVDO
YRLFH�WKDW�ZRUVHQV�WKURXJKRXW�WKH�GD\��5RWDU\�VHYHUDO�HSLVRGHV�RI�GL]]LQHVV��RQH�RI�WKHP�LV�DFFRPSDQLHG�E\�VHOI�OLPLWLQJ�GLSORSLD�

�

([SORUDWLRQ��QRUPDO�ODQJXDJH��,VRFKRULF�DQG�QRUPRO�UHDFWLYH�SXSLOV��QR�Q\VWDJPXV��QR�GLSORSLD��YLVXDO�DFXLW\�SUHVHUYHG��1RUPDO�FUDQLDO�QHUYHV�
SUHVHUYHG�JDJ�UHIOH[��6WUHQJWK�DQG�VHQVLWLYLW\�SUHVHUYHG��6RPHWKLQJ�H[DOWHG�WHQGRQ�UHIOH[HV�LQ�DOO�IRXU�OLPEV��&XWDQHRXV�SODQWDU�IOH[RU�OHIW��ULJKW
LQGLIHUHQWH��1R�GLVPHWULD��QHJDWLYH�URPEHUJ�

�

$GGLWLRQDO�WHVWV��%ORRG�WHVW�ZLWK�QRUPDO�ELRFKHPLFDO�EORRG�FRXQW��QRUPDO�YLWDPLQ�%����QHJDWLYH�VHURORJ\�IRU�V\SKLOLV�DQG�+,9��105�VNXOO��9ROXPLQRXV
H[WUD�D[LDO�WXPRU�VXJJHVWLYH�RI�PHQLQJLRPD�SUREDEO\�UHODWHG�WR�WKH�ULJKW�WHQWRULXP�ZKLFK�RFFXSLHV�WKH�EDFN�RI�WKH�ULJKW�VLGH�RI�WKH�SRVWHULRU�IRVVD
FDXVLQJ�VLJQLILFDQW�PDVV�HIIHFW�RQ�WKH�ULJKW�FHUHEHOODU�KHPLVSKHUH��FROODSVLQJ�WKH�IRXUWK�YHQWULFOH��GLVSODFLQJ�WKH�EUDLQVWHP�LQ�DQWHURSRVWHULRU
GLUHFWLRQ�OHIW�VLGH�DQG�DOVR�FDXVLQJ�KHUQLDWLRQ�RI�FHUHEHOODU�WRQVLOV�

�

&OLQLFDO�7ULDO��0HQLQJLRPD�ZLWK�PDVV�HIIHFW�

�

'LIIHUHQWLDO�'LDJQRVLV��7KH�FHUHEUDO�PHQLQJLRPD�FDQ�EH�VORZ�JURZLQJ��VR�LW�PD\�EH�\HDUV�EHIRUH�WKH\�EHJLQ�WR�PDQLIHVW�WKH�PRUH�REYLRXV�V\PSWRPV�
VRPHWLPHV�QRW�HYHQ�JLYH�DQ\�

:KHQ�D�SHUVRQ�EHJLQV�WR�VKRZ�VRPH�V\PSWRPV��XVXDOO\�DQ�105�LV�SHUIRUPHG�LQ�RUGHU�WR�GHWHFW�WXPRU��6RPHWLPHV�D�ELRSV\�RI�WXPRU�WLVVXH�IRU
JUHDWHU�FHUWDLQW\�LQ�GLDJQRVLV�LV�QHFHVVDU\�

�

7UHDWPHQW��7KH�SDWLHQW�XQGHUZHQW�VXUJHU\�

�

(YROXWLRQ��*RRG�SHUIRUPDQFH��DOWKRXJK�WKH�SDWLHQW�KDV�FOLQLFDO�GHSUHVVLRQ�DGDSWLYH�SURFHVV�

�

&RQFOXVLRQV��7KH�PDMRU�GLIILFXOW\�LQ�WKH�GLDJQRVLV�RI�WKHVH�WXPRUV�LV�GLIIHUHQW�V\PSWRPV�WKDW�PD\�RFFXU��GHSHQGLQJ�RQ�VL]H�DQG�ORFDWLRQ��,Q�WKLV�FDVH
LW�ZDV�ILUVW�WKRXJKW�RI�WKH�H[LVWHQFH�RI�D�GHP\HOLQDWLQJ�GLVHDVH��,Q�DGGLWLRQ�VKH�KDG�JRQH�WR�FRQVXOW�RYHU�PRQWKV�RQ�GLIIHUHQW�V\PSWRPV�XQWLO�WKH
VXP�RI�DOO�WKHVH�V\PSWRPV�DOHUWHG�

�



&$6(�35(6(17$7,21 0$77�(':$5'6

��������$FFLGHQWDO�,QJHVWLRQ�RI�'LJLWDOLV�7HD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DWW�(GZDUGV������0DWKHZ�9LWKD\DWKLO����

���.LQJV�&ROOHJH�+RVSLWDO�)RXQGDWLRQ�1+6�7UXVW��.LQJV�&ROOHJH�/RQGRQ��/RQGRQ��8.
���.LQJV�&ROOHJH�+RVSLWDO�)RXQGDWLRQ�1+6�7UXVW��(PHUJHQF\�'HSDUWPHQW��/RQGRQ��8.

.H\ZRUGV��WR[LFRORJ\��FDUGLRORJ\��GLDJQRVLV

$EVWUDFW��

,W�LV�QRW�VXUSULVLQJ�WKDW�WKHUH�DUH�IUHTXHQW�FDVHV�RI�PLVWDNHQ�LGHQWLW\�ZKHQ�DPDWHXUV�GHFLGH�WR�SLFN�WKHLU�RZQ�ZLOG�IORUD�KHUEDO�UHPHGLHV��,W�LV�DOVR
QRW�FRPPRQ�IRU�WKHVH�PLVWDNHV�WR�EH�OLIH�WKUHDWHQLQJ��:H�SUHVHQW�KHUH�D�FDVH�RI�OLIH�WKUHDWHQLQJ�DFFLGHQWDO�WR[LF�LQJHVWLRQ�LQ�DQ�XUEDQ�HQYLURQPHQW�

:LOG�&RPIUH\��6\PSK\WXP�RIILFLQDOH��JURZV�LQ�WKH�8.�DQG�WKURXJKRXW�(XURSH�DQG�WHPSHUDWH�$VLD��,W�LV�IUHTXHQWO\�XVHG�LQ�KHUEDO�UHPHGLHV�EUHZHG
LQWR�D�WHD�DQG�KDV�WKURXJKRXW�KLVWRU\�EHHQ�WKRXJKW�WR�WUHDW�PDQ\�DLOPHQWV��,W�ZDV�DFWXDOO\�QDPHG�DIWHU�LWV�VXSSRVHG�DELOLW\�WR�DVVLVW�LQ�ERQH�KHDOLQJ
�*UHHN�V\PSKLV�Ä�WKH�JURZLQJ�WRJHWKHU�RI�ERQHV���8QIRUWXQDWHO\��GXULQJ�6SULQJ�LQ�SDUWLFXODU��WKH�WKLFN�OHDYHV�DUH�YHU\�GLIILFXOW�WR�GLVWLQJXLVK�EHWZHHQ
&RPIUH\�DQG�WKH�IR[JORYH��'LJLWDOLV�SXUSXUHD��WKH�SODQW�IURP�ZKLFK�WKH�FDUGLDF�JO\FRVLGH��GLJR[LQ�LV�H[WUDFWHG��5HYLHZLQJ�WKH�OLWHUDWXUH�WKLV�DSSHDUV
WR�EH�D�PRUH�FRPPRQ�SUREOHP�LQ�&KLQD�ZKHUH�KHUEDO�PHGLFLQH�LV�PRUH�FRPPRQ��,W�LV�LOOXVWUDWLYH�WR�H[DPLQH�WKH�SLFWXUHV�RI�ERWK�SODQWV�

&DVH�UHSRUW

00�D����\U�ROG�IHPDOH�SUHVHQWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW�FRPSODLQLQJ�RI����KRXUV�RI�VHYHUH�OHWKDUJ\�DQG�IHHOLQJ�SUHV\QFRSDO�RQ�VWDQGLQJ�
7KH�SDWLHQW�KDG�QR�SULRU�FRPRUELGLWLHV�EXW�KDG�EHHQ�VXIIHULQJ�IURP�LQVRPQLD�DQG�ZDV�DGYLVHG�E\�D�IULHQG�WR�WU\�D�KHUEDO�WHD�PDGH�IURP�&RPIUH\�DW
QLJKW��00�GXO\�SLFNHG�WKH�OHDYHV�DV�LQVWUXFWHG�DQG�LQJHVWHG�WKH�EUHZHG�WHD�LQ�WKH�HYHQLQJ�

00�ZDV�EUDG\FDUGLF�DW�D�UDWH�RI����WR����DQG�ZLWKRXW�KHDPRG\QDPLF�FRPSURPLVH��+HU�(&*��VKRZQ�KHUH�ZLWK�SDWLHQW�FRQVHQW��VKRZHG�0RELW]�W\SH
���VHFRQG�GHJUHH�KHDUW�EORFN�ZLWK�W�ZDYH�FKDQJHV�FRQVLVWHQW�ZLWK�GLJR[LQ�HIIHFW��+HU�VHUXP�GLJR[LQ�OHYHO�ZDV�����»PRO�/��WKHUDSHXWLF�UDQJH�IRU
GLJR[LQ�LV�������»PRO�/��DQG�QRUPDO�SRWDVVLXP�

1RW�DOO�KRVSLWDOV�VWRFN�VXSSOLHV�RI�WKH�'LJR[LQ�DQWLGRWH��GLJR[LQ�ELQGLQJ�DQWLERGLHV��DQG�VR�WKHUH�ZHUH�VLJQLILFDQW�GHOD\V�DFTXLULQJ�WKH�WKHUDS\�
'XULQJ�WKLV�SHULRG�WKH�SDWLHQW�UHPDLQHG�VWDEOH�ZKLOH�VXSLQH�ZLWKRXW�GHWHULRUDWLRQ�RU�LPSURYHPHQW�LQ�KHU�EUDG\�DUUK\WKPLD��)ROORZLQJ�WUHDWPHQW�ZLWK
Æ'LJL�IDEÇ�WKH�SDWLHQW�ZDV�LQ�VLQXV�UK\WKP�E\�WKH�QH[W�PRUQLQJ�

'LVFXVVLRQ

,W�LV�IUHTXHQWO\�HDV\�WR�IRUJHW�WKDW�LQ�RXU�XUEDQ�HQYLURQPHQW�WKDW�WKH�ZLOGOLIH�FDQ�VWLOO�EH�GDQJHURXV��7KLV�FDVH�UHSRUW�VHUYHV�WR�KLJKOLJKW�D�IHZ�XVHIXO
OHVVRQV���

�����������,W�ZRXOG�KDYH�EHHQ�HDV\�WR�PLVV�RU�GLVPLVV�WKH�KHUEDO�UHPHG\�SDUW�RI�WKH�KLVWRU\��EHOLHYLQJ�WKH�SDWLHQW�KDG�DQRWKHU�FDXVH�RI�QHZ�RQVHW
DUUK\WKPLD�

�����������+RPHPDGH�ÆKHUEDO�UHPHGLHVÇ�DUH�QRW�DV�EHQLJQ�DV�PDQ\�EHOLHYH��(VSHFLDOO\�ZKHQ�WKH�LGHQWLILFDWLRQ�DQG�SUHSDUDWLRQ�LV�VR�HDV\�WR�JHW�ZURQJ�
,W�LV�DOVR�LPSRVVLEOH�WR�NQRZ�ZKDW�GRVH�WKH�SDWLHQW�KDV�KDG�

�����������3URFXULQJ�GLJR[LQ�ELQGLQJ�DQWLGRWH�IUHTXHQWO\�WDNHV�SURORQJHG�SHULRG�LQ�WKH�8.�DV�LW�LV�QRW�DOZD\V�VWRFNHG�ORFDOO\�



0,6&(//$1(286 /RUHD�GH�8QDPXQR�/8PEUHUDV

��������6ZHHW�V\QGURPH��$�FDVH�UHSRUW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/RUHD�GH�8QDPXQR�/XPEUHUDV������9HU�QLFD�3DUHQW�0DWKLDV������9DQHVVD�&DUUDVFR�$OPDJUR������3DEOR�GH�8QDPXQR�/XPEUHUDV������,ULQD�<H]HUVND
6XVKNR������&ULVWLQD�3�UH]�2OLYDUHV����

���JHQHUDO�SUDFWLWLRQHU��$QGDOXFLDQ�+HDOWK�6\VWHP��0�ODJD��63$,1
���HPHUJHQF\�PHGLFLQH��$QGDOXFLDQ�+HDOWK�6\VWHP��0�ODJD��63$,1
�����$QGDOXFLDQ�+HDOWK�6\VWHP��0�ODJD��63$,1
���JHQHUDO�SUDFWLWLRQHU��&HQWUR�6DQLWDULR�GH�$OWRV�&XLGDGRV�0HGLQDFHOL��6RWR�GH�OD�0DULQD��&DQWDEULD��63$,1

.H\ZRUGV��VZHHWnV�V\QGURPH��GLDJQRVLV��WUHDWPHQW

$EVWUDFW��

0HGLFDO�KLVWRU\��G\VOLSLGHPLD��KHSDWLF�VWHDWRVLV��OXPEDUWURVLV��GHSUHVVLRQ��LQVRPQLD��5HJXODU�WUHDWPHQW��YHQODID[LQH��PLUWD]DSLQH��PLGD]RODP�

�

+LVWRU\��$����\HDUV�ZRPDQ�FRQVXOWV�IRU�WZR�GD\V�DSSHDUDQFH�RI�SDLQIXO�VNLQ�OHVLRQV�WKDW�DUH�VSUHDGLQJ�DQG�LQFUHDVLQJ�LQ�VL]H��6KH�UHIHUV�QRW�WDNLQJ
PHGLFDWLRQ�GLIIHUHQWO\�WKDQ�XVXDO�LQ�SUHYLRXV�GD\V�

�

([SORUDWLRQ��6KH�SUHVHQWV�GLIIHUHQW�VFDWWHUHG�OHVLRQV��SDSXOHV��SXVWXOHV��YHVLFOHV�FOXVWHUHG�ZLWK�SDOH�FHQWHU��VRPH�OHVLRQV�ZLWK�HU\WKHPDWRXV�KDOR
DQG�WKLFNHQLQJ�RI�VXEFXWDQHRXV�WLVVXH��,Q�LQQHU�FRUQHU�RI�OHIW�H\H�SUHVHQWV�D�K\SHUHPLF�LQMXU\�DQG�XSSHU�H\HOLG�HGHPD�

�

6KH�VWDUWV�DQWLELRWLF�WUHDWPHQW�ZLWK�DPR[LFLOOLQ�FODYXODQLF�RQ�VXVSLFLRQ�RI�EXOORXV�LPSHWLJR��7KH�QH[W�GD\�VKH�VXIIHUV�ZRUVHQLQJ�RI�LQMXULHV��FKHVW
SDLQ�DQG�IHYHU�RI����j�&�VR�VKH�LV�GHULYHG�WR�HPHUJHQF\�WR�H[SDQG�VWXG\�

�

$GGLWLRQDO�WHVWV��%ORRG�FRXQW��KE������OHXNRF\WHV��������SODWHOHW�FRXQW���������HOHYDWHG�HU\WKURF\WH�VHGLPHQWDWLRQ�UDWH��QRUPDO�KHPRVWDVLV�
QRUPDO�ELRFKHPLVWU\��&KHVW�UDGLRJUDSK\�ZLWKRXW�SDWKRORJLFDO�ILQGLQJV�

�

'LDJQRVLV��6ZHHW
V�6\QGURPH

�

'LIIHUHQWLDO�GLDJQRVLV��6WHYHQV�-RKQVRQ�6\QGURPH��WR[LFRGHUPD��HU\VLSHODV��VNLQ�OHVLRQV�RI�%HKFHW
V�GLVHDVH��RWKHU�QHXWURSKLOLF�GHUPDWRVLV��DW\SLFDO
JDQJUHQRXV�S\RGHUPD��QHXWURSKLOLF�KLGUDGHQLWLV��WKH�E\SDVV�LQWHVWLQDO�V\QGURPH���YDVFXOLWLV��HU\WKHPD�HOHYDWXP�GLXWLQXP��DQG�HU\WKHPD�QRGRVXP
PD\�SRVH�SUREOHPV�RI�GLIIHUHQWLDO�GLDJQRVLV��ERWK�FOLQLFDOO\�DQG�KLVWRSDWKRORJ\�

�

7UHDWPHQW�����PJ�SUHGQLVRQH�GRZQZDUG�SDWWHUQ�

�

(YROXWLRQ��,QLWLDOO\�VKH�ZDV�WUHDWHG�ZLWK�DQWLELRWLFV�DQG�WKHQ�ZLWK�DQWLYLUDO��EULYXGLQH��EHFDXVH�RI�VXVSHFWHG�LPSHWLJR�DQG�KHUSHV�OHVLRQV��7KLV�PDGH
VKH�KDG�SRRU�RXWFRPH�ZLWK�ZRUVH�LQMXULHV��/DWHU�VKH�ZDV�YDOXHG�E\�GHUPDWRORJ\�ZLWK�GLDJQRVLV�RI�6ZHHW�V\QGURPH�DQG�DIWHU�LQLWLDWLRQ�RI
FRUWLFRVWHURLG�WKHUDS\�WKH�OHVLRQV�ZHUH�UHJUHVVLQJ�WR�WKH�WRWDO�GLVDSSHDUDQFH�

�

&RQFOXVLRQV��7KH�SDWKRJHQHVLV�RI�6ZHHW
V�V\QGURPH�LV�XQNQRZQ��7KH�LPSRUWDQFH�RI�WKLV�V\QGURPH�OLHV�LQ�LWV�DVVRFLDWHG�GLVHDVHV�RU�WULJJHUV�DQG
ZKLFK�LV�FODVVLILHG�LQWR�ILYH�JURXSV��LGLRSDWKLF��SDUD�LQIODPPDWRU\��SDUDQHRSODVWLF��GUXJV�UHODWHG�DQG�DVVRFLDWHG�ZLWK�SUHJQDQF\��7KH�H[WUDFXWDQHRXV
FOLQLFDO�VRPHWLPHV�SUHVHQWV�FRPSOLFDWHG�SUDFWLFDO�DVVHVVPHQW�RI�LW�EHFDXVH�LW�LV�QRW�HDV\�WR�GLIIHUHQWLDWH�LI�WKH�DIIHFWHG�RUJDQ�LV�WKH�FDXVH�RU�SDUW�RI
LW��7KH�FOLQLFDO�UHVSRQVH�WR�RUDO�JOXFRFRUWLFRLGV�LV�VR�IDVW�WKDW�LV�D�FOLQLFDO�MXGJPHQW��2WKHU�WUHDWPHQWV�DUH�SRWDVVLXP�LRGLGH�DQG�FROFKLFLQH��$OWKRXJK
WKH�UHVSRQVH�LV�TXLFN��UHFXUUHQFHV�DUH�FRPPRQ��,W�LV�DOVR�LPSRUWDQW�UHVHDUFK�DQG�WUHDWPHQW�RI�SRVVLEOH�XQGHUO\LQJ�SURFHVV�



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< 3R�6KHQJ�&KLK

��������&KLOG�DEXVH�DQG�QHJOHFW�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�D�QRUWKHUQ�7DLZDQ�FRPPXQLW\�KRVSLWDO

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3R�6KHQJ�&KLK����

���'HSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH��'HSDUWPHQW�RI�FRPPXQLW\�PHGLFLQH��(Q�&KX�.RQJ�KRVSLWDO��1HZ�7DLSHL�&LW\��7$,:$1

.H\ZRUGV��&KLOG�DEXVH�DQG�QHJOHFW

$EVWUDFW��

%DFNJURXQG�

(PHUJHQF\�GHSDUWPHQW�('��LV�RQH�RI�WKH�PRVW�LPSRUWDQW�SRUW�IRU�FKLOG�DEXVH�DQG�QHJOHFW��&$1��YLFWLPV�WR�VHHN�PHGLFDO�DWWHQWLRQ��$V�&$1�ZRXOG
UHFXU��DQ�('�PDQGDWRU\�&$1�UHSRUW�V\VWHP�ZDV�LPSOHPHQWHG�LQ�7DLZDQ�LQ�D�KRSH�WKDW�WLPHO\�LQWHUYHQWLRQ�FDQ�SUHYHQW�DYRLGDEOH�PLVKDSV��7KRXJK
SUHYLRXV�VWXGLHV�UHYHDOHG�WKDW�QXUVLQJ�WUDLQLQJ�LQ�&$1�UHSRUWLQJ�PD\�QRW�EH�DGHTXDWH��WKH�HIILFDF\�RI�WKH�UHSRUW�V\VWHP�ZDV�QRW�ZLGHO\�UHSRUWHG�
7KH�SXUSRVH�RI�WKH�VWXG\�ZDV�WR�H[SORUH�WKH�GHPRJUDSKLF�FKDUDFWHUV�RI�&$1�FDVHV�UHSRUWHG�IURP�WKH�('�RI�D�QRUWKHUQ�7DLZDQ�FRPPXQLW\�KRVSLWDO�
7KH�FRPSOLDQFH�RI�('�QXUVHV�RULHQWHG�UHSRUW�ZDV�H[DPLQHG�

0HWKRGV�

&KLOG�DEXVH�DQG�QHJOHFW��&$1��FDVHV�ZKR�SUHVHQWHG�WR�WKH�('�RI�D�QRUWKHUQ�7DLZDQ�FRPPXQLW\�KRVSLWDO�LQ������ZHUH�UHWURVSHFWLYHO\�H[DPLQHG��7KH
UHSRUW�ZDV�HLWKHU�E\�D�VRFLDO�ZRUNHU�RU�E\�DQ�(5�QXUVH��'XULQJ�RIILFH�KRXU��ZKLOH�WKH�SDWLHQWV�ZLWK�VXVSHFWHG�&$1�EHLQJ�HYDOXDWHG�LQ�WKH�('��WKH
VRFLDO�ZRUNHU�ZLOO�EH�QRWLILHG�WR�FRPH�WR�WKH�('�DQG�HYDOXDWH�WKH�SDWLHQWV��7KH�&$1�UHSRUW�ZLOO�EH�FRPSOHWHG�ZLWK����KRXUV��:KHQ�WKH�SDWLHQWV
SUHVHQWHG�GXULQJ�WKH�KRXUV�ZKHQ�VRFLDO�ZRUNHUV�DUH�XVXDOO\�QRW�RQ�VHUYLFH��WKH�('�QXUVHV�ZLOO�FRPSOHWH�WKH�UHSRUW�DV�WKH�V\VWHP�UHTXLUHG�

5HVXOWV�

7KH�&$1�UHSRUWHG�FDVHV�QXPEHUV�LQ������ZDV�����&RPSDUHG�WR�WKH�DQQXDO�SDWLHQWV�YLVLW�QXPEHU�RI��������LQ�WKH�VDPH�\HDU��WKH�&$1�UHSRW�FDVHV
FRQVWLWXWH�RQO\�D�VPDOO�IUDFWLRQ�RI�WRWDO�YLVLWV��$PRQJ�WKH�YLFWLPV�����FDVHV�������ZHUH�PDOH��ZKLOH����������RI�WKHP�ZHUH�IHPDOH��7KH�DJH
GLVWULEXWLRQ�VSDQQHG�DOO�WKH�SHGLDWULF�JURXS��\HW�DOPRVW�KDOI�RI�WKH�SDWLHQWV�������ZHUH�\RXQJHU�WKDQ���\HDUV�ROG��7KLUW\�ILYH�FDVHV�������ZHUH
UHSRUWHG�E\�('�QXUVHV��ZKLOH����FDVHV�������ZHUH�UHSRUWHG�E\�VRFLDO�ZRUNHUV��7KH�UHSRUW�IRUP�FRPSOLDQFH��HLWKHU�E\�('�QXUVHV�RU�VRFLDO�ZRUNHUV�
ZDV�VDWLVIDFWRU\�

'LVFXVVLRQV�

&KLOG�DEXVH�DQG�QHJOHFW��&$1��LV�D�VHULRXV�WKUHDW�WR�WKH�FKLOGUHQ�DQG�WKH�ZKROH�VRFLHW\��,W�FDUULHV�QRW�RQO\�LPPHGLDWH�PRUWDOLW\�DQG�PRUELGLW\�WR�WKH
YLFWLPV��WKH�ORQJ�WHUP�QHJDWLYH�LPSDFW�PD\�EH�HYHQ�GLIILFXOW�WR�HVWLPDWH��7KH�VWXG\�UHYHDOHG���VDWLVIDFWRU\�&$1�UHSRUW�FRPSOLDQFH�E\�ERWK�(5
QXUVHV�DQG�VRFLDO�ZRUNHUV��+RZHYHU��LW�LV�IDU�IURP�FRQFOXGLQJ�WKDW�WKH�FXUUHQW�UHSRUW�V\VWHP�ZDV�VDWLVIDFWRU\��,W�FDQ�EH�HDVLO\�LGHQWLILHG�WKDW�LI�WKH
V\PSWRPV�DQG�VLJQV�RI�D�&$1�FDVH�LV�PLVVHG�LQ�WKH�IURQW�OLQH��WKH�VRFLDO�ZRUNHU�DQG�HYHQ�WKH�UHSRUW�PHFKDQLVP�ZLOO�QRW�EH�DFWLYDWHG���$OWKRXJK�WKH
PDJQLWXGH�RI�PLVVHG�&$1�FDVHV�LV�GLIILFXOW�WR�DVVHVV��WKHVH�YXOQHUDEOH�SDWLHQWV�GHVHUYH�PRUH�RI�RXU�GHYRWLRQ�



0$1$*(0(17���('�25*$1,6$7,21 0$66,02�=$1121,

��������(PHUJHQF\�PHGLFDO�V\VWHP�DQG�HPHUJHQF\�GHSDUWPHQW��UROH�RI�SURWRFROV�LQ�FULWLFDO�SDWLHQW�HPHUJHQF\�WUHDWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DVVLPR�=$1121,������*LDQQL�785&$72������$OEHUWR�5,*$7(//,������9DOHQWLQD�6,9(52������'RPHQLFR�9(5$/',������0DULDQR�%(//21,������)UDQFHVFR
%8212&25(����

���(PHUJHQF\�DQG�$FFLGHQW�'HSDUWPHQW��$]LHQGD�2VSHGDOLHUD�8QLYHUVLWDULD�,QWHJUDWD��9HURQD��95���,WDO\��9(521$��,7$/<
���3RVWUJUDGXDWH�(PHUJHQF\�6FKRRO��8QLYHUVLW\�RI�9HURQD��9(521$��,7$/<
���(PHUJHQF\�DQG�$FFLGHQW�'HSDUWPHQW��2VSHGDOLHUD�8QLYHUVLWDULD�,QWHJUDWD��9HURQD��9(521$��,7$/<

.H\ZRUGV��FULWLFDO�FDUH��SURWRFRO��HPHUJHQF\�PHGLFDO�V\VWHP��HPHUJHQF\�URRP

$EVWUDFW��

%DFNJURXQG��(PHUJHQF\�PHGLFDO�VHUYLFHV��(06��WUDQVSRUW�LV�H[SHQVLYH��DQG�UHVRXUFH�FRQVXPLQJ��2Q�WKH�RWKHU�KDQG�D�FORVH�FROODERUDWLRQ�EHWZHHQ
(06�GLVSDWFK�FHQWHU�DQG�UHFHLYLQJ�KRVSLWDO�LQ�SDUDPRXQW�WR�QRW�FROODSVH�WKH�UHFHLYLQJ�KRVSLWDO��2Q�WKH�RWKHU�KDQG�LQ�KRVSLWDO�HPHUJHQF\�UHVSRQVH
YDU\�VLJQLILFDQWO\�DPRQJ�PHGLFDO�FHQWUHV�LQIOXHQFLQJ�SDWLHQWV�RXWFRPH��7KH�0HGLFDO�(PHUJHQF\�7HDP��0(7��ZDV�GHYHORSHG�LQ�RUGHU�WR�UDSLGO\
PDQDJH�FULWLFDO�LOO�SDWLHQWV�DW�ULVN�RI�FDUGLDF�DUUHVW�RU�KLJK�ULVN�FRQGLWLRQV�

2%-(&7,9(6��7KH�DLP�ZDV�WR�FKDUDFWHUL]H�WKH�(06�DQG�KRVSLWDO�UHVSRQVH�V\VWHP�IRU�FULWLFDO�SDWLHQW�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI�9HURQD��,WDO\��
KXE�FHQWUH�RI�WKH�FRXQW\��,Q�RXU�(PHUJHQF\�'HSDUWPHQW�6KRFN�URRP�DQG�0(7�V\VWHP�DFWLYDWLRQ�LV�EDVHG�RQ�HVWDEOLVKHG�FOLQLFDO�DQDWRPLFDO�FULWHULD
RU�VLWXDWLRQDO�G\QDPLF�FULWHULD�RI�WKH�HYHQW�DV�GHVFULEHG�E\�WKH�(06�'LVSDWFK�&HQWHU�

0(7+2'6��7KLV�ZDV�D�UHWURVSHFWLYH�DQDO\VLV�RI�FULWLFDO�SDWLHQWV�ZKR�ZHUH�WUDQVSRUWHG�E\�(06�WR�WKH�OHYHO�,,�(PHUJHQF\�'HSDUWPHQW�LQ�9HURQD�IURP
-DQXDU\������WR�'HFHPEHU�������:H�LQFOXGHG�DOO�WUDXPD�DQG�QR�WUDXPDWLF�FULWLFDO�SDWLHQWV�WUHDWHG�LQ�WKH�6KRFN�5RRP�DFFRUGLQJO\�WKH�DFWLYDWLRQ
FULWHULD��3DWLHQW��FOLQLFDO�FKDUDFWHULVWLFV�DQG�DFXWH�RXWFRPH�DUH�UHSRUWHG�

5(68/76��'XULQJ�WKH�VWXG\�SHULRG�������FULWLFDO�SDWLHQWV��IXOO�ILOOLQJ�WKH�DFWLYDWLRQ�FULWHULD��ZHUH�DGPLWWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW�DQG
PDQDJHG�E\�WKH�0(7�LQ�WKH�6KRFN�5RRP��0HDQ�DJH�ZDV�����\HDUV��6'��������JHQGHU�GLVWULEXWLRQ�ZDV�������PDOH��������IHPDOH�DQG�WUDXPD
SDWLHQWV�DFFRXQWHG�RI��������������0HDQ�WUHDWPHQW�WLPH�ZDV����
��6'������
���2XWFRPHV�DQDO\VLV�SRLQWHG�RXW����IDWDOLWLHV��������������������
GLVFKDUJHG�KRPH�DQG�������������DGPLWWHG��2QO\�������������RI�WKHVH�SDWLHQWV�QHHGHG�DGPLVVLRQ�WR�,QWHQVLYH�&DUH�8QLW�

&21&/86,216��%HWWHU�UHFRJQL]LQJ�ZKLFK�SDWLHQWV�ZLWK�IDOOV�DQG�SHQHWUDWLQJ�WUDXPD�KDYH�VHULRXV�LQMXULHV�WKDW�FRXOG�EHQHILW�IURP�EHLQJ�IORZQ�PD\
OHDG�WR�WKH�PRUH�FRVW�HIIHFWLYH�XVH�RI�KHOLFRSWHU�(06��0RUH�UHVHDUFK�LV�QHHGHG�WR�GHWHUPLQH�ZK\�SDWLHQWV�ZLWKRXW�LQVXUDQFH��ZKR�DUH�PRVW�DW�ULVN
IRU�KLJK�RXW�RI�SRFNHW�H[SHQVHV�IURP�KHOLFRSWHU�(06��DUH�DW�KLJKHU�ULVN�IRU�EHLQJ�IORZQ�ZKHQ�RQO\�KDYLQJ�PLQRU�LQMXULHV�

5HVXOWV��7KH�VWXG\�VKRZV�WZR�FULWLFDO�SRLQWV�LQ�WKH�PDQDJHPHQW�RI�FULWLFDO�SDWLHQWV��WKH�KLJK�UDWH�RI�SDWLHQWV�GLVFKDUJHG�KRPH�DQG�WKH�UHGXFHG�UDWH
RI�,QWHQVLYH�&DUH�8QLW�DGPLVVLRQ��$�UHDGLQJ�NH\�FRXOG�EH�WKH�DFWLYDWLRQ�FULWHULD�EDVHG�PRVWO\�RQ�(06�'LVSDWFK�&HQWHU�LQIRUPDWLRQ�DQG�D�VFRRS�DQG
UXQ�ZRUNLQJ�V\VWHP�RQ�WKH�VLWH��6XFK�FULWHULD�KDYH�WR�EH�UHYLHZHG�LQ�RUGHU�WR�EHWWHU�WDUJHW�WKRVH�SDWLHQWV�ZKR�ZLOO�QHHG�DGYDQFHG�UHVRXUFHV��7KLV
KDV�D�SLYRWDO�UHOHYDQFH�LQ�D�PHGLFDO�HPHUJHQF\�V\VWHP�RYHUZKHOPHG�EXW�ZLWK�UHGXFHG�UHVRXUFHV��7KLV�VXJJHVWV�WKDW�LQWHUYHQWLRQV�WR�RSWLPL]H
FRVW�HIIHFWLYHQHVV�UHVRXUFHV�XWLOL]DWLRQ�ZLOO�OLNHO\�UHTXLUH�DQ�HYDOXDWLRQ�RI�(06�('�VKDUHG�SURWRFROV�LQ�WKH�FRQWH[W�RI�SURYLQFLDO�DQG�SDWLHQW�QHHGV�



1(852/2*< 0RKDPHG�DOL�&KHULI

��������6HL]XUHV�PDQDJHPHQW�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

:DOLG�0KDMED������0RKDPHG�DOL�&KHULI������)DUDK�5LDKL������0RKDPHG�0H]JKHQL������5LP�EHQ�.DGGRXU������\RXVVHI�]LHG�(O�KHFKPL������,QHV�6HGJK\HQL
�����=RXKDLHU�-HUEL����

���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV�
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��6HL]XUHV��PDQDJHPHQW��('

$EVWUDFW��

,QWURGXFWLRQ��VHL]XUHV�DUH�TXLWH�FRPPRQ�JURXQGV�IRU�HPHUJHQF\�FRQVXOWDWLRQ��NQRZOHGJH�RI�WKHLU�FDXVHV�DQG�WKHLU�SURJQRVWLF�IDFWRUV�FRXOG
LPSURYH�WKHLU�VXSSRUW��7KH�REMHFWLYH�RI�RXU�VWXG\�LV�WR�GHVFULEH�WKH�DVSHFWV�RI�HSLGHPLR�FOLQLFDO��HWLRORJLFDO��WKHUDSHXWLF�DQG�SURJQRVWLF�VHL]XUHV
DGPLWWHG�WR�HPHUJHQF\�

�

0HWKRGV��5HWURVSHFWLYH�VWXG\�LQFOXGLQJ�DOO�SDWLHQWV�KRVSLWDOL]HG�LQ�WKH�('��ZKR�FRQVXOW�IRU�D�VHL]XUH�EHWZHHQ�-DQXDU\�DQG�'HFHPEHU�����

�

5HVXOWV������WRSLFV�KDYH�EHHQ�FROOHFWHG�ZLWK�D�PHGLDQ�DJH�RI����DQG�D�VH[�UDWLR�WR�����

�������RI�RXU�SDWLHQWV�KDG�D�QHXURORJLFDO�KLVWRU\�W\SH�RI�LVFKHPLF�VWURNH�

7KH�FULVLV�ZDV�DFFRPSDQLHG�LQ�������FDVHV�ZLWK�VHL]XUHV�JHQHUDOL]HG�LQ����SDWLHQWV�WKH�GLDJQRVLV�RI�SRRUO\�FRQYXOVLYH�ZDV�UHWDLQHG�LQ����SDWLHQWV�

$OO�SDWLHQWV�UHFHLYHG�D�FOLQLFDO�H[DPLQDWLRQ��D�ELRORJLFDO�DVVHVVPHQW��DQ�HOHFWURFDUGLRJUDP�DQG�D�EUDLQ�LPDJLQJ�ZDV�PDGH�LQ�����RI�FDVHV��$Q
HOHFWURHQFHSKDORJUDP�KDV�EHHQ�SUDFWLFHG�LQ����FDVHV�DQG�WKH�OXPEDU�SXQFWXUH�LQ����FDVHV��9DVFXODU�SDWKRORJ\�UHPDLQV�WKH�PRVW�FRPPRQ�HWLRORJ\
LQ�������IROORZHG�E\�HSLOHSV\�LQ�������

,QLWLDO�FRPD�ZDV�IRXQG�LQ����SDWLHQWV�DV�ZHOO�DV�D�SRVW�GHILFLW�FULWLFDO�LQ��������0DLQ�DVVRFLDWHG�IDLOXUH�ZDV�UHVSLUDWRU\�RUGHU�DVVRFLDWHG�HVSHFLDOO\
ZLWK�SQHXPRQLD�RI�LQKDODWLRQ�ZLWK�XVH�RI�LQWXEDWLRQ�LQ����SDWLHQWV�

7KH�PRUWDOLW\�UDWH�ZDV�����DQG�DQWLHSLOHSWLF�WUHDWPHQW�LQ�WKH�ORQJ�FRXUVH�DW�EDVH�RI�SKHQREDUELWDO�ZDV�LQWURGXFHG�LQ�����RI�WKH�SDWLHQWV�

&RQFOXVLRQ��D�VHL]XUH�UHTXLUHV�D�UDSLG�DQG�DGHTXDWH�VXSSRUW�JXLGHG�E\�D�SUH�HVWDEOLVKHG�WKHUDSHXWLF�SURWRFRO�WKDW�VKRXOG�QRW�QHJOHFW�WKH
HWLRORJLFDO�WUHDWPHQW�DVVRFLDWHG�ZLWK�WKH�V\PSWRPDWLF�LQ�VXSSRUW�



&$5',29$6&8/$5 7(5(6$�'(�)(51$1'2�*526

��������$6&,7(6�,6�127�$/:$<6�)520�$�&$86(�',*(67,9(

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DU�D�7HUHVD�)HUQDQGR�*URV������3DWULFLD�%RQHG�%ODV������0DU�D�3LODU�3RYHGD�6HUUDQR������5RF�R�(VFULFKH�5RV������$OLFLD�%DJXHQD�*DUF�D����

���(PHUJHQF\�GHSDUWPHQW��+RVSLWDO�5R\R�9LOODQRYD��=DUDJR]D��63$,1

.H\ZRUGV��$VFLWHV��(GHPD��&DUGLRP\RSDWK\�GLODWHG

$EVWUDFW��

0HGLFDO�KLVWRU\�
0DOH����\HDUV�ROG�ZLWKD�KLVWRU\�RI�DWULDOILEULOODWLRQ��VHYHUHDRUWLFLQVXIILFLHQF\�DQG�K\SHUWHQVLRQ�WUHDWHGZLWK�DQWLFRDJXODQWVDQG$&(�LQKLELWRUV��ZKLFK
FDPH�GXH�WR�KDYH�LQFUHDVHGWKHLUDEGRPLQDO�SHULPHWHUDQGROLJXULDLQWKH�SUHYLRXV�WZR�ZHHNV��%ORRG�SUHVXUH�����������ESPKHDUW�UDWH�WDFK\SQHLF�
)ODSSLQJ���,<�$&�SDQIRFDOUK\WKPLFV\VWROLF�PXUPXUJUDGH,,�,,,�$3�K\SRSKRQHVLVZLGHVSUHDG��$EGRPHQ�JOREXODU�VLJQLILFDQW�LQFUHDVH�LQDEGRPLQDO
FLUFXPIHUHQFH�VLJQZDYH��SHQHRHVFURWDOHGHPD�((,,�HGHPDZLWKIRYHD�WRWKLJK�$QDO\WLFDO����XUHDFUHDWLQLQH���UHJXODUUHVW�$F[)$(&*����
%LODWHUDOSOHXUDO�HIIXVLRQRQFKHVW�;�UD\��'XH�WR�DQ�LPSRUWDQWSHQRVFURWDOHGHPDDQG�SUHVHQWLQJLQDELOLW\�WREODGGHUFDWKHWHUL]DWLRQ��EODGGHU�VL]H�ZDV
FDUULHG�RXW�GHVSLWH�EHLQJDQWLFRDJXODWHG��EHFDXVH�RI�WKLV�SXQFWXUHDVFLWLF�IOXLG�ZDV�GLVFDUGHG��7UHDWPHQW�ZDV�LQLWLDWHGZLWK6HJXULODW
PD[LPXPGRVHDQG�'LJR[LQ��DQG�DV�ROLJXULD�DQG�HOHYDWHG�KHDUW�UDWHV�SHUVLVWHG�ZDV�QHFHVVDU\�WR�DGG�$PLRGDURQH�WR�WKH�WUHDWPHQW�
,Q(FKRFDUGLRJUDSK\ZDV�REVHUYHG�GLODWHG�FDUGLRP\RSDWK\ZLWK�VHYHUH�V\VWROLFG\VIXQFWLRQDQG�HMHFWLRQ�IUDFWLRQRI������0RGHUDWH�PLWUDO�UHJXUJLWDWLRQ�
0RGHUDWHSXOPRQDU\�K\SHUWHQVLRQ��+DYLQJ�VXVSLFLRQV�RI�GLODWHG�FDUGLRP\RSDWK\�DQG$QDVDUFD��KH�KRVSLWDOL]HG�LQ
&DUGLRORJ\�ZKHUHFRQWURO(FKRFDUGLRJUDSK\ZDV�SHUIRUPHGDW����KRXUVREMHFWLI\LQJVHULRXV�GHWHULRUDWLRQZLWKHMHFWLRQ�IUDFWLRQ���DQG
VLJQLILFDQWSHULFDUGLDO�HIIXVLRQ��6HYHUH�SXOPRQDU\�K\SHUWHQVLRQ��6HYHUH�PLWUDO�DRUWLFLQVXIILFLHQF\��%HFDXVH�RIWKH�SRRU�SHUIRUPDQFHDQG�SRRU
JHQHUDOFRQGLWLRQ�RI�WKH�SDWLHQW���WKH�IDPLO\�DJUHHG�DOLPLWDWLRQRI�WKH�WKHUDSHXWLF�HIIRUW��SDVVLQJ�DZD\D�IHZ�KRXUV�DIWHU�
&RQFOXVLRQ�
'LODWHG�FDUGLRP\RSDWK\�LVD�GLVHDVH�RI�WKHKHDUW�PXVFOH�WKDWFDXVHV�WKHKHDUW�EHFRPHV�HQODUJHG�DQG�FDQQRW�SXPS�EORRG�HIILFLHQWO\��7KH�FDXVHVDUH
XQFHUWDLQDQG�YDULHG�YLUDO��DXWRLPPXQH��DOFRKRO�DEXVH�FRURQDU\�DUWHU\�GLVHDVH��K\SHUWHQVLRQDQG�YDOYXODUGLVHDVH��ZKLFK�PD\�WULJJHUKHDUW�IDLOXUH�DQG�
LQWKH�ZRUVW�FDVH��PD\�EHFRQJHVWLYH�FDXVLQJ�HGHPD��SOHXUDOHIIXVLRQ��DVFLWHVDQGDQDVDUFDLQILQDO�VWDJHV��7KH�PRVW�UHOLDEOH�GLDJQRVWLF�WHVW�LV��WKH
HFKRFDUGLRJUDP�DQG�WKH�WUHDWPHQWLV�EDVHG�RQWKHFRQWURO�RI�KHDUWUDWH�DQG�EORRG�SUHVVXUHDQGGLXUHVLVUHLQIRUFHPHQW��,Q�YHU\�DGYDQFHG�FDVHV�RUZKHQ
WKHUH�DUH�VHYHUH�DUUK\WKPLDV��WKHPRVW�DSSURSULDWHRSWLRQ�LV�XVXDOO\FDUGLDFWUDQVSODQWRU�SODFHPHQW�RI,&'V��7KH�SUREDELOLW\RI�GHDWKLQ�WKH�ILQDO
VWDJHVLV�KLJK�
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��������36<&+202725�$*,7$7,21�%<�6(9(5(�+<321$75(0,$

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DU�D�7HUHVD�)HUQDQGR�*URV������3DWULFLD�%RQHG�%ODV������0DU�D�3LODU�3RYHGD�6HUUDQR������$OLFLD�%DJXHQD�*DUF�D������5RF�R�(VFULFKH�5RV����

���(PHUJHQF\�GHSDUWPHQW��+RVSLWDO�5R\R�9LOODQRYD��=DUDJR]D��63$,1

.H\ZRUGV��+\SRQDWUHPLD��%UDLQ�HGHPD��6\QFRSH

$EVWUDFW��

0HGLFDO�KLVWRU\�
���\HDU�ROG�ZRPDQ�ZLWK�D�KLVWRU\�RI�K\SHUWHQVLRQ��G\VOLSLGHPLD�DQG�GHSUHVVLYH�V\QGURPH��WUHDWHG�ZLWK�(QDODSULO��5LYRWULO�DQG�'HSUD[��6LQFH���GD\V
DJR�+LGURFOLRURWLD]LGD�LV�DGGHG�WR�WUHDWPHQW�GXH�WR�D�SRRUO\�FRQWUROOHG
K\SHUWHQVLRQ��6KH�FRPH�WR�HPHUJHQF\�GHSDUWPHQW�IRU�ORVV�RI�FRQVFLRXVQHVV�ZLWKRXW�SURGURPDO�V\PSWRPV�DQG�VSRQWDQHRXV�UHFRYHU\��ZLWK
VXEVHTXHQW�SRVW�WUDXPDWLF�KHDGDFKH��2Q�H[DPLQDWLRQ��EUDGLSVLTXLFD��RULHQWHG�LQ�WLPH�DQG�VSDFH��ZLWK�QR�DSSDUHQW�QHXURORJLFDO�GHILFLW�
1RUPDODXVFXOWDWLRQ��7KH�FOLQLFDO�DQDO\VLV�REMHFWLILHV�SODVPD�VRGLXP����PHT���O��(&*�DQG�5[�FRPSDWLEOH�ZLWK�VWDQGDUG�FKHVW��7KH�SDWLHQW�LV
WUDQVIHUUHG�HPHUJHQF\�URRP�REVHUYDWLRQ�XQLW�ZKHUH�SUHVHQWHG�HSLVRGH�RI�GLVRULHQWDWLRQ��DJLWDWLRQ�DQG�VXEVHTXHQW�PXWHQHVV��*ODVJRZ�������
FRPSOHWH�DSKDVLD��&RQWURO�DQDO\VLV��VRGLXP�����PHT���O��'XH�WR�ZRUVHQLQJ�FOLQLFDO��D�FUDQLDO�&7�VFDQ�LV�SHUIRUPHG�ZKLFK�JDYH�QRUPDO�UHVXOWV�DQG
WKHQ�ZH�SURFHHG�WR�FRUUHFW�FUDQLDO�K\SRQDWUHPLD��'XH�WR�SHUVLVWHQWV\PSWRPV�DQGZRUVHQLQJ�LQ�DJLWDWLRQ��ZKLFK�0LGD]RODP�,9�QHHGV�WR�EH
DGPLQLVWHUHG��LW�LV�SHUIRUPHG�OXPEDU�SXQFWXUH�JLYLQJ�QRUPDO�UHVXOWV�DQG�QRUPDO�WK\URLG�KRUPRQHV��DQG�UXOLQJ�RXW�HQFHSKDOLWLV�DQG�VXEDUDFKQRLG
KDHPRUUKDJH�DQG�P\[HGHPD�FRPD��%HJXQ�VRGLXP�FRUUHFWLRQ�VORZO\�IROORZLQJ�IRUPXODDQG�DGPLQLVWUDWLRQ�RIK\SHUWRQLF�VDOLQH����VKH�LV�WUDQVIHUUHG
WR�LQWHQVLYH�FDUH�XQLW�ZLWK�VXVSHFWHG�VHFRQGDU\�EUDLQHGHPD��DOWKRXJK�QRW�REMHFWLILHV�E\�FUDQLDO�&7��DQG�VHYHUH�K\SRQDWUHPLD�DQG�WKLD]LGHV�
7KHSDWLHQW�HYROYHV�SRVLWLYHO\�DIWHU�WKDW�LV�PRYHG�WRSODQW�DQG�GLVFKDUJHG�ZLWK�QRUPDO�VRGLXP�OHYHOV�
&RQFOXVLRQ�
+\SRQDWUHPLDLV�WKH�PRVW�FRPPRQGLVRUGHUK\GURHOHFWULF�LQVLGH�DQG�RXWVLGH�KRVSLWDOV�VR�NQRZLQJ\RXUGLDJQRVLV�DQG�WUHDWPHQWLV�YHU\�QHFHVVDU\��)RU
WKLVLV�VXIILFLHQWILUVWGHWHUPLQLQJSODVPD�VRGLXPYDOXHVEHORZ����PPRO?O�PHT?O���2QFH�FRQILUPHGK\SRQDWUHPLD�LQ�PRVWFDVHVEH�HQRXJK�ZLWKDQ
DFFXUDWH�PHGLFDO�KLVWRU\WR�UHDFK�WKHHWLRORJLFDO�FDXVHWULJJHU��,W�LV�DOVRLPSRUWDQW�WR�NQRZ�DQGFDOFXODWH�WKHH[WUDFHOOXODU�YROXPHWR�GLVFHUQ
EHWZHHQQRUPRYROHPLF�RU�K\SRYROHPLF�K\SRQDWUHPLD��VLQFH�WKHHWLRORJLFFDXVH�DQGWUHDWPHQW�PD\�YDU\��6XFKWUHDWPHQW�VKRXOG�EH�DLPHG�DWFRUUHFWLQJ
WKHPDLQ�FDXVHDQG�WKH�HVWDEOLVKPHQW�LQ�HDFK�FDVH��RI�WKH�FRUUHFWIOXLG�WKHUDS\��2QO\VHYHUHK\SRQDWUHPLDDUH�DVVRFLDWHG�ZLWKQHXURORJLFDO
V\PSWRPVDQG�VKRXOG�EH�WUHDWHGXUJHQWO\E\WKH�ULVN�RIFHUHEUDOHGHPDDQGHQFHSKDORSDWK\�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 /XEQD�$QGUDRXV

��������,QWURGXFWLRQ�2I�$�1HZ�7HUPLQRORJ\��$FXWH�/LIH�7KUHDWHQLQJ�3XOPRQDU\�(PEROLVP��$/73(�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/XEQD�*KDOL�$PLQ�$QGUDRXV������$OKDG\�$OILDQ�<XVRI����

���(PHUJHQF\�'HSDUWPHQW��+DPDG�*HQHUDO�+RVSLWDO��'RKD��4$7$5

.H\ZRUGV��$FXWH�/LIH�7KUHDWHQLQJ�3XOPRQDU\�(PEROLVP�$/73(���0DVVVLYH�3XOPRQDU\�(PEROLVP��3(���6XE�PDVVLYH�3XOPRQDU\�(PEROLVP��3(��
%HGVLGH�(FKRFDUGLRJUDP��5LJKW�9HQWULFXODU��59��'\VIXQFWLRQ��7KURPERO\VLV��&RPSXWHG�7RPRJUDSK\�3XOPRQDU\�$QJLRJUDP�&73$�

$EVWUDFW��

,QWURGXFWLRQ�

3XOPRQDU\�(PEROLVP��3(��LV�DQ�LPSRUWDQW�FDXVH�RI�PRUELGLW\�DQG�PRUWDOLW\��&XUUHQWO\��7KURPERO\WLF�7KHUDS\�LV�UHVHUYHG�IRU�FDVHV�RI�0DVVLYH�3(
ZKHQ�SDWLHQWV�DUH�K\SRWHQVLYH���7KH�GHILQLWLRQ��GLDJQRVLV�DQG�PDQDJHPHQW�RI�6XE�PDVVLYH�3(�LV�GHEDWDEOH��,W�UHOLHV�RQ�FOLQLFDO�FKDUDFWHULVWLFV�
FDUGLDF�LPDJLQJ��FDUGLDF�ELR�PDUNHUV��DQG�SRVVLEO\�DVVHVVPHQW�RI�FORW�EXUGHQ�E\�&7�VFDQ���3DWLHQWV�PD\�SUHVHQW�ZLWK�D�YDULHW\�RI�V\PSWRPV��FKHVW
SDLQ��G\VSQRHD��GL]]LQHVV��FROODSVH��V\QFRSH��SDOSLWDWLRQ��VHL]XUH��FDUGLDF�DUUHVW��HWF���/RZ�0ROHFXODU�:HLJKW�+HSDULQ��/0:+��DGPLQLVWHUHG�DQG
&RPSXWHG�7RPRJUDSK\�3XOPRQDU\�$QJLRJUDP��&73$��LV�UHTXHVWHG�EDVHG�RQ�FOLQLFLDQÇV�LQGH[�RI�VXVSLFLRQ��7KHUH�LV�VWLOO�D�GHEDWH�ZKHWKHU
6XE�PDVVLYH�3(�FDVHV�VKRXOG�EH�WKURPERO\VHG���

0HWKRGV�

��7R�LQWURGXFH�WKH�QHZ�WHUP�È$FXWH�/LIH�7KUHDWHQLQJ�3XOPRQDU\�(PEROLVPÉ��$/73(���

���7R�UHSRUW�FDVHV�RI�$/73(�SUHVHQWHG�WR�+DPDG�*HQHUDO�+RVSLWDO��+*+��(PHUJHQF\�'HSDUWPHQW��('���ZKR�ZHUH�WKURPERO\VHG�GHVSLWH�RI�EHLQJ
QRUPR�WHQVLYH�

��7R�SURSRVH�D�3ROLF\�3URWRFRO�IRU�HDUO\�PDQDJHPHQW�RI�SRVVLEOH�$/73(�SUHVHQWLQJ�WR�(PHUJHQF\�'HSDUWPHQW��('�

�

5HVXOWV��

:H�SUHVHQW�KHUH�WKH�FOLQLFDO�ILQGLQJV�WKDW�ZH�SURSRVH��VKRXOG�WULJJHU�WKH�FRQVLGHUDWLRQ�IRU�WKURPERO\VLV��LQ�FDVHV�RI�SURYHQ�3(�RQ�&RPSXWHG
7RPRJUDSK\�3XOPRQDU\�$QJLRJUDP��&73$����:H�GHILQH�SDWLHQWV�ZLWK�DQ\�RQH�RI�WKHVH�FULWHULD�DV�KDYLQJ�$/73(�

���+\SRWHQVLRQ��RQ�SUHVHQWDWLRQ�RU�RQJRLQJ���GHILQHG�DV�V\VWROLF�EORRG�SUHVVXUH��6%3������PP+J�RU�Õ��PP+J�GURS�IURP�EDVHOLQH�6%3�DQG�QRW
FDXVHG�E\�VHSVLV��K\SRYROHPLD�RU�DQDSK\OD[LV��

���1HHG�IRU�LQRWURSHV�RU�YDVR�SUHVVRUV���

���5HVSLUDWRU\�GLVWUHVV�2[\JHQ�GHSHQGHQFH��

��3HUVLVWHQW�WDFK\FDUGLD��$UUK\WKPLDV��5LJKW�9HQWULFXODU��59��VWUDLQ�SDWWHUQ�RQ�(OHFWURFDUGLRJUDP�(&*��

���6LJQV�RI�5LJKW�9HQWULFXODU��59��'\VIXQFWLRQ�RQ�(FKRFDUGLRJUDP�

���6LJQV�RI�HQG�RUJDQ�K\SR�SHUIXVLRQ��GHFUHDVH�OHYHO�RI�FRQVFLRXVQHVV��ROLJXUHD�LQFUHDVHG�ODFWDWH����

���6\QFRSH��RQ�SUHVHQWDWLRQ�RU�RQJRLQJ�V\PSWRPV��

��6\PSWRPV�WKDW�DUH�SURYRNHG�RU�ZRUVHQ�ZLWK�PLQLPDO�H[HUWLRQ

&RQFOXVLRQ��

:H�SURSRVH�WKDW�DOO�3(�SDWLHQWV�WKDW�DUH�FRQVLGHUHG�IRU�WKURPERO\VLV��WR�EH�UH�FDWHJRUL]HG�LQ�RQH�VXEJURXS�FDOOHG�$/73(��LQ�FRUUHVSRQGHQFH
WR�WKH�DERYH�PHQWLRQHG�FULWHULD���7KLV�JURXS�RI�SDWLHQWV��VKRXOG�KDYH�D�VWDQGDUGL]HG�UDSLG�ZRUN�XS�SODQ�	�D�SUH�SODQQHG�PDQDJHPHQW�VWUDWHJ\
LQ�FDVH�RI�UDSLG�GHWHULRUDWLRQ��:H�UHFRPPHQG�WKH�HVWDEOLVKPHQW�RI�(PHUJHQF\�&ULWLFDO�&DUH�SURWRFRO�IRU�WKH�PDQDJHPHQW�RI�$/73(���)XUWKHU
UHVHDUFK�VWXGLHV�	�DXGLWV�DUH�QHHGHG�WR�GHWHUPLQH�WKH�VDIHW\��HIIHFWLYHQHVV��DQG�RXWFRPH�RI�WKLV�VWUDWHJ\�

$FNQRZOHGJPHQW�

7KH�DXWKRUV�GHFODUH�QR�FRQIOLFW�RI�LQWHUHVW�

5HIHUHQFHV�

��'RQJ�%��-LURQJ�<��/LX�*��HW�DO��7KURPERO\WLF�WKHUDS\�IRU�SXOPRQDU\�HPEROLVP��&RFKUDQH�'DWDEDVH�6\VW�5HY�����



��9LVKDO�6HNKUL��1LPHVK.XPDU�0HKWD��HWDO���0DQDJHPHQW�RI�PDVVLYH�DQG�QRQPDVVLYH�SXOPRQDU\�HPEROLVP��$06������'HF��������������Ä�����30&,'�
30&�������

����/DQNHLW�0��.RQVWDQWLQLGHV�6��7KURPERO\WLF�WKHUDS\�IRU�VXEPDVVLYH�SXOPRQDU\�HPEROLVP��%HVW�3UDFW�5HV�&OLQ�+DHPDWRO�������6HS�������������

���$EHFDVLV�-��0RQJH�-��$OEHUFD�'��*UHQKR�0)��$UURMD�,��$OHL[R�$0(OHFWURFDUGLRJUDSKLF�SUHVHQWDWLRQ�RI�PDVVLYH�DQG�VXEPDVVLYH�SXOPRQDU\�HPEROLVP�
5HY�3RUW�&DUGLRO���������������Ä���

��6DQFKH]�2��7ULQTXDUW�/��&RORPEHW�,��'XULHX[�3��+XLVPDQ�09��&KDWHOOLHU�*��0H\HU�*��3URJQRVWLF�YDOXH�RI�ULJKW�YHQWULFXODU�G\VIXQFWLRQ�LQ�SDWLHQWV
ZLWK�KDHPRG\QDPLFDOO\�VWDEOH�SXOPRQDU\�HPEROLVP��D�V\VWHPDWLF�UHYLHZ��(XU�+HDUW�-����������������������

��7KDPHV�0'��$OSHUW�-6��'DOHQ�-(��6\QFRSH�LQ�SDWLHQWV�ZLWK�SXOPRQDU\�HPEROLVP��-$0$�������������������Ä����

�

�

�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 0DULXV�6PDUDQGRLX

��������3DWWHUQV�IRU�SUH�KRVSLWDO�HPHUJHQFLHV�LQ�5RPDQLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULXV�6PDUDQGRLX������$OLQ�&DQFLX������'HQLVD�)DODPDV������'DQLD�/XQFD������'DQLHOD�7DUDQ����

���6085'��6085'�6LELX��6LELX��520$1,$
�����6085'��6LELX��520$1,$

.H\ZRUGV��PDWKHPDWLFV��SDWWHUQV��SUH�KRVSLWDO��6085'��5RPDQLD

$EVWUDFW��

%$&.*5281'

&XUUHQW�GD\V��(PHUJHQF\�0HGLFLQH�ILHOG�LV�FKDUDFWHUL]HG�E\�LQWHUGLVFLSOLQDULW\��$EVWUDFW�VFLHQFHV�OLNH�0DWKHPDWLFV�SURYLGH�SRZHUIXO�WRROV�WR�SUHGLFW
RSWLPL]H�DQG�DOORFDWH�VXIILFLHQW�UHVRXUFHV�WR�PHHW�WKH�QHHGV�LQ�VWDII�DQG�HTXLSPHQW��7KH�FXUUHQW�VWDIILQJ�DQG�UHVRXUFHV�DOORFDWLRQ�PHWKRG�IRU
5RPDQLDQ�(06�DQG�RWKHU�FRXQWULHV�LQ�(XURSH�LV�PRVWO\�VWDWLF��2XU�JRDO�LV�WR�ILQG�D�WRRO�WKDW�FDQ�EH�XVHG�DSSURDFK�WR�LPSURYH�WKLV�SURFHVV�E\�ILQGLQJ
D�SDWWHUQ�DQG�SUHGLFW�WKH�QHHGV�

7\SLFDO�PHGLFDO�FDVHV�SDWWHUQV�DUH�VXFFHVVIXOO\�LGHQWLILHG�LQ�HPHUJHQF\�PHGLFLQH��6WDUWLQJ�IURP�WKH�ORJLFDO�DVVXPSWLRQ�WKDW�GXULQJ�VSHFLDO�RFFDVLRQV
OLNH�SXEOLF�KROLGD\V�RU�UHOLJLRXV�IDVWLQJ��WKH�QXPEHU�RI�HPHUJHQF\�LQFLGHQWV�ULVHV��DQG�DV�D�UHVXOW�DQ�H[WUD�QXPEHU�RI�DPEXODQFHV�DUH�UHTXLUHG�WR
PHHW�WKH�H[SHFWDWLRQV�

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�SURSRVH�D�IXQFWLRQDO�PDWKHPDWLFDO�PRGHO�EDVHG�RQ�PDLQ�HYHQWV�LQ�WLPH�DVVRFLDWHG�ZLWK�WKH�QHHG�IRU�H[WUD�0,&8
UHVRXUFHV��$�FRUUHFW�SUHGLFWLRQ�PRGHO�FRXOG�DOORZ�D�PRUH�HIILFLHQW�ZD\�RI�DPEXODQFH�GLVWULEXWLRQ��EDVHG�RQ�QHFHVVLW\�

0(7+2'6

6RXUFH�GDWD�IRU�WKLV�VWXG\�LV�5RPDQLDQ�6085'�QDWLRQDO�GDWDEDVH��FRPSULVLQJ�RI���������FDVHV�IRU�D�SHULRG�RI���\HDUV��7KH�TXDQWLW\�RI�HPHUJHQFLHV
DGGUHVVHG�E\�(06�LV�FDOFXODWHG�IRU�PDLQ�W\SHV�RI�HPHUJHQFLHV�FRUUHODWHG�ZLWK�LPSRUWDQW�VRFLDO�HYHQWV�

5(68/76

1DWLRQDO�KROLGD\V�JHQHUDWH�DQ�LQFUHDVH�RI�WKH�QXPEHU�RI�DOO�W\SHV�RI�HPHUJHQFLHV��0HGLFDO�FDVHV�LQYROYLQJ�WR[LF�LQFUHDVH�E\������ZH�VSHFXODWH�WR
EH�HWKDQRO�FRQVXPSWLRQ���WUDXPD�E\�PRUH�WKDQ������LQYROYLQJ�DJJUHVVLRQ�DQG�URDG�DFFLGHQWV��)DOVH�DODUPV�PXOWLSO\�DV�ZHOO�

7KH�SDWWHUQ�LV�GXULQJ�UHOLJLRXV�IDVWLQJ��7R[LFV�FDVHV�LQFUHDVH�E\�D�TXDUWHU�IROORZHG�E\�FDUGLRYDVFXODU�DIIOLFWLRQV�ZLWK�����DQG�RWKHU�SDWKRORJLHV
E\��������1HXURORJLFDO�DQG�WUDXPD�FDVHV�DUH�VLJQLILFDQWO\�KLJKHU�

$PD]LQJ�UHVXOWV�DUH�FKDUDFWHUL]HG�E\�SHULRGV�ZLWK�VFKRRO�KROLGD\V�ZKHQ�PRVW�LQFLGHQWV�RI�DOO�W\SHV�VLJQLILFDQWO\�GHFUHDVH�

&21&/86,216�¿

8VLQJ�WKH�ULJKW�PDWKHPDWLFDO�PRGHO��EULQJ�WKH�SRVVLELOLW\�WR�SUHGLFW�D�SDWWHUQ�FKDQJH�RI�PHGLFDO�LQFLGHQWV�EDVHG�RQ�FRQWH[WXDO�HYHQWV�OLNH�KROLGD\V
RU�VSHFLDO�HYHQWV�HWF�

&XUUHQW�SODQQLQJ�DSSURDFKHV�RI�PHGLFDO�UHVRXUFHV�EDVHG�RQ�DVVXPSWLRQV�RU�KHXULVWLFV�ZD\V�PD\�QRW�DOZD\V�PHHW�DOO�WKH�QHHGV�DQG
HDFK��LQIRUPDWLRQ�DERXW�SRVVLEOH�SUHGLFWDEOH�EHKDYLRU�ZLOO�EULQJ�DQ�LQFUHDVH�RI�HIILFLHQF\��(YHU\ZKHUH�LQ�WKH�ZRUOG�(PHUJHQF\�0HGLFLQH�LV�H[SHQVLYH
DQG�D�JRRG�DOORFDWLRQ�RI�UHVRXUFHV�EDVHG�RQ�QHHGV�ZLOO�UHGXFH�WKH�FRVWV�ZLWKRXW�DIIHFWLQJ�WKH�TXDOLW\�



&$6(�35(6(17$7,21 )XQGD�.DUEHN�$NDUFD

��������$�1HZ�,PPXQRPRGXODWRU\�'UXJ��$�1HZ�$GYHUVH�(IIHFW��$GUHQDO�FULVLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)XQGD�.DUEHN�$NDUFD������2]JH�&DQ������6HUFDQ�<DOFLQOL������<XVXI�$OL�$OWXQFL����

���(PHUJHQF\�'HSDUWPHQW��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<

.H\ZRUGV��1LYROXPDE��LPPXQRPRGXODWRU\��FKHFNSRLQW�PRGXODWRU��LPPXQH�UHODWHG�VLGH�HIIHFWV��DGUHQDO�FULVLV

$EVWUDFW��

%DFNJURXQG��2ZLQJ�WR�WKH�DGYDQFHPHQWV�LQ�PHGLFLQH��DOPRVW�HYHU\GD\��QHZ�LQIRUPDWLRQ�LV�REWDLQHG�UHJDUGLQJ�FDQFHU��DQG�QHZ�DQWLQHRSODVWLF
DJHQWV�DUH�GHYHORSHG��)UHTXHQW�XVH�RI�WKHVH�QHZ�SKDUPDFRORJLFDO�DJHQWV�EHFDXVH�RI�WKHLU�SURPLVLQJ�SURSHUWLHV�SURSHOV�HPHUJHQF\�SK\VLFLDQV�WR
EH�YLJLODQW�DERXW�WKHLU�VLGH�HIIHFWV��:H�SUHVHQW�D�FDVH�RI�DGUHQDO�FULVLV�LQ�D�SDWLHQW�ZLWK�QRQ�VPDOO�FHOO�OXQJ�FDQFHU��16&/&���FDXVHG�E\�QLYROXPDE�
ZKLFK�LV�DQ�LPPXQRPRGXODWRU\�GUXJ�

:KLOH�DGYHUVH�HYHQWV�DUH�UHODWHG�WR�RWKHU�LPPXQRPRGXODWRU\�GUXJV�KDYH�EHHQ�UHSRUWHG�LQ�OLWHUDWXUH��RXU�FDVH�LV�WKH�ILUVW�QLYROXPDE�UHODWHG�DGUHQDO
IDLOXUH�WR�EH�UHSRUWHG�

&DVH��$�SDWLHQW�ZLWK�OXQJ�FDQFHU�SUHVHQWHG�WR�WKH�HPHUJHQF\�URRP�(5��ZLWK�QDXVHD�DQG�YRPLWLQJ��7KH�SDWLHQW�DOVR�KDG�D�VHL]XUH�LQ�WKH�('�
+\SRQDWUHPLD��K\SHUNDOHPLD��SHUVLVWHQW�K\SRJO\FHPLD�OHG�WR�WKH�GLDJQRVLV�RI�DGUHQDO�FULVLV��7KH�SDWLHQW�ZDV�DGPLWWHG�LQWR�WKH�,&8�DQG�H[WHUQDWHG
DIWHU�VXFFHVVIXO�WUHDWPHQW�

'LVFXVVLRQ��,PPXQRPRGXODWRU\�GUXJV�DUH�ODWHO\�SRSXODU�DPRQJ�QHZ�DQWLFDQFHU�WUHDWPHQW�DJHQWV��+DYLQJ�GLUHFW�HIIHFW�RQ�WKH�LPPXQH�V\VWHP�
WKHVH�GUXJV�ZHUH�FODLPHG�WR�EH�KLJKO\�UHOLDEOH�DQG�ZHUH�FKRVHQ�DV�WKH�GUXJ�RI�WKH�\HDU�LQ�������+RZHYHU��WKHUH�LV�QR�UHOLDEOH�GDWD�RQ�WKH�VLGH�HIIHFW
SURILOH�RI�WKHVH�DJHQWV��,Q�RUGHU�WR�HQVXUH�HDUO\�GLDJQRVLV�DQG�WUHDWPHQW�RI�WKHVH�FDVHV��LW�VKRXOG�EH�NHSW�LQ�PLQG�WKDW�OLIH�WKUHDWHQLQJ�DXWR�LPPXQH
UHDFWLRQV�PD\�RFFXU��HYHQ�WKRXJK�PRVW�VLGH�HIIHFWV�DUH�PLOG�



0,6&(//$1(286 7(5(6$�'(�)(51$1'2�*526

��������)520�*$//6721(�72�%,/,$5<�,/(86

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DU�D�7HUHVD�)HUQDQGR�*URV������0DU�D�3LODU�3RYHGD�6HUUDQR������3DWULFLD�%RQHG�%ODV������$OLFLD�%DJXHQD�*DUF�D������5RF�R�(VFULFKH�5RV����

���(PHUJHQF\�GHSDUWPHQW��+RVSLWDO�5R\R�9LOODQRYD��=DUDJR]D��63$,1

.H\ZRUGV��,OHXP��/LWKLDVLV��0XOWLSOH�RUJDQ�IDLOXUH

$EVWUDFW��

0HGLFDO�KLVWRU\�

:RPDQ����\HDUV�ROG�ZLWKRXW�5$0��ZLWK�$3�+7$��'/3��W\SH���GLDEHWHV�PHOOLWXV��3RVVLEOH�DV\PSWRPDWLF�FKROHOLWKLDVLV�GLDJQRVHG����\HDUV�DJR�DQG
XQWUHDWHG��&XUUHQW�WUHDWPHQW�ZLWK�PHWIRUPLQ��IXURVHPLGH�DQG�VLPYDVWDWLQ��6KH�ZHQW�WR�KRVSLWDO�HPHUJHQF\�URRPV�GXH�WR�UHFXUUHQW�YRPLWLQJ��FKLOOV
DQG�PDODLVH��,Q�FOLQLFDO�DQDO\VLV�KLJKOLJKWV�OHXNRF\WRVLV���������PP��DQG�&U������PJ���GO��$IWHU�K\GUDWLRQ��RPHSUD]ROH�DQG�DQWLVSDVPRGLF��LPSURYHG
DQG�LV�GLVFKDUJHG�WKH�QH[W�GD\�GLDJQRVHG�ZLWK�JDVWURHQWHULWLV��W\SH���UHQDO�IDLOXUH�WR�GHK\GUDWLRQ�DQG�GLDEHWLF�NHWRDFLGRVLV��6KH�FDPH�EDFN���KRXUV
ODWHU�E\�LQWHQVH�PDODLVH�DQG�YRPLWLQJ�IHFDORLG�DSSHDUDQFH��%ORRG�SUHVVXUH���������KHDUW�UDWH�����OSP��6D2�������7g�����q&��3UHOLPLQDU\
H[DPLQDWLRQV�LQGLFDWH�D�GLVWHQGHG�DEGRPHQ��QRW�SDLQIXO�RQ�SDOSDWLRQ��VRIW�DQG�GHSUHVVLEOH��W\PSDQLF��ZLWKRXW�RWKHU�VLJQV�RI�SHULWRQHDO�LUULWDWLRQ��QR
PDVVHV�DQG�RUJDQ�HQODUJPHQW�QRWHG��5HFWDO�H[DPLQDWLRQ�ZLWKRXW�ILQGLQJV��,Q�WKH�$6�KLJKOLJKWV��*OXFRVH������&U�������������DQG�3&5�/HXNRF\WH
��������PP���$EGRPLQDO�UDGLRJUDSK\��LQWHVWLQDO�SQHXPDWLVDWLRQ��$EGRPLQDO�&7��0DVV�JDVWULF�GLODWDWLRQ��61*�ZHOO�SODFHG��6HYHUH�LQWHVWLQDO
GLODWDWLRQ�ZLWK�DEUXSW�FKDQJH�RI�JDXJH�LQ�ULJKW�IODQN�UHJLRQ��DW�WKDW�OHYHO��LPSDFWHG�JDOOVWRQH��SUREDEO\�YHVLFXODU�RULJLQ���1RUPDO�FRORQ�VWUXFWXUH�
&ROODSVHG�EODGGHU��$HURELOLD�LQ�OHIW�KHSDWLF�OREH��$EVHQFH�RI�IUHH�OLTXLG�RU�H[WUDOXPLQDO�DLU��6XPPDU\��LQWHVWLQDO�REVWUXFWLRQ��OLNHO\�JDOOVWRQH�LOHXV�
6XUJLFDO�HPHUJHQF\�ZDV�SHUIRUPHG�XQGHU�JHQHUDO�DQHVWKHVLD��ORQJLWXGLQDO�HQWHURWRP\�DQG�VWRQH�UHPRYDO���7KH�SDWLHQW�KDG�D�SRRU�SRVWRSHUDWLYH
FRXUVH��KDYLQJ�WR�EH�RSHUDWHG�RQ�DJDLQ�GXH�WR�WKH�VXWXUHV�GHKLVFHQFH�DQG�HYLVFHUDWLRQ��GXULQJ�ZKLFK�FDUULHV�DQ�DVSLUDWLRQ�RI�JDVWURLQWHVWLQDO
FRQWHQWV��$GPLWWHG�WR�WKH�LQWHQVLYH�FDUH�XQLW�ZKHUH�VHYHUH�W\SH���UHVSLUDWRU\�IDLOXUH�HYROYHV�WR�DVSLUDWLRQ��VHSWLF�VKRFN�DQG�LUUHYHUVLEOH�PXOWLSOH
RUJDQ�IDLOXUH�

&RQFOXVLRQ�

*DOOVWRQH�LOHXV�LV�D�GLJHVWLYH�GLVHDVH�WKDW�RIWHQ�JRHV�XQQRWLFHG��VRPHWLPHV�LQWHUSUHWHG�DV�ELOLDU\�FROLF�RU�FKROHF\VWLWLV��PDNLQJ�LWV�GLDJQRVLV�GLIILFXOW�
&RPSOLFDWLRQV�DQG�PRUWDOLW\�DUH�UHODWHG�WR�WKH�WLPH�RI�HYROXWLRQ�DQG�WKH�SDWLHQW
V�FRQGLWLRQ��EHFDXVH�RI�LWV�KLJK�SHUFHQWDJH�ZH�PXVW�EH�DOHUW�WR�WKH
ZDUQLQJ�VLJQV�WKDW�FDQ�PDNH�XV�VXVSLFLRXV�LQ�WKH�ER[�DQG�DFW�LQ�WKH�VKRUWHVW�SRVVLEOH�WLPH�



1(852/2*< )XQGD�.DUEHN�$NDUFD

��������7KH�6WDJH�5ROH�RI�(OHFWURHQFHSKDORJUDSK\�LQ�'LDJQRVLV�RI�(PHUJHQF\�'HSDUWPHQW�3DWLHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)XQGD�.DUEHN�$NDUFD������$\VH�*XOHU������7DQ]HU�.RUNPD]������<XVXI�$OL�$OWXQFL������*XOVXP�6DUXKDQ������$\�LQ�<¢OG¢]�7DEDNRJOX������,EUDKLP�$\GRJGX
���

���(PHUJHQF\�'HSDUWPHQW��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<
���1HXURORJ\�'HSDUWPHQW��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<
���(PHUJHQF\�'HSDUWPHQW��,]PLU�8QLYHUVLW\��,]PLU��785.(<

.H\ZRUGV��(OHFWURHQFHSKDORJUDSK\��HPHUJHQF\�GLDJQRVH��VHL]XUH

$EVWUDFW��

%DFNJURXQG��(OHFWURHQFHSKDORJUDSK\��((*��KDV�EHHQ�XVLQJ�IRU�WKH�GLIIHUHQWLDO�GLDJQRVH�RI�SDWLHQWV�ZLWK�FRQVFLRXVQHVV�SUREOHPV�LQ�QHXURORJ\
SUDFWLFH��2XU�DLP�ZDV�WR�HYDOXDWH�WKH�UROH�RI�((*�UHFRUGV�ZKLFK�ZHUH�DSSOLHG�WR�HPHUJHQF\�GHSDUWPHQW�SDWLHQWV�ZLWK�VHL]XUH��ILUVW�RU�IUHTXHQW�
DQG�RU�FKDQJHV�LQ�FRQVFLRXVQHVV�LQ�ODVW�WKUHH�\HDUV���

0DWHULDO�DQG�0HWKRG��7KH�((*�UHSRUWV�RI�HPHUJHQF\�GHSDUWPHQW�SDWLHQWV�ZLWK�VHL]XUH��ILUVW�RU�IUHTXHQW��DQG�RU�FKDQJHV�LQ�FRQVFLRXVQHVV�LQ�ODVW
WKUHH�\HDUV�LQFOXGHG�WR�VWXG\�DQG�HYDOXDWHG�UHWURVSHFWLYHO\�

5HVXOWV��:H�LQFOXGHG�����SDWLHQWV�ZKR�KDG�((*�UHSRUWV��7KHUH�ZHUH�����������SDWLHQWV�GLDJQRVHG�DV�HSLOHSWLF�DEQRUPDO�SDWWHUQV�DQG���������
ZHUH�QRQFRQYXOVLYH�VWDWXV�HSLOHSWLFXV��7RWDOO\�RI�����SDWLHQWV������������RI�WKHP�KRVSLWDOL]HG�WR�QHXURORJ\�ZDUG�

&RQFOXVLRQ��(**�FDQ�EH�D�SDWKILQGHU�DV�D�XVHIXO�PHWKRG�IRU�WKH�GLIIHUHQWLDO�GLDJQRVH�DQG�WKH�PHGLFDWLRQ�RI�HPHUJHQF\�SDWLHQWV�ZLWK�ILUVW�VHL]XUH�



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< 6DOO\�$QQH�:LOVRQ

��������/HDUQLQJ�IURP�FOLQLFDO�LQFLGHQWV�WKDW�RFFXU�LQ�(QJOLVK�HPHUJHQF\�GHSDUWPHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6DOO\�$QQH�:LOVRQ������(PPD�5HGIHUQ����

�����1RQH��/HHGV��8.
�����1RQH��%ULVWRO��8.

.H\ZRUGV��LQFLGHQWV��PRUWDOLW\

$EVWUDFW��

3DWLHQW�VDIHW\�LQFLGHQWV�WKDW�FRXOG�KDYH�RU�GLG�KDUP�D�SDWLHQW�UHFHLYLQJ�1+6�IXQGHG�FDUH�VKRXOG�EH�UHSRUWHG�VR�WKH\�FDQ�EH�OHDUQW�IURP�RQ�D�ORFDO
DQG�QDWLRQDO�OHYHO��$OO�1+6�WUXVWV�LQ�(QJODQG�URXWLQHO\�VKDUH�WKH�LQFLGHQWV�UHSRUWHG�WR�WKHP�E\�XSORDGLQJ�WKHP�WR�WKH�1DWLRQDO�5HSRUWLQJ�DQG
/HDUQLQJ�6\VWHP��15/6����7KH�5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH��5&(0��H[DPLQHV�WKH�UHSRUWHG�LQFLGHQWV�WKDW�UHODWH�WR�FDUH�ZLWKLQ�(PHUJHQF\
'HSDUWPHQWV�

,Q�WKH�ILUVW�KDOI�RI�������WKHUH�ZHUH��������LQFLGHQW�UHSRUWV�FRGHG�DV�IURP�$FFLGHQW�DQG�(PHUJHQF\���7KLV�UHSUHVHQWV�MXVW������RI�DOO�DWWHQGDQFHV�DW
W\SH���(PHUJHQF\�'HSDUWPHQWV�LQ�(QJODQG���7KH�LQFLGHQWV�UHVXOWLQJ�LQ�VHYHUH�KDUP�RU�GHDWK�DUH�D�VPDOO�SURSRUWLRQ�RI�WKH�GDWD�������DQG�����
UHVSHFWLYHO\����7KH�DYHUDJH�DJH�RI�SDWLHQWV�LQYROYHG�LQ�DQ�LQFLGHQW�ZDV����\HDUV�

,QFLGHQWV�OHDGLQJ�WR�GHDWK���7KH�VWURQJHVW�WKHPH�WR�FRPH�RXW�RI�WKH�DQDO\VLV�LV�WKDW�RI�DEGRPLQDO�SDLQ��HVSHFLDOO\�LQ�WKH�HOGHUO\���7KHVH�DFFRXQWHG
IRU�����RI�DOO�WKH�GHDWKV���7KH�RWKHU�ZRUU\LQJ�WKHPHV�ZHUH�WKH�ODFN�RI�LQDGHTXDWH�PRQLWRULQJ�RI�SDWLHQWV��DW�WLPHV�VSHFLILFDOO\�DV�D�UHVXOW�RI
FURZGLQJ������RI�FDVHV��

6HYHUH�,QFLGHQWV���7KH�PRVW�FRPPRQ�WKHPHV�ZHUH�IDOOV�LQ�WKH�('������RI�('�VHYHUH�LQFLGHQWV���FURZGLQJ�H[LW�EORFN��������XQVDIH�WUDQVIHUV�������
DQG�IDLOXUH�WR�DGHTXDWHO\�PRQLWRU�SDWLHQWV�RU�UHYLHZ�UHVXOWV���������2Q�D�PRUH�FOLQLFDO�WKHPH��DEGRPLQDO�SDLQ�FDVHV�ZDV�WKH�FDXVH�RI�VHULRXV
LQFLGHQWV�LQ����RI�FDVHV��VWURNH�7,$V�LQ����RI�FDVHV��DQG�PLVVHG�WUDXPD��LQFOXGLQJ�QHFN�RI�IHPXU�IUDFWXUHV�DQG�FHUYLFDO�VSLQH�IUDFWXUHV���LQ�WKH
HOGHUO\�ZDV�WKH�FDXVH�RI�VHYHUH�KDUP�LQ����RI�FDVHV��

6KDULQJ�VKRUW�FOLQLFDO�YLJQHWWHV�VHUYHV�WR�GHPRQVWUDWH�VRPH�RI�WKH�WKHPHV�DQG�KLJKOLJKWV�DUHDV�ZKHUH�LPSURYHPHQW�LV�QHHGHG���7KH�LQFLGHQW�GDWD
LQIRUPV�WKH�ZRUN�RI�WKH�5&(0�VDIHW\�FRPPLWWHH��DQG�DOVR�DLGV�WKH�GLUHFWLRQ�RI�5&(0�QDWLRQDO�DXGLWV�DQG�JXLGDQFH�GRFXPHQWV�



&$6(�35(6(17$7,21 YHWULYHO�UDPDU

��������$Q�LQWHUHVWLQJ�FDVH�RI�FKLFNHQ�SR[�LQ�WKH�HOGHUO\�ZLWK�,QWHVWLQDO�SHUIRUDWLRQ�DQG�3UHYHUWHEUDO�DEVFHVV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

YHWULYHO�UDPDU������LUIDQ�DEGXOUDKPDQ�VKHWK������IDL]XU�UDKPDQ�PRKDPHG�PDGHHQD������HYHO\Q�ZRQJ����

���5HVLGHQW�3K\VLFLDQ�$	(��VLQJDSRUH�JHQHUDO�KRVSLWDO��VLQJDSRUH��6,1*$325(
���5HVLGHQW�3K\VLFLDQ��VLQJDSRUH�JHQHUDO�KRVSLWDO��VLQJDSRUH��6,1*$325(
���KHDG�RI�WKH�GHSDUWPHQW��VLQJDSRUH�JHQHUDO�KRVSLWDO��VLQJDSRUH��6,1*$325(

.H\ZRUGV��FKLFNHQ�SR[�LQWHVWLQDO�SHUIRUDWLRQ

$EVWUDFW��

,1752'8&7,21

&KLFNHQ�SR[�DOVR�NQRZQ�DV�9DULFHOOD�LV�D�KLJKO\�FRQWDJLRXV�GLVHDVH�FDXVHG�E\�9DULFHOOD�=RVWHU�9LUXV�9=9��
,W�LV�DQ�XQFRPPRQ�LQHIFWLRQ�SUHVHQWLQJ�LQ�WKH�HOGHUO\�SRSXODWLRQ�ZKLFK�KDV�PRUH�PRUELGLW\�DQG�PRUWDOLW\�
7KLV�FDVH�UHSRUW�LV�WR�SUHVHQW�RQH�VXFK�LQWHUHVWLQJ�FOLQLFDO�SUHVHQWDWLRQ�RI�DQ�HOGHUO\�PDQ�ZLWK�FKLFNHQ�SR[�DQG�D�VHW�RIXQXVDO�FOLQLFDO�ILQGLQJV�

&$6(�35(6(17$7,21
$����\U�ROG�FKLQHVH�PDOH�ZDV�EURXJKW�LQ�E\�WKH�IDPLO\�WR�WKH�IHYHU�]RQH�RI�WKH�KRVSLWDO�ZLWK�F�R�YHVLFXODU�UDVKHV
DQG�ORZHUOLPE�ZHDNQHVV�IRU�WKH�SDVW���GD\V�
3W�ZDV�DSSURSULDWHO\�WULDJHG�DQG�ZDV�LVRODWHG�LQ�WKH�IHYHU�DUHD�RI�WKH�HPHUJHQF\�GHSDUWPHQW�
3DWLHQW�KDG�QR�SDVW�PHGLFDO�LVVXHV�+LV�ZHDNQHVV�KDG�VWDUWHG�VLPXODWDQHRXVO\�LQ�WKHORZHU�OLPEV�RYHUSDVW�ZHHN
DQG�SURJUHVVLYHO\�ZRUVHQHG�WR�WKH�H[WHQW��KH�QHHGHG�DVVLVWDQFH�WR�ZDON�

3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�ZLGHVSUHDG�YHVLFOHV�RYHU�WKH�OLPEV�
1HXURORJLFDO�H[DPLQDWLRQ�ZDV�VLJQLILFDQW�IRU�SRZHU������ERWK�ORZHU�OLPEV�DQG������ERWK�XSSHU
OLPEV�3W�ZDV�LQVHQVDWH�EHORZ�7��VHQVRU\�OHYHO�DQG�OD[�DQDO�WRQH�DORQJ�ZLWK�PLOG
WHQGHUQHVV�LQ�WKH�584�
[�UD\V��UHYHDOHG�RSDFLW\�LQ��ULJKWOXQJ�DSH[�DQG��IUHH�DLU�XQGHU�WKH�ULJKW�KHPLGLDSKUDJP�
3W�ZDV�K\SRWHQVLYH�RQ�DUULYDO�IURP�UDGLRORJ\�DQG�ZDV�XSWULDJHG�WR�UHVXVFLWDWLRQ�URRP�DQG�IRXQG�WREH�LQ�"VSLQDO�VKRFN�
8UJHQW�&7�$EGRPHQ�DQG�SHOYLV��VKRZHG�3QHXPRSHULWRQHXP���VLWH�RI�SHUIRUDWLRQ�ZDV�OLNHO\�JUHDWHU�FXUYDWXUH�IXQGXV
RI�WKH�VWRPDFK�+H��KDG�ELODWHUDO�SVRDV�DEVFHVV��ZLWK�SUHVHQFH�RI�JDV�ZLWKLQ�WKH�IOXLG�FROOHFWLRQ�
05,�FHUYLFDO�VSLQH�ZDV�GRQH�ZKLFK�VKRZHG�&����GLVFLWLV�ZLWK�D�ODUJH�SUHYHUWHEUDO�DEVFHVV�H[WHQGLQJ�IURP�&��WR�7��

5HVXOWLQJ�PDVV�HIIHFW�FRQWULEXWHG�WR�FHQWUDO�FDQDO�VWHQRVLV�ZLWK�SRVVLEOH�FRUG�FRPSUHVVLRQ�DW�F����DQG�F���

&/,1,&$/�&2856(�,1�+263,7$/

3W�XQGHUZHQW�H[SORUDWRU\�ODSDURWRP\�DQG�RPHQWDO�SDWFK�UHSDLU��QRWHG�WR�KDYH�SHUIRUDWHG�'��DQWHULRU�GXRGHQDO�XOFHU�RI�DERXXW��FP�GLDPHWHU�
3W�GHYHORSHG�UHIUDFWRU\�K\SRWHQVLRQ�SRVW�RSHUDWLYHO\�DQG�UHTXLUHG�WULSOH�LQRWURSHV�DQG�
DFWLYDWLRQ�RI�PDVVLYH�WUDQVIXVLRQ�SURWRFRO�
5HSHDW�&7�VKRZHG�"VXEFDSVXODU�EOHHGLQJ�IRUP�OLYHU�DQG�KDHPRSHULWRQHXP�3W�XQGHUZHQW�DQRWKHU�H[SORUDWRU\�ODSRURWRP\�DQG�VSOHQHFWRP\�
3DWLHQW�XQGHUZHQW�$&')�DQWHULRU�FHUYLFDO�GLVFHFWRP\�DQG�IXVLRQ�IRU�SUHYHUWHEUDO�DEVFHVV�H[WHQGLQJ�IURP�&��WR�7��
SW�DOVR�XQGHUZHQW�SHUFXWDQHRXV�GUDLQDJH�RI�SVRDV�DEVFHVV��
+LV�KRVSLWDO�VWD\�ZDV�IXUWKHU�FRPSOLFDWHG�E\�GLVVHPLQDWHG�066$�EDFWHUHPLD�DQG��WUDFKHRVWRP\��

',6&866,21

&KLFNHQ�SR[�D�FRPPRQ�FKLOGKRRG�GLVHDVH�LV�PRUH�VHYHUH�LQ�DGXOWV��7KLV�LV�EHFDXVH�D�NH\�LPPXQH�UHVSRQVH�Ä�FHOO�PHGLDWHG�LPPXQLW\
ZHDNHQV�ZLWK�DJH�
7KLV�FDQ�OHDG�WR�FRPSOLFDWLRQV�ZKLFK�DUH�SRWHQWLDOO\�IDWDO��HVSHFLDOO\�DPRQJ�WKH�HOGHUO\�
3UHVHQWDWLRQ�RI�PXOWLSOH�VLJQLILFDQW�FOLQLFDO�ILQGLQJV�LQ�D�SUHYLRXVO\�KHDOWK\�SHUVRQ�VKRXOG�DOHUW�WKH�SK\VLFLDQ�DERXW�WKH�OLNHOLKRRG�RI
LPPXQRFRPSURPLVHG�VWDWHV�

&21&/86,21
&KLFNHQ�SR[�LQ�HOGHUO\�LV�D�UDUH�SHVHQWDWLRQ�LQ�$	(��6R�LW�LV�SHUWLQHQW�IRU�D��GRFWRU�LQ�$	(�WR�EH�H[WUD�YLJLODQW�ZKLOH�KDQGOLQJ�VXFK�SDWLHQWV
,W�FDQ�OHDG�WR�FRPSOLFDWLRQV�OLNH�3QHXPRQLD�DQG�(QFHSKDOLWLV�
$�KLJK�OHYHO�RI�VXVFSLFLRQ�DQG�WKRURXJK�LQYHVWLJDWLRQV�LQ�SDWLHQWV�RI�WKLV�JURXS�PD\�EHQHILW�IURP�HDUO\�LQWHUYHQWLRQV�DQG�KHQFH�EHWWHU�RXWFRPHV�



35(�+263,7$/���(06���287�2)�+263,7$/ +HLGL�6WRUP�9LNNH

��������+\JLHQH�LQ�WKH�HPHUJHQF\�PHGLFDO�VHUYLFHV�v�$�V\VWHPDWLF�UHYLHZ�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+HLGL�6WRUP�9LNNH������0DWWKLDV�*LHEQHU������+DQV�-�UQ�.ROPRV����

���+HDG�RI�'HSDUWPHQW��UHVHDUFK���)DOFN�'DQPDUN��0HGLFDO�'HSDUWPHQW��.ROGLQJ��'(10$5.
���0HGLFDO�GLUHFWRU��)DOFN�'DQPDUN��0HGLFDO�'HSDUWPHQW��.ROGLQJ��'(10$5.
���3URIHVVRU��'HSDUWPHQW�RI�&OLQLFDO�0LFURELRORJ\��,QVWLWXWH�RI�&OLQLFDO�5HVHDUFK��8QLYHUVLW\�RI�6RXWKHUQ�'HQPDUN��2GHQVH�8QLYHUVLW\�+RVSLWDO�
'HQPDUN���2GHQVH��'(10$5.

.H\ZRUGV��+\JLHQH��LQIHFWLRQ�FRQWURO��FRPSOLDQFH��SUHKRVSLWDO��HPHUJHQF\�PHGLFDO�VHUYLFH��(06

$EVWUDFW��

,QWURGXFWLRQ�,QIHFWLRQV�FDXVHG�E\�PLFURELDO�FRQWDPLQDWLRQ�LQ�KHDOWKFDUH�VHWWLQJV�UHVXOW�LQ�LQFUHDVHG�PRUELGLW\��PRUWDOLW\�DQG�HFRQRPLF�EXUGHQ�
+\JLHQH�LQ�WKH�HPHUJHQF\�PHGLFDO�VHUYLFH�LV�FKDOOHQJHG�GXH�WR�WKH�QRQ�VWDWLF�HQYLURQPHQW�ZLWK�OLPLWHG�DFFHVV�WR�FOHDQLQJ�HTXLSPHQW�HWF���7KH
SHUVRQQHO�DUH�ZRUNLQJ�LQ�YDU\LQJ�HQYLURQPHQWV�H�J��UHWLUHPHQW�KRPHV��LQGXVWULDO�IDUPV�RU�DW�URDGVLGHV�DIWHU�D�FDU�LQFLGHQW��RIWHQ�ZLWK�OLWWOH�WLPH�WR
SUHSDUH�WKH�DFXWH�FDUH�DQG�WUHDWPHQW��,Q�DGGLWLRQ��FRQWLQXDOO\�SDWLHQW�FRXUVHV�OHDG�WR�OLPLWHG�WLPH�WR�FOHDQ�DQG�SUHSDUH�WKH�DPEXODQFH�LQ�EHWZHHQ
SDWLHQW�FRXUVHV��WKXV�SRVLQJ�D�ULVN�RI�WUDQVIHUULQJ�LQIHFWLRQ��.QRZOHGJH�RI�EDFWHULDO�FRQWDPLQDWLRQ�LQ�HQYLURQPHQW��RQ�PHGLFDO�HTXLSPHQW�DQG�WKH
SHUVRQQHO�DQG�UHODWHG�FKDOOHQJHV�LV�WKHUHIRUH�VXEVWDQWLDO��WKXV�IXWXUH�K\JLHQH�LQWHUYHQWLRQV�FDQ�EH�RUJDQL]HG�DQG�HIIHFWXDWHG�DFFRUGLQJ�WR�HYLGHQFH
��������7KH�DLP�RI�WKLV�UHYLHZ�LV�WR�FUHDWH�D�V\VWHPDWLF�VXPPDU\�RI�WKH�FXUUHQW�HYLGHQFH�FRQFHUQLQJ�K\JLHQH�LQ�WKH�HPHUJHQF\�PHGLFDO�VHUYLFH
IRFXVLQJ�RQ����HQYLURQPHQWDO�FRQWDPLQDWLRQ�����FOHDQLQJ�LQWHUYHQWLRQV�DQG����SHUVRQQHO�FRPSOLDQFH��0HWKRGV�$�VFRSLQJ�UHYLHZ�LQFOXGLQJ�(QJOLVK�RU
6FDQGLQDYLDQ�OLWHUDWXUH��ZHUH�SHUIRUPHG�LQ�3XE0HG�&HQWUDO��30&��IURP�0DUFK�WR�$SULO�������$W�OHDVW�WZR�RI�WKH�LQYHVWLJDWRUV�GHFLGHG�WKH�UHOHYDQFH
RI�HDFK�UHSRUW��DQG�DOO�LQFOXVLRQV�H[FOXVLRQV�ZHUH�XQDQLPRXV��DQG�WKH�DUWLFOHV�QRW�EOLQGHG���5HVXOWV�:H�IRXQG�GRFXPHQWDWLRQ�RI�HQYLURQPHQWDO
FRQWDPLQDWLRQ�E\�VHYHUDO�GLIIHUHQW�SDWKRJHQLF�EDFWHULD��RQ�D�ZLGH�YDULHW\�RI�HTXLSPHQW�DQG�PDWHULDOV�ZLWKLQ�WKH�DPEXODQFH�HQYLURQPHQW�DQG
OLPLWHG�HIIHFW�RI�FRQYHQWLRQDO�FOHDQLQJ��DQG�ULVN�RI�FURVV�FRQWDPLQDWLRQ��)XUWKHUPRUH��K\JLHQH�FRPSOLDQFH�DSSHDUV�FKDOOHQJHG�RQ�D�QXPEHU�RI
DVSHFWV�H�J��KDQG��DQG�XQLIRUP�K\JLHQH��FOHDQLQJ�DQG�GLVLQIHFWLRQ�SURFHGXUHV�HWF��&RQFOXVLRQ�+\JLHQH�LQ�WKH�HPHUJHQF\�PHGLFDO�VHUYLFH�DSSHDU
FKDOOHQJHG�RQ�VHYHUDO�DVSHFWV��7KLV�UHYLHZ�UHYHDO�ULVN�RI�LQIHFWLRQ�GXH�WR�HQYLURQPHQWDO�FRQWDPLQDWLRQ�E\�SDWKRJHQV�DQG�ODFN�RI�SHUVRQQHO
FRPSOLDQFH��WKXV�XQGHUSLQQLQJ�D�QHFHVVLW\�RI�IRFXV�RQ�SUHKRVSLWDO�K\JLHQH�DQG�IXWXUH�UHVHDUFK�LQ�RUGHU�WR�VHFXUH�HYLGHQFH�EDVHG�SUDFWLFH��



,1)250$7,21�7(&+12/2*< *2.68�%2='(5(/,�%(5,.2/

��������0DFKLQH�OHDUQLQJ�ZLWK�DFXWH�FRURQDU\�V\QGURPH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*2.68�%2='(5(/,�%(5,.2/������*85.$1�%(5,.2/������2.7$<�<,/',=������,60$,/�785.$<�2=&$1����

���(0(5*(1&<�0(',&,1(��.$5$0$1�38%/,&�+263,7$/��.$5$0$1��785.(<
���1(852685*(5<�'(3$570(17��.$5$0$1�38%/,&�+263,7$/��.$5$0$1��785.(<
���&20387(5�(1*,1((5,1*��*$=,�81,9(56,7<��$1.$5$��785.(<
���&$5',2/2*<��0(56,1�81,9(56,7<��0(56,1��785.(<

.H\ZRUGV��PDFKLQH�OHDUQLQJ��DUWLILFLDO�LQWHOOLJHQFH��DFXWH�FRURQDU\�V\QGURPH

$EVWUDFW��

,QWURGXFWLRQ��$FXWH�FRURQDU\�V\QGURPH��$&6��LV�D�VHULRXV�FRQGLWLRQ�DULVLQJ�IURP�DQ�LPEDODQFH�RI�VXSSO\�DQG�GHPDQG�WR�PHHW�P\RFDUGLXPÇV
PHWDEROLF�QHHGV��3DWLHQWV�W\SLFDOO\�SUHVHQW�ZLWK�UHWURVWHUQDO�FKHVW�SDLQ�UDGLDWLQJ�WR�QHFN�DQG�OHIW�DUP��(OHFWURFDUGLRJUDSK\��(&*��DQG�ODERUDWRU\
WHVWV�DUH�XVHG�LQGLDJQRVLV��+RZHYHU�LQ�HPHUJHQF\�GHSDUWPHQWV��WKHUH�DUH�VRPH�GLIILFXOWLHV�IRU�SK\VLFLDQV�WR�GHFLGH�ZKHWKHU�KRVSLWDOL]LQJ��IROORZLQJ
XS�RU�GLVFKDUJLQJ�WKH�SDWLHQW��7KH�DLP�RI�WKH�VWXG\�LV�WR�GLDJQRVH�$&6�DQG�KHOSLQJ�WKH�SK\VLFLDQ�ZLWK�KLV�GHFLVLRQWR�GLVFKDUJH�RU�WR�KRVSLWDOL]HYLD
PDFKLQH�OHDUQLQJ�WHFKQLTXHV�VXFK�DV�VXSSRUW�YHFWRU�PDFKLQH��690��E\�XVLQJ�SDWLHQW�GDWD�LQFOXGLQJ�DJH��VH[��ULVN�IDFWRUV��DQG�FDUGLDF�HQ]\PHV
�&.�0%��7URSRQLQ�,��RI�SDWLHQWV�SUHVHQWLQJ�WR�HPHUJHQF\�GHSDUWPHQW�ZLWK�FKHVW�SDLQ�

0DWHULDOV�DQG�0HWKRGV��&OLQLFDO��ODERUDWRU\��DQG�LPDJLQJ�GDWD�RI�����SDWLHQWV�SUHVHQWLQJ�WR�HPHUJHQF\�GHSDUWPHQW�ZLWK�FKHVW�SDLQ�ZHUH
UHYLHZHGDQG�WKH�SHUIRUPDQFH�RI�VXSSRUW�YHFWRU�PDFKLQH��)RXU�GLIIHUHQW�PHWKRGV��6XSSRUW�YHFWRU�PDFKLQH��690���$UWLILFLDO�QHXUDO�QHWZRUN��$11��
1D�YH�%D\HV�DQG�/RJLVWLF�5HJUHVVLRQ��ZHUH�WHVWHG�DQG�WKH�UHVXOWV�RI�690�ZKLFK�KDV�WKH�KLJKHVW�DFFXUDF\�LV�UHSRUWHG�

5HVXOWV��$PRQJ�����SDWLHQWV�DJHG����WR����\HDUV�ZKR�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��������������ZHUH�TXDOLILHG�DV�$&6��ZKLOH��������������KDG�QR�$&6�
7KH�FODVVLILFDWLRQ�PRGHO�XVLQJ�690�DWWDLQHG�D���������FODVVLILFDWLRQ�VXFFHVV��7KH�SUHVHQW�VWXG\�VKRZHG�D���������FODVVLILFDWLRQ�VXFFHVV�IRU�$&6
GLDJQRVLV�DWWDLQHG�E\�6XSSRUW�9HFWRU�0DFKLQH�

&RQFOXVLRQ��7KLV�VWXG\�VKRZHG�WKDW�PDFKLQH�OHDUQLQJ�WHFKQLTXHV�PD\�KHOS�HPHUJHQF\�GHSDUWPHQW�VWDII�PDNH�GHFLVLRQV�E\�UDSLGO\�SURGXFLQJ
UHOHYDQW�GDWD�

5HIHUHQFHV����1LFKROV��0���7RZQVHQG��1���6FDUERURXJK��3���DQG�5D\QHU��0���&DUGLRYDVFXODU�'LVHDVH�¡Q�(XURSH��(SLGHPLRORJLFDO�8SGDWH��(XU��+HDUW
-������������Ä����������

��&RQIRUWL��'���DQG�*XLGR��5���.HUQHO�%DVHG�6XSSRUW�9HFWRU�0DFKLQH�&ODVVLILHUV�)RU�(DUO\�'HWHFWLRQ�2I�0\RFDUGLDO�¡QIDUFWLRQ��2SWLPL]DWLRQ�0HWKRGV
$QG�6RIWZDUH������������Ä���������

$FNQRZOHGJPHQWV��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�LQ�WKLV�VWXG\�



$,5:$< 6]DUSDN�/XNDV]

��������(79LHZ�6/�YLGHR�WXEH�IRU�SUHKRVSLWDO�LQWXEDWLRQ�E\�LQH[SHULHQFHG�QRYLFH�SK\VLFLDQV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6]DUSDN�/XNDV]������6PHUHND�-DFHN������7UXV]HZVNL�=HQRQ������&]\]HZVNL�/XNDV]����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�:DUVDZ��:DUVDZ��32/$1'
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFDO�6HUYLFH��:URFODZ�0HGLFDO�8QLYHUVLW\��:URFODZ��32/$1'
���'HSDUWPHQW�RI�1HSKURORJ\�1XUVLQJ��0HGLFDO�8QLYHUVLW\�RI�:DUVDZ��:DUVDZ��32/$1'

.H\ZRUGV��HQGRWUDFKHDO�LQWXEDWLRQ��FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��SK\VLFLDQ��SUHKRVSLWDO�FDUH

$EVWUDFW��

%DFNJURXQG��(QGRWUDFKHDO�LQWXEDWLRQ�LV�D�JROG�VWDQGDUG�IRU�DLUZD\�PDQDJHPHQW�GXULQJ�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35���(QGRWUDFKHDO
LQWXEDWLRQ�HQDEOHV�DV\QFKURQRXV�UHVXVFLWDWLRQ��ZKLFK��RZLQJ�WR�PLQLPDO�LQWHUUXSWLRQ�LQ�FKHVW�FRPSUHVVLRQV��&&���LPSURYHV�&35�HIIHFWLYHQHVV��,Q�WKH
FDVH�RI�GLUHFW�ODU\QJRVFRS\��YRFDO�FRUGV�YLVXDOL]DWLRQ�GXULQJ�&&�PD\�EH�GLIILFXOW�WR�DFKLHYH��$Q�DOWHUQDWLYH�PD\�EH�WKH�XVDJH�RI�D�YLGHRODU\QJRVFRSH
RU�DQ�(79LHZ�6/��FRQVWLWXWLQJ�D�NLQG�RI�D�YLGHR�WXEH�

3DUWLFLSDQWV�DQG�PHWKRGV��7KLV�ZDV�D�UDQGRPL]HG�FURVVRYHU�PDQLNLQ�WULDO��7ZHQW\�VL[�QRYLFH�SK\VLFLDQV�ZLWK�OLPLWHG�H[SHULHQFH�LQ�WKH
YLGHRODU\QJRVFRS\�WHFKQLTXH�SDUWLFLSDWHG�LQ�WKH�VWXG\��7KH�WLPH�WR�LQWXEDWLRQ��77,��XVLQJ���PHWKRGV�RI�ODU\QJRVFRS\��0DFLQWRVK�DQG�(79LHZ��GXULQJ
DQG�ZLWKRXW�&&�ZHUH�FRPSDUHG�

5HVXOWV��7KH�PHGLDQ�77,�ZLWK�WKH�0DFLQWRVK�ODU\QJRVFRSH�LQ�WKH�VFHQDULR�ZLWK�XQLQWHUUXSWHG�&&�ZDV�����LQWHUTXDUWLOH�UDQJH�>,45@����Ä����VHFRQGV�
ZKLFK�WXUQHG�RXW�VLJQLILFDQWO\�ORQJHU�WKDQ�WKH�77,�LQ�WKH�VFHQDULR�ZLWK�LQWHUUXSWHG�&&�����>,45����Ä��@�VHFRQGV��S�����������7KH�77,�ZLWK�WKH�(79LHZ
ZDV�VLPLODU�LQ�ERWK�VFHQDULRV������,45����Ä����VHFRQGV�YV�����,45����Ä����VHFRQGV��UHVSHFWLYHO\��S� ���������$�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH
EHWZHHQ�(79LHZ�DQG�0DFLQWRVK�ZDV�REVHUYHG�LQ�WKH�77,�ERWK�LQ�WKH�VFHQDULR�GXULQJ�&&��S����������DQG�ZLWKRXW�&&��S����������

&RQFOXVLRQ��7KH�(79LHZ�YLGHR�WXEH�KHOSV�QRYLFH�SK\VLFLDQV�LQWXEDWH�D�PDQLNLQ�LQ�D�&35�VFHQDULR�LQ�D�VKRUWHU�WLPH�DQG�ZLWK�IHZHU�DWWHPSWV�WKDQ
WKH�FODVVLFDO�0DFLQWRVK��ERWK�LQ�WKH�FDVH�RI�RQJRLQJ�DQG�VWRSSHG�&&��$SSO\LQJ�(79LHZ�LQ�UHDO�FOLQLFDO�VLWXDWLRQV�FRXOG�LPSURYH�WKH�TXDOLW\�RI�&35
SHUIRUPHG�E\�SK\VLFLDQV�



&$5',29$6&8/$5 $60$�=25*$7,

��������&OLQLFDO�DQG�GHPRJUDSKLF�FKDUDFWHULVWLFV�LQ�167(0,�IRU�\RXQJHU�DQG�HOGHUO\�SDWLHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6DQD�ERXNDGLGD������DVPD�]RUJDWL������QDRXHIHO�FKHELOL������ZDHO�FKDDEDQH������DOL�RXVML������ULDGK�ERXNHI����

���VHUYLFH�GHV�XUJHQFHV�VDKORXO��&+8�6DKORXO�6RXVVH��VRXVVH��781,6,$
���HPHUJHQF\�GHSDUWPHQW�RI�6DKORXO��&+8�6DKORXO�6RXVVH��VRXVVH��781,6,$

.H\ZRUGV��167(0,��HPHUJHQF\�GHSDUWPHQW��HOGHUO\�SDWLHQWV

$EVWUDFW��

�$FXWH�FRURQDU\�V\QGURPH�VLJQLILFDQWO\�FRQWULEXWHV�WR�PRUWDOLW\�DQG�PRUELGLW\�LQ�GHYHORSHG�DQG�GHYHORSLQJ�FRXQWULHV��(&*�FDQ�UHDGLO\�GLDJQRVH
67�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��67(0,��WR�DOORZ�P\RFDUGLXP�VDYLQJ�LQWHUYHQWLRQV��KRZHYHU��(&*�LV�QRW�HIIHFWLYH�IRU�GLDJQRVLQJ�SDWLHQWV�ZLWK
QRQ�67�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��167(0,���&OLQLFDO�IHDWXUH�FDQ�EH�QRW�VSHFLILF�HVSHFLDOO\�IRU�HOGHUO\�SDWLHQWV�PDNLQJ�GLDJQRVLV�PRUH�GLIILFXOW�
0RUH�DWWHQWLRQ�LV�QRZ�SDLG�IRU�167(0,�WR�GHWHFW�WKRVH�SDWLHQWV�HVSHFLDOO\�WKH�ROGHU�RQH�DQG�VWUDWLI\�WKHLU�SURJQRVLV�ULVN�IRU�DGHTXDWH�VWUDWHJ\��7KH
DLP�RI�RXU�VWXG\�ZDV�WR�LGHQWLI\�GHPRJUDSKLF�DQG�FOLQLFDO�FKDUDFWHULVWLFV�RI�SDWLHQWV��ERWK�HOGHUO\�DQG�\RXQJHU�SDWLHQWV��KDYLQJ�167(0,�LQ
HPHUJHQF\�GHSDUWPHQW�

,W�LV�D�SURVSHFWLYH�DQDO\WLF�VWXG\�WKDW�HQUROOHG�����SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�LQ�D�SHULRG�RI���PRQWKV�LQ�������:H�FRQVXOWHG�RXU�ORFDO
DFXWH�FRURQDU\�V\QGURPH�UHJLVWU\��$OO�WKH�VRFLR�GHPRJUDSKLF�DQG�FOLQLFDO�FKDUDFWHULVWLFV�DUH�FROOHFWHG��7KH�VFRUH�RI�FKHVW�SDLQ�ZDV��QRWHG�

:H�HQUROOHG�����SDWLHQWV��7KH�VH[�UDWLR� �������:H�PDGH���JURXSV��\RXQJ�SDWLHQWV��DJH����\HDUV�������DQG�HOGHUO\�SDWLHQWV��DJH!���\HDUV�������
)RU�WKH�\RXQJHU�JURXS��D�KLVWRU\�RI�67(0,�ZDV�QRWHG�LQ�����RI�FDVHV����DQG�D�KLVWRU\�RI�167(0,�LQ�����RI�FDVHV��:H�IRXQG�WKDW�����RI�WKLV�JURXS
KDG�D�KLVWRU\�RI�DQJLRSODVW\��&DUGLRYDVFXODU�ULVN�IDFWRUV�ZHUH�IRXQG�LQ�WKLV�JURXS��GLDEHWHV�LQ�����RI�FDVHV��K\SHUWHQVLRQ�LQ�����DQG�G\VOLSLGHPLD�LQ
����RI�FDVHV��7KH�$YHUDJH�VFRUH�RI�FKHVW�SDLQ�ZDV������k������HOHFWURFDUGLRJUDSKLF�DEQRUPDOLWLHV�ZHUH�IRXQG�LQ�����RI�RXU�FRQILUPHG�167(0,�

�)RU�WKH�JURXS�RI�HOGHUO\�SDWLHQWV��WKH�PHDQ�DJH� ����k�����\HDUV�UDQJLQJ�IURP����WR����DQG�D�VH[�UDWLR� ������,Q�����RI�FDVHV��D�KLVWRU\�RI�67(0,
ZDV�QRWHG������RI�WKLV�SRSXODWLRQ�KDG�D�KLVWRU\�RI�DQJLRSODVW\��,Q�WKLV�JURXS�ZH�IRXQG�WKH�VRPH�FDUGLRYDVFXODU�ULVN�IDFWRUV��,QGHHG��D�KLVWRU\�RI
GLDEHWHV�ZDV�QRWHG�LQ�����RI�FDVHV��K\SHUWHQVLRQ�LQ�����DQG�G\VOLSLGHPLD�LQ�����RI�FDVHV������RI�WKRVH�SDWLHQWV�ZHUH�DFWLYH�VPRNHUV��$Q
HOHFWURFDUGLRJUDSKLF�DEQRUPDOLW\��67�GHSUHVVLRQ�DQG�7�ZDYH�DEQRUPDOLWLHV��ZDV�QRWHG�LQ�����DQG�WKH�DYHUDJH�VFRUHV�RI�FKHVW�SDLQ�ZHUH������k
������,Q�WKRVH�WZR�JURXSV��WKH�GLDJQRVLV�RI�167(0,�ZDV�FRQILUPHG�DQG�ZH�QRWHG�D�VLJQLILFDQW�HOHYDWLRQ�RI�WURSRQLQ��0RUH�WKDQ�����RI�WKRVH�SDWLHQWV
ZHUH�KRVSLWDOL]HG�LQ�FDUGLRORJ\�GHSDUWPHQW��2XU�WZR�JURXSV�ZHUH�QRW�VLPLODU�UHJDUGLQJ�WKH�FDUGLRYDVFXODU�ULVN�IDFWRUV�ZLWK�VLJQLILFDQW�S��7KH�KLVWRU\
RI�GLDEHWHV�ZLWK�S� �������DQG�+\SHUWHQVLRQ�S� ��������DFWLYH�VPRNLQJ�ZLWK�S� ���������%XW�WKHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�SDLQ�VFRUHV
EHWZHHQ�WKH�WZR�JURXSV��)RU�WKH�WZR�JURXSV��FKHVW�SDLQ�ZDV�VSHFLILF�IRU�FRURQDU\�V\QGURPH�

7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZ�WKDW�WKHUH�ZHUH�QR�VWDWLVWLFDO�DJH��UHODWHG�GLIIHUHQFHV�LQ�FKHVW�SDLQ�VFRUHV��(OGHUO\�SDWLHQWV�KDYLQJ�167(0,�KDG
VSHFLILF�FKHVW�SDLQ�DQG�FOLQLFDO�GLDJQRVLV�ZDV�DV�HYLGHQW�DV�IRU�\RXQJHU�SDWLHQWV����

�

�

�

�

�



&$5',29$6&8/$5 'DQLHOD�5RVLOOR�&DVWUR

��������IROORZ�ZH�WKH�UHFRPPHQGDWLRQV�RI�WKH�&+$�'6�9DVF�6FRUH�GLDJQRVHG�DWULDO�ILEULOODWLRQ�LQ�RXU�HPHUJHQF\�GHSDUWPHQW"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'DQLHOD�5RVLOOR�&DVWUR������$PDOLD�&DVWD�R�9LOODU������&DUPHQ�+HUQ�QGH]�0DUW�QH]������0DULD�'RORUHV�3DVFXDO�0X�R]������5RF�R�/�SH]�9DOFDUFHO�����
(VWHIDQ�D�&DUUH�R�$URFD����

���(PHUJHQF\���+RVSLWDO�&RPDUFDO�GHO�1RURHVWH�GH�&DUDYDFD��0XUFLD��63$,1

.H\ZRUGV��$WULDO�ILEULOODWLRQ��3URSK\OD[LV��$QWRFRDJXODWLRQ

$EVWUDFW��

2EMHFWLYH��$VVHVV�ZKHWKHU�WKH�GLVFKDUJH�RI�RXU�HPHUJHQF\�GHSDUWPHQW�FRQGXFWHG�D�SURSHU�WKURPERSURSK\OD[LV�LQ�DWULDO�ILEULOODWLRQ�LV�QRW�NQRZQ
IROORZLQJ�WKH�VFRUH�&+$�'6��9$6F

0DWHULDO�DQG�PHWKRGV
2EVHUYDWLRQDO��ORQJLWXGLQDO��UHWURVSHFWLYH�UHYLHZ�RI�PHGLFDO�UHFRUGV��$OO�SDWLHQWV�GLDJQRVHG�ZLWK�$WULDO�ILEULOODWLRQ�VHOHFWHG�GLVFKDUJH�QRW�NQRZQ�LQ
�����DQG�������9DULDEOHV�VWXGLHG��VH[��DJH��WLPH�RI�HYROXWLRQ��LI�IUHTXHQF\�FRQWURO�LV�DWWHPSWHG�RU�FDUGLRYLHUWH��(.*�DW�GLVFKDUJH��FDOFXODWLRQ
&+$�'6��9$6F�VFRUH��+$6�%/('�VFRUH�RI�LI�GLVFKDUJH�LV�QRW�GXH�SDXWDU�DQ\WKLQJ��ZKHWKHU�WR�DQWLSODWHOHW�WKHUDS\�RU�DQWLFRDJXODWLRQ�DQG�ZLWK�WKDW
GUXJ��,I�WKH\�DUH�UHYLHZHG�LQ�RXWSDWLHQW�FDUGLRORJ\��(&*�LQ�FRQVXOWDWLRQ�DQG�FKDQJH�LV�PDGH�WR�WKH�GUXJ�IRU�SURSK\OD[LV�

5HVXOWV��2I�WKH�����SDWLHQWV�GLVFKDUJHG�ZLWK�D�GLDJQRVLV�RI�WKH�)$�����ZHUH�QRW�NQRZQ�0LGGOH�$JHV���������������ZHUH�ZRPHQ��7LPH�HYROXWLRQ�RI
WKH�FOLQLF�ZDV!����KRXUV�������DQG�����DQ\WKLQJ������������DQWLFRDJXODWHG�DQG�������W�DQWLSODWHOHW�DJHQWV���:HUH�UHYLHZHG�������LQ�RXWSDWLHQW
FDUGLORJ\�LQ�OHVV�WKDQ���PRQWK�
:KHQ�WKH\�UHDFK�FDUGLRORJ\�FOLQLFV���WDNHG�QRWKLQJ�����������DQWLFRDJXODWHG��������������DQWLSODWHOHW�DJHQWV��5HPDLQ�WKH�VDPH������������
FKDQJH�WKHP

&RQFOXVLRQ��,Q�RXU�VHUYLFH�ZH�WHQG�QRW�WR�PDNH�D�FRUUHFW�FDUGLRHPEROLF�&+$'6Y$6&�SURSK\OD[LV�IROORZLQJ�WZR�FULWHULD�VR�WKDW�WKRVH�ZKR�VKRXOG�EH
DQWLFRDJXODWHG�ZH�GR�LQ���RXW�RI�����OHDYLQJ�����ZLWKRXW�SURSKLOD[\V���,Q�WKH�FDVH�RI�VFURUH���KDOI�OHIW�ZLWKRXW�SURSK\OD[LV�DQG�WKRVH�ZKR�DUH�WRQH
RQO\�DUH�\RX�DQWLSODWHOHW�WKHUDS\��,Q�DOO�FDVHV�LW�LV�XVHG�DFHQRFXPDURO��*LYHQ�WKH�UHVXOWV�KDV�VWDUWHG�D�F\FOH�RI�LPSURYHPHQW�WR�WU\�WR�SHUIRUP�EHWWHU
WKLV�SURSK\OD[LV



75$80$ VHUKDW�DWPDFD

��������7KH�SUHGLFWLYH�YDOXH�RI�WULDJH�HDUO\�ZDUQLQJ�VFRUH�RQ�PRUWDOLW\�RI�WUDXPD�SDWLHQWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\
GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

J�NKDQ�WRUXQ������VXQD�HUD\EDU������VHUKDW�DWPDFD������RNDQ�D\G¢Q������QXUDQ�VDQGDO������\DVHPLQ�QHQQLFLRJOX������HURO�DUPDJDQ����

���HPHUJHQF\��QRQH��EXUVD��785.(<
���HPHUJHQF\��HXVHP��EXUVD��785.(<
���HPHUJHQF\��QRQH��PHGLFDO�GRFWRU��785.(<
���HPHUJHQF\��HXVHP�HDFHP��EXUVD��785.(<

.H\ZRUGV��7UDXPD�WULDJH��7ULDJH�(DUO\�:DUQLQJ�6FRUH��$GYDQFHG�7UDXPD�/LIH�6XSSRUW

$EVWUDFW��

,QWURGXFWLRQ�

7UDXPD�LV�WKH�PRVW�FRPPDQ�FDXVH�RI�HPHUJHQF\�DGPLVVLRQV�,Q�RXU�FRXQWU\��������RI�DOO�HPHUJHQF\�YLVLWV�DUH�WUDXPD�SDWLHQWV��������$PHULFDQ
&ROOHJH�RI�6XUJHRQV�UHFRPPHQGHG�WR�XVH�IRXU�VWHS�DFWLYDWLQJ�UXOHV�GXH�WR�DGYDQFHG�WUDXPD�OLIH�VXSSRUW�JXLGHOLQHV��$7/6���IRU�WUDXPD�HYDOXDWLRQ����
7ULDJH�HDUO\�ZDUQLQJ�VFRUH�WKDW�FRQWDLQV�PRELOLW\�OHYHO�RI�FRQFLRXVQHVV�DQG�YLWDO�VLJQV�XVXDOO\�KHOSIXOO�LQ�FODVVLILFDWLRQ�RI�SDWLHQWV�ZLWK�PRUWDO
SDWRORJLHV��,Q�6RXWK�DIULFD�VRFLHW\�0(:6�DGDSWHG�ZLWK�DGGLQJ�WUDXPD�DV�DQ�DQRWKHU�FULWHULD�DQG�QDPHG�DJDLQ�DV�7(:6��������,Q�WKH�FXUUHQW�VWXG\�
ZH�DLPHG�GHWHFWLQJ�WKH�SUHGLFWLYH�DFFXUDF\�RI�WKH�WULDJH�HDUO\�ZDUQLQJ�VFRUH��7(:6��LQ�WKH�SURJQRVLV�DQG�HPHUJHQF\�WUHDWPHQW�IRU�WUDXPD�SDWLHQWV
DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��ZKRVH�WULDJH�ZHUH�PDGH�E\�$7/6�SURWRFROV�

0DWHULDOV�DQG�PHWKRGV

$�WRWDO�RI�����WUDXPD�SDWLHQWV�DGPLWWHG�WR�8OXGDJ�8QLYHUVLW\�)DFXOW\�RI�0HGLFLQH�(PHUJHQF\�'HSDUWPHQW�LQ�WKUHH�PRQWV�SHULRG�ZHUH�HYDOXDWHG��$OO
SDWLHQWV�PHHWV�FULWHULD�RI�$7/6�SURWRFRO�$IWHU�LQLWLDO�WUHDWPHQW�DQGD�GLDJQRVWLF�WHVWV��HPHUJHQF\��HPHUJHQF\�SKLVLDQV�HYDOXDWH�7(:6�VFRUH�DQG�DOO
GDWDV�FROOHFWHG�LQ�VWXG\�IRUP��3DWLHQW�GHPRJUDSKLFV��*ODVNRZ�&RPD�6FDOH��$938�VFRUH��YLWDO�VLJQV�PRELOLW\��WUDXPD�PHFKDQLVP��LQMXUHG�SDUW�
HPHUJHQF\�WUHDWPHQW�DQG�VWDWXV�DIWHU�HYDOXDWLRQ�ZHUH�UHFRUGHG��$IWHU���ZHHN�SHULRG�SDWLHQWV�ZHUH�IROORZHG�E\�WHOHSKRQH�RU�E\�WKHLU�IROORZ�FKDUWV�LI
DGPLVVLRQ�KDSSHQV�DQG�WKHLU�PRUWDOLW\�DQG�PRUELGLW\�SDUDPHWHUV�UHFRUGHG��3DWLHQWV���ZHHN�PRUWDOLW\�UDWHV�FDOFXODWHG�

5HVXOWV

,Q�RXU�VWXG\�SRSXODWLRQ�LQ�DEQRUPDO�YLWDO�VLJQV�HYDOXDWLRQ�LQ�����Ç��Q ����DGYDQFHG�DLUZD\�PDQDJHPHQW��ZHUH�QHHGHG��LQ�����Q�����*&6

7KH�PRVW�FRPPDQ�WUDXPD�FDXVH�ZHUH�FROOLVLRQV��������Q�������$JH�!���ZDV�WKH�FRPPDQ�FRPRUELGLW\�YDOXH�RI�SDWLHQWV��LQ��������Q����

7KH�7(:6�YDOXH�HYDOXDWHG�LQ�PDMRU�WUDXPD�SDWLHQWV�GXH�WR�$7/6�SDUPHWHUV��DPRQJ����SDWLHQWV�ZLWK�DEQRUPDO�YLWDO�VLJQV�LQ�����������SDWLHQWV�7(:6
ZDV�!��DQG�LQ�DQDWRPLF�SDUW��LQMXU\�PHFKDQLVP��FRPRUELGLW\�UDWHV�ZHUH�Q��������������Q����������DQG�Q����QGH��������UHVSHFWLYHO\�

��ZHHN�HNVLWXV�UDWHV�ZHUH�����Q����DQG�Q���SDWLHQWV�HNVLWXV�LQ�HPHUJHQF\�VHUYLVH�ZKLOH�WKHLU�LQLWLDO�WUHDWPHQW�ZHUH�JRLQJ�RQ�

7KH�$8&52&�RI�7(:6�LQ�SUHGLFWLQJ�WKH�HPHUJHQF\�UHVSRQVHV�IRU�HQWXEDWLRQ�>�������������������@��IRU�WXEH�WKRUDFRVWRP\�>�������������������@��IRU
EORRG�SURGXFW�UHSODFHPHQW�>�������������������@�DQG�IRU�HPHUJHQF\�RSHUDWLRQ�ZDV�>�������������������@�UHVSHFWLYHO\�

�,Q�SUHGLFWLQJ�PRUWDOLW\�UDWHV�GXULQJ���ZHHNV��WKH�FXW�SRLQW�ZDV�JUHDWHU�WKDQ����WKH�DUHDV�XQGHU�WKH�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�FXUYHV
�$8&52&��ZDV�����������������

&RQFOXVLRQ�

(PHUJHQF\�VFRULQJ�VL\VWHPV��QHHG�IRU�SUHGLFWLQJ�PDMRU��SDWRORJLHV�DQG�IDVWHU�DQG�HIIHFWLYH�WUHDWPHQW��2XU�VWXG\�VKRHV�WKDW�7(:6�LV�HIIHFWLYH�LQ
WUDXPD�YLFWLPV��7ULDJH�HDUO\�ZDUQLQJ�VFRUH�FDQ�KHOS�DQWLFLSDWLRQ�RI�WUDXPD�DQG�GHWHUPLQH�WKH�LPSRUWDQFH��7ULDJH�HDUO\�ZDUQLQJ�VFRUH�VKRXOG�XVH
ZLWK�$7/6�FULWHULD�IRU�PRUH�VLJQLILFDQW�UHVXOWV�



,1)(&7,286�',6($6(���6(36,6 $60$�=25*$7,

��������$VVHVVPHQW�RI�DQWLELRWLF�SUHVFULSWLRQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�3URVSHFWLYH�VWXG\��DERXW�����SDWLHQWV��

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

LEWLVVHP�FKDLHE������DVPD�]RUJDWL������QDRXHIHO�FKHELOL������KRXGD�EHQ�VDODK������NKDRXOD�EHOKDGM�DOL������ULDGK�ERXNHI����

���HPHUJHQF\�GHSDUWPHQW�RI�6DKORXO��&+8�6DKORXO�6RXVVH��VRXVVH��781,6,$
���VHUYLFH�GHV�XUJHQFHV�VDKORXO��&+8�6DKORXO�6RXVVH��VRXVVH��781,6,$

.H\ZRUGV��DQWLELRWLF��HPHUJHQF\�GHSDUWPHQW��DVVHVVPHQW�

$EVWUDFW��

,QWURGXFWLRQ��VHSVLV�LV�DVVRFLDWHG�ZLWK�KLJK�PRUWDOLW\�ZRUOGZLGH��,W�LV�QRZ�DFFHSWHG�WKDW�WKH�SUHFRFLW\�RI�WKH�WUHDWPHQW�LV�UHODWHG�WR�D�VLJQLILFDQW
SURJQRVWLF�LPSURYHPHQW��$QWLELRWLF�WKHUDS\�ZKLFK�LV�WKH�VSHFLILF�WUHDWPHQW�LV�XVXDOO\�VWDUWHG�LQ�HPHUJHQFLHV��)XUWKHUPRUH��WKHUH�LV�D�FRQVXPHU
LQFUHDVLQJ�XVH�RI�DQWLELRWLFV�LQ�HPHUJHQF\�VHUYLFHV�JHQHUDWLQJ�VRPH�UHVHUYDWLRQV�IRU�LWV�MXVWLILFDWLRQ��,Q�WKLV�ZRUN��ZH�WULHG�WR�HYDOXDWH�DQWLELRWLF
SUHVFULSWLRQ�LQ�WHUPV�RI�MXVWLILFDWLRQ��UHOHYDQFH�DQG�FRPSOLDQFH�

0DWHULDOV�DQG�0HWKRGV��7KLV�LV�D�SURVSHFWLYH�VWXG\�RYHU���PRQWKV�WKDW�HQUROOHG�����SDWLHQWV�DGPLWWHG�WR�WKH�XQLW�RI�KRVSLWDOL]DWLRQ�RI�WKH
HPHUJHQF\�GHSDUWPHQW�IRU�VHSVLV��:H�XVHG�RXU�ORFDO�UHJLVWU\�RI�VHSVLV��:H�FROOHFWHG�&OLQLFDO��ELRORJLFDO��PLFURELRORJLFDO��WKH�ILQDO�GLDJQRVLV�DQG
FKDUDFWHULVWLFV�RI�DQWLELRWLF�WKHUDS\�IRU�HDFK�SDWLHQW��$Q�HYDOXDWLRQ�RI�DQWLELRWLF�SUHVFULSWLRQ�ZDV�FRQGXFWHG�E\�WZR�H[SHUWV�EOLQGO\�UHJDUGLQJ���LWHPV�
MXVWLILFDWLRQ��UHOHYDQFH�DQG�WKH�FRPSOLDQFH��RI�GRVHV�DQG�WKH�URXWH�RI�DGPLQLVWUDWLRQ��RI�WKH�DQWLELRWLFV�

5HVXOWV��KXQGUHG�SDWLHQWV�ZHUH�HQUROOHG��7KH�DYHUDJH�DJH�ZDV����\HDUV��7KH�VH[�UDWLR�ZDV�������7KH�PRVW�FRPPRQ�VLWHV�RI�LQIHFWLRQ�ZHUH�XULQDU\
DQG�SXOPRQDU\�LQ�����DQG�����RI�FDVHV��$PRQJ�RXU�SDWLHQWV�WKHUH�ZHUH����FDVHV�RI�VHSVLV�����FDVHV�RI�VHYHUH�VHSVLV�DQG���FDVHV�RI�VHSWLF�VKRFN�
���SDWLHQWV�UHFHLYHG�DQWLELRWLFV��7KH�PRVW�XVHG�GUXJ�ZDV�FHSKDORVSRULQ�LQ��������RI�FDVHV��LQ�DVVRFLDWLRQ�LQ��������RI�FDVHV��IROORZHG�E\
4XLQRORQH�LQ��������RI�FDVHV��7KH�DQWLELRWLF�WKHUDS\�ZDV�FRQVLGHUHG�MXVWLILHG�LQ�PRUH�WKDQ�����E\�WKH�WZR�H[SHUWV��$�PLVPDWFK�ZDV�QRWHG�EHWZHHQ
WKH�WZR�H[SHUWV�UHJDUGLQJ�WKH�UHOHYDQFH�DQG�FRPSOLDQFH��.DSSD �������+RZHYHU�RXU�FKRLFH�RI�DQWLELRWLF�ZDV�GHHPHG�DSSURSULDWH�LQ�����RI�FDVHV
�H[SHUW�����������H[SHUW������������WKH�ODUJHVW�UDWH�UHOHYDQFH�FRQFHUQHG�WKH�SXOPRQDU\�SDWKRORJ\�IRU�ERWK�H[SHUWV��7KH�DGPLQLVWUDWLRQ�URXWH�ZDV
GHHPHG�FRPSOLDQW�LQ�PRUH�WKDQ�����RI�FDVHV��H[SHUW����������H[SHUW�����������7KHUH�ZDV�DQ�DJUHHPHQW�EHWZHHQ�WKH�WZR�H[SHUWV�UHJDUGLQJ�WKH
XQLW�GRVH�DQG�WKH�VSDFLQJ�RI�GRVHV��WKH�FRPSOLDQFH�UDWH�KDV�H[FHHGHG������

&RQFOXVLRQ��7KH�DVVHVVPHQW�RI�SUHVFULSWLRQ�RI�DQWLELRWLFV�LV�LPSRUWDQW��6RPH�GLVSDULWLHV�ZHUH�QRWHG�LQ�RXU�SUDFWLFH��$Q�DYDLODEOH�JXLGH�IRU�DQWLELRWLF
SUHVFULSWLRQV�LQ�HPHUJHQF\�FDVH�LV�HVVHQWLDO�WR�HQVXUH�WKH�TXDOLW\�RI�SUHVFULSWLRQV�



&$6(�35(6(17$7,21 )XQGD�.DUEHN�$NDUFD

��������7KH�VLGH�HIIHFW�RI�WKH�WUHDWPHQW�RI�HFWRSLF�SUHJQDQF\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

2]JH�&DQ������)XQGD�.DUEHN�$NDUFD������6DGL\H�0LGLN������6HUFDQ�<DOFLQOL����

���(PHUJHQF\�'HSDUWPHQW��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<

.H\ZRUGV��0HWKRWUH[DWH�WR[LFLWH��HFWRSLF�SUHJQDQF\�WUHDWPHQW��HPHUJHQF\�VHUYLFH

$EVWUDFW��

,QWURGXFWLRQ

(FWRSLF�SUHJQDQF\�LV�D�FRPPRQ��J\QHFRORJLF�SUREOHP������7UHDWPHQW�RI�XQUXSWXUHG�HFWRSLF�SUHJQDQF\�RFFXUV��GLIIHUUHQW�SURFHGXUH�RI�WKHUDS\�XVHG
IRU�FRQVHUYDWLYH��PHGLFDO�DQG��VXUJLFDOO\�������0HWKRWUH[DWH��LV��RQH�RI�WKH�GUXJ�IRU�PHGLFDO�PDQDJHPHQW�RI�HFWRSLF�SUHJQDQF\��7KDW�LV�SUHYHQWV�ZLWK
'1$�V\QWKHVLV��UHSDLU��DQG�FHOOXODU�UHSOLFDWLRQ�DQG��FDXVLQJ�FHOO�GHDWK������7KH�VLGH�HIIHFWV�RI�WKLV�GUXJ�KDYH�WR�UHFRJQLVHG�DQG�WDNLQJ�D�GHVLFLRQ
FDUHIXOO\�WR�JLYHQ�IRU�EHFDXVH�LW�LV�OLIH�WKUHDWHQLQJ�DGYHUVH�HYHQWV�����

&DVH

7ZHQW\�ILYH�\HDUV�ROG�ZRPDQ�ZDV�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�QDXVHD��G\VSQHD��EUXLVHV�WKDW�RFFXU�LQ�WKH�ERG\�DQG�OHVLRQV�RQ�KHU
PRXWK��6KH�GHQLHV�DQ\�SDVW�PHGLFDWLRQ�RU�GLVHDVH�KLVWRU\��%XW�VKH�ZDV�WUHDWHG�D�ZHHN�DJR�IURP�DQ�HFWRSLF�SUHJQDQF\���9LWDO�VLJQV�DUH�LQ
SK\VLRORJLFDO�OLPLWV��,Q�KHU�SK\VLFDO�H[DPLQDWLRQ�GLIIXVH��SHWHFKLD��DEGRPLQDO�WHQGHUQHVV�DQG�RUDO�PXFRVLWLV�RFFXU��+HU�OXQJ�VRXQGV�ZHUH�QRUPDO�
7KH�GLIIHUHQWLDO�GLDJQRVLV�DUH�VHSWLFHPLD��GLVVHPLQDWH�LQWUDYDVFXODU�FRDJXODWLRQ��',&���LGLRSDWKLF�WKURPERWLF�SXUSXUD��,73���PHWKRWUH[DWH
LQWR[LFDWLRQ��2Q�KHU�ODERUDWRU\�ILQGLQJV�QHXWURSHQLD�ZDV�GHWHFWHG��7KURPERF\WH�DQG�,15�YDOXHV�DUH�QRUPDOO\���6HSWLFHPLDV��',&��,73�ZHUH�H[FOXGHG�
/HXFRYHULQ�WUHDWPHQW�VWDUWHG�DQG�VKH�KRVSLWDOL]HG�LQ�,&8�

'LVFXVVLRQ

0HWKRWUH[DWH��07;��LV�D�IROLF�DFLG�DQWLPHWDEROLWH��7KH�GUXJ�XVH�LQ�WKH�WUHDWPHQW�RI�FDQFHU��DXWRLPPXQH�GLVHDVH�DQG�HFWRSLF�SUHJQDQFLHV�����
0HWKRWUH[DWH�DSSO\�PDQ\�LQWHUFHOOXODU�SDWKZD\V�DQG�LQKLELWLQJ�WKH�V\QWKHVLV�RI�51$�DQG�'1$�ZLWK�DQWDJRQL]H�IRODWH��������WKH�WDUJHW�FHOO�RI�WKLV�LV
VXSUHVV�RQ�UDSLGO\�JURZLQJ�DQG�GLYLGLQJ�FHOOV�VXFK�DV�PDOLJQDQW�FHOOV��P\HORLG�FHOOV�DQG�RUDO�DQG�JDVWURLQWHVWLQDO�PXFRVD��������$GYHUVH�HYHQWV
UHODWHG�ZLWK��WKH�GRVH�DQG�WKH�GXUDWLRQ�RI�WKHUDS\��,Q�OHVV�WKDQ�����RI�WKH�FDVHV�PRVW�FRPPRQ�VLGH�HIIHFWV�ZHUH�REVHUYHG������&RPPRQ��DGYHUVH
HIIHFWV�RFFXUV��OHXNRSDHQLD��QDXVHD��YRPLWLQJ��XOFHUDWLYH�VWRPDWLWLV��DEGRPLQDO�GLVWUHVV�DQG�OLYHU�DQG�OXQJ�WR[LFLW\�������7KH�PRVW�VHHQ��WR[LFLW\�RI
PHWKRWUH[DWH�LV�ERQH�PDUURZ�VXSSUHVVLRQ������7KH�VSHFLILF�DQWLGRWH�FDOFLXP�IROLQDWH��/HXFRYRULQ5���D�IRUP�RI�IROLF�DFLG��FDQ�DQWRJRQL]H�HIIHFWV�RI
07;���/HXFRYHULQ�GRHV�QRW�DIIHFWHG�E\�GLK\GURIRODWH�UHGXFWDVH�DQG��WKLV�PHFKDQLVP�SUHYHQW�WKH�GUXJ�IURP�LQKLELWRQ�RI�07;�������,Q�RXU�FDVH
OHXFRYHULQ�VWDUWHG�LPPHGLDWO\�DQG�KHU�V\PSWRPV�JHW�EHWWHU�

&RQFOXVLRQ

&OLQLFLDQV�VKRXOG�EH�UHFRJQLVH�WKDW�D�ORZ�GRVH�RI�07;�WUHDWPHQW�IRU�WKH�WHUPLQDWLRQ�RI�HFWRSLF�SUHJQDQF\�FDQ�FDXVH��VHYHUH�VLGH�HIIHFWV�



0,6&(//$1(286 0DUkD�*LO�/RSH]

��������2QFRORJ\�SDWLHQWV�SURILOH�DWWHQGHG�DW�WKH�HPHUJHQF\�GHSDUPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�*LO�/RSH]������(OHQD�3UDGR�0HO������$OPXGHQD�/R]DQR�9LFHQWH������$QWRQLR�%HUQDE��5RMDV�5DPLUH]����

���(PHUJHQF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6\VWHP��6HYLOOH��63$,1
���+RVSLWDO�3KDUPDF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6\VWHP��6HYLOOH��63$,1

.H\ZRUGV��2QFRORJ\��(PHUJHQF\���5HDVRQ�IRU�FRQVXOWDWLRQ��3DOOLDWLYH�&DUH��1HRSODVP

$EVWUDFW��

,QWURGXFWLRQ��,Q�UHFHQW�WLPHV���WKHUH�LV�DQ�LQFUHDVH�LQ�RQFRORJ\�SDWLHQWV�ZKR�FRPH�WR�HPHUJHQF\�GHSDUPHQW�GXH�WR�LPSURYHG�GLDJQRVWLF�DQG
WKHUDSHXWLF�SURFHGXUHV��DV�ZHOO�DV�DQ�DJLQJ�SRSXODWLRQ�
:KHQHYHU�SRVVLEOH��WKH�HPHUJHQF\�SHUVRQDO�VKRXOG�FRQVXOW�WKH�SDWLHQW
V�PHGLFDO�UHFRUG�WR�NQRZ�WKH�FOLQLFDO�SDWLHQW�VLWXDWLRQ�DQG�WKH�DFWLYH
WUHDWPHQW�ZKR�WKH�SDWLHQW�LV�UHFHLYLQJ�IRU�WKH�RSWLPDO�WKHUDSHXWLF�PDQDJHPHQW�

2EMHWLYH�'HVFULEH�WKH�RQFRORJ\�SDWLHQW�SURILOH�DWWHQGHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��WKH�UHDVRQV�IRU�FRQVXOWDWLRQ�DQG�FOLQLFDO�PDQDJHPHQW�

0HWKRGV�7KHUH�ZDV�UHDOL]HG�D�GHVFULSWLYH�DQG�UHWURVSHFWLYH�VWXG\�RI�WKH�RQFRORJ\�SDWLHQWV�DWWHQGHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�RXU�KRVSLWDO
EHWZHHQ�-DQXDU\�DQG�'HFHPEHU�������
'DWD�ZHUH�H[WUDFWHG�IURP�WKH�UHFRUG�RI�WKH�GLJLWDO�PHGLFDO�KLVWRU\�'LUD\D�i�
)RU�WKH�VWXG\�RI�WKH�SURILOH�DQG�PDQDJHPHQW�RI�SDWLHQWV�ZHUH�FROOHFWHG�DV�YDULDEOHV��VRFLRGHPRJUDSKLF�FKDUDFWHULVWLFV��DJH�DQG�VH[�����UHDVRQ�IRU
FRQVXOWDWLRQ��GLDJQRVLV�DW�GLVFKDUJH��W\SH�DQG�ORFDWLRQ�RI�WKH�WXPRU��WXPRU�VWDJH���ILQDO�GHVWLQDWLRQ�DQG�PRUWDOLW\�LQ�HPHUJHQF\�GHSDUWPHQW�

5HVXOWV��$�WRWDO�RI�����SDWLHQWV�ZHUH�DWWHQGHG�IURP�-DQXDU\�WR�'HFHPEHU�����������RI�SDWLHQWV�ZHUH�PDOHV���7KH�PHGLDQ�DJH�ZDV����\HDUV��6'����
\HDUV���7KH�PRVW�FRPPRQ�UHDVRQV�IRU�FRQVXOWDWLRQ�ZHUH�IHYHU�LQIHFWLRQ�LQ����FDVHV�������������RI�ZKLFK������ZHUH�IHEULOH�QHXWURSHQLD���GLJHVWLYH
FRPSOLFDWLRQV�LQ����FDVHV����������RI�ZKLFK�������ZHUH�YRPLWLQJ�RU�GLDUUHD��DQG�WKURPERVLV�LQ����FDVHV��������
%RWK�SDLQ�DQG�WKH�GLUHFW�FOLQLFDO�UHDFWLRQ�WR�FKHPRWKHUDS\�ZHUH�LQIUHTXHQW�UHDVRQV�FRQVXOWDWLRQ�����LQ�ERWK�FDVHV���$FFRUGLQJ�WR�WKH�ORFDWLRQ�RI�WKH
WXPRU��WKH�PRVW�FRPPRQ�QHRSODVWLF�GLVHDVHV�LQFOXGHG�GLJHVWLYH�WUDFW��������OXQJ���������EUHDVW�������DQG�XURORJLF�WUDFW�ORFDWLRQV��������2I�WKH
����SDWLHQWV�������ZHUH�UHFHLYLQJ�FKHPRWKHUDS\������RI�SDWLHQWV�����FDVHV��ZHUH�GLDJQRVHG�ZLWK�VWDJH�,9�DGYDQFHG�QHRSODVLD�FRPSDUHG�WR������
FDVHV��LQ�LQLWLDO�VWDJH�RI�GLVHDVH��$IWHU�HYDOXDWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�����SDWLHQWV���������UHTXLUHG��KRVSLWDO�DGPLVVLRQ�DQG����FDVHV
ZHUH�H[LWXV�

&RQFOXVLRQV��0RUH�WKDQ������RI�RQFRORJ\�SDWLHQWV�ZKR�FRPH�WR�WKH�(PHUJHQF\�GHSDUPHQW�KDYH�DGYDQFHG�GLVHDVH���0RVW�RI�6WDJH�,9�SDWLHQWV�ZHUH
EHLQJ�WUHDWHG�ZLWK�FKHPRWKHUDS\���VR�WKH�UHDVRQ�IRU�FRQVXOWDWLRQ�PD\�EH�LQIOXHQFHG�E\�ERWK�WKH�VWDJH�RI�WKH�GLVHDVH�DQG�FKHPRWKHUDS\�WUHDWPHQW�
7KH�YDOXH�RI�FKHPRWKHUDS\�WUHDWPHQW��LQ�FHUWDLQ�VWDJHV�FDQ�EH�TXHVWLRQHG�



257+23(',&6 )XQGD�.DUEHN�$NDUFD

��������7KH�(YDOXDWLRQ�2I�5HGXFWLRQ�6XFFHVV�,Q�7KH�3DWrHQWV�:LWK�'rVWDO�5DGLXV�)UDFWXUH�8QGHU�7KH�*XLGDQFH�2I
8OWUDVRQRJUDSK\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(UF�PHQW�8PGX������)XQGD�.DUEHN�$NDUFD������6HUFDQ�<DOFLQOL������2]JXU�%R]NXUW������/HYHQW�.XFXN����

���(PHUJHQF\�'HSDUWPHQW��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<
���2UWKRSHGLFV�DQG�7UDXPDWRORJ\�'HSDUWPHQW��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<

.H\ZRUGV��'¢VWDO�UDGLXV�IUDFWXUH��XOWUDVRQRJUDSK\��UHGXFWLRQ�VXFFHVV��HPHUJHQF\

$EVWUDFW��

,QWURGXFW¡RQ

'LVWDO�UDGLXV�IUDFWXUH��ZKLFK�LV�PRVW�FRPPRQO\�VHHQ�LQ�WKH�XSSHU�H[WUHPLW\��FRPSULVHV�����RI�WKH�IUDFWXUHV�WUHDWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW
�����,Q�WKLV�VWXG\��LW�ZDV�SULPDULO\�DLPHG�WKDW�WKH�HIIHFW�RI�XOWUDVRQRJUDSK\�SHUIRUPHG�RQ�WKH�DGXOW�SDWLHQWV�LQ�WKH�FRXUVH�RI�WKH�FORVHG�UHGXFWLRQ�RI
GLVWDO�UDGLXV�IUDFWXUH�RQ�UHGXFWLRQ�VXFFHVV�EH�HYDOXDWHG�

0DWHU¢DO�$QG�0HWKRG

2XU�UDQGRPL]HG��FRQWUROOHG��SURVSHFWLYH�DQG�FURVV�VHFWLRQDO�UHVHDUFK�ZDV�FDUULHG�RXW�LQ�WKH�XQLYHUVLW\�KRVSLWDO��$IWHU�ZH�UHFHLYHG�DQ�DSSURYDO�IURP
WKH�ORFDO�HWKLFV�FRPPLWWHH��WKH�SDWLHQWV�DJHG�RYHU�����ZKR�KDG�ZULVW��FDUSXV��WUDXPD�DQG�LQ�ZKRVH�GLUHFW�JUDSKLHV�D�GLVSODFHG�GLVWDO�UDGLXV�IUDFWXUH
ZDV�GHWHFWHG��ZKLFK�UHTXLUHG�D�UHGXFWLRQ�SURFHVV��ZHUH�H[DPLQHG�EHWZHHQ�WKH�SHULRGV��0DUFK������DQG�$SULO�������7KH�SDWLHQWV�LQ�ZKRVH�JUDSKLHV
D�GLVWDO�UDGLXV�IUDFWXUH�ZDV�GHWHFWHG�ZHUH�UDQGRPL]HG�DV�FDVH�DQG�FRQWURO�JURXSV�DFFRUGLQJ�WR�WKH�DSSOLFDWLRQ�RUGHU��7KH�SDWLHQWV�LQ�TXHVWLRQ�ZHUH
LQIRUPHG�DERXW�VHGDWLRQ�DQG�DQDOJHVLD�WR�EH�DSSOLHG�EHIRUH�DQG�GXULQJ�WKH�UHGXFWLRQ�SURFHVV�WR�EH�SHUIRUPHG��DQG�WKHLU�LQIRUPHG�FRQVHQW�IRUPV
ZHUH�UHFHLYHG��DV�ZHOO��8OWUDVRQRJUDSK\�ZDV�SHUIRUPHG�RQ�WKH�SDWLHQWV�FRPSULVLQJ�WKH�FDVH�JURXS�LQ�ZKLFK�GLVWDO�UDGLXV�IUDFWXUH�ZDV�GHWHFWHG
WKURXJK�WKH�XVH�RI�D�����0K]�OLQHDU�SUREH�RQ�WZR�SODQHV�DV�GRUVDO�DQG�ODWHUDO�E\�WKH�DVVLVWDQWV�RI�HPHUJHQF\�PHGLFLQH�

5HVXOWV

$�KXQGUHG�WZHQW\�SDWLHQWV�FRPSULVLQJ�WKH�LQFOXVLRQ�FULWHULD�RI�WKH�UHVHDUFK�ZHUH�LQFRUSRUDWHG�LQWR�WKH�VWXG\��KRZHYHU��RQH�RI�WKH�SDWLHQWV�ZDV
H[FOXGHG�IURP�WKH�VWXG\�ODWHU�RQ�EHFDXVH�RI�WUHDWPHQW�UHMHFWLRQ��IRU�WKLV�UHDVRQ��WKH�VWXG\�SRSXODWLRQ�FRQVLVWHG�RI�����SDWLHQWV��7KH�FDVH�JURXS�WR
ZKLFK�XOWUDVRQRJUDSK\�ZDV�DSSOLHG�FRPSULVHG����SDWLHQWV��ZKHUHDV�WKH�FRQWURO�JURXS�RQ�ZKLFK�VWDQGDUG�DSSURDFK�ZDV�SHUIRUPHG�FRQVLVWHG�RI���
SDWLHQWV��1R�GLIIHUHQFH�ZDV�REVHUYHG�EHWZHHQ�WKH�FDVH�DQG�FRQWURO�JURXSV�

,Q�RXU�UHVHDUFK��LW�ZDV�GHWHUPLQHG�WKDW�ZKHQ�WKH�XVH�RI�XOWUDVRQRJUDSK\�DQG�WKH�VWDQGDUG�DSSURDFK�ZHUH�FRPSDUHG��WKH�UHGXFWLRQ�VXFFHVV�LQ�WKH
XOWUDVRQRJUDSK\�JURXS�KDG�VKRZHG�DQ�LQFUHDVH�LQ�WKH�UHGXFWLRQ�RI�WKH�SDWLHQWV�ZLWK�GLVWDO�UDGLXV�IUDFWXUHV��6HSDUDWHO\��WKH�UHTXLUHPHQW�IRU
UH�UHGXFWLRQ�LQ�WKH�SDWLHQWV�LQ�ZKRP�UHGXFWLRQ�ZDV�SURYLGHG�WKURXJK�XOWUDVRQRJUDSK\�ZDV�GHWHUPLQHG�DV�����LQ�WKH�FDVH�JURXS�DQG�������LQ�WKH
FRQWURO�JURXS��:KHQ�FRPSDUHG�ZLWK�;�5D\��ZKLFK�LV�FXUUHQWO\�WKH�JROGHQ�VWDQGDUG�DSSURDFK�LQ�HYDOXDWLQJ�WKH�VWDWXV�RI�SRVW�UHGXFWLRQ�VXFFHVV��LW
ZDV�DVFHUWDLQHG�WKDW�WKH�UHGXFWLRQ�VXFFHVV�FRXOG�EH�HYDOXDWHG�WKURXJK�XOWUDVRQRJUDSK\�ZLWK����������������������DQG�������VHQVLWLYLW\�
VSHFLILFLW\��SSY�DQG�QSY�

'¢VFXVV¢RQ

,Q�FRQFOXVLRQ��XOWUDVRQRJUDSK\�SURPRWHV�WKH�UHGXFWLRQ�VXFFHVV�RI�WKH�SDWLHQWV�ZLWK�GLVWDO�UDGLXV�IUDFWXUHV�LQ�WKH�SUDFWLFH�RI�HPHUJHQF\�PHGLFLQH�
:LWK�WKH�XVH�RI�XOWUDVRQRJUDSK\��IHZHU�UH�UHGXFWLRQ�SURFHVVHV�DUH�UHTXLUHG�LQ�WKLV�SDWLHQW�SRSXODWLRQ��,Q�WKH�SURVSHFWLYH�VWXGLHV��WKH�HIIHFW�RI
XOWUDVRQRJUDSK\�RQ�UHGXFWLRQ�VXFFHVV�FDQ�EH�VFUXWLQL]HG�LQ�WKH�SDWLHQWV�ZLWK�LQVWDEOH�UDGLXV�IUDFWXUHV�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

%HGLD�*XOHQ

��������2;,'$7,9(�67$786�$1'�'1$�'$0$*(�)2//2:,1*�$1$/*(6,&�75($70(17�,1�3$7,(176�:,7+�$&87(�3$1&5($7,7,6

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*XOHQ�%HGLD������$EGXUUDKLP�.RF\LJLW������&HQNHU�(NHQ������0XVWDID�6HULQNHQ������.DUFLRJOX�2]JXU������$OL�'XU������(OLI�.LOLF����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%H]PLDOHP�9DNLI�8QLYHUVLW\��,VWDQEXO��785.(<
�����%H]PLDOHP�9DNLI�8QLYHUVLW\�0HGLFDO�)DFXOW\��,VWDQEXO��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��$NGHQL]�8QLYHUVLW\��$QWDO\D��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��3DPXNNDOH�8QLYHUVLW\�0HGLFDO�)DFXOW\��'HQL]OL��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��$FLEDGHP�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,VWDQEXO��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%H]PLDOHP�9DNLI�8QLYHUVLW\�0HGLFDO�)DFXOW\��,VWDQEXO��785.(<
���'HSDUWPHQW�RI�%LRFKHPLVWU\��%H]PLDOHP�9DNLI�8QLYHUVLW\�0HGLFDO�)DFXOW\��,VWDQEXO��785.(<

.H\ZRUGV��$FXWH�SDQFUHDWLWLV��WUHDWPHQW��SDLQ��SDUDFHWDPRO��WUDPDGRO

$EVWUDFW��

%DFNJURXQG

7KLV�VWXG\�LV�GHVLJQHG�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�WKUHH�GLIIHUHQW�DQDOJHVLFV�XVHG�WR�WUHDW�SDLQ�LQ�$3�RQ�R[LGDWLYH�VWUHVV��'1$�GDPDJH�LQ
PRQRQXFOHDU�OHXNRF\WHV�DQG�RQ�R[LGDWLYH�VWDWXV�

0HWKRGV

7KLV�SDUDOOHO�GHVLJQ�UDQGRPL]HG�FRQWUROOHG�WULDO�LV�FRPSRVHG�RI�WKUHH�WUHDWPHQW�DUPV��LQWUDYHQRXV�SDUDFHWDPRO��LQWUDYHQRXV�GH[NHWRSURIHQ�DQG
LQWUDYHQRXV�WUDPDGRO�

5HVXOWV

$�WRWDO�RI�����SDWLHQWV�ZHUH�GLDJQRVHG�ZLWK�DFXWH�SDQFUHDWLWLV�ZLWKLQ�WKH�VWXG\�SHULRG�LQ�WKH�('��6HYHQW\�VHYHQ�RI�WKHP�ZHUH�LQFOXGHG�IRU�WKH�VWXG\�
���SDWLHQWV�IRU�WKH�SDUDFHWDPRO�JURXS�����SDWLHQWV�IRU�WKH�GH[NHWRSURIHQ�JURXS�DQG����SDWLHQWV�IRU�WKH�WUDPDGRO�JURXS��7KH�PHDQ�DJH�RI�VWXG\
VXEMHFWV�ZDV�������k�������DQG������Q� �����RI�WKHP�ZHUH�PHQ��$W�WKH�EHJLQQLQJ�RI�WKH�VWXG\��EHIRUH�WUHDWPHQW��PHDQ�OHYHOV�RI�'1$�GDPDJH�
726�DQG�26,�OHYHOV�VLJQLILFDQWO\�KLJKHU�DQG�7$6�ZDV�VLJQLILFDQWO\�ORZHU�LQ�WKH�DFXWH�SDQFUHDWLWLV�JURXSV�WKDQ�LQ�WKH�FRQWURO�JURXS��'1$�GDPDJH�DQG
26,�LQ�+$36�SRVLWLYH�SDWLHQWV�ZHUH�IRXQG�WR�EH�VLJQLILFDQWO\�JUHDWHU�WKDQ��+$36�QHJDWLYH�SDWLHQWV��S� ���������'1$�GDPDJH�DQG�R[LGDWLYH�VWUHVV
ZHUH�FRPSDUHG�EHWZHHQ�WKH�WKUHH�JURXSV��7KHUH�ZHUH�QR�GLIIHUHQFHV�EHWZHHQ�WKH�JURXSV�LQ�WHUPV�RI�'1$�GDPDJH��S� �������DQG�DOVR�IRU�WKH
R[LGDWLI�VWUHVV�SDUDPHWHUV��26,�7$6�726�UHVSHFWLYHO\�S� �������S� �������S� ������

&RQFOXVLRQV

7KHUH�LV�QR�GLIIHUHQFH�EHWZHHQ�WKH�HIIHFWV�RI�SDUDFHWDPRO��GH[NHWRSURIHQ�DQG�WUDPDGRO�ZKLFK�DUH�FRPPRQO\�XVHG�WR�PDQDJH�DFXWH�SDLQ�LQ�$3�RQ
'1$�GDPDJH�LQ�KXPDQ�7�O\PSKRF\WHV�DQG�RQ�VHULQH�SDUDPHWHUV�RI�R[LGDWLYH�VWDWXV�



,0$*,1*���8/75$6281'���5$',2/2*< 1DWKDQ�+XGVRQ�3HDFRFN

��������3RLQW�RI�FDUH�XOWUDVRXQG��WUDLQLQJ�PHGLFDO�VWXGHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1DWKDQ�+XGVRQ�3HDFRFN������5LFKDUG�.HQGDOO������$OH[DQGHU�7D\ORU����

�����8QLYHUVLW\�RI�&DPEULGJH��6FKRRO�RI�&OLQLFDO�0HGLFLQH��&DPEULGJH��8.
���(PHUJHQF\�'HSDUWPHQW��$GGHQEURRNH
V�+RVSLWDO��&DPEULGJH��QRQH��&DPEULGJH��8.

.H\ZRUGV��8OWUDVRXQG��SRLQW�RI�FDUH��866��32&86��HPHUJHQF\�PHGLFLQH��PHGLFDO�HGXFDWLRQ��PHGLFDO�VWXGHQWV

$EVWUDFW��

,QWURGXFWLRQ

8VH�RI�XOWUDVRXQG�LQ�FOLQLFDO�SUDFWLFH�LV�D�EXUJHRQLQJ�ILHOG��QRW�OHDVW�LQ�HPHUJHQF\�PHGLFLQH��+RZHYHU��WKH�WHDFKLQJ�RI�XOWUDVRXQG�VFDQQLQJ��866��LQ
PRVW�8�.��PHGLFDO�VFKRROV�GRHV�QRW�FXUUHQWO\�UHIOHFW�LWV�LQFUHDVLQJ�FOLQLFDO�DSSOLFDWLRQ��&DPEULGJH�8QLYHUVLW\�(PHUJHQF\�0HGLFLQH�6RFLHW\��&8(06��
D�VWXGHQW�OHG�VRFLHW\�SURPRWLQJ�WKH�HPHUJHQF\�PHGLFLQH�VSHFLDOW\��LQ�FROODERUDWLRQ�ZLWK�'U��5LFKDUG�.HQGDOO��&RQVXOWDQW�LQ�(PHUJHQF\�0HGLFLQH�DW
$GGHQEURRNHÇV�+RVSLWDO��GHVLJQHG�DQG�GHOLYHUHG�D�FRXUVH�LQWURGXFLQJ�866�WR�D�JURXS�RI�&DPEULGJH�8QLYHUVLW\�PHGLFDO�VWXGHQWV�

�

$LPV�

7R�GHVLJQ�DQG�GHOLYHU�DQ�HIIHFWLYH�866�WUDLQLQJ�FRXUVH�WR�PHGLFDO�VWXGHQWV��
7R�LQFUHDVH�FRQILGHQFH�DQG�VNLOO�LQ�WKH�XVH�RI�XOWUDVRXQG��
7R�HYDOXDWH�VWXGHQW�RSLQLRQ�RQ�ZKHWKHU�866�WUDLQLQJ�VKRXOG�EH�LQ�WKH�FXUULFXOXP��

�

0HWKRG

���VWXGHQWV�VLJQHG�XS�IRU�WKH�FRXUVH�DQG�D�IXUWKHU���VWXGHQWV�DFWHG�DV�KHDOWK\�YROXQWHHUV�WR�EH�VFDQQHG��3ULRU�WR�WKH�FRXUVH��DOO�VWXGHQWV�ZHUH
DVNHG�WR�FRPSOHWH��D�PXOWLSOH�FKRLFH�TXHVWLRQQDLUH��0&4��WHVWLQJ�XOWUDVRXQG�NQRZOHGJH��D�TXHVWLRQQDLUH�HQTXLULQJ�DERXW�SUHYLRXV�H[SHULHQFH�DQG
FRQILGHQFH�LQ�866��DQG�DQ�RQOLQH�WHDFKLQJ�PRGXOH�RXWOLQLQJ�VRPH�EDVLF�XOWUDVRXQG�SULQFLSOHV��6WXGHQWV�URWDWHG�DURXQG�IRXU����PLQXWH�VWDWLRQV
FRYHULQJ�FRUH�XVHV�RI�SRLQW�RI�FDUH�XOWUDVRXQG�LQ�HPHUJHQF\�PHGLFLQH��LGHQWLILFDWLRQ�RI�DEGRPLQDO�DRUWLF�DQHXU\VP��LGHQWLILFDWLRQ�RI�LQWUD�SHULWRQHDO
IUHH�IOXLG��IRFXVHG�HFKRFDUGLRJUDSK\�DQG�EDVLF�OXQJ�ILHOGV��DQG�SHULSKHUDO�FHQWUDO�YDVFXODU�DFFHVV�WHFKQLTXHV��(DFK�VWDWLRQ�ZDV�VXSHUYLVHG�E\
HPHUJHQF\�GHSDUWPHQW�SK\VLFLDQV�RU�UDGLRORJLVWV�IURP�$GGHQEURRNHÇV�+RVSLWDO��+HDOWK\�VWXGHQW�YROXQWHHUV�DQG�YDVFXODU�DFFHVV�PDQQHTXLQV�ZHUH
XVHG�WR�HQDEOH�GHOHJDWHV�WR�SUDFWLVH�866�VNLOOV�HIIHFWLYHO\��$IWHU�WKH�FRXUVH��WKH�0&4�DQG�TXHVWLRQQDLUH�ZHUH�UHSHDWHG�

�

5HVXOWV

,Q�WKH�SUH���Q� �����DQG�SRVW�FRXUVH�TXHVWLRQQDLUH��Q� ������WKH�GHOHJDWHV�UHSRUWHG�LPSURYHPHQWV�LQ�WKHLU�FRQILGHQFH�LQ�DOO�DUHDV��LQFOXGLQJ�WKH
WHFKQLFDO�XVH�RI�866����������WR����������SUH��DQG�SRVW�FRXUVH�PHDQ�VFRUHV����DQG�LQ�XVLQJ�866�WR�DLG�GLDJQRVLV�DQG�PDQDJHPHQW����������WR��������
�SUH��DQG�SRVW�FRXUVH�PHDQ�VFRUHV����,Q�UHVSRQVH�WR�WKH�TXHVWLRQV��È+RZ�XVHIXO�ZDV�WKH�HYHQW"É�DQG�È'R�\RX�WKLQN�866�VKRXOG�EH�SDUW�RI
XQGHUJUDGXDWH�WUDLQLQJ"É�WKH�GHOHJDWHV�VFRUHG�������WR�ERWK�TXHVWLRQV��PHDQ�VFRUHV��Q� ������,Q�WKH�0&4�WHVW��GHOHJDWHV�VKRZHG�DQ�LPSURYHPHQW
IURP������SUH�FRXUVH��Q� �����WR������SRVW�FRXUVH��Q� �����

�

&RQFOXVLRQ

7KHUH�ZDV�D�VWURQJ�GHVLUH�E\�WKH�VWXGHQW�SRSXODWLRQ�WR�LQWURGXFH�FOLQLFDO�XOWUDVRXQG�WHDFKLQJ�WR�WKHLU�FXUULFXOXP��)XUWKHUPRUH��WKLV�FRXUVH
GHPRQVWUDWHG�WKDW�VPDOO�JURXS��SUDFWLFDO�XOWUDVRXQG�WUDLQLQJ�RQ�YROXQWHHUV�DQG�YDVFXODU�DFFHVV�PDQQHTXLQV��VXSSOHPHQWHG�E\�DQ�RQOLQH
SUHSDUDWLRQ�FRXUVH��LV�DQ�HIIHFWLYH�ZD\�RI�LPSURYLQJ�VNLOO�DQG�FRQILGHQFH�LQ�WKH�XVH�RI�XOWUDVRXQG��DQG�LV�D�IHDVLEOH�ZD\�RI�GHOLYHULQJ�866�WHDFKLQJ�WR
PHGLFDO�VWXGHQWV��7KLV�FRXUVH�VHWV�D�VWURQJ�SUHFHGHQW�IRU�XOWUDVRXQG�WHDFKLQJ�LQ�PHGLFDO�VFKRROV��7KH�FRXUVH�GHVLJQHG�KHUH�ZDV�HIIHFWLYH�DQG�LWV
H[SDQVLRQ�DQG�LQFRUSRUDWLRQ�LQWR�WKH�FXUULFXOXP�RI�IXWXUH�\HDUV�VKRXOG�EH�SXUVXHG�

�

$FNQRZOHGJHPHQWV

7KDQN�\RX�WR�*�(��+HDOWKFDUH�IRU�SURYLGLQJ�XOWUDVRXQG�PDFKLQHV�WR�&8(06�WR�HQDEOH�XV�WR�UXQ�WKLV�FRXUVH�



%,20$5.(56 (UWDQ�6RQPH]

��������'LDJQRVWLF�YDOXH�RI�VFXEH��SURWHLQ�LQ�SDWLHQWV�GLDJQRVHG�ZLWK�DFXWH�DSSHQGLFLWLV�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(UWDQ�6RQPH]������'XUVXQ�$NED\������%HGLD�*XOHQ����

���%H]PLDOHP�9DNLI�8QLYHUVLW\�'HSDUWPHQW�RI�(PHUJHQF\��0U��,VWDQEXO��785.(<

.H\ZRUGV��6&8%(���$FXWH�$SSHQGLFLWLV��$OYDUDGR�6FRULQJ

$EVWUDFW��

2EMHFWLYH��6&8%(���6LJQDO�SHSWLGH���&8%��FRPSOHPHQW�&�U�&�V��8HJI��DQG�%PS�����(*)��HSLGHUPDO�JURZWK�IDFWRU����OLNH�GRPDLQ���FRQWDLQLQJ�SURWHLQ�
LV�UHFHQWO\�VWXGLHG�LQ�UHVHDUFKHV�DV�D�GLDJQRVWLF�ELRPDUNHU�IRU�DFXWH�FRURQDU\�V\QGURPH��YDULRXV�FDQFHUV��LVFKHPLF�VWURNH�DQG�&ULPHDQ�&RQJR
+DHPRUUKDJLF�)HYHU��&&+)���7KH�DLP�RI�WKLV�VWXG\�LV�WR�HYDOXDWH�WKH�YDOXH�RI�6&8%(��LQ�SDWLHQWV�GLDJQRVHG�ZLWK�DFXWH�DSSHQGLFLWLV�

0DWHULDO�DQG�0HWKRG��:H�HYDOXDWHG�����SDWLHQWV�ZLWK�LQLWLDO�GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV��$$��ZKR�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�
����SDWLHQWV�ZHUH�H[FOXGHG�IURP�WKH�VWXG\�IRU�YDULRXV�UHDVRQV�����SDWLHQWV�ZLWK�GHILQLWLYH�GLDJQRVH�RI�$$�DV�SDWLHQWV�JURXS�DQG����YROXQWHHUV�DV
KHDOWK\�FRQWUROV�ZHUH�HQUROOHG�WR�WKH�VWXG\��6&8%(���$OYDUDGR�VFRULQJ��$6.���&�UHDFWLYH�SURWHLQ��&53��YDOXHV�DQG�URXWLQH�WHVWV�DUH�FRPSDUHG
EHWZHHQ�WZR�JURXSV�

5HVXOWV��6&8%(��SODVPD�OHYHOV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�EHWZHHQ�WZR�JURXSV��S ���������6&8%(��YDOXHV�ZHUH�IRXQG�VLJQLILFDQWO\�KLJKHU�LQ
&53�����SDWLHQWV��S ���������7KHUH�ZDV�QR�FRUUHODWLRQ�EHWZHHQ�6&8%(��YDOXHV�ZLWK�$6.��S ���������%RWK�WKH�GLDPHWHU�RI�DSSHQGL[�RQ�&7
�FRPSXWHG�WRPRJUDSK\��DQG�6&8%(��YDOXHV�ZHUH�LQFUHDVLQJ�SURSRUWLRQDO���S ���������&53�OHYHOV�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�WKH�SHUIRUDWHG
DSSHQGLFLWLV��3$��JURXS�ZKHQ�FRPSDUHG�ZLWK�QRQ�SHUIRUDWHG�DSSHQGLFLWLV��13$��JURXS��S ���������:KLWH�EORRG�FHOOV��:%&��YDOXHV�ZHUH�IRXQG
LQVLJQLILFDQW�WR�GLVWLQJXLVK�SHUIRUDWLRQ��S �������

�&RQFOXVLRQ��,Q�WKLV�VWXG\�6&8%(��YDOXHV�ZHUH�QRW�GLDJQRVWLF�LQ�$$��DOWKRXJK�6&8%(��ZDV�VLJQLILFDQWO\�KLJKHU�LQ�&53�SRVLWLYH�SDWLHQWV��7KHUH�ZDV
SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�6&8%(��YDOXHV�DQG�GLDPHWHU�RI�DSSHQGL[�ZKLFK�PHDVXUHG�RQ�&7��



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 -RDQ\�=DFKDULDVVH

��������9DOLGLW\�RI�WKH�0DQFKHVWHU�7ULDJH�6\VWHP�LQ�GLIIHUHQW�VHWWLQJV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-RDQ\�=DFKDULDVVH������9HUD�YDQ�GHU�+DJHQ������,DQ�0DFRQRFKLH������+HQUL�WWH�0ROO����

���'HSDUWPHQW�RI�3DHGLDWULFV��(UDVPXV�0&��6RSKLD�&KLOGUHQ
V�+RVSLWDO��5RWWHUGDP��7+(�1(7+(5/$1'6
���'HSDUWPHQW�RI�3DHGLDWULF�$FFLGHQW�DQG�(PHUJHQF\��6W�0DU\
V�+RVSLWDO��,PSHULDO�&ROOHJH�1+6�+HDOWKFDUH�7UXVW��/RQGRQ��8.

$EVWUDFW��

,QWURGXFWLRQ

7ULDJH�DLPV�WR�VRUW�SDWLHQWV�DFFRUGLQJ�WR�WKHLU�XUJHQF\�IRU�WUHDWPHQW�RU�DELOLW\�WR�VDIHO\�ZDLW��7KH�0DQFKHVWHU�7ULDJH�6\VWHP��076��LV�WKH�PRVW
ZLGHO\�XVHG�WULDJH�V\VWHP�LQ�(XURSH��6HYHUDO�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�WKH�076��,W�LV�NQRZQ�WKDW�WKH
SHUIRUPDQFH�RI�SUHGLFWLRQ�PRGHOV�GHSHQGV�RQ�WKH�WDUJHW�SRSXODWLRQ�LQ�ZKLFK�WKH\�DUH�HYDOXDWHG��+RZHYHU��OLWWOH�LV�NQRZQ�DERXW�WKH�SHUIRUPDQFH�RI
WKH�076�IRU�FKLOGUHQ�LQ�GLIIHUHQW�VHWWLQJV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�WKH�YDOLGLW\�RI�WKH�076�IRU�FKLOGUHQ�LQ�YDULRXV�VHWWLQJV�

0HWKRGV

)LUVW��ZH�FRQGXFWHG�D�V\VWHPDWLF�UHYLHZ�WR�DVVHVV�WKH�DYDLODEOH�HYLGHQFH�RQ�WKH�SHUIRUPDQFH�RI�WKH�076��:H�LGHQWLILHG���VWXGLHV����DGXOWV���
FKLOGUHQ����FRPELQDWLRQ��ZLWK�D�PHGLDQ�RI��������SDWLHQWV��UDQJH����������������:H�ZHUH�DEOH�WR�FRPSDUH���VWXGLHV�WKDW�XVHG�WKH�VDPH�UHIHUHQFH
VWDQGDUG��KRVSLWDOLVDWLRQ��6HFRQG��ZH�FRQGXFWHG�DQ�REVHUYDWLRQDO�VWXG\�RQ�WKH�YDOLGLW\�RI�WKH�076�LQ�FKLOGUHQ�WR�YDOLGDWH�WKHVH�UHVXOWV��:H�LQFOXGHG
DOO�FRQVHFXWLYH�('�YLVLWV�LQ�WZR�ODUJH�DFDGHPLF�KRVSLWDOV�GXULQJ�WKH���WR����PRQWK�VWXG\�SHULRG��+RVSLWDO���LV�D�UHODWLYHO\�KLJK��SUHYDOHQFH�VHWWLQJ
�KRVSLWDOLVDWLRQ�UDWH���������DQG�KRVSLWDO���D�UHODWLYHO\�ORZ��SUHYDOHQFH�VHWWLQJ��KRVSLWDOLVDWLRQ�UDWH����������:H�XVHG�WKH�VDPH�UHIHUHQFH�VWDQGDUG
DV�WKH�V\VWHPDWLF�UHYLHZ��KRVSLWDOLVDWLRQ��DQG�DGGHG�,&8�DGPLVVLRQ�DQG�LPPHGLDWH�OLIHVDYLQJ�LQWHUYHQWLRQV�DV�UHIHUHQFH�VWDQGDUGV�IRU�KLJK�XUJHQW
SDWLHQWV�

5HVXOWV

2I�WKH���LQFOXGHG�VWXGLHV�LQ�WKH�UHYLHZ��SDWLHQW�SRSXODWLRQV�GLIIHUHG�DV�LQGLFDWHG�E\�GLIIHUHQFHV�LQ�KRVSLWDOLVDWLRQ�UDWH��UDQJH��������������'HVSLWH
WKHVH�GLIIHUHQFHV��VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�WKH�076�IRU�KRVSLWDOLVDWLRQ�ZHUH�VLPLODU��6HQVLWLYLW\�UDQJHG�IURP�����������&,������������WR����������
&,������������DQG�VSHFLILFLW\�UDQJHG�IURP����������&,�������������WR�����������&,�������������:H�LQFOXGHG��������FKLOGUHQ�LQ�RXU�REVHUYDWLRQDO�VWXG\�
�����LQ�KRVSLWDO���DQG��������LQ�KRVSLWDO����'HVSLWH�WKH�GLIIHUHQFHV�LQ��VHWWLQJ��VHQVLWLYLW\�DQG�VSHFLILFLW\�ZHUH�PRUH�RU�OHVV�VLPLODU�IRU�WKH�GLIIHUHQW
UHIHUHQFH�VWDQGDUGV��+RVSLWDOLVDWLRQ�KDG�D�VHQVLWLYLW\�RI�����������&,������������LQ�KRVSLWDO���DQG�����������&,�������������LQ�KRVSLWDO����6SHFLILFLW\
ZDV������������&,������������DQG������������&,������������UHVSHFWLYHO\��)RU�,&8�DGPLVVLRQ�VHQVLWLYLW\�ZDV������������&,������������DQG����������
&,�������������VSHFLILFLW\�ZDV�����������&,������������DQG�����������&,�������������)RU�LPPHGLDWH�OLIHVDYLQJ�LQWHUYHQWLRQV�VHQVLWLYLW\�ZDV�����������
&,������������DQG������������&,�������������VSHFLILFLW\�ZDV�����������&,������������DQG�����������&,������������

&RQFOXVLRQ

7KH�SHUIRUPDQFH�RI�WKH�076�KDV�QRW�\HW�EHHQ�FRPSDUHG�LQ�GLIIHUHQW�VHWWLQJV��,Q�D�V\VWHPDWLF�UHYLHZ�RI�VWXGLHV�HYDOXDWLQJ�WKH�076��LW�VHHPV�DV�LI
VHQVLWLYLW\�DQG�VSHFLILFLW\�UHPDLQ�LQ�WKH�VDPH�UDQJH�UHJDUGOHVV�RI�WKH�YDULDWLRQ�LQ�VHWWLQJV��:H�IRXQG�WKH�VDPH�UHVXOWV�ZKHQ�ZH�YDOLGDWHG�WKHVH
ILQGLQJV�LQ�D�KLJK�DQG�ORZ�SUHYDOHQFH�VHWWLQJ��LQGLFDWLQJ�WKDW�SHUIRUPDQFH�RI�WKH�076�LV�UHODWLYHO\�LQGHSHQGHQW�RI�WKH�VHWWLQJ��)XWXUH�REVHUYDWLRQDO
VWXGLHV�ZLWK�D�ODUJHU�YDULDWLRQ�LQ�VHWWLQJV�LV�QHHGHG�WR�FRQILUP�WKHVH�ILQGLQJV�
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���(PHUJHQF\�0HGLFLQH��'RNX]�(\OXO�8QLYHUVLW\�+RVSLWDO��,]PLU��785.(<

.H\ZRUGV��RFFXSDWLRQDO�DFFLGHQWV��RFFXSDWLRQDO�KHDOWK�SUDFWLFH��HPHUJHQF\�PHGLFLQH��WUDXPD��2FFXSDWLRQDO�,QMXULHV�

$EVWUDFW��

2EMHFWLYHV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�VRFLRGHPRJUDSKLF�IHDWXUHV��VDIHW\�RI�WKH�ZRUN�HQYLURQPHQW�DQG�FKDUDFWHULVWLFV�RI
ZRUN�UHODWHG�DFFLGHQWV�DQG�VROXWLRQ�RIIHUV�RI�LQMXUHG�SDWLHQWV�ZKR�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�DIWHU�RFFXSDWLRQDO�DFFLGHQW�

0DWHULDO�DQG�0HWKRG��$�FURVV�VHFWLRQDO�VWXG\�ZDV�FRQGXFWHG�IURP����6HSWHPEHU������WR����'HFHPEHU������LQ�'RNX]�(\OXO�8QLYHVLW\�+RVSLWDO�
'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��7KH�VWXG\�ZDV�FDUULHG�RXW�ZLWK�VHTXHQWLDO�SDWLHQWV�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�UHVXOWV�IURP
RFFXSDWLRQDO�LQMXULHV�ZKRVH�DJH�LV����DQG�DERYH��)DFH�WR�IDFH�LQWHUYLHZV�ZLWK�VXUYH\�ZHUH�FRQGXFWHG��7KH�VXUYH\�KDV���PDLQ�VHFWLRQV��7KH�ILUVW
VHFWLRQ�LV�DERXW�SDWLHQWVÇ�GHPRJUDSKLFV��WKH�VHFRQG�VHFWLRQ�LV�DERXW�RFFXSDWLRQDO�VDIHW\�RI�WKH�ZRUN�HQYLURQPHQW��WKH�WKLUG�VHFWLRQ�LQFOXGHV�WKH
IHDWXUHV�RI�RFFXSDWLRQDO�LQMXU\�DQG�WKH�IRXUWK�VHFWLRQ�LQFOXGHV�WKH�TXHVWLRQV�DERXW�RFFXSDWLRQDO�LQMXU\�VROXWLRQ�RIIHUV�RI�ZRUNHUV�

5HVXOWV���������SDWLHQWV�SUHVHQWHG�WR�GHSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH�LQ�WKH�VWXG\�SHULRG��7KHUH�ZHUH�����RFFXSDWLRQDO�LQMXULHV�RI�WKHP������
��RI�DOO�SUHVHQWDWLRQ���������������RI�����ZHUH�LQFOXGHG�WR�WKH�VWXG\��7KH�DYHUDJH�DJH�RI�WKH�SDWLHQWV�LV��������7KH�\RXQJHVW�SDWLHQW�ZDV����DQG
WKH�ROGHVW�SDWLHQW�ZDV����

,QMXUHG�SDWLHQWV�ZKR�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�DIWHU�RFFXSDWLRQDO�DFFLGHQW��Q ��������������ZHUH�ORZ�PHGLXP�HGXFDWHG�ZRUNHUV�
7KH�����RI�LQMXUHG�SDWLHQWV�KDG�66.�DV�D�VRFLDO�LQVXUDQFH�������RI�WKH�SDWLHQWV��Q ����DUH�SUHVHQWHG�ZLWKLQ�WKH�ILUVW�WKUHH�KRXUV�DIWHU�WKH�DFFLGHQW�
0RVW�RI�WKHLU�SUHVHQWDWLRQ��Q ��������������WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZHUH�LQ�DIWHUQRRQ��EHWZHHQ�������DP�WR�������DP���2QO\�KDOI��Q �����
����RI�WKH�LQMXUHG�ZRUNHUV�KDG�RFFXSDWLRQDO�VDIHW\�WUDLQLQJ��7KH�������RI�WKH�VWXG\�JURXS��Q �����KDG�DQ�RSLQLRQ��WKDW�SK\VLFDO�HQYLURQPHQW�RI�WKH
ZRUNLQJ�SODFHV�ZHUH�VXLWDEOH�LQ�WHUPV�RI�RFFXSDWLRQDO�VDIHW\��7KH�PRVW�FRPPRQ�FDXVH�RI�LQMXULHV�ZHUH�VKDUS�DQG�SHQHWUDWLQJ�WRROV����������Q ����
(OHYHQ�SDWLHQWV���������DGPLWWHG�WR�WKH�KRVSLWDO��DQG�WKH�PDMRULW\�RI�WKH�SDWLHQWV���������Q �����ZHUH�WUHDWHG�DPEXODWRU\�DQG�GLVFKDUJHG�IURP�WKH
HPHUJHQF\�GHSDUWPHQW��7KUHH�SDWLHQWV���������KDG�VHYHUH�LQMXU\�DQG�RQH�SDWLHQW�ZDV�GHDG����������0RVW�RI�WKH�ZRUNHUV��Q� �������������ZHUH�LQ
IDYRU�UHJXODWLRQ�RI�WKH�ODFN�RI�SURWHFWLYH�HTXLSPHQW�FDQ�QRW�EH�FRUUHFWHG�SUHYHQW�WKH�DFFLGHQW��7KH�LQMXUHG�ZRUNHUV��Q �������������VWDWHG�WKDW�LI
WKH�QHFHVVDU\�SUHFRXWLRQV�KDG�WDNHQ�WKH�LQMXU\�ZRXOG�QRW�KDG�KDSSHQHG�

&RQFOXVLRQV��)UHTXHQF\�RI�RFFXSDWLRQDO�LQMXULHV�WR�WKH�'RNX]�(\OXO�8QLYHUVLW\��GHSDUWPHQW�RI�(PHUJHQF\�PHGLFLQH�LV�ORZ��3DWLHQWV�ZKR�SUHVHQWHG
WR�WKH�HPHUJHQF\�GHSDUWPHQW�DIWHU�RFFXSDWLRQDO�DFFLGHQW�ZHUH�ORZ�PHGLXP�HGXFDWHG�\RXQJ�ZRUNHUV��$OWKRXJK�WKH\�VWDWHG�WKDW�WKH\�GLG�QRW
UHFHLYH�DGHTXDWH�RFFXSDWLRQDO�VDIHW\�WUDLQLQJ�DQG�WKH\�ZRUN�LQ�LQDGHTXDWH�ZRUNSODFH�VDIHW\�HQYLURQPHQW�WKDW�LI�WKH�QHFHVVDU\�SUHFDXWLRQV�KDG
WDNHQ�WKH�LQMXU\�ZRXOG�QRW�KDYH�KDSSHQHG�
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(PPDQXHO�0RQWDVVLHU������)DUHV�0RXVWDID������DOEHUW�7ULQK�'XF������0D[LPH�0DLJQDQ������&DUROLQH�$QQRRW������2JLHOVND�0DMD������3DVFDO�/RXLV�2UHU
�����-HDQ�%HQRLW�+DUGRXLQ������7KLEDXOW�6FKRWW�������-DFTXHV�%RXJHW�������5X[DQGUD�&RMRFDUX�������3LHUUH�$OH[LV�5D\QDO�������$QWRLQH�(FKH������
1HVULQH�%HQDRXLFKD�������*LOOHV�3RWHO�������(ULF�%DWDUG�����

���(PHUJHQF\�'HSDUWPHQW��QR��1DQWHV��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��QRQH��&OHUPRQW�)HUUDQG��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��QRQH��$JHQ��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��QRQH��*UHQREOH��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��QRQH��/D�5RFKH�VXU�<RQ��)5$1&(
���,QIHFWLRXV�'LVHDVHV��QRQH��7RXUV��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��QRQH��%RELJQ\��)5$1&(
�����QRQH��1DQWHV��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��QRQH��$QJHUV��)5$1&(
����(PHUJHQF\�'HSDUWPHQW��QRQH��5HQQHV��)5$1&(
����(PHUJHQF\�'HSDUWPHQW��QRQH��6WUDVERXUJ��)5$1&(
����(PHUJHQF\�'HSDUWPHQW��QRQH��3DULV��)5$1&(
����(PHUJHQF\�'HSDUWPHQW��QRQH��1DQWHV��)5$1&(

.H\ZRUGV��FRPPXQLW\�DFTXLUHG�SQHXPRQLD��FOLQLFDO�UHDVVHVVPHQW��SURFDOFLWRQLQH��DQWLELRWLF

$EVWUDFW��

%DFNJURXQG���&RPPXQLW\�DFTXLUHG�SQHXPRQLD��&$3��LV�D�IUHTXHQW�UHDVRQ�IRU�FRQVXOWLQJ�ZLWK�WKH�KHDOWKFDUH�V\VWHP�DQG�LV�D�OHDGLQJ
LQIHFWLRQ�UHODWHG�FDXVH�RI�GHDWK�LQ�GHYHORSHG�FRXQWULHV��7KH�GLDJQRVLV�RI�&$3�LV�GLIILFXOW��EHFDXVH�RI�WKH�OLPLWDWLRQV�RI�FOLQLFDO��UDGLRORJLFDO�DQG
ELRORJLFDO�H[DPLQDWLRQV��OHDGLQJ�WR�DQ�RYHUSUHVFULSWLRQ�RI�DQWLELRWLFV��6HYHUDO�VWXGLHV�DFFHVVHG�WKH�FRQWULEXWLRQ�RI�SURFDOFLWRQLQ��3&7��ZLWK�WKH
GHYHORSPHQW�RI�DQ�DOJRULWKP�WR�JXLGH�LQLWLDWLRQ�RI�WKH�DQWLELRWLF�WUHDWPHQW�LQ�&$3��$QRWKHU�VWUDWHJ\�UHOLHV�RQ�DQ�HDUO\�FOLQLFDO�UHDVVHVVPHQW�PDGH�LQ
WKH�ILUVW����KRXUV�RI�KRVSLWDOL]DWLRQ�WR�FRQILUP�WKH�GLDJQRVLV�RI�&$3�DQG�WKH�QHHG�WR�PDLQWDLQ�DQWLELRWLF�WUHDWPHQW��7R�GDWH��WKHVH�WZR�VWUDWHJLHV
KDYH�QRW�EHHQ�FRPSDUHG��7KXV��WKH�REMHFWLYH�RI�RXU�VWXG\�ZDV�WR�FRPSDUH�WKHVH�WZR�VWUDWHJLHV�WR�UHGXFH�WKH�GXUDWLRQ�RI�DQWLELRWLF�WUHDWPHQW�LQ�&$3
LQ�D�UDQGRPL]HG�FOLQLFDO�WULDO��0DWHULDO�PHWKRGV��3URVSHFWLYH��UDQGRPL]HG�DQG�FRQWUROOHG�WULDO�LQFOXGLQJ�DGXOW�SDWLHQWV�DGPLWWHG�LQ�WKH�('�ZLWK�WKH
PDLQ�GLDJQRVLV�RI�&$3��,Q�WKH�FOLQLFDO�UHDVVHVVPHQW�JURXS��DQWLELRWLF�WUHDWPHQW�ZDV�V\VWHPDWLFDOO\�VWDUWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��$�FOLQLFDO
UHDVVHVVPHQW�ZDV�PDGH�GXULQJ�WKH�ILUVW����KRXUV�RI�KRVSLWDOL]DWLRQ�LQ�WKH�('�VKRUW�VWD\�XQLW�WR�UHFRQVLGHU�WKH�GLDJQRVLV�RI�&$3��DQG�WR�VWRS�WKH
DQWLELRWKHUDS\�LQLWLDWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�LI�WKH�GLDJQRVLV�LV�QRW�FRQILUPHG��,Q�WKH�3&7�JXLGHG�JURXS��LQLWLDWLRQ�DQG�GLVFRQWLQXDWLRQ�RI�WKH
DQWLELRWKHUDS\�ZDV�EDVHG�RQ�WKH�3&7�FXW�RII�UDQJHV�SUHYLRXVO\�SXEOLVKHG��5HVXOWV��,Q�WRWDO������SDWLHQWV�ZHUH�LQFOXGHG�LQ����KRVSLWDOV�LQ�)UDQFH�DQG
UDQGRPL]HG�LQ�WKH�FOLQLFDO�UHDVVHVVPHQW�JURXS�RU�LQWR�WKH�3&7�JXLGHG�JURXS��,Q�WKH�FOLQLFDO�UHDVVHVVPHQW�JURXS��&$3�GLDJQRVLV�ZDV�UHFRQVLGHUHG
DQG�DQWLELRWLF�WUHDWPHQW�ZDV�VWRSSHG�LQ������RI�WKH�SDWLHQWV��,Q�WKH�3&7�JXLGHG�JURXS��DQWLELRWLF�WUHDWPHQW�ZDV�QRW�VWDUWHG�LQ������RI�WKH�SDWLHQWV�
7KH�GLIIHUHQFH�ZDV�QRW�VLJQLILFDQW�EHWZHHQ�WKH���JURXSV��*OREDOO\��WKH�DQWLELRWLF�WUHDWPHQW�GXUDWLRQ�ZDV�VKRUWHU�LQ�WKH�FOLQLFDO�UHDVVHVVPHQW�JURXS
ZKHQ�FRPSDUHG�WR�WKH�3&7�JXLGHG�JURXS����GD\V�9V����GD\V��S��������7KHUH�ZDV�QR�GLIIHUHQFH�LQ�WHUPV�RI�VXFFHVV�UDWH�DW�GD\����EHWZHHQ�WKH��
JURXSV��&RQFOXVLRQV��2XU�VWXG\�VKRZHG�WKDW�DQ�HDUO\�FOLQLFDO�UHDVVHVVPHQW�LQ�('�VKRUW�VWD\�XQLWV�LV�D�VDIH�VWUDWHJ\�DQG�FDQ�UHGXFH�DQWLELRWLF
FRQVXPSWLRQ�LQ�&$3�
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1RWLQJ�WKDW�FKURQLF�GLVHDVH��&'��DFFRXQWV�IRU�����RI�HPHUJHQF\�PHGLFDO�DGPLVVLRQV�DQG�DSSUR[LPDWHO\�����RI�DOO�KHDOWKFDUH�FRVWV��WKH�,ULVK�+HDOWK
6HUYLFH�KDV�DQ�LQLWLDWLYH�WR�LPSURYH�&'�TXDOLW\�RI�FDUH��3UHVHQWO\��ÆLQWHJUDWHG�FDUHÇ�RI�&'�JHQHUDOO\�UHIHUV�WR�FDUH�E\�*3�SXQFWXDWHG�E\�VSHFLDOLVW
LQSXW�DQG�GRHV�QRW�H[SOLFLWO\�LQYROYH�WKH�HPHUJHQF\�GHSDUWPHQW��('���+RZHYHU��ZKLOH�&'ÇV�GR�DFFRXQW�IRU�����RI�('�DGPLVVLRQV��OHVV�WKDQ�����RI�('
SUHVHQWDWLRQV�DUH�DGPLWWHG��7KLV�VWXG\�LV�SDUW�RI�D�ODUJHU�SURMHFW�WKDW�KDV�SUHYLRXVO\�VKRZQ�����WKHUH�LV�D�QHDUO\���IROG�ODUJHU�FRKRUW�RI�&'�UHODWHG�('
SUHVHQWDWLRQV�WKDW�DUH�GLVFKDUJHG������('�DFXWH�PDQDJHPHQW�RI�&'�LV�RIWHQ�LQFRQVLVWHQW�ZLWK�HYLGHQFH�EDVHG�JXLGHOLQHV�XVHG�E\�VSHFLDOLVWV�����
LQFRQVLVWHQFLHV�LQ�FDUH�IRU�&'�SDWLHQWV�FDQ�EH�LPSURYHG��DQG�LQ�VR�GRLQJ�WKH�('�FDQ�PDNH�D�PHDQLQJIXO�FRQWULEXWLRQ�WR�LQWHJUDWHG�FDUH�RI�&'�

7KLV�VWXG\�DLPV�WR������&KDUDFWHUL]H�KHDUW�IDLOXUH��+)��UHODWHG�SUHVHQWDWLRQV�WR�WKH�('������&RPSDUH�GLVFKDUJHG�DQG�DGPLWWHG�FRKRUWV������$VVHVV�WKH
DSSOLFDELOLW\�RI�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\��(6&��JXLGHOLQHV�LQ�WKH�DVVHVVPHQW�DQG�WUHDWPHQW�RI�+)�UHODWHG�SUHVHQWDWLRQV�
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'XULQJ�D���\HDU�SHULRG��('�SK\VLFLDQV�ZHUH�DVNHG�WR�FRPSOHWH�D�TXHVWLRQQDLUH�LQ�FDVHV�ZKHQ�+)�ZDV�D�FRQWULEXWLQJ�IDFWRU�WR�SUHVHQWDWLRQ�
4XHVWLRQV�UHODWHG�WR��HVWDEOLVKPHQW�RI�+)�GLDJQRVLV��SUHVHQWLQJ�FRPSODLQW��DYDLODELOLW\�RI�+)�EDVHOLQH�GDWD��DGPLVVLRQ��DQG�FOLQLFDO�FRQFHUQV�RI�WKH
('�SK\VLFLDQ��(6&�JXLGHOLQHV�ZHUH�H[DPLQHG�DV�WR�WKHLU�DSSOLFDELOLW\�LQ�WKHVH�SUHVHQWDWLRQV�

5(68/76�

6XUYH\V�IURP����+)�UHODWHG�SUHVHQWDWLRQV�ZHUH�UHFHLYHG��,Q�����RI�FDVHV��SDWLHQWV�ZHUH�DGPLWWHG��$�GLDJQRVLV�RI�+)�ZDV�NQRZQ�LQ�����RI�FDVHV
DQG�����ZHUH�OLNHO\�GH�QRYR�GLDJQRVHV��2I�HVWDEOLVKHG�+)�FDVHV������ZHUH�UHFHLYLQJ�FDUH�LQ�RXU�KRVSLWD�DQGO�����RI�WKHVH�ZHUH�GLVFKDUJHG��2I�WKH
GH�QRYR�SUHVHQWDWLRQV������ZHUH�GLVFKDUJHG��,Q�WKHVH������KDG�D�G\VSQRHLF�FRPSRQHQW�WR�WKHLU�FRPSODLQW��EXW�RQO\�����LQ�WKH�HVWDEOLVKHG�+)
SDWLHQWV�

(6&�JXLGHOLQHV�IRU�+)�LV�D����SDJH�GRFXPHQW�FRQWDLQLQJ����WDEOHV��:KLOH�FRPSUHKHQVLYH��DW�D�SUDFWLFDO�OHYHO�WKLV�GRFXPHQW�LV�QRW�XVHG�LQ�('�
,QWHUHVWLQJO\��VHFWLRQ�����VWDWHV�
5HGXFWLRQV�LQ�PRUWDOLW\�DQG�KRVSLWDO�DGPLVVLRQ�UDWHV�ERWK�UHIOHFW�WKH�DELOLW\�RI�HIIHFWLYH�WUHDWPHQWV�WR�VORZ�RU
SUHYHQW�SURJUHVVLYH�ZRUVHQLQJ�RI�+)
�
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7KLV�SURMHFW�KDV�VKRZQ�SUHYLRXVO\�WKDW����RI�('�SUHVHQWHUV�KDYH�+)�RI�ZKLFK�����DUH�DGPLWWHG��('�SK\VLFLDQV�LQ�WKLV�VWXG\�UHSRUWHG�RQO\
FRPSOHWLQJ�WKH�VXUYH\�IRU�+)�UHODWHG�SUHVHQWDWLRQV�WKH\�IRXQG�FKDOOHQJLQJ��&KDOOHQJHV�PRVW�UHSRUWHG�ZHUH�����WKH�ODFN�RI�H[SOLFLW�DGPLVVLRQ�FULWHULD
����ODFN�RI�JXLGDQFH�LQ�WKHUDS\�IRU�GLVFKDUJHV��SDUWLFXODUO\�LQ�WKH�FRQWH[W�RI�UHQDO�IDLOXUH��1R�RQH�LQWHUYLHZHG�KDG�XVHG�WKH�(6&�JXLGHOLQHV��WKRXJK�DOO
ZHUH�DZDUH�RI�WKHP��0DQ\�FLWHG�WKH�&23'�FDUH�EXQGOH�XVHG�LQ�RXU�KRVSLWDO�DV�DQ�HIIHFWLYH�('�WRRO�
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���7KHUH�LV�D�VLJQLILFDQW�FRKRUW�RI�+)�UHODWHG�SUHVHQWDWLRQV�ZKR�DUH�GLVFKDUJHG�GLUHFWO\�IURP�('������(6&�+)�JXLGHOLQHV�ODFN�SUDFWLFDO�IXQFWLRQDOLW\�IRU
DSSOLFDWLRQ�LQ�('��SDUWLFXODUO\�DGPLVVLRQ�FULWHULD�DQG�GLVFKDUJH�DGYLFH������'LVWLOOLQJ�WKH�(6&�JXLGHOLQHV�LQ�WR�D�IXQFWLRQDO�('�FDUH�EXQGOH�VKRXOG�EH
H[SORUHG��
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(\H�WUDXPD�LV�UHFRUGHG�WR�EH�D�PDLQ�FDXVH�RI�EOLQGQHVV�RU�SDUWLDO�ORVV�RI�YLVLRQ�ZRUOGZLGH��7KH�ILJXUHV�DUH�HYHQ�PRUH�GUDPDWLF�LQ�WKH�FRXQWULHV�WKDW
ODFN�KHDG�WUDXPD�LQMXU\�SURWRFROV�WKDW�SULRULWL]H�WKH�ILUVW�PHGLFDO�PHDVXUHV�WDNHQ�LQ�WKH�ILUVW�VWDJHV�WR�DYRLG�ORVLQJ�WKH�WKHUDSHXWLF�WLPH�IUDPH
UHTXLUHG�LQ�VXFK�FDVHV�VR�WKH�H\H�VXUJHU\�PHDVXUHV�DUH�QRW�WR�EH�GHOD\HG�

$ERXW�����RI�KHDG�LQMXULHV�DUH�DVVRFLDWHG�ZLWK�RFXODU�DQG�YLVXDO�GHIHFWV��7KH�UROH�RI�RFXODU�LQMXULHV�VHFRQGDU\�WR�KHDG�WUDXPD�LQ�WKH�FDXVDWLRQ�RI
EOLQGQHVV�KDV�EHFRPH�D�VXEMHFW�RI�LPSRUWDQFH�

$V�D�UHVXOW�RI�KHDG�WUDXPD�PXOWLSOH�V\VWHPLF�FRPSOLFDWLRQV�WKH�GDPDJH�WR�WKH�YLVXDO�V\VWHP�LV�PRVW�OLNHO\�WR�EH�LJQRUHG�LQ�PDQ\�FDVHV�DQG�ODWH
DVVHVVPHQW�LV�IXWLOH�

$V�WKHUH�DUH�D�VHULHV�RI�SRVVLEOH�PHFKDQLVPV�XQGHUOLQLQJ�RFXODU�PDQLIHVWDWLRQV�RI�KHDG�WUDXPD�WKDW�DUH�QRW�IXOO\�XQGHUVWRRG��PDQ\�XQWHVWHG
K\SRWKHVHV�KDYH�EHHQ�DGYDQFHG�WR�H[SODLQ�WKHVH�GHIHFWV��$V�DQ�H[DPSOH�H\H�PRYHPHQW�GLVRUGHUV�DUH�WKRXJKW�WR�EH�GXH�IURP�GLUHFW�WUDXPD�WR
RUELWDO�FRQWHQWV��FUDQLDO�QHUYHV��DQG�RWKHU�EUDLQ�DUHDV�

7KH�DLP�RI�WKLV�VWXG\�LV�WR�HYDOXDWH�WKH�FOLQLFDO�SURILOH�RI�YLVXDO�FRPSOLFDWLRQV�LQ�SDWLHQWV�KRVSLWDOL]HG�DQG�PDQDJHG�IRU�KHDG�LQMXU\�LQ�6LELX�

0(7+2'6

6RXUFH�GDWD�IRU�WKLV�UHWURVSHFWLYH�VWXG\�LV�6LELX�(PHUJHQF\�+RVSLWDO�GDWDEDVH��IRU�D�SHULRG�RI���\HDUV���$�VHOHFWLRQ�RI�DOO�KHDG�LQMXULHV�FDVHV�LV�GRQH
WR�DQDO\]H�WKH�LPSDFW�RQ�YLVXDO�V\VWHP�

5(68/76

2FXODU�DQG�YLVXDO�FRPSOLFDWLRQV�RFFXUUHG�LQ�PDQ\�FDVHV��DOPRVW������ZLWK�D�QXPEHU�FORVH�WR�GRXEOH��LQ�IDYRU�RI�PDOHV�DJDLQVW�IHPDOHV��0DLQ
FDXVHV�RI�YLVXDO��FRPSOLFDWLRQV�DUH�URDG�DFFLGHQWV��ILJKWV�DQG�RWKHU�W\SHV�RI�WUDXPD��,Q�URDG�DFFLGHQWV�SHGHVWULDQV�DUH�PRUH�DIIHFWHG�WKDQ�GULYHUV
ZLWK�PRUH�FRPSOLFDWLRQV�

&21&/86,216�¿

(\H�LQMXULHV�UHPDLQ�RQH�RI�WKH�PRVW�FRPPRQ�FDXVH�RI�GLIIHUHQW�W\SHV�RI�YLVLRQ�UHGXFWLRQ��D�OLIH�ORQJ�GLVDELOLW\��$Q�LPSRUWDQW�QXPEHU�RI�WKHP�FDQ�EH
SUHYHQWHG�RU�UHGXFHG�LPSOHPHQWLQJ�D�SULRULWL]HG�WUDXPD�JXLGH�IRU�DOO�KHDG�LQMXU\�SDWLHQWV�DGGUHVVLQJ�RFXODU�DQG�YLVLRQ�LQMXUHV�LQ�WKH�ILUVW�VWDJHV�RI
DGYDQFHG�PHGLFDO�FDUH��2XU�VWXG\�KLJKOLJKWV�WKH�QHHG�RI�VXFK�D�SURWRFRO�WR�EH�GHVLJQHG�DQG�LPSOHPHQWHG�LQ�6LELX�WR�UHGXFH�WKHVH�XQIRUWXQDWH
VLWXDWLRQV�



6,08/$7,21�,1�(0 1DWKDQ�+XGVRQ�3HDFRFN

��������7UDXPD�VLPXODWLRQ��GHYHORSLQJ�QRQ�WHFKQLFDO�VNLOOV�LQ�PHGLFDO�VWXGHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1DWKDQ�+XGVRQ�3HDFRFN������$OH[DQGHU�7D\ORU������0DWW�(OOLQJWRQ����

�����8QLYHUVLW\�RI�&DPEULGJH��6FKRRO�RI�&OLQLFDO�0HGLFLQH��&DPEULGJH��8.
���0DLGVWRQH�DQG�7XQEULGJH�:HOOV�1+6�7UXVW������0HGLFDO�5HJLPHQW��.HQW��8.

.H\ZRUGV��(PHUJHQF\�PHGLFLQH��PHGLFDO�HGXFDWLRQ��WUDXPD��VLPXODWLRQ��EDWWOHILHOG��SUH�KRVSLWDO��QRQ�WHFKQLFDO�VNLOOV��WUDQVIHUDEOH�VNLOOV��PLOLWDU\�
&50��FULVLV�UHVRXUFH�PDQDJHPHQW��WHDPZRUN��OHDGHUVKLS

$EVWUDFW��

%DFNJURXQG

$V�FOLQLFLDQV��LW�LV�QHFHVVDU\�WR�EH�DEOH�WR�DGDSW�WR�XQIDPLOLDU��KLJK�SUHVVXUH�VLWXDWLRQV��8QGHU�WKHVH�FLUFXPVWDQFHV��HIIHFWLYH�QRQ�WHFKQLFDO�VNLOOV
VXFK�DV�FULVLV�UHVRXUFH�PDQDJHPHQW��&50��DQG�OHDGHUVKLS�VNLOOV�DUH�FUXFLDO��+RZHYHU��WKHVH�DUH�SRRUO\�WDXJKW�LQ�PHGLFDO�VFKRROV�DQG�RIWHQ�KDYH�WR
EH�DFTXLUHG�DV�ZRUNLQJ�GRFWRUV��,Q�WKH�PLOLWDU\��WKHUH�LV�D�VWURQJ�HPSKDVLV�RQ�QRQ�WHFKQLFDO�VNLOOV�GHYHORSPHQW��$GGLWLRQDOO\��VLPXODWLRQ�EDVHG
OHDUQLQJ�LV�FRPPRQO\�XVHG�DV�D�YDOXDEOH�HGXFDWLRQ�PHWKRG��HQDEOLQJ�SUDFWLVH�RI�ERWK�WHFKQLFDO�DQG�QRQ�WHFKQLFDO�VNLOOV�LQ�D�VDIH��FRQWUROOHG
HQYLURQPHQW��7KH�VWXGHQW�UXQ�&DPEULGJH�8QLYHUVLW\�(PHUJHQF\�0HGLFLQH�6RFLHW\��LQ�FROODERUDWLRQ�ZLWK�����0HGLFDO�5HJLPHQW�DQG�0DJSDV
+HOLPHGL[��GHVLJQHG�DQG�GHOLYHUHG�D�VLPXODWLRQ�EDVHG�WUDLQLQJ�FRXUVH�RQ�SUH�KRVSLWDO�DQG�EDWWOHILHOG�WUDXPD�VFHQDULRV�WR����PHGLFDO�VWXGHQWV��7KLV
FRXUVH�DLPHG�WR�XVH�PLOLWDU\�VFHQDULRV�DQG�H[SHUWLVH��DQG�VLPXODWLRQ��WR�JHQHUDWH�HQWKXVLDVP�IRU�WKLV�DUHD�RI�PHGLFLQH��ZKLOVW�VLPXOWDQHRXVO\
GHYHORSLQJ�HIIHFWLYH�QRQ�WHFKQLFDO�VNLOOV�

�

0HWKRG

���VWXGHQWV�IURP�8.�PHGLFDO�VWXGHQWV�DWWHQGHG��'HOHJDWHV�ZHUH�VHQW�SUH�FRXUVH�UHDGLQJ�RQ�WKH�PDQDJHPHQW�RI�D�WUDXPD�SDWLHQW�DQG�JLYHQ�D
YHUEDO�EULHILQJ�DW�WKH�VWDUW�RI�WKH�FRXUVH��7KH�GD\�FRQVLVWHG�RI�ILYH�FLYLOLDQ�PLOLWDU\�WUDXPD�VFHQDULRV�DQG�XVHG�D�FRPELQDWLRQ�RI�SDWLHQW�DFWRUV�DQG
VNLOOV�PDQQHTXLQV��WR�SURYLGH�ERWK�UHDOLVP�DQG�WLPH�SUHVVXUH��'RFWRUV�IURP�FLYLOLDQ�DQG�RU�PLOLWDU\�EDFNJURXQGV�IDFLOLWDWHG�WKH�VFHQDULRV�ZKLOVW
GHOHJDWHV�WRRN�WXUQV�WR�WHDP�OHDG�WKHLU�JURXS�RI�ILYH��'DWD�ZDV�FROOHFWHG�E\�SDSHU�TXHVWLRQQDLUH�XVLQJ�YLVXDO�DQDORJXH�VFDOHV�

�

5HVXOWV

'HOHJDWHV��Q ����UDWHG�WKH�FRXUVH��������IRU�XVHIXOQHVV�ZLWK������RI�WKH�GHOHJDWHV�VD\LQJ�WKH\�IHOW�PRUH�FRQILGHQW�GHDOLQJ�ZLWK�D�WUDXPD�SDWLHQW
DIWHU�WKH�FRXUVH��$GGLWLRQDOO\������RI�GHOHJDWHV�VDLG�WKH\�IHOW�PRUH�FRQILGHQW�DVVHVVLQJ�DQ\�DFXWHO\�XQZHOO�SDWLHQW��WUDXPD�RU�RWKHUZLVH��:KHQ
DVNHG�ZKHWKHU�LQFOXVLRQ�RI�PLOLWDU\�VFHQDULRV�DQG�SHUVRQQHO�DGGHG�SRVLWLYHO\�WR�WKH�FRXUVH��WKH\�VFRUHG��������

�

&RQFOXVLRQ

%DWWOHILHOG�DQG�SUH�KRVSLWDO�WUDXPD�VLPXODWLRQ�H[SRVHV�PHGLFDO�VWXGHQWV�WR�KLJK�SUHVVXUH�VLWXDWLRQV�LQ�DQ�XQIDPLOLDU�EXW�VDIH�HQYLURQPHQW��6WXGHQWV
IRXQG�WKLV�D�KLJKO\�HIIHFWLYH�PHWKRG�IRU�GHYHORSLQJ�VNLOO�LQ�WUDXPD�PDQDJHPHQW��DV�ZHOO�DV�FRQILGHQFH�LQ�PDQDJLQJ�WKH�QRQ�WUDXPDWLF�SDWLHQW�
WKURXJK�DFTXLVLWLRQ�RI�WUDQVIHUDEOH��QRQ�WHFKQLFDO�VNLOOV�VXFK�DV�FULVLV�UHVRXUFH�PDQDJHPHQW��OHDGHUVKLS�DQG�WHDPZRUN�DELOLW\�



0,6&(//$1(286 )HOL[�*UHLQHU

��������3RWHQWLDO�LPSURYHPHQW�RI�DFXWH�UHVSLUDWRU\�LQIHFWLRQ�VXUYHLOODQFH�WKURXJK�XVDJH�RI�HPHUJHQF\�GHSDUWPHQW�GDWD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)HOL[�*UHLQHU������$UPLQ�%DLOORW������'RPLQLN�%UDPPHQ������)HOL[�:DOFKHU������%HUQDGHWW�(UGPDQQ����

���'HSDUWPHQW�RI�7UDXPD�6XUJHU\��2WWR�YRQ�*XHULFNH�8QLYHUVLW\�0DJGHEXUJ��0DJGHEXUJ��*(50$1<
���9LURORJLFDO�6XUYHLOODQFH��7KH�*RYHUQPHQWDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�RI�/RZHU�6D[RQ\��+DQRYHU��*(50$1<
���(PHUJHQF\�'HSDUWPHQW��.OLQLNXP�:ROIVEXUJ��:ROIVEXUJ��*(50$1<

.H\ZRUGV��$FXWH�UHVSLUDWRU\�LQIHFWLRQV��LQIOXHQ]D��V\QGURPLF�VXUYHLOODQFH��SXEOLF�KHDOWK��HPHUJHQF\�FDUH�GDWD

$EVWUDFW��

%DFNJURXQG�

$FXWH�UHVSLUDWRU\�LQIHFWLRQV��$5,��PD\�OHDG�WR�LQFUHDVHG�KRVSLWDOL]DWLRQ�DQG�H[FHVV�PRUWDOLW\�GXULQJ�WKH�DQQXDO�IOX�HSLGHPLF��%HVLGHV�ODERUDWRU\
VXUYHLOODQFH�RI�LQIOXHQ]D�>�@��V\QGURPLF�VXUYHLOODQFH�RI�$5,�LQ�*HUPDQ\�LV�EDVHG�RQ�UHSRUWV�RI�SULPDU\�FDUH�SK\VLFLDQV��H�J��,&'����*0�FRGHG
GLDJQRVHV��>�@��+RVSLWDOL]DWLRQ�UDWH�LV�OLNHO\�WR�EH�XQGHUHVWLPDWHG�DV�VHYHUH�FDVHV�PD\�FRQVXOW�DQ�HPHUJHQF\�GHSDUWPHQW��('��GLUHFWO\��7KH�MRLQW
UHVHDUFK�SURMHFW�IRU�HVWDEOLVKLQJ�D�*HUPDQ�HPHUJHQF\�GHSDUWPHQW�GDWD�UHJLVWU\��$.7,1��LV�HYDOXDWLQJ�D�GHFHQWUDOL]HG�DSSURDFK�WR�DFFHVV�GDWD
URXWLQHO\�UHFRUGHG�DQG�VWRUHG�LQ�('V��:H�LQYHVWLJDWH�LI�WKH�IOX�VHDVRQ�����������FDQ�EH�VKRZQ�RQ�WKH�EDVLV�RI�,&'�FRGHG�GDWD�IURP�RQH�RI�RXU
SURMHFW�KRVSLWDO
V�('�

�

3DUWLFLSDQWV�DQG�PHWKRGV�

:H�LQFOXGHG�DOO�SDWLHQWV�LQ�RXU�DQDO\VLV�WKDW�ZHUH�KRVSLWDOL]HG�DIWHU�DWWHQGLQJ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�:ROIVEXUJ�KRVSLWDO�EHWZHHQ�FDOHQGDU
ZHHN��&:����������DQG�&:����������$Q�$5,�ZDV�GHILQHG�LI�WKH�IROORZLQJ�,&'����&RGHV�ZHUH�UHFRUGHG�DV�DGPLVVLRQ�GLDJQRVLV�-���WR�-����LQFOXGLQJ
VXEJURXSV���-�����DQG�%������5HIHUHQFH�GDWD�ZHUH�UHWULHYHG�IURP�SXEOLF�KHDOWK�GDWDEDVHV�RQ�D�UHJLRQDO��ODERUDWRU\�VXUYHLOODQFH��DQG�QDWLRQDO
�,&'�FRGHG�GDWD�IURP�SULPDU\�FDUH�SK\VLFLDQV��OHYHO��:H�FDOFXODWHG�DEVROXWH�DQG�UHODWLYH�IUHTXHQFLHV�DQG�FRPSDUHG�HSLGHPLF�FXUYHV��DJH
GLVWULEXWLRQ�DQG�GLVWULEXWLRQ�RI�,&'����FRGHV�

�

5HVXOWV�

�������SDWLHQWV�ZHUH�KRVSLWDOL]HG�GXULQJ�WKH�REVHUYHG�SHULRG������FDVHV�RI�WKHVH��������ZHUH�GLDJQRVHG�ZLWK�DQ�$5,��RQ�DYHUDJH����DGPLVVLRQV�SHU
ZHHN�GXH�WR�DQ�$5,�UHVSHFWLYHO\��7KH�QXPEHU�RI�FDVHV�ZDV�ULVLQJ�DW�WKH�EHJLQQLQJ�RI������DQG�UHDFKHG�LWV�SHDN�LQ�&:����������ZKHQ����SDWLHQWV
�������ZHUH�KRVSLWDOL]HG��&RPSDUHG�ZLWK�UHIHUHQFH�GDWD�WKHUH�ZDV�D�JUDSKLFDO�FRUUHODWLRQ�RI�WKH�HSLGHPLF�FXUYHV��0HDQ�DJH�RI�$5,�FDVHV�ZDV�����
\HDUV��6'�k�������PHGLDQ������0RVW�FRPPRQ�GLDJQRVHV�ZHUH�-����SQHXPRQLD����������-����EDFWHULDO�SQHXPRQLD����������-������&23'�ZLWK�DFXWH
ORZHU�UHVSLUDWRU\�LQIHFWLRQ���������DQG�-����DFXWH�EURQFKLWLV���������3DWLHQWV�LQ�RXU�VDPSOH�ZHUH�ROGHU�DQG�GLVWULEXWLRQ�RI�GLDJQRVHV�GLIIHUHG�IURP
UHIHUHQFH�GDWD�

�

'LVFXVVLRQ�

2XU�DQDO\VLV�VKRZV�WKDW�WKH�FRXUVH�RI�WKH�IOX�VHDVRQ�����������FDQ�DOVR�EH�GHSLFWHG�RQ�WKH�EDVLV�RI�,&'����&RGHV�UHFRUGHG�LQ�DQ�HPHUJHQF\
GHSDUWPHQW��7KH�FXUUHQW�DQG�ZHOO�HVWDEOLVKHG�$5,�VXUYHLOODQFH�LV�EDVHG�RQ�GDWD�IURP�ODERUDWRULHV�DQG�SULPDU\�FDUH�SK\VLFLDQV��6R�IDU�KRVSLWDO�GDWD
LV�QRW�LQFOXGHG�LQ�V\QGURPLF�VXUYHLOODQFH��HYHQ�WKRXJK�GDWD�IURP�('V�PD\�SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ�DERXW�WKH�HSLGHPLRORJLFDO�VLWXDWLRQ�RI�$5,
UHJDUGLQJ�PRUH�VHYHUH�FDVHV��3DUW�RI�WKH�$.7,1�3URMHFW�LV�WKH�HYDOXDWLRQ�RI�URXWLQHO\�FROOHFWHG�('�GDWD�IRU�SXEOLF�KHDOWK�VXUYHLOODQFH��7KLV�LQFOXGHV
WKH�LQYHVWLJDWLRQ�RI�SUHVHQWLQJ�FRPSODLQW�XQG�,&'����GLDJQRVHV�DV�D�VWHDG\�LQIRUPDWLRQ�VWUHDP�WR�SXEOLF�KHDOWK�DXWKRULWLHV�

�

5HIHUHQFHV�

���1LHGHUV�FKVLVFKHV�/DQGHVJHVXQGKHLWVDPW��+UVJ�����������6XUYHLOODQFH�I�U�,QIOXHQ]D�XQG�DQGHUH�DNXWH�UHVSLUDWRULVFKH�(UNUDQNXQJHQ�LQ
1LHGHUVDFKVHQ��-DKUHVEHULFKW�6DLVRQ���������������+DQQRYHU�

���5REHUW�.RFK�,QVWLWXW��+UVJ�����������%HULFKW�]XU�(SLGHPLRORJLH�GHU�,QIOXHQ]D�LQ�'HXWVFKODQG�6DLVRQ����������%HUOLQ�

�

$FNQRZOHGJHPHQWV��$.7,1��IXQGHG�E\�)HGHUDO�0LQLVWU\�RI�(GXFDWLRQ�DQG�5HVHDUFK����.;����$





&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 0RQLND�%URGPDQQ�0DHGHU

��������+\SRWKHUPLF�WUDXPD�SDWLHQWV��UHZDUPLQJ�EHIRUH�WUDXPD�WKHUDS\"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0RQLND�%URGPDQQ�0DHGHU������%DOWKDVDU�(EHUOH������$OH[DQGHU�.DGQHU������$QGUHDV�%ORFK������$ULVWRPHQLV�([DGDNW\ORV����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��,QVHOVSLWDO��%HUQ�8QLYHUVLW\�+RVSLWDO��%HUQ��6:,7=(5/$1'
���'HSDUWPHQW�RI�$QHVWKHVLD��,QVHOVSLWDO��%HUQ�8QLYHUVLW\�+RVSLWDO��%HUQ��6:,7=(5/$1'
���'HSDUWPHQW�RI�&DUGLRYDVFXODU�6XUJHU\��,QVHOVSLWDO��%HUQ�8QLYHUVLW\�+RVSLWDO��%HUQ��6:,7=(5/$1'
���'HSDUWPHQW�RI�,QWHQVLYH�&DUH��,QVHOVSLWDO��%HUQ�8QLYHUVLW\�+RVSLWDO��%HUQ��6:,7=(5/$1'

.H\ZRUGV��DFFLGHQWDO�K\SRWKHUPLD��PXOWLSOH�WUDXPD��OHWKDO�WULDG��FRDJXODWLRQ��H[WUDFRUSRUHDO�OLIH�VXSSRUW

$EVWUDFW��

%DFNJURXQG��$FFLGHQWDO�K\SRWKHUPLD�LV�D�W\SLFDO�ORZ�LQFLGHQFH�Ä�KLJK�LPSDFW�GLVHDVH�LQ�HPHUJHQF\�PHGLFLQH��7KH�FRPELQDWLRQ�RI�K\SRWKHUPLD�DQG
PXOWLSOH�WUDXPD�LV�D�GUHDGHG�VLWXDWLRQ�PDLQO\�GXH�WR�WKH�LPSDLUHG�FRDJXODWLRQ�UHVXOWLQJ�LQ�LQFUHDVHG�EORRG�ORVV�DQG�LQWHQVLILHG�KHPRUUKDJLF�VKRFN�
ZHOO�NQRZQ�XQGHU�DV�WKH�OHWKDO�WULDG�RI�K\SRWKHUPLD��DFLGRVLV�DQG�FRDJXORSDWK\�

5HVXOWV��:H�SUHVHQW�WKUHH�K\SRWKHUPLF�WUDXPD�SDWLHQWV�ZKR�DUULYHG�XQGHU�&35�DQG�XQGHUZHQW�LQYDVLYH�DFWLYH�UHZDUPLQJ�ZLWK�H[WUDFRUSRUHDO�OLIH
VXSSRUW�(&/6�EHIRUH�GHWDLOHG�WUDXPD�DVVHVVPHQW�DQG�LQWHUYHQWLRQV��$OO�WKUHH�SDWLHQWV�VXUYLYHG�ZLWK�H[FHOOHQW�RXWFRPH�

'LVFXVVLRQ��6LQFH�������WKH�8QLYHUVLW\�+RVSLWDO�LQ�%HUQ�ZRUNV�ZLWK�DQ�DOJRULWKP�IRU�DVVHVVPHQW�DQG�WKHUDS\�RI�SDWLHQWV�VXIIHULQJ�IURP�DFFLGHQWDO
K\SRWKHUPLD�DQG�DUULYLQJ�XQGHU�&35��7KLV�%HUQHVH�+\SRWKHUPLD�$OJRULWKP�ZDV�GHYHORSHG�E\�DQ�LQWHUGLVFLSOLQDU\�JURXS�RI�DQHVWKHVLRORJLVWV�
FDUGLRYDVFXODU�VXUJHRQV�DQG�LQWHQVLYLVWV�XQGHU�WKH�OHDG�RI�DQ�HPHUJHQF\�SK\VLFLDQ��6HYHUHO\�K\SRWKHUPLF�SDWLHQWV�LQ�FDUGLDF�DUUHVW�XQGHUJR�D�YHU\
OLPLWHG�WUDXPD�DVVHVVPHQW�FRQFXUUHQW�ZLWK�SUHSDUDWLRQV�IRU�DQ�DFWLYH�LQYDVLYH�UHZDUPLQJ��2QO\�DIWHU�UHZDUPLQJ��UHJXODU�WUDXPD�DVVHVVPHQW�WDNHV
SODFH���:LWK�JURZLQJ�H[SHULHQFH�DQG�EHDULQJ�LQ�PLQG�LQWHUQDWLRQDO�GHYHORSPHQWV��DYDODQFKH�FKHFNOLVW�DQG�XSGDWHG�(5&�JXLGHOLQHV���WKH�JURXS
DGMXVWHG�WKH�VWDQGDUG�WR�WKH�QHZHVW�YHUVLRQ�ZKLFK�ZLOO�EH�SUHVHQWHG��:LWK�WKH�KHOS�RI�WKLV�DOJRULWKP��ZKLFK�LV�NQRZQ�WR�DOO�PHPEHUV�RI�WKH�WUDXPD
WHDPV��LW�ZDV�SRVVLEOH�WR�VDYH�WKH�OLYHV�RI�WKUHH�SRO\WUDXPDWL]HG��VHYHUHO\�K\SRWKHUPLF�SDWLHQWV�ZKR�UHDFKHG�RXU�HPHUJHQF\�GHSDUWPHQW�XQGHU
&35�

)XWXUH�WUHQGV�LQ�FOLQLFDO�UHVHDUFK�ZLOO�EH�GLVFXVVHG��DQG�WKH�QHHG�RI�D�UHJLVWHU�LQ�WKLV�ORZ�LQFLGHQFH�Ä�KLJK�LPSDFW�GLVHDVH�LV�KLJKOLJKWHG�



6,08/$7,21�,1�(0 1DWKDQ�+XGVRQ�3HDFRFN

��������7UDXPD�VLPXODWLRQ��FUHDWLQJ�SUHVVXUH�DQG�UHDOLVP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6HUHHQD�$QVDUL������1DWKDQ�+XGVRQ�3HDFRFN������$OH[DQGHU�7D\ORU������0DWW�(OOLQJWRQ����

�����8QLYHUVLW\�RI�&DPEULGJH��6FKRRO�RI�&OLQLFDO�0HGLFLQH��&DPEULGJH��8.
���0DLGVWRQH�DQG�7XQEULGJH�:HOOV�1+6�7UXVW������0HGLFDO�5HJLPHQW��.HQW��8.

.H\ZRUGV��7UDXPD��VLPXODWLRQ��PDQQHTXLQ��KLJK�ILGHOLW\��PHGLFDO�HGXFDWLRQ��HPHUJHQF\�PHGLFLQH��EDWWOHILHOG��SUH�KRVSLWDO��PLOLWDU\

$EVWUDFW��

%DFNJURXQG

6LPXODWLRQ�EDVHG�OHDUQLQJ�LV�EHFRPLQJ�LQFUHDVLQJO\�UHFRJQLVHG�DV�D�YDOXDEOH�HGXFDWLRQ�PHWKRG��,W�DOORZV�SUDFWLFH�RI�ERWK�WHFKQLFDO�DQG
QRQ�WHFKQLFDO�VNLOOV�LQ�D�VDIH�DQG�FRQWUROOHG�HQYLURQPHQW��,W�LV�XQFOHDU�ZKHWKHU�KLJK�ILGHOLW\�PDQQHTXLQV��VLPSOH�PDQQHTXLQV��RU�SDWLHQW�DFWRUV�DUH
WKH�PRVW�HIIHFWLYH�ZD\�RI�GHOLYHULQJ�WKLV�WHDFKLQJ��7KH�VWXGHQW�OHG�&DPEULGJH�8QLYHUVLW\�(PHUJHQF\�0HGLFLQH�6RFLHW\��&8(06���LQ�FROODERUDWLRQ�ZLWK
����0HGLFDO�5HJLPHQW�DQG�0DJSDV�+HOLPHGL[��GHVLJQHG�DQG�GHOLYHUHG�D�VLPXODWLRQ�EDVHG�WUDLQLQJ�FRXUVH�RQ�SUH�KRVSLWDO�DQG�EDWWOHILHOG�WUDXPD
VFHQDULRV�WR����8.�PHGLFDO�VWXGHQWV�

�

0HWKRG

7KH�FRXUVH�FRQVLVWHG�RI�ILYH�FLYLOLDQ�PLOLWDU\�WUDXPD�VFHQDULRV�DQG�XVHG�D�FRPELQDWLRQ�RI�SDWLHQW�DFWRUV�DQG�VLPSOH�PDQQHTXLQV��WR�HQDEOH
SHUIRUPDQFH�RI�VNLOOV�VXFK�DV�LQWXEDWLRQ��'RFWRUV�IURP�FLYLOLDQ�DQG�RU�PLOLWDU\�EDFNJURXQGV�IDFLOLWDWHG�WKH�VFHQDULRV��'HOHJDWHV�ZHUH�WKHQ�DVNHG�WR
FRPSOHWH�WZR�TXHVWLRQQDLUHV�

�

5HVXOWV

,Q�WKH�JHQHUDO�TXHVWLRQQDLUH��GHOHJDWHV��Q ����UDWHG�WKH�FRXUVH��������IRU�XVHIXOQHVV�ZLWK������RI�WKH�GHOHJDWHV�VD\LQJ�WKH\�IHOW�PRUH�FRQILGHQW
GHDOLQJ�ZLWK�D�WUDXPD�SDWLHQW�DIWHU�WKH�FRXUVH��$GGLWLRQDOO\������RI�GHOHJDWHV�VDLG�WKH\�IHOW�PRUH�FRQILGHQW�DVVHVVLQJ�DQ\�DFXWHO\�XQZHOO�SDWLHQW�
WUDXPD�RU�RWKHUZLVH��7KRVH�ZKR�FRPSOHWHG�WKH�VHFRQG�TXHVWLRQQDLUH��Q ����IHOW�WKDW�XVLQJ�D�SDWLHQW�DFWRU�ZDV�PRUH�HIIHFWLYH�WKDQ�D�KLJK�ILGHOLW\
PDQQHTXLQ�DW�SURYLGLQJ�UHDOLVP��DQG�IRU�GHYHORSLQJ�QRQ�WHFKQLFDO�VNLOOV��7KH�UHVSRQGHQWV�VFRUHG�DQ�DYHUDJH�RI���������ZKHQ�DVNHG�WR�ZKDW�H[WHQW
WKH\�DJUHH�ZLWK�WKH�VWDWHPHQW�È8VLQJ�D�PDQQHTXLQ�LQ�FRPELQDWLRQ�ZLWK�D�OLYH�SDWLHQW�DFWRU�LV�WKH�EHVW�ZD\�WR�SURYLGH�UHDOLVP�DV�ZHOO�DV�WLPH
SUHVVXUH�LQ�KDYLQJ�WR�SHUIRUP�SUDFWLFDO�VNLOOVÉ�

�

&RQFOXVLRQ

7UDXPD�VLPXODWLRQ�EDVHG�OHDUQLQJ�LV�DQ�HIIHFWLYH�ZD\�RI�GHYHORSLQJ�WUDQVIHUDEOH�VNLOOV�DQG�FRQILGHQFH�LQ�GHDOLQJ�ZLWK�DFXWHO\�XQZHOO�SDWLHQWV��8VLQJ
SDWLHQW�DFWRUV�ZLWK�VLPSOH�PDQQHTXLQV�LV�DQ�HIIHFWLYH�ZD\�RI�GHOLYHULQJ�VFHQDULRV�WKDW�PDLQWDLQ�UHDOLVP�DQG�GHYHORS�QRQ�WHFKQLFDO�VNLOOV��ZKLOVW
HQDEOLQJ�WHFKQLFDO�VNLOOV�WR�EH�SUDFWLVHG�XQGHU�SUHVVXUHG�FLUFXPVWDQFHV�



75$80$ =(55,1�'()1(�'81'$5

��������2UELWDO�HPSK\VHPD�ZKLFK�EHFRPHV�DSSDUHQW�DIWHU�EORZLQJ�QRVH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

=HUULQ�'HIQH�'XQGDU������+DNDQ�*XQHU������%DVDU�&DQGHU������6HGDW�.RFDN������0HKPHW�*XO����

���(PHUJHQF\�0HGLFLQH�'HSDUWPHQW��1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�0HUDP�)DFXOW\�RI�0HGLFLQH��.21<$��785.(<

.H\ZRUGV��HPSK\VHPD��H\HOLG��HWKPRLG�ERQH

$EVWUDFW��

,QWURGXFWLRQ��2UELWDO�HPSK\VHPD�LV�JHQHUDOO\�VHHQ�VHFRQGDU\�WR�SDUDQDVDO�VLQXV�IUDFWXUHV�ZLWKLQ�WKH�ILUVW����KRXUV�DIWHU�WUDXPD��7KH�RUELWDO�DLU�LV
DEVRUEHG�E\�ERG\�DSSUR[LPDWHO\�LQ�WZR�ZHHNV�VSRQWDQHRXVO\�DQG�RUELWDO�HPSK\VHPD�XVXDOO\�KHDOV�ZLWKRXW�DQ\�FRPSOLFDWLRQ��:H�DUH�SUHVHQWLQJ
WZR�FDVHV�RI�RUELWDO�HPSK\VHPD�

&DVH����$����\HDU�ROG�PDOH�SUHVHQWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW�ZLWK�VXGGHQ�RUELWDO�SDLQ�DQG�VZHOOLQJ�RI�WKH�OHIW�H\HOLG�DIWHU�EORZLQJ�KLV�QRVH�
+H�KDG�KHDG�WUDXPD�D�IHZ�KRXUV�EHIRUH�WKH�VZHOOLQJ�RI�H\HOLG��,Q�KLV�SDVW�PHGLFDO�KLVWRU\��WKHUH�LV�QR�GLVHDVH��+LV�OHIW�H\HOLG�ZDV�VZHOOHG��7KHUH�ZDV
SHULRUELWDO�HFFK\PRVLV�DQG�FUHSLWDWLRQ�RQ�OHIW�H\H�LQ�KLV�SK\VLFDO�H[DPLQDWLRQ��+LV�VLJKW�ZDV�QRUPDO�LQ�ERWK�H\HV��2UELWDO�FRPSXWHG�WRPRJUDSK\
LPDJLQJ�UHYHDOHG�LQWUDRUELWDO�IUHH�DLU�DQG�HWKPRLG�ERQH�IUDFWXUH��7KH�SDWLHQW�ZDV�FRQVXOWHG�ZLWK�RSKWKDOPRORJ\�DQG�RWRUKLQRODU\QJRORJ\
GHSDUWPHQWV��+H�ZDV�GLVFKDUJHG�IURP�HPHUJHQF\�GHSDUWPHQW�ZLWK�UHFRPPHQGDWLRQV�RI�PHGLFDO�WUHDWPHQW�DQG�FRQWURO�YLVLW��

&DVH����$����\HDU�ROG�IHPDOH�SUHVHQWHG�WR�HPHUJHQF\�GHSDUWPHQW�ZLWK�VZHOOLQJ�RI�OHIW�H\HOLG�DIWHU�EORZLQJ�KHU�QRVH��6KH�KDG�QR�WUDXPD�KLVWRU\
H[FHSW�EORZLQJ�KHU�QRVH��,Q�SK\VLFDO�H[DPLQDWLRQ��VKH�KDG�SDLQ�ZLWK�SDOSDWLRQ�RQ�KHU�QDVDO�ERQH�DQG�FUHSLWDWLRQ�RQ�KHU�OHIW�H\H�LQ��+HU�VLJKW�ZDV
QRUPDO�LQ�ERWK�H\HV��2UELWDO�FRPSXWHG�WRPRJUDSK\�LPDJLQJ�UHYHDOHG�LQWUDRUELWDO�IUHH�DLU�DQG�HWKPRLG�ERQH�IUDFWXUH��2UELWDO�FRPSXWHG�WRPRJUDSK\
LPDJLQJ�UHYHDOHG�LQWUDRUELWDO�IUHH�DLU�DQG�HWKPRLG�ERQH�IUDFWXUH��7KH�SDWLHQW�ZDV�FRQVXOWHG�ZLWK�RSKWKDOPRORJ\�DQG�SODVWLF�VXUJHU\�GHSDUWPHQWV�
6KH�ZDV�DOVR�GLVFKDUJHG�IURP�HPHUJHQF\�GHSDUWPHQW�ZLWK�UHFRPPHQGDWLRQV�RI�PHGLFDO�WUHDWPHQW�DQG�FRQWURO�YLVLW�

&RQFOXVLRQ��2UELWDO�HPSK\VHPD�LV�YHU\�IULJKWHQLQJ�IRU�SDWLHQWV�DQG�HWKPRLG�ERQH�IUDFWXUHV�PD\�GHYHORS�ZLWK�EORZLQJ�QRVH���)RUWXQDWHO\��WKH
FOLQLFDO�FRXUVH�RI�RUELWDO�HPSK\VHPD�LV�EHQLJQ�LQ�QDWXUH��



%,20$5.(56 7$1=(5�.25.0$=

��������6DOLYDU\�t�$P\ODVH�OHYHOV�LQ�YHUWLJR��FDQ�LW�EH�DQ�DXWRQRPLF�G\VIXQFWLRQ"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7$1=(5�.25.0$=������6HUDS�NR\EDVL�6DQDO������<XVXI�2]JXU�%LFHU������(UGLQF�6HULQ������6LQDQ�6H\KDQ����

�����,]PLU�XQLYHUVLW\��,=0¡5��785.(<
�����%ROX�$EDQW�,]]HW�%D\VDO�8QLYHUVLW\��,=0¡5��785.(<
�����0LQLVWU\�RI�+HDOWK��,VWDQEXO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO����,=0¡5��785.(<

.H\ZRUGV��6DOLYDU\�·�$P\ODVH�OHYHOV�LQ�YHUWLJR��FDQ�LW�EH�DQ�DXWRQRPLF�G\VIXQFWLRQ"

$EVWUDFW��

6DOLYDU\�t�$P\ODVH�OHYHOV�LQ�YHUWLJR��FDQ�LW�EH�DQ�DXWRQRPLF�G\VIXQFWLRQ"

6DOLYDU\�t�$P\ODVH�OHYHOV�LQ�YHUWLJR

$%675$&7

2%-(&7,9(6��7KLV�VWXG\�DLPV�WR�GHPRQVWUDWH�D�SRVVLEOH�DXWRQRPLF�G\VIXQFWLRQ�EDVHG�RQ�VDOLYDU\�DOSKD�DP\ODVH�PHDVXUHPHQWV�GXULQJ�DQG�DIWHU
WKH�YHUWLJR�DWWDFNV�RI�0HQLHUHÇV�'LVHDVH�DQG�%HQLJQ�3DUR[\VPDO�3RVLWLRQDO�9HUWLJR�

6WXG\�'HVLJQ��&URVV�VHFWLRQDO�FRQWUROOHG�FOLQLFDO�VWXG\

0$7(5,$/6�DQG�0(7+2'6��3DWLHQWV�DGPLWWHG�WR�HPHUJHQF\�URRP�ZLWK�D�GLDJQRVLV�RI�YHUWLJR�DWWDFNV�RI�HLWKHU�0HQLHUHÇV�'LVHDVH��Q ����RU
%HQLJQ�3DUR[\VPDO�3RVLWLRQDO�9HUWLJR��Q ���FRQVWLWXWHG�WKH�VWXG\�JURXSV��7KH�FRQWURO�JURXS��Q ����FRQVLVWHG�RI�YROXQWHHU�SDWLHQWV�DGPLWWHG�WR
HPHUJHQFLHV�ZLWK�PLQRU�VRIW�WLVVXH�WUDXPD�)ROORZLQJ�WKH�GLDJQRVLV�RI�YHUWLJR��VDOLYD�VDPSOHV�ZHUH�REWDLQHG��LPPHGLDWHO\�GXULQJ�WKH�DWWDFNV�IURP
WKH�SDWLHQWV��7KH�VHFRQG�DQG�WKLUG�VDPSOHV�ZHUH�REWDLQHG�RQ�WKH�WKLUG�DQG�ILIWHHQWK�GD\V�RI�WKH�DWWDFN��UHVSHFWLYHO\��)RU�WKH�FRQWURO��WKH�ILUVW
VDPSOH�ZDV�REWDLQHG�IROORZLQJ�DGPLVVLRQ�WR�WKH�KRVSLWDO��ZLWK�WKH�VHFRQG�VDPSOH�RQ�WKH�WKLUG�GD\��7KH�FRQWURO�JURXS�FRQVLVWHG�RIYROXQWHHU��KHDOWK\
VXEMHFWV�ZLWK�QRUPDO�KHDULQJ��Q �����0DLQ�RXWFRPH�PHDVXUHV�)ROORZLQJ�DQ�DXGLRPHWULF�HYDOXDWLRQ��D�YHQRXV�EORRG�VDPS��7KH�FRQWURO�JURXS
FRQVLVWHG�RIYROXQWHHU��KHDOWK\�VXEMHFWV�ZLWK�QRUPDO�KHDULQJ��Q �����0DLQ�RXWFRPH�PHDVXUHV�)ROORZLQJ�DQ�DXGLRPHWULF�HYDOXDWLRQ��D�YHQRXV�EORRG
VDPS�

5(68/76��7KH�GLIIHUHQFH�EHWZHHQ�V$$�OHYHOV�RI�WKH�WZR�GLVHDVHVZDV�LQVLJQLILFDQW��$P\ODVH�YDOXH�PHDVXUHG�HDUO\�DIWHU�WKH�%HQLJQ�3DUR[\VPDO
3RVLWLRQDO�9HUWLJR�DWWDFN�ZDV�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�FRQWURO��S �������7KRXJK�QRW�VLJQLILFDQW��DQ�XQGXODWLRQ�ZDV�REVHUYHG�FRQFHUQLQJ�ERWK
GLVDHVHV�

&21&/86,21��$Q�DXWRQRPLF�LPEDODQFH�FRXOG�EH�SDUWO\�GHPRQVWUDWHG�ZLWK�VDOLYDU\�DOSKD�DP\ODVH�HDUO\�DIWHU�WKH�DWWDFN�LQ�%HQLJQ�3DUR[\VPDO
3RVLWLRQDO�9HUWLJR��7KLV�VWXG\�LV�WKH�ILUVW�RQH�LQ�XVLQJ�DP\ODVH�LQ�YHUWLJR�



('8&$7,21�$1'�75$,1,1* 0RQLND�%URGPDQQ�0DHGHU

��������(GXFDWLRQ�LQ�WKH�VKRFNURRP�v�GD\GUHDP�RU�UHDOLW\"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0RQLND�%URGPDQQ�0DHGHU������:ROI�+DXW]������8ZH�0H\HU������7KRPDV�6DXWHU������$ULVWRPHQLV�([DGDNW\ORV����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��,QVHOVSLWDO��%HUQ�8QLYHUVLW\�+RVSLWDO��%HUQ��6:,7=(5/$1'

.H\ZRUGV��VLPXODWLRQ��VKRFNURRP��&50�FULWHULD��IDFXOW\�GHYHORSPHQW

$EVWUDFW��

%DFNJURXQG��0HGLFDO�HGXFDWLRQ�XQGHUZHQW�VLJQLILFDQW�FKDQJHV�LQ�WKH�ODVW�WHQ�\HDUV��7RGD\��LQWHUDFWLYH�OHDUQLQJ�PHWKRGV�UHSODFH�WUDGLWLRQDO�OHFWXUHV�
7ULJJHUHG�E\�UHSRUWV�OLNH�WKH�,QVWLWXWH�RI�0HGLFLQH�,20nV�SXEOLFDWLRQ�È7R�(UU�,V�+XPDQÉ��WHDP�WUDLQLQJV�DQG�LQWHUSURIHVVLRQDO�HGXFDWLRQ�LQ
FRPELQDWLRQ�ZLWK�FRQVWUXFWLYH�IHHGEDFN�DUH�KLJKO\�UHFRPPHQGHG�WR�LPSURYH�SDWLHQW�VDIHW\��6LPXODWLRQ�WUDLQLQJ�KDV�EHFRPH�ZLGHO\�DFFHSWHG��DQG
PDQ\�KRVSLWDOV�EXLOW�VLPXODWLRQ�FHQWHUV�IRU�WKHLU�WUDXPD�WHDPV�DQG�RWKHU�JURXSV�LQ�KLJKO\�G\QDPLF�VHFWRUV�RI�KHDOWK�FDUH��

0HWKRGV��6LQFH�������WKH�(PHUJHQF\�'HSDUWPHQW�RI�WKH�,QVHOVSLWDO��%HUQ�8QLYHUVLW\�+RVSLWDO��GLVSRVHV�RI�D�GHGLFDWHG�LQWHUSURIHVVLRQDO�WUDLQHU�WHDP
ZLWK�D�IRFXV�RQ�FROODERUDWLRQ��FRRUGLQDWLRQ�DQG�FRPPXQLFDWLRQ��,Q�������WKH�('�PRYHG�LQWR�D�QHZ�EXLOGLQJ��DQG�WKLV�ZDV�WKH�VWDUW�RI�UHJXODU
LQWHUGLVFLSOLQDU\�DQG�LQWHUSURIHVVLRQDO�VLPXODWLRQ�WUDLQLQJV�LQ�RXU�VKRFNURRP��6LQFH�WKHQ�ZH�RIIHU�VLPXODWLRQ�WUDLQLQJV�IRU�WKH�LQWURGXFWLRQ�RI�QHZ
FROODERUDWRUV��KDYH�UHJXODU�WHDP�WUDLQLQJV�ZLWK�RXU�FROOHDJXHV�IURP�WKH�DQHVWKHVLD�GHSDUWPHQW�DQG�PDNH�UHSHWLWLRQV�RI�D�VHGDWLRQ�FRXUVH�ZKLFK�ZH
RUJDQL]H�WRJHWKHU�ZLWK�WKH�DQHVWKHVLD�GHSDUWPHQW�

5HVXOWV

,Q������ZH�ZHUH�DEOH�WR�WHVW�WKH�QHZ�HQYLURQPHQW�ZLWK�VLPXODWLRQV��:LWK�WKH�KHOS�RI�WKH�VLPXODWLRQ�WUDLQLQJ�ZH�ZHUH�DEOH�WR�LQLWLDWH�VHYHUDO
VWUXFWXUDO�DGDSWDWLRQV��3URFHVVHV�FRXOG�EH�DGDSWHG��DQG�WKH�SDUWLFLSDQWV�UHFRJQL]HG�WKH�LPSRUWDQFH�RI�WHDP�EULHILQJV�DQG�&50�FULWHULD��0RUHRYHU
WKH\�IRXQG�WKH�WUDLQLQJ�EHQHILFLDO�IRU�WKH�VXSSRUW�ZLWKLQ�WKHLU�RZQ�DQG�RWKHU�SURIHVVLRQDO�JURXSV��DQG�IRU�IRVWHULQJ�D�VDIHW\�FXOWXUH��UHVSHFW�DQG
HPSDWK\�

'LVFXVVLRQ��(GXFDWLRQ�LQ�D�VKRFNURRP�LV�SRVVLEOH��EXW�LW�QHHGV�JRRG�PHWKRGRORJ\�ZLWK�D�IRFXV�RQ�LQWHUDFWLYLW\��7KH�VXFFHVV�ODUJHO\�GHSHQGV�RQ�D
GHGLFDWHG�WHDP�RI�WUDLQHUV��DQG�WKH\�QHHG�UHJXODU�IDFXOW\�GHYHORSPHQW��6XSSRUW�IURP�WRS�GRZQ�DQG�ERWWRP�XS�LV�FUXFLDO��PHDQLQJ�WKDW�IRU�H[DPSOH
FOLQLFDO�GLUHFWRUV�PXVW�EH�ZLOOLQJ�WR�LQYHVW�PRQH\�DQG�WR�GHFODUH�WKH�WUDLQLQJ�FRPSXOVRU\��&RRUGLQDWLRQ�IRU�WHDPV�IURP�GLIIHUHQW�SURIHVVLRQV�DQG
GLVFLSOLQHV�LV�FKDOOHQJLQJ��EXW�SRVVLEOH��7KH�IHHGEDFN�RI�WKH�VKRFNURRP�VLPXODWLRQ�LV�H[FHOOHQW��DQG�LQ�WKH�VSHFLDO�VLWXDWLRQ�RI�WHVWLQJ�D�QHZ
HQYLURQPHQW��VLPXODWLRQ�WUDLQLQJ�KHOSHG�QRW�RQO\�IRU�WKH�RULHQWDWLRQ�LQ�WKH�QHZ�URRPV�EXW�DOVR�WR�GLUHFWO\�PDNH�VWUXFWXUDO�DGDSWDWLRQV�



&35���5(686&,7$7,21 9LFWRULD�6LHJULVW

��������(QG�RI�OLIH�'HFLVLRQV�LQ�3DWLHQWV�$GPLWWHG�WKURXJK�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9LFWRULD�6LHJULVW������5XL�0DWD������5DOSK�+HUWZLJ������5RODQG�%LQJLVVHU����

�����8QLYHUVLW\�+RVSLWDO�%DVHO��8QLYHUVLW\�RI�%DVHO��%DVHO��6:,7=(5/$1'
�����8QLYHUVLW\�RI�%DVHO��%DVHO��6:,7=(5/$1'
�����0D[�3ODQFN�,QVWLWXWH�IRU�+XPDQ�'HYHORSPHQW��%HUOLQ��*(50$1<
�����8QLYHUVLW\�+RVSLWDO�%DVHO��%DVHO��6:,7=(5/$1'

.H\ZRUGV��HQG�RI�OLIH��UHVXVFLWDWLRQ��LQWHQVLYH�FDUH��GHFLVLRQ�PDNLQJ��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

%DFNJURXQG�2EMHFWLYH��

(QG�RI�OLIH�GHFLVLRQV��(2/'��JUHZ�PRUH�LPSRUWDQW�LQ�UHFHQW�\HDUV�GXH�WR�DQ�LQFUHDVH�LQ�HOGHUO\�DQG�PXOWL�PRUELG�SDWLHQWV��$OWKRXJK�OLIH�FDQ�EH
SURORQJHG��WKH�PDLQ�TXHVWLRQV�IURP�WKH�SDWLHQWVÇ�SHUVSHFWLYH�WHQG�WR�IRFXV�RQ�TXDOLW\�RI�OLIH��3UHYLRXV�VWXGLHV��H�J��LQ�RQFRORJLFDO�VHWWLQJV��IRXQG
WKDW�VHYHUDO�IDFWRUV�PD\�LQIOXHQFH�(2/'��/LWWOH�LV�NQRZQ�DERXW�WKH�SUHYDOHQFH�RI�(2/'�DQG�XQGHUO\LQJ�IDFWRUV�LQ�SDWLHQWV�SUHVHQWLQJ�WR�WKH
(PHUJHQF\�'HSDUWPHQW��('���7KHUHIRUH��ZH�FRQGXFWHG�D�VWXG\�RQ�(2/'�LQ�SDWLHQWV�DGPLWWHG�WKURXJK�WKH�('�RI�WKH�8QLYHUVLW\�+RVSLWDO�RI�%DVHO
�8+%6���6ZLW]HUODQG�

�

0HWKRG�

$�UHWURVSHFWLYH�DQDO\VLV�RI�GDWD�IURP�DOO�DGPLWWHG�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�EHWZHHQ������DQG������ZDV�SHUIRUPHG��3DWLHQWV�RSSRVLQJ�UHVHDUFK
FRQVHQW��OHVV�WKDQ����\HDUV�RI�DJH��ZLWKRXW�HOHFWURQLF�KHDOWK�UHFRUGV��(+5���DQG�GLUHFW�ERDUGLQJ�WR�DQRWKHU�GHSDUWPHQW�ZHUH�H[FOXGHG��(2/'�ZHUH
FDWHJRULVHG�VWHSZLVH��SUHIHUHQFH�IRU���DJDLQVW�UHVXVFLWDWLRQ��5(6���DQG�SUHIHUHQFH�IRU���DJDLQVW�,QWHQVLYH�&DUH��,&���7KUHH�SUHIHUHQFHV�ZHUH�LGHQWLILHG�
�L��5(6�\HV���,&�\HV���LL��5(6�QR���,&�\HV���LLL��5(6�QR���,&�QR��:H�XVHG�DQ�RUGHUHG�ORJLW�PRGHO�ZLWK�WKH����PRVW�VXLWDEOH�YDULDEOHV�LQFOXGLQJ�DJH��VH[
DQG�PHDVXUHV�RI�GLVHDVH��8VLQJ�WKLV�UHJUHVVLRQ�PRGHO��ZH�FRPSXWHG�VLJQLILFDQFH�DQG�RGGV�UDWLRV��25��RI�WKH�YDULDEOHV�

�

5HVXOWV�

$�WRWDO�RI���
����SDWLHQWV�ZHUH�DGPLWWHG�WKURXJK�WKH�('��$IWHU�H[FOXGLQJ�DOO�SDWLHQWV�PHHWLQJ�WKH�H[FOXVLRQ�FULWHULD����
����SDWLHQWV�ZHUH�DQDO\VHG�
(+5�FRQWDLQHG�(2/'�LQ��������3DWLHQWVÇ�FKRLFHV�ZHUH���������L��5(6�\HV���,&�\HV���LL�������5(6�QR���,&�\HV��DQG��LLL��������5(6�QR���,&8�QR��2OGHU
DJH���QRQ�VXUJLFDO��SDWLHQWV��D�ORZHU�WULDJH�OHYHO��(6,�������D�KLJKHU�QXPEHU�RI�GLDJQRVHV��DQG�D�KLJKHU�QXPEHU�RI�SUHYLRXV�KRVSLWDOLVDWLRQV�ZHUH
VLJQLILFDQW�IRU��LL��DQG��LLL���L�H��IRUJRLQJ�OLIH�SURORQJLQJ�LQWHUYHQWLRQV��7KH�PRVW�LPSRUWDQW�IDFWRUV�WR�IRUJR�OLIH�SURORQJLQJ�LQWHUYHQWLRQV�ZHUH�DJH
�25 ������DQG�ÈQRQ�VXUJLFDOÉ��25 ������&DQFHU��GHSUHVVLRQ��GHPHQWLD��VH[�DQG�WKH�&KDUOVRQ�&RPRUELGLW\�,QGH[��&&,��GLG�QRW�KDYH�D�VLJQLILFDQW
LQIOXHQFH�RQ�IRUJRLQJ�OLIH�SURORQJLQJ�LQWHUYHQWLRQV�

�

&RQFOXVLRQ�

7KH�PRVW�LPSRUWDQW�IDFWRU�WR�IRUJR�OLIH�SURORQJLQJ�LQWHUYHQWLRQV�LV�DJH��7KH�LQIOXHQFH�RI�ÈQRQ�VXUJLFDOÉ�LQFUHDVHG�WKH�RGGV��7KLV�PD\�EH�H[SODLQHG�E\
WKH�SDWLHQWVÇ�GHFLVLRQ�WR�XQGHUJR�VXUJHU\��REYLRXVO\�EHLQJ�D�SUHGLFWRU�IRU�RWKHU�OLIH�SURORQJLQJ�LQWHUYHQWLRQV��,QWHUHVWLQJO\��GLVHDVHV��VXFK�DV�FDQFHU�
GHSUHVVLRQ��RU�GHPHQWLD�GLG�QRW�KDYH�DQ�LPSDFW�RQ�(2/'��)XUWKHU�UHVHDUFK�LV�QHHGHG�WR�XQGHUVWDQG�UHDVRQV�WR�IRUJR�OLIH�SURORQJLQJ�LQWHUYHQWLRQV�



,1)(&7,286�',6($6(���6(36,6 =(55,1�'()1(�'81'$5

��������7KH�GLDJQRVWLF�YDOXH�RI�SUHVHSVLQ�LQ�VHSVLV�DQG�WKH�SURJQRVWLF�YDOXH�RI�WKH�FRPSDULVRQ�ZLWK�62)$��$3$&+(�,,�VFRUHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+DVDQ�%DEDGRVWX������%DVDU�&DQGHU������0�P�QH�%DEDGRVWX������6DGLN�*LULVJLQ������=HUULQ�'HIQH�'XQGDU����

���(PHUJHQF\�0HGLFLQH�'HSDUWPHQW��1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�0HUDP�)DFXOW\�RI�0HGLFLQH��.21<$��785.(<
���,QWHUQDO�0HGLFLQH�'HSDUWPHQW��1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�0HUDP�)DFXOW\�RI�0HGLFLQH��.21<$��785.(<

.H\ZRUGV��SUHVHSVLQ��VHSVLV��ODFWDWH��PL[�YHQRXV�R[\JHQ�VDWXUDWLRQ

$EVWUDFW��

2EMHFWLYH��6HSVLV�LV�GHILQHG�DV�OLIH�WKUHDWHQLQJ�RUJDQ�G\VIXQFWLRQ�FDXVHG�E\�D�G\VUHJXODWHG�KRVW�UHVSRQVH�WR�LQIHFWLRQ��3UHVHSVLQ�LV�UHOHDVHG�GXULQJ
LQIHFWLRXV�GLVHDVHV�DQG�FDQ�EH�GHWHFWHG�LQ�WKH�EORRG��3UHVHSVLQ�KDV�VKRZQ�SURPLVLQJ�UHVXOWV�DV�VHSVLV�PDUNHU��:H�H[DPLQHG�WKH�GLDJQRVWLF�DQG
SURJQRVWLF�YDOLGLW\�RI�SUHVHSVLQ�LQ�SDWLHQWV�VXVSLFLRXV�RI�VHSVLV�RQ�DGPLVVLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�

0HWKRGV��3URVSHFWLYH�VWXG\�ZDV�FRQGXFWHG�LQ�WKH�0HUDP�0HGLFDO�)DFXOW\�RI�1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�EHWZHHQ�-XQH������Ä�-XQH�������(LJKW\
WZR�SDWLHQWV�ZLWK�VLJQV�RI�VHSVLV��VHYHUH�VHSVLV�DQG�VHSWLF�VKRFN�DQG�VL[W\�VL[�FRQWURO�SDWLHQW�LQGLYLGXDOV�ZHUH�HQUROOHG��7KH�YDOXH�RI�SUHVHSVLQ�ZDV
GHWHUPLQHG�RQ�DGPLVVLRQ�DQG�SUHVHSVLQ�OHYHOV�FRPSDUHG�ZLWK�$3$&+(�,,�DQG�62)$�VFRUHV�

5HVXOWV��,Q�WKH�SUHVHSVLQ�SDWLHQW�DQG�FRQWURO�JURXSV��WKHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�JURXSV�LQ�WHUPV�RI�DGPLVVLRQ�SUHVHSVLQ�OHYHOV
�S ��������:KLOH�WKH�PHDQ�SUHVHSVLQ�OHYHO�ZDV�����k�����LQ�WKH�SDWLHQW�JURXS��LW�ZDV�����k�����LQ�WKH�FRQWURO�JURXS��&�UHDFWLYH�SURWHLQ��&53��
62)$��ODFWDWH�DQG�$3$&+(�,,�VFRUHV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�WKH�SDWLHQW�DQG�FRQWURO�JURXSV��IRU�DOO��S���������,Q�WKLV�VWXG\�SUHVHSVLQ�FDQ
EH�XVHG�DV�DQ�DSSURSULDWH�ELRPDUNHU�LQ�WKH�SURJQRVLV�RI�VHSVLV�

&RQFOXVLRQV��$V�D�UHVXOW�SUHVHSVLQ�LV�D�VXLWDEOH�GLDJQRVWLF�WHVW�LQ�WKH�GLDJQRVLV�RI�VHSVLV��$W�WKH�VDPH�WLPH�ODFWDWH�DQG�&53�OHYHOV�FDQ�EH�XVHG�DV
ELRPDUNHUV�LQ�WKH�SURJQRVLV�RI�VHSVLV��+RZHYHU��PRUH�VWXGLHV�DUH�UHTXLUHG�WR�FRQILUP�WKHVH�ILQGLQJV�



*(5,$75,&6 6$55$�-28,1,

��������6KRFN�LQGH[�SUHGLFW�PRUWDOLW\�LQ�JHULDWULF�WUDXPD�SDWLHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$PLQD�-HEDOL������6$55$�-28,1,������$PHO�0DDUHI������+RXVVHP�$RXQL������'RUUD�&KWRXURX������,QHV�&KHUPLWL������%HFKLU�%RXKDMMD����

���(PHUJHQF\�'HSDUWPHQW��&+8�&KDUOHV�1LFROOH��WXQLV��781,6,$
���(PHUJHQF\�'HSDUWPHQW��&+8�&KDUOHV�1LFROOH��7XQLV��781,6,$

.H\ZRUGV��6KRFN�LQGH[��PRUWDOLW\��JHULDWULF��WUDXPD

$EVWUDFW��

%DFN�JURXQG�

6KRFN�LQGH[��6,���KHDUW�UDWH�V\VWROLF�EORRG�SUHVVXUH��LV�D�VLPSOH�PDUNHU�RI�ZRUVH�RXWFRPHV�DIWHU�LQMXU\���$VVHVVPHQW�RI�LQMXU\�VHYHULW\�DQG
KHPRG\QDPLF�LQVWDELOLW\�LQ�JHULDWULF�WUDXPD�SDWLHQWV�LV�RIWHQ�GLIILFXOW�RZLQJ�WR�WKHLU�DOWHUHG�UHVSRQVH�WR�LQMXU\�����

3XUSRVH��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�WKH�XWLOLW\�RI�6,�LQ�SUHGLFWLQJ�PRUWDOLW\�LQ�JHULDWULF�WUDXPD�SDWLHQWV�

3DUWLFLSDQWV�DQG�0HWKRGV�

:H�SHUIRUPHG�D�SURVSHFWLYH�DQDO\VLV�RQ�WUDXPDWLF�SDWLHQWV�SUHVHQWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW�IURP�0DUFK������WR�'HFHPEHU�������3DWLHQWV
���\HDUV�RU�ROGHU�ZHUH�LQFOXGHG�7UDQVIHUUHG�SDWLHQWV��SDWLHQWV�GHDG�RQ�DUULYDO��PLVVLQJ�YLWDOV�RQ�SUHVHQWDWLRQ��DQG�SDWLHQWV�ZLWK�EXUQV�ZHUH
H[FOXGHG�$�FXW�RII�YDOXH�RI�6,�JUHDWHU�WKDQ�RU�HTXDO�WR���ZDV�XVHG�WR�GHILQH�KHPRG\QDPLF�LQVWDELOLW\�

5HVXOWV�

$�WRWDO�RI����JHULDWULF�SDWLHQWV�ZHUH�LQFOXGHG��7KH�PHDQ�DJH�ZDV����k���\HDUV�����ZHUH�PDOHV��PHGLDQ�*ODVJRZ�&RPD�6FDOH��*&6��VFRUH�ZDV���
�UDQJH���������PHGLDQ�,QMXU\�6HYHULW\�6FRUH��,66��ZDV�����UDQJH���������DQG�PHDQ��6,�ZDV������k������7KH�LQLWLDO�YDOXH�RI�6,�JUHDWHU�WKDQ�RU�HTXDO�WR��
ZDV�QRWHG�LQ����JHULDWULF�WUDXPD�SDWLHQWV���������0RUWDOLW\�DW�RQH�PRQWK�ZDV�VLJQLILFDQWO\�HOHYDWHG�LQ�SDWLHQWV�ZLWK�6,Õ��>�����Q ���YV����
�Q ���@�

&RQFOXVLRQ�

6,�LV�DQ�DFFXUDWH�DQG�VSHFLILF�SUHGLFWRU�RI�PRUELGLW\�DQG�PRUWDOLW\�LQ�JHULDWULF�WUDXPD�SDWLHQWV��,W�DOORZV�DFFXUDWH�DVVHVVPHQW�RI�WKHVH�SDWLHQWV�DQG�LV
DQ�HIIHFWLYH�WRRO�WKDW�FDQ�EH�LPSOHPHQWHG�LQ�D�SUHKRVSLWDO�VHWWLQJ�IRU�WKH�WULDJH�RI�JHULDWULF�WUDXPD�SDWLHQWV�

9LUDM�3DQGLW�DQG�DO��-�7UDXPD�$FXWH�&DUH�6XUJ����������������������

�



&$6(�35(6(17$7,21 YRONDQ�XONHU

��������+RZORQJ�:H�0XVW�)ROORZ�3DUR[\VPDO�$WULDO�'\VUK\WKPLD�GXH�WR�(OHFWULFDO�qQMXU\"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

92/.$1��/.(5������+¡/$/�+2&$*¡/������$%'8//$+�&�1(<7�+2&$*¡/����

���(0(5*(1&<�0('¡&¡1(�'(3$570(17��%8/(17�(&(9¡7�81¡9(56¡7<��)$&8/7<�2)�0('¡&¡1(��=21*8/'$.��785.(<

.H\ZRUGV��HOFWULFDO�LQMXU\��EXUQV��DWULDO�G\VUK\WKPLD��PHGLFDO�FDUGLRYHUVLRQ

$EVWUDFW��

%DFNJURXQG��(OHFWULFDO�LQMXU\�VKRXOG�FDXVH�D�ZLGH�VSHFWUXP�RI�FDUGLDF�FRPSOLFDWLRQV�UDQJLQJ�IURP�P\RFDUGLDO�QHFURVLV�ZLWK�YHQWULFXODU�ILEULOODWLRQ�WR
OHVV�FRPPRQ�DWULDO�ILEULOODWLRQ��$WULDO�ILEULOODWLRQ�LV�QRW�D�FRPPRQ�DUUK\WKPLDV��5HFRPPHQGDWLRQV�RQ�FDUGLDF�PRQLWRULQJ�ZHUH�SXEOLVKHG�IRU�FHUWDLQ
ULVN�IDFWRUV��EXW�LQGLFDWLRQV�IRU�KRVSLWDO�REVHUYDWLRQ�DUH�OHVV�FOHDU�HVSHFLDOO\�IRU�OHQJWK�RI�REVHUYDWLRQ�WLPH��$FFRUGLQJ�WR�FXUUHQW�JXLGHOLQHV��WKH�ULVN
RI�ODWH�DUUK\WKPLDV�LV�QRW�NQRZQ��:H�SUHVHQW�D�FDVH�RI�SDUR[\VPDO�DWULDO�ILEULOODWLRQ�ZLWK�UDSLG�YHQWULFXODU�UHVSRQVH�UHVXOWLQJ�IURP�D�ORZ�YROWDJH
HOHFWULFDO�LQMXU\��

&DVH�3UHVHQWDWLRQ��$����\HDUV�ROG�FRQVWUXFWLRQ�ZRUNHU�ZLWK�QR�SULRU�KLVWRU\�RI�FDUGLRYDVFXODU�GLVHDVH�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�DIWHU
DQ�HOHFWULFDO�VKRFN�IURP�DFFLGHQWDOO\�WRXFK�RI�KLV�WUXFN�KDXODJH�WR�WKH�HOHFWULFDO�FRQGXLW��+H�H[SHULHQFHG�VHYHUH�SDLQ�LQ�ERWK�KDQGV�DQG�IRRW��+H
GHQLHG�WR�ORVV�RI�KLV�FRQVFLRXVQHVV��+H�H[SHULHQFHG�WR�IDOO�EDFNZDUGV�DQG�KLW�KHU��EDFN�DQG�KHDG�WR�WKH�IORRU��2Q�LQLWLDO�DVVHVVPHQW�KH�ZDV�IRXQG�WR
EH�LQ�DWULDO�ILEULOODWLRQ�ZLWK�D�PRGHUDWH�WR�UDSLG�YHQWULFXODU�UDWH���7UDQVLHQW�ULVH�LQ�PDUNHUV�RI�PXVFOH�GDPDJH�ZHUH�QRWHG��$IWHU�DQDOJHVLD�DQG�ZRXQG
FDUH��PRQLWRUL]DWLRQ�ZDV�FRQWLQXHG��7URSRQLQ�7�DQG�UHQDO�IXQFWLRQ�WHVWV�QRUPDO��+LV�WUDQVWKRUDFLF�HFKRFDUGLRJUDSK\�UHYHDOHG�QR�VWUXFWXUDO
DEQRUPDOLW\��$IWHU�FDUGLRORJ\�FRQVXOWDWLRQ�ZLWK�SDWLHQW�VWDEOH�FRQGLWLRQV�����PJ�DPLRGDURQH�LQIXVLRQ�PDGH�ZLWK�LQ���KRXU��$QG�WKHQ�����PJ
DPLRGDURQH�ZDV�SHUIRUPHG�ZLWKLQ����KRXUV�DIWHU�DQWLFRDJXODWLRQ�ZDV�PDGH�IRU�SURWHFW�IURP�HPEROL]DWLRQ��$V�FRQVLGHUDWLRQ�RI�IROORZ�XS�DV����KRXUV�
KLV�G\VUK\WKPLD�ZDV�UHVROYHG�QHDUE\�IRRORZLQJ����KRXUV��$IWHU�UHVROXWLRQ�RI�DWULDO�DUUK\WKPLDV�KLV�FXWDQHRXV�ZRXQGV�ZHUH�EDQGDJHG�DQG�WKH
SDWLHQW�ZDV�GLVFKDUJHG�ZLWK�FDUGLRORJ\�IROORZ�XS��

&RQFOXVLRQ��$WULDO�ILEULOODWLRQ�LQ�WKH�VHWWLQJ�RI�HOHFWULFDO�LQMXU\�LV�UDUHO\�UHSRUWHG�SUHYLRXVO\�7KH�SDWK�RI�HOHFWULFDO�FRQGXFWLRQ�LQYROYLQJ�KHDUW�PD\
KHUDOG�FDUGLDF�G\VUK\WKPLD�LQYROYLQJ�DWULDO�DQG�YHQWULFXODU�VWUXFWXUHV��,Q�SDWLHQWV�ZLWKRXW�ORVV�RI�FRQVFLRXVQHVV��FDUGLDF�DUUHVW��UKDEGRP\RO\VLV�DQG
KLVWRU\�RI�FDUGLDF�VWUXFWXUDO�DEQRUPDOLWLHV��PHGLFDO�FDUGLRYHUVLRQ�LV�D�SRWHQWLDO�RSWLRQ�IRU�UHVWRUDWLRQ�RI�QRUPDO�VLQXV�UK\WKP�DQG�UHVROXWLRQ�RI�RWKHU
V\PSWRPV�DIWHU�HOHFWULFDO�FDUGLDF�LQMXU\�OLNH�DWULDO�ILEULOODWLRQ�ZLWK�UDSLG�YHQWULFXODU�UHVSRQVH�ZLWKLQ����KRXUV�



0$1$*(0(17���('�25*$1,6$7,21 &DUOHV�*UHROHV�5R\R

��������:ULWWHQ�FRPSODLQWV�IRU�H[FHVVLYH�ZDLWLQJ�WLPH�LQ�DQ�HPHUJHQF\�GHSDUWPHQW�����������

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&$5/(6�*5(2/(6�52<2������-26(3�0217(6,126�&276������*$%5,(/$�0$'$/,1$�*5(&8������&/$8',$�520(52�5$0,5(=������-25*(�$/&$/$
$1,(172������$1$�(67(%$1�9,//$&$03$������0$5,$�$5(1$6�35$76����

���(0(5*(1&<��)81'$&,2�+263,7$/�6$17�3$8�,�6$17$�7(&/$��(/�9(1'5(//��63$,1

.H\ZRUGV��FRPSODLQWV��KHDOWK�FXOWXUH��HPHUJHQF\�GHSDUWPHQW��SDFLHQW�VDWLVIDFWLRQ

$EVWUDFW��

,QWURGXFWLRQ

�,QWURGXFWLRQ

7KH�6SDQLVK�SXEOLF�KHDOWK�V\VWHP�LV�FRQVLGHUHG�RQH�RI�WKH�PRVW�KLJKO\�YDOXHG�LQ�GHYHORSHG�FRXQWULHV��,W�LV�FKDUDFWHUL]HG�E\�EHLQJ�XQLYHUVDO���SXEOLF
IXQGLQJ��HTXDO�DFFHVV�DQG�UHJLRQDOO\�PDQDJHG���,Q�VSLWH�RI�LWV�IUHH�DFFHVV��WLPH�IDFWRU�LV�HVSHFLDOO\�LPSRUWDQW�LQ�$FFLGHQW�DQG�(PHUJHQF\�
GHSDUWPHQWV���HYHQ�DIWHU��WULDJH��3DWLHQWV�LQFUHDVLQJO\�DWWHQG��KRVSLWDO�HPHUJHQF\�GHSDUWPHQWV�DQG�WKLV�LQFUHDVH�GRHV�QRW�QHHG�WHFKQLFDOO\
GHPDQGLQJ��H[SODQDWLRQV��EDVLFDOO\�EHFDXVH�H[SHUWV�KDYH�D�YHU\�VLPSOH�UHDVRQ��LW�LV�D�TXDOLW\�VHUYLFH��IUHH�DQG�DYDLODEOH����KRXUV�D�GD\������GD\V�D
\HDU�

,Q�DOO�:HVWHUQ�FRXQWULHV�D�JUDGXDO�LQFUHDVH�LQ�GHPDQG�IRU�KRVSLWDO�HPHUJHQF\�FDUH�DQG�LQDSSURSULDWH�XVH�RI�WKLV�PHGLFDO�VHUYLFH�KDV�EHHQ�LGHQWLILHG�
7KH�VWXG\�RI�FRPSODLQWV�PDGH�E\�FXVWRPHUV�LQ��$	(��GHSDUWPHQWV�UHSUHVHQWV�D�SDUDPHWHU�RI�TXDOLW\�RI�FDUH�WKDW�DOORZV�XV�WR�DVVHVV�SDWLHQW
V
VDWLVIDFWLRQ�

2EMHFWLYHV

0DLQ�REMHFWLYH

��7R�DQDO\VH�WKH�XVHUÇV�SURILOH�LQ�WKH�KHDOWK�V\VWHP�WKDW�PDNHV�D��ZULWWHQ�FRPSODLQ�UHJDUGLQJ�ZDLWLQJ�WLPH�LQ�WKH�$FFLGHQW�DQG�HPHUJHQF\
GHSDUWPHQW�RI�WKH�KRVSLWDO�GHO�9HQGUHOO�

6HFRQGDU\�REMHFWLYHV�

��7R�DQDO\VH�D�SRVVLEOH�UHODWLRQVKLS�EHWZHHQ�WKH�ZDLWLQJ�WLPH�UHFRPPHQGHG�DW�WULDJH��DQG�ZULWWHQ�FRPSODLQWV

��7R�DQDO\VH�ZKHWKHU�SDWLHQWV�WKDW�OHDYH�WKH�GHSDUWPHQW�EHIRUH�EHLQJ�VHHQ�E\�WKH�PHGLFDO�WHDP�PDNH�D�ZULWWHQ�FRPSODLQ�DV�ZHOO�

0DWHULDO�DQG�PHWKRG�

$�GHVFULSWLYH�UHWURVSHFWLYH�VWXG\�RI�DOO�WKH�ZURWHQ�FRPSODLQWV�IRU�H[FHVVLYH�ZDLWLQJ�WLPH�VHQW�WR�(PHUJHQF\�'HSDUWPHQW�RI��9HQGUHOO�+RVSLWDO�RYHU��
FRQVHFXWLYH�\HDUV���IURP�-DQXDU\��VW������WR�'HFHPEHU���VW�7KH�9HQGUHOO�+RVSLWDO�LV�GLVWULFW�JHQHUDO�KRVSLWDO�LQ�&DWDORQLD�DQG�DWWHQGV�������DGXOW
DQG�SHGLDWULF�HPHUJHQF\�YLVLWV�\HDU�

5HVXOWV

'XULQJ�WKH���\HDUV�VWXGLHG��WKH�HPHUJHQF\�GHSDUWPHQW�UHFHLYHG�D�WRWDO�RI�����ZULWWHQ�FRPSODLQWV������ZHUH�IRU�ZDLWLQJ�WLPH������ZHUH�IHPDOH�
ZLWK�DQ�DYHUDJH�DJH�RI����\HDUV�

7KH�WLPH�VORW��VKRZHG�WKDW�KLJKHU�FODLPV�ZHUH�DW�WKH�HYHQLQJ������RI�WKH�FRPSODLQWV�ZHUH�IURP�SHGLDWU\��7KH�����RI�WKH�FRPSODLQWV�ZHUH�ZULWWHQ
E\�WKH�UHIHUHQFH�SRSXODWLRQ�DQG�����IURP�RXWVLGH�WKH�DUHD�

7KH������RI�ZDLWLQJ�WLPH�FRPSODLQWV�ZHUH�IRU�HPHUJHQF\�OHYHOV����������RI�XVHUV�KDG�PDGH�RYHU����YLVLWV�LQ�SULPDU\�FDUH�LQ�WKH�ODVW�\HDU�

�����RI�YLVLWV�PDGH�E\�OHYHO�����ZHUH�LQ�WKH�UHFRPPHQGHG�ZDLWLQJ�WLPH

&RQFOXVLRQ

7KH�XVHU�SURILOH�IRU�WKRVH�ZKR�DWWHQGHG�WKH�HPHUJHQF\�URRP�VHUYLFH�DQG�ILOHG�D�FRPSODLQW�LV�DV�IROORZV�

<RXQJ�SDWLHQWV������\HDUV��ZKR�GR�QRW�IUHTXHQW��WKH�KRVSLWDO�VHUYLFH�RIWHQ��ZLWK�LVRODWHG�YLVLWV�WR�WKH�HPHUJHQF\�URRP�VHUYLFH������\HDU���3DWLHQWV
FRPH�IURP�WKH�ERUGHULQJ�VDQLWDU\�UHJLRQ�DQG�WKH\�SUHVHQW�PLQRU�SDWKRORJ\�OHYHOV��OHYHO�������7KH\�W\SLFDOO\�DWWHQG�WKH�VHUYLFH�LQ�WKH�DIWHUQRRQ�ZLWK
����TXLWWLQJ�WKH�SUHPLVHV�DQG�OHVV�WKDQ�����UHWXUQLQJ�ZLWKLQ�WKH�IROORZLQJ����KRXUV�



0,6&(//$1(286 9DOHQWLQD�'XDUWH

��������3LORW�LPSOHPHQWDWLRQ�RI�VWUXFWXUHG�WULDJH�V\VWHP�LQ�HPHUJHQFLHV��4XDOLWDWLYH�DVVHVVPHQW�RI�SHUFHSWLRQ�RI�WKH�KHDOWK
WHDP�WR�FKDQJH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9DOHQWLQD�'XDUWH������.DUHQ�6RWR������*ORULD�9DOGHV������9LYLDQD�$PSXHUR������-RQDWKDQ�%XVWRV������-RUJH�=HQWHQR������)DELDQ�5RGULJXH]������9HURQLFD
'HO�)LHUUR������3HGUR�*DOODUGR������6XVDQD�)XHQWHDOED����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�&DUORV�9DQ�%XUHQ��9DOSDUDLVR��&+,/(
���,7�'HSDUWPHQW��+RVSLWDO�&DUORV�9DQ�%XUHQ��9DOSDUDLVR��&+,/(
���6XEVHFUHWDU�D�GH�5HGHV�$VLVWHQFLDOHV��0LQLVWHULR�GH�6DOXG��6DQWLDJR��&+,/(
���,7�'HSDUWPHQW��0LQLVWHULR�GH�6DOXG��6DQWLDJR��&+,/(

.H\ZRUGV��WULDJH��HPHUJHQF\�GHSDUWPHQW��TXDOLWDWLYH�DVVHVPHQW

$EVWUDFW��

7KH�FRQFHSW�RI�WULDJH�LV�GHILQHG�DV�WKH�SURFHVV�RI�SUHOLPLQDU\�FOLQLFDO�DVVHVVPHQW�RUGHULQJ�SDWLHQWV�DFFRUGLQJ�WR�WKHLU�XUJHQF\���VHYHULW\�EHIRUH
GLDJQRVWLF�DQG�WKHUDSHXWLF�DVVHVVPHQW�FRPSOHWH��7KH�WULDJH�V\VWHP�HQVXUHV�WKH�FDWHJRUL]DWLRQ�RI�SDWLHQWV�ZLWK�WKH�DLP�WKDW�WKH�PRVW�XUJHQW
SULRULW\�SDWLHQWV�DUH�YLVLWHG�ZKHQ�WKH�VLWXDWLRQ�DULVHV�HYHQWXDO�VHUYLFH�H[SHFWHG�
$GXOW�(PHUJHQF\�'HSDUWPHQW�RI�+RVSLWDO�&DUORV�9DQ�%XUHQ�KDV�D�WULDJH�V\VWHP�IROORZLQJ�WKH�UHFRPPHQGDWLRQV�JLYHQ�E\�WKH�&RPPLVVLRQ�5HSRUW
8UJHQW�&DUH�DSSURYHG�LQ�������7KH�VFDOH�LQ�RXU�XQLW�FDWHJRUL]HV�SDWLHQWV�LQWR�ILYH�OHYHOV�DQG�HVWDEOLVKHV�ZDLWLQJ�WLPHV�IRU�PHGLFDO�HYDOXDWLRQ��,W�LV
SHUIRUPHG�E\�D�SURIHVVLRQDO��QXUVH��DFFRPSDQLHG�E\�D�WHFKQLFLDQ�

6LQFH�'HFHPEHU�WKH�&KLOHDQ�0LQLVWU\�RI�+HDOWK�VWDUWV�SURJUDPPLQJ�D�SLORW�IRU�WKH�LPSOHPHQWDWLRQ�RI�D�QHZ�WULDJH�WRRO�QDWLRQZLGH�ZKHUH����KRVSLWDO
FHQWHUV�IRU�HYDOXDWLRQ���WULDJH�V\VWHP��0DQFKHVWHU�7ULDJH�6\VWHP��076��DQG��(PHUJHQF\�6HYHULW\�,QGH[��(6,�

,Q�RXU�HPHUJHQF\�GHSDUWPHQW�WUDLQLQJ�ZLWK�VWUXFWXUHG�WULDJH�V\VWHP�ZDV�FRPSOHWHG�LQ�'HFHPEHU������DQG�WULDO�UXQ�EHJDQ�RQ���0DUFK�
7KH�VSHFLILF�LQLWLDO�DQG�FRQWLQXLQJ�WUDLQLQJ�DQG�SURIHVVLRQDO�H[SHULHQFH�WULDJH�LQ�DQ�HPHUJHQF\�URRP�LV�HVVHQWLDO�DQG�XQDYRLGDEOH��LQKHUHQW�SLOODUV
VWDII�PXVW�FDUU\�RXW�WKLV�DFWLYLW\��,QFRUSRUDWLQJ�D�WULDJH�V\VWHP�VWUXFWXUHG�DV�D�WRRO�IRU�SULRULWL]LQJ�WKH�GHPDQG�IRU�FDUH�LQ�HPHUJHQF\�XQLWV
UHSUHVHQWV�D�FKDQJH�LQ�WKH�ZD\�WKH\�ZRUN�RQ�WKH�VHOHFWRU�'HPDQG��DV�ZHOO�DV�D�FKDQJH�LQ�WKH�ZD\�XVHUV�ZLOO�DWWHQG�

7KH�DLP�RI�WKH�VWXG\�ZDV�WR�HYDOXDWH�WKH�SHUFHSWLRQ�RI�WKH�KHDOWK�WHDP�WR�WKH�LPSOHPHQWDWLRQ�RI�WKH�SLORW�RI�D�VWUXFWXUHG�WULDJH�V\VWHP�LQ
HPHUJHQF\�GHSDUWPHQW�



72;,&2/2*< 7$1=(5�.25.0$=

��������&DQ�VLQJOH�GRVH�RI�GXOR[HWLQH�LQGXFH�K\SRQDWUHPLD�LQ�D�PLGGOH�DJHG�PDOH�SDWLHQW"�$�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7$1=(5�.25.0$=������)XQGD�.DUEHN�$NDUFD������6HOHQ�8UNH�&RPH������&HP�(UWDQ����

�����,]PLU�XQLYHUVLW\��,=0¡5��785.(<
�����(JH�8QLYHUVLW\��,=0¡5��785.(<

.H\ZRUGV��'XOXR[HWLQH��K\SRQDWUHPLD��\RXQJ�PDOH�SDWLHQW��VRPDWLF�V\PSWRPV

$EVWUDFW��

&DQ�VLQJOH�GRVH�RI�GXOR[HWLQH�LQGXFH�K\SRQDWUHPLD�LQ�D�PLGGOH�DJHG�PDOH�SDWLHQW"�$�FDVH�UHSRUW

$EVWUDFW

,QWURGXFWLRQ��'XOR[HWLQH�LV�D�VHURWRQLQ�QRUHSLQHSKULQH�UHXSWDNH�LQKLELWRU��XVHG�IRU�WUHDWLQJ�PDMRU�GHSUHVVLYH�GLVRUGHU��GLDEHWLF�QHXURSDWK\�
ILEURP\DOJLD��JHQHUDOL]HG�DQ[LHW\�GLVRUGHU�DQG�FKURQLF�PXVFXORVNHOHWDO�SDLQ�>�@�7KH�FDVHV�RI�K\SRQDWUHPLD�LQGXFHG�E\�GXOR[HWLQH�KDYH�UDUHO\�EHHQ
UHSRUWHG��:H�UHSRUW�D�FDVH�RI�K\SRQDWUHPLD�LQGXFHG�E\�GXOR[HWLQH�GHYHORSHG�UDSLGO\�DIWHU�D�VLQJOH�GRVH�PHGLFDWLRQ�LQ�D�PLGGOH�DJHG�PDOH�ZLWK
VRPDWLF�V\PSWRPV�

&DVH��$����\HDUV�ROG�PDOH�SDWLHQW�SUHVHQWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��ZLWK�IDWLJXH�DQG�GL]]LQHVV��7KH�SDWLHQW�GHFODUHG�WKDW�KH�KDG�D
VLQJOH�GRVH�RI�GXOR[HWLQH�ZKLFK�ZDV�KH�ZDV�SUHVFULEHG�IRU�VRPDWLF�FRPSODLQWV��$�URXWLQH�ODERUDWRU\�ZRUN�XS�VKRZHG�D�VLJQLILFDQWO\�ORZ�VRGLXP�OHYHO
�1D �����PJ�GO���7KH�SDWLHQW�KDG�QR�NQRZQ�SUHGLVSRVLQJ�IDFWRUV�IRU�K\SRQDWUHPLD��9LWDO�VLJQV�DQG�SK\VLFDO�H[DPLQDWLRQ��LQFOXGLQJ�QHXURORJLFDO
HYDOXDWLRQ��ZHUH�QRUPDO��7KH�SDWLHQWÇV�SUHVHQWDWLRQ�FRPSODLQWV�ZHUH�FRPSOHWHO\�UHVROYHG�DIWHU�GXOR[HWLQH�ZDV�FHDVHG�DQG�QRUPDO�VDOLQH�WUHDWPHQW
ZDV�JLYHQ�

'LVFXVVLRQ��:KHQ�WUHDWLQJ�SDWLHQWV�ZLWK�GHSUHVVLRQ�DQG�VRPDWLF�V\PSWRPV��FORVH�PRQLWRULQJ�IRU�FOLQLFDO�DQG�ODERUDWRU\�HYLGHQFHV�RI�GUXJ�UHODWHG
DGYHUVH�DQG�VLGH�HIIHFWV��VXFK�DV�K\SRQDWUHPLD��DUH�HVVHQWLDO��
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%UXJLRQL�/XFLR

��������/$7�JHO�HIILFDF\�LQ�FKLOGUHQxV�SURFHGXUDO�SDLQ�UHODWHG�IHDU��DQ�,WDOLDQ�REVHUYDWLRQDO�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

%UXJLRQL�/XFLR������)UDQFHVFD�0RUL������PDUFHOOR�%DUDOGL������'DULD�7RVDWWL������$QGUHD�5LJKHWWL������&KLDUD�3LJQDWWL����

���0HGLFLQD�,QWHUQD�$UHD�&ULWLFD��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�3ROLFOLQLFR�0RGHQD���0RGHQD��,7$/<
���0HGLFLQD�,QWHUQD�$UHD�&ULWLFD��$]LHQGD�RVSHGDOLHUR�8QLYHUVLWDULD�3ROLFOLQLFR�GL�0RGHQD��0RGHQD��,7$/<
���3URQWR�6RFFRUVR��2VSHGDOH�GL�9LJQROD��0RGHQD��,7$/<
���0HGLFLQD�,QWHUQD�$UHD�&ULWLFD��$]LHQGD�RVSHGDOLHUR�8QLYHUVLWDULD�3ROLFOLQLFR�GL�0RGHQD��PRGHQD��,7$/<

.H\ZRUGV��/$7�JHO��SHGLDWULF��DQDOJHVLD��SDLQ��VXWXUH

$EVWUDFW��

/$7�JHO�HIILFDF\�LQ�FKLOGUHQxV�SURFHGXUDO�SDLQ�UHODWHG�IHDU��DQ�,WDOLDQ�REVHUYDWLRQDO�VWXG\

%DFNJURXQG�

3DLQ�LQIOXHQFHV�WKH�VWUXFWXUDO�GHYHORSPHQW�RI��EUDLQ��WKXV�LWV�WUHDWPHQW�LV�IXQGDPHQWDO�LQ�SHGLDWULF�SDWLHQWV��6HGDWLRQ�DQG�DQDOJHVLD�DUH�ZLGHO\
DSSOLHG�VWUDWHJLHV�WR�PDQDJH�DFXWH�SURFHGXUDO�SDLQ�DQG�DQ[LHW\�LQ�WKH�HPHUJHQF\�GHSDUWPHQWV��('V��EXW�D�VWDQGDUGL]HG�PDQDJHPHQWÇV�SURWRFRO
KDV�EHHQ�QRW�VWLOO�DSSURYHG�LQ�FKLOGUHQ��$SSOLFDWLRQ�RI��/$7��OLGRFDLQD�����DGUHQDOLQD��������WHWUDFDLQD�������JHO��D�WRSLFDO�DQHVWKHWLF��RQ
ODFHUDWLRQV�EHIRUH�SDLQIXO�SURFHGXUHV�VHHPV�WR�EH�DV�HIIHFWLYH�DV�LQWUDGHUPDO�DQHVWKHWLF�LQILOWUDWLRQV�WR�UHGXFH�WKH�SURFHGXUDO�SDLQ�EXW�D�IHZ�VWXGLHV
ZHUH�FRQGXFWHG�RQ�FKLOGUHQ�LQ�,WDO\��7KH�DLP�RI�WKLV�VWXG\�LV�WR�WHVW�WKH�HIIHFWLYHQHVV�RQ�SURFHGXUDO�SDLQ�DQG�DQ[LHW\�RI�/$7�LQ�D�,WDOLDQ�SHGLDWULF
SRSXODWLRQ�

�0DWHULDOV�DQG�PHWKRGV�

���FKLOGUHQ����������ZKR�SUHVHQWHG�D�VXSHUILFLDO�ODFHUDWLRQ�WR�WKH�('�RI��3DYXOORÇV�+RVSLWDO��02��,WDO\���KDYH�EHHQ�DVVHVVHG�E\�WKH�SDLQÇV�1XPHULF
5DWLQJ�6FDOH��156��DW�WKH�7ULDJH��7KHQ�/$7�KDV�EHHQ�DSSOLHG�RQ�WKH�FOHDQ�ODFHUDWLRQV�DQG�FRYHUHG�E\�D�SODVWHU�DERXW�������PLQXWHV�EHIRUH�VXWXULQJ�
'XULQJ�WKH�VXWXUH��WKH�FKLOGUHQÇV�SDLQ�KDV�EHHQ�UHYDOXHG�E\�GLIIHUHQW�VFDOHV�EDVHG�RQ�DJH��)/$&&�LQ�SDWLHQWV����\HDUV�ROG��:RQJ�%DNHU�LQ�SDWLHQWV
����\HDUV�ROG��9$6�LQ�SDWLHQWV�!��\HDUV�ROG���:H�DQDO\]HG�WKH�ORFDOL]DWLRQ�RI�ODFHUDWLRQV��WKH�QHHG�RI�IXUWKHU�DQDOJHVLD��DQG�VLGH�HIIHFWV�SUREDEO\
DVVRFLDWHG�WR�/$&�WUHDWPHQW��0XFRVDO�ODFHUDWLRQ�ORFDOL]HG�RQ�QRVH�DQG�HDUV�ZHUH�H[FOXGHG�IURP�WKH�/$7ÇV�WUHDWPHQW�

5HVXOWV�

7KH�VXSHUILFLDO�ODFHUDWLRQV�ZHUH�ORFDOL]HG�RQ�KHDG��������RQ�XSSHU�OLPEV������DQG�RQ�LQIHULRU�OLPEV�������2QO\�WZR�FKLOGUHQ�QHHGHG�IXUWKHU
DQDOJHVLD��RQH�LV�WUHDWHG�ZLWK�LQWUDQDVDO�0LGD]RODP��DQG�WKH�RWKHU�RQH��ZLWK�VXEFXWDQHRXV�LQMHFWLRQ�RI�/LGRFDLQH��&KLOGUHQ�GLGQÇW�SUHVHQW�VLGH�HIIHFWV
WR�WKH�GUXJ�

�&RQFOXVLRQV��

7KLV�VWXG\�GHPRQVWUDWHV�WKDW�/$7�WUHDWPHQW�EHIRUH�VXWXULQJ�LV�XVHIXO�WR�PLQLPL]H�SDLQ�UDODWHG�IHDU�GXULQJ�VXWXUH��WR�VLPSOLI\�WKH�PDQDJHPHQW�RI
SHGLDWULF�SDWLHQWV�LQ�('�DQG��WR�LPSURYH�WKH�FKLOGUHQÇV�FRPSOLDQFH�WR�WKHUDSHXWLF�SUDFWLFHV��7KHVH�,WDOLDQ�ILQGLQJV�DUH�FRQVLVWHQW�ZLWK�LQWHUQDWLRQDO
OLWHUDWXUH�DERXW�WKLV�WRSLF��OHDGLQJ�WKH�ZD\�WR�H[WHQG�WKH�XVH�RI�WKLV�GUXJ�LQ�DGXOWV�DQG�HOGHUO\�SHRSOH�

�



0$1$*(0(17���('�25*$1,6$7,21 /LQQjD�:LFNPDQ

��������(IIHFW�RI�FURZGLQJ�RQ�OHQJWK�RI�VWD\�IRU�FRPPRQ�FKLHI�FRPSODLQWV�LQ�WKH�('�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/LQQ�D�:LFNPDQ������3HU�6YHQVVRQ������7KHUHVH�'M�UY����

�����.DUROLQVND�8+��6WRFNKROP��6:('(1

.H\ZRUGV��&URZGLQJ��/26

$EVWUDFW��

,QWURGXFWLRQ��,QFUHDVLQJ�SDWLHQW�QXPEHUV�LV�D�JURZLQJ�SUREOHP�LQ�HPHUJHQF\�GHSDUWPHQWV��('ÇV��DOO�DURXQG�WKH�ZRUOG��,Q�6WRFNKROP��WKH�FDSLWDO�RI
6ZHGHQ��WKH�QXPEHU�RI�SDWLHQWV�DFTXLULQJ�HPHUJHQF\�FDUH�LV�LQFUHDVLQJ�E\�������DQQXDOO\��+RZHYHU��WKH�UHVRXUFHV�RI�WKH�('ÇV�DUH�QRW�LQFUHDVLQJ�DW
WKH�VDPH�UDWH��7KH�JURZLQJ�ZRUNORDG��IXUWKHU�HQKDQFHG�E\�GLIILFXOWLHV�LQ�ILQGLQJ�LQKRVSLWDO�EHGV�IRU�SDWLHQWV�LQ�QHHG�RI�IXUWKHU�PHGLFDO�DWWHQWLRQ�
FDXVHV�FURZGLQJ�WR�DULVH�LQ�WKH�('��&URZGLQJ�LV�DPRQJVW�RWKHU�WKLQJV�DVVRFLDWHG�ZLWK�D�ORQJ�OHQJWK�RI�VWD\��/26���DV�ZHOO�DV�D�SURORQJHG�WLPH�WR
DGPLQLVWUDWLRQ�RI�DQDOJHVLFV�DQG�DQWLELRWLFV��,W�LV�QRW�NQRZQ�ZKHWKHU�WKH�HIIHFW�RI�FURZGLQJ�RQ�OHQJWK�RI�VWD\�LV�HTXDO�DFURVV�GLIIHUHQW�FKLHI
FRPSODLQWV�

$LP��7R�GHWHUPLQH�WKH�HIIHFW�RI�FURZGLQJ�RQ�/26�LQ�WKH����PRVW�FRPPRQ�FKLHI�FRPSODLQWV�LQ�WKH�('�

0DWHULDOV�DQG�PHWKRGV��$OO�DGXOW�YLVLWV��Q ��������RQ�ZHHNGD\V�EHWZHHQ���D�P��DQG���S�P��WR�WKH�('�DW�.DUROLQVND�8QLYHUVLW\�+RVSLWDO�LQ�6ROQD�
6ZHGHQ��LQ������ZHUH�GLYLGHG�LQWR�JURXSV�EDVHG�RQ�FKLHI�FRPSODLQW��WKH�WHQ�PRVW�FRPPRQ�RU�RWKHUV���SULRULW\�JLYHQ�DW�WULDJH��DFXWH�RU�QRQ�DFXWH�
DQG�RFFXUUHQFH�RI�FURZGLQJ�DW�WKH�WLPH�RI�DUULYDO�WR�WKH�('�RU�DW�D�ODWHU�WLPH�GXULQJ�WKH�YLVLW��\HV�RU�QR���&URZGLQJ�ZDV�PHDVXUHG�E\�WKH
SDWLHQW�EHG�UDWLR��%\�FDOFXODWLRQV�RI�WKH�PHGLDQ�/26��FRPSDULVRQV�ZHUH�PDGH�EHWZHHQ�WKH�GLIIHUHQW�FURZGLQJ�VXEJURXSV�IRU�HDFK�FKLHI�FRPSODLQW�

5HVXOWV��7KH�JUHDWHVW�LQFUHDVH�RI�/26�ZDV�VHHQ�LQ�WKH�JURXS�ZLWK�VZHOOLQJ�SDLQ�LQ�H[WUHPLW\��������DPRQJVW�KLJK�DFXLW\�SDWLHQWV��������DPRQJVW
QRQ�DFXWH�SDWLHQWV���QRQ�DFXWH�SDWHQWV�ZKHUH�FKLHI�FRPSODLQW�KDG�QRW�EHHQ�UHFRUGHG���������DQG�SDWLHQWV�ZLWK�IODQN�SDLQ�������DPRQJVW
KLJK�DFXLW\�SDWLHQWV��������DPRQJVW�QRQ�DFXWH�SDWLHQWV���7KH�VPDOOHVW�LQFUHDVH�RI�/26�ZDV�VHHQ�DPRQJVW�WKH�KLJK�DFXLW\�SDWLHQWV�ZLWK�ZRXQGV�����
����KLJK�DFXLW\�SDWLHQWV�ZLWK�XQVSHFLILHG�FKLHI�FRPSODLQW��������DQG�SDWLHQWV�ZLWK�FKHVW�SDLQ�������DPRQJVW�KLJK�DFXLW\�SDWLHQWV�������DPRQJVW
QRQ�DFXWH�SDWLHQWV��

&RQFOXVLRQV��7KH�HIIHFW�RI�FURZGLQJ�RQ�/26�LV�QRW�HTXDO�DFURVV�GLIIHUHQW�FKLHI�FRPSODLQWV��&KHVW�SDLQ�LV�DVVRFLDWHG�ZLWK�D�VPDOOHU�LPSDFW�RQ�/26�
ZKLOH�VZHOOLQJ�SDLQ�LQ�H[WUHPLW\�DQG�IODQN�SDLQ�LV�DVVRFLDWHG�ZLWK�WKH�JUHDWHVW�LQFUHDVH�RI�/26��1RQ�DFXWH�SDWLHQWV�DUH�PRUH�JUHDWO\�DIIHFWHG�E\
FURZGLQJ�



3(',$75,&6 5RODQG�'DPLDQ

��������$UH�SDUHQW�XSORDGHG�<RX�WXEH�YLGHRV�RI�XQZHOO�FKLOGUHQ�D�XVHIXO�VRXUFH�RI�LQIRUPDWLRQ�IRU�RWKHU�SDUHQWV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

.QLJKW�.DWLH������'RURWK\�0�9DQ�/HHXZHQ������2RVWHQEULQN�5LDQQH������'DPLDQ�5RODQG������0ROO�+HQHULHWWH����

���&KLOGUHQ
V�(PHUJHQF\�0HGLFLQH���1RUWK�0LGGOHVH[�8QLYHUVLW\�+RVSLWDO��/RQGRQ��8.
���3DHGLDWULFLDQ��(UDVPXV�0&��5RWWHUGDP��7+(�1(7+(5/$1'6
���&KLOGUHQ
V�(PHUJHQF\�0HGLFLQH���/HLFHVWHU�8QLYHUVLW\��/HLFHVWHU��8.

.H\ZRUGV��9LGHR��6RFLDO�0HGLD��<RX�WXEH��&URXS��'HK\GUDWLRQ��3DUHQW��,QIRUPDWLRQ

$EVWUDFW��

%$&.*5281'�Ä�<RX7XEH��WKH�WKLUG�PRVW�SRSXODU�ZHEVLWH�LQ�WKH�ZRUOG��LV�D�YDVW�UHSRVLWRU\�RI�XVHU�XSORDGHG�YLGHR�FRQWHQW�DQG�D�SRWHQWLDO�VRXUFH�RI
IUHHO\�DFFHVVLEOH�PHGLFDO�LQIRUPDWLRQ��7R�RXU�NQRZOHGJH�QR�VWXG\�KDV�LGHQWLILHG�RU�IRFXVHG�RQ�SDUHQW�XSORDGHG�YLGHRV�ZKLFK�GHVFULEH�LOOQHVV�LQ�WKHLU
FKLOGUHQ���

2%-(&7,9(�Ä�WR�EH�DEOH�WR�GHVFULEH�WKH�TXDQWLW\��TXDOLW\�DQG�XVH�RI�YLGHRV�IHDWXULQJ�XQZHOO�FKLOGUHQ�SRVWHG�RQ�<RX7XEH�E\�WKHLU�SDUHQWV��DQG�WKH
LPSOLFDWLRQV�IRU�DQG�XVH�RI�WKHVH�YLGHRV�LQ�HGXFDWLQJ�SDUHQWV�

0(7+2'6�Ä�&URXS�DQG�GHK\GUDWLRQ�ZHUH�WKH�WZR�PHGLFDO�FRQGLWLRQV�XVHG�IRU�FRPSDULVRQ���<RX7XEH�ZDV�VHDUFKHG�IRU�YLGHRV�XVLQJ�WKH�VHDUFK�WHUPV
ÆFURXSÇ�DQG�ÆGHK\GUDWLRQÇ�IURP�VHUYHUV�EDVHG�LQ�WKH�8QLWHG�.LQJGRP��8.��DQG�WKH�1HWKHUODQGV�RQ�2FWREHU����������7KH�ILUVW�����YLGHRV�ZHUH
VHDUFKHG�DQG�YLGHRV�ZKLFK�FOHDUO\�KDG�EHHQ�XSORDGHG�E\�SDUHQWV�RU�FDUHJLYHUV�VHOHFWHG�IRU�HYDOXDWLRQ��9LGHRV�FUHDWHG�E\�GRFWRUV�RU�E\�HGXFDWLRQDO
LQVWLWXWLRQV�ZHUH�H[FOXGHG��
7KH�LQFOXGHG�YLGHRV�ZHUH�DQDO\VHG�LQGHSHQGHQWO\�E\�WZR�UHVHDUFK�VWXGHQWV�DQG�WZR�SDHGLDWULFLDQV�IRU�GLIIHUHQW�FKDUDFWHULVWLFV��GXUDWLRQ�
OLNHV�GLVOLNHV��QXPEHU�RI�YLHZV��DQG�WHFKQLFDO�TXDOLW\��XVLQJ�WKH�YDOLGDWHG�956�V\VWHP�ZLWK�D�WRWDO�PD[LPXP�VFRUH�RI���WR�UDWH�OLJKW��VRXQG��DQJOH�
UHVROXWLRQ�DQG�GXUDWLRQ���
,QGHSHQGHQWO\�RI�WKLV��HDFK�YLGHR�ZDV�DVVHVVHG�IRU�ZKHWKHU�LW�UHSUHVHQWHG�D�JRRG�FOLQLFDO�H[DPSOH�RI�WKH�FRQGLWLRQ�RU�QRW�

5(68/76�Ä�IRU�WKH�FRQGLWLRQ�FURXS�WKHUH�ZHUH����YLGHRV�ZKLFK�PHW�WKH�FULWHULD�IRU�LQFOXVLRQ�DIWHU�����YLGHRV�KDG�EHHQ�VFUHHQHG��7KH���
FRUUHVSRQGLQJ�YLGHRV�KDG�D�ZLGH�UDQJH�QXPEHU�RI�YLHZV������Ä����������2XW�RI����YLGHRV�����������ZHUH�MXGJHG�WR�EH�D�JRRG�FOLQLFDO�H[DPSOH�
2QO\���RI�WKHVH����YLGHRV�ZHUH�DOVR�IRXQG�WR�EH�RI�KLJK�WHFKQLFDO�TXDOLW\��PHDQLQJ�WKDW���RI�WKH�YLGHRV�MXGJHG�E\�WKH�VWXG\�WHDP�WR�EH�D�ÆJRRG
FOLQLFDO�H[DPSOHÇ�ZHUH�RI�SRRU�WHFKQLFDO�TXDOLW\�

)RU�WKH�FRQGLWLRQ�GHK\GUDWLRQ�D�WRWDO�RI����YLGHRV�PHW�WKH�FULWHULD�IRU�LQFOXVLRQ����RI���������SDUHQW�XSORDGHG�YLGHRV�ZHUH�MXGJHG�WR�EH�D�JRRG
FOLQLFDO�H[DPSOH��%RWK�WKHVH�YLGHRV�KDG�JRRG�WHFKQLFDO�TXDOLW\��VFRUH�������

,Q�PRVW�YLGHRV�RI�ERWK�FRQGLWLRQV��WKH�UHDVRQ�IRU�XSORDG�ZDV�XQFOHDU��

&21&/86,21�Ä�8VHIXO�DQG�KLJK�TXDOLW\�YLGHRV�GR�H[LVW�IRU�WKH�FRQGLWLRQ�FURXS��D�FOHDUO\�GHILQHG�FRQGLWLRQ���EXW�WKLV�ZDV�QRW�WKH�FDVH�IRU�GHK\GUDWLRQ
�D�YDJXHU�V\PSWRP���6RPH�RI�WKH�YLGHRV�IRU�FURXS�FRXOG�EH�XVHG�DV�HGXFDWLRQDO�PDWHULDO��+RZHYHU��WKHVH�YLGHRV�ZLOO�QRW�DOZD\V�EH�REYLRXV�WR�WKRVH
VHDUFKLQJ�DQG�LW�FDQ�EH�KDUG�WR�ILQG�WKHVH�LQIRUPDWLYH�YLGHRV�LQ�WKH�ODUJH�DPRXQW�RI�LQIRUPDWLRQ�DYDLODEOH��
&RQYHUVHO\��SDUHQWV�FRXOG�EH�FRQIXVHG�E\�DSSDUHQWO\�KLJK�WHFKQLFDO�TXDOLW\�YLGHRV��ZKLFK�KDYH�JRRG�OLJKW��VRXQG�DQG�SLFWXUH�TXDOLW\���ZKLFK�DUH�QRW
LQ�IDFW�JRRG�FOLQLFDO�H[DPSOHV��
)XUWKHU�UHVHDUFK�LQWR�UHDVRQ�IRU�XSORDGLQJ�VKRXOG�EH�XQGHUWDNHQ�WR�XQGHUVWDQG�ZK\�YLGHRV�DUH�XSORDGHG�ZKLFK�FRXOG�EH�EHQHILFLDO�IRU
XQGHUVWDQGLQJ�SDUHQWVÇ�KHDOWK�VHHNLQJ�QHHGV��<RX7XEH�FRXOG�EH�D�XVHIXO�LQIRUPDWLRQ�VRXUFH�IRU�SDUHQWV�LI�FOHDUO\�JXLGHG�



5(63,5$725<�(0(5*(1&,(6 &KLD�+VL�&KHQ

��������6SRQWDQHRXV�3QHXPRPHGLDVWLQXP��'LIIHUHQWLDWLRQ�'LDJQRVLV�DQG�0DQDJHPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KLD�+VL�&KHQ������<XHK�)HQJ�7VDL������7DN�<HH�:RQJ������<L�&KXQ�6X������-XL�)DQJ�+XDQJ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6W��0DUWLQ�'H�3RUUHV�+RVSLWDO��&KLD�<L��7$,:$1
���'HSDUWPHQW�RI�7KRUDFLF�6XUJHU\��6W��0DUWLQ�'H�3RUUHV�+RVSLWDO��&KLD�<L��7$,:$1
���'HSDUWPHQW�RI�5DGLRORJ\��6W��0DUWLQ�'H�3RUUHV�+RVSLWDO��&KLD�<L���7$,:$1
���'HSDUWPHQW�RI�(GXFDWLRQ�DQG�5HVHDUFK��6W��0DUWLQ�'H�3RUUHV�+RVSLWDO��&KLD�<L��7$,:$1

.H\ZRUGV��FKHVW�SDLQ��KHDY\�ZHLJKW�ORDGLQJ��SQHXPRPHGLDVWLQXP��VXEFXWDQHRXV�HPSK\VHPD

$EVWUDFW��

%DFNJURXQG�	�2EMHFWLYHV�

7KH�SULPDU\�VSRQWDQHRXV�SQHXPRPHGLDVWLQXP�LV�QRW�IUHTXHQW��,Q�RWKHU�VWXGLHV�WKLV�GLVHDVH�XVXDOO\�KDV�RQH�EHQLJQ�FRXUVH�DQG�FRQVHUYDWLYH
WUHDWPHQW�FRXOG�EH�HQRXJK��7KH�IROORZ�XS�SURFHGXUH�FDQ�EH�SHUIRUPHG�LQ�RXWSDWLHQW�VHUYLFH��2Q�WKH�RWKHU�KDQG�VHFRQGDU\�VSRQWDQHRXV
SQHXPRPHGLDVWLQXP�VKRXOG�QHHG�IXUWKHU�PDQDJHPHQW�LQFOXGLQJ�VRPH�LQYDVLYH�SURFHGXUH�WR�ILQG�RXW�WKH�LQGXFHG�VRXUFHV�DQG�PDNH�DSSURSULDWH
WUHDWPHQW��+RZ�FDQ�ZH�PDNH�DQ�DSSURSULDWH�GLIIHUHQWLDWLRQ�GLDJQRVLV�EHWZHHQ�SULPDU\�DQG�VHFRQGDU\�VSRQWDQHRXV�SQHXPRPHGLDVWLQXP��:H
UHYLHZ�RXU�FDVHV�DQG�WU\�WR�ILQG�WKH�NH\�SRLQW�RI�GLIIHUHQWLDWHG�GLDJQRVLV�DQG�VHW�XS�DQ�DSSURSULDWH�PDQDJHPHQW�VWUDWHJ\�

3DUWLFLSDQWV�DQG�0HWKRGV��:H�WDNH�D�UHWURVSHFWLYH�UHYLHZ�RI�DOO�VSRQWDQHRXV�SQHXPRPHGLDVWLQXP�630��FDVHV�EHWZHHQ�0D\������DQG�0DUFK
���������FDVHV�DUH�LQFOXGHG��:H�VHSDUDWH�WKHVH�SDWLHQWV�LQWR�WZR�JURXSV��2QH�LV�SULPDU\�630�DQG�WKH�RWKHU�LV�VHFRQGDU\�630��7KH�FOLQLFDO
RXWFRPHV�DUH�UHFRUGHG�LQFOXGLQJ�SDVW�KLVWRU\��PHFKDQLVP��SUHVHQW�V\PSWRPV�DQG�VLJQV��FRPSOLFDWLRQV�DQG�GHPDQGV�IRU�LQYHVWLJDWLRQ�VWXGLHV�RU
DGPLVVLRQ��7KH�UDGLRORJLF�ILOPV�DUH�UHH[DPLQHG�E\�WKH�UDGLRORJLF�GRFWRU���

5HVXOWV

,Q�WKLV�VWXG\�WKH�SULPDU\�630�JURXS�KDV���FDVHV�DQG�VHFRQGDU\�630�JURXS�DUH����FDVHV��7KH�DOO�SDWLHQWV�KDYH�DW�OHDVW�RQH�V\PSWRP�RI�0HFNOHUÇV
WULDG��7KHUH�DUH��������RI�FDVHV�FRPSODLQLQJ�RI�FKHVW�SDLQ�DQG�DUH�WKH�PRVW�FRPPRQ�V\PSWRP�FRPSODLQHG�������FDVHV�RI�SULPDU\�630�DQG�������
FDVHV�RI�VHFRQGDU\�630�KDYH�VRUH�WKURDW�RU�KRDUVHQHVV��7KH�0DFNOLQH�HIIHFW�LV�QRWHG�RQ�������RI�DOO�630�FDVHV��0RVW�SDWLHQWV�RI�SULPDU\�630
EHORQJ�WR�\RXQJ�DJH�DQG�WKHUH�XVXDOO\�LV�RQH�LQGLYLGXDO�PDWWHU�LQGXFHG�VXFK�DV�KHDY\�SK\VLFDO�VWUDLQLQJ��,Q�WKH�VHFRQGDU\�630�WKH�GLVHDVH�VRXUFHV
DUH�PRUH�FRPSOH[�VXFK�DV�FRXJK�LQGXFHG�E\�DVWKPD�RU�FKURQLF�OXQJ�GLVHDVH��GHQWDO�RU�DXGLWRU\�WUDFW�ZRXQG�LQIHFWLRQ��WUDXPD�E\�ILVKERQH�RU�EOXQW
FRQWXVLRQ�DQG�PHGLDVWLQLWLV��8QIRUWXQDWHO\�WKH�EORRG�H[DPLQDWLRQ�FDQÇW�EH�XVHG�IRU�GLIIHUHQWLDWLRQ�GLDJQRVLV���

'LVFXVVLRQ�DQG�&RQFOXVLRQ��,Q�WKLV�VWXG\�ZH�ILQG�SULPDU\�630�LV�FRPELQHG�ZLWK�KHDY\�SK\VLFDO�VWUDLQLQJ�DQG�XVXDOO\�KDV�RQH�EHQLJQ�FRXUVH��7KH
RUJDQ�LQMXU\�UDUHO\�RFFXUV�EXW�VHFRQGDU\�630�VKRXOG�WDNH�IXUWKHU�PDQDJHPHQWV��$GGLWLRQDO�LQYHVWLJDWLRQ�ZLWK�HVRSKDJRJUDSK\�RU�RWKHU�LQYDVLYH
SURFHGXUHV�VKRXOG�EH�SHUIRUPHG�WR�H[FOXGH�WKH�LQIHFWLRQ��WUDXPD�RU�RUJDQ�SHUIRUDWLRQ��7KH�FKHVW�FRPSXWHU�WRPRJUDSK\��&7��FDQ�EH�XVHG�IRU
GLDJQRVLV�EXW�WKH�DLU�OHDN�VLWH�LV�XVXDOO\�QRW�IRXQG�RQ�&7��:KHQ�WKHUH�DUH�FOLQLFDO�FRQGLWLRQV�VXFK�DV�DVWKPD��FKURQLF�OXQJ�GLVHDVH��V�S�KHDG�RU�QHFN
RSHUDWLRQ��IRUHLJQ�ERG\�PLVV�ZDOORZLQJ�RU�EOXQW�WUDXPD�ZLWK�DQ\�V\PSWRPV�RI�0HFNOHUÇV�WULDG�IRXQG��WKH�VHFRQGDU\�630�VKRXOG�EH�KLJKO\�VXVSHFWHG�
7KH�IXUWKHU�WUHDWPHQWV�DQG�PDQDJHPHQWV�ZLOO�EH�QHFHVVDU\����

5HIHUHQFH�

3DXOHWWH�,��$���$GHVROD�&��$��0LFKHOOH�/��3���0DUN�9��0��6SRQWDQHRXV�SQHXPRPHGLDVWLQXP�LQ�WKH�SHGLDWULF�SDWLHQW�7KH�$PHULFDQ�-RXUQDO�RI�6XUJHU\��
��������������������



0$1$*(0(17���('�25*$1,6$7,21 2VYDOGR�*RQ]DOH]�%DOODGDUHV

��������'HYHORSPHQW�RI�D�ZHE�EDVHG�WRRO�WR�IDFLOLWDWH�WKH�DGPLVVLRQ�SURFHVV�DW�6ZHGLVK�HPHUJHQF\�GHSDUWPHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

2VYDOGR�*RQ]DOH]�*RQ]DOH]�%DOODGDUHV������/HQD�%HUJ������%M�UQ�DI�8JJODV����

�����.DUROLQVND�8QLYHUVLW\�+RVSLWDO��6WRFNKROP��6:('(1

.H\ZRUGV��HPHUJHQF\�GHSDUWPHQW��EHG�PDQDJHPHQW��FURZGLQJ��LQ�KRVSLWDO�DGPLVVLRQ��ZDLWLQJ�WLPHV��LPSOHPHQWDWLRQ��ERDUGLQJ��ZHE�EDVHG�WRRO�
VROXWLRQ

$EVWUDFW��

(PHUJHQF\�GHSDUWPHQW��('��FURZGLQJ�LV�DQ�LQWHUQDWLRQDOO\�LQFUHDVLQJ�SUREOHP�WKDW�KDV�QHJDWLYH�HIIHFWV�RQ�FOLQLFLDQVÇ�ZRUNORDG��SDWLHQW�H[SHULHQFHV
RI�WKH�TXDOLW\�RI�FDUH�SURYLGHG�DQG�XOWLPDWHO\�SDWLHQW�VDIHW\��3UHYLRXV�UHVHDUFK�FRQFOXGHV�WKDW�WKHUH�LV�QHHG�IRU�QHZ�LQQRYDWLRQV�LQ�RUGHU�WR�JHW�DQ
RYHUYLHZ�RI�('�FURZGLQJ�DQG�ILQG�VROXWLRQV�WR�GHDO�ZLWK�LW��2QH�DVSHFW�FRQWULEXWLQJ�WR�('�FURZGLQJ�LV�ORQJ�ERDUGLQJ�WLPHV��WKH�WLPH�LQWHUYDO�IURP
ZKHUH�D�GHFLVLRQ�DERXW�DGPLVVLRQ�WR�LQ�KRVSLWDO�FDUH�LV�WDNHQ�XQWLO�WKH�SDWLHQW�SK\VLFDOO\�OHDYHV�WKH�('���+RZHYHU��LW�LV�RIWHQ�GLIILFXOW�WR�HDVLO\
RYHUYLHZ�WKH�DPRXQW�RI�('�ERDUGHUV���,Q�RUGHU�WR�YLVXDOL]H�('�SDWLHQWV�ERDUGLQJ�WLPH�DQG�WR�IDFLOLWDWH�WKH�DGPLVVLRQ�SURFHVV�RI�('�SDWLHQWV�WR
LQ�KRVSLWDO�FDUH�D�FRPSXWHUL]HG�ZHE�EDVHG�WRRO�KDV�EHHQ�GHYHORSHG�DW�WKH�GHSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH�DW�.DUROLQVND�8QLYHUVLW\�+RVSLWDO�LQ
6WRFNKROP��6ZHGHQ�

7KH�ZHE�EDVHG�WRRO�LV�HDVLO\�UHDFKHG�IURP�D�FRPSXWHUV�ZHE�EURZVHU�LW�YLVXDOL]HV�DQG�ORJV�GLIIHUHQW�DFWLYLWLHV�GXULQJ�WKH�SDWLHQWVÇ�('�YLVLW��)RU
H[DPSOH�WKH�DPRXQW�RI�SDWLHQWV�WKDW�DUH�FXUUHQWO\�UHJLVWHUHG�DW�WKH�('��WLPH�WR�WULDJH��WLPH�WR�SK\VLFLDQ��UHDG\�IRU�DGPLVVLRQ�DQG�WKH�ERDUGLQJ�WLPH
WKDW�IROORZV�EHIRUH�SK\VLFDOO\�OHDYLQJ�WKH�('��:KHQ�D�SK\VLFLDQ�PDNHV�D�GHFLVLRQ�WKDW�D�SDWLHQW�VKDOO�EH�DGPLWWHG�WR�LQ�KRVSLWDO�FDUH�WKH�SK\VLFLDQ
FUHDWHV�DQ�DFWLYLW\�ORJ�LQ�WKH�HOHFWURQLF�SDWLHQW�UHFRUG�WKDW�VD\V�ÈUHDG\�IRU�DGPLVVLRQÉ��6LQFH�WKH�WRRO�LV�OLQNHG�WR�WKH�SDWLHQW�UHFRUG��WKH�SDWLHQW�ZLOO
QRZ�VKRZ�XS�LQ�WKH�WRRO�DORQJ�ZLWK�LQIRUPDWLRQ�VXFK�DV�SHUVRQDO�QXPEHU��QRW�DFFHVVLEOH�IRU�DOO�XVHUV��GHSHQGV�RQ�WKHLU�OHYHO�RI�VHFXULW\���WULDJH�OHYHO�
FKLHI�FRPSODLQW��('�PHGLFDO�VHFWLRQ��ZKLFK�LQ�KRVSLWDO�ZDUG�WKDW�LV�SUHIHUUHG��FXUUHQW�ERDUGLQJ�WLPH��OHQJWK�RI�VWD\�DW�WKH�('�DQG�QDPH�RI
UHVSRQVLEOH�SK\VLFLDQ��7KLV�LV�D�FXH�IRU�WKH�KRVSLWDO�EHG�PDQDJHUV�DW�WKH�('�WR�VWDUW�VHDUFKLQJ�IRU�DQ�LQ�KRVSLWDO�EHG��7KH�ZHE�EDVHG�WRRO�GUDZV
PRVW�RI�WKH�SUHYLRXVO\�PHQWLRQHG�GDWD�IURP�WKH�KRVSLWDOV�HOHFWURQLF�SDWLHQW�UHFRUG��(35���WKHUHIRUH�YHU\�OLWWOH�LQSXW�LV�UHTXLUHG�E\�WKH�SK\VLFLDQV
DQG�KRVSLWDO�EHG�PDQDJHUV�WR�JHW�LQIRUPDWLRQ�LQWR�WKH�V\VWHP�

7KH�ZHE�EDVHG�WRRO�KDV�EHHQ�LPSOHPHQWHG�DW�WKH�GHSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH�DW�.DUROLQVND�8QLYHUVLW\�+RVSLWDO�DQG�LV�SULPDULO\�XVHG�E\�WKH
KRVSLWDO�EHG�PDQDJHUV�DW�WKH�('��7KH�WRRO�KDV�LPSURYHG�WKHLU�ZRUNLQJ�HQYLURQPHQW��ZRUNORDG��DQG�FRPPXQLFDWLRQ�ZLWK�WKH�DGPLWWLQJ�SK\VLFLDQ�
7KH�WRRO�KDV�DOVR�SURYHQ�WR�EH�HIIHFWLYH�WR�GHSDUWPHQWV�WKDW�GR�QRW�XVH�KRVSLWDO�EHG�PDQDJHUV�VLQFH�WKHVH�GHSDUWPHQWV�HDVLO\�FDQ�UHWULHYH
LQIRUPDWLRQ�DERXW�ZKLFK�SDWLHQWV�WKDW�DUH�ZDLWLQJ�IRU�D�EHG�DW�WKHLU�LQ�KRVSLWDO�ZDUGV��$OO�LQIRUPDWLRQ�IURP�WKH�ZHE�EDVHG�WRRO�LV�VWRUHG�LQ�D�FHQWUDO
GDWD�ZDUHKRXVH��RXWVLGH�WKH�(35��IURP�ZKLFK�GDWD�LV�TXLFN�DQG�HDV\�WR�H[WUDFW�DQG�DQDO\]H��7KLV�IDFLOLWDWHV�WKH�SRVVLELOLW\�WR�PDNH�FRQWLQXRXV
RUJDQL]DWLRQDO�LPSURYHPHQWV�EDVHG�RQ�UHDO�WLPH�GDWD�LQ�D�FKHDS�DQG�HDV\�ZD\��7KH�QH[W�VWHS�LV�WR�GHYHORS�WKH�WRRO�VR�LW�FDQ�EH�XVHG�IRU�GLVWULEXWLRQ
RI�DOO�LQ�KRVSLWDO�EHGV�DQG�QRW�RQO\�IRU�EHGV�DOORFDWHG�WR�SDWLHQWV�DGPLWWHG�YLD�WKH�('�
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��������:LOOLQJQHVV�WR�ZRUN�RI�KRVSLWDO�VWDII�LQ�GLVDVWHUV��D�QDWLRQDO�VXUYH\�RI�WKH�ILJKW�RU�IOLJKW�VWXG\�JURXS

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/XF�0RUWHOPDQV������&KULVWHO�+HQGULFN[������0DUF�6DEEH����

���'HSW�(PHUJHQF\�0HGLFLQH��=1$��$QWZHUS��%(/*,80
���+RVSLWDO�GLVDVWHU�PDQDJHPHQW��$=�-DQ�3RUWDHOV��9LOYRRUGH��%(/*,80
���'HSW�(PHUJHQF\�0HGLFLQH��8=�*DVWKXLVEHUJ��/HXYHQ��%(/*,80

.H\ZRUGV��ZLOOLQJQHVV�WR�ZRUN��GLVDVWHU��KRVSLWDOV��%HOJLXP

$EVWUDFW��

2EMHFWLYHV��7R�HYDOXDWH�WKH�ZLOOLQJQHVV�WR�ZRUN�RI�KRVSLWDO�VWDII�DQG�IDFWRUV�SURPRWLQJ�LW��LQ�GLIIHUHQW�PDVV�FDVXDOW\�VHWWLQJV�

%DFNJURXQG��:KHQ�GLVDVWHU�VWULNHV��JHWWLQJ�FDUH�WR�WKH�YLFWLPV�LV�DW�WKH�WRS�RI�HYHU\RQH
V�DWWHQWLRQ��%XW�ZKR�ZLOO�SURYLGH�WKDW�FDUH"�$�SDUW�RI�WKH
KRVSLWDO�SHUVRQQHO�ZLOO�EH�DEVHQW�DV�WKH\�DUH�LQIOLFWHG�LQ�WKH�LQFLGHQW�ZKHUHDV�WKH�PDQDJHPHQW�H[SHFWV�WKDW�WKH�UHVW�GHSOR\V�D�KLJKHU�HQJDJHPHQW
WR�FRSH�ZLWK�WKH�VXUJH��+RZHYHU��FDUH�IRU�LQIOLFWHG�IDPLO\�DQG�IHDU�RI�EHFRPLQJ�D�VHFRQGDU\�YLFWLP�FRXOG�SUHYHQW�SHRSOH�WR�JR�WR�ZRUN�

0DWHULDO�DQG�PHWKRGV�

��JURXSV��SK\VLFLDQV��QXUVHV��DGPLQLVWUDWLRQ�DQG�VXSSRUWLYH�VHUYLFHV��LQ�%HOJLDQ�KRVSLWDOV�ZHUH�SUHVHQWHG�DQ�RQOLQH�TXHVWLRQQDLUH�FKHFNLQJ�IRU
GHPRJUDSKLFV��NQRZOHGJH�RI�DQG�LQWHQWLRQ�WR�ZRUN�LQ����SRWHQWLDO�0&,�GLVDVWHU�VFHQDULRV�

5HVXOWV�

7KH�(EROD�RXWEUHDN��D�WUDLQ�GHUDLOPHQW�ZLWK�WR[LF�UHOHDVH�DQG�WKH�3DULV���%UXVVHOV�DWWDFNV�UDLVHG�QDWLRQDO�DZDUHQHVV�ZKLFK�DOORZHG�XV�WR�VFRUH�LQ���
KRVSLWDOV�DIWHU�WKH���KRVSLWDO�SLORW��7HQ�PRUH�DUH�UHDG\�WR�MRLQ�JLYLQJ�D�QDWLRQZLGH�FRYHUDJH�

3UHOLPLQDU\�UHVXOWV�UHYHDO�DQ�RYHUDOO�KLJKHVW�UHVSRQVH�UDWH�LQ�WKH�SK\VLFLDQ�JURXS�ZKHUH�PRUH�WKDQ�����ZRUNV�XQFRQGLWLRQDOO\��7KH�VXSSRUWLYH
VHUYLFHV�VFRUH�VHFRQG�EHVW�������IROORZHG�E\�WKH�QXUVHV�������DQG�DGPLQLVWUDWLRQ��������+LJKHVW�UHVSRQVH�UDWH�LQ�DOO�JURXSV�LV�IRXQG�LQ�VHDVRQDO
LQIOXHQ]D�HSLGHPLFV������ZRUNV�XQFRQGLWLRQDOO\���(EROD�KDV�WKH�ORZHVW�UDWH�RI�XQFRQGLWLRQDO�UHVSRQVH��������,QFLGHQWV�ZKHUH�SHRSOH�ZLOO�QRW
UHVSRQG�WR�ZRUN��HYHQ�ZLWK�WKH�ULVN�RI�ORVLQJ�WKHLU�MRE��DUH�(EROD�DQG�QXFOHDU�LQFLGHQWV�������DQG������UHVSHFWLYHO\����6LQFH�WKH�:HVW�$IULFDQ�(EROD
RXWEUHDN��WKHUH�LV�D�FOHDU�GRZQZDUGV�WUHQG�LQ�ZLOOLQJQHVV�WR�ZRUN�LQ�WKHVH�FLUFXPVWDQFHV�

7KH�PDMRULW\�RI�SHUVRQQHO�ZLOO�ZRUN�XQGHU�FRQGLWLRQV��)DFWRUV�WKDW�FRQYLQFH�SHRSOH�WR�UHVSRQG�DUH�LQ�RUGHU�RI�LPSRUWDQFH��DYDLODELOLW\�RI�DSSURSULDWH
SHUVRQDO�SURWHFWLYH�HTXLSPHQW��IUHH�DYDLODELOLW\�RI�SUHYHQWLYH�PHGLFDWLRQ�RU�DQWLGRWHV��LQVXUDQFH�WKDW�IDPLO\�LV�VDIH��UHJXODU�IHHGEDFN�RQ�WKH
HYROXWLRQ�RI�WKH�LQFLGHQW��SUHYLRXV�WUDLQLQJ�DQG�FRPPXQLFDWLRQ�FKDQQHOV�ZLWK�WKH�IDPLO\�

&RQFOXVLRQ�

+RVSLWDO�PDQDJHUV�VKRXOG�EH�DZDUH�WKDW�MXVW�D�SDUW�RI�WKHLU�SHUVRQQHO�ZRXOG�FRPH�WR�ZRUN�XQFRQGLWLRQDOO\�LQ�FDVH�RI�D�GLVDVWHU��/RFDO�HYDOXDWLRQ�FDQ
KHOS�LGHQWLI\LQJ�SURPRWLQJ�PHDVXUHV�WR�PD[LPL]H�UHVSRQVH�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 0RQLND�%URGPDQQ�0DHGHU

��������67$5��67UHQJWKHQLQJ�KLJK�$OWLWXGH�5HVHDUFK�v�UHDFKLQJ�FRQVHQVXV�XVLQJ�WKH�'HOSKL�WHFKQLTXH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0RQLND�%URGPDQQ�0DHGHU������*LDFRPR�6WUDSD]]RQ������0DWLUDP�3XQ������+HUPDQQ�%UXJJHU����

���,QVWLWXWH�RI�0RXQWDLQ�(PHUJHQF\�0HGLFLQH��(85$&��%RO]DQR��,7$/<

.H\ZRUGV��KLJK�DOWLWXGH�PHGLFLQH��'HOSKL�WHFKQLTXH��UHVHDUFK��8WVWHLQ

$EVWUDFW��

%DFNJURXQG��7KH�QXPEHU�RI�FOLQLFDO�DQG�EDVLF�UHVHDUFK�VWXGLHV�LQ�KLJK�DOWLWXGH�PHGLFLQH�KDV�LQFUHDVHG�LQ�WKH�ODVW�GHFDGH��6WXGLHV�DUH
KHWHURJHQHRXV�DQG�KDYH�OLPLWHG�LPSDFW�RQ�FOLQLFDO�SUDFWLFH��7KH�DLP�RI�WKH�67$5��6WUHQJWKHQLQJ�KLJK�$OWLWXGH�5HVHDUFK��SURMHFW�LV�WR�XVH�WKH
DSSURDFK�RI�VWDQGDUG�UHSRUWLQJ�V\VWHPV�OLNH�WKH�8WVWHLQ�VW\OH�WR�FUHDWH�D�OLVW�RI�SDUDPHWHUV�HVVHQWLDO�IRU�FOLQLFDO�UHVHDUFK�LQ�KLJK�DOWLWXGH�PHGLFLQH�

0HWKRG��7KH�SURMHFW�XVHV�WKH�'HOSKL�SURFHVV�WR�FROOHFW�H[SHUW�LQSXW�RQ�HVVHQWLDO�SDUDPHWHUV�DQG�GHILQLWLRQV�IRU�KLJK�DOWLWXGH�UHVHDUFK�DQG�ZLOO�GHULYH
D�ILQDO�FKHFNOLVW�YLD�FRQVHQVXV�RI�DQ�H[SHUW�JURXS��UHQRZQHG�IRU�WKHLU�H[SHUWLVH�LQ�KLJK�DOWLWXGH�UHVHDUFK�

5HVXOWV��$V�SHU�WRGD\��PRUH�WKDQ����UHQRZQHG�H[SHUWV�IURP�DOO�RYHU�WKH�ZRUOG�DFFHSWHG�WR�SDUWLFLSDWH�LQ�WKLV�'HOSKL�SURFHVV�ZKLFK�ZLOO�ODVW�IURP�0D\
XQWLO�WKH�HQG�RI�������,Q�)HEUXDU\�������WKH�OLVW�RI�HVVHQWLDO�SDUDPHWHU�IRU�FOLQLFDO�UHVHDUFK�LQ�KLJK�DOWLWXGH�ZLOO�EH�SUHVHQWHG�DW�WKH�+\SR[LD
&RQIHUHQFH�

'LVFXVVLRQ��7KH�DLP�RI�WKH�SUHVHQWDWLRQ�LV�WR�VKRZ�DQ�RQJRLQJ�SURFHVV�DLPLQJ�IRU�WUDQVSDUHQF\�DQG�FRQVHQVXV�ILQGLQJ�IRU�FOLQLFDO�UHVHDUFK�LQ�KLJK
DOWLWXGH�



0,6&(//$1(286 9DOHQWLQD�'XDUWH

��������1DWLRQDO�SLORW�VWUXFWXUHG�WULDJH�V\VWHP��([SHULHQFH�LQ�HPHUJHQF\�GHSDUWPHQW�+RVSLWDO�&DUORV�9DQ�%XUHQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9DOHQWLQD�'XDUWH������.DUHQ�6RWR������*ORULD�9DOGHV������9LYLDQD�$PSXHUR������-RQDWKDQ�%XVWRV������)DELDQ�5RGULJXH]������-RUJH�=HQWHQR������3HGUR
*DOODUGR������9HURQLFD�'HO�)LHUUR������6XVDQD�)XHQWHDOED����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�&DUORV�9DQ�%XUHQ��9DOSDUDLVR��&+,/(
���+RVSLWDO�0DQDJHPHQW�'HSDUWPHQW��6HUYLFLR�GH�6DOXG�9DOSDUDLVR�6DQ�$QWRQLR��9DOSDUDLVR��&+,/(
���,7�'HSDUWPHQW��+RVSLWDO�&DUORV�9DQ�%XUHQ��9DOSDUDLVR��&+,/(
���,7�'HSDUWPHQW��0LQLVWHULR�GH�6DOXG��6DQWLDJR��&+,/(
���6XEVHFUHWDU�D�GH�5HGHV�$VLVWHQFLDOHV��0LQLVWHULR�GH�6DOXG��6DQWLDJR��&+,/(

.H\ZRUGV��WULDJH��HPHUJHQF\�GHSDUWPHQW��TXDOLWDWLYH�DVVHVPHQW

$EVWUDFW��

(PHUJHQF\�FDUH�LQ�DQ\�KHDOWK�VLWXDWLRQ�UHSUHVHQWV�D�SHUPDQHQW�FKDOOHQJH�LQ�RUGHU�WR�SURYLGH�TXDOLW\�FDUH�ZLWKLQ�ZKLFK�WKH�RSSRUWXQLW\�WXUQV�RXW�WR
EH�GHFLVLYH��)URP�WKH�KHDOWK�SRLQW�RI�YLHZ�WKH�GHPDQG�IRU�HPHUJHQF\�VHUYLFHV�GHSHQG�GLUHFWO\�RI�SUHYHQWLRQ�DQG�KHDOWK�SURPRWLRQ�RI�WKH�SRSXODWLRQ
DQG�WKH�UHVSRQVH�FDSDFLW\�RI�ORFDO�KHDOWK�VWUDWHJLHV�GHYLFHV�
2I�WKH�IRXU�VWDJHV�WKDW�PDNH�XS�WKH�SURFHVV�(PHUJHQF\�&DUH��WKH�WKUHDG�VHOHFWLRQ�RU�3ULRULWL]DWLRQ�'HPDQG�$WWHQWLRQ�KDV�EHHQ�GHILQHG�DV�WKH�ILUVW
FOLQLFDO�WKUHDG�E\�ZKLFK�HQVXUHV�WKH�FKDQFH�RI�SDWLHQW�FDUH�
$GXOW�(PHUJHQF\�'HSDUWPHQW�RI�+RVSLWDO�&DUORV�9DQ�%XUHQ�KDV�D�WULDJH�V\VWHP�IROORZLQJ�WKH�UHFRPPHQGDWLRQV�JLYHQ�E\�WKH�&RPPLVVLRQ�5HSRUW
8UJHQW�&DUH�DSSURYHG�LQ�������7KH�VFDOH�LQ�RXU�GHSHUWPHQW�FDWHJRUL]HV�SDWLHQWV�LQWR�ILYH�OHYHOV�DQG�HVWDEOLVKHV�ZDLWLQJ�WLPHV�IRU�PHGLFDO
HYDOXDWLRQ��,W�LV�SHUIRUPHG�E\�D�SURIHVVLRQDO��QXUVH��DFFRPSDQLHG�E\�D�WHFKQLFLDQ�
+RZHYHU��WKLV�V\VWHP�KDV�EHHQ�OLVWHG�DV�VXEMHFWLYH�DQG�FXUUHQWO\�SRVHV�LPSOHPHQW�D�VWUXFWXUHG�WULDJH�V\VWHP��7KH�JRDO�RI�VWUXFWXUHG�WULDJH�LV�WR
PDQDJH�WKH�LQIOX[�RI�XVHUV��WR�EH�DWWHQGHG�E\�XUJHQF\�DQG�QRW�SUHVHQWHG�LQ�RUGHU�RI�DUULYDO��D�VWUXFWXUHG�WULDJH�V\VWHP�KDV�KLJKHU�UHOLDELOLW\�DQG
YDOLGLW\�WKDQ�WKH�FXUUHQW�V\VWHP�
&XUUHQWO\�WKHUH�DUH�VHYHUDO�PRGHOV�RI�FODVVLILFDWLRQ�VWDQGDUG��XQLYHUVDOL]HG��VWUXFWXUHG�DQG�VWDQGDUGL]HG���OHYHOV�DGDSWHG�WR�WKH�HPHUJHQF\
GHSDUWPHQW��$XVWUDOLDQ�7ULDJH�6FDOH��$76���&DQDGLDQ�(PHUJHQF\�'HSDUWPHQW�7ULDJH�DQG�$FXLW\�6FDOH��&7$6���0DQFKHVWHU�7ULDJH�6\VWHP��076��
(PHUJHQF\�6HYHULW\�,QGH[��(6,��DQG�0RGHO�$QGRUU��7ULDWJH��0$7���ZKLFK�ZDV�DGRSWHG�DV�WKH�VWDQGDUG�PRGHO�IRU�6SDLQ�ZLWK�WKH�QDPH�RI�6SDQLVK
7ULDJH�6\VWHP��6(7�

6LQFH�'HFHPEHU�WKH�&KLOHDQ�0LQLVWU\�RI�+HDOWK�VWDUWV�SURJUDPPLQJ�D�SLORW�IRU�WKH�LPSOHPHQWDWLRQ�RI�D�QHZ�WULDJH�WRRO�QDWLRQZLGH�ZKHUH����KRVSLWDO
FHQWHUV�IRU�HYDOXDWLRQ���WULDJH�V\VWHP��0DQFKHVWHU�7ULDJH�6\VWHP��076��DQG��(PHUJHQF\�6HYHULW\�,QGH[��(6,���,Q�RXU�HPHUJHQF\�GHSDUWPHQW
WUDLQLQJ�ZLWK�VWUXFWXUHG�WULDJH�V\VWHP�ZDV�FRPSOHWHG�LQ�'HFHPEHU������DQG�WULDO�UXQ�EHJDQ�RQ���0DUFK�

7KH�DLP�RI�WKH�VWXG\�LV�WR�SUHVHQW�WKH�H[SHULHQFH�RI�ZRUNLQJ�ZLWK�D�VWUXFWXUHG�V\VWHP�RI�WULDJH�DV�D�SUHOLPLQDU\�UHVXOW�RI�WKH�QDWLRQDO�SLORW�DW�ORFDO
OHYHO�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�+RVSLWDO�&DUORV�9DQ�%XUHQ��WKH�YDULDWLRQ�REVHUYHG�LQ�FDWHJRUL]LQJ�FRPSDUHG�WR�WKH�VDPH�SHULRG�LQ�WKH�ODVW
\HDU�ZDV�DVVHVVHG�



5(63,5$725<�(0(5*(1&,(6 YRONDQ�XONHU

��������&DQ�:H�8VH�+LJK�6HQVLWLYH�7URSRQLQ�7�DV�D����'D\�0RUWDOLW\�3UHGLFWRU�LQ�3XOPRQDU\�(PEROXV�LQ�(PHUJHFQW�0HGLFLQH
'HSDUWPHQW"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

92/.$1��/.(5������$+0(7�'(0¡5&$1������+$6$1�.$5$%8/87������6(/$+$77¡1�*�5�������$<v$�|=(/������%$©$.�$/7,1%$©������¡6$�.,/,v$6/$1�����
$<)(5�.(/(©������)¡.5(7�%¡/'¡.����

���(0(5*(1&<�0('¡&¡1(�'(3$570(17��%8/(17�(&(9¡7�81¡9(56¡7<��)$&8/7<�2)�0('¡&¡1(��=21*8/'$.��785.(<
���(0(5*(1&<�0('¡&¡1(�'(3$570(17��*$=¡�81¡9(56¡7<��)$&8/7<�2)�0('¡&¡1(��$1.$5$��785.(<
���(0(5*(1&<�0('¡&¡1(�'(3$570(17��'5�$6.¡0�78)(.&¡�67$7(�+263¡7$/��$'$1$��785.(<
���(0(5*(1&<�0('¡&¡1(�'(3$570(17��',6.$3,�<,/',5,0�%$<(=¡'�('8&$7¡21�$1'�5(6($5&+�+263¡7$/��$1.$5$��785.(<

.H\ZRUGV��3XOPRQDU\�(PEROLVP��+LJK�6HQVLWLYH�7URSRQLQ�7��0RUWDOLW\�3UHGLFWRU��(PHUJHQF\�0HGLFLQH�'HSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ��3XOPRQDU\�7KURPERHPEROLVP��DOPRVW�������RULJLQDWHG�IURP�GHHS�IHPRUDO�YHLQV�DV�D�FRPSOLFDWLRQ�RI�VHSDUDWHG�WKURPEXV�RU
IUDJPHQWV�IURP�GHHS�YHLQ�WKURPERVLV��37(�LV�VHFRQG�FRPPRQ��VXGGHQ�DQG�XQSUHGLFWDEOH�FDXVH�RI�PRUWDOLW\�ZKR�FRPH�WR�RXWSDWLHQW�FOLQLFV��:H
DLPHG�WR�LQYHVWLJDWH�WKH�SUHGLFWLYH�SRZHU�RI�KV7Q7�LQ����GD\�SURJQRVLV�RI�37(�GLDJQRVHG�SDWLHQWV�

0DWHULDO�DQG�0HWKRG��7KLV�SURVSHFWLYH�FURVV�VHFWLRQDO�FOLQLFDO�VWXG\�KDV�EHHQ�FDUULHG�RXW�EHWZHHQ������������DQG������������LQ�*D]L�8QLYHUVLW\�
)DFXOW\�RI�0HGLFLQH��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��+LJK�6HQVLWLYH�7URSRQLQ�7�WHVW�ZDV�SHUIRUPHG�LQ�DOO�SDWLHQWV�LQ�3XOPRQDU\
7KURPERHPEROLVP�

5HVXOWV��3DWLHQWV�ZKLFK�KDG�KLJK�PRUWDOLW\�LQ����GD\V�ZHUH�VLJQLILFDQWO\�WDFK\FDUGLD��WDFK\SQHD��ORZHU�SXOVH�VDWXUDWLRQ�DQG�PDOLJQDQF\�KLVWRU\
�0DQQ�:KLWQH\�8�WHVW��UHVSHFWLYHO\�S��������S��������S�������DQG�S���������3DWLHQWV�WKDW�KLJK�OHYHOV�RI�KV7Q7�ZHUH�JRRG�FRUUHODWLRQ�DERXW����GD\V
PRUWDOLW\�SUHGLFWLRQ���FRUUHODWLRQ�FRHIILFLHQW��UKR������������+V7Q7�KDV�����VHQVLWLYLW\�DQG�����VSHFLILFLW\�DERXW�SUHGLFWLRQ�RI����GD\V�RI�PRUWDOLW\�

&RQFOXVLRQ��+V7Q7�FDQ�EH�XVHG�LQ�SDWLHQWV�WKDW�GLDJQRVHG�D�37(���ZKLFK�FDQ�SUHGLFW�ULJKW�YHQWULFOH�G\VIXQFWLRQLQJ���+V7Q7�LV�HDV\�DSSOLFDEOH�
UHSHDWDEOH�DQG�VKRUW�GXUDWLRQ�WHVW��*LYHQ�WKH�DGYDQWDJHV�RI�KV7Q7��LW�VHHPV�WR�EH�DSSURSULDWH�IRU�XVH�SUHGLFWLRQ�RI�EDG�SURJQRVLV�ZKLFK�SDWLHQWV
GLDJQRVHG�D�37(��



*(5,$75,&6 )ORULDQ�*URVVPDQQ

��������7HVWLQJ�WKH�SHUIRUPDQFH�RI�WKH�PRGLILHG�FRQIXVLRQ�DVVHVVPHQW�PHWKRG�IRU�WKH�('��P&$0�('�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)ORULDQ�*URVVPDQQ������:ROIJDQJ�+DVHPDQQ������&KULVWLDQ�1LFNHO����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�%DVHO��%DVHO��6:,7=(5/$1'
���'HSDUWPHQW�IRU�3UDFWLFH�'HYHORSPHQW��8QLYHUVLW\�+RVSLWDO�%DVHO��%DVHO��6:,7=(5/$1'

.H\ZRUGV��GHOLULXP��JHULDWULF��DVVHVVPHQW��HPHUJHQF\�PHGLFLQH��HPHUJHQF\�QXUVLQJ

$EVWUDFW��

%DFNJURXQG

'HOLULXP�LV�KLJKO\�SUHYDOHQW�LQ�ROGHU�(PHUJHQF\�'HSDUWPHQW��('��SDWLHQWV�DQG�LV�DVVRFLDWHG�ZLWK�XQIDYRUDEOH�RXWFRPHV��,I�QRW�GHWHFWHG�LQ�WKH�('�
GHOLULXP�LV�OLNHO\�WR�EH�PLVVHG�GXULQJ�WKH�HQWLUH�KRVSLWDO�VWD\��+RZHYHU��GHWHFWLRQ�RI�GHOLULXP�LQ�WKH�('�LV�FKDOOHQJLQJ��:KHQ�XVLQJ�DQ�XQVWUXFWXUHG
DSSURDFK���������RI�WKH�FDVHV�DUH�PLVVHG��7KHUHIRUH��ZH�GHYHORSHG�WKH�P&$0�('��DQ�DGDSWLRQ�RI�WKH�RULJLQDO�&RQIXVLRQ�$VVHVVPHQW�0HWKRG
�,QRX\H�6.��HW�DO���������7KH�P&$0�('�LV�GHVLJQHG�IRU�XVH�E\�('�FOLQLFLDQV��QXUVHV��SK\VLFLDQV��DQG�PHHWV�WKH�GHPDQGV�RI�WKH�EXV\�('�HQYLURQPHQW�
,WV�IHDVLELOLW\�ZDV�FRQILUPHG�DW�WKH�('�EHGVLGH�LQ�D�SUHYLRXV�VWXG\�

,Q�WKLV�SURVSHFWLYH�VWXG\�ZH�DLPHG�WR�WHVW�SHUIRUPDQFH�FULWHULD�RI�WKH�P&$0�('�DJDLQVW�D�JROG�VWDQGDUG�

�

0HWKRG

,Q�RUGHU�WR�DYRLG�VHOHFWLRQ�ELDV��DOO�('�SDWLHQWV�DJHG�Õ����ZHUH�LQFOXGHG�FRQVHFXWLYHO\�GXULQJ�D����GD\�SHULRG��$�P&$0�('�DVVHVVPHQW�ZDV
SHUIRUPHG�E\�WUDLQHG�QXUVHV��7KHUHDIWHU�D�JHULDWULFLDQ��EOLQGHG�WR�WKH�P&$0�('�UHVXOWV��DVVHVVHG�WKH�SDWLHQWV�XVLQJ�'60�FULWHULD��3HUIRUPDQFH
FULWHULD�ZHUH�FDOFXODWHG�

�

3UHOLPLQDU\�UHVXOWV

,Q�WRWDO�����SDWLHQWV�ZHUH�HOLJLEOH��DJHG����RU�ROGHU���RI�ZKLFK�����SDWLHQWV�ZHUH�LQFOXGHG�LQWR�WKH�DQDO\VLV��0DLQ�UHDVRQV�IRU�H[FOXVLRQ�ZHUH��GHFOLQH
WR�SDUWLFLSDWH�������LPPHGLDWH�GLVFKDUJH�������FRPPXQLFDWLRQ�SUREOHPV�������WUHDWPHQW�LQ�WKH�UHVXVFLWDWLRQ�URRP�������RWKHU�������5DZ�GDWD�DUH
FXUUHQWO\�EHLQJ�SURFHVVHG��,I�DFFHSWHG��ILQDO�UHVXOWV�ZLOO�EH�SUHVHQWHG�DW�(86(0������

�

'LVFXVVLRQ

6XEMHFW�WR�WKH�ILQDO�DQDO\VLV�ZH�KRSH�WR�VKRZ���LQ�DGGLWLRQ�WR�LWV�DOUHDG\�SURYHQ�IHDVLELOLW\���WKDW�WKH�P&$0�('�LV�D�YDOLG�WRRO�IRU�XVH�LQ�ROGHU�('
SDWLHQWV�



',6$67(5�0(',&,1( .DURO�y\]LzVNL

��������2UGHUOLQHVV�RI�UHVFXH�VHUYLFH�LQ�FDVH�RI�ELRORJLFDO�KD]DUGV�UHDOL]HG�E\�6WDWH�)LUH�'HSDUWPHQW�LQ�3RODQG�v�H[DPSOH�RI
0DsRSROVND�UHJLRQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$UNDGLXV]�7U]RV������.DWDU]\QD�'¤XJRV]������-DFHN�1LWHFNL������.DURO�£\]L¥VNL����

�����'HSDUWPHQW�RI�'LVDVWHU�0HGLFLQH�DQG�(PHUJHQF\�0HGLFLQH��.UDN�Z��32/$1'

.H\ZRUGV��ELRORJLFDO�KD]DUGV���2UGHUOLQHVV��UHVFXH

$EVWUDFW��

7LWOH��2UGHUOLQHVV�RI�UHVFXH�VHUYLFH�LQ�FDVH�RI�ELRORJLFDO�KD]DUGV�UHDOL]HG�E\�6WDWH�)LUH�'HSDUWPHQW�LQ�3RODQG�Ä�H[DPSOH�RI�0D¤RSROVND�UHJLRQ�

,QWURGXFWLRQ��,Q�5HSXEOLF�RI�3RODQG�VHYHUDO�LQVWLWXWLRQV�DUH�UHVSRQVLEOH�IRU�ELRORJLFDO�UHVFXH��&KLHI�6DQLWDU\�,QVSHFWRUDWH�LV�WKH�OHDGLQJ�RQH��+RZHYHU
PRVW�UHVFXH�RSHUDWLRQV�DUH�XQGHUWDNHQ�E\�6WDWH�)LUH�'HSDUWPHQW�

0HWKRG��$QDO\VLV�RI�FXUUHQW�VWDWH�RI�UHDOL]LQJ�OHJDO�UHTXLUHPHQWV�E\�)LUH�'HSDUWPHQW��6WUXFWXUH��HTXLSPHQW�DQG�SURFHGXUHV�FRQFHUQLQJ�ELRORJLFDO
UHVFXH�LQ�0D¤RSROVND�Ä�WDNLQJ�LQWR�DFFRXQW�FXUUHQW�VWDWH�DQG�IXUWKHU�GHYHORSPHQW��$QDO\VLV�RI�LQWHUYHQWLRQV�XQGHUWDNHQ�VR�IDU�

5HVXOWV��'HYHORSPHQW�RI�ELRORJLFDO�UHVFXH�ZLWKLQ�6WDWH�)LUH�'HSDUWPHQW�ZDV�JUHDWO\�VWLPXODWHG�E\�ELRWHUURULVP�KD]DUG�DIWHU�WKH�\HDU�����
�$QWKUD[���&KLHI�6DQLWDU\�,QVSHFWRUDWH�LV�WKH�OHDGLQJ�LQVWLWXWLRQ�LQ�FDVH�RI�ELRORJLFDO�KD]DUG��)LUH�'HSDUWPHQW�XQLWV�FDQ�EH�GLVSDWFKHG�RQO\�DIWHU�WKH
6DQLWDU\�,QVSHFWRUDWH�KDV�DVVHVVHG�WKH�VLWXDWLRQ�DV�VHULRXV�ELRORJLFDO�WKUHDW��6WDWH�)LUH�'HSDUWPHQW�DFWV�XQGHU�WKH�VXSHUYLVLRQ�RI�&KLHI�6DQLWDU\
,QVSHFWRUDWH�DQG�0LQLVWU\�RI�,QWHUQDO�$IIDLUV��)LUH�6HUYLFH�XQLWV�DUH�HTXLSSHG�PDLQO\�ZLWK�JHDU�WR�VHOI�SURWHFW�DQG�GHFRQWDPLQDWH�EXLOGLQJV��YHKLFOHV�
HWF��'HFRQWDPLQDWLRQ�RI�SHRSOH��KHDOWKFDUH�LQVWLWXWLRQV�DQG�DPEXODQFHV�VKRXOG�EH�GRQH�E\�KHDOWKFDUH�XQLWV��7KHVH�DUH�FXUUHQWO\�EHLQJ�HTXLSSHG�LQ
RUGHU�WR�EH�DEOH�WR�SHUIRUP�WKLV�WDVN�

7KHUH�DUH�LVRODWLRQ�URRPV�IRU�SDWLHQWV�SUHVHQWLQJ�ELRORJLFDO�KD]DUG�LQ�ODUJH�DLUSRUWV�

$FWLRQV�FRQQHFWHG�ZLWK�ELRORJLFDO�KD]DUG�DUH�UHDOL]HG�E\�VSHFLDOLVW�FKHPLFDO�DQG�HFRORJLFDO�ILUH�VHUYLFH�UHVFXH�JURXSV�

&RQFOXVLRQ��,W�LV�QHFHVVDU\�WR�SHUIHFW�SURFHGXUHV��VR�WKDW�LW�LV�FOHDUO\�VWDWHG�KRZ�SDUWLFXODU�VHUYLFHV�QHHG�WR�FRRSHUDWH�LQ�FDVH�RI�ELRORJLFDO�KD]DUG�
/DUJH�QXPEHU�RI�VXFK�LQVWLWXWLRQV�PDNHV�LW�GLIILFXOW�WR�RUJDQL]H�MRLQW�WUDLQLQJ�



&5,7,&$/�&$5( 0$77�(':$5'6

��������6KRXOG�:H�%H�7UHDWLQJ�+\SRWHQVLYH�3XOPRQDU\�(PEROLVP�3DWLHQWV�:LWK�)OXLGV"�v�$�5HYLHZ�2I�7KH�/LWHUDWXUH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/DXUD�$VKWRQ������0DWW�(GZDUGV����

���5R\DO�)UHH�1+6�)RXQGDWLRQ�7UXVW��%DUQHW�+RVSLWDO�,QWHQVLYH�&DUH�8QLW��/RQGRQ��8.
���.LQJV�&ROOHJH�+RVSLWDO�)RXQGDWLRQ�1+6�7UXVW��.LQJV�&ROOHJH�/RQGRQ��/RQGRQ��8.

.H\ZRUGV��SXOPRQDU\�HPEROLVP��FULWLFDO�FDUH��LQWUDYHQRXV�IOXLGV��VKRFN

$EVWUDFW��

%DFNJURXQG

�����RI�SDWLHQWV�SUHVHQWLQJ�ZLWK�3XOPRQDU\�(PEROXV��3(��PHHW�WKH�FULWHULD�IRU�DFXWH�PDVVLYH�SXOPRQDU\�HPEROLVP��$03(���GHILQHG�DV�3(�FDXVLQJ
K\SRWHQVLRQ��6%3���PP+J��RU�ZLWK�FOLQLFDO�HYLGHQFH�RI�VKRFN��$03(�FDUULHV�D�FRQVLGHUDEOH����GD\�PRUWDOLW\�RI�������

,QWUDYHQRXV�IOXLGV�DUH�FRPPRQ�SUDFWLFH�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('��WR�WUHDW�K\SRWHQVLRQ�DQG�VKRFN��3XEOLVKHG�JXLGHOLQHV��KRZHYHU��RIIHU
OLWWOH�JXLGDQFH�RQ�WKH�EHVW�VWUDWHJLHV�IRU�VXSSRUWLYH�WUHDWPHQW�SULRU�WR�GHILQLWLYH�PHGLFDO�RU�VXUJLFDO�WKHUDS\��,W�LV�XQFOHDU�ZKHWKHU�OLEHUDO�XVH�RI�,9
IOXLGV�LV�EHQHILFLDO�LQ�WKLV�SRSXODWLRQ�

$LPV

7R�HYDOXDWH�SXEOLVKHG�OLWHUDWXUH�IRU�HYLGHQFH�RI�HIILFDF\�RI�LQWUDYHQRXV�IOXLGV�LQ�LPSURYLQJ�FDUGLDF�RXWSXW�DQG�RU�PRUWDOLW\�LQ�DFXWH�PDVVLYH
SXOPRQDU\�HPEROLVP��DQG�VXPPDULVH�WKHUDSHXWLF�SK\VLRORJLFDO�UDWLRQDOH�

0HWKRGV

$�V\VWHPDWLF�UHYLHZ�ZDV�FRQGXFWHG�XVLQJ�PXOWLSOH�GDWDEDVHV�DQG�VHDUFK�WRROV�ZLWK�NH\ZRUGV��3XOPRQDU\�HPEROLVP��PDVVLYH�SXOPRQDU\�HPEROLVP�
KDHPRG\QDPLF��VKRFN��IOXLG���DQG�H[FOXGLQJ�FKLOGUHQ�DQG�FKURQLF�SXOPRQDU\�HPEROLVP��&LWDWLRQ�VHDUFKHV�ZHUH�DOVR�SHUIRUPHG�IURP�DXWKRULWDWLYH
WH[W�ERRNV�

5HVXOWV

7ZR�UHYLHZHUV�VHOHFWHG���FDVH�UHSRUWV����FURVVRYHU�DQLPDO�VWXGLHV�DQG���SURVSHFWLYH�FURVVRYHU�VWXG\�IURP�����UHVXOWV�

'LVFXVVLRQ

7KHUH�LV�JRRG�H[SHULPHQWDO�GDWD��7KUHH�VHSDUDWH�VWXGLHV�LQ�WKH���V�0ROOR\�Ç���*KLJQRXH�Æ���DQG�%HOHQNLH�Ç����GHPRQVWUDWHG�PDUNHG�ZRUVHQLQJ�LQ
ULJKW�YHQWULFXODU�G\VIXQFWLRQ�DQG�RU�GHDWK�LQ�K\SRWHQVLYH�GRJV�ZLWK�$03(�IROORZLQJ�WUHDWPHQW�ZLWK�YROXPH�DQG�VWURQJO\�UHFRPPHQGHG
QRUDGUHQDOLQH�DV�WKH�ÆGUXJ�RI�FKRLFH�IRU�DFXWH�UHVXVFLWDWLRQ�Ç

+RZHYHU��LQ������+DXVHU�DQG�6KRHPDNHU�GHPRQVWUDWHG�LPSURYHPHQWV�LQ�FDUGLDF�LQGH[�DQG�4V�4W�VKXQW�RI�D�$03(�SDWLHQW�IROORZLQJ����PO�EROXVHV
RI�FROORLG��K\SRWKHVLVLQJ�WKDW�,9�IOXLG�ZRUNHG�E\�UHGLVWULEXWLRQ�RI�EORRG�IORZ�WR�XQGHUSHUIXVHG�OXQJ��6LPLODUO\�LQ�FURVVRYHU�WULDO�RI����LQWHQVLYH�FDUH
SDWLHQWV�0HUFDW�HW�DO�������REVHUYHG�DQ�LQFUHDVH�LQ�FDUGLDF�LQGH[�ZLWK�YROXPH�ORDGLQJ�EXW�WKH�SDWLHQWV�ZHUH�K\SRWHQVLYH�RU�LQ�WKH�DFXWH�SKDVH�RI
WKH�GLVHDVH�VR�GLIILFXOW�WR�DSSO\�WR�WKH�DFXWHO\�GHFRPSHQVDWLQJ�SDWLHQW�LQ�WKH�('��:LWKLQ�WKH�H[DPLQHG�OLWHUDWXUH��WKH�SK\VLRORJLFDO�UDWLRQDOH�IRU
WUHDWLQJ�DFXWH�ULJKW�KHDUW�IDLOXUH�ZLWK�,9�IOXLGV�LV�LQFRQVLVWHQW�DQG�GLIILFXOW�WR�DSSO\�RU�WHVW�ZLWKLQ�WKH�('�ZLWKRXW�LQYDVLYH�FDUGLRYDVFXODU�PRQLWRULQJ�

2QH�RI�WKH�PRVW�UHFHQW�UHYLHZV�RQ�PDQDJHPHQW��0DWWKHZV�DQG�0F/DXJKOLQ�������,9�IOXLGV�DUH�QRW�DGYLVHG�DW�DOO�LQ�LQLWLDO�VXSSRUWLYH�PHDVXUHV�
SUHIHUULQJ�WKDW�SDWLHQWV�ÈVKRXOG�LPPHGLDWHO\�UHFHLYH�YDVRSUHVVRU�VXSSRUW�É�2WKHU�UHYLHZV�DUH�PRUH�FDXWLRXV�UHLQIRUFLQJ�WKH�YLHZ�WKDW�WKHVH�SDWLHQWV
DUH�SUHORDG�GHSHQGHQW�VR�LQWUDYDVFXODU�YROXPH�VKRXOG�EH�RSWLPLVHG�LQ�FRQMXQFWLRQ�ZLWK�YDVRSUHVVRUV��+\SRWHQVLRQ�LQ�$03(�LV�FOHDUO\�QRW�GXH�WR
K\SRYRODHPLD�VR�OLEHUDO�XVH�RI�,9�IOXLGV�LV�QRW�UHFRPPHQGHG�

&RQFOXVLRQ

:KLOH�SXEOLVKHG�OLWHUDWXUH�SURYLGHV�XV�ZLWK�QR�JRRG�KXPDQ�5&7V�WR�MXVWLI\�WKH�XVH�RI�IOXLG�EROXVHV�LQ�$03(��WKHUH�LV�VLPLODUO\�QR�JRRG�HYLGHQFH�IRU
KDUP��7KLV�QRWZLWKVWDQGLQJ��WKH�KDHPRG\QDPLF�UDWLRQDOH�IRU�OLPLWHG�DQG�UHVWULFWHG�XVH�RI�IOXLGV�EDVHG�RQ�H[SHULPHQWDO�GDWD�LV�H[WUHPHO\�FRPSHOOLQJ�
$�UDWLRQDOH�EDVHG�RQ�FOLQLFDO�MXGJHPHQW�RI�WKH�SDWLHQWÇV�YROXPH�VWDWXV��IROORZHG�E\�YHU\�HDUO\�FRQVLGHUDWLRQ�RI�YDVRSUHVVRUV�DQG�RU�LQRWURSHV�FDQ�EH
UHFRPPHQGHG�



',6$67(5�0(',&,1( .DURO�y\]LzVNL

��������2UGHUOLQHVV�RI�FKHPLFDO�UHVFXH�VHUYLFH�,Q�3RODQG�v�H[DPSOH�RI�0DsRSROVND�UHJLRQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.DURO�£\]L¥VNL������-DFHN�1LWHFNL������$UNDGLXV]�7U]RV������.DWDU]\QD�'¤XJRV]����

�����'HSDUWPHQW�RI�'LVDVWHU�0HGLFLQH�DQG�(PHUJHQF\�0HGLFLQH��.UDN�Z��32/$1'

.H\ZRUGV��FKHPLFDO�UHVFXH���6WDWH�)LUH�'HSDUWPHQW���KD]DUG��0D¤RSROVND�UHJLRQ

$EVWUDFW��

,QWURGXFWLRQ��6WDWH�)LUH�'HSDUWPHQW�LV�UHVSRQVLEOH�IRU�FKHPLFDO�UHVFXH�RSHUDWLRQV�LQ�WKH�5HSXEOLF�RI�3RODQG��6WUXFWXUH�DQG�IXQFWLRQLQJ�RI�FKHPLFDO
UHVFXH�KDV�EHHQ�SUHVHQWHG�XVLQJ�WKH�H[DPSOH�RI�0D¤RSROVND�UHJLRQ�

0HWKRG��$QDO\VLV�RI�FXUUHQW�VWDWH�RI�UHDOL]LQJ�OHJDO�UHTXLUHPHQWV�E\�)LUH�'HSDUWPHQW��6WUXFWXUH��HTXLSPHQW�DQG�SURFHGXUHV�FRQFHUQLQJ�FKHPLFDO
UHVFXH�LQ�0D¤RSROVND��$QDO\VLV�RI�LQWHUYHQWLRQV�XQGHUWDNHQ�VR�IDU�

5HVXOWV��/HYHO�RI�WUDLQLQJ��HTXLSPHQW�DQG�WDVN�DVVLJQPHQW�OHDGV�WR�WKH�IROORZLQJ�GLYLVLRQ�RI�FKHPLFDO�UHVFXH�

%DVLF�OHYHO�Ä�UHVFXH�DFWLRQV�XQGHUWDNHQ�E\�HDFK�)LUH�'HSDUWPHQW�XQLW�

6SHFLDOLVW�OHYHO�Ä�XQGHUWDNHQ�E\�VSHFLDOLVW�FKHPLFDO�DQG�HFRORJLFDO�UHVFXH�JURXSV�

7ZR�EDVLF�RSHUDWLRQ�DUHDV�FDQ�EH�RXWOLQHG�

$UHD�RI�UHVFXH�DFWLRQ�Ä�HQVXULQJ�UHVFXHUVÇ�DQG�VFHQH�VDIHW\��UHPRYDO�RI�GDQJHURXV�DJHQW��HWF�

$UHD�RI�FKHPLFDO�UHFRQ�Ä�DFWLRQ�XWLOL]LQJ�VSHFLDOLVW�DQDO\WLFDO�WHFKQLTXHV

7DVNV�RI�FKHPLFDO�UHVFXH�VHUYLFHV�RQ�VSHFLDOLVW�OHYHO�DUH�GLYLGHG�LQWR�WKUHH�OHYHOV�

/HYHO�$�Ä�DFWLRQV�VXFK�DV�UHFRJQL]LQJ�DQG�LGHQWLI\LQJ�KD]DUG��YHULI\LQJ�GDQJHU�]RQH��HYDFXDWLRQ��HWF�

/HYHO�%�Ä�OHYHO�$�DFWLRQV�DORQJ�ZLWK�FRPELQHG�UHVFXH�HYDFXDWLRQ�RI�FDVXDOWLHV��DQLPDOV�DQG�VDYLQJ�WKH�HQYLURQPHQW�DQG�SURSHUW\��HYDOXDWLQJ�GDQJHU
VFDOH�DQG�OLPLWLQJ�LWV�GHYHORSPHQW�

/HYHO�&�Ä�OHYHO�$�DQG�%�DFWLRQV�DORQJ�ZLWK�FRPSOH[�FKHPLFDO�DFWLRQ��LQFOXGLQJ�PDVV�GHFRQWDPLQDWLRQ�RI�SHRSOH�DQG�UHVFXH�RSHUDWLRQ�GXULQJ
VLWXDWLRQV�RI�FRQVLGHUDEOH�VL]H�

&RQFOXVLRQ��&KHPLFDO�UHVFXH�LQ�0D¤RSROVND�UHJLRQ�LV�KLJKO\�GHYHORSHG�DQG�GRHV�QRW�GLYHUJH�IURP�FXUUHQW�LQWHUQDWLRQDO�VWDQGDUGV��,Q�WKH�DUHD�RI
RSHUDWLRQV�XQGHUWDNHQ��WKHUH�DUH�IHZHU�LQWHUYHQWLRQV�FRQVLGHULQJ�GDQJHURXV�JRRGV�WUDQVSRUWDWLRQ��ZKLOH�WKH�QXPEHU�RI�LQWHUYHQWLRQV�FRQFHUQLQJ
HQYLURQPHQWDO�KD]DUGV�LV�DW�FRQVWDQW�OHYHO�



&$6(�35(6(17$7,21 )(7(1�$0,5$

��������7XEHUFXORXV�PHQLQJLWLV�ZLWK�SXOPRQDU\�PLOLDU\�WXEHUFXORVLV��FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+RXGD�1DVUL������IHWHQ�$PLUD������$VPD�$ORXL������6DOZD�$PUL������VDOZD�0DQVRXUL������$ODD�=DPPLWL������%HFKLU�%RXKDMMD����

���(PHUJHQF\�GHSDUWPHQW��&KDUOHV�1LFROOH�+RVSLWDO��7XQLV��781,6,$

.H\ZRUGV��7XEHUFXORXV�PHQLQJLWLV���PLOLDU\�WXEHUFXORVLV

$EVWUDFW��

,QWURGXFWLRQ��&HQWUDO�1HUYRXV�6\VWHP��&16��7XEHUFXORVLV��7%��LV�WKH�PRVW�GDQJHURXV�IRUP�RI�H[WUDSXOPRQDU\�7%��,W�RFFXUV�LQ�DSSUR[LPDWHO\����RI
DOO�SDWLHQWV�ZLWK�DFWLYH�WXEHUFXORVLV������,W�LQFOXGHV�PHQLQJLWLV��LQWUDFUDQLDO�WXEHUFXORPDV�DQG�DEVFHVVHV��7KH�GLDJQRVLV�DQG�WUHDWPHQW�RI�WXEHUFXORVLV
PHQLQJLWLV��7%0��LV�VWLOO�D�FOLQLFDO�FKDOOHQJH��:H�UHSRUW�D�FDVH�RI�7%0�ZLWK�SXOPRQDU\�PLOLDU\�WXEHUFXORVLV�

&DVH�UHSRUW��$����\HDU�ROG�PDOH�ZDV�DGPLWWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�FRPSODLQWV�RI�KLJK�JUDGH�IHYHU��ZHLJKW�ORVV��GHFUHDVHG�DSSHWLWH
DQG�JHQHUDOLVHG�ZHDNQHVV�IRU���PRQWK��2Q�DGPLVVLRQ��WKH�SDWLHQW�ORRNHG�LOO��KH�ZDV�FRQIXVHG��GLVRULHQWHG��3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�
WHPSHUDWXUH���j&��KHDUW�UDWH������EHDWV�PLQ��EORRG�SUHVVXUH���������PP+J��UHVSLUDWRU\�UDWH�����LQVSLUDWLRQV��PLQ��+H�KDG�QHFN�VWLIIQHVV��WKH
DXVFXOWDWLRQ�RI�WKH�OXQJV�ZDV�QRUPDO��7KH�,QYHVWLJDWLRQV�VKRZ��:KLWH�EORRG�FHOO�FRXQW�������HOHPHQW��/��ZLWK�����QHXWURSKLOV�DQG�����
O\PSKRF\WHV��+E����J�GO��3ODWHOHWV���������PP����&�UHDFWLYH�SURWHLQ������PJ�O��1D������PPRO�O���JO\FHPLD�����PPRO�O���FUHDW�����oPRO�O��&RPSXWHG
WRPRJUDSK\�VFDQ�RI�WKH�EUDLQ�ZDV�QRUPDO���7KH�FHUHEURVSLQDO�IOXLG�WHVW�ZDV�FOHDU��ZLWK����OHXFRF\WH�FRXQW�DW��������PO��WKH�JOXFRVH�OHYHO�ZDV������
PPRO�O��UDWLR�������DQG�WKH�SURWHLQ�OHYHO�ZDV�������J�O���+,9�DQG�+HSDWLWLV�%�DQG�&�VHURORJ\�ZHUH�QHJDWLYH�

&KHVW�;�5D\�VKRZHG�W\SLFDO�PLOOLDU\�SDWWHUQ��7KXV��WKH�GLDJQRVLV�RI�7%0�ZDV�KLJKO\�VXVSHFWHG�DQG�DQWLWXEHUFXORXV�FKHPRWKHUDS\��ZLWK�LVRQLD]LG�
ULIDPSLFLQ��HWKDPEXWRO�DQG�S\UD]LQDPLGH�DVVRFLDWHG�ZLWK�GH[DPHWKDVRQH�ZDV�LQLWLDWHG��&OLQLFDO�LPSURYHPHQW�ZDV�QRWHG�DIWHU�WKH�ILUVW�ZHHN�RI
WKHUDS\�

&RQFOXVLRQV��7%�LV�VWLOO�D�PDMRU�SXEOLF�KHDOWK�SUREOHP�LQ�WKH�ZRUOG��DQG�WKHUH�LV�D�ULVLQJ�WHQGHQF\�RI�H[WUD�SXOPRQDU\�7%�LQFLGHQFHV�HVSHFLDOO\�LQ
LPPXQH�VXSSUHVVHG�DGXOWV��7KH�VSHFLILFLW\�RI�RXU�SDWLHQW�LV�WKDW�QR�SUHGLVSRVLQJ�RU�DVVRFLDWHG�FRQGLWLRQV�KDYH�EHHQ�GRFXPHQWHG�

���*X\�7KZDLWHV��0DUWLQ�)LVKHU���&KHU\O�+HPLQJZD\��*HRII�6FRWW��7RP�6RORPRQ��-RKQ�,QQHV��%ULWLVK�,QIHFWLRQ�6RFLHW\�JXLGHOLQHV�IRU�WKH�GLDJQRVLV�DQG
WUHDWPHQW�RI�WXEHUFXORVLV�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP�LQ�DGXOWV�DQG�FKLOGUHQ��-RXUQDO�RI�,QIHFWLRQ�������������������



',6$67(5�0(',&,1( 1RSPDQHH�7DQWLYHVUXDQJGHW

��������7KH�H[SHULHQFH�DW�5DMDYLWKL�+RVSLWDO�RQ�$XJXVW�����������3UHSDUHGQHVV��UHVSRQVH��DQG�OHVVRQV�OHDUQHG

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1RSPDQHH�7DQWLYHVUXDQJGHW������1LUXWFKDUD�.RNXOGLORN������/HN�.DQMDQDNRPXW������7HHUDFKDL�8NULWPDQRURDW����

���(PHUJHQF\�FRQVXOWDWLRQ��'HSDUWPHQW�RI�(PHUJHQF\�5DMDYLWKL�+RVSLWDO�&ROOHJH�RI�0HGLFLQH��%DQJNRN��7+$,/$1'
���7UDXPD�1XUVH�&RRUGLQDWRU��5DMDYLWKL�+RVSLWDO��%DQJNRN��7+$,/$1'
���SODVWLF�VXUJHU\�'RFWRU��5DMDYLWKL�+RVSLWDO��%DQJNRN��7+$,/$1'
���VXUJHU\�FRQVXOWDQWDWLRQ��5DMDYLWKL�+RVSLWDO��%DQJNRN��7+$,/$1'

.H\ZRUGV��'LVDVWHU�5HVSRQVH��PDVV�FDVXDOW\��%DQJNRN�ERPELQJ�����5DMDYLWKL�+RVSLWDO

$EVWUDFW��

%DFNJURXQG�7KHUH�ZDV�D���IROG�LQFUHDVH�LQ�WHUURULVW�ERPELQJ�DURXQG�WKH�ZRUOG�EHWZHHQ�����DQG�������ZLWK������HYHQWV�GRFXPHQW�&RQYHQWLRQDO
H[SORVLYH�GHYLFHV�DUH�W\SLFDOO\�FDWHJRUL]HG�LQWR�EURDG�FDWHJRULHV��RUGLQDU\�H[SORVLYHV�DQG�KLJK�H[SORVLYHV��7ULQLWURWROXHQH�717��DUH�KLJK�H[SORVLYHV
GHVLJQHG�WR�GHWRQDWH�YHU\�UDSLGO\�W\SLFDO�ZLWK�RQO\�D�IHZ�PLFURVHFRQGV�7KH�PDJQLWXGH�RI�WKH�VKRFN�ZDYH�DW�WKH�EODVW�IURQW��NQRZ�DV�SRVLWLYH�SKDVH
LPSXOVH�LV�DQLPSRUWDQW�IDFWRU�GHWHUPLQLQJ�WKH�VHYHULW\�RI�EODVW�UHODWHG�LQMXU\�2YHUSUHVVXUH�LV�WKH�PDMRU�IRUFH�JHQHUDWLQJ�SULPDU\�EODVWLQMXU\�3%,��
XQGHU�SUHVVXUH�IRUFH�DUH�WKH�SULQFLSOHPHFKDQLVP�LQYROYHG�LQ�SURGXFLQJ�VHFRQGDU\�DQG�WHUWLDU\�EODVW�LQMXU\�7KH�GLVWDQFH�IURP5DFKDSUDVRQJ
LQWHUVHFWLRQ�WR�5DMDYLWKL�KRVSLWDO�ZHUH���NLORPHWHUV�5DMDYLWKL+RVSLWDO�KDV�������EHG�KRVSLWDO�ORFDWHG�RQ�9LFWRU\0RQRPHQW�5DFKDWKHYH
GLVWULFW�%DQJNRN�7KHUH�DUH�WRWDOO\RI����LQWHQVLYH�FDUH�XQLW�EHGV���%XUQ�XQLW�EHGV�����YHQWLODWRU�HTXLSPHQWV�:H�KDYH�SUH�KRVSLWDO�UHVRXUFHV�WHDPV
FRPSRVH�RI�RQHGLVSDWFK�FHQWHU���DPEXODQFHV�$/6�OHYHO�WHDP���2Q$XJXVW��������ZLWKLQ�PLQXWHV�RI�WKH�PDMRU�WHUURULVW�HYHQW�7KLV�H[SORVLRQ�LQYROYHG
WKH�GHWRQDWLRQRI�DPPRQLXP�QLWUDWH�PDWHULDO�����NLORJUDPV�717�HTXLYDOHQW��LQVLGH�WKH�(UDZDQ�6KULQH�DW�WKH�5DMSUDVRQJ�LQWHUVHFWLRQ�LQ�3DWKXPZDQ
GLVWULFW�DW�����30�7KH�HYHQW�LQYROYHG����KRVSLWDOV�LQ�%DQJNRN�IRU�����LQMXULHG�SDWLHQWV����GHDWK��FRYHUG�DERXW���VTXDUH�PHWHU�

2EMHFWLYHV�7R�VWXG\�WKH�HIIHFWLYH�FOLQLFDO�UHVSRQVH�WR�SDWLHQWV�IURP�D�ERPELQJ�HYHQW�ZLOO�UHTXLUH�FRRUGLQDWLRQ�DQG�FRRSHUDWLRQ�DPRXQJ�PXOWLSOH
PHGLFDO�VSHFLDOWLHV�

���������������7R�LGHQWLI\�DYDLODEOH�KRVSLWDO�EHGV��GLVFKDUJLQJ�SDWLHQWV�FDULQJ�IRU�SDWLHQWV�DQG�SURYLGLQJ�DGGLWLRQ�VXSSRUW�GXULQJ�WKH�UHVSRQVH�

0HWKRGHV�5DMDYLWKL�KRVSLWDO�UHFHLYHG�WRWDOO\���SDWLHQWV�IDFWXDO�LQIRUPDWLRQ�IURP�HYHQWV�RQ�$XJXVW�����������ZHUH�FROOHFWG�IURP�SXEOLF�PHGLD�$OVR
PDWHULDOV�IRU�WKH�KRVSLWDO�SUHSDUHGQHVV�SODQ�ZHUH�GHULYHG�IURP�WKH�KRVSLWDO
V�HPHUJHQF\�GHSDUWPHQW�('���SODQ�IRU�GLVDVWHU��GUDIWHG�E\�WKH�5DMDYLWKL
DGPLQLVWUDWLRQ�7KH�GDWD�RQ�$XJXVW����������ZDV�FROOHFWHG�UHWURVSHFWLYHO\�IURP�GHSDUWPHQWDO�ORJERRN�LQGLYLGXDO�FKDUW�UHYLHZ�DQG5DMDYLWKL�WUDXPD
UHJLVWU\�'DWDEDVH�

5HVXOWV�7KH�('�VDZ�WKH���SDWLHQWV�����DUULYHG�DW�5DMDYLWKL�+RVSLWDO�ZLWK�LQ�ILUVW�KRXU�DIWHU�H[SORVLRQ�7KH��SDWLHQWV�������RI�SDWLHQWV�WULDJHG�LQ
('ZKR�UHTXLUHG�KRVSLWDO�DGPLVVLRQ�7KH��SDWLHQWV��������WUDQVSRUW�WR�KRVSLWDO�E\�DPEXODQFHV���$/6��%/6DQG��)5�EXW�RQO\���SDWLHQWV��������FRXOG
\RX�GLVFKDUJH��/HQJWK�2I�6WD\�/26�������GD\V�PHGLDQ���7KHLU�PHGLDQ�DJH�RI�('�SDWLHQWV�DVVHVVHG�ZDV�������PHGLDQ����\HDUV�ROG��$OO�RI�WKHP�ZHUH
IHPDOH�������7KH*ODVJRZ�&RPD�6FDOH�*&6�UDQJHG�IURP�������PHGLDQ����7KH���SDWLHQWV������SUHVHQWHG�WR�WKH�('�KDG�DQ�LQMXU\�6HYHUULW\�6FRUH
�,66�!����1R�GHDWK�GHWHFWHG�LQ�5DMDYLWKL�+RVSLWDO�

&RQFOXVLRQ�7KH�LQIRUPDWLRQ�VKRXOG�KHOS�HPHUJHQF\�SK\VLFLDQ�VSHFLDOLVW�VXUJHU\�GRFWRU�QXUVHV�,&8�GLUHFWRUV�DQG�GLVDVWHU�FRPPLWWHH�SODQ�IRU
PRELOL]DWLRQ�RI�UHVRXUFHV�LQ�UHVSRQVH�WR�7HUUURULVW�0DVV�&DVXDOW\�(YHQW�FDXVHG�E\�H[SORVLYHV�



&/,1,&$/�32/,&< 0LFKDHO�0F&DUURQ

��������(IIHFWLYH�NQRZOHGJH�WUDQVODWLRQ�LQ�WKH�SDHGLDWULF�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0LFKDHO�0F&DUURQ������$GULDQ�%RQVDOO������0DU\�0F&DVNLOO����

���(PHUJHQF\�'HSDUWPHQW��7KH�&KLOGUHQ
V�+RVSLWDO�DW�:HVWPHDG��6\GQH\��$8675$/,$

.H\ZRUGV��NQRZOHGJH�WUDQVODWLRQ��SDHGLDWULF��HPHUJHQF\��VHSVLV

$EVWUDFW��

7KHUH�LV�RIWHQ�D�JDS�EHWZHHQ�NQRZOHGJH�DQG�FOLQLFDO�SUDFWLFH��.QRZOHGJH�WUDQVODWLRQ�VHHNV�WR�EULGJH�WKDW�JDS�WKURXJK�UHFRJQLWLRQ�RI�WKH�EDUULHUV
IDFHG�E\�FOLQLFLDQV�DQG�LGHQWLI\LQJ�VWUDWHJLHV�WR�RYHUFRPH�WKHP��WKHUHE\�IDFLOLWDWLQJ�WKH�LPSOHPHQWDWLRQ�RI�HYLGHQFH�EDVHG�SUDFWLFH��:H�H[SORUHG
WKH�HIIHFWLYHQHVV�RI�D�QXPEHU�RI�NQRZOHGJH�WUDQVODWLRQ�WHFKQLTXHV�LQ�UHYLVLQJ�WKH�FDUH�JLYHQ�WR�SDWLHQWV�UHTXLULQJ�SHULSKHUDO�LQWUDYHQRXV�FDQQXOD
�3,9&��LQVHUWLRQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�

3,9&�LQVHUWLRQ�LV�DQ�LQYDVLYH�SURFHGXUH�FDXVLQJ�VLJQLILFDQW�GLVWUHVV�LQ�FKLOGUHQ��16:�+HDOWK�JXLGHOLQHV�DLPHG�DW�PRQLWRULQJ�WKH�SURFHGXUH�UHTXLUH
WKDW�WKH�GHWDLOV�RI�3,9&�LQVHUWLRQ�DUH�GRFXPHQWHG�LQ�WKH�SDWLHQW�UHFRUG��3ULRU�WR�WKLV�VWXG\��WKHUH�ZDV�QR�VWDQGDUGLVHG�SURFHGXUH�IRU�UHFRUGLQJ�3,9&
LQVHUWLRQ�RQ�WKH�HOHFWURQLF�SDWLHQW�KHDOWK�UHFRUG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DW�7KH�&KLOGUHQÇV�+RVSLWDO�DW�:HVWPHDG�

7KH�DLP�RI�WKLV�REVHUYDWLRQDO�VWXG\�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�DW�7KH�&KLOGUHQÇV�+RVSLWDO�DW�:HVWPHDG�LV�WR�GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI
VWUDWHJLHV�WR�LQIOXHQFH�WKH�SUDFWLFH�RI�FOLQLFLDQV�LQ�UHODWLRQ�WR�UHFRUGLQJ�GHWDLOV�RI�3,9&�LQVHUWLRQ����$�WHPSODWH�IRU�UHFRUGLQJ�GHWDLOV�RI�WKH�SODFHPHQW
RI�DQ�LQWUDYHQRXV�FDQQXOD�ZDV�LQWURGXFHG�LQWR�WKH�PHGLFDO�UHFRUG����7KH�XVH�RI�WKH�WHPSODWH�ZDV�TXDQWLILHG�HYHU\�ZHHN�RYHU�D���ZHHN�SHULRG��
$SSURYDO�IRU�WKH�VWXG\�ZDV�JLYHQ�E\�WKH�6\GQH\�&KLOGUHQ
V�+RVSLWDO�1HWZRUN�(WKLFV�5HYLHZ�&RPPLWWHH�

'DWD�ZDV�FROOHFWHG�SURVSHFWLYHO\�RQ�SDWLHQWV�ZKR�ZHUH�FDQQXODWHG�ZKLOVW�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DQG�WKHQ�DQDO\VHG�ORRNLQJ�IRU�FRPSOHWLRQ�RI
WKH�WHPSODWH���7KH�LQWHUYHQWLRQV�ZHUH�LQWURGXFHG�HYHU\�WZR�ZHHNV�RYHU�D���ZHHN�SHULRG���,QWHUYHQWLRQV�ZHUH�HPSOR\HG�LQ�D�VWDJJHUHG�IDVKLRQ�WR
IDFLOLWDWH�DVVHVVPHQW�RI�WKH�HIIHFWLYHQHVV�RI�HDFK�LQGLYLGXDO�FRPSRQHQW�DV�ZHOO�DV�WKH�HIIHFWLYHQHVV�RI�WKH�RYHUDOO�PXOWL�IDFHWHG�DSSURDFK��7KH
LQWHUYHQWLRQV�LQFOXGHG�WKH�SODFHPHQW�RI�ODPLQDWHG�QRWLFH�LQ�NH\�FOLQLFDO�DUHDV�ZKHUH�YHQRXV�DFFHVV�SURFHGXUHV�DUH�FDUULHG�RXW��DQ�HGXFDWLRQ
VHVVLRQ�DLPHG�DW�PHGLFDO�DQG�QXUVLQJ�VWDII�DORQJVLGH�D�EULHI�HGXFDWLRQ�WRRO�DW�PHGLFDO�DQG�QXUVLQJ�KDQGRYHUV��QRWLILFDWLRQ�RI�WKH�WHPSODWH�XVH�LQ�WKH
GHSDUWPHQWDO�QHZVOHWWHU��DQG�DXGLW�SHUIRUPDQFH�UHSRUW�SURYLGHG�E\�HPDLO�

$�WRWDO�RI������SDWLHQWV�ZHUH�LQFOXGHG�RYHU�WKH���ZHHN�VWXG\��RI�ZKLFK�����������KDG�FRPSOHWHG�3,9&�LQVHUWLRQ�WHPSODWHV��6WDII�HGXFDWLRQ�UHVXOWHG
LQ�D�����LQFUHDVHG�XVH�RI�WKH�WHPSODWH�LQ�ZHHN���ZKLFK�ZDV�VXVWDLQHG�LQ�ZHHN����7KH�SODFHPHQW�RI�ODPLQDWHG�QRWLFHV�LQ�NH\�FOLQLFDO�DUHDV�VDZ�D
IXUWKHU�����LQFUHDVH�LQ�WHPSODWH�XVH�LQ�ZHHNV���DQG����7KHUH�ZDV�DQ�RYHUDOO�GHFOLQH�LQ�WHPSODWH�XVH�LQ�VXEVHTXHQW�ZHHNV�RI�WKH�VWXG\�GHVSLWH�WKH
DXGLW�SHUIRUPDQFH�UHSRUW�

7KH�LQWHUYHQWLRQV�XVHG�DLP�WR�DGGUHVV�FRPPRQ�EDUULHUV�WR�NQRZOHGJH�WUDQVODWLRQ�VXFK�DV�ODFN�RI�VWDII�DZDUHQHVV��QR�HQJDJHPHQW�RI�VWDII��ODFN�RI
UHOHYDQFH�WR�LQGLYLGXDO�SUDFWLFH�DQG�IDGLQJ�RI�LQLWLDO�HQWKXVLDVP��6WDII�HGXFDWLRQ�LV�D�VXFFHVVIXO�WRRO�IRU�LPSOHPHQWLQJ�FKDQJH�LQ�FOLQLFDO�SUDFWLFH�
+RZHYHU��WKHUH�H[LVW�GLIILFXOWLHV�LQ�PDLQWDLQLQJ�VWDII�HQJDJHPHQW�DQG�HQWKXVLDVP�IRU�WKH�FKDQJH�LQ�SUDFWLFH��6FRSH�IRU�IXUWKHU�UHVHDUFK�VKRXOG
LQFOXGH�LGHQWLI\LQJ�WKH�FDXVHV�RI�WKLV�GHFOLQH��,QQRYDWLYH�WRROV�IRU�DGGUHVVLQJ�WKLV�ORVV�RI�HQJDJHPHQW�DQG�HQWKXVLDVP�DUH�UHTXLUHG�



35(�+263,7$/���(06���287�2)�+263,7$/ 6ODYX�$QJKHO�3DXO

��������$FXWH�FDUGLRJHQLF�SXOPRQDU\�HGHPD��WKH�HIILFDF\�RI�SUHKRVSLWDO�WUHDWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3DXO�6ODYX������&LSULDQ�-XUDYOH������&ODXGLD�&LRUD������&RULQD�6LQWHD������,RDQD�5DGX������6RULQD�3RGDULX������'LDQD�+DUDPEDV������,ULV�0XUHVDQ����

���3$5$0(',&��6085'�6,%,8��6LELX��520$1,$
���$1(67+(6,2/2*,67�5(6,'(17��&2817<�+263,7$/��7LPLVRDUD��520$1,$
���/(&785(5���/XFLDQ�%ODJD��8QLYHUVLW\�RI�6LELX��5RPDQLD��6LELX��520$1,$

.H\ZRUGV��SUHKRVSLWDO��DFXWH�SXOPRQDU\�HGHPD��WUHDWPHQW

$EVWUDFW��

%$&.*5281'

6085'��0RELOH�(PHUJHQF\�6HUYLFH�IRU�5HVXVFLWDWLRQ�DQG�([WULFDWLRQ��6LELX�0,&8�ZDV�VHQW�LQ�WKH�ODVW���\HDUV�WR�D�VLJQLILFDQW�QXPEHU�RI�HPHUJHQF\
FDVHV��UHSRUWHG�DV�VKRUWQHVV�RI��EUHDWK��FKHVW�SDLQ�DQG�XQFRQVFLRXVQHVV��GLDJQRVHG�DV�DFXWH�FDUGLRJHQLF�SXOPRQDU\�HGHPD�

$OWKRXJK�VKRUWQHVV�RI�EUHDWK��FKHVW�SDLQ�DQG�XQFRQVFLRXVQHVV�FDQ�EH�DVVRFLDWHG�ZLWK�VHYHUDO�DFXWH�RU�FKURQLF�LOOQHVVHV��RQH�OLIH�WKUHDWHQLQJ
FRQGLWLRQ�LV�DFXWH�SXOPRQDU\�HGHPD��:LWKRXW�SURSHU�DQG�SURPSW�PHGLFDO�FDUH��PRUWDOLW\�UDWH�LV�LQFUHDVHG��WKHUHIRUH�SUHYHQWLQJ�WKH�FDUGLRYDVFXODU
FROODSVH�DQG�WKH�DFXWH�UHVSLUDWRU\�IDLOXUH�LV�YLWDO�

7KH�DLP�RI�WKLV�VWXG\�LV�WR�DVVHV�WKH�SURSHU�SDWK�RI�WUHDWPHQW�E\�UHO\LQJ�RQ�LQWHUQDWLRQDOO\�JXLGHOLQHV�IRU�DFXWH�SXOPRQDU\�HGHPD�LQ�GLIIHUHQW�FOLQLFDO
SUHVHQWDWLRQV�DQG�EORRG�SUHVVXUH�JURXSV��:H�DQDO\VHG�WKH�HIIHFW�RI�DJH�RQ�UHVSRQVH�WR�WUHDWPHQW��FRUUHODWLQJ�WKH�V\VWROLF�EORRG�SUHVVXUH��6%3��
R[\JHQ�VDWXUDWLRQ��6S2���RQ�DGPLVVLRQ�ZLWK�WKH�GRVDJHV�RI�QLWUDWHV��GLXUHWLFV�DQG�RSLDWHV�

�

0$7(5,$/�$1'�0(7+2'6

'DWD�ZDV�REWDLQHG�IURP�6085'�6LELX�PHGLFDO�GDWDEDVH��IRU�D�SHULRG�RI���\HDUV��EHWZHHQ������������DQG�������������)URP�WKH�WRWDO�QXPEHU�RI
DOHUWV�GLVSDWFKHG�WR�0,&8�ZHUH�VHOHFWHG�����FDVHV�RI�DFXWH�SXOPRQDU\�HGHPD�

�

5(68/76

)URP�D�WRWDO�QXPEHU�RI�����SDWLHQWV�ZLWK�DFXWH�SXOPRQDU\�HGHPD����SDWLHQWV�KDG�DJHG�EHORZ����\HDUV��*URXS�$�������ZLWK�DJHV�EHWZHHQ������
\HDUV�ROG��*URXS�%��DQG����SDWLHQWV�ZLWK�DJHV�RYHU����\HDUV�ROG�*URXS�&��

:KLOH�IROORZLQJ�WKH�UHVXOWV�RI�WKH�DGPLQLVWUDWHG�WUHDWPHQW�

���)URP�*URXS�$�

��SDWLHQW�ZLWK�6%3�����PP+J�DQG�6S2���������KDG�DQ�LPSURYHG��PHGLFDO�FRQGLWLRQ�ZKHQ�QLWUDWHV��GLXUHWLFV�DQG�RSLDWHV�ZHUH�XVHG��DQG��●

GHFHDVHG�RQ�WKH�ZD\�WR�KRVSLWDO���DOWKRXJK�&35�ZDV�SHUIRUPHG�
��SDWLHQWV�ZLWK�6%3!����PP+J�DQG�6S2�������KDYH�LPSURYHG�WKHLU�FRQGLWLRQ�ZKHQ�XVLQJ�KLJKHU�GRVHV�RI�QLWUDWHV�DQG�GLXUHWLFV�●

��)URP�*URXS�%��

��SDFLHQWV�ZLWK�6%3�����PP+J�DQG�6S2���������RI�WKHP�LPSURYHG�WKHLU�FRQGLWLRQ�ZKHQ�DVVRFLDWLQJ�RSLDWHV�ZLWK�QLWUDWHV�DQG�GLXUHWLFV���KDG●

SHUVLVWLQJ�V\PSWRPV�ZKHQ�XVLQJ�ORZHU�GRVHV�RI�RQO\�QLWUDWHV�DQG�GLXUHWLFV�
IURP�WKH�WRWDO�QXPEHU�RI�SDWLHQWV�ZLWK�6%3!����PP+J�DQG�6S2����������SDWLHQWV�LPSURYHG�WKHLU�PHGLFDO�FRQGLWLRQ�ZKHQ�XVLQJ�KLJKHU�GRVHV�RI●

QLWUDWHV��GLXUHWLFV�DQG�RSLDWHV����RI�WKHP�KDG�SHUVLVWHG�V\PSWRPV��DIWHU�WKH�XVDJH�RI�ORZHU�GRVHV����RI�WKHP�GHFHDVHG�RQ�WKH�ZD\�WR�KRVSLWDO

��)URP�*URXS�&�

���SDWLHQWV��ZLWK�6%3�����PP+J�DQG�6S2���������LPSURYHG�WKHLU�FRQGLWLRQ����KDG�SHUVLVWLQJ�V\PSWRPV�DQG���KDG�KLV�FRQGLWLRQ�DJJUDYDWHG●

DIWHU�XVLQJ�ORZHU�GRVHV�RI�QLWUDWHV�DQG�GLXUHWLFV�
���SDWLHQWV�ZLWK�6%3!����PP+J�DQG��6S2�����������LPSURYHG�WKHLU�FRQGLWLRQ�DQG���KDG�SHUVLVWLQJ�V\PSWRPV�RQ�KLJKHU�GRVHV�RI��QLWUDWHV�●

GLXUHWLFV�DQG�RSLDWHV�

�

&21&/86,216

+LJKHU�GRVHV�RI�QLWUDWHV�DQG�GLXUHWLFV�ZHUH�DVVRFLDWHG�ZLWK�EHWWHU�LPSURYHPHQW�WR�SDWLHQW�FRQGLWLRQ��WKDQ�WKH�XVH�RI��ORZHU�GRVHV�WR�SDWLHQWV�IURP
*URXSV�%�DQG�&��$OVR�RXU�GDWD�VXJJHVWHG�WKDW�RSLDWHV�DGPLQLVWUDWLRQ�HQKDQFHV�HYHQ�PRUH�WKH�FKDQFHV�RI�UHFRYHU\�



5HVSRQVH�WR�WUHDWPHQW�ZDV�VLJQLILFDQW�IRU�SDWLHQWV�IURP�*URXS�$�FRPSDULQJ�WR�RWKHU�JURXSV��ZKHQ�XVLQJ�RQO\�QLWUDWHV�DQG�GLXUHWLFV��FRPSDULQJ�WR
RWKHU�JURXSV�



35(�+263,7$/���(06���287�2)�+263,7$/ %UDQND�7RPOMDQRYLs

��������$QDO\VLV�RI�3UHKRVSLWDO�(PHUJHQF\�0HGLFDO�6HUYLFH�PLVVLRQV�LQ�&URDWLD�IRU�����

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%UDQND�7RPOMDQRYLF������0DMD�*UED�%XMHYLF������,QJULG�%RVDQ���.LOLEDUGD����

���(PHUJHQF\�PHGLFLQH��&URDWLDQ�,QVWLWXWH�RI�(PHUJHQF\�0HGLFLQH��=DJUHE��&52$7,$
���(PHUJHQF\�PHGLFLQH��&URDWLDQ�,QVWLWXWH�RI�(PHUJHQF\�0HGLFLQH��.DUORYDF��&52$7,$
���HPHUJHQF\�PHGLFLQH��&URDWLDQ�,QVWLWXWH�RI�(PHUJHQF\�0HGLFLQH��=DJUHE��&52$7,$

.H\ZRUGV��QRQ�XUJHQW�SDWLHQWV��3UHKRVSLWDO�(PHUJHQF\�0HGLFDO�&DUH��(PHUJHQF\�0HGLFDO�6HUYLFH

$EVWUDFW��

$W�WKH�HQG�RI������QHZ�RUJDQLVDWLRQ�PRGHO�IRU�3UHKRVSLWDO�(PHUJHQF\�0HGLFDO�FDUH�3(0&��LQ�&URDWLD�KDV�EHHQ�ILQLVKHG��,QVWHDG�RI�IRXU�PRGHOV
ZKLFK�H[LVWHG�E\�WKHQ��RQH�XQLTXH�PRGHO�KDV�EHHQ�HVWDEOLVKHG�IRU�ZKROH�FRXQWU\��7RGD\��3(0&�LV�EHLQJ�SURYLGHG�E\�&RXQW\�,QVWLWXWHV�RI�(PHUJHQF\
0HGLFLQH�����LQ�WRWDO��ZKLVK�FRQVLVWV�RI�WZR�W\SHV�RI�PHGLFDO�ILHOG�SURYLGHUV��PHGLFDO�GRFWRU�XQLWV�DQG�PHGLFDO�WHFKQLFLDQ�XQLWV���/LNHZLVH��WKH
,QVWLWXWHV�HPSOR\�PHGLFDO�GLVSDWFK�XQLWV�VWDIIHG�ZLWK�PHGLFDO�WHFKQLFLDQVRU��LQ�FDVH�RI�IRXU�ODUJHVW�FRXQWLHV��PHGLFDO�WHFKQLFLDQV�DQG�SK\VLFLDQV�
/RFDWLRQ�RI�ILHOG�WHDPV�DQG�WKHLU�GLVWULEXWLRQ�LV�GHILQHG�E\�(PHUJHQF\�0HGLFLQH�1HWZRUN��DV�ZHOO�DV�ORFDWLRQ�RI�PHGLFDO�GLVSDWFK�FHQWHUV�LQ�HDFK
FRXQW\��2IILFLDO�*D]HWWH�����������$FFRUGLQJ�WR�(PHUJHQF\�0HGLFLQH�1HWZRUN��FXUUHQWO\�WKHUH�DUH�����SK\VLFLDQV�WHDPV�RQ����ORFDWLRQV�DQG����
PHGLFDO�WHFKQLFLDQV�WHDPV�RQ����ORFDWLRQV��2Q����ORFDWLRQV�3(0&�LV�EHLQJ�SURYLGHG�E\�JHQHUDO�SUDFWLWLRQHU�RQ�GXW\�DQG�RQ����ORFDWLRQV�E\�JHQHUDO
SUDFWLWLRQHUV�RQ�FDOO�

,Q������3UHKRVSLWDO�(PHUJHQF\�0HGLFDO�6HUYLFH�WRRN�FDUH�IRU�����������SDWLHQWV��2XW�RI�WRWDO�QXPEHU�RI�LQWHUYHQWLRQV�������������������ZHUH�ILHOG
PLVVLRQV�DQG������������������ZHUH�ZDON�LQ�SDWLHQWV�ZKLFK�KDYH�EHHQ�H[DPLQHG�LQ�UHVXVFLWDWLRQ�URRPV�RQ�WHDP�ORFDWLRQV��2XW�RI�WRWDO
LQPWHUYHQWLRQV������������������SDWLHQWV�ZHUH�SULRULWL]HG�DV�SULRULW\�$��PRVW�XUJHQW��������������������DV�SULRULW\�+��XUJHQW��DQG��������
���������DV�SULRULW\�9��QR�QHHG�IRU�3(0&���2XW�RI�WRWDO�RI���������LQWHUYHQWLRQV�GHDOLQJ�ZLWK�SULRULW\�9������������������ZHUH�ILHOG�PLVVLRQV�DQG
�����������������ZHUH�ZDON�LQ�SDWLHQWV�

6LQFH�(PHUJHQF\�0HGLFLQH�1HWZRUN�LV�GHVLJQHG�WR�FRYHU�ILHOG�PLVVLRQV�DQG�WKHUH�DUH�QR�WHDPV�GHVLJQDWHG�WR�SURYLGH�VWDWLRQDU\�PHGLFDO�FDUH�LQ
&RXQW\�,QVWLWXWHV�RI�(PHUJHQF\�0HGLFLQH�IRU�ZDON�LQ�SDWLHQWV��ODUJH�QXPEHU�RI�QRQ�XUJHQW�SDWLHQWV�WKDW�XWLOL]H�(06�FDQ�LQ�IXWXUH�MHRSDUGL]H�(06
WHDP�UHVSRQVH�WLPH�DQG�GHOD\�KHOS�IRU�HPHUJHQF\�PHGLFDO�SDWLHQWV�



75$80$ )LW]SDWULFN�*DUHWK

��������y0\�KHDG�IHHOV�OLNH�LWxV�JRLQJ�WR�([SORGH�z��0DVVLYH�%LODWHUDO�7HPSOH�6ZHOOLQJ�DQG�FHOOXOLWLV�UHVXOWLQJ�IURP�D�6FDOS
/DFHUDWLRQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*DUHWK�)LW]SDWULFN����

���(PHUJHQF\�GHSDUWPHQW��*DOZD\�8QLYHUVLW\�+RVSLWDO��'XEOLQ��,5(/$1'

.H\ZRUGV��'HOD\HG��%LWHPSRUDO��VFDOS��VZHOOLQJ

$EVWUDFW��

&DVH�+LVWRU\�

2Q�6W�6WHSKHQÇV�'D\�������D����\HDU�ROG�PDOH�SUHVHQWHG�ZLWK�DQ�RFFLSLWDO�ODFHUDWLRQ�UHVXOWLQJ�IURP�D�IDOO�KDYLQJ�FRQVXPHG�DOFRKRO��'XH�WR�ORVV�RI
FRQVFLRXVQHVV�DQG�YRPLWLQJ��D�&7�EUDLQ�ZDV�RUGHUHG��7KLV�VWXG\�ZDV�QRUPDO��6LPSOH�LQWHUUXSWHG�����Q\ORQ�VXWXUHV�ZHUH�DSSOLHG�WR�D�GHHS���FP
OLQHDU�RFFLSLWDO�ODFHUDWLRQ��7KHUH�ZDV�PLQLPDO�LQLWLDO�VZHOOLQJ��7KH�SDWLHQW�ZDV�GLVFKDUJHG�ZLWK�KHDG�LQMXU\�DQG�VXWXUH�FDUH�DGYLFH��+H�UHSUHVHQWHG
ILYH�GD\V�ODWHU��FRPSODLQLQJ�RI�ELODWHUDO�WHPSRUDO�VZHOOLQJ��DQG�UHGQHVV�DQG�VZHOOLQJ�WR�KLV�QHFN�

2Q�H[DPLQDWLRQ��WKHUH�ZDV�VLJQLILFDQW�ELODWHUDO�WHPSRUDO�VZHOOLQJ��LQFOXGLQJ�WKH�SHULRUELWDO�UHJLRQ�ELODWHUDOO\��+H�KDG�GHYHORSHG�FHOOXOLWLV�RI�WKH�QHFN�
5HSHDW�&7�EUDLQ�UHYHDOHG�DQ�H[WHQVLYH�FUHVHQWLF�VXEFXWDQHRXV�FROOHFWLRQ��RYHUO\LQJ�WKH�SRVWHULRU�FDOYDULXP�DQG�H[WHQGLQJ�WR�ERWK�WHPSOHV��+H�ZDV
DGPLWWHG�IRU�LQWUDYHQRXV�DQWLELRWLFV�E\�WKH�PD[LOORIDFLDO�VXUJHU\�WHDP��+LV�VFDOS�VZHOOLQJ�DQG�QHFN�FHOOXOLWLV�VHWWOHG�JUDGXDOO\�DQG�KH�ZDV�GLVFKDUJHG
KRPH�ZHOO�DIWHU�ILYH�GD\V������

'LVFXVVLRQ�

6FDOS�ODFHUDWLRQV�DUH�D�FRPPRQ�(PHUJHQF\�'HSDUWPHQW�SUHVHQWDWLRQ��7KH�EHVW�ZD\�WR�FRQWURO�LQLWLDO�KDHPRUUKDJH�LV�FRQWURYHUVLDO��7KH�EOHHGLQJ
PDLQO\�FRPHV�IURP�YHVVHOV�ZKLFK�UHWUDFW�LQWR�WKH�ORRVH�DUHRODU�WLVVXH�LQ�WKH�FRQQHFWLYH�WLVVXH�OD\HU��DQG�DUH�WKHUHIRUH�QRWRULRXVO\�GLIILFXOW�WR�OLJDWH�
6ROXWLRQV�WR�FRQWURO�LQLWLDO�EOHHGLQJ�LQFOXGH�5DQH\�VFDOS�FOLSV���DQG�GLDWKHUP\��2IWHQWLPHV��TXLFN�FORVXUH�RI�WKH�ZRXQG��IROORZLQJ�GHEULGHPHQW�DQG
LUULJDWLRQ��FDQ�EH�WKH�EHVW�ZD\�WR�KDOW�EOHHGLQJ�IURP�D�VFDOS�ZRXQG���7KLV�FDQ�EH�FRPELQHG�ZLWK�GLUHFW�SUHVVXUH�ZLWK�JDX]H�DQG�D�SUHVVXUH�GUHVVLQJ
ZUDSSHG�DURXQG�WKH�FKLQ�

'HVSLWH�DSSDUHQW�LQLWLDO�FRQWURO�RI�KDHPRVWDVLV��PDVVLYH�VXEJDOHDO�VZHOOLQJ�DIWHU�VLPSOH�VFDOS�ODFHUDWLRQV�KDV�EHHQ�GHVFULEHG��,Q�WKH�UDUH�FDVHV
ZKHQ�WKLV�PDVVLYH�VZHOOLQJ�SUHVHQWV�WR�WKH�(PHUJHQF\�'HSDUWPHQW��LW�FDQ�EH�ELODWHUDO��DV�WKH�KDHPDWRPD�GRHV�QRW�IROORZ�VXWXUH�OLQHV��,W�RIWHQ
SUHVHQWV�LQ�DQ�LQVLGLRXV�PDQQHU��LQ�WKH�GD\V�DIWHU�WKH�LQLWLDO�SUHVHQWDWLRQ��,I�OHIW�XQFKHFNHG��VXFK�D�KDHPDWRPD�FDQ�UHVXOW�LQ�DFXWH�DQDHPLD
QHFHVVLWDWLQJ�EORRG�WUDQVIXVLRQ���K\SRYRODHPLF�VKRFN��DQG�HYHQ�GHDWK���$Q\�DVVRFLDWHG�LQIHFWLRQ��VXFK�DV�FHOOXOLWLV��PXVW�EH�WUHDWHG�DJJUHVVLYHO\��WR
UHGXFH�WKH�OLNHOLKRRG�RI�VXEGXUDO�VSUHDG��

/HDUQLQJ�3RLQWV�

+HDG�7UDXPD�VRPHWLPHV�OHDGV�WR�PDVVLYH�GHOD\HG�VZHOOLQJ●

&RXQVHO�SDWLHQWV�RQ�WKLV●

3URSK\ODFWLFDOO\�DSSO\�D�SUHVVXUH�GUHVVLQJ�WR�DOO�GHHS�VFDOS�ZRXQGV●

�

5HIHUHQFHV�

6FDOS�ODFHUDWLRQ��DQ�REYLRXV�ÆRFFXOWÇ�FDXVH�RI�VKRFN��7XUQDJH�%��6RXWK�0HG�-������0DU�����������������
5RVHQÇV�(PHUJHQF\�0HGLFLQH���WK�(GLWLRQ��0DU[�-��S�����(OVHYLHU���
$�PLVVHG�VFDOS�ODFHUDWLRQ�FDXVLQJ�DYRLGDEOH�VHTXHODH��%DV\XQL�6��,QW�-�6XUJ�&DVH�5HS�������$SU����������������
)DWDO�PDVVLYH�HGHPD�RI�WKH�KHDG�DQG�QHFN�VHFRQGDU\�WR�VFODS�ODFHUDWLRQ��UHSRVW�RI�FDVH��/LPRQJHOOL�:$��-�2UDO�6XUJ������0DU�����������������

�



&$6(�35(6(17$7,21 %UXJLRQL�/XFLR

��������6SRQWDQHRXV�LQWUDPXUDO�VPDOO�ERZHO�KHPDWRPD�GXH�WR�DQWLFRDJXODQWV�XVH��D�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

%UXJLRQL�/XFLR������0DXUL]LR�7RJQHWWL������9DOHQWLQR�6DQWRUL������/XFLD�$PLGHL������)UDQFHVFD�0RUL������*DEULHOH�&DOGHURQH������6DEULQD�/XSDFFLROX����

���0HGLFLQD�,QWHUQD�$UHD�&ULWLFD��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�3ROLFOLQLFR�0RGHQD���0RGHQD��,7$/<
���0HGLFLQD�,QWHUQD�$UHD�&ULWLFD��$]LHQGD�RVSHGDOLHUR�8QLYHUVLWDULD�3ROLFOLQLFR�GL�0RGHQD��0RGHQD��,7$/<

.H\ZRUGV��VPDOO�ERZHO�KHPDWRPD��DFXWH�DEGRPHQ��LQWUDPXUDO�KHPDWRPD��DQWLFRDJXODQWV��KHPRSHULWRQHXP��LQWHVWLQDO�LVFKHPLD��ERZHO
REVWUXFWLRQ�

$EVWUDFW��

%DFNJURXQG��6SRQWDQHRXV�LQWUDPXUDO�KHPDWRPD�RI�WKH�VPDOO�LQWHVWLQH�LV�D�UDUH�FOLQLFDO�FRQGLWLRQ�WKDW�PXVW�EH�FRQVLGHUHG�LQ�WKH�GLIIHUHQWLDO
GLDJQRVLV�RI�DFXWH�DEGRPHQ�LQ�SDWLHQWV�WDNLQJ�RUDO�DQWLFRDJXODQWV�

&DVH�UHSRUW��:H�UHSRUW�D�VSRQWDQHRXV�LQWUDPXUDO�MHMXQDO�KHPDWRPD�SUHVHQWLQJ�ZLWK�DEGRPLQDO�SDLQ��GLVWHQVLRQ��YRPLWLQJ�DQG�UDGLRORJLFDO�VLJQV�RI
VPDOO�ERZHO�REVWUXFWLRQ��$W�WKH�EHJLQQLQJ�QR�SHULWRQHDO�LUULWDWLRQ�ZDV�GHWHFWHG��&7�SHUIRUPHG�ZLWKRXW�FRQWUDVW�GHPRQVWUDWHG�LQWUDPXUDO�ZDOO
WKLFNHQLQJ�LQYROYLQJ�WKH�MHMXQXP��6XUJLFDO�LQWHUYHQWLRQ�ZDV�ODWHU�UHTXLUHG�GXH�WR�WKH�RQVHW�RI�VLJQV�RI�SHULWRQLWLV�DQG�DFWLYH�EOHHGLQJ�

&RQFOXVLRQ��7KH�KLVWRU\�RI�DQWLFRDJXODQW�XVH�LQ�SDWLHQWV�SUHVHQWLQJ�ZLWK�DEGRPLQDO�SDLQ�VKRXOG�DOHUW�WKH�('�SK\VLFLDQ���6PDOO�ERZHO�REVWUXFWLRQ
PD\�EH�WKH�RQVHW��VLJQV�RI�SHULWRQHDO�LUULWDWLRQ�PD\�DSSDHDU�GXH�WR�ZDOO�LVFKHPLF�QHFURVLV�DQG�KHPRSHULWRQHXP��1RQ�FRQWUDVW�&7�VFDQ�LV�WKH
ILUVW�OLQH�GLDJQRVWLF�WRRO��XOWUDVRXQGV�FDQ�EH�DQ�DOWHUQDWLYH�LQ�H[SHUWV�KDQGV��(DUO\�GLDJQRVLV��SURPSW�PHGLFDO�WUHDWPHQW�DQG�FORVH�PRQLWRULQJ�VKRXOG
EH�XQGHUWDNHQ�LQ�WKH�HDUO\�VWDJHV�LQ�RUGHU�WR�DYRLG�XQQHFHVVDU\�VXUJLFDOV�LQWHUYHQWLRQV�RWKHUZLVH�DOORZV�WR�GHWHFW�FDVHV�LQ�ZKLFK�VXUJHU\�FRPHV�WR
UHSUHVHQW�WKH�WKHUDSHXWLF�PHDVXUH�



1(852/2*< 6LPRQH�9DQQL

��������7KH�ILUVW�HPHUJHQF\�SK\VLFLDQ�GULYHQ�GLDJQRVWLF�DOJRULWKP�IRU�DFXWH�YHUWLJR�VKRZHG�YHU\�KLJK�QHJDWLYH�SUHGLFWLYH�YDOXH
IRU�DFXWH�EUDLQ�LQMXU\��WKH�67$1',1*�SURVSHFWLYH�VWXG\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6LPRQH�9DQQL������&ODXGLD�&DVXOD������%LJLDULQL�6RILD������3HLPDQ�1D]HULDQ������&RVLPR�&DYLJOLROL������3HFFL�5XGL������$QGUHD�3DYHOOLQL������3DROR
9DQQXFFKL������6WHIDQR�*ULIRQL����

���(PHUJHQF\�'HSDUWPHQW��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�&DUHJJL��ILUHQ]H��,7$/<
���(PHUJHQF\�'HSDUWPHQW��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�&DUHJJL��)ORUHQFH��,7$/<
���(PHUJHQF\�'HSDUWPHQW��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�&DUHJJL��)LUHQ]H��,7$/<
���9HVWLERORJ\�8QLW��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�&DUHJJL��)ORUHQFH��,7$/<

.H\ZRUGV��9HUWLJR��XQEDODQFH��VWURNH��DFXWH�EUDLQ�LQMXU\��HPHUJHQF\�SK\VLFLDQ

$EVWUDFW��

%DFNJURXQG

9HUWLJR�DQG�XQEDODQFH�DUH�IUHTXHQW�FRPSODLQWV�LQ�HPHUJHQF\�GHSDUWPHQW��('���RIWHQ�GXH�WR�D�EHQLJQ�GLVHDVH��+RZHYHU��WKH�SRVVLELOLW\�RI�DQ�DFXWH
EUDLQ�GLVHDVH�LV�QRW�UHPRWH�DQG�YHUWLJR�DVVHVVPHQW�LV�XVXDOO\�WLPH�DQG�UHVRXUFH�FRQVXPLQJ��:H�DLPHG�WR�LQYHVWLJDWH�WKH�GLDJQRVWLF�DFFXUDF\�RI�DQ
('�GULYHQ�GLDJQRVWLF�DOJRULWKP�

0HWKRGV

&RQVHFXWLYH�DGXOW�SDWLHQWV�SUHVHQWLQJ�ZLWK�YHUWLJR�XQEDODQFH�WR�D�WKLUG�OHYHO�XQLYHUVLW\�KRVSLWDO�LQ�)ORUHQFH��IURP�2FWREHU������WR�0DUFK�������ZHUH
FRQVLGHUHG�IRU�WKH�VWXG\��7KH�67$1',1*�LV�D�IRXU�VWHSV�DOJRULWKP��ZKLFK�LQFOXGHV�WKH�GLVFULPLQDWLRQ�EHWZHHQ�6SRQ7$QHRXV�DQG�SRVLWLRQDO�1
\VWDJPXV��WKH�HYDOXDWLRQ�RI�WKH�'LUHFWLRQ�RI�WKH�Q\VWDJPXV��RI�WKH�KHDG�,PSXOVH�WHVW��+,7��DQG�RI�WKH�VWDQGLQ*�SRVLWLRQ��5HOLDELOLW\�RI�HDFK�VWHS�ZDV
DQDO\VHG�LQ�D�VXEVHW�RI�SDWLHQWV�E\�&RKHQÇV�N�FDOFXODWLRQ��7KH�UHIHUHQFH�VWDQGDUG��FHQWUDO�YHUWLJR��ZDV�D�FRPSRVLWH�RI�DFXWH�EUDLQ�LQMXU\�DW�LQLWLDO
KHDG�LPDJLQJ�RU�D�GLDJQRVLV�RI�VWURNH��GHP\HOLQDWLQJ�GLVHDVH��QHRSODVP�RU�RWKHU�QHZ�RQVHW�EUDLQ�GLVHDVH�GXULQJ���PRQWKV�IROORZ�XS��DGMXGLFDWHG�E\
DQ�LQGHSHQGHQW�SDQHO�RI�H[SHUWV�LQ�YHVWLEXODU�GLVHDVH�DQG�QHXURLPDJLQJ�

5HVXOWV

7KUHH�KXQGUHG�DQG�ILIW\�RQH�SDWLHQWV�ZHUH�LQFOXGHG�ZLWK�D�PHDQ�DJH�RI�����k���\HDUV��ZLWK�D�VOLJKW�SUHYDOHQFH���������RI�IHPDOHV��:H�IRXQG�DQ
LQFLGHQFH�RI�DFXWH�EUDLQ�GLVHDVH�RI������������&,��������������7KH�OHDGLQJ�FDXVH�ZDV�LVFKHPLF�VWURNH���������IROORZHG�E\�QHRSODVWLF�GLVHDVH
���������(DFK�VWHS�RI�WKH�67$1',1*�DOJRULWKP�VKRZHG�H�JRRG�UHOLDELOLW\��WKH�VHFRQG�VWHS��WKH�DQDO\VLV�RI�WKH�GLUHFWLRQ�RI�Q\VWDJPXV��VKRZLQJ�WKH
KLJKHVW��������DQG�WKH�+,7�WHVW�WKH�ORZHVW��������DJUHHPHQW��7KH�RYHUDOO�DFFXUDF\�RI�WKH�WHVW�ZDV�JRRG�����������&,���������VKRZLQJ�JRRG
VSHFLILFLW\�����������&,����������KLJK�VHQVLWLYLW\�����������&,���������DQG�YHU\�KLJK�QHJDWLYH�SUHGLFWLYH�YDOXH�����������&,����������IRU�DFXWH
EUDLQ�GLVHDVH�

&RQFOXVLRQ

7KH�67$1',1*�GLDJQRVWLF�DOJRULWKP�VKRZHG�JRRG�UHOLDELOLW\�DQG�KLJK�DFFXUDF\�LQ�H[FOXGLQJ�DFXWH�EUDLQ�GLVHDVH�LQ�WKH�HPHUJHQF\�VHWWLQJ��



',6($6(�	�,1-85<�35(9(17,21 6XK�'RQJEXP

��������(SLGHPLRORJ\�RI�&OLQLFDOO\�6LJQLILFDQW�3OD\JURXQG�,QMXULHV�7R�&KLOGUHQ�,Q�.RUHD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6XK�'RQJEXP������.ZDN�<RXQJ�+R������.LP�'R�.\XQ����

�����6HRXO�1DWLRQDO�8QLYHUVLW\�+RVSLWDO��6HRXO��.25($��5(38%/,&�2)

.H\ZRUGV��HSLGHPLRORJ\��SOD\JURXQG��NRUHD

$EVWUDFW��

%DFNJURXQGV���0RVW�RI�HSLGHPLRORJLF�VWXG\�RI�SOD\JURXQG�HTXLSPHQW�UHODWHG�LQMXULHV�DUH�SULPDULO\�FRQGXFWHG�ZLWK�GDWD�IURP�WKH�8QLWHG�6WDWHV�DQG
&DQDGD��7KLV�VWXG\�XVHG�ORFDO�GDWD�UDWKHU�WKDQ�IURP�WKH�8QLWHG�6WDWHV�RU�&DQDGD�WR�HYDOXDWH�LQMXULHV�ZLWKLQ�WKH�SOD\JURXQG�

$LP���7KLV�VWXG\�XVHG�WKH�.RUHDQ�&HQWHU�IRU�'LVHDVH�&RQWURO�.&'&��GDWD�VHW�LQYHVWLJDWHV�WKH�IDFWRUV�RI�FOLQLFDOO\�LPSRUWDQW�SOD\JURXQG�LQMXULHV�WKDW
UHTXLUHG�LQSDWLHQW�WUHDWPHQW�

0HWKRGV���:H�LGHQWLILHG�DQG�UHWURVSHFWLYHO\�UHYLHZHG�SDWLHQWV�DJHG������\HDUV�ROG�ZLWK�SOD\JURXQG�LQMXU\��DV�HYDOXDWHG�LQ�WKH�HPHUJHQF\�URRP�RI��
KRVSLWDOV�SDUWLFLSDWHG�LQ�.&'&�LQMXU\�VXUYHLOODQFH�V\VWHP�LQ�������:H�FRQGXFWHG�GHVFULSWLYH�VWDWLVWLFV�DQG�WKH�3HDUVRQ
V�FKL�VTXDUHG�WHVW��DQG
PXOWLQRPLDO�ORJLVWLF�UHJUHVVLRQV�ZLWK�VHYHUDO�LQMXU\�IDFWRUV�

5HVXOWV���7KHUH�ZHUH�������FDVHV�WKDW�SUHVHQWHG�LQ�WKH�HPHUJHQF\�URRP�RI�VWXG\�KRVSLWDOV�ZLWK�LQMXULHV�LQ�SOD\JURXQG�DQG�LQMXULHV�XQUHODWHG�WR
SOD\JURXQG�HTXLSPHQW�DUH�����FDVHV����������7KH�PRVW�FRPPRQ�LQMXU\�PHFKDQLVP�ZDV�LPSDFW����������IROORZHG�E\�IDOO����������7KH�PRVW
FRPPRQ�LQMXU\�ZDV�ODFHUDWLRQ�RI�WKH�KHDG�IDFH�QHFN����������IROORZHG�E\�FRQWXVLRQ�RI�WKH�KHDG�IDFH�QHFN���������DQG�XSSHU�H[WUHPLW\�IUDFWXUH
���������$PRQJ�����KRVSLWDOL]HG�SDWLHQWV���������WKH�OHDGLQJ�PHFKDQLVP�RI�LQMXULHV�ZDV�IDOO����������LPSDFW����������DQG�WULS���������DQG�WKH
PDMRULW\�RI�WKH�LQMXULHV�DIIHFWHG�XSSHU�H[WUHPLWLHV�DV�WKH�SULPDU\�VLWH�RI�LQMXU\����������7KH�LQMXU\�WKDW�UHTXLUHG�WKH�PRVW�QXPEHU�RI�KRVSLWDOL]DWLRQV
ZDV�XSSHU�H[WUHPLW\�IUDFWXUHV����������IROORZHG�E\�ORZHU�H[WUHPLW\�IUDFWXUH���������$PRQJ�XSSHU�H[WUHPLW\�IUDFWXUHV�ZKLFK�FRPSULVHG�WKH�PDMRULW\
RI�FKLHI�FRPSODLQWV�IRU�KRVSLWDOL]DWLRQ��DJHV�������25������&,�����������DQG�SOD\JURXQGV�VLWXDWHG�LQ�SXEOLF�SODFHV��25������&,����������ZHUH�LGHQWLILHG
DV�VLJQLILFDQW�ULVN�IDFWRUV�

&RQFOXVLRQ���7KH�SOD\JURXQG�VDIHW\�HGXFDWLRQ�VKRXOG�EH�HPSKDVL]HG�IRU�DJHV������JURXS�DQG�D�SROLF\�FKDQJH�LV�QHFHVVDU\�WR�GHFUHDVH�WKH�QXPEHU
RI�DFFLGHQWV�ZLWKLQ�SXEOLF�SOD\JURXQGV�LQ�6RXWK�.RUHD�



('8&$7,21�$1'�75$,1,1* 7KHR�:DOWKHU�-HQVHQ

��������4XDOLW\�RI�'DQLVK�&35�FRXUVHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7KHD�3DOVJDDUG�0�OOHU������6�UHQ�9LHULFN������7KRPDV�(JHVERUJ�3HGHUVHQ������)UHGULN�)RONH������)UHGG\�/LSSHUW������-HQV�)OHQVWG�/DVVHQ������7KHR
:DOWKHU�-HQVHQ������'RULV�~VWHUJDDUG����

���(06��(06�&RSHQKDJHQ��&RSHQKDJHQ��'(10$5.
���)LUVW�$LG��'DQLVK�)LUVW�$LG�&RXQFLO��&RSHQKDJHQ��'(10$5.
���&KDLU��'DQLVK�5HVFXVFLWDWLRQ�&RXQFLO��&RSHQKDJHQ��'(10$5.
���+HDG�RI�,QVWLWXWH��&RSHQKDJHQ�$FDGHP\�IRU�0HGLFDO�(GXFDWLRQ�DQG�6LPXODWLRQ��&$0(6���&RSHQKDJHQ��'(10$5.

.H\ZRUGV��&35��%/6��4XDOLW\

$EVWUDFW��

4XDOLW\�RI�'DQLVK�&35�FRXUVHV�IRU�OD\SHUVRQV

�

%DFNJURXQG

%\VWDQGHU�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35��LV�LPSRUWDQW�IRU�VXUYLYDO�IURP�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��,QFUHDVH�LQ�E\VWDQGHU�&35�LV�DVVRFLDWHG
ZLWK�LQFUHDVHG�VXUYLYDO������7KH�TXDOLW\�RI�E\VWDQGHU�&35�LV�OLNHO\�DIIHFWHG�E\�WKH�TXDOLW\�RI�%DVLF�/LIH�6XSSRUW��%/6��FRXUVHV��������7KH�SXUSRVH�RI
WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�TXDOLW\�DQG�DGKHUHQFH�WR�LQWHUQDWLRQDO�JXLGHOLQHV�LQ�'DQLVK�%/6�FRXUVHV�

�

0HWKRG

%DVHG�RQ�SUHYLRXV�PRGHOV�DQG�HOHPHQWV�LPSRUWDQW�IRU�VXUYLYDO��D�FRXUVH�HYDOXDWLRQ�VKHHW�ZDV�GHYHORSHG��,W�LQFOXGHG����HOHPHQWV�RQ�D�ILYH�SRLQW
/LNHUW�VFDOH�LQFRUSRUDWLQJ�WKHRUHWLFDO��WHFKQLFDO��DQG�QRQ�WHFKQLFDO�VNLOOV��6L[�H[SHULHQFHG�%/6�LQVWUXFWRUV�IURP�YDULRXV�RUJDQL]DWLRQV�ZKHUH�WUDLQHG
LQ�WKH�XVH�RI�WKH�HYDOXDWLRQ�VKHHW�

�

5HVXOWV

$�WRWDO�RI����FRXUVH�REVHUYDWLRQV�ZKHUH�FRQGXFWHG�ZLWK�WKH�WHQ�RI�WKH�ODUJHVW�QDWLRQDO�%/6�SURYLGHUV��7KH�UHVXOWV�RI�WKH�REVHUYDWLRQV�VKRZHG
YDULDWLRQ�EHWZHHQ�FRXUVHV�LQ�PRVW�HOHPHQWV��$OO�H[DPLQHG�FRXUVHV�KDG�DQ�DQQRXQFHG�OHQJWK�RI�WKUHH�WR�IRXU�KRXUV��2I�WKH�REVHUYHG�FRXUVHV����
KDG�OHVV�WKDQ�RQH�KRXU�RI�SUDFWLFDO�WUDLQLQJ��0RVW�QRWLFHDEOH�ZHUH�WKH�YDULDWLRQ�ZLWKLQ�UHFRLO��DJRQDO�EUHDWKLQJ��FKHFN�IRU�FRQVFLRXVQHVV��WHOHSKRQH
DVVLVWHG�&35��DQG�$('�XVH��7KH�SUHOLPLQDU\�UHVXOWV�LQGLFDWH�DQ�DVVRFLDWLRQ�EHWZHHQ�YDULDWLRQ�LQ�FRXUVH�HOHPHQWV�DQG�QXPEHU�RI�SDUWLFLSDQWV�SHU
LQVWUXFWRU�DQG�WKH�OHQJWK�RI�SUDFWLFDO�WUDLQLQJ�

�

&RQFOXVLRQ

3UHOLPLQDU\�YDULDWLRQ�LQ�DGKHUHQFH�WR�LQWHUQDWLRQDO�JXLGHOLQHV��FRQWHQW��DQG�TXDOLW\�KDV�EHHQ�GRFXPHQWHG�LQ�'DQLVK�%/6�FRXUVHV�DQG�FDQ�EH�XVHG�WR
LPSURYH�IXWXUH�%/6�FRXUVHV��

�

�����������:LVVHQEHUJ�0��/LSSHUW�).��)RONH�)��:HHNH�3��+DQVHQ�&0��&KULVWHQVHQ�()��HW�DO��$VVRFLDWLRQ�RI�QDWLRQDO�LQLWLDWLYHV�WR�LPSURYH�FDUGLDF�DUUHVW
PDQDJHPHQW�ZLWK�UDWHV�RI�E\VWDQGHU�LQWHUYHQWLRQ�DQG�SDWLHQW�VXUYLYDO�DIWHU�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��-DPD�����������������������

�����������:DJQHU�3��/LQJHPDQQ�&��$UQW]�+5��%UHFNZROGW�-��2IILFLDO�OD\�EDVLF�OLIH�VXSSRUW�FRXUVHV�LQ�*HUPDQ\��LV�GHOLYHUHG�FRQWHQW�XS�WR�GDWH�ZLWK�WKH
JXLGHOLQHV"�$Q�REVHUYDWLRQDO�VWXG\��(PHUJHQF\�PHGLFLQH�MRXUQDO���(0-�������

�����������3DUQHOO�00��/DUVHQ�3'��3RRU�TXDOLW\�WHDFKLQJ�LQ�OD\�SHUVRQ�&35�FRXUVHV��5HVXVFLWDWLRQ�������������������



&35���5(686&,7$7,21 0LFKDHO�0F&DUURQ

��������6WDII�SHUFHSWLRQV�RI�SDHGLDWULF�UHVXVFLWDWLRQ�GHFLVLRQV�IROORZLQJ�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0LFKDHO�0F&DUURQ������5DFKDHO�)ULHU\������-DVRQ�+RUW����

���(PHUJHQF\�'HSDUWPHQW��7KH�&KLOGUHQ
V�+RVSLWDO�DW�:HVWPHDG��6\GQH\��$8675$/,$

.H\ZRUGV��SDHGLDWULF��UHVXVFLWDWLRQ��HPHUJHQF\��&35

$EVWUDFW��

5HVXVFLWDWLRQ�LV�XQVXFFHVVIXO�LQ��������RI�FDVHV�DQG�VXUYLYDO�LQ�FKLOGUHQ�LV�ZRUVH�WKDQ�LQ�DGXOWV��$�UHYLHZ�RI�SDWLHQWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\
GHSDUWPHQW�DW�D�WHUWLDU\�SDHGLDWULF�KRVSLWDO�LQ�:HVWHUQ�6\GQH\�RYHU�D����\HDU�SHULRG�IRXQG�WKDW������RI�FKLOGUHQ�GLHG�IROORZLQJ�RXW�RI�KRVSLWDO
FDUGLDF�DUUHVW�ZKHQ�&35�ZDV�RQJRLQJ�DW�WLPH�RI�SUHVHQWDWLRQ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��'HVSLWH�VXFK�SRRU�RXWFRPHV��SDHGLDWULF�UHVXVFLWDWLRQ
DWWHPSWV�WHQG�WR�FRQWLQXH�IRU�ORQJHU�WKDQ�LQ�DGXOWV�GXH��DW�OHDVW�LQ�SDUW��WR�HPRWLRQDO�UHDVRQV��+RZHYHU��WKHUH�LV�QR�VLQJOH�SUHGLFWRU�IRU�ZKHQ�WR
FHDVH�HIIRUWV�LQ�WKH�FDVH�RI�DQ�XQVXFFHVVIXO�UHVXVFLWDWLRQ�

,Q�DGXOW�SUDFWLFH�WKHUH�H[LVWV�D�SURVSHFWLYHO\�YDOLGDWHG�VHW�RI�UXOHV�IRU�WKH�WHUPLQDWLRQ�RI�FDUGLR�SXOPRQDU\�UHVXVFLWDWLRQ��&35��LQ�WKH�SUH�KRVSLWDO
VHWWLQJ�IROORZLQJ�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$���&XUUHQWO\��QR�UXOHV�H[LVW�IRU�WKH�SDHGLDWULF�SRSXODWLRQ�

2XU�HPHUJHQF\�GHSDUWPHQW�VHHNV�WR�GHYHORS�D�GHFLVLRQ�PDNLQJ�WRRO�ZKLFK�ZLOO�VXSSRUW�DQG�JXLGH�FOLQLFDO�VWDII�LQ�UHDFKLQJ�WKH�GHFLVLRQ�RI�ZKHQ�WR
VWRS�UHVXVFLWDWLRQ�LQ�SDWLHQWV�ZKR�SUHVHQW�WR�WKH�HPHUJHQF\�GHSDUWPHQW�IROORZLQJ�2+&$�ZKR�DUH�UHFHLYLQJ�&35�RQ�DUULYDO��8QGHUVWDQGLQJ�VWDII
SHUFHSWLRQV�LQ�UHODWLRQ�WR�FXUUHQW�SUDFWLFH�DQG�LQYROYLQJ�VWDII�LQ�WKH�GHYHORSPHQW�RI�WKH�GHFLVLRQ�PDNLQJ�WRRO�ZLOO�KHOS�HQVXUH�ORFDO�VWDII�HQJDJHPHQW�
ZKLFK�LQ�WXUQ�ZLOO�DLG�LQ�LWV�VXFFHVVIXO�LPSOHPHQWDWLRQ�

2XU�VXUYH\�DLPV�WR�JDWKHU�WKH�SHUFHSWLRQV�RI�VWDII�LQ�UHODWLRQ�WR�RXU�FXUUHQW�SUDFWLFH�ZKHQ�GHFLGLQJ�WR�FHDVH�UHVXVFLWDWLRQ�HIIRUWV��,W�DOVR�DLPV�WR
GHVFULEH�WKHLU�YLHZV�RQ�WKH�GHFLVLRQ�SURFHVV�IRU�FHDVLQJ�UHVXVFLWDWLRQ�DWWHPSWV�DQG�LGHQWLI\�WKHLU�RSLQLRQ�RQ�WKH�QHHG�IRU�D�GHFLVLRQ�PDNLQJ�WRRO
ZLWKLQ�RXU�GHSDUWPHQW�

:H�FRQGXFWHG�D�ZHE�EDVHG��TXDOLWDWLYH�VWDII�VXUYH\�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�7KH�&KLOGUHQÇV�+RVSLWDO�DW�:HVWPHDG��D�WHUWLDU\�SDHGLDWULF
KRVSLWDO�DQG�SDHGLDWULF�WUDXPD�FHQWUH�LQ�:HVWHUQ�6\GQH\��7KH�WZR�SDUW�VXUYH\�DVVHVVHG�VWDII�YLHZV�DQG�SHUFHSWLRQV�RI�SDHGLDWULF�UHVXVFLWDWLRQ
IROORZLQJ�FDUGLR�UHVSLUDWRU\�DUUHVW�LQ�UHODWLRQ�WR�WKH�ODVW�FDVH�LQ�ZKLFK�WKH\�ZHUH�LQYROYHG�DV�ZHOO�DV�WKHLU�JHQHUDO�YLHZV�DQG�SHUFHSWLRQV��7KH�VXUYH\
DOVR�DVVHVVHG�VWDII�RSLQLRQ�RQ�WKH�XVHIXOQHVV�RI�D�WRRO�WR�JXLGH�DQG�VXSSRUW�GHFLVLRQ�PDNLQJ�LQ�UHODWLRQ�WR�FHDVLQJ�UHVXVFLWDWLRQ�HIIRUWV�

7KH�UHVXOWV�RI�WKH�VXUYH\�ZLOO�KHOS�LQIRUP�WKH�GHYHORSPHQW�RI�RXU�GHFLVLRQ�PDNLQJ�WRRO�WR�DGGUHVV�WKH�QHHGV�RI�FOLQLFDO�VWDII�DQG�LGHQWLI\�SRWHQWLDO
EDUULHUV�WR�WKH�LPSOHPHQWDWLRQ�RI�WKH�WRRO�ZLWKLQ�WKH�SDHGLDWULF�HPHUJHQF\�GHSDUWPHQW�



('8&$7,21�$1'�75$,1,1* %UDQND�7RPOMDQRYLs

��������,PSOHPHQWDWLRQ�RI�SULQFLSOHV�RI�SDOOLDWLYH�FDUH�LQ�(PHUJHQF\�0HGLFLQH�LQ�&URDWLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DMD�*UED�%XMHYLF������0LOHQD�&DU������%UDQND�7RPOMDQRYLF����

���(PHUJHQF\�PHGLFLQH��&URDWLDQ�,QVWLWXWH�RI�(PHUJHQF\�0HGLFLQH��.DUORYDF��&52$7,$
���HPHUJHQF\�PHGLFLQH��&URDWLDQ�,QVWLWXWH�RI�(PHUJHQF\�0HGLFLQH��=DJUHE��&52$7,$
���(PHUJHQF\�PHGLFLQH��&URDWLDQ�,QVWLWXWH�RI�(PHUJHQF\�0HGLFLQH��=DJUHE��&52$7,$

.H\ZRUGV��SDOOLDWLYH�FDUH��(PHUJHQF\�0HGLFDO�6HUYLFH��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

3DWLHQWV�ZLWK�HQG�VWDJH�GLVHDVH�RU�DW�WKH�HQG�RI�OLIH�VWDJH��SDOOLDWLYH�SDWLHQW��RIWHQ�SUHVHQW�WR�WKH�HPHUJHQF\�GHSDUWPHQW�RU�DVN�IRU�SUHKRVSLWDO
HPHUJHQF\�PHGLFDO�VHUYLFH�LQWHUYHQWLRQ�EHFDXVH�WKH\�QHHG�SDLQ�RU�V\PSWRPV�UHOLHI��SURYLGHUV�RI�HPHUJHQF\�PHGLFDO�FDUH�LQ�ERRWK�KRVSLWDO�DQG
SUHKRVSLWDO�VHWWLQJV�QHHG�WR�EH�IDPLOLDUL]HG�ZLWK�VSHFLILF�DSSURDFKHV�WR�SDOOLDWLYH�SDWLHQWV�

)ROORZLQJ�WKH�6WUDWHJ\�IRU�GHYHORSPHQW�RI�SDOOLDWLYH�FDUH�LQ�&URDWLD�������������&URDWLDQ�0LQLVWU\�RI�+HDOWK�VWUHVVHG�WKH�LPSRUWDQFH�RI�LPSURYHPHQW
RI�FDUH�IRU�SDOOLDWLYH�SDWLHQWV�LQ�SUHKRVSLWDO�DQG�KRVSLWDO�HPHUJHQF\�PHGLFLQH�VHWWLQJV��)RU�WKLV�SXUSRVH�&URDWLDQ�,QVWLWXWH�RI�(PHUJHQF\�0HGLFLQH
WRJHWKHU�ZLWK�QDWLRQDO�H[SHUWV�IRU�SDOOLDWLYH�FDUH�RUJDQL]HG�IRXU�UHJLRQDO�ZRUNVKRSV�DQG�LQLWLDWHG�GHYROSPHQW�RI�3UHKRVSLWDO�DQG�KRVSLWDO�HPHUJHQF\
PHGLFDO�VHUYLFH�JXLGHOLQHV�IRU�FDUH�RI�SDOOLDWLYH�SDWLHQWV��:RUNVKRSV�ZHUH�RUJLQH]HG�IRU�SUHKRVSLWDO�DQG�KRVSLWDO�HPHUJHQF\�ZRUNHUV�DQG�FRXQW\
SROLF\�PDNHUV�ZLWK�DLP�WR�H[FKDQJH�H[SLHUHQFH��FROOHFW�VXJJHVWLRQV�DQG�SHUVRQDO�SHUVSHFWLYHV�RI�WKHLU�UROHV�LQ�WKH�GHOLYHU\�RI�SDOOLDWLYH�FDUH�LQ
HPHUJHQF\�PHGLFDO�VHWWLQJV��7RSLFV�RI�WKH�ZRUNVKRSV�FRYHUHG�LPSURYHPHQW�RI�SDOOLDWLYH�FDUH�NQRZOHGJH��DZHUHQHVV�RI�DYDLODEOH�KRVSLWDO�DQG
SUHKRVSLWDO�UHVRXUFHV�DQG�RI�LQ�KRXVH�SDOOLDWLYH�FDUH�WHDPV�DQG�WKHLU�KRXUV�RI�DYDLODELOLW\�LQ�WKHLU�ORFDO�VXUURXQGLQJV��*XLGHOLQHV�SURYLGH�WKH�LQLWLDO
LQIRUPDWLRQ�DERXW�SDOLDWLYH�FDUH�LQ�HPHUJHQF\�PHGLFDO�VHWWLQJV��LQFOXGLQJ�V\PSWRP�DQG�SDLQ�UHFRJQLWLRQ�DQG�PDQDJHPHQW�GHVFULEH�KRZ�WR�FRQGXFW
GLVFXVVLRQ�ZLWK�IDPLOLHV�DQG�KRZ�WR�PDNH�FULWLFDO�GHFLVLRQV�

1H[W�VWHS�LQ�LPSURYHPHQW�RI�SDOOLDWLYH�FDUH�LQ�HPHUJHQF\�PHGLFLQH�VHWWLQJV�LV�WR�SUHSDUH�DQG�RUJDQL]H�WUDLQLQJ�FRXUVHV�IRU�HPHUJHQF\�PHGLFDO
ZRUNHUV�GHDOLQJ�ZLWK�DFXWH�SDOOLDWLYH�SDWLHQWV��EDVHG�RQ�IUDPHZRUN�GHILQHG�LQ�JXLGHOLQHV�



('8&$7,21�$1'�75$,1,1* $ULI�7\HEDOO\

��������$�EOHQGHG�WHDP�EDVHG�OHDUQLQJ�LQLWLDWLYH�IRU�D�SDHGLDWULF�HPHUJHQF\�PHGLFLQH�RULHQWDWLRQ�SURJUDPPH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$ULI�7\HEDOO\����

���3DHGLDWULF�(PHUJHQF\�0HGLFLQH��..�:RPHQ
V�$QG�&KLOGUHQ
V�+RVSLWDO��6LQJDSRUH��6,1*$325(

.H\ZRUGV��SDHGLDWULF�HPHUJHQF\�PHGLFLQH��EOHQGHG�OHDUQLQJ��WHDP�EDVHG�OHDUQLQJ��HGXFDWLRQ

$EVWUDFW��

%DFNJURXQG��,QWURGXFWLRQ

%RWK�%OHQGHG�/HDUQLQJ�DQG�7HDP�%DVHG�/HDUQLQJ��7%/��KDYH�URRWV�LQ�WKH�FRQVWUXFWLYLVW�WKHRU\��ZKLFK�HPSKDVL]HV�OHDUQHUV�WDNLQJ�LQLWLDWLYHV�LQ
OHDUQLQJ��,QGLYLGXDOO\��%OHQGHG�/HDUQLQJ�DQG�7%/�KDYH�EHHQ�VKRZQ�WR�EH�XVHIXO�LQVWUXFWLRQDO�PHWKRGV�EXW�WKHUH�KDV�EHHQ�OLWWOH�UHVHDUFK�GRQH�RQ�WKH
FRPELQDWLRQ�RI�WKH�WZR��$Q�RULHQWDWLRQ�SURJUDPPH�LQ�SDHGLDWULF�HPHUJHQF\�PHGLFLQH�ZDV�GHYHORSHG�XVLQJ�D�FRPELQDWLRQ�RI�WKH�WZR��%OHQGHG�7%/��
7KLV�FRPELQDWLRQ��DOORZV�FROODERUDWLYH�ZRUN�RQ�UHDO�OLIH�FOLQLFDO�SUREOHPV��UHSHWLWLRQ��DFFRXQWDELOLW\��LQGHSHQGHQW�OHDUQLQJ�DQG�LQGLUHFW�FRDFKLQJ�E\
IDFXOW\��DQG�LV�OLNHO\�WR�SOD\�DQ�LPSRUWDQW�UROH�LQ�SUHSDULQJ�GRFWRUV�IRU�DFWXDO�ZRUN�RQ�WKH�JURXQG�

�

3DUWLFLSDWLRQ�DQG�0HWKRGV

7KH�SURJUDPPH�LV�FRPSXOVRU\�IRU�DOO�MXQLRU�GRFWRUV�ZKR�URWDWH�WKURXJK�(PHUJHQF\�0HGLFLQH�DW�..�:RPHQÇV�DQG�&KLOGUHQÇV�+RVSLWDO��7KH�%OHQGHG
7%/�SURJUDPPH�FRPSULVHV�H�OHDUQLQJ�PRGXOHV�WKDW�KDYH�WR�EH�FRPSOHWHG�RYHU�D�SHULRG�RI���ZHHNV�DQG�WKUHH��ZHHNO\��IDFH�WR�IDFH�7%/�VHVVLRQV�ZLWK
IDFXOW\���7KH�RQOLQH�PRGXOHV�LQFOXGH�SDWLHQW�YLJQHWWHV�DQG�FOLQLFDO�VFHQDULRV��TXL]]HV��UHDO�WLPH�IHHGEDFN�WR�TXHVWLRQV��ZHE�OLQNV��VHOI�DVVHVVPHQW
DQG�PXOWLPHGLD�VXFK�DV�YLGHRV�DQG�DXGLR�UHFRUGLQJV�WR�LPSURYH�OHDUQHU�HQJDJHPHQW��7KH�7%/�FRPSRQHQW�FRPSULVHV�SUH�FODVV�SUHSDUDWLRQ�YLD�WKH
RQOLQH�PRGXOHV��UHDGLQHVV�DVVXUDQFH�WHVWV�DQG�DSSOLFDWLRQ�H[HUFLVHV�EDVHG�RQ�UHDO�OLIH�FOLQLFDO�VFHQDULRV��$W�WKH�HQG�RI�WKH�SURJUDPPH��OHDUQHU
SHUFHSWLRQV�DUH�DVVHVVHG�XVLQJ�WKH�(7(/0�/3��(YDOXDWLRQ�RI�7HFKQRORJ\�(QKDQFHG�/HDUQLQJ�0DWHULDOV��/HDUQHU�3HUFHSWLRQ��LQVWUXPHQW�WKDW�FROOHFWV
ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�

�

5HVXOWV

���OHDUQHUV�XQGHUZHQW�WKH�SURJUDPPH�IURP�1RYHPEHU������WR�$SULO�����������RI�OHDUQHUV�DJUHHG�RU�VWURQJO\�DJUHHG�WKDW�WKH�FRXUVH�ZDV�H[FHOOHQW�
SUHSDUHG�WKHP�IRU�ZRUN�RQ�WKH�JURXQG�DQG�SURPRWHG�DFKLHYHPHQW�RI�WKH�FRXUVH�REMHFWLYHV������IRXQG�WKDW�WKH�FRXUVH�ZRXOG�FKDQJH�WKHLU�SUDFWLFH�
7KH�TXDOLWDWLYH�IHHGEDFN�UHYHDOHG�WKDW�WKH�FRPSRQHQWV�WKDW�OHDUQHUV�DSSUHFLDWHG�PRVW�ZHUH�WKH�PXOWLSOH�OHYHOV�RI�LQWHUDFWLRQ����������TXHVWLRQV
DQG�FOLQLFDO�VFHQDULRV����������WKH�UHOHYDQFH�WR�UHDO�ZRUN���������DQG�WKH�FROODERUDWLYH�JURXS�ZRUN����������/HDUQHUV�IHOW�WKDW�WKH�SURJUDPPH�JDYH
WKHP�WKH�FRQILGHQFH�WR�VWDUW�ZRUN�

�

&RQFOXVLRQ

%OHQGHG�7HDP�%DVHG�OHDUQLQJ�PD\�EH�D�XVHIXO�LQVWUXFWLRQDO�PHWKRG�WKDW�FRPELQHV�WKH�EHQHILWV�RI�%OHQGHG�/HDUQLQJ�DQG�7%/��7KH�FROODERUDWLYH
OHDUQLQJ�WKDW�WDNHV�SODFH�DPRQJVW�SHHUV��ZKHQ�UHDO�OLIH�SUREOHPV�DUH�GLVFXVVHG�DQG�RSSRUWXQLWLHV�DUH�JLYHQ�IRU�UHIOHFWLRQ��PD\�HQKDQFH�OHDUQLQJ
DQG�SUHSDUH�GRFWRUV�IRU�FOLQLFDO�ZRUN��



&$5',29$6&8/$5 6LPRQH�9DQQL

��������'LDJQRVWLF�DFFXUDF\�RI�HPHUJHQF\�HFKRFDUGLRJUDSK\�DQG�YHQRXV�FRPSUHVVLRQ�XOWUDVRQRJUDSK\�LQ�SDWLHQWV�ZLWK
VXVSHFWHG�SXOPRQDU\�HPEROLVP�SUHVHQWLQJ�ZLWK�VKRFN�RU�FDUGLDF�DUUHVW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6LPRQH�9DQQL������*DEULHOH�9LYLDQL������3HLPDQ�1D]HULDQ������0LFKHOH�%DLRQL������&KLDUD�*LJOL������&RVLPR�&DYLJOLROL������9DOHULR�6WHIDQRQH������*DEULHOH
&HULQL������*LXVHSSH�3HSH������6WHIDQR�*ULIRQL����

���(PHUJHQF\�'HSDUWPHQW��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�&DUHJJL��ILUHQ]H��,7$/<
���(PHUJHQF\�'HSDUWPHQW��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�&DUHJJL��)LUHQ]H��,7$/<
���(PHUJHQF\�'HSDUWPHQW��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�&DUHJJL��)ORUHQFH��,7$/<

.H\ZRUGV��&DUGLDF�DUUHVW��HFKRFDUGLRJUDSK\��SXOPRQDU\�HPEROLVP��VKRFN��YHLQ�FRPSUHVVLRQ�XOWUDVRXQG�

$EVWUDFW��

%DFNJURXQG��7R�HYDOXDWH�GLDJQRVWLF�SHUIRUPDQFH�RI�HPHUJHQF\�HFKRFDUGLRJUDSK\��((&��DQG�RI�YHQRXV�FRPSUHVVLRQ�XOWUDVRQRJUDSK\��&86��LQ
SDWLHQWV�ZLWK�VXVSHFWHG�3(�SUHVHQWLQJ�ZLWK�VKRFN�RU�FDUGLDF�DUUHVW�

0HWKRGV��&RQVHFXWLYH�DGXOW�SDWLHQWV�VXVSHFWHG�RI�3(��SUHVHQWLQJ�ZLWK�VKRFN�RU�FDUGLDF�DUUHVW�WR�IRXU�GLIIHUHQW�,WDOLDQ�(PHUJHQF\�'HSDUWPHQWV�
ZHUH�LQFOXGHG��$OO�SDWLHQWV�XQGHUZHQW�((&�DQG�&86�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�EHIRUH�ILQDO�GLDJQRVLV��(PHUJHQF\�SK\VLFLDQV�H[SHUW�LQ�((&�DQG
&86�SHUIRUPHG�WKH�WHVWV��3(�GLDJQRVLV�ZDV�HVWDEOLVKHG�E\�PXOWL�GHWHFWRU�&7�SXOPRQDU\�DQJLRJUDSK\�RU�E\�DXWRSV\�

5HVXOWV��:H�LQFOXGHG����SDWLHQWV��ZLWK�D�PHDQ�DJH�RI���k���\HDUV��)RUW\�������SDWLHQWV�VKRZHG�59'�����������VKRZHG�GHHS�YHLQ�WKURPERVLV�DW
&86�DQG����������KDG�D�ILQDO�GLDJQRVLV�RI�3(��6HQVLWLYLW\��VSHFLILFLW\��SRVLWLYH�SUHGLFWLYH�YDOXH��339��DQG�QHJDWLYH�SUHGLFWLYH�YDOXH��139��RI�((&�ZHUH
�����&,������������������&,������������������&,������������DQG������&,�������������UHVSHFWLYHO\��&86�VKRZHG�D�ORZHU�VHQVLWLYLW\�����������&,
��������DQG�KLJKHU�VSHFLILFLW\�����������&,���������DQG�339�����������&,���������WKDQ�((&��S������IRU�DOO���:KHQ�ERWK�((&�DQG�&86�ZHUH
SRVLWLYH�����RXW�RI����SDWLHQWV�������WKH�339�URVH�WR�������ZKHUHDV�ZKHQ�ERWK�((&�DQG�&86�ZHUH�QHJDWLYH�����RXW�RI����SDWLHQWV�������WKH�139
LQFUHDVHG�WR����������&,���������

&RQFOXVLRQ��(PHUJHQF\�HFKRFDUGLRJUDSK\�VKRZHG�KLJK�EXW�QRW�RSWLPDO�VHQVLWLYLW\�DQG�VSHFLILFLW\�IRU�3(�LQ�SDWLHQWV�SUHVHQWLQJ�ZLWK�VKRFN�RU
FDUGLDF�DUUHVW��7KH�DGGLWLRQ�RI�&86�VLJQLILFDQWO\�LQFUHDVHG�VSHFLILFLW\��VR�WKDW�WKH�GLDJQRVLV�RI�3(�FDQ�EH�FHUWDLQ�RQO\�ZKHQ�ERWK�WHVWV�DUH�SRVLWLYH�



&$6(�35(6(17$7,21 'DQLHOD�5RVLOOR�&DVWUR

��������:KDW�FRXOG�EH�EHKLQG�D�SOHXUDO�HIIXVLRQ"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&DUPHQ�+HUQ�QGH]�0DUW�QH]������'DQLHOD�5RVLOOR�&DVWUR������5RF�R�/�SH]�9DOFDUFHO������0DULD�GHO�0DU�GH�OD�7RUUH�2OLYDUHV������(VWHIDQ�D�&DUUH�R
$URFD������3DXOD�5RGULJXH]�/DYDGR����

���(PHUJHQF\���+RVSLWDO�&RPDUFDO�GHO�1RURHVWH�GH�&DUDYDFD��0XUFLD��63$,1

.H\ZRUGV��+HPRWKRUD[��7UDXPD��'\VSQRHD

$EVWUDFW��

&/,1,&$/�&$6(�
0DOH������K\SHUWHQVLRQ��GLDEHWHV�DQG�G\VOLSLGHPLD��ZLWK�SHULSKHUDO�DUWHULDO�GLVHDVH��ELSRODU�GLVRUGHU�DQG�LVFKHPLF�KHDUW�GLVHDVH�ZLWK�LQIHULRU�$0,
�����ZLWK�DQJLRSODVW\�DQG�VWHQW����DQJLRSODVW\�UHVWHQRVLV�LQ������DQG�������,Q�0DUFK�������UHTXLUHG�,&8�DGPLVVLRQ��E\�RFFOXVLYH�UHVWHQRVLV�ULJKW
FRURQDU\�E\SDVV�QHHGV��)(9���������SRVWRSHUDWLYH���$OVR��FKURQLF�DQHPLD�ZLWK�FRORQRVFRS\�LQ�'HFHPEHU������ZLWKRXW�ILQGLQJV�
+LJK�FDWDUUKDO�FRQVXOWDWLRQ�FOLQLF���GD\V�DQG�DVWKHQLD��$IHEULOH��2Q�DXVFXOWDWLRQ�VWDQGV�K\SRYHQWLODWLRQ�LQ�OHIW�EDVH��&KHVW�UDGLRJUDSK\�ZKHUH�SOHXUDO
HIIXVLRQ�HYLGHQFH�WR�KDOI�OHIW�KHPLWKRUD[�LV�SHUIRUPHG��QRUPDO�ODERUDWRU\�WHVWV��5HYLHZLQJ�KLV�UHFRUG�WZR�PRQWKV�HDUOLHU�DQG�KDG�OHIW�FRVWRSKUHQLF
EUHDVW�SLQFKLQJ��DQG�D�PRQWK�EHIRUH�WKRUDFLF�7$&�ZKLFK�UHSRUWHG�PDVVLYH�OHIW�ZLWK�SDVVLYH�DWHOHFWDVLV�RI�WKH�OHIW�ORZHU�OREH�SOHXUDO�HIIXVLRQ�ZDV
SHUIRUPHG��7KLV�7$&�KDG�QRW�EHHQ�VHHQ�E\�DQ\�SK\VLFLDQ�
%HIRUH�WKH�GLVFRYHU\�RI�D�SOHXUDO�HIIXVLRQ�RI���PRQWKV�HYROXWLRQ�ZLWKRXW�LQIHFWLRXV�FOLQLFDO�KHDUW�IDLOXUH�RU�QRUPDO�DQDO\WLFDO�GLDJQRVWLF�WKRUDFHQWHVLV
VFKHGXOHG�SODQ�SURSRVHG�VLQFH�QR�KHPRG\QDPLF�LQVWDELOLW\��RU�G\VSQHD��5HKLVWRULDQGR�OHIW�SRVWHULRU�ULE�LQMXU\�FRQFHUQV�RYHU�D�PRQWK�DJR��QHZ�7$&
LV�GRQH�ZLWK�FRQWUDVW�UHSRUWV�DQG�PXOWLSOH�ULE�IUDFWXUHV��7KRUDFHQWHVLV�FRPSDWLEOH�ZLWK�KHPRWKRUD[��5DGLRORJLFDOO\�GUDLQSLSH�WDNLQJ�PRUH�WKDQ�RQH
OLWHU�RI�FRQWHQW�DQG�LQVWLOOV�8URNLQDVH�LV�SODFHG��WKH�WXEH�WR���K�ZLWK�D�UHVROXWLRQ�RI�WKH�VSLOO�ZDV�UHPRYHG��'LDJQRVLV��WUDXPDWLF�KHPRWKRUD[�ZLWK
PXOWLSOH�ULE�IUDFWXUHV�
&21&/86,216�
$FFRUGLQJ�WR�DOO�FXUUHQW�FOLQLFDO�JXLGHOLQHV�SOHXUDO�HIIXVLRQ��RQFH�GLVFDUGHG�FDUGLDF�HWLRORJ\��GLDJQRVLV�LV�VXJJHVWLYH�RI�WKRUDFHQWHVLV�DQG�VRPHWLPHV
SDUW�RI�WKH�WUHDWPHQW�LWVHOI�DV�LQ�RXU�FDVH��,W�LV�UHFRPPHQGHG�WKDW�WKH�XOWUDVRXQG�JXLGHG�WHFKQLTXH�DQG�LI�WKHUH�LV�QR�FOLQLFDO�RU�KHPRG\QDPLF
LQVWDELOLW\�FDQ�EH�SHUIRUPHG�RQ�WKH�JURXQG�
:H�VXVSHFW�KHPRWKRUD[�DOO�FORVHG��HVSHFLDOO\�LQ�WKRVH�ZLWK�FKHVW�WUDXPD�ULE�IUDFWXUHV��,QLWLDOO\��LI�WKH�VSLOO�LV�ORZ�LW�FDQ�JR�XQQRWLFHG��VR�;�FRQWURO�WKH
ILUVW�IHZ�KRXUV�DUH�UHFRPPHQGHG��7KH�WUHDWPHQW�FRQVLVWV�RI�FKHVW�GUDLQDJH�DQG�LQVWLOODWLRQ�RI�XURNLQDVH�FOHDQLQJ�KHOSV�FORWV�LQ�WKH�FDYLW\�



&$6(�35(6(17$7,21 0$66,02�=$1121,

��������+LJK�SDUDFHWDPRO�LQWR[LFDWLRQ�LQ�D�\RXQJ�ER\��WKH�UROH�RI�D�WR[LFRORJLFDO�DSSURDFK

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DVVLPR�=$1121,������*LDQQL�785&$72������$OEHUWR�5,*$7(//,������*LRUJLR�5,&&,������9DOHQWLQD�6,9(52������)UDQFHVFR�%8212&25(����

���(PHUJHQF\�DQG�$FFLGHQW�'HSDUWPHQW��$]LHQGD�2VSHGDOLHUD�8QLYHUVLWDULD�,QWHJUDWD��9HURQD��95���,WDO\��9(521$��,7$/<
���3RVWUJUDGXDWH�(PHUJHQF\�6FKRRO��8QLYHUVLW\�RI�9HURQD��9(521$��,7$/<
���(PHUJHQF\�DQG�$FFLGHQW�'HSDUWPHQW��2VSHGDOLHUD�8QLYHUVLWDULD�,QWHJUDWD��9HURQD��9(521$��,7$/<
���(PHUJHQF\�DQG�$FFLGHQW�'HSDUWPHQW��$]LHQGD�2VSHGDOLHUD�8QLYHUVLWDULD�,QWHJUDWD��9HURQD��95���,WDO\��9HURQD��,7$/<

.H\ZRUGV��SDUDFHWDPRO��1�DFHW\OF\VWHLQH��LQWR[LFDWLRQ��WR[LFORRJ\��HPHUJHQF\�GHSDUWPHQW��FKLOGUHQ

$EVWUDFW��

3DUDFHWDPRO��EHORQJLQJ�WR�WKH�27&�JURXS��RYHU�WKH�FRXQWHU�GUXJV��LV�HDVLO\�DYDLODEOH�DQG�ZLGHO\�XVHG�DV�DQDOJHVLFV�DQG�DQWLS\UHWLF��,W�LV�XVHG�LQ
FKLOGUHQ�IRU�LWV�ZHOO�NQRZQ�VDIHW\�SURILOH��2Q�WKH�RWKHU�KDQG�RYHUGRVH�DQG�SRLVRQLQJ�ZLWK�WKLV�GUXJ�DOZD\V�EULQJV�DERXW�WKH�ULVN�RI�SURJUHVVLYH
KHSDWLF�QHFURVLV�DQG�DFXWH�KHSDWLF�IDLOXUH��$QWLGRWDO�WUHDWPHQW�ZLWK�1�DFHW\OF\VWHLQH��1$&���UHVWRULQJ�LQWUDFHOOXODU�JOXWDWKLRQH��LV�HIIHFWLYH�LQ
SUHYHQWLQJ�KHSDWLF�LQMXU\��$�SUHYLRXVO\�KHDOWK\����\HDUV�ROG�ER\��ZHLJKW������.J��ZDV�FRQGXFWHG�WR�RXU�(PHUJHQF\�'HSDUWPHQW��('��IRU�DQ
LQWHQWLRQDO�LQJHVWLRQ�RI������JU�RI�SDUDFHWDPRO�RQH�KRXU�EHIRUH�DGPLVVLRQ��,Q�WKH�('�JDVWULF�ODYDJH�IROORZHG�E\�DFWLYDWHG�FKDUFRDO�ZDV�SHUIRUPHG�DW
ILUVW��$QWLGRWDO�WUHDWPHQW�ZLWK�1�DFHW\OF\VWHLQH�ZDV�WKHQ�VWDUWHG�DW�����PJ�NJ�ERG\�ZHLJKW�IROORZHG�E\����PJ�NJ�HYHU\���KRXUV��VXSSRUWLYH�WKHUDS\
ZDV�DVVRFLDWHG�WRR��3DUDFHWDPRO�OHYHO�ZDV�������PJ�O�DW���KRXUV�IURP�LQJHVWLRQ�ZLWK�FRQFHQWUDWLRQ�GHFUHDVLQJ�GXULQJ�DQWLRGRWDO�WUHDWPHQW��������DW
���KRXUV�������DW����KRXUV��QHJDWLYH�DIWHU����KRXUV���/DERUDWRU\�WHVWV�VKRZHG�FRDJRORSDWK\��37������DW�DGPLVVLRQ�������DIWHU����KRXUV��D377������
�DGPLVVLRQ������������KRXUV���1R�RWKHU�ODERUDWRU\�WHVW�DOWHUDWLRQV�ZHUH�QRWHG��7KH�ER\�ZDV�GLVFKDUJHG�KRPH�DIWHU���KRXUV�ZLWKRXW�FOLQLFDO�DQG
ODERUDWRU\�VHTXHODH��37�������D377�������

3DUDFHWDPRO�RYHUGRVH�RI��������J�OHDGV�WR�KHSDWLF�QHFURVLV�LQ�DGXOWV�DQG�GRVHV�RI����J�DUH�FRQVLGHUHG�OHWKDO�WR�WKH�SDWLHQW��3DUDFHWDPRO�OHYHOV�IURP
����.J�ERG\�ZHLJKW�DUH�WDJJHG�DV�SRWHQWLDOO\�KHSDWRWR[LF�LQ�FKLOGUHQ��:H�GHVFULEH�D�FDVH�RI�LQWHQWLRQDO�LQJHVWLRQ�RI�SDUDFHWDPRO�DW�OHWKDO�GRVH�LQ�D
\RXQJ�ER\�WUHDWHG�ZLWK�GHFRQWDPLQDWLRQ�DQG�DQWLGRWDO�WKHUDS\�WKDW�UDSLGO\�UHFRYHUHG�ZLWKRXW�KHSDWLF�RU�UHQDO�GDPDJH��/LWHUDF\�GDWD�UHSRUW�WKDW
SDUDFHWDPRO�OHYHOV�RYHU�����PJ�/�DW���KRXUV�IURP�LQJHVWLRQ�FDXVH�VHYHUH�KHSDWLF�GDPDJH�LQ�����RI�SDWLHQWV��/LYHU�GDPDJH�LV�SUHVHQW�ZLWK
SDUHFDWPRO�FRQFHQWUDWLRQ�RI�����PJ�O��WRR��$Q�HDUO\�DGRSWLRQ�RI�WKH�DSSURSULDWH�RI�WR[LFRORJLFDO�WUHDWPHQW��GHFRQWDPLQDWLRQ��UHGXFH�DGVRUSWLRQ�
VXSSRUWLYH�WKHUDS\�DQG�DQWLGRWHV��DYRLGV�GDPDJHV�IURP�WKH�WR[LF�VXEVWDQFH��$QWLGRWH�WKHUDS\�LV�QRW�DOZD\V�DYDLODEOH�IRU�SRLVRQLQJ��1$&�KDV�EHHQ
GHPRQVWUDWHG�WR�EH�D�VSHFLILF�WKHUDS\�DQG�LV�KLJKO\�HIIHFWLYH�LQ�SDUDFHWDPRO�LQWR[LFDWLRQ��:LWKRXW�WKH�DQWLGRWH�WKLV�\RXQJ�ER\�ZRXOG�QRW�KDYH�WKH
IDYRXUDEOH�FRXUVH�KH�KDG�EXW�WKH�ULVN�RI�D�OLYHU�WUDQVSODQWDWLRQ�



0$1$*(0(17���('�25*$1,6$7,21 )HOL[�*UHLQHU

��������,PSOHPHQWLQJ�FRGHG�SUHVHQWLQJ�FRPSODLQWV�WR�EH�XVHG�IRU�V\PSWRP�EDVHG�DQDO\VHV�RI�HPHUJHQF\�GHSDUWPHQW�GDWD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)HOL[�*UHLQHU������'RPLQLN�%UDPPHQ������0DUWLQ�.XOOD������)HOL[�:DOFKHU������%HUQDGHWW�(UGPDQQ����

���'HSDUWPHQW�RI�7UDXPD�6XUJHU\��2WWR�YRQ�*XHULFNH�8QLYHUVLW\�0DJGHEXUJ��0DJGHEXUJ��*(50$1<
���'HSDUWPHQW�RI�$QDHVWKHVLRORJ\�DQG�,QWHQVLYH�&DUH�0HGLFLQH��%XQGHVZHKU�+RVSLWDO�8OP��8OP��*(50$1<
���(PHUJHQF\�'HSDUWPHQW��.OLQLNXP�:ROIVEXUJ��:ROIVEXUJ��*(50$1<

.H\ZRUGV��3UHVHQWLQJ�FRPSODLQW��FKLHI�FRPSODLQW��LQLWLDO�DVVHVVPHQW��GRFXPHQWDWLRQ

$EVWUDFW��

%DFNJURXQG�

*HQHUDOO\�VSHDNLQJ��LQ�KHDOWK�FDUH�UHVHDUFK�WKH�FRGHG�GLDJQRVLV�DFFRUGLQJ�WR�,&'�VHUYHV�DV�WKH�PDLQ�FODVVLILFDWLRQ�YDULDEOH��+RZHYHU��D�GLDJQRVLV�LV
WKH�UHVXOW�RI�DQDPQHVLV��H[DPLQDWLRQ�DQG�GLDJQRVWLF��EXW�WKH�ZD\�RI�D�SDWLHQW�LQ�DQ�DFXWH�FDUH�VHWWLQJ�EHJLQV�ZLWK�D�V\PSWRP�RU�D�V\PSWRP
FRPSOH[��)RU�V\PSWRP�EDVHG�DQDO\VHV�WKH�FROOHFWLRQ�RI�VWDQGDUGL]HG�SUHVHQWLQJ�FRPSODLQWV�LV�HVVHQWLDO��6LQFH�WKHUH�ZDVQÇW�D�*HUPDQ�FODVVLILFDWLRQ
V\VWHP�DYDLODEOH��WKH�SUHVHQWLQJ�FRPSODLQW�OLVW�RI�WKH�&DQDGLDQ�(PHUJHQF\�'HSDUWPHQW�,QIRUPDWLRQ�6\VWHP��&(',6��>�@�ZDV�WUDQVODWHG�LQWR�*HUPDQ
DQG�LQFOXGHG�LQWR�WKH�GDWDVHW�ÈHPHUJHQF\�GHSDUWPHQWÉ��7KLV�GDWDVHW�LV�WKH�EDVLV�IRU�GDWD�FROOHFWLRQ�LQ�WKH�MRLQW�UHVHDUFK�SURMHFW�IRU�HVWDEOLVKLQJ�D
*HUPDQ�HPHUJHQF\�GHSDUWPHQW�GDWD�UHJLVWU\��$.7,1��>�@��:H�HYDOXDWH�WKH�LPSOHPHQWDWLRQ�RI�SUHVHQWLQJ�FRPSODLQWV�LQ�RQH�SLORW�KRVSLWDO�DQG�UHSRUW
ILUVW�UHVXOWV�

�

0HWKRGV�

$OO�����SUHVHQWLQJ�FRPSODLQWV�ZHUH�LQWHJUDWHG�LQ�WKH�HOHFWURQLF�PHGLFDO�UHFRUG�V\VWHP�RI�D�WHUWLDU\�FDUH�KRVSLWDOÇV�HPHUJHQF\�GHSDUWPHQW�VHUYLQJ
�������SDWLHQWV�SHU�DQQXP��$GGLWLRQDO�WR�UHFRUGLQJ�D�QDUUDWLYH�UHDVRQ�IRU�YLVLW��RQH�FRGHG�SUHVHQWLQJ�FRPSODLQW�ZDV�DVVLJQHG�GXULQJ�DGPLQLVWUDWLYH
DGPLVVLRQ��7KH�PHGLFDO�DGPLQLVWUDWLYH�VWDII�GLGQÇW�UHFHLYH�VSHFLILF�WUDLQLQJ�UHJDUGLQJ�FRGLQJ�RI�DPELJXRXV�FDVHV��$IWHU�WKUHH�PRQWKV��DQ�H[SORUDWLYH
DQDO\VLV�ZDV�SHUIRUPHG��'HVFULSWLYH�DQDO\VLV�FRPSULVHG�WKH�FDOFXODWLRQ�RI�IUHTXHQFLHV�DQG�DVVRFLDWLRQ�ZLWK�WULDJH�FDWHJRU\��0DQFKHVWHU�7ULDJH
6\VWHP��076��DQG�KRVSLWDOL]DWLRQ�RI�WKH�SDWLHQWV�

�

5HVXOWV�

������SDWLHQWV�WUHDWHG�LQ�WKH�JLYHQ�WLPH�SHULRG�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV��$IWHU�H[FOXGLQJ�WKRVH�FDVHV�FRGHG�DV�ÈXQNQRZQÉ�WKH�WRS���SUHVHQWLQJ
FRPSODLQWV�ZHUH��XSSHU�H[WUHPLW\�SDLQ����������ORZHU�H[WUHPLW\�SDLQ����������DEGRPLQDO�SDLQ���������XSSHU�H[WUHPLW\�LQMXU\��������DQG�FKHVW
SDLQ�FDUGLDF�IHDWXUHV���������([WUHPLW\�SDLQ�DQG�LQMXULHV�ZHUH�PDLQO\�WULDJHG�DV�VWDQGDUG�RU�QRQ�XUJHQW��������LQ�076�DFXLW\�VFDOH�JUHHQ�RU�EOXH��
([WUHPLW\�ZHDNQHVV�V\PSWRPV�RI�&9$�RU�7,$��FKHVW�SDLQ�FDUGLDF�IHDWXUHV�DQG�SDOSLWDWLRQV�LUUHJXODU�KHDUW�EHDW�SUHGRPLQDWHG�DV�FDUGLRORJLF�DQG
QHXURORJLF�FRPSODLQWV��7KH\�WHQGHG�WR�EH�WULDJHG�DV�YHU\�XUJHQW�RU�XUJHQW��!����076�FDWHJRU\�RUDQJH�RU�\HOORZ��DQG�ZHUH�DVVRFLDWHG�ZLWK�D�KLJK
KRVSLWDOL]DWLRQ�UDWH�LQ�FULWLFDO�FDUH�XQLWV��6KRUWQHVV�RI�EUHDWK�ZDV�DVVLJQHG�WR�GLYHUVH�WULDJH�FDWHJRULHV�DQG�OHG�LQ�������WR�,&8�KRVSLWDOL]DWLRQ��7KH
UDWLR�RI�FDVHV�FRGHG�DV�ÈXQNQRZQÉ�GHFUHDVHG�IURP�LQLWLDO�������WR�������LQ�WKH�WKLUG�PRQWK�

�

'LVFXVVLRQ�

7KH�DGDSWDWLRQ�RI�WKH�&(',6�SUHVHQWLQJ�FRPSODLQW�OLVW�HQDEOHV�V\PSWRP�EDVHG�DQDO\VLV�RI�KHDOWK�FDUH�SURYLGHG�LQ�*HUPDQ�HPHUJHQF\�GHSDUWPHQWV�
2QFH�LQWHJUDWHG�LQWR�WKH�HOHFWURQLF�PHGLFDO�UHFRUG�V\VWHP��WKH�DVVLJQPHQW�RI�D�FRGHG�SUHVHQWLQJ�FRPSODLQW�GXULQJ�SDWLHQW�DGPLVVLRQ�UHTXLUHV�OLWWOH
H[WUD�HIIRUW��6R�IDU��IRU�JURXSLQJ�DQG�IXUWKHU�DQDO\VHV�D�QDUUDWLYH�UHDVRQ�IRU�YLVLW�KDG�WR�EH�FRGHG�H[�SRVW�PDQXDOO\��&RQWDLQLQJ�����SUHVHQWLQJ
FRPSODLQWV��WKLV�FODVVLILFDWLRQ�V\VWHP�FRXOG�EH�LPSOHPHQWHG�ZLWKRXW�SURYLGLQJ�H[WHQVLYH�WUDLQLQJ�IRU�WKH�VWDII��+RZHYHU��H�J��GXH�WR�RYHUODSSLQJ
FDWHJRULHV��EDVLF�LQVWUXFWLRQ�IRU�XVH�VKRXOG�EH�RIIHUHG�WR�UHGXFH�WKH�UDWH�RI�FDVHV�FRGHG�DV�XQNQRZQ��$GGLWLRQDO�WR�TXDOLW\�PDQDJHPHQW�
EHQFKPDUNLQJ�DQG�VFLHQFH��D�FRGHG�SUHVHQWLQJ�FRPSODLQW�PD\�EH�XVHG�IRU�VWDQGDUGL]DWLRQ�RI�FDUH�SURFHVVHV��VXFK�DV�FOLQLFDO�SDWKZD\V�

�

5HIHUHQFHV�

���KWWS���FDHS�FD�UHVRXUFHV�FWDV�FHGLV�SUHVHQWLQJFRPSODLQWOLVW

���KWWS���ZZZ�DNWLQ�RUJ�

�

$FNQRZOHGJHPHQWV��$.7,1��IXQGHG�E\�)HGHUDO�0LQLVWU\�RI�(GXFDWLRQ�DQG�5HVHDUFK����.;����$





&$5',29$6&8/$5 5,&.�%2'<

��������7URSRQLQ�RQO\�0DQFKHVWHU�$FXWH�&RURQDU\�6\QGURPHV��70$&6��GHFLVLRQ�DLG��VLQJOH�ELRPDUNHU�UH�GHULYDWLRQ�DQG�H[WHUQDO
YDOLGDWLRQ�LQ�WKUHH�FRKRUWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5LFKDUG�%RG\������(GZDUG�&DUOWRQ������0DWWKHZ�6SHUULQ������3KLOLS�6�/HZLV������*LOOLDQ�%XUURZV������6LPRQ�'�&DUOH\������*DUU\�0F'RZHOO������,DLQ
%XFKDQ������.LP�*UHDYHV������.HYLQ�0DFNZD\�-RQHV����

���(PHUJHQF\�'HSDUWPHQW��&HQWUDO�0DQFKHVWHU�8QLYHUVLW\�+RVSLWDOV�1+6�)RXQGDWLRQ�7UXVW��0DQFKHVWHU��8.
���(PHUJHQF\�'HSDUWPHQW��3RROH�1+6�)RXQGDWLRQ�7UXVW��%ULVWRO��8.
���+HDOWK�H5HVHDUFK�&HQWUH��+(5&���8QLYHUVLW\�RI�0DQFKHVWHU��0DQFKHVWHU��8.
���'HSDUWPHQW�RI�&DUGLRORJ\��6WRFNSRUW�1+6�)RXQGDWLRQ�7UXVW��6WRFNSRUW��8.
���%LRFKHPLVWU\�'HSDUWPHQW��6WRFNSRUW�1+6�)RXQGDWLRQ�7UXVW��6WRFNSRUW��8.
���6FKRRO�RI�+HDOWKFDUH�6FLHQFH��0DQFKHVWHU�0HWURSROLWDQ�8QLYHUVLW\��0DQFKHVWHU��8.
���'HSDUWPHQW�RI�&DUGLRORJ\��6XQVKLQH�&RDVW�+RVSLWDO�DQG�+HDOWK�6HUYLFHV��6XQVKLQH�&RDVW��$8675$/,$

.H\ZRUGV��$FXWH�&RURQDU\�6\QGURPHV��%LRPDUNHUV��&OLQLFDO�'HFLVLRQ�5XOHV

$EVWUDFW��

%DFNJURXQG

7KH�RULJLQDO�0DQFKHVWHU�$FXWH�&RURQDU\�6\QGURPHV�GHFLVLRQ�DLG��0$&6��LV�D�FRPSXWHU�EDVHG�PRGHO�WKDW�ÆUXOHV�LQÇ�DQG�ÆRXWÇ�DFXWH�FRURQDU\
V\QGURPHV��$&6��XVLQJ�KLJK�VHQVLWLYLW\�FDUGLDF�WURSRQLQ�7��KV�F7Q7��DQG�KHDUW�W\SH�IDWW\�DFLG�ELQGLQJ�SURWHLQ��+�)$%3��PHDVXUHG�DW�DGPLVVLRQ��7KH
ODWWHU�LV�QRW�DOZD\V�DYDLODEOH��:H�DLPHG�WR�UHILQH�DQG�YDOLGDWH�0$&6�DV�7�0$&6��FXWWLQJ�GRZQ�WKH�ELRPDUNHUV�WR�MXVW�KV�F7Q7��2XU�SULPDU\�REMHFWLYH
ZDV�WKHUHIRUH�WR�UHWXUQ�WR�WKH�GHULYDWLRQ�RI�WKH�RULJLQDO�0$&6�PRGHO�EXW�XVLQJ�KV�F7Q7�DV�WKH�RQO\�ELRPDUNHU��7�0$&6���DQG�WKHQ�WR�HYDOXDWH�WKH
PRGHO�LQ�WKUHH�VHSDUDWH�H[WHUQDO�FRKRUW�VWXGLHV��$�VHFRQGDU\�REMHFWLYH�ZDV�WR�FRPSDUH�WKH�SUHGLFWLYH�FKDUDFWHULVWLFV�RI�70$&6�WR�0$&6�DQG�WR�WKH
DOWHUQDWLYH�Æ/R'�VWUDWHJ\Ç��E\�ZKLFK�$&6�LV�H[FOXGHG�LQ�SDWLHQWV�ZLWK�D�KV�F7Q7�FRQFHQWUDWLRQ�EHORZ�WKH�OLPLW�RI�GHWHFWLRQ��/R'��RI�WKH�DVVD\�DQG�QR
(&*�LVFKDHPLD�

0HWKRGV

:H�SUHVHQW�VHFRQGDU\�DQDO\VHV�IURP�IRXU�SURVSHFWLYH�GLDJQRVWLF�FRKRUW�VWXGLHV�LQFOXGLQJ�SDWLHQWV�SUHVHQWLQJ�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('�
ZLWK�VXVSHFWHG�$&6��'DWD�ZHUH�FROOHFWHG�DQG�KV�F7Q7�PHDVXUHG�RQ�DUULYDO��7KH�SULPDU\�RXWFRPH�ZDV�$&6��GHILQHG�DV�SUHYDOHQW�DFXWH�P\RFDUGLDO
LQIDUFWLRQ��$0,��RU�LQFLGHQW�GHDWK��$0,�RU�FRURQDU\�UHYDVFXODUL]DWLRQ�ZLWKLQ����GD\V��$0,�ZDV�DGMXGLFDWHG�EDVHG�RQ�UHIHUHQFH�VWDQGDUG�WURSRQLQ
WHVWLQJ����K�DIWHU�V\PSWRP�RQVHW�RU��K�DIWHU�DUULYDO��ZLWK�UHIHUHQFH�WR�WKH�WKLUG�XQLYHUVDO�GHILQLWLRQ�RI�P\RFDUGLDO�LQIDUFWLRQ��7�0$&6�ZDV�EXLOW�E\
ORJLVWLF�UHJUHVVLRQ�LQ�RQH�FRKRUW��GHULYDWLRQ�VHW��DQG�YDOLGDWHG�LQ�WKUHH�H[WHUQDO�FRKRUWV��YDOLGDWLRQ�VHW��

5HVXOWV

,Q�WKH�GHULYDWLRQ�VHW��Q ������7�0$&6�FRXOG�ÆUXOH�RXWÇ�������SDWLHQWV�ZLWK������������&,�����Ä��������QHJDWLYH�SUHGLFWLYH�YDOXH��139��DQG������
�����Ä�������VHQVLWLYLW\�IRU�$&6��,Q�WKH�YDOLGDWLRQ�VHW��Q ��������7�0$&6�FRXOG�ÆUXOH�RXWÇ��������Q �����SDWLHQWV�ZLWK������������Ä�������139�DQG
�����������Ä�������VHQVLWLYLW\��7�0$&6�ZRXOG�ÆUXOH�LQÇ�������DQG������SDWLHQWV�LQ�WKH�UHVSHFWLYH�VHWV��RI�ZKLFK��������DQG�������KDG�$&6�
&�VWDWLVWLFV�IRU�WKH�RULJLQDO�DQG�UHILQHG�UXOHV�ZHUH�VLPLODU��7�0$&6������YV��0$&6������RQ�YDOLGDWLRQ��

,Q�WKH�YDOLGDWLRQ�VHW��RULJLQDO�0$&6�KDG��������VHQVLWLYLW\��ZKLFK�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�WR�7�0$&6��DEVROXWH�GLIIHUHQFH�����������&,������WR
������S ������EXW�7�0$&6�KDG�JUHDWHU�VSHFLILFLW\��DEVROXWH�GLIIHUHQFH������������&,���������������S���������PHDQLQJ�WKDW�7�0$&6�ZRXOG�DYRLG
PRUH�KRVSLWDO�DGPLVVLRQV��7�0$&6�KDG�LGHQWLFDO�VHQVLWLYLW\�WR�WKH�
/R'�VWUDWHJ\
��DEVROXWH�GLIIHUHQFH�����������&,������WR�������S ������EXW�7�0$&6
KDG�JUHDWHU�VSHFLILFLW\��DEVROXWH�GLIIHUHQFH�����������&,�����WR��������S����������7KXV��7�0$&6�ZRXOG�KDYH�
UXOHG�RXW
�$&6�LQ�������SDWLHQWV
�Q �����FRPSDUHG�WR��������Q �����IRU�WKH�/R'�VWUDWHJ\��

&RQFOXVLRQV

7�0$&6�FRXOG�ÆUXOH�RXWÇ�$&6�LQ�����RI�SDWLHQWV�ZKLOH�ÆUXOLQJ�LQÇ����DW�KLJKHVW�ULVN�XVLQJ�D�VLQJOH�KVF7Q7�PHDVXUHPHQW�RQ�DUULYDO��,W�KDV�VLPLODU
VHQVLWLYLW\�WR�WKH�RULJLQDO�0$&6�GHFLVLRQ�DLG�DQG�WKH�/R'�VWUDWHJ\�EXW�JUHDWHU�VSHFLILFLW\�WKDQ�ERWK��$V�D�FOLQLFDO�GHFLVLRQ�DLG��7�0$&6�FRXOG�WKHUHIRUH
KHOS�WR�FRQVHUYH�KHDOWKFDUH�UHVRXUFHV��



&$6(�35(6(17$7,21 'DQLHOD�5RVLOOR�&DVWUR

��������&DUH�ZLWK�IHYHU�LQ�WKH�SV\FKLDWULF�SDWLHQW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'DQLHOD�5RVLOOR�&DVWUR������0DULD�'RORUHV�3DVFXDO�0X�R]������0DU�D�GH�OD�3D]�(JHD�&DPSR\������&DUPHQ�+HUQ�QGH]�0DUW�QH]������5RF�R�/�SH]
9DOFDUFHO������'DYLG�)HUQDQGH]�*DUULGR������$OHVVDQGUR�*XDVFKL�&DJOLHUL����

���(PHUJHQF\���+RVSLWDO�&RPDUFDO�GHO�1RURHVWH�GH�&DUDYDFD��0XUFLD��63$,1

.H\ZRUGV��1HXUROHSWLF�PDOLJQDQW�V\QGURPH��)HYHU��3V\FKLDWULF

$EVWUDFW��

&$6(�5(3257�5HDVRQ�4XHU\�����3DWLHQW�EURXJKW�WR�WKH�(5�IRU�DWWHPSWHG�VXLFLGH�3HUVRQDO�KLVWRU\�

0HQWDO�DQG�EHKDYLRUDO�GLVRUGHU�RSLDWH��PHWKDGRQH����ZLWK�GHSHQGHQFH�FULWHULD���XVH�RI�EHQ]RGLD]HSLQHV���FDQQDELV�DQG�FRFDLQH�GHSHQGHQFH�FULWHULD
��3HUVRQDOLW\�'LVRUGHU�'LVVRFLDO�&KURQLF�7UHDWPHQW���%XSURSLRQ���/RUPHWD]HSDP���/RUD]HSDP���2ODQ]DSLQH���SUHJDEDOLQ��$JRPHODWLQH���+H�ZHQW�WR�WKH
HPHUJHQF\�URRP�WKH�ODVW�ZHHN��UHIHUUHG�E\�KLV�IDPLO\�GRFWRU��E\�DXWRO\WLF�LGHDV��5DWHG�E\�UHVHWWLQJ�3V\FKLDWULF�WUHDWPHQW�LQFUHDVHV�WKH�GRVH�RI
RODQ]DSLQH�DQG�GLVFKDUJHG��

3UHVHQW�,OOQHVV���0DOHV����UHIHUULQJ�WKH�IDPLO\�WKDW�KDV�EHHQ�PLVVLQJ���GD\V�DQG�WKH\�ILQG�LW�LQ�\RXU�KHFWLF�KRPH���ZLWK���HPSW\�EOLVWHU�2ODQ]DSLQH��
PJ�����RI�SUHJDEDOLQ�����PJ��RQH�RI���EXSURSLRQ�DQG����ORUD]HSDP��%URXJKW�E\�WKH�HPHUJHQF\�RXWSDWLHQW�VHUYLFH�VHGDWHG�ZLWK�PLGD]RODP�DQG�
FKORUSURPD]LQH�DQG�PHFKDQLFDO�UHVWUDLQW
8SRQ�DUULYDO�WR�HPHUJHQFLHV����3UHVXUH�EORRG��������7HPSHUDWXUH������q&���:HOO�K\GUDWHG�VNLQ�DQG�PXFRXV�PHPEUDQHV��ZHOO�SHUIXVHG��1HXURORJLFDO
([SORUDWLRQ��LPSRVVLEOH�WR�GR�RQ�DUULYDO�DW�WKH�HPHUJHQF\�URRP�IRU�EH�WKH�PHFKDQLFDO�FRQWDLQPHQW�DQG�SDWLHQW�VHGDWHG�
&RPSOHPHQWDU\�WHVWV��*OXFRVH������8UHD�����&UHDWLQLQH������������OHXNRF\WHV��QHXWURSKLOV�������KHPRJORELQ����������3ODWHOHWV��������YHQRXV
EORRG�JDVHV�������S+���S&2��������7R[LF�8ULQH�SRVLWLYH�IRU�PHWKDGRQH�DQG�EHQ]RGLD]HSLQHV
7KH�SDWLHQW�ZDV�VHGDWHG�DQG�PHFKDQLFDO�UHVWUDLQWV��VR�SDVVLQJ�REVHUYDWLRQ�DUHD�
�����D�P�����KRXUV�DIWHU�DUULYDO�WR�WKH�HPHUJHQF\�URRP���&DOO�IURP�REVHUYDWLRQ�DUHD�IRU�LPSRUWDQW�SV\FKRPRWRU�DJLWDWLRQ�DQG�IHYHU�RI����q��&RPH�WR
DVVHVV�WKH�SDWLHQW��IXUWKHU�REMHFWLI\LQJ�ULJLGLW\��GLDSKRUHVLV���WDFK\FDUGLD���R��DQG�GLVRULHQWDWLRQ���$QDO\WLFDO�UHTXHVWHG�LQ�&3.�DQG�3URFDOFLWRQLQD�
:H�VWDUWHG�RI�LQWUDYHQRXV�PLGD]RODP�SHUIXVLRQ�DQG��DGPLQLVWUDWLRQ�RI�SDUDFHWDPRO�DQG��VDOLQH�&UDQLDO�&7�LV�UHTXHVWHG���:H�VXVSHFWHG�QHXUROHSWLF
PDOLJQDQW�V\QGURPH�YHUVXV�LQIHFWLRXV�SURFHVV���DUH�DGYLVHG�WR�LQWHQVLYH�FDUH�XQLW��ZKLFK�GHFLGHV�DGPLVVLRQ�WR�LWV�6HUYLFH
3K\VLFDO�H[SORUDWLRQ���*ODVJRZ����1HXURORJLFDO�H[DPLQDWLRQ���1R�QXFKDO�ULJLGLW\��QR�PHQLQJHDO�VLJQV�$QDO\WLFV���&3.���������3URFDOFLWRQLQ�����
&UDQLDO�&7���1R�VLJQLILFDQW�DOWHUDWLRQV�OXPEDU�SXQFWXUH��FOHDU�OLTXLG�/HXNRF\WHV���PP����*OX����������3URWHLQV
(92/87,21��,Q�LQWHQVLYH�FDUH�XQLW�WH�SDWLHQW�LV�VWDEOH��PDLQWDLQLQJ�QRUPDO�UHQDO�IXQFWLRQ�GHVSLWH�IUDQN�UKDEGRP\RO\VLV��+\SHUWKHUPLD�ZLWK�SK\VLFDO
PHDVXUHV�DQG�DQWLS\UHWLFV��QRW�REMHFWLILHG�LQIHFWHG�IRFXV�SRVVHVVLRQ��*UDGXDOO\�LQIXVLRQ�RI�VHGDWLYHV�ZLWK�DSSURSULDWH�DGDSWDWLRQ�WR�WKH�HQYLURQPHQW
LV�VXVSHQGHG��VR�LW�LV�GLVFKDUJHG�ZLWK�WKH�GLDJQRVLV�RI�QHXUROHSWLF�PDOLJQDQW�V\QGURPH�
&RQFOXVLRQ��7KHH�LV�D�VHULRXV�FRPSOLFDWLRQ�RI�WKH�XVH�RI�QHXUROHSWLFV��VKRXOG�EH�VXVSHFWHG��LQ�D�SDWLHQW�ZKR�XVHV�VXFK�GUXJV���RODQ]DSLQH�LQ�RXU
SDWLHQW�ZDV�WKH�FDXVH����WR�SUHVHQW��K\SHUWKHUPLD��ULJLGLW\�DQG�LPSDLUHG�FRQVFLRXVQHVV��DOO�SUHVHQW�LQ�RXU�FDVH���7KH\�PD\�EH�DVVRFLDWHG�ZLWK
UKDEGRP\RO\VLV�VHFRQGDU\�OHXNRF\WRVLV�DQG�HOHYDWHG�&.���7KH�GLIIHUHQWLDO�GLDJQRVLV�PXVW�EH�PDGH�ZLWK��OHWKDO�LQIHFWLRXV�SURFHVV�QHUYRXV�V\VWHP�
OHWKDO�FDWDWRQLD���KHDW�VWURNH�DQG�PDOLJQDQW�K\SHUWKHUPLD��$OWKRXJK�UDUH���LW�LV�YHU\�VHYHUH�ZLWK�KLJK�PRUWDOLW\�LQ�XQWUHDWHG�FDVHV�HDUO\��VR�HDUO\
GLDJQRVLV�LV�LPSRUWDQW�DQG�DSSURSULDWH�WUHDWPHQW�LQ�PLOG�FDVHV��PDLQWDLQLQJ�KHPRG\QDPLF�VWDELOLW\��K\GUDWLRQ�DQG�PRQLWRULQJ�PD\�EH�VXIILFLHQW�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 :HQG\�'XDUUL

��������'HYHORSPHQW�RI�D�SURIRUPD�IRU�SDWLHQWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�IROORZLQJ�RYHUGRVH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RKDPPHG�,UEDVK������:HQG\�'XDUUL����

���(PHUJHQF\�'HSDUWPHQW��0LG�<RUNVKLUH�+RVSLWDOV��:DNHILHOG��8.

.H\ZRUGV��3URIRUPD��RYHUGRVH��VDOLF\ODWH

$EVWUDFW��

,QWURGXFWLRQ

$Q�DXGLW�ZDV�XQGHUWDNHQ�LQ�D�'LVWULFW�+RVSLWDO�(PHUJHQF\�'HSDUWPHQW�RQ�DOO�SDWLHQWV�SUHVHQWLQJ�ZLWK�DQ�RYHUGRVH�WR�HYDOXDWH�LI�SDUDFHWDPRO�DQG
VDOLF\ODWH�OHYHOV�DUH�UHTXLUHG�RQ�DOO�SDWLHQWV��7KH�FRQFOXVLRQV�GUDZQ�IURP�WKH�DXGLW�VXJJHVWHG�WKDW�JLYHQ�ERWK�WKH�SRWHQWLDO�OHWKDOLW\�RI�SDUDFHWDPRO
DQG�WKH�KLJK�LQFLGHQFH�RI�LQJHVWLRQ�LQ�RYHUGRVHV��OHYHOV�VKRXOG�VWLOO�EH�WDNHQ��,Q�WKH�FDVH�RI�VDOLF\ODWH��KRZHYHU��GXH�WR�WKH�UHODWLYHO\�ORZ�UDWHV�RI
VDOLF\ODWH�SRLVRQLQJ�DQG�WKH�RYHUW�VLJQV�DQG�V\PSWRPV�LQ�WKH�FDVH�RI�SRLVRQLQJ��WKH�DXWKRUV�TXHVWLRQHG�ZKHWKHU�WKH\�VKRXOG�FRQWLQXH�WR�URXWLQHO\
WDNH�VDOLF\ODWH�OHYHOV�RQ�DOO�RYHUGRVHV��,QGHHG��LW�KDV�EHHQ�VXJJHVWHG�WKDW�WKHUH�LV�QR�QHHG�WR�WDNH�VDOLF\ODWH�OHYHOV�LQ�FRQVFLRXV�SDWLHQWV�ZKR�GHQ\
WDNLQJ�VDOLF\ODWHV�DQG�KDYH�QR�FOLQLFDO�IHDWXUHV�RI�WR[LFLW\��:DWVRQ�HW�DO��������+RZHYHU��GXH�WR�WKH�ZLGH�YDULDWLRQV�LQ�SUDFWLFH�LQ�UHFRUGLQJ�FOLQLFDO
PDQLIHVWDWLRQV�LW�KDV�EHHQ�VXJJHVWHG�WKDW�D�SUHIRUPDWWHG�DGPLVVLRQ�FKDUW�LV�XWLOLVHG�RQ�DOO�RYHUGRVHV��%XFNOH\�HW�DO�������

0HWKRG

7KH�DXWKRUV�KDYH�GHYHORSHG�D�SURIRUPD�WR�EH�LQWURGXFHG�IRU�DOO�SDWLHQWV�SUHVHQWLQJ�ZLWK�RYHUGRVH��7KH�SURIRUPD�LQFOXGHV�D�VHFWLRQ�RQ�SUHVHQWLQJ
KLVWRU\�ZLWK�WLPH�RI�LQJHVWLRQ�RI�VXEVWDQFHV��,Q�DGGLWLRQ�WKH�DXWKRUV�KDYH�LQFOXGHG�D�GHWDLOHG�OLVW�RI�VLJQV�DQG�V\PSWRPV�RI�VDOLF\ODWH�SRLVRQLQJ
LQFOXGLQJ�VZHDWLQJ��QDXVHD��YRPLWLQJ��ERXQGLQJ�SXOVH��WLQQLWXV��DJLWDWLRQ��ILWWLQJ�DQG�UHGXFHG�*&6��:RRG�HW�DO���������7KH�SURIRUPD�UHFRPPHQGV�LI
DQ\�RI�WKHVH�VLJQV�DUH�SUHVHQW�EORRGV�VKRXOG�EH�WDNHQ�IRU�VDOLF\ODWH�OHYHOV��,Q�DGGLWLRQ��D�EORRG�JDV�LV�DOVR�UHFRPPHQGHG�DV�VDOLF\ODWH�SRLVRQLQJ
LQLWLDOO\�SURGXFHV�D�UHVSLUDWRU\�DONDORVLV�OHDGLQJ�WR�D�PHWDEROLF�DFLGRVLV�LQ�VHYHUH�SRLVRQLQJ��:RRG�HW�DO�������

7KH�DXWKRUV�KDYH�DOVR�LQFOXGHG�RWKHU�SURPSWV�RQ�WKH�SURIRUPD�WKDW�DUH�QHFHVVDU\�LQ�SDWLHQWV�SUHVHQWLQJ�ZLWK�DQ�RYHUGRVH��7KHVH�LQFOXGH�JDLQLQJ
LQIRUPDWLRQ�IURP�7R[EDVH��0HQWDO�+HDOWK�5LVN�DVVHVVPHQW�DQG�UHIHUUDO�WR�3\VFKLDWULF�/LDLVRQ�

'LVFXVVLRQ�DQG�LPSOLFDWLRQV�IRU�SUDFWLFH�

,W�LV�DQWLFLSDWHG�WKDW�WKH�XVH�RI�WKLV�FKDUW�VKRXOG�VWDQGDUGLVH�GRFXPHQWDWLRQ�ZLWKLQ�WKH�GHSDUWPHQW��,QGHHG�GXULQJ�WKH�DXGLW�RQH�RI�WKH�ILQGLQJV�ZDV
WKDW�GRFXPHQWDWLRQ�LQ�WKH�GHSDUWPHQW�ZDV�SRRU�IRU�SDWLHQWV�SUHVHQWLQJ�ZLWK�RYHUGRVH�

&RQFOXVLRQ

7KH�SURIRPD�ZLOO�EH�UROOHG�RXW�LQWR�SUDFWLFH�DQG�LW�LV�DQWLFLSDWHG�WKDW�IXUWKHU�DXGLW�ZRUN�ZLOO�EH�FDUULHG�RXW�WR�GHWHUPLQH�LWV�HIIHFWLYHQHVV�LQ�WHUPV�RI
FRVW�RI�ODERUDWRU\�ZRUN�DQG�GRFXPHQWDWLRQ�

5HIHUHQFHV

%XFNOH\�1$��HW�DO��������3UHIRUPDWWHG�DGPLVVLRQ�FKDUWV�IRU�SRLVRQLQJ�DGPLVVLRQV�IDFLOLWDWH�FOLQLFDO�DVVHVVPHQW�DQG�UHVHDUFK��$QQDOV�(PHUJHQF\
0HGLFLQH��9RO�����SS�����Ä���

6SRUHU�.$�DQG�.KD\DP�%DVKL�+��������$FHWDPLQRSKHQ�DQG�VDOLF\ODWH�VHUXP�OHYHOV�LQ�SDWLHQWV�ZLWK�VXLFLGDO�LQJHVWLRQ�RU�DOWHUHG�PHQWDO�VWDWXV�
$PHULFDQ�-RXUQDO�RI�(PHUJHQF\�0HGLFLQH��9RO�����QR����SS������Ä���

:DWVRQ�,�HW�DO��������/DERUDWRU\�DQDO\VHV�IRU�SRLVRQHG�SDWLHQWV��MRLQW�SRVLWLRQ�SDSHU��$QQDOV�&OLQLFDO�%LRFKHPLVWU\��YRO�����SS����������

:RRG��'0��'DUJDQ��3,�DQG�-RQHV�$/���������0HDVXULQJ�SODVPD�VDOLF\ODWH�FRQFHQWUDWLRQV�LQ�DOO�SDWLHQWV�ZLWK�GUXJ�RYHUGRVH�RU�DOWHUHG�FRQVFLRXVQHVV�
LV�LW�QHFHVVDU\"�(PHUJHQF\�0HGLFLQH�-RXUQDO��9RO�����SS���������



,0$*,1*���8/75$6281'���5$',2/2*< 3HL�6KDQ�:X

��������8QUHVROYHG�ORZHU�DEGRPLQDO�SDLQ�UHVXOWHG�IURP�P\FRWLF�DQHXU\VP�DW�WKH�GLVWDO�DEGRPLQDO�DRUWD�DQG�OHIW�FRPPRQ�LOLDF
DUWHU\��D�UDUH�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3HL�6KDQ�:X������3R�/LDQJ�&KHQJ������<L�.XQJ�/HH����

���HPHUJHQF\�GHSDUWPHQW��'DOLQ�7]X�&KL�+RVSLWDO�7KH�%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ�������7$,:$1
���HPHUJHQF\�GHSDUWPHQW��'DOLQ�7]X�&KL�+RVSLWDO�7KH�%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��&KLD\L��7$,:$1
���HPHUJHQF\�GHSDUWPHQW��'DOLQ�7]X�&KL�+RVSLWDO�7KH�%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��&KLD\L�&RXQW\��7$,:$1

.H\ZRUGV��P\FRWLF�DQHXU\VP��&7��DEGRPLQDO�SDLQ

$EVWUDFW��

,QWURGXFWLRQ�

0\FRWLF�DQHXU\VP��DQ�LQIHFWLRXV�EUHDN�LQ�DQ�DEQRUPDO�IRFDO�DUWHULDO�GLODWLRQ�DUWHULDO�OXPHQ��LV�XQFRPPRQ�EXW�FDQ�DIIHFW�DQ\�DUWHU\��,W�PD\�EH�GXH�WR
EDFWHUHPLD�RU�VHSWLF�HPEROL]DWLRQ��7LPHO\�WUHDWPHQW�LQFUHDVHV�WKH�OLNHOLKRRG�RI�D�IDYRUDEOH�RXWFRPH��UDWKHU�WKDQ�OHDGLQJ�WR�IXOPLQDQW�VHSVLV�
VSRQWDQHRXV�UXSWXUH��RU�GHDWK��:H�UHSRUW�D�UDUH�FDVH�RI�P\FRWLF�DQHXU\VP�DW�WKH�GLVWDO�DEGRPLQDO�DRUWD�DQG�OHIW�FRPPRQ�LOLDF�DUWHU\

&DVH�UHSRUW�

��7KLV����\HDU�ROG�PDQ�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��EHFDXVH�RI�ORZHU�DEGRPLQDO�SDLQ�IRU���GD\V��+H�KDG�WKH�SDVW�KLVWRU\�RI
YHUWHEUREDVLODU�DUWHU\�V\QGURPH��K\SHUWHQVLRQ�DQG�VHYHUH�$5�V�S�$95�SURFLQH�YDOYH�RQ������������7KHUH�ZDV�DOVR�SRRU�LQWDNH��+H�KDV�HYHU�YLVLWHG
RWKHU�KRVSLWDO��KRZHYHU��WKHUH�ZDV�QR�LPSURYHPHQW�DW�DOO��6R��KH�ZDV�EURXJKW�WR�RXU�(5�IRU�KHOS��7KURXJKWRXW�WKH�ZKROH�FRXUVH��WKHUH�ZDV�QR
QDXVHD��QR�GLDUUKHD�RU�G\VXULD��3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�ORZHU�DEGRPLQDO�WHQGHUQHVV�ZLWKRXW�UHERXQG�SDLQ��,QLWLDO�EHGVLGH�XOWUDVRXQG��86�
VKRZHG�DQ�GLVUXSWHG�DUWHULDO�FDOFLILFDWLRQ�ZLWK�LQGLVWLQFW�LUUHJXODU�DUWHULDO�ZDOO��DQG�D�SHULDQHXU\VPDO�VRIW�WLVVXH�PDVV��/DERUDWRU\�SURILOHV�ZHUH�DV
IROORZV��ZKLWH�EORRG�FHOO�FRXQW�������»/�������WR������»/���QHXWURSKLOLF�GLIIHUHQWLDO�������������WR��������DQG�FUHDWLQLQH������PJ�GO������WR����
PJ�GO���$EGRPLQDO�FRQWUDVWHG�&7�GHPRQVWUDWHG�DQHXU\VP�ZLWK�PD[LPDO�GLDPHWHU�DURXQG������PP��SDUWLDO�WKURPERVLV�DQG�SHULDRUWLF�IDW�VWUDQGLQJV
DW�WKH�GLVWDO�DEGRPLQDO�DRUWD�WR�OHIW�FRPPRQ�LOLDF�DUWHU\��)LJ���D�DQG��E����+H�ZDV�DGPLWWHG�WR�FDUGLRVXUJHRQÇV�VHUYLFH�DQG�UHFHLYHG�DQWLELRWLFV
WUHDWPHQW��$IWHU���GD\V�ODWHU��WKH�EORRG�FXOWXUH�UHSRUWHG�6DOPRQHOOD�JURXS�'�QRQ�7\SKL��

'LVFXVVLRQ�

�

$FFRUGLQJ�WR�WKH�OLWHUDWXUH�UHYLHZ��WKH�FOLQLFDO�SUHVHQWDWLRQV�RI�P\FRWLF�DQHXU\VPV�DUH�GLYHUVH��GHSHQGHQGLQJ�RQ�WKH�LQYROYHG�DUWHU\��0RVW�SDWLHQWV
DUH�IHEULOH�RU�VHSWLF��+RZHYHU��VRPH�PD\�EH�VLOHQW��,Q�RXU�SDWLHQW��LW�LQYROYHG�LQ�WKH�GLVWDO�DEGRPLQDO�DRUWD�DQG�OHIW�FRPPRQ�LOLDF�DUWHU\��ZKLFK
UHVXOWHG�LQ�ORZHU�DEGRPLQDO�SDLQ��:LWKRXW�PHGLFDO�RU�VXUJLFDO�PDQDJHPHQW��P\FRWLF�DQHXU\VPV�FDUU\�D�YHU\�KLJK�PRUWDOLW\��(PHUJHQF\�SK\VLFLDQV
KDYH�WR�NHHS�D�KLJK�LQGH[�RI�VXVSLFLRQ�WR�SUHYHQW�WKH�OLIH�WKUHDWHQLQJ�FRQGLWLRQ��6RQRJUDSKLF�HYDOXDWLRQ�RI�WKH�DRUWD�FRXOG�KHOS�XV�WR�PDNH�WKH
GHILQLWH�GLDJQRVLV��&7�LV�FRQVLGHUHG�WKH�JROG�VWDQGDUG�IRU�GLDJQRVLV�



&$5',29$6&8/$5 -jUjP\�&+$0%25'

��������5HKRVSLWDOL]DWLRQ�GHFUHDVH�ZLWK�LQWUDYHQRXV�LVRVRUELGH�GLQLWUDWH�LQ�DFXWH�GHFRPSHQVDWHG�KHDUW�IDLOXUH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-�U�P\�&KDPERUG������'DYLG�$WWLYL������9�URQLTXH�7KXXV������&ODLUH�=HJKPRXOL������6W�SKDQH�*LEDXG����

���'HSDUWPHQW�RI�3KDUPDF\��&HQWUH�KRVSLWDOLHU�GH�1HXIFK�WHDX��1HXIFK�WHDX��)5$1&(
���'HSDUWPHQW�RI�3KDUPDF\��&HQWUH�KRVSLWDOLHU�GH�1HXIFK�WHDX��1HXIFKDWHDX��)5$1&(
���'HSDUWPHQW�RI�&DUGLRORJ\��&HQWUH�KRVSLWDOLHU�GH�1HXIFK�WHDX��1HXIFK�WHDX��)5$1&(

.H\ZRUGV��DFXWH�GHFRPSHQVDWHG�KHDUW�IDLOXUH��LVRVRUELGH�GLQLWUDWH��YDVRGLODWRU��UHDGPLVVLRQ��UHKRVSLWDOL]DWLRQ

$EVWUDFW��

5HKRVSLWDOL]DWLRQ�GHFUHDVH�ZLWK�LQWUDYHQRXV�LVRVRUELGH�GLQLWUDWH�LQ�DFXWH�GHFRPSHQVDWHG�KHDUW�IDLOXUH

�

%DFNJURXQG�DQG�DLPV�

$FFRUGLQJ�WR�QHZ�UHFRPPHQGDWLRQV�RQ�PDQDJHPHQW�RI�DFXWH�GHFRPSHQVDWHG�KHDUW�IDLOXUH��$'+)��LQ�������LQWUDYHQRXV�YDVRGLODWRU�WKHUDS\�PLJKW
EH�JLYHQ�DV�DQ�HDUO\�WKHUDS\�ZKHQ�V\VWROLF�EORRG�SUHVVXUH�LV�QRUPDO�WR�KLJK��Õ����PP+J���,W�ZDV�UHSRUWHG�WKDW�RQO\�����RI�SDWLHQWV�ZLWK�$'+)�DUH
WUHDWHG�ZLWK�YDVRGLODWRUV�ZLWKRXW�PHGLFDO�FRQWUDLQGLFDWLRQ��,Q�RXU�KRVSLWDO��WKH�RQO\�LQWUDYHQRXV�YDVRGLODWRU�XVHG�LV�WKH�LVRVRUELGH�GLQLWUDWH��,'1��
6WXG\�GDWD�ZHUH�DQDO\]HG�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�,'1�RQ�����GD\�KRVSLWDO�UHDGPLVVLRQ�IRU�$'+)�RU�DFXWH�FRURQDU\�V\QGURPH��$&6���LQ�KRVSLWDO
PRUWDOLW\��OHQJWK�RI�VWD\��LQWHQVLYH�FDUH�XQLW��,&8��DGPLVVLRQ��DQG�,&8�OHQJWK�RI�VWD\�

0HWKRGV�
7KLV�LV�DQ�REVHUYDWLRQDO�VWXG\��&+29��&HQWUH�+RVSLWDOLHU�GH�O
2XHVW�YRVJLHQ��/RUUDLQH��)UDQFH��UHJLVWU\�GDWD�EDVH�ZDV�DQDO\]HG�IRU�WKLV�VWXG\��$OO�$+)
HSLVRGHV�ZLWK�KRVSLWDOL]DWLRQ�LQ�FDUGLRORJ\�RU�,&8�EHWZHHQ������������DQG������������ZHUH�LQFOXGHG��3DWLHQWV�ZLWK�ERWK�$'+)�DQG�$&6��WURSRQLQ�,
!������oJ�/���ORZ�V\VWROLF�EORRG�SUHVVXUH������PP+J��RU�SDWLHQW�ZLWKRXW�DGPLVVLRQ�LQ�HPHUJHQF\�GHSDUWPHQW�ZHUH�H[FOXGHG��)LQDOO\�����
KRVSLWDOL]DWLRQV�ZHUH�LQFOXGHG�LQ�WKLV�DQDO\VLV��(OLJLEOH�SDWLHQWV�ZHUH�FDWHJRUL]HG�LQWR���JURXSV�GHSHQGLQJ�RQ�WKH�DGPLQLVWUDWLRQ�RI�,'1��,'1�JURXS
DQG�:LWKRXW�,'1�JURXS��&OLQLFDO�FKDUDFWHULVWLFV��PHGLFDWLRQV��DQG�RXWFRPHV�ZHUH�REWDLQHG�IURP�SDWLHQW�UHFRUGV�

5HVXOWV�
���SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�,'1�JURXS���������DQG�����SDWLHQWV�LQ�WKH�:LWKRXW�,'1�JURXS����������,Q�WKH�,'1�JURXS��PHGLDQ�WLPH�WR�,'1
LQLWLDWLRQ�ZDV�����KRXUV��7KH�,'1�JURXS�ZDV�DVVRFLDWHG�ZLWK�KLJKHU�V\VWROLF�EORRG�SUHVVXUH��3����������DQG�KLJKHU�SURSRUWLRQ�RI�DFXWH�SXOPRQDU\
HGHPD��3����������7KHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�ERWK�JURXSV�IRU�PHGLFDWLRQV������GD\�KRVSLWDO�UHDGPLVVLRQ�ZDV
ORZHU�IRU�SDWLHQWV�ZKR�ZHUH�UHFHLYLQJ�,'1�������YV��������S���������3DWLHQWV�ZKR�UHFHLYHG�,'1�UHTXLUHG�PRUH�,&8�DGPLVVLRQ�WKDQ�WKH�RWKHU�SDWLHQWV
�������YV��������S���������7KHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�ERWK�JURXSV�IRU�PRUWDOLW\��OHQJWK�RI�VWD\�DQG�,&8�OHQJWK�RI�VWD\�

&RQFOXVLRQV�
7KH�DGPLQLVWUDWLRQ�RI�,'1�ZDV�DVVRFLDWHG�ZLWK�IHZHU�����GD\�UHDGPLVVLRQ�HYHQWV�IRU�$'+)�RU�$&6��7KHVH�REVHUYDWLRQDO�GDWD�FRXOG�EH�H[SODLQHG�E\
VXEHQGRP\RFDUGLDO�LVFKHPLD�FDXVHG�E\�HOHYDWHG�YHQWULFXODU�ILOOLQJ�SUHVVXUH�DQG�LQFUHDVHG�V\VWHPLF�YDVFXODU�UHVLVWDQFH��,'1�PD\�PLQLPL]H�RU
SUHYHQW�WKH�FRQVHTXHQFHV�RI�DOWHUHG�KHPRG\QDPLFV�
+LJKHU�,&8�DGPLVVLRQ�UDWH�IRU�,'1�JURXS�FRXOG�EH�UHODWHG�WR�LQVWLWXWLRQDO�SROLFLHV�UHTXLULQJ�YDVRGLODWRU�WUHDWHG�SDWLHQWV�WR�EH�DGPLWWHG�WR�WKH�,&8�
/RZ�JXLGHOLQHV�DGKHUHQFH�UHSRUWHG�DQG�ORZHU�UHKRVSLWDOL]DWLRQ�UDWH�ZLWK�'1,�REVHUYHG�LQ�WKLV�VWXG\��FDOO�IRU�D�FKDQJH�LQ�RXU�FXUUHQW�SUDFWLFH�



35(�+263,7$/���(06���287�2)�+263,7$/ /HDQGUD�.LP�6FKXOW]H

��������7KH�UROH�RI�LPPLJUDQW�EDFNJURXQG�RQ�SUHVHQWLQJ�FRPSODLQWV��SDWLHQW�RXWFRPHV�DQG�UHVRXUFHV�LQ�WKH�HPHUJHQF\
GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/HDQGUD�.LP�6FKXOW]H������&KULVWLDQ�1LFNHO������5RODQG�%LQJLVVHU����

�����(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�RI�%DVHO���%DVHO��6:,7=(5/$1'

.H\ZRUGV��HPHUJHQF\�GHSDUWPHQW��HPHUJHQF\�PHGLFLQH�FKLHI�FRPSODLQWV��WULDJH��KHDOWK�FDUH�GLVSDULWLHV��LPPLJUDQWV��LPPLJUDQW�EDFNJURXQG�
QDWLRQDOLW\��6ZLW]HUODQG

$EVWUDFW��

%DFNJURXQG�2EMHFWLYH�

7KH�LQIOXHQFH�RI�LPPLJUDQW�EDFNJURXQG�RQ�SUHVHQWLQJ�FRPSODLQWV�DQG�WKH�KHDOWK�FDUH�VHWWLQJ�LQ�(PHUJHQF\�'HSDUWPHQWV��('��KDV�QRW�EHHQ
LQYHVWLJDWHG�VR�IDU�LQ�6ZLW]HUODQG��,W�LV�NQRZQ�IURP�RWKHU�FRXQWULHV�WKDW�LPPLJUDQWV�SUHVHQW�WR�('�PRUH�IUHTXHQWO\�DQG�ZLWK�PRUH�LUUHOHYDQW
SUHVHQWLQJ�FRPSODLQWV�WKDQ�WKH�KRVW�SRSXODWLRQ��)XUWKHUPRUH��WKHUH�LV�HYLGHQFH�RI�LQHTXLWDEOH�WUHDWPHQWV�GXULQJ�WKH�('�SURFHVV�GHSHQGLQJ�RQ
LPPLJUDQW�EDFNJURXQG�UHJDUGLQJ�ORQJHU�ZDLWLQJ�WLPHV��ORZHU�WULDJH�OHYHOV�DQG�OHVV�DFFHVV�WR�RSLRLGV��7KLV�VWXG\�IRFXVHG�RQ�WKH�GLVSDULWLHV�RI�WKH
RXWFRPHV��ZKLFK�WR�RXU�NQRZOHGJH�KDV�QRW�EHHQ�GHVFULEHG�\HW�

0HWKRGV�

3URVSHFWLYH�REVHUYDWLRQDO�VWXG\�SHUIRUPHG�DW�D�WHUWLDU\�KRVSLWDO��LQFOXGLQJ�DOO�SDWLHQWV�ZKR�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�RYHU�D�SHULRG�RI
��ZHHNV��7KH�TXHVWLRQQDLUH�LQFOXGHG�GHPRJUDSKLFV��PHDVXUHPHQWV�RI�SUHVHQWLQJ�FRPSODLQWV�DQG�GLDJQRVWLF�UHVRXUFHV��2XWFRPHV�ZHUH�FDWHJRULVHG
LQ�WHUPV�RI�VHULRXV�RXWFRPH��KRVSLWDOLVDWLRQ��,&8�XVH�DQG�LQ�KRVSLWDO�PRUWDOLW\��6HULRXV�RXWFRPH�ZDV�GHILQHG�DV�DQ�DFXWH�PRUELGLW\�UHTXLULQJ�HDUO\
LQWHUYHQWLRQ��H�J��XVH�RI�DQWLELRWLFV��WR�DYRLG�GHWHULRUDWLRQ�RI�KHDOWK�VWDWXV��GLVDELOLW\�RU�GHDWK��3DWLHQWV�ZHUH�FRXQWHG�DV�KRVW�SRSXODWLRQ��+3��LI�WKH
FRXQWU\�RI�RULJLQ�ZDV�0LGGOH�RU�1RUWK�(XURSH��H�J��6ZLW]HUODQG��*HUPDQ\��$XVWULD�HWF����3DWLHQWV�ZHUH�FDWHJRUL]HG�DV�LPPLJUDQWV��,��LI�WKH�FRXQWU\�RI
RULJLQ�ZDV�QRW�SDUW�RI�0LGGOH�RU�1RUWK�(XURSH��H�J��0HGLWHUUDQHDQ�FRXQWULHV��6RXWK�(DVWHUQ�(XURSH��(DVW�(XURSH��7XUNH\��$IULFD��$VLD��1RUWK
$PHULFD�$XVWUDOLD�RU�6RXWK�$PHULFD���3DWLHQWV�ZHUH�WULDJHG�E\�WKH�(PHUJHQF\�6HYHULW\�,QGH[��(6,��

5HVXOWV�

$�WRWDO�RI������SDWLHQWV�SUHVHQWHG�WR�WKH�('��RI�ZKLFK������ZHUH�LQFOXGHG�WR�WKH�VWXG\�DQG������SDWLHQWV�JLYLQJ�IXOO�LQIRUPDWLRQ�DERXW�WKHLU�FRXQWU\
RI�RULJLQ��$PRQJ�WKH�ODWWHU��������ZHUH�LQKDELWDQWV�RI�0LGGOH�RU�1RUWK�(XURSH��+3��DQG�������ZHUH�FDWHJRUL]HG�DV�,PPLJUDQWV��,0���,PPLJUDQWV
SUHVHQWHG�DW�\RXQJHU�DJH��,0� �PHGLDQ����\HDUV��UDQJH���Ä�����+3� �PHGLDQ����\HDUV��UDQJH�����������ZHUH�PRUH�RIWHQ�PDOH��,0� �������PDOH�
+3� �����PDOH��DQG�ZHUH�DVVLJQHG�D�ORZHU�WULDJH�OHYHO��(6,�VFRUH���,0�DQG�+3�PDWFKHG�LQ���RI�WKH���PRVW�FRPPRQO\�SUHVHQWHG�FRPSODLQWV
�DFFLGHQW��VWRPDFK�DFKH��ZRXQGV�DQG�FKHVW�SDLQ��EXW�GLIIHUHG�LQ�RUDO�DQG�PD[LOORIDFLDO�VXUJHU\�DQG�RWRODU\QJRORJ\�(17�206�SUREOHPV��,0��DQG�IDOO
�+3���,0�ZHUH�OHVV�OLNHO\�WR�KDYH�D�VHULRXV�RXWFRPH��WR�JHW�KRVSLWDOL]HG��WR�QHHG�LQWHQVLYH�FDUH�RU�WR�GLH�LQ�KRVSLWDO��%RWK�JURXSV�ZHUH�JLYHQ�HTXDO
GLDJQRVWLF�UHVRXUFHV�DFFRUGLQJ�WR�WKHLU�OHYHO�RI�WULDJH��(6,�VFRUH�����

�

&RQFOXVLRQ�

,PPLJUDQWV�SUHVHQWLQJ�WR�D�6ZLVV�WHUWLDU\�KRVSLWDO�(PHUJHQF\�'HSDUWPHQW�ZHUH�DW�\RXQJHU�DJH�DQG�PRUH�RIWHQ�PDOH��,PPLJUDQWV�DQG
+RVW�SRSXODWLRQ�SUHVHQWHG�ZLWK�FRPSDUDEOH�V\PSWRP�GLVWULEXWLRQ�EXW�GLIIHUHG�LQ�WKH�OHYHO�RI�WULDJH��,PPLJUDQWV�ZHUH�OHVV�OLNHO\�WR�GHYHORS�VHYHUH
RXWFRPHV���



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 :HQG\�'XDUUL

��������'HYHORSPHQW�RI�D�QXUVH�OHG�SDWKZD\�IRU�SDWLHQWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�UHQDO�FROLF

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RKDPPHG�,UEDVK������:HQG\�'XDUUL����

���(PHUJHQF\�'HSDUWPHQW��0LG�<RUNVKLUH�+RVSLWDOV��:DNHILHOG��8.

.H\ZRUGV��SDWKZD\��QXUVH��UHQDO�FROLF

$EVWUDFW��

�

,QWURGXFWLRQ

)ROORZLQJ�WKH�VXFFHVVIXO�LQWURGXFWLRQ�RI�D�QXUVH�OHG�39�EOHHG�SDWKZD\�LQWR�D�'LVWULFW�+RVSLWDO�(PHUJHQF\�'HSDUWPHQW�WKH�DXWKRUV�GHFLGHG�WR
H[DPLQH�RWKHU�FRQGLWLRQV�ZKHUHE\�WKH�SDWLHQW�FDQ�EH�VDIHO\�GLVFKDUJHG�E\�D�QXUVH�IROORZLQJ�D�VWULFW�LQFOXVLRQ�H[FOXVLRQ�FULWHULD�DQG�GLVFKDUJH�SODQ�
+DYLQJ�EHHQ�VXFFHVVIXOO\�LPSOHPHQWHG�HOVHZKHUH�LQ�WKH�8.��&KHUU\�������WKH�DXWKRUV�GHFLGHG�WR�GHYHORS�D�SDWKZD\�IRU�5HQDO�&ROLF�

0HWKRG

,Q�HVWDEOLVKLQJ�H[FOXVLRQ�FULWHULD�WKH�DXWKRUV�DJUHHG�RQ�WKH�IROORZLQJ�SUHVHQWDWLRQV��HYLGHQFH�RI�K\SRYRODHPLD�RU�VKRFN��XULQDO\VLV�SRVLWLYH�WR
OHXFRF\WHV�RU�QLWULWHV��SRVLWLYH�SUHJQDQF\�WHVW��S\UH[LD��WHVWLFXODU�SDLQ��SUH�H[LVWLQJ�DRUWLF�DQHXU\VP�RU�RYHU����\HDUV�DJH��7KLV�FULWHULD�ZDV
HVWDEOLVKHG�DV�D�VDIHW\�QHW�WR�HQVXUH�RWKHU�SRWHQWLDO�FDXVHV�RI�WKH�SDLQ�DUH�QRW�RYHUORRNHG��VRPH�RI�ZKLFK�FRXOG�EH�OLIH�WKUHDWHQLQJ��7KLV�IROORZV�D
VLPLODU�FULWHULD�XVHG�E\�&KHUU\��������ZKR�IRXQG�WKHLU�DSSURDFK�WR�EH�VDIH�DQG�HIIHFWLYH��.DUWDO�HW�DO��������VXJJHVWV�XVLQJ�PDMRU�V\PSWRPV�LQ�D
UHQDO�FROLF�DOJRULWKP�VR�WKH�LQFOXVLRQ�FULWHULD�ZDV�HVWDEOLVKHG�DV�XQLODWHUDO�DEGRPLQDO�EDFN�IODQN�SDLQ�ZLWK�D�XULQDO\VLV�SRVLWLYH�WR�EORRG�

7KH�SDWKZD\�WKHQ�PRYHV�RQ�WR�D�SODQ�RI�FDUH�LQFOXGLQJ�SDLQ�PDQDJHPHQW�EDVHG�RQ�UHFRPPHQGDWLRQV�LQ�WKH�OLWHUDWXUH��.DVWQHU�	�7DJJ�������WR
JLYH����PJ�GLFORIHQDF�35�DQG�FRFRGDPRO��������[��32�RU�DOWHUQDWLYHO\�WUDPDGRO�DQG�SDUDFHWDPRO�IRU�WKRVH�VHQVLWLYH�WR�WKH�SUHYLRXV�

7KH�SDWKZD\�DOVR�LQFOXGHV�WDNLQJ�URXWLQH�EORRGV�ZKLFK�LI�IRXQG�WR�EH�DEQRUPDO�WKH�SDWLHQW�VKRXOG�EH�UHIHUUHG�WR�('�SK\VLFLDQ��7KH�HQG�RI�WKH�QXUVH
OHG�SURWRFRO�LV�WR�ERRN�D�&7�.8%�RU�XOWUDVRXQG�.8%��IHPDOHV�RI�FKLOG�EHDULQJ�DJH���7KHVH�LQYHVWLJDWLRQV�ZLOO�SURYLGH�D�GHILQLWLYH�GLDJQRVLV�RI�UHQDO
FROLF�

'LVFXVVLRQ�DQG�LPSOLFDWLRQV�IRU�SUDFWLFH�

7KH�SURWRFRO�ZLOO�EH�UROOHG�RXW�LQ�D�GLVWULFW�KRVSLWDO�HPHUJHQF\�GHSDUWPHQW�ZKHUH�UHQDO�FROLF�LV�D�FRPPRQ�SUHVHQWDWLRQ��3ULRU�WR�LPSOHPHQWDWLRQ�WKH
OLVW�RI�PHGLFDWLRQV�QXUVHV�FDQ�SUHVFULEH�RQ�D�3DWLHQW�*URXS�'LUHFWLYH�ZLOO�QHHG�WR�EH�DGGUHVVHG�DQG�OLDLVRQ�ZLWK�UDGLRORJ\�WR�DFFHSW�QXUVH�OHG
UHIHUUDOV�EDVHG�VWULFWO\�RQ�WKLV�SURWRFRO�

&RQFOXVLRQ

,W�LV�DQWLFLSDWHG�WKH�XVH�RI�WKH�SURWRFRO�ZLOO�EH�DXGLWHG�WR�HQVXUH�LWV�VDIHW\�DQG�HIILFDF\�

�

5HIHUHQFHV

&KHUU\�0��������$�QXUVH�OHG�IDVW�WUDFN�VHUYLFH�IRU�SDWLHQWV�ZLWK�UHQDO�FROLF��(PHUJHQF\�1XUVH��9RO�����QR����SS����Ä���

.DUWDO�0�HW�DO��������3URVSHFWLYH�YDOLGDWLRQ�RI�D�FXUUHQW�DOJRULWKP�LQFOXGLQJ�EHGVLGH�86�SHUIRUPHG�E\�HPHUJHQF\�SK\VLFLDQV�IRU�SDWLHQWV�ZLWK�DFXWH
IODQN�SDLQ�VXVSHFWHG�IRU�UHQDO�FROLF��(PHUJHQF\�0HGLFLQH�-RXUQDO��9RO�����SS�����Ä����
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+DQD�+HGKOL

��������(IILFDF\�RI�DSQHLF�R[\JHQDWLRQ�ZLWK�QDVDO�FDQQXOD�GXULQJ�HPHUJHQF\�GHSDUWPHQW�WUDFKHDO�LQWXEDWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+$1$�+('+/,������+RXVVHP�$RXQL������5\P�+DPHG������ZLGHG�%DKULD������,QHV�FKHUPLWL������NKDOHG�VDLGL������%�FKLU�%RXKDMMD����

���HPHUJHQF\�GHSDUWPHQW��(36�&KDUOHV�1LFROOH��7XQLV��781,6,$
�����&KDUOHV�1LFROOH�KRVSLWDO��7XQLV��781,6,$
���(PHUJHQF\�GHSDUWHPHQW��&KDUOHV�1LFROOH�KRVSLWDO��7XQLV��781,6,$
���(PHUJHQF\�GHSDUWHPHQW��&KDUOHV�1LFROOH�KRVSLWDO��WXQLV��781,6,$

.H\ZRUGV��DSQHLF�R[\JHQDWLRQ��DLZD\�PDQDJHPHQW��GHVDWXUDWLRQ��HPHUJHQF\�GHSDUWHPHQW

$EVWUDFW��

,QWURGXFWLRQ�

(QGRWUDFKHDO�LQWXEDWLRQ�LQ�FULWLFDOO\�LOO�SDWLHQWV�DGPLWWHG�LQ�HPHUJHQF\�GHSDUWPHQW�('��LV�DVVRFLDWHG�ZLWK�VHYHUH�OLIH�WKUHDWHQLQJ�FRPSOLFDWLRQV�LQ
DERXW������PDLQO\�GXH�WR�K\SR[HPLD��G\VUK\WKPLD��KHPRG\QDPLF�LQVWDELOLW\���K\SR[LF�EUDLQ�LQMXU\�DQG�GHDWK��>�@��,W�KDV�EHHQ�HVWDEOLVKHG�WKDW
DSQHLF�R[\JHQDWLRQ�FDQ�H[WHQG�WKH�GXUDWLRQ�RI�VDIH�DSQHD�ZKHQ�XVHG�DIWHU�WKH�DGPLQLVWUDWLRQ�RI�VHGDWLYHV�DQG�PXVFOHV�UHOD[DQWV�>�@�

3XUSRVH��:H�HYDOXDWH�WKH�DVVRFLDWLRQ�EHWZHHQ�WKH�LQWURGXFWLRQ�RI�DSQHLF�R[\JHQDWLRQ�DQG�LQFLGHQFH�RI�GHVDWXUDWLRQ�GXULQJ�UDSLG�VHTXHQFH
LQWXEDWLRQ�

0(7+2'6��$�SURVSHFWLYH�UDQGRPL]HG�WULDO�FRQGXFWHG�LQ�('�RYHU�6L[�PRQWKV�>-XO\�'HFHPEHU�����@��&RQVHFXWLYH�SDWLHQWV�ZKR�XQGHUZHQW
HQGRWUDFKHDO�LQWXEDWLRQ�ZHUH�LQFOXGHG�IRU�DQDO\VLV��,Q�UDQGRPL]HG�RUGHU�HDFK�SDWLHQW�UHFHLYHG�HLWKHU�R[\JHQ�WKURXJK�QDVDO�FDQQXOD�DW����/�PLQ
�DSQHLF�R[\JHQDWLRQ������RU�QR�R[\JHQ�DSQHLF�R[\JHQDWLRQ������XQWLO�WKH�DLUZD\�LV�VHFXUHG��3XOVH�R[LPHWHU��6S2���ZDV�PHDVXUHG�DQG�GHVDWXUDWLRQ
ZDV�GHILQHG�DV�D�6S2��EHORZ������DW�DQ\�WLPH�GXULQJ�LQWXEDWLRQ�UHJDUGOHVV�RI�DQ\�SUHH[LVWLQJ�K\SR[HPLD��:H�FRPSDUHG�WKH�LQFLGHQFH�RI
GHVDWXUDWLRQ�EHWZHHQ�WKH�WZR�JURXSV�

5(68/76�:H�HQUROOHG�HLJKW\�SDWLHQWV��IRUW\�SDWLHQWV�LQ�HDFK�JURXS��0HDQ�DJH� ���k����\HDUV������ZHUH�PDOH��3DWLHQWV�KLVWRU\������+\SHUWHQVLRQ
������GLDEHWHV�PHOOLWXV������FKURQLF�REVWUXFWLYH�OXQJ�GLVHDVH�������7KH�PDLQ�LQGLFDWLRQ�IRU�UDSLG�VHTXHQFH�LQWXEDWLRQ�ZDV�WUDXPD��ZKLFK�DFFRXQWHG
IRU������6L[W\�ILYH�SDWLHQWV�������ZHUH�LQWXEDWHG�LQ�WKH�ILUVW�DWWHPSW��7KH�DSQHLF�R[\JHQDWLRQ�JURXS�KDG�VLJQLILFDQW�GHFUHDVH�LQ�GHVDWXUDWLRQ�UDWHV
������WKDQ�WKRVH�ZLWK�QR�DSQHLF�R[\JHQDWLRQ������>3�YDOXH� ��������+D]DUGV�UDWLR��+5�� ���������FRQILGHQFH�LQWHUYDO��&,�� �����Ä�����@�

&21&/86,21��$SQHLF�R[\JHQDWLRQ�GXULQJ�DSQHD�DW�DQ�LQWXEDWLRQ�SURFHGXUH�PDUNHGO\�GHFUHDVHG�WKH�LQFLGHQFH�RI�GHVDWXUDWLRQ��VXJJHVWLQJ�WKDW
WKLV�WHFKQLTXH�PLJKW�EH�XVHIXO�ZKHQ�LQWXEDWLQJ�FULWLFDOO\�LOO�SDWLHQWV�LQ�WKH�HPHUJHQF\�URRP�

5()(5(1&(6�

>�@�0RUW�7&��-�&OLQ�$QHVWK���������������

>�@�:HLQJDUW�6'��/HYLWDQ�50���$QQ�(PHUJ�0HG�����������������
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��������0DQFKHVWHU�$FXWH�&RURQDU\�6\QGURPHV��0$&6��GHFLVLRQ�UXOH�VXFFHVVIXOO\�UHGXFHV�XQQHFHVVDU\�KRVSLWDO�DGPLVVLRQV��D
SLORW�UDQGRPL]HG�FRQWUROOHG�WULDO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5LFKDUG�%RG\������&KDUOHV�%RDFKLH������$OH[�0F&RQQDFKLH������6LPRQ�'�&DUOH\������3DWULFLD�9DQ�'HQ�%HUJ������)LRQD�/HFN\����

���(PHUJHQF\�'HSDUWPHQW��&HQWUDO�0DQFKHVWHU�8QLYHUVLW\�+RVSLWDOV�1+6�)RXQGDWLRQ�7UXVW��0DQFKHVWHU��8.
���5REHUWVRQ�&HQWUH�IRU�%LRVWDWLVWLFV��8QLYHUVLW\�RI�*ODVJRZ��*ODVJRZ��8.
���0HGLFDO�6FKRRO��0DDVWULFKW�8QLYHUVLW\��0DDVWULFKW��7+(�1(7+(5/$1'6
���6FKRRO�RI�+HDOWK�DQG�5HODWHG�5HVHDUFK��6F+$55���8QLYHUVLW\�RI�6KHIILHOG��6KHIILHOG��8.

.H\ZRUGV��$FXWH�&RURQDU\�6\QGURPHV��&OLQLFDO�'HFLVLRQ�5XOHV��6HQVLWLYLW\�DQG�6SHFLILFLW\

$EVWUDFW��

%DFNJURXQG

2EVHUYDWLRQDO�UHVHDUFK��LQFOXGLQJ�WZR�H[WHUQDO�YDOLGDWLRQ�VWXGLHV��VKRZV�WKDW�WKH�0DQFKHVWHU�$FXWH�&RURQDU\�6\QGURPHV��0$&6��GHFLVLRQ�UXOH�FDQ
HIIHFWLYHO\�ÆUXOH�RXWÇ�DQG�ÆUXOH�LQÇ�DFXWH�FRURQDU\�V\QGURPHV�IROORZLQJ�D�VLQJOH�EORRG�WHVW�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('���0$&6�LV�D�FRPSXWHU
PRGHO�WKDW�XVHV�D�FRPELQDWLRQ�RI�FOLQLFDO�IHDWXUHV�DQG�WZR�ELRPDUNHUV��KLJK�VHQVLWLYLW\�FDUGLDF�WURSRQLQ�7�DQG�KHDUW�W\SH�IDWW\�DFLG�ELQGLQJ�SURWHLQ�
WR�HVWLPDWH�WKH�SUREDELOLW\�WKDW�D�SDWLHQW�KDV�DQ�DFXWH�FRURQDU\�V\QGURPH��$&6��DQG�VWUDWLI\�SDWLHQWV�LQWR�IRXU�JURXSV��3DWLHQWV�LQ�WKH�
YHU\�ORZ�ULVN

JURXS�FRXOG�EH�LPPHGLDWHO\�GLVFKDUJHG�IURP�KRVSLWDO�LQ�WKH�DSSURSULDWH�FOLQLFDO�FLUFXPVWDQFHV��

:H�DLPHG�WR�HYDOXDWH�WKH�LPSDFW�RI�XVLQJ�WKH�0$&6�UXOH�LQ�SUDFWLFH��$QWLFLSDWLQJ�D�PRGHVW�HIIHFW�VL]H�WKDW�ZRXOG�UHTXLUH�D�ODUJH�WULDO��RXU�REMHFWLYHV
ZHUH�WZR�IROG���D��WR�HYDOXDWH�WKH�IHDVLELOLW\�RI�UXQQLQJ�D�PXOWL�FHQWUH�UDQGRPLVHG�FRQWUROOHG�WULDO��5&7��WR�FRPSDUH�XVH�RI�WKH�0$&6�UXOH�WR�VWDQGDUG
SUDFWLFH��DQG��E��WR�DVVHVV��LQ�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�ZLWK�SRVVLEOH�DFXWH�FRURQDU\�V\QGURPHV��ZKHWKHU�XVH�RI�WKH�0$&6�UXOH�FDQ�LQFUHDVH�WKH
SURSRUWLRQ�RI�SDWLHQWV�VDIHO\�GLVFKDUJHG�ZLWKLQ���KRXUV��FRPSDUHG�ZLWK�FRQWHPSRUDU\�FOLQLFDO�SDWKZD\V�

0HWKRGV

,Q�D�SUDJPDWLF�SLORW�5&7��FRQVHQWLQJ�SDWLHQWV�SUHVHQWLQJ�WR�WZR�('V�ZLWK�VXVSHFWHG�FDUGLDF�FKHVW�SDLQ�ZHUH�UDQGRPLVHG��VWUDWLILHG�E\�WULDO�FHQWUH
DQG�0$&6�ULVN�JURXS�LQ�D�����UDWLR��WR�UHFHLYH�FDUH�JXLGHG�E\�WKH�0$&6�GHFLVLRQ�UXOH��LQWHUYHQWLRQ�JURXS��RU�VWDQGDUG�FDUH�DFFRUGLQJ�WR
FRQWHPSRUDU\�JXLGHOLQHV��FRQWUROV���7KH�SULPDU\�HIILFDF\�RXWFRPH�ZDV�VXFFHVVIXO�GLVFKDUJH�IURP�WKH�('��GHILQHG�DV�D�GHFLVLRQ�WR�GLVFKDUJH�ZLWKLQ
�K�RI�DUULYDO�SURYLGLQJ�WKDW�WKH�SDWLHQW�GLG�QRW�KDYH�D�PLVVHG�$0,�RU�GHYHORS�D�PDMRU�DGYHUVH�FDUGLDF�HYHQW��0$&(��GHDWK��DFXWH�P\RFDUGLDO
LQIDUFWLRQ�RU�FRURQDU\�UHYDVFXODUL]DWLRQ��ZLWKLQ����GD\V��)HDVLELOLW\�RXWFRPHV�LQFOXGHG�UHFUXLWPHQW�DQG�DWWULWLRQ�UDWHV��SDWLHQW�VDWLVIDFWLRQ�DQG
DFFHSWDELOLW\�RI�WKH�0$&6�GHFLVLRQ�UXOH�WR�FOLQLFLDQV�

5HVXOWV

,Q�WRWDO�����SDWLHQWV�ZHUH�LQFOXGHG�DFURVV����ZHHNV��RI�ZKRP�����������ZHUH�UDQGRPLVHG�����LQ�WKH�LQWHUYHQWLRQ�JURXS�DQG����FRQWUROV���$OO����
SDWLHQWV�FRPSOHWHG����GD\�IROORZ�XS�DQG�ZHUH�LQFOXGHG�LQ�WKH�ILQDO�DQDO\VLV��6HYHQWHHQ�������SDWLHQWV�LQ�WKH�LQWHUYHQWLRQ�JURXS�ZHUH�VXFFHVVIXOO\
GLVFKDUJHG�ZLWKLQ��K�FRPSDUHG�WR��������FRQWUROV��RGGV�UDWLR����������&,�����������S ��������1R�SDWLHQWV�LQ�HLWKHU�JURXS�ZKR�ZHUH�GLVFKDUJHG
ZLWKLQ��K�GHYHORSHG�0$&(��7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�SDWLHQW�VDWLVIDFWLRQ�EHWZHHQ�JURXSV��&OLQLFLDQV�JDYH�D�PHGLDQ�DFFHSWDELOLW\
VFRUH�RI�������LQGLFDWLQJ�KLJK�RYHUDOO�DFFHSWDELOLW\�

&RQFOXVLRQV

,Q�WKLV�SLORW�WULDO��WKH�0$&6�UXOH�OHG�WR�D�VLJQLILFDQW�UHGXFWLRQ�LQ�VDIH�GLVFKDUJHV�IURP�WKH�('�ZKHQ�XVHG�LQ�SUDFWLFH��:H�KDYH�GHPRQVWUDWHG�WKH
IHDVLELOLW\�RI�D�ODUJHU�WULDO��ZKLFK�ZRXOG�SURYLGH�JUHDWHU�VWDWLVWLFDO�SRZHU�IRU�VDIHW\�RXWFRPHV�
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3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DU�D�-RVH�-LPHQH]������0HUFHGHV�)HUQ�QGH]�(VFULEDQR������6HUJLR�6DQFKH]������(GXDUGR�)HUQDQGH]������3LODU�/R]DQR������)�OL[�0DQXHO�'RPLQJR�����
6HUJLR�$]QDU����

���(PHUJHQFLHV�'HSDUWPHQW��+RVSLWDO�*HQHUDO�GH�*XDGDODMDUD��*XDGDODMDUD��63$,1
���(PHUJHQFLHV�'HSDUWPHQW��+RVSLWDO�3ULQFLSH�GH�$VWXULDV��$OFDO��GH�+HQDUHV��63$,1

.H\ZRUGV��MDXQGLFH��KHPRO\VLV��IDYLVP

$EVWUDFW��

-DXQGLFH�RIWHQ�LV�D�UHDVRQ�IRU�FRQVXOWLQJ�LQ�DQ�(PHUJHQFLHV�'HSDUWPHQW��('���-DXQGLFH�PD\�EH�GXH�WR�DQ�H[FHVV�RI�GLUHFW�ELOLUXELQ��'%��RU�LQGLUHFW��$
FRUUHFW�DQDPQHVLV�DQG�SK\VLFDO�H[DPLQDWLRQ�ZLWK�FRPSOHPHQWDU\�WHVWV�DUH�LPSRUWDQW�IRU�UHDFKLQJ�WKH�HWLRORJLF�GLDJQRVLV�

:H�SUHVHQW�WKH�FDVH�RI�D����\HDU�ROG�PDOH�ZLWKRXW�D�PHGLFDO�KLVWRU\�RI�LQWHUHVW�WKDW�JRHV�WR�WKH�HPHUJHQF\�URRP�E\�GDUN�XULQH��KHDGDFKH��JHQHUDO
GLVFRPIRUW�DQG�G\VWKHUPLD����KRXUV�DJR�

3K\VLFDO�H[DPLQDWLRQ

%ORRG�3UHVVXUH��������PP+J�����ESP��R[\JHQ�VDWXUDWLRQ������WHPSHUDWXUH�����j&��GU\QHVV�RI�PXFRXV�PHPEUDQHV��LFWHULF�G\H��MDXQGLFH
VXEFRQMXQFWLYDO��1RUPDO�FDUGLRSXOPRQDU\�DXVFXOWDWLRQ��VRIW�DEGRPHQ��LW�KDG�QR�PDVVHV�RU�RUJDQRPHJDO\�

&RPSOHPHQWDU\�WHVWV

%ORRG�7HVW���KHPDWLHV������������KHPRJORELQ������J�GO��KHPDWRFULW��������������OHXNRF\WHV��SODWHOHWV����������7RWDO�ELOLUXELQ�����PJ�GO��'%�
����PJ�GO���$/7����X�O��$67����X�O��**7����X�O��)$/����X�O��/'+����X�O�

8ULQH�7HVW�������GHQVLW\��S+����QHJDWLYH�JOXFRVH��QHJDWLYH�ELOLUXELQ��XURELOLQRJHQ���(8�/��HU\WKURF\WHV��OHXNRF\WHV�DQG�QLWULWH�DUH�QHJDWLYH�

$IWHU�REVHUYLQJ�WKH�DQDO\WLFV�UHVXOWV�ZKHUH�WKHUH�ZDV�D�K\SHUELOLUXELQDHPLD�E\�LQFUHDVH�LQ�LQGLUHFW�ELOLUXELQ�DQG�HOHYDWHG�/'+�WKDW�VXJJHVW
KHPRO\VLV��:H�UHWXUQHG�WR�TXHVWLRQ�WKH�SDWLHQW�DERXW�WKH�SRVVLELOLW\�RI�KDYLQJ�FRQVXPSWLRQ�RI�PHGLFLQHV�RU�IRRGV�WKH�GD\V�EHIRUH��DQG�KH�UHSRUWHG
KDYH�FRQVXPHG�EURDG�EHDQV�WZR�GD\V�HDUOLHU�

'LUHFW�&RRPEV�7HVW�ZDV�QHJDWLYH�GLUHFW�DQG�WKLV�UXOHG�RXW�DFWLYH�KHPRO\VLV�LQ�WKDW�WLPH��7KH�VWXG\�RI�SHULSKHUDO�EORRG�XQGHU�WKH�PLFURVFRSH
VKRZHG�WKH�SUHVHQFH�RI�VSXUV�FHOOV�DQG�LVRODWHG�+HLQ]�ERGLHV��WKH\�ZHUH�VXJJHVWLQJ�JOXFRVH���IRVIDWRGHVKLGURJHQDVD��*�3'��GHILFLHQF\���:H�VHQW
WKH�SDWLHQW�DW�KRPH�ZLWK�KLJK�VXVSLFLRQ�RI�IDYLVP�DQG�WKH�QH[W�GD\�KH�UHWXUQHG�WR�HPHUJHQF\�EHFDXVH�KH�SUHVHQWHG�JHQHUDO�GHWHULRUDWLRQ�ZLWK
IHYHU������q&��DQG�WKHQ�LQ�EORRG�WHVW�SUHVHQWHG�KHPDWLHV������������KHPRJORELQ�����JU�GO��/'+�����X�O��WRWDO�ELOLUXELQ���PJ�GO��ELOLUXELQ�GLUHFW������
,Q�WKH�QHZ�VWXG\�RI�%ORRG�VPHDU�VKRZHG�SRO\FKURPDWRSKLOLD��VSXUV�FHOOV��VSKHURF\WHV�DQG�D�IHZ�VFKLVWRF\WHV��$GPLVVLRQ�WR�WKH�VHUYLFH�RI
+HPDWRORJ\�LV�GHFLGHG��'XULQJ�WKHLU�LQFRPH�UHPDLQV�VWDEOH�GLVDSSHDULQJ�GDWD�IURP�KHPRO\VLV�DW����KRXUV�

'LVFXVVLRQ

*�3'�LV�D�HULWURHQ]LPRSDWLD��OLQNHG�WR�WKH�;�FKURPRVRPH��PRUH�FRPPRQ�ZRUOGZLGH��DIIHFWLQJ�PRUH�WKDQ�����PLOOLRQ�SHRSOH��GLVWULEXWHG�LQ�$IULFD�
0HGLWHUUDQHDQ�UHJLRQV��0LGGOH�(DVW�DQG�&KLQD��7KH�HQ]\PH�GHILFLHQF\�FDXVHV�LUUHYHUVLEOH�R[LGDWLYH�GDPDJH�RI�HU\WKURF\WH�FDXVLQJ�KLV�GHDWK��:H
KDYH�LGHQWLILHG�PRUH�WKDQ�����YDULDQWV�RI�*�3'��DPRQJ�WKH�EHVW�NQRZQ�DUH�WKH�*�3'+�$�DQG�*�3'+�0HGLWHUUDQHDQ��7KLV�ODVW�YDULDQW�LV�WKH�PRVW
FRPPRQ�IRXQG�LQ�WKH�&DXFDVLDQ�UDFH��SDUWLFXODUO\�LQ�WKH�0HGLWHUUDQHDQ�DUHD��,Q�6SDLQ��LW�LV�HVSHFLDOO\�SUHYDOHQW�LQ�WKH�6RXWK�RI�WKH�3HQLQVXOD�DQG
%DOHDULF�,VODQGV��7KH�PDMRULW\�RI�SHRSOH�ZKR�KDYH�WKLV�GHILFLW�UHPDLQ�DV\PSWRPDWLF�XQWLO�WKH\�FRPH�LQWR�FRQWDFW�ZLWK�GUXJV�RU�IRRGV�VXFK�DV�EURDG
EHDQV��WKHQ�WKLV�GLVHDVH�QDPHG�IDYLVP�RFFXUV���,W�FRPHV�ZLWK�DQ�LQWHQVH�KHPRO\VLV�WR�������KRXUV�DIWHU�LQJHVWLRQ��7KHUH�LV�QRW�VSHFLILF�WUHDWPHQW
EHLQJ�WKH�EHVW�WUHDWPHQW�WKH�SUHYHQWLRQ��



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< 0RKDPHG�$ILODO

��������7KH�H[SORLWDWLRQ�RI�ELJ�GDWD�WR�SUHGLFW�SDWLHQW�IRZ��D�QHZ�ZD\�WR�PDQDJH�HPHUJHQF\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0RKDPHG�$ILODO������)DURXN�<DODRXL������/LRQHO�$PRGHR������)U�GHULF�'XJDUGLQ������'DYLG�/DSODQFKH������6W�SKDQH�6DQFKH]������3KLOLSSH�%OXD����

���'�SDUWHPHQW�G
LQIRUPDWLRQ�P�GLFDOH��&HQWUH�KRVSLWDOLHU�GH�7UR\HV��7UR\HV��)5$1&(
���,QVWLWXW�&KDUOHV�'HODXQD\��/26,��8QLYHUVLW��GH�7HFKQRORJLH�GH�7UR\HV��7UR\HV��)5$1&(
�����,QVWLWXW�&KDUOHV�'HODXQD\��/26,��8QLYHUVLW��H�GH�7HFKQRORJLH�GH�7UR\HV�805�������&156��7UR\HV��)5$1&(
���'�SDUWHPHQW�G
LQIRUPDWLRQ��P�GLFDOH��&HQWUH�KRVSLWDOLHU�GH�7UR\HV��7UR\HV��)5$1&(

.H\ZRUGV��)RUHFDVWLQJ��3DWLHQW�FODVVLILFDWLRQ��7LPH�VHULHV

$EVWUDFW��

,QWURGXFWLRQ��(PHUJHQF\�GHSDUWPHQW��('��KDYH�EHFRPH�WKH�SDWLHQW
V�PDLQ�SRLQW�RI�HQWUDQFH�LQ�PRGHUQ�KRVSLWDOV�FDXVLQJ�D�IUHTXHQW�RYHUFURZGLQJ
LQ�WKH�('��LQ�IDFW�WKH�È2EVHUYDWRLUH�5HJLRQDOH�GHV�8UJHQFHV�&KDPSDJQH��$UGHQQHVÉ�DQQRXQFHG�WKDW�WKH�QXPEHU�RI�YLVLWV�WR�WKH�HPHUJHQF\
GHSDUWPHQWV�LQ�WKH�&KDPSDJQH�$UGHQQHV�VWDWH�RI�)UDQFH�KDV�LQFUHDVHG�E\�������SHU�\HDU�IURP������WR�������WKXV�KRVSLWDO�PDQDJHUV�DUH
LQFUHDVLQJO\�JLYLQJ�DWWHQWLRQ�WR�WKH�('�LQ�RUGHU�WR�SURYLGH�EHWWHU�TXDOLW\�VHUYLFH�IRU�SDWLHQWV��2QH�RI�WKH�NH\�HOHPHQWV�IRU�D�JRRG�PDQDJHPHQW
VWUDWHJ\�LV�GHPDQG�IRUHFDVWLQJ��,Q�WKLV�FDVH��IRUHFDVWLQJ�SDWLHQWV�IORZ��ZKLFK�ZLOO�KHOS�GHFLVLRQ�PDNHUV�SODQ�WKHLU�VWUDWHJLF�DFWLRQV�OLNH�H[SDQGLQJ
WKH�ORFDOV�DQG�RSWLPL]H�WKHLU�WDFWLFDO�RSHUDWLRQV�OLNH�KXPDQ��GRFWRUV��QXUVHV��������DQG�PDWHULDO��EHGV��ER[V��������UHVRXUFHV�DOORFDWLRQ��7KH�PDLQ
LQWHUHVW�RI�WKLV�UHVHDUFK�LV�IRUHFDVWLQJ�GDLO\�DWWHQGDQFH�DW�DQ�HPHUJHQF\�GHSDUWPHQW�

0DWHULDOV�DQG�0HWKRGV��:H�FRQGXFWHG�D�FURVV�GHVLJQ�VWXG\�RQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI�WKH�+RVSLWDO�RI�7UR\HV�FLW\��)UDQFH��LQ�ZKLFK�ZH
SURSRVH�D�QHZ�SUDFWLFDO�('�SDWLHQWV�FODVVLILFDWLRQ�WKDW�FRQVROLGDWH�WKH�&&08��FODVVLILHV�SDWLHQWV�DFFRUGLQJ�WR�WKHLU�VHYHULW\��DQG�*(06$��FODVVLILHV
SDWLHQWV�DFFRUGLQJ�WR�WKHLU�DIILOLDWLRQ�DIWHU�EHLQJ�WUHDWHG�LQ�WKH�('��FDWHJRULHV�LQWR�RQH�FDWHJRU\��:H�FROOHFWHG�WKH�VXPPDU\�DWWHQGDQFH�WR
HPHUJHQFLHV��5HVXP��GH�3DVVDJH�DX[�8UJHQFHV��538��RI�HYHU\�SDWLHQW�DW�WKH�('�RI�7UR\HV�FLW\�+RVSLWDO�&HQWHU�IURP�WKH�ILUVW�-DQXDU\������WR�WKH
��VW�'HFHPEHU������ZKLFK�FRXQWHG���������HQWU\��WKLV�GDWD�ZDV�FROOHFWHG�IURP�WKH�GDWDEDVH�XVHG�E\�WKH�LQIRUPDWLRQ�V\VWHP�È5HV8UJHQFHVÉ�XVHG
E\�WKH�('
V�VWDII��6WDWLVWLFDO�WRROV�OLNH�FRUUHVSRQGHQFH�DQDO\VLV�DQG�SULQFLSDO�FRPSRQHQW�DQDO\VLV�DQG�H[SHULPHQWDO�NQRZOHGJH�ZHUH�H[SORLWHG�WR
LQWURGXFH�D�QHZ�SUDFWLFDO�SDWLHQW�FODVVLILFDWLRQ�WKDW�ZH�FDOOHG�(3��SDWLHQW�VWDWXV���$�WLPH�VHULHV�IRUHFDVWLQJ�PRGHOV�EDVHG�RQ�VWDWLVWLFDO�DSSURDFK�
DGDSWHG�DGGLWLYH�PRGHO��$50$�DQG�VLJQDO�SURFHVVLQJ�DSSURDFK��K\EULG�)RXULHU�VHULHV�ZHUH�WKHQ�GHYHORSHG�DQG�XVHG�WR�SUHGLFW�WKH�ORQJ�DQG�VKRUW
WHUP�GDLO\�DWWHQGDQFH�DW�WKH�('�

5HVXOWV��7KH�PRGHOV�ZH�GHYHORSHG�IRU�WKLV�FDVH�VWXG\�KDYH�D�SHUIRUPDQFH�RI��������IRU�WKH�ORQJ�WHUP�IRUHFDVW�DQG��������IRU�WKH�VKRUW�WHUP
IRUHFDVW�RI�WKH�WRWDO�SDWLHQWV�IORZ��7KH�PRGHOV�DOVR�VKRZ�D�UREXVWQHVV�WR�HSLGHPLF�SHULRGV�ZLWK�D�FRUUHODWLRQ�RI��������UHVS��������EHWZHHQ�WKH�IOX
�UHVS��DFXWH�GLDUUKHD��SDWLHQWV�FRXQW�DQG�WKH�UHVLGXDOV�RI�WKH�VKRUW�WHUP�PRGHOV�

&RQFOXVLRQ�DQG�GLVFXVVLRQV��8VLQJ�WKH�IRUHFDVWLQJ�PRGHOV�GHYHORSHG�WR�SUHGLFW�WKH�GDLO\�SDWLHQWV�IORZ��GHFLVLRQ�PDNHUV�FDQ�SODQ�WKH�('
V�DFWLYLW\�LQ
RUGHU�WR�UHGXFH�WKH�ULVN�RI�RYHUFURZGLQJ��WKLV�ZLOO�OHDG�WR�D�EHWWHU�TXDOLW\�VHUYLFH��GHFUHDVH�LQ�ZDLWLQJ�WLPH�DQG�D�EHWWHU�SDWLHQW�H[SHULHQFH�LQ�WKH�('�
7KHVH�PRGHOV�DUH�QRZ�EHLQJ�XVHG�WR�SUHGLFW�GDLO\�SDWLHQWÇV�DWWHQGDQFH�DW�WKH�('�RI�7UR\HV�FLW\�+RVSLWDO�&HQWHU��WKHVH�ODWWHU�FDQ�EH�DGDSWHG�WR�RWKHU
VLPLODU�IDFLOLWLHV�LQ�RUGHU�WR�SUHGLFW�WKHLU�GDLO\�IORZ�
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��������&DVH�UHSRUW��D�UDUH�FDXVH�RI�DFXWH�DEGRPHQ�SRO\DUWHULWLV�QRGRVD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3HL�6KDQ�:X������3R�/LDQJ�&KHQJ������<L�.XQJ�/HH����

���HPHUJHQF\�GHSDUWPHQW��'DOLQ�7]X�&KL�+RVSLWDO�7KH�%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ�������7$,:$1
���HPHUJHQF\�GHSDUWPHQW��'DOLQ�7]X�&KL�+RVSLWDO�7KH�%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��&KLD\L��7$,:$1
���HPHUJHQF\�GHSDUWPHQW��'DOLQ�7]X�&KL�+RVSLWDO�7KH�%XGGKLVW�7]X�&KL�0HGLFDO�)RXQGDWLRQ��&KLD\L�&RXQW\��7$,:$1

.H\ZRUGV��3RO\DUWHULWLV�QRGRVD��LPDJH��DFXWH�DEGRPHQ

$EVWUDFW��

,QWURGXFWLRQ�

3RO\DUWHULWLV�QRGRVD��3$1��LV�D�V\VWHPLF�QHFURWL]LQJ�YDVFXOLWLV�LQYROYLQJ�WKH�VPDOO�DQG�PHGLXP�DUWHULHV��WKDW�UHVXOWHG�LQ�GHFUHDVHG�WKH�EORRG�VXSSO\
DQG�LVFKHPLF�GDPDJH��0LGGOH�DJHG�PHQ�DUH�PRUH�IUHTXHQWO\�DIIHFWHG���&OLQLFDO�PDQLIHVWDWLRQV�RI�3$1�UHVXOWHG�IURP�LQYROYHG�V\VWHPLF�DQG�DIIHFWHG
RUJDQV��IRU�H[DPSOH��VNLQ��NLGQH\V��DEGRPLQDO�RUJDQV��QHUYRXV�V\VWHPV�DQG�KHDUW��7KH�OHYHO�RI�GLVHDVH�VHYHULW\�LV�IURP�PLOG�WR�VHYHUH��7KHUH�LV�QR
GLDJQRVWLF�ODERUDWRU\�WHVW�IRU�3$1��7KH�$PHULFDQ�&ROOHJH�RI�5KHXPDWRORJ\�$&5��KDV�HVWDEOLVKHG����FULWHULD�IRU�WKH�FODVVLILFDWLRQ�RI�3$1�LQ�D�SDWLHQW
ZLWK�D�YDVFXOLWLV��7KH�VHQVLWLYLW\�DQG�WKH�VSHFLILFLW\�IRU�WKH�GLDJQRVLV�RI�SRO\DUWHULWLV�LV�����DQG������UHVSHFWLYHO\��$UWHULRJUDSK\�DQG�FURVV�VHFWLRQDO
LPDJLQJ��VXFK�DV�FRPSXWHG�WRPRJUDSK\��&7��DQG�PDJQHWLF�UHVRQDQFH��05���FDQ�EH�XVHG�DV�DOWHUQDWLYHV�WR�WLVVXH�ELRSV\�IRU�WKH�GLDJQRVLV��7KH
RSWLPDO�WKHUDS\�RI�3$1�UHPDLQV�XQFHUWDLQ��:H�UHSRUW�D�FDVH�RI�3$1�SUHVHQWLQJ�ZLWK�DEGRPLQDO�SDLQ�

&DVH�UHSRUW�

7KLV����\HDU�ROG�ZRPDQ�ZLWK�WKH�SDVW�KLVWRU\�RI�K\SHUWHQVLRQ�SUHVHQWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW�('��EHFDXVH�RI�DFXWH�RQVHW�SHULXPELOLFDO
DQG�ULJKW�IODQN�SDLQ�IRU���GD\��7KH�YLVXDO�DQDORJ�VFDOH�RI�SDLQ�ZDV�������9LWDO�VLJQV�DUH�DV�IROORZV��EORRG�SUHVVXUH���������PP+J��SXOVH�UDWH
���PLQXWH��UHVSLUDWRU\�UDWH����PLQXWH�DQG�ERG\�WHPSHUDWXUH������Ð��7KHUH�ZDV�QR�IHYHU��QDXVHD��YRPLWLQJ��GLDUUKHD�RU�DEGRPLQDO�RSHUDWLRQ
KLVWRU\��3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�VRIW�DEGRPHQ�ZLWKRXW�GHILQLWH�WHQGHU�SRLQW�DQG�SHULWRQHDO�VLJQ��$�KHPRJUDP�DQG�ELRFKHPLFDO�WHVW�UHVXOWV
ZHUH�DV�IROORZV��ZKLWH�EORRG�FHOO�FRXQW������}����»/�������WR�����}����»/���QHXWURSKLOLF�GLIIHUHQWLDO��������FUHDWLQLQH�����PJ�G/�����WR����PJ�G/��
WRWDO�ELOLUXELQ����PJ�G/�����WR�����,8�/���DVSDUWDWH�WUDQVDPLQDVH����,8�/�����WR����,8�/���DQG�OLSDVH�����,8�/�����WR�����,8�/���%HFDXVH�RI�WKH�SDLQ�RXW
RI�SURSRUWLRQ�WR�H[DPLQDWLRQ��LPSO\LQJ�WKH�SRVVLELOLW\�RI�PHVHQWHULF�LVFKHPLD��DEGRPLQDO�FRQWUDVWHG�&7�ZDV�GRQH��,W�VKRZHG�ZDOO�WKLFNHQLQJ�ZLWK
DGMDFHQW�IDW�VWUDQGLQJ�DORQJ�WKH�VXSHULRU�PHVHQWHULF�DUWHU\��ZKLFK�ZDV�LQGLFDWHG�WR�YDVFXOLWLV��)LJXUH�������6XEVHTXHQWO\��VKH�ZDV�DGPLWWHG�WR�RXU
UKHXPDWRORJ\�ZDUG�IRU�WUHDWPHQW�

'LVFXVVLRQ�

3RO\DUWHULWLV�QRGRVD�LV�D�UDUH��EXW�SRWHQWLDOO\�OLIH�WKUHDWHQLQJ��LQIODPPDWLRQ�RI�WKH�EORRG�YHVVHOV��7KH�HPHUJHQF\�SK\VLFLDQ�VKRXOG�NHHS�WKLV�LQ�PLQG�
$�KLJK�LQGH[�RI�VXVSLFLRQ�DQG�SURPSW�PDQDJHPHQW�VKRXOG�DYRLG�FDWDVWURSKLF�RXWFRPHV�



,0$*,1*���8/75$6281'���5$',2/2*< ,ONHU�$NEDV

��������%URNHQ�RU�QRW"�QXFKDO�OLJDPHQW�RVVLILFDWLRQ��FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,ONHU�$NEDV������$EGXOODK�2VPDQ�.RFDN������(VUD�.DGLRJOX������0XVWDID�8]NHVHU����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<

.H\ZRUGV��DQDWRPLFDO�YDULDWLRQV�QXFKDO�OLJDPHQW�RVVLILFDWLRQ��UDGLRJUDSK\

$EVWUDFW��

,QWURGXFWLRQ��7KH�QXFKDO�OLJDPHQW�H[WHQGV�IURP�WKH�H[WHUQDO�RFFLSLWDO�SURWXEHUDQFH�RQ�WKH�VNXOO�DQG�PHGLDQ�QXFKDO�OLQH�WR�WKH�VSLQRXV�SURFHVV�RI
WKH�VHYHQWK�FHUYLFDO�YHUWHEUD�LQ�WKH�ORZHU�SDUW�RI�WKH�QHFN��,W�LV�UHVSRQVLEOH�IRU�SURYLGLQJ�WKH�VWDELOL]LQJ�RI�WKH�KHDG�DQG�PDLQWDLQLQJ�WKH�ORUGRWLF
DOLJQPHQW�RI�WKH�FHUYLFDO�VSLQH�GXULQJ�WKH�PRYHPHQW�RI�WKH�QHFN��7KH�SDWKRJHQHVLV�RI�WKLV�FRQGLWLRQ�LV�QRW�FOHDU��DV�D�UHVXOW�RI�PHFKDQLFDO�IDFWRUV
DQG�UHSHWLWLYH�WUDXPD��FDOFLILFDWLRQV�RFFXUV�DW�WKH�QXFKDO�OLJDPHQW��7KLV�FDOFLILFDWLRQ�RIWHQ�URXQG�RU�RYRLG�VWUXFWXUH��XQLIRUPO\�ERXQGHG��7KH\�DUH
VHHQ�DV�SDUDOOHO�WR�ORQJLWXGLQDW�D[LV��7KH\�DUH�VHHQ�XVXDOO\�LQ�D�VLQJOH�ERQH��7KH�PRVW�IUHTXHQW�ORFDOL]DWLRQV�DUH�&����DQG�&�����7KH\�RFFXU�LQ�DOPRVW
�����RI�WKH�SRSXODWLRQ��ZLWK�D�PDOH�SUHGRPLQDQFH�RI�����

&DVH�5HSRUW��$����\HDU�ROG�PDOH�SDWLHQW�ZDV�DGPLWWHG�WR�KHDG�DQG�QHFN�SDLQ�DIWHU�KLWWLQJ�KLV�KHDG�DQG�IDOO�GRZQ��7KH�SDWLHQW�KDG�QR�V\VWHPLF
GLVHDVHV�NQRZQ��9LWDO�VLJQV�ZHUH�QRUPDO��2Q�SK\VLFDO�H[DPLQDWLRQ��WKHUH�ZDV�GHUPDEUDVLRQ�KHDG�LQ�WKH�IURQWDO�UHJLRQ�DQG�QDVDO�GRUVXP��1HFN
PRYHPHQWV�ZHUH�QRUPDO��7KHUH�ZDV�QR�QHXURORJLFDO�GHILFLW��RWKHU�V\VWHP�H[DPLQDWLRQV�ZHUH�QRUPDO��%HFDXVH�RI�WUDXPD��VNXOO�DQG�QHFN
UDGLRJUDSKV�ZDV�SHUIRUPHG��/DWHUDO�UDGLRJUDSKV�RI�WKH�FHUYLFDO�VSLQH�ZDV�VKRZQ�WZR�RSDTXH�OHVLRQV�ZKLFK�ZDV�SUHVHQW�DW�WKH�OHYHO�RI�&��EHWZHHQ
VSLQRXV�SURFHV��LQ�ERQH�GHQVLW\��KDG�ORQJLWXGLQDO�HORQJDWLRQ��&7�ZDV�SHUIRUPHG�WR�H[FOXGH�DYXOVLRQ�IUDFWXUH��&7�ZDV�VKRZQ�ZHOO�GHILQHG��RYRLG�
ORQJLWXGLQDOO\�H[WHQGLQJ�SDUDOOHO�SDUWV��LQ�GLIIHUHQW�VL]HV����ERQ\�VWUXFWXUHV��7KHVH�VWUXFWXUHV�ZHUH�FRQVLGHUHG�DV�WKH�QXFKDO�OLJDPHQW�RVVLILFDWLRQ�
7KH�SDWLHQW�ZDV�GLVFKDUJHG�ZLWK�DQDOJHVLFV�

&RQFOXVLRQ��$JH�UHODWHG�FKDQJHV�DQG�WKH�DQDWRPLFDO�YDULDWLRQV�FDQ�EH�HDVLO\�FRQIXVHG�ZLWK�SDWKRORJLFDO�FRQGLWLRQV��SDUWLFXODUO\�DW�GLUHFW�JUDSKLFV�
:KHQ�FOLQLFLDQV�KDYH�NQRZOHGJH�RI�VXFK�DQDWRPLFDO�YDULDWLRQV��WKDW�ZLOO�KHOS�LQ�SDWLHQW�DVVHVVPHQW�



',6$67(5�0(',&,1( 0DVDPXQH�.XQR

��������'LVDVWHU�SUHSDUHGQHVV�HIIRUW�LQ�VRXWK�WDPD��7RN\R�UHJLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DVDPXQH�.XQR������$UDL�7DNDR������6X]XNL�.HQVXNH������+DULNDH�.HQ����

���HPHUJHQF\�DQG�FULWLFDO�FDUH�PHGLFLQH��1LSSRQ�0HGLFDO�6FKRRO�7DPD�1DJD\DPD�KRVSLWDO��7DPD��-$3$1
�����7RN\R�0HGLFDO�8QLYHUVLW\�+FKLRML�0HGLFDO�&HQWHU��+DFKLRML��-$3$1
�����1LSSRQ�6SRUW�6FLHQFH�8QLYHUVLW\��<RNRKDPD��-$3$1
�����+LQR�0XQLFLSDO�+RVSLWDO��+LQR��-$3$1

.H\ZRUGV��GLVDVWHU�PHGLFLQH��WUDLQLQJ��FKURQRORJ\

$EVWUDFW��

,Q�7RN\R�WKH�RFFXUUHQFH�RI�FRXQWHUPHDVXUHV�DJDLQVW�7RN\R�LQODQG�HDUWKTXDNH�KDV�EHHQ�D�FRQFHUQ��,Q�-DSDQÇV�GLVDVWHU�PHGLFDO�V\VWHP��'LVDVWHU
PHGLFDO�DVVLVWDQFH�WHDP��'0$7��KDV�EHHQ�WUDLQHG�IRU�WKH�UHVSRQVLELOLW\�IRU�WKH�DFXWH�SKDVH�RI�GLVDVWHU�PHGLFLQH��'LVDVWHU�PHGLFDO�FRRUGLQDWRU�KDV
EHHQ�DSSRLQWHG�LQ�PRVW�RI�WKH�PXQLFLSDOLWLHV��$W�WKH�OHYHO�RI�WKH�7RN\R�0HWURSROLWDQ�*RYHUQPHQW����GLVDVWHU�PHGLFDO�FRRUGLQDWRU�KDV�EHHQ�DSSRLQWHG�
'LVDVWHU�PHGLFDO�FRRUGLQDWRU�KDV�EHHQ�DOVR�DSSRLQWHG�WR�HYHU\����UHJLRQ�DQG�HDFK�PXQLFLSDOLW\�XQGHU�WKH�OHYHU�RI�7RN\R�0HWURSROLWDQ�*RYHUQPHQW�
7KLV�WLPH��ZH�LQWURGXFH�HIIRUW�RI�SUHSDUHGQHVV�IRU�GLVDVWHU�PHGLFDO�PHDVXUHV�RI�VRXWK�WDPD�UHJLRQ��RQH�RI�DERYH����UHJLRQV��,Q�0LQDPL�7DPD�UHJLRQ
ODXQFKHG�D�YROXQWDU\�JURXS�FDOOHG�'LVDVWHU�0HGLFDO�:RUNLQJ�*URXS��ZKLFK�ZDV�UHSUHVHQWDWLYH�RI�WKH�GLVDVWHU�PHGLFDO�FRRUGLQDWRU�LQ�WKH�UHJLRQ�
0DMRU�REMHFWLYH�RI�WKLV�JURXS�LV�WR�PDNH�D�GDWDEDVH�RI�GLVDVWHU�WUDLQLQJ�FDUULHG�RXW�LQ�HDFK�KRVSLWDO�DQG�LW�FDQ�EH�VKDUHG�ZLWK�RWKHU�RUJDQL]DWLRQV�
([SHFWHG�HIIHFWV�LV�WKDW��LW�LV�SRVVLEOH�WR�VHDUFK�DFFRUGLQJ�WR�WKH�SXUSRVH�RI�GLVDVWHU�GULOOV��VR�FDQ�SHUIRUP�GLVDVWHU�WUDLQLQJ�HDVLO\�LQ�RWKHU�PHGLFDO
LQVWLWXWLRQV��,W�ZLOO�XOWLPDWHO\�EH�DEOH�WR�SUHSDUH�IRU�WKH�GLVDVWHU�LQ�WKH�HQWLUH�VRXWK�WDPD�UHJLRQ��%\�WKH�HIIHFW�RI�WKH�ZRUNLQJ�JURXS��JUHDW�GHDO�RI
SURJUHVV�LQ�WKLV�UHJLRQ�LV�WKDW�HDFK�RWKHU
V�FRRSHUDWLRQ�FDQ�EH�WDNHQ��7KDQNV�WR�WKDW��V\VWHPV�WKDW�FDQ�VKDUH�LQIRUPDWLRQ�XVLQJ�D�FRPPRQ
FKURQRORJLFDO�UHFRUGLQJ�YLD�ZHE�LQ�WKH�UHJLRQ��GXULQJ�H[WHQVLYH�WUDLQLQJ�ZDV�EXLOW��,�ZRXOG�OLNH�WR�UHSRUW�RQ�WKH�SURJUHVV�RI�WKH�GDWDEDVH�DQG�XVH
H[SHULHQFH�RI�FKURQRORJLFDO�UHFRUG�RI�DQ�LQIRUPDWLRQ�VKDULQJ�V\VWHP�



,1)(&7,286�',6($6(���6(36,6 IUDQFHVFD�LQQRFHQWL

��������62)$�VFRUH�WUHQG�LQ�VHSWLF�SDWLHQWV��ZKLFK�LV�WKH�PRVW�DSSURSULDWH�WLPH�LQWHUYDO�WR�LPSURYH�SURJQRVWLF�VWUDWLILFDWLRQ"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&KLDUD�'RQQLQL������6LPRQD�*XDOWLHUL������&DPLOOD�7R]]L������)HGHULFR�0HR������)UDQFHVFD�,QQRFHQWL������5LFFDUGR�3LQL����

���(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�2EVHUYDWLRQ�8QLW��8QLYHUVLW\�+RVSLWDO�&DUHJJL��)ORUHQFH��,7$/<
���(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�2EVHUYDWLRQ�8QLW��&DUHJJL�8QLYHUVLW\�+RVSLWDO��)ORUHQFH��,7$/<

.H\ZRUGV��6HSVLV��3URJQRVWLF�VFRUHV��62)$�VFRUH

$EVWUDFW��

,QWURGXFWLRQ��1HZ�FULWHULD�IRU�GLDJQRVLV�RI�VHSVLV�DQG�VHSWLF�VKRFN�JLYH�D�FUXFLDO�UROH�WR�6HTXHQWLDO�2UJDQ�)DLOXUH�$VVHVVPHQW��62)$��VFRUH
HYDOXDWLRQ�DW�WKH�PRPHQW�RI�SUHVHQWDWLRQ��EXW�LW�LV�ZHOO�NQRZQ�WKDW�VHSVLV�LV�D�UDSLGO\�HYROYLQJ�GLVHDVH��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�FRPSDUH�WKH
SURJQRVWLF�YDOXH�RI�62)$�VFRUH�WUHQG�DW���DQG�DW����KRXUV�DIWHU�DGPLVVLRQ��LQ�RUGHU�WR�LGHQWLI\�WKH�PRVW�DSSURSULDWH�WLPLQJ�WR�HYDOXDWH�VFRUHÇV
HYROXWLRQ�

0HWKRGV��7KLV�LV�D�SUHOLPLQDU\�DQDO\VLV�RI�SDWLHQWV�HQUROOHG�LQ�D�SURVSHFWLYH�UHVHDUFK�DLPLQJ�WR�ILQG�UHOLDEOH�ELRPDUNHUV�IRU�DQ�HDUO\�VHSVLV
GLDJQRVLV��:H�SHUIRUPHG�DQ�LQWHULP�DQDO\VLV�RQ�����SDWLHQWV�DGPLWWHG�IURP�1RYHPEHU������WR�'HFHPEHU������WR�WKH�(PHUJHQF\�'HSDUWPHQW
+LJK�'HSHQGHQF\�8QLW��('�+'8��RI�WKH�8QLYHUVLW\�+RVSLWDO�RI�&DUHJJL�ZLWK�D�GLDJQRVLV�RI�VHYHUH�VHSVLV�RU�VHSWLF�VKRFN��$W�('�DGPLVVLRQ��7����DIWHU��
KRXUV��7���DQG����KRXUV��7����IURP�WKH�LQLWLDO�GLDJQRVLV��ZH�HYDOXDWHG�62)$�VFRUH��VFRUH�GLIIHUHQFHV�RYHU���KRXU��¶62)$��+��DQG����KRXU�WLPH
LQWHUYDO��¶62)$���+�ZHUH�FDOFXODWHG��7KH�SULPDU\�HQG�SRLQW�ZDV�LQ�KRVSLWDO�PRUWDOLW\�

5HVXOWV��0DLQ�FRPRUELGLWLHV�DPRQJ�RXU�VWXG\�SRSXODWLRQ������PDOH�JHQGHU��PHDQ�DJH���k���\HDUV��ZHUH�K\SHUWHQVLRQ��������GLDEHWHV�PHOOLWXV
�������FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��������FRURQDU\�DUWHU\�GLVHDVH��������$Q�KHPDWRORJLF�PDOLJQDQF\�ZDV�SUHVHQW�LQ����SDWLHQWV�����
DQG�D�VROLG�WXPRUV�LQ�����������7KH�VRXUFH�RI�LQIHFWLRQ�ZDV�WKH�UHVSLUDWRU\�WUDFW�LQ����������SDWLHQWV��DEGRPHQ�LQ�����������WKH�XULQDU\�WUDFW�LQ���
�������ZKLOH�LW�UHPDLQHG�XQNQRZQ�LQ����������SDWLHQWV��6HYHQW\�QLQH�SDWLHQWV�GHYHORSHG�D�VHSWLF�VKRFN��������,Q�KRVSLWDO�PRUWDOLW\�UDWH�ZDV�����

7��62)$�VFRUH�ZDV�FRPSDUDEOH�EHWZHHQ�VXUYLYRUV�DQG�QRQ�VXUYLYRUV�����k����YV����k�����S� 16���ZKLOH�LW�EHFDPH�VLJQLILFDQWO\�KLJKHU�LQ
QRQ�VXUYLYRUV�FRPSDUHG�ZLWK�VXUYLYRUV�DW�7����k����YV����k�����S� �������DQG�DW�7�������k����YV����k�����S����������'LVFULPLQDWLYH�DQDO\VLV�E\
52&�FXUYHV�FRQILUPHG�D�SRRU�SURJQRVWLF�VWUDWLILFDWLRQ�DELOLW\�IRU�7��62)$��DUHD�XQGHU�FXUYH��$8&������������&,��������������S ��������D�IDLU
SHUIRUPDQFH�IRU�7��62)$��$8&�����������&,��������������S �������DQG�D�PRGHUDWH�GLVFULPLQDWLQJ�DELOLW\�IRU�7���62)$��$8&�����������&,
�������������S���������¶62)$�7��RQO\�WHQGHG�WR�EH�KLJKHU�LQ�QRQ�VXUYLYRUV�WKDQ�LQ�VXUYLYRUV�����k�����YV����k������S �������ZKLOH�¶62)$���+�ZDV
VLJQLILFDQWO\�KLJKHU�LQ�QRQ�VXUYLYRUV�����k����YV����k�����S ��������5HSHDWHG�PHDVXUHV�DQDO\VLV�RI�YDULDQFH�VKRZHG�D�VLJQLILFDQW�VFRUH�LQFUHDVH
ZLWKLQ�VXEMHFWV��S �������DQG�D�VLJQLILFDQW�KLJKHU�LQFUHDVH�LQ�QRQ�VXUYLYRUV�FRPSDUHG�ZLWK�VXUYLYRUV��S �������

&RQFOXVLRQV��3URJQRVWLF�YDOXH�RI�62)$�VFRUH�ZDV�SRRU�DW�WKH�PRPHQW�RI�VHSVLV�GLDJQRVLV��DW�D���KRXU�LQWHUYDO��GLVFULPLQDWLRQ�DELOLW\�ZDV
SHUVLVWHQWO\�IDLU��%RWK�WKH�DEVROXWH�YDOXH�DIWHU����KRXUV�DQG�WKH�WUHQG�LQ�WKH�ILUVW����KRXU�SHULRG�VKRZHG�D�PRGHUDWH�SURJQRVWLF�DELOLW\��$�VL[�KRXU
LQWHUYDO��DOWKRXJK�DSSHDOLQJ�IRU�DQ�(PHUJHQF\�0HGLFLQH�VHWWLQJ��DSSHDUV�D�WRR�VKRUW�WLPH�LQWHUYDO�WR�LPSURYH�SURJQRVWLF�VWUDWLILFDWLRQ�RI�VHSWLF
SDWLHQWV�



0$1$*(0(17���('�25*$1,6$7,21 .DULQ�:HLJHO

��������2XWFRPHV�LQ�HPHUJHQF\�GHSDUWPHQW�SDWLHQWV�ZLWK�PXOWLSOH�V\PSWRPV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.DULQ�:HLJHO������&KULVWLDQ�1LFNHO������5RODQG�%LQJLVVHU����

�����8QLYHUVLW\�+RVSLWDO�%DVHO��(PHUJHQF\�'HSDUWPHQW��%DVHO��6:,7=(5/$1'

.H\ZRUGV��QXPEHU�RI�V\PSWRPV��PXOWLSOH�V\PSWRPV��HPHUJHQF\�GHSDUWPHQW��WULDJH��PRUELGLW\

$EVWUDFW��

%DFNJURXQG�2EMHFWLYH�

7KH�QDWXUH�DQG�QXPEHU�RI�V\PSWRPV�LQ�HPHUJHQF\�SDWLHQWV�GLIIHU�ZLGHO\��(�J��ZRPHQ�UHSRUW�PRUH�V\PSWRPV�WKDQ�PHQ��EXW�RXWFRPH�PD\�QRW�GLIIHU�
)XUWKHUPRUH��WKH�QXPEHU�RI�V\PSWRPV�KDV�D�OLQHDU�UHODWLRQVKLS�ZLWK�WKH�QXPEHU�RI�FRQVXOWDWLRQV��DQG�PXOWLSOH�V\PSWRPV�DUH�DVVRFLDWHG�ZLWK
DQ[LHW\�DQG�GHSUHVVLRQ��+RZHYHU��WKH�RXWFRPH�LQ�SDWLHQWV�SUHVHQWLQJ�ZLWK�PXOWLSOH�V\PSWRPV�WR�('V�LV�XQNQRZQ�

0HWKRGV�

7KH�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�ZDV�UXQ�DW�WKH�(PHUJHQF\�'HSDUWPHQW�RI�%DVHO�8QLYHUVLW\�+RVSLWDO�RYHU�D�SHULRG�RI���ZHHNV����KRXUV��GD\V�
(YHU\�SDWLHQW�SUHVHQWLQJ�WR�WKH�('�ZDV�HOLJLEOH��([FOXVLRQ�FULWHULD�ZHUH��XQDEOH�WR�DQVZHU�TXHVWLRQV��XQZLOOLQJ�WR�SDUWLFLSDWH��6\VWHPDWLF�KLVWRU\
WDNLQJ�����SUHGHILQHG�V\PSWRPV��DQG�UHJLVWUDWLRQ�RI�FKLHI�FRPSODLQWV�ZDV�SHUIRUPHG�E\�D�PHPEHU�RI�WKH�VWXG\�WHDP��XVLQJ�D�TXHVWLRQQDLUH���7KH
QXPEHU�RI�V\PSWRPV�ZDV�UHFRUGHG��0XOWLSOH�V\PSWRPV�ZHUH�GHILQHG�DV�PRUH�WKDQ���RXW�RI����V\PSWRPV��'HPRJUDSKLFV��WULDJH�FDWHJRULHV��(6,
������DQG�WKH�XVH�RI�UHVRXUFHV�ZHUH�DOVR�UHFRUGHG��3K\VLFLDQVC�ILUVW�FOLQLFDO�LPSUHVVLRQV�ZHUH�UHFRUGHG�DW�SUHVHQWDWLRQ�XVLQJ�D�QXPHULF�UDWLQJ�VFDOH
RI����QRW�ORRNLQJ�LOO��WR�����ORRNLQJ�VHYHUHO\�LOO��E\�WKH�VWXG\�WHDP��5HVRXUFHV�ZHUH�GHILQHG�DV�DQ�LQYHVWLJDWLRQ�RUGHUHG�E\�DQ�HPHUJHQF\�SK\VLFLDQ�
VXFK�DV�[�UD\��ODE�H[DP��RU�FRQVXOWDWLRQ�E\�D�VSHFLDOLVW��2XWFRPHV�ZHUH�FDWHJRULVHG�LQ�WHUPV�RI�KRVSLWDOLVDWLRQ��VHULRXV�RXWFRPH��DQG�LQWHQVLYH�FDUH�
6HULRXV�RXWFRPH�ZDV�GHILQHG�DV�DQ�DFXWH�PRUELGLW\�UHTXLULQJ�HDUO\�LQWHUYHQWLRQ��H�J��XVH�RI�DQWLELRWLFV��LQ�RUGHU�WR�DYRLG�GHWHULRUDWLRQ�RI�KHDOWK
VWDWXV��GLVDELOLW\�RU�GHDWK�

5HVXOWV�

2I������SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�������ZHUH�LQFOXGHG���7KH�PHDQ�QXPEHU�RI�WKH�UHSRUWHG�V\PSWRPV�ZDV������UDQJH�������������SDWLHQWV�KDG��
RU�PRUH�V\PSWRPV��7KHVH�SDWLHQWV�VKRZHG�D�KLJKHU�UDWH�RI�KRVSLWDOLVDWLRQ��������YV��������LQ�DOO�RWKHU�SDWLHQWV���D�KLJKHU�UDWH�RI�VHULRXV�RXWFRPHV
�������YV����������DQG�D�KLJKHU�XVH�RI�LQWHQVLYH�FDUH�������YV��������3DWLHQWV�ZLWK���RU�PRUH�V\PSWRPV�ZHUH�ROGHU��PHGLDQ������\HDUV�YV����\HDUV�
DQG�KDG�D�KLJKHU�XVH�RI�UHVRXUFHV�������YV���������7KH\�ZHUH�MXGJHG�WR�ORRN�VLFNHU�LQ�WHUPV�RI�WKH�ILUVW�FOLQLFDO�LPSUHVVLRQ������YV�������DQG�WKH\�KDG
D�ORQJHU�OHQJWK�RI�VWD\�LQ�WKH�('������PLQXWHV�YV������PLQXWHV��

&RQFOXVLRQ�

3DWLHQWV�ZLWK�PXOWLSOH�V\PSWRPV��L�H����RU�PRUH��PD\�EH�D�YXOQHUDEOH�JURXS��DV�WKHLU�RXWFRPHV�DUH�ZRUVH�DV�FRPSDUHG�WR�DOO�RWKHU�SDWLHQWV
SUHVHQWLQJ�WR�WKH�('��7KH\�XVHG�PRUH�UHVRXUFHV�DQG�KDG�VORZHU�WKURXJKSXW�WLPHV�DV�FRPSDUHG�WR�SDWLHQWV�ZLWK���RU�OHVV�V\PSWRPV��)XUWKHU
UHVHDUFK�LV�QHFHVVDU\�LQ�RUGHU�WR�ILQG�WKH�UHDVRQV�IRU�WKLV�ILQGLQJ�
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3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*2.68�%2='(5(/,�%(5,.2/������*85.$1�%(5,.2/������2.7$<�<,/',=������0(+0(7�6(5.$1�<85'$.8/������$77,/$�%(67(0,5����

���(0(5*(1&<�0(',&,1(��.$5$0$1�38%/,&�+263,7$/��.$5$0$1��785.(<
���1(852685*(5<�'(3$570(17��.$5$0$1�38%/,&�+263,7$/��.$5$0$1��785.(<
���&20387(5�(1*,1((5,1*��*$=,�81,9(56,7<��$1.$5$��785.(<

.H\ZRUGV��0DFKLQH�OHDUQLQJ��DUWLILFLDO�LQWHOOLJHQFH��DSSHQGLFLWLV

$EVWUDFW��

,QWURGXFWLRQ��$FXWH�DSSHQGLFLWLV��D�HWLRORJ\�RI�DFXWH�DEGRPHQ��LV�D�FOLQLFDO�FRQFHUQ�IRU�HPHUJHQF\�SK\VLFLDQV�DQG�JHQHUDO�VXUJHRQV��:LWK�FOLQLFDO
VFRUHV�ULVN�FDOFXODWLRQV�KHOSV�SK\VLFLDQV�WR�GHFLGH�FRQVXOWDWLRQ�DQG�RSHUDWLRQ��0RVW�RI�WKH�SDWLHQW�KDYH�QHJDWLYH�ODSDURWRP\�WKRXJK�KDYLQJ�D�KLJK
ULVN�VFRUHV��/\PSKRLG�K\SHUSODVLD�LV�YHU\�FRPPRQ�LQ�DSSHQGLFLWLV�HWLRORJ\�DV�ZHOO�DV�REVWUXFWLRQ�E\�RWKHU�FDXVHV��0RVWO\�YLUDO�LQIHFWLRQ�UHVXOWV
O\PSKRLG�K\SHUSODVLD�DQG�PD\�OHDG�WR�UHFXUUHQW�RU�FKURQLF�ULJKW�ORZHU�TXDGUDQW�SDLQ��0RVW�RI�WKH�HPHUJHQF\�VHUYLFHV�KDYH�IDFH�GLDJQRVLQJ
SUREOHPV�ZLWK�LQVXIILFLHQW�VWXII�DQG�HTXLSPHQW��7KXV�VWXGLHV�ZLWK�GLDJQRVLQJ�PHWKRGV�YLD�PDFKLQH�OHDUQLQJ�WHFKQLTXHV�DUH�UHFHQWO\�SRSXODU�DQG
KHOSIXO�

0DWHULDOV�DQG�0HWKRGV��2QH�KXQGUHG�WKLUW\�WKUHH�SDWLHQWV�ZLWK�KLJK�ULVN�VFRUHV�DQG�GLDJQRVHG�DV�DSSHQGLFLWLV�DUH�VWXGLHG��/DERUDWRU\�DQG
SDWKRORJLFDO�ILQGLQJV�DUH�UHSRUWHG��WUDLQHG�DQG�WHVWHG�

5HVXOWV��6XFFHVV�RI�PDFKLQH�OHDUQLQJ�WHFKQLTXHV�DV�.�QHDUHVW�QHLJKERXU��FODVVLILFDWLRQ�WUHH��1DLYH�%D\HV�DUH�DOO�IRXQG�KLJKHU�LQ�LGHQWLI\LQJ
DSSHQGLFLWLV�DV�O\PSKRLG�K\SHUSODVLD�RU�RWKHU�FDXVHV��.QQ�PHWKRG�LV�WKH�VXFFHVVIXO�DPRQJ�PDFKLQH�OHDUQLQJ�WHFKQLTXHV�ZLWK�D�DFFXUDF\�RI�RYHU
����

&RQFOXVLRQV��3DWLHQWV�ZLWK�ULJKW�ORZHU�TXDGUDQW�SDLQ�DQG�KLJK�ULVN�RI�DSSHQGLFLWLV�FDQ�EH�FODVVLILHG�DV�XUJHQW�RU�UHFXUUHQW�ZLWK�WKH�KHOS�RI�DUWLILFLDO
LQWHOOLJHQFH�PHWKRGV��7KXV�PD\�ORZHU�WKH�ZDLWLQJ�WLPH�WR�RSHUDWLRQ�RI�WKH�KLJK�ULVN�SDWLHQWV�

5HIHUHQFHV����;X��<LQJGLQJ��HW�DO���/\PSKRLG�+\SHUSODVLD�RI�WKH�$SSHQGL[��$�3RWHQWLDO�3LWIDOO�LQ�WKH�6RQRJUDSKLF�'LDJQRVLV�RI�$SSHQGLFLWLV���$PHULFDQ
-RXUQDO�RI�5RHQWJHQRORJ\�����������������������

��6ZLVFKXN��/HRQDUG�(���HW�DO���1RQ�IHFDOLWK�LQGXFHG�DSSHQGLFLWLV��HWLRORJ\��LPDJLQJ��DQG�SDWKRORJ\���(PHUJHQF\�UDGLRORJ\����������������������

$FNQRZOHGJPHQWV��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�LQ�WKLV�VWXG\�
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��������0DQDJHPHQW�RI�GL]]\�SDWLHQWV�LQ�(PHUJHQF\�'HSDUWHPHQW��D�UHWURVSHFWLYH�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3DXOLQH�'HVZDUWH������-HQQLIHU�7UXFKRW������$QWKRQ\�&KDXYLQ������5DIDHOOH�&DUGL������$QQH�6RSKLH�9RDULFN������3DWULFN�3ODLVDQFH����

���(PHUJHQF\�'HSDUWPHQW�/DULERLVL�UH�+RVSLWDO��$3+3��3DULV��)5$1&(
���6HUYLFH�GÇ$FFXHLO�GHV�8UJHQFHV���&HQWUH�+RVSLWDOLHU�8QLYHUVLWDLUH�/DULERLVL�UH��$3�+3����UXH�$PEURLVH�3DU���3DULV��8QLYHUVLW��3DULV�9,,�5HQ��'LGHURW�
3DULV��)5$1&(��$3+3��3DULV��)5$1&(
���6HUYLFH�GÇ$FFXHLO�GHV�8UJHQFHV���&HQWUH�+RVSLWDOLHU�8QLYHUVLWDLUH�/DULERLVL�UH��$3�+3����UXH�$PEURLVH�3DU���3DULV��8QLYHUVLW��3DULV�9,,�5HQ��'LGHURW�
3DULV��)5$1&(��$3+3��3$5,6��)5$1&(

.H\ZRUGV��GL]]LQHVV��HPHUJHQF\�GHSDUWHPHQW���YHUWHEUREDVLODU�LQVXIILFLHQF\��YHVWLEXODU�RFXODU�UHIOH[��GLDJQRVLV��SRVWHULRU�FLUFXODWLRQ�VWURNH�
QHXURLPDJLQJ�

$EVWUDFW��

,QWURGXFWLRQ��7KH�QXPEHU�RI�SDWLHQWV�FRQVXOWLQJ�LQ�WKH�('��IRU�GL]]LQHVV�KDV�LQFUHDVHG�RI������LQ����\HDUV��7KH�FRQFHSW�RI�YHUWHEUREDVLODU
LQVXIILFLHQF\�FKDOOHQJHV�WKH�FRQYHQWLRQDO�SHULSKHUDO�DQG�FHQWUDO�YHVWLEXODU�GLVRUGHUV��7KH�LQWHUHVW�RI�QHXURLPDJLQJ�LQ�WKH�GLDJQRVWLF�SURFHVV�RI�GL]]\
SDWLHQW�LV�FRQWURYHUVLDO��2XU�HPHUJHQF\�GHSDUWPHQW��('���ZHOFRPHV�WKH�(DU�1RVH�7KURDW��(17��SK\VLFLDQV�GXULQJ�WKH�QLJKW�VKLIW��1R�VWXGLHV�KDYH
FRPSDUHG�WKH�GLIIHUHQFHV�LQ�PDQDJHPHQW�RI�(17�SUDFWLWLRQHUV��HPHUJHQF\�SK\VLFLDQV�DQG�QHXURORJLVWV��)RU�WKLV�UHDVRQ��WKH�PDQDJHPHQW�RI�GL]]\
SDWLHQWV�ZDV�HYDOXDWHG�LQ�RXU�VWUXFWXUH�

0HWKRGV�$�PRQR�FHQWULF��UHWURVSHFWLYH��GHVFULSWLYH�DQG�REVHUYDWLRQDO�VWXG\�ZDV�FRQGXFWHG�IURP�-DQXDU\�WR�-XQH�������(YHU\�SDWLHQW�SUHVHQWLQJ�IRU
GL]]LQHVV�WR�WKH�('�GXULQJ�QLJKW�VKLIWV�DQG�ZHHNHQGV�ZHUH�LQFOXGHG��7KH�GDWD�LQFOXGHG�SUH�KRVSLWDO�FDUH��WKH�SDWLHQW
V�SHUVRQDO�GDWD��DQDPQHVWLF
DQG�FOLQLFDO�GDWD�RI�GL]]LQHVV��DQG�SDWLHQWÇV�RXWFRPH��4XDQWLWDWLYH�GDWD�DUH�H[SUHVVHG�DV�PHDQ�DQG�H[WUHPH�YDOXHV��&DWHJRULFDO�GDWD�DUH�H[SUHVVHG
LQ�QXPEHU�RU�SHUFHQWDJH��7KH�LQGHSHQGHQFH�RI�RXU�VHULHV�RI�TXDOLWDWLYH�GDWD�ZDV�DVVHVVHG�E\�WKH�FKL���WHVW�DQG�WKH�3HDUVRQ�)LVFKHU�WHVW�
4XDQWLWDWLYH�GDWD�ZHUH�FRPSDUHG�XVLQJ�D�6WXGHQW�7�WHVW��$�S�YDOXH�������ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW

5HVXOWV������SDWLHQWV�ZHUH�HQUROOHG������ZHUH�H[DPLQHG�E\�DQ�(17�SK\VLFLDQ�DQG����E\�DQ�HPHUJHQF\�SK\VLFLDQ��%HLQJ�PDQDJHG�E\�DQ
HPHUJHQF\�SK\VLFLDQ�PXOWLSOLHG�E\�����WKH�SUREDELOLW\�RI�KDYLQJ�QHXURLPDJLQJ�FRPSDUHG�WR�DQ�(17�SK\VLFLDQ��S���������7KH�PHDQ�OHQJWK�RI�VWD\
ZDV��VLJQLILFDQWO\�KLJKHU�ZKHQ�WKH�SDWLHQW�ZDV�VHHQ�E\�DQ�('�SK\VLFLDQ��S��������1\VWDJPXV�ZDV���WLPHV�PRUH�IUHTXHQWO\�VRXJKW�E\�WKH�(17
SK\VLFLDQ�WKDQ�E\�WKH�HPHUJHQF\�SK\VLFLDQ��S���������3DWLHQWV�H[DPLQHG�E\�DQ�(17�SK\VLFLDQ�KDG�PRUH�(17�GLDJQRVHV��DV�WKH\�KDG�PRUH
DOWHUQDWLYH�GLDJQRVHV�LI�WKH\�ZHUH�HYDOXDWHG�E\�HPHUJHQF\�SK\VLFLDQV��$Q�H[SORUDWLRQ�RI�WKH�YHVWLEXODU�RFXODU�UHIOH[�DQG�H\H�PRYHPHQW�ZDV
SHUIRUPHG�IRU�QRQH�RI�WKH�SDWLHQWV�

'LVFXVVLRQ��7KH�GLIIHUHQFH�LQ�PDQDJHPHQW�RI�YHUWLJR�EHWZHHQ�HPHUJHQF\�SK\VLFLDQ��DQG�(17�SK\VLFLDQ�UHIOHFWV�WKH�ODFN�RI�FRQVHQVXV�JXLGHOLQHV�
7KH�EHGVLGH�H[DPLQDWLRQ�ZLWK�WKH�+,176��KRULQ]RQWDO�+HDG�,PSXOVH�1\VWDJPXV�7HVW�RI�6NHZ��WHVW�FRXOG�EH�D�NH\�HOHPHQW�RI�WKH�GLDJQRVLV�RI�GL]]\
SDWLHQW�DQG�TXHVWLRQ�WKH�QHFHVVLW\�RI�LPDJLQJ��7KH�+,176�WHVW��DSSHDUV�WR�EH�PRUH�VHQVLWLYH�WKDQ�EUDLQ�05,�LQ�WKH�GLDJQRVLV�RI�YDVFXODU�LQMXULHV�RI
WKH�SRVWHULRU�FLUFXODWLRQ�DQG�VKRXOG�EH�LQWHJUDWHG�ZLWK�WKH�FOLQLFDO�H[DPLQDWLRQ�RI�WKH�GL]]\�SDWLHQW�

&RQFOXVLRQ��7KH�LPSOHPHQWDWLRQ�RI�H[SORULQJ�WKH�K�+,176�WHVW�LQ�WKH�('�FRXOG�LPSURYH�WKH�PDQDJHPHQW�RI�YHUWLJR�$�SURVSHFWLYH�VWXG\�ZLWK�WKH
XVH�RI�WKLV�EHGVLGH�H[DPLQDWLRQ��K�+,176�WHVW��LV�QHHGHG�WR�FRQILUP�WKHVH�UHVXOWV��7KH�LPSOHPHQWDWLRQ�RI�H[SORULQJ�WKH�K�+,176�WHVW�LQ�WKH�('�FRXOG
LPSURYH�WKH�PDQDJHPHQW�RI�YHUWLJR�



',6$67(5�0(',&,1( *(5/$17�9$1�%(5/$(5
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3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*HUODQW�YDQ�%HUODHU������)UDQFLVFD�%RKOH�&DUERQHOO������6RILH�0DQDQWVRD������;DYLHU�GH�%�WKXQH������5RQDOG�%X\O������0LFKHO�'HEDFNHU������,YHV
+XEORXH����

���'HSDUWPHQW�RI�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH��8QLYHUVLWDLU�=LHNHQKXLV�%UXVVHO��%UXVVHOV��%(/*,80
���0HGLFDO�'HSDUWPHQW��2SHUDWLRQV�'HSDUWPHQW��0�GHFLQV�GX�0RQGH���'RFWRUV�RI�WKH�:RUOG�%HOJLXP��%UXVVHOV��%(/*,80
���'HSDUWPHQW�RI�3XEOLF�+HDOWK��%LRVWDWLVWLFV�DQG�0HGLFDO�,QIRUPDWLFV�5HVHDUFK�*URXS��9ULMH�8QLYHUVLWHLW�%UXVVHO��%UXVVHOV��%(/*,80
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLWDLU�=LHNHQKXLV�%UXVVHO��%UXVVHOV��%(/*,80

.H\ZRUGV��6\ULD��UHIXJHH��GLDJQRVHV��LQIHFWLRQV��FRPSOH[�KXPDQLWDULDQ�HPHUJHQF\

$EVWUDFW��

%DFNJURXQG�DQG�SXUSRVH

,Q�WKH�VXPPHU�RI�������WKH�H[RGXV�RI�6\ULDQ�ZDU�UHIXJHHV�DQG�VDWXUDWLRQ�RI�UHIXJHH�FDPSV�LQ�QHLJKERXULQJ�FRXQWULHV�OHG�WR�WKH�LQIOX[�RI�PDQ\
DV\OXP�VHHNHUV�LQ�VRPH�(XURSHDQ�FRXQWULHV��LQFOXGLQJ�%HOJLXP�

7KLV�VWXG\�DLPV�WR�GRFXPHQW�GHPRJUDSKLFV�RI�DV\OXP�VHHNHUV�DUULYLQJ�LQ�D�UHIXJHH�FDPS�LQ�%UXVVHOV�LQ�6HSWHPEHU������DQG�WR�GHVFULEH�GLDJQRVHV
DQG�FRPRUELGLWLHV�RI�SDWLHQWV�SUHVHQWLQJ�WR�D�)LHOG�+RVSLWDO�

7KH�VWXG\�K\SRWKHVLV�LV�WKDW�DPRQJ�DV\OXP�VHHNHUV�LQ�D�KXGGOHG�UHIXJHH�FDPS�Ä�HYHQ�LQ�D�ZHOO�GHYHORSHG�FRXQWU\�ZLWK�DOO�PHGLFDO�IDFLOLWLHV�Ä
UHVSLUDWRU\��GLJHVWLYH�DQG�RWKHU�PHGLFDO�SUREOHPV�W\SLFDO�RI�UHIXJHH�FDPSV�ZKHUHYHU�LQ�WKH�ZRUOG��ZLOO�HPHUJH�VRRQ�

3DWLHQWV�DQG�PHWKRGV

8VLQJ�D�FURVV�VHFWLRQDO�REVHUYDWLRQDO�VWXG\�GHVLJQ��SK\VLFLDQV�RI�0�GHFLQV�GX�0RQGH�SURVSHFWLYHO\�UHJLVWHUHG�DJH��JHQGHU��RULJLQ��PHGLFDO
FRPSODLQWV�DQG�GLDJQRVHV�RI�DOO�SDWLHQWV�SUHVHQWLQJ�WR�DQ�HUHFWHG�)LHOG�+RVSLWDO�LQ�%UXVVHOV�LQ�6HSWHPEHU�������'LDJQRVHV�ZHUH�SRVW�KRF
FDWHJRULVHG�DFFRUGLQJ�WR�WKH�,QWHUQDWLRQDO�&ODVVLILFDWLRQ�RI�'LVHDVHV��2I������SDWLHQWV�H[DPLQHG�������ZHUH�LQFOXGHG�DQG�DQDO\VHG�IRU�WKLV�VWXG\�����
ZHUH�PDOH��PHGLDQ�DJH�ZDV����\HDUV��UDQJH������,45������DQG�SDWLHQWV�FDPH�IURP����GLIIHUHQW�FRXQWULHV��PRVWO\�IURP�,UDT��������6\ULD�������
0RURFFR��������$IJKDQLVWDQ�������DQG�3DOHVWLQH�������6RPH����ZHUH�VWDWHOHVV�

5HVXOWV

7KH�PRVW�FRPPRQ�SULPDU\�GLDJQRVHV�ZHUH�XSSHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQV��������GHQWDO�FDULHV�������VNLQ�LQIHFWLRQV�������JDVWURHQWHULWLV������
VNLQ�ZRXQGV�DQG�EXUQV�������PXVFXORVNHOHWDO�GLVRUGHUV�������DQG�DFFLGHQWDO�WUDXPD�������0HQWDO�GLVRUGHUV�ZHUH�SUHVHQW�LQ�����2QH�SHU�FHQW�ZDV
YLFWLP�RI�LQWHQWLRQDO�YLROHQFH�LQ�WKH�FRXQWU\�RI�RULJLQ��RU�GXULQJ�WKH�MRXUQH\�WR�%UXVVHOV��7ZR�ZRPHQ�KDG�MXVW�GHOLYHUHG�DQG�ILYH�QHZ�ERUQ�EDELHV
DWWHQGHG��RI�ZKLFK�RQH�KDG�WR�EH�KRVSLWDOLVHG�IRU�EURQFKLROLWLV�ZLWK�VHYHUH�G\VSQRHD�

:KHQ�FODVVLILHG��WKH�PRVW�IUHTXHQW�GLDJQRVLV�FDWHJRULHV�ZHUH�UHVSLUDWRU\�GLVRUGHUV��������IDU�DKHDG�RI�LQMXU\��������GHQWDO��������VNLQ������
GLJHVWLYH�������DQG�PXVFXORVNHOHWDO�GLDJQRVHV������

&RPRUELGLWLHV�FRQVLVWHG�PDLQO\�RI�DUWHULDO�K\SHUWHQVLRQ�DQG�GLDEHWHV��5HIHUUDOV�ZHUH�RUJDQLVHG�IRU�����SDWLHQWV�WR�GHQWLVWV�������WR�(PHUJHQF\
'HSDUWPHQWV�������WR�SV\FKRWKHUDSLVWV�������DQG�WR�QHZ�ERUQ�FDUH������

)HDWXUHV�RI�LQIHFWLRQ�ZHUH�IRXQG�LQ�����RI�SDWLHQWV��ZLWK�DQ�HYHQ�KLJKHU�SURSRUWLRQ�������LQ�FKLOGUHQ�\RXQJHU�WKDQ����$�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ
DQDO\VLV�LQGLFDWHV�WKDW�WKH�ULVN�RI�EHLQJ�LQIHFWHG�LV�VLJQLILFDQWO\�KLJKHU�IRU�DV\OXP�VHHNHUV�IURP�6\ULD�DQG�,UDT��DQG�IRU�FKLOGUHQ�

&RQFOXVLRQV

$V\OXP�VHHNHUV�DUULYLQJ�LQ�D�UHIXJHH�FDPS�LQ�%UXVVHOV�DIWHU�D�ORQJ�DQG�KD]DUGRXV�MRXUQH\�VXIIHU�PRVWO\�IURP�UHVSLUDWRU\��GHQWDO��VNLQ�DQG�GLJHVWLYH
GLVHDVHV��DQG�RQH�RI�VHYHQ�LV�LQMXUHG��+DOI�RI�WKLV�SRSXODWLRQ�VKRZV�IHDWXUHV�RI�LQIHFWLRQ��ZLWK�DV\OXP�VHHNHUV�IURP�6\ULD�DQG�,UDT��DQG�FKLOGUHQ
EHLQJ�PRVW�YXOQHUDEOH��XUJLQJ�HYHQ�GHYHORSHG�FRXQWULHV�WR�WDNH�PHDVXUHV�WR�SUHYHQW�WKH�VSUHDG�RI�LQIHFWLRQV��(DUO\�VKHOWHU��RYHUFURZGLQJ�UHGXFWLRQ�
DGHTXDWH�VDQLWDU\�IDFLOLWLHV��DQG�DFFHVVLEOH�KHDOWKFDUH�PD\�DYRLG�VKRUW�DQG�ORQJ�WHUP�FRPSOLFDWLRQV��OHDGLQJ�WR�KLJKHU�KHDOWKFDUH�H[SHQGLWXUH�IRU
WKH�KRVWLQJ�SRSXODWLRQ�

7KHVH�ILQGLQJV�VKRXOG�EH�DQWLFLSDWHG�ZKHQ�FRPSRVLQJ�(PHUJHQF\�0HGLFDO�7HDPV�DQG�,QWHUDJHQF\�(PHUJHQF\�+HDOWK�.LWV�WR�EH�XVHG�LQ�D�)LHOG
+RVSLWDO��HYHQ�LQ�D�:HVWHUQ�(XURSHDQ�FRXQWU\�



&$5',29$6&8/$5 6DHHG�-RUWDQL

��������$�3URVSHFWLYH�(YDOXDWLRQ�RI�0HULWDV�3RLQW�2I�&DUH�7URSRQLQ�,�$VVD\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.HLYDQ�+RVVHLQQHMDG������6KDKDE�*KDIJKD]L������6WDQLVODYD�3UDWKHU������6DHHG�$��-RUWDQL����

�����.HQWXFN\�&OLQLFDO�7ULDO�/DERUDWRU\��/RXLVYLOOH��86$

.H\ZRUGV��7URSRQLQ�,��0,��32&��(PHUJHQF\�'HSDUWPHQW

$EVWUDFW��

%DFNJURXQG���7URSRQLQ��F7QO��LV�RI�JUHDW�LQWHUHVW�WR�HPHUJHQF\�DQG�FDUGLRORJ\�GHSDUWPHQWV�IRU�UDSLG�UXOH�RXW�RI�DFXWH�P\RFDUGLDO�LQIDUFW��$0,��LQ
FKHVW�SDLQ�SDWLHQWV���6LQFH�WXUQ�DURXQG�WLPH�LV�RI�SDUDPRXQW�LPSRUWDQFH�LQ�UXOLQJ�RXW�$0,��SRLQW�RI�FDUH�SODWIRUPV�PDNHV�LW�SRVVLEOH�WR�SURYLGH�WKH
UHVXOWV�UDSLGO\�WR�WKH�FOLQLFDO�WHDP���7KH�F7Q,�DVVD\�RQ�WKH�0HULWDV�32&�DQDO\]HU��7ULQLW\�%LRWHFK��LV�DQ�H[DPSOH�RI�D�SRLQW�RI�FDUH�GHYLFH�RIIHULQJ�WKH
ODWHVW�DGYDQFHPHQW�LQ�WURSRQLQ�WHVWLQJ���+HUH�ZH�SUHVHQW�RXU�LQ�KRXVH�GDWD�IRU�WKH�SUHFLVLRQ�DQG�IHDVLELOLW\�RI�XVLQJ�WKLV�V\VWHP�LQ�HPHUJHQF\
GHSDUWPHQW��('��WR�UXOH�RXW�$0,�LQ�FKHVW�SDLQ�SDWLHQWV��

0HWKRGV���7KH�SUHFLVLRQ�RI�WKH�WHVW�ZDV�DVVHVVHG�E\�DQDO\VHV�RI���OHYHOV�RI�TXDOLW\�FRQWURO�PDWHULDO��4&��E\�RQH�RSHUDWRU�RQ�D�VLQJOH�DQDO\]HU��
WLPHV�RYHU���GD\V���,Q�DGGLWLRQ��WZR�RSHUDWRUV�DQDO\]HG���$0,�SDWLHQWÇV�EORRG�DQG�SODVPD�VDPSOHV�RQ�WZR�GLIIHUHQW�DQDO\]HUV���WLPHV�HDFK���7R
DVVHVV�ZKHWKHU�WKH�WHVW�ZDV�DEOH�WR�UXOH�RXW�$0,V������VXEMHFWV�SUHVHQWLQJ�WR�WKH�('�ZHUH�FRQVHQWHG���7KHLU�EORRG�VDPSOHV�ZHUH�FROOHFWHG�LQ�('7$
WXEHV�IRU�DQDO\VLV�RI�F7Q,�LQ�ERWK�ZKROH�EORRG�DQG�LQ�SODVPD���6HTXHQWLDO�VDPSOHV�ZHUH�FROOHFWHG����������DQG�������KRXUV�DIWHU�SUHVHQWDWLRQ���$OO
WHVW�GHYLFHV�ZHUH�PDGH�DYDLODEOH�E\�WKH�PDQXIDFWXUHU�IRU�WKLV�HYDOXDWLRQ���

5HVXOWV��2XW�RI�WKH�����FKHVW�SDLQ�SDWLHQWV�FRQVHQWHG�LQ�WKLV�VWXG\����KDG�FRQILUPHG�$0,�DFFRUGLQJ�WR�ORFDO�GLDJQRVLV�DQG�����ZHUH�UXOHG�RXW���7KH
PHDQ�F7Q,�FRQFHQWUDWLRQ�DW�EDVHOLQH�DQG�WKH�VHFRQG�EORRG�GUDZ�IRU�ZKROH�EORRG�LQ�WKH�UXOHG�RXW�$0,�SDWLHQWV�ZDV������QJ�/��6' ������DQG�����
QJ�/��6' �������UHVSHFWLYHO\���7KH�PHDQ�F7Q,�LQ�WKH�$0,�VXEMHFWV�ZDV������QJ�/��6' ������IRU�WKH�EDVHOLQH�DQG�������QJ�/��6' �����IRU�WKH�VHFRQG
GUDZ�VDPSOH��

$V�GHVFULEHG�DERYH��ZH�DVVHVVHG�WKH�SUHFLVLRQ�LQ�WZR�ZD\V���$QDO\VLV�RI�WKH�ORZ�4&�E\�D�VLQJOH�RSHUDWRU���WLPHV�RYHU���GD\V�UHVXOWHG�LQ��&9�RI������
D�PHDQ�RI������QJ�/��6' ������7KH�PLG�4&�KDG�D��&9�RI�������D�PHDQ�RI�������QJ�/��6' �������7KH�KLJK�4&�KDG�D��&9�RI�������D�PHDQ�RI������
QJ�/��6' ��������7KH�SUHFLVLRQ�XVLQJ�WKH�VL[�$0,�SDWLHQWV�E\�WZR�RSHUDWRUV�UHVXOWHG�LQ�WRWDO�&9V�UDQJLQJ�IURP������WR���������

&RQFOXVLRQV���7KH�F7Q,�PHDVXUHG�XVLQJ�D�SRLQW�RI�FDUH�IRUPDW�H[KLELWHG�DFFHSWDEOH�SUHFLVLRQ�DQG�SHUIRUPDQFH�IRU�UXOLQJ�RXW�FKHVW�SDLQ�SDWLHQWV
ZLWKRXW�$0,�ZKR�SUHVHQWHG�WR�WKH�('���7KH�ULVH�RI�F7QO�IURP�WKH�EDVHOLQH�WR�WKH�VHFRQG�EORRG�GUDZ���WR���KRXUV�ODWHU�LQ�WKH�FOLQLFDO�FRXUVH�LV
LPSRUWDQW�IRU�UXOLQJ�LQ�FKHVW�SDLQ�SDWLHQWV�ZLWK�P\RFDUGLDO�LQIDUFWLRQ�

�



0$1$*(0(17���('�25*$1,6$7,21 -(11,)(5�758&+27

��������7KH�TXDOLW\�RI�ZRUN�OLIH�RI�\RXQJ�HPHUJHQF\�SK\VLFLDQV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-HQQLIHU�7UXFKRW������$QWKRQ\�&KDXYLQ������$OLFH�+XWLQ������7KRPDV�/(5('8������3DWULFN�3ODLVDQFH������<RXUL�<RUGDQRY����

���6HUYLFH�GÇ$FFXHLO�GHV�8UJHQFHV���&HQWUH�+RVSLWDOLHU�8QLYHUVLWDLUH�/DULERLVL�UH��$3�+3����UXH�$PEURLVH�3DU���3DULV��8QLYHUVLW��3DULV�9,,�5HQ��'LGHURW�
3DULV��)5$1&(��$3+3��3DULV��)5$1&(
���6$08�'(�3$5,6��$3+3��3DULV��)5$1&(
���(PHUJHQF\�'HSDUWHPHQW��&HQWUH�+RVSLWDOLHU�$QGUH�0LJQRW��&+,�$QGUH�0LJQRW��/H�&KHVQD\��)5$1&(
���6HUYLFH�GÇ$FFXHLO�GHV�8UJHQFHV���&HQWUH�+RVSLWDOLHU�8QLYHUVLWDLUH�/DULERLVL�UH��$3�+3����UXH�$PEURLVH�3DU���3DULV��8QLYHUVLW��3DULV�9,,�5HQ��'LGHURW�
3DULV��)5$1&(��$3+3��3$5,6��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��6DLQW�$QWRLQH�+RVSLWDO��$3+3��3DULV��)5$1&(

.H\ZRUGV��4XDOLW\�RI�OLIH��ZRUN�OLIH�EDODQFH��EXUQ�RXW��\RXQJ�HPHUJHQF\�SK\VLFLDQ

$EVWUDFW��

,QWURGXFWLRQ��$OWKRXJK�WKH�SUDFWLFH�RI�HPHUJHQF\�PHGLFLQH�FDQ�EH�PHDQLQJIXO�DQG�SHUVRQDOO\�IXOILOOLQJ��LW�FDQ�DOVR�EH�GHPDQGLQJ�DQG�H[KDXVWLQJ�
(PHUJHQF\�GHSDUWPHQWV��('V��DUH�D�SDUWLFXODUO\�VWUHVVIXO�ZRUN�HQYLURQPHQW��7KLV�FDQ�EH�H[SODLQHG�E\�GLIILFXOW�ZRUN�FRQGLWLRQV�LQFOXGLQJ�VLJQLILFDQW
ZRUNORDG�DQG�SV\FKRORJLFDO�GHPDQG��D�GHIDXOW�RI�UHVRXUFHV��DQG�ODFN�RI�VXSSRUW��,W�LV�SUREDEOH�WKDW�WKHVH�FKDUDFWHULVWLFV�LPSDFW�\RXQJ�HPHUJHQF\
SK\VLFLDQVÇ�SHUFHLYHG�TXDOLW\�RI�OLIH�DQG�ZRUN�OLIH�EDODQFH��2XU�DLP��LQ�WKLV�VWXG\��ZDV�WR�HYDOXDWH�TXDOLW\�RI�OLIH�DQG�ZRUN�OLIH�EDODQFH�RI�)UHQFK
\RXQJ�HPHUJHQF\�SK\VLFLDQV�

0HWKRGV��:H�FRQGXFWHG�D�FURVV�VHFWLRQDO��DQRQ\PRXV��RQOLQH�VXUYH\�RI�TXDOLW\�RI�OLIH�VDWLVIDFWLRQ�DPRQJ�\RXQJ�HPHUJHQF\�PHGLFLQH�SK\VLFLDQV�LQ
)UDQFH��7KH�VXUYH\��FRQWDLQLQJ����LWHPV���ZDV�GLVWULEXWHG�E\�HPDLO�YLD�WKH�$-08�QHWZRUN��$VVRFLDWLRQ�RI�\RXQJ�HPHUJHQF\�PHGLFLQH
SK\VLFLDQV���%XUQRXW�V\PSWRPV�ZHUH�PHDVXUHG�XVLQJ�YDOLGDWHG�LQVWUXPHQWV��%HFDXVH�RWKHU�EXUQRXW�VWXGLHV�KDYH�IRFXVHG�RQ�WKH�SUHVHQFH�RI�KLJK
OHYHOV�RI�HPRWLRQDO�H[KDXVWLRQ�RU�GHSHUVRQDOL]DWLRQ�DV�WKH�IRXQGDWLRQ�RI�EXUQRXW�LQ�SK\VLFLDQV��ZH�FRQVLGHUHG�SK\VLFLDQV�ZLWK�D�KLJK�VFRUH�RQ�WKH
GHSHUVRQDOL]DWLRQ�RU�HPRWLRQDO�H[KDXVWLRQ�DV�KDYLQJ�DW�OHDVW���PDQLIHVWDWLRQ�RI�SURIHVVLRQDO�EXUQRXW��6DWLVIDFWLRQ�OHYHO�ZLWK�ZRUN�OLIH�EDODQFH�ZDV
H[SORUHG�DV�ZHOO��'HVFULSWLYH�VWDWLVWLFV�RI�SHUFHQWDJH��PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�DQG�RGGV�UDWLR�FDOFXODWLRQ�ZHUH�XVHG�WR�DQDO\VH�WKH�GDWD�

5HVXOWV������SK\VLFLDQV�FRPSOHWHG�WKH�TXHVWLRQQDLUH��UHVSRQVH�UDWH�RI���������7KH�PHGLDQ�DJH�ZDV������\HDUV�ROG��6' ������DPRQJ�WKRVH������
ZHUH�ZRPHQ��7KH�PHGLDQ�GXUDWLRQ�RI�SUDFWLFH�LQ�WKH�('�ZDV�����\HDUV��2Q�D�VFDOH�RI���WR�����WKH�OHYHO�RI�VDWLVIDFWLRQ�ZLWK�WKHLU�ZRUN�ZDV����
�6' ������7KH�OHYHO�RI�VDWLVIDFWLRQ�ZLWK�WKHLU�OLIH�RXWVLGH�WKH�('�ZDV������6' ����DQG�ZLWK�WKHLU�ZRUN�OLIH�EDODQFH�ZDV������6' ������2YHUFURZGLQJ
ZDV�FRQVLGHUHG�VWUHVVIXO�IRU�����RI�UHVSRQGHUV��7KH�PHDQ�OHYHO�RI�SHUFHLYHG�FRQVLGHUDWLRQ�E\�RWKHUV�VSHFLDOLVWV�ZDV������6' �������2QO\����RI�WKH
SK\VLFLDQV�FRQVLGHUHG�ZRUNLQJ�LQ�WKH�('�XQWLO�WKHLU�UHWLUHPHQW���������FRQVLGHUHG�WUDQVIHUULQJ�WR�JHQHUDO�PHGLFLQH�LI�WKH\�VWRSSHG�ZRUNLQJ�LQ�WKH�('�
:RUNLQJ�PRUH�WKDQ����KRXUV�SHU�ZHHN�DQG�EHLQJ�D�ZRPDQ�ZHUH�DVVRFLDWHG�ZLWK�D�KLJKHU�ULVN�RI�SUHVHQWLQJ�V\PSWRPV�RI�EXUQRXW�ZLWK�D�UHVSHFWLYH
25�RI�����>��������@�DQG�����>��������@�

'LVFXVVLRQ��2XU�VWXG\�KDV�VHYHUDO�VWUHQJWKV��7KH�ODUJH�SK\VLFLDQ�VDPSOH�ZDV�GUDZQ�IURP�D�\RXQJ�HPHUJHQF\�SK\VLFLDQ�UHJLVWU\��DQG�LQFOXGHG
SK\VLFLDQV�IURP�DFURVV�RXU�FRXQWU\�LQ�DOO�W\SH�RI�SUDFWLFHV��VHWWLQJV��DQG�HQYLURQPHQWV��+RZHYHU��RXU�VWXG\�LV�VXEMHFW�WR�VHYHUDO�OLPLWDWLRQV�DPRQJ
ZKLFK�WKH�UHVSRQVH�UDWH�RI�������DPRQJ�SK\VLFLDQV�ZKR�UHFHLYHG�DQ�LQYLWDWLRQ�WR�SDUWLFLSDWH�LQ�WKH�VWXG\�LV�ORZHU�WKDQ�H[SHFWHG��,W�LV�KRZHYHU
VLPLODU�WR�WKRVH�VHHQ�LQ�WKLV�W\SH�RI�TXHVWLRQQDLUH�VWXGLHV�

&RQFOXVLRQ��7KHVH�UHVXOWV�VKRZ�WKDW�WKH�\RXQJ�('�SK\VLFLDQV�LQ�RXU�VWXG\�KDYH�DQ�RYHUDOO�JRRG�TXDOLW\�RI�OLIH�DQG�D�VDWLVI\LQJ�ZRUN�OLIH�EDODQFH�
7KH�UHVXOWV�RI�D�ODUJHU�VWXG\�ZRXOG�\LHOG�D�JUHDWHU�XQGHUVWDQGLQJ�RI�WKH�IDFWRUV�DVVRFLDWHG�ZLWK�ZRUN�UHODWHG�TXDOLW\�RI�OLIH�DQG�EXUQRXW�LQ�WKH�('�



&5,7,&$/�&$5( +DQHQ�*KD]DOL

��������6HUXP�ODFWDWH�OHYHO�DQG���GD\�PRUWDOLW\�LQ�SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��D�SURVSHFWLYH�REVHUYDWLRQDO�FRKRUW
VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

ZLGHG�EDKULD������+DQHQ�*KD]DOL������LPHQ�ERXNKDOID������$QZDUH�<DKPDGL������$KPHG�6RX\DK������0RKDPHG�0JXLGLFK������$KOHP�$]RX]L������6DPL
6RXLVVL����

���HPHUJHQF\�GHSDUWPHQW��UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��%HQ�$URXV��781,6,$
���6HUYLFH�G
$FFXHLO�GHV�8UJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��%HQ�$URXV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��6085���K�SLWDO�U�JLRQDO�EHQ�DURXV��EHQ�DURXV��781,6,$

.H\ZRUGV��ODFWDWH��PRUWDOLW\��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ�

/DFWDWH�PHDVXUHPHQWV�DUH�URXWLQHO\�FDUULHG�RXW�LQ�HPHUJHQF\�GHSDUWPHQWV�DQG�DUH�DVVRFLDWHG�ZLWK�LQFUHDVHG�PRUWDOLW\�LQ�VHSWLF�DQG�WUDXPDWLF
SDWLHQWV���8QWLO�QRZ��QR�GHILQLWLYH�UHVHDUFK�KDV�EHHQ�FDUULHG�RXW�LQWR�ZKHWKHU�ODFWDWH�PHDVXUHPHQWV�FDQ�EH�XVHG�DV�D�SURJQRVWLF�PDUNHU�LQ�D
FOLQLFDOO\�XQZHOO�SRSXODWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��

2EMHFWLYH��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHVFULEH�WKH�UHODWLRQ�EHWZHHQ�LQLWLDO�VHUXP�ODFWDWH�OHYHO�DQG���GD\�PRUWDOLW\�LQ�SDWLHQWV�SUHVHQWLQJ�LQ�WKH
('�ZLWK�GLIIHUHQW�HWLRORJ\�

0HWKRGV�

:H�FDUULHG�RXW�D�SURVSHFWLYH�REVHUYDWLRQDO�FRKRUW�VWXG\�LQ�FRQVHFXWLYH�SDWLHQWV�ZKRVH�DUWHULDO�ODFWDWH�FRQFHQWUDWLRQ�ZDV�PHDVXUHG�LQ�WKH�('�DQG
ZDV�DERYH���PPRO�/�RYHU�VL[�PRQWKV��7KH�LQLWLDO�DUWHULDO�ODFWDWH�OHYHO�ZDV�FDWHJRUL]HG�DV�LQWHUPHGLDWH��������PPRO�/���RU�KLJK��!�RU� ���PPR�/��
7KH�PDLQ�RXWFRPH�PHDVXUH�ZDV���GD\�PRUWDOLW\��7KH�FDWHJRUL]DWLRQ�RI�VXVSHFWHG�HWLRORJ\�ZDV�EDVHG�RQ�GLVFKDUJH�GLDJQRVHV�

5HVXOWV�

,QFOXVLRQ�RI�����SDWLHQWV��0HDQ�DJH�ZDV�����������\HDUV��6H[�UDWLR� ��������0HGLDQ�VHUXP�ODFWDWH�ZDV�������PPRO�/���6L[W\�VL[�SDWLHQWV�������KDG
LQWHUPHGLDWH�ODFWDWH�DQG����SDWLHQWV�������KDG�KLJK�ODFWDWH��6HYHQ�GD\�PRUWDOLW\�ZDV
����������������������������������������������������������������������������������������������������������������������������������������������������������,QWHUPHGLDWH��RGGV�UDWLR�>25@� ��������S� �������
DQG�KLJK�VHUXP�ODFWDWH�OHYHOV��25� ��������S� �������ZHUH�DVVRFLDWHG�ZLWK�PRUWDOLW\��7KH�DVVRFLDWLRQ�EHWZHHQ�ODFWDWH�OHYHO�DQG�PRUWDOLW\�YDULHG
DFURVV�GLIIHUHQW�GLDJQRVWLF�JURXSV��%DVHG�RQ�$UHD�8QGHU�WKH�&XUYH�LQ�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�DQDO\VLV��ODFWDWH�OHYHO�VKRZHG�WR�EH�XVHIXO�LQ
SDWLHQWV�ZLWK�LQIHFWLRQ������������&,������WR��������FDUGLDF�GLVHDVHV������������&,������WR��������UHVSLUDWRU\�GLVHDVHV������������&,������WR�������DQG
JDVWURLQWHVWLQDO�GLVHDVHV������������&,������WR���������/DFWDWH�OHYHO�ZDV�QRW�XVHIXO�LQ�QHXURORJLFDO�������������&,�������WR��������DQG�HQGRFULQH
GLVHDVH������������&,������WR�������

&RQFOXVLRQ��,QFUHDVHG�ODFWDWH�OHYHO�LV�D�PRUWDOLW\�SURJQRVLV�IDFWRU�LQ�PRVW�SDWLHQWÇV�FDWHJRULHV��+RZHYHU��WKLV�DVVRFLDWLRQ�GLIIHUV�IURP�GLDJQRVHV�WR
DQRWKHU�



&35���5(686&,7$7,21 &OHPHQV�.LOO

��������'RHV�PHFKDQLFDO�YHQWLODWLRQ�DIIHFW�TXDOLW\�RI�FKHVW�FRPSUHVVLRQV�GXULQJ�UHVXVFLWDWLRQ"�$�VLPXODWLRQ�VWXG\�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7LOOPDQQ�6SHHU������:ROIJDQJ�'HUVFK������%M�UQ�.OHLQH������&KULVWLDQ�1HXKDXV������&OHPHQV�.LOO����

���'HSDUWHPHQW�RI�(PHUJHQF\�0HGLFLQH��3KLOLSSV�8QLYHUVLW\��0DUEXUJ��*(50$1<
���'HSDUWHPHQW�RI�(PHUJHQF\�0HGLFLQH��3KLOLSSV�8QLYHUVLW\�0DUEXUJ��0DUEXUJ��*(50$1<
���:(,10$11�(PHUJHQF\�0HGLFDO�7HFKQRORJ\�*PE+���&R��.*��:(,10$11�(PHUJHQF\�0HGLFDO�7HFKQRORJ\�*PE+���&R��.*��+DPEXUJ��*(50$1<

.H\ZRUGV��&DUGLRSXOPRQDU\�UHVXVFLWDWLRQ��TXDOLW\�RI�FKHVW�FRPSUHVVLRQV��YHQWLODWLRQ��VLPXODWLRQ�PRGHO

$EVWUDFW��

2EMHFWLYH

4XDOLW\�RI�FKHVW�FRPSUHVVLRQV�FULWLFDOO\�LQIOXHQFHV�RXWFRPH�IROORZLQJ�UHVXVFLWDWLRQ�LQ�FDUGLDF�DUUHVW��$OWKRXJK�YHQWLODWLRQ�GXULQJ�UHVXVFLWDWLRQ�LV
UHFRPPHQGHG��WKH�QXPEHU�RI�VWXGLHV�HYDOXDWLQJ�WKH�LQWHUDFWLRQV�EHWZHHQ�YHQWLODWLRQ�DQG�FKHVW�FRPSUHVVLRQ�LV�VWLOO�YHU\�OLPLWHG�

7KH�JRDO�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�LI�WKHUH�LV�D�GLIIHUHQFH�LQ�WKH�LQIOXHQFH�RI�WKH�WKUHH�GLIIHUHQW�YHQWLODWLRQ�SDWWHUQV�,QWHUPLWWHQW�3RVLWLYH
3UHVVXUH�9HQWLODWLRQ��,339���%LOHYHO�3RVLWLYH�$LUZD\�3UHVVXUH�9HQWLODWLRQ��%L/HYHO��DQG�WKH�QRYHO�YHQWLODWLRQ�PRGH�&KHVW�&RPSUHVVLRQ�6\QFKURQLVHG
9HQWLODWLRQ��&&69��>�@�RQ�GHSWK�DQG�FRPSUHVVLRQ�UDWH�RI�PDQXDO�FKHVW�FRPSUHVVLRQV�GXULQJ�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35��XVLQJ�D�VLPXODWLRQ
PRGHO��&&69�ZDV�H[SOLFLWO\�GHYHORSHG�IRU�WKH�XVH�LQ�FDUGLDF�DUUHVW��&&69�LV�WULJJHUHG�E\�PDQXDO�FKHVW�FRPSUHVVLRQV��ZKLFK�OHDG�WR�D�VKRUW�SUHVVXUH
FRQWUROOHG�LQVXIIODWLRQ�V\QFKURQLVHG�ZLWK�HDFK�FRPSUHVVLRQ�SKDVH�

�

3DUWLFLSDQWV�DQG�PHWKRGV

$IWHU�DSSURYDO�E\�HWKLFV�FRPPLWWHH�LQIRUPHG�FRQVHQW�ZDV�REWDLQHG�����SDUDPHGLFV�ZHUH�LQFOXGHG�LQ�WKLV�VWXG\��3DUWLFLSDQWV�SHUIRUPHG
XQLQWHUUXSWHG��PDQXDO�FKHVW�FRPSUHVVLRQV�IRU�WZR�PLQXWHV�LQ�D�PRGLILHG�$/6�PDQQHTXLQ�ZLWK�D�UHDOLVWLF�OXQJ�PRGHO��,339��%L/HYHO�DQG�&&69�ZHUH
DSSOLHG�LQ�D�UDQGRPLVHG�RUGHU�IRU���V�XVLQJ�WKH�YHQWLODWRU�0HGXPDW�WUDQVSRUW�LQ�D�FURVV�RYHU�GHVLJQ��9HQWLODWRU�SUHVHWV�ZHUH��)L2� ������,339��9W
 ���PO��3((3 �PEDU��I ���PLQ��7LQVS ���V��7H[VS ���V��%L/HYHO�3LQVS ��PEDU��3((3 �PEDU��I ���PLQ��7LQVS ���V��7H[VS ���V��&&69��3LQVS ��PEDU�
3((3 ��PEDU��I FKHVW�FRPSUHVVLRQ�UDWH��7LQVS ���V��&RQWURO�SKDVHV��QR�YHQWLODWLRQ��RI���V�HDFK�ZHUH�VHW�XS�DW�WKH�EHJLQQLQJ�DQG�EHWZHHQ�WZR
PRGHV�RI�YHQWLODWLRQ���'HSWK�DQG�FRPSUHVVLRQ�UDWH�ZHUH�FRPSDUHG�WR�,/&25�*XLGHOLQHV��GHSWK!��PP��FRPSUHVVLRQ�UDWH ��������PLQ��>�@��UHVXOWV
DV�PHGLDQ���������SHUFHQWLOHV���5HODWLYH�IUHTXHQFLHV��5)��RI�PDWFKLQJ�ZHUH�WHVWHG�IRU�VLJQLILFDQFH�XVLQJ�&KL�VTXDUHG�WHVW��FKL��DQG�)ULHGPDQ
�)ULHGP��WHVW�

�

5HVXOWV

'HSWK��PP���,339������������%L/HYHO������������&&69������������5)��PDWFK��,339����������������YV��&&69����������������S�����������FKL���S� �������
�)ULHGP���%L/HYHO����������������YV��,339��S� �������FKL���S� �������)ULHGP��DQG�%L/HYHO�YV��&&69�S�����������FKL���S����������)ULHGP��

&RPSUHVVLRQ�UDWHV����PLQ���,339���������������%L/HYHO���������������&&69���������������5)��PDWFK��,339�����YV��%L/HYHO�������S� ������)ULHGP�
DQG�YV��&&69�������S� ������)ULHGP���%L/HYHO�YV��&&69�S� ������)ULHGP��

�

&RQFOXVLRQ

&KHVW�FRPSUHVVLRQ�UDWHV�GLG�QRW�GLIIHU�EHWZHHQ�WKH�WKUHH�PHFKDQLFDO�YHQWLODWLRQ�SDWWHUQV�,339��%L/HYHO�DQG�&&69�GXULQJ�FDUGLRSXOPRQDU\
UHVXVFLWDWLRQ�ZLWK�PDQXDO�FKHVW�FRPSUHVVLRQV�LQ�D�VLPXODWLRQ�PRGHO��0HFKDQLFDO�YHQWLODWLRQ�ZLWK�&&69�OHDG�WR�LPSURYHG�FRPSUHVVLRQ�GHSWK
FRPSDUHG�WR�,339�DQG�%L/HYHO�YHQWLODWLRQ�

/LWHUDWXUH

>�@�$EHOOD�%6��7KH�LPSRUWDQFH�RI�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ�TXDOLW\��&XUU�2SLQ�&ULW�&DUH�������������Ä���

>�@�.LOO�&��+DKQ�2��'LHW]�)��1HXKDXV�&��6FKZDU]�6��0DKOLQJ�5��HW�DO��0HFKDQLFDO�9HQWLODWLRQ�'XULQJ�&DUGLRSXOPRQDU\�5HVXVFLWDWLRQ�:LWK�,QWHUPLWWHQW
3RVLWLYH�3UHVVXUH�9HQWLODWLRQ��%LOHYHO�9HQWLODWLRQ��RU�&KHVW�&RPSUHVVLRQ�6\QFKURQL]HG�9HQWLODWLRQ�LQ�D�3LJ�0RGHO��&ULW�&DUH�0HG������������H�����

>�@�1RODQ�-3��+D]LQVNL�0)��%LOOL�-(��%RHWWLJHU�%:��%RVVDHUW�/��GH�&DHQ�$5�HW�DO��3DUW����([HFXWLYH�VXPPDU\�������,QWHUQDWLRQDO�&RQVHQVXV�RQ
&DUGLRSXOPRQDU\�5HVXVFLWDWLRQ



*(5,$75,&6 $<6(*8/�*89(1�&(%(&w

��������$WWLWXGHV�DQG�NQRZOHGJH�RI�HPHUJHQF\�PHGLFLQH�KHDOWK�FDUH�SURIHVVLRQDOV�WRZDUG�HOGHU�DEXVH�DQG�QHJOHFW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

D\VHJXO�*XYHQ�&HEHFL������,VD�.LOLFDVODQ������)LNUHW�%LOGLN������6H]HU�(VIHU������5H\KDQ�6DKQDRJOX����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��*D]L�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��$QNDUD��785.(<

.H\ZRUGV��HOGHU�DEXVH��HOGHU�QHJOHFW��HPHUJHQF\�PHGLFDO�VHUYLFH��DWWLWXGHV

$EVWUDFW��

,QWURGXFWLRQ��(OGHU�DEXVH�LV�D�VLJQLILFDQW�SXEOLF�KHDOWK�SUREOHP��7KH�SRSXODWLRQ�RI�HOGHU�SHRSOH�LV�LQFUHDVLQJ�VWHDGLO\��$FFRUGLQJ�WR�:RUOG�+HDOWK
2UJDQL]DWLRQ��:+2���E\�WKH�\HDU�������LW�LV�H[SHFWHG�WKDW�WKH�QXPEHU�RI�HOGHU�SHRSOH�ZRXOG�KDYH�FRPH�XS�WR����SHUFHQW�RI�ZRUOG�SRSXODWLRQ�
$OWKRXJK�WKH�HOGHU�DEXVH�DQG�QHJOHFW�SUHYDOHQFH�LV�KLJKHU�WKDQ�VXSSRVHG��LW�LV�PXFK�ORZHU�WR�LGHQWLI\�DQG�UHSRUW�WKHVH�FDVHV��HVSHFLDOO\�LQ
HPHUJHQF\�PHGLFLQH�GHSDUWPHQWV��7KH�DLP�RI�WKLV�VWXG\�LV�WR�DVVHVV�WKH�NQRZOHGJH�DQG�DWWLWXGHV�RI�HPHUJHQF\�PHGLFLQH�KHDOWK�FDUH�SURIHVVLRQDOV
WRZDUG�WKH�LGHQWLILFDWLRQ�DQG�PDQDJHPHQW�RI�HOGHU�DEXVH�DQG�QHJOHFW�FDVHV�

0HWKRGV��7KLV�FURVV�VHFWLRQDO�GHVFULSWLYH�VWXG\�ZDV�SHUIRUPHG�LQ�WZR�XQLYHUVLWLHV�DQG�WZR�WUDLQLQJ�DQG�UHVHDUFK�KRVSLWDOVÇ�HPHUJHQF\�GHSDUWPHQWV
LQ�$QNDUD���7KH�UHVHDUFK�WRRO�ZDV�D����LWHP�TXHVWLRQQDLUH�WKDW�ZDV�DSSOLHG�RQ�����HPHUJHQF\�PHGLFLQH�KHDOWK�FDUH�SURIHVVLRQDOV�LQFOXGLQJ�GRFWRUV�
QXUVHV��HPHUJHQF\�PHGLFLQH�WHFKQLFLDQV���$QDO\VLV�ZDV�FRPSOHWHG�ZLWK�6366�������,Q�DGGLWLRQ�WR�GHVFULSWLYH�VWDWLVWLFV��FKL�VTXDUH�DQDO\VLV�ZHUH
XVHG�WR�GHWHUPLQH�GLIIHUHQFHV�EHWZHHQ�JURXSV�

5HVXOWV��$OWKRXJK�����RI�SDUWLFLSDQWV�KDG�LGHQWLILHG�DQ�DEXVH�HOGHU�SHUVRQ�EHIRUH������RI�WKHP�KDYH�QHYHU�UHSRUWHG�DERXW�HOGHU�DEXVH��7KH�PDLQ
UHDVRQV�RI�QRW�UHSRUWLQJ�DUH�QRW�WR�IHHO�SURILFLHQW�������DQG�QRW�NQRZ�KRZ�WR�GR�WKDW��������6LJQLILFDQW�SHUFHQW�RI�UHVSRQGHUV�DQVZHUHG�WKDW�WKH\
KDYHQÇW�KDG�DQ\�HGXFDWLRQ�DERXW�HOGHU�DEXVH�DQG�QHJOHFW�LQ�XQGHUJUDGXDWH�HGXFDWLRQ�������DQG�SRVW�JUDGXDWH�HGXFDWLRQ�������

&RQFOXVLRQ��7KLV�VWXG\�LQGLFDWHV�WKDW�HPHUJHQF\�PHGLFLQH�KHDOWK�FDUH�SURIHVVLRQDOV�FRQIURQWV�ZLWK�DEXVHG�HOGHU�IUHTXHQWO\�EXW�WKH\�DEVWDLQ�IURP
UHSRUWLQJ�WKHVH�FDVHV�EHFDXVH�WKH\�IHHO�ODFN�RI�NQRZOHGJH�DERXW�HOGHU�DEXVH�DQG�QHJOHFW�HVSHFLDOO\�

5HIHUHQFHV�

0DQGLUDFLRJOX�$��*RYVD�)��&HOLNOL�6��<LOGLULP�*2��(PHUJHQF\�KHDOWK�FDUH�SHUVRQQHOÇV�NQRZOHGJH�DQG�H[SHULHQFH�RI�HOGHU�DEXVH�LQ�,]PLU��$UFKLYHV��
RI�*HURQWRORJ\�DQG�*HULDWULFV��������������Ä����
)XOPHU�7��3DYH]D�*��$EUDKDP�,��)DLUFKLOG�6��(OGHU�QHJOHFW�DVVHVVPHQW�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��-RXUQDO�RI�HPHUJHQF\�QXUVLQJ�������YRO������
����SS����������
$OPRJXH�$��:HLVV�$���0DUFXV�(/��%HORRVHVN\�<��$WWLWXGHV�DQG�NQRZOHGJH�RI�PHGLFDO�DQG�QXUVLQJ�VWDII�WRZDUG�HOGHU�DEXVH��$UFKLYHV�RI�*HURQWRORJ\��
DQG�*HULDWULFV�������������Ä���

$FNQRZOHGJHPHQWV��7KHUH�LV�QR�IXQGLQJ�UHFHLYHG�IRU�WKLV�ZRUN�IURP�DQ\�RUJDQL]DWLRQV��7KH�DXWKRUV�GHFODUH�WKDW�WKH\�KDYH�QR�FRQIOLFW�RI�LQWHUHVW�



',6$67(5�0(',&,1( *(5/$17�9$1�%(5/$(5

��������&2025%,',7,(6�$1'�',$*126(6�,1�1257+(51�6<5,$1�&+,/'5(1�$)7(5�)285�<($56�2)�&,9,/�:$5�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*HUODQW�YDQ�%HUODHU������$EGDOODK�0RKDPHG�(OVDIWL������0RKDPHG�$O�6DIDGL������0LFKHO�'HEDFNHU������5RQDOG�%X\O������$WHI�5HGZDQ������,YHV�+XEORXH
���

���'HSDUWPHQW�RI�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH��8QLYHUVLWDLU�=LHNHQKXLV�%UXVVHO��%UXVVHOV��%(/*,80
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��+DPDG�0HGLFDO�&RUSRUDWLRQ��'RKD��4$7$5
���7XUNH\�0LVVLRQ�LQ�6\ULD��4DWDU�5HG�&UHVFHQW��*D]LDQWHS��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLWDLU�=LHNHQKXLV�%UXVVHO��%UXVVHOV��%(/*,80
���'HSDUWPHQW�RI�3XEOLF�+HDOWK��%LRVWDWLVWLFV�DQG�0HGLFDO�,QIRUPDWLFV�5HVHDUFK�*URXS��9ULMH�8QLYHUVLWHLW�%UXVVHO��%UXVVHOV��%(/*,80
���'HSDUWPHQW�RI�$QDHVWKHVLD�DQG�&ULWLFDO�&DUH��)DFXOW\�RI�0HGLFLQH��=DJD]LJ�8QLYHUVLW\���=DJD]LJ��(*<37

.H\ZRUGV��6\ULD��FKLOGUHQ��YLROHQFH��KHDOWK��LQWHUQDOO\�GLVSODFHG�SHUVRQV��FRPSOH[�KXPDQLWDULDQ�HPHUJHQF\

$EVWUDFW��

%DFNJURXQG�DQG�SXUSRVH

7KH�FLYLO�ZDU�WKDW�VWDUWHG�LQ�6\ULD�VLQFH�������OHG�WR�RQH�RI�WKH�PRVW�FRPSOH[�KXPDQLWDULDQ�HPHUJHQFLHV�LQ�KLVWRU\��7KLV�RQJRLQJ�GLVDVWHU��LQ�ZKLFK
ZDUULQJ�SDUWLHV�GHOLEHUDWHO\�WDUJHW�KHDOWKFDUH�LQIUDVWUXFWXUH�DQG�VHUYLFHV��KDV�GHWULPHQWDO�FRQVHTXHQFHV�DIIHFWLQJ�WKH�KHDOWK�RI�FKLOGUHQ�DV�RQH�RI
WKH�PRVW�YXOQHUDEOH�SRSXODWLRQV�

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�GRFXPHQW�WKH�PHGLFDO�WKUHDWV��FRPRUELGLWLHV��GLDJQRVHV�DQG�GLVHDVH�FDWHJRULHV�LQ�6\ULDQ�FKLOGUHQ�DIWHU�IRXU�\HDUV�RI
FRQIOLFW��DQG�HVWLPDWH�WKH�QHHG�IRU�UHOLHI�HIIRUWV�QHHGHG�WR�SURYLGH�HIILFLHQW�PHGLFDO�FDUH�WR�6\ULDQ�FKLOGUHQ�

3DWLHQWV�DQG�0HWKRGV

$�FURVV�VHFWLRQDO�REVHUYDWLRQDO�VDPSOH�VWXG\�ZDV�FRQGXFWHG�LQ�0D\�������%\�PHDQV�RI�D�SURVSHFWLYHO\�GHVLJQHG�PHGLFDO�UHJLVWU\��4DWDU�5HG
&UHVFHQW�KHDOWKFDUH�ZRUNHUV�HVSHFLDOO\�WUDLQHG�IRU�WKLV�VWXG\��FROOHFWHG�GHPRJUDSKLF�LQIRUPDWLRQ��FRPRUELGLWLHV��DQG�GLDJQRVHV�LQ�FKLOGUHQ�YLVLWHG
KRPH�E\�KRPH�DQG�LQ�LQWHUQDOO\�GLVSODFHG�SHUVRQV�FDPSV�LQ�IRXU�6\ULDQ�JRYHUQRUDWHV��'LDJQRVHV�ZHUH�SRVW�KRF�FDWHJRULVHG�DFFRUGLQJ�WR�WKH�,&'���
FODVVLILFDWLRQ�

2I������ILOOHG�RXW�UHFRUGV�������ZHUH�FRPSOHWH�DQG�LQFOXGHG�LQ�WKLV�VWXG\��&KLOGUHQ�RULJLQDWHG�IURP�$OHSSR��������,GOHE��������+DPDK�������DQG
/DWWDNLD�������0HGLDQ�DJH�ZDV���\HDUV�������,45������������ZHUH�ER\V�

5HVXOWV

0RVW�SULPDU\�DFXWH�GLDJQRVHV�LQ�H[DPLQHG�FKLOGUHQ�ZHUH�XSSHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQV��������ORZHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQV������
JDVWURHQWHULWLV�������VXVSHFWHG�PHQLQJLWLV�������DVWKPD�������FRQYXOVLRQV�������H\H�LQIHFWLRQ�������FOLQLFDO�DQDHPLD�������DQG�VNLQ�LQIHFWLRQ������
)RXU�SHU�FHQW�VKRZHG�VLJQV�RI�PDOQXWULWLRQ��VRPH�FKLOGUHQ�KDG�EHHQ�YLFWLP�RI�LQMXU\������RU�YLROHQFH�������DQG����RI�FKLOGUHQ�VXIIHUHG�IURP�D
PHQWDO�GLVRUGHU�

:KHQ�FDWHJRULVHG�DFFRUGLQJ�WR�,&'�����PRVW�FKLOGUHQ�VXIIHUHG�IURP�UHVSLUDWRU\��������QHXURORJLFDO��������GLJHVWLYH��������H\H������RU�VNLQ�����
GLVHDVHV�����ZDV�LQMXUHG��DQG����VXIIHUHG�IURP�D�PHQWDO�GLVRUGHU��2YHUDOO������RI�SDWLHQWV�KDG�IHDWXUHV�RI�LQIHFWLRXV�GLVHDVHV�

0RVW�FRPPRQ�FKURQLFDO�LOOQHVVHV�ZHUH�PHQWDO�KHDOWK�GLVHDVHV��������HSLOHSV\��������PDOQXWULWLRQ�UHODWHG�FRQGLWLRQV�������DQG�IODFFLG�SDUDO\VLV
�����

6WDWLVWLFDO�DQDO\VLV�LQGLFDWHV�WKDW�WKH�ULVN�IRU�FKLOGUHQ�WR�VXIIHU�IURP�LQIHFWLRXV�GLVHDVHV�LV�VLJQLILFDQWO\�KLJKHU�ZKHQ�WKH\�UHVLGH�LQ�$OHSSR�RU�,GOHE�
7KH�ULVN�RI�EHLQJ�LQMXUHG�LV�VLJQLILFDQWO\�KLJKHU�LQ�$OHSSR��ZKLOH�LQWHQWLRQDO�YLROHQFH�LV�PRVW�RFFXUULQJ�LQ�/DWWDNLD��0HQWDO�SUREOHPV�DUH�PRUH
SURPLQHQW�LQ�+DPDK��7KHVH�SUREOHPV�DUH�QRW�OLQNHG�WR�JHQGHU�RU�DJH��H[FHSW�IRU�LQIHFWLRXV�ULVNV��\RXQJHU�FKLOGUHQ�DUH�PRUH�DW�ULVN�WR�KDYH�DQ
LQFRPSOHWH�YDFFLQDWLRQ�VWDWH��DQG�VXIIHU�PRUH�IURP�SUHYHQWDEOH�GDQJHURXV�LQIHFWLRQV�

&RQFOXVLRQV

$IWHU�\HDUV�RI�FLYLO�ZDU��PRUH�WKDQ�KDOI�WKH�FKLOGUHQ�LQ�1RUWKHUQ�6\ULD�VXIIHU�IURP�LQIHFWLRQV��PRVWO\�IURP�UHVSLUDWRU\��QHXURORJLFDO�DQG�GLJHVWLYH
RULJLQ��ZKLOH����LV�LQMXUHG�RU�YLFWLP�RI�GLUW\�ZHDSRQV�

6XEVWDQGDUG�SDHGLDWULF�KHDOWKFDUH�FLUFXPVWDQFHV�DQG�ZRUVHQLQJ�YDFFLQDWLRQ�VWDWH�SXW�6\ULDQ�FKLOGUHQ�DW�ULVN�IRU�VHULRXV�LQIHFWLRQV��RXWEUHDNV�DQG
PRUELGLW\��DQG�VKRXOG�EH�XUJHQWO\�DGGUHVVHG�E\�KXPDQLWDULDQ�UHOLHI�HIIRUWV�

$Q�LPPHGLDWH�FRRUGLQDWHG�DQG�JOREDO�DFWLRQ�LV�QHHGHG�WR�GHDO�ZLWK�WKLV�FRPSOH[�KXPDQLWDULDQ�HPHUJHQF\��DQG�WR�SUHYHQW�ZRUVHQLQJ�RI�KHDOWK
WKUHDWV�IRU�FKLOGUHQ�LQ�6\ULD�



0,6&(//$1(286 %UXJLRQL�/XFLR

��������$�1(:�&$7+(7(5�)25�/$5*(�9(,16��$�1(:�:$<

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

%UXJLRQL�/XFLR������(OLVDEHWWD�%HUWHOOLQL������0$5&2�%$5&+(77,������3LHWUR�0DUWHOOD������9LYROL�'DQLHOD������6HUHQD�6FDUDERWWLQL������)UDQFHVFD�0RUL�����
'DYLGH�0DULD�)UDQFHVFR�/XFFKHVL������)UDQFHVFR�/XSSL������)UDQFHVFR�%RUUHOOL������0LUFR�5DYD]]LQL������(OHQD�&DUHOOD������6HUJLR�&DPSDQDOH�����
$QJHOR�7ULFROL������$QWRQHOOD�/DQRWWH����

���0HGLFLQD�,QWHUQD�$UHD�&ULWLFD��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�3ROLFOLQLFR�0RGHQD���0RGHQD��,7$/<
���$QHVWHVLD�H�5LDQLPD]LRQH��$]LHQGD�RVSHGDOLHUR�8QLYHUVLWDULD�3ROLFOLQLFR�GL�0RGHQD��0RGHQD��,7$/<
���0HGLFLQD�G
8UJHQ]D��2VSHGDOH�&LYLOH�GL�6DVVXROR��6DVVXROR��,7$/<
���0HGLFLQD�,QWHUQD�$UHD�&ULWLFD��$]LHQGD�RVSHGDOLHUR�8QLYHUVLWDULD�3ROLFOLQLFR�GL�0RGHQD��0RGHQD��,7$/<

.H\ZRUGV��SHULSKHUDO�YHQRXV�FDWKHWHU��LQWHUQDO�MXJXODU�YHLQ��GLIILFXOW�YHQRXV�DFFHVV��YHQRXV�GHSOHWLRQ��GHK\GUDWLRQ��HFR�JXLGHG�EHGVLGH�WHFKQLTXH

$EVWUDFW��

%DFNJURXQG�$YDLODELOLW\�RI�YHQRXV�DFFHVV�IRU�DGPLQLVWHULQJ�GUXJV�DQG�IOXLGV�LQ�FULWLFDOO\�LOO�SDWLHQWV�LV�D�FRUQHUVWRQH�RI�PRGHUQ�(PHUJHQF\�0HGLFLQH�
,Q�SDWLHQWV�ZLWK�GLIILFXOW�SHULSKHUDO�YHQRXV�DFFHVV��DOWHUQDWLYH�WHFKQLTXHV��VXFK�DV�WKH�SODFHPHQW�RI�D�FHQWUDO�YHQRXV�FDWKHWHU��UHTXLUH�H[SHUWLVH�DQG
DUH�LQYDVLYH��H[SHQVLYH��WLPH�FRQVXPLQJ�DQG�SURQH�WR�VHULRXV�DGYHUVH�HYHQWV��7KH�DWWHPSW�WR�REWDLQ�YDVFXODU�DFFHVV�SODFLQJ�D�SHULSKHUDO�YHQRXV
FDWKHWHU�XQGHU�XOWUDVRQRJUDSKLF�JXLGH�KDV�EHHQ�VRPHWLPHV�SHUIRUPHG�LQ�FOLQLFDO�SUDFWLFH��EXW�RQO\�D�IHZ�FDVH�UHSRUWV�DUH�SUHVHQWHG�LQ�OLWHUDWXUH�
'HVSLWH�DQ�HDV\�SODFHPHQW�DQG�DEVHQFH�RI�FRPSOLFDWLRQV��LQVXIILFLHQW�OHQJWK�RI�WKH�FODVVLFDO�39&����PP��OHG�WR�IUHTXHQW�HDUO\�GLVSODFHPHQW��)RU
WKHVH�UHDVRQV��ZH�SORWWHG�D�QHZ�YHQRXV�FDWKHWHU��-/%i��'HOWDPHG�,QF���WR�FDQQXODWH�ODUJH�ERUH�YHLQV�DQG�OHDG�DQ�REVHUYDWLRQDO�FRQYHQLHQFH
VDPSOLQJ�VWXG\�WR�WHVW�WKH�VHFXULW\�RI�GHYLFH�DQG�HFR�JXLGHG�EHGVLGH�WHFKQLTXH�RI�LQVHUWLRQ��WKH�FKHDSQHVV�RI�WKH�FDWKHWHU��WKH�KDQGLQHVV�RI
OHDUQLQJ�DQG�XVH�RI�LW�

6WXG\��:H�OHG�D�PXOWL�FHQWHU�REVHUYDWLRQDO�FRQYHQLHQFH�VDPSOLQJ�VWXG\�WR�HYDOXDWH�VDIHW\�DQG�HIIHFWLYHQHVV�RI�-/%i��3DWLHQWV�ZHUH�HQUROOHG�LQ��
(0�XQLWV����,&8����,QWHUQDO�0HGLFLQH�ZDUG��'DWD�ZHUH�FROOHFWHG�IURP�-XO\��VW������WR�$SULO���WK�������,QFOXVLRQ�FULWHULD�ZHUH��DJHÕ����LPSRVVLELOLW\�WR
REWDLQ�SHULSKHUDO�DFFHVV��QHHG�IRU�LQRWURSHV�731�RU�SDWLHQW
V�SUHIHUHQFH��7KH�SURFHGXUH�ZDV�SHUIRUPHG�E\�DWWHQGLQJ�SK\VLFLDQV�RU�(0�UHVLGHQWV
XQGHU�86�JXLGDQFH��:H�HQUROOHG�����SDWLHQWV��DW�SUHVHQW�GDWD�ZHUH�DQDO\]HG�LQ�����SDWLHQW�����ZRPHQ��PHDQ�DJH������\HDUV�k������6'�����
SDWLHQWV����������KDG�QRW�DQ\�RWKHU�SHULSKHUDO�DFFHVV��������������QHHG�LQRWURSHV�731�LQIXVLRQ������������H[SUHVV�SUHIHUHQFH��0HDQ�SURFHGXUH�WLPH
�IURP�GLVLQIHFWLRQ�WR�VHFXULQJ��ZDV�������V�k������6'��(DUO\�FRPSOLFDWLRQV�����K��RFFXUUHG�LQ�����������SDWLHQWV��FRQVLVWLQJ�LQ���VRIW�WLVVXH
KHPDWRPD�DQG���DWULDO�WDFK\DUUK\WKPLD��1R�PDMRU�FRPSOLFDWLRQV��VXFK�DV�31;��PDMRU�DUUK\WKPLD��LQIHFWLRQ��ZHUH�UHSRUWHG��0HDQ�GXUDWLRQ�WLPH�ZDV
������K�k������6'��RFFOXVLRQ�GLVORFDWLRQ�RFFXUUHG�LQ����FDVHV���������

&RQFOXVLRQ�2XU�EHGVLGH�GHYLFH�UHYHDOHG�WR�EH�IDVW�WR�SODFH��7KLV�QHZ�FDWKHWHU�LV�DOVR�VDIH�VLQFH�QR�PDMRU�FRPSOLFDWLRQ�RU�FOLQLFDO�GHYLFH�DVVRFLDWHG
LQIHFWLRQ�RFFXUHG��0RUHRYHU��SODFHPHQW�RI�WKLV�GHYLFH�GRHVQ
W�QHHG�&;5�WR�FRQILUP�SODFHPHQW�DQG�H[FOXGH�31;�EHFDXVH�LV�XQOLNHO\��EXW�WKLV�WDVN
FDQ�EH�HDVLO\�SHUIRUPHG�XVLQJ�86��2XU�GHYLFH�FDQ�UHSUHVHQW�DQ�LGHDO�WHFKQLTXH�IRU�',9$�QRW�QHHGLQJ�DGYDQFHG�YLWDO�PRQLWRULQJ�DQG�LQ�HPHUJHQF\
VHWWLQJV�



&$5',29$6&8/$5 +DQD�+HGKOL

��������3URJQRVWLF�XWLOLW\�RI�TXDQWLI\LQJ�67�VHJPHQW�GHSUHVVLRQ�LQ�SDWLHQWV�ZLWK�QRQ��67��VHJPHQW�HOHYDWLRQDFXWH�FRURQDU\
V\QGURPHV��167(0,��$&6�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+$1$�+('+/,������6DOZD�0DQVRXUL������6DUUD�-RXLQL������+HOD�0DQQDL������+RXVVHP�$RXQL������%�FKLU�%RXKDMMD������,QHV�FKHUPLWL����

���HPHUJHQF\�GHSDUWPHQW��(36�&KDUOHV�1LFROOH��7XQLV��781,6,$
���(PHUJHQF\�GHSDUWHPHQW��&KDUOHV�1LFROOH�KRVSLWDO��7XQLV��781,6,$
���(PHUJHQF\�GHSDUWHPHQW��&KDUOHV�1LFROOH�KRVSLWDO��WXQLV��781,6,$

.H\ZRUGV��DFXWH�FRURQDU\�V\QGURPH��67�VHJPHQW�GHSUHVVLRQ��SURJRVWLF

$EVWUDFW��

%DFNJURXQG��7KH�SUHVHQFH�RI�67��VHJPHQW�GHSUHVVLRQ��67'��RQ�WKH�DGPLVVLRQ�HOHFWURFDUGLRJUDP��(&*��KDV�EHHQ�ZHOO�UHFRJQL]HG�WR�EH�D�SRZHUIXO
DGYHUVH�SURJQRVWLFDWRU�>�@�6HYHUDO�FOLQLFDO�WULDO�LQYHVWLJDWLRQV�KDYH�IXUWKHU�VXJJHVWHG�WKDW�PRUH�H[WHQVLYH�67'�RQ�DGPLVVLRQ�SUHGLFWV�D�JUHDWHU�ULVN
RI�DGYHUVH�FDUGLRYDVFXODU�HYHQWV�>�@�

�

3XUSRVH�7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�PDJQLWXGH�RI�67'�DQG�DGYHUVH�HYHQWV��DQJLQD�UHFXUUHQFH��P\RFDUGLDO
LQIDUFWLRQ��0,��DQG�GHDWK�DW����GD\V�

�

0HWKRGV��$�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�FRQGXFWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���:H�HQUROOHG�SDWLHQWV�DJHG�PRUH�WKDQ����\HDUV�
SUHVHQWLQJ�WR�WKH�KRVSLWDO�DOLYH�ZLWK�SUHVXPSWLYH�GLDJQRVLV�RI�$&6�DQG�67'�RQ�WKH�DGPLVVLRQ�(&*�67'�ZDV�FRQVLGHUHG�WR�EH�SUHVHQW�LI�Õ��OHDGV
H[KLELWHG�67'�Õ�������P9��7KUHH�JURXSV�ZHUH�GHILQHG�DFFRUGLQJ�WR�TXDQWLWDWLYH�67�GHSUHVVLRQ���*3������PP��*3�� �������PP���*3��Õ���PP�
3DWLHQWV�ZLWK�LQFRPSOHWH�(&*��OHIW�EXQGOH�EUDQFK�EORFN��ULJKW�EXQGOH�EUDQFK�EORFN��YHQWULFXODU�SDFHPDNHUV�ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV�

�

5HVXOWV��(LJKW\�RQH�SDWLHQWV�ZHUH�LQFOXGHG��PHDQ�DJH ���k����\HDUV�����ZHUH�PDOH��3DWLHQWV�KLVWRU\������6PRNHU�������K\SHUWHQVLRQ������
GLDEHWHV�PHOOLWXV�������K\SHUOLSLGHPLD������SUHYLRXV�0,������KHDUW�IDLOXUH�������3UHYLRXV�FRURQDU\�LQWHUYHQWLRQ�������SUHYLRXV�FRURQDU\�E\SDVV
VXUJHU\������7KH�WURSRQLQ�,�ZDV�SRVLWLYH�LQ����SDWLHQWV��$PRQJ�SDWLHQWV�H[KLELWLQJ�67'�RQ�DGPLVVLRQ�ZH�LQGLYLGXDOL]HG��*3���1 �����*3���1 ����
*3���1 ����7KH�PDJQLWXGH�RI�67'�KDV�D�VLJQLILFDQW�LQWHUDFWLRQ�IRU�DOO�RXWFRPHV��3�YDOXHV�IRU�LQWHUDFWLRQ���DQJLQD�UHFXUUHQFH����������0,������������
GD\V�PRUWDOLW\���������

�

&RQFOXVLRQ��$OWKRXJK�WKH�SUHVHQFH�RI�67'�KDV�EHHQ�LQFRUSRUDWHG�DV�DQ�LQGHSHQGHQW�GLFKRWRPRXV�SURJQRVWLFDWRU�LQWR�VHYHUDO�WULDOV��WKH�PDJQLWXGH
RI�67'�FRQIHUV�DGYHUVH�SURJQRVLV�LQ�SDWLHQWV�ZLWK�167(0,�$&6�DQG�VKRXOG�EH�HPSOR\HG�WR�DVVLVW�PHGLFDO�GHFLVLRQ�PDNLQJ�

5HIHUHQFHV�

>�@�.DXO�HW�DO��-�$P�&ROO�&DUGLRO����������������

>�@�5D\PRQG�7HW�DO��(XU�+HDUW�-�����������������



',6$67(5�0(',&,1( $EGDOODK�(OVDIWL�(OVDHLG\

��������&+,/'5(1�,1�7+(�6<5,$1�&,9,/�:$5��,03$&7�2)�21�*2,1*�9,2/(1&(�21�7+(,5�62&,$/��('8&$7,21$/�$1'�38%/,&
+($/7+�67$7(�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$EGDOODK�(OVDIWL�(OVDHLG\��0�'���0�6F������*DUODQW�*HUODQW�YDQ�%HUODHU��0�'���0�6F������0RKDPPDG�$O�6DIDGL��0�'�������0LFKHO�'HEDFNHU��0�'������
5RQDOG�%X\O��3K�'�������$WHI�5HGZDQ��0�'���3K�'�������,YHV�+XEORXH��0�'���3K�'�����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��+DPDG�*HQHUDO�+RVSLWDO��+DPDG�0HGLFDO�&RUSRUDWLRQ��'RKD��4$7$5
���&RQVXOWDQW�(PHUJHQF\�0HGLFLQH��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLWDLU�=LHNHQKXLV�%UXVVHO��%UXVVHOV��%HOJLXP��%UXVVHOV��%(/*,80
���&KLHI�0HGLFDO�2IILFHU�LQ�6\ULD��7XUNH\�0LVVLRQ��*D]LDQWHS��7XUNH\���4DWDU�5HG�&UHVFHQW��*D]LDQWHS��785.(<
���9ULMH�8QLYHUVLWHLW�%UXVVHO��%UXVVHOV��%HOJLXP��5HVHDUFK�*URXS�RQ�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH��GHSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH��%UXVVHOV�
%(/*,80
���9ULMH�8QLYHUVLWHLW�%UXVVHO��%UXVVHOV��%HOJLXP���'HSDUWPHQW�RI�3XEOLF�+HDOWK��%LRVWDWLVWLFV�DQG�0HGLFDO�,QIRUPDWLFV�5HVHDUFK�*URXS��%UXVVHOV�
%(/*,80
���'HSDUWPHQW�RI�$QDHVWKHVLD�DQG�&ULWLFDO�&DUH��)DFXOW\�RI�0HGLFLQH��=DJD]LJ�8QLYHUVLW\��=DJD]LJ��(J\SW���=DJD]LJ��(*<37

.H\ZRUGV��6\ULD��FKLOGUHQ��SXEOLF�KHDOWK��HGXFDWLRQ��VRFLDO�VWDWH

$EVWUDFW��

%$&.*5281'�$1'�385326(

7KH�6\ULDQ�FLYLO�ZDU�VLQFH������OHG�WR�RQH�RI�WKH�PRVW�FRPSOH[�KXPDQLWDULDQ�HPHUJHQFLHV�LQ�KLVWRU\��7KLV�SURWUDFWHG�GLVDVWHU�KDV�EXW�QHJDWLYH
DVSHFWV��HVSHFLDOO\�RQ�FKLOGUHQ�

3XUSRVH�RI�WKLV�VWXG\�LV�WR�GRFXPHQW�WKH�LPSDFW�RQ�WKH�VRFLDO��HGXFDWLRQDO�DQG�SXEOLF�KHDOWK�VWDWH�RI�6\ULDQ�FKLOGUHQ�

�

3$7,(176�$1'�0(7+2'6

$�FURVV�VHFWLRQDO�REVHUYDWLRQDO�VDPSOH�VWXG\�ZDV�FRQGXFWHG�LQ�0D\�������+HDOWKFDUH�ZRUNHUV��HVSHFLDOO\�WUDLQHG�IRU�WKLV�VWXG\��YLVLWHG�IDPLOLHV
KRPH�E\�KRPH�ZLWK�D�SURVSHFWLYHO\�GHVLJQHG�TXHVWLRQQDLUH�LQ�IRXU�1RUWKHUQ�6\ULDQ�JRYHUQRUDWHV�

2I������ILOOHG�RXW�TXHVWLRQQDLUHV�������ZHUH�FRPSOHWH�DQG�LQFOXGHG�LQ�WKLV�VWXG\��&KLOGUHQ�RULJLQDWHG�IURP�$OHSSR��������,GOHE��������+DPDK������
DQG�/DWWDNLD�������0HGLDQ�DJH�ZDV���\HDUV�������,45������������ZHUH�ER\V�

�

5(68/76

$OPRVW�����RI�FKLOGUHQ�ZHUH�,QWHUQDOO\�'LVSODFHG�3HUVRQV��7KH�IDWKHU�ZDV�GHFHDVHG�RU�PLVVLQJ�LQ�UHVSHFWLYHO\����DQG�����DQG�VLPLODUO\�IRU�WKH
PRWKHU�LQ����DQG����RI�WKH�FKLOGUHQ��$OPRVW�����KDG�QR�DFFHVV�WR�VDIH�GULQNLQJ�ZDWHU��DQG�����FRXOG�QRW�DFFHVV�DSSURSULDWH�VDQLWDWLRQ��$ERXW����
KDG�LQVXIILFLHQW�DFFHVV�WR�QXWULWLRQ��DQG�DOPRVW�����VXIIHUHG�IURP�PDOQXWULWLRQ��$FFHVV�WR�VSHFLILF�PRWKHU�DQG�FKLOG�KHDOWKFDUH�SURYLGHUV�ZDV
GLVWXUEHG�LQ������DQG�YDFFLQDWLRQ�VWDWH�ZDV�LQDGHTXDWH�LQ������0RUH�WKDQ�KDOI�RI�DOO�VFKRRO�DJHG�FKLOGUHQ�KDG�QR�DFFHVV�WR�HGXFDWLRQ�DW�WKH�WLPH�RI
WKH�VWXG\�

6WDWLVWLFDO�DQDO\VLV�LQGLFDWHV�WKDW�WKH�ULVN�IRU�FKLOGUHQ�WR�KDYH�XQPHW�GHSHQGV�PDLQO\�RQ�WKH�JRYHUQRUDWH�LQ�ZKLFK�WKH\�UHVLGH��0RVW�DIIHFWHG
JRYHUQRUDWHV�DUH�,GOHE�DQG�/DWWDNLD�IRU�ZDWHU��VDQLWDWLRQ��HGXFDWLRQ��DQG�KHDOWKFDUH��DQG�$OHSSR�IRU�PLVVLQJ�YDFFLQHV��7KHVH�SUREOHPV�DUH�QRW
OLQNHG�WR�JHQGHU�RU�DJH��H[FHSW�IRU�WKH�YDFFLQDWLRQ�VWDWH��WKH�VPDOOHU�WKH�FKLOGUHQ��WKH�PRUH�WKH\�DUH�DW�ULVN�WR�KDYH�DQ�LQFRPSOHWH�YDFFLQDWLRQ�VWDWH�

�

&21&/86,216

$IWHU�IRXU�\HDUV�RI�FLYLO�ZDU�LQ�6\ULD��PDQ\�FKLOGUHQ�KDYH�ORVW�WKHLU�SDUHQWV��DUH�EHLQJ�GLVSODFHG��DQG�OLYH�LQ�VXEVWDQGDUG�OLIH�TXDOLW\�FLUFXPVWDQFHV�
0RVW�FKLOGUHQ�PLVV�HGXFDWLRQ��XQGHUPLQLQJ�WKHLU�RZQ�IXWXUH�DQG�WKDW�RI�WKH�FRXQWU\��/LPLWHG�DFFHVV�WR�ZDWHU��VDQLWDWLRQ��DQG�WR�UHJXODU�DQG�KHDOWK\
IRRG��WRJHWKHU�ZLWK�LQFUHDVLQJ�PDOQXWULWLRQ�UDWHV��ZRUVHQLQJ�RI�WKH�LPPXQLVDWLRQ�VWDWH�DQG�DFFHVVLELOLW\�WR�VSHFLILF�KHDOWKFDUH�IDFLOLWLHV�DGG�XS�WR�WKH
IDFWRUV�WKDW�SXW�6\ULDQ�FKLOGUHQ�DW�ULVN�IRU�LQFUHDVHG�PRUELGLW\�DQG�PRUWDOLW\�

8UJHQW�FRRUGLQDWHG�DQG�JOREDO�DFWLRQ�LV�QHHGHG�WR�GHDO�ZLWK�WKLV�FRPSOH[�KXPDQLWDULDQ�HPHUJHQF\��DQG�WR�SUHYHQW�ZRUVHQLQJ�RI�VRFLDO��HGXFDWLRQDO
DQG�SXEOLF�KHDOWK�WKUHDWV�IRU�FKLOGUHQ�LQ�6\ULD�



75$80$ DNOLOX�$]D]K

��������5RDG�7UDIILF�$FFLGHQW�UHODWHG�)DWDOLWLHV�LQ�$GGLV�$EDED�&LW\��$GGLV�$EDED��(WKLRSLD��$�RQH�\HDU�$QDO\VLV�RI�3ROLFH�5HSRUW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$QWHQHK�.HEHGH������DNOLOX�$]D]K������DNOLOX�$]D]K������+DLPDQRW�*HUHPHZ����

�����*RQGHU�8QLYHUVLW\��*RQGHU��(7+,23,$
�����$GGLV�$EDED�8QLYHUVLW\��$GGLV�$EDED��(7+,23,$

.H\ZRUGV��5RDG�7UDIILF�$FFLGHQW���)DWDOLWLHV���$GGLV�$EDED��(WKLRSLD

$EVWUDFW��

$EVWUDFW���

,QWURGXFWLRQ��5RDG�WUDQVSRUWDWLRQ�SURYLGHV�EHQHILWV�ERWK�WR�QDWLRQV�DQG�WR�LQGLYLGXDOV�E\�IDFLOLWDWLQJ�WKH�PRYHPHQW�RI�JRRGV�DQG�SHRSOH��,W�HQDEOHV
LQFUHDVHG�DFFHVV�IRU�GDLO\�OLYLQJ�DQG�SURJUDPV�RQ�WKH�FRXQWU\�DW�ODUJH��%XW�WKHVH�LQFUHDVHG�LQ�DFFHVV�DQG�QXPEHU�RI�WUDQVSRUWDWLRQ�SRVH�D�JUHDW
FKDOOHQJH�LQ�WKH�LQGLYLGXDOV�GDLO\�DFWLYLW\�UDQJLQJ�IURP�PLQRU�LQMXU\�WR�GHDWK�DQG�WKH�QDWLRQ�DOVR�VXIIHUV�IURP�ORVH�RI�SURGXFWLYH�FLWL]HQV�DQG
HFRQRPLF�VKLIW�WR�SUHYHQWDEOH�KHDOWK�DFWLYLWLHV

2EMHFWLYHV�7KH�JHQHUDO�REMHFWLYH�RI�WKH�VWXG\�LV�WR�DVVHVV�WKH�PDJQLWXGH�RI�DQG�IDFWRUV�FRQWULEXWLQJ�WR�WKH�0RUWDOLW\�UHODWHG�WR�5RDG�7UDIILF
$FFLGHQWV�LQ�C$GGLV�$EDED��(WKLRSLD�IURP�6HSWHPEHU������WR�$XJXVW������

0HWKRGRORJ\�'DWD�IURP�WKH�$GGLV�$EDED�3ROLFH�&RPPLVVLRQ�7UDIILF�3ROLFH�'HSDUWPHQW�ZDV�FROOHFWHG�IURP�WKH�FKHFNOLVW�XVHG�WR�FROOHFW�LQIRUPDWLRQ
E\�WKH�SROLFH�RIILFHU�DW�WKH�VFHQH�DQG�WKH�ORJERRN�DQG�HQWHUHG�WR�6366�YHUVLRQ�������DQG�GHVFULSWLRQ�ZDV�SHUIRUPHG�

5HVXOW�2YHUDOO��WKHUH�ZHUH������UHFRUGHG�URDG�WUDIILF�DFFLGHQWV��H[FOXGLQJ�DFFLGHQWV�ZLWK�RQO\�SURSHUW\�GDPDJH��LQ�$GGLV�$EDED�GXULQJ����������2I
WKHVH�������������ZHUH�IDWDO��$PRQJ�DOO�IDWDOLWLHV�PDMRULW\�ZHUH�PDOH��������������0DOH�)HPDOH������DQG�SHGHVWULDQV�������������)DWDO�DFFLGHQWV
ZHUH�PRUH�SUHYDOHQW�RQ�LVOHG�URDGV������������DQG�LQYROYHG�HVSHFLDOO\�FRPPHUFLDO�FDUV��0RUH�WKDQ�KDOI�RI�IDWDOLWLHV������������RFFXUUHG�GXH�WR
IDLOXUH�WR�JLYH�D�ZD\�IRU�SHGHVWULDQV�

�

&RQFOXVLRQ�0DMRULW\�RI�DIIHFWHG�ZHUH�YXOQHUDEOH�URDG�XVHUV�DPRQJ�ZKLFK�SHGHVWULDQV�ZHUH�SUHGRPLQDQW�DQG�DIIHFWHG�ZKLOH�FURVVLQJ�WKH�URDG
RXWVLGH�WKH�]HEUD�FURVV�DQG�UHVSRQVLEOH�SDUWLHV�ZHUH�GULYLQJ�FRPPHUFLDO�FDUV�DQG�YDVW�PDMRULW\�RI�YLFWLPV�GLHG�DW�WKH�VFHQH�LQVWDQWDQHRXVO\�ZKLFK
QHHGV�SROLF\�RQ�SHGHVWULDQ�VDIHW\�DQG�HGXFDWLRQ�RQ�EHKDYLRUDO�FKDQJH��7KHVH�ILQGLQJV�FDQ�VHUYH�DV�D�EDVLV�IRU�KHDOWK�FDUH�SURIHVVLRQDOV�DQG
SROLF\PDNHUV�WR�FUHDWH�SUHYHQWLYH�PHDVXUHV�IRU�WUDIILF�DFFLGHQWV�

.H\�ZRUGV���5RDG�WUDIILF�$FFLGHQW��0RUWDOLW\��$GGLV�$EDED��(WKLRSLD



1(852/2*< +DQHQ�*KD]DOL

��������3UHGLFWRUV�RI�VWURNH�RXWFRPH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

ZLIHN�%HQ�+PLGD������+DQHQ�*KD]DOL������6\ULQH�.HVNHV������$QZDUH�<DKPDGL������0DQHO�%D\DU������0RXQD�*DPPRXGL������6DZVHQ�&KLERXE������6DPL
6RXLVVL����

���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��%HQ�$5286��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��%HQ�$URXV��781,6,$
���6HUYLFH�G
$FFXHLO�GHV�8UJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��%HQ�$URXV��781,6,$

.H\ZRUGV��VWURNH��RXWFRPH��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

%$&.*5281'�$1'�385326(��6WURNH�LV�D�SXEOLF�KHDOWK�SULRULW\�ZLWK�D�KLJK�PRUWDOLW\�DQG�GLVDELOLW\��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�HOXFLGDWH�WKH
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XQIDYRUDEOH�RXWFRPH�
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,Q�DGMXVWHG�PXOWLSOH�UHJUHVVLRQ�PRGHOV��DJH�!���\HDUV��DGMXVWHG�25� ��������&,�>����������@���SUH�H[LVWLQJ�GLVDELOLW\��DGMXVWHG�25� �����������&,
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VFDOH�*&6���Ô������DGMXVWHG�25 �����������&,>����������@��ZHUH�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�XQIDYRUDEOH�RXWFRPH���

&21&/86,21��,Q�WKLV�VWXG\��RQVHW�VWURNH�VHYHULW\��SUH�H[LVWLQJ�GLVDELOLW\��KHPRUUKDJLF�OHVLRQ�DQG�ROG�DJH�ZHUH�SUHGLFWRUV�IRU�SRRU�SURJQRVLV�DIWHU
VWURNH��7KHVH�IDFWRUV�VKRXOG�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�ZKHQ�SODQQLQJ�WUHDWPHQW�DQG�UHKDELOLWDWLRQ�DIWHU�VWURNH�



&$5',29$6&8/$5 5\P�+DPHG

��������3URJQRVWLF�YDOXH�RI�SODVPD�ODFWDWH�OHYHOV�LQ�QRUPRWHQVLYH�SDWLHQWV�ZLWK�SXOPRQDU\�HPEROLVP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&KWRXURX�'RUUD������+DPHG�5\P������%HOOLOL�6DUUD������%DKULD�:LGHG������0DDUHI�$PHO������-HEDOL�$PLQD������%RXKDMMD�%�FKLU����

���(PHUJHQF\�'HSDUWPHQW�&KDUOHV�1LFROOH�+RVSLWDO���WXQLVLD��WXQLV��781,6,$
���(PHUJHQF\�'HSDUWPHQW�5HJLRQDO�+RVSLWDO�%�MD���WXQLVLD��%�MD��781,6,$

.H\ZRUGV��ODFWDWH��SURJQRVLV��SXOPRQDU\��HPEROLVP���QRUPRWHQVLYH��HPHUJHQF\

$EVWUDFW��

3XOPRQDU\�HPEROLVP��3(��LV�D�FRPPRQ�GLVHDVH�ZLWK�KLJK�PRUWDOLW\�DQG�PRUELGLW\�UDWHV��7KH�HYDOXDWLRQ�RI�WKH�SURJQRVLV�LV�D�KDOOPDUN�LQ�VXFK
VLWXDWLRQ�DQG�VRPH�WRROV�ZHUH�GHYHORSHG�LQ�WKLV�FRQWH[W������3ODVPD�ODFWDWH�KDV�VKRZQ�LWÇV�VXSHULRULW\�DV�D�SURJQRVWLF�ELRPDUNHU�LQ�PDQ\
OLIH�WKUHDWHQLQJ�GLVHDVHV�EXW�PLJKW�DOVR�LQFUHDVH�LQ�3(�EHIRUH�RYHUW�KDHPRG\QDPLF�LPSDLUPHQW������7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�WKH
SURJQRVWLF�YDOXH�RI�DUWHULDO�ODFWDWH�LQ�QRUPRWHQVLYH�SDWLHQWV�ZLWK�3(�

3DWLHQWV�DQG�PHWKRGV��

7KLV�ZDV�D�SURVSHFWLYH�VWXG\�RYHU���\HDUV��-DQXDU\�������'HFHPEHU��������,QFOXVLRQ�RI�QRUPRWHQVLYH�SDWLHQWV�ZLWK�GRFXPHQWHG�3(��7KH�DUWHULDO
ODFWDWH�OHYHO�ZDV�GHWHUPLQHG�RQ�DUWHULDO�EORRG�JDV�VDPSOHV�LPPHGLDWHO\�DIWHU�DGPLVVLRQ�WR�WKH�HPHUJHQF\�ZDUG��$�ODFWDWH�OHYHO�! ��PPRO�O�ZDV
FRQVLGHUHG�WR�EH�DEQRUPDO�

5HVXOWV�

)RUW\�SDWLHQWV�ZHUH�HQUROOHG��0HDQ�DJH� �����������\HDUV��6H[�UDWLR �������0HGLFDO�KLVWRU\�Q�������$WULDO�ILEULOODWLRQ����������'HHS�YHQRXV
WKURPERHPEROLVP�����������6HYHULW\�PDUNHUV�RI�3(�Q�����7URSRQLQ�,�!�����QJ�PO�����������5LJKW�YHQWULFXODU�GLDPHWHU��/HIW�YHQWULFXODU�GLDPHWHU�UDWLR
!����&KHVW�FRPSXWHG�WRPRJUDSK\��������������$UWHULDO�ODFWDWH�! �PPRO�O�����������7KH����'D\�PRUWDOLW\�UDWH� ��������0HGLDQ�EDVHOLQH�DUWHULDO
ODFWDWH�OHYHO�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�QRQVXUYLYRUV�WKDQ�LQ�VXUYLYRUV��PHGLDQ��,4���������PPRO�O���1RQVXUYLYRUV� ����������������YV�VXUYLYRUV ����
����������S�YDOXH� �������$EQRUPDO�ODFWDWH�OHYHO�DV�GHILQHG�EHORZ�ZDV�DVVRFLDWHG�WR�UHVSHFWLYH�RGGV�UDWLR�LQ�8QLYDULDWH�DQG�PXOWLYDULDWH�DQDO\VLV
�2GGV�UDWLR�>FRQILGHQFH�LQWHUYDO����@�� ������>���������@��S����������DQG�����>���������@��S��������&KDUDFWHULVWLFV�RI�&XUYH�5RF�RI�ODFWDWH�! ����$UHD
XQGHU�WKH�FXUYH���������S ��������6HQVLWLYLW\��������6SHFLILFW\���������SRVLWLYH�SUHGLFWLYH�YDOXH���������QHJDWLYH�SUHGLFWLYH�YDOXH�������

�

&RQFOXVLRQ��

$UWHULDO�/DFWDWH�OHYHO�DW�DGPLVVLRQ�VKRXOG�EH�SURSRVHG�DV�D�SURJQRVWLF�ELRPDUNHU�LQ�QRUPRWHQVLYH�SDWLHQWV�ZLWK�GLDJQRVHG�3(�

��������6�9DQQL�HW�DO��7KRUD[������������

��������6�YDQQL�HW�DO��$QQ�(PHUJ�0HG�����0DU���������������



&35���5(686&,7$7,21 *XLOOHUPR�&DlDUGR�&HUYHUD

��������3HUFXWDQHRXV�FRURQDU\�LQWHUYHQWLRQ�ZLWK�RQJRLQJ�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ�LQ�UHIUDFWRU\�RXW�RI�KRVSLWDO�FDUGLDF
DUUHVW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*XLOOHUPR�&D�DUGR������$LWDQD�3�UH]������0DU�6RODQR������*LO�%RQHW������$OIUHGR�%DUGDML������$OIRQVR�/�SH]������,VDDF�/XFDV������&KULVWHU�$[HOVVRQ�����
0DU�D�-LP�QH]����

���(PHUJHQF\�PHGLFLQH�SK\VLFLDQ��6LVWHPD�G
(PHUJ�QFLHV�0�GLTXHV��6(0���7DUUDJRQD��63$,1
���(PHUJHQF\�PHGLFLQH�QXUVH��6LVWHPD�G
(PHUJ�QFLHV�0�GLTXHV��6(0���7DUUDJRQD��63$,1
���&DUGLRORJLVW�SK\VLFLDQ��'HSDUWDPHQW�RI�&DUGLRORJ\��8QLYHUVLW\�+RVSLWDO�-RDQ�;;,,,����7DUUDJRQD��63$,1
���'HSDUWDPHQW�RI�&DUGLRORJ\�'LUHFWRU��8QLYHUVLW\�+RVSLWDO�-RDQ�;;,,,����7DUUDJRQD��63$,1
���7HUULWRULDO�'LUHFWRU��6LVWHPD�G
(PHUJ�QFLHV�0�GLTXHV��6(0���7DUUDJRQD��63$,1
���&R�7HUULWRULDO�'LUHFWRU��6LVWHPD�G
(PHUJ�QFLHV�0�GLTXHV��6(0���7DUUDJRQD��63$,1
���$VVRFLDWH�3URIHVVRU��8QLYHUVLW\�RI�%RUDV��*�WHPEXUJ��6:('(1
���'HSDUWDPHQW�RI�1XUVLQJ�'LUHFWRU��5RYLUD�L�9LUJLOL�8QLYHUVLW\���7DUUDJRQD��63$,1

.H\ZRUGV��UHIUDFWRU\�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��PHFKDQLFDO�FKHVW�FRPSUHVVLRQV��SHUFXWDQHRXV�FRURQDU\�LQWHUYHQWLRQ��UHVXVFLWDWLRQ

$EVWUDFW��

3XUSRVH�RI�WKH�VWXG\�

$FXWH�0\RFDUGLDO�,QIDUFWLRQ��$0,��LV�RQH�RI�WKH�PRVW�FRPPRQ�FDXVHV�RI�FDUGLDF�DUUHVW��&$���5HVXVFLWDWLRQ�DIWHU�UHIUDFWRU\�LQ�KRVSLWDO�&$�LQ�WKH
FDWKHWHUL]DWLRQ�ODERUDWRU\�XVLQJ�PHFKDQLFDO�FKHVW�FRPSUHVVLRQV��0&&���GXULQJ�VLPXOWDQHRXV�SHUFXWDQHRXV�FRURQDU\�LQWHUYHQWLRQ��3&,���KDYH�DQ������
RI�3&,�VXFFHVV�UDWH��ZLWK�D�������RI�GLVFKDUJHG�IURP�FDWK�ODE�ZLWK�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��526&��DQG�����GLVFKDUJHG�KRVSLWDO�ZLWK
RSWLPDO�QHXURORJLFDO�RXWFRPH��:H�GHVLJQHG�D�VWXG\�WR�HYDOXDWH�D�QHZ�WUHDWPHQW�VWUDWHJ\�IRU�WKH�SDWLHQWV�ZLWK�FRURQDU\�VXVSLFLRXV�RULJLQ�UHIUDFWRU\
RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$���ZLWK�QR�UHVSRQVH�WR�FRQYHQWLRQDO�DGYDQFHG�OLYH�VXSSRUW��$/6���WKDW�FRXOG�EH�WUDQVIHUUHG�WR�WKH�FDWK�ODE�IRU�3&,
ZLWK�RQJRLQJ�FDUGLRSXOPRQDU�UHVXVFLWDWLRQ��&35��ZLWK�0&&���

0DWHULDO�DQG�PHWKRGV�

3URVSHFWLYH�DQG�GHVFULSWLYH�VWXG\�IURP������������XQWLO������������RI�SDWLHQWV�ZLWK�2+&$�WUDQVIHUUHG�WR�-RDQ�;;,,,�8QLYHUVLW\�+RVSLWDO�LQ�7DUUDJRQD
�6SDLQ���ZLWK���������UHIHUHQFH�SRSXODWLRQ��,QFOXVLRQ�FULWHULD���$JH�����\HDUV��TXDOLW\�RI�OLIH�ZLWKRXW�WHUPLQDO�LOOQHVV��VXVSHFW�RI�$0,��ZLWQHVVHG�&$�
LPPHGLDWH�DQG�JRRG�TXDOLW\�&35�����PLQXWHV���VKRFNDEOH�UK\WKP��DEVHQFH�RI�526&�DIWHU����PLQXWHV�RI�&35��SRVVLELOLW\�RI�0&&��SRVVLELOLW\�RI�3&,�
WLPH�&$�+RVSLWDO�����PLQXWHV�

5HVXOWV�

���SDWLHQWV�ZHUH�LQFOXGHG��$YHUDJH�DJH��������\HDUV����������\HDUV����������������������������������������������!�����*HQGHU��PHQ�������
&RQFRPLWDQW�GLVHDVHV��6PRNLQJ��������K\SHUWHQVLRQ��������GLDEHWHV�������K\SHUOLSLGDHPLD��������FKURQLF�LVFKHPLF�KHDUW�GLVHDVH�����
K\SHUWURSKLF�FDUGLRP\RSDWK\�������7LPH�RI�&$��PRUQLQJ�����K��������HYHQLQJ������K��������QLJKW�����K��������:LWQHVVHG�&$���\HV�LQ�������
ZLWK�QR�KHDOWK�SURIHVVLRQDO�ZLWQHVV�LQ��������&$�ORFDWLRQ���KRPH���������SXEOLF�������DPEXODQFH������ZRUN�������UHVWDXUDQW�������KRWHO������
VSRUWV�IDFLOLWLHV������,QLWLDO�WLPH�FKHVW�FRPSUHVVLRQV�����PLQXWHV������������PLQXWHV�������������PLQXWHV�������!���PLQXWHV��������XQNQRZQ
������&35�LQLWLDWHG�E\��KHDOWK�SURIHVVLRQDO�LQ��������6KRFNDEOH�UK\WKP�LQ�DQ\�WLPH���������)LUVW�GHILEULOODWLRQ��')���DPEXODQFH���Ç���
SXEOLF�$('������QR�')������$YHUDJH�WLPH�RI�ILUVW�')������PLQXWHV������������PLQXWHV���$YHUDJH�WLPH�RI�DUULYDO�DPEXODQFH�������PLQXWHV�
8VH�RI�0&&���������5HWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��526&����������EHIRUH�VWDUW�WUDQVSRUW��������GXULQJ�WUDQVSRUW������LQ�FDWK�ODE
��������$YHUDJH�WLPH�WR�DUULYH�DW�WKH�FDWK�ODE�������PLQXWHV��$QJLRJUDSK\�GRQH���������3ULPDU\�3&,�GRQH���������&DWK�ODE�GLVFKDUJH�
�������+RVSLWDO�GLVFKDUJH���������&HUHEUDO�SHUIRUPDQFH�FDWHJRU\��&3&�����������

&RQFOXVLRQV�

�����&RURQDU\�UHSHUIXVLRQ�WKHUDS\�LV�D�UHDO�SRVVLELOLW\�RI�WUHDWPHQW�LQ�SDWLHQWV�ZLWK�UHIUDFWRU\�2+&$�

�����:H�PXVW�LPSURYH�RXU�XVH�RI�SXEOLF�$('�DQG�E\VWDQGHUV�&35�

�����7KH�DEVHQFH�RI�VKRFNDEOH�UK\WKP�LV�D�EDG�SURJQRVWLF�IDFWRU�DQG�D�IUHTXHQW�LQFOXVLRQ�HUURU���������

�����7KH�DYHUDJH�GHOD\�WLPH�RI�DUULYDO�DW�WKH�KRVSLWDO�LV����PLQXWHV��7KH�PDLQ�GHOD\�IDFWRU�LV�FDXVHG�E\�ZDLWLQJ�IRU�526&�EHIRUH�VWDUWLQJ�WKH
WUDQVSRUW�

�����7KH�UHVXOWV�RI�VXUYLYH�DQG�&3&�LQ�RXU�VWXG\�HQFRXUDJH�XV�WR�LQFUHDVH�HIIRUWV�LQ�WKLV�QHZ�WUHDWPHQW�VWUDWHJ\�ZLWK�GLIIXVLRQ�DQG�VWDII�WUDLQLQJ�



32,17�2)�&$5( MHDQ�FKULVWRSKH�FDYHQDLOH

��������6KRXOG�ZH�QRZ�FKDQJH�RXU�SROLF\�RI�WHWDQXV�SURSK\OD[LV�WKDQNV�WR�D�EHGVLGH�LPPXQRFKURPDWRJUDSKLF�WHVW�IRU�WKH
GHWHFWLRQ�RI�DQWL�WHWDQXV�DQWLERGLHV"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-HDQ�&KULVWRSKH�&$9(1$,/(������-XGLWK�+(55(52�*$5&,$������-HDQ�'8&+$7($8����

���(PHUJHQF\�'HSDUWPHQW��&+8�%UXJPDQQ�8/%��%UXVVHOV��%(/*,80
�����8QLYHUVLW��/LEUH�%UX[HOOHV��%UXVVHOV��%(/*,80

.H\ZRUGV��WHWDQXV�SUHYHQWLRQ��SRLQW�RI�FDUH��FRVW�EHQHILW�VWXG\��YDFFLQDWLRQ

$EVWUDFW��

,QWURGXFWLRQ

7KH�SUHYHQWLRQ�RI�WHWDQXV�SHUIRUPHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('��LV�QRW�UHOLDEOH�ZKHQ�LW�LV�EDVHG�RQ�FOLQLFDO�KLVWRU\��,QGHHG��PDQ\�SDWLHQWV
GRQÇW�NQRZ�WKHLU�LPPXQH�VWDWXV�DQG�FRXOG�UHFHLYH�DQ�XQQHFHVVDU\�ERRVWHU��ZKLOH�RWKHU�SDWLHQWV�ZURQJO\�WKLQN�WKHPVHOYHV�WR�EH�YDFFLQDWHG���DQG
FRXOG�QRW�UHFHLYH�DQ\�SUHYHQWLRQ�

,Q�������D�UDSLG�EHGVLGH�VHPL�TXDQWLWDWLYH���LPPXQRFKURPDWRJUDSKLF�WHVW��746��EHFDPH�DYDLODEOH��DOORZLQJ�WKH�HYDOXDWLRQ�RI�WHWDQXV�DQWLERG\
OHYHOV�LQ����PLQXWHV���7KH�YDOLGLW\�VWXGLHV�GHPRQVWUDWHG�WKDW�WKH�DFFXUDF\�RI��746�LV�PXFK�EHWWHU�WKDQ�WKH��DFFXUDF\�RI��FOLQLFDO�KLVWRU\�

7KH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�746�ZHUH�UHVSHFWLYHO\�����DQG������ZKLOH�WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�FOLQLFDO�KLVWRU\�ZHUH�UHVSHFWLYHO\����
DQG�����

�7KHUHIRUH��746�KDV�EHHQ�XVHG�IRU�WHWDQXV�SUHYHQWLRQ�LQ�RXU�('�

�

2EMHFWLYHV

7R�HYDOXDWH��ZLWKLQ�WKH�IUDPH�RI�D�FRVW�EHQHILW�VWXG\�ZKHWKHU�WKH�V\VWHPDWLF�XVH�RI�746�LV�FRQFHLYDEOH

�

0HWKRGV

�������,Q�WKLV�SURVSHFWLYH�PRQRFHQWULF�VWXG\�������SDWLHQWV�ZLWK�D�ZRXQG�ZHUH�LQFOXGHG��746�ZDV�SHUIRUPHG�WR�WKH�SDWLHQWV�ZKR�KDG�QRW�D�ZULWWHQ
WUDFN�UHFRUG�RI�WKHLU�LPPXQLW\������746�ZHUH�UHDOL]HG��:KHQHYHU�746�ZDV�SRVLWLYH�WKH�SDWLHQW�FRQVHTXHQWO\�UHFHLYHG�QR�WHWDQXV�SUHYHQWLRQ��,I�746
ZDV�QHJDWLYH�RU�GRXEWIXO�WKH�SDWLHQWV�UHFHLYHG�WHWDQXV�SUHYHQWLRQ�XVLQJ�:+2�DOJRULWKP��:H�WKHQ�FRPSDUHG�WKH�FRVW�RI�WHWDQXV�SUHYHQWLRQ
HPSOR\LQJ�746�DJDLQVW�WKH�FRVW�RI�SUHYHQWLRQ�XVLQJ�FODVVLFDO�SUHYHQWLRQ��7R�REWDLQ�WKH�FRVWV�IRU�WKH�DQWL�WHWDQXV�YDFFLQDWLRQ�ZLWK�WKH�KHOS�RI�WKH
746��ZH�DGGHG�WKH�FRVWV�RI�WKH�746���ZLWK�WKH�FRVWV�WR�YDFFLQDWH�WKH�SDWLHQWV�ZLWK�D�QHJDWLYH�746�

�

5HVXOWV

�����������������746�ZHUH�SRVLWLYH�DQG�����746�ZHUH�QHJDWLYH��$PRQJ�WKH�SDWLHQWV�ZLWK�D�QHJDWLYH�746������KDG�D�WHWDQXV�SURQH�ZRXQG��7R�UHDOL]H
WKH�WHWDQXV�SUHYHQWLRQ�RI�WKLV�FRKRUW��ZLWK�746������ERRVWHUV�DQG�����WHWDQXV�LPPXQRJOREXOLQ�DQWL�77��ZHUH�DGPLQLVWUDWHG�

7KH�FRVW�RI�WKH�SUHYHQWLRQ�ZLWK�746�ZDV�Ï������

:LWKRXW�746�������YDFFLQDWLRQV�DQG�����WHWDQXV�LPPXQRJOREXOLQ�ZRXOG��KDYH�EHHQ��Ï�����

�

&RQFOXVLRQV

6\VWHPDWLF�XVH�RI�746�LV�FRVW�HIIHFWLYH�DQG���DYRLGV�XQQHFHVVDU\�DQG�H[SHQVLYH�WUHDWPHQWV��7KH�WHVW�FRXOG�V\VWHPDWLFDOO\�EH�LQFOXGHG�LQ�WKH�WHWDQXV
SUHYHQWLRQ�DOJRULWKP�

�



,1)(&7,286�',6($6(���6(36,6 +DQHQ�*KD]DOL

��������6HSVLV�DQG�LWV�LPSDFW�RQ�RXWFRPH�LQ�HOGHUO\�SDWLHQWV�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

ZLGHG�%RXVVHOPL������+DQHQ�*KD]DOL������D\PHQ�]RXEOL������$QZDUH�<DKPDGL������5DQLD�-HEUL������IDUDK�ULDKL������1DMOD�(O�+HQL������6DPL�6RXLVVL����

���HPHUJHQF\�GHSDUWPHQW��UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��%HQ�$URXV��781,6,$
���6HUYLFH�G
$FFXHLO�GHV�8UJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��%HQ�$URXV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��6085���K�SLWDO�U�JLRQDO�EHQ�DURXV��EHQ�DURXV��781,6,$

.H\ZRUGV��VHSVLV��HOGHUO\��RXWFRPH

$EVWUDFW��

,QWURGXFWLRQ�

6HSVLV�UHPDLQ�D�PDMRU�FDXVH�RI�PRUWDOLW\�DQG�PRUELGLW\�HVSHFLDOO\�LQ�WKH�HOGHUO\�RYHU�WKDQ����\HDUV�

2EMHFWLYH�

7R�GHWHUPLQH�WKH�HSLGHPLRORJLFDO��FOLQLFDO��WKHUDSHXWLF�DQG�RXWFRPH�IHDWXUHV�LQ�HOGHUO\�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�

0HWKRGV�

3URVSHFWLYH�VWXG\�FRQGXFWHG�RYHU�VL[�PRQWKV��,QFOXVLRQ��SDWLHQWV��$JH�Õ����\HDUV��ZLWK�VXVSHFWHG�LQIHFWLRQ�DVVRFLDWHG�ZLWK�WZR�RU�PRUH�FULWHULD�RI
WKH�V\VWHPLF�LQIODPPDWRU\�UHVSRQVH�V\QGURPH��WHPSHUDWXUH�Õ���j�&��RU�Ô����j�&���KHDUW�UDWH�!����ESP���PLQ���UHVSLUDWRU\�UDWH�!������PLQ�RU�3D&2�
�����PP�+J��:%&�!��������FHO���PP��RU�����������PP�����7KH�SUHVHQFH�RI�RUJDQ�G\VIXQFWLRQ�GHILQHG�VHYHUH�VHSVLV��3HUVLVWHQW�K\SRWHQVLRQ
�V\VWROLF�EORRG�SUHVVXUH������PP+J��RU�VLJQV�RI�K\SRSHUIXVLRQ��ODFWDWH�Õ���PPRO���O��ROLJXULD��GHVSLWH�DGHTXDWH�IOXLG�UHVXVFLWDWLRQ�GXULQJ�VHYHUH
VHSVLV��GHILQHG�VHSWLF�VKRFN�&OLQLFDOV��HSLGHPLRORJLFDOV��ELRORJLFDOV��EDFWHULRORJLFDOV��WKHUDSHXWLF�FKDUDFWHULVWLFV�DQG�$3$&+(���VFRUH�ZHUH�QRWHG�
(YDOXDWLRQ�RI�LQKRVSLWDO�DQG���GD\�PRUWDOLW\��

5HVXOWV�

,QFOXVLRQ�RI����SDWLHQWV��6HSVLV���Q� �����������6HYHUH�VHSVLV��Q� ����������6HSWLF�6KRFN��Q� �����������0HDQ�DJH� ����k����\HDUV��6H[�UDWLR� 
�����&RPRUELGLWLHV�Q������K\SHUWHQVLRQ����������'LDEHWHV����������FKURQLF�SXOPRQDU\�2EVWUXFWLYH�GLVHDVH���������FKURQLF�UHQDO�IDLOXUH��������&OLQLFDO
PDQLIHVWDWLRQV�Q������)HYHU����������LPSDLUHG�JHQHUDO�FRQGLWLRQ����������UHVSLUDWRU\�VLJQV����������GLJHVWLYH�VLJQV����������DQG�QHXURORJLFDO�VLJQV��
������6RXUFH�RI�VHSVLV�Q������SXOPRQDU\����������XULQDU\����������VNLQ���������DQG�GLJHVWLYH���������$3$&+(�DYHUDJH� ���k�����2UJDQ�IDLOXUHV�Q�����
5HQDO����������SXOPRQDU\���������KHPRG\QDPLF��������KHSDWLF�������DQG�KHPDWRORJLF��������9DVRDFWLYH�GUXJV�XVHG�LQ����SDWLHQWV�������
+RVSLWDOL]DWLRQ�LQ�LQWHQVLYH�FDUH�XQLW�LQ�WZR�SDWLHQWV��,QKRVSLWDO�PRUWDOLW\�����DQG���GD\�PRUWDOLW\�����

&RQFOXVLRQ��7KLV�VWXG\�VKRZV�WKDW�GHVSLWH�VHYHUDO�FRPRUELGLWLHV�WKDW�SUHVHQW�WKH�HOGHUO\��HDUO\�PRUWDOLW\�LV�UHODWLYHO\�ORZ��7KH�VHSVLV�UHVXVFLWDWLRQ
DQG�PDQDJHPHQW�EXQGOHV�VKRXOG�EH�VWDUWHG�HDUO\�DQG�KDYH�EHHQ�VKRZQ�WR�LPSURYH�VXUYLYDO�RI�WKH�HOGHUO\�LQ�HPHUJHQF\�GHSDUWPHQW�ZLWKRXW�D
WUDQVIHU�WR�LQWHQVLYH�FDUH�XQLW�



0$1$*(0(17���('�25*$1,6$7,21 .DWMD�.LNXOO

��������(FRQRPLF�DQG�RSHUDWLRQDO�LPSDFW�RI�WKH�$OHUH}�L�,QIOXHQ]D�WHVW�LQ�D�*HUPDQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DWWKLDV�%UDFKPDQQ������.DWMD�.LNXOO������.LOO�&OHPHQV������6FKDXPEHUJ�6XVDQQH����

�����EFPHG�*PE+��'�VVHOGRUI��*(50$1<
�����8QLYHUVLW�WVNOLQLNXP�*LH�HQ�XQG�0DUEXUJ�*PE+��0DUEXUJ��*(50$1<

.H\ZRUGV��,QIOXHQ]D�HPHUJHQF\�GHSDUWPHQW�HFRQRPLF�DQDO\VLV�SURFHVV�RSWLPLVDWLRQ�$OHUH�L�,QIOXHQ]D�WHVW�L1$7�3RLQW�2I�&DUH�WHVW�SURFHVV
RSWLPLVDWLRQ�ZRUNIORZ

$EVWUDFW��

2EMHFWLYH

$PRQJ�DOO�LQIHFWLRXV�GLVHDVHV��WKH�LQIOXHQ]D��IOX��LV�HVSHFLDOO\�GLIILFXOW�WR�GHDO�ZLWK�GXH�WR�WKH�XQSUHGLFWDELOLW\�RI�LWV�RXWEUHDN��$�IOX�VHDVRQ�VWUDLQV�WKH
UHVRXUFHV�RI�(PHUJHQF\�'HSDUWPHQWV��('��DQG�KRVSLWDOV��7KH�LVRODWLRQ�PDQDJHPHQW�LV�D�NH\�FKDOOHQJH�DV�WKH�XQFHUWDLQW\�DERXW�WKH�SDWLHQWVÇ�KHDOWK
VWDWXV�PDNHV�LVRODWLRQ�QHFHVVDU\�IRU�LQIOXHQ]D�DQG�LQIOXHQ]D�OLNH�,OOQHVV��,/,��SDWLHQWV�DOLNH��XQWLO�D�GHILQLWH�WHVW�UHVXOW�LV�DYDLODEOH��7KLV�XQFHUWDLQW\
KDV�D�VLJQLILFDQW�LPSDFW�RI�WKH�SURFHVV�HIILFLHQF\�DQG�FRVWV�ZLWKLQ�DQ�('�DQG�DOVR�DIIHFWV�WKH�KRVSLWDOÇV�QRUPDO�ZDUGV�

0HWKRG

,Q�RUGHU�WR�GHWHUPLQH�WKH�SURFHVV�HIILFLHQF\�DQG�FRVW�LPSDFW�RI�XVLQJ�D�QHZ�UDSLG�PROHFXODU�WHVW�IRU�LQIOXHQ]D��WKH�$OHUHÑL�,QIOXHQ]D�$	%�WHVW��WKH
SDWLHQWÇV�FDUH�SURFHVV�ZLWK�WKH�3&5�SDWKZD\�ZDV�FRPSDUHG�WR�D�QHZ�SDWKZD\�LQFOXGLQJ�WKH�$OHUHÑL�,QIOXHQ]D�$�	�%�WHVW��)XUWKHU��D�FDOFXODWLRQ
PRGHO�ZDV�GHVLJQHG�XVLQJ�GDWD�IURP�WKH�����������IOX�VHDVRQ�IURP�WKH�8QLYHUVLW\�+RVSLWDO�RI�0DUEXUJ�DQG�*LH�HQ��)RFXV�ZDV�RQ�WKH�SRWHQWLDO
RSHUDWLRQDO�DQG�HFRQRPLF�HIIHFWV�IRU�WKH�('�DV�ZHOO�DV�IRU�WKH�KRVSLWDO�LQ�JHQHUDO�IRU�WKH�HQWLUH�IOX�VHDVRQ�

5HVXOWV

6HYHUDO�HIIHFWV�ZHUH�IRXQG�LQ�WKH�DQDO\VLV��WKH�SDWLHQW�FDUH�SURFHVV�XVLQJ�WKH�3&5�SDWKZD\�WDNHV�VHYHUDO�DGGLWLRQDO�VWHSV�WR�UHDFK�WKH�WHVW�UHVXOW
DQG�WKH�GLDJQRVWLF�XQFHUWDLQW\�SULRU�WR�REWDLQLQJ�WKH�UHVXOW�PDNHV�LVRODWLRQ�QHFHVVDU\�IRU�HDFK�VWHS��,Q�DGGLWLRQ��WKH�SURFHVV�WDNHV�ORQJHU��WKH�WLPH
WR�GHFLVLRQ�DQG�WKHUHE\�DOVR�WKH�QHFHVVDU\�LVRODWLRQ�WLPH��FDQ�EH�VKRUWHQHG�E\�DQ�DYHUDJH�RI���KRXUV��JRLQJ�IURP����KRXUV�WR�DERXW���KRXU��XVLQJ
WKH�$OHUHÑL�WHVW��8SRQ�VWUHDPOLQLQJ�DQG�DFFHOHUDWLQJ�WKH�SURFHVV��FRVWV�IHOO�IURP�Ï���WR�Ï���SHU�SDWLHQW�ZKHQ�XVLQJ�WKH�$OHUHÑ�L�WHVW��H[WUDSRODWLQJ
WR�DQ�RYHUDOO�SURFHVV�FRVW�UHGXFWLRQ�RI�Ï�������LQ�RQH�IOX�VHDVRQ������WHVWHG�SDWLHQWV�ZLWKLQ�WKH�VHDVRQ���,Q�DGGLWLRQ��GXH�WR�WKH�IHZHU�QHFHVVDU\
LVRODWLRQ�KRXUV��DGGLWLRQDO�URRP�FDSDFLW\�LV�JHQHUDWHG�ZLWKLQ�WKH�('��DQG�D�VDYLQJ�RI���H[DPLQDWLRQ�URRP�SHU�GD\�ZDV�HVWLPDWHG��2Q�WKH�QRUPDO
ZDUGV��WKH�QHZ�SDWKZD\�IUHHG�XS�EHG�FDSDFLW\�IRU�DQ�HVWLPDWHG���DGGLWLRQDO�LQSDWLHQWV�GXULQJ�WKH�FURZGHG�IOX�VHDVRQ�

&RQFOXVLRQ

7KH�DQDO\VLV�VKRZV�WKDW�WKH�PDQDJHPHQW�RI�,/,�SDWLHQWV�GXULQJ�D�IOX�VHDVRQ�FDQ�EHQHILW�JUHDWO\�IURP�LQWHJUDWLQJ�WKH�UDSLG�PROHFXODU�$OHUH70�L
,QIOXHQ]D�$	%�WHVW�LQWR�WKH�('��6SHHGLQJ�XS�WKH�GLDJQRVWLF�SDWKZD\�UHVXOWV�LQ�ERWK��HFRQRPLF��DV�ZHOO�DV�SURFHGXUDO�HIIHFWV�IRU�WKH�('��DQG�IRU�WKH
KRVSLWDO�

$FNQRZOHGJHPHQWV

7KH�HFRQRPLF�HYDOXDWLRQ�ZDV�VXSSRUWHG�E\�D�JUDQW�WR�EFPHG�IURP�$OHUH��6XVDQQH�6FKDXPEHUJ�DQG�&OHPHQV�.LOO�UHFHLYHG�QR�SD\PHQW�IRU�WKLV�ZRUN��



&$5',29$6&8/$5 +DQD�+HGKOL

��������6KRFN�LQGH[�DV�D�SURJQRVWLFDWRU�LQ�SDWLHQWV�ZLWK�QRQ�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIUDFWLRQ��167(0,�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+$1$�+('+/,������5LP�+DPPDPL������)HWHQ�$PLUD������=LHG�*XHUPD]L������ZLGHG�'HURXLFK������%�FKLU�%RXKDMMD����

���HPHUJHQF\�GHSDUWPHQW��(36�&KDUOHV�1LFROOH��7XQLV��781,6,$
���(PHUJHQF\�GHSDUWHPHQW��&KDUOHV�1LFROOH�KRVSLWDO��7XQLV��781,6,$

.H\ZRUGV��6KRF�LQGH[��DFXWH�FRURQDU\�V\QGURPH��SURJQRVLV

$EVWUDFW��

,QWURGXFWLRQ�

6HYHUDO�ULVN�VFRULQJ�PRGHOV�KDYH�EHHQ�VKRZQ�WR�LGHQWLI\�SDWLHQWV�DW�LQFUHDVHG�ULVNV�IRU�DGYHUVH�RXWFRPHV�LQ�$&6�SRSXODWLRQV�>�@��5HFHQWO\��VKRFN
LQGH[��6,��D�UDWLR�RI�KHDUW�UDWH�V\VWROLF�EORRG�SUHVVXUH��KDV�EHHQ�UHSRUWHG�WR�SUHGLFW�LQFUHDVHG�PRUWDOLW\�LQ�SDWLHQWV�ZLWK�167(0,�>�@�

2EMHFWLYH�

7R�HYDOXDWH�ZKHWKHU�WKH�VKRFN�LQGH[��6,��LV�XVHIXO�IRU�SUHGLFWLQJ�FDUGLRYDVFXODU�RXWFRPHV�LQ�SDWLHQWV�ZLWK�167(0,�DGPLWWHG�WR�WKH�HPHUJHQF\
GHSDUWPHQW��('��

0HWKRGV�

�

$�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�WKDW�ZDV�FRQGXFWHG�RYHU�WKUHH�PRQWKV�>-DQXDU\��0DUFK�����@���:H�HQUROOHG�SDWLHQWV�DJHG�PRUH�WKDQ����\HDUV�
SUHVHQWLQJ�WR�WKH�KRVSLWDO�DOLYH�ZLWK�SUHVXPSWLYH�GLDJQRVLV�RI�$&6��:HUH�H[FOXGHG�WKRVH�ZLWK�YHQWULFXODU�WDFK\FDUGLD��VXSUDYHQWULFXODU�WDFK\FDUGLD�
LPSODQWDEOH�FDUGLRYHUWHU�GHILEULOODWRU�VKRFN��DQG�EORRG�SUHVVXUH�RQ�SUHVHQWDWLRQ�PRUH�WKDQ���������PP+J�3DWLHQWV�ZHUH�GLYLGHG�LQWR�WKRVH�ZLWK
6,�����DQG�WKRVH�ZLWK�6,Ö������7KH�SURJQRVLV�ZDV�HYDOXDWHG�EDVHG�RQ�WKH�RFFXUUHQFH�RI�P\RFDUGLDO�LQIDUFWLRQ��0,��RU�GHDWK�DW����GD\V�

5HVXOWV�

$�WRWDO�RI�QLQHW\�WZR�SDWLHQWV�ZHUH�DQDO\]HG��ILIW\��HLJKW�SDWLHQWV�������KDG�6,��������WKLUW\�IRXU�������KDG�6,�Ö������7KH�DYHUDJH�RI�DJH�ZDV����k���
\HDUV��VH[�UDWLR �������1R�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�ZDV�REVHUYHG�LQ�EDVHOLQH�FKDUDFWHULVWLFV�EHWZHHQ�WKH�WZR�JURXSV�6\VWROLF�DQG�GLDVWROLF
EORRG�SUHVVXUHV�ZHUH�ORZHU�LQ�SDWLHQWV�ZLWK�6,�Ö����WKDQ�WKRVH�ZLWK�6,��������+HDUW�UDWHZDV�VLJQLILFDQWO\�KLJKHU�LQ�SDWLHQWVZLWK�6,Ö����0,�UDWHV�ZDV
����LQ�SDWLHQWV�ZLWK�6,�Ö�����DQG�����LQ�SDWLHQWV�ZLWK�6,�������S ����������GD\V�PRUWDOLW\�ZDV�������LQ�SDWLHQWV�ZLWK�6,��Ö����DQG����LQ�SDWLHQWV
ZLWK�6,�������S �����

&RQFOXVLRQ�

6KRFN�LQGH[�LV�D�VLPSOH�SDUDPHWHU�WKDW�ZH�FDQ�KDYH�RQ�DGPLVVLRQ��LW�LVD�XVHIXO�ULVN�VWUDWLILFDWLRQ�PRGXOH�WR�LGHQWLI\�KLJK�ULVN�LQ�KRVSLWDO
PRUWDOLW\SDWLHQWV�LQ�D�167(0,�SRSXODWLRQ��+RZHYHU�LWLV�QRW�D�SRZHUIXO�SURJQRVWLFDWRU�WR�SUHGLFW�DGYHUVH�FDUGLRYDVFXODU�RXWFRPHV�

�

5HIHUHQFHV�

>�@�*UDQJHU�&%HW�DO��$UFK�,QWHUQ�0HG������������������

>�@�.RED\DVKL�$�HW�DO��&DUGLRYDVF�5HYDVF�0HG�����



3(',$75,&6 1LHYHV�GH�/XFDV

��������3UHGLFWLRQ�RI�VXUYLYDO�DQG�QHXURORJLFDO�RXWFRPH�LQ�SDHGLDWULF�FDUGLDF�DUUHVW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1LHYHV�GH�/XFDV������-HV�V�/RSH]�+HUFH������3DWULFN�9DQ�GH�9RRUGH������$QWRQLR�5RGU�JXH]�1��H]������%RE�3KLOOLSV������5LKDQQH�2RVWHQEULQN������,DQ�.
0DFRQRFKLH������(GXUQH�/�SH]������1LFFROR�3DUUL������6RILD�0HVD�������1XULD�&OHULJX��������%HQHGLFWH�/H�5RX[�������5DIDHO�0DUD��Q�������,VDEHO�'XU�Q
+LGDOJR�������'X¬DQ�9ODKRYL��������(OHQD�/HQFH�������/RXLV�%H\VVDF�������'HROLQGD�0DWRV���������3HGLDWULF�&DUGLDF�$UUHVW�6WXG\�*URXS�����

���6$085�3URWHFFL�Q�&LYLO�0DGULG��$\XQWDPLHQWR�GH�0DGULG��0DGULG��63$,1
���&XLGDGRV�,QWHQVLYRV�3HGL�WULFRV��+RVSLWDO�8QLYHUVLWDULR�*UHJRULR�0DUD��Q��0DGULG��63$,1
���3DHGLDWULF�,QWHQVLYH�&DUH��8QLYHUVLW\�+RVSLWDO�*KHQW��*KHQW��%(/*,80
���&XLGDGRV�,QWHQVLYRV�3HGL�WULFRV��&RPSOHMR�+RVSLWDODULR�GH�6DQWLDJR��$�&RUX�D��63$,1
���&HQWUH�IRU�UHYLHZV�DQG�GLVVHPLQDWLRQ��8QLYHUVLW\�RI�<RUN��<RUN��8.
���*HQHUDO�SHGLDWULFV��(UDVPXV�0&�Ä�6RSKLD��5RWWHUGDP��7+(�1(7+(5/$1'6
���(PHUJHQF\�'HSDUWPHQW��6W�0DU\
V�+RVSLWDO��/RQGRQ��8.
���6HUYLFLR�GH�8UJHQFLDV��+RVSLWDO�8QLYHUVLWDULR�GH�&UXFHV��%DUDNDOGR��63$,1
�����$]LHQGD�2VSDGHOOHUR�8QLYHUVLWDULD�0H\HU��)LUHQ]H��,7$/<
����6HUYLFLR�GH�8UJHQFLDV��+RVSLWDO����GH�2FWXEUH��0DGULG��63$,1
����8UJHQFLDV�GH�3HGLDWU�D��&RPSOHMR�+RVSLWDODULR�GH�1DYDUUD��3DPSORQD��63$,1
������&HQWUH�KRVSLWDOLHU�XQLYHUVLWDLUH�GH�1DQWHV��1DQWHV��)5$1&(
����6HUYLFLR�GH�8UJHQFLDV��+RVSLWDO�*UHJRULR�0DUD��Q��0DGULG��63$,1
����8UJHQFLDV�GH�3HGLDWU�D��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0�ODJD��63$,1
������8QLYHUVLW\�0HGLFDO�&HQWUH�/MXEOMDQD��/MXEOMDQD��6/29(1,$
����'HSDUWDPHQWR�GH�2SHUDFLRQHV��6$085�3URWHFFL�Q�&,YLO��0DGULG��63$,1
������&HQWUH�+RVSLWDOR�8QLYHUVLWDLUH�GH�3RLQWH���3LWUH�$E\PHV��/HV�$E\PHV��)5$1&(
������+RVSLWDO�*DUFLD�GH�2UWD�HP�$OPDGD��$OPDGD��32578*$/
����5,6(83��*(5&33<1��5(3(0��63$,1

.H\ZRUGV��SHGLDWULFV��RXWFRPH��FDUGLDF�DUUHVW

$EVWUDFW��

,1752'8&7,21����0RUWDOLW\�RI�SDHGLDWULF�&DUGLDF�$UUHVWV��&$��UHPDLQV�KLJK�GHVSLWH�HIIRUWV�WRZDUGV�LWV�UHGXFWLRQ��DQG�VXUYLYRUV�PD\�KDYH�SURIRXQG
QHXURORJLFDO�LPSDLUPHQWV��&HUWDLQ�EORRG�SDUDPHWHUV��S+�DQG�ODFWDWH��DQG�WKH�3DHGLDWULF�/RJLVWLF�2UJDQ�'\VIXQFWLRQ��3(/2'��VFRUH�LQ����ILUVW�KRXUV
KDYH�EHHQ�GHVFULEHG�DV�SUHGLFWRUV�RI�ZRUVH�RXWFRPH��7KHUH�LV�KRZHYHU�VWLOO�D�QHHG�IRU�DGGLWLRQDO�HYLGHQFH�LQ�FKLOGUHQ�DV�WKHVH�SDUDPHWHUV�FRXOG
WKHQ�KHOS�WR�LQIRUP�SDUHQWV�DQG�WR�VXSSRUW�GHFLVLRQV�

3$57,&,3$176�$1'�0(7+2'6���3URVSHFWLYH�VWXG\�����KRVSLWDOV����FRXQWULHV��XVLQJ�8WVWHLQ�VW\OH�ZLWK�SDHGLDWULF�2XW�RI�+RVSLWDO�&$��2+&$��DQG
(PHUJHQF\�'HSDUWPHQW�&$��('&$��LQ�SDWLHQWV�DGPLWWHG�WR�(PHUJHQF\�'HSDUWPHQWV���7KH�DVVRFLDWLRQ�EHWZHHQ�ILUVW�EORRG�S+��ILUVW�ODFWDWH�DQG
3(/2'�VFRUH�LQ�ILUVW����KRXUV�ZLWK�VXUYLYDO�DQG�JRRG�QHXURORJLFDO�RXWFRPH�WR�GLVFKDUJH��SDHGLDWULF�RYHUDOO�SHUIRUPDQFH�FDWHJRU\�Ä323&Ä���RU����ZDV
VWXGLHG��'DWD�FROOHFWLRQ�IURP��VW�-XQH������WR���VW��0DUFK������

5(68/76��:H�KDYH�DQDO\VHG�����&$���������RI�ZKLFK�ZHUH�('&$��7KH�PHGLDQ�DJH�RI�WKH�VDPSOH�ZDV�����\HDUV��UDQJH������������������ZHUH�PDOH�
7KH�LQLWLDO�UK\WKP�ZDV�DV\VWROH�LQ�������RI�&$��EUDG\FDUGLD�LQ��������YHQWULFXODU�ILEULOODWLRQ�LQ�����SXOVHOHVV�HOHFWULFDO�DFWLYLW\�LQ�����SXOVHOHVV
YHQWULFXODU�WDFK\FDUGLD�LQ����DQG�XQNQRZQ�UK\WKP�LQ���������

���FKLOGUHQ�VXUYLYHG�WR�KRVSLWDO�GLVFKDUJHG�����ZLWK�323&������ZLWK�323&�������ZLWK�323&������ZLWK�323&������ZLWK�323&������FKLOGUHQ�DUH�VWLOO
LQSDWLHQWV�RU�DUH�PLVVHG�SDWLHQWV�

�:H�IRXQG�DQ�DVVRFLDWLRQ�EHWZHHQ�VXUYLYDO�WR�GLVFKDUJH�DQG�

D��+LJKHU�EORRG�S+�����������0LQLPXP�YHQRXV�S+�LQ�VXUYLYRUV�������

E��/RZHU�ODFWDWH��S ��������0D[LPXP�YHQRXV�ODFWDWH�LQ�VXUYLYRUV�������PPRO�O�

F��/RZHU�3(/2'�VFRUH�LQ�ILUVW����KRXUV����������0D[LPXP�3(/2'�LQ�VXUYLYRUV�����

:H�IRXQG�DQ�DVVRFLDWLRQ�EHWZHHQ�VXUYLYDO�WR�GLVFKDUJH�ZLWK�323&���RU���DQG�

D��+LJKHU�EORRG�S+��S ��������7KH�PLQLPXP�YHQRXV�S+�LQ�SDWLHQWV�ZLWK�323&���RU���ZDV������

E��/RZHU�3(/2'�VFRUH�LQ�ILUVW����KRXUV��S���������7KH�PD[LPXP�3(/2'�LQ�SDWLHQWV�ZLWK�323&���RU���ZDV����

/RZHU�ODFWDWH�ZDV�Q�V���S ��������0D[LPXP�ODFWDWH�LQ�SDWLHQWV�ZLWK�323&���RU���ZDV������PPRO�O�

������

&21&/86,21���



%ORRG�S+��EORRG�ODFWDWH�DQG�3(/2'�LQ�ILUVW����KRXUV�DUH�JRRG�SUHGLFWRUV�RI�VXUYLYDO�WR�KRVSLWDO�GLVFKDUJH�LQ�FKLOGUHQ�DIWHU�2+&$�DQG�('&$�
1HYHUWKHOHVV��RQO\�EORRG�S+�DQG�3(/2'�VFRUH�LQ�ILUVW����KRXUV�VHHP�WR�EH�DGHTXDWH�SUHGLFWRUV�RI�D�JRRG�QHXURORJLFDO�RXWFRPH�WR�GLVFKDUJH�

7KH�ZRUVH�YDOXHV�RI�WKHVHV�SDUDPHWHUV�LQ�VXUYLYRUV�DUH�VR�H[WUHPH�WKDW�LW�LV�QRW�HDV\�WR�LGHQWLI\�SDWLHQWV�ZLWK�QR�FKDQFH�RI�VXUYLYDO�



35(�+263,7$/���(06���287�2)�+263,7$/ 5DGPLOD�0DMKHQ�8MHYLF

��������&DQ�ZH�LPSURYH�UHFRJQLWLRQ�RI�DFXWH�FRURQDU\�V\QGURPH�LQ�FULWHULD�EDVHG�PHGLFDO�GLVSDWFK

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5DGPLOD�0DMKHQ�8MHYLF������/HR�/XHWLF����

���SUHKRVSLWDO��,QVWLWXWH�IRU�HPHUJHQF\�PHGLFLQH�VSOLW�GDOPDWLDQ�FRXQW\��6SOLW��&52$7,$

.H\ZRUGV��LQGH[��FULWHULD��FKHVW�SDLQ��$0,

$EVWUDFW��

,QWURGXFWLRQ��&URDWLDQ�,QGH[�RI�8UJHQW�&DOO�$GPLVVLRQ�LV��FULWHULD�EDVHG�WRRO�RI�0HGLFDO�'LVSDWFK�8QLW��0'8��LQ�6SOLW��FLW\�ZLWK��������LQKDELWDQWV�
0'8�UHFHLYHV���FDOOV�DFFRUGLQJ�WR�V\PSWRPV�DQG�FRQVHTXHQWO\��DOHUWV�DGHTXDWH�PHGLFDO�UHVSRQVH���UHG���\HOORZ��DQG�JUHHQ���(06�LQ�&URDWLD�KDV
WZR�WLHU�V\VWHP���LW�FRQVLVWV�RI�WHDP�����SK\VLFLDQ��PHGLFDO�WHFKQLFLDQ��GULYHU��DQG�7HDP����WZR�PHGLFDO�WHFKQLFLDQV������FKDQQHO��(&*��LV��D�VWDQGDUG
IRU�HYDOXDWLQJ�FDUGLDF�UK\WKP�DQG�P\RFDUGLDO�LVFKHPLD�LQ�WKH�ILHOG���$GHTXDWH�DVVHVVPHQW�DQG�UHVSRQVH�HQDEOH�WKH�SDWLHQW�ZLWK�DFXWH�P\RFDUGLDO
LQIDUFWLRQ�WR�DUULYH�LQ�WLPH�WR�3&,�SURFHGXUH���:H�WULHG�WR�DVVHVV�WKH�FRUUHODWLRQ�RI��,QGH[�DQG�FRQILUPDWLRQ�RI�DFXWH�FRURQDU\�V\QGURP�PDGH�E\�(06
SK\VLFLDQ�LQ�ILHOG�

0HWKRGV��TXDQWLWDWLYH�UHWURVSHFWLYH�DQDO\VLV�RI�GDWD�FROOHFWHG�LQ�RQH�\HDU�SHULRG��LQ�H5LQHOV�GDWDEDVH��:H�FRPSDUHG�FDOOV�DGPLWWHG��E\�,QGH[�DV
FULWHULD�$�����FKHVW�SDLQ��KHDUW�GLVHDVH��WR�ILQDO�SK\VLFLDQ�
V�PHGLFDO�UHFRUGV�FRQFOXGHG�ZLWK��,QWHUQDWLRQDO�&ODVVLILFDWLRQ�RI�'LVHDVH��,&'��5���DQG�
,�����,���ZLWK�SDUWLFXODU�HPSKHVL]H��WR�,������DFXWH�P\RFDUGLDO�LQIDUFWLRQ�FRQILUPHG�E\�����FKDQQHO��(&*�����:H�DOVR�ZDQWHG�WR�VHH�ZKDW�RWKHU
GLDJQRVLV�ZHUH�IRXQG��EHKLQG�WKH�FDOOV�DGPLWWHG�DV�$����$IWHU��WKDW��ZH�PDGH�D�VXUYH\�LQ�RSSRVLWH�GLUHFWLRQ���ZH�VHDUFKHG��PHGLFDO�UHFRUGV�IRU�DOO
5���DQG�,���,����WU\LQJ�WR�VHH�ZKDW�RWKHU�FULWHULD�KDYH�EHHQ�XVHG�EHVLGHV�$���WR�GLVSDWFK�WKH�FDOO�ZKLFK�ILQDOO\�UHVXOWHG��ZLWK�GLDJQRVLV�PHQWLRQHG
DERYH��2QO\�SULPDU\�PLVVLRQV�ZHUH�LQFOXGHG���SDWLHQWV�ZKR�KDYH�EHHQ�H[DPLQHG�E\�*3���FDVHV��ZKHUH�7��IURP�6SOLW�ZDV�XVHG�DV�WUDQVSRUW�IURP
KDUERU�RU�KHOLGURP�WR�KRVSLWDO��DQG�SDWLHQWV�ZKR�FDPH�E\�WKHPVHOYHV�WR�(06�URRP�ZHUH�H[FOXGHG�IURP�WKH�VXUYH\��

5HVXOWV��7KHUH�ZHUH�������UHG�UHVSRQVHV�IRU�7����7KHUH�ZHUH�����FDOOV�DGPLWWHG�DV�$���Ä�UHG�FULWHULD�FKHVW�SDLQ�KHDUW�GLVHDVH��7KHUH�ZHUH����
���������FRQILUPHG�GLDJQRVLV��FRQVLGHULQJ�KHDUW�SUREOHPV���5����,���,������7KHUH�ZHUH����FDVHV�,�����������Ä�DFXWH�P\RFDUGLDO�LQIDUFWLRQ�FRQILUPHG
E\����FKDQQHO�(&*�DQG�DVVHVVHG�DV�$���E\�0'8������FDVHV��,���Ä�,���ZLWKRXW�,�����������������FDVHV�5������������SDLQ�LQ�WKURDW�DQG�FKHVW����$��
KDV�VHQVLWLYLW\���������DQG�VSHFLILFLW\�RI��������LQ�GHWHFWLQJ�,���2WKHU�GLDJQRVLV�DIWHU�EHLQJ�GLVSDWFKHG�DV�$���ZHUH�,�JURXS���RWKHU�WKDQ�,�����,���
�������������5�JURXS���RWKHU�WKDQ�5��������������Ì�7RWDO�QXPEHU�RI�$0,�LQ������LQ�6SOLW�ZDV�����7KHUH�ZHUH��������������FDOOV�DVVHVVHG�E\�0'8
DV�$����������������ZHUH�DVVHVVHG�DV�$���Ä�XQFOHDU�SUREOHP��7KHUH�ZHUH�������������FDOOV��GLVSDWFKHG��DV�\HOORZ�UHVSRQVH�

&RQFOXVLRQ��0DMRULW\��RI��,�������������ZHUH�GLVSDWFKHG�DV�UHG�UHVSRQVH�VR�WKH�SDWLHQWV�FRXOG�EHQHILW�RI�SURPSW�FDUH��DOWKRXJK�OHVV�WKDQ�KDOI�ZDV
DGPLWWHG�DV�$����0RUH�WUDLQLQJ�LQ�0'8�WKURXJK�UH�OLVWHQLQJ�RI�LQFRPLQJ�FDOOV�DQG�UHDVVHVVPHQW�RI�FULWHULD��LV�QHHGHG�LQ�LQWHQWLRQ�WR�LPSURYH�DFXWH
FRURQDU\�V\QGURP��UHFRJQLWLRQ�DQG�WR�GLPLQLVK�XQGHUWULDJH���)LQDO�RXWFRPH�RI�VXFK�SDWLHQWV�FRXOG�EH�DVVHVVHG��ZLWK�('�UHFRUGV�DERXW�WKH�WLPH��RI
WKH�UHSHUIXVLRQ�



0$1$*(0(17���('�25*$1,6$7,21 IUDQFHVFD�LQQRFHQWL

��������3URJQRVWLF�YDOXH�RI�62)$�VFRUH�LQ�D�SRSXODWLRQ�RI�SDWLHQWV�DGPLWWHG�LQ�DQ�(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\
8QLW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)HGHULFR�0HR������)UDQFHVFD�&DOGL������5LWD�$XGLVLR������&DWHULQD�6DYLQHOOL������9DOHULR�7HRGRUR�6WHIDQRQH������/XFLD�7DXULQR������)UDQFHVFD�,QQRFHQWL
�����5LFFDUGR�3LQL����

���(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�2EVHUYDWLRQ�8QLW��&DUHJJL�8QLYHUVLW\�+RVSLWDO��)ORUHQFH��,7$/<
���(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�2EVHUYDWLRQ�8QLW��8QLYHUVLW\�+RVSLWDO�&DUHJJL��)ORUHQFH��,7$/<

.H\ZRUGV��+LJK�'HSHQGHQF\�8QLW��62)$�VFRUH

$EVWUDFW��

$LPV��7R�HYDOXDWH�WKH�SURJQRVWLF�UROH�RI�DQDPQHVWLF�YDULDEOHV�DQG�6HTXHQWLDO�2UJDQ�)DLOXUH�$VVHVVPHQW�VFRUH��62)$��LQ�D�SRSXODWLRQ�RI�SDWLHQWV
DGPLWWHG�LQ�DQ�(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�8QLW��('�+'8��

0HWKRGV��('�+'8�LV�D�FOLQLFDO�VHWWLQJ�ZLWK�D�VXE�LQWHQVLYH�OHYHO�RI�FDUH��ZKRVH�PLVVLRQ�LV�WR�VWDELOL]H�SDWLHQWV�LQ�RUGHU�WR�SUHYHQW�DGPLVVLRQ�LQ
,QWHQVLYH�&DUH�8QLWV��,&8���D�PD[LPXP����KRXU�('�+'8�OHQJWK�RI�VWD\�LV�UHFRPPHQGHG��)URP�-XQH��������ZH�UHFRUGHG�DOO�RXU�SDWLHQWV�LQ�D
VWDQGDUGL]HG�GDWDEDVH��DIWHU����PRQWKV��ZH�DQDO\]HG�WKH�GDWDEDVH�LQ�RUGHU�WR�LGHQWLI\�SUHGLFWLYH�SDUDPHWHUV�RI�DQ�DGYHUVH�RXWFRPH��7R
VWDQGDUGL]H�FRPRUELGLW\��&KDUOVRQ�LQGH[�ZDV�FDOFXODWHG��62)$�VFRUH�FDOFXODWLRQ�ZDV�HPSOR\HG�WR�HYDOXDWH�RUJDQ�G\VIXQFWLRQ��7KH�SULPDU\
HQG�SRLQWV�ZHUH�('�+'8�PRUWDOLW\�DQG�,&8�DGPLVVLRQ�

5HVXOWV��,Q�WKH�VWXG\�SHULRG��-XQH������0DUFK�������ZH�DGPLWWHG������SDWLHQWV��PHDQ�DJH���k���\HDUV��UDQJH������������DJHG�Ô���\HDUV�����
DJHG�������\HDUV������DJHG�������\HDUV������DJHG�!���\HDUV�������PDOH�JHQGHU��&KDUOVRQ�LQGH[�ZDV��k���UDQJH�������DQG�62)$�VFRUH�ZDV
���k�����UDQJH��������)LQDO�GLVSRVLWLRQV�ZHUH������SDWLHQWV�ZHUH�GLVFKDUJHG�WR�KRPH�������ZHUH�DGPLWWHG�LQ�DQ�RUGLQDU\�ZDUG������LQ�D�+'8������LQ
DQ�,&8�DQG����GLHG���2YHUDOO��ZH�FRXOG�VWDELOL]H�DQG�DYRLG�D�OHYHO�RI�FDUH�LQFUHDVH�LQ�����RI�RXU�SDWLHQWV��&RPSDUHG�ZLWK�DGPLWWHG�SDWLHQWV�
GLVFKDUJHG�SDWLHQWV�ZHUH�VLJQLILFDQWO\�\RXQJHU�����k���YV���k���\HDUV��S��������DQG�KDG�D�ORZHU�&KDUOVRQ�LQGH[�����k����YV����k�����DQG�62)$
VFRUH�����k����YV����k����DOO�S�������������GLG�QRW�VKRZ�DQ\�RUJDQ�IDLOXUH�DW�DGPLVVLRQ������GLG�QRW�KDYH�DQ\�LQIHFWLRQ��UHVSHFWLYHO\�YV�����DQG
����LQ�DGPLWWHG�SDWLHQWV��S��������DQG�DPRQJ�WKH����SDWLHQWV�ZLWK�LQIHFWLRQ�����KDG�QRW�WKH�FULWHULD�IRU�VHSVLV�RU�VHSWLF�VKRFN��1RQ�GLVFKDUJHDEOH
SDWLHQWV�ZHUH�GLYLGHG�LQ�WKUHH�VXEJURXSV��SDWLHQWV�DGPLWWHG�LQ�RUGLQDU\�ZDUG�RU�+'8��'���Q �������DGPLWWHG�LQ�,&8��'���Q �����DQG�QRQ�VXUYLYRUV
�'���Q �����'��SDWLHQWV�ZHUH�VLJQLILFDQWO\�ROGHU�WKDQ�'��DQG�'��SDWLHQWV����k���YV���k���DQG���k���\HDUV��ERWK�SÔ�������KDG�D�KLJKHU�&KDUOVRQ
LQGH[��'������k�����'�����k�����'�����k�����S��������DQG�62)$�VFRUH��'�����k�����'�����k�����'�����k�����S����������3UHVHQFH�RI�PRGHUDWH�WR
VHYHUH�RUJDQ�IDLOXUH��LQYROYLQJ�XS�WR�WZR�V\VWHPV��LQFUHDVHG�VLJQLILFDQWO\��'�������'������DQG�'��������DOO�S��������LQ�WKH�DIRUHPHQWLRQHG
VXEJURXSV�ZLWK�LQFUHDVLQJO\�ZRUVW�SURJQRVLV��DV�ZHOO�DV�SURSRUWLRQ�RI�SDWLHQWV�ZLWK�DQ�LQIHFWLRQ�DW�('�+'8�DGPLVVLRQ��'�������'�������'������
S�������'��YV�'��DQG�'���DQG�LQIHFWLRQ�VHYHULW\��VHSVLV�VHSWLF�VKRFN��'�������'�������'�������DOO�S���������$�PXOWLYDULDEOH�UHJUHVVLRQ�DQDO\VLV
LQFOXGLQJ�DJH��&KDUOVRQ�LQGH[��62)$�VFRUH�DQG�SUHVHQFH�RI�LQIHFWLRQ�DW�('�+'8�DGPLVVLRQ��VKRZHG�WKDW�RQO\�62)$�VFRUH�VKRZHG�DQ�LQGHSHQGHQW
SURJQRVWLF�YDOXH��ERWK�IRU�,&8�DGPLVVLRQ��55����������&,������������DQG�('�+'8�PRUWDOLW\��55����������&,������������DOO�S��������

&RQFOXVLRQV��('�+'8�FDUULHG�RXW�LWV�RZQ�PLVVLRQ�LQ�WKH�PRVW�SURSRUWLRQ�RI�DGPLWWHG�SDWLHQWV��D�KLJK�62)$�VFRUH�ZDV�WKH�RQO\�LQGHSHQGHQW
SUHGLFWRU�RI�D�EDG�RXWFRPH��



:281'�&$5(���%851�&$5( MHDQ�FKULVWRSKH�FDYHQDLOH

��������6KRXOG�ZH�QRZ�FKDQJH�RXU�SROLF\�RI�WHWDQXV�SURSK\OD[LV�WKDQNV�WR�D�EHGVLGH�LPPXQRFKURPDWRJUDSKLF�WHVW�IRU�WKH
GHWHFWLRQ�RI�DQWL�WHWDQXV�DQWLERGLHV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-HDQ�&KULVWRSKH�&$9(1$,/(������-XGLWK�+(55(52�*$5&,$������-HDQ�'8&+$7($8����

���(PHUJHQF\�'HSDUWPHQW��&+8�%UXJPDQQ�8/%��%UXVVHOV��%(/*,80
�����8QLYHUVLW��/LEUH�%UX[HOOHV��%UXVVHOV��%(/*,80

.H\ZRUGV��WHWDQXV�SUHYHQWLRQ��FRVW�EHQHILW�VWXG\�

$EVWUDFW��

,QWURGXFWLRQ

7KH�SUHYHQWLRQ�RI�WHWDQXV�SHUIRUPHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('��LV�QRW�UHOLDEOH�ZKHQ�LW�LV�EDVHG�RQ�FOLQLFDO�KLVWRU\��,QGHHG��PDQ\�SDWLHQWV
GRQÇW�NQRZ�WKHLU�LPPXQH�VWDWXV�DQG�FRXOG�UHFHLYH�DQ�XQQHFHVVDU\�ERRVWHU��ZKLOH�RWKHU�SDWLHQWV�ZURQJO\�WKLQN�WKHPVHOYHV�WR�EH�YDFFLQDWHG���DQG
FRXOG�QRW�UHFHLYH�DQ\�SUHYHQWLRQ�

,Q�������D�UDSLG�EHGVLGH�VHPL�TXDQWLWDWLYH���LPPXQRFKURPDWRJUDSKLF�WHVW��746��EHFDPH�DYDLODEOH��DOORZLQJ�WKH�HYDOXDWLRQ�RI�WHWDQXV�DQWLERG\
OHYHOV�LQ����PLQXWHV���7KH�YDOLGLW\�VWXGLHV�GHPRQVWUDWHG�WKDW�WKH�DFFXUDF\�RI��746�LV�PXFK�EHWWHU�WKDQ�WKH��DFFXUDF\�RI��FOLQLFDO�KLVWRU\�

7KH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�746�ZHUH�UHVSHFWLYHO\�����DQG������ZKLOH�WKH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�FOLQLFDO�KLVWRU\�ZHUH�UHVSHFWLYHO\����
DQG�����

�7KHUHIRUH��746�KDV�EHHQ�XVHG�IRU�WHWDQXV�SUHYHQWLRQ�LQ�RXU�('�

�

2EMHFWLYHV

7R�HYDOXDWH��ZLWKLQ�WKH�IUDPH�RI�D�FRVW�EHQHILW�VWXG\�ZKHWKHU�WKH�V\VWHPDWLF�XVH�RI�746�LV�FRQFHLYDEOH

�

0HWKRGV

�������,Q�WKLV�SURVSHFWLYH�PRQRFHQWULF�VWXG\�������SDWLHQWV�ZLWK�D�ZRXQG�ZHUH�LQFOXGHG��746�ZDV�SHUIRUPHG�WR�WKH�SDWLHQWV�ZKR�KDG�QRW�D�ZULWWHQ
WUDFN�UHFRUG�RI�WKHLU�LPPXQLW\������746�ZHUH�UHDOL]HG��:KHQHYHU�746�ZDV�SRVLWLYH�WKH�SDWLHQW�FRQVHTXHQWO\�UHFHLYHG�QR�WHWDQXV�SUHYHQWLRQ��,I�746
ZDV�QHJDWLYH�RU�GRXEWIXO�WKH�SDWLHQWV�UHFHLYHG�WHWDQXV�SUHYHQWLRQ�XVLQJ�:+2�DOJRULWKP��:H�WKHQ�FRPSDUHG�WKH�FRVW�RI�WHWDQXV�SUHYHQWLRQ
HPSOR\LQJ�746�DJDLQVW�WKH�FRVW�RI�SUHYHQWLRQ�XVLQJ�FODVVLFDO�SUHYHQWLRQ��7R�REWDLQ�WKH�FRVWV�IRU�WKH�DQWL�WHWDQXV�YDFFLQDWLRQ�ZLWK�WKH�KHOS�RI�WKH
746��ZH�DGGHG�WKH�FRVWV�RI�WKH�746���ZLWK�WKH�FRVWV�WR�YDFFLQDWH�WKH�SDWLHQWV�ZLWK�D�QHJDWLYH�746�

�

5HVXOWV

�����������������746�ZHUH�SRVLWLYH�DQG�����746�ZHUH�QHJDWLYH��$PRQJ�WKH�SDWLHQWV�ZLWK�D�QHJDWLYH�746������KDG�D�WHWDQXV�SURQH�ZRXQG��7R�UHDOL]H
WKH�WHWDQXV�SUHYHQWLRQ�RI�WKLV�FRKRUW��ZLWK�746�����ERRVWHUV�DQG�����WHWDQXV�LPPXQRJOREXOLQ�DQWL�77��ZHUH�DGPLQLVWUDWHG�

7KH�FRVW�RI�WKH�SUHYHQWLRQ�ZLWK�746�ZDV�Ï������

:LWKRXW�746�������YDFFLQDWLRQV�DQG�����WHWDQXV�LPPXQRJOREXOLQ�ZRXOG��KDYH�EHHQ��Ï�����

�

&RQFOXVLRQV

6\VWHPDWLF�XVH�RI�746�LV�FRVW�HIIHFWLYH�DQG���DYRLGV�XQQHFHVVDU\�DQG�H[SHQVLYH�WUHDWPHQWV��7KH�WHVW�FRXOG�V\VWHPDWLFDOO\�EH�LQFOXGHG�LQ�WKH�WHWDQXV
SUHYHQWLRQ�DOJRULWKP�



('8&$7,21�$1'�75$,1,1* 7KHR�:DOWKHU�-HQVHQ

��������$�EOHQGHG�OHDUQLQJ�DSSURDFK�WR�LPSOHPHQWLQJ�QHZ�JXLGHOLQHV�LQ�VHSVLV�XVLQJ�WKH�0HGXWDLQPHQW�FRQFHSW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DWKLDV�*HOGHUPDQQ�+ROJHUVHQ������7KHR�:DOWKHU�-HQVHQ������6DQGUD�9LJJHUV������$QGHUV�*UDQKROP������0DGV�6HLW�-HVSHUVHQ����

���&KDLUPDQ��6WXGHQWVÇ�6RFLHW\�IRU�$QDHVWKHVLRORJ\�DQG�7UDXPDWRORJ\��&RSHQKDJHQ��'HQPDUN��&RSHQKDJHQ��'(10$5.
���(06��(06�&RSHQKDJHQ��&RSHQKDJHQ��'(10$5.
���&KDLU��6WXGHQWVÇ�6RFLHW\�IRU�$QDHVWKHVLRORJ\�DQG�7UDXPDWRORJ\��&RSHQKDJHQ��'HQPDUN��&RSHQKDJHQ��'(10$5.

.H\ZRUGV��0HGXWDLQPHQW��6HSVLV��)OLSSHG�&ODVVURRP

$EVWUDFW��

%DFNJURXQG��,PSOHPHQWLQJ�QHZ�JXLGHOLQHV�DQG�FKDQJLQJ�FOLQLFDO�SUDFWLFH�LV�D�FKDOOHQJH��,Q�$SULO������WKH�6XUYLYLQJ�6HSVLV�&DPSDLJQ��66&�
UHOHDVHG�QHZ�JXLGHOLQHV�RQ�WKH�WUHDWPHQW�RI�VHYHUH�VHSVLV�DQG�VHSWLF�VKRFN��0DQ\�EDUULHUV�UHODWHG�WR�LPSOHPHQWLQJ�JXLGHOLQHV�H[LVW��WKHVH�LQFOXGH
ODFN�RI�DZDUHQHVV�DQG�ODFN�RI�GLVVHPLQDWLRQ��È0HGXWDLQPHQWÉ�LV�D�FRQFHSW�WKDW�SUHVHQWV�WKH�FXUULFXOXP�LQ�DQ�HQWHUWDLQLQJ�ZD\�DGGUHVVHG�DW
LPSURYLQJ�WKH�OHDUQHUÇV�PRWLYDWLRQ�WRZDUGV�WKH�VXEMHFW��7KH�FRQFHSW�LQFRUSRUDWHV�HOHPHQWV�IURP�SRSXODU�HQWHUWDLQPHQW�DQG�FRPELQHV�LW�ZLWK�WKH
DFDGHPLF�FXUULFXOXP

�

0HWKRGV��7KH�VWXG\�ZDV�SHUIRUPHG�GXULQJ�D���GD\�LQWHUQDWLRQDO�VXPPHU�VFKRRO�LQ�HPHUJHQF\�PHGLFLQH�ZLWK����DWWHQGLQJ�PHGLFDO�VWXGHQWV��7KH
LQWHUYHQWLRQ�ZDV�EDVHG�RQ�WKH�IOLSSHG�FODVVURRP�PRGHO�DQG�FRQWDLQHG�ILYH�HOHPHQWV��RQOLQH�YLGHRV��D�SRFNHW�JXLGH��DQ�LQWHUDFWLYH�RQOLQH�JDPH
�È:KR�ZDQWV�WR�EH�D�6HSVLRQDLUH"É���D�ZRUNVKRS��EDVHG�RQ�WKH�È-HRSDUG\É�WHOHYLVLRQ�SURJUDPPH��DQG�D�VLPXODWLRQ�VFHQDULR��3RVW�FRXUVH�WKH
SDUWLFLSDQWV�HYDOXDWHG�WKH�FRXUVH�WKURXJK�DQ�RQOLQH�VXUYH\��'DWD�IURP�WKH�RQOLQH�JDPH�ZDV�FROOHFWHG�DQG�XVHG�WR�TXDQWLI\�WKH�VWXGHQWVÇ�SURJUHVV�

�

5HVXOWV��7KH�RQOLQH�JDPH�KDG�D�WRWDO�RI�����HQWULHV��7KH�DYHUDJH�RI�SRLQWV�DWWDLQHG�LQFUHDVHG�ZLWK�����SRLQWV�RXW�RI������SRVVLEOH�SRLQWV�IURP�WKH
ILUVW�WR�WKH�ILQDO�DWWHPSW�RQ�WKH�JDPH��7KH�DPRXQW�RI�FRUUHFW�DQVZHUV�ZDV�LPSURYHG�E\������DQG�WKH�DQVZHULQJ�WLPH�ZDV�UHGXFHG�IURP������WR�����
PLQXWHV��$�WRWDO�RI�����HYDOXDWHG�WKH�PHWKRG�DV�EHLQJ�ERWK�XVHIXO�DQG�HQWHUWDLQLQJ�

&RQFOXVLRQ��8VLQJ�D�EOHQGHG�OHDUQLQJ�PRGHO�WRJHWKHU�ZLWK�WKH�È0HGXWDLQPHQWÉ�FRQFHSW�LQFUHDVHG�WKH�WLPH�VWXGHQWV�VSHQW�RQ�SUHSDUDWLRQ�DQG
LQFUHDVHG�WKHLU�VHOI�DVVHVVHG�DELOLWLHV�LQ�GLDJQRVLQJ�DQG�WUHDWLQJ�VHSVLV��



&$6(�35(6(17$7,21 9RORG\P\U�.L]\PD

��������6XUYLYDO�RI�SDWLHQWV�ZLWK�KLJK�YROWDJH�HOHFWULFDO�LQMXULHV��&DVH�UHSRUWV�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9RORG\P\U�.L]\PD������2OHNVDQGU�2SDQDVHQNR������(YD�+DYOLNRYD����

���(06��)DOFN�=DFKUDQQD��.R¬LFH��6/29$.,$
���(06��)DOFN�=DFKUDQQD��.RVLFH��6/29$.,$

.H\ZRUGV��KLJK�YROWDJH�HOHFWULFDO�LQMXU\��VXFFHVVIXO�UHVXVFLWDWLRQ��JRRG�QHXURORJLFDO�RXWFRPH

$EVWUDFW��

,QWURGXFWLRQ��(OHFWURFXWLRQ�LV�DQ�LQMXU\�RI�ORZ�LQFLGHQFH�EXW�ZLWK�KLJK�PRUWDOLW\��,Q�\HDUV������Ä������LQ�6ORYDNLD�HPHUJHQF\�PHGLFDO�VHUYLFH��(06�
SURYLGHUV�FRPSOHWHG�DW�DYHUDJH�����FDOOV�SHU�\HDU�������FDOOV�SHU����������SHRSOH��IRU�SDWLHQWV�ZLWK�HOHFWULFDO�LQMXULHV�ZKHUHDV��������RI�WKH
SDWLHQWV�GLHG�ULJKW�RQ�WKH�VFHQH��<HW��WKHUH�ZHUH�UHSRUWHG�FDVHV�RI�WKH�SDWLHQWVn�VXFFHVVIXO�UHVXVFLWDWLRQ�ZLWK�JRRG�QHXURORJLFDO�RXWFRPHV�HYHQ
DIWHU�KLJK�YROWDJH�HOHFWULFDO�LQMXULHV��$XWKRUV�SUHVHQW�WKUHH�VXFK�FDVHV�DVVRFLDWHG�ZLWK�GLIIHUHQW�KLJK�YROWDJH�LQMXULHV��D�OLJKWQLQJ�VWULNH��GLUHFW
FXUUHQW�DQG�DOWHUQDWLQJ�FXUUHQW��IURP�\HDU������

&DVH����'XULQJ�D�+RO\�0DVV�WKH�OLJKWQLQJ�KLW�D�WUHH�XQGHU�ZKLFK�SHRSOH�SUD\HG��1LQH�SHRSOH�ZHUH�LQMXUHG�DQG�ZHUH�PRYHG�LQVLGH�D�FKXUFK��6L[�ZHUH
XQFRQVFLRXV�EXW�EUHDWKLQJ��RQH�KDG�FDUGLDF�DUUHVW�DQG�D�OD\�UHVFXHU�&35�ZDV�VWDUWHG��$IWHU�WKH�ILUVW�(06�XQLW�DUULYDO�WKLV�SDWLHQW�ZDV�WULDJHG�EODFN
EHFDXVH�RI�D�PDVVLYH�EOHHGLQJ�IURP�OXQJV�DQG�WKH�&35�HIIRUWV�ZHUH�VWRSSHG��0HDQZKLOH�DQRWKHU�XQFRQVFLRXV�SDWLHQW�GHYHORSHG�FDUGLDF�DUUHVW�
$FWXDO�UHVRXUFHV�ZHUH�HYDOXDWHG�DQG�$/6�ZDV�VWDUWHG�LPPHGLDWHO\��526&�RFFXUUHG�DIWHU����PLQXWHV�DQG�WKH�SDWLHQW�ZDV�WUDQVSRUWHG�WR�WKH�KRVSLWDO�
,Q���GD\V�KH�ZDV�GLVFKDUJHG�KRPH�ZLWK�&3&���7KRXJK�&35�LV�VHOGRP�VWDUWHG�LQ�0&,V�WKH�RUJDQL]DWLRQ�RI�PHGLFDO�FDUH�RQ�WKH�VFHQH�GXULQJ�WKLV�0&,
DOORZHG�HQRXJK�IDFLOLWLHV�WR�VWDUW�&35��7KLV�LV�LQ�OLQH�ZLWK�WKH�(5&������*XLGHOLQHV�DV�UHVFXHUV�VKRXOG�JLYH�WKH�KLJKHVW�SULRULW\�WR�SDWLHQWV�LQ
UHVSLUDWRU\�RU�FDUGLDF�DUUHVW�DIWHU�WKH�OLJKWQLQJ�LQMXU\��7KLV�GHFLVLRQ�SURYHG�WR�EH�D�EHQHILW�WR�WKH�PHQWLRQHG�SDWLHQW�DV�KH�GHYHORSHG�WKH�526&�
QRZDGD\V�VXIIHULQJ�RQO\�IURP�PLOG�FRQVHTXHQFHV�DV�P\DOJLD�DQG�FKURQLF�IDWLJXH�

&DVH����$����Ä�\HDU�ROG�ER\�ZDV�KLW�E\�GLUHFW�FXUUHQW�RI�������9�IURP�RYHUKHDG�SRZHU�OLQHV�ZKHQ�MXPSLQJ�RQ�WKH�URRI�RI�D�ZDJRQ�DQG�ZHQW�LQWR
FDUGLDF�DUUHVW��+LV�JLUOIULHQG�FDOOHG�����DQG�LPPHGLDWHO\�VWDUWHG�&35��7KH�(06�WHDP�FRQWLQXHG�WKH�&35�RQ�WKH�ZDJRQ�URRI�ZKLOVW�LW�ZDV�VWLOO�XQGHU
WUDFWLRQ�PDLQV��7R�SURWHFW�WKHPVHOYHV�IURP�WKH�SRVVLEOH�HOHFWULFDO�LQMXU\�WKH�SDUDPHGLFV�ZRUNHG�RQO\�RQ�NQHHOLQJ�SRVLWLRQV�WR�NHHS�WKH�GLVWDQFH�RI
����P�IURP�WKH�RYHUKHDG�OLQHV��$IWHU�GHOLYHULQJ�WZR�VKRFNV�RI�����-�DQG�����-�526&�ZDV�DFKLHYHG�DQG�WKH�SDWLHQW�ZDV�VKLIWHG�GRZQ�WR�WKH
DPEXODQFH��+H�ZDV�GLVFKDUJHG�IURP�WKH�KRVSLWDO�ZLWKRXW�DQ\�QHXURORJLFDO�GHILFLW�DIWHU���GD\V�

&DVH����$����Ä�\HDU�ROG�ER\�MXPSHG�LQWR�D�ULYHU�QHDU�D�ZRUNLQJ�KLJK�YROWDJH�LQGXVWULDO�ZDWHU�SXPS��+H�GHYHORSHG�VHL]XUHV�DQG�ZHQW�LQWR�FDUGLDF
DUUHVW��/D\�UHVFXHUV�VWDUWHG�&35��7KH�(06�WHDP�FDPH�DIWHU����PLQ�DQG�LPPHGLDWHO\�GHOLYHUHG�WKH�����-�VKRFN��7KH�526&�ZDV�DFKLHYHG�DQG�DIWHU���
GD\V�RI�WUHDWPHQW�WKH�SDWLHQW�ZDV�GLVFKDUJHG�KRPH�ZLWKRXW�DQ\�QHXURORJLFDO�GHILFLW�

&RQFOXVLRQ��$XWKRUV�HPSKDVL]HG�WKH�IDFW�WKDW�LPPHGLDWH�UHVXVFLWDWLRQ�RI�\RXQJ�YLFWLPV�HYHQ�IURP�KLJK�YROWDJH�HOHFWULFDO�LQMXU\�FDQ�UHVXOW�LQ�ORQJ
WHUP�VXUYLYDO�ZLWK�JRRG�QHXURORJLFDO�RXWFRPH��(06�SURYLGHUV�VKRXOG�DOVR�SD\�VWULFW�DWWHQWLRQ�WR�VDIHW\�PHDVXUHV�ZKHQ�SHUIRUPLQJ�&35�WR�VXFK
SDWLHQWV�

�

�

�

�
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��������$Q�8QXVXDO�6RXUFH�)RU�1RVRFRPLDO�,QIHFWLRQV�'XH�7R�0XOWL�'UXJ�5HVLVWDQW�$FLQHWREDFWHU�%DXPDQQLL�&RPSOH[�
(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0XUDW�(UVHO������+XVQX�3XOOXNFX������0HOWHP�7DVEDNDQ������6RKUHW�$\GHPLU����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��¡]PLU��785.(<
���'HSDUWPHQW�RI�,QIHFWLRXV�'LVHDVHV��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��¡]PLU��785.(<
���'HSDUWPHQW�RI�&OLQLFDO�0LFURELRORJ\��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��¡]PLU��785.(<

.H\ZRUGV��HPHUJHQF\�GHSDUWPHQW��QRVRFRPLDO�LQIHFWLRQ��$FLQHWREDFWHU�%DXPDQQLL

$EVWUDFW��

,QWURGXFWLRQ��7KH�WUHDWPHQW�DQG�FRQWURO�RI�QRVRFRPLDO�LQIHFWLRQV�GXH�WR�PXOWLGUXJ�UHVLVWDQW�$FLQHWREDFWHU�ERXPDQQLL�LV�D�FKDOOHQJH��0DQ\
PXOWL�SUREOHP�SDWLHQWV�ZHUH�WUHDWHG�LQ�FULWLFDO�FDUH�DUHD�RI�WKH�('�IRU�D�ORQJ�SHULRG�RI�WLPH��7KHUHIRUH�ZH�DLPHG�WR�LQYHVWLJDWH�ZLWK�WKLV
UHWURVSHFWLYH�VWXG\�WKH�SUHYDOHQFH�RI�PXOWLGUXJ�UHVLVWDQW�$��EDXPDQQLL�DQG�('�UHODWHG�ULVN�IDFWRUV�

0HWKRGV��3DWLHQWV�ZKR�DGPLWWHG�EHWZHHQ���-XO\����������$SULO������WR�WKH�('�DQG�KDV�D�SRVLWLYH�FXOWXUH�IRU�$��EDXPDQLL�ZHUH�LQFOXGHG�WR�WKH�VWXG\�
5LVN�IDFWRUV�DQG�SDWLHQW�KLVWRU\�ZHUH�UHFRUGHG�IURP�WKH�SDWLHQW�FKDUWV�

5HVXOWV��2XU�QHZ�HPHUJHQF\�GHSDUWPHQW�ZDV�EXLOGHG�WKUHH�\HDUV�HJR��)RXUW\�HLJKW�SDWLHQWVÇ������IHPDOH��ZKR�ZHUH�KRVSLWDOL]HG�LQ�RXU�HPHUJHQF\
GHSDUPHQW�GXULQJ�WKH�ODVW�WKUHH�\HDUV��FXOWXUHV�ZHUH�SRVLWLYH�IRU�$FLQHWREDFWHU�EDXPDQQLL�FRPSOH[��0HDQ�DJH�ZDV�FDOFXODWHG�DV����������������
\HDUV��$�EDXPDQLL�FRPSOH[�ZHUH�LVRODWHG�IURP�WKH�FXOWXUHV�RI�SHULSKHUDO�EORRG��XULQH��VSXWXP��GHHS�WUDFKHDO�DVSLUDWLRQ��SOHXUDO�IOXLG��WLVVXH�DQG
ZRXQG�VZDE�ZLWK�WKH�QXPEHUV�RI�HLJKW��WZHQW\�IRXU��IRXU��WKUHH��RQH��WZR��RQH�DQG�ILYH��UHVSHFWLYHO\��(OHYHQ�FXOWXUH�SRVLWLYLWLHV�ZHUH�QRW�DFFHSWHG
DV�DQ�LQIHFWLRQ�DQG�RQH�RI�WKH�FXOWXUH�FRXOGQÇW�EHHQ�HYDOXDWHG��(PHUJHQF\�GHSDUWPHQW�ZDV�WKRXJKW�WR�EH�WKH�VRXUFH�RI�LQIHFWLRQ�IRU�WKH�WRWDO
QXPEHU�RI�HLJKW�SDWLHQWV�ZKRVH�KRVSLWDOL]HG�IRU�D�ORQJ�WLPH�RU�RQO\�KDG�DGPLVVLRQ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��7KH�PDLQ�FRPSODLQWV�RI�WKH
SDWLHQWV�ZHUH�IHYHU��QDXVHD�YRPLWWLQJ�DQG�FRQIXVLRQ��+DOI�RI�WKH�SDWLHQWV���������ZHUH�FRQILQHG�WR�EHG��)RXUW\�WZR�SDWLHQWV�KDG�D�KLVWRU\�RI�KRVSLWDO
RU�QXUVLQJ�KRPH�VWD\��)RXUW\�RQH�SDWLHQWV�KDG�FRPRUELGLWLHV�DV�D�FRPSOLFDWRU\�IDFWRU��6XFFHVV�UDWH�RI�HPSLULFDO�WUHDWPHQW�ZKLFK�ZDV�VWDUWHG
DFFRUGLQJ�WR�LQLWLDO�FRPSODLQWV�ZDV�RQO\����SHUFHQW����������$YDUDJH�VWD\�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�ZDV�����GD\��7ZHQW\�RQH�SDWLHQWV�ZHUH
KRVSLWDOL]HG�DQG�HLJKWHHQ�SDWLHQWV�ZHUH�GLVFKDUJHG�ZLWK�RUDO�WUHDWPHQWV��6HYHQ�SDWLHQWV�ZHUH�WUDQVSRUWHG�WR�DQRWKHU�KRVSLWDO�LQWHQVLYH�FDUH�XQLW
DQG�WZR�SDWLHQWV�ZHUH�DFFHSWHG�DV�H[LWXV�LQ�RXU�HPHUJHQF\�GHSDUWPHQW��7ZHQW\�RQH�RI�WKH�LVRODWHG�$FLQHWREDFWHUV�ZKLFK�ZHUH�WKRXJKW�WR�EH�FDXVH
RI�LQIHFWLRQ�ZHUH�TXLWH�VXVFHSWLEOH�EDFWHULDV��:KHUHDV��WZHQW\�VHYHQ�RI�WKHP�ZHUH�VXVFHSWLEOH�WR�FROLVWLQ��DPLNDFLQ�DQG�WLJHF\FOLQH�EXW�UHVLVWDQW�WR
EHWD�ODFWDPV�LQFOXGLQJ�ZLGHO\�XVHG�FDUEDSHQHPV��TXLQRORQHV�DQG�WULPHWKRSULP�VXOIDPHWKR[D]ROH��,Q�RQH�RI�WKH�SDWLHQWV��WKHUH�ZDV�DOVR
3VHXGRPRQDV�SRVLWLYLW\��FROLVWLQ�UHVLVWDQW��ZLWK�$FLQHWREDFWHU�FRPSOH[��,Q�DGGLWLRQ�WR�WKLV��YDQFRP\FLQ�UHVLVWDQW�HQWHURFFXV��95(��ZDV�VSRWWHG�LQ
RQH�SDWLHQW�DQG�FDUEDSHQHP�UHVLVWDQW�HQWHUREDFWHULFDH��&5(��ZDV�VSRWWHG�LQ�DQRWKHU�RQH�

&RQFOXVLRQ��1RVRFRPLDO�LQIHFWLRQV�GXH�WR�UHVLVWDQW�JUDP�QHJDWLYH�PLFURRUJDQLVPV�DUH�WKH�LPSRUWDQW�FDXVHV�RI�PRUWDOLW\��7KH�WUHDWPHQW�FKRLFHV�DUH
OLPLWHG�LQ�$FLQHWREDFWHU�EDXPDQQLL�LQIHFWLRQV��HVSHFLDOO\�LI�WKH\�DUH�SDQUHVLVWDQW��7KH�GDWD�SUHVHQWHG�LQ�WKLV�VWXG\�GHPRQVWUDWHV�WKDW�SDWLHQWV�ZKR
KDYH�FRPSOLFDWHG�IDFWRUV�DQG�KRVSLWDOL]HG�EHIRUH��VKRXOG�EH�FRQVLGHUHG�FDUHIXOO\��(PSLULFDO�WUHDWPHQWV�VKRXOG�EH�GLUHFWHG�DFFRUGLQJ�WR�SUHYLRXV
DQWLELRWLF�KLVWRU\�LQ�WKHVH�SRSXODWLRQ��0D[LPXP�LVRODWLRQ�PHDVXUHV�VKRXOG�EH�WDNHQ�HYHQ�LQ�WKH�('��EHFDXVH�RI�VSUHDGLQJ�WKH�LVRODWHV�VXFK�DV
DFLQHWREDFWHU��SVHXGRPRQDV��&5(��95(�IURP�WKHVH�SDWLHQWV�WR�RWKHU�RQHV�DQG�IXOO�FRPSOLDQFH�RI�WKHVH�PHDVXUHV�PXVW�EH�GRQH��
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��������3(56,67(17�%521&+,7,6�,1�$�<281*�0$/(�:,7+�68535,6,1*�),1$/�',$*126,6

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%($75,=�6,(55$�%(5*8$������0$5,$�GH�OD�3(y$�/23(=�*$/,1'2������$/%$�+(51$1'(=�0$5&26������$/(;$1'(5�0$=$�*21=$/(=����

���(PHUJHQF\�GHSDUWPHQW��+RVSLWDO�&O�QLFR�/R]DQR�%OHVD���=DUDJR]D��6SDLQ��=$5$*2=$��63$,1
���1HXURVXUJHU\�GHSDUWPHQW��+RVSLWDO�&O�QLFR�/R]DQR�%OHVD���=DUDJR]D��6SDLQ��=$5$*2=$��63$,1

.H\ZRUGV��G\VSQHD��KHDUW�IDLOXUH��FKHPRWKHUDS\

$EVWUDFW��

$QDPQHVLV�����\HDU�ROG�PDOH�ZLWK�D�KLVWRU\�RI�DFXWH�P\HORLG�OHXNHPLD�WZHOYH�\HDUV�SULRU�WR�WKH�FXUUHQW�TXHU\�UHDVRQ��WUHDWHG�ZLWK�FKHPRWKHUDS\�
$QWKUDF\FOLQHV��,GDUXELFLQ���&\WDUDELQH��DQG�WZLFH�0LWR[DQWURQH�SOXV�DXWRORJRXV�ERQH�PDUURZ�WUDQVSODQWDWLRQ�LQ�FRPSOHWH�UHPLVVLRQ�IRU�WKUHH�\HDUV
DQG�QR�VWDQGDUG�WUHDWPHQWV��+H�FRQVXOWHG�IRU�SHUVLVWHQW�G\VSQHD�DVVRFLDWHG�ZLWK�PRGHUDWH�DFWLYLW\��FRXJKLQJ��ORZHU�OLPEV�HGHPD�DQG�D
SDUR[\VPDO�QRFWXUQDO�G\VSQHD�HSLVRGH��3UHYLRXVO\�H[DPLQHG�RQ�VHYHUDO�RFFDVLRQV�LQ�WKH�KHDOWK�FHQWHU�DQG�KRVSLWDO�IRU�WKH�VDPH�V\PSWRPV�ZHHNV
HDUOLHU��LW�ZDV�ODEHOHG�DV�D�EURQFKLWLF�SURFHVV�DQG�DQ[LHW\�ZLWKRXW�FOLQLFDO�LPSURYHPHQW��$FXWH�KHDUW�IDLOXUH��$+)��ZDV�VXVSHFWHG�SUREDEO\�VHFRQGDU\
WR�SUHYLRXV�WUHDWPHQW�ZLWK�$QWKUDF\FOLQHV��&OLQLFDO�H[DPLQDWLRQ��FRQVFLRXV��RULHQWHG��%ORRG�SUHVVXUH���������PP+J��EDVDO�R[\JHQ�VDWXUDWLRQ�����
����SHU�PLQXWH�UK\WKPLF�KHDUW�EHDWV�ZLWK�JDOORS�UK\WKP�DQG�PLWUDO�V\VWROLF�PXUPXU��%LODWHUDO�EDVDO�OXQJ�K\SRYHQWLODWLRQ�DQG�ELODWHUDO�DQNOH�HGHPD�
5HVW�RI�H[SORUDWLRQ�ZLWKLQ�QRUPDOLW\�
*LYHQ�WKH�FOLQLFDO�VXVSLFLRQ�RI�$+)�DQ�HOHFWURFDUGLRJUDP�ZDV�PDGH�VKRZLQJ�VLQXV�UK\WKP�ZLWK�VLJQV�RI�OHIW�EUDQFK�EORFNDJH��&KHVW�UDGLRJUDSK
VKRZHG�FDUGLRPHJDO\�DQG�LQWHUVWLWLDO�HGHPD��%ORRG�ZRUN�VKRZHG�QDWULXUHWLF�SHSWLGH�RI��������DQG�WKH�LQLWLDO�HFKRFDUGLRJUDP��96FDQ�PHWKRG�
VKRZHG�GLODWHG�OHIW�YHQWULFOH�ZLWK�HVWLPDWHG�HMHFWLRQ�IUDFWLRQ�RI��������DQG�PRGHUDWH�PLWUDO�DQG�WULFXVSLG�UHJXUJLWDWLRQ��'XULQJ�DGPLVVLRQ�LQ�WKH
&DUGLRORJ\�'HSDUWPHQW�PRUH�VWXGLHV�ZHUH�PDGH�ZLWK�QHZ�HFKRFDUGLRJUDP�DQG�FDUGLDF�05,��7KH�ILQDO�GLDJQRVLV�LV�GLODWHG�FDUGLRP\RSDWK\�ZLWK
VHYHUH�YHQWULFXODU�G\VIXQFWLRQ�RI�QRQLVFKHPLF�HWLRORJ\��0HGLFDO�WUHDWPHQW�ZDV�HVWDEOLVKHG�DQG�DQ�LPSODQWDEOH�GHILEULOODWRU�UHV\QFKURQL]DWLRQ
SDFHPDNHU�ZDV�SODFHG�VLQFH�UHFRUGHG�HSLVRGHV�RI�YHQWULFXODU�WDFK\FDUGLD�ZHUH�GHWHFWHG��7KH�SDWLHQW�LV�FXUUHQWO\�SHQGLQJ�IRU�KHDUW�WUDQVSODQWDWLRQ�

'LVFXVVLRQ��$QWKUDF\FOLQHV�DUH�F\WRWR[LF�GUXJV�XVHG�LQ�WKH�WUHDWPHQW�RI�GLIIHUHQW�FDQFHUV��&DUGLRWR[LFLW\�LV�D�FKDUDFWHULVWLF�DQG�VHULRXV�VLGH�HIIHFW
RI�WKHVH�GUXJV�WKDW�RFFXUV�WKURXJK�GLIIHUHQW�PHFKDQLVPV�ODVWO\�JHQHUDWLQJ�LQFUHDVHG�R[LGDWLYH�VWUHVV��P\RF\WH�DSRSWRVLV�DQG�ILEURVLV�
7KH�RYHUDOO�LQFLGHQFH�RI�V\PSWRPDWLF�KHDUW�IDLOXUH�E\�WKHVH�GUXJV�LV�EHWZHHQ�����DQG�������+HDUW�GDPDJH�FDQ�RFFXU�LPPHGLDWHO\�DIWHU�WUHDWPHQW�
VXEDFXWH�LQ�WKH�IROORZLQJ�PRQWKV�DQG�ILQDOO\�FKURQLFDOO\�XQWLO����\HDUV�DIWHU�VWDUWLQJ�WUHDWPHQW��WKXV��LW�LV�UHFRPPHQGHG�WKDW�ORQJ�WHUP�SDWLHQWV�ZLWK
$QWKUDF\FOLQH�IROORZ�XS�ZLWK�HFKRFDUGLRJUDSK\�WR�GHWHFW�WKHLU�SRVVLEOH�GDPDJH�VLQFH�$QWKUDF\FOLQH�LQGXFHG�FDUGLRP\RSDWK\�KDV�EHHQ�DVVRFLDWHG
ZLWK�D�SRRU�SURJQRVLV�DQG�D���\HDU�PRUWDOLW\�RI�XS�WR�����
7KLV�FDVH�VKRZV�WKH�LPSRUWDQFH�RI�HDUO\�UHFRJQLWLRQ�RI�FOLQLFDO�V\QGURPHV�VXFK�DV�KHDUW�IDLOXUH�DQG�NQRZOHGJH�RI�WKH�SRWHQWLDO�VLGH�HIIHFWV
DVVRFLDWHG�ZLWK�WKH�SDWLHQWÇV�SUHYLRXV�WUHDWPHQW



75$80$ +DQD�+HGKOL

��������3RVW�WUDXPDWLF�VWUHVV�GLVRUGHU�LQ�PLOG�WUDXPDWLF�EUDLQ�LQMXU\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+$1$�+('+/,������6DOZD�$PUL������)HWHQ�$PLUD������%DVVHP�&KDWEUL������6\ULQH�-RXDQL������%�FKLU�%RXKDMMD����

���HPHUJHQF\�GHSDUWPHQW��(36�&KDUOHV�1LFROOH��7XQLV��781,6,$
���(PHUJHQF\�GHSDUWHPHQW��&KDUOHV�1LFROOH�KRVSLWDO��7XQLV��781,6,$

.H\ZRUGV��SRVW�WUDXPDWLF�VWUHVV�GLVUGHU��PLOG�WUDXPDWLF�EUDLQ�LQMXU\��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ��

�3RVW�WUDXPDWLF�VWUHVV�GLVRUGHU��376'��LV�DQ�LPSRUWDQW�SV\FKRSDWKRORJ\�WKDW�SHUVLVWV�IRU�D�SHULRG�RI�WLPH�DIWHU�D�PLOG�WUDXPDWLF�EUDLQ�LQMXU\��07%,�
KDV�RFFXUUHG��7KLV�SHULRG�RI�WLPH�FDQ�UDQJH�IURP�ZHHNV�WR�PRQWKV��6\PSWRPV�RI�376'�DUH�RIWHQ�YDJXH�DQG�QRQ�VSHFLILF�

3XUSRVH�

7R�H[DPLQH�WKH�IUHTXHQF\�RI�376'�V\PSWRPV�LQ�07%,�SDWLHQWV�DGPLWWHG�LQ�HPHUJHQF\�GHSDUWPHQW��('��

3DUWLFLSDQW�DQG�PHWKRGV�

$�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�WKDW�ZDV�FRQGXFWHG�RYHU�VHYHQ�PRQWKV�>'HFHPEHU��������-XQH�����@��:H�LQFOXGHG�D�FRQVHFXWLYH�DGXOWV�ZKR
ZHUH�DW�OHDVW����\HDUV��SUHVHQWHG�ZLWK�D�07%,�GHILQHG�DFFRUGLQJ�WR�WKH�FULWHULD�RI�WKH�+HDG�,QMXU\�6HYHULW\�6FDOH��+,66���376'�LV�FKDUDFWHUL]HG�E\
SHUVLVWHQW�UH�H[SHULHQFLQJ��DYRLGDQFH�QXPELQJ��DQG�K\SHUDURXVDO�V\PSWRPV��$IWHU�VL[�PRQWKV�SDWLHQWV�ZHUH�FRQWDFWHG�YLD�VWDQGDUGL]HG�WHOHSKRQH
LQWHUYLHZ�WR�DVFHUWDLQ�WKH�V\PSWRPV�RI�376'�

5HVXOWV�

7KUHH�KXQGUHG�HLJKW\��VHYHQ�SDWLHQWV�ZHUH�HQUROOHG��0HDQ�DJH� ����k����\HDUV������ZHUH�PDOH��0HFKDQLVPV�RI�LQMXU\�ZHUH������WUDIILF�DFFLGHQW
������IDOOV�������DVVDXOW������DQG�ZRUN�DFFLGHQW������7KH�ZD\�RI�WKH�SDWLHQWÇV�DUULYDO�DW�WKH�HPHUJHQF\�GHSDUWPHQW�ZDV�SURYLGHG�E\������RZQ�PHDQV
������SUH�KRVSLWDO�FDUH�V\VWHP�������&OLQLFDO�ILQGLQJV�VKRZHG�ZHUH������*&6� ���������ORVV�RI�FRQVFLRXVQHVV�VXVSHFWHG�RU�FRQILUPHG�������5HSHDWHG
YRPLWLQJ��Õ���HSLVRGHV��������FOLQLFDO�VLJQV�RI�GHSUHVVHG�RU�EDVDO�VNXOO�IUDFWXUH������DQG�SK\VLFDO�HYLGHQFH�RI�WUDXPD�DERYH�WKH�FODYLFOHV�������QLQHW\
Ä�IRXU�SHUFHQW�RI�RXU�SRSXODWLRQ�KDG�D�EUDLQ�FRPSXWHG�WRPRJUDSK\��&7��ZKLFK�GHPRQVWUDWHG�LQWUDFUDQLDO�KHPRUUKDJH�LQ����FDVHV��376'�
�UH�H[SHULHQFLQJ� ������DYRLGDQFH�QXPELQJ� ������K\SHUDURXVDO�V\PSWRPV ��������������

&RQFOXVLRQ�

1RW�DOO�SHRSOH�ZKR�VXIIHU�PLOG�WUDXPDWLF�KHDG�LQMXU\�H[SHULHQFH�376'��(DUO\�UHFRJQLWLRQ�DQG�FRUUHFWLRQ�RI�WKHVH�SUREOHPV�PD\�OLPLW�WKH�VHFRQGDU\
HIIHFWV�RI�7%,�DQG�LPSURYH�SDWLHQW�RXWFRPH�

5HIHUHQFHV�

>�@�/HELJRW�)���$QQ�0HG�3V\FKRO������������������

�



257+23(',&6 ,EUDKLP�$U]LPDQ

��������(IILFDF\�RI�WKHUDSHXWLF�K\SRWKHUPLD�FRPELQHG�ZLWK�IDVFLRWRP\�RQ�H[SHULPHQWDO�FRPSDUWPHQW�V\QGURPH�LQ�D�UDW�PRGHO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&(1*,=�.$<$������0(+0(7�(5<,/0$=������,%5$+,0�$5=,0$1������80,7�.$/',5,0������085$7�'85868������*8&/8�$<',1������(05(�&$9$1$������$/,
)8$7�&,&(.������6$/,0�.(0$/�781&(5������6$%$1�0(+0(7�<$6$5����

���(0(5*(1&<�0(',&,1(��*8/+$1(�0,/,7$5<�0(',&$/�$&$'(0<��$1.$5$��785.(<
���(0(5*(1&<�0(',&,1(��*8/+$1(�0,/,7$5<�0(',&$/�$&$'(0<��$1.$5$��785.(<
�����*8/+$1(�0,/,7$5<�0(',&$/�$&$'(0<��$1.$5$��785.(<
���3$7+2/2*<��*8/+$1(�0,/,7$5<�0(',&$/�$&$'(0<��$1.$5$��785.(<

.H\ZRUGV��FRPSDUWPHQW�V\QGURPH��K\SRWKHUPLD��IDVFLRWRP\

$EVWUDFW��

2EMHFWLYH��$FXWH�OLPE�FRPSDUWPHQW�V\QGURPH�LV�D�VXUJLFDO�HPHUJHQF\�GXH�WR�UDLVHG�SUHVVXUH�ZLWKLQ�WKH�IDFLDO�DUHD�DQG�LI�QRW�WUHDWHG�ZLWKLQ�WKH�ILUVW
VL[�KRXUV�FDQ�FDXVH�LUUHYHUVLEOH�PXVFOH�DQG�QHUYH�LQMXULHV��7KH�JRDO�RI�WKH�WUHDWPHQW�LQ�FRPSDUWPHQW�V\QGURPH�LV�ORZHULQJ�WKH�LQWUDFRPSDUWPHQWDO
SUHVVXUH�WR�SUHYHQW�WLVVXH�QHFURVLV�DQG�ORVV�RI�IXQFWLRQ��5HFHQWO\��DOWHUQDWLYH�PHWKRGV�WR�IDVFLRWRP\�WKDW�LV�D�VXUJLFDO�HPHUJHQW�LQWHUYHQWLRQ�RU
RWKHU�PHWKRGV�PD\�FRQWULEXWH�WR�WUHDWPHQW�DUH�WR�EH�LQYHVWLJDWHG��6XSSRVLQJ�WKDW�K\SRWKHUPLD�ZRXOG�EH�HIIHFWLYH�LQ�UHGXFLQJ�WKH�WLVVXH�GDPDJH�
ZH�SODQQHG�WR�FRPSDUH�IDVFLRWRP\�DQG�K\SRWKHUPLD�

0DWHULDO�	�0HWKRGV��7KLV�VWXG\�ZDV�FDUULHG�RXW�ZLWK�IRUW\�UDWV�ZKLFK�ZHUH�UDQGRPO\�GLYLGHG�LQWR�IRXU�JURXSV��FRQWURO��IDVFLRWRP\��K\SRWKHUPLD�DQG
IDVFLRWRP\�LQFOXGLQJ�K\SRWKHUPLD��&RPSDUWPHQW�PRGHO�ZDV�FUHDWHG�E\�D�PHWKRG�LQFOXGLQJ�FRPSUHVVLRQ�E\�WRXUQLTXHW�DSSOLHG�WR�RQH�KLQGOLPE�RI�DOO
UDWV�IROORZHG�E\���KRXUV�RI�UHSHUIXVLRQ��+\SRWKHUPLD�DQG�IDVFLRWRP\�LQFOXGLQJ�K\SRWKHUPLD�JURXSV�ZHUH�DSSOLHG�ZDWHU�DW�WHPSHUDWXUH�RI������q�&
IRU���KRXUV��/RZHU�OLPEV�RI�DOO�JURXSV�ZHUH�DPSXWDWHG�DQG�H[DPLQHG�KLVWRSDWKRORJLFDOO\��6XEVHTXHQWO\�&UHDWLQH�.LQDVH��/DFWDWH�'HK\GURJHQDVH�
0\RJORELQH�DQG�3RWDVVLXP�OHYHOV�ZHUH�PHDVXUHG�IURP�WKH�EORRG�VDPSOHV�REWDLQHG�IURP�DOO�JURXSV���'XULQJ�WKH�HYDOXDWLRQ�RI�WKH�UHVXOWV�REWDLQHG�
VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�IRXQG�

&RQFOXVLRQ��,W�LV�GHWHUPLQHG�WKDW�K\SRWKHUPLD�LV�HIIHFWLYH�RQ�UHGXFLQJ�WLVVXH�HGHPD��FRQJHVWLRQ��LQIODPPDWLRQ�DQG�LQWUDFRPSDUWPHQWDO�SUHVVXUH�
$FFRUGLQJ�WR�WKH�UHVXOWV�RI�RXU�VWXG\��GXH�WR�DOO�RI�WKHVH�IHDWXUHV��K\SRWKHUPLF�WUHDWPHQW�SURYLGH�WLPH�DQG�FRQWULEXWLRQ�WR�IDVFLRWRP\�



72;,&2/2*< ,ONHU�$NEDV

��������5HYHUVLEOH�OHIW�EXQGOH�EUDQFK�EORFN�GXH�WR�FDUERQ�PRQR[LGH�SRLVRQLQJ��D�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$WLI�%D\UDPRJOX������$EGXOODK�2VPDQ�.RFDN������,ONHU�$NEDV������$OSDVODQ�8QOX����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<

.H\ZRUGV��FDUERQ�PRQR[LGH�SRLVRQLQJ��OHIW�EXQGOH�EUDQFK�EORFN��(&*�FKDQJHV��FRURQDU\�DQJLRSODVW\

$EVWUDFW��

&DUERQ�PRQR[LGH��&2��LV�NQRZQ�DV�D�SRWHQW�SRLVRQRXV�JDV��7KH�FOLQLFDO�IHDWXUHV�RI�&2�SRLVRQLQJ�DUH�QRW�VSHFLILF��&DUGLDF�GLVRUGHUV�GXH�WR�FKDQJHV
LQ�FHOOXODU�DQG�VXEFHOOXODU�OHYHOV��FDUGLRP\RSDWK\��DQJLQD�SHFWRULV��DFXWH�P\RFDUGLDO�LQIDUFWLRQ��DUUK\WKPLDV��KHDUW�IDLOXUH��SXOPRQDU\�HGHPD�
FDUGLRJHQLF�VKRFN��DQG�VXGGHQ�GHDWK�PD\�RFFXU��0\RFDUGLDO�GDPDJH�KDV�EHHQ�GHWHUPLQHG�DV�DQ�LQGLFDWRU�RI�LQFUHDVHG�PRUWDOLW\�LQ�SDWLHQW�ZLWK�&2
SRLVRQLQJ�LQ�WKH�ORQJ�WHUP��7KH�HOHFWURFDUGLRJUDSKLF��(&*��FKDQJHV�WKDW�PD\�EH�GHWHFWHG�LQ�FDUERQ�PRQR[LGH�LQWR[LFDWLRQ�DUH�UHSRODUL]DWLRQ
GLVRUGHUV��IODWWHQLQJ�DQG�LQYHUVLRQ�RI�7�ZDYHV��LVFKHPLF�FKDQJHV��47�LQWHUYDO�SURORQJDWLRQ��3�ZDYH�HOHYDWLRQ��456�ZLGHQLQJ��DQG�QHZ�RQVHW
EXQGOH�EUDQFK�EORFN�LQ���FRQVHFXWLYH�GHULYDWLRQV�

:LWK�WKLV�FDVH��ZH�DLPHG�WR�SUHVHQW�WKH�GHYHORSPHQW�RI�D�WUDQVLHQW�OHIW�EXQGOH�EUDQFK�EORFN�GXH�WR�&2�LQWR[LFDWLRQ��7KH�FDVH�KDG�QR�NQRZQ�SULRU
FDUGLDF�GLVRUGHU��DQG�VXEVHTXHQWO\�SHUIRUPHG�SHUFXWDQHRXV�WUDQVOXPLQDO�FRURQDU\�DQJLRSODVW\�UHYHDOHG�QRUPDO�UHVXOWV�

�$����\HDU�ROG�IHPDOH�SDWLHQW�ZDV�DGPLWWHG�WR�RXU�HPHUJHQF\�VHUYLFH�ZLWK�FRPSODLQWV�RI�KHDGDFKH��QDXVHD��DQG�VRPQROHQFH��+HU�PHGLFDO�KLVWRU\
UHYHDOHG�H[SRVXUH�WR�FRDO�JDV�RI�WKH�VWRYH�DW�KRPH�IRU�DSSUR[LPDWHO\���KRXUV��7KH�SDWLHQW�ZDV�FRRSHUDWLYH�DQG�ZHOO�RULHQWHG�GXULQJ�KHU�SK\VLFDO
H[DPLQDWLRQ��+HU�*ODVJRZ�&RPD�6FDOH�VFRUH�ZDV�����+HU�YLWDO�VLJQV�ZHUH�QRUPDO��,Q�(&*��ZKLFK�ZDV�REWDLQHG�IRU�DVVHVVPHQW�RI�FDUGLDF
LQYROYHPHQW��OHIW�EXQGOH�EUDQFK�EORFN�ZDV�SUHVHQW��,Q�ZRUNXS�IRU�EORRG�JDVHV��ZKLFK�ZDV�SHUIRUPHG�ZLWK�SUHOLPLQDU\�GLDJQRVLV�RI�&2�SRLVRQLQJ�
FDUER[\KHPRJORELQ�ZDV��������QRUPDO�YDOXH����������KHU�ELRFKHPLFDO�ODERUDWRU\�WHVW�UHVXOWV�UHYHDOHG�WURSRQLQ�,�DV�������QRUPDO�YDOXH����������
2WKHU�ODERUDWRU\�WHVW�UHVXOWV�ZHUH�ZLWKLQ�QRUPDO�OLPLWV��6KH�ZDV�FRQVXOWHG�ZLWK�WKH�&DUGLRORJ\�'HSDUWPHQW��,Q�(&*�REWDLQHG�GXULQJ�FRQVXOWDWLRQ
ZLWK�&DUGLRORJ\��QRUPDO�VLQXV�UK\WKP�ZDV�LGHQWLILHG�7KH�SDWLHQW�ZKRVH�FRURQDU\�DQJLRJUDSK\�ILQGLQJV�ZHUH�LQWHUSUHWHG�DV�QRUPDO�DQG�ZKR�KDG�QR
DGGLWLRQDO�FRPSODLQW�GXULQJ�IROORZ�XS�ZDV�GLVFKDUJHG�IURP�WKH�KRVSLWDO�

&RQVHTXHQWO\��RXU�FDVH�LV�WKH�ILUVW�DQG�RQO\�FDVH�LQ�ZKRP�WUDQVLHQW�OHIW�EXQGOH�EUDQFK�EORFN�KDG�GHYHORSHG�GXH�WR�&2�SRLVRQLQJ�DQG�WKLV�OHIW
EXQGOH�EUDQFK�EORFN�ZDV�SURYHQ�WR�EH�&2�LQGXFHG�E\�QRUPDO�FRURQDU\�DQJLRJUDSK\

�7KLV�FDVH�UHSRUW�LV�DFFHSWHG�LQ�$PHULFDQ�-RXUQDO�RI�(PHUJHQF\�0HGLFLQH�ZLWK�GRL�QXPEHU�DV���������M�DMHP�������������

�



,1)(&7,286�',6($6(���6(36,6 3$8/�*$<2/

��������+HUSHV�VLPSOH[�HQFHSKDOLWLV��WRS�SULRULW\�GLDJQRVLV�DQG�WUHDWPHQW�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3DXO�*$<2/������(OHRQRUH�6(89,&������5X[DQGUD�&2-2&$58������0DQDQD�3272&1,.������)DGL�.+$/,/������(ULF�%$</(������6\DPDN�$*+$�%$%$(,�����
3DVFDO�%,/%$8/7����

���(PHUJHQF\�'HSDUWPHQW��6WUDVERXUJ�8QLYHUVLW\�+RVSLWDO�1+&��1RXYHO�+�SLWDO�&LYLO���6WUDVERXUJ��)5$1&(

.H\ZRUGV��KHUSHV�VLPSOH[�LQIHFWLRQ��YLUDO�HQFHSKDOLWLV��YLUDO�PHQLQJLWLV

$EVWUDFW��

,QWURGXFWLRQ��+HUSHV�VLPSOH[�HQFHSKDOLWLV��+6(��LV�D�VSRUDGLF��HQGHPLF�EXW�GHYDVWDWLQJ�YLUDO�LQIHFWLRQ��,Q�JHQHUDO�LW�LV�GXH�WR�D�UHDFWLYDWLRQ�RU�D
UHLQIHFWLRQ�E\�KHUSHV�VLPSOH[�YLUXV����+69���ZKLOH�KHUSHV�VLPSOH[�PHQLQJLWLV��+60��LV�GXH�WR�+69���2EMHFWLYHV��D��WR�DQDO\]H�WKHLU�FOLQLFDO
SUHVHQWDWLRQV��FRPSOHPHQWDU\�H[DPV��WUHDWPHQW��77��DQG�SDWLHQWÇV�RXWFRPH��E��WR�UHWURVSHFWLYHO\�HYDOXDWH�D�GLDJQRVWLF�VFRUH�RI�HQFHSKDOLWLV��,(&�
,QWHUQDWLRQDO�(QFHSKDOLWLV�&RQVRUWLXP��������0DWHULDO�DQG�PHWKRG��2EVHUYDWLRQDO�UHWURVSHFWLYH�VWXG\�RI�DOO�SDWLHQWV�DGPLWWHG�LQ�WKH�HPHUJHQF\
GHSDUWPHQW��('��EHWZHHQ�0D\������DQG�0D\������ZLWK�ILQDO�GLDJQRVLV�RI�+60�RU�+6(��5HVXOWV��LQFOXVLRQ�RI����SDWLHQWV�RYHU����\HDUV�����+60�DQG
���+6(��3DWLHQWV�ZLWK�+6(�ZHUH�ROGHU��DYHUDJH�DJH�������\HDUV���7KH�FOLQLFDO�FRQVXOWDWLRQ�GHDGOLQH�ZDV�Ô���K�IRU�����RI�SDWLHQWV��DYHUDJH�WLPH����
KRXUV���3DWLHQWV�ZLWK�KHDGDFKH�KDG�D�SRRU�ULVN�RI�+6(��ZKHUHDV�WKRVH�ZLWK�FRQIXVLRQ�DQG�RU�QHXURORJLFDO�VLJQV�KDG�D�KLJKHU�ULVN�RI�+6(��7KH�,(&
VFRUH�UHWURVSHFWLYHO\�SHUPLWWHG�WR�GLIIHUHQWLDWH�+60�DQG�+6(�E\�FRQVLGHULQJ�UHVXOWV�ÈSRVVLEOHÉ�DV�+60��7KH�OXPEDU�SXQFWXUH�ZDV�SRVLWLYH�IRU�YLUDO
PHQLQJLWLV�LQ�������RI�FDVHV��$Q�((*�ZDV�DOZD\V�DEQRUPDO�LQ�+6(���������ZLWK�D�VWDWLVWLFDO�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�+60�DQG�+6(��%UDLQ�&7
VFDQ�GLG�QRW�GLIIHUHQWLDWH�+60�DQG�+6(��$Q�DEQRUPDO�EUDLQ�05,��JROG�VWDQGDUG��VWDWLVWLFDOO\�VLJQHG�D�+6(��DQG�LWV�DYHUDJH�GHOD\�WLPH�ZDV�!���
KRXUV�IRU�����RI�+6(�SDWLHQWV��5HJDUGLQJ�77�DOO�SDWLHQWV�KDG�UHFHLYHG�DF\FORYLU��DQG�LWV�DYHUDJH�GXUDWLRQ�LQ�+6(�ZDV����GD\V��1R�SDWLHQW�KDYLQJ
+60�SUHVHQWHG�QHXURORJLFDO�VHTXHODH�FRPSDUHG�ZLWK�����RI�+6(�SDWLHQWV��'LVFXVVLRQ��3&5�UHVXOWV�VKRXOG�QRW�GHOD\�WKH�WUHDWPHQW�VWDUW�WLPH��%UDLQ
05,�LV�WKH�H[DP�RI�FKRLFH�LI�VXVSLFLRQ�RI�+6(��&RQFOXVLRQ��7KH�+6(�QHHG�WRS�SULRULW\�GLDJQRVLV�DQG�WUHDWPHQW�UHODWHG�WR�WKH�ULVN�RI�QHXURORJLFDO
GDPDJH��6FRUH�,(&�KDG�DQ�H[FHOOHQW�VHQVLWLYLW\�DQG�VSHFLILFLW\�LQ�WKH�+6(�GLDJQRVLV�DQG�FRXOG�WKXV�EH�XVHG�WR�GLIIHUHQWLDWH�0+�DQG�0(+�FOLQLFDO
SUHVHQWDWLRQV�RQ�('�DGPLVVLRQ�



',6($6(�	�,1-85<�35(9(17,21 $OED�5LSROO�*DOODUGR

��������0HGLXP��DQG�ORQJ�WHUP�KHDOWK�HIIHFWV�RI�HDUWKTXDNHV�LQ�KLJK�LQFRPH�FRXQWULHV��D�V\VWHPDWLF�UHYLHZ�RI�UHVHDUFK
PHWKRGV�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$OED�5LSROO�*DOODUGR������%DUEDUD�3DFHOOL������0DUWD�$OHVLQD������'DULR�6HUURQH������*LRYDQQL�/DFXWRQH������)DEUL]LR�)DJJLDQR������)UDQFHVFR�'HOOD�&RUWH
�����(OLDV�$OODUD����

�����&5,0(',0��5HVHDUFK�&HQWHU�LQ�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH���8QLYHUVLW��GHO�3LHPRQWH�2ULHQWDOH��1RYDUD��,7$/<
�����5HJLRQDO�+HDOWK�DQG�6RFLDO�&DUH�$JHQF\�RI�(PLOLD�5RPDJQD��%RORJQD��,7$/<
�����'HSDUWPHQW�RI�6FLHQFHV�RI�3XEOLF�+HDOWK�DQG�3HGLDWULFV��8QLYHUVLW\�RI�7XULQ��7XULQ��,7$/<
�����'HSDUWPHQW�RI�%LRWHFKQRORJLFDO�DQG�$SSOLHG�&OLQLFDO�6FLHQFHV��',6&$%���/
$TXLOD��,7$/<
�����'HSDUWPHQW�RI�/LIH��+HDOWK�DQG�(QYLURPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�/
$TXLOD��/
$TXLOD��,7$/<
�����'HSDUWPHQW�RI�7UDQVODWLRQDO�0HGLFLQH��8QLYHUVLW��GHO�3LHPRQWH�2ULHQWDOH��1RYDUD��,7$/<

.H\ZRUGV��QDWXUDO�GLVDVWHU��HDUWKTXDNH��KLJK�LQFRPH�FRXQWULHV��KHDOWK�HIIHFWV

$EVWUDFW��

%$&.*5281'

2YHU�WKH�ODVW�GHFDGHV��WKH�QHJDWLYH�HIIHFWV�RI�HDUWKTXDNHV�KDYH�LQFUHDVHG�VKDUSO\��,Q�KLJK�LQFRPH�FRXQWULHV��WKH�LPPHGLDWH�KHDOWK�RXWFRPHV
UHVXOWLQJ�IURP�WKHVH�HYHQWV��H�J���FUXVK�LQMXULHV��LQIHFWLRQV��DUH�XVXDOO\�PRQLWRUHG�DQG�PDQDJHG�XVLQJ�VWDQGDUGL]HG�SURFHGXUHV��&RQYHUVHO\��WKH
KHDOWK�HIIHFWV�DULVLQJ�GXULQJ�WKH�FKURQLF�SKDVH�DSSHDU�WR�EH�VFDUFHO\�DQG�KHWHURJHQHRXVO\�PRQLWRUHG�HYHQ�LQ�FRXQWULHV�ZLWK�ZHOO�HVWDEOLVKHG
KHDOWKFDUH�V\VWHPV��7KLV�VWXG\�DLPV�WR�KLJKOLJKW�WKH�PHWKRGRORJLFDO�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�SUHVHQW�VXUYHLOODQFH�SUDFWLFHV�LQ�KLJK�LQFRPH
FRXQWULHV�WR�SURPSW�WKH�GHYHORSPHQW�RI�IXWXUH�FRQWLQJHQF\�SODQV�

0(7+2'6

0HGOLQH��6FRSXV��DQG���LQWHUQDWLRQDO�DQG�QDWLRQDO�VRXUFHV�RI�JUH\�OLWHUDWXUH�LQFOXGLQJ�WKH�ZHEVLWHV�RI�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ��&HQWHUV�IRU
'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ�DQG�WKH�(XURSHDQ�&HQWUH�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ�ZHUH�V\VWHPDWLFDOO\�VHDUFKHG��.H\ZRUGV�LQFOXGHG�D
FRPELQDWLRQ�RI�WKH�PRVW�FRPPRQ�V\QRQ\PV�RI�ÈHDUWKTXDNHÉ�ZLWK�DOO�KLJK�LQFRPH�FRXQWULHV�DFFRUGLQJ�WR�WKH�:RUOG�%DQN�OLVW��5HYLHZ�SDSHUV
UHWULHYHG�ZLWK�WKH�DERYH�VHDUFKHV�ZHUH�PDQXDOO\�VFUHHQHG�IRU�UHOHYDQW�UHIHUHQFHV��,QFOXVLRQ�FULWHULD�FRPSULVHG��PHDVXUHPHQW�RI�KHDOWK�RXWFRPHV
DW�OHDVW�RQH�PRQWK�DIWHU�WKH�HDUWKTXDNH��LQYHVWLJDWLRQ�RI�HDUWKTXDNHV�RFFXUUHG�LQ�KLJK�LQFRPH�FRXQWULHV�DQG�XVH�RI�DQ�REVHUYDWLRQDO�VWXG\�GHVLJQ
LQFOXGLQJ�DW�OHDVW�RQH�FRQWURO�JURXS�ZLWK�VXEMHFWV�XQH[SRVHG�WR�WKH�HDUWKTXDNH��2QO\�VWXGLHV�RQ�KXPDQ�VSHFLHV�DQG�ZULWWHQ�LQ�(QJOLVK��,WDOLDQ�
6SDQLVK��)UHQFK��3RUWXJXHVH�RU�*HUPDQ�ZHUH�LQFOXGHG��1R�WLPH�UHVWULFWLRQV�ZHUH�VHW�

5(68/76

7KH�VHDUFK�\LHOGHG�D�WRWDO�RI�������WLWOHV�DQG����DUWLFOHV�ZHUH�LQFOXGHG��7KH�VWXGLHV�UHIHUUHG�WR����GLIIHUHQW�HDUWKTXDNHV�RFFXUUHG�LQ���FRXQWULHV
EHWZHHQ������DQG�������7KH�.REH�+DQVKLQ�$ZDML��-DSDQ��������DQG�/
$TXLOD��,WDO\��������VHLVPV�ZHUH�WKH�PRVW�LQYHVWLJDWHG�HDUWKTXDNHV��7KH
VWXGLHV�KDG�D�PHGLDQ�VDPSOH�VL]H�RI�����VXEMHFWV��XVHG�PRVW�IUHTXHQWO\�D�FURVV�VHFWLRQDO���������RU�WLPH�VHULHV�GHVLJQ����������DQG�LQFOXGHG
SUHGRPLQDQWO\�WHPSRUDO�FRQWURO�JURXSV����������7KH�KLJKHVW�QXPEHU�RI�PHDVXUHPHQWV��PHGLDQ�����DQG�ODUJHVW�VDPSOHV�VL]HV��PHGLDQ���������
ZHUH�IRXQG�LQ�VWXGLHV�ZLWK�D�WLPH�VHULHV�GHVLJQ��PHGLDQ������0RVW�VWXGLHV�IRFXVHG�RQ�SDWLHQWV�ZLWK�VSHFLILF�GLDJQRVHV���������UDWKHU�WKDQ�RQ�WKH
JHQHUDO�SRSXODWLRQ���������DQG���������XVHG�URXWLQH�GDWD�FROOHFWLRQ��7KH�����RXWFRPHV�UHSRUWHG�ZHUH�HYDOXDWHG�IRU�D�PHGLDQ�IROORZ�XS�WLPH�RI���
PRQWKV�DQG�DUWLFOHV�IRFXVHG�RQ�D�ZLGH�UDQJH�RI�SK\VLFDO�DQG�PHQWDO�KHDOWK�RXWFRPHV�LQFOXGLQJ��DOO�FDXVH�PRUWDOLW\��FDUGLRYDVFXODU�GLVHDVHV�
LQWHQWLRQDO�VHOI�LQMXU\�DQG�SUREOHPV�UHODWHG�WR�OLIHVW\OH��(YLGHQFH�RI�DQ�LQFUHDVH�ZDV�UHSRUWHG�IRU����RXWFRPHV�������ZKLOH����������GLG�QRW�YDU\
DQG����������GHFUHDVHG�

&21&/86,21

$�PRUH�LQWHQVLYH�DQG�FRRUGLQDWHG�XVH�RI�URXWLQH�GDWD�FRXOG�EHQHILW�IXWXUH�HSLGHPLRORJLFDO�VXUYHLOODQFH�LQ�WKH�DIWHUPDWK�RI�HDUWKTXDNHV��:KHQHYHU
SRVVLEOH��D�FRKRUW�GHVLJQ�VKRXOG�EH�SUHIHUUHG�DQG�ERWK�JHRJUDSKLFDO�DQG�WHPSRUDO�FRQWURO�JURXSV�VKRXOG�EH�XVHG��)XWXUH�HSLGHPLRORJLFDO
VXUYHLOODQFH�V\VWHPV�VKRXOG�FRQVLGHU�FDSWXULQJ�WKH�LPSDFW�RI�HDUWKTXDNHV�RQ�WKH�DFFHVV�WR�KHDOWK�VHUYLFHV�DQG�LWV�XWLOL]DWLRQ�



35(�+263,7$/���(06���287�2)�+263,7$/ .DWDULQD�%2+0

��������$FFXUDF\�LQ�HPHUJHQF\�PHGLFDO�GLVSDWFK���$�FRPSDULVRQ�EHWZHHQ�WZR�GLVSDWFK�SURWRFROV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

.ODUD�7RUO�Q������/LVD�.XUODQG������0DDUHW�&DVWU�Q������.QXW�2ODQGHUV������.DWDULQD�%RKP����

���0'��.DUROLQVND�,QWLWXWH��6�GHUVMXNKXVHW��6WRFNKROP��6:('(1
���3K'��$VV�3URI��,QVWLWXWH��LQVWLWXWLRQ�RI�FOLQLFDO�VFLHQFH�DQG�HGXFDWLRQ��.,6|6��6WRFNKROP��6:('(1
���3K'�SURIHVVRU��,QVWLWXWH��LQVWLWXWLRQ�RI�FOLQLFDO�VFLHQFH�DQG�HGXFDWLRQ��.,6|6��+HOVLQNL��6:('(1
���3K'��9R�$QHVWHVL�RFK�,QWHQVLYY�UG��/XQGV�8QLYHUVLWHWVVMXNKXV���/XQG��6:('(1
���3K'�DVV�SURI��,QVWLWXWH��LQVWLWXWLRQ�RI�FOLQLFDO�VFLHQFH�DQG�HGXFDWLRQ��.,6|6��6WRFNKROP��6:('(1

.H\ZRUGV��(PHUJHQF\�PHGLFDO�GLVSDWFK��SURWRFRO��DFFXUDF\

$EVWUDFW��

%DFNJURXQG
7KH�(PHUJHQF\�0HGLFDO�&RPPXQLFDWLRQ�&HQWHU��(0&&��LV�WKH�ILUVW�FRQWDFW�IRU�SDWLHQWV�QHHGLQJ�DFXWH�FDUH�DQG�WKXV�WKH�ILUVW�SDUW�RI�WKH�FKDLQ�RI
HPHUJHQF\�FDUH��,Q�6ZHGHQ�WKH�HPHUJHQF\�PHGLFDO�V\VWHP�LV�EDVHG�RQ�WKH�VLQJOH�HPHUJHQF\�QXPEHU�����7RGD\�WKH�(0&&�XVHV�D�FRPSXWHUL]HG�
FULWHULD�EDVHG�SURWRFRO�FDOOHG�0HGLFDO�,QGH[�WR�HQVXUH�WKH�EHVW�SRVVLEOH�SULRULWL]DWLRQ�LQ�DPEXODQFH�GLVSDWFKLQJ��$�QHZ�GLVSDWFK�SURWRFRO�ZDV
GHYHORSHG��EDVHG�RQ�5DSLG�(PHUJHQF\�7ULDJH�DQG�7UHDWPHQW�6\VWHP��5(776���WKH�WULDJH�VFDOH�FXUUHQWO\�XVHG�E\�WKH�PDMRULW\�RI�6ZHGLVK�('V�DV
ZHOO�DV�HPHUJHQF\�PHGLFDO�VHUYLFHV��7KH�SURWRW\SH��5(776�$��KDV�EHHQ�PRGLILHG�WR�ILW�WKH�FRPSOH[�VLWXDWLRQ�RI�WKH�(0&&��7KH�DLP�RI�WKH�FXUUHQW
VWXG\�ZDV�WR�FRPSDUH�WKH�DFFXUDF\�LQ�SULRULW\�OHYHO�EHWZHHQ�WKH�WZR�GLVSDWFKLQJ�SURWRFROV�

3DUWLFLSDQWV�DQG�PHWKRGV
$�UDQGRPL]HG�FRQWUROOHG�QRQ�EOLQGHG�VLPXODWLRQ�VWXG\�ZDV�SHUIRUPHG�DW�WKH�(0&&�LQ�6WRFNKROP��6ZHGHQ��EHWZHHQ������������DQG������������
)LIW\�FDOO�WDNHUV�IURP�6ZHGLVK�(0&&ÇV�ZHUH�UHFUXLWHG�WR�SDUWLFLSDWH�LQ�WKH�VWXG\��&DOOHUV�ZHUH�UHFUXLWHG�IURP�D�SRRO�RI�H[SHULHQFHG�VWDQGDUG�SDWLHQWV�
0DQXVFULSWV�IRU����SDWLHQW�VFHQDULRV��EDVHG�RQ�UHDO�OLIH�HPHUJHQF\�PHGLFDO�FDOOV�WR�WKH�6ZHGLVK�(0&&��UHSUHVHQWLQJ�WKH�VL[�PRVW�FRPPRQ�FKLHI
FRPSODLQWV��EUHDWKLQJ�GLIILFXOWLHV��FKHVW�SDLQ��PLQRU�WUDXPD�ZRXQGV��VWURNH��DEGRPLQDO�SDLQ�DQG�QRQ�VSHFLILF�FRPSODLQWV��ZHUH�ZULWWHQ�E\�WKH
UHVHDUFK�JURXS��3ULRULW\�OHYHO�DQG�PHGLFDO�FRQGLWLRQ�IRU�HDFK�VFHQDULR�ZDV�SUHGHWHUPLQHG�E\�H[SHUW�FRQVHQVXV��$�FURVV�RYHU�PRGHO�ZLWK�������FDOOV
ZDV�XVHG��$�SRZHU�FDOFXODWLRQ�DQWLFLSDWLQJ�D�GLIIHUHQFH�LQ�DFFXUDF\�RI�HLJKW�SHUFHQWDJH�SRLQW�EHWZHHQ�WKH�WZR�SURWRFROV�VKRZHG�D�QHHG�IRU�Q 
�[��� ������XQLTXH�FDOOV��WZR�VLGHG�DOSKD�������EHWD��������)UHTXHQF\�WDEOHV�DQG�FURVV�WDEOHV�ZHUH�FUHDWHG�XVLQJ�6366�VRIWZDUH��6366��9HUVLRQ����
,%0�&RPSDQ\��&KLFDJR��,/��86$��VWDWLVWLFDO�VRIWZDUH���'LIIHUHQFHV�EHWZHHQ�JURXSV�ZHUH�FDOFXODWHG�ZLWK�)LVKHU
V�([DFW�7HVW��3�YDOXHV�������ZHUH
FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW�
�
5HVXOW

$�WRWDO�RI�������FDOOV�ZHUH�SHUIRUPHG������FDOOV�ZLWK�0HGLFDO�,QGH[�DQG�����FDOOV�ZLWK�5(776�$��$FFRUGLQJ�WR�WKH�SUHGHWHUPLQHG�SULRULW\�OHYHO�IRU
HDFK�RI�WKH����FDVHV���������Q �����ZHUH�FRUUHFW�ZLWK�0HGLFDO�,QGH[�DQG��������Q �����ZLWK�5(776�$��S����������

'LVFXVVLRQ�&RQFOXVLRQ
7KH�FXUUHQW�VLPXODWLRQ�VWXG\�FRPSDUHG�WZR�SURWRFROV�IRU�GLVSDWFKLQJ��7KH�QHZ�GLVSDWFK�SURWRFRO�5(776�$��KDG�D�ORZHU�DFFXUDF\�IRU�SULRULW\�OHYHO
WKDQ�WKH�SURWRFRO�LQ�FXUUHQW�XVH��0HGLFDO�,QGH[��7KH�UHVXOWV�PD\�LQ�SDUW�EH�H[SODLQHG�E\�WKH�FDOO�WDNHUV�EHLQJ�PRUH�IDPLOLDU�ZLWK�WKH�0HGLFDO�,QGH[
KDYLQJ�ZRUNHG�ZLWK�WKLV�V\VWHP��$QRWKHU�IDFWRU�WR�FRQVLGHU�LV�WKDW�WKH�0HGLFDO�,QGH[�KDV�D�WKUHH�WLHUHG�SULRULW\��ZKLOH�WKH�5(776�$�LV�IRXU�WLHUHG�
ZKLFK�PD\�EH�D�GLVDGYDQWDJH�IRU�5(776�$��+RZHYHU��IXWXUH�VWXGLHV�FRQVLGHULQJ�RWKHU�IDFWRUV�H�J��WLPH�WR�GLVSDWFKLQJ�VKRXOG�EH�FRQVLGHUHG�EHIRUH
GHFLGLQJ�ZKLFK�SURWRFRO�LV�WR�SUHIHU�

$FNQRZOHGJPHQWV
.%�DQG�.2�KDV�FRQVXOW�PLVVLRQV�DW�WKH�(0&&�RUJDQL]DWLRQ�626�$ODUP�6YHULJH�$%��1R�RWKHU�FRQIOLFWV�RI�LQWHUHVW�



&$6(�35(6(17$7,21 +DQD�+HGKOL

��������6HYHUH�PHWDEROLF�DONDORVLV��D�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+$1$�+('+/,������6DOZD�$PUL������6DUUD�-RXLQL������,PHQ�0HNNL������ZLGHG�'HURXLFK������%�FKLU�%RXKDMMD����

���HPHUJHQF\�GHSDUWPHQW��(36�&KDUOHV�1LFROOH��7XQLV��781,6,$
���(PHUJHQF\�GHSDUWHPHQW��&KDUOHV�1LFROOH�KRVSLWDO��7XQLV��781,6,$

.H\ZRUGV��PHWDEROLF�DOFDORVLV��HPHUJHQF\�GHSDUWPHQW��DFLG�EDVH�GLVRUGHUV

$EVWUDFW��

,QWURGXFWLRQ�

�0HWDEROLF�DONDORVLV�LV�FRPPRQ��DFFRXQWLQJ�IRU�KDOI�RI�DOO�DFLG��EDVH�GLVRUGHUV�DPRQJVW�SDWLHQWV�SUHVHQWLQJ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��>�@��
,W�FDQ�WKUHDWHQ�OLIH�E\�FDXVLQJ�WHWDQ\��OHDGLQJ�WR�VHL]XUHV�DQG�GHDWK��:H�UHSRUW�D�SDWLHQW�ZLWK�VHYHUH�PHWDEROLF�DONDORVLV�

�

&DVH�UHSRUW�

�

$����\HDU�ROG�ZRPDQ�ZDV�DGPLWWHG�ZLWK�QDXVHD�YRPLWLQJ�DQG�DEGRPLQDO�SDLQ�ODVWLQJ�IRU�WZR�ZHHNV��2Q�DUULYDO��WKH�SK\VLFDO�H[DP�IRXQG�WKDW�VKH
ZDV�FRQIXVHG��*ODVJRZ�&RPD�6FDOH��*&6�� ����ZLWKRXW�DQ\�VLJQ�RI�IRFDOL]DWLRQ�RU�ODWHUDOL]DWLRQ��+HU�YLWDO�VLJQV�VKRZHG�D�EORRG�SUHVVXUH�RI�������
PP+J��KHDUW�UDWH�RI����EHDWV�SHU�PLQXWH��UHVSLUDWRU\�UDWH�RI����SHU�PLQXWH��&KYRVWHNÇV�VLJQ�ZDV�SRVLWLYH�DVVRFLDWHG�ZLWK�REVWHWULFLDQÇV�KDQG�
1HXURORJLFDO�H[DPLQDWLRQ�UHYHDOHG�PDUNHG�P\RFORQXV�SUHGRPLQDQWO\�RI�WKH�XSSHU�OLPEV��%ORRG�ELRFKHPLVWU\�UHVXOWV�ZHUH�DV�IROORZV��K\SRNDOHPLD�RI
����PPRO��O��ZLWK�VHYHUH�PHWDEROLF�DONDORVLV��3+�²�������3D&2�� ����PP+J��3D2�� ����PP+J��+&2��XQFDOFXODEOH��6D2� �������ODFWDWH ���PPRO�O�
WKH�LRQL]HG�FDOFLXP�ZDV�����PPRO�O��XUHD� ����PPRO�O��FUHDWLQLQH� ����»PRO�O��7KH�PDUNHG�PHWDEROLF�DONDORVLV�ZDV�WKRXJKW�WR�EH�GXH�WR�ORVV�RI
K\GURJHQ�LRQV�DQG�WKH�UHVSRQVH�RI�WKH�NLGQH\�OHDGV�WR�GHFUHDVH�LQ���ELFDUERQDWH�H[FUHWLRQ��7KH�P\RFORQXV�ZDV�FRQVLGHUHG�WR�EH�GXH�WR�PDUNHG
DONDORVLV�DQG�UHGXFHG�LRQL]HG�VHUXP�FDOFLXP��6KH�ZDV�WUHDWHG�ZLWK�LQWUDYHQRXV�SK\VLRORJLFDO�VDOLQH�UHK\GUDWLRQ��LQWUDYHQRXV�DGPLQLVWUDWLRQ�RI�ODUJH
DPRXQW�RI�SRWDVVLXP�FKORULGH�����PPRO�O�SHU�KRXU���DQG�UHEUHDWKLQJ��6HUXP�HOHFWURO\WH�OHYHOV�UHWXUQHG�WR�QRUPDO�RQ�WKLV�WKHUDS\���SRWDVVLXP� ����
PPRO�O��ELFDUERQDWH� ����PPRO�O��FUHDWLQLQH� ����oPRO�O��LRQL]HG�FDOFLXP� ����PPRO�O��7KH�P\RFORQXV�GLVDSSHDUHG�IURP�WKH�IDFH�DQG�VKH�ZDV
GLVFKDUJHG�DSSUR[LPDWHO\����KRXUV�ODWHU��(QGRVFRS\�VKRZHG�JDVWULF�RXWOHW�REVWUXFWLRQ�VHFRQGDU\�WR�LQILOWUDWLQJ�SURFHVV�

�

&RQFOXVLRQ�

7KH�FRPELQDWLRQ�DQG�GHJUHH�RI�PHWDEROLF�GHUDQJHPHQW�LQ�WKLV�FDVH�LV�XQXVXDO��7UHDWPHQW�LV�DLPHG�DW�UHYHUVLQJ�WKH�XQGHUO\LQJ�FDXVH��7KH
LPSRUWDQFH�RI�FRQVHUYDWLYH�PDQDJHPHQW�RI�FDUERQ�GLR[LGH�UHWHQWLRQ�ZDV�HPSKDVL]HG�

�

5HIHUHQFHV�

>�@�-HQQLIHU�7�HW�DO���(PHUJ�0HG�&OLQ��1RUWK�$P������



1(852/2*< 0RKDPHG�DOL�&KHULI

��������(SLGHPLRORJ\�RI�V\VWHPLF�LQIODPPDWRU\�UHVSRQVH�V\QGURPH�LQ�DFXWH�VWURNHSDWLHQWV�DGPLWWHG�LQ�WKH�HPHUJHQF\
GHSDUWPHQW�VKRUW�VWD\�XQLW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RKDPHG�0H]JKHQL������0RKDPHG�DOL�&KHULI������)DUDK�5LDKL������1DMHK�+DMMHP������0DOHN�+VRXQD������\RXVVHI�]LHG�(O�KHFKPL������,QHV�6HGJK\HQL�����
=RXKDLHU�-HUEL����

���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV�
���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���HPHUJHQF\�GHSDUWPHQW���KRVSLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��6,56��VWURNH�HPHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ�

7KH�V\VWHPLF�LQIODPPDWRU\�UHVSRQVH�V\QGURPH��6,56��LV�WKH�ERG\ÇV�UHVSRQVH�WR�D�PXOWLWXGH�RI�FKHPLFDO�PHGLDWRUV��&RQGLWLRQV�LQFLWLQJ�WKH�UHOHDVH�RI
WKHVH�PHGLDWRUV�LQFOXGH�EDFWHULDO�VHSVLV��YLUHPLD��SDQFUHDWLWLV��WUDXPD��QHRSODVLD��KHDW�VWURNH��DQG�PDQ\�RWKHUV��7KH�UHODWLRQ�EHWZHHQ�6,56�DQG
DFXWH�VWURNHV�UHPDLQV�SRRUO\�GHVFULEHG��QR�VWXG\�WR�GDWH�KDV�LQYHVWLJDWHG�HSLGHPLRORJ\�RI�6,56�LQ�DFXWH�VWURNH�SDWLHQWV�

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�IUHTXHQF\�RI�6,56LQ�DFXWH�VWURNH�SDWLHQWV�DGPLWWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�VKRUW�VWD\�XQLW��('668��
WR�OLVW�LWV�PDLQ�FDXVHV�DQG�FRPSDUH�WKH�HSLGHPLRORJLFDO�FKDUDFWHULVWLFV�DQG�HYROXWLRQ

0HWKRGV�

$�UHWURVSHFWLYH�VWXG\�LQFOXGLQJ�SDWLHQWV�ZKR�ZHUH�DGPLWWHG�GXULQJ�PRUH�WKDQ����KRXUV�IRU�DFXWH�VWURNH�LQWR�WKH�('668�VWDUWLQJ�IURP�-DQXDU\��VW�
����WR�'HFHPEHU����������

:H�FROOHFWHG�GDWD�UHJDUGLQJ�DJH��JHQGHU��SDVW�PHGLFDO�KLVWRU\��OHQJWK�RI�VWD\��LQWUD�KRVSLWDO�PRUWDOLW\�DQGUHIHUUDODW�WKH�HQG�RI�KRVSLWDO�VWD\�WR�VWXG\
WKH�HSLGHPLRORJLFDO�DQG�FOLQLFDO�IHDWXUHV�RI�WKLV�SRSXODWLRQ�

6,56�ZDV�GHØQHG�DV�WKH�SUHVHQFH�RI���RU�PRUH�RI�WKH�IROORZLQJ�FULWHULD��ERG\�WHPSHUDWXUH�OHVV�WKDQ���j&�RU�JUHDWHU�WKDQ���j&��KHDUW�UDWH�JUHDWHU
WKDQ�����UHVSLUDWRU\�UDWH�JUHDWHU�WKDQ�����RU�ZKLWH�EORRG�FHOO�FRXQW�OHVV�WKDQ������PP�RU�JUHDWHU�WKDQ��������PP��RU�PRUH�WKDQ�����EDQGV�

5HVXOWV�

$PRQJ�������RI�DOO�HPHUJHQF\�GHSDUWPHQW�YLVLWV�GXULQJ�����������SDWLHQWV�ZHUH�DGPLWWHGIRU�PRUH�WKDQ����KRXUV�LQWR�WKH�('668�IURP�ZKRP
���DGPLWWHG�IRU�DFXWH�VWURNH�DQG����SDWLHQWV�ZHUH�VHOHFWHG

3DWLHQWV�ZHUH�VHSDUDWHG�LQWR�WZR�JURXSV��SRVLWLYH�6,56��Q� �����������DQG�QHJDWLYH6,56��Q ������������

7KH�WZR�JURXSV�ZHUH�FRPSDUDEOH�LQ�DJH��VH[�UDWLR�DQG�SDVW�PHGLFDO�KLVWRU\�

0RUWDOLW\�ZDV��������Q� �����LQ�WKH�SRVLWLYH�6,56�JURXS�DQG��������Q� �����LQ�WKH�QHJDWLYH�6,56�JURXS�ZLWK�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR
JURXSV��S� ��������

7KH�VHQVLWLYLW\�ZDV��������DQG�WKH�VSHFLILFLW\�ZDV���������25� ������>�����WR������@��

&RQFOXVLRQV�

6,56�KDV�D�KLJK�LQFLGHQFH�LQ�DFXWH�VWURNH�SDWLHQWV�DGPLWWHG�LQ('668��,Q�RXU�VHULHV�WKHVH�SDWLHQWV�KDYH�D�PRUWDOLW\�RI��������7KHVH�6,56�FULWHULD�DUH
HDVLO\�DFFHVVLEOH�LQ�HPHUJHQF\�GHSDUWPHQW�DQG�FDQ�EH�FROOHFWHG�RQ�DUULYDO�RI�SDWLHQW��$�VWXG\�RQ�D�ODUJHU�VFDOH�ZRXOG�EH�QHHGHG�WR�YHULI\�LWV
SURJQRVWLF�YDOXH�



72;,&2/2*< DQZDUH�\DKPDGL

��������7KH�SHVWLFLGH�SRLVRQLQJ��33����(SLGHPLRORJLFDO�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

ZLGHG�EDKULD������DQZDUH�\DKPDGL������ZLGHG�ERXVVOLPL������KDQDQH�JKD]DOL������DKPHG�VRX\HK������F\ULQH�NHVNHV������$KOHP�$]RX]L������VDPL�VRXLVVL
���

���HPHUJHQG\�GHSDUWPHQW�RI�EHQ�DURXV�KRVSLWDO���UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV�WXQLVLD���EHQ�DURXV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��7XQLV��781,6,$
���6HUYLFH�DFFXHLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���HPHUJHQG\�GHSDUWPHQW�RI�EHQ�DURXV�KRVSLWDO���UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV�WXQLVLD���WXQLV��781,6,$

.H\ZRUGV��SHVWLFLGH�SRLVRQLQJ��HPHUJHQF\�GHSDUWPHQW��(SLGHPLRORJLFDO�VWXG\

$EVWUDFW��

,QWURGXFWLRQ�7KH�3HVWLFLGH�SRLVRQLQJ��33��UHSUHVHQWV�D�PDMRU�FOLQLFDO�FRQFHUQ�UHVSRQVLEOH�RI�SHUVLVWHQW�HOHYDWHG�PRUWDOLW\�LQ�WKH�GHYHORSLQJ
FRXQWULHV�DQG�UHVXOWLQJ�LQ�IUHTXHQW�HPHUJHQW�KRVSLWDO�DGPLVVLRQ��,Q�RXU�FRXQWU\��WKH�23�SRLVRQLQJ�DFFRXQWV�IRU�����RI�DOO�DFXWH�SRLVRQLQJ
HPHUJHQF\��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�HSLGHPLRORJLFDO��FOLQLFDO��DQG�SURJQRVWLF�RI�DFXWH�SHVWLFLGH�SRLVRQLQJ�LQ�WKH
HPHUJHQF\�GHSDUWPHQW�

0DWKHULDOV�DQG�PHWKRGV��,W�ZDV�D��UHWURVSHFWLYH�VWXG\�EDVHG�RQ�DQDO\VLV�RI����FRQVHFXWLYH�SDWLHQWV�,Q�DQ�HPHUJHQF\�GHSDUWPHQW��IRU���\HDUV
�7KH�HSLGHPLRORJLFDO�GDWD��WKH�QDWXUH�RI�WKH�RIIHQGLQJ�SURGXFW��WLPHO\�FDUH��FOLQLFDO�DQG�ODERUDWRU\�VLJQV��WUHDWPHQW�DQG�HYROXWLRQ�ZHUH�VWXGLHG�

5HVXOWV�1 ����SDWLHQWV��0HDQ�DJH�ZDV����k���\HDUV��VH[�UDWLR ������:RPHQ�SV\FKLDWULF�KLVWRU\�ZHUH�QRWHG�LQ����RI�SDWLHQWV��7KH�FDXVHV�RI
SRLVRQLQJ�ZHUH�ZLWK�VXLFLGDO�LQWHQW�LQ�����RI�FDVHV�UHODWHG�PDLQO\�ZLWK�SDUHQWDO�FRQIOLFW�������DQG�PDULWDO�FRQIOLFWV����������DQG�ZHUH�DFFLGHQWDO�LQ
���RI�FDVHV��&KORUDORVH�ZDV�WKH�PRVW�IUHTXHQWO\�LPSOLFDWHG�LQ�������FDVHV�PRQLWRULQJ�RI�RUJDQRSKRVSKDWHV�LQ�������RI�FDVHV��0RVW�SDWLHQWV
��������FRQVXOWV��LQ�WKH�ILUVW�KRXU��0XVFDULQLF�V\QGURPH�ZDV�SUHVHQW�LQ�����RI�SDWLHQWV�DQG�QLFRWRQLF��V\QGURPH�ZDV�SUHVHQW�LQ������*DVWULF�ODYDJH
ZDV�GRQH�LQ����SDWLHQWV��������$WURSLQH�ZDV�DGPLQLVWHUHG�LQ����SDWLHQWV��7KH�YHQWLODWRU\�VXSSRUW�ZDV�SHUIRUPHG�LQ����SDWLHQWV������������RI
SDWLHQWV�ZHUH�WUDQVIHUUHG�WR�DQ�LQWHQVLYH�XQLW�FDUH��7KLUW\�WKUHH�SDWLHQWV��������UHWXUQHG�KRPH��$YHUDJH�GXUDWLRQ�RI�VWD\�LQ�WKH�HPHUJHQF\
GHSDUWPHQW�ZDV��Kk����KRXUV���2QO\���GHDWKV�ZHUH�QRWHG�

&RQFOXVLRQ��7KH�33�LV�IUHTXHQW�LQ�('�DQG��LV�DVVRFLDWHG�ZLWK��KLJK�PRUWDOLW\��,W�UHTXLUHV��PDQ\�SUHYHQWLYH�PHDVXUHV�DQG�VWDQGDUGL]DWLRQ�RI�FDUH�WR
LPSURYH�WKH�SURJQRVLV�

�

�

�



&$5',29$6&8/$5 &+$:.,�-(%$/,

��������0DQDJHPHQW�RI�67�HOHYDWHG�P\RFDUGLDO�LQIDUFWLRQ���LQVLJKWV�IURP�5H6&86�5HJLVWU\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$FKUHI�+$-�$/,������&+$:.,�-(%$/,������ZDHO�&+$$%(1(������/27),�%28.$','$������$VPD�=25*$7,������)(7+,�*5$$������5LDGK�%RXNHI����

���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���VRXVVH��781,6,$
���8UJHQFHV��&+8�6DKORXO�GH�6RXVVH��6RXVVH��781,6,$
���(PHUJHQF\�RI�6DKORXO��6RXVVH��6RXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���6RXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���6RXVVH���781,6,$

.H\ZRUGV��67(0,��5HJLVWU\��(PHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ���'XULQJ�WKH�ODVW�GHFDGHV��WKH�SURJQRVLV�RI�P\RFDUGLDO�LQIDUFWLRQ�KDV�QRW�VWRSSHG�LPSURYLQJ��6HYHUDO�\HDUV�RI�FRQVLGHUDEOH
WKHUDSHXWLF�SURJUHVV�LQ�67�HOHYDWHG�P\RFDUGLDO�LQIDUFWLRQ�WRZDUGV�D�UHGXFWLRQ�LQ�PRUELGLW\�DQG�PRUWDOLW\�KDV�EHHQ�DFKLHYHG��7KH�PDQDJHPHQW�RI
WKLV�HPHUJHQF\�FDUGLRORJ\�PXVW�EH�LQ�WKH�VKRUWHVW�WLPH�WR�SHUPLW�HDUO\�UHSHUIXVLRQ�DQG�SURPSW�PDQDJHPHQW�RI�FRPSOLFDWLRQV�

2XU�DLP�ZDV�WR�DVVHVV�WKH�TXDOLW\�RI�FDUH��DQG�PDQDJHPHQW�DFXWH�FRURQDU\�V\QGURPHV�

0DWHULDO�DQG�PHWKRGV���:H�FROOHFWHG�GDWD�RQ�67�HOHYDWHG�P\RFDUGLDO�LQIDUFWLRQ��67(0,��SDWLHQWV�DV�SDUW�RI�WKH�5H6&86�5HJLVWU\��LQ�D�SURVSHFWLYH
VWXG\��EHWZHHQ�)HEUXDU\������DQG�'HFHPEHU��������:H�LQFOXGHG�����SDWLHQWV�DGPLWWHG�WR�HPHUJHQF\�GHSDUWPHQW�

5HVXOWV���ZH�FROOHFWHG�����SDWLHQWV��:H�QRWHG�D�PDOH�SUHGRPLQDQFH��VH[�UDWLR� �������DQG�D�PHDQ�DJH�RI����k����\HDUV��2QO\�����RI�RXU�SDWLHQWV
ZHUH�DGPLWWHG�WR�RXU�HPHUJHQF\�WKURXJK�PHGLFDO�WUDQVSRUW��7REDFFR��K\SHUWHQVLRQ�DQG�GLDEHWHV�ZHUH�WKH���ULVN�IDFWRUV�SUHGRPLQDQW�LQ�RXU�SDWLHQWV
ZLWK�UHVSHFWLYH�UDWHV�RI���������������DQG��������6L[�SDWLHQWV��������KDYH�SHULSKHUDO�VLJQV�RI�VKRFN�DW�LQLWLDO�SUHVHQWDWLRQ��(OHYHQ�SDWLHQWV��������
SUHVHQW�ZLWK�DFXWH�+HDUW�IDLOXUH��3DWLHQW�GHOD\�ZDV�����PLQ��ZLWK�H[WUHPHV�UDQJLQJ�IURP����PQ�WR����KRXUV���7KH�DYHUDJH�WLPH�ILUVW�PHGLFDO�FRQWDFW
WR�UHDOL]H�DQ�(.*�ZDV����PLQXWHV�ZLWK�D�PHGLDQ�RI����PLQXWHV��7KH�DYHUDJH�WLPH�IRU�WKURPERO\VLV�ZDV�����PQ��ZLWK�H[WUHPHV�UDQJLQJ�IURP���WR
����PQ��7KH�DQWHULRU�ORFDOL]DWLRQ�ZDV�WKH�PRVW�IUHTXHQW�������IROORZHG�E\�WKH�LQIHULRU�67(0,��������7KH�WKURPERO\VLV�UDWH�ZDV��������Q� �����ZLWK
D�VXFFHVV�UDWH�RI������7KH�SULPDU\��DQJLRSODVW\�UDWH�ZDV��������2QO\�IRXU�FDVHV�RI�FDUGLDF�DUUHVW�ZDV�QRWHG��RQH�RI�WKHP��ZDV�UHFRYHUHG�

&RQFOXVLRQ��7KH�PDQDJHPHQW�RI�DFXWH�FRURQDU\�V\QGURPH�LV�DSSURSULDWH�IRU�WKH�WLPH�RI�LPSOHPHQWDWLRQ�RI�WKH�(.*�DQG�LQLWLDO�PDQDJHPHQW�EXW
VWLOO�LQVXIILFLHQW�IRU�WKH�ODWH�DQJLRJUDSKLF�H[SORUDWLRQ��,W�LV�D�UHDO�FKDOOHQJH�IRU�WKH�HPHUJHQF\�SK\VLFLDQ��$Q�LPSURYHPHQW�LQ�WKH�RYHUDOO�PDQDJHPHQW
ILUVW�UHTXLUHV�D�EHWWHU�SUDFWLFH��WR�LGHQWLI\��DVVHVV�ULVN�DQG�WUHDW��SDWLHQWV�LQ�WKH�VKRUWHVW�WLPH�SRVVLEOH�



&$5',29$6&8/$5 &+$:.,�-(%$/,

��������6H[�EDVHG�'LIIHUHQFHV�LQ�&OLQLFDO�)HDWXUHV��0DQDJHPHQW��DQG�3URJQRVLV�RI�$FXWH�0\RFDUGLDO�,QIDUFWLRQ��LQVLJKWV�IURP
5H6&86�5HJLVWU\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$FKUHI�+$-�$/,������&+$:.,�-(%$/,������$/,�286*,������/27),�%28.$','$������$VPD�=25*$7,������$VPD�-(5%,������5LDGK�%RXNHI����

���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���VRXVVH��781,6,$
���8UJHQFHV��&+8�6DKORXO�GH�6RXVVH��6RXVVH��781,6,$
���HPHUJHQF\�RI�6DKORXO��6RXVVH��6RXVVH��781,6,$
���(PHUJHQF\�RI�6DKORXO��6RXVVH��6RXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���6RXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���6RXVVH���781,6,$

.H\ZRUGV��67(0,��5HJLVWU\��(PHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ��:H�VRXJKW�WR�LQYHVWLJDWH�VH[�UHODWHG�GLIIHUHQFHV�DPRQJ�SDWLHQWV�ZLWK�67�HOHYDWHG�P\RFDUGLDO�LQIDUFWLRQ�LQ�RUGHU�WR�LGHQWLI\
JHQGHU�UHODWHG�IDFWRUV�DVVRFLDWHG�ZLWK�RXWFRPHV��DQG�WR�DQDO\]H�VH[�EDVHG�GLIIHUHQFHV�LQ�FOLQLFDO�FKDUDFWHULVWLFV��GLDJQRVLV��PDQDJHPHQW��DQG
SURJQRVLV�DIWHU�D�P\RFDUGLDO�LQIDUFWLRQ�

0HWKRGV��%HWZHHQ�)HEUXDU\������DQG�'HFHPEHU�������RQH�KXQGUHG�DQG�ILIW\�WZR�67�HOHYDWHG�P\RFDUGLDO�LQIDUFWLRQ�67(0,��ZHUH�FRQVHFXWLYHO\
UHJLVWHUHG�LQ�RXU�HPHUJHQF\�GHSDUWPHQW��:H�H[SORLWHG�5H6&86�UHJLVWU\�GDWD��&OLQLFDO�FKDUDFWHULVWLFV��PDQDJHPHQW��PRUWDOLW\��DW����GD\�DQG�DW
���GD\��DQG�PDMRU�DGYHUVH�FDUGLDF�HYHQWV��0$&(��ZHUH�SURVSHFWLYHO\�UHFRUGHG�

5HVXOWV��7KH�UHJLVWU\�LQFOXGHG����ZRPHQ�DQG�����PHQ�ZLWK�67(0,��&RPSDUHG�ZLWK�PHQ��ZRPHQ�ZHUH�ROGHU�������YV��������S�����������KDG�D�KLJKHU
SUHYDOHQFH�RI�K\SHUWHQVLRQ������YV������S� ��������VPRNLQJ�DQG�G\VOLSLGHPLD��������YV�������S� �����������7KHUH�ZDV�QR�GLIIHUHQFH�LQ�WKH
SUHYDOHQFH�RI�GLDEHWHV��S ��������:RPHQ�ZHUH�PRUH�OLNHO\�WR�KDYH�D�KLVWRU\�RI�SUHYLRXV�P\RFDUGLDO�LQIDUFWLRQ������YV�������S�����������7KH
WKURPERO\VLV�UDWH�ZDV��������Q� �����ZLWK�D�VXFFHVV�UDWH�RI������WKH�DQJLRSODVW\�UDWH�ZDV�������RYHUDOO��1R�GLIIHUHQFHV�ZHUH�REVHUYHG�LQ�XVH�RI
LQYDVLYH�SURFHGXUHV��:RPHQ�ZHUH�OHVV�OLNHO\�WKDQ�PHQ�WR�UHFHLYH�FDUH�ZLWKLQ�WKH�EHQFKPDUN�WLPH�IRU�UHSHUIXVLRQ�WKHUDS\��WLPH�WR�WUHDWPHQW�IURP
V\PSWRP�RQVHW�����KRXUV��������YV���������S����������7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�GRRU�WR�QHHGOH��PHGLDQ�����PLQ�YV����PLQ��DQG
GRRU�WR�EDOORRQ�WLPHV��PHGLDQ�����PLQ�YV����PLQ���7KH�DQJLRJUDSKLF�VXFFHVV�GHILQHG�DV�D�UH�SHUPHDELOL]DWLRQ�RI�WKH�DUWHU\�ZLWK�7,0,���RU���DQG�D
UHVLGXDO�VWHQRVLV�RI�OHVV�WKDQ������ZDV�REWDLQHG�LQ�������RI�FDVHV�IRU�PHQ�DQG�������IRU�ZRPHQ��S� ��������&DVH�IDWDOLW\�DW���PRQWK�ZDV�VLPLODU�LQ
ZRPHQ�DQG�PHQ��������YV��������S� ��������0$&(�ZHUH�DOVR�VLPLODU��Q ��IRU�PHQ�YV�Q ��IRU�ZRPHQ�DW���PRQWK��S� ��������&DVH�IDWDOLW\�DW����GD\
ZDV�ZRUVH�IRU�PHQ�WKDQ�ZRPHQ��������YV��������S ������

&RQFOXVLRQ��7KHUH�DUH�GHPRJUDSKLF�DQG�FOLQLFDO�GLIIHUHQFHV�EHWZHHQ�PHQ�DQG�ZRPHQ�67(0,��7KH�VKRUW�WHUP�SURJQRVLV�RI�D�ILUVW�P\RFDUGLDO
LQIDUFWLRQ�LQ�WKLV�VWDG\�LV�VLPLODU�LQ�ERWK�VH[HV��+RZHYHU��WKH�ORQJ�WHUP�YLWDO�SURJQRVLV�DIWHU�D�ILUVW�P\RFDUGLDO�LQIDUFWLRQ�LV�ZRUVH�LQ�PHQ�WKDQ�LQ
ZRPHQ��'HOD\V�LQ�ERWK�ZRPHQ�DQG�PHQ�LQ�67(0,�UHPDLQ�XQDFFHSWDEO\�ORQJ�DQG�VKRXOG�EH�LPSURYHG�



1(852/2*< DQZDUH�\DKPDGL

��������3UHGLFWLYH�IDFWRUV�UHODWHG�ZLWK�SRRU�RXWFRPH�LQ�SDWLHQWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�6HL]XUHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

UDQLD�MHEUL������DQZDUH�\DKPDGL������D\PHQ�]RXEOL������KDQDQH�JKD]DOL������PRXQD�JDPPRXGL������IDUDK�ULDKL������VDZVHQ�FKLERXE������VDPL�VRXLVVL����

���6HUYLFH�DFFXHLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���HPHUJHQG\�GHSDUWPHQW�RI�EHQ�DURXV�KRVSLWDO���UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV�WXQLVLD���EHQ�DURXV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��7XQLV��)5$1&(

.H\ZRUGV��RXWFRPH��VHL]XUHV��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ��6HL]XUHV�DUH�D�FRPPRQ�SDWWHUQ�IRU�VHHNLQJ�FDUH�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('���6HYHUDO�VWXGLHV�KDYH�LGHQWLILHG�SURJQRVWLF
IDFWRUV�WKDW�DOORZ�HDUO\�LGHQWLILFDWLRQ�RI�SDWLHQWV�ZLWK�SRRU�RXWFRPH�

(DUO\�LGHQWLILFDWLRQ�RI�SDWLHQWV�ZKRVH�VHL]XUHV�DUH�OLNHO\�WR�KDYH�SRRU�RXWFRPH�PD\�KHOS�WKH�HPHUJHQF\�SK\VLFLDQV�WR�SURYLGH�EHWWHU�PDQDJHPHQW�

7KH�REMHFWLYH��WR�LGHQWLI\�IDFWRUV�DVVRFLDWHG�ZLWK�SRRU�RXWFRPH�LQ�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�ZLWK�VHL]XUHV

'HVLJQ�DQG�0HWKRGV�

$�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\��FRQGXFWHG�RYHU�WZR�\HDUV��:HUH�LQFOXGHG�DOO�SDWLHQWV�ZKR�SUHVHQWHG�WR�WKH�('�ZLWK�VHL]XUHV��7KH�HSLGHPLRORJLFDO�
FOLQLFDO��ELRORJLFDO��WKHUDSHXWLF��DQG�HYROXWLRQ�FULWHULD�ZHUH�FROOHFWHG��3DWLHQWV�ZKR�ZHUH�DW�ULVN�RI�SRRU�SURJQRVLV�ZHUH��SDWLHQWV�ZLWK�VWDWXV
HSLOHSWLFXV��6(���WKRVH�ZKR�XQGHUZHQW�LQWXEDWLRQ��SDWLHQWV�DGPLWWHG�WR�WKH�LQWHQVLYH�FDUH�XQLW��,&8��DQG�WKH�QRQ�VXUYLYLQJ�SDWLHQWV��0XOWLYDULDWH
DQDO\VLV�E\�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ�ZDV�SHUIRUPHG�

5HVXOWV�

����SDWLHQWV�ZHUH�HQUROOHG��0HDQ�DJH����������\HDUV��6H[�5DWLR��������&RPRUELGLWLHV��KLVWRU\�RI�HSLOHSV\�1� ������������GLDEHWHV�1� ����������
KLVWRU\�RI�V\VWHPLF�GLVHDVH�1� �����������KLVWRU\�RI�QHRQDWDO�SDLQ�1� ���������3DWLHQWV�ZLWK�6(�1 ����������,QWXEDWHG�SDWLHQWV�1 �������
DGPLVVLRQ�WR�WKH�,&8�1 ��������QRQ�VXUYLYLQJ�1 ���������3DWLHQWV�ZLWK�EDG�RXWFRPH�1 ����������

,Q�XQLYDULDWH�DQDO\VLV��IDFWRUV�DVVRFLDWHG�ZLWK�EDG�RXWFRPH�ZHUH��DOFRKRO�LQWR[LFDWLRQ��S� ���������EDG�DGKHUHQFH�WR�WUHDWPHQW��S �������
JHQHUDOL]HG�WRQLF�FORQLF�VHL]XUH��S� ���������UHFXUUHQFH�RI�VHL]XUH��S� ���������PHQLQJHDO�V\QGURPH��S� ���������SRVW�FULWLFDO�FRPD��S� ��������
�UHVSLUDWRU\�UDWH!�����S� ���������*ODVJRZ�FRPD�VFDOH�������S����������OHQJWK�RI�SRVW�FULWLFDO�FRPD!����PLQ��S� ���������ODFWDWH�OHYHOV!������S� 
�������

0XOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ�DQDO\VLV�LGHQWLILHG�WKH�UHFXUUHQFH�RI�VHL]XUH�DV�D�EDG�RXWFRPH�UHODWHG�IDFWRU�ZLWK�DQ�2GGV�UDWLR��25��DW������DQG
FRQILGHQFH�LQWHUYDO��&,������>������Ä�������@�S ������

&RQFOXVLRQ�

5HFXUUHQFH�RI�VHL]XUH�FDQ�OHDG�WR�SRRU�SURJQRVLV�LQ�SDWLHQWV�ZLWK�VHL]XUHV�SUHVHQWLQJ�WR�WKH�('��
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��������(YDOXDWLRQ�RI�WKH�PDQDJHPHQW�RI�VHYHUH�VHSVLV�LQ�WKH�HPHUJHQF\���LQVLJKWV�IURP�5H6686�5HJLVWU\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&+(5,)$�%(&+,.+������&+$:.,�-(%$/,������+$-(5�<$&28%,������$VPD�=25*$7,������/27),�%28.$','$������5LDGK�%RXNHI����

���(PHUJHQF\�RI�6DKORXO��6RXVVH��6RXVVH��781,6,$
���8UJHQFHV��&+8�6DKORXO�GH�6RXVVH��6RXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���6RXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���6RXVVH���781,6,$

.H\ZRUGV��6HSVLV��(PHUJHQF\��5HJLVWU\

$EVWUDFW��

,QWURGXFWLRQ��VHSVLV�DUH�DVVRFLDWHG�ZLWK�KLJK�PRUWDOLW\�ZRUOGZLGH��,W�LV�QRZ�DFFHSWHG�WKDW�VXSSRUW�WKH�SUHFRFLW\�LV�D�SURJQRVWLF�IDFWRU��7KH�UROH�RI
WKH�HPHUJHQF\�SK\VLFLDQ�LV�HVVHQWLDO�LQ�WKH�UHFRJQLWLRQ�RI�VHYHUH�VHSVLV�DQG�WUHDWPHQW�LQLWLDWLRQ��)HZ�GDWD�H[LVW�UHJDUGLQJ�WKH�HYDOXDWLRQ�RI�RXU
GDLO\�SUDFWLFH�LQ�WKH�HPHUJHQFLHV�

0HWKRGV��7KLV�LV�D�SURVSHFWLYH�VWXG\�RI����FDVHV�RI�VHYHUH�VHSVLV�DQG�VHSWLF�VKRFN�DPRQJ�����FDVHV�UHFRUGHG�LQ�D�UHJLVWHU�RI�VHSVLV��5H6686��,W
GDWDEDVH�REVHUYDWLRQDO�RQ�WKH�PDQDJHPHQW�RI�DOO�VHSVLV�LQ�RXU�VHUYLFH�EHJDQ�RQ�����������7KH�JHQHUDO�GDWD��FOLQLFDO��ELRORJLFDO��PLFURELRORJLFDO��DQG
WKH�ILQDO�GLDJQRVLV�DQG�FKDUDFWHULVWLFV�RI�VXSSRUW�ZHUH�FROOHFWHG��PDQDJHPHQW�RI�GHDGOLQHV�ZHUH�SDUWLFXODUO\�PHQWLRQHG��7KH�GHILQLWLRQ�XVHG�LQ�WKH
VHYHUH�VHSVLV�LV�OLNH�WKDW�DGRSWHG�E\�VXUYLYLQJ�VHSVLV�FRPSDLJQ������

5HVXOWV��7KH�SHUFHQWDJH�RI�VHYHUH�VHSVLV�LV���������7KH�PHDQ�DJH� ����k��\HDUV��������DUH�ZRPHQ�DQG�WKLUG�KDYH�GLDEHWHV��+HPRG\QDPLF
IDLOXUH�ZDV�PDUNHG�LQ��������RI�FDVHV��$Q�DOWHUHG�VWDWH�RI�FRQVFLRXVQHVV�LV�IRXQG�LQ�������RI�FDVHV��7KH�KHPRVWDVH�GLVRUGHU�QRWHG�LQ��������RI
FDVHV��5HQDO�IDLOXUH�LQ��������RI�FDVHV��7KH�RULJLQ�RI�LQIHFWLRQ�LV�LQ��������RI�SXOPRQDU\�RULJLQ��LQ��������RI�XULQDU\�RULJLQ��7KH�DYHUDJH�WLPH�RI
DGPLQLVWUDWLRQ�RI�DQWLELRWLFV�LV��K����PQ����PQ�����K���)OXLG�UHSODFHPHQW�LV�LPPHGLDWHO\�DGPLQLVWHUHG�LQ�PRVW�FDVHV���������7KH�FDWHFKRODPLQHV
�QRUHSLQHSKULQH��LV�XVHG�LQ��������RI�FDVHV��7KH�HYROXWLRQ�ZDV�PDUNHG�E\�FOLQLFDO�LPSURYHPHQW�LQ��������RI�FDVHV��GHDWK�LQ��������RI�FDVHV��7KH
VWDWH�RI�VHSWLF�VKRFN�LV�WKH�PRVW�IUHTXHQWHG�FRPSOLFDWLRQ�LQ������RI�FDVHV�

&RQFOXVLRQ��7KH�PDQDJHPHQW�RI�VHYHUH�VHSVLV�UHPDLQV�LQVXIILFLHQW��,QFOXGLQJ�WKH�SHULRG�UHFRPPHQGHG�DQWLELRWLF�WUHDWPHQW�GHOLYHU\�DUH�QRW
UHVSHFWHG�LQ�WKH�PDMRULW\�RI�FDVHV��5HFRJQLWLRQ�RI�ULVN�IDFWRUV�IRU�VHYHUH�VHSVLV�IURP�WKH�VRUWLQJ�LV�HVVHQWLDO�
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��������'\VSQHD�VHFRQGDU\�WR�DFXWH�VDUFRLGRVLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�,VDEHO�&RUUHD������-XVWLQR�3DFKHFR����

���(PHUJHQF\�DQG�FULWLFDO�FDUH��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1
���(PHUJHQF\��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1

.H\ZRUGV��3XOPRQDU\�VDUFRLGRVLV��(U\WKHPD�QRGRVXP

$EVWUDFW��

$Q����\HDU�ROG�ZRPDQ����FKLOGUHQ��KRXVHZLIH��6PRNLQJ����FLJDUHWWHV�D�GD\��1R�SUHYLRXV�GLVHDVH�RU�IDPLO\�KLVWRU\�RI�LQWHUHVW��+RVSLWDO�HPHUJHQF\
GHULYHG�E\�IDPLO\�GRFWRU�G\VSQHD�DW����GD\V�RI�HYROXWLRQ��OLWWOH�FRXJK��JHQHUDO�PDODLVH�DQG�VWULNLQJ�DIHEULOH�EDVDO�VDWXUDWLRQ������,W�KDV�EHFRPH
V\PSWRPDWLF�WUHDWPHQW�ZLWK�SDUDFHWDPRO�DQG�FRXJK�VXSSUHVVDQWV��&KLOGUHQ�ZLWK�XSSHU�WUDFW�UHVSLUDWRU\�LQIHFWLRQV��'R�QRW�WULS��$�ELUG�/RYHELUGV�DW
KRPH�IRU�PRQWKV�

2Q�H[DPLQDWLRQ��QRUPRWHQVLYH����SP�LQ�VLQXV�UK\WKP��QR�IHYHU��JRRG�JHQHUDO�FRQGLWLRQ��HXSQHLF��EDVDO�VDWXUDWLRQ������$XVFXOWDWLRQ�UK\WKPLF
VRXQGV�DQG�EUHDWK�VRXQGV�ZLWKRXW�PXUPXUV�SUHVHUYHG�ZLWKRXW�SDWKRORJLFDO�QRLVHV��:DQGHULQJ����PHWHUV�EHJDQ�ZLWK�LQFUHDVHG�G\VSQHD��OLS
F\DQRVLV��LQFUHDVHG�UHVSLUDWRU\�UDWH�DQG�VDWXUDWLRQ�WR������DOO�ZLWK�DFFHSWDEOH�WROHUDQFH��$EGRPHQ�ZLWKRXW�ILQGLQJV��5LJKW�OHJ�HOHYDWHG
HU\WKHPDWRXV�OHVLRQ���FP�DQWHULRU�WLELDO�GLDPHWHU�

2XU�ILUVW�VXVSHFWHG�GLDJQRVLV�RI�SXOPRQDU\�HPEROLVP�ZDV�VFUHHQLQJ�RU�K\SHUVHQVLWLYLW\�SQHXPRQLWLV�ORYHELUGV��OHVV�OLNHO\�VDUFRLGRVLV�RU�DW\SLFDO
SQHXPRQLD�

5DGLRJUDSK\�DVN�ZKHUH�GUHZ�DWWHQWLRQ�LQILOWUDWHG�GLIIXVH�ELODWHUDO�DOYHRODU�LQWHUVWLWLDO�SDWWHUQ��$QDO\WLFDO�OHXNRF\WRVLV�������������1��3&5�GLPHU�'
�������QRUPDO�(.*�DQG�&7�DQJLRJUDSK\�QHJDWLYH�IRU�7(3�ZLWK�KLODU�O\PSKDGHQRSDWK\�DQG�ELODWHUDO�LQWHUVWLWLDO�SDWWHUQ�DQG�JURXQG�JODVV
FRQVROLGDWLRQ�SDWFKHG�7KRUD[��EORRG�FXOWXUHV��OHJLRQHOOD�$J�DQG�SQHXPRFRFFXV��+,9��&KODP\GLD�DQG�0\FRSODVPD�$J��3&5�,QIOXHQ]D��JURZLQJ�0
WXEHUFXORVLV��LPPXQLW\�DQG�DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH��ULVHV�LQ��������RI�SDWLHQWV�ZLWK�VDUFRLGRVLV��VWXG\�ZHUH�H[WUDFWHG�

)RU�VXVSHFWHG�K\SHUVHQVLWLYLW\�SQHXPRQLWLV�6DUFRLGRVLV�YHUVXV�HQWHUV�3QHXPRORJ\��ZLWK�D�ILQDO�GLDJQRVLV�RI�6DUFRLGRVLV�E\�OXQJ�ELRSV\
�QRQ�QHFURWL]LQJ�JUDQXORPDWRXV�LQIODPPDWLRQ��

�6DUFRLGRVLV�LV�D�JUDQXORPDWRXV�PXOWLV\VWHP�GLVHDVH�FKDUDFWHUL]HG�E\�WKH�DFFXPXODWLRQ�LQ�YDULRXV�RUJDQV��HVSHFLDOO\�WKH�OXQJ��JUDQXORPD�IRUPHG�E\
7�O\PSKRF\WHV�DQG�PDFURSKDJHV��GLVWRUWLQJ�QRUPDO�WLVVXH�VWUXFWXUH�LQ�WKH�VHDWLQJ��,W�LV�RI�XQNQRZQ�FDXVH��WKH�FXUUHQW�K\SRWKHVLV�UHODWHV�LW�DSSHDUV
LQ�JHQHWLFDOO\�VXVFHSWLEOH�SHRSOH��DGXOWV�PRUH�FRPPRQ�LQ�ZRPHQ�\RXQJHU�WKDQ����\HDUV��2IWHQ�LW�SUHVHQWV�ELODWHUDO�KLODU�O\PSKDGHQRSDWK\�
SXOPRQDU\�LQILOWUDWLRQ��������VNLQ�OHVLRQV�DQG�RFXODU�HU\WKHPD�QRGRVXP�W\SH��7KH�SUHYDOHQFH�RI�HU\WKHPD�QRGRVXP�VDUFRLGRVLV�LV�KLJKO\�YDULDEOH�
UDQJLQJ�EHWZHHQ���DQG�����RI�FDVHV��GXH�WR�UDFLDO��JHRJUDSKLF�DQG�JHQHWLF�IDFWRUV��7KH�GLDJQRVLV�LV�HVWDEOLVKHG�ZKHQ�FOLQLFDO�DQG�UDGLRORJLF
ILQGLQJV�DUH�VXSSRUWHG�E\�SDWKRORJ\��7KH�PRVW�FRPPRQO\�XVHG�WUHDWPHQW�RSWLRQV�DUH�FRUWLFRVWHURLGV��PHWKRWUH[DWH��DQWLPDODULDOV�

)RUHFDVW�����KDYH�VSRQWDQHRXV�UHVROXWLRQ�RI�WKH�GLVHDVH��ZKLOH�WKH�UHVW�HYROYH�FKURQLFDOO\��WKH�PRVW�VHULRXV�FRPSOLFDWLRQ�LV�SXOPRQDU\�ILEURVLV�
0RUWDOLW\�������PDLQO\�GXH�WR�UHVSLUDWRU\�IDLOXUH�

�
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��������%UXFHOORVLV�EDFN�SDLQ�DV�FDXVH�RI�DFXWH�HPHUJHQFLHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�,VDEHO�&RUUHD������-XVWLQR�3DFKHFR����

���(PHUJHQF\�DQG�FULWLFDO�FDUH��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1
���(PHUJHQF\��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1

.H\ZRUGV��%UXFHOOD��/RZ�EDFN�SDLQ

$EVWUDFW��

$Q����\HDU�ROG�ZRPDQ�ZLWK�D�KLVWRU\�RI�DUWHULDO�DQG�GLDEHWLF�K\SHUWHQVLRQ�LQGHSHQGHQW�DQG�DFWLYH�OLIH��ZKLFK�UHIHUV�LQ�WKH�ODVW�WZR�PRQWKV��PXOWLSOH
HPHUJHQF\�URRP�YLVLWV�IRU�OXPERVDFUDO�SDLQ�RI�LQIODPPDWRU\�DQG�PHFKDQLFDO�FKDUDFWHULVWLFV��ZKLFK�UDGLDWHV�WR�JOXWHDO�DQG�ORZHU�OLPE�ULJKW
DVVRFLDWLQJ�G\VHVWKHVLD�DQG�JUDGXDOO\�\RX�KDYH�ILQLVKHG�SURVWUDWLQJ�LQ�EHG�LQ�WKH�ODVW���GD\V��,W�KDV�UHSHDWHGO\�EHHQ�GLDJQRVHG�OXPERVFLDWLFD�ULJKW�
6KH�OLYHV�LQ�DQ�XUEDQ�HQYLURQPHQW�DQG�HDW�GDLU\�DQG�PHDW�VXSHUPDUNHW��,W�KDV�EHHQ�WUHDWHG�ZLWK�DQDOJHVLFV�DQG�DQWL�LQIODPPDWRULHV�VHYHUDO�QXOO
UHVSRQGHUV�WKHP��$VVRFLDWHG�DVWKHQLD��K\SRUH[LD�DQG�ZHLJKW�ORVV��$IWHU�EHLQJ�UHPRYHG�DOO�DQWL�LQIODPPDWRU\�PHGLFDWLRQ��IRU�PLOG�UHQDO�LPSDLUPHQW
LQ�D�YLVLW�WR�WKH�HPHUJHQF\�URRP����KRXUV�SULRU�WR�DGPLVVLRQ��EHJLQV�ZLWK�IHYHU��UHDVRQ�OHDGLQJ�WR�SHUIRUP�VHYHUDO�GLIIHUHQWLDO�GLDJQRVHV�WR
V\PSWRPV�RI�IHYHU��DFXWH�ORZ�EDFN�SDLQ�

2Q�H[DPLQDWLRQ�SDWLHQW�FROODERUDWRU��RYHUZHLJKW��IDLU�JHQHUDO�FRQGLWLRQ��IHYHU�����&q��RQ�D�VWUHWFKHU���(XSQHLF��1RUPRWHQVLYH��:HOO�K\GUDWHG�DQG
SHUIXVHG�

�$XVFXOWDWLRQ�DQG�UHJXODU�UK\WKPLF�WRQHV��DRUWLF�V\VWROLF�PXUPXU�,9���9,��K\SRYHQWLODWLRQ�LQ�ERWK�EDVHV��0DPDV�ZLWKRXW�ILQGLQJV�

$EGRPHQ��JOREXODU��V\PPHWULFDO��VRIW��GHSUHVVLEOH�ZLWKRXW�PDVV�RU�RUJDQ�HQODUJHPHQW��3DLQ�RQ�GHHS�SDOSDWLRQ�LQ�WKH�ULJKW�LOLDF�IRVVD��ZLWKRXW
SHULWRQHDO�LUULWDWLRQ�

/RZHU�H[WUHPLWLHV�VLJQV�RI�FKURQLF�YHQRXV�LQVXIILFLHQF\��1R�HGHPDV�

1HXURORJLFDO�H[DPLQDWLRQ��QR�IRFDO�QHXURORJLFDO�GHILFLWV�RI�FUDQLDO�QHUYHV�RU�VHQVRU\�PRWRU�SDWKZD\V��1R�PHQLQJHDO�VLJQV�

/RFRPRWRU��VOLJKW�GHIRUPLW\�RI�ERWK�NQHHV�LQ�UHODWLRQ�WR�GHJHQHUDWLYH�FKDQJHV��$FXSUHVVXUH�SDLQ�RI�OXPEDU�VSLQRXV�GRUVDO�GLVWDO�DQG�SUR[LPDO
PRYHPHQW�$UFRV�GH�FR[RIHPRUDOHV�GLPLQLVKHG�E\�SDLQ��ELODWHUDO�QHJDWLYH�IDEHUV��ELODWHUDO�QHJDWLYH�EUXVK�ZLWK�OLPLWHG�IOH[LRQ�QR�VLJQV�RI�DUWKULWLV�RU
NQHH�RU�DQNOH�RU�PHWDWDUVRSKDODQJHDO��ELODWHUDO�IOH[RU�SODQWDU�VNLQ�ZLWK�QR�VLJQV�RI�VSDVWLFLW\��/DVVHJXH�DQG�SRVLWLYH�%UDJDUG�/HIW����&q�

$QDO\WLFDO�KHPRJORELQ����/HXNRF\WH������

6LPSOH�7KRUD[�5DGLRJUDSK\��FRVWRSKUHQLF�JULS�ERWK�EUHDVWV�

5DGLRJUDSK\�OXPERVDFUDO�VSLQH��OLVWHVLV�/��DQG�GHFUHDVHG�MRLQW�VSDFH�RI�WKH�ULJKW�VDFURLOLDF�MRLQW�

�5RVH�%HQJDO�WHVW��SRVLWLYH�

)LQDO�GLDJQRVLV��ULJKW�VDFURLOLLWLV�ZLWK�VSRQG\ORGLVFLWLV�/��6��EUXFHOOD�VRXUFH�

(YROXWLRQ��7KH�SDWLHQW�ZDV�DGPLWWHG�WR�WKH�,QIHFWLRXV�'LVHDVHV��HYROYH�'R[\F\FOLQH�PRUH�IDYRUDEO\�DIWHU�VWDUW�VWUHSWRP\FLQ�

�'LVFXVVLRQ��%UXFHOORVLV�LV�D�GLVHDVH�WUDQVPLVVLEOH�WR�KXPDQV�DQG�FDSDEOH�RI�DIIHFWLQJ�YDULRXV�RUJDQV�DQG�WLVVXHV�]RRQRVHV��7KH�PRVW�FRPPRQ�LQ�WKH
KXPDQ�VSHFLHV�LV�%UXFHOOD�PHOLWHQVLV��ZKRVH�PDLQ�UHVHUYRLU�LV�FDWWOH��7KH�PDLQ�PHFKDQLVP�RI�WUDQVPLVVLRQ�LV�RUDO�IRU�GDLU\�SURGXFWV��,Q�RXU�FDVH�ZH
KDG�WR�PDNH�VHYHUDO�GLIIHUHQWLDO�GLDJQRVHV�DV��GHJHQHUDWLYH�FDXVHV��VWUXFWXUDO�FKDQJHV��LQIHFWLRXV��LQIODPPDWRU\�FKDQJHV��WXPRUV��PHWDEROLF�ERQH
GLVHDVHV��J\QHFRORJLFDO�SUREOHPV��NLGQH\�RU�LQWUD�DEGRPLQDO��,W�VKRXOG�GHWHFW�WKH�VR�FDOOHG�V\PSWRPV�DQG�VLJQV�RI��DODUP���WKH�UHDOL]DWLRQ�IHYHU�
WR[LF�VKRFN�V\QGURPH��ZHLJKW�ORVV��SUHYLRXV�KLVWRU\�RI�FDQFHU��VWHURLG�XVH��DJH�JUHDWHU����\HDUV�QRFWXUQDO�VHYHUH�SDLQ�WKDW�GRHV�QRW�VXEVLGH��SDLQ
H[DFHUEDWHG�VXSLQH�DQG�VWDQGLQJ�

7KH�LQFLGHQFH�UDWH�LQ�$QGDOXVLD�%UXFHOORVLV�LV������FDVHV�SHU���������LQKDELWDQWV��0DODJD�LV�HQGHPLF�%UXFHOOD�LQIHFWLRQ�



&35���5(686&,7$7,21 &+$:.,�-(%$/,

��������2XW�RI�+RVSLWDO�FDUGLDF�DUUHVW��SURVSHFWLYH�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$FKUHI�+$-�$/,������1HVULQH�,EQ�+$66,1(������&+$:.,�-(%$/,������1DZIHO�&+%,/,������$<0(1�-$28',������+DMHU�.5$,(0������0(-',�205,������0RKDPHG
1(-,%�.$528,����

���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���VRXVVH��781,6,$
���8UJHQFHV��&+8�6DKORXO�GH�6RXVVH���6RXVVH��781,6,$
���8UJHQFHV��&+8�6DKORXO�GH�6RXVVH��6RXVVH��781,6,$
���6$08������&+8�6$+/28/��6RXVVH��781,6,$
���(PHUJHQF\�RI�6DKORXO��6RXVVH��6RXVVH��781,6,$
���6$08������&+8�6$+/28/��VRXVVH��781,6,$
���6$08������&+8�6$+/28/��6RXVVH���781,6,$

.H\ZRUGV��2XW�RI�KRVSLWDO��FDUGLDF�DUUHVW��UHVXVFLWDWLRQ

$EVWUDFW��

,QWURGXFWLRQ��,Q�VSLWH�RI�PXFK�SURJUHVV�LQ�PHGLFLQH��RXW�RI�KRVSLWDO�FDUGLDF�DUUHVWV��2+&$��VWLOO�UHPDLQ�D�ODUJH�KHDOWK��VRFLDO��DQG�HFRQRPLF
SUREOHP��7KH�HSLGHPLRORJLF�GDWD�RQ�WKH�LQFLGHQFH��WKH�VXUYLYDO�DQG�WKH�SURJQRVWLF�IDFWRUV�RI�2+&$�LV�RIWHQ�KHWHURJHQHRXV��:H�WKHUHIRUH�FRQGXFWHG
WKH�SUHVHQW�VWXG\�WR�HYDOXDWH�WKH�PDQDJLQJ�RI�2+&$�LQ�RXU�UHJLRQ�

0HWKRGV��2XU�VWXG\�SURFHHGHG�EHWZHHQ�2FWREHU������DQG�'HFHPEHU�������:H�FRQGXFWHG�D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�IRU�DOO�2+&$
PDQDJHG�E\�RXUV�(07��7KXV�ZH�FROOHFWHG�WKH�HSLGHPLRORJLF�GDWD��DJH��VH[��JURXQG��WKH�KRXU�RI�VWRS��WKH�SODFH�RI�VWRSÌ���7KH�EHJLQQLQJ�RI�&35�DQG
WKH�GHFLVLRQ�RI�WKH�UHJXODWLQJ�GRFWRU��$V�ZHOO�DV�WKH�UK\WKP�RI�WKH�FDUGLDF�DUUHVW��WKH�LQLWLDO�UK\WKP�DQG�VLJQV�SUHFHGLQJ�WKH�DUUHVW��:H�FDUULHG�RXW
WKH�DQDO\VLV�RI�WKH�YDULRXV�UHVXOWV�E\�XVLQJ�WKH�6366�VRIWZDUH�������

5HVXOWV��'XULQJ�WKH�SHULRG�RI�VWXG\�ZH�FROOHFWHG�����FDVHV��:H�QRWHG�D�FOHDU�PDOH�SUHYDOHQFH�ZLWK�D�VH[�UDWLR�RI���DQG�DQ�DYHUDJH�DJH�RI����\HDUV
ZLWK�H[WUHPH�DJHV�RI�+��RI�OLIH�DW����\HDUV��7KH�KRXU�RI�FDOO�ZDV�UHODWLYHO\�PRUH�IUHTXHQW�EHWZHHQ���K�DQG�PLGQLJKW������YHUVXV������EHWZHHQ��K
DQG���K��DQG������EHWZHHQ��KHXUH�DQG���KRXUV�RI�WKH�PRUQLQJ���7KH�WLPH�EHWZHHQ�WKH�FDOO�DQG�WKH�2+&$�FRXOG�EH�LGHQWLILHG�RQO\�LQ�����FDVHV�RQO\
������DQG�ZDV�RI���k����PLQXWHV����RQO\�FDVHV�RI�2+&$�GXULQJ�WUDQVSRUW�ZDV�UHFRUGHG��$ODUP�ZDV�JLYHQ�E\�D�GRFWRU�LQ�����RI�WKH�FDVHV�DQG����
RI�WKH�2+&$�E\�D�FLWL]HQ��7KH�2+&$�ZHUH�PRUH�IUHTXHQW�LQ�UHVLGHQF\�������YV�������RI�WKH�FDVHV�LQ�D�KHDOWK�HVWDEOLVKPHQW��,Q�����RI�WKH�FDVHV�WKH
&35�ZDV�EHJXQ��WKH�GHFLVLRQ�WR�OLPLW�WKH�UHDQLPDWLRQ�ZDV�WDNHQ�LQ�����RI�WKH�FDUGLDF�DUUHVW��7KH�DYHUDJH�GXUDWLRQ�RI�1R�IORZ�QRWHG�ZDV�RI���k��
PLQXWHV��IRU�D�ORZ�IORZ�HVWLPDWHG�DW���k��PLQXWHV��$Q�LQLWLDO�VKRFNDEOH�UK\WKP�ZDV�IRXQG�DPRQJ����������SDWLHQW�DJDLQVW�����SDWLHQWV�������LQ
DV\VWROLD��/DVWO\��LQLWLDO�VXUYLYDO�LQ�RXU�VWXG\�LV�HVWLPDWHG�DW������,Q�WKH�PXOWLYDULDEOH�DQDO\VLV��WKH�IROORZLQJ�SUH�DUUHVW�IDFWRUV�ZHUH�VLJQLILFDQWO\
DVVRFLDWHG�ZLWK�VXUYLYDO��DJH��SXEOLF�ORFDWLRQ��FKHVW�SDLQ��G\VSQRHD��GL]]LQHVV��YRPLWLQJ��YHQWULFXODU�WDFK\FDUGLD��DQG�LQRWURSH�DGPLQLVWUDWLRQ�

&RQFOXVLRQ��7KH�SURJQRVLV�RI�YLFWLPV�&$�GHSHQGV�RQ�WKH�LQLWLDO�SDWLHQWÇV�FKDUDFWHULVWLFV��WKH�FLUFXPVWDQFHV�RI�WKH�&$�DQG�WKH�TXDOLW\�RI�WKH
PDQDJHPHQW��$V�D�UHVXOW��WKH�VXEVHTXHQW�RXWFRPH�RI�WKHVH�SDWLHQWV�UHOLHV�RQ�WKH�HIILFLHQF\�RI�WKH�FKDLQ�RI�VXUYLYDO��SURPSW�DOHUW��E\V�WDQGHU
FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ�DQG�HDUO\�GHILEULOODWLRQ��WKH�DGYDQFHG�FDUH�OLIH�VXSSRUW�SURYLGHG�E\�WKH�HPHUJHQF\�PHGLFDO�VHUYLFHV�DQG�WKH
LQWHJUDWLRQ�RI�LQ�KRVSLWDO�FDUH��*UHDW�HIIRUWV�UHODWLQJ�WR�WKH�LPSURYHPHQW�RI�TXDOLW\�DQG�WKH�GDWD�SURFHVVLQJ��DVVRFLDWHG�D�FROODERUDWLI�HIIRUW
�WUDQVYHUVH�UHVHDUFK��FUHDWLRQ�RI�UHJLVWHUV��RUJDQL]DWLRQ�LQ�FRQVRUWLXP��PXVW�EH�FDUULHG�RXW�WR�DOORZ�D�EHWWHU�DSSUHKHQVLRQ�RI�WKLV�SKHQRPHQRQ�
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��������0DVVLYH�LQWHQWLRQDO�LQWR[LFDWLRQ�GLJR[LQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-XVWLQR�3DFKHFR������0DULD�,VDEHO�&RUUHD����

���(PHUJHQF\��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1
���(PHUJHQF\�DQG�FULWLFDO�FDUH��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1

.H\ZRUGV��'LJR[LQ��,QWR[LFDWLRQ��7UHDWPHQW

$EVWUDFW��

)HPDOH����\HDUV�KLVWRU\�RI�UHFXUUHQW�IURP����\HDUV�GHSUHVVLYH�GLVRUGHU�WUHDWHG�ZLWK�DPLWULSW\OLQH�DQG�%URPD]HSDQ�ZLWK���SUHYLRXV�VXLFLGH�DWWHPSWV�
WKH�SDWLHQW�GHQLHV��+H�OLYHV�ZLWK�KLV�GDXJKWHU�LQ�PDUULDJH�VHSDUDWLRQ�SURFHVV��DJJUDYDWLQJ�KLV�GHSUHVVHG�VWDWH�

*R�WR�RXU�XUJHQW�WUDQVIHUUHG�LQ�PHGLFDOL]HG�DPEXODQFH��GXH�WR�PDVVLYH�LQWDNH�RI�����WDEOHWV�RI�GLJR[LQ����PJU��ZLWK�DXWRO\WLF�HQGV���KRXU�EHIRUH
�*DJ�UHIOH[��QRUPRWHQVLYH��VLQXV�UK\WKP����ESP��FRQVFLRXV�FROODERUDWRU�QRW�UHFRJQL]LQJ�LQWDNH��KLV�GDXJKWHU�FRQILUPV����,Q�DQDO\WLFDO�KLJK�OHYHOV�RI
GLJR[LQDHPLD��XVXDO�UDQJH��������QJ���PO��KDG!���QJ���PO��FDQ�QRW�VSHFLILHG�H[DFW�GLJR[LQDHPLD�WHFKQLFDO�SUREOHPV���3URFHGHPRV�WR�RURJDVWULF
ZDVKLQJ�WDEOHWV�DEXQGDQW�H[WUDFWLRQ�DQG�VXEVHTXHQW�DGPLQLVWUDWLRQ�RI�DFWLYDWHG�FKDUFRDO���,PPHGLDWHO\�ZH�DVN�GLJR[LQ�LPPXQH�SKDUPDF\�DQG
DGPLQLVWHU������PJU�YLDOV��HDFK�YLDO�QHXWUDOL]HV������PJ�RI�GLJR[LQ���WKH�QXPEHU�RI�YLDOV�LV�HTXDO�WR�GLJR[LQDHPLD�E\�ZHLJKW�GLYLGHG�E\������,I�WKH
DPRXQW�LQJHVWHG�RU�GLJR[LQDHPLD�LV�XQNQRZQ��DGPLQLVWHUHG�DW����YLDOV�LQ�DGXOWV��FKLOGUHQ���

%ORRG�FRXQW�DQG�ELRFKHPLVWU\�DQG�;�UD\�7KRUD[�ZLWKRXW�ILQGLQJV�

'XULQJ�DGPLVVLRQ�KH�SUHVHQWHG�JXVWLQJ�QRW�VHOI�OLPLWLQJ�VXVWDLQHG�YHQWULFXODU�WDFK\FDUGLD�UK\WKP�RI�VLQRDWULDO�EORFN�EDVHG�RQ�*UDGH���PRUH�35�WKDQ
����PVHF��RFFDVLRQDOO\�VLQXV�EUDG\FDUGLD�WR����ESP�DQG�PDUNHG�GLJLWDOLV�EXFNHW��+H�HQWHUHG�WKH����KRXUV�&DUGLRORJ\�LQ�VLQXV�UK\WKP�DW����ESP�35
OHVV�WKDQ�����PVHF�EHLQJ�HYDOXDWHG�DQG�WUHDWHG�E\�SV\FKLDWU\�

',6&866,21

'LJLWDOLV�WR[LFLW\�DVVRFLDWHG�ZLWK�FKURQLF�WUHDWPHQW��LV�D�UHFXUULQJ�FRPSODLQW�LQ�HPHUJHQF\��DJJUDYDWHG�LI�DVVRFLDWHG�ZLWK�K\SHUNDOHPLD�RU�UHQDO
IDLOXUH��$FXWH�SRLVRQLQJ�LV�H[FHSWLRQDO��DVVRFLDWHG�ZLWK�KLJK�PRUWDOLW\��GXH�WR�WKH�YDULDELOLW\�RI�UK\WKP�GLVRUGHUV�WKDW�RFFXU��%UDG\DUUK\WKPLDV
WUHDWHG�ZLWK�DWURSLQH�DQG�YHQWULFXODU�DUUK\WKPLDV�ZLWK�SKHQ\WRLQ�RU�OLGRFDLQH��/LIH�WKUHDWHQLQJ�VLWXDWLRQV�UHTXLUH�XVH�RI�DQWL�GLJLWDO�DQWL�DQWLERGLHV
DQG�DOWKRXJK�WKHUH�DUH�RQO\�VHYHQ�FDVH�VWXGLHV�VHULHV�KDYLQJ�D�ORZ�VFLHQWLILF�HYLGHQFH��PDQ\�DXWKRUV�FRQVLGHU�WKDW�WKH�DQWL�GLJLWDO�DQWL�DQWLERGLHV
DUH�D�ILUVW�OLQH�WUHDWPHQW�LQ�VHYHUH�GLJLWDOLV�LQWR[LFDWLRQ��DYDLODELOLW\�RI�DQWLERGLHV�DQWL�GLJLWDO�DQWL�UHIHUHQFH�KRVSLWDOV�LV�UHFRPPHQGHG�



75$80$ IUDQFHVFD�LQQRFHQWL

��������4XDOLW\�RI�OLIH�DIWHU�D�PLOG�WR�PRGHUDWH�WUDXPD�LQ�ROG�SDWLHQWV��D�ORQJ�WHUP�IROORZ�XS

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&KLDUD�*LJOL������)HGHULFD�7UDXVL������$OHVVDQGUR�&RSSD������5LWD�$XGLVLR������6WHIDQR�&DOFDJQR������)UDQFHVFD�,QQRFHQWL������5LFFDUGR�3LQL����

���(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�2EVHUYDWLRQ�8QLW��&DUHJJL�8QLYHUVLW\�+RVSLWDO��)ORUHQFH��,7$/<
���(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�2EVHUYDWLRQ�8QLW��8QLYHUVLW\�+RVSLWDO�&DUHJJL��)ORUHQFH��,7$/<

.H\ZRUGV��WUDXPD��SURJQRVLV��FRPRUELGLWLHV��VFRULQJ�V\VWHPV

$EVWUDFW��

%DFNJURXQG��7R�HYDOXDWH�ORQJ�WHUP�UHGXFWLRQ�LQ�KHDOWK�UHODWHG�TXDOLW\�RI�OLIH��+542/��DIWHU�D�PLOG�WR�PRGHUDWH�WUDXPD�LQ�ROG�SDWLHQWV�DGPLWWHG�WR
DQ�(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�8QLW��('�+'8���DQG�WR�VWXG\�SRVVLEOH�GHWHUPLQDQWV�RI�WKH�+542/�UHGXFWLRQ�

0HWKRGV��:H�SHUIRUPHG�D�IROORZ�XS�VWXG\�RI�D�FRKRUW�RI�����WUDXPD�SDWLHQWV�DGPLWWHG�WR�WKH�('�+'8�RI�WKH�8QLYHUVLW\�+RVSLWDO�RI�)ORUHQFH�IURP
-XO\�������WR�'HFHPEHU������������VXEMHFWV�ZHUH�ORVW�DW�WKH�IROORZ�XS��$QDPQHVWLF�DQG�PDLQ�FOLQLFDO�GDWD�ZHUH�REWDLQHG�IRU�HDFK�SDWLHQW��LQ�RUGHU�WR
HYDOXDWH�WKH�RUJDQ�G\VIXQFWLRQ�LQGH[�6HTXHQWLDO�2UJDQ�)DLOXUH�$VVHVVPHQW��62)$��VFRUH�DW�('�HQWUDQFH��7���DQG�DIWHU����KRXUV�RI�('�+'8�VWD\
�7����,QMXU\�6HYHULW\�6FRUH��,66��ZDV�FDOFXODWHG�XVLQJ�WKH������XSGDWHG�YHUVLRQ�RI�WKH�$EEUHYLDWHG�,QMXU\�6FRUH��$�IROORZ�XS�EDVHG�RQ�WHOHSKRQH
LQWHUYLHZV�XVLQJ�WKH�3K\VLFDO��3&6��DQG�0HQWDO��0&6��+HDOWK�&RPSRVLWH�6FRUH��6)����ZDV�FRQGXFWHG�LQ�WKH�SHULRG�2FWREHU�������-DQXDU\�������

5HVXOWV��2YHUDOO�PRUWDOLW\�UDWH�ZDV��������LQ�KRVSLWDO�PRUWDOLW\�DQG����PRUWDOLW\�UDWH�GXULQJ�IROORZ�XS���7KH�VWXG\�SRSXODWLRQ�LQFOXGHG����
SDWLHQWV������DJHG�Ô���\HDUV��*���DQG�����!���\HDUV��*����0DOH�JHQGHU�ZDV�PRUH�IUHTXHQW�LQ�*��FRPSDUHG�WR�*�������YV������S��������DQG
SUHYDOHQFH�RI�FRPRUELGLW\�ZDV�GLVSURSRUWLRQDWHO\�KLJKHU�LQ�*��FRPSDUHG�WR�*������YV������S���������7UDXPD�VHYHULW\�ZDV�FRPSDUDEOH�EHWZHHQ
WKH�WZR�JURXSV��,66��*����k��YV�*����k���PDMRU�WUDXPD����YV������DOO�S 16���ZKLOH�7��DQG�7��62)$�VFRUHV�ZHUH�KLJKHU�LQ�*��FRPSDUHG�WR�*���7��
���k����YV����k�����7������k����YV����k�����DOO�S���������$OO�EXW�RQH�QRQ�VXUYLYRUV�EHORQJHG�WR�*���3&6�DQG�0&6�VFRUHV�ZHUH�VLJQLILFDQWO\�ORZHU�LQ
*��WKDQ�LQ�*���3&6����k���YV���k����S��������0&6���k���YV���k����S �������$IWHU�FDWHJRUL]DWLRQ�RI�WKH�VFRUHV�LQWR�IRXU�GLVDELOLW\�OHYHOV��*��DQG
*��GLVWULEXWLRQ�RI�VXEMHFWV�DFURVV�OHYHOV�ZDV�GLIIHUHQW�ERWK�IRU�3&6��QRUPDO�����YV������PLOG�GLVDELOLW\�����YV������PRGHUDWH�GLVDELOLW\�����YV
�����VHYHUH�GLVDELOLW\����YV������S��������DQG�0&6�VFRUHV��QRUPDO�����YV������PLOG�GLVDELOLW\�����YV������PRGHUDWH�GLVDELOLW\����YV�����
VHYHUH�GLVDELOLW\�����YV������S ��������$PRQJ�*���VXEMHFWV�ZLWK�DQ�DEQRUPDO�������3&6�VFRUH�ZHUH�ROGHU����k���YV���k���\HDUV��S ��������KDG
D�KLJKHU�SUHYDOHQFH�RI�FRPRUELGLWLHV�����YV������S��������DQG�GHYHORSHG�D�KLJKHU�GHJUHH�RI�RUJDQ�GDPDJH�LQ�WKH�DFXWH�SKDVH��7��62)$����k���
YV����k�����S �������FRPSDUHG�ZLWK�VXEMHFWV�ZLWK�D�QRUPDO�VFRUH��*��SDWLHQWV�ZLWK�DQ�DEQRUPDO�0&6�VFRUH�ZHUH�ROGHU����k���YV���k���\HDUV�
S �������DQG�KDG�D�KLJKHU�SUHYDOHQFH�RI�FRPRUELGLWLHV�����YV������S �������FRPSDUHG�ZLWK�*��VXEMHFWV�ZLWK�D�QRUPDO�VFRUH��$PRQJ�*��SDWLHQWV�
ROGHU�SDWLHQWV�KDG�KLJKHU�3&6�DQG�0&6�VFRUHV��3&6����k��YV���k���0&6���k��YV���k���DOO�S�������DQG��RQO\�IRU�3&6��D�KLJKHU�SUHYDOHQFH�RI
FRPRUELGLWLHV�����YV������S �������

&RQFOXVLRQV��PLOG�WR�PRGHUDWH�WUDXPD�FDUULHV�D�VLJQLILFDQWO\�ZRUVH�SURJQRVLV�DPRQJ�ROG�VXEMHFWV�FRPSDUHG�ZLWK�WKHLU�\RXQJHU�FRXQWHUSDUW��ERWK�LQ
WHUP�RI�PRUWDOLW\�DQG�TXDOLW\�RI�OLIH�
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��������7KH�UROH�RI�VLPXODWLRQ�XQLW�LQ�&35�WUDLQLQJ�RI�KHDOWK�SURIHVVLRQDOV��WDUJHW�DXGLHQFH�IRFXVHG�&35�WUDLQLQJ�SURJUDPV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

=HUULQ�'HIQH�'XQGDU������6HPD�6R\VDO������$OSD\�$ULEDV����

���(PHUJHQF\�0HGLFLQH�'HSDUWPHQW��1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�0HUDP�)DFXOW\�RI�0HGLFLQH��.21<$��785.(<
���0HGLFDO�(GXFDWLRQ�'HSDUWPHQW��1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�0HUDP�)DFXOW\�RI�0HGLFLQH��.21<$��785.(<
���&DUGLRORJ\�'HSDUWPHQW��1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�0HUDP�)DFXOW\�RI�0HGLFLQH��.21<$��785.(<

.H\ZRUGV��&35��VLPXODWLRQ��KLJK�ILGHOLW\�PDQLNLQ��WUDLQLQJ

$EVWUDFW��

2EMHFWLYH��7KH�HPSKDVLV�RQ�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35��WUDLQLQJ�ZLWK�VNLOO�WUDLQHUV�DQG�KLJK�ILGHOLW\�PDQLNLQV�IRU�KHDOWK�SURIHVVLRQDOV�KDV
LQFUHDVHG�LQ�UHFHQW�EDVLF�DQG�DGYDQFHG�FDUGLDF�OLIH�VXSSRUW��%/6�DQG�$&/6��JXLGHOLQHV��6LPXODWLRQ�WUDLQLQJ�VXSSRUWHG�ZLWK�KLJK�ILGHOLW\�PDQLNLQV�KDV
DGGLWLRQDO�DGYDQWDJHV�GXH�WR�LQWHUDFWLYH�VFHQDULRV��7HDP�OHDGHUVKLS��GLVWULEXWLRQ�RI�WDVNV�GXULQJ�&35��WHDP�FRPPXQLFDWLRQ�DQG�WLPH�PDQDJHPHQW
VNLOOV�FDQ�EH�LPSURYHG�LQ�DGGLWLRQ�WR�LPSURYHPHQW�RI�FKHVW�FRPSUHVVLRQ�DQG�YHQWLODWLRQ�VNLOOV��+HUH��ZH�DLPHG�WR�SUHVHQW�WDUJHW�DXGLHQFH�IRFXVHG
&35�VLPXODWLRQ�WUDLQLQJ�SURJUDP�PRGHOV�SODQQHG�E\�1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�6LPXODWLRQ�DQG�0RGHOLQJ�5HVHDUFK�DQG�$SSOLFDWLRQ�8QLW
�1(8658��

0HWKRGV��1(8658�KDV�EHHQ�HVWDEOLVKHG�LQ������WR�FDUU\�RXW�JUDGXDWH�DQG�SRVWJUDGXDWH�WUDLQLQJ�SURJUDPV��1(8658�KDV�VWDUWHG�SRVWJUDGXDWH
HGXFDWLRQDO�SURJUDPV�LQ�$SULO�������7ZR�GLIIHUHQW�&35�WUDLQLQJ�SURJUDPV�ZHUH�FRQGXFWHG�EHWZHHQ�$SULO������DQG�0DUFK�������,Q�WKH�ILUVW�RQH�VWHS
SURJUDP��&35�6LPXODWLRQ�7UDLQLQJ�ZDV�SURYLGHG�ZLWK�$&/6�VFHQDULRV�XVLQJ�KLJK�ILGHOLW\�PDQLNLQ�DQG�VWDQGDUG�GHEULHILQJV�IRU�UHVLGHQWV�DQG�QXUVHV
ZKR�SHUIRUPHG�&35�DV�D�SDUW�RI�WKHLU�SURIHVVLRQDO�DFWLYLWLHV�URXWLQHO\��7KH�VHFRQG�SURJUDP�KDG�WZR�VWHSV�IRU�KHDOWK�SURIHVVLRQDOV�WUDLQHG�ZLWK
VWDQGDUG�WKHRUHWLFDO�DQG�SUDFWLFDO�&35�WUDLQLQJ�RQFH�GXULQJ�WKHLU�JUDGXDWH�GHJUHH�EXW�ZKR�GLG�QRW�SHUIRUP�&35�URXWLQHO\��,Q�WKH�ILUVW�VWHS�RI�VHFRQG
SURJUDP��&35�6NLOO�7UDLQLQJ�0RGXOH�ZDV�SURYLGHG�ZLWK�WKHRUHWLFDO�OHFWXUHV�DQG�WUDLQLQJV�ZLWK�VNLOO�WUDLQHUV��LQFOXGLQJ�DLUZD\��FKHVW�FRPSUHVVLRQ��DQG
GHILEULOODWLRQ��,Q�WKH�VHFRQG�VWHS��$XGLHQFH�)RFXVHG�&35�6LPXODWLRQ�7UDLQLQJ�ZDV�SURYLGHG�ZLWK�WDUJHW�DXGLHQFH�IRFXVHG�%/6�DQG�$&/6�VFHQDULRV�E\
XVLQJ�KLJK�ILGHOLW\�PDQLNLQ�DQG�RU�VWDQGDUG�SDWLHQWV��7KH�VFHQDULRV�ZHUH�SODQQHG�DFFRUGLQJ�WR�WKH�SURIHVVLRQDO�UHTXLUHPHQWV�RI�WUDLQHHV��H�J��RQO\
%/6�VFHQDULRV�IRU�GHQWLVWV��$OO�&35�WUDLQLQJ�SURJUDPV�DQG�PRGXOHV�ZHUH�HYDOXDWHG�E\�WUDLQHHV�ZLWK���SRLQW�VFDOH�VDWLVIDFWLRQ�TXHVWLRQQDLUH����SRLQW
ZDV�H[FHOOHQW�DQG���SRLQW�ZDV�IDLOHG�

5HVXOWV��,Q�RQH�\HDU�DFWLYLW\�SHULRG�RI�1(8658�����UHVLGHQWV�DQG����QXUVHV�DWWHQGHG�WR�&35�6LPXODWLRQ�7UDLQLQJ�SURJUDP������RI�WUDLQHHV�UDWHG�WKH
HTXLSPHQW�XVHG�LQ�WKH�WUDLQLQJ�DV�H[FHOOHQW�DQG�����RI�WKHP�UDWHG�DV�JRRG������RI�WUDLQHHV�UDWHG�WKH�WUDLQLQJ�VNLOOV�RI�WUDLQHUV�DV�H[FHOOHQW�DQG����
RI�WKHP�UDWHG�DV�JRRG��$W�WKH�VDPH�DFWLYLW\�SHULRG������KHDOWK�SURIHVVLRQDOV�IURP�GLIIHUHQW�GLVFLSOLQHV�DWWHQGHG�WR�&35�6NLOO�7UDLQLQJ�0RGXOH������RI
WUDLQHHV�UDWHG�WKH�HTXLSPHQW�XVHG�LQ�WKH�WUDLQLQJ�DV�H[FHOOHQW�DQG�����RI�WKHP�UDWHG�DV�JRRG������RI�WUDLQHHV�UDWHG�WKH�WUDLQLQJ�VNLOOV�RI�WUDLQHUV�DV
H[FHOOHQW�DQG�����RI�WKHP�UDWHG�DV�JRRG�����YROXQWHHUV�RI�WKRVH�����WUDLQHHV�DWWHQGHG�WR�$XGLHQFH�)RFXVHG�&35�6LPXODWLRQ�7UDLQLQJ������RI
WUDLQHHV�UDWHG�WKH�HTXLSPHQW�XVHG�LQ�WKH�WUDLQLQJ�DV�H[FHOOHQW�DQG�����RI�WKHP�UDWHG�DV�JRRG������RI�WUDLQHHV�UDWHG�WKH�WUDLQLQJ�VNLOOV�RI�WUDLQHUV�DV
H[FHOOHQW�DQG����RI�WKHP�UDWHG�DV�JRRG

&RQFOXVLRQ��:H�FRQFOXGH�WKDW�&35�WUDLQLQJ�SURJUDPV�IRU�KHDOWK�SURIHVVLRQDOV�ZLWK�VNLOO�WUDLQHUV�DQG�KLJK�ILGHOLW\�PDQLNLQ�VXSSRUWHG�VLPXODWLRQ
LQFUHDVH�WUDLQHH�VDWLVIDFWLRQ�DQG�WUDLQHU�LQWHUDFWLYLW\��$OVR��ZH�VXJJHVW�WKDW�&35�WUDLQLQJ�SURJUDPV�PD\�EH�SODQQHG�XQLTXH�IRU�HYHU\�WDUJHW�DXGLHQFH
WR�LQFUHDVH�WKH�HIIHFWLYLW\�RI�VNLOO�DQG�SURFHVV�WUDLQLQJ�



&$5',29$6&8/$5 0$5,$�,6$%(/�&255($�526$/(6

��������+HDUW�DWWDFN�RI�RULJLQ�QRQDWKHURVFOHURWLF

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-XVWLQR�3DFKHFR������0DULD�,VDEHO�&RUUHD����

���(PHUJHQF\��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1
���(PHUJHQF\�DQG�FULWLFDO�FDUH��+RVSLWDO�5HJLRQDO�8QLYHUVLWDULR��0DODJD��63$,1

.H\ZRUGV��&RURQDU\�DUWHU\�GLVVHFWLRQ��0\RFDUGLDO�LQIDUFWLRQ

$EVWUDFW��

)HPDOH����\HDUV�ZLWKRXW�PHGLFDO�KLVWRU\�EHLQJ�DW�KRPH�KDYH�FKHVW�SDLQ�UDGLDWLQJ�WR�OHIW�DUP�FHQWUDO�RSUHVLYH�DFFRPSDQLHG�E\�LQWHQVH�YHJHWDWLYH
FRXUWVKLS��,Q�SULQFLSOH�LW�DWWULEXWHG�WR�UHFHQW�WUHDWPHQW�ZLWK�EHQ]RGLDSHFLQHV�GXH�WR�VHFRQGDU\�:KLSODVK�VXIIHUHG�D�FDU�DFFLGHQW���GD\V�EHIRUH
UROORYHU�RI�LWV�WRXULVP�DQG�WUDXPD�WR�FKHVW�ZLWK�WKH�VWHHULQJ�ZKHHO��%HFDXVH�RI�WKH�GXUDWLRQ�RI�WKH�HPHUJHQF\�DOHUWV�ER[��RQ�DUULYDO�KRPH�REMHFWLYH
LV�HOHFWURFDUGLRJUDP�67�XQGHUVLGH�ULVH�WR�QRUPDO�DIWHU�DGPLQLVWUDWLRQ�RI�QLWURJO\FHULQ�DQG�JLYLQJ�SDLQ�

,W�LV�KH�WUDQVIHUUHG�WR�RXU�KRVSLWDO��QRUPRWHQVLYH�UHPDLQV�LQ�FULWLFDO�DUHD�KDV�,GLRYHQWULFXODU�SDFH�ZLWK�QRUPDO�LQLWLDO�WURSRQLQ�VHOI�OLPLWLQJ��,W�LV
HQWHUHG�XQGHU�REVHUYDWLRQ�ZLWK�VXVSHFWHG�FRURQDU\�YDVRVSDVP�DV�HOHFWURFDUGLRJUDP�ZDV�QRUPDO��$W���KRXUV�WURSRQLQV�DQG�&.�0%����������
UHPDLQHG�DV\PSWRPDWLF��$W���KRXUV�RI�DGPLVVLRQ�SUHVHQWV�QHZ�ER[�W\SLFDO�FKHVW�SDLQ�ZLWK�67�HOHYDWLRQ�LQ�DQWHULRU�WHUULWRU\��*LYHQ�WKH�WUDXPDWLF
KLVWRU\�LV�UHTXHVWHG�7KRUD[�&7�DQJLRJUDSK\�ZLWKRXW�VLJQLILFDQW�ILQGLQJV��DUH�FRQWDFWHG�KHPRG\QDPLFV�FDUGLRORJLVW�DQG�FDUGLDF�FDWKHWHUL]DWLRQ
SURFHHG�WR�WKDW�REMHFWLYH�FRPSDWLEOH�DPSXWDWHG�DQWHULRU�GHVFHQGLQJ�GLVWDO�GLVVHFWLRQ��GHFLGLQJ�FRQVHUYDWLYH�WUHDWPHQW��:LWK�WKH�GLDJQRVLV�RI�FKHVW
SDLQ�VHFRQGDU\�WR�WUDXPDWLF�GLVVHFWLRQ�RI�WKH�OHIW�DQWHULRU�GHVFHQGLQJ�FRURQDU\�DUWHU\�HQWHUV�IRU����KRXUV�LQ�LQWHQVLYH�FDUH�XQLW�UHPDLQHG
DV\PSWRPDWLF�DQG�ZDV�GLVFKDUJHG�WR�JURXQG�ZKHUH�KH�UHPDLQHG�DGPLWWHG�IRU���GD\V�

$W�GLVFKDUJH�KH�ZDV�WUHDWHG�ZLWK�QLWURJO\FHULQ��EHWD�EORTXHQWHV�DQG�GXDO�DQWLSODWHOHW�WKHUDS\�

',6&866,21

:LWKLQ�QRQDWKHURVFOHURWLF�HWLRORJLHV�RI�DFXWH�P\RFDUGLDO�LQIDUFWLRQ�VHFRQGDU\�WR�EOXQW�FKHVW�WUDXPD�LV�D�UDUH�HQWLW\��7KH�GLIILFXOW\�LQ�PDNLQJ�WKH
GLDJQRVLV�LV�PDVNHG�E\�WKH�WUDXPDWLF�FRQWH[W��LW�LV�FRQIXVHG�ZLWK�WKH�WUDXPD�FOLQLF��6XVSLFLRQ�RI�WKLV�GLVHDVH�LV�WKH�EDVLV�RI�VXFFHVVIXO�PDQDJHPHQW
VLQFH�HDUO\�GLDJQRVLV�DOORZV�WR�VWDUW�WKH�FRUUHFW�WUHDWPHQW�

7KHUH�DUH�DOVR�FDVHV�RI�VSRQWDQHRXV�GLVVHFWLRQV�LQ�SDWLHQWV�ZLWK��ILEURPXVFXODU�G\VSODVLD��0DUIDQ�GLVHDVH��(KOHU�'DKQORV�GLVHDVH��SUHJQDQW�RU�LQWDNH
RI�FRQWUDFHSWLYHV��FRFDLQH�LQWR[LFDWLRQ�RU�LDWURJHQLF��DQJLRSODVW\��FDWKHWHUL]DWLRQ���$W�SUHVHQW�FRQVHUYDWLYH�WUHDWPHQW�LV�UHFRPPHQGHG�DV�PRVW
GLVVHFWLRQV�KHDO�VSRQWDQHRXVO\�

&$%*�LV�VXJJHVWHG�LQ�PXOWLYHVVHO�GLVVHFWLRQV��GLVVHFWLRQV�H[WHQVLYH�RQJRLQJ�LVFKHPLD�RU�FRPPLWPHQW�RI�OHIW�PDLQ�FRURQDU\�DUWHU\



$,5:$< &+$:.,�-(%$/,

��������2XW�RI�+RVSLWDO�'LIILFXOW�,QWXEDWLRQ�0DQDJHPHQW��SURVSHFWLYH�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$FKUHI�+$-�$/,������1HVULQH�,EQ�+$66,1(������&+$:.,�-(%$/,������1DZIHO�&+%,/,������$<0(1�-$28',������0(-',�205,������+DMHU�.5$,(0������0RKDPHG
1(-,%�.$528,����

���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���VRXVVH��781,6,$
���8UJHQFHV��&+8�6DKORXO�GH�6RXVVH���6RXVVH��781,6,$
���8UJHQFHV��&+8�6DKORXO�GH�6RXVVH��6RXVVH��781,6,$
���8UJHQFHV���&+8�6DKORXO�GH�6RXVVH���6RXVVH��781,6,$
���(PHUJHQF\�RI�6DKORXO��6RXVVH��6RXVVH��781,6,$
���6$08������&+8�6$+/28/��6RXVVH��781,6,$
���6$08������&+8�6$+/28/��VRXVVH��781,6,$
���6$08������&+8�6$+/28/��6RXVVH���781,6,$

.H\ZRUGV��LQWXEDWLRQ��RXW�RI�KRVSLWDO��'LIILFXOW�LQWXEDWLRQ

$EVWUDFW��

%DFNJURXQG�DQG�REMHFWLYH���/DU\QJHDO�WXEH��/7��DLUZD\V�DUH�FRPPRQO\�XVHG�LQ�WKH�SUHKRVSLWDO�VHWWLQJ��EXW�WKHUH�DUH�OLPLWHG�GDWD�RQ�FOLQLFDO
VXFFHVV�UDWHV�DFURVV�HPHUJHQF\�PHGLFDO�VHUYLFHV��(06��DJHQFLHV��3UHGLFWLRQ�RI�LQWXEDWLRQ�GLIILFXOW\�FDQ�VDYH�SDWLHQWV�IURP�PDMRU�SUH�RSHUDWLYH
PRUELGLW\�RU�PRUWDOLW\��:H�DLPHG�WR�GHWHUPLQH�IDFWRUV�DVVRFLDWHG�ZLWK�XQVXFFHVVIXO�/7�SODFHPHQW�LQ�WKH�SUHKRVSLWDO�VHWWLQJ�

0HWKRGV��:H�FRQGXFWHG�D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�RQ�SUHKRVSLWDO�HQGRWUDFKHDO�LQWXEDWLRQ��(7,��SHUIRUPHG�E\�SUHKRVSLWDO�FDUH�SURYLGHUV�
IURP�-DQXDU\�������WR�-DQXDU\�������:H�TXDQWLILHG�SDWLHQW��SURYLGHU��DQG�V\VWHP�FKDUDFWHULVWLFV��6XFFHVV�UDWHV�DQG�QXPEHU�RI�(7,�DWWHPSWV�ZHUH
FDOFXODWHG��3UHGLFWLQJ�GLIILFXOW�(7,�DQG�SURFHGXUH�FRPSOLFDWLRQV�ZHUH�HYDOXDWHG�IRU�WKH�HQWLUH�VWXG\�

5HVXOWV��'XULQJ�WKH�VWXG\�SHULRG��ZH�REVHUYHG�����DWWHPSWV�DW�ODU\QJHDO�WXEH�SODFHPHQW�E\�(PHUJHQF\�,QWHUQV�RU�3UHKRVSLWDO�(PHUJHQF\
SK\VLFLDQV��:H�QRWHG�D�FOHDU�PDOH�SUHYDOHQFH�ZLWK�D�VH[�UDWLR�RI���DQG�DQ�DYHUDJH�DJH�RI����\HDUV�ZLWK�H[WUHPH�DJHV�RI�+��RI�OLIH�DW����\HDUV�
8QVXFFHVVIXO�/7�SODFHPHQW�RFFXUUHG�LQ�������RI�ILUVW�DWWHPSWV�DQG������RI�FDVHV�RYHUDOO��7KH�PDMRULW\�RI�(,7�RFFXUUHG�LQ�SDWLHQWV�ZLWK�WUDXPDWLF
FRPSODLQWV���������DQG�LQ�FDUGLDF�DUUHVW����������*XLGHOLQHV�FRQVHQVXV�FRQIHUHQFHV�RQ�GLIILFXOW�LQWXEDWLRQ�DUH�RQO\�SDUWO\�IROORZHG�E\�WKH�(06��2QO\
����RI�WKH�(06�SHUIRUP�V\VWHPDWLF�UDSLG�LQWXEDWLRQ�VHTXHQFH��8QH[SHFWHG�GLIILFXOW�(7,�RFFXUUHG�LQ������RI�WKH�(7,V�VXVSHFWHG�WR�KDYH�QR
GLIILFXOWLHV��7KH�LQFLGHQFH�RI�GLIILFXOW�(7,�ZDV��������2QO\���FDVH�(7,�ZDV�LPSRVVLEOH��EXW�QR�SDWLHQW�ZDV�XQDEOH�WR�EH�YHQWLODWHG�VXIILFLHQWO\�
3UHGLFWLQJ�FRQGLWLRQV�IRU�GLIILFXOW�LQWXEDWLRQ�ZHUH�OLPLWHG�VXUURXQGLQJ�VSDFH�RQ�VFHQH��VKRUW�QHFN��REHVLW\��IDFH�DQG�QHFN�LQMXULHV��PRXWK
RSHQLQJ�����FP�DQG�%XUQ�LQMXULHV���S����������(7,�RQ�WKH�IORRU�RU�ZLWK�&�VSLQH�LPPRELOLVDWLRQ�LQ�VLWX�ZHUH�RI�QR�VLJQLILFDQW�LQIOXHQFH��&RPSOLFDWLRQV
RFFXUUHG�LQ�������������SDWLHQWV��7KH�LQFLGHQFH�RI�FRPSOLFDWLRQV�ZDV�DVVRFLDWHG�ZLWK�WKH�QXPEHU�RI�DWWHPSWV�PDGH�����LQ�RQH�DWWHPSW������LQ�WZR
DWWHPSWV��DQG�����LQ�WKUHH�DWWHPSWV��S�����������6HYHUH�GHVDWXUDWLRQ�DQG�LQKDODWLRQ�DVVRFLDWHG�ZLWK�(7,�ZHUH�QRWHG�LQ�UHVSHFWLYHO\���DQG���FDVHV�

&RQFOXVLRQ��7KH�ODU\QJHDO�WXEH�LV�DQ�HIIHFWLYH�DLUZD\�PDQDJHPHQW�WRRO�IRU�ERWK�DGYDQFHG�OLIH�VXSSRUW�DQG�FULWLFDO�FDUH�SUHKRVSLWDO�SURYLGHUV��6KRUW
QHFN��REHVLW\��IDFH�DQG�QHFN�LQMXULHV��PRXWK�RSHQLQJ�����FP�DQG�%XUQ�LQMXULHV�ZHUH�DVVRFLDWHG�ZLWK�XQVXFFHVVIXO�ODU\QJHDO�WXEH�SODFHPHQW�E\
SUHKRVSLWDO�SHUVRQQHO�



,1)(&7,286�',6($6(���6(36,6 IUDQFHVFD�LQQRFHQWL

��������3URJQRVWLF�VLJQLILFDQFH�RI�OHIW�DQG�ULJKW�YHQWULFXODU�V\VWROLF�G\VIXQFWLRQ�GXULQJ�VHSVLV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9DOHULR�7HRGRUR�6WHIDQRQH������&KLDUD�'RQQLQL������9LWWRULR�3DOPLHUL������)UDQFHVFD�,QQRFHQWL������5LFFDUGR�3LQL����

���(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�2EVHUYDWLRQ�8QLW��8QLYHUVLW\�+RVSLWDO�&DUHJJL��)ORUHQFH��,7$/<
���&DUGLRORJ\�8QLW��6��*��0RVFDWL�+RVSLWDO��$YHOOLQR��,7$/<

.H\ZRUGV��6HSVLV��SURJQRVLV��P\RFDUGLDO�G\VIXQFWLRQ

$EVWUDFW��

%DFNJURXQG��,Q�VHSVLV��RUJDQ�IDLOXUH�LV�XVHG�IRU�ULVN�VWUDWLILFDWLRQ��P\RFDUGLDO�G\VIXQFWLRQ�LV�FRPPRQ��EXW�DEQRUPDO�OHIW�YHQWULFXODU��/9��HMHFWLRQ
IUDFWLRQ��()��GRHV�QRW�SUHGLFW�RXWFRPH���:H�VRXJKW�WR�HYDOXDWH�IUHTXHQF\�DQG�SURJQRVWLF�LPSDFW�RI�ELYHQWULFXODU�G\VIXQFWLRQ�LQ�SDWLHQWV�ZLWK�VHYHUH
VHSVLV�RU�VHSWLF�VKRFN�LQGHSHQGHQW�WR�VWDQGDUG�DVVHVVPHQW�RI�RUJDQ�IDLOXUH�

0HWKRGV��&RQVHFXWLYH�VHSWLF�SDWLHQWV�DGPLWWHG�EHWZHHQ�2FWREHU������DQG�0DUFK������WR�D�+LJK�'HSHQGHQF\�PHGLFDO�XQLW�ZHUH�HQUROOHG�
6HSVLV�UHODWHG�2UJDQ�)DLOXUH�$VVHVVPHQW��62)$��VFRUH�ZDV�DVVHVVHG�DORQJ�ZLWK�/9�DQG�ULJKW�YHQWULFOH��59��GLPHQVLRQV�DQG�V\VWROLF�IXQFWLRQ�E\
HFKRFDUGLRJUDSK\�ZLWKLQ����KRXUV�IURP�WKH�DGPLVVLRQ��7�����/9�V\VWROLF�IXQFWLRQ�ZDV�HYDOXDWHG�DOVR�E\�EL�GLPHQVLRQDO�VSHFNOH�WUDFNLQJ�PRGDOLW\�
0RUWDOLW\�ZDV�HYDOXDWHG�LQ�WKH�VKRUW��GD\����'���DQG�LQWHUPHGLDWH�IROORZ�XS��GD\�����'����

5HVXOWV��,Q�����SDWLHQWV������RI�WKH�FRQVHFXWLYH�FDQGLGDWHV��PRUWDOLW\�ZDV�����DW�'��DQG�����DW�'����1RQ�VXUYLYRUV�ZHUH�VLJQLILFDQWO\�ROGHU�WKDQ
VXUYLYRUV��'�����k���YV���k���\HDUV��'������k���YV���k����DOO�S��������62)$�VFRUH�ZDV�FRPSDUDEOH�DPRQJ�VXUYLYRUV�DQG�QRQ�VXUYLYRU�DW�ERWK
IROORZ�XSV��'������k����YV����k�����'�������k����YV����k�����DOO�S 16���/9�GLDVWROLF�GLDPHWHU�����k����LQ�QRQ�VXUYLYRUV�YV����k����PP�LQ�VXUYLYRUV�
DQG�59�EDVDO�GLDPHWHU�����k����LQ�QRQ�VXUYLYRUV�YV����k����PP�LQ�VXUYLYRUV��PLGYHQWULFXODU�GLDPHWHU����k����LQ�QRQ�VXUYLYRUV�YV����k����PP�LQ
VXUYLYRUV��ORQJLWXGLQDO�GLDPHWHU����k����LQ�QRQ�VXUYLYRUV�YV����k����PP�LQ�VXUYLYRUV��DOO�S 16��GLG�QRW�GLIIHU�DFFRUGLQJ�WR�RXWFRPH��/9()�ZDV�RQO\
VOLJKWO\�ORZHU�LQ�QRQ�VXUYLYRUV�FRPSDUHG�ZLWK�VXUYLYRUV��'�����k���YV���k�����'��������k���YV���k�����DOO�S �������7ULFXVSLG�$QQXODU�6\VWROLF
3RVWHULRU�0RWLRQ��7$36(��RQO\�WHQGHG�WR�EH�ORZHU�LQ�WKH�VKRUW�WHUP�ZKLOH�LW�ZDV�ORZHU�LQ�QRQ�VXUYLYRUV�FRPSDUHG�WR�VXUYLYRUV��'������k����YV
���k�����S ������'������k����YV����k�����S ��������/9�JOREDO�ORQJLWXGLQDO�SHDN�V\VWROLF�VWUDLQ��/9*/6��ZDV�VLJQLILFDQWO\�OHVV�QHJDWLYH��L�H�
LQGLFDWLYH�RI�PRUH�SURQRXQFHG�LPSDLUPHQW�RI�/9�FRQWUDFWLOLW\���LQ�QRQ�VXUYLYRUV�WKDQ�LQ�VXUYLYRUV��'�������k����YV������k�����S �������'��
�����k����YV������k�����S ������LQGLFDWLQJ�D�PRUH�SURQRXQFHG�LPSDLUPHQW�RI�/9�FRQWUDFWLOLW\��2YHUDOO�����SDWLHQWV�VKRZHG�QRUPDO�/9�DQG�59
V\VWROLF�IXQFWLRQ�����VKRZHG�HLWKHU�/9�RU�59�V\VWROLF�G\VIXQFWLRQ��/9�V\VWROLF�G\VIXQFWLRQ��/9*/6�!������59�V\VWROLF�G\VIXQFWLRQ��7$36(��

&RQFOXVLRQV��$�VLJQLILFDQW�SURSRUWLRQ�RI�VHSWLF�SDWLHQWV�GHYHORSHG�D�/9�DQG�RU�59�V\VWROLF�G\VIXQFWLRQ��EXW�/9�V\VWROLF�G\VIXQFWLRQ�DVVHVVHG�E\
/9*/6�ZDV�WKH�VWURQJHVW�SURJQRVWLFDWRU�RI�RXWFRPH�ERWK�LQ�WKH�VKRUW�DQG�LQWHUPHGLDWH�IROORZ�XS�



%,20$5.(56 .DUROLQ�:LNOXQG

��������$PLQR�DFLGV�SUHGLFWLQJ�SURJQRVLV�LQ�SDWLHQWV�ZLWK�DFXWH�G\VSQRHD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

.DUROLQ�:LNOXQG������0DULD�%HQJWVVRQ�7RQL������0DUMDQHK�3H\PDQ������/HQD�7HJQ�U������.ODV�*U�QVER������0DWWLDV�:LHORFK������2OOH�0HODQGHU����

���0'��7KH�'HSDUWPHQW�RI�&OLQLFDO�6FLHQFHV�0DOPR��)DFXOW\�RI�0HGLFLQH��/XQG�8QLYHUVLW\��/XQG��6ZHGHQ��0DOP���6:('(1
���51��'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH�DQG�(PHUJHQF\�0HGLFLQH��6NDQH�8QLYHUVLW\�+RVSLWDO���0DOPR��6ZHGHQ���0DOP���6:('(1
���0'��'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH�DQG�(PHUJHQF\�0HGLFLQH��6NDQH�8QLYHUVLW\�+RVSLWDO���0DOPR��6ZHGHQ���0DOPR��6:('(1
���0'�3K'��7KH�'HSDUWPHQW�RI�&OLQLFDO�6FLHQFHV�0DOPR��)DFXOW\�RI�0HGLFLQH��/XQG�8QLYHUVLW\��/XQG��6ZHGHQ��0DOP���6:('(1

.H\ZRUGV��%LRPDUNHUV��DPLQR�DFLGV��G\VSQRHD

$EVWUDFW��

�

2EMHFWLYH

7R�LGHQWLI\�DPLQR�DFLGV�WKDW�SUHGLFWV�ULVN�RI����GD\V�PRUWDOLW\�LQ�SDWLHQWV�ZLWK�DFXWH�G\VSQHD�

,QWURGXFWLRQ

'\VSQRHD�LV�RQH�RI�WKH�PRVW�FRPPRQ�V\PSWRPV�DW�WKH�HPHUJHQF\�GHSDUWPHQW��('���DFFRXQWLQJ�IRU�DSSUR[LPDWHO\�����PLOOLRQ�YLVLWV�LQ�WKH
HPHUJHQF\�GHSDUWPHQW�HYHU\�\HDU�LQ�WKH�86��7KH�XQGHUO\LQJ�GLIIHUHQWLDO�GLDJQRVHV�DUH�GLYHUVH�DQG�UDQJH�IURP�FRQGLWLRQV�ZLWK�KLJK�ULVN�RI�PRUWDOLW\
WR�YLUWXDOO\�QR�ULVN�RI�PRUWDOLW\�DW�DOO��'HWHUPLQLQJ�ULVN�RI�PRUWDOLW\�PD\�DLG�ILUVW�OLQH�SK\VLFLDQ�LQ�VXEVHTXHQW�GHFLVLRQ�PDNLQJ�UHJDUGLQJ�LQYHVWLJDWLRQ
DQG�OHYHO�RI�FDUH��

0HWDEROLF�FKDQJHV�DV�SDUW�RI�D�SDWKRORJ\�FDQ�DLG�WR�LQGLFDWH�VHYHULW\�RI�GLVHDVH�DQG�SURJQRVLV��$PLQR�DFLGV�DUH�D�YLWDO�SDUW�RI�WKH�PHWDEROLVP��DQG
FDQ�EH�DOWHUHG�GXULQJ�D�FDWDEROLF�VWDWH��7KH\�PD\�WKHUHIRUH�EH�RI�LPSRUWDQFH�LQ�GHWHUPLQLQJ�SURJQRVLV�LQ�SDWLHQWV�ZLWK�DFXWH�G\VSQRHD���

0HWKRG

1LQH�DPLQR�DFLGV�ZHUH�DQDO\VHG�LQ�SODVPD��LQ�����DGXOW�SDWLHQWV�DGPLWWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��ZLWK�DFXWH�G\VSQRHD��DQG�WKHQ
UHODWHG�WR�ULVN�RI����GD\V�PRUWDOLW\�XVLQJ�&R[�SURSRUWLRQDO�KD]DUG�PRGHOV�DGMXVWHG�IRU�DJH��VH[��R[\JHQ�VDWXUDWLRQ��UHVSLUDWRU\�UDWH��&�UHDFWLYH
SURWHLQ��&53���ODFWDWH��HVWLPDWHG�JORPHUXODU�ILOWUDWLRQ�UDWH��H*)5��DQG�È0HGLFDO�(PHUJHQF\�7ULDJH�DQG�7UHDWPHQW�6\VWHP�$GXOWÉ���VFRUH�

5HVXOW

(LJKW\�IRXU�SDWLHQWV���������GLHG�ZLWKLQ����GD\V�IURP�DGPLVVLRQ��7ZR�VWURQJ�DQG�LQGHSHQGHQW�DPLQR�DFLG�VLJQDOV�ZHUH�GHWHFWHG��7KH�+D]DUG�5DWLR
�����FRQILGHQFH�LQWHUYDO��IRU����GD\V�PRUWDOLW\�SHU���VWDQGDUG�GHYLDWLRQ��6'��LQFUHPHQW�RI�3KHQ\ODODQLQH�ZDV��������������������3 ���[������DQG�IRU
9DOLQH������������Ä��������3� ����[������$Q�È$PLQR�$FLG�0RUWDOLW\�5LVN�6FRUHÉ��$056��VXPPLQJ�VWDQGDUGL]HG�DQG�ZHLJKWHG�YDOXHV�RI�3KHQ\ODODQLQH
DQG�9DOLQH��UHYHDOHG�WKDW�RI�SDWLHQWV�EHORQJLQJ�WR�TXDUWLOH����4���RI�WKH�$056��RQO\���SDWLHQW�GLHG��ZKHUHDV����SDWLHQWV�GLHG�DPRQJ�WKRVH�EHORQJLQJ
WR�TXDUWLOH����(DFK���6'�LQFUHPHQW�RI�WKH�$056�ZDV�DVVRFLDWHG�ZLWK�D�+D]DUG�5DWLR�RI�������������Ä��������3 ���[������IRU����GD\V�PRUWDOLW\�DQG�WKH
SRLQW�HVWLPDWH�ZDV����WLPHV�KLJKHU�LQ�4��DV�FRPSDUHG�WR�4��RI�WKH�$056��3WUHQG�RYHU�TXDUWLOHV ���[������

&RQFOXVLRQ

3KHQ\ODODQLQH�DQG�YDOLQH�DUH�VWURQJO\�DQG�LQGHSHQGHQWO\�UHODWHG�WR�ULVN�RI����GD\V�PRUWDOLW\�LQ�XQVHOHFWHG�SDWLHQWV�DGPLWWHG�WR�WKH�('�EHFDXVH�RI
DFXWH�G\VSQHD��VXJJHVWLQJ�WKDW�WKH\�PD\�JXLGH�ILUVW�OLQH�SK\VLFLDQV�DW�WKH�('�LQ�ULVN�DVVHVVPHQW�ZKLFK�LQ�WXUQ�FRXOG�OHDG�WR�PRUH�DFFXUDWH�OHYHO�RI
FDUH�DQG�WUHDWPHQW�LQWHQVLW\�

:H�VSHFXODWH�WKDW�KLJK�OHYHOV�RI�SKHQ\ODODQLQH�UHIOHFWV�PXVFOH�EUHDNGRZQ�DQG�ORZ�OHYHOV�RI�YDOLQH�GXH�WR�LQFUHDVHG�PHWDEROLF�VXEVWUDWH�GHPDQG�DV
D�UHVXOW�RI�DFXWH�FDWDEROLF�VWUHVV�LQ�UHVSRQVH�WR�DFXWH�G\VSQRHD���



5(63,5$725<�(0(5*(1&,(6 3+,/,33(�/(�&217(

��������,QLWLDO�PHFKDQLFDO�YHQWLODWLRQ�VHWWLQJV�LQ�SUH�KRVSLWDO�DQG�KRVSLWDO�HPHUJHQF\�PHGLFLQH���UHWURVSHFWLYH�VWXG\�ZLWK
HPSKDVLV�RQ�OXQJ�SURWHFWLYH�YHQWLODWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$QQH�0�O�DUG������3KLOLSSH�3HV������)UDQ�RLV�-DYDXGLQ������3KLOLSSH�/H�&RQWH����

���8UJHQFHV��+�WHO�'LHX��1DQWHV��)5$1&(

.H\ZRUGV��YHQWLODWLRQ��$5'6

$EVWUDFW��

,QWURGXFWLRQ

0HFKDQLFDO�YHQWLODWLRQ��09��LV�XVXDO�LQ�(PHUJHQF\�0HGLFLQH��(0���8WLOL]DWLRQ�RI�SURWHFWLYH�YHQWLODWLRQ��39��KDV�EHHQ�VKRZQ�WR�LPSURYH�RXWFRPHV�IRU
SDWLHQWV�ERWK�ZLWK�RU�ZLWKRXW�DFXWH�UHVSLUDWRU\�GLVWUHVV�V\QGURPH��$5'6���,W�DVVRFLDWHV�D�ORZ�WLGDO�YROXPH������PO�NJ���D�SRVLWLYH�H[SLUDWRU\�SUHVVXUH
�3(3��DQG�DQ�DGDSWHG�LQVSLUDWRU\�IUDFWLRQ�RI�R[\JHQ��IL2���WR�6S2�������%HQHILWV�KDYH�EHHQ�VKRZQ�LQ�LQWHQVLYH�FDUH�XQLWV�SDWLHQWV�DQG�LQ
DQHVWKHVLRORJ\��)XUWKHUPRUH��DQLPDO�PRGHOV�KDYH�SURYHQ�WKDQ�D����PLQXWHV�LQDSSURSULDWH�YHQWLODWLRQ�FDXVH�KLVWRORJLF�DQG�SDWKRSK\VLRORJLF
FKDQJHV��7KRXJK�HPHUJHQF\�SK\VLFLDQV��(3��DUH�VNLOOHG�LQ�GHILQLWLYH�DLUZD\�PDQDJHPHQW��WKHLU�PDQDJHPHQW�RI�PHFKDQLFDO�YHQWLODWLRQ�LV�QRW�ZHOO
GHVFULEHG�

:H�XQGHUWRRN�D�UHWURVSHFWLYH�VXUYH\�WR�H[SORUH�09�VHWWLQJV�

3DWLHQWV�DQG�PHWKRGV

3DWLHQWV

$OO�SDWLHQWV�LQWXEDWHG�DQG�PHFKDQLFDOO\�YHQWLODWHG�LQ�SUH�KRVSLWDO�DQG�KRVSLWDO�VHWWLQJV�GXULQJ�D�QLQH�PRQWKV�SHULRG�ZHUH�LQFOXGHG�YLD�D�GHGLFDWHG
UHJLVWHU��7KH�ORQHO\�QRQ�LQFOXVLRQ�FULWHULD�ZDV�D�FDUGLDF�DUUHVW��&$��ZLWKRXW�UHWXUQ�WR�D�VSRQWDQHRXV�UK\WKP�

0HWKRGV

$IWHU�DQRQ\PLVDWLRQ��YHQWLODWLRQ�VHWWLQJV�ZHUH�FRPSDUHG�WR�SURWHFWLYH�YHQWLODWLRQ�

3ULPDU\�REMHFWLYH

1XPEHU�RI�SDWLHQWV�ZLWK�39

6HFRQGDU\�REMHFWLYHV

LQGLFDWLRQ�RI�LQWXEDWLRQ�DQG�09

GXUDWLRQ�RI�09

0RUWDOLW\

6WDWLVWLFDO�PHWKRGV

'DWD�VWRUHG�LQ�0LFURVRIW�([FHO�ZHUH�DQDO\]HG�ZLWK�3$6:�6WDWLVWLFV��1XPHULFDO�GDWD�H[SUHVVHG�DV�PHDQ���6'�ZHUH�FRPSDUHG�E\�D�6WXGHQW�W�WHVW�
&DWHJRULFDO�GDWD�E\�D�.KL��WHVW��3�������ZDV�FRQVLGHUHG�VLJQLILFDQW�

(WKLF

$V�LW�ZDV�D�UHWURVSHFWLYH�VWXG\��DFFRUGLQJ�WR�WKH�)UHQFK�OHJLVODWLRQ��DSSURYDO�RI�WKH�HWKLFV�FRPPLWWHH�ZDV�QRW�QHHGHG�WR�XVH�GDWD�IRU�HSLGHPLRORJLF
VWXG\�

5HVXOWV

����SDWLHQWV�ZHUH�LQFOXGHG�����ZRPHQ�DQG�����PHQ��PHDQ�DJH�������\HDUV�ROG��$�SURWHFWLYH�YHQWLODWLRQ�ZDV�REVHUYHG�LQ�����RI�SDWLHQWV�
,QGLFDWLRQV�RI�YHQWLODWLRQ�ZHUH�QHXURORJLFDO������������&$��������������PXOWLSOH�WUDXPD�������DQG����DFXWH�UHVSLUDWRU\�IDLOXUH�������'XUDWLRQ�RI�09
ZDV�������PLQ��PHDQ���6'������SDWLHQWV���������GLHG�LQ�WKH�KRVSLWDO�

'LVFXVVLRQ

)HZ�SDWLHQWV�ZHUH�YHQWLODWHG�ZLWK�39�VHWWLQJV��0RUWDOLW\�ZDV�KLJK�LQ�RXU�SRSXODWLRQ��'XUDWLRQ�RI�YHQWLODWLRQ�ZDV�SUREDEO\�VXIILFLHQW�WR�LQIOXHQFH
RXWFRPH��)RUPDWLRQ�RI�RXU�(3�LV�ZDUUDQWHG�WR�LPSURYH�WKHLU�YHQWLODWLRQ�VNLOOV�LQ�RUGHU�WR�LQFUHDVH�VXUYLYDO�





5(63,5$725<�(0(5*(1&,(6 DQZDUH�\DKPDGL

��������%XGHVRQLGH�1HEXOL]DWLRQ�$GGHG�WR�6\VWHPLF�3UHGQLVRORQH�LQ�WKH�7UHDWPHQW�RI�6HYHUH�$FXWH�$VWKPD�LQ�DGXOWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

ZLGHG�ERXVVOLPL������DQZDUH�\DKPDGL������UDQLD�MHEUL������KDQDQH�JKD]DOL������KRXVVHP�DRXQL������FKDDEDQL�JK]HOD������QRXUD�QDJXHFK������VDPL
VRXLVVL����

���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��7XQLV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���6HUYLFH�DFFXHLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���6HUYLFH�DFFXHLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��)5$1&(
���HPHUJHQF\�GHSDUWPHQW�RI�EHQ�DURXV�WXQLVLD��EHQ�DURXV�WXQLVLD��WXQLV��781,6,$

.H\ZRUGV��,QKDOHG�FRUWLFRVWHURLGV��HPHUJHQF\�GHSDUWPHQW��VHYHUH�DVWKPD

$EVWUDFW��

,QWURGXFWLRQ�

,QKDOHG�FRUWLFRVWHURLGV��NQRZQ�WR�EH�HIIHFWLYH�DV�D�PDLQWHQDQFH�PHGLFDWLRQ�LQ�FKURQLF�DVWKPD��KDYH�DOVR�EHHQ�VXJJHVWHG�DV�D�WKHUDS\�IRU�DFXWH
DVWKPD�ZKHQ�JLYHQ�DW�KLJK�GRVHV�LQ�FKLOGUHQ��7KH�UROH�RI�LQKDOHG�FRUWLFRVWHURLGV�LQ�WKH�WUHDWPHQW�RI�DFXWH�DVWKPD�H[DFHUEDWLRQV�LQ�DGXOWV�LV
FRQWURYHUVLDO�

$LP�RI�VWXG\��WR�VWXG\�WKH�HIILFDF\�RI�KLJK�GRVH�QHEXOL]HG�EXGHVRQLGH��%8'��LQ�WKH�WUHDWPHQW�RI�VHYHUH�DFXWH�DVWKPD�LQ�DGXOWV�

0HWKRGV�

$�GRXEOH�EOLQG��UDQGRPL]HG��SODFHER�FRQWUROOHG�WULDO�FRQGXFWHG�RYHU�VL[�PRQWKV��,QFOXVLRQ��$JH�²���DQG�±���\HDUV�ZLWK�D�SHDN�H[SLUDWRU\�IORZ��3()�
�����RI�SUHGLFWHG�YDOXH��3DWLHQWV�ZHUH�DVVLJQHG�WR�UHFHLYH�����PJ�%XGHVRQLGH��%8'��QHEXOL]HG�RU�SODFHER�LVRWRQLF�VDOLQH�VHUXP��,66���LQ�DGGLWLRQ
WR�7HUEXWDOLQH��PJ�DQG����PJ�,SUDWURSXLP�EURPLGH�HYHU\����PLQXWHV�WKH�ILUVW�KRXU��$OO�SDWLHQWV�UHFHLYHG�VLQJOH�RUDO�GRVH�RI�SUHGQLVRORQH���PJ�NJ
JLYHQ�DW�WKH�EHJLQQLQJ�RI�WKHUDS\��7KH�SULPDU\�RXWFRPH�ZDV�WKH�GHOWD�3()�LQ�WKH�ILUVW�KRXU��+���7KH�VHFRQGDU\�RXWFRPH�ZDV�KRVSLWDO�DGPLVVLRQ�UDWH
ZLWKLQ���K�DQG�OHQJWK�RI�VWD\�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��

5HVXOWV�

$�WRWDO�RI�����YLVLWV�E\�DGXOWV�ZLWK�VHYHUH�DFXWH�DVWKPD�ZHUH�HYDOXDWHG�0HDQ�DJH� ����k���\HDUV��6H[�UDWLR� �������2Q�DGPLVVLRQ��WKH�WZR�%8'
JURXSV��Q� �����DQG�SODFHER��Q� �����ZHUH�VLPLODU��7KH�GHOWD�3()�LQ�+��ZDV�����LQ�WKH�%8'�JURXS�YHUVXV�����LQ�WKH�SODFHER�JURXS��S� �������25� 
�������7KH�KRVSLWDOL]DWLRQ�UDWH�ZDV�����LQ�WKH�%8'�JURXS�DJDLQVW�����LQ�WKH�SODFHER�JURXS��S� ��������7KH�DYHUDJH�OHQJWK�RI�VWD\�ZDV���k���KRXUV
LQ�WKH�%8'�JURXS�YHUVXV����k���KRXUV�LQ�WKH�,66�JURXS��S� �������25� �������1R�PDMRU�FRPSOLFDWLRQV�ZHUH�REVHUYHG�LQ�ERWK�JURXSV�&RQFOXVLRQ��7KH
DGGLWLRQ�RI�KLJK�UHSHWLWLYH�EXGHVRQLGH�QHEXOL]DWLRQ�LPSURYH�WKH�OXQJ�IXQFWLRQ�DQG�GHFUHDVH�WKH�DGPLVVLRQ�UDWH�RI�DGXOWV�ZLWK�VHYHUH�DFXWH�DVWKPD�



35(�+263,7$/���(06���287�2)�+263,7$/ &+$:.,�-(%$/,

��������2XWFRPH�RI�SDWLHQWV�WUDQVSRUWHG�ZLWKRXW�PHGLFDO�DVVLVWDQFH�DIWHU�PRELOH�LQWHQVLYH�FDUH�XQLW�LQWHUYHQWLRQ���SURVSHFWLYH
VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.+$28/$�%HO�+DM�$/,������1HVULQH�,EQ�+$66,1(������&+$:.,�-(%$/,������0(-',�205,������+DMHU�.5$,(0������$<0(1�-$28',������1DZIHO�&+%,/,�����
0RKDPHG�1(-,%�.$528,����

���(PHUJHQF\�RI�6DKORXO��6RXVVH��6RXVVH��781,6,$
���6$08������&+8�6$+/28/��6RXVVH��781,6,$
���8UJHQFHV��&+8�6DKORXO�GH�6RXVVH��6RXVVH��781,6,$
���6$08������&+8�6$+/28/��VRXVVH��781,6,$
���6$08������&+8�6$+/28/��6RXVVH���781,6,$

.H\ZRUGV��3UH�KRVSLWDO��0RELOH�LQWHQVLYH�FDUH��(PHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ��

7R�UHYHDO�VKRUW�WHUP�RXWFRPH�DQG�ULVN�IDFWRUV�IRU�SDWLHQWV�WUDQVSRUWHG�ZLWK�1R�PHGLFDO�DVVLVWDQFH�DIWHU�PRELOH�LQWHQVLYH�FDUH�XQLW�LQWHUYHQWLRQ�

0HWKRG��

:H�UHDOL]HG�D�SURVSHFWLYH�UHJLRQDO�VXUYH\�LQFOXGLQJ�FRQVHFXWLYHO\�����WUDQVSRUWHG�ZLWK�QR�PHGLFDO�DVVLVWDQFH�SDWLHQWV��7KH�IROORZLQJ�HYHQWV
RFFXUULQJ�ZLWKLQ����KRXUV�ZHUH�UHJLVWHUHG��XQH[SHFWHG�DQG�H[SHFWHG�GHDWK��PRELOH�LQWHQVLYH�FDUH�XQLW�DQG�KRVSLWDO�PHGLFDO�SURFHGXUHV��PRELOH
LQWHQVLYH�FDUH�XQLW�DQG�KRVSLWDO�GLDJQRVLV��'DWD�ZHUH�FROOHFWHG�IURP�PRELOH�LQWHQVLYH�FDUH�XQLW�GLVSDWFKLQJ�FHQWHU�FRPSXWHU��WHOHSKRQH�IROORZ�XS�RQ
'D\���DQG�PHGLFDO�UHSRUW�IRU�KRVSLWDOL]HG�SDWLHQWV��

5HVXOWV��

7KHUH�ZHUH�QR�ORVW�WR�IROORZ�XS��5DWH�HYHQWV�DQG�FRQILGHQFH�LQWHUYDOV�ZHUH�����>����@�IRU�GHDWK������IRU�KRVSLWDOL]DWLRQ�DPRQJ�ZKLFK����LQ
LQWHQVLYH�FDUH�XQLW�DQG�������>������@�IRU�GLDJQRVWLF�GLVDJUHHPHQW��3DWLHQWV�SUHVHQWLQJ�ZLWK�FKHVW�SDLQ�RU�G\VSQHD�ZHUH�DW�KLJKHU�ULVN�WRJHWKHU�IRU
LQWHQVLYH�FDUH�UHTXLUHPHQW�DQG�GLDJQRVWLF�GLVDJUHHPHQW��S���������

&RQFOXVLRQ��

8QH[SHFWHG�VKRUW�WHUP�RXWFRPH�LV�QRW�XQFRPPRQ�IRU�SDWLHQWV�WUDQVSRUWHG�ZLWK�QR�PHGLFDO�DVVLVWDQFH�DIWHU�PRELOH�LQWHQVLYH�FDUH�XQLW�LQWHUYHQWLRQ�
$V�PDLQ�ULVN�IDFWRUV�VHHP�WR�EH�FKHVW�SDLQ�DQG�G\VSQHD��PRELOH�LQWHQVLYH�FDUH�XQLW�WUDQVSRUW�VKRXOG�EH�HQFRXUDJHG�ZKHQHYHU�WKHVH�V\PSWRPV�DUH
HQFRXQWHUHG�



35(�+263,7$/���(06���287�2)�+263,7$/ DNOLOX�$]D]K

��������$66(660(17�2)�.12:/('*(�$1'�3(5&(37,21�2)�$GGLV�$EDED�&LW\�5(6,'(176�$%287�35(�+263,7$/�&$5(

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

DVPDPDZ�DEHEH������DNOLOX�$]D]K����

�����$GGLV�$EDED�8QLYHUVLW\��$GGLV�$EDED��(7+,23,$

.H\ZRUGV��NQRZOHGJH�DQG�SHUFHSWLRQ��$GGLV�$EDED�&LW\�5HVLGHQWV��3UHKRVSLWDO�&DUH

$EVWUDFW��

%DFNJURXQG��,Q�GHYHORSLQJ�FRXQWULHV�LQFOXGLQJ�(WKLRSLD�SUH�KRVSLWDO�FDUH�LV�QRW�ZHOO�GHYHORSHG�DVLQ�RWKHU�GHYHORSHG�FRXQWULHV��,Q�$GGLV�$EDED�
WKHUH�DUH�IHZ�JRYHUQPHQWDO�DQG�SULYDWH�LQVWLWXWLRQV�ZKLFK�SURYLGH�SUH�KRVSLWDO�FDUH�

2EMHFWLYH���7R�DVVHVV�WKH�NQRZOHGJH��DQG�SHUFHSWLRQ�RI�UHVLGHQWV�DERXW�SUH�KRVSLWDO�FDUH�LQ�$GGLV�$EDED�FLW\

0HWKRGV��$�KRXVH�WR�KRXVH�FURVV�VHFWLRQDO�VXUYH\�ZDV�FRQGXFWHG�EHWZHHQ�$SULO�DQG�0DUFK�������LQ�$GGLV�$EDED�FLW\��$�PXOWL�VWDJH
VDPSOLQJ�WHFKQLTXH�ZDV�DSSOLHG�WR�VHOHFW�����KRXVHKROGV�IRU�WKH�VXUYH\����'DWD�ZHUH�FROOHFWHG�E\�DGPLQLVWUDWLQJ�LQWHUYLHZV�ZLWK�D�UDQGRPO\
VHOHFWHG�LQGLYLGXDOV�XVLQJ�D�VWUXFWXUHG�TXHVWLRQQDLUH��'DWD�ZDV�HQWHUHG��DQDO\]HG��DQG�LQWHUSUHWHG�E\�XVLQJ�6366�6RIWZDUH�YHUVLRQ���

5HVXOWV�����$�FRQVLGHUDEOH�SURSRUWLRQ�RI�UHVSRQGHQWV���������KHDUG�DERXW�WKH�H[LVWHQFH�RI�SUH�KRVSLWDO�FDUH�LQ�$GGLV�$EDED��KRZHYHU�PRUH�WKDQ
KDOI�RI�WKH�UHVSRQGHQWV�KDG�QR�LQIRUPDWLRQ�RQ�ZKDW�WR�GR��ZKR�WR�FRQWDFW�DQG�ZKLFK�SKRQH�WR�FDOO�GXULQJ�HPHUJHQF\��$ERXW������������DQG
������������UHVSRQGHQWV�UHSRUWHG�WKDW�WKH\�KDYH�QR�SKRQH�QXPEHUV�RI�5HG�&URVV�DQG�)LUH�DQG�(PHUJHQF\�FHQWHUV��UHVSHFWLYHO\��$ERXW�����������
RI�WKH�UHVSRQGHQWV�KDG�VRPH�IRUP�RI�HPHUJHQF\�LQ�WKHLU�ZRUN�SODFH�RU�DW�KRPH�ZLWK�KLJKHVW�IUHTXHQF\�RI�IDOOLQJ�DFFLGHQW���������IROORZHG�E\�URDG
WUDIILF�DFFLGHQW����������:KHQ�DVNHG�DERXW�LQYROYHPHQW�RI�VHUYLFH�SURYLGHUV�LQ�SUH�KRVSLWDO�FDUH��������������UHVSRQGHQWV�VDLG�WKDW�5HG�&URVV
$PEXODQFHV�DV�SULPDU\�SURYLGHU��ZKLOH�RQO\������������UHSRUWHG�WKDW�DPEXODQFHV�RI�+RVSLWDOV�DQG�+HDOWK�FHQWHUV�DUH�LQYROYHG�LQ�WKH�SUH�KRVSLWDO
FDUH��$OPRVW�DOO��������������UHVSRQGHQWV�EHOLHYHG�WKDW�SUH�KRVSLWDO�FDUH�VKRXOG�EH�VWUHQJWKHQHG�E\�LQFUHDVLQJ�QXPEHU�RI�DPEXODQFHV����������E\
WUDLQLQJ�KHDOWK�SURIHVVLRQDOV����������E\�WHDFKLQJ�WKH�FRPPXQLW\�DERXW�SUH�KRVSLWDO�FDUH���������DQG�D�FRPELQDWLRQ�RI�WKH�DERYH�PHWKRGV��������

&RQFOXVLRQ��$OWKRXJK�WKH�NQRZOHGJH�RI�WKH�FRPPXQLW\�RQ�SUH�KRVSLWDO�FDUH�LV�KLJK��WKHUH�LV�ODFN�RI�LQIRUPDWLRQ�RQ�ZKDW�DFWLRQV�WR�WDNH�ZLWKLQ�WKH
FRPPXQLW\��7KHUHIRUH��FRQFHUQHG�ERGLHV�VXFK�DV�WKH�FLW\�DGPLQLVWUDWLRQ��5HG�&URVV��ILUH�DQG�HPHUJHQF\�GLVSDWFK�FHQWHUV��KRVSLWDOV�DQG�RWKHU
FRQFHUQHG�ERGLHV�QHHG�WR�XQGHUWDNH�FRRUGLQDWHG�ZRUNV�LQ�RUGHU�WR�FUHDWH�DZDUHQHVV�DPRQJ�WKH�FRPPXQLW\�IRU�SURSHU�FDUH�RI�HPHUJHQF\�VLWXDWLRQV
DW�KRPH�RU�ZRUN�SODFHV��



&$6(�35(6(17$7,21 $QGUHD�%DUFD

��������,FHEHUJ��ZKDW�OLHV�EHQHDWK�WKH�ZDWHU��$FFXUDWH�GLDJQRVLV�DUH�FUXFLDO�LQ�HPHUJHQF\�DQG�WKDW�LPSOLHV�D�FDUHIXO
H[DPLQDWLRQ�RI�WKH�SDWLHQW�DQG�RUGHULQJ�WKH�FRUUHFW�H[DPV�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$QGUHD�%DUFD������6YHWODQD�5LWD������1DGLD�.RUFKHYQ\XN������*DEULHO�2OLYHLUD������&ULVWLQD�5RGULJXHV������/X�V�&X�D����

���8UJHQF\�DQG�(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�&8)�'HVFREHUWDV��/LVERQ��32578*$/
���6XUJHU\�*HQHUDO�6HUYLFH��+RVSLWDO�*DUFLD�GH�2UWD��$OPDGD��32578*$/
���7KRUDFLF�6XUJHU\�6HUYLFH��+RVSLWDO�3XOLGR�9DOHQWH��/LVERQ��32578*$/

.H\ZRUGV��%DFN�SDLQ��HVRSKDJLF�SHUIRUDWLRQ��PHGLDVWLQLWLV��IRUHLJQ�ERG\��OXQJ�DEVFHVV

$EVWUDFW��

&DVH�UHSRUW

$����\HDUV�ROG�IHPDOH�SDWLHQW�SUHVHQWHG�DW�RXU�(PHUJHQF\�'HSDUWPHQW��('��ZLWK�FRPSODLQWV�RI�IHYHU�DQG�ULJKW�OXPEDU�SDLQ�IRU����GD\V��$W�WKH
EHJLQQLQJ�RI�V\PSWRPV��VKH�ZHQW�WR�KHU�ORFDO�KRVSLWDO�ZKHUH�D�GLDJQRVLV�RI�S\HORQHSKULWLV�ZDV�PDGH��6KH�ZDV�GLVFKDUJHG�RQ�FHIXUR[LPH�����PJ
ELG�IRU���GD\V��$IWHU�ILQLVKLQJ�WUHDWPHQW�ZLWKRXW�DQ\�LPSURYHPHQW��VKH�GHFLGHG�WR�JR�DJDLQ�WR�DQ�('�

2Q�DUULYDO�WR�RXU�('��KHU�PDMRU�FRPSODLQWV�ZHUH�ULJKW�OXPEDU�SDLQ�DQG�IHYHU��6KH�DOVR�KDG�PLOG�G\VXULD�DQG�VKRUWQHVV�RI�EUHDWK��6KH�KDG�QR
VLJQLILFDQW�PHGLFDO�KLVWRU\�DQG�VKH�ZDVQnW�RQ�DQ\�PHGLFDWLRQ�

+HU�WHPSHUDWXUH�ZDV������q&��VKH�KDG�D�QRUPDO�EORRG�SUHVVXUH��QRUPDO�KHDUW�DQG�SXOPRQDU\�VRXQGV��$EGRPHQ�KDG�QR�UHOHYDQW�ILQGLQJV��DQG�ERWK
0XUSK\�VLJQV�ZHUH�DEVHQW�

%ORRG�WHVWV�UHYHDOHG�OHXNRF\WRVLV��QHXWURSKLOLD�DQG�KLJK�&�UHDFWLYH�SURWHLQ��&KHVW�;��UD\�ILOP�VKRZHG�D�ULJKW�SXOPRQDU\�EDVH�LQILOWUDWH�

:H�ZHUH�FRQVLGHULQJ�D�SDWLHQW�ZKRVH�FRQGLWLRQ�GLGQnW�LPSURYH�XQGHU�D�FRXUVH�RI�FHIXUR[LPH�DQG�ZKRVH�;�UD\�ILQGV�GLGQnW�VHHP�WR�EH�UHODWHG�ZLWK
WKH�SUHYLRXV�GLDJQRVLV�RI�S\HORQHSKULWLV���$�UHQDO�DEVFHVV�ZLWK�FRQWLJXRXV�VSUHDG��D�VXE�SKUHQLF�DEVFHVV�RU�D�SXOPRQDU\�LQIHFWLRQ�ZHUH�FRQVLGHUHG�

$EGRPLQDO�&7�VFDQ�ZDV�QRUPDO�EXW�WKRUDFLF�&7�VFDQ�UHYHDOHG�D�SXOPRQDU\�DEVFHVV�FRQWLJXRXV�ZLWK�ORZHU�WKLUG�RI�WKH�HVRSKDJXV�DQG�D�OLQHDU
GHQVLW\�VWURQJO\�VXJJHVWLQJ�D�IRUHLJQ�ERG\�

7KH�SDWLHQW�GHQLHG�DQ\�SUHYLRXV�HSLVRGH�RI�G\VSKDJLD��VLDORUUKHD��WKRUDFLF�SDLQ��FRXJK�DQG�VSXWXP�

$�GLDJQRVLV�RI�PHGLDVWLQLWLV�DQG�SXOPRQDU\�DEVFHVV�GXH�WR�HVRSKDJLF�SHUIRUDWLRQ�ZDV�PDGH��DQG�VKH�ZDV�SURSRVHG�IRU�VXUJHU\�

6KH�ZDV�UHIHUUHG�WR�KHU�ORFDO�KRVSLWDO��ZKHUH�VKH�ZDV�VXEPLWWHG�WR�VXUJHU\��5HPRYDO�RI�D�FKLFNHQ�ERQH�DQG�GUDLQDJH�RI�WKH�DEVFHVV�ZHUH�SHUIRUPHG�
7KH�SDWLHQW�ZDV�WRWDOO\�UHFRYHUHG�

'LVFXVVLRQ��%DFN�SDLQ�LV�D�FRQXQGUXP��,W�LV�FUXFLDO�WR�FDUHIXOO\�HYDOXDWH�WKLV�V\PSWRP�WR�KDYH�D�PRUH�DFFXUDWH�VFRSH�LQ�WKH�GLIIHUHQWLDO�GLDJQRVLV�
,Q�RXU�FDVH��SDLQ�ZDV�D�ORZHU�WKRUDFLF�SOHXULWLF�SDLQ�LQVWHDG�RI�D�OXPEDU�SDLQ��7KH�NH\�ILQGLQJV�LQ�WKH�ZRUNRXW�RI�WKLV�SDWLHQW�ZHUH�WKH�DEVHQFH�RI�D
UHQDO�0XUSK\�VLJQ�DQG�WKH�SUHVHQFH�RI�G\VSQHD��&KHVW�;�UD\�DOVR�SRLQWHG�WR�D�WKRUDFLF�LQIHFWLRXV�FRQGLWLRQ��ZKLFK�ZDV�DOVR�VXSSRUWHG�E\�EORRG�ZRUN�

7KLV�FDVH�GUDZV�RXU�DWWHQWLRQ�WRZDUGV�WKH�LPSRUWDQFH�RI�D�GLDJQRVLV�RULHQWHG�PDQDJHPHQW�LQ�HPHUJHQF\��DV�ZHOO�DV�WKH�SRWHQWLDO�GDQJHU�RI
PXOWLSOH�XUJHQF\�HSLVRGHV�ZLWK�WKH�VDPH�FRPSODLQWV��$�VHULRXV�GLDJQRVLV�PD\�EH�FRQFHDOHG�E\�DQ�LQQRFHQW�SUHVHQWDWLRQ�DQG�ZH�PXVW�QRW�EH�PLVOHG
E\�D�IRUPHU�GLDJQRVLV�



&$5',29$6&8/$5 'DQLHOD�5RVLOOR�&DVWUR

��������*HOHMLQVH�TXHVWLRQQDLUH�LV�XVHIXO�DV�D�PHWKRG�RI�WULDJH�RI�FKHVW�SDLQ"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&DUPHQ�+HUQ�QGH]�0DUW�QH]������0DULD�GHO�0DU�GH�OD�7RUUH�2OLYDUHV������'DQLHOD�5RVLOOR�&DVWUR������5RF�R�/�SH]�9DOFDUFHO������0DU�D�GH�OD�3D]�(JHD
&DPSR\������$OHVVDQGUR�*XDVFKL�&DJOLHUL������$PDOLD�&DVWD�R�9LOODU����

���(PHUJHQF\���+RVSLWDO�&RPDUFDO�GHO�1RURHVWH�GH�&DUDYDFD��0XUFLD��63$,1

.H\ZRUGV��LVFKHPLF�KHDUW�GLVHDVH��SUREDELOLW\��TXHVWLRQDULH

$EVWUDFW��

�

,QWURGXFWLRQ
&KHVW�SDLQ�LV�D�IUHTXHQW�FRPSODLQW�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��*HOHLMQVH�TXHVWLRQQDLUH�LV�XVHG�WR�FODVVLI\�VXVSLFLRXV�FKHVW�SDLQ�RI�KHDUW�GLVHDVH
E\�REWDLQLQJ�D�VFRUH�RI���RU�PRUH�SRLQWV

REMHFWLYH
(YDOXDWH�WKRVH�SDWLHQWV�GLVFKDUJHG�IURP�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�RXU�GLVFKDUJH�GLDJQRVLV�RI�LVFKHPLF�FKHVW�SDLQ�RI�ORZ�SUREDELOLW\��LI�WKH\
KDG�FRPSOHWHG�WKH�TXHVWLRQQDLUH�*HOHMLQVH�KDG�VXEPLWWHG�D�VXVSHFWHG�KHDUW�GLVHDVH��$V�D�VHFRQGDU\�REMHFWLYH�HYDOXDWH�ZKDW�KLJK�SURILOH�SUHVHQWV
D�FDUGLDF�HYHQW�ZLWKLQ���PRQWKV�IROORZLQJ

0DWHULDO�DQG�PHWKRGV
6WXG\��GHVFULSWLYH��REVHUYDWLRQDO�UHYLHZ�RI�PHGLFDO�UHFRUGV��$JH��VH[��LI�WKH\�KDG�D�KLJK�VXVSLFLRQ�RI�KHDUW�GLVHDVH�DFFRUGLQJ�WR�WKH�*HOHMLQVH
TXHVWLRQQDLUH��SDWLHQWV�ZLWK�D�GLVFKDUJH�GLDJQRVLV�RI�RXU�HPHUJHQF\�GHSDUWPHQW�FKHVW�SDLQ�RI�DW\SLFDO�IHDWXUHV�LQ�WKH�ILUVW�TXDUWHU�RI�������7KH
VWXG\�YDULDEOHV�ZHUH�VHOHFWHG��,I�WKH\�KDG�KDG�DQ\�SUHYLRXV�HSLVRGH�RI�LVFKHPLF�KHDUW�GLVHDVH��,I�SUHVHQWHG�DOWHUDWLRQV�LQ�WKH�HOHFWURFDUGLRJUDP
�(&*���FDUGLDF�HQ]\PH�WHVW�LI�WKH\�ZHUH�PDGH�DQG�ZKHWKHU�WKH\�ZHUH�VHULDOL]HG��,I�FKHVW�UDGLRJUDSK\�ZDV�SHUIRUPHG�LI�ZHUH�UHYLHZHG�LQ�RXWSDWLHQW
FDUGLRORJ\��,I�WKH\�KDG�VWUXFWXUDO�KHDUW�GLVHDVH��

5HVXOWV
����SDWLHQWV�ZLWK�D�GLVFKDUJH�GLDJQRVLV�RI�DW\SLFDO�FKHVW�SDLQ�RU�ORZ�SUREDELOLW\�IRU�,+'�ZHUH�FROOHFWHG��7KH�DYHUDJH�DJH�RI�RXU�SDWLHQWV�ZDV��������
���������������ZHUH�PHQ��7KH\�KDG�SUHVHQWHG�DQ�HSLVRGH�RI�SUHYLRXV�LVFKHPLF�KHDUW�GLVHDVH�������7KH\�VKRZHG�VRPH�DOWHUDWLRQ�LQ�WKH�(.*������
DQG�������QR��7KH\�PDGH�D�GHWHUPLQDWLRQ�RI�FDUGLDF�HQ]\PHV�WR�������DQG�������D�VHFRQG��7KH\�ZHUH�DVNHG�FKHVW�;�UD\�WR��������7KH\
SUHVHQWHG�DQ�HTXDO�RU�JUHDWHU�UDWLQJ�RI���RQ�WKH�VFDOH�*HOHMLQVH�������DQG�WKHUHIRUH�FRXOG�KDYH�EHHQ�VXVSHFWHG�RI�KHDUW�GLVHDVH����7KH\�ZHUH
UHYLHZHG�LQ�RXWSDWLHQW�FDUGLRORJ\��������7KH\�SUHVHQWHG�VWUXFWXUDO�FDUGLDF�SDWKRORJ\�����7KH\�VXIIHUHG�DQ�HYHQW�RI�LVFKHPLF�KHDUW�GLVHDVH�LQ�WKH
QH[W���PRQWKV�������RQO\�RQH�SDWLHQW��SDWLHQWV��ZKLFK�SUVHQWDED�D�YDOXH�JUHDWHU�WKDQ���RQ�WKH�*HOHMLQVH�TXHVWLRQQDLUH��2I�WKRVH�ZKR�ZHUH�QRW
VXJJHVWLYH�QRQH�VXIIHUHG�FDUGLDF�SDWKRORJ\�LQ�WKH�QH[W���PRQWKV��$PRQJ�SDWLHQWV�ZLWK�WKH�KLJKHVW�VFRUH�RI���WKH\�KDG�VXIIHUHG�DQ�HSLVRGH�RI
LVFKHPLF�KHDUW�GLVHDVH�E\������QRW�VXJJHVWLYH�RI����

&RQFOXVLRQV
2QO\���LQ����SDWLHQWV�KDG�VXVSHFWHG�KLJK�ULVN�RI�KHDUW�GLVHDVH��7KH�TXHVWLRQQDLUH�*HOLMHQVH�LQ�RXU�VHULHV�SUHVHQWV�D�VHQVLWLYLW\�RI������DQG�D
VSHFLILFLW\�RI������6R�ZH�FDQ�VD\�WKDW�LW�FRXOG�EH�XVHIXO�DV�D�PHWKRG�RI�VFUHHQLQJ�LQ�WKHVH�SDWLHQWV�IRU�IXUWKHU�VWXGLHV�IURP�WKH�HPHUJHQF\�DQG���RU
UHIHUUDO�WR�RXWSDWLHQW�FDUGLRORJ\�WR�FRPSOHWH�WKH�VWXG\��1RQH�RI�WKH�ORZ�ULVN�SDWLHQWV�KDYLQJ�D�FDUGLDF�HYHQW�LQ�WKH�QH[W�WKUHH�PRQWKV



&$6(�35(6(17$7,21 0DUkD�*LO�/RSH]

��������1DUURZ�456�WDFK\FDUGLD�LQ�'RZQeV�6\QGURPH�SDWLHQW�ZLWK�KLVWRU\�RI�LQWHUYHQWLRQ�IRU�YHQWULFXODU�VHSWDO�GHIHFW�DQG
K\SRWLURLGLVP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�*LO�/RSH]������(OHQD�3UDGR�0HO������0DULD�-RVHID�0DUWLQH]�/RSH]������$QWRQLR�%HUQDE��5RMDV�5DPLUH]����

���(PHUJHQF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6\VWHP��6HYLOOH��63$,1
���+RVSLWDO�3KDUPDF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6\VWHP��6HYLOOH��63$,1

.H\ZRUGV��7DFK\FDUGLD��DWULRYHQWULFXODU�QRGDO�UHHQWU\��'RZQ�V\QGURPH��HOHFWULFDO�FDUGLRYHUVLRQ

$EVWUDFW��

&DVH�UHSRUW��ZH�UHSRUW�D����\HDUV�ROG�IHPDOH��ZKR�ZDV�DGPLWWHG�LQ�HPHUJHQF\�GHSDUWPHQW�ZLWK�D�1DUURZ�456�WDFK\FDUGLD��,W�LV�D�SDWLHQW�ZLWK
'RZQ�V\QGURPH��K\SRWK\URLGLVP�DQG�FRQJHQLWDO�KHDUW�GLVHDVH��YHQWUDO�VHSWDO�GHIHFW��XQGHUZHQW�VXUJHU\���PRQWKV�DIWHU�ELUWK�ZLWK�JRRG�RXWFRPHV�

3DWLHQW�ZDV�LQ�WKH�VFKRRO�LQ�D�SK\VLFDO�HGXFDWLRQ�FODVV�DQG�EHJLQV�ZLWK�YRPLWLQJ��VZHDWLQJ�ZLWK�UHOD[DWLRQ�RI�VSKLQFWHUV�DQG�ORVV�RI�FRQVFLRXVQHVV
VHOI�OLPLWHG��V\QFRSH��E\�ZKDW�LV�WDNHQ�VXIIHULQJ�WKUHH�HSLVRGLHV�RI�V\QFRSH�LQ�WKH�WUDYHO��7KH�SDWLHQW�ZDV�DGPLWWHG�LQ�REVHUYDWLRQ�DUHD�IRU
PRQLWRULQJ��7$�������PP+J��DQG�(OHFWURFDUGLRJUDP��(&*��ZLWK�QDUURZ�FRPSOH[�WDFK\FDUGLD�WR�����ESP�ZLWK�UHWURJDGH�3�ZDYH��VXJJHVWLYH�RI�DWULR
YHQWULFXODU�QRGDO�UHHQWUDQW�WDFK\FDUGLD�

$IWHU�FRQVXOWDWLRQ�WKH�PHGLFDO�UHFRUG��WKH�ODVW�HFRFDUGLRJUDSK\�ZDV�GRQH�LQ�������PRUH�WKDQ����\HDUV�DJR��ZLWK�WKHVHV�UHVXOWV��FORVH�SDWFK�ZHOO
SUHVHUYH��9HQWULFXODU�VL]H�DQG�H\HFFWLRQ�IUDFWLRQ�QRUPDO�

)LUVW��WUHDWPHQW�LV�SHUIRUPHG�ZLWK�$GHQRVLQH�DQG�YHUDSDPLO�XQDQVZHUHG��6XEVHTXHQWO\��HVPRORO�,9�LV�JLYHQ���JHWWLQJ�RQO\�UHGXFH�WKH�IUHTXHQF\�RI
WDFK\FDUGLD��$V�D�WKLUG�SKDUPDFRORJLFDO�OLQH�WUHDWPHQW��DPLRGDURQH�SHUIXVLRQ�ZDV�JLYHQ�GXULQJ����KRXUV��ZLWKRXW�JHWWLQJ�VLQXVDO�UK\WKP�

)RU�ODVW��HFKRFDUGLRJUDSK\�LV�SHUIRUPHG��ZLWK�UHVXOWV�ZLWKLQ�QRUPDOLW\��$IWHU�WKDW��SDWLHQW�SUHVHQWV�DJDLQ�DQ�HSLVRGLH�RI�WDFK\DUULWPLD�DQG�ZH
GHFLGHG�XQGHUZHQW�KHU�WR�D�HOHFWULFDO�FDUGLRYHUVLRQ��$IWHU�PLGD]RODP�DGPLQLVWUDWLRQ�IRU�VHGDWLRQ��D�GLVFKDUJH�RI�����MXOLHV�ZDV�GRQH��EHLQJ�HIHFWLYH
DW�WKH�ILUVW�WLPH��ZLWK�(&*�LQ�VLQXVDO�UK\WKP�ZLWK�ULJKW�EXQGOH�EUDQFK�EORFN�

'LVFXVVLRQ�

$WULRYHQWULFXODU�QRGDO�UHHQWUDQW�WDFK\FDUGLD�UHSUHVHQWV�D�VLJQLILFDQW�SDUW�RI�WDFK\�DUUL\WKPLDV�VHHQ�E\�DWWHQGLQJ�SK\VLFLDQV�LQ�HPHUJHQF\
GHSDUWPHQWV�

7KH�FOLQLFDO�SUDFWLFH�JXLGHOLQHV���UHFRPPHQG�V\QFKURQL]HG�HOHFWULF�FDUGLRYHUVLRQ�DV�WKH�ILUVW�WKHUDSHXWLF�RSWLRQ�IRU�D�SDWLHQW�ZLWK�WDFK\DUUK\WKPLD
DQG�FOLQLF�LQVWDELOLW\�VLWXDWLRQ�,Q�RXU�SDUWLFXODU�FDVH���SDWLHQW�ZLWK�'RZQ
V�6\QGURPH�$QG�FRQJHQLWDO�KHDUW�GLVHDVH��LW�LV�GHFLGHG�DV�D�ILUVW�FKRLFH
SKDUPDFRORJLFDO�FDUGLRYHUVLRQ�GHVSLWH�WKH�VLWXDWLRQ�RI�KHPRG\QDPLF�LQVWDELOLW\�ILQDOO\�EHLQJ�LQHIIHFWLYH



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< 5DMDQ�6RPDVXQGDUDP

��������5HDVRQV�IRU�DWWHQGLQJ�HPHUJHQF\�GHSDUWPHQWV���D�VXUYH\�RI�������ZDON�LQ�SDWLHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5DMDQ�6RPDVXQGDUDP������$OH[DQGHU�*HLVVOHU������%HUQG�$��/HLGHO������&KULVWLDQ�:UHGH����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��&KDULW����8QLYHUVLW�WVPHGL]LQ�%HUOLQ��&DPSXV�%HQMDPLQ�)UDQNOLQ��%HUOLQ��*(50$1<
���'HSDUWPHQW�RI�+HDOWK�&DUH�0DQDJHPHQW�%HUOLQ��%HUOLQ�8QLYHUVLW\�RI�7HFKQRORJ\��%HUOLQ��*(50$1<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��+(/,26�+RVSLWDO�%HUOLQ�%XFK��%HUOLQ��*(50$1<

.H\ZRUGV��ZDON�LQ�SDWLHQWV��VXUYH\��DPEXODWRU\�HPHUJHQF\�IDFLOLWLHV

$EVWUDFW��

%DFNJURXQG��,QWHUQDWLRQDOO\��WKH�QXPEHU�RI�SDWLHQWV�LQ�HPHUJHQF\�GHSDUWPHQWV��('V��LV�VWHDGLO\�LQFUHDVLQJ��,Q�*HUPDQ\�WKH�UHDVRQV�IRU�ZDON�LQ
SDWLHQWV�WR�VHHN�PHGLFDO�DLG�LQ�('V�DUH�QRW�ZHOO�H[DPLQHG�DQG�SUHGRPLQDQWO\�EDVHG�RQ�DVVXPSWLRQV�VR�IDU��)RFXVVLQJ�RQ�WKH�SDWLHQWnV�YLHZ��ZH
KHUH�SUHVHQW�GDWD�RI�D�VXUYH\�DPRQJ�ZDON�LQ�SDWLHQWV�RI�WZR�KLJK�OHYHO�('V�LQ�%HUOLQ��*HUPDQ\�

0HWKRGV��,Q������GXULQJ�D�SHULRG�RI�IRXU�ZHHNV��������ZDON�LQ�SDWLHQWV�ZHUH�DQRQ\PRXVO\�VXUYH\HG�LQ�WZR�KLJK�OHYHO�('V��HDFK�DSSUR[���������('
YLVLWV�S�D���ORFDWHG�LQ�GLIIHUHQW�FDWFKPHQW�DUHDV�RI�%HUOLQ��$�VWDQGDUGL]HG�TXHVWLRQQDLUH�DQG�GHVFULSWLYH�VWDWLVWLFV�IRU�GDWD�DQDO\VLV�ZHUH�XVHG����

5HVXOWV��0RUH�WKDQ�����RI�SDWLHQWV�DVVHVVHG�WKHPVHOYHV�DV�DQ�HPHUJHQF\��7KH\�FODVVLILHG�WKHLU�VXEMHFWLYH�IHHOLQJ�RI�ÈXUJHQF\É�DQG�WKXV��WKH�QHHG
WR�EH�VHHQ�E\�DQ�('�SK\VLFLDQ�DV�IROORZV��,PPHGLDWHO\��������HPHUJHQW�������ÈDV�TXLFN�DV�SRVVLEOHÉ���XUJHQW�������ÈPXVW�EH�VHHQ�WRGD\É��
OHVV�XUJHQW������H�J��ÈVRPHRQH�HOVH�VHQW�PHÉ���QRQ�XUJHQW�������7KUHH�TXDUWHU�RI�SDWLHQWV�LQGLFDWHG�SDLQ��7KH�OHYHO�RI�SDLQ�FRUUHODWHG�VLJQLILFDQWO\
WR�WKH�SDWLHQWV�VXEMHFWLYH�YLHZ�RI�XUJHQF\��7KH�PDMRULW\�RI�SDWLHQWV�������ZKR�DWWHQGHG�GXULQJ�UHJXODU�ZRUNLQJ�KRXUV�WULHG�WR�FRQWDFW�VWDWXWRU\
KHDOWK�LQVXUDQFH��6+,��RIILFH��EDVHG�SK\VLFLDQV�LQ�DGYDQFH�������RI�SDWLHQWV�ZRXOG�PDNH�XVH�RI�DPEXODWRU\�HPHUJHQF\�IDFLOLWLHV�LI�WKH\�ZHUH
DYDLODEOH�DQG�ZHOO�HVWDEOLVKHG��+RZHYHU������RI�SDWLHQWV�KDG�EHHQ�XQDZDUH�RI�WKH��PRELOH��HPHUJHQF\�VHUYLFH�RI�WKH�DVVRFLDWLRQ�RI�6+,�SK\VLFLDQV��

&RQFOXVLRQ��7KH�UHVXOWV�LQGLFDWH�WKDW�����PRUH�WKDQ�����RI�ZDON�LQ�SDWLHQWV�YLVLWLQJ�WKH�WZR�('V�FODVVLILHG�WKHPVHOYHV�WR�EH�DQ�ÈHPHUJHQF\É�DQG����
FHQWUDOL]HG�DPEXODWRU\�HPHUJHQF\�IDFLOLWLHV�VKRXOG�EH�DYDLODEOH������FORVHO\�UHODWHG�WR�KRVSLWDOV�ZLWK�('V��7KHUHIRUH��WKH�IXWXUH�SODQQLQJ�RI
HPHUJHQF\�VHUYLFHV�VKRXOG�LQWHJUDWH�SURYLGHUV�RI�WKH�DPEXODWRU\�DQG�LQSDWLHQW�VHFWRU��,QWHUQDWLRQDO�H[SHULHQFH�VXJJHVWV�WKDW�GLIIHUHQW�LQVWUXPHQWV
DLPLQJ�DW�EHWWHU�FRRUGLQDWLRQ�RI�FDUH��VXFK�DV�LQWHJUDWHG�FDOO�FHQWUHV��H[WHQGHG�DPEXODWRU\�VHUYLFHV�DQG�IDFLOLWLHV�IRU�OHVV�XUJHQW�FDVHV�ZLWKLQ�RU
QHDUE\�KRVSLWDOV�VKRXOG�DOVR�EH�LPSOHPHQWHG�LQ�*HUPDQ\�

�

$OO�DXWKRUV�FRQWULEXWHG�HTXDOO\



&$5',29$6&8/$5 5\P�+DPHG

��������&DQQDELV�LQGXFHG�DFXWH�FRURQDU\�V\QGURPH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,PHQ�0HNNL������+DPHG�5\P������IHWHQ�$PLUD������5\HI�$PPDU������%DVVHP�&KWDEUL������5\P�+DPPDPL������%RXKDMMD�%�FKLU����

���(PHUJHQF\�'HSDUWPHQW�&KDUOHV�1LFROOH�+RVSLWDO���WXQLVLD��WXQLV��781,6,$

.H\ZRUGV��&RURQDU\��V\QGURPH��&DQQDELV��HPHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ��

6PRNLQJ�FDQQDELV�LV�D�UDUH�WULJJHU�RI�DFXWH�FRURQDU\�V\QGURPH�EXW�VHYHUDO�FDVHV�RI�P\RFDUGLDO�LQIDUFWLRQ�KDYH�EHHQ�LQFUHDVLQJO\�UHSRUWHG�GXULQJ
WKH�ODVW�IHZ�GHFDGHV��7KH�SK\VLRORJLFDO��SDWKZD\�LQYROYHV�D�FRURQDU\�YDVRVSDVP�EXW�UHPDLQV�XQFHUWDLQ�

2EVHUYDWLRQ��

:H�UHSRUW�WKH�REVHUYDWLRQ�RI�D����\HDU�ROG�\RXQJ�PDOH��UHJXODU�FDQQDELV�VPRNHU�DQG�DOFRKRO�FRQVXPHU�ZLWK�QR�RWKHU�PHGLFDO�KLVWRU\��ZKR
SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�DIWHU�FRPSODLQLQJ�RI�SDUR[\VPDO�UHFXUUHQW�HSLVRGHV�RI�UHWURVWHUQDO�LVRODWHG�FKHVW�SDLQ�RFFXUULQJ�DW�UHVW
DQG�ODVWLQJ�ORQJHU�WKDQ����PLQXWHV��7KH�SDWLHQW�UHSRUWHG�WKH�XVH�RI�FDQQDELV�GXULQJ�WKH�WKUHH�GD\V�EHIRUH�DGPLVVLRQ�RQ�('�ZLWK�ODVW�FRQVXPSWLRQ
���KRXUV�EHIRUH�WKH�EHJLQQLQJ�RI�FKHVW�SDLQ��2Q�H[DPLQDWLRQ���7KH�SDWLHQW�ZDV�FRQVFLRXV��WKH�EORRG�SUHVVXUH�ZDV��������PP+J�LQ�ERWK�DUPV��7KH
SXOVH�UDWH�ZDV�UHJXODU� ����EHDWV�SHU�PLQXWH�DQG�WKH�HYDOXDWLRQ�RI�WKH�SDLQ�ZDV�HVWLPDWHG�RYHU����PP��2WKHUZLVH��WKHUH�ZHUH�QR��YDVFXODU�OHIW
VLJQV�QRU�FOLQLFDO�ILQGLQJV�RI�KHDPRG\QDPLF�LQVWDELOLW\��7KH�HOHFWURFDUGLRJUDP�DW�DGPLVVLRQ�VKRZHG�D�UHJXODU�VLQXV�U\WKP�DW����ESP�ZLWK�DQ�HDUO\
UHSRODUL]DWLRQ�LQ�WKH�LQIHURODWHUDO�WHUULWRULHV��7KH�SDWLHQW�ZDV�DGPLWWHG�WR�WKH�HPHUJHQF\�ZDUG�IRU�IXUWKHU�GHFLVLRQ�FOLQLFDO�PDNLQJ��DQG�WKHUDSHXWLF
RSWLRQV��7KH�HYROXWLRQ�ZDV�PDUNHG�E\�D�G\QDPLF�7�ZDYH�QHJDWLYDWLRQ�GXULQJ�WKH�(.*�PRQLWRULQJ�DQG�SRVLWLYH�SRLQWV�RI�K\SHUVHQVLWLYH�7URSRQLQV��
����QJ�PO�WR�����QJ�PO��$�1RQ�67�(OHYDWLRQ�0\RFDUGLDO�,QIDUFWLRQ�GLDJQRVLV�ZDV�PDGH�DQG�WKH�SDWLHQW�ZDV�WUDQVIHUUHG�WR�WKH�FDUGLRORJ\�XQLW�IRU
IXUWKHU�H[SORUDWLRQV��(FKRFDUGLRJUDSK\�ZDV�QRUPDO��7KH�FRURQDU\�DQJLRJUDSK\�UHYHDOHG�WKLJKW�WKURPERWLF�VWHQRVLV�RI�WKH�SUR[LPDO�DQWHULRU
LQWHUYHQWULFXODU�DUWHU\�ZLWK�7,0,���IORZ�DQG�D��JHQHUDO�VSDVWLF�FRURQDU\�V\VWHP�

'LVFXVVLRQ�DQG�&RQFOXVLRQ��

6HYHUDO�&DVHV�RI�DFXWH�FRURQDU\�V\QGURPH�GXH�WR�WKH�XVH�RI�FDQQDELV�KDYH�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH��HVSHFLDOO\�DPRQJ�\RXQJ�SHRSOH�
+RZHYHU��WKH�SDWKRSK\VLRORJLFDO�PHFKDQLVP�UHPDLQV�QRW�FRPSOHWHO\�XQGHUVWRRG�ZLWK�PXOWLSOHV�K\SRWKHVLV�LQYROYLQJ�YDVRVSDVP��LQFUHDVHG�GHPDQG
R[\JHQ�DQG�GHFUHDVHG�VXSSO\�DQG�SODTXH�UXSWXUH��$FWXDOO\��P\RFDUGLDO�LQIDUFWLRQ�PD\�EH�PRUH�IUHTXHQW�WKDQ�UHFRJQL]HG�E\�WKH�OLWHUDWXUH��7KH
PHGLFDO�WDNLQJ�KLVWRU\�LV�WKH�KDOOPDUN�RI�WKH�GHFLVLRQ�PDNLQJ�



&$6(�35(6(17$7,21 'RUVDI�%(//(6$)$5

��������6XSHULRU�PHVHQWHULF�DUWHU\�V\QGURPH��D�UDUH�FDXVH�RI�LQWHVWLQDO�REVWUXFWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$PHO�$PDPRX������7DLHE�-RPQL������'RUVDI�%HOODVIDU������6DORXD�+RXLPOL������0RXQD�7LWH\������)DWPD�%HQ�VDOHP������*KDQLD�IHWLKD�$RXDGL������-LKHQ
$RXHP������%HQ�5RPGKDQH�$EGHOPDMLG����

���HPHUJHQF\�GHSDUWPHQW��+RSLWDO�GHV�)6,�/D�0DUVD��7XQLV��781,6,$
���JDVWURORJ\��+RSLWDO�GHV�)6,�/D�0DUVD��7XQLV��781,6,$
���HPHUJHQF\�GHSDUWPHQW��+RSLWDO�GHV�)6,�/D�0DUVD��WXQLV��781,6,$

.H\ZRUGV��VXSHULRU�PHVHQWHULF�DUWHU\�V\QGURPH��:LONLH
V�V\QGURPH��1XWFUDFNHU�V\QGURPH��LQWHVWLQDO�REVWUXFWLRQ

$EVWUDFW��

%DFNJURXQG��6XSHULRU�PHVHQWHULF�DUWHU\�V\QGURPH�LV�D�UDUH�EXW�SRWHQWLDOO\�OLIH�WKUHDWHQLQJ�JDVWURLQWHVWLQDO�FRQGLWLRQ��7KLV�V\QGURPH�LV�D�FOLQLFDO
SKHQRPHQRQ�FDXVHG�E\�WKH�FRPSUHVVLRQ�RI�WKH�WKLUG�SDUW�RI�WKH�GXRGHQXP�EHWZHHQ�WKH�VXSHULRU�PHVHQWHULF�DUWHU\�DQG�WKH�DRUWD��OHDGLQJ�WR
REVWUXFWLRQ�

&DVH�UHSRUW��$����\HDUV�ROG�SDWLHQW�ZLWK�D�PHGLFDO�KLVWRU\�RI�DSSHQGHFWRP\�SUHVHQWHG�WR�WKH�HPHUJHQF\�URRP�ZLWK�DFXWH�DEGRPLQDO�SDLQ�DQG
YRPLWLQJ��7KH�SDWLHQW�UHSRUWHG�VLPLODU�HSLVRGHV�UHVROYHG�VSRQWDQHRXVO\�ZLWK�HSLVRGHV�RI�QRW�H[SORUHG�LQWHUPLWWHQW�KHPDWXULD��&OLQLFDO�H[DPLQDWLRQ
QRWHG�DEGRPLQDO�GLVWHQVLRQ�DQG�WHQGHUQHVV�LQ�WKH�OHIW�LOLDF�IRVVD��/DERUDWRU\�LQYHVWLJDWLRQ�VKRZHG�RQO\�DQ�DQHPLD��$EGRPLQDO�UDGLRJUDSK�UHYHDOHG
JDVWULF�GLODWLRQ��8OWUDVRQRJUDSK\�ZDV�QRUPDO��$EGRPLQDO�&RPSXWHUL]LQJ�7RPRJUDSK\�VFDQ�VKRZHG�D�GLVWHQGHG�FRORQ�DQG�D�FRPSUHVVLRQ�RI�WKH�OHIW
UHQDO�YHLQ�EHWZHHQ�WKH�PHVHQWHULF�DUWHU\�DQG�WKH�DRUWD��7KH�0DJQHWLF�5HVRQDQFH�,PDJLQJ�HQWHURJUDSK\�VKRZHG�D�GXRGHQDO�GLVWHQVLRQ�XSVWUHDP�LWV
FRPSUHVVLRQ�E\�DQ�DFXWH�DQJXODWLRQ�RI�WKH�VXSHULRU�PHVHQWHULF�DUWHU\��7KH�GLDJQRVLV�RI�:LONLHÇV�V\QGURPH�DVVRFLDWHG�ZLWK�WKH�QXWFUDFNHU�V\QGURPH
ZDV�WKHUHIRUH�HVWDEOLVKHG��7KHQ��WKH�SDWLHQW�ZDV�SURSRVHG�WR�VXUJHU\�

&RQFOXVLRQ��7KH�VXSHULRU�PHVHQWHULF�DUWHU\�DQG�WKH�QXWFUDFNHU�V\QGURPHV�DUH�UDUH�FRQGLWLRQV��7KH�GLDJQRVLV�LV�EDVHG�RQ�FOLQLFDO�V\PSWRPV�DQG
UDGLRORJLF�HYLGHQFH�RI�REVWUXFWLRQ�



35(�+263,7$/���(06���287�2)�+263,7$/ 0DUkD�*LO�/RSH]

��������'HVFULSWLYH�VWXG\�RI�WKH�DVVLVWDQW�DFWLYLW\�RI�D�GLVSRVLWLYH�RI�HPHUJHQFLHV�DQG�FULWLFDO�FDUH�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�*LO�/RSH]������(OHQD�3UDGR�0HO������$OPXGHQD�/R]DQR�9LFHQWH������-RVH�,JQDFLR�9LOODU�1DYDUUR����

���(PHUJHQF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6\VWHP��6HYLOOH��63$,1
���+RVSLWDO�3KDUPDF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6\VWHP��6HYLOOH��63$,1

.H\ZRUGV��3ULPDU\�+HDOWK�&DUH��HPHUJHQFLHV��KRXVH�FDOOV�

$EVWUDFW��

,QWURGXFWLRQ��3ULPDU\�KHDOWK�FDUH�LV�WKH�ILUVW�OHYHO�RI�DFFHVV�RI�WKH�SRSXODWLRQ�WR�WKH�KHDOWK�V\VWHP�LQ�ZKLFK�WKH�'LVSRVLWLYH�RI�(PHUJHQFLHV�DQG
&ULWLFDO�&DUH��'(&&��LV�WKH�ILUVW�OLQN�RI�WKH�DVVLVWDQW�FKDLQ�WR�RXW�RI�KRVSLWDO�HPHUJHQF\�VHUYLFHV�

,Q�WKHVH�UHTXHVWV�RI�HPHUJHQF\�VLWXDWLRQV��D�TXDOLW\�KHDOWK�DVVLVWDQFH�PXVW�EH�JXDUDQWHHG�DV�TXLFNO\�DV�SRVVLEOH��$OO�WRJHWKHU��DORQJ�ZLWK�WKH�SRRU
ELEOLRJUDSK\�RQ�WKLV�WRSLF��OHG�XV�WR�RXWOLQH�WKLV�VWXG\�

2EMHFWLYHV��7R�GHVFULEH�WKH�KHDOWK�FDUH�DFWLYLW\�RI�WKH�'(&&�RI�/D�5LQFRQDGD��DFFRUGLQJ�WR�LWV�GHPRJUDSKLF�IHDWXUHV��DVVLVWHG�SDWKRORJLHV�
DPEXODQFH�DUULYDO�WLPH��DQG�FRQFRUGDQFH�EHWZHHQ�WKH�'(&&�DQG�KRVSLWDO�GLDJQRVHV��$V�ZHOO�DV�WKH�UHODWLRQ�EHWZHHQ�WKH�DQDO\]HG�YDULDEOHV�

0HWKRGRORJ\��'HVFULSWLYH��WUDQVYHUVDO�DQG�UHWURVSHFWLYH�VWXG\�FDUULHG�RXW�GXULQJ�WKH�\HDU�������7R�FDOFXODWH�WKH�VDPSOH�VL]H�VWUDWLILHG�SUREDELOLW\
VDPSOLQJ���GHSHQGLQJ�RQ�WKH�VHDVRQV�ZDV�SHUIRUPHG��7KH�VL]H�RI�WKH�VDPSOH�GHWHUPLQHG�WR�D�FRQILGHQFH�OHYHO�RI�����DQG�DQ�DFFXUDF\�RI�������ZDV
����VXEMHFWV���)LQDOO\��D�UHSUHVHQWDWLYH�VDPSOH�RI�����SDWLHQWV�RI�DOO�SDWLHQWV�VHHQ�ZDV�VHOHFWHG�

&RQFOXVLRQV��7KH�KLJKHVW�SHUFHQWDJH�RI�DVVLVWDQFHV�LV��SHRSOH�RYHU�����IHPDOH��GD\�RI�WKH�ZHHN��0RQGD\��WLPH��IURP���WR����D�P���VHDVRQV��DXWXPQ
DQG�ZLQWHU��7KH�PRVW�IUHTXHQW�SDWKRORJLHV�DUH��QHXURORJLFDO��FDUGLRYDVFXODU�DQG�UHVSLUDWRU\��LQ�WKDW�RUGHU��WKHUH�DUH�VOLJKW�GLIIHUHQFHV�RI�SHUFHQWDJH
LQ�WHUPV�RI�DJH�DQG�VHDVRQ���0RVW�FDVHV�DUH�SULRULW\����QR�HPHUJHQF\�GHPRUDEOHV���WKHUH�LV�DOVR�D�SHUFHQWDJH�RI�FDVHV�3ULRULW\���ZKLFK�ZRXOGQÇW�EH
DWWHQGHG�E\�WKH�'(&&��$UULYDO�WLPHV�LV�ULJKW��EXW�LQ�3ULRULW\����LW�FDQ�EH�LPSURYHG��7KH�SHUFHQWDJH�RI�SDWLHQW�UHIHUUDOV�PLJKW�VHHP�KLJK�EXW�PRUH
WKDQ�����RI�WKRVH�DUH�KRVSLWDOL]DWLRQV��7KH�GLDJQRVWLF�DJUHHPHQW�EHWZHHQ�'(&&�DQG�WKH�KRVSLWDO�LV�KLJK��EXW�RQO\�WR�D�OLPLWHG�H[WHQW��2Q�WKH�EDVLV
RI�WKH�UHVXOWV��SUHYHQWLYH��LQVWUXFWLYH�DQG�RUJDQL]DWLRQDO�PHDVXUHV�VKRXOG�EH�LQWURGXFHG�LQ�RUGHU�WR�UHVSRQG�WR�WKH�QHHGV�RI�WKH�DWWHQGHG�SRSXODWLRQ
DQG�DOVR�WR�VHW�XS�RWKHU�OLQHV�RI�UHVHDUFK��DOORZLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�HPHUJHQF\�FDUH�



72;,&2/2*< DQZDUH�\DKPDGL

��������5LVN�IDFWRUV�IRU�LQWXEDWLRQ�LQ�SHVWLFLGH�SRLVRQLQJ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

ZLGHG�EDKULD������DQZDUH�\DKPDGL������KDQDQH�JKD]DOL������ZLGHG�ERXVVOLPL������IDUDK�ULDKL������D\PHQ�]RXEOL������PRKDPHG�PJXLGLFK������VDPL
VRXLVVL����

���HPHUJHQG\�GHSDUWPHQW�RI�EHQ�DURXV�KRVSLWDO���UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV�WXQLVLD���EHQ�DURXV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���6HUYLFH�DFFXHLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��7XQLV��781,6,$

.H\ZRUGV��SHVWLFLGH�SRLVRQLQJ��(PHUJHQF\�'HSDUWPHQW��LQWXEDWLRQ

$EVWUDFW��

,QWURGXFWLRQ��$FXWH�SHVWLFLGH�SRLVRQLQJ�LV�IUHTXHQW�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('���,W�FDQ�EH�VHYHUH�RU�HYHQ�IDWDO��7KH�PDQDJHPHQW�PD\
UHTXLUH�WKH�XVH�RI�LQWXEDWLRQ�DQG�WKH�KRVSLWDOLVDWLRQ�LQ�WKH�XQLW�LQWHQVLYH�FDUH��0DQ\��IDFWRUV�DUH�FRUUHODWHG�ZLWK�WKH�ULVN�IRU�LQWXEDWLRQ�

2EMHFWLYH��7KH�SXUSRVH�RI�RXU�VWXG\�LV�WR�HYDOXDWH�ULVN�IDFWRUV�RI�LQWXEDWLRQ�IRU�DFXWH�SHVWLFLGHV�SRLVRQLQJ

0DWKHULDOV�DQG�PHWKRGV��LW�ZDV�D��UHWURVSHFWLYH�VWXG\�EDVHG�RQ�DQDO\VLV�RI����FRQVHFXWLYH�SDWLHQWV�LQ�DQ�HPHUJHQF\�GHSDUWPHQW�IRU���\HDUV��7KH
HSLGHPLRORJLFDO�GDWD��GHPRJUDSKLF�IHDWXUHV��FLUFXPVWDQFHV��RXWFRPH�WKH�QDWXUH�RI�WKH�RIIHQGLQJ�SURGXFW��WLPHO\�FDUH��FOLQLFDO�DQG�ODERUDWRU\�VLJQV�
WUHDWPHQW�DQG�HYROXWLRQ�ZHUH�VWXGLHG��7R�GHWHFW�WKH�SRVVLEOH�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV��FRUUHODWLRQV�ZHUH�XVHG�

5HVXOWV��6HYHQW\�WKUHH�SDWLHQWV�ZHUH�HQUROOHG�7KH�DYHUDJH�DJH�ZDV����k���\HDUV��VH[�UDWLR ������:RPHQ�SV\FKLDWULF�KLVWRU\�ZHUH�QRWHG�LQ����RI
SDWLHQWV��7KH�FDXVHV�RI�SRLVRQLQJ�ZHUH�ZLWK�VXLFLGDO�LQWHQW�LQ�����RI�FDVHV��DQG�ZHUH�DFFLGHQWDO�LQ����RI�FDVHV��&KORUDORVH�ZDV�WKH�PRVW�IUHTXHQWO\
LPSOLFDWHG�LQ�����RI�FDVHV�DQG��RUJDQRSKRVSKDWHV�LQ�����RI�FDVHV��0RVW�SDWLHQWV�������FRQVXOWV�LQ�WKH�ILUVW�KRXU��0XVFDULQLF�V\QGURPH�ZDV
SUHVHQW�LQ�����RI�SDWLHQWV�DQG�QLFRWRQLF��V\QGURPH�ZDV�SUHVHQW�LQ������7KH�YHQWLODWRU\�VXSSRUW�ZDV�SHUIRUPHG�LQ����SDWLHQWV���������6HYHUDO�ULVN
IDFWRUV��IRU�LQWXEDWLRQ�ZHUH�GHWHFWHG���WKH�IHPDOH�VH[��S �������FKORUDORVH��S �������WUHPRU��S ������DQG��K\SHUVDOLYDWLRQ���������

&RQFOXVLRQ��,Q�WKH�(PHUJHQF\�'HSDUWPHQW��SK\VLDQV�PXVW�EH�FRQVFLHQWLRXV�DERXW�SRWHQWLDO�SHVWLFLGH�GDQJHU��WKH�IHPDOH�VH[���FKORUDORVH��WUHPRU
DQG��K\SHUVDOLYDWLRQ�DUH�FRUUHODWHG�ZLWK�D�KLJK�ULVN�RI�LQWXEDWLRQ�DQG�LQWHQVLYH�FDUH�XQLW��,&8��DGPLVVLRQ�



0,6&(//$1(286 5DIDHO�,QIDQWHV�5DPRV

��������+RGJNLQ�O\PSKRPD�0L[HG�FHOOXODULW\�LQ�SDWLHQWV�ZLWK�PXOWLSOH�HPHUJHQF\�URRP�YLVLWV�IRU�NQHH�SDLQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5DIDHO�,QIDQWHV�5DPRV������0DULD�(XJHQLD�5H\HV�*DUFLD������&ULVWLQD�)HUQDQGH]��)LJDUHV�0RQWHV������-RVH�,JQDFLR�9DOHUR�5ROGDQ������,YDQ�9LOODU�0HQD
�����0DULD�9LFWRULD�$ODUFRQ�0RUDOHV����

���&ULWLFDO�FDUH�DQG�(PHUJHQF\�6HUYLFH��5HJLRQDO�+RVSLWDO�&DUORV�+D\D��0DODJD��63$,1
���&ULWLFDO�FDUH�DQG�(PHUJHQF\�6HUYLFH��+HDOWK�FHQWHU�9LFWRULD��0�ODJD��63$,1

.H\ZRUGV��+RGJNLQ�O\PSKRPD��DQHPLD��IUHTXHQW�DWWHQGDQFH�

$EVWUDFW��

���\HDU�ROG�SDWLHQW�ZLWK�QR�NQRZQ�GUXJ�DOOHUJLHV�DQG�D�KLVWRU\�RI�PXOWLSOH�VFOHURVLV��GLDJQRVHG���\HDUV�DJR�E\�RSWLF�QHXULWLV�DQG�WUDFNLQJ�QHXURORJ\�
,URQ�GHILFLHQF\�DQHPLD�LQ�WUDFNLQJ�PLFURF�WLFD�GLJHVWLYH�DGGLWLRQDO�WHVWV�ZLWKRXW�SDWKRORJLFDO�ILQGLQJV��DQ[LRXV�DQG�GHSUHVVLYH�V\QGURPH�KLDWDO
KHUQLD�

&XUUHQW�WUHDWPHQW��WUD]RGRQH����PJ�����KUV��IHUURXV�VXOIDWH��EXSURSLRQ�����PJ������KRXUV��9LWDPLQ�%��%��%�������K��%HWDIHURQ�WKUHH�GD\V�D�ZHHN�

&XUUHQW�GLVHDVH��3DWLHQW�KDV�FRQVXOWHG�VHYHUDO�WLPHV�LQ�HPHUJHQFLHV�LQ�WKH�SDVW�WZR�PRQWKV�E\�ER[�RI�SDLQ�LQ�WKH�ULJKW�ORZHU�OLPE�DW�WKH�OHYHO�RI
WLELDO�UHJLRQ��JR�IRU�LQWHQVLW\�RI�SDLQ�WKDW�ZDNHV�\RX�XS�GXULQJ�VOHHS�GLG�QRW�LPSURYH�ZLWK�DQDOJHVLD�DQG�SDUHVWKHVLDV�WKDW�OHYHO��'XULQJ�WKH�LQWHUYLHZ
KLJKOLJKWV�DQRUH[LD����NJ�ZHLJKW�LQ�WKH�ODVW�\HDU�DFFRPSDQLHG�E\�DVWKHQLD��,Q�SUHYLRXV�FRQVXOWDWLRQV�WKH\�KDG�EHHQ�FRQGXFWHG�DGGLWLRQDO�WHVWV
ZLWKRXW�ILQGLQJV�H[FHSW�PLFURF\WLF�DQHPLD�NQRZQ�

$IWHU�IXUWKHU�WHVWV�WKH�SDWLHQW�LV�DGPLWWHG�WR�WKH�,QWHUQDO�0HGLFLQH�

$GGLWLRQDO�WHVWV�RQ�DGPLVVLRQ

%ORRG�WHVW��+HPRJORELQ������9&0������������OHXNRF\WHV��QHXWURSKLOV������3ODWHOHWV���������������SURWKURPELQ�WLPH��JOXFRVH����PJ���'&/�
&UHDWLQLQH������������FDOFLXP�FRUUHFWHG��*27�������*37��**7������)$������WRWDO�ELOLUXELQ�������&�UHDFWLYH�SURWHLQ�����

&KHVW�[�UD\�OLQH�EURDGHQLQJ�VXJJHVWLYH�RI�ULJKW�SDUDWUDFKHDO�O\PSKDGHQRSDWK\��,QFUHDVH�ELODWHUDO�KLODU�O\PSKDGHQRSDWK\�VXJJHVW��0LOG�ELODWHUDO
SOHXUDO�HIIXVLRQ�

5DGLRJUDSK\�RI�ULJKW�NQHH�LQMXU\�O\WLF�ERQH�HSLSK\VHDO�PHWDSK\VHDO�H[WHUQDO�SUR[LPDO�ULJKW�WLELD�ZLWK�LOO�GHILQHG�ERUGHUV�FRQVLVWHQW�ZLWK�DJJUHVVLYH
ERQH�LQMXU\�

(YROXWLRQ��'XULQJ�DGPLVVLRQ�H[SDQVLRQ�RI�DGGLWLRQDO�WHVWV��YHQRXV�XOWUDVRXQG�GRSSOHU�DQG�ELODWHUDO�DUWHULDO��&7�WKRUD[�DQG�DEGRPHQ��ERQH�VFDQ�
FRORQRVFRS\�DQG�3(7��LV�SHUIRUPHG�REMHFWLI\LQJ�DJJUHVVLYH�OLWFD�OHVLRQ�LQ�WKH�ULJKW�WLELDO�UHJLRQ��PXOWLSOH�ELODWHUDO�SXOPRQDU\�QRGXOHV�SUHGRPLQDQWO\
LQ�WKH�ULJKW�ORZHU�OREH��RFFXS\LQJ�OHVLRQV�OLYHU�DQG�VSOHHQ�VSDFH��$IWHU�OLYHU�ELRSV\�GLDJQRVLV�RI�O\PSKRPD�0L[HG�FHOOXODULW\�FODVVLFDO�+RGJNLQ
FRQILUPHG��VWDUWLQJ�FKHPRWKHUDS\�WUHDWPHQW�

&RQFOXVLRQ��7KH�UHDVRQV�IRU�UHSHDWHG�FRQVXOWDWLRQ�IUHTXHQW�DWWHQGHUV�HPHUJHQF\�SDWLHQWV�RIWHQ�KLGH�VHULRXV�GLVHDVHV��,W�LV�LPSRUWDQW�WR�PDNH�D
FRUUHFW�PHGLFDO�KLVWRU\�RQ�HDFK�YLVLW�DQG�OHW�XV�QRW�EH�FDUULHG�DZD\�E\�SUHYLRXV�HSLVRGHV�



0$1$*(0(17���('�25*$1,6$7,21 3DWULFN�'LVVPDQQ

��������,PSDFW�RI�UHIXJHH�SUHVHQWDWLRQV�RQ�WKH�FDVH�ORDG�RI�D�PHGLXP�VL]HG�*HUPDQ�HPHUJHQF\�GHSDUWPHQW��('��

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3DWULFN�'LVVPDQQ������)HOL[�.RHKULQJ������)ORULDQ�)LVFKHU����

���(PHUJHQF\�'HSDUWPHQW���&HQWUH�IRU�5HIXJHH�0HGLFLQH��.OLQLNXP�/LSSH�*PE+��'HWPROG��*(50$1<
���6FKRRO�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI�%LHOHIHOG��%LHOHIHOG��*(50$1<

.H\ZRUGV��,PSDFW��5HIXJHHV��&DVH�/RDG��*HUPDQ��(PHUJHQF\�'HSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ�
$ORQH�LQ������*HUPDQ\�VDZ�LQ�LQIOX[�RI�DSSUR[LPDWHO\�����PLOOLRQ�UHIXJHHV��*HUPDQ�LPPLJUDWLRQ�DXWKRULWLHV�PDQGDWH��WKDW�UHIXJHHV�UHFHLYH�WKH
DPRXQW�RI�PHGLFDO�WUHDWPHQW�VXIILFLHQW�WR�DYHUW�GDQJHUV�WR�OLIH�DQG�OLPEV�DQG�UHPRYH�DQ\�LPPHGLDWH�KHDOWK�WKUHDWV�WR�WKHPVHOYHV�RU�WKH�*HUPDQ
SXEOLF��+RZHYHU��WKH�GHOLYHU\�RI�PHGLFDO�VHUYLFHV�WR�UHIXJHHV�LQ�*HUPDQ\�LV�KHWHURJHQRXV�DQG�UHOLHV�KHDYLO\�RQ�ORFDO�KHDOWK�SROLF\�DQG�LQGLYXDO
YROXQWHHU�KHDOWK�FDUH�ZRUNHUV��$V�D�UHVXOW��WKH�JHQHUDO�IHHOLQJ�LV�WKDW�PDQ\�UHIXJHHV�VHHP�DWWHQG�WKHLU�ORFDO�HPHUJHQF\�GHSDUWPHQW��('��IRU
HPHUJHQW��XUJHQW�DQG�QRQ�XUJHQW�PHGLFDO�FRQGLWLRQV�DOLNH�RQ�D������EDVLV��,W�LV�DOVR�IHOW��WKDW�UHIXJHHV�UHTXLUH�D�GLVSURSRUWLRQDWH�DPRXQW�RI
UHVVRXUFHV�GXH�WR�ODQJXDJH�EDUULHUV�DQG�VSHFLDO�FXOWXUDO�QHHGV��$LP�RI�WKLV�UHWURVSHFWLYH�FDVH�QRWH�VWXG\�ZDV�WKHUHIRUH�WR�HYDOXDWH�WKH�UHDO�LPSDFW
RI�UHIXJHH�SUHVHQWDWLRQV�WR�WKH�FDVH�ORDG�DQG�FRQVHTXHQWO\�ZRUN�ORDG�RI�D�PHGLXP�VL]HG�*HUPDQ�('�

0HWKRGV�
:H�FRQGXFWHG�D�UHWURVSHFWLYH�FDVH�UHFRUG�UHYLHZ�RI�DOO�UHIXJHHV�SUHVHQWLQJ�WR�WKH�('�LQ�WKH�ILUVW�WKUHH�PRQWKV�RI�������7KH�IROORZLQJ�GDWD�ZHUH
UHFRUGHG��W\SH�RI�HPHUJHQF\��WUDXPD�VXUJLFDO��PHGLFDO�QHXURORJLFDO��SDHGLDWULF��REVWHWULF�J\QDHFRORJLFDO���SDWLHQW�DJH�DQG�GLVSRVLWLRQ
�LQSDWLHQW�RXWSDWLHQW���6HFRQGO\�ZH�ORRNHG�DW�WKH�SUHVHQWLQJ�FRPSODLQW�PDLQ�('�GLDJQRVLV�LQ�RUGHU�WR�JDXJH�ZKHWKHU�DQ�('�DWWHQGDQFH��RXW�RI�KRXUV
�22+��RU�QH[W�GD\�JHQHUDO�SUDFWLWLRQHU��*3��YLVLW�ZRXOG�KDYH�EHHQ�DSSURSULDWH��

5HVXOWV�
$FFRUGLQJ�WR�WKH�ODWHVW�FHQVXV��WKH�&RXQW\�RI�/LSSH�KDV�D�SRSXODWLRQ�RI���������UHVLGHQWV��2I�WKHVH��ZH�UHFRUGHG�DURXQG��������('�YLVLWV�GXULQJ�WKH
VWXG\�SHULRG��7KLV�FRPSDUHV�WR�����UHIXJHH�('�YLVLWV�RQ�WKH�EDFNJURXQG�RI�DURXQG�������UHIXJHHV�DQG�DV\OXP�VHHNHUV�OLYLQJ�LQ�WKH�&RXQW\�RI�/LSSH�
$SSUR[LPDWHO\�����RI�UHIXJHHV�ZHUH�PDOH�ZLWK�����EHLQJ�IHPDOH������RI�UHIXJHHV�DWWHQGHG�EHFDXVH�RI�D�PHGLFDO�QHXURORJLFDO�FRQGLWLRQ������ZLWK
WUDXPD�RU�VXUJLFDO�FRQGLWLRQV������ZHUH�XQZHOO�FKLOGUHQ�ZKHUHDV�����VRXJKW�KHOS�IRU�SUHJQDQF\�UHODWHG�FRQFHUQV��0RVW�UHIXJHHV�DWWHQGLQJ�FRXOG
EH�GLVFKDUJHG�IURP�WKH�('��������7KLV�FRPSDUHG�IDYRUDEO\�WR�DQ�RYHUDOO�('�GLVFKDUJH�UDWH�RI�����IRU�WKH�UHVLGHQW�SRSXODWLRQ�GXULQJ�WKH�DERYH
VWXG\�SHULRG��*RLQJ�E\�WKH�SUHVHQWLQJ�FRPSODLQW�PDLQ�GLDJQRVLV�����RI�UHIXJHH�('�YLVLWV�ZHUH�GHHPHG�HPHUJHQFLHV������ZKHUH�FODVVLILHG�DV
XUJHQW��ZKHUHDV�����FRXOG�KDYH�VHHQ�D�*3�RU�RIILFH�EDVHG�FRQVXOWDQW�WKH�IROORZLQJ�ZRUNLQJ�GD\�

'LVFXVVLRQ�
7KLV�VWXG\�LV�WKH�ILUVW�WR�GHVFULEH�WKH�UHDO�LPSDFW�RI�UHIXJHH�DWWHQGDQFHV�WR�WKH�RYHUDOO�FDVH�ORDG�RI�D�PHGLXP�VL]HG�*HUPDQ�('��:H�EHOLHYH�RXU�GDWD
WR�EH�UHSUHVHQWDWLYH��DV�WKH�UHJLRQDO�UHIXJHH�GLVWULEXWLRQ�LQ�*HUPDQ\�LV�JRYHUQHG�FHQWUDOO\�E\�IL[HG�TXRWDV�GHSHQGLQJ�RQ�WKH�UHODWLYH�SRSXODWLRQ�VL]H
DQG�GHQVLW\��2XU�GDWD�VXJJHVW�WKDW�UHIXJHHV�LQ�WUDQVLW�SUHVHQW�OHVV�RIWHQ�WR�WKH�ORFDO�('�WKDQ�WKH�VHGDQWU\�ORFDO�SRSXODWLRQ�DQG�DFFRXQW�IRU�QR�PRUH
WKDQ����RI�RYHUDOO�('�YLVLWV��&RPSDUHG�WR�WKH�VHGDQWU\�SRSXODWLRQ�PRVW�UHIXJHHV�FDQ�EH�GLVFKDUJHG�IURP�WKH�('��LQGLFDWLQJ�D�ODUJHU�SURSRUWLRQ�RI
PLQRU�FRPSODLQWV�VXLWDEOH�IRU�DQ�22+��RU�*3�VHWWLQJ�



&35���5(686&,7$7,21 6HGDW�.2&$.

��������3URJQRVWLF�YDOXH�RI�WKH�15��SHSWLGH�LQ�SDWLHQWV�XQGHUZHQW�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7DPHU�&RODN������6HGDW�.RFDN������=HUULQ�'HIQH�'XQGDU������0HKPHW�(UJLQ������$EGXOODK�6DGLN�*LULVJLQ������%DVDU�&DQGHU������0HKPHW�*XO����

���(PHUJHQF\�'HSDUWPHQW��,]]HW�%D\VDO�6WDWH�+RVSLWDO��%ROX��785.(<
���(PHUJHQF\�'HSDUWPHQW��1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�0HUDP�)DFXOW\�RI�0HGLFLQH��.RQ\D��785.(<
���(PHUJHQF\�'HSDUWPHQW��<LOGLULP�%H\D]LW�8QLYHUVLWL\�0HGLFDO�)DFXOW\�$WDWXUN�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��$QNDUD��785.(<

.H\ZRUGV��15���FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��HPHUJHQF\�URRP

$EVWUDFW��

%DFNJURXQG��,W�LV�LPSRUWDQW�WR�NQRZ�WKH�IDFWRUV�DIIHFWLQJ�VXUYLYDO��JRRG�QHXURORJLFDO�RXWFRPH�DQG�SURJQRVLV�LQ�SDWLHQWV�XQGHUZHQW
FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35���15���1�PHWK\O�'�DVSDUWDWH�UHFHSWRU����SHSWLGH�LV�D�SODVPD�ELRPDUNHUV�IRU�DFXWH�FHUHEUDO�LVFKHPLD���,Q
OLWHUDWXUH��LW�KDV�QRW�EHHQ�GHPRQVWUDWHG�DQ\�VWXG\�DVVHVVLQJ�15��OHYHOV�LQ�SDWLHQWV�XQGHUJRLQJ�&35��,Q�WKLV�VWXG\��ZH�LQYHVWLJDWHG�WKH�UHODWLRQVKLS
EHWZHHQ�WKH�15��SHSWLGH�OHYHOV�DQG�SURJQRVLV�LQ�SDWLHQWV�XQGHUZHQW�&35�LQ�RXU�KRVSLWDO�HPHUJHQF\�URRP�

0HWKRG��,Q�WKH�VWXG\��WKH�SDWLHQWV�ZLWK�FDUGLRSXOPRQDU\�DUUHVW��&3$��FRQVHFXWLYHO\�DGPLWWHG�WR�WKH�HPHUJHQF\�URRP�DQG�WKH�SDWLHQWV�VXIIHU�IURP
&3$�ZKLOH�EHLQJ�IROORZHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��ZHUH�HYDOXDWHG�SURVSHFWLYHO\�EHWZHHQ�2FWREHU������DQG�-XQH�������7UDXPDWLF�
QRQ�WUDXPDWLF��SUH�KRVSLWDO�DQG�LQ�KRVSLWDO�FDUGLDF�DUUHVW�SDWLHQWV�ZHUH�LQFOXGHG�WKH�VWXG\��%ORRG�VDPSOHV�IRU�15��DQG�RWKHU�ELRFKHPLFDO�DQDO\VLV
ZHUH��WDNHQ�GXULQJ�UHVXVFLWDWLRQ��15��OHYHOV�LQ�SDWLHQWV�ZKR�FDQ�SURYLGHG�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��526&��DQG�QRW�SURYLGHG�526&��DQG�WKH
EHQHILWV�RI�15��LQ�SUHGLFWLQJ����GD\�PRUWDOLW\�ZHUH�LQYHVWLJDWHG��6366�Ñ�YHU������ZDV�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV�

5HVXOWV��$��KXQGUHG�SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�EXW�QLQH�SDWLHQWV�ZHUH�H[FOXGHG�IURP�WKH�VWXG\�GXH�WR�HUURUV�LQ�WKH�EORRG�VDPSOLQJ��0HDQ
DJH�RI�WKH�SDWLHQWV�ZDV�����k�����\HDU�DQG�������ZHUH�PDOH��3UH�KRVSLWDO�DQG�LQ�KRVSLWDO�FDUGLDF�DUUHVW�SHUFHQWV�ZHUH�������DQG������
UHVSHFWLYHO\��DQG�������RI�WKHP�ZHUH�WUDXPDWLF�FDUGLDF�DUUHVW�SDWLHQWV��526&�ZDV�DFKLHYHG�LQ�������RI�SDWLHQWV��%HWZHHQ�WKH�SDWLHQWV�ZKR�ZHUH
DFKLHYHG�526&�DQG�WKRVH�ZKR�GLHG�ZHUH�GHWHFWHG�VLJQLILFDQW�GLIIHUHQFHV�LQ�WHUPV�RI�15��OHYHOV��S ��������$OWKRXJK�15��YDOXHV�RI�VXUYLYRUV�DW
WZHQW\�HLJKW�GD\V�ZHUH�KLJKHU�WKDQ�WKRVH�EHLQJ�H[LWXV��WKHUH�ZDV�QR�VWDWLVWLFDO�GLIIHUHQFH��S ��������$OVR�LQ�WKH�VWXG\���ODFWDWH�OHYHOV�LQ�SDWLHQWV
ZKR�SURYLGHG�526&��DQG�WKH�SDWLHQWV�ZKR�OLYLQJ����GD\V�ZHUH�IRXQG�VLJQLILFDQWO\�ORZHU�WKDQ�WKRVH�ZKR�GLHG���S �����DQG�S �����UHVSHFWLYHO\��

&RQFOXVLRQ��15��OHYHOV�DUH�LQFUHDVHG�DV�DQ�LQGLFDWRU�RI�WKH�526&�LQ�SDWLHQWV�ZKR�XQGHUZHQW�&35��7KLV�FRQGLWLRQ�LV�WKRXJKW�WR�EH�DVVRFLDWHG�ZLWK
UHSHUIXVLRQ��+RZHYHU��15��OHYHOV�KDV�QRW�EHHQ�VKRZQ�WR�EH�VXSHULRU�WR�ODFWDWH�OHYHOV�LQ����GD\�PRUWDOLW\�SUHGLFWLRQ�



72;,&2/2*< &+$5%(/�0$5281�(,'

��������,GHQWLILFDWLRQ�RI�DFXWH�SRLVRQLQJ�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0$5,$�$1*(/,&$�5LYHUD�1��H]������5RVDULR�7RUUHV�6DQWRV�2OPRV������$1$�0DUW�QH]�9LUWR������&+$5%(/�0$5281�(,'����

���(0(5*(1&<�'(3$570(17��/D�3D]�8QLYHUVLW\�+RVSLWDO��0$'5,'��63$,1

.H\ZRUGV��SRLVRQLQJ��GUXJ�DEXVH��DOFRKRO��DFXWH��VXLFLGH�

$EVWUDFW��

,1752'8&7,21��3RLVRQLQJ��DOFRKRO�RYHU�FRQVXPSWLRQ�RU�GUXJ�RYHUGRVH�FRQVWLWXWH�D�VLJQLILFDQW�VRXUFH�RI�PRUELGLW\�DQG�PRUWDOLW\��$FFRUGLQJ�WR
$QQXDO�5HSRUW�RI�WKH�$PHULFDQ�$VVRFLDWLRQ�RI�3RLVRQ�&RQWURO�&HQWHUV
�1DWLRQDO�3RLVRQ�'DWD�6\VWHP��13'6���LQ������WKHUH�ZHUH�DOPRVW�����PLOOLRQ
WR[LF�H[SRVXUHV�LQ�KXPDQV�LQ�WKH�8QLWHG�6WDWHV�RI�$PHULFD��RI�ZKLFK�������ZHUH�XQLQWHQWLRQDO�DQG�������ZHUH�,QWHQWLRQDO�H[SRVXUHV��EHLQJ�PDLQO\
LQYROYHG�VHGDWLYH�K\SQRWLFV�DQWLSV\FKRWLFV��FDUGLRYDVFXODU�GUXJV��RSLRLGV��VWLPXODQWV�DQG�VWUHHW�GUXJV���,Q�6SDLQ��D�PXOWLFHQWUH�VWXG\�LQ�����
VKRZHG�WKDW�GUXJV�UHPDLQ�DV�OHDGLQJ�FDXVH�RI�DFXWH�SRLVRQLQJ��HVSHFLDOO\�LQ�DGXOWV�DQG�LQ�SDWLHQWV�ZLWK�SV\FKLDWULF�KLVWRU\��,W�LV�IROORZHG�E\�DOFRKRO
LQWR[LFDWLRQ��LOOHJDO�GUXJV�RI�DEXVH��DQG�PLVFHOODQHRXV�JURXS�LQFOXGLQJ�LQGXVWULDO�SURGXFWV��VSRLOHG�IRRG��SODQWV�DQG�DQLPDOV�SRLVRQLQJ��2%-(&7,9(�
7KH�DLP�RI�WKLV�VWXG\�LV�WR�GHVFULEH�WKH�FOLQLFDO�DQG�HSLGHPLRORJLFDO�FKDUDFWHULVWLFV�RI�WKH�SDWLHQWV�YLVLWLQJ�WKH�HPHUJHQF\�GHSDUWPHQW�IRU�DFXWH
SRLVRQLQJ��0$7(5,$/6�$1'�0(7+2'6��$OO�SDWLHQWV�SUHVHQWLQJ�ZLWK�DFXWH�SRLVRQLQJ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�GXULQJ�-DQXDU\�DQG�)HEUXDU\
�����ZHUH�LQFOXGHG��'HPRJUDSKLF��FOLQLFDO�DQG�ODERUDWRU\�YDULDEOHV�DUH�FROOHFWHG��5(68/76������SDWLHQWV�SUHVHQWLQJ�ZLWK�DFXWH�SRLVRQLQJ�LQ�WKH
VWXG\�SHULRG�ZHUH�LQFOXGHG��������ZHUH�ZRPHQ��7KH�PHDQ�DJH�ZDV����\HDUV��������KDG�D�KLVWRU\�RI�DOFRKRO�DEXVH�������DOFRKRO��WREDFFR�DQG
FRFDLQH�������FKURQLF�VPRNLQJ������KDG�QR�KLVWRU\�RI�VXEVWDQFH�DEXVH��5HJDUGLQJ�SV\FKLDWULF�KLVWRU\������RI�SDWLHQWV�KDG�QR�KLVWRU\�RI�SV\FKLDWULF
GLVRUGHUV������KDG�GHSUHVVLRQ�������DQ[LHW\�GLVRUGHU�����VFKL]RSKUHQLD�������HDWLQJ�GLVRUGHU��������RI�SDWLHQWV�KDG�D�KLVWRU\�RI�VHOI�KDUP�VXLFLGH
DWWHPSWV��$FFRUGLQJ�WR�WKH�FDXVH�RI�DGPLVVLRQ�WR�WKH�HPHUJHQF\�������RI�SDWLHQWV�ZHUH�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�IRU�DOFRKRO
SRLVRQLQJ��������IRU�EHQ]RGLD]HSLQH�LQWR[LFDWLRQ�������FRFDLQH�RYHUGRVH�������IRRG�SRLVRQLQJ�������&2��SRLVRQLQJ������FDQQDELV�������+DVKLVK
RU�0'0$��������RI�SDWLHQWV�KDG�VXLFLGDO�LGHDWLRQ�RU�DXWRO\WLF�LQWHQWLRQ��������RI�SDWLHQWV�UHTXLUHG�SV\FKLDWULF�DVVHVVPHQW�GXULQJ�WKHLU�DGPLVVLRQ�LQ
WKH�HPHUJHQF\�GHSDUWPHQW��������RI�SDWLHQWV�ZHUH�GLVFKDUJHG���������ZHUH�KRVSLWDOL]HG�DW�WKH�GHSDUWPHQW�RI�SV\FKLDWU\�DQG������DW�WKH�LQWHUQDO
PHGLFLQH�GHSDUWPHQW��&21&/86,216��3DWLHQWV�ZKR�SUHVHQW�ZLWK�SRLVRQLQJV�DUH�PRVWO\�ZRPHQ��$OFRKRO�SRLVRQLQJ�LV�WKH�PRVW�FRPPRQ�FDXVH�RI
DWWHQGDQFH��0RVWO\�WKH\�KDYH�QR�KLVWRU\�RI�VXEVWDQFH�DEXVH�RU�SV\FKLDWULF�GLVHDVH��/HVV�WKDQ�KDOI�UHIHU�LQWHQWLRQ�RU�VXLFLGDO�LGHDWLRQ�DQG�RYHU����
DUH�GLVFKDUJHG�IURP�WKH�HPHUJHQF\�GHSDUWPHQW�



0,6&(//$1(286 &+$5%(/�0$5281�(,'

��������&RQJHQLWDO�FRDJXORSDWK\�SDWLHQWV�DWWHQGLQJ�DW�JHQHUDO�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0$5,$�$1*(/,&$�5LYHUD�1��H]������5RVDULR�7RUUHV�6DQWRV�2OPRV������$1$�0DUW�QH]�9LUWR������&+$5%(/�0$5281�(,'����

���(0(5*(1&<�'(3$570(17��/D�3D]�8QLYHUVLW\�+RVSLWDO��0$'5,'��63$,1

.H\ZRUGV��+DHPRSKLOLD��HPHUJHQFLHV��EOHHGLQJ

$EVWUDFW��

,1752'8&7,21��7KH�SXUSRVH�RI�WKH�HPHUJHQF\�FDUH�RI�SDWLHQWV�ZLWK�FRQJHQLWDO�FRDJXORSDWKLHV�LV�WKH�DGHTXDWH�UHSODFHPHQW�RI�GHILFLHQW�FORWWLQJ
IDFWRUV�LQ�RUGHU�WR�UHVWRUH�KDHPRVWDVLV�DQG�FRQWURO�WKH�DFXWH�EOHHGLQJ�HSLVRGH��+RZHYHU��WKH�FOLQLFDO�DQG�HSLGHPLRORJLFDO�SURILOH�RI�SDWLHQWV�ZLWK
FRQJHQLWDO�FRDJXORSDWKLHV�DWWHQGHG�DW�GH�('�LV�QRW�\HW�GHILQHG���2%-(&7,9(��:H�GHYHORSHG�WKH�IROORZLQJ�UHWURVSHFWLYH�VWXG\�LQ�RUGHU�WR�PHHW�WKH
FOLQLFDO�SURILOH��WKH�OHDGLQJ�FDXVHV�RI�FRQVXOWDWLRQ�DQG�FRPSOLFDWLRQV�RI�FRQJHQLWDO�FRDJXORSDWKLHV�SDWLHQWV�WUHDWHG�DW�WKH�*HQHUDO�('��0$7(5,$/6
$1'�0(7+2'6��$OO�SDWLHQWV�DWWHQGHG�DW��WKH�('�RI�/D�3D]�8QLYHUVLW\�+RVSLWDO�LQ�WKH�SHULRG�IURP�$SULO���������DQG�1RYHPEHU����������ZLWK
FRQJHQLWDO�FRDJXORSDWK\��KHPRSKLOLD�$�>+$@��%>+%@�DQG�YRQ�:LOOHEUDQG�GLVHDVH>Y:@���:H�DQDO\]HG�GHPRJUDSKLF�YDULDEOHV��FDXVH�RI�FRQVXOWDWLRQ�
W\SH�DQG�VHYHULW\�RI�FRDJXORSDWK\��XVH�RI�EORRG�SURGXFWV�RU�VSHFLILF�FORWWLQJ�IDFWRUV��GHVWLQDWLRQ�DW�GLVFKDUJH�RI�(PHUJHQF\�'HSDUWPHQW��,&8
DGPLVVLRQ��FRQYHQWLRQDO�FDUH�DGPLVVLRQ��GHDWK�RU�GLVFKDUJH�DW�KRPH��DQG�GHILQLWLYH�GLDJQRVLV�ZHUH�UHFRUGHG��$QDO\WLFDO�YDULDEOHV�ZHUH�DOVR
UHFRUGHG��7KH�GHFLVLRQ�RI�VWXGLHV�DQG�WUHDWPHQW�ZDV�GHILQHG�E\�HPHUJHQF\�SK\VLFLDQ��5(68/76�����SDWLHQWV�ZLWK�FRQJHQLWDO�FRDJXORSDWK\�ZHUH
WUHDWHG�LQ�WKH�('��2I�WKHVH�������������ZHUH�PHQ��7KH�DYHUDJH�DJH�ZDV������k������\HDUV��$�WRWDO�RI����SDWLHQWV�ZLWK�+$�������������SDWLHQWV�ZLWK
9:'���������DQG���SDWLHQWV�ZLWK�+%���������ZHUH�DWWHQGHG��7KHUH�ZDV�QR�GLIIHUHQFH�LQ�DJH������k�����\HDUV�LQ�+$������k�����LQ�9:'�DQG
����k�����LQ�+%��S� ��������7KH�PRVW�IUHTXHQW�('�SUHVHQWDWLRQV�ZHUH��EOHHGLQJ�PDQLIHVWDWLRQV������0LQRU�EOHHGLQJ��������>VXEFXWDQHRXV
KHPDWRPDV�������JLQJLYDO�EOHHGLQJ�������(SLVWD[LV�����@��0DMRU�EOHHGLQJ������>ORZHU�JDVWURLQWHVWLQDO�EOHHGLQJ�������8SSHU�JDVWURLQWHVWLQDO
EOHHGLQJ�������SKDU\QJHDO�KHPDWRPD�������KHPRSW\VLV�������UHWURSHULWRQHDO�KHPDWRPD�������LQWUDPXVFXODU�KHPDWRPD�����@���DEGRPLQDO
V\PSWRPV��������IHYHU��������0LQRU�EOHHGLQJ�ZDV�REVHUYHG�RQO\�LQ�SDWLHQWV�ZLWK�PLOG�KDHPRSKLOLD�DQG�W\SH���RI�9:'��0DMRU�EOHHGLQJ�HSLVRGHV
RFFXUUHG�LQ�������RI�KDHPRSKLOLD�SDWLHQWV�DQG�������RI�9:'�SDWLHQWV��S �������$OO�SDWLHQWV�ZLWK�PLQRU�EOHHGLQJ�ZHUH�GLVFKDUJHG�DQG�����RI
SDWLHQWV�ZLWK�PDMRU�EOHHGLQJ�ZHUH�DGPLWWHG�WR�D�KRVSLWDO�XQLW��S���������2QO\��������UHTXLUHG�VSHFLILF�FORWWLQJ�IDFWRU�WKHUDS\�LQ�WKH�('��7KHUH�ZDV
QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�W\SH�RI�FRDJXORSDWK\�DQG�WKH�UHTXLUHPHQW�RI�LQ�KRVSLWDO�VSHFLILF�FORWWLQJ�IDFWRU�WKHUDS\������+$�
������+%�DQG�������9:'��S �������(TXDOO\��WKHUH�ZDV�QR�GLIIHUHQFH�LQ�WKH�UHTXLUHPHQWV�RI�VSHFLILF�FORWWLQJ�IDFWRU�WUHDWPHQW�DQG�VHYHULW\�RI
EOHHGLQJ��&21&/86,21��:H�REVHUYHG�QR�GLIIHUHQFH�LQ�WKH�UDWH�RI�PDMRU�DQG�PLQRU�EOHHGLQJ�DFFRUGLQJ�WR�GLVHDVHV�VHYHULW\��7KHUHIRUH�
OLIH�WKUHDWHQLQJ�EOHHGLQJ�FRPSOLFDWLRQV�DUH�LQGHSHQGHQW�RI�WKH�VHYHULW\�RI�FRQJHQLWDO�FRDJXORSDWK\�DQG�WKH�DVVHVVPHQW�RI�DOO�SDWLHQWV�ZLWK
FRQJHQLWDO�FRDJXORSDWK\�ZKR�FRQVXOW�WKH�('�IRU�D�EOHHGLQJ�FRPSOLFDWLRQ�VKRXOG�EH�LQGHSHQGHQW�RI�WKH�VHYHULW\�RI�WKH�FRDJXORSDWK\��$OO�SDWLHQWV�DUH
DW�KLJK�ULVN�RI�OLIH�WKUHDWHQLQJ�FRQGLWLRQV�



&35���5(686&,7$7,21 7KHUHVH�'MDUY

��������3UHFHGLQJ�1(:6�DPRQJ�LQ�KRVSLWDO�FDUGLDF�DUUHVW�DQG�WKHLU�LPSDFW�RQ�VXUYLYDO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6DPXHO�%UXFKIHOG������7KHUHVH�'MDUY����

�����.DUROLQVND�8QLYHULVW\�+RVSLWDO��6WRFNKROP��6:('(1
�����.DUROLQVND�8QLYHUVLW\�+RVSLWDO��VWRFNKROP��6:('(1

.H\ZRUGV��1(:6��,+&$

$EVWUDFW��

%DFNJURXQG��,Q�KRVSLWDO�FDUGLDF�DUUHVW��,+&$��DUH�RIWHQ�SUHFHGHG�E\�DEQRUPDO�YLWDO�VLJQV��3UHFHGLQJ�DEQRUPDO�YLWDO�VLJQV�PLJKW�ORZHU�WKH
SK\VLRORJLFDO�UHVHUYH�FDSDFLW\�DQG�WKHUHIRUH�GHFUHDVH�VXUYLYDO�DIWHU�DQ�,+&$�

$LP��7R�DVVHVV�SUHFHGLQJ�QDWLRQDO�HDUO\�ZDUQLQJ�VFRUH��1(:6��DQG�LWV�LPSDFW�RQ�VXUYLYDO�DIWHU�,+&$�

0DWHULDO�DQG�PHWKRGV��$OO�SDWLHQWV�Õ���\HDUV�VXIIHULQJ�,+&$�DW�.DUROLQVND�8QLYHUVLW\�+RVSLWDO�EHWZHHQ��VW�-DQXDU\������DQG���VW�'HFHPEHU�����
ZHUH�LQFOXGHG��'DWD�UHJDUGLQJ�WKH�,+&$��SDWLHQW�FKDUDFWHULVWLFV��1(:6�DQG���GD\V�VXUYLYDO�ZHUH�GUDZQ�IURP�WKH�HOHFWURQLF�SDWLHQW�UHFRUGV�
3DUDPHWHUV�LQFOXGHG�LQ�1(:6�ZHUH�DVVHVVHG�XS�WR���KUV�EHIRUH�WKH�,+&$���'LIIHUHQFHV�LQ�VXUYLYDO�ZHUH�DVVHVVHG�ZLWK�DGMXVWHG�ORJLVWLF�UHJUHVVLRQ
PRGHOV�DQG�SUHVHQWHG�DV�2GGV�5DWLRV�ZLWK�����&RQILGHQFH�,QWHUYDOV��25������&,��EHWZHHQ�SDWLHQWV�ZLWK�1(:6�RI�����SRLQWV��ORZ��YHUVXV�WKRVH�ZLWK
DW�OHDVW��SRLQWV��PRGHUDWH��DQG�KLJK����SRLQWV���$GMXVWPHQWV�LQFOXGHG�KRVSLWDO�VLWH��JHQGHU��FR�PRUELGLWLHV��ILUVW�UK\WKP�DQG�SODFH�RI�,+&$�

5HVXOWV��,Q�DOO������SDWLHQWV�VXIIHUHG�,+&$��RI�ZKRP�����������VXUYLYHG�DW�OHDVW����GD\V��7KH����SDWLHQWV�ZLWK�PHGLXP�1(:6�KDG�D�PLQRU�FKDQFH
DQG�WKRVH����ZLWK�KLJK�1(:6�������KDG�D�PLQLPDO�FKDQFH�RI�VXUYLYLQJ�,+&$�FRPSDUHG�WR�WKRVH�ZLWK�ORZ�1(:6��$GMXVWHG�25�����������&,����������
DQG�25�����������&�,�������������UHVSHFWLYHO\��

&RQFOXVLRQ��7KH�1(:6�FDQ�EH�D�SUREDEOH�SUR[\�IRU�HVWLPDWLQJ�SK\VLRORJLFDO�UHVHUYH�FDSDFLW\�ZKHQ�GLVFXVVLQJ�SURJQRVLV�ZLWK�SDWLHQWV�DQG�UHODWLYHV�
%XW�HYHQ�PRUH�LPSRUWDQW��LW�VWUHVVHV�WKH�QHHG�IRU�EHWWHU�SUHYHQWLYH�VWUDWHJLHV�LQ�,+&$�



0,6&(//$1(286 5DIDHO�,QIDQWHV�5DPRV

��������5HSHDWHG�HSLVRGHV�RI�ORZ�EDFN�SDLQ�LQ�WKH�HPHUJHQF\�URRP��(ZLQJ�VDUFRPD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5DIDHO�,QIDQWHV�5DPRV������0DULD�(XJHQLD�5H\HV�*DUFLD������&ULVWLQD�)HUQDQGH]��)LJDUHV�0RQWHV������0DULD�9LFWRULD�$ODUFRQ�0RUDOHV������,YDQ�9LOODU
0HQD������-RVH�,JQDFLR�9DOHUR�5ROGDQ����

���&ULWLFDO�FDUH�DQG�(PHUJHQF\�6HUYLFH��5HJLRQDO�+RVSLWDO�&DUORV�+D\D��0DODJD��63$,1
���&ULWLFDO�FDUH�DQG�(PHUJHQF\�6HUYLFH��+HDOWK�FHQWHU�9LFWRULD��0�ODJD��63$,1

.H\ZRUGV��/XPEDJR��VFLDWLFD��HPHUJHQF\

$EVWUDFW��

���\HDU�ROG�SDWLHQW�ZLWK�QR�SHUVRQDO�KLVWRU\�GRFWRUV�ZKR�FDPH�WR�WKH�HPHUJHQF\�IRU�WKH�IRXUWK�WLPH�ZLWKLQ���GD\V�ER[�SDLQ�VHYHUH�OXPEDU�UHJLRQ
UDGLDWLQJ�WR�WKH�OHIW�WKLJK�RI���PRQWK�RI�HYROXWLRQ�WKDW�GRHV�QRW�LPSURYH�ZLWK�PRUSKLF��DFFRPSDQLHG�LQ�WKH�ODVW�KRXUV�FRQVWLSDWLRQ��ROLJRDQXULD�DQG
ORVV�RI�IHHOLQJ�LQ�SHULQHXP�

$GGLWLRQDO�WHVWV�RQ�DGPLVVLRQ

%ORRG�WHVWV������KHPRJORELQ��KHPDWRFULW�������SODWHOHWV�����������������OHXNRF\WHV������QHXWURSKLOV���SURWKURPELQ�WLPH�����JOXFRVH�����PJ���'&/�
8UHD�����&UHDWLQLQH������PJ���'&/��1D�����P(T���/��.�����P(T���/��FUHDWLQH�NLQDVH����8���/��ODFWDWH�GHK\GURJHQDVH�����8���/�&53�����PJ���/�
3URFDOFLWRQLQ�������QJ���P/�

5DGLRJUDSK\�OXPEDU�DQG�VDFUDO�ZLWKRXW�SDWKRORJLFDO�ILQGLQJV�

(YROXWLRQ

'XULQJ�DGPLVVLRQ�XQGHU�REVHUYDWLRQ�IRU�SDLQ�WKH�SDWLHQW�LV�HYDOXDWHG�E\�WUDXPDWRORJ\��QHXURORJ\��J\QHFRORJ\�DQG�LQWHUQDO�PHGLFLQH�ZLWK�LQFRPH�LQ
WKH�ODWWHU��*LYHQ�WKH�SHUVLVWHQFH�RI�XQFRQWUROOHG�SDLQ�ZLWK�PRUSKLQH�LV�SHUIRUPHG�&7�SHOYLV�DQG�WKLJKV�REMHFWLI\LQJ�O\WLF�ERQH�OHVLRQV�LQ�PXOWLSOH�LQ
ULJKW�DQG�OHIW�SXELV�VDFUDO�ZLQJ��DV�ZHOO�DV�D�JUHDW�PDVV�RI�VRIW�WLVVXH�LQ�WKH�OHIW�TXDGULFHSV�ZLWK�SRRUO\�GHILQHG�ERXQGDULHV��SHULSKHUDO�YDVFXODU
DQDUFKLF�ZLWK�ODUJH�SRFNHWV�K\SRHFKRLF�QRW�)'*�XSWDNH�E\�QHFURVLV��/DWHU�SDWKRORJ\�FRQILUPHG�(ZLQJ�VDUFRPD�OHIW�TXDGULFHSV�ZLWK�PXOWLSOH
PHWDVWDWLF�ERQH�OHVLRQV�LV�SHUIRUPHG�

7KH�SDWLHQW�EHJDQ�WUHDWPHQW�ZLWK�UDGLRWKHUDS\�DQG�FKHPRWKHUDS\�ZLWK�JUDGH���KHPDWRORJLF�WR[LFLW\��EHLQJ�GHULYHG�WR�LQFOXVLRQ�LQ�SDOOLDWLYH�FDUH�

�

&RQFOXVLRQ��UHSHDWHG�HSLVRGHV�RI�ORZ�EDFN�SDLQ�DQG�VFLDWLFD�LQ�HPHUJHQFLHV�XQUHOLHYHG�ZLWK�SDLQ�PHGLFDWLRQ�VKRXOG�EH�FDXVH�IRU�VWXG\�

�

�

�



*(5,$75,&6 7KHUHVH�'MDUY

��������1RQVSHFLILF�DEGRPLQDO�SDLQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��PDOLJQDQF\�LQFLGHQFH�LQ�D�QDWLRQZLGH�6ZHGLVK�FRKRUW�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(OIVWU�P�&HFLOLD������*RUDQVVRQ�.DWDULQD������7KHUHVH�'MDUY����

�����.DUROLQVND�8QLYHUVLW\�+RVSLWDO��6WRFNKROP��6:('(1
�����.DUROLQVND�8QLYHUVLW\�+RVSLWDO��VWRFNKROP��6:('(1

.H\ZRUGV��HOGHUO\��HSLGHPLRORJ\��QRQ�VSHFLILF�DEGRPLQDO�SDLQ

$EVWUDFW��

,QWURGXFWLRQ�7KH�UROH�RI�HPHUJHQF\�SK\VLFLDQV�LV�WR�LGHQWLI\�SDWLHQWV�LQ�QHHG�RI�LPPHGLDWH�WUHDWPHQW��EXW�DOVR�WR�LGHQWLI\�V\PSWRPV�LQGLFDWLYH�RI
VHULRXV��LI�QRW�LPPHGLDWHO\�OLIH�WKUHDWHQLQJ�FRQGLWLRQV��$LP�7R�DVVHVV�ZKHWKHU�V\PSWRPV�GHVFULEHG�DV�QRQVSHFLILF�DEGRPLQDO�SDLQ��16$3��FRXOG�EH
WKH�ILUVW�LQGLFDWLRQ�RI�DQ�DEGRPLQDO�PDOLJQDQF\��0DWHULDOV�DQG�PHWKRGV�7KLV�ZDV�D�QDWLRQZLGH�UHJLVWU\EDVHG�FRKRUW�VWXG\�RI�DOO�SDWLHQWV�GLVFKDUJHG
ZLWK�16$3�IURP�6ZHGLVK�(PHUJHQF\�'HSDUWPHQWV��('V��GXULQJ�WKH�\HDU�������EDVHG�RQ�6ZHGLVK�SDWLHQW�UHJLVWULHV�RI�LQ�SDWLHQW�DQG�RXW�SDWLHQW�FDUH�
DQG�WKH�FDXVH�RI�GHDWK�UHJLVWU\��VWXG\LQJ�SDWLHQWV�GLDJQRVHG�ZLWK�GH�QRYR�FDQFHU�ZLWKLQ�D�\HDU�DIWHU�WKHLU�16$3�GLVFKDUJH��5HVXOWV�2I������
SDWLHQWV�GLVFKDUJHG�ZLWK�16$3�LQ������������ZHUH�DVVLJQHG�D�FDQFHU�GLDJQRVLV�ZLWKLQ����PRQWKV��$OPRVW�����RI�SDWLHQWV�GLDJQRVHG�ZLWK�D
PDOLJQDQF\�GLHG�ZLWKLQ�WKH�\HDU��DQG�����RI�WKHVH�GHDWKV�RFFXUUHG�ZLWKLQ�D�PRQWKDIWHUWKH('YLVLW�7KHPDMRULW\RISDWLHQWVZLWKFDQFHU�ZHUH����\HDUV
RI�DJH�RU�ROGHU��DQG�WKXV�VLJQLILFDQWO\�ROGHU�WKDQ�WKH�UHPDLQLQJ�16$3�SDWLHQWV��3DWLHQWV�ZLWK
PDOLJQDQFLHV�DOVR�KDG�D�JUHDWHU�QXPEHU�RI�FRPRUELGLWLHV�WKDQ�WKH�UHPDLQLQJ�16$3�SDWLHQWV��3��������&RQFOXVLRQ�$�VPDOO�SHUFHQWDJH�RI�SDWLHQWV
GLVFKDUJHG�ZLWK�16$3�IURP�6ZHGLVK�('V�DUH�GLDJQRVHG�ZLWK�D�PDOLJQDQF\�ZLWKLQ�D�\HDU��3DWLHQWV�DJHG����\HDUV�RU�ROGHU�DQG�ZLWK�FRPRUELGLWLHV
ZHUH�RYHU�UHSUHVHQWHG�LQ�WHUPV�RI�GHYHORSLQJ�PDOLJQDQFLHV�DIWHU�GLVFKDUJH��(PHUJHQF\�SK\VLFLDQV�VKRXOG�EH�DZDUH�RI�WKH�IDFW�WKDW�GLIIXVH
DEGRPLQDO�V\PSWRPV�LQ�HOGHUO\�SDWLHQWV�FRXOG�EH�WKH�ILUVW�VLJQ�RI�DQ�XQGHUO\LQJ�PDOLJQDQF\�DQG�PRUH�OLEHUDOO\�UHIHU�VXFK�SDWLHQWV�IRU�IROORZ�XS�LQ
SULPDU\�FDUH



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 5RQQ\�(QN

��������(/*(���(6,�DQG�&KLHI�FRPSODLQW�WULJJHUHG�(&*�>(6,�	�/HLWV\PSWRP�JHWULJJHUWHV�(.*@

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5RQQ\�(QN������6WHSKDQLH�0�OOHU������+DUDOG�(LVHQEDUWK������+DUDOG�'RUPDQQ����

�����.OLQLNXP�)�UWK��)�UWK��*(50$1<

.H\ZRUGV��$&6��$0,��7ULDJH��(&*��(.*��(6,��(PHUJHQF\�6HYHULW\�,QGH[��$UUK\WKPLD��'\VSQRH��&KHVW�3DLQ��&KLHI�&RPSODLQW

$EVWUDFW��

%DFNJURXQG�

7KH�QXPEHU�RI�SDWLHQWV�DW�*HUPDQ�HPHUJHQF\�GHSDUWPHQWV��('��ULVHV�VWHDGLO\��7R�LGHQWLI\�FULWLFDO�LOO�SDWLHQWV�LPPHGLDWHO\��FOLQLFDO�WULDJH�V\VWHPV
DUH�XVHG��$OWKRXJK�WKH�YDOLGLW\�DQG�UHOLDELOLW\�RI�WKH�(PHUJHQF\�6HYHULW\�,QGH[��(6,��LV�TXLWH�JRRG��WKHUH�DUH�VWLOO�JDSV��H�J��IRU�SDWLHQWV�ZLWK�DQ�67
VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��67(0,��

:H�WULHG�WR�DQVZHU�WKH�TXHVWLRQ�ZKHWKHU�WKH�FRPELQDWLRQ�RI�(6,�OHYHO�DQG�D�VXEVHTXHQW�OLVW�RI�FKLHI�FRPSODLQWV�FRXOG�LQFUHDVH�WKH�VHQVLWLYLW\�RI
LGHQWLI\LQJ�WKH�ÈKLJK�ULVN�VLWXDWLRQÉ�67(0,�E\�SHUIRUPLQJ�DQ�(&*�GLDJQRVLV�ZLWKLQ����PLQXWHV�DIWHU�WULDJH��7KLV�OLVW�FRQWDLQHG��FKHVW�SDLQ��&&���
G\VSQHD��&&����DUUK\WKPLDV��&&����XSSHU�DEGRPLQDO�SDLQ��&&����V\QFRSH��&&����VXVSHFWHG�GLDJQRVLV�RI�DQ�$&6�DV�SURQRXQFHG�E\�WKH�SUH�KRVSLWDO
HPHUJHQF\�SK\VLFLDQ��&&���

�

0HWKRGV�

:H�FRQGXFWHG�D�UHWURVSHFWLYH�DQDO\VLV�RI�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�RI�WKH�.OLQLNXP�)XHUWK�LQ������DQG�������3DWLHQWV�ZHUH�DQDO\]HG�E\�(6,�OHYHO�
D�FKLHI�FRPSODLQW�OLVW��DQG�WKH�FRUUHVSRQGLQJ�GLDJQRVLV��,I�SDWLHQWV�ZHUH�GLVPLVVHG�ZLWK�D�GLDJQRVLV�RI�DFXWH�P\RFDUGLDO�LQIHFWLRQ��,&'�,������
H[FOXGLQJ�,&'�,������ZH�GHILQHG�WKHP�DV�67(0,�SDWLHQWV��:H�FDOFXODWHG�VHQVLWLYLW\��VSHFLILFLW\��DQG�QXPEHU�QHHGHG�WR�VFUHHQ��116��GHILQHG�DV
QXPEHU�RI�SDWLHQWV�ZKR�QHHG�WR�EH�(&*�WHVWHG�LQ�RUGHU�WR�JHW���SRVLWLYH�UHVXOW��IRU�GLIIHUHQW�FRPELQDWLRQV�RI�V\PSWRPV�DQG�(6,�OHYHOV��WR�ILQG�WKH
PRVW�HIIHFWLYH�PHWKRG�LQ�LGHQWLI\LQJ�SRVVLEOH�67(0,�SDWLHQWV�

�

5HVXOWV�

������SDWLHQWV��PHDQ�DJH�����\��VG�k����\��PLQ��\��PD[����\��PHGLDQ���\������IHPDOH��ZKR�SUHVHQWHG�WR�RXU�('�LQ������ZHUH�HQFORVHG�LQ�RXU
DQDO\VLV��2XW�RI�DOO�('�SDWLHQWV�LQ�����FDVHV��L�H��������D�67(0,�ZDV�GLDJQRVHG��(6,�OHYHOV�DW�WULDJH�ZKHUH�GLVWULEXWHG�DV�IROORZV��(6,��������(6,�
�������(6,���������(6,���������(6,��������DQG�WKH�VL[�FKLHI�FRPSODLQWV�WDNHQ�LQWR�DFFRXQW�DV��&&��������&&��������&&��������&&��������&&�
������&&�������

,Q�WKH�XQVHOHFWHG�('�SRSXODWLRQ�QR�SDWLHQW�WULDJHG�DV�(6,��DQG�RQO\�RQH�DV�(6,��VXIIHUHG�IURP�D�67(0,��:LWKLQ�(6,�OHYHOV�DORQH��WKH�KLJKHVW
VHQVLWLYLW\�RI�������ZDV�IRXQG�IRU�(6,��SDWLHQWV��VSHFLILFLW\����������5HJDUGLQJ�FKLHI�FRPSODLQWV��WKH�KLJKHVW�VHQVLWLYLW\�RI�������ZDV�FDOFXODWHG�IRU
&&���VSHFLILFLW\����������7KH�ORZHVW�116�RI���ZDV�IRXQG�IRU�SDWLHQWV�ZLWK�&&��

&RPELQLQJ�(6,������DQG���SDWLHQWV�ZLWK�&&���&&���&&���DQG�&&��UHVXOWHG�LQ�D�JURXS������SDWLHQWV��������RI�DOO�('�SDWLHQWV���:LWKLQ�WKLV�JURXS�����
��RI�DOO�67(0,�SDWLHQWV�FRXOG�EH�GHWHFWHG�ZLWK�D�VSHFLILFLW\�RI��������116�����

�

&RQFOXVLRQ�

%\�XVLQJ�(/*(�ZLWKLQ�DQ�XQVHOHFWHG�JURXS�RI�HPHUJHQF\�SDWLHQWV�LW�LV�SRVVLEOH�WR�LGHQWLI\�D�KLJK�SURSRUWLRQ�RI�67(0,�SDWLHQWV�E\�DOVR�NHHSLQJ�WKH
QXPEHU�RI�VFUHHQHG�SDWLHQWV�DV�ORZ�DV�SRVVLEOH��+RZHYHU��WKH�EHVW�V\PSWRPV�WR�HQWHU�WKH�(/*(�DOJRULWKP�KDYH�WR�EH�HYDOXDWHG�LQ�D�SURVSHFWLYH
DQDO\VLV��*LYHQ�RXU�FXUUHQW�UHVXOWV��ZH�ZRXOG�DGYLFH�D�JURXS�RI�(6,����SDWLHQWV�ZKR�SUHVHQW�ZLWK�RQH�RI�WKH�IROORZLQJ�FKLHI�FRPSODLQWV�WR�DQ�('��
FKHVW�SDLQ��G\VSQHD��DUUK\WKPLDV��DQG�VXVSHFWHG�GLDJQRVLV�RI�DQ�$&6�DV�SURQRXQFHG�E\�WKH�SUH�KRVSLWDO�HPHUJHQF\�SK\VLFLDQ��



&$5',29$6&8/$5 &+$5%(/�0$5281�(,'

��������:K\�FRQVXOW�WKH�HPHUJHQF\�GHSDUWPHQW�SDWLHQWV�ZLWK�V\VWHPLF�DXWRLPPXQH�GLVHDVHV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0$5,$�$1*(/,&$�5LYHUD�1��H]������&$5/26�0DUW�QH]�&DEDOOHUR������5RVDULR�7RUUHV�6DQWRV�2OPRV������&+$5%(/�0$5281�(,'����

���(0(5*(1&<�'(3$570(17��/D�3D]�8QLYHUVLW\�+RVSLWDO��0$'5,'��63$,1

.H\ZRUGV��$XWRLPPXQH�GLVHDVH��&DUGLRYDVFXODU�GLVHDVHV��(PHUJHQF\�PHGLFDO�FDUH

$EVWUDFW��

%DFNJURXQG��7KH�FDXVHV�RI�DFXWH�GHFRPSHQVDWLRQV�RI�SDWLHQWV�ZLWK�V\VWHPLF�DXWRLPPXQH�GLVHDVHV�DUH�QRW�ZHOO�NQRZQ���$LP��7R�GHVFULEH�WKH
FDXVHV�IRU�FRQVXOWDWLRQ�LQ�DQ�HPHUJHQF\�URRP�RI�SDWLHQWV�ZLWK�V\VWHPLF�DXWRLPPXQH�GLVHDVHV��0DWHULDO�DQG�0HWKRGV��5HYLHZ�RI�PHGLFDO�UHFRUGV
RI�SDWLHQWV�ZLWK�V\VWHPLF�DXWRLPPXQH�GLVHDVHV��DJHG�RYHU����\HDUV��FRQVXOWLQJ�LQ�DQ�HPHUJHQF\�URRP�RI�D�JHQHUDO�KRVSLWDO�GXULQJ�WKUHH�PRQWKV��
5HVXOWV��,Q�WKH�VWXG\�SHULRG������SDWLHQWV�ZLWK�V\VWHPLF�DXWRLPPXQH�GLVHDVHV�FRQVXOWHG�LQ�WKH�HPHUJHQF\�URRP��RI�D�WRWDO�RI��������FRQVXOWDWLRQV
��������3DWLHQWV�ZLWK�UKHXPDWRLG�DUWKULWLV�ZHUH�WKRVH�WKDW�FRQVXOWHG�ZLWK�KLJKHU�IUHTXHQF\�������IROORZHG�E\�SDWLHQWV�ZLWK�V\VWHPLF�OXSXV
HU\WKHPDWRVXV��������7KH�PRVW�FRPPRQ�FDXVHV�IRU�FRQVXOWDWLRQ�ZHUH�FDUGLRYDVFXODU�GLVHDVHV�LQ������IROORZHG�E\�GLJHVWLYH�GLVRUGHUV�LQ������7KH
PRVW�FRPPRQ�GLDJQRVLV�ZDV�FKHVW�SDLQ�ZLWK�VXVSHFWHG�LVFKHPLF�KHDUW�GLVHDVH�LQ������1R�GLIIHUHQFHV�LQ�FDUGLRYDVFXODU�ULVN�IDFWRUV�ZHUH�REVHUYHG
EHWZHHQ�WKRVH�SDWLHQWV�FRQVXOWLQJ�IRU�FDUGLRYDVFXODU�GLVHDVHV�DQG�WKRVH�FRQVXOWLQJ�IRU�RWKHU�FDXVHV��&RQFOXVLRQV��7KH�PRVW�FRPPRQ�FDXVH�RI
FRQVXOWDWLRQ�LQ�WKH�HPHUJHQF\�URRP�RI�SDWLHQWV�ZLWK�V\VWHPLF�DXWRLPPXQH�GLVHDVHV�LV�FDUGLRYDVFXODU�



&5,7,&$/�&$5( OXLV�VDQFKH]

��������5HFRJQLWLRQ�DQG�LQLWLDO�WUHDWPHQW�RI�LQWUDFUDQLDO�K\SHUWHQVLRQ�E\�SHGLDWULFLDQV�LQ�6SDLQ��$Q�DGYDQFHG�VLPXODWLRQ
REVHUYDWLRQDO�VWXG\�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

OXLV�VDQFKH]�VDQWRV������DQWRQLR�URGULJXH]�QX�H]������PDQXHO�IHUQDQGH]�VDQPDUWLQ������LJQDFLR�RXOHJR�HUUR]������DQWRQLR�LJOHVLDV�YD]TXH]����

���(PHUJHQFLHV�0HGLFDO�6\VWHP��)386*��������VDQWLDJR��63$,1
���SHGLDWULF�FULWLFDO�FDUH���XQLYHUVLWDULR�KRVSLWDO�RI�VDQWLDJR��VDQWLDJR��63$,1
���FDUGLRORJLD�SHGLDWULFD��KRVSLWDO�GH�OHRQ��OHRQ��63$,1

.H\ZRUGV��LQWUDFUDQLDO�K\SHUWHQVLRQ��ORVV�RI�FRQVFLRXVQHVV��DGYDQFHG�PHGLFDO�VLPXODWLRQ

$EVWUDFW��

%DFNJURXQG�DQG�REMHFWLYHV��3ULPDU\�&DUH�3HGLDWULFLDQV��3&3��XVH�WR�EH�IDPLOLDU�ZLWK�D�ZLGH�UDQJH�RI�FKLOGUHQÇV�KHDOWK�UHODWHG�SUREOHPV��EXW�UDUHO\
IDFH�HPHUJHQF\�VLWXDWLRQV��/LWWOH�LV�NQRZQ�DERXW�WKH�3&3ÇV�DFWXDO�VNLOOV�WR�DGHTXDWHO\�PDQDJH�DFXWH�FULWLFDO�HYHQWV��VRPH�HYLGHQFHV�REWDLQHG�LQ
VLPXODWHG�VFHQDULRV�LQGLFDWH�WKDW�WKH\�KDYH�GLDJQRVWLF�DELOLWLHV�EXW�ODFN�VRPH�SUDFWLFDO�VNLOOV��$FXWH�LQWUDFUDQLDO�K\SHUWHQVLRQ��,&+��LV�QRW�IUHTXHQWO\
VHHQ�LQ�WKH�RXW�RI�KRVSLWDO�HQYLURQPHQW��+RZHYHU��D�YDULHW\�RI�GLVHDVHV�OLNH�EUDLQ�WXPRUV��EUDLQ�WUDXPD��QRQ�WUDXPDWLF�LQWUD�FHUHEUDO�KHPRUUKDJH�
LVFKHPLF�VWURNH��K\GURFHSKDOXV�DQG�LGLRSDWKLF�,&+�PD\�FDXVH�DFXWH�,&+��D�IDFW�WKDW�HPSKDVL]HV�WKH�QHHG�IRU�DGHTXDWH�UHFRJQLWLRQ�DQG
PDQDJHPHQW�RI�VXFK�HYHQWV�E\�3HGLDWULFLDQV�

0DWHULDO�DQG�0HWKRGV��:H�V\VWHPDWLFDOO\�UHYLHZHG�,&+�VLPXODWHG�VFHQDULRV�GXULQJ�DGYDQFHG�VLPXODWLRQ�FRXUVHV�GHVLJQHG�IRU�SHGLDWULFLDQV�LQ�6SDLQ�
7KH�DVVHVVPHQW�ZDV�EDVHG�RQ�D�SUHYLRXVO\�GHILQHG�VHTXHQFH�RI�WDVNV��WHFKQLFDO�DQG�QRQ�WHFKQLFDO���IURP�GLDJQRVLV�WR�LQLWLDO�WUHDWPHQW��VWDELOL]DWLRQ
DQG�SUHSDUDWLRQ�IRU�WUDQVSRUW�

5HVXOWV��$�WRWDO�RI����VFHQDULRV�IURP����FRXUVHV��ZLWK�WKH�SDUWLFLSDWLRQ�RI����SHGLDWULFLDQV�ZHUH�DVVHVVHG��6XVSLFLRQ�RI�DFXWH�,&+�ZDV�FRUUHFWO\�GRQH
LQ�����RI�VFHQDULRV�DIWHU�D�PHGLDQ�WLPH�RI�����PLQXWHV��2VPRODU�WKHUDS\�ZDV�VWDUWHG�LQ�����DQG�EDJ�PDVN�K\SHUYHQWLODWLRQ�ZDV�GRQH�LQ������7KH
SDWLHQWÇV�KHDG�ZDV�HOHYDWHG�LQ�����DQG�VHGDWLYHV�ZHUH�DGPLQLVWHUHG�LQ������0HGLDQ�WLPH�WR�DVN�IRU�D�EUDLQ�LPDJLQJ�ZDV�����PLQXWHV�DQG�WR
FRQWDFW�QHXURVXUJHU\�ZDV����PLQXWHV��7KH�HYDOXDWLRQ�RI�QRQ�WHFKQLFDO�VNLOOV�VKRZHG�WKDW�LQ����RI����VFHQDULRV�WKLV�DVSHFW�ZDV�SRRU�

&RQFOXVLRQV��3ULPDU\�FDUH�SHGLDWULFLDQV�DUH�DEOH�WR�LGHQWLI\�DQ�DFXWH�,&+��EXW�QHHG�WR�LPSURYH�WKHLU�WUHDWPHQW�VNLOOV��6\VWHPDWLF�DQDO\VLV�RI
SURIHVVLRQDOÇV�SHUIRUPDQFH�GXULQJ�D�VLPXODWHG�VFHQDULR�SHUPLWV�WR�GHWHFW�ERWK�VWUHQJWKV�DQG�ZHDNQHVV��WKHVH�HYLGHQFHV�VKRXOG�EH�XVHG�WR�LPSURYH
WUDLQLQJ�SURJUDPV��2XU�VWXG\�KDV�VRPH�OLPLWDWLRQV�WKDW�VKRXOG�EH�FRQVLGHUHG�WR�FRQWH[WXDOL]H�WKH�UHVXOWV�DQG�GHVLJQLQJ�IXWXUH�VWXGLHV��7KH�VWXG\
ZDV�UHWURVSHFWLYH�DQG�DQDO\]HG�VDPSOH�ZDV�OLPLWHG�WR�3&3��D�VSHFLILF�JURXS�RI�SHGLDWULFLDQV�ZRUNLQJ�RXW�RI�KRVSLWDO��WKHUHIRUH��WKH�UHVXOWV�FDQQRW�EH
H[WUDSRODWHG�WR�RWKHU�KRVSLWDO�SHGLDWULFLDQV�WKDW�VKRXOG�EH�PRUH�IDPLOLDUL]HG�ZLWK�WKLV�NLQG�RI�QHXURORJLF�FRPSOLFDWLRQ�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 3DWULFLD�YDQ�GHQ�%HUJ

��������7KH�+($57�VFRUH�IRU�HDUO\�UXOH�RXW�RI�DFXWH�FRURQDU\�V\QGURPH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��D�PHWD�DQDO\VLV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3DWULFLD�YDQ�GHQ�%HUJ������5LFKDUG�%RG\����

���0DDVWULFKW�8QLYHUVLW\��)DFXOW\�RI�+HDOWK��0HGLFLQH�DQG�/LIH�6FLHQFHV����0DDVWULFKW��7+(�1(7+(5/$1'6
���&HQWUDO�0DQFKHVWHU�8QLYHUVLW\�+RVSLWDOV�)RXQGDWLRQ�1+6�7UXVW��7KH�8QLYHUVLW\�RI�0DQFKHVWHU����0DQFKHVWHU��8.

.H\ZRUGV��+($57�VFRUH��DFXWH�FRURQDU\�V\QGURPHV��HPHUJHQF\�GHSDUWPHQW��FOLQLFDO�GHFLVLRQ�UXOH��PHWD�DQDO\VLV

$EVWUDFW��

%DFNJURXQG

3DWLHQWV�SUHVHQWLQJ�ZLWK�XQGLIIHUHQWLDWHG�FKHVW�SDLQ�DFFRXQW�IRU�������RI�HPHUJHQF\�GHSDUWPHQW��('��DWWHQGDQFHV��7KLV�SXWV�HQRUPRXV�VWUDLQ�RQ
KHDOWKFDUH�VHUYLFHV�EXW��DV�OHVV�WKDQ�����RI�WKRVH�LQYHVWLJDWHG�KDYH�DQ�DFXWH�FRURQDU\�V\QGURPH��WKHUH�LV�JUHDW�SRWHQWLDO�WR�UHGXFH�XQQHFHVVDU\
KRVSLWDO�DGPLVVLRQV�E\�LPSURYLQJ�GLDJQRVWLF�WHFKQRORJ\��6HYHUDO�VWXGLHV�KDYH�VXJJHVWHG�WKDW�WKH�+($57�VFRUH��EDVHG�RQ�SDWLHQW�LQIRUPDWLRQ�DQG�D
VLQJOH�EORRG�WHVW�RQ�DUULYDO��FRXOG�KHOS�WR�DFKLHYH�WKDW��,Q�WKLV�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�ZH�DLPHG�WR�VXPPDULVH�WKH�DYDLODEOH�HYLGHQFH
RQ�WKH�GLDJQRVWLF�DFFXUDF\�RI�WKH�+($57�VFRUH�IRU�SUHGLFWLQJ�PDMRU�DGYHUVH�FDUGLDF�HYHQWV��0$&(��

0HWKRGV

7ZR�LQYHVWLJDWRUV�LQGHSHQGHQWO\�VHDUFKHG�WKH�0HGOLQH��(PEDVH�DQG�&RFKUDQH�GDWDEDVHV�EHWZHHQ������DQG�0D\������LGHQWLI\LQJ�HOLJLEOH�VWXGLHV
SURYLGLQJ�GLDJQRVWLF�DFFXUDF\�GDWD�RQ�WKH�+($57�VFRUH�IRU�SUHGLFWLQJ�0$&(�DV�SULPDU\�RXWFRPH���7LWOHV�DQG�DEVWUDFWV�ZHUH�VFUHHQHG��LQFOXGLQJ
IXOO�WH[W�UHYLHZ�ZKHQ�QHFHVVDU\�WR�GHFLGH�DERXW�ILQDO�LQFOXVLRQ��6WXG\�FKDUDFWHULVWLFV�DQG�GLDJQRVWLF�DFFXUDF\�PHDVXUHV�ZHUH�V\VWHPDWLFDOO\
H[WUDFWHG�DQG�VWXG\�TXDOLW\�ZDV�DVVHVVHG�ZLWK�WKH�48$'$6���WRRO�EHIRUH�FRQVLGHUDWLRQ�LQ�WKH�ILQDO�PHWD�DQDO\VLV��3RROHG�HVWLPDWHV�RI�VHQVLWLYLW\
DQG�VSHFLILFLW\�ZHUH�FDOFXODWHG�XVLQJ�D�JHQHUDOL]HG�OLQHDU�PL[HG�PRGHO�DSSURDFK�ZLWK�UDQGRP�HIIHFWV�DVVXPSWLRQ��6WDWD�������

5HVXOWV

:H�LGHQWLILHG����VWXGLHV�PHHWLQJ�WKH�LQFOXVLRQ�FULWHULD�IRU�WKLV�V\VWHPDWLF�UHYLHZ��$IWHU�TXDOLW\�DVVHVVPHQW����VWXGLHV�LQFOXGLQJ�GDWD�IURP�������
SDWLHQWV�ZHUH�FRPELQHG�LQ�D�PHWD�DQDO\VLV��,Q�WRWDO�������SDWLHQWV��UDQJH�����Ä��������GHYHORSHG�0$&(�DIWHU�D�PHDQ�RI�����ZHHNV�RI�IROORZ�XS�
$PRQJ�SDWLHQWV�FDWHJRULVHG�DV�ÆORZ�ULVNÇ�DQG�VXLWDEOH�IRU�HDUO\�GLVFKDUJH��+($57�VFRUH�������WKH�SRROHG�LQFLGHQFH�RI�ÆPLVVHGÇ�0$&(�ZDV�������7KH
SRROHG�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�WKH�+($57�VFRUH�IRU�SUHGLFWLQJ�0$&(�ZHUH�IRXQG�WR�EH������������&,������WR��������DQG������������&,������WR
��������UHVSHFWLYHO\�

&RQFOXVLRQV

3DWLHQWV�ZLWK�D�+($57�VFRUH�RI���WR���DUH�DW�ORZ�ULVN�RI�LQFLGHQW�0$&(��$V������RI�SDWLHQWV�ZLWK�0$&(�DUH�ÆPLVVHGÇ�E\�WKH�+($57�VFRUH��FOLQLFLDQV
PXVW�DVN�ZKHWKHU�WKLV�ULVN�LV�DFFHSWDEO\�ORZ�IRU�FOLQLFDO�LPSOHPHQWDWLRQ��)XWXUH�ZRUN�VKRXOG�IRFXV�RQ�UREXVW�FRPSDULVRQ�ZLWK�DOWHUQDWLYH�VWUDWHJLHV
DQG�LQWHJUDWLRQ�ZLWK�VKDUHG�GHFLVLRQ�PDNLQJ�



75$80$ 7XUNHU�<DUGDQ

��������(YDOXDWLRQ�RI�SDWLHQWV�ZLWK�PD[LOORIDFLDO�WUDXPD�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0HWLQ�6DK������7XUNHU�<DUGDQ������&HODO�.DWL������1DFL�0XUDW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��2QGRNX]�0D\LV�8QLYHUVLW\��6DPVXQ��785.(<
���'HSDUWPHQW�RI�6WDWLVWLFV��2QGRNX]�0D\LV�8QLYHUVLW\��6DPVXQ��785.(<

.H\ZRUGV��0D[LOORIDFLDO�WUDXPD��(PHUJHQF\�'HSDUWPHQW��IDFLDO�LQMXU\�VHYHULW\�VFRUH��PRUWDOLW\

$EVWUDFW��

%DFNJURXQG��,Q�WKLV�VWXG\��ZH�DLPHG�WR�DQDO\]H�WKH�JHQHUDO�IHDWXUHV��PD[LOORIDFLDO�IUDFWXUH�UHJLRQV��FRQFRPLWDQW�LQMXULHV��DQG�IDFWRUV�DIIHFWLQJ
FOLQLFDO�RXWFRPH�RI�SDWLHQWV�ZLWK�PD[LOORIDFLDO�WUDXPD�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('��

0HWKRGV��+RVSLWDO�UHFRUGV�RI�WKH�SDWLHQWV�ZKR�DSSOLHG�WR�RXU�('�GXH�WR�PD[LOORIDFLDO�WUDXPD�ZHUH�DQDO\]HG�UHWURVSHFWLYHO\�LQ�D�ILYH�\HDU�SHULRG�
3DWLHQWV�ZKRVH�PD[LOORIDFLDO�IUDFWXUHV�KDG�EHHQ�GHWHFWHG�LQ�PD[LOORIDFLDO�WRPRJUDSK\�VFDQV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��*HQHUDO�IHDWXUHV�RI�SDWLHQWV�
PD[LOORIDFLDO�IUDFWXUH�UHJLRQV��FRQFRPLWDQW�LQMXULHV��LQLWLDO�*ODVJRZ�FRPD�VFRUH��*&6���IDFLDO�LQMXU\�VHYHULW\�VFRUH��),66���LQMXU\�VHYHULW\�VFRUH��,66��
WKH�WUDXPD�DQG�LQMXU\�VHYHULW\�VFRUH��75,66��DQG�LQ�KRVSLWDO�PRUWDOLW\�KDYH�EHHQ�HYDOXDWHG�

5HVXOWV��$�WRWDO�RI�����SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKLV�VWXG\��0DOH�IHPDOH�UDWLR�ZDV��������WKH�PHDQ�DJH�ZDV�����k�����\HDUV��0RVW�IUHTXHQW�FDXVH
RI�LQMXU\�ZDV�IDOOLQJ���������7KH�PRVW�IUHTXHQW�EURNHQ�PD[LOORIDFLDO�UHJLRQ�ZDV�PD[LOODU\�VLQXV��������������RI�WKH�SDWLHQWV�KDG�DW�OHDVW�RQH
FRQFRPLWDQW�LQMXU\��7KH�PRVW�IUHTXHQW�FRQFRPLWDQW�LQMXU\�ZDV�KHDG�WUDXPD����������7KHUH�ZHUH�����PD[LOORIDFLDO�IUDFWXUHV��0D[LOODU\�VLQXV
IUDFWXUHV�ZHUH�WKH�PRVW�FRPPRQ�LQ�ERWK�VH[HV��7KH�IURQWDO�ERQH��QDVRRUELWRHWKPRLG�FRPSOH[�DQG�PD[LOODU\�VLQXV�IUDFWXUHV�ZHUH�UHODWHG�ZLWK�KHDG
WUDXPD��0HDQ�GXUDWLRQ�RI�KRVSLWDOL]DWLRQ�ZDV����k�����GD\V��,W�KDV�EHHQ�GHWHUPLQHG�WKDW�WKH�SUHVHQFH�RI�FRQFRPLWDQW�LQMXULHV�FDXVHG�WKH�GXUDWLRQ
RI�KRVSLWDO�VWD\�WR�LQFUHDVH��,Q�WKLV�VWXG\��WKH�QXPEHU�RI�SDWLHQWV�GLHG�ZDV������������7KH�PRUWDOLW\�ZDV�UHODWHG�ZLWK�WKH�IURQWDO�ERQH�IUDFWXUHV�DQG
/H)RUW�IUDFWXUHV��7KHUH�ZDV�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�),66�DQG�,66��7KHUH�ZHUH�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�),66�DQG�*&6�DQG�EHWZHHQ�),66
DQG�75,66��7KHUH�ZDV�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�),66�DQG�GXUDWLRQ�RI�KRVSLWDOL]DWLRQ��7KH�FXW�RII�YDOXH�GHWHUPLQHG�IRU�SUHGLFWLQJ�LQ�KRVSLWDO
PRUWDOLW\�RI�),66�ZDV�Õ���6HQVLWLYLW\�RI�WKLV�FXW�RII�YDOXH�ZDV�������DQG�LWV�VSHFLILFLW\�ZDV�������

&RQFOXVLRQV��7KH�LQMXU\�PHFKDQLVPV��PD[LOORIDFLDO�IUDFWXUH�UHJLRQV�DQG�FRQFRPLWDQW�LQMXULHV�DUH�UHODWHG�ZLWK�LQ�KRVSLWDO�PRUWDOLW\�LQ�PD[LOORIDFLDO
WUDXPD��),66�PD\�EH�D�XVHIXO�SDUDPHWHU�LQ�WKH�HYDOXDWLRQ�RI�FOLQLFDO�VHYHULW\�DQG�SUHGLFWLRQ�RI�PRUWDOLW\�LQ�PD[LOORIDFLDO�WUDXPD�LQ�WKH�('��



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 3DWULFLD�YDQ�GHQ�%HUJ

��������3DWLHQW�DWWLWXGHV�DQG�EDUULHUV�WRZDUGV�SDUWLFLSDWLRQ�LQ�WKH�0DQFKHVWHU�$FXWH�&RURQDU\�6\QGURPHV�GHFLVLRQ�UXOH�SLORW
WULDO

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3DWULFLD�YDQ�GHQ�%HUJ������5LFKDUG�%RG\������6DUDK�.HQGDO����

���0DDVWULFKW�8QLYHUVLW\��)DFXOW\�RI�+HDOWK��0HGLFLQH�DQG�/LIH�6FLHQFHV����0DDVWULFKW��7+(�1(7+(5/$1'6
���&HQWUDO�0DQFKHVWHU�8QLYHUVLW\�+RVSLWDOV�)RXQGDWLRQ�1+6�7UXVW��7KH�8QLYHUVLW\�RI�0DQFKHVWHU����0DQFKHVWHU��8.
���8QLYHUVLW\�RI�+XGGHUVILHOG����6FKRRO�RI�+XPDQ�DQG�+HDOWK�6FLHQFHV��+XGGHUVILHOG��8.

.H\ZRUGV��0$&6�UXOH��DFXWH�FRURQDU\�V\QGURPHV��HPHUJHQF\�GHSDUWPHQW��TXDOLWDWLYH�LQWHUYLHZ�VWXG\��SDWLHQW�H[SHULHQFH

$EVWUDFW��

%DFNJURXQG

2EVHUYDWLRQDO�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�0DQFKHVWHU�$FXWH�&RURQDU\�6\QGURPHV��0$&6��GHFLVLRQ�UXOH�FDQ�HIIHFWLYHO\�UXOH�LQ�DQG�UXOH�RXW�DFXWH
FRURQDU\�V\QGURPHV��$&6��IROORZLQJ�D�VLQJOH�EORRG�WHVW�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��$�ZHOO�GHVLJQHG�UDQGRPLVHG�FRQWUROOHG�WULDO��5&7��ZRXOG�QRZ
SURYLGH�LPSRUWDQW�HYLGHQFH�RI�LWV�HIIHFWLYHQHVV�ZKHQ�XVHG�LQ�SUDFWLFH��:H�UHFHQWO\�FRPSOHWHG�UHFUXLWPHQW�WR�D�SLORW�5&7�FRPSDULQJ�XVH�RI�WKH�0$&6
UXOH�WR�VWDQGDUG�FDUH��6XFFHVVIXO�UHFUXLWPHQW�WR�D�GHILQLWLYH��IXOO\�SRZHUHG�5&7�UHTXLUHV�SDUWLFLSDWLRQ�WR�EH�DFFHSWDEOH�WR�SDWLHQWV��:H�WKHUHIRUH
DLPHG�WR�H[SORUH�SDWLHQW�DWWLWXGHV�DQG�SRWHQWLDO�EDUULHUV�WR�SDUWLFLSDWLRQ�LQ�DQ�5&7�RI�WKLV�QDWXUH����

0HWKRGV

:H�FRQGXFWHG�D�TXDOLWDWLYH�VWXG\�QHVWHG�ZLWKLQ�D�SLORW�5&7�FRPSDULQJ�XVH�RI�WKH�0$&6�UXOH�WR�VWDQGDUG�FDUH��$OO�WULDO�SDUWLFLSDQWV�ZHUH�DVNHG�LI�WKH\
ZRXOG�EH�ZLOOLQJ�WR�SDUWLFLSDWH�LQ�D�IROORZ�XS�LQWHUYLHZ�GLVFXVVLQJ�WKHLU�H[SHULHQFHV�RI�WULDO�SDUWLFLSDWLRQ��:H�WKHQ�VFKHGXOHG�VHPL�VWUXFWXUHG
LQWHUYLHZV�ZLWK�FRQVHQWLQJ�SDUWLFLSDQWV��:H�XVHG�SXUSRVLYH�VDPSOLQJ��DLPLQJ�WR�DFKLHYH�D�KHWHURJHQHRXV�VDPSOH�EDVHG�RQ�DJH��JHQGHU��HWKQLF
RULJLQ�DQG�0$&6�UXOH�ULVN�JURXS��,QWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK�UHIHUHQFH�WR�D�EHVSRNH�WRSLF�JXLGH��7KH\�ZHUH�DXGLR�UHFRUGHG��WUDQVFULEHG
YHUEDWLP�DQG�DQDO\VHG�XVLQJ�WKH�)UDPHZRUN�PHWKRG�ZLWK�DQ�LQGXFWLYH�DSSURDFK��,GHQWLILHG�WKHPHV�ZHUH�DVVHVVHG�RQ�WKH�LQGLYLGXDO�SDUWLFLSDQW�DQG
JURXS�OHYHO�

5HVXOWV

7HQ�SDUWLFLSDQWV�FRPSOHWHG�VHPL�VWUXFWXUHG�LQWHUYLHZV��2YHUDOO��LQWHUYLHZHHV�IHOW�WKDW�SDUWLFLSDWLRQ�LQ�WKH�0$&6�WULDO�ZDV�DFFHSWDEOH�DQG�DOO�EXW�RQH
ZRXOG�UHFRPPHQG�SDUWLFLSDWLRQ�WR�RWKHUV��7KH\�H[SUHVVHG�IHZ�UHVHUYDWLRQV�FRQFHUQLQJ�DQ�HDUO\�GLVFKDUJH�DFFRUGLQJ�WR�WKH�0$&6�UXOH�ZKHQ
FRPSDUHG�WR�XVXDO�FDUH��6RPH�SDUWLFLSDQWV�H[SUHVVHG�IUXVWUDWLRQ�DW�SOD\LQJ�D�ÈSDVVLYHÉ�UROH�LQ�WKHLU�RZQ�KHDOWKFDUH��7ULDO�SDUWLFLSDWLRQ�DOORZHG�WKHP
WR�SOD\�D�PRUH�DFWLYH�UROH��ZKLFK�WKH\�ZHOFRPHG��7KH\�DOVR�ZHOFRPHG�WKH�SRWHQWLDO�WR�UHGXFH�XQQHFHVVDU\�ZDLWLQJ�WLPH�VR�ORQJ�DV�WKHLU�PHGLFDO
FDUH�ZDV�DSSURSULDWH�ZLWK�WLPHO\�IROORZ�XS��,Q�DFFRUGDQFH�ZLWK�WKH�WULDO�SURWRFRO��SDWLHQWV�ZHUH�ILUVW�DSSURDFKHG�WR�SDUWLFLSDWH�DW�WKH�WLPH�RI�DUULYDO
LQ�WKH�('��6RPH�SDUWLFLSDQWV��ZKR�GHVFULEHG�EHLQJ�DQ[LRXV�RU�LQ�SDLQ�DW�WKDW�WLPH��IHOW�WKLV�ZDV�XQGHVLUDEOH��7KH\�ZHUH��KRZHYHU��ZHOFRPLQJ�RI�WKH
DSSURDFK�RQFH�WKHVH�PDWWHUV�KDG�EHHQ�DWWHQGHG�WR��7UHDWPHQW�E\�WKH�0$&6�UXOH�ZDV�SHUFHLYHG�DV�ODUJHO\�QRQ�LQYDVLYH�LQWHUYHQWLRQ�DQG�WKH
SURFHVV�RI�UDQGRPLVDWLRQ�VHHPHG�WR�KROG�OLWWOH�VLJQLILFDQFH�IRU�SDUWLFLSDQWV��$OWKRXJK�VHYHUDO�SDUWLFLSDQWV�GHVFULEHG�EHLQJ�JHQHUDOO\�VFHSWLFDO�RI
PHGLFDO�UHVHDUFK��WKH\�ZHUH�DPHQDEOH�WR�SDUWLFLSDWLRQ�LQ�WKLV�WULDO��7KLV�DSSHDUV�WR�EH�EHFDXVH�WKH\�DJUHHG�ZLWK�WKH�QHHG�IRU�UHVHDUFK�LQ�WKLV�ILHOG�
3HUVRQDO�TXDOLWLHV�RI�WKH�UHVHDUFK�VWDII��VXFK�DV�ÈIULHQGOLQHVVÉ��ÈFRQVLGHUDWHQHVVÉ�DQG�ÈFRPSHWHQFHÉ��DOVR�VHHP�WR�KDYH�LQIOXHQFHG�WKH�GHFLVLRQ�WR
SDUWLFLSDWH�

&RQFOXVLRQV

3DWLHQWV�ZHUH�SRVLWLYH�DERXW�WKHLU�SDUWLFLSDWLRQ�LQ�WKH�0$&6�UXOH�IHDVLELOLW\�WULDO�FRPSDULQJ�WKH�0$&6�UXOH�WR�VWDQGDUG�FDUH���7KH\�ZHOFRPHG�WKH
RSSRUWXQLW\�WKH�0$&6�UXOH�RIIHUV�LQ�UHGXFLQJ�XQQHFHVVDU\�ZDLWLQJ�LQ�WKH�KRVSLWDO��$�QXPEHU�RI�SRWHQWLDO�OLPLWDWLRQV�WR�WKH�WULDO�GHVLJQ�ZHUH�LGHQWLILHG
DQG�VKRXOG�EH�FRQVLGHUHG�LQ�WKH�SODQQLQJ�RI�D�IXWXUH�ODUJHU�WULDO�



0$1$*(0(17���('�25*$1,6$7,21 1LNROD\�+XEDQRY

��������,PSDFW�RI�&OLPDWLF�)DFWRUV�RQ�WKH�QRQ�XUJHQW�YLVLWV�WR�WKUHH�(PHUJHQF\�5RRPV�LQ�����

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1LNROD\�+RXEDQRY������3HWNR�6WHIDQRYVNL����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO��$OH[DQGURYVND����6RILD��%8/*$5,$
���(PHUJHQF\�'HSDUWPHQW��5HJLRQDO�+RVSLWDO��3URI��*�6WUDQVNL���3OHYHQ��%8/*$5,$

.H\ZRUGV��FOLPDWLF�IDFWRUV��PRGHOV��QRQ�XUJHQW�YLVLWV

$EVWUDFW��

3XUSRVH��&RQGXFWHG�LQ�������WKH�VWXG\�VHHNV�WR�ILQG�FRUUHODWLRQV�EHWZHHQ�WKH�QRQ�XUJHQW�YLVLWV�WR�HPHUJHQF\�URRPV�DQG�FOLPDWLF�IDFWRUV�

'HVLJQ��$�PXOWLFHQWHU�UHWURVSHFWLYH�VWXG\�RI�UHJLVWHUHG�PHGLFDO�UHFRUGV�

3DUWLFLSDQWV��7KUHH�(PHUJHQF\�GHSDUWPHQWV�

7DVNV�ZHUH�����6HHNLQJ�WR�ILQG�FRUUHODWLRQV�EHWZHHQ�FOLPDWLF�IDFWRUV�RI�WKH�HQYLURQPHQW�DQG�WKH�QRQ�XUJHQW�PHGLFDO�H[DPLQDWLRQV�LQ�HPHUJHQF\
URRPV����$SSOLFDWLRQ�RI�GLIIHUHQW�PRGHOV�IRU�HYDOXDWLRQ�RI�WUHQGV�DQG�HYDOXDWLRQ�RI�WKHLU�YDOLGLW\

0HWKRGRORJ\��7ZR�PHWKRGV�KDYH�EHHQ�DSSOLHG��7KH�ILUVW�RQH�HPSOR\HG�D�IDFWRULDO�DQDO\VLV�LQ�RUGHU�WR�UHGXFH�WKH�LQFOXGHG�LQ�WKH�VWXG\�FOLPDWLF
GDWD��,Q�WKH�VHFRQG�RQH�DOO�GDWD�ZHUH�LQFOXGHG�LQ�D�OLQHDU�PXOWLIDFWRULDO�UHJUHVVLRQ�PRGHO��7KH�HIIHFW�RI�HDFK�FRPSRQHQW�RQ�WKH�GHPRJUDSKLF
LQGLFDWRUV�ZDV�LQFOXGHG�DQG�HYDOXDWHG��7KH�HIIHFW�RI�WKH�FOLPDWH�RQ�OHDGLQJ�FODVVHV�RI�UHJLVWHUHG�PRUELGLW\�ZDV�DOVR�VWXGLHG��7KH�YDOLGLW\�RI�WKH
PRGHOV�ZDV�WHVWHG��8VLQJ�D�QRQ�OLQHDU�UHJUHVVLRQ�DQDO\VLV��WKH�UROH�RI�WKH�ZHDWKHU�Ä�IRJ��UDLQ��DQG�VQRZ��ZDV�HYDOXDWHG�

5HVXOWV��7KH�VWXG\�KDV�HQFRPSDVVHG�������PHGLFDO�HQWULHV��&RUUHODWLRQ�GHSHQGHQFLHV�ZHUH�HVWDEOLVKHG�EHWZHHQ�FOLPDWLF�FRPSRQHQWV��DJH
GHPRJUDSKLF�LQGLFDWRUV��DQG�PRUELGLW\��7KHUH�DUH�SUHVHQW�PRGHUDWH�VWDWLVWLFDOO\�VLJQLILFDQW�FRUUHODWLRQV�EHWZHHQ�FOLPDWLF�IDFWRUV��DJDLQVW�WKH�SDWLHQW
IORZ�LQ�FKLOGKRRG�DJH��N ��������S ��������PRUELGLW\�LQ�DVWKPD��N ��������S ��������DQG�DV�WR�DFXWH�UHVSLUDWRU\�GLVHDVHV��N ��������S �������

,Q�WKH�ILUVW�PRGHO��WKH�FOLPDWLF�IDFWRUV�ZHUH�UHGXFHG�WR�WKUHH�JURXSV��IDFWRU���Ä�WHPSHUDWXUH�DQG�GHZ�SRLQW��IDFWRU���Ä�EDURPHWULF��DQG�IDFWRU���Ä
KXPLGLW\��7KH�UHJUHVVLRQ�PRGHO�LQGLFDWHG�D�SUHGLFWLYH�YDOXH�RI�WKH�ILUVW�WZR�IDFWRUV�RI�WKH�QRQ�XUJHQW�YLVLWV�WR�WKH�ZDUGV��'XH�WR�WKH�PDUJLQDO�YDOXHV
RI�WKH�FRQILGHQFH�LQWHUYDO��WKH�YDOLGLW\�ZLWK�UHJDUGV�WR�WKH�JHQHUDO�IORZ�RI�SDWLHQWV�QRW�KRVSLWDOL]HG��QRQ�XUJHQW�SDWLHQWV��ZDV�GLVPLVVHG��/MXQJ�%R[
4�VWDWLVWLFV���������6LJ ��������7KH�PRGHO�LQGLFDWHG�DSSOLFDELOLW\�ZLWK�DVWKPDWLF�SDWLHQWV��/MXQJ�%R[�4�VWDWLVWLFV���������6LJ ��������7KH�SUHGLFWLYH
YDOXH�RI�WKH�PRGHO�LV�������

7KH�FDUULHG�RXW�QRQOLQHDU�UHJUHVVLRQ�DQDO\VLV�SURYHG�WKDW�IRJ�LV�D�IDFWRU�ZKHQ�SHRSOH�VHHN�PHGLFDO�KHOS�LQ�HPHUJHQF\�ZDUGV���7KHUH�ZDV�D�SURYHG
HIIHFW�RQ�WKH�DYHUDJH�QXPEHU�RI�SDWLHQWV�VHHNLQJ�KHOS�LQ�ZDUGV��$8& ������6LJ�� �������DV�ZHOO�DV�WKH�IDFW�WKDW�IRJ�LV�D�IDFWRU�IRU�WKH�LQFUHDVHG
QXPEHU�RI�PHGLFDO�H[DPLQDWLRQV�RI�FKLOGUHQ�DQG�RI�SDWLHQWV�ZLWK�DFXWH�UHVSLUDWRU\�GLVHDVHV��7KHUH�ZDV�HVWDEOLVKHG�D�OLQHDU�UHJUHVVLRQ�PRGHO�RI
FOLPDWLF�IDFWRUV�ZKLFK�UHYHDOHG�QHDUO\�WKH�VDPH�VXPPDUL]HG�HIIHFW�RI�SUHGLFWDELOLW\�DV�WR�FOLPDWLF�IDFWRUV���������

&RQFOXVLRQ��7KH�VWXG\�KDV�SURYHG�WKH�LPSDFW�RI�VHSDUDWH�FOLPDWLF�IDFWRUV�RQ�WKH�UHJLVWHUHG�PHGLFDO�H[DPLQDWLRQV��7KHUH�LV�QR�HYLGHQFH�DV�WR�WKH
UROH�RI�VH[�LQ�WKH�VWXGLHG�JURXS��7KH�QRQ�XUJHQW�YLVLWV�RI�FKLOGUHQ�DV�ZHOO�DV�RI�SDWLHQWV�ZLWK�DFXWH�UHVSLUDWRU\�GLVHDVHV�DQG�DVWKPD�DUH�VLJQLILFDQW�
7KH�FRQFOXVLRQ�WKDW�WKHUH�LV�D�KLJK�ULVN�RI�XQMXVWLILHG�YLVLWV�DPRQJ�WKHVH�JURXSV�KDV�EHHQ�PDGH�

7KH�VWXG\�KDV�QRW�HVWDEOLVKHG�D�VXEVWDQWLDO�VLJQLILFDQFH�DQG�YDOLGLW\�RI�WKH�DSSOLFDWLRQ�RI�WKH�WZR�PHWKRGRORJLHV�Ä�IDFWRULDO�DQDO\VLV�DQG�UHGXFWLRQ�RI
FOLPDWH�FRPSRQHQWV�DJDLQVW�



&$6(�35(6(17$7,21 /DXUD�(VWHYH�&XHYDV

��������&DVH�UHSRUW�v�K\SRWKHUPLD�DIWHU�DFFLGHQWDO�LQWDNH�RI�DQ�DQWLSV\FKRWLF�DJHQW�DQG�D�WULF\FOLF�DQWLGHSUHVVDQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/DXUD�(VWHYH�&XHYDV������(YD�6ODJ������%DUHQGLQD�%DNNHU����

���6HQLRU�5HVLGHQW���(PHUJHQF\�0HGLFLQH��$OEHUW�6FKZHLW]HU�=LHNHQKXLV��'RUGUHFKW��7+(�1(7+(5/$1'6
���(PHUJHQF\�3K\VLFLDQ��$OEHUW�6FKZHLW]HU�=LHNHQKXLV��'RUGUHFKW��7+(�1(7+(5/$1'6

.H\ZRUGV��K\SRWKHUPLD��DQWLSV\FKRWLF�DJHQW��WULF\FOLF�DQWLGHSUHVVDQW

$EVWUDFW��

,QWURGXFWLRQ

,QWR[LFDWLRQV�ZLWK�DQWLSV\FKRWLFV�DQG�WULF\FOLF�DQWLGHSUHVVDQWV�DUH�UHFRJQL]HG�DV�D�FDXVH�RI�K\SHUWKHUPLD�LQ�WKH�VHWWLQJ�RI�DQ�DQWLFKROLQHUJLF
V\QGURPH��,Q�WKLV�FDVH�UHSRUW�ZH�GHVFULEH�DQ�DGXOW�SDWLHQW�ZLWK�DQ�DFFLGHQWDO�DGPLQLVWUDWLRQ�RI�OHYRPHSURPD]LQH�ZLWK�FORPLSUDPLQH�DQG�IXURVHPLGH�
SUHVHQWLQJ�ZLWK�VRPQROHQFH��K\SRWHQVLRQ�DQG�K\SRWKHUPLD�

�

&DVH�GHVFULSWLRQ

$����\HDU�ROG��PHQWDOO\�UHWDUGHG��ZRPDQ�ZDV�EURXJKW�WR�WKH�(PHUJHQF\�'HSDUWPHQW�E\�DPEXODQFH�ZLWK�VRPQROHQFH�DQG�K\SRWHQVLRQ��)LYH�KRXUV
HDUOLHU��VKH�KDG�EHHQ�DFFLGHQWDOO\�JLYHQ�PHGLFDWLRQ�WKDW�EHORQJHG�WR�DQRWKHU�SDWLHQW�LQ�KHU�QXUVLQJ�KRPH�Ä�OHYRPHSURPD]LQH���PJ��SKHQRWKLD]LQH�
DQWLSV\FKRWLF�DJHQW���FORPLSUDPLQH�UHWDUG���PJ��WULF\FOLF�DQWLGHSUHVVDQW��DQG�IXURVHPLGH���PJ��ORRS�GLXUHWLF��

2QH�KRXU�DIWHU�DGPLQLVWUDWLRQ�RI�WKH�PHGLFDWLRQ��VKH�EHFDPH�PRUH�VRPQROHQW�WKDQ�XVXDO��ZLWK�VKDNLQJ�KDQGV�DQG�D�K\SRWHQVLRQ��������PP+J��

+HU�PHGLFDO�KLVWRU\�FRQVLVWV�RI�VDLG�PHQWDO�UHWDUGDWLRQ�GXH�WR�SHULQDWDO�DVSK\[LD��DQ�DQHPLD��REVWLSDWLRQ�DQG�JDVWURHVRSKDJHDO�UHIOX[�ZKHQ�VXSLQH�
+HU�SUHVFULEHG�PHGLFDWLRQ�FRQVLVWV�RI�FKROHFDOFLIHURO����,(��GG���GRPSHULGRQH���PJ��GG���K\GURFKORURWKLD]LGH���PJ��GG���PDJQHVLXP�K\GUR[LGH
���PJ��GG���RPHSUD]ROH���PJ��GG���PDFURJRO��GG��DQG�GDOWHSDULQ�����,(��GG���+HU�XVXDO�GRVH�RI�GRPSHULGRQ��K\GURFKORURWKLD]LGH��PDJQHVLXP
K\GUR[LGH�DQG�PDFURJRO�KDG�QRW�EHHQ�JLYHQ�WKDW�GD\�GXH�WR�WKH�DFFLGHQWDOO\�DGPLQLVWUDWHG�PHGLFDWLRQ�

6KH�KDG�QR�NQRZQ�DOOHUJLHV�

�

2Q�SK\VLFDO�H[DPLQDWLRQ�WKH�SDWLHQW�ZDV�VRPQROHQW��ZLWK�DQ�*ODVJRZ�&RPD�6FDOH�RI�(�0�9���K\SRWHQVLYH��������PP+J��ZLWK�D�EUDG\FDUGLD
����PLQ���DQG�K\SRWKHUPLF�����j&��UHFWDOO\���+HU�UHVSLUDWRU\�UDWH�ZDV�VORZ��ZLWK�D�6S2��RI�����ZLWKRXW�VXSSOHPHQWDU\�R[\JHQ��+HU�(&*�VKRZHG�D
PLOG�VLQXVEUDG\FDUGLD�ZLWK�D�ILUVW�GHJUHH�$9�EORFN��D�VPDOO�456�FRPSOH[�DQG�D�47F�RI�����VHF��/DERUDWRU\�WHVWLQJ�UHYHDOHG�D�UHVSLUDWRU\�DFLGRVLV�

�

7KH�SDWLHQW�ZDV�DGPLWWHG�ZLWK�WKH�GLDJQRVLV�RI�LQWR[LFDWLRQ�ZLWK�OHYRPHSURPD]LQH��FORPLSUDPLQH�DQG�IXURVHPLGH��$JJUHVVLYH�IOXLG�UHVXVFLWDWLRQ�ZDV
LQLWLDWHG��ZKLOH�WKH�SDWLHQW�ZDV�VLPXOWDQHRXVO\�LQWHUQDOO\�DQG�H[WHUQDOO\�ZDUPHG��%DVHG�RQ�KHU�KLVWRU\��FXUUHQW�VWDWH�DQG�LQ�FRQVXOWDWLRQ�ZLWK�KHU
OHJDO�UHSUHVHQWDWLYH�D�'15�RUGHU�ZDV�DJUHHG�XSRQ��'XULQJ�DGPLVVLRQ��QR�IXUWKHU�FRPSOLFDWLRQV�RFFXUUHG��$IWHU�WZR�GD\V��WKH�SDWLHQW�ZDV�GLVFKDUJHG
WR�KHU�QXUVLQJ�KRPH�LQ�KHU�SUHYLRXV�FRQGLWLRQ�

�

'LVFXVVLRQ

7KHUPRUHJXODWLRQ�LV�FRQWUROOHG�LQ�WKH�SUHRSWLF�DUHD�RI�WKH�K\SRWKDODPXV�WKURXJK�UHJXODWLRQ�RI�VKLYHULQJ��SHULSKHUDO�YDVRGLODWLRQ�DQG�GLDSKRUHVLV��
ZLWK�VHURWRQLQ�DQG�GRSDPLQH�EHLQJ�WKH�PRVW�LPSRUWDQW�QHXURWUDQVPLWWHUV��:KLOH�WKH�H[DFW�PHFKDQLVP�RI�DFWLRQ�LQ�WKLV�PDWWHU�LV�QRW�XQGHUVWRRG�
ERWK�SKHQRWKLD]LQHV��OHYRPHSURPD]LQH��DQG�WULF\FOLF�DQWLGHSUHVVDQWV��FORPLSUDPLQH��LQWHUDFW�ZLWK�WKHVH�QHXURWUDQVPLWWHUV�DQG�PD\�SURPRWH
K\SRWKHUPLD�

,Q�WKLV�SDWLHQW��PXOWLSOH�IDFWRUV�PD\�KDYH�FRQWULEXWHG�WR�WKH�GHYHORSPHQW�RI�K\SRWKHUPLD��%HVLGHV�VDLG�PHGLFDWLRQV��WKH�SHULQDWDO�DVSK\[LD�DQG
FRQVHTXHQW�FHUHEUDO�GDPDJH�LQ�WKLV�SDWLHQW�LQ�FRPELQDWLRQ�ZLWK�KHU�VRPQROHQW�VWDWH�PD\�KDYH�OHVVHQHG�KHU�DELOLW\�WR�VKLYHU�

�

&RQFOXVLRQ

$OWKRXJK�DQWLSV\FKRWLFV�DQG�WULF\FOLF�DQWLGHSUHVVDQWV�DUH�NQRZQ�IRU�WKHLU�DELOLWLHV�WR�FDXVH�K\SHUWKHUPLD��WKHVH�DJHQWV�VKRXOG�DOVR�EH�FRQVLGHUHG�DV
D�SRVVLEOH�FDXVH�LQ�SDWLHQWV�SUHVHQWLQJ�ZLWK�K\SRWKHUPLD�





&35���5(686&,7$7,21 OXLV�VDQFKH]

��������+2:�0$1<�&+,/'5(1�6859,9(�72�$1�287�2)�+263,7$/�&$5',25(63,5$725<�$55(67"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

DQWRQLR�LJOHVLDV�YD]TXH]������OXLV�VDQFKH]�VDQWRV������PDQXHO�EHUQDUGH]�RWHUR������RUWL]�URVHOO����

���(PHUJHQFLHV�0HGLFDO�6\VWHP��)386*��������VDQWLDJR��63$,1
���HPHUJHQFLHV�0HGLFDO�6\VWHP��HPSUHVD�SXEOLFD�GH�HPHUJHQFLDV�VDQLWDULDV��DOPHULD��63$,1

.H\ZRUGV��2XW�RI�KRVSLWDO�FDUGLRUUHVSLUDWRU\�DUUHVW��QHXURORJLFDO�RXWFRPH��FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ

$EVWUDFW��

,QWURGXFWLRQ��3DHGLDWULF�RXW�RI�KRVSLWDO�FDUGLRUUVSLDUDWRU\�DUUHVW��2+&$��LV�DQ�XQFRPPRQ�FRQGLWLRQ��DQG�VLQFH�WKH�VWDII�RI�WKH�HPHUJHQFLHV�PHGLFDO
V\VWHP�GRQnW�IDFH�GDLO\�ZLWK�LW�LW�VXSRVHV�D�ELJ�FKDOOHQJH�IRU�WKHP��:H�GHVFULEH�WKH�SDHGLWULF�2+&$�UHJLVWHUHG�LQ�6SDLQ�DORQJ�RQH�\HDU�

0DWHULDO�DQG�PHWKRGV��$�SURVSHFWLYH��REVHUYDWLRQDO�GDWDEDVH�LQFOXGLQJ�DOO�WKH�RXW�RI�KRVSLWDO�FDUGLRUHVSLUDWRU\�DUUHVWV��2+&$��UHJLVWHUHG�E\�WKH���
UHJLRQDO�(PHUJHQF\�0HGLFDO�6\VWHPV��(06��RI�6SDLQ��ZLWK�GDWD�FROOHFWHG�DFFRUGLQJ�WR�8WVWHLQ�VW\OH�ZDV�GHVLJQHG��7KH�SDHGLDWULF�VDPSOH��SDWLHQWV
DJHG��Ä���\HDUV��FRUUHVSRQGLQJ�WR�WKH�SHULRG�EHWZHHQ�2FWREHU�����Ä6HSWHPEHU������LV�GHVFULEHG�

5HVXOW������SDWLHQWV�DJHG�EHWZHHQ���WR����\HDU�ZHUH�LQFOXGHG��������PDOHV��0HGLDQ�DJH�ZDV���\HDUV��UDQJH��Ä�����7KH�HYHQW�RFFXUUHG�DW�KRPH�LQ
������DQG�ZDV�ZLWQHVVHG�LQ�������RI�FDVHV��E\�D�E\VWDQGHU�LQ���������%DVLF�OLIH�VXSSRUW�ZDV�SURYLGHG�LQ�����RI�FDVHV��E\�D�E\VWDQGHU�LQ�������
DQG�ILUVW�SURYLGHU�LQ���������7KH�ILUVW�GHWHFWHG�UK\WKP�ZDV�QRQ�VKRFNDEOH�LQ�������DQG�VKRFNDEOH�LQ��������7KH�DUUHVWÇV�DHWLRORJ\�ZDV�FDU��GLDF�LQ
�������UHVSLUDWRU\�LQ��������WUDXPDWLF�LQ��������GURZQLQJ�LQ��������QHXURORJLFDO�LQ�������DQG�RWKHU�LQ�������526&�ZDV�DFKLHYHG�LQ�������SDWLHQWV
DQG������ZHUH�DGPLWWHG�WR�KRVSLWDO�LQ�RQ�JRLQJ�&35��6XUYLYDO�DW�KRVSLWDO�GLVFKDUJH�ZDV���������DQG�������KDG�JRRG�QHXURORJLF�FRQGLWLRQ�DW�WKDW
WLPH�

&RQFOXVLRQV��3DHGLDWULF�2+&$�LV�DQ�XQFRPPRQ�FRQGLWLRQ��2QO\�����RIYLFWLPV�KDYH�DQ�LQLWLDO�VKRFNDEOH�UK\WKP�,Q�6SDLQ�WKH�FXUUHQW�UDWH�RI�E\VWDQGHU
&35�LV�UHODWLYHO\�ORZ��526&��VXUYLYDO�WR�KRVSLWDO�GLVFKDUJH�DQG�VSHFLDOO\�WKH�QHXURORJLFDO�RXWFRPH�LQ�WKHVH�SDWLHQWV�QHHG�WR�EH�LPSURYHG�E\�PHDQV
RI�PXOWLIDFHWHG�UHVXVFLWDWLRQ�VWUDWHJLHV��



3+$50$&2/2*< /8,6�+(55$'$

��������3RWHQWLDOO\�LQDSSURSULDWH�PHGLFDWLRQ�LQ�HPHUJHQF\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0$5&(/$�-,521������/8,6�+(55$'$������0$7,$6�0$57,1(=������7$0$5$�6$1'29$/������(/(1$�9(*$������&$52/,1$�/2%26����

�����)DFXOWDG�GH�&LHQFLDV�4X�PLFDV�\�)DUPDF�XWLFDV�8QLYHUVLGDG�GH�&KLOH��6$17,$*2��&+,/(
���(0(5*(1&<���&/,1,&$�/$6�&21'(6���6$17,$*2��&+,/(

.H\ZRUGV��HPHUJHQF\��SKDUPDFRORJ\��PHGLFDWLRQ

$EVWUDFW��

%DFNJURXQG��%HHUV�FULWHULD�KDYH�EHHQ�ZLGHO\�XVHG�WR�LGHQWLI\�SRWHQWLDOO\�LQDSSURSULDWH�PHGLFDWLRQ��3,0���,Q�&KLOH��WKHVH�FULWHULD�DUH�QRW�XVHG
URXWLQHO\�

2EMHFWLYH��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�3,0�IUHTXHQF\�LQ�HPHUJHQF\�URRP�YLVLWV�DW�WKH�&OLQLFDO�+RVSLWDO�RI�WKH�8QLYHUVLGDG�GH�&KLOH�

0HWKRGV��&OLQLFDO�3KDUPDFLVWV�FDUULHG�RXW�D�SURVSHFWLYH�IROORZ�XS�VWXG\�LQ�HPHUJHQF\�URRP�YLVLW�EHWZHHQ�-DQXDU\������DQG�-DQXDU\������
6HOHFWLRQ�FULWHULD�ZHUH�DJHV����\HDUV�RU�ROGHU�DQG�D�PHGLFDWLRQ�SUHVFULELQJ��,QDSSURSULDWH�GUXJ�SUHVFULSWLRQ�ZDV�GHILQHG�E\�%HHUV�&ULWHULD�
2XWFRPHV�RI�WKH�VWXG\�ZHUH�3,0�IUHTXHQF\�DQG�W\SH�RI�3,0�XVHG�

5HVXOWV��3UHOLPLQDU\�UHVXOWV�RI�D�WRWDO�RI������SDWLHQWV�PHW�VHOHFWLRQ�FULWHULD��7KH�PHDQ�DJH�RI�SDWLHQWV�ZDV�����k����\HDUV�DQG�����ZHUH�ZRPHQ�
$�������RI�SDWLHQWV�UHFHLYHG�DW�OHDVW���3,0��7KH�PRVW�FRPPRQ�LQDSSURSULDWH�GUXJV�ZHUH�16$,'V�DQG�&DUGLRYDVFXODU�GUXJV�

&RQFOXVLRQ��3,0�UHPDLQV�D�KHDOWK�SUREOHP�LQ�HPHUJHQF\�FDUH��)XWXUH�DQDO\VHV�PXVW�EH�SHUIRUPHG�WR�GHWHUPLQH�SRWHQWLDO�DGYHUVH�RXWFRPHV�DQG
WKHLU�FRQVHTXHQFHV�LQ�JHULDWULF�SDWLHQWV�



&$6(�35(6(17$7,21 6DOPLQD�'DPLDQR

��������+\SHUWKHUPLD��KHDWZDYH�RU�XULQDU\�WUDFW�LQIHFWLRQ��:KLFK�GLIIHUHQWLDO�GLJQRVLV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

=DPSURJQR�(PDQXHOD������6DOPLQD�'DPLDQR����

���(PHUJHQF\�GHSDUWHPHQW��2VSHGDOH�5HJLRQDOH�GL�/XJDQR��/XJDQR��6:,7=(5/$1'

.H\ZRUGV��K\SHUWKHUPLD��KHDG�VWURNH��KHDGZDZH

$EVWUDFW��

%DFNURXQG

7KH�LQFUHDVH�LQ�VHDVRQDO�WHPSHUDWXUHV�KDV�D�SRWHQWLDO�LQIOXHQFH�RQ�WKH�KHDOWK�RI�WKH�SRSXODWLRQ��HVSHFLDOO\�HOGHUO\�DQG�SROLPRUELG�SHUVRQV��7KHUH
DUH�VSHFLILF�GLVRUGHUV�OLQNHG�WR�KRW�VXPPHU��IRU�H[HPSOH�KHDWZDYH��,Q�VRXWK�RI�6ZLW]HUODQG�WKH�VHFRQG�KDOI�RI�-XO\������ZDV�SDUWLFXODUO\�KRW�DQG�WKH
GLIIHUHQWV�PHGLD�JDYH�JUHDW�DQG�FRQWLQXRV�DFFHQW�WR�WKLV�FRQGLWLRQ�

�

$LP

+HOSHG�WR�D�FDVH�UHSRUW�ZH�ZDQW�IRFXV�DWWHQWLRQ�RQ�WKH�LPSRUWDQFH�RI�D�ODUJH�VSHFWUXP�HYDOXDWLRQ�RI�D�SUREOHP�WKDW�SUHVHQW�ZLWK�FDUDFKWHULVWLFV�RI
KHDWZDYH�EXW�UHTXLUHG�DOVR�LQYHVWLJDWLRQ�IRU�D�XULQDU\�WUDFW�LQIHFWLRQ�

�

0HWKRG

'XULQJ�WKH�SHULRG�IURP����WR����-XO\�������D�WRWDO�RI�����FRQVXOWDWLRQ�ZKHUH�UHJLVWUHG�DW�WKH�(PHUJHQF\�'HSDUWPHQW��,Q�����������FDVHV�FOLQLFDO
PDQLIHVWDWLRQ�UHODWHG�ZLWK�WKH�KLJK�WHPSHUDWXUH�ZKHUH�QRWHG�DV�WKH�UHDVRQ�IRU�WKH�FRQVXOWDWLRQ��%HWZHHQ�WKH����SDWLHQWV�WKDW�ZKHUH�KRVSLWDOL]HG���
�������ZHUH�DIIHFWHW�E\�SUREOHPV�UHODWHG�ZLWK�KLJK�WHPSHUDWXUHV��2QH�ZDV�DGPLWWHG�LQ�WKH�,QWHQVLYH�&DUH�8QLW�

�

7KH�&DVH

$�PDOH�RI����\HDUV�ZLWK�K\VWRU\�RI�SXOPRQDU\�HPEROLVP�IRU�ZLWFK�KH�WDNHV�RUDO�DQWLFRDJXODWLRQ��DUWHULDO�K\SHUWHQVLRQ��WUHDWHG�ZLWK�D�FDOFLXP
FKDQQHO�EORFNHU��EHWD�EORFNHU�DQG�K\GURFKORURWKLD]LGH��DQG�SUHYLRXV�FHUHEUDO�LVFKHPLF�DWWDFN��FRPH�DW�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�DPEXODQFH
DIWHU�KH�ZDV�IRXQG�RQ�WKH�IORRU�RI�KLV�NLWFKHQ�XQFRQVFLXRV�E\�KLV�GDXJKWHU��7KH�*ODVJRZ�&RPD�6FRUH�ZDV�������KLV�EORRG�SUHVVXUH����������6S2�
������+)�����ESP��7KH�WLPSDQLF�WHPSHUDWXUH�ZDV���j&��7KH�PDQDJHPHQW�ZDV�LQLWLDOO\�SHUIRUPHG�LQ�WKH�LQWHQVLYH�FDUH�XQLW�EHFDXVH�RI�WKH�VHYHUH
GHVK\GUDWDWLRQ�DQG�IRU�WKH�HPRG\QDPLF�REVHUYDWLRQ��$IWHU�DGPLQLVWUDWLRQ�RI�DERXQGDQW�LQWUDYHQRXV�K\GUDWDWLRQ�DQG�SDUDFHWDPRO�IRU�PDQDJHPHQW
RI�WKH�WHPSHUDWXUH��KH�EHFRPH�FRQWDFWDEOH�DQG�KH�UHSRUWV�VXIIHULQJ�IRU�WKH�KLJK�WHPSHUDWXUHV�LQ�WKH�ODVW�GD\V��1R�V\PSWRPV�RI�XULQDU\�WUDFW�RU
RWKHU�LQIHFWLRQ�ZDV�SUHVHQW��$�EORRG�VDPSOH�VKRZ�QR�HOHFWURO\WHV�GLVWXUEDQFH��D�VHUXP�FUHDWLQLQH�RI�����XPRO�O��D�3&5�RI���PJ�O��/HXFRF\WHV�ZKHUH
�����*�O�ZLWK������1HXWURSKLOV��7KH�XULQH�H[DPLQDWLRQ�VKRZHG����Ä����OHXFRF\WHV�FOXVWHU��SRVLWLYH�QLWULWHV�DQG�WKH�SUHVHQFH�RI�QXPEHU�RI�EDFWHULD�
7KH�FROWXUHV�RI�XULQHV�VKRZ�D�JURZWK�RI�(��&ROL�PXOWLVHQVLWLYH��$�VRQRJUDI\�RI�WKH�DEGRPHQ�URXOHG�RXW�DQ\�HFKRJUDILF�VLJQ�RI�S\HORQHIULWLV��$
DQWLELRWLF�WKHUDS\�ZDV�VWDUWHG�ZLWK�SURPSW�UHFRYHU\�

�

&RQFOXVLRQ

)RU�SRO\PRUELG�DQG�HOGHUO\�SDWLHQWV�WKH�FRQVHTXHQFHVH�RI�D�KHDG�VWURNH�FDQ�EH�OLYH�WUHDWKHQLQJ��,W�LV�QRW�VLPSO\�WR�GHWHUPLQH�LI�WKH�LQIHFWLRQ�RI�WKH
XULQDU\�WUDFW�LV�WKH�FDXVH�RI�WKH�K\SHUWKHUPLD��ZKLFK�LV�UDUHO\�WKH�FDVH�LQ�ORZHU�XULQDU\�WUDFW�LQIHFWLRQ��RU�LI�WKH�GHVK\GUDWDWLRQ�ZLWK�FRQVHTXHQW
VWDVLV�RI�XULQH�LQ�WKH�EODGGHU�LV�WKH�FDXVH�RI�WKH�LQIHFWLRQ��,W�LV�LPSRUWDQW�WR�KDYH�D�ODUJH�GLDJQRVWLF�DSSURDFK�WR�SRVH�WKH�FRUUHFW�GLDJQRVLV�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

YRONDQ�XONHU

��������5HVSRQVH�RI�7UHDWPHQW�LQ�3ULPDU\�+HDGDFKHV�3DWLHQWV�ZLWK�$UWHULDO�+\SHUWHQVLRQ��D�3URVSHFWLYH�2EVHUYDWLRQDO�3LORW
6WXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$%'8//$+�&�1(<7�+2&$*¡/������+¡/$/�+2&$*¡/������92/.$1��/.(5����

���(0(5*(1&<�0('¡&¡1(�'(3$570(17��%8/(17�(&(9¡7�81¡9(56¡7<��)$&8/7<�2)�0('¡&¡1(��=21*8/'$.��785.(<

.H\ZRUGV��3ULPDU\�+HDGDFKH��0HDQ�$UWHULDO�3UHVVXUH��$UWHULDO�+\SHUWHQVLRQ��3DLQ�0DQDJHPHQW

$EVWUDFW��

%DFNJURXQG��7KHUH�LV�D�KHVLWDWLRQ�RQ�WKH�WRSLF�WKDW�DERXW�KRZ�FDQ�ZH�WUHDW�SDWLHQWV�ZKLFK�KDYH�KHDGDFKH�DQG�DFFRPSDQ\LQJ�FRPSODLQWV�RI�DUWHULDO
K\SHUWHQVLRQ�WKDW�DGPLW�WR�HPHUJHQF\�VHUYLFHV��,Q�ZKLFK�FRQGLWLRQV�ZH�PXVW�GHFUHDVH�DUWHULDO�K\SHUWHQVLRQ�RU�WUHDW�KHDGDFKH�SULPDULO\"�7KH
SXUSRVH�RI�WKLV�VWXG\�LV�WR�FRQWULEXWH�WR�VHOHFWLQJ�SULPDU\�WUHDWPHQW�PHWKRG�LQ�SDWLHQWV�ZLWK�SULPDU\�KHDGDFKHV�DFFRPSDQ\LQJ�DUWHULDO
K\SHUWHQVLRQ��,Q�RXU�VWXG\��ZH�FRPSDUHG�LI�WKHUH�LV�DQ\�UHODWLRQVKLS�EHWZHHQ�FKDQJHV�RI�PHDQ�DUWHULDO�SUHVVXUH�DQG�KHDGDFKH�VHYHULW\�DIWHU
WUHDWPHQW�RI�KHDGDFKH�

0HWKRGV��7KLV�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�ZDV�FDUULHG�RXW�ZLWK�����SDWLHQWV�WKDW�DGPLWWHG�WR�.DUWDO�<DYX]�6HOLP�6WDWH�+RVSLWDO�HPHUJHQF\
VHUYLFH�KDYLQJ�KDG�SULPDU\�KHDGDFKHV�DFFRPSDQ\LQJ�FRPSODLQWV�RI�DUWHULDO�K\SHUWHQVLRQ�EHWZHHQ���0DUFK�DQG����0D\�RI�������$OO�RI�����SDWLHQWV
ZHUH�DQDO\]HG�WKDW�FKDQJHV�RI�WKH�KHDGDFKH�VHYHULW\��PHDQ�DUWHULDO�SUHVVXUH�DQG�SHUFHQW�UHGXFWLRQ�LQ�PHDQ�DUWHULDO�SUHVVXUH�DIWHU�PHGLFDO
WUHDWPHQW�RI�SULPDU\�KHDGDFKHV��$OO�VWDWLVWLFDO�DQDO\VLV�ZDV�UHFRUGHG�LQ�6366������VRIWZDUH��6366�,QF��&KLFDJR��,/��86$��DQG�IUHTXHQF\�DQG
GHVFULSWLYH�VWDWLVWLFV�ZHUH�FDOFXODWHG��7KH�UHODWLRQVKLS�EHWZHHQ�WKH�UHGXFWLRQ�RI�SULPDU\�KHDGDFKH�VHYHULW\�DQG�FKDQJHV�LQ�PHDQ�DUWHULDO�SUHVVXUH
ZHUH�DQDO\]HG�YLD�:LOFR[LQ�VLJQHG�UDQN�WHVW�

5HVXOWV��2Q�DGPLVVLRQ��������������SDWLHQWV�KDG�XQEHDUDEOH��������������SDWLHQWV�KDG�YHU\�PLVHUDEOH�DQG�������������SDWLHQWV�KDG�PRGHUDWH
KHDGDFKH���������������RI�WKHP�SDWLHQWV�KDG�LQWUDYHQRXV�PHWRFORSUDPLGH�������������RI�WKHP�KDG�LQWUDYHQRXV�QRQVWHURLGDO�DQWL�LQIODPPDWRU\
GUXJV�DQG����RI�WKHP����������KDG�LQWUDPXVFXODU�DQWL�LQIODPPDWRU\�GUXJV�WUHDWPHQW�PHWKRGV�IRU�SULPDU\�KHDGDFKHV��$IWHU�WUHDWPHQW�������������
RI�SDWLHQWV�KHDGDFKH�VHYHULW\�GHFUHDVHG�LQ�WKUHH�OHYHOV��������������RI�WKHP�GHFUHDVHG�LQ�WZR�OHYHOV�DQG�������������RI�WKHP�GHFUHDVHG�LQ�RQH
ORZHU�OHYHO��:KLOH�DW�WKH�EHJLQQLQJ�SDWLHQWV�KDG��������k�������DYHUDJH�RI�PHDQ�DUWHULDO�SUHVVXUH�DIWHU����PLQXWHV�RI�WUHDWPHQW�WKH�DYHUDJH�RI
PHDQ�DUWHULDO�SUHVVXUH�GURSSHG�WR�������k��������7KHUH�LV�QR�VWDWLVWLFDO�VLJQLILFDQFH�EHWZHHQ�WKH�SDWLHQWV�ZKLFK�KDYH�VDPH�OHYHO�RU�RQH�ORZHU�RQH
LQ�WKHLU�GHFUHDVH�RI�KHDGDFKHV�VHYHULW\�DIWHU�V\PSWRPDWLF�WUHDWPHQW�DQG�PHDQ�DUWHULDO�SUHVVXUH�FKDQJHV��S�!��������:H�IRXQG�VWDWLVWLFDO
VLJQLILFDQFH�EHWZHHQ�FKDQJHV�RI�PHDQ�DUWHULDO�SUHVVXUH�DQG�KHDGDFKHV�VHYHULW\�LQ�SDWLHQW�ZKLFK�ORZHUHG�WKHLU�KHDGDFKHV�VHYHULW\�WZR�RU�WKUHH
OHYHOV��S����������

&RQFOXVLRQ��7KLV�VWXG\�VKRZHG�WKDW�DUWHULDO�K\SHUWHQVLRQ�DFFRPSDQLHG�SULPDU\�KHDGDFKHV�VKRXOG�EH�WUHDWHG�ILUVWO\�LQVWHDG�RI�VHFRQGDU\�FDXVHV
WUHDWPHQW�RI�DUWHULDO�K\SHUWHQVLRQ���$IWHU�WUHDWPHQW�RI�SULPDU\�KHDGDFKHV�DUWHULDO�K\SHUWHQVLRQ�LV�JRLQJ�WR�GHFUHDVH�ZLWK�UHVROYLQJ�RI�KHDGDFKH
VHYHULW\�



257+23(',&6 0XVWDID�8]NHVHU

��������$�UDUH�UHDVRQ�RI�VFLDWDOJLD��SLULIRUPLV�V\QGURPH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0XVWDID�8]NHVHU������,ONHU�$NEDV������2UKDQ�.DUVDQ������$OSDVODQ�8QOX������$EGXOODK�2VPDQ�.RFDN������,KVDQ�<XFH����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH���)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<
���'HSDUWPHQW�RI�2UWKRSHGLFV�DQG�7UDXPDWRORJ\��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<
���'HSDUWPHQW�RI�5DGLRORJ\��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<

.H\ZRUGV��VFLDWDOJLD��S\RP\RVLWLV��SLULIRUPLV�V\QGURPH��DEVFHVV�RI�SLULIRUPLV

$EVWUDFW��

,QWURGXFWLRQ�3LULIRUPLV�PXVFOH��30��RULJLQDWHV�IURP�WKH�DQWHULRU�SDUW�RI�WKH�VDFUDO������9HUWHEUDH��UXQV�WKURXJK�WKH�JUHDWHU�VFLDWLF�IRUDPHQ�DQG
HQGV�RQ�WKH�WURFKDQWHU�PDMRU�RI�WKH�IHPXU��30�FURVVHV�WKURXJK�WKH�IRUDPHQ�LVFKLDGLFXP�PDMXV�ZLWK�WKH�QHXURYDVFXODU�VWUXFWXUHV�LQ�WKH�SHOYLF
UHJLRQ��3LULIRUPLV�V\QGURPH��36��LV�D�UDUH�FOLQLFDO�SLFWXUH�ZLWK�VFLDWLF�SDLQ�FDXVHG�E\�FRPSUHVVLRQ�RI�WKH�VFLDWLF�QHUYH�LQ�WKH�IRUDPHQ�LVFKLDGLFXP
PDMXV��3\RP\RVLWLV�LV�WKH�SULPDU\�S\RJHQLF�LQIHFWLRQ�LQ�WKH�VNHOHWDO�PXVFOH�XVXDOO\�SURJUHVVLQJ�WR�DEVFHVV��,W�LV�GLIILFXOW�WR�GLDJQRVH��EHFDXVH
S\RP\RVLWLV�LV�GHHSO\�ORFDWHG�LQ�WKH�SHOYLV�ZLWK�D�QRQ�VSHFLILF�FOLQLFDO�SLFWXUH�DQG�UDUHO\�VHHQ�LQ�WKH�WHPSHUDWH�FOLPDWH��3\RP\RVLWLV�LV�FRQVLGHUHG�WR
GHYHORS�VHFRQGDU\�WR�LQMXULHV�RFFXUULQJ�LQ�PXVFOH�GXULQJ�DQ�DV\PSWRPDWLF�DQG�XQGLDJQRVHG�WUDQVLHQW�EDFWHUHPLD��30�S\RP\RVLWLV�FUHDWHV�HGHPD�LQ
PXVFOHV��FDXVLQJ�LUULWDWLRQ�DQG�FRPSUHVVLRQ�LQ�VFLDWLF�QHUYH��&ODVVLFDO�VLJQ�RI�36�LV�SDLQ��WLQJOLQJ�RU�QXPEQHVV�EHJLQQLQJ�IURP�WKH�KLSV��H[WHQGLQJ
GRZQ�WKH�OHQJWK�RI�WKH�VFLDWLF�QHUYH��%HFDXVH�WKHUH�LV�QR�GHILQLWLYH�WHVW�IRU�SLULIRUPLV�V\QGURPH��WKH�GLDJQRVLV�LV�SULPDULO\�HVWDEOLVKHG�RQ�FOLQLF�
7UHDWPHQW�RI�36�LV�GLUHFWHG�WR�HWLRORJ\��0HWKRGV�XVHG�LQ�WUHDWPHQW�RI�36�LQFOXGH�PHGLFDO��SK\VLRWKHUDSK\��DFXSXQFWXUH��WKHUDSHXWLF�SHULVFLDWLF
EORFNV��ERWXOLQXP�WR[LQ�LQMHFWLRQV�RU�VXUJLFDO�LQWHUYHQWLRQ�

&DVH�UHSRUW�$����\HDU�ROG�IHPDOH�SDWLHQW�SUHVHQWHG�WR�HPHUJHQF\�GHSDUWPHQW�ZLWK�VHYHUH�SDLQ�DQG�QXPEQHVV��LQ�WKH�ULJKW�KLS��WKLJK�DQG�OHJ�IRU��
GD\V�DQG�SDLQ�LQGXFHG�LQDELOLW\�WR�ZDON��9LWDO�VLJQV�RI�WKH�SDWLHQW�DW�SUHVHQWDWLRQ�ZHUH�QRUPDO�H[FHSW�IHYHU������j&���,Q�SK\VLFDO�H[DPLQDWLRQ��WKHUH
ZDV�WHQGHUQHVV�RQ�SDOSDWLRQ�LQ�ULJKW�JOXWHDO�DUHD��EXW�QR�RWKHU�VLJQV�RI�LQIODPPDWLRQ��3DWLHQW�ZDV�HDVLO\�EULQJLQJ�KHU�ULJKW�WKLJK�WR�IOH[LRQ�DQG
H[WHQVLRQ��EXW�IHHOLQJ�VHYHUH�SDLQ�GXULQJ�H[WHUQDO�DQG�SDUWLFXODUO\�LQWHUQDO�URWDWLRQ��/DERUDWRU\�RXWFRPHV�ZHUH�:%&��������DQG�&.������ZKLOH�RWKHU
YDOXHV�ZHUH�QRUPDO��,Q�SHOYLF�WRPRJUDSK\�RUGHUHG�IRU�LQFUHDVHG�WHQGHUQHVV�LQ�WKH�JOXWHDO�DUHD�RI�SDWLHQW��WKHUH�ZDV�KHWHURJHQHLW\�LQ�WKH�ULJKW
SLULIRUPLV��JOXWHXV�PD[LPXV�DQG�PLQLPXV�PXVFOHV��FRPSDWLEOH�ZLWK�DEVFHVV��05,�ZDV�RUGHUHG�WR�ILQG�VRXUFH�RI�DEVFHVV�IRUPDWLRQ��,Q�05,��D�OHVLRQ
ZDV�REVHUYHG�LQ�ULJKW�JOXWHXV�PD[LPXV��PLQXPXV�DQG�SLULILRUPLV�PXVFOHV�ZKLFK�ZDV�K\SRLQWHQVH�RQ�7��ZHLJKHG�LPDJHV��$*��DQG�VKRZHG�PDUNHG
VLJQDO�LQFUHDVH�RQ��:,��IDW�VXSSUHVVHG�7��ZHLJKWHG�LPDJHV��7KH�DSSHDUDQFH�ZDV�HYDOXDWHG�DV�SLULIRUPLV�LQWUDPXVFXODU�DEVFHVV��3LULIRUPLV
V\PGURPH�ZDV�FRQVLGHUHG�LQ�WKH�SDWLHQW�IURP�SLULIRUPLV�LQWUDPXVFXODU�DEVFHVV��7KH�SDWLHQW�ZDV�FRQVXOWHG�WR�RUWKRSHGLFV�FOLQLF��D�SDUW�RI�DEVFHVV
FRXOG�EH�GUDLQHG�ZLWK�WKH�JXLGH�RI�WRPRJUDSK\�DQG�DQWLELRWKHUDS\�ZDV�LQLWLDWHG��6WDSK\ORFRFFXV�DXUHXV�ZDV�LVRODWHG�LQ�DEVFHVV�FXOWXUH��7KH�SDWLHQW
ZLWK�FRPSODLQWV�UHVROYHG�DW�IROORZ�XS�ZDV�WDNHQ�WR�RSHUDWLRQ��DEVFHVV�ZDV�FOHDQHG�DQG�FORVHG�DIWHU�LQVHUWLRQ�RI�GUDLQDJH��8SRQ�FRPSODLQWV�RI�WKH
SDWLHQW�ZHUH�UHVROYHG��VKH�ZDV�GLVFKDUJHG�DW�WKH���WK�GD\�RI�KRVSLWDOL]DWLRQ�

&RQFOXVLRQ�%HFDXVH�SLULIRUPLV�V\QGURPH�LV�UDUHO\�HQFRXQWHUHG�E\�SK\VLFLDQV��GLDJQRVLV�PD\�EH�GHOD\HG��FDXVLQJ�PRUELGLW\�DQG�XQQHFHVVDU\
LQYDVLYH�H[DPLQDWLRQV��:H�SUHVHQWHG�D�SLULIRUPLV�DEVFHVV�FDVH�ZKLFK�LV�D�UDUH�FDXVH�RI�SLULIRUPLV�V\QGURPH�DQG�HPSKDVL]HG�WKDW�SLULIRUPLV
V\QGURPH�VKRXOG�EH�NHSW�LQ�PLQG�LQ�GLIIHUHQWLDO�GLDJQRVLV�LQ�SDWLHQW�SUHVHQWHG�ZLWK�VFLDWDDOJLD�FOLQLFDO�SLFWXUH��



35(�+263,7$/���(06���287�2)�+263,7$/ 5DGPLOD�0DMKHQ�8MHYLF

��������:KDW�,V�+LGLQJ�%HKLQG�y8QFOHDU�3UREOHPz�LQ�&ULWHULD�%DVHG�0HGLFDO�'LVSDWFK"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5DGPLOD�0DMKHQ�8MHYLF����

���SUHKRVSLWDO��,QVWLWXWH�IRU�HPHUJHQF\�PHGLFLQH�VSOLW�GDOPDWLDQ�FRXQW\��6SOLW��&52$7,$

.H\ZRUGV��,QGH[��0'8�(06��XQFOHDU�GHDWK��WUDLQLQJ

$EVWUDFW��

:KDW�,V�+LGLQJ�%HKLQG�È8QFOHDU�3UREOHPÉ�LQ�&ULWHULD�%DVHG�0HGLFDO�'LVSDWFK"

,QWURGXFWLRQ��,QVWLWXWH�IRU�(PHUJHQF\�0HGLFLQH�6SOLW�'DOPDWLDQ�&RXQW\�SURYLGHV�HPHUJHQF\�FDUH�IRU��������LQKDELWDQWV�RI�6SOLW��0HGLFDO�'LVSDWFK
8QLW��0'8��UHFHLYHV�FDOOV�DFFRUGLQJ�WR�V\PSWRPV�SUHVHQWHG�E\�D�FDOOHU��DVVHVVHV�D�FULWHULD�DQG�GLVSDWFKHV�DGHTXDWH�UHVSRQVH���UHG��\HOORZ��JUHHQ�
&URDWLDQ�,QGH[�IRU�(PHUJHQF\��&DOO�$GPLVVLRQV�FRQVLVWV�RI�V\PSWRPV��GLYLGHG�LQWR���FKDSWHUV��:H�ZDQWHG�WR�ILQG�RXW�ZKLFK�ILQDO�GLDJQRVLV�ZDV
PDGH�E\�SK\VLFLDQ�LQ�WKH�ILHOG���7HDP����DIWHU�KH�KDG�EHHQ�GLVSDWFKHG�WR�WKH�UHG�FULWHULD�$�����XQFOHDU�SUREOHP�

0HWKRGV��UHWURVSHFWLYH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DQDO\VLV�RI�H5LQHOV���SURJUDPPH�VXSSRUW��GDWDEDVH�RI�FDOOV�DQG�PHGLFDO�UHFRUGV�RI�6SOLW�XQLW�LQ
RQH�\HDU�SHULRG����������:H�FRXQWHG�WRWDO�QXPEHU�RI�FDOOV�ZKLFK�UHVXOWHG�ZLWK�(06�DOHUW��ZLWK�VSHFLDO�FRQVLGHUDWLRQ�RQ�$�����XQFOHDU�SUREOHP��:H
ZDQWHG�WR�VHH�ZKDW�GLDJQRVLV�DFFRUGLQJ�WR�,QWHUQDWLRQDO�&ODVVLILFDWLRQ�RI�'LVHDVH��HVSHFLDOO\�WKH�VKDUH�RI�5�����VXGGHQ�GHDWK�RI�XQNQRZQ�RULJLQ�DV
ZHOO�DV��GLDJQRVLV�FRQFHUQLQJ�DFXWH�FRURQDU\�V\QGURPH�ZHUH�VHW�LQ�WKH�ILHOG��2QO\�SULPDU\�PLVVLRQV�ZHUH�LQFOXGHG�

5HVXOWV��7KHUH�ZHUH�WRWDOO\�������FDOOV�WR�0'8�LQ������\HDU�ZLWK�FRQVHTXHQW�(06�UHVSRQVH�������ZHUH�UHG�FULWHULD��7KHUH�ZHUH�������FDOOV�WDNHQ�DV
$�����XQFOHDU�SUREOHP����������7KHUH�ZHUH����GLDJQRVLV�,�����DFXWH�P\RFDUGLDO�LQIDUFWLRQ���������7KHUH�ZHUH����RI�5������SDLQ�LQ�WKURDW�DQG�FKHVW
���������6\QFRSD��5����ZDV�HVWDEOLVKHG�LQ�����FDVHV�����������7KHUH�ZHUH����GLDJQRVLV�5�����VXGGHQ�GHDWK�RI�XQNQRZQ�RULJLQ����������DQG��
GLDJQRVLV�,�����VXGGHQ�GHDWK�RI�FDUGLDF�RULJLQ��

�

&RQFOXVLRQ��5H�OLVWHQLQJ�RI�FDOOV�LQ�SXUSRVH�RI�TXDOLWDWLYH�IHHGEDFN���DQG�PRUH�WKRURXJK�DVNLQJ�DGGLWLRQDO�TXHVWLRQV�VKRXOG�OHVVHQ�WKH�VKDUH�RI
ÈXQFOHDU�SUREOHPVÉ�LQ�WRWDO�FULWHULD�DVVHVVPHQW��6SHFLDO�DWWHQWLRQ�LV�QHHGHG�LQ�DVVHVVLQJ�SRVVLEOH�RXW��RI��KRVSLWDO�FDUGLDF�DUUHVW��2+&$��WKDW�ZDV
SUHVHQW�LQ�������FDVHV�RI�XQFOHDU�SUREOHP��5HJXODU�WUDLQLQJ��WKURXJK�UH�OLVWHQLQJ�RI�SKRQH�FDOOV�LV�FUXFLDO�LQ�UHFRJQL]LQJ�DJRQDO�EUHDWKLQJ�
5HFRJQL]LQJ�RI�SRVVLEOH�2+&$�PLJKW�È�FOHDU�WKH�SUREOHPÉ�DQG�SURYLGH�WHOHSKRQH�&35�LQVWUXFWLRQV�DFFRUGLQJ�WR�ODWHVW�JXLGHOLQHV�LQ�VWUHQJWKHQLQJ�WKH
UROH�RI�0'8�LQ�VXUYLYDO�RI�2+&$�

�

5HIHUHQFHV�

��6SRUHU�.$��<RXQJEORRG�*0��5RGULJXH]�50��7KH�DELOLW\�RI�HPHUJHQF\�PHGLFDO

GLVSDWFK�FRGHV�RI�PHGLFDO�FRPSODLQWV�WR�SUHGLFW�$/6�SUHKRVSLWDO�LQWHUYHQWLRQV�

3UHKRVS�(PHUJ�&DUH�������$SU�-XQ������������

��'DPL��)DEULFH�HW�DO��È3UHKRVSLWDO�7ULDJH�$FFXUDF\�LQ�D�&ULWHULD�%DVHG�'LVSDWFK�&HQWUH�É�%0&�(PHUJHQF\�0HGLFLQH����������������30&�

�



72;,&2/2*< 5\P�+DPHG

��������8QXVXDO�ORFDOL]DWLRQ�RI�YLWDPLQ�.�DQWDJRQLVWV�RYHUFRDJXODWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+RXGD�1DVUL������+DPHG�5\P������6DUUD�-RXLQL������5\HI�$PPDU������$VPD�$ORXL������6LULQH�-DRXDQL������%RXKDMMD�%�FKLU����

���(PHUJHQF\�'HSDUWPHQW�&KDUOHV�1LFROOH�+RVSLWDO���WXQLVLD��WXQLV��781,6,$

.H\ZRUGV��FRDJXODWLRQ��GUXJ�UHODWHG�HYHQWV��KHPDWRPD��HPHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ���

7KH�LQFUHDVHG�DJLQJ�RI�WKH�SRSXODWLRQ�DQG�WKH�KLJK�SUHYDOHQFH�RI�FDUGLRYDVFXODU�GLVHDVHV�DFFRXQW�IRU�WKH�KLJK�QXPEHU�RI�SDWLHQWV�WUHDWHG�ZLWK�RUDO
DQWLFRDJXODQWV�E\�YLWDPLQ�.�DQWDJRQLVW��9.$���6HYHUDO�PDMRU�EOHHGLQJ�HYHQWV�ZHUH�DVVRFLDWHG�WR�WKH�XVH�RI�WKRVH�PHGLFDWLRQV��8UHWHUDO���KHPDWRPD
ZHUH�GHVFULEHG�LQ�SRO\WUDXPD��ZKHUHDV��VSRQWDQHRXV�KHPDWRPD�DUH�PXFK�PRUH�UDUH�DQG�FDQ�EH�PLVGLDJQRVHG�HVSHFLDOO\�LQ�WKH�FRQWH[W�RI
HPHUJHQF\�

2EVHUYDWLRQ��

:H�UHSRUW�D�FDVH�RI�D����\HDU�ROG�PHQ�WUHDWHG�E\�YLWDPLQ�.�DQWDJRQLVW��9.$��WKHUDS\�IRU��D�PHGLFDO�KLVWRU\�RI�DWULDO�ILEULOODWLRQ�ZLWK�QR�VFUHHQLQJ�RI
DQWLFRDJXODWLRQ�SDQHO�GXULQJ�WKH�WZR�SUHYLRXV�PRQWKV��7KH�PHGLFDO�KLVWRU\�WDNLQJ�GLG�QRW�QRWLFHG�DQ\�XVH�RI�QHZ�PHGLFDWLRQV��)XUWKHUPRUH�WKHUH
ZHUH�QR�KLVWRU\�RI�UHFHQW�WUDXPD�

7KH�SDWLHQW�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�IRU�DEUXSW�VSRQWDQHRXV�DEGRPLQDO�SDLQ��2Q�H[DPLQDWLRQ���3DWLHQW�ZDV�FRQVFLRXV��ZLWK�VWDEOH
EORRG�SUHVVXUH� ��������PPKJ�DQG�LUUHJXODU�SXOVH�UDWH� ����PLQ��7KH�DEGRPLQDO�H[DPLQDWLRQ�VKRZHG�D�K\SRJDVWULF�WHQGHUQHVV��3URWKURPELQ�7LPH
DQG��LQWHUQDWLRQDO�1RUPDOLVHG�UDWLR��,15��OHYHOV�ZHUH�LQGRVDEOH��2WKHU�ELRORJLFDO�DQDO\VLV�GLG�QRW�QRWLFHG�DQHPLD���$EGRPLQDO�&RPSXWHUL]HG
WRPRJUDSK\�UHYHDOHG�XUHWHUDO�KHPDWRPD�ZLWKRXW�VLJQV�RI�FRPSUHVVLRQ�QRU�H[WUDYDVDWLRQ��&RQVHUYDWLYH�WUHDWPHQW�ZDV�DWWHPSWHG�DQG�WKH�SDWLHQW
ZDV�DGPLWWHG�WR�WKH�HPHUJHQF\�ZDUG�IRU�REVHUYDWLRQ�DQDOJHVLD�DQG�VSHFLILF�DQWDJRQLVDWLRQ�E\�9LWDPLQ�.��)DYRUDEOH�HYROXWLRQ�ZDV�QRWLFHG�DIWHU
FOLQLFDO�FRUUHFWLRQ�RI�WKH�KDHPRVWDVLV�GLVRUGHU�

&RQFOXVLRQ��

2YHUFRDJXODWLRQ�LV�WKH�PRUH�IUHTXHQW�DGYHUVH�GUXJ�UHODWHG�HYHQWV��&R�H[LVWHQFH�RI�PXOWLSOH�FRPRUELGLWLHV�DQG�SRO\SKDUPDF\�PDNHV�WKH�SRRU
SURJQRVLV�RI�WKHVH�HYHQWV�HVSHFLDOO\�LQ�HOGHUO\��9DULRXV�EOHHGLQJ�FRPSOLFDWLRQV�DUH�FRPPRQO\�DVVRFLDWHG�ZLWK�9.$�XVH�DQG�FRQVHTXHQFHV�PD\�EH
SRWHQWLDOO\�IDWDO��8UHWHUDO��VSRQDWHQRXV�EOHHGLQJ�LV�D�UDUH�FRQGLWLRQ�EXW�QHHGV�REVHUYDWLRQ�DQG�UHHYDOXDWLRQ�



3(',$75,&6 8OOH�8XVWDOX

��������&DUERQ�PRQR[LGH�SRLVRQLQJ�LQ�FKLOGUHQ�GXULQJ�WKH�\HDUV����������

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

8OOH�8XVWDOX������7ULLQ�3HUNVRQ������*OHE�'HQLVVRY����

���SHGLDWULFLDQ��7DOOLQQ�&KLOGUHQ
V�+RVSLWDO��7DOOLQQ��(6721,$
���VWXGHQW��7DUWX�8QLYHUVLW\��7DUWX��(6721,$
���+HDG�RI�(VWRQLDQ�&DXVHV�RI�'HDWK�5HJLVWU\��1DWLRQDO�,QVWLWXWH�IRU�+HDOWK�'HYHORSPHQW��7DOOLQQ��(6721,$

.H\ZRUGV��&DUERQ�0RQR[LGH�3RLVRQLQJ�HSLGHPLRORJ\��&DUERQ�0RQR[LGH�3RLVRQLQJ�HWLRORJ\��&KLOG��(VWRQLD�HSLGHPLRORJ\

$EVWUDFW��

%DFNJURXQG��&DUERQ�PRQR[LGH�LV�DQ�LPSRUWDQW�FDXVH�RI�SRLVRQLQJ�LQ�FKLOGUHQ��:H�SHUIRUPHG�WKLV�VWXG\�WR�FODULI\�WKH�HSLGHPLRORJ\�DQG�FOLQLFDO
FKDUDFWHULVWLFV�RI�SDWLHQWV�ZLWK�&2�SRLVRQLQJ�

0HWKRGV��5HWURVSHFWLYH�DQDO\VLV�RI�PHGLFDO�UHFRUGV�RI�SDWLHQWV�KRVSLWDOLVHG�LQWR�7DOOLQQ�&KLOGUHQÇV�+RVSLWDO�ZLWK�VXVSHFWHG�&2�SRLVRQLQJ�IURP�����
������

)RU�WKH�VDPH�WLPH�SHULRG��GDWD�RI�SDHGLDWULF�GHDWKV�IURP�&2�SRLVRQLQJ�ZDV�DFTXLUHG�IURP�(VWRQLDQ�&DXVHV�RI�'HDWK�5HJLVWU\�

(SLGHPLRORJLFDO�DQG�FOLQLFDO�GDWD�ZHUH�FROOHFWHG�DQG�DQDO\VHG�

5HVXOWV��$�WRWDO�RI����FKLOGUHQ�ZLWK�VXVSHFWHG�&2�SRLVRQLQJ�ZHUH�DGPLWWHG�GXULQJ�WKH�\HDUV�����������

3DWLHQW�DJHV�UDQJHG�IURP���PRQWK�WR����\HDUV��+RXVH�ILUHV�ZHUH�WKH�PRVW�FRPPRQ�FDXVH�RI�LQWR[LFDWLRQ��������LPSURSHU�ZRRG�VWRYH�KHDWLQJ
FDXVHG�����RI�WKH�FDVHV��LPSURSHUO\�YHQWLODWHG�H[KDXVW�SURGXFHG�E\�JDV�ILUHG�ZDWHU�ERLOHUV�FDXVHG������LQDGHTXDWHO\�YHQWLODWHG�PRWRU�YHKLFOH
H[KDXVW�FDXVHG�����DQG�����RI�WKH�VRXUFHV�RI�WKH�SRLVRQLQJ�UHPDLQHG�XQNQRZQ�

����RI�WKH�HYHQWV�RFFXUUHG�GXULQJ�FRRO�VHDVRQ�

6HYHUH�SRLVRQLQJV�ZLWK�ORVV�RI�FRQVFLRXVQHVV�PDGH�XS�����RI�WKH�FDVHV��)URP�RWKHU�V\PSWRPV��WKH�PRVW�FRPPRQ�ZHUH�QDXVHD�DQG�YRPLWLQJ
�������KHDGDFKH��������GL]]LQHVV��������DQG�YHUWLJR�����

2I�WKH�FKLOGUHQ�DGPLWWHG�������KDG�&R+E�OHYHOV�RYHU������ZKLFK�LV�FRQVLGHUHG�KLJK��7KHVH�KLJK�LQWR[LFDWLRQ�OHYHOV�ZHUH�PDLQO\�IRXQG�WR�EH�FDXVHG
E\�LPSURSHUO\�YHQWLODWHG�JDV�ILUHG�KRW�ZDWHU�ERLOHUV��1RQH�RI�WKH�SDWLHQWV�UHFHLYHG�K\SHUEDULF�R[\JHQ�WKHUDS\�

1R�PRUWDOLW\�ZDV�VHHQ�LQ�WKHVH�KRVSLWDOLVHG�FKLOGUHQ��1R�QHXURORJLFDO�VHTXHODH�RU�SQHXPRQLWLV�ZHUH�GHWHFWHG�

'XULQJ�WKHVH�\HDUV��DFFRUGLQJ�WR�(VWRQLDQ�&DXVHV�RI�'HDWK�5HJLVWU\�GDWD�����FKLOGUHQ�GLHG�IURP�FDUERQ�PRQR[LGH�SRLVRQLQJ�LQ�(VWRQLD��DOO�RI�WKHP
ZHUH�GXH�WR�ILUHV�

�

&RQFOXVLRQ��&KLOGUHQ�ZLWK�&2�SRLVRQLQJ�KDG�JRRG�RXWFRPHV�LQ�WKLV�VHULHV��$OWKRXJK�LPSURSHUO\�YHQWLODWHG�JDV�ILUHG�KRW�ZDWHU�KHDWHUV�ZHUH�QRW�WKH
PRVW�FRPPRQ�IDFWRU�RI�FDUERQ�PRQR[LGH�SRLVRQLQJ�LQ�FKLOGUHQ��LW�FDXVHG�WKH�PRVW�VHYHUH�&2�SRLVRQLQJ�VHHQ�GXULQJ�WKDW�WLPH�



35(�+263,7$/���(06���287�2)�+263,7$/ $QQD�2]JXOHU

��������:KDW�LV�WKH�DGGHG�YDOXH�RI�0F*UDWK�YLGHR�ODU\QJRVFRSH�LQ�SUHKRVSLWDO�VHWWLQJ"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DUJRW�&DVVXWR������$UPHOOH�6(9(5,1������$QQD�2]JXOHU������0LFKHO�%DHU������7KRPDV�/RHE����

���6$08����$3�+3��*DUFKHV��)5$1&(

.H\ZRUGV��0F*UDWK��YLGHRODU\QJRVFRSH��SUHKRVSLWDO��PDQLNLQV

$EVWUDFW��

,QWURGXFWLRQ�

6HYHUDO�FRQWUROOHG�FOLQLFDO�WULDOV�VKRZHG�0F*UDWK��YLGHR�ODU\QJRVFRSH��0F*��XWLOLW\�LQ�RSHUDWLQJ�URRP��EXW�WKLV�KDV�QRW�EHHQ�HYDOXDWHG�LQ�SUH�KRVSLWDO
VHWWLQJ��7UDFKHDO�LQWXEDWLRQ�LQ�SUH�KRVSLWDO�VHWWLQJ�LV�FRQVLGHUHG�DV�PRUH�FRPSOLFDWHG�WKDQ�LQ�KRVSLWDO�RQH��GXH�WR�RSHUDWLQJ�FRQGLWLRQV��FHUYLFDO
VSLQH�LPPRELOL]DWLRQ��WUDSSHG�YLFWLPV��SRRU�SDWLHQW�SRVLWLRQLQJ������QRQ�IDVWLQJ�SDWLHQWV�DQG�RSHUDWRUÇV�LVRODWLRQ��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR
HYDOXDWH�ZKHWKHU�0F*�PD\�EH�DQ�DOWHUQDWLYH�WR�GLUHFW�ODU\QJRVFRS\��'/��LQ�WKH�SUHKRVSLWDO�VHWWLQJ�

0DWHULDO�DQG�0HWKRGV�

���SK\VLFLDQV��UHVLGHQWV�DQG�QXUVH�DQHVWKHWLVWV�ZHUH�UHFUXLWHG��WKH\�HDFK�SHUIRUPHG�RQH�'/��0DFLQWRVK�EODGH��IROORZHG�E\�D�VHULHV�RI���0F*�LQ�WZR
GLIIHUHQW�VFHQDULRV�ZLWK�DQ�DGXOW�PDQLNLQ�PRGHO��HDV\�DLUZD\�DQG�GLIILFXOW�DLUZD\��LPPRELOL]HG�FHUYLFDO�VSLQH��PDQDJHPHQW�DQG�RQH�VFHQDULR�ZLWK�D
SHGLDWULF�PDQLNLQ�

7KH�SULPDU\�HQGSRLQW�ZDV�PHDQ�LQWXEDWLRQ�WLPH��,7��SHU�SURFHGXUH��DQG�XVHUVÇ�OHDUQLQJ�FXUYH��*ORWWLV�YLHZV�ZLWK�&RPDFN�/HKDQH�JUDGH��&/*��
QXPEHU�RI�LQWXEDWLRQ�DWWHPSWV��RSWLPL]LQJ�PDQHXYHUV�DQG�VXFFHVV�UDWH��GHILQHG�DV�O7�ORZHU�RU�HTXDO�WR����VHFRQGV��ZHUH�FRQVLGHUHG�DV�VHFRQGDU\
HQGSRLQWV�

5HVXOWV�

2XU�VWXG\�VKRZHG�D�UDSLG�OHDUQLQJ�FXUYH��UHGXFHG�,7�IURP��VW�WR��WK�DWWHPSW�ZLWK�WKH���VFHQDULRV��PHDQ�WLPH�����VHFRQGV���ZLWK�IHZ�GLIIHUHQFHV
IURP��UG�WR��WK�DWWHPSWV�

,Q�DGXOW�PDQLNLQ�VFHQDULRV��0F*�HQDEOHG�LPSURYHG�JORWWLV�YLHZ�FRPSDUHG�ZLWK�'/��JDLQ�RI���&/*�ZLWK�HDV\�DLUZD\��DQG�JDLQ�RI���WR���&/*�ZLWK
GLIILFXOW�DLUZD\�VFHQDULR�

,W�DOVR�UHGXFHG�PRGHUDWHO\�WKH�QXPEHU�RI�LQWXEDWLRQ�DWWHPSWV��7KH�VXFFHVV�UDWH�ZDV�QRW�PRGLILHG�GXULQJ�WKH�GLIIHUHQW�DWWHPSWV��:KHQ�FRPSDUHG
ZLWK�'/�LQWXEDWLRQ�WLPH��IRU�ERWK�DGXOW�PDQLNLQ�VFHQDULRV�WKHUH�ZDV�D�JDLQ�RI���VHFRQGV�LQ�HDV\�DLUZD\�DQG�D�ORVV�RI����VHFRQGV�LQ�WKH�GLIILFXOW
DLUZD\�VFHQDULR�

,Q�SHGLDWULF�PDQLNLQ�VFHQDULR��0F*�LPSURYHG�,7�����VHFRQGV��IURP�'/�WR�0F*��WK�DWWHPSW��LPSURYHG�JORWWLF�YLHZ����WR���&/*���DQG�DOORZHG�D�ORZHU
QXPEHU�RI�LQWXEDWLRQ�DWWHPSWV�DQG�D�KLJKHU�VXFFHVV�UDWH�

&RQFOXVLRQ�

8VH�RI�0F*�VKRZHG�D�UDSLG�OHDUQLQJ�FXUYH�RQ�WKH���WHVWHG�VFHQDULRV��0F*�EURXJKW�D�UHDO�DGGHG�YDOXH�LQ�SHGLDWULF�PDQLNLQ�VFHQDULR�IRU�,7��QXPEHU�RI
LQWXEDWLRQ�DWWHPSWV�DQG�VXFFHVV�UDWH�

)RU�DGXOW�PDQLNLQ�VFHQDULRV��DSDUW�IURP�DQ�LPSURYHG�JORWWLV�YLHZ��WKHUH�ZDV�QR�DUJXPHQW�IRU�DQ�DGGHG�YDOXH�RI�0F*�LQ�SUHKRVSLWDO�VHWWLQJ�



,1)250$7,21�7(&+12/2*< $UNDGLXV]�7U]RV

��������$WPHG�H7ULDJH�6\VWHP��QHZ�PRGHO�RI�(06�WULDJH�LQ�WKH�VWUXFWXUH�RI�WKH�6PDUW�&LW\�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$UNDGLXV]�7U]RV������.DWDU]\QD�'¤XJRV]����

���$VVLVWDQW�SURIHVVRU��+HDG�RI�'HSDUWPHQW���-DJLHOORQLDQ�8QLYHUVLW\�0HGLFDO�&ROOHJH�'HSDUWPHQW�RI�'LVDVWHU�DQG�(PHUJHQF\�&DUH��.UDN�Z��32/$1'
���$VVLVWDQW��-DJLHOORQLDQ�8QLYHUVLW\�0HGLFDO�&ROOHJH�'HSDUWPHQW�RI�'LVDVWHU�DQG�(PHUJHQF\�&DUH��.UDN�Z��32/$1'

.H\ZRUGV��HWULDJH��6PDUW�&LW\��HPHUJHQF\�PDQDJHPHQW��GLVDVWHU�PDQDJHPHQW��,&7

$EVWUDFW��

6WXG\��REMHFWLYH

:RUOGZLGH��,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ�7HFKQRORJLHV��,&7��DQG�WHOHPHGLFLQH�KDYH�EHHQ�XVHG�PRUH�RIWHQ�LQ�SUHKRVSLWDO�HPHUJHQF\�FDUH�DQG
HPHUJHQF\�DQG�GLVDVWHU�PHGLFLQH��,Q�3RODQG��WKH�XVH�RI�,&7�LQ�URXWLQH�HPHUJHQF\�SUDFWLFH�GRHV�QRW�UDLVH�DQ\�FRQFHUQV��EXW�LWV�DSSOLFDWLRQ�LQ�PDVV
FDVXDOW\�LQFLGHQWV�DQG�GLVDVWHUV�LV�VWLOO��EHLQJ�GLVFXVVHG��7KH�GHYHORSPHQW�RI�LQWHOOLJHQW�PDQDJHPHQW�V\VWHPV�LQ�SDUWLFXODU�È60$57�&,7<É�SURMHFW
UHTXLUHV�DQ�DGHTXDWHO\�LQWHOOLJHQW�PHGLFDO�HPHUJHQF\�PDQDJHPHQW�V\VWHP�IRU�(06��$WPHG�H7ULDJH�6\VWHP��$H76��LV�D�QHZ�FRQFHSW�RI�WULDJH�IRU
URXWLQH�HPHUJHQF\�FDUH�DQG�GLVDVWHUV�

0HWKRGV

7KH�VWXG\�ZDV�FRQGXFWHG�EDVHG�RQ�WKH�DQDO\VHV�RI�WKH�.UDN�Z�(06�GDWDEDVH�DQG�ILHOG�VLPXODWLRQV�RI�PDVV�FDVXDOW\�LQFLGHQWV��0&,���7KH�VWXG\
PHDVXUHG�WKH�IROORZLQJ�DVSHFWV��WKH�NLQG�RI�PDQDJHPHQW�DQG�GHFLVLRQ�PDNLQJ�PRGHO��WKH�HIIHFWLYHQHVV�RI�(06��WKH�UHVSRQVH�WLPH�DQG�WKH
DSSURSULDWH�PDQDJHPHQW�PHGLFDO�VWDII���WKH�HIIHFWLYHQHVV�RI�WULDJH��WKH�LQIRUPDWLRQ�IORZ�WR�IURP�WKH�FRPPDQG�DQG�FRQWURO�FHQWHU��WKH�FULWHULD
GHFLGLQJ�RQ�D�SDWLHQW�WUDQVSRUW�PRGH�DQG�WKH�DGHTXDWH�DOORFDWLRQ�RI�SDWLHQWV�LQ�KRVSLWDOV��7KH�REVHUYDWLRQ�FRQFHUQHG�WKH�SHULRG�����������

5HVXOWV

:LWKLQ�WKH�VFRSH�RI�UHVHDUFK��,&7�PRQLWRULQJ�HPHUJHQF\�PHGLFDO�FDUH�SURYHG�JUHDWHU�HIIHFWLYHQHVV�RI�WKH�,&7�PRGHO�UDWKHU�WKDQ�WKH�WUDGLWLRQDO�RQH�
0RUHRYHU��,&7�OHWV�WDNH�GHFLVLRQV�WKDW�FRXOG�QRW�EH�WDNHQ�ZLWKLQ�WKH�WUDGLWLRQDO�PRGHO�GXH�WR�ODFN�RI�FXUUHQW�IHHGEDFN�IURP�WKH�LQFLGHQW�DQDO\VLV�DQG
KRVSLWDO�GDWDEDVH��,&7�SURYLGHV�QHZ�PDQDJHPHQW�SRVVLELOLWLHV�

&RQFOXVLRQ

7KH�XVH�RI�HWULDJH�EDVHG�RQ�,&7�LQ�(06�FRQWULEXWHV�WR�PRUH�HIIHFWLYH�PDQDJHPHQW��7KH�LQLWLDO�UHVHDUFK�UHVXOWV�DOORZ�WR�GHILQH�QHZ�GLUHFWLRQV�IRU
GHYHORSPHQW�RI��LQWHOOLJHQW�(06�PDQDJHPHQW�V\VWHPV���

�



('8&$7,21�$1'�75$,1,1* .DVDPRQ�$UDPYDQLWFK

��������/HDUQLQJ�2XWFRPHV�RI�%DVLF�/LIH�6XSSRUW�LQ�6FKRROFKLOGUHQ��5$0$NLGV�FOXE�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.DVDPRQ�$UDPYDQLWFK������<XZDUHV�6LWWLFKDQEXQFKD������3DWFKDUDSRUQ�.ORQJNODHZ������.ULVDQD�1LOVDL����

���(PHUJHQF\�3K\VLFLDQ�VWDII��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH�5DPDWKLERGL�+RVSLWDO�0DKLGRO�8QLYHUVLW\��%DQJNRN�
7+$,/$1'
���$VVRFLDWH�3URIHVVRU�LQ�(PHUJHQF\�0HGLFLQH��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH�5DPDWKLERGL�+RVSLWDO�0DKLGRO�8QLYHUVLW\�
%DQJNRN��7+$,/$1'
���5HVLGHQW��(PHUJHQF\�0HGLFLQH��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH�5DPDWKLERGL�+RVSLWDO�0DKLGRO�8QLYHUVLW\��%DQJNRN�
7+$,/$1'
���5$0$NLGV�FOXE�VWDII��6SRUW�FHQWHU�VWDII��)DFXOW\�RI�0HGLFLQH�5DPDWKLERGL�+RVSLWDO�0DKLGRO�8QLYHUVLW\��%DQJNRN��7+$,/$1'

.H\ZRUGV��%DVLF�/LIH�6XSSRUW��3ULPDU\�VFKRROFKLOGUHQ��/HDUQLQJ�RXWFRPH

$EVWUDFW��

%DFNJURXQG���2XW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��LV�D�OHDGLQJ�FDXVH�RI�GHDWK�DPRQJ�DGXOWV�LQ�ZRUOGZLGH��5DSLG�LQLWLDWLRQ�RI�EDVLF�OLIH�VXSSRUW��%/6�
VLJQLILFDQWO\�DVVRFLDWH�ZLWK�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��526&����7KDLODQG��OD\SHUVRQ�%/6�LV�SHUIRUPHG�LQ��������0RVW�RI�7KDL�SHRSOH�XQNQRZQ
DERXW�EDVLF�OLIH�VXSSRUW�DQG�IHDU�WR�GR��%/6�WUDLQLQJ�LQ�SULPDU\�VFKRRO�FRXOG�EH�HVWDEOLVK�EHFDXVH�FKLOGUHQ�DUH�NHHQ�WR�OHDUQ��DFFHSW�QHZ�WKLQJV�DQG
QRW�DIUDLG�WR�PDNLQJ�PLVWDNHV�

2EMHFWLYH���7R�VWXG\�OHDUQLQJ�RXWFRPH�LQ�EDVLF�OLIH�VXSSRUW�RI�SULPDU\�VFKRRO�FKLOGUHQ�

0HWKRG���$�REVHUYDWLRQDO�VWXG\�XVLQJ�GDWD�IURP�WKH�WHDFKLQJ�RI�EDVLF�OLIH�VXSSRUW��5$0$�NLGV�FOXE��LQ�VXPPHU��3DUWLFLSDQWV�DUH�SULPDU\�VFKRRO
FKLOGUHQ�RI�KRVSLWDO�SHUVRQQHO��8VLQJ�D�SUHWHVW�WKHQ�DQ�LQVWUXFWLRQDO�YLGHR�FOLS�DQG�WULDO�SUDFWLFH��3RVWWHVW�DQG�VNLOO�DUH�TXL]]HG�DIWHU�OHDUQLQJ�
'HVFULSWLYH�DQG�DQDO\WLF�VWDWLVWLFV�ZHUH�XVHG�WR�DQDO\]H�DELOLWLHV�LQ�OHDUQLQJ�DQG�SHUIRUPDQFH�LQ�%/6�

5HVXOW���$OO����VWXGHQWV�ZKR�KDYH�FRPSOHWHG�DOO�WKH�VWHSV�����ER\V��0RVWO\�VWXGHQWV�DUH�VWXG\LQJ�LQ�JUDGH�����DQG�QRUPDO�ZHLJKW�E\�DJH��7HVWV
EHIRUH�DQG�DIWHU�OHDUQLQJ�VWXGHQWV�FDQ�FRUUHFWO\�RQO\�������DQG��������UHVSHFWLYHO\��)URP�WKH�SUDFWLFH�VWXGHQWV�NHHQ�WR�KHOS�DQG�WR�VHH�WKH
UHVSRQVH�RI�������DQG�PDNH�FRPSUHVVLRQV�LPPHGLDWHO\��������7KH\�FDQ�FDOO�HPHUJHQF\�QXPEHUV�FRUUHFWO\�������DQG�XVH�DQ�$('������7KH
HIIHFWLYHQHVV�RI�FKHVW�FRPSUHVVLRQV�FDQ�KDYH�DYHUDJH�LQ�GHSWK�DQG�VSHHG�RI�����FP��DQG�������WLPH�PLQXWH��UHVSHFWLYHO\�

&RQFOXVLRQ���&KLOGUHQ�FDQ�OHDUQ�VWHS�RI�%/6�DV�FKHFN�UHVSRQVH��FDOO�IRU�KHOS��FDOO�IRU�$('�DQG�TXLFN�VWDUW�FKHVW�FRPSUHVVLRQ��7KH�GHSWK�FDQÇW�UHDFK
JROG�LQ�TXDOLW\�RI�FKHVW�FRPSUHVVLRQ�PD\�EH�WKH�ZHLJKW�RI�FKLOGUHQ�DQG�SRZHU�DUHÇW�WKH�VDPH�DGXOW��7KH�VWXG\�UHYHDOV�WKDW�SULPDU\�VFKRRO�FKLOGUHQ
DUH�DEOH�WR�OHDUQ�DERXW�WKH�EDVLF�OLIH�VXSSRUW��7KH�HDUOLHU�LQ�WKH�FRXUVH�RI�OHDUQLQJ�%/6�LQVWUXFWLRQ�EHJLQV�FDQ�LQFUHDVH�DPRXQW�RI�UHVFXHU�



36<&+,$75< &$50(1�',$1$�&,032(68

��������6XLFLGH�DQG�VXLFLGDO�EHKDYLRXU�DW�DGXOWV�LQ�D�5RPDQLDQ�('

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7LXOLFD�*DEULHOD������0,+$(/$�&25/$'(������',$1$�&,032(68����

���(PHUJHQF\�'HSDUWPHQW��6I��6SLULGRQ�&OLQLFDO�(PHUJHQF\�&RXQW\�+RVSLWDO��,DVL��520$1,$
���'�SDUWHPHQW�GÇXUJHQFH��838���6085'��+�SLWDO�&OLQLTXH�8QLYHUVLWDLUH�h�6W��6SLULGRQ�r�,DVL��80)�h�*U�7�3RSD�r�,DVL���,DVL��520$1,$
���'�SDUWHPHQW�GÇXUJHQFH��838���6085'��+�SLWDO�&OLQLTXH�8QLYHUVLWDLUH�h�6W��6SLULGRQ�r�,DVL��80)�h�*U�7�3RSD�r�,DVL��,DVL��520$1,$

.H\ZRUGV��6XLFLGH��('��5RPDQLD��0HWKRG��5LVN�IDFWRUV

$EVWUDFW��

,QWURGXFWLRQ�

6XLFLGH�LV�D�FRPSOH[�SXEOLF�KHDOWK�SUREOHP�RI�JOREDO�LPSRUWDQFH��6XLFLGDO�EHKDYLRXU�GLIIHUV�IURP�VH[��DJH�JURXS��JHRJUDSKLF�UHJLRQ��DQG
VRFLR�SROLWLFDO�VHWWLQJV��DQG�YDULDEO\�DVVRFLDWHV�ZLWK�GLIIHUHQW�ULVN�IDFWRUV��VXJJHVWLQJ�DHWLRORJLFDO�KHWHURJHQHLW\�

2EMHFWLYH�

7KH�VWXG\�ZDV�SHUIRUPHG�WR�DQDO\]H�WKH�SURILOH�DQG�WR�LGHQWLI\�WKH�IUHTXHQF\��QDWXUH��DQG�FRQWULEXWLQJ�IDFWRUV�RI�VXLFLGHV��

0HWKRG�

7KLV�VWXG\��LQFOXGHG�DOO�SDFLHQWV�ZKR�ZDQWHG�WR�FRPPLW�VXLFLGH�DQG�ZHUH�DGPLWWHG�LQ�WKH�('�RI�6DLQW�6SLULGRQ�+RVSLWDO�,DVL��5RPDQLD��LQ������
3DWLHQWV�ZKR�GLHG�LQ�SUH�KRVSLWDO�ZHUH�QRW�LQFOXGHG�LQ�RXU�VWXG\��7KH�SDWLHQWV��ZHUH�DQDO\]HG�DFFRUGLQJ�WR�WKHLU�VH[��DJH��UHVLGHQFH��VXLFLG�PHWKRG�
DVVRFLDWHG�SDWKRORJ\��SRWHQWLDO�ULVN�IDFWRUV�DQG�LQWHUYHQWLRQV�

5HVXOWV�

'DWD�IURP������SDWLHQWV�ZLWK�VXLFLGDO�EHKDYLRXU�ZHUH�LQFOXGHG�LQ�WKH�ILQDO�DQDO\VHV�

6H[�GLVWULEXWLRQ�ZDV�DSSUR[LPDWHO\�HTXDO���������IHPDOH�DQG��������PDOH����$FFRUGLQJ�WR�RXU�VWDWLVWLFV�PRVW�RI�WKH�VXLFLGDO�DWWHPSWV�ZHUH
DVVRFLDWHG�ZLWK�UXUDO�UHVLGHQFH�DQG�WKH�PRVW�IUHTXHQW�DJH�ZDV�EHWZHHQ����DQG����\HDUV�ROG�

�������RI�WKH�SDWLHQWV�ZHUH�EURXJKW�WR�WKH��KRVSLWDO�E\�DPEXODQFH��IURP�WKHLU�KRPH����������LQ�VWDEOH�KHPRG\QDPLF�FRQGLWLRQ������������0RVW
HPHUJHQFLHV�ZHUH�UHFRUGHG�GXULQJ�KROLGD\��LQ�ZLQWHU��DURXQG�&KULVWPDV�DQG�9DOHQWLQHÇV�'D\���������

�������ZHUH�DGPLWWHG�LQ�('�IRU�GUXJ�LQJHVWLRQ���������IRU�LQJHVWLRQ�RI�RUJDQRSKRVSKRUXV��UDWLFLGHV��KHUELFLGH�DQG�FRUURVLYH�VXEVWDQFHV�DQG�������
ZHUH�UHSUHVHQWHG�E\�RWKHU�VXLFLGDO�PHWKRGV��7KH�PRVW�IUHFYHQWO\�VXLFLGDO�PHWKRG�XVHG�ZDV�GUXJ�LQJHVWLRQ�ZLWK�EHQ]RGLD]HSLQHV����������IRORZHG
E\�DXWRO\WLF�FXW�ZRXQGV����������DQG�FRUURVLYH�VXEVWDQFHV�LQJHVWLRQ����������,W�VHHPV�WKDW�ZRPHQ�DUH�PRUH�WKHDWULFDO�DQG�SUHIHU�GUXJ�LQJHVWLRQ
���������ZKLOH�PDOH�SUHIHUHG�DXWRO\WLF�FXW�ZRXQGV����������DQG�FRUURVLYH�VXEVWDQFHV�LQJHVWLRQ��������

$W�WKH�DGPLVVLRQ�LQ�('���������RI�SDWLHQWV�ZHUH�XQGHU�FXUUHQW�SV\FKLDWULF�WUHDWPHQW�DQG��������ZHUH�DW�WKH�ILUVW�VXLFLGDO�DWWHPSW��������DW�WKH
VHFRQG�DQG�������ZHUH�ZLWK�PXOWLSOH�DXWRO\WLF�DWWHPSWV��)RU���������WKH�WULJJHU�ZDV�D�IDPLO\�FRQIOLFW�

7KH�PDMRULW\�RI�SDWLHQWV�ZHUH�DGPLWWHG�LQ�('��RQ�DYHUDJH����KRXUV�DIWHU�DWWHPSWHG�VXLFLGH�DQG�WKH�FOLQLFDO�SLFWXUH�ZDV�GRPLQDWHG�E\�VOHHSLQHVV�
KHDUWEXUQ��G\VSKDJLD�DQG�QDXVHD��2Q�HFJ�ZH�GHWHFWHG�ZLWK�D�KLJK�IUHTXHQF\�UHVSLUDWRU\�DUUK\WPLDV�DQG�VLQXV�WDFK\FDUGLD��

$OO�WKH�SDWLHQWV�UHFHLYHG�WUHDWPHQW��L�Y��IOXLGV��R[\JHQ��JDVWULF�ODYDJH��LI�WLPH�IURP�LQJHVWLRQ�ZDV�OHVV�WKDQ�WZR�KRXUV���FKDUFRDO��DQWLGRWHV���DIWHU
WR[LFLW\�KDV�EHHQ�LGHQWLILHG���PDLQWHQDQFH�RI�UHVSLUDWRU\�DQG�FLUFXODWRU\�IXQFWLRQV��EORRG�JOXFRVH�FRUUHFWLRQ��V\PSWRPDWLF�WUHDWPHQW�

7KH�WLPH�VSHQG�LQ�('�ZDV�EHWZHHQ��������K��WKH�DGPLVVLRQ�UDWH�ZDV������7KH�PRUWDOLW\�UDWH�ZDV��������$OO�WKH�SDWLHQWV�ZLWK�YROXQWDU\�VXLFLGDO
EHKDYLRU�ZHUH�RULHQWDWHG�WR�SV\FKRORJLFDO�FRXQVHOLQJ�
��&RQFOXVLRQV�

3V\FKRWKHUDSHXWLF��SKDUPDFRORJLFDO��RU�QHXURPRGXODWRU\�WUHDWPHQWV�RI�PHQWDO�GLVRUGHUV�FDQ�RIWHQ�SUHYHQW�VXLFLGDO�EHKDYLRXU��DGGLWLRQDOO\��UHJXODU
IROORZ�XS�RI�SHRSOH�ZKR�DWWHPSW�VXLFLGH�E\�PHQWDO�KHDOWK�VHUYLFHV�LV�NH\�WR�SUHYHQW�IXWXUH�VXLFLGDO�EHKDYLRXU�



',6$67(5�0(',&,1( &rQH\W�cDOx|NDQ

��������7KH�WLPH��SODFH�DQG�DPEXODQFH�FKDUDFWHULVWLFV�RI�PHGLFDO�WUDQVSRUWDWLRQV�E\�����(PHUJHQF\�+HDOWK�6HUYLFHV�RI
fDQDNNDOH�IURP�LVODQGV�RI�*pNkHDGD�DQG�%R]FDDGD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&�QH\W�&DOLVNDQ������+DNDQ�$OW¢QWDª����

���+HDOWK�RI�6FKRRO��'HSDUWPHQW�RI�(PHUJHQF\�DQG�'LVDVWHU�0DQDJHPHQW��&DQDNNDOH�2QVHNL]�0DUW�8QLYHUVLW\��&DQDNNDOH��785.(<
���)DFXOW\�RI�0HGLFLQH��'HSDUWPHQW�RI�3XEOLF�+HDOWK��+DFHWWHSH�8QLYHUVLW\��$QNDUD��785.(<

.H\ZRUGV��.H\�:RUGV������(PHUJHQF\�+HDOWK�6HUYLFHV��$PEXODQFH�7LPHV��$PEXODQFH�7\SH��%R]FDDGD��vDQDNNDOH��*�N�HDGD��,VODQG��0HGLFDO
7UDQVIHU��3ODFH

$EVWUDFW��

2EMHFWLYH��7KH�VWXG\�ZDV�FDUULHG�RXW�LQ�RUGHU�WR�HYDOXDWH�WKH�WLPH��SODFH�DQG�DPEXODQFH�FKDUDFWHULVWLFV�RI�PHGLFDO�WUDQVSRUWDWLRQV�E\����
(PHUJHQF\�+HDOWK�6HUYLFHV��(+6��RI�vDQDNNDOH�IURP�LVODQGV�RI�*�N�HDGD�DQG�%R]FDDGD�IURP������WR������

0DWHULDOV�DQG�0HWKRGV��7KH�VWXG\�LV�D�GHVFULSWLYH�FURVV�VHFWLRQDO�HSLGHPLRORJLFDO�VWXG\��7KH�XQLYHUVH�RI�WKH�VWXG\�ZDV�FRQVLVWHG�RI�DOO�RI�WKH
SDWLHQW�UHJLVWUDWLRQ�IRUPV�ZKLFK�ZHUH�FRPSOHWHG�IRU�WKH�SDWLHQWV�WUDQVIHUUHG�LQ�DPEXODQFHV�IURP�%R]FDDGD�DQG�*�N�HDGD�LVODQGV�EHWZHHQ�WKH
GDWHV�RI������������DQG�������������$�WRWDO�RI�������IRUPV�ZHUH�DQDO\]HG��7KH�GDWD�RI�WKH�VWXG\�ZHUH�REWDLQHG�IURP�WKH�HOHFWURQLF�GDWDEDVH�RI
vDQDNNDOH�(+6�ZKLFK�ZDV�EDVHG�RQ�WKHVH�UHJLVWUDWLRQ�IRUPV��6366������SURJUDP�ZDV�XVHG�WR�FRPSXWH�WKH�GHVFULSWLYH�VWDWLVWLFV��RQH�ZD\�$129$
DQG�FKL�VTXDUH�VWDWLVWLFV��7KH�YDULDEOHV�ZHUH�WLPH��\HDU��VHDVRQ��PRQWK��KRXU��DPEXODQFH�WLPHV���SODFH��DPEXODQFH�VWDWLRQ�UHJLRQ��DQG�DPEXODQFH
W\SH��2IILFLDO�SHUPLVVLRQV�ZHUH�REWDLQHG�IURP�WKH�UHOHYDQW�LQVWLWXWLRQV�WR�FRQGXFW�WKH�VWXG\�

5HVXOWV��2I�WKH�PHGLFDO�WUDQVSRUWDWLRQV��SDWLHQW�WUDQVIHUV���������ZHUH�LQ�WKH�\HDU�RI�������������ZHUH�LQ�VXPPHU��������ZHUH�LQ�-XO\�������
ZHUH�LQ�EHWZHHQ�������������S�P���DQG�������ZHUH�WUDQVIHUV�IURP�*�N�HDGD�LVODQG��,Q�UHJDUG�WR�WKH�DPEXODQFH�W\SH�LQ�WKH�WUDQVIHUV�IURP�WKHVH
WZR�LVODQGV��JURXQG�DPEXODQFHV��YLD�IHUULHV��ZHUH�WKH�PRVW�SUHIHUUHG�RQH��7KH�ILQGLQJV�LQGLFDWHG�WKDW�ZKLOH�WKH�JURXQG�DPEXODQFHV�ZHUH
GLVSDWFKHG�PRUH�IRU�WKH�WUDQVIHUV�IURP�%R]FDDGD�LVODQG��WKH�VHD�DQG�DLU�DPEXODQFHV�ZHUH�GLVSDWFKHG�PRUH�IRU�WKH�WUDQVIHUV�IURP�*�N�HDGD�LVODQG�
7KH�XVH�RI�WKH�DLU�DPEXODQFH�VHUYLFH�KDG�DQ�LQYHUVH�LPSDFW�RQ�WKH�XVH�RI�WKH�VHD�DQG�JURXQG�DPEXODQFHV��,Q�UHJDUG�WR�WKH�DPEXODQFH�W\SHV�XVHG
GXULQJ�WKH�WUDQVIHUV��D�PD[LPXP�RI�WKUHH�DPEXODQFH�W\SHV��JURXQG�VHD�JURXQG�DQG�JURXQG�DLU�JURXQG�DPEXODQFHV��ZHUH�GLVSDWFKHG��7KH�WLPH�RI
WUDQVIHUV�IURP�%R]FDDGD�LVODQG�ZDV�IRXQG�WR�EH�VKRUWHU��7KH�DYHUDJH�RI�WRWDO�WUDQVIHU�WLPH�LV����PLQXWHV�>6 ����PLQ�PD[���������PLQXWHV@�DQG�WKH
PHGLDQ�LV����PLQXWHV���7KH�KDUERU�PRVW�FRPPRQO\�XVHG�DV�DQ�LQWHUPHGLDWH�WUDQVIHU�KXE�ZDV�WKH�KDUERU�RI�vDQDNNDOH�GXULQJ�WKH�WUDQVIHUV�FDUULHG
RXW�E\�VHD�DPEXODQFHV�IURP�ERWK�LVODQGV��,W�ZDV�FRQFOXGHG�WKDW�WKHUH�ZHUH�PRUH�WUDQVIHUV�IURP�%R]FDDGD�LVODQG�WKDQ�*�N�HDGD�LVODQG�LQ�EHWZHHQ
������������D�P���S��������DQG�PRUH�WUDQVIHUV�E\�JURXQG�DPEXODQFHV�WKDQ�DQ\�RWKHU�DPEXODQFH�W\SH�LQ�EHWZHHQ���S�P��������D�P���S��������
7KH�DLU�DPEXODQFH�XVH�LQ�WKH�WUDQVIHUV�IURP�WKH�LVODQGV�RI�vDQDNNDOH�ZDV�PRUH�LQ�WKH�\HDU�RI������WKDQ�WKH�RWKHU�\HDUV��S���������$PRQJ�WKH
WUDQVIHU�URXWHV�IURP�WKH�LVODQGV��WKH�WUDQVIHU�URXWH�LQYROYLQJ�WKH�W\SHV�RI�*URXQG�$LU�*URXQG�DPEXODQFHV�ZDV�IRXQG�WR�EH�XVHG�PRUH�WKDQ�RWKHU
W\SHV�>)�������� ��������S������@�

&RQFOXVLRQ��7KH�JURXQG�DPEXODQFHV�ZHUH�PRVWO\�GLVSDWFKHG�IURP�%R]FDDGD�LVODQG��ZKHUHDV�WKH�VHD�DQG�DLU�DPEXODQFHV�ZHUH�PRVWO\�GLVSDWFKHG
IURP�*�N�HDGD�LVODQG��:KLOH�WKH�XVH�RI�DLU�DPEXODQFHV�LQFUHDVHG��WKH�XVH�RI�VHD�DQG�JURXQG�DPEXODQFHV�GHFUHDVHG��7KH�DPEXODQFH�WLPHV�RWKHU
WKDQ�KHOLFRSWHU�DPEXODQFHV�PDGH�XV�WKLQN�WKDW�PDQ\�RI�WKH�WUDQVIHUV�ZHUH�QRW�HPHUJHQF\�FDVHV�



',6$67(5�0(',&,1( +rVH\LQ�.2c$.

��������$QDO\VLV�RI�WKH����<HDU�6HDUFK�DQG�5HVFXH�DQG�0HGLFDO�(YDFXDWLRQ�$FWLYLWLHV�RI�7XUNH\�0DLQ�6HDUFK�DQG�5HVFXH
&RRUGLQDWLRQ�&HQWUH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+�VH\LQ�.R�DN������.HULP�+DNDQ�$OW¢QWDª����

���'HSDUWPHQW�RI�(PHUJHQF\�DQG�'LVDVWHU�0DQDJHPHQW��6FKRRO�RI�+HDOWK��vDQDNNDOH�2QVHNL]�0DUW�8QLYHUVLW\��vDQDNNDOH��785.(<
���'HSDUWPHQW�RI�3XEOLF�+HDOWK��)DFXOW\�RI�0HGLFLQH��+DFHWWHSH�8QLYHUVLW\��$QNDUD��785.(<

.H\ZRUGV��0DULWLPH�$FFLGHQW��0DULWLPH�,QFLGHQW��0HGLFDO�(YDFXDWLRQ��6HDUFK�DQG�5HVFXH��7XUNH\

$EVWUDFW��

,QWURGXFWLRQ�DQG�3XUSRVH

7XUNH\�LV�D�SHQLQVXOD�VXUURXQGHG�RQ�WKUHH�VLGHV�E\�WKH�VHDV�DQG�WKDW�KDV�'DUGDQHOOH�DQG�%RVSRUXV��ZKLFK�KDYH�D�VWUDWHJLF�LPSRUWDQFH�RQ�WKH�ZRUOG�
,Q�WKLV�UHVSHFW��7XUNH\�LV�LQ�WKH�WUDQVLW�FRXQWU\�SRVLWLRQ�LQ�PDULQH�WUDQVSRUWDWLRQ�DQG�PDULQH�WUDGH��7KHUHIRUH��VKH�LV�D�ULVN\�FRXQWU\�IRU�PDULQH
DFFLGHQWV��,Q�RUGHU�WR�HIILFLHQWO\��IDVW�DQG�DFWLYHO\�LQWHUYHQH�LQ�PDULQH�DFFLGHQWV��QDWLRQDO�DQG�LQWHUQDWLRQDO�FRRUGLQDWLRQ�DUH�YLWDO��7KLV
FRPSOHPHQWDU\�VWXG\�ZDV�PDGH�IRU�GHWHUPLQLQJ�WKH�IHDWXUHV�RI�PDULQH�DFFLGHQW�LQFLGHQW�DQG�PHGLFDO�HYDFXDWLRQV�WKDW�ZHUH�FRRUGLQDWHG�E\�0DLQ
6HDUFK�DQG�5HVFXH�&RRUGLQDWLRQ�&HQWUH�EHWZHHQ�WKH�\HDUV������DQG������

0DWHULDO�DQG�0HWKRG

�7KLV�UHVHDUFK�LV�D�GHVFULSWLYH�HSLGHPLRORJLFDO�VWXG\��7KH�SRSXODWLRQ�RI�VWXG\�LQFOXGHV�0DLQ�6HDUFK�DQG�5HVFXH�&RRUGLQDWLRQ�&HQWUHÇV�DOO
DFFLGHQW�LQFLGHQW�DQG�PHGLFDO�HYDFXDWLRQ�UHSRUWV�EHWZHHQ�WKH�GDWHV������������DQG�������������,Q�WKLV�UHVHDUFK�������IRUPV�KDYH�EHHQ�H[DPLQHG�
7KH�GDWD�LQ�WKH�UHJLVWUDWLRQ�IRUPV�KDYH�EHHQ�LQSXW�LQWR�D�GDWD�EDVH�WKDW�ZDV�FUHDWHG�LQ�6366������SURJUDPPH�DQG�WKHVH�GDWD�DUH�HYDOXDWHG
VWDWLVWLFDOO\��,Q�VWDWLVWLFDO�HYDOXDWLRQ��)UHTXHQF\�'LVWULEXWLRQ��8QLYDULDWH�DQG�%LYDULDWH�3RLVVRQ�5HJUHVVLRQ�DQG�QRQ�PHWULF�0XOWLGLPHQVLRQDO�6FDOLQJ
$QDO\VLV�DUH�XVHG��,Q�IUHTXHQF\�DQDO\VLV��YDULDEOHV�VXFK�DV�DFFLGHQW�\HDU��DFFLGHQW�PRQWK��DFFLGHQW�W\SHV��DFFLGHQW�FDXVHV��DFFLGHQW�DUHD��WKH
QXPEHUV�RI�SDWLHQWV��SHRSOH�ZKR�ZHUH�LQMXUHG��GHDG��PLVVLQJ�DQG�HYDFXDWHG��SUHVHQFH�RI�HQYLURQPHQWDO�SROOXWLRQ�DQG�WKH�XQLWV�WKDW�MRLQHG�WKH
UHVFXH�RSHUDWLRQ�KDYH�EHHQ�H[DPLQHG��7KH�UHVHDUFK�ZDV�SHUIRUPHG�EHWZHHQ�2FWREHU������DQG�0DUFK������

5HVXOWV

,Q�LQVSHFWHG�UHSRUWV�DV�SDUW�RI�WKH�UHVHDUFK�������KDV�WKH�KLJKHVW�SHUFHQWDJH�RI�FDVHV�RQ�\HDU�EDVLV�ZLWK�DQ�LQFLGHQFH�UDWLR�RI�����������
DFFLGHQW�LQFLGHQW�PHGLFDO�HYDFXDWLRQ���DXWXPQ�LV�WKH�ILUVW�LQ�GLVWULEXWLRQ�DPRQJ�WKH�VHDVRQV�ZLWK������������DFFLGHQW�LQFLGHQW�PHGLFDO�HYDFXDWLRQ��
EHWZHHQ�WKH�KRXUV�������DQG�������KDV�WKH�KLJKHVW�SHUFHQWDJH�DFFRUGLQJ�WR�RFFXUUHQFH�KRXUV�ZLWK������������DFFLGHQW�LQFLGHQW�PHGLFDO
HYDFXDWLRQ���,VWDQEXO�UHJLRQ�LV�WKH�UHJLRQ�ZKHUH�WKH�PRVW�DFFLGHQW�KDSSHQV�ZLWK�D�UDWLR�RI������������DFFLGHQW�LQFLGHQW�PHGLFDO�HYDFXDWLRQ��������
RI�WKH�FDVHV�������DFFLGHQW�LQFLGHQW�PHGLFDO�HYDFXDWLRQ��ZHUH�UHVSRQGHG�E\�&RDVW�*XDUG�&RPPDQG��,QVSHFWHG�UHSRUWV�DV�SDUW�RI�UHVHDUFK�EHWZHHQ
WKH�\HDUV������DQG�������WRWDO�QXPEHU�RI�SHRSOH��LQMXUHG�LV������WKH�QXPEHU�RI�SHRSOH�VDYHG�LV�������WRWDO�ORVV�RI�OLIH�LV������PLVVLQJ�SHUVRQV�LV����
DQG�WKH�QXPEHU�RI�SDWLHQWV�LV�����,W�KDV�EHHQ�VWDWHG�LQ�WKH�UHSRUWV�LQVSHFWHG�DV�SDUW�RI�UHVHDUFK�WKDW�WKH�QXPEHU�RI�WKH�SHRSOH�DIIHFWHG�LQ�PDULQH
DFFLGHQW�LQFLGHQW�DQG�PHGLFDO�HYDFXDWLRQV�LQ����\HDUV�LV��������������Q ���KRVSLWDO��RI�WKH�SDWLHQWV�DQG��WKH�LQMXUHG�ZHUH�WDNHQ�WR�SXEOLF�KRVSLWDOV�
7KH�QXPEHU�RI�DFFLGHQW�LQFLGHQW�WKDW�FDXVHG�LQMXULHV�LV�VLJQLILFDQWO\�PRUH�LQ�WKH�LQWHUQDWLRQDO�DUHD�LQ�FRPSDULVRQ�ZLWK�,VWDQEXO������WLPHV�PRUH�����
FRQILGHQFH�OLPLWV�����������

&RQFOXVLRQ

,Q�WKLV�UHVHDUFK��LW�KDV�EHHQ�IRXQG�WKDW�RYHUWXUQLQJ��ILUH�DQG�H[SORVLRQ�DUH�WKH�PRVW�VHHQ�W\SHV�RI�DFFLGHQWV��FRPSDULQJ�WR�RWKHUV��)LUH�DQG�H[SORVLRQ
ULVNV��LQ�WKH�WDQNHUV�WKDW�FDUU\�SHWURO��JDV�DQG�FKHPLFDOV�VKRXOG�EH�FRQVLGHUHG�ERWK�IRU�WKH�SHRSOH�LQ�WKH�VKLS�DQG�WKH�SHRSOH�QHDU�WKH�VKLS�PXVW�EH
FRQVLGHUHG�
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��������,PSDFW�RI�WUDIILF�FRQGLWLRQV�RQ�WLPH�PDQDJHPHQW�RI�DFXWH�FRURQDU\�V\QGURPH�ZLWK�67�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)U�G�ULF�/DSRVWROOH������-LPP\�5REHUW������$OH[DQGUH�$OORQQHDX������6RSKLH�%DWDLOOH������$XU�OLH�/R\HDX������7K�Y\�%RFKH������0LUHLOOH�0DSRXDWD�����
9LUJLQLH�3LU�V������-RQDWKDQ�*RQ]YD������*DHOOH�/H�%DLO������)UDQ�RLV�'XSDV�������<YHV�/DPEHUW�����

���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�$YLFHQQH��%RELJQ\��)5$1&(
���6HUYLFH�P�GLFDO�G
XUJHQFH��%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�0�GLFDO�G
XUJHQFH���%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�GHV�UHJLVWUHV�$56�,OH�GH�)UDQFH��$56�,OH�GH�)UDQFH��$3+3��3DULV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�+HQUL�0RQGRU��&U�WHLO��)5$1&(
���6HUYLFH�GHV�UHJLVWUHV�$56�,OH�GH�)UDQFH��$56�,OH�GH�)UDQFH��$3+3��3DULV��)5$1&(
���6$08�����&HQWUH�KRVSLWDOLHU�0DUF�-DFTXHW��0HOXQ��)5$1&(
���6HUYLFH�0�GLFDO�G
8UJHQFH��%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�5D\PRQG�3RLQFDU���*DUFKHV��)5$1&(
����6HUYLFHV�GHV�8UJHQFHV��6$08�����&HQWUH�+RVSLWDOLHU�GH�3RQWRLVH��3RQWRLVH��)5$1&(
����6HUYLFHV�GHV�8UJHQFHV��6$08�����&HQWUH�+RVSLWDOLHU�GH�9HUVDLOOHV��9HUVDLOOHV��)5$1&(

.H\ZRUGV��67(0,��URDG�WUDIILF��HPHUJHQF\��SUH�KRVSLWDO��0HGLFDO�LQWHQVLYH�FDUH�XQLW

$EVWUDFW��

,QWURGXFWLRQ��'HDO\V�IRU�WDNLQJ�RYHU��DUH�WKH�NH\�GHWHUPLQDQWV�RI�WKH�SURJQRVLV�RI�DFXWH�FRURQDU\�V\QGURPH�ZLWK�67�HOHYDWLRQ�P\RFDUGLDO
LQIDUFWLRQ��67(0,���'LYHUVH�FULWHULD�WKDW�FDQ�LQIOXHQFH�WKHVH�GHDGOLQHV�ZHUH�VWXGLHG�LQFOXGLQJ�WKH�GD\�RI�WKH�ZHHN�RU�WKH�RQ�FDOO�SHULRG��7KH�LPSDFW�RI
WKH�WUDIILF�FRQGLWLRQV�ZDV�QRW�VSHFLILFDOO\�VWXGLHG��+RZHYHU��LQ�KLJKO\�XUEDQL]HG�FLWLHV��VXFK�DV�D�(XURSHDQ�FDSLWDO��LW�FRXOG�OHQJWKHQ�WKH�UHVSRQVH
WLPH�

2EMHFWLYH��7R�DVVHVV�WKH�LPSDFW�RI�WKH�WUDIILF�FRQGLWLRQV�RYHU�WKH�GHOD\�IRU�67(0,�PDQDJHPHQW��7KH�UHJLRQDO�WUDIILF�GDWD�DQDO\VLV�LGHQWLILHG�WZR
FULWLFDO�SHULRGV��IURP���WR��DP�DQG�IURP���WR��SP��DYHUDJH�VSHHG������NP�K����DQG�FDOP�SHULRGV�IURP���WR��SP��DYHUDJH�VSHHG�!����NP�K����
,QFOXVLRQ��SULPDU\�FDUH�RI�SDWLHQWV�ZLWK�LQFRPLQJ�FDOO�GXULQJ�RQH�RI�WKHVH�SHULRGV��7KH�SULPDU\�HQGSRLQW��GHOD\�EHWZHHQ�����FDOO�DQG�ILUVW�PHGLFDO
FRQWDFW�ZDV�FRQVLGHUHG�DV�GLUHFWO\�FRQQHFWHG�WR�WUDIILF�FRQGLWLRQV��6WDWLVWLFV��GDWD�REWDLQHG�ZHUH�DQDO\]HG�XVLQJ�.UXVNDO�:DOOLV�WHVW�

5HVXOWV���������GHOD\V�ZHUH�DQDO\]HG�IURP������WR�������7KH�WUDIILF�FRQGLWLRQV�GLG�QRW�LPSDFW�WKH�GHOD\V�

&RQFOXVLRQ��WKH�WUDIILF�FRQGLWLRQV�KDG�QR�LPSDFWV�RQ�WUDIILF�GHOD\V��2EYLRXVO\��WKH�ÈXUJHQWÉ�WUDIILF�PRGDOLWLHV��DOORZ�RYHUFRPLQJ�WUDIILF�GLIILFXOWLHV�



',6$67(5�0(',&,1( &rQH\W�cDOx|NDQ

��������3DWLHQW��HPHUJHQF\�FDOO�DQG�WUHDWPHQW�FKDUDFWHULVWLFV�RI�PHGLFDO�WUDQVSRUWDWLRQV�E\�����(PHUJHQF\�+HDOWK�6HUYLFHV�RI
fDQDNNDOH�IURP�LVODQGV�RI�*pNkHDGD�DQG�%R]FDDGD�2

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&�QH\W�&DOLVNDQ������+DNDQ�$OW¢QWDª����

���+HDOWK�RI�6FKRRO��'HSDUWPHQW�RI�(PHUJHQF\�DQG�'LVDVWHU�0DQDJHPHQW��&DQDNNDOH�2QVHNL]�0DUW�8QLYHUVLW\��&DQDNNDOH��785.(<
���)DFXOW\�RI�0HGLFLQH��'HSDUWPHQW�RI�3XEOLF�+HDOWK��+DFHWWHSH�8QLYHUVLW\��$QNDUD��785.(<

.H\ZRUGV��.H\�:RUGV������(PHUJHQF\�+HDOWK�6HUYLFHV��%R]FDDGD��vDQDNNDOH��(PHUJHQF\�&DOO��*�N�HDGD��,VODQG��3DWLHQW�&KDUDFWHULVWLFV�
7UHDWPHQW��0HGLFDO�7UDQVIHU

$EVWUDFW��

2EMHFWLYH��7KH�VWXG\�ZDV�FDUULHG�RXW�LQ�RUGHU�WR�HYDOXDWH�SDWLHQW��HPHUJHQF\�FDOO�DQG�WUHDWPHQW�FKDUDFWHULVWLFV�RI�PHGLFDO�WUDQVSRUWDWLRQV�E\����
(PHUJHQF\�+HDOWK�6HUYLFHV��(+6��RI�vDQDNNDOH�IURP�LVODQGV�RI�*�N�HDGD�DQG�%R]FDDGD�IURP������WR������

0DWHULDOV�DQG�0HWKRGV��7KH�VWXG\�LV�D�GHVFULSWLYH�FURVV�VHFWLRQDO�HSLGHPLRORJLFDO�VWXG\��7KH�XQLYHUVH�RI�WKH�VWXG\�ZDV�FRQVLVWHG�RI�DOO�RI�WKH
SDWLHQW�UHJLVWUDWLRQ�IRUPV�ZKLFK�ZHUH�FRPSOHWHG�IRU�WKH�SDWLHQWV�WUDQVIHUUHG�LQ�DPEXODQFHV�IURP�%R]FDDGD�DQG�*�N�HDGD�LVODQGV�EHWZHHQ�WKH
GDWHV�RI������������DQG�������������$�WRWDO�RI�������IRUPV�ZHUH�DQDO\]HG��7KH�GDWD�RI�WKH�VWXG\�ZHUH�REWDLQHG�IURP�WKH�HOHFWURQLF�GDWDEDVH�RI
vDQDNNDOH�(+6�ZKLFK�ZDV�EDVHG�RQ�WKHVH�UHJLVWUDWLRQ�IRUPV��6366������SURJUDP�ZDV�XVHG�WR�FRPSXWH�WKH�GHVFULSWLYH�VWDWLVWLFV�DQG�WKH�FKL�VTXDUH
VWDWLVWLFV��7KH�YDULDEOHV�ZHUH�SDWLHQW�FKDUDFWHULVWLFV��JHQGHU��DJH��VRFLDO�LQVXUDQFH���FDOO�W\SH��UHDVRQV�WR�FDOO��ILUVW�PHGLFDO�H[DPLQDWLRQ�ILQGLQJV�
*ODVJRZ�&RPD�6FRUH��*&6���UHFHLYLQJ�KRVSLWDO��SUHOLPLQDU\�GLDJQRVLV�DQG�WUHDWPHQW�SURFHGXUHV��2IILFLDO�SHUPLVVLRQV�ZHUH�REWDLQHG�IURP�WKH
UHOHYDQW�LQVWLWXWLRQV�WR�FRQGXFW�WKH�VWXG\�

5HVXOWV��2I�WKH�SDWLHQWV�WUDQVIHUUHG�IURP�WKH�LVODQGV��������RI�WKHP��Q �����ZHUH�PDOH���������Q �����ZHUH�LQ�WKH�DJH�JURXS�RI��������7KH
DYHUDJH�RI�DJH�ZDV�������6 ��������PLQ�PD[��������PHGLDQ�����\HDUV�ROG�������RI�WKH�WUDQVIHUV��Q �����ZHUH�LQVXUHG�E\�VRFLDO�VHFXULW\�DXWKRULW\�
������RI�WKH�WUDQVIHU�V\VWHP��1 �����ZHUH�DFWLYDWHG�E\�����HPHUJHQF\�FDOO�V\VWHP��2I�WKH�WUDQVIHUV���������Q ������ZHUH�UHFRUGHG�DV�PHGLFDO
FDOOV���������Q �����ZHUH�WUHDWHG�DV�LQWHU�KRVSLWDO�WUDQVIHUV���������Q �����ZHUH�UHIHUUHG�WR�DV�WKH�WUDQVIHU�WR�WKH�6WDWH�+RVSLWDO�RI�vDQDNNDOH��,Q
UHJDUG�WR�WKH�SUHOLPLQDU\�GLDJQRVLV�RI�WKH�PHGLFDO�FDVHV�WUDQVIHUUHG��WUDXPD�ZDV�WKH�PRVW�FRPPRQ��E\��������Q ������IROORZHG�E\�FDUGLRYDVFXODU
V\VWHP��&96��SUREOHPV���������Q �����DQG�JDVWURLQWHVWLQDO��*,6��SUREOHPV���������Q ������7KH�PRVW�FRPPRQ�W\SHV�RI�WUDXPD�ZHUH�IUDFWXUH
��������Q ������KHDG�WUDXPD���������Q �����DQG�JHQHUDO�ERG\�WUDXPD���������Q �����7KH�PRVW�FRPPRQ�FDXVHV�RI�&96�SUREOHPV�ZHUH
P\RFDUGLDO�LQIDUFWLRQ���������Q �����DQJLQD�SHFWRULV���������Q ����DQG�RWKHUV���������Q �����7KH�PRVW�FRPPRQ�FDXVHV�RI�*,6�SUREOHPV�ZHUH
DFXWH�DEGRPHQ���������Q �����EOHHGLQJ���������Q ����DQG�VWRPDFK�DFKH��������Q �����7KH�PRVW�FRPPRQ�FDVHV�ZHUH�WUDXPD�SDWLHQWV��������
Q �����LQ�WKH�DJH�JURXS�RI������DQG�&96�GLVHDVHV���������Q �����LQ�WKH�DJH�JURXS�RI��������)XUWKHUPRUH��LQ�UHJDUG�WR�WKH�VHDVRQDO�GLVWULEXWLRQ�RI
WKH�SUHOLPLQDU\�GLDJQRVLV��������RI�WKH�WUDXPD�FDVHV��Q �����DQG�������RI�WKH�&96�GLVHDVHV��Q ����ZHUH�UHSRUWHG�LQ�VXPPHU��7KH�IRXU�PRVW
FRPPRQ�PHGLFDO�LQWHUYHQWLRQV�ZHUH�HVWDEOLVKLQJ�YDVFXODU�DFFHVV��DGPLQLVWHULQJ�LQWUDYHQRXV�GUXJV��XVLQJ�D�FHUYLFDO�FROODU�DQG�VSLQDO�ERDUG�
2FFXSDWLRQDO�DFFLGHQWV��WUDIILF�DFFLGHQWV�DQG�LQMXULHV�ZHUH�PRUH�FRPPRQ�DPRQJ�WKH�PDOH�SDWLHQWV�FRPSDUHG�WR�IHPDOH�SDWLHQWV��S��������������

&RQFOXVLRQ��7KH�PDOH�SDWLHQWV��SDWLHQWV�DJHG�EHWZHHQ��������WUDXPD�SDWLHQWV�ZHUH�PDLQO\�WUDQVIHUUHG�IURP�WKH�LVODQGV��0HGLFDO�WUHDWPHQW�DQG
VWDELOL]DWLRQ�RI�IUDFWXUHV�SUHYDLOHG�GXULQJ�WKH�WUDQVSRUWV��7KH�ILQGLQJV�RQ�WKH�WUDQVIHUV�PD\�EH�LQVWUXPHQWDO�LQ�WKH�LPSURYHPHQW�RI�WKH�HQWLUH�V\VWHP
E\�LQLWLDWLQJ�D�WUDQVIHU�FKDLQ�DQG�DOORFDWLQJ�D�VHSDUDWH�WHOHSKRQH�OLQH�



75$80$ 0DULXV�6PDUDQGRLX

��������3ULRULW\�/,)(��)LUVW�HPHUJHQF\�PDQHXYHUV�RQ�KHDG�WUDXPD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULXV�6PDUDQGRLX������$GULDQD�6WDQLOD������$OLQ�&DQFLX������'DQ�0LUFHD�6WDQLOD������'DQLHOD�7DUDQ����

���6085'��6085'�6LELX��6LELX��520$1,$
���2SKWDOPRORJ\��'HSDUWPHQW�RI�2SKWKDOPRORJ\��(PHUJHQF\�&OLQLFDO�+RVSLWDO�6LELX��6LELX��520$1,$
�����6085'��6LELX��520$1,$

.H\ZRUGV��KHDG�WUDXPD��HPHUJHQF\��YLVXDO

$EVWUDFW��

%$&.*5281'

7RGD\��ZRUOG�LV�FKDUDFWHUL]HG�E\�QHZ�DFWLYLWLHV�WKDW�SXW�SHRSOH�DW�JUHDW�WUDXPD�ULVN�OLNH�GULYLQJ��VSRUWV�HWF��0RVW�KHDG�WUDXPD�LQYROYHV�LQMXULHV�WKDW
DUH�PLQRU�DQG�GRQ
W�UHTXLUH�PHGLFDO�VSHFLDOL]HG�DWWHQWLRQ�

+RZHYHU��HYHQ�PLQRU�LQMXULHV�PD\�FDXVH�SHUVLVWHQW�FKURQLF�V\PSWRPV��VXFK�DV�KHDGDFKH�RU�GLIILFXOW\�FRQFHQWUDWLQJ��DQG�\RX�PD\�QHHG�WR�WDNH
VRPH�WLPH�DZD\�IURP�PDQ\�QRUPDO�DFWLYLWLHV�WR�JHW�HQRXJK�UHVW�WR�HQVXUH�FRPSOHWH�UHFRYHU\��5HFRJQL]LQJ�WKH�V\PSWRPV�RI�WKHVH�LQMXULHV�LV
LPSRUWDQW��EHFDXVH�WKH�FRQGLWLRQ�RI�VRPHRQH�ZLWK�WKLV�LQMXU\�FDQ�GHWHULRUDWH�ZLWKRXW�ZDUQLQJ�

&DUHIXO�REVHUYDWLRQ�DQG�TXLFN�DFWLRQ�FDQ�KHOS�LGHQWLI\�KHDG�LQMXULHV�WKDW�FRXOG�HYROYH�WR�DQ�XQGHVLUHG�VWDWH��7KH�DLP�RI�WKLV�VWXG\�LV�WR�HYDOXDWH�WKH
FOLQLFDO�SURILOH�RI�YLVXDO�FRPSOLFDWLRQV�LQ�SDWLHQWV�KRVSLWDOL]HG�DQG�PDQDJHG�IRU�KHDG�LQMXU\�LQ�6LELX�

0(7+2'6

6RXUFH�GDWD�IRU�WKLV�UHWURVSHFWLYH�VWXG\�LV�6LELX�(PHUJHQF\�+RVSLWDO�GDWDEDVH��IRU�D�SHULRG�RI���\HDUV���$�VHOHFWLRQ�RI�DOO�KHDG�LQMXULHV�FDVHV�LV�GRQH
WR�DQDO\]H�WKH�FRPSOLFDWLRQV�DQG�WKH�ILUVW�LPSRUWDQW�PDQHXYHUV�WR�DVVHV�WKLV�LQMXU\�

5(68/76

)DFLDO��QHXURORJLFDO�DQG�YLVXDO�FRPSOLFDWLRQV�RFFXUUHG�LQ�PRVW�RI�WKH�FDVHV��ZLWK��D�JUHDWHU�GHJUHH�LQ�LQFLGHQFH�LQ�PDOHV�FRPSDULQJ�ZLWK�IHPDOHV�
0DLQ�FDXVHV�RI�FRPSOLFDWHG�WUDXPD�FDVHV��DUH��PHW�LQ�URDG�DFFLGHQWV��ZRUN�DFFLGHQWV��ILJKWV�DQG�RWKHU�W\SHV�RI�WUDXPD��,Q�URDG�DFFLGHQWV
SHGHVWULDQV�DUH�PRUH�DIIHFWHG�WKDQ�GULYHUV�ZLWK�PRUH�FRPSOLFDWLRQV�

&21&/86,216�¿

+HDG�LQMXULHV�UHPDLQ�RQH�RI�WKH�PRVW�FRPPRQ�FDXVH�RI�FRPSOH[�LPSDLUPHQW�RQ�GLIIHUHQW�V\VWHPV��D�OLIH�ORQJ�GLVDELOLW\��$Q�LPSRUWDQW�QXPEHU�RI
WKHP�FDQ�EH�SUHYHQWHG�RU�UHGXFHG�LPSOHPHQWLQJ�D�SULRULWL]HG�WUDXPD�JXLGH�IRU�DOO�KHDG�LQMXU\�SDWLHQWV�LQ�WKH�ILUVW�VWDJHV�RI�DGYDQFHG�PHGLFDO�FDUH�
2XU�VWXG\�KLJKOLJKWV�WKH�QHHG�RI�VXFK�D�SURWRFRO�WR�EH�GHVLJQHG�DQG�LPSOHPHQWHG�LQ�6LELX�WR�UHGXFH�WKHVH�XQIRUWXQDWH�VLWXDWLRQV�



75$80$ 'LDQD�3DUDVFKLYD�/RORLX

��������3UHKRVSLWDO�WUDXPDWLF�LQMXULHV��$UH�WKH\�XQLQWHQWLRQDO�RU�VHOI�LQIOLFWHG"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'LDQD�3DUDVFKLYD�/RORLX������$OLQ�1LFRODH�&DQFLX������&ODXGLD�&LRUD������'DQLHOD�0'�7DUDQ������$QJHOD�7HRGRUD�6FURE����

���6085'�6LELX��)DFXOW\�RI�0HGLFLQH��8/%6�6LELX��6LELX��520$1,$
���6085'�6LELX��6085'�6LELX��6LELX��520$1,$

.H\ZRUGV��DFFLGHQWDOO\�WUDXPD��VHOI�LQIOLFWHG�LQMXULHV

$EVWUDFW��

%DFNJURXQG

��,QMXULHV�DUH�WKH�OHDGLQJ�FDXVH�RI�GHDWK�DPRQJ�LQGLYLGXDOV�DJHG���WR����\HDUV�DQG�WKH�IRXUWK�OHDGLQJ�FDXVH�RI�GHDWK�RYHUDOO��%HVLGH�URDG�FUDVKHV�
DFFLGHQWDO�WUDXPD�DQG�VHOI�LQIOLFWHG�LQMXULHV�VWDUWHG�WR�JURZ�LQ�WKH�ODVW���\HDUV��7KH�ZD\�WKDW�WUDXPDWLF�LQMXULHV�DUH�SURGXFHG�LV�LPSRUWDQW�IRU�WKH
PDQDJHPHQW�DQG�IXUWKHU�HYROXWLRQ�

�2XU�SXUSRVH�ZDV�WR�VWXG\�KRZ�LQMXU\�UDWHV�YDU\�E\�DJH��VH[��UXUDO�XUEDQ�DUHDV��DQG�DOVR�DQ�LPSRUWDQW�JRDO�ZDV�FODVVLILFDWLRQ�RI��LQMXU\�PHFKDQLVP
DQG�QRWLFH�WKH�VHYHULW\�RI�GDPDJHV�

0HWKRGV�DQG�3DUWLFLSDQWV

:H�XVHG�UHWURVSHFWLYH�PHGLFDO�VWXG\�EDVHG�RQ�WKH�VWDWLVWLFDO�GDWD�DSSOLHG�RQ�6085'�6LELXÇV�GDWDEDVH�

:H�DQDO\]HG�����FDVHV�WKDW�ZHUH�VXSSRVHG�WR�FRQWDLQ�WUDXPDWLF�LQMXULHV���GLVSDWFKHG�WR�6085'�7,0�6LELX��0RELOH�(PHUJHQF\�6HUYLFH�IRU
5HVXVFLWDWLRQ�DQG�([WUDFWLRQ���0RELOH�,QWHQVLYH�&DUH�8QLW��GXULQJ�WKH�SHULRG�EHWZHHQ�����������������������

)RU�SURFHVVLQJ�WKH�GDWDEDVH�DQG�REWDLQLQJ�WKH�ILQDO�GDWD�0LFURVRIW�([FHO�KDV�EHHQ�XVHG�

5HVXOWV

2XW�RI�����FDVHV������ZHUH�WUDXPDV�RXW�RI�ZKLFK��������ZDV�DFFLGHQWDO�WUDXPD�DQG��������ZHUH�VHOI�LQIOLFWHG�LQMXULHV�

:H�REVHUYH�WKDW�ERWK���DFFLGHQWDO�WUDXPDWLF�LQMXULHV�DQG�VHOI�LQIOLFWHG�LQMXULHV�RFFXU�PRUH�IUHTXHQWO\�DW�PDOHV��DJH�JURXS������\HDUV�LV�WKH�PRVW
DIIHFWHG�DQG�UXUDO�SRSXODWLRQV�H[KLELW�KLJK�LQMXU\�UDWHV�

)DOOV�IURP�WKH�VDPH�OHYHO��IDOOV�IURP�KHLJKWV�DQG�EHLQJ�VWUXFN�E\�ZHUH�WKH�OHDGLQJ�PHFKDQLVP�RI�LQMXULHV�LQ�XQLQWHQWLRQDO�WUDXPD��)DOOV�IURP�WKH
VDPH�OHYHO�DIIHFW�\RXQJ�FKLOGUHQ�DQG�DGXOWV�RYHU����\HDUV�RI�DJH��)DOOV�IURP�KHLJKWV�DQG�EHLQJ�VWUXFN�E\�SUHYDLO�LQ�DGXOWV�EHWZHHQ�������\HDUV�ROG�
&RQWXVLRQV�DQG�VXSHUILFLDO�LQMXULHV��RSHQ�ZRXQGV��VSUDLQV�DQG�VWUDLQV��DQG�IUDFWXUHV�DUH�WKH�OHDGLQJ�ILUVW�OLVWHG�GLDJQRVHV�IURP�6PXUG�UHTXHVWV�

2XW�RI�LQWHQWLRQDO�VHOI�KDUP�LQMXULHV��SUHYDLO�KDQJLQJ�IROORZHG�E\�LQJHVWLRQ�RI�GUXJV�RYHUGRVH��0RUH�RIWHQ�ZHUH�DIIHFWHG�PDOHV�DQG�WKH�JURXS�DJH
XQGHU����\HDUV�ZDV�SUHGRPLQDQW�

'LVFXVVLRQV

��,Q�D�VXEVWDQWLDO�QXPEHU�RI�FDVHV�WKH�DEXVH�RI�DOFRKRO�OHDG�WR�WUDXPDWLF�LQMXULHV��HLWKHU�E\�IDOOLQJ�RU�RFFXSDWLRQDO�DFFLGHQWV��HLWKHU�LQ�VXLFLGH
SXUSRVH�LQ�DVVRFLDWLRQ�ZLWK�GUXJV�RYHUGRVH�RU�RWKHU�VXLFLGH�DWWHPSWV�

��5XUDO�SRSXODWLRQ�LV�PRUH�DIIHFWHG�E\�WUDXPDWLF�LQMXULHV�EHFDXVH�RI�WRXJK�ZRUN�DQG�DOVR�WKH�LQDGHTXDWH�DFFHVV�WR�HPHUJHQF\�PHGLFDO�VHUYLFHV�LQ
WKDW�DUHD�ULVH�WKH�QXPEHU�RI�6085'�UHTXHVWV�

��.QRZOHGJH�WKH�PHFKDQLVP�DQG�QDWXUH�RI�LQMXULHV�FDQ�EH�XVHG�LQ�GHVLJQLQJ�SURWHFWLYH�HTXLSPHQW��GHYHORSLQJ�LQWHUYHQWLRQV�IRU�SUHYHQWLRQ�RI�LQMXU\�
DQG�SODQQLQJ�IRU�UHKDELOLWDWLRQ�ZKHQ�D�VSHFLILF�HYHQW�RFFXUV�

��:H�XVXDOO\�ILQG�WKH�SDWLHQW�LQ�ODWHUDO�VDIHW\�SRVLWLRQ�RU�QRW�PRYHG�DW�DOO�E\�UHODWLYHV���VR�WKDW�QR�RWKHU�GDPDJHV�ZLOO�EH�GRQH��



*(5,$75,&6 0(+0(7�81$/',

��������(SLGHPLRORJLFDO�DQDO\VLV�RI�HOGHUO\�SDWLHQWV�ZLWK�WUDXPD�DQG�GHWHFWHG�IUDFWXUH�LQ�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0HKPHW�8QDOGL������)¢UDW�$UVODQ������2QXU�,QFHDOW¢Q������.XUWXOXV�$FLNVDUL������'LGHP�$\������6RQHU�,VLN������+DWLFH�(U\LJLW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��,VWDQEXO�0HGHQL\HW�8QLYHUVLW\�*R]WHSH�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<
���'HSDUWPHQW�RI�7KRUD[�6XUJHU\��.DUWDO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<

.H\ZRUGV��HOGHUO\�SDWLHQWV��IUDFWXUH��WUDXPD

$EVWUDFW��

$,0��,Q�WKLV�VWXG\��HOGHUO\�SDWLHQWV�RYHU����\HDUV�ZLWK�WKH�GLDJQRVLV�RI�WUDXPD�DQG�GHWHFWHG�IUDFWXUH�LQ�UDGLRORJLFDO�LPDJLQJ�ZKR�DGPLWWHG�WR
HPHUJHQF\�PHGLFLQH�FOLQLF�RI�,VWDQEXO�0HGHQL\HW�8QLYHUVLW\�*�]WHSH�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO�LQ���\HDU�SHULRG�ZLOO�EH�VFDQQHG�DQG�HYDOXDWHG
UHWURVSHFWLYHO\��(WLRORJLFDO�IDFWRUV�RI�REWDLQHG�UHVXOWV�DQG�SUHYHQWDEOH�FDXVHV�ZLOO�EH�UHVHDUFKHG�DQG�GDWD�EDVHG�RQ�HYLGHQFH�ZLOO�EH�REWDLQHG�

0(7+2'6��7KH�SDWLHQWV�ZHUH�HYDOXDWHG�DFFRUGLQJ�WR�DJH�JURXS��FRPRUELG�GLVHDVHV��JHQGHU��UHVXPH��UDGLRORJLFDO�LPDJHV��KLVWRU\�RI�IUDFWXUH�
DGGLWLRQDO�RUJDQ�LQMXULHV�RI�IUDFWXUH��FKURQLF�GLVHDVHV��GUXJV�XVHG��QXPEHU�RI�GUXJV�XVHG��KRXUV�RI�DUULYDO�WR�WKH�HPHUJHQF\�URRP��WUDXPD�VFRULQJ�RI
1$&$��$,6�DQG�,66��3DWLHQWV�ZKRVH�ILOH�QRWHV�ZHUH�LQDFFHVVLEOH��ZKR�KDYH�EHHQ�UHVXVFLWDWHG�LQ�WKH�HPHUJHQF\�URRP�DQG�SDWLHQWV�ZKR�DGPLWWHG
H[LQFRUSRUDWLRQ�ZHUH�H[FOXGHG�IURP�WKLV�VWXG\�

5(68/76������SDWLHQWV�RYHU����\HDUV�ZKR�KDG�IUDFWXUH�RQ�UDGLRORJLFDO�LPDJLQJ�ZHUH�HYDOXDWHG��0RVW�RI�WKHP�ZHUH�IHPDOH����������7KH�PRVW
FRPPRQ�FDXVH�RI�LQMXULHV�LQ�WKH�HOGHUO\�SRSXODWLRQ�ZDV�����IDOOLQJ�VLPSOH�IDOO��IDOO�IURP�KHLJKWV��ZKLOH�PRWRU�YHKLFOH�FROOLVLRQ�ZDV������
����Q ����RI�SDWLHQWV�KDG�FKURQLF�LOOQHVVHV�DQG�ZHUH�XVLQJ�GUXJV�DQG�����Q ����RI�WKHP�KDYH�QR�FKURQLF�LOOQHVVHV�DQG�XVLQJ�GUXJV���3DWLHQWV�LQ
ZHUH�GLYLGHG�LQWR�DJH�JURXS�DV�����Q ����������������Q �����������DQG������Q ����RYHU����\HDUV��7KH�UDWLR�RI�IHPDOH��KRVSLWDOL]DWLRQ��,66�DQG
WKH�UDWH�RI�DGGLWLRQDO�RUJDQ�LQMXU\�ZLWK�LQFUHDVLQJ�DJH�ZDV�PHDQLQJIXOO�KLJKHU�S��������7KH�GLVWULEXWLRQ�RI�IUDFWXUH�IHPXU�DQG�KXPHUXV�ZDV�KLJKHU
PHDQLQJIXOO\��S�������DQG�WKH�UDWH�RI�IUDFWXUH�RQ�KDQG�DQG�IRRW�ZDV�ORZHU�PHDQLQJIXOO\��S��������7KH�DSSOLFDWLRQ�KRXU��WKH�PHFKDQLVP�RI�LQMXU\
DQG�WKH�UDWH�RI�H[WUHPLW\�%7�DFFRUGLQJ�WR�DJH�KDG�QR�VLJQLILFLDQW�GLIIHUHQFH��S������������SDWLHQWV�������ZHUH�GLVFKDUJHG�DQG�����SDWLHQWV��������
ZHUH�KRVSLWDOL]HG�LQ�WKH�FOLQLFV�

&21&/86,21��,Q�RXU�VWXG\�WKH�PRVW�FRPPRQ�FDXVH�RI�WUDXPD�GHSHQGHG�RQ�IDOOLQJ��:H�IRXQG�RXW�WKDW�WKH�PRVW�FRPPRQ�H[WUHPLW\�WUDXPD�ZDV
IUDFWXUH�RI�IHPXU�DQG�KXPHUXV��%HFDXVH�RI�WKH�UHGXFWLRQ�RI�VHOI�SURWHFWLRQ�RI�WKH�HOGHUO\�SRSXODWLRQ�ZKLOH�IDOOLQJ��IUDFWXUH�RI�KXPHUXV�DQG�IHPXU�KDV
VLJQLILFDQWO\�LQFUHDVHG�EXW�IUDFWXUH�RI�KDQGV�DQG�ZULVWV�DQG�IHHW�KDV�VLJQLILFDQWO\�GHFUHDVHG��+RZHYHU��WKH�VFRUHV�RI�,66�DQG�1$&$�ZHUH�QRW
PHDQLQJIXOO�LQ�KRVSLWDOL]DWLRQ��,Q�JHULDWULF�SRSXODWLRQ�IDPLO\�PHPEHUV�VKRXOG�EH�LQIRUPHG�IRU�SURWHFWLYH�PHDVXUHV�DV�SUHYHQWLQJ�WKH�XVDJH�RI
PXOWLSOH�GUXJV��OLIH�FRPIRUW�RI�SDWLHQWV�DIWHU�WUDXPD�FDUH�DQG�SUHYHQWLQJ�SRVVLEOH�QHZ�FDVHV�

�



&$5',29$6&8/$5 .DVDPRQ�$UDPYDQLWFK

��������(IIHFW�RI�$FXWH�&KHVW�3DLQ�)DVW�7UDFN�WR�4XDOLW\�,PSURYHPHQW�RI�5DPDWKLERGL�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.DVDPRQ�$UDPYDQLWFK������<XZDUHV�6LWWLFKDQEXQFKD������7KLGDWKLW�3UDFKDQXNRRO����

���(PHUJHQF\�3K\VLFLDQ�VWDII��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH�5DPDWKLERGL�+RVSLWDO�0DKLGRO�8QLYHUVLW\��%DQJNRN�
7+$,/$1'
���$VVRFLDWH�3URIHVVRU�LQ�(PHUJHQF\�0HGLFLQH��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH�5DPDWKLERGL�+RVSLWDO�0DKLGRO�8QLYHUVLW\�
%DQJNRN��7+$,/$1'

.H\ZRUGV��$FXWH�FKHVW�SDLQ�IDVW�WUDFN��$FXWH�FRURQDU\�V\QGURPH��DFXWH�FKHVW�SDLQ

$EVWUDFW��

%DFNJURXQG���$FXWH�FRURQDU\�V\QGURPH�LV�RQH�RI�WKH�PRVW�FRPPRQ�KHDOWK�SUREOHPV�ZRUOGZLGH��DQG�LV�RQH�RI�WRS�ILYH�FDXVHV�RI�GHDWK�LQ�7KDLODQG
IURP������������$PHULFDQ�KHDUW�DVVRFLDWLRQ�UHFRPPHQGV�WKDW�LPPHGLDWH�HPHUJHQF\�GHSDUWPHQW�DVVHVVPHQW�RI����OHDGV�(.*�ZLWKLQ����PLQXWHV��,I
67(0,�LV�IRXQG��WKH�SDWLHQW�PXVW�EH�WUHDWHG�ZLWK�ILEULQRO\WLFV�ZLWKLQ����PLQXWHV�RI�DUULYDO�RU�SHUIRUP�3&,�ZLWKLQ����PLQXWHV�RI�DUULYDO��,Q�(PHUJHQF\
GHSDUWPHQW�RI�5DPDWKLERGL�KRVSLWDO�KDV�DQ�DFXWH�FKHVW�SDLQ�IDVW�WUDFN�VLQFH�������7KLV�IDVW�WUDFN�JXLGHOLQH�ZDV�LPSOHPHQWHG�WR�LPSURYH�WKH�TXDOLW\
RI�WUHDWPHQW��

2EMHFWLYH���7R�DVVHVV�WKH�TXDOLW\�RI�DFXWH�FKHVW�SDLQ�IDVW�WUDFN�DQG�VWXG\�IDFWRUV�DIIHFWLQJ�DQG�WKH�LQFLGHQFH�RI�PDMRU�DGYHUVH�FDUGLDF�HYHQW�LQ�WKH
SDWLHQWV�ZLWK�DFXWH�FRURQDU\�V\QGURPHV�LQ�5DPDWKLERGL�+RVSLWDO��

0HWKRG���7KLV�UHWURVSHFWLYH�VWXG\�LQFOXGHG�DOO�SDWLHQWV�DJH�ROGHU�WKDQ����ZKR�SUHVHQW�ZLWK�FKHVW�SDLQ�V\PSWRP��EXW�ZLWK�QR�KLVWRU\�RI�DFFLGHQW�LQ
5DPDWKLERGL�HPHUJHQF\�GHSDUWPHQW�EHWZHHQ�-DQXDU\�WR�-XQH�������'HVFULSWLYH�DQG�DQDO\WLF�VWDWLVWLFV�ZHUH�XVHG�WR�DQDO\]H�TXDOLW\�RI�DFXWH�FKHVW
SDLQ�IDVW�WUDFN�VHUYLFH��

5HVXOW���$�WRWDO�RI�����SDWLHQWV�ZHUH�LQFOXGHG�WKLV�VWXG\��7KHUH�ZHUH�����SDWLHQWV�ZHQW�WKURXJK�WKH�DFXWH�FKHVW�SDLQ�IDVW�WUDFN��DQG��������RI�WKHP
XQGHUZHQW����OHDGV�(&*�DVVHVVPHQW�ZLWKLQ�ILUVW����PLQXWHV��(SLJDVWULF�SDLQ�SDWLHQW�LV�WKH�RQO\�VWDWLVWLFDOO\�VLJQLILFDQW�IDFWRU�WR�EH�UHVWUDLQHG�IURP
WKH�IDVW�WUDFN���������RI�WKH�67(0,�SDWLHQWV��ZKR�ZHQW�WKURXJK�WKLV�IDVW�WUDFN��KDG�EHHQ�VHQW�WR�3&,�ZLWKLQ����PLQXWHV�DQG�QR�PRUWDOLW\�DIWHU����GD\
IROORZ�XS��

&RQFOXVLRQ���$FXWH�FKHVW�SDLQ�IDVW�WUDFN�JXLGHOLQH�RI�5DPDWKLERGL�KRVSLWDO�LV�HIIHFWLYH�WR�LPSURYH�WKH�TXDOLW\�RI�VXVSHFWHG�DFXWH�FRURQDU\�V\QGURPH
WUHDWPHQW�LQ�HPHUJHQF\�GHSDUWPHQW�



32,17�2)�&$5( +HOHQ�&ROO\HU�0HUULWW

��������1HZ�YHQRXV�EORRG�JDV�JXLGHOLQHV�IRU�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+HOHQ�&ROO\HU�0HUULWW������&KLVRP�(PHFKHWD������$GDP�:RRGPDQ�%DLOH\������&UDLJ�3UHQWLFH������.DPDO�9HHUDPXWKX����

���1+6��1+6��5HGKLOO��8.

.H\ZRUGV��9HQRXV�EORRG�JDV��9%*��JXLGHOLQHV��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

9HQRXV�EORRG�JDVHV��9%*V��DUH�DQ�LQYDOXDEOH�WRRO�LQ�WKH�DVVHVVPHQW�RI�WKH�DGXOW�SDWLHQW�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('���7KH�VDPSOH
FDQ�EH�WDNHQ�ZLWK�WKH�SDWLHQWÇV�DGPLVVLRQ�EORRGV�DQG�LWV�SRLQW�RI�FDUH�FDSDELOLW\�PHDQV�WKDW�UHVXOWV�DUH�UHDG\�ZLWKLQ�PLQXWHV��7KH�LQIRUPDWLRQ�D�9%*
SURYLGHV�HQDEOHV�XQZHOO�SDWLHQWV�WR�EH�LGHQWLILHG��IRU�WDLORUHG�PDQDJHPHQW�WR�EH�FRPPHQFHG�DQG�DVVLVWV�GHFLVLRQ�PDNLQJ�

:LWKLQ�RXU�GLVWULFW�JHQHUDO�KRVSLWDO�('�LQ�WKH�VRXWK�HDVW�RI�(QJODQG��ZH�QRWLFHG�WKDW�9%*V�ZHUH�SHUIRUPHG�LQFRQVLVWHQWO\��,Q�RXU�GHSDUWPHQW��WKH
PDMRULW\�RI�DGXOW�SDWLHQWV�KDYH�WKHLU�EORRGV�WDNHQ�E\�D�QXUVH�RU�KHDOWKFDUH�DVVLVWDQW��+&$��SULRU�WR�EHLQJ�VHHQ�E\�D�GRFWRU��:LWK�QR�FOHDU�JXLGHOLQH�RI
ZKHQ�WKLV�VKRXOG�LQFOXGH�D�9%*��ZH�LGHQWLILHG�VRPH�SUREOHPV�����9%*�QRW�SHUIRUPHG�EXW�FOLQLFDOO\�LQGLFDWHG�����9%*�SHUIRUPHG�EXW�QRW�FOLQLFDOO\
LQGLFDWHG�����'HOD\�LQ�9%*�VDPSOLQJ�

:H�DLPHG�WR�HVWDEOLVK�ZKHWKHU�JXLGHOLQHV�H[LVW�RQ�WKLV�VXEMHFW�DQG��LI�QRW��WR�GHYHORS�D�VHW�RI�FOHDU�HYLGHQFH�EDVHG�JXLGHOLQHV�IRU�LPSOHPHQWDWLRQ�LQ
RXU�('�

:H�SHUIRUPHG�D�FRPSUHKHQVLYH�OLWHUDWXUH�VHDUFK�XVLQJ�PXOWLSOH�GDWDEDVHV�DQG�IRXQG�WKDW�WKHUH�DUH�FXUUHQWO\�QR�SXEOLVKHG�JXLGHOLQHV�IRU�ZKHQ�WR
SHUIRUP�9%*V�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�

&RQVHTXHQWO\��ZH�IRUPXODWHG�D�OLVW�RI�SDWLHQW�JURXSV�WR�LQFOXGH�LQ�RXU�QHZ�JXLGHOLQH�EDVHG�RQ�OLWHUDWXUH�VHDUFKHV�DQG�FOLQLFDO�H[SHULHQFH��:H
LGHQWLILHG�WKH�IROORZLQJ�JURXSV��SDWLHQWV�ZLWK�KLJK�HDUO\�ZDUQLQJ�VFRUH�LQ�UHVXV��DEGRPLQDO�SDLQ��DFWLYH�EOHHGLQJ�DQDHPLD��GLDUUKRHD�	
YRPLWLQJ�GHK\GUDWLRQ��GLDO\VLV�SDWLHQW��RYHUGRVH�SRLVRQLQJ��UHGXFHG�*&6��VHSVLV��VKRUW�RI�EUHDWK�ZLWK�QRUPDO�R[\JHQ�VDWXUDWLRQV��LQFOXGLQJ
H[DFHUEDWLRQ�RI�&23'���VXVSHFWHG�GLDEHWLF�NHWRDFLGRVLV�DQG�WUDXPD��7KH�JXLGHOLQHV�ZHUH�SURGXFHG�LQ�SRVWHU�IRUP�ZLWK�FOHDU�KHDGLQJV��$�EULHI
H[SODQDWLRQ�RI�ZK\�D�9%*�LV�UHTXLUHG�IRU�HDFK�SDWLHQW�JURXS�ZDV�LQFOXGHG�XQGHU�HDFK�KHDGLQJ��:H�KRSHG�WKDW�EHWWHU�XQGHUVWDQGLQJ�ZRXOG�DLG
DGKHUHQFH��7KH�SRVWHUV�ZHUH�GLVSOD\HG�LQ�WULDJH��QXUVH�DVVHVVPHQW�DUHDV��UHVXV�DQG�PLQRUV��7KH\�ZHUH�DOVR�PDGH�DYDLODEOH�LQ�WKH�JXLGHOLQHV
VHFWLRQ�RQ�WKH�('�LQWUDQHW�DQG�ZHUH�HPDLOHG�WR�DOO�('�VWDII�

:H�LQWHQG�WKDW�LI�WKH�JXLGHOLQHV�DUH�IROORZHG��9%*V�ZLOO�EH�WDNHQ�ZKHQ�FOLQLFDOO\�QHFHVVDU\��XQZHOO�SDWLHQWV�ZLOO�EH�UHFRJQLVHG�VRRQHU��FOLQLFDO
GHFLVLRQV�FDQ�EH�PDGH�VRRQHU�DQG�WUHDWPHQWV�FDQ�EH�WDLORUHG�WR�WKH�9%*�UHVXOWV��7KH�JXLGHOLQHV�VKRXOG�DOVR�GHFUHDVH�WKH�QXPEHU�RI�SDWLHQWV
KDYLQJ�D�9%*�WDNHQ�RQ�D�VHSDUDWH�RFFDVLRQ�WR�WKH�DGPLVVLRQ�EORRGV�WKHUHE\�UHGXFLQJ�SDWLHQW�GLVFRPIRUW��9%*V�ZLOO�QRW�EH�WDNHQ�XQQHFHVVDULO\
ZKLFK�KDV�WLPH�DQG�FRVW�LPSOLFDWLRQV��/DVWO\��WKH\�VKRXOG�GHFUHDVH�WKH�WLPH�GHOD\�FDXVHG�E\�QXUVLQJ�VWDII�DVNLQJ�WKHLU�VHQLRUV�RU�GRFWRUV�ZKHWKHU�RU
QRW�D�9%*�VKRXOG�EH�WDNHQ�

:H�LQWHQG�WR�HYDOXDWH�KRZ�ZHOO�WKH�JXLGHOLQHV�DUH�EHLQJ�DGKHUHG�WR��KRZ�WKH\�DUH�DIIHFWLQJ�WKH�ZRUNORDG�RI�WKH�QXUVLQJ�VWDII�DQG�ZKHWKHU�WKH\�DUH
GHFUHDVLQJ�WKH�QXPEHU�RI�EORRG�WHVWV�SHU�SDWLHQW��0RVW�LPSRUWDQWO\��ZH�ZLOO�HVWDEOLVK�ZKHWKHU�SDWLHQW�FDUH�LV�LPSURYHG�DQG�ZKHWKHU�VLJQLILFDQW
HIILFLHQF\�LPSURYHPHQWV�KDYH�EHHQ�PDGH�E\�WKH�LPSOHPHQWDWLRQ�RI�WKH�9%*�JXLGHOLQHV�



&$6(�35(6(17$7,21 +DQHQ�*KD]DOL

��������.RXQLV�V\QGURPH��DOOHUJLF�LQGXFHG�FRURQDU\�DUWHU\�VSDVP���FDVHV�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5\P�.DGGRXU������+DQHQ�*KD]DOL������$QZDUH�<DKPDGL������0RXQD�*DPPRXGL������IDUDK�ULDKL������$KPHG�6RX\DK������1RXUD�1*+$&+������6DPL
6RXLVVL����

���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��%HQ�$URXV��781,6,$
���6HUYLFH�G
$FFXHLO�GHV�8UJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��%HQ�$URXV��781,6,$
���HPHUJHQF\�GHSDUWPHQW��UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��6085���K�SLWDO�U�JLRQDO�EHQ�DURXV��EHQ�DURXV��781,6,$

.H\ZRUGV��DOOHUJLF�UHDFWLRQ��FKHVW�SDLQ��YDVRVSDVP

$EVWUDFW��

,QWURGXFWLRQ�

.RXQLV�V\QGURPH��DOVR�NQRZQ�DV�DOOHUJLF�DQJLQD�V\QGURPH��ZDV�GHVFULEHG�LQ������E\�.RXQLV�DQG�=DIUDV�DV�ÈWKH�FRLQFLGHQWDO�RFFXUUHQFH�RI�FKHVW
SDLQ�DQG�DOOHUJLF�UHDFWLRQV��9DVRVSDVP�RI�WKH�FRURQDU\�DUWHULHV�KDV�EHHQ�VXJJHVWHG�WR�EH�WKH�PDLQ�SDWKRSK\VLRORJLF�PHFKDQLVP�

:H�UHSRUW�KHUH�WZR�FDVHV�RI�SDWLHQWV�GLDJQRVHG�ZLWK�NRXQLV�V\QGURPH�

&DVH���

$����\HDU�ROG�PDQ�FDPH�WR�RXU�HPHUJHQF\�GHSDUWPHQW��('��ZLWK�D�FXWDQHRXV�UDVK�ZKLFK�RFFXUV�VRRQ�DIWHU�KH�DWH�D�WXQD�VDQGZLFK�

+H�ZDV�D�KHDY\�VPRNHU��ZLWK�D�KLVWRU\�RI�K\SHUWHQVLRQ��GLDEHWHV�PHOOLWXV��FRURQDU\�DUWHU\�GLVHDVH�EXW�ZLWKRXW�SUHYLRXV�KLVWRU\�RI�DOOHUJ\�

2Q�DUULYDO��KH�KDG�D�JHQHUDOL]HG�HU\WKHPDWRXV�UDVK�RYHU�WKH�IDFH��QHFN�DQG�WKRUD[�DFFRPSDQLHG�E\�LWFKLQJ��+LV�EORRG�SUHVVXUH��%3��ZDV�������PP
+J�DQG�WKH�SXOVH�����EHDWV�PLQ��([DPLQDWLRQ�RI�WKH�KHDUW��OXQJV��DEGRPHQ�DQG�FHQWUDO�QHUYRXV�V\VWHP�UHYHDOHG�QR�DEQRUPDOLWLHV��$Q
HOHFWURFDUGLRJUDP��(&*��SHUIRUPHG�LQLWLDOO\�ZDV�QRUPDO��$Q�DQWLKLVWDPLQH�DQG�VWHURLG�WKHUDS\�ZHUH�JLYHQ�WR�WKH�SDWLHQW��'XULQJ�DGPLVVLRQ�LQ�WKH�('�
KH�IHOW�XQZHOO��VWDUWHG�VZHDWLQJ��EHFDPH�SDOH�DQG�FRPSODLQHG�RI�VHYHUH�UHWURVWHUQDO�SDLQ�UDGLDWLQJ�WR�ERWK�DUPV�DVVRFLDWHG�ZLWK�QDXVHD�DQG
YRPLWLQJ��+LV�%3�IHOO�WR�������PP+J�DQG�KLV�SXOVH�LQFUHDVHG�WR�����EHDWV�PLQ�

$Q�(&*�SHUIRUPHG�LPPHGLDWHO\�UHYHDOHG�HOHYDWLRQ�RI�67�VHJPHQW�RI���PP�LQ�OHDGV�,�DQG�D9/��ZLWK�D�VSHFXODU�UHIOHFWLRQ�RQ�OHDGV�,,��,,,�DQG�D9)�

7KH�GLDJQRVLV�RI�67�VHJPHQW�HOHYDWLRQ�DFXWH�P\RFDUGLDO�LQIUDFWLRQ��67(0,��ZDV�PDGH�DQG�WKH�SDWLHQW�UHFHLYHG�D�GXDO�DQWL�SODWHOHW��DVSLULQ�DQG
FORSLGRJUHO��DQG�DQWL�FDRJXODQW�PHGLFDWLRQV��$IWHU�DGPLQLVWUDWLRQ�RI�LVRWRQLF�VDOLQH�LQIXVLRQ�������PO��ZLWKRXW�HSLQHSKULQH�XVH��WKH�SDWLHQW�EHFDPH
KHPRG\QDPLFDOO\�VWDEOH�

$�FRURQDU\�DQJLRJUDSK\�ZDV�GRQH�LPPHGLDWHO\�DQG�VKRZHG�D�WLJKW�WKURPERWLF�VWHQRVLV�RI�WKH�DQWHULRU�LQWHUYHQWULFXODU�DUWHU\�ZLWK�D�7,0,�IORZ�DW���
$Q�LQWUDFRURQDU\�VWHQW�ZDV�LPSODQWHG�ZLWK�JRRG�RXWFRPH�

&DVH���

$����\HDUV�ROG�IHPDOH�SUHVHQWHG�WR�WKH�('W�ZLWK�DFXWH�G\VSQHD�DIWHU�VKH�LQKDOHG�D�FKORULQDWHG�SURGXFW��6KH�ZDV�D�KHDY\�VPRNHU��ZLWK�QR�KLVWRU\�RI
DOOHUJ\���

6KH�ZDV�VZHDWLQJ�DQG�DJLWDWHG�EXW�FRQVFLRXV��VKH�KDG�D�FXWDQHRXV�UXVK�KHU�UHVSLUDWRU\�UK\WKP�ZDV�HTXDO�WR����F\FOHV�SHU�PLQ��ZLWK�WKH�XVH�RI
DFFHVVRU\�PXVFOH��+HU�EORRG�SUHVVXUH�ZDV����������DQG�WKH�SXOVH�����EHDWV�PLQ�ZLWKRXW�VLJQV�RU�ULJKW�FDUGLDF�LPSDLUPHQW�

$UWHULDO�EORRG�JDV��3+ ������S&2� ���PP+J��S2� ���PP+J��ODFWDWH �����+&2� ������6D2� �����$Q�HOHFWURFDUGLRJUDP�ZDV�SHUIRUPHG��LW
VKRZHG�D�FRPSOHWH�OHIW�EXQGOH�EUDQFK�EORFN�

7KH�GLDJQRVHV�RI�DQDSK\OD[LV�VWDJH�ZDV�HVWDEOLVKHG��6KH�UHFHLYHG�VHYHUDO�QHEXOL]DWLRQV�RI�7HUEXWDOLQH�DQG�,SUDWURSLXP�%URPXUH��LQ�DGGLWLRQ�WR
DQWLKLVWDPLQ�DQG�FRUWLFRVWHURLGV�ZLWK�D�JRRG�FOLQLFDO�RXWFRPH�

$QRWKHU�HOHFWURFDUGLRJUDP�ZDV�SHUIRUPHG��LW�VKRZHG��DQ�LQFRPSOHWH�OHIW�EXQGOH�EUDQFK�EORFN�ZLWK�67�VHJPHQW�GHYLDWLRQ�

7URSRQLQ�ZDV�HTXDO�WR������LQ�DGPLVVLRQ�DQG������DIWHU���KRXUV�

6KH�UHFHLYHG�DQG�DQWLLVFKHPLF�DQG�DQWLWKURPEROWLF�WUHDWPHQW�DQG�ZDV�WUDQVIHUUHG�WR�D�FDUGLRORJ\�GHSDUWPHQW��$�FRURQDJUDSK\�ZDV�SHUIRUPHG�DQG
LW�VKRZHG�QRUPDO�FRURQDU\�DUWHU\�

�

&RQFOXVLRQ�



.RXQLV�V\QGURPH�VKRXOG�EH�ERUQH�LQ�PLQG�ZKHQ�GLDJQRVLQJ�SDWLHQWV�ZLWK�RU�ZLWKRXW�FDUGLRYDVFXODU�ULVN�IDFWRUV�ZKR�H[SHULHQFH�DFXWH�FRURQDU\
V\QGURPH�DFFRPSDQLHG�E\�V\PSWRPV�RI�DQDSK\OD[LV�



,0$*,1*���8/75$6281'���5$',2/2*< 0LD�3ULHV�+HMH

��������0XOWLSOH�UXOH�RXW�&7�VFUHHQLQJ�RI�KLJK�ULVN�DOO�FDXVH�SDWLHQWV�LQ�DQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0LD�3ULHV�+HMH������5DVPXV�+DVVHOEDOFK������+HQULHWWH�5DDVFKRX������0LFKHO�1�PHU\������/LVEHW�5DYQ������0RUWHQ�/LQG������7KRPDV�%RHO������3HWHU
8OULNVHQ������.DVSHU�,YHUVHQ����

���'HSDUWPHQW�RI�5DGLRORJ\��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY�*HQWRIWH��+HUOHY��'(10$5.
���'HSDUWPHQW�RI�&DUGLRORJ\��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY�*HQWRIWH��+HUOHY��'(10$5.
���0�'��'HSDUWPHQW�RI�5DGLRORJ\��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY�*HQWRIWH��+HUOHY��'(10$5.
���0�'��(PHUJHQF\�'HSDUWPHQW��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY�*HQWRIWH��+HUOHY��'(10$5.
���0�'��(PHUJHQF\�'HSDUWPHQW�DQG�'HSDUWPHQW�RI�$QHVWKHVLD��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY�*HQWRIWH��+HUOHY��'(10$5.
���0�'��'HSDUWPHQW�RI�*DVWURLQWHVWLQDO�6XUJHU\��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY�*HQWRIWH��+HUOHY��'(10$5.
���0�'��'HSDUWPHQW�RI�&DUGLRORJ\��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY�*HQWRIWH��+HUOHY��'(10$5.
���$VVRF��3URI��0�'��3K'��'HSDUWPHQW�RI�&DUGLRORJ\�DQG�(PHUJHQF\�'HSDUWPHQW���&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY�*HQWRIWH��+HUOHY�
'(10$5.

.H\ZRUGV��&RPSXWHG�7RPRJUDSK\��+LJK�ULVN�SDWLHQWV��6FUHHQLQJ��0XOWLSOH�UXOH�RXW

$EVWUDFW��

2%-(&7,9(��7R�GRFXPHQW�WKH�LPSDFW�RI�VFUHHQLQJ�ZLWK�D�PXOWLSOH�UXOH�RXW�&7�VFDQ�RI�KLJK�ULVN�SDWLHQWV�SUHVHQWLQJ�LQ�DQ�(PHUJHQF\�'HSDUWPHQW
�('��

%$&.*5281'��3UHYLRXV�VWXGLHV�VKRZ�WKDW�SDWLHQWV�WULDJHG�DV�KLJK�ULVN��5HG��RU�PRGHUDWH�WR�KLJK�ULVN��2UDQJH��EDVHG�RQ�YLWDO�SDUDPHWHUV�
DFFRUGLQJ�WR�ORFDO�WULDJH�DOJRULWKP��'DQLVK�(PHUJHQF\�3URFHVV�7ULDJH���KDYH�D�KLJK����GD\�PRUWDOLW\�UDWH�����������)RU�WKLV�JURXS�RI�SDWLHQWV�
VFUHHQLQJ�ZLWK�D�PXOWLSOH�UXOH�RXW�&7�VFDQ�PLJKW�EH�EHQHILFLDO��EXW�DW�WKH�FRVW�RI�UDGLDWLRQ�H[SRVXUH�DQG�DGGLWLRQDO�H[DPV�ZLWKRXW�GLDJQRVWLF
VLJQLILFDQFH�

68%-(&76�$1'�0(7+2'6������SDWLHQWV�ZHUH�HQUROOHG�LQ�WKLV�VWXG\��3DWLHQWV�WULDJHG�DV�5HG�RU�2UDQJH�RQ�YLWDO�SDUDPHWHUV�XVLQJ�'DQLVK
(PHUJHQF\�3URFHVV�7ULDJH��'(37��DQG����\HDU�RU�ROGHU�ZHUH�HOLJLEOH�IRU�LQFOXVLRQ��([FOXVLRQ�FULWHULD�LQFOXGHG�NQRZQ�NLGQH\�GLVHDVH��*)5�����
LPSDLUHG�FRJQLWLYH�IXQFWLRQ��FLUFXODWRU\�XQVWDEOH�SDWLHQWV��SDWLHQWV�ZLWK�PDQ\�SUHYLRXV�&7�VFDQV�DQG�SDWLHQWV�ZKHUH�&7�VFDQ�ZRXOG�GHOD\�UHOHYDQW
DFXWH�WUHDWPHQW�

(5�SK\VLFLDQV�ILOOHG�RXW�WHQWDWLYH�GLDJQRVLV�SULRU�WR�WKH�&7�VFDQ��3DWLHQWV�ZHUH�VFDQQHG�ZLWK�DQ�(&*�JDWHG�GXDO�HQHUJ\�&7�VFDQ�RI�FHUHEUXP��WKRUD[
DQG�DEGRPHQ��7KH�DYHUDJH�UDGLDWLRQ�GRVH�JLYHQ�ZDV������P6Y�DQG�DOO�SDWLHQWV�UHFHLYHG����PO�FRQWUDVW��5HVXOWV�DQG�ILQGLQJV�RI�WKH�VFDQ�ZHUH
UHSRUWHG�WR�(5�SK\VLFLDQ�E\�D�UDGLRORJLVW�LPPHGLDWHO\�IROORZLQJ�WKH�VFDQ��7KH�LPSDFW�RI�WKH�&7�VFDQ�RQ�SDWLHQW�GLDJQRVLV�DQG�WUHDWPHQW�ZDV
H[DPLQHG�SURVSHFWLYHO\�E\���SK\VLFLDQV�VHSDUDWHO\��$Q\�GLVSXWHV�ZHUH�VHWWOHG�E\�D�WKLUG�SDUW\�

5(68/76���3UHOLPLQDU\�UHVXOWV�ILQDO�UHVXOW�DYDLODEOH�LQ�2FWREHU��'DWD�IURP����SDWLHQWV�>����IHPDOH����\UV��������@�ZDV�DYDLODEOH��7KH�WUHDWLQJ
SK\VLFLDQ�ZRXOG�KDYH�RUGHUHG�DQ�DFXWH�&7�VFDQ�LQ����������RI�WKH�LQFOXGHG�SDWLHQWV��DQG�WKHVH�SDWLHQWV�ZHUH�H[FOXGHG�LQ�WKH�IROORZLQJ�DQDO\VHV�
)RU�WKH�UHPDLQLQJ����SDWLHQWV��&7�VFDQ�UHVXOWHG�LQ�FKDQJH�LQ�DFXWH�WUHDWPHQW�IRU�Q ��SDWLHQWV�������7KH�VFDQ�UHVXOWHG�LQ�IXUWKHU�H[DPLQDWLRQV�IRU��
SDWLHQWV��������RI�ZKLFK���������ZHUH�GLDJQRVWLFDOO\�VLJQLILFDQW���,Q��������RI�WKH�SDWLHQWV��&7��VFDQ�OHDG�WR�GLDJQRVLV�RI�SUHYLRXVO\�XQGLDJQRVHG
PDOLJQDQW�WXPRU��7KH�VFDQ�GLVSURYHG�SULPDU\�GLDJQRVLV�IRU���������RI�SDWLHQWV��7KH����GD\�PRUWDOLW\�RI�WKH�LQFOXGHG�SDWLHQWV�ZDV�������RI���
SDWLHQWV���7KH�UHVXOWV�RI�WKH�&7�VFDQ�ZHUH�JLYHQ�ZLWKLQ�DQ�KRXU�IRU�����RI�SDWLHQWV�

&21&/86,21��%DVHG�RQ�RXU�UHVXOWV��LW�LV�OLNHO\�WKDW�D�VFUHHQLQJ�ZLWK�D�PXOWLSOH�UXOH�RXW�&7�VFDQ�RI�KLJK�ULVN�SDWLHQWV�LQ�DQ�(5�ZRXOG�UHVXOW�LQ
GLVFRYHU\�RI�DGGLWLRQDO�GLDJQRVHV�DQG�PDOLJQDQW�WXPRUV��EXW�DW�WKH�FRVW�RI�KLJKHU�UDGLDWLRQ�H[SRVXUH�DQG�DGGLWLRQDO�H[DPV�ZLWKRXW�GLDJQRVWLF
VLJQLILFDQFH��/DUJHU�UDQGRPL]HG�VWXGLHV�DUH�QHHGHG�WR�IXUWKHU�HYDOXDWH�WKH�FOLQLFDO�LPSDFW�RI�WKHVH�ILQGLQJV�



$,5:$< 1LFROHWD�&UHWX

��������3UHRSHUDWLYH�DLUZD\�DVVHVVPHQW�SUHGLFWRU�IRU�GLIILFXOW�LQWXEDWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1LFROHWD�&UHWX������)ORUHQFH�$SDORR������%HQ�7HDVGDOH����

���/HLFHVWHU�5R\DO�,QILUPDU\�+RVSLWDO���/HLFHVWHU��8.��/HLFHVWHU�8QLYHUVLW\�+RVSLWDOV�7UXVW��/HLFHVWHU��8.��/HLFHVWHU��8.

.H\ZRUGV��$LUZD\�DVVHVVPHQW�GRFXPHQWDWLRQ��IDLOHG�LQWXEDWLRQ��GLIILFXOW�YHQWLODWLRQ�DQG�LQWXEDWLRQ

$EVWUDFW��

�

�

2%-(&7,9(6

7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�H[SORUH�WKH�SUHRSHUDWLYH�DLUZD\�DVVHVVPHQW�LQ�RUGHU�WR�TXDQWLI\�LW�DV�D�SUHGLFWRU�IRU�GLIILFXOW�DLUZD\�RU�GLIILFXOW
LQWXEDWLRQ�LQ��WKH�SHULRSHUDWLYH�SHULRG�

0(7+2'6

:H�FRQGXFWHG�D�SURVSHFWLYH�VWXG\�ZLWK�GDWD�FROOHFWHG�IRU����SDWLHQWV�IRU�RQH�PRQWK�LQ�1RYHPEHU������LQ�$QDHVWKHVLD�LQ�RXU�KRVSLWDO�

5(68/76

�������ZDV�UHYLHZHG�E\�WKH�VDPH�GRFWRU�WKDW�DQDHVWKHWL]HG�WKH�SDWLHQWV���������ZDV�DVVHVVHG�E\���GRFWRUV�DQG�������SDWLHQWV�ZDV�DVVHVVHG�E\
��GRFWRUV�

�������SDWLHQWV�KDG��DGHTXDWH�GRFXPHQWDWLRQ�RI�SUHRSHUDWLYH�DLUZD\�DVVHVVPHQW���������SDWLHQWV�KDG��LQFRPSOHWH�GRFXPHQWDWLRQ�DQG������
SDWLHQWV�KDG�QR�GRFXPHQWDWLRQ�

������SDWLHQWV�KDG�GLIILFXOW�YHQWLODWLRQ��������SDWLHQWV�KDG�GLIILFXOW�LQWXEDWLRQ��������SDWLHQWV�KDG�IDLOHG�LQWXEDWLRQ�

�������SDWLHQWV�ZHUH�RYHUZHLJKW�DQG�����SDWLHQWV�ZHUH�REHVH�

�������SDWLHQWV�ZHUH�HGHQWXORXV���������KDG�KLVWRU\�RI�VQRULQJ��D�EHDUG�DQG��2EVWUXFWLYH�6OHHS�DSQRHD�

7KH�LQWHU�LQFLVRU�JDS�ZDV�VPDOO�LQ������SDWLHQWV��PHGLXP��LQ�������SDWLHQWV�DQG�QRUPDO�LQ��������SDWLHQWV�

7KH�DWODQWR�RFFLSLWDO�GLVWDQFH�ZDV�QRUPDO�LQ��������SDWLHQWV�

0DOODPSDWL�VFRUH�ZDV��RQH�IRU��������SDWLHQWV��WZR�IRU��������SDWLHQWV��WKUHH�IRU�������SDWLHQWV��IRXU�LQ�������SDWLHQWV�

7KH�QXPEHU�RI�SDWLHQWV�SUHGLFWHG�IRU�GLIILFXOW�YHQWLODWLRQ�DQG�LQWXEDWLRQ�ZKR�DFWXDOO\�KDG�GLIILFXOW�YHQWLODWLRQ�DQG�LQWXEDWLRQ�ZDV�WKH�VDPH�������
SDWLHQWV�DQG�������SDWLHQWV�UHVSHFWLYHO\�

������SDWLHQWV�KDG�IDLOHG�LQWXEDWLRQ�

1R�SDWLHQW�VXVWDLQHG�ÈFDQÇW�LQWXEDWH���FDQÇW�YHQWLODWHÉ�VFHQDULR�

&21&/86,21

7KH�SURSRVHG�VWDQGDUG�IRU�WKH�EHVW�SUDFWLFH�IRU�WKLV�DXGLW�ZDV������RI�SDWLHQWV�WR�EH�DVVHVVHG�DQG�DQDHVWKHWL]HG�E\�WKH�VDPH�GRFWRU���RI�ZKLFK�ZH
DFKLHYHG��������������RI�DLUZD\�WR�EH�DVVHVVHG�SUH�RSHUDWLYHO\�RI�ZKLFK�ZH�DFKLHYHG��������������WR��KDYH�DGHTXDWH�GRFXPHQWDWLRQ�IRU
SUHRSHUDWLYH�DLUZD\�DVVHVVPHQW��RI�ZKLFK�ZH�DFKLHYHG��������

'LIILFXOW�YHQWLODWLRQ�DQG�SDWLHQWV�QHHGLQJ�WR�EH�LQWXEDWHG��ZHUH�SUHGLFWHG�E\�WKH�SUH�RSHUDWLYH�DVVHVVPHQW�

7KH�SURSRVHG�VWDQGDUG�IRU�IDLOHG�LQWXEDWLRQ�ZDV���������LQ�RXU�VWXG\��������KDG�GLIILFXOW�LQWXEDWLRQ��ZKLFK�ZLOO�QHHG�LPSURYHPHQW�LQ�WKH�IXWXUH�

7KHUH�LV��URRP�IRU�LPSURYHPHQW�LQ��WKH�GRFXPHQWDWLRQ�IRU�SUHRSHUDWLYH�DLUZD\�DVVHVVPHQW��IRU�ZKLFK�ZH�ZLOO�PDNH�VXJJHVWLRQV�IRU�FKDQJHV�LQ�WKH
DVVHVVPHQW�FKDUW��ZH�ZLOO�IROORZ�WKLV�ZLWK��DQRWKHU�DXGLW�DIWHU�WKH�LPSOHPHQWDWLRQ�RI�WKH�QHZ�FKDUW�

'U�1LFROHWD�&UHWX��$&&6��67��(PHUJHQF\�0HGLFLQH�WUDLQHH

'U�)ORUHQFH�$SDORR��&RQVXOWDQW�LQ�$QDHVWKHVLD

'U�%HQ�7HDVGDOH��&RQVXOWDQW�LQ�(PHUJHQF\�0HGLFLQH



/HLFHVWHU�5R\DO�,QILUPDU\�+RVSLWDO��/HLFHVWHU�8.�

�

�

�



75$80$ ,ONHU�$NEDV

��������6SRQWDQHRXV�UHGXFWLRQ�RI�LOHRLOHDO�DGXOW�LQWXVVXVFHSWLRQ�DIWHU�EOXQW�DEGRPLQDO�LQMXU\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0XFDKLW�(PHW������$EGXOODK�2VPDQ�.RFDN������,ONHU�$NEDV������$GHP�.DUDPDQ������6XNUX�$UVODQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<
���'HSDUWPHQW�RI�5DGLRORJ\��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<
���'HSDUWPHQW�RI�*HQHUDO�6XUJHU\��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<

.H\ZRUGV��LQWXVVXVFHSWLRQ��DEGRPLQDO�WUDXPD��VSRQWDQHRXV�UHGXFWLRQ

$EVWUDFW��

,QWXVVXVFHSWLRQ�LV�FRPPRQ�LQ�HDUO\�FKLOGKRRG��,QWXVVXVFHSWLRQ�GXH�WR�EOXQW�LQMXU\�LV�UDUH�DQG�QRW�SUHGRPLQDQW�LQ�WKH�SHGLDWULF�SRSXODWLRQ�EXW�WKHUH
DUH�RQO\�D�IHZ�DGXOW�FDVHV

$����\HDU�ROG�PDQ�ZDV�EURXJKW�WR�RXU�HPHUJHQF\�GHSDUWPHQW�E\�JURXQG�DPEXODQFH�GXH�WR�SRXQGLQJ�DQG�SXQFKLQJ�D�IHZ�KRXUV�DJR��+H�KDG�QR
FKURQLF�LOOQHVV�DQG�QR�GUXJ�RU�VXEVWDQFH�DEXVH��+LV�YLWDO�VLJQV�ZHUH�ZLWKLQ�UHIHUHQFH�UDQJH��3K\VLFDO�H[DPLQDWLRQ�VKRZHG�PXOWLSOH�GHUPDEUDVLRQV
RQ�KLV�IDFH��DEGRPHQ��DQG�ORZHU�H[WUHPLWLHV��$OO�RWKHU�H[DPLQDWLRQV�ZHUH�XQUHPDUNDEOH�H[FHSW�WKDW�RI�PLOG�DEGRPLQDO�SDLQ��/DERUDWRU\�UHVXOWV
JDYH�QR�FOXHV��2Q�DEGRPLQDO�[�UD\��SDXFLW\�RI�LQWHVWLQDO�JDV��SVHXGRPDVV��DQG�VXUURXQGLQJ�JDV�DSSHDUDQFHV�ZHUH�YLVLEOH��:KROH�ERG\�&7�VKRZHG
QRUPDO�KHDG�DQG�WKRUD[�ILQGLQJV��EXW�WKHUH�ZDV�D�WDUJHW�VLJQ�LQ�WKH�D[LDO�YLHZ�FRQVLVWHQW�ZLWK�LQWXVVXVFHSWLRQ��,Q�DGGLWLRQ��FRURQDO�YLHZV
GHPRQVWUDWHG�SVHXGRNLGQH\�RU�WKH�VDQGZLFK�VLJQ��7KH�SDWLHQW�ZDV�WDNHQ�WR�RXU�WUDXPD�URRP��PHWLFXORXV�WHUWLDU\�H[DPLQDWLRQV�ZHUH�GRQH��7ZR
OLWHUV�RI�QRUPDO�VDOLQH�ZDV�DGPLQLVWHUHG��1R�QDXVHD�RU�YRPLWLQJ�RFFXUUHG�GXULQJ�REVHUYDWLRQ��+LV�DEGRPLQDO�SDLQ�UHVROYHG�JUDGXDOO\��2Q�WKH���WK
KRXU�DIWHU�DGPLVVLRQ��FRQWURO�&7�VKRZHG�WKDW�WKH�ILQGLQJV�RI�LQWXVVXVFHSWLRQ�GLVDSSHDUHG��+H�ZDV�GLVFKDUJHG�DIWHU���GD\�RI�REVHUYDWLRQ��2XWSDWLHQW
IROORZ�XS�GLG�QRW�VKRZ�DQ\�DEQRUPDOLW\�

7KH�WHOHVFRSLQJ�RI�WKH�SUR[LPDO�LQWHVWLQDO�VHJPHQW�LQWR�WKH�DGMDFHQW�GLVWDO�LQWHVWLQDO�VHJPHQW�LV�GHVFULEHG�DV�LQWXVVXVFHSWLRQ��$OWKRXJK�LW�LV�WKH
PRVW�FRPPRQ�FDXVH�RI�LQWHVWLQDO�REVWUXFWLRQ�DQG�WKH�VHFRQG�PRVW�FRPPRQ�FDXVH�RI�DFXWH�DEGRPHQ�LQ�SHGLDWULF�DJH�JURXS��LQWXVVXVFHSWLRQ
FRQVWLWXWHV����WR����RI�DOO�LQWHVWLQDO�REVWUXFWLRQV�RI�DGXOWKRRG��,Q�DGXOWV������RI�WKH�FDVHV�KDYH�DQ�XQGHUO\LQJ�HWLRORJ\��EHLQJ�GLIIHUHQW�IURP
FKLOGUHQ��7XPRUV��SRO\SV��HGHPD�DQG�ILEURVLV�RI�WKH�LQWHVWLQDO�ZDOO�GXH�WR�VXUJLFDO�LQWHUYHQWLRQV��0HFNHO�GLYHUWLFXOXP��LQIODPPDWLRQ��SRVWRSHUDWLYH
DGKHVLRQV��DQG�LQWHVWLQDO�VXWXUHV�DUH�WKH�PRVW�IUHTXHQWO\�GHVFULEHG�FDXVHV�LQ�DGXOWV�,QWXVVXVFHSWLRQ�UHODWHG�WR�DEGRPLQDO�WUDXPD�LV�PHW�YHU\�UDUHO\�
,Q�SXEOLVKHG�VWXGLHV��DEGRPLQDO�WUDXPD�ZDV�IRXQG�DV�WKH�HWLRORJLFDO�IDFWRU�LQ�RQO\������WR�������RI�DOO�DGXOW�SDWLHQWV�KDYLQJ�LQWXVVXVFHSWLRQ7KH�ULVN
RI�LQWXVVXVFHSWLRQ�LV�KLJKHU�LQ�SHQHWUDWLQJ�WUDXPD�ZKHQ�FRPSDUHG�WR�WKH�EOXQW�LQMXU\��,QWXVVXVFHSWLRQ�LV�JHQHUDOO\�VHHQ�DIWHU�WUDXPD�DVVRFLDWHG
ZLWK�KLJK�HQHUJ\�DQG�PXOWLSOH�LQMXULHV��+RZHYHU��LQ�RXU�FDVH��LW�ZDV�REVHUYHG�DV�DQ�LVRODWHG�HYHQW��ZLWKRXW�DQ\�FRH[LVWLQJ�KLJK�HQHUJ\�WUDXPD�RU
RUJDQ�SDWKRORJ\�

,Q�FRQFOXVLRQ��ZH�VXJJHVW�WKDW��LQ�SDWLHQWV�ZLWK�PLOG�WR�PRGHUDWH�WUDXPD��HYHQ�LI�WKH�SDWLHQW�KDV�PLOG�DEGRPLQDO�SDLQ��SK\VLFLDQV�VKRXOG�UXOH�RXW
LQYDJLQDWLRQ��&7�LV�WKH�VXJJHVWHG�LPDJLQJ�PRGDOLW\��7KHVH�SDWLHQWV�VKRXOG�EH�NHSW�LQ�FORVH�IROORZ�XS��,I�V\PSWRPV�UHVROYH�DQG�LQWXVVXVFHSWLRQ
ILQGLQJV�GLVDSSHDU�LQ�&7��QR�IXUWKHU�WUHDWPHQW�LV�UHTXLUHG�

��7KLV�FDVH�UHSRUW�LV�DFFHSWHG�LQ�$PHULFDQ�-RXUQDO�RI�(PHUJHQF\�0HGLFLQH�ZLWK�GRL�QXPEHU�DV��GRL���������M�DMHP�������������



,0$*,1*���8/75$6281'���5$',2/2*< $QQHORHV�1LHVLQN

��������7KH�XVH�RI�XOWUDVRXQG�LQ�'XWFK�(PHUJHQF\�'HSDUWPHQWV��:KHUH�DUH�ZH�QRZ"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$QQHORHV�1LHVLQN������7LHV�(LNHQGDO����

���5HVLGHQW�(PHUJHQF\�0HGLFLQH��5DGERXGXPF��1LMPHJHQ��7+(�1(7+(5/$1'6
���(PHUJHQF\�3K\VLFLDQ��5DGERXGXPF��1LMPHJHQ��7+(�1(7+(5/$1'6

.H\ZRUGV��3RLQW�RI�FDUH�XOWUDVRQRJUDSK\��1HWKHUODQGV��(PHUJHQF\�'HSDUWPHQWV��WUDLQLQJ�SURJUDP��HYDOXDWLRQ�

$EVWUDFW��

$EVWUDFW

%DFNJURXQG
(PHUJHQF\�PHGLFLQH�SRLQW�RI�FDUH�XOWUDVRQRJUDSK\�KDV�SURYHQ�LWÇV�VXFFHVV�LQ�LPSURYLQJ�SDWLHQW�FDUH�DQG�LV�QRZ�ZLGHO\�XVHG�LQWHUQDWLRQDOO\��6LQFH
�����D�VHFWLRQ�KDV�EHHQ�DFWLYH�ZLWKLQ�WKH�'XWFK�6RFLHW\�RI�(PHUJHQF\�3K\VLFLDQV�WR�HQKDQFH�WKH�GHYHORSPHQW�RI�HPHUJHQF\�XOWUDVRXQG�
3RLQW�RI�FDUH�XOWUDVRQRJUDSK\�RIILFLDOO\�KDV�EHFRPH�RQH�RI�WKH�FRPSHWHQFLHV�LQ�WKH�WUDLQLQJ�SURJUDP�IRU�(PHUJHQF\�3K\VLFLDQV�LQ�WKH�1HWKHUODQGV
VLQFH�������$Q�LQWHUQVKLS�XOWUDVRQRJUDSK\��KDV�EHHQ�GHYHORSHG�LQ�WKUHH�FRPPXQLW\�HPHUJHQF\�GHSDUWPHQWV�DQG�RQH�DFDGHPLF��+RZHYHU��DW�WKLV
SRLQW�XOWUDVRXQG�H[SHULHQFHV�RXWVLGH�WKHVH���('ÇV�DUH�XQNQRZQ�DQG�WKHUH�LV�OLWWOH�FRQVHQVXV�DERXW�WKH�NH\�WHUPV�RI�XOWUDVRQRJUDSK\�IRU�UHVLGHQWV�
2EMHFWLYH��WKH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�XVH�RI�SRLQW�RI�FDUH�XOWUDVRQRJUDSK\�LQ�'XWFK�('ÇV�DQG�LWÇV�EDUULHUV�

0HWKRGV
:H�FRQGXFWHG�DQ�RQOLQH�TXHVWLRQQDLUH�ZKLFK�ZDV�VHQW�E\�HPDLO�WR�DOO�(PHUJHQF\�3K\VLFLDQV�DQG�(PHUJHQF\�0HGLFLQH�5HVLGHQWV�LQ�WKH�1HWKHUODQGV�
'DWD�ZDV�FROOHFWHG�IURP�$SULO�WLOO�-XQH�������:H�XVHG�GHVFULSWLYH�VWDWLVWLFV��SDLUHG�VWXGHQW�7�WHVW�DQG�PXOWLYDULDWH�UHJUHVVLRQ�PRGHOV�WR�DQDO\]H�RXU
GDWD�

5HVXOWV
$W�WKLV�PRPHQW�WKH�VXUYH\�LV�VWLOO�UXQQLQJ�DQG�GDWD�LV�EHLQJ�FROOHFWHG�
%DVHG�RQ�VLPLODU�LQWHUQDWLRQDO�OLWHUDWXUH�ZH�H[SHFW�D�UHVSRQVH�UDWH�RI������6LQFH�XOWUDVRQRJUDSK\�LV�RQH�RI�WKH�FRPSHWHQFLHV�LQ�WKH�WUDLQLQJ
SURJUDP�IRU�(PHUJHQF\�3K\VLFLDQV�ZH�KRSH�WR�VHH�WKDW�HYHU\�WUDLQLQJ�FOLQLF�KDV�DQ�8OWUDVRXQG�0DFKLQH�DYDLODEOH��:H�H[SHFW�WR�VHH�D�GLIIHUHQFH�LQ
XVH�RI�XOWUDVRQRJUDSK\�EHWZHHQ�DFDGHPLF��ODUJH�FRPPXQLW\�DQG�VPDOO�FRPPXQLW\�KRVSLWDOV��:H�DOVR�H[SHFW�WR�VHH�D�GLIIHUHQFH�LQ�XVH�EHWZHHQ
WUDLQLQJ�FOLQLFÇV�DQG�QRQ�WUDLQLQJ�FOLQLFV��GLIIHUHQFH�LQ�DYDLODELOLW\��GLIIHUHQFH�LQ�LQGLFDWLRQV�RI�XVDJH���:H�DVVXPH�WKDW�WKH�XVH�RI�XOWUDVRQRJUDSK\�LV
SHUVRQ�GHSHQGHQW�DQG�WKDW�WKH�\HDU�RI�UHVLGHQF\�LV�RI�OHVV�LQIOXHQFH��)XUWKHUPRUH�ZH�H[SHFW�WR�LGHQWLI\�VHYHUDO�EDUULHUV�LQ�WKH�XVH�RI�XOWUDVRXQG�
PDLQO\�IRU�WKRVH�ZRUNLQJ�LQ�VPDOO�FOLQLFV�ZKHUH�WKH\�DUH�WKH�RQO\�(PHUJHQF\�3K\VLFLDQ�DYDLODEOH��:H�WKLQN�WKHUH�LV�D�QHHG�WR�H[SDQG�HGXFDWLRQ�DQG
VNLOOV�LQ�RUGHU�WR�IXUWKHU�H[SDQG�WKH�XVH�RI�(PHUJHQF\�PHGLFLQH�SRLQW�RI�FDUH�XOWUDVRQRJUDSK\�

&RQFOXVLRQ
)ROORZV�DV�VRRQ�DV�ZH�KDYH�RXU�GDWD�DQG�UHVXOWV�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 5DVPXV�+DVVHOEDOFK

��������'HYHORSPHQW�DQG�YDOLGDWLRQ�RI�7KH�&RSHQKDJHQ�7ULDJH�$OJRULWKP��&7$�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5DVPXV�%R�+DVVHOEDOFK������0LD�3ULHV�+HMH������/RXLV�/LQG�3OHVQHU������/LVEHW�5DYQ������0RUWHQ�/LQG������5DVPXV�*UHLEH������%LUJLWWH�1\ER�-HQVHQ�����
/DUV�6��5DVPXVVHQ������.DVSHU�,YHUVHQ����

���7KH�GHSDUWPHQW�RI�FDUGLRORJ\��1RQH��+HUOHY�*HQWRIWH�+RVSLWDO��'(10$5.
���7KH�HPHUJHQF\�GHSDUWPHQW��1RQH��+HUOHY�*HQWRIWH�+RVSLWDO��'(10$5.
���7KH�GHSDUWPHQW�RI�FDUGLRORJ\��1RQH��%LVSHEMHUJ�RJ�)UHGHULNVEHUJ�+RVSLWDO��'(10$5.
���7KH�HPHUJHQF\�GHSDUWPHQW��1RQH��%LVSHEMHUJ�RJ�)UHGHULNVEHUJ�+RVSLWDO��'(10$5.
���$Q�VWHVL��RJ�RSHUDWLRQVNOLQLNNHQ��1RQH��5LJVKRVSLWDOHW��'(10$5.
���7KH�GHSDUWPHQW�RI�FDUGLRORJ\�DQG�WKH�HPHUJHQF\�GHSDUWPHQW��1RQH��+HUOHY�*HQWRIWH�+RVSLWDO��'(10$5.

.H\ZRUGV��7ULDJH��(PHUJHQF\�'HSDUWPHQW��9LWDO�3DUDPHWHUV

$EVWUDFW��

%DFNJURXQG

7KH�DLP�RI�WULDJH�LV�WR�TXLFNO\�LGHQWLI\�WKH�PRVW�XUJHQW�SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��DQG�WR�VHFXUH�WKDW�WKH\�DUH�WUHDWHG�ILUVW��WKHUHE\
PLQLPL]LQJ�WKH�ULVN�RI�DGYHUVH�RXWFRPHV��+RZHYHU��WKH�WULDJH�PRGHOV�DUH�WLPH�FRQVXPLQJ�DQG�VXSSRUWHG�E\�OLPLWHG�HYLGHQFH�DQG�FRXOG�SRWHQWLDOO\
EH�RI�PRUH�KDUP�WKDQ�EHQHILW��2XU�DLP�LV�WR�GHYHORS�D�TXLFNHU�WULDJH�PRGHO�WKDW�LV�DEOH�WR�LGHQWLI\�KLJK�ULVN�SDWLHQWV�

0HWKRGV

7KH�&7$�ZDV�GHYHORSHG�XVLQJ�GDWDVHWV�IURP�WZR�ODUJH�FRKRUWV�RI�SDWLHQWV�DGPLWWHG�WR�DQ�('��7KH�ILUVW�FRKRUW��7ULDJH�,�VWXG\��LQFOXGHG�����
DGPLVVLRQV�DQG�WKH�VHFRQG�FRKRUW��$FXWH�$GPLVVLRQ�'DWDEDVH��LQFOXGHG������SDWLHQWV��7ULDJH�,�ZDV�XVHG�WR�FRQVWUXFW�WKH�VFRUH��DQG�WKH�$FXWH
$GPLVVLRQ�'DWDEDVH�ZDV�XVHG�DV�WKH�YDOLGDWLRQ�FRKRUW��:H�XVHG�WKH�YLWDO�VLJQV�DV�PHDVXUHG�RQ�DGPLVVLRQ�LQ�WKH�('��VHSDUDWLQJ�WKH�QRUPDO�YDOXHV
IURP�WKH������PRVW�H[WUHPH�YDOXHV�RI�HDFK�YLWDO�VLJQ��7KHVH�ZHUH�HQWHUHG�LQWR�D�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ�ZLWK�EDFNZDUGV�HOLPLQDWLRQ�WR
GHWHUPLQH�WKH�VLJQLILFDQW�ULVN�IDFWRUV�RI�KLJKHU����GD\�PRUWDOLW\��7KH�RGGV�UDWLRV��25��IRU�HDFK�IDFWRU�ZHUH�URXQGHG�WR�FRQVWUXFW�D�FOLQLFDO�ULVN�VFRUH�
7KH�UHVSHFWLYH�VFRUHV�ZHUH�GLYLGHG�LQWR�D���OHYHO�VFRUH�DFFRUGLQJ�WR�WKH�SDWLHQWVÇ�ULVN�RI����GD\�PRUWDOLW\�

5HVXOWV

7KH�VLJQLILFDQW��DOO�3��������ULVN�IDFWRUV�ZHUH��7UHDWPHQW�ZLWK�R[\JHQ��25������FRUUHVSRQGLQJ�WR�D�VFRUH�RI���SRLQWV���V\VWROLF�EORRG�SUHVVXUH�����
PP+J��25��������SRLQWV���KHDUW�UDWH�!����EHDWV�SHU�PLQ��25��������SRLQWV���UHVSLUDWRU\�UDWH�!���SHU�PLQ��25��������SRLQWV���DQG�DUWHULDO�R[\JHQ
VDWXUDWLRQ���������25��������SRLQWV���2Q�D�5HFHLYHU�2SHUDWLQJ�&KDUDFWHULVWLF�FXUYH�WKH�UHVXOWLQJ�VFRUH�KDV�DQ�$8&�RI�������7KDW�LV�VLJQLILFDQWO\��3��
������KLJKHU�WKDQ�'(37�IRU�WKH�VDPH�SRSXODWLRQ��$8&��������7KLV�VLJQLILFDQW�LPSURYHPHQW�SHUVLVWHG�LQ�WKH�YDOLGDWLRQ�FRKRUW�

7KH�UHVXOWLQJ�&7$�VWUDWLILHV�SDWLHQWV�LQ���DFXLW\�OHYHOV��SDWLHQWV�ZLWK�PLQRU�LQMXULHV��OHYHO����DUH�H[FOXGHG��DQG�WKLV�LV�GRQH�LQ�WZR�VWHSV������$�VFRULQJ
FKDUW�EDVHG�RQ�YLWDO�VLJQV�LV�XVHG�WR�FODVVLI\�SDWLHQWV�LQ�D�FDWHJRU\��DQG�����D�FOLQLFDO�DVVHVVPHQW�E\�WKH�('�QXUVH�FDQ�DOWHU�WKH�UHVXOW�VXJJHVWHG�E\
WKH�VFRUH�XS�WR�WZR�FODVVHV�XS�RU�RQH�GRZQ�

&RQFOXVLRQ

:H�KDYH�FRQVWUXFWHG�DQG�YDOLGDWHG�D�QHZ�TXLFNHU�WULDJH�PRGHO�ZLWK�D�VWURQJHU�DELOLW\�WR�SUHGLFW����GD\�PRUWDOLW\�WKDQ�WKH�H[LVWLQJ�'(37�PRGHO��&7$
VWLOO�QHHGV�SURVSHFWLYH�YDOLGDWLRQ�LQ�D�UDQGRPL]HG�FRQWUROOHG�WULDO�WR�HYDOXDWH�WKH�HIIHFW�RQ�PRUWDOLW\�DQG�IORZ�LQ�DQ�('�



75$80$ 0(+0(7�81$/',

��������,URQ�EDU�LQMXU\�WR�WKH�JURLQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0HKPHW�8QDOGL������2QXU�,QFHDOW¢Q������.XUWXOXV�$FLNVDUL������'LGHP�$\������6RQHU�,VLN������+DWLFH�(U\LJLW������&LKDQ�%X\XNVXWFX����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��,VWDQEXO�0HGHQL\HW�8QLYHUVLW\�*R]WHSH�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<
���'HSDUWPHQW�RI�7KRUD[�6XUJHU\��.DUWDO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<

.H\ZRUGV��JURLQ��LQMXU\��LURQ�EDU

$EVWUDFW��

,1752'8&7,21��+LJK�YHORFLW\�SHQHWUDWLQJ�SHOYLF�LQMXU\�LV�RQH�RI�WKH�PRVW�GLIILFXOW�FKDOOHQJHV�WR�HPHUJHQF\�SK\VLFLDQV�DQG�WUDXPD�VXUJHRQV��7KH
LQMXU\�VLWHV�IUHTXHQWO\�LQFOXGH�VRIW�WLVVXH��SHOYLV��JHQLWRXULQDU\�WUDFW��YDVFXODU�VWUXFWXUHV�DQG�LQWUDDEGRPLQDO�YLVFHUD��:H�SUHVHQW�DQ�XQXVXDO�FDVH�RI
D�PDOH�SDWLHQW�VXIIHULQJ�D�FROOLVLRQ�ZLWK�DQ�LURQ�EDU�SHQHWUDWLQJ�LQWR�KLV�OHIW�JURLQ�
&$6(��$����\HDU�ROG�PDOH�ZRUNHU�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�DIWHU�VXIIHULQJ�DQ�DFFLGHQWDO��VHOI�LQIOLFWHG�LURQ�EDU�LQMXU\�WR�WKH�OHIW�VLGH
RI�KLV�JURLQ��7KH�YLWDO�VLJQV�RI�KLV�ZHUH�VWDEOH�DQG�JHQHUDO�VLWXDWLRQ�ZDV�JRRG��$�FRPSXWHG�WRPRJUDSK\��&7��RI�WKH�SHOYLV�ZLWK�FRQWUDVW�QRWHG�WKH
LURQ�EDU�WR�EH�ORFDWHG�ZLWKLQ�SHOYLF�]RQH��7KH�SDWLHQW�ZDV�WDNHQ�WR�WKH�RSHUDWLQJ�URRP�IRU�UHPRYDO�RI�WKH�LURQ�EDU�XQGHU�JHQHUDO�DQHVWKHVLD�DQG
H[SORUDWLRQ�RI�WKH�ZRXQG��7KH�IRUHLJQ�ERG\�ZDV�ORFDWHG�VXSHUILFLDOO\�DQG�KH�KDG�QR�GDPDJH�WR�DQ\�RUJDQ�
&21&/86,21��&DUHIXO�SODQQLQJ�RI�WKH�VXUJLFDO�DSSURDFK�LV�LPSRUWDQW�EHIRUH�H[WUDFWLQJ�WKH�IRUHLJQ�ERG\��,W�LV�SRVVLEOH�PXOWLRUJDQ�GDPDJH�WR
LQWUDSHOYLF�VWUXFWXUHV�VXFK�DV�FRORQ��XULQDU\�EODGGHU��YHVVHOV�DQG�QHUYHV�LQ�VXFK�LQMXU\�DQG�IUHTXHQWO\�QHFHVVLWDWHV�D�PXOWLGLVFLSOLQDU\�LQYROYHPHQW
DQG�V\VWHPDWLF�DSSURDFK��,W�ZDV�WKH�FKDQFH�IRU�WKH�SDWLHQW�ZLWK�UHPDLQHG�VXSHUILFLDO�LQWUDSHOYLF�IRUHLJQ�ERG\�LQ�WKLV�FDVH�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 $'(/$�*2/($

��������(PHUJHQF\��'�DQG�&(86�XOWUDVRXQG�H[DP��D�WRRO�IRU�WULDJH�WKH�SDWLHQWV�ZLWK�DFXWH�VHYHUH�SDQFUHDWLWLV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$'(/$�*2/($������/$&$1�625,1������,/($�&$7$/,1������(8*(1,$�085(6$1����

���81,9(56,7<�2)�0(',&,1(�&/8-��(0(5*(1&<�&2817<�+263,7$/��&/8-�1$32&$��520$1,$

.H\ZRUGV��XOWUDVRXQG��'�DQG�&(86�H[DP��WULDJH��DFXWH�VHYHUH�SDQFUHDWLWLV��LPDJLQJ�GHFLVLRQV

$EVWUDFW��

8OWUDVRQRJUDSK\�LV�D�TXLFN�GLDJQRVLV�PHWKRG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��DOORZLQJ�IRU�WKH�WULDJH�RI�SDWLHQWV��7KH�PDQDJHPHQW�VWUDWHJ\�LQ
SDQFUHDWLF�HPHUJHQFLHV�UHTXLUHV�D�JUDGXDO�DVVHVVPHQW�DQG�DQ�LPPHGLDWH�DQG�D�VXEVHTXHQW�PDQDJHPHQW�GHSHQGLQJ�RQ�WKH�VHYHULW\�RI�WKH�GLVHDVH
GLVFRYHUHG�GXULQJ�WKH�HPHUJHQF\�HYDOXDWLRQ��7KH�VWXG\�JURXS�FRQVLVWHG�RI����SDWLHQWV�ZLWK�FOLQLFDO�SLFWXUH�RI�DFXWH�SDQFUHDWLWLV��DGPLWWHG�LQ�('
EHWZHHQ�0D\������Ä�-XQH�������ZLWK�DYHUDJH�DJH�RI�������k�������\HDUV�ROG���7KH�VHYHULW\�DQDO\]H�RI�DFXWH�SDQFUHDWLWLV�ZHUH�PDGH�XVLQJ�VHYHULW\
VFRUHV��XOWUDVRXQG�ILQGLQJV�DQG�WKH�ELRFKHPLFDO�SDUDPHWHUV��+LJKO\�VWDWLVWLFDOO\�VLJQLILFDQW�SDUDPHWHUV�ZHUH�GHPRQVWUDWHG��)LVFKHU�7HVW��S ��������
WKH�SUHVHQFH�RI�PRUH�WKDQ���IOXLG�FROOHFWLRQV�IRXQG�RQ�WKH�XOWUDVRXQG�H[DP��PRUH�WKDQ����EUHDWKV�PLQ��IHYHU�KLJKHU�WKDQ���´&��6,56�Ä�SRVLWLYH�
SOHXUDO�HIIXVLRQ�IRXQG�RQ�WKH�XOWUDVRXQG�H[DP��OHXNRF\WRVLV�!�������PP���$6$7�!����8�O��&RQWUDVW�HQKDQFHG�XOWUDVRQRJUDSK\�LGHQWLILHG�QHZ
FROOHFWLRQ�LQ������RI�WKH�FDVHV��7KH�FRUUHODWLRQV�EHWZHHQ�WKH�SHUFHQWDJH�HYDOXDWLRQ�RI�QHFURWLF�DUHD�GHWHUPLQHG�XVLQJ�&(86�H[DP�DQG�WKH�QXPEHU
RI�FROOHFWLRQV�VKRZHG�D�SRVLWLYH�FRUUHODWLRQ��PRGHUDWHO\�VWDWLVWLFDOO\�VLJQLILFDQW��6��S ���������,W�ZDV�DOVR�QRWLFHG�RQ�&(86�H[DP�WKDW�WKHUH�LV
SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�HYROXWLRQ�VHYHULW\��WKH�WRWDO�QXPEHU�RI�IOXLG�FROOHFWLRQV��S ����������WKH�HIIXVLRQ�DVSHFW��S ���������DQG�WKH�SUHVHQFH
RQ�SOHXUDO�FROOHFWLRQV��S ���������WKDW�LV�KLJKO\�VWDWLVWLFDOO\�VLJQLILFDQW��7KH�DVVHVVPHQW�RI�WKH�&(86�WHFKQLTXH�LQ�GLDJQRVLQJ�DFXWH�SDQFUHDWLF
QHFURVLV�IRXQG�D�VHQVLWLYLW\�RI������D�VSHFLILFLW\�RI������DQG�DQ�DFFXUDF\�RI�������$�FOLQLFDO�ELRFKHPLFDOiXOWUDVRQRJUDSKLF�VFRUH�ZDV�SURSRVHG�IRU
WKH�HPHUJHQF\�WULDJH�RI�VHYHUH�DFXWH�SDQFUHDWLWLV��67&%86&���&OLQLFDO�SDUDPHWHUV�����EUHDWKV�PLQ�!����Ä���SRLQW�����IHYHU�!���q&�����SRLQW�
��SRVLWLYH�IRU�6,56�Ä���SRLQW��8OWUDVRXQG��'�SDUDPHWHUV�����WKH�SUHVHQFH�RI���RU�PRUH�IOXLG�FROOHFWLRQ�IRXQG�RQ�86�H[DP�Ä���SRLQW�����XOWUDVRXQG
SOHXUDO�IOXLG�FROOHFWLRQ�IRXQG�RQ�86�H[DP�����SRLQW��8OWUDVRXQG�SDUDPHWHUV�Ä�&(86�H[DP�����SDQFUHDWLF�QHFURVLV�Ä�����SRLQWV��&7�DQDORJ\��������
�SRLQW��������������SRLQWV���!�������SRLQWV�������SHULSDQFUHDWLF�DQG�GLVWDQFH�HIIXVLRQV�Ä���SRLQW��%LRFKHPLFDO�SDUDPHWHUV�����OHXNRF\WRVLV�!
������PP������SRLQW�����$6$7�!�����8,�O�����SRLQW��)RU�DQ�DFFXUDWH�WULDJH�RI�VHYHUH�FDVHV�RI�DFXWH�SDQFUHDWLWLV�WKDW�UHTXLUH�UHIHUUDO�WR�D�VSHFLDOL]HG
FHQWUH�RQ�JDVWURHQWHURORJ\�LQWHQVLYH�FDUH�LW�LV�QHFHVVDU\�WR�VSHFLI\�WKH�SUHVHQFH�RI�SDQFUHDWLF�QHFURVLV�YLVXDOL]HG�WKURXJK�FRQWUDVW�HQKDQFHG
XOWUDVRQRJUDSK\�DORQJ�RWKHU�WKUHH�SDUDPHWHUV��ZLWK�DO�OHDVW�RQH�ELRORJLFDO�SDUDPHWHU�DQG�RQH�FOLQLFDO�SDUDPHWHU�WKDW�SURYHV�WKH�DFXWH�SDQFUHDWLF
FKDQJHV��7KH�ORZHVW�VFRUH�PDQGDWRU\�IRU�D�SDWLHQWÇV�UHIHUUDO�WR�LQWHQVLYH�FDUH�JDVWURHQWHURORJ\�LV����7KLV�VFRUH�KDV�WR�EH�YDOLGDWHG�DQG�WKH�SHUKDSV
WKH�ÈFXW�RIIÉ�YDOXHV�KDYH�WR�EH�RSWLPL]HG�RQ�D�ODUJHU�QXPEHU�RI�SDWLHQWV�



&$6(�35(6(17$7,21 )HUQDQGR�%ULRQHV

��������$�VHOI�SDFHPDNHU

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)HUQDQGR�&RQVWDQWLQR�%ULRQHV�0RQWHDJXGR������)UDQFLVFR�-DYLHU�/XFDV�*DO�Q������5DIDHO�6�QFKH]�,QLHVWD������1XULD�6�QFKH]�*DUULGR�/HVWDFKH�����
0�QLFD�/�SH]�*DUF�D������0DULEHO�3UDGR�&RVWH����

���(PHUJHQF\�GHSDUWPHQW��6(6&$0��$OEDFHWH��63$,1
���,QWHQVLYH�&DUH�8QLWV��6(6&$0��$OEDFHWH��63$,1
���(PHUJHQF\�GHSDUWPHQW��2VDNLGHW]D��9LWRULD��63$,1

.H\ZRUGV��$9�EORFN��DFXWH�P\RFDUGLDO�LQIDUFWLRQ��QRUPDO�FRURQDU\�DUWHULHV��HQGRWKHOLDO�G\VIXQFWLRQ��WKURPERVLV��YDVRVSDVP��ILEULQRO\VLV

$EVWUDFW��

7KH�H[LVWHQFH�RI�P\RFDUGLDO�LQIDUFWLRQ��ZLWK�ÈQRUPDOÉ�FRURQDU\�DUWHULHV��0,1&$���ZDV�UHFRJQL]HG�PRUH�WKDQ����\HDUV�DJR��KRZHYHU�WKH�HWLRORJ\�LV
QRW�FOHDU��,W�LV�VXSSRVHG�WKDW�H[LVWV�IRU�D�PXOWLSOH�SDWKRJHQHWLF�PHFKDQLVPV�OLNH�FRURQDU\�YDVRVSDVP��WKURPERVLV��HPEROL]DWLRQ�DQG�LQÙDPPDWLRQ�
DORQH�RU�FRPELQHG��LQ�SUHVHQFH�RI�LQIDUFWLRQ��IRU�H[DPSOH��HQGRWKHOLDO�G\VIXQFWLRQ�DQG�P\RFDUGLWLV�VXSHULPSRVHG�WR�QRQ�DQJLRJUDSKLFDOO\�HYLGHQW
DWKHURVFOHURVLV��PD\�EH�DQ�XQGHUO\LQJ�FRPPRQ�IHDWXUH�SUHGLVSRVLQJ�WR�WKH�DFXWH�HYHQW��0,1&$�W\SLFDOO\�RFFXUV�LQ�WKH�XQGHU���V�DQG�LW�LV�XVXDOO\�QR
KLVWRU\�RI�DQJLQD�RU�SUHYLRXV�P\RFDUGLDO�LQIDUFWLRQ��6\PSWRPV�DQG�HOHFWURFDUGLRJUDSKLF��(&*��ILQGLQJV�DUH�VLPLODU�0,�ZLWK�DQJLRJUDSKLF�FRURQDU\
GLVHDVH�

+HUH�LV�WKH�FDVH�RI�D����\HDUV�ROG�ZRPDQ��ZLWK�XQNQRZQ�GUXJ�DOOHUJLHV��VPRNLQJ�WR���FLJDUV�SHU�GD\���IURP����\HDUV�ROG��DQG�GULQNLQJ�RQ�ZHHNHQGV�
+LSHUWHQVLRQ�ZLWKRXW�SKPDFRORJLFDO�WUHDWPHQW��6KH�GHQLHG�RWKHU�GUXJV�FRQVXPH�RU�PHGLFDO�RU�VXUJLFDO�GDWHV��7KH�SDWLHQW�FRQVXOWV�LQ�$	(
�(PHUJHQF\�GHSDUWPHQW��IRU�VHUYHUH�FUXVKLQJ�FHQWUDO�FKHVW�SDLQ�UDGLDWLQJ�WR�WKH�QHFN�DQG�MDZ��DVVRFLDWHG��WR�QDXVHD��YRPLWLQJ�DQG�GLDSKRUHVLV�RI��
KRXUV�RI�HYROXWLRQ�WKDW�GLGQnW�VWRS�ZLWK�ILUVW�VWHSnV�SDLQNLOOHUV��6KH�GLGQnW�SUHVHQW�G\VSQHD�RU�V\QFRSH�7KH�SK\VLFDO�H[DPLQDWLRQ��3(��UHYHDOHG
QRUPDO�EORRG�SUHVVXUH��KHDUW�UDWH�DQG�R[\JHQ�VDWXUDWLRQ��2Q�KHDUW�DXVFXOWDWLRQ�ZDV�UK\WPLF��KHDUW�PXUPXUV�ZHUH�QR�OLVWHQHG�WR��7KH�UHVW�RI�3(�ZDV
QRUPDO��,Q�DGGLWLRQDO�WHVWV��QR�UDGLRORJLFDO�ILQGLQJV�RQ�FKHVW�;�5D\�$W�ILUVW��(&*�FRPSOHWH�$9�EORFN��67���PP�HOHYDWLRQ�LQ�,,��,,,�DQG�D9)�OHDGV�
67�GHSUHVVLRQ�LQ�9��DQG�9����&DUGLDF�XOWUDVRXQG��PHGLREDVDO�SRVWHULRU�K\SRNLQHVLD���$EVHQFH�RI�YDOYXODU�SDWKRORJ\��*LYHQ�WKHVH�GDWHV��GXDO
DQWLSODWHOHW��*71�DQG�DQDOJHVLD�WKHUDS\�DUH�VWDUWHG��JHWWLQJ�SDLQ�IUHH��7KHQ��D�QHZ�(&*�ZDV�SHUIRUPHG��LW�VKRZLQJ�VLQXV�UK\WKP�ZLWK�QR
UHSRODUL]DWLRQ�DEQRUPDOLWLHV��DQG�LQ��EORRG�WHVW�ZDV�DOWHUDWHG�ZLWK�7�XV�WURSRQLQH�IURP����QJ�GO�LQLWLDO�WR������DW����KRXUV�ODWHU��$OVR�*27�IURP����WR
����&.�IURP�����WR������$W�&RURQDU\�DQJLRJUDSK\��QR�VLJQLILFDQW�OHVLRQV�LQ�HSLFDUGLDO�FRURQDU\��,PDJHV�RI�WKURPEXV�ODPLQDU�QRQ�RFFOXVLYH�LQ�ULJKW
PLGGOH�FRURQDU\�VXJJHVWLYH�RI�VSRQWDQHRXV�UHFDQDOL]DWLRQ�RI�WKH�WKURPEXV��7KH�SDWLHQW�FRQWLQXHG�LPSURYLQJ��DQG�VKH�ZDV�GLVFKDUJHG�KRPH�D�IHZ
GD\V�ODWHU�

0,1&$�LV�XVXDOO\�GLDJQRVHG�LQ�SDWLHQWV�XQGHU����\HDUV�ROG�DQG�WKH�SUHYDOHQFH�RI�WKLV�FRQGLWLRQ�LV��Ä�����,W�LV�GLIILFXOW�WR�ILQG�D�FDXVH�EHFDXVH�RI�WKH
PXOWLIDFWRULDO�PHFKDQLVP�SUHVHQW�LQ�WKDW��6R�LV�LPSRUWDQW�WR�WKH�SK\VLFLDQ�UHFRJQLFH�WKDW�WKH�HVSRQWDQHRXV�UHYDVFXODUL]DWLRQ�LV�SRVVLEOH�LQ�67(0,�
DQG�DOVR��ZH�KDYH�WR�NQRZ�WKDW�WKH�SUHVHQFH�RI�FRPSOHWH�$9�EORFN�ZLWK�DQ�LQIHULRU�67(0,�DVVRFLDWHG�LV�VWLOO�D�UHODWLYHO\�FRPPRQ�FRPSOLFDWLRQ��ZKLFK
XVXDOO\�DSSHDUV�HDUO\�DQG�IUHTXHQWO\�GHYHORS�WKH�GLOHPPD�RI�LPSOHPHQWLQJ�RU�QRW�D�WHPSRUDU\�SDFHPDNHU��ZKLFK�PD\�LQYROYH�D�GHOD\�LQ�WKH
DGPLQLVWUDWLRQ�RI�ILEULQRO\WLF�



('8&$7,21�$1'�75$,1,1* .DWDU]\QD�'OXJRV]

��������7KH�HGXFDWLRQDO�SURJUDP�IRU�UHVFXHUV�RQ�PHGLFDO�HPHUJHQF\�FDUH�LQ�WKH�PDVV�FDVXDOW\�LQFLGHQWV�LQYROYLQJ�FKLOGUHQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

.DWDU]\QD�'OXJRV]������$UNDGLXV]�7U]RV������.DURO�/\]LQVNL����

���'HSDUWPHQW�RI�'LVDVWHU�DQG�(PHUJHQF\�&DUH��-DJLHOORQLDQ�8QLYHUVLW\�0HGLFDO�&ROOHJH���.UDNRZ��32/$1'

.H\ZRUGV��FKLOGUHQ��PDVV�FDVXDOW\�LQFLGHQWV��SHGLDWULF�WULDJH�DOJRULWKPV��HGXFDWLRQ

$EVWUDFW��

6WXG\��REMHFWLYH�

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHYHORS�DQ�HGXFDWLRQDO�SURJUDP�IRU�UHVFXH�ZRUNHUV��ZKR�FDQ�DVVLVW�GXULQJ�PDVV�FDVXDOW\�LQFLGHQWV�DQG�GLVDVWHUV�
'HYHORSPHQW�RI�WKH�WUDLQLQJ�LV�EDVHG�RQ�IDFWRUV�WKDW�DUH�GLIILFXOW�IRU�RIILFHUV�RI�WKH�HPHUJHQF\�VHUYLFHV�

0HWKRGV�

,Q�WKH�SURMHFW�ZHUH�LQYROYHG�WZR�JURXSV�RI�UHVFXHUV��7KH�ILUVW�JURXS�RI�UHVFXHUV�ZHUH�ZLWKRXW�ZRUN�H[SHULHQFH�RU�ZLWK�D�VPDOO��XS�WR���\HDUV���WKH
RWKHU�UHVFXHUV�ZHUH�ZRUNHG�PXFK�RYHU���\HDUV��7KH�ILUVW�VWDJH�RI�WKLV�ZRUN�ZDV�WR�FUHDWH�D�OLVW�RI�WKH�ELJJHVW�SUREOHPV�WKDW�OLIHJXDUGV�KDYH�GXULQJ
VDYLQJ�SHGLDWULF
V�SDWLHQWV�DW�PDVV�HYHQWV�DQG�GLVDVWHUV��%DVHG�RQ�WKLV�OLVW�WKH�WKHRUHWLFDO�SDUW�RI�WKH�HGXFDWLRQDO�SURJUDP�ZHUH�FUHDWHG�
$QRWKHU�SDUW�RI�WKH�SURJUDP�ZDV�D�VLPXODWLRQ�RI�PDVV�FDVXDOW\�LQFLGHQW�LQYROYLQJ�FKLOGUHQ��7KH�WKLUG�SDUW�RI�WKH�HGXFDWLRQDO�SURJUDP�ZDV�GHEULHILQJ�
7KHQ�WKH�UHVFXHUV�ZKR�KDG�SDUWLFLSDWHG�LQ�WKH�VLPXODWLRQ�ZHUH�ZDWFKLQJ�D�UHFRUGLQJ�RI�UHVFXH�RSHUDWLRQV�DQG�ZHUH�DVNHG�WR�PDNH�D�OLVW�RI�SURV�DQG
FRQV�RI�WKHLU�DFWLRQV��/DWHU�MRLQWO\�GLVFXVVHG�DQG�DQDO\]HG�WKH�PRVW�LPSRUWDQW�LVVXHV�DQG�TXHVWLRQV��$IWHU�DOO�VWDJHV�WKHUH�ZDV�D�WHVW�RI�NQRZOHGJH
DQG�VHOI�HVWHHP�IRU�UHVFXHUV�ZKR�ZHUH�WUDLQHG��&XUUHQWO\��WKLV�WUDLQLQJ�PRGHO�LV�VWLOO�LPSURYHG�

5HVXOWV�

'XULQJ�WKHRUHWLFDO�FODVVHV��SDUWLFLSDQWV�RI�WKH�HGXFDWLRQDO�SURJUDP�OHDUQHG�GLIIHUHQFHV�EHWZHHQ�SHGLDWULF�DQG�DGXOWV
V�WULDJH��ZKLFK�DUH�UHODWHG�WR
WKH�SK\VLRORJ\�DQG�DQDWRP\�RI�FKLOGUHQ��7KH\�OHDUQHG�SHGLDWULF�WULDJH�DOJRULWKP�DQG�LQIRUPDWLRQ�WKDW�DUH�PRVW�LPSRUWDQW�LQ�WKH�WUDQVSRUW�RI
SHGLDWULF�SDWLHQWV�IURP�WKH�VFHQH�RI�PDVV�FDVXDOW\�LQFLGHQW�WR�WKH�KRVSLWDOV��$IWHU�WKLV�VHFWLRQ��WHVW�UHVXOWV�ZHUH�DW�D�PHGLXP�OHYHO��$QRWKHU�SDUW�ZDV
D�VLPXODWLRQ�RI�PDVV�HYHQWV�LQYROYLQJ�FKLOGUHQ�ZKHUH�UHVFXHUV�ZHUH�WUDLQHG�SHGLDWULF�WULDJH�DQG�KRZ�WR�SURYLGLQJ�PHGLFDO�HPHUJHQF\�FDUH�WR
FKLOGUHQ��/DWHU�RQ�WKH\�YLHZHG�WKH�UHFRUGLQJ�DQG�GLVFXVVHG�LW��$IWHU�WKLV�SDUW��YHULILFDWLRQ�WHVW�UHVXOWV�ZHUH�EHWWHU�
$QDO\VLV�RI���WHVWV�VKRZHG�WKDW�WKH�ELJJHVW�SUREOHP�IRU�WKH�UHVFXHUV�LQ�WKH�PDVV�HYHQW�ZKLFK�LQYROYHV�FKLOGUHQ�LV��WKH�ODFN�RI�NQRZOHGJH�RI�DQDWRP\
DQG�SK\VLRORJ\�RI�FKLOGUHQ��LJQRUDQFH�RI�SHGLDWULF�WULDJH�DOJRULWKP��SV\FKRORJLFDO�VWUHVV�DQG�HPRWLRQV�RI�OLIHJXDUGV��DFFHVV�WR�VSHFLDO�WUDLQLQJ�RQ�WKH
WRSLF�RI�KHOSLQJ�FKLOGUHQ�LQ�GLVDVWHUV�

&RQFOXVLRQ�

,W�LV�QHFHVVDU\�WR�LQWURGXFH�D�EURDG�HGXFDWLRQ�IRU�SDUDPHGLFV��ZKR�SURYLGHV�PHGLFDO�HPHUJHQF\�FDUH�LQ�WKH�PDVV�FDVXDOW\�LQFLGHQWV��6XFK�WUDLQLQJ
VKRXOG�LQFOXGHV�WRSLFV�WR�KHOS�SHGLDWULF�SDWLHQWV�GXULQJ�GLVDVWHUV��7KH�FODVVHV�VKRXOG�LQFOXGHV�NQRZOHGJH�RI�ERWK�DQDWRP\�DQG�SK\VLRORJ\�RI�FKLOGUHQ�
SHGLDWULF�WULDJH��PHGLFDO�VNLOOV��WUDQVSRUW�RI�FKLOGUHQ�DV�ZHOO�DV�VWUHVV�PDQDJHPHQW�



1(852/2*< &DUPHQ�$GHOD�<DJR
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&DUPHQ�$GHOD�<DJR������(QULTXH�&DUR������0DULQD�%XIRUQ����

���&ULWLFDO�FDUH�DQG�(PHUJHQF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6HUYLFH��0�ODJD��63$,1

.H\ZRUGV��6WRPDFK�IOX��HQFHSKDOLWLV��+HUSHV�VLPSOH[

$EVWUDFW��

0DOH�SDWLHQW�����\HDUV��1R�PHGLFDO�KLVWRU\��3UHVHQWV�ZLWK�KHDGDFKH��IHYHU��YRPLWLQJ�DQG�GLDUUKHD�VLQFH���GD\V��+LV�IDPLO\�GRFWRUV�GLDJQRVHG�KLP
VWRPDFK�IOX�DQG�SUHVFULEHG�KLP�DQW\SLUHWLFV��SDUDFHWDPRO��DQG�DQWLELRWLF��FLSURIOR[DFLQ���SDWLHQW�FRQWLQXHG�ZLWK�IHYHU��KHDGDFKH�DQG�GLVWXUEDQFH�RI
FRQVFLRXVQHVV�VR�KH�GHFLGHG�WR�FRPH�WR�RXU�HPHUJHQF\�

3K\VLFDO�H[DP��5HJXODU�FRQGLWLRQ��FRQVFLRXV�DQG�GLVRULHQWHG��IHEULOH�HXSQHLF��%3���������+5����ESP�7g������&DUGLRSXOPRQDU\�DXVFXOWDWLRQ�
5K\WKPLF�QR�PXUPXUV��SUHVHUYHG�YHVLFXODU�PXUPXU��$EGRPHQ��JOREXODU��EODQGR��QR�PDVVHV�RU�RUJDQ�HQODUJHPHQW��EOXPEHUJ���0XUSK\����00,,���QR
VLJQV�RI�'97��15/��3,&15��QR�ILQGLQJV�FUDQLDO�SDLUV��EUDGLSVLTXLD�ODQJXDJH��PRWRU�G\VSKDVLD��*ODVJRZ�����

$GGLWLRQDO�WHVWV�RQ�DGPLVVLRQ��%ORRG�WHVW��/HXNRF\WHV��������+E�������3ODWHOHWV���������73����J������JOXFRVH��(.*��VLQXV�UK\WKP�DW����ESP
ZLWKRXW�DOWHUDWLRQV�RI�UHSRODUL]DWLRQ�&KHVW�DQG�DEGRPHQ�[�UD\��QR�ILQGLQJV�RI�LQWHUHV��&UDQLDO�&7�VKRZLQJ�K\SRGHQVH�DUHD�WKDW�DIIHFWV�ZKLWH�PDWWHU
RI�WKH�WHPSRUDO�OREH���LQVXODU�DUHD�DQG�OHIW�H[WHUQDO�FDSVXOH���ZLWK�GLVFUHWH�PDVV�HIIHFW�DQG�PLGOLQH�GHYLDWLRQ������PP���

7KH�SDWLHQW�ZDV�DGPLWWHG�WR�WKH�REVHUYDWLRQ�DUHD�ZKHUH�D�OXPEDU�SXQFWXUH�ZDV�SHUIRUPHG��&HUHEURVSLQDO�IOXLG�DQDO\VLV�VKRZHG��/HXNRF\WHV����
�SRO\PRUSKRQXFOHDUV������PRQRF\WHV�������JOXFRVH�����SURWH�QV��������[DQWKRFKURPLD�QHJDWLYH��7R�WKHVH�UHVXOWV���WKH�GLDJQRVLV�RI�KHUSHWLF
PHQLQJLWLV�LV�PDGH�DQG�WUHDWPHQW�LV�LQLWLDWHG�ZLWK�DF\FORYLU�

(YROXWLRQ���3DWLHQW�ZDV�WUDQVIHUUHG�WR�WKH�QHXURORJ\�FDUH�XQLW��'XULQJ�DGPLVVLRQ�WKH�QHXURORJ\�DUHD�D�QXFOHDU�PDJQHWLF�UHVRQDQFH�ZDV�SHUIRUPHG�
K\SRLQWHQVH�VLJQDO�RQ�7��LPDJHV�FRQYROXWLRQV�WUDQVODWLQJ�HGHPD���DQG�K\SHULQWHQVLW\�RQ�7��VLJQDO���'3���)ODLU��,W�DIIHFWV�WKH�LQVXODU�FRUWH[�LQFOXGLQJ
FRUWLFDO�DQG�ZKLWH�PDWWHU��UHVSHFWLQJ�WKH�SXWDPHQ�

&16�LQIHFWLRQV�DQG�PHQLQJHV�LQ�UHFHQW�\HDUV�KDYH�LQFUHDVHG�WKHLU�SUHYDOHQFH�DQG�KDYH�FKDQJHG�WKHLU�DSSHDUDQFH�GXH�WR�YDULRXV�IDFWRUV�VXFK�DV
LQFUHDVHG�LPPLJUDWLRQ�RFFXUUHQFH�RI�LQIHFWLRQV�WKDW�XQWLO�UHFHQWO\�ZHUH�XQNQRZQ�LQ�RXU�HQYLURQPHQW��WKH�GHYHORSPHQW�RI�UHVLVWDQFH�WR�WUHDWPHQW
WKH�H[LVWHQFH�RI�PRUH�SDWLHQWV�ZLWK�LPPXQRVXSSUHVVLRQ��+,9���WUDQVSODQW�LPPXQRVXSSUHVVDQW�GUXJV��������$OO�WKLV�PHDQV�JUHDWHU�GLDJQRVWLF�GLIILFXOW\
IRU�ERWK�WKH�FOLQLFLDQ�DQG�WKH�UDGLRORJLVW�7KH�KHUSHV�VLPSOH[�HQFHSKDOLWLV�LV�WKH�PRVW�FRPPRQ�YLUDO�HQFHSKDOLWLV�DQG�SURGXFHV�D�KHPRUUKDJLF
QHFURWL]LQJ�PHQLQJRHQFHSKDOLWLV�DQG�ZLWKHULQJ��7KH�+69�W\SH���DIIHFWV�LQIDQWV��FKLOGUHQ�DQG�DGXOWV��LQ�WKH�ODWWHU�LV�WKH�UHVXOW�RI�UHDFWLYDWLRQ�RI�ODWHQW
LQIHFWLRQ�LQ�WKH�WULJHPLQDO�JDQJOLRQ�QHUYH���7KH�FKDQJHV�DIIHFW�WKH�OLPELF�V\VWHP��WHPSRUDO�OREHV��LQVXODU�FRUWH[��VXEIURQWDO�FLUFRQYROXFLRQHV�DUHD
DQG�FLQJXODWH���&7�LV�IUHTXHQWO\�QRUPDO�LQ�HDUO\�VWDJHV��ODWHU�PD\�VKRZ�K\SRGHQVLWLHV�LQ�WHPSRUDO�OREH�ZLWK�PLOG�PDVV�HIIHFW��KHPRUUKDJH�DW�WKH
EHJLQQLQJ�LV�UDUH�EXW�YHU\�VXJJHVWLYH��&RQWUDVW�DGPLQLVWUDWLRQ�FDQ�VKRZ�SRRUO\�GHILQHG�JLULIRUPH�SDWFKHG�RU�HQKDQFHPHQW��05,�VKRZV�FKDQJHV�LQ
WKH�ILUVW����KRXUV��K\SRLQWHQVH�VLJQDO�RQ�7��LPDJHV�FRQYROXWLRQV�WUDQVODWLQJ�HGHPD��DQG�K\SHULQWHQVLW\�RQ�7��VLJQDO��'3��)ODLU��,W�DIIHFWV�WKH�LQVXODU
FRUWH[�LQFOXGLQJ�FRUWLFDO�DQG�ZKLWH�PDWWHU��UHVSHFWLQJ�WKH�SXWDPHQ��%LODWHUDOLVP�LV�VHTXHQWLDO�IHDWXUH��WKH�LQYROYHPHQW�LV�XVXDOO\�LQLWLDOO\�XQLODWHUDO
EXW�LV�W\SLFDOO\�IROORZHG�E\�D�OHVV�VHYHUH�FRQWUDODWHUDO�GLVHDVH��7UHDWPHQW�LV�LQWUDYHQRXV�$F\FORYLU�



%,20$5.(56 QD]Ox�NDUDNX|�NHQDQ

��������WKH�UHODWLRQ�EHWZHHQ�PRUWDOLW\�DQG�EQS�OHYHOV�DQG�SXOPRPDU\�FW�ULJKW�OHIW�YHQWULFOH�GLDPHWHU�UDWLR�LQ�DFXWH�SXOPRQDU\
HPEROLVP�SDWLHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

DOL\H�QXU�J�NDOS������EDVDU�FDQGHU������QD]O¢�NDUDNXª�NHQDQ������]HUULQ�GHIQH�GXQGDU������PHKPHW�J�O������VHGDW�NRFDN����

�����QRQH��NRQ\D��785.(<

.H\ZRUGV��$FXWH�SXOPRQDU\�HPEROLVP��%13�OHYHOV��ULJKW�OHIW�YHQWULFOH�GLDPHWHU�UDWLR�RQ�SXOPRQDU\�&7

$EVWUDFW��

3XUSRVH��,Q�WKLV�VWXG\��ZH�DLPHG�WR�SURVSHFWLYHO\�DVVHVV�WKH�UHODWLRQV�EHWZHHQ�PRUWDOLW\��ULJKW�OHIW�YHQWULFOH�GLDPHWHU�UDWLR�RQ�FRPSXWHG
WRPRJUDSK\�SXOPRQDU\�DQJLRJUDSK\��&73$���VHUXP�EUDLQ�QDWULXUHWLF�SHSWLGH��%13��OHYHOV�DQG�GHPRJUDSKLF�GDWD�LQ�SDWLHQWV�ZLWK�GHILQLWLYH�GLDJQRVLV
RI�DFXWH�SXOPRQDU\�HPEROLVP�LQ�HPHUJHQF\�VHUYLFH�

�

0HWKRG��:H�LQFOXGHG�SDWLHQWV�IURP�1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�0HUDP�0HGLFDO�)DFXOW\�(PHUJHQF\�VHUYLFH�EHWZHHQ�����������������WKDW�ZHUH
RYHU����\HDUV�ROG�DGXOWV��QRQ�SUHJQDQW��ZLWK�QR�FRQJHVWLYH�KHDUW�IDLOXUH�DQG�GHILQLWLYHO\�GLDJQRVHG�DV�SXOPRQDU\�HPEROLVP�ZLWK�SXOPRQDU\�&7
DQJLRJUDSK\�

$�WRWDO�RI����SDWLHQWV�ZHUH�LQFOXGHG�WR�WKLV�VWXG\�����RI�ZKRP�ZHUH�ZLWKRXW�FRQJHVWLYH�KHDUW�IDLOXUH�DQG�KDG�SXOPRQDU\�HPEROLVP��7KH�UHPDLQLQJ
���ZHUH�WKH�FRQWURO�JURXS�SDWLHQWV�ZLWKRXW�FRQJHVWLYH�KHDUW�IDLOXUH�DQG�GLG�QRW�KDYH�SXOPRQDU\�HPEROLVP�

&RPSXWHG�WRPRJUDSK\�SXOPRQDU\�DQJLRJUDSK\��&73$��ULJKW�OHIW�YHQWULFOH�GLDPHWHU�UDWLR�PHDVXUHPHQWV�ZHUH�GRQH�E\�WKH�VDPH�UDGLRORJLVW�ZLWK
VDPH�PHDVXUHPHQW�WHFKQLTXHV�RQ�(1/,/�+,6�YHUVLRQ�����KRVSLWDO�LQIRUPDWLRQ�PDQDJHPHQW�V\VWHP��+,06��3$&6�LPDJHV�

6HUXP�%13��EUDLQ�QDWULXUHWLF�SHSWLGH��OHYHOV�ZHUH�PHDVXUHG�RQ�WKH�OHIWRYHU�VHUXP��IURP�URXWLQH�LQYHVWLJDWLRQV�VXFK�DV�KHPRJUDP��JOXFRVH��XUHD�
FUHDWLQLQ��DOW��DVW��VRGLXP��SRWDVVLXP��EORRG�JDV��WURSRQLQ��FN�PE��SW��SWW���GLDJQRVHG�RU�QRW�GLDJQRVHG�DV�DFXWH�SXOPRQDU\�HPEROLVP��%ORRG�VHUXP
VDPSOHV�ZHUH�FHQWULIXJHG�ZLWK�+HWWLFK�5RWLQD���5��+HWWLFK�=HQWULIXJHQ��7XWWOLQJHQ��*HUPDQ\��FRROLQJ�FHQWULIXJH�GHYLFH�DW������USP�IRU����PLQXWHV
WR�VHSDUDWH�WKH�VHUXP�DQG�WKH�VHUXP�VDPSOHV�ZHUH�VWRUHG�DW�����j&�XQWLO�WKH\�ZHUH�XVHG��+XPDQ�%13�SDUDPHWHUV�ZHUH�VWXGLHG�ZLWK�(/,6$�PHWKRG
RQ�VHUXP�VDPSOHV��%ORRG�VDPSOHV�ZHUH�VWXGLHG�LQ�1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�0HUDP�0HGLFDO�)DFXOW\�%LRFKHPLVWU\�/DERUDWRU\�E\�ELRFKHPLVWU\
VSHFLDOLVWV�

)LQGLQJV��0HDQ�%13�OHYHO�RI�SXOPRQDU\�HPEROLVP�SDWLHQWV�ZDV�REVHUYHG�DV������������QJ�/�DQG�WKLV�SDUDPHWHU�ZDV�����������QJ�/�IRU�WKH�FRQWURO
JURXS�SDWLHQWV��$FFRUGLQJ�WR�0DQQ�:KLWQH\�8�WHVW�UHVXOWV��QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�IRXQG�EHWZHHQ�%13�OHYHOV�RI�SXOPRQDU\
HPEROLVP�SDWLHQW�JURXS�DQG�FRQWURO�JURXS���S �����!�

0HDQ�ULJKW�OHIW�YHQWULFOH�GLDPHWHU�UDWLR�ZDV����������IRU�SXOPRQDU\�HPEROLVP�SDWLHQWV�DQG����������IRU�WKH�FRQWURO�JURXS��$�VWDWLVWLFDO�VLJQLILFDQFH
ZDV�IRXQG�EHWZHHQ�ULJKW�OHIW�YHQWULFOH�GLDPHWHU�UDWLRV�RI�SXOPRQDU\�HPEROLVP�SDWLHQW�JURXS�DQG�FRQWURO�JURXS��

5HVXOWV��%13�SODVPD�FRQFHQWUDWLRQV�FRXOG�EH�LQFUHDVHG�LQ�SDWLHQWV�ZLWK�P\RFDUGLDO�LQIDUFWV��GLODWHG�FDUGLRP\RSDWK\��YDOYXODU�KHDUW�GLVHDVHV�
SUH�GLDO\VLV�NLGQH\�IDLOXUH�DQG�DOPRVW�DOO�RI�WKH�SDWLHQWV�DSSOLHG�ZLWK�GLDO\VLV�DQG�DOO�RI�WKH�SDWLHQWV�ZLWK�GLVHDVHV�FDXVLQJ�FDUGLDF�G\VIXQFWLRQ��:KHQ
WKH�SXOPRQDU\�HPEROLVP�SDWLHQW�JURXS�DQG�FRQWURO�JURXS�ZDV�FRPSDUHG��QR�VWDWLVWLFDO�VLJQLILFDQFH�ZHUH�GHWHFWHG�UHJDUGLQJ�WR�%13�OHYHOV�
7KHUHIRUH�ZH�HVWDEOLVKHG�WKDW�%13�LV�QRW�D�VSHFLILF�KRUPRQH�IRU�DFXWH�SXOPRQDU\�HPEROLVP�

,Q�RXU�VWXG\��ZH�DOVR�GHWHFWHG�D�VWDWLVWLFDO�VLJQLILFDQFH�EHWZHHQ�ULJKW�OHIW�YHQWULFOH�GLDPHWHU�UDWLR�SDUDPHWHUV�RI�FRQWURO�JURXS�DQG�SXOPRQDU\
HPEROLVP�SDWLHQW�JURXS��



&35���5(686&,7$7,21 625,1$�0$'$/,1$�32'$5,8

��������9HQWULFXODU�ILEULOODWLRQ���DV\VWROH��LV�WKHUH�KRSH�RI�UHFRYHU\"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6RULQD�0DGDOLQD�3RGDULX������6WHIDQLD�$OH[DQGUD�3ROH[D������,RDQD�$QGUDGD�5DGX������9ODG�$OH[DQGUX�)LVFD������$QD�'DQLHOD�7DUDQ����

���6085'��6085'��6LELX��520$1,$
���838�6085'�'HSDUWPHQW��&OLQLFDO�(PHUJHQF\�+RVSLWDO�6LELX��(PHUJHQF\��6LELX��520$1,$

.H\ZRUGV��DV\VWROH��FDUGLDF�DUUHVW��UK\WKP

$EVWUDFW��

9HQWULFXODU�ILEULOODWLRQ���DV\VWROH��LV�WKHUH�KRSH�RI�UHFRYHU\"

3RGDULX�6RULQD�0DGDOLQD������5DGX�,RDQD�$QGUDGD������3ROH[D�6WHIDQLD������)LVFD�9ODG�$OH[DQGUX������7DUDQ�$QD�'DQLHOD����

����(PHUJHQF\�GHSDUWPHQW��6085'�6LELX��6LELX��5RPDQLD

����(PHUJHQF\�GHSDUWPHQW��838�6085'�6LELX��6LELX��5RPDQLD

.H\�ZRUGV��DV\VWROH��FDUGLDF�DUUHVW��UK\WKP

6SHDNHU��3RGDULX�6RULQD�0DGDOLQD

%$&.*5281'

&DUGLDF�DUUHVW�LV�RQH�RI�WKH�PRVW�FRPPRQ�UHDVRQV�HPHUJHQF\�GHSDUWPHQWV�DUH�FRQWDFWHG�IRU��2YHU�D�SHULRG�RI�WKUHH�\HDUV��6085'��0RELOH
(PHUJHQF\�6HUYLFH�IRU�5HVXVFLWDWLRQ�DQG�([WULFDWLRQ��6LELX�KDV�EHHQ�FDOOHG�WR�DFW�RQ�QXPHURXV�FDVHV�UHODWHG�WR�FDUGLDF�DUUHVWV��DOO�LQLWLDOO\�UHSRUWHG
DV�XQFRQVFLRXVQHVV���,W�LV�RI�XWPRVW�LPSRUWDQFH�WR�DUULYH�TXLFNO\��DV�FDUGLDF�DUUHVW�SDWLHQWV�QHHG�WR�EH�DGPLQLVWUDWHG�UHVXVFLWDWLRQ�WHFKQLTXHV�LQ�WKH
ILUVW�IHZ�PLQXWHV�DIWHU�FROODSVLQJ��$Q�HIILFLHQW�UHVXVFLWDWLRQ�UHTXLUHV�D�ZHOO�WUDLQHG�WHDP��WKH�DYDLODELOLW\�RI�DGHTXDWH�HTXLSPHQW��DQG�GLVSDWFKLQJ�DQ
DSSURSULDWH�DPEXODQFH�WR�VLWH��'XULQJ�WKLV�VWXG\��ZH�KDYH�HYDOXDWHG�FDVHV�RI�XQFRQVFLRXVQHVV�UHSRUWHG�LQ�WKH�ODVW���\HDUV�DQG�KDYH�IRFXVHG�RQ
LGHQWLI\LQJ�DUHDV�RI�RXU�SURWRFRO�DQG�WHFKQLTXHV�WKDW�FDQ�EH�LPSURYHG�XSRQ�ZLWK�WKH�DLP�WR�SURYLGH�HIIHFWLYH�VROXWLRQV�

�

0(7+2'6

:H�KDYH�SUHSDUHG�D�UHWURVSHFWLYH�VWXG\�E\�H[DPLQLQJ�WKH�ILOHV�RI�����SDWLHQWV�UHSRUWHG�DV�XQFRQVFLRXV�WR�6085'�6LELX��0RELOH�(PHUJHQF\�6HUYLFH
IRU�5HVXVFLWDWLRQ�DQG�([WULFDWLRQ��EHWZHHQ������XQWLO������

5(68/76

)URP�D�WRWDO�QXPEHU�RI�����SDWLHQWV��RQO\�����ZHUH�GLDJQRVHG�ZLWK�FDUGLDF�DUUHVW��2XW�RI�WKHVH������ZHUH�PDOH�DQG�����IHPDOHV�

$�WRWDO�RI�����ZHUH�IRXQG�LV�DV\VWROH��RI�ZKLFK����ZHUH�UHVXVFLWDWHG�VXFFHVVIXOO\�ZKLOVW�LQ����FDVHV�UHVXVFLWDWLRQ�ZDV�LQHIIHFWLYH��8QIRUWXQDWHO\��WKH
UHVW�RI�����SDWLHQWV�KDYH�QRW�EHHQ�DWWHPSWHG�UHVXVFLWDWLRQ�RQ��DV�WKH\�ZHUH�IRXQG�SUHVHQWLQJ�ÈULJRU�PRUWLVÉ�

$�QXPEHU�RI����SDWLHQWV�ZHUH�IRXQG�LQ�YHQWULFXODU�ILEULOODWLRQ��,Q����FDVHV�WKH�SDWLHQWV�GHYHORSHG�FRQVWDQW�VLQXV�UK\WKP��KRZHYHU�D�IXUWKHU���
SDWLHQWV�KDYH�GHFHDVHG�

&21&/86,216

$IWHU�HYDOXDWLQJ�WKH�GDWD�ZH�KDYH�FROOHFWHG��ZH�FRQFOXGH�WKDW�WKH�PRVW�FDVHV�RI�FDUGLDF�DUUHVW�GLVSOD\�DV\VWROH��7KHUH�KDYH�EHHQ�WZLFH�DV�PDQ\
PDOH�WKDQ�IHPDOH�SDWLHQWV��DQG�WKH�KLJKHVW�ULVN�DJH�JURXS�LV�EHWZHHQ����DQG����\HDUV�RI�DJH�

&RQVLGHULQJ�WKH�UHVXVFLWDWLRQ�UDWH�LQ�YHQWULFXODU�ILEULOODWLRQ��ZH�PXVW�HPSKDVL]H�WKH�LPSRUWDQFH�RI�FRUUHFW�DVVLJQPHQW�RI�HPHUJHQF\�WHDPV��HLWKHU�D
W\SH�%�RU�&�DPEXODQFH��GHSHQGLQJ�RQ�FDVH�UHTXLUHPHQWV��:H�KDYH�REVHUYHG�WKDW�WKH�ORZ�UHFRYHU\�UDWH�IURP�DV\VWROH�FDQ�EH�DWWULEXWHG�WR�WKH�IDFW
WKDW�WKHUH�DUH�D�VPDOO�QXPEHU�RI�W\SH�&�DPEXODQFHV�LQ�WKH�UHJLRQ��QRW�HQRXJK�IRU�WKHP�WR�DUULYH�ZKLOH�WKH�SDWLHQW�LV�VWLOO�LV�YHQWULFXODU�ILEULOODWLRQ�

�

�



,1)(&7,286�',6($6(���6(36,6 &DUOHV�*UHROHV�5R\R

��������7KRVH�HPHUJHQF\�URRP�GRFWRUV�DUH�DOZD\V�DVNLQJ�IRU�;�UD\V�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$1$�(67(%$1�9,//$&$03$������&$5/(6�*5(2/(6�52<2������-25*(�$/&$/$�$1,(172������*$%5,(/$�0$'$/,1$�*5(&8������-26(3�0217(6,126
&276������&/$8',$�520(52�5$0,5(=������6$/9$'25�6$55$�025(72����

���(0(5*(1&<��)81'$&,2�+263,7$/�6$17�3$8�,�6$17$�7(&/$��(/�9(1'5(//��63$,1

.H\ZRUGV��RVWHRP\HOLWLV

$EVWUDFW��

���\HDU�ROG�SDWLHQW�ZLWK�QR�UHOHYDQW�PHGLFDO�KLVWRU\��7KH�SDWLHQW�UHSRUWHG�SDLQ�LQ�WKH�ULJKW�TXDGULFHSV�DW�GLVWDO�WKLUG�OHYHO��RI�D�PRQWKÇV�GXUDWLRQ�DQG
KDYLQJ�VWDUWHG�ZKLOH�JRLQJ�XS�WKH�VWDLUV��ZLWK�QR�SUHYLRXV�WUDXPD�

8SRQ�SK\VLFDO�H[SORUDWLRQ��QR�DSSDUHQW�PXVFOH�WHDUV�ZHUH�XQFRYHUHG��7KHUH�ZHUH�QR�VNLQ�OHVLRQV�REVHUYHG�DQG�QR�VLJQV�RI�LQIODPPDWLRQ��7KH�MRLQW
DW�WKH�NQHH�ZDV�REVHUYHG�WR�EH�QRUPDO�ZLWK�QR�FUHSLWXV��VWDEOH�DQG�ZLWK�QR�OLPLWDWLRQV�WR�WKH�VFRSH�RI�PRYHPHQW�

:KHQ�DQ�;�UD\�RI�WKH�NQHH�ZDV�UHTXHVWHG��WKH�UDGLRORJLVW�H[SUHVVHG�FRQFHUQV�DQG�FDOOHG�LQWR�TXHVWLRQ�WKH�QHHG�WR�LUUDGLDWH�WKH�SDWLHQW��7KH�;�UD\
VKRZHG�DQ�LQWUDPHGXOODU\�O\WLF�ERQH�OHVLRQ��ZLWK�D�VHFRQGDU\�OHVLRQ�FORVH�WR�WKH�ULJKW�IHPXUÇV�GLDSK\VLV�WKDW�SUHVHQWHG�D�FDVH�RI�DVVRFLDWHG
SHULRVWHDO�UHDFWLRQ�

1R�UHOHYDQW�DOWHUDWLRQV�ZHUH�VKRZQ�LQ�WKH�EORRG�WHVWV�

$�FRQVXOWDWLRQ�ZDV�PDGH�WR�WKH�WUDXPDWRORJ\�GHSDUWPHQW��UHVXOWLQJ�LQ�DQ�XUJHQW�DPEXODWRU\�QXFOHDU�PDJQHWLF�UHVRQDQFH��$W�WKLV�SRLQW�SRVVLEOH
GLDJQRVHV�RI�RVWHRP\HOLWLV�RU�PDOLJQDQW�QHRSODVP�ZHUH�FRQVLGHUHG�DQG��RQ�WKH�VDPH�GD\��WKH�DQDO\VLV�ZDV�FRPSOHWHG�ZLWK�D�JDPPDJUDSK\�ZLWK
ODEHOHG�OHXNRF\WHV�DQG�D�ERQH�WRPRJDPPDJUDSK\�ZLWK�WHFKQHWLXP���7KH�UHVXOWV�LQGLFDWHG�D�SRVVLEOH�RVWHRP\HOLWLV�

7KH�SDWLHQW�ZDV�UHIHUHQFHG�WR�WKH�KRVSLWDO�IRU�D�OXPEDU�SXQFWXUH�ELRSV\�JXLGHG�E\�&$7�VFDQ��7KH�UHFRYHUHG�ERQH�WLVVXH�DORQJ�ZLWK�SXV�LQIHFWHG
EORRG�OLTXLG�FRQILUPHG�WKH�VXVSHFWHG�GLDJQRVLV�

7KH�SDWLHQW�ZDV�DGPLWWHG�IRU�WUHDWPHQW�ZLWK�LQWUDYHQRXV�DQWLELRWLFV�ZLWK�YDQFRP\FLQ�DQG�JHQWDPLFLQ��ZLWK�VDLG�WUHDWPHQW�EHLQJ�FKDQJHG�DIWHU�WKH
DQWLELRJUDP�VKRZHG�D�SRVLWLYH�UHVXOW�IRU�VWDSK\ORFRFFXV�DXUHXV�

'XULQJ�KLV�KRVSLWDOLVDWLRQ��WKH�SDWLHQW�VKRZHG�IHYHULVK�SHDNV�DQG�ODE�UHVXOWV�ZHUH�REWDLQHG�LQGLFDWLQJ�D�QHJDWLYH�UHVXOW�IRU�PDOLJQDQW�FHOOV��7KH
SDWLHQW�ZDV�ILQDOO\�WUDQVIHUUHG�WR�WKH�UHIHUHQFLQJ�KRVSLWDOÇV�LQIHFWLRQ�XQLW�IRU�VXUJLFDO�WUHDWPHQW�

�

&RQFOXVLRQV

�����������$Q�;�UD\�VKRXOG�EH�UHTXHVWHG�DV�D�GLIIHUHQWLDO�GLDJQRVLV�WRRO�LQ�FDVHV�ZKHUH�WKH�SDWLHQW�UHSRUWV�D�ORQJ�HYROYLQJ�SDLQ�LQ�WKH�H[WUHPLWLHV�

�����������,QGLFDWLRQ�IRU�UDGLRJUDSK\�VKRXOG�QRW�EH�TXHVWLRQHG�LI�D�FOLQLFDO�UHDVRQLQJ�EHOLHV�WKH�UHTXHVW�E\�WKH�DVVLVWLQJ�GRFWRU�

�����������'LDJQRVWLF�FLUFXLWV�WKDW�DUH�FRRUGLQDWHG�DQG�VXSHUYLVH�FDQ�KHOS�LQ�DYRLGLQJ�XQQHFHVVDU\�KRVSLWDOLVDWLRQV��7KLV�KDV�VRFLR�HFRQRPLF
LPSOLFDWLRQV��D�JUHDWHU�FRPIRUW�IRU�WKH�SDWLHQW�DQG�D�FRUUHFW�PDQDJHPHQW�DQG�DOORFDWLRQ�RI�UHVRXUFHV��7KHVH�FLUFXLWV�FDQ�DOVR�DFFHOHUDWH�WKH
GLDJQRVLV�DQG�WUHDWPHQW�LQ�FDVHV�ZKHUH�D�JUDYH�SDWKRORJ\�H[LVWV�



$,5:$< :LQFKDQD�6ULYLODLWKRQ

��������&RPSOLFDWLRQV�RI�5DSLG�6HTXHQFH�,QWXEDWLRQ�LQ�(PHUJHQF\�'HSDUWPHQW��$�3URSHQVLW\�PDWFKHG�$QDO\VLV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

:LQFKDQD�6ULYLODLWKRQ����

���(PHUJHQF\�SK\VLFLDQ��7KDPPDVDW�8QLYHUVLW\��%DQJNRN��7+$,/$1'

.H\ZRUGV��5DSLG�VHTXHQFH�LQWXEDWLRQ��FRPSOLFDWLRQ��HPHUJHQF\�DLUZD\�PDQDJHPHQW��VHGDWLRQ�RQO\�LQWXEDWLRQ��SURSHQVLW\�VFRUH�DQDO\VLV

$EVWUDFW��

%DFNJURXQG�DQG�2EMHFWLYHV

������������5DSLG�VHTXHQFH�LQWXEDWLRQ��56,��ZDV�XVHG�WR�IDFLOLWDWH�HPHUJHQF\�LQWXEDWLRQ��+RZHYHU��FRQFHUQLQJ�DERXW�FRPSOLFDWLRQV�SUHYHQWV�LWV�JHQHUDO
XVHG��7KLV�VWXG\�DLPHG�WR�FRPSDUH�WKH�DFXWH�PDMRU�FRPSOLFDWLRQV�EHWZHHQ�56,�DQG�RWKHU�PHWKRGV�RI�LQWXEDWLRQ�

0HWKRGV

������������5HWURVSHFWLYH�FRKRUW�VWXG\�ZDV�GRQH�LQ�HPHUJHQF\�GHSDUWPHQW�RI�7KDPPDVDW�KRVSLWDO��IURP������������$FXWH�PDMRU�FRPSOLFDWLRQV�DIWHU
LQWXEDWLRQ�ZHUH�REVHUYHG��LQFOXGHG��FDUGLDF�DUUHVW��DLUZD\�LQMXU\��G\VUK\WKPLD��K\SRWHQVLRQ��ODU\QJRVSDVP��PDOLJQDQW�K\SHUWKHUPLD��SQHXPRWKRUD[�
DQG�DVSLUDWLRQ��:H�H[FOXGHG�SDWLHQWV�SUHVHQWHG�ZLWK�FDUGLDF�DUUHVW�EHIRUH�LQWXEDWLRQ��DJH�EHORZ����\HDU�ROGV��VHYHUH�PD[LOORIDFLDO�LQMXU\�
FRQWUDLQGLFDWLRQ�WR�56,�PHGLFDWLRQV��DQG�IDLOHG�LQWXEDWLRQ��:H�FRPSDUHG�WKH�FRPSOLFDWLRQV�EHWZHHQ�56,�YV�6HGDWLRQ�RQO\�LQWXEDWLRQ�DQG�56,�YV
1R�PHGLFDWLRQ�DVVLVWHG�LQWXEDWLRQ��3URSHQVLW\�VFRUH�PDWFKHG�RQH�WR�RQH�DQDO\VLV�ZHUH�XVHG�IRU�DGMXVWLQJ�EDVHOLQH�FKDUDFWHULVWLFV��5HJUHVVLRQ
DQDO\VLV�ZHUH�XVHG�IRU�DGMXVWLQJ�FRQIRXQGHUV�

5HVXOWV

������������)RU�56,��1 �����YV�6HGDWLRQ�RQO\�LQWXEDWLRQ��1 ����������SDWLHQWV�LQWXEDWHG�ZLWK�56,�ZHUH�PDWFKHG�WR�����SDWLHQWV�ZLWK�6HGDWLRQ�RQO\
LQWXEDWLRQ��$�WRWDO�RI����FRPSOLFDWLRQV�ZHUH�REVHUYHG��$IWHU�DGMXVWHG�ZLWK�JORWWLF�H[SRVXUH��QXPEHUV�RI�DWWHPSW��DQG�H[SHULHQFH�RI�LQWXEDWRU��56,
KDG�ORZHU�ULVN�RI�DFXWH�PDMRU�FRPSOLFDWLRQ�FRPSDUHG�ZLWK�6HGDWLRQ�RQO\�LQWXEDWLRQ��������YV���������ULVN�GLIIHUHQFH�������������FRQILGHQFH
LQWHUYDO��&,��������������3 �������)RU�56,��1 �����YV�1R�PHGLFDWLRQ�DVVLVWHG�LQWXEDWLRQ��1 ����������SDWLHQWV�LQWXEDWHG�ZLWK�56,�ZHUH�PDWFKHG�WR
����SDWLHQWV�ZLWK�1R�PHGLFDWLRQ�DVVLVWHG�LQWXEDWLRQ��$�WRWDO�RI����FRPSOLFDWLRQV�ZHUH�REVHUYHG��$IWHU�DGMXVWHG�ZLWK�UHJUHVVLRQ�DQDO\VLV��56,�KDG
ORZHU�ULVN�RI�DFXWH�PDMRU�FRPSOLFDWLRQ��EXW�LQVLJQLILFDQWO\��������YV���������ULVN�GLIIHUHQFH�������������&,���������������3 ���������

&RQFOXVLRQV

������������7KH�ULVN�RI�FRPSOLFDWLRQ�DIWHU�LQWXEDWLRQV�IURP�56,�PHWKRG�ZDV�ORZHU�WKDQ�RWKHU�PHWKRGV�RI�HPHUJHQF\�LQWXEDWLRQ��$V�WKH�VWDQGDUG�IRU
HPHUJHQF\�DLUZD\�PDQDJHPHQW��HPHUJHQF\�SK\VLFLDQV�VKRXOG�KDYH�H[SHUWL]H�ZLWK�WKLV�PHWKRG�



&$6(�35(6(17$7,21 9(521,&$�3$5(17

��������7KH�7DNR�7VXER�6\QGURPH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9(521,&$�3$5(17�0$7+,$6������/25($�'(�81$0812�/80%5(5$6������-8$1�0$18(/�*$5&,$�/23(=����

���(PHUJHQF\�'HSDUWPHQW�5HJLRQDO�+RVSLWDO��0�ODJD��6SDLQ���6$6��0$/$*$��63$,1
���$QGDOXVLDQ�+HDOWK�3XEOLF�6HUYLFH��6SDLQ��6$6��0$/$*$��63$,1

.H\ZRUGV��9HQWULFXODU�'\VIXQFWLRQ��&KHVW�3DLQ��7DNRWVXER�&DUGLRP\RSDWK\�

$EVWUDFW��

%DFNJURXQG�	�$LP

�

���\HDUV�ROG�ZRPDQ�DWWHQG�RXU�HPHUJHQF\�GHSDUWPHQW�LQ�WKH�+HDOWK�&DUH�FHQWHU�UHIHUULQJ�VWURQJ�IDPLO\�GLVFXVVLRQ�DQG�DIWHU�D�FHQWUDO�FKHVW�SDLQ
JHWWLQJ�WR�WKH�OHIW�VKRXOGHU��DFFRPSDQLHG�E\�LPSRUWDQW�YHJHWDWLYH�V\PSWRPV�

�

0HWKRG

�

3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�G\VSQHD��SDOH�DQG�VZHDW\�VNLQ��%ORRG�SUHVVXUH��������PP�+J��KHDUWK�UDWH������7KH�HOHFWURFDUGLRJUDPD�VKRZHG
VLQXV�UK\WKP�ZLWK�67�VHJPHQW�HOHYDWLRQ���PP�LQ�9��9��WKDW�VXSSRUWV�DQWHURODWHUDO�LQIDUFW�

�

5HVXOWV

�

,Q�WKH�DUHD�RI�REVHUYDWLRQ�RI�WKH�(PHUJHQF\�GHSDUWPHQW�LQ�RXU�5HJLRQDO�+RVSLWDO�ILEULQRO\WLF�WKHUDS\�UHJLPHQ�DQG�VKH�ZDV�UHIHUHG�WR�,QWHQVLYH�&DUH
8QLW�

7ZR�KRXUV�ODWHU�VKH�ZDV�PRYHG�WR�WKH�+HPRG\QDPLFV�8QLW�IRU�XUJHQW�WUHDWPHQW�37&$�WKDW�VKRZV�QR�OHVLRQV�

,Q�WKH�EORRG�DQDO\VH�WURSRQLQ�,�����QJ���PO�LV�REWDLQHG�DQG�FUHDWLQH�0%�IUDFWLRQ��&3.0%��RI����QJ���PO�

7KH�VXEVHTXHQW�FOLQLFDO�FRXUVH�ZDV�IDYRUDEOH��DOO�DOWHUDWLRQV�VSRQWDQHRXVO\�UHVROYHG�ZLWKRXW�VHTXHODH�

7KH�7DNR�7VXER�V\QGURPH��7.6���RU�WUDQVLHQW�YHQWULFXODU�G\VIXQFWLRQ�LV�D�FRQGLWLRQ�FKDUDFWHUL]HG�E\�FOLQLFDO�WKDW�LV�LQGLVWLQJXLVKDEOH�IURP�DFXWH
FRURQDU\�V\QGURPH�ZLWK�HOHYDWHG�HQ]\PHV�DQG�H[WHQVLYH�DQWHULRU�DNLQHVLD��EXW�ZLWKRXW�VLJQLILFDQW�DOWHUDWLRQV�LQ�WKH�FRURQDU\�DUWHULHV�

$�WUDQVLHQW�OHIW�YHQWULFXODU�DSLFDO�G\VIXQFWLRQ�RU�EDOORRQLQJ�DFFRPSDQLHG�E\�HOHFWURFDUGLRJUDSKLF��(&*��7�ZDYH�LQYHUVLRQV��7KLV�DEQRUPDOLW\�LV
DVVRFLDWHG�ZLWK�KLJK�OHYHOV�RI�FDWKHFRODPLQHV��HLWKHU�DGPLQLVWHUHG�RU�HQGRJHQRXVO\�VHFUHWHG�IURP�D�WXPRU�RU�GXULQJ�H[WUHPH�VWUHVV�

�

&21&/86,216

%XW�PRVW�LPSRUWDQWO\�GLIIHUHQWLDWHG�IURP�LVFKHPLF�KHDUW�GLVHDVH��ZKLFK�LV�HVVHQWLDO�WR�PDNH�DQ�HDUO\�FDUGLDF�FDWKHWHUL]DWLRQ��WR�DYRLG�WKH�ULVN�RI
ILEULQRO\WLF�WKHUDS\�

2YHUDOO��DQG�DOWKRXJK�WKH�7.6�FDUULHV�D�JRRG�SURJQRVLV�LQ�JHQHUDO��DQG�XVXDOO\��KHDUW�IDLOXUH�LV�D�FRPSOLFDWLRQ��������7KLV�VLWXDWLRQ�LV�PRUH�FRPPRQ
LQ�SDWLHQWV�ZLWK�PRUH�FRPRUELGLWLHV�DQG�ZRUVW�SUHYLRXV�IXQFWLRQDO�FODVV�DVVRFLDWHG�ZLWK�PRUH�DGYHUVH�HYHQWV�



72;,&2/2*< 3,/$5�0,5$1'$�$572

��������+263,7$/�'($7+6�'8(�72�$&87(�32,621,1*�'85,1*�$�'(&$'(

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3LODU�0LUDQGD�$UWR������3DWULFLD�%RQHG�%ODV������$QD�)HUUHU�'XIRO������)UDQFLVFR�-RVH�5XL]�5XL]������7HUHVD�'H�)HUQDQGR�*URV������7HUHVD�3DUGR�9LQWDQHO
���

���&6�$/$*21��6(&725�,,,��6(59,&,2�$5$*21(6�'(�6$/8'��=DUDJR]D��63$,1
���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�5R\R�9LOODQRYD��=DUDJR]D��63$,1
���7R[LFRORJ\�8QLW��+RVSLWDO�&OLQLFR�8QLYHUVLWDULR�GH�=DUDJR]D��=DUDJR]D��63$,1
���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�&OLQLFR�8QLYHUVLWDULR�GH�=DUDJR]D��=DUDJR]D��63$,1

.H\ZRUGV��$FXWH�SRLVRQLQJ��'HDWK�

$EVWUDFW��

,QWURGXFWLRQ�
$FXWH�SRLVRQLQJ�LV�D�IUHTXHQW�FRPSODLQW�LQ�(PHUJHQF\�6HUYLFHV�EXW�VWXGLHV�RQ�GHDWKV�IURP�DFXWH�SRLVRQLQJV�DUH�OLPLWHG���7KH�DLP�RI�WKLV�VWXG\�LV�WR
DQDO\]H�WKH�HSLGHPLRORJLFDO�FKDUDFWHULVWLFV�RI�SDWLHQW�GHDWKV�GXH�WR�DFXWH�SRLVRQLQJ�
0HWKRG�
5HWURVSHFWLYH�GHVFULSWLYH�VWXG\�RI�SDWLHQWV�WUHDWHG�IRU�VXVSHFWHG�FOLQLFDO�H[SRVXUH�WR�D�WR[LF�VXEVWDQFH�LQ�(PHUJHQF\�6HUYLFH�DQG�LQ�WKH�8&,�RI�WKH
+RVSLWDO�&OLQLFR�8QLYHUVLWDULR�RI�=DUDJR]D�EHWZHHQ�WKH�\HDUV�RI������������DQG�ZKR�GLHG�DV�D�FRQVHTXHQFH�RI�VDLG�SRLVRQLQJ���7KH�GDWD�ZDV
REWDLQHG�IURP�WKH�ILOHV�RI�RXU�FOLQLFDO�WR[LFRORJ\�XQLW�IRU�WKH�WHQ�\HDUV�EHLQJ�HYDOXDWHG�
5HVXOWV
2XW�RI�D�WRWDO�RI�������SDWLHQWV�DGPLWWHG�IRU�DFXWH�SRLVRQLQJ�GXULQJ�WKRVH����\HDUV��LQFOXGLQJ�SHGLDWULF�HPHUJHQFLHV�������������RI�GHDWKV�UHFRUGHG
ZHUH�VHOHFWHG�IRU�WKH�VWXG\��7KHLU�PHDQ�DJH�ZDV�����6'�k����DQG������������ZHUH�PDOH��7KH�PHDQV�RI�WUDQVSRUWDWLRQ�PRVW�FRPPRQO\�XVHG�ZDV�DQ
DPEXODQFH�LQ����FDVHV�����������2UDO�ZDV�WKH�PRVW�FRPPRQ�URXWH�RI�H[SRVXUH�ZLWK����FDVHV��������������������FDVHV�LQYROYHG�D�VXLFLGH�DWWHPSW�
IROORZHG�E\�GUXJ�RYHUGRVH�ZLWK�������������������������FDVHV�KDG�SUHYLRXV�SV\FKLDWULF�GLVHDVH��DQG�IRU������������RI�FDVHV�LW�ZDV�WKHLU�ILUVW
SRLVRQLQJ��7KH�LQYROYHG�DJHQWV�ZHUH�FDXVWLFV�LQ���FDVHV����������D�FRPELQDWLRQ�RI��DOFRKRO�DQG��GUXJV�RI�DEXVH�LQ�����������FDVHV��D�FRPELQDWLRQ
RI��DOFRKRO�DQG��EHQ]RGLDFHSLQHV�LQ�����������FDVHV���VROYHQWV�LQ�����������RI�FDVHV��DQG��&2���SHVWLFLGHV���DQWLDUUK\WKPLFV�GUXJV��DQG��RSLDWHV��
FDVH�HDFK����������7KH�UHODWLRQVKLS�EHWZHHQ�WKH�SRLVRQLQJ�DQG�WKH�FDXVH�RI�GHDWK�ZDV�XQGRXEWHG�LQ�������������FDVHV�
&21&/86,21
'HDWK�E\�DFXWH�SRLVRQLQJ�LV�D�UDUH�HYHQW�GHVSLWH�WKH�GUDPD�RI�WKH�VLWXDWLRQ��,Q�RXU�VWXG\�WKH\�DUH�PRVW�IUHTXHQWO\�ILUVW�RUDO�SRLVRLQJV�LQ�PDOHV�GXH
WR�D�VXLFLGH�E\�PHDQV�RI�D�FDXVWLF�VXEVWDQFH��DUULYLQJ�WR�WKH�HPHUJHQF\�URRP�E\�DPEXODQFH�



,0$*,1*���8/75$6281'���5$',2/2*< 0(+0(7�81$/',

��������+HDGDFKH�XQUHVSRQVLYH�DQDOJHVLFV�&HUHEUDO�DEVFHVV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0HKPHW�8QDOGL������(UVHQ�*XQGX]������&LKDQ�%X\XNVXWFX������8QVDO�.DUDKDOLORJOX������0HOWHP�&ROOX������2QXU�,QFHDOW¢Q������.XUWXOXV�$FLNVDUL�����
+DWLFH�(U\LJLW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��,VWDQEXO�0HGHQL\HW�8QLYHUVLW\�*R]WHSH�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<
���'HSDUWPHQW�RI�7KRUD[�6XUJHU\��.DUWDO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<

.H\ZRUGV��DEFHVV��FHUHEUDO��KHDGDFKH

$EVWUDFW��

,1752'8&7,21��$�EUDLQ�DEFHVV�LV�D�IRFDO�S\RJHQLF�LQIHFWLRQ��,W�LV�D�SDWKRORJLF�UHVSRQVH�W\SLFDO�RI�D�UHODWLYHO\�FRPSRWHQW�LPPXQH�V\VWHP�DJDLQVW�D
EDFWHULDO�LQYDGHU��3UHVHQWLQJ�IHDWXUHV�RI�EUDLQ�DEFHVV�DUH�QRQVSHVLILF��,Q�WKLV�FDVH��ZH�SUHVHQW�WR�WKH�SDWLHQW�ZLWK�VWLOO�RQJRLQJ�KHDGDFKH�GHVSLWH
KDYLQJ�WDNHQ�DQDOJHVLFV�

&$6(�����\HDU�ROG�IHPDOH�SDWLHQW�DGPLWWHG�(5�ZLWK�KHDGDFKH�XQUHVSRQVLYHG�WKH�DQDOJHVLFV��6KH�KDG�FRPSODLQWV�RI�QDXVHD��YRPLWLQJ��,Q�KLVWRU\��VKH
KDG�PLJUDLQH�DQG�KDG�WDNHQ�DQDOJHVLFV�EHFDXVH�RI�ODVWLQJ�KHDGDFKH��7KH�UDG\RORJLF�LPDJLQJ�GHPRQVWUDWHG�D�IRFDO�DEFHVV�DERXW����PLOLPHWHU�LQ
GLDPHWHU�ZLWK�SHULSKHUDO�K\SHUGHQVH��FHQWUDO�KLSRGHQVH�DQG�DURXQG�HGHPDWRXV�DUHDV��IRUPLQJ�PLOG�SUHVVXUH�WR�WKLUG�YHQWULFXOH�LQ�WKH�ULJKW�ODWHUDO
WDODPXV��7KH�SDWLHQW�ZDV�LQWHUQHG�WR�QHXURVXUJHU\�FOLQLF�

&21&/86,21��7KHVH�SDWLHQWV�UDUHO\�DSSHDU�DFXWHO\�LOO��DQG�WKH�FODVVLF�WULDG�RI�KHDGDFKH��IHYHU��DQG�IRFDO�QHXURORJLF�GHILFLW�LV�SUHVHQW�LQ�OHVV�WKDQ
RQH�WKLUG�RI�DOO�SDWLHQWV��$V�D�UHVXOW�WKH�GLDJQRVLV�LV�RIWHQ�GHOD\HG��7KH�PRVW�FRPPRQ�V\PSWRP�LV�KHDGDFKH�ZKLFK�LV�D�FRPSODLQW�LQ�DOPRVW�DOO�FDVHV�
,W�LV�GLDJQRVHG�E\�LPDJLQJ�VWXGLHV��7KH�GLIIHUHQWLDO�GLDJQRVLV�RI�KHDGFKH�PXVW�EH�GRQH�HYHQ�LQ�SDWLHQWV�ZLWK�PLJUDLQH�DV�LQ�WKH�FDVH�ZH�SUHVHQWHG�



5(63,5$725<�(0(5*(1&,(6 PXVWDID�o]WrUN

��������$�UDUH�W\SH�RI�IUDFWXUH�LQ�D�WUDIILF�DFFLGHQW��$�FDVH�RI�LVRODWHG�IUDFWXUH�RI�WKH�K\RLG�ERQH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0XVWDID�2]WXUN������2]JXU�6RJXW������7XED�(YUDQ������'HPHW�7DV����

���(PHUJHQF\�0HGLFLQH��+DVHNL�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��7XUNH\��,VWDQEXO��785.(<

.H\ZRUGV��K\RLG�ERQH�IUDFWXUH��WUDIILF�DFFLGHQW��FHUYLFDO�FRPSXWHG�WRPRJUDSK\��FRQVHUYDWLYH�PDQDJHPHQW

$EVWUDFW��

%DFNJURXQG���([FOXGLQJ�K\RLG�ERQH�IUDFWXUH�GXULQJ�VWUDQJXODWLRQ�DQG�KDQJLQJ�LQMXULHV��WKLV�W\SH�RI�IUDFWXUH�FDXVHG�E\�EOXQW�WUDXPD�LV�UDUH��,Q�OLJKW
RI�WKLV��LW�PD\�JR�XQVHHQ�GXULQJ�SK\VLFDO�H[DPLQDWLRQ��FDXVLQJ�OLIH�WKUHDWHQLQJ�DLUZD\�REVWUXFWLRQ��7KXV��DSSURSULDWH�PHDVXUHV�VKRXOG�EH�WDNHQ�WR
FDUHIXOO\�H[DPLQH�SDWLHQWV�ZLWK�EOXQW�WUDXPD��7R�GDWH��IHZ�FDVHV�RI�K\RLG�ERQH�IUDFWXUHV�FDXVHG�E\�WUDXPD�KDYH�EHHQ�UHSRUWHG��,Q�WKLV�VWXG\��ZH
UHSRUW�WKH�FDVH�RI�D�\RXQJ�PDOH�ZLWK�DQ�LVRODWHG�IUDFWXUH�RI�WKH�K\RLG�ERQH�DV�D�UHVXOW�RI�EOXQW�WUDXPD��

&DVH�5HSRUW���$����\HDU�ROG�PDOH�ZDV�DGPLWWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW�E\�DQ�HPHUJHQF\�DPEXODQFH�FUHZ�IROORZLQJ�D�WUDIILF�DFFLGHQW��$W
WKH�WLPH�RI�WKH�DFFLGHQW��KH�ZDV�VLWWLQJ�LQ�WKH�EDFN�VHDW�RI�DQ�DXWRPRELOH�ZLWK�KLV�VHDW�EHOW�XQIDVWHQHG��$V�D�UHVXOW��KH�KLW�KLV�QHFN�RQ�WKH�HGJH�RI
WKH�IURQW�VHDW��2Q�SK\VLFDO�H[DPLQDWLRQ��KLV�YLWDO�VLJQV�ZHUH�VWDEOH�DQG�QHFN�PRYHPHQWV�ZHUH�XQUHVWULFWHG�DQG�SDLQOHVV��+RZHYHU��KLV�ULJKW�FULFRLG
ERQH�ZDV�WHQGHU�GXULQJ�SDOSDWLRQ�1R�SDWKRORJ\�ZDV�GHWHFWHG�IURP�WKH�DQWHURSRVWHULRU�RU�ODWHUDO�FHUYLFDO�ILOP���$�FHUYLFDO�FRPSXWHG�WRPRJUDSK\��&7�
VFDQ�UHYHDOHG�D�IUDFWXUH�ZLWKLQ�WKH�ULJKW�DUFK�RI�WKH�K\RLG�ERQH��&RQVHTXHQWO\��WKH�SDWLHQW�ZDV�UHIHUUHG�WR�WKH�RWRUKLQRODU\QJRORJ\�GHSDUWPHQW�
,QGLUHFW�WUDQVRUDO�ODU\QJRVFRS\�ZDV�SHUIRUPHG��EXW�IDLOHG�WR�GHWHFW�DQ\�DLUZD\�HGHPD�RU�ODFHUDWLRQ��7KH�SDWLHQWÇV�RUDO�LQWDNH�ZDV�VWRSSHG��DQG�KH
ZDV�PRQLWRUHG�IRU�DLUZD\�REVWUXFWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��,Q�DGGLWLRQ��KH�ZDV�WUHDWHG�ZLWK�KHDG�HOHYDWLRQ�DQG�D�FROG�FRPSUHVV�DSSOLHG�WR
KLV�QHFN��+LV�YLWDO�VLJQV�UHPDLQHG�VWDEOH�DQG�KH�ZDV�GLVFKDUJHG�DIWHU����K��UHWXUQLQJ�WR�WKH�RWRUKLQRODU\QJRORJ\�GHSDUWPHQW�IRU�D�IROORZ�XS�H[DP��

&RQFOXVLRQV��$�K\RLG�ERQH�IUDFWXUH�VKRXOG�EH�VXVSHFWHG�XSRQ�WKH�GHWHFWLRQ�RI�QHFN�WHQGHUQHVV�DQG�SDLQ�IROORZLQJ�EOXQW�WUDXPD�WR�WKH�QHFN�UHJLRQ�
$�GHOD\�LQ�GLDJQRVLV�PD\�UHVXOW�LQ�OLIH�WKUHDWHQLQJ�DLUZD\�QDUURZLQJ��)RU�GLDJQRVLV��&7�H[DPLQDWLRQ�RI�WKH�QHFN�LV�WKH�PRGDOLW\�RI�FKRLFH�GXH�WR�LWV
KLJK�GLDJQRVWLF�DFFXUDF\��,W�LV�RI�JUHDW�LPSRUWDQFH�WR�FORVHO\�PRQLWRU�SDWLHQWV�ZLWK�DQ�LVRODWHG�FORVHG�IUDFWXUH�RI�WKH�K\RLG�ERQH�IRU�D�SURORQJHG
SHULRG�WR�SUHYHQW�DLUZD\�REVWUXFWLRQ��3DWLHQWV�ZKR�KDYH�QR�DLUZD\�REVWUXFWLRQ�DQG�D�QRUPDO�K\RLG�ERQH�IROORZLQJ�LQGLUHFW�ODU\QJRVFRS\�FDQ�EH
FRQVHUYDWLYHO\�PDQDJHG�
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��������5HFXUUHQW�KHDGDFKH��LW�LV�QRW�DOZD\V�D�WULYLDO�FDXVH�IRU�(PHUJHQFLHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9(521,&$�3$5(17�0$7+,$6������0$5,$�'(/�0$5�%(&(55$�0$<25������/25($�'(�81$0812�/80%5(5$6������-8$1�0$18(/�*$5&,$�/23(=����

���(PHUJHQF\�'HSDUWPHQW�5HJLRQDO�+RVSLWDO��0�ODJD��6SDLQ���6$6��0$/$*$��63$,1
���$QGDOXVLDQ�+HDOWK�3XEOLF�6HUYLFH��6SDLQ��6$6��0$/$*$��63$,1

.H\ZRUGV��6WURNH��7KURPERF\WRSHQLD��3DUR[\VPDO�QRFWXUQDO�KHPRJORELQXULD

$EVWUDFW��

<RXQJ�SDWLHQW�EHLQJ�WUHDWHG�DW�WKH�+HDOWK�&DUH�FHQWHU�EHFDVXVH�RI�D�KHDGDFKH����GD\V�RI�HYROXWLRQ��WKH�SDWLHQW�ZHQW�WKUHH�WLPHV�E\�VDPH�FDXVH
ZLWK�QR�DSSDUHQW�UHDVRQ�WKDW�MXVWLILHG�LW�

�

&OLQLF�+LVWRU\�

3DWLHQW����\HDUV�RI�DJH�ERUQ�LQ�$UJHQWLQD��ZLWK�D�KLVWRU\�RI�KHPRO\WLF�XUHPLF�V\QGURPH�ZKHQ�KH�ZDV���\HDUV�ROG��1R�RWKHU�EDFNJURXQG�LQIRUPDWLRQ
VLJQLILFDQW��+H�+DV����GD\V�RI�ZKROH�KHDG�LQWHQVH�KHDGDFKH��WKDW�GRHV�QRW�\LHOG�WR�DQDOJHVLFV��2Q�WKH�ODVW�YLVLW�KH�ZHQW�WR�WKH�HPHUJHQF\�URRP�ZLWK
KHDGDFKH��GL]]\LQJ��:H�GHFLGHG�WR�PDNH�D�EORGG�DQDO\VH�DQG�ZH�FDQ�VHH�KHPRJORELQ��J���GO�ZLWK�SODWHOHWV����[��H��DQG�RWKHU�QRUPDO�ILJXUHV�

:LWK�WKHVH�ILQGLQJV�DQG�ZLWK�WKLV�FOLQLFDO�QHXURORJLFDO�ILQGLQJV�7$&�LV�GRQH�DQG�LW�REVHUYH�DQ�H[WHQVLYH�EOHHGLQJ�ULJKW�WHPSRUR�RFFLSLWDO�ZLWK�QR
HYLGHQFH�RI�DQHXU\VP�RU�YHQRXV�PDOIRUPDWLRQ�

:H�FRQVXOW�ZLWK�QHXURVXUJHU\�UHMHFWLQJ�LQWHUYHQWLRQ�DQG�VXEVHTXHQWO\�FDXVH�PLFURDQJLRSDWKLF�ZDV�GLVFDUGHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�

+H�ZDV�YDOXHG�IRU�QHXURORJ\�WR�VWXG\�KLP�DQG�VWDELOL]DWLRQ�RI�WKH�FXUUHQW�VLWXDWLRQ��$IWHU���GD\V�WKH�SDWLHQW�LV�GLDJQRVHG�RI�3DUR[\VPDO�1RFWXUQDO
+HPRJORELQXULD��31+���UHVSRQVLEOH�RI�WKH�SDQF\WRSHQLD�DQG�WKH�KHPRUUKDJLF���WKURPERWLF�FDXVHV�

�

&21&/86,216�

3DWLHQWV�ZKR�FRPH�WR�WKH�+HDOWK�&DUH�&HQWHU�DQG�WKH�(PHUJHQF\�URRP�ZLWK�VHYHUH�KHDGDFKHV�UHTXLUH�D�WRWDO�SK\VLFDO�H[DPLQDWLRQ�ZLWK�D�FRPSOHWH
KLVWRU\��7KLV�SDWLHQW�ZLWK�H[WUHPH�SDQF\WRSHQLD�DQG�QHXURORJLFDO�FOLQLF�UDLVHV�WKH�GLIIHUHQWLDO�GLDJQRVLV�ZLWK�KHPRUUKDJLF���WKURPERWLF�FDXVHV��31+
SUHVHQW�FRPSOLFDWLRQV�DV�WKURPERWLF�LQ�DW\SLFDO�ORFDWLRQ��DQG�WKH�SRVVLELOLW\�RI�KHPRUUDJLD��FDXVHG�RI�WKH�DSODVLDV�WKDW�31+�FDQ�GHYHORS�
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��������$FXWH�OLYHU�IDLOXUH��D�GLDJQRVLV�IURP�(PHUJHQF\�'HSDUWPHQW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9(521,&$�3$5(17�0$7+,$6������0$5,$�,6$%(/�&255($�526$/(6������0$5,$�'(/�0$5�%(&(55$�0$<25������/25($�'(�81$0812�/80%5(5$6����

���(PHUJHQF\�'HSDUWPHQW�5HJLRQDO�+RVSLWDO��0�ODJD��6SDLQ���6$6��0$/$*$��63$,1
���$QGDOXVLDQ�+HDOWK�3XEOLF�6HUYLFH��6SDLQ��6$6��0$/$*$��63$,1

.H\ZRUGV��$FXWH�/LYHU�IDLOXUH��/LQSKRPD�QRQ�+RGJNLQ��WUDQVSODQW

$EVWUDFW��

0DOH����\HDUV�ROG�DWWHQGHG�WKH�(PHUJHQF\�'HSDUWPHQW�EHFDXVH�RI����GD\V�ZLWK�IDWLJXH��GHELOLW\��DEGRPLQDO�VZHOOLQJ��IHYHU�DQG�MDXQGLFH�

1R�HSLGHPLRORJLFDO��IRRG�FRQWDFW��KLVWRU\�ULVN��WUDYHO�DEURDG�RU�FRQVXPSWLRQ�RI�WR[LF�VXEVWDQFHV�RU�GUXJV�

,Q�WKH�EORRG�DQDO\VH�ZH�VDZ�DFXWH�OLYHU�IDLOXUH��7KH�XOWUDVRXQG�RI�KLV�DEGRPHQ�QRW�IRXQG�DQ\�SDWKRORJ\��+RVSLWDOLVDWLRQ�RQ�'LJHVWLYH�VHUYLFH�LV
DGYLVHG�DQG�JHQHUDO�VXSSRUWLYH�PHDVXUHV�VKRXOG�EH�HPSOR\HG�

'XULQJ�KLV�VWD\�LQ�WKH�VHUYLFH�RI�(PHUJHQF\�KH�VXIIHUV�UHSHDWHG�HSLVRGHV�RI�K\SRJO\FHPLD�ZLWK�FOLQLFDO�GHWHULRUDWLRQ�DQG�VLJQV�RI�KHSDWLF
HQFHSKDORSDWK\�

�

([SORUDWLRQ��1RUPRWHQVLYH��MDXQGLFH�VNLQ�DQG�PXFRXV�PHPEUDQHV��(XSQHLF��%OHHGLQJ�DFWLYH�LQ�DUHDV�YHQLSXQFWXUH��$EGRPHQ�SDLQIXO�ZLWK
KHSDWRPHJDO\�

�

:H�GHFLGH�WR�FDOO�WR�WKH�,&8��È]HUR�FRGH�WUDQVSODQWÉ�ZDV�DFWLYDWHG�DQG�D�VXFFHVVIXO�OLYHU�WUDQVSODQW�SHUIRUPHG�DW���GD\V�DIWHU�DGPLVVLRQ�

�

$GGLWLRQDO�WHVWV�WR�ILOLDO�WKH�RULJLQ�RI�IDLOXUH�ZHUH�DOO�QHJDWLYH��SRVLWLYH�VHURORJ\��WR[LF��:LOVRQ�GLVHDVH��DXWRLPPXQLW\��OLYHU�ELRSV\��QHJDWLYH�ERQH
PDUURZ�SXQFWXUH��

$W����GD\V�DIWHU�GLVFKDUJH�FDPH�WR�WKH�HPHUJHQF\�E\�IHYHU�ZLWKRXW�DQ\�IRFXV�RI�LW��2Q�EORRG�DQDO\VH�ZH�FRXOG�VHH�SDQF\WRSHQLD��$QG�ZH�ORRN�IRU
WKH�OLYHU�ELRSV\�UHVXOWV��LW�ZDV�QRQ�+RGJNLQ
V�%�FHOO�O\PSKRPD��,PPHGLDWHO\�ZH�FRQWDFW�ZLWK�KHPDWRORJLVW�ZKR�FRPHV�WR�WUHDW�VWDUWLQJ�407�$IWHU
VHYHUDO�F\FOHV�RI�407�QRZ�KH�LV�IUHH�RI�GLVHDVH�

�

&21&/86,21�

1+/�DV�D�FDXVH�RI�IXOPLQDQW�OLYHU�IDLOXUH�LV�D�UDUH�SUHVHQWDWLRQ��&OLQLFDOO\�WKH�VXVSHFWV�RI�LW�LV�GLIILFXOW�EHFDXVH�RI�WKH�UDSLG�DQG�DJJUHVVLYH�FRXUVH�
$OVR�LQ�WKLV�FDVH�VKRZ�DQ�DW\SLFDO�SUHVHQWDWLRQ��ZLWKRXW�O\PSKDGHQRSDWK\�RU�%�V\PSWRPV�H[FHSW�IHYHU��:RXOG�KH�KDYH�EHHQ�WUDQVSODQWHG�LI�KH�KDG
1+/�GLDJQRVHG�EHIRUH"



,0$*,1*���8/75$6281'���5$',2/2*< 0(+0(7�81$/',

��������%RWK�UHQDO�LQIDUFWLRQ�DQG�UHQDO�FROLF

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0HKPHW�8QDOGL������(UVHQ�*XQGX]������8PLW�2OPH]������&LKDQ�%X\XNVXWFX������2QXU�,QFHDOW¢Q������.XUWXOXV�$FLNVDUL������+DWLFH�(U\LJLW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��,VWDQEXO�0HGHQL\HW�8QLYHUVLW\�*R]WHSH�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<
���'HSDUWPHQW�RI�7KRUD[�6XUJHU\��.DUWDO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<

.H\ZRUGV��FROLF��LQIDUFW��UHQDO

$EVWUDFW��

,1752'8&7,21��$FXWH�UHQDO�LQIDUFWLRQ�LV�D�VHULRXV�PHGLFDO�HPHUJHQF\��7KH�GLDJQRVLV�LV�RIWHQ�GHOD\HG�RU�PLVVHG�DV�LW�LV�QRW�FRPPRQ�+HQFH��WKH
H[DFW�LQFLGHQFH�RI�DFXWH�UHQDO�LQIDUFWLRQ�LV�QRW�NQRZQ��)DLOXUH�WR�FRQVLGHU�UHQDO�LQIDUFWLRQ�LQ�WKH�LQLWLDO�GLIIHUHQWLDO�GLDJQRVLV�UHVXOWV�LQ�D�GHOD\�LQ
GLDJQRVLV�DQG�WUHDWPHQW��ZKLFK�LQ�WXUQ�OHDGV�WR�SHUPDQHQW�ORVV�RI�UHQDO�IXQFWLRQ��:H�SUHVHQW�D�FDVH�RI�DFXWH�NLGQH\�LQIDUFWLRQ�WKDW�ZDV�LQLWLDOO\
WUHDWHG�DV�UHQDO�FROLF�
&$6(��$����\HDU�ROG�PDQ�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�OHIW�IODQN�SDLQ�DQG�ULJKW�ORZHU�TXDGUDQW�DEGRPLQDO�SDLQ��,Q�KLV�PHGLFDO
KLVWRU\��OHIW�VLGH�UHQDO�VWRQH�DQG�VXIIHUHG�FHUHEURYDVFXODU�DFFLGHQW�ZHUH�GHWHFWHG��3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�ULJKW�FRVWDYHUWHEUDO�DQJOH
WHQGHUQHVV��+LV�SDLQ�FRQWLQXHG�GHVSLWH�16$,'�DQG�QDUFRWLF�GUXJV��7KH�&7�VFDQ�UHYHDOHG�ZHGJH�VW\OH�FRUWLFDO�DQG�PHGXOODU�K\SRGHQV�DUHDV
DFFRUGDQFH�ZLWK�UHQDO�LQIDUFW�RQ�OHYHO�RI�WKH�FHQWUDO�DQG�XSSHU�SROH�RI�WKH�ULJKW�NLGQH\��5HQDO�DQJLRJUDP�FRQILUPHG�WR�LQIDUFW��+H�ZDV�LQWHUQHG�WR
LQWHUYHQWLRQDO�UDG\RORJ\�
&21&/86,21��$FXWH�HPEROLF�UHQDO�LQIDUFWLRQ�LV�DQ�HQWLW\�WKDW�LV�RIWHQ�PLVGLDJQRVHG�DV�D�UHQDO�FDOFXOXV�EHFDXVH�RI�VLPLODU�SUHVHQWLQJ�V\PSWRPV�
7KLV�OHDGV�WR�GHOD\�LQ�WKH�LQLWLDWLRQ�RI�WUHDWPHQW�DQG�WR�LQFUHDVHG�PRUELGLW\�



,0$*,1*���8/75$6281'���5$',2/2*< /XEQD�$QGUDRXV

��������8VH�2I�%HGVLGH�8OWUDVRXQG�7R�'LDJQRVH�$SSHQGLFXODU�0DVV�LQ�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/XEQD�*KDOL�$PLQ�$QGUDRXV����

���(PHUJHQF\�'HSDUWPHQW��+DPDG�*HQHUDO�+RVSLWDO��'RKD��4$7$5

.H\ZRUGV��$FXWH�$SSHQGLFLWLV��$SSHQGLFXODU�PDVV��$SSHQGLFXODU�DEVFHVV��%HGVLGH�8OWUDVRXQG��&RPSXWHG�7RPRJUDSK\��&7�

$EVWUDFW��

,QWURGXFWLRQ�

$SSHQGLFLWLV�LV�WKH�PRVW�FRPPRQ�DFXWH�VXUJLFDO�DEGRPLQDO�GLVRUGHU�SUHVHQWLQJ�WR�HPHUJHQF\�GHSDUWPHQWV�('������'LDJQRVLV�LV�XVXDOO\�PDGH�E\�D
FRPELQDWLRQ�RI�KLVWRU\��SK\VLFDO�H[DPLQDWLRQ��ODERUDWRU\�WHVWV��DQG�LPDJLQJ�VWXGLHV��6LQFH�WKLV�GLDJQRVWLF�DSSURDFK�RIWHQ�WDNHV�SODFH�LQ�VHULDO�VWHSV�
SDWLHQWV�VXVSHFWHG�RI�$FXWH�$SSHQGLFLWLV�WHQG�WR�EH�GHOD\HG�DQG�VWD\�IRU�SURORQJHG�SHULRGV�RI�WLPH�LQ�('��UHTXLULQJ�FRQVLGHUDEOH�VWDII�DQG�SK\VLFDO
UHVRXUFHV������7KLV�GHOD\�LQ�GLDJQRVLV�PD\�UDLVH�VDIHW\�FRQFHUQV��VLQFH�LW�FDQ�LQFUHDVH�FKDQFHV�RI�FRPSOLFDWLRQV�OLNH�*DQJUHQRXV�$SSHQGL[�RU�HYHQ
SHUIRUDWLRQ�

0HWKRGV

:H�UHSRUW�D�FDVH�RI�D�PDOH�SDWLHQW��ZKHUH�DQ�HPHUJHQF\�XOWUDVRXQG�IHOORZ��XWLOL]HG�%HGVLGH�DEGRPLQDO�XOWUDVRXQG�WR�GLDJQRVH�$FXWH�$SSHQGLFLWLV
DQG�WR�LGHQWLI\�FRPSOLFDWHG�$SSHQGLFXODU�0DVV�DQG�DEVFHVV��LQVSLWH�RI�DW\SLFDO�SUHVHQWDWLRQ��FOLQLFDO�ILQGLQJV�DQG�ODEURWDU\�UHVXOWV��)LQGLQJV�ZHUH
FRQILUPHG�E\�&7�VFDQ�

&DVH

���\HDU�ROG�PDOH�SDWLHQW��NQRZQ�FDVH�RI�7\SH���'LDEHWHV�0HOOLWXV�RQ��0HWIRUPLQ����PJ�7KUHH�WLPHV�GDLO\���3UHVHQWHG�WR��(PHUJHQF\�'HSDUWPHQW�DW
+DPDG�*HQHUDO�+RVSLWDO��ZLWK�KLVWRU\�RI�ULJKW�ORLQ�	�VXSUDSXELF�SDLQ�IRU�ILYH�GD\V��3DWLHQW�KDG�ORZ�JUDGH�IHYHU�	�G\VXULD�IRU�WKUHH�GD\V��QDXVHD�	
DQRUH[LD�IRU�RQH�GD\��3DWLHQW�GHQLHG�KLVWRU\�RI�YRPLWLQJ��FKDQJH�LQ�ERZHO�KDEELWV�RU�SUHYLRXV�VLPLODU�DWWDFNV��3DWLHQW�YLVLWHG�D�SULYDWH�FOLQLF�ILYH�GD\V
DJR�DQG�ZDV�VWDUWHG�RQ�'LFORIHQDF�WDEOHWV�����PJ�RQFH�GDLO\��+LV�ZRUNXS�GLDJQRVLV�E\�WKH�*HQHUDO�SK\VLFLDQ�ZDV�5LJKW�5HQDO�&ROLF��+LV�SDLQ
LPSURYHG�ZLWK�PHGLFDWLRQ�

2Q�H[DPLQDWLRQ��/RRNHG�ZHOO�QRW�LQ�DFXWH�GLVWUHVV�	�9LVXDO�$QDORJXH�6FDOH�IRU�SDLQ��9$6��RI����+H�KDG�ULJKW�ORLQ��VXSUDSXELF�	�ULJKW�LOLDF�IRVVD
DEGRPLQDO�WHQGHUQHVV���%3���������+5��ESP���7HPS����&����5%6��PPRO�G/����6SR��������:RUNLQJ�GLDJQRVLV�ZDV�3\HORQHSKULWLV�3DWLHQW�UHFHLYHG��
JUDPV�,9�&HIWULD[RQH�	�DQDOJHVLD��,QYHVWLJDWLRQV�VKRZHG��:%&���������+E����J�G/���XULQH�PLFURVFRS\�����:%&�����5%&��1LWULWH�QHJDWLYH��)RUPDO
8OWUDVRXQG�DEGRPHQ�ZDV�UHTXHVWHG�

$IWHU���KRXUV��%HGVLGH�XOWUDVRXQG�ZDV�GRQH�E\�HPHUJHQF\�SK\VLFLDQ��VKRZHG�D�QRQ�FRPSUHVVLEOH�WXEXODU�VWUXFWXUH�LQ�WKH�5,)�PHDVXULQJ���PP�LQ
PD[LPXP�WUDQVYHUVH�GLDPHWHU�ZLWK�IDW�VWUDQGLQJ�	�VXUURXQGLQJ�IUHH�IOXLG�VXJJHVWLYH�RI�LQIODPHG�$SSHQGL[��7KHUH�LV�DQ�DUHD�RI�PL[HG�HFKRJHQLFLW\
DW�WKH�WLS�RI�WKH�$SSHQGL[�PHDVXULQJ���;��PP��)LQGLQJV�ZHUH�VXJJHVWLYH�RI�D�FRPSOLFDWHG�$SSHQGLFXODU�PDVV�	�VPDOO�DEVFHVV��$FFRUGLQJO\�
GHSDUWPHQWDO�XOWUDVRXQG�ZDV�FDQFHOOHG�DQG�&7�DEGRPHQ�ZDV�RUGHUHG��3DWLHQW��ZDV�VWDUWHG�RQ�,9�0HWURQLGD]ROH����PJ�DQG�JHQHUDO�VXUJHRQ�ZDV
LQIRUPHG��&7�DEGRPHQ�FRQILUPHG�WKH�GLDJQRVLV�RI�D�&RPSOLFDWHG�$SSHQGLFXODU�PDVV�ZLWK�VPDOO�DEVFHVV��3DWLHQW�ZDV�DGPLWWHG�IRU
FRQVHUYDWLYH�WUHDWPHQW�	�GLVFKDUJHG�LQ�JRRG�FRQGLWLRQ�DIWHU���GD\V�

�

&RQFOXVLRQ�

%HGVLGH�XOWUDVRXQG�E\�WUDLQHG�HPHUJHQF\�SK\VLFLDQV��FDQ�GLDJQRVH��LQ�D�WLPHO\�PDQQHU�PXOWLSOH�DEGRPLQDO�HPHUJHQFLHV��LQFOXGLQJ�$FXWH
$SSHQGLFLWLV��KHQFH�IDFLOLWDWLQJ�DSSURSULDWH�WUHDWPHQW��FRQVXOWDWLRQ��VKRUWHU�OHQJWK�RI�VWD\�DQG�EHWWHU�SDWLHQW�RXWFRPH�

$NQRZOHGJHPHQW�

7KH�DXWKRU�GHFODUHV�QR�FRQIOLFW�RI�LQWHUHVW�

�

5HIHUHQFHV�

(OLNDVKYLOL�,��7D\�(7��7VXQJ�-:��7KH�HIIHFW�RI�SRLQW�RI�FDUH�XOWUDVRQRJUDSK\�RQ�HPHUJHQF\�GHSDUWPHQW�OHQJWK�RI�VWD\�DQG�FRPSXWHG�WRPRJUDSK\
XWLOL]DWLRQ�LQ�FKLOGUHQ�ZLWK�VXVSHFWHG�DSSHQGLFLWLV��$FDG�(PHUJ�0HG�����������������

YDQ�5DQGHQ�$��%LSDW�6��=ZLQGHUPDQ�$+��HW�DO��$FXWH�DSSHQGLFLWLV��PHWD�DQDO\VLV�RI��GLDJQRVWLF�SHUIRUPDQFH�RI�&7�DQG�JUDGHG�FRPSUHVVLRQ�86



UHODWHG�WR�SUHYDOHQFH�RI�GLVHDVH��5DGLRORJ\������������������
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��������)DFLDO�(ULWHPD��D�GLDJQRVLV�RI�D�V\VWHPLF�SDWKRORJ\�IURP�3ULPDU\�&DUH�WR�(PHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9(521,&$�3$5(17�0$7+,$6������0$5,$�'(/�0$5�%(&(55$�0$<25������/25($�'(�81$0812�/80%5(5$6������0$5,$�,6$%(/�&255($�526$/(6����

���(PHUJHQF\�'HSDUWPHQW�5HJLRQDO�+RVSLWDO��0�ODJD��6SDLQ���6$6��0$/$*$��63$,1
���$QGDOXVLDQ�+HDOWK�3XEOLF�6HUYLFH��6SDLQ��6$6��0$/$*$��63$,1

.H\ZRUGV��/XSXV��IDFLDO�HULWHPD��JORPHUXORQHSKULWLV

$EVWUDFW��

&OLQLF�+LVWRU\�

���\HDU�ROG�SDWLHQW�ZLWK�D�KLVWRU\�RI�XULQDU\�LQIHFWLRQV�LQ�LQIDQF\�FDXVH�RI�YHVLFRXUHWHUDO�UHIOX[�

+H�FDPH�WR�WKH�(PHUJHQF\�3ULPDU\�&DUH�GHSDUWPHQW�EHFDXVH�RI�D�IDFLDO�UDVK��7KH�GLDJQRVLV�ZDV�DQ�8UWLFDULDO�5HDFWLRQ��WUHDWHG�V\PSWRPDWLFDOO\
ZLWK�DQWLKLVWDPLQHV�

�

+H�FDPH�D��UG�WLPH��KDYLQJ�VXFK�IDFLDO�DQG�DEGRPLQDO�UXVK�EXW�LW�ZDV�DFFRPSDQLHG�E\�DEGRPLQDO�SDLQ�

:H�VWXG\�WKH�SDWLHQW�ZLWK�D�EORRG�DQDO\VH��DQG�LW�SUHVHQWHG�QHXWURSKLOLF�OHXNRF\WRVLV��QRUPDO�UHQDO�IXQFWLRQ�ZLWK�SURWHLQXULD�DQG�KHPDWXULD�LQ�XULQH�

7KH�SDWLHQW�ZDV�DGPLWWHG�LQ�1HSKURORJ\�6HUYLFH�IRU�WKH�VWXG\�RI�QHSKURWLF�V\QGURPH��)LQDOO\�KH�ZDV�GLDJQRVHG�LQ�KRVSLWDO�ZLWK�OXSXV
JORPHUXORQHSKULWLV�

�

&21&/86,21�

$OWKRXJK�XUWLFDULDO�UHDFWLRQV�DUH�D�FRPPRQ�SDWKRORJ\�LQ�RXU�HPHUJHQF\�VHUYLFHV��3ULPDU\�&DUH�RU�+RVSLWDO���ZH�KDYH�WR�GLVFXVV�GLIIHUHQWLDO
GLDJQRVHV�ZLWK�PRUH�FRPSOH[�PHGLFDO�FRQGLWLRQV��VXFK�LV�WKH�FDVH�RI�RXU�SDWLHQW��7KH�UHDVRQ�IRU�FRQVXOWDWLRQ�ZHUH�WKH�LQMXULHV�WKDW�SURGXFH�D
V\VWHPLF�GLVHDVH�OLNH�OXSXV�



&$6(�35(6(17$7,21 &DUOHV�*UHROHV�5R\R

��������7KH�ZROI�LV�FRPLQJ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$1$�(67(%$1�9,//$&$03$������-25*(�$/&$/$�$1,(172������*$%5,(/$�0$'$/,1$�*5(&8������&$5/(6�*5(2/(6�52<2������&/$8',$�520(52
5$0,5(=������-26(3�0217(6,126�&276������6$/9$'25�6$55$�025(72����

���(0(5*(1&<��)81'$&,2�+263,7$/�6$17�3$8�,�6$17$�7(&/$��(/�9(1'5(//��63$,1

.H\ZRUGV��3DUDQHRSODVWLF�V\QGURPH��SRO\QHXURSDWK\��FDUFLQRPD

$EVWUDFW��

���\HDU�ROG�SDWLHQW�SUHVHQWLQJ�D�KLVWRU\�RI�FKURQLF�SDLQ�LQ�WKH�H[WUHPLWLHV��KDYLQJ�EHHQ�HYDOXDWHG�LQ������ZLWK�YDVFXODU�VXUJHU\��WUDXPDWRORJ\�DQG
UKHXPDWRORJ\��DQG�ZLWK�D�GLDJQRVLV�RI�OXPEDU�VSRQG\ORVLV�DVVRFLDWHG�WR�ILEURP\DOJLD�DQG�GHJHQHUDWLYH�GLVFRSDWK\�

'XULQJ�D�SHULRG�RI�WZR�PRQWKV�WKH�SDWLHQW�KDG�YLVLWHG�VHYHUDO�KRVSLWDOV�LQ�WKH�DUHD��UHSRUWLQJ�FUDPS�OLNH�VKRRWLQJ�SDLQV�LQ�ERWK�WKH�ORZHU�DQG�XSSHU
H[WUHPLWLHV��PDLQO\�LQ�WKH�KDQGV�DQG�IHHW��ZLWK�SDUHVWKHVLD�LQ�VDLG�DUHDV��$�SK\VLFDO�H[DPLQDWLRQ�ZDV�QRUPDO��ZLWK�QR�QHXURORJLFDO�IRFXV��DQG�QR
HYLGHQFH�RI�GHILFLW�DW�D�PRWRU�RU�VHQVLWLYH�OHYHO��2VWHRWHQGLQRXV�UHIOH[HV�ZHUH�QRUPDO��SXOVHV�ZHUH�SDOSDEOH�DQG�V\PPHWULF��WKHUH�ZHUH�QR�VNLQ
DOWHUDWLRQV�DQG�QR�FKDQJHV�LQ�FRORXU�RU�GLVWDO�F\DQRVLV�

$�QXPEHU�RI�DQDO\WLFV�ZHUH�SHUIRUPHG�LQFOXGLQJ�DQ�LRQRJUDP��&3.�DQG�JOXFRVH�WHVW��DOO�RI�WKHP�FDVWLQJ�QRUPDO�UHVXOWV��$�IXOO�VSLQH�;�UD\�VKRZHG�QR
DOWHUDWLRQ�

7KH�SDWLHQW�KDG�EHHQ�SHUVLVWHQWO\�GLDJQRVHG�ZLWK�QHXURSDWKLF�SDLQ�DQG�WKH�WUHDWPHQW�SUHVFULEHG�KDG�LQFOXGHG�GLIIHUHQW�DQWL�LQIODPPDWRU\�GUXJV
DQG�SDLQ�NLOOHUV�VXFK�DV�DPLWULSW\OLQH�DQG�JDEDSHQWLQ��ZLWK�QR�LPSURYHPHQW�EHLQJ�REVHUYHG��7KXV��WKH�SDWLHQW�ZDV�UHIHUUHG�IRU�H[WHUQDO
FRQVXOWDWLRQV�LQ�QHXURORJ\�

)LQDOO\��WKH�SDWLHQW�ZDV�DGPLWWHG�WR�WKH�HPHUJHQF\�URRP�SUHVHQWLQJ�K\SRWHQVLRQ��KDOOXFLQDWLRQV��LQWHUPLWWHQW�LQFRKHUHQW�VSHHFK��SHUVLVWHQW
FRQVWLSDWLRQ�DQG�DFXWH�XULQH�UHWHQWLRQ��7KH�H[DPLQDWLRQ�DW�WKH�HPHUJHQF\�URRP�VKRZHG�QRUPDO�UHVXOWV��5DGLRORJLFDO�WHVWV��FUDQLDO�&$7�VFDQ�DQG
;�UD\�RI�WKH�WKRUD[�DQG�DEGRPHQ��VKRZHG�QR�DFXWH�SDWKRORJ\��7KH�SDWLHQW�ZDV�DGPLWWHG�WR�WKH�GHSDUWPHQW�RI�LQWHUQDO�PHGLFLQH�ZKHUH�D�OXPEDU
SXQFWXUH�ZDV�SHUIRUPHG�DV�ZHOO�DV�D�FUDQLDO�PDJQHWLF�UHVRQDQFH�DQG�DQ�HOHFWURP\RJUDP��DOO�FDVWLQJ�QRUPDO�UHVXOWV��8SRQ�SHUIRUPDQFH�RI�D
&$7�VFDQ�RI�WKH�DEGRPLQDO�WKRUD[�D�WXPRXU�ZDV�REVHUYHG�LQ�WKH�OHIW�OREXOH�DUHD��7KH�DQDO\VLV�ZDV�FRPSOHWHG�ZLWK�DQ�H[DPLQDWLRQ�UHVXOWLQJ�LQ�D
ILQDO�GLDJQRVLV�RI�VPDOO�FHOOV�FDUFLQRPD�ZLWK�QR�H[WHQVLRQ��DVVRFLDWHG�WR�WKH�DSSHDUDQFH�RI�SDUDQHRSODVWLF�V\QGURPH�SUHVHQWLQJ�DV�VHQVLWLYH
DXWRQRPLF�SRO\QHXURSDWK\��'XULQJ�WKH�SDWLHQWÇV�KRVSLWDOLVDWLRQ�V\PSWRPV�SURJUHVVHG�WR�LQFOXGH�XQVWDEOH�ZDONLQJ��K\SRHVWKHVLD�DQG�JOREDO
K\SRUHIOH[LD�WKDW�LPSURYHG�ZLWK�FRUWLFRWKHUDS\��7KH�SDWLHQW�LV�FXUUHQWO\�EHLQJ�WUHDWHG�ZLWK�FKHPRWKHUDS\�DQG�UDGLRWKHUDS\�

&RQFOXVLRQV

3DUDQHRSODVWLF�V\QGURPH�DIIHFWV�EHWZHHQ����WR����RI�SDWLHQWV�ZLWK�FDQFHU��1HYHUWKHOHVV��WKLV�UDUHO\�FRPHV�WR�PLQG�DW�WKH�HPHUJHQF\�URRP��,Q�RXU
FDVH�WKH�SDWLHQW�SUHVHQWHG�DOO�WKH�W\SLFDO�FOLQLFDO�FKDUDFWHULVWLFV�IRU�WKLV�V\QGURPH�DQG�KDG�ZH�VXVSHFWHG�LW�HDUOLHU��RQFRORJLFDO�WUHDWPHQW�FRXOG�KDYH
EHHQ�DGPLQLVWHUHG�DW�DQ�HDUO\�VWDJH�

(DFK�WLPH�D�SDWLHQW�FRPHV�WR�WKH�HPHUJHQF\�URRP�WKH\�PXVW�EH�HYDOXDWHG�H[KDXVWLYHO\�DQG�DV�LI�LW�ZDV�WKH�ILUVW�WLPH�VDLG�SDWLHQW�LV�H[DPLQHG�
SD\LQJ�QR�UHJDUG�WR�ODEHOV�VXFK�DV�FKURQLF�SDLQ��ILEURP\DOJLD��GHSUHVVLRQ��UHSHDW�XVHUÌ�HWF��)DLOXUH�WR�GR�VR�PD\�UHVXOW�LQ�WKH�ZROI�ILQDOO\�FRPLQJ�



&$6(�35(6(17$7,21 9(521,&$�3$5(17

��������3HGLDWULF�(PHUJHQF\�LQ�6SRUW��$�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9(521,&$�3$5(17�0$7+,$6������/25($�'(�81$0812�/80%5(5$6������-8$1�0$18(/�*$5&,$�/23(=������0$5,$�'(/�0$5�%(&(55$�0$<25�����
0$5,$�,6$%(/�&255($�526$/(6����

���(PHUJHQF\�'HSDUWPHQW�5HJLRQDO�+RVSLWDO��0�ODJD��6SDLQ���6$6��0$/$*$��63$,1
���$QGDOXVLDQ�+HDOWK�3XEOLF�6HUYLFH��6SDLQ��6$6��0$/$*$��63$,1

.H\ZRUGV��&RPPRWLR�FRUGLV��5&3�

$EVWUDFW��

%DFNJURXQG

���\HDUV�SDWLHQW�DUULYH�DW�RXU�KHDOWK�FHQWHU�IRU�V\QFRSH�ZKLOH�SOD\LQJ�KDQGEDOO�DW���P�

'XULQJ�WKH�JDPH�KH�JHWV�KLW�LQ�WKH�FKHVW�E\�WKH�EDOO��DIWHU�WKDW�KH�IDOOV�LPPHGLDWHO\�XQFRQVFLRXV��$W�KLV�DUULYDO�FDUGLRSXOPRQDU\�DUUHVW�LV�GLDJQRVHG�
DQG�ZH�VWDUW�&35��ZH�VHQG�VRPHRQH�WR�VHDUFK�$XWRPDWHG�H[WHUQDO�GHILEULOODWRU��$('��LQ�WKH�VSRUWV�FHQWHU��5HVXVFLWDWLRQ�ZDV�LQLWLDWHG�DQG�WKH
GHVILEULODWRU�SURYLGHV���GHVILEULOODWRQV��+H�ZDV�WUDQVIHUUHG�WR�WKH�KRVSLWDO��7KH�HOHFWURFDUGLRJUDP�RQ�DGPLVVLRQ�VKRZV�9HQWULFXODU�)LEULOODWLRQ�VR�KH
JHWV�WKH�WLUDG�GHVILEULOODWLRQ��,W�DSSHDUV�VLQXV�UK\WKP�

+H�JHW�KHPRG\QDPLFDOO\�VWDEOH�ZLWKRXW�DUUK\WKPLDV��&RORU�HFKRFDUGLRJUDP�VKRZV�QR�FDUGLDF�VWUXFWXUDO�DOWHUDWLRQV�DQG�(&*�+ROWHU����K�ZDV�QRUPDO
WRR�

)DPLO\�DQG�&RPPXQLW\�)RFXV��6WXG\�RI�IDPLO\�DQG�FRPPXQLW\��$Q\�SDWLHQW�ZLWK�D�KLVWRU\�RI�VXGGHQ�GHDWK�VKRXOG�PDNH�D�JHQHWLF�IDPLO\�VWXG\�

5HVXOWV

6XGGHQ�GHDWK�GXH�WR�FDUGLDF�VKRFN�LV�FDXVHG�E\�D�GLUHFW�KLW�WR�WKH�FKHVW��LQ�WKH�DEVHQFH�RI�XQGHUO\LQJ�FDUGLRYDVFXODU�GLVHDVH��DQG�LW�LV�DQ�HYHQW
NQRZQ�DV�FRPPRWLR�FRUGLV���RQH�RI�WKH�PRVW�IUHTXHQW�FDXVHV�RI�VXGGHQ�GHDWK�LQ�\RXQJ�M�YHQHV��,Q�86$�PRVW�YLFWLPV�DUH�PHQ�������DQG�HWKQLF
�ZKLWH�������������RI�HYHQWV�WDNH�SODFH�LQ�6SRUWV�LQ�WKH�KLJK�FRPSHWLWLRQ��,W�PXVW�EH�D�KLW�LQ�WKH�FKHVW�E\�D�EOXQW�REMHFW��D�EDOO�RU�ERG\�FRQWDFW�ZLWK
DQRWKHU�SOD\HU��GLUHFWO\�RQ�WKH�KHDUW��DQG�LW�KDV�WR�WDNH�SODFH�LQ�WKH�HOHFWULFDOO\�YXOQHUDEOH�SHULRG�RI�WKH��FDUGLDF�F\FOH��ULVLQJ�SDUW�RI�WKH�7�ZDYH��MXVW
EHIRUH�LWV�SHDN��

7UHDWPHQW���7KH�WUHDWPHQW�ZDV�GHVILEULOODWLRQ��7KHUH�LV�QR�HYLGHQFH�WKDW�VXUYLYRUV�RI�FRPPRWLR�FRUGLV�HYHQW�SUHVHQW�QHZ�KLJK�ULVN�RI�DUUK\WKPLF
HYHQWV��VR�VHFRQGDU\�SUHYHQWLRQ�LV�QRW�LQGLFDWHG�

&21&/86,216�

)DPLO\�SK\VLFLDQV�DQG�HPHUJHQF\�GRFWRUV�HQJDJHG�LQ�KHDOWK�FDUH�FHQWUHV�RU�RWKHU�VHUYLFHV�QHDU�VSRUWV�FHQWUHV��DQG�WKH\�PXVW�KDYH�D�$XWRPDWHG
H[WHUQDO�GHILEULOODWRU��1RZ�LQ�RXU�FRXQWU\��6SDLQ��WKLV�NLQG�RI�VSRUW�FHQWHU�PXVW�KDYH��7KH\�FDQ�VDYH�OLYHV�DQG�LQ�RXU�FDVH�



72;,&2/2*< 0(+0(7�81$/',

��������+HSDWRWR[LFLW\�FDXVHG�&DVVLD�DQJXVWRIROLD��6HQQD�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0HKPHW�8QDOGL������(UVHQ�*XQGX]������,VPHW�'RJDQ������7XFH�'X]NHO������2QXU�,QFHDOW¢Q������.XUWXOXV�$FLNVDUL������+DWLFH�(U\LJLW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��,VWDQEXO�0HGHQL\HW�8QLYHUVLW\�*R]WHSH�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<
���'HSDUWPHQW�RI�7KRUD[�6XUJHU\��.DUWDO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<

.H\ZRUGV��$67��$/7��&DVVLD��KHSDWRWR[LFLW\�

$EVWUDFW��

&DVVLD�DQJXVWLIROLD��6HQQD���XVHG�DV�D�OD[DWLYH��LV�D�SODQW�IURP�WKH�)DEDFHDH�IDPLO\��,W�LQFOXGHV�K\GUR[\DQWKUDFHQH�JO\FRVLGHV��DOVR�NQRZQ�DV�6HQQD
6HQQRVLGH��7KHVH�JO\FRVLGHV�VWLPXODWH�WKH�SHULVWDOVLV�RI�WKH�FRORQ�DQG�DOWHU�FRORQLF�DEVRUSWLRQ�DQG�VHFUHWLRQ�UHVXOWLQJ�LQ�IOXLG�DFFXPXODWLRQ�DQG
H[SXOVLRQ�:H�UHSRUW�LQ�WKLV�FDVH�WKDW�KHSDWRWR[LFLW\�UHODWHG�WR�GULQNLQJ�WHD�FRQWDLQHG�&DVVLD�DQJXVWRIROLD�RQO\�RQFH���DV�D�FXS�RI�WHD��

$����\HDU�ROG�PDQ�ZDV�DGPLWWHG�WR�WKH�('�ZLWK�VL[�KRXUV�KLVWRU\�RI�ZRUVHQLQJ�DEGRPLQDO�SDLQ��+H�QRW�UHSRUWHG�QDXVHD�DQG�YRPLWLQJ�,Q�KLVWRU\�KH
VXIIHUUHG�IURP�ELOLDU\�SDQFUHDWLWLV�HLJKW�PRQWKV�DJR�%ORRG�VDPSOHV�UHYHDOHG�$67�����8�/��$/7�����8�/��/'+�����8�/��+HSDWRELOLDU\�XOWUDVRQRJUDILF
VFDQQLQJ�GHWHFWHG�PXOWLEO�PLOLPHWHU�FDOFXOV�DQG�PLQLPDO�VOXGJH�LQ�JDOO�EODGGHU�:H�LPSOHPHQWHG�IOXLG�UHSODFHPHQW�LQLWLDOO\��+H�ZDV�LQWHUQHG�WR
JHQHUDO�VXUJHU\�FOLQLF�

7KH�FDXVH�RI�VHQQD�UHODWHG�KHSDWRWR[LFLW\�LV�XQFOHDU�EXW�FRXOG�EH�H[SODLQHG�E\�WKH�H[SRVXUH�RI�WKH�OLYHU�WR�XQXVXDO�DPRXQWV�RI�WR[LF�PHWDEROLWHV�RI
DQWKUDTXLQRQH�JO\FRVLGHV��,Q�WKH�OLWHUDWXUH��WKHUH�DUH�UHSRUWV�LOOXVWUDWLQJ�WKH�KHSDWRWR[LF�HIIHFWV�RI�&DVVLD�DQJXVWLIROLD�ZLWK�ORQJ�WHUP�XVDJH�EXW
KHSDWRWR[LFLW\�FDXVHG�XVH�6HQQD�RQO\�RQFH�LV�UDUH�

�
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��������(DWLQJ�GLVRUGHUV�DQG�GLDJQRVLV�LQ�(PHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9(521,&$�3$5(17�0$7+,$6������/25($�'(�81$0812�/80%5(5$6������-8$1�0$18(/�*$5&,$�/23(=������0$5,$�'(/�0$5�%(&(55$�0$<25�����
0$5,$�,6$%(/�&255($�526$/(6����

���(PHUJHQF\�'HSDUWPHQW�5HJLRQDO�+RVSLWDO��0�ODJD��6SDLQ���6$6��0$/$*$��63$,1
���$QGDOXVLDQ�+HDOWK�3XEOLF�6HUYLFH��6SDLQ��6$6��0$/$*$��63$,1

.H\ZRUGV��HDWLQJ�GLVRUGHU��DQRUH[LD�

$EVWUDFW��

%DFNJURXQG�	�$LP

�

���\HDU�ROG�EURXJKW�WR�WKH�HPHUJHQF\�GHSDUWPHQW�RI�$3�E\�XQFRQVFLRXVQHVV�ZKLOH�VKH�ZDV�GDQFLQJ��%HIRUH�VKH�FRPPHQWV�KHU�SDUWQHUV��GL]]LQHVV�
EXW�QRW�SDOSLWDWLRQV�RU�YLVXDO�GLVWXUEDQFHV�

6KH�5HIHU�FUDPSV�DQG�KHDGDFKH�LQ�WKH�SDVW�WZR�ZHHNV��6L[�PRQWKV�DJR�SUHVHQWHG�DQ�HSLVRGH�RI�DEGRPLQDO�DQG�SUHFRUGLDO�SDLQ�������PHQVWUXDO
F\FOH��EXW���PRQWKV�DJR�LW�GLVVDSHDU��9HU\�JRRG�VWXGHQW��DERYH�DYHUDJH�UDWLQJV��6KH�KDV�PDQ\�IULHQGV�DQG�VRFLDO�UHODWLRQVKLSV��5HFHQW�GLYRUFH�RI
SDUHQWV��*RRG�VWXGHQW�LQ�WKH�GDQFH�DFDGHP\�ZKLFK�VLQFH�VHYHQ�\HDUV�DJR��VKH�ORYHV�GDQFH�DQG�VKH�UHIHUV�WKH�PRWKHU�WR�EH�D��SURIHVVLRQDO�

�

0HWKRG

:H�FRQGXFWHG�D�FOLQLFDO�LQWHUYLHZ�ZKHQ�VKH�DUULYH�DW�RXU�(PHUJHQF\�'HSDUWPHQW��,Q�WKH�SK\VLFDO�H[DPLQDWLRQ�ZDV�KLJKOLJKWHG�D�SDOH�VNLQ��WKLQQHVV
DQG�7KH�ERG\�PDVV�LQGH[���7DQQHU���

$V\PSWRPDWLF�ZKHQ�VKH�DUULYHG��ZH�GHFLGHG�WR�UHIHU�WKH�IROORZLQJ��DQDOLWLF�GDWHV�WR�KHU�)DPLO\�3K\VLFLDQ�EHFDXVH�ZH�VXVSHFW�D�GLVRUGHU�LQ�KHU
(DWLQJ�EHKDYLRXU�

5HVXOWV�

3RWDVVLXP�����P(T���/

&2������P(T���/

&DOFLXP������P(T���/

3KRVSKRUXV������P(T���/

�

$�KLVWRU\�RI�FKHVW�DQG�DEGRPLQDO�SDLQ�FDQ�EH�DEOH�WR�D�SRVVLEOH�HVRSKDJLWLV��ZKLFK�PD\�EH�VHFRQGDU\�WR�YRPLWLQJ���$PHQRUUKHD�E\�H[FHVVLYH
H[HUFLVH��FDORULF�UHVWULFWLRQ�DQG�ORVV�ZHLJKW��/D�K\SRNDOHPLD�DQG���RU�ORZ�OHYHOV�RI�LRQL]HG�FDOFLXP�FDQ�EH�WKH�FDXVH�RI��FUDPSV��KHDGDFKH��GL]]LQHVV
DQG�KHDUW�UK\WKP�GLVWXUEDQFHV�

�

7UHDWPHQW�DQG�$FWLRQ�3ODQ

5HTXLUHV�IDPLO\�HGXFDWLRQ��QXWULWLRQDO�FRXQVHOLQJ�DQG�SV\FKLDWULF�WUHDWPHQW��,W�LV�GHULYHG�HQGRFULQRORJ\�DQG�WR�RXU�0HQWDO�+HDOWK�8QLW�

�

&21&/86,216

(DWLQJ�GLVRUGHUV�DSSHDUV�LQ�DGROHVFHQWV�DERYH�������\HDUV��&OLQLFV�DQG�D�JRRG�GRFWRU�SDWLHQW�UHODWLRQVKLS��LV�HVVHQWLDO�WR�UHDFK�WKH�GLDJQRVLV��7KH
JRDO�RI�WKH�WKHUDS\�LQ�SDWLHQWV�ZLWK�(DOLQJ�GLVRUGHUV�LV�WR�JHW�ZHLJKW�UHJDLQ�DQG�WKH�RZQ�DZDUHQHVV�RI�WKH�GLVHDVH�



75$80$ 5\P�+DPHG

��������0LQRU�WUDXPDWLF�EUDLQ�LQMXU\�UHYHDOLQJ�GHUPRoG�FHUHEUDO�F\VW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,PHQ�0HNNL������+DPHG�5\P������+DQD�+HGKOL������$ODD�=DPPLWL������6DOZD�0DQVRXUL������6DORXD�$PUL������:LGHG�'HURXLFKH������%RXKDMMD�%�FKLU����

���(PHUJHQF\�'HSDUWPHQW�&KDUOHV�1LFROOH�+RVSLWDO���WXQLVLD��WXQLV��781,6,$

.H\ZRUGV��7UDXPDWLF��EUDLQ���LQMXU\��DFFLGHQWDO��WXPRU��HPHUJHQF\

$EVWUDFW��

,1752'8&7,21�����

&HUHEUDO�GHUPRLG�F\VWV�DUH�D�UDUH�FRQJHQLWDO�EHQLJQ�WXPRU�IRUPDWLRQV�RI�VORZ�JURZWK��7KH\�UHSUHVHQW�DSSUR[LPDWHO\����RI�DOO�LQWUDFUDQLDO�WXPRUV�
DQG�RFFXU�HTXDOO\�LQ�ERWK�VH[HV��7KH�FOLQLFDO�SUHVHQWDWLRQ�GHSHQGV��RQ�WKH�WXPRU�ORFDWLRQ��+HDGDFKHV�DQG�HSLOHSV\�DUH�WKH�PRVW�FRPPRQ�V\PSWRPV�
WKH\�FDQ�DOVR�EH�GLVFRYHUHG�IROORZLQJ�D�FRPSOLFDWLRQ��6RPH�RI�LQFLGHQWDO�ILQGLQJV�KDYH�EHHQ�GHVFULEHG��5XSWXUH�RI�DQ�LQWUDFUDQLDO�GHUPRLG�F\VW�LV�D
UDUH�HYHQW�ZLFK�PD\�EH�DVVRFLDWHG�WR�PRUELGLW\�DQG�SRWHQWLDO�PRUWDOLW\��

2%6(59$7,21��

:H�UHSRUW�D�FDVH�RI�D����\HDU�ROG�PDQ�ZLWK�QR�PHGLFDO�KLVWRU\�ZKR�VXIIHUHG�D�KLJK�YHORFLW\�WUDIILF�DFFLGHQW��UHVXOWLQJ�LQ�PLQLPDO�WUDXPDWLF�EUDLQ
LQMXU\��7KH�PHGLFDO�WDNLQJ�KLVWRU\�QRWLFHG�DQ��LQLWLDO�ORVV�RI�FRQVFLRXVQHVV�GXULQJ�IHZ�PLQXWHV���2Q�H[DPLQDWLRQ��7KH�SDWLHQW�ZDV�FRQVFLRXV�ZLWK�D
*ODVJRZ�FRPD�VFDOH�RI����DQG�QR�QHXURORJLFDO�VLJQV�RI�ORFDOL]DWLRQ��1R�YLVLEOH�WUDXPD�DERYH�WKH�FODYLFOH�ZDV�IRXQG��7KH�EORRG�SUHVVXUH�ZDV� 
�������PP+J�ZLWK�D�UHJXODU�SXOVH�UDWH�RI����ESP��%LRORJLFDO�WRROV�ZDV�QRUPDO���$�FRPSXWHUL]HG�FUDQLDO�WRPRJUDSK\�ZDV�FRQGXFWHG�DIWHU�VL[�KRXUV
RI�REVHUYDWLRQ�EDVHG�RQ�JXLGHOLQHV�RI�7UDXPDWLF�EUDLQ�LQMXU\�DQG�UHYHDOHG�DQ�LQWUDYHQWULFXODU�PXOWLORFXOHG�OHIW�ODWHUDO��H[SDQVLYH�SURFHVV����ZLWK
KHWHURJHQHRXV�GHQVLW\�H[HUWLQJ�D�PDVV�HIIHFW�ZLWK�GLODWDWLRQ�RI�WKH�OHIW�ODWHUDO�YHQWULFOH�DQG�FRQWURODWHUDO�GHYLDWLRQ�RI�WKH�LQWHUYHQWULFXODU�VHSWXP��,W
FRPELQHV�PXOWLSOH�IDW�GHQVLW\�RI�SXQFWDWH�SLFWXUHV�ORFDOL]HG�DW�WKH�EDVH�RI�WKH�WDQN��OHIW�SDULHWDO�FRUWLFDO�JURRYHV�DQG�UHDOL]LQJ�D�OLSLG�VXSHUQDWDQW�DW
WKH�IURQWDO�DQG�WHPSRUDO�KRUQ�RI�WKH�OHIW�ODWHUDO�YHQWULFOH��7KHUH�ZHUH�QR��WUDXPDWLF�ERQH�LQMXU\�DVVRFLDWHG��7KH�'LDJQRVLV�RI�LQWUDYHQWULFXODU�GHUPRLG
F\VW�UXSWXUH�ZDV�PDGH�ZLWK�D�VSUHDG�6XEDUDFKQRLG�OLSLG�GURSOHWV��7KH�SDWLHQW�ZDV�DGPLWWHG�IRU�REVHUYDWLRQ�LQ�WKH�HPHUJHQF\�ZDUG�DQG
QHXURVXUJHRQV�GLW�QRW�LQGLFDWH�DQ�XUJHQW�QHHG�RI�QHXURVXUJLFDO�DFW��7KH�SDWLHQW�UHPDLQV�DV\PSWRPDWLF�DIWHU�WKH�REVHUYDWLRQDO�SHULRG�DQG�ZDV
UHIHUUHG��WR�WKH�QHXURVXUJHU\�ZDUG�IRU�IXUWKHU�H[SORUDWLRQV�DQG�GHFLVLRQ�PDNLQJ�

&21&/86,21��

'HUPRLG�F\VWV�DUH�EHQLJQ�IRUPDWLRQV�RI�VORZ�JURZWK��ZKLFK�H[SODLQV�WKH�ODWH�GLDJQRVLV��XVXDOO\�WR����\HDUV�LQ�����RI�FDVHV��2FFDVLRQDOO\�WKH\�DUH
LQFLGHQWDO�ILQGLQJV�GLVFRYHUHG�RQ�EUDLQ�FRPSXWHG�WRPRJUDSK\��&7��RU�PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,��



,1)(&7,286�',6($6(���6(36,6 0DULD�$QJHOD�&DQDV�%DUUDQFR

��������&HOOXOLWLV�$XGLW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�$QJHOD�&DQDV�%DUUDQFR������(QULTXH�&DUR�9D]TXH]������0DULD�GHO�&DUPHQ�5RGULJXH]�&DVLPLUR����

���(PHUJHQF\��9+,�6ZLIWFDUH�&OLQLF��0DODJD��63$,1
���(PHUJHQF\���+RVSLWDO�9LUJHQ�GH�OD�9LFWRULD��0DODJD��63$,1
���(PHUJHQF\��+RVSLWDO�9LUJHQ�GH�OD�9LFWRULD��0DODJD��63$,1

.H\ZRUGV��&HOOXOLWLV��7UHDWPHQW��$QWLELRWLFV

$EVWUDFW��

,Q�RXU�FOLQLF�:H�XVH�WR�WUHDW�SDWLHQWV�ZLWK�FHOOXOLWLV��,W�LV�LPSRUWDQW�WKDW�HYHU\�'RFWRU�IROORZV�WKH�VDPH�FULWHULD�LQ�HYHU\�SDWKRORJ\��

7KH�DLP�RI�WKLV�DXGLW�LV�WR�HVWDEOLVK�WKH�FXUUHQW�VWDQGDUG�RI�WUHDWPHQW�SURYLGHG�WR�SDWLHQWV�ZLWK�FHOOXOLWLV�

0HWKRG

7KLV�LV�D�UHWURVSHFWLYH�DXGLW�RI�SDWLHQWV�ZLWK�FHOOXOLWLV�FRPLQJ�WR�WKH�FOLQLF�IURP���WK�WR���WK�6HSWHPEHU������

&ULWHULD

��,I�SDWLHQW�DIHEULOH�DQG�RWKHUZLVH�KHDOWK\��IOXFR[DFLOOLQ����PJ�4'6������GD\V�PD\�EH�XVHG�DV�VLQJOH�GUXJ�WUHDWPHQW�

����������1XPEHU�RI�SDWLHQWV�LQFOXGLQJ�LQ�DXGLW�ZLWKRXW�IHYHU�

��,I�IHEULOH�DQG�LOO�VHQG�WR�+RVSLWDO�IRU�,9�7UHDWPHQW�

��,Q�IDFLDO�FHOOXOLWLV�XVH�FR�DPR[LFODY����PJ�7'6������GD\V�

��,I�SHQLFLOOLQ�DOOHUJLF��&ODULWKURP\FLQ����PJ�%'������GD\V�RU�&OLQGDP\FLQ����PJ�4'6������GD\V�

,QLWLDO�6WDQGDUG�6HWWLQJ

�$W�OHDVW�D�PLQLPXP�����RI�SDWLHQWV�DIHEULOH�DQG�FHOOXOLWLV�ZLOO�KDYH�IOXFR[DFLOOLQ�WUHDWPHQW����PJ�4'6������'D\V�

�$W�OHDVW�D�PLQLPXP�����RI�SDWLHQWV�IHEULOH�DQG�LOO�VHQG�WR�+RVSLWDO�IRU�,9�7UHDWPHQW�

�$W�OHDVW�D�PLQLPXP�����RI�SDWLHQWV�ZLWK�IDFLDO�FHOOXOLWLV�XVH�FR�DPR[LFODY����PJ�7'6������GD\V�

�$W�OHDVW�D�PLQLPXP�����RI�SDWLHQWV�ZLWK�SHQLFLOOLQ�DOOHUJLF��&ODULWKURP\FLQ����PJ�%'������GD\V�RU�&OLQGDP\FLQ����PJ�4'6������GD\V�

$QDO\VLV�DQG�)LQGLQJV

7KHUH�ZHUH����SDWLHQWV�DJHG������\HDUV�ROG�GLDJQRVHG�ZLWK�&HOOXOLWLV��DQG���SDWLHQWV�H[FOXGHG�EHFDXVH��RQH�RI�WKHP�KDG�3LORQLGDO�$EVFHVV�DQG�WKH
VHFRQG�RQH�KDG�DQ�LQIHFWHG�ZRXQG�

,Q���FDVHV�RI����WKH�WHPSHUDWXUH�ZHUH�QRW�LQ�WKH�UHFRUGV�

����&ULWHULD�,Q�UHJDUGV�WR�WKH�FKRVHQ�DQWLELRWLF��SDWLHQW�DIHEULOH�DQG�RWKHUZLVH�KHDOWK\��IOXFR[DFLOOLQ����PJ�4'6������GD\V�����SDWLHQWV�������ZHUH
SUHVFULEHG�ZLWK��)OXFR[DFLOOLQ��RQO\������ZDV�SUHVFULEH�ZLWK����DQWLELRWLFV�IOXFR[DFLOOLQ�DQG�FDOYDSHQ�

%XW���SDWLHQW��WKDW��IOXFR[DFLOOLQ�ZDV�SUHVFULEHG�WKH�WHPSHUDWXUH�LV�QRW��LQ�WKH�UHFRUGV�

���&ULWHULD�,Q�IHEULOH�DQG�LOO��VHQG�WR�+RVSLWDO�IRU�,9�7UHDWPHQW�

2QO\���SDWLHQWV�ZHUH�VHQW�WR�$	(�������RQH�RI�WKHP�ZDV�LOO�DQG�ZLWKRXW�WHPSHUDWXUH�LQ�WKH�UHFRUGV�DQG�WKH�RWKHU�RQH�KDG�IHYHU�

%XW��,�LQFOXGHG���SDWLHQWV�LQ�ZKLFK�WKH�WHPSHUDWXUH�ZDV�QRW�FKHFNHG��EHFDXVH�ZH�GR�QRW�NQRZ�LI�WKH\�KDG�IHYHU�RU�QRW�����

���&ULWHULD�,Q�IDFLDO�FHOOXOLWLV�XVH�FR�DPR[LFODY����PJ�7'6������GD\V�

2QO\�RQH�FDVH�RI�IDFLDO�FHOOXOLWLV�ZDV�UHSRUWHG�DQG�WUHDWHG�ZLWK�FR�DPR[LFODY

���&ULWHULD�,I�SHQLFLOOLQ�DOOHUJLF��&ODULWKURP\FLQ����PJ�%'������GD\V�RU�&OLQGDP\FLQ����PJ�4'6������GD\V�

7KH�DUH�QR�SDWLHQWV�SHQLFLOOLQ�DOOHUJLF�WUHDWHG�ZLWK�&ODULWKURP\FLQ�RU�&OLQGDP\FLQ�������7KHUH�LV�RQO\�RQH�SDWLHQW�SHQLFLOOLQ�DOOHUJLF�WUHDWHG�ZLWK
(U\WKURP\FLQ�



,WnV�DOZD\V�QHFHVVDU\�WR�FKHFN�WHPSHUDWXUH�LI�WKHUH�LV�D�FHOOXOLWLV�EHFDXVH�GHSHQGV�RQ�WKLV�ZH�ZLOO�VHQG�SDWLHQWV�IRU�LY�DQWLYcELRWLFV�WR�$	(�

,Q�WKH�DXGLW�WKHUH�DUH���SDWLHQWV�ZLWKRXW�FKHFNHG�WKH�WHPSHUDWXUH�DQG�WKHQ�ZH�GRQnW�NQRZ�KRZ�LW�LV�

:H�QHHG�WR�VHH�LQ�WKH�UHFRUGV�WKDW�WKH�SDWLHQW�LV�DOOHUJLF�WR�SHQLFLOOLQ,I�ZH�KDYH�WR�JLYH�RWKHU�DQWLELRWLF�

&RQFOXVLRQV�DQG�5HIOHFWLRQV

��,Q�FHOOXOLWLV�ZH�QHHG�WR�FKHFN�YLWDOV�DQG�WHPSHUDWXUH�

��,I�WHPSHUDWXUH�LV�QRUPDO��QR�SHQLFLOOLQ�DOOHUJLF���IOXFR[DFLOOLQ�����PJ�4'6������GD\V

��,I�IHYHU�LOO��VHQG�WR�$	(�IRU�LY�DQWLELRWLFV



35(�+263,7$/���(06���287�2)�+263,7$/ 1LFN�9HUPHHUVFK

��������5HDSSUDVDO�RI�WKH�WRXUQLTXHW�LQ�VHYHUH�WUDXPD�SDWLHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7RP�9DQ�:DHOHP������:LP�5DH\PDHNHUV������1LFN�9HUPHHUVFK����

���(PHUJHQF\�'HSDUWPHQW��$=�6LQW�0DULD�+DOOH��%UXVVHOV��%(/*,80

.H\ZRUGV��WUDXPD���SUH�KRVSLWDO���GLVDVWHU�PHGLFLQH

$EVWUDFW��

,Q�WKH�FLYLO�VHWWLQJ��WKH�XVH�RI�WRXUQLTXHWV�LV�FXUUHQWO\�QRW�HQGRUVHG�E\�(XURSHDQ�SUDFWLFH�JXLGHOLQHV�IRU�WKH�LQLWLDO�PDQDJHPHQW�RI�WUDXPD�YLFWLPV
ZLWK�VHYHUHG�RU�VHYHUHO\�LQMXUHG�OLPEV��,Q�DQ�PLOLWDU\�VHWWLQJ�KRZHYHU��LWV�XVH�LV�FRQVLGHUHG�VWDQGDUG�RI�FDUH��%\�VLPSO\�DSSO\LQJ�D�FRQVWULFWLQJ�RU
FRPSUHVVLQJ�GHYLFH��VSHFLILFDOO\�D�EDQGDJH��WHPSRUDU\�FRQWURO�RI�VHYHUH�YHQRXV�DQG�DUWHULDO�EOHHGLQJ�FDQ�EH�DFKLHYHG�LQ�D�WLPHO\�DQG�VLPSOH
PDQQHU��7KH�PDLQ�UHDVRQ�RI�LWV�UHOXFWDQW�XVH�LQ�WKH�FLYLO�FRQWH[W�LV�WKH�IHDU�RI�HYHQWXDO�QHUYH�OHVLRQV��SDLQ��HWF��)XUWKHUPRUH��DOWHUQDWLYH�PHWKRGV�WR
FRQWURO�PDMRU�EOHHGLQJV�OLNH�KDHPRVWDWLF�EDQGDJHV�IXUWKHU�PDNH�LWV�XVH�OHVV�IUHTXHQW��7KH�WHUURULVW�DWWDFNV�LQ�%UXVVHOV�DLUSRUW�RQ�0DUFK���QG�����
GHPRQVWUDWHG�LQ�D�YHU\�SDLQIXO�ZD\�WKH�SRWHQWLDO�EHQHILWV�RI�WRXUQLTXHWV��%\�PHUH�FKDQFH��GXH�WR�WKH�SUHVHQFH�RI�VROGLHUV�RQ�VLWH��&RPEDW
$SSOLFDWLRQ�7RXUQLTXHWVi��&$7V��ZHUH�DSSOLHG�WR�LQMXUHG�FDVXDOWLHV�ZLWK�H[WHQVLYH�OLPE�LQMXU\��:H�K\SRWKHVL]H�WKDW�WKH�XVH�RI�WRXUQLTXHWV�FDQ
PLWLJDWH�WKH�GHWULPHQWDO�RXWFRPH�LQ�WUDXPD�YLFWLPV�VXIIHULQJ�IURP�FDWDVWURSKLF�EOHHGLQJ��7R�HYDOXDWH�WKLV��ZH�SURSRVH�D�UHWURVSHFWLYH�DQDO\VLV�E\
PHDQV�RI�D�TXHVWLRQQDLUH�RI�WKH�VHYHUHO\�LQMXUHG�RI�%UXVVHOV�DLUSRUW�



,1)(&7,286�',6($6(���6(36,6 +DQHQ�*KD]DOL

��������,GHQWLILFDWLRQ�RI�VHSWLF�SDWLHQWV�DW�ULVN�RI�FRPSOLFDWLRQV�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

D\PHQ�]RXEOL������+DQHQ�*KD]DOL������ZLGHG�%RXVVHOPL������5DQLD�-HEUL������$QZDUH�<DKPDGL������$KPHG�6RX\DK������IDUDK�ULDKL������ZLGHG�EDKULD����

���HPHUJHQF\�GHSDUWPHQW��UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��%HQ�$URXV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��6085���K�SLWDO�U�JLRQDO�EHQ�DURXV��EHQ�DURXV��781,6,$
���6HUYLFH�G
$FFXHLO�GHV�8UJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��%HQ�$URXV��781,6,$

.H\ZRUGV��VHSVLV��RXWFRPH��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ

(DUO\��LGHQWLILFDWLRQ�RI�VHSWLF�SDWLHQWV�DW�ULVN�RI�GHYHORSSLQJ��VHYHUH�VHSVLV�V\QGURPH��666��LV�FUXFLDO���$Q�LQWHQVLYH�FDUH�XQLW��,&8��FRKRUW�VWXG\
LGHQWLILHG�VLPSOH�FOLQLFDO�FULWHULD�WR�SUHGLFW�SDWLHQWV�UHTXLULQJ�LPPHGLDWHO\�LQWHQVLYH�FDUH�PDQDJHPHQW��$P�-�5HVSLU�&ULW�&DUH�0HG��������

2EMHFWLYH

7R�LGHQWLI\�IDFWRUV�DVVRFLDWHG�ZLWK�WKH�RFFXUUHQFH�RI�D�666��VHYHUH�VHSVLV�RU�VHSWLF�VKRFN��LQ�SDWLHQWV�ZLWK�QRQ�FRPSOLFDWHG�GRFXPHQWHG�LQIHFWLRQ�LQ
WKH�HPHUJHQF\�GHSDUWPHQW��('��

0HWKRGV�

3URVSHFWLYH�VWXG\�FRQGXFWHG�RYHU�VL[�PRQWKV��:HUH�LQFOXGHG���SDWLHQWV�DJHG�Õ���\HDUV�ZLWK�VXVSHFWHG�LQIHFWLRQ�DVVRFLDWHG�ZLWK�WZR�RU�PRUH
FULWHULD�RI�WKH�V\VWHPLF�LQIODPPDWRU\�UHVSRQVH�V\QGURPH��WHPSHUDWXUH�Õ���j�&�RU�Ô���j�&���KHDUW�UDWH!����ESP���PLQ��5HVSLUDWRU\�5DWH�!������PLQ
RU�3D&2������PP�+J�RU�:%&�!��������FHO���PP��RU����������PP����ZLWK�D�V\VWROLF�EORRG�SUHVVXUH��6%3��!����PP+J�DQG�D�ODFWDWH�OHYHOV����
PPRO���/��(SLGHPLRORJLFDO��FOLQLFDO��WKHUDSHXWLF�DQG�RXWFRPH�FULWHULD�ZHUH�FROOHFWHG��$3$&+(���VFRUH�ZDV�FDOFXODWHG��2FFXUUHQFH�RI�RUJDQ�IDLOXUH
GHILQH�VHYHUH�VHSVLV��3HUVLVWHQW�K\SRWHQVLRQ��6%3�����PP+J��RU�VLJQV�RI�K\SRSHUIXVLRQ��ODFWDWH�Õ��PPRO���O��ROLJXULD��GHVSLWH�IOXLG�UHVXVFLWDWLRQ
GHILQH�VHSWLF�VKRFN��0XOWLYDULDWH�DQDO\VLV�WR�LGHQWLI\�IDFWRUV�DVVRFLDWHG�ZLWK�WKH�RFFXUUHQFH�RI�WKH�666�ZDV�SHUIRUPHG�

5HVXOWV���,QFOXVLRQ�RI�����SDWLHQWV��666��Q� ����������0HDQ�DJH� ����k����\HDUV�

6H[�UDWLR� ��������6LWH�RI�LQIHFWLRQ��LQWUD�DEGRPLQDO�������DQG�UHVSLUDWRU\��������0HDQ�$3$&+(���VFRUH� ����k������0XOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ
LGHQWLILHG�WKH�IROORZLQJ�SDUDPHWHUV��DV�DVVRFLDWHG�ZLWK�RFFXUUHQFH�RI�666��D�6%3������PP+J��DQ�6S2�������LQ�DPELHQW�DLU��$$��DQG�D�ODFWDWH�OHYHO
Õ��PPRO���O�ZLWK�2GGV�5DWLR��25��DQG�FRQILGHQFH�LQWHUYDO��&,������UHVSHFWLYHO\�WR������>����������@�����>��������@�DQG�����>���������@�

FRQFOXVLRQ�

$�6%3������PP+J��D�6S2�������LQ�$$�DQG�D�ODFWDWH�OHYHO�Õ��PPRO���O�ZHUH�DVVRFLDWHG�ZLWK�WKH�RFFXUUHQFH�RI�D�666��(DUO\�LGHQWLILFDWLRQ�RI
SDWLHQWV�ZLWK�666�PD\�KHOS�WKH�HPHUJHQF\�SK\VLFLDQV�IRU�EHWWHU�PDQDJHPHQW�DQG�EHWWHU�RXWFRPH�



&$5',29$6&8/$5 6HUJLR�&DUGRVR

��������6DYHG�E\�WKH�UDVK"�$Q�XQXVXDO�FDVH�RI�D�P\RFDUGLDO�LQIDUFWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6HUJLR�&DUGRVR������'HPH\HU�,JQDFH������3HGUR�6HPHGR����

���(PHUJHQF\�'HSDUWPHQW��2Q]H�/LHYH�9URXZ�=LHNHQKXLV��$DOVW��%(/*,80
���&DUGLRORJ\�'HSDUWPHQW��+RVSLWDO�(VS�ULWR�6DQWR��wYRUD��32578*$/

.H\ZRUGV��DQDSK\OD[LV��LQIDUFWLRQ

$EVWUDFW��

0\RFDUGLDO�LQIDUFWLRQ�FDQ�DVVXPH�D�SOHWKRUD�RI�DW\SLFDO�SUHVHQWDWLRQV��3RVWHULRU�LQIDUFWV�DUH�QRWRULRXVO\�GLIILFXOW�WR�GLDJQRVH��:H�SUHVHQW�WKH
XQXVXDO�FDVH�RI�D�SDWLHQW�ZKR�YLVLWHG�WKH�HPHUJHQF\�GHSDUWPHQW�IRU�DQ�DFXWH�QHFN�SDLQ��EHOLHYHG�WR�EH�RI�PXVFXODU�RULJLQ��$IWHU�DQ�LQWUDYHQRXV
DQDOJHVLF�ZDV�JLYHQ��VKH�ZDV�SURPSWO\�GLVFKDUJHG��RQO\�WR�UHWXUQ�RQH�KRXU�ODWHU�ZLWK�DQ�H[XEHUDQW�UDVK�DQG�KHPRG\QDPLF�LQVWDELOLW\��VXJJHVWLYH�RI
DQDSK\ODFWLF�VKRFN��)XUWKHUPRUH��DQ�(.*��QRW�SUHYLRXVO\�SHUIRUPHG��GRFXPHQWHG�D�SRVWHUR�LQIHULRU�P\RFDUGLDO�LQIDUFWLRQ��UHWURVSHFWLYHO\�EHOLHYHG
WR�EH�WKH�FDXVH�RI�WKH�FHUYLFDO�SDLQ��$IWHU�KHPRG\QDPLF�VWDELOLVDWLRQ��WKH�SDWLHQW�XQGHUZHQW�37&$�DQG�UHFRYHUHG�XQHYHQWIXOO\��:H�GLVFXVV�VRPH
FRQVLGHUDWLRQV�UHODWHG�WR�WKH�PDQDJHPHQW�RI�DQDSK\OD[LV�DQG�WKH�SLWIDOOV�LQKHUHQW�WR�WKH�GLDJQRVLV�RI�SRVWHUR�LQIHULRU�P\RFDUGLDO�LQIDUFWLRQ�



&$5',29$6&8/$5 5\P�+DPHG

��������:ROI�3DUNLQVRQ�:KLWH�V\QGURPH�ZLWK�SDUR[\VPDO�DWULDO�ILEULOODWLRQ�GLDJQRVHG�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+�OD�0DQD�������+DPHG�5\P������IHWHQ�$PLUD������0DDUHI�$PHO������-HEDOL�$PLQD������=LHG�*XHUPD]L������%RXKDMMD�%�FKLU����

���(PHUJHQF\�'HSDUWPHQW�&KDUOHV�1LFROOH�+RVSLWDO���WXQLVLD��WXQLV��781,6,$

.H\ZRUGV��ZSZ��HPHUJHQF\���DWULDO�ILEULOODWLRQ

$EVWUDFW��

,QWURGXFWLRQ��

:ROI�SDUNLQVRQ�:KLWH���:3:��6\QGURPH�LV�D�UDUH�FRQGLWLRQ�LQ�SRSXODWLRQ�HVWLPDWHG�EHWZHHQ������WR�����,Q�����RI�FDVHV��SDUR[\VPDO�QRQVXVWDLQHG
DWULDO�ILEULOODWLRQ�LV�DVVRFLDWHG�ZLWK�ULVN�RI�YHQWULFXODU�ILEULOODWLRQ�DQG�FDQ�EH�D�OLIH�WKUHDWHQLQJ�FRQGLWLRQ�LI�PLVGLDJQRVHG��'LIIHUHQWLDO�GLDJQRVLV�DQG
DGHTXDWH�WKHUDSHXWLF�FKRLFH�DUH�WKH�FKDOOHQJHV�IRU�HPHUJHQF\�SK\VLFLDQV�LQ�WKH�PDQDJHPHQW�RI�WKLV�FRQGLWLRQ�

&DVH�UHSRUW��

$����\HDU�ROG�IHPDOH�ZLWK�QR�PHGLFDO�KLVWRU\�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�FRPSODLQLQJ�RI�SDOSLWDWLRQV�ZLWK�EUXWDO�RQVHW�DW�UHVW�DQG��
HSLVRGHV�RI�YRPLWLQJ�EHJLQQLQJ���KRXUV�EHIRUH��2Q�H[DPLQDWLRQ��VKH�ZDV�DZDNH��SUHVHQWHG�DQ�LUUHJXODU�UDSLG�SXOVH�ZLWK�QR�KHPRG\QDPLF�LQVWDELOLW\
QHLWKHU�UHVSLUDWRU\�GLVWUHVV��$����OHDG�(&*�VKRZHG�DQ�LUUHJXODU�ZLGH�SRO\PRUSKLF�456�FRPSOH[HV�WDFK\FDUGLD�RI�����PLQ��7KH�GLDJQRVLV�RI�:3:
ZLWK�SDUR[\VPDO�$)�ZDV�PDGH�DQG�D�SKDUPDFRORJLFDO�FDUGLRYHUVLRQ�ZLWK�LQWUDYHQRXV�DPLRGDURQH�ZDV�DWWHPSWHG�ZLWK�VXFFHVV��7KH�SDWLHQW�ZDV
WUDQVIHUUHG�WR�D�FDUGLRORJLF�XQLW�IRU�IXUWKHU�DVVHVVPHQW�

'LVFXVVLRQ��

,Q�:3:�ZLWK�$)��(&*�VKRZV�W\SLFDOO\�LUUHJXODU�WDFK\FDUGLD�ZLWK�UDSLG�YHQWULFXODU�UHVSRQVH�RIWHQ�!�����SHU�PLQ�DQG�ZLGHQHG�SRO\PRUSKLF�456�
$OWKRXJK�LWV�JRRG�SURJQRVLV�ZKHQ�QRQVXVWDLQHG���$)�ZLWK�:3:�PD\�GHJHQHUH��LQ����RI�FDVHV�WR�YHQWULFXODU�ILEULOODWLRQ�ZLWK�ULVN�RI�VXGGHQ�FDUGLDF
GHDWK��(PHUJHQF\�SK\VLFLDQ�PXVW�UHFRQJQL]H�EHFDXVH�RI��SRVVLEOH�FULWLFDO�HYROXWLRQ�DQG��WKHUDSHXWLF�LPSOLFDWLRQV��7UHDWPHQW�PXVW�EH�FDUHIXO�
(OHFWULFDO�FDUGLRYHUVLRQ�LV�LQGLFDWHG�LQ�XQVWDEOH�SDWLHQWV��:KHQ�SKDUPDFRORJLFDO�FDUGLRYHUVLRQ�LV�LQGLFDWHG��GUXJV�PD\�QRW�LPSHGH�WKH�$9�FRQGXFWLRQ�

&RQFOXVLRQ�

:3:�V\QGURPH�DVVRFLDWHG�WR�SDUR[\VPDO�$)�LV�D�UDUH�EXW�OLIH�WKUHDWHQLQJ�FRQGLWLRQ��(PHUJHQF\�SK\VLFLDQ�PD\�EH�H[SRVHG�WR�UHFRJQL]H�DQG�WUHDW
ZLWKRXW�DQ\�GHOD\�WKLV�SDWKRORJ\�



&$5',29$6&8/$5 $60$�=25*$7,

��������456�DPSOLWXGH�IRU�SUHGLFWLQJ�UHFHQW�RU�FKURQLF�DWULDO�ILEULOODWLRQ�LQ�HPHUJHQF\�SUDFWLFH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

KRXGD�EHQ�VDODK������ULP�\RXVVHI������PRXQLU�QDLMD������DVPD�]RUJDWL������QDRXHIHO�FKHELOL������ULDGK�ERXNHI����

���VHUYLFH�GHV�XUJHQFHV�VDKORXO��&+8�6DKORXO�6RXVVH��VRXVVH��781,6,$
���6$08����&+8�6DKORXO�6RXVVH��VRXVVH��781,6,$

.H\ZRUGV��DWULDO�ILEULOODWLRQ��HPHUJHQF\�GHSDUWPHQW��456�PRUSKRORJ\�

$EVWUDFW��

�$WULDO�ILEULOODWLRQ�LV�WKH�DUUK\WKPLD�PRVW�FRPPRQO\�HQFRXQWHUHG�LQ�HPHUJHQF\�SUDFWLFH��6HULRXV�FRPSOLFDWLRQV�FDQ�LQFOXGH�FRQJHVWLYH�KHDUW�IDLOXUH�
P\RFDUGLDO�LQIDUFWLRQ��DQG�WKURPERHPEROLVP��,QLWLDO�WUHDWPHQW�LV�GLUHFWHG�DW�FRQWUROOLQJ�WKH�YHQWULFXODU�UDWH��0HGLFDO�RU�HOHFWULFDO�FDUGLRYHUVLRQ�FDQ
EH�QHFHVVDU\�LQ�VRPH�FDVHV�HVSHFLDOO\�ZKHQ�WKH�GLDJQRVLV�RI�UHFHQW�DWULDO�ILEULOODWLRQ�LV�FHUWDLQO\�HVWDEOLVKHG��&OLQLFDO�KLVWRU\�DQG
HOHFWURFDUGLRJUDSKLF�FKDUDFWHULVWLFV�FDQ�KHOS�WR�GLDJQRVLV��,W�LV�DGPLWWHG�WKDW�YDULDWLRQ�RI�456�PRUSKRORJ\�LV�DQ�LQGLUHFW�VLJQ�RI�FKURQLF�DWULDO
ILEULOODWLRQ��,Q�2XU�VWXG\�ZH�DQDO\VHG�(&*�RI�SDWLHQWV�FRQVXOWLQJ�IRU�DWULDO�ILEULOODWLRQ�DQG�WULHG�WR�REMHFWLYH�D�UHODWLRQVKLS�EHWZHHQ�YDULDEOH�DVSHFW
DQG�DPSOLWXGH�RI�YHQWULFXODU�GHSRODUL]DWLRQ�DQG�FKURQLFLW\�RI�DWULDO�ILEULOODWLRQ�

:H�SHUIRUPHG�DQ�DQDO\WLF�SURVSHFWLYH�VWXG\�ZLWKLQ�D�SHULRG�RI�RQH�\HDU��DQG�D�KDOI��:H��XVHG�RXU�ORFDO�DWULDO�ILEULOODWLRQ�UHJLVWU\��:H�FROOHFWHG
VSHFLILF�LQIRUPDWLRQV�DERXW�WKH�)$���:H�DQDO\]HG�WKH�(&*V�DVSHFWV�RI���JURXSV�RI�SDWLHQWV��QHZO\�DQG�SUHYLRXVO\�GLDJQRVHG�)$��:H�FDOFXODWHG�5PD[
�WKH�PD[LPDO�5�ZDYH�DPSOLWXGH�LQ�WKH�(&*�GHULYDWLRQV���5PLQ��WKH�PLQLPDO�5�ZDYH�LQ�WKH�VDPH�GHULYDWLRQ���GHOWD5��5PD[��5PLQ�DQG�WKH�UDWLR
GHOWD5��5PD[�

:H�HQUROOHG�����SDWLHQWV�ZKR�KDG�DQ�('�YLVLW�IRU�DWULDO�ILEULOODWLRQ��7KH�VH[�UDWLR�ZDV�������7KH��PLGGOH�DJH�ZDV�DURXQG����\HDUV��IURP����WR���
\HDUV��

,Q�WKH�ILUVW�JURXS�ZLWK�SUHYLRXVO\�GLDJQRVHG�)$��ZH�LQFOXGHG����SDWLHQWV�DQG�RQO\����SDWLHQWV�LQ�WKH�JURXS�RI�QHZO\�GLDJQRVHG�)$��7KH�VWXG\�VKRZHG
WKDW�WKH�GHOWD5�5PD[��LV�YHU\�YDULRXV�DQG�UDQJHG�EHWZHHQ�������DQG��������)RU�D�UDWLR�GHOWD5�5PD[�EHWZHHQ�������DQG�����������SDWLHQWV�ZLWK
FKURQLF�)$��DQG����UHFHQWO\�GLDJQRVHG�)$��)RU�D�UDWLR�GHOWD5�5PD[�EHWZHHQ��������DQG�����������SDWLHQWV��ZLWK�FKURQLF�)$��DQG����UHFHQWO\
GLDJQRVHG�)$��)RU�D�UDWLR�GHOWD5�5PD[�XSSHU�WKDQ������������SDWLHQWV�FKURQLF�)$��DQG���UHFHQWO\�GLDJQRVHG�)$�

)URP�WKRVH�UHVXOWV�ZH�FDQ�QRWH�WKDW�PRUH�WKH�UDWLR�GHOWD5�5PD[�JURZV�PRUH�WKH�)$�LV�OLNHO\�WR�EH�FKURQLF��ZLWK�D�VHQVLWLYLW\�RI�����DQG�D�VSHFLILFLW\
RI�����IRU�YDOXHV�RI�UDWLR�GHOWD5�5PD[�XSSHU�WKDQ�������

�7KH�GLDJQRVLV�RI�UHFHQW�DWULDO�ILEULOODWLRQ�LQ�WKH�FXUUHQW�SUDFWLFH�LV�HVVHQWLDO�IRU�LWV�PDQDJHPHQW��,Q�WKH�OLJKW�RI�RXU�UHVXOWV�ZH�FDQ�FRQFOXGH�WKDW�WKH
UDWLR�GHOWD5�5PD[�FDQ�EH�D�SUHGLFWLI�FULWHULD�RI��D�SUHYLRXVO\�GLDJQRVHG�)$�IRU�D�YDOXH�XSSHU�WKDQ�������

�

�

�

�

�



&$6(�35(6(17$7,21 /X]�7DPDUD�9g]TXH]

��������%DG�PRRG�DIWHU�D�ORQJ�IOLJKW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/X]�7DPDUD�9�]TXH]������0DU�D�&XDGUDGR������/XLV�<XEHUR������,VDEHO�)HUQ�QGH]������/XLV�3�UH]������6DQWLDJR�%HUPHMR������)UDQFLVFR�-LP�QH]�����
0DQXHO�*LO����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�8QLYHUVLWDULR����GH�2FWXEUH��0DGULG��63$,1

.H\ZRUGV��,VFKHPLD��&DURWLG��'LVVHFWLRQ

$EVWUDFW��

:H�SUHVHQW�WKH�FDVH�RI�D����\HDU�ROG�ZRPDQ�ZLWK�QR�UHOHYDQW�PHGLFDO�KLVWRU\

7KH�V\PSWRPV�EHJDQ���KRXUV�EHIRUH�DGPLVVLRQ�WR�WKH�(PHUJHQF\�'HSDUWPHQW��$IWHU�ODQGLQJ�IURP�D�WHQ�KRXUV�IOLJKW��VKH�EHJDQ�ZLWK�PDODLVH��
ZHDNQHVV��QDXVHD��YRPLWLQJ�DQG�VWUDQJH�EHKDYLRU�

6KH�LV�WDNHQ�WR�WKH�+RVSLWDO�E\�KHU�KXVEDQG��ZKR�WHOOV�WKDW�GXULQJ�WKH�KROLGD\V�DQG�IOLJKW�KHU�EHKDYLRXU�ZDV�WRWDOO\�QRUPDO�DQG�WKDW�PRVW�RI�WKH�WLPH
LQ�WKH�IOLJKW�EDFN�WR�6SDLQ�VKH�ZDV�VOHHSLQJ�ZLWK�KHU�KHDG�RYHU�KLV�VKRXOGHU�

7KH\�KDYH�VWD\HG�LQ�&XED�IRU�D�ZHHN�FHOHEUDWLQJ�WKHLU�KRQH\�PRRQ��+HU�KXVEDQG�VDLG�VKH�GLG�QRW�FRQVXPH�DQ\�W\SH�RI�GUXJV�GXULQJ�WKH�KROLGD\V�RU
WKH�IOLJKW�

$W�WKH�JHQHUDO�H[DPLQDWLRQ�QR�IHYHU��QRUPDO�EORRG�SUHVVXUH�DQG�QR�WDFK\FDUGLD��EXW�DOWKRXJK�VKH�KDG�D�*ODVJRZ�6FRUH�RI�����WKH�QHXURORJLFDO
H[SORUDWLRQ�VKRZHG�VRPH�DEQRUPDOLWLHV��VKH�ZDV�LQ�DQ�XQOLNH�PRRG��ZLWK�XQPRWLYDWHG�ODXJKWHU��GLVRULHQWHG�ZLWK�LQDSSURSLDWHG�DQVZHUV�WR�WKH
GRFWRU
V�TXHVWLRQV��1R�YLVXDO�SUREOHPV��QR�ORVV�RI�VWUHQJWK�RU�VHQVLWLYH�DIHFWLRQ��5HIOH[�H[SORUDWLRQ�ZDV�DOVR�QRUPDO��6KH�FRXOG�ZDON�SURSHUOO\�DQG�QR
VLJQV�RI�PHQLQJHDO�RU�FHUHEHOOXP�GLVRUGHUV�ZHUH�IRXQG�DW�WKH�ILUVW�H[DPLQDWLRQ�

/DERUDWRU\�WHVWV�ZHUH�WDNHQ��LQFOXGLQJ�FKHVW�DQG�DEGRPLQDO�UDGLRJUDSK\��SUHJQDQF\�WHVW�DQG�VWXG\�RI�GLIIHUHQW�W\SHV�RI�WR[LFV���EHLQJ�DOO�RI�WKHP
QRUPDO�DQG�QHJDWLYH��

$�&RPSXWHUL]HG�$[LDO�7RPRJUDSK\�RI�WKH�EUDLQ�ZDV�WDNHQ�WKDW�VKRZHG��DQ�K\SRGHQVH�OHVVLRQ�LQ�WKH�IURQWDO�ULJKW�SDUW�RI�WKH�EUDLQ��VXJJHVWLQJ
LVFKHPLD�LQ�WKH�WHUULWRU\�RI�WKH�ULJKW�DQWHULRU�FHUHEUDO�DUWHU\

-XVW�ILYH�KRXUV�DIWHU�DGPLVVLRQ��KHU�FOLQLFDO�FRQGLWLRQ�JRW�ZRUVHG��GHFUHDVLQJ�KHU�OHYHO�RI�FRQVFLRXVQHVV��YRPLWLQJ��DQG�ZLWK�PRUH�DEQRUPDOLWLHV�LQ
WKH�QHXURORJLFDO�H[DPLQWDLRQ�DV�G\VSKDVLD��SDUHVLV�RI�WKH�ULJKW�FHQWUDO�IDFLDO�QHUYH�DQG�ULJKW�KHPLDQRSLD��$V�WLPH�ZHQW�E\�DOVR�SDUHVLD�RI�WKH�ULJKW
KHPLVSKHUH�ZLWK�SRVLWLYH�%DELQVNL�DSSHDUHG��VR�WUHDWPHQW�ZLWK�LQWUDYHQRXV�DQWLFRDJXODWLRQ�ZDV�SUHVFULEHG�VXVSHFWLQJ�D�SURJUHVVLYH�LVFKDHPLF
VWURNH�

6KH�ZDV�DGPLWWHG�WR�WKH�6WRNH�8QLW��'XULQJ�DGPLVVLRQ��D�0DJQHWLF�5HVRQDQFH�,PDJLQJ��ZDV�SHUIRUPHG��UHSRUWHG�D�VWHQRVLV�RI�WKH�FHUYLFDO�VHJPHQW
LQ�WKH�OHIW�LQWHUQDO�FDURWLG�GXH�WR�D�GLVVHFWLRQ�ZLWK�DOVR�DIIHFWLRQ�LQ�ERWK�IURQWDO�KHPLVSKHUHV�

7KH�ILQDO�'LDJQRVLV�ZDV�%LIURQWDO�DQG�/HIW�SDULHWDO�LVFKDHPLD�ZLWK�VSRQWDQHRXV�GLVVHFWLRQ�RI��OHIW�FDURWLG�DUWHU\�

6KH�FRQWLQXHG�ZLWK�DQWLFRDJXODWLRQ�WUHDWPHQW��ZLWK�SURJUHVVLYH�LPSURYHPHQW�RI�WKH�QHXURORJLFDO�FRQGLWLRQ�DQG�DIWHU�WKLUW\�WZR�GD\V�RI�DGPLVVLRQ�
VKH�KDG�D�QHDUO\�FRPSOHWH�UHVROXWLRQ�RI�V\PSWRPV��UHPDLQLQJ�MXVW�VRPH�DWWHQWLRQ�SUREOHPV�

$�PRQWK�ODWHU��VKH�FRXOG�PDQDJH�WR�GR�QRUPDO�OLIH�ZLWKRXW�DQ\�KHOS�

$V�DOZD\V�LQ�0HGLFLQH��WKH�PRVW�LPSRUWDQW�WKLQJ�WR�GR�LV�D�JRRG�FOLQLFDO�KLVWRU\�DQG�SK\VLFDO�H[DPLQDWLRQ�EHIRUH�MXPS�LQWR�ZURQJ�FRQFOXVLRQV�

$V�LQ�WKLV�FDVH��ZH�PXVW�UXOHG�RXW�SRWHQWLDOO\�VHULRXV�LOOQHVV��EHIRUH�DWWULEXWLQJ�WKH�FDXVH�RI�WKH�ZURQJ�EHKDYLRXU�WR�D�WR[LF�RU�SV\FKLDWULF�RULJLQ�



35(�+263,7$/���(06���287�2)�+263,7$/ $/,1�&$1&,8

��������*ODVJRZ�&RPD�6FRUH�LQ�WUDXPD�FDVHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6PDUDQGRLX�0DULXV������&DQFLX�$OLQ����

���6085'�6LELX��6085'�6LELX��VLELX��520$1,$

.H\ZRUGV��*ODVJRZ�&RPD�6FRUH��WUDXPD

$EVWUDFW��

%DFNJURXQG��*ODVJRZ�&RPD�6FRUH�DUH�GLIIHUHQW�SDWWHUQV�LQ�HDFK�W\SH�RI�WUDXPD��7KH�DLP�RI�WKLV�VWXG\�LV�WR�GHILQH�FHUWDLQ�SDWWHUQV�RI�*&6�LQ�VRPH
W\SH�RI�WUDXPD��ILUH�LQFLGHQWV��URDG�DFFLGHQWV��IDOOV��ZRUN�DFFLGHQWV��GUDZLQJ�DQG�HOHFWURFXWLRQ�

0HWKRGV��5HWURVSHFWLYH�PHGLFDO�VWXG\�EDVHG�RQ�VWDWLVWLFDO�DQDO\VLV�RI�6085'�QDWLRQDO�GDWDEDVH�RQ�D�SHULRG�RI���\HDUV�������������

5HVXOWV��$OWKRXJK�WKH�IUHTXHQF\�RI�FDU�DFFLGHQWV�DQG�IDOOV�IURP�KHLJKW�LV�KLJKHU�WKDQ�RWKHU�W\SHV�RI�WUDXPD��WKH�LQFLGHQFH�RI�VHULRXVO\�DOWHUHG�*&6
FDXVHG�E\�HOHFWURFXWLRQ�DQG�GURZQLQJ�LV���WLPHV�KLJKHU�



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< $OH[DQGUD�6WHIDQLD�3ROH[D

��������7KH�HPHUJHQF\�GLVSDWFK�V\VWHP��RUGHU�YHUVXV�FKDRV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$/(;$1'5$�67()$1,$�32/(;$������625,1$�0$'$/,1$�32'$5,8������,2$1$�5$'8������9/$'�$/(;$1'58�),6&$������$1$�'$1,(/$�7$5$1����

���6085'�6,%,8��6085'���6,%,8��520$1,$
���838�6085'�6,%,8��&/,1,&$/�(0(5*(1&<�+263,7$/�6,%,8��6,%,8��520$1,$

.H\ZRUGV��GLVSDWFKHU��RSWLPL]H��WULDJH

$EVWUDFW��

7KH�HPHUJHQF\�GLVSDWFK�V\VWHP��RUGHU�YHUVXV�FKDRV�

3ROH[D�$OH[DQGUD�6WHIDQLD�������3RGDULX�6RULQD�0DGDOLQD������5DGX�,RDQD������7DUDQ�$QD�'DQLHOD������)LVFD�9ODG�$OH[DQGUX���

���(PHUJHQF\�GHSDUWPHQW��6085'�6LELX��6LELX��5RPDQLD

���(PHUJHQF\�GHSDUWPHQW��838�6085'�6LELX��6LELX��5RPDQLD

.H\�ZRUGV��GLVSDWFKHU��RSWLPL]H��WULDJH

%DFNJURXQG

&DOOV�WR������WKH�HPHUJHQF\�WHOHSKRQH�QXPEHU��DOORZV�(XURSHDQ�FLWL]HQV�LQ�GLVWUHVV�WR�FRQWDFW�WKH�HPHUJHQF\�VHUYLFHV��7KHVH�DUH�WUDQVIHUUHG�WR�D�
GLVSDWFKHU�RU�D�GLVSDWFKLQJ�VRIWZDUH�DEOH�WR�DOORFDWH�DSSURSULDWH�KXPDQ�UHVRXUFHV�DQG�HTXLSPHQW�WR�DQ\RQH�ZKR�XUJHQWO\�DVNV�IRU�PHGLFDO�KHOS�
)XUWKHUPRUH��(0'�DOVR�LQFOXGHV�WKH�SURYLVLRQ�RI�DFFXUDWH�LQVWUXFWLRQV�WR�WKH�FDOOHU���IRU�H[DPSOH��&35��RU�LQ�FDVH�RI�GLVDVWHU�WKH�QHFHVVDU\
FRRUGLQDWLRQ��7KH�DLP�RI�WKLV�VWXG\�LV�WR�DQDO\]H�DQG�DFNQRZOHGJH�WKH�SHUIRUPDQFH�RI�WKH�HPHUJHQF\�GLVSDWFK�V\VWHP��WR�KLJKOLJKW�WKH�IODZV�DQG�WR
SURYLGH�SURSHU�VROXWLRQV�DQG�DOWHUQDWLYHV�

�

0HWKRGV

:H�FRQGXFWHG�D�UHWURVSHFWLYH�VWXG\�EDVHG�RQ�WKH�ODVW�WKUHH�\HDUV�6085'��0RELOH�(PHUJHQF\�6HUYLFH�IRU�5HVXVFLWDWLRQ�DQG�([WULFDWLRQ��GDWDEDVH�
�,Q�RUGHU�WR�H[HPSOLI\�RXU�VWDQGSRLQW��ZH�LQFOXGHG�����FDOOV�JLYHQ�DV�FDVHV�RI�XQFRQVFLRXVQHVV��2XW�RI�WKLV������WXUQHG�RXW�WR�EH�LQ�FDUGLDF�DUUHVW�
ZKHUHDV�����RI�WKLV�WRWDO�RI�HPHUJHQF\�FDVHV�SURYHG�WR�EH�RI�RWKHU�HWLRORJLHV��2XU�VWXG\�IRFXVHV�RQ�WKH�FRPSOH[�FODVVLILFDWLRQ�RI�WKHVH�����FDVHV
E\�ILQDO�GLDJQRVLV��JHQGHU��FRQVFLRXV�VWDWH��HWF�

�

5HVXOWV

7KHUHIRUH��ZH�KDYH�LQFOXGHG�D�JUHDW�YDULHW\�RI�FDVHV���K\SRJO\FHPLD����FDVHV���OLSRWK\PLD����FDVHV���LQHEULDWHG����FDVHV���HSLOHSWLF�VHL]XUHV����
FDVHV���FUDQLR��FHUHEUDO�LQMXU\����FDVHV���QHRSODVP����FDVHV���KHDUW�UK\WKP�GLVRUGHUV����FDVHV����K\SHUWHQVLRQ����FDVHV���LVFKHPLF�WUDQVLHQW
DWWDFNV�����FDVHV���FHUHEUDO�YDVFXODU�DFFLGHQWV����FDVHV���FRPELQHG�GUXJ�LQWR[LFDWLRQ����FDVHV���GHDWK�E\�KDQJLQJ����FDVHV���FRURQDU\�KHDUW�GLVHDVH�
SXOPRQDU\�RHGHPD����FDVHV���DJJUHVVLRQ���FDVHV���DQJLQD�SHFWRULV���FDVHV���UHVSLUDWRU\�GLVWUHVV����FDVHV��ZKLFK�SURYHG�WR�EH�WKH�UHDO�HWLRORJ\�IRU
WKH�FDVHV�JLYHQ�E\�WKH�GLVSDWFKHU��%HVLGHV�ILQDO�GLDJQRVLV�FODVVLILFDWLRQ�FULWHULD�ZH�DOVR�FODVVLILHG�WKH�FDVHV�LQ�JURXSV�E\�*&6�*ODVJRZ�&RPD�6FRUH��
JHQGHU��DJH�JURXSV��SUH�KRVSLWDO�SDUDPHWHUV�

�

�

&RQFOXVLRQV

:H�DUH�WU\LQJ�WR�PDJQLI\�WKH�LPSRUWDQFH�RI�D�ZHOO�WUDLQHG�GLVSDWFKLQJ�V\VWHP��:KLOH�VRPH�RI�WKH�FDVHV�REVHUYHG�UHTXLUHG�D�W\SH�F�DPEXODQFH�DQG
WKH�DVVLVWDQFH�RI�D�GRFWRU��VRPH�RI�WKHP�FRXOG�EH�FRQGXFWHG�E\�ILUVW�DLG�WHDP��WKXV�DOORZLQJ�W\SH�F�DPEXODQFH�WR�LQWHUYHQH�LQ�WUXOO\�OLIH�WKUHDWKHQLJ
VLWXDWLRQV��,W�LV�ZHOO�NQRZQ�ZKDW�FRXSOH�RI�PLQXWHV�RU�D�YHU\�ZHOO�WUDLQHG�WHDP�FDQ�GR�IRU�D�OLIH��VR�ZH�KDYH�WR�WDNH�LQWR�FRQVLGHUDWLRQ�DOO�WKH
YDULDEOHV�EHIRUH�GLVSDWFKLQJ�D�XQLW�RU�RWKHU��7KH�WUXH�DLP�RI�WKLV�VWXG\�LV�WR�HPSKDVL]H�WKH�WUXH�QHFHVVLW\�RI�D�JRRG�GLVSDWFKLQJ�V\VWHP�DQG�WR�UHDOO\
DGYRFDWH�IRU�D�EHWWHU�WUDLQLQJ�IRU�GLVSDWFKHUV�DOO�DURXQG�WKH�ZRUOG�

�

�

�





&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 5DVPXV�+DVVHOEDOFK

��������'RHV�WKH�XVH�RI�7KH�&RSHQKDJHQ�7ULDJH�$OJRULWKP��&7$��FKDQJH�WKH�WULDJH�OHYHO�RI�SDWLHQWV�LQ�WKH�HPHUJHQF\
GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5DVPXV�%R�+DVVHOEDOFK������0LD�3ULHV�+HMH������/RXLV�/LQG�3OHVQHU������/LVEHW�5DYQ������0RUWHQ�/LQG������5DVPXV�*UHLEH������%LUJLWWH�1\ER�-HQVHQ�����
/DUV�6��5DVPXVVHQ������.DVSHU�,YHUVHQ����

���7KH�GHSDUWPHQW�RI�FDUGLRORJ\��1RQH��+HUOHY�*HQWRIWH�+RVSLWDO��'(10$5.
���7KH�HPHUJHQF\�GHSDUWPHQW��1RQH��+HUOHY�*HQWRIWH�+RVSLWDO��'(10$5.
���7KH�GHSDUWPHQW�RI�FDUGLRORJ\��1RQH��%LVSHEMHUJ�RJ�)UHGHULNVEHUJ�+RVSLWDO��'(10$5.
���7KH�HPHUJHQF\�GHSDUWPHQW��1RQH��%LVSHEMHUJ�RJ�)UHGHULNVEHUJ�+RVSLWDO��'(10$5.
���$Q�VWHVL��RJ�RSHUDWLRQVNOLQLNNHQ��1RQH��5LJVKRVSLWDOHW��'(10$5.
���7KH�GHSDUWPHQW�RI�FDUGLRORJ\�DQG�WKH�HPHUJHQF\�GHSDUWPHQW��1RQH��+HUOHY�*HQWRIWH�+RVSLWDO��'(10$5.

.H\ZRUGV��7ULDJH��(PHUJHQF\�'HSDUWPHQW��9LWDO�3DUDPHWHUV

$EVWUDFW��

%DFNJURXQG

7KH�JRDO�RI�WULDJH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��LV�WR�LGHQWLI\�WKH�VLFNHVW�DQG�PRVW�XUJHQW�SDWLHQWV�IRU�WUHDWPHQW�DV�ZHOO�DV�LGHQWLI\LQJ�SDWLHQWV
DW�D�ORZ�ULVN�RI�PRUWDOLW\�DQG�DGYHUVH�RXWFRPHV�ZHUH�WUHDWPHQW�FDQ�EH�SRVWSRQHG�ZLWKRXW�ULVN�

([LVWLQJ�V\VWHPDWLF�WULDJH�PRGHOV�KDYH�D�ZHOO�GRFXPHQWHG�SUREOHP�ZLWK�RYHU�WULDJH�Ä�RYHUHVWLPDWLQJ�WKH�ULVN�RI�ORZ�ULVN�SDWLHQWV��2XU�JRDO�ZDV�WR
VHH�LI�7KH�&RSHQKDJHQ�7ULDJH�$OJRULWKP�KDV�D�ORZHU�UDWH�RI�SDWLHQWV�FODVVLILHG�DV�UHVXVFLWDWLRQ��HPHUJHQW��DQG�XUJHQW�FRPSDUHG�WR�WKH�VWDQGDUG
'DQLVK�(PHUJHQF\�3URFHVV�7ULDJH��'(37��

0HWKRGV

7KH�&RSHQKDJHQ�7ULDJH�$OJRULWKP��&7$��VWXG\�LV�D�SURVSHFWLYH�WZR�FHQWHU��FOXVWHU�UDQGRPL]HG��FURVV�RYHU��QRQ�LQIHULRULW\�WULDO�FRPSDULQJ�D�QHZO\
GHYHORSHG�WULDJH�V\VWHP��&7$��WR�'DQLVK�(PHUJHQF\�3URFHVV�7ULDJH��'(37����$OO�HPHUJHQF\�GHSDUWPHQW�DGPLVVLRQV�RI�SDWLHQWV�Õ���\HDUV
�Q ��������DW�WZR�ODUJH�DFXWH�KRVSLWDOV�DUH�LQFOXGHG��&HQWHUV�DUH�UDQGRPO\�DVVLJQHG�WR�SHUIRUP�HLWKHU�&7$�RU�'(37�WULDJH�XQWLO�KDOI�RI�WKH�VDPSOH
VL]H�LV�LQFOXGHG�DQG�VXEVHTXHQWO\�FURVV�RYHU��%RWK�PRGHOV�VWUDWLI\�SDWLHQWV�LQ���DFXLW\�OHYHOV��5HG��UHVXVFLWDWLRQ�Ä�VHHQ�E\�GRFWRU�LPPHGLDWHO\��
RUDQJH��HPHUJHQW�Ä�VHHQ�E\�GRFWRU�ZLWKLQ����PLQ���\HOORZ��XUJHQW�Ä�VHHQ�E\�GRFWRU�ZLWKLQ����PLQ���DQG�JUHHQ��QRQ�XUJHQW�Ä�VHHQ�E\�GRFWRU�ZLWKLQ
����PLQ���SDWLHQWV�ZLWK�PLQRU�LQMXULHV��OHYHO����DUH�H[FOXGHG��

5HVXOWV

$V�RI�0D\��DOO�SDWLHQWV�DUH�LQFOXGHG�DQG�RYHU������DUH�UHJLVWHUHG�LQ�WKH�&7$�GDWDEDVH��2I�������SDWLHQWV�����������������ZHUH�WULDJHG�XVLQJ�'(37
DQG����������������ZHUH�WULDJHG�XVLQJ�&7$��$PRQJ�WKH�SDWLHQWV�WULDJHG�XVLQJ�'(37���������������ZHUH�FODVVLILHG�DV�JUHHQ����������������DV
\HOORZ����������������DV�RUDQJH��DQG�������������DV�UHG��$PRQJ�WKH�SDWLHQWV�WULDJHG�XVLQJ�&7$���������������ZHUH�FODVVLILHG�DV�JUHHQ������������
���DV�\HOORZ����������������DV�RUDQJH��DQG�������������DV�UHG��3DWLHQWV�WULDJHG�XVLQJ�&7$�ZHUH�WULDJHG�VLJQLILFDQWO\�ORZHU�WKDQ�SDWLHQWV�WULDJHG
XVLQJ�'(37��3��������

&RQFOXVLRQ

3DWLHQWV�UDQGRPL]HG�WR�&7$�WULDJH�KDYH�D�ORZHU�IUHTXHQF\�RI�UHG�DQG�RUDQJH�WULDJH��7KLV�PLJKW�UHGXFH�ZDLWLQJ�WLPH�IRU�WKH�SDWLHQWV�DW�KLJKHVW�ULVN
DQG�WKHUHE\�SRWHQWLDOO\�UHGXFH�WKH�ULVN�RI�DGYHUVH�HYHQWV�



0$1$*(0(17���('�25*$1,6$7,21 %HUQDGHWW�(UGPDQQ

��������(PHUJHQF\�URRPV�LQ�*HUPDQ\��EHWWHU�WKDQ�WKHLU�UHSXWDWLRQ"�:K\�GR�SDWLHQWV�ZLWK�ORZHU�WUHDWPHQW�XUJHQF\�YLVLW
HPHUJHQF\�URRPV��(5�"�5HVXOWV�RI�D�SDWLHQW�VXUYH\�LQ�FHQWUDO�HPHUJHQF\�GHSDUWPHQW�XQLW�DW�D�VSHFLDOL]HG�KRVSLWDO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

%HUQDGHWW�(UGPDQQ����

���(PHUJHQF\�'HSDUWPHQW��.OLQLNXP�:ROIVEXUJ��:ROIVEXUJ��*(50$1<

.H\ZRUGV��PRWLYHV�RI�SDWLHQWV�IRU�YLVLWLQJ�WKH�('��TXDQWLWDWLYH�UHVHDUFK

$EVWUDFW��

(YHU\�\HDU��DERXW����PLOOLRQ�SDWLHQWV�LQ�*HUPDQ\�YLVLW�HPHUJHQF\�XQLWV�RU�DUH�WUDQVIHUUHG�WR�HPHUJHQF\�XQLWV�E\�HPHUJHQF\�VHUYLFHV�DQG�JHQHUDO
SUDFWLWLRQHUV��7KH�UHDVRQV�ZK\�SDWLHQWV�SUHIHU�(5�DV�ILUVW�WRXFK�SRLQW�DUH�GLYHUVH�DQG�KDYH�QRW�EHHQ�LQYHVWLJDWHG�V\VWHPDWLFDOO\�IURP�WKH�SDWLHQW
V
SHUVSHFWLYH�VR�IDU��$V�QXPHURXV�VWXGLHV�KDYH�VKRZQ��D�PDMRULW\�RI�SDWLHQWV�YLVLWLQJ�WKH�HPHUJHQF\�XQLWV�UHTXLUHG�RQO\�RXWSDWLHQW�HPHUJHQF\
WUHDWPHQW��0RUHRYHU��WKH�FRVWV�LQFXUUHG�LQ�WKH�(5�DUH�QRW�FRYHUHG��$SSDUHQWO\��WKH�V\VWHP�RI�SK\VLFLDQÇV�HPHUJHQF\�FDUH�HVWDEOLVKHG�LQ�*HUPDQ\�LV
QRW�DFFHSWHG�E\�SDWLHQWV�DV�LQWHQGHG�

,Q�D�KRVSLWDO�IRFXVLQJ�RQ�VSHFLDOL]HG�FDUH�ZLWK��������HPHUJHQF\�SDWLHQWV�SHU�\HDU��D�SDWLHQW�VXUYH\�ZDV�FDUULHG�RXW�LQ�WKH�FHQWUDO�HPHUJHQF\
GHSDUWPHQW�WR�LQYHVWLJDWH�WKH�UHDVRQV�ZK\�SDWLHQWV�YLVLW�WKH�(5�DQG�GR�QRW�XVH�WKH�SURYLGHG�RXWSDWLHQW�FDUH�VWUXFWXUHV�

6WXG\�'HVLJQ�
,Q�WKH�&HQWUDO�(PHUJHQF\�'HSDUWPHQW��DQ�LQLWLDO�DVVHVVPHQW�E\�076��0DQFKHVWHU�7ULDJH�6\VWHP��ZDV�FDUULHG�RXW�ZLWK�DOO�SDWLHQWV�ZKR�GLG�QRW�KDYH
DQ�LPPHGLDWH�GRFWRU�FRQWDFW�
7KH�VXUYH\�SHULRG�ODVWHG���PRQWKV��WKH�TXHVWLRQQDLUHV�ZHUH�LVVXHG�WR�HDFK�SDWLHQW�ZLWK�076�FDWHJRU\�JUHHQ�RU�EOXH��7KH�VXUYH\�ZDV�DQRQ\PRXV
DQG�SDUWLFLSDWLRQ�ZDV�YROXQWDU\�

,Q�DGGLWLRQ�WR�WKH�UHDVRQV�IRU�WKH�LGHD�DQG�VRFLRGHPRJUDSKLF�GDWD�ZHUH�FROOHFWHG�RQ�D�YROXQWDU\�EDVLV��7KH�UHWXUQ�UDWH�RI�TXHVWLRQQDLUHV�ZDV�������

5HVXOWV�
������RI�UHVSRQGHQWV�ZHUH�ROGHU�WKDQ����\HDUV��)URP�DOO�UHVSRQGHQWV�RI�076�FDWHJRULHV�JUHHQ�DQG�EOXH��������UDWHG�WKHPVHOYHV�D�PLQLPXP�WR
DYHUDJH�OLIH�WKUHDWHQLQJ�HPHUJHQF\��������RI�UHVSRQGHQWV�KDG�QRW�EHHQ�SUHYLRXVO\�WUHDWHG�E\�D�GRFWRU��������KDYH�SUHVHQWHG�WKHPVHOYHV�LQ�WKH
(5��7KH���PDLQ�UHDVRQV�ZKLFK�OHG�WKH�SDWLHQW�WR�YLVLW�WKH�HPHUJHQF\�GHSDUWPHQW�
����,�WKLQN�,
P�JHWWLQJ�EHWWHU�FDUH�LQ�WKH�(5��JHW�DOO�QHFHVVDU\�LQYHVWLJDWLRQV�����������
����,�WKLQN�WKH�ILUVW�SRLQW�LV�WKH�KRVSLWDO����������
����7KH�SHULRG�ZKHQ�GRPHVWLF���6SHFLDOLVW�E\�D�GHDGOLQH�WDNHV�WRR�ORQJ����������

7KH�VXUYH\�UHVXOWV�FOHDUO\�H[SUHVV�WKH�YLHZ�RI�WKH�SDWLHQWV�DQG�FDQ�OHDG�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�UHDVRQV�ZK\�(5�DUH�YLVLWHG�LQ�KRVSLWDOV�
'HVSLWH�ORQJ�ZDLWLQJ�WLPHV��SDUWLFXODUO\�IRU�SDWLHQWV�ZLWK�ORZ�WUHDWPHQW�XUJHQFLHV��SDWLHQWV�SODFH�WKH�KRVSLWDO�HPHUJHQF\�ILUVW�LQ�����RI�WKH�FDVHV�
7KH�RZQ�IHHOLQJ�DV�DQ�HPHUJHQF\�LV�PRUH�SURQRXQFHG�LQ�WKH�SDWLHQWV��DV�LW�LV�H[SHFWHG�E\�WKH�WULDJH�OHYHO��7KH�VWDWHPHQWV�RI�WKH�SDWLHQW�LQ�WKH
VXUYH\�FDQ�EH�UHJDUGHG�D�UHSUHVHQWDWLYH�VDPSOH�DV�XVXDO�VRFLRGHPRJUDSKLF�IDFWRUV�RI�WKH�VXUYH\��DJH�GLVWULEXWLRQ��SUHVHQWDWLRQ�GD\V���WLPHV��
(GXFDWLRQ��UHIOHFW�WKH�XVXDO�FOLHQWHOH�RI�SDWLHQWV�LQ�WKH�=1$�
7KXV��WKH�H[SHFWDWLRQ�RI�WKH�SDWLHQWV�VKRXOG�EH�WDNHQ�FDUH�RI��DQG�WKH�LQ�KRVSLWDO�HPHUJHQF\�FDUH�LQ�*HUPDQ\�VKRXOG�EH�VWUHQJWKHQHG��,W�UHPDLQV
RSHQ�WR�ZKDW�H[WHQW��IRU�H[DPSOH��LQIRUPDWLRQ�FDPSDLJQV�RQ�WKH�VXSSO\�V\VWHP�LQ�*HUPDQ\�FDQ�OHDG�WR�D�UHGXFWLRQ�RI�WKH�WUHDWPHQWV�RI�SDWLHQWV�LQ
HPHUJHQF\�URRPV�

)RU�WKH�SDWLHQW��D�WLPHO\�DQG�FXVWRPL]HG�HPHUJHQF\�FDUH�DSSHDUV�WR�EH�LPSRUWDQW��3URIHVVLRQDO�VRFLHWLHV�DQG�SROLWLFV�LQ�*HUPDQ\�ZLOO�QHHG�WR�WDNH
FDUH�RI�WKLV�



1(852/2*< 0$5,$�'(/�&$50(1�52'5,*8(=�&$6,0,52

��������1RUPDO�SUHVVXUH�LQ�SVHXGRWXPRU�FHUHEUL

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�GHO�&DUPHQ�5RGULJXH]�&DVLPLUR������$QJHOLFD�&DQDV�%DUUDQFR������(QULTXH�&DUR�9D]TXH]����

���(PHUJHQF\��+RVSLWDO�8QLYHUVLWDULR�9LUJHQ�GH�OD�9LFWRULD��0DODJD��63$,1
���(PHUJHQF\��+RVSLWDO�8QLYHUVLWDULR�9LUJHQ�GH�OD�9LFWRULD��0$/$*$��63$,1

.H\ZRUGV��SVHXGRWXPRU�FHUHEUL��LQWUDFUDQLDO�SUHVVXUH

$EVWUDFW��

,QWURGXFWLRQ

3VHXGRWXPRU�FHUHEUL��37&���RU�,GLRSDWKLF�LQWUDFUDQLDO�K\SHUWHQVLRQ��,,+���LV�D�GLVRUGHU�GHILQHG�E\�FOLQLFDO�FULWHULD�FKDUDFWHUL]HG�E\�HOHYDWHG
LQWUDFUDQLDO�SUHVVXUH�LQ�WKH�DEVHQFH�RI�D�VSDFH�RFFXS\LQJ�OHVLRQ�

+RZHYHU��VRPH�FDVHV�KDYH�EHHQ�GHVFULEHG�LQ�ZKLFK�DOO�GLDJQRVWLF�FULWHULD�DUH�QRW�PHW�VR�IDU�GHILQHG��:H�SUHVHQW�D�FDVH�UHSRUW�RI�D�SDWLHQW�ZLWK
FOLQLFDO�IHDWXUHV�VXJJHVWLYH�RI�SVHXGRWXPRU�FHUHEUL��ZKLWRXW�D�GRFXPHQW�HOHYDWHG�PHDVXUHPHQW�RI�LQWUDFUDQLDO�SUHVVXUH�

&DVH�UHSRUW

$Q����\HDU�ROG�ZRPDQ��VPRNHU��DQG�ZLWK�DQ�PLOGO\�RYHUZHLJKW�ERG\�KDELWXV��ZDV�DGPLWWHG�WR�RXU�KRVSLWDO�ZLWK�D�KLVWRU\�RI�KHDGKDFKH�IRU�RQH�ZHHN�
$OVR��KHU�V\PSWRPV�LQFOXGHG�QDXVHD��SDLQ�H\H��DQG�GLSORSLD�ELQRFXODU�DQG�KRUL]RQWDO��6KH�GHQLHG�WUDXPDWLVP��LQIHFWLRQV�R�GUXJV��2Q�H[DPLQDWLRQ�
SXSLOV�ZHUH�QRUPDO��EXW�H[LVWV�VL[WK�QHUYH�SDOV\��)XQGXV�H[DPLQDWLRQ�UHYHDOHG�ELODWHUDO�GLVF�HOHYDWLRQ��6WXG\�7&�ZDV�QRUPDO��$�OXPEDU�SXQFWXUH
UHYHDOHG�DQ�RSHQLQJ�SUHVVXUH�&6)�RI�����PP+�2��ZLWK�D�QRUPDO�FRPSRVLWLRQ��6KH�ZDV�DGPLWWHG�WR�1HXURORJ\��DQG�VKH�ZDV�EHJXQ�DFHWD]RODPLGH
����PJ�����K��DQG�VWHURLGV����PJ�SUHGQLVRQ������K���7KH�SDWLHQÇV�YLVXDO�ILHOGV�DQG�KHDGDFKH�GHFOLQHG��,Q�WKHLU�UHYLHZV�VR�IDU�UHPDLQHG
DV\PSWRPDWLF��

&RQFOXVLRQV

37&�LV�WKH�WHUP�XVH�WR�GHVFULEH�D�V\QGURPH�FKDUDFWHUL]HG�E\�HOHYDWHG�LQWUDFUDQLDO�SUHVVXUH��,&3���ZLWKRXW�D�VSDFH�RFFXS\LQJ�OHVLRQ��*HQHUDOO\�KDV�D
VHOI�OLPLWLQJ�DQG�EHQLJQ�FRXUVH��$IIHFWV�SULPDULO\�REHVH�ZRPHQ�RI�FKLOGEHDULQJ�DJH��7KH�LQFLGHQFH�LV�LQFUHDVLQJ�DV�WKH�REHVLW\�HSLGHPLF�FRQWLQXHV�WR
H[SDQG�ZRUOGZLGH��

7KH�SDWKRJHQHVLV�LV�VWLOO�XQFHUWDLQ��7KH�PRVW�ZLGHO\�DFFHSWHG�WKHRU\�SRVWXODWHV�LPSDLUHG�&6)�DEVRUSWLRQ�DW�WKH�OHYHO�RI�WKH�DUDFKQRLG�JUDQXODWLRQV��

,W�KDV�EHHQ�DVVRFLDWHG�ZLWK�YDULRXV�PHGLFDO�FRQGLWLRQV��EXW�UHFHQW�ZHLJKW�JDLQ�DQG�REHVLW\�DUH�WKH�RQO\�ULVN�IDFWRUV�WKDW�KDYH�EHHQ�GHPRQVWUDWHG�LQ
FDVH�FRQWURO�VWXGLHV��2WKHUV�DVVRFLDWHG�FRQGLWLRQV�DUH��H[RJHQRXV�DJHQWV��YLWDPLQ�$���REVWUXFWLYH�VOHHS�DSQHD��HQGRFULQH�GLVRUGHUV��REVWUXFWLRQ�WR
YHQRXV�GUDLQDJH��

+HDGDFKH�LV�WKH�PRVW�FRPPRQ�V\PSWRP��SUHVHQW�LQ�RYHU�����RI�SDWLHQWV���DQG�ELODWHUDO�SDSLOOHGHPD��2WKHU�V\PSWRPV�LQFOXGH�SXOVDWLOH�WLQQLWXV�
WUDQVLHQW�YLVXDO�REVFXUDWLRQV��GLSORSLD��DQG�GHYHORS�VRPH�GHJUHH�RI�YLVLRQ�ORVV��WKDW�LV�VHYHUH�DQG�EOLQGLQJ�LQ�����

7KH�FXUUHQW�FULWHULD�IRU�GLDJQRVLV�RI�37&�V\QGURPH�UHTXLUH���HOHYDWHG�RSHQLQJ�SUHVVXUH��!����PP+�2�&6)�LQ�DGXOWV��QRUPDO�QHXURORJLFDO
H[DPLQDWLRQ�H[FHSW�VL[WK�QHUYH�SDOV\��SDSLOOHGHPD�ELODWHUDO��HVVHQWLDOO\�QRUPDO�QHXURLPDJLQJ��DQG�QRUPDO�&6)�FRPSRVLWLRQ�

6RPH�FDVHV��LI�RSHQLQJ�SUHVVXUH�LV�WRR�ORZ�WR�PHHW�GHILQLWH�FULWHULD��EXW�DOO�WKH�RWKHU�FULWHULD�DUH�PHW��WKH�GLDJQRVLV�RI�ÆSUREDEOHÇ�37&�KDV�EHHQ
SURSRVHG��RU�KDV�EHHQ�FDOOHG�WRR�ÆQRUPDO�SUHVVXUH�37&Ç��,I�WKLV�KDSSHQV��ZH�EHOLHYH�WKDW�D�SDWLHQW�VKRXOG�XQGHUJR�PRUH�DJUHVVLYH�HYDOXDWLRQ
UHTXLULQJ�H[WUD�YLJLODQFH�WR�DYRLG�PLVGLDJQRVLV�RI�RWKHU�FDXVHV�RI�RSWLF�QHUYH�VZHOOLQJ��:H�EHOLHYH�WKDW�RXU�SDWLHQW�UHSUHVHQWV�WKLV�YDULDWLRQ�RI�37&�

7KH�JRDO�LV�WR�WUHDW�WKH�V\PSWRPV�DQG�WKH�YLVXDO�IXQFWLRQ��7UHDWPHQWV�LQFOXGH�WUHDWLQJ�WKH�VHFRQGDU\�FDXVH��ZHLJKW�ORVV��PHGLFDWLRQV��GLXUHWLFV�
SDUWLFXODUO\�DFHWD]RODPLGH��FRUWLFRVWHURLGV��DQG�RFFDVLRQDOO\�UHSHDWHG�OXPEDU�SXQFWXUHV��,I�YLVLRQ�LV�IDLOLQJ�GHVSLWH�PHGLFDO�WUHDWPHQW��UDSLG�VXUJLFDO
LQWHUYHQWLRQ�LV�QHFHVVDU\�



35(�+263,7$/���(06���287�2)�+263,7$/ $/,1�&$1&,8

��������3UH�KRVSLWDO�HYROXWLRQ�LQ�DFXWH�P\RFDUGLDO�LQIDUFWLRQ�FDVHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&DQFLX�$OLQ������6PDUDQGRLX�0DULXV������&LRUD�&ODXGLD������/RORLX�'LDQD����

���6085'�6LELX��6085'�6LELX��VLELX��520$1,$
���6085'�6LELX��6085'�6LELX��6LELX��520$1,$

.H\ZRUGV��3UH�KRVSLWDO��DFXWH�P\RFDUGLDO�LQIDUFWLRQ

$EVWUDFW��

%DFNJURXQG��$FXWH�P\RFDUGLDO�LQIDUFWLRQ�UHTXLUH�HODERUDWHG�DFWLRQV��IDVW�GLDJQRVLV�DQG��SURSHU�PDQDJHPHQW��7KH�DLP�RI�WKLV�VWXG\�LV�WR�HYDOXDWH
WKH�HYROXWLRQ�RI�SDWLHQWV�ZLWK�DFXWH�P\RFDUGLDO�LQIDUFWLRQ�LQ�SUH�KRVSLWDO��,&8�

0HWKRGV��5HWURVSHFWLYH�PHGLFDO�VWXG\�EDVHG�RQ�VWDWLVWLFDO�DQDO\VLV�RI�6085'�6LELX�GDWDEDVH�RQ�D�SHULRG�RI���\HDUV�

5HVXOWV���)URP�WKH�WRWDO�QXPEHU�RI�FDVHV�GLDJQRVHG�DV�$0,��DFXWH�P\RFDUGLDO�LQIDUFWLRQ�������RI�WKHP�DUH�EHWWHU������DUH�VWDWLRQDU\�����DUH
ZRUVH�DQG����DUH�GHFHDGHG�

5HGXFLQJ�WKH�GHOD\�IURP�V\PSWRP�RQVHW�WR�ILUVW�PHGLFDO�FRQWDFW�DQG�WDUJHWHG�WUHDWPHQW�VWDUWHG�LQ�WKH�HDUO\�RXW�RI�KRVSLWDO�SKDVH�LQFUHDVH�WR�KDYH
D�JRRG�FKDQFH�IRU�SDWLHQWV�



&$6(�35(6(17$7,21 /X]�7DPDUD�9g]TXH]

��������/RZ�OHYHO�RI�FRQVFLRXVQHVV�LQ�D�SV\FKLDWULF�SDWLHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/X]�7DPDUD�9�]TXH]������0DU�D�&XDGUDGR������6DQWLDJR�%HUPHMR������/XLV�3�UH]������)UDQFLVFR�-LP�QH]������0DQXHO�*LO������/XLV�<XEHUR������$QD
6�QFKH]����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�8QLYHUVLWDULR����GH�2FWXEUH��0DGULG��63$,1

.H\ZRUGV��%LSRODU�'LVRUGHU��+HDGDFKH�+HPDWRPD

$EVWUDFW��

7KLV�LV�D�FDVH�DERXW�D�����\HDU��ROG�ZRPDQ��XQGHU�WUHDWPHQW�EHFDXVH�RI�D�%LSRODU�'LVRUGHU��ZLWK�WZR�SUHYLRXV�DGPLVVLRQV�EHFDXVH�RI�WU\LQJ�WR
FRPPLW�VXLFLGH�
6KH�LV�DGPLWWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW�EHFDXVH�WKDW�PRUQLQJ�KHU�PRWKHU�FRXOG�QRW�ZDNLQJ�KHU�XS�IURP�EHG�

:KHQ�VKH�DUULYHV�WR�WKH�(PHUJHQF\�5RRP��VKH�LV�LQ�D�EDG�FRQGLWLRQ��ZLWK�D�*ODVJRZ�6FRUH��*6&��RI�����QR�IHYHU�RU�WDFK\FDUGLD��QRUPDO�EORRG
SUHVVXUH�DQG�EORRG�VXJDU��6KH�NHSW�KHU�H\HV�FORVHG�RQO\�RSHQLQJ�WKHP�DIWHU�YLJRURXV�VWLPXODWLRQ�DQG�FRPSODLQHG��DERXW��KHDGDFKH�DQG�DVVXUHG�QRW
KDYLQJ�WDNHQ�SLOOV�RU�DQ\�RWKHU�W\SH�RI�GUXJ�

-XVW�DIWHU�WHQ�PLQXWHV��KHU�OHYHO�RI�FRQVFLRXVQHVV�IDOOV�TXLFNO\�WR�D�*6&�RI���VR�VKH�LV�WDNLQJ�TXLFNO\�WR�WKH�&RPSXWHUL]HG�7RPRJUDSK\��&7��URRP�
0HDQZKLOH�WKH�,QWHQVLYH�&DUH�8QLW��,&8��LV�XQGHU�DGYLVH�MXVW�WR�EH�SUHSDUH�

7KH�&7�VFDQ�VKRZHG�ULJKW�IURQWDO�KHPDWRPD�H[WHQGLQJ�WKURXJKRXW�WKH�YHQWULFXODU�V\VWHP�

6KH�ZHQW�XQGHU�1HXURVXUJHU\��DQ�LQWUDYHQWULFXODU�GUDLQ�GHYLFH�LV�SODFHG�DQG�DIWHU�SHUIRUPLQJ�D�QHZ�RQH�&7�WKDW�VKRZHG�QR�FRPSOLFDWLRQV�DIWHU�WKH
VXUJHU\��DQ�$UWHULRJUDSK\�ZDV�SHUIRUPHG�WKDW�VKRZHG�DQG�DUWHULRYHQRXV�PDOIRUPDWLRQ�LQ�WKH�ULJKW��OHQWLFXODU�DUWHU\��(PEROL]H�SURFHGXUH�ZDV
SHUIRUPHG�ZLWK�H[FHOOHQW�UHVXOW�

,Q�WKH�,&8�WKH\�ZHUH�DEOH�WR�UHPRYH�WKH�WXEH�MXVW����KRXUV�DIWHU��ZLWK�VDWLVIDFWRU\�HYROXWLRQ�DQG�OHDYLQJ�WKH�8QLW�MXVW�IRXU�GD\V�DIWHU�WKDW�

'XULQJ�WKH�UHVW�RI�DGPLVVLRQ��VKH�ZDV�UHFRYHULQJ�ZHOO�DQG�ILQDOO\�OHDYHG�KRVSLWDO�IRXU�ZHHNV�DIWHU�DGPLVVLRQ��ZLWK�QR�QHXURORJLFDO�VHTXHOV�

7ZR�PRQWKV�ODWHU��VKH�ZDV�IHHOLQJ�JRRG�DQG�OLYLQJ�QRUPDOO\�DQG�LQGHSHQGHWO\�

$�GHFUHDPHQW�LQ�WKH�OHYHO�RI�FRQVFLRXVQHVV�LV�D�FRPPRQ�D�SRWHQWLDOO\�VHULRXV�FRQGLWLRQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��:H�PXVW�DFW�TXLFNO\�LQ�RUGHU
WR�EHJLQ�WKH�WUHDWPHQW�DV�VRRQ�DV�SRVVLEOH��$QG�DERYH�DOO�ZH�GR�QRW�KDYH�WR�DVVXPH�SUHYLRXV�GLDJQRVLV�QRU�VWLJPDWL]H�RXU�SDWLHQWV��HVSHFLDOO\�WKRVH
ZLWK�D�KLVWRU\�RI�SV\FKLDWULF�FRQGLWLRQ��7KHUH�DUH�PDQ\�RWKHU�FDXVHV�RI�ORZ�OHYHO�RI�FRQVFLRXVQHVV��DV�ZH�KDYH�MXVW�VHHQ�LQ�WKLV�FDVH�



&$6(�35(6(17$7,21 -26(3�0217(6,126

��������7DNRWVXER�V\QGURPH��&KHVW�SDLQ�LQ�DEVHQFH�RQ�FDUGLRYDVFXODU�ULVN�IDFWRUV�EXW�HPRWLRQDO�VWUHVVRU���$�&DVH�5HSRUW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-RVHS�0RQWHVLQRV�&RWV������0DGDOLQD�*DEULHOD�*UHFX������&DUOHV�*UHROHV�5R\R������&ODXGLD�5RPHUR�5DP�UH]������$QD�(VWHEDQ�9LOODFDPSD������0DULD
$UHQDV�3UDW������6DOYDGRU�6DUU��0RUHW�����

���(PHUJHQF\�'HSDUWPHQW��;DU[D�6DQWD�7HFOD��(O�9HQGUHOO��63$,1
���(PHUJHQF\�'HSDUWPHQW��;DU[D�6DQWD�7HFOD���(O�9HQGUHOO��63$,1

.H\ZRUGV��7DNRWVXER�V\QGURPH��VWUHVV�LQGXFH�P\RFDUGLRSDWK\��VWUHVV�FRQGLWLRQV

$EVWUDFW��

6WUHVV�LQGXFHG�FDUGLRP\RSDWK\�DOVR�NQRZQ�DV�7DNRWVXER�V\QGURPH��ZDV�ILUVW�GHVFULEHG�LQ������LQ�-DSDQ��6LQFH�7KHQ�LQFUHDVLQJO\�GLDJQRVHG�DURXQG
WKH�ZRUOG��&RQVHUYDWLYH�WUHDWPHQW�DQG�UHVROXWLRQ�RI�WKH�SK\VLFDO�RU�HPRWLRQDO�VWUHVV�UHVXOW�LQ�D�UDGSLG��UHVROXWLRQ�RI�V\PSWRPV�DOWKRXJK�VRPH
SDWLHQWV�GHYHORS�DFXWH�FRPSOLFDWLRQV�VXFK�DV�KHDUW�IDLOXUH�DQG��VKRFN�

$��FDVH�RI�����\HDUV�ROG�PDOH�LV�UHRSUWHG��$EUXSW�RQVHW�RI�RSUHVVLYH�FKHVW�SDLQ�VWDUWHG����KRXU��EHIRUH��DUULYLQJ�LQ�(PHUJHQF\�'HSDUWPHQW���('���+H
ZDV�GULYLQJ�D�NDUW�GXULQJ�KLV�VLQJOH��SDUW\�VR�KDG�WR�PDUU\��QH[W�ZHHN��1RQ�VPRNHU��QRQ�DOFRKRO�DEXVH���QR�SHUVRQDO�QRU�IDPLO\�ULVN�IDFWRUV�IRU
FDUGLRYDVFXODU�GLVHDVH�

$W��WKH�PRPHQW��RI��DGPLWDQFH��LQ�('��SDLQ��ZDV�KHDY\�RSUHVVLYH���HOHYDWHG��KHDUW�UDWH��FROG�VZHDWLQJ�EXW��ZLWK�QR�VLJQV��RI��VKRFN�
(OHFWURFDUGLRJUDP�UHYHDOHG��WDFK\FDUGLD�DQG��67�VHJPHQW�HOHYDWLRQ�LQ��9���WR�9���3DLQ�UHOLHYHG��DIWHU���RUDO��1LWURJOLFHULQH��DPE�LQWUDYHQRXV�PRUILQH�
(OHYDWHG��FDUGLDF�ELRPDUNHUV����,�7URSRQLQH��DQG�&3.����ZHZ��IRXQG�HOHYDWHG�DW�����WR�����KRXUV��IURP��SDLQ�RQVHW�

3DWLHQW�ZHUH��PRYHG��WR�ORFDO��,QWHQVLYH�&DUH�8QLW��ZKHUH��IXUWKHU�VWXGLHV��ZHUH�GRQH�WKRVH�LQFOXGHG��(FRFDUGLRJUDSK\��ZLWK�UHJLRQDO�DSLFDO�OHIW
9HQWULFXODU���/9���GLVNLQHVLV��FDUGLDFD�FDWKHWHUL]DWLRQ��ZKHUH�QR�VLJQLILFDQW�FRURQDU\�GLVHDVH�ZDV��IRXQG��DQG��&DUGLRYDVFXODU�0DJQHWLF�5HVRQDQFH��
&05���ZKHUH�P\RFDUGLDO�HGHQD�FRUUHVSRQGHG��WR�DUHDV�RI�ZDOO�PRWLRQ�DEQRUPDLOW\��ZDV�IRXQG�

2WKHU�PHGLFDO��FRQGLWLRQV�DV�3KHRFKURPRFLWRPD�ZHUH���ILQDOO\��DVVHVHV��%UDLQ��QDWULXUHWLF�3HSWLGH��%13����ZDV�QRW�DYDLODEOH�

7DNRWVXER�V\QGURPH���GLDJQRVLV�ZDV��GRQH��IROORZLQJ�0D\R�&OLQLF�GLDJQRVWLF�FULWHULD��7UDQVLHQW�/HIW�YHQWULFXODU�V\VWROLF�GLVIXQFWLRQ��DEVHQFH�RI
REVWUXFWLYH�FRURQDU\�GLVHDVH��QHZ�HOHFWURFDUGLRJUDSKLF�DEQRUQDOLWLHV��DEVHQFH�RI��SKHRFKURPRLWRPD�RU�P\RFDUGLWLV

7KH�VLJQRV�RI�P\RFDUGLWLV�LQ�&05�DUH�FRPPRQO\�VHHQ�LQ�VWUHVV��FDUGLRP\RSDWK\���WKHVH��VLJQRV��FRUUHVSRQGHG�WR�DUHDV��RI�ZDOO�PRWLRQ�DEQRUPDOLW\�
'LIIHUHQW��SDWWHUQ�LV��VHHQ�LQ�P\RFDUGLDO�LQIDUFWLRQ���0,���DQG�0\RFDUGLWLV��

$PRQJ�������SDWLHQWV��LQ��WKH�,QWHUQDWLRQDO�7DNRWVXER�5HJLVWU\�VWXG\������KDG�D��SK\VLFDO�WULJJHU���VXFK�DV�DFXWH�UHVSLUDWRU\�IDLOXUH��FHQWUDO
QHUYRXV�6\VWHP�FRQGLWLRQ�RU�LQIHFWLRQ���������UHSRUWHG�D�HPRWLRQDO�WULJJHU���VXFK�DV��JULHI��ORVV�SDQLF��IHDU��DQ[LHW\��IUXVWUDWLRQ��ILQDQFLDO�RU
HPSOR\PHQW�SUREOHP��

3K\VLFDO�DV��VWUHVV�FRQGLWLRQV��PD\�DOVR�FDXVH�KHDUW�GLVHDVH��DV��FRQYHQWLRQDO��FDUGLRYDVFXODU�ULVN��IDFWRUV���+HDUW�FRQGLWLRQV��LQ�\RXQJ�SHRSOH��
ZLWKRXW��WKRVH�FRQYHQWLRQDO��ULVN�IDFWRUQV��PD\�EH�LQIUDGLDJQRVHG��67��VHJPHQW��LQ���URXWLQH��(&*��PD\�JXLGH�XV��WR�7DNRWVXER�V\QGURPH�



35(�+263,7$/���(06���287�2)�+263,7$/ $QQD�2]JXOHU

��������4XDQWLI\LQJ�H[SHUW�YHUVXV�QRYLFH�VNLOO�WR�LQWXEDWH�ZLWK�0F*UDWK��YLGHR�ODU\QJRVFRSH�LQ�SUHKRVSLWDO�VHWWLQJ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DUJRW�&DVVXWR������$UPHOOH�6(9(5,1������$QQD�2]JXOHU������0LFKHO�%DHU������7KRPDV�/RHE����

���6$08����$3�+3��*DUFKHV��)5$1&(

.H\ZRUGV��0F*UDWK��YLGHRODU\QJRVFRSH��QRYLFH��H[SHUW��SUHKRVSLWDO��PDQLNLQV

$EVWUDFW��

,QWURGXFWLRQ�

6HYHUDO�FRQWUROOHG�FOLQLFDO�WULDOV�VKRZHG�0F*UDWK��YLGHR�ODU\QJRVFRSH��0F*��XWLOLW\�LQ�RSHUDWLQJ�URRP��EXW�WKLV�KDV�QRW�EHHQ�HYDOXDWHG�LQ�SUH�KRVSLWDO
VHWWLQJ��7UDFKHDO�LQWXEDWLRQ�LQ�SUH�KRVSLWDO�VHWWLQJ�LV�FRQVLGHUHG�DV�PRUH�FRPSOLFDWHG�WKDQ�LQ�KRVSLWDO�RQH��GXH�WR�RSHUDWLQJ�FRQGLWLRQV��FHUYLFDO
VSLQH�LPPRELOL]DWLRQ��WUDSSHG�YLFWLPV��SRRU�SDWLHQW�SRVLWLRQLQJ������QRQ�IDVWLQJ�SDWLHQWV�DQG�RSHUDWRUÇV�LVRODWLRQ��2QH�RWKHU�IDFWRU�LV�WKH�IHZ�QXPEHU
RI�WUDFKHDO�LQWXEDWLRQV�������RI�SDWLHQWV�LQ�RXU�DUHD���OHVV�WKDQ�RQFH�D�PRQWK�SHU�RSHUDWRU��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�FRPSDUH�H[SHUW
�FHUWLILHG�UHJLVWHUHG�QXUVH�DQHVWKHWLVWV�DQG�SK\VLFLDQV�ZLWK�PRUH�WKDQ���\HDUV�RI�H[SHULHQFH�LQ�SUHKRVSLWDO�VHWWLQJ��YHUVXV�QRYLFH�RSHUDWRUVÇ�VNLOOV�WR
LQWXEDWH�ZLWK�WKH�0F*�

0DWHULDO�DQG�0HWKRGV�

$�JURXS�RI����H[SHUW�DQG���QRYLFH�RSHUDWRUV�ZHUH�UHFUXLWHG��WKH\�HDFK�SHUIRUPHG�RQH�GLUHFW�ODU\QJRVFRS\��'/��ZLWK�D�0DFLQWRVK�EODGH�IROORZHG�E\�D
VHULHV�RI���0F*�LQ�WZR�GLIIHUHQW�VFHQDULRV�ZLWK�DQ�DGXOW�PDQLNLQ�PRGHO��HDV\�DLUZD\�DQG�GLIILFXOW�DLUZD\��LPPRELOL]HG�FHUYLFDO�VSLQH��PDQDJHPHQW
DQG�RQH�VFHQDULR�ZLWK�D�SHGLDWULF�PDQLNLQ�

&ROOHFWHG�GDWD�ZHUH�VRFLR�GHPRJUDSKLF�GDWD�DQG�PHDQ�LQWXEDWLRQ�WLPH��,7��SHU�SURFHGXUH��'DWD�ZHUH�GHVFULEHG�DV�PHDQV�DQG�SHUFHQWDJHV�
:LOFR[RQ�WHVW�ZDV�XVHG�WR�FRPSDUH�WKH�WUDLQLQJ�HIIHFW�IRU�HDFK�JURXS��ZLWK�D�WKUHVKROG�IRU�VWDWLVWLFDO�VLJQLILFDQFH�RI����

5HVXOWV�

1RYLFHV�ZHUH�\RXQJHU��PHDQ�DJH����\HDUV�ROG�YHUVXV����IRU�H[SHUWV��S�������DQG�PRUH�RIWHQ�ZRPHQ������YHUVXV������S ������

,Q�DGXOW�HDV\�DLUZD\�PDQDJHPHQW�VFHQDULR��ZKHQ�XVLQJ�'/��PHDQ�,7�ZDV�WZLFH�ORQJHU�ZLWK�QRYLFHV��������VHF��FRPSDUHG�ZLWK�H[SHUWV��������VHF��
S ������1RYLFHV�FRXOG�SHUIRUP�LQWXEDWLRQ�IDVWHU�WKDQ�H[SHUWV�DW�ILUVW�0F*�DWWHPSW��EXW�,7�ZDV�VLPLODU�IRU�ERWK�JURXSV�DW��WK�DWWHPSW�

,Q�DGXOW�GLIILFXOW�DLUZD\�PDQDJHPHQW�VFHQDULR��H[SHUWV�LQWXEDWHG�IDVWHU�WKDQ�QRYLFHV�ZLWK�'/��������VHF�YHUVXV�������VHF���DV�ZHOO�DV�ZLWK�0F*��DW
ILUVW�DWWHPSW�������VHF�YHUVXV�������VHF���ZLWK�D�VLJQLILFDQW�GLIIHUHQFH�DW��WK�DWWHPSW��S �������

8VH�RI�0F*�GHOD\HG�LQWXEDWLRQ�WLPH�IRU�H[SHUWV�FRPSDUHG�ZLWK�'/�LQ�ERWK�DLUZD\�PDQDJHPHQW�VFHQDULRV�DQG�RQO\�LQ�WKH�GLIILFXOW�VFHQDULR�IRU
QRYLFHV��7KHUH�ZDV�D�UHGXFHG�WLPH�GHOD\�RI���VHF�LQ�WKH�HDV\�DLUZD\�PDQDJHPHQW�VFHQDULR�IRU�QRYLFH�

,Q�SHGLDWULF�PDQLNLQ�VFHQDULR��WKHUH�ZDV�QR�GLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV�ZKHWKHU�ZLWK�/'�RU�ZLWK�0F*��8VH�RI�0F*�DOORZHG�D�JDLQ�RI�PRUH
WKDQ���PLQXWH�IRU�ERWK�JURXSV�

�

&RQFOXVLRQ��

([SHUWV�LQWXEDWHG�IDVWHU�WKDQ�QRYLFHV�DQG�WKH�UHVXOWV�VKRZHG�QR�WLPH�JDLQ�ZLWK�0F*�ZKHQ�SHUIRUPHG�RQ�DGXOW�PDQLNLQV��+RZHYHU��LQ�SHGLDWULF
PDQLNLQ�VFHQDULR�WKHUH�LV�D�UHDO�WLPH�JDLQ�IRU�DOO�RSHUDWRUV��WKLV�PLJKW�EH�GXH�WR�WKH�ORZ�QXPEHU�RI�SHGLDWULF�LQWHUYHQWLRQV�LQ�WKLV�SUHKRVSLWDO
GHSDUWPHQW�



5(63,5$725<�(0(5*(1&,(6 :RMFLHFK�5RMHZVNL�5RMDV

��������6\QFRSH�DQG�ULJKW�YHQWULFXODU�G\VIXQFWLRQ�LQ�SXOPRQDU\�HPEROLVP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

:RMFLHFK�5RMHZVNL�5RMDV������$OLFLD�$OYDUH]�*DODUUDJD����

���(PHUJHQF\�6HUYLFH��+RVSLWDO�8QLYHUVLWDUL�6DQW�-RDQ��5HXV��63$,1
���(PHUJHQF\�6HUYLFH��+RVSLWDO�8QLYHUVLWDUL�6DQW�-RDQ��UHXV��63$,1

.H\ZRUGV��6\QFRSH��SXOPRQDU\�HPEROLVP��ULJKW�YHQWULFXOH�G\VIXQFWLRQ��3(��ELRPDUNHUV�

$EVWUDFW��

%$&.*5281'��&OLQLFDO�SUHVHQWDWLRQ�RI�SXOPRQDU\�HPEROLVP��3(��FRPSULVHV�D�ZLGH�UDQJH�RI�FOLQLFDO�SUHVHQWDWLRQV��IURP�DV\PSWRPDWLF�LQFLGHQWDO
ILQGLQJV�WR�W\SLFDO�V\PSWRQV�OLNH�G\VSQHD��FKHVW�SDLQ��DQG�V\QFRSH��:H�DLPHG�WR�LQYHVWLJDWH�WKHDVVRFLDWLRQ�EHWZHHQ�V\QFRSH�DV�SUHVHQWDWLRQ�RI
SXOPRQDU\�HPEROLVP�DQG�ULJKW�YHQWULFXODU�G\VIXQFWLRQ�

0(7+2'6��7KLV�LV�D�UHWURVSHFWLYH�VWXG\�RI�FRQVHFXWLYH�3(�SDWLHQWV�ZKR�ZHUH�DGPLWWHG�DW�(PHUJHQF\�6HUYLFH�LQ�D�WKLUG�OHYHO�KRVSLWDO��3DWLHQWV�ZLWK
RU�ZLWKRXW�V\QFRSH�ZHUH�FRPSDUHG��5HJUHVVLRQ�PRGHOV�IRU�DVVRFLDWLRQV�EHWZHHQ�V\QFRSH�DQG�EORRG�SUHVVXUH��KHDUW�UDWH��KLJK�VHQVLWLYH�WURSRQLQH�7
DW�DGPLVVLRQ��DQG�SUHVHQFH�RI�LQFUHDVH�RI�ULJKW�YHQWULFOH�ZHUH�FDOFXODWHG�

5(68/76��2QH�KXQGUHG�IRUW\�RQH�FRQILUPHG�3(�SDWLHQWV������PDOH��PHDQ�DJH�������k�������\HDUV��ZHUH�LQFOXGHG�LQ�WKLV�VWXG\��7KLUW\�RQH�SDWLHQWV
������VKRZHG�V\QFRSH��(LJKW�SDWLHQWV������GLHG�LQ�KRVSLWDO��/RJLVWLF�UHJUHVVLRQ�PRGHOV�UHYHDOHG�DVVRFLDWLRQ�EHWZHHQ�V\QFRSH�DQG�LQ�KRVSLWDO�GHDWK
�S� ��������DQG�V\QFRSH�DQG�ULJKW�YHQWULFXODU�G\VIXQFWLRQ��S� ��������

&21&/86,21��,Q�RXU�VHULHV��V\QFRSH�ZDV�DVVRFLDWHG�WR�LQ�KRVSLWDO�GHDWK�DQG�ULJKW�YHQWULFXOH�G\VIXQFWLRQ�



1(852/2*< DQZDUH�\DKPDGL

��������&KDUDFWHULVWLFV�RI�)LUVW�WLPH�VHL]XUH�LQ�DGXOWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

UDQLD�MHEUL������DQZDUH�\DKPDGL������D\PHQ�]RXEOL������KDQDQH�JKD]DOL������PRKDPHG�DOL�JKDUEL������KD\HW�PHONL������PRKDPHG�PJXLGLFK������VDPL
VRXLVVL����

���6HUYLFH�DFFXHLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���HPHUJHQG\�GHSDUWPHQW�RI�EHQ�DURXV�KRVSLWDO���UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV�WXQLVLD���EHQ�DURXV��781,6,$
���6HUYLFH�G
$FFXHLO�GHV�8UJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$

.H\ZRUGV��)LUVW�WLPH�VHL]XUH��HPHUJHQF\�GHSDUWPHQW��SURJQRVLV

$EVWUDFW��

6HL]XUHV�DUH�D�FRPPRQ�SDWWHUQ�IRU�VHHNLQJ�FDUH�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('���8S�WR����RI�WKH�SRSXODWLRQ�ZLOO�H[SHULHQFH�DW�OHDVW���QRQIHEULOH
VHL]XUH�DW�VRPH�SRLQW�GXULQJ�WKHLU�OLIHWLPH��(PHUJ�0HG�&OLQ�1RUWK�$P���������7KH�PDQDJHPHQW�RI�D�SDWLHQW�ZKR�KDV�KDG�D�ILUVW�WLPH�VHL]XUH�LV
GULYHQ�E\�WKH�KLVWRU\�DQG�SK\VLFDO�H[DPLQDWLRQ�DQG�FDQ�EH�D�FKDOOHQJH�IRU�WKH�HPHUJHQF\�SK\VLFLDQ�

2EMHFWLYH��WR�LGHQWLI\�WKH�HSLGHPLRORJLFDO��FOLQLFDO�DQG�SURJQRVWLF�IDFWRUV�RI�DGXOW�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�ZLWK�ILUVW�WLPH�VHL]XUH�

0HWKRGV�DQG�GHVLJQ�

$�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\��FRQGXFWHG�RYHU�WZR�\HDUV��:HUH�LQFOXGHG�DOO�SDWLHQWV�DJHG!���\HDUV�ROG�ZKR�SUHVHQWHG�WR�WKH�('�ZLWK�ILUVW�WLPH
VHL]XUH��7KH�HSLGHPLRORJLFDO��FOLQLFDO��ELRORJLFDO��WKHUDSHXWLF��DQG�HYROXWLRQ�FULWHULD�ZHUH�FROOHFWHG��7KH�SURJQRVLV�ZDV�HYDOXDWHG�RQ�GD\����GD\���
DQG���PRQWKV��0XOWLYDULDWH�DQDO\VLV�E\�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ�ZDV�SHUIRUPHG�

5HVXOWV�

'XULQJ�WKH�VWXG\�SHULRG������SDWLHQWV�ZLWK�VHL]XUHV�ZHUH�DGPLWWHG�LQ�WKH�('��$PRQJ�WKHP�����SUHVHQWHG�ZLWK�ILUVW�WLPH�VHL]XUH�DQG�ZHUH�LQFOXGHG
LQ�WKH�VWXG\��0HDQ�DJH���k���\HDUV��6H[�UDWLR�������&RPRUELGLWLHV��GLDEHWHV�1� �����������KLVWRU\�RI�V\VWHPLF�GLVHDVH�1� ������������KLVWRU\�RI
QHRQDWDO�SDLQ�1� ��������KLVWRU\�RI�$O]KHLPHU
V�GLVHDVH�Q� �����������SV\FKLDWULF�GLVHDVH�Q� �����������VWURNH�1� ������������K\SHUWHQVLRQ�Q� �����
������KHDUW�GLVHDVH�Q� �����������WK\URLG�G\VIXQFWLRQ�Q� �����������FKURQLF�UHQDO�IDLOXUH�Q� �����������KLVWRU\�RI�QHRSODVLD�Q� ������������DQG�RQH
SDWLHQW�ZLWK�GUXJ�DGGLFWLRQ������������KDG�JHQHUDOL]HG�WRQLF�FORQLF�FULVLV�����������SDWLHQWV�KDG�QHXURORJLFDO�GHILFLWV��0HDQ�ODFWDWH�OHYHO�ZDV�����k
�����7KH�GLDJQRVLV�RI�DFFRPSDQLHG�VHL]XUHV�ZDV�PDGH�LQ�����������SDWLHQWV��,Q����������SDWLHQWV�WKH�GLDJQRVWLF�RI�VLPSOH�DWWDFN�ZDV�PDGH�
(WLRORJ\�RI�VHL]XUHV�����SDWLHQWV�������KDG�D�KHDG�LQMXU\�����������KDG�D�GRFXPHQWHG�LQIHFWLRQ����������KDG�LQWR[LFDWLRQ��VWURNH�ZDV�IRXQG�LQ���
SDWLHQWV�����KHPRUUKDJLF�DQG�LVFKHPLF��������FDVHV�RI�LQWUD�FUDQLDO�H[SDQVLYH�SURFHVV�KDYH�EHHQ�LGHQWLILHG����FDVHV�RI�K\GURFHSKDOXV��DQG�D�FDVH�RI
FHUHEUDO�WKURPERSKOHELWLV��1R�REYLRXV�FDXVH�IRXQG�LQ�����RI�FDVHV��(LJKW�SHUFHQW�KDG�SRRU�SURJQRVLV�DQG�ZHUH�DGPLWWHG�WR�WKH�,&8��7KH�RYHUDOO
PRUWDOLW\�ZDV�����7KH�UHFXUUHQFH�RI�VHL]XUHV�ZDV����DW�GD\��������DW�GD\����DQG�����DW���PRQWKV�

&RQFOXVLRQ��WKH�)LUVW�WLPH�DGXOW�VHL]XUH�LV�D�FKDOOHQJH�IRU�WKH�HPHUJHQF\�SK\VLFLDQ��+H�VKRXOG�VHHN�IRU�UHYHUVLEOH�FDXVHV�DQG�HSLOHSWRJHQLF�OHVLRQ
WKDW�FDQ�KDYH�DQ�LPSDFW�RQ�WKH�GLDJQRVLV��SURJQRVLV��DQG�WUHDWPHQW�RI�QHZ�RQVHW�VHL]XUHV



35(�+263,7$/���(06���287�2)�+263,7$/ $11(�/$85(�)(5$/�3,(566(16

��������([SHULHQFH�DQG�UHSUHVHQWDWLRQ�RI�LQWHUDFWLRQV�ZLWK�(PHUJHQF\�0HGLFDO�6HUYLFH��$�TXDOLWDWLYH�VWXG\�DPRQJ�JHQHUDO
SUDFWLWLRQHUV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-XOLH�0D\HU������$QQH�/DXUH�)HUDO�3LHUVVHQV������3KLOLSSH�-XYLQ����

���(PHUJHQF\�'HSDUWPHQW��*HRUJHV�3RPSLGRX�(XURSHDQ�+RVSLWDO��3DULV��)5$1&(

.H\ZRUGV��4XDOLWDWLYH�VWXG\��(PHUJHQF\�0HGLFDO�6HUYLFH��(PHUJHQF\�0HGLFDO�'LVSDWFKHU

$EVWUDFW��

�

,QWURGXFWLRQ�*HQHUDO�SUDFWLWLRQHUV��*3��DUH�VRPHWLPHV�FRQIURQWHG�WR�PHGLFDO�HPHUJHQFLHV�LQ�WKHLU�RIILFH��7KHUH�KDYH�EHHQ�IHZ�HYDOXDWLRQV�RI�WKH
LQWHUDFWLRQV�EHWZHHQ�*3V�DQG�(PHUJHQF\�0HGLFDO�'LVSDWFKHU�ZKHQ�D�FDOO�LV�PDGH�IURP�WKH�RIILFH��2XU�DLP�ZDV�WR�LQYHVWLJDWH�*3V�UHSUHVHQWDWLRQV�RI
(PHUJHQF\�0HGLFDO�'LVSDWFKHU��(0'��DQG�(PHUJHQF\�0HGLFDO�6HUYLFH��(06��WKURXJK�WKHLU�H[SHULHQFH�RI�MRLQHG�PDQDJHPHQW�RI�HPHUJHQFLHV���

�

0HWKRG�:H�FRQGXFWHG�D�TXDOLWDWLYH�VWXG\�WKURXJK�VHPL�VWUXFWXUHG�LQWHUYLHZV�E\�PD[LPXP�YDULDWLRQ�VDPSOLQJ�IURP�MXO\������WR�DSULO������LQ�RXU
UHJLRQ��:H�GHYHORSHG�WKHPHV�FRQFHUQLQJ�*3V�PHGLFDO�H[SHULHQFH�DQG�WUDLQLQJ��SHUVRQDO�KLVWRULHV�RI�SDWLHQWV�QHHGLQJ�HPHUJHQF\�FDUH��H[SHULHQFH
RI�FDOOV�ZLWK�(0'�DQG�LQWHUDFWLRQV�ZLWK�(06�

�

5HVXOWV�:H�FRQGXFWHG����LQWHUYLHZV�ZLWK�*3V��$QDO\VLV�VKRZHG�GLIIHUHQW�*3V�UHDFWLRQV�DQG�H[SHULHQFHV�ZKLOH�FDOOLQJ�(0'�DQG�LQ�IURQW�RI�(06�ZKLOH
LQ�WKH�RIILFH�

��������&ROODERUDWLRQ��EDVHG�RQ�WUXVW��FRQILGHQFH�DQG�DFNQRZOHGJHPHQW�RI�HDFK�RWKHU�VNLOOV

��������&RRSHUDWLRQ��EDVHG�RQ�WKH�DFFHSWDQFH�RI�*3V�RZQ�QHHGV�RI�VSHFLDOL]HG�KHOS�DQG�VNLOOV�DQG�UHVSHFW�RI�SUDFWLFDO�VWDQGDUGV�

��������1HJDWLRQ��EDVHG�RQ�WKH�ODFN�RI�UHODWLRQVKLS�DQG�LQWHUDFWLRQV�DQG�VRPHWLPHV�FRPSHWLWLYH�IHHOLQJV�

��������'LVWUXVW��EDVHG�RQ�DYRLGDQFH�VWUDWHJLHV

&RRSHUDWLRQ�LV�WKH�PRGHO�PDLQO\�GHYHORSHG��*3V�DUH�NHHQ�WR�DSSUHKHQG�DQG�EHWWHU�XQGHUVWDQG�(06�DQG�(0'�VSHFLDOW\�DQG�ZRXOG�OLNH�WR�VHH�GHHSHU
OLQNV�DQG�LQWHUDFWLRQV�EHWZHHQ�JHQHUDO�SUDFWLFH�DQG�KRVSLWDO�

�&RQFOXVLRQ�7KLV�TXDOLWDWLYH�VWXG\�VKRZV�WKH�KHWHURJHQHLW\�RI�*3V�H[SHULHQFHV�ZKLOH�WDNLQJ�FDUH�LQ�WKHLU�RIILFH�RI�XUJHQW�SDWLHQWV��,QWHU�SURIHVVLRQDO
LQWHUDFWLRQV�EHWZHHQ�*3V�DQG�(0'�(06�VKRXOG�EH�HPSKDVL]HG�LQ�RUGHU�WR�LQFUHDVH�WKH�TXDOLW\�DQG�HIILFLHQF\�RI�HPHUJHQF\�FDUH�LQ�JHQHUDO�SUDFWLFH�
��



*(5,$75,&6 .+(',-$�=$28&+(

��������(SLGHPLRORJ\�RI�LQIHFWLRQ�LQ�HOGHUO\�SDWLHQWV�DGPLWWHG�WR�WKH�HPHUJHQF\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

.$0(/�0$-('������ERXEDNHU�UDGKLD������1(,/$�0*+$,(7+������%$&&28&+(�5$0/$������NKHOLO�PRKDPHG�KDVVHQ������.+(',-$�=$28&+(������+$0,'$
0$*+5$28,������02+$0('�02'+$))(5������&+2.5,�+$028'$������1(%,+$�%256$/,�)$/)28/����

���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�7($&+,1*�+263,7$/��/$�5$%7$�+263,7$/��WXQLV��781,6,$
���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�7($&+,1*�+263,7$/��81,9(56,7<�2)�0$1$5�,��WXQLV��781,6,$
���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�7($&+,1*�+263,7$/��/$�5$%7$�+263,7$/��781,6��781,6,$

.H\ZRUGV��HOGHU\��LQIHFWLRQ��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

2EMHFWLYH��

7KH�VWXG\�DLP�ZDV�WR�GHVFULEH�FOLQLFDO�IHDWXUHV�RI�VHYHUH�LQIHFWLRQ�LQ�ROG�SDWLHQWV�DGPLWWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�

3DWLHQWV�DQG�PHWKRGV

'HVFULSWLYH�UHWURVSHFWLYH�VWXG\�LQFOXGLQJ�ROG�SDWLHQWV��DGPLWWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�VHYHUH�LQIHFWLRQ�SUHVHQWLQJ�ZLWK�DQ�LQIHFWLRQ
DVVRFLDWHG�ZLWK�V\VWHPLF�LQIODPPDWRU\�UHVSRQVH�V\QGURPH�DQG�DQ�RUJDQ�G\VIXQFWLRQ����

5HVXOWV

6L[W\�RQH�SDWLHQWV�ZHUH�HQUROOHG��7KH�DYHUDJH�DJH�ZDV����k���\HDUV����SDWLHQWV��ZHUH�PDOHV��0RVW�SDWLHQWV�KDG�D�SDVW�KLVWRU\�RI�GLDEHWHV�������
VWURNH��������FKURQLF�SXOPRQDU\�GLVHDVH��������SXOPRQDU\�QHRSODVP�������DQG�FKURQLF�UHQDO�IDLOXUH�������7KH�PRVW�IUHTXHQW�FRPSODLQW�ZDV
G\VSQHD��������)HYHU�ZDV�IRXQG�LQ�����RI�FDVHV��FRXJK�LQ�����DQG�VSXWXP�LQ������&RPD�DQG�FRQIXVLRQ�ZHUH�IRXQG�UHVSHFWLYHO\�LQ�����DQG����RI
FDVHV��6HSVLV�ZDV�IRXQG�LQ�����RI�FDVHV�DQG�VHSWLF�VKRFN�LQ������3QHXPRQLD�ZDV�WKH�ILUVW�LQIHFWLRQ��������XULQDU\�WUDFW�LQIHFWLRQV�ZDV�GLDJQRVHG�LQ
�����JDVWURLQWHVWLQDO�LQIHFWLRQ�LQ�����DQG�VNLQ�LQIHFWLRQ�LQ�����7KH�FRQVXOWDWLRQ�UHDVRQ�ZDV�FRUUHODWHG�ZLWK�WKH�GLDJQRVLV�LQ�����RI�FDVHV��,Q�FDVHV
RI�SQHXPRQLD��UHVSLUDWRU\�VLJQV�ZHUH�IRXQG�LQ�RQO\�����RI�FDVHV��XULQDU\�V\PSWRPV�ZHUH�IRXQG�LQ�������RI�XULQDU\�WUDFW�LQIHFWLRQV�

,Q�KRVSLWDO�PRUWDOLW\�ZDV������7KH�FDXVHV�RI�GHDWK�ZHUH�D�UHIUDFWRU\�VKRFN�LQ�����RI�FDVHV�DQG�DFXWH�UHVSLUDWRU\�IDLOXUH�LQ�����RI�FDVHV�

&RQFOXVLRQ

6HSVLV�UHODWHG�PRUWDOLW\�LV�KLJK�LQ�HOGHUO\�LQ�HPHUJHQFLHV��DERXW�������,WÇV�SDUWLDOO\�H[SODLQHG�E\�WKH�DW\SLFDO�LQIHFWLRXV�V\PSWRPV�UHDFKLQJ����
ZLWK�D�VLJQLILFDQW�WUHDWPHQW��

�



&$6(�35(6(17$7,21 0DULQD�%XIRUQ

��������%OHHGLQJ�LQ�DQWLFRDJXODWHG�SDWLHQW��UHSRUW�RI�D�UDUH�FDVH�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULQD�%XIRUQ������(QULTXH�&DUR������&DUPHQ�$GHOD�<DJR������$QGU�V�%XIRUQ����

���&ULWLFDO�FDUH�DQG�(PHUJHQF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6HUYLFH��0�ODJD��63$,1

.H\ZRUGV��9RPLWLQJ��WRUVDGHV�GH�SRLQWHV���SDUHQFK\PDO�KHPDWRPD�

$EVWUDFW��

���\HDU�ROG�ZRPDQ�SDWLHQW��GLDEHWLF��K\SHUWHQVLRQ��LVFKHPLF�KHDUW�GLVHDVH�ZLWK�WULSOH�E\SDVV�DQG�SDFHPDNHU�FDUULHU��WUHDWHG�ZLWK�DFHQRFRXPDURO�
DWRUYDVWDWLQ��HQDODSULO�DQG�PHWIRUPLQ��*R�WR�HPHUJHQF\�URRP�IRU�QDXVHD��YRPLWLQJ�DQG�DEGRPLQDO�SDLQ����KRXUV�RI�HYROXWLRQ��SUHYLRXVO\�VHUYLFHG�E\
DPEXODQFH�DQG�WUHDWHG�FRLQ�DQWLHPHWLFV�DQG�VXOSLULGH��ZLWKRXW�LPSURYHPHQW��1RW�UHIHU�RWKHU�V\PSWRPV�
3K\VLFDO�H[DPLQDWLRQ��QHXURORJLFDO�H[DPLQDWLRQ��DEGRPLQDO�DQG�FDUGLRUHVSLUDWRU\�DXVFXNWDWLRQ�ZLWKLQ�QRUPDO�OLPLWV�
%ORRG�WHVWV��XULQH�DQG�DEGRPLQDO�UDGLRJUDSKV�DUH�UHTXHVWHG��6XOSLULGH�LV�LQWUDPXVFXODU�UHJLPHQ��ZLWKRXW�LPSURYHPHQW�
UHVXOWV�
��$QDO\WLFDO�GLVFUHWH�QHXWURSKLOLD��3&5�����,15��
���5HVW�ZLWKLQ�QRUPDO�OLPLWV�
��8ULQH��QHXWURSKLOLF�OHXNRF\WRVLV�
��5DGLRJUDSK\�DEGRPHQ�ZLWKRXW�SDWKRORJLFDO�LPDJHV�
'XULQJ�WKH�VWD\�LQ�WKH�(5��VXIIHUV�FOLQLFDO�ZRUVHQLQJ��ZLWK�GL]]LQHVV�DQG�FRQYXOVLRQ��ZK\�LV�VHUYLFHG�LQ�%R[�&35�
,PPHGLDWHO\��WKH�SDWLHQW�LV�PRQLWRUHG��VWDELOL]HG�DQG�(&*�DQG�&7�VFDQ�DUH�UHTXHVWHG��:KLOH�SHUIRUPLQJ�FUDQLDO�&7�VXIIHUV�YHQWULFXODU�ILEULOODWLRQ
HSLVRGH�REMHFWLILHG�LQ�PRQLWRU��VR�HOHFWULF�VKRFN�LV�DSSOLHG�ZLWK�����-�DQG�SHUPHDELOLW\�RI�WKH�DLUZD\�LV�PDLQWDLQHG�ZLWK�VHOI�LQIODWLQJ�EDJ�DQG
RURSKDU\QJHDO�FDQQXOD�

5HVXOWV�FUDQLDO�&7��DFXWH�SDUHQFK\PDO�KHPDWRPD�LQ�OHIW�FHUHEHOODU�KHPLVSKHUH�RI�����[�����FP��ZLWK�SHULOHVLRQDO�HGHPD�ZLWKRXW�PDVV�HIIHFW�RQ�WKH
IRXUWK�YHQWULFOH�RU�RWKHU�LQIUDWHQWRULDO�SDUHQFK\PD�
,W�ZDUQV�,QWHQVLYH�&DUH�8QLW�DQG�WKH�QHXURVXUJHRQ��9LWDPLQ�.�DQG�SURWKURPELQ�FRPSOH[�DUH�DGPLQLVWHUHG��$QDO\WLFDO�UHTXHVWHG�PDJQHVLXP�OHYHOV�
1HXURVXUJHU\�GLVFDUGHG�VXUJLFDO�DSSURDFK��,QWHQVLYH�&DUH�LQGLFDWHV�WHOO�LI�FOLQLFDO�ZRUVHQLQJ��7KH�SDWLHQW�UHPDLQV�LQ�ZDWFKLQJ�(5��,W�LV�UHSRUWHG
UHODWLYHV�RI�WKH�SDWLHQW�
$QDO\WLFDO�VWDQGV�JOXFRVH�����PJ���G/��PDJQHVLXP��
��PJ���G/�
$IWHU�WKH�UHSODFHPHQW�RI�PDJQHVLXP��QHXURORJLFDO�SDWLHQW�PRQLWRULQJ�DQG�PDLQWDLQLQJ�WKH�*ODVJRZ�VFRUH����ZLWKRXW�REMHFWLILHG�KHPRG\QDPLF
GHWHULRUDWLRQ��LW�LV�DGPLWWHG�E\�1HXURORJ\�

&RQFOXVLRQ�
)DFHG�ZLWK�D�VXJJHVWLYH�SLFWXUH�RI�YHUWLJR�UHVLVWDQW�WR�WUHDWPHQW��ZH�PXVW�VXVSHFW�D�FHQWUDO�VRXUFH��,Q�WKLV�FDVH��VLQFH�WKH�SDWLHQW�LV�DQWLFRDJXODWHG�
LW�LV�LPSRUWDQW�WR�SHUIRUP�D�&7�VFDQ�WR�UXOH�RXW�EOHHGLQJ��:H�NQRZ�WKH�PDQDJHPHQW�RI�KHPRUUKDJH�LQ�WKH�DQWLFRDJXODWHG�SDWLHQW��VLQFH�WKH�UHYHUVDO
RI�,15�KHOS�FRQWURO�EOHHGLQJ�DQG�WKHUHIRUH�FOLQLFDO�ZRUVHQLQJ��,W�LV�DOVR�LPSRUWDQW�WR�NQRZ�WKH�FODVVLILFDWLRQ�RI�EOHHGLQJ�LQ�DQWLFRDJXODWHG�SDWLHQWV�
PLQRU�EOHHGLQJ��VHYHUH�EOHHGLQJ�DQG�VHYHUH�EOHHGLQJ�ZLWK�OLIH�WKUHDWHQLQJ��,Q�RXU�FDVH��WKLV�LV�D�KHPRUUKDJH�RI�WKH�WKLUG�NLQG��VLQFH�LW�LV
V\PSWRPDWLF�LQWUDFUDQLDO�KHPRUUKDJH��GHEXWLQJ�ZLWK�YRPLWLQJ��GL]]LQHVV�DQG�VHL]XUH���,Q�VHYHUH�EOHHGLQJ�LQ�DQWLFRDJXODWHG�SDWLHQW�ZLWK
DFHQRFXPDURO�ZH�PXVW�DGPLQLVWHU�YLWDPLQ�.�DQG�SURWKURPELQ�FRPSOH[�WR�UHYHUVH�WKH�DQWLFRDJXODQW�HIIHFW�RI�WKH�GUXJ�DV�VRRQ�DV�SRVVLEOH�



*(5,$75,&6 .+(',-$�=$28&+(

��������6\VWHPLF�LQIODPPDWRU\�UHVSRQVH�V\QGURPH��6,56��LQ�LQIHFWHG�HOGHUO\�SDWLHQWV�LQ�HPHUJHQFLHV�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

.$0(/�0$-('������ERXEDNHU�UDGKLD������DEGHOZDKHE�PJKLUEL������%$&&28&+(�5$0/$������.,/$1,�02+$0('������.+(',-$�=$28&+(������+$0,'$
0$*+5$28,������02+$0('�02'+$))(5������&+2.5,�+$028'$������1(%,+$�%256$/,�)$/)28/����

���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�7($&+,1*�+263,7$/��/$�5$%7$�+263,7$/��WXQLV��781,6,$
���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�7($&+,1*�+263,7$/��81,9(56,7<�2)�0$1$5�,��WXQLV��781,6,$
���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�7($&+,1*�+263,7$/��/$�5$%7$�+263,7$/��781,6��781,6,$

.H\ZRUGV��6,56��HOGHUO\��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

2EMHFWLYH

7KH�VWXG\�DLP�ZDV�WR�DVVHVV�WKH�GLDJQRVWLF�DQG�SURJQRVWLF�YDOXH�RI�V\VWHPLF�LQIODPPDWRU\�UHVSRQVH�V\QGURPH��6,56��LQ�LQIHFWHG�HOGHUO\�SDWLHQWV�LQ
HPHUJHQFLHV�

3DWLHQWV�DQG�PHWKRGV�

'HVFULSWLYH�UHWURVSHFWLYH�VWXG\�LQFOXGLQJ�SDWLHQWV�DJHG�PRUH�WKDQ����\HDUV��ZKR�ZHUH�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�IRU�D�SURYHQ
LQIHFWLRQ�GXULQJ�WZR�PRQWKV��'HFHPEHU������DQG�-XO\��������

5HVXOWV�

���SDWLHQWV�ZHUH�LQFOXGHG��7KH�DYHUDJH�DJH�ZDV����k���\HDUV�ZLWK����SDWLHQWV�ZHUH�PDOHV������RI�SDWLHQWV�KDG�GLDEHWHV������VWURNH������FKURQLF
SXOPRQDU\�GLVHDVH������DFWLYH�FDQFHU�DQG����FKURQLF�UHQDO�IDLOXUH��7KH�LQLWLDO�SUHVHQWDWLRQ�ZDV�FRQVLVWHQW�ZLWK�VHYHUH�VHSVLV�LQ�����RI�FDVHV�DQG
VHSWLF�VKRFN�LQ�������������RI�SDWLHQWV�KDG�6,56�RQ�DGPLVVLRQ����FULWHULD�LQ�������DQG���FULWHULD�LQ�������RI�FDVHV���7KH�DYHUDJH�OHQJWK�RI�VWD\�ZDV
��GD\V��7KH�PRUWDOLW\�UDWH�ZDV�������LQ�SDWLHQWV�ZLWK�6,56�DW�DGPLVVLRQ�YHUVXV�����LQ�SDWLHQWV�ZLWKRXW�6,56��S��������

&RQFOXVLRQ

7KH�SUHVHQFH�RI�6,56�DW�DGPLVVLRQ�PD\�EH�FRQVLGHUHG�DV�D�VLJQLILFDQW�SURJQRVWLF�IDFWRU�LQ�LQIHFWHG�HOGHUO\�SDWLHQWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\
GHSDUWPHQW�



75$80$ 3DXO���/XFLDQ�1HGHOHD

��������7UDXPDWLF�LQMXULHV�LQ�KRUVH�FDUW�DFFLGHQWV�LQ�DQ�HPHUJHQF\�GHSDUWPHQW�LQ�1RUWK�(DVW�5RPDQLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

',$1$�&,032(68������3$8/���/8&,$1�1('(/($������$1'5(,�+,1&8������0,+$(/$�'80($������*,25*,$1$�0$7(,������78'25�29,',8�323$����

���(PHUJHQF\�'HSDUWPHQW��6W�6SLULGRQ���,DVL��5RPDQLD��80)��*U�7�3RSD��,DVL��5RPDQLD��,DVL��520$1,$
���(PHUJHQF\�'HSDUWPHQW���QRQH��,DVL��520$1,$
���(PHUJHQF\�'HSDUWPHQW��6W�6SLULGRQ���,DVL��5RPDQLD��QRQH��,DVL��520$1,$
���(PHUJHQF\�'HSDUWPHQW��6W�6SLULGRQ���,DVL��5RPDQLD��QRQH��,$6,��520$1,$
���(PHUJHQF\�'HSDUWPHQW��6W�6SLULGRQ���,DVL��5RPDQLD��80)��*U�7�3RSD��,DVL��5RPDQLD��,$6,��520$1,$

.H\ZRUGV��WUDXPD��KRUVH�FDUW

$EVWUDFW��

3XUSRVH�RI�WKH�VWXG\��+RUVH�FDUW�DFFLGHQWV�DUH�FKDUDFWHULVF�DW�FRXQWU\VLGH�ZKHUH�WKLV�YHKLFOHV�DUH�VWLOO
WKH�PDLQ�ZD\�RI�PDNLQJ�DJULFXOWXUH�IRU�SHRSOH��,Q�WKLV�VWXG\�ZH�ZLVK�WR�LOOXVWUDWH�WKH�PDLQ�WUDXPDWLF
PHFKDQLVPV�DQG�WKH�PDQDJHPHQW�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI�WKLV�W\SH�RI�SDWLHQWV�
0DWHULDOV�DQG�PHWKRGV��$�GHVFULSYH�UHWURVSHFWLYH�VWXG\�PDGH�LQ�(PHUJHQF\�'HSDUWPHQW�RI�6DLQW�6SLULGRQ�+RVSLWDO�LQ�,DVL�
EHWZHHQ��VW�RI�-XQH������DQG���VW�RI�0DUFK�������7KHUH�ZHUH�UHJLVWHUHG�SDWLHQWV�ZLWK�KRUVHFDUW
DFFLGHQWV�DV�SUHVHQWLQJ�FRPSODLQW��UHJDUGOHVV�WKH�PHFKDQLVP�LQYROYHG��IDOO�GRZQ�IURP�WKH�KRUVH�FDUW�
LPSDFW�FUXVK��LPSDFW�ZLWK�DQ�YHKLFOH�FDU��:H�UDWHG�JHQHUDO�GHPRJUDSKLF�GDWD��HQYLURQPHQWDO�RULJLQ��WKH
PHFKDQLVP�WKH\�ZHUH�SURGXFHG��LQYHVWLJDWLRQV�DQG�WUHDWPHQWV�PDGH�LQ�HPHUJHQF\�GHSDUWPHQW��7KH
GDWD�REWDLQHG�ZHUH�SURFHVVHG�LQ�6366��YHUVLRQ����
5HVXOWV��7KHUH�ZHUH�UHFRUGHG�����SDWLHQWV�ZLWK�WUDXPD�SURGXFHG�E\�IDOOLQJ�GRZQ�IURP�KRUVH�FDUW��DJHV
EHWZHHQ�������\HDUV�����������SDWLHQWV��FDPH�IURP�FRXQWU\�VLGH�����������SDWLHQWV��ZHUH�PDOH��0RVW
DFFLGHQWV�ZHUH�SURGXFHG�LQ�VXPPHU�������DQG�DXWXPQ��������7KH�PDLQ�SURGXFLQJ�PHFKDQLVP�ZDV�IDOOLQJ
GRZQ��IURP�KRUVHFDUW��������IROORZHG�E\�WKH�LPSDFW�ZLWK�DQ�YHKLFOH��������FUXVK�������RU
SHRSOH�SHGHVWULDQV�FUXVKHG�E\�WKH�KRUVH�FDUW�������,Q�����RI�FDVHV��SDWLHQWV�SUHVHQWHG�WKHPVHOYHV�DW
WKH�KRVSLWDO�DQG�LQ�����RI�FDVHV�WKH�SDWLHQWV�ZHUH�KHPRG\QDPLF�DQG�UHVSLUDWRU\�VWDEOH��5HJDUGLQJ
WKH���SUHVHQWHG��LQMXULHV���SUHYDLOHG��DUPV��RU��OHJV��IUDFWXUHV��DW������SDWLHQWV�������������IROORZHG��E\
FUDQLR�FHUHEUDO�LQMXULHV����������DQG�WKRUDFLF�DEGRPLQDO�LQMXULHV����������7KHUH�ZHUH�PDGH�;�UD\V�LQ
������RI�FDVHV��DEGRPLQDO�XOWUDVRXQG�����������&7����������RQO\���SDWLHQWV���������UHTXLUHG
LQYHVWLJDWLRQV��7KHUH�ZHUH�SHUIRUPHG�FKHVW�GUDLQDJH�LQ�FDVH�RI���SDWLHQWV���������DQG�WKHUH�ZHUH�UHGXFHG
VFDSXOD�KXPHUDO�GLVORFDWLRQV�DW�������SDWLHQWV��PRVW�RI�WKHP�UHTXLULQJ�KHPRG\QDPLF�VWDELOL]DWLRQ�DQG
SDLQNLOOHUV����������$IWHU�WKH�LQYHVWLJDWLRQV�PDGH�LQ�HPHUJHQF\�GHSDUWPHQW���������RI�SDWLHQWV�ZHUH
KRVSLWDOL]HG�DW�RUWKRSHGLFV���������DW�JHQHUDO�VXUJHU\��(17��������PD[LOORIDFLDO�������DQG�WKRUDFLF
VXUJHU\���������7KH�RWKHUV�SDWLHQWV�ZHUH�VHQW�DW�WKH�QHXURVXUJHU\�RU�GLVFKDUJHG�WR�WKHLU�KRPHV����������
&RQFOXVLRQV��7KH�SDWKRORJ\�RI�WKH�SDWLHQWV�GHWHUPLQDWHG�E\�IDOOLQJ�GRZQ�IURP�WKH�KRUVH�FDUW�UHSUHVHQWV
D�GLVWLQFW�SDUW�RI�WUDXPD�SDWLHQWV�WKDW�SUHVHQWV�LQ�(PHUJHQF\�5RRP��VSHFLILF�IRU�FRXQWU\VLGH��$OFRKRO
LQJHVWLRQ�LV�D�IDYRUDEOH�IDFWRU�RI�SURGXFLQJ�DFFLGHQWV��0RVW�RI�LQMXULHV�SURGXFHG�LQ�WKLV�DFFLGHQWV�DUH
PLQRU�DQG�WKH\�GLG�QRW�UHTXLUH�KRVSLWDOL]DWLRQ�EXW�WKH\�EHQHILWHG�RI�PXOWLSOH�LQYHVWLJDWLRQV�LQ(PHUJHQF\
'HSDUWPHQW��;�UD\V��XOWUDVRXQG��&7��EORRG�WHVWV��



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

0$57$�0(5/2

��������2SLRLGV�DQG�(PHUJHQF\��LV�LW�DQ�DOWHUQDWLYH"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0$57$�0(5/2������0(5&('(6�&8(67$������)5$1&,6&2�6$/$6������&w6$5�9(5*$5$����

���$	(��+263,7$/�81,9(56,7$5,2�*(7$)(�0$'5,'��0$'5,'��63$,1
���35,0$5<�&$5(��6(6&$0��72/('2��63$,1

.H\ZRUGV��3DLQ��(PHUJHQF\��2SLRLGV

$EVWUDFW��

,1752'8&7,21

�

8S�WR������RI�(	$�YLVLWV�DUH�IRU�SDLQ��HLWKHU�DFXWH�RU�FKURQLF�H[DFHUEDWLRQV��3URSHU�GLDJQRVLV���WUHDWPHQW�DQG�FRQWURO�VLJQLILFDQWO\�LQIOXHQFHV�WKH
FDUH�RYHUORDG�RI�WKHVH�VHUYLFHV�

�

2%-(&7,9(6

e�7R�DQDO\]H�WKH�HSLGHPLRORJLFDO�FKDUDFWHULVWLFV�DQG�PDQDJHPHQW�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�SDWLHQWV�ZLWK�VHYHUH�DFXWH�RU�FKURQLF�SDLQ�
H[DFHUEDWHG�RU�SRRUO\�FRQWUROOHG��QRQFDQFHU��9$6!�����ZKLFK�LV�DGPLQLVWHUHG�WKHUDS\�ZLWK�LQKDOHG�TXLFN�UHOHDVH�IHQWDQ\O��,4)��

e�7R�&KHFN�WKH�GLVFKDUJH�WUHDWPHQW�DQG�HYROXWLRQ�LQ�WKH�QH[W�ZHHN�

�

0(72'6

'HVFULSWLYH�VWXG\��ZLWKRXW�LQWHUYHQWLRQ��UHWURVSHFWLYH�RI�SDWLHQWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�RI�D�WHUWLDU\�KRVSLWDO�IRU�SDLQ�RI�WKH
IHDWXUHV�GHVFULEHG��IURP���WR����0DUFK�������7KH�GDWD�REWDLQHG�IURP�FOLQLFDO�KLVWRU\�SURJUDP�DQG�ZH�DQDO\]HG�XVLQJ�6366�SURJUDP�

�

�

5(68/76

'XULQJ�WKH�VWXG\�SHULRG�LW�ZDV�SUHVFULEHG�,4)�WR�WZHOYH�SDWLHQWV�SUHVHQWLQJ�ZLWK�DFXWH�RU�H[DFHUEDWHG�SDLQ��ZLWK�PL[HG�FKDUDFWHULVWLFV��

�

:RPHQ�SUHGRPLQDWHG�������ZLWK�PHDQ�DJH����k����\HDUV��7KH�VDPSOH�ZDV�FKDUDFWHUL]HG�E\�KLJK�&KDUOVRQ�FRPRUELGLW\�LQGH[�����������
FRQVXOWHG�IRU�DFXWH�SDLQ�OHVV�WKDQ�D�GD\�RI�HYROXWLRQ�DQG�WKH�UHVW�������E\�SRRU�FRQWURO�RI�FKURQLF�RU�DFXWH�SDLQ��WKH�DYHUDJH�WLPH�GXUDWLRQ�RI
V\PSWRPV�ZDV����k����GD\V�

�

([FHSW�IRU�WZR�SDWLHQWV���DOO�WDNLQJ�DQDOJHVLF�WUHDWPHQW�EHIRUH�KLV�YLVLW�WR�WKH�HPHUJHQF\�URRP���WKH�PRVW�XVHG�SDUDFHWDPRO�DQG�DQWL�LQIODPPDWRU\��
1RQH�WRRN�VWURQJ�RSLRLGV��7KH�PRVW�IUHTXHQW�UHDVRQ�IRU�FRQVXOWDWLRQ�ZDV�PXVFXORVNHOHWDO�SDLQ�����������IROORZHG�E\�YLVFHUDO�SDLQ��7KH�DYHUDJH
LQWHQVLW\�DFFRUGLQJ�WR�WKH�QXPHULFDO�YLVXDO�VFDOH��9$6���ZDV���

7KH\�ZHUH�JLYHQ�,4)�JHWWLQJ�D�JRRG�SDLQ�FRQWURO�LQ�DOO�FDVHV�ZLWKLQ����PLQXWHV�ZLWK�9$6������7KLV�YDOXH�ZDV�PDLQWDLQHG�RU�GHFUHDVHG�WR�WKLUW\
PLQXWHV�LQ�DOO�SDWLHQWV�����9$6�DYHUDJH������PLQXWHV���

�

$OO�SDWLHQWV�ZHUH�GLVFKDUJHG�ZLWK�DQDOJHVLF�WUHDWPHQW���VWURQJ�RSLRLGV�������2QO\�RQH�SDWLHQW�ZDV�DGPLWWHG�WR�FRPSOHWH�LQSDWLHQW�VWXG\�DQG�WZR
ZHUH�DVVHVVHG�DJDLQ�DW����KRXUV���RQH�IRU�SHUVLVWHQW�SDLQ��9$6������WKDW�ZDV�UHVROYHG�E\�DGMXVWLQJ�WKH�GRVH�RI�IHQWDQ\O�ZLWKRXW�VSHFLI\LQJ�LQFRPH
DQG�DQRWKHU�IRU�D�UHDVRQ�GLIIHUHQW�LW�LV�KDYLQJ�WR�GR�ZLWK�DQ�XQGHUO\LQJ�GLVHDVH�



�

�

�

�

&21&/86,216

,4)�DGPLQLVWUDWLRQ�JHW�JRRG�FRQWURO�RI�SDLQ�RI�PRGHUDWH�WR�VHYHUH�LQWHQVLW\��KHOSLQJ�WR�UHGXFH�WKH�VWD\�DQG�UHYLVLWV��DQG�SURPRWLQJ�TXDOLW\�RI�FDUH�LQ
WKH�(	$�



&$5',29$6&8/$5 DQZDUH�\DKPDGL

��������7KURPERO\WLF�7KHUDS\�RQ�DFXWH�FRURQDU\�V\QGURPH�ZLWK�67�VHJPHQW�HOHYDWLRQ�LQ�HPHUJHQF\�GHSDUWPHQW���3UHGLFWRUV�RI
7,0,���FRURQDU\�IORZ�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

D\PHQ�]RXEOL������VDPL�VRXLVVL������UDQLD�MHEUL������ZLGHG�EDKULD������DQZDUH�\DKPDGL������IDUDK�ULDKL������PRKDPHG�PJXLGLFK������KDQDQH�JKD]DOL����

���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���6HUYLFH�DFFXHLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���HPHUJHQG\�GHSDUWPHQW�RI�EHQ�DURXV�KRVSLWDO���UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV�WXQLVLD���EHQ�DURXV��781,6,$

.H\ZRUGV��7KURPERO\WLF�7KHUDS\��DFXWH�FRURQDU\�V\QGURPH�ZLWK�67�VHJPHQW�HOHYDWLRQ��HPHUJHQF\�GHSDUWPHQW��7,0,���FRURQDU\�IORZ

$EVWUDFW��

,QWURGXFWLRQ��

7KURPERO\WLF�WKHUDS\�RI�DFXWH�FRURQDU\�V\QGURPHV�ZLWK�67�VHJPHQW�HOHYDWLRQ��67(0,��KHOSHG�DKLHYH�EHWWHU�RXWFRPH�HVSHFLDOO\�LQ�KRVSLWDOV�ZLWKRXW
FDWK�ODE�GHSDUWPHQW��

2EMHWLYH��

�7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�LGHQWLI\�SDWLHQW�FKDUDFWHULVWLFV�WKDW�DUH�D�SULRUL�SUHGLFWRUV�RI�HDUO\�LQIDUFW�UHODWHG�DUWHU\�SDWHQF\�IROORZLQJ
WKURPERO\WLF�WKHUDS\�LQ�SDWLHQWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��ZLWK�67(0,�

�

0DWHULHO�DQG�PHWKRG�

3URVSHFWLYH�VWXG\�RYHU�D�SHULRG�RI���\HDUV��:HUH�LQFOXGHG�DOO�WKH�SDWLHQWV�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�67(0,�ZLWKLQ�OHVV�WKDQ���
KRXUV��ZKLFK�ZHUH�WKURPERO\VHG�DQG�IRU�ZKRP�WKH�UHVXOWV�RI�FRURQDU\�DQJLRJUDSK\�ZDV�FROOHFWHG��$QDPQHVWLF��FOLQLFDO�IHDWXUHV��WUHDWPHQW�DQG
RXWFRPH�FKDUDFWHULVWLF�ZHUH�FROOHFWHG��7KH�VXFFHVV�RI�O\VLV�ZDV�GHILQHG�E\�D�7,0,�,,,�FRURQDU\�IORZ�

5HVXOWV�

'XULQJ�D�SHULRG�RI���\HDUV������SDWLHQWV�ZHUH�LQFOXGHG��PHDQ�DJH������������\HDUV��WKH�VH[�UDWLR�ZDV������&RPRUELGLWLHV��1�������KLVWRU\�RI�VPRNLQJ
����������'LDEHWHV����������K\SHUWHQVLRQ����������G\VOLSLGHPLD�����������FRURQDURSDWK\����������7KH�PHDQ�WLPH�RI�('�YLVLW�ZDV�������������PLQ�
ZLWK�D�PHDQ�ILUVW�WLPH�PHGLFDO�WKURPERO\VLV�FRQWDFW����PLQ���������DQG�D�PHDQ�KRVSLWDO�VWD\�RI�����PLQXWHV�����������

,Q�XQLYDULDWH�DQDO\VLV��WLPH�RI�YLVLW�WR�WKH�('��6%3��KLVWRU\�RI�VPRNLQJ��GLDEHWHV�DQG�LQIHULRU�LQIUDFWLRQ�ZHUH�LGHQWLILHG�DV�SUHGLFWLYH�IDFWRUV�RI�VXFFHVV�

,Q�PXOWLYDULDWH�DQDO\VLV��RQO\�WKH�LQIHULRU�LQIUDFWLRQ�ZDV�LGHQWLILHG�DV�SUHGLFWRU�RI�WKURPERO\VLV�VXFFHVV�ZLWK�25����������&,�>�����WR�����@��S� ������

&RQFOXVLRQ��

67(0,�LQ�WKH�ORZHU�WHUULWRU\�KDYH�EHWWHU�RXWFRPHV�DIWHU�WKURPERO\VLV�LQ�WKH�('�



35(�+263,7$/���(06���287�2)�+263,7$/ %HUQG�$��/(,'(/

��������(PHUJHQF\�0HGLFDO�6HUYLFHV�7ULDJH�EDVHG�RQ�0DQFKHVWHU�7ULDJH�6\VWHP��,V�LW�IHDVLEOH�DQG�UHOLDEOH"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

%HUQG�$��/(,'(/������$QJHOD�$/(�$%$(,������$QGU��%$80$11������-DTXHOLQH�'��/((������%LUJLW�/,(+5������6WHIDQ�32/2&=(.������/DQ�+RXQJ�7,00�����
5DMDQ�620$681'$5$0����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��&KDULW����8QLYHUVLW�WVPHGL]LQ�%HUOLQ��&DPSXV�%HQMDPLQ�)UDQNOLQ��%HUOLQ��*(50$1<
���%HUOLQ�)LUH�DQG�5HVFXH�$FDGHP\��%HUOLQ�)LUH�'HSDUWPHQW��%HUOLQ��*(50$1<
���0HGLFDO�%RDUG�RI�(06��%HUOLQ�)LUH�'HSDUWPHQW��%HUOLQ��*(50$1<

.H\ZRUGV��(PHUJHQF\�PHGLFDO�VHUYLFHV��0DQFKHVWHU�7ULDJH�6\VWHP��3UHKRVSLWDO�WULDJH��7ULDJH��(PHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ��(VWDEOLVKHG�WULDJH�PHWKRGV�LQ�KRVSLWDOV�IRU�V\VWHPLF�SULRULWL]LQJ�RI�SDWLHQWV�DOVR�LQ�WKH�SUHKRVSLWDO�VHWWLQJ�PD\�LPSURYH�SDWLHQW�WUDQVIHU
IURP�HPHUJHQF\�PHGLFDO�VHUYLFHV��(06��WR�HPHUJHQF\�GHSDUWPHQWV��('V��E\�HIILFLHQW�FRPPXQLFDWLRQ�EHWZHHQ�(06�DQG�('V��7KHUHIRUH�ZH
HYDOXDWHG�WKH�IHDVLELOLW\�DQG�UHOLDELOLW\�RI�(06�WULDJH�EDVHG�RQ�0DQFKHVWHU�7ULDJH�6\VWHP��076��

0HWKRGV��7KLV�SURVSHFWLYH��REVHUYDWLRQDO�VWXG\�HYDOXDWHG�WKH�IHDVLELOLW\�DQG�UHOLDELOLW\�RI�(06�WULDJH�EDVHG�RQ�076��(06�SURYLGHUV�ZHUH�WUDLQHG�WR
XVH�076�ZLWK����RXW�RI�WKH�RULJLQDO����IORZFKDUWV�EDVHG�RQ�SDWLHQW�FRPSODLQWV��'LVFULPLQDWRUV�LQGLFDWLYH�RI�VHYHULW\�RI�FRPSODLQWV�ZHUH�PDLQWDLQHG�
(06�SHUVRQQHO�DVVLJQHG�WULDJH�VFRUHV�WR�SDWLHQWV�LQGHSHQGHQW�RI�('�DVVLJQPHQWV�E\�UHJLVWHUHG�QXUVHV��$OO�(06�DQG�('�DVVLJQPHQWV�ZHUH�DXGLWHG
UHJDUGLQJ�FRUUHFW�WULDJH�FDWHJRU\��)HDVLELOLW\��GLIIHUHQFHV�RI�(06�YHUVXV�('�WULDJH�DVVLJQPHQWV�DQG�UHOLDELOLW\�ZHUH�HYDOXDWHG�

5HVXOWV��2YHUDOO�����EOLQGHG�WULDJHV�DVVLJQPHQWV�ZHUH�DYDLODEOH�IRU�HYDOXDWLRQ��$XGLWLRQ�UHYHDOHG�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WULDJH�DVVLJQPHQWV�
ZLWK��������������LQFRUUHFW�(06�DQG��������������LQFRUUHFW�('�WULDJH�DVVLJQPHQWV��&KL�VTXDUH�WHVW�S ��������$OO�LQFRUUHFW�DVVLJQPHQWV�ZHUH
HUURUV�RI�DSSOLFDWLRQ��LQ�PDMRULW\�ZLWK�������������ZURQJ�GLVFULPLQDWRUV�ZHUH�FKRVHQ�

&RQFOXVLRQV��3UHKRVSLWDO�WULDJH�EDVHG�RQ�076�LV�IHDVLEOH�DQG�UHOLDEOH�ZLWK�JRRG�FRQFRUGDQFH�EHWZHHQ�(06�DQG�('�WULDJH�EDVHG�RQ�076��0RVW
LQFRUUHFW�DVVLJQPHQWV�ZHUH�GXH�WR�DSSOLFDWLRQ�HUURUV��$GGLWLRQDO�UHVHDUFK�WR�YDOLGDWH�RXU�UHVXOWV�DUH�ZDUUDQWHG�



&$6(�35(6(17$7,21 6KX�SLQJ�7XQJ

��������7KH�FDWDVWURSKLF�FRPSOLFDWLRQ�RI�DQ�ROG�ODG\�LQIHFWHG�E\�VZ+�1���DFXWH�GLVVHPLQDWHG�HQFHSKDORP\HOLWLV�$'(0�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+RX�ZHQ�&KHQ������6KX�SLQJ�WXQJ����

���(PHUJHQF\�$WWHQGLQJ�3K\VLFLDQ���7DR\XDQ�*HQHUDO�+RVSLWDO��0LQLVWU\�RI�+HDOWK�DQG�:HOIDUH��7DR\XDQ��7$,:$1
���&KLHI�RI�(PHUJHQF\�GHSDUWPHQW��7DR\XDQ�*HQHUDO�+RVSLWDO��0LQLVWU\�RI�+HDOWK�DQG�:HOIDUH��WDLSHL��7$,:$1

.H\ZRUGV��VZ+�1���(PSW\�VHOOD��3OHRF\WRVLV��$'(0

$EVWUDFW��

,QWURGXFWLRQ�)OX�YLUXV�DWWDFNV�SDWLHQWV�RI�DOO�JHQHUDWLRQV��%XW�SRVW�IOX�LQIHFWLRQ�KDV�GLIIHUHQW�SUHVHQWDWLRQV�WKURXJK�PLQRU�WR�OHWKDO��,W�GHSHQGV
DFFRUGLQJ�WR�WKH�KRVW�LPPXQLW\�DQG�XQFRQWUROOHG�SRVW�LQIHFWLRQ�F\WRNLQH�VWRUP��+LJK�DPRXQW�RI�SDWLHQW�FDUH�LQ�HPHUJHQF\�GHSDUWPHQW��('��DOZD\V
KDSSHQV�GXULQJ�WKH�&KLQHVH�/XQDU�1HZ�<HDU�ZLWK�ORQJ�YDFDWLRQ�DQG�IDLOXUH�WR�VHUYLFH�ZLWK�WKH�UHJXODU�RXWSDWLHQW�FOLQLF�IROORZ�XS��0HDQZKLOH�KHDY\
EXUGHQ�RI�SDWLHQW�FDUH�KDSSHQHG�LQ�RXU�('��QR�PDWWHU�IOX�LQIHFWLRQ�RU�RWKHU�PHGLFDO�DQG�WUDXPD�HPHUJHQF\�FDVHV��:H�SUHVHQW�D�FDVH�ZLWK�VZ+�1�
LQIHFWLRQ�FRPSOLFDWHG�ZLWK�$'(0�DW�RXU�('�

0DWHULDO�DQG�0HWKRGV�$����\HDU�ROG�IHPDOH�ZDV�UREXVW�LQ�WKH�SDVW��8QFRQVFLRXV�ZLWK�K\SRJO\FHPLD�GHYHORSHG�DIWHU���GD\V�RI�85,�V�V��6KH�ZDV�VHQW
WR�RXU�('�IRU�KHOS�ZKHUH�VWDEOH�YLWDO�VLJQ�ZLWK�(�9�0���7KHQ�D�VHULHV�RI�H[DPV�GHSOR\HG�DQG�FDUERQ�GLR[LGH�UHWHQWLRQ�ZLWK�PHWDEROLF�DFLGRVLV�ZDV
QRWHG��,QIOXHQ]D�$�LQIHFWLRQ�ZDV�DOVR�FRQILUPHG�WKURXJK�UDSLG�WHVW��$W�RXU�('��HQGRWUDFKHDO�WXEH�LQVHUWLRQ�IRU�DLUZD\�VHFXUH�DQG�FRQWURO�RI�ORZHU
OXQJ�SQHXPRQLD�ZDV�SHUIRUPHG��%UDLQ�LPDJHV�LQFOXGHG�FRPSXWHG�WRPRJUDSK\�DQG�05,�ZHUH�DUUDQJHG�DQG�WKH�GLVSRVLWLRQ�RI�SRRU�FRQVFLRXV�SDWLHQW
ZDV��WKH�LQWHQVLYH�FDUH�XQLW��$IWHU�GHWDLOHG�QHXURORJLFDO�DQG�ODEUDWRU\�H[DPV��SOHRF\WRVLV�IURP�FHQWUDO�QHUYH�V\VWHP�ZDV�GHWHFWHG�WKURXJK�WKH
SURFHGXUH�RI�OXPEDU�SXQFWXUH��$FXWH�GLVVHPLQDWHG�HQFHSKDORP\HOLWLV��$'(0��ZDV�KLJKO\�VXVSHFWHG�DIWHU�WKH�VXUYH\�RI�EUDLQ�LPDJHV��OXPEDU
SXQFWXUH��DXWRLPPXQH�PDUNHUV��8QIRUWXQDWHO\��FHQWUDO�IDLOXUH�ZLWK�GHHS�FRPD�GHYHORSHG�LQ�WKH�IROORZLQJ�GD\V�DQG�VKH�ZDV�H[SLUHG�DERXW���ZHHNV
ODWHU��7KH�JHQHWLF�YLUXV�LGHQWLILFDWLRQ�RI�3&5�WHVW�ZLWK�VSXWXP�VSHFLPHQ�VKRZHG�VZLQH�+�1��YLUXV�

'LVFXVVLRQ�DQG�&RQFOXVLRQ�+�1��IOX�LV�D�QHZ�YLUXV�WKDW�KDV�EHHQ�GHWHFWHG�WKURXJKRXW�WKH�ZRUOG�VLQFH������$SULO��$IWHU�:RUOG�+HDOWK�2UJDQL]DWLRQ
�:+2��FRQILUPHG�WKH�SDQGHPLF�RI�VZLQH�+�1���VHYHUDO�VSRUDGLF�QHXURORJLFDO�FRPSOLFDWLRQV��LQFOXGLQJ�VSHFXODWHG�DV�D�SUHFHGHQWLDO�HYHQW�LQ
GLVHDVHV�VXFK�DV�5H\HÇV�V\QGURPH��*XLOODLQ�%DUU��V\QGURPH��*%6���.OHLQH�/HYLQH�V\QGURPH��DQG�SRVW�HQFHSKDOLWLF�3DUNLQVRQLVP��%XW�RXU�FDVH�LV�WKH
WKLUG�FDVH�RI�WKH�IXOPLQDQW�DQG�IDWDO�QHXURORJLFDO�FRPSOLFDWLRQ�DIWHU�VZLQH�IOX�LQIHFWLRQ�WKURXJK�UHYLHZLQJ�SXEOLVKHG�OLWHUDWXUHV��:H�HPSKDVL]H�WKH
HDUO\�ZDUQLQJ��QHFHVVDU\�UDSLG�WHVW��OLEHUDOLW\�XVDJH�RI�DGYDQFHG�LPDJHV�DERXW�DOWHUHG�PHQWDO�VWDWXV�SDWLHQWV�SRVW�85,�V�V�LQ�('����

�



&$5',29$6&8/$5 5DQLD�-HEUL

��������7KH�UHODWLRQVKLS�EHWZHHQ�V\VWROLF�EORRG�SUHVVXUH�DW�DGPLVVLRQ�DQG�/9()�LQ�DFXWH�KHDUW�IDLOXUH�V\QGURPHV�LQ�WKH
HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

UDQLD�MHEUL������UDQLD�MHEUL������ROID�'MHEEL������KRXDLGD�0DKIRXGKL������PRXQLU�+DJJXL������PHKGL�%HQ�ODVVRXHG������.KDOHG�/DPLQH����

���HPHUJHQF\�GHSDUWPHQW���PLOLWDU\�KRVSLWDO�RI�WXQLVLD��%HQ�$URXV��781,6,$
���HPHUJHQF\�GHSDUWPHQW���PLOLWDU\�KRVSLWDO�RI�WXQLVLD��WXQLV��781,6,$
���FDUGLRORJ\�GHSDUWPHQW��PLOLWDU\�KRVSLWDO�RI�WXQLVLD��WXQLV��781,6,$

.H\ZRUGV��V\VWROLF�EORRG�SUHVVXUH��/9()��DFXWH�KHDUW�IDLOXUH��HPHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ���$FXWH�KHDUW�IDLOXUH�V\QGURPH��$+)6���DUH�D�FRPPRQ�SDWWHUQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���,W�KDV�EHHQ�UHSRUWHG�WKDW�SDWLHQWV
ZLWK�D�UHGXFHG�OHIW�YHQWULFXODU�HMHFWLRQ�IUDFWLRQ��/9()��WHQG�WR�EH�QRUPRWHQVLYH�RU�K\SRWHQVLYH��ZKLOH�WKRVH�ZLWK�SUHVHUYHG�/9()�ZHUH�PRUH�OLNHO\�WR
EH�K\SHUWHQVLYH��+RZHYHU��LW�LV�XQFOHDU�LI�WKH�V\VWROLF�EORRG�SUHVVXUH��6%3��LV�DVVRFLDWHG�ZLWK�/9()�LQ�6,&$�

2EMHFWLYH��7R�VWXG\�WKH�UHODWLRQVKLS�EHWZHHQ�6%3�DW�DGPLVVLRQ�DQG�/9()�LQ�SDWLHQWV�KRVSLWDOL]HG�LQ�WKH�('�ZLWK�$+)6�

'HVLJQ�DQG�PHWKRGV��$�SURVSHFWLYH�GHVFULSWLYH�VWXG\�FRQGXFWHG�RYHU�VHYHQ�PRQWKV��:HUH�LQFOXGHG�DOO�SDWLHQWV�ZKR�SUHVHQWHG�WR�WKH�('�ZLWK
G\VSQHD�DQG�LQ�ZKRP�WKH�GLDJQRVLV�RI�DFXWH�KHDUW�IDLOXUH�ZDV�PDGH��$OO�SDWLHQWV�XQGHUZHQW�HFKRFDUGLRJUDSK\�E\�WKH�VDPH�RSHUDWRU�ZLWKLQ���
KRXUV��:HUH�QRWHG�WKH�GHPRJUDSKLFV��FOLQLFDO��ELRORJLFDO��DQG�HYROXWLRQDU\�FULWHULD��7KH�SDWLHQWV�ZHUH�GLYLGHG�DFFRUGLQJ�WR�WKH��V\VWROLF�EORRG
SUHVVXUH��Ô��PPKJ�EHWZHHQ����DQG�����PP+J��DQG�Õ���PPKJ���DQG�WKH�/9()�ZDV�FRPSDUHG�EHWZHHQ�WKH�GLIIHUHQW�VXE�JURXSV��52&�FXUYHV
ZHUH�FUHDWHG�WR�HVWDEOLVK�WKH�YDOXHV�RI�RSWLPDO�FXW�RII�DQG�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ�ZDV�SHUIRUPHG�

5HVXOWV��2QH�KXQGUHG�DQG�VHYHQ�SDWLHQWV�ZHUH�HQUROOHG��7KH�PHDQ�DJH�ZDV����k����\HDUV��7KH�VH[�UDWLR�ZDV�������)RU�WKH�JURXS�RI�SDWLHQWV�ZKR
KDG�6%3�DW�DGPLVVLRQ�Õ�����PP+J������KDG�D�UHGXFHG�/9()�DQG�����D�SUHVHUYHG�/9()��WKH�GLIIHUHQFH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��)RU�WKH�JURXS
RI�SDWLHQWV�ZKR�KDG�D�6%3�EHWZHHQ����DQG�����PP+J������KDG�D�UHGXFHG�/9()�DQG�RQO\����KDG�SUHVHUYHG�/9()��WKH�GLIIHUHQFH�ZDV�DOVR
VWDWLVWLFDOO\�VLJQLILFDQW��)RU�WKH�JURXS�RI�SDWLHQWV�ZKR�KDG�D�6%3����PP+J�����KDG�D�ORZ�/9()��DQG�QR�SDWLHQW�KDG�D�SUHVHUYHG�/9()�

7KH�52&�FXUYH�KDV�VKRZQ�D�FXW�RII�WR����PPKJ�WR�GLIIHUHQWLDWH�EHWZHHQ�WKH�UHGXFHG�DQG�/9()�SUHVHUYHG��ZLWK�DQ�DUHD�XQGHU�WKH�FXUYH�������7KH
VHQVLWLYLW\�ZDV������VSHFLILFLW\�RI�����DQG�DQ�/5��������

&RQFOXVLRQ��7KHUH�LV�D�UHODWLRQVKLS�EHWZHHQ�6%3�DW�DGPLVVLRQ�DQG�/9()�LQ�SDWLHQWV�KRVSLWDOL]HG�IRU�DQ�HPHUJHQF\�6,&$�



',$*1267,&�7(&+12/2*<�	�5$',2/2*< &KULVWRSKHU�5DLR

��������)ROOLFXODU�GHEULV�LQ�WKH�GLDJQRVLV�RI�RYDULDQ�WRUVLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*HUDUGR�&KLULFROR������&KULVWRSKHU�5DLR����

���(PHUJHQF\�0HGLFLQH��1<�0HWKRGLVW�+RVSLWDO��%URRNO\Q��86$
���(PHUJHQF\�0HGLFLQH��*RRG�6DPDULWDQ�+RVSLWDO�0HGLFDO�&HQWHU��'L[�+LOOV��86$

.H\ZRUGV��XOWUDVRXQG��RYDULDQ�WRUVLRQ

$EVWUDFW��

2EMHFWLYH

�

7KLV�VWXG\�VHW�RXW�WR�H[DPLQH�WKH�SUHVHQFH�RI�IOXLG�GHEULV�LQ�SDWLHQWV�GLDJQRVHG�ZLWK�RYDULDQ�WRUVLRQ���$�VHFRQGDU\�DLP�LV�WR�LGHQWLI\�DQG�FRUUHODWH
))'�WR�WKH�SUHVHQFH�RI�F\VWV��RYDU\�VL]H��DQG�DUWHULDO�UHVLVWLYH�LQGH[��5,��

�

0HWKRGV

�

$�UHWURVSHFWLYH�FKDUW�UHYLHZ�ZDV�GRQH�RI�DOO�SDWLHQWV�WKDW�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��DW�1<�0HWKRGLVW�+RVSLWDO�ZLWK�WKH�FRQILUPHG
GLDJQRVLV�RI�RYDULDQ�WRUVLRQ�IURP�-DQXDU\���������WR�-XO\����������ZKR�KDG�DQ�XOWUDVRXQG�DYDLODEOH�IRU�UHYLHZ��5,V�ZHUH�REWDLQHG�GLUHFWO\�IURP�WKH
SRLQW�RI�FDUH�XOWUDVRXQG��32&86��RU�FRPSUHKHQVLYH�XOWUDVRXQG��&86��

�

5HVXOWV

�

���KDG�RYDULDQ�WRUVLRQ�DQG����XOWUDVRXQGV�UHYLHZHG�IRU�WKH�SUHVHQFH�RI�))'�LQ�WKH�WRUVHG�RYDU\���2I�WKRVH��������KDG�32&86��DOO�RWKHUV�KDG�&86��
�����������KDG�))'�SUHVHQW�LQ�WKH�DIIHFWHG�RYDU\���2I�WKRVH�ZLWK�))'�������������KDG�RYDULDQ�F\VWV��$OVR������������KDG�DQ�5,�FDOFXODWHG�DQG������
����RI�WKRVH�KDG�DQ�HOHYDWHG�5,����KDG�QR�5,�GXH�WR�ODFN�RI�DUWHULDO�IORZ�RU�SRRU�LPDJH�TXDOLW\�

�

&RQFOXVLRQ

�

7KH�PDMRULW\�RI�WKH�WRUVLRQ�SDWLHQWV�GHPRQVWUDWHG�))'��KRZHYHU�WKH�YDOXH�RI�WKLV�LV�QRW�\HW�FOHDU��$�ODUJHU�VWXG\�FRPELQLQJ�RWKHU�ILQGLQJV�RI�WRUVLRQ
ZLWK�WKH�SUHVHQFH�RI�IOXLG�GHEULV�VKRXOG�EH�FRQGXFWHG���/DVWO\��D�ODUJHU�UHWURVSHFWLYH�RU�SURVSHFWLYH�VWXG\�LV�UHTXLUHG�WR�HYDOXDWH�WKH�XWLOLW\�RI�WKH
SUHVHQFH�RI�))'�LQ�32&86��



',$*1267,&�7(&+12/2*<�	�5$',2/2*< &KULVWRSKHU�5DLR

��������5HYLHZ�RI�HFWRSLF�SUHJQDQFLHV�GLDJQRVHG�E\�HPHUJHQF\�GHSDUWPHQW�SRLQW�RI�FDUH�XOWUDVRXQG

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*HUDUGR�&KLULFROR������&KULVWRSKHU�5DLR����

���(PHUJHQF\�0HGLFLQH��1<�0HWKRGLVW�+RVSLWDO��%URRNO\Q��86$
���(PHUJHQF\�0HGLFLQH��*RRG�6DPDULWDQ�+RVSLWDO�0HGLFDO�&HQWHU��'L[�+LOOV��86$

.H\ZRUGV��XOWUDVRXQG��HFWRSLF�SUHJQDQF\

$EVWUDFW��

%DFNJURXQG

(FWRSLF�SUHJQDQF\�LV�D�KLJK�ULVN�FRQGLWLRQ�WKDW�RFFXUV�LQ�RQO\�������RI�UHSRUWHG�SUHJQDQFLHV��+RZHYHU��DV�KLJK�DV�����RI�SUHJQDQW�SDWLHQWV
SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�DEGRPLQDO�SDLQ�ZLOO�KDYH�HFWRSLF�SUHJQDQF\������%RWK�FOLQLFLDQ�SHUIRUPHG�SRLQW�RI�FDUH�XOWUDVRXQG
�32&86��SHUIRUPHG�E\�HPHUJHQF\�SK\VLFLDQV�RU�FRQVXOWDWLYH�XOWUDVRXQG�E\�WKH�UDGLRORJ\�GHSDUWPHQW��5$'86��KDV�EHHQ�XVHG�LQ�WKH�GLDJQRVLV�RI
HFWRSLF�SUHJQDQF\�

2EMHFWLYH

7R�DVVHVV�ZKHWKHU�32&86�UHGXFHV�WLPH�WR�('�GLVSRVLWLRQ��('�/26���WLPH�WR�RSHUDWLQJ�URRP��25���DQG�KRVSLWDO�OHQJWK�RI�VWD\��/26��LQ�HFWRSLF
SUHJQDQFLHV�

0HWKRG

$�UHWURVSHFWLYH�FKDUW�UHYLHZ�ZDV�SHUIRUPHG�RQ�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�IURP�-DQXDU\���������WR�$XJXVW���������ZLWK�D�GLDJQRVHV�RI�HFWRSLF
SUHJQDQF\��3DWLHQW�FKDUWV�WKDW�XWLOL]HG�5$'86�ZHUH�FRPSDUHG�WR�SDWLHQW�FKDUWV�WKDW�XVHG�32&86��7KH�WLPH�WR�GLVSRVLWLRQ��25��DQG�KRVSLWDO�/26�ZHUH
UHYLHZHG�

5HVXOWV

)URP�����������WKHUH�ZHUH�����SDWLHQWV�GLDJQRVHG�ZLWK�HFWRSLF�SUHJQDQF\������RI�SDWLHQWV�UHFHLYHG�32&86������UHFHLYHG�5$'86��DQG���
SDWLHQWV������UHFHLYHG�ERWK������ZHUH�DGPLWWHG�DQG����������ZHQW�WR�25��2I�WKH�25�SDWLHQWV�����KDG�32&86�DORQH�DQG��������KDG�ERWK�32&86
DQG�5$'86��2Q�DYHUDJH��('�/26�IRU�32&86�ZDV�����PLQXWHV�YV�����PLQXWHV�IRU�5$'86��S �������7LPH�WR�25�IRU�32&86�ZDV�����PLQXWHV�YV����
PLQXWHV�IRU�5$'86��S �������+RVSLWDO�/26�ZDV������GD\V�IRU�SDWLHQWV�WKDW�UHFHLYHG�32&86�YV������GD\V�IRU�SDWLHQWV�WKDW�KDG�5$'86��S ������
'XULQJ�5$'86�KRXUV�RI�RSHUDWLRQ������KDG�32&86�FRPSDUHG�WR�����5$'86��:KHQ�5$'86�ZDV�XQDYDLODEOH�������KDG�32&86��EXW�����DOVR�KDG
5$'86�FRQGXFWHG�E\�DQ�RQ�FDOO�WHFKQLFLDQ��7LPH�WR�25�ZDV�����PLQXWHV�ZKHQ�5$'86�ZDV�XQDYDLODEOH�DQG�GLDJQRVHV�ZDV�PDGH�E\�32&86�DORQH�YV
����PLQXWHV�LQ�RWKHU�FDVHV��S ������

&RQFOXVLRQ

32&86�LV�RIWHQ�XVHG�LQ�VXVSHFWHG�HFWRSLF�SUHJQDQFLHV��7HPSRUDO�RXWFRPHV�IRU�GLDJQRVHG�HFWRSLF�SUHJQDQFLHV�ZLWK�32&86�DUH�QRW�LQIHULRU�WR�WKDW�RI
5$'86��32&86�PD\�DOORZ�IRU�IDVWHU�GHFLVLRQ�PDNLQJ�DQG�HDUOLHU�LPSOHPHQWDWLRQ�RI�WUHDWPHQW�LQ�SDWLHQWV�GLDJQRVHG�ZLWK�HFWRSLF�SUHJQDQFLHV��



&5,7,&$/�&$5( &KULVWRSKHU�5DLR

��������$�SURVSHFWLYH�IHDVLELOLW\�WULDO�RI�DFFXFDWK}�����z�EORRG�FRQWURO�LQWUDYDVFXODU�FDWKHWHU�V\VWHP�ZLWK�UHWUDFWDEOH�FRLOHG�WLS
JXLGHZLUH�SODFHG�LQ�GLIILFXOW�DFFHVV�SDWLHQWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KULVWRSKHU�5DLR������*HUDUGR�&KLULFROR����

���(PHUJHQF\�0HGLFLQH��*RRG�6DPDULWDQ�+RVSLWDO�0HGLFDO�&HQWHU��'L[�+LOOV��86$
���(PHUJHQF\�0HGLFLQH��1<�0HWKRGLVW�+RVSLWDO��%URRNO\Q��86$

.H\ZRUGV��XOWUDVRXQG��YDVFXODU�DFFHVV

$EVWUDFW��

2EMHFWLYH�

7KH�SULPDU\�VWXG\�REMHFWLYH�LV�WR�HYDOXDWH�LQVHUWLRQ�VXFFHVV�UDWHV���6HFRQGDU\�REMHFWLYHV�LQFOXGH�XVHU�SUHIHUHQFH��SDWLHQW�VDWLVIDFWLRQ��FRPSOLFDWLRQV�
FRPSOHWLRQ�RI�WKHUDS\�DQG�GZHOO�WLPH�RI�WKH�QRYHO�$FFX&DWKÑ�����É�%&�&DWKHWHU�6\VWHP��)'$�DSSURYHG��SODFHG�LQ�GLIILFXOW�DFFHVV�SDWLHQWV�

�

0HWKRGV������������������

7KLV�LV�D�VLQJOH�DUP�IHDVLELOLW\�WULDO�HYDOXDWLQJ�WKH�QRYHO�$FFX&DWKÑ�����É�%&�&DWKHWHU�6\VWHP�LQ�D�FRQYHQLHQFH�VDPSOH�RI�GLIILFXOW�LQWUDYHQRXV
DFFHVV�SDWLHQWV�GHILQHG�DV�DW�OHDVW���IDLOHG�LQLWLDO�DWWHPSWV�RU�D�KLVWRU\�RI�GLIILFXOW�DFFHVV�SOXV�WKH�LQDELOLW\�WR�GLUHFWO\�YLVXDOL]H�RU�SDOSDWH�D�WDUJHW
YHLQ���7KH�UHWUDFWDEOH�FRLOHG�WLS�JXLGHZLUH�GHYLFH�LV�SODFHG�XQGHU�G\QDPLF�XOWUDVRXQG�JXLGDQFH�DIWHU�LGHQWLILFDWLRQ�LQ�WKH�('�XVLQJ�D�PRGLILHG
6HOGLQJHU�WHFKQLTXH���$OO�FDWKHWHUV�DUH�SODFHG�E\�(0�SK\VLFLDQV�DIWHU�D����PLQXWH�WUDLQLQJ�VHVVLRQ�ZKLFK�LQFOXGHV�VLPXODWHG�SURFHGXUHV�RQ
XOWUDVRXQG�SKDQWRPV���3DWLHQWV�DUH�IROORZHG�GDLO\�XQWLO�FDWKHWHU�UHPRYDO��6XEMHFWÇV�GHPRJUDSKLF��DJH��UDFH��JHQGHU���DGPLWWLQJ�GLDJQRVLV��SDVW
PHGLFDO�KLVWRU\��EDVHOLQH�LQIRUPDWLRQ��KHLJKW��ZHLJKW��V\VWROLF�GLDVWROLF�EORRG�SUHVVXUH���DQG�SULPDU\�LQGLFDWLRQ�IRU�LQWUDYHQRXV�OLQH�ZLOO�EH
GRFXPHQWHG�

7KH�IROORZLQJ�LQIRUPDWLRQ�LV�UHFRUGHG�IRU�HDFK�VXEMHFW�HQUROOHG�

$FFX&DWKÑ�����É�%&�FDWKHWHU�GHYLFH�JDXJH●

'DWH��7LPH�DQG�/RFDWLRQ�RI�)LUVW�,9�3ODFHPHQW�$WWHPSW●

7LPH�DQG�/RFDWLRQ�RI�(DFK�6XEVHTXHQW�,9�3ODFHPHQW�$WWHPSW●

8VH�RI�86*�:LWK�(DFK�&DWKHWHU�$WWHPSW●

2EVHUYDWLRQ�RI�)ODVKEDFN�:LWK�(DFK�&DWKHWHU�$WWHPSW●

7RWDO�1XPEHU�RI�9HQLSXQFWXUH�$WWHPSWV��HDFK�FDWKHWHU�LQVHUWLRQ�DWWHPSW�●

,9�5DWLQJ�6FDOH�ZLWK�)DFWRUV�&RQWULEXWLQJ�WR�,QVHUWLRQ�'LIILFXOW\�IRU�(DFK�&DWKHWHU�$WWHPSW●

'DWH��7LPH�RI�6XFFHVVIXO�&DWKHWHU�3ODFHPHQW●

3DWLHQW�6DWLVIDFWLRQ�DW�LQLWLDO�SODFHPHQW�DQG�XSRQ�UHPRYDO�XVLQJ�D���3RLQW�/LNHUW�6FDOH●

&OLQLFLDQ�6DWLVIDFWLRQ�DW�FRPSOHWLRQ�RI�VWXG\�XVLQJ�D���3RLQW�/LNHUW�6FDOH●

6DIHW\�RXWFRPHV�DQWLFLSDWHG�WR�EH�VLPLODU�WR�FRQYHQWLRQDO�FDWKHWHUV��1XPEHU�DQG�6HYHULW\�RI�$(V�●

�

'HYLFH�'HVFULSWLRQ

7KH�$FFX&DWK�%&�,QWUDYDVFXODU�&DWKHWHU�6\VWHP�LV�GHVLJQHG�WR�UHGXFH�EORRG�H[SRVXUH�RQFH�DW�LQVHUWLRQ��7KH�FDWKHWHU�V\VWHP�FRQVLVWV�RI�D●

UDGLRSDTXH�FDWKHWHU�ZLWK�D�YDOYH�PHFKDQLVP�GHOLYHUHG�RYHU�D�JXLGHZLUH�ZLWK�DWUDXPDWLF�WLS�GHVLJQ��D�QRWFKHG�QHHGOH�WR�HQKDQFH�IODVKEDFN
YLVXDOL]DWLRQ��DQG�D�VDIHW\�FRQWDLQHU�WKDW�SUHYHQWV�VKDUS�LQMXULHV�

�

�

�

5HVXOWV�

����SDWLHQWV�HQUROOHG�DQG�FRPSOHWHG�WKH�VWXG\���7KHVH�SDWLHQWV�KDG�DQ�DYHUDJH�RI����������&,����������DQG�PHGLDQ�RI���SULRU�DWWHPSWV�DW�YDVFXODU
DFFHVV�SULRU�WR�$FFXFDWK�SODFHPHQW�E\�WKH�('�UHJLVWHUHG�QXUVLQJ�WHDP���6XFFHVVIXO�DFFHVV�ZDV�JDLQHG�LQ������RI�WKH�SDWLHQWV������RQ��VW�DWWHPSW
DQG�DOO�ZLWKLQ���DWWHPSWV�������RI�SDWLHQWV�FRPSOHWHG�WKHUDS\�ZLWK�QR�PRGHUDWH�RU�PDMRU�FRPSOLFDWLRQV�LQ�WKH�RWKHU�VXEMHFWV���7KH�DYHUDJH�SDWLHQW
VDWLVIDFWLRQ�VFRUH�XSRQ�UHPRYDO�RQ�D���SRLQW�/LNHUW�VFDOH�ZDV�KLJKO\�SRVLWLYH�DW�����

�



&RQFOXVLRQ�

7KH�$FFX&DWKÑ�����É�%&�&DWKHWHU�6\VWHP�KDV�H[FHOOHQW�VXFFHVV�UDWHV�LQ�JDLQLQJ�YDVFXODU�DFFHVV�LQ�DQ�H[WUHPHO\�GLIILFXOW�SDWLHQW�SRSXODWLRQ���7KH
GHYLFH�WKXV�IDU�KDV�QRW�OHG�WR�DQ\�VLJQLILFDQW�FRPSOLFDWLRQV��3DWLHQWV�DUH�DOVR�YHU\�VDWLVILHG�ZLWK�WKH�SURFHGXUH�

�
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��������$�QHZ�SRLQW�RI�FDUH�XOWUDVRXQG�ZRUNIORZ�UHPRYLQJ�WKH�PLGGOH�PDQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KULVWRSKHU�5DLR������*HUDUGR�&KLULFROR����

���(PHUJHQF\�0HGLFLQH��*RRG�6DPDULWDQ�+RVSLWDO�0HGLFDO�&HQWHU��'L[�+LOOV��86$
���(PHUJHQF\�0HGLFLQH��1<�0HWKRGLVW�+RVSLWDO��%URRNO\Q��86$

.H\ZRUGV��XOWUDVRXQG��ZRUNIORZ

$EVWUDFW��

2EMHFWLYHV

'HYHORSLQJ�D�VHDPOHVV�SRLQW�RI�FDUH��32&��XOWUDVRXQG�ZRUNIORZ�KDV�FKDOOHQJHG�IURQWOLQH�SURYLGHUV�IRU�\HDUV��,GHDOO\��LW�ZRXOG�FRQWDLQ�WKH�IHZHVW
QXPEHU�RI�VWHSV��DOORZ�IRU�UDSLG�H[DPLQDWLRQ�SHUIRUPDQFH�DQG�LQWHUSUHWDWLRQ�DQG�SHUKDSV�PRVW�LPSRUWDQWO\�EHFRPH�LQWHJUDWHG�LQWR�WKH�HOHFWURQLF
PHGLFDO�UHFRUG��(05��

3UHYLRXVO\�UHSRUWV�RI�ZRUNIORZ�VROXWLRQV�KDYH�W\SLFDOO\�LQYROYHG�WKLUG�SDUW\�ÈPLGGOH�ZDUH�É�7KHVH�SURGXFWV�DGG�FRVW�WR�WKH�SURFHVV�DQG�LQVWLWXWLRQ�

:H�GHYHORSHG�D�VROXWLRQ�XWLOL]LQJ�WKH�(3,&�(05�H[LVWLQJ�LQIUDVWUXFWXUH�WR�DOORZ�VHDPOHVV�RUGHU�HQWU\��ZRUNOLVW�SRSXODWLRQ�DQG�GHPRJUDSKLF�HQWU\�
3$&6�LQWHJUDWLRQ��(05�UHVXOWV�UHSRUWLQJ�DQG�PHGLFDO�UHFRUG�ELOOLQJ��3ULRU�WR�WKLV�LPSOHPHQWDWLRQ�HPHUJHQF\�GHSDUWPHQW�XOWUDVRXQG�LPDJHV�ZHUH�QRW
SHUPDQHQWO\�VWRUHG�DV�SDUW�RI�WKH�PHGLFDO�UHFRUG�

0HWKRGV

3K\VLFLDQV�HQWHU�DQ�DSSOLFDWLRQ�VSHFLILF�RUGHU�LQ�(3,&�DV�WKH\�ZRXOG�IRU�DQ\�RWKHU�GLDJQRVWLF�WHVW��(3,&�URXWHV�WKH�RUGHU�WR�DQ�XOWUDVRXQG�PRGDOLW\
ZRUNOLVW��2Q�WKH�PRGDOLW\�WKH�H[DPLQDWLRQ�LV�VHOHFWHG�DQG�GHPRJUDSKLF�LQIRUPDWLRQ�SRSXODWHV�IURP�WKH�RUGHU��2Q�VWXG\�FRPSOHWLRQ��WKH�FOLQLFLDQ
HQGV�WKH�H[DPLQDWLRQ��VHQGLQJ�LPDJHV�WR�3$&6�IURP�WKH�PRGDOLW\��,Q�WKH�UDGLRORJ\�UHDG�ZRUNOLVW�LQ�(3,&��WKH�SK\VLFLDQ�DVVRFLDWHV�WKH�SDWLHQW
DFFRXQW�QXPEHU�DQG�HQWHUV�D�UHSRUW�XVLQJ�FXVWRPL]HG�DSSOLFDWLRQ�VSHFLILF�WHPSODWHV��7KH�UHVXOWV��LQFOXGLQJ�D�OLQN�WR�WKH�3$&6�LPDJHV��DUH
LPPHGLDWHO\�DYDLODEOH�WR�DOO�SURYLGHUV�ZLWK�(05�DFFHVV�

5HVXOWV

7KH�SURFHVV�DOORZV�IRU�GRFXPHQWDWLRQ�DQG�SHUPDQHQW�(05�VWRUDJH�RI�32&�XOWUDVRXQG�VWXGLHV��7KH�(3,&�(05�DOORZV�FRQVXOWDQWV�RU�SURYLGHUV
WKURXJKRXW�WKH�KHDOWK�V\VWHP�WR�DFFHVV�D�OLQN�ZLWKLQ�WKH�UHSRUW�WR�UHYLHZ�WKH�3$&6�LPDJHV��7KH�DGYDQWDJH�RI�XVLQJ�VROHO\�(3,&��UDWKHU�WKDQ�PXOWLSOH
LQWHUIDFHV��LV�WKDW�FOLQLFLDQV�DFURVV�VSHFLDOWLHV�DUH�DEOH�WR�YLHZ�LPSRUWDQW�FOLQLFDO�UHVXOWV�SURYLGHUV�DUH�DOVR�HDVLO\�DEOH�WR�LQWHJUDWH�WKLV�SURFHVV�LQWR
WKHLU�ZRUNIORZ�DV�WKH\�DUH�DFFXVWRPHG�WR�SODFLQJ�RUGHUV�DQG�QDYLJDWLQJ�(3,&�IRU�DOO�FOLQLFDO�IXQFWLRQV��&RQWLQXLW\�RI�FDUH�LV�LPSURYHG�DV�RXU�SDWLHQW
SRUWDO�DOORZV�WKH�SDWLHQW�WR�DFFHVV�UHVXOWV�DQG�VKDUH�ZLWK�SURYLGHUV�RXWVLGH�WKH�KHDOWK�V\VWHP��$GGLWLRQDOO\��E\�KDYLQJ�WKH�UHSRUW�LQ�WKH�VWDQGDUG
UHVXOWV�VHFWLRQ�RI�WKH�(05��SURYLGHUV�GR�QRW�KDYH�WR�VHDUFK�WKH�FKDUW�IRU�D�VHSDUDWH�FOLQLFDO�SURFHGXUH�QRWH�RU�IORZVKHHW�

%\�SODFLQJ�WKH�RUGHU�IRU�WKH�XOWUDVRXQG��FRPSOHWLQJ�WKH�VWXG\��LQFOXGLQJ�VHQGLQJ�WKH�LPDJHV�WR�3$&6���OLQNLQJ�WKH�UHJLVWUDWLRQ�DFFRXQW�QXPEHU�LQ
(3,&�WR�WKH�VWXG\��DQG�WKH�DWWHQGLQJ�SK\VLFLDQ�HQWHULQJ�D�UHSRUW�FRPSOHWH�ZLWK�WKH�SDWLHQW�LQIRUPDWLRQ��LQGLFDWLRQV��ILQGLQJV�DQG�LPSUHVVLRQ��WKH
VWHSV�UHTXLUHG�WR�DOORZ�D�SURIHVVLRQDO�DQG�WHFKQLFDO�IHH�ELOO�DUH�FRPSOHWH��7KLV�DOVR�DOORZV�XV�WR�HDVLO\�VHSDUDWH�RXW�ELOOHG�RIILFLDO�VWXGLHV�IURP
HGXFDWLRQDO�VWXGLHV��DV�WKH�ODWHU�DUH�QRW�RUGHUHG�LQ�WKH�(3,&�(05��$OVR��WKH�ELOOHUV�DQG�FRGHUV�GR�QRW�QHHG�WR�GLVVHFW�WKURXJK�QRWHV�RU�DFFHVV
DGGLWLRQDO�V\VWHPV��DV�DOO�WKH�HOHPHQWV�IRU�ELOOLQJ�DUH�VWRUHG�ZLWKLQ�(3,&�

&RQFOXVLRQ

7KLV�QRYHO�ZRUNIORZ�VROXWLRQ�DOORZV�IRU�D�VWUHDPOLQHG�ZRUNIORZ�ZLWK�PLQLPDO�LQWHUIDFHV�ZLWK�ZKLFK�WKH�FOLQLFDO�VRQRORJLVW�DQG�GRZQ�VWUHDP�SURYLGHUV
KDYH�WR�LQWHUDFW��7KLV�LPSURYHV�SDWLHQW�FDUH�DQG�VDIHW\�E\�DOORZLQJ�XOWUDVRXQG�WR�EH�XVHG�UHDGLO\�DW�WKH�EHGVLGH�DQG�KDYH�WKDW�LQIRUPDWLRQ�DYDLODEOH
IRU�WKH�SURYLGHU�DQG�DV�D�SHUPDQHQW�SDUW�RI�WKH�PHGLFDO�UHFRUG�
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��������&RPSDULVRQ�RI�3DUDVWHUQDO�/RQJ�$[LV�DQG�&DURWLG�97,�PHDVXUHPHQWV�WR�$SLFDO���&KDPEHU�97,�IRU�WKH�DVVHVVPHQW�RI
)OXLG�5HVSRQVLYHQHVV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KLULFROR�*HUDUGR������&KULVWRSKHU�5DLR������5\DQ�*LRUJHWWL����

�����1<0+��%URRNO\Q��86$
�����*RRG�6DPDULWDQ�+RVSLWDO��'L[�+LOOV��86$

.H\ZRUGV��SRLQW�RI�FDUH��XOWUDVRXQG��97,��IRFXVHG�HFKRFDUGLRJUDSK\��IOXLG�UHVSRQVLYHQHVV��IOXLG�FKDOOHQJH��SDVVLYH�OHJ�UDLVH

$EVWUDFW��

%DFNJURXQG

$FFXUDWH�DVVHVVPHQW�RI�IOXLG�UHVSRQVLYHQHVV�UHPDLQV�D�VLJQLILFDQW�FKDOOHQJH�LQ�FULWLFDOO\�LOO�SDWLHQWV���'RSSOHU�PHDVXUHPHQWV�RI�VWURNH�YROXPH�>69@
XVLQJ�OHIW�YHQWULFXODU�RXWIORZ�WUDFW�Å�YHORFLW\�WLPH�LQWHJUDO�>/927�97,@�KDYH�EHHQ�XWLOL]HG�WR�SUHGLFW�IOXLG�UHVSRQVLYHQHVV�ZKHQ�FRPELQHG�ZLWK�D
SDVVLYH�OHJ�UDLVH�PDQHXYHU�>3/5@���7UDGLWLRQDOO\��WKH�DSLFDO���FKDPEHU�>$�&@�YLHZ�KDV�EHHQ�XVHG�IRU�/927�97,��EXW�LWV�XVHIXOQHVV�UHPDLQV�OLPLWHG
GXH�WR�WKH�FRQVLGHUDEOH�VNLOO�UHTXLUHG�WR�REWDLQ�LW���7KH�SULPDU\�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�GHWHUPLQH�LI�HDVLHU�WR�REWDLQ�97,�PHDVXUHPHQWV�IURP
DOWHUQDWLYH�VLWHV�VXFK�DV�SDUDVWHUQDO�ORQJ�D[LV�>3/$;@�DQG�FDURWLG�DUWHU\�>&$@��DUH�HTXLYDOHQW�WR�WKH�$�&���$�VHFRQGDU\�REMHFWLYH�LV�WR�HYDOXDWH�&$
%ORRG�)ORZ�DV�D�PHDVXUH�RI�IOXLG�UHVSRQVLYHQHVV�

�

0HWKRGV

+HDOWK\�DGXOW�YROXQWHHUV�ZHUH�UHFUXLWHG�DQG�FRQVHQWHG���6XEMHFWV�ZHUH�SODFHG�LQ�VXSLQH�SRVLWLRQ�ZLWK�WKH�KHDG�RI�WKH�EHG�DW����GHJUHHV�DQG
SHULSKHUDO�,9�OLQHV�SODFHG���1RQ�LQYDVLYH�EDVHOLQH�PHDVXUHPHQWV�RI�&2��1,&20���+5�DQG�69�ZHUH�PDGH���)LYH�VHWV�RI�'RSSOHU�WUDFLQJV�ZHUH�REWDLQHG
LQ�WKH�&$��3/$;��DQG�$�&�YLHZV�DW�EDVHOLQH���'RSSOHU�DQG�1,&20�PHDVXUHPHQWV�ZHUH�UHSHDWHG���PLQXWHV�DIWHU�3/5�DQG�DJDLQ���PLQXWHV�DIWHU�DQ�,9
IOXLG�EROXV��,9)%��RI���FF�NJ���7KH�FKDQJH��¶��LQ�DOO�SDUDPHWHUV�ZHUH�FRPSDUHG�DIWHU�3/5�DQG�,9)%��3HDUVRQ�FRUUHODWLRQ�FRHIILFLHQWV�ZHUH�FDOFXODWHG�

�

5HVXOWV

���YROXQWHHUV�ZHUH�UHFUXLWHG�DQG������GDWD�SRLQWV�JHQHUDWHG���'RSSOHU�PHDVXUHPHQWV�ZHUH�PDGH�DIWHU�DOO�SDUWLFLSDQWV�ZHUH�VFDQQHG�DQG�EOLQGHG
WR�WKH�H[DPLQHU�GXULQJ�WKH�VWXG\���2XU�GDWD�VKRZV�WKDW�EDVHOLQH�&$�97,�DQG�&$�)ORZ�PHDVXUHPHQWV�FRUUHODWHG�ZHOO�ZLWK�$�&�>U ����@�����¶&$�IORZ
DOVR�FRPSDUHG�YHU\�ZHOO�WR�¶$�&�DIWHU�3/5�>U ����@�DQG�FRUUHODWHG�ZHOO�ZLWK�¶$�&�DIWHU�,9)%�>U ����@���%RWK�FRUUHODWHG�ZHOO�ZLWK�¶&2�>U ����@��
3/$;�'RSSOHU�WUDFLQJV�VXIIHUHG�VLJQLILFDQW�PRWLRQ�DUWLIDFW�DQG�PHDVXUHPHQWV�GLG�QRW�FRUUHODWH�DV�ZHOO�DV�&$�ZLWK�$�&�

�

&RQFOXVLRQ

3/$;�YLHZV�ZHUH�HDVLHU�WR�REWDLQ�WKDQ�$�&�EXW�97,�PHDVXUHPHQWV�IURP�WKLV�YLHZ�GLG�QRW�FRUUHODWH�DV�VWURQJO\�ZLWK�$�&�FRPSDUHG�WR�WKRVH�IURP�&$��
7KH�3/$;�'RSSOHU�WUDFLQJV�ZHUH�RI�OLPLWHG�TXDOLW\�GXH�WR�PRWLRQ�DUWLIDFW�PDNLQJ�PHDVXUHPHQWV�IURP�WKLV�VLWH�OHVV�UHOLDEOH���,Q�FRQWUDVW��KLJK�TXDOLW\
'RSSOHU�WUDFLQJV�IURP�&$�ZHUH�HDVLO\�REWDLQHG�LQ�DOO�FDVHV���&$�97,�DQG�%ORRG�)ORZ�ZDV�FRPSDUDEOH�WR�$�&���7KH�¶&$�)ORZ�FRQVLVWHQWO\�FRUUHODWHG
ZHOO�ZLWK�¶$�&���7KH�VLPSOLFLW\�RI�REWDLQLQJ�PHDVXUHPHQWV�IURP�WKLV�VLWH�DQG�PLQLPDO�VNLOO�OHYHO�UHTXLUHG�VXJJHVWV�WKDW�&$�'RSSOHU�PD\�EH�D�KLJKO\
UHSURGXFLEOH�DQG�XVHIXO�PDUNHU�RI�IOXLG�UHVSRQVLYHQHVV��
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��������%�0RGH�8OWUDVRXQG�6LJQV�LQ�2YDULDQ�7RUVLRQ�DQG�1RUPDO�'RSSOHU�%ORRG�)ORZ��0DVVHV��&\VWV��DQG�)ROOLFXODU�5LQJ�6LJQ���$
3RWHQWLDO�'LDJQRVWLF�$OJRULWKP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KLULFROR�*HUDUGR������&KULVWRSKHU�5DLR������+DULQGHU�6LQJK����

�����1<0+��%URRNO\Q��86$
�����*RRG�6DPDULWDQ�+RVSLWDO��'L[�+LOOV��86$

.H\ZRUGV��SRLQW�RI�FDUH��XOWUDVRXQG��2YDULDQ�7RUVLRQ��)ROOLFXODU��5LQJ�6LJQ

$EVWUDFW��

%DFNJURXQG��2YDULDQ�WRUVLRQ�LV�D�VXUJLFDO�HPHUJHQF\�IRU�ZKLFK�XOWUDVRQRJUDSK\�LV�WKH�JROG�VWDQGDUG�LPDJLQJ�PRGDOLW\��$EVHQFH�RI�EORRG�IORZ�LV
GLDJQRVWLF��EXW�EORRG�IORZ�PD\�EH�YLVXDOL]HG�LQ�WKH�VHWWLQJ�RI�WRUVLRQ���%�0RGH�VLJQV�PD\�EH�VXIILFLHQW�WR�HVWDEOLVK�WRUVLRQ�LQ�WKH�SUHVHQFH�RI�EORRG
IORZ����8OWUDVRXQG�ILQGLQJ�RI�PDVVHV�RU�F\VWV��DV�ZHOO�DV��È)ROOLFXODU�5LQJ�6LJQÉ��)56���D�SURPLQHQW�K\SHUHFKRLF�ULQJ�DURXQG�WKH�DQWUDO�IROOLFOHV�RI�WKH
DIIHFWHG�RYDU\��KDYH�EHHQ�LGHQWLILHG�LQ�SDWLHQWV�ZLWK�RYDULDQ�WRUVLRQ�

2EMHFWLYH��7R�GHWHUPLQH�LI�WKH�SUHVHQFH�RI�RYDULDQ�PDVV��F\VW��RU�)56�FDQ�SUHGLFW�WKH�GLDJQRVLV�RI�RYDULDQ�WRUVLRQ��ZKHQ�'RSSOHU�EORRG�IORZ
DQDO\VLV�LV�QRQGLDJQRVWLF�

0HWKRGV��$�UHWURVSHFWLYH�FKDUW�UHYLHZ�ZDV�GRQH�IRU�SDWLHQWV�GLDJQRVHG�RSHUDWLYHO\�ZLWK�RYDULDQ�WRUVLRQ�DW�D�ODUJH�FRPPXQLW\��WHDFKLQJ�KRVSLWDO
IURP�-DQXDU\���������WR�-DQXDU\����������3UHRSHUDWLYH�SHOYLF�XOWUDVRXQGV�IURP�WKHVH�FDVHV�ZHUH�H[DPLQHG�IRU�WKH�SUHVHQFH�RU�DEVHQFH�RI�'RSSOHU
IORZ��RYDULDQ�PDVV�RU�F\VWV��DQG�)56�

5HVXOWV�����SDWLHQW�FKDUWV�ZHUH�UHYLHZHG�����SDWLHQWV�ZHUH�IRXQG�WR�KDYH�SUHRSHUDWLYH�XOWUDVRXQGV�DQG�VXUJLFDOO\�FRQILUPHG�RYDULDQ�WRUVLRQ��,Q
WRWDO����VFDQV�ZHUH�UHYLHZHG�����ZHUH�UDGLRORJ\�VFDQV��5$'���DQG����ZHUH�SRLQW�RI�FDUH�VFDQV��32&86��SHUIRUPHG�LQ�WKH�('�

'RSSOHU�IORZ�ZDV�GRQH�LQ����RI����VFDQV��������������KDG�QRUPDO�DUWHULDO�DQG�YHQRXV�'RSSOHU�IORZ��������������KDG�DEQRUPDO�RU�DEVHQW�DUWHULDO
IORZ��������������KDG�DEQRUPDO�RU�DEVHQW�YHQRXV�IORZ�DQG�������VFDQV�������KDG�DEQRUPDO�RU�DEVHQW�DUWHULDO�DQG�YHQRXV�IORZV�

7KH�SUHVHQFH�RI�RYDULDQ�PDVV�DORQH�KDG�VHQVLWLYLW\�RI������VSHFLILFLW\�RI�������339�RI������DQG�139�RI������2YDULDQ�PDVV�RU�F\VW�KDG�VHQVLWLYLW\
RI������VSHFLILFLW\�RI������339�RI�����DQG�139�RI�����

2I�WKH����XOWUDVRXQGV�UHYLHZHG��RYDULDQ�IROOLFOHV�ZHUH�VHHQ�LQ����VFDQV��7KH�SUHVHQFH�RI�)56�ZDV�DVVHVVHG�LQ�WKHVH����VFDQV�����5$'�DQG��
32&86���2YHUDOO�)56�KDG�D�VHQVLWLYLW\�RI������VSHFLILFLW\�RI������339�RI�����DQG�139�RI������)RU�5$'�RQO\��)56�KDG�D�VHQVLWLYLW\�RI������VSHFLILFLW\
RI������339�RI�����DQG�139�RI������)RU�32&86�RQO\��)56�KDG�D�VHQVLWLYLW\�RI������VSHFLILFLW\�RI������339�RI�����DQG�139�RI�����

&RQFOXVLRQ������RI�WKH�SDWLHQWV�ZLWK�RYDULDQ�WRUVLRQ�KDG�QRUPDO�DUWHULDO�DQG�YHQRXV�EORRG�IORZ���7KH�SUHVHQFH�RI�RYDULDQ�PDVV�ZDV�IRXQG�WR�EH
�����VSHFLILF�IRU�WKH�GLDJQRVLV�RI�RYDULDQ�WRUVLRQ���)56�DORQH�GRHV�QRW�DSSHDU�WR�EH�KLJKO\�VHQVLWLYH�RU�VSHFLILF�IRU�WKH�GLDJQRVLV�RI�RYDULDQ�WRUVLRQ�
7KH�VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�WKH�('�32&86�VFDQ�LV�KLJKHU�FRPSDUHG�WR�WKH�5DGLRORJ\�'HSDUWPHQW�VFDQV�

$Q�DOJRULWKP�VWDUWLQJ�ZLWK�'RSSOHU�IORZ�DQG��ZKHQ�SUHVHQW��SURJUHVVLQJ�WR�RYDULDQ�DVVHVVPHQW�IRU�PDVV��F\VWV��DQG�)56�PD\�KDYH�KLJK�SUHGLFWLYH
YDOXH�



,0$*,1*���8/75$6281'���5$',2/2*< *HUDUGR�&KLULFROR

��������7KH�(IIHFW�RI�&KROHF\VWLWLV�'LDJQRVHG�E\�(PHUJHQF\�'HSDUWPHQW�3RLQW�RI�&DUH�8OWUDVRXQG�RQ�7KURXJKSXW�0HWULFV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KLULFROR�*HUDUGR������&KULVWRSKHU�5DLR������&DUORV�&DODI����

�����1<0+��%URRNO\Q��86$
�����*RRG�6DPDULWDQ�+RVSLWDO��'L[�+LOOV��86$
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VXVSHFWHG�JDOOEODGGHU�GLVHDVH��8OWUDVRXQG�LV�������SHUFHQW�VHQVLWLYH�IRU�FKROHF\VWLWLV�DQG�LV�������SHUFHQW�VSHFLILF��(LWKHU�FOLQLFLDQ�SHUIRUPHG�SRLQW
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7R�VKRZ�WKDW�32&86�UHGXFHV�WLPH�WR�HPHUJHQF\�GHSDUWPHQW�GLVSRVLWLRQ��('�/26���WLPH�WR�25��725��DQG�KRVSLWDO�OHQJWK�RI�VWD\��+�/26��LQ�SDWLHQWV
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DEGRPLQDO�SDLQ�DQG�KDG�FKROHF\VWLWLV�DV�GLVFKDUJH�GLDJQRVLV��7KH�32&86�XVH�ZDV�FRPSDUHG�WR�&&86�IRU�('�/26��725��DQG�+�/26�XVLQJ�XQSDLUHG
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32&86�ZDV�DVVRFLDWHG�ZLWK�GHFUHDVHG�725�DQG�+�/26�ZKHQ�FRPSDUHG�WR�&&86�RU�ERWK��32&86�KDG�ORZHU�('�/26��725��DQG�+�/26�ZKHQ�&&86
VHUYLFHV�ZHUH�FORVHG�YV�RSHQ��:KHQ�FORVHG��('�/26��725��	�+�/26�ZHUH�ORZHU�ZLWK�32&86�WKDQ�ZLWK�&&86�RU�ERWK��:KHQ�&&86�ZDV�RSHQ�DOO
SDWLHQWV�UHFHLYHG�ERWK�H[DPV�

�

&RQFOXVLRQ

32&86�FDQ�GLDJQRVH�DQG�WUHDW�DFXWH�FKROHF\VWLWLV�ZKLOH�KHOSLQJ�WR�GHFUHDVH�WKH�SDWLHQWÇV�WLPH�WR�GLVSRVLWLRQ��WLPH�WR�25��('�DQG�KRVSLWDO�OHQJWK�RI
VWD\�ZKHQ�FRPSDUHG�ZLWK�WUDGLWLRQDO�DSSURDFK�ZLWK�&&86�LQ�SDWLHQWV�ZLWK�VXVSHFWHG�DFXWH�FKROHF\VWLWLV���5RXWLQHO\�IROORZLQJ�32&86�ZLWK�&&86�PD\
GHOD\�FDUH�DQG�FRQVWLWXWH�DQ�XQQHFHVVDU\�XWLOL]DWLRQ�RI�YDOXDEOH�UHVRXUFHV�
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,1752'8&7,21�

$FXWH�DEGRPLQDO�SDLQ�LV�RQH�RI�WKH�PRVW�FRPPRQ�FKLHI�FRPSODLQWV�HQFRXQWHUHG�LQ�HPHUJHQF\�PHGLFLQH�DQG�ERZHO�SHUIRUDWLRQ�LV�RQH
OLIH�WKUHDWHQLQJ�HWLRORJ\�RI�VXFK�D�SUHVHQWDWLRQ���7LPHO\�GHWHFWLRQ�RI�LQWUDSHULWRQHDO�IUHH�DLU�LV�FULWLFDO����,PDJLQJ�LV�IUHTXHQWO\�SHUIRUPHG�WR�EHWWHU
HOXFLGDWH�WKH�FDXVH�RI�SDLQ���8SULJKW�SODLQ�ILOP�[�UD\�DQG�WKH�JROG�VWDQGDUG�RI�&7�DUH�FRPPRQO\�XWLOL]HG�IRU�WKH�GHWHFWLRQ�RI�LQWUDSHULWRQHDO�IUHH�DLU�
�$OWKRXJK�IUHTXHQWO\�HPSOR\HG�GXULQJ�WKH�ZRUN�XS�RI�DEGRPLQDO�SDLQ��XOWUDVRXQG�LV�QRW�FRQVLGHUHG�WKH�LPDJLQJ�VWXG\�RI�FKRLFH�IRU�WKH�GHWHFWLRQ�RI
SQHXPRSHULWRQHXP���:H�GHVFULEH�D�FDVH�RI�D�SDWLHQW�SUHVHQWLQJ�ZLWK�DFXWH�DEGRPLQDO�SDLQ�DQG�GLVWHQVLRQ�DIWHU�FRORQRVFRS\�WKDW�ZDV�XOWLPDWHO\
GLDJQRVHG�DV�UHFWDO�SHUIRUDWLRQ���0DVVLYH�SQHXPRSHULWRQHXP�ZDV�ILUVW�GHWHFWHG�YLD�HPHUJHQF\�SK\VLFLDQ�SHUIRUPHG�EHGVLGH�XOWUDVRQRJUDSK\���:H
GLVFXVV�WKH�VRQRJUDSKLF�IHDWXUHV�DQG�DFFXUDF\�RI�XOWUDVRXQG�LQ�WKH�GLDJQRVLV�RI�SQHXPRSHULWRQHXP�DV�GHVFULEHG�LQ�UHFHQW�OLWHUDWXUH��DQG�DOVR
GHILQH�ÈLQWUDDEGRPLQDO�$�OLQHVÉ�DV�SDWKRJQRPRQLF�IRU�SQHXPRSHULWRQHXP��������������

&$6(�5(3257�

$Q����\HDU�ROG�IHPDOH�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�DIWHU�H[SHULHQFLQJ�VHYHUH�DEGRPLQDO�SDLQ�DQG�GLVWHQVLRQ�LPPHGLDWHO\�IROORZLQJ
FRORQRVFRS\�IRU�UHFWDO�SURODSVH���6KH�GHQLHG�FKHVW�SDLQ��G\VSQHD��IHYHUV��FKLOOV��QDXVHD��RU�YRPLWLQJ���6XUJLFDO�KLVWRU\�ZDV�VLJQLILFDQW�IRU
K\VWHUHFWRP\����\HDUV�DJR���9LWDO�VLJQV�ZHUH�QRUPDO���3K\VLFDO�H[DPLQDWLRQ�ZDV�UHPDUNDEOH�IRU�DQ�HOGHUO\�ZRPDQ�LQ�PRGHUDWH�GLVWUHVV�ZLWK
GLDSKRUHVLV��DQG�D�VHYHUHO\�GLVWHQGHG��W\PSDQLF�DEGRPHQ�ZLWK�GLIIXVH�PRGHUDWH�WHQGHUQHVV�WR�SDOSDWLRQ����7KHUH�ZDV�QR�ULJLGLW\��JXDUGLQJ�RU
UHERXQG�WHQGHUQHVV�

$�IRFXVHG�DEGRPLQDO�XOWUDVRXQG�XVLQJ�WKH�FXUYLOLQHDU�SUREH�ZDV�SHUIRUPHG�E\�WKH�HPHUJHQF\�PHGLFLQH�SK\VLFLDQ�DQG�UHYHDOHG�GLIIXVH�DEGRPLQDO
È$�OLQHV��FRQVLVWHQW�ZLWK�LQWUDSHULWRQHDO�IUHH�DLU���6XSUDKHSDWLF�UHYHUEHUDWLRQ�DUWLIDFW�ZDV�DOVR�FOHDUO\�YLVXDOL]HG���([SORUDWRU\�ODSDURWRP\�UHYHDOHG
UHFWDO�SHUIRUDWLRQ�DQG�UHSDLU�ZLWK�DQWHULRU�VHJPHQWDO�UHVHFWLRQ�RI�WKH�UHFWRVLJPRLG�DV�ZHOO�DV�SUR[LPDO�DQG�GLVWDO�FRORQLF�GRQXWV�ZDV�SHUIRUPHG
VXFFHVVIXOO\���7KH�SDWLHQW�ZDV�GLVFKDUJHG�RQ�SRVW�RSHUDWLYH�GD\�VL[���������

',6&866,21�

$OWKRXJK�QRW�ZHOO�LQYHVWLJDWHG��VWXGLHV�KDYH�DWWHPSWHG�WR�GHILQH�WKH�VRQRJUDSKLF�IHDWXUHV�RI�SQHXPRSHULWRQHXP���7KH�GLDJQRVLV�LV�EDVHG�RQ�WKH
GHWHFWLRQ�RI�LQWUD�DEGRPLQDO�DLU�RXWVLGH�LWV�SK\VLRORJLF�ORFDWLRQ�ZLWKLQ�WKH�ERZHO�OXPHQ����+\SHUHFKRLF�HQKDQFHPHQW�RI�WKH�DQWHULRU�SHULWRQHDO�OLQH�LV
WKH�HDUOLHVW�SDWKRJQRPRQLF�VRQRJUDSKLF�VLJQ�RI�LQWUDSHULWRQHDO�IUHH�DLU���5HSRUWV�KDYH�FRQFOXGHG�WKDW�WKLV�ILQGLQJ�PD\�EH�HYLGHQW�LQ�H[WUDOXPLQDO
FROOHFWLRQV�DV�VPDOO�DV����PO�RI�DLU���$GGLWLRQDOO\��0XUDGOL�HW�DO��GHVFULEHG�D�KRUL]RQWDO�SRVWHULRU�UHYHUEHUDWLRQ�SDWWHUQ�WKDW�LV�PRUH�HYLGHQW�ZLWK
ODUJHU�DFFXPXODWLRQV�RI�LQWUDSHULWRQHDO�IUHH�DLU��DNLQ�WR�LQWUDWKRUDFLF�$�OLQHV�

,W�KDV�EHHQ�UHSRUWHG�WKDW�HYHQ�XQGHU�LGHDO�FRQGLWLRQV�DQG�WHFKQLTXH��SODLQ�ILOP�FKHVW�[�UD\V�PD\�PLVV�XS�WR�����RI�SDWLHQWV�ZLWK
SQHXPRSHULWRQHXP���,Q�DGGLWLRQ��XSULJKW�SRVLWLRQLQJ�RI�SDWLHQWV�IRU�[UD\V�PD\�FDXVH�GLVFRPIRUW�RU�PD\�QRW�EH�SRVVLEOH�LQ�HPHUJHQW�VLWXDWLRQV�
:KLOH�&7�SRVVHVVHV�JUHDWHU�VHQVLWLYLW\�WKDQ�SODLQ�UDGLRJUDSK\��LW�LV�D�PRUH�WLPH�FRQVXPLQJ�VWXG\�UHTXLULQJ�WKH�WUDQVSRUW�RI�SDWLHQWV�DZD\�IURP�WKH
HPHUJHQF\�GHSDUWPHQW���)XUWKHUPRUH��&7�H[SRVHV�SDWLHQWV�WR�LRQL]LQJ�UDGLDWLRQ�8OWUDVRQRJUDSK\�FDQ�SURYLGH�D�UDSLG�EHGVLGH�HYDOXDWLRQ�RI�WKH
DFXWH�DEGRPHQ��3DWLHQWV�FDQ�EH�VFDQQHG�LQ�VXSLQH�SRVLWLRQ��DQG�UHSRUWHG�UHVXOWV�GHPRQVWUDWH�SURPLVH�IRU�WKLV�WHFKQRORJ\�

&21&/86,21�8OWUDVRQRJUDSK\�UHSUHVHQWV�D�SRWHQWLDOO\�XVHIXO�EHGLVGH�RSWLRQ�IRU�WKH�HYDOXDWLRQ�RI�IUHH�DLU�
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3RLQW�RI�&DUH�8OWUDVRXQG��32&86��KDV�EHHQ�LQWHJUDWHG�LQWR�PDQ\�FRPPXQLW\�DQG�DFDGHPLF�HPHUJHQF\�GHSDUWPHQWV�DQG�LV�QRZ�D�PDQGDWHG�VNLOO�IRU
DOO�HPHUJHQF\�PHGLFLQH��(0��UHVLGHQWV�DFFRUGLQJ�WR�WKH�$&*0(���&XUUHQW�(0�UHVLGHQW�HGXFDWLRQ�LQFOXGHV�86�DV�D�FULWLFDO�SDUW�RI�ERWK�OLIH�VDYLQJ
SURFHGXUHV�DQG�WKH�EHGVLGH�HYDOXDWLRQ�RI�FULWLFDOO\�LOO��,W�LV�ZHOO�DFFHSWHG�WKDW�DSSUR[LPDWHO\�����RI�(0�UHVLGHQWV�ZLOO�SUDFWLFH�LQ�D�FRPPXQLW\
VHWWLQJ�DIWHU�FRPSOHWLQJ�WKHLU�WUDLQLQJ���$FFHVV�WR�86�LQ�WKH�FRPPXQLW\�VHWWLQJ�LV�YDULDEOH�DQG�PDQ\�VLWHV�KDYH�QRW�VHFXUHG�FUHGHQWLDOLQJ�WR�SHUIRUP
WKHVH�H[DPLQDWLRQV��:H�TXHVWLRQ�ZKHWKHU�FXUUHQW�(0�UHVLGHQWV�ZRXOG�EH�FRPIRUWDEOH�ZRUNLQJ�LQ�D�FOLQLFDO�HQYLURQPHQW�WKDW�GRHV�QRW�LQFOXGH�RU�KDV
OLPLWHG�DFFHVV�WR�EHGVLGH�86�
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7KH�JRDO�RI�WKLV�VWXG\�ZDV�WR�VXUYH\�(0�UHVLGHQWV�DERXW�WKHLU�H[SHULHQFH�ZLWK�32&86�DQG�WKH�LPSRUWDQFH�RI�WKH�DFFHVVLELOLW\�RI�86�LQ�WKHLU�IXWXUH
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)5(,'$��DQ�RQOLQH�UHVLGHQF\�UHVRXUFH��ZDV�UHIHUHQFHG�WR�REWDLQ�FRQWDFW�LQIRUPDWLRQ�IRU�DOO�FXUUHQW�$&*0(�DFFUHGLWHG�(0�UHVLGHQF\�SURJUDPV��(DFK
SURJUDP�ZDV�DVNHG�WR�GLVWULEXWH�D����TXHVWLRQ�VXUYH\�WR�DOO�UHVLGHQWV�FXUUHQWO\�LQ�WUDLQLQJ�DW�WKHLU�VLWH��7KH�VXUYH\�ZDV�DFFHVVHG�WKURXJK
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ZHUH�SHUIRUPLQJ�DW�OHDVW�RQH�VFDQ�SHU�VKLIW�
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'RHV�QRW�KDYH�32&86�DYDLODEOH"
+DV�D�PDFKLQH�VROHO\�IRU�SURFHGXUDO�JXLGDQFH"

7KH�ZHLJKWHG�DYHUDJH�RI�UHVSRQVHV�ZDV������DQG������UHVSHFWLYHO\�

:KHQ�DVNHG�LI�WKH\�IHOW�WKH\�FRXOG�EH�DEOH�WR�SHUIRUP�TXDOLW\�(0�ZLWKRXW�32&86������VDLG�QR������ZHUH�XQVXUH�DQG�����VDLG�\HV�

�

����RI�WKH�UHVSRQGHQWV�FDPH�IURP�SURJUDPV�WKDW�KDYH�(0�86�IHOORZVKLSV�

�
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5HVLGHQWV�IHOW�WKDW�SURFHGXUDO�JXLGDQFH��HFKR��HDUO\�REVWHWULF��)$67�DQG�$$$�ZHUH�FRQVLGHUHG�WR�KDYH�WKH�PRVW�XWLOLW\�LQ�WKHLU�IXWXUH�SUDFWLFH��7KH
PDMRULW\�RI�UHVLGHQWV�IHOW�WKDW�WKH\�ZHUH�YHU\�XQOLNHO\�WR�WDNH�D�MRE�DW�D�VLWH�WKDW�GLG�QRW�KDYH�32&86�DYDLODEOH���,W�LV�FOHDU�WKDW�UHVLGHQWV�EHOLHYH�WKDW
LQ�RUGHU�WR�KDYH�TXDOLW\�(0�SHUIRUPHG�DW�\RXU�LQVWLWXWLRQ�32&86�QHHGV�WR�EH�DYDLODEOH�
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VLJQLILFDQWO\�E\�GD\�RI�WKH�ZHHN��,Q�FRQWUDVW��WKH�HOHFWLYH�VXUJLFDO�VFKHGXOH�LV�VXEMHFW�WR�ÈDUWLILFLDOÉ�YDULDELOLW\�DQG�LV�FUHDWHG��LQ�ODUJH�SDUW��IRU�WKH
FRQYHQLHQFH�RI�SK\VLFLDQV��&RQVHTXHQWO\��WKH�PDMRULW\�RI�SDWLHQWV�UHTXLULQJ�HOHFWLYH�VXUJLFDO�SURFHGXUHV�DUH�DGPLWWHG�RQ�0RQGD\V�DQG�WKH
SURFHGXUHV�DUH�VXEVHTXHQWO\�SHUIRUPHG�RQ�7XHVGD\V��:HGQHVGD\V�DQG�7KXUVGD\V��0DQ\�RI�WKHVH�SDWLHQWV�RFFXS\�D�KRVSLWDO�EHG�SRVW�RSHUDWLYHO\�
:H�H[DPLQHG�WKH�HIIHFW�RI�ÈVPRRWKLQJÉ�RU�EDODQFLQJ�WKH�HOHFWLYH�VXUJLFDO�VFKHGXOH�RYHU�WKH�ILYH�ZHHNGD\V�RQ�('�OHQJWK�RI�VWD\�DV�D�VXUURJDWH
PDUNHU�RI�('�FURZGLQJ��3UHYLRXV�OLWHUDWXUH�KDV�GHPRQVWUDWHG�WKDW�HDFK�DGGLWLRQDO�HOHFWLYH�VXUJLFDO�FDVH�FDQ�SURORQJ�WKH�PHDQ�OHQJWK�RI�VWD\�SHU�('
SDWLHQW�EHFDXVH�RI�FRPSHWLWLRQ�IRU�LQ�SDWLHQW�EHGV�

�

0HWKRGV��7KH�'LYLVLRQ�RI�9DVFXODU�6XUJHU\�ZDV�DVNHG�WR�HDFK�OLPLW�WKH�QXPEHU�RI�HOHFWLYH�VXUJLFDO�FDVHV�WR�QR�PRUH�WKDQ�WZR�SHU�GD\��%DVHG�RQ
SUHYLRXV�H[SHULHQFH��WZR�FDVHV�SHU�GD\�IRU�ILYH�GD\V�H[FHHGHG�WKH�QXPEHU�WKDW�WKH�YDVFXODU�VXUJHRQV�W\SLFDOO\�SHUIRUPHG�LQ�D�ZHHN��$JUHHPHQW
ZLWK�WKLV�QHZ�SDUDGLJP�ZDV�DFFRPSOLVKHG�E\�DVVXULQJ�VXUJHRQV�WKDW�WKH\�ZRXOG�EH�DEOH�WR�SHUIRUP�DOO�HOHFWLYH�FDVHV�LQ�WLPHO\�IDVKLRQ�DQG�WKDW�QR
FDVH�ZRXOG�EH�WXUQHG�DZD\��$�VLPLODU�SODQ�ZDV�GHYHORSHG�IRU�WKH�'HSDUWPHQW�RI�7KRUDFLF�6XUJHU\��$IWHU�LPSOHPHQWDWLRQ��WKH�QHHG�IRU�LQ�SDWLHQW
EHGV�IRU�HOHFWLYH�VXUJLFDO�FDVHV�ZDV�PHDVXUHG�IRU�ERWK�VHUYLFHV��7KH�QXPEHU�RI�GLUHFW�QXUVLQJ�KRXUV�RQ�WKH�IORRUV�WKDW�UHFHLYHG�WKHVH�SRVW�RSHUDWLYH
SDWLHQWV�ZDV�PHDVXUHG�VLQFH�WKH�GHPDQG�IRU�QXUVLQJ�VWDIILQJ�ZDV�H[SHFWHG�WR�EHFRPH�PRUH�SUHGLFWDEOH��)LQDOO\��WKH�WLPH�IURP�('�GHFLVLRQ�WR�DGPLW
WR�DFWXDO�GHSDUWXUH�WR�WKH�IORRU��DQG��WRWDO�OHQJWK�RI�VWD\�IRU�DGPLWWHG�('�SDWLHQWV�ZHUH�PHDVXUHG�

�

5HVXOWV��7KH�LQWHUYHQWLRQV�ZHUH�VXFFHVVIXO�LQ�OLPLWLQJ�WKH�QXPEHU�RI�HOHFWLYH�YDVFXODU�DQG�WKRUDFLF�VXUJLFDO�FDVHV�UHTXLULQJ�LQ�SDWLHQW�EHGV�WR�WKH
PD[LPXP�RI�WZR�FDVHV�SHU�GD\�SHU�VHUYLFH��7KH�QXPEHU�RI�GLUHFW�QXUVLQJ�KRXUV�GHFUHDVHG�E\�RYHU����IURP������KRXUV�SHU�SDWLHQW�GD\�WR������DIWHU
ÈVPRRWKLQJÉ�RI�WKH�VXUJLFDO�VFKHGXOH��7KLV�UHVXOWLQJ�LQ�D�VDYLQJV�RI�VHYHUDO�KXQGUHGV�RI�WKRXVDQGV�RI�GROODUV�EHFDXVH�RI�PRUH�SUHGLFWDEOH�QXUVLQJ
VFKHGXOLQJ�DQG�IHZHU�RYHUWLPH�SD\PHQWV��7KH�WLPH�IURP�('�SUHVHQWDWLRQ�WR�GHFLVLRQ�WR�DGPLW�GLG�QRW�FKDQJH��EXW��WKH�WLPH�IURP�GHFLVLRQ�WR�DGPLW
WR�GHSDUWXUH�IRU�WKH�IORRU�IRU�DGPLWWHG�SDWLHQWV�GHFUHDVHG�E\�D�PHDQ�RI����PLQXWHV�������SHU�SDWLHQW�IURP�����WR�����PLQXWHV��$V�D�UHVXOW��WKH�WRWDO
('�OHQJWK�RI�VWD\�IRU�DGPLWWHG�SDWLHQWV�GHFUHDVHG�E\�D�PHDQ�RI����PLQXWHV�

�

&RQFOXVLRQ��È6PRRWKLQJÉ�WKH�HOHFWLYH�VXUJLFDO�VFKHGXOH�FDQ�UHVXOW�LQ�ORZHULQJ�FRVWV�IRU�RYHUWLPH�SD\�RQ�WKH�QXUVLQJ�IORRUV�WKDW�UHFHLYH�WKHVH�SDWLHQW
SRVWRSHUDWLYHO\��0RUHRYHU��E\�UHGXFLQJ�ÈDUWLILFLDOÉ�YDULDELOLW\�LQ�VXUJLFDO�VFKHGXOLQJ�ZH�ZHUH�DEOH�WR�UHGXFH�WKH�WRWDO�OHQJWK�RI�VWD\�IRU�SDWLHQWV
DGPLWWHG�IURP�WKH�('�E\�D�PHDQ�RI����PLQXWHV�



,0$*,1*���8/75$6281'���5$',2/2*< *HUDUGR�&KLULFROR

��������&DQ�DQ�y8OWUDVRXQG�)LUVWz�SROLF\�UHGXFH�LQFLGHQFH�RI�&7�VFDQ�XVH�DQG�UDGLDWLRQ�H[SRVXUH�LQ�SHGLDWULF�SDWLHQWV
SUHVHQWLQJ�WR�WKH�(PHUJHQF\�'HSDUWPHQW�IRU�(YDOXDWLRQ�RI�$EGRPLQDO�3DLQ"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KLULFROR�*HUDUGR������&KULVWRSKHU�5DLR������/LQGVH\�%HKDQ����

�����1<0+��%URRNO\Q��86$
�����*RRG�6DPDULWDQ�+RVSLWDO��'L[�+LOOV��86$

.H\ZRUGV��3RLQW�RI�&DUH��8OWUDVRXQG��$SSHQGLFLWLV��&7��UDGLDWLRQ��SHGLDWULFV

$EVWUDFW��

%DFNJURXQG

�

$EGRPLQDO�SDLQ�LV�D�FRPPRQ�FRPSODLQW�LQ�SUHVHQWDWLRQ�WR�WKH�(PHUJHQF\�'HSDUWPHQW�DQG�DFXWH�DSSHQGLFLWLV�LV�WKH�PRVW�FRPPRQ�FRQGLWLRQ
UHTXLULQJ�HPHUJHQW�DEGRPLQDO�VXUJHU\��(DUO\�GLDJQRVLV�WR�PLQLPL]H�WKH�LQFLGHQFH�RI�SHUIRUDWLRQ�LV�LPSRUWDQW�WR�D�VXFFHVVIXO�RXWFRPH��KRZHYHU
GLDJQRVLV�FDQ�EH�FKDOOHQJLQJ�LQ�WKH�SHGLDWULF�SRSXODWLRQ�ZKR�IUHTXHQWO\�GR�QRW�KDYH�D�FODVVLF�SUHVHQWDWLRQ�DQG�WR�ZKRP�UDGLDWLRQ�H[SRVXUH�LV�D
FRQFHUQ��

�

7KH�$PHULFDQ�$FDGHP\�RI�5DGLRORJ\�UHFRPPHQGV�XOWUDVRQRJUDSK\�DV�WKH�LQLWLDO�LPDJLQJ�PRGDOLW\�RI�FKRLFH�IRU�FKLOGUHQ�LQ�ZKRP�DSSHQGLFLWLV�LV
VXVSHFWHG������7KH�SULQFLSOHV�RI�DV�ORZ�DV�UHDVRQDEO\�SRVVLEOH��$/$5$���DQ�DSSURDFK�WR�PLQLPL]LQJ�UDGLDWLRQ�H[SRVXUH��VXJJHVW�XOWUDVRXQG�EH�XVHG
LQ�VXVSHFWHG�FDVHV�RI�DSSHQGLFLWLV��IROORZHG�E\�&7�RQO\�LI�WKH�XOWUDVRXQG�UHVXOWV�DUH�HTXLYRFDO�

�

,Q�-DQXDU\�������1HZ�<RUN�0HWKRGLVW�+RVSLWDO�LQVWLWXWHG�DQ�ÈXOWUDVRXQG�ILUVWÉ�SROLF\�IRU�WKH�HYDOXDWLRQ�RI�DEGRPLQDO�SDLQ�LQ�SDWLHQWV�SUHVHQWLQJ�WR
WKH�HPHUJHQF\�URRP�DJHV����\HDUV�DQG�\RXQJHU���$OO�SDWLHQWV�SUHVHQWLQJ�ZLWK�DEGRPLQDO�SDLQ�XQGHUJR�DQ�XOWUDVRXQG�H[DPLQDWLRQ�SHUIRUPHG�E\�DQ
XOWUDVRXQG�WUDLQHG�(PHUJHQF\�0HGLFLQH�DWWHQGLQJ�SK\VLFLDQ�RU�DQ�XOWUDVRXQG�SHUIRUPHG�E\�WKH�UDGLRORJ\�GHSDUWPHQW�SULRU�WR�REWDLQLQJ�D�&7�VFDQ�

�

2EMHFWLYHV

�

7R�GHPRQVWUDWH�WKDW�D�IRUPDO�SROLF\�UHFRPPHQGLQJ�XOWUDVRXQG�SULRU�WR�&7�VFDQ�LQ�WKH�GLDJQRVWLF�DOJRULWKP�IRU�DFXWH�DSSHQGLFLWLV�LV�HIIHFWLYH�DW
UHGXFLQJ�&7�XVDJH�DQG�UDGLDWLRQ�H[SRVXUH�LQ�WKH�SHGLDWULF�SRSXODWLRQ�

�

0HWKRGV

�

$�UHWURVSHFWLYH�FKDUW�UHYLHZ�ZDV�GRQH�RI�DOO�SHGLDWULF�SDWLHQWV�ZKR�SUHVHQWHG�WR�WKH�HPHUJHQF\�URRP�EHWZHHQ�-DQXDU\���������DQG�-DQXDU\��������
IRU�DEGRPLQDO�SDLQ�DQG�XQGHUZHQW�DQ�DSSHQGHFWRP\��7KH�UDWH�RI�XOWUDVRXQG�XVH�DQG�&7�XVH�ZDV�FRPSDUHG�WR�SULRU�XOWUDVRXQG�DQG�&7�UDWHV�DW�RXU
LQVWLWXWLRQ�

�

5HVXOWV

�

,Q�������SULRU�WR�WKH�DYDLODELOLW\�RI�32&86�DW�RXU�LQVWLWXWLRQ������FDVHV�RI�DFXWH�DSSHQGLFLWLV�ZHUH�DQDO\]HG���)RXU�SDWLHQWV�ZHQW�WR�WKH�25�VROHO\
EDVHG�RQ�FOLQLFDO�H[DP�ILQGLQJV������������RI������������FDVHV�RI�DFXWH�DSSHQGLFLWLV�XQGHUZHQW�DQ�XOWUDVRXQG�H[DPLQDWLRQ�SULRU�WR�&7�DQG���RI
WKHVH�ZHQW�WR�WKH�25�EDVHG�RQ�XOWUDVRXQG�DORQH�������

,Q�������DIWHU�WKH�LQWURGXFWLRQ�RI�32&86������FDVHV�RI�DFXWH�DSSHQGLFLWLV�ZHUH�DQDO\]HG���6L[�ZHQW�WR�WKH�25�EDVHG�RQ�FOLQLFDO�ILQGLQJV������������RI
������������XQGHUZHQW�XOWUDVRXQG�SULRU�WR�&7�DQG����RI�WKHVH�ZHQW�WR�WKH�25�EDVHG�RQ�XOWUDVRXQG�DORQH�������

)URP�-DQ��������WR�-DQ���������WKHUH�ZHUH�����FDVHV�RI�DFXWH�DSSHQGLFLWLV��1RQH�ZHQW�WR�WKH�25�EDVHG�RQ�FOLQLFDO�ILQGLQJV�����RI������������
XQGHUZHQW�XOWUDVRXQG�SULRU�WR�&7�DQG����RI�WKHVH�ZHQW�WR�WKH�25�EDVHG�RQ�XOWUDVRXQG�DORQH���������



,QWURGXFWLRQ�RI�EHGVLGH�XOWUDVRXQG�IROORZHG�E\�LPSOHPHQWDWLRQ�RI�DQ�ÈXOWUDVRXQG�EHIRUH�&7É�SROLF\�LQ�RXU�('�KDV�UDLVHG�WKH�UDWH�RI�ULVN�DYRLGDQFH
IURP������WR�������

�

&RQFOXVLRQ

�

,PSOHPHQWDWLRQ�RI�DQ�ÈXOWUDVRXQG�ILUVWÉ�SROLF\�IRU�WKH�HYDOXDWLRQ�RI�DFXWH�DSSHQGLFLWLV�IRU�SHGLDWULF�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�LV�DVVRFLDWHG�ZLWK�D
VLJQLILFDQW�UHGXFWLRQ�LQ�&7�XWLOL]DWLRQ���%\�GHFUHDVLQJ�&7�XVH�LQ�WKH�('�LQ�WKH�ZRUNXS�RI�DFXWH�DSSHQGLFLWLV��LW�LV�UHDVRQDEOH�WR�FRQFOXGH�WKDW�PHGLFDO
UDGLDWLRQ�H[SRVXUH�KDV�GHFUHDVHG�
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��������)DFLDO�FHOOXOLWLV�DQG�GLDEHWLF�NHWRDFLGRVLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(QULTXH�&DUR������0DULQD�%XIRUQ������&DUPHQ�$GHOD�<DJR������-XDQ�$QWRQLR�5LYHUR�*XHUUHUR������(GXDUGR�5RVHOO�9HUJDUD������(YD�0DU�D�)UDJHUR�%OHVD
���

���&ULWLFDO�FDUH�DQG�HPHUJHQF\�VHUYLFH��0DODJD��0DODJD��63$,1
���&ULWLFDO�FDUH�DQG�HPHUJHF\�VHUYLFH��9LUJHQ�9LFWRULD�+RVSLWDO��0DODJD��$8675,$

.H\ZRUGV��)DFLDO��FHOOXOLWLV��.HWRDFLGRVLV

$EVWUDFW��

+LVWRU\�

��\HDUV�ROG�PDOH�ZKR�FDPH�WR�SUHVHQW�ER[�QDXVHD�DQG�XQFRQWUROODEOH�YRPLWLQJ�HYROXWLRQ�RI���KRXUV��DFFRPSDQLHG�E\�JHQHUDO�PDODLVH����GD\V�DJR
KDG�DFFFLGHQWH�WUDIILF�ZLWK�QDVDO�KHPDWRPD��WUHDWPHQW�ZLWK�DQDOJHVLD�DQG�DPR[LFLOOLQ�

$3��'0���WUHDWHG�ZLWK�+XPDORJ�

3K\VLFDO�H[SORUDWLRQ�

7$��������PP+J��)F����OSP��7DFK\SQHLF��5HJXODU�VWDWH�JHQHUDO��'U\�VNLQ�DQG�PXFRXV�PHPEUDQHV��$&3��WDTXLUU�WPLFRV�DQG�DXGLEOH�WRQHV��1R
PXUPXUV��09&��1HXURORJLF�ZLWKRXW�VRXUFH��,QDELOLW\�WR�H\H�RSHQLQJ�QDVDO�DQG�SHULRFXODU�HGHPD�

,QYHVWLJDWLRQV�

%ORRG�WHVWV��EORRG�FRXQW��/HXNRF\WH��������QHXWURSKLOLD������+E�������SODWHOHWV���������&RDJXODWLRQ��37�DFWLYLW\��������YHQRXV�EORRG�JDVHV��S+
������%LRFKHPLVWU\������JOXFRVH��XUHD�����FUHDWLQLQH�������QRUPDO�LRQ�����3&5�

7$&�VNXOO�DQG�VLQXVHV��PXFRVDO�WKLFNHQLQJ�RI�WKH�OHIW�PD[LOODU\�VLQXV��VSKHQRLG�VLQXV��HWKPRLG�FHOOV�DQG�VRPH�RI�WKH�ULJKW�IURQWDO�VLQXV��,QFUHDVHG
H[WUDFUDQLDO�VRIW�WLVVXH�WR�IURQWDO��SHULRUELWDO�DQG�SHULQDVDO�OHYHO��'LDVWDVLV�OHIW�HVIHQRFLJRP�WLFD�MRLQW�ZLWK�VOLJKW�DQJXODWLRQ�RI�IUDJPHQWV�

)LQDO�GLDJQRVLV�

)DFLDO�FHOOXOLWLV��SHULRUELWDO�DQG�QDVDO��6WDSK\ORFRFFXV�$XUHXV�E\�SRVWWUDXPDWLF�EDFWHUHPLF�

(YROXWLRQ�

$GPLVVLRQ�LV�GHFLGHG�LQ�REVHUYDWLRQ�DUHD�IRU�PDQDJHPHQW�RI�GLDEHWLF�NHWRDFLGRVLV�ER[�RI�LQIHFWLRXV�RULJLQ�ZLWK�IDFLDO�GRRU�HQWUDQFH�

%ORRG�FXOWXUHV�DUH�H[WUDFWHG�DQG�HPSLULFDO�DQWLELRWLF�WKHUDS\�ZLWK�FHIWD]LGLPH��FOR[DFLOOLQ��DPSLFLOOLQ�DQG�DPSKRWHULFLQ�%�DQG�VXSSRUWLYH�WUHDWPHQW
�IOXLG�WKHUDS\��LQVXOLQ�DQG�DQDOJHVLD��VWDUWV�

2QFH�VWDELOL]HG�DQG�NHWRDFLGRVLV�DQG�UHQDO�IDLOXUH�KDYLQJ�EHHQ�FRUUHFWHG��HQWHUV�SODQW��ZKHUH�WKH�VDPH�DQWLELRWLF�WKHUDS\�LV�PDLQWDLQHG�XQWLO�WKH
IRXUWK�GD\�RI�WUHDWPHQW�6WDSK\ORFRFFXV�$XUHXV�LV�LVRODWHG�0HWKLFLOOLQ�5HVLVWDQW�ERWK�EORRG�DQG�IDFLDO�H[XGDWH�

$IWHU�FRPSOHWLQJ�LQWUDYHQRXV�DQWLERWHUDSLD�IRU���GD\V�KH�ZDV�GLVFKDUJHG�IURP�KRVSLWDO�

&RQFOXVLRQV�

+RZHYHU�PLQLPDO�SRVVLEOH�HQWU\�PXVW�WDNH�VSHFLDO�FDXWLRQ�LQ�SDWLHQWV�ZLWK�'LDEHWHV�0HOOLWXV�EHLQJ�LPPXQRVXSSUHVVHG�SDWLHQWV�DQG�FRPSOLFDWLRQV
WKDW�PLJKW�HQWDLO�



',6$67(5�0(',&,1( (ULF�:HLQVWHLQ

��������(WKLFDO�WUHDWPHQW�RI�WKH�PDQJOHG�H[WUHPLW\�LQ�D�GLVDVWHU��MXVW�LQ�WLPH�HGXFDWLRQ�LV�QRW�D�FXUULFXOXP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(ULF�:HLQVWHLQ������/LVD�.XUODQG������$KPDGUH]D�'MDODOL������-HIIUH\�)UDQF������%ULHOOH�:HLQVWHLQ������3DQQD�&RGQHU������(GZDUG�1RUFURVV����

���(XURSHDQ�0DVWHU�RI�'LVDVWHU�0HGLFLQH�7KHVLV��/H[LQJWRQ�0HGLFDO�&HQWHU��:HVW�&ROXPELD�6&��6XPPHUYLOOH���86$
�����.DUROLQVND�,QVWLWXWHW��6WRFNKROP�6ZHGHQ��6WRFNKROP��6:('(1
�����&5,0(',0�Ä�5HVHDUFK�&HQWHU�LQ�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH��8QLYHUVLW��GHO�3LHPRQWH�2ULHQWDOH��1RYDUD��1RYDUD��,7$/<
�����8QLYHUVLW\�RI�$OEHUWD��(GPRQWRQ��$OEHUWD��(GPRQWRQ��&$1$'$
�����8QLYHUVLW\�RI�6RXWK�)ORULGD�0RUVDQL�&ROOHJH�RI�0HGLFLQH�'HSDUWPHQW�RI�6XUJHU\�3ODVWLF�6XUJHU\�,QWHJUDWHG�5HVLGHQF\��7DPSD��86$
�����0HGLFDO�&ROOHJH�RI�:LVFRQVLQ��0LOZDXNHH�:LVFRQVLQ��0LOZDXNHH��86$
�����0HGLFDO�8QLYHUVLW\�RI�6RXWK�&DUROLQD�&KDUOHVWRQ�6&��&KDUOHVWRQ��86$

.H\ZRUGV��HQWUDSSHG�PDQJOHG�H[WUHPLW\��FUXVK�LQMXU\��DPSXWDWLRQ��MXVW�LQ�WLPH�HGXFDWLRQ��UHVRXUFH�FRQVWUDLQHG�DXVWHUH�HQYLURQPHQW

$EVWUDFW��

$FURVV�WKH�JOREH��YROXQWHHU�GLVDVWHU�UHVSRQVH�WHDPV�PD\�SUHVHQW�WR�DXWKRULWLHV�WR�UHVSRQG�LQ�WKH�ILHOG�WR�DVVLVW�LQ�D�GLVDVWHU��7KRXJK�SK\VLFLDQV�RQ
WKHVH�WHDPV�PD\�RU�PD\�QRW�KDYH�KDG�UXGLPHQWDU\�H[SRVXUH�WR�KRVSLWDO�DPSXWDWLRQV�LQ�WKHLU�WUDLQLQJ��DPSXWDWLRQV�PD\�QRW�EH�LQ�WKHLU�W\SLFDO
SUDFWLFH�QRU�DUH�WKH\�FUHGHQWLDOHG�WR�SHUIRUP�DPSXWDWLRQV�DQG�WKH\�QRW�DZDUH�RI�WKH�LQGLFDWLRQV��HWKLFV�DQG�SV\FKRORJLFDO�HIIHFWV�RI�ILHOG
DPSXWDWLRQV�LQ�D�UHVRXUFH�FRQVWUDLQHG��DXVWHUH�HQYLURQPHQW��5&$(��GLVDVWHU�VHWWLQJ�

3URSHU�SDWLHQW�VHOHFWLRQ�XVLQJ�DQ�HYLGHQFH�EDVHG�VFLHQWLILF�FRQVHQVXV�DSSURDFK�WR�DUULYH�DW�DQ�HWKLFDO�GHFLVLRQ�WR�DPSXWDWH�RU�QRW��VKRXOG�EH
FRQVLGHUHG�DV�LPSRUWDQW�DV�SURSHU�SURFHGXUDO�WHFKQLTXH��5HPDUNDEO\��WKHUH�KDV�EHHQ�QR�WDQJLEOH�HIIRUW�WR�LQFRUSRUDWH�WKLV�LQWR�D�IRUPDO�HGXFDWLRQ
RI�SUH�KRVSLWDO��WUDXPD�DQG�HPHUJHQF\�SK\VLFLDQV�

$Q�LQWHUDFWLYH�ZHEVLWH��ZZZ�-,7),(/'$03�FRP��ZDV�FUHDWHG�WKDW�UDQGRPO\�DVVLJQHG�(PHUJHQF\�3K\VLFLDQV��UHFUXLWHG�DV�OLNHO\�ILUVW�UHVSRQGLQJ�ORFDO
'LVDVWHU�5HVSRQVH�7HDP�RU�)RUHLJQ�0HGLFDO�7HDP�SK\VLFLDQV��LQWR�WZR�DUPV��QRQ�SRGFDVW�RU�SRGFDVW��7KHUH�ZHUH�QR�GHPRJUDSKLF�GLIIHUHQFHV
EHWZHHQ�WKH�WZR�DUPV��7KH�QRQ�SRGFDVW�DUP�RI����SDUWLFLSDQWV�UHVSRQGHG�WR�D����TXHVWLRQ�TXL]�RI�SDWLHQWV�ZLWK�D�PDQJOHG�H[WUHPLW\�LQ�D�5&$(
VFHQDULR��DVNLQJ��È:KHQ�ZRXOG�\RX�DPSXWDWHÉ��7KHUH�ZHUH���DQVZHUV�RQ�D�VFDOH��GHSHQGLQJ�RQ�WKH�VFHQDULR��ZLWK�HLJKW�VFHQDULRV�GHVFULELQJ�DQ
HQWUDSSHG�RU�PDQJOHG�H[WUHPLW\�ZLWK�DQVZHUV�ÈQRZ���WLPH�LQWHUYDOV�ZDLW�RU�QHYHUÉ��DQG�WZR�VFHQDULRV�GHVFULELQJ�D�FUXVKHG�H[WUHPLW\�ZLWK�DQVZHUV
ÈQRZ���WLPH�LQWHUYDOV��SHUIRUP�IDVFLRWRP\�RU�QHYHUÉ���7KH����SDUWLFLSDQWV�LQ�WKH�SRGFDVW�DUP�ZDWFKHG�D�����PLQXWH�SRGFDVW�H[SODLQLQJ�WKH�HWKLFDO
WUHDWPHQW�LQGLFDWLRQV�RI�WKH�PDQJOHG�H[WUHPLW\�LQ�D�5&$(�WKHQ�UHVSRQGHG�WR�WKH�VDPH�TXL]��7KH�SRGFDVW�ZDV�EDVHG�RQ�H[KDXVWLYH�UHYLHZ�RI�WKH
ZRUOGZLGH�OLWHUDWXUH�RQ�WKH�VXEMHFW�

$�SDQHO�RI�WZHOYH�SK\VLFLDQV�WKDW�KDYH�ZULWWHQ�H[WHQVLYHO\�RQ�WKH�VXEMHFW�ZDV�FUHDWHG�WR�GHWHUPLQH�LQWHU�UDWHU�UHOLDELOLW\�RI�WKH����TXHVWLRQ�TXL]
XVLQJ�WKH�)OHLVV�PHWKRG�IRU�PXOWLSOH�UDWHUV��7KH�.DSSD�YDOXH�ZDV�������ZKLFK�LQGLFDWHV�RQO\�VOLJKW�DJUHHPHQW�EHWZHHQ�WKH�UDWHUV�

8VLQJ�WKH�:HOFK�7ZR�6DPSOH�W�WHVW��WKH�PHDQ�TXL]�VFRUH�IRU�WKH�FRQWURO�JURXS�ZDV���������ZKLOH�WKH�PHDQ�VFRUH�IRU�WKH�SRGFDVW�JURXS�ZDV
��������7KH�FRQILGHQFH�LQWHUYDO�KDG�D�����FHUWDLQW\�WKDW�WKH�SRGFDVW�LPSURYHG�WKH�RYHUDOO�VFRUH�E\�OHVV�WKDQ��������������

$Q�H[SHUW�SDQHO�ZDV�FUHDWHG�WR�GHWHUPLQH�WKH�YDOLGLW\�RI�WKH�TXHVWLRQV��WKHLU�ODFN�RI�DJUHHPHQW�FDQ�EH�H[SODLQHG�E\�WKH�ODFN�RI�HYLGHQFH�EDVHG
FRQVHQVXV�JXLGHOLQHV�XVHG�WR�FUHDWH�D�FXUULFXOXP�WR�WHDFK�WKH�HWKLFDO�WUHDWPHQW�RI�WKH�HQWUDSSHG�DQG�WKH�PDQJOHG�H[WUHPLW\�LQ�D�5&$(��:LWKRXW�D
ÈJROG�VWDQGDUGÇ�WR�UHIHUHQFH�ZKHQ�GHVLJQLQJ�TXHVWLRQV�RI�DQ\�TXL]��WKH�H[SHFWHG�TXL]�UHVXOWV�FDQQRW�EH�H[SHFWHG�WR�EH�FRQVLVWHQW�

-XVW�LQ�WLPH�HGXFDWLRQ�LV�QRW�D�FXUULFXOXP��7KH�G\QDPLF�HQYLURQPHQW�RI�D�GLVDVWHU�SUHVHQWV�IDU�WRR�PDQ\�HWKLFDO��DVVHVVPHQW�DQG�WUHDWPHQW
GHFLVLRQV�WR�EH�WDXJKW�LQ�WKH�FRQVWUDLQHG�MXVW�LQ�WLPH�IRUPDW��-XVW�LQ�WLPH�HGXFDWLRQ�FDQ�EH�XWLOL]HG�WR�UHLQIRUFH�D�VSHFLILF�ZLGHO\�DFFHSWHG�WRSLF�ZLWK
IHZ�YDULDEOHV�ILUVW�WDXJKW�LQ�PHGLFDO�VFKRRO�RU�UHVLGHQF\�
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��������)HEULOH�V\QGURPH�LQ�\RXQJ�SDWLHQW��%RXWRQQHXVH�0HGLWHUUDQHDQ�IHYHU�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(QULTXH�&DUR������&DUPHQ�$GHOD�<DJR������0DULQD�%XIRUQ������-XDQ�$QWRQLR�5LYHUR�*XHUUHUR������(GXDUGR�5RVHOO�9HUJDUD����

���&ULWLFDO�FDUH�DQG�HPHUJHQF\�VHUYLFH��0DODJD��0DODJD��63$,1
���&ULWLFDO�FDUH�DQG�HPHUJHF\�VHUYLFH��9LUJHQ�9LFWRULD�+RVSLWDO��0DODJD��$8675,$

.H\ZRUGV��)HEULOH��%RXWRQQHXVH��5LFNHWWVLD

$EVWUDFW��

+LVWRU\�

��\HDUV�PDOH�JRHV�WR�KRVSLWDO�HPHUJHQF\�GHSDUWPHQWV�IRU�IHYHU�RI�XS�WR����j�&��PDODLVH��QDXVHD��YRPLWLQJ�DQG�K\SRUH[LD�DERXW���GD\V�RI�HYROXWLRQ�
1R�VHPLRWLFV�UHVSLUDWRU\��JDVWURLQWHVWLQDO�RU�JHQLWRXULQDU\�

5HIHUV�OLYH�LQ�SLQH�IRUHVW�ZKHUH�XVXDOO\�ZDON�\RXU�GRJ�

3K\VLFDO�H[SORUDWLRQ�

5(*��7$���������PP+J��)F����OSP�

$&3��WDTXLUU�WPLFRV�DQG�DXGLEOH�WRQHV��1R�PXUPXUV��09&�

$EGRPHQ�VRIW�DQG�SDOSDEOH��1R�SDOSR�PDVV�RU�RUJDQ�HQODUJHPHQW��1RW�SDLQIXO�RQ�SDOSDWLRQ�

S�SXOD�W\SH�VNLQ�OHVLRQV�GLVDSSHDU�$FXSUHVVXUH�JHQHUDOL]HG�OHVLRQ�ORFDOL]DWLRQ�IURQWDO�UHJLRQ�EODFNLVK�DQG�UHGGLVK�KDOR�FHQWHU

,QYHVWLJDWLRQV�

%ORRG�WHVWV��/HXNRF\WH��������+E�������SODWHOHWV���������&RDJXODWLRQ��37�$FW������%LRFKHPLVWU\��8UHD�����*OXFRVH�����&UHDWLQLQH��
����3&5�����

5[�WKRUD[��1RUPDO�

)LQDO�GLDJQRVLV�

%RXWRQQHXVH�0HGLWHUUDQHDQ�IHYHU��5LFNHWWVLD�FRQRULL�LQIHFWLRQ�

(YROXWLRQ�

%HIRUH�WKH�LQMXU\�IURQW��VHURORJ\�LV�UHTXHVWHG�DQG�HPSLULFDOO\�VWDUWV�WUHDWPHQW�ZLWK�'R[\F\FOLQH�

&RQFOXVLRQV�

$�WKRURXJK�SK\VLFDO�H[DPLQDWLRQ�LV�QHFHVVDU\�WR�UHDFK�D�GHILQLWLYH�GLDJQRVLV��EHLQJ�LPSRUWDQW�WR�PDNH�D�JRRG�KLVWRU\�ZLWK�WKH�SDWLHQW
V�KLVWRU\�



1(852/2*< 9DOHQWLQD�0RUHOO

��������6HL]XUHV�GXULQJ�DLU�WUDYHO

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9DOHQWLQD�0RUHOO������(QULTXH�&DUR������0DULD�$QJHOD�&DQDV�%DUUDQFR������-XDQ�$QWRQLR�5LYHUR������(GXDUGR�5RVHOO������)UDQFLVFR�7HPERXU\����

���&ULWLFDO�FDUH�DQG�HPHUJHQF\�VHUYLFH��0DODJD��0DODJD��63$,1
���&ULWLFDO�FDUH�DQG�HPHUJHF\�VHUYLFH��9LUJHQ�9LFWRULD�+RVSLWDO��0DODJD��63$,1
���&ULWLFDO�FDUH�DQG�HPHUJHQF\�VHUYLFH��9LUJHQ�9LFWRULD�+RVSLWDO��0DODJD��63$,1

.H\ZRUGV��SQHXPRHQFHSKDOXV��EDURWUDXPD��DLU

$EVWUDFW��

+LVWRU\�

0DOH����\HDUV�IURP�WKH�DLUSRUW�EURXJKW�E\�SUHVHQW�WKUHH�WRQLF�FORQLF�VHL]XUHV�VSKLQFWHUV�UHOD[DWLRQ�GXULQJ�DLUSODQH�IOLJKW��ZKLFK�KDYH�EHHQ
DGPLQLVWHUHG�LQWUDPXVFXODU���PJ�'LD]HSDP�

$3��XQNQRZQ�

3K\VLFDO�H[SORUDWLRQ�

5HJXODU�VWDWH�JHQHUDO��6WXSRURXV��:HOO�K\GUDWHG�DQG�SHUIXVHG��7$���������PP+J��)F����OSP��6DW�2�������$IHEULOH��DUUHDFWLYDV�P\GULDWLF�SXSLOV�
$&3��UK\WKPLF�DQG�DXGLEOH�WRQHV��1R�PXUPXUV��09&�

,QYHVWLJDWLRQV�

%ORRG�FRXQW��/HXNRF\WH�������+E�������3ODWHOHWV���������%LRFKHPLVWU\��*OXFRVH������&UHDWLQLQH��
���8UHD�����1D������.��
���&.������/'+������3&5���
1RUPDO�YHQRXV�EORRG�JDVHV���1HJDWLYH�WR[LF��8ULQH�6HGLPHQW��1RUPDO�

7$&�VNXOO��PXOWLSOH�DLU�EXEEOHV�LQ�VXEDUDFKQRLG�VSDFH�VFDWWHUHG�WKURXJKRXW�WKH�OHIW�EUDLQ��SQHXPRHQFHSKDOXV���DVVRFLDWLQJ�GLVFUHWH�GLIIXVH�F\WRWR[LF
HGHPD�UHVXOWLQJ�ORVV�RI�FRUWLFR�VXEFRUWLFDO�GLIIHUHQWLDWLRQ�LQ�WKH�FRQYH[LW\�

(YROXWLRQ�

7KH�RULJLQ�RI�SQHXPRHQFHSKDOXV�FDQ�EH�YDULHG��LQ�WKLV�FDVH�PD\�EH�GXH�WR�DLU�HPEROLVP�VHFRQGDU\�WR�EDURWUDXPD�JLYHQ�WKH�KLVWRU\�RI�DLU�WUDYHO�

7KH�SDWLHQW�EHFDPH�FRPDWRVH�ZLWK�UHSHDWHG�VHL]XUHV��SDVVLQJ�DZD\�D�IHZ�KRXUV�

)LQDO�GLDJQRVLV�

$LU�HPEROLVP�VHFRQGDU\�WR�EDURWUDXPD�E\�DLU�WUDYHO�

�

&RQFOXVLRQV�

7KH�JDV�HPEROLVP�ZLWK�FHUHEUDO�LVFKHPLF�OHVLRQV�FRUUHVSRQGLQJ�WR�LW�DQG�V\PSWRPDWLF�VHL]XUHV��XVXDOO\�SRRU�SURJQRVLV�

$OWKRXJK�QR�DQWHFHGHQWV�KDG�WR�PDNH�DVVXPSWLRQV�DERXW�ZKDW�LW�ZDV�SK\VLRSDWKRJHQHVLV��DOWKRXJK�WKH�IOLJKW�DQG�LQ�LWVHOI�LV�D�ULVN�IDFWRU��RU
VQRUNHOHG�KDYH�EHHQ�VXEMHFWHG�WR�SUHVVXUH�RSSRVLQJ�FKDQJHV�SULRU�WR�\RXU�IOLJKW"��

,Q�VXFK�FDVHV��WKH�K\SHUEDULF�FKDPEHU�LV�WKH�WKHUDSHXWLF�RSWLRQ�



0,6&(//$1(286 9DOHQWLQD�0RUHOO

��������%OHHGLQJ�DIWHU�FKDQJH�DQWLFRDJXODWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9DOHQWLQD�0RUHOO������(QULTXH�&DUR������0DU�D�&DUPHQ�5RGU�JXH]�&DVLPLUR������-XDQ�$QWRQLR�5LYHUR������(GXDUGR�5RVHOO������$QWRQLR�5DP�Q�%RVF�
&UHVSR����

���&ULWLFDO�FDUH�DQG�HPHUJHQF\�VHUYLFH��0DODJD��0DODJD��63$,1
���&ULWLFDO�FDUH�DQG�HPHUJHF\�VHUYLFH��9LUJHQ�9LFWRULD�+RVSLWDO��0DODJD��63$,1

.H\ZRUGV��5LYDUR[DEDQ��$FHQRFXPDURO��%OHHGLQJ

$EVWUDFW��

+LVWRU\�

0DOH�SDWLHQW����\HDUV�DIWHU�FKDQJH�RI�DQWLFRDJXODQW�WKHUDS\�PDNHV�D���G�DV��WDNLQJ�ULYDUR[DEDQ�DQG�LQLWLDWHG�DFHQRFXPDURO��UHIHUV�EOHHGLQJ
HSLVRGHV�DW�VHYHUDO�OHYHOV��EOHHGLQJ�JXPV��HSLVWD[LV�DQG�IURP�WKH�SUHYLRXV�GD\�KLSRVIDJPD�ZLWK�KHPDWRPD�LQIUDRUELWDULR�OHIW�ZLWKRXW�WUDXPD�RU�H\H
FOLQLF��5HIHUV�G\VSQHD�ZLWK�PRGHUDWH�HIIRUW��ZLWKRXW�IHYHU�RU�LQIHFWLRXV�FOLQLF�

$3��3HUPDQHQW�$WULDO�)LEULOODWLRQ��,+'��0HOOLWXV�GLDEHWHV��+7$�

�

3K\VLFDO�H[SORUDWLRQ�

5(*��%+\3��7$���������PP+J��6DW�2�������$IHEULOH�

$&3��DUUK\WKPLF�DQG�DXGLEOH�WRQHV��1R�PXUPXUV��09&�ZLWK�VRPH�LVRODWHG�URQFXV�

/HIW�(\H��OHIW�LQIUDRUELWDO�KHPDWRPD��KLSRVIDJPD�ZLWK�FRQMXQFWLYDO�HGHPD�

�

6XSSOHPHQWDU\�WHVWV�

&%&��+E�������3ODWHOHWV���������/HXNRF\WH��������&RDJXODWLRQ��,15���
���%LRFKHPLVWU\�*OXFRVH�����8UHD�����&UHDWLQLQH��
���1D������.��
�

5[�WKRUD[��DOYHRODU�LQWHUVWLWLDO�LQILOWUDWH�ELODWHUDO�

�

(YROXWLRQ�

$IWHU�WKH�DQDO\WLFDO�UHVXOWV��WKH�SDWLHQW�ZDV�DGPLWWHG�WR�REVHUYDWLRQ�DUHD�ZKHUH�SURWKURPELQ�FRPSOH[�LV�DGPLQLVWHUHG��DFKLHYLQJ�ILJXUHV�RI�,15�LQ
UDQJH�

+H�ODWHU�MRLQHG�E\�SXOPRQRORJ\�IRU�GHYHORSPHQW�RI�SXOPRQDU\�KHPRUUKDJH�

FRQFOXVLRQV�

8SGDWHV�SKDUPDFRSRHLD�KHOSV�SUHYHQW�FRPSOLFDWLRQV�RI�ROGHU�GUXJV�VXFK�DV�DFHQRFXPDURO�FRPSOLFDWLRQV�DQG�GLIILFXOW�,15�FRQWURO�



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< 1LHOV�5$7+/(9

��������('�&URZGLQJ���.H\�3OD\HUV�LQ�.H\�5ROHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1LHOV�5DWKOHY������-RVHSK�6FKPLGW������3DXO�9LVLQWDLQHU����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�0$VVDFKXVHWWV��%D\VWDWH��6SULQJILHOG��0$��86$
���'HSDUWPHQW�RI�$FDGHPLF�$IIDLUV��8QLYHUVLW\�RI�0$VVDFKXVHWWV��%D\VWDWH��6SULQJILHOG��0$��86$

.H\ZRUGV��&URZGLQJ��/HIW�ZLWKRXW�EHLQJ�VHHQ��('�YLVLWV

$EVWUDFW��

%DFNJURXQG��7KH�SHUFHQWDJH�RI�SDWLHQWV�ZKR�OHDYH�ZLWKRXW�EHLQJ�VHHQ��/:%6��E\�D�SK\VLFLDQ�LV�FRPPRQO\�XVHG�DV�D�VXUURJDWH�PDUNHU�RI�('
FURZGLQJ��,Q�'HFHPEHU�������D�QHZ�('�RSHQHG�DW�%D\VWDWH�0HGLFDO�&HQWHU�LQ�6SULQJILHOG��0DVVDFKXVHWWV��7KH�QHZ�('�KDG����OLFHQVHG�EHGV��IRXU
VHSDUDWH�3RGV�DQG�WKUHH�WLPHV�WKH�DUHD���������VT��IW���RI�WKH�ROG�IDFLOLW\��7KH�GHPDQG�IRU�('�FDUH�JUHZ�TXLFNO\�IURP�D�EDVHOLQH�RI�����SDWLHQWV
ÈVHHQÉ�SHU�GD\���������SHU�\HDU���7KH�SHUFHQWDJH�RI�SDWLHQWV�ZKR�/:%6�TXLFNO\�EHFDPH�D�SULRULW\�EHFDXVH�RI�D�YHU\�KLJK�GDLO\�UDWH�RI������WKH�ILUVW
PRQWK��1XUVLQJ�OHDGHUVKLS�RQ�GXW\�ZDV�UHVSRQVLEOH�IRU�PDQDJLQJ�SDWLHQW�IORZ��EXW�ZDV�ORRVHO\�RUJDQL]HG�DQG�GHWHUPLQHG�RQ�DQ�DG�KRF�GDLO\�EDVLV�

�0HWKRGV��:LWK�WKH�JRDOV�RI�LPSURYLQJ�HIILFLHQF\��UHGXFLQJ�WKH�SHUFHQWDJH�RI�SDWLHQWV�ZKR�/:%6�DQG�LQFUHDVLQJ�WKH�QXPEHU�RI�SDWLHQWV�ÈVHHQÉ�SHU
GD\��QXUVLQJ�OHDGHUVKLS�UROHV�ZHUH�DVVLJQHG�WR�VHOHFWHG�LQGLYLGXDOV�ZLWK�GHPRQVWUDWHG�PDQDJHPHQW�VNLOOV��3K\VLFLDQ�VWDIILQJ�ZDV�QRW�DGGHG��7KH
&KDUJH�1XUVH�ZDV�UHVSRQVLEOH�IRU�FRRUGLQDWLQJ�FDUH�WKURXJKRXW�WKH�('�DQG�ZDV�UHVSRQVLEOH�IRU�DOO�IRXU�3RGV��7KLV�LQGLYLGXDO�PDQDJHG�FXUUHQW
UHVRXUFHV�DQG�UHTXHVWHG�DGGLWLRQDO�SHUVRQQHO�DQG�HTXLSPHQW�ZKHQ�QHFHVVDU\��7KH�&KDUJH�1XUVH�DOVR�FRRUGLQDWHG�WKH�WUDQVIHU�RI�DGPLWWHG�SDWLHQWV
WR�DSSURSULDWH�LQ�SDWLHQW�VHWWLQJV�DQG�LQLWLDWHG�D�FDOO�IRU�DVVLVWDQFH�IURP�LQ�SDWLHQW�VHUYLFHV�ZKHQ�WKH�ERDUGLQJ�RI�WKHVH�SDWLHQWV�H[FHHGHG�FHUWDLQ
EHQFKPDUNV��7KH�)ORZ�&RRUGLQDWRU�DFFHSWHG�WUDQVIHUV�IURP�RWKHU�IDFLOLWLHV�DQG�QRWLILFDWLRQ�RI�SDWLHQW�DUULYDOV�IURP�SULPDU\�FDUH�DQG�VSHFLDOLVW
SK\VLFLDQV��5HSRUWV�IURP�(PHUJHQF\�0HGLFDO�6HUYLFHV�UHJDUGLQJ�LQ�FRPLQJ�WUDIILF�ZHUH�DOVR�DFFHSWHG�E\�WKH�)ORZ�&RRUGLQDWRU��7KH�3RG�/HDG�1XUVH
DVVXPHG�WKH�FRRUGLQDWLRQ�RI�FDUH�ZLWKLQ�HDFK�3RG�IRU�HYHU\�VKLIW��È'LUHFW�EHGGLQJÉ�RI�QHZ�SDWLHQWV�LQWR�RSHQ�('�ED\V�ZDV�WKH�EHFDPH�WKH�VWDQGDUG
ZKLOH�E\SDVVLQJ�WKH�:DLWLQJ�5RRP�DOWRJHWKHU�DIWHU�WULDJH��0HDVXUHV�ZHUH�FDOFXODWHG�RYHU�D���\HDU�SHULRG�DV�WKH�PHDQ�SHU�ZHHN�RI�GDLO\�RXWFRPHV�
7KH�QXPEHU�RI�SDWLHQWV�DFWXDOO\�ÈVHHQÉ�ZDV�DSSUR[LPDWHO\�QRUPDOO\�GLVWULEXWHG��WKHUHIRUH��VLPSOH�OLQHDU�UHJUHVVLRQ�ZDV�XVHG�IRU�DQDO\VLV��7RWDO
ZDONRXWV�DV�D�SHUFHQWDJH�RI�WRWDO�YROXPH�ZDV�DQDO\]HG�XVLQJ�IUDFWLRQDO�ORJLVWLF�UHJUHVVLRQ��VLQFH�WKH�GHSHQGHQW�YDULDEOH�ZDV�D�SURSRUWLRQ�UDQJLQJ
EHWZHHQ���DQG�����$OO�DQDO\VHV�ZHUH�FRQGXFWHG�LQ�6WDWD��YHUVLRQ�������6WDWD&RUS��&ROOHJ�6WDWLRQ��7;����$�FULWLFDO�WHVW�OHYHO�RI����ZDV�FRQVLGHUHG
VWDWLVWLFDOO\�VLJQLILFDQW�

�

�5HVXOWV��7KH�SHUFHQWDJH�RI�SDWLHQWV�ZKR�/:%6�GHFOLQHG�VWHDGLO\�RYHU�WLPH�ZLWK�D�QHJDWLYH�WUHQG�OLQH�UHDFKLQJ������LQ�'HFHPEHU�������7KLV�ZDV�D
����GHFUHDVH�LQ�WKUHH�\HDUV��7KH�QXPEHU�RI�SDWLHQWV�ÈVHHQÉ�URVH�VWHDGLO\�ZLWK�D�SRVLWLYH�WUHQG�OLQH�WR�D�PHDQ�RI�����SHU�GD\����������SHU�\HDU��LQ
WKH�VDPH�WLPHIUDPH��7KLV�UHSUHVHQWHG�D�����LQFUHDVH�GHVSLWH�QR�LQFUHDVH�LQ�SK\VLFLDQV�VWDIILQJ��7KH�UHJUHVVLRQ�OLQHV�IRU�ERWK�PHDVXUHV�ZHUH
VLJQLILFDQW�DW�3��������

�&RQFOXVLRQ��0HDVXUHV�RI�('�HIILFLHQF\�LQFOXGH�WKH�SHUFHQWDJH�RI�SDWLHQWV�ZKR�/:%6�DQG�WKH�QXPEHU�RI�SDWLHQWV�ÈVHHQÉ�RQ�D�GDLO\�EDVLV��7KHVH
RXWFRPHV�FDQ�EH�LPSURYHG�VLJQLILFDQWO\�ZLWK�D�GHGLFDWHG�QXUVLQJ�PDQDJHPHQW�VWUXFWXUH�WKDW�LV�FOHDUO\�IRFXVHG�RQ�HIILFLHQF\�ZLWKRXW�DGGLQJ
SK\VLFLDQ�VWDIILQJ�



&35���5(686&,7$7,21 3DWULFN�&KRZ�,Q�.R

��������&KDUDFWHULVWLFV�DQG�6XUYLYDO�2XWFRPHV�RI�$GXOW�1RQ�WUDXPDWLF�2XW�RI�KRVSLWDO�&DUGLDF�$UUHVWV�%HWZHHQ�3DWLHQWV�:LWK
DQG�:LWKRXW�([WUDFRUSRUHDO�&DUGLRSXOPRQDU\�5HVXVFLWDWLRQ���$�3URVSHFWLYH�&RPPXQLW\�ZLGH�(YDOXDWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3DWULFN�&KRZ�,Q�.R������0DWWKHZ�+XHL�0LQJ�0D������<LK�6KDUQJ�&KHQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH���1DWLRQDO�7DLZDQ�8QLYHUVLW\�+RVSLWDO��7DLSHL��7$,:$1
���'HSDUWPHQW�RI�&DUGLRYDVFXODU�6XUJHU\��1DWLRQDO�7DLZDQ�8QLYHUVLW\�+RVSLWDO��7DLSHL��7$,:$1

.H\ZRUGV��&DUGLDF�DUUHVW��&DUGLRSXOPRQDU\�UHVXVFLWDWLRQ��([WUDFRUSRUHDO�FLUFXODWLRQ��2XWFRPHV

$EVWUDFW��

2EMHFWLYHV���

7KH�RXWFRPH�RI�SDWLHQWV�DIWHU�2+&$�LV�SRRU��5HWXUQ�WR�VSRQWDQHRXV�FLUFXODWLRQ��526&��GUDPDWLFDOO\�GHFUHDVHV�ZLWK�WKH�GXUDWLRQ�RI�&35�
([WUDFRUSRUHDO�PHPEUDQH�R[\JHQDWLRQ�KDV�EHHQ�SURSRVHG�WR�DVVLVW�&35��(&35��LQ�2+&$��7KLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�HIIHFWV�DQG
FKDUDFWHULVWLFV�RI�(&35�IRU�DGXOW�QRQ�WUDXPDWLF�2+&$�YHUVXV�1RQ(&35�RQ�D�FRPPXQLW\ZLGH�EDVLV�

0HWKRGV�

�$�SURVSHFWLYH�IRXU�\HDU�REVHUYDWLRQDO�GDWDEDVH�FROOHFWHG�IURP�D�FRPPXQLW\ZLGH�2+&$�ZHE�UHJLVWU\�LQ�DQ�XUEDQ�(06��HPHUJHQF\�PHGLFDO�VHUYLFHV�
ZDV�VWXGLHG��7KH�(06�DPEXODQFH�WHDPV�ZHUH�FDSDEOH�ZLWK�DGYDQFHG�DLUZD\��LQWUDYHQRXV��LY��IOXLG�VNLOOV��EDVLF�DQG�DGYDQFHG�OLIH�VXSSRUW�DQG
DXWRPDWHG�H[WHUQDO�GHILEULOODWRU�WHFKQLTXHV��2XWFRPHV�LQFOXGHG�VXUYLYDO�DQG�FHUHEUDO�SHUIRUPDQFH�FDWHJRU\�VFDOH��&3&��DW�GLVFKDUJH��$GXOW
QRQ�WUDXPDWLF�2+&$V�ZLWK�DQG�ZLWKRXW�(&35�ZHUH�FRPSDUHG�E\�UHJUHVVLRQ�DQDO\VLV�LQFOXGLQJ�IDFWRUV�RI�SDWLHQW��SUHKRVSLWDO�DQG�KRVSLWDO
FKDUDFWHULVWLFV�DQG�RXWFRPHV��

5HVXOWV���

&RPSDULQJ�2+&$�UHFHLYLQJ�(&35��Q ����WR�WKRVH�ZLWKRXW��Q ������(&35�JURXS�ZHUH�\RXQJHU��PHGLDQ�DJH����YV�����S��������DQG�KDG�KLJKHU
SRUWLRQ�IRU�PHQ�����YV������S���������ZLWQHVVHG�DUUHVW��:LW��������YV��������S���������E\VWDQGHU�&35��%&35��������YV��������S ��������LQLWLDO
VKRFNDEOH�UK\WKPV��65��������YV��������S��������DQG�WKHUDSHXWLF�K\SRWKHUPLD��7+��������YV�������S���������7KH\��(3&5�YV�QRQ(&35��KDG�QR
GLIIHUHQFH�IRU�SUHKRVSLWDO�WLPH�LQWHUYDOV�������YV����PLQ����ODU\QJHDO�PDVN�DLUZD\�WUHDWPHQW�������YV���������(06�LY�HSLQHSKULQH�������YV��������
HQGRWUDFKHDO�LQWXEDWLRQ������YV��������SUHKRVSLWDO�526&�������YV�����S �������DQG�526&�XSRQ�KRVSLWDO�DUULYDO�������YV��������2XWFRPHV�ZHUH
EHWWHU�LQ�(&35�IRU�GLVFKDUJHG�VXUYLYDO�����YV�����S��������DQG�&3&��RU��������YV�������S���������$IWHU�DGMXVWLQJ�IRU�:LW��%&35��65��7+��DJH�DQG
VH[��ERWK�VXUYLYDO��DGMXVWHG�RGGV�UDWLR������>����&,���������@��DQG�JRRG�&3&��RU���DGMXVWHG�25������>����&,���������@��ZHUH�VWLOO�VLJQLILFDQWO\�KLJKHU
LQ�(&35�

&RQFOXVLRQV�

,Q�FXUUHQW�FOLQLFDO�SUDFWLFH�IRU�DGXOW�QRQWUDXPDWLF�2+&$��(&35�WHQGHG�WR�DSSO\�WR�SDWLHQWV�RI�\RXQJHU�DJH��PHQ��ZLWQHVVHG�DUUHVW��%&35��DQG�LQLWLDOO\
VKRFNDEOH�UK\WKPV�UHJDUGOHVV�RI�SRVLWLYH�526&�XSRQ�KRVSLWDO�DUULYDO��WKDW�FDQ�LQGHSHQGHQWO\�OHDG�WR�KLJKHU�VXUYLYDO�DQG�JRRG�QHXURORJLFDO�RXWFRPH
FRPSDUHG�WR�QRQ(&35�



&35���5(686&,7$7,21 3DWULFN�&KRZ�,Q�.R

��������&UHDWLYH�6LJQDOV�$QDO\VLV�RI�0HGLD�7HFKQRORJ\�IRU�5HFRJQL]LQJ�&DUGLDF�$UUHVW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

3DWULFN�&KRZ�,Q�.R������<X�&KHQ�/LQ������<XDQ�+VLDQJ�/LQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH���1DWLRQDO�7DLZDQ�8QLYHUVLW\�+RVSLWDO��7DLSHL��7$,:$1
���'HSDUWPHQW�RI�(OHFWURQLF�DQG�&RPSXWHU�(QJLQHHULQJ��1DWLRQDO�7DLZDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��7DLSHL��7$,:$1

.H\ZRUGV��&DUGLDF�DUUHVW��0HGLD�WHFKQRORJ\��5HFRJQLWLRQ

$EVWUDFW��

3XUSRVH�

5HFRJQLWLRQ�RI�FDUGLDF�DUUHVW�ZLWK�FKHFNLQJ�FDURWLG�SXOVH�LV�OHVV�WKDQ�D�KDOI�FRUUHFW�E\�WKH�SXEOLF��3RRU�UHFRJQLWLRQ�RI�FDUGLDF�DUUHVW�RU�SDWLHQW�RI
DJRQL]LQJ�VLWXDWLRQ�GHOD\V�HDUO\�E\VWDQGHU�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��%&35��WKDW�VKRXOG�EH�FULWLFDOO\�SURYLGHG�LQ�WKH�ILUVW�ILYH�PLQXWHV�EHIRUH
HPHUJHQF\�DPEXODQFH�DUULYDO��*OREDOO\�ZH�VWLOO�ODFN�RI�HIIHFWLYH�WHFKQRORJ\�WR�DVVLVW�EHWWHU�UHFRJQLWLRQ�RI�FDUGLDF�DUUHVW�WR�IDFLOLWDWH�HDUO\�%&35�DQG
SXEOLF�DFFHVV�GHILEULOODWLRQ��3$'���,Q�WKLV�VWXG\��ZH�DLP�WR�LQQRYDWH�D�YLGHR�VLJQDOV�DQDO\VLV�WRRO�WR�DVVLVW�UHFRJQLWLRQ�RI�FDUGLDF�DUUHVW�

0HWKRG�

:H�GHVLJQHG�DQ�LQQRYDWLYH�VNLOO�DOJRULWKP�IRU�WUDQVIRUPLQJ�DQG�DQDO\]LQJ�WKH�VLJQDOV�RI�WKH�YLGHR�UHFRUGLQJV�ILOPHG�ZLWK�PRELOH�VPDUWSKRQH�IRU�SDUW
RI�KXPDQ�ERG\��)DVW�)RXULHU�7UDQVIRUP��))7��VLJQDOV�ZHUH�HYDOXDWHG�LQ�RXU�VNLOO�DOJRULWKP��7KH�WLPH�OHQJWK�IRU�HDFK�YLGHR�UHFRUGLQJ�ZDV�ILIWHHQ
VHFRQGV��ZKLFK�ZDV�ILOPHG�ZLWKLQ�WKH�ILUVW�ILYH�PLQXWHV�DIWHU�FDUGLDF�DUUHVW�ZLWQHVVHG�LQ�WKH�LQWHQVLYH�FDUH�XQLW��7KLV�VLJQDO�DQDO\VLV�VNLOO�DOJRULWKP
ZDV�DSSOLHG�RQ�WKH�YLGHR�UHFRUGLQJV�RI�FDUGLDF�DUUHVW�SDWLHQWV�DQG�FRPSDUHG�ZLWK�WKDW�RI�QRUPDO�YROXQWHHUV�

5HVXOWV�

:H�DSSOLHG�RXU�VNLOO�DOJRULWKP�DQDO\VLV�RQ�YLGHR�VHJPHQWV�IURP�WZHQW\�FDUGLDF�DUUHVW�SDWLHQWV��DV\VWROH�IRU����FDVHV��YHQWULFXODU�ILEULOODWLRQ�IRU��
FDVHV��DQG�WZHQW\�QRQ�DUUHVW�YROXQWHHUV��PHGLDQ�KHDUW�UDWH����PLQ��,45��������PLQ���PDWFKHG�LQ�DJH�DQG�VH[��:H�LQQRYDWHG�D�PDWKHPDWLF�IRUPXOD
WR�FDOFXODWH�D�YDOXH��ZH�FDOOHG�LW�6ORSH�$OID��PDLQO\�IURP�WKH�FOXVWHU�RI�))7�VLJQDOV�HYDOXDWHG�E\�WKH�VNLOO�DOJRULWKP��7KH�6ORSH�$OID�YDOXH��0HDQ�
>6'@��RI�FDUGLDF�DUUHVW�SDWLHQWV�ZDV�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�YDOXH�RI�QRQ�DUUHVW�YROXQWHHUV��������>����@�YV�������>����@��S��������7KH�UHVXOWV
DOVR�LQGLFDWHG�D�WHQGHQF\�WKDW�IRU�FDUGLDF�DUUHVW�SDWLHQW�WKH�6ORSH�$OID�ZRXOG�EH�OHVV�WKDQ�����

&RQFOXVLRQV�

7KH�VNLOO�DOJRULWKP�ZH�LQQRYDWHG�IRU�VPDUWSKRQH�YLGHR�VLJQDOV�DQDO\VLV�PD\�VXFFHVVIXOO\�UHFRJQL]H�SDWLHQW�DIWHU�FDUGLDF�DUUHVW��)XUWKHU�LQWHJUDWLRQ
RI�WKLV�WHFKQRORJ\�ZLWK�PRELOH�GHYLFHV�ZRXOG�SURYLGH�WKH�JHQHUDO�SXEOLF�DQ�HDVLO\�DFFHVVLEOH�WRRO�IRU�FDUGLDF�DUUHVW�UHFRJQLWLRQ�DQG�HDUO\�FKHVW
FRPSUHVVLRQV�



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< (YHUW�*LSV

��������1DWLRQDO�WUHQGV�LQ�TXDQWDWLYH�GHVFULSWRUV�RI�HPHUJHQF\�GHSDUWPHQWV�LQ�7KH�1HWKHUODQGV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(YHUW�*LSV������&ULVSLMQ�9DQ�GHQ�%UDQG������5HEHNND�9HXJHOHUV������0HQQR�*DDNHHU����

�����)LRQD�6WDQOH\�+RVSLWDO��3HUWK��$XVWUDOLD��)UHPDQWOH��$8675$/,$
�����0HGLVFK�&HQWUXP�+DDJODQGHQ��7KH�+DJXH��7+(�1(7+(5/$1'6
�����$GPLUDDO�'H�5X\WHU�=LHNHQKXLV��*RHV��7+(�1(7+(5/$1'6

.H\ZRUGV��WUHQGV��HPHUJHQF\�PHGLFLQH��VHOI�UHIHUUDO��JHQHUDO�SUDFWLWLRQHUV�WULDJH

$EVWUDFW��

1DWLRQDO�WUHQGV�LQ�TXDQWLWDWLYH��GHVFULSWRUV�RI�(PHUJHQF\�'HSDUWPHQWV�LQ�7KH�1HWKHUODQGV�

�

(��*LSV

(PHUJHQF\�3K\VLFLDQ��)LRQD�6WDQOH\�+RVSLWDO�(PHUJHQF\�'HSDUWPHQW��3HUWK��$XVWUDOLD

�

&�/��YDQ�GHQ�%UDQG

(PHUJHQF\�3K\VLFLDQ��0HGLVFK�&HQWUXP�+DDJODQGHQ��7KH�+DJXH��7KH�1HWKHUODQGV

�

'U��5��9HXJHOHUV

(PHUJHQF\�SK\VLFLDQ��FOLQLFDO�HSLGHPLRORJLVW��(PHUJHQF\�'HSDUWPHQW��$GPLUDDO�'H�5X\WHU�=LHNHQKXLV��*RHV��7KH�1HWKHUODQGV

�

0�,��*DDNHHU

(PHUJHQF\�3K\VLFLDQ��$GPLUDDO�'H�5X\WHU�=LHNHQKXLV��*RHV��7KH�1HWKHUODQGV

�

�

%DFNJURXQG

,Q������WKH�ILUVW�QDWLRQZLGH�LQYHQWRU\�RI�DWWHQGDQFHV�DW�'XWFK�HPHUJHQF\�GHSDUWPHQWV��('V��DQG�VHOI�UHIHUUDOV�ZDV�GRQH���:H�SUHVHQW�WKH�UHVXOWV�RI
WKLV�VXUYH\�UHSHDWHG�LQ������������DQG������DQG�FRPSDUH�WKHP�ZLWK�WKH������UHVXOWV�

0HWKRGV

$OO�'XWFK�('V�SURYLGLQJ������SDWLHQW�FDUH�ZHUH�DSSURDFKHG�DQG�WKH�IROORZLQJ�GDWD�ZHUH�FROOHFWHG��W\SH�RI�OLDLVRQ�EHWZHHQ�('�DQG�RQ�FDOO�*3
VHUYLFH���WRWDO�QXPEHU�RI�('�DWWHQGHHV��RULJLQ�RI�SDWLHQW��VHOI�UHIHUUDO���UHIHUUHG�E\�*3��E\�DPEXODQFH�RU�RWKHU��DQG�WKH�QXPEHU�RI�KRVSLWDO�DGPLVVLRQ
YLD�('

�

0DLQ�ILQGLQJV

,Q�������RXW�RI�DOO�('V��������������UHVSRQGHG��������������LQ�������������������LQ������DQG�������������LQ������

,Q�������WRWDO�QXPEHU�RI�YLVLWV��H[WUDSRODWHG�WR�DOO����('V��ZDV�����������

,Q�����������������LQ�DOO����('V��LQ�����������������LQ�DOO����('V�DQG�LQ�����������������LQ�DOO����('V

7KH�DYHUDJH�SHUFHQWDJH�RI�('�SDWLHQWV�EURXJKW�LQ�YLD�DPEXODQFH�ZDV�����LQ�����������LQ�����������LQ������DQG�����



7KH�DYHUDJH�SHUFHQWDJH�RI�*3�UHIHUUDOV�IRU�DOO�('V�ZDV�����LQ�����������LQ������DQG�����LQ������DQG�����

7KH�DYHUDJH�SHUFHQWDJH�RI�VHOI�UHIHUUDOV�IRU�DOO�('V�ZDV�����LQ�����������LQ�����������LQ������DQG�����LQ�����

7KH�SHUFHQWDJH�RI�FORVH�OLDLVRQ�W\SHV�EHWZHHQ�('�DQG�*3�VHUYLFHV�ZDV�����LQ�����������LQ�����������LQ������DQG�����LQ�����

7KH�DYHUDJH�SHUFHQWDJH�RI�KRVSLWDO�DGPLVVLRQV�YLD�('�ZDV�����LQ�����������LQ�����������LQ������DQG�����LQ�����

�

&RQFOXVLRQ

7KHUH�UHPDLQV�D�QDWLRQZLGH�YDULDWLRQ�LQ�WKH�QXPEHU�RI�('�YLVLWV��UDWH�RI�VHOI�UHIHUUDOV�DQG�DGPLVVLRQ�UDWH�

7KH�WRWDO�QXPEHU�RI�('�YLVLWV�GHFUHDVHG�OLWWOH�GHVSLWH�LQFUHDVLQJO\�FORVHU�OLDLVRQV�EHWZHHQ�('V�DQG�*3�VHUYLFHV�

7KH�QXPEHU�RI�VHOI�UHIHUUDOV�KDV�GHFUHDVHG��ZKHUHDV�WKH�QXPEHU�RI�SDWLHQWV�SUHVHQWHG�YLD�*3V�RU�DPEXODQFH�VHUYLFHV�KDV�LQFUHDVHG�ZLWK�WKH�VDPH
SHUFHQWDJH�

)XUWKHU�UHVHDUFK�LV�UHTXLUHG�WR�HVWDEOLVK�DQ\�FDXVDOLW\�EHWZHHQ�WKHVH�ODVW�WZR�SKHQRPHQRQV�

�

�

�

�



75$80$ 0HQQR�,��*DDNHHU

��������75($70(17�2)�121�',63/$&('�5$',$/�1(&.�)5$&785(6�,1�7+(�('�OLWHUDWXUH��SURWRFROV�DQG�SUDFWLFH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-�-���$QQH��(YHUVGLMN������5���5LDQQH��0HLMHU������5���5HEHNND��9HXJHOHUV������-�0���6MRUV��YDQ�/LHVKRXW������0�,���0HQQR��*DDNHHU����

���(PHUJHQF\�0HGLFLQH�'HSDUWPHQW��$GPLUDDO�'H�5X\WHU�=LHNHQKXLV��5RWWHUGDP��7+(�1(7+(5/$1'6
���(PHUJHQF\�0HGLFLQH�'HSDUWPHQW��$GPLUDDO�'H�5X\WHU�=LHNHQKXLV��*RHV��7+(�1(7+(5/$1'6
�����$GPLUDDO�'H�5X\WHU�=LHNHQKXLV��*RHV��7+(�1(7+(5/$1'6

.H\ZRUGV��UDGLDO�QHFN�IUDFWXUH��WUHDWPHQW��HYLGHQFH��SUDFWLFH

$EVWUDFW��

WV�RI�LPPRELOL]DWLRQ�ZLWK�XSSHU�DUP�SODVWHU�RU�FRPSUHVVLRQ�EDQGDJH��1R�FRQVHQVXV�VHHPV�WR�H[LVW�RQ�WKH�PRVW�DSSURSULDWH�PHDQV�RI�LQLWLDO
FRQVHUYDWLYH�WUHDWPHQW�LQ�WKH�('��7KHUHIRUH�WKH�DLPV�RI�WKLV�VWXG\�ZHUH�����UHYLHZ�RI�OLWHUDWXUH�����LQYHQWRU\�RI�H[LVWLQJ�SURWRFROV�DQG���
FRQVLGHUDWLRQ�RI�LQLWLDO�WUHDWPHQW�JLYHQ�LQ�SUDFWLFH�

0HWKRGV��

$�V\VWHPDWLF�VHDUFK�RI�3XE0HG�ZDV�SHUIRUPHG��$OVR�SURWRFROV�IRUWUHDWPHQW�RI�QRQ�GLVORFDWHG�UDGLDO�QHFN�IUDFWXUHV�ZHUH�FROOHFWHG�LQ�HYHU\�'XWFK�('�
)LQDOO\��D�UHWURVSHFWLYH�



('8&$7,21�$1'�75$,1,1* 1LUPD�%XVWDPDQWH

��������$�TXDOLWDWLYH�DSSURDFK�WR�HYDOXDWLQJ�WKH�JOREDO�EDUULHUV�RI�,QWHUQDWLRQDO�(PHUJHQF\�0HGLFLQH�GHYHORSPHQW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1LUPD�%XVWDPDQWH������$QGUHV�3DWLQR������$OH[�9RQ�(FNDUWVEHUJ������5HEHNDK�&RHOKR������6HEDVWLDQ�6XDUH]������&KULVWLDQ�$UEHODH]����

���(PHUJHQF\�0HGLFLQH��%ULJKDP�DQG�:RPHQ
V�+RVSLWDO���%RVWRQ��86$
���(PHUJHQF\�0HGLFLQH��%ULJKDP�DQG�:RPHQ
V�+RVSLWDO���ERVWRQ��86$
�����1RQH��$UOLQJWRQ��86$
�����1RQH��%RVWRQ��86$
���2UWKRSHGLFV��%HWK�,VUDHO�'HDFRQHVV�+RVSLWDO���%RVWRQ��86$

.H\ZRUGV��,QWHUQDWLRQDO�(PHUJHQF\�0HGLFLQH��GHYHORSHPHQW��HGXFDWLRQ

$EVWUDFW��

6WXG\�2EMHFWLYHV�7KH�$&(3�,QWHUQDWLRQDO�$PEDVVDGRU�3URJUDP�ZDV�GHYHORSHG�DV�D�YHQXH�IRU�LQWHUQDWLRQDO�H[SHUWV�WR�SURYLGH�WKH�FXUUHQW�VWDWXV
DQG�SURJUHVV�RI�(PHUJHQF\�0HGLFLQH��(0��LQ�WKHLU�DVVLJQHG�FRXQWULHV��$Q�DQQXDO�RQH�GD\�FRQIHUHQFH�ZDV�FUHDWHG�WR�FRQYHQH�WKH�DPEDVVDGRUV�DQG
DOORZ�IRU�FROODERUDWLRQ�LQ�RUGHU�WR�UHDFK�WKH�FRPPRQ�LQWHUHVW�RI�DGYDQFLQJ�HPHUJHQF\�FDUH��2XU�REMHFWLYH�ZDV�WR�DQDO\]H�WKH�PDMRU�SHUFHLYHG
EDUULHUV�IRU�WKH�HYROXWLRQ�RI�WKH�VSHFLDOW\�

0HWKRGV�2SHQ�HQGHG�LQWHUYLHZV�ZHUH�FRQGXFWHG�GXULQJ�WKH�SURJUDPÇV�DQQXDO�FRQIHUHQFH�DQG�FROODWHG�IURP������������$&(3�,QWHUQDWLRQDO
$PEDVVDGRUV��1 �����ZKR�UHSUHVHQW�RYHU����FRXQWULHV��ZHUH�GLYLGHG�LQWR�IRFXV�JURXSV�WKURXJK�EUHDN�RXW�VHVVLRQV��,QWHUYLHZV�ZHUH�FHQWHUHG�RQ
WKHPDWLF�WRSLFV��LQFOXGLQJ�EDUULHUV�HQFRXQWHUHG�E\�VWDJH�RI�(0�GHYHORSPHQW��ORFDO��UHJLRQDO��DQG�LQWHUQDWLRQDO�QHHGV�IRU�(0�GHYHORSPHQW��DQG
EDUULHUV�DQG�QHHGV�RI�,QWHUQDWLRQDO�(PHUJHQF\�0HGLFLQH��,(0��HGXFDWLRQ��'DWD�FROOHFWLRQ�WRRN�SODFH�LQ�UHDO�WLPH�XVLQJ�VFULEHV�DQG�VXEVHTXHQWO\
JURXSHG�LQWR�NH\�WKHPHV�DQG�ILQGLQJV��$Q�LQGXFWLYH�DSSURDFK�WR�GDWD�DQDO\VLV�ZDV�XVHG�WR�LGHQWLI\�EDUULHUV�IRU�WKH�HYROXWLRQ�RI�(0�DEURDG�

5HVXOWV�$PEDVVDGRUV�UHSUHVHQWHG����FRXQWULHV�ZKLFK�DFFRXQWHG�IRU�DOPRVW�����RI�WKH�ZRUOGÇV�QDWLRQV��7KH�GHILQLWLRQ�RI�(0�LV�YHU\�FRXQWU\�VSHFLILF�
,GHQWLI\LQJ�ORFDO�VWDNHKROGHUV�LQ�HDFK�FRXQWU\�WKDW�ZRXOG�DGYRFDWH�IRU�(0�FDQ�EH�GLIILFXOW��(YHQ�WKRXJK�WKH�PRWLYDWLRQV�RI�ORFDO�JRYHUQPHQWV�DUH
GLIILFXOW�WR�UHFRJQL]H�DW�WLPHV��WKH�LQYROYHPHQW�RI�0LQLVWHUV�RI�+HDOWK��SXEOLF�RIILFLDOV��DQG�ORFDO�OHDGHUV�DUH�DQ�HVVHQWLDO�SDUW�LQ�DGYDQFLQJ�WKH
VSHFLDOW\��)XUWKHUPRUH��LQWHUQDWLRQDO�RUJDQL]DWLRQV�FRXOG�SURYLGH�TXDOLW\�FRQWURO�WKDW�DOORZV�IRU�WKH�GHYHORSPHQW�RI�(0�WKURXJK�D�SURFHVV�RI�PHULW��$
KHWHURJHQHRXV�FXUULFXOXP�DQG�ODFN�RI�NQRZOHGJH�RI�(0�DV�D�VSHFLDOW\�KDV�EHHQ�D�PDMRU�FKDOOHQJH�IRU�UHVLGHQF\�SURJUDPV��&HQWUDOL]LQJ�HGXFDWLRQDO
UHVRXUFHV�FDQ�UHGXFH�GXSOLFDWLRQ�RI�HIIRUWV�DQG�ZRXOG�EHQHILW�HGXFDWLRQDO�SURFHVVHV�IRU�(0�UHVLGHQF\�SURJUDPV�DQG�KHDOWK�SHUVRQQHO�

&RQFOXVLRQ�,QWHUQDWLRQDO�(PHUJHQF\�0HGLFLQH�UHPDLQV�XQGHUGHYHORSHG�DQG�WKHUH�VWLOO�LV�QRW�D�FOHDU�GHILQLWLRQ�RI�(0�DV�D�VSHFLDOW\��7KH�VFRSH�RI
SUDFWLFH�RI�(0�DEURDG�LV�VWLOO�QRW�ZLGHO\�UHFRJQL]HG��ZKLFK�IXUWKHU�LQFUHDVHV�WKH�GLIILFXOW\�RI�LWV�HYROXWLRQ��7KH�LQGLVSHQVDEOH�H[SDQVLRQ�RI�(0�ZLOO�EH
H[SRQHQWLDO�ZLWK�WKH�VXSSRUW�RI�UHJLRQDO�OHDGHUV�WR�IRUP�D�XQLTXH�LGHQWLW\�RI�WKH�VSHFLDOW\��7KHVH�OHDGHUV�SOD\�D�YLWDO�UROH�LQ�VWDQGDUGL]DWLRQ�DQG
FRPPXQLFDWLRQ��ZKLOH�VHUYLQJ�DV�FDWDO\VWV�LQ�UHVROYLQJ�VKDUHG�FRQFHUQV��,W�LV�LPSRUWDQW�WR�DWWHPSW�WR�SURIHVVLRQDOL]H�,(0�HGXFDWLRQ��:LWK�WKH
VXSSRUW�IURP�$&(3�DQG�,)(0��LQLWLDO�VWHSV�WR�SURIHVVLRQDOL]H�,(0�HGXFDWLRQ�ZRXOG�LQFOXGH�FRXUVH�PDSV�ZLWK�PLOHVWRQHV�DQG�JXLGH�IRU�D�FRUH
FXUULFXOXP�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

$OL�$UKDPL

��������,QWUDQDVDO�6XIHQWDQLO�YHUVXV�,QWUDYHQRXV�0RUSKLQH�6XOIDWH�LQ�3DLQ�0DQDJHPHQW�RI�3DWLHQWV�ZLWK�([WUHPLW\�7UDXPD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$OL�$UKDPL�GRODWDEDGL������PHPDU\�HOKDP������KDPLG�NDULPDQ������PDMLG�VKRMDHH����

���(PHUJHQF\�GHSDUWPHQW��,PPDP�+RVVHLQ�+RVSLWDO��6KDKLG�%HKHVKWL�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,UDQ��WHKUDQ��,5$1��,6/$0,&�5(38%/,&
���$QHVWKHVLRORJ\��VKDKLG�%HKHVKWL�XQLYHUVLW\�RI�PHGLFDO�VFLHQFHV��WHKUDQ��,5$1��,6/$0,&�5(38%/,&
���(PHUJHQF\�GHSDUWPHQW��,PPDP�+RVVHLQ�+RVSLWDO��VKDKLG�%HKHVKWL�XQLYHUVLW\�RI�PHGLFDO�VFLHQFHV��WHKUDQ��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��6XIHQWDQLO��DGPLQLVWUDWLRQ��LQWUDQDVDO��PRUSKLQH��DGPLQLVWUDWLRQ��LQWUDYHQRXV��ZRXQGV�DQG�LQMXULHV��HPHUJHQF\�VHUYLFH��KRVSLWDO��SDLQ
PDQDJHPHQW

$EVWUDFW��

,QWURGXFWLRQ��3DLQ�LV�RQH�RI�WKH�PRVW�FRPPRQ�FRPSODLQWV�RI�SDWLHQWV�UHIHUUHG�WR�HPHUJHQF\�GHSDUWPHQW��('��DQG�LWV�FRQWURO�LV�RQH�RI�WKH�PRVW
LPSRUWDQW�UHVSRQVLELOLWLHV�RI�WKH�SK\VLFLDQV��7KH�SUHVHQW�VWXG\�ZDV�GHVLJQHG��DLPLQJ�WR�FRPSDUH�WKH�HIILFLHQF\�RI�LQWUDQDVDO�VXIHQWDQLO�DQG
LQWUDYHQRXV��,9��PRUSKLQH�VXOIDWH�LQ�FRQWUROOLQJ�H[WUHPLW\�WUDXPD�SDWLHQWV
�SDLQ�LQ�('��0HWKRGV��,Q�WKH�SUHVHQW�FOLQLFDO�WULDO��H[WUHPLW\�WUDXPD�FDVHV
UHIHUUHG�WR�WKH�('�RI�,PDP�+RVVHLQ�+RVSLWDO��7HKUDQ��,UDQ��IURP�2FWREHU������WR�0DUFK������ZHUH�UDQGRPO\�GLYLGHG�LQWR���JURXSV�WUHDWHG�ZLWK
LQWUDQDVDO�VXIHQWDQLO������»J�NJ��DQG�,9�PRUSKLQH�VXOIDWH������PJ�NJ��VLQJOH�GRVHV��'HPRJUDSKLF�GDWD�DQG�LQIRUPDWLRQ�UHJDUGLQJ�WKH�TXDOLW\�RI�SDLQ
FRQWURO�VXFK�DV�SDLQ�VHYHULW\�EHIRUH�LQWHUYHQWLRQ�DQG���������DQG����PLQXWHV�DIWHU�LQWHUYHQWLRQ��DQG�SUREDEOH�VLGH�HIIHFWV�ZHUH�JDWKHUHG�XVLQJ�D
FKHFNOLVW�DQG�FRPSDUHG�EHWZHHQ�WKH���JURXSV��5HVXOWV�����SDWLHQWV�ZLWK�WKH�PHDQ�DJH�RI������k������\HDUV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�������
PDOH������SDWLHQWV�UHFHLYHG�,9�PRUSKLQH�VXOIDWH�DQG����JRW�LQWUDQDVDO�VXIHQWDQLO��1R�VLJQLILFDQW�GLIIHUHQFH�ZDV�GHWHFWHG�EHWZHHQ�WKH���JURXSV
UHJDUGLQJ�EDVHOLQH�FKDUDFWHULVWLFV��,Q�DGGLWLRQ��WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�JURXSV�UHJDUGLQJ�SDLQ�UHOLHI�DW�GLIIHUHQW�VWXGLHG�WLPHV��S� 
������)� �������GI����������6XFFHVV�UDWH�RI�WKH�GUXJV�DOVR�GLG�QRW�GLIIHU�VLJQLILFDQWO\�DW�GLIIHUHQW�VWXGLHG�WLPHV��S� ��������1R�VLJQLILFDQW�GLIIHUHQFH
ZDV�VHHQ�EHWZHHQ�WKH�JURXSV�UHJDUGLQJ�VLGH�HIIHFWV��S� ��������&RQFOXVLRQ��%DVHG�RQ�WKH�UHVXOWV�RI�WKLV�VWXG\��LW�VHHPV�WKDW�LQWUDQDVDO�VXIHQWDQLO
KDV�D�VLPLODU�HIIHFW�WR�,9�PRUSKLQH�VXOIDWH�LQ�UDSLG��HIILFLHQW��DQG�QRQ�LQYDVLYH�SDLQ�FRQWURO�LQ�SDWLHQWV�ZLWK�WUDXPDWLF�H[WUHPLW\�LQMXULHV�
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��������(YDOXDWLQJ�WKH�DFFHVV�WR�KHDOWK�RI�WKH�SRVW�FRQIOLFW�LQWHUQDOO\�GLVSODFHG�SHUVRQV�RI�*UDQL]DO��&RORPELD�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1LUPD�%XVWDPDQWH������&DVH\�*UDGLFN������$QGUHV�3DWLQR������3��*UHJJ�*UHHQRXJK������&KULVWLDQ�$UEHODH]����

���(PHUJHQF\�0HGLFLQH��%ULJKDP�DQG�:RPHQ
V�+RVSLWDO���%RVWRQ��86$
���,QWHUQDO�0HGLFLQH���8QLYHUVLW\�RI�8WDK���6DOW�/DNH�&LW\��86$
���(PHUJHQF\�0HGLFLQH��%ULJKDP�DQG�:RPHQ
V�+RVSLWDO���ERVWRQ��86$

.H\ZRUGV��SRVW�FRQIOLFW��LQWHUQDOO\�GLVSODFHG�SHUVRQV��&RORPELD

$EVWUDFW��

6WXG\�2EMHFWLYHV�8QOLNH�UHIXJHHV��LQWHUQDOO\�GLVSODFHG�SHUVRQV��,'3V��DUH�QRW�JUDQWHG�D�VWDWXV�WKDW�DOORZV�WKHP�H[SOLFLW�RU�VSHFLILF�LQWHUQDWLRQDO
SURWHFWLRQ�RU�DVVLVWDQFH��$IWHU�6\ULD��&RORPELD�KDV�WKH�VHFRQG�ODUJHVW�SRSXODWLRQ�RI�,'3V�LQ�WKH�ZRUOG��HVWLPDWHG�DW�����PLOOLRQ��'XULQJ�&RORPELDÇV
SURORQJHG�LQWHUQDO�FRQIOLFW��ODUJH�QXPEHUV�ZHUH�GLVSODFHG�IURP�UXUDO�WR�SHUL�XUEDQ�LQIRUPDO�VHWWOHPHQWV���7KH�FLWLHV�RI�0HGHOOLQ��WKH�VHFRQG�ODUJHVW
FLW\�LQ�&RORPELD��DQG�%HOOR�DUH�KRPH�WR�DERXW���������,'3V��2XU�REMHFWLYH�ZDV�WR�SURYLGH�WKH�ILUVW�GHVFULSWLRQ�RI�IDFWRUV�WKDW�REVWUXFW�WKH�XWLOL]DWLRQ
RI�PHGLFDO�VHUYLFHV�E\�WKLV�SRVW�FRQIOLFW�GLVSODFHG�SRSXODWLRQ�

0HWKRGV�$�GHVFULSWLYH��VHPL�VWUXFWXUHG�TXDOLWDWLYH�VWXG\�ZDV�FRQGXFWHG�XVLQJ�RSHQ�HQGHG�JURXS�LQWHUYLHZV�LQ�)HEUXDU\������E\�LQYHVWLJDWRUV�DW
+DUYDUG�8QLYHUVLW\�DQG�8QLYHUVLW\�RI�8WDK��7KH\�ZHUH�FDUULHG�RXW�LQ�*UDQL]DO��&RORPELD��D�FRPPXQLW\�ZLWK�D�KLJK�FRQFHQWUDWLRQ�RI�,'3V��ZKLFK
VWUDGGOHV�WKH�PXQLFLSDOLWLHV�RI�0HGHOOLQ�DQG�%HOOR��3DUWLFLSDQWV�LQFOXGHG�,'3�FRPPXQLW\�OHDGHUV��NH\�LQIRUPDQWV�RI�1*2V�SURYLGLQJ�KHDOWKFDUH�DQG
VHUYLFHV�WR�,'3V��DQG�ORFDO�H[SHUWV�LQ�WKH�ILHOG�IURP�WKH�8QLYHUVLGDG�GH�$QWLRTXLD��1 �����,QWHUYLHZV�ZHUH�DUUDQJHG�LQ�FROODERUDWLRQ�ZLWK�IDFXOW\�IURP
WKH�8QLYHUVLGDG�GH�$QWLRTXLD�DQG�FRQGXFWHG�LQ�6SDQLVK��7KHPDWLF�WRSLFV�LQFOXGHG�FXUUHQW�DFFHVV�WR�PHGLFDO�FDUH��EDUULHUV�WR�KHDOWKFDUH��DQG
FRPPRQ�GLVHDVH�EXUGHQV��7KH\�ZHUH�VXEVHTXHQWO\�WUDQVFULEHG�LQWR�(QJOLVK��$Q�LQGXFWLYH�DSSURDFK�WR�GDWD�DQDO\VLV�ZDV�XVHG�WR�LGHQWLI\�IDFWRUV�WKDW
REVWUXFW�WKH�DFFHVV�WR�KHDOWK�IRU�,'3V�

5HVXOWV�'XH�WR�VRFLDO�VWUHVVRUV�DQG�RQ�JRLQJ�YLROHQFH��DQ�,'3�SRSXODWLRQ�RI�*UDQL]DO�FXUUHQWO\�UHVLGHV�LOOHJDOO\�LQ�SULYDWHO\�RZQHG�ODQG��7KLV�IDFW
GRHV�QRW�DOORZ�WKHP�WKH�SURWHFWLRQ�RU�DFFHVV�WR�SXEOLF�VHUYLFHV�IURP�0HGHOOLQ�RU�%HOOR��:LWKRXW�OHJDO�UHFRJQLWLRQ�E\�ORFDO�JRYHUQPHQWV��WKH\�ODFN
DFFHVV�WR�SRWDEOH�ZDWHU��HOHFWULFLW\��SXEOLF�HGXFDWLRQ��DQG�PHGLFDO�VHUYLFHV��7KLV�OHDGV�WR�KLJK�UDWHV�RI�GLDUUKHDO�LOOQHVV�IRU�FKLOGUHQ��SRRU�TXDOLW\�RI
PDWHUQDO�KHDOWK��DQG�XQWUHDWHG�FKURQLF�QRQ�FRPPXQLFDEOH�GLVHDVHV��$�GHILFLHQF\�LQ�FRQFUHWH�GHPRJUDSKLF�DQG�TXDOLWDWLYH�GHVFULSWLYH�GDWD�LV�WKH
SULQFLSDO�EDUULHU�WKDW�SUHYHQWV�WKLV�,'3�SRSXODWLRQ�IURP�FODLPLQJ�DGGLWLRQDO�SURWHFWLRQV�IURP�ORFDO�JRYHUQPHQWV�

&RQFOXVLRQ�$OWKRXJK�,'3V�GR�QRW�ORVH�WKH�ULJKWV�DIIRUGHG�WR�WKRVH�QRQGLVSODFHG�XQGHU�QDWLRQDO�RU�LQWHUQDWLRQDO�ODZ��WKH\�GR�QRW�KDYH�DGGLWLRQDO�FLYLO
DQG�HFRQRPLF�SURWHFWLRQV�DQG�DVVLVWDQFH�FUHDWHG�E\�WKHLU�QHHGV�DQG�YXOQHUDELOLWLHV��7KH�ODFN�RI�UHFRJQLWLRQ�E\�WKH�JRYHUQPHQWV�RI�0HGHOOLQ�DQG
%HOOR�OHDGV�WR�PDMRU�SXEOLF�KHDOWK�FKDOOHQJHV�IRU�WKLV�,'3�SRSXODWLRQ��:H�SURSRVH�FUHDWLQJ�D�ODUJH�VFDOH�GHVFULSWLYH�TXDOLWDWLYH�VXUYH\�WKDW�ZLOO
SURYLGH�WKH�GDWD�QHFHVVDU\�WR�LPSURYH�DFFHVV�WR�KHDOWK�IRU�WKLV�YXOQHUDEOH�SRSXODWLRQ�
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��������*OREDO�6WDWH�RI�(PHUJHQF\�0HGLFLQH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1LUPD�%XVWDPDQWH������$QGUHV�3DWLQR������&KULVWLDQ�$UEHODH]����

���(PHUJHQF\�0HGLFLQH��%ULJKDP�DQG�:RPHQ
V�+RVSLWDO���%RVWRQ��86$
���(PHUJHQF\�0HGLFLQH��%ULJKDP�DQG�:RPHQ
V�+RVSLWDO���ERVWRQ��86$

.H\ZRUGV��,QWHUQDWLRQDO�(PHUJHQF\�0HGLFLQH��GHYHORSPHQW��FXUUHQW�VWDWH

$EVWUDFW��

6WXG\�2EMHFWLYHV�7KH�VSHFLDOW\�RI�(PHUJHQF\�0HGLFLQH��(0��LV�DW�GLIIHUHQW�VWDJHV�RI�GHYHORSPHQW�DURXQG�WKH�ZRUOG��6RPH�LPSRUWDQW�PLOHVWRQHV�LQ
WKH�GHYHORSPHQW�RI�(0�LQFOXGH�UHFRJQLWLRQ�DV�D�VSHFLDOW\��WKH�SUHVHQFH�RI�UHVLGHQFLHV�SURJUDPV��ERDUG�FHUWLILFDWLRQ��SURIHVVLRQDO�VRFLHWLHV�
UHFRJQL]HG�IHOORZVKLSV��DQG�D�VSHFLDOW\�MRXUQDO��$&(3�,QWHUQDWLRQDO�$PEDVVDGRUV�DUH�VHOHFWHG�WR�UHSUHVHQW�$&(3�DQG�FUHDWH�D�UHSRUW�RQ�FXUUHQW�VWDWH
RI�(0�LQ�D�SDUWLFXODU�FRXQWU\��2XU�REMHFWLYH�ZDV�WR�GHVFULEH�WKH�VWDWH�RI�HPHUJHQF\�PHGLFLQH�JOREDOO\�EDVHG�RQ�WKH�$&(3�,QWHUQDWLRQDO�$PEDVVDGRU
<HDUO\�&RXQWU\�5HSRUWV�

0HWKRGV�$OO�$&(3�,QWHUQDWLRQDO�$PEDVVDGRU�&RXQWU\�5HSRUWV�SXEOLVKHG�LQ�WKH�$&(3�ZHEVLWH�DV�RI�$SULO������ZHUH�DQDO\]HG��9DULDEOHV�DYDLODEOH�IRU
PRVW�FRXQWULHV�LQFOXGHG�ZKHWKHU�(0�LV�UHFRJQL]HG�DV�D�VSHFLDOW\��H[LVWHQFH�RI�DQ�(0�UHVLGHQFLHV��SUHVHQFH�RI�DQ�HPHUJHQF\�PHGLFLQH�SURIHVVLRQDO
VRFLHW\��DYDLODELOLW\�RI�DQ�(0�)HOORZVKLSV��DQG�FLUFXODWLRQ�RI�DQ�(0�SURIHVVLRQDO�MRXUQDO��'HVFULSWLYH�GDWD�ZDV�WDEXODWHG�DQG�UHSRUWHG�DV�IUHTXHQFLHV�

5HVXOWV�$PEDVVDGRU�&RXQWU\�5HSRUWV�ZHUH�DYDLODEOH�IRU�D�WRWDO�RI����FRXQWULHV��)LJXUH����2I�WKH�FRXQWULHV�UHSUHVHQWHG����ZHUH�IURP�1RUWK�$PHULFDQ
DQG�WKH�&DULEEHDQ�����ZHUH�IURP�6RXWK�$PHULFDQ�DQG�&HQWUDO�$PHULFD�����ZHUH�IURP�(XURSH�����ZHUH�IURP�$IULFD�����ZHUH�IURP�$VLD�DQG�$XVWUDOLD�
DQG����ZHUH�IURP�WKH�0LGGOH�(DVW��(0�ZDV�UHFRJQL]HG�DV�D�VSHFLDOW\�LQ����FRXQWULHV��������(0�UHVLGHQFLHV�H[LVWHG�LQ����FRXQWULHV��������$Q�(0
SURIHVVLRQDO�VRFLHW\�ZDV�SUHVHQW�LQ����FRXQWULHV��������(0�)HOORZVKLSV�ZHUH�DYDLODEOH�LQ����FRXQWULHV��������DQG�(0�SURIHVVLRQDO�MRXUQDOV�FLUFXODWHG
LQ����FRXQWULHV�������

&RQFOXVLRQ�$&(3�,QWHUQDWLRQDO�$PEDVVDGRUV�KDYH�SURGXFHG�&RXQWU\�5HSRUWV�IRU�DSSUR[LPDWHO\�����RI�WKH�ZRUOGÇV�FRXQWULHV��(PHUJHQF\�PHGLFLQH
LV�SUHVHQW�LQ�D�ODUJH�SDUW�RI�WKH�ZRUOG��DOEHLW�PRVWO\�LQ�HDUO\�VWDJHV�RI�GHYHORSPHQW��0RUH�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�FXUUHQW�VWDWH�RI�(0�LQ�HYHU\
FRXQWU\�ZRXOG�LQIRUP�HIIRUWV�WR�IXUWKHU�GHYHORS�(0�DV�D�VSHFLDOW\�JOREDOO\�DQG�LPSURYH�HPHUJHQF\�FDUH�SURYLGHG�DURXQG�WKH�ZRUOG�
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��������&KDUDFWHULVWLFV�RI�DFXWH�SRLVRQLQJV�LQ�FDWDORQLDQ�HPHUJHQF\�GHSDUWPHQWV��LQWR[����VWXG\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$/%(57�025(12�'(6758(/6������-(686�*u/9(=�025$������'20,1*2�5,%$6�6(*8x������)5$1&(6&�;$9,(5�$9,/w6�-85$'2������*,/0$5�38*1(7�����
'2,1$�62/72,$18����

���(0(5*(1&<�'(3$570(17��+263,7$/�81,9(56,7$5,�-2$1�;;,,,�'(�7$55$*21$��72;,&2/2*<�,1�(0(5*(1&<�:25.,1*�*5283�2)�&$7$/$1
62&,(7<�2)�(0(5*(1&,(6��6R&08(7R[���7$55$*21$��63$,1
���(0(5*(1&<�'(3$570(17��+263,7$/�81,9(56,7$5,�-2$1�;;,,,�'(�7$55$*21$��7$55$*21$��63$,1
���2725+,12/$5<1*2/2*<�'(3$570(17��+263,7$/�81,9(56,7$5,�-2$1�;;,,,�'(�7$55$*21$��7$55$*21$��63$,1

.H\ZRUGV��,172;,&$7,21��(0(5*(1&<�'(3$570(17��(3,'(0,2/2*<

$EVWUDFW��

,1752'8&7,21�

$FFLGHQWDO�DQG�LQWHQWLRQDO�SRLVRQLQJ�RU�GUXJV�RYHUGRVHV�UHPDLQV�D�VLJQLILFDQW�VRXUFH�RI�PRUELGLW\�DQG�PRUWDOLW\��7KH�REMHFWLYH�RI�WKLV�VWXG\�LV�WR
HYDOXDWH�WKH�HSLGHPLRORJLFDO�DQG�WR[LFRORJLFDO�FKDUDFWHULVWLFV�RI�DFXWH�SRLVRQLQJ�UHTXLULQJ�(PHUJHQF\�'HSDUWPHQW�FRQVXOWDWLRQ�

0(7+2'6

'HVFULSWLYH�VWXG\�RI�SRLVRQLQJV�DWWHQGHG�LQ���(PHUJHQF\�'HSDUWPHQWV�RI�&DWDORQLD�DWWHQGHG�WKH���WK�RI�HDFK�PRQWK�IURP�������WR���������'DWD
DIILOLDWLRQ���W\SH�DQG�ORFDWLRQ�RI�SRLVRQLQJ���WR[LF�LQYROYHG��DGPLQLVWHUHG�WUHDWPHQW��SV\FKLDWULF�HYDOXDWLRQ���QRWLILFDWLRQ�WR�FRXUW�DQG�GHVWLQDWLRQ�ZHUH
FROOHFWHG�DQG�VWDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�E\�XVLQJ�,%0�6366�VWDWLVWLFV�

5(68/76

$�WRWDO�RI�����SDWLHQWV�ZHUH�LQFOXGHG��7KH�PHDQ�DJH�ZDV�������\HDUV��67'��������DQG�������ZHUH�IHPDOH��0RVW�SDWLHQWV�ZHUH�IURP�6SDLQ���������
IROORZHG�E\�:HVWHUQ�(XURSH���������/DWLQRDPHULFD���������0DJUHE���������DQG�(DVWHUQ�(XURSH����������7KH�PDLQ�FDXVHV�ZHUH�UHFUHDWLRQ��������
DWWHPSWHG�VXLFLGHV��������DQG�DFFLGHQWV����������$OFRKRO�SRLVRQLQJ�ZDV�SUHVHQW�LQ�����SDWLHQWV����������GUXJV�LQ�����SDWLHQWV����������DQG�GUXJV
RI�DEXVH�LQ����SDWLHQWV�����������$PRQJ�PHGLFLQH�RYHUGRVHV��EHQ]RGLD]HSLQHV�VWDQGV�RXW�������DQG�GUXJV��FDQQDELV��������FRFDLQH�������DQG
DPSKHWDPLQHV��������,W�ZDV�VXLFLGH�DWWHPSW�LQ�������RI�SDWLHQWV���DQG�����KDG�SV\FKLDWULF�KLVWRU\��(PHUJHQF\�SV\FKLDWULF�DVVHVVPHQW�ZDV
SHUIRUPHG�LQ�������DQG�QRWLILFDWLRQ�WR�FRXUW�ZDV�LVVXHG�LQ�������RI�SRLVRQLQJV��5HJDUGLQJ�WUHDWPHQW��DFWLYDWHG�FKDUFRDO�ZDV�DGPLQLVWHUHG�LQ������
RI�FDVHV�������DQWLGRWHV��DQG�JDVWULF�ODYDJH�ZDV�SHUIRUPHG�LQ�������+RVSLWDO�DGPLVVLRQ�ZDV�QHFHVVDU\�LQ��������,QWHQVLYH�&DUH�8QLW�LQ�������DQG
3VLTXLDWULF�XQLW����

&21&/86,21

7R[LFV�PRVW�IUHTXHQWO\�LQYROYHG�LQ�DFXWH�SRLVRQLQJ�DUH�DOFRKRO��EHQ]RGLDFHSLQHV�DQG�FDQQDELV��$FWLYDWHG��FKDUFRDO�LV�WKH�PHWKRG�RI�JXW
GHFRQWDPLQDWLRQ�PRVW�XVHG�LQ�DFXWH�SRLVRQLQJ��DQG�WKH�JDVWULF�ODYDJH�ZDV�XVHG�OHVV�WKDQ����

5()(5(1&(6

$OEHUW��0���0F&DLJ��/�)���8GGLQ��6����(PHUJHQF\�GHSDUWPHQW�YLVLWV�IRU�GUXJ�SRLVRQLQJ��8QLWHG�6WDWHV������������������1&+6�GDWD�EULHI���������SS�
������'DUW��5�&���%URQVWHLQ��$�&���6S\NHU��'�$���&DQWLOHQD��/�5���6HLIHUW��6�$���+HDUG��6�(���.UHQ]HORN��(�3��3RLVRQLQJ�LQ�WKH�8QLWHG�6WDWHV������
HPHUJHQF\�PHGLFLQH�UHSRUW�RI�WKH�QDWLRQDO�SRLVRQ�GDWD�V\VWHP�������$QQDOV�RI�(PHUJHQF\�0HGLFLQH����������SS��������������0DUWLQ��&�$���&KDSPDQ�
5���5DKPDQ��$���*UDXGLQV��$��$�UHWURVSHFWLYH�GHVFULSWLYH�VWXG\�RI�WKH�FKDUDFWHULVWLFV�RI�GHOLEHUDWH�VHOI�SRLVRQLQJ�SDWLHQWV�ZLWK�VLQJOH�RU�UHSHDW
SUHVHQWDWLRQV�WR�DQ�$XVWUDOLDQ�HPHUJHQF\�PHGLFLQH�QHWZRUN�LQ�D�RQH�\HDU�SHULRG��������%0&�(PHUJHQF\�0HGLFLQH����������DUW��QR����
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+XJXHV�/HIRUW

��������$QDOJHVLF�WUHDWPHQW�RI�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��67(0,���&KDUDFWHUL]DWLRQ�DQG�RXWFRPHV�RI�DIIHFWHG
SDWLHQWV�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*LOOHV�/HQRLU������&O�PHQW�'HUNHQQH������$OH[DQGUH�$OORQQHDX������7K�Y\�%RFKH������$XU�OLH�/R\HDX������)UDQ�RLV�;DYLHU�/DERUQH������)UDQ�RLV�'XSDV
�����0LUHLOOH�0DSRXDWD������<DQQ�/DXUHQW�9LROLQ������6RSKLH�%DWDLOOH������)U�G�ULF�/DSRVWROOH����

���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�$YLFHQQH��$YLFHQQHV��)5$1&(
���6HUYLFH�P�GLFDO�G
XUJHQFH��%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�0�GLFDO�G
XUJHQFH���%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�+HQUL�0RQGRU��&U�WHLO��)5$1&(
���6HUYLFH�GHV�UHJLVWUHV�$56�,OH�GH�)UDQFH��$56�,OH�GH�)UDQFH��$3+3��3DULV��)5$1&(
���3�OH�GHV�8UJHQFHV��6$08�����&HQWUH�+RVSLWDOLHU�6XG�)UDQFLOLHQ��&RUEHLO��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����&HQWUH�+RVSLWDOLHU�GH�3RQWRLVH��3RQWRLVH��)5$1&(
���6HUYLFH�GHV�UHJLVWUHV�$56�,OH�GH�)UDQFH��$56�,OH�GH�)UDQFH��$3+3��3DULV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�$YLFHQQH��%RELJQ\��)5$1&(

.H\ZRUGV��67(0,��$QDOJHVLF�WUHDWPHQW��P\RFDUGLDO�LQIDUFWLRQ

$EVWUDFW��

,QWURGXFWLRQ���DQDOJHVLF�WUHDWPHQW�LQ�FRURQDU\�SDWLHQWV�LV�UHFRPPHQGHG��$OPRVW�KDOI�WKH�WLPH��0RUSKLQH�LV�XVHG�LQ�DOPRVW�KDOI�RI�WKH�FDVHV��6RPH
UHFHQW�LQWHUDFWLRQV��$7/$17,&�VWXG\��OHDG�WR�UDLVLQJ�TXHVWLRQV�DERXW�WKLV�SUDFWLFH�

2EMHFWLYHV���FRPSDUH�67(0,�SDWLHQWV�UHFHLYLQJ��DQDOJHVLF�WUHDWPHQW�WR�WKRVH�ZKR�GRQÇW�

0HWKRGV���,QFOXVLRQ���GDWD�DQDO\VH�RI�D�UHJLRQDO�UHJLVWU\�LQFOXGLQJ��DOO�67(0,�SDWLHQWV�IURP������WR�������6HFRQGDU\�WUDQVIHUV�ZHUH�H[FOXGHG�IURP
WKH�DQDO\VLV��,QFOXVLRQ�FULWHULD��FKDUDFWHUL]DWLRQ��GHOD\��IRU�WUHDWPHQW��WUHDWPHQW�DQG�RXWFRPHV��$GMXVWHG�2GGV�5DWLR������FRQILGHQFH�LQWHUYDO�
VLJQLILFDQW�LI�S�������

5HVXOWV���������SDWLHQWV�KDYH�EHHQ�DQDO\]HG��)DFWRUV�DVVRFLDWHG�ZLWK�DQDOJHVLF�WUHDWPHQW�DGPLQLVWUDWLRQ�ZHUH��PDOH�YHUVXV�IHPDOH�JHQGHU�������
>���������@���S������������GHOD\�EHWZHHQ�FKHVW�SDLQ�DQG�ILUVW�PHGLFDO�FDUH�OHVV�RU�HTXDO�WR����PLQXWHV�������>���������@���S������������KLJK�EORRG
SUHVVXUH�������>���������@���S ��������G\VOLSLGDHPLD��������>���������@���S� ���������

&RQFOXVLRQ���SDWLHQW�UHFHLYLQJ��DQDOJHVLF�VKRZHG�GLIIHUHQW�RXWFRPHV�IURP�WKH�RWKHUV��7KLV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�LQ�WKH�LQWHUDFWLRQV
PRUSKLQH���SODWHOHWV�DJJUHJDWLRQ�LQKLELWRU�PDQDJHPHQW�



35(�+263,7$/���(06���287�2)�+263,7$/ +XJXHV�/HIRUW

��������(YDOXDWLRQ�RI�WKH�UDWH�RI�DFXWH�FRURQDU\�V\QGURPHV�ZLWK�67�VHJPHQW��67(0,��SDWLHQWV�LQLWLDO�KDQGOLQJ�E\�D�SUHKRVSLWDO
PHGLFDO�WHDP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)UDQ�RLV�;DYLHU�/DERUQH������$PDQGLQH�$EULDW������$OH[DQGUH�$OORQQHDX������6RSKLH�%DWDLOOH������$XU�OLH�/R\HDX������*DHOOH�/H�%DLO������/LRQHO�/DPKDXW
�����9LUJLQLH�3LU�V������-HDQ�0LFKHO�-XOLDUG������<YHV�/DPEHUW������+XJXHV�/HIRUW������)U�G�ULF�/DSRVWROOH����

���3�OH�GHV�8UJHQFHV��6$08�����&HQWUH�+RVSLWDOLHU�6XG�)UDQFLOLHQ��&RUEHLO��)5$1&(
���6HUYLFH�0�GLFDO�G
XUJHQFH���%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�GHV�UHJLVWUHV�$56�,OH�GH�)UDQFH��$56�,OH�GH�)UDQFH��$3+3��3DULV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�5D\PRQG�3RLQFDU���*DUFKHV��)5$1&(
���,QWHQVLYH�&DUH�	�6$08�����+�SLWDO�1HFNHU��3DULV��)5$1&(
���6$08�����&HQWUH�KRVSLWDOLHU�0DUF�-DFTXHW��0HOXQ��)5$1&(
���6HUYLFH�GH�&DUGLRORJLH��+RSLWDO�%LFKDW��3DULV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����&HQWUH�+RVSLWDOLHU�GH�9HUVDLOOHV��9HUVDLOOHV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�$YLFHQQH��%RELJQ\��)5$1&(

.H\ZRUGV��67(0,��SUH�KRVSLWDO�PHGLFDO�WHDP��0,&8��DFXWH�FRURQDU\�V\QGURPH��GLVSDWFKLQJ�FHQWHU

$EVWUDFW��

,QWURGXFWLRQ��8SRQ�UHFHLYLQJ�D�����FDOO�IRU�FKHVW�SDLQ��WKH�DVVXPSWLRQ�LV�WKDW�LW�LV�DQ�DFXWH�FRURQDU\�V\QGURPH��$&6��DQG�WKH�LPPHGLDWH�GLVSDWFK
RI�DQ�0,&8�FRQVWLWXWHV�WKH��VW�SKDVH�RI�RSWLPDO�67(0,�KDQGOLQJ�

2EMHFWLYH��7R�HYDOXDWH�VHQGLQJ�DQ�PHGLFDO�LQWHQVLYH�FDUH�XQLWV��0,&8��DV�ILUVW�LQWHUYHQWLRQ�LQ�WKH�KDQGOLQJ�RI�$&6�

0HWKRG��3URVSHFWLYH�GDWD�IURP�D�UHJLRQDO�SUH�KRVSLWDO�67(0,�UHJLVWHU�LQYROYLQJ����0,&8�DQG���GHSDUWPHQWDO�SUHKRVSLWDO�(PHUJHQF\�0HGLFDO
6HUYLFHV��,QFOXGHG��SDWLHQWV�ZLWK�67(0,�IURP������WR������WUHDWHG�ZLWK�SULPDU\�LQWHUYHQWLRQ�SDWLHQW�KDQGOLQJ��)DFWRUV�VWXGLHG��DJH��JHQGHU�
FDUGLRYDVFXODU�ULVN�IDFWRUV��SDLQ�FKDUDFWHULVWLFV��W\SH�RI�FDOOHU��(YDOXDWLRQ�FULWHULD��UHVSRQVH�UDWH�RI�WKH�0,&8�IURP�WKH�WLPH�RI�WKH�LQLWLDO�FDOO�DQG
IDFWRUV�DVVRFLDWHG�ZLWK�WKLV�HDUO\�UHVSRQVH�

5HVXOWV��2XW�RI��������67(0,��WKH�0,&8�UHVSRQVH�UDWH�IURP�WKH�WLPH�RI�WKH�LQLWLDO�FDOO�ZDV������,Q�XQLYDULDWH�DQDO\VLV��KHUHGLW\��VPRNLQJ��GLDEHWHV
DQG�REHVLW\�ZHUH�QRW�VLJQLILFDQWO\�OLQNHG�WR�0,&8�UHVSRQVH��,Q�PXOWLYDULDWH�DQDO\VLV��D�GRFWRU
V�����FDOO�DQG�D�KLVWRU\�RI�FRURQDU\�KHDUW�GLVHDVH�ZHUH
IDFWRUV�LQGHSHQGHQW�RI�LQVWDQW�0,&8�UHVSRQVH��XQOLNH�DQ�DJH�RYHU�����IHPDOH�JHQGHU��D�SDUDPHGLF
V�����FDOO�DQG�XQXVXDO�SDLQ�

&RQFOXVLRQ��3ULPDU\�UHVSRQVH�E\�WKH�0,&8�RQ�DQ�DVVXPHG�$6&�ZDV�IRXQG�LQ�����RI�FDVHV��$PRQJ�WKHVH�FDVHV��ZRPHQ��SHRSOH�DJHG�RYHU����DQG
FDVHV�ZLWK�XQXVXDO�SDLQ�VHHPHG�LQVXIILFLHQWO\�WDNHQ�LQWR�DFFRXQW��DQG�ZHUH�DVVRFLDWHG�ZLWK�D�GHOD\HG�0,&8�UHVSRQVH�



&$5',29$6&8/$5 +XJXHV�/HIRUW

��������$QJLRSODVW\�UHSRUWLQJ�FKDQQHOV�IRU�DFXWH�FRURQDU\�V\QGURPHV�ZLWK�67�VHJPHQW��67(0,��ZLWKLQ����KRXUV�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+XJXHV�/HIRUW������$OH[DQGUH�$OORQQHDX������2OLYLHU�<DYDUL�6DUWDNKWL������+DNLP�%HQDPHU������$XU�OLH�/R\HDX������/LRQHO�/DPKDXW������6RSKLH�%DWDLOOH
�����)U�G�ULF�/DSRVWROOH������&KULVWRSKH�&DXVVLQ������*D�WDQ�.DULOORQ������&KULVWLDQ�6SDXOGLQJ������<YHV�/DPEHUW����

���6HUYLFH�0�GLFDO�G
XUJHQFH���%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�0�GLFDO�G
8UJHQFH��%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�GH�FDUGLRORJLH��+�SLWDO�(XURS�HQ�*HRUJHV�3RPSLGRX���3DULV��)5$1&(
���6HUYLFH�GHV�UHJLVWUHV�$56�,OH�GH�)UDQFH��$56�,OH�GH�)UDQFH��$3+3��3DULV��)5$1&(
���,QWHQVLYH�&DUH�	�6$08�����+�SLWDO�1HFNHU��3DULV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�$YLFHQQH��%RELJQ\��)5$1&(
���6HUYLFH�GH�FDUGLRORJLH��,QVWLWXW�0XWXDOLVWH�0RQWVRXULV��3DULV��)5$1&(
���6HUYLFH�GH�FDUGLRORJLH��+�SLWDO�6LPRQH�9HLO��0RQWPRUHQF\��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����&HQWUH�+RVSLWDOLHU�GH�9HUVDLOOHV��9HUVDLOOHV��)5$1&(

.H\ZRUGV��$QJLRSODVW\��67(0,��$FXWH�FRURQDU\�V\QGURPH��UHSHUIXVLRQ�VWUDWHJ\

$EVWUDFW��

,QWURGXFWLRQ��5HJLRQDO�KHDOWK�FDUH�DJHQFLHV
�SUHYHQWLYH�FDPSDLJQV�DUH�XUJLQJ�SDWLHQWV�DQG�KHDOWKZRUNHUV�WR�FDOO�WKH�����SUHKRVSLWDO�(PHUJHQF\
0HGLFDO�6HUYLFHV�FHQWUH�IRU�DQ\�VXVSLFLRXV�FKHVW�SDLQ��,Q�WKH�HYHQW�RI�D�67(0,��DFFHVV�WR�D�WHFKQLFDO�SODWIRUP�IRU�DQJLRSODVW\�ZLWKLQ����KRXUV�LV
UHFRPPHQGHG�E\�WKH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\��UHJXODWHG�E\�WKH�SUHKRVSLWDO�(PHUJHQF\�0HGLFDO�6HUYLFHV�WKURXJK�RSWLPDO�SULPDU\�SDWLHQW
KDQGOLQJ��RU�D�VHFRQGDU\�WUDQVIHU��6RPH�67(0,�GR�QRW�VHHP�WR�EHQHILW�IURP�WKLV�V\VWHP�

2EMHFWLYH��&KDQJHV�LQ�WKH�SURSRUWLRQV�RI�SDWLHQWV�LQ�HDFK�RI�WKHVH�FKDQQHOV�

0HWKRGV��&RPSDUDWLYH�VWXG\�RI�WZR�LQWHUGHSDUWPHQWDO�REVHUYDWLRQDO�SURVSHFWLYH�UHJLVWHUV��IRU�SUHKRVSLWDO�KDQGOLQJ�DQG�LQWHUYHQWLRQDO�FDUGLRORJ\�
LQFOXGLQJ�WKRVH�67(0,�XQGHUJRLQJ�DQ�DQJLRSODVW\�ZLWKLQ����KRXUV�EHWZHHQ������DQG������

(YDOXDWLRQ�FULWHULRQ��&KDQJHV�LQ�WKH�SHUFHQWDJH�RI�SDWLHQWV�QRW�EHQHILWWLQJ�IURP�WKH�SUHKRVSLWDO�(PHUJHQF\�0HGLFDO�6HUYLFHV�DUUDQJHPHQWV�

5HVXOWV��)RU����\HDUV�LQ�WKH�UHJLRQ���������67(0,�SDWLHQWV�KDYH�UHFHLYHG�DQJLRSODVW\�ZLWKLQ����KRXUV������RI�ZKLFK����������ZHUH�GHDOW�ZLWK�E\
WKH�SUHKRVSLWDO�(PHUJHQF\�0HGLFDO�6HUYLFHV�������LQ�SULPDU\�FDUH����������DQG�������LQ�VHFRQGDU\�FDUH�����������2Q�DYHUDJH��HDFK�\HDU��������k
�����67(0,�ZHUH�QRW�GHDOW�FDUHG�IRU�

'LVFXVVLRQ��7KH�QXPEHU�RI�67(0,�QRW�EHQHILWWLQJ�IURP�WKH�SUHKRVSLWDO�(PHUJHQF\�0HGLFDO�6HUYLFHV�LV�VLJQLILFDQW��HYHQ�LI�LW�WHQGV�WR�GHFOLQH��7KHUH
LV�DQ�XUJHQW�QHHG�WR�LGHQWLI\�DQG�OHDUQ�PRUH�DERXW�WKH�HSLGHPLRORJLFDO�FKDUDFWHULVWLFV�RI�WKHVH�SDWLHQWV��VR�WKH\�FDQ�EHQHILW�IURP�PRUH�HIILFLHQW�FDUH�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 &KULVWLDQD�6WDYURX

��������7KH�ODFN�RI�FRQVHQVXV�DERXW�WKH�UROH�IRU�/3�LQ�6$+�OHDGV�WR�ZLGH�YDULDWLRQ�LQ�SUDFWLFH�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KULVWLDQD�6WDYURX������3DULVDK�6H\HG�6DIL������)UDQFHV�%HQQHWW����

�����8&/+��/RQGRQ��8.

.H\ZRUGV��6XEDUDFKQRLG�KDHPRUUKDJH��/XPEDU�SXQFWXUH��&7�KHDG

$EVWUDFW��

7LWOH

7KH�ODFN�RI�FRQVHQVXV�DERXW�WKH�UROH�IRU�/3�LQ�6$+�OHDGV�WR�ZLGH�YDULDWLRQ�LQ�SUDFWLFH�

%DFNJURXQG

6XEDUDFKQRLG�KDHPRUUKDJHV��6$+��FDUU\�D�VLJQLILFDQW�PRUWDOLW\�ULVN��'D\��������������,Q�SDWLHQWV�ZLWK�D�KLJK�VXVSLFLRQ�IRU�6$+��D�&7�KHDG�LV�WKH
ILUVW�OLQH�LQYHVWLJDWLRQ��,I�QHJDWLYH��D�OXPEDU�SXQFWXUH��/3��KDV�WUDGLWLRQDOO\�EHHQ�WKRXJKW�WR�LQFUHDVH�GLDJQRVWLF�\LHOG���+RZHYHU��WKHUH�LV�FRQWURYHUV\
LQ�WKH�OLWHUDWXUH�DERXW�WKH�XWLOLW\�RI�SHUIRUPLQJ�/3�IROORZLQJ�D�QHJDWLYH�&7�

$LP

7R�LQYHVWLJDWH�FXUUHQW�SUDFWLFH�UHODWLQJ�WR�XVH�RI�/3V�LQ�GLDJQRVLV�RI�6$+�DW�8QLYHUVLW\�&ROOHJH�+RVSLWDO��8&+��DQG�UHYLHZ�WKH�JXLGHOLQHV�DQG
HYLGHQFH�EDVH�VXUURXQGLQJ�WKHP�

0HWKRGV

5HWURVSHFWLYH�FRKRUW�VWXG\�RI����HPHUJHQF\�SDWLHQWV�LQYHVWLJDWHG�IRU�6$+�DW�8&+��RYHU�D�SHULRG�RI����ZHHNV�

5HVXOWV

�����RI�SDWLHQWV��Q ����KDG�D�&7�KHDG��ZKRP�����Q ���&7�GHPRQVWUDWHG�6$+��2I�WKRVH�ZLWK�QRUPDO�&7V��Q ��������KDG�DQ�/3��Q ����������RI
/3V�ZHUH�QHJDWLYH�IRU�[DQWKRFKURPLD��$QDO\VLV�RI�SUH�WHVW�IHDWXUHV�RI�6$+�VKRZHG�WKDW�RQO\������Q ���RI�SDWLHQWV�ZKR�KDG�DQ�/3�SUHVHQWHG�ZLWK�D
WKXQGHUFODS�KHDGDFKH�

'LVFXVVLRQ

,W�LV�FOHDU�WKDW�DQ\�SDWLHQW�EHLQJ�LQYHVWLJDWHG�IRU�DQ�6$+�VKRXOG�KDYH�D�&7�KHDG��7KH�VHQVLWLYLW\�RI�D�&7�LQ�WKH�ILUVW���KRXUV�LV�QHDU���������&RQIXVLRQ
OLHV�LQ�WKH�XWLOLW\�RI�/3�DV�D�VHFRQG�OLQH�LQYHVWLJDWLRQ�

2XU�GDWD�VKRZV�WKDW�D�/3�GLG�QRW�KHOS�GLDJQRVH�DQ\�RI�WKH�SDWLHQWV�SUHVHQWLQJ�RYHU����ZHHNV�WR�8&+�ZLWK�D�VXVSHFWHG�6$+��7KH���SDWLHQWV�ZKR
SUHVHQWHG�ZLWK�D�6$+�ZHUH�GLDJQRVHG�RQ�&7�����/3V�ZHUH�WKHUHIRUH�SHUIRUPHG�WKDW�GLG�QRW�SURYLGH�DQ\�DGGLWLRQDO�GLDJQRVWLF�LQIRUPDWLRQ�

7KHUH�LV�D�QHHG�IRU�WKH�GHYHORSPHQW�RI�HYLGHQFH�EDVHG�JXLGHOLQHV�IRU�WKH�UROH�RI�/3V�LQ�WKH�GLDJQRVWLF�SDWKZD\�RI�SDWLHQWV�ZLWK�D�VXVSHFWHG�6$+�

7KH�GLDJQRVWLF�SDWKZD\�VKRXOG�LQFRUSRUDWH�D�VFRULQJ�V\VWHP�WR�KHOS�LGHQWLI\�SUH�WHVW�SUREDELOLW\�IRU�6$+��7KLV�VKRXOG�EH�EDVHG�RQ�D�YDOLGDWHG�WRRO
IRU�KLJK�ULVN�FOLQLFDO�FKDUDFWHULVWLFV��VXFK�DV�ZLWQHVVHG�ORVV�RI�FRQVFLRXVQHVV�DQG�QHFN�SDLQ�RU�VWLIIQHVV���&OLQLFLDQV�ZRXOG�EH�DEOH�WR�PDNH�XVH�RI�WKH
JXLGHOLQHV�WR�ULVN�VWUDWLI\�SDWLHQWV�SUHVHQWLQJ�ZLWK�D�KHDGDFKH�DQG�LQYHVWLJDWH�WR�DQ�DSSURSULDWH�OHYHO��

&RQFOXVLRQ

7KHUH�LV�D�ODFN�RI�JXLGDQFH�WR�VXJJHVW�ZKHQ�D�QRQ�GLDJQRVWLF�&7�KHDG�QHFHVVLWDWHV�DQ�/3�LQ�WKH�LQYHVWLJDWLRQ�RI�6$+��&OHDUHU�JXLGHOLQHV�DUH�QHHGHG
WR�VWDQGDUGLVH�SUDFWLFH�LQ�RUGHU�WR�DOORZ�FOLQLFLDQV�WR�DSSURSULDWHO\�LQYHVWLJDWH�6$+��ZKLOVW�DYRLGLQJ�XQQHFHVVDU\�LQYDVLYH�SURFHGXUHV�

5HIHUHQFHV

(XURSHDQ�VWURNH�RUJDQL]DWLRQ�JXLGHOLQHV�������
$6$�*XLGHOLQHV�IRU�WKH�0DQDJHPHQW�RI�$QHXU\VPDO�6XEDUDFKQRLG�+HPRUUKDJH��,Q��6WURNH���������
'XERVK�1��HW�DO��6HQVLWLYLW\�RI�(DUO\�%UDLQ�&RPSXWHG�7RPRJUDSK\�WR�([FOXGH�$QHXU\VPDO�6XEDUDFKQRLG�+HPRUUKDJH��6WURNH���������
&RUWQXP�6�HW�DO��'HWHUPLQLQJ�WKH�6HQVLWLYLW\�RI�&7�VFDQQLQJ�LQ�(DUO\�'HWHFWLRQ�RI�6XEDUDFKQRLG�+DHPRUUKDJH��1HXURVXUJHU\��������
3HUU\�-�HW�DO��+LJK�ULVN�FOLQLFDO�FKDUDFWHULVWLFV�IRU�VXEDUDFKQRLG�KDHPRUUKDJH�LQ�SDWLHQWV�ZLWK�DFXWH�KHDGDFKH��SURVSHFWLYH�FRKRUW�VWXG\��%0-�������



�

1R�FRQIOLFW�RI�LQWHUHVW
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��������$FXWH�FRURQDU\�V\QGURPH�ZLWK�67�VHJPHQW�HOHYDWLRQ��67(0,���,PSDFW�RI�D�PHGLFDO�LQWHUPHGLDU\�WR�WULJJHU�WKH
SUHKRVSLWDO�(PHUJHQF\�0HGLFDO�6HUYLFHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*DHOOH�/H�%DLO������$ODLQ�&RXUWLRO������$OH[DQGUH�$OORQQHDX������)UDQ�RLV�;DYLHU�/DERUQH������$XU�OLH�/R\HDX������9LUJLQLH�3LU�V������7K�Y\�%RFKH�����
-HDQ�0LFKHO�-XOLDUG������)UDQ�RLV�'XSDV������<YHV�/DPEHUW������+XJXHV�/HIRUW������)U�G�ULF�/DSRVWROOH�����

���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�5D\PRQG�3RLQFDU���*DUFKHV��)5$1&(
���6HUYLFH�0�GLFDO�G
XUJHQFH���%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���3�OH�GHV�8UJHQFHV��6$08�����&HQWUH�+RVSLWDOLHU�6XG�)UDQFLOLHQ��&RUEHLO��)5$1&(
���6HUYLFH�GHV�UHJLVWUHV�$56�,OH�GH�)UDQFH��$56�,OH�GH�)UDQFH��$3+3��3DULV��)5$1&(
���6$08�����&HQWUH�KRVSLWDOLHU�0DUF�-DFTXHW��0HOXQ��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�+HQUL�0RQGRU��&U�WHLO��)5$1&(
���6HUYLFH�GH�&DUGLRORJLH��+RSLWDO�%LFKDW��3DULV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����&HQWUH�+RVSLWDOLHU�GH�3RQWRLVH��3RQWRLVH��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����&HQWUH�+RVSLWDOLHU�GH�9HUVDLOOHV��9HUVDLOOHV��)5$1&(
����6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�$YLFHQQH��%RELJQ\��)5$1&(

.H\ZRUGV��3UHKRVSLWDO��0HGLFDO�LQWHQVLYH�FDUH�XQLW��67(0,��FDUGLRORJLVW��JHQHUDO�SUDFWLWLRQHU

$EVWUDFW��

,QWURGXFWLRQ��7KH�SURJQRVLV�IRU�SDWLHQWV�ZLWK�DQ�DFXWH�FRURQDU\�V\QGURPH�ZLWK�67�VHJPHQW�HOHYDWLRQ��67(0,��LV�GHWHUPLQHG�E\�WKH�UHSHUIXVLRQ
WLPH�SHULRG��7KH�SUHVHQFH�RI�DQ�LQWHUPHGLDU\��VXFK�DV�D�JHQHUDO�SUDFWLWLRQHU��*3��RU�FDUGLRORJLVW�EHIRUH�WKH�FDOO�WR�WKH�SUHKRVSLWDO�(PHUJHQF\
0HGLFDO�6HUYLFHV�FRXOG�KHOS�H[WHQG�WKHVH�WLPH�SHULRGV�

*RDO��7R�HYDOXDWH�SDWLHQW�KDQGOLQJ�WLPHV�DQG�WKH�UDWH�RI�UHSHUIXVLRQ�GHFLVLRQV�E\�RULJLQ�RI�WKH�FDOO�WR�WKHSUHKRVSLWDO�(PHUJHQF\�0HGLFDO�6HUYLFHV�

0HWKRGV��'DWD�ZDV�UHWULHYHG�IURP�D�UHJLRQDO�UHJLVWHU�RI���SUHKRVSLWDO�(PHUJHQF\�0HGLFDO�6HUYLFHV�DQG����PHGLFDO�LQWHQVLYH�FDUH�XQLWV��0,&8��
,QFOXVLRQ�FULWHULD��SDWLHQWV�ZLWK�D�67(0,�RI�OHVV�WKDQ����KRXUV��([FOXVLRQ�FULWHULD��VHFRQGDU\�WUDQVIHU��-XGJHPHQW�FULWHULD��SHULRG�EHWZHHQ�SDLQ�DQG
SDWLHQW�KDQGOLQJ�E\�0,&8�DQG�WKH�UDWH�RI�UHSHUIXVLRQ�GHFLVLRQV�

5HVXOWV��������SDWLHQWV�ZLWK�67(0,�ZHUH�LQFOXGHG�IURP������WR�������7KH�SUHKRVSLWDO�(PHUJHQF\�0HGLFDO�6HUYLFHV�ZHUH�FDOOHG�LQ�������������RI
WKH�FDVHV�E\�WKH�SDWLHQW��UHODWLYH�RU�IULHQG��LQ�������������RI�WKH�FDVHV�E\�D�*3�FDUGLRORJLVW��LQ�������������RI�WKH�FDVHV�E\�ILUHILJKWHUV�DQG�LQ����
�����RI�WKH�FDVHV�E\�RWKHU�FDOOHUV��&RQVLVWHQW�EUHDNGRZQ�RYHU�WKH�SHULRG�ZDV�VWXGLHG��7KH�DYHUDJH�SHULRG�EHWZHHQ�SDLQ�DQG�SDWLHQW�KDQGOLQJ�ZDV
VLJQLILFDQWO\�SURORQJHG�LI�WKH�FDOO�ZDV�IURP�D�*3�FDUGLRORJLVW��YHUVXV�D�FDOO�E\�WKH�SDWLHQW�RU�ILUHILJKWHUV�������>������@�PLQXWHV�YHUVXV����>������@
PLQXWHV��S�����������%\�FRPSDULVRQ��SHRSOH�XVLQJ�D�PHGLFDO�LQWHUPHGLDU\�EHIRUH�FDOOLQJ�WKH�SUHKRVSLWDO�(PHUJHQF\�0HGLFDO�6HUYLFHV�ZHUH
VLJQLILFDQWO\�ROGHU�������>�����WR�����@�DJDLQVW������>�����WR�����@���PRUH�OLNHO\�WR�EH�ZRPHQ��������DJDLQVW���������ZHUH�OHVV�W\SLFDO�V\QGURPH
�������DJDLQVW���������KDG�OHVV�PHGLFDO�KLVWRU\��������DJDLQVW��������DQG�KDG�IHZHU�XQEORFNLQJ�GHFLVLRQV��������DJDLQVW���������7KH�PDLQ
SURJQRVLV�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�������DJDLQVW�������S� ������

&RQFOXVLRQ��7KH�GHOD\�EHIRUH�SDWLHQW�KDQGOLQJ�ZDV�VLJQLILFDQWO\�H[WHQGHG�LI�WKHUH�ZDV�DQ�LQWHUPHGLDU\��*3�RU�FDUGLRORJLVW��7KHVH�SDWLHQWV��ZKR
ZHUH�ROGHU�DQG�PRUH�RIWHQ�ZRPHQ��ZLWK�OHVV�PHGLFDO�KLVWRU\�DQG�PRUH�XQXVXDO�SDLQ��HQFRXQWHUHG�ORZHU�UDWHV�RI�UHSHUIXVLRQ�GHFLVLRQV�



35(�+263,7$/���(06���287�2)�+263,7$/ +XJXHV�/HIRUW

��������$FXWH�FRURQDU\�V\QGURPHV�LQ�SHDN�KRXUV�DQG�RII�SHDN�KRXUV��,V�WKHUH�D�ORVW�RSSRUWXQLW\"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$OH[DQGUH�$OORQQHDX������,VDEHOOH�.OHLQ������$XU�OLH�/R\HDX������*DHOOH�/H�%DLO������0LUHLOOH�0DSRXDWD������)UDQ�RLV�;DYLHU�/DERUQH������-HDQ�0LFKHO
-XOLDUG������/LRQHO�/DPKDXW������)U�G�ULF�/DSRVWROOH������6RSKLH�%DWDLOOH������<YHV�/DPEHUW������+XJXHV�/HIRUW����

���6HUYLFH�0�GLFDO�G
XUJHQFH���%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(
���6HUYLFH�GHV�UHJLVWUHV�$56�,OH�GH�)UDQFH��$56�,OH�GH�)UDQFH��$3+3��3DULV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�5D\PRQG�3RLQFDU���*DUFKHV��)5$1&(
���6HUYLFH�GHV�UHJLVWUHV�$56�,OH�GH�)UDQFH��$56�,OH�GH�)UDQFH��$3+3��3DULV��)5$1&(
���3�OH�GHV�8UJHQFHV��6$08�����&HQWUH�+RVSLWDOLHU�6XG�)UDQFLOLHQ��&RUEHLO��)5$1&(
���6HUYLFH�GH�&DUGLRORJLH��+RSLWDO�%LFKDW��3DULV��)5$1&(
���,QWHQVLYH�&DUH�	�6$08�����+�SLWDO�1HFNHU��3DULV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����+�SLWDO�$YLFHQQH��%RELJQ\��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��6$08�����&HQWUH�+RVSLWDOLHU�GH�9HUVDLOOHV��9HUVDLOOHV��)5$1&(

.H\ZRUGV��$FXWH�FRURQDU\�V\QGURPH��67(0,�

$EVWUDFW��

,QWURGXFWLRQ��7KH�WLPH�SHULRG�EHIRUH�SUHKRVSLWDO�SDWLHQW�PDQDJHPHQW�RI�DQ�DFXWH�FRURQDU\�V\QGURPH��$&6��LV�LQIOXHQFHG�E\�PDQ\�IDFWRUV��7KH
WLPH�ZKHQ�SDWLHQW�FDUH�EHJLQV�LV�D�IDFWRU�DOWHULQJ�WKHVH�WLPH�SHULRGV�VLJQLILFDQWO\�

0HWKRG��'DWD�ZDV�UHWULHYHG�IURP�D�UHJLRQDO�SURVSHFWLYH�UHJLVWHU�WKDW�OLVWV�DOO�DFXWH�FRURQDU\�V\QGURPHV�ZLWK�67�VHJPHQW�HOHYDWLRQ��67(0,�
PDQDJHG�E\���SUHKRVSLWDO�(PHUJHQF\�0HGLFDO�6HUYLFHV��(06��DQG����0,&8V��3DWLHQWV�ZLWK�D�67(0,�ZLWKLQ����KRXUV�IURP������WR������ZHUH�LQFOXGHG�
H[FOXGLQJ�VHFRQGDU\�WUDQVSRUW��7ZR�SHULRGV�ZHUH�GHILQHG��21�IURP������D�P��WR������S�P��IURP�0RQGD\�WR�)ULGD\��H[FOXGLQJ�SXEOLF�KROLGD\V�
RWKHUZLVH�2))��$YHUDJH�WLPH�SHULRGV�VWXGLHG��WKH�EHJLQQLQJ�RI�FKHVW�SDLQ���FDOOLQJ�(06�GLVSDWFKLQJ�FHQWHU��������'7�������FDOOLQJ�FHQWUH�����DQG
VWDUWLQJ�SDWLHQW�PHGLFDO�FDUH�E\�WKH�0,&8������PHG���:LOFR[RQ�WHVW�LV�VLJQLILFDQW�LI�S�������

5HVXOWV���������SDWLHQWV�ZHUH�LQFOXGHG�GXULQJ�WKH�SHULRG��7KH�&3�����WLPH�SHULRGV�GHFUHDVHG�XQOLNH�����PHG�WLPH�SHULRGV�ZKLFK�UHPDLQHG�VWDEOH�
7KH�LQFUHPHQW�EHWZHHQ�21�DQG�2))�SHULRGV�KDV�GHFUHDVHG��LW�LV�DOPRVW�QRQ�H[LVWHQW�VLQFH������

'LVFXVVLRQ��6LQFH�������WKH�WLPH�WDNHQ�IRU�SUHKRVSLWDO�FDUH�IRU�67(0,�LQ�RXU�UHJLRQ�KDV�EHHQ�FRQVWDQWO\�LPSURYLQJ��QRZDGD\V�ZLWKRXW�ORVV�RI
RSSRUWXQLW\�GXULQJ�21�SHULRGV��&DOOLQJ�FHQWUH�����DW�WKH�RQVHW�RI�DQ\�FKHVW�SDLQ�LV�YLWDO�DQG�LV�ZHOO�XQGHUVWRRG�E\�SDWLHQWV��WKLV�FDQ�EH�IXUWKHU
LPSURYHG�DV�LW�VHHPV�GLIILFXOW�WR�DFW�RQ�WKH�����PHG�WLPH�SHULRGV�



&$6(�35(6(17$7,21 'HHSZDQW�6LQJK

��������2FXOR�RURJHQLWDO�GLVHDVH��DQ�LQWHUHVWLQJ�UDUH�FDVH�RI�)XFKxV�V\QGURPH�LQ�DVVRFLDWLRQ�ZLWK�LEXSURIHQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'HHSZDQW�6LQJK����

�����6DLQW�0DU\
V�+RVSLWDO�,VOH�RI�:LJKW�1+6�7UXVW��1HZSRUW��8.

.H\ZRUGV��6WHYHQ�-RKQVRQ�V\QGURPH��GUXJ�UHDFWLRQ

$EVWUDFW��

,QWURGXFWLRQ��7KH�DHWLRORJ\�RI�RFXOR�RURJHQLWDO�GLVHDVH�LV�YDVW�DQG�FDQ�LQFOXGH�YDULRXV�FDXVHV�LQFOXGLQJ�LQIHFWLRQV��GUXJ�UHDFWLRQV��QHRSODVPV�
WUDXPD�RU�%HK�HWÇV�V\QGURPH��6WHYHQV�-RKQVRQ�V\QGURPH�LV�D�K\SHUVHQVLWLYLW\�UHDFWLRQ�PRVW�FRPPRQO\�LQGXFHG�E\�GUXJV�WKDW�RIWHQ�SUHVHQWV�DV�D
PHGLFDO�HPHUJHQF\�ZLWK�ERWK�VNLQ�OHVLRQV�DQG�PXFRVDO�LQYROYHPHQW��$�UDUH�SXUH�PXFRVDO�YDULDQW�RI�6WHYHQ�-RKQVRQ�V\QGURPH�RU�)XFKÇV�V\QGURPH
LV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�ZKLFK�VKRXOG�EH�FRQVLGHUHG�LQ�WKH�GLIIHUHQWLDO�GLDJQRVLV��:H�SUHVHQW�D�FDVH�RI�WKLV�UDUH�HQWLW\�SUHVHQWLQJ�LQ�D�SDWLHQW
ZLWK�RFXOR�RURJHQLWDO�GLVHDVH�LQ�DEVHQFH�RI�DQ\�FXWDQHRXV�V\PSWRPV�DQG�D�UDUH�DVVRFLDWLRQ�ZLWK�D�FRPPRQO\�XVHG�GUXJ�LEXSURIHQ�

&DVH��$����\HDU�ROG�SUHYLRXVO\�ILW�DQG�ZHOO�IHPDOH�SUHVHQWHG�WR�HPHUJHQF\�GHSDUWPHQW�ZLWK�RQH�ZHHN�KLVWRU\�RI�LQVLGLRXV�RQVHW�ELODWHUDO
FRQMXQFWLYLWLV��DQ�RUDO�XOFHU�DORQJ�ZLWK�G\VXULD�DQG�G\VSDUHXQLD��6KH�EHFDPH�JHQHUDOO\�XQZHOO�RYHU�QH[W����KRXUV�ZLWK�ZRUVHQLQJ�SDLQIXO�UHG�H\HV�
GLIILFXOW\�LQ�VZDOORZLQJ�DQG�G\VXULD��2Q�H[DPLQDWLRQ�VKH�KDG�PXOWLSOH�EXFFDO�PXFRVDO�HURVLRQV�ZLWK�YXOYR�YDJLQDO�XOFHUV�DQG�ELODWHUDO�FRQMXQFWLYLWLV�
UHVW�RI�WKH�V\VWHPLF�H[DPLQDWLRQ�ZDV�XQUHPDUNDEOH��,QWHUHVWLQJO\��WKHUH�ZDV�FRPSOHWH�DEVHQFH�RI�DQ\�FXWDQHRXV�OHVLRQV��2Q�GLUHFW�TXHVWLRQLQJ��QR
KLJK�ULVN�EHKDYLRXU�RU�VH[XDO�KLVWRU\�ZDV�HOLFLWHG��KRZHYHU��VKH�UHSRUWHG�XVLQJ�RYHU�WKH�FRXQWHU�LEXSURIHQ�IRU�ODVW�IRUWQLJKW�IRU�LQWHUPLWWHQW
KHDGDFKHV�

,QYHVWLJDWLRQV�UHYHDOHG�UDLVHG�&�UHDFWLYH�SURWHLQ�DQG�HU\WKURF\WH�VHGLPHQWDWLRQ�UDWH��5HVW�PXOWLWXGH�LQYHVWLJDWLRQV�ZHUH�QHJDWLYH�LQFOXGLQJ�FXOWXUHV
IRU�XULQH��EORRG��WKURDW�VZDE��QDVDO��RUDO��XUHWKHUDO��WULSOH�VZDE��KLJK�YDJLQDO�VZDE��VHURORJ\�IRU�UHWURYLUXV��JRQRUUKRHD��V\SKLOLV��&KODP\GLD�DQG
VFUHHQLQJ�IRU�KXPDQ�KHUSHV�YLUXV�W\SH���DQG����YDULFHOOD�]RVWHU�YLUXV�F\WRPHJDORYLUXV�DQG�0\FRSODVPD�SQHXPRQLD��,PPXQRORJ\�VFUHHQ�ZDV
QHJDWLYH�IRU�DXWR�DQWLERGLHV��DQWLQXFOHDU��H[WUDFWDEOH�QXFOHDU�DQWLJHQV��'1$��QHXWURSKLO�F\WRSODVPLF��UKHXPDWRLG�IDFWRU��DQG�+/$%������DQG�KDG
QRUPDO�YLWDPLQ�%���%��OHYHOV��(PSLULFDO�WUHDWPHQW�IRU�SRVVLEOH�KHUSHV��VWDUWHG�RQ�DGPLVVLRQ��ZDV�GLVFRQWLQXHG�RQFH�UHVXOWV�ZHUH�FRQILUPHG�

$IWHU�H[FOXGLQJ�FRPPRQ�GLIIHUHQWLDOV��D�VXJJHVWLYH�KLVWRU\�RI�GUXJ�H[SRVXUH��LEXSURIHQ��ZLWK�JUDGXDOO\�SURJUHVVLYH�RFXOR�RURJHQLWDO�QRQ�FXWDQHRXV
SXUH�PXFRVDO�LQYROYHPHQW�VXSSRUWHG�WKH�GLDJQRVLV�RI�)XFKÇV�V\QGURPH�

+HU�LEXSURIHQ�ZDV�GLVFRQWLQXHG��6XSSRUWLYH�FDUH�ZLWK�FRUWLFRVWHURLGV��V\VWHPLF�DQG�WRSLFDO��ZDV�SURYLGHG�LQFOXGLQJ�DSSURSULDWH�FOHDQLQJ�RI�H\HOLGV
DQG�GDLO\�OXEULFDWLRQ�ZLWK�SUHVHUYDWLYH�IUHH�GURSV�RLQWPHQWV�DQG�WRSLFDO�FRUWLFRVWHURLGV�IRU�RFXODU�FDUH��$QWLVHSWLF�VROXWLRQV�DQG�JDUJOHV�ZHUH
DGPLQLVWHUHG�IRU�RUDO�FDUH��,QWUDYDJLFDO�WRSLFDO�FRUWLFRVWHURLG�RLQWPHQWV�ZHUH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WRSLFDO�DQWLIXQJDO�FUHDPV�WR�SUHYHQW
YDJLQDO�FDQGLGLDVLV�IROORZHG�E\�LQVHUWLQJ�VRIW�YDJLQDO�PRXOGV��WR�SUHYHQW�DGKHVLRQV���7KLV�OHG�WR�D�FOLQLFDOO\�HYLGHQW�UHJUHVVLRQ�RI�KHU�PXFRVDO
V\PSWRPV�DQG�ZLWKLQ����GD\V�VKH�PDGH�D�VLJQLILFDQW�UHFRYHU\�ZLWK�RQJRLQJ�KLJK�GRVH�RUDO�FRUWLFRVWHURLGV��DQG�FRPSOHWH�V\PSWRPDWLF�UHVROXWLRQ
ZLWK�QR�UHFXUUHQFH�RI�KHU�V\PSWRPV�DW�RQHÄPRQWK�IROORZ�XS�

'LVFXVVLRQ��È)XFKÇV�V\QGURPHÉ�RU�È6WHYHQ�-RKQVRQ�V\QGURPH�ZLWKRXW�VNLQ�OHVLRQVÉ�RU�È$W\SLFDO�6WHYHQ�-RKQVRQ�V\QGURPHÉ�LV�XVXDOO\�UHSRUWHG�LQ
OLWHUDWXUH�LQ�FKLOGUHQ�DQG�DGROHVFHQWV�EXW�UDWKHU�UDUHO\�LQ�DGXOWV��DQG�PRVWO\�LQ�DVVRFLDWLRQ�ZLWK�0\FRSODVPD�SQHXPRQLD�LQIHFWLRQ�

$V�SHU�RXU�EHVW�NQRZOHGJH�WKLV�LV�WKH�ILUVW�HYHU�UHSRUWHG�FDVH�RI�LEXSURIHQ�DVVRFLDWHG�)XFKÇV�V\QGURPH�LQ�DQ�DGXOW�ZRUOGZLGH�

2XU�FDVH�UHSRUW�HPSKDVLVHV�WKH�QHHG�WR�FRQVLGHU�GUXJ�LQGXFHG�)XFKÇV�V\QGURPH�DV�D�GLIIHUHQWLDO�GLDJQRVLV�ZKLOH�HYDOXDWLQJ�QRQ�FXWDQHRXV
RFXOR�RURJHQWLDO�SUHVHQWDWLRQV��ZKHUH�HDUO\�LGHQWLILFDWLRQ�DQG�SURPSW�ZLWKGUDZDO�RI�WKH�FXOSULW�GUXJ�ZLWK�DSSURSULDWH�VXSSRUWLYH�FDUH�DQG�VWHURLGV
FRXOG�OHDG�WR�D�UHPDUNDEOH�UHFRYHU\�



75$80$ 6DWRVKL�)XUXNDZD

��������$XWRSVLF�H[DPLQDWLRQ�RI�LQMXUHG�ELF\FOLVWV�GXH�WR�GLVHDVH�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6DWRVKL�)XUXNDZD����

�����6KLJD�8QLYHUVLW\�RI�0HGLFDO�6FLHQFH��-DSDQ��2WVX��-$3$1

.H\ZRUGV��%LF\FOLVWV��LQMXU\�VHYHULW\��FKHVW�LQMXU\

$EVWUDFW��

7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�FODULI\�WKH�UHODWLRQVKLS�EHWZHHQ�LQMXU\�VHYHULW\�LQ�ELF\FOLVWV�LQYROYHG�GLVHDVH��$XWRSVLF�UHFRUGV�ZHUH�UHYLHZHG�IRU
DOO�FDGDYHUV�IURP������WR������LQ�6KLJD�8QLYHUVLW\�RI�0HGLFDO�6FLHQFH�DQG�IURP������WR������LQ�'RNN\R�0HGLFDO�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��7KH
PHFKDQLVP�RI�LQMXU\��$EEUHYLDWHG�,QMXU\�6FDOH��$,6��VFRUH��DQG�,QMXU\�6HYHULW\�6FRUH��,66��RI�WKH�SDWLHQW�ZHUH�GHWHUPLQHG��$�WRWDO�RI����FDGDYHUÇV
UHFRUGV�ZHUH�UHYLHZHG��7KH�PHDQ�SDWLHQW�DJH�ZDV������\HDUV��7KH�DYHUDJH�,66�ZDV������ZLWK�DQ�DYHUDJH�PD[LPXP�$,6��0$,6��VFRUH�RI������7KH
PHDQ�FKHVW�$,6�VFRUHV�ZHUH�DV�KLJK�DV������ZLWK�KHDG�RQHV�ZHUH������7KLV�VWXG\�SURYLGHV�XVHIXO�LQIRUPDWLRQ�IRU�HPHUJHQF\�SK\VLFLDQV�ZKR�VXVSHFW
GLVHDVH�LQ�ELF\FOLVWV�LQYROYHG�LQ�WKH�WUDIILF�DFFLGHQWV�



2%67(75,&�(0(5*(1&,(6 PrJH�VoQPH]

��������:KDWxV�*RLQJ�:URQJ�:LWK�7KLV�3RVWSDUWXP�:RPDQ"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0�JH�6�QPH]������¡UIDQ�.DOD������0LUD\�%DED������8\VDO�3¢QDU������1XUXOODK�7DUKDQ������1D]O¢�.DOD����

���HPHUJHQF\�GHSDUWPHQW��$QNDUD�1XPXQH�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��$QNDUD��785.(<
���REVWHWULFV�DQG�J\QHFROR\�GHSDUWPHQW��$QNDUD�1XPXQH�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��$QNDUD��785.(<

.H\ZRUGV��G\VSQH��FDUGLRP\RSDWK\��SRVWSDUWXP��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ

3HULSDUWXP�FDUGLRP\RSDWK\��33&03��LV�D�UDUH�HQWLW\�DQG�SRWHQWLDOO\�OLIH�WKUHDWLQJ�PDWHUQDO�GLVRUGHU�RFFXUHG�GXULQJ�WKH�ODWH�SUHJQDQF\�RU�ZLWKLQ�ILYH
PRQWKV�RI�SRVWSDUWXP�SHULRG�LQ�WKH�DEVHQFH�RI�REYLRXV�HWLRORJ\��+HUHLQ�ZH�UHSRUW�D�SRVWSDUWXP�SDWLHQW�ZKR�SUHVHQWHG�WR�HPHUJHQF\�GHSDUWPHQW
�('��ZLWK�G\VSQH�WKDW�VKRXOG�PDNH�D�SK\VLFLDQ�FRQVLGHU�WKH�SRVVLELOLW\�RI�33&03�

&DVH�UHSRUW

$����\HDU�ROG�IHPDOH�SDWLHQW�ZDV�DGPLWWHG�WR�RXU�('�ZLWK�DQ�DFXWH�RQVHW�RI�G\VSQHD�DQG�VTXHH]LQJ�FKHVW�SDLQ�VWDUWHG�D�FRXSOH�RI�KRXUV�EHIRUH
SUHVHQWDWLRQ��6KH�GHVFULEHG�D�VLPLODU�ZLWK�D�IHZHU�LQWHQVLW\�RI�G\VSQHD�RFFXUUHG���ZHHN�DJR�DQG�ZDV�SUHVFULEHG�DPR[LFLOLQH�FODYXQDODWH�DQG
VDOEXWDPRO�ZLWK�WKH�GLDJQRVLV�RI�SQHXPRQLD�E\�D�SXOPRQRORJLVW��6KH�RQO\�KDG�DQ�KLVWRU\�RI�JHVWDWLRQDO�K\SHUWHQVLRQ�DQG�GLDEHWHV�PHOOLWXV�ZLWK�DQ
XQFRPSOLFDWHG�FHDVDUHDQ�VHFWLRQ�RI�D�KHDOWK\�EDE\���ZHHNV�DJR�

2Q�DGPLVVLRQ�VKH�KDG�D�EORRG�SUHVVXUH�RI���������PP+J��R[\JHQ�VDWXUDWLRQ�RI����RQ�SXOVH�R[\PHWU\��D�KHDUW�UDWH�RI�����EHDWV�PLQ��D�ERG\
WHPSHUDWXUH�RI�����³&�DQG�UHVSLUDWRU\�UDWH�RI����EUHDWKV�PLQ��3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�ELODWHUDO�ORZHU�H[WUHPLW\�HXGHPD�H[LVWLQJ�IRU���ZHHNV�
GLPLQLVKHG�OXQJ�VRXQGV�DQG�UK\WKPLF�DQG�WDFK\FDUGLF�KHDUW�VRXQGV�RQ�DXVFXOWDWLRQ���7KH�HOHFWURFDUGLRJUDP�ZDV�QRQVSHVLILF�ZLWK�VLQXV�WDFK\FDUGLD�
7KH�FKHVW�;�UD\�VKRZHG�ELODWHUDO�PLOG�SOHXUDO�HIIXVLRQ�H[LVWLQJ�VLQFH�DW�WKH�WLPH�RI�KHU�SXOPRQRORJLVW�YLVLW���%HGVLGH�HFKRFDUGLRJUDSK\�ZDV
SHUIRUPHG�DQG�OHIW�YHQWULFXODU�HMHFWLRQ�IUDFWLRQ��()��ZDV�IRXQG�WR�EH������'LIIXVH�OHIW�YHQWULFXODU�K\SRNLQHVLD�DQG�OHIW�DWULDO�HQODUJHPHQW�ZHUH�DOVR
WKH�H[LVWLQJ�VRQRJUDSKLF�SDWKRORJLHV��+HU�ODERUDWRU\�ILQGLQJV�ZHUH�DV�IROORZV��KHPRJORELQ�OHYHO������J�G/��������J�G/���KHDPRWRFULWH�OHYHO�������
���������DQG�EUDLQ�QDWULXUHWLF�SHSWLWH�YDOXH������SJ�P/��������SJ�P/���2WKHU�PDUNHUV�LQFOXGLQJ�WURSRQLQ��G�GLPHU��76+��UHQDO�IXQFWLRQ�WHVWV��OLYHU
HQ]\PHV�ZHUH�IRXQG�QRUPDOO\����$UWHULDO�EORRG�JDV�DQDO\VLV�RQ�R[\JHQ�VXSSO\�VKRZHG�D�3D2��RI������PP+J���������PP+J���D�S+�RI�����
�������������D�3D&2��RI������PP+J��������PP+J���DQG�+&2��RI������PPRO�/������������PPRO�/����

,Q�('�,9�QLWURJO\FHULQH�LQIXVLRQ�ZLWK�WKH�UDWH����oJ�PLQ�DQG�,9�EROXV�RI����PJ�IXURVHPLGH�ZDV�LQLWLDWHG��6KH�ZDV�DGPLWWHG�WR�FRURQDU\�LQWHQVLYH�FDUH
XQLW��&,&8��ZLWK�WKH�GLDJQRVLV�RI�33&03�ZLWK�DQ�DGGLWLRQDO�DQWLFRDJXODQW�DQG�PHWRSURORO�WKHUDS\��7KH�SDWLHQW�ZDV�GLVFKDUJHG�DIWHU���GD\V�ZLWK�DQ
()�RI�����DQG�ZDV�SUHVFULEHG�SHU�RUDO�WUHDWPHQW�RI�PHWRSURORO�����PJ�GD\��LYDEUDGLQH����PJ�GD\��SHULQGRSULO���PJ�GD\��VSLULQRODFWRQH����PJ�GD\
DQG�IXURVHPLGH����PJ�GD\�����GD\V�DIWHU�GLVFKDUJH�K\SRNLQHVLD�ZDV�VWLOO�UHPDLQHG�EXW�KHU�()�ZDV������

&RQFOXVLRQ

(PHUJHQF\�SK\VLFLDQV�VKRXOG�EH�DZDUH�RI�33&03�DW�WKH�GLIIHUDQWLDO�GLDJQRVLV�RI�G\VSQH�LQ�SUHJQDQF\�UHODWHG�HPHUJHQFLHV�DQG�SOD\�UROH�LQ�HDUO\
GLDJQRVLV�RI�KHDUW�IDLOXUH�ERWK�LQ�SHULSDUWXP�DQG�SRVWSDUWXP�SHULRG��
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3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3(,�<,1�/,8������/,�3,1*�.(������&+8�)(1*�/,8������&+,(1�+81*�:8����

�����'HSDUWPHQW�RI�1XUVLQJ�(PHUJHQF\�0HGLFLQH��.DRKVLXQJ�&KDQJ�*XQJ�0HPRULDO�+RVSLWDO��.DRKVLXQJ�FLW\��7$,:$1
�����'HSDUWPHQW�RI�1XUVLQJ�LQ�(PHUJHQF\�0HGLFLQH��.DRKVLXQJ�&KDQJ�*XQJ�0HPRULDO�+RVSLWDO��.DRKVLXQJ�FLW\��7$,:$1
�����'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��.DRKVLXQJ�&KDQJ�*XQJ�0HPRULDO�+RVSLWDO��.DRKVLXQJ�FLW\��7$,:$1

.H\ZRUGV��&5,7,&$/�&$5(�75$,1,1*��+,*+�),'(/,7<�6,08/$7,21��0(',&$/�('8&$7,21��7($0�5(&285&(�0$1$*(0(17

$EVWUDFW��

2EMHFWLYHV��3RVW�*UDGXDWH�<HDU�3*<��SURJUDP�LV�LPSRUWDQW�IRU�GHYHORSLQJ�PHGLFDO�HGXFDWLRQ�LQ�7DLZDQ��2QH�PRQWKWUDLQLQJ�LQ�HPHUJHQF\�PHGLFLQH
GHSDUWHPHQW�VWDUWHG�FRPSXOVRULO\�IRU�HYHU\�JUDGXDWHG�PHGLFDO�VWXGHQW�VLQFH�-XO\������6LQFH�WKH�FKDUDFWHULVWLFV�RI�HPHUJHQF\�SDWLHQWV�DUH
HPHUJHQF\��VHYHUH��GLIILFXOW�DQG�WUREOHVRPH��LW�LV�D�H[WUHPHO\�FKDOOHQJLQJ�IRU�3*<�VWXGHQW��7KH�DSSURSULDWH�XVHV�RI�VLPXODWLRQ�EDVHG�WUDLQLQJ�FDQ
HQKDQFH�WKH�WHDFKLQJ�DQG�OHDUQLQJ�IRU�VWXGHQWV�LQ�HPHUJHQF\�PHGLFLQH�GHSDUWHPHQW�

0HWKRGV��,Q�������ZH�GHVLJQHG�D�WUDLQLQJ�FRXUVH�XVLQJ�KLJK�ILGHOLW\�VLPXODWLRQ�IRU�3*<�VWXGHQWV�RI�HPHUJHQF\�PHGLFLQH�WUDQLQJ��7UDLQHHV�ZHUH
GLYLGHG�LQWR�SDLUV�DQG�HDFK�SDLU�SDUWLFLSDWH�RQH�VFHQDULR��7KH\�DVVHVVHG�E\�VWDQGDUGL]HG�ZULWWHQ�WHVWV�EHIRUH��3UH�WHVW��DQG�DIWHU�WKH�FRXUVH
�3RVW�WHVW��DIWHU�HDFK�VLPXODWLRQ�VHVVLRQ�����3*<�VWXGHQWV�RI�WKH�HPHUJHQF\�PHGLFLQH�GHSDUWPHQW�SDUWLFLSDWHG�WKLV�WUDLQLQJ�FRXUVH�EHWZHHQ�2FW
�����DQG�'HF�������

5HVXOWV��'XULQJ�6HS�������WR�'HF�����������3*<�VWXGHQWV�SDUWLFLSDWHG�WKLV�WUDLQLQJ�FRXUVH�DQG����TXHVWLRQQDLUHV�ZHUH�FROOHFWHG�DQG�DQDO\]HG�XVLQJ
SDLUHG�W�WHVW���������7KH�PHDQ�VFRUH�RI�6HOI�&RQILGHQFH�LQ�WKH�SUH�WHVW�LV�����DQG�WKDW�LQ�WKH�SRVW�WHVW�LV������S�����������7KH�PHDQ�VFRUH�RI
&RPPXQLFDWLRQ�6NLOOV�LQ�WKH�SUH�WHVW�LV�����DQG�WKDW�LQ�WKH�SRVW�WHVW�LV������S�����������7KH�PHDQ�VFRUH�RI�/HDGHUVKLS�LQ�WKH�SUH�WHVW�LV�����DQG�WKDW
LQ�WKH�SRVW�WHVW�LV������S�����������7KH�PHDQ�VFRUH�RI�6LWXDWLRQ�0RQLWRU�LQ�WKH�SUH�WHVW�LV�����DQG�WKDW�LQ�WKH�SRVW�WHVW�LV������S�����������7KH�PHDQ
VFRUH�RI�0XWXDO�6XSSRUW�LQ�WKH�SUH�WHVW�LV�����DQG�WKDW�LQ�WKH�SRVW�WHVW�LV������S�����������7KH�DYHUDJH�RI�WUDLQLQJ�FRXUVH�VDWLVIDFWLRQ�LV�����

&RQFOXVLRQ��+LJK�ILGHOLW\�VLPXODWLRQ�SURYLGH�D�KDUPOHVV��UHSHWLWLYH�DQG�HIIHFWLYH�HQYLURQPHQW��,W�FDQ�LPSURYH�TXDOLW\�DQG�DELOLW\�RI�3*<�VWXGHQWV�LQ
FULWLFDO�FDUH�WUDLQLQJ�HGXFDWLRQ�DQG�ZLOO�LQFUHDVH�SDWLHQW�VDIHW\�LQ�KHDOWK�FDUH��)RU�IXUWKHU�HGXFDWLRQDO�SURJUDPV��ZH�VXJJHVW�KLJK�ILGHOLW\�VLPXODWLRQ
FRPELQHG�ZLWK�FOLQLFDO�SDWLHQW�VDIHW\�SROLFLHV�IRU�DOO�KHDOWK�FDUH�SURYLGHUV�WR�UHGXFH�WKH�LQFLGHQFH�RI�PHGLFDO�HUURUV�



3(',$75,&6 5REHUWR�9HODVFR

��������9DOLGDWLRQ�RI�D�3UHGLFWLYH�0RGHO�IRU�,GHQWLI\LQJ�)HEULOH�<RXQJ�,QIDQWV�:LWK�$OWHUHG�8ULQDO\VLV�DW�/RZ�5LVN�RI�,QYDVLYH
%DFWHULDO�,QIHFWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5REHUWR�9HODVFR������%RUMD�*RPH]������6XVDQQD�+HUQDQGH]�%RX������$QGUHV�*RQ]DOH]������,]DVNXQ�2ODFLUHJXL������0HUFHGHV�'H�OD�7RUUH������$ULV�5LYDV
�����$OED�5XELR������,VDEHO�'XUDQ����

���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW���5LR�+RUWHJD�8QLYHUVLW\�+RVSLWDO���9DOODGROLG��63$,1���/DJXQD�GH�'XHUR��63$,1
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW���&UXFHV�8QLYHUVLW\�+RVSLWDO��%LOEDR��6SDLQ���%DUDNDOGR��63$,1
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�6DQW�-RDQ�GH�'HX���%DUFHORQD��63$,1
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�GH�%DVXUWR��%LOEDR��63$,1
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�GH�'RQRVWLD��'RQRVWLD��63$,1
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW���1L�R�-HVXV�8QLYHUVLW\�+RVSLWDO��0DGULG��6SDLQ���0DGULG��63$,1
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�8QLYHUVLWDULR�*UHJRULR�0DUD�RQ��0DGULG��63$,1
���3HGLDWULFV��+RVSLWDO�8QLYHUVLWDULR����GH�2FWXEUH��0DGULG��63$,1
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�&DUORV�+D\D��0DODJD��63$,1

.H\ZRUGV��XULQDU\�WUDFW�LQIHFWLRQ��IHEULOH�LQIDQW

$EVWUDFW��

8ULQDU\�WUDFW�LQIHFWLRQV��87,��DUH�WKH�PRVW�FRPPRQ�VHULRXV�EDFWHULDO�LQIHFWLRQ�LQ�LQIDQWV�OHVV�WKDQ����GD\V�RI�DJH��*XLGHOLQHV�UHFRPPHQG�LQSDWLHQW
WUHDWPHQW�XQGHU�������GD\V�ROG��GXH�WR�ULVN�RI�FRPSOLFDWLRQV��,Q�������D�SUHGLFWLYH�PRGHO�ZDV�SXEOLVKHG�E\�6FKQDGRZHU�HW�DO��WU\LQJ�WR�ILQG�D
VXEJURXS�RI�SDWLHQWV�ZLWK�ORZ�ULVN�RI�DGYHUVH�RXWFRPHV��7KDW�PRGHO�VKRZQ�KLJK�DFFXUDF\��EXW�IRU�SUHGLFWLQJ�ULVN�RI�EDFWHUHPLD�VHFRQGDU\�WR�87,��,Q
������D�QHZ�DSSURDFK�ZDV�SXEOLVKHG�E\�9HODVFR�HW�DO��7KLV�QHZ�PRGHO�GLG�QRW�IRFXV�QRW�LQ�SDWLHQWV�ZLWK�D�SRVLWLYH�XULQH�FXOWXUH��EXW�LQ�SDWLHQWV�ZLWK
DQ�DOWHUHG�XULQH�GLSVWLFN��WU\LQJ�WR�VHOHFW�D�JURXS�RI�ORZ�ULVN�RI�KDYLQJ�D�LQYDVLYH�EDFWHULDO�LQIHFWLRQ��,%,���6HQVLWLYLW\�DQG�QHJDWLYH�SUHGLFWLYH�YDOXH�RI
WKLV�PRGHO�ZHUH������

$LP�RI�WKLV�VWXG\�ZDV�WR�WHVW�WKH�SHUIRUPDQFH�RI�WKH�SUHGLFWLYH�PRGHO�LQ�D�QHZ�VDPSOH�RI�IHEULOH�LQIDQWV�ZLWK�DOWHUHG�XULQH�GLSVWLFN��

6WXG\�GHVLJQ

5HWURVSHFWLYH�PXOWLFHQWHU�VWXG\�LQFOXGLQJ���6SDQLVK�KRVSLWDOV��)HEULOH�LQIDQWV�Ô���GD\V�ROG�ZLWK�DOWHUHG�XULQDO\VLV��SUHVHQFH�RI�OHXNRF\WXULD�DQG�RU
QLWULWXULD��ZHUH�LQFOXGHG��$FFRUGLQJ�WR�RXU�SUHGLFWLYH�PRGHO��DQ�LQIDQW�LV�FODVVLILHG�DV�ORZ�ULVN�IRU�,%,�ZKHQ�PHHWLQJ�DOO�WKH�IROORZLQJ��EHLQJ�ZHOO
DSSHDULQJ�DW�DUULYDO�WR�WKH�HPHUJHQF\�GHSDUWPHQW��EHLQJ�!���GD\V�ROG��KDYLQJ�D�SURFDOFLWRQLQ�YDOXH������QJ�P/�DQG�D�&�UHDFWLYH�SURWHLQ�YDOXH����
PJ�/��3DWLHQWV�ZHUH�H[FOXGHG�LI�DQ\�RI�WKH�GDWD�HYDOXDWHG�E\�WKH�SUHGLFWLYH�PRGHO�ZDV�PLVVHG��D�EORRG�FXOWXUH�ZDV�QRW�SHUIRUPHG�RU�LI�LQIRUPHG
FRQVHQW�ZDV�QRW�JLYHQ�E\�WKH�SDUHQWV��,QYDVLYH�EDFWHULDO�LQIHFWLRQ��,%,��ZDV�GHILQHG�DV�WKH�LVRODWLRQ�RI�D�VLQJOH�SDWKRJHQ�LQ�D�EORRG�RU�FHUHEURVSLQDO
IOXLG��&6)��FXOWXUH��,%,�ZDV�FRQVLGHUHG�DV�VHFRQGDU\�WR�87,�LI�WKH�VDPH�SDWKRJHQ�ZDV�LVRODWHG�LQ�WKH�XULQH�FXOWXUH�DQG�LQ�WKH�EORRG�RU�&6)�FXOWXUH

5HVXOWV

)RXU�KXQGUHG�WZHQW\�ILYH�IHEULOH�LQIDQWV�DWWHQGHG�LQ�WKH�SDUWLFLSDQW�KRVSLWDOV�KDG�DQ�DOWHUHG�XULQH�GLSVWLFN��$IWHU�DSSO\LQJ�H[FOXVLRQ�FULWHULD�����
������SDWLHQWV�ZHUH�DQDO\VHG��0HDQ�DJH�ZDV������GD\V�ROG��6'��������DQG�������������ZHUH�PDOH��0HGLDQ�KRXUV�RI�IHYHU�ZKHQ�DWWHQGHG�LQ�WKH�3('
ZDV����3���3�����������8ULQH�FXOWXUH�ZDV�SRVLWLYH�LQ�������������SDWLHQWV��EHLQJ�(VFKHULFKLD�FROL�WKH�PRVW�IUHTXHQWO\�LVRODWHG�EDFWHULD��LQ�����������
LQIDQWV��7KLUW\��������SDWLHQWV�ZHUH�GLDJQRVHG�DV�,%,��$PRQJ�WKHP�����KDG�EDFWHUHPLD��EHLQJ������������VHFRQGDU\�WR�87,��7ZR�SDWLHQWV�KDG
PHQLQJLWLV��RQH�GXH�WR�(��FROL�DQG�WKH�RWKHU�RQH�JURZWK�.OHEVLHOOD�R[\WRFD�LQ�ERWK�XULQH��EORRG�DQG�&6)�FXOWXUH�

$FFRUGLQJ�WR�WKH�SUHGLFWLYH�PRGHO��������������LQIDQWV�ZRXOG�KDYH�EHHQ�FODVVLILHG�DV�ORZ�ULVN�SDWLHQWV��7ZR�ORZ�ULVN�SDWLHQWV��������SUHVHQWHG�DQ
,%,�YV�������S�������RI�WKH�LQIDQWV�FODVVLILHG�DV�QRW�ORZ�ULVN�SDWLHQWV��DOWKRXJK���RI�WKHP�JURZWK�0RUD[HOOD�FDWDUUKDOLV��VXVSHFWHG�RI�EHLQJ�D
FRQWDPLQDQW��HYHQ�LW�ZDV�QRW�GHILQHG�DV�RQH�LQ�WKH�VWXG\
V�SURWRFRO�

&RQFOXVLRQ

2XWSDWLHQW�PDQDJHPHQW�PLJKW�EH�VXLWDEOH�IRU���RI�HDFK���SDWLHQWV�GLDJQRVHG�DV�SRVVLEOH�87,��DOWKRXJK�OLPLWDWLRQV�RI�WKH�VWXG\�PDNH�PDQGDWRU\
SURVSHFWLYH�YDOLGDWLRQ�SULRU�LWV�LQFRUSRUDWLRQ�WR�FOLQLFDO�SUDFWLFH�



36<&+,$75< -RVH�/XLV�5XL]�/RSH]

��������,V�VXEVWDQFH�DEXVH�D�WULJJHU�IRU�SV\FKLDWULF�GLVRUGHU�LQ�SDWLHQWV�SUHVHQWLQJ�WR�WKH�(PHUJHQF\�'HSDUWPHQW"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/XLVD�7DUUDVR�*RPH]������3HGUR�*DUFLD�%HUPHMR������/XLV�0DQFOXV�0RQWR\D������$VLI�0XKDPPDG������0DULD�&XHQFD�7RUUHV������-RVH�/XLV�5XL]�/RSH]����

���(PHUJHQF\�GHSDUWPHQW��+RVSLWDO�GH�/D�5LEHUD��$O]LUD��63$,1

.H\ZRUGV��3V\FKLDWULF�GLVRUGHU��VXEVWDQFH�DEXVH��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ

�

3DWLHQWV�ZLWK�SV\FKLDWULF�GLVRUGHUV�IUHTXHQWO\�SUHVHQW�WR�WKH�(PHUJHQF\�'HSDUWPHQW�ZLWK�DFXWH�LOOQHVV���,W�LV�H[WUHPHO\�LPSRUWDQW�WR�XQGHUVWDQG�WKH
IDFWRUV�WKDW�WULJJHU�WKLV�GHFRPSHQVDWLRQ�LQ�RUGHU�WR�EHVW�PDQDJH�WKHVH�SDWLHQWV�DV�ZHOO�DV�WR�HVWDEOLVK�UHFRPPHQGDWLRQV�DQG�VXEVHTXHQW
SUHYHQWDWLYH�WUHDWPHQWV�

�

0HWKRGRORJ\

�

,W�LV�D�GHVFULSWLYH�UHWURVSHFWLYH�REVHUYDWLRQDO�VWXG\�DQDO\]LQJ�GDWD�IURP�SDWLHQWV�ZLWK�WKH�('�GLVFKDUJH�GLDJQRVLV�RI�SV\FKLDWULF�GLVRUGHUV�GXULQJ�WKH
SHULRG�RI�-DQXDU\���Ä�'HFHPEHU����RI���������7KH�GDWD�XVHG�LQFOXGHV�WKH�FKLHI�FRPSODLQW��UHDVRQ�IRU�SV\FKLDWULF�FRQVXOWDWLRQ��GUXJ�FRQVXPSWLRQ�
WUHDWPHQW�DQG�HYDOXDWLRQ�E\�VSHFLDOLVWV�

�

5HVXOWV

�

$Q[LHW\�ZDV�WKH�PRVW�IUHTXHQW�GLDJQRVLV�LQ�SDWLHQWV�LQ�WKLV�VDPSOH�����RXW�RI�����SDWLHQWV�����0DQ\�RI�WKH�SDWLHQWV�ZHUH�EHLQJ�WUHDWHG�IRU�SV\FKLDWULF
GLVRUGHUV����������ZHUH�WDNLQJ�DQWL�SV\FKRWLFV���������ZHUH�WDNLQJ�DQWL�GHSUHVVLYHV�DQG��������ZHUH�EHLQJ�WUHDWHG�ZLWK�DQ[LRO\WLFV���:H�QRWH�WKDW
�������RI�WKH�SDWLHQWV�KDG�QR�KLVWRU\�RI�SV\FKLDWULF�GLVRUGHUV��

�

2I�WKH�UHDVRQV�IRU�SUHVHQWLQJ�WR�WKH�('���������SUHVHQWHG�ZLWK�DOWHUHG�EHKDYLRU���������IRU�SK\VLFDO�FRPSODLQWV�DQG��������IRU�DWWHPSWHG�VXLFLGH�

�

5HJDUGLQJ�GUXJ�FRQVXPSWLRQ��RQO\�������XVHG�WR[LF�VXEVWDQFHV�RI�ZKLFK�VHGDWLYHV�ZHUH�WKH�PRVW�FRPPRQ�DW������DQG�FDQQDELV����������������RI
WKH�SDWLHQWV�GLG�QRW�LQJHVW�DQ\�WR[LF�VXEVWDQFH�

�

$IWHU�GLVFKDUJH��������RI�WKH�SDWLHQWV�KDG�QR�FRPSOLFDWLRQV�DIWHU�WKH�UHVROXWLRQ�RI�WKH�LQLWLDO�SUHVHQWLQJ�FRPSODLQW�

�

&RQFOXVLRQ

�

:H�IRXQG�WKDW�WKH�FRQVXPSWLRQ�RI�WR[LF�VXEVWDQFHV�ZDV�QRW�DQ�LPSRUWDQW�IDFWRU�RU�WULJJHU�IRU�WKH�GHFRPSHQVDWLRQ�RI�WKH�PDMRULW\�RI�SDWLHQWV
SUHVHQWLQJ�WR�WKH�(PHUJHQF\�'HSDUWPHQW�ZLWK�SV\FKLDWULF�GLVRUGHUV�

�

7KH�DEXVH�RI�VHGDWLYHV�DQG�FDQQDELV�PD\�FRQWULEXWH�WR�WKH�GHFRPSHQVDWLRQ�RI�XQGHUO\LQJ�GLVHDVH�UHTXLULQJ�XUJHQW�PHGLFDO�DWWHQWLRQ�



75$80$ =(55,1�'()1(�'81'$5

��������7UDXPDWLF�LQWHUQDO�FDURWLG�DUWHU\�GLVVHFWLRQ�WUHDWHG�ZLWK�VWHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

=HUULQ�'HIQH�'XQGDU������)XO\D�.RVH������$EGXOD]L]�'RJDQ������%DVDU�&DQGHU����

���(PHUJHQF\�0HGLFLQH�'HSDUWPHQW��1HFPHWWLQ�(UEDNDQ�8QLYHUVLW\�0HUDP�)DFXOW\�RI�0HGLFLQH��.21<$��785.(<

.H\ZRUGV��FDURWLG�DUWHU\��GLVVHFWLRQ��VWHQW

$EVWUDFW��

,QWURGXFWLRQ��&DURWLG�DUWHU\�GLVVHFWLRQ�LV�D�UDUH�GLVHDVH��7KH�LQFLGHQFH�RI�FDURWLG�DUWHU\�GLVVHFWLRQ�DIWHU�EOXQW�LQMXULHV�LV�OHVV�WKDQ��������,W�LV
XVXDOO\�VHHQ�LQ�KHDG�WUDXPD�GXH�WR�KLJK�VSHHG�PRWRU�YHKLFOH�DFFLGHQWV�

&DVH��$����\HDU�ROG�PDOH�SDWLHQW�ZDV�WUDQVIHUUHG�IURP�VFHQH�WR�HPHUJHQF\�GHSDUWPHQW�ZLWK�H[WUD�YHKLFXODU�PRWRU�YHKLFOH�DFFLGHQW�E\����
HPHUJHQF\�PHGLFDO�VHUYLFHV��+H�KDG�QR�SULRU�GLVHDVH�KLVWRU\�DQG�KH�GLG�QRW�XVH�DQ\�PHGLFDWLRQ��+LV�*ODVJRZ�FRPD�VFRUH�ZDV�����DUWHULDO�EORRG
SUHVVXUH�ZDV��������PP+J�DQG�SXOVH�UDWH�ZDV����PLQ��7KHUH�ZDV�HFFK\PRVLV�RQ�WKH�DQWHULRU�DVSHFWV�RI�ERWK�IHPXUV�DQG�GHIRUPLW\�RQ�ULJKW�WLELD�
;�UD\V�UHYHDOHG�ELODWHUDO�IHPXU�IUDFWXUH�DQG�ULJKW�WLELD�IUDFWXUH��+H�ZDV�DGPLWWHG�WR�HPHUJHQF\�GHSDUWPHQW�LQWHQVLYH�FDUH�XQLW�ZLWK�D�GLDJQRVLV�RI
PXOWLSOH�ORQJ�ERQH�IUDFWXUHV��$W�WKH�VHFRQG�GD\�RI�KLV�DGPLVVLRQ��KLV�PHQWDO�VWDWXV�DOWHUHG�DQG�KH�EHFDPH�XQUHVSRQVLYH�WR�YHUEDO�FRPPHQWV��+H
KDG�GLDJQRVHG�DV�LQWHUQDO�FDURWLG�DUWHU\�GLVVHFWLRQ�DIWHU�SHUIRUPLQJ�EUDLQ�FRPSXWHG�WRPRJUDSK\��EUDLQ�PDJQHWLF�UHVRQDQFH�LPDJLQJ�DQG�FHUHEUDO
DQJLRJUDSK\��6WHQW�ZDV�LPSODQWHG�LQ�LQWHUQDO�FDURWLG�DUWHU\�E\�LQWHUYHQWLRQDO�UDGLRORJ\��+H�KDG�RSHUDWHG�E\�RUWKRSHGLVWV�IRU�KLV�ORQJ�ERQH�IUDFWXUHV�
7KHQ�KH�ZDV�WUDQVIHUUHG�WR�UHDQLPDWLRQ�LQWHQVLYH�FDUH�XQLW�

&RQVOXVLRQ��$OWKRXJK�WUDXPDWLF�FDURWLG�DUWHU\�GLVVHFWLRQ�LV�D�YHU\�UDUH�FOLQLFDO�VLWXDWLRQ��WUDXPD�SDWLHQWV�ZLWK�DOWHUHG�PHQWDO�VWDWXV�VKRXOG�EH
HYDOXDWHG�IRU�GLVVHFWLRQ��$IWHU�GLDJQRVLV�RI�GLVVHFWLRQ��LQWHUYHQWLRQDO�UDGLRORJLFDO�SURFHGXUHV�PD\�EH�WKH�EHVW�FKRLFH�IRU�WKRVH�WUDXPD�SDWLHQWV��



$,5:$< *DEULHOD�&KLUHD

��������1RVRFRPLDO�DQG�+HDOWKFDUH�$VVRFLDWHG�3QHXPRQLD�RQ�D�SDWLHQW�ZLWK�FKURQLF�DQWLELRWLF�WUHDWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KLUHD�*DEULHOD������&RPVD�0LKDL����

���6WXGHQW��&DURO�'DYLOD�8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\��%XFKDUHVW��520$1,$
���LQWHUQDO�PHGLFLQH��&OLQLFDO�(PHUJHQF\�+RVSLWDO�%XFKDUHVW��%XFKDUHVW��520$1,$

.H\ZRUGV��1RVRFRPLDO�3QHXPRQLD��2[\JHQ�7KHUDS\��$QWLELRWKHUDS\��5HVSLUDWRU\�9LUDO�,QIHFWLRQ�

$EVWUDFW��

,QWURGXFWLRQ��
1RVRFRPLDO�YLUDO�SQHXPRQLD�UHPDLQV�D�FRPPRQ�GLVHDVH��DVVRFLDWHG�ZLWK�VLJQLILFDQW�PRUELGLW\�DQG�PRUWDOLW\��,W�LV�WKH�VHFRQG�PRVW�FRPPRQ
QRVRFRPLDO�LQIHFWLRQ�DQG�DFFRXQWV�IRU���Ä����RI�WKH�WRWDO�SDWLHQWV�LQ�WKH�LQWHQVLYH�FDUH�XQLW��3DWLHQWV�ZLWK�QRVRFRPLDO�SQHXPRQLD�ZLWK�LQIOXHQ]D
YLUXV�DUH�ROGHU�DQG�PRUH�FRPPRQO\�KDYH�VLPXOWDQHRXV�KHDOWK�SUREOHPV��VXFK�DV�SUHYLRXV�VWURNH��KHDUW�IDLOXUH�DQG�',$%(7(6��
&DVH�UHSRUW��
$����\HDU�ROG�IHPDOH�SDWLHQW��ZLWK�D�KLVWRU\�RI�R[\JHQ�GHSHQGHQW�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��VWDJH�,,,�K\SHUWHQVLYH�GLVHDVH��W\SH�,,
LQVXOLQ�GHSHQGHQW�',$%(7(6��VXUJLFDO�WUHDWPHQW�IRU�PLWUDO�YDOYH�VWHQRVLV�VHFRQGDU\�WR�UKHXPDWLF�IHYHU��LQ�KHU�HDUO\�OLIH��IRU�ZKLFK�VKH�DGPLQLVWHUV
PRQWKO\�DQWLELRWLF�WKHUDS\��ZLWK�DPR[LFLOOLQ�FODYXODQLF�DFLG���FRQJHVWLYH�KHDUW�IDLOXUH��WULFXVSLG�DQG�DRUWLF�YDOYH�GLVHDVH��FKURQLF�NLGQH\�GLVHDVH
DGGUHVVHG�WKH�HPHUJHQF\�GHSDUWPHQW��SUHVHQWLQJ�G\VSQRHD��DQWHULRU�FKHVW�SDLQ�ZLWK�SRVWHULRU�LUUDGLDQFH��DQG�FRXJK�ZLWK�H[SHFWRUDWLRQ�IRU�WZR
GD\V��7KH�GLVHDVH�RFFXUUHG�DIWHU�ZDLWLQJ�IRU�DERXW���KRXUV�DW�WKH�JHQHUDO�SUDFWLWLRQHU�IRU�KHU�DQWLELRWLF�SUHVFULSWLRQ�DQG�VKH�ZHQW�LQWR�SURJUHVVLYH
UHVSLUDWRU\�IDLOXUH��EHFDXVH�VKH�FRXOG�QRW�DGPLQLVWHU�KHUVHOI�R[\JHQ��
6KH�ZDV�XQVWDEOH�LQ�WKH�HPHUJHQF\�ZDUG��ZKHUH�VKH�SUHVHQWHG�VHYHUH�G\VSQRHD��ZKHH]LQJ��GLIIXVH�VLELODQW�UDOHV��PRGHUDWH�K\SHUNDODHPLD
�SRWDVVLXP�OHYHO������P(T�/���SHULSKHUDO�R[\JHQ�VDWXUDWLRQ�RI������DUWHULDO�R[\JHQ�SUHVVXUH�ZDV������PP+J����Ã����PP+J���UHVSLUDWRU\�DFLGRVLV
ZLWK�DUWHULDO�EORRG�S+�������DQG�PRGHUDWH�OHXFRF\WRVLV�ZLWK�QHXWURSKLO�SUHGRPLQDQFH��,Q�WKH�HPHUJHQF\�ZDUG�VKH�UHFHLYHG�R[\JHQ�ZLWK�D�KLJK
YROXPH��VHYHUDO�DGPLQLVWUDWLRQV�RI�LQKDODWRU\�VDOEXWDPRO������PFJ�LQKDODWLRQ���LQWUDYHQRXV�K\GURFRUWLVRQH��WZR�GRVHV�RI�����PJ�HDFK���LQWUDYHQRXV
DPLQRSK\OOLQH������PJ�NJ�ERG\�ZHLJKW�GRVH��DV�D�EROXV���6KH�ZDV�HYHQWXDOO\�DGPLWWHG�WR�WKH�LQWHUQDO�PHGLFLQH�GHSDUWPHQW�DV�KHU�VWDWXV�GLG�QRW
LPSURYHG�VLJQLILFDQWO\��+HU�EORRG�WHVWV�UHYHDOHG�FKURQLF�LQIHFWLRQ�ZLWK�KHSDWLWLV�%�YLUXV�
$IWHU���GD\V�RI�KRVSLWDOL]DWLRQ�DQG�DQWLELRWLF�WUHDWPHQW�ZLWK�ODUJH�VSHFWUXP�SHQLFLOOLQV��WKH�SDWLHQW�FRQWUDFWHG�QRVRFRPLDO�SQHXPRQLD�GXH�WR�WKH
DLUERUQH�WUDQVPLVVLRQ��7KH�SDWLHQW
V�V\PSWRPV�ZHUH��GU\�FRXJK��FKHVW�SDLQ��P\DOJLD��ZKHH]LQJ��%RWK�OXQJV�SUHVHQWHG�FUHSLWDQWV�LQ�WKH�ORZHU�KDOYHV
RI�WKH�OXQJV��7KLV�FRUUHODWHG�ZLWK�;�UD\�DVSHFW�ZKLFK�VKRZHG�LQFUHDVHG�KHDUW�VL]H��EDVDO�SXOPRQDU\�VWDVLV�DQG�LQFUHDVHG�RSDFLW\�LQ�WKH�EDVH�
7KH�SDWLHQW�ZDV�WUHDWHG�ZLWK�R[\JHQ�WKHUDS\��DFHQRFXPDURO��IRU�PLWUDO�YDOYH�YHJHWDWLRQV�SURSK\OD[LV���FHIWULD[RQH��DPLQRSK\OOLQH��PHWDPL]ROH�
UDQLWLGLQH��IXURVHPLGH��QLIHGLSLQH��DQG�KHU�HYROXWLRQ�ZDV�IDYRXUDEOH��ZLWK�WKH�GLVDSSHDUDQFH�RI�WKH�G\VSQRHD�DQG�WKH�DQWHULRU�FKHVW�SDLQ�
'LVFXVVLRQ�
9LUDO�SQHXPRQLD��LQ�SDWLHQWV�ZLWK�FKURQLF�SXOPRQDU\�SDWKRORJLHV�DQG�RWKHU�PDMRU�FRPRUELGLWLHV��FRQVWLWXWHV�D�IUHTXHQW�FDXVH�RI�DFXWH�SUHVHQWDWLRQV�
$OWKRXJK�KRVSLWDOL]DWLRQ�LV�PDQGDWRU\�LQ�WKHLU�LQVWDQFHV��WKHLU�FKURQLF�XVH�RI�SURSK\ODFWLF�DQWLELRWKHUDS\�PDNHV�WKHP�VXVFHSWLEOH�WR�RYHULQIHFWLRQ
ZLWK�QRVRFRPLDO�EDFWHULDO�SDWKRJHQV��ZLWK�UHVLVWDQFH�WR�UHJXODU�DQWLELRWLFV��WKHUHIRUH�FRPSOLFDWLQJ�WKHLU�HYROXWLRQ��,W�LV�HVVHQWLDO�WR�PRQLWRU�WKHLU
HYROXWLRQ�YHU\�FORVHO\��$OVR��LW�LV�YHU\�LPSRUWDQW�IRU�WKH�HPHUJHQF\�PHGLFLQH�VSHFLDOLVW�WR�FRUUHFWO\�HYDOXDWH�WKH�SRWHQWLDO�KD]DUGV�DW�ZKLFK�VXFK�D
SDWLHQW�LV�H[SRVHG�DQG�WR�UHFRPPHQG�IRU�KRVSLWDOL]DWLRQ��HYHQ�LI��LQ�VHYHUDO�FDVHV��KH�PLJKW�SUHVHQW�D�SDUWLDO�UHPLVVLRQ�RI�WKH�VLJQV�DQG�V\PSWRPV
WKDW�KDYH�GHWHUPLQHG�WKH�SUHVHQWDWLRQ�WR�WKH�HPHUJHQF\�ZDUG�



0$1$*(0(17���('�25*$1,6$7,21 0LTXHO�6DQFKH]

��������-RE�VDWLVIDFWLRQ�DPRQJ�HPHUJHQF\�GHSDUWPHQW�VWDII

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0LTXHO�6DQFKH]������0RQWVH�6XDUH]������0DULD�$VHQMR����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�&O�QLF�GH�%DUFHORQD��%DUFHORQD��63$,1

.H\ZRUGV��MRE�VDWLVIDFWLRQ��HPHUJHQF\�GHSDUWPHQW��KHDOWKFDUH�SHUVRQQHO

$EVWUDFW��

2%-(&7,9(��7R�FRPSDUH�WKH�OHYHO�RI�MRE�VDWLVIDFWLRQ��-6��DPRQJ�SK\VLFLDQV��3���QXUVHV��1��DQG�DGPLQLVWUDWLYH�VWDII��$6��LQ�DQ�(PHUJHQF\
'HSDUWPHQW��('���7R�DQDO\]H�WKH�UHODWLRQVKLS�RI�-6�ZLWK�WKH�GHPRJUDSKLF�DQG�SURIHVVLRQDO�FKDUDFWHULVWLFV�RI�WKHVH�SHUVRQQHO�

0(7+2'6��:H�SHUIRUPHG�D�GHVFULSWLYH��WUDQVYHUVDO�VWXG\�EDVHG�RQ�WKH�DQVZHUV�WR�WKH�)RQW�5RMD�TXHVWLRQQDLUH�RQ�-6�YROXQWDULO\�JLYHQ�E\�3��1�DQG
$6��0XOWLYDULDWH�DQDO\VLV�GHWHUPLQHG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�RYHUDOO�-6�DQG�WKH�YDULDEOHV�FROOHFWHG��:H�DOVR�FRPSDUHG�WKH�GLPHQVLRQV�RI�-6
DPRQJ�3��1�DQG�$6�

5(68/76��$�WRWDO�RI����3�����1�DQG����$6�ZHUH�LQFOXGHG��$6�ZHUH�VLJQLILFDQWO\�PRUH�VDWLVILHG�WKDQ�3�DQG�1��������������YV��������������DQG�������
������UHVSHFWLYHO\��0XOWLYDULDWH�DQDO\VLV�VKRZHG�WKH�IROORZLQJ�YDULDEOHV�WR�EH�DVVRFLDWHG�ZLWK�-6��URWDWLRQ�DPRQJ�WKH�GLIIHUHQW�('�DFXLW\�OHYHOV��25�
�������FRQILGHQFH�LQWHUYDO��&,��,�����������������DQG�EHORQJLQJ�WR�$6��25���������&,������������������3�DQG�1�UHSRUWHG�JUHDWHU�VWUHVV�DQG�ZRUN
SUHVVXUH�WKDQ�$6�DQG�GHVFULEHG�D�ZRUVH�SK\VLFDO�ZRUNLQJ�HQYLURQPHQW��,QWHUSHUVRQDO�UHODWLRQVKLSV�REWDLQHG�WKH�KLJKHVW�VFRUH�DPRQJ�WKH���JURXSV
RI�SURIHVVLRQDOV�

&21&/86,216��-6�RI�3�DQG�1�LQ�DQ�('�LV�ORZHU�WKDQ�WKDW�RI�$6�ZLWK�WKH�IRUPHU�SHUFHLYLQJ�JUHDWHU�VWUHVV�DQG�ZRUN�SUHVVXUH��&RQYHUVHO\�
LQWHUSHUVRQDO�UHODWLRQVKLSV�DUH�LGHQWLILHG�DV�VWUHQJWK��%HLQJ�3�RU�1�DQG�QRW�URWDWLQJ�DPRQJ�WKH�GLIIHUHQW�('�DFXLW\�OHYHOV�LQFUHDVH�GLVVDWLVIDFWLRQ�



0$1$*(0(17���('�25*$1,6$7,21 $EHO�:HL

��������&DQ�)DLOXUH�0RGH�DQG�(IIHFWV�$QDO\VLV��+)0($��LPSURYH�WKH�GRRU�WR�QHHGOH�WLPH�LQ�SDWLHQWV�VXVSHFW�RI�LVFKHPLF�FHUHEUDO
DFFLGHQW"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$EHO�:HL������)UDQN�(ULN�GH�/HHXZ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�0HGLFDO�&HQWUH�5DGERXG�1LMPHJHQ��1LMPHJHQ��7+(�1(7+(5/$1'6
���'HSHUWPHQW�RI�1HXURORJ\��8QLYHUVLW\�0HGLFDO�&HQWUH�5DGERXG�1LMPHJHQ��1LMPHJHQ��7+(�1(7+(5/$1'6

.H\ZRUGV��+)0($��)DLOXUH�0RGH�DQG�(IIHFWV�$QDO\VLV��&HUHEUDO�DFFLGHQW��GRRU�WR�QHHGOH�WLPH��SDWLHQW�VDIHW\��TXDOLW\�RI�FDUH�

$EVWUDFW��

%DFNJURXQG

7KH�GRRU�WR�QHHGOH�WLPH��'17���GHILQHG�DV�WLPH�EHWZHHQ�DUULYDO�RI�DQ�LVFKHPLF�VWRNH�SDWLHQW�DQG�WKH�GHOLYHU�RI�WKH�WKURPERO\WLF�DJHQW��LV�FRQVLGHUHG
WR�EH�DQ�LPSRUWDQW�LQGLFDWRU�RI�TXDOLW\�RI�FDUH��&RQVLGHULQJ�RQO\�RQH�RXW�RI�VHYHQ�LVFKHPLF�VWURNH�SDWLHQW�OHDYHV�KRVSLWDO�ZLWK�IXOO\�UHJDLQHG
IXQFWLRQV��LW�LV�SDUDPRXQW�WR�GHOLYHU�WKH�DJHQW�WR�WKH�ULJKW�SDWLHQW�DV�IDVW�DV�SRVVLEOH��$FFHSWDEOH�QRUP�RI�GRRU�WR�QHHGOH�WLPH�LV�FRQVLGHUHG�WR�EH
ZLWKLQ���KRXU��7KH�'17�LQ�5DGERXG�XQLYHUVLW\�LQ������ZDV����PLQXWHV���

)DLOXUH�0RGH�DQG�(IIHFWV�$QDO\VLV��+)0($��LV�V\VWHPDWLF�WHFKQLTXHV�IRU�IDLOXUH�DQDO\VLV��,W�ZDV�GHYHORSHG�E\�UHOLDELOLW\�HQJLQHHUV�LQ�WKH�ODWH�����V�WR
VWXG\�SUREOHPV�WKDW�PLJKW�DULVH�IURP�PDOIXQFWLRQV�RI�PLOLWDU\�V\VWHPV��,W�LV�RIWHQ�WKH�ILUVW�VWHS�RI�D�V\VWHP�UHOLDELOLW\�VWXG\�

�

0HWKRGH

7KH�FXUUHQW�WKURPERO\VLV�SURFRWRO�LV�UHYLVHG�E\�XWLOL]LQJ�+)0($�DQG�WKH�LQYROYHPHQW�RI�GHSDUWPHQW�RI�QHXURORJLH��UDGLRORJLH�DQG�HPHUJHQF\
PHGLFLQH�

�

3DWLHQWV�ZKR�DUH�VXVSHFW�RI�VWURNH�SUHVHQWHG�DW�RXU�('�EHWZHHQ����������DQG������������DUH�LQFOXGHG�LQ�WKH�VWXG\��7KH�WLPH�EHWZHHQ�DUULYDO�RI
LVFKHPLF�VWRNH�SDWLHQWV�DQG�GHOLYHU�RI�DOWHSODVH�LV�UHFRUGHG�DQG�FRPSDLUHG�WR�WKH�VDPH�SDWLHQW�JURXS�LQ������

5HVXOW

7KHUH�DUH�����VWURNH�SDWLHQWV�SUHVHQWHG�DW�RXU�('�LQ�����������ZLWK�LVFKHPLF�VWURNH�����KDYH�KHPRUUKDJLF�VWURNH�DQG����ZLWK�WUDQVLHQW�LVFKHPLF
DFFLGHQW��7KH�'17�LQ������LV����PLQXWHV�FRPSDUHV�WR����PLQXWHV�LQ������

&RQFOXVLRQ

)DLOXUH�0RGH�DQG�(IIHFWV�$QDO\VLV�LV�DEOH�WR�LGHQWLI\�DQG�HOLPLQDWH�GH�GHOD\V�LQ�WKH�WKURPERO\VLV�SURWRFRO�DQG�HIIHFWLYHO\�VKRUWHQV�WKH�GRRU�WR�QHHGOH
WLPH�E\�����
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��SDWLHQWV�SUHVHQWHG�WR�WKH�('�ZLWK�LQJHVWLRQ�RI�8QNQRZQ�3ODQWV��7KH\�DUH�IURP�1HSDO�DQG�RQH�RI�WKHP�EURXJKW�WKDW�SODQW�IURP�WKH�IRUHVW�LQ�1HSDO�
7KH\�XVHG�LW�IRU�KHDGDFKH��ERG\�SDLQ��DQG�IOX�V\PSWRPV��KHUEDO���$IWHU�LQJHVWLRQ����RI�WKHP�VWDUWHG�WR�YRPLW�ZLWK�DEGRPLQDO�SDLQ���7KH\�SUHVHQWHG
ZLWK�K\SRWHQVLRQ��UHODWLYH�EUDG\FDUGLD��WLQJOLQJ�VHQVDWLRQ��DQG�GL]]LQHVV��7KH�PRVW�FULWLFDO�SDWLHQW�KDV�IOXFWXDWLQJ�UK\WKP��PXOWL�IRFDO�39&6��UXQV�RI
QRQ�VXVWDLQHG�97��5�RQ�7�SKHQRPHQD��3$&V��FKDQJH�LQ�WKH�DPSOLWXGH�RI�WKH�FRPSOH[���K\SRWHQVLRQ��VDOLYDWLRQ��DFWLYH�YRPLWLQJ��GHHS�UDSLG
UHVSLUDWLRQ��*&6�LV��������FRPSHQVDWHG�PHWDEROLF�DFLGRVLV��7KH��QG�RQH�KDG�WKH�VDPH�SUHVHQWDWLRQ�EXW�PLOGHU�DQG�EHWWHU�(&*��*&6�LV��������7KH
�UG�RQH�KDV�QR�FDUGLDF�PDQLIHVWDWLRQV�EXW�K\SRWHQVLYH��OHVV�YRPLWLQJ��7KH��WK�RQH�LV�DV\PSWRPDWLF��7KH\�KDYH�D�SLHFH�RI�LWV�URRW�ZLWK�KLP��$OO�RI
WKHP�VKRZHG�QRUPDO�/$%��5HVXOWV

GLIILFXOWLHV�DUH��ODQJXDJH�EDUULHU��XQNQRZQ�SRLVRQLQJ��QRQ�IDPRXV�LQ�WKH�FXUUHQW�FRPPXQLW\��UHVHPEOH�WKH�PDQLIHVWDWLRQV�RI�RWKHU�WR[LGURPH�OLNH
FKROLQHUJLF�HIIHFW��PXOWL�FDXVDOLW\�ZLWK�RQO\���VHQLRU�VWDII��8QNQRZQ�PHFKDQLVP�RI�DFWLRQ�VR�GLIILFXOW�WR�GHFLGH�DERXW�WKH�XVH�RI�DQ\�VXSSRUWLYH
PHGLFDWLRQ�

%\�WUDQVODWRU�ZLWK�VRPH�ODQJXDJH�EDUULHU��VDIHW\�WR�WKH�SDWLHQW�IURP�OHJDO�LVVXHV�JLYHQ�WR�DOORZ�WKHP�WR�H[SORUH�PRUH�DERXW�WKH�QDWXUH�RI�WKH�SODQWV
$V�LW�LV�XQEHOLHYDEOH�WKDW�DOO�RI�WKHP�KDYH�KHDGDFKH�DW�WKH�VDPH�WLPH��7KHQ�WKH\�DGPLWWHG�WKDW�LW�ZDV�IRU�HQHUJHWLF�HIIHFW��7KHQ�,�GLVFRYHUHG�WKH
SODQW�ZKLFK�LV�$FRQLWXP�1DSHOOXV�DQG�LW�ZDV�WKH�URRW

$PRLGDURQH�JLYHQ�WR�FRQWURO�WKH�DUU\WKPLDV�IROORZHG�E\�,&8�DGPLVVLRQ

$FRQLWXP�1DSHOOXV�FRQWDLQV��$FRQLWLQH�DQG�PHVDFRQLWLQH�

0(&+$1,606�

7KH�FDUGLRWR[LFLW\�DQG�QHXURWR[LFLW\�DUH�GXH�WR�WKHLU�DFWLRQV�RQ�WKH�VRGLXP�FKDQQHOV�RI�WKH�FHOO�PHPEUDQHV�RI��KH�P\RFDUGLXP��QHUYHV��DQG�PXVFOHV�
WKH\�ELQG�ZLWK�KLJK�DIILQLW\�WR�WKH�RSHQ�VWDWH�RI�WKH�YROWDJH�VHQVLWLYH�VRGLXP�FKDQQHOV�DW�VLWH����FDXVLQJ�DQ�DFWLYDWLRQ�RI�WKH�VRGLXP�FKDQQHOV��ZKLFK
EHFRPH�UHIUDFWRU\�WR�H[FLWDWLRQ��7KH�DUUK\WKPRJHQLF�SURSHUWLHV�DUH�GXH�WR�LWV�DQWLFKROLQHUJLF�HIIHFWV�PHGLDWHG�E\�WKH�YDJXV�QHUYH��$FRQLWLQH�KDV�D
�YH�LQRWURSLF�HIIHFW�E\�SURORQJLQJ�VRGLXP�LQIOX[�GXULQJ�WKH�DFWLRQ�SRWHQWLDO��,W�KDV�K\SRWHQVLYH�DQG�EUDG\FDUGLF�DFWLRQV�GXH�WR�DFWLYDWLRQ�RI�WKH
YHQWURPHGLDO�QXFOHXV�RI�WKH�K\SRWKDODPXV��WKH\�FDQ�LQGXFH�VWURQJ�FRQWUDFWLRQV�RI�WKH�LOHXP�WKURXJK�DFHW\OFKROLQH�UHOHDVH�IURP�WKH�SRVWJDQJOLRQLF
FKROLQHUJLF�QHUYHV�

&/,1,&$/�)($785(6�

3DWLHQWV�SUHVHQW�ZLWK�SDUHVWKHVLD�DQG�QXPEQHVV�RI�IDFH��SHULRUDO�DUHD��DQG�WKH�IRXU�OLPEV��PXVFOH�ZHDNQHVV�LQ�WKH�IRXU�OLPEV��K\SRWHQVLRQ��FKHVW
SDLQ��SDOSLWDWLRQV��EUDG\FDUGLD��VLQXV�WDFK\FDUGLD��YHQW��HFWRSLFV��97��DQG�9)��QDXVHD��YRPLWLQJ��DEGRPLQDO�SDLQ�DQG�GLDUUKHD��7KH�PDLQ�FDXVHV�RI
GHDWK�DUH�UHIUDFWRU\�YHQWULFXODU�DUUK\WKPLDV�DQG�DV\VWROH�DQG�WKH�RYHUDOO�KRVSLWDO�PRUWDOLW\�LV������

0$1$*(0(17�

VXSSRUWLYH��FORVH�PRQLWRULQJ�RI�EORRG�SUHVVXUH�DQG�FDUGLDF�UK\WKP��,QRWURSLF�WKHUDS\�LV�UHTXLUHG�LI�K\SRWHQVLRQ�SHUVLVWV�DQG�DWURSLQH�IRU�EUDG\FDUGLD�
YHQW��DUUK\WKPLDV�DUH�RIWHQ�UHIUDFWRU\�WR�GLUHFW�FXUUHQW�FDUGLRYHUVLRQ�DQG�DQWLDUUK\WKPLF�GUXJV��$PLRGDURQH�DQG�IOHFDLQLGH�DUH�UHDVRQDEOH�ILUVW�OLQH
WUHDWPHQW��PDLQWDLQLQJ�V\VWHPLF�EORRG�IORZ��EORRG�SUHVVXUH��DQG�WLVVXH�R[\JHQDWLRQ�E\�WKH�HDUO\�XVH�RI�FDUGLRSXOPRQDU\�E\SDVV�

PRUH�LQIRUPDWLRQ�DUH�DYDLODEOH�EXW�QR�SODFH�KHUH�



5(63,5$725<�(0(5*(1&,(6 PRQWL�PDQXHO

��������9HQRXV�WKURPERHPEROLVP�SURSK\OD[LV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��D�QHZ�VFRUH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

JLRYDQQL�PDULD�YLQFHQWHOOL������PDQXHO�PRQWL������IUDQFHVFR�URFFR�SXJOLHVH������PDULD�SLD�UXJJLHUL������JLXVHSSH�PXUGROR������IUDQFHVFR�ERUJRJQRQL
�����JLXOLDQR�EHUWD]]RQL����

���HPHUJHQF\�GHSDUWPHQW��IDWHEHQHIUDWHOOL�LVROD�WLEHULQH�URPH��5RPH��,7$/<
���HPHUJHQF\�GHSDUWPHQW��XVO�XPEULD����5RPH��,7$/<
���HPHUJHQF\�GHSDUWPHQW��SHUWLQL�KRVSLWDO��5RPH��,7$/<
���HPHUJHQF\�GHSDUWPHQW��6DQ�JLRYDQQL�+RVSLWDO��5RPH��,7$/<
���LQWHUQDO�PHGLFLQH��$VVLVL�+RVSLWDO��DVVLVL��,7$/<
���HPHUJHQF\�GHSDUWPHQW��$VVLVL�+RVSLWDO��DVVLVL��,7$/<
���HPHUJHQF\�GHSDUWPHQW��6DSLHQ]D�8QLYHUVLW\�RI�5RPH��5RPH��,7$/<

.H\ZRUGV��DQWLFRDJXODWLRQ��PHGLFDO�SDWLHQWV��HPHUJHQF\�SDWLHQWV��WKURPERVLV�SURSK\OD[LV��SXOPRQDU\�HPEROLVP��YHQRXV�WKURPERHPEROLVP�QHZ
VFRUH

$EVWUDFW��

2EMHFWLYHV��9HQRXV�WKURPERHPEROLVP��97(��SURSK\OD[LV�LV�OHVV�IUHTXHQW�LQ�HPHUJHQF\�PHGLFLQH��(0��WKDQ�LQ�LQWHUQDO�PHGLFLQH��,0��GHSDUWPHQW��7KH
DLP�RI�WKH�SUHVHQW�VWXG\�LV�D�FULWLFDOO\�UHYXH�RI�WKURPERHPEROLVP�FULWHULD�DQG�VFRUH�LQ�WKH�PHGLFDO�SDWLHQW��LQ�(0�DQG�,0�GHSDUWPHQW��3DUWLFXODUO\�ZH
KRSH�ILQG�D�VFRUH�PRUH�VXLWDEOH�IRU�DFXWH�SDWLHQW�EXW�ZLWK�KLJK�VHQVLELOLW\�DQG�VSHFLILFLW\�
0HWKRGV��'RXEOH�FDVH�FRQWURO�REVHUYDWLRQDO�VWXG\��ZLWK�HQUROOPHQW��IRU�HDFK�FDVH�RI�97(��RI�WZR�FRQVHFXWLYH�SDWLHQWV�ZLWKRXW�97(��RI�HTXDO�VH[�DQG
DJH�JURXS����Ä������Ä������Ä������Ä������Ä������Ä������Ä����!���\HDUV��7KH�VWXG\�LQYROYHG�(0�DQG�,0�GHSDUWPHQW�RI����KRVSLWDO�XQLYHUVLW\�RI
/D]LR�DQG�8PEULD��LQ�,WDO\�

5HVXOWV��:H�DQDO\]HG�GDWD�SHUWDLQLQJ�WR������SDWLHQWV������ZLWK�97(������Ä�GHHS�YHQRXV�WKURPERVLV��'97��������Ä�SXOPRQDU\�HPEROLVP��3(��������
Ä�3(�'97��DQG�����FDVH�FRQWURO������SDWLHQWV�������ZHUH�LQ�FKDUJH�WR�(0�GHSDUWPHQW�ZKLOH�����SDWLHQWV�������WR�,0�GHSDUWPHQW��7KH�7(9�ULVN
IDFWRUV�DW�PRUH�VWDWLVWLFDO�VLJQLILFDQFH��S�������ZHUH��SUHYLRXV�97(��DFWLYH�FDQFHU��NQRZQ�WKURPERSKLOLF�FRQGLWLRQ��LPPRELOL]DWLRQ��FKURQLF�YHQRXV
LQVXIILFLHQF\��K\SHUKRPRF\VWHLQHPLD��FHQWUDO�YHQRXV�FDWKHWHU��UHFHQW�KRVSLWDOL]DWLRQ��2EHVLW\��UHFHQW�VXUJHU\��IDPLO\�KLVWRU\�RI�97(��KRUPRQH
WKHUDS\�DQG�WUHDWPHQW�ZLWK�GUXJV�WKDW�VWLPXODWH�KHPDWRSRLHVLV�ZHUH�UHVXOWHG�DW�LQWHUPHGLDWH�VWDWLVWLFDO�VLJQLILFDQFH��S������EXW�!�������0XOWLSOH
ORJLVWLF�UHJUHVVLRQ�ZDV�XVHG�ZLWK�UREXVW�VWDQGDUG�HUURUV�DQG�IRUZDUG�VHOHFWLRQ�RI�FDQGLGDWH�YDULDEOHV�XVLQJ�WKH�%D\HVLDQ�LQIRUPDWLRQ�FULWHULRQ�WR
GHYHORS�D�QHZ�VFRUH��WKH���7(YHUH�6FRUH��7KLV�VFRUH�VKRZV�WKH�KLJKHVW�VSHFLILFLW\�DQG�VHQVLWLYLW\���UHVSHFWLYHO\�����DQG������ZLWK�DFFXUDF\������
FRPSDUHG�ZLWK�3DGXD��.XVFHU�DQG�&KRSDUG�VFRUHV��7HYHUH�VFRUH�KDG�SUHGLFWLYH�YDOLGLW\�IRU�ULVN�RI�WKURPERHPEROLVP�$852&�������������&,�������WR
������WKDQ�ZDV�JUHDWHU�WKDQ�.XVFHU�VFRUH�$852&�������������&,�������WR�������S� ��������

&RQFOXVLRQV��7KH�7(9(5(�VFRUH��KDV�VKRZQ�WR�KDYH�D�KLJKHU�DFFXUDF\�WKDQ�WKH�RWKHU�VFRUHV�PRVW�FRPPRQO\�XVHG�LQ�FOLQLFDO�SUDFWLFH�WR�VWUDWLI\�WKH
ULVN�RI�WKURPERHPEROLVP�,Q�SDUWLFXODU��LQ�RXU�VWXG\��ZH�ZHUH�WDNHQ�LQWR�H[DPV�DOVR�SDWLHQWV�IURP�WKH�'HSDUWPHQW�RI�(PHUJHQF\��ZKLFK�DSSHDU�WR
KDYH��IRU�D�YDULHW\�RI�IDFWRUV��GLIIHUHQW�FKDUDFWHULVWLFV�WKDQ�SDWLHQWV�KRVSLWDOL]HG�LQ�PHGLFDO�ZDUGV�7KLV�PDNHV�WKH�7(9(5(�D�JRRG�VFRUH�WR�XVH��IDVW�
DOVR�LQ�WKH�(PHUJHQF\�'HSDUWPHQWV�



35(�+263,7$/���(06���287�2)�+263,7$/ &KULVWRSK�5HGHOVWHLQHU

��������(06�V\VWHPVeFRPSDULVRQ�DFURVV�WKH�FDVHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&KULVWRSK�5HGHOVWHLQHU����

�����8QLY�RI�$SSOLHG�6FLHQFH��'HSWV�6RFLDO�:RUN�DQG�+HDOWK���'DQXEH�8QLY�(PHUJHQF\�+HDOWK�6HUYLFHV�0JPW�3URJUDP��6W�3�OWHQ���.UHPV��$8675,$

.H\ZRUGV��*DWHNHHSHU��(PHUJHQF\�0HGLFDO�6HUYLFHV��&RPPXQLW\�&DUH��3ULPDU\�&DUH��KHDU��UHIHU�DQG�WUHDW��VHH��WUHDW�DQG�UHOHDVH�

$EVWUDFW��

%DFNJURXQG

7KH�VWXG\�FRPSDUHV�SDWKZD\V�IRU�WKH�VDPH�SDWLHQW�FRQGLWLRQV�RI�GLIIHUHQW�(PHUJHQF\�0HGLFDO�6HUYLFHV�IURP����(XURSHDQ�1DWLRQV��7KHVH�FDVHV
ZHUH�GHVLJQHG�DV�XUJHQW�EXW�QRW�OLIH�WKUHDWHQLQJ�HPHUJHQFLHV��$�VLPSOH�ODFHUDWLRQ��DQ�DGXOW�H[SHULHQFLQJ�DQ�DVWKPD�DWWDFN��D�SDWLHQW�ZLWK�ORZHU
EDFN�SDLQ��D�FDOOHU�KDYLQJ�FRXJK�DQG�FKHVW�SDLQ��DQ�HOGHUO\�DIWHU�D�IDOO��D�SDWLHQW�ZLWK�IHYHU�DQG�D�VHQLRU�LQ�QHHG�WR�KDYH�D�XULQDU\�FDWKHWHU�FKDQJH�

�

3DUWLFLSDQWV�DQG�PHWKRGV

6HUYLFHV�LQ�$XVWULD��%HOJLXP��&]HFK�5HSXEOLF��'HQPDUN��)LQODQG��)UDQFH��*HUPDQ\��+XQJDU\��,WDO\��/X[HPERXUJ��1RUZD\��6ORYDNLD��6ORYHQLD��6SDLQ�
6ZHGHQ��6ZLW]HUODQG�DQG�8QLWHG�.LQJGRP�SDUWLFLSDWHG�LQ�WKH�VWXG\��7KH�VHYHQ�FDVH�VFHQDULRV�KDYH�EHHQ�DQVZHUHG�YLD�TXHVWLRQQDLUH�RU�SHUVRQDO
LQWHUYLHZ�GXULQJ�SDUWLFLSDWLRQ�LQ�ILHOG�DPEXODQFH�ZRUN�

Ë5HVXOWV

7KHUH�LV�D�KLJK�GHJUHH�RI�YDULDWLRQ�LQ�VWHHULQJ�WKH�SDWLHQW�LQWR�GLIIHUHQW�PHGLFDO�SDWKZD\V�YLD�SKRQH�HYDOXDWLRQ�RU�RQ�VFHQH�DVVHVVPHQWV�EHWZHHQ
WKH�GLIIHUHQW�VHUYLFHV�WKDW�KDYH�EHHQ�UHVHDUFKHG��2YHUDOO��LQ�WKH�REVHUYHG�LQVWLWXWLRQV�WKHUH�LV�D�WHQGHQF\�WR�WUHDW�DQG�UHOHDVH�SDWLHQWV�LI�DPEXODQFH
SURYLGHUV�DOVR�KDYH�D�QXUVLQJ�RU�FRPPXQLW\�DGYDQFHG�SDUDPHGLF�EDFNJURXQG��FRPELQHG�ZLWK�VWDQGDUGL]HG�DVVHVVPHQW�SURWRFROV�RU�LI�WKHUH�DUH
JHQHUDO�SUDFWLWLRQHUV�V\VWHPDWLFDOO\�LQYROYHG��6RPH�VHUYLFHV�KDYH�D�VWULFW�ÆWUDQVSRUW�WR�WKH�KRVSLWDO�VWUDWHJ\Ç�ZKHUHDV�RWKHUV�KDYH�D�ÆKHDU�DQG�UHIHU
RU�WUHDWÇ�RU�ÆVHH��WUHDW�DQG�UHOHDVHÇ�UHVSRQVH�

'LVFXVVLRQ�FRQFOXVLRQ

$PEXODQFH�VHUYLFHV�IXOILOO�SULPDU\�FDUH�WDVNV�LQ�DOO�QDWLRQV��,I�WKHUH�LV�QR�FRPPRQ�VWUDWHJ\�GHYHORSHG�ZLWK�WUDGLWLRQDO�SULPDU\�FDUH�SURYLGHUV�VXFK�DV
JHQHUDO�



&35���5(686&,7$7,21 'PLWULMV�6HUJHMHYV

��������)LYH�\HDU�H[SHULHQFH�RI�LQWUDRVVHRXV�DFFHVV�LQ�SUHKRVSLWDO�VWDJH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'PLWULMV�6HUJHMHYV������6DUPLWH�9LOOHUH����

���6WDWH�(PHUJHQF\�0HGLFDO�6HUYLFH�RI�/DWYLD����/DWYLDQ�$VVRFLDWLRQ�RI�(PHUJHQF\�0HGLFLQH��5LJD��/$79,$

.H\ZRUGV��3UHKRVSLWDO��LQWUDRVVHRXV

$EVWUDFW��

,QWURGXFWLRQ��(VWDEOLVKPHQW�RI�6WDWH�(PHUJHQF\�0HGLFDO�6HUYLFH��6(06��LQ�/DWYLD��������ZDV�WKH�JHQHUDO�SUHFRQGLWLRQ�IRU�LPSOHPHQWDWLRQ�RI
XQLILHG�HTXLSPHQW�DQG�QHZ�PHWKRGV�LQ�SUHKRVSLWDO�HPHUJHQF\�PHGLFDO�FDUH�SURYLVLRQ��,Q�-DQXDU\�������GHYLFHV�IRU�LQWUDRVVHRXV��KHUHLQDIWHU���,2�
DFFHVV�ZHUH�LQWURGXFHG�LQ�DOO�(0&�FUHZV�WKURXJKRXW�WKH�VWDWH���5HJXODU�DQG�FRQWLQXLQJ�WUDLQLQJ�IRU�,2�HVWDEOLVKPHQW�ZDV�SURYLGHG�IRU�6(06�PHGLFDO
VWDII��$FFRUGLQJ�WR�WKH�WUDLQLQJ�,2�KDV�WR�EH�HVWDEOLVKHG�LQ�SUR[LPDO�WLELDO�SODWHDX�LQ�FDVH�ZKHQ�LQWUDYHQRXV�DFFHVV�LV�QRW�DYDLODEOH�RU�IHDVLEOH�

�2EMHFWLYH��7R�VXPPDUL]H�WKH�UHVXOWV�RI�WKH�,2�DFFHVV�LQ���\HDU�SHULRG�LQ�SUHKRVSLWDO�VWDJH�LQ�/DWYLD�ZLWK�D�SXUSRVH�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI
WUDLQLQJ�

�0DWHULDOV�	�0HWKRGV��0HGLFDO�UHFRUGV�RI�SDWLHQWV�WR�ZKRP�,2�DFFHVV�ZDV�HVWDEOLVKHG�LQ�SUHKRVSLWDO�VWDJH�LQ�/DWYLD�IURP������WR������ZHUH
DQDO\]HG�

�5HVXOWV�

����,2�OLQH�SODFHPHQW�DWWHPSWV�ZHUH�SHUIRUPHG�WR�����SDWLHQWV�IURP�-DQXDU\���������WR�'HFHPEHU����������������WLPHV�ZLWK�%RQH�,QMHFWLRQ�*XQ�
%�,�*���:DLVPHG�/WG���DQG����WLPHV�ZLWK�(=�,2��9LGDFDUH��

$JH�RI�SDWLHQWV�YDULHG�IURP����GD\V�WR����\HDUV��DYHUDJH������\HDUV��6'��������,Q����FDVHV�,2�ZDV�HVWDEOLVKHG�WR�FKLOGUHQ��LQFOXGLQJ����LQIDQWV�

,Q�PRVW�FDVHV�������Q �����WKH�SDWLHQWV�KDG�FDUGLDF�DUUHVW��ZKLOH��������Q �����RI�SDWLHQWV�KDG�KHPRG\QDPLF�LQVWDELOLW\�DQG��������Q �����KDG
RWKHU�FRQGLWLRQ�UHTXLULQJ�YDVFXODU�DFFHVV�GXULQJ�WUDQVSRUWDWLRQ�WR�KRVSLWDO���������Q �����RI�SDWLHQWV�KDG�WUDXPD��ZKLOH��������Q �����RI�SDWLHQWV
KDG�QRQ�WUDXPD�UHODWHG�FRQGLWLRQ�

0RVW�,2�LQVHUWLRQV�ZHUH�SHUIRUPHG�E\�SK\VLFLDQV��������Q ������ZKLOH�LQ������Q �����RI�FDVHV�,2�DFFHVV�ZDV�SHUIRUPHG�E\�GRFWRUÇV�DVVLVWDQW�

6XFFHVVIXO�LQVHUWLRQ�RQ�WKH�ILUVW�DWWHPSW�ZDV�DFKLHYHG�LQ��������Q �����FDVHV��,Q���������Q ����FDVHV�,2�DFFHVV�ZDV�QRW�HVWDEOLVKHG�GXH�WR
GLIIHUHQW�UHDVRQV���ERQH�EXW�QRW�PDUURZ�HQWHUHG��IDLOXUH�WR�UHPRYH�WKH�WURFDU�QHHGOH�DIWHU�LQVHUWLRQ��LQDELOLW\�WR�LGHQWLI\�WKH�LQVHUWLRQ�VLWH�FRUUHFWO\
DQG�LPSURSHU�QHHGOH�OHQJWK�LQ�REHVH�SDWLHQWV��������XQVXFFHVVIXO�,2�OLQH�LQVHUWLRQV�ZHUH�REVHUYHG�LQ�FKLOGUHQ��LQFOXGLQJ���LQIDQWV��1HHGOH
GLVORGJPHQW�ZDV�REVHUYHG�LQ����FDVHV�DIWHU�LQLWLDOO\�VXFFHVVIXO�,2�DFFHVV��WKXV�GLPLQLVKLQJ�RYHUDOO�,2�OLQH�VXFFHVV�UDWH�WR�������

&RQFOXVLRQV�

5HJXODU�WUDLQLQJ�LPSURYHV�VXFFHVV�UDWH�LQ�HVWDEOLVKPHQW�RI�,2�DFFHVV��2XU�UHVXOWV�VKRZHG�VXEVWDQWLDO�LQFUHDVH�RI�VXFFHVV�UDWH�RI�,2�LQVHUWLRQ�RQ��
WKH��VW�DWWHPSW�IURP�������WR�������
)LUVW�DWWHPSW�VXFFHVV�UDWH�IRU�%�,�*��GHYLFH�ZDV��������LQFOXGLQJ�����IRU�DGXOWV�DQG�����IRU�FKLOGUHQ���
7KHUH�ZDV�QR�VWDWLVWLFDO�GLIIHUHQFH�LQ�VXFFHVV�RI�,2�OLQH�SODFHPHQW�SHUIRUPHG�E\�SK\VLFLDQV�RU�GRFWRUÇV�DVVLVWDQWV��25 ������S �������2YHUDOO��
������VXFFHVV�UDWH�ZDV�DFKLHYHG�E\�SK\VLFLDQV�DQG���������E\�GRFWRUÇV�DVVLVWDQWV�
9DVW�PDMRULW\�RI�XQVXFFHVVIXO�DWWHPSWV�ZHUH�SHUIRUPHG�ZLWK�%�,�*��GHYLFH��7KHUH�ZDV�RQO\���XQVXFFHVVIXO�,2�LQVHUWLRQ�UHSRUWHG�ZLWK�(=�,2��EXW��
WKH�QXPEHU�RI�(=�,2�LQVHUWLRQV�LV�WRR�VPDOO�WR�PDNH�VWDWLVWLFDO�DQDO\VLV�



&$6(�35(6(17$7,21 2PDU�*KD]DQIDU

��������$Q�XQXVXDO�SUHVHQWDWLRQ�RI�,QWUDFUDQLDO�$EVFHVV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

2PDU�*KD]DQIDU������6DOHK�)DUHV����

���(PHUJHQF\�0HGLFLQH��=D\HG�0LOLWDU\�+RVSLWDO��$EX�'KDEL��81,7('�$5$%�(0,5$7(6

$EVWUDFW��

$�ILIW\�ILYH�\HDU�ROG�SDWLHQW�ZDV�UHIHUUHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW�ZLW�D�GLDJQRVLV�RI�K\SRQDWUHPLD�2Q�DVVHVVPHQW�LQ�WKH�(PHUJHQF\
'HSDUWPHQW�KH�ZDV�IRXQG�WR�KDYH�D�WKUHH�GD\�KLVWRU\�RI�IHYHU�KHDGDFKH�ERG\�DFKHV�DQG�QH[N�SDLQ�$OWKRXJK�KH�ZDV�IXOO\��FRQVFLRXV�GXULQJ�LQLWLDO�KH
ZDV�IRXQG�WR�KDYH�LQWHUPLWWHQW�SHULRGV�RI�GHOLULXP�$Q�LQLWLDO�ZRUNLQJ�GLDJQRVLV�RI�PHQLQJLWLV�ZDV�PDGH�DQG�SDWLHQW�ZDV�VWDUWHG�RQ�,9�DQWLELRWLFV�/3
ZDV�WXUELG�DQG�ZDV�FRQVLVWHQW�ZLWK�EDFWHULDO�LQIHFWLRQ��$�&7�VFDQ�DQG�ODWHU�DQ�05,�VFDQ�VKRZHG�PXOWLSOH�IRFL�RI�DEFHVVHV�LQ�KLV�FHUHEHOODU�DQG
WKDODPLF�UHJLRQ�

2Q�IXUWKHU�UHYLHZ�RI�KLV�PHGLFDO�ILOH�LW�ZDV�IRXQG�WKDW�KH�ZDV�DGPLWWHG�D�IHZ�PRQWKV�SULRU�ZLWK�OXQJ�HPS\HPD�DQG�UHTXLUHG�D�WKRUDFRVWRP\�DW�WKDW
SRLQW�7KLV�ZDV�DQ�XQXVXDO�FDVH�DQG�LW�LV�SUHVXPHG�WKDW�WKH�SDWLHQW�KDG�WKURZQ�RII�VHYHUDO�VHSWLF�HPEROL�WR�WKH�EUDLQ�

:H�ZLOO�LQWHQG�WR�GLVFXVV�('�SUHVHQWDWLRQV�RI�LQWUDFUDQLDO�LQIHFWLRQV�DQG�HODERUDWH�RQ�LQYHVWLJDWLRQ�DQG�WUHDWPHQW�SURWRFROV�DV�SHUWDLQLQJ�WR
PDQDJLQJ�VXFK�SDWLHQWV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�



&$5',29$6&8/$5 .DWKDULQD�7VFKHUQ\

��������5LVN�VWUDWLILFDWLRQ�LQ�DFXWH�FRURQDU\�V\QGURPH��HYDOXDWLRQ�RI�WKH�*5$&(�DQG�&586$'(�VFRUHV�LQ�WKH�VHWWLQJ�RI�D�WHUWLDU\
FDUH�FHQWUH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.DWKDULQD�7VFKHUQ\������5DSKDHO�YDQ�7XOGHU������+DUDOG�+HUNQHU������&KULVWRI�+DYHO������:ROIJDQJ�6FKUHLEHU������'RPLQLN�5RWK����

�����'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��$XVWULD��9LHQQD��$8675,$

.H\ZRUGV��DFXWH�FRURQDU\�V\QGURPH��ULVN�DVVHVVPHQW��PDMRU�EOHHGLQJ��RXWFRPH�UHVHDUFK

$EVWUDFW��

%DFNJURXQG�

7KH�PDQDJHPHQW�LQ�DFXWH�FRURQDU\�V\QGURPH��$&6��LV�LQIOXHQFHG�E\�ULVN�DVVHVVPHQW��7KH�*OREDO�5HJLVWU\�RI�$FXWH�&RURQDU\�(YHQWV��*5$&(��DQG
WKH�&DQ�5DSLG�ULVN�VWUDWLILFDWLRQ�RI�8QVWDEOH�DQJLQD�SDWLHQWV�6XSSUHVV�$GYHUVH�RXWFRPHV�ZLWK�(DUO\�LPSOHPHQWDWLRQ�RI�WKH�$PHULFDQ�&ROOHJH�RI
&DUGLRORJ\�$PHULFDQ�+HDUW�$VVRFLDWLRQ�JXLGHOLQHV��&586$'(��VFRUHV�DUH�DPRQJ�WKH�PRVW�IUHTXHQWO\�XVHG�ULVN�DVVHVVPHQW�WRROV��$�UHFHQWO\
SXEOLVKHG�VWXG\�RQ�������SDWLHQWV�VXJJHVWHG�D�FOHDU�VXSHULRULW\�RI�WKH�*5$&(�YV��WKH�&586$'(�VFRUH�WR�SUHGLFW�LQ�KRVSLWDO�PRUWDOLW\�DQG�PDMRU
EOHHGLQJ��7KHVH�UHVXOWV�ZHUH�QRWHG�FRQWURYHUVLDOO\�LQ�WKH�VFLHQWLILF�FRPPXQLW\���

2EMHFWLYHV�

:H�DLPHG�WR�DVVHVV�WKH�SHUIRUPDQFH�RI�WKH�*5$&(�DQG�&586$'(�ULVN�VFRUHV�WR�SUHGLFW�LQ�KRVSLWDO�PRUWDOLW\�DQG�PDMRU�EOHHGLQJ�LQ�D�FRQWHPSRUDU\
$&6�SRSXODWLRQ�DW�D�KLJK�YROXPH�FHQWUH�

0HWKRGV�

$OO�SDWLHQWV�WUHDWHG�IRU�$&6�IURP�-DQXDU\���������WR�'HFHPEHU����������DW�RXU�WHUWLDU\�FDUH�FHQWUH�ZHUH�SURVSHFWLYHO\�LQFOXGHG�LQ�RXU�UHJLVWU\�
'HPRJUDSKLF�DQG�FOLQLFDO�FKDUDFWHULVWLFV�DV�ZHOO�DV�GHWDLOV�RQ�GLDJQRVWLF�ILQGLQJV�DQG�WKHUDS\�ZHUH�FROOHFWHG�DFFRUGLQJ�WR�WKH�&DUGLRORJ\�$XGLW�DQG
5HJLVWUDWLRQ�'DWD�6WDQGDUGV��&$5'6��RI�WKH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\��*5$&(�DQG�&586$'(�ULVN�VFRUHV�ZHUH�FDOFXODWHG��7KH�GLVFULPLQDWLRQ
FDSDFLW\�RI�ERWK�VFRUHV�IRU�LQ�KRVSLWDO�PRUWDOLW\�DQG�PDMRU�EOHHGLQJ�ZHUH�FRPSDUHG�XVLQJ�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�FXUYHV�DQG�WKH�PHWKRG
VXJJHVWHG�E\�'H/RQJ�HW�DO�

5HVXOWV�

,Q�WRWDO�������SDWLHQWV��������������IHPDOH��DJH���k���\HDUV��ZHUH�LQFOXGHG���������������ZHUH�GLDJQRVHG�ZLWK�67�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ
�67(0,����������������XQGHUZHQW�DFXWH�SHUFRXWDQHRXV�FRURQDU\�LQWHUYHQWLRQ��3&,�������������UHFHLYHG�WKURPERO\WLF�WKHUDS\�������������GLHG��DQG
PDMRU�EOHHGLQJ�RFFXUUHG�LQ�������������%DVHG�RQ�*5$&(�ULVN�FDWHJRULHV�������SDWLHQWV���������KDG�ORZ�ULVN��������SDWLHQWV���������KDG
LQWHUPHGLDWH�ULVN��DQG�������SDWLHQWV���������KDG�KLJK�ULVN��5LVN�EDVHG�RQ�&586$'(�FDWHJRULHV�ZDV�YHU\�ORZ�ORZ�LQ�������SDWLHQWV���������
PRGHUDWH�LQ�����SDWLHQWV����������DQG�KLJK�YHU\�KLJK�ULVN�LQ�������SDWLHQWV����������'LVFULPLQDWLRQ�FDSDFLW\�IRU�LQ�KRVSLWDO�PRUWDOLW\�RI�WKH�*5$&(
VFRUH�ZDV�VXSHULRU�WR�WKH�&586$'(�VFRUH��DUHD�XQGHU�WKH�FXUYH��$8&������������&,��������������YV������������&,�������������S��������3HUIRUPDQFH
IRU�PDMRU�EOHHGLQJ�ZDV�SRRU�IRU�ERWK�VFRUHV��$8&������������������IRU�*5$&(�YV�������������������IRU�&586$'(��QV��

&RQFOXVLRQ�

2XU�ILQGLQJV�VXSSRUW�D�VXSHULRULW\�RI�WKH�*5$&(�RYHU�WKH�&586$'(�VFRUH�WR�SUHGLFW�LQ�KRVSLWDO�PRUWDOLW\��0DMRU�EOHHGLQJ�LV�UDUH�LQ�WKH�HUD�RI�SULPDU\
3&,�DQG�SHUIRUPDQFH�RI�ERWK�VFRUHV�WR�SUHGLFW�LW�ZDV�SRRU��KRZHYHU�WKHUH�ZDV�D�WUHQG�WRZDUGV�VXSHULRULW\�RI�WKH�*5$&(�VFRUH�IRU�WKLV�RXWFRPH��WRR�



('8&$7,21�$1'�75$,1,1* +HOHQD�6MoOLQ

��������&25(�&217(17�,1�('8&$7,21�)25�1856(6�,1�$0%8/$1&(�&$5(�,1�6:('(1��),1/$1'�$1'�%(/*,80�v�$�&$6(�678'<

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+HOHQD�6M�OLQ������9HURQLFD�/LQGVWU�P������+�NDQ�+XOW������&KDUORWWH�5LQJVWHG������/LVD�.XUODQG����

���.DUROLQVND�,QVWLWXWH��'HSW��RI�FOLQLFDO�UHVHDUFK�DQG�HGXFDWLRQ��6�GHUVMXNKXVHW��6WRFNKROP��6:('(1
���.DUROLQVND�,QVWLWXWH��'HSW��RI�QHXURELRORJ\��FDUH�VFLHQFHV�DQG�VRFLHW\��'LYLVLRQ�RI�QXUVLQJ��6WRFNKROP��6:('(1
���/LQN�SLQJ�8QLYHUVLW\��'HSDUWPHQW�RI�%HKDYLRUDO�6FLHQFH�DQG�/HDUQLQJ��/LQN�SLQJ��6:('(1
���$DUKXV�8QLYHUVLW\��&HQWUH�IRU�+HDOWK�6FLHQFH�(GXFDWLRQ��)DFXOW\�RI�KHDOWK���$DUKXV��'(10$5.
���.DUROLQVND�,QVWLWXWH�DQG�6�GHUVMXNKXVHW��'HSDUWPHQW�RI�&OLQLFDO�6FLHQFH�DQG�(GXFDWLRQ�DQG�8QLW�RI�(PHUJHQF\�0HGLFLQH��6WRFNKROP��6:('(1

.H\ZRUGV��&XUULFXOXP��1XUVH�(GXFDWLRQ��$PEXODQFH�FDUH��3UHKRVSLWDO�FDUH��(PHUJHQF\�FDUH

$EVWUDFW��

7KHUH�LV�QR�JHQHUDO�DJUHHPHQW�UHJDUGLQJ�HGXFDWLRQ�DQG�FRPSHWHQFH�IRU�ZRUNLQJ�LQ�HPHUJHQF\�PHGLFDO�VHUYLFHV�LQ�(XURSH��$�IHZ�FRXQWULHV�VWDII
DPEXODQFHV�ZLWK�UHJLVWHUHG�QXUVHV��51���EXW�WKHUH�LV�QR�FRQVHQVXV�RQ�VSHFLILF�NQRZOHGJH�QHHGHG�IRU�51V�LQ�DPEXODQFH�FDUH��7KH�REMHFWLYH�RI�WKH
VWXG\�ZDV�WR�H[SORUH�WKH�FRQWHQW�LQ�6ZHGLVK��)LQQLVK�DQG�%HOJLDQ�DGYDQFHG�OHYHO�HGXFDWLRQ�IRU�51V�LQ�DPEXODQFH�FDUH��$�GHGXFWLYH�FDVH�VWXG\
UHVHDUFK�GHVLJQ�ZDV�XVHG��7KUHH�8QLYHUVLWLHV��RQH�IURP�HDFK�FRXQWU\�RI�6ZHGHQ��)LQODQG�DQG�%HOJLXP�SDUWLFLSDWHG��'DWD�ZDV�JHQHUDWHG�IURP
FXUULFXOD�DQG�LQWHUYLHZV�ZLWK�WHDFKHUV��DQDO\]HG�ZLWK�GLIIHUHQW�DSSURDFKHV�RI�TXDOLWDWLYH�FRQWHQW�DQDO\VLV���7KH�UHVXOW�VKRZHG�WKDW�FRPPRQ�FRQWHQW
RI�WKH�FXUULFXOD�FDQ�EH�GHVFULEHG�DV�SKDUPDFRORJ\��PHGLFDO�VFLHQFH��PHGLFDO�FDUH�DQG�WUHDWPHQW��FOLQLFDO�MXGJPHQW��QXUVLQJ�SUDFWLFH��SDWLHQW
UHODWLRQVKLS��NQRZOHGJH�WUDQVIHU��HWKLFDO�YLHZV��FRQWH[WXDO�VNLOOV��PDQDJHPHQW��DQG�HPSOR\PHQW�IDFWRUV��&RQWHQW�FRQFHUQLQJ�PHGLFDO�NQRZOHGJH�
HVSHFLDOO\�PHGLFDO�VFLHQFH��PHGLFDO�FDUH�DQG�WUHDWPHQW��DQG�FOLQLFDO�MXGJPHQW��GRPLQDWHG��&OLQLFDO�UHDVRQLQJ��DSSOLHG�NQRZOHGJH��SHUVRQDO�DELOLWLHV
DQG�VFLHQWLILF�DZDUHQHVV�ZHUH�GHVFULEHG�E\�WKH�WHDFKHUV�DV�HVVHQWLDO�LQ�WKH�HGXFDWLRQ�

&RQFOXVLRQV��7KH�QHHG�IRU�PHGLFDO�NQRZOHGJH�GRPLQDWHV�WKH�HGXFDWLRQDO�FRQWHQW�ZLWK�DQ�REYLRXV�IRFXV�RQ�PHGLFDO�VFLHQFH��PHGLFDO�FDUH�DQG
WUHDWPHQW��DQG�FOLQLFDO�MXGJPHQW��7KH�WHDFKHUV�DLP�WR�PHHW�WKH�QHHG�RI�EURDG�FRPSHWHQFH�LQ�FOLQLFDO�UHDVRQLQJ�E\�LPSOHPHQWLQJ�WKHRU\�LQWR
SUDFWLFH��DV�ZHOO�DV�WR�GHYHORS�WKH�VWXGHQWVÇ�SHUVRQDO�DELOLWLHV�DQG�LQVWLOOLQJ�D�VFLHQWLILF�DZDUHQHVV�



257+23(',&6 'HPHW�7DV

��������+DPDWH�%RG\�)UDFWXUH��$�5DUH�(QWLW\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

2QXU�.DSODQ������'HPHW�7DV������0HKPHW�<LJLW������7XJED�(YUDQ����

���(PHUJHQF\�'HSDUWPHQW��+DVHNL�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<

.H\ZRUGV��KDPDWH�ERG\�IUDFWXUH��&7�VFDQ�RI�WKH�ZULVW��EOXQW�WUXPD��ZULVW�SDLQ

$EVWUDFW��

%DFNJURXQG��7KH�KDPDWH�ERQH�LV�DQ�LUUHJXODUO\�VKDSHG�FDUSDO�ERQH�IRXQG�ZLWKLQ�WKH�KDQG��)UDFWXUHV�RI�KDPDWH�ERQH�DUH�UDUH�DQG�RIWHQ�GLIILFXOW�WR
GLDJQRVH��KDPDWH�IUDFWXUH�FRQVWLWXWH�DERXW�����RI�DOO�FDUSDO�IUDFWXUHV��+RRN�RI�KDPDWH�IUDFWXUHV�KDYH�WKH�SRWHQWLDO�WR�FDXVH�VLJQLILFDQW�LQMXU\�WR�WKH
XOQDU�QHUYH�DQG�DUWHU\��+HUHLQ��ZH�SUHVHQW�D�UDUH�FDVH�RI�LVRODWHG�KDPDWH�ERG\�IUDFWXUH�LQ�D�\RXQJ�PDOH�IROORZLQJ�EOXQW�WUDXPD�GXULQJ�D�PRWRU
YHKLFOH�DFFLGHQW�

&DVH��$����\HDU�ROG�SUHYLRXVO\�KHDOWK\�PDQ�ZDV�LQYROYHG�LQ�D�PRWRU�YHKLFOH�DFFLGHQW�DQG�SUHVHQWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW�ZLWK�D�FRPSODLQW
RI�OHIW�ZULVW�DQG�KDQG�SDLQ�RQ�WKH�XOQDU�VLGH�RI�WKH�ZULVW��2Q�DUULYDO��WKH�\RXQJ�PDOH�ZDV�DOHUW�DQG�RULHQWHG��DQG�KLV�YLWDO�VLJQV�ZHUH�VWDEOH��2Q
SK\VLFDO�H[DPLQDWLRQ��KH�FRPSODLQHG�DERXW�SDLQ�LQ�KLV�OHIW�KDQG�DQG�ZULVW�VLQFH���KRXU��+LV�SDLQ�UHOLHYHG�ZLWK�JULS�VWUHQJWK��+H�KDG�WHQGHUQHVV�RQ
WKH�XOQDU�VLGH�RI�WKH�ZULVW��$QWHURSRVWHULRU�DQG�REOLTXH�[�UD\�VKRZHG�QR�IUDFWXUH�EXW��&RPSXWHG�WRPRJUDSK\��&7��VFDQ�RI�WKH�ZULVW�UHYHDOHG�D
GLVSODFHG�KDPDWH�ERG\�IUDFWXUH��7KH�SDWLHQW�ZDV�ILQDOO\�GLDJQRVHG�DV�KDYLQJ�KDPDWH�ERG\�IUDFWXUH�DQG�KH�XQGHUZHQW�RSHUDWLRQ�IRU�GLVSODFHG
KDPDWH�ERG\�IUDFWXUH�

&RQFOXVLRQ��2Q�FRQYHQWLRQDO�[�UD\������RI�ZULVW�IUDFWXUHV�DUH�PLVGLDJQRVHG�DV�VLPSOH�ZULVW�VSUDLQV��&DUSDO�ERQH�IUDFWXUHV�FDQ�EH�GLIILFXOW�WR�GHWHFW
UDGLRJUDSKLFDOO\��KHQFH�&7�RI�WKH�ZULVW�VKRXOG�EH�FRQVLGHUHG�ZKHUH�IUDFWXUH�LV�VWLOO�VXVSHFWHG��:KHQ�KDPDWH�ERG\�IUDFWXUH�LV�GHWHFWHG�HDUO\�
DSSURSULDWH�WUHDWPHQW�FDQ�LPSURYH�D�SDWLHQW
V�TXDOLW\�RI�OLIH�DQG�UHGXFH�GLVDELOLW\�



&$5',29$6&8/$5 'DQLHO�)HUQDQGH]

��������%HZDUH��XQH[SHFWHG�KHDUW�UHDFWLRQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'DQLHO�)HUQ�QGH]�9DUJDV������(QULTXH�&DUR�9�]TXH]������&DUPHQ�$GHOD�<DJR�&DOGHU�Q������6XVDQD�0DUW�Q�&DUDYDQWH������$QD�-RV��'XDUWH�5RPHUR�����
-XDQ�$QWRQLR�5LYHUR�*XHUUHUR����

���6HUYLFLR�GH�&XLGDGRV�&U�WLFRV�\�8UJHQFLDV��+RVSLWDO�9LUJHQ�GH�OD�9LFWRULD��0�ODJD���6HUYLFLR�$QGDOX]�GH�6DOXG��0�ODJD��63$,1
���'LVSRVLWLYR�GH�&XLGDGRV�&U�WLFRV�\�8UJHQFLDV��'LVWULWR�0�ODJD���6HUYLFLR�$QGDOX]�GH�6DOXG��0�ODJD��63$,1

.H\ZRUGV��DUUK\WKPLD��EUXJDGD�V\QGURPH��DWULDO�ILEULOODWLRQ

$EVWUDFW��

,1752'8&7,21��%UXJDGD�V\QGURPH��%6��LV�FODVVLILHG�DV�DQ�FKDQQHORSDWK\��ZKRVH�FRQVHTXHQFH�LV�WKH�SUHGLVSRVLWLRQ�WR�DUUK\WKPLDV��6%
SUHYDOHQFH�LV�DURXQG���LQ�HYHU\��������SHRSOH��DOWKRXJK�LW�LV�HVWLPDWHG�WKDW�WKHUH�LV�DOVR�D�ODUJH�SHUFHQWDJH�RI�WKH�SRSXODWLRQ�ZLWK�VLOHQW�IRUPV�RI
WKH�GLVHDVH�DQG��WKHUHIRUH��WKHUH�DUH�SHRSOH�ZKR�DUH�XQGLDJQRVHG��%HWZHHQ�����DQG�����RI�WKHP�SUHVHQW�V\QFRSH�RU�VXGGHQ�GHDWK�GXH�WR
YHQWULFXODU�DUUK\WKPLD�GXULQJ�PRVWO\��WKH�WKLUG�RU�IRXUWK�GHFDGH�RI�OLIH��6%�SDWLHQWV�KDYH�DQ�LQFUHDVHG�ULVN�RI�VXIIHULQJ�DWULDO�DUUK\WKPLDV��HVSHFLDOO\
DWULDO�ILEULOODWLRQ��$)��ULVN��7KH�LQFLGHQFH�RI�DWULDO�ILEULOODWLRQ�LQ�SDWLHQWV�ZLWK�%UXJDGD�V\QGURPH�LV����WR�����DQG��LQ�WXUQ��WKH�SUHVHQFH�RI�$)�ZDV
DVVRFLDWHG�ZLWK�D�VHYHUH�SUHVHQWDWLRQ�RI�GLVHDVH�DQG�LQFUHDVHG�ULVN�RI�YHQWULFXODU�ILEULOLDFL�Q��$)�LV�WKH�DUUK\WKPLD�PRVW�FRPPRQ�SUHVHQWDWLRQ�LQ�WKH
(PHUJHQF\�'HSDUWPHQWV��('���VR�LW�LV�FUXFLDO�WR�NQRZ�DOO�WKH�SRVVLEOH�HWLRORJLHV�RI�WKH�$)�IRU�SURSHU�SDWLHQW�PDQDJHPHQW��PLQLPL]LQJ�WKH�ULVN�WKDW
WKH�SDWLHQWV�ZRXOG�VXIIHU�DGYHUVH�HYHQWV�

2%-(&7,9(��5HF\FOLQJ�DQG�XSGDWH�WUDLQLQJ�IRU�WKH�PDQDJHPHQW�RI�%UXJDGD�V\QGURPH�LQ�WKH�FRQWH[W�RI�WDFK\DUUK\WKPLDV�WKDW�DUH�KDQGOHG�LQ�WKH
XVXDO�HPHUJHQF\�SUDFWLFH�

0(7+2'6�$1'�5(68/76��$�FDVH�UHSRUW��0DOH�����\HDUV�ZLWKRXW�DOOHUJLHV��VPRNHU�WHQ�SDFNV���\HDU��ZLWKRXW�IDPLO\�RU�RWKHU�SHUVRQDO�IDFWRUV�RI
VWUXFWXUDO�KHDUW�GLVHDVH��+H�DUULYHG�WR�+RVSLWDO�LQ�DQ�DPEXODQFH�ZLWK�ZHOO�WROHUDWHG�SDOSLWDWLRQV��WKDW�VWDUWHG���KRXUV�DJR��+H�UHIHUV�SUHYLRXV
HSLVRGHV�WKDW�DUH�VHOI�OLPLWLQJ�LQ�UHFHQW�\HDUV��ZLWK�HOHFWURFDUGLRJUDP��(&*��ZLWKRXW�SDWKRORJ\�ZKHQ�KH�LV�VHHQ��8SRQ�DUULYDO��KHPRG\QDPLFDOO\
VWDEOH��WKH�(&*�VKRZV�D�QDUURZ�456�WDFK\DUUK\WKPLD�ZLWK�OHIW�D[LV�DQG�PRUSKRORJ\�RI�,QFRPSOHWH�5LJKW�%XQGOH�EUDQFK�EORFN�FRPSDWLEOH�ZLWK�$)�WR
����ESP��7KH�FKHVW�;�UD\�VKRZV�QR�ILQGLQJV��7KH�SDWLHQW�LV�QRW�ZLWK�FKHVW�SDLQ�DQG�WKHUH�DUH�QRW�VLJQV�RI�KHDUW�IDLOXUH��VR�ZH�SURFHHG�WR
FDUGLRYHUVLRQ�SKDUPDFRORJLFDOO\�ZLWK�LQWUDYHQRXV�IOHFDLQLGH��$IWHU���PLQXWHV��WKH�SDWLHQW�UHSRUWHG�EHLQJ��GL]]\���ZKLOH�UHWDLQLQJ�KHPRG\QDPLF
SDUDPHWHUV��:H�UHSHDW�(&*��WKDW�FRQILUPV�XV�EHFDPH�WR�VLQXV�UK\WKP��65���DOWKRXJK�ZLWK�DOWHUDWLRQV�LQ�UHSRODUL]DWLRQ�RI�9��WR�9��FRPSDWLEOH�ZLWK
%6�W\SH�,�

7KH�SDWLHQW�KDV�KHPRG\QDPLF�DQG�FOLQLFDO�VWDELOLW\��DQG�EHLQJ�DV\PSWRPDWLF��VR�KH�JRHV�WR�REVHUYDWLRQ�DUHD��ZKHUH�KH�UHFRYHUHG�WKH�(&*�RULJLQDO
PRUSKRORJ\�RI�UHSRODUL]DWLRQ��DQG�UHPDLQLQJ�LQ�65�LQ�WKH�IROORZLQJ���KRXUV��6HULDO�WHVWV�RI�PDUNHUV�RI�P\RFDUGLDO�QHFURVLV�DUH�PDGH�PRUH�WKDQ���
KRXUV�RI�RQVHW�RI�V\PSWRPV��DQG�WKHUH�LV�QRW�HYLGHQFH�RI�DQ�LVFKHPLF�HYHQW��7KH�SDWLHQW�LV�YDOXHG�E\�&DUGLRORJ\��DQG�GXH�WR�WKH�FOLQLFDO
SUHVHQWDWLRQ�DQG�HYROXWLRQ��$V\PSWRPDWLF��%6�PRUSKRORJ\�W\SH�,�DIWHU�EORFNLQJ�VRGLXP�FKDQQHOV�GUXJV��DQG�ZLWKRXW�IDPLO\�KLVWRU\�RI�VXGGHQ
GHDWK���WKH�SDWLHQW�LV�GLVFKDUJHG�IURP�KRVSLWDO�WR�FRQWLQXH�WKH�VWXG\�DQG�PRQLWRULQJ�E\�WKH�$UUK\WKPLD�8QLW��

&21&/86,216��$OWKRXJK�WKH�%6�KDV�D�ORZ�SUHYDOHQFH��WKH�KLJK�LQFLGHQFH�RI�$)�DQG�LWV�PDQDJHPHQW�LQ�(PHUJHQF\�'HSDUWPHQWV��PXVW�PRWLYDWH
XV�WR�KDYH�D�SURSHU�UHF\FOLQJ�LQ�WKH�HWLRORJ\�RI�DWULDO�DUUK\WKPLDV��WR�HQVXUH�SDWLHQW�VDIHW\�DQG�SURSHU�LQWHJUDWHG�PDQDJHPHQW�LQ�WKH�('�



&$5',29$6&8/$5 +LURVKL�'RKJRPRUL

��������7R�HYDOXDWH�ZKHWKHU�WKH�H[LVWHQFH�RI�IHYHU�LV�OLQNHG�WR�D�ORZHU�UDWH�RI�VLJQLILFDQW�FRURQDU\�DUWHU\�VWHQRVLV�LQ�SDWLHQWV
ZLWK�VXVSHFWHG�DFXWH�FRURQDU\�V\QGURPH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+LURVKL�'RKJRPRUL������6KR]R�6DKR������-XQLFKL�,PDPXUD������,FKLUR�.XNLWD����

���'LYLVLRQ�RI�(PHUJHQF\�0HGLFLQH��5\XN\X�8QLYHUVLW\�+RVSLWDO��1LVKLKDUD�FKR��-$3$1
���'HSDUWPHQW�RI�$QHVWKHVLRORJ\��.DJRVKLPD�0HGLFDO�FHQWHU��.DJRVKLPD��-$3$1
���'HSDUWPHQW�RI�1HXURVXUJHU\��.DJRVKLPD�0HGLFDO�FHQWHU��.DJRVKLPD��-$3$1

.H\ZRUGV��DFXWH�FRURQDU\�V\QGURPH��GLDJQRVLV��IHYHU&9

$EVWUDFW��

%DFNJURXQG��$OWKRXJK�D�FRUUHFW�DQG�SURPSW�GLDJQRVLV�RI�DFXWH�FRURQDU\�V\QGURPH��$&6��LV�LPSRUWDQW��LW�LV�QRW�DOZD\V�HDV\�WR�SHUIRUP�LQ�DQ
HPHUJHQF\�URRP��(5��VHWWLQJ�

3XUSRVH��:H�HYDOXDWHG�ZKHWKHU�WKH�SUHVHQFH�RI�IHYHU�DW�(5�ZDV�DVVRFLDWHG�ZLWK�VHYHUH�FRURQDU\�DUWHU\�VWHQRVLV�LQ�SDWLHQWV�XQGHUJRLQJ�HPHUJHQF\
FDWKHWHUL]DWLRQ�>FRURQDU\�DQJLRJUDSK\��&$*�@�IRU�VXVSHFWHG�$&6�

0HWKRG�DQG�0DLQ�UHVXOWV��7KLV�VWXG\�ZDV�DSSURYHG�E\�WKH�ORFDO�HWKLFDO�FRPPLWWHH��,Q�WKLV�UHWURVSHFWLYH�VWXG\��ZH�HQUROOHG�SDWLHQWV�ZKR�YLVLWHG�(5�RI
WKH�.DJRVKLPD�0HGLFDO�+RVSLWDO��.DJRVKLPD��-DSDQ��IURP�2FWREHU���������WR�0DUFK����������DQG�XQGHUZHQW�HPHUJHQF\�&$*��7KRVH�SDWLHQWV
UHFHLYHG�H[DPLQDWLRQ�DQG�LI�WKH\�FRPSODLQHG�RI�WKH�V\PSWRPV�DQG�FRPSODLQV�VXFK�DV�FKHVW�SDLQV�ZKLFK�ZHUH�VXVSHFWHG�RI�$&6��SK\VLFLDQV�LQ
FKDUJH�GHFLGHG�WR�SHUIRUP�&$*�DQG�SHUFXWDQHRXV�FRURQDU\�LQWHUYHQWLRQ��3&,��IRU�QHFHVVDU\��$QG�LQ�WKHVH�SDWLHQWV��WKH�UDWH�RI�WKH�3&,�ZDV�FKHFNHG
LQ�UHODWLRQ�WR�WKH�H[LVWHQFH�RI�IHYHU�FKHFNHG�DW�WKH�WLPH�RI�(5��,Q�WRWDO�RI������SDWLHQWV�YLVLWLQJ�(5������XQGHUZHQW�HPHUJHQF\�&$*�WR�GHWHUPLQH�WKH
GLDJQRVLV�RI�VXVSHFWHG�$&6�����RI�WKHP�ZHUH�DVVHVVHG�IRU�IHYHU�DW�(5��6L[W\�WZR�SDWLHQWV��DYHUDJH�DJH�������\HDU��PDOH�IHPDOH���������KDG�D
WHPSHUDWXUH�RI����×&��1�3��DQG�WKH�UHPDLQLQJ����DYHUDJH�DJH��������PDOH�IHPDOH������KDG�D�WHPSHUDWXUH�RI�!��×&��)�3���,Q�WKH�1�3�JURXS�����
UHTXLUHG�3&,�IRU�WKH�VWHQRVLV�WUHDWPHQW��DQG�LQ�WKH�)�3�JURXS������UHTXLUHG�3&,��3� ���������7KHUH�ZDV�WKH�WHQGHQF\�RI�WKH�ORZHU�UDWH�RI�3&,�LQ�)�3
JURXS�WKDQ�LQ�1�3�JURXS��7KH�H[LVWHQFH�RI�WKH�IHYHU�PLJKW�KDYH�WKH�SRVVLELOLW\�WR�LQIOXHQFH�RQ�WKH�UDWH�RI�3&,�LQ�SDWLHQWV�VXVSHFWHG�RI�$&6�

&RQFOXVLRQ��:H�REVHUYHG�D�WHQGHQF\�WRZDUG�WKH�ORZHU�UDWHV�RI�3&,�LQ�WKH�)�3�JURXS���:LWK�D�ODUJHU�QXPEHU�RI�SDWLHQWV��WKH�DVVRFLDWLRQ�RI�IHYHU�DW�WKH
(5�ZLWK�FRURQDU\�DUWHU\�VWHQRVLV�PD\�EH�FODULILHG��0RUH�H[DPLQDWLRQV�DUH�ZDUUDQWHG�



('8&$7,21�$1'�75$,1,1* -DUL�<Oh�0DWWLOD

��������&XUUHQW�VSHFLDOLVWV�WUDLQLQJ�RI�(PHUJHQF\�0HGLFLQH�LQ�.DQWD�+jPH�&HQWUDO�+RVSLWDO��)LQODQG

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-DUL�<O��0DWWLOD������7HHPX�.RLYLVWRLQHQ������$UL�3DORP�NL����

�����.DQWD�+�PH�&HQWUDO�+RVSLWDO��+�PHHQOLQQD��)LQODQG��+�PHHQOLQQD��),1/$1'

.H\ZRUGV��(PHUJHQF\�0HGLFLQH��WUDLQLQJ��VSHFLDOLVWV

$EVWUDFW��

%DFNJURXQG

(PHUJHQF\�PHGLFLQH��(0��EHFDPH�D�IXOO�OHQJWK�VSHFLDOW\�LQ�)LQODQG�LQ�WKH�EHJLQQLQJ�RI�������7R�GDWH��PRUH�WKDQ����KRVSLWDOV�DUH�RIIHULQJ�(0
VSHFLDOLVW�WUDLQLQJ��2XU�(0�VSHFLDOLVW�WUDLQLQJ�LV�EDVHG�RQ�WKH�(XURSHDQ�&XUULFXOXP�IRU�(PHUJHQF\�0HGLFLQH�DQG�FRPSULVHV�D�VL[�\HDU�SURJUDP
LQFOXGLQJ�V\VWHPDWLF�WKHRUHWLFDO�DQG�SUDFWLFDO�WUDLQLQJ�

7KH�.DQWD�+�PH�&HQWUDO�+RVSLWDO��.+&+��LV�WKH�ILIWK�ODUJHVW�VHFRQGDU\�KRVSLWDO�LQ�)LQODQG�RIIHULQJ�(0�VHUYLFHV�IRU���������SHRSOH�DQG�KDYLQJ
DQQXDOO\��������YLVLWV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('���,Q�.+&+��WKH�(0�VSHFLDOLVW�WXLWLRQ�VWDUWHG�RQ�2FWREHU��VW��������DQG�WKH�KRVSLWDO�LV
SULYLOHJHG�WR�KDYH�WKH�ILUVW�(0�VSHFLDOLVW�LQ�)LQODQG��2XU�ILUVW�\HDU�H[SHULHQFHV�LQ�(0�VSHFLDOLVW�WUDLQLQJ�KDYH�EHHQ�SXEOLVKHG�HDUOLHU������,Q�WKLV
GHVFULSWLYH�VWXG\��ZH�SUHVHQW�WKH�FXUUHQW�VLWXDWLRQ�RI�WKH�(0�WUDLQLQJ�LQ�WKH�.+&+��+�PHHQOLQQD��6RXWKHUQ�)LQODQG�

�

0HWKRGV

:H�DQDO\]HG�WKH�ZHHNO\�WLPH�WDEOH�RI�SK\VLFLDQV�VSHFLDOL]LQJ�LQ�(0��7KH�VWXG\�ZDV�FDUULHG�RXW�LQ�WKH�.+&+�

�

5HVXOWV

,Q�RXU�('�WUDLQHHV�DUH�ZRUNLQJ�LQ�VKLIWV�IRU����WR����KRXUV�ZHHN��7KH\�DUH�ZRUNLQJ�LQ�WKH�ILHOGV�RI�,QWHUQDO�0HGLFLQH��6XUJHU\��1HXURORJ\�
7UDXPDWRORJ\��(17�DQG�3DHGLDWULFV��7KH�UHVW�RI�WKH�ZRUNLQJ�ZHHN�LV�SUDFWLFHG�LQ�HGXFDWLRQ�E\�ÈOHDUQLQJ�DQG�GRLQJÉ��7KHUH�LV�RQH�GD\�SHU�ZHHN�IRU
IXUWKHU�WKHRUHWLFDO�DQG�SUDFWLFDO�WUDLQLQJ�ZKLFK�LV�OHG�E\�VSHFLDOLVW�RI�(0�RU�$QHVWKHVLRORJ\�

7KH�WKHRUHWLFDO�SDUW�RI�WKH�GD\�FRQVLVWV�RI�D�OHFWXUH�RI�,QWHUQDO�0HGLFLQH�ZLWK�FKDQJLQJ�WRSLFV���7KHUH�DUH�DOVR�RQH�WR�WZR�OHFWXUHV�SUHVHQWHG�E\�RXU
RZQ�WUDLQHHV�RU�DQ�DSSURSULDWH�VSHFLDOLVW�GHSHQGLQJ�RI�WKH�PDLQ�WRSLF�RI�WKH�GD\��7KH�ZHHNO\�FKDQJLQJ�PDLQ�WRSLFV�DUH�IROORZHG�E\�WKH�ERRN�RI
7LQWLQDOOLÇV�(PHUJHQF\�0HGLFLQH������6LQFH�������LQ�WKH�('�RI�.+&+��WKHUH�KDYH�EHHQ�OXQFK�WLPH�OHFWXUHV�LQ�(0�FRYHULQJ�ERWK�FRQVHUYDWLYH�DQG
RSHUDWLYH�VSHFLDOWLHV���7KH�OHFWXUHV�DUH�LQFOXGHG�LQ�WKH�(0�WUDLQHHV�GD\��EXW�DUH�DOVR�PHQWLRQHG�DQG�EHHQ�SRSXODU�DPRQJ�WKH�RWKHU�SK\VLFLDQV�RI�WKH
KRVSLWDO�

7R�HQVXUH�WKH�IXUWKHU�SUDFWLFDO�VNLOOV�WKHUH�LV�KDQGV�RQ�VRQRJUDSK\�WUDLQLQJ�ZLWK�RQ�GXW\�5DGLRORJLVW�RU�(0�RU�,QWHUQDO�0HGLFLQH�VSHFLDOLVWV��7KH�PDLQ
IRFXV�RI�VRQRJUDSK\�WUDLQLQJ�LV�LQ�WKH�)RFXV�$VVHVVPHQW�ZLWK�6RQRJUDSK\�IRU�7UDXPD��)$67��DQG�)RFXV�$VVHVVHG�7UDQVWKRUDFLF�(FKR��)$7(���7KH
WUDLQHHV�KDYH�WKH�ORJ�ERRNV�WR�HQVXUH�VXIILFLHQW�DPRXQW�RI�VRQRJUDSK\�H[DPLQDWLRQV��6LPXODWLRQV�DUH�DOVR�D�FUXFLDO�SDUW�RI�WKH�GD\��7KHVH�DUH
XVXDOO\�OHG�E\�$QHVWKHVLRORJLVW��DQG�WKH�WRSLFV�DUH�FKDQJLQJ�IURP�WKH�FDUH�RI�FULWLFDOO\�LOO�SDWLHQWV�LQ�('�RU�SUH�KRVSLWDO�HPHUJHQF\�VHUYLFHV�WR
HTXLSPHQW�WUDLQLQJ�RU�('�SURWRFRO�WHVWLQJ��,Q�DGGLWLRQ��SURFHGXUDO�HGXFDWLRQ�SURJUDP�LQFOXGHV�WUDLQLQJ�E\�XVLQJ�FDGDYHUV�IRU�IRXU�WLPHV�D�\HDU�

�

&RQFOXVLRQ

7KH�SUHVHQW�V\VWHPDWLF�HGXFDWLRQ�SURJUDP�FRYHUV�ZHOO�WKH�GHPDQGV�RI�WKH�(0�VSHFLDOLVW�WUDLQLQJ�

5HIHUHQFHV

1DVNDOL�-���3DORP�NL�$���+DUMROD�9�3���HW�DO��(PHUJHQF\�0HGLFLQH�LQ�)LQODQG��)LUVW�<HDU�([SHULHQFHV�RI�6SHFLDOLVW�7UDLQLQJ��-$(0������������������
7LQWLQDOOL�-(���6WDSF]\QVNL�-6���0D�-2���HW�DO��7LQWLQDOOLÇV�(PHUJHQF\�0HGLFLQH��$�&RPSUHKHQVLYH�6WXG\�*XLGH���WK�HGLWLRQ���������



('8&$7,21�$1'�75$,1,1* 6H\HGKRVVHLQL�-DYDG

��������(IILFDF\�RI�:HE�EDVHG�ORJERRN�6\VWHP�RQ�(PHUJHQF\�0HGLFLQH�5HVLGHQWV�5HFRUGHG�$FWLYLW\�DQG�6DWLVIDFWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-DYDG�6H\HGKRVVHLQL������$OL�/DEDI������0D]LDU�$VKUDIL������1DUJHV�0RKDPPDGUH]DHL����

�����7HKUDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��(OHFWURQLF�/RJERRN��5HVLGHQW\�7UDLQLQJ

$EVWUDFW��

%DFNJURXQG
ORJERRNV�DUH�XVHIXO�PDWHULDOV�LQ�UHJLVWHULQJ�DFWLYLWLHV��GHILQLQJ�JRDOV�DQG�HYDOXDWLRQ�LQ�DQ\�UHVLGHQF\�SURJUDP��7KH
SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�HIILFDF\�RI�D�QHZO\�LQLWLDWHG�ZHE�EDVHG�HOHFWURQLF�ORJERRN�V\VWHP�LQ�FRPSDUHG
ZLWK�SDSHU�EDVHG�ORJERRN�EDVHG�LQ�UHJLVWUDWLRQ�RI�DFWLYLWLHV�RI�HPHUJHQF\�PHGLFLQH�UHVLGHQWV�DFWLYLWLHV�DQG�VDWLVIDFWLRQ
RI�UHVLGHQWV�DQG�IDFXOW\�PHPEHUV�
0HWKRGV
$�QHZ�ZHE�EDVHG�HOHFWURQLF�ORJERRN�V\VWHP�GHYHORSHG�LQVLGH�RXU�HPHUJHQF\�PHGLFLQH�GHSDUWPHQW��7KLV�FURVVVHFWLRQDO�GHVFULSWLYH�HYDOXDWLRQ�VWXG\
ZDV�SHUIRUPHG�DIWHU���PRQWK�LQLWLDWLRQ�RI�WKH�ZHE�EDVHG�HOHFWURQLF�ORJERRN
V\VWHP��7ZR�PDMRU�DFWLYLWLHV�RI�3*<��DQG�3*<��UHVLGHQWV��SURFHGXUHV�DQG�VKLIW�DFWLYLWLHV�ZHUH�FRPSDUHG�ZLWK
SUHYLRXV�\HDU�UHFRUGHG�DFWLYLWLHV�LQ�SDSHU�ORJERRNV�LQ�VDPH�SHULRG�RI�WLPH��$OVR�VDWLVIDFWLRQ�RI�IDFXOW\�PHPEHUV�DQG
UHVLGHQWV�ZDV�HYDOXDWHG�YLD�VHSDUDWHG�VXUYH\�
5HVXOWV
���UHVLGHQWV�SDSHU�ORJERRNV�DQG����UHVLGHQWV�ZHE�EDVHG�ORJERRNV�ZHUH�HYDOXDWHG��PHDQ�QXPEHU�RI�FRQILUPHG�DQG
UHJLVWHUHG�FDVHV�RI�VKLIWV�DQG�SURFHGXUHV�SHU�HDFK�UHVLGHQW�LQ�ZHE�EDVHG�ORJERRN�ZHUH�VLJQLILFDQWO\�PRUH�WKDQ�SDSHU
EDVHG�ORJERRN��SDSHU�EDVHG�DQG�ZHE�EDVHG�FRQILUPHG�UHFRUGHG�VKLIWV������DQG������UHVSHFWLYHO\�DQG�SDSHU�EDVHG
DQG�ZHE�EDVHG�FRQILUPHG�UHFRUGHG�SURFHGXUHV�������DQG�������UHVSHFWLYHO\���S�YDOXH��������'DWD�DQDO\VLV�LQ
VDWLVIDFWLRQ�VXUYH\�VKRZHG�WKDW�PRVW�IDFXOW\�PHPEHUV�DQG�UHVLGHQWV�SUHIHU�XVLQJ�ZHE�EDVHG�RYHU�SDSHU�EDVHG
ORJERRN�
&RQFOXVLRQV
2XU�VWXG\�VKRZHG�WKDW�ZHE�EDVHG�ORJERRNV�FDQ�LQIOXHQFH�RQ�TXDQWLW\�RI�UHFRUGHG�DFWLYLWLHV�LQ�UHVLGHQF\�SURJUDP�
0RUHRYHU��LW�LV�SRVVLEOH�WR�UHFRUG�DFWLYLWLHV�DW�DQ\�WLPH�LQ�DQ\�SODFH�E\�UHVLGHQWV�DQG�WR�YHULI\�E\�WKHLU�WHDFKHUV�RQOLQH
LQ�ZHE�EDVHG�ORJERRN�V\VWHP��(YDOXDWLRQ�RI�WKH�HOHFWURQLF�V\VWHP�LV�PRUH�DFFXUDWH�DQG�YHU\�WLPH�VDYLQJ�WKDQ�SDSHU
EDVHG�V\VWHP��,W�LV�FUXFLDO�WR�HYDOXDWH�HIIHFW�RI�ZHE�EDVHG�V\VWHPV�RQ�TXDOLW\�RI�UHVLGHQF\�SURJUDPV�LQ�IXWXUH�



35(�+263,7$/���(06���287�2)�+263,7$/ 'HQLV�5DQV

��������3HUIRUPDQFH�RI�HDUO\�ZDUQLQJ�VFRUHV�FDOFXODWHG�LQ�WKH�SUHKRVSLWDO�VHWWLQJ�E\�DPEXODQFH�FUHZ�WR�GHILQH�WKH�OHYHO�RI
PHGLFDO�UHVSRQVH��WKH�6$3$�($6�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'HQLV�5DQV������0DUF�9UDQFN[������%HUQDGHWWH�&XYHOLHU������%HQMDPLQ�.HU]PDQQ������7KLHUU\�6RWWLDX[������&KULVWLDQ�0�ORW������)DELHQ�*X�ULVVH�����
'LGLHU�7DPLQLDX����

���(PHUJHQF\�GHSDUWPHQW��&+8�7LYROL��/D�/RXYL�UH��%(/*,80
���(PHUJHQF\�GHSDUWPHQW��&+8�GH�&KDUOHURL��&KDUOHURL��%(/*,80
���(PHUJHQF\�GHSDUWPHQW�DQG�(PHUJHQF\�0HGLFDO�6HUYLFH��*UDQG�+RSLWDO�GH�&KDUOHURL��VLWH�1RWUH�'DPH�DQG�&KDUOHURL�)LUH�'HSDUWPHQW��&KDUOHURL�
%(/*,80
���(PHUJHQF\�GHSDUWPHQW��&OLQLTXH�1RWUH�'DPH�GH�*UDFH��*RVVHOLHV��%(/*,80
���(PHUJHQF\�0HGLFDO�6HUYLFH��&HQWUH�5�JLRQDO�G
$LGH�0�GLFDOH�8UJHQWH��&KDUOHURL��%(/*,80
���(PHUJHQF\�GHSDUWPHQW��(UDVPH�8QLYHUVLW\�+RVSLWDO��%UXVVHOV��%(/*,80
���+\JLHQH�,QVSHFWLRQ��)HGHUDO�3XEOLF�6HUYLFH��+DLQDXW�3URYLQFH��%(/*,80

.H\ZRUGV��3UHKRVSLWDO��(06��0RELOH�,QWHQVLYH�&DUH�8QLW��(DUO\�:DUQLQJ�6FRUH

$EVWUDFW��

,QWURGXFWLRQ��&XUUHQWO\��LQ�WKH�SUHKRVSLWDO�VHWWLQJ��WKH�ILUVW�OLQH�DPEXODQFH�FUHZ�GRQÇW�KDYH�DQ\�REMHFWLYH�WRRO�IRU�KHOSLQJ�WR�GHILQH�WKH�XVHIXOQHVV
RI�0RELOH�,QWHQVLYH�&DUH�8QLW��0,&8���6085��LQWHUYHQWLRQ��(DUO\�:DUQLQJ�6FRUHV��(:6���EDVHG�RQ�YLWDO�VLJQV��DUH�XVHG�WR�PRQLWRU�LQSDWLHQWV�DQG�WR
WULJJHU�D�WLPHO\�PHGLFDO�UHVSRQVH��(:6�LQ�WKH�SUHKRVSLWDO�VHWWLQJ�PLJKW�SURYLGH�DQ�REMHFWLYH�WRRO�OHDGLQJ�WR�D�PRUH�UDWLRQDO�XVH�RI�(PHUJHQF\
0HGLFDO�6HUYLFHV��(06���7KLV�VWXG\�FRPSDUHV�WKH�SHUIRUPDQFH�RI�WHQ�(:6�DPRQJ�ZKLFK�WKH�QHZ�($6��(PHUJHQF\�$OHUW�6FRUH��

0DWHULDO�DQG�PHWKRG�������DPEXODQFHÇV�UHSRUW�IRUPV�UHFRUGHG�GXULQJ�WZR�PRQWKV��-DQXDU\�DQG�-XO\�������ZHUH�UHWURVSHFWLYHO\�UHYLHZHG�
3DWLHQWV�QRW�WUDQVIHUUHG�LQWR�RQH�RI�WKH�VL[�SDUWLFLSDWLQJ�KRVSLWDOV�RI�WKH�DPEXODQFH�GLVWULFW��SDWLHQWV�DJHG�OHVV�WKDQ����\HDUV��SDWLHQWV�NQRZQ�WR�EH
SUHJQDQW�DQG�LQFRPSOHWH�IRUPV�ZHUH�H[FOXGHG��6HYHQ�FULWHULD�IRU�D�PHGLFDO�UHVSRQVH��LQGHSHQGHQW�RI�YLWDO�VLJQV��ZHUH�WDNHQ�LQWR�DFFRXQW�EHIRUH
FDOFXODWLQJ�(:6��7KH�SULPDU\�RXWFRPH�ZDV�WKH�XVHIXOQHVV�RI�0,&8�LQWHUYHQWLRQ��ZKR�ZDV�DVVHVVHG�E\�UHYLHZLQJ�KRVSLWDO�PHGLFDO�ILOHV��DGYHUVH
HYHQW�DQG�RU�VHYHULW\�OHYHO�DW�DGPLVVLRQ��

5HVXOWV�������SDWLHQWV�ZHUH�DQDO\VHG��+RVSLWDOLVDWLRQ�UDWH�ZDV�������DPRQJ�ZKLFK�����LQ�LQWHQVLYH�FDUH�XQLW��$UHDV�8QGHU�WKH�&XUYH��$8&ÇV��RI�WKH
EHVW�(:6��L�H��WKH�($6��ZLWKRXW�RU�ZLWK�FULWHULD�IRU�D�PHGLFDO�UHVSRQVH��LQGHSHQGHQW�RI�YLWDO�VLJQV��ZHUH������������&,�������Ä�������DQG������������&,�
�����Ä�������UHVSHFWLYHO\��)RU�DQ�($6�!����VHQVLWLYLW\�ZDV������������&,�����Ä������VSHFLILFLW\�ZDV������������&,�����Ä������SUHGLFWLYH�SRVLWLYH�YDOXH
ZDV������������&,�����Ä�����DQG�SUHGLFWLYH�QHJDWLYH�YDOXH�ZDV������������&,�����Ä�����

'LVFXVVLRQ�DQG�&RQFOXVLRQ��&ULWHULD�IRU�D�PHGLFDO�UHVSRQVH��LQGHSHQGHQW�RI�YLWDO�VLJQV��LPSURYH�WKH�SHUIRUPDQFHV�RI�WKH�($6�VFRUH��$�QHJDWLYH
VFRUH��($6�Ô����PD\�KHOS�DPEXODQFH�FUHZ�WR�GHFLGH�WR�VWRS�RU�WR�QRW�FDOO�WKH�0,&8��ZLWK�WKH�DGYDQWDJH�RI�DQ�LPSURYHPHQW�LQ�(06�PDQDJHPHQW�
7KHVH�UHVXOWV�PXVW�EH�FRQILUPHG�E\�D�SURVSHFWLYH�VWXG\�

5HIHUHQFHV��)XOOHUWRQ�-1��HW�DO��5HVXVFLWDWLRQ�������������������6LOFRFN�'-�HW�DO��5HVXVFLWDWLRQ�����������������



&35���5(686&,7$7,21 'DLVXNH�1LVKLRND

��������$ERUWHG�VXGGHQ�FDUGLDF�GHDWK�GXH�WR�YHQWULFXODU�ILEULOODWLRQ�LQ�D�SDWLHQW�DGGLFWHG�WR�VXSSOHPHQWV�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'DLVXNH�1LVKLRND������.HLWDUR�*RWR����

���(PHUJHQF\�'HSDUWPHQW��7RNDWVX�+RVSLWDO��1DJDUH\DPD��&KLED��-$3$1

.H\ZRUGV��VXGGHQ�FDUGLDF�GHDWK��YHQWULFXODU�ILEULOODWLRQ��VXSSOHPHQWV

$EVWUDFW��

%$&.*5281'��6XGGHQ�FDUGLDF�GHDWK��6&'��UHSUHVHQWV�DERXW�RQH�ILIWK�RI�DOO�PRUWDOLW\�LQ�LQGXVWULDOL]HG�FRXQWULHV�DQG�VWLOO�UHPDLQV�D�PDMRU�SXEOLF
KHDOWK�LVVXH��0RVW�RI�6&'V�DUH�FDXVHG�E\�YHQWULFXODU�ILEULOODWLRQ��9)��DQG�DV\VWROH��:H�H[SHULHQFHG�WKH�FDVH�RI�YHQWULFXODU�ILEULOODWLRQ�RI�ZDON�LQ�YLVLW
SDWLHQW�ZKLOH�SHUIRUPLQJ�(&*�H[DPLQDWLRQ��:H�LQWURGXFH�WKH�FDVH�RI�9)�GXH�WR�K\SRNDOHPLD�LQGXFHG�E\�VXSSOHPHQWV�DEXVH�

2%-(&7,9(��7KLV�LV�D�FDVH�RI�DERUWHG�VXGGHQ�FDUGLDF�GHDWK�GXH�WR�YHQWULFXODU�ILEULOODWLRQ�LQ�HPHUJHQF\�URRP��7KH�SXUSRVH�RI�WKLV�UHSRUW�LV�WR
KHLJKWHQ�VXVSLFLRQ�DJDLQVW�QRW�RQO\�SUHVFULEHG�GUXJV�RU�LOOLFLW�GUXJV�EXW�DOVR�RQ�WKH�FRXQWHU�VXSSOHPHQWV�DV�D�FDXVH�RI�YHQWULFXODU�ILEULOODWLRQ�IRU�DOO
HPHUJHQF\�SK\VLFLDQV�

&$6(�5(3257�����\HDU�ROG�ZRPDQ�ZDV�SUHVHQWHG�WR�RXU�KRVSLWDO�EHFDXVH�RI�KHU�FRQWLQXRXV�FKHVW�SDLQ��6KH�EHJDQ�WR�IHHO�KHU�FKHVW�WLJKWHQHG��
\HDUV�DJR��6KH�ZDV�GLDJQRVHG�DV�YDVRVSDVWLF�DQJLQD�DQG�IROORZHG�XS�ZLWKRXW�PHGLFDWLRQ��:KLOH�KHU�H[DPLQDWLRQ�RI�(&*��D�VHL]XUH�ZDV�GHYHORSHG
DQG�(&*�VKRZHG�YHQWULFXODU�ILEULOODWLRQ��&DUGLRSXOPRQDU\�UHVXVFLWDWLRQ�ZDV�VWDUWHG�DQG�VXFFHVVIXOO\�UHWXUQHG�KHU�VSRQWDQHRXV�FLUFXODWLRQ�DIWHU�RQFH
RI�HOHFWULFDO�FDUGLRYHUVLRQ��(PHUJHQW�FRURQDU\�DQJLRJUDSK\�ZDV�SHUIRUPHG��IRXQG�QR�VLJQLILFDQW�FRDUFWDWLRQ��%ORRG�H[DPLQDWLRQ�VKRZHG
K\SRNDOHPLD�RI����P(T�/��WKH�FDXVH�RI�WKLV�K\SRNDOHPLD�ZDV�DEXVH�RI�VHYHUDO�VXSSOHPHQWV�WKDW�FODLP�D�JUHDW�HIIHFWLYHQHVV�RQ�FRQVWLSDWLRQ�
,QWUDFRURQDU\�DFHW\OFKROLQH�VSDVP�SURYRFDWLRQ�WHVW�UHYHDOHG�WKH�VSDVP�RI�OHIW�DQWHULRU�GHVFHQGLQJ�EUDQFK�DQG�WKH�KLJK�ODWHUDO�EUDQFK��7KHUH�ZHUH
QR�HQGRFULQH�DEQRUPDOLWLHV��DQG�VHUXP�SRWDVVLXP�YDOXH�ZDV�QRUPDOL]HG�E\�GLVFRQWLQXDWLRQ�RI�WKH�VXSSOHPHQWV��6KH�ZDV�GLVFKDUJHG�ZLWKRXW�DQ\
GHOD\HG�HIIHFW��DQG�VKH�KDV�QRW�H[SHULHQFHG�WKH�VXEVHTXHQW�DQJLQD�RU�IDWDO�DUUK\WKPLD�DIWHU�GLVFKDUJH�

',6&866,21�DQG�&21&/86,21��7KLV�ZDV�D�FDVH�RI�DERUWHG�VXGGHQ�FDUGLDF�GHDWK�FDXVHG�E\�YHQWULFXODU�DUUK\WKPLD�GXH�WR�DGGLFWLRQ�WR�VXSSOHPHQWV�
,Q�FOLQLFDO�SUDFWLFH��K\SRNDOHPLD�LV�D�FRPPRQ�HOHFWURO\WH�DEQRUPDOLW\�DQG�NQRZQ�DV�RQH�RI�WKH�FDXVHV�RI�OHWKDO�DUUK\WKPLD��7KH�XVH�RI�GLJLWDOLV�RU
FRURQDU\�LVFKHPLD�LQFUHDVHV�WKH�ULVN�RI�IDWDO�DUUK\WKPLD�LQ�K\SRNDOHPLF�SDWLHQW��,Q�WKLV�SDWLHQW��YDVRVSDVWLF�DQJLQD�ZDV�PHUJHG�ZLWK�K\SRNDOHPLD
DVVRFLDWHG�ZLWK�WKH�DGGLFWLRQ�RI�VXSSOHPHQWV��UHVXOWLQJ�LQ�WULJJHULQJ�YHQWULFXODU�ILEULOODWLRQ��+\SRNDOHPLD�FDQ�EH�FULWLFDO�LQ�SDWLHQWV�ZLWK�KHDUW
GLVHDVH��ZH�VKRXOG�OLVWHQ�WR�WKH�KLVWRU\��QRW�RQO\�PHGLFDWLRQV�RU�LOOLFLW�VXEVWDQFHV�EXW�DOVR�RQ�WKH�FRXQWHU�VXSSOHPHQWV�DV�WKH�FDXVH�RI�WKH
K\SRNDOHPLD�DQG�OHWKDO�DUUK\WKPLD�
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��������'LDJQRVLV��0DQDJHPHQW�DQG�5LVN�3URILOH�2I�3DWLHQWV�:LWK�9HQRXV�7KURPERHPEROLVP�$WWHQGHG�,Q�6SDQLVK�(PHUJHQF\
'HSDUWPHQWV��(VSKHULD�5HJLVWU\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0$57$�0(5/2������3('52�58,=�$57$&+2������3$6&8$/�3,y(5$������&25$/�68(52������$/%(57�$172/,1������-26w�5$0{1�&$6$/������0$57$
6u1&+(=�*21=u/(=������3$%/2�+(55(52������6z1,$�-,0(1(=����

���$	(��+263,7$/�81,9(56,7$5,2�*(7$)(�0$'5,'��0$'5,'��63$,1
���$	(��+263,7$/�&/,1,&2���0$'5,'��0$'5,'��63$,1
���$	(��+263,7$/�81,9(56,7$5,2�5(,1$�62),$���085&,$��085&,$��63$,1
���$	(��+263,7$/�'(�/$�$;$548,$��0u/$*$��63$,1
���$	(��+263,7$/�&/,1,&���%$5&(/21$��%$5&(/21$��63$,1
���$	(��+263,7$/�(/�%,(5=2���321)(55$'$��/({1��63$,1
���$	(��+263,7$/�81,9(56,7$5,2�&(175$/�'(�$6785,$6���29,('2��29,('2��63$,1
���$	(��+263,7$/�&/,1,&2���%$5&(/21$��%$5&(/21$��63$,1

.H\ZRUGV��(PHUJHQF\�GHSDUWPHQW��GLVHDVH�PDQDJHPHQW��YHQRXV�WKURPERHPEROLVP�

$EVWUDFW��

%DFNJURXQG

,Q�PRVW�FDVHV�LQ�ZKLFK�YHQRXV�WKURPERHPEROLVP��97(��LV�GHYHORSHG�LQ�WKH�RXWSDWLHQW�VHWWLQJ��WKH�(PHUJHQF\�'HSDUWPHQWV��('V��LV�ZKHUH�WKH
GLVHDVH�LV�DFWXDOO\�GLDJQRVHG��6XUSULVLQJO\��KRZHYHU��IHZ�VWXGLHV�KDYH�DQDO\]HG�WKH�FKDUDFWHULVWLFV�RI�SDWLHQWV�ZLWK�97(�DQG�WKH�GLVHDVH�LWVHOI�IURP
WKH�SHUVSHFWLYH�RI�WKH�('���7KLV�LV�UHOHYDQW�IRU�VHYHUDO�UHDVRQV��)LUVWO\��OLWWOH�LV�NQRZQ�DERXW�WKH�HSLGHPLRORJ\�RI�97(�LQ�WKH�('�DQG�WKH�ULVN�IDFWRUV
PRVW�IUHTXHQWO\�SUHVHQWHG�E\�SDWLHQWV�GLDJQRVHG�ZLWK�DQ�HSLVRGH�RI�97(�LQ�WKH�('��6HFRQGO\��IHZ�VWXGLHV�KDYH�HYDOXDWHG�WKH�PRVW�DGHTXDWH
PDQDJHPHQW�RI�SDWLHQWV�ZLWK�97(�E\�HPHUJHQF\�SK\VLFLDQV�RU�ZKHWKHU�WKLV�PDQDJPHQW�LV�FDUULHG�RXW�DFFRUGLQJ�WR�WKH�UHFRPPHQGDWLRQV�RI�WKH
FOLQLFDO�SUDFWLFH�JXLGHOLQHV��&3*���DQG�LI�WKLV�KDV�DQ\�UHSHUFXVVLRQ�RQ�WKH�ILQDO�RXWFRPH�RI�WKH�SDWLHQW��/DVWO\��OLWWOH�LV�NQRZQ�DERXW�WKH�WUHDWPHQW
SHUIRUPHG�LQ�WKH�('�DQG�KRZ�WKLV�PD\�LQIOXHQFH�WKH�RXWFRPH�RI�WKH�SDWLHQW�

�

$LP��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WKH�FOLQLFDO�SUHVHQWDWLRQ�RI�97(�DQG�WKH�PDLQ�ULVN�IDFWRUV�LQYROYHG�LQ�SDWLHQWV�GLDJQRVHG�LQ�6SDQLVK�('V
DV�ZHOO�DV�HYDOXDWH�WKH�PDQDJHPHQW�RI�WKHVH�SDWLHQWV�DQG�DGKHUHQFH�WR�FOLQLFDO�SUDFWLFH�JXLGHOLQHV�E\�HPHUJHQF\�SK\VLFLDQV�

0HWKRGV��:H�SHUIRUPHG�D�SURVSHFWLYH�FRKRUW�VWXG\�LQ����6SDQLVK�('V��FRQVHFXWLYHO\�LQFOXGLQJ�SDWLHQWV�GLDJQRVHG�ZLWK�97(�LQ�WKH�('��7KH
IROORZLQJ�GDWD�ZHUH�HYDOXDWHG��GHPRJUDSKLF��FRPRUELGLWLHV��ULVN�IDFWRUV�IRU�WKH�GHYHORSPHQW�RI�97(��LQGH[�HYHQW��KHPRUUKDJLF�ULVN�IDFWRUV�
SURJQRVWLF�IDFWRUV�>SXOPRQDU\�HPEROLVP��3(�@�DQG�LQ�KRVSLWDO�PRUWDOLW\��7R�HYDOXDWH�KHDOWK�FDUH�TXDOLW\�ZH�GHWHUPLQHG�WKH�SHUFHQWDJH�RI�SDWLHQWV
UHJLVWHUHG�ZLWK�FOLQLFDO�SUREDELOLW\�RI�3(��UHTXHVWV�IRU�'�GLPHU�FRQFHQWUDWLRQV�DFFRUGLQJ�WR�FOLQLFDO�SUREDELOLW\��DGPLQLVWUDWLRQ�RI�WUHDWPHQW�SULRU�WR
FRQILUPDWLRQ�RI�GLDJQRVLV�EDVHG�RQ�FOLQLFDO�SUREDELOLW\�DQG�UHFRUGV�RI�ULVN�RI�EOHHGLQJ�DQG�SURJQRVLV�RI�WKH�SDWLHQWV�ZLWK�97(��

5HVXOWV��2I���������('�YLVLWV�PDGH�RYHU�D�PHDQ�SHULRG�RI����GD\V������SDWLHQWV�ZHUH�GLDJQRVHG�ZLWK�97(��LPSDFW����������YLVLWV���2I�WKHVH�����
SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV��������RI�ZKRP�KDG�3(�ZLWK�RU�ZLWKRXW�GHHS�YHQRXV�WUKURPERVLV��'97����7KH�PRVW�IUHTXHQW�ULVN�IDFWRUV�IRU
97(�ZHUH��DJH��Õ���\HDUV���REHVLW\��QHZ�LPPRELOLW\��SUHYLRXV�97(�DQG�DFWLYH�FDQFHU��,Q�WKH�('�PHGLFDO�UHSRUWV�D�VFDOH�RI�FOLQLFDO�SUREDELOLW\��WKH
SURJQRVLV�RU�WKH�ULVN�RI�EOHHGLQJ�ZHUH�RQO\�GHVFULEHG�LQ������������DQG�����UHVSHFWLYHO\�RI�WKH�FDVHV��2I�WKH�SDWLHQWV�ZLWK�3(�DQG�KLJK�FOLQLFDO
SUREDELOLW\��'�GLPHU�ZDV�GHWHUPLQHG�LQ��������DQG�WUHDWPHQW�ZDV�LQLWLDWHG�SULRU�WR�FRQILUPDWLRQ�LQ��������5HJDUGLQJ�ULVN��������RI�WKH�SDWLHQWV
ZLWK�3(�SUHVHQWHG�ORZ�ULVN��������LQWHUPHGLDWH�ORZ�ULVN�����LQWHUPHGLDWH�KLJK�ULVN�DQG������KLJK�ULVN��2I�WKH�SDWLHQWV�ZLWK�3(��������ZHUH
KRVSLWDOL]HG�ZKLOH�������RI�WKH�97(��ZLWKRXW�3(��ZHUH�DGPLWWHG��7KH�LQ�KRVSLWDO�PRUWDOLW\�RI�WKH�SDWLHQWV�ZLWK�3(�ZDV�������

&RQFOXVLRQ��97(�KDV�DQ�DSSUHFLDEOH�LPSDFW�RQ�6SDQLVK�('V��5LVN�SURILOH�IRU�WKH�97(�GHYHORSPHQW��LQ�SDWLHQWV�GLDJQRVHG�LQ�('�EHLQJ�VLPLODU�WR
SUHYLRXV�VWXGLHV��$GKHUHQFH�WR�&3*�UHFRPPHQGDWLRQV�QHHGV�WR�VLJQLILFDQWO\�LPSURYH�
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��������$QWLFRDJXODQW�WUHDWPHQW�RI�DFXWH�YHQRXV�WKURPERHPEROLVP�LQ�WKH�6SDQLVK�(PHUJHQF\�6HUYLFHV��'RHV�LW�FKDQJH�WKH
DWWLWXGH�RI�WKH�VSHFLDOLVW�SK\VLFLDQ�LQ�IURQW�RI�HPHUJHQF\�SK\VLFLDQV"�(',7+�6WXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0$57$�0(5/2������3('52�58,=�$57$&+2������3$6&8$/�3,y(5$������&25$/�68(52������$/%(57�$172/,1������-26w�5$0{1�&$6$/������0$57$
6u1&+(=�*21=u/(=������3$%/2�+(55(52������6z1,$�-,0(1(=����

���$	(��+263,7$/�81,9(56,7$5,2�*(7$)(�0$'5,'��0$'5,'��63$,1
���$	(��+263,7$/�&/,1,&2���0$'5,'��0$'5,'��63$,1
���$	(��+263,7$/�81,9(56,7$5,2�5(,1$�62),$���085&,$��085&,$��63$,1
���$	(��+263,7$/�'(�/$�$;$548,$��0u/$*$��63$,1
���$	(��+263,7$/�&/,1,&���%$5&(/21$��%$5&(/21$��63$,1
���$	(��+263,7$/�(/�%,(5=2���321)(55$'$��/({1��63$,1
���$	(��+263,7$/�81,9(56,7$5,2�&(175$/�'(�$6785,$6���29,('2��29,('2��63$,1
���$	(��+263,7$/�&/,1,&2���%$5&(/21$��%$5&(/21$��63$,1

.H\ZRUGV��(PHUJHQF\�GHSDUWPHQW��YHQRXV�WKURPERHPEROLVP��7KHUDSHXWLFV

$EVWUDFW��

7KH�(PHUJHQF\�GHSDUPHQWV��('��DUH�YHU\�LPSRUWDQW��DPRQJ�RWKHU�WKLQJV���EHFDXVH�DUH�WKH�SODFHV�ZKHUH�WKH�GLDJQRVLV�RI�YHQRXV�WKURPERHPEROLF
GLVHDVH���97(��WKDW�GHYHORSV�RQ�DQ�RXWSDWLHQW�EDVLV�LQ�PRVW�FDVHV�LV�HVWDEOLVKHG��,W�LV�DOVR�ZKHUH�GRFWRUV�RIWHQ�VWDUW�VSHFLILF�WUHDWPHQW�IRU�97(�DQG
PDQDJHPHQW�LV�GHFLGHG�

�

$,0

7KH�SULQFLSOH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�WKHUDSHXWLF�PDQDJHPHQW�E\�HPHUJHQF\�SK\VLFLDQV�RI�SDWLHQWV�GLDJQRVHG�ZLWK�97(�LQ�6SDQLVK�('�
2Q�WKH�RWKHU�KDQG��ZKLFK�LV�WKH�SURFHVV�RI�FKDQJH�WKDW�KDV�H[SHULHQFHG�WKLV�WUHDWPHQW�GXULQJ�IROORZ�XS�RI�WKH�SDWLHQWV�IRU�VL[�PRQWKV�

�

0(7+2'6

7KH�(',7+�VWXG\�LV�D�PXOWLFHQWHU�UHWURVSHFWLYH�FRKRUW�VWXG\�LQYROYLQJ����6SDQLVK�HPHUJHQF\�VHUYLFHV�EHORQJLQJ�WR�ILIWHHQ�UHJLRQV��

:H�LQFOXGHG�FRQVHFXWLYH�SDWLHQWV�ZKR�ZHUH�GLDJQRVHG�ZLWK�97(���3(��SXOPRQDU\�HPEROLVP�RU�GHHS�YHLQ�WKURPERVLV��'97���DQG�ZHUH�WUHDWHG�LQ
HPHUJHQF\�VHUYLFHV�EHWZHHQ�2FWREHU����DQG�'HFHPEHU����������ZHUH�LQFOXGHG�LQ�WKH�VWXG\�

:H�ZHUH�FROOHFWHG�GHPRJUDSKLF�YDULDEOHV��PRUELGLW\��ULVN�IDFWRUV�IRU�97(�LQ�WKH�PRPHQW�RI�GLDJQRVLV���EHVLGHV�WKH�GLDJQRVWLF�DQG�WKHUDSHXWLF
PDQDJHPHQW�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DQG���PRQWKV�ODWHU�

�

5(68/76

$�WRWDO�RI�����SDWLHQWV�ZLWK�97(�ZHUH�LQFOXGHG�LQ�WKH�VWXG\������SDWLHQWV���������KDYH�3(��ZLWK�RU�ZLWKRXW�'97��7KH�PHDQ�DJH�RI�SDWLHQWV�ZDV���
\HDUV��$�������UHFHLYHG�DQWLFRDJXODQW�WKHUDS\�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��RI�ZKLFK�������ZDV�/0:+��2QO\����SDWLHQWV�LQ�WKH�HPHUJHQF\�EHJDQ
DFHQRFXPDURO�DQG���SDWLHQWV�UHFHLYHG�ULYDUR[DEDQ��$W�KRVSLWDO�GLVFKDUJH������RI�'97�DQG�������RI�3(�UHPDLQHG�ZLWK�/0:+�PRQRWKHUDS\��$W�����
DQG���PRQWKV�DIWHU�WKH�VWD\�LQ�WKH�HPHUJHQF\�WKHVH�SHUFHQWDJHV�ZHUH�PDLQWDLQHG�IRU�'97�LQ�������������DQG��������DQG�IRU�3(�LQ�������������
DQG��������UHVSHFWLYHO\��7KHVH�UHVXOWV�DUH�QRW�H[FOXVLYH�WR�FDQFHU�SDWLHQWV�EXW�LW�DOVR�REVHUYHG�LQ�DOO�VWXG\�SRSXODWLRQ��$�������RI�SDWLHQWV
PDLQWDLQHG�DQWLFRDJXODQW�WKHUDS\�IRU�DW�OHDVW���PRQWKV��������RI�3(�DQG�������RI�'97��

�

&21&/86,21

$�KRVSLWDO�PDQDJHPHQW�FHQWHUHG�LQ�WKH�XVH��RI��KHSDULQV�DQG�ORZ�WUDQVLWLRQ�WR�DQWLYLWDPLQV�.�LQ�SDWLHQWV�ZLWK�97(�ZDV�REVHUYHG��6LPLODUO\��LQ�WKH
RXWSDWLHQW�PDQDJHPHQW��WKH�LQWURGXFWLRQ�RI�RUDO�DQWLFRDJXODQWV�ZDV�OHVV�WKDQ�ZRXOG�EH�H[SHFWHG�DFFRUGLQJ�WR�WKH�JXLGHOLQHV�RI�UHFRPPHQGDWLRQ
DQG�D�PRUH�SURORQJHG�GXUDWLRQ�RI�WUHDWPHQW�LW�ZDV�REVHUYHG�



&$6(�35(6(17$7,21 ,5(1(�*5266,

��������(&*�/HDG�0LVSODFHPHQW���)RRO�0H�2QFH�6KDPH�RQ�<RX�)RRO�0H�7ZLFH�6KDPH�2Q�0H

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,UHQH�*URVVL������5LFKDUG�0�/\QFK����

���0LGODQG�5HJLRQDO�+RVSLWDO�0XOOLQJDU��0LGODQG�5HJLRQDO�+RVSLWDO�0XOOLQJDU��0XOOLQJDU��,5(/$1'

.H\ZRUGV��(&*�OHDG�PLVSODFHPHQWV��5(9(56(�0QHPRQLF��5LJKW�$UP�5LJKW�/HJ�0LVSODFHPHQW�5LJKW�DUP�/HIW�DUP

$EVWUDFW��

(&*�OHDG�PLVSODFHPHQW�FDQ�GUDPDWLFDOO\�DOWHU�WKH�DSSHDUDQFH�RI�WKH�(&*��LI�WKLV�LV�QRW�GHWHFWHG�VLJQLILFDQW�DQG�SURIRXQG�HUURUV�LQ�WUHDWPHQW�FDQ
HQVXH��:H�UHSRUW�WKH�FDVH�RI�D����\HDU�ROG�PDOH�ZKR�SUHVHQWHG�IROORZLQJ�D�IDOO�GRZQ�D�IOLJKW�RI�VWDLUV��$Q�(&*�ZDV�SHUIRUPHG�DQG�WKLV�ZDV
FRPSDUHG�ZLWK�D�SUHYLRXVO\�UHFRUGHG�(&*�ZKLFK�ZDV�ILOHG�LQ�WKH�SDWLHQW
V�KRVSLWDO�UHFRUG��7ZR�VHSDUDWH�OLPE�OHDG�PLVSODFHPHQW�ZHUH�SUHVHQW�RQ
WKLV�(&*�HYHQ�WKRXJK�FODVVLFDO�IHDWXUHV�RI�ERWK�OLPE�OHDG�PLVSODFHPHQWV�ZHUH�SUHVHQW��1RW�RQO\�ZDV�WKLV�(&*�ILOHG�LQ�WKH�LQ�SDWLHQW�UHFRUGV�WKH�(&*
ZDV�QRW�VLJQHG�RII�E\�D�VHQLRU�GRFWRU�

$�5HYLHZ�RI�WKH�(&*�DSSHDUHQFH�RI�ERWK�H[DPSOHV�RI�PLVSODFHPHQW�LV�SUHVHQW�WRJHWKHU�ZLWK�WLSV�RQ�KRZ�WR�UHFRJQLVH�WKHVH�OHDG�PLVSODFHPHQWV�

(&*�OHDG�PLVSODFHPHQW�FDQ�DOWHU�WKH�GLDJQRVLV�LQ�DSSUR[LPDWHO\�����RI�FDVHV�DQG�UHSUHVHQWV�DQ�DYRLGDEOH�ULVN�LQ�SDWLHQW�PDQDJHPHQW�



,0$*,1*���8/75$6281'���5$',2/2*< -8/,2�$50$6

��������7KH�XWLOLW\�RI�LQIHULRU�YHQD�FDYD�GLDPHWHU��,9&��LQ�SDWLHQWV�ZLWK�DFXWH�KHDUW�IDLOXUH��UHYLHZ�RI�XOWUDVRXQG�SURWRFRO�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-XOLR�$UPDV�&DVWUR������%ODV�*LP�QH]�)HUQ�QGH]������/DXUD�)HUQ�QGH]�&DOYR������-XDQ�&DUORV�5HDO�/�SH]������7DPDUD�0DUW�Q�&DVTXHUR����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�GHO�9LQDORS���$OLFDQWH��63$,1
���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�GHO�9LQDORSR��$OLFDQWH�

.H\ZRUGV��,9&�GLDPHWHU��KHDUW�IDLOXUH��XOWUDVRXQG

$EVWUDFW��

%DFNJURXQG��7KH�XOWUDVRXQG�ÈSRLQW�RI�FDUHÉ�FDQ�SHUPLW�UDSLG��DFFXUDWH��DQG�QRQLQYDVLYH�GLDJQRVLV�RI�D�EURDG�UDQJH�RI�DFXWH�FULWLFDO�VLWXDWLRQV�LQ
HPHUJHQFLHV��%RWK�LQIHULRU�YHQD�FDYD��,9&��GLDPHWHU�DQG�WKH�GHJUHH�RI�LQVSLUDWRU\�FROODSVH�DUH�XVHG�LQ�WKH�HVWLPDWLRQ�RI�ULJKW�DWULDO�SUHVVXUH��7KLV
LQGH[�FRUUHODWHG�VLJQLILFDQWO\�ZLWK�RWKHU�PDUNHUV�RI�SXOPRQDU\�FRQJHVWLRQ�

2EMHFWLYHV��7KH�SULPDU\�JRDO�LV�WR�GHWHUPLQH�WKH�XWLOLW\�RI�,9&�GLDPHWHU�DQG�FROODSVLELOLW\�DV�D�SXOPRQDU\�FRQJHVWLRQ�PDUNHU�LQ�SDWLHQWV�ZLWK�DFXWH
KHDUW�IDLOXUH�

3DWLHQWV�DQG�0HWKRGV��7KH�FURVV�VHFWLRQDO�VWXG\�DW�(PHUJHQF\�'HSDUWPHQW�RI�+RVSLWDO�GHO�9LQDORSR�SURVSHFWLYHO\�HYDOXDWHG�����SDWLHQWV
EHWZHHQ�)HEUXDU\������DQG�)HEUXDU\������FRPSODLQLQJ�RI�G\VSQHD�LQ�FRQWH[W�RI�DFXWH�KHDUW�IDLOXUH��7KH�DWWHQGLQJ�SK\VLFLDQ�RI�HPHUJHQF\
PHGLFLQH�HYDOXDWHG�WKH�SDWLHQWV�WKURXJK�17�SUR%13��OXQJ�XOWUDVRXQG��/86��ZLWK�GHWHUPLQDWLRQ�RI�%�SDWWHUQ�DQG�HVWLPDWLRQ�RI�,9&�GLDPHWHU�GXULQJ
LQVSLUDWLRQ��)LQDOO\��GDWD�ZHUH�FRPSDUHG�DQG�TXDQWLWDWLYH�DQG�FDWHJRULFDO�YDULDEOHV�ZHUH�ZRUNHG�RXW�DORQJ�ZLWK�RWKHU�VWDWLVWLFDO�DQDO\VLV�WKURXJK
HVWLPDWHG�LQGLFDWRUV��

5HVXOWV��7KH�YDOXHV�RI�17�SUR%13�ZHUH�VLJQLILFDQWO\�KLJKHU�DPRQJ�WKH�SDWLHQWV�ZLWK�DFXWH�V\PSWRPV�RI�SXOPRQDU\�FRQJHVWLRQV�DQG�GLDPHWHU�RI�,9&
PRUH�WKDQ������3Ô��������,Q�WKH�JURXS�RI�SDWLHQWV�ZLWK�,9&�GLDPHWHU�OHVV�WKDQ�����WKH�PHGLXP�YDOXH�ZDV�����������������3Ô�������

7KH�PHGLXP�YDOXH�RI�,9&�GLDPHWHU�LQ�ERWK�JURXS�RI�SDWLHQWV�ZLWK�DFXWH�KHDUW�IDLOXUH�ZDV�����PP��VHQVLWLYLW\�����DQG�VSHFLILFLW\�������7KH
FRUUHODWLRQ�EHWZHHQ�SDWWHUQ�RI�%�OLQHV�LQ�/86��,9&�GLDPHWHU�DQG�,9&�FRODSVDELOLW\�UHVXOWHG�VLJQLILFDQWO\�LQ�DOO�SDWLHQWV�ZLWK�DFXWH�KHDUW�IDLOXUH�
�U �������SÔ�������

7KH�SDWLHQWV�ZLWK�KLJKV�YDOXHV�RI�17�SUR%13�DQG�WKH�%�SDWWHUQ�LQ�/86��KLJK�LQGH[�RI�FRODSVDELOLW\�RI�,9&�SUHGLFWHG�D�GLDJQRVLV�RI�DFXWH�KHDUW�IDLOXUH
ZLWK�D�KLJK�PRUWDOLW\�LQ�D�QHDUHVW�IXWXUH�

&RQFOXVLRQV���7KLV�VWXG\�GHPRQVWUDWHV�WKDW�,&9�GLDPHWHU�DQG�FROODSVLELOLW\�LQ�/86�FRUUHODWHG�VLJQLILFDQWO\�ZLWK�YDOXHV�RI�17�SUR%13�LQ�SDWLHQWV�ZLWK
KHDUW�IDLOXUH��7KH�XVH�RI�HVWLPDWRUV�LQ�ERWK�JURXSV�RI�SDWLHQWV�PD\�DOVR�HQDEOH�WR�GLVWLQJXLVKHG�SDWLHQWV�ZLWK�D�KLJK�ULVN�RI�GHFRPSHQVDWHG�GLVHDVH
ZLWK�D�KLJKHU�PRUWDOLW\�



('8&$7,21�$1'�75$,1,1* VWHSKHQ�PRUULV

��������$�PXOWLVRXUFH�GHULYDWLRQ�RI�JXLGHOLQHV�IRU�HGXFDWLRQ�DQG�VFUHHQLQJ�IRU�KXPDQ�WUDIILFNLQJ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6WHSKHQ�0RUULV������0DUOHH�+DKQ������%UDQG\�&OXFND����

���$FWLQJ�$VVLVWDQW�3URIHVVRU�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�:DVKLQJWRQ�6FKRRO�RI�0HGLFLQH��VHDWWOH��86$
�����8QLYHUVLW\�RI�:DVKLQJWRQ�'LYLVLRQ�RI�(PHUJHQF\�0HGLFLQH��VHDWWOH��86$

.H\ZRUGV��+XPDQ�7UDIILFNLQJ��(PHUJHQF\�0HGLFLQH��(GXFDWLRQ

$EVWUDFW��

7UDIILFNLQJ�LQ�SHUVRQV�LV�D�PDMRU�SUREOHP�WKDW�LQWHUVHFWV�PDQ\�IDFHWV�RI�VRFLHW\��LQFOXGLQJ�WKH�OHJDO�V\VWHP��ODZ�HQIRUFHPHQW��DQG�KHDOWKFDUH��:KLOH
VRPH�HOHPHQWV�RI�VRFLHW\�KDYH�EHHQ�DFWLYH�LQ�LPSURYLQJ�DZDUHQHVV�DQG�DFWLRQ�DJDLQVW�WUDIILFNLQJ�LQ�SHUVRQV��KHDOWKFDUH�KDV�EHHQ�VORZ�WR�DGRSW
VWDQGDUGL]HG�HGXFDWLRQ�DQG�WUDLQLQJ�DERXW�WKLV�SRSXODWLRQ��7KHUH�UHPDLQV�VRPH�DPELJXLW\�UHJDUGLQJ�KRZ�WR�LGHQWLI\�WKHVH�YLFWLPV��EXW�VRPH
XQGHUVWDQGLQJ�RI�VFUHHQLQJ�FDQ�EH�FRUUHODWHG�IURP�OLWHUDWXUH�VXUURXQGLQJ�LQWLPDWH�SDUWQHU�YLROHQFH��$Q�XQGHUVWDQGLQJ�RI�ZKDW�LV�NQRZQ�RI�WKH
HSLGHPLRORJ\��FRPELQHG�ZLWK�HYLGHQFH�RI�HIILFDF\�RI�VFUHHQLQJ�WHFKQLTXHV�IRU�RWKHU�YXOQHUDEOH�SRSXODWLRQV��VXSSRUWV�WDUJHWHG�VFUHHQLQJ�
(PHUJHQF\�PHGLFLQH�DV�WKH�IURQW�OLQH�RI�WKH�KHDOWKFDUH�V\VWHP�KDV�D�XQLTXH�RSSRUWXQLW\�WR�DFFHVV�WKHVH�YXOQHUDEOH�SDWLHQWV�DQG�FRQQHFW�WKHP�ZLWK
VHUYLFHV��:LWK�D�UHYLHZ�RI�HDVLO\�DFFHVVLEOH�OLWHUDWXUH��WUDLQLQJ��DQG�OHJDO�GRFXPHQWV��ZH�PDNH�D�FDVH�IRU�D�FRPSUHKHQVLYH�WUDLQLQJ�SURJUDP�IRU
HPHUJHQF\�PHGLFLQH�UHVLGHQWV��2XU�UHFRPPHQGHG�WUDLQLQJ�ZRXOG�LQFOXGH�HSLGHPLRORJ\�RI�WKH�SRSXODWLRQV�LQYROYHG��VFUHHQLQJ�DQG�LQWHUYLHZLQJ�
WUDLQLQJ�DQG�SUDFWLFH��XQGHUVWDQGLQJ�RI�ZD\V�WR�DFFHVV�ORFDO�UHVRXUFHV��DQG�HGXFDWLRQ�DURXQG�ULVN�IDFWRUV�DQG�LQGLFDWRUV�WR�KHOS�LGHQWLI\�YLFWLPV�

�

%HFDXVH�WKH�OLWHUDWXUH�RQ�7,3�WUDYHUVHV�PXOWLSOH�VRFLDO�DUHDV��OHJDO��ODZ�HQIRUFHPHQW��JOREDO�DQG�SXEOLF�KHDOWK��HFRQRPLFV��KHDOWKFDUH���D�IRUPDWWHG
FRPSUHKHQVLYH�OLWHUDWXUH�VHDUFK�ZDV�QRW�SRVVLEOH��7KHUHIRUH��WKH�UHVHDUFK�WHDP�RSWHG�WR�XWLOL]H�D�FRPELQDWLRQ�RI�JHQHUDOL]HG�3XE�0HG�VHDUFKHV�DQG
LQWHUQHW�DQG�OD\�OLWHUDWXUH�VRXUFHV�WR�JDWKHU�WKH�PRVW�SURPLQHQW�FXUUHQW�OLWHUDWXUH�WKDW�ZRXOG�EH�DYDLODEOH�WR�UHVLGHQF\�GLUHFWRUV�VHHNLQJ�WR�GHYHORS
D�SURJUDP��:KLOH�WKLV�QRQ�WUDGLWLRQDO�UHVHDUFK�PHWKRG�OHDYHV�WKH�SRVVLELOLW\�RI�NH\�FRPSRQHQWV�EHLQJ�PLVVHG��LW�UHSUHVHQWV�D�PRUH�SUDFWLFDO
DSSURDFK�WR�JDLQLQJ�DQ�XQGHUVWDQGLQJ�RI�D�VXEMHFW�WKDW�FURVVHV�PXOWLSOH�DFDGHPLF�OLQHV�

�

:KLOH�WKH�HYLGHQFH�RQ�KRZ�WR�LGHQWLI\�DQG�PDQDJH�WKH�YLFWLPV�RI�KXPDQ�WUDIILFNLQJ�LV�LQFRQFOXVLYH��ZKDW�LV�FOHDU�LV�WKDW�WKHUH�LV�D�JUHDW�XQPHW�QHHG
ZLWK�UHJDUG�WR�KHDOWKFDUH�SURYLGHUV�DZDUHQHVV�RI�DQG�HGXFDWLRQ�RQ�WKLV�VXEMHFW��%\�XWLOL]LQJ�DQG�XQGHUVWDQGLQJ�WKH�FXUUHQW�OLWHUDWXUH�RQ�7,3��OHVVRQV
OHDUQHG�LQ�RWKHU�UHDOPV��VXFK�DV�VFUHHQLQJ�WRROV�IRU�LQWLPDWH�SDUWQHU�YLROHQFH��LQWHUYLHZ�WHFKQLTXHV�DQG�SUDFWLFHV�IURP�WKH�OHJDO�DQG�ODZ
HQIRUFHPHQW�OLWHUDWXUH��DQG�ZKDW�LV�NQRZQ�DERXW�WKH�HQYLURQPHQW�RI�WKH�HPHUJHQF\�GHSDUWPHQW��ZH�KDYH�FRQVWUXFWHG�D�JXLGHOLQH�IRU�WKH
GHYHORSPHQW�RI�D�FXUULFXOXP�RQ�WKH�VXEMHFW�IRU�HPHUJHQF\�PHGLFLQH�UHVLGHQWV��7KLV�JXLGHOLQH��VXSSOHPHQWHG�ZLWK�DQ�XQGHUVWDQGLQJ�RI�ORFDO
HSLGHPLRORJ\�DQG�DYDLODEOH�UHVRXUFHV��FDQ�DOORZ�UHVLGHQF\�SURJUDPV�WR�IXOILOO�D�SRUWLRQ�RI�WKH�XQPHW�HGXFDWLRQDO�QHHG�RQ�WKLV�LPSRUWDQW�VXEMHFW����



,0$*,1*���8/75$6281'���5$',2/2*< $OH[DQGUH�$//211($8

��������3UH�KRVSLWDO�XOWUDVRXQG��ZKDW�EHQHILW�IRU�SUH�KRVSLWDO�FDUH�"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-RQDWKDQ�*21=9$������-LPP\�52%(57������$OH[DQGUH�$//211($8������&O�PHQW�'(5.(11(������1LFRODV�+(59$8/7������9LQFHQW�*(/(������)U�G�ULF
'(/$<������'DQLHO�-267������-HDQ�3LHUUH�72857,(5����

���%XUHDX�0�GHFLQH�G
8UJHQFH��%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(

.H\ZRUGV��SUH�KRVSLWDO�XOWUDVRXQG��GLDJQRVWLF�DJUHHPHQ�W�KRVSLWDO�XOWUDVRXQG��DEGRPLQDO�VRQRJUDSK\�IRU�WUDXPD��)$67��'HHS�9HLQ�7KURPERVLV�
YHQRXV�FDWKHWHU��IHPRUDO�QHUYH�EORFN

$EVWUDFW��

,QWURGXFWLRQ���7KH�SUH�KRVSLWDO�XOWUDVRXQG��3+8��KDV�VKRZQ�LQWHUHVW�WR�GLDJQRVH�DQG�UHIHU�VHYHUH�WUDXPD�SDWLHQWV��)HZ�VWXGLHV�KDYH�UHSRUWHG�LWV
XVHIXOQHVV�LQ�PHGLFDO�FRQGLWLRQ��)LUVW��ZH�DLPHG�WR�DVVHVV�3+8ÇV�FRQWULEXWLRQ�LQ�SUH�KRVSLWDO�PHGLFDO�GHFLVLRQV��LQ�GLVSDWFKLQJ�VHYHUHO\�LQMXUHG
SDWLHQWV�DQG�WKRVH�ZKR�VXIIHU�IURP�D�PHGLFDO�FRQGLWLRQ�LQ�KRVSLWDOV��6HFRQGO\�ZH�DVVHVVHG�WKH�GLDJQRVWLF�DJUHHPHQW�EHWZHHQ�3+8�DQG�KRVSLWDO
XOWUDVRXQG��+8��

0DWHULDO�DQG�PHWKRGV���7KLV�ZDV�DQ�REVHUYDWLRQDO�SURVSHFWLYH�VWXG\��7KH�FROOHFWHG�GDWDV�FRQFHUQHG�WKH�HSLGHPLRORJLFDO�FKDUDFWHULVWLFV��DJH�
JHQGHU��PHGLFDO�KLVWRU\�����XOWUDVRXQG��W\SH�RI�VRQRJUDSK\�GRQH�DQG�GLDJQRVWLF�FRQWULEXWLRQ���DQG�WKHUDSHXWLF�JXLGHOLQHV���ZKDW�HYDFXDWLRQ�YHFWRU�
ZKDW�KRVSLWDO�GHVWLQDWLRQ���:H�LQFOXGHG�DQ\�SDWLHQW�ZKR�EHQHILWHG�IURP�3+8�E\�RXU�PRELOH�LQWHQVLYH�FDUH�XQLW��0,&8���$IWHU�DQ�XQLYDULDWH
GHVFULSWLRQ�RI�WKH�SDWLHQWVÇ�FKDUDFWHULVWLFV��ZH�WHVWHG�WKH�VWDWLVWLFDO�DVVRFLDWLRQ�EHWZHHQ�3+8�DQG���VSHFLILF�WUHDWPHQW�GHFLVLRQ����WUDQVSRUWDWLRQ�E\
0,&8�����DGPLVVLRQ�WR�D�VSHFLILF�KRVSLWDO�GHSDUWPHQW��$W�WKH�HQG�ZH�FRPSDUHG�WKH�GLDJQRVWLF�DJUHHPHQW�EHWZHHQ�3+8�DQG�+8���:H�XVHG�6WXGHQW
DQG�)LVKHU�H[DFW�WHVW��DFFRUGLQJ�WR�WKH�W\SH�RI�YDULDEOH�

5HVXOWV�DQG�GLVFXVVLRQ���)URP����0D\�WR����'HFHPEHU������������SDWLHQWV�ZHUH�WUHDWHG�E\�RXU�0,&8��,Q�WRWDO�������Q �����EHQHILWHG�IURP�3+8�
7KHLU�PHDQ�DJH�ZDV�����������\HDUV�DQG��������Q ����ZHUH�PHQ��7KH�PRVW�IUHTXHQW�DQWHFHGHQW�ZDV�FDUGLDF�UHODWHG���������Q �����$�3+8�ZDV
SHUIRUPHG�IRU��������Q ��������RI�VHYHUH�WUDXPD��������Q ������SUHJQDQF\��������Q ��������RI�FDUGLDF�DUUHVW��������Q ��������RI�FKHVW�SDLQ
DQG�������Q ��������RI�RWKHU�GLDJQRVHV�

&RQFHUQLQJ�WKH�3+8�SURFHGXUHV���������Q ����SK\VLFLDQV�IRFXVHG�RQ�DEGRPLQDO�VRQRJUDSK\�IRU�WUDXPD��)$67����������Q ����RQ�WKH�FKHVW�������
�Q ����RQ�WKH�DEGRPHQ��������Q ���RQ�WKH���SRLQWV�'97��'HHS�9HLQ�7KURPERVLV��FRPSUHVVLRQ�H[DPLQDWLRQ��DQG������RQ�JXLGLQJ�IRU�LQVHUWLQJ
YHQRXV�FDWKHWHU��Q ���RU�SHUIRUP�IHPRUDO�QHUYH�EORFN��Q �����������Q ����RI�WKH�3+8�ZHUH�GLIILFXOW�WR�FRQFOXGH�SURSHUO\��

$PRQJ�WKH�3+8�SURFHGXUHV�SHUIRUPHG��RQO\�WKH�DEQRUPDO�)$67�VHHPHG�WR�EH�DVVRFLDWHG�ZLWK�SUHKRVSLWDO�WUHDWPHQW�HVWDEOLVKPHQW��S �������ZLWK
PHGLFDO�WUDQVSRUWDWLRQ��S �������DQG�ZLWK�WKH�FKRLFH�RI�D�VSHFLILF��KRVSLWDO�GHSDUWPHQW��S �������

$PRQJ�WKH����SDWLHQWV�ZKR�EHQHILWHG�IURP�+8��WKHUH�ZDV�D�VXEVWDQWLDO�PDWFKLQJ�EHWZHHQ�WKH�GLDJQRVWLF�DJUHHPHQW�RI�3+8�DQG�+8�IRU�����RI�WKH
SDWLHQWV��)RU�������RI�WKH�SDWLHQWV��WKH�GLDJQRVWLF�GRXEW�ZDV�VKDUHG�E\�SUH�KRVSLWDO�DQG�KRVSLWDO�VRQRJUDSKHU�DV�ZHOO�

2QO\�)$67�VHHPHG�WR�EULQJ�DGGHG�YDOXH�LQ�WHUPV�RI�WUHDWPHQW�GHFLVLRQV�DQG�GLVSDWFKLQJ�LQ�KRVSLWDOV��2WKHUV�3+8��PRUH�VSHFLILF�WR�PHGLFDO�FRQGLWLRQ�
GLG�QRW�VKRZ�LQWHUHVW�LQ�WKLV�FRKRUW��SUREDEO\�EHFDXVH�RI�WRR�ORZ�HIIHFWLYH�DQG�OHVV�FRQWURO�RI�JHVWXUH�

&RQFOXVLRQ���7KLV�ZRUN�ZDV�WKH�ILUVW�WR�PHDVXUH�WKH�GLDJQRVWLF�DJUHHPHQW�EHWZHHQ�3+8�DQG�+8��2QO\�)$67�VHHPHG�WR�EULQJ�DGGHG�YDOXH�



&5,7,&$/�&$5( 0RKDPPHG�(OZDQ

��������$VVHVVPHQW�RI�SDVVLYH�OHJ�UDLVH�E\�WKRUDFLF�HOHFWULFDO�ELRLPSHGDQFH�LQ�VSRQWDQHRXVO\�EUHDWKLQJ�YROXQWHHUV��D�SLORW
VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RKDPPHG�(OZDQ������$VKUDI�5RVKG\������$VVHP�.KDPLV������(PDQ�(OVKDUNDZ\������6DODK�(OWDKDQ������7LPRWK\�&RDWV����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��$OH[DQGULD�8QLYHUVLW\��$OH[DQGULD��(*<37
���'HSDUWPHQW�RI�&ULWLFDO�&DUH�0HGLFLQH��$OH[DQGULD�8QLYHUVLW\��$OH[DQGULD��(*<37
���'HSDUWPHQW�RI�(SLGHPLRORJ\�DQG�3RSXODWLRQ�+HDOWK��$PHULFDQ�8QLYHUVLW\�RI�%HLUXW��%HLUXW��/(%$121
���'HSDUWPHQW�RI�&DUGLRORJ\��$OH[DQGULD�8QLYHUVLW\��$OH[DQGULD��(*<37
���'HSDUWPHQW�RI�&DUGLRYDVFXODU�6FLHQFHV��8QLYHUVLW\�RI�/HLFHVWHU��/HLFHVWHU��8.

.H\ZRUGV��)OXLG�WKHUDS\��KDHPRG\QDPLFV��SDVVLYH�OHJ�UDLVH��LPSHGDQFH�FDUGLRJUDSK\��FDUGLDF�RXWSXW��IOXLG�UHVSRQVLYHQHVV

$EVWUDFW��

%DFNJURXQG��:KLOH�,QWUDYHQRXV�IOXLG�UHVXVFLWDWLRQ�LV�FRPPRQ�LQ�HPHUJHQF\�GHSDUWPHQWV��('���H[LVWLQJ�VWDQGDUG�PRQLWRULQJ�WHFKQLTXHV�DUH
UHODWLYHO\�SRRU�LQGLFDWRUV�RI�IOXLG�UHVSRQVLYHQHVV��)5���3DVVLYH�/HJ�5DLVH��3/5��FUHDWHV�D�UHYHUVLEOH�KDHPRG\QDPLF�UHVSRQVH�VLPLODU�WR�IOXLG
FKDOOHQJH��7KRUDFLF�(OHFWULFDO�%LRLPSHGDQFH��7(%��LV�D�QRQ�LQYDVLYH�FDUGLDF�RXWSXW��&2��PRQLWRULQJ�WHFKQRORJ\�ZKLFK�FDQ�EH�XVHG�WR�TXDQWLI\�WKH
FDUGLR�KDHPRG\QDPLF�UHVSRQVH�WR�3/5�>����@

2EMHFWLYHV��7R�VWXG\�WKH�KDHPRG\QDPLF�UHVSRQVH�WR�3/5�PHDVXUHG�E\�7(%��1LFFRPR��0HGLV��*HUPDQ\���DVVHVV�WKH�IHDVLELOLW\�RI�WKH�WHVW�DQG�WKH
UHSURGXFLELOLW\�RI�WKH�ILQGLQJV�

0HWKRGV��$�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�ZDV�FRQGXFWHG�RQ�KHDOWK\�YROXQWHHUV��Õ���\HDUV�ROG���%ORRG�SUHVVXUH�ZDV�UHFRUGHG�DQG�7(%�GHYLFH
ZDV�XVHG�WR�UHFRUG�FRQWLQXRXV�GDWD�RI�KHDUW�UDWH��+5���&2�DQG�VWURNH�YROXPH��69���6XEMHFWV�ZHUH�SODFHG�LQ�KHDG�XS�SRVLWLRQ�IRU���PLQXWHV�IROORZHG
E\���PLQXWHV�O\LQJ�IODW�ZLWK�OHJV�HOHYDWHG��3/5����6XEMHFWV�ZHUH�UHWXUQHG�WR�VHPLUHFXPEHQW�SRVLWLRQ�IRU���PLQXWHV��WKHQ�WKH�SURFHGXUH�ZDV�UHSHDWHG
�3/5����)5�ZDV�GHILQHG�DV�D�ULVH�LQ�&2�E\�PRUH�WKDQ�����GXULQJ�WKH�WHVW�

5HVXOWV��)LIWHHQ�YROXQWHHUV�ZHUH�HQUROOHG��0HGLDQ�DJH�ZDV�����LQWHUTXDUWLOH�UDQJH�>,45@� ����Ä�����DQG���ZHUH�PDOHV��0HGLDQ�PHDQ�DUWHULDO
SUHVVXUH�ZDV������,45� ����Ä�������)5�ZDV�REVHUYHG�LQ����VXEMHFWV�GXULQJ�3/5��DQG����VXEMHFWV�GXULQJ�3/5���0HGLDQ�FKDQJH�RI�&2�GXULQJ�3/5��ZDV
�������,45� ������������DQG��������,45� ��������������GXULQJ�3/5���5HSHDWHG�)5�WHVWLQJ�VKRZHG�IDLU�DJUHHPHQW��.DSSD� ������������FRQILGHQFH
LQWHUYDO�>&,@� ��������WR���������,Q�WKH����3/5�WHVWV�&2�DQG�69�UHVSRQVHV�VKRZHG�ZHDN�FRUUHODWLRQ��UV� �������&,� �������WR�������

&RQFOXVLRQ��7KHVH�LQLWLDO�GDWD�VXJJHVW�WKDW�3/5�7(%�WHVW�LV�D�SURPLVLQJ�WRRO�WR�SUHGLFW�)5�LQ�('��7KH�WHVW�VKRZHG�IDLU�UHSHDWDELOLW\��KRZHYHU�WKLV
VKRXOG�DOVR�EH�HVWDEOLVKHG�LQ�D�SDWLHQW�JURXS��7KH�ZHDN�FRUUHODWLRQ�EHWZHHQ�&2�DQG�69�UHVSRQVHV�VXJJHVWV�WKDW�WKH�UHVSRQVH�WR�LQFUHDVHG�SUHORDG
LV�PRUH�FRPSOH[�WKDQ�WKH�FXUUHQW�OLWHUDWXUH�UHFRJQLVHV��$GGLWLRQDO�SDWLHQW�GDWD�ZLOO�DOORZ�XV�WR�GHWHUPLQH�WKH�&2�UHVSRQVH�WR�3/5�7(%�WHVW�ZLWK�PRUH
FRQILGHQFH�DQG�WR�HVWDEOLVK�WKH�OLPLWV�RI�DJUHHPHQW�RI�UHSHDWHG�3/5�7(%��7KH�QH[W�VWHS�ZLOO�EH�HYDOXDWLQJ�WKH�DFFXUDF\�RI�WKLV�WHVW�WR�SUHGLFW�)5�WR�D
IOXLG�EROXV�

5HIHUHQFHV�

���&KHUSDQDWK�7*��+LUVFK�$��*HHUWV�%)��/DJUDQG�:.��/HHIODQJ�00��6FKXOW]�0-��HW�DO��3UHGLFWLQJ�)OXLG�5HVSRQVLYHQHVV�E\�3DVVLYH�/HJ�5DLVLQJ��$
6\VWHPDWLF�5HYLHZ�DQG�0HWD�$QDO\VLV�RI����&OLQLFDO�7ULDOV��&ULW�&DUH�0HG��������������������

���6XPPHUV�5/��6KRHPDNHU�:&��3HDFRFN�:)��$QGHU�'6��&ROHPDQ�7*��%HQFK�WR�EHGVLGH��HOHFWURSK\VLRORJLF�DQG�FOLQLFDO�SULQFLSOHV�RI�QRQLQYDVLYH
KHPRG\QDPLF�PRQLWRULQJ�XVLQJ�LPSHGDQFH�FDUGLRJUDSK\��$FDG�(PHUJ�0HG��������������������

$FNQRZOHGJHPHQWV��:H�ZRXOG�OLNH�WR�WKDQN�WKH�0LQLVWU\�RI�+LJKHU�(GXFDWLRQ�Ä�0LVVLRQV�6HFWRU��(J\SW�DQG�WKH�%ULWLVK�&RXQFLO�IRU�WKHLU�VXSSRUW
WKURXJK�1HZWRQ�0RVKDUDID�)XQG�



6,08/$7,21�,1�(0 -HIIUH\�)UDQF

��������&RUUHODWLRQ�%HWZHHQ�WKH�7UDQVODWHG�,WDOLDQ�*OREDO�5DWLQJ�6FDOH�DQG�7HFKQLFDO�$ELOLWLHV�LQ�&ULWLFDO�&DUH�6LPXODWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-HIIUH\�)UDQF������/XFD�&DUHQ]R������)HGHULFR�%DUUD������3LHU�/XLJL�,QJUDVVLD����

���8QLYHUVLW\�RI�$OEHUWD��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��(GPRQWRQ��&$1$'$
���8QLYHUVLWD�GHO�3LHPRQWH�2ULHQWDOH��7UDQVODWLRQ�0HGLFLQH��1RYDUD��,7$/<

.H\ZRUGV��VLPXODWLRQ��HYDOXDWLRQ

$EVWUDFW��

,1752'8&7,21��$V�VLPXODWLRQ�LV�SOD\LQJ�DQ�HYHU�LQFUHDVLQJ�UROH�LQ�PHGLFDO�HGXFDWLRQ��PHWKRGV�WR�REMHFWLYHO\�HYDOXDWH�VLPXODWLRQ�SHUIRUPDQFH�DUH
EHFRPLQJ�PRUH�LPSRUWDQW��$W�SUHVHQW��QR�VLQJOH�PHWKRG�IRU�VLPXODWLRQ�SHUIRUPDQFH�KDV�EHFRPH�XQLYHUVDOO\�UHFRPPHQGHG��7KLV�VWXG\�DLPHG�WR
HVWDEOLVK�WKH�FRUUHODWLRQ�EHWZHHQ�VLPXODWLRQ�SHUIRUPDQFH�UDWLQJV�RI�WKH�7UDQVODWHG�,WDOLDQ�*OREDO�5DWLQJ��7,*5��VFDOH��DQG�UDWLQJV�RI�WHFKQLFDO
DELOLWLHV��$7���7KH�QXOO�K\SRWKHVLV�RI�QR�FRUUHODWLRQ�EHWZHHQ�DQ\�RI�WKH�VHYHQ�ILHOGV�RI�WKH�7,*5�DQG�$7�ZDV�WHVWHG�DJDLQVW�WKH�WZR�VLGHG�DOWHUQDWLYH
K\SRWKHVLV�RI�VLJQLILFDQW�FRUUHODWLRQ�

0(7+2'6��0HGLFDO�UHVLGHQWV�SDUWDNLQJ�LQ�WKH������DQG������,WDOLDQ�QDWLRQDO�6,0&83�SHUIRUPHG�DW�6LP1RYD�LQ�1RYDUD��,WDO\�ZHUH�UDWHG
LQGHSHQGHQWO\�E\�WZR�WUDLQHG�REVHUYHUV�XVLQJ�WKH�7,*5�DQG�DQ�$7�UDWLQJ�VFDOH��7KH�7,*5�VFRUH�XVHG�WKH�SUHYLRXVO\�YDOLGDWHG�,WDOLDQ�YHUVLRQ�RI�WKH
2WWDZD�*OREDO�5DWLQJ�6FDOH��)UDQF�-�HW�DO��XQSXEOLVKHG�GDWD���7KH�7,*5�VFRUHV�JOREDO�SHUIRUPDQFH�RQ�D���WR���VFDOH�LQ���GRPDLQV��
RYHUDOO
�

OHDGHUVKLS
��
SUREOHP�VROYLQJ
��
VLWXDWLRQDO�DZDUHQHVV
��
UHVRXUFH�XWLOL]DWLRQ
��DQG�
FRPPXQLFDWLRQ
��7KH�$7�VFRULQJ�ZDV�VSHFLILF�IRU�HDFK�VLPXODWLRQ
VFHQDULR��DQG�LQFOXGHG�WHFKQLFDO�VNLOOV�H[SHFWHG�WR�EH�SHUIRUPHG�WR�PDQDJH�WKH�FDVHV�DSSURSULDWHO\��7KH�$7�VFRUHV�LQFOXGHG�D�YDULDEOH�QXPEHU�RI
ILHOGV�ZKLFK�ZHUH�UDWHG�RQ�D�VFDOH�RI���WR����ZLWK���VLJQLI\LQJ�FRUUHFW�SHUIRUPDQFH����VLJQLI\LQJ�LQFRPSOHWH�SHUIRUPDQFH��DQG���VLJQLI\LQJ�ODFN�RI
SHUIRUPDQFH��&RUUHODWLRQ�EHWZHHQ�HDFK�RI�WKH���ILHOGV�RI�WKH�7,*5�VFDOH�WR�WKH�$7�VFRUH�ZDV�DVVHVVHG�XVLQJ�OLQHDU�UHJUHVVLRQ��3�YDOXHV�IRU�WKH
UHJUHVVLRQ�FRHIILFLHQWV�ZHUH�FRUUHFWHG�XVLQJ�WKH�+ROP�PHWKRG�

5(68/76��)RXUWHHQ�WHDPV�FRPSOHWHG����VLPXODWLRQV��7KH�PHDQ�$7�VFRUH�ZDV������0HDQ�VFRUH�IRU�WKH�7,*5�ILHOGV�ZDV��
RYHUDOO
���������
OHDGHUVKLS
�
�������
SUREOHP�VROYLQJ
���������
VLWXDWLRQDO�DZDUHQHVV
���������
UHVRXUFH�XWLOL]DWLRQ
���������DQG�
FRPPXQLFDWLRQ
���������2I�WKH�VL[�ILHOGV�RI�WKH�7,*5
WRRO��RQO\�WKH�ILHOG�RI�
XWLOL]DWLRQ
�ZDV�IRXQG�WR�EH�VWDWLVWLFDOO\�VLJQLILFDQWO\�FRUUHODWHG�WR�WKH�$7��S ���������&RUUHODWLRQ�FRHIILFLHQW�EHWZHHQ

XWLOL]DWLRQ
�DQG�$7�ZDV�����������FRQILGHQFH�LQWHUYDO������WR��������3RVW�KRF�DQDO\VLV�RI�SORWV�RI�7,*5�YV�$7�VXJJHVW�D�VWURQJHU�FRUUHODWLRQ�ZKHQ�WKH
7,*5�LV�HLWKHU�YHU\�ORZ�RU�YHU\�KLJK��DQG�SRRU�FRUUHODWLRQ�EHWZHHQ�7,*5�DQG�$7�DW�WKH�PLG�OHYHO�VFRUHV�

&21&/86,216��7KH�UHVXOWV�VXSSRUW�WKDW�WKH�7,*5�DQG�$7�KDYH�SRRU�FRUUHODWLRQ��7KLV�VXJJHVWV�WKDW�VLPXODWLRQ�SHUIRUPDQFH�PD\�UHTXLUH�DVVHVVPHQW
RI�ERWK�JOREDO�UDWLQJ�DQG�WHFKQLFDO�DELOLWLHV��7KH�DSSDUHQW�VWURQJHU�FRUUHODWLRQ�DW�YHU\�ORZ�RU�YHU\�KLJK�VFRUHV�PD\�GHVHUYH�IXUWKHU�VWXG\��7KLV
ILQGLQJ�VXJJHVWV�WKDW�WHDPV�ZKR�DUH�YHU\�VWURQJ�LQ�JOREDO�UDWLQJ��DOVR�DSSHDU�WR�EH�EH�YHU\�VWURQJ�LQ�WHFKQLFDO�DELOLWLHV��WKH�VDPH�PD\�EH�WUXH�IRU
YHU\�ZHDN�WHDPV��&RQYHUVHO\��WHDPV�ZLWK�JOREDO�UDWLQJV�LQ�WKH�PLG�VFDOH�KDYH�PXFK�PRUH�YDULDEOH�WHFKQLFDO�DELOLWLHV�

����
����



0,6&(//$1(286 &21&(3&,21�'(�9(5$�*8,//(1

��������$3+(5��$QDO\]LQJ�$FXWH�3\HORQHSKLWLV�+DQGOLQJ�LQ�(PHUJHQF\�+RVSLWDODU\�5RRP��REVHUYDFLRQDO�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

uOYDUR�0DUW�Q�3�UH]������$QD�6DQWRV�/XFLR������&RQFHSFLRQ�'H�9HUD�*XLOO�Q������-XDQ�0DU�D�)HUQDQGH]�1X�H]����

���6HUYLFLR�GH�8UJHQFLDV�GHO�+RVSLWDO�&LXGDG�GH�&RULD��6HUYLFLR�([WUHPH�R�GH�6DOXG��%DGDMR]��63$,1
���6HUYLFLR�GH�8UJHQFLDV�GHO�+RVSLWDO�,QIDQWD�&ULVWLQD��%DGDMR]��6HUYLFLR�([WUHPH�R�GH�6DOXG��%DGDMR]��63$,1

.H\ZRUGV��S\HORQHSKULWLV��FHIWULD[RQH

$EVWUDFW��

$FXWH�S\HORQHSKULWLV��$31��LV�D�IUHFXHQW�LQIHFWLRQ�WKDW�PDLQO\�DIIHFWV�WR�VH[XDOO\�DFWLYH�KHDOWK\�ZRPHQ��$31�UHSUHVHQWV�D����RI�WKH
XURORJLFDO�SDWLHQWV�DWWHQGHG�LQ�WKH�(PHUJHQF\�+RVSLWDOU\�5RRP��(+5��ZLFK�SUHYDOHQFH�LV�DURXQG�����LQ�ZRPHQ�DQG�GHFUHDVHV�WR
������LQ�PHQ��$31�HQFRPSDVVHV�ERWK�UHQDO�SDUHQFK\PD�DQG�FROOHFWLQJ�V\VWHP�DQG�LW�SUHVHQWV�ZLWK���NH\�V\PSWRPV��IHYHU�
ORZHUEDFN�SDLQ�DQG�YRLGLQJ�V\QGURPH��+RZHYHU��D�KLJK�DPRXQW�RI�WKH�$31�DUH�XQFRPSOLFDWHG��,WeV�RI�D�YLWDO�LPSRUWDQFH�WR�NQRZ
WKH�SDWLHQW�HSLGHPLRORJLFDO�FKDUDFWHULVWLFV��UHDVRQ�IRU�FRQVXOWDWLRQ�DQG�WKHUDSHXWLF�PDQDJHPHQW�LQ�RUGHU�WR�DFKLHYH�D�TXLFN�DQG
VDIH�KDQGOLQJ�LQ�+(5�

2EVHUYDFLRQDO�GHVFULSWLYH�VWXG\�HQUROOHG�SDWLHQWV�ZLWK�$31�GLDJQRVLV�PDGH�LQ�(+5�GXULQJ�D���PRWKV�SHULRG��0HGLFDO�KLVWRULHV�
FXUUHQW�FRPSODLQWV��ODERUWRU\�WHVW�UHVXOWV�DQG�SUHVFULEHG�KRVSLWDODU\�DQG�DPEXODWRU\�WUHDWPHQW�ZHUH�UHFRUGHG�WR�DOO�SDWLHQWV��DV
ZHOO�DV�ILQDO�GHVWLQDWLRQ�DQG�DQDO\]HG�ZLWK�6366Y���VWDGLVWLFDO�SURJUDPPH�

���SDWLHQWV�ZHUH�LQFOXGHG�ZLWK�DQ�DYHUDJH�DJH�RI������d������\HDUV��EHLQJ������ZRPHQ��7KH�WRWDO�LQFLGHQFH�IRU�$31�ZDV�����{��1R
ULVN�IDFWRUV�IRU�GHYHORSLQJ�$31�ZHUH�GHWHFWHG�LQ�PRVW�RI�WKH�SDWLHQWV��7KH������RI�WKH�SDWLHQWV�VKRZHG�IHYHU�DV�WKH�PRVW�SUHODYHQW
V\PSWRP�LQ�DVVRFLDWLRQ�RU�QRW�ZLWK�UHQDO�IRVVD�SDLQ�DQG�VLFNQHVV��0RUH�WKDQ�WKH������KDG�XULQDU\�VHGLPHQW�DOWHUHG��ZLWK�D�������
SUHVHQWLQJ�OHXNRF\WRVLV�DQG�QHXWURSKLOLD��$��������RI�WKH�DEGRPLQDO�XOWUDVRXQGV�PDGH�ZHUH�SDWKRORJLFDO��8ULQH�FXOWXUH��UHFRUGHG
LQ����SDWLHQWV��ZHUH�SRVLWLYH�LQ��������ZLWK�(VFKHULFKLD�&ROL�DV�OHDGHU�SDWKRJHQLF�DJHQW�DQG�DQWLELRJUDP�VHQVLYLW\�WHVW�SRVLWLYH�IRU
QLWURIXUDQWRLQ�DQG�IRVIRPLF\QH��(PSLULFDO�LQWUDYHRXV�DQWLELRWLF�WKHUDS\�ZDV�SHUIRUPHG�ZLWK�FHIWULD[RQH�LQ�DVVRFLDWLRQ�ZLWK
WREUDPLF\QH��������DQG�GLVFKDUJHG�KRPH�ZLWK�RUDO�FHIXUR[LPH�DQG�FHIGLWRUHQ�WUHDWPHQW��0RUH�WKDQ�D�KDOI�RI�WKH�SDWLHQWV�UHTXLUHG
KRVSLWDO�VWD\�LQ�8URORJ\�RU�,QWHQVLYH�&DUH�8QLW�

'LVFKDUJH�KRPH�IURP�WKH�(+5�LV�WKHUHIRUH�MXVWLILHG�DIWHU�DQ�REVHUYDWLRQ�SHULRG�OHVV�WKDQ���K�LQ�ZKLFK�D�ILUVW�SDO�DQWLELRWLF�GRVH�LV
DGPLQLVWHUHG�FHIWULD[RQH�WREUDPLF\QH��DQG�DQ�DSSURSULDWH�RUDO�DQWLELRWLF�LV�FKRVHQ��7KH�SDWLHQW�VKRXOG�EH�ZDUQHG�DERXW
SRVVLELOLW\�RI�WKH�SHUVLVWHQFH�RI�VRPH�V\PSWRPV�DQG�UHIHUUHG�IRU�DSSURSULDWH�RXWSDWLHQW�IROORZ�XS�

9LUWXDOO\�DOO�WKH�SDWLHQWV�ZHUH�ZRPHQ�ZLWK�QR�ULVN�IDFWRUV��(��&ROL�ZDV�WKH�PRVW�FRPPRQ�SDWRKHQLF�DJHQW��ZLWK�KLJK�UDWH�RI
UHVLVWDQFH��SDUWLFXODUO\�WR�WULPHWKRSULP�VXOIDPHWKR[D]ROH�DQG�DPSLFLOOLQ��7KHUHIRUH�ZH�FDQ�DILUP�WKDW�RXU�UHVXOWV�DUH�VLPLODU�WR
RWKHU�VWXGLHV�FRQVXOWHG



72;,&2/2*< <RXQJKR�-LQ

��������6\PSWRPDWLF�K\SRFDOFHPLD�DQG�K\SRSDUDWK\URLGLVP�DVVRFLDWHG�ZLWK�'LRVFRUHD�WRNRUR�WR[LFLW\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

<RXQJKR�-LQ������-DHFKRO�<RRQ������7DHRK�-HRQJ������-DHEDHN�/HH����

�����QRQH��-HRQMX��.25($��5(38%/,&�2)

.H\ZRUGV��'LRVFRUHD�WRNRUR��K\SRFDOFHPLD��K\SRSDUDWK\URLGLVP

$EVWUDFW��

'LRVFRUHD�VSHFLHV��FRPPRQO\�NQRZQ�DV�\DP��DUH�ZLGHO\�XVHG�DV�D�VWDSOH�GLHWDU\�FRPSRQHQW�LQ�$IULFD�DQG�$VLD��,Q�.RUHD��LW�KDG�EHHQ�XVHG�IRU
WUHDWPHQW�RI�UKHXPDWLVP��XULQDU\�WUDFW�LQIHFWLRQ��DQG�VHTXHOD�RI�VWURNH��'HWR[LILFDWLRQ�RI�\DP�LV�QHFHVVDU\�EHIRUH�HDWLQJ��3RLVRQLQJ�PD\�UHVXOW�IURP
WKH�LQJHVWLRQ�RI�SDUWLDOO\�GHWR[LILHG�WXEHUV�WKDW�FDQ�OHDG�WR�DFXWH�NLGQH\�LQMXU\��$.,��DQG�WR[LF�HQFHSKDORSDWK\��+HUHLQ��ZH�UHSRUW�RI�D�FDVH�RI
V\PSWRPDWLF�K\SRFDOFHPLD�DQG�K\SRSDUDWK\URLGLVP�GHYHORSHG�DIWHU�GULQNLQJ�ERLOHG�ZDWHU�ZLWK�UDZ�WXEHUV�RI�'LRVFRUHD�WRNRUR��$����\HDUROG�PDOH
ZKR�KDG�FRQVXPHG�UDZ�WXEHU�RI�'��WRNRUR�ERLOHG�LQ�ZDWHU�DQG�GUDQN�WKH�PL[�ZDV�SUHVHQWHG�ZLWK�QXPEQHVV�DQG�VSDVP�RI�ERWK�KDQGV�DQG�IHHW�
/DERUDWRU\�UHVXOWV�VKRZHG�K\SRFDOFHPLD�DQG�K\SRSDUDWK\URLGLVP��'XULQJ�WKH�KRVSLWDO�VWD\��FROLWLV��DFXWH�NLGQH\�LQMXU\��DQG�WR[LF�HQFHSKDORSDWK\
GHYHORSHG��+H�ZDV�WUHDWHG�ZLWK�FDOFLXP�JOXFRQDWH�LQWUDYHQRXV�LQIXVLRQ�DQG�RUDO�FDOFLXP�FDUERQDWH�ZLWK�DOIDFDOFLGRO��+LV�V\PSWRPV�LPSURYHG
JUDGXDOO\�EXW�K\SRFDOFHPLD�SHUVLVWHG�GHVSLWH�WKH�FDOFLXP�VXSSOHPHQWDWLRQ��2XU�FDVH�VKRZV�WKDW�LQJHVWLRQ�RI�LQVXIILFLHQWO\�GHWR[LILHG�'LRVFRUHD
VSHFLHV�FDQ�EH�KDUPIXO�ZLWK�HIIHFWV�LQFOXGLQJ�JDVWURLQWHVWLQDO�FRPSOLFDWLRQV��$.,�ZLWK�WR[LF�HQFHSKDORSDWK\��DQG�K\SRFDOFHPLD�ZLWK
K\SRSDUDWK\URLGLVP��,W�VKRXOG�EH�QRWHG�WKDW�FHUWDLQ�KHUEV�XVHG�LQ�WUDGLWLRQDO�PHGLFLQH�FDQ�FDXVH�VHULRXV�KHDOWK�HIIHFWV�LI�WDNHQ�LQDSSURSULDWHO\�DQG
WKDW�GRFWRUV�DQG�IDPLO\�SK\VLFLDQV�VKRXOG�HGXFDWH�WKHLU�FOLHQWV�RQ�WKH�SURSHU�XVH�RI�FHUWDLQ�KHUEV�DQG�SODQW�PHGLFLQHV�



&$6(�35(6(17$7,21 &KLQJ�)DQJ�76$2

��������$W\SLFDO�SUHVHQWDWLRQ�RI�DEGRPLQDO�DRUWLF�DQHXU\VP�FRPSOLFDWHG�ZLWK�VKRFN�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KLQJ�)DQJ�&KDR����

���(PHUJHQF\�GHSDUWPHQW��&KDQJ�+XD�&KULVWLDQ�+���&KDQJ�+XD�&LW\��7$,:$1

.H\ZRUGV��DRUWLF�DQHXU\VP�VKRFN�

$EVWUDFW��

,QWURGXFWLRQ

����$EGRPLQDO�DRUWLF�DQHXU\VPV��$$$V��FRQWULEXWH�VLJQLILFDQWO\�WR�GLVHDVH�EXUGHQ�LQ�GHYHORSHG�FRXQWULHV��5XSWXUHG�DEGRPLQDO�DRUWLF�DQHXU\VP��U$$$�
LV�FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI�EORRG�RXWVLGH�WKH�DGYHQWLWLD�RI�WKH�GLODWHG�DRUWLF�ZDOO��)UHH�UXSWXUH��ZLWK�HJUHVV�RI�EORRG�LQWR�WKH�SHULWRQHDO
FDYLW\��LV�GLVWLQFW�IURP�FRYHUHG�UXSWXUH��LQ�ZKLFK�WKHUH�LV�OHVV�EORRG�ORVV�EHFDXVH�WKH�SHULDRUWLF�KHPDWRPD�LV�HQFORVHG�E\�UHWURSHULWRQHDO�WLVVXH�

�

&DVH�5HSRUW

����$����\HDU�ROG�PDOH�SDWLHQW�ZDV�EURXJKW�WR�RXU�HPHUJHQF\�GHSDUWPHQW�E\�HPHUJHQF\�PHGLFDO�VHUYLFHV��(06��D�KLVWRU\�RI�VKRUW�RI�EUHDWK��(&*
VKRZHG�VLQXV�WDFK\FDUGLD��/DERUDWRU\�VWXGLHV�ZLWK�$UWHU\�%ORRG�*DV�DQDO\VLV�UHYHDOHG�PHWDEROLF�DFLGRVLV��3+�������
+&2������PPRO�/��:%&�������X/�/DFWDWH�����PPRO�/��D�QRUPDO�+HPRJORELQ�DQG�QRUPDO�WURSRQLQ�OHYHO���+LV�%3�LQLWLDOO\�ZDV������PP+J�DQG
G\VSQHD�

����,Q�WKH�DEVHQFH�RI�DEGRPLQDO�SDLQ��D�FKHVW�&7�VFDQ�ZLWK�FRQWUDVW�VFDQ�ZDV�DUUDQJHG�WR�FRQILUP�WKH�GLDJQRVLV�RI�SXOPRQDU\�(PEROLVP��7KH�&7�VFDQ
UHYHDOHG�UXSWXUH�RI�DEGRPLQDO�DRUWLF�DQHXU\VP�ZLWK�PDVVLYH�KHPDWRPD�LQ�WKH�SDUD�DRUWLF�DQG�OHIW�UHWURSHULWRQHDO�VSDFH��+H�ZDV�WUDQVIHUUHG
GLUHFWO\�WR�RSHUDWLRQ�URRP�

����'XULQJ�RSHUDWLRQ��ZH�IRXQG�DEGRPLQDO�DRUWLF�DQHXU\VP���FP�LQ�GLDPHWHU�UXSWXUH�ZLWK�VKRFN�DQG�ELODWHUDO�LOLDF�DUWHU\�VWHQRVLV�SRVW�37$
�SHUFXWDQHRXV�WUDQVOXPLQDO�DQJLRSODVW\��SURFHGXUH��7KH�SDWLHQW�PDGH�D�UHFRYHU\�DQG�KH�ZDV�DGPLWWHG�WR�6,&8�RI�IROORZLQJ�UHVSLUDWRU\�LQVXIILFLHQF\�

�

'LVFXVVLRQ

�����)RU�VRPHRQH�ZLWK�XQNQRZQ�UHDVRQ�RI�VKRFN��U$$$�VKRXOG�EH�NHSW�LW�LQ�PLQG��



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 /$85$�%$/,&$

��������7$51���%(<21'�68%0,77,1*�'$7$�72�1$7,21$/�'$7$%$6(6

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/DXUD�%DOLFD������$QGUHL�&DUSLXF������5LFKDUG�6PLWK����

���1RUWKZLFN�3DUN�+RVSLWDO��/RQGRQ�1RUWK:HVW�+HDOWKFDUH�1+6�7UXVW��/RQGRQ��8.

.H\ZRUGV��7$51�GDWD��DXGLW��DFWLRQ�SODQ��JXLGHOLQHV��TXDOLW\�LPSURYHPHQW

$EVWUDFW��

2EMHFWLYHV�DQG�$LPV��:H�ORRNHG�DW�KRZ�ZH�DUH�XVLQJ�WKH�GDWD�ZH�VXEPLWWHG�WR�7$51�IRU�LPSURYLQJ�WKH�ORFDO�PDQDJHPHQW�RI�WUDXPD�SDWLHQWV�

%DFNJURXQG��6XEPLWWLQJ�GDWD�WR�QDWLRQDO�GDWDEDVHV�LV�D�GLIILFXOW�WDVN��,W�LQYROYHV�UHVRXUFHV��WLPH��WUDLQLQJ�DQG�HQJDJHPHQW�RI�GLIIHUHQW�PHPEHUV�RI
WKH�WHDP��,W�LV�VR�GLIILFXOW�WR�NHHS�XS�D�JRRG�SDFH�LQ�VXEPLWWLQJ�GDWD�DQG�WR�HQVXUH�WKH�TXDOLW\�RI�WKH�GDWD�WKDW�LPSOHPHQWLQJ�WKH�FKDQJHV�UHTXLUHG
DIWHU�DQDO\VLQJ�WKLV�GDWD�LV�VRPHWLPHV�IRUJRWWHQ��$IWHU�D�FRQFHUWHG�HIIRUW�RI�WKH�QHWZRUN�DQG�RXU�ORFDO�WUDXPD�PDQDJHPHQW�WHDP��ZH�QRZ�KDYH�D
VXIILFLHQWO\�ODUJH�GDWD�LQSXW�DQG�ZH�FDQ�VWDUW�ORRNLQJ�DW�KRZ�ZH�XVH�WKLV�LQIRUPDWLRQ�IRU�LPSURYLQJ�WKH�PDQDJHPHQW�RI�WKH�WUDXPD�SDWLHQWV�LQ�RXU
WUDXPD�XQLW�

0DWHULDO�DQG�PHWKRG��'DWD�DQDO\VLV�DQG�LQLWLDWLRQ�RI�ORFDO�DXGLWV�EDVHG�RQ�7$51��ZLWK�VSHFLILF�DFWLRQ�SODQV�DQG�GHDGOLQHV��:H�SUHVHQW�WZR�ORFDO
DXGLWV�ZH�FRQGXFWHG�ZLWK�WKH�DLP�RI�LPSURYLQJ�RXU�SDWLHQW�PDQDJHPHQW�DQG��VXEVHTXHQWO\��RXU�FRPSOLDQFH�

:H�FRQGXFWHG�DQ�DXGLW�RQ�KHDG�LQMXU\�SDWLHQWV��ORRNLQJ�LQ�SDUWLFXODU�DW�WKH�WLPHV�WR�&7�DQG�WLPHV�WR�&7�UHSRUWLQJ��7KH�DXGLW�VKRZHG�WKDW�RQO\�����RI
RXU�KHDG�LQMXU\�SDWLHQWV�KDG�WKH�&7�GRQH�ZLWKLQ�RQH�KRXU��:H�FRQGXFWHG�DQ�DQDO\VLV�RI�WKH�VXEJURXS�RI�SDWLHQWV�ZLWK�GHOD\V��ZH�LGHQWLILHG�WKH�DUHDV
RI�LPSURYHPHQW�DQG�ZH�QRZ�KDYH�DQ�DFWLRQ�SODQ�ZLWK�VSHFLILF�GHDGOLQHV�

7KH�VHFRQG�DXGLW�ZH�SUHVHQW�ORRNHG�DW�WKH�7$51�HOLJLEOH�WUDXPD�SDWLHQWV�VHHQ�E\�DQ�67����:H�ZHUH�QRW�IXOO\�FRPSOLDQW��VR�ZH�ZDQWHG�WR�VHH�LI�WKLV
LV�RQO\�EHFDXVH�RI�WKH�LQFRPSOHWH�GDWD�VXEPLVVLRQ�RU�LW�ZDV�UHDO��$QG��LI�LW�ZDV�UHDO��ZKDW�ZDV�WKH�VXEJURXS�RI�SDWLHQWV�LQYROYHG�DQG�KRZ�ZH�FDQ
LPSURYH�WKHLU�PDQDJHPHQW�

&RQFOXVLRQV��+DYLQJ�D�UREXVW�GDWD�VHW�VXEPLWWHG�RQ�QDWLRQDO�GDWDEDVHV�KDV�D�VLJQLILFDQW�LPSRUWDQFH�RQO\�ZKHQ�LW�UHIOHFWV�EDFN�LQWR�WKH�DFWLYLW\�DQG
WKH�GDWD�LV�XVHG�IRU�LPSURYLQJ�WKH�SDWKZD\V�RU�IRU�GHYHORSLQJ�QHZ�SDWKZD\V�



1(852/2*< .D\D�0XVD

��������2SKWKDOPRSOHJLF�0LJUDLQH��$�&DVH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0XVD�.D\D������$ULI�'XUDQ������)DUXN�.XUW������0DQVXU�.�UªDG�(UNXUDQ����

�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%ROX���7XUNH\��%ROX��785.(<

.H\ZRUGV��2SKWKDOPRORJLF�PLJUDLQH��KHDGDFKH��GLSORSLD�

$EVWUDFW��

$,0��0LJUDLQH�LV�D�IUHTXHQW�QHXURORJLF�GLVHDVH�ZKLFK�LV�SUHVHQWHG�ZLWK�KHDGDFKH�DQG�VRPH�DFFRPSDQLHG�V\PSWRPV�VXFK�DV�SKRQRSKRELD�
SKRWRSKRELD��QDXVHD�DQG�YRPLWLQJ�����6RPHWLPHV��ILQGLQJV�OLNH�GLSORSLD��SWRVLV��SXSLOODU\�DEQRUPDOLWLHV�DQG�OLPLWDWLRQ�RI�H\H�PRYHPHQWV�FDQ�EH
GHWHUPLQHG�DV�XQXVXDO��,Q�VXFK�D�FDVH��LW�LV�FDOOHG�RSKWKDOPRSOHJLF�PLJUDLQH�DQG�LW�LV�VHHQ�UDUHO\�
&$6(��$�IRUW\�QLQH�\HDU�ROG�PDOH�SDWLHQW�DSSOLHG�WR�RXU�HPHUJHQF\�VHUYLFH�E\�FRPSODLQLQJ�RI�KHDGDFKH�DQG�GLSORSLD��1DXVHD�ZDV�DQRWKHU�FRH[LVWHQW
FRPSODLQW�7KH�SDWLHQW�H[SUHVVHG�WKDW�KH�XVHG�WR�KDYH�WKLV�W\SH�RI�KHDGDFKH�HSLVRGHV�SUHYLRXVO\��+H�KDG�QR�DQ\�PHGLFDO�KLVWRU\�DQG�PHGLFDWLRQV�
9LWDO�VLJQV�ZHUH�QRWHG�DV�QRUPDO��%ORRG�SUHVVXUH�ZDV��������PP+J��KHDUW�EHDW�ZDV����ESP�DQG�ERG\�WHPSHUDWXUH�ZDV�PHDVXUHG�DV������j&
GHJUHHV��/LPLWDWLRQ�RI�DEGXFWLRQ�RI�WKH�OHIW�H\H�ZDV�GHWHUPLQHG�E\�H[DPLQDWLRQ��ILJXUH�����7KHUH�ZDV�QR�DQ\�DEQRUPDO�UHVXOW�IRU�ODERUDWRU\�WHVW�
%UDLQ�05�ZDV�DVVHVVHG�DV�QRUPDO��ILJXUH����%HVLGHV��EUDLQ�&7�DOVR�GLGQÇW�UHYHDO�XV�DQ\�VLJQLILFDQW�ILQGLQJ��ILJXUH���������PJ�RI�3DUDF\WDPRO�ZDV
VXSSOLHG�DV�LQWUDYHQRXV�WR�UHOLHYH�KHDGDFKH��7KH�SDWLHQW�ZDV�FRQVXOWHG�WR�1HXURORJ\�DQG�2SKWKDOPRORJ\�
&21&/86,21��&RQVHTXHQWO\��ZH�ZDQW�WR�HPSKDVL]H�WKDW�RSKWKDOPRSOHJLD�VKRXOG�EH�DVVHVVHG�LQ�WHUPV�RI�20�LI�DFFRPSDQLHV�WR�PLJUDLQH�OLNH
KHDGDFKH��QDXVHD�DQG�YRPLWLQJ�



&$5',29$6&8/$5 .D\D�0XVD

��������&RUUHODWLRQ�RI�3�ZDYH�GLVSHUVLRQ�ZLWK�SXOPRQDU\�HPEROLVP�LQ�HPHUJHQF\�PHGLFLQH�SDWLHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$ULI�'XUDQ������6HUNDQ�|]W�UN������0DQVXU�.�UªDG�(UNXUDQ������7DU¢N�2FDN������0XVD�.D\D����

�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%ROX���7XUNH\��%ROX��785.(<
�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�&DUGLRORJ\��%ROX���7XUNH\��%ROX��785.(<
�����¡VWDQEXO�.DQXQL�6XOWDQ�6�OH\PDQ�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO�(PHUJHQF\�0HGLFDO�7UDLQLQJ�&OLQLF��¡VWDQEXO��785.(<��¡VWDQEXO��785.(<

.H\ZRUGV��HPHUJHQF\�PHGLFLQH��3�ZDYH�GLVSHUVLRQ��SXOPRQDU\�HPEROLVP

$EVWUDFW��

$,0��3�ZDYH�GLVSHUVLRQ�LV�FDXVHG�E\�XQGHUO\LQJ�KHWHURJHQHLW\�RI�DWULDO�P\RFDUGLDO�FRQGXFWLRQ��ZKLFK�OHDGV�WR�3�ZDYH�YDULDWLRQV�RQ�VXUIDFH�(&*��7KLV
VXJJHVWV�WKDW�LW�LV�D�YDOXDEOH�SDUDPHWHU�WR�SUHGLFW�ULVN�RI�DWULDO�ILEULOODWLRQ�LQ�GLIIHUHQW�SDWLHQW�JURXSV��3DWLHQWV�GLDJQRVHG�DV�KDYLQJ�SXOPRQDU\
HPEROLVP�UHSUHVHQW�D�FRQVLGHUDEOH�SDUW�RI�DOO�DSSOLFDWLRQV�WR�HPHUJHQF\�VHUYLFHV��3�ZDYH�GLVSHUVLRQ��3ZG��ZDV�UHVHDUFKHG�LQ�SXOPRQDU\�HPEROLVP
FDVHV�ZLWK�D�UDQGRPL]HG�FRQWUROOHG�VWXG\�
0$7(5,$/�0(7+2'��$IWHU�ORFDO�HWKLFV�FRPPLWWHH�DSSURYDO��SDWLHQWV�ZLWK�SXOPRQDU\�HPEROLVP��JURXS�$��Q�������DQG�WKRVH�ZLWKRXW�SXOPRQDU\
HPEROLVP��JURXS�%��Q�������ZKR�DSSOLHG�WR�HPHUJHQF\�VHUYLFH�RI�$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��ZHUH�LQFOXGHG�WR�WKH
VWXG\��7KHLU�(&*�SDSHUV�ZHUH�WUDQVIHUUHG�WR�FRPSXWHU�DIWHU�VFDQQLQJ�E\�KLJK�UHVROXWLRQ�DQG�PHDVXUHPHQWV�ZHUH�GRQH�LQ�WKLV�ZD\��7KH�EHJLQQLQJ�RI
3�ZDYH�ZDV�GHILQHG�WKH�SRLQW�RI�WKH�ILUVW�DEUXSW�IURP�LVRHOHFWULF�OLQH�DQG�WKH�HQG�RI�3�ZDYH�ZDV�GHVFULEHG�ZKHUH�LW�UHWXUQHG�WR�WKH�LVRHOHFWULF�OLQH�
7KH�GXUDWLRQ�RI�3�ZDYH�ZDV�FRXQWHG�IURP�DOO�OHDGV��7KH�ORQJHVW�3�ZDYH�ZDV�QDPHG�DV�3PD[�ZKHUHDV�WKH�VKRUWHVW�RQH�ZDV�3PLQ��3ZG�ZDV
FDOFXODWHG�E\�VXEWUDFWLQJ�3PLQ�IURP�3PD[��7KH�IRUPXOD�RI�3ZG��ZDV�XVHG�WR�FDOFXODWH�FRUUHFWHG�3ZG�
5(68/76��)RU�DJH�DQG�JHQGHU��WKHUH�ZDVQÇW�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�$�DQG�%�JURXSV��,Q�JURXS�$��3ZG�DQG�FRUUHFWHG�3ZG�YDOXHV
ZHUH������k������PV�DQG������k������PV��UHVSHFWLYHO\��2Q�WKH�RWKHU�KDQG��IRU�JURXS�%��3ZG�ZDV������k������PV�DQG�FRUUHFWHG�3ZG�ZDV
�����k������PV��7KHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WZR�JURXSV�IRU�ERWK�3ZG��S��������DQG�FRUUHFWHG�3ZG��S��������YDOXHV�
)XUWKHUPRUH��D�VLJQLILFDQW�GLIIHUHQFH�ZDV�GHWHUPLQHG�DOVR�IRU�KHDUW�UDWHV�RI�WZR�JURXSV�
&21&/86,21��$WULDO�ILEULOODWLRQ�KDV�DQ�LPSRUWDQW�SODFH�IRU�HWLRORJ\�RI�SXOPRQDU\�HPEROLVP��3ZG�JLYHV�DQ�LGHD�DERXW�DWULDO�GLODWDWLRQ��(YHQ�LI�(&*�RQ
SUHVHQWDWLRQ�GRHVQÇW�UHYHDO�DWULDO�ILEULOODWLRQ�DQG�DWULXP�VL]H�LVQÇW�NQRZQ��3ZG�PD\�KDYH�DQ�LPSRUWDQW�UROH�DV�D�PDUNHU�



&$5',29$6&8/$5 .D\D�0XVD

��������(YDOXDWLRQ�RI�47�'LVSHUVLRQ�LQ�HPHUJHQF\�PHGLFLQH�SDWLHQWV�ZLWK�SXOPRQDU\�HPEROLVP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$ULI�'XUDQ������6HUNDQ�|]W�UN������0DQVXU�.�UªDG�(UNXUDQ������7DU¢N�2FDN������0XVD�.D\D����

�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%ROX���7XUNH\��%ROX��785.(<
�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�&DUGLRORJ\��%ROX���7XUNH\��%ROX��785.(<
�����¡VWDQEXO�.DQXQL�6XOWDQ�6�OH\PDQ�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO�(PHUJHQF\�0HGLFDO�7UDLQLQJ�&OLQLF��¡VWDQEXO��785.(<��¡VWDQEXO��785.(<

.H\ZRUGV��,QWHQVLYH�FDUH��PRUWDOLW\��VWDQG�E\�WLPH

$EVWUDFW��

$,0��3DWLHQWV�ZLWK�SXOPRQDU\�HPEROLVP�WDNH�DQ�LPSRUWDQW�SODFH�LQ�HPHUJHQF\�VHUYLFH��3URORQJDWLRQ�RI�47�LQWHUYDO�PD\�FDXVH�YHQWULFXODU
DUUK\WKPLDV��HVSHFLDOO\�WRUVDGHV�GH�SRLQWHV��DQG�VXGGHQ�FDUGLDF�GHDWK��47�LQWHUYDO�VKRUWHQV�ZKHQ�KHDUW�UDWH�LQFUHDVHV�DQG�HORQJDWHV�ZKHQ�KHDUW
UDWH�GHFUHDVHV��47�LQWHUYDO�ZDV�LQYHVWLJDWHG�LQ�SXOPRQDU\�HPEROLVP�SDWLHQWV�
0$7(5,$/�0(7+2'��3DWLHQWV��ZKR�DSSOLHG�ZLWK�G\VSQHD�DQG�ZHUH�GLDJQRVHG�DV�KDYLQJ�SXOPRQDU\�HPEROLVP�LQ�WKH�HPHUJHQF\�PHGLFLQH�RI�$EDQW
,]]HW�%D\VDO�8QLYHUVLW\�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��ZHUH�LQFOXGHG�WR�WKH�VWXG\�DIWHU�ORFDO�HWKLFV�FRPPLWWHH�DSSURYDO��$�IHZ�FRPSOHWH�EHDWV��WKH
ORQJHVW�RQHV�LQ�OHDGV�',,�DQG�9�����ZHUH�PHDVXUHG��IRU�FDOFXODWLQJ�47�LQWHUYDO��0RUHRYHU��FRUUHFWHG�47�LQWHUYDO�ZDV�UHJLVWHUHG�E\�FDOFXODWLQJ�47
LQWHUYDO�DW�D�KHDUW�UDWH�RI����ESP��%D]]HWW�IRUPXOD��47F� �47���ZDV�XVHG�IRU�FDOFXODWLRQ��'XUDWLRQV�RI�47�!�����PV�DQG�!�����PV�ZHUH�DVVXPHG�DV
SURORQJHG�IRU�PHQ�DQG�ZRPHQ��UHVSHFWLYHO\�
5(68/76��7KHUH�ZDV�QR�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�JURXS�ZLWK�SDWLHQWV�GLDJQRVHG�DV�KDYLQJ�SXOPRQDU\�HPEROLVP�DQG�WKH�JURXS�ZLWKRXW
SXOPRQDU\�HPEROLVP��LQ�WHUPV�RI�DJH�DQG�JHQGHU��)RU�WKH�JURXS�RI�WKH�SDWLHQWV�ZLWK�SXOPRQDU\�HPEROLVP��47�LQWHUYDO�GXUDWLRQ�ZDV�������k�����
PV�DQG�47F�LQWHUYDO�GXUDWLRQ�ZDV�������k������PV��)RU�WKH�JURXS�RI�SDWLHQWV�ZLWKRXW�GLDJQRVLV�RI�SXOPRQDU\�HPEROLVP��47�LQWHUYDO�GXUDWLRQ�ZDV
������k������PV��ZKHUH�47F�LQWHUYDO�GXUDWLRQ�ZDV�������k������PV��7KHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�JURXSV��IRU�ERWK
47�LQWHUYDO��S���������DQG�47F�LQWHUYDO��S���������YDOXHV��)XUWKHUPRUH��ZKHQ�FOLQLFDO�VLJQLILFDQFH�RI�47�LQWHUYDO�GXUDWLRQ�ZDV�FRQVLGHUHG��LW�ZDV
IRXQG�WKDW�WKHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH��S���������EHWZHHQ�WKH�JURXSV�DFFRUGLQJ�WR�47F�LQWHUYDO��7KHUH�ZDV�DOVR�D�VWDWLVWLFDOO\
VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WZR�JURXSV�IRU�KHDUW�UDWHV��S���������
&21&/86,21��3DWLHQWV�GLDJQRVHG�DV�KDYLQJ�SXOPRQDU\�HPEROLVP�PXVW�EH�HYDOXDWHG�PRUH�FDUHIXOO\�IRU�PRUWDO�DUUK\WKPLDV�VXFK�DV�YHQWULFXODU
WDFK\FDUGLD��YHQWULFXODU�ILEULOODWLRQ�DQG�VXGGHQ�FDUGLDF�GHDWK�DVVRFLDWHG�ZLWK�VKRUWHU�47�LQWHUYDO�GXUDWLRQV�



&$5',29$6&8/$5 .D\D�0XVD

��������'LDJQRVWLF�,PSRUWDQFH�RI�+\SRFDOFHPLD�IRU�3XOPRQDU\�(PEROL�LQ�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$ULI�'XUDQ������7DU¢N�2FDN������)DKUHWWLQ�7DOD\������0DQVXU�.�UªDG�(UNXUDQ������=HKUD�<DªDU����

�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%ROX���7XUNH\��%ROX��785.(<
�����¡VWDQEXO�.DQXQL�6XOWDQ�6�OH\PDQ�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO�(PHUJHQF\�0HGLFDO�7UDLQLQJ�&OLQLF��¡VWDQEXO��785.(<��¡VWDQEXO��785.(<
�����$EDQW�¡]]HW�%D\VDO�8QLYHUVLW\�)DFXOW\�RI�0HGLFLQH��'HSDUWPHQW�RI�&KHVW�'LVHDVHV��%ROX��7XUNH\��%ROX��785.(<

.H\ZRUGV��&DOFLXP�/HYHOV��GLDJQRVLV��3XOPRQDU\�(PEROLD

$EVWUDFW��

$,0��$Q�DFXWH�SXOPRQDU\�HPEROLVP��$3(��LV�D�OLIH�WKUHDWHQLQJ�FDUGLRSXOPRQDU\�FRQGLWLRQ��DQG�GLDJQRVLV�RI�WKH�GLVHDVH�LQ�WKH�HPHUJHQF\
GHSDUWPHQW�LV�GLIILFXOW��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�FRQGXFW�D�UHWURVSHFWLYH�DQDO\VLV�RI�WKH�SODVPD�&DOFLXP��&D��OHYHOV�RI�SDWLHQWV�ZLWK�DQ�$3(
GLDJQRVLV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�
0$7(5,$/6�0(7+2'6��3DWLHQWV�SUHVHQWLQJ�WR�WKH�$EDQW�8QLYHUVLW\�(GXFDWLRQ�DQG�5HVHDUFK�+RVSLWDO�HPHUJHQF\�FOLQLF�ZLWK�D�3(�EHWZHHQ�-DQXDU\���
������DQG�'HFHPEHU������ZHUH�LQFOXGHG�LQ�WKH�VWXG\��7KH�YDOXHV�RI�SDWLHQWV�ZLWK�DQ�$3(�GLDJQRVLV�DQG�WKRVH�ZKR�SUHVHQWHG�WR�WKH�HPHUJHQF\
FOLQLF�ZLWK�G\VSQHD�EXW�ZKR�ZHUH�GLDJQRVHG�ZLWK�DQ�$3(�ZHUH�DQDO\]HG�
5(68/76��7ZR�KXQGUHG�WZHQW\�RQH�SDWLHQWV������k�����������PHQ�DQG�����ZRPHQ��ZLWK�D�GLDJQRVLV�RI�$3(�DQG�����SDWLHQWV������k���������
PHQ�DQG����ZRPHQ��ZLWKRXW�$3(�GLDJQRVLV��13(��ZHUH�LQFOXGHG�LQ�WKH�VWXG\��7KH�JURXS�ZLWK�WKH�$3(�GLDJQRVLV�GLVSOD\HG�ORZHU�VHUXP�HOHFWURO\WH
YDOXHV�FRPSDUHG�WR�13(�GLDJQRVLV��,Q�UHODWLRQ�WR�&DOFLXP�/HYHOV��WKH�YDOXHV�RI�WKH�$3(�JURXS�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��S�������
&21&/86,21��$EQRUPDOLWLHV�LQ�VHUXP�HOHFWURO\WH�OHYHOV�DUH�PRUH�IUHTXHQWO\�REVHUYHG�LQ�$3(�SDWLHQWV��DQG�K\SRFDOFDHPLD�LV�D�IUHTXHQW�RFFXUUHQFH
LQ�WKHVH�SDWLHQWV��7KHUH�LV�D�UHODWLRQVKLS�EHWZHHQ�&DOFLXP�/HYHOV�DQG�3(�
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��������'LDJQRVWLF�YDOXH�RI�7SHDN�WR�7HQG�LQWHUYDO�LQ�SDWLHQWV�ZLWK�DFXWH�SXOPRQDU\�HPEROLVP�LQ�HPHUJHQF\�PHGLFLQH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$ULI�'XUDQ������6HUNDQ�|]W�UN������7DU¢N�2FDN������0DQVXU�.�UªDG�(UNXUDQ������0XVD�.D\D����

�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%ROX���7XUNH\��%ROX��785.(<
�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�&DUGLRORJ\��%ROX���7XUNH\��%ROX��785.(<
�����¡VWDQEXO�.DQXQL�6XOWDQ�6�OH\PDQ�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO�(PHUJHQF\�0HGLFDO�7UDLQLQJ�&OLQLF��¡VWDQEXO��785.(<��¡VWDQEXO��785.(<

.H\ZRUGV��DFXWH�SXOPRQDU\�HPEROLVP��'LDJQRVWLF�YDOXH��7SHDN�WR�7HQG�LQWHUYDO

$EVWUDFW��

$,0��$FXWH�SXOPRQDU\�HPEROLVP��$3(��LV�D�FRPPRQ�DQG�SRWHQWLDOO\�OHWKDO�FRQGLWLRQ��'HVSLWH�GLDJQRVWLF�DGYDQFHV��GHOD\V�LQ�GLDJQRVLV�RI�SXOPRQDU\
HPEROLVP�DUH�FRPPRQ�DQG�LW�LV�DQ�LPSRUWDQW�VXEMHFW��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�H[DPLQH�WKH�7SHDN�WR�7HQG�LQWHUYDO��7SHL��DQG�FRUUHFWHG
7SHDN�7HQG�LQWHUYDO��F7SHL���ZKLFK�LV�DQ�LQGLFDWRU�RI�YLD�HOHFWURFDUGLRJUDP�LQ�SDWLHQWV�ZLWK�$3(�
0$7(5,$/�0(7+2'6��7KH�VWXG\�FRQVLVW�RI�����VXEMHFWV�ZKLFK�WKH\�DSSOLHG�HPHUJHQF\�VHUYLFH�EHFDXVH�RI�G\VSQHD��6WXG\�SRSXODWLRQ�GLYLGHG�WZR
JURXSV�DFFRUGLQJ�WR�GLDJQRVLV��(LJKW\�QLQH�SDWLHQWV�GLDJQRVHG�ZLWK�$3(��JURXS�QDPH��$3(��DQG����SDWLHQWV�QRW�GLDJQRVHG�ZLWK�$3(��JURXS�QDPH�
QRUPDO���7SH�F7SH�LQWHUYDOV�ZHUH�FDOFXODWHG�IURP�WKH�HOHFWURFDUGLRJUDPV�ZLWK�D�FRPSXWHU�SURJUDP�DIWHU�XVLQJ�D�UXOHU�RU�YHUQLHU�FDOLSHU�PDQXDO
PHDVXULQJ�WRRO�WR�REWDLQ�KLJKO\�VHQVLWLYH�PHDVXUHPHQWV��F7SHL�ZDV�FDOFXODWHG�WKURXJK�WKH�IRUPXOD��F7SHL� �7SHL������7ZR�JURXSV�ZHUH�FRPSDUHG
7SHL�DQG�F7SHL�DQG�WKLV�SDUDPHWHUV�ZHUH�VWDWLVWLFDOO\��5RF�FXUYH��DQDO\]HG�IRU�GLDJQRVWLF�YDOXH�
5(68/76��$3(�JURXS�FRQVLVW�RI����IHPDOHV�DQG����PDOHV��ZLWK�D�PHDQ�DJH�RI�����ÀkÀ�����\HDUV��1RUPDO�JURXS�ZHUH�FRQVLVW�RI����IHPDOHV�DQG���
PDOHV��ZLWK�D�PHDQ�DJH�RI�����ÀkÀ�����\HDUV��7SHL�ZDV�IRXQGHG�������k�������PV�DQG�F7SHL�ZDV�IRXQGHG�������k������PV�LQ�$3(�VXEMHFWV��7SHL
ZDV�IRXQGHG�������k�������PV�DQG�F7SHL�ZDV�IRXQGHG������k������PV�LQ�QRUPDO�VXEMHFWV��$�VWDWLVWLFDOO\�VLJQLILFDQW�UHODWLRQVKLS�ZHUH�IRXQG
EHWZHHQ�WKH�JURXSV��IRU�7SHL�DQG�F7SHL��S ������DQG�S ��������2SWLPDO�F7S�H�FXWRII�YDOXH�IRU�GLDJQRVLV�RI�$3(�ZDV�GHWHUPLQHG�DV����PV�ZLWK�52&
DQDO\VLV��F7S�H�FXWRII�YDOXH�RI����PV�KDG�������VHQVLYLW\�DQG�������VSHFLILFLW\�IRU�DFXWH�SXOPRQDU\�HPEROLVP�
&RQFOXV¢RQV��&RUUHFWHG�7SH�LQWHUYDO�FRXOG�EH�D�XVHIXO�WRRO�LQ�HDUO\�GLDJQRVLV�DQG�ULVN�VWUDWLILFDWLRQ�LQ�SDWLHQWV�ZLWK�$3(



&$6(�35(6(17$7,21 .D\D�0XVD

��������$OFRKRO�:LWKGUDZDO�7KDW�&RQWDLQV�6HYHUH�0HQWDO�$QG�1HUYRXV�6\VWHP�&KDQJHV��$�&DVH�5HSRUW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0XVD�.D\D������$ULI�'XUDQ������0DQVXU�.�UªDG�(UNXUDQ������7DU¢N�2FDN����

�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%ROX���7XUNH\��%ROX��785.(<
�����¡VWDQEXO�.DQXQL�6XOWDQ�6�OH\PDQ�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO�(PHUJHQF\�0HGLFDO�7UDLQLQJ�&OLQLF��¡VWDQEXO��785.(<��¡VWDQEXO��785.(<

.H\ZRUGV��'HOLULXP�WUHPHQV��FDUGLRYDVFXODU�FROODSVH��GHDWK

$EVWUDFW��

$,0��$FXWH�DOFRKRO�ZLWKGUDZDO�V\QGURPH�OHDGV�WR�IOXFWXDWLQJ�FKDQJHV�LQ�PHQWDO�VWDWXV�DQG�LW�LV�QR�XQFRPPRQ�WR�EH�UHDVRQ�RI�FDUGLRYDVFXODU
FROODSVH�DQG�GHDWK��:H�UHSRUW�D�SDWLHQW�ZKR�GLHV�GXH�WR�GHOLULXP�WUHPHQV�
&$6(��$����\HDU�ROG�PDOH�SDWLHQW�ZLWK�D�KLVWRU\�RI�UHGXFWLRQ�DOFRKRO�DIWHU�SURORQJHG�LQWDNH�ZDV�EURXJKW�WR�RXU�HPHUJHQF\�VHUYLFH��7KH�SDWLHQW�KDG
QR�FXUUHQW�PHGLFDO�KLVWRU\�RI�HSLOHSV\�DQG�KDG�QR�DQ\�PHGLFDWLRQ��+H�KDG�D�KLVWRU\�RI�DSSUR[LPDWHO\�WZHQW\�\HDU�DOFRKRO�XVH��+H�ZDV�DGPLWWHG�WR
RXU�HPHUJHQF\�VHUYLFH�EHFDXVH�RI�LQWUDFWDEOH�VHL]XUHV��7KH�SDWLHQW�ZDV�PRQLWRUHG�DQG�DLUZD\�ZDV�HQVXUHG��'HVSLWH�SRVLWLYH�LQRWURSLF�DJHQWV�
K\SRWHQVLRQ�UHPDLQHG�DV�LW�KDV�DOUHDG\�H[LVWHG�LQ�HPHUJHQF\�XQLW��$IWHU�DOO�WKHVH�SUREOHPV��FDUGLRYDVFXODU�FROODSVH�RFFXUUHG�DQG�WKH�SDWLHQW�GLGQÇW
UHVSRQG�WR�&35�DGPLQLVWHUHG�IRU����PLQXWHV��)LQDOO\��KH�GLHG�GHVSLWH�DOO�FOLQLFDO�LQWHUYHQWLRQV�
&21&/86,21��$V�D�UHVXOW��VHULRXV�FDUGLRYDVFXODU�LQVWDELOLW\�LV�QR�XQFRPPRQ�IRU�'7V�DQG�WR�EH�DZDUH�RI�YLWDO�SUREOHPV�RI�'7V�LV�HVVHQWLDO�IRU
SK\VLFLDQV�



&$6(�35(6(17$7,21 .D\D�0XVD

��������$PORGLSLQH�,QWR[LFDWLRQ��$�3RLVRQLQJ�&DVH�5HTXLULQJ�,QWHQVLYH�)ROORZ�8S

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DQVXU�.�UªDG�(UNXUDQ������(UKDQ�'�]HQOL������7DU¢N�2FDN������$ULI�'XUDQ������+DNDQ�%D\¢U����

�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%ROX���7XUNH\��%ROX��785.(<
�����0HKPHW�$NLI�¡QDQ�(�LWLP�$UDªW¢UPD�+DVWDQHVL��$FLO�7¢S�.OLQL�L��©DQO¢XUID���7XUNH\��%ROX��785.(<
�����¡VWDQEXO�.DQXQL�6XOWDQ�6�OH\PDQ�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO�(PHUJHQF\�0HGLFDO�7UDLQLQJ�&OLQLF��¡VWDQEXO��785.(<��¡VWDQEXO��785.(<
�����$EDQW�¡]]HW�%D\VDO��QLYHUVLWHVL�7¢S�)DN�OWHVL��$QHVWH]L\RORML�9H�5HDQLPDV\RQ�$QD�%LOLP�'DO¢��%ROX���7XUNH\��%ROX��785.(<

.H\ZRUGV��$PORGLSLQH��,QWR[LFDWLRQ��¡QWHQVLYH�FDUH�XQLW

$EVWUDFW��

$,0��&DOFLXP�FKDQQHO�EORFNHUV�DUH�GUXJV�XVHG�LQ�K\SHUWHQVLRQ��DUUK\WKPLD�DQG�FRURQDU\�KHDUW�GLVHDVHV�E\�EORFNLQJ�/�W\SH�FDOFLXP�FKDQQHOV��$W�KLJK
FRQFHQWUDWLRQV��FDOFLXP�FKDQQHOV�DUH�EORFNHG�DQG�FDOFLXP�HQWU\�IURP�/�W\SH�FKDQQHOV�LV�WRWDOO\�SUHYHQWHG���,Q�RXU�VWXG\��ZH�DLPHG�WR�SUHVHQW�WKH
FKDQJHV�DQG�WKH�WUHDWPHQW�DSSURDFKHV�IRU�WKH�KRVSLWDOL]DWLRQ�SHULRG�RI�D�SDWLHQW�ZKR�DSSOLHG�WR�WKH�HPHUJHQF\�XQLW�IROORZLQJ�WKH�LQWDNH�RI�KLJK
GRVH�RI�FDOFLXP�FKDQQHO�EORFNHU��XQWLO�WKH�GLVFKDUJH
&$6(�����\HDU�ROG�IHPDOH�SDWLHQW�KDV�WDNHQ����SLHFHV�RI�$PORGLSLQ���PJ��DW��������$IWHU�WKH�SDWLHQW�ZDV�EURXJKW�WR�SXEOLF�KRVSLWDO�DW��������JDVWULF
ODYDJH�DQG�DFWLYDWHG�FKDUFRDO�KDV�EHHQ�SHUIRUPHG��7KH�SDWLHQW�DSSOLHG�WR�RXU�HPHUJHQF\�XQLW�DW�QHDUO\�������DQG�VKH�ZDV�FRQVFLRXV��FRRSHUDWLYH
DQG�RULHQWHG��9LWDO�VLJQV�ZHUH�QRUPDO��,QIXVLRQ�RI�'RSDPLQH��'REXWDPLQH�DQG�$GUHQDOLQH�ZDV�VWRSSHG�LQ�WKH�IRXUWK�GD\�LQ�,&8�EHFDXVH�WKH�EORRG
SUHVVXUH�EHJDQ�WR�EH�QRUPDO��7KH�SDWLHQW�ZDV�H[WXEDWHG�DQG�WKHQ�GLVFKDUJHG�ZLWK�UHFRYHU\�
&21&/86,21��0RUWDO�FRPSOLFDWLRQV�DUH�LQHYLWDEOH�XQOHVV�LQWR[LFDWLRQ�LV�UHDOL]HG�LQ�HDUO\�VWDJHV��7KHUHIRUH��FORVH�KHPRG\QDPLF�IROORZ�XS�LV�HVVHQWLDO
IRU�WKHVH�SDWLHQWV�LQ�,&8�



75$80$ .D\D�0XVD

��������%LODWHUDO�3HUIRUDWLQJ�(\H�,QMXU\�GXULQJ�0ROH�+XQWLQJ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7DU¢N�2FDN������$ULI�'XUDQ������0HVXW�(UGXUPXª�������PLW�<DªDU�7HNHOLR�OX����

�����¡VWDQEXO�.DQXQL�6XOWDQ�6�OH\PDQ�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO�(PHUJHQF\�0HGLFDO�7UDLQLQJ�&OLQLF��¡VWDQEXO��785.(<��¡VWDQEXO��785.(<
�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%ROX���7XUNH\��%ROX��785.(<
�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�(\H�'LVHDVHV��%ROX���7XUNH\��%ROX��785.(<
�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�$QHVWKHVLRORJ\�DQG�5HDQLPDWLRQ��%ROX���7XUNH\��%ROX��785.(<

.H\ZRUGV��%LODWHUDO�(\H�3HUIRUDWLRQ��HPHUJHQF\�PHGLFLQH��0ROH�*XQ

$EVWUDFW��

$,0��7UDXPD�RI�H\H�FDQ�FDXVH�VLJQLILFDQW�PRUELGLW\�DQG�HIIHFWV�RQ�KXPDQ�OLIH��3HUIRUDWLQJ�H\H�LQMXULHV�GXH�WR�WUDXPD�DUH�DOPRVW�DOZD\V�XQLODWHUDO��,Q
WKLV�FDVH�UHSRUW��ELODWHUDO�H\H�SHUIRUDWLRQ�LV�FDXVHG�E\�D�SULPLWLYH�WRRO��D�PROH�JXQ�
&$6(��$����\HDU�ROG�PDOH�SDWLHQW�DSSOLHG�WR�WKH�HPHUJHQF\�VHUYLFH�DIWHU�WKH�PROH�JXQ��D�SLVWRO�XVHG�WR�WUDS�PROHV��DFFLGHQWDOO\�GLVFKDUJHG�DQG
FDXVHG�H\H�LQMXU\��+H�ZDV�FRQVFLRXV��FRRSHUDWLYH�DQG�KLV�YLWDO�VLJQV�ZHUH�VWDEOH��2Q�H[DPLQDWLRQ��ERWK�H\HOLGV�ZHUH�HGHPDWRXV��6HYHUDO�EXFNVKRW
LQOHW�KROHV�DQG�JXQVKRW�UHVLGXH�ZHUH�SUHVHQW�RQ�KLV�IDFH�DQG�H\HOLGV��6HULRXV�VXEFRQMXQFWLYDO�HGHPD��FKHPRVLV��DQG�VXEFRQMXQFWLYDO�KHPRUUKDJH
ILQGLQJV�ZHUH�GHWHUPLQHG��7KH�RSHUDWLRQV�ZKLFK�WKH�SDWLHQW�XQGHUZHQW�ZHUH�FRUUHFWLRQ�RI�WKH�SHUIRUDWLRQ�RI�WKH�ULJKW�H\H��SRVWHULRU�YLWUHFWRP\�DQG
UHPRYDO�RI�WKH�LQWUDRFXODU�IRUHLJQ�REMHFW��7KH�OHIW�H\H�ZDVQÇW�RSHUDWHG�EHFDXVH��WKHUH�ZDV�QR�DQ\�H[SHFWDWLRQ�IRU�YLVLRQ�
&21&/86,21��%LODWHUDO�H\H�SHUIRUDWLRQ��ZKLFK�KDV�D�YHU\�ORZ�LQFLGHQFH��PD\�OHDG�WR�VHULRXV�PRUELGLW\��,QFUHDVLQJ�ZRUN�VDIHW\�DQG�UHILQHPHQW�RI
WUDLQLQJ�SURJUDPPHV�DERXW�FRQVFLRXVQHVV�UDLVLQJ�ZLOO�UHGXFH�D�FRQVLGHUDEOH�SDUW�RI�H\H�WUDXPDV�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

.D\D�0XVD

��������(PHUJHQF\�8SSHU�*DVWURLQWHVWLQDO�(QGRVFRS\�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI�,]]HW�%D\VDO�+RVSLWDO��$QDO\VLV�RI����
3DWLHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$ULI�'XUDQ������7DU¢N�2FDN����

�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%ROX���7XUNH\��%ROX��785.(<
�����¡VWDQEXO�.DQXQL�6XOWDQ�6�OH\PDQ�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO�(PHUJHQF\�0HGLFDO�7UDLQLQJ�&OLQLF��¡VWDQEXO��785.(<��¡VWDQEXO��785.(<

.H\ZRUGV��(PHUJHQF\�8SSHU�*DVWURLQWHVWLQDO�(QGRVFRS\�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�RI�,]]HW�%D\VDO�+RVSLWDO��$QDO\VLV�RI�����3DWLHQWV

$EVWUDFW��

$,0��7R�GRFXPHQW�YDULRXV�HQGRVFRSLF�ILQGLQJV�LQ�SDWLHQWV�XQGHUJRLQJ�DQ�HPHUJHQF\�XSSHU�JDVWURLQWHVWLQDO�HQGRVFRS\��(8*,(��LQ�WKH�,]]HW�%D\VDO
+RVSLWDO�HPHUJHQF\�GHSDUWPHQW��('��
0$7(5,$/6�0(7+2'6��7KH�GDWD�RI�����SDWLHQWV�ZKR�XQGHUZHQW�DQ�HPHUJHQF\�XSSHU�JDVWURLQWHVWLQDO�HQGRVFRS\�LQ�WKH�(PHUJHQF\�(QGRVFRS\�8QLW
RI�,]]HW�%D\VDO�+RVSLWDO�IURP�-XQH�������WR�0DUFK�������ZHUH�DQDO\]HG��'HPRJUDSKLF�IHDWXUHV��UHDVRQV�IRU�UHIHUUDO��DQG�HQGRVFRSLF�GLDJQRVHV�ZHUH
QRWHG�
5(68/76��7KH�PHDQ�DJH�RI�PDOH�SDWLHQWV�ZDV�����k��\HDUV�DV�FRPSDUHG�WR�����k����\HDUV�IRU�IHPDOH�SDWLHQWV��$EGRPLQDO�SDLQ�ZDV�WKH�PRVW
FRPPRQ�FOLQLFDO�LQGLFDWLRQ�LQ������������RI�WKH�SDWLHQWV�DGPLWWHG�IRU�D�(8*,(��7KH�FOLQLFDO�UHDVRQV�IRU�HPHUJHQF\�DGPLVVLRQ�ZHUH�VLJQLILFDQWO\
UHODWHG�WR�HQGRVFRSLF�GLDJQRVWLF�\LHOG��1RQ�HURVLYH�JDVWULWLV�ZDV�WKH�PRVW�FRPPRQ�GLDJQRVLV�LQ������������RI�(8*,(�SDWLHQWV��(URVLYH�GXRGHQLWLV
DQG�JDVWULF�XOFHU�ZHUH�IRXQG�WR�EH�WKH�RWKHU�PRVW�FRPPRQ�FOLQLFDO�LQGLFDWLRQV�LQ�����������DQG�����������RI�(8*,(�SDWLHQWV��UHVSHFWLYHO\�
$EGRPLQDO�SDLQ�ZDV�WKH�PRVW�FRPPRQ�FRPSODLQW�LQ�ZRPHQ��7KH�PDMRULW\�RI�SDWLHQWV�ZKR�SUHVHQWHG�ZLWK�DEGRPLQDO�SDLQ�DQG�ORVV�RI�DSSHWLWH�ZHUH
EHWZHHQ�WKH�DJH�RI����DQG����\HDUV��ZKLOH�D�VLJQLILFDQW�QXPEHU�RI�SDWLHQWV�SUHVHQWLQJ�ZLWK�WKH�VDPH�V\PSWRPV�GLG�VR�GXULQJ�WKH�ZLQWHU�VHDVRQ�
1RQ�HURVLYH�JDVWULWLV�ZDV�IRXQG�WR�EH�PRUH�FRPPRQ�LQ�IHPDOHV��:H�DOVR�IRXQG�D�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�HURVLYH�JDVWULWLV�DQG�HURVLYH
GXRGHQLWLV�ZLWK�DGPLWWDQFH�GXULQJ�WKH�ZLQWHU�VHDVRQ�
&21&/86,21��$Q�HPHUJHQF\�HQGRVFRS\�LV�WKH�SURFHGXUH�RI�FKRLFH�IRU�WKH�LQYHVWLJDWLRQ�RI�XSSHU�JDVWURLQWHVWLQDO�FRPSODLQWV��$Q�HPHUJHQF\
HQGRVFRS\�LV�QRW�RQO\�D�GLDJQRVWLF�WRRO�EXW�DOVR�D�WKHUDSHXWLF�PRGDOLW\�



2%67(75,&�(0(5*(1&,(6 .D\D�0XVD

��������)UHTXHQF\�RI�0()9�PXWDWLRQ�DQG�JHQRW\SHvSKHQRW\SH�FRUUHODWLRQ�LQ�FDVHV�ZLWK�G\VPHQRUUKHD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

=H\QHS�2FDN������7DU¢N�2FDN������$ULI�'XUDQ������7�OD\�|]O�������(UWX�UXO�0HYO�W�.RFDPDQ����

�����'HSDUWPHQW�RI�0HGLFDO�*HQHWLFV��6XOH\PDQL\H�0DWHUQLW\�+RVSLWDO�IRU�5HVHDUFK�DQG�7UDLQLQJ��,VWDQEXO���7XUNH\��%ROX��785.(<
�����¡VWDQEXO�.DQXQL�6XOWDQ�6�OH\PDQ�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO�(PHUJHQF\�0HGLFDO�7UDLQLQJ�&OLQLF��¡VWDQEXO��785.(<��¡VWDQEXO��785.(<
�����$EDQW�,]]HW�%D\VDO�8QLYHUVLW\�0HGLFLQH�)DFXOW\��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%ROX���7XUNH\��%ROX��785.(<
�����$EDQW�¡]]HW�%D\VDO�8QLYHUVLW\�)DFXOW\�RI�0HGLFLQH��'HSDUWPHQW�RI�2EVWHWULFV�DQG�*\QHFRORJ\��%ROX���7XUNH\��%ROX��785.(<
�����$EDQW�¡]]HW�%D\VDO�8QLYHUVLW\�)DFXOW\�RI�0HGLFLQH��'HSDUWPHQW�RI�0HGLFDO�*HQHWLFV��%ROX���7XUNH\��%ROX��785.(<

.H\ZRUGV��0HGLWHUUDQHDQ�)HYHU�*HQH��0HQVWUXDWLRQ��6HYHUH�G\VPHQRUUKHD

$EVWUDFW��

$,0��:H�DLPHG�WR�LQYHVWLJDWH�WKH�UHODWLRQ�EHWZHHQ�PXWDWLRQV�DQG�SRO\PRUSKLVPV�SOD\LQJ�UROHV�LQ�WKH�RQVHW�RI�FOLQLFDO�ILQGLQJV�RI�)DPLOLDO
0HGLWHUUDQHDQ�)HYHU��)0)��DQG�FOLQLFDO�SKHQRW\SLF�UHIOHFWLRQV�PDQLIHVWLQJ�ZLWK�SDLQIXO�HSLVRGHV��VXFK�DV�G\VPHQRUUKHD�
0$7(5,$/�0(7+2'6��$�WRWDO�RI������IHPDOH�SDWLHQWV�ZKR�KDG�QRW�UHVSRQGHG�ZHOO�WR�QRQ�VWHURLGDO�DQWLLQIODPPDWRU\�GUXJV�LQ�WKH�PHQVWUXDO�SHULRG�
DQG�ZKR�KDG�SUHVHQWHG�WR�WKH�HPHUJHQF\�URRP�ZLWK�WKH�FRPSODLQW�RI�UHFXUUHQW�SDLQ�HSLVRGHV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��$OO�WKH�SDWLHQWV�ZHUH
7XUNLVK�ZRPHQ�OLYLQJ�LQ�,VWDQEXO��,Q�WKLV�VWXG\��WKH�PXWDWLRQV�PRVW�IUHTXHQWO\�VHHQ�LQ�WKH�0HGLWHUUDQHDQ�)HYHU�*HQH��0()9���QDPHO\�0���9��(���4�
0���,�*�&���9���$��3���6��5���+��$���6��0���,��.���5��)���/��0���,�*�$���DQG�,���GHO�ZHUH�H[DPLQHG�XVLQJ�WKH�'1$�VHTXHQFH�DQDO\VLV
IROORZLQJ�'1$�LVRODWLRQ�
5(68/76��7KH�QXPEHU�RI�LQGLYLGXDOV�ZKR�KDG�D�PXWDWLRQ�LQ�DW�OHDVW�RQH�DOOHOH�IRU�)0)�ZDV�����RXW�RI������SDWLHQWV��2I�WKHVH�����SDWLHQWV�
KRPR]\JRXV�PXWDWLRQV�ZHUH�IRXQG�LQ������Q� �������FRPSRXQG�KHWHUR]\JRXV�PXWDWLRQV�ZHUH�IRXQG�LQ������Q� �������DQG�KHWHUR]\JRXV�PXWDWLRQV
ZHUH�IRXQG�LQ������Q� �������7KH�PRVW�IUHTXHQW�KRPR]\JRXV�JHQRW\SH�VHHQ�LQ�RXU�VWXG\�SRSXODWLRQ�ZDV�0���9�0���9��7KH�PRVW�FRPPRQ
FRPSRXQG�KHWHUR]\JRWH�JHQRW\SHV�ZHUH�0���9�0���,��0���9�9���$��0���9�(���4��DQG�0���,�9���$��DQG��������Q� �����RI�WKH�IDPLOLHV�LQ
ZKRP�PXWDWLRQV�ZHUH�IRXQG�KDG�FRQVDQJXLQLW\�
&21&/86,21��:RPHQ�ZKR�SUHVHQW�WR�WKH�HPHUJHQF\�URRP�ZLWK�WKH�FRPSODLQW�RI�G\VPHQRUUKHD�WKDW�LV�LUUHVSRQVLYH�WR�QRQ�VWHURLGDO
DQWL�LQIODPPDWRU\�GUXJV�PD\�KDYH�VHYHUDO�W\SHV�RI�0()9�PXWDWLRQV�WKDW�DUH�UHVSRQVLEOH�IRU�)0)�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

,HYD�3DOLRNDLWH

��������6WLOO�D�FKDOOHQJH��SDLQ�HYDOXDWLRQ�DQG�PDQDJHPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,HYD�3DOLRNDLWH������.HVWXWLV�6WDVDLWLV����

��������.DXQDV��/,7+8$1,$

$EVWUDFW��

%DFNJURXQG�DQG�REMHFWLYHV

3DLQ�DVVRFLDWHG�ZLWK�ERWK�DFXWH�DQG�FKURQLF�PHGLFDO�FRQGLWLRQV�LV�RQH�RI�WKH�PDLQ�FDXVHV�SDWLHQWV�VHHN�PHGLFDO�FDUH��+RZHYHU�WKH�SUREOHP�RI
LQDGHTXDWH�DQDOJHVLD�LQ�SUHKRVSLWDO�HPHUJHQF\�VHWWLQJ�DQG�HPHUJHQF\�GHSDUWPHQWV��('��VWLOO�UHPDLQV��,QDELOLW\�WR�DVVHVV�SDLQ�FRXOG�EH�DQ
LPSRUWDQW�EDUULHU�WR�WKH�SURYLVLRQ�RI�DQDOJHVLD��7KH�QHHG�IRU�DQDOJHVLD�LV�RIWHQ�XQUHFRJQL]HG��SDWLHQW�HYDOXDWLRQ�RI�SDLQ�LV�XQGHUUDWHG��7KH�DLP�RI
RXU�VWXG\�ZDV�WR�HYDOXDWH�SDLQ�PDQDJHPHQW�VNLOOV��NQRZOHGJH�RI�SDLQ�DVVHVVPHQW�DPRQJ�SUHKRVSLWDO�HPHUJHQF\�FDUHJLYHUV�DQG�HPHUJHQF\
GHSDUWPHQW�WULDJH�QXUVHV�

0HWKRGV

$�TXHVWLRQQDLUH�UHJDUGLQJ�SDLQ�DVVHVVPHQW�KDELWV�ZDV�FRPSOHWHG�E\�HPHUJHQF\�PHGLFDO�VHUYLFH��(06��SHUVRQQHO�DQG�('�QXUVHV�LQ�WHUWLDU\�FDUH
XQLYHUVLW\�DIILOLDWHG�KRVSLWDO��$OVR�SUHKRVSLWDO�DQG�('�UHFRUGV�RI�SDWLHQWV�ZLWK�FRQGLWLRQV�WKDW�SRWHQWLDOO\�FDXVHV�SDLQ�UHYLHZHG��'DWD�FROOHFWHG
LQFOXGHG�GHPRJUDSKLF�LQIRUPDWLRQ��ORFDOLVDWLRQ�FDXVH�RI�SDLQ��SDLQ�HYDOXDWLRQ�VFRUHV��WUHDWPHQW�FKRLFHV��UHDVVHVVPHQW��5HFRUGV�RI�SDWLHQWV�XQGHU
HLJKWHHQ�\HDUV�DQG�SDWLHQWV�ZLWK�DOWHUHG�VWDWH�RI�FRQVFLRXVQHVV�ZHUH�H[FOXGHG�

5HVXOWV

7KH�NQRZOHGJH�DQG�DSSOLFDWLRQ�RI�VWDQGDUGLVHG�SDLQ�DVVHVVPHQW�WRROV�LV�QRW�VDWLVIDFWRU\�LQ�SUHKRVSLWDO�DQG�('�VHWWLQJ�RI�LQYHVWLJDWHG�DUHD�
'LVSDULWLHV�H[LVW�DPRQJ�ERWK�(06�SURYLGHUVÆ�DQG�('�QXUVHVÆ�NQRZOHGJH�DQG�XVDJH�RI�SDLQ�HYDOXDWLRQ�WHFKQLTXHV��7KHUH�DUH�GLIIHUHQFHV�EHWZHHQ
SDLQ�VFRUHV�RI�WKH�VDPH�SDWLHQWV�HYDOXDWHG�E\�(06�SHUVRQHO�DIWHU�DUULYDO�WR�WKH�('�DQG�('�WULDJH�QXUVH��/DFN�RI�GRFXPHQWLQJ�SDLQ�VFRUHV�DQG
UHDVVHVVPHQW�RI�SDLQ�DIWHU�WUHDWPHQW�DUH�VHHQ�LQ�PDQ\�FDVHV�

&RQFOXVLRQ

([LVWLQJ�GLVSDULWLHV�LQ�SDLQ�DVVHVVPHQW�DPRQJ�HPHUJHQF\�FDUH�SURYLGHUV��ODFN�RI�NQRZOHGJH�RI�VWDQGDUGLVHG�WHFKQLTXHV�FDQ�OHDG�WR�ROLJRDQDOJHVLD�
$�IRFXV�RQ�VWUDWHJLHV�WR�LPSURYH�SDLQ�PDQDJHPHQW�LV�QHFHVVDU\��4XDOLW\�FRQWURO�SURJUDPPH�LV�QHHGHG�LQFOXGLQJ�DXGLW�RQ�SDLQ�PDQDJHPHQW�
WUDLQLQJ�RI�SDLQ�PDQDJHPHQW�LQ�SUHKRVSLWDO�DQG�('�VHWWLQJ��,W�ZRXOG�EH�WKH�QH[W�VWHS�RI�WKLV�VWXG\��)XUWKHU�HYDOXDWLRQ�DQG�UHVHDUFK�LV�QHHGHG�DIWHU
LQWURGXFWLRQ�RI�TXDOLW\�LPSURYHPHQW�SURJUDPPH�



,1)(&7,286�',6($6(���6(36,6 0$5,$�&8$'5$'2�)(51$1'(=

��������$�UDUH�FDVH�RI�5DPVD\�+XQW�V\QGURPH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DU�D�&XDGUDGR�)HUQ�QGH]������,VDEHO�)HUQ�QGH]�0DU�Q������$QD�%HOHQ�&DUODYLOOD�0DUW�QH]������/X]�7DPDUD�9�]TXH]�5RGULJXH]������$OLFLD�3DORPD
*DUF�D�0DU�Q������(YD�0XUR�)HUQ�QGH]�GH�3LQHGR������/RUHQD�&DVWUR�$ULDV����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�8QLYHUVLWDULR����GH�2FWXEUH��0DGULG��63$,1

.H\ZRUGV��9DULFHOOD��5DPVD\�+XQW�V\QGURPH��IDFLDO�SDOV\

$EVWUDFW��

$����\HDU�ROG�PDQ��ZLWK�KLVWRU\�RI�WRQVLOOHFWRP\��ZDV�DGPLWWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�EHFDXVH�RI�IHYHU�DQG�VNLQ�OHVLRQV�

7KH�SDWLHQW�KDG�EHHQ�ZHOO�XQWLO���GD\V�EHIRUH�DGPLVVLRQ��ZKHQ�KH�EHJDQ�ZLWK�IHYHU��PDODLVH��DQG�VRUH�WKURDW��VWDUWLQJ�WUHDWPHQW�ZLWK�DPR[LFLOOLQ
FODYXODQLF��)LYH�GD\V�ODWHU��IHYHU�SHUVLVWHG��DQG�WKH�SDWLHQW�GHYHORSHG�VNLQ�OHVLRQV�LQ�IRUP�RI�SDSXOHV�DQG�YHVLFOHV��DIIHFWLQJ�ILUVW�IDFH��VFDOS�DQG�RUDO
PXFRVD��DQG�WKHQ�H[WUHPLWLHV�DQG�WUXQN��'L]]LQHVV��KHDGDFKH�DQG�ORVV�RI�EDODQFH�DFFRPSDQLHG�WKH�VNLQ�OHVLRQV��VR�WKH�SDWLHQW�ZHQW�WR�RXU�KRVSLWDO�

2Q�DUULYDO�DW�WKH�(PHUJHQF\�'HSDUWPHQW��WKH�SDWLHQW�DSSHDUHG�LOO��2Q�H[DPLQDWLRQ��WKH�WHPSHUDWXUH�ZDV����q&��DQG�WKH�EORRG�SUHVVXUH��SXOVH�DQG
R[\JHQ�VDWXUDWLRQ�ZHUH�QRUPDO��9HVLFOHV�DQG�SXVWXOHV�LQ�GLIIHUHQW�VWDJH�RI�GHYHORSPHQW�LQYROYHG�DOO�WKH�VNLQ��DIIHFWLQJ�DOVR�VFDOS�DQG�PXFRVDH��,Q
QHXURORJLFDO�H[DPLQDWLRQ��WKH�SDWLHQW�ZDV�FRQVFLRXV�DQG�DOHUW��ZLWK�QRUPDO�VSHHFK��ULJKWEHDW�Q\VWDJPXV�ZDV�SUHVHQW��DV�ZHOO�DV�PLOG�G\VPHWULD
ZLWK�OHIW�H[WUHPLWLHV�DQG�ZLGH�EDVH�JDLW��7KH�UHPDLQGHU�RI�WKH�H[DPLQDWLRQ�ZDV�QRUPDO�

%ORRG�WHVW�UHYHDOHG�PLOG�HOHYDWLRQ�RI�WUDQVDPLQDVHV��*37���8��*27���8��**7����8��DQG�3&5������2WKHU�UHVXOWV�ZHUH�QRUPDO���&UDQLDO�FRPSXWHG
WRPRJUDSK\�ZDV�QRUPDO��$�OXPEDU�SXQFWXUH�ZDV�SHUIRUPHG��WKH�RSHQLQJ�SUHVVXUH�ZDV���FP�RI�ZDWHU��DQG�WKH�UHVXOWV�RI�WKH�FHUHEURVSLQDO�IOXLG
VKRZHG����ZKLWH�FHOOV������O\PSKRF\WHV���JOXFRVH���PJ�GO�DQG�SURWHLQV�����J�O�

$�GLDJQRVLV�RI�VXVSHFWHG�FKLFNHQSR[�ZLWK�DVVRFLDWHG�UKRPEHQFHSKDOLWLV�ZDV�PDGH��DQG�WUHDWPHQW�ZLWK�LQWUDYHQRXV�$F\FORYLU�ZDV�LQLWLDWHG��'HVSLWH
RI�WKH�WUHDWPHQW��LQ�WKH�QH[W�KRXUV�WKH�SDWLHQW�GHYHORSHG�SURJUHVVLYH�OHIW�SHULSKHUDO�IDFLDO�SDOV\��ZLWKRXW�DIIHFWLQJ�RWKHU�FUDQLDO�QHUYHV��H[FHSW�RI
SHUVLVWHQW�Q\VWDJPXV�DQG�WLQQLWXV�

6XVSHFWHG�GLDJQRVLV��5DPVD\�+XQW�V\QGURPH�GXH�WR�9DULFHOOD�]RVWHU�YLUXV��9=9��SULPRLQIHFWLRQ�

'LVFXVVLRQ��5DPVD\�+XQW�V\QGURPH�W\SLFDOO\�LQFOXGHV�IDFLDO�SDOV\��HDU�SDLQ�DQG�YHVLFOHV�LQ�WKH�DXGLWRU\�FDQDO�GXH�WR�9=9�UHDFWLYDWLRQ��7DVWH
SHUFHSWLRQ�DQG�KHDULQJ��WLQQLWXV��K\SHUDFXVLD��DUH�XVXDOO\�DIIHFWHG��DQG�YHVWLEXODU�GLVWXUEDQFHV��YHUWLJR��DUH�IUHTXHQWO\�UHSRUWHG��VR�WKLV�V\QGURPH
LV�XVXDOO\�FRQVLGHUHG�D�SRO\FUDQLDO�QHXURSDWK\��1HYHUWKHOHVV��SHULSKHUDO�IDFLDO�SDOV\�GXH�WR�9=9�SULPRLQIHFWLRQ�LV�D�UDUH�FRQGLWLRQ���7KH
SDWKRJHQHVLV�RI�WKLV�SHULSKHUDO�QHXURSDWK\�LV�QRW�FRPSOHWHO\�XQGHUVWRRG��LW�FRXOG�EH�H[SODLQHG�E\�D�GLUHFW�QHUYH�OHVLRQ�GXH�WR�9=9��RU�WR�PHQLQJHDO
LQIODPPDWLRQ�LQ�WKH�FRXUVH�RI�YDULFHOOD�PHQLQJLWLV��7UHDWPHQW�RI�WKLV�FRPSOLFDWLRQ�LV�DOVR�XQFOHDU��DQG�VKRXOG�EH�LQGLYLGXDOL]HG�

2XU�SDWLHQW�ZDV�WUDQVIHUUHG�WR�1HXURORJ\�GHSDUWPHQW��DQG�WUHDWPHQW�ZLWK�$F\FORYLU�DQG�0HWK\OSUHGRQLVRORQH�ZDV�DGPLQLVWHUHG��0DJQHWLF
UHVRQDQFH�LPDJLQJ�RI�WKH�EUDLQ�VKRZHG�HQKDQFHPHQW�RI�WKH�OHIW�9,,�DQG�9,,,�FUDQLDO�QHUYHV��ZLWK�WKH�UHPDLQGHU�RI�WKH�EUDLQ�VWUXFWXUHV�ZLWKRXW
OHVLRQV��6HURORJLF�WHVW�FRQILUPHG�9=9�SULPRLQIHFWLRQ��SRVLWLYH�,J0���7KH�SDWLHQW�LPSURYHG�DQG�ZDV�ILQDOO\�GLVFKDUJHG��ZLWK�FRPSOHWHO\�UHFXSHUDWLRQ
RI�IDFLDO�SDOV\��



('8&$7,21�$1'�75$,1,1* 6RILH�$Q�9DQ�%LHVHQ

��������7ULDJH�WUDLQLQJ�LQ�PDVV�FDVXDOW\�LQFLGHQWV��WKH�DGGHG�YDOXH�RI�YLUWXDO�VLPXODWLRQ�LQ�H�OHDUQLQJ�DQG�FODVVURRP�WHDFKLQJ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6RILH�$Q�9DQ�%LHVHQ������1LPD�7DEUL]L�+RVVHLQSRXU������-RRVW�%LHUHQV������,YHV�+XEORXH����

���(PHUJHQF\��8=�%UXVVHO��%UXVVHOV��%(/*,80

.H\ZRUGV��9LUWXDO�VLPXODWLRQ��H�OHDUQLQJ��WULDJH��67$57�WULDJH��GLVDVWHU�PHGLFLQH

$EVWUDFW��

%DFNJURXQG��7KH�WUDGLWLRQDO�PRGHO�RI�HGXFDWLRQ�LQ�PHGLFDO�VFKRROV�LV�EDVHG�RQ�WKH�EHOLHI�WKDW�VWXGHQWV�ZLOO�VXFFHVVIXOO\�WUDQVIHU�NQRZOHGJH�JDLQHG
LQ�FODVVURRP�OHFWXUHV��FRPSOHWHG�E\�VHOI�HGXFDWLRQ�WURXJK�H�OHDUQLQJ��0RUH�HGXFDWLRQDO�SURJUDPV�DUH�DOVR�VWDUWLQJ�WR�LQWHJUDWH�VLPXODWLRQ�EDVHG
OHDUQLQJ�LQWR�WKHLU�WHDFKLQJ�PHWKRGV��6HYHUDO�VWXGLHV�VXJJHVW�WKDW�FOLQLFDO�VLPXODWLRQ�LV�DQ�HIIHFWLYH�WHDFKLQJ�VWUDWHJ\��DOWKRXJK�LW�LV�YHU\�GHSHQGLQJ
RQ�WKH�FRQWH[W��WRSLF�DQG�PHWKRG���)LQGLQJ�RXW�ZKDW�LV�WKH�PRVW�LPSDFWIXO�PHWKRGRORJ\�OHDGLQJ�WR�WKH�EHVW�OHDUQLQJ�DQG�NQRZOHGJH�UHWHQWLRQ�RYHU
WLPH�LV�GHVLUDEOH�

7KH�SUHVHQW�VWXG\�ZDV�GHVLJQHG�WR�HYDOXDWH�WKH�DGGHG�YDOXH�RI�YLUWXDO�VLPXODWLRQ�SURJUDPV�LQ�WHDFKLQJ�67$57�WULDJH�WR�PHGLFDO�VWXGHQWV��FRPSDUHG
ZLWK�H�OHDUQLQJ�DQG�FODVVURRP�WHDFKLQJ�

�

0HWKRGV��7ZHQW\�PHGLFDO�VWXGHQWV�ZHUH�UDQGRPO\�DVVLJQHG�LQWR�WZR�JURXSV��JURXS�$�DQG�JURXS�%��%RWK�JURXSV�ZHUH�JLYHQ�WKH�VDPH�FODVVURRP
OHFWXUH��VXSSRUWHG�E\�D�3RZHU3RLQW�SUHVHQWDWLRQ�RQ�KRZ�WR�SHUIRUP�67$57�WULDJH�LQ�0DVV�&DVXDOW\�,QFLGHQWV��0&,���,PPHGLDWHO\�IROORZLQJ�WKLV
OHFWXUH��D����LWHP�SDSHU�EDVHG�WHVW�ZDV�DGPLQLVWHUHG�WR�DVVHVV�WKH�VWXGHQWÇV�DELOLW\�WR�XQGHUVWDQG�DQG�DSSO\�67$57�WULDJH�

%RWK�JURXSV�UHFHLYHG�D�PRUH�H[WHQVLYH�RQOLQH�SUHVHQWDWLRQ�ZLWK�H[DPSOHV�DQG�YLGHRÇV�WKURXJK�H�OHDUQLQJ��*URXS�%�KDG�DQ�DGGLWLRQDO�LQWHUDFWLYH
VHVVLRQ�ZLWK�YLUWXDO�VLPXODWLRQ�WUDLQLQJ�DQG�SURIHVVLRQDO�IHHGEDFN�

2QH�PRQWK�ODWHU�D�QHZ�WHVW�ZDV�JLYHQ�WR�DVVHVV�DQG�FRPSDUH�NQRZOHGJH�EHWZHHQ�ERWK�JURXSV�

�

6LPSOH�GHVFULSWLYH�VWDWLVWLFV�ZHUH�XVHG�WR�DQDO\VH�ILQGLQJV��ZLWK�WKH�LQGHSHQGHQW�VDPSOHV�7�WHVW�WR�FRPSDUH�JURXSV�ZKHUH�DSSURSULDWH��)RU�IXUWKHU
DQDO\VLV�QRQSDUDPHWULF�VWDWLVWLFV�ZHUH�XVHG�GXH�WR�VRPH�LQGLFDWLRQV�RI�SRVVLEOH�QRQ�QRUPDOLW\�

$OSKD�ZDV�VHW�DW�S��������WR�GHWHUPLQH�VWDWLVWLFDO�VLJQLILFDQFH��$OO�DQDO\VHV�ZHUH�FRQGXFWHG�XVLQJ�6366i�VRIWZDUH�

�

5HVXOWV��7KH�EDVHOLQH�WHVW�VKRZHG�D�PHDQ�VFRUH�RI�������RXW�RI�����)RU�WKH�VHFRQG�WHVW��WDNHQ�DIWHU�WKH�WKLUW\�PLQXWH�FODVVURRP�WHDFKLQJ�VHVVLRQ
DQ�DYHUDJH�VFRUH�RI�������RXW�RI����ZDV�REVHUYHG��7KLV�VWDWLVWLFDOO\�VLJQLILFDQW�FKDQJH��,QGHSHQGHQWÁ6DPSOHV0DQQÁ:KLWQH\Á8�WHVW��S���������
VKRZHG�D�VWURQJ�LPSURYHPHQW�LQ�NQRZOHGJH�DIWHU�D�EULHI�FODVVURRP�WHDFKLQJ�VHVVLRQ��$IWHU�RQH�PRQWK�RI�H�OHDUQLQJ�JURXS�$�KDG�DQ�DYHUDJH�VFRUH
RI������RXW�RI�����*URXS�%��ZKR�UHFHLYHG�WKH�DGGLWLRQDO�YLUWXDO�VLPXODWLRQ�VHVVLRQ��VFRUHG��������RXW�RI����

7KLV�UHVXOW�GLGQÇW�UHYHDO�DQ\�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�ERWK�JURXSV��,QGHSHQGHQW�6DPSOHV�0DQQ�:KLWQH\�8�WHVW��S� ��������

$OVR�H[DPLQHG�ZDV�WKH�QXPEHU�RI�RYHU��DQG�XQGHUWULDJHG�FDVXDOWLHV��EXW�QR�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�IRXQG�EHWZHHQ�HLWKHU�JURXS��1R�GLIIHUHQFHV
EHWZHHQ�PHQ�DQG�ZRPHQ�ZHUH�QRWHG�

�

&RQFOXVLRQ��$OWKRXJK�YLUWXDO�VLPXODWLRQ�WUDLQLQJ�KDV�EHHQ�GHVFULEHG�LQ�OLWHUDWXUH�DV�DQ�HIIHFWLYH�WHDFKLQJ�VWUDWHJ\��QR�VLJQLILFDQW�GLIIHUHQFHV�LQ
VFRUHV�RQ�NQRZOHGJH�WHVWV�ZHUH�IRXQG�EHWZHHQ�WZR�WHVW�SRSXODWLRQV�RI�ZKLFK�RQH�UHFHLYHG�Á�LQ�DGGLWLRQ�WR�FODVVURRP�OHFWXUH�DQG�HÁOHDUQLQJ�Á�D
FRPSXWHUÁEDVHG�YLUWXDO�UHDOLW\�VLPXODWLRQ�WUDLQLQJ�

1HYHUWKHOHVV��FHUWDLQ�ILQGLQJV�LQ�WKLV�VWXG\�ZHUH�VXUHO\�LQWULJXLQJ�RSSRUWXQLWLHV�IRU�IXUWKHU�UHVHDUFK��$�FRPSDUDEOH�VWXG\�ZLWK�D�ODUJHU�WHVW�JURXS��D
PRUH�H[WHQVLYH�WHDFKLQJ�VXEMHFW�DQG�RU�D�ORQJHU�WLPH�LQWHUYDO�EHWZHHQ�WKH�WHVWV�FRXOG�EH�LQWHUHVWLQJ�SDWKZD\V�WR�LQYHVWLJDWH�



('8&$7,21�$1'�75$,1,1* 6DUDK�7XUSLQ

��������'HYHORSLQJ�D�(XURSHDQ�*HULDWULF�(PHUJHQF\�0HGLFLQH�&XUULFXOXP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6DUDK�7XUSLQ������6LPRQ�&RQUR\����

���&OLQLFDO�)HOORZ�LQ�*HULDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDOV�RI�/HLFHVWHU��/HLFHVWHU��8.
���*HULDWULFLDQ�DQG�+RQRUDU\�3URIHVVRU\��8QLYHUVLW\�RI�/HLFHVWHU��/HLFHVWHU��8.

.H\ZRUGV��FROODERUDWLRQ��GHOSKL��JHULDWULF��HPHUJHQF\��FXUULFXOXP��YDOLGDWLRQ��WUDLQLQJ

$EVWUDFW��

,QWURGXFWLRQ
2OGHU�SHRSOH�UHSUHVHQW�D�JURZLQJ�SURSRUWLRQ�RI�DWWHQGHHV�LQ�(PHUJHQF\�'HSDUWPHQWV�DFURVV�(XURSH��7UDGLWLRQDOO\�(PHUJHQF\�'HSDUWPHQWV�KDYH
QRW�IRFXVHG�RQ�FDUH�IRU�ROGHU�SHRSOH�HVSHFLDOO\�WKRVH�ZLWK�IUDLOW\��6LPLODUO\��JHULDWULF�VHUYLFHV�KDYH�QRW�WUDGLWLRQDOO\�IRFXVHG�XSRQ�WKH�FDUH�RI�ROGHU
SHRSOH�LQ�(PHUJHQF\�'HSDUWPHQWV��7KLV�ZRUN�VHHNV�WR�EULQJ�WRJHWKHU�WKH�WZR�GLVFLSOLQHV�RI�*HULDWULF�DQG�(PHUJHQF\�0HGLFLQH�WKURXJK�D�GHILQHG
DQG�YDOLGDWHG�FXUULFXOXP�RQ�*HULDWULF�(PHUJHQF\�0HGLFLQH�

0HWKRGV
'RPDLQV�DQG�LWHPV�IRU�LQFOXVLRQ�LQ�WKH�FXUULFXOXP�ZHUH�GHULYHG�WKURXJK�D�FRPELQDWLRQ�RI�OLWHUDWXUH�UHYLHZLQJ�DQG�D�QRPLQDO�JURXS�ZRUNVKRS��7KH
GRPDLQV�DQG�LWHPV�XQGHUZHQW�YDOLGDWLRQ�XVLQJ�D�'HOSKL�WHFKQLTXH�LQYROYLQJ�WKH�(XURSHDQ�6RFLHWLHV�RI�*HULDWULF�DQG�(PHUJHQF\�0HGLFLQH�

5HVXOWV
�,Q�WKH�GHYHORSPHQW�VWDJH������LQGLYLGXDO�OHDUQLQJ�RXWFRPHV�ZHUH�LGHQWLILHG��UHIOHFWLQJ����GRPDLQV��)ROORZLQJ�WKH�VWDJH���YDOLGDWLRQ�SURFHVV����
LWHPV�UHPDLQHG�
$OO�LWHPV�ZHUH�DSSURYHG�E\�WKH�UHOHYDQW�(8�VRFLHWLHV��,Q�WKH�ILQDO�YDOLGDWLRQ�VWHS��WKH�FXUULFXOXP�ZDV�IRUPDOO\�DSSURYHG�E\�WKH�8(06�VHFWLRQV�IRU
*HULDWULF�0HGLFLQH�DQG�(PHUJHQF\�0HGLFLQH��UHVSRQVLEOH�IRU�FXUULFXODH�LQ�WKH�UHVSHFWLYH�GLVFLSOLQHV��

.H\�&RQFOXVLRQV
7KLV�FXUULFXOXP�ZDV�GHYHORSHG�DV�D�IRUPDO�FROODERUDWLRQ�EHWZHHQ�(86(0�DQG�(8*06��(XURSHDQ�7DVN�)RUFH�LQ�*(0��DQG�UHIOHFWV�WKH�QHHG�WR�PDWFK
WKH�HGXFDWLRQDO�GHYHORSPHQW�RI�D�ZRUNIRUFH�ZLWK�WKH�FKDQJLQJ�GHPRJUDSKLF�RI�WKH�SDWLHQW�SRSXODWLRQ��7KH�QH[W�FKDOOHQJH�LV�HQVXULQJ�LW�LV
HPEHGGHG�LQWR�SUDFWLFH��)XWXUH�ZRUN�WR�DGGUHVV�WKHVH�FKDOOHQJHV�LV�XQGHUZD\�WKURXJK�WKH�GHYHORSPHQW�RI�D�*(0�FRQIHUHQFH��*(0�WH[WERRN�DQG
GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ�WKURXJK�MRXUQDO�SXEOLFDWLRQ�DQG�FRQIHUHQFH�SUHVHQWDWLRQV�
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��������$&&25',1*�72�&$5',$&�'<6)81&7,21��:+$7�*5283�+$6�,1&5($6('�0257$/,7<�'85,1*�+263,7$/�67$<"�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3$75,&,$�68$5(=�%(.(������3$8/$�/$=$52�$5$*8(6������-26(�$1'5(6�6$1&+(=�1,&2/$6������,5(1(�3$*$1�*20(=������-26(�/8,6�27(52�85,%(
�����5$)$(/�48,7$1,//$�/23(=������3$6&8$/�3,y(5$�6$/0(5{1����

���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���/$%25$725<�6(59,&(��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��&$5',$&�'<6)81&7,21��$FXWH�KHDUW�IDLOXUH��0257$/,7<

$EVWUDFW��

,QWURGXFWLRQ
$FXWH�KHDUW�IDLOXUH��$+)��LV�D�FRPPRQ�UHDVRQ�IRU�FRQVXOWDWLRQ�LQ�WKH�HPHUJHQF\�VHUYLFHV�DQG�WKH�OHDGLQJ�FDXVH�RI�KRVSLWDOL]DWLRQ�LQ�WKH�HOGHUO\��7KLV
OHDGV�WR�LQFUHDVHG�PRUWDOLW\��XVH�RI�HPHUJHQF\�VHUYLFHV�DQG�KHDOWK�VSHQGLQJ�

REMHFWLYH
.QRZLQJ�KRVSLWDO�PRUWDOLW\�DFFRUGLQJ�WR�WKH�W\SH�RI�KHDUW�IDLOXUH�LQ�RXU�HPHUJHQF\�GHSDUWPHQW�

0DWHULDO�DQG�PHWKRGV
,W�LV�D�SURVSHFWLYH��REVHUYDWLRQDO��GHVFULSWLYH�VWXG\�ZLWKRXW�LQWHUYHQWLRQ�LQ�SDWLHQWV�ZKR�FRPH�WR�RXU�HPHUJHQF\�GHSDUWPHQW�LQ�WKH�SHULRG
����������FKRRVLQJ�WZR�UDQGRPL]HG�PRQWKV�SHU�\HDU��ZLWK�D�GLDJQRVLV�RI�KHDUW�IDLOXUH�DFFRUGLQJ�WR�)UDPLQJKDP�FULWHULD��:LWKLQ�WKH�LQFOXVLRQ
FULWHULD�LQFOXGHG�SDWLHQWV�ROGHU�WKDQ����\HDUV�ZLWK�DFXWH�KHDUW�IDLOXUH�DQG�JLYH�WKHLU�VLJQHG�FRQVHQW��7KH�VWXG\�YDULDEOHV�ZHUH��VH[��W\SH�RI�KHDUW
IDLOXUH�HFKRFDUGLRJUDSK\�DV�SUHYLRXVO\�GHVFULEHG�LQ�\RXU�PHGLFDO�UHFRUG��V\VWROLF��GLDVWROLF��PL[HG�RU�XQNQRZQ��DQG�KRVSLWDO�PRUWDOLW\�

5HVXOWV
'XULQJ�����������FRQVXOWHG�VHOHFWHG�IURP�����SDWLHQWV�ZLWK�DFXWH�KHDUW�IDLOXUH��RI�ZKLFK����ZHUH�ZRPHQ���������DQG����PHQ���������
'HSHQGLQJ�RQ�WKH�W\SH�RI�FDUGLDF�G\VIXQFWLRQ�����SDWLHQWV�������KDG�V\VWROLF�IDLOXUH�����SDWLHQWV��������GLDVWROLF�IDLOXUH�����SDWLHQWV�������PL[HG
IDLOXUH�DQG����SDWLHQWV����������RI�XQNQRZQ�RULJLQ�
7KH�KRVSLWDO�PRUWDOLW\�ZDV������������SDWLHQWV����PHQ�DQG���ZRPHQ���ZLWKLQ�WKLV�JURXS����SDWLHQWV�KDG�V\VWROLF�G\VIXQFWLRQ�������������GLDVWROLF
������������PL[HG�����������DQG���XQNQRZQ����������
7KH�KRVSLWDO�PRUWDOLW\�FRPSDUHG�WR�WKH�WRWDO�RI�DOO�SDWLHQWV�GLDJQRVHG�ZLWK�KHDUW�IDLOXUH�LQ�RXU�HPHUJHQF\�GHSDUWPHQW��LW�ZDV�REVHUYHG�WKDW����
KDG�GLDVWROLF�KHDUW�IDLOXUH��V\VWROLF�G\VIXQFWLRQ�������DQG�������PL[HG�G\VIXQFWLRQ�

&RQFOXVLRQV�
��'R�QRW�REMHFWLI\�D�ELJ�GLIIHUHQFH�LQ�VH[�
��'LDVWROLF�KHDUW�IDLOXUH�PD\�EH�D�ULVN�IDFWRU�IRU�KRVSLWDO�PRUWDOLW\�
��$OPRVW�KDOI�RI�WKH�SDWLHQWV�ZLWK�SUHYLRXV�XOWUDVRXQG��KDYH�D�PL[HG�KHDUW�IDLOXUH�
��,&$�KRVSLWDO�PRUWDOLW\�LV���������VWLOO�YHU\�ORZ�FRPSDUHG�WR�WRWDO�PRUWDOLW\�
��1R�GLIIHUHQFHV�LQ�KRVSLWDO�PRUWDOLW\�REVHUYHG�IRU�V\VWROLF�+)�DQG�PL[HG�



6+2&. *DEULHOLXV�-DNXWLV

��������(YDOXDWLRQ�RI�WKH�KHWHURJHQHLW\�RI�VXEOLQJXDO�PLFURFLUFXODWLRQ�LQ�DFXWH�FDUGLDF�SDWLHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*DEULHOLXV�-DNXWLV������9LWDOLMD�3ROHYRGD������5RNDV�6HUS\WLV������3UDQDV�6HUS\WLV����

���9LOQLXV�8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��9LOQLXV��/,7+8$1,$
���9LOQLXV�8QLYHUVLW\�+RVSLWDO�6DQWDULVNLX�&OLQLFV��&HQWUH�RI�&DUGLRORJ\�DQG�$QJLRORJ\��9LOQLXV��/,7+8$1,$
���9LOQLXV�8QLYHUVLW\�)DFXOW\�RI�0HGLFLQH��&OLQLF�RI�&DUGLRYDVFXODU�'LVHDVHV��9LOQLXV��/,7+8$1,$

.H\ZRUGV��0LFURFLUFXODWLRQ��FDUGLRJHQLF�VKRFN��P\RFDUGLDO�LQIDUFWLRQ

$EVWUDFW��

,QWURGXFWLRQ��0LFURYDVFXODU�DOWHUDWLRQV�FDQ�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�GHYHORSPHQW�RI�RUJDQ�IDLOXUH�LQ�FULWLFDOO\�LOO�SDWLHQWV��0LFURFLUFXODWRU\
FKDQJHV�DUH�REVHUYHG�LQ�VHSWLF�VKRFN�DV�ZHOO�DV�LQ�DFXWH�FDUGLDF�FRQGLWLRQV�VXFK�DV�P\RFDUGLDO�LQIDUFWLRQ��0,���XQVWDEOH�DQJLQD��8$��DQG�RWKHU�
3DWLHQWV�ZLWK�DFXWH�FDUGLDF�SDWKRORJ\�DUH�DW�ULVN�IRU�GHYHORSLQJ�FDUGLRJHQLF�VKRFN��:H�DLPHG�WR�DVVHVV�WKH�KHWHURJHQHLW\�RI�PLFURFLUFXODWLRQ�LQ�WKLV
FRKRUW�RI�SDWLHQWV�DQG�HYDOXDWHG�ZKHWKHU�HDUO\�FKDQJHV�LQ�VXEOLQJXDO�PLFURFLUFXODWLRQ�PLJKW�VHUYH�DV�D�SUHGLFWRU�RI�ZRUVHQLQJ�FOLQLFDO�FRQGLWLRQ�RU
GHYHORSLQJ�KHPRG\QDPLF�GHWHULRUDWLRQ�

0HWKRGV��:H�KDYH�FDUULHG�RXW�D�SURVSHFWLYH��QRQ�UDQGRPL]HG�VWXG\�RI����SDWLHQWV�DGPLWWHG�WR�WKH�LQWHQVLYH�FDUGLDF�FDUH�XQLW�RI�D�XQLYHUVLW\
KRVSLWDO��7KH�LQFOXVLRQ�FULWHULD�ZHUH��DFXWH�P\RFDUGLDO�LQIDUFWLRQ��ODVW����KRXUV���XQVWDEOH�DQJLQD�SHFWRULV��FDUGLRJHQLF�VKRFN��&6���P\RFDUGLWLV�RU
VHYHUH�DUUK\WKPLD��3DWLHQW�JURXSV�ZHUH�GHILQHG�EDVHG�RQ�WKH�DGPLVVLRQ�GLDJQRVLV��0,�JURXS��&6�JURXS�DQG�RWKHU�DFXWH�FDUGLDF�SDWKRORJ\��2$&3�
JURXS��5HDO�WLPH�SDWLHQWVÇ�PLFURFLUFXODWLRQ�ZDV�DVVHVVHG�ZLWK�7KH�0LFUR6FDQ�9LGHR�0LFURVFRSH�V\VWHP��GDWD�ZDV�SURFHVVHG�ZLWK�$XWRPDWHG
9DVFXODU�$QDO\VLV�����UHVHDUFK�VRIWZDUH��'DWD�ZDV�DQDO\]HG�XVLQJ�6366�Y���VWDWLVWLFDO�SDFNDJH��,QGHSHQGHQW�VDPSOHV�7�WHVWV�DQG�DQDO\VLV�RI
YDULDQFH��$129$��ZDV�XVHG�WR�FRPSDUH�WKH�UHVXOWV�DPRQJVW�LQGLYLGXDO�JURXSV�

5HVXOWV�������������SDWLHQWV�ZHUH�PDOH�DQG�����������IHPDOH��0,�JURXS�FRQVLVWHG�RI������������SDWLHQWV��&6�JURXS�RI�����������DQG�2$&3�JURXS�RI
����������SDWLHQWV��0HDQ�WRWDO�YHVVHO�SHUIXVLRQ�ZDV�������k��������LQ�WKH�&6�JURXS��������k�������LQ�WKH�0,�JURXS�DQG�������k�������LQ�WKH
2$&3�JURXS��S!�������%RWK�VPDOO�DQG�PHGLXP�YHVVHO�SHUIXVLRQ�ZDV�PRVW�DOWHUHG�LQ�WKH�&6�JURXS��������k��������DQG�������k�������
UHVSHFWLYHO\���'H�%DFNHU�YHVVHO�GHQVLW\�VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKUHH�JURXSV��������k������LQ�&6�JURXS�YV��������k������LQ�0,
JURXS�YV��������k������LQ�2$&3�JURXS���7RWDO�YHVVHO�GHQVLW\�ZDV������k������LQ�WKH�&6�JURXS�YV�������k������LQ�WKH�0,�JURXS�DQG������k������LQ�WKH
2$&3�JURXS��3HUIXVHG�YHVVHO�GHQVLW\�ZDV������k������LQ�WKH�&6�JURXS�YV�������k������DQG������k������LQ�WKH�0,�DQG�2$&3�JURXSV�UHVSHFWLYHO\�

&RQFOXVLRQV��$OWHUHG�VXEOLQJXDO�PLFURFLUFXODWLRQ�FDQ�VHUYH�DV�D�YDOXDEOH�SUHGLFWRU�RI�ZRUVHQLQJ�FRQGLWLRQ�DQG�GHYHORSLQJ�FDUGLRJHQLF�VKRFN�DIWHU
DFXWH�0,��KRZHYHU�WKH�PHWKRG�VWLOO�QHHGV�IXUWKHU�LQYHVWLJDWLRQ�ZLWK�D�ODUJHU�FRKRUW�RI�SDWLHQWV��&HUWDLQ�LQFRQVLVWHQFLHV�RI�PLFURFLUFXODWLRQ�DUH�YLVLEOH
EHWZHHQ�SDWLHQW�JURXSV�ZLWK�GLIIHUHQW�DFXWH�FDUGLDF�SDWKRORJLHV��QRQHWKHOHVV�FXUUHQW�FRKRUW�LV�\HW�QRW�VXIILFLHQW�WR�DQDO\]H�WKH�VLJQLILFDQFH�RI�WKHVH
DOWHUDWLRQV��)XUWKHU�UHVHDUFK�LV�QHHGHG�WR�HVWDEOLVK�WKH�UROH�RI�PLFURFLUFXODWLRQ�LQ�WKH�GHYHORSPHQW�RI�&6�
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��������:+2�',('�025(��0(1�25�:20(1�:+(1�7+(<�&2168/7�,1�285�(0(5*(1&<�'(3$570(17�:,7+�',$*126('�2)�$&87(
+($57�)$,/85("

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3$75,&,$�68$5(=�%(.(������3$8/$�/$=$52�$5$*8(6������-26(�$1'5(6�6$1&+(=�1,&2/$6������,5(1(�3$*$1�*20(=������-26(�/8,6�27(52�85,%(
�����5$)$(/�48,7$1,//$�/23(=������3$6&8$/�3,y(5$�6$/0(5{1����

���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���/$%25$725<�6(59,&(��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��+HDUW�)DLOXUH���JHQGHU��PRUWDOLW\

$EVWUDFW��

,QWURGXFWLRQ
$FXWH�KHDUW�IDLOXUH��$+)��LV�D�FRPPRQ�UHDVRQ�IRU�FRQVXOWDWLRQ�LQ�WKH�HPHUJHQF\�VHUYLFHV�DQG�WKH�OHDGLQJ�FDXVH�RI�KRVSLWDOL]DWLRQ�LQ�WKH�HOGHUO\��7KLV
OHDGV�WR�LQFUHDVHG�PRUWDOLW\��XVH�RI�HPHUJHQF\�VHUYLFHV�DQG�KHDOWK�VSHQGLQJ�

REMHFWLYH
'HVFULEH�WKH�GLIIHUHQFHV�LQ�PRUWDOLW\�GXULQJ�IROORZ�XS�RI�D�\HDU��SDWLHQWV�ZKR�FRQVXOWHG�IRU�DFXWH�KHDUW�IDLOXUH�LQ�RXU�HPHUJHQF\�GHSDUWPHQW��('��

0DWHULDO�DQG�PHWKRGV
3URVSHFWLYH�REVHUYDWLRQDO�VWXG\�ZLWKRXW�LQWHUYHQWLRQ�LQ�SDWLHQWV�ZKR�FRPH�WR�RXU�HPHUJHQF\�GHSDUWPHQW�LQ�WKH�SHULRG�IURP�����������FKRRVLQJ
WZR�UDQGRPL]HG�PRQWKV�SHU�\HDU�ZLWK�D�GLDJQRVLV�RI�DFXWH�KHDUW�IDLOXUH�DFFRUGLQJ�WR�WKH�)UDPLQJKDP�FULWHULD��,QFOXVLRQ�FULWHULD��RYHU����\HDUV�
GLDJQRVLV�RI�DFXWH�KHDUW�IDLOXUH�DQG�JLYH�WKHLU�VLJQHG�FRQVHQW��7KH�VWXG\�YDULDEOHV�ZHUH��VH[��KRVSLWDO�PRUWDOLW\��PRUWDOLW\�DW����GD\V��RQH�\HDU
PRUWDOLW\�DQG�WRWDO�PRUWDOLW\�IDOOV�ZLWKLQ�WKDW�SHULRG�

UHVXOWV
'XULQJ�WKH�����������VHOHFWHG�����SDWLHQWV�FRQVXOWHG�IRU�DFXWH�KHDUW�IDLOXUH�RI�ZKLFK����ZHUH�ZRPHQ���������DQG����PHQ���������
7KH�KRVSLWDO�PRUWDOLW\�ZDV����SDWLHQWV������������������PHQ�DQG��������ZRPHQ�
$W����GD\V�WKH\�NLOOHG����SDWLHQWV���������������PHQ�DQG�����ZRPHQ�
<HDU�PRUWDOLW\�ZDV����SDWLHQWV����������RI�ZKLFK����ZHUH�PHQ���������DQG���ZRPHQ���������
7RWDO�PRUWDOLW\�ZDV����SDWLHQWV��������������PHQ����������DQG����ZRPHQ����������

FRQFOXVLRQV�
��'R�QRW�REMHFWLI\�D�ELJ�GLIIHUHQFH�LQ�JHQGHU��RI�SDWLHQWV�ZKR�FRPH�WR�RXU�HPHUJHQF\�GHSDUWPHQW�
��,Q�KRVSLWDO�PRUWDOLW\�ZHUH�QR�PDMRU�GLIIHUHQFHV�LQ�VH[�ZHUH�REVHUYHG��+RZHYHU��LQ�IROORZ�XS�DW����GD\V�DQG�RQH�\HDU��LQFUHDVHG�PRUWDOLW\�LQ�PHQ
YHUVXV�ZRPHQ�ZDV�REVHUYHG��VH[�EHLQJ�D�OLNHO\�ULVN�IDFWRU�IRU�PRUWDOLW\�IURP�DFXWH�KHDUW�IDLOXUH�



('8&$7,21�$1'�75$,1,1* 6DUDK�7XUSLQ

��������*(0&21����7KH�ILUVW�*HULDWULF�(PHUJHQF\�0HGLFLQH�FRQIHUHQFH�LQ�(XURSH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6DUDK�7XUSLQ������6LPRQ�&RQUR\����

���&OLQLFDO�)HOORZ�LQ�*HULDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDOV�RI�/HLFHVWHU��/HLFHVWHU��8.
���*HULDWULFLDQ�DQG�+RQRUDU\�3URIHVVRU\��8QLYHUVLW\�RI�/HLFHVWHU��/HLFHVWHU��8.

.H\ZRUGV��FRQIHUHQFH��GHVLJQ��IHDVLELOLW\��JHULDWULF��HPHUJHQF\��FROODERUDWLRQ��VRFLDO�PHGLD��QHWZRUNV

$EVWUDFW��

,QWURGXFWLRQ

È*HULDWULF�(PHUJHQF\�0HGLFLQHÉ��*(0��LV�DQ�DUHD�RI�JURZLQJ�LQWHUHVW�ZLWKLQ�JHULDWULF�DQG�HPHUJHQF\�PHGLFLQH�FLUFOHV�DFURVV�(XURSH��$XVWUDOLD�DQG
1RUWK�$PHULFD��7KHUH�DUH�LQFUHDVLQJO\�IRUPDO�FROODERUDWLRQV�EHWZHHQ�VRFLHWLHV�ZLWKLQ�HPHUJHQF\�PHGLFLQH�DQG�VRFLHWLHV�ZLWKLQ�JHULDWULF�PHGLFLQH�
7KH�WRSLFV�DGGUHVVHG�E\�VXFK�FROODERUDWLRQV�DGGUHVV�ERWK�WKH�GHYHORSPHQW�RI�LPSURYHG�V\VWHPV�RI�FDUH�IRU�IUDLO�ROGHU�SHRSOH�LQ�XUJHQW�VHWWLQJV��DQG
LPSURYLQJ�WKH�HGXFDWLRQ�DQG�WUDLQLQJ�RI�FOLQLFDO�VWDII�ZRUNLQJ�ZLWK�IUDLO�ROGHU�SHRSOH�LQ�HPHUJHQF\�FDUH�VHWWLQJV�

:H�UHSRUW�KHUH�RQ�WKH�FRQFHSWXDOLVDWLRQ��GHVLJQ�DQG�GHOLYHU\�RI�WKH�ILUVW�(XURSHDQ�*HULDWULF�(PHUJHQF\�0HGLFLQH�FRQIHUHQFH�LQ�(XURSH�

7KH�DLPV�RI�WKH�FRQIHUHQFH�ZHUH�

���5DLVH�WKH�SURILOH�RI�*(0
���(QKDQFH�FOLQLFDO�NQRZOHGJH
���3URYLGH�D�SODWIRUP�IRU�QHWZRUNLQJ�DQG�LQWHU�SURIHVVLRQDO�GLVFXVVLRQV

0HWKRGV

$�VWDNHKROGHU�PHHWLQJ�ZDV�KHOG�WR�GHWHUPLQH�WKH�NH\�REMHFWLYHV��WKH�WDUJHW�GHPRJUDSKLF��DQG�WKH�WLPHVFDOH�IRU�GHOLYHU\��$�UHYLHZ�RI�WKH
HGXFDWLRQDO�FRQWHQW�RI�H[LVWLQJ�1RUWK�$PHULFDQ�*(0�IHOORZVKLSV��DQG�WKH�UHFHQWO\�SXEOLVKHG�(XURSHDQ�*(0�FXUULFXOXP�ZDV�SHUIRUPHG�WR�GHYLVH�D
EDODQFHG�FRQIHUHQFH�DJHQGD��7KH�FRQIHUHQFH�ZDV�VXSSRUWHG�E\�D�ZHEVLWH�DQG�WZLWWHU�DFFRXQW��3URIHVVLRQDO�VRFLHWLHV�ZHUH�XVHG�WR�GLVVHPLQDWH
LQIRUPDWLRQ��$�OHDUQLQJ�QHHGV�DVVHVVPHQW�ZDV�EXLOW�LQWR�WKH�ERRNLQJ�SURFHVV�WR�GLUHFW�IXWXUH�HYHQWV�

5HVXOWV

3ODFHV�ERRNHG�VWHDGLO\�RYHU�ILYH�PRQWKV�WR�ÈIXOO\�ERRNHGÉ��GHPDQG�ZDV�VXFK�WKDW�DGGLWLRQDO�SODFHV�ZHUH�DGGHG�DQG�D�ZDLWLQJ�OLVW�ZDV�FUHDWHG��7KH
QXPEHU�RI�WZLWWHU�IROORZHUV�DQG�ZHEVLWH�YLHZV�VWHDGLO\�LQFUHDVHG�RYHU�WKLV�WLPH�SHULRG������RI�GHOHJDWHV�DUH�GRFWRUV�DQG�����DUH�QXUVHV�RU�DOOLHG
KHDOWK�SURIHVVLRQDOV��7KHUH�LV�D�ZLGH�UDQJH�RI�GHOHJDWHV�IURP�DFURVV�WKH�8.�DQG�(XURSH�

.H\�FRQFOXVLRQV

$V�DQ�LQLWLDO�IHDVLELOLW\�WHVW��WKH�ERRNLQJ�SDWWHUQ�DQG�GHOHJDWH�GLVWULEXWLRQ�IRU�WKLV�FRQIHUHQFH�VXSSRUW�WKH�REVHUYDWLRQ�WKDW�WKHUH�LV�VLJQLILFDQW
LQWHUHVW�LQ�WKH�ILHOG�RI�*(0�IURP�DFURVV�D�UDQJH�RI�KHDOWKFDUH�SURIHVVLRQDOV�ZRUNLQJ�ZLWKLQ�D�UDQJH�RI�KHDOWKFDUH�V\VWHPV��)XWXUH�HIIRUWV�VKRXOG�EH
PDGH�WR�VXVWDLQ�LQWHU�SURIHVVLRQDO�QHWZRUNV�DQG�QDWLRQDO�IRUXPV�WR�VKDUH�JRRG�SUDFWLFH�DQG�LQQRYDWLRQ�ZLWKLQ�WKH�ILHOG�RI�*(0���



&$5',29$6&8/$5 3DVFXDO�3LQHUD�6DOPHURQ

��������'HVFULSWLYH�DQDO\VLV�RI�WKH�FRPRUELGLWLHV�DVVRFLDWHG�ZLWK�DFXWH�KHDUW�IDLOXUH�SDWLHQWV�ZKR�FRQVXOW�RXU�(PHUJHQF\
'HSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3$8/$�/$=$52�$5$*8(6������-26(�$1'5(6�6$1&+(=�1,&2/$6������3$75,&,$�68$5(=�%(.(������,5(1(�3$*$1�*20(=������-8$1�-26(�%$//(67(5
/23(=������(0,/,2�6$1&+(=�3$55$������3$6&8$/�3,y(5$�6$/0(5{1����

���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���/$%25$725<�6(59,&(��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��+HDUW�)DLOXUH���(PHUJHQF\�'HSDUWPHQW���&RPRUELGLW\

$EVWUDFW��

,QWURGXFWLRQ�

$FXWH�KHDUW�IDLOXUH�LV�D�FRPPRQ�UHDVRQ�IRU�FRQVXOWDWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���DQG�WKH�OHDGLQJ�FDXVH�RI�KRVSLWDOL]DWLRQ�LQ�WKH�HOGHUO\�
:LWK�KLJK�PRUWDOLW\�DQG�ODUJH�QXPEHU�RI�UHFRQVXOWDWLRQV�WKDW�LPSDFW�ERWK�HFRQRPLFDOO\�DQG�LQ�WKH�KHDOWK�RI�SDWLHQWV�YLVLWLQJ�('V�

2EMHFWLYH�

'HVFULEH�WKH�FR�PRUELGLWLHV�DVVRFLDWHG�ZLWK�DFXWH�KHDUW�IDLOXUH�SDWLHQWV�ZKR�FRQVXOWHG�LQ�RXU�(PHUJHQF\�'HSDUWPHQW�

0DWHULDO�DQG�PHWKRGV�
3URVSHFWLYH�REVHUYDWLRQDO�VWXG\�ZLWKRXW�LQWHUYHQWLRQ�ZDV�SHUIRUPHG�LQ�SDWLHQWV�ZKR�FDPH�WR�RXU�68�IRU�DFXWH�KHDUW�IDLOXUH��$+)��DFFRUGLQJ�WR
)UDPLQJKDP�FULWHULD�LQ�WKH�SHULRG�����������FKRRVLQJ�WZR�UDQGRPL]HG�PRQWKV�SHU�\HDU��,QFOXVLRQ�FULWHULD��SDWLHQWV�ROGHU�WKDQ����\HDUV�ZLWK�,&$
DQG�JLYH�WKHLU�ZULWWHQ�FRQVHQW��7KH�VWXG\�YDULDEOHV�ZHUH��+\SHUWHQVLRQ��+71���GLDEHWHV�PHOOLWXV��'0���G\VOLSLGHPLD��'/3���LVFKHPLF�KHDUW�GLVHDVH
�,+'���FKURQLF�NLGQH\�GLVHDVH��&.'���)LEULOODWLRQ�%ORRG��)$���$UWHULRUSDWLD��DWKHURPDWRXV�SODTXHV�LQ�VXSUD�DRUWLF�WUXQNV���YDOYXODU�KHDUW�GLVHDVH�
FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'���GHPHQWLD��QHRSODVLD��FLUUKRVLV�DQG�WKH�SUHVHQFH�RU�DEVHQFH�RI�HSLVRGHV�RI�SUHYLRXV�KHDUW�IDLOXUH�

5HVXOWV�
'XULQJ�WKH�����������VHOHFWHG�����SDWLHQWV�FRQVXOWHG�E\�,&$�RI�ZKLFK�����SDWLHQWV��������ZHUH�K\SHUWHQVLRQ�����SDWLHQWV���������'0�����SDWLHQWV
��������'/3�����SDWLHQWV�����������&,�����SDWLHQWV���������&.'��������$&9����SDWLHQWV�����SDWLHQWV�������)$�����SDWLHQWV�������RI�VXSUD�DRUWLF
WUXQNV�DUWHU\�GLVHDVH��YDOYXODU�KHDUW�GLVHDVH����SDWLHQWV����������&23'�SDWLHQWV��������������GHPHQWLD����SDWLHQWV�����SDWLHQWV������
QHRSODVPV����SDWLHQW�������FLUUKRVLV�DQG����SDWLHQWV�������SULRU�,&&�

&RQFOXVLRQV�
��7KH�PDLQ�SDWKRORJLHV�DVVRFLDWHG�ZLWK�DFXWH�KHDUW�IDLOXUH�KLJK�WR�ORZ�IUHTXHQF\�ZHUH�K\SHUWHQVLRQ��HSLVRGHV�SULRU�WR�FRQVXOWDWLRQ�)$��GLDEHWHV�
G\VOLSLGHPLD�DQG�(5&
��7KH�H[LVWHQFH�RI�D�SUHYLRXV�GLDJQRVLV�RI�KHDUW�IDLOXUH�DSSHDU�WR�EH�D�IDFWRU�IDYRULQJ�QHZ�HSLVRGHV�RI�DFXWH�KHDUW�IDLOXUH�



&$5',29$6&8/$5 3DVFXDO�3LQHUD�6DOPHURQ

��������$QDO\VLV�RI�GHVWLQDWLRQ�RI�SDWLHQWV�SUHVHQWLQJ�ZLWK�DFXWH�KHDUW�IDLOXUH�LQ�RXU�HPHUJHQF\�GHSDUWPHQW�DIWHU�EHLQJ�FDUHG

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3$8/$�/$=$52�$5$*8(6������3$75,&,$�68$5(=�%(.(������-26(�$1'5(6�6$1&+(=�1,&2/$6������,5(1(�3$*$1�*20(=������(/(1$
6$17$0$5,$�+(51$1'(=������&(6$5�&,1(6,�*20(=������3$6&8$/�3,y(5$�6$/0(5{1����

���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���/$%25$725<�6(59,&(��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��+HDUW�)DLOXUH���(PHUJHQF\�'HSDUWPHQW���+RVSLWDOL]DWLRQ��GLVFKDUJH

$EVWUDFW��

,1752'8&7,21
$FXWH�KHDUW�IDLOXUH�LV�D�FRPPRQ�UHDVRQ�IRU�FRQVXOWDWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���DQG�WKH�OHDGLQJ�FDXVH�RI�KRVSLWDOL]DWLRQ�LQ�WKH�HOGHUO\�
:LWK�KLJK�PRUWDOLW\�DQG�UHFRQVXOWDWLRQV�LQYROYLQJ�D�ODUJH�LQFUHDVH�LQ�KHDOWK�VSHQGLQJ�

2EMHFWLYH��7R�DVVHVV�WKH�QHHG�IRU�KRVSLWDO�DGPLVVLRQ�GHSHQGLQJ�RQ�WKH�W\SH�RI�KHDUW�IDLOXUH�DVVHVVHG�E\�HFKRFDUGLRJUDSK\�DQG�GHVWLQDWLRQ�DW
GLVFKDUJH�IURP�WKH�HPHUJHQF\�GHSDUWPHQW�

0DWHULDO�DQG�PHWKRGV�
3URVSHFWLYH�REVHUYDWLRQDO�VWXG\�ZLWKRXW�LQWHUYHQWLRQ�LQ�SDWLHQWV�ZKR�FRPH�WR�RXU�('�IRU�DFXWH�KHDUW�IDLOXUH��$+)��DFFRUGLQJ�WR�)UDPLQJKDP�FULWHULD
LQ�WKH�SHULRG�����������FKRRVLQJ�WZR�UDQGRPL]HG�PRQWKV�SHU�\HDU��,QFOXVLRQ�FULWHULD��DJH����\HDUV�ZLWK�,&$�DQG�JLYH�WKHLU�ZULWWHQ�FRQVHQW��7KH
VWXG\�YDULDEOHV�ZHUH��'HVWLQDWLRQ�LQFRPH��&DUGLRORJ\��,QWHUQDO�0HGLFLQH��6KRUW�6WD\�8QLW��RWKHU�VHUYLFHV�DQG�KLJK�GLUHFW�IURP�WKH�(PHUJHQF\
'HSDUWPHQW�2EVHUYDWLRQ���W\SH�RI�KHDUW�IDLOXUH��V\VWROLF��GLDVWROLF��PL[HG�DQG�XQNQRZQ�

UHVXOWV�
'XULQJ�WKH�����������VHOHFWHG�����SDWLHQWV�FRQVXOWHG�E\�,&$�RI�ZKRP����ZHUH�ZRPHQ���������DQG����PHQ�������������SDWLHQWV�������KDG�V\VWROLF
KHDUW�IDLOXUH�����SDWLHQWV��������GLDVWROLF�����SDWLHQWV�������PL[HG�DQG�QRW�WKH�NLQG�RI�G\VIXQFWLRQ�ZDV�NQRZQ�LQ����SDWLHQWV���������
���SDWLHQWV�ZHUH�GLVFKDUJHG�GLUHFWO\�IURP�WKH�HPHUJHQF\�GHSDUWPHQW����������DQG����SDWLHQWV�DGPLWWHG�WR�RXU�KRVSLWDO�������RI�ZKLFK����KDG
V\VWROLF�+)��������������GLDVWROLF�������������PL[HG����������DQG����XQNQRZQ����������
����RI�V\VWROLF�G\VIXQFWLRQ�����SDWLHQWV��ZHUH�DGPLWWHG�������RI�WKH�GLDVWROLF������RI�PL[HG�����SDWLHQWV��DQG�������RI�W\SH�XQNQRZQ�RULJLQ����
SDWLHQWV��
%\�6HUYLFHV�����SDWLHQWV�ZHUH�DGPLWWHG�WR�FDUGLRORJ\����������LQ�,QWHUQDO�0HGLFLQH����SDWLHQWV���������LQ�6KRUW�6WD\�8QLW����SDWLHQWV���������DQG
RWKHU�VHUYLFHV���SDWLHQWV���������

FRQFOXVLRQV�

�������RI�GLDVWROLF�KHDUW�IDLOXUH�ZHUH�DGPLWWHG�WR�KRVSLWDO
��0RUH�WKDQ�����ZHUH�DGPLWWHG�WR�,QWHUQDO�0HGLFLQH�ZKLOH�RQO\�������ZHUH�DGPLWWHG�LQ�&DUGLRORJ\
��8S�WR�����RI�SDWLHQWV�ZKR�FRPH�WR�RXU�6HUYLFH�DUH�GLVFKDUJHG�GLUHFWO\��ZLWKRXW�UHTXLULQJ�KRVSLWDO�DGPLVVLRQ�



',$*1267,&�7(&+12/2*<�	�5$',2/2*< $GDP�6LQJHU

��������,V�EHGVLGH�SRLQW�RI�FDUH�WHVWLQJ�E\�HPHUJHQF\�GHSDUWPHQW�QXUVHV�DV�DFFXUDWH�DV�FHQWUDO�ODE�WHVWLQJ�E\�ODE�WHFKQRORJLVWV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$GDP�6LQJHU������%UDGHQ�0F,QWRVK������-D\�%RFN������-LULQD�9DVHN������+HQU\�&�-U�7KRGH����

���(PHUJHQF\�0HGLFLQH��6WRQ\�%URRN�0HGLFLQH��6WRQ\�%URRN��1<��86$
���3DWKRORJ\��6WRQ\�%URRN�0HGLFLQH��6WRQ\�%URRN��86$
���+RVSLWDO�&KHPLVWU\��6WRQ\�%URRN�0HGLFLQH��6WRQ\�%URRN��86$

.H\ZRUGV��SRLQW�RI�FDUH��DFFXUDF\

$EVWUDFW��

%$&.*5281'

3RLQW�RI�FDUH�EHGVLGH�WHVWLQJ��32&7��UHGXFHV�ODE�WXUQ�DURXQG�DQG�KDV�WKH�SRWHQWLDO�WR�LPSURYH�SURFHVV�RI�FDUH�DQG�WLPHO\�GLDJQRVLV�DQG
PDQDJHPHQW�LQ�WKH�HPHUJHQF\�GHSDUWPHQW���+RZHYHU��FRQFHUQV�UHPDLQ�UHJDUGLQJ�WKH�DFFXUDF\�RI�32&7�UHODWLYH�WR�WUDGLWLRQDO�FHQWUDO�ODERUDWRU\
WHVWLQJ���:H�FRPSDUHG�WKH�DFFXUDF\�RI�QXUVH�SHUIRUPHG�32&7�IRU�D�SDQHO�RI�HOHFWURO\WH�YHUVXV�FHQWUDO�ODE�WHVWLQJ�E\�WUDLQHG�ODERUDWRU\�WHFKQRORJLVWV�

0(7+2'6

6WXG\�GHVLJQÅSURVSHFWLYH��REVHUYDWLRQDO�VWXG\���6HWWLQJÅDFDGHPLF��WHUWLDU\�FDUH��OHYHO���WUDXPD�FHQWHU�ZLWK�RYHU���������DQQXDO�('�YLVLWV�DQG
D�GHGLFDWHG����EHG�FULWLFDO�FDUH�XQLW���6XEMHFWVÅ���FULWLFDO�FDUH�('�SDWLHQWV�LQ�ZKRP�D�32&7�IRU�D�EDVLF�HOHFWURO\WH�SDQHO�ZDV�RUGHUHG�E\�WKH�('
SK\VLFLDQ���,QWHUYHQWLRQVÅLQ�DOO�VWXG\�SDWLHQWV�D������PO�EORRG�VDPSOH�ZDV�FROOHFWHG�LQ�RQH�OLWKLXP�FRQWDLQLQJ�YDFXWDLQHU�DQG�RQH�('7$
YDFXWDLQHU��XVLQJ�VWDQGDUG�WHFKQLTXH���7KH�VDPSOH�ZDV�WHVWHG�IRU�1D��.��&O��7&2���JOXFRVH��FUHDWLQLQH��%81��DQG�KHPDWRFULW���(DFK�VDPSOH�ZDV
WHVWHG�WZLFH�E\�WKH�WUHDWLQJ�QXUVH�DW�WKH�EHGVLGH�XVLQJ�WKH�&KHP���FDUWULGJH�DQG�WKH�L6WDW�WHVWLQJ�GHYLFH��$EERWW�3RLQW�RI�&DUH����'XSOLFDWH
DGGLWLRQDO�VDPSOHV�ZHUH�WHVWHG�E\�WUDLQHG�ODERUDWRU\�VWDII�LQ�WKH�FHQWUDO�ODE�XVLQJ�WKH�&2%$6�������5RFKH��DQG�6\VPH[�DQDO\]HUV���'DWD�$QDO\VLV
ÅSDLUHG�FRPSDULVRQV�RI�WHVW�UHVXOWV�ZHUH�SHUIRUPHG�XVLQJ�3HDUVRQÇV�FRUUHODWLRQ�FRHIILFLHQWV�DQG�%ODQG�$OWPDQ�DQDO\VHV���:H�K\SRWKHVL]HG�WKDW
YDOXHV�PHDVXUHG�E\�WKH�L6WDW�ZRXOG�KDYH�H[FHOOHQW�FRUUHODWLRQV�ZLWK�OHYHOV�PHDVXUHG�E\�WKH�FHQWUDO�ODE�DQG�WKDW�WKH�GLIIHUHQFHV�EHWZHHQ�SDLUHG
L6WDW�FHQWUDO�ODE�PHDVXUHPHQWV�ZRXOG�QRW�EH�VLJQLILFDQWO\�JUHDWHU�WKDQ�WKH�SDLUHG�GLIIHUHQFHV�EHWZHHQ�WKH�GXSOLFDWH�FHQWUDO�ODERUDWRU\�WHVWLQJV�

5(68/76

�6DPSOHV�IURP����('�FULWLFDO�FDUH�SDWLHQWV�ZHUH�DQDO\]HG���9DOXHV�IRU�HDFK�RI�WKH���DQDO\WHV�PHDVXUHG�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ
EHGVLGH�DQG�FHQWUDO�ODE�WHVWLQJ���&RUUHODWLRQ�FRHIILFLHQWV�ZHUH�H[FHOOHQW�������������DQG�GLG�QRW�GLIIHU�IRU�DOO�SDLUZLVH�FRPSDULVRQV���%ODQG�$OWPDQ
SORWV�IRU�WKH�('�DQG�FHQWUDO�ODE�PHDVXUHPHQWV�VKRZHG�VLPLODU�UHVXOWV���0HDQ��UDQJH��SDLUHG�GLIIHUHQFHV�EHWZHHQ�L6WDW�DQG�FHQWUDO�ODE�ZHUH�1D����
����WR����P(T�/��.�������������WR�������P(T�/��&O���������WR�������P(T�/��7&2�����������WR����P(T�/��*OXFRVH���������WR����PJ�G/��%81����������WR���
PJ�GO��&UHDWLQLQH�������������WR��������DQG�KHPDWRFULW������������WR���������

&21&/86,216

�%HGVLGH�SRLQW�RI�FDUH�WHVWLQJ�XVLQJ�WKH�L6WDW�SODWIRUP�LV�DV�UHOLDEOH�DQG�DFFXUDWH�DV�FHQWUDO�ODE�WHVWLQJ����
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��������'R�ZH�WUHDW�WKH�PHQ�OLNH�ZRPHQ�ZLWK�DFXWH�KHDUW�IDLOXUH�LQ�RXU�HPHUJHQF\�GHSDUWPHQW�"�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-26(�$1'5(6�6$1&+(=�1,&2/$6������3$75,&,$�68$5(=�%(.(������3$8/$�/$=$52�$5$*8(6������,5(1(�3$*$1�*20(=������(/(1$
6$17$0$5,$�+(51$1'(=������(0,/,2�6$1&+(=�3$55$������3$6&8$/�3,y(5$�6$/0(5{1����

���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���/$%25$725<�6(59,&(��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��+HDUW�)DLOXUH���(PHUJHQF\�'HSDUWPHQW���WUHDWPHQW

$EVWUDFW��

,QWURGXFWLRQ�
$FXWH�KHDUW�IDLOXUH��$+)��LV�D�FRPPRQ�UHDVRQ�IRU�FRQVXOWDWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���LW�LV�JHQHUDOO\�FKDUDFWHUL]HG�E\�SXOPRQDU\
FRQJHVWLRQ��DOWKRXJK�LQ�VRPH�SDWLHQWV�GHFUHDVHG�FDUGLDF�RXWSXW�DQG�WLVVXH�K\SRSHUIXVLRQ�PD\�RFFXU��,V�WKH�OHDGLQJ�FDXVH�RI�KRVSLWDOL]DWLRQ�LQ�WKH
HOGHUO\��ZLWK�KLJK�PRUWDOLW\�DQG�UHFRQVXOWDWLRQV�SURGXFLQJ�D�ODUJH�LQFUHDVH�LQ�KHDOWK�VSHQGLQJ�

2EMHFWLYH�

'HWHUPLQH�ZKHWKHU�WKHUH�DUH�GLIIHUHQFHV�LQ�WKH�DFXWH�WUHDWPHQW�UHFHLYHG�LQ�RXU�HPHUJHQF\�GHSDUWPHQW�DERXW�VH[�

0DWHULDO�DQG�PHWKRGV�
3URVSHFWLYH�REVHUYDWLRQDO�VWXG\�ZLWKRXW�LQWHUYHQWLRQ�LQ�SDWLHQWV�ZKR�FRPH�WR�RXU�68�LQ�WKH�SHULRG�IURP�����������FKRRVLQJ�WZR�UDQGRPL]HG
PRQWKV�SHU�\HDU�IRU�,&$�DFFRUGLQJ�WR�WKH�FULWHULD�RI�)UDPLQJKDP��,QFOXVLRQ�FULWHULD��DJH����\HDUV�ZLWK�,&$�DQG�JLYH�WKHLU�ZULWWHQ�FRQVHQW��7KH
YDULDEOHV�VWXGLHG�ZHUH��6H[��0DOH��0���)HPDOH��0���DSSOLHG�WKHUDS\��YDVRDFWLYH�GUXJV��GREXWDPLQH��GRSDPLQH��QRUHSLQHSKULQH���EHWD�EORFNHUV�
GLXUHWLFV��QLWUDWHV��PRUSKLQH��EURQFKRGLODWRUV�%���DQWLELRWLFV��VWHURLGV��GLJR[LQ��DPLRGDURQH��DQWLSODWHOHW�DJHQWV��RUDO�DQWLFRDJXODQWV��VWDWLQV��$&(
LQKLELWRUV��$5%V��WUDQVIXVLRQ�

UHVXOWV�

'XULQJ�WKH�����������VHOHFWHG�����SDWLHQWV�FRQVXOWHG�E\�,&$�RI�ZKRP����ZHUH�ZRPHQ��)����������DQG����PHQ��0����������

9DVRDFWLYH�GUXJV��GREXWDPLQH��GRSDPLQH��QRUHSLQHSKULQH��GLG�QRW�VD\�QR�SDWLHQWV��EHWD�EORFNHUV�������0���������)��GLXUHWLFV�������0�������)�
QLWUDWHV������0������)��PRUSKLQH�������0��������)��EURQFKRGLODWRUV�%��������0���������)��DQWLELRWLFV�������0�������)��FRUWLFRVWHURLGV�������0�
������)��VWDWLQV�������0��������)��GLJR[LQ�������0���������)��DPLRGDURQH�������0��������)��WUDQVIXVLRQ�������0������)��DQWLSODWHOHW�DJHQWV
�����0�������)���25$/�$17,&2$*8/$7,21��������0�������)��$&(�LQKLELWRUV��������0��������)

FRQFOXVLRQV�
Ë�7KH�PRVW�ZLGHO\�XVHG�WUHDWPHQW�LQ�RXU�HPHUJHQF\�GHSDUWPHQW�DUH�GLXUHWLFV��ERWK�PHQ�DQG�ZRPHQ��7KH�VHFRQG�PRVW�IUHTXHQWO\�XVHG�GUXJ�DUH
EURQFKRGLODWRUV�%���ZKLOH�UHFHLYLQJ�WZLFH�DV�PDQ\�ZRPHQ�WKDQ�PHQ
Ë�1RQH�RI�RXU�SDWLHQWV�UHTXLUHG�YDVRDFWLYH�GUXJV�LQ�WKH�DFXWH�HSLVRGH
Ë�7KHUH�LV�D�GLIIHUHQFH�LQ�WKH�XVH�RI�EHWD�EORFNHUV�RQ�VH[��LQGLFDWHG���WLPHV�PRUH�EHWD�EORFNHUV�LQ�ZRPHQ�WKDQ�LQ�PHQ�
Ë���RXW�RI����ZRPHQ�FRQVXOWLQJ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�WUHDWHG�ZLWK�DQWLELRWLFV�DQG�RQO\���RXW�RI����PHQ�



&$5',29$6&8/$5 3DVFXDO�3LQHUD�6DOPHURQ

��������:KDW�DUH�WKH�FKDUDFWHULVWLFV��HYROXWLRQ�DQG�PRQLWRULQJ�RI�SDWLHQWV�ZLWK�DFXWH�KHDUW�IDLOXUH�ZKR�FRPH�WR�RXU�HPHUJHQF\
GHSDUWPHQW"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-26(�$1'5(6�6$1&+(=�1,&2/$6������3$75,&,$�68$5(=�%(.(������3$8/$�/$=$52�$5$*8(6������,5(1(�3$*$1�*20(=������$1721,2
0$57,1(=�*$5&,$������(67+(5�720$6�-,0(1(=������3$6&8$/�3,y(5$�6$/0(5{1����

���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���/$%25$725<�6(59,&(��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��+HDUW�)DLOXUH���(PHUJHQF\�'HSDUWPHQW���HYROXWLRQ

$EVWUDFW��

,1752'8&7,21
$FXWH�KHDUW�IDLOXUH��$+)��LV�D�FRPPRQ�UHDVRQ�IRU�FRQVXOWDWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���DQG�WKH�OHDGLQJ�FDXVH�RI�KRVSLWDOL]DWLRQ�LQ�WKH
HOGHUO\��:LWK�KLJK�PRUWDOLW\��LQFUHDVLQJ�LQ�WKH�WDEOHV�RI�DFXWH�SXOPRQDU\�HGHPD��3URGXFLQJ�D�ODUJH�QXPEHU�RI�TXHULHV�DQG�UHFRQVXOWDWLRQV�WKDW
LQFUHDVH�KHDOWK�VSHQGLQJ�

2EMHFWLYH��7R�GHVFULEH�WKH�FKDUDFWHULVWLFV��HYROXWLRQ�DQG�IROORZ�XS�RI�SDWLHQWV�ZKR�FRPH�IRU�,&$�WR�RXU�HPHUJHQF\�GHSDUWPHQW�

0DWHULDO�DQG�PHWKRGV�

3URVSHFWLYH�REVHUYDWLRQDO�VWXG\�ZLWKRXW�LQWHUYHQWLRQ�LQ�SDWLHQWV�ZKR�FRPH�WR�RXU�68�LQ�WKH�SHULRG�IURP�����������FKRRVLQJ�WZR�UDQGRPL]HG
PRQWKV�SHU�\HDU�IRU�,&$�DFFRUGLQJ�WR�WKH�FULWHULD�RI�)UDPLQJKDP��,QFOXVLRQ�FULWHULD��DJH����\HDUV�ZLWK�,&$�DQG�JLYH�WKHLU�ZULWWHQ�FRQVHQW��7KH�VWXG\
YDULDEOHV�ZHUH��VH[��FRPRUELGLWLHV��WUHDWPHQW�UHFHLYHG��KRVSLWDO�PRUWDOLW\�DW����GD\V�DQG�RQH�\HDU��GHVWLQDWLRQ�

UHVXOWV�

'XULQJ�WKH�����������VHOHFWHG�����SDWLHQWV�FRQVXOWHG�E\�,&$�RI�ZKRP����ZHUH�ZRPHQ��)����������DQG����PHQ��0����������
����SDWLHQWV��������ZHUH�K\SHUWHQVLRQ�����SDWLHQWV�SUHYLRXV�$+)�����������SDWLHQWV�������DWULDO�ILEULODWLRQ�����SDWLHQWV���������'LDEHWHV����
SDWLHQWV���������G\VOLSLGHPLD�����SDWLHQWV����������LVFKHPLF�KHDUW�GLVHDVH

YDVRDFWLYH�GUXJV��GREXWDPLQH��GRSDPLQH��QRUHSLQHSKULQH��GLG�QRW�VD\�QR�SDWLHQWV��EHWD�EORFNHUV�������0���������)��GLXUHWLFV�������0�������)�
QLWUDWHV������0������)��PRUSKLQH�������0��������)��FRUWLFRVWHURLGV�������0��������)�

7KH�KRVSLWDO�PRUWDOLW\�ZDV������������SDWLHQWV���DW����GD\V�ZDV����������SDWLHQWV��DQG�WKH�\HDU�ZDV������������SDWLHQWV��

%\�6HUYLFHV�����SDWLHQWV�ZHUH�DGPLWWHG�WR�FDUGLRORJ\����������LQ�,QWHUQDO�0HGLFLQH����SDWLHQWV���������LQ�6KRUW�6WD\�8QLW����SDWLHQWV���������DQG
RWKHU�VHUYLFHV���SDWLHQWV����������DQG����SDWLHQWV�ZHUH�GLVFKDUJHG�GLUHFWO\�IURP�WKH�HPHUJHQF\�GHSDUWPHQW����������

&RQFOXVLRQV�

��0RUH�WKDQ�����ZHUH�DGPLWWHG�WR�,QWHUQDO�0HGLFLQH�ZKLOH�RQO\�������ZHUH�DGPLWWHG�WR�&DUGLRORJ\�

��7KH�PDLQ�SDWKRORJLHV�DVVRFLDWHG�ZLWK�KHDUW�IDLOXUH�KLJK�WR�ORZ�IUHTXHQF\�ZHUH�K\SHUWHQVLRQ��DWULDO�ILEULOODWLRQ�HSLVRGHV�SULRU�WR�WKH�FRQVXOWDWLRQ�
GLDEHWHV��G\VOLSLGHPLD�

�������RI�GLDVWROLF�KHDUW�IDLOXUH�LV�DGPLWWHG�WR�KRVSLWDO

��7KH�LQWUDKRVSLWDOULD�PRUWDOLW\�ZDV��������

��7KH�PRVW�ZLGHO\�XVHG�WUHDWPHQW�LQ�RXU�HPHUJHQF\�GHSDUWPHQW�DUH�GLXUHWLFV��IROORZHG�E\�VWHURLGV�DQG�EHWD�EORFNHUV�



32,17�2)�&$5( 0DDUWMH�9HUQRRLM

��������(YDOXDWLRQ�RI�SRLQW�RI��FDUH�,15�UHVXOWV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��
,V�D�KDVW\�GHFLVLRQ�DOZD\V�WKH�EHVW"


3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&ULVSLMQ�YDQ�GHQ�%UDQG������0DDUWMH�9HUQRRLM������0LVFKD�9HHQ������5ROI�9HUKHXO����

���(PHUJHQF\�3K\VLFLDQ��0&+�%URQRYR��7KH�+DJXH��7+(�1(7+(5/$1'6
���(PHUJHQF\�0HGLFLQH�5HVLGHQW��0&+�%URQRYR��7KH�+DJXH��7+(�1(7+(5/$1'6
����6HQLRU��&OLQLFDO�&KHPLVW��&OLQLFDO�&KHPLVWU\�DQG�+HPRWRORJLF�ODERUDWRU\��/DE�:HVW��ORFDWLRQ�0&+�%URQRYR��7KH�+DJXH��7+(�1(7+(5/$1'6

.H\ZRUGV��3RLQW�RI�&DUH��FRXPDULQV��,15��&9$��HPHUJHQF\�URRP

$EVWUDFW��

,QWURGXFWLRQ

,Q�WKH�HPHUJHQF\�GHSDUWPHQW��('��LW�LV�SRVVLEOH�WR�FKHFN�WKH�,15�RI�SDWLHQWV�ZLWK�D�SRLQW�RI�FDUH�GHYLFH��32&7��

7KHUH�KDV�EHHQ�VRPH�GLVFXVVLRQ�DERXW�WKH�XVH�RI�32&7�UHVXOWV�LQ�GHFLVLRQ�PDNLQJ�IRU�DFXWH�VLWXDWLRQV��0DQ\

IDFWRUV�FDQ�LQIOXHQFH�WKH�32&7�UHVXOW�DQG�LWV�UHOLDELOLW\��:H�DLPHG�WR�HYDOXDWH�WKH�GLIIHUHQFHV�LQ�32&7�DQG�ODE

WHVWHG�
FRQYHQWLRQDO
�,15�UHVXOWV�DQG�WKHLU�LPSDFW�RQ�WUHDWPHQW�GHFLVLRQV�

0HWKRG

'DWD�ZDV�UHWURVSHFWLYHO\�FROOHFWHG�IURP�WKH�ODERUDWRU\�V\VWHP�DQG�WKH�HOHFWURQLF�SDWLHQW�UHFRUG��7KH�32&7

PHDVXUHPHQWV��&RDJXFKHN�;6�3UR��5RFKHi��UHFRUGHG�LQ�WKH�('�ZHUH�FRPSDUHG�WR�D�FRQYHQWLRQDO�,15�UHVXOW

�6\VPH[�&6����i���3DWLHQWV�ZLWK�D�GLIIHUHQFH�RI�!����EHWZHHQ�PHDVXUHPHQWV��DQG�SDWLHQWV�ZKR�GLG�QRW�KDYH

D�FRQYHQWLRQDO�,15�UHVXOW��ZHUH�DQDO\]HG�VHSDUDWHO\�E\�FKDUW�UHYLHZ�RQ�WUHDWPHQW�GHFLVLRQV�

5HVXOWV

2YHU�VL[�PRQWKV������32&7�PHDVXUHPHQWV�ZHUH�WDNHQ��������RI�SDWLHQWV�ZHUH�DGPLWWHG�WR�('�ZLWK�VXVSHFWHG

&9$�����RI�32&7�PHDVXUHPHQWV�ZHUH�FRQILUPHG�ZLWK�D�FRQYHQWLRQDO�,15�����RI�WKHVH�KDG�!�����GLIIHUHQFH�LQ

,15��(YDOXDWLRQ�RI�OLSLG�VSHFWUXP�DQG�KHPDWRFULW�UHYHDOHG�D�SRVVLEOH�UHDVRQ�IRU�WKHVH�GLIIHUHQFHV�LQ�RQO\��

SDWLHQW��������RI�WKHVH�GLIIHUHQFHV�LQ�PHDVXUHPHQWV�KDG�D�32&7�,15�!�����7KHUH�ZDV�QR�FOHDU�FKDQJH�LQ

GHFLVLRQ�PDNLQJ�IRU�WKLV�JURXS��GHVSLWH�WKH�VRPHWLPHV�VXEVWDQWLDO�GLIIHUHQFH�LQ�,15�UHVXOW��H�J������YV�������1R

SDWLHQWV�ZLWK�DQ�,15�Ô����XVHG�FRXPDULQV��2I����SDWLHQWV�ZLWK�RQO\�32&7�,15����UHFHLYHG�D�KHPRVWDWLF

LQWHUYHQWLRQ��H�J��9LWDPLQ�N��&RIDFWi��0HURFHOi�RU�/0:+����SDWLHQWV�UHFHLYHG�WKURPERO\VLV�

&RQFOXVLRQ

7KH�GLIIHUHQFHV�LQ�PHDVXUHPHQWV�KDYH�QR�FOHDU�HIIHFW�RQ�GHFLVLRQ�PDNLQJ�LQ�WKH�('��,Q�KLJK�32&7�YDOXHV��32&7

!�����LW�LV�DGYLVHG�WR�FRQILUP�E\�FRQYHQWLRQDO�,15��:LWK�D�32&7�,15�RI�Ô�����LW�LV�VDIH�WR�VWDUW�WUHDWPHQW�ZLWKRXW

ZDLWLQJ�IRU�ODE�UHVXOWV��VDYLQJ�WLPH�DQG�FRVWV�



5(63,5$725<�(0(5*(1&,(6 3DVFXDO�3LQHUD�6DOPHURQ

��������$17,%,27,&�75($70(17�',6&+$5*(�72�(0(5*(1&<�6(59,&(�,1�3$7,(176�29(5����<($56�2)�,1)(&7,286�&$86(6
&23'�(;$&(5%$7,216

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%/$1&$�'(�/$�9,//$�=$025$������0$5,$�&25&2/(6�9(5*$5$������185,$�52'5,*8(=�*$5&,$������)(51$1'(=�&$0$&+2�'$1$(������0$5,$
&2168(/2�48(6$'$�0$57,1(=������&(6$5�&,1(6,�*20(=������3$6&8$/�3,y(5$�6$/0(5{1����

���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��&23'��$17,%,27,&��(;$&(5%$7,21

$EVWUDFW��

,1752'8&7,21
&KURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'��LV�D�OXQJ�GLVRUGHU�,W�FKDUDFWHUL]HG�E\�WKH�H[LVWHQFH�RI�DQ�REVWUXFWLRQ�RI�WKH�DLUZD\V
XVXDOO\�SURJUHVVLYH�DQG�LUUHYHUVLEOH��7KH�H[DFHUEDWLRQ�RI�&23'��&23'�H[DFHUEDWLRQV��LV�GHILQHG�DV�D�VXVWDLQHG�ZRUVHQLQJ�RI�UHVSLUDWRU\�V\PSWRPV�
EH\RQG�LWV�GDLO\�YDULDWLRQ��DQG�LWV�PRVW�IUHTXHQW�LQIHFWLRXV�FDXVH��7KH�IUDLO�HOGHUO\�RU�KLJK�ULVN�LV�RQH�WKDW�KDV�D�KLJK�SUREDELOLW\�RI�VXIIHULQJ�DQ
DGYHUVH�SURFHVV�DQG�WKHUHIRUH�KDYH�KLJKHU�PRUELGLW\�DQG�PRUWDOLW\��,Q�WKHP��VWULFW�FRQWURO�RI�&23'�H[DFHUEDWLRQV�LV��LI�DQ\WKLQJ��PRUH�LPSRUWDQW�
2%-(&7,9(6
(YDOXDWH�WKH�XVH�PDGH�RI�DQWLELRWLFV�LQ�DFXWH�H[DFHUEDWLRQ�RI�&23'�H[DFHUEDWLRQV�RI�LQIHFWLRXV�RULJLQ�LQ�SDWLHQWV�RYHU����\HDUV�GLVFKDUJHG�IURP�WKH
HPHUJHQF\�GHSDUWPHQW�
0$7(5,$/�$1'�0(7+2'6
GHVFULSWLYH��REVHUYDWLRQDO�DQG�UHWURVSHFWLYH�VWXG\�*HQHUDO�+RVSLWDO�8QLYHUVLWDULR�5HLQD�6RILD�������SDWLHQWV�GLDJQRVHG�ZLWK�&23'�E\�VSLURPHWU\
ZKR�FDPH�WR�WKH�HPHUJHQF\�GHSDUWPHQW�RI�+*856�IURP�-DQXDU\������WR�-XQH������ZHUH�LQFOXGHG�
5(68/76
�����SDWLHQWV�RI�ZKLFK��������������ZHUH�ROGHU�WKDQ����\HDUV�ZHUH�DQDO\]HG������������ZHUH�GLVFKDUJHG�KRPH�ZLWK�D�GLDJQRVLV�RI�UHVSLUDWRU\
LQIHFWLRQ��2I�WKHVH��������������ZHUH�SUHVFULEHG�DQWLELRWLF�IURP�WKH�(PHUJHQF\�'HSDUWPHQW�
�������������SDWLHQWV�ZHUH�\RXQJHU�WKDQ����\HDUV��RI�ZKLFK��������������ZHUH�GLVFKDUJHG�IURP�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�D�GLDJQRVLV�RI
UHVSLUDWRU\�LQIHFWLRQ��2I�WKHVH������������ZHUH�6WDQGDUG�DQWLELRWLF�IURP�WKH�(PHUJHQF\�'HSDUWPHQW�
&21&/86,216
3DWLHQWV�RYHU����DUH�FRQVLGHUHG�KLJK�ULVN�ZKHQ�VHYHUH�FRPSOLFDWLRQV�IURP�LQIHFWLRXV�GLVHDVHV��VR�WKDW��LI�QHFHVVDU\��DSSURSULDWH�LQIHFWLRQ�FRQWURO�LV
HVVHQWLDO�WR�SUHYHQW�IXUWKHU�FRPSOLFDWLRQV��)RU�SUHVFULELQJ�DQWLELRWLFV�VKRXOG�VWLFN�WR�WKH�FULWHULD�UXOHG�E\�H[SHUWV��,Q�RXU�FDVH��ZH�FDQ�VHH�WKDW�WKH
GLIIHUHQFHV�LQ�SUHVFULELQJ�LQ�ROGHU�RU�XQGHU����\HDUV�DUH�QRW�VLJQLILFDQW�VR�WKH�IUDJLOLW\�EDVHG�RQ�WKLV�DOPRVW�DJH�GRHV�QRW�VHHP�WR�EH�D�FULWHULRQ�WR
EH�WDNHQ�LQWR�DFFRXQW�E\�(3V�ZKHQ�DQWLELRWLF�WUHDWPHQW�SUHVFULEHG�DW�GLVFKDUJH�IURP�WKH�(PHUJHQF\�'HSDUWPHQW�



5(63,5$725<�(0(5*(1&,(6 3DVFXDO�3LQHUD�6DOPHURQ

��������$17,%,27,&�75($70(17�,1�',6&+$5*(�2)�(0(5*(1&<�'(3$50(17�,1�3$7,(176�:,7+�&23'�(;$&(5%$7,216�$6�*2/'
6(9(5,7<�5$7,1*

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'$1$(�)(51$1'(=�&$0$&+2������%/$1&$�'(�/$�9,//$�=$025$������0$5,$�&25&2/(6�9(5*$5$������185,$�52'5,*8(=�*$5&,$������0$5,$
&2168(/2�48(6$'$�0$57,1(=������3$6&8$/�3,y(5$�6$/0(5{1����

���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��$17,%,27,&�75($70(17��&23'�(;$&(5%$7,216�

$EVWUDFW��

,QWURGXFWLRQ
&KURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'��LV�DQ�LUUHYHUVLEOH��SURJUHVVLYH�GLVHDVH�FKDUDFWHUL]HG�E\�FKURQLF�DLUIORZ�REVWUXFWLRQ��7KH�XVH�RI
DQWLELRWLFV�LQ�H[DFHUEDWLRQV�RI�&23'��&23'�H[DFHUEDWLRQV��KDV�SUHFLVH�LQGLFDWLRQV�UHIOHFWHG�LQ�WKH�ODWHVW�&OLQLFDO�3UDFWLFH�*XLGHOLQHV��DOWKRXJK�WKHUH
LV�FRQWURYHUV\�

REMHFWLYH
$QDO\]H�WKH�DQWLELRWLF�WUHDWPHQW�DW�GLVFKDUJH�IURP�WKH�(PHUJHQF\�'HSDUWPHQW�SDWLHQWV�ZLWK�&23'�H[DFHUEDWLRQV�DQG�WKH�UHODWLRQVKLS�EHWZHHQ
DQWLELRWLF�SUHVFULELQJ�DQG�WKH�VHYHULW\�OHYHO�

0DWHULDO�DQG�PHWKRGV
REVHUYDWLRQDO��UHWURVSHFWLYH�VWXG\�FRQGXFWHG�DW�WKH�8QLYHUVLW\�*HQHUDO�+RVSLWDO�5HLQD�6RI�D��SDWLHQWV�GLDJQRVHG�ZLWK�&23'�ZHUH�LQFOXGHG�E\
VSLURPHWU\�IRU�&23'�H[DFHUEDWLRQV�DWWHQGHG�EHWZHHQ�-DQXDU\������DQG�-XO\�������DQWLELRWLF�WUHDWPHQW�SUHVFULEHG�DW�GLVFKDUJH�DQG�LWV�UHODWLRQ�WR
JUDYLW\�6WDGLXP�ZDV�DQDO\]HG�DFFRUGLQJ�*2/'��)(9!�����PLOG��PRGHUDWH����������������VHYHUH�DQG������YHU\�VHYHUH��

UHVXOWV
�����SDWLHQWV�ZLWK�&23'�H[DFHUEDWLRQV�YDOXH��7KH\�UHFHLYHG�DQWLELRWLF�WUHDWPHQW�����RI�SDWLHQWV�ZLWK�)(9!���������SDWLHQWV���������ZLWK�)(9
������������SDWLHQWV���������ZLWK�)(9�������������SDWLHQWV��DQG�������ZLWK�)(9�����������SDWLHQWV��������ZDV�GLVFKDUJHG�ZLWK�DPR[LFLOOLQ
FODYXODQDWH��0R[LIOR[DFLQ�������������/HYRIOR[DFLQ��&LSURIOR[DFLQ������������&HIGLWRUHQ��&HIWULD[RQH������������YHUVXV�DFWLYH�&HSKDORVSRULQ
3VHXGRPRQDV�DQG����ZLWK�RWKHU�DQWLELRWLFV�DQG�WKH�UHVW�ZHUH�GLVFKDUJHG�ZLWKRXW�DQWLELRWLF�RU�ZHUH�DGPLWWHG�

FRQFOXVLRQV
7KH�/HYRIOR[DFLQ�ZDV�WKH�PRVW�XVHG�DQWLELRWLF��DPR[LFLOOLQ�FODYXODQDWH�IROORZHG��FRUUHVSRQGLQJ�ODUJHO\�DV�GHVFULEHG�LQ�WKH�&OLQLFDO�3UDFWLFH
*XLGHOLQHV�
,Q�UHVSRQVH�WR�JUDYLW\��ZH�QRWH�WKDW�LQ�WKH�FDVH�RI�SDWLHQWV�ZLWK�VHYHUH�YHU\�VHYHUH�VWDJH��)(9�������DQG��)(9���������RQO\�WUHDWPHQW�SUHVFULEHG
DW�GLVFKDUJH�LQ�������DQG�������RI�FDVHV�UHVSHFWLYHO\��7KLV�FRXOG�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�PRVW�SDWLHQWV�ZLWK�DGYDQFHG�VWDJH�GLVHDVH�DUH
DGPLWWHG��EHLQJ�GLVFKDUJHG�RQO\�WKRVH�ZLWK�D�VWDEOH�FOLQLFDO�FRQGLWLRQ�DQG��LQ�SULQFLSOH��QR�FULWHULD�DQWLELRWLF�WKHUDS\��,W�ZRXOG�EH�LQWHUHVWLQJ�WR
H[WHQG�WKH�VWXG\�WR�DVVHVV�WKHVH�UHVXOWV�



,1)(&7,286�',6($6(���6(36,6 =H\QHS�.HNHi

��������(PHUJHQF\�0DQDJHPHQW�$QG�7KH�5HODWLRQVKLS�%HWZHHQ�6HUXP�/DFWDWH�/HYHO�LQ�6HSVLV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6HOHQ�$GD�6�UHU������=H\QHS�.HNHF����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��&XNXURYD�8QLYHUVLW\��6FKRRO�RI�0HGLFLQH��$GDQD��785.(<

.H\ZRUGV��VHSVLV��ODFWDWH��HPHUJHQF\��PRUWDOLW\

$EVWUDFW��

$LP��,Q�WKLV�VWXG\��ZH�DLPHG�WR�HYDOXDWH�RI�WKH�YDU\LQJ�ODFWDWH�OHYHOV�LQ�WKH�SURFHVV�RI�FKDQJLQJ�PHWDEROLVP�GXH�WR�VHSVLV�DQG�GHWHUPLQH
HIIHFWLYHQHVV�RQ�HPHUJHQF\�GLDJQRVLV�DQG�WUHDWPHQW�LQ�SDWLHQWV�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�

0DWHULDOV�DQG�0HWKRGV��7KLV�VWXG\�ZDV�SHUIRUPHG�ZLWK�����SDWLHQWV�IROORZHG�E\�VHSVLV�EHWZHHQ�GDWHV�RI��������������������������$JH��VH[�
V\PSWRPV��YLWDO�DQG�SK\VLFDO�H[DPLQDWLRQ�ILQGLQJV��6,56�FULWHULD��JHQHUDO�FKDQJHV��LQIODPPDWRU\�FKDQJHV��KHPRG\QDPLF�FKDQJHV�DQG�RUJDQ
G\VIXQFWLRQ�FKDQJHV��WLVVXH�SHUIXVLRQ�FKDQJHV��LQIHFWLRQ�ORFDOL]DWLRQ��WUHDWPHQW�VWDWXV��PRUWDOLW\�UDWHV�ZHUH�HYDOXDWHG�LQ�WHUPV�RI�UHODWLRQV�ZLWK
ODFWDWH�OHYHO��'DWD�ZHUH�DQDO\]HG�XVLQJ�6366�YHUVLRQ�RI�:LQGRZV�����7KH�GLVWULEXWLRQ�RI�YDULDEOHV�ZDV�FKHFNHG�ZLWK�WKH�.ROPRJRURY�6PLUQRY�WHVW��,Q
DQDO\]LQJ�WKH�GDWD��0DQQ�:KLWQH\�8��.UXVNDO�:DOOLV�DQG�3HDUVRQ�FRUUHODWLRQ�WHVWV�ZHUH�XVHG��S������ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW�

5HVXOWV��,Q�RXU�VWXG\��WKH�PHGLDQ�DJH�RI�SDWLHQWV�ZDV����\HDUV��������ZHUH�PDOH��7KH�PRVW�FRPPRQ�SK\VLFDO�ILQGLQJ�GHWHFWHG�LQ�SDWLHQWV�ZDV
IHYHU��7KH�PRVW�FRPPRQ�LQIHFWLRQ�IRFXV�ZDV�WKH�UHVSLUDWRU\�V\VWHP��7KH�PHGLDQ�ODFWDWH�OHYHO�RI�WKH�SDWLHQWV�ZDV�GHWHFWHG�����PPRO���/��/DFWDWH
OHYHOV�KDG�QR�UHODWLRQVKLS�ZLWK�FRPRUELG�GLVHDVHV��WKH�QXPEHU�RI�6,56�FULWHULD��WKH�IRFXV�RI�LQIHFWLRQ��SRVLWLYH�FXOWXUH��HPHUJHQF\�IROORZ�XS�SHULRG
DQG�GXUDWLRQ�RI�KRVSLWDOL]DWLRQ��S!��������/DFWDWH�OHYHOV�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�SDWLHQWV�ZLWK�ORZHU�PHDQ�DUWHULDO�SUHVVXUH�DQG�V\VWROLF�EORRG
SUHVVXUH�OHYHOV��S���������/DFWDWH�OHYHOV�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�SDWLHQWV�ZLWK�EURQFKRVSDVP��DFXWH�OXQJ�LQMXU\��$5'6��EORRG�FRDJXODWLRQ
GLVRUGHUV��GHFUHDVHG�FDSLOODU\�UHILOO���VSRWWLQJ�DQG�XQH[SODLQHG�PHWDEROLF�DFLGRVLV��S���������$�QHJDWLYH�FRUUHODWLRQ�ZDV�REVHUYHG�EHWZHHQ
K\SRJO\FHPLD�DQG�ODFWDWH�OHYHOV��S���������,QFUHDVHG�ODFWDWH�OHYHOV�ZHUH�GHWHFWHG�ZKHQ�FOLQLFDO�RI�SDWLHQWV�JRW�ZRUVH��S���������7KH�PRUWDOLW\�UDWH
RI�WKH�SDWLHQWV�ZDV������ODFWDWH�OHYHOV�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�SDWLHQWV�ZLWK�PRUWDO�SURJQRVLV��S��������

&RQFOXVLRQV��7KH�KHLJKW�RI�WKH�ODFWDWH�OHYHO�RI�SDWLHQWV�ZLWK�VHSVLV�DGPLWWHG�WR�WKH�HPHUJHQF\�FOLQLF�LV�D�VLJQ�RI�EDG�FOLQLF�DQG�KLJK�PRUWDOLW\�UDWH�



35(�+263,7$/���(06���287�2)�+263,7$/ 5RPDLQ�.HG]LHUHZLF]

��������:KLFK�DXWRQRPRXV�SRUWDEOH�LQIXVLRQ�ZDUPHU�VKRXOG�ZH�XVH�RQ�WKH�ILHOG"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9LQFHQW�GHV�5REHUW������&KULVWRSKH�/HEOHX������-HDQ�6W�SKDQH�'DYLG������.DULP�7D]DURXUWH������5RPDLQ�.HG]LHUHZLF]����

���(FROH�GX�9DO�GH�*UDFH��)UHQFK�PLOLWDU\�KHDOWK�VHUYLFH�DFDGHP\��3DULV��)5$1&(
���0HGLFDO�FHQWHU����WK�IUHQFK�DOSLQH�KXQWHU�%DWWDOLRQ��%DUE\��)5$1&(
���'HSDUWPHQW�RI�DQDHVWKHVLRORJ\�DQG�FULWLFDO�FDUH�PHGLFLQH��(GRXDUG�+HUULRW�+RVSLWDO��/\RQ��)5$1&(
���'HSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH��(GRXDUG�+HUULRW�+RVSLWDO��/\RQ��)5$1&(
���(PHUJHQF\�PHGLFDO�VHUYLFH��)LUH�%ULJDGH�RI�3DULV��3DULV��)5$1&(

.H\ZRUGV��IOXLG�WKHUDS\��KHPRUUKDJLF�VKRFN��K\SRWKHUPLD��LQIXVLRQ�ZDUPHU

$EVWUDFW��

%DFNJURXQG��,Q�WKH�ZLOGHUQHVV�RU�RQ�WKH�EDWWOHILHOG��ZKHQ�D�KHPRUUKDJLF�VKRFN�RFFXUV��IOXLG�WKHUDS\�PD\�EH�QHFHVVDU\�WR�VXVWDLQ�OLIH��+\SRWKHUPLD
LV�RQH�RI�WKH�GHWHUPLQDQW�RI�WKH�OHWKDO�WULDG��7KH�LQIXVLRQ�RI�ZDUP�IOXLGV�LV�SUREDEO\�D�NH\�SRLQW�LQ�WKH�PDQDJHPHQW�RI�LQMXUHG�SDWLHQWV��,QIXVLRQ
ZDUPHUV�XVLQJ�EDWWHULHV�DUH�KHDY\�WR�FDUU\�DQG�EDWWHULHV�GRQÇW�ODVW�YHU\�ORQJ�LQ�FROG�HQYLURQPHQWV�

�

0HWKRGV��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�HYDOXDWH�GLIIHUHQW�DXWRQRPRXV�SRUWDEOH�LQIXVLRQ�ZDUPHUV��$SWRQLDi�DQG�*UDEEHUi�DLU�DFWLYDWHG�GLVSRVDEOH
KDQG�ZDUPHUV��*UDEEHUi�FU\VWDOOL]DWLRQ�W\SH�UHXVDEOH�KDQG�ZDUPHU��%DGDEXOOHi�DQG�%DE\VXQi�EDE\�ERWWOH�ZDUPHUV��LQ�FRPSDULVRQ�WR
7UHNPDWHVi�IODPHOHVV�FRRN�ER[��XVLQJ�D�UHDFWLRQ�VLPLODU�WR�KHDW�SDFNV�RI�0HDOV�5HDG\�WR�(DW��RQ�����DQG�����PO���j&�LQWUDYHQRXV��,9��EDJV������
K\SHUWRQLF�RU������QRUPDO�VDOLQH�DQG����WHWUDVWDUFK�����������7HPSHUDWXUHV�ZHUH�PHDVXUHG�LQVLGH�,9�EDJV�XVLQJ�D�WKHUPRFRXSOH��7KH�HQGSRLQW
ZDV�WKH�WLPH�WR�UHDFK���j&�RU�WKH�WHPSHUDWXUH�UHDFKHG�DIWHU����PLQ�RI�ZDUPLQJ�SURFHVV��7KH�H[SHULPHQW�ZDV�UHSHDWHG�HLJKW�WLPHV��)RXU
GLVSRVDEOH�KDQG�ZDUPHUV�ZHUH�XVHG�IRU�����PO�,9�EDJV��VL[�IRU�����PO�EDJV��7ZR�UHXVDEOH�KDQG�ZDUPHUV�DQG�RQH�EDE\�ERWWOH�ZDUPHU�ZHUH�XVHG�IRU
����RU�����PO�,9�EDJV�

�

5HVXOWV��7UHNPDWHVi�IODPHOHVV�FRRN�ER[�ZDV�WKH�RQO\�GHYLFH�DEOH�WR�KHDW�IOXLGV�XS�WR���j&�LQ�OHVV�WKDQ����PLQ������PO����PLQ���V������PO����PLQ���
V��S� ��������'LVSRVDEOH�KDQG�ZDUPHUV�KHDWHG�����PO�EDJV�XS�WR���j&��k������DQG�����j&��k������DQG�����PO�EDJV�XS�WR�����j&��k������DQG�����j&
�k�������5HXVDEOH�KDQG�ZDUPHUV�KHDWHG�����PO�EDJV�XS�WR���j&��k������DQG�����PO�EDJV�XS�WR�����j&��k�������%DE\�ERWWOH�ZDUPHUV�KHDWHG�����PO
EDJV�XS�WR�����j&��k������DQG�����j&��k������DQG�����PO�EDJV�XS�WR�����j&��k������DQG�����j&��k�������)RU�GHYLFHV�QRW�HIILFLHQW�HQRXJK�WR�UHDFK
��j&��WKH�WHPSHUDWXUH�UHDFKHG�LQ����PLQ�ZDV����j&�JUHDWHU�ZLWK�����PO�,9�EDJV�WKDQ�ZLWK�����PO�EDJV��S����������7KH�FRPSRVLWLRQ�RI�,9�IOXLGV�GLGQÇW
PDNH�DQ\�GLIIHUHQFH�RQ�WKH�KHDWLQJ�HIILFLHQF\�

�

'LVFXVVLRQ��FRQFOXVLRQ��7UHNPDWHVi�IODPHOHVV�FRRN�ER[�LV�WKH�PRVW�HIILFLHQW�LQIXVLRQ�ZDUPHU��+RZHYHU��ZKLOH�XVLQJ�LW��WKH�WHPSHUDWXUH�RI�WKH�IOXLG
VKRXOG�EH�FKHFNHG�EHIRUH�WKH�LQIXVLRQ�WR�PDNH�VXUH�WKDW�WKH�IOXLG�LVQÇW�WRR�KRW��5HVFXHUV�VKRXOG�DOVR�WDNH�LQWR�DFFRXQW�WKH�FRROLQJ�SURFHVV�DORQJ�WKH
,9�OLQH��5HXVDEOH�KDQG�ZDUPHUV�RU�EDE\�ERWWOH�ZDUPHUV�DUH�WKH�VHFRQG�EHVW�RSWLRQ�WR�KHDW�IOXLGV�EXW�WKH�KHDWLQJ�SURFHVV�LV�ORQJ�DQG�VKRXOG�EH
DQWLFLSDWHG��+HDWLQJ�ILUVW�����PO�RI�K\SHUWRQLF�VDOLQH�LV�SUREDEO\�WKH�EHVW�RSWLRQ��OLJKWHU�WR�FDUU\�DQG�IDVWHU�WR�KHDW�ZLWK�WKH�JUHDWHVW�YROXPH
H[SDQVLRQ�FDSDELOLW\���WKDQ�����PO�RI�WHWUDVWDUFK�LI�D�ORQJ�ODVWLQJ�H[SDQVLRQ�HIIHFW�LV�UHTXLUHG�GXH�WR�GHOD\HG�HYDFXDWLRQ�



&/,1,&$/�32/,&< *DE\RQJ�-(21*

��������&KDQJHV�RI�HPHUJHQF\�GHSDUWPHQW�ZRUNHUVx�SHUFHSWLRQV�RI�HIIHFWLYHQHVV�DQG�UHSRUWHG�FRPSOLDQFH�RI�LQIHFWLRQ�FRQWURO
PHDVXUHV�DIWHU�PLGGOH�HDVW�UHVSLUDWRU\�V\QGURPH�RXWEUHDNV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*DE\RQJ�-HRQJ������7DH�5LP�/HH������0LQ�6XE�6LP������6XQJ�<HRQ�+ZDQJ������:RQ�&KXO�&KD������7DH�*XQ�6KLQ������,N�-RRQ�-R������.HXQ�-HRQJ�6RQJ�����
-RRQJ�(XL�5KHH������<HRQ�.ZRQ�-HRQJ����

�����6DPVXQJ�PHGLFDO�FHQWHU��VHRXO��.25($��5(38%/,&�2)
�����6DPVXQJ�PHGLFDO�FHQWHU��VHRXOG��.25($��5(38%/,&�2)

.H\ZRUGV��0(56��PLGGOH�HDVW�UHVSLUDWRU\�V\QGURPH��KDQG�K\JLHQH��SHUVRQDO�SURWHFWLYH�HTXLSPHQW��FRPSOLDQFH��SHUFHSWLRQV�RI�HIIHFWLYHQHVV

$EVWUDFW��

(PHUJHQF\�GHSDUWPHQW�ZRUNHUVÇ�SHUFHSWLRQV�RI�HIIHFWLYHQHVV�DQG�UHSRUWHG�FRPSOLDQFH�RI�LQIHFWLRQ�FRQWURO�PHDVXUHV�DIWHU�PLGGOH�HDVW�UHVSLUDWRU\
V\QGURPH�RXWEUHDNV�

3XUSRVH���0LGGOH�HDVW�UHVSLUDWRU\�V\QGURPH��0(56��RXWEUHDNV�RFFXUUHG�LQ�.RUHD�RQ������ZLWK�����SDWLHQWV�LQ�UHODWLYHO\�VKRUW�WLPH��7KH
HSLGHPLRORJLFDO�SDWWHUQ�LQ�6RXWK�.RUHD�ZDV�KRVSLWDO�DVVRFLDWHG��,QIHFWLRQ�FRQWURO�SODQV�IRU�DOO�KRVSLWDOV�ZDV�LPSOHPHQWHG�WR�VWRS�WKH�VSUHDG�RI�0(56
LQIHFWLRQ�DQG�WR�SURWHFW�KHDOWKFDUH�ZRUNHUV�IURP�LQIHFWLRQV��(QKDQFHG�JXLGHOLQHV�IRU�LQIHFWLRQ�FRQWURO�PHDVXUHV�PLJKW�DIIHFW�KHDOWKFDUH�ZRUNHUV�
7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�FKDQJHV�RI�WHUWLDU\�HPHUJHQF\�GHSDUWPHQW�KHDOWKFDUH�ZRUNHUVÇ�SHUFHSWLRQ�DQG�FRPSOLDQFH�WR�KDQG
K\JLHQH�DQG�SHUVRQDO�SURWHFWLYH�HTXLSPHQW��33(��EHIRUH�DQG�DIWHU�0(56�RXWEUHDNV�

0HWKRGV���$�ZULWWHQ�TXHVWLRQQDLUH�ZDV�DGPLQLVWHUHG�WR�PHPEHUV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DW�WKH�6DPVXQJ�0HGLFDO�&HQWHU��3DUWLFLSDQWV�ZHUH
DVNHG�WR�UDWH�WKH�FRPELQHG�RYHUDOO�HIIHFWLYHQHVV�RI�KDQG�K\JLHQH�DQG�33(�DQG�WR�UHSRUW�FRPSOLDQFH�RQ�D���SRLQW�VFDOH��7KLV�VXUYH\�FRQGXFWHG
GXULQJ�������6HSWHPEHU������

5HVXOWV���7KH�QXPEHU�RI�SDUWLFLSDQWV�ZDV������3HUFHSWLRQ�RI�HIIHFWLYHQHVV�EHIRUH�DQG�DIWHU�0(56�RXWEUHDNV�ZDV�WKDW�KDQG�K\JLHQH�������YV������
S��������1����PDVN�������YV�������S��������JRZQ�������YV�������S��������H\H�SURWHFWLRQ�������YV�������S��������JORYH�������YV�������S�������DQG
VXUJLFDO�PDVN�������YV�������3 ��������5HVSRQGHQWV�VKRZHG�VWDWLVWLFDOO\�KLJKHU�FRPSOLDQFH�ZLWK�KDQG�ZDVKLQJ�DQG�33(�DIWHU�0(56�RXWEUHDNV�
VSHFLILFDOO\��KDQG�K\JLHQH�������YV��������VXUJLFDO�PDVN�������YV��������1����PDVN�������YV��������JRZQ�������YV��������H\H�SURWHFWLRQ�������YV�������
JORYH�������YV��������&RPSOLDQFH�ZLWK�KDQG�K\JLHQH�DQG�33(�GHSHQGLQJ�RQ�SDWLHQW�V\PSWRPV���RQO\�IHYHU�RU�IHYHU�ZLWK�XSSHU�UHVSLUDWRU\�V\PSWRP
FRPSDUHG�WR�QR�IHYHU�DQG�QR�UHVSLUDWRU\�V\PSWRP�Ä�UHSRUWHG�VWDWLVWLFDOO\�LQFUHDVHG�H[FHSW�VXUJLFDO�PDVN��7KH�PRVW�KLJKO\�UDWHG�UHDVRQ�IRU�GRLQJ
KDQG�K\JLHQH�DQG�XVLQJ�33(�EHIRUH�DQG�DIWHU�0(56�RXWEUHDNV�ZDV�WR�SURWHFW�RQHVHOI�IURP�UHVSLUDWRU\�LQIHFWLRXV�GLVHDVH��ZKLFK�ZDV��������DQG
��������UHVSHFWLYHO\��3URWHFWLRQ�JXLGHOLQH�RI�KRVSLWDO�ZDV�VHFRQGO\�UDWHG�UHDVRQ��ZKLFK�GHFUHDVHG��������WR��������DIWHU�0(56�RXWEUHDNV��%XW
UHJDUGLQJ�UHIHUHQFH�VRXUFH�IRU�FKRRVLQJ�VSHFLILF�LQIHFWLRQ�FRQWURO�PHDVXUHV��KRVSLWDO�JXLGHOLQH�ZDV��������DQG�LQGLYLGXDO�GHFLVLRQ�ZDV�������

&RQFOXVLRQ���,QIHFWLRQ�FRQWURO�PHDVXUHV�H[FHSW�VXUJLFDO�PDVN�ZDV�SHUFHLYHG�WR�EH�PRUH�HIIHFWLYH�WKDQ�EHIRUH�0(56�RXWEUHDNV��(PHUJHQF\
GHSDUWPHQWÇV�ZRUNHUV�UHSRUWHG�LQFUHDVHG�FRPSOLDQFH�RQ�KDQG�K\JLHQH�DQG�33(�H[FHSW�VXUJLFDO�PDVN��(YHQ�WKRXJK�UHSRUWHG�FRPSOLDQFH�IRU�H\H
SURWHFWLRQ�ZDV�VWDWLVWLFDOO\�KLJKHU�DIWHU�0(56�RXWEUHDNV��LWV�FRPSOLDQFH�UDWH�ZDV�UHODWLYHO\�ORZ�FRPSDUHG�WR�RWKHU�33(�PHDVXUHV��



('8&$7,21�$1'�75$,1,1* 0RVWDID�$/$9,�02*+$''$0

��������7KH�5ROH�RI�IHHGEDFN�GXULQJ�HYDOXDWLRQ��'RHV�LW�PDWWHU�LQ�SURPRWLRQ�RI�HPHUJHQF\�PHGLFLQH�UHVLGHQWVx�FRPSHWHQFLHV�"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0RVWDID�$/$9,�02*+$''$0������$OL�9$)$(,����

���(PHUJHQF\�0HGLFLQH�'HSDUWPHQW���6KDKLG�%HKHVKWL�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,5$1��,6/$0,&�5(38%/,&
���(PHUJHQF\�0HGLFLQH�'HSDUWPHQW��6KDKLG�%HKHVKWL�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��6WXGHQW�(YDOXDWLRQ�)HHGEDFN��&RPSHWHQF\��(PHUJHQF\�0HGLFLQH

$EVWUDFW��

%DFNJURXQG�6WXGHQW�HYDOXDWLRQ�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�HGXFDWLRQDO�LQWHUYHQWLRQV�LQ�SURPRWLRQ�HIIHFWLYHQHVV�RI�FOLQLFDO
HGXFDWLRQ�7KLV�VWXG\�ZDV�SHUIRUPHG�WR�GHWHUPLQH�WKH�UROH�IHHGEDFN�GXULQJ�UHVLGHQWV
�HYDOXDWLRQ�RQ�SURPRWLRQ�WKHLU�FRPSHWHQFLHV
LQ�FKHVW�VRQRJUDSK\��&6��DPRQJ�WUDXPD�SDWLHQWV�

0HWKRGV��7KLV�ZDV�D�VZLWFKLQJ�UHSOLFDWLRQV�GHVLJQ��TXDVL�H[SHULPHQWDO�VWXG\�7KH�VWXG\�SRSXODWLRQ�LQFOXGHG����VHFRQG�\HDU
HPHUJHQF\��PHGLFLQH�UHVLGHQWV��(05��IURP�WZR�XQLYHUVLW\�DIIOLDWHG�KRVSLWDOV�%HIRUH�WKH�VWXG\��EDFNJURXQG�NQRZOHGJH�RI�WKH�(05
UHJDUGLQJ�&6�ZDV�PHDVXUHG�E\�D�VWDQGDUG�0&4�(05�ZHUH�DVVLJQHG�LQWR�WZR�JURXSV��$�UHODWHG�WR�ILUVW�DQG�%�UHODWHG�WR�VHFRQG
KRVSLWDO�$�VWDQGDUG�FKHFN�OLVW��6&��ZDV�GHVLJQHG�WR�HYDOXDWH�(05
V�FRPSHWHQFLHV�UHJDUGLQJ�&6�LQ�WUDXPD�SDWLHQWV�9DOLGLW\�RI�6&
ZDV�DSSURYHG�E\�WKH�H[SHUW�SDQHO�DQG�LW
V�UHOLDELOLW\�ZDV�FRQILUPHG�E\�WKH�WHVW��UHWHVW�H[DPV�LQ�D�SLORW�VWXG\�5HVLGHQW�HYDOXDWLRQ�LQ
HDFK�KRVSLWDO�KDG�WKUHH�SKDVHV��ZLWK���PRQWKV�DSDUW�EHWZHHQ�WKH�ILUVW�DQG�ODVW�SKDVHV�,Q�JURXS�$��DW�WKH�ILUVW�SKDVH��6&�ZDV�XVHG
ZLWK�IHHGEDFN�WR�WKH�(05�DQG�DW�WKH�VHFRQG�SKDVH��6&�ZDV�XVHG�ZLWKRXW�IHHGEDFN�,Q�JURXS�%��DW�WKH�ILUVW�SKDVH��6&�ZDV�XVHG
ZLWKRXW�IHHGEDFN�WR�WKH�(05�DQG�DW�WKH�VHFRQG�SKDVH��6&�ZDV�XVHG�ZLWK�IHHGEDFN�)LQDO�SKDVH�RI�HYDOXDWLRQ�FRQGXFWHG
VLPXOWDQHRXVO\�LQ�ERWK�KRVSLWDOV��WZR�PRQWKV�ODWHU�WKH�VHFRQG�SKDVH�RI�HYDOXDWLRQ�E\�XVLQJ�6&�ZLWKRXW�IHHGEDFN��$OVR�DW�WKH�ILQDO
SKDVH�RI�VWXG\��(05�ZHUH�UHTXHVWHG�WR�FRPPHQW�WR�WKLV�SKUDVH�DFFRUGLQJ�WR�WKH���VFDOH�OLNHUW�TXHVWLRQDLUH��

*LYLQJ�IHHGEDFN�WR
(05�GXULQJ�HYDOXDWLRQ��FRXOG�SURPRWH�(05
V�FRPSHWHQFLHV�UHJDUGLQJ�&6�

�7KH�SHUIRUPDQFH�VFRUH�36��RI�WKH�(05��ZHUH�FDOFXODWHG
LQ�HDFK�SKDVH�RI�VWXG\�DFFRUGLQJ�WR�GLUHFW�REVHUYDWLRQ�E\�RQH�RI�WKH�DWWHQGLQJ�RI�HPHUJHQF\�PHGLFLQH�GHSDUWPHQW��ZKLOH�WKH�(05
VKRZHG�WKHLU�VNLOO�DERXW�&6�LQ�D�WUDXPD�SDWLHQW�0LQ�DQG�0D[�RI�WKH�36�ZHUH�UHVSHFWLYHO\���DQG����EDVHG�RQ�WKH�6&�'XULQJ�WKH�VWXG\
WKH�(05�ZHUH�EOLQGHG�WR�WKH�WLPH�RI�HYDOXDWLRQ�DQG�WKH�W\SH�RI�FRPSHWHQF\�ZKLFK�ZDV�VXSSRVHG�WR�EH�HYDOXDWHG�

5HVXOWV��7KHUH�ZHUH����SDUWLFLSDQWV�LQ�HDFK�JURXS�RI�VWXG\�7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WZR�JURXSV
UHJDUGLQJ�GHPRJUDSKLF�YDULDEOHV�DQG�EDFNJURXQG�NQRZOHGJH�RI�WKH�(05�DERXW�&6�LQ�WUDXPD�SDWLHQWV���S�YDOXH ��������7KH�36�RI
WKH�(05�LQ�HDFK�JURXS�VKRZHG�VWDWLVWLFDOO\�VLJQLILFDQW�LPSURYHPHQW�LQ�WKH�SKDVH�LQ�ZKLFK�WKH�SUHYLRXV�SKDVH�RI�HYDOXDWLRQ�ZDV
SHUIRUPHG�E\�XVLQJ�6&�ZLWK�IHHGEDFN�WR�WKH�(05����3�YDOXH���������7ZHQW\�WKUHH�SHUFHQWV�RI�(05�ZHUH�DJUHH�ZLWK�DQG�����RI�(05
ZHUH�VWURQJO\�DJUHH�ZLWK�3KUDVH�

&RQFOXVLRQ��$FFRUGLQJ�WR�WKH�VWXG\���XVLQJ�IHHGEDFN�WR�WKH�(05�GXULQJ�HYDOXDWLRQ��KDG�DQ�HVVHQWLDO�UROH�LQ�SURPRWLRQ�RI�(05
V
FRPSHWHQFLHV�UHJDUGLQJ�&6�LQ�WUDXPD�SDWLHQWV�7KRXJK�JLYLQJ�IHHGEDFN�WR�WKH�WDUJHWHG�PHGLFDO�VWXGHQWV�LV�HPEHGHG�LQ��'LUHFW
2EVHUYHG�3URFHGXUDO�6NLOOV���'236��DV�D�WRRO�RI�HYDOXDWLRQ��LW�VHHPV�WKDW�LW�FRXOG�EH�XVHG�WR�SURPRWH�(05
V�FRPSHWHQFLHV
UHJDUGLQJ�SURFHGXUDO�VNLOOV��
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3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'$1$(�)(51$1'(=�&$0$&+2������0$5,$�&25&2/(6�9(5*$5$������0$5,$�&2168(/2�48(6$'$�0$57,1(=������185,$�52'5,*8(=�*$5&,$�����
%/$1&$�'(�/$�9,//$�=$025$������3$6&8$/�3,y(5$�6$/0(5{1������&(6$5�&,1(6,�*20(=����

���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��WULDJH��H[DFHUEDWLRQV��FRSG

$EVWUDFW��

,QWURGXFWLRQ

&KURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'��LV�D�SURJUHVVLYH�DQG�LUUHYHUVLEOH�GLVHDVH�FKDUDFWHUL]HG�E\�FKURQLF�DLUIORZ�REVWUXFWLRQ��7KH
GHYHORSPHQW�RI�H[DFHUEDWLRQV�DQG�FRPRUELGLWLHV�PD\�LQFUHDVH�LWV�VHYHULW\�

2EMHFWLYH

$VVHVV�WKH�FODVVLILFDWLRQ�RI�WULDJH�SDWLHQWV�SUHVHQWLQJ�ZLWK�H[DFHUEDWLRQ�RI�&23'��&23'�H[DFHUEDWLRQV��WR�WKH�HPHUJHQF\�URRP�DQG�DQDO\]H�WKH
UHODWLRQVKLS�ZLWK�WKH�SDWLHQW
V�DJH�DQG�VXEVHTXHQW�KRVSLWDOL]DWLRQ�

0DWHULDO�DQG�PHWKRGV

2EVHUYDWLRQDO��UHWURVSHFWLYH�DW�WKH�5HLQD�6RILD�+RVSLWDO�(PHUJHQF\�'HSDUWPHQW��:H�LQFOXGHG�SDWLHQWV�GLDJQRVHG�ZLWK�&23'�DWWHQGHG�E\
KHLJKWHQLQJ�EHWZHHQ�-DQXDU\������DQG�-XQH������

:H�DQDO\]H�WKH�FODVVLILFDWLRQ�RI�WULDJH�PRGHO�XVHG�LV�0DQFKHVWHU��1LYHO����5HVXVFLWDWLRQ��5HG��LPPHGLDWH�DWWHQWLRQ��/HYHO�����(PHUJHQF\���<HOORZ�
ZDLW�XQWLO�������PLQXWHV��/HYHO�����8UJHQF\���2UDQJH��ZDLW�XQWLO����PLQXWHV�/HYHO�����OHVV�XUJHQW���*UHHQ��ZDLWLQJ�XS�WR���KRXUV��DQG�LWV�UHODWLRQVKLS
ZLWK�DJH��!����\HDUV�DQG�����\HDUV��DQG�KRVSLWDOL]DWLRQ�

5HVXOWV

$�WRWDO�RI������SDWLHQWV�FRQVXOWHG�IRU�&23'�H[DFHUEDWLRQV��7KH\�ZHUH�FODVVLILHG�DFFRUGLQJ�WULDJH��/HYHO���������������/HYHO�����������������/HYHO���
������������DQG�/HYHO���������������%\�DJH�����\HDUV������SDWLHQWV���/HYHO���������������/HYHO����������������/HYHO����������������DQG�/HYHO�����
��������7KRVH�RI!����\HDUV�������ZHUH�FODVVLILHG�DV�/HYHO���������������/HYHO����������������/HYHO����������������DQG�/HYHO��������������

,Q�UHODWLRQ�WR�DGPLVVLRQ��/HYHO�����������/HYHO�����������/HYHO����������DQG�/HYHO��������7KH\�ZHUH�DGPLWWHG

&RQFOXVLRQV

7KHUH�DUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�OHYHOV�RI�WULDJH�E\�DJH��7KHUH�LV�D�FRUUHODWLRQ�EHWZHHQ�WKH�UHVXOWV�DQG�LQFRPH�OHYHO�WULDJH�SDWLHQWV�EHLQJ
FODVVLILHG�DV�/HYHO���DW�WKH�JUHDWHVW�SHUFHQWDJH�RI�LQFRPH���������DQG�/HYHO���WKH�ORZHVW�SHUFHQWDJH��������,W�LV�QRWHZRUWK\�WKDW�XS�WR�����RI
SDWLHQWV�HQWHULQJ�/HYHO���ZKLFK�FDQ�UHYHDO�D�SUREOHP�LQ�WKH�VWDQGLQJV�ZLWK�FHUWDLQ�SDWLHQWV��7KHUHIRUH�ZH�FDQ�VD\�WKDW�WKH�UDWLQJ�OHYHO�RQ�DUULYDO�WR
WKH�(5�LV�LQ�OLQH�ZLWK�WKH�VHULRXVQHVV�LI�ZH�H[FOXGH�SDWLHQWV�ZLWK�/HYHO���
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��������0LFURELRORJLFDO�LVRODWLRQV��IRFDO�LQIHFWLRQ��DQG�HPSLULF�WKHUDS\���SDWLHQWV�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�IRU
VHSVLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DULD�*LO�/RSH]������(OHQD�3UDGR�0HO������$QWRQLR�%HUQDE��5RMDV�5DPLUH]����

���(PHUJHQF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6\VWHP��6HYLOOH��63$,1
���+RVSLWDO�3KDUPDF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6\VWHP��6HYLOOH��63$,1

.H\ZRUGV��(PHUJHQF\�0HGLFDO�6HUYLFHV���VHSVLV��IRFDO�LQIHFWLRQ

$EVWUDFW��

2EMHFWLYH��WR�SHUIRUP�D�GHVFULSWLYH�VWXG\�RI�IRFDO�LQIHFWLRQ��PLFURELRORJ\�LVRODWHV�DQG�HPSLULF�WUHDWPHQWV�DGPLWWHG�DV�VHSVLV�LQ�WKH�HPHUJHQF\
GHSDUPHQW��7KH�REMHFWLYH�LV�WR�GHWHUPLQH�WKH�VHSWLF�SDWLHQW�FKDUDFWHULVWLFV�DQG�VWDEOLVK�ZKLFK�PHDVXUHV�LPSOHPHQW�WR�HQKDQFH�SDWLHQW�DWHQWLRQ�DQG
KHDOWK�RXWFRPHV�

0HWRGRORJ\��SDWLHQWV�DGPLWWHG�ZLWK�VHSVLV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�GXULQJ�WKH�SHULRG�-DQXDU\������WR�1RYHPEHU������ZHUH�HQUROOHG�
)ROORZLQJ�GDWD�ZHUH�FROOHFWHG��

��6RFLR�GHPRJUDSKLF��VH[��DJH��

��6HSVLV�W\SH��VHSVLV��VHYHUH�VHSVLV�DQG�VHSWLF�VKRFN�

��)RFDO�LQIHFWLRQ

��7DNH�EORRG�FXOWXUH��<HV��1R�

��0LFURELRORJLFDO�LVRODWHV�RI�EORRG�FXOWXUH�DQG�PLFURELRORJLFDO�LVRODWHV�RI�RWKHU�FXOWXUH�

��(PSLULF�DQWLELRWLF�WKHUDS\�

��([LWXV��<HV�1R�

$�GHVFULSWLYH�VWXG\�RI�WKHVH�YDULDEOHV�ZDV�SHUIRUPHG�XVLQJ�6366�Y����VWDGLVWLF�SDFNDJH�

5HVXOWV�����RI�WKHP�ZHUH�PHQ��WKH�DYHUDJH�DJH�RI�DOO�SDWLHQWV�ZDV�������\HDUV��6'���������������KDG�VHSVLV��DOPRVW�����ZHUH�VHYHUH�VHSVLV�DQG
VHSWLF�VKRFN�ZHUH��������,Q�PRUH�WKDQ���������SDWLHQWV��WKH�IRFXV�ZDV�XULQDU\��UHVSLUDWRU\�IRFXV�IROORZHG�E\��������7KH�EORRG�FXOWXUH�ZDV�WDNHQ�DW
�������WKHUH�ZHUH���SDWLHQWV�ZKR�ZHUH�QRW�WDNHQ��LQ���FDVHV�ZHUH�VHSWLF�VKRFN�ZLWK�GHDWK�ZLWKLQ�KRXUV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��XULQH
FXOWXUHV�ZHUH�WDNHQ�LQ����SDWLHQWV����������RWKHUV�FXOWXUHV�ZHUH�WDNHQ�DV�XOFHU�H[XGDWHV��VSXWXP��VHSWLF�DEVFHVVHV��RULHQWHG�E\�IRFDO�LQIHFWLRQ��7KH
�������RI�WKH�EORRG�FXOWXUHV�ZHUH�QHJDWLYH��DPRQJ�WKH�PRVW�IUHTXHQW�PLFURRUJDQLVPV�LVRODWHG�EDFWHULD�ZHUH�(QWHUREDFWHULDFHDH��(��FROL�>�@�
3URWHXV�>�@��.OHEVLHOOD�>�@���WKHUH�ZHUH���EORRG�FXOWXUHV�LQVXODWHG���EDFWHULD��RQH�RI�WKHP���DEGRPLQDO�IRFXV��(�&ROL�DQG�6�JDOORO\WLFXV�VXEVS
SDVWHXULDQXV���WKH�RWKHU�RQH�XULQDU\�IRFXV��(�&ROL�DQG�(QWHURFRFFXV�IDHFDOLV���7KHUH�ZHUH�RQO\�WZR�LVRODWHV�RI�6��DXUHXV��RQH�RI�WKHP�E\�D�FHQWUDO
FDWKHWHU�2QO\�LQ���FDVHV��WKH�VDPH�PLFURRUJDQLVP�ZDV�LVRODWHG�LQ�EORRG�DQG�XULQH�FXOWXUHV�RU�FXOWXUH�RI�H[XGDWH��$V�IRU�DQWLELRWLF�WKHUDS\��LQ��
SDWLHQWV�HPSLULFDO�DQWLELRWLF�WKHUDS\�ZDV�QRW�UHFRUGHG�LQ�WKH�PHGLFDO�UHFRUG�GLJLWDO���,Q�SDWLHQWV�ZLWK�XULQDU\�IRFXV��WKH�DQWLELRWLF�FRPELQDWLRQ�PRUH
XVHG�ZDV�7REUDP\FLQ���&HIWULD[RQH�,9����SDWLHQWV����IROORZHG�E\�,PLSHQHP�,9����SDWLHQWV��DQG�&HIWULD[RQH�,9�PRQRWKHUDS\����SDWLHQWV����,Q�SDWLHQWV
ZLWK�UHVSLUDWRU\�IRFXV�WKH�PRVW�FRPPRQ�HPSLULFDO�DQWLELRWLF�ZDV�&HIWULD[RQH�,9�PRQRWKHUDS\����SDWLHQWV����ZLWK�KLJK�YDULDELOLW\�RI�DQWLELRWLF
WUHDWPHQW�LQ�RWKHU�FDVHV���$V�IRU�WKH�FRPELQDWLRQV�RI�DQWLELRWLFV�XVHG�����RI�ZKLFK�LV�D�KLJKOLJKW���&HIWULD[RQH���,PLSHQHP���9DQFRP\FLQ�LQ
UHVSLUDWRU\�IRFXV�DQG�3LSHUDFLOOLQ���7D]REDFWDP���0HWURQLGD]ROH�LQ�VRIW�WLVVXH�LQIHFWLRQ�����3DWLHQWV�:HUH�ILQDOO\�H[LWXV�����RI�WKHP�GLHG�ZLWKLQ�WKH
ILUVW����KRXUV���

&RQFOXVLRQV�6HSVLV�LV�D�V\QGURPH�WKDW�UHTXLUHV�D�KLJK�RUJDQL]DWLRQ�LQ�WKH�HPHUJHQF\�VHUYLFHV�WR�JHW�WKH�EHVW�KHDOWK�RXWFRPHV��7DNLQJ�EORRG
FXOWXUHV�PXVW�EH�HVWDEOLVKHG�VWUXFWXUDOO\�LQ�DOO�FDVHV�RI�VHSVLV�EHIRUH�DGPLQLVWUDWLRQ�RI�WKH�DQWLELRWLF���5HJDUGLQJ�DQWLELRWLF�WKHUDS\�LV�HVVHQWLDO�WR
HVWDEOLVK�JXLGHOLQHV�HPSLULFDO�DQWLELRWLF�WKHUDS\�DFFRUGLQJ�FRPRUELGLWLHV�DQG�VHSWLF�IRFL�WR�VWDQGDUGL]H�FOLQLFDO�SUDFWLFH��LPSURYH�WKH�DSSURDFK�RI
LQIHFWLRQ�DQG�UHGXFH�WKH�ULVN�RI�VHOHFWLRQ�RI�UHVLVWDQW�PLFURRUJDQLVPV�
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��������(GXFDWLRQDO�([SHULHQFHV�LQ�'LVDVWHU�0HGLFLQH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$OHQD�'XGHNRYD������9LOLDP�'RELDV����

���&KDLU�RI�(PHUJHQF\�0HGLFDO�&DUH��6ORYDN�0HGLFDO�8QLYHUVLW\��%UDWLVODYD��6/29$.,$

.H\ZRUGV��'LVDVWHU�0HGLFLQH��HGXFDWLRQ��H[HUFLVH��VWXGHQW�FRPSDULVRQ

$EVWUDFW��

([SHULHQFHV�ZLWK�HGXFDWLRQ�LQ�WKH�ILHOG�RI�GLVDVWHU�PHGLFLQH��ZKLFK�ZH�JDLQHG�GXULQJ�WKH�SUHYLRXV�IRXU�\HDUV��HQDEOH�XV�WR�SURYLGH�RWKHU�LQVWLWXWLRQV
IDFLOLWDWLQJ�VLPLODU�HGXFDWLRQ�ZLWK�XVHIXO�LQIRUPDWLRQ��%DFKHORU�SURJUDPPH�ÈHPHUJHQF\�SUH�KRVSLWDO�FDUHÉ�WUDLQV�VWXGHQWV�DV�SDUDPHGLFV��ZKLFK
TXDOLILHV�WKHP�IRU�SURYLGLQJ�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH��

7KH�PDMRU�SDUW�RI�WKH�HGXFDWLRQ�LV�IRFXVHG�RQ�WKH�VXEMHFWV�DV�(PHUJHQF\�3UH�KRVSLWDO�&DUH��(PHUJHQF\�0HGLFLQH�DQG�'LVDVWHU�0HGLFLQH��(GXFDWLRQ
RI�'LVDVWHU�0HGLFLQH�LV�LQFOXGHG�LQ�WKH�SUHVHQWDWLRQV�FDOOHG�+HDOWK�DQG�&ULVLV�0DQDJHPHQW��SUHFLVHO\�GXULQJ�WKH�VHFRQG�DQG�WKLUG�\HDU�RI�VWXG\�
)XOO�WLPH�VWXGHQWV�DWWHQG����KRXUV�LQ�VXP�DQG����KRXUV�RI�SUDFWLFDO�WUDLQLQJ��,W�LQFOXGHV�DOVR����KRXUV�ZKLFK�IRFXVL�RQ�WKH�,QWHJUDWHG�5HVFXH�6\VWHP�
([WHUQDO�VWXGHQWV�KDYH�WR�FRPSOHWH����KRXUV��%HVLGHV�IRUPDO�HGXFDWLRQ�ZH�XVXDOO\�PDQDJH�WR�FRQYLQFH�������RI�VWXGHQWV�WR�SDUWLFLSDWH�LQ
FRPSHWLWLRQV��SUDFWLFHV�UHODWHG�WR�PDVV�GLVDVWHUV��*HQHUDOO\�ZH�FDQ�FRQFOXGH��WKDW�VWXGHQWV�FDQ�KDQGOH�WKH�WKHRUHWLFDO�SDUW�RI�WKHLU�VWXGLHV�
$FFRUGLQJ�WR�WKH�UHVXOWV�RI�VLPXODWHG�WDVNV�IRFXVHG�RQ�WULDJH��WKH�SUREOHP�LV�FDXVHG�E\�LQFRUUHFW�WULDJH�RI�SDWLHQWV��7KH\�WHQG�WR�KDYH�GRXEWV
FRQFHUQLQJ�WKH�OLNHOLKRRG�RI�WKHLU�RZQ�GHFLVLRQ�

7KH�PDLQ�DLP�RI�WKLV�SRVWHU�LV�WR�FRQWULEXWH�ZLWK�RXU�H[SHULHQFHV�LQ�WKH�ILHOG�RI�HGXFDWLRQ��ZKLFK�LV�IRFXVHG�RQ�WKH�WULDJH�RI�LQMXUHG�SDWLHQWV�DW�PDVV
FDVXDOW\�LQFLGHQWV��

,Q������ZH�UHFHLYHG�DQ�LQVWUXPHQW�IURP�D�PHGLFLQH�VWXGHQW�LQ�2ORPRXF��ZKLFK�ZDV�GHVLJQHG�WR�VLPSOLI\�WKH�HGXFDWLRQ�RI�WULDJH�RI�LQMXUHG�SHRSOH
ZKLOH�DSSO\LQJ�67$57�PHWKRG��)URP�WKDW�\HDU��ZH�KDYH�VWDUWHG�WR�XVH�WKLV�LQVWUXPHQW�DQG�JUDGXDOO\�ZH�FDQ�FRQILUP�LWV�SRVLWLYH�HIIHFW��2XU�UHVXOWV�RI
WULDJH�DUH�DW�WKH�OHYHO�RI���������7KH�VLJQLILFDQFH�RI�UHVXOWV�OLHV�LQ�WKH�HYLGHQW�LPSURYHPHQW�LQ�WKH�DFFXUDF\�RI�WULDJH�DIWHU�XVLQJ�WKH�LQVWUXPHQW�DW
GLIIHUHQW�OHYHOV�RI�GLIILFXOW\��:H�FDQ�VD\�WKDW�%LOO�%RZHUPDQnV�FODLP���������WXUQHG�RXW�WR�EH�DFFXUDWH��k1R�WHDFKHU�LV�VPDUW�HQRXJK�WR�QRW�EH�DEOH�WR
OHDUQ�IURP�WKHLU�VWXGHQWV�l��7R�FRQWULEXWH�DQG�FRPSDUH�RXU�UHVXOWV��ZH�KDYH�GHFLGHG�WR�PRYH�RXU�VWXGHQWV�LQ�D�FHQWUH�RI�D�PLOLWDU\�WUDLQLQJ�FDPS
FDOOHG�/H¬��7KH�FDPSV�PDLQ�WDVNV�DUH��ÈWR�IXOILO�WDVNV�UHODWHG�WR�WKH�VHFXULW\�DQG�GHIHQFH�RI�WKH�VWDWH��FRQGXFWLQJ�KHDOWK�FDUH��VRXQG�DVVXUDQFH�RI
VSHFLDO�SUHSDUDWLRQV��HVSHFLDOO\�LQ�WKH�FDVH�RI�VSHFLDO�DUPHG��IRUFHV��7KH�FDPSjV�DUH�KDV�������NP��DQG�LWV�WHPSHUDWXUH�LV�DURXQG�����&��/Hgh�������
2Q�WKH�EDVLV�RI�HYDOXDWLQJ�IRUPV��ZKLFK�ZHUH�ILOOHG�E\�WKHP�GXULQJ�GLIIHUHQW�W\SHV�RI�WDVNV��ZH�ZLOO�HYDOXDWH�WKH�UHVXOWV�RI�SUDFWLFHV�DQG
FRPSHWLWLRQV�DWWHQGHG�LQ�WKH�WUDLQLQJ�DUHD�

7KH�UHVXOWV�RI�SHUFHQWDJHV�RI�DEVROXWH�DQG�UHODWLYH�IUHTXHQF\�ZH�KDYH�DUUDQJHG�LQ�WUDQVSDUHQW�JUDSKV�DQG�WDEOHV��7KH�VLJQLILFDQFH�RI�WKH�UHVXOWV�ZH
VHH�LQ�WKH�GHVFULSWLRQ�RI�HGXFDWLRQ�LQ�WKH�ILHOG�RI�HPHUJHQF\�KHDOWK�FDUH�DQG�LQ�WKH�HYDOXDWLRQ�RI�WKHRU\�DQG�SUDFWLFH�LQ�WKH�HGXFDWLRQ�RI�WULDJH�RI
LQMXUHG��(GXFDWLRQ�DW�XQLYHUVLWLHV�VKRZ�WKDW�LWV�GLUHFWLRQ�LV�EDODQFHG�DQG�WKH�HGXFDWLRQDO�LQVWLWXWLRQV�VKRXOG�LPSURYH�WKH�IRUP�RI�HGXFDWLRQ�E\�DFWLYH
SUDFWLFH�WRJHWKHU�ZLWK�SURIHVVLRQDO�RUJDQL]DWLRQV��
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185,$�52'5,*8(=�*$5&,$������'$1$(�)(51$1'(=�&$0$&+2������%/$1&$�'(�/$�9,//$�=$025$������0$5,$�&2168(/2�48(6$'$�0$57,1(=�����
0$5,$�&25&2/(6�9(5*$5$������3$6&8$/�3,y(5$�6$/0(5{1������0$5,$�(1&$51$&,21�6$1&+(=�&$129$6������&(6$5�&,1(6,�*20(=����

���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��DQWLELRWLF��$QWKRQLVHQ��([DFHUEDWLRQ��&23'

$EVWUDFW��

,QWURGXFWLRQ
([DFHUEDWLRQV�RI�&23'��&23'�H[DFHUEDWLRQV��UHSUHVHQW�WRGD\�WKH�PDLQ�UHDVRQ�IRU�FRQVXOWDWLRQ�LQ�WKH�HPHUJHQF\�RI�WKHVH�SDWLHQWV��7KH�XVH�RI
DQWLELRWLFV�KDYH�SUHFLVH�LQGLFDWLRQV�EXW�QR�ORQJHU�LQ�GLVSXWH�

2EMHWLYH�
(YDOXDWH�WKH�XVH�PDGH�RI�DQWLELRWLFV�LQ�SDWLHQWV�ZLWK�&23'�H[DFHUEDWLRQV�RI�LQIHFWLRXV�RULJLQ�DFFRUGLQJ�WR�WKH�FULWHULD�$QWKRQLVHQ�

0DWHULDO�DQG�PHWKRGV
2EVHUYDWLRQDO��UHWURVSHFWLYH�VWXG\�LQ�D�*HQHUDO�+RVSLWDO�ZLWK�DQ�DUHD�RI���������LQKDELWDQWV�DQG�����XUJ���GD\��7KH�PHGLFDO�UHFRUGV�RI�SDWLHQWV�ZLWK
D�SUHYLRXV�GLDJQRVLV�RI�&23'�H[DFHUEDWLRQ�KDG�FRQVXOWHG�-DQXDU\������WR�-XO\������ZHUH�UHYLHZHG�

5HVXOWV�
$�WRWDO�RI������ZHUH�LQFOXGHG�ZLWK�&23'�H[DFHUEDWLRQV��2I�WKH������SDWLHQWV�VWXGLHG�������������GLG�QRW�PHHW�WKH�FULWHULD�$QWKRQLVHQ�DQG����
��������GLG�WKH�PHHW��2I�WKRVH�ZKR�GLG�QRW�SUHVHQW�FULWHULD�$QWKRQLVHQ������������ZHQW�ZLWK�DQWLELRWLF�WKHUDS\�DW�GLVFKDUJH�DQG�������������OHIW
ZLWKRXW�DQWLELRWLF�WKHUDS\�DW�GLVFKDUJH��2I�WKH�SDWLHQWV�ZKR�ZHUH�$QWKRQLVHQ�FULWHULD�ZHUH�ZLWK�DQWLELRWLF�WKHUDS\�DW�GLVFKDUJH�������������DQG����
��������OHIW�ZLWKRXW�DQWLELRWLF�WKHUDS\�DW�GLVFKDUJH�

&RQFOXVLRQV�
2YHU�����RI�SDWLHQWV�ZLWK�&23'�H[DFHUEDWLRQV�SUHVHQWHG�FULWHULD�IRU�WKH�XVH�RI�DQWLELRWLFV��2XU�UHVXOWV�UHYHDO�WKDW�WKH�XVH�RI�DQWLELRWLFV�LQ�WKH
(PHUJHQF\�'HSDUWPHQW�LV�LQGHSHQGHQW�RI�WKH�FULWHULD�$QWKRQLVHQ�EHFDXVH�ZH�XVH�H[FHHGV�����RI�FDVHV�ZKHUH�LW�ZRXOG�EH�MXVWLILHG�LI�WKHLU�XVH�
,W�VHHPV�WKDW�LI�ZH�EHWWHU�OHDYH�ZLWKRXW�DQWLELRWLF�WUHDWPHQW�WR�WKRVH�ZKR�KDYH�QR�FULWHULD�ZKHUH�RQO\�SUHVFULEH�DQWLELRWLFV�WR�����RI�SDWLHQWV�
7KHVH�UHVXOWV�VKRXOG�PDNH�XV�UHIOHFW�RQ�WKLV�DVSHFW�WKDW�LV�UHDOO\�LPSURYHG�LQ�DFFRUGDQFH�ZLWK�WKH�UHFRPPHQGDWLRQV�



5(63,5$725<�(0(5*(1&,(6 3DVFXDO�3LQHUD�6DOPHURQ

��������++263,7$/�$'0,66,21�2)�3$7,(176�:,7+�&23'�(;$&(5%$7,216�,1�$1�(0(5*(1&<�$&&25',1*�72�7+(�&5,7(5,$�2)
6(9(5,7<

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

185,$�52'5,*8(=�*$5&,$������0$5,$�&2168(/2�48(6$'$�0$57,1(=������0$5,$�&25&2/(6�9(5*$5$������'$1$(�)(51$1'(=�&$0$&+2�����
%/$1&$�'(�/$�9,//$�=$025$������3$6&8$/�3,y(5$�6$/0(5{1������0$5,$�&$50(1�02/,1$�025$=2������&(6$5�&,1(6,�*20(=����

���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��&23'��(;$&(5%$7,21��+263,7$/�$'0,6,21

$EVWUDFW��

,QWURGXFWLRQ
([DFHUEDWLRQV�RI�&23'��&23'�H[DFHUEDWLRQV��UHSUHVHQW�WRGD\�WKH�PDLQ�UHDVRQ�IRU�FRQVXOWDWLRQ�LQ�WKH�HPHUJHQF\�RI�WKHVH�SDWLHQWV��7KH�XVH�RI
DQWLELRWLFV�KDYH�SUHFLVH�LQGLFDWLRQV�EXW�QR�ORQJHU�LQ�GLVSXWH�

2EMHWLYH�
5DWH�KRVSLWDOL]DWLRQ�RI�SDWLHQWV�YLVLWLQJ�DQ�HPHUJHQF\�ZDUG�IRU�H[DFHUEDWLRQ�RI�&23'�WDNLQJ�LQWR�DFFRXQW�WKH�VHYHULW\�FULWHULD�ERWK�FOLQLFDO�DQG
DQDO\WLFDO�

0DWHULDO�DQG�PHWKRGV�
2EVHUYDWLRQDO��UHWURVSHFWLYH�VWXG\�LQ�D�*HQHUDO�+RVSLWDO�ZLWK�DQ�DUHD�RI���������LQKDELWDQWV�DQG�����XUJ���GD\��7KH�PHGLFDO�UHFRUGV�RI�SDWLHQWV�ZLWK
D�SUHYLRXV�GLDJQRVLV�RI�&23'�H[DFHUEDWLRQ�KDG�FRQVXOWHG�-DQXDU\������WR�-XO\�������FOLQLFDO�VHYHULW\�FULWHULD��F\DQRVLV��LPSDLUHG�FRQVFLRXVQHVV�
UHVSLUDWRU\�DUUHVW��WDFK\SQHD�DQG�XVH�WKRUDFLF�DFFHVVRU\�PXVFOHV��DQG�DQDO\WLFDO��S2�������S&2�!�����S+!�������KLJK�+&2��

5HVXOWV�
�����LQFOXGHG�SDWLHQWV�ZLWK�H[DFHUEDWLRQ�RI�&23'�RI�ZKLFK�������������KDG�VHYHULW\�FULWHULD�IRU�DWWHQWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DQG����
��������KDG�QR�VHYHULW\�FULWHULD��2I�WKRVH�ZLWK�VHYHULW\�FULWHULD��������������UHTXLUHG�KRVSLWDOL]DWLRQ�DQG�������������ZHUH�GLVFKDUJHG�KRPH��2I
WKRVH�ZLWKRXW�VHYHULW\�FULWHULD��������������UHTXLUHG�KRVSLWDOL]DWLRQ�DQG������������ZHUH�GLVFKDUJHG�KRPH�

&RQFOXVLRQV�

$V�WKH�OLWHUDWXUH�VXJJHVWV�PRVW�RI�RXU�SDWLHQWV�ZLWK�H[DFHUEDWLRQ�RI�&23'�WKH\�VKRZHG�FOLQLFDO�DQG�ODERUDWRU\�FULWHULD�ZKHUH�D�SHUFHQWDJH�RI�WKHP
WKDQ�VHYHQW\�SHUFHQW�UHTXLUHG�KRVSLWDOL]DWLRQ��7KH�VHYHULW\�RI�RXU�SDWLHQWV�WKDW�FRQVLVWHQW�ZLWK�SXEOLVKHG�KRVSLWDOL]DWLRQ�QHHGV�PRVW�WKH�VDPH�DV
WKH�EOLEOLRJUDILD�SRLQW�



5(63,5$725<�(0(5*(1&,(6 3DVFXDO�3LQHUD�6DOPHURQ

��������3HUIRUPLQJ�D�EORRG�JDV�DQDO\VLV�WR�SDWLHQWV�ZKR�FRPH�IRU�H[DFHUEDWLRQ�RI�&23'�LQ�(PHUJHQF\�6HUYLFH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

185,$�52'5,*8(=�*$5&,$������0$5,$�&2168(/2�48(6$'$�0$57,1(=������%/$1&$�'(�/$�9,//$�=$025$������'$1$(�)(51$1'(=�&$0$&+2�����
0$5,$�&25&2/(6�9(5*$5$������3$6&8$/�3,y(5$�6$/0(5{1������$1721,2�0$57,1(=�*$5&,$������&(6$5�&,1(6,�*20(=����

���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��&23'��(;$&(5%$7,21��EORRG�JDV�DQDO\VLV

$EVWUDFW��

,QWURGXFWLRQ

&KURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH�LV�D�SXOPRQDU\�GLVRUGHU�WKDW�LV�FKDUDFWHUL]HG�E\�EHLQJ�D�EORFNDJH�XVXDOO\�SURJUHVVLYH�DQG�LUUHYHUVLEOH�DLUZD\�
7KH�FOLQLFDO�SUDFWLFH�JXLGHOLQHV��&3*��UHFRPPHQG�DVVHVVLQJ�WKH�VHYHULW\�RI�HDFK�HSLVRGH��IRU�ZKLFK�SURSRVH�D�FODVVLILFDWLRQ�WKDW�LGHQWLILHV�WKH�ULVN�RI
GHDWK�LI�WKH�H[DFHUEDWLRQ�LV�VHYHUH�RU�YHU\�VHYHUH��7ZR�RI�WKHVH�FULWHULD�DUH�K\SHUFDSQLD��3D&2�!����PP+J��DQG�UHVSLUDWRU\�DFLGRVLV��S+��������
.QRZLQJ�WKLV�DOVR�LQIOXHQFHV�WKH�VXEVHTXHQW�WUHDWPHQW��7KXV��LW�LV�LPSRUWDQW�WR�EORRG�JDVHV�WR�SDWLHQWV�SUHVHQWLQJ�ZLWK�WKLV�SDWKRORJ\�

�

2EMHWLYH

*DV�DQDO\VLV�LV�SHUIRUPHG�WR�DVVHVV�ZKHWKHU�SDWLHQWV�GLDJQRVHG�ZLWK�&23'�ZKR�FRPH�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�DQ�H[DFHUEDWLRQ�

�

0DWHULDO�DQG�PHWKRGV

REVHUYDWLRQDO��UHWURVSHFWLYH�VWXG\�LQ�D�*HQHUDO�+RVSLWDO�ZLWK�D�SRSXODWLRQ�RI���������DQG�����XUJ���GD\��&23'�DUH�FODVVLILHG�DFFRUGLQJ�WR�*2/'
*XLGH�DQG�DFFRUGLQJ�WR�WKHLU�)(9�LQ�)(9!�����YHU\�VHYHUH�PLOG��PRGHUDWH����������������VHYHUH�DQG�������SHUIRUPLQJ�EORRG�JDV�DQDO\]HV�DOO
VHULRXV�DQG�YHU\�VHULRXV�SDWLHQWV�ZKR�FRQVXOW�ZLWK�H[DFHUEDWLRQ�RI�&23'�-DQXDU\������WR�-XQH������DQG�3D&2��DQG�S+�YDOXHV�

�

5HVXOWV

5DWHG������SDWLHQWV���������������KDG�)(9��������DQG��������������KDG�)(9�������*DV�DQDO\VLV�ZDV�SHUIRUPHG�WR���������������

�

2I�SDWLHQWV�ZLWK�)(9���������WR��������������WKH\�ZHUH�DVNHG�JDVHV��KDYLQJ�D�3D&2�!����PP+J����RI�WKHP���������DQG����RI�WKHP���������RI
WKHP�S+�������

�

2I�SDWLHQWV�ZLWK�)(9������WR�������������WKH\�ZHUH�DVNHG�JDVHV��KDYLQJ�D�3D&2�!����PP+J����RI�WKHP����������DQG�D�S+����������RI�WKHP
���������

�

&RQFOXVLRQV

3HUIRUPLQJ�D�EORRG�JDV�DQDO\VLV�WR�SDWLHQWV�ZKR�FRPH�IRU�H[DFHUEDWLRQ�RI�&23'�LV�LPSURYHG�LI�ZH�IROORZ�WKH�UHFRPPHQGDWLRQV�RI�WKH�&OLQLFDO
3UDFWLFH�*XLGHOLQHV��&3*���HVSHFLDOO\�LQ�VHYHUHO\�LOO�SDWLHQWV�

7KH�UHVXOWV�SURYLGHG�E\�WKH�JDV�DQDO\VLV�KHOS�GHWHUPLQH�WKH�VHYHULW\�RI�WKH�SDWLHQW�DQG�LQIOXHQFH�VXEVHTXHQW�WUHDWPHQW��LW�LV�LPSRUWDQW�WR�PDNH�WR
&23'�SDWLHQWV�ZKR�FRPH�WR�WKH�HPHUJHQF\�URRP�IRU�D�VKDUSHQLQJ�DV�UHFRPPHQGHG�E\�WKH�*3&



&$6(�35(6(17$7,21 &RULQQH�<HH�/\Q�/DX

��������1RQ�7UDXPDWLF�6SRQWDQHRXV�3RVWHULRU�,QWHURVVHRXV�1HXURSDWK\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.HQQHWK�%RRQ�.LDW�7DQ������&RULQQH�<HH�/\Q�/DX����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��VLQJDSRUH��6,1*$325(
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(

.H\ZRUGV��SRVWHULRU�LQWHURVVHRXV�QHUYH��ZHDN�ILQJHU�H[WHQVLRQ��QHXURSDWK\��UDGLDO�QHUYH�

$EVWUDFW��

3RVWHULRU�LQWHURVVHRXV�QHUYH��3,1��QHXURSDWK\�DFFRXQWV�IRU������RI�XSSHU�OLPE�SHULSKHUDO�QHUYH�FRPSUHVVLRQ�V\QGURPH�ZLWK�DQ�DQQXDO�LQFLGHQFH�RI
����������������:H�SUHVHQW�D�FDVH�RI�D����\HDU�ROG�ODG\�ZKR�SUHVHQWHG�ZLWK�DFXWH�DQG�SURJUHVVLYH�ZHDNQHVV�RI�KHU�OHIW�KDQG�H[WHQVRUV�
([DPLQDWLRQ�UHYHDOHG�FRPSOHWH�ORVV�RI�H[WHQVLRQ�RI�DOO�WKH�ILQJHUV�RI�WKH�OHIW�KDQG�DQG�PLOG�ZHDNQHVV�LQ�ZULVW�GRUVLIOH[LRQ�����7HQGHUQHVV�ZDV�QRWHG
RYHU�WKH�OHIW�UDGLDO�KHDG���;UD\�RI�WKH�HOERZ�VKRZHG�QR�DEQRUPDOLWLHV��6KH�ZDV�GLDJQRVHG�ZLWK�3,1�QHXURSDWK\�DQG�GLVFKDUJHG�ZLWK�RUDO�YLWDPLQ�%�
DQDOJHVLD�DQG�DQ�HDUO\�QHXURORJ\�DSSRLQWPHQW��3,1�QHXURSDWK\�LV�UDUH���������,W�LV�WKXV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�DQDWRPLFDO�FRXUVH�RI�WKH�UDGLDO
QHUYH�ZLWK�LWV�GHHS�WHUPLQDO�EUDQFK���WKH�3,1���LQFOXGLQJ�LWV�FOLQLFDO�SUHVHQWDWLRQ�WR�DYRLG�PLVGLDJQRVLV�DQG�WR��LQLWLDWH�SURSHU�WUHDWPHQW�IRU�WKHVH
SDWLHQWV�



&$6(�35(6(17$7,21 $PDU�6DW\DP

��������$�FDVH�RI�0\RFDUGLWLV�SUHVHQWLQJ�ZLWK�+\SHUYHQWLODWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$PDU�6DW\DP������6RKLO�3RWKLDZDOD����

���(PHUJHQF\�PHGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(

.H\ZRUGV��P\RFDUGLWLV��G\VSQRHD��K\SHUYHQWLODWLRQ

$EVWUDFW��

,QWURGXFWLRQ�

+\SHUYHQWLODWLRQ�V\QGURPH�LV�D�UHODWLYHO\�FRPPRQ�HPHUJHQF\�GHSDUWPHQW��('��SUHVHQWDWLRQ�LQ�ZKLFK�PLQXWH�YHQWLODWLRQ�H[FHHGV�PHWDEROLF
GHPDQGV��,W�LV�DVVRFLDWHG�ZLWK�D�ZLGH�UDQJH�RI�V\PSWRPV�ZLWKRXW�D�FOHDU�RUJDQLF�SUHFLSLWDQW��0\RFDUGLWLV�LV�DQ�LQIODPPDWRU\�GLVHDVH�RI�WKH
P\RFDUGLXP�ZLWK�D�ZLGH�UDQJH�RI�FOLQLFDO�SUHVHQWDWLRQV��IURP�VXEWOH�WR�GHYDVWDWLQJ��,W�LV�FDXVHG�E\�D�ZLGH�YDULHW\�RI�LQIHFWLRXV�RUJDQLVPV�
DXWRLPPXQH�GLVRUGHUV��DQG�H[RJHQRXV�DJHQWV�

&DVH�UHSRUW�

$����\HDU�ROG�(J\SWLDQ�ODG\�ZKR�ZDV����ZHHNV�SUHJQDQW�SUHVHQWHG�WR�WKH�('�ZLWK�VXGGHQ�RQVHW�RI�K\SHUYHQWLODWLRQ�DQG�FKHVW�GLVFRPIRUW��6KH�DOVR
FRPSODLQHG�RI�QXPEQHVV�LQ�WKH�OLPEV�EXW�GHQLHG�DQ\�RWKHU�FRPSODLQWV��&OLQLFDOO\��VKH�DSSHDUHG�ZHOO�DQG�KHU�YLWDOV�ZHUH�VWDEOH��([DPLQDWLRQ�RI�KHDUW
DQG�OXQJV�ZDV�QRUPDO��(&*�VKRZ�QRUPDO�VLQXV�UK\WKP�DQG�$%*�VKRZHG�VLJQV�RI�K\SHUYHQWLODWLRQ��3+�������3&2����PP+J��+&2����PPRO�/�DQG
6D2��������&KHVW�[�UD\�ZDV�QRUPDO�DQG�EHGVLGH�(FKR�GLG�QRW�VKRZ�HYLGHQFH�RI�P\RFDUGLDO�G\VIXQFWLRQ��YDOYXODU�DEQRUPDOLWLHV�RU�PDVVLYH
SXOPRQDU\�HPEROLVP��7URSRQLQ�7�ZDV����QJ�/��QRUPDO�����QJ�/��

'LVFXVVLRQ�

'LDJQRVLQJ�P\RFDUGLWLV�LV�FKDOOHQJLQJ�LQ�YLHZ�RI�LWV�YDULHG�SUHVHQWDWLRQV��7KHUH�LV�QR�GHILQLWH�FOLQLFDO�IHDWXUH�WKDW�LV�GLDJQRVWLF�RI�P\RFDUGLWLV��,W�LV
W\SLFDOO\�VHHQ�LQ�SDWLHQWV�DURXQG�DJH�RI�������\HDUV�DQG�WKH�YDULDELOLW\�LQ�SUHVHQWDWLRQ�UHIOHFWV�WKH�YDULDELOLW\�LQ�KLVWRORJLFDO�GLVHDVH�VHYHULW\�
HWLRORJ\��DQG�GLVHDVH�VWDJH�DW�SUHVHQWDWLRQ��0DQ\�FDVHV�JR�XQGHWHFWHG�EHFDXVH�WKH\�DUH�VXEFOLQLFDO�RU�SUHVHQW�ZLWK�QRQVSHFLILF�VLJQV��3DWLHQWV�RI
P\RFDUGLWLV�XVXDOO\�SUHVHQW�ZLWK�PLOG�V\PSWRPV�RI�FKHVW�SDLQ��IHYHU��VZHDWV��FKLOOV��DQG�G\VSQHD�VHFRQGDU\�WR�KHDUW�IDLOXUH��7KLV�LV�D�UDUH�FDVH
ZKHUH�SDWLHQW�SUHVHQWHG�ZLWK�VKRUWQHVV�RI�EUHDWK�ZKLFK�ZDV�QRW�VHFRQGDU\�WR�KHDUW�IDLOXUH�EXW�RQO\�VKRZHG�VLJQV�RI�K\SHUYHQWLODWLRQ�RI�FOLQLFDO
H[DPLQDWLRQ�DQG�$%*�

&RQFOXVLRQ��

(PHUJHQF\�SK\VLFLDQV�WUHDW�\RXQJ�SDWLHQWV�ZKR�SUHVHQW�ZLWK�VKRUWQHVV�RI�EUHDWK�VHFRQGDU\�WR�K\SHUYHQWLODWLRQ�SV\FKRJHQLF�G\VSQRHD��$�KLJK
GHJUHH�RI�VXVSLFLRQ�LV�QHHGHG�WR�GLDJQRVH�P\RFDUGLWLV�ZKLFK�FDQ�RFFDVLRQDOO\�SUHVHQW�ZLWK�DW\SLFDO�V\PSWRP�OLNH�K\SHUYHQWLODWLRQ�



2%67(75,&�(0(5*(1&,(6 YRONDQ�XONHU

��������(FWRSLF�3UHJQDQF\�$IWHU�7XEDO�OLJDWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/(9(17�.2&$������92/.$1��/.(5������$%'8//$+�&�1(<7�+2&$*¡/������+¡/$/�+2&$*¡/����

���(0(5*(1&<�0('¡&¡1(�'(3$570(17��%8/(17�(&(9¡7�81¡9(56¡7<��)$&8/7<�2)�0('¡&¡1(��=21*8/'$.��785.(<

.H\ZRUGV��$EGRPLQDO�3DLQ��&KLOGEHDULQJ�$JH�:RPHQ��(FWRSLF�3UHJQDQF\��(PHUJHQW�6XUJHU\��7XEDO�/LJDWLRQ

$EVWUDFW��

�

,QWURGXFWLRQ

$EGRPLQDO�SDLQ�LV�WKH�PRVW�FRPPRQ�FDXVH�RI�HPHUJHQF\�URRP�YLVLWV��(FWRSLF�SUHJQDQF\�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�FDXVH�RI�DEGRPLQDO�SDLQ�WKDW
KDYH�WKRXVDQGV�FDXVHV�VKRXOG�EH�FRQVLGHUHG�LQ�IHPDOH�SDWLHQWV�RI�FKLOGEHDULQJ�DJH���(FWRSLF�SUHJQDQF\�LV�DPRQJ�WKH�OHDGLQJ�FDXVHV�RI�PRUWDOLW\
DPRQJ�SUHJQDQW�ZRPHQ�(FWRSLF�SUHJQDQF\��KDV�EHHQ�LQFUHDVLQJ�LQ�QXPEHU�DQG�DSSUR[LPDWHO\�DFFRXQWV�IRU������RI�DOO�SUHJQDQFLHV��:KLOH�WKHVH
SDWLHQWV�DUH�HYDOXDWHG�FRQVLGHULQJ�RI�ULVN�IDFWRUV�DUH�LPSRUWDQW��5LVN�IDFWRUV�RI�HFWRSLF�SUHJQDQF\�DUH�FRQFHSWLRQ�ZLWK�DQ�LQWUDXWHULQH�GHYLFH��,8'�
LQ�SODFH��FRQFHSWLRQ�ZKLOH�XVLQJ�D�SURJHVWHURQH�RQO\�FRQWUDFHSWLYH�PHWKRG��JHQLWDO�WUDFW�LQIHFWLRQ��JHQLWDO�WUDFW�VXUJHU\��SUHYLRXV�HFWRSLF�SUHJQDQF\�
DQG�LQ�XWHUR�H[SRVXUH�WR�GLHWK\OVWLOEHVWURO��¡Q�WKLV�FDVH�ZH�DLPHG�WR�UHPLQG�WKDW�WXEDO�OLJDWLRQ�LV�XVHG�DV�SURWHFWLRQ�PHWKRGV�LV�RQH�RI�WKH�ULVN�IDFWRU
IRU�HFWRSLF�SUHJQDQF\�UDUHO\�

&DVH�UHSRUW��������

$����\HDU�ROG�ZRPDQ�SUHVHQWHG�ZLWK�DFXWH�ORZHU�DEGRPLQDO�SDLQ�DQG�G\VXULD��6KH�ZDV�DGPLWWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW�RI�WKH�%�OHQW�(FHYLW
8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��=RQJXOGDN��785.(<���,Q�WKH�SUHYLRXV�\HDU��KHU�IDOORSLDQ�WXEHV�ZHUH�OLJDWHG�IRU�VWHULOL]DWLRQ��3DWLHQW�ZDV�H[DPLQHG�
KHU�YLWDOV�ZHUH�VWDEOH��$EGRPLQDO�SDOSDWLRQ�UHYHDOHG�RQO\�PLOG�WHQGHUQHVV�LQ�WKH�ULJKW�XSSHU�DQG�ORZHU�DEGRPHQ��2WKHU�SK\VLFDO�H[DPLQDWLRQV�ZHUH
QRUPDO�

+HU�ODERUDWRU\�H[DPV�KDG��PLOG�OHXNRF\WRVLV��������.�PPm��PLOG�DQHPLD�������J�G/����SODWHOHWV���������o/��XULQDU\�H[DPLQDWLRQ��OHXNRF\WXULD�DQG
QR�SUHJQDQF\��:H�PDGH�WUDQVYDJLQDO�XOWUDVRQRJUDSK\��VKH�KDG���FP�F\VW�DQG�VXUURXQGHG�KHPDWRPD�DW�OHIW�RYDU\�DQG�ULJKW�RYDU\�ZDV�QRUPDO��6KH
KDG�DOVR����[����PP�KHPDWRPD�DW�UHFWRYDJLQDO�VSDFH�

7KH�SDWLHQW�XQGHUZHQW�HPHUJHQF\�VXUJHU\�ZLWK�WKH�GLDJQRVLV�RI�HFWRSLF�SUHJQDQF\�

&RQFOXVLRQ

&KLOGEHDULQJ�DJH�SDWLHQWV�DUH�VKRXOG�EH�UHJDUGHG�DV�ULVN�IDFWRUV�IRU�DFXWH�DEGRPLQDO�SDWKRORJ\�WKDW�QHHG�HPHUJHQW�VXUJHU\�OLNH�HFWRSLF�SUHJQDQF\�
:RPHQ
V�SUHJQDQF\�VWDWXV�VKRXOG�EH�HYDOXDWHG�E\�HPHUJHQF\�SK\VLFLDQV�



32,17�2)�&$5( *HUKDUG�7LZDOG

��������)RFXVHG�XOWUDVRXQG�LQ�WKH�UHDO�ZRUOG�v�VKRXOG�ZH�UHDOO\�OHDUQ�)$67"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*HUKDUG�7LZDOG����

���5HJLRQ�RI�6HDODQG��+ROE�N�+RVSLWDO��('��+ROEDHN��'(10$5.

.H\ZRUGV��SRLQW�RI�FDUH�XOWUDVRXQG��)$67��OXQJ�XOWUDVRXQG��IRFXVHG�HFKRFDUGLRJUDSK\��XOWUDVRXQG�WUDLQLQJ

$EVWUDFW��

$LP��3RLQW�RI�FDUH�XOWUDVRXQG�LV�D�JDPH�FKDQJHU�LQ�WKH�HYDOXDWLRQ�DQG�WUHDWPHQW�RI�DFXWH�LOO�DQG�LQMXUHG�SDWLHQWV�DQG�LV�EHFRPLQJ�PRUH�DQG�PRUH
SRSXODU�HVSHFLDOO\�LQ�HPHUJHQF\�PHGLFLQH��7UDGLWLRQDO�XOWUDVRXQG�SURJUDPV�W\SLFDOO\�VWDUW�E\�OHDUQLQJ�)$67��IRFXVHG�DVVHVVPHQW�ZLWK�VRQRJUDSK\
IRU�WUDXPD���ZKLFK�YDOXH�KDV�EHHQ�FKDOOHQJHG�������7KLV�VWXG\�KDV�EHHQ�FRQGXFWHG�WR�LGHQWLI\�WKH�PRVW�XVHG�SURWRFROV�LQ�RXU�('�

�

0HWKRGV��SURVSHFWLYH�UHJLVWUDWLRQ�RI�DOO�SRLQW�RI�FDUH�XOWUDVRXQG�DFWLYLWLHV�RI�D�VLQJOH�XVHU��FRQVXOWDQW�HPHUJHQF\�DQG�LQWHUQDO�PHGLFLQH��DW�D�UXUDO
('�LQ�'HQPDUN���DERXW��������DGPLVVLRQV�\HDU��RYHU�D���PRQWK�SHULRG�-DQXDU\�WR�$SULO��������7KH�XVHU�LV�WUDLQHG�LQ�DEGRPLQDO�XOWUDVRXQG�
HFKRFDUGLRJUDSK\��)�/86��IRFXVHG�OXQJXOWUDVRXQG���086��PXVFXORVNHOHWDO�XOWUDVRXQG���)$67��H�)$67��IRFXVHG�KHDUW�XOWUDVRXQG��/&8��OLPLWHG
FRPSUHVVLRQ�XOWUDVRXQG�IRU�GHHS�YHLQ�WKURPERVLV���XOWUDVRXQG�JXLGHG�LQWHUYHQWLRQV��SOHXUDFHQWHVLV��DVFLWHVGUDLQDJH��YDVFXODU�DFFHVV���$�*HQHUDO
(OHFWULFV�6��XOWUDVRXQG�VFDQQHU�ZDV�XVHG�PRVW�RI�WKH�WLPHV��VRPH�LQWHUYHQWLRQ�ZHUH�GRQH�XVLQJ�D�*HQHUDO�(OHFWULFV�9�VFDQ��8OWUDVRXQG�SLFWXUHV�DQG
FOLSV�ZHUH�VWRUHG�RQ�D�KDUG�GLVF�DQRQ\PRXV�ZLWK�D�VWXG\�QXPEHU�

�

5HVXOWV��,�WKH�VWXG\�SHULRG�����SDWLHQWV�ZHUH�H[DPLQHG�ZLWK�XOWUDVRXQG��$V�WKHUH�ZHUH�XVHG�PRUH�WKDQ�RQH�SURWRFRO�LQ�VRPH�SDWLHQWV��D�WRWDO�RI����
H[DPLQDWLRQV�RU�LQWHUYHQWLRQV�ZHUH�UHJLVWHUHG��)$6��IRFXVHG�DEGRPLQDO�VRQRJUDSK\��ZDV�XVHG����WLPHV��)�/86��IRFXVHG�OXQJ�XOWUDVRXQG�����WLPHV�
)$7(��IRFXVHG�DVVHVVHG�WUDQVWKRUDFLF�HFKRFDUGLRJUDSK\�����WLPHV��/&8�����086�����)$67����H�)$67������VFDQQLQJ�ZDV�QRW�VSHFLILHG�LQ�WKH�UHFRUGV�
���XOWUDVRXQG�JXLGHG�LQWHUYHQWLRQV��PRVWO\�YHQRXV�DQG�DUWHULDO�DFFHVV��ZHUH�UHJLVWHUHG�����SDWLHQWV�XQGHUZHQW�D�)�/86�DQG�IRFXVHG
HFKRFDUGLRJUDSK\�DV�SDUW�RI�D�UDQGRPL]HG�FRQWUROOHG�WULDO��5&7�����XOWUDO\G�L�DNXWPRGWDJHOVHQ��

�

,Q����SDWLHQWV�D�VLJQLILFDQW�SDWKRORJ\�ZDV�QRWHG��DOO�IURP�DEGRPLQDO�DRUWLF�DQHXULVP��SOHXUDO��DQG�SHULFDUGLDO�HIIXVLRQV��DSSHQGLFLWLV��LOHXV��RYDU\
PDVVHV��HFWRSLF�SUHJQDQFLHV��UXSWXUHG�WHQGRQV��FKROHF\VWLWLV�DQG�Ä�OLWKLDVLV��ORZ�()��DFXWH�GLODWHG�ULJKW�KHDUW��VSOHHQ�KDHPDWRPDV��IUHH�SHULWRQHDO
IOXLG��D�ORW�RI�'97V�DQG�%DNHU�F\VWV��OXQJ�FRQVROLGDWLRQV��$OO�EXW�RQH�LQWHUYHQWLRQV��YHQRXV�FDWKHWHU��DUWHULDO�SXQFWXUH�DQG�FDWKHWHU��SLJ�WDLO�GUDLQ�LQ
SOHXUD�DQG�SHULWRQHDO�FDYLW\��ZHUH�VXFFHVVIXO�

�

'LVFXVVLRQ��0RVW�RIWHQ��D�IRFXVHG�DEGRPLQDO�XOWUDVRXQG�ZDV�SHUIRUPHG��IROORZHG�E\�IRFXVHG�OXQJ�XOWUDVRXQG��)$7(��DQG�/&8��2QO\�YHU\�IHZ�)$67�
H�)$67�RU�086�ZHUH�GRQH�LQ�WKH�VWXG\�SHULRG��,W�ZDV�SRVVLEOH�WR�LGHQWLI\�VLJQLILFDQW�SDWKRORJLHV�ZLWK�SRLQW�RI�FDUH�XOWUDVRXQG��/LPLWDWLRQV�IRU��VLQJOH
FHQWUH�DQG�VLQJH�XVHU�PXVW�EH�WDNH�LQWR�DFFRXQW�

$V�D�UHVXOW�RI�WKLV�VWXG\��LW�VHHP�PRUH�UHDVRQDEOH�WR�IRFXV�XOWUDVRXQG�WUDLQLQJ�RQ�DEGRPLQDO�DQG�OXQJ�XOWUDVRXQG��IROORZHG�E\�IRFXVHG
HFKRFDUGLRJUDSK\�DQG�/&8���$OVR�XOWUDVRXQG�JXLGHG�YDVFXODU�DFFHVV�VHHPV�WR�EH�D�YHU\�XVHIXO�WRRO�LQ�WKH�('��)$67�DQG�H�)$67�PD\�KDYH�D�UROH�LQ
VSHFLDO�VHWWLQJV��EXW�QRW�LQ�RXU�('��5HVHDUFK�LQ�SRLQW�RI�FDUH�XOWUDVRXQG�VKRXOG�EH�HQFRXUDJHG�

�

���6WHQJHO�'��5DGHPDFKHU�*��(NNHUQNDPS�$��*�WKRII�&��0XW]H�6�

(PHUJHQF\�XOWUDVRXQG�EDVHG�DOJRULWKPV�IRU�GLDJQRVLQJ�EOXQW�DEGRPLQDO�WUDXPD�

&RFKUDQH�'DWDEDVH�RI�6\VWHPDWLF�5HYLHZV�������,VVXH����$UW��1R���&'������



35(�+263,7$/���(06���287�2)�+263,7$/ 6WHIDQ�+HVFKO

��������3UHKRVSLWDO�WUDQVIXVLRQ�RI�UHG�FHOO�FRQFHQWUDWHV�LQ�D�SDUDPHGLF�VWDIIHG�KHOLFRSWHU�HPHUJHQF\�PHGLFDO�V\VWHP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6WHIDQ�+HVFKO������$QWKRQ\�GH�:LW������(PLO\�$QGUHZ������6WHSKHQ�%HUQDUG������.DUHQ�6PLWK����

���$PEXODQFH�9LFWRULD��0HGLFDO�8QLYHUVLW\�RI�*UD]��*UD]��$8675,$
���$LU�$PEXODQFH�9LFWRULD��$PEXODQFH�9LFWRULD��0HOERXUQH��$8675$/,$
���$PEXODQFH�9LFWRULD��$PEXODQFH�9LFWRULD��0HOERXUQH��$8675$/,$

.H\ZRUGV��+HOLFRSWHU�$PEXODQFHV��3DUDPHGLFV��5HG�%ORRG�&HOO�7UDQVIXVLRQ

$EVWUDFW��

%DFNJURXQG

3UHKRVSLWDO�XVH�RI�UHG�FHOO�FRQFHQWUDWHV��5&&V��KDV�VKRZQ�SURPLVLQJ�UHVXOWV��+RZHYHU��WKH�DGPLQLVWUDWLRQ�RI�EORRG�SURGXFWV�LV�OLPLWHG�WR�SK\VLFLDQV
LQ�PDQ\�MXULVGLFWLRQV��:H�VRXJKW�WR�GHVFULEH�WKH�FKDUDFWHULVWLFV�RI�5&&�WUDQVIXVLRQV�LQ�D�SDUDPHGLF�VWDIIHG�KHOLFRSWHU�HPHUJHQF\�PHGLFDO�V\VWHP�LQ
9LFWRULD��$XVWUDOLD�

0HWKRGV

:H�SHUIRUPHG�D�UHWURVSHFWLYH�DQDO\VLV�RI�DOO�FDVHV�ZKHUH�SDUDPHGLFV�FRQVXOWHG�WKH�UHVSRQVLEOH�SK\VLFLDQ�IRU�DSSURYDO�RI�5&&�WUDQVIXVLRQ�EHWZHHQ
$SULO������DQG�-XQH������LQ�9LFWRULD��$XVWUDOLD��$PEXODQFH�GDWD�ZDV�UHWULHYHG�IURP�HOHFWURQLF�SDWLHQW�FDUH�UHFRUGV�DQG�KRVSLWDO�DQG�RXWFRPH�GDWD
ZDV�UHWULHYHG�IURP�D�VWDWHZLGH�WUDXPD�UHJLVWU\�

5HVXOWV

$�WRWDO�RI�����SULPDU\�PLVVLRQV�ZHUH�LGHQWLILHG�ZKHUH�SDUDPHGLFV�UHTXHVWHG�DSSURYDO�IRU�WUDQVIXVLRQ�RI�5&&V�GXULQJ�WKH�VWXG\�SHULRG��$�WRWDO�RI���
SDWLHQWV�UHFHLYHG�SUHKRVSLWDO�5&&V��RI�ZKLFK����VXIIHUHG�WUDXPD��7KH�PDMRULW\�RI�WKHVH�SDWLHQWV�ZDV�PDOH���������DQG�ZDV�LQYROYHG�LQ�D�FDU
DFFLGHQW����������2QO\�WZR�SDWLHQWV��������KDG�DQ�,QMXU\�6HYHULW\�6FRUH������7KH�PHGLDQ�KHDUW�UDWH�RI�WKH�WUDXPD�SDWLHQWV�UHPDLQHG�VWDEOH�EXW
PHGLDQ�V\VWROLF�EORRG�SUHVVXUH����PP+J�YV����PP+J��S �������DQG�VKRFN�LQGH[�������YV��������S �������LPSURYHG�IURP�WLPH�RI�FRQVXOWDWLRQ�WR
DUULYDO�DW�KRVSLWDO��2YHUDOO��PRUWDOLW\�IRU�WUDXPD�SDWLHQWV�ZDV��������7KHUH�ZHUH�QR�WUDQVIXVLRQ�UHODWHG�FRPSOLFDWLRQV�LGHQWLILHG�

&RQFOXVLRQV

3UHKRVSLWDO�WUDQVIXVLRQ�RI�5&&�E\�SDUDPHGLFV�LV�IHDVLEOH�DQG�VDIH��7KH�PDMRULW\�RI�SDWLHQWV�UHFHLYLQJ�5&&�LQ�WKH�ILHOG�DUH�PDMRU�WUDXPD�SDWLHQWV�DQG
WKH�WUDQVIXVLRQ�RI�EORRG�KHOSHG�VWDELOLVLQJ�WKH�SDWLHQWVn�YLWDO�IXQFWLRQV��

5HIHUHQFHV

+ROFRPE�-%��'RQDWKDQ�'3��&RWWRQ�%�D��HW�DO��3UHKRVSLWDO�7UDQVIXVLRQ�RI�3ODVPD�DQG�5HG�%ORRG�&HOOV�LQ�7UDXPD�3DWLHQWV��3UHKRVS�(PHUJ�&DUH
�����������



35(�+263,7$/���(06���287�2)�+263,7$/ 6WHIDQ�+HVFKO

��������3DUDPHGLF�DLUZD\�PDQDJHPHQW�LQ�SDHGLDWULF�WUDXPDWLF�EUDLQ�LQMXU\��$���\HDU�REVHUYDWLRQDO�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6WHIDQ�+HVFKO������%HQ�0HDGOH\������(PLO\�$QGUHZ������:DUZLFN�%XWW������6WHSKHQ�%HUQDUG������.DUHQ�6PLWK����

���$PEXODQFH�9LFWRULD��0HGLFDO�8QLYHUVLW\�RI�*UD]��*UD]��$8675,$
���$LU�$PEXODQFH�9LFWRULD��$PEXODQFH�9LFWRULD��0HOERXUQH��$8675$/,$
���$PEXODQFH�9LFWRULD��$PEXODQFH�9LFWRULD��0HOERXUQH��$8675$/,$
���7KH�5R\DO�&KLOGUHQ
V�+RVSLWDO��7KH�5R\DO�&KLOGUHQ
V�+RVSLWDO��0HOERXUQH��$8675$/,$

.H\ZRUGV��(QGRWUDFKHDO�LQWXEDWLRQ��7UDXPDWLF�EUDLQ�LQMXU\��3DHGLDWULFV��3DUDPHGLF

$EVWUDFW��

,QWURGXFWLRQ

3UHKRVSLWDO�DLUZD\�PDQDJHPHQW�RI�WKH�SDHGLDWULF�SDWLHQW�ZLWK�WUDXPDWLF�EUDLQ�LQMXU\��7%,��LV�FRQWURYHUVLDO��(QGRWUDFKHDO�LQWXEDWLRQ�RI�FKLOGUHQ�LQ�WKH
ILHOG�UHTXLUHV�VSHFLILF�VNLOOV�DQG�KDV�SRWHQWLDO�EHQHILWV�EXW�DOVR�LPSOLHV�SRWHQWLDOO\�VHULRXV�FRPSOLFDWLRQV��:H�DLPHG�WR�FRPSDUH�PRUWDOLW\�DQG
IXQFWLRQDO�RXWFRPHV�DIWHU�VL[�PRQWKV�EHWZHHQ�FKLOGUHQ�ZLWK�7%,�ZKR�HLWKHU�XQGHUZHQW�SUHKRVSLWDO�56,�E\�D�SDUDPHGLF�RU�UHFHLYHG�QR�LQWXEDWLRQ�

0HWKRGV

:H�FRQGXFWHG�D�UHWURVSHFWLYH�VWXG\�RI�SDWLHQWV�DJHG�Ô���\HDUV�ZLWK�VXVSHFWHG�7%,��3DWLHQWV�ZHUH�HLWKHU�WUDQVSRUWHG�YLD�KHOLFRSWHU�DQG�UHFHLYHG
UDSLG�VHTXHQFH�LQWXEDWLRQ��56,��������������RU�YLD�URDG�DPEXODQFH�DQG�UHFHLYHG�QR�LQWXEDWLRQ��������������3UHKRVSLWDO�GDWD�ZDV�OLQNHG�WR�KRVSLWDO
DQG���PRQWKV�IROORZ�XS�GDWD�WR�DVVHVV�PRUWDOLW\�DQG�IXQFWLRQDO�RXWFRPH�

5HVXOWV

$�WRWDO�RI�����SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�RI�ZKLFK����UHFHLYHG�56,�E\�SDUDPHGLFV�DQG����GLG�QRW�UHFHLYH�LQWXEDWLRQ��%DVHOLQH�FKDUDFWHULVWLFV
ZHUH�FRPSDUDEOH�EHWZHHQ�WKH�JURXSV��2YHUDOO�LQWXEDWLRQ�VXFFHVV�UDWH�ZDV�������ZLWK�D�ILUVW�SDVV�VXFFHVV�UDWH�RI��������2YHUDOO��WKHUH�ZDV�QR
GLIIHUHQFH�LQ�PRUWDOLW\��,&8�DQG�KRVSLWDO�OHQJWK�RI�VWD\�DQG�IXQFWLRQDO�RXWFRPH�DIWHU�VL[�PRQWKV�EHWZHHQ�WKH�WZR�JURXSV��0DMRU�WUDXPD�SDWLHQWV�ZKR
UHFHLYHG�56,�ZHUH�PRUH�OLNHO\�WR�KDYH�IDYRXUDEOH�QHXURORJLFDO�RXWFRPH�DIWHU�VL[�PRQWKV�FRPSDUHG�WR�SDWLHQWV�ZKR�ZHUH�QRW�LQWXEDWHG��������YV�
�������S �������3UHKRVSLWDO�56,�ZDV�DOVR�DVVRFLDWHG�ZLWK�D�VLJQLILFDQW�GHFUHDVH�LQ�OHQJWK�RI�KRVSLWDO�VWD\�LQ�WKLV�JURXS�������K�YV��������K�
S ������

'LVFXVVLRQ

3UHKRVSLWDO�56,�LQ�SDHGLDWULF�SDWLHQWV�ZLWK�7%,�FDQ�VDIHO\�EH�SHUIRUPHG�E\�SDUDPHGLFV��2YHUDOO��RXWFRPH�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ
SDWLHQWV�ZKR�UHFHLYH�SUHKRVSLWDO�LQWXEDWLRQ�DQG�WKRVH�ZKR�GLG�QRW��KRZHYHU�RXU�VWXG\�LV�QRW�SRZHUHG�WR�GHWHFW�D�VLJQLILFDQW�GLIIHUHQFH��,QWXEDWLRQ
SULRU�WR�WUDQVSRUW�PLJKW�EH�EHQHILFLDO�IRU�PDMRU�WUDXPD�SDWLHQWV�

5HIHUHQFHV

*DXVFKH�0��/HZLV�5-��6WUDWWRQ�6-��+D\QHV�%(��*XQWHU�&6��*RRGULFK�60��HW�DO��(IIHFW�RI�RXW�RI�KRVSLWDO�SHGLDWULF�HQGRWUDFKHDO�LQWXEDWLRQ�RQ�VXUYLYDO
DQG�QHXURORJLFDO�RXWFRPH��D�FRQWUROOHG�FOLQLFDO�WULDO��-$0$�������������Ä���

*HUULWVH�%0��'UDDLVPD�-07��6FKDONZLMN�$��YDQ�*UXQVYHQ�30��6FKHIIHU�*-��6KRXOG�(06�SDUDPHGLFV�SHUIRUP�SDHGLDWULF�WUDFKHDO�LQWXEDWLRQ�LQ�WKH�ILHOG"
5HVXVFLWDWLRQ������������Ä��



',6$67(5�0(',&,1( VWHSKHQ�PRUULV

��������$XURUD�%ULGJH�%XV�&UDVK�UHYLHZ�RI�D�PDVV�FDVXDOW\�HYHQW�SUH�KRVSLWDO�DQG�KRVSLWDO�UHVSRQVH��OHVVRQV�OHDUQHG�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6WHSKHQ�0RUULV������$QGUHZ�0F&R\������-RVKXD�-DXUHJXL����

���$FWLQJ�$VVLVWDQW�3URIHVVRU�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�:DVKLQJWRQ�6FKRRO�RI�0HGLFLQH��VHDWWOH��86$
�����8QLYHUVLW\�RI�:DVKLQJWRQ�'LYLVLRQ�RI�(PHUJHQF\�0HGLFLQH��VHDWWOH��86$

.H\ZRUGV��'LVDVWHU��0&,��7UDXPD

$EVWUDFW��

$W�������RQ�6HSWHPEHU�����������DQ�DPSKLELRXV�'8.:��D�WZR�WRQ�YHKLFOH��ZDV�UHIXUELVKHG�LQ������IRU�WRXULVW�XVH��ZLWK����SHRSOH�RQ�ERDUG�ORVW
FRQWURO�GXH�WR�D�FDWDVWURSKLF�OHIW�IURQW�D[OH�PHFKDQLFDO�IDLOXUH���7KH�YHKLFOH�FURVVHG�WKH�FHQWHU�OLQH�LQWR�RQFRPLQJ�WUDIILF�DQG�VWUXFN�D�FKDUWHU�EXV
WUDQVSRUWLQJ����PHPEHUV�RI�DQ�LQWHUQDWLRQDO�FROOHJH�JURXS�LQFOXGLQJ�VWXGHQWV�DQG�VWDII�>L@��7KLV�HYHQW�RFFXUUHG�RQ�DQ�XUEDQ�EULGJH�ZLWK�KHDY\
WUDIILF���$�0DVV�&DVXDOW\�,QFLGHQW�UHVSRQVH�ZDV�DFWLYDWHG�DW�WKH�OHYHOV�RI�(06��WKH�LQWHU�KRVSLWDO�FRRUGLQDWLQJ�V\VWHP��'LVDVWHU�0HGLFDO�&RQWURO
&HQWHU��'0&&���WKH�UHJLRQDO�LQWHU�KRVSLWDO�FRRUGLQDWLRQ�JURXS�1RUWKZHVW�+HDOWKFDUH�5HVSRQVH�1HWZRUN��1:+51��DQG�WKH�&LW\�RI�6HDWWOH�

7KHUH�ZHUH����UHSRUWHG�LQMXULHV��KRZHYHU�WKLV�QXPEHU�PLJKW�EH�ORZ�GXH�WR�UHSRUWHG�GHOD\HG�VHOI�GLUHFWHG�PHGLFDO�DWWHQWLRQ�FDUH�VHHNLQJ�DIWHU�WKH
HYHQW���7KH�LQFLGHQW�KDG�PDQ\�XQLTXH�IHDWXUHV�WKDW�DIIHFWHG�WKH�LQFLGHQW�UHVSRQVH�LQFOXGLQJ��ORFDWLRQ�RQ�D�EULGJH�ZLWK�OLPLWHG�DFFHVV�SRLQWV�
LQYROYHPHQW�RI�DQ�DPSKLELRXV�'8.:�YHKLFOH��LQYROYHPHQW�RI�WZR�FRPPHUFLDO�YHKLFOHV�PDQGDWLQJ�LQYHVWLJDWLRQ�RI�WKH�1DWLRQDO�7UDIILF�6DIHW\�%RDUG�
DQG�ODUJH�QXPEHUV�RI�IRUHLJQ�QDWLRQDOV���7KLV�PDVV�FDVXDOW\�HYHQW�GHPRQVWUDWHV�WKH�FKDOOHQJHV�WR�D�FRPSOH[�PDVV�FDVXDOW\�UHVSRQVH�DQG�KRZ
PDQ\�DVSHFWV�RI�RXU�GLVDVWHU�UHVSRQVH�V\VWHP�PHW�WKRVH�FKDOOHQJHV�

7KHUH�ZHUH�IRXU�YLFWLPV�SURQRXQFHG�GHDG�RQ�WKH�VFHQH�DQG�DQRWKHU�YLFWLP�GLHG�WKUHH�GD\V�ODWHU�RI�KLV�LQMXULHV���$�WRWDO�RI����YLFWLPV�ZHUH�WULDJHG
DQG�WUDQVSRUWHG�YLD�WKH�(06�V\VWHP�WR���DUHD�KRVSLWDOV���7KHVH�LQFOXGHG����WULDJHG�UHG��HPHUJHQW������\HOORZ��XUJHQW��DQG����JUHHQ��GHOD\HG����7KH
IRXU�RQ�VFHQH�IDWDOLWLHV�ZHUH�WULDJHG�VWULSSHG��H[SHFWDQW����$�SUH�KRVSLWDO�FRXQW\�LVVXHG�(06�0&,�WULDJH�WDJ�ZDV�XVHG�WR�KHOS�SDWLHQW�WUDFNLQJ��

0DQ\�VPDOO�EXW�QRW�LUUHOHYDQW�HOHPHQWV�ZHUH�LQ�SOD\�WKDW�PDGH�WKLV�WUDJLF�DFFLGHQW�XQIROG�LQ�D�PDQQHU�WKDW�PD[LPL]HG�KHDOWKFDUH�DQG�JRRG
RXWFRPH�IRU�WKH�SDWLHQWV�DV�ZHOO�DV�D�VXSSRUWLYH�DQG�LQIRUPHG�HQYLURQPHQW�IRU�WKH�YLFWLPVÇ�IDPLOLHV�DQG�WKH�JHQHUDO�SRSXODWLRQ�RI�6HDWWOH���<HDUV�RI
FRRUGLQDWLRQ�DQG�FROODERUDWLYH�DJUHHPHQWV�DQG�SODQQLQJ��DV�ZHOO�DV�GULOOV�FDPH�WR�SOD\�DV�SDWLHQWV�ZHUH�DSSURSULDWHO\�PDQDJHG�LQ�WKH�ILHOG�
GLVWULEXWHG�DSSURSULDWHO\�WR�DUHD�KRVSLWDOV�ZKR�ZHUH�DZDUH�RI�DQG�SUHSDUHG�IRU�WKHLU�DUULYDO��WKHLU�ZKHUHDERXWV�ZHUH�WUDFNHG�DQG�DYDLODEOH�WR�SXEOLF
RIILFLDOV�ZKR�ZHUH�DEOH�WR�LQIRUP�DQG�VXSSRUW�IDPLO\�DQG�WKH�SXEOLF���6HYHUDO�HOHPHQWV�DOVR�FRQWULEXWHG�WR�WKH�HYHQW�LQ�D�QHJDWLYH�PDQQHU���$V�D
FRPPHUFLDO�WRXULVW�YHKLFOH�DQG�D�FRPPHUFLDO�WUDQVSRUWDWLRQ�YHKLFOH�QHLWKHU�YHKLFOH�ZDV�UHTXLUHG�WR�RU�KDG�VHDW�EHOWV���7KH�'8.:�YHKLFOH��KDYLQJ
EHHQ�LQYROYHG�LQ�SULRU�PDVV�FDVXDOW\�DFFLGHQWV��GRHV�QRW�PHHW�FXUUHQW�VDIHW\�VWDQGDUGV��DQG�FRQFHUQV�RYHU�WKH�YHKLFOHV�VL]H��VKDSH��EOLQG�VSRWV�DQG
EXR\DQF\�KDYH�DOVR�EHHQ�UDLVHG�>LL@>LLL@>LY@��'HVSLWH�WKH�UREXVW�UHVSRQVH�RI�RXU�FRPPXQLW\ÇV�(06��FLW\�DQG�KRVSLWDO�EDVHG�HPHUJHQF\�VHUYLFHV��LW�LV
OLNHO\�PDQ\�RI�WKHVH�LQMXULHV�DQG�IDWDOLWLHV�PD\�KDYH�EHHQ�DYHUWHG�ZLWK�LPSURYHG�VDIHW\�JXLGHOLQHV�DQG�LPSOHPHQWDWLRQ�

>L@�3UHOLPLQDU\�5HSRUW�1DWLRQDO�7UDQVSRUWDWLRQ�6DIHW\�%RDUG��+:<��0+����
KWWS���ZZZ�QWVE�JRY�LQYHVWLJDWLRQV�DFFLGHQWUHSRUWV�SDJHV�+:<��0+���BSUHOLPLQDU\�DVS[

�

>LL@KWWS���ZZZ�FQQ�FRP������86�������GXFN�ERDW�VDIHW\�

�

>LLL@�KWWS���ZZZ�QWVE�JRY�BOD\RXWV�QWVE�UHFVHDUFK�5HFRPPHQGDWLRQ�DVS["5HF 0�������

>LY@KWWS���ZZZ�ZQZODZ�FRP�ULGH�WKH�GXFNV�ZURQJIXO�GHDWK�

�



$,5:$< H\OHP�XODV�6$=

��������3UHYDOHQFH�DQG�RXWFRPHV�RI�HQGRWUDFKHDO�LQWXEDWLRQ�LQ�WKH�SHGLDWULF�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$/,�<8576(9(1������(</(0�8/$©�6$=����

���3HGLDWULF�(PHUJHQF\�0HGLFLQH��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<

.H\ZRUGV��HQGRWUDFKHDO�LQWXEDWLRQ�SHGLDWULF

$EVWUDFW��

%DFNJURXQG�DQG�2EMHFWLYHV

�,QWXEDWLRQ�LV�D�FRUH�DLUZD\�VNLOO�LQ�3HGLDWULF�(PHUJHQF\�'HSDUWPHQWV��7KHUH�DUH�OLPLWHG�GDWD�RQ�SHGLDWULF�HQGRWUDFKHDO�LQWXEDWLRQ�LQ�WKH�HPHUJHQF\
GHSDUWPHQW�HVSHFLDOO\�LQ�GHYHORSLQJ�FRXQWULHV��7KLV�VWXG\�ZDV�GHVLJQHG�WR�GHVFULEH�WKH�IUHTXHQF\��FOLQLFDO�IHDWXUHV�DQG�RXWFRPHV�RI�SHGLDWULF
LQWXEDWLRQ�LQ�D�ODUJH�FKLOGUHQÇV�KRVSLWDO�

�

0HWKRGV�

:H�SHUIRUPHG�D�UHWURVSHFWLYH�DQDO\VLV�RI�HPHUJHQF\�GHSDUWPHQW�PHGLFDO�UHFRUGV�EHWZHHQ�-DQXDU\������DQG�'HFHPEHU������WKDW�LQYROYHG
DWWHPSWHG�LQWXEDWLRQ�RI�FKLOGUHQ�\RXQJHU�WKDQ����\HDUV���0HGLFDO�UHFRUGV�ZHUH�UHYLHZHG�WR�GHVFULEH�WKH�LQWXEDWLRQ���SURFHVV��GHPRJUDSKLFV��FOLQLFDO
IHDWXUHV�DQG�RXWFRPHV�

5HVXOWV�

$�WRWDO�RI���������SDWLHQWV�YLVLWHG�RXU�HPHUJHQF\�GHSDUWPHQW�GXULQJ�WKH�VWXG\�SHULRG��(LJKW\�VL[�RI�WKHP����������ZHUH�LQWXEDWHG��7KH�PHDQ�DJH
ZDV�����\HDUV���)�0�����DQG����SDWLHQW�ZDV�\RXQJHU�WKDQ����PRQWKV���&DUGLRSXOPRQDU\�DUUHVW�ZDV�WKH�PRVW�FRPPRQ�LQGLFDWLRQ�IRU�LQWXEDWLRQ�������
IROORZHG�E\�VWDWXV�HSLOHSWLFXV��VHSVLV�VKRFN�DQG�UHVSLUDWRU\�IDLOXUH�UHVSHFWLYHO\�����������DQG��������&DUGLRSXOPRQDU\�UHVXVFLWDWLRQ�ZDV
DGPLQLVWHUHG�IRU����SDWLHQWV�PRUH�WKDQ����PLQXWH��DQG�WKH\�DOO�GLHG��:KLOH�SRRU�RXWFRPH�ZDV�DVVRFLDWHG�ZLWK�VHSVLV�VKRFN��EHWWHU�RXWFRPH�ZDV
DVVRFLDWHG�ZLWK�VWDWXV�HSLOHSWLFXV�ZLWK�D�S�YDOXH�RI������DQG�������UHVSHFWLYHO\�

�

0RVW�LQWXEDWLRQV�ZHUH�VXFFHVVIXO�ZLWK��Ä��ODU\QJRVFRS\�DWWHPSWV��ZKLOH����������ZHUH�GLIIL�FXOW��$�PDMRULW\�RI�WUDFKHDO�LQWXEDWLRQV�LQYROYHG�XVH�RI
DQ�LQWUDYHQRXV�DQHVWKHWLF�LQGXFWLRQ�DJHQW�DQG�RU�D�VHGDWLYH��������@�D�EHQ]RGLD]HSLQH�����������IHQWDQ\O��DQG����������NHWDPLQH���5RFXURQLXP
EURPLGH�DV�D�QHXURPXVFXODU�EORFNDGH�DJHQW�ZDV�DGPLQLVWHUHG�LQ����������RI�HQGRWUDFKHDO�LQWXEDWLRQV���:KLOH�LQIDQWV�KDG�WKH�KLJKHVW�PRUWDOLW\�UDWH
ZLWK�D������ILIW\�IRXU�SHUFHQW�RI�DOO�SDWLHQWV�ZHUH�GLVFKDUJHG�IURP�WKH�KRVSLWDO�

�

&RQFOXVLRQV

7KH�PRVW�FRPPRQ�OLIHVDYLQJ�LQWHUYHQWLRQ�LQ�RXU�SHGLDWULF�HPHUJHQF\�GHSDUWPHQW�ZDV�HQGRWUDFKHDO�LQWXEDWLRQ��$�VLJQLILFDQW�UDWH�RI�LQWXEDWLRQ�ZDV
VXFFHVVIXO���)DYRUDEOH�RXWFRPH�KDV�EHHQ�UHODWHG�WR�GXUDWLRQ�RI�&35��OHVV�WKDQ����PLQXWH���DJH��!��\HDU��DQG�SULPDU\�FOLQLFDO�IHDWXUHV��VWDWXV
HSLOHSWLFXV���

�



,0$*,1*���8/75$6281'���5$',2/2*< 0XQD]DK�$NKWDU

��������$QRWKHU�/LIH�6DYHG��,QWHJUDWHG�XVH�RI�8OWUDVRXQG�,Q�SXOVH�SDXVH�RI�$GXOW�OLIH�VXSSRUW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$VLI�0XVKWDT������$NKWDU�0XQD]DK������-XOLDQ�:HEE����

���6SHFLDOLW\�'RFWRU�(PHUJHQF\�0HGLFLQH��05&6��(DVW�6XUUH\�KRVSLWDO��5HGKLOO��8.
���6SHFLDOLW\�GRFWRU�5HVHDUFK�OHDG��(DVW�6XUUH\�KRVSLWDO��6XUUH\�DQG�6XVVH[�7UXVW���5HGKLOO��8.
���(PHUJHQF\�0HGLFLQH��(DVW�6XUUH\�KRVSLWDO��6XUUH\�DQG�6XVVH[�7UXVW���5HGKLOO��8.

.H\ZRUGV��3XOVHOHVV�HOHFWULFDO�DFWLYLW\��8OWUDVRXQG��&DUGLDF�$UUHVW�

$EVWUDFW��

'LDJQRVLQJ�DQG�WUHDWLQJ�D�FDXVH�RI�FDUGLDF�DUUHVW�KDV�EHHQ�FKDOOHQJLQJ�IRU�(PHUJHQF\�SK\VLFLDQV�IRU�\HDUV�VLQFH�FOLQLFDO�VLJQV�RI�PRVW�UHYHUVLEOH
FDXVHV���+�DQG��7��DUH�HLWKHU�DEVHQW�RU�GLIILFXOW�WR�LQWHUSUHW�LQ�QRLV\�5HVXV�DQG�RIWHQ�GXH�WR�FRQWLQXRXV�FKHVW�FRPSUHVVLRQV���8VH�RI�LQWHJUDWHG
8OWUDVRXQG�KDV�KHOSHG�(PHUJHQF\�3K\VLFLDQV�WR�VROYH�WKLV�FOLQLFDO�GLOHPPD�

:H�DUH�UHSRUWLQJ�DQ�XQXVXDO�FDVH�RI�FDUGLDF�WDPSRQDGH�DQG�SOHXUDO�HIIXVLRQ�LQ�D���\HDUV�ROG�IHPDOH�ZKR�ZDV�GLDJQRVHG�DQG�GUDLQHG�GXULQJ�3($
FDUGLDF�DUUHVW�LQ�RXU�UHVXVLWDWLRQ��HPHUJHQF\�GHSDUWPHQW��,QWHJUDWHG�8OWUDVRQRJUDSKLF�DSSURDFK�ZDV�XVHG�WR�JHW��VDWLVIDFWRU\�LPDJHV�DQG�WR�LQVHUW
GUDLQV�GXULQJ�SXOVH�SDXVH�RI�$GXOW�OLIH�VXSSRUW�6XFFHVVIXO�GUDLQDJH�RI����POV�RI�SHULFDUGLDO�IOXLG�DQG�����POV�RI�SOHXUDO�IOXLG�OHDG�WR�UHWXUQ�RI
VSRQWDQHRXV�FLUFXODWLRQ�526&���3DWLHQW�ZDV�VXFHVVIXOO\�UHVXVLWDWHG�DQG�VWDELOLVHG�DQG�WUDQVIHUUHG�WR�LQWHQVLYH�FDUH�XQLW�IRU�IXUWKXU�PDQDJHPHQW�
6KH�ZDV�FRQVHFXWLYHO\�GLVFKDUJHG�DIWHU���GD\V�RI�KRVSLWDO�DGPLVVLRQ��+RZHYHU�RQ�IXUWKXU�LPDJLQJ�LW�ZDV�UHYHODHG�WKDW�VKH�KDG�$GHQRFDUFLQRPD�RI
WKH�OXQJ�ZKLFK�ZDV�WKH�SULPDU\�FDXVH�RI�KHU�GLVHDVH�SURFHVV�

2XU�FDVH�UHSRUW�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�WUDLQLQJ�DQG�VNLOOV�UHTXLUHG�E\�(PHUJHQF\�3K\VLFLDQV�WR�SHUIRUP�,QWHJUDWHG�8OWUDVRXQG�GXULQJ�/LIH
VXSSRUW�VFHQDULRV�ZKLFK�DLG�XV�LQ�GLDJQRVWLF�PDQDJHPHQW�RI�SDWLHQWV��:H�GHPRQVWUDWH�WKDW�DFTXLULQJ�VXFK�VNLOOV�DUH�OLIH�VDYLQJ�



&$6(�35(6(17$7,21 KRVVHLQL�NDVQDYLHK�VH\HG�PRKDPPDG

��������)LUVW�0DQLIHVWDWLRQ�RI�'LDEHWHV�0HOOLWXV�'LDEHWLF�.HWRDFLGRVLV�DFFRPSDQLHG�E\�3XOPRQDU\�(PEROLVP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+DVVDQ�$PLUL������6H\HG�PRKDPPDG�+RVVHLQL�NDVQDYLHK������0RKDPPDG�UH]D�<DVLQ]DGHK������1DGHU�7YDNROL������JKRODPUH]D�PDVRXPL������6DPDQD
1DEL������PRKDPPDG�%DJKDHL������VDPDQH�5H]DHL����

���,UDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,UDQ��,UDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��7HKUDQ��,UDQ��WHKUDQ��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��3XOPRQDU\�7KURPERHPEROL��'LDEHWLF�.HWRDFLGRVLV

$EVWUDFW��

'.$�LV�D�OLIH�WKHDUHWHQLQJ�PDQLIHVWDWLRQ�RI�GLDEHWXV�PHOOLWXV�DV�D�K\SHUFRDJRODEOH�VWDWH��YHQRXV�DQG�DUWHULDO�WKURPERDPEROLVP�DUH�FRPSOLFDWLRQV�RI
'.$�WUHDWPHQW��SXOPRQDU\�WKURPERHPEROLVP���37(��LV�WKH�PRVW�VHULRXVH���PDQLIHVWDWLRQ�RI�YHQRXV�WKURPERHPEROLF�GHVHDVH��WKLV�DUWLFOH�UHSRUWVWKH
FDVH�RI����\HDUV�ROG�ZRPDQ�ZLWK�PDVVLYH��WKURPERDPEROLVP�SUHVHQWHG�ZLWK�'.$�

FDVH�UHSRUW�$����\HDUV�ROG�ZRPDQ�ZDV�EURXJKWH�WR�HPHUJHQF\�GHSDUWHPDQ�DW�WHKUDQ�
KDIWHWLU�KRVSLWDO�ZLWK�D�FKLIH�FRPSODLQ�RI�DFXWH�G\VSQHD��6KH
VWDWHG�WKDW�DIWHU�D�IHZ�PLQXHWHV�UXQQLQJ�LQ�D�VKRUW�GLVWDQFH��VKH�KDG�H[SULHQFHG�D�VKRUWQQHV�RI�EUHDWK�VZHDWLQJ�GL]]HQHV�DQG�GURS�DWWDFN�1R
VLJQLILFDQW�VLFNQHV�ZDV�IRXQG�LQ�KHU�SDVW�PHGLFDO�KLVWRU\��6KH�QR�KDG�KLVWRU\�RI�UHFHQW�RI�ORQJ�GLVWDQFH�WUDYHO��REHFLW\�DQG�VPRNLQJ��+RZHYHU�VKH
ZDV�LOO�SDLO�SULVSULQJ��F\DQRWLF�DQG�DQ[LRXV�ZLWK�FROG�H[WHUPLWHV��KHU�KHDUW�UDWH�ZDV����EHDWV�PLQ�DQG�%3�:$6������PP+J�3XOV�R[LPHWU\�ZDV�VKRXG
R��VDWXUDWLRQ�����LQ�URRP�DLU�VKH�KDG�WDFK\SQHD�RI����EUHDW��PLQ�KHU�OXQJ�VRXQG�ZDV�QRUPDO



35(�+263,7$/���(06���287�2)�+263,7$/ <XQ�;LQ�&KLQ

��������&RPSDULQJ�,QWUDRVVHRXV�$QG�,QWUDYHQRXV�$FFHVV�)RU�2XW�RI�+RVSLWDO�&DUGLDF�$UUHVW�,Q�6LQJDSRUH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

<XQ�;LQ�&KLQ������.HQQHWK�%RRQ�.LDW�7DQ������=KL�;LRQJ�.RK������<LK�<QJ�1J������1XU�$LQ�=DILUDK�%WH�0G�6DLG������0DVQLWD�5DKPDW������6WHSKDQLH�)RRN
�����0DUFXV�(QJ�+RFN�2QJ����

�����'XNH�186�0HGLFDO�6FKRRO��6LQJDSRUH��6,1*$325(
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(
���0HGLFDO�'HSDUWPHQW��6LQJDSRUH�&LYLO�'HIHQFH�)RUFH��6LQJDSRUH��6,1*$325(
���'LYLVLRQ�RI�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(

.H\ZRUGV��2XW�RI�KRVSLWDO�FDUGLDF�DUUHVW��HPHUJHQF\�PHGLFDO�VHUYLFHV��HSLQHSKULQH��LQWUDRVVHRXV��LQWUDYHQRXV

$EVWUDFW��

%DFNJURXQG

9DVFXODU�DFFHVV�LQ�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��SDWLHQWV�LV�FKDOOHQJLQJ��/RFDOO\��HPHUJHQF\�DPEXODQFH�SDUDPHGLFV�KDYH�D�����VXFFHVV
UDWH�RI�REWDLQLQJ�DQ�LQWUDYHQRXV��,9��DFFHVV�LQ�RUGHU�WR�DGPLQLVWHU�HSLQHSKULQH��7KH�DLP�LV�WR�HYDOXDWH�WKH�XVH�RI�LQWUDRVVHRXV��,2��LQ�DGGLWLRQ�WR�,9
WR�GHWHUPLQH�LI�WKHUH�LV�DQ�LPSURYHPHQW�LQ�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��526&��

�

0HWKRGV

7KLV�LV�D�SURVSHFWLYH��SDUDOOHO�JURXS��FOXVWHU�UDQGRPLVHG��FURVVRYHU�VWXG\�FRPSDULQJ�Æ,9�RQO\Ç�DJDLQVW�Æ,9�,2Ç�LQ�PHGLFDO�DQG�WUDXPDWLF�2+&$�FDVHV
LQ�6LQJDSRUH��,Q�WKH�Æ,9�,2Ç�DUP��LI���,9�DWWHPSWV�IDLOHG�RU�WRRN�PRUH�WKDQ����VHFRQGV��SDUDPHGLFV�PD\�KDYH���DWWHPSWV�RI�,2��,QFOXVLRQ�FULWHULD�IRU
,2�ZHUH�2+&$�DGXOW��ERG\�ZHLJKW�Õ��NJ��DQG�SDHGLDWULF��ERG\�ZHLJKW�EHWZHHQ���WR���NJ��SDWLHQWV��([FOXVLRQ�FULWHULD�ZHUH�FRQWUDLQGLFDWLRQV�WR�,2�
7KH�SULPDU\�RXWFRPH�ZDV�526&��6HFRQGDU\�RXWFRPHV�ZHUH�LQVHUWLRQ�VXFFHVV�UDWH��HSLQHSKULQH�DGPLQLVWUDWLRQ��WLPH�WDNHQ�IRU��VW�GRVH�RI
HSLQHSKULQH�DQG�VXUYLYDO�RXWFRPH�

�

5HVXOWV

%DVHG�RQ�SKDVH���UHVXOWV��SULRU�WR�FURVVRYHU��IURP���6HSWHPEHU�WR����'HFHPEHU�������WKHUH�ZHUH�����FDVHV�LQ�WKH�Æ,9�RQO\Ç�JURXS�DQG�����FDVHV�LQ
WKH�Æ,9�,2Ç�JURXS��%DVHOLQH�FKDUDFWHULVWLFV�ZHUH�VLPLODU�LQ�ERWK�JURXSV��7KHUH�ZHUH�PRUH�VXFFHVVIXO�YDVFXODU�DFFHVV�DQG�SUHKRVSLWDO�HSLQHSKULQH
DGPLQLVWHUHG�LQ�Æ,9�,2Ç�FRPSDUHG�WR�Æ,9�RQO\Ç��������YV������S��������������YV��������S�������UHVSHFWLYHO\���7KHUH�ZHUH����,2�DWWHPSWV�LQ�WKH
Æ,9�,2Ç�JURXS��RI�ZKLFK���IDLOHG�DV�WKH��VW�DWWHPSW�ZDV�XQVXFFHVVIXO�EXW�D��QG�DWWHPSW�ZDV�QRW�PDGH��0HGLDQ�WLPH�WR�HSLQHSKULQH�ZDV�VLPLODU�LQ
ERWK�Æ,9�,2Ç�DQG�Æ,9�RQO\Ç�JURXSV�����PLQ�>,45������PLQ@�YV����PLQ�>,45������PLQ@�UHVSHFWLYHO\��S ��������DOVR�526&�ZKHWKHU�LW�ZDV�SUHKRVSLWDO
526&�������YV�����UHVSHFWLYHO\��S �������RU�KRVSLWDO�526&��������YV�������UHVSHFWLYHO\��S ��������DV�ZHOO�DV�VXUYLYDO�WR�GLVFKDUJH�RU����GD\V
������YV������UHVSHFWLYHO\��S �������DQG�JRRG�QHXURORJLFDO�RXWFRPH�RI�FHUHEUDO�SHUIRUPDQFH�FDWHJRU\��&3&��Ô��������YV������UHVSHFWLYHO\�
S �������

�

&RQFOXVLRQV

7KH�XVH�RI�,2�LQ�DGGLWLRQ�WR�,9�OHG�WR�KLJKHU�YDVFXODU�VXFFHVV�UDWH�DQG�SUHKRVSLWDO�HSLQHSKULQH�DGPLQLVWUDWLRQ��+RZHYHU��LW�ZDV�QRW�VWDWLVWLFDOO\
VLJQLILFDQW�IRU�526&��VXUYLYDO�WR�GLVFKDUJH�RU����GD\�VXUYLYDO��RU�JRRG�QHXURORJLFDO�RXWFRPH�

�

$FNQRZOHGJPHQWV

:H�ZRXOG�OLNH�WR�WKDQN�WKH�6&')�SDUDPHGLFV�IRU�WKHLU�SDUWLFLSDWLRQ�LQ�WKLV�VWXG\��:H�KDYH�QR�FRQIOLFWV�RI�LQWHUHVW�WR�GHFODUH��7KLV�VWXG\�ZDV�IXQGHG
E\�105&�1HZ�,QYHVWLJDWRU�*UDQW�DQG�$0�(7+26�'XNH�186�065)�*UDQW��



',6$67(5�0(',&,1( 0DUWLQ�.8//$

��������,QLWLDO�DVVHVVPHQW�DQG�WUHDWPHQW�RI�UHIXJHHV�LQ�WKH�0HGLWHUUDQHDQ�6HD���$�VHFRQGDU\�GDWD�DQDO\VLV�FRQFHUQLQJ�WKH
LQLWLDO�DVVHVVPHQW�DQG�WUHDWPHQW�RI������UHIXJHHV�UHVFXHG�IURP�GLVWUHVV�DW�VHD�LQ�VXSSRUW�RI�WKH�(81$9)25�0('�UHOLHI�PLVVLRQ

RI�WKH�(8�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DUWLQ�.XOOD������)ORUHQW�-RVVH������%MRHUQ�+RVVIHOG������/RUHQ]�/DPSO������+HOP�0DWWKLDV����

���$QHVWKHVLRORJ\�DQG�,QWHQVLYH�&DUH�0HGLFLQH���6HFWLRQ�(PHUJHQF\�0HGLFLQH��%XQGHVZHKUKRVSLWDO�8OP��8OP��*(50$1<
���$QHVWKHVLRORJ\�DQG�,QWHQVLYH�&DUH�0HGLFLQH��%XQGHVZHKUKRVSLWDO�8OP��8OP��*(50$1<
���$QHVWKHVLRORJ\�DQG�,QWHQVLYH�&DUH�0HGLFLQH���6HFWLRQ�(PHUJHQF\�0HGLFLQH��%XQGHVZHKUKRVSLWDO�8OP��8O�P��*(50$1<

.H\ZRUGV��5HIXJHH��$V\OXP�VHHNHU���0HGLWHUUDQHDQ�6HD��7ULDJH��LQLWLDO�WUHDWPHQW�

$EVWUDFW��

%DFNJURXQG

7KH�IORZ�RI�PLJUDQWV�IURP�$IULFD�0LGGOH�(DVW�WRZDUGV�(XURSH�YLD�WKH�0HGLWHUUDQHDQ�KDV�OHG�WR�WKH�QHHG�IRU�DQ�H[WHQVLYH�(XURSHDQ�8QLRQ
KXPDQLWDULDQ�VXSSRUW�PLVVLRQ��(81$9)25�0('������*HUPDQ\�LV�SDUWLFLSDWLQJ�LQ�WKLV�PLVVLRQ�ZLWK�WZR�1DY\�YHVVHOV��7KH�NH\�PHGLFDO�FKDOOHQJHV�KDYH
LQFOXGHG�WKH�XUJHQW�LQLWLDO�DVVHVVPHQW����DQG�WUHDWPHQW�RI�KXQGUHGV�RI�UHVFXHG�SHUVRQV�LQ�GLVWUHVV�DW�VHD�SHU�UHIXJHH�ERDW��7KH�FUHZ�RI�RQH�RI�WKH
IULJDWH�ZDV�VWDIIHG�ZLWK�DQ�DGGLWLRQDO�DQHVWKHVLRORJLVW�DQG�DQ�DGGLWLRQDO�VXUJHRQ��:H�DQDO\]HG�WKH�PHGLFDO�UHTXLUHPHQWV�RI�VXFK�UHVFXH�PLVVLRQV�DV
ZHOO�DV�WKH�SRWHQWLDO�EHQHILW�RI�YDULRXV�DGGLWLRQDO�PRQLWRULQJ�GHYLFHV�LQ�LGHQWLI\LQJ�VLFN�UHIXJHHV�ZLWKLQ�WKH�SULPDU\�PHGLFDO�DVVHVVPHQW�SURFHVV�

0DWHULDO�0HWKRGV

5HWURVSHFWLYH�DQDO\VLV�RI�WKH�GDWD�FROOHFWHG�IURP�0D\Ä6HSWHPEHU������DW�D�*HUPDQ�1DYDO�)RUFH�IULJDWH�ZLWKLQ�WKH�SULPDU\�PHGLFDO�DVVHVVPHQW�DQG
WUHDWPHQW�SURFHVV�RI�UHIXJHHV�UHVFXHG�IURP�GLVWUHVV�DW�VHD���(WKLFV�&RPPLVVLRQ�8QLYHUVLW\�RI�8OP��*HUPDQ\�1R�����������'HVFULSWLYH�VWDWLVWLFV�
XQLYDULDWH�DQDO\VLV�DV�ZHOO�DV�PXOWLYDULDWH�DQDO\VHV�ZHUH�SHUIRUPHG�

5HVXOWV

$�WRWDO�RI������UHIXJHHV�KDG�EHHQ�UHVFXHG�IURP����UHIXJHH�ERDWV��������ZHUH�PDOH�������LQIDQWV��������FKLOGUHQ��������DGXOWV�DQG������HOGHU
SHRSOH���������RI�WKHP�ZHUH�FODVVLILHG�DV�ÈPHGLFDO�WUHDWPHQW�UHTXLUHGÉ�������QHHGHG�D�WUHDWPHQW�LQ�WKH�HPHUJHQF\�ILHOG�KRVSLWDO��7KH
GHPRJUDSKLF�GDWD�DV�ZHOO�DV�WKH�KHDOWK�VWDWXV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�WKH�UHIXJHH�ERDWV�

,Q�DGGLWLRQ�WR�WKH�FOLQLFDO�DVVHVVPHQW�E\�D�SK\VLFLDQ��35��&%7�DQG�6S2��ZHUH�HYDOXDWHG��6LFN���LQMXUHG�UHIXJHHV�GLVSOD\HG�D�VWDWLVWLFDOO\�VLJQLILFDQW
KLJKHU�35������PLQ�YV������PLQ��S��������DQG�&%7������j&�YV������j&��S���������7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�6S2��YDOXHV��7KH�VDPH
UHVXOWV�ZHUH�IRXQG�IRU�WKH�VXEJURXS�RI�SDWLHQWV�FODVVLILHG�DV�ÈWUHDWPHQW�DW�HPHUJHQF\�KRVSLWDO�UHTXLUHGÉ��+RZHYHU�D�PXFK�ODUJHU�GLIIHUHQFH�RI�WKH
PHDQ�35�DQG�&%7�����PLQ�UHVS�����j&��ZDV�IRXQG�ZKHQ�H[DPLQLQJ�WKH�VXEJURXSV�RI�WKH�FRUUHVSRQGLQJ�UHIXJHH�ERDWV��$�FXW�RII�YDOXH�RI�FOLQLFDO
LPSRUWDQFH�FRXOG�QRW�EH�IRXQG��3UHGRPLQDQW�GLDJQRVHV�KDYH�EHHQ�GHUPDWRORJLFDO����������IROORZHG�E\�LQWHUQDO�GLVHDVHV��FDUGLRYDVFXODU�������
SXOPRQDU\�������DEGRPLQDO�LQIHFWLRQ�������DQG�VXUJLFDO�FRQGLWLRQV��WUDXPD�������RUWKRSHGLF��������,QIUHTXHQW�FRQGLWLRQV�ZHUH�(17���206��������
RSKWKDOPRORJLFDO��������DQG�J\QHFRORJLFDO�SUREOHPV���������2QH�FKLOG�ZDV�JLYHQ�ELUWK�RQ�ERDUG�WKH�IULJDWH��1RQH�RI�WKH�UHIXJHHV�FODVVLILHG�DV
ÈKHDOWK\É�ZLWKLQ�WKH�SULPDU\�DVVHVVPHQW�SURFHVV�FKDQJHG�WR�ÈPHGLFDO�WUHDWPHQW�UHTXLUHGÉ�GXULQJ�IXUWKHU�REVHUYDWLRQ�

&RQFOXVLRQV

0RVW�RI�WKH�UHIXJHHV�ZHUH�PDOH�DGXOWV��DQG�DSSUR[LPDWHO\�����RI�WKHP�UHFHLYHG�LQLWLDO�FDUH������RI�WKHP�QHHGHG�WUHDWPHQW�DW�DQ�LPSURYLVHG
HPHUJHQF\�ILHOG�KRVSLWDO��$JJUDYDWHG�SUHH[LVWLQJ�FRQGLWLRQV�GXH�WR�ODFN�RI�K\JLHQH�RU�YLROHQFH�DUH�WKH�PDLQ�FDXVHV��7KH�LQLWLDO�DVVHVVPHQW�RI
SHRSOH�LQ�GLVWUHVV�DW�VHD�KDV�SURYHQ�HIIHFWLYH�LI�DQ�H[SHULHQFHG�SK\VLFLDQ�FDUULHV�LW�RXW��35��632���DQG�&%7�ZHUH�QRW�VXLWDEOH�IRU�GLVWLQJXLVKLQJ
EHWZHHQ�KHDOWK\�DQG�VLFN���LQMXUHG�SHRSOH�

5HIHUHQFHV

���3IRUWPXHOOHU�&$�3/R6�2QH����������H�����

���1J�&�6FDQG�-�7UDXPD�5HVXVF�(PHUJ�0HG���������

���/LGDO�,%�6FDQG�-�7UDXPD�5HVXVF�(PHUJ�0HG�������������

���/HUQHU�(%�3UHKRVS�(PHUJ�&DUH�����������������



257+23(',&6 0XQD]DK�$NKWDU

��������$�SDURG\��$QWHULRU�VKRXOGHU�GLVORFDWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$VLI�0XVKWDT������-XOLDQ�:HEE������$NKWDU�0XQD]DK����

���6SHFLDOLW\�'RFWRU�(PHUJHQF\�0HGLFLQH��05&6��(DVW�6XUUH\�KRVSLWDO��5HGKLOO��8.
���(PHUJHQF\�0HGLFLQH��(DVW�6XUUH\�KRVSLWDO��6XUUH\�DQG�6XVVH[�7UXVW���5HGKLOO��8.
���6SHFLDOLW\�GRFWRU�5HVHDUFK�OHDG��(DVW�6XUUH\�KRVSLWDO��6XUUH\�DQG�6XVVH[�7UXVW���5HGKLOO��8.

.H\ZRUGV��'LVORFDWLRQ��SDLQ��5HGXFWLRQ

$EVWUDFW��

$FXWH�VKRXOGHU�GLVORFDWLRQV�DUH�D�FRPPRQ�FOLQLFDO�FRUUHQGUXP��SUHVHQWDWLRQV�LQ�RXU�HPHUJHQF\�GHSDUWPHQWV�ZRUOGZLGH��6WDWLVWLFV�VKRZ�WKDW
VKRXOGHU�MRLQW�GLVORFDWLRQV�DUH�����FRPPRQ�ZLWK�DFXWH�DQWHULRU�VKRXOGHU�GLFORFDWLRQV�DFFRXQWLQJ�IRU�����RI�FDVHV��,Q�RXU�EXV\�HPHUJHQF\
GHSDUWPHQWV�LW�LV�LPSRUWDQW�WKDW�ZH�XVH�D�VLPSOH�UHOLDEOH��OHVV�WUDXPDWLF�DQG�WLPH�PRGXODWHG�SURFHGXUH��2YHU�GHFDGHV�ZH�KDYH�VHHQ�YDULRXV
PHWKRGV�RI�DQWHULRU�VKRXOGHU�UHGXFWLRQ�SURFHGXUHV�EHLQJ�LPSOHPHQWHG��ZKLFK�KDYH�EHHQ�PRGLILHG�ODWHU�DV�SDLQ�DQG�WLPH�PDQDJHPQW�KDYH�DOZD\V
EHHQ�DQ�LVVXH�

:H�KDYH�IRXQG�D�UHODLEOH�DQG�PRGLILHG�PHWKRG�RI�DQWHULRU�VKRXOGHU�UHGXFWLRQ��2XU�ILUVW�DXWKRU�LPSOHPHQWHG�WKLV�WHFKQLTXH�LQLWLDOO\�ZLWK�RXU�VXSSRUW�
LW�LQYROYHV�WUDFWLRQ�SDUDOOHO�WR�ERG\���HLWKHU�VLWWLQJ�RU�O\LQJ�GRZQ�SRVLWLRQ��ZLWK�RQH�KDQG�DQG�PDQLSXODWLRQ�LQ�DIIHFWHG�D[LOOD�RI�KXPHUDO�KHDG�LQWR�WKH
JOHQRLG�FDYLW\�ZLWK�RWKHU�KDQG�ZKLFK�OHDGV�WR�VXFFHVVIXOO�UHSRVLWLRQLQJ�RI�VKRXOGHU�LI�DGHTXDWH�DQDOJHVLD�DQG�PXVFOH�UHOD[WLRQ�KDYH�EHHQ�DFKLHYHG�
7KH�SURFHVV�LV�FRPSOHWHG�E\�LQWHUQDO�URWDWLRQ�DQG�SODFLQJ�D�EURDG�DUP�VOLQJ�RQ�WKH�UHGXFHG�VKRXOGHU�

7ZHQW\�����SDWLHQWV�ZLWK�DFXWH�DQWHULRU�VKRXOGHU�GLVORFDWLRQV�ZHUH�HYDOXDWHG�EHWZHHQ�-DQXDXU\�����WLOO�0DUFK������DW�(DVW�6XUUH\�KRVSLWDO�LQ
8QLWHG�.LQJGRP���7KH�SDWLHQWV�ZHUH�HYDOXDWHG�IRU�WKH�HIIHFWLYHQHVV�RI�WKH�SURFHGXUH�LQ�DFKLHYLQJ�UHGXFWLRQ��GXUDWLRQ�RI�UHGXFWLRQ�DWWHPSW�DQG�SRVW
SURFHGXUDO�FRPSOLFDWLRQV��7KH�PHWKRG�ZDV�QRW�FRPSDUHG�ZLWK�DQ\�RWKHU�PHWKRG���+RZHYHU�WKH�H[FOXVLRQ�FULWHULD�ZHUH�SRO\WUDXPD�DQG�IUDFWXUH
GLVORFDWLRQV�

2XU�UHVXOWV�ZUH�TXLWH�HQFRXUDJLQJ�DV�HLJKWHHQ������RXW�RI�WZHQW\�����SDWLHQWV�DFKLHYHG�VXFFHVVIXOO�UHGFXWLRQ�WKURXJK�WKLV�SURFHGXUH�LQ�ILYH�PLQXWHV
RI�DWWHPSW��+RZHYHU�LQ�WZR�SDWLHQWV�LW�ZDV�QRW�VXFFHVVIXOO��7KHUH�ZHUH�QR�UHSRUWHG�FRPSOLFDWLRQV�

7KLV�PHWKRG�LV�LQ�LWV�LQLWLDO�VWDJHV�DQG�QHHGV�PRUH�UHVHDUFK�DQG�WLPH���LW�LV�D�VPDOO��QRQ�FRPSDUDWLYH�VWXG\��KRZHYHU��ZH�IHHO�LW�KDV�SDYHG�D�QHZ
ZD\�DKHDG��



0$1$*(0(17���('�25*$1,6$7,21 6DUDK�7XUSLQ

��������,PSURYLQJ�PXOWLGLVFLSOLQDU\�WHDP�PHHWLQJV�LQ�*HULDWULF�(PHUJHQF\�0HGLFLQH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6RQDO�.XPDU������7KRPDV�0RUULV������$PLQD�.DYDO������6DOVDELOD�0DGL������$EGXO�0DWLQ������0DU\�5HQ������6DUDK�7XUSLQ����

���)<���8QLYHUVLW\�+RVSLWDOV�RI�/HLFHVWHU��/HLFHVWHU��8.
���&OLQLFDO�)HOORZ�LQ�*HULDWULF�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDOV�RI�/HLFHVWHU��/HLFHVWHU��8.

.H\ZRUGV��0XOWLGLVFLSOLQDU\��PHHWLQJ��HIILFLHQF\��TXDOLW\�LPSURYHPHQW��JHULDWULF�HPHUJHQF\�PHGLFLQH

$EVWUDFW��

,QWURGXFWLRQ

0XOWLGLVFLSOLQDU\�WHDP��0'7��FRPPXQLFDWLRQ�LV�NH\�WR�SURYLGLQJ�FRPSUHKHQVLYH�JHULDWULF�DVVHVVPHQW��)UDLO�ROGHU�SHRSOH�DWWHQG�HPHUJHQF\
GHSDUWPHQWV�ZLWK�LQFUHDVHG�IUHTXHQF\�DQG�KDYH�KLJKHU�FRQYHUVLRQ�UDWHV�WKDQ�\RXQJHU�SHRSOH��(IIHFWLYH�0'7�ZRUNLQJ�ZLWKLQ�WKH�('�DUHD�DV�SDUW�RI�D
FROODERUDWLYH�DSSRUDFK�ZLWK�('�SK\VLFLDQV�DQG�QXUVLQJ�VWDII���7KH�(PHUJHQF\�)UDLOW\�8QLW��KDV�EHHQ�VKRZQ�WR�UHGXFH�FRQYHUVLRQ�UDWHV�DQG�UHGXFH
UHDGPLVVLRQ�UHDWWHQGDQFH�UDWHV�LQ�SDWLHQWV�DJHG�RYHU������/HLFHVWHUÇV�(PHUJHQF\�)UDLOW\�8QLW��()8��DLPV�WR�GHOLYHU�WZR�EULHI�0'7�PHHWLQJV�SHU�GD\
WR�DLG�FRPPXQLFDWLRQ�DQG�HIILFLHQW�SDWLHQW�DVVHVVPHQW�DQG�PDQDJHPHQW��+LVWRULFDO�PHHWLQJ�DWWHQGDQFH�UDWHV�ZHUH�YDULDEOH��ZKLFK�QHJDWLYHO\
LPSDFWHG�RQ�WKH�HIILFLHQF\�RI�FRPPXQLFDWLRQ�EHWZHHQ�WHDP�PHPEHUV�DQG�ZDV�IHOW�WR�VORZ�GRZQ�SDWLHQW�IORZ�WKURXJK�WKH�XQLW�DQG�PDLQ�GHSDUWPHQW
��$�4,�SURMHFW�ZDV�GHVLJQHG�WR�RSWLPLVH�WKH�IUHTXHQF\�DQG�DWWHQGDQFH�DW�PHHWLQJV��DLPLQJ�WR�LPSURYH�FRPPXQLFDWLRQ�DQG�UHGXFH�YDULDELOLW\�

0HWKRGV
4XDOLW\�LPSURYHPHQW�PHWKRGRORJ\�ZDV�XVHG��3'6$�F\FOHV���%DVHOLQH�GDWD�FROOHFWLRQ�ZDV�FRQWLQXRXV��GXULQJ�WKLV�SHULRG�LQFOXGLQJ�WKH�QXPEHU�RI
KDQGRYHUV�SHU�GD\��DWWHQGDQFH�RI�0'7�PHPEHUV�DQG�OHQJWK�RI�PHHWLQJ��7ZR�SODQQHG�LQWHUYHQWLRQV�RFFXUUHG�

����������0'7�PHHWLQJ�UDWHV�DQG�DWWHQGDQFH�ZDV�WKHQ�SXEOLVKHG��DORQJVLGH�DQ�HPDLO�H[SODLQLQJ�WKH�UDWLRQDOH�IRU�WKH�SURMHFW��LQWHUYHQWLRQ����

����������$OO�WHDP�PHPEHUV�ZHUH�DOO�HQFRXUDJHG�WR�WDNH�VKDUHG�RZQHUVKLS�DQG�LQLWLDWLRQ�RI�WKH�0'7�PHHWLQJV��,QWHUYHQWLRQ����

5HVXOWV

%RWK�LQWHUYHQWLRQV�UHVXOWHG�LQ�D�PHDVXUDEOH�LPSURYHPHQW�LQ�WKH�IUHTXHQF\�DQG�DWWHQGDQFH�RI�0'7�PHHWLQJV�

p���������2FFXUUHQFH�RI�DQ�0'7�RQ�DQ\�JLYHQ�GD\�LPSURYHG�IURP�����WR������

p���������3URSRUWLRQ�RI�0'7�SUHVHQW�GXULQJ�D�PHHWLQJ�LPSURYHG�IURP�����WR����

p���������/HQJWK�RI�PHHWLQJV�GHFUHDVHG�IURP������VHFRQGV�WR������VHFRQGV�SHU�SDWLHQW

.H\�&RQFOXVLRQV
8VLQJ�HVWDEOLVKHG�4,�PHWKRGRORJ\��WKLV�SURMHFW�KDV�LGHQWLILHG�WKDW�WKH�IUHTXHQF\�DQG�DWWHQGDQFH�RI�UDSLG�0'7�PHHWLQJV�LQ�DQ�HPHUJHQF\�PHGLFLQH
VHWWLQJ�FDQ�EH�LPSURYHG�ZLWK�QR�DGYHUVH�LPSDFW�RQ�WKH�GXUDWLRQ�RI�WKH�PHHWLQJ�

�

�



&35���5(686&,7$7,21 6f0(<<(�c$.0$.

��������)ODLO�FKHVW��D�UDUH�FRPSOLFDWLRQ�RI�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$GQDQ�<DPDQRJOX������2]DQ�6DKLQ������6XPH\\H�&DNPDN������1HVOLKDQ�6DFO¢�%R]NXUW������2]JXU�6RJXW����

���(PHUJHQF\�0HGLFLQH��+DVHNL�(GXFDWLRQ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<

.H\ZRUGV��IODLO�FKHVW��FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��VHULDO�ULE�IUDFWXUH

$EVWUDFW��

,QWURGXFWLRQ��)ODLO�FKHVW�LV�DQ�LQMXU\�WKDW�RIWHQ�IROORZV�EOXQW�FKHVW�WUDXPD��,W�UHVXOWV�ZKHQ�HDFK�RI�WKUHH�RU�PRUH�ULEV�LV�EURNHQ�DW�WZR�VHSDUDWH�VLWHV
DQG�PRYHV�LQ�D�IORDWLQJ�PDQQHU��LQGHSHQGHQW�RI�RWKHU�FKHVW�UHJLRQV��,W�FDQ�DOVR�RFFXU�ZKHQ�WKH�ULEV�DUH�EURNHQ�SUR[LPDOO\�DQG�WKHUH�LV
VLPXOWDQHRXV�GLVDUWLFXODWLRQ�RI�WKH�FRVWRFKRQGUDO�FDUWLODJHV�GLVWDOO\��)ODLO�FKHVW�LV�GLDJQRVHG�E\�REVHUYLQJ�WKH�SDUDGR[LFDO�PRWLRQ�RI�WKH�DIIHFWHG
UHJLRQ�RQ�SK\VLFDO�H[DPLQDWLRQ��)ODLO�FKHVW�LV�PRUH�FRPPRQ�DIWHU�KLJK�HQHUJ\�WUDIILF�DFFLGHQWV�DQG�EOXQW�WUDXPD��VXFK�DV�IDOOV�IURP�D�KHLJKW��)ODLO
FKHVW�FRPSOLFDWHV��a���RI�SDWLHQWV�VXUYLYLQJ�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35���DOWKRXJK�WKH�GXUDWLRQ�RI�KRVSLWDO�VWD\�LV�QRW�VLJQLILFDQWO\
DIIHFWHG�E\�IODLO�FKHVW�FRPSOLFDWLQJ�&35�

+HUH��ZH�UHSRUW�D�PDOH�SDWLHQW�VXIIHULQJ�IURP�IODLO�FKHVW�IROORZLQJ�WKH�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ�DIWHU�&35�

&DVH�UHSRUW��$����\HDU�ROG�PDQ�KDG�EHHQ�DGPLWWHG�WR�D�VHFRQGDU\�KHDOWKFDUH�FHQWUH�ZLWK�IDLQWLQJ��FROG�VZHDWV��DQG�FKHVW�SDLQ��+H�VXEVHTXHQWO\
GHYHORSHG�FDUGLRSXOPRQDU\�DUUHVW�DQG�UHJDLQHG�VSRQWDQHRXV�FLUFXODWLRQ�DIWHU�&35��GHILEULOODWLRQ��DQG�WUDFKHDO�LQWXEDWLRQ��+H�ZDV�WKHQ�WUDQVIHUUHG
WR�RXU�LQVWLWXWLRQ��'XULQJ�WUDQVSRUW��KH�VXIIHUHG�DQRWKHU�FDUGLDF�DUUHVW��EXW�VSRQWDQHRXV�FLUFXODWLRQ�ZDV�VXFFHVVIXOO\�UH�HVWDEOLVKHG��2Q�DGPLVVLRQ�KH
KDG�D�EORRG�SUHVVXUH�RI��������PP+J��SHDN�KHDUW�UDWH�RI�����PLQ��DQG�ERG\�WHPSHUDWXUH�RI���j&���$Q�(&*�WDNHQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW
UHYHDOHG�67�VHJPHQW�HOHYDWLRQ�LQ�OHDGV�9���9���DQG�D9)��%DVHG�RQ�WKHVH�ILQGLQJV��WKH�SDWLHQW�ZDV�GLDJQRVHG�ZLWK�DQ�DFXWH�LQIHULRU�P\RFDUGLDO
LQIDUFWLRQ�DQG�SUHSDUDWLRQV�ZHUH�PDGH�IRU�XUJHQW�FRURQDU\�DQJLRJUDSK\��$W�WKLV�WLPH��SDUDGR[LFDO�FKHVW�ZDOO�PRYHPHQWV�ZHUH�QRWHG�DQG�D�YLGHR
UHFRUGLQJ�RI�WKHP�ZDV�PDGH��&7�RI�WKH�FKHVW�VKRZHG�PXOWLSOH�ULE�IUDFWXUHV�LQ�WKH�OHIW�KHPLWKRUD[��%DVHG�RQ�WKH�SK\VLFDO�H[DPLQDWLRQ�DQG
UDGLRORJLFDO�VWXGLHV��WKH�SDWLHQW�ZDV�FRQVLGHUHG�WR�KDYH�D�OHIW�VLGHG�XQLODWHUDO�IODLO�FKHVW��SUREDEO\�VHFRQGDU\�WR�EOXQW�FKHVW�WUDXPD�GXULQJ�&35�

&RQFOXVLRQ��,Q�WKLV�FDVH��UHSHDW�&35�ZDV�SHUIRUPHG�ZKLOH�WUDYHOOLQJ�RQ�DPEXODQFH��'XULQJ�WUDQVSRUW��LW�FDQ�EH�GLIILFXOW�WR�SHUIRUP�&35�ZLWK�FKHVW
FRPSUHVVLRQV�GLUHFWHG�WR�WKH�FRUUHFW�DQDWRPLF�VLWH��DQG�FKHVW�FRPSUHVVLRQV�PD\�EH�DSSOLHG�PRUH�GHHSO\�WKDQ�QHHGHG��7KHUHIRUH��ZH�DWWULEXWHG�WKH
IODLO�FKHVW�WR�WKH�SHUIRUPDQFH�RI�DPEXODQFH�&35��,Q�VXFK�VLWXDWLRQV��LW�PD\�EH�XVHIXO�WR�XVH�PHFKDQLFDO�&35�GHYLFHV�WR�DSSO\�FKHVW�FRPSUHVVLRQV�WR
WKH�FRUUHFW��IL[HG�DQDWRPLF�VLWH��:H�EHOLHYH�WKDW�XVLQJ�PHFKDQLFDO�&35�GHYLFHV�IRU�DPEXODWRU\�&35�SURFHGXUHV�PD\�SUHYHQW�WKH�UDUH�FRPSOLFDWLRQ
RI�&35�LQGXFHG�IODLO�FKHVW�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 WRP�VFKPLW]

��������5HODWLRQVKLS�EHWZHHQ�SURIHVVLRQDO�EDFNJURXQG�DQG�SUHVFULSWLRQ�EHKDYLRU�RI�ORZ�PROHFXODU�ZHLJKW�KHSDULQ
V

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7RP�6FKPLW]������/LHQ�0HVWGDJK������$QQHOLHV�9DQGHZHJH������,YHV�+XEORXH����

���(PHUJHQF\�'HSDUWHPHQW��8=%UXVVHO��%UXVVHO��%(/*,80
���(PHUJHQF\�'HSDUWHPHQW��8=EUXVVHO��%UXVVHO��%(/*,80

.H\ZRUGV��/0:+��97(��7UDXPD�&DUH��*XLGHOLQHV��&OLQLFDO�GHFLVLRQ

$EVWUDFW��

,1752'8&7,21

1RW�SUHVFULELQJ�/0:+�IRU�SDWLHQWV�ZLWK�ORZHU�OHJ�LPPRELOL]DWLRQ��//,��DQG�DW�ULVN�IRU�YHQRXV�WKURPERHPEROLF�HYHQWV��97(��FDQ�EH�OLIH�WKUHDWHQLQJ�
7KH�EDVLF�VSHFLDOLW\�RI�WKH�SUHVFULEHU�LQIOXHQFHV�KLV�RU�KHU�EHKDYLRXU�ZKHQ�SUHVFULELQJ�PHGLFDWLRQ��)RU�FUXFLDO�PHGLFDWLRQ�DV�97(�SURI\OD[LV�LW�LV
QHFHVVDU\�WR�NQRZ�WKH�OHYHO�RI�WKLV�LQIOXHQFH��7KH�DFWXDO�LQFLGHQFH�RI�97(�LQ�SDWLHQWV�ZLWK�//,�LV�HVWLPDWHG�EHWZHHQ���������

0(7+2'6

3K\VLFLDQV�ZRUNLQJ�LQ�('V�LQ�%HOJLXP�ZHUH�DVNHG�DERXW�WKHLU�SUHVFULELQJ�EHKDYLRU�DQG�WKH�LQIOXHQFH�RI�WKHLU�SURIHVVLRQDO�EDFNJURXQG�RQ�WKLV
EHKDYLRU��7KH�GDWD�ZDV�JDWKHUHG�XVLQJ�DQ�RQOLQH�TXHVWLRQQDLUH��$SSURYDO�ZDV�REWDLQHG�IURP�WKH�HWKLFDO�FRPPLWWHH�

�

5(68/76

���TXHVWLRQQDLUHV�ZHUH�FRPSOHWHG��7KHVH�SK\VLFLDQV������UHVLGHQWV�DQG�������DWWHQGLQJV��KDG�GLIIHUHQW�EDFNJURXQGV��VXUJHU\����������LQWHUQDO
PHGHFLQH�������DQHVWKHVLRORJ\���������HPHUJHQF\�PHGHFLQH�����������,QIRUPDWLRQ�RI����KRVSLWDOV�ZDV�FROOHFWHG�IURP�ZKLFK���ZHUH�XQLYHUVLW\
WHDFKLQJ�KRVSLWDOV��8+���7KH�PRVW������RI�WKH�LQFOXVLRQV�FDPH�IURP�KRVSLWDOV���������ZKHUH�'XWFK�ZDV�WKH�FRPPRQ�ODQJXDJH������RI�WKH�UHVSRQVH
RULJLQDWHG�IURP�QRQ�XQLYHUVLW\�KRVSLWDOV��18+���LQ�ZKLFK�����RI�WKH�UHVSRQGHUV�ZHUH�UHVLGHQWV��,Q�WKH�8+�WKH�SHUFHQWDJH�RI�UHVLGHQWV�ZDV�����
IURP�ZKLFK�����FDPH�IURP�WKH�HPHUJHQF\�PHGHFLQH�SURJUDP��)RU�WKH�18+�WKH�QXPEHU�RI�UHVLGHQWV�IURP�WKH�HPHUJHQF\�PHGLFLQH�SURJUDP�ZDV
�����2I�WKH�WRWDO�QXPEHU�RI�DWWHQGLQJV������ZHUH�HPHUJHQF\�PHGHFLQH�SK\VLFLDQV�DQG�ZRUNLQJ�LQ�JHQHUDO�LQ�18+�������

�

����ZRXOG�DOZD\V�SUHVFULEH�/0:+�LQ�SDWLHQWV�ZLWK�//,��7KLV�ZRXOG�YDULHV�DPRQJ�VSHFLDOWLHV��VXUJHRQV������HPHUJHQF\�SK\VLFLDQV��������LQWHUQDO
PHGHFLQH��������DQHVWKHVLRORJLVWV�������

����DJUHH�WKDW�WUHDWPHQW�ZLWK�/0:+�VKRXOG�HQG�ZLWK�UHPRYDO�RI�//,��DQG�����DUH�SUHVFULELQJ�/0:+�IRU�WKH�HQWLUH�GXUDWLRQ�RI�WUHDWPHQW�

�

&21&/86,21

�

7KH�GLIIHUHQFH�VHHQ�EHWZHHQ�VXUJHRQV��DQHVWKHVLRORJLVWV�DQG�LQWHUQDO�PHGLFLQH��SK\VLFLDQV�LQ�SUHVFULELQJ�EHKDYLRU�ZDV�H[SHFWHG�EXW�WKH�ORZ
SUHVFULSWLRQ�UDWH�IRU�WKH�HPHUJHQF\�SK\VLFLDQV�LGHQWLILHV�D�FOHDU�SRLQW�RI�IRFXV�IRU�HGXFDWLRQ�DQG�WUDLQLQJ��:H�QRWLFHG�D�KLJKHU�FRQFHQWUDWLRQ�RI
DWWHQGLQJV�LQ�18+�DQG�LQ�WKRVH�FHQWHUV�JXLGHOLQHV�ZHUH�PRUH�FRPPRQO\�DYDLODEOH��7KLV�GLIIHUHQFH�LV�SRVVLEO\�FUHDWHG�E\�WKH�\RXQJ�VWDWXV�RI�WKH
HPHUJHQF\�PHGLFLQH�SURJUDP�LQ�%HOJLXP�DQG�WKH�IDFW�WKDW�WKHUH�LV�D�VHOHFWLRQ�ELDV��2QO\���KRVSLWDOV�ZHUH�XQLYHUVLW\�WHDFKLQJ�KRVSLWDOV�

%DVHG�RQ�WKHVH�UHVXOWV��ZH�FDQ�FRQFOXGH�WKDW�D�ORW�RI�UHVSRQGHQWV�DUHQÇW�IDPLOLDU�ZLWK�WKH�XVH�RI�/0:+�LQ�WKH�('�HYHQ�LI�JXLGHOLQHV�DUH�DYDLODEOH�

)XUWKHU�UHVHDUFK�LV�SODQQHG�EDVHG�RQ�WKHVH�UHVXOWV�DQG�DQ�LQWHUQDWLRQDO�PXOWL�FHQWHU�VWXG\�LV�SODQQHG�WR�IROORZ�WKLV�QDWLRQDO�HQTXLU\�



&$5',29$6&8/$5 FDUPHQ�URGULJXH]

��������3RVLWLYH�RU�QHJDWLYH"�WKDW�LV�WKH�TXHVWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&DUPHQ�5RGULJXH]������.DULQD�9DOGH]����

���(PHUJHQF\�GHSDUPHQW��+RVSLWDO�6RQ�(VSDVHV��SDOPD�GH�PDOORUFD��63$,1

.H\ZRUGV��$OOHQ
V�WHVW��UDGLDO�DUWHU\

$EVWUDFW��

7KH�$OOHQ�WHVW�ZDV�GHVFULEHG�LQ������E\�'U��$OOHQ��ZKRVH�RULJLQDO�GHVFULSWLRQ�ZDV�XVHG�LQ�WKH�GLDJQRVLV�RI�WKURPERDQJLLWLV�REOLWHUDQV��:LWK�WKH
DGYHQW�RI�UDGLDO�DUWHU\�FDQQXODWLRQ�DQG�RWKHU�WHFKQLTXHV��SK\VLFLDQV�DUH�UHHYDOXDWLQJ�WKHLU�PHWKRG�RI�DVVHVVLQJ�DQ�DGHTXDWH�UDGLDO�IORZ�DQG
DOWKRXJK�LW�KDV�OLPLWDWLRQV��LQDGHTXDWH�SDWLHQW�FRRSHUDWLRQ�XQFRQVFLRXVQHVV�RYHUH[WHQVLRQ�RI�WKH�ZULVW���,W�LV�D�VLPSOH�DQG�QRQ�LQYDVLYH�WHVW��DQG
UHFRPPHQGHG�E\�PDQ\�DXWKRUV�EHIRUH�DUWHULDO�FDQQXODWLRQ���(YDOXDWLQJ�WKH�SDWHQF\�RI�FROODWHUDO�DUWHULHV�LQ�WKH�KDQG�YLD�WKH�XOQRSDOPDU�DUFKHV�LV�RI
WKH�XWPRVW�LPSRUWDQFH�EHIRUH�FRQWHPSODWLQJ�LQYDVLYH�WUDQVUDGLDO�DSSURDFKHV�RU�UDGLDO�DUWHU\�KDUYHVWLQJ�����\HDUV�DIWHU�$OOHQnV�GHVFULSWLRQ�RI�WKH
WHVW��LW�FRQWLQXHV�WR�EH�RQH�RI�WKH�PRVW�FRPPRQ�WHVWV�SHUIRUPHG�

0DQ\�WHVWV�LQ�PHGLFLQH�DUH�UHSRUWHG�DV�HLWKHU�SRVLWLYH�RU�QHJDWLYH��DQG�JHQHUDOO\��SRVLWLYH�LQGLFDWHV�DEQRUPDO��&XULRXVO\��LQ�KLV�RULJLQDO�GHVFULSWLRQ�
'U��$OOHQ�VKRZV�KRZ�WR�SHUIRUP�WKH�WHVW�EXW�GRHV�GHILQH�D�SRVLWLYH�RU�QHJDWLYH�UHVXOW�QRU�GLG�KH�JLYH�D�WLPH�IUDPH�IRU�WKH�DSSHDUDQFH�RI�PD[LPDO
EOXVKLQJ�

$�VHDUFK�LV�SHUIRUPHG�ZLWK�WKH�WHUP��$OOHQ
V�WHVW���DQG�����LWHPV�DUH�REWDLQHG��RI�ZKLFK����DUH�FOLQLFDO�WULDO�DQG�5HYLHZ��,Q�WKLV��$OOHQnV�WHVW�DSSHDU
DV�SRVLWLYH�RU�QHJDWLYH�WR�GHVFULEH�WKH�QRUPDOLW\�RU�DEQRUPDOLW\�LQWHUFKDQJHDEO\��ZKLFK�JHQHUDWHV�FRQIXVLRQ���5HYLHZLQJ�GLIIHUHQW�DUWLFOHV�DQG
GRFXPHQWV�GDWLQJ�EDFN�WR������ZH�ILQG�WKDW�D�SRVLWLYH�WHVW�PHDQV�QRUPDO�RU�DEQRUPDO�LQ�RWKHU�UHJDUGOHVV�RI�WKH�WLPH��,Q�WKLV�VDPH�SHULRG�ZH�DOVR
ILQG�LWHPV�WKDW�VLPSO\�GHVFULEH�LW�DV�QRUPDO�RU�DEQRUPDO�LQ�D�VLPLODU�SURSRUWLRQ�WR�SUHYLRXV��UHJDUGOHVV�RI�WKH�WLPH��,Q�������D�OHWWHU�ZDV�SXEOLVKHG
E\�3HWHUV�.5�DQG�&KDSLQ�-:�LQ�$QHVWKHVLRORJ\��ZKHUH�WKH\�GHQRXQFH�WKH�FRQIXVLRQ�FUHDWHG�E\�GHVFULELQJ�LI�WKH�WHVW�LV�SDWKRORJLFDO�RU�QRW�LQ�WKDW
ZD\�

+RZHYHU�����\HDUV�DIWHU��ZH�FRQWLQXH�ZLWK�WKH�VDPH�VLWXDWLRQ��,Q�UHFHQW�\HDUV��ZLWK�WKH�XVH�RI�WKH�UDGLDO�DUWHU\�DV�DQ�DOWHUQDWLYH�WR�WKH�IHPRUDO
DUWHU\�FDWKHWHUL]DWLRQ��PDQ\�VWXGLHV�KDYH�EHHQ�SXEOLVKHG�XVLQJ�WKH�$OOHQ�WHVW�WR�DVVHVV�WKH�VDIHW\�RI�WKH�UDGLDO�DUWHU\�XVH�LQ�ZKLFK�SRVLWLYH�DQG
QHJDWLYH�PHDQV�QRUPDO�RU�DEQRUPDO�LQGLVWLQFWO\���,Q�������WKH�5$'$5�WULDO��FRPSDUHG�WKH�EHVW�PHGLFDO�WUHDWPHQW�YHUVXV�EHVW�PHGLFDO�WUHDWPHQW
SOXV�UHQDO�DUWHU\�VWHQWLQJ��DQG�WKH\�XVHG�WKH�QHJDWLYH�$OOHQ�WHVW�WR�UXOH�RXW��DQG�LQ�ZKLFK�D�QHJDWLYH�WHVW�UHVXOW�LV�DEQRUPDO�LV�TXHVWLRQHG��,Q�WKLV
VWXG\��D�QHJDWLYH�$OOHQÇV�WHVW�LQGLFDWHV�DEQRUPDOLW\�

$V�ZH�FRQWLQXH�ZLWKRXW�XQLILFDWLRQ�RI�FULWHULD��FRQVLGHUHG�PRUH�DSSURSULDWH�WR�GHVFULEH�WKH�WHVW�DV�QRUPDO�RU�DEQRUPDO�DOOHQ�WR�DYRLG�FRQIXVLRQ�DV�LW
KDV�EHHQ�GRQH�ZLWK�RWKHU�WHVWV��VXFK�DV�%DELQVN\�LQFUHDVLQJO\�PRUH�RIWHQ�GHVFULEHG�DV�IOH[RU�RU�H[WHQVRU�



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< 'LDQH�1$285,

��������6RFLRHFRQRPLF�DQG�GHPRJUDSKLF�GHWHUPLQDQWV�RI�HPHUJHQF\�GHSDUWPHQWV�LQDSSURSULDWH�XVH���ILQGLQJV�IURP�D�1DWLRQDO
6XUYH\�LQ�)UDQFH���

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'LDQH�1DRXUL������*XLOODXPH�5DQFKRQ������&(4�JURXS�6)08������&DUORV�(O�.KRXU\������<RXUL�<RUGDQRY����

���6HUYLFHV�GHV�8UJHQFHV��+�SLWDO�6DLQW�$QWRLQH��3DULV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��+�SLWDO�3ULY��GH�O
(VW�/\RQQDLV��6DLQW�3ULHVW��)5$1&(
���&(4�JURXS��6)08��3DULV��)5$1&(
���6HUYLFHV�GHV�8UJHQFHV��+�SLWDO�/XFLHQ�+XVVHO��9LHQQH��)5$1&(

.H\ZRUGV��(PHUJHQF\�PHGLFLQH��+HDOWK�VHUYLFHV�UHVHDUFK��+HDOWK�HFRQRPLFV

$EVWUDFW��

,1752'8&7,21��7KH�QXPEHU�RI�HPHUJHQF\�GHSDUWPHQW��('��YLVLWV�LV�FRQVWDQWO\�ULVLQJ��7KH�SURSRUWLRQ�RI�LQDSSURSULDWH�YLVLWV�ZDV�GHVFULEHG�WR�EH
XS�WR�����WR�����RI�('�WRWDO�YLVLWV��,QDSSURSULDWH�XVH�FDXVHV�D�VXUJH�RQ�KHDOWK�FDUH�FRVWV�DQG�LQFUHDVH�WKH�ULVN�RI�('�RYHUFURZGLQJ��2YHUFURZGLQJ
LV�NQRZQ�WR�EH�DVVRFLDWHG�ZLWK�D�KLJKHU�EXUGHQ�RI�ZRUN�DPRQJ�HPHUJHQF\�SK\VLFLDQV�DQG�PRVW�LPSRUWDQWO\�LW�LV�DVVRFLDWHG�WR�DQ�LQFUHDVHG
PRUEL�PRUWDOLW\�DQG�LQFUHDVHG�IUHTXHQF\�RI�PHGLFDO�HUURUV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�H[SORUH�VRFLRHFRQRPLF�DQG�GHPRJUDSKLF�GHWHUPLQDQWV�RI
HPHUJHQF\�GHSDUWPHQWV�LQDSSURSULDWH�XVH�EDVHG�RQ�WKH�UHVXOWV�RI�D�QDWLRQDO�VXUYH\�LQ�)UDQFH�

0(7+2'��7KH�)UHQFK�(PHUJHQF\�6XUYH\�LV�D�QDWLRQZLGH�FURVV�VHFWLRQDO�VXUYH\�ZLWK�D�WZR�OHYHOV�GHVLJQ��DLPLQJ�WR�SRUWUD\�KRVSLWDO�EDVHG
HPHUJHQF\�FDUH�LQ�)UDQFH�E\�GHVFULELQJ�('�RUJDQL]DWLRQ�DQG�SDWLHQWV��'DWD�ZHUH�FROOHFWHG�RQ�WKH�-XQH���WK�������VLPXOWDQHRXVO\�LQ�DOO�DGXOW�RU
SHGLDWULF�('V�LQ�)UDQFH��$OO�SDWLHQWV�YLVLWLQJ�WKH�('�RQ�WKDW�GDWH�ZHUH�LQFOXGHG��'DWD�FROOHFWHG�LQFOXGHG�('�OHYHO�TXHVWLRQV��SHUWDLQLQJ�WR�WKH
RUJDQL]DWLRQ�RI�WKH�SDUWLFLSDWLQJ�HPHUJHQF\�GHSDUWPHQW��DQG�SDWLHQWV�OHYHO�TXHVWLRQV�DOORZLQJ�WR�FROOHFW�LQGLYLGXDOÇV�FKDUDFWHULVWLFV�DQG�GHWDLOV�RI
FDUH�PDQDJHPHQW��,Q�WRWDO��WKH�)UHQFK�(PHUJHQF\�6XUYH\�LQFOXGHG��������SDWLHQWV�TXHVWLRQQDLUHV�DQG�����('V�TXHVWLRQQDLUHV��,Q�RXU�VWXG\�ZH
IRFXVHG�RQ�DGXOW�SDWLHQWV��!���\HDUV���$SSURSULDWHQHVV�RI�WKH�('�YLVLW�ZDV�DVVHVVHG�E\�WKH�FDULQJ�SK\VLFLDQ�EDVHG�RQ�D�/LNHUW�VFDOH����EHLQJ�QRW
DSSURSULDWH�WR����EHLQJ�DSSURSULDWH���:H�FRQVLGHUHG�DOO�YLVLWV�ZLWK�D�VFRUH�ORZHU�WKDQ���DV�EHLQJ�LQDSSURSULDWH��'HVFULSWLYH�VWDWLVWLFV�DQG�ORJLVWLF
UHJUHVVLRQ�ZHUH�SHUIRUPHG�WR�H[DPLQH�('�LQDSSURSULDWH�XVH�GHWHUPLQDQWV�

5(68/76��$PRQJ�WKH��������SDWLHQWV�RI�RXU�VDPSOH�������Q ;;��RI�WKH�YLVLWV�ZHUH�FRQVLGHUHG�DV�LQDSSURSULDWH�XVH��%HLQJ�D�ZRPDQ��$25 �����
��&,� ������������QRW�KDYLQJ�DSULYDWH�FRPSOHPHQWDU\�KHDOWK�FRYHUDJH��$25 ���������&,� ������������XQLYHUVDO�VXSOHPHQWDU\�KHDOWK�FRYHUDJH��
$25 ���������&,� ������������KRPHOHVVQHVV��$25 ���������&,� �����������DQG�V\PSWRPV�EHLQJ�VHYHUDO�GD\V�ROG��$25 ���������&,� ����������
ZHUH�DVVRFLDWHG�ZLWK�D�KLJKHU�OLNHOLKRRG�RI�LQDSSURSULDWH�XVH��2Q�WKH�RWKHU�KDQG��KLJK�OHYHO�RI�HGXFDWLRQ��$25 ���������&,� ������������WUDXPD��
$25 ���������&,� ������������KDYLQJ�D�JHQHUDO�SUDFWLWLRQHU��$25 ���������&,� ������������EHLQJ�DGGUHVVHG�E\�D�GRFWRU��$25 ������
��&,� �����������DQG�LQWHUPHGLDWH��$25 ���������&,� �����������RU�KLJK��$25 ���������&,� �����������PHGLFDO�GHQVLWLHV�ZHUH�DVVRFLDWHG�ZLWK
D�ORZHU�OLNHOLKRRG�RI�LQDSSURSULDWH�XVH�

',6&866,21��2XU�UHVXOWV�XQGHUOLQH�WKDW�LQDSSURSULDWH�XVH�RI�('�LV�DVVRFLDWHG�ZLWK�VRPH�VRFLRHFRQRPLF�DQG�GHPRJUDSKLF�FKDUDFWHULVWLFV��6RFLDOO\
YXOQHUDEOH�SRSXODWLRQV�DQG�DUHDV�ZLWK�D�ORZ�PHGLFDO�GHQVLW\�KDG�KLJKHU�UDWHV�RI�LQDSSURSULDWH�XVH��7KLV�FDQ�PDNH�XV�TXHVWLRQ�WKH�FRQFHSW�RI
DSSURSULDWHQHVV��DV�WKHVH�SRSXODWLRQV�VHHP�WR�KDYH�IHZ�RWKHU�FKRLFHV�WKDQ�UHIHUULQJ�WR�WKH�('��ODFN�RI�KHDOWKFDUH�FRYHUDJH�RI�ODFN�RI�SK\VLFLDQV��
7KLV�VWXG\�FRXOG�KHOS�IRUPXODWH�SXEOLF�SROLFLHV�WR�LPSURYH�WKH�XVH�RI�DPEXODWRU\�FDUH��HVSHFLDOO\�IRU�WKH�PRVW�YXOQHUDEOH�SHRSOH��DQG�WKXV�UHGXFH
WKH�LQDSSURSULDWH�XVH�RI�('�



&$5',29$6&8/$5 5DP\�$EGHONDGHU

��������(YDOXDWLRQ�RI�WKH�HPHUJHQF\�(FKRFDUGLRJUDSK\�VHUYLFHV�LQ�D�PLGGOH�HDVW�WHUWLDU\�KRVSLWDO��UHYLHZ�RI�DQ�DXGLW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5DP\�$EGHONDGHU������VKHULI�+HOP\����

���(PHUJHQF\��+0&��GRKD��4$7$5
���(FKRFDUGLRJUDSK\�GHSDUWPHW��+0&��GRKD��4$7$5

.H\ZRUGV��HPHUJHQF\��HFKRFDUGLRJUDSK\��WHUWLDU\�KRVSLWDO

$EVWUDFW��

%DFNJURXQG�

,Q�+*+��WKH�QRQ�LQYDVLYH�FDUGLRORJ\�GHSDUWPHQW�SUHVHQW�DQ�HPHUJHQF\�HFKRFDUGLRJUDSK\�VHUYLFH�ZKLFK�LV�DYDLODEOH����KRXUV�D�GD\��7KH�DLP�RI�WKLV
VHUYLFH�LV�WR�HDUO\�GLDJQRVH�DQG�PDQDJH�DQ\�FDUGLDF�HPHUJHQF\�ZLWKLQ�WKH�WUDXPD��HPHUJHQF\��,&8V�DQG�LQSDWLHQW�GHSDUWPHQWV��2XU�VWXG\�DLPV
ZHUH�WR�HYDOXDWH�GHPDQG�IRU�WKH�VHUYLFH��SDUWLFLSDWLRQ��LQGLFDWLRQV��HFKRFDUGLRJUDSK\�RXWFRPHV��DQG�LWV�HIIHFW�RQ�SDWLHQW�PDQDJHPHQW�����

$LP�RI�WKH�VWXG\

(YDOXDWH�QXPEHU�RI�HFKRFDUGLRJUDSK\�VWXGLHV�UHTXHVWHG�E\�HDFK�GHSDUWPHQW�DQG�WKHLU�LQGLFDWLRQ�

$VVHVV�WKH�ILQGLQJV�DQG�LPSDFW�RI�WKH�(FKRFDUGLRJUDSK\�VWXG\�GRQH�RQ�SDWLHQW�PDQDJHPHQW�

$GKHUHQFH�WR�$PHULFDQ�VRFLHW\�RI�HFKRFDUGLRJUDSK\�SURWRFRO�����

0HWKRGV�

'DWD�IURP�UHTXHVW�IRUPV��HFKRFDUGLRJUDSK\�UHSRUWV�DQG�SDWLHQWÇV�ILOHV�ZHUH�UHWURVSHFWLYHO\�DQDO\]HG�RQ�PDQDJHPHQW�RI�����FRQVHFXWLYH�SDWLHQWV
������2FWREHU�������IRU�LQGLFDWLRQ��ILQGLQJV��ILQDO�GLDJQRVLV�DQG�HMHFWLRQ�IUDFWLRQ�LQ�DGGLWLRQ�WR�LPSDFW�RQ�PDQDJHPHQW�����

5HVXOWV

7ZR�KXQGUHG�DQG�VH[W\�WZR�ILOHV�KDYH�EHHQ�UHYLHZHG�ZLWK�����PDOHV�������FRPSDUHG�WR����IHPDOHV�������DJH�JURXS�EHWZHHQ����DQG���
UHSUHVHQWHG�PRUH�WKDQ�����RI�WKH�FDVHV��2I�WKH����QDWLRQDOLWLHV�LQFOXGHG�LQ�WKH�VWXG\������RI�FDVHV�ZHUH�4DWDUL�IROORZHG�E\�����,QGLDQV�����ZHUH
LQSDWLHQW�ZKHUH�����RI�SDWLHQWV�ZHUH�&ULWLFDO�FDUH�DQG�,&8�FDVHV�ZKLOH�WKH�UHVW�DUH�('�FDVHV�

7KH�LQGLFDWLRQ�LQ�����RI�WKH�FDVHV�ZDV�/HIW�9HQWULFXODU�DVVHVVPHQW��ZKHUH�����RI�WKH�VFDQQLQJ�VWXGLHV�ZHUH�QRUPDO�DQG�WKH�HMHFWLRQ�IUDFWLRQ�RI����
SDWLHQWV�������ZDV�EHWZHHQ��������L�H��1RUPDO�HMHFWLRQ�IUDFWLRQ��7KH�HFKRFDUGLRJUDSK\�VFDQQLQJ�GRQH�DIIHFWHG�WKH�PDQDJHPHQW�LQ�����RI
SDWLHQWV�

&RQFOXVLRQ�

0RUH�WKDQ�����RI�WKH�HFKRFDUGLRJUDSK\�VWXG\�GRQH�ZHUH�QRUPDO�DQG�DIIHFWHG�WKH�PDQDJHPHQW�RI�����RI�SDWLHQWV�RQO\��VR
GHFUHDVLQJ�XQQHFHVVDU\�UHTXHVWV�ZLOO�GHFUHDVH�WLPH�RI�UHTXHVW�DQG�EXUQ�RXW�RI�HFKRFDUGLRJUDSKHUV�

7KLV�FDQ�EH�GRQH�WKURXJK�WUDLQLQJ�RI�('�DQG�,&8�GRFWRUV�RQ�WKH�EHG�VLGH�HFKR�PDFKLQHV�,�DGGLWLRQ�WR�KDYLQJ�JXLGHOLQHV�RQ
LQGLFDWLRQV�RI�HFKRFDUGLRJUDSK\�ZKLFK�LV�WKH�VHFRQG�SDUW�RI�RXU�SURMHFW�

5HIUHQFHV�

���YDQ�+HXU�HW�DO��(YDOXDWLRQ�RI�DQ�RSHQ�DFFHVV�HFKRFDUGLRJUDSK\�VHUYLFH�LQ�WKH�1HWKHUODQGV��D�PL[HG�PHWKRGV�VWXG\�RI�LQGLFDWLRQV�
RXWFRPHV��SDWLHQW�PDQDJHPHQW�DQG�WUHQGV�%0&�+HDOWK�6HUYLFHV�5HVHDUFK������������

��3DPHOD�6��'RXJODV�HW�DO���$SSURSULDWHQHVV�&ULWHULD�IRU�7UDQVWKRUDFLF�DQG�7UDQVHVRSKDJHDO�(FKRFDUGLRJUDSK\��-�$P�&ROO�&DUGLRO�
������������������

��-H\DVHHODQ�6��*RXGLH�%��3ULQJOH�6��'RQQDQ�7��6XOOLYDQ�)��6WUXWKHUV�$��$�FULWLFDO�UH�DSSUDLVDO�RI�GLIIHUHQW�ZD\V�RI�VHOHFWLQJ
DPEXODWRU\�SDWLHQWV�ZLWK�VXVSHFWHG�KHDUW�IDLOXUH�IRU�HFKRFDUGLRJUDSK\��(XU�-�+HDUW�)DLO��������������



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< -RKDQQ�)ULFN

��������3UHYDOHQFH�RI�$PEXODWRU\�&DUH�6HQVLWLYH�&RQGLWLRQV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-RKDQQ�)ULFN������$QQD�6ODJPDQ������-XOLD�6HDUOH������0DUWLQ�0�FNHO����

���'HSDUWPHQW�RI�(PHUJHQF\�DQG�$FXWH�0HGLFLQH��&9.��&&0���&KDULW����8QLYHUVLW�WVPHGL]LQ�%HUOLQ��%HUOLQ��*(50$1<

.H\ZRUGV��$&6&��(PHUJHQF\�'HSDUWPHQW

$EVWUDFW��

%DFNJURXQG
&URZGLQJ�LV�D�FKDOOHQJH�IRU�(PHUJHQF\�'HSDUWPHQWV��('nV��FDXVHG�E\�LQFUHDVLQJ�FDVH�QXPEHUV��2QH�DSSURDFK�WR�H[SORUH�WKLV�WHQGHQF\�LV�WKH
FRQFHSW�RI�$PEXODWRU\�&DUH�6HQVLWLYH�&RQGLWLRQV��$&6&nV���7KLV�PHDQV�WKDW�KRVSLWDOL]DWLRQV�UHODWHG�WR�$&6&nV��H�J��FKURQLF�GLVHDVHV��FRXOG�EH
SUHYHQWHG�E\�DQ�HIIHFWLYH�DQG�HDUO\�WUHDWPHQW�LQ�SULPDU\�FDUH�

2EMHFWLYH
7KH�REMHFWLYH�ZDV�WR�H[DPLQH�WKH�SUHYDOHQFH�RI�$&6&nV�LQ�WKH�('�

0HWKRGV
:H�DQDO\]HG�URXWLQH�GDWD�IURP�WKH�KRVSLWDO�LQIRUPDWLRQ�V\VWHP�RI��������SDWLHQWV�LQ�WZR�('nV�DW�WKH�&KDULW����8QLYHUVLW�WVPHGL]LQ�%HUOLQ�IRU�WKH
SHULRG�EHWZHHQ�)HEUXDU\������DQG�)HEUXDU\�������:H�LQFOXGHG�KRVSLWDOL]HG�SDWLHQWV��ZKR�UHFHLYHG�RQH�RI����KRVSLWDO�PDLQ�GLDJQRVHV�DFFRUGLQJ�WR
WKH�,QWHUQDWLRQDO�&ODVVLILFDWLRQ�RI�'LVHDVHV��,&'������7KH�,&'�&RGHV�DUH�XVHG�E\�WKH�1DWLRQDO�+HDOWK�6HUYLFH�WR�GHVFULEH�$&6&nV��,Q�DGGLWLRQ�ZH
DQDO\]HG�WKH�KRVSLWDO�PDLQ�GLDJQRVHV�RI�KRVSLWDOL]HG�SDWLHQWV�ZLWK�WKH�ILUVW�GLDJQRVHV�RI�SDWLHQWV�LQ�WKH�('�

5HVXOWV
,Q�WRWDO�������RI����������������KRVSLWDOL]HG�SDWLHQWV�ZHUH�LGHQWLILHG�ZLWK�$&6&nV�LQ�WKHLU�PDLQ�KRVSLWDO�GLDJQRVHV��PHGLDQ�DJH����\HDUV��,45�������
IHPDOH�������7KH�ILYH�PRVW�FRPPRQ�$&6&nV�ZHUH�DQJLQD�SHFWRULV���������FRQYXOVLRQV�DQG�HSLOHSV\���������LQIOXHQ]D�DQG�SQHXPRQLD��������
FRQJHVWLYH�KHDUW�IDLOXUH��������DQG�K\SHUWHQVLRQ���������7KH�FXPXODWLYH�IUHTXHQF\�RI�WKHVH�ILYH�GLDJQRVHV�DPRQJ�KRVSLWDOL]HG�SDWLHQWV�ZLWK
$&6&nV��Q �������ZDV�����
7KH�LQ�KRVSLWDO�PRUWDOLW\�IRU�DOO�SDWLHQWV�ZLWK�$&6&nV�ZDV�ORZHU�LQ�FRPSDULVRQ�WR�DOO�LQSDWLHQWV�����YV���������EXW�LQ�GHWDLO�WKH�PRUWDOLW\�UDWHV�YDULHG
DPRQJ�$&6&�UHODWHG�GLDJQRVHV��H�J��DQJLQD�SHFWRULV�������LQIOXHQ]D�DQG�SQHXPRQLD��������&RPSDUDEOH�UHVXOWV�FRXOG�EH�IRXQG�LQ�WKH�XWLOL]DWLRQ�RI
LQWHQVLYH�FDUH�EHGV��ZKLFK�KDSSHQHG�OHVV�RIWHQ�LQ�SDWLHQWV�ZLWK�$&6&nV�LQ�FRPSDULVRQ�WR�DOO�LQSDWLHQWV��������YV����������,Q�VLPLODULW\�WR�LQSDWLHQWV
������RI����������������RXWSDWLHQWV�ZHUH�LGHQWLILHG�ZLWK�$&6&nV��PHGLDQ�DJH����\HDUV��,45��������IHPDOH���������7KH�ILYH�PRVW�FRPPRQ�$&6&nV
ZHUH�K\SHUWHQVLRQ���������GHK\GUDWLRQ�DQG�JDVWURHQWHULWLV���������HDU��QRVH�DQG�WKURDW�LQIHFWLRQV���������DQJLQD�SHFWRULV���������FRQYXOVLRQV�DQG
HSLOHSV\���������7KH�FXPXODWLYH�IUHTXHQF\�RI�WKHVH�ILYH�GLDJQRVHV�DPRQJ�RXWSDWLHQWV�ZLWK�$&6&nV��Q �������ZDV�������
$PRQJ�SDWLHQWV�ZLWK�$&6&nV�LQ�WKHLU�ILUVW�('�GLDJQRVHV��Q ��������WKH�PDLQ�FDXVHV�RI�KRVSLWDOL]DWLRQ��Q �������ZHUH�DQJLQD�SHFWRULV���������
HSLOHSV\���������DQG�FRQJHVWLYH�KHDUW�IDLOXUH��������

&RQFOXVLRQ
(YHU\�ILIWK�KRVSLWDOL]HG�SDWLHQW�UHFHLYHG�D�KRVSLWDO�PDLQ�GLDJQRVHV��ZKLFK�ZDV�UHODWHG�WR�$&6&nV��0RVW�RI�WKHP�FRQVLVWHG�RI�ILYH�$&6&nV��$OWKRXJK
QRW�HYHU\�KRVSLWDOL]DWLRQ�FDQ�EH�SUHYHQWHG��WKH�UHVXOWV�VXJJHVW�WKDW�D�PRUH�HIIHFWLYH�SULPDU\�FDUH�FRXOG�UHGXFH�WKH�FDVH�QXPEHU�LQ�('nV��,Q
VLPLODULW\�WR�LQSDWLHQWV�����RI�WKH�WUHDWHG�RXWSDWLHQWV�UHFHLYHG�,&'�FRGHV�UHODWHG�WR�$&6&nV��2XWSDWLHQWV�GHYLDWH�IURP�LQSDWLHQWV�LQ�GLDJQRVHV��DJH
DQG�JHQGHU��,PSURYLQJ�SULPDU\�FDUH�FRXOG�GLVEXUGHQ�('nV��
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.DUHQ�'L'RQDWR

��������&RVW�RI�GHOLYHULQJ�LQWUDYHQRXV�RSLRLG�DQDOJHVLD�LQ�HPHUJHQF\�GHSDUWPHQWV�WKURXJKRXW�WKH�8QLWHG�6WDWHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-RKQ�+RXVH������.DUHQ�'L'RQDWR������3DPHOD�3DOPHU����

���6WDWLVWLFV��3UHPLHU�'DWDEDVH��,QF���&KDUORWWH��86$
���0HGLFDO�$IIDLUV��$FHO5[�3KDUPDFHXWLFDOV��%XUOLQJDPH��86$
���$QHVWKHVLRORJ\��$FHO5[�3KDUPDFHXWLFDOV��5HGZRRG�&LW\��86$

.H\ZRUGV��LQWUDYHQRXV��RSLRLG��FRVWV��WUDXPD��HPHUJHQF\�GHSDUWPHQW��SDLQ�PDQDJHPHQW

$EVWUDFW��

2%-(&7,9(6

7KH�PDMRULW\�RI�(PHUJHQF\�'HSDUWPHQW��('��SDWLHQWV�UHTXLUH�WUHDWPHQW�IRU�SDLQIXO�PHGLFDO�FRQGLWLRQV�RU�LQMXULHV���:KLOH�,9�RSLRLGV�KDYH�EHHQ
XWLOL]HG�IRU�GHFDGHV�WR�UDSLGO\�WUHDW�PRGHUDWH�WR�VHYHUH�DFXWH�SDLQ�LQ�WKH�('��YHU\�OLWWOH�GDWD�H[LVWV�UHJDUGLQJ�WKH�FRVWV�RI�DGPLQLVWHULQJ�D�W\SLFDO
GRVH�RI�,9�RSLRLG�LQ�WKLV�VHWWLQJ���7KLV�VWXG\�DQDO\]HG�WKH�FXUUHQW�FRVWV�WR�DGPLQLVWHU�D�VLQJOH�GRVH�RI�FRPPRQO\�XWLOL]HG�,9�RSLRLGV�LQ�('V�WKURXJKRXW
WKH�8QLWHG�6WDWHV�

0(7+2'6

'HVFULSWLYH�DQDO\VHV�XVLQJ�WKH�3UHPLHU�GDWDEDVH�������������RI�!�����86�KRVSLWDO�('V�ZHUH�FRQGXFWHG�RQ�WKH�FRVW�RI�VWDUWLQJ�DQ�,9�DQG�GHOLYHULQJ
DQ�LQLWLDO�GRVH�RI�DQ�,9�RSLRLG�LQ�('V���$YHUDJH�FRVWV�RI�HDFK�FRPSRQHQW�ZHUH�DJJUHJDWHG�IRU�WRWDO�FRVWV���'LUHFW�DFTXLVLWLRQ�DQG�LQGLUHFW�FRVW��ODERU�
SKDUPDF\��HWF���ZHUH�LQFOXGHG�

5(68/76

2YHU����PRQWKV������������SDWLHQWV�UHFHLYHG�,9�RSLRLGV�LQ�����('V�LQ�WKH�86��DSSUR[LPDWHO\�RQH�WHQWK�RI�('V�LQ�WKH�86����2I�WKHVH�SDWLHQWV�����
ZHUH�QRW�DGPLWWHG�WR�WKH�KRVSLWDO���0RUSKLQH��������K\GURPRUSKRQH�������DQG�IHQWDQ\O�������ZHUH�WKH�PRVW�IUHTXHQWO\�DGPLQLVWHUHG�,9�RSLRLGV��
$YHUDJH�>PHGLDQ��LQWHUTXDUWLOH�UDQJH@�FRVWV�LQFOXGH�LQLWLDWLQJ�DQ�,9������>�����������@���,9�FDWKHWHU�����>��������@���LQIXVLRQ�SXPS�WXELQJ������>����
�����@���LQIXVLRQ�SXPS�WR�PDLQWDLQ�,9�SDWHQF\������>�����������@�������P/�VDOLQH�EDJ������>����������@������OLGRFDLQH�IRU�ORFDO�DQHVWKHVLD�IRU�OLQH
SODFHPHQW�����>��������@��DQG�WKH�FRVW�RI�D�VLQJOH�GRVH�RI�PRUSKLQH���PJ�����>��������@���K\GURPRUSKRQH���PJ�����>��������@��RU�IHQWDQ\O�����PFJ
����>���������@����$JJUHJDWHG�PHDQ�,9�RSLRLG�WRWDO�FRVWV�SHU�SDWLHQW�IRU�D�VLQJOH�VWDQGDUG�GRVH�RI�RSLRLG�ZHUH�������PRUSKLQH�������
�K\GURPRUSKRQH��DQG�������IHQWDQ\O���

&21&/86,216

7KH�FRVW�RI�VHWWLQJ�XS�DQ�,9�OLQH�WR�DGPLQLVWHU�DQ�RSLRLG�LV�VXEVWDQWLDO��6LQFH�WKH�PDMRULW\�RI�SDWLHQWV�UHFHLYLQJ�,9�RSLRLGV�DUH�GLVFKDUJHG�IURP�WKH�('�
WKH�XOWLPDWH�XVH�IRU�WKLV�,9�OLQH�LV�OLPLWHG���7KH�GHYHORSPHQW�RI�D�UDSLG�DFWLQJ��QRQ�LQYDVLYH�DQDOJHVLF�IRU�('�XVH�FRXOG�EH�DGYDQWDJHRXV�IURP�ERWK�D
FRVW�DQG�SDWLHQW�EHQHILW�VWDQGSRLQW�



&35���5(686&,7$7,21 6HXQJ�3LOO�&KRL

��������3UHGLFWLYH�YDOXH�RI�VRPDWRVHQVRU\�DQG�YLVXDO�HYRNHG�SRWHQWLDOV�LQ�FDUGLDF�DUUHVW�SDWLHQWV�WUHDWHG�ZLWK�K\SRWKHUPLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6HXQJ�3LOO�&KRL������-XQJ�+HH�:HH������-HRQJ�+R�3DUN������&KXQ�6RQJ�<RXQ������.\X�1DP�3DUN����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��<HRXLGR�6W��0DU\
V�+RVSLWDO��7KH�&DWKROLF�8QLYHUVLW\�RI�.RUHD��6HRXO��.25($��5(38%/,&�2)
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6HRXO�6W��0DU\
V�+RVSLWDO��7KH�&DWKROLF�8QLYHUVLW\�RI�.RUHD��6HRXO��.25($��5(38%/,&�2)

.H\ZRUGV��VRPDWRVHQVRU\�HYRNHG�SRWHQWLDOV��YLVXDO�HYRNHG�SRWHQWLDO��FDUGLDF�DUUHVW��K\SRWKHUPLD

$EVWUDFW��

3XUSRVHV��,W�LV�QRW�FHUWDLQ�LI�VRPDWRVHQVRU\��6(3V��DQG�YLVXDO�HYRNHG�SRWHQWLDOV��9(3V��FDQ�SUHGLFW�QHXURORJLFDO�RXWFRPH�RI�FDUGLDF�DUUHVW��&$�
SDWLHQWV�WUHDWHG�ZLWK�K\SRWKHUPLD��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�SURJQRVWLF�YDOXH�RI�6(3V�DQG�9(3V�DQG�ZKHWKHU�9(3V�ZRXOG�LQFUHDVH
WKH�SUHGLFWLYH�SRZHU�RI�6(3V�IRU�WKH�SDWLHQWV�WUHDWHG�ZLWK�K\SRWKHUPLD�������

0HWKRGV��7KLV�UHWURVSHFWLYH�FRKRUW�VWXG\�LQFOXGHG�FRPDWRVH�SDWLHQWV�UHVXVFLWDWHG�IURP�&$�DQG�WUHDWHG�ZLWK�K\SRWKHUPLD�EHWZHHQ�0DUFK������DQG
-XO\�������6(3V�DQG�9(3V�ZHUH�UHFRUGHG�GXULQJ�K\SRWKHUPLD�DQG�DIWHU�UHZDUPLQJ�LQ�WKHVH�SDWLHQWV��1HXURORJLFDO�RXWFRPH�ZDV�DVVHVVHG�DW�WKH�WLPH
RI�GLVFKDUJH�E\�WKH�&HUHEUDO�3HUIRUPDQFH�&DWHJRU\��&3&��6FDOH�

5HVXOWV��2QH�KXQGUHG�ILIWHHQ�SDWLHQWV�ZHUH�LQFOXGHG��$�WRWDO�RI�����6(3V�DQG�����9(3V�ZHUH�SHUIRUPHG��)LYH�6(3V�GXULQJ�K\SRWKHUPLD�DQG�QLQH
6(3V�DIWHU�UHZDUPLQJ�ZHUH�H[FOXGHG�IURP�RXWFRPH�SUHGLFWLRQ�E\�6(3V�GXH�WR�1���LQGHWHUPLQDEOH�ZLWK�WHFKQLFDO�HUURU��8VLQJ����6(3V�DQG����9(3V
GXULQJ�K\SRWKHUPLD��DEVHQW�6(3V�\LHOGHG�D�VHQVLWLYLW\�RI�����DQG�D�VSHFLILFLW\�RI������IRU�SRRU�RXWFRPH��&3&������DQG�DEVHQW�9(3V�SUHGLFWHG�SRRU
RXWFRPH�ZLWK�D�VHQVLWLYLW\�RI�����DQG�D�VSHFLILFLW\�RI������&RPELQLQJ�6(3V�DQG�9(3V�KDG�D�KLJKHU�SUHGLFWLYH�SRZHU�WKDQ�HLWKHU�DORQH��DQ�DFFXUDF\
RI�����IRU�6(3V�DQG�����IRU�9(3V�YV������IRU�FRPELQDWLRQ���$IWHU�UHZDUPLQJ��DEVHQW�6(3V�DQG�DEVHQW�9(3V�SUHGLFWHG�SRRU�QHXURORJLFDO�RXWFRPH
ZLWK�D�VSHFLILFLW\�RI�������:KHQ�6(3V�DQG�9(3V�ZHUH�FRPELQHG��9(3V�LQFUHDVHG�WKH�SUHGLFWLYH�SRZHU�RI�6(3V�DORQH�VOLJKWO\��$OWKRXJK�RQH�SDWLHQW
ZLWK�DEVHQW�9(3�GXULQJ�K\SRWKHUPLD�KDG�D�JRRG�QHXURORJLFDO�RXWFRPH��QRQH�RI�WKH�SDWLHQWV�ZLWK�JRRG�QHXURORJLFDO�RXWFRPH�KDG�DQ�DEVHQW�9(3�LQ
WKH�QRUPRWKHUPLF�SHULRG�

&RQFOXVLRQ��$EVHQW�6(3V�DQG�DEVHQW�9(3V�SUHGLFWHG�SRRU�QHXURORJLFDO�RXWFRPH�ZLWK�KLJK�VSHFLILFLW\�GXULQJ�K\SRWKHUPLD�DV�ZHOO�DV�LQ
QRUPRWKHUPLD��9(3V�FRXOG�LQFUHDVH�WKH�SUHGLFWLYH�SRZHU�RI�6(3V�GXULQJ�ERWK�SHULRGV�IRU�WKH�SDWLHQWV�WUHDWHG�ZLWK�K\SRWKHUPLD���



',6$67(5�0(',&,1( (UNDQ�*XQD\

��������'LVDVWHU�7UDLQLQJ�1HHGV�DQG�([SHFWDWLRQV�DPRQJ�7XUNLVK�(PHUJHQF\�0HGLFLQH�3K\VLFLDQV�v�D�1DWLRQDO�6XUYH\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(UNDQ�*XQD\��0'�03+������0XUDW�(UVHO��0'�3K'������-XVWLQ�$�<D[��'2�'70+������.HULP�&DU��0'������*XQQXU�.DUDNXUW��3K'�/0)7������-RKQDWKDQ�6KHHOH�
0'�03+�0+6������6FRWW�+�)UDQN��0'�06����

���(PHUJHQF\�0HGLFLQH��6LVOL�+DPLGL\H�(WIDO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<
���(PHUJHQF\�0HGLFLQH��(JH�8QLYHUVLW\��,]PLU��785.(<
���(PHUJHQF\�0HGLFLQH��&DVH�:HVWHUQ�5HVHUYH�8QLYHUVLW\��&OHYHODQG��86$
���(PHUJHQF\�0HGLFLQH��0HQHPHQ�6WDWH�+RVSLWDO��¡]PLU��785.(<
���3V\FKLDWU\��&DVH�:HVWHUQ�5HVHUYH�8QLYHUVLW\��&OHYHODQG��86$
���)DPLO\�0HGLFLQH��&DVH�:HVWHUQ�5HVHUYH�8QLYHUVLW\��&OHYHODQG��86$

.H\ZRUGV��GLVDVWHU��HPHUJHQF\�SUHSDUHGQHVV

$EVWUDFW��

1DWXUDO�GLVDVWHUV��HVSHFLDOO\�HDUWKTXDNHV��ODQGVOLGHV�DQG�IORRGV�DUH�WKH�PRVW�IUHTXHQW�QDWXUDO�GLVDVWHUV�LQ�7XUNH\��,Q�DGGLWLRQ��WKH�7XUNLVK�SHRSOH
KDYH�EHHQ�GHDOLQJ�ZLWK�WHUURULVW�UHODWHG�HYHQWV�VLQFH�WKH�EHJLQQLQJ�RI�WKH�����ÇV�FRPSRXQGLQJ�WKHLU�QHHG�IRU�GLVDVWHU�SUHSDUHGQHVV��5HVLGHQF\
WUDLQHG�HPHUJHQF\�SK\VLFLDQV�KDYH�SOD\HG�LPSRUWDQW�UROHV�LQ�WKH�PDQDJHPHQW�RI�SDVW�GLVDVWHUV�LQ�7XUNH\��DQG�'LVDVWHU�0HGLFLQH�LV�DQ�LPSRUWDQW
DUHD�RI�UHVHDUFK�IRU�WKH�FRXQWU\�WR�LPSURYH�IXWXUH�GLVDVWHU�PDQDJHPHQW�DQG�SUHSDUHGQHVV�HIIRUWV��7KH�PDLQ�SXUSRVH�RI�WKLV�VWXG\�LV�WR�XQGHUVWDQG
WKH�H[SHFWDWLRQV�RI�7XUNLVK�DWWHQGLQJ�HPHUJHQF\�SK\VLFLDQV�IRU�'LVDVWHU�0HGLFLQH�WUDLQLQJ�SURJUDPV�DQG�WR�HYDOXDWH�WKHLU�UHVLGHQF\�WUDLQLQJ�LQ
DGHTXDF\�RI�'LVDVWHU�0HGLFLQH�WRSLFV�

$�VWXG\�TXHVWLRQQDLUH�ZDV�DGPLQLVWHUHG�E\�WKH�UHVHDUFK�WHDP�DQG�DQ�RQOLQH�VXUYH\�WRRO�ZDV�XVHG�IRU�VXUYH\�DGPLQLVWUDWLRQ�DIWHU�UHFHLYLQJ
,QVWLWXWLRQDO�5HYLHZ�%RDUG�DSSURYDO��$�WRWDO�RI�����HPHUJHQF\�SK\VLFLDQV�ZHUH�FRQWDFWHG�WR�SDUWLFLSDWH�WKH�VWXG\�XVLQJ�WKH�PRVW�UHFHQW�GDWDEDVH�RI
HPHUJHQF\�PHGLFLQH�SK\VLFLDQV�LQ�WKH�(PHUJHQF\�0HGLFLQH�$VVRFLDWLRQ�RI�7XUNH\�

7KHUH�ZHUH�����VXUYH\�UHVSRQVHV��������UHVSRQVH�UDWH���0RVW�SDUWLFLSDQWV���������ZHUH�IURP�DQ�DFDGHPLF�LQVWLWXWLRQ�DQG�������KDG�SUDFWLFHG�DV
DQ�DWWHQGLQJ�IRU���\HDUV�RU�OHVV��0DVV�LPPLJUDWLRQ��UHIXJHH�SUREOHPV�DQG�:DU�7HUURU�DWWDFNV�ZHUH�FRQVLGHUHG�KLJKHU�ULVN�WRSLFV�IRU�WKH�FRXQWU\�E\
WKH�SDUWLFLSDQWV��$�PDMRULW\���������RI�WKH�SDUWLFLSDQWV�DJUHHG�WKDW�'LVDVWHU�0HGLFLQH�WUDLQLQJV�VKRXOG�EH�JLYHQ�GXULQJ�UHVLGHQF\�WUDLQLQJV��5HJXODU
GULOOV��H[HUFLVHV��DQG�ZHHNO\�PRQWKO\�WUDLQLQJV�ZHUH�WKH�PRVW�SUHIHUUHG�HGXFDWLRQDO�PRGDOLWLHV��$�KLJK�SHUFHQWDJH���������RI�UHVSRQGHQWV�GHFODUHG
WKDW�WKH\�ZRXOG�EH�LQWHUHVWHG�LQ�DGYDQFHG�WUDLQLQJ�LQ�'LVDVWHU�0HGLFLQH��7KLV�ZDV�KLJKHU�IRU�WKRVH�ZKR�KDYH�ZRUNHG�OHVV�WKDQ�ILYH�\HDUV�DV�DQ
DWWHQGLQJ��$FDGHPLF�UHVLGHQF\�SURJUDPV�ZHUH�QRW�FRQVLGHUHG�DGHTXDWH�IRU�YDULRXV�'LVDVWHU�0HGLFLQH�WRSLFV�

'LVDVWHU�PHGLFLQH�DQG�HPHUJHQF\�SUHSDUHGQHVV�VKRZQ�WR�EH�FUXFLDO�IRU�7XUNH\�ZLWK�LQFUHDVHG�FRQIOLFWV�DURXQG�LWV�ERUGHUV��DQG�WHUURU�ZDU�DWWDFNV
ZLWKLQ�WKH�FRXQWU\��7KLV�VWXG\�GHPRQVWUDWHG�WKDW�UHVLGHQF\�WUDLQHG�HPHUJHQF\�SK\VLFLDQV�HVSHFLDOO\�WKRVH�ZKR�ZRUN�OHVV�WKDQ�ILYH�\HDUV�DUH
LQWHUHVWHG�LQ�JHWWLQJ�DGYDQFHG�WUDLQLQJ�LQ�GLVDVWHU�PHGLFLQH�DQG�HPHUJHQF\�SUHSDUHGQHVV��2Q�WKH�FRQWUDU\�8+�DQG�75+�(0�UHVLGHQF\�SURJUDPV
ZHUH�HYDOXDWHG�DV�QRW�DGHTXDWH�IRU�YDULRXV�UHODWHG�WRSLFV��&XUUHQW�UHVLGHQF\�WUDLQLQJ�SURJUDPV�VKRXOG�EH�LPSURYHG�LQ�RUGHU�WR�IXOILOO�WKHVH�LQWHUHVWV
ZLWKLQ�WKH�VSHFLDOW\��5HJXODU�GULOOV�DQG�H[HUFLVHV�ZHHNO\�PRQWKO\�UHJXODU�WUDLQLQJ�SURJUDPV�DUH�WKH�SUHIHUUHG�WUDLQLQJ�PHWKRGV�DQG�SDUWLFLSDQWV
GHFODUHG�WKHVH�WUDLQLQJV�VKRXOG�EH�RUJDQL]HG�E\�0LQLVWU\�RI�+HDOWK�LQ�FROODERUDWLRQ�ZLWK�DOO�RI�WKH�UHVSRQVLEOH�JURXSV��(DUWKTXDNHV�DUH�FRQVLGHUHG
KLJKHVW�ULVN�IRU�IDFLOLW\�OHYHO�ULVN�SHUFHSWLRQ�EXW�DGGLWLRQDO�UHVHDUFK�LV�QHHGHG�WR�XQGHUVWDQG�WKLV�DSSUHKHQVLRQ�LQFOXGLQJ�WKH�VWUXFWXUDO�SUHSDUHGQHVV
RI�WKH�KHDOWKFDUH�IDFLOLWLHV�

7KHVH�UHVXOWV�FDQ�EH�XVHG�DV�ILUVW�VWHS�WR�XQGHUVWDQG�WKH�QHHGV�RI�7XUNLVK�(0�SK\VLFLDQV�DERXW�WKH�LPSOHPHQWDWLRQ�RI�GLVDVWHU�PHGLFLQH�WUDLQLQJ
SURJUDPV��)XWXUH�DFDGHPLF�WUDLQLQJV�FDQ�EH�GHYHORSHG�ZLWK�WKH�JXLGDQFH�RI�WKHVH�UHVXOWV�LQ�RUGHU�WR�LQFUHDVH�GLVDVWHU�SUHSDUHGQHVV�OHYHOV�RI
KHDOWKFDUH�ZRUNHUV�
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(PLO\�&LOLDFXV

��������5HOLYRSDQ�IRU�SURFHGXUDO�SDLQ�PDQDJHPHQW�LQ�FKLOGUHQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(PLO\�&LOLDFXV������6WDFH\�0DQV������/LVHWWH�0LJQRW����

���(PHUJHQF\�GHSDUWPHQW��0D[LPD�PHGLVFK�FHQWUXP�9HOGKRYHQ��9HOGKRYHQ��7+(�1(7+(5/$1'6
���(PHUJHQF\�GHSDUWPHQW��0D[LPD�0HGLVFK�&HQWUXP�9HOGKRYHQ��9HOGKRYHQ��7+(�1(7+(5/$1'6

.H\ZRUGV��3HGLDWULF��FKLOGUHQ��WUDXPD��DQ[LHW\��SDLQ�UHOLHI��UHOLYRSDQ��HQWRQR[��1LWURXV�2[LGH

$EVWUDFW��

$LP�

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�DVVHVV�WKH�HIILFLHQF\�RI�5HOLYRSDQ�IRU�SURFHGXUDO�SDLQ�UHOLHI�LQ�FKLOGUHQ������\��LQ�WKH�HPHUJHQF\�GHSDUWPHQW�

�

,QWURGXFWLRQ�

&KLOGUHQ�DUH�D�YXOQHUDEOH�VHJPHQW�RI�WKH�SDWLHQW�SRSXODWLRQ�EHFDXVH�WKH\�DUH�OHVV�DEOH�WR�UDWLRQDOL]H�SDLQ��IRU�WKLV�LW�FDQ�EH�GLIILFXOW�WR�FRSH�ZLWK
SDLQ��$GHTXDWH�SDLQ�UHOLHI�DQG�SUHYHQWLRQ�LV�LPSRUWDQW���

5HOLYRSDQ�FDQ�EH�XVHG�IRU�DQ[LHW\�DQG�VKRUW�WHUP�SDLQ�UHOLHI�GXULQJ�D�UDQJH�RI�SURFHGXUHV��,W�LV�DQ�HTXLPRODU�PL[WXUH�RI�QLWURXV�R[LGH�DQG�R[\JHQ
����������

�

0HWKRGV�

)RUW\�WKUHH�FKLOGUHQ�ZHUH�LQFOXGHG�EHWZHHQ�-XO\���WK������DQG�$SULO���WK�������3DLQ�VFRUHV�ZHUH�REWDLQHG�XVLQJ�WKH�:RQJ�%DNHU�IDFHV�UDWLQJ�VFDOH
RU�WKH�156�EHIRUH�DQG�DIWHU�WKH�SURFHGXUH��7KH�)/$&&�VFDOH�ZDV�XVHG�GXULQJ�SURFHGXUHV�

�

5HVXOWV�

)RUW\�IRXU�FKLOGUHQ�ZLWK�D�PHDQ�DJH�RI��\�DQG���PRQWKV�UHFHLYHG�5HOLYRSDQ�IRU�VKRUW�SURFHGXUHV�H�J��IDFWXUH�UHGXFWLRQ��Q �����VXWXULQJ�ZRXQGV
�Q ����MRLQW�UHSRVLWLRQ��Q ���DQG�RWKHU�SURFHGXUHV��Q ��������RI�WKH�FKLOGUHQ�UHFHLYHG�SDLQ�PHGLFDWLRQ�D�SULRUL��SDUDFHWDPRO��Q ����
SDUDFHWDPRO�16$,'��Q �����SDUDFHWDPRO�RSLRLG��Q ����RSLRLG��Q ����SDUDFHWDPRO�16$,'�RSLRLG��Q ���

,Q�����WKH�LQWURGXFWLRQ�RI�5HOLYRSDQ�ZDV�VXFFHVVIXO��,Q�WRWDO�����RI�WKH�SURFHGXUHV�VXFFHHGHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�������RI�WKH�FKLOGUHQ
H[SHULHQFHG�QR�WR�PLOG�SDLQ��)/$&&������DQG�����PRGHUDWH�SDLQ��)/$&&�������6HYHUH�SDLQ��)/$&&�������ZDV�UHSRUWHG�LQ���FDVHV��,Q���FDVHV������
WKH�)/$&&�VFRUH�ZDV�QRW�UHSRUWHG��EXW�WKH�H[SHULHQFH�RI�WKH�FKLOG�ZDV�ZULWWHQ�GRZQ�E\�WKH�QXUVH�DIWHU�WKH�SURFHGXUH��7RWDO�DPQHVLD�IRU�WKH
SURFHGXUH�RFFXUUHG�LQ������0LOG�VLGH�HIIHFWV�OLNH�EDG�GUHDPV�RFFXUUHG�LQ���FDVHV�DQG�UHVROYHG��UDSLGO\�ZLWKRXW�LQWHUYHQWLRQ��

�

&RQFOXVLRQ��������������������������������������������������������������������������������

5HOLYRSDQ�VHHPV�YHU\�KHOSIXO�DQG�VDIH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�IRU�SURFHGXUDO�DQ[LHW\�UHGXFWLRQ�DQG�PLOG�DQDOJHVLD�ZLWKRXW�KHDY\�VHGDWLRQ�RU
PDMRU�VLGH�HIIHFWV��7KH�PDMRULW\�RI�FKLOGUHQ�H[SHULHQFHG�QR�RU�OLWWOH�SDLQ��3RVVLEO\�D�FRPELQDWLRQ�RI�5HOLYRSDQ�DQG�VKRUW�WHUP�DQDOJHVLD�VXFK�DV
LQWUDQDVDO�IHQWDQ\O�FDQ�GLPLQLVK�SDLQ�HYHQ�PRUH�

�

��������������0RUH�SDWLHQWV�ZLOO�EH�LQFOXGHG�LQ�WKH�IROORZLQJ�PRQWKV�

�������0DQHJHPHQW�RI�SDLQ�LQ�FKLOGKRRG��-��(PLO\�+DUURS��$UFK�'LV�(GXF�3UDFW�(G������

�������0DQLSXODWLRQ�DQG�UHGXFWLRQ�RI�SDHGLDWULF�IUDFWXUHV�RI�WKH�GLVWDO�UDGLXV�DQG�IRUHDUP�XVLQJ�LQWUDQDVDO�GLDPRUSKLQH�DQG�����R[\JHQ�DQG�QLWURXV
R[LGH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��7��.XULHQ�HW�DO�

�



',6$67(5�0(',&,1( (UNDQ�*XQD\

��������'LVDVWHU�3UHSDUHGQHVV�DQG�(PHUJHQF\�0DQDJHPHQW�ZLWKLQ�7XUNLVK�+HDOWKFDUH�6\VWHP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(UNDQ�*XQD\��0'�03+����

���(PHUJHQF\�0HGLFLQH��6LVOL�+DPLGL\H�(WIDO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<

.H\ZRUGV��GLVDVWHU�SUHSDUHGQHVV��HPHUJHQF\�PDQDJHPHQW��KHDOWKFDUH�V\VWHP

$EVWUDFW��

7XUNH\�LV�IDFLQJ�UHJXODU�QDWXUDO�DQG�PDQ�PDGH�GLVDVWHUV�EHFDXVH�RI�LWV�JHRORJLFDO�DQG�JHRJUDSKLFDO�SRVLWLRQ��(DUWKTXDNHV��ODQGVOLGHV�DQG�IORRGV�DUH
WKH�PRVW�IUHTXHQW�QDWXUDO�GLVDVWHUV��,Q�DGGLWLRQ�WR�WKHVH�7XUNH\�KDG�WHUURULVP�SUREOHPV�DQG�ORVW�PRUH�WKDQ�������SHRSOH�WR�WHUURULVW�HYHQWV�VLQFH
����V��6LQFH�WKH�EHJLQQLQJ�RI�6\ULDQ�FLYLO�ZDU�LQ������7XUNH\�H[SHULHQFHG�DQ�LQFUHDVHG�QXPEHU�RI�WHUURULVW�ERPELQJV��LQFOXGLQJ�WKH�GHDGOLHVW�DWWDFN
LQ�LWV�KLVWRU\�DW�WKH�FDSLWDO�RQ�2FWREHU�������ZLWK�PRUH�WKDQ�����FDVXDOWLHV��7KLV�SDSHU�DLPV�WR�GHVFULEH�GLVDVWHU�PDQDJHPHQW�DQG�HPHUJHQF\
SUHSDUHGQHVV�ZLWKLQ�KHDOWKFDUH�V\VWHP�RI�7XUNH\�DQG�UHYLHZ�UHFHQW�PDVV�FDVXDOW\�HYHQWV�

'LVDVWHU�PDQDJHPHQW�SROLFLHV�LQ�7XUNH\�KDYH�GHYHORSHG�IROORZLQJ�PDMRU�GLVDVWHUV�DQG�IRFXVHV�PDLQO\�RQ�UHVSRQVH�DQG�UHFRYHU\��'LVDVWHU�DQG
(PHUJHQF\�0DQDJHPHQW�$XWKRULW\�KDV�EHHQ�GHYHORSHG�DIWHU������*ROFXN�HDUWKTXDNH�DQG�FXUUHQWO\�KDV����SURYLQFLDO�EUDQFKHV�DFURVV�7XUNH\�DQG
FRRUGLQDWHV�DOO�HPHUJHQF\�UHVSRQVH�DQG�UHFRYHU\�HIIRUWV�GXULQJ�GLVDVWHUV��,Q�DGGLWLRQ��0LQLVWU\�RI�+HDOWK�KDV�LWV�RZQ�GLVDVWHU�DQG�HPHUJHQF\
UHVSRQVH�GLUHFWRUDWHV�DQG�KDV�PXOWLSOH�PHGLFDO�PDQDJHPHQW�DQG�WUDLQLQJ�UHVSRQVLELOLWLHV���1DWLRQDO�(PHUJHQF\�5HVSRQVH�6\VWHP�LV�ZRUNLQJ�XQGHU
0LQLVWU\�RI�+HDOWK�DQG�UHVSRQVLEOH�IRU�PHGLFDO�FDUH�GXULQJ�HPHUJHQF\�VLWXDWLRQV�DQG�GLVDVWHUV��1DWLRQDO�0HGLFDO�5HVFXH�7HDP�LV�UHVSRQVLEOH�IRU
RQ�VLWH�PHGLFDO�PDQDJHPHQW�DQG�UHVFXH�HIIRUWV�GXULQJ�GLVDVWHUV�DOVR�D�SDUW�RI�0LQLVWU\�RI�+HDOWK��,Q�DGGLWLRQ�WR�WKHVH�JRYHUQPHQW�RUJDQL]DWLRQV
ORFDO�PXQLFLSDOLWLHV�KDYH�WKHLU�RZQ�HPHUJHQF\�UHVSRQVH�FHQWHUV�

0DMRU�VKRUWDJHV�ZLWKLQ�KHDOWKFDUH�V\VWHP�IRU�GLVDVWHU�SUHSDUHGQHVV�DQG�PDQDJHPHQW�ZHUH�GHVFULEHG�DV�ODFN�RI�LQYHVWPHQW�RQ�EXLOGLQJ
LQIUDVWUXFWXUH�DQG�GHILFLHQF\�RI�SUHSDUHGQHVV�OHYHOV�RI�WKH�KHDOWKFDUH�ZRUNHUV�

,Q�RUGHU�WR�LPSURYH�GLVDVWHU�UHDGLQHVV�FDSDELOLWLHV�RI�WKH�KRVSLWDOV�0LQLVWU\�RI�+HDOWK�SURYLGHG�KRVSLWDO�GLVDVWHU�SODQ�WHPSODWHV�DQG�PDWHULDOV�IRU
KHDOWKFDUH�IDFLOLWLHV�E\�WKH�HQG�RI�������+RVSLWDO�DGPLQLVWUDWLRQV�DUH�UHTXLUHG�WR�HQVXUH�WKH�VDIHW\�RI�WKH�IDFLOLWLHV�DFFRUGLQJ�WR�WKLV�SODQ�DQG
LPSURYH�UHVLOLHQF\�WR�DOO�KD]DUGV��,Q�DGGLWLRQ�WR�WKHVH�SODQV�PDMRU�LQYHVWPHQWV�ZHUH�SODQQHG�IRU�LPSURYLQJ�KHDOWKFDUH�IDFLOLW\�LQIUDVWUXFWXUHV�

7KH�UHVXOWV�RI�WKH�VWXGLHV�WKDW�LQYHVWLJDWHG�GLVDVWHU�SUHSDUHGQHVV�OHYHOV�DPRQJ�7XUNLVK�KHDOWKFDUH�ZRUNHUV�UHYHDOHG�WKDW�GLVDVWHU�SUHSDUHGQHVV
OHYHOV�DUH�OHVV�WKDQ�GHVLUHG�DQG�ODFN�RI�WUDLQLQJ�ZDV�DQ�LPSRUWDQW�DQ[LHW\�IDFWRU�IRU�KHDOWKFDUH�ZRUNHUV�DW�D�SRVVLEOH�GLVDVWHU�UHVSRQVH�LQYROYHPHQW�
,QFUHDVHG�QXPEHU�RI�WHUURU�UHODWHG�LQFLGHQWV�VLQFH������HPSKDVL]HG�WKH�LPSRUWDQFH�RI�D�GHYHORSHG�DOO�KD]DUGV�DSSURDFK�IRU�KHDOWKFDUH�V\VWHPV
DQG�DGHTXDWH�WUDLQLQJ�IRU�KHDOWKFDUH�ZRUNHUV�

,Q�RUGHU�WR�LPSURYH�KHDOWKFDUH�V\VWHP�UHDGLQHVV�QXPEHU�RI�LVVXHV�VKRXOG�EH�DGGUHVVHG��,PSOHPHQWDWLRQ�RI�QHZ�GLVDVWHU�SODQ�WHPSODWHV�ZLWKLQ
KRVSLWDOV�VKRXOG�EH�LQYHVWLJDWHG��4XDOLW\�DQG�SUDFWLFDOLW\�RI�KRVSLWDO�GLVDVWHU�SODQV�DQG�UHDGLQHVV�OHYHOV�RI�WKH�KHDOWKFDUH�IDFLOLWLHV�DQG�WKHLU�ZRUNHUV
QHHG�IXUWKHU�UHVHDUFK��1DWLRQDO�GLVDVWHU�SODQ�VKRXOG�EH�UHYLVHG�ZLWK�DQ�DOO�KD]DUGV�DSSURDFK�DGGUHVVLQJ�KHDOWKFDUH�UHDGLQHVV�SUREOHPV�LQFOXGLQJ
LQIUDVWUXFWXUH�LVVXHV�DQG�WUDLQLQJ�GHILFLHQFLHV�RI�KHDOWKFDUH�ZRUNHUV��/DFN�RI�WUDLQLQJ�IRU�GLVDVWHU�SUHSDUHGQHVV�ZLWKLQ�KHDOWKFDUH�SURIHVVLRQDOV�LV�D
PDMRU�SUREOHP��7KLV�PD\�EH�DGGUHVVHG�E\�FUHDWLQJ�DGYDQFHG�GLVDVWHU�PHGLFLQH�SURJUDPV�LQ�RUGHU�WR�LPSURYH�VFLHQWLILF�GHYHORSPHQWV�DQG�LQFUHDVH
GLVDVWHU�SUHSDUHGQHVV�OHYHOV�DPRQJ�KHDOWKFDUH�ZRUNHUV�



',6$67(5�0(',&,1( 0DUN�/HRQJ

��������8VH�RI�H[WHUQDO�FRROLQJ�V\VWHP�ZLWK�KD]PDW�SHUVRQDO�SURWHFWLYH�HTXLSPHQW�WR�LQFUHDVH�RSHUDWLRQDO�WLPH�RI�+RVSLWDO
+D]PDW�5HVSRQGHUV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DUN�/HRQJ����

���(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJKHDOWK��6,1*$325(��6,1*$325(

.H\ZRUGV��3HUVRQDO�3URWHFW�HTXLSPHQW��+D]PDW

$EVWUDFW��

,W�LV�D�SK\VLRORJLFDO�FKDOOHQJH�WR�GRQ�DQG�ZRUN�LQ�+D]PDW�SHUVRQDO�SURWHFWLYH�HTXLSPHQW��33(��LQ�DQ�HTXDWRULDO�WURSLFDO�HQYLURQPHQW���2XU
LQVWLWXWLRQ
V�SUHYLRXV�KRVSLWDO�GHFRQWDPLQDWLRQ�H[HUFLVHV�KDYH�UHVXOWHG�LQ�UHVSRQGHUV�ZKR�KDYH�SK\VLFDO�KHDW�H[KDXVWLRQ��DQG�V\QFRSDO�DWWDFNV��2XU
K\SRWKHVLV�LV�WKDW�KDYLQJ�D�V\VWHP�RU�GHYLFH�WKDW�FRROV�DQG�ORZHU�RXU�FRUH�WHPSHUDWXUH�PD\�KHOS�UHGXFH�WKH�SK\VLRORJLFDO�ORDG�RQ�WKH�UHVSRQGHU�
DQG�SRVVLEO\�LQFUHDVH�WKHLU�RSHUDWLRQDO�HIILFLHQF\�DQG�SURGXFWLYLW\�

$Q�H[WHUQDO�FRROLQJ�GHYLFH��XVHG�LQ�WDUJHWHG�WHPSHUDWXUH�PDQDJHPHQW�RI�SRVW�FDUGLDF�DUUHVW�SDWLHQWV��ZDV�GHSOR\HG�DV�D�WLJKW�ILWWLQJ�YHVW�DV�D�SLORW
WULDO�GXULQJ�RXU�PRQWKO\�KRVSLWDO�GHFRQWDPLQDWLRQ�VWDWLRQ�WUDLQLQJ���3K\VLRORJLFDO�SDUDPHWHUV�DUH�PHDVXUHG�DQG�PRQLWRUHG�SUH�DQG�SRVW�GRQQLQJ�RI
KD]PDW�33(���2EVHUYDWLRQV�DUH�PDGH�RQ�DQ\�FKDQJH�LQ�RSHUDWLRQDO�HIIHFWLYHQHVV�RU�GHJUDGDWLRQ�IRU�UHVSRQGHUV�ZLWK�DQG�ZLWKRXW�WKH�FRROLQJ�YHVW�
�4XDOLWDWLYH�IHHGEDFN�ZDV�DOVR�REWDLQHG�IURP�WKRVH�ZKR�ZRUNHG�ZLWK�WKH�YHVW�RQ�

7KH�UHVXOW�DQG�UHSRUW�RI�WKLV�SLORW�VWXG\�ZLOO�KHOS�SROLF\�DQG�GHFLVLRQ�PDNHUV�GHFLGH�RQ�ZKHWKHU�WKH�H[SHQVH�DQG�RWKHU�LVVXHV�UHODWHG�WR�XVH�RI
H[WHUQDO�FRROLQJ�GHYLFHV�ZLOO�UHVXOW�LQ�EHWWHU�RSHUDELOLW\�RI�RXU�KRVSLWDO�KD]PDW�UHVSRQGHUV



('8&$7,21�$1'�75$,1,1* 0DUN�/HRQJ

��������&OLQLFDO�%HGVLGH�7HDFKLQJ�v�HGXFDWL�QJ�RXU�MXQLRU�FROOHDJXHV�LQ�D�EXV\�FOLQLFDO�VHWWLQJ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DUN�/HRQJ����

���(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJKHDOWK��6,1*$325(��6,1*$325(

.H\ZRUGV��0HGLFDO�(GXFDWLRQ��&OLQLFDO�7HDFKLQJ��0LFURVNLOOV

$EVWUDFW��

7KLV�SRVWHU�UHYLHZV�WKH�PDQ\�GLIIHUHQW�WHFKQLTXHV�WRROV�ZKLFK�FDQ�EH�DGRSWHG�DQG�XVHG�E\�FOLQLFDO�IDFXOW\�LQ�D�SDWLHQW�FDUH�HQYLURQPHQW�WR�WHDFK
MXQLRU�SK\VLFLDQV�LQ�WUDLQLQJ���7KH�WHFKQLTXHV�WRROV�LQFOXGH���PLQXWH�SUHFHSWRU��61$366��('�67$7��0L3/$1��$XQW�0LQQLH�0RGHO��63,7�DQG�RWKHUV���

7KH�REMHFWLYH�RI�WKLV�SRVWHU�LV�WR�SXW�SXEOLVKHG�DQG�FRPPRQO\�XVH�WHFKQLTXHV�LQWR�RQH�VLQJOH�KDQG\�UHVRXUFH��ZKHQ�SURGXFHG�DV�D�FDUG��IRU�FOLQLFDO
IDFXOW\�XVH�DV�DSSURSULDWH���



0$1$*(0(17���('�25*$1,6$7,21 <RXUL�<25'$129

��������5HOLDELOLW\�RI�WKH�)5(1&+�WULDJH�VFDOH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

<RXUL�<RUGDQRY������*XLOODXPH�5DQFKRQ������$QWRLQH�'XFORV������(OHRQRUH�+(548(/27������&(4�*URXS�6)08������3LHUUH�7DERXOHW������&DUORV�(O�.KRXU\
���

���(PHUJHQF\�'�SDUWHPHQW��+�SLWDO�6DLQW�$QWRLQH��$VVLVWDQFH�3XEOLTXH�+�SLWDX[�GH�3DULV�����3DULV��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��6HUYLFH�GHV�8UJHQFHV�+�SLWDO�3ULY��GH�O
(VW�/\RQQDLV�6DLQW�3ULHVW��/\RQ��)5$1&(
���3�OH�,QIRUPDWLRQ�0�GLFDOH�(YDOXDWLRQ�5HFKHUFKH�GHV�+RVSLFHV�&LYLOV�GH�/\RQ���($������+HDOWK�6HUYLFHV�DQG�3HUIRUPDQFH�5HVHDUFK�ODE��8QLYHUVLW�
GH�/\RQ�����/\RQ��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��6)08��3DULV��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��+RSLWDO�67�/RXLV���$SKS��3DULV��)5$1&(
���(PHUJHQF\�'HSDUWPHQW�DQG�5(6&8H�1HWZRUN��/XFLHQ�+XVVHO�+RVSLWDO��($������+HDOWK�6HUYLFHV�DQG�3HUIRUPDQFH�5HVHDUFK�ODE��8QLYHUVLW��GH
/\RQ�����9LHQQH��)5$1&(

.H\ZRUGV��7ULDJH��1XUVH��(PHUJHQF\�GHSDUWPHQW

$EVWUDFW��

%DFNJURXQG��,Q�VLWXDWLRQV�ZKHUH�WKH�GHPDQG�LV�QRWDEO\�KLJKHU�WKDQ�WKH�DYDLODEOH�UHVRXUFHV��WKH�TXHVWLRQ�RI�UDWLRQLQJ�TXLFNO\�DULVHV��6XFK�FRQGLWLRQV
LPSO\�WKDW�QRW�DOO�QHHGV�ZLOO�EH�VDWLVILHG�LPPHGLDWHO\��,Q�DQ�HPHUJHQF\�GHSDUWPHQW�VHWWLQJ�WKH�VFDUFHQHVV�RI�UHVRXUFHV�FDQ�KDYH�VRPH�WUDJLF
FRQVHTXHQFHV�IRU�SDWLHQWV��:H�WKHUHIRUH�QHHG�WR�EH�DEOH�WR�DOORFDWH�KHDOWK�FDUH�UHVRXUFHV�WR�WKRVH�ZKR�QHHG�WR�EH�WUHDWHG�LPPHGLDWHO\��DQG�GHOD\
WKH�WUHDWPHQW�RI�WKRVH�ZKR�FDQ�VDIHO\�ZDLW��,QLWLDO�VXEMHFWLYH�HYDOXDWLRQ�E\�D�IRVWHUOLQJ�QXUVH��ZLWKRXW�D�WULDJH�WRRO��KDYH�ORZ�VHQVLWLWY\�DQG
VSHFLILFLW\��1R�XQLYHUVDO�WULDJH�VFDOH�LV�DYDLODEOH�WR�DVVHVV�IRU�SDWLHQWV�DFXWHQHVV��,W�LV�WKHUHIRUH�LPSRUWDQW�WR�GHYHORS�WULDJH�V\VWHPV�WKDW�DUH
WDLORUHG�IRU�WKHLU�XVHUV�HQYLURQPHQW��DQG�WKHQ�SURSHUO\�HYDOXDWH�WKHP�

2EMHFWLYH��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�PHDVXUH�WKH�LQWHU�UDWHU�DQG�LQWUD�UDWHU�UHOLDELOLW\�RI�WKH�6)08��)UHQFK�6RFLHW\�RI�(PHUJHQF\�0HGLFLQH��WULDJH
VFDOH��EHWWHU�NQRZ�DV�WKH�WKLUG�YHUVLRQ�RI�WKH�)5HQFK�(PHUJHQF\�1XUVHV�&ODVVLILFDWLRQ�LQ�+RVSLWDO�VFDOH��)5(1&+�Y���

�

0HWKRGV��$�VDPSOH�RI����QXUVHV��ZRUNLQJ�LQ�GLIIHUHQW�HPHUJHQF\�VHWWLQJV��IURP�GLIIHUHQW�)UHQFK�FLWLHV��ZHUH�DVVHPEOHG�RQ�-DQXDU\���WK�������7KH\
DOO�UHFHLYHG�HGXFDWLRQDO�PDWHULDO�EHIRUHKDQG�DQG�DWWHQGHG�D���KRXU�VWDQGDUGL]HG�WUDLQLQJ�VHVVLRQ��7KH�)5(1&+�Y��LV�D���OHYHOV�WULDJH�VFDOH��ZLWK�D
KXQGUHG�V\PSWRPV�DQG�PRGLILHUV�XVHIXOO�IRU�WKH�WULDJH�RI�SHGLDWULF�DQG�DGXOW�SDWLHQWV��$OO�QXUVHV�KDG�WR�LQGHSHQGHQWO\�DVVHVV�WKH�VDPH���
FDVH�VFHQDULRV�UDQGRPO\�VHOHFWHG�DPRQJ�����VFHQDULRV�GHYHORSHG�E\�D�SDQHO�RI�H[SHUWV��EDVHG�RQ�UHDO�OLIH�SDWLHQWV��,QWHU�UDWHU�UHOLDELOLW\�ZDV
HYDOXDWHG�RQ�WKHVH����FDVH�VFHQDULRV��,QWUD�UDWHU�UHOLDELOLW\�ZDV�HYDOXDWHG�E\�D�VLQJOH�QXUVH��SLFNHG�DW�UDQGRP�DPRXQJ�WKH�RULJLQDO�VDPSOH�WZR
ZHHNV�DIWHU�LQLWLDO�HYDOXDWLRQ��DQG�UHDVVHVVLQJ�WKH�VDPH����FDVH�VFHQDULRV��,QWHU�DQG�LQWUD�UDWHU�UHOLDELOLW\�ZDV�PHDVXUHG�XVLQJ�D�ZHLJKWHG�NDSSD�
7KH�QXPEHUV�RI�QXUVHV�DQG�FDVHV�ZHUH�FDOFXODWHG�RQ�WKH�EDVLV�RI�SUHYLRXV�YHUVLRQV�RI�)5(1&+�HYDOXDWLRQV��3DUWLFLSDQWV�GLG�QRW�UHFHLYH�ILQDQFLDO
LQFHQWLYHV�WR�SDUWLFLSDWH��$FFRUGLQJ�WR�)UHQFK�ODZ��QR�HWKLFDO�DSSURYDO�ZDV�QHFHVVDU\��EXW�DOO�WKH�SDUWLFLSDQWV�VLJQHG�D�ZDLYHU�RI�FRQVHQW�

�

5HVXOWV��'DWDV�IURP����QXUVHV�ZHUH�XVDEOH��2QH�WKLUG��Q ���JUDGXDWHG�IURP�QXUVLQJ�VFKRRO�LQ�WKH�ODVW����\HDUV��RQH�WKLUG��Q ���EHWZHHQ����DQG���
\HDUV�WKH�ODVW�WKLUG�PRUH�WKDQ����\HDUV�DJR��7KH�PDMRULW\�RI�WKH�QXUVHV�������Q ����UHFHLYHG�SUHYLRXV�WUDLQLQJ�RQ�WULDJH��$OO�RI�WKHP��������Q ���
ZRUN�LQ�WKHLU�('V�UHVXVFLWDWLRQ�URRP��DQG������Q ���ZRUN�DOVR�LQ�SUH�KRVSLWDO�HPHUJHQF\�PHGLFLQH��7KH�PDMRULW\�������Q ���RQO\�UHFHLYHG�DGXOW
SDWLHQWV��DV�RSSRVHG�WR�DGXOW�DQG�SHGLDWULF��,QWHU�UDWHU�UHOLDELOLW\�ZDV�VXEVWDQWLDO�>. ����������&,������������@��,QWUD�UDWHU�UHOLDELOLW\�ZDV�DOPRVW
SHUIHFW�>. ����������&,������������@��:KHQ�FRPSDULQJ�WKH�QXUVHV�WULDJH�WR�WKH�H[SHUWV�WULDJH�����WR����FDVHV�����������ZHUH�FRUUHFWO\�WULDJHG�
$JUHHPHQW�GLG�QRW�VLJQLILFDQWO\�GLIIHU�ZLWK�UHVSHFW�WR�WKH�QXUVHV�H[SHULHQFH��SUHYLRXV�WUDLQLQJ�RU�ZRUN�HQYLURQPHQW�

&RQFOXVLRQ��2XU�ILQGLQJV�GHPRQVWUDWH�WKDW�)5(1&+�Y��LV�D�UHOLDEOH�WRRO�WR�DVVHVV�WULDJH�FDVH�VFHQDULRV��GHYHORSHG�EDVHG�RQ�HPHUJHQF\�GHSDUWPHQW
SDWLHQWV��7KLV�QHZ�VFDOH�VKRXOG�QRZ�EH�HYDOXDWHG�LQ�D�UHDO�OLIH�VHWWLQJ�



&$6(�35(6(17$7,21 (OLVD�5XL]�2OLYDUHV

��������)RXUQLHU�*DQJUHQH�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(OLVD�5XL]�2OLYDUHV������6RQLD�%DOOHVW�Q�6RUROOD�������$QD�%HO�Q�0DU�Q�)ORU�D������&DUROD�0HGLQD�6DLQ]������%HJR�D�*DUJDOOR�3ODQDV������6LOYLD�*DQJXWLD
�����3LODU�6DUDVD�&ODYHU����

���(PHUJHQFLHV��+��5R\R�9LOODQRYD���=DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD��]DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD��=DUDJR]D��63$,1

.H\ZRUGV��*DQJUHQH��QHFURWL]LQJ��XURJHQLWDO��PRUELOLW\�

$EVWUDFW��

)ORXUQLHU�JDQJUHQH�

,QWURGXFWLRQ��)RXUQLHUÇV�JDQJUHQH�GLVHDVH�LV�D�UDUH�EXW�SRWHQWLDOO\�OHWKDO��LI�QRW�GRQH�TXLNO\�GLDJQRVH�DQG�XUJHQW�WUHDWPHQW��7KLV�LV�DQ�QHFURWL]LQJ
VXEFXWDQHRXV�LQIHFWLRQ�E\�DHURELF�DQG�DQDHURELF�JHUPV��

8VXDOO\�RULJLQDWH�LQ�WKH�XURJHQLWDO�RU�DQRUHFWDO�DUHD��GHSHQGLQJ�QR�GH�WULJJHU�IDFWRUV��DQG�FDQ�VSUHDG�WR�WKH�JHQLWDO�DUHD��SHULQHXP�DQG�SUHYLRXV
DEGRPLQDO�ZDOO��

&OLQLFDO�FDVH��7KH�FDVH�RI�D����\HDUV�ROG�SDWLHQW�ZKR�FRPH�WR�HPHUJHQF\�URRP�IRU�SDLQ�DQG�LQIODPDWLRQ�LQ�SHULQHDO�DUHD��,Q�WKH�H[SORUDWLRQ�SUHVHQWV
VZHOOLQJ�DQG�HU\WKHPD�SHULDQDO��QR�IOXFWXDWLQJ��$IWHU�QLQH�KRXUV�RI�HYROXWLRQ�WKH�SDWLHQW�SUHVHQWV�VHSWLF�VLWXDWLRQ�ZKLWK�H[WHQVLRQ�WR�VFURWDO�DUHD��,W
ZDV�QHFHVDU\�WR�PDNH�DQ�XUJHQW�GHEULGHPHQW�LQ�D�VNLQ�DQG�VXEFXWDQHRXV�DUHD�LQ�VFURWDO�DQG�VDFUDO�DUHD�DQG�LQWUDYHQRXV��DQWLELRWLF�WUHDWPHQW�

5HVXOWV��:H�REVHUYHG�WKDW�WKH�SDWLHQW�SUHVHQWV�WKH�EDVLF�SDWKRORJ\�DV�D�K\SHUWHQVLRQ��LVFKHPLF�KHDUW�GLVHDVH�DQG�SHULDQDO�DEVFHVV��7KH�SDWLHQW
SUHVHQWLQJ�OHXNRF\WRVLV��KHPRVWDVLV�DOWHUDWLRQ�DQG�KLJK�IHYHU��

&RQFOXVLRQV��)RXUQLHU�JDQJUHQH��LV�D�UDUH�GLVHDVH�EXW�KDV�D�KLJK�PRUELOLW\�DQG�PRUWDOLO\��6SHFLDOO\�LQ�SDWLHQWV�ZKLWK�SUHGLVSRVLQJ�IDFWRUV��VR�LW�LV�YHU\
LPSRUWDQW�WR�PDNH�DQ�HDUO\�GLDJQRVLV�DQG�DQ�XUJHQW�WUHDWPHQW��



&$6(�35(6(17$7,21 (OLVD�5XL]�2OLYDUHV

��������1HZ�IRUPV�RI�KDVKLV�FRQVXPSWLRQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(OLVD�5XL]�2OLYDUHV������6RQLD�6RI�D�%DOOHVWLQ�6RUROOD������$QD�%HO�Q�0DU�Q�)ORU�D������%HJR�D�*DUJDOOR�3ODQDV������&DUROD�0HGLQD�6DLQ]������6LOYLD
*DQJXWLD������3LODU�6DUDVD�&ODYHU����

���(PHUJHQFLHV��+��5R\R�9LOODQRYD���=DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD��=DUDJR]D��63$,1

.H\ZRUGV��+DVKLV��WDFK\FDUGLD��Q\VWDJPXV�

$EVWUDFW��

�

,1752'8&7,21�
7KH�KDVKLVK�LV�PDGH�E\�H[WUDFWLQJ�WKH�UHVLQ�RI�PDULKXDQD�OHDYHV�DQG�IORZHUV��,W�LV�PRUH�SRZHUIXO�WKDQ�GU\�OHDYHV�VLQFH�LW�FRQWDLQV����WLPHV�PRUH
7+&��0RUH�WKDQ���PLOOLRQ�6SDQLDUGV�VD\�WKH\�KDYH�FRQVXPHG�VRPHWLPHV��,Q�WKH�ODVW�WHQ�\HDUV�WKH�FRQVXPSWLRQ�LQ�\RXQJ�SHRSOH�LQ�RXU�FRXQWU\�KDV
EHHQ�GRXEOHG�
�
��&/,1,&$/�&$6(�
ZRPDQ�RI����\HDUV��RFFDVLRQDO�VPRNHU�RI�PDULMXDQD��UHIHUV�SDOSLWDFLRQHV�DQG�SDUHVWHVLDV�RI���KRXUV�RI�HYROXWLRQ��DIWHU�WR�KDYH�FRQVXPHG�D
È&KLQHVHÉ�RI�PDULMXDQD�GLVVROYHG�LQ�\RJXUW�����3K\VLFDO�H[SORUDWLRQ��7g������q��7$����������SXOVR����SSP��3XOPRQDU\�DXVFXOWDWLRQ��ZLWKRXW
DOWHUDWLRQV���$XVFXOWDWLRQ�FDUGLDF��U\WKPLFDO�QRLVHV�FDUGLDF�WR����SSP����1HXURORJLFDO�H[SORUDWLRQ��UHDFWLYH�DYHUDJH�SXSLOV����&RPSOHPHQWDU\�WHVWV���
DQDO\WLFDO�VDQJXLQHRXV��&.������������������(&*�WR�LWV�DUULYDO�WR�XUJHQFLHV��VLQXVDO�WDFK\FDUGLD�WR����SSP���ZLWK�KHPLEORTXHR�RI�ULJKW�EUDQFK�DQG
UHGXFWLRQ�RI�WKH�67�LQ�WKH�DQWHUR�VHSWDO�IDFH����(YROXWLRQ��7KH�SDWLHQW�UHFHLYHV�WUHDWPHQW�ZLWK�GLD]HSDP��PJ���$IWHU���KRXUV�WKH�DVLQWRP�WLFD�SDWLHQW�
ZLWK�(&*�RI�FRQWURO��VLQXVDO�UDWH�WR���SSP���ZLWK�KHPLEORTXHR�RI�EUDQFK�GFKD�DQG�ZLWKRXW�DOWHUDWLRQV�RI�UHSRODUL]DFL�Q�
��&/,1,&$/�&$6(�
PDQ�RI����\HDUV��ZKR�UHIHUV�WR�KDYH�FRQVXPHG��IRU���KRXUV��KDVKLVK�LQ�LQIXVLRQ��DSSUR[LPDWHO\���JU����)RU�RQH�KRXU�KH�KDV�EHHQ
SUHVHQWLQJ�GLVSOD\LQJ�SDOSLWDFLRQHV��VHQVDWLRQ�RI�WXUQ�RI�REMHFWV��EXFFDO�DQG�EDG�GU\QHVV�WR�EH�JHQHUDO�����3K\VLFDO�H[SORUDWLRQ��7g������q��7$���������
SXOVH����SSP���1HXURORJLFDO�H[SORUDWLRQ��KRUL]RQWR�ODWHUDO�Q\VWDJPXV��L]GR�GHFKR����&RPSOHPHQWDU\�WHVWV�����(&*��VLQXVDO�WDFK\FDUGLD�WR�����SSP�
:LWKRXW�DOWHUDWLRQV�RI�WKH�UHSRODUL]DFL�Q�����(YROXWLRQ��7KH�SDWLHQW�LV�GHDOW�ZLWK���VXHURWHUDSLD�DQG�'LD]HSDQ�PJ�
�
&21&/86,216�
�7KH�KDVKLVK�FRQVXPSWLRQ�LV�PRUH�DQG�PRUH�SUHYDOHQWH�LQ�\RXQJ�SHRSOH�ZKR�H[SHULHQFH�QHZ�IRUPV�RI�DGPLQLVWUDWLRQ�LQ�VHDUFK�RI�VHQVDWLRQV��ILQDOO\
ILQLVK�LQ�WKH�6HUYLFHV�RI�8UJHQFLHV�SUHVHQWLQJ�GLVSOD\LQJ�PRUH�RU�OHVV�KDELWXDO�V\PSWRPV�



&$6(�35(6(17$7,21 (OLVD�5XL]�2OLYDUHV

��������/XPEDU�IUDFWXUH�DIWHU�GHOLULXP�E\�FRFDLQH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6RQLD�6RI�D�%DOOHVWLQ�6RUROOD������%HJR�D�*DUJDOOR�3ODQDV������(OLVD�5XL]�2OLYDUHV������$QD�%HO�Q�0DU�Q�)ORU�D������&DUROD�0HGLQD�6DLQ]������3LODU�6DUDVD
&ODYHU������6LOYLD�*DQJXWLD����

���(PHUJHQFLHV��+��5R\R�9LOODQRYD��=DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD���=DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD��]DUDJR]D��63$,1

.H\ZRUGV��&RFDLQH��GHOLULXP��IUDFWXUH�YHUWHEUDO�

$EVWUDFW��

�

���\HDU�ROG�PDOH�ZKR�FRPHV�WR�WKH�(PHUJHQF\�'HSDUWPHQW�DIWHU�FRFDLQH�XVH��7KH�SDWLHQW�KDV�VXIIHUHG�D�GHOLULXP�DQG�KDV�EHOLHYHG�6XSHUPDQ
MXPSLQJ�IURP�WKH�ZLQGRZ�RI�WKH�ILUVW�IORRU�

7KH�SDWLHQW�UHIHUUHG�SDLQ�ULJKW�FDOFDQHXP�DQG�JDLW�GLIILFXOW\�OHYHO�

([SORUDWLRQ�LV�ORFDWHG�HVSLQRVD�RI�/��DQG�GHIRUPLW\�SDOSDWLRQ�SDLQ�LQ�ULJKW�KHHO��1RW�DIIHFWLQJ�QHXURORJLFDO�VWUHQJWK��VHQVLWLYLW\�RI�((,,�FRUUHFW\DV
ZLWKRXW�VSKLQFWHU�LQFRQWLQHQFH�

+H�LV�D�EORRG�FORWWLQJ�ZKLFK�GRHV�QRW�VKRZ�DQ\�DOWHUDWLRQ�DQG�UDGLRORJLFDO�VWXG\�ZLWK�/80%$5�5;�VKRZLQJ�D�IODWWHQLQJ�RI�WKH�/��YHUWHEUDO�ERG\
IUDFWXUH�RI�ODPLQD��5;�&$/&$1(286��)UDFWXUH�RI�FDOFDQHXV��:LWK�WKHVH�WHVWV�LV�SHUIRUPHG�/80%$5�&7��IUDFWXUHG�SRS�RI�WKH�/��YHUWHEUDO�ERG\�ZLWK
KXQGLPLHQW�RI�WKH�WRS�F\PEDO��GHFUHDVH�DQG�GLVSODFHPHQW�RI�WKH�SRVWHULRU�ZDOO�FDXVLQJ�D�GHFUHDVH�LQ�WKH�VSLQDO�FDQDO�RI������$IIHFWV�WKH�WKUHH
SLOODUV�ZLWK�RQH�ULJKW�ODPLQD�IUDFWXUH�OLQH�WKDW�SDVVHV�WKURXJK�

7KH�SDWLHQW�UHFHLYHV�WUHDWPHQW�DQDOJHVLF�LY�DQG�PRYHG�WR�+RVSLWDO�RI�KLJKHU�OHYHO�IRU�HQWU\�LQWR�VHUYLFH�RI�QHXURVXUJHU\��7KHUH�PDNH�\RX�1RPV�WKDW
LV�UHSRUWHG�DV�IUDFWXUH�RXWEUHDN�RI�/��YHUWHEUDO�ERG\��ZLWK�PDMRU�RHGHPD�RQ�ERG\�YHUW\HEUDO�DQG�LQYDVLRQ�RI�����RI�WKH�VSLQDO�FDQDO�

7KH�SDWLHQW�UHFHLYHG�VXUJLFDO�WUHDWPHQW�DQG�LV�.\SKRSODVW\�/���)L[DWLRQ�SHUFXWDQHRXV�LQ�/��DQG�/���3ODFHG�VSOLQW�VXUR�SHGLDO�ODWHU��*LYHQ�KLJK�LV
XQHYHQWIXO



&$6(�35(6(17$7,21 (OLVD�5XL]�2OLYDUHV

��������7ROXHQH�LV�WKH�HQHP\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6RQLD�6RI�D�%DOOHVWLQ�6RUROOD������$QD�%HO�Q�0DU�Q�)ORU�D������(OLVD�5XL]�2OLYDUHV������%HJR�D�*DUJDOOR�3ODQDV������&DUROD�0HGLQD�6DLQ]����

���(PHUJHQFLHV��+��5R\R�9LOODQRYD��=DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD��]DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD���=DUDJR]D��63$,1

.H\ZRUGV��7ROXHQH��RUJDQLF�GLVVROYHQWV��ORVV�RI�FRQVFLHQFH

$EVWUDFW��

�

$%675$&7��7(;7�
�2UJDQLF�GLVVROYHQWV�DUH�WR[LF��7KH�VWHDPV�WKDW�RUJDQLF�GLVVROYHQWV�HPLW�DUH�KHDYLHU�WKDQ�WKH�DLU��WKLV�LV�WKH�UHDVRQ�ZK\�WKH�JUHDWHU
FRQFHQWUDWLRQ�ZLOO�EH�QHDU�WKH�JURXQG��7KHVH�VWHDPV�JR�WKURXJK�FHOOXODU�PHPEUDQHV��DQG�GXH�WR�LWV�JUHDW�VROXELOLW\�LQ�IDW��WKH\
UHDFK�KLJK�FRQFHQWUDWLRQV�LQ�WKH�&16�
�
&/,1,&�&$6(�
�0DQ�RI����\HDUV�EURXJKW�LQ�PRELO�89,�EHFDXVH�KH�VKRZV��DW�KLV�KRPH��HSLVRGH�RI�ORVV�RI�FRQVFLHQFH��UHFRYHUHG��DQG�ODWHU�GLVDUWULF�DQG�LQFRKHUHQW
VSHHFK��GUXQNHQQHVV�LV�VXVSHFWHG�
,Q�XUJHQFLHV�VHUYLFH��FRQVFLRXV�SDWLHQW��QRW�RULHQWHG�LQ�WLPH�QRU�LQ�VSDFH��VRPQROHQW�ZLWK�VWDEOH�FRQVWDQWV��3UHVVXUH���������)�&����[PLQ�
7HPSHUDWXUH�������2��6DWXUDWLRQ�������QR�HQROLF�RGRXU���
,Q�WKH�QHXURORJLFDO�H[SORUDWLRQ�LW�LV�VKRZQ�D�VRPQROHQW�SDWLHQW��D�ELW�GLVDUWULF�ZLWK�*ODVJRZ����������������ZLWKRXW�DQRWKHU�IRFDOLW\
&RPSOHPHQWDU\�WHVWV�
OHXFRF\WRVLV�ZLWK�OHIW�GHYLDWLRQ��WKRUD[�[�UD\�ZLWKRXW�DOWHUDWLRQV��(&*�VLQXVDO�UDWH���[�PLQ�ZLWKRXW�UHSRODUL]DWLRQ�DOWHUDWLRQV
(YROXWLRQ�
:KHQ�WKH�GLVFUHSDQF\�EHWZHHQ�WKH�SK\VLFDO�H[SORUDWLRQ�DQG�WKH�ILUVW�FOLQLFDO�GLUHFWLRQ�KDV�EHHQ�REVHUYHG��KLV�ZLIH�LV�LQWHUYLHZHG��ZKR�FRQILUPV�WKDW
KH�KDV�EHHQ�GULQNLQJ�DOFRKRO�DQG�LQIRUP�XV�WKDW�KDV�EHHQ�DOVR�YDUQLVKLQJ�D�IXUQLWXUH�ZLWK�D�SURGXFW��WKDW�VKH�LV�JRLQJ�WR�ORRN�IRU�DW�KRPH��7KH
YDUQLVK�LV�FRPSRVHG�E\�72/8(1(�������
�$V�D�UHVXOW�RI�WKH�QHZ�LQIRUPDWLRQ�KH�LV�GLDJQRVHG�RI�DFXWH�3RLVRQLQJ�E\�7ROXHQH�DQG�WKH�WUHDWPHQW�EHJLQV�
�
&21&/86,216�
�&OLQLFDO�KLVWRU\�LV�DOZD\V�IXQGDPHQWDO�LQ�WKH�6HUYLFH�RI�8UJHQFLHV�
�$OZD\V�WKLQN�DERXW�WKH�SRLVRQLQJV�E\�GLVVROYHQWV�LQ�VLWXDWLRQV�RI�DIIHFWDWLRQ�RI�WKH�&16�ZLWKRXW�FOHDU�IRFDOLW\�
�



&$6(�35(6(17$7,21 (OLVD�5XL]�2OLYDUHV

��������;;,�FHQWXU\�QLJKWPDUH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6RQLD�6RI�D�%DOOHVWLQ�6RUROOD������(OLVD�5XL]�2OLYDUHV������%HJR�D�*DUJDOOR�3ODQDV������$OLFLD�%DJXHQD�*DUF�D������$QD�%HO�Q�0DU�Q�)ORU�D������&DUROD
0HGLQD�6DLQ]������6LOYLD�*DQJXWLD����

���(PHUJHQFLHV��+��5R\R�9LOODQRYD��=DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD���=DUDJR]D��63$,1

.H\ZRUGV��+HURLQH�FRQVXPH�FDUERQ�PRQR[LGHLQWR[LFDWLRQ��FRPD�

$EVWUDFW��

�

���\HDUV�ROG�SDWLHQW��VKH�LV�EURXJKW�WR�WKH�8UJHQFLHV�6HUYLFH�E\�KHU�UHODWLYHV�EHFDXVH�VKH�VKRZV�FRQVFLHQFH�GLPLQXWLRQ�DQG�UHVSLUDWRU\�GLIILFXOW\��$W
KHU�DUULYDO��VKH�LV�FROG��WUHPEO\��DQG�QRQ�UHDFWLYH��ZLWK�UHVSLUDWRU\�GLIILFXOWV�DQG�*ODVJRZ�����6KH�KDV�P\RWLF��QRQ�UHDFWLYH�DQG�ZLWKRXW�SKRWRPRWRU
UHIOHFWLRQ�SXSLOV��&HQWUDO�DQG�SHULSKHUDO�F\DQRVLV��6KH�SUHVHQWV�D�FRQYXOVLRQ�WKDW�\LHOGV�ZLWK�UHFWDO�'LDFHSDP�
7KH�DXVFXOWDWLRQ�FDUGLDF�LV�FRPSRVHG�RI�����E�S�P��UK\WKPLF�WRQHV�ZLWKRXW�EORZLQJV�DQG�LQ�WKH�SXOPRQDU\�DXVFXOWDWLRQ�VKH�SUHVHQWV�URQFXV�DQG
GLVSHUVHG�VLELODQWV�ZLWK�ELEDVDO�FUHSLWDQWV��2��VDWXUDWLRQ�XQGHU������,Q�WKH�HOHFWURFDUGLRJUDP�VXJJHVWLYH�DOWHUDWLRQV�RI�LVTXHPLD�QRU�DOWHUDWLRQV�LQ
UHSRODUL]DFLRQ�DUH�QRW�REVHUYHG�
&ROODERUDWLRQ�LV�DVNHG�WR�KHU�KXVEDQG�WR�PDNH�WKH�FOLQLFDO�KLVWRU\��+H�UHIHUV�WKDW�WKH�SDWLHQW�ZDV�LQ�RQH�URRP�ZKHUH�WKHUH�ZDV�WRR�PXFK�VPRNH
FRPLQJ�IURP�D�JDVROLQH�EXUQHU�DQG�WKDW�VKH�KDG�DOVR�VPRNHG�KHURLQH�
$QWLGRWHV��IOXPD]HQLO�DQG�QDOR[RQH��ZLWK�WUDQVLWRU\�LPSURYHPHQW�RI�WKH�OHYHO�RI�FRQVFLHQFH�DUH�DGPLQLVWHUHG�EXW�ZLWKRXW�WRWDO�UHFRYHU\��&RR[LPHWU\
LV�PDGH��WKDW�VKRZV�D�FDUER[LKHPRJORELQH�OHYHO�RI������QRUPDO�����������0HWDEROLF�DFLGRV\V�FRPSHQVDWHG��6KH�LV�HQWHUHG�LQ�,�&�8���ZKHUH�WKH
WUHDWPHQW�FRQWLQXHG�ZLWK�R[\JHQ�WKHUDS\�ZLWK�)L2��������SHUIXVLRQ�RI�QDOR[RQH�DQG�ELFDUERQDWH�
/DWHU�HYROXWLRQ�KDV�EHHQ�IDYRUDEOH��SUHVHQWLQJ�D�FDUER[LKHPRJORELQH�OHYHO�RI������DIWHU�DQ�KRXU�DQG������DIWHU���KRXUV��$IWHU����KRXUV��WKH�SDWLHQW
LV�SDVVHG�WR�,QWHUQDO�0HGLFLQH�8QLW�WR�FRQWLQXH�HYROXWLRQ�
7R�HPSKDVL]H�WKH�LPSRUWDQFH�RI�FOLQLFDO�KLVWRU\��LQ�WKLV�FDVH�WKH�FRQWULEXWLRQ�WKDW�KHU�UHODWLYHV�JDYH�XV��ZKLFK�ZDV�WKH�NH\�WR�GLDJQRVH�KHU�



&$5',29$6&8/$5 (OLVD�$OGHD�0ROLQD

��������1HZ�DQWLFRDJXODQWV�DV�DQ�DOWHUQDWLYH�WR�WKH�FODVVLFDO�WKHUDS\�ZLWK�DQWLYLWDPLQ�.�GUXJV�LQ�DWULDO�ILEULOODWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1RHOLD�2UWHJD�-LPHQH]������(OLVD�$OGHD�0ROLQD������,UXQH�$OELVWXU�/HVPHV������7HUHVD�3DUGR�9LQWDQHO������3LODU�0LUDQGD�$UWR������7HUHVD�)HUQDQGR�*URV
�����0DUFR�6DUUDW�7RUUHV����

���(PHUJHQFLHV��+RVSLWDO�0$=�=DUDJR]D��=DUDJR]D��63$,1
���(PHUJHQFLHV��+RVSLWDO�5R\R�9LOODQRYD�=DUDJR]D��]DUDJR]D��63$,1
���(PHUJHQFLHV��+RVSLWDO�5R\R�9LOODQRYD�=DUDJR]D��=DUDJR]D��63$,1

.H\ZRUGV��1HZ�DQWLFRDJXODQWV��DWULDO�ILEULOODWLRQ

$EVWUDFW��

$WULDO�ILEULOODWLRQ�LV�WKH�PRVW�FRPPRQ�VXVWDLQHG�DUUK\WPLD�LQ�DGXOWKRRG���DQG�WKH�PRVW�FRPPRQO\�GLDJQRVHG�LQ�DPEXODWRU\�DQG�KRVSLWDOL]HG�SDWLHQWV�
,WV�SUHVHQFH�FRQWULEXWHV�WKH�IRUPDWLRQ�RI�WKURPEXV�LQ�DWULXP�ZKLFK�FDQ�EH�GHWDFKHG�DQG�FDXVH�VHULRXV�WKURPERHPEROLF�FRPSOLFDWLRQV�

7KH�ULVN�RI�D�EUDLQ�VWURNH�LQFUHDVHV�VSHFLDOO\�LQ�WKRVH�SDWLHQWV�ZKR�DVVRFLDWH�YDOYXODU�KHDUW�GLVHDVH�DQG�DIWHU�PHGLFDO���HOHFWULF�RU�VSRQWDQHRXV
FDUGLRYHUVLRQ�

7KLV�NLQG�RI�EUDLQ�VWURNH�LV�PRUH�VHYHUH�WKDQ�RWKHUV�GHULYDWHG�IURP�RWKHU�SDWKRORJ\���DQG�WKH\�DUH�UHVSRQVLEOH�RI�WKH�PDMRULW\�RI�PRUWDOLW\�DQG
FRPRUELGLW\�DVVRFLDWHG�WR�$)�

3URSK\OD[LV�RI�DUWHULDO�WKURPERHPEROLVP��LV�RQH�RI�WKH�WKHUDSHXWLF�JRDOV�LQ�$)��8VH�RI�DQWLFRDJXODQW�WKHUDS\�UHGXFHV�WKH�ULVN�RI�KDYLQJ�D�EUDLQ
VWURNH���7KH�HPHUJHQFH�RI�QHZ�DQWLFRDJXODQWV�DV�DQ�DOWHUQDWLYH�WR�WKH�FODVVLFDO�WKHUDS\�ZLWK�DQWLYLWDPLQ�.�GUXJV���WKDW�LPSURYH�WKH�TXDOLW\�RI�OLIH�RI
SDWLHQWV�DV�WKH�GRQnW�QHHG�GRVH�DGMXVWPHQW�SHULRGLFDOO\���DQG�GHFUHDVHV�WKH�QHHG�RI�IUHTXHQW�FRQWUROV�DV�ZHOO�DV�FORVH�PRQLWRULQJ�RI�FRDJXODELOLW\
UDWH���LV�WKH�UHDVRQ�ZK\�ZH�GHFLGHG�WR�VWDUW�ZLWK�WKLV�VWXG\�LQ�RXU�(PHUJHQF\�6HUYLFH���+RVSLWDO�5R\R�9LOODQRYD���=DUDJR]D��ZLWK�WKH�SXUSRVH�RI
ZDWFKLQJ�FKDQJHV�LQ�DWULDO�ILEULOODWLRQ�PDQDJHPHQW�DIWHU�WKH�LQWURGXFWLRQ�RI�WKHVH�GLUHFW�DFWLRQ�QHZ�DQWLFRDJXODQWV��



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< (OLVD�5XL]�2OLYDUHV

��������*HQHUDO�SUDFWLFH�DQG�HPHUJHQFLHV�URRP�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6RQLD�%DOOHVW�Q�6RUROOD�������(OLVD�5XL]�2OLYDUHV������7HUHVD�'H�)HUQDQGR�*URV������,QPDFXODGD�&DOOHMDV�*LO������3DWULFLD�%RQHG�%ODV������&DUROD�0HGLQD
6DLQ]������$QD�%HO�Q�0DU�Q�)ORU�D������3LODU�6DUDVD�&ODYHU������6LOYLD�*DQJXWLD����

���(PHUJHQFLHV��+��5R\R�9LOODQRYD��]DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD���=DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD���]DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD��=DUDJR]D��63$,1

.H\ZRUGV��'HULYDWLRQ�WR�HPHUJHQFLHV�URRP��TXDOLW\��FRVWV�

$EVWUDFW��

�

2%-(&7,9(�
�'LYHUVH�VWXGLHV�PDNH�UHIHUHQFH�WR�WKH�XVH�RI�WKH�KRVSLWDO�VHUYLFHV�RI�XUJHQFLHV��+68���EDVHG�RQ�WKH�XVHUV�ZKR�JR�WR�VXFK�VHUYLFH
ZLWKRXW�EHLQJ�HYDOXDWHG�SUHYLRXVO\�E\�D�GRFWRU��7KH�REMHFWLYH�RI�WKH�VWXG\�LV�WR��YDOXH�WKH�DFFXUDWHQHVV�OHYHO�DQG�WKH�DJUHHPHQW�RI
WKH�GHULYDWLRQV�WR�XUJHQFLHV�E\�RWKHU�IDFXOWDWLYH�SHUVRQDO�
0$7(5,$/�$1'�0(7+2'6�
$�GDWD�FROOHFWLRQ�FDUG�IRU�HYHU\�SDWLHQW�VHQW�WR�XUJHQFLHV�ZLWK�LWV�FRUUHVSRQGLQJ�UHSRUW�RI�GHULYDWLRQ�IURP�3ULPDU\�$WWHQWLRQ��3$���VSHFLDOL]HG
DWWHQWLRQ��6$���&RQWLQXHG�$WWHQWLRQ�3RLQW��&$3��������0HGLFDO�8QLW�RI�(PHUJHQFLHV��08(��DQG�JHULDWULFDO�UHVLGHQFHV�LV�HODERUDWHG�
,Q�HDFK�FDUG�WKH�IROORZLQJ�TXHVWLRQV�DUH�FROOHFWHG�
�VW��3HUVRQDO�DQWHFHGHQWV�RI�WKH�SDWLHQW�LQ�WKH�GHULYDWLRQ�UHSRUW�DUH�LQGLFDWHG�
�QG��,V�WKH�PHGLFDWLRQ�WKDW�WKH�SDWLHQW�WDNHV�LQGLFDWHG"
�UG��,V�WKH�V\PSWRPDWRORJ\�WKDW�WKH�SDWLHQW�SUHVHQWV�LQGLFDWHG"
�WK��,V�KLV�KHU�SK\VLFDO�H[SORUDWLRQ�LQGLFDWHG"
�WK��,V�WKH�GLDJQRVLV�GLUHFWLRQ�WKDW�PRWLYDWHV�WKH�GHULYDWLRQ�RI�WKH�SDWLHQW�LQGLFDWHG"
$QG�LQ�WKH�VDPH�FDUG��RQFH�PDGH�WKH�FOLQLFDO�KLVWRU\�RI�WKH�SDWLHQW�LQ�XUJHQFLHV��WKH�FULWHULRQ�RI�WKH�XUJHQFLHV�IDFXOWDWLYH�LV�ZULWWHQ�GRZQ��LW�LV
YDOXHG�LI�WKH�SDWLHQW�FRXOG�EH�WUHDWHG�LQ�KLV�KHU�FHQWHU�RI�RULJLQ�DQG�LI�KH�VKH�KDV�QHHGHG�KRVSLWDEOH�HQWUDQFH�
5(68/76�
��/HVV�RI�����RI�WKH�SDWLHQWV�ZKR�JR�WR�XUJHQFLHV�GR�LW�ZLWK�UHSRUW�RI�GHULYDWLRQ�
������RI�WKH�SDWLHQWV�GLG�LW�WKURXJK�WKH�IDPLO\�GRFWRU�
������WKURXJK�WKH�����
������ZHUH�GHULYHG�E\�WKH�GRFWRU�RI�JHULDWULFDO�UHVLGHQFH�
�����ZHUH�GHULYHG�IURP�WKH�&$3�
�����ZHUH�VHQW�E\�WKH�80(�
&RQFOXVLRQV�UHODWHG�WR�DFFRPSOLVKPHQW�RI�WKH�GHULYDWLRQ�UHSRUW�
������GR�QRW�LQGLFDWH�ZKR�LV�WKH�GRFWRU�WKDW�GHULYHV�WKH�SDWLHQW�
��,Q�����RI�WKHP�WKH�LQIRUPDWLRQ�RI�WKH�V\PSWRPDWRORJ\�WKDW�WKH�SDWLHQW�VKRZV�LV�QRW�LQGLFDWHG�
��,Q�����RI�WKH�UHSRUWV�WKH�SHUVRQDO�DQWHFHGHQWV�RI�WKH�SDWLHQW�DUH�QRW�PHQWLRQHG�
��,Q�����RI�WKH�UHSRUWV�DQ\�GLDJQRVLV�GLUHFWLRQ�LV�QRW�VSHFLILHG�
��,Q�����RI�WKHP�WKH�PHGLFDWLRQ�WKDW�WKH�SDWLHQW�WDNHV�LV�QRW�PHQWLRQHG�
��2QO\�LQ�D�����RI�WKH�FDVHV�WKH�GLDJQRVLV�GLUHFWLRQ�LV�FRQFRUGDQW�ZLWK�WKH�GLDJQRVLV�LQ�XUJHQFLHV�
�$OPRVW�WKH������RI�WKH�SDWLHQWV�VHQW�E\�WKH�08(�UHTXLUH�KRVSLWDEOH�HQWUDQFH�LQ�UHODWLRQ�WR�WKH�����RI�ZKR�WKDW�ZHUH�VHQW�IURP�SULPDU\�DWWHQWLRQ�
��&21&/86,216�
7KH�XQQHFHVVDU\�YLVLWV�WR�+68�FRQVWLWXWH�DQ�LPSRUWDQW�SUREOHP�IRU�WKH�1DWLRQDO�+HDOWK�6\VWHP��ZLWK�LPSOLFDWLRQV�LQ�WKH�TXDOLW\�DQG�FRVWV�RI�WKH
DWWHQGDQFH�
7KH�XVH�RI�+68�DV�VXEVWLWXWH�RI�WKH�SULPDU\�DWWHQWLRQ�DQG��WKH�LQDGHTXDWH�GHULYDWLRQ�PDGH�E\�WKH�SURIHVVLRQDOV�EHFRPHV�LQ�DQ�RYHUORDG�WR�WKH
KRVSLWDEOH�VHW�LQ�GDPDJH�RI�WKH�UHVRXUFHV�IRU�WKH�DWWHQWLRQ�RI�SDWLHQWV�LQ�ULVN�YLWDO�VLWXDWLRQV�
7KH�FUHDWLRQ�RI�D�3URWRFRO�RI�$GMXVWPHQW�RI�+RVSLWDEOH�8UJHQFLHV�DJUHHG�ZLWK�WKH�UHVW�RI�WKH�KHDOWK�DUHDV�FDQ�EH�DQ�HIIHFWLYH�HOHPHQW�LQ�WKH
LGHQWLILFDWLRQ�RI�WKH�KRVSLWDEOH�XUJHQFLHV�
�
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��������$�385326(�2)�$�&$6(��72;23/$6026,6

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%HJR�D�*DUJDOOR�3ODQDV������(OLVD�5XL]�2OLYDUHV������3LODU�6DUDVD�&ODYHU������$QD�%HO�Q�0DU�Q�)ORU�D������6RQLD�6RI�D�%DOOHVWLQ�6RUROOD������(OLVD�$OGHD
0ROLQD����

���(PHUJHQFLHV��+��5R\R�9LOODQRYD��=DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD��]DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD���=DUDJR]D��63$,1

.H\ZRUGV��7R[RSODVPRVLV��+,9��GLVRULHQWDWLRQ��KHDGDFKH�

$EVWUDFW��

�

���\HDU�ROG�SDWLHQW�ZLWK�D�KLVWRU\�RI�GLDJQRVHG�+,9����\HDUV�DJR�DQG�KDV�DEDQGRQHG�LWV�UHWURYLUDO�WUHDWPHQW���\HDUV�DJR�E\�LQWROHUDQFH��&XUUHQWO\
GR�QRW�IROORZ�FRQWUROV�E\�WKH�LQIHFWLRXV�VHUYLFH�

,V�EURXJKW�WR�WKH�HPHUJHQF\�URRP�E\�KLV�IDPLO\�IRU�SUHVHQWLQJ�IURP�D�ZHHN�DJR�SLFWXUH�RI�KLJK�IHYHU�DFFRPSDQLHG�E\�V\PSWRPV�RI�UHVSLUDWRU\
LQIHFWLRQ��FRXJK�DQG�G\VSQHD��ZLWK�IOXFWXDWLQJ�GLVRULHQWDWLRQ��ZHDNQHVV�RI�OLPEV��DVWKHQLD��DQRUH[LD�DQG�KHDGDFKHV�

1RZ�FRQFHUQV�KDYH�VXIIHUHG�WUDXPDWLF�FLOLDU\�ULJKW�ZLWKRXW�ORVV�RI�FRQVFLRXVQHVV�RU�RWKHU�DGGHG�V\PSWRPDWRORJ\�

7KH�H[SORUDWLRQ�WHQGHQF\�WR�VOHHS�DQG�ORZ�UHDFWLYLW\�ZLWKRXW�FOHDU�IRFL��$QDO\WLFDOO\�RQO\�KLJKOLJKWV�D�GLVFUHWH�DQHPLD�ZLWK�KHPDWRFULW�RI�����DQG
KHPRJORELQ�RI������J�GO�

+H�LV�5[�WKRUD[�WKDW�LV�QR�HYLGHQFH�LPDJH�RI�FRQGHQVDWLRQ�

$SSO\�EUDLQ�&7�UHSRUWLQJ�DV�K\SRGHQVH�OHVLRQV�DVVRFLDWHG�ZLWK�H[WHQVLYH�YDVRJHQLF�SDULHWRRFFLSLWDO�ORFDWLRQ�SHULOHVLRQDO�HGHPD

OHIW��IURQW�OHIW��ULJKW�DQG�OHIW�EDVDO�JDQJOLD��IURQWREDVDO�DIWHU�DGPLQLVWUDWLRQ�RI

FRQWUDVW�VKRZ�HQKDQFHPHQW�LQ�ULQJ��DV�ILUVW�SRVVLELOLW\�RI�WR[RSODVPRVLV�JLYHQ�WKH

FOLQLFDO�FRQWH[W�RI�WKH�SDWLHQW�

7KH�RFFLSLWDO�OHIW�DORQJ�ZLWK�H[WHQVLYH�SHULOHVLRQDO�HGHPD�FDXVH�FRPSUHVVLRQ�DQG�GLVSODFHPHQW�RI�WKH

RFFLSLWDO�+RUQ�LSVLODWHUDO�DQG�WKH�OHIW�KHPLVSKHUH�DVVRFLDWHG�HGHPD�DOVR�FDXVH�PDVV�HIIHFW�ZLWK

FRQWUDODWHUDO�GHYLDWLRQ�IURP�WKH�FHQWHUOLQH�RI���PP�

,QWUD�RU�H[WUDD[LDOHV�DFXWH�KHPRUUKDJLF�OHVLRQV�DUH�QRW�VHHQ�

:LWK�WKLV�GLDJQRVLV�VWDUWV�P�EURDG�VSHFWUXP�DQWLELRWLF�WUHDWPHQW��6XOIDGL]LQD��3LULPHWDGLQD�DQG�IROLQLF�DFLG��

7KH�SDWLHQW�ZDV�DGPLWWHG�WR�WKH�LQIHFWLRXV�EHLQJ�JLYHQ�KLJK�WR�KLV�KRPH�XQLW�

�

�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

3HWUD�YDQ�GHU�/HOLH

��������(PHUJHQF\�GHSDUWPHQW�VHGDWLRQ�IRU�UHGXFWLRQ�RI�KLS�GLVORFDWLRQV�E\�HPHUJHQF\�SK\VLFLDQV�YHUVXV�QRQ�HPHUJHQF\
SK\VLFLDQV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&ULVSLMQ�YDQ�GHQ�%UDQG������3HWUD�YDQ�GHU�/HOLH������0LVFKD�9HHQ����

���(PHUJHQF\�3K\VLFLDQ��0HGLFDO�&HQWUH�+DDJODQGHQ���%URQRYR��7KH�+DJXH��7+(�1(7+(5/$1'6
���(PHUJHQF\�0HGLFLQH�5HVLGHQW��0HGLFDO�&HQWUH�+DDJODQGHQ���%URQRYR��7KH�+DJXH��7+(�1(7+(5/$1'6

.H\ZRUGV��SURFHGXUDO�VHGDWLRQ��HPHUJHQF\�GHSDUWPHQW��KLS�GLVORFDWLRQ��HPHUJHQF\�SK\VLFLDQ

$EVWUDFW��

,QWURGXFWLRQ

7KH�%URQRYR�+RVSLWDO�GLG�QRW�HPSOR\�HPHUJHQF\�SK\VLFLDQV��(3ÇV��EHIRUH�������3ULRU�WR������HPHUJHQF\�GHSDUWPHQW��('��VHGDWLRQV�ZHUH
VXSHUYLVHG�E\�WKH�VXUJLFDO�VSHFLDOWLHV��QRQ�(3ÇV���:LWK�WKH�DUULYDO�RI�(3ÇV��VHGDWLRQ�LQ�DFFRUGDQFH�ZLWK�WKH�&%2�JXLGHOLQH�ZDV�LQWURGXFHG��:H
DQDO\VHG�WKH�GLIIHUHQFH�LQ�RXWFRPH�DQG�RFFXUUHQFH�RI�DGYHUVH�HYHQWV�GXULQJ�VHGDWLRQ�IRU�UHGXFWLRQ�RI�GLVORFDWHG�KLSV�E\�(3ÇV�DQG�QRQ�(3ÇV�

�

0HWKRGV

5HWURVSHFWLYH�UHYLHZ�RI����KLS�GLVORFDWLRQV�UHGXFHG�LQ�WKH�('�LQ�������7ZHQW\�ILYH�ZHUH�VXSHUYLVHG�E\�(3ÇV�

�

5HVXOWV

3DWLHQWV�LQ�ERWK�JURXSV�KDG�VLPLODU�EDVHOLQH�FKDUDFWHULVWLFV��H[FHSW�IRU�D�GLIIHUHQFH�LQ�$6$�FODVVLILFDWLRQ��$6$������QRQ�(3ÇV�����YHUVXV�(3ÇV������
(3ÇV�GRFXPHQWHG�IDVWLQJ�VWDWXV�DQG�LQIRUPHG�FRQVHQW�LQ�DOO�FDVHV�YHUVXV�UHVSHFWLYHO\�����DQG����GRFXPHQWHG�E\�WKH�QRQ�(3ÇV��$QDOJHVLD�XVHG�E\
(3ÇV�ZDV�PDLQO\�IHQWDQ\O��������ZKLOH�QRQ�(3ÇV�IUHTXHQWO\�GLG�QRW�GRFXPHQW�WKLV��������(3ÇV�SUHIHUUHG�SURSRIRO�������DERYH�PLGD]RODP�������IRU
VHGDWLRQ��3URSRIRO�JDYH�D�VXFFHVVIXO�UHGXFWLRQ�LQ�����RI�WKH�SDWLHQWV�FDXVLQJ�RQH�EUDG\FDUGLD�DQG�RQH�FDVH�RI�K\SRWHQVLRQ��0LGD]RODP�JDYH�D
VXFFHVVIXO�UHGXFWLRQ�LQ�����ZLWK�RQH�FDVH�RI�K\SRWHQVLRQ�ZLWK�GHVDWXUDWLRQ��1RQ�(3ÇV�PDLQO\�XVHG�GLD]HSDP�������RU�PLGD]RODP��������'LD]HSDP
JDYH�D�VXFFHVVIXO�UHGXFWLRQ�LQ������FDXVLQJ�RQH�DSQRHD��0LGD]RODP�JDYH�D�VXFFHVVIXO�UHGXFWLRQ�LQ�����ZLWK�WZR�DSQRHDÇV��)OXPD]HQLO�ZDV�XVHG
WZLFH�E\�QRQ�(3ÇV�

�

&RQFOXVLRQ

6HGDWLRQ�LQ�WKH�('�E\�(3ÇV�DQG�LPSOHPHQWDWLRQ�RI�WKH�&%2�JXLGHOLQHV�UHVXOWHG�LQ�EHWWHU�GRFXPHQWHG�VHGDWLRQV�DQG�DYRLGDQFH�RI�KLJK�ULVN�SDWLHQWV�
1RQ�(3ÇV�XVHG�GLD]HSDP�IRU�VHGDWLRQ��ZKLFK�LV�QRW�UHFRPPHQGHG�IRU�WKLV�SXUSRVH��DOWKRXJK�IHZ�DGYHUVH�HYHQWV�RFFXUUHG��:H�IRXQG�SUHIHUHQFH�IRU
WKH�XVH�RI�SURSRIRO��PLGD]RODP�KDG�D�ORZHU�RYHUDOO�VXFFHVV�UDWH�DQG�KLJKHU�RFFXUUHQFH�RI�DGYHUVH�HYHQWV��7KLV�GDWD�VKRZV�WKH�QHHG�IRU�HGXFDWLRQ�LQ
SURFHGXUDO�VHGDWLRQ�DQG�DQDOJHVLD�DPRQJVW�QRQ�(3ÇV�WR�LPSURYH�EHWWHU�DGKHUHQFH�WR�WKH�QDWLRQDO�JXLGHOLQH�



0,6&(//$1(286 /DLPRQDV�0LVHLNLV

��������,V�IHPDOH�JHQGHU�DVVRFLDWHG�ZLWK�D�GHOD\HG�GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV�LQ�HPHUJHQF\�GHSDUWPHQW"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/DLPRQDV�0LVHLNLV������=LOYLQDV�'DPEUDXVNDV����

�����0'��VHQLRU�UHVLGHQW�LQ�HPHUJHQF\�PHGLFLQH��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��+RVSLWDO�RI�/LWKXDQLDQ�8QLYHUVLW\�RI�+HDOWK�6FLHQFHV��.DXQDV�
/LWKXDQLD���.DXQDV��/,7+8$1,$
�����0'��3K'��'HSDUWPHQW�RI�6XUJHU\��+RVSLWDO�RI�/LWKXDQLDQ�8QLYHUVLW\�RI�+HDOWK�6FLHQFHV��.DXQDV��/LWKXDQLD���.DXQDV��/,7+8$1,$

.H\ZRUGV��IHPDOH��DSSHQGLFLWLV��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

%DFNJURXQG�	�2EMHFWLYHV

:H�K\SRWKHVL]HG�WKDW�VH[XDOO\�DFWLYH�IHPDOH�SDWLHQWV�RI�IHUWLOH�DJH��SUHVHQWLQJ�WR�('�ZLWK�ORZHU�DEGRPLQDO�SDLQ�PLJKW�XQGHUJR�PRUH�DGGLWLRQDO
WHVWLQJ�DQG�H[DPLQDWLRQ��7KLV�SRWHQWLDOO\�FRXOG�EH�DVVRFLDWHG�ZLWK�D�GHOD\HG�GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV�DQG�VXEVHTXHQW�VXUJHU\��SODFLQJ�WKHVH
SDWLHQWV�DW�KLJKHU�ULVN�RI�SHUIRUDWLRQ��LQFUHDVHG�PRUELGLW\�DQG�RU�PRUWDOLW\��7KH�DLP�RI�WKH�VWXG\�LV�WR�DQDO\]H�WKH�FOLQLFDO�SDWKZD\V�IRU�IHPDOH�DQG
PDOH�SDWLHQWV�SUHVHQWLQJ�ZLWK�DFXWH�DSSHQGLFLWLV�DQG�WR�H[SORUH�WKH�H[DPLQDWLRQ�PRGDOLWLHV�XVHG�LQ�HPHUJHQF\�GHSDUWPHQW�EHIRUH�VXUJHU\��

0HWKRGV

:H�SHUIRUPHG�D�UHWURVSHFWLYH�FKDUW�UHYLHZ�VWXG\�DW�HPHUJHQF\�GHSDUWPHQW�LQ�WHUWLDU\��XQLYHUVLW\�DIILOLDWHG�KRVSLWDO��7ZR�KXQGUHG�DQG�VHYHQWHHQ
FRQVHFXWLYH�UHWURVSHFWLYH�UHFRUGV�RI�VXEMHFWV�ZLWK�WKH�GLDJQRVLV�RI�DSSHQGLFLWLV�DV�SHU�VXUJLFDO�SDWKRORJ\�ZHUH�UHYLHZHG��3DWLHQWV�ZHUH�GLYLGHG�LQWR
WZR�JURXSV��IHPDOH��VWXG\�SRSXODWLRQ��DQG�PDOH��FRQWURO���,QFOXVLRQ�FULWHULD�LQFOXGHG�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�DQG�SRVLWLYH�SRVW�VXUJLFDO
SDWKRORJLFDO�VSHFLPHQ�VKRZLQJ�DSSHQGLFLWLV��:H�FROOHFWHG�WKH�IROORZLQJ�GDWD��VH[��DJH��WLPH�WR�25�IURP�('�WULDJH��ZKHWKHU�&7�ZDV�GRQH�DQG
ZKHWKHU�DQ�DEGRPLQDO�DQG�RU�SHOYLF�XOWUDVRXQG�ZDV�SHUIRUPHG��REV�J\QR�ZDV�FRQVXOWHG��/HQJWK�RI�KRVSLWDO�VWD\��ZKHWKHU�SDWLHQW�ZHUH�DGPLWWHG�WR
WKH�,&8�DQG�GXUDWLRQ�RI�V\PSWRPV�EHIRUH�('�SUHVHQWDWLRQ�ZHUH�DOVR�QRWHG�

5HVXOWV

'DWD�DUH�REWDLQHG��5HVXOWV�XQGHU�HYDOXDWLRQ�

&RQFOXVLRQ

5HVXOWV�FRXOG�KHOS�WR�GLVFRYHU�ERWWOHQHFNV�RI�GLDJQRVWLF�DSSURDFK�WR�WKH�GLDJQRVLV�RI�DSSHQGLFLWLV�LQ�IHPDOH�SDWLHQWV�ZLWK�DEGRPLQDO�SDLQ�LQ
HPHUJHQF\�GHSDUWPHQW�DQG�OHW�XV�FUHDWH�PRUH�VXIILFLHQW�FOLQLFDO�GLDJQRVWLF�SURWRFRO�



&$6(�35(6(17$7,21 0(+0(7�81$/',

��������$FXWH�SDQFUHDWLWLV�LQGXFHG�E\�FLVSODWLQ�DQG�HWRSRVLGH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0HKPHW�8QDOGL������&LKDQ�%X\XNVXWFX������(UVHQ�*XQGX]������3HOLQ�$WD������7XFH�'X]NHO������2QXU�,QFHDOW¢Q������6RQHU�,VLN������+DWLFH�(U\LJLW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��,VWDQEXO�0HGHQL\HW�8QLYHUVLW\�*R]WHSH�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<
���'HSDUWPHQW�RI�7KRUD[�6XUJHU\��.DUWDO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<

.H\ZRUGV��FLVSODWLQ��HWRSRVLGH��SDQFUHDWLWLV

$EVWUDFW��

$FXWH�SDQFUHDWLWLV�LV�DQ�DFXWH�LQIODPPDWRU\�SURFHVV�RI�WKH�SDQFUHDV�WKDW�PD\�LQYROYH�VXUURXQGLQJ�WLVVXH�DQG�UHPRWH�RUJDQ�V\VWHPV��7KH�GLVHDVH
FDQ�UDQJH�IURP�PLOG�LQIODPPDWLRQ�WR�VHYHUH�H[WHQVLYH�SDQFUHDWLF�QHFURVLV�DQG�PXOWL�RUJDQ�IDLOXUH�ZLWK�PRUWDOLW\�UDWHV�RI�����WR�����RU�KLJKHU�
0RVW�FDVHV�DUH�PLOG�ZLWK�D�PRUWDOLW\�UDWH����DQG�UHVROYH�VSRQWDQHRXVO\�ZLWK�VXSSRUWLYH�FDUH�

0DQ\�GUXJV�DUH�UHSRUWHG�WR�EH�DVVRFLDWHG�ZLWK�DFXWH�SDQFUHDWLWLV��EXW�WKH\�DFFRXQW�IRU�RQO\������WR������RI�DOO�FDVHV���7KLV�UHSRUW�GHVFULEHV�D�PDQ
ZKR�GHYHORSHG�DFXWH�SDQFUHDWLWLV�ZKLOH�EHLQJ�WUHDWHG�IRU�OXQJ�FDQFHU�ZLWK�WKH�FLVSODWLQ�DQG�HWRSRVLGH�UHJLPHQ�

&DVH�5HSRUW��$����\HDU�ROG�SDWLHQW�SUHVHQWHG�WR�WKH�('�ZLWK�QDXVHD��YRPLWLQJ���DEGRPLQDO�SDLQ�DQG�VZHOOLQJ��,Q�KLVWRU\�KH�KDG�EHHQ�SHUIRUPHG
FKHPRWKHUDS\�LQFOXGLQJ�FLVSODWLQ�����PJ��DQG�HWRSRVLGH������PJ��EHIRUH�D�ZHHN��2Q�SK\VLFDO�H[DPLQDWLRQ��WKH�DEGRPHQ�ZDV�GLVWHQGHG�DQG
GLIIXVH�WHQGHUQHVV�ZKLFK�ZDV�PD[LPDO�LQ�WKH�HSLJDVWULXP�DQG�QR�UHERXQG�WHQGHUQHVV�ZDV�SUHVHQW��/DERUDWRU\�GDWD�RQ�DGPLVVLRQ�VKRZHG�LQFUHDVHG
VHUXP�OHYHOV�RI�DP\ODVH������8�/��UHIHUHQFH�YDOXH������8�/���OLSDVH�������8�/��UHIHUHQFH�YDOXH����8�/���6HUXP�YDOXHV�RI�XUHD��FUHDWLQLQH��$67��$/7�
DONDOLQH�SKRVSKDWDVH��WULJO\FHULGHV��FKROHVWHURO��FDOFLXP�DQG�ELOLUXELQ�ZHUH�QRUPDO��$EGRPLQDO�XOWUDVRXQG�UHYHDOHG�WKDW�WKH�KHDG�RI�SDQFUHDV�ZDV
HGHPDWRXV�DQG�K\SRHFKRLF��7KH�ELOLDU\�WUHH�ZDV�QRW�GLODWHG�DQG�QR�JDOOVWRQHV�ZHUH�VHHQ��+H�ZDV�GLDJQRVHG�ZLWK�DFXWH�SDQFUHDWLWLV�DQG��LQWHUQHG�WR
JDVWURHQWHURORJ\�FOLQLF�

,Q�FRQFOXVLRQ�ZH�GHVFULEHG�GUXJ�LQGXFHG�SDQFUHDWLWLV��'HVSLWH�WKH�ORZ�LQFLGHQFH�RI�LW��DOO�SDWLHQWV�RI��DFXWH�SDQFUHDWLWLV��RI�XQNQRZQ�HWLRORJ\�VKRXOG
EH�FDUHIXOO\�TXHVWLRQHG�DERXW�GUXJV�SRVVLEO\�UHVSRQVLEOH�IRU�WKH�LQGXFWLRQ�RI�WKH�GLVHDVH�



&$6(�35(6(17$7,21 0XQD]DK�$NKWDU

��������$�GLDJQRVWLF�GLOHPPD��8QNQRZQ�FDVH�RI�RHVRSKDJHDO�SHULFDUGLDO�ILVWXOD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$NKWDU�0XQD]DK������%DEDN�'DQHVKPDQG������-XOLDQ�:HEE����

���6SHFLDOLW\�GRFWRU�5HVHDUFK�OHDG��(DVW�6XUUH\�KRVSLWDO��6XUUH\�DQG�6XVVH[�7UXVW���5HGKLOO��8.
���(PHUJHQF\�0HGLFLQH���(DVW�6XUUH\�KRVSLWDO��5HGKLOO��8.
���(PHUJHQF\�0HGLFLQH��(DVW�6XUUH\�KRVSLWDO��6XUUH\�DQG�6XVVH[�7UXVW���5HGKLOO��8.

.H\ZRUGV��&KHVW�SDLQ��G\VSQHD��FDQFHU

$EVWUDFW��

2HVRSKDJHDO�FDQFHU�LV�VWDWLVWLFDOO\�WKH�HLJKW�PRVW�FRPPRQ�FDQFHU�ZRUOGZLGH�ZLWK�LQFUHDVHG�LQFLGHQFH�LQ�PHQ�WKDQ�ZRPHQ��7KH�SURJQRVLV�LV�TXLWH
SRRU�DV�PRVW�SDWLHQWV�SUHVHQW�ODWH�ZLWK�DGYDQFHG�GLVHDVH��5HVHDUFKHUV�DUH�ORRNLQJ�DW�JHQHV��UROH�RI�DVSLULQ�DQG�SKRWRG\QDPLF�WKHUDS\�DSDUW�IURP
UHJXODU�FKHPRWKHUDS\�DQG�VXUJHU\��

:H�SUHVHQW�D�FDVH�RI�D���\HDUV�ROG�PDOH�SDWLHQW�ZKR�DWWHQGHG�RXU�HPHUJHQF\�GHSDUWPHQW�DW�HDVW�VXUUH\�KRVSLWDO�ZLWK�DFXWH�HSLVRGH�RI�FKHVW�SDLQ
DQG�PLOG�VKRUWQHVV�RI�EUHDWK�ZKLFK�ZDV�UHOLHYHG�ZLWK�DQDOJHVLD�LQ�WKH�GHSDUPHQW��+LV�SDLQ�ZDV�UHWURVWHUQDO�DQG�GLG�QRW�UDGLDWH�DQ\ZKHUH�EXW�ZDV
DVVRFLDWHG�ZLWK�QDXVHD��3DWLHQW�KDG�D�EDFNJURXQG�KLVWRU\�RI��WHUPLQDO�RHVRSKDJHDO�FDQFHU�ZKLFK�ZDV�VWHQWHG�SUHYLRXVO\��+H�DOVR�VXIIHUHG�IURP
SDQFUHDWLF�DQG�SURVWDWH�FDQFHU��+LV�LQLWLDO�REVHUYDWLRQV�VKRZHG�PLOG�WDFK\FDUGLD��DQG�ORZ�EORRG�SUHVVXUH�ZKLFK�LPSURYHG�ZLWK�IOXLGV�LQWUDYHQRXVO\�
+H�KDG�QR�VLJQV�RI�UHVSLUDWRU\�FRPSURPLVH�DQG�ZDV�DIHEULOH��+LV�V\VWHPLF�H[DPLQDWLRQ�ZDV�EDVHOLQH�ZLWK�WHQGHUQHVV�DORQJ�WKH�FRVWRFKRQGUDO
MRLQWV�+LV�DUWHLDO�EORRG�JDV�DQG�ODERUDWRU\�UHVXOWV�ZHUH�QRUPDO�+LV�FKHVW�[U\��GLG�QRW�VKRZ�DQ\�QHZ�DEQRUPDOLW\��+H�ZDV�REVHUYHG�LQ�WKH�GHSDUWPHQW
DQG�DV�KLV�SDLQ�LPSURYHG�KH�ZDV�GLVFKDUJHG�ZLWK�D�GLDJQRVLV�RI�PXVFXORVNHOHWDO�SDLQ��

7KLV�SDWLHQW�ZDV�SULRULWLVHG�ODWHU�WKDW�QLJKW�LQWR�UHVXV�DV�D�SULRULW\�FDUGLDF�DUUHVW��+H�ZDV�UHVXVFLWDWHG�ZLWK�IXOO�OLIH�VXSSRUW�SURWRFFRO�GHVSLWH�KLV
NQRZQ�PHGLFDO�FRQGLWLRQ�EXW�KH�GLG�QRW�VXUYLYH��$XWRSV\�ODWHU�RQ�UHYHDOHG�DQ�2HVRSKDJHDO�3HULFDUGLDO�ILVWXOD�DV�WKH�SULPDU\�FDXVH�RI�GHDWK�GHVSLWH
KLV�WHUPLQDO�FDQFHU��

2HVRSKDJHDO�3HULFDUGLDO�ILVWXOD�LV�D�UDUH�FOLQLFDO�HQWLW\�ZLWK�D�YHU\�GLVPDO�SURJQRVLV�DQG�LV�RIWHQ�D�GLDJQRVWLF�GLOHPPD��$FFRUGLQJ�WR�OLWUHDWXUH�UHYLHZ
OHVV�WKDQ�ILIW\������FDVHV�KDYH�EHHQ�GRFFXPHQWHG�VR�IDU��7KH�FOLQLFDO�WULDG�RI�V\PSWRPV�LQFOXGH�UHWURVWHUQDO�FKHVW�SDLQ��VKRUWUQHVV�RI�EUHDWK�DQG
S\UH[LD��7KH�FRPPRQHVW�SUHGLVSRVLQJ�FDXVHV�DUH�RHVRSKDJLWLV��XOFHU��IRUHLJQ�ERG\��WXEHUFXORVLV�LDWURJHQLF��LQJHVWHG�FDXVWLF
VXEVWDQFHV�RHVRSKDJHDO�GLYHUWLFXOD�DQG�RHVRSKDJHDO�FDQFHU��,W�FDQ�DOVR�RFFXU�LQ�SDWLHQWV�ZKR�KDYH�KDG�UDGLRIUHTXHQF\�DEODWLRQ�LQ�DWULDO�ILEULOODWLRQ�
7KH�FRPPRQ�UDGLRORJLFDO�ILQGLQJV�DUH�FDUGLRPHJDO\��SQHXPRPHGLDVWLQXP�SQHXPRSHULFDUGLXP��KHPRSQHXPRSHULFDUGLXP�DQG�SOHXUDO�HIIXVLRQ�
+RZHYHU�LW�LV�D�OLIH�WKUHDWHQLQJ�FRPSOLFDWLRQ�DQG�GLDJQRVLV�LV�RIWHQ�E\�UDGLRORJ\��VXUJHU\�RU�DW�DXWRSV\��



('8&$7,21�$1'�75$,1,1* 5KRGHV�.DUHQ

��������$Q�,QQRYDWLYH�$OWHUQDWLYH�WR�$XGLW�'D\V�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��6HULRXV�,QFLGHQW�/HDUQLQJ�,QLWLDWLYH��6,/,��D�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

.DUHQ�5KRGHV������3DOODY�%KDWQDJDU����

���0LG�(VVH[�+RVSLWDO�6HUYLFHV�1+6�7UXVW��1+6��&KHOPVIRUG��8.
���0LG�(VVH[�+RVSLWDO�6HUYLFHV�1+6�7UXVW��QRQH��&KHOPVIRUG��8.

.H\ZRUGV��(GXFDWLRQ��PXOWLGLVFLSOLQDU\��DXGLW��QRYHO��OHDUQLQJ��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ

$XGLW��RU�PXOWLGLVFLSOLQDU\�PHHWLQJV��DUH�LQWHJUDO�WR�WKH�XQGHUVWDQGLQJ�DQG�GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ�JDLQHG�IURP�UHYLHZ�DQG�DQDO\VLV�RI�DGYHUVH
FOLQLFDO�LQFLGHQWV���6XFK�PHHWLQJV�DUH�NQRZQ�WR�EH�HGXFDWLRQDO��LPSURYH�WKH�TXDOLW\�RI�FDUH��PLQLPLVH�OLWLJLRXV�FRVW�LPSOLFDWLRQV�DQG�DOORZ�DQ�RSHQ
IRUXP�IRU�LQWHUDFWLRQ�RI�D�PXOWLGLVFLSOLQDU\�WHDP���7KH�KHFWLF�QDWXUH�RI�WKH�(PHUJHQF\�'HSDUWPHQW��('���0LG�(VVH[�+RVSLWDOV�SRSXODWLRQ�FRYHUDJH�RI
���������GRHV�QRW�SHUPLW�WKH�VDIH�VXVSHQVLRQ�RI�FOLQLFDO�SUDFWLFH�WR�DOORZ�IRU�DXGLW�RU�PXOWLGLVFLSOLQDU\�PHHWLQJV���7KHUHIRUH�ZH�GHYLVHG�DQ
LQQRYDWLYH�DQG�DOWHUQDWLYH�PHHWLQJ�FDOOHG�WKH�Æ6HULRXV�,QFLGHQW�/HDUQLQJ�,QLWLDWLYHÇ��6,/,��

�

0DWHULDO�DQG�0HWKRGV

6,/,�LV�WZR�LGHQWLFDO��LQWHUDFWLYH�����PLQXWH�SUHVHQWDWLRQV�RI�D�FKRVHQ��SUHYLRXVO\�LQYHVWLJDWHG��VHULRXV�LQFLGHQW�FKDLUHG�E\�DQ�('�FRQVXOWDQW��UXQ
EDFN�WR�EDFN���7KH�PHHWLQJV�DUH�RSHQ�WR�DOO�VWDII���7KLV�RSWLPLVHV�WKH�QXPEHU�RI�VWDII�WKDW�FDQ�DWWHQG�ZLWKRXW�FRPSURPLVLQJ�FRQWLQXRXV�FDUH���:H
KDYH�DVVHVVHG�WKH�SUDFWLFDOLW\�RI�PHHWLQJV�E\�HYDOXDWLQJ�WKH�PHDQV�RI�DWWHQGDQFH�LQ�HDFK�FDWHJRU\��GRFWRUV��QXUVHV��DGPLQLVWUDWRUV�DQG�*3V�
DJDLQVW�WKH�QXPEHU�RI�VWDII�SUHVHQW�RQ�WKH�GD\�EHWZHHQ�1RYHPEHU������DQG�6HSWHPEHU�������$�VKRUW��DQRQ\PRXV�VXUYH\�ZDV�FRQGXFWHG
FRQVLVWLQJ�RI���TXHVWLRQV�ERWK�RQOLQH�DQG�LQ�SDSHU�IRUPDW�WR�PD[LPLVH�UHVSRQVHV�EHWZHHQ�)HEUXDU\�DQG�0DUFK��������(GXFDWLRQDO�EHQHILW�ZDV
PHDVXUHG�DJDLQVW�WZR�IDFWRUV�RI�EHQHILFLDO�YHUVXV�QRQ�EHQHILFLDO�DQG�OHDUQLQJ�RXWFRPH�YHUVXV�QR�OHDUQLQJ�RXWFRPH��6XVWDLQDELOLW\�ZDV�PHDVXUHG�E\
D�GHVLUH�WR�DWWHQG�IXUWKHU�PHHWLQJV�RU�QR�GHVLUH�WR�DWWHQG�IXUWKHU�PHHWLQJV���7KH�RXWFRPH�RI�WKH�VXUYH\�ZDV�VXEMHFWHG�WR�D�SDLUHG�W�WHVW�XVLQJ�,%0
6WDWLVWLFDO�3DFNDJH�IRU�WKH�6RFLDO�6FLHQFHV��6366�YHUVLRQ�������$�S�YDOXH�RI������RU�OHVV�DW�����FRQILGHQFH�LQWHUYDO�ZDV�FRQVLGHUHG�VWDWLVWLFDOO\
VLJQLILFDQW�

5HVXOWV�

2I�D�WRWDO�RI���6,/,�PHHWLQJV�RYHU�D�SHULRG�RI����PRQWKV������RI�GRFWRUV��Q �������������RI�DGPLQLVWUDWRUV��Q ������������RI�QXUVHV��Q ��������
DQG�����RI�*3V��Q �����VXFFHVVIXOO\�DWWHQGHG�WKH�PHHWLQJ��7KH�RYHUDOO�PHDQ�DWWHQGDQFH�ZDV��������Q ����������LQFOXVLYH�RI�DOO�SHUPDQHQW�DQG
QRQ�SHUPDQHQW�VWDII����7KH�RXWFRPH�RI�WKH�VXUYH\�GHPRQVWUDWHG�D�VWDWLVWLFDOO\�VLJQLILFDQW�HGXFDWLRQDO�EHQHILW�RI�6,/,�PHHWLQJV��YHUVXV
QRQ�HGXFDWLRQDO�������&,��S����������7KLV�ZDV�DOVR�HYLGHQW�LQ�WKH�VXVWDLQDELOLW\�RI�6,/,�PHHWLQJV��YHUVXV�QRQ�VXVWDLQDELOLW\�������&,��S��������

�

&RQFOXVLRQ�

7KH�6,/,�PHHWLQJ�LV�DQ�LQQRYDWLYH��PHWKRGRORJLFDO�DSSURDFK�WR�WKH�PRUELGLW\�DQG�PRUWDOLW\�PHHWLQJ�LQ�D�EXV\�('�HQYLURQPHQW�ZKHUH�WKH�DFFHSWHG
VWDQGDUG�LV�QRW�IHDVLEOH���7KH�UHJXODU�DWWHQGDQFH��DWWHVWHG�HGXFDWLRQDO�EHQHILW�DQG�VXVWDLQDELOLW\�GHPRQVWUDWHG�WKURXJK�WKLV�SLORW�VWXG\�FRXOG�VHUYH
DV�D�PRGHO�IRU�DQ\�GHSDUWPHQW�RU�VSHFLDOLW\�VHHNLQJ�DQ�DOWHUQDWLYH�WR�WKH�DXGLW�RU�PXOWLGLVFLSOLQDU\�PHHWLQJV���7KLV�PRGHO�FRXOG�VHUYH�DV�D�SODWIRUP
DQG�EH�DGDSWHG�WR�GHOLYHU�DQ\�RWKHU�FOLQLFDO�DQG�HGXFDWLRQDO�ZRUNVKRSV�DQG�RU�PHHWLQJV�ZLWKLQ�WKH�EXV\�HPHUJHQF\�GHSDUWPHQW�



,0$*,1*���8/75$6281'���5$',2/2*< 7DOLD�:DONHU

��������3RLQW�RI�FDUH�XOWUDVRXQG�IRU�LQIHFWLYH�HQGRFDUGLWLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7DOLD�:DONHU������-XOLH�6OLFN����

���(PHUJHQF\�0HGLFLQH��/RXLVLDQD�6WDWH�8QLYHUVLW\�+HDOWK�6FLHQFHV�&HQWHU��1HZ�2UOHDQV��86$

.H\ZRUGV��LQIHFWLYH�HQGRFDUGLWLV��SRF�XOWUDVRXQG��PRGLILHG�GXNH�FULWHULD

$EVWUDFW��

,QIHFWLYH�HQGRFDUGLWLV��,(��LV�D�GHDGO\�FRQGLWLRQ�WKDW�FDUULHV�D��������PRUWDOLW\�UDWH���,W�LV�PRVW�RIWHQ�DVVRFLDWHG�ZLWK�YDOYH�UHSDLUV��HQGRYDVFXODU
GHYLFHV��RU�LQWUDYHQRXV�GUXJ�XVH�FDXVLQJ�GDPDJH�WR�QDWLYH�RWKHUZLVH�KHDOWK\�YDOYHV���7KH�PRGLILHG�'XNH�&ULWHULD�KDV�EHFRPH�WKH�VWDQGDUG�PHDQV
RI�GLDJQRVLQJ�WKLV�FRQGLWLRQ��KRZHYHU��WKH�XWLOLW\�RI�WKH�FULWHULD�LV�OLPLWHG�LQ�WKH�(5�VHWWLQJ�GXH�WR�WKH�QHFHVVLW\�RI�EORRG�FXOWXUHV�WR�LPSURYH�LWV
VHQVLWLYLW\��7KH�GLDJQRVLV�RI�,(�LV�PHW�LI�SDWLHQWV�KDYH���PDMRU����PDMRU�����PLQRU��RU���PLQRU�FULWHULD���7KH���PDMRU�FULWHULD�DUH�SRVLWLYH�EORRG
FXOWXUHV�DQG�HYLGHQFH�RI�HQGRFDUGLDO�LQYROYHPHQW��*LYHQ�WKDW�FXOWXUH�UHVXOWV�DUH�QRW�DYDLODEOH�GXULQJ�('�HYDOXDWLRQ��EHGVLGH�XOWUDVRXQG�LV
LQVWUXPHQWDO�LQ�GHWHFWLQJ�,(�LQ�WKH�('���7UDQVWKRUDFLF�HFKRFDUGLRJUDP�LV��������VHQVLWLYH�IRU�YDOYH�YHJHWDWLRQV�DQG�����VHQVLWLYH�IRU�YHJHWDWLRQV
!��PP���9HJHWDWLRQ�VL]H�KDV�EHHQ�VKRZQ�WR�FRUUHODWH�ZLWK�VHYHULW\�RI�LOOQHVV��WKHUHIRUH�D�WLPHO\�SRLQW�RI�FDUH�XOWUDVRXQG�JLYHV�WKH�HPHUJHQF\
SK\VLFLDQ�D�WRRO�WR�LPPHGLDWHO\�GHWHFW�WKRVH�SDWLHQWV�DW�JUHDWHVW�ULVN�RI�PRUELGLW\�DQG�PRUWDOLW\���+HUH��ZH�SUHVHQW�WKH�FDVH�RI�SDWLHQW�'&�ZKR�ZDV
WUDQVIHUUHG�WR�RXU�LQVWLWXWLRQ�IRU�ÈHQGRFDUGLWLV�É�'&�PHW�MXVW�����PLQRU�'XNH�&ULWHULD�DQG�KDG�QR�DFFRPSDQ\LQJ�LPDJLQJ���3RLQW�RI�FDUH�XOWUDVRXQG
SHUIRUPHG�E\�WKH�(PHUJHQF\�'HSDUWPHQW�UHVLGHQWV�UHYHDOHG�D�ODUJH�DRUWLF�YDOYH�YHJHWDWLRQ�ZLWK�VHYHUH�DRUWLF�UHJXUJLWDWLRQ��GHVSLWH�PLQLPDO
DSSUHFLDEOH�PXUPXU�RQ�H[DP���:LWK���PDMRU�����PLQRU�PRGLILHG�'XNH�&ULWHULD��WKLV�SDWLHQW�IHOO�LQWR�WKH�FDWHJRU\�RI�ÈSRVVLEOH�HQGRFDUGLWLV�É��'HVSLWH
WKH�XQFHUWDLQW\�UHIOHFWHG�E\�WKLV�WHUP��WKH�SDWLHQWÇV�GLDJQRVLV�ZDV�FOHDU���+H�KDG�VLJQV�RI�KHDUW�IDLOXUH�RQ�H[DP�DQG�UHTXLUHG�WLPHO\�LQWHUYHQWLRQ�WR
DYRLG�IXUWKHU�PRUELGLW\�RU�GHDWK��7KH�LPSUHVVLYH�VL]H�RI�WKH�YHJHWDWLRQ�DQG�HYLGHQFH�RI�IDLOXUH�IDFLOLWDWHG�LPPHGLDWH�WUDQVIHU�RI�FDUH�WR�WKH�,QWHUQDO
0HGLFLQH�DQG�&DUGLRWKRUDFLF�6XUJHU\�VHUYLFHV���'&�ZDV�WDNHQ�WR�WKH�RSHUDWLQJ�URRP�WKH�IROORZLQJ�GD\�IRU�DRUWLF�DQG�PLWUDO�YDOYH�UHSODFHPHQW�DQG
XOWLPDWHO\�GLVFKDUJHG�LQ�ZHOO�FRQGLWLRQ�

�

�6HLI�'��0HHNV�$��0DLOKRW�7��3HUHUD�3���������(PHUJHQF\�GHSDUWPHQW�GLDJQRVLV�RI�LQIHFWLYH�HQGRFDUGLWLV�XVLQJ�EHGVLGH�HPHUJHQF\�XOWUDVRXQG�
&ULWLFDO�8OWUDVRXQG�-RXUQDO��������

�+DOGDU�60��2Ç*DUD�37���������,QIHFWLYH�HQGRFDUGLWLV��GLDJQRVLV�DQG�PDQDJHPHQW��1DWXUH�&OLQLFDO�3UDFWLFH������������

�:HVWSKDO�1��3OLFKW�%��1DEHU�&���������,QIHFWLYH�HQGRFDUGLWLVÅSURSK\OD[LV��GLDJQRVWLF�FULWHULD��DQG�WUHDWPHQW��'HXWVFKHV�dU]WHEODWW�,QWHUQDWLRQDO�����
��������

�%UXXQ�1(��+DELE�*��7KXQ\�)��6RJDDUG�3���������&DUGLDF�LPDJLQJ�LQ�LQIHFWLYH�HQGRFDUGLWLV��(XURSHDQ�+HDUW�-RXUQDO�������������



1(852/2*< 20(5�6$/7

��������(YDOXDWLRQ�RI�WKH�SDWLHQWV�ZKR�DGPLWWHG�WR�WKH�WUDN\D�XQLYHUVLW\�KHDOWK�UHVHDUFK�FHQWHU�HPHUJHQF\�VHUYLFH�ZLWK
V\QFRSH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

92/.$1�080&8������20(5�6$/7������0867$)$�%85$.�6$<+$1����

���(0(5*(1&<�0(',&,1(��75$.<$�81,9(56,7<�0(',&$/�)$&8/7<��(',51(��785.(<

.H\ZRUGV��(PHUJHQF\�'HSDUWPHQW��PRUWDOLW\��ULVN�UXOHV��V\QFRSH

$EVWUDFW��

6\QFRSH�LV�DFFRXQWLQJ�IRU���Ä���RI�HPHUJHQF\�GHSDUWPHQW��('��YLVLWV�LQ�D�\HDU��7KH�UDWH�RI�KRVSLWLOL]DWLRQ�RI�SDWLHQWV�ZLWK�V\QFRSH�LV���O���
6\QFRSH�PD\�LQGLFDWH�D�VHULRXV�GLVHDVH��HVSHFLDOO\�LQ�WKH�HOGHUO\�SRSXODWLRQ���������RI�KHDOWK\�\RXQJ�DGXOWV�OLYHV�RQFH�V\QFRSH�DWDFN�DPRQJ�WKHLU
OLYHV��7KH�DQQXDO�LQFLGHQFH�RI�V\QFRSH�LV����LQ�SHRSOH�RYHU����\HDUV��6XGGHQ�GHDWK�LV�DURXQG�����ZLWK�XQGHUO\LQJ�KHDUW�GLVHDVH�

,Q�RXU�VWXG\��LW�LV�DLPHG�WR�HYDOXDWH�WKH�FOLQLFDO�V\PSWRPV��ODERUDWRU\�DQG�LPDJLQJ�ILQGLQJV��WKH�GLDJQRVLV�WKH\�UHFHLYH�LQ�WKH�HPHUJHQF\�URRP�DQG
GXUDWLRQ�RI�VWD\��LPSURYLQJ�PRUWDOLW\�VWDWXV�RI�ZLWKLQ���PRQWKV��WKH�LQWHUQDWLRQDO�VFRULQJ�V\VWHP��6KRUW�7HUP�3URJQRVLV�RI�6\QFRSH�6WXG\��6DQ
)UDQFLVFR�6\QFRSH�5XOH��(YDOXDWLRQ�RI�*XLGHOLQHV�LQ�6\QFRSH�6WXG\��2EVHUYDWRULR�(SLGHPLRORJLFR�VXOOD�6LQFRSH�QHO�/D]LR���0DUWLQ�HW�DOO���%RVWRQ
6\QFRSH�6FRUH��RI�SDWLHQWV�ZLWK�V\QFRSH�ZKR�KDYH�DGPLWWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW�IRU�WZR�\HDUV�

:KHQ�ZH�FRPSDFW�WR�V\QFRSH�VFRUH�LQ�WHUPV�RI�VXUYLYDO��6DQ�)UDQFLVFR�6\QFRSH�5XOH��0DUWLQ�HW�DO����2EVHUYDWRULR�(SLGHPLRORJLFR�VXOOD�6LQFRSH�QHO
/D]LR�VFRUH��(YDOXDWLRQ�RI�*XLGHOLQHV�LQ�6\QFRSH�6WXG\�DQG�6KRUW�7HUP�3URJQRVLV�RI�6\QFRSH�6WXG\�YDOXHV�ZHUH�IRXQG�WR�EH�KLJKHU�LQ�SDWLHQWV�ZKR
GLHG��%RVWRQ�LV�QR�GLIIHUHQFH

S������ZDV�DFFHSWHG�VWDWLVWLFDOO\�VLJQLILFDQW��9DULDEOHV�DUH�HYDOXDWHG�ZLWK�ORJLVWLF�UHJUHFFLRQ�DQG�WKH�UHVXOWV�ZHUH�HYDOXDWHG�LQ�WHUPV�RI�PRUWDOLW\
IDFWRUV��$V�D�UHVXOW�LW�KDV�EHHQ�VHHQ�WKDW�DJH��VXSLQ�SRVLWLRQ�DQG�SUHFHQFH�RI�FDQFHU�LQFUHDVH�WKH�PRUWDOLW\�UDWHV�������������������WLPHV
UHVSHFWLYHO\

,Q�SDWLHQWV�ZLWK�V\QFRSH��HVSHFLDOO\�IRU�KLJK�ULVN�SDWLHQWV�WKH�ULJKW�WR�GHWHUPLQH�DQG�HDUO\�PRUWDOLW\�DQG�PRUH�FRPSUHKHQVLYH�LQ�WHUPV�RI�WDNLQJ
PHDVXUHV�WKDW�FRXOG�UHGXFH�PRUELGLW\��PXOWLFHQWHU��SURVSHFWLYH�VWXGLHV�FDQ�EH�GRQH�

,Q�FRQFOXFFLRQ��LW�LV�QHHGHG�WR�SHUIRUP�PXOWLFHQWHU�SURVSHFWLYH�DQG�PRUH�FRPSUHKHQVLYH�VWXG\V�WR�GHWHUPHQW�WKH�SDWLHQWV�ZLWK�KLJK�ULVN�IDFWRU�DQG
WR�SUHYHQW�PRUELGLW\�DQG�PRUWDOLW\�



&$6(�35(6(17$7,21 $QD�%HOjQ�0DUkQ�)ORUkD

��������&KRQGURVWHUQDO�SDLQ�LQ�D�\RXQJ�SDWLHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$QD�%HO�Q�0DU�Q�)ORU�D������6RQLD�%DOOHVW�Q�6RUROOD������(OLVD�5XL]�2OLYDUHV������3LODU�6DUDVD�&ODYHU������&DUROD�0HGLQD�6DLQ]������6LOYLD�*DQJXWLD
+HUQ�QGH]������%HJR�D�*DUJDOOR�3ODQDV����

���8UJHQFLHV��+RVSLWDO�5R\R�9LOODQRYD��=DUDJR]D��63$,1

.H\ZRUGV��&RVWRFKRQGULWLV��PHGLDVWLQDO�PDVV��O\PSKRPD

$EVWUDFW��

���\HDUV�ROG�PDOH�SDWLHQW�ZLWK�D�KLVWRU\�RI�K\SHUWHQVLRQ�DQG�PHOOLWXV�GLDEHWHV�LQ�GLHWDU\�WUHDWPHQW��+H�GRHQ�QRW�FRQVXPH�DOFRKRO��KH�LV�D����\HDUV
H[�VPRNHU�+H�JRHV�WR�WKH�(PHUJHQF\�6HUYLFH�GXH�WR�SDLQ�RQ�WKH�OHIW�FKRQGURFRVWDO�MRLQW��DW�WKH��QG�OHIW�FRVWDO�DUFK�OHYHO��RI�PHFKDQLFDO�FKDUDFWHU
DQG�WZR�GD\V�HYROXWLRQ��+H�UHSRUWV�WKDW�KH�KDV�ORVW�ZHLJKW�LQ�UHFHQW�PRQWKV�RQ�D�YROXQWDU\�EDVLV��DV�D�WUHDWPHQW�IRU�KLV�K\SHUWHQVLRQ�DQG�GLDEHWHV�
+H�SUDFWLVHV�DHURELF�H[HUFLVH�UHJXODUO\�$�SK\VLFDO�H[DPLQDWLRQ�LV�SHUIRUPHG��SUHVHQWLQJ�WKH�SDWLWHQW�QRUPRWHQVLRQ��KH�LV�DIHEULOH��7KH�UHVXOWLQJ
FDUGLDF�DQG�SXOPRQDU\�DXVFXOWDWLRQ�KDV�QRW�QRWDEOH�FKDQJHV��7KH�DEGRPHQ�LV�VRIW��GHSUHVVLEOH��ZLWKRXW�PDVVHV�RU�VLJQV�RI�SHULWRQHDO�LUULWDWLRQ��7KH
ORZHU�OLPEV�GRQ
W�VKRZ�QRU�VLJQV�RI�'97�

,Q�WKH�DQDO\VLV�SHUIRUPHG��LW�VKRZV�D�QRUPDO�EORRG�FRXQW�GLIIHUHQWLDO�FRXQW��OHXNRF\WHV������������QHXWURSKLOV��O\PSKRF\WHV�������������
KHPRJORELQ�DQG�����KHPDWRFULW�ZLWK��������SODWHOHWV��%LRFKHPLVWU\�LV�QRUPDO�ZLWK�EORRG�JOXFRVH�OHYHOV�RI������FUHDWLQLQH��������ZLWK�JORPHUXODU
ILOWUDWLRQ�UDWH�RI����PO�PLQ��OLYHU�DQG�WK\URLG�LRQV�DQG�HQ]\PHV�ZHUH�QRUPDO��&($�WXPRU�PDUNHUV��DOSKD�IHWRSURWHLQ��EHWD���PLFURJOREXOLQ��&D�����
DQG�QHXURQ�VSHFLILF�HQRODVH�ZHUH�QRUPDO�&KHVW�UDGLRJUDSK\��ZDV�UHSRUWHG�ZLWK�D�PHGLDVWLQDO�PDVV�%URQFKRVFRS\�LGHQWLILHG�D�O\PSK�QRGH�LQ�WKH
��5�QRGH�VWDWLRQ�ZLWK�SHUIRUPLQJ�)1$��

&KHVW�&7�GHVFULEHG�WKH�LPDJHV�DV�DQWHULRU�PHGLDVWLQDO�PDVV��ZLWK�DJJUHVVLYHQHVV�FULWHULD��ZKLFK�FRXOG�FRUUHVSRQG�WR�DQ�LQYDVLYH�WK\PRPD�DQG�OHVV
OLNHO\�E\�WKHLU�FKDUDFWHULVWLFV��WR�D�O\PSKRPD�RU�JHUP�FHOO�WXPRU��6XSHULRU�YHQD�FDYD�WKURPERVLV��0XOWLQRGXODU�JRLWUH�DW�WKH�H[SHQVH�RI�WKH�ULJKW
OREH�&KHVW�&7�ELRSV\�ZDV�SHUIRUPHG��UHVXOWLQJ�LQ�SDWKRORJ\�RI�PHGLDVWLQDO�ODUJH�FHOOV�%�O\PSKRPD�7KH�DEGRPLQDO�&7�VFDQ�ZDV�QRUPDO�7KH�SDWLHQW
ZDV�UHIHUUHG�WR�WKH�+HPDWRORJ\�6HUYLFH�ZKLFK�JUDGHG�WKH�WXPRU�DV�,,�%�%8/.<�DQG�EHJDQ�FKHPRWKHUDS\�WUHDWPHQW���5(32&+���DQG�ORZ�PROHFXODU
ZHLJKW�KHSDULQ�DW�WKHUDSHXWLF�GRVHV�7KH�SDWLHQW�LV�FXUUHQWO\�XQGHUJRLQJ�WUHDWPHQW�



&$6(�35(6(17$7,21 $QD�%HOjQ�0DUkQ�)ORUkD

��������6LPXOWDQHRXV�QHFN�DQG�EDFN�SDLQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$QD�%HO�Q�0DU�Q�)ORU�D������(OLVD�5XL]�2OLYDUHV������6RQLD�%DOOHVW�Q�6RUROOD������%HJR�D�*DUJDOOR�3ODQDV������6LOYLD�*DQJXWLD�+HUQ�QGH]������3LODU�6DUDVD
&ODYHU������&DUROD�0HGLQD�6DLQ]����

���8UJHQFLHV��+RVSLWDO�5R\R�9LOODQRYD��=DUDJR]D��63$,1

.H\ZRUGV��3DUHVWKHVLD��WHWUDSDUHVLV���WXEHUFXORXV�PHQLQJLWLV

$EVWUDFW��

���\HDUV�ROG�PDOH�SDWLHQW�ZLWK�D�KLVWRU\�RI�FKURQLF�QHFN�DQG�EDFN�SDLQ��ZKR�ZDV�LQWHUYHQHG�RQ�ERWK�NQHHV�GXH�WR�OLJDPHQWV�DQG�PHQLVFDO�SDWKRORJ\�
+H�LV�QRW�XQGHU�WUHDWPHQW��$FWLYH�OLIH�ZLWK�GDLO\�ERG\EXLOGLQJ�H[HUFLVH��5HFHQW�FRQWDFW��IHZ�ZHHNV�DJR��ZLWK�D�IULHQG�GLDJQRVHG�ZLWK�SXOPRQDU\
WXEHUFXORVLV�$WWHQGHG�WKH�(PHUJHQF\�6HUYLFH�GXH�WR�ILYH�GD\V�VXIIHULQJ�IURP�SDUHVWKHVLDV�LQ�DOO�IRXU�H[WUHPLWLHV�ZLWK�GLVWDO�SUHGRPLQDQW
K\SRHVWKHVLD��HVSHFLDOO\�LQ�WKH�OHIW�VLGH��,Q�DGGLWLRQ��DVVRFLDWHG�ZHDNQHVV�LQ�DOO�IRXU�H[WUHPLWLHV��HVSHFLDOO\�LQ�WKH�ORZHU�RQHV�VR�KH�FRXOG�QRW�NHHS
VWDQGLQJ��+H�DOVR�UHIHUUHG�ZHDNQHVV�LQ�KLV�OHIW�KDQG�2Q�QHXURORJLFDO�H[DPLQDWLRQ��WKH�SDWLHQW�LV�FRQVFLRXV��RULHQWHG�ZLWK�QRUPDO�VSHHFK�DQG
ODQJXDJH��ZLWK�QHJDWLYH�PHQLQJHDO�VLJQV��ZHDNQHVV�LQ�SUR[LPDO�ORZHU�H[WUHPLWLHV�������LQ�ULJKW�ORZHU�H[WUHPLW\�������LQ�WKH�OHIW�ORZHU�H[WUHPLW\��OHIW
IRRW�GRUVLIOH[LRQ����������ULJKW�IRRW���SODQWDU�IOH[LRQ�RI�ERWK�����������ZHDNQHVV�LQ�KLV�OHIW�KDQG�IRU�DEGXFWLRQ�DGGXFWLRQ�RI�ILQJHUV��DUUHIOH[LD�LQ�ORZHU
OLPEV��s�WHQGRQ�UHIOH[HV�LQ�XSSHU�H[WUHPLWLHV��'LVWDO�VHQVRU\�ORVV�LQ�ERWK�ORZHU�H[WUHPLWLHV�ZLWK�SDUHVWKHVLD�RI�DOO�IRXU�OLPEV��7HQGHUQHVV�LQ�WKH
DEGRPHQ��QRUPDO�FKHVW�DQG�IDFLDO�/XPEDU�SXQFWXUH�LV�GRQH�WR�GLVFDUG�DOEXPLQRF\WRORJLFDO�GLVVRFLDWLRQ�DQG�KH�LV�HQWHUHG�LQ�WKH�1HXURORJ\
'HSDUWPHQW�ZLWK�VXVSHFWHG�*XLOODLQ�%DUUH�V\QGURPH�&HUHEURVSLQDO�IOXLG�LV�UHSRUWHG�DV�[DQWKRFKURPLF��ZLWK�PDUNHG�SURWHLQ�FRQFHQWUDWLRQ�DQG
SOHRF\WRVLV��8UJHQW�FUDQLDO�&7�ZLWK�QRUPDO�UHVXOWV�7UHDWPHQW�ZDV�LQLWLDWHG�ZLWK�LPPXQRJOREXOLQV��LQWUDYHQRXV�DPSLFLOOLQ�DQG�FHIWULD[RQH��+H
VXIIHUHG�XULQDU\�UHWHQWLRQ�LQ�WKH�HDUO\�GD\V��UHTXLULQJ�SODFHPHQW�RI�EODGGHU�VL]H�IRU�XURORJ\��GXH�WR�LPSRVVLELOLW\�RI�GRLQJ�D�EODGGHU�FDWKHWHUL]DWLRQ
UHODWHG�WR�DQ�XUHWKUDO�VWHQRVLV��+H�SUHVHQWHG�D�UDSLG�GHWHULRUDWLRQ�GXULQJ�WKH�ILUVW�GD\V��EHFRPLQJ�TXDGULSOHJLF�ZLWK�UHVSLUDWRU\�IDLOXUH�DQG�VHYHUH
G\VSKDJLD��'��ELODWHUDO�VHQVLWLYH�OHYHO�DQG�KH�ZDV�DOORFDWHG�LQ�WKH�,QWHQVLYH�&DUH�8QLW��$IWHU����KRXUV���KH�UHTXLUHG�LQWXEDWLRQ�IRU�UHVSLUDWRU\
IDLOXUH�(OHFWURQHXURJUDP��LQGLFDWLQJ�DQ�DFXWH�GHP\HOLQDWLQJ�VHQVRULPRWRU�SRO\QHXURSDWK\�ZDV�SHUIRUPHG�

,Q�WKH�05,�ZLWK�JDGROLQLXP��D�PHQLQJHDO�WKLFNHQLQJ�ZLWK�FHUYLFDO�SVHXGRQRGXODU�XSWDNH�LQ�WKH�&��&��OHYHOV�LQ�WKH�OXPEDU�VSLQDO�DQG�URRW�FRQH�
VXJJHVWLYH�RI�LQIODPPDWRU\�LQIHFWLRXV�GLVHDVH�ZDV�REVHUYHG��/XPEDU�SXQFWXUH�ZDV�UHSHDWHG��REMHFWLI\LQJ�ZRUVHQLQJ�RI�WKH�SDUDPHWHUV��DQG
HPSLULFDOO\�7%�WUHDWPHQW�ZDV�DGGHG��3&5�SRVLWLYLW\�RI�0\FREDFWHULXP�WXEHUFXORVLV�LQ�FHUHEURVSLQDO�IOXLG�ZDV�VXEVHTXHQWO\�FRQILUPHG��&RUWLFRVWHURLG
WUHDWPHQW�ZDV�DVVRFLDWHG�GXULQJ�WKH�ILUVW�ZHHNV�RI�WUHDWPHQW�

+H�ZDV�ILQDOO\�GLDJQRVHG�ZLWK�WXEHUFXORXV�PHQLQJLWLV�DQG�FUDQLDO�PXOWLQHXULWLV�PLHORUUDGLFXOWLV�

+H�ZDV�GHULYHG�WR�WKH�VSLQDO�FRUG�LQMXU\�XQLW�RI�KLV�UHIHUHQFH�KRVSLWDO��



&$6(�35(6(17$7,21 $QD�%HOjQ�0DUkQ�)ORUkD

��������:KDW�LW�VHHPHG�SQHXPRQLD���

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$QD�%HO�Q�0DU�Q�)ORU�D������6RQLD�%DOOHVW�Q�6RUROOD������(OLVD�5XL]�2OLYDUHV������6LOYLD�*DQJXWLD�+HUQ�QGH]������&DUROD�0HGLQD�6DLQ]������%HJR�D
*DUJDOOR�3ODQDV������3LODU�6DUDVD�&ODYHU������-DYLHU�*LO�GH�%HUQDE�����

���8UJHQFLHV��+RVSLWDO�5R\R�9LOODQRYD��=DUDJR]D��63$,1

.H\ZRUGV��)HYHU��QHXURSDWK\���PHVRWKHOLRPD�

$EVWUDFW��

���\HDUV�ROG�ZRPDQ�ZLWK�D�KLVWRU\�RI�/��/��IRUDPLQDO�SRVWHURFHQWUDO�KHUQLDWHG�GLVFV�ZLWKRXW�URRW�DIIHFWDWLRQ��WUHDWPHQW�ZLWK�GH[NHWRSURIHQ�
WUDPDGRO�SDUDFHWDPRO�DQG�RPHSUD]ROH��6KH�LV�LQGHSHQGHQW�IRU�DFWLYLWLHV�RI�GDLO\�OLYLQJ�

6KH�JRHV�WR�WKH�(PHUJHQF\�6HUYLFH�ZLWK���j&�IHYHU�LQ�WKH�DIWHUQRRQV�VLQFH�����GD\V�DJR��ZKLWKRXW�FKLOOV�RU�VKLYHULQJ��6KH�GRHV�QRW�FRQFHUQ�KDYLQJ
FRXJK�QRU�H[SHFWRUDWLRQ��1R�XULQDU\�QRU�GLJHVWLYH�V\PSWRPV��6KH�GRHV�QRW�SUHVHQW�DVVRFLDWHG�FRQVWLWXWLRQDO�V\QGURPH�5HIHUV�QHFN�SDLQ�DQG�SDLQ�LQ
WKH�ULJKW�H[WUHPLW\�LUUDGLDWHG�WR�WKH�KDQG�ZLWK���PRQWKV�RI�HYROXWLRQ��ZLWK�QR�UHODWLRQ�ZLWK�DQ\�PRYHPHQW�

,Q�EORRG�DQDO\VLV��KHPRJORELQ�DQG�KHPDWRFULW�LQ�ORZHU�OLPLW�RI�QRUPDOLW\�ZDV�REVHUYHG�ZLWK�F�UHDFWLYH�SURWHLQ�RI����PJ�GO��1RUPDO�&%&�,Q�FKHVW
;�UD\��D�FRQGHQVDWLRQ�LQ�WKH�ULJKW�ORZHU�OREH�ZDV�UHSRUWHG�7KH�SDWLHQW�ZDV�KRVSLWDOL]HG�DW�KRPH��ZKHUH�VKH�ZDV�WUHDWHG�ZLWK�OHYRIOR[DFLQ�����PJ
HYHU\����KRXUV�ZDV�UHIHUUHG���*LYHQ�WKH�OLPLWHG�LPSURYHPHQW�RI�WKH�SDWLHQW��DQ�;�UD\�FRQWURO�ZDV�UHTXHVWHG��7KHUH��D�ULJKW�EDVDO�FRQGHQVDWLRQ�ZDV
REVHUYHG��LQ�HYROXWLRQ�ZLWK�REOLWHUDWLRQ�RI�FRVWRGLDSKUDJPDWLF�ULJKW�EUHDVW�7KHQ��D�FKHVW�&7�ZDV�UHTXHVWHG��ZKHUH�D�PDVV�LQ�ULJKW�SRVWHULRU�FKHVW
ZDOO�ZDV�YLVXDOL]HG��ZKLFK�HQFRPSDVVHG�DQG�HURGHG�WKH��WK�FRVWDO�ULJKW�DUFK��7KLV�PDVV��KDG�GLPHQVLRQV�RI�����E\�����E\����PP�EXW�LW�ZDV
GHOLPLWHG�ZLWK�GLIILFXOW\�DQG�KDG�K\SRGHQVH�FRPSRQHQW�DUHDV��DSSDUHQWO\�QHFURWLF�DQG�FHQWUDO���,W�FRQWDFWHG�ZLWK��WK�ULJKW�FRVWDO�DUFK�
HQFRPSDVVLQJ��WK�WR���WK�DUFKHV��,W�ZDV�DOVR�GHVFULEHG�DQ�LQILOWUDWLRQ�RI�LQWHUFRVWDO�PXVFOH�VWUXFWXUHV�DQG�SDULHWDO�SOHXUD��ZLWK�SOHXUDO�HIIXVLRQ�DQG
SOHXUDO�GLVVHPLQDWLRQ�E\�QRGXODU�WKLFNHQLQJ�RI�LW�%LRSV\�RI�WKH�PDVV�ZDV�SHUIRUPHG�IRU�W\SLQJ�WKH�PDVV��UHDFKLQJ�WKH�GLDJQRVLV�RI
PHVRWKHOLRPD�7KH�WXPRU�ZDV�UHPRYHG�E\�WKRUDFLF�VXUJHU\�DQG�QRZ�VKH�LV�LQ�UDGLR�DQG�FKHPRWKHUDS\�WUHDWPHQW�



('8&$7,21�$1'�75$,1,1* $17+21<�&+$89,1

��������0HWKRGRORJLFDO�FKDUDFWHULVWLFV�DQG�RXWFRPHV�XVHG�LQ�VLPXODWLRQ�UDQGRPL]HG�FRQWUROOHG�WULDOV�LQ�WKH�ILHOG�RI�(PHUJHQF\
0HGLFLQH��D�V\VWHPDWLF�UHYLHZ�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&+$89,1�$17+21<������-HQQLIHU�7UXFKRW������'RPLQLTXH�3$7(521������3DWULFN�3ODLVDQFH������<RXUL�<25'$129����

���(PHUJHQF\�'HSDUWPHQW��$3+3��3DULV��)5$1&(
���(PHUJHQF\�'HSDUWPHQW��3$5,6��3DULV��)5$1&(

.H\ZRUGV��VLPXODWLRQ��UDQGRPL]HG�FRQWUROOHG�WULDOV��TXDOLW\

$EVWUDFW��

%DFNJURXQG��6LPXODWLRQ�LV�GHILQHG�DV�D�WHFKQLTXH�XVHG�WR�UHSODFH�RU�DPSOLI\�UHDO�H[SHULHQFHV�ZLWK�JXLGHG�H[SHULHQFHV�WKDW�HYRNH�RU�UHSODFH
VXEVWDQWLDO�DVSHFWV�RI�WKH�UHDO�ZRUOG�LQ�D�IXOO\�LQWHUDFWLYH�PDQQHU��7KH�XVH�RI�VLPXODWLRQ�LQ�HPHUJHQF\�PHGLFLQH�EHJDQ�GHFDGHV�DJR�ZLWK�WKH�XVH�RI
ORZ�ILGHOLW\�VLPXODWLRQV�DQG�KDV�HYROYHG�DW�DQ�XQSUHFHGHQWHG�SDFH��7KH�OLWHUDWXUH�RQ�VLPXODWLRQ�LV�DEXQGDQW�LQ�HPHUJHQF\�PHGLFLQH��%XW�WKH
PHWKRGRORJLFDO�TXDOLW\�RI�WKHVH�VWXGLHV�KDG�QRW�\HW�EHHQ�DVVHVVHG��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�FRQGXFW�D�V\VWHPDWLF�UHYLHZ�RI�SXEOLVKHG
UDQGRPL]HG�FRQWUROOHG�WULDOV��5&7��DVVHVVLQJ�D�VLPXODWLRQ�LQWHUYHQWLRQ�DQG�WR�H[DPLQH�WKHLU�PHWKRGRORJLFDO�FKDUDFWHULVWLFV�

0HWKRGV��:H�SHUIRUPHG�D�V\VWHPDWLF�UHYLHZ�RQ�0('/,1(�YLD�3XE0HG�RI�UDQGRPL]HG�FRQWUROOHG�WULDOV��DVVHVVLQJ�D�VLPXODWLRQ�LQWHUYHQWLRQ�
SXEOLVKHG�IURP�-DQXDU\���VW������WR�'HFHPEHU����WK������LQ�WKH���JHQHUDO�DQG�LQWHUQDO�PHGLFLQH�MRXUQDOV��DQG�WKH����HPHUJHQF\�PHGLFLQH�MRXUQDOV
ZLWK�WKH�KLJKHVW�LPSDFW�IDFWRU�DFFRUGLQJ�WR�WKH�,QVWLWXWH�IRU�6FLHQWLILF�,QIRUPDWLRQ�:HE�RI�.QRZOHGJH��7ZR�UHVHDUFKHUV�LQGHSHQGHQWO\�SHUIRUPHG�WKH
WULDOV�VHOHFWLRQ�DQG�H[WUDFWHG�WKH�GDWD��LI�QHFHVVDU\�D�WKLUG�UHVHDUFKHG�VWHSSHG�LQ�WR�UHVROYH�GLVDJUHHPHQWV��)RU�HDFK�WULDO��UHVHDUFKHUV�H[WUDFWHG
WKH�5&7�JHQHUDO�FKDUDFWHULVWLFV��WKH�SDUWLFLSDQWV��LQWHUYHQWLRQ��FRPSDUDWRU�DQG�RXWFRPHV�DV�UHSRUWHG�LQ�WKH�WULDO�UHSRUW��7KH�&RFKUDQH�&ROODERUDWLRQ
ULVN�RI�ELDV�WRRO�ZDV�XVHG�WR�DVVHVV�WKH�WULDOV�ULVN�RI�ELDV��XVLQJ�WKH�WRRO�PDLQ�GRPDLQV��VHTXHQFH�JHQHUDWLRQ��DOORFDWLRQ�FRQFHDOPHQW��EOLQGLQJ�RI
SDUWLFLSDQWV��EOLQGLQJ�RI�RXWFRPH�DFFHVVRUV��LQFRPSOHWH�GDWD�PDQDJHPHQW�DQG�VHOHFWLYH�UHSRUWLQJ���0HWKRGRORJLFDO�TXDOLW\�ZDV�HYDOXDWHG�XVLQJ�WKH
0(546,�VFRUH��7KH�0(564,�LV�D�WRRO�XVHG�WR�DVVHVV�HGXFDWLRQDO�LQWHUYHQWLRQV�

5HVXOWV��������5&7V�ZHUH�VFUHHQHG������������ZHUH�FRQVLGHUHG�DV�LQ�WKH�ILHOG�RI�HPHUJHQF\�PHGLFLQH�DQG����������DVVHVVHG�D�VLPXODWLRQ
LQWHUYHQWLRQ��)LIW\�ILYH�5&7V�ZHUH�PRQRFHQWULF��7KH�DYHUDJH�WLPH�RI�DFFHSWDQFH�ZDV�����GD\V��6' �����6WXGLHV�LQFOXGHG�RQ�DYHUDJH����
SDUWLFLSDQWV��8QLWHG�6WDWHV�RI�$PHULFD�ZHUH�WKH�PRVW�IUHTXHQW�SODFH�RI�VWXG\��,Q�LQFOXGHG�WULDOV��FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��&35���ZDV�WKH�PRVW
IUHTXHQW�WRSLF��Q ����������7KH�XVXDO�SURFHGXUH�ZDV�WKH�FRPSDUDWRU�LQ�KDOI�VWXGLHV��Q ��������������RI�5&7V�ZHUH�HYDOXDWHG�IRU�&35�TXDOLW\
RXWFRPHV��$�WRWDO�RI������Q ���ZHUH�UHJLVWHUHG�RQ�D�SXEOLF�UHJLVWU\�RU�KDG�DQ�DYDLODEOH�SURWRFRO��7KH�UDQGRP�VHTXHQFH�JHQHUDWLRQ�DQG�DOORFDWLRQ
FRQFHDOPHQW�ZHUH�FRUUHFWO\�SHUIRUPHG�UHVSHFWLYHO\�LQ������Q ����DQG������Q ����7KH�SDUWLFLSDQWV�DQG�DVVHVVRUV�EOLQGLQJ�ZHUH�FRUUHFWO\
SHUIRUPHG�LQ������Q ����DQG������Q �����7KH�DWWULWLRQ�ELDV�ZDV�ORZ�LQ�WZR�WKLUG�LQ�VWXGLHV��Q �����7KH�UHSRUWLQJ�ELDV�ZDV�ORZ�LQ�QHDUO\�DOO�VWXGLHV
�Q ���������0HWKRGRORJLFDO�TXDOLW\�E\�0(546,�VFRUH�DYHUDJHG����������6' ���

&RQFOXVLRQV��7ULDOV�DVVHVVLQJ�VLPXODWLRQ�FRXQW�IR�RQH�TXDUWHU�RI�SXEOLVKHG�5&7V�LQ�HPHUJHQF\�PHGLFLQH��7KHLU�TXDOLW\�UHPDLQV�XQFOHDU�DQG�VKRXOG
PDNH�XV�YHU\�FDXWLRXV�ZKHQ�LQWHUSUHWLQJ�WKHLU�UHVXOWV��,Q�RXU�VDPSOH�DXWKRUV�SDUWLFXODUO\�IDLOHG�WR�FRUUHFWO\�GHVFULEH�WKH�EOLQGLQJ�DQG�DOORFDWLRQ
FRQFHDOPHQW��7KHVH�WULDOV�FKDUDFWHULVWLFV�EHLQJ�DVVRFLDWHG�ZLWK�WKH�PDJQLWXGH�RI�WKH�LQWHUYHQWLRQ�HIIHFW�EDVHG�RQ�SUHYLRXVO\�SXEOLVKHG
PHWD�HSLGHPLRORJLFDO�VWXGLHV�



0,6&(//$1(286 2QXU�7RNRFLQ

��������&KDUDFWHULVWLFV�RI�DQG�WKH�)DFWRUV�$IIHFWLQJ�WKH�0RUELGLW\�DQG�0RUWDOLW\�RI�0DOLJQDQF\�3DWLHQWV�3UHVHQWLQJ�WR�WKH
(PHUJHQF\�'HSDUWPHQW��$�3URVSHFWLYH�(SLGHPLRORJLFDO�6WXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

2QXU�7RNRFLQ������$IVLQ�,SHNFL������'HQL]�1HFGHW�7LKDQ������)DWLK�&DNPDN������'LGHP�&H\ODQ������0HKPHW�1HFPHWWLQ�6XWDVLU������&DQWXUN�(PLU�����
2]JXU�'DQGLQ������0HUYH�7RNRFLQ������,EUDKLP�,NL]FHOL����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��,VWDQEXO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��LVWDQEXO��785.(<
���(PHUJHQF\�'HSDUWPHQW��,VWDQEXO�8QLYHUVLW\�&HUUDKSDVD�0HGLFDO�)DFXOW\��,VWDQEXO��785.(<
���'HSDUWPHQW�RI�*HQHUDO�6XUJHU\��%XUVD�<XNVHN�,KWLVDV�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��%XUVD��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8UID�%DOLNOLJRO�3XEOLF�+RVSLWDO��6DQOLXUID��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6LVOL�+DPLGL\H�(WIDO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��LVWDQEXO��785.(<
���(PHUJHQF\�'HSDUWPHQW��6LVOL�+DPLGL\H�(WIDO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<
���'HSDUWPHQW�RI�*HQHUDO�6XUJHU\��%XUVD�0LOLWDU\�+RVSLWDO��%XUVD��785.(<
���'HSDUWPHQW�RI�*HQHUDO�6XUJHU\��%DJFLODU�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��LVWDQEXO��785.(<

.H\ZRUGV��(PHUJHQF\�PHGLFLQH��FDQFHU��PDOLJQDQF\��RQFRORJ\��PRUWDOLW\��PRUELGLW\��FRPSOLFDWLRQ

$EVWUDFW��

2EMHFWLYH��'HDWK�GXH�WR�PDOLJQDQF\�LV�WKH�VHFRQG�FDXVH�RI�PRUWDOLW\�DIWHU�FDUGLRYDVFXODU�V\VWHP�GLVHDVHV��%HFDXVH�WHFKQRORJLFDO�GHYHORSPHQWV
DOORZ�HDUO\�GLDJQRVLV�DQG�QHZ�WUHDWPHQW�PRGDOLWLHV�H[WHQG�IROORZ�XS�SHULRGV��HPHUJHQF\�GHSDUWPHQW�SUHVHQWDWLRQ�RI�PDOLJQDQF\�SDWLHQWV�ZLWK
GLVHDVH��DQG�WUHDWPHQW�UHODWHG�FRPSOLFDWLRQV�KDV�EHHQ�ULVLQJ��7KH�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�LGHQWLI\�WKH�FOLQLFDO�FKDUDFWHULVWLFV�RI�WKH�SDWLHQWV�ZLWK
PDOLJQDQF\��ZKR�FRQVWLWXWH�WKH�PDMRULW\�RI�WKH�HPHUJHQF\�GHSDUWPHQW�DGPLVVLRQV��DQG�WR�LQFUHDVH�WKH�TXDOLW\�RI�FDUH�DQG�UDLVH�DZDUHQHVV�RI�UDSLG
WDUJHWHG�WKHUDS\�

0DWHULDOV�DQG�0HWKRGV��&DQFHU�SDWLHQWV����\HDUV�RI�DJH�DQG�ROGHU�ZKR�SUHVHQWHG�WR�WKH�,VWDQEXO�8QLYHUVLW\�&HUUDKSDªD�0HGLFDO�6FKRRO�(PHUJHQF\
'HSDUWPHQW�EHWZHHQ�2FWREHU���������DQG�0D\���������ZHUH�HYDOXDWHG�SURVSHFWLYHO\��3DWLHQWVÇ�GHPRJUDSKLFV��YLWDO�VLJQV��FKDUDFWHULVWLFV�DVVRFLDWHG
ZLWK�PDOLJQDQF\��H[DPLQDWLRQV�SHUIRUPHG�DQG�WKHLU�UHVXOWV��WUHDWPHQWV�DQG�OHQJWK�RI�VWD\�ZHUH�HYDOXDWHG�

5HVXOWV��$�WRWDO�RI������SDWLHQWV�DQG������SUHVHQWDWLRQV�ZHUH�UHFRUGHG��,Q�QLQH�SDWLHQWV��WKH�LQLWLDO�GLDJQRVLV�RI�FDQFHU�ZDV�PDGH�LQ�WKH�HPHUJHQF\
GHSDUWPHQW���������RI�WKH�SDWLHQWV�ZHUH�PDOH��PHDQ�DJH�������k��������DQG��������ZHUH�IHPDOH��PHDQ�DJH�������k��������7KH�RYHUDOO�PHDQ
DJH�ZDV������k�������7KH�PRVW�SUHYDOHQW�V\PSWRP�ZDV�G\VSQHD�����������DQG�WKH�PRVW�FRPPRQ�W\SH�RI�FDQFHU�ZDV�OXQJ�FDQFHU�����������,Q
PDOH�SDWLHQWV��WKH�PRVW�SUHYDOHQW�FRPSODLQW�ZDV�IHYHU��DQG�WKH�PRVW�FRPPRQ�W\SH�RI�FDQFHU�ZDV�OXQJ�FDQFHU�����������S���������,Q�IHPDOH
SDWLHQWV��WKH�PRVW�SUHYDOHQW�FRPSODLQW�ZDV�G\VSQHD��DQG�WKH�PRVW�FRPPRQ�W\SH�RI�FDQFHU�ZDV�EUHDVW�FDQFHU�����������S���������'LVWDQW
PHWDVWDVLV�ZDV�SUHVHQW�LQ�����RI�WKH�SDWLHQWV��7KH�LQIOXHQFH�RI�PHDQ�DUWHULDO�EORRG�SUHVVXUH��SXOVH��KHPRJORELQ�OHYHOV��XUHPLD�DQG
K\SRDOEXPLQHPLD�RQ�PRUWDOLW\�DQG�,&8�DGPLVVLRQ�ZDV�VLJQLILFDQW��S���������2YHUDOO���������RI�WKH�SDWLHQWV�ZHUH�KRVSLWDOL]HG��DQG�������RI�WKH
SDWLHQWV�GLHG��7KH�DYHUDJH�OHQJWK�RI�VWD\�ZDV�����k�����GD\V��7KH�DYHUDJH�OHQJWK�RI�VWD\�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�XQWLO�WKH�SDWLHQW�ZDV
DGPLWWHG�WR�WKH�UHOHYDQW�GHSDUWPHQW�ZDV�����k�����GD\V�

&RQFOXVLRQ��3DWLHQWV�ZLWK�PDOLJQDQF\�FRQVWLWXWH�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�HPHUJHQF\�GHSDUWPHQW�DGPLVVLRQV��3URPRWLQJ�WKH�HPHUJHQF\
SK\VLFLDQVÇ�LQVLJKW�LQWR�DQG�H[SHULHQFH�RQ�RQFRORJLFDO�HPHUJHQFLHV�ZRXOG�FRQWULEXWH�WR�GHFUHDVLQJ�WKH�PRUWDOLW\�DQG�PRUELGLW\�RI�WKHVH�SDWLHQWV��



&$6(�35(6(17$7,21 (OLVD�5XL]�2OLYDUHV

��������(/(&75,&�6+2&.��620(7,0(6�,7�6$9(6��620(7,0(6�,7�.,//6�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%HJR�D�*DUJDOOR�3ODQDV������6RQLD�6RI�D�%DOOHVWLQ�6RUROOD������(OLVD�5XL]�2OLYDUHV������(OLVD�$OGHD�0ROLQD������$QD�%HO�Q�0DU�Q�)ORU�D������&DUROD�0HGLQD
6DLQ]������6LOYLD�*DQJXWLD����

���(PHUJHQFLHV��+��5R\R�9LOODQRYD��=DUDJR]D��63$,1
���(PHUJHQFLHV��+��5R\R�9LOODQRYD���=DUDJR]D��63$,1

.H\ZRUGV��(OHFWULF�VKRFN��DWULDO�ILEULOODWLRQ��HOHFWULFDO�FDUGLRYHUVLRQ�

$EVWUDFW��

���\HDU�ROG�SDWLHQW�ZKR�LV�EURXJKW�LQ�PRELOH�,&8�IRU�DQ�HSLVRGH�RI�HOHFWURFXWLRQ�ZKLOH�KH�ZDV�ZRUNLQJ�ZLWK�HOHFWULFDO�FDEOHV��7KH�SDWLHQW�ZDV
XQDZDUH�RI�WKH�W\SH�RI�SRZHU�WKDW�ZDV���,W�FRQFHUQV�IDOO�EDFN�RI�DSSUR[LPDWHO\�����PHWHUV�KHLJKW�ZLWKRXW�ORVV�RI�FRQVFLRXVQHVV�ZLWK�ORZ�EDFN�SDLQ�
*HQHUDO�H[SORUDWLRQ�REMHFWLYH�EXUQ�LQ�KDQG�ULJKW�VXJJHVWLYH�RI�HQWUDQFH�RI�WKH�HOHFWULF�VKRFN��&DUGLDF�DXVFXOWDWLRQ�WR�DUUK\WKPLF�KHDUW�WRQHV�DW�D
IUHTXHQF\�RI����FDQ�EH�VHHQ���(&*�LV�SHUIRUPHG�FRQILUPLQJ�DWULDO�ILEULOODWLRQ�WR�����EHDWV�SHU�PLQXWH�ZLWKRXW�DOWHUDWLRQV�LQ�UHSRODUL]DWLRQ������&.
VWDQGV�RXW�LQ�EORRG��5[�RI�XQDOWHUHG�DVVHVVDEOH�FKHVW����3DWLHQW�FRQFHUQV�KDYH�PDGH�PHGLFDO�UHYLHZ�LQ�$SULO�ZKHUH�LW�ZDV�VLQXV�UK\WKP�

�

+HDUW�UDWH��EORRG�SUHVVXUH�DQG�VDWXUDWLRQ�LV�PRQLWRUHG�DQG�ZH�LQLWLDWHG�WUHDWPHQW�ZLWK�$PLRGDURQH�����PJU�LQ�EROXV�DQG�LQIXVLRQ�WR�WU\�WR�SDVV�WR
VLQXV�UK\WKP���7KH�SDWLHQW�SUHVHQWV�DOWHUQDWLRQ�RI�IUHTXHQF\�EHWZHHQ�����WR�����EHDWV�SHU�PLQXWH���$IWHU���KRXUV�RI�LQLWLDWLQJ�WKH�WUHDWPHQW��WKH
SDWLHQW�SUHVHQWV�ZLWK�������EORRG�SUHVVXUH��KHPRG\QDPLF�LQVWDELOLW\�KHOG�GHVSLWH�YROXPH�RYHUORDG���7KHUDSHXWLF�IDLOXUH��LW�ZDV�GHFLGHG�WR�PDNH
FDUGLRYHUVLRQ�HOHFWULF�V\QFKURQL]HG�ZLWK�����MRXOHV�SULRU�VHGDWLRQ�RI�WKH�SDWLHQW�ZLWK���PJ�RI�SURSRIRO����LY��WXUQLQJ�WKH�SDWLHQW�WR�VLQXV�UK\WKP
ZLWK�)&����SHU�PLQXWH�DQG�EORRG�SUHVXUH��������PP�+J

�



&/,1,&$/�32/,&< 6DQMR\�5R\

��������&DQ�WKH�LQWURGXFWLRQ�RI�D��YLUWXDO�FOLQLF��LQ�D�PDMRU�8.�SDHGLDWULF�WHUWLDU\�FHQWUH�KHOS�WR�UHGXFH�WKH�EXUGHQ�RI�IROORZ�XS
IRU�PLQRU�SDHGLDWULF�IUDFWXUHV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6DQMR\�5R\������1LFROD�0F'RQDOG������'L�%DFN����

���1DWLRQDO�+HDOWK�6HUYLFH��6W��7KRPDV
�+RVSLWDO��/RQGRQ��/RQGRQ��8.

.H\ZRUGV��IUDFWXUH��FKLOGKRRG��SDHGLDWULF��WRUXV��IXWXUR��FOLQLF

$EVWUDFW��

,QWURGXFWLRQ

)UDFWXUHV�DFFRXQW�IRU�DSSUR[LPDWHO\�����RI�DOO�LQMXULHV�GXULQJ�FKLOGKRRG�LQ�WKH�8.��&RRSHU�&�HW�DO���������2I�WKRVH�WKH�UDGLXV�XOQD�DUH�PRVW�FRPPRQ
�������/DQGLQ��/HQQDUW�$��������������RI�WKRVH�DUH�EXFNOH�WRUXV�IUDFWXUHV��7KH�YROXPH�RI�WKHVH�LQMXULHV�SRVHV�FRQVLGHUDEOH�SUHVVXUHV�WR�WKH
HPHUJHQF\�GHSDUWPHQW��('���ZKLOVW�WKHLU�VXEWOH�QDWXUH�PDNHV�WKHP�GLIILFXOW�WR�LGHQWLI\�UDGLRORJLFDOO\��)XUWKHUPRUH��ODFN�RI�KRPRJHQRXV�JXLGDQFH
FDQ�OHDG�WR�LQFRQVLVWHQFLHV�LQ�PDQDJHPHQW��&KLOGUHQ�UHTXLUH�IROORZ�XS�LQ�)UDFWXUH�FOLQLFV��PHDQLQJ�WLPH�RII�VFKRRO�RU�QXUVHU\��SRWHQWLDO�WLPH�RII�ZRUN
IRU�SDUHQWV�DQG�DGGLWLRQDO�KRVSLWDO�YLVLWV�IRU�WKH�IDPLO\�

*LYHQ�WKDW�EXFNOH�IUDFWXUHV�UHTXLUH�PLQLPDO�LQWHUYHQWLRQ�DQG�IROORZ�XS��WKLV�LV�XQIRUWXQDWH��7KHUH�LV�HYLGHQFH�VKRZLQJ�WKDW�RSWLPDO�WUHDWPHQW�HQWDLOV
WKH�XVH�RI�D�)XWXUR�VSOLQW�IRU�WKUHH�ZHHNV��3OLQW�HW�DO���������ZLWK�VDIHW\�QHWWLQJ�DQG�SDWLHQW�LQIRUPDWLRQ��0DQ\�('V�LQ�WKH�8.�DUH�DGRSWLQJ�WKLV
DSSURDFK�VXFFHVVIXOO\�

2EMHFWLYHV

7KH�DLP�RI�WKLV�TXDOLW\�LPSURYHPHQW�SURMHFW�ZDV�WR�LQWURGXFH�D�QHZ�SDWKZD\�IRU�WKH�PDQDJHPHQW�RI�WRUXV�IUDFWXUHV�RI�WKH�UDGLXV�XOQD��LQFOXGLQJ�D
ÈYLUWXDOÉ�IUDFWXUH�FOLQLF��:H�DOVR�UHYLHZHG�RXU�FXUUHQW�PDQDJHPHQW�RI�WKHVH�LQMXULHV�ZLWKLQ�WKH�('��)LQDOO\��ZH�FRPSDUHG�FRVWV�RI�WKH�ROG
PDQDJHPHQW�SODQ�DQG�QHZ�SURWRFRO��LQFOXGLQJ�DWWHQGDQFH��SODVWHUV�DQG�VSOLQWV�

0HWKRGV

$�OLVW�RI�FKLOGUHQ�DJHG������\HDUV�ZLWK�ZULVW�[�UD\V�EHWZHHQ�-XQH�1RY������ZDV�REWDLQHG��7KRVH�ZLWK�D�EXFNOH�WRUXV�IUDFWXUH�ZHUH�UHYLHZHG�IRU
PHWKRG�RI�LPPRELOL]DWLRQ�DQG�RXWFRPH�RI�IUDFWXUH�FOLQLF�IROORZ�XS�

$IWHU�WKLV�UHYLHZ��LQ�FROODERUDWLRQ�ZLWK�RXU�RUWKRSDHGLF�FROOHDJXHV��D�ÈYLUWXDOÉ�FOLQLF�ZDV�HVWDEOLVKHG�ZLWKLQ�WKH�H[LVWLQJ�)UDFWXUH�FOLQLF��

5HVXOWV

���FKLOGUHQ�IXOILOOHG�WKH�LQFOXVLRQ�FULWHULD��IRXUWHHQ�ZHUH�PDQDJHG�LQ�D�)XWXUR�VSOLQW��WHQ�ZLWK�D�SODVWHU�RI�3DULV��323���$OO�ZHUH�IROORZHG�XS�LQ�IUDFWXUH
FOLQLF��$W�WKLV�YLVLW��VHYHQ�FKLOGUHQ�VZLWFKHG�IURP�D�)XWXUR�WR�D�323��7KUHH�VZLWFKHG�IURP�D�323�WR�D�)XWXUR��OHDYLQJ�QLQH�LQ�WRWDO�ZLWK�D�VSOLQW��2QH
FKLOG�ZDV�GLVFKDUJHG�IURP�IUDFWXUH�FOLQLF�RQ�ILUVW�DWWHQGDQFH�����UHTXLUHG�RQJRLQJ�IROORZ�XS�ZLWK�DW�OHDVW�RQH�DGGLWLRQDO�YLVLW�WR�FOLQLF��7KLV�HTXDWHV�WR
DW�OHDVW����KRVSLWDO�DSSRLQWPHQWV�LQ�WKLV�JURXS�IRU�LQFOXVLRQ�WR�WKH�ÈYLUWXDOÉ�FOLQLF�RYHU�ILYH�PRQWKV�

,Q�WKLV�FOLQLF��WKH�2UWKRSDHGLF�&RQVXOWDQW�UHYLHZV�WKH�FKLOGÇV�FDVH�QRWHV�DQG�LPDJHV��FRQWDFWV�WKH�IDPLO\�DQG�GHFLGHV�ZKHWKHU�D�IROORZ�XS�LV�UHTXLUHG�
7KH�SDWLHQW�GRHV�QRW�QHHG�WR�DWWHQG�WKLV�DSSRLQWPHQW��7KH�FRVWV�RI�UXQQLQJ�WKLV�FOLQLF�ZRXOG�EH�DSSUR[LPDWHO\�����FKHDSHU�RQ�RXU�FXUUHQW
RYHUKHDGV�

&RQFOXVLRQV

7KH�PDMRULW\�RI�FKLOGUHQ�ZHUH�PDQDJHG�DSSURSULDWHO\�DV�SHU�FXUUHQW�JXLGDQFH��6RPH�WUHDWPHQW�GLVFUHSDQFLHV�ZHUH�LGHQWLILHG�ZLWK�SUHIHUHQWLDO�XVH
RI�D�323�LQ�)UDFWXUH�&OLQLF��:H�HGXFDWHG�VWDII�RQ�JROG�VWDQGDUG�WUHDWPHQW�DQG�LQWURGXFHG�D�QHZ�FOLQLFDO�JXLGHOLQH��$V�D�UHVXOW�RI�LGHQWLI\LQJ�WKH
QXPEHU�RI�FKLOGUHQ�UHWXUQLQJ�XQQHFHVVDULO\��D�ÈYLUWXDOÉ�IUDFWXUH�FOLQLF�KDV�EHHQ�HVWDEOLVKHG��,W�LV�KRSHG�WKLV�ZLOO�JHQHUDWH�VLJQLILFDQW�FRVW�VDYLQJV�DV
ZHOO�DV�SURYLGLQJ�IDPLOLHV�ZLWK�FRQWLQXLW\�RI�FDUH��UHDVVXUDQFH�DQG�FRQYHQLHQFH�

:H�SODQ�WR�UHDXGLW�ZKHWKHU�WKLV�FOLQLF�UHGXFHV�IROORZ�XS�KRVSLWDO�DWWHQGDQFHV��LQ�YLHZ�RI�H[SDQGLQJ�LW�WR�LQFOXGH�RWKHU�PLQRU�IUDFWXUHV�



('8&$7,21�$1'�75$,1,1* 'DULD�:LHVH

��������,Q�VLWX�VLPXODWLRQ�LQ�SUH�KRVSLWDO�HPHUJHQF\�PHGLFLQH��D�FRPSDULVRQ�EHWZHHQ�KLJK�ILGHOLW\�DQG�ORZ�WHFK�DSSURDFK

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'DULD�:LHVH������0DUWLQ�)DQGOHU������7KRPDV�3ODSSHUW����

�����6DQD�+DQVHNOLQLNXP�:LVPDU��:LVPDU��*(50$1<
�����1XHUQEHUJ��1XHUQEHUJ��*(50$1<
�����.OLQLNXP�)XOGD��)XOGD��*(50$1<

.H\ZRUGV��VLPXODWLRQ�LQ�VLWX�WUDLQLQJ�SUH�KRVSLWDO

$EVWUDFW��

,Q�WKH�ILHOG�RI�VLPXODWLRQ��LQ�VLWX�VLPXODWLRQ�LV�WKH�QHZ�WUHQG��LQVSLUHG�IURP�WKH�LGHD�RI�WUDLQLQJ�DV�RQH�ZRUNV��L�H��LQ�WKH�QRUPDO�VXUURXQGLQJ��ZLWK�WKH
RULJLQDO�HTXLSPHQW�DQG�WKH�ÊUHDOÈ�WHDP��PRUH�DQG�PRUH�DSSOLFDWLRQV�ZKHUH�GHVFULEHG�RQ�FRQIHUHQFHV��LQ�EORJV�DQG�LQ�FDVH�VWXGLHV��$V
VLPXODWLRQ�WUDLQLQJ�LV�PHDQZKLOH�UHJDUGHG�DV�HIIHFWLYH�IRU�HQKDQFLQJ�DV�ZHOO�SV\FKRPRWRU��DQG�WHDP�VNLOOV��LQ�VLWX�WUDLQLQJ�DLPV�WR�DGG�H[SHULHQFH
ZLWK�WKH�QRUPDO�HTXLSPHQW�DQG�WR�UHGXFH�WKH�DUWLIDFWV�RI�VLPXODWLRQ�
,W�LV�XQGHQLDEOH��WKDW�IUHTXHQW�WUDLQLQJ�LQ�ZRUNLQJ�HQYLURQPHQW�LQFUHDVHV�WKH�FRQILGHQFH��SURYLGHV�DQ�RSSRUWXQLW\�WR�WUDLQ�VNLOOV�DQG�WR�WUDLQ�HIIHFWLYH
WHDPZRUN���6LPXODWLRQ�FUHDWHV�ULVNIUHH�VHWWLQJ�WR�PDVWHU�WKH�FKDOOHQJHV�RI�WKH�OLIH�WKUHDWHQLQJ�HYHQWV�DQG�RI�FDULQJ�IRU�FULWLFDO�LOO�SDWLHQWV�
%HJLQQLQJ�LQ�������ZH�FRQGXFWHG�VHYHUDO�LQ�VLWX�WUDLQLQJV�IRU�PHGLFDO�HPHUJHQFLHV�LQ�VHYHUDO�GLIIHUHQW�XQLWV�RI�RXU�KRVSLWDO��D�����EHG�WHDFKLQJ
KRVSLWDO�RI�WKH�8QLYHUVLW\�RI�5RVWRFN�LQ�D�SUHWW\�UXUDO�DUHD�DW�WKH�EDOWLF�FRDVW��8VLQJ�WKDW�H[SHULHQFH��ZH�VWDUWHW������WR�XVH�WKH�WHFKQLTXH�IRU�WKH
VNLOOV��DQG�WHDP�WUDLQLQJ�RI�(06�FUHZV�LQ�WKH�KDQGOLQJ�RI�FULWLFDO�VLWXDWLRQV��QDPHO\�WKH�LQGXFWLRQ�DQG�SUH�KRVSLWDO�LQWXEDWLRQ�LQ�FDVH�RI�D��WUDXPDWLF
EUDLQ�LQMXU\��E��SRO\WUDXPDWLVHG�SDWLHQW�DQG�F��FDUGLRJHQLF�OXQJ�HGHPD��UHIDUDFWRU\�WR�QRQ�LQYDVLYH�YHQWLODWLRQ�
:H�VWDUWHG������ZLWK�ORZÄWHFK�ORZ�FRVW�FRQFHSW���$�XVXDO�DPEXODQFH��ZKLFK�ZDV�RQO\�IRU�WKH�GD\�RI�WUDLQLQJ�RXW�RII�GXW\��ZDV�VWDIIHG�ZLWK�D�SRUWDEOH
FDPHUD��D�VLPSOH�PDQLNLQ�DQG�DQ�L3DG�EDVHG�VLPXODWLRQ�V\VWHP��/DWHU�RQ��WKH�ZKROH�YLGHR�GHEULHILQJ�V\VWHP�ZDV�PDGH�SRUWDEOH�DQG�WKH�WUDLQLQJ
ZDV�DJDLQ�FRQGXFWHG�DQG�LQ�������RQH�RI�WKH�DPEXODQFHV�RI�WKH�ORFDO�UHVFXH�VHUYLFH�ZDV�IL[�HTXLSSHG�ZLWK�VLPXODWLRQ�HTXLSPHQW�DQG
DXGLR�YLGHR�GHEULHILQJ�V\VWHP�
$IWHU�ZRUNLQJ�ZLWK�VHYHUDO�SRVVLELOLWLHV��ZH�FRXOG�QRW�ILQG�JUHDW�EHQHILW�IURP�RQH�RU�DQRWKHU�VLPXODWRU�VHW�XS��HLWKHU�RQ�WKH�VLWH�RI�WKH�WUDLQHUV��QRU
RQ�WKH�VWXGHQWV��,W�VHHPV��WKH�DFFHSWDQFH�RI�WKH�VHWWLQJ�DQG�WKH�OHDUQLQJ�HIIHFW�DUH�PDLQO\�EDVHG�RQ�WKH�TXDOLW\�RI�EULHILQJ�DQG�GHEULHILQJ��$
ZHOO�NQRZQ�VXUURXQGLQJ�PLJKW�EH�WKH�EDVH�IRU�D�TXLFNHU�IDPLOLDUL]DWLRQ�
,Q�WKH�IROORZLQJ��ZH�SUHFLVHO\�GHVFULEH�WKH�VHW�XS�LQ�D�ÈKRZ�WRÉ�ZD\�DQG�FRPSDUH�DOO�WKH�FRPSRQHQWV�WR�HDFK�RWKHU�LQ�RUGHU�WR�KHOS�RWKHU�SURMHFWV�WR
JHW�VWDUWHG�
�



&$5',29$6&8/$5 6LPRQH�*RSDO

��������$GGLWLRQDO�YDOXH�RI�FRSHSWLQ�DQG�)$%3�WR�WKH�+($57�VFRUH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6LPRQH�*RSDO������%DUEUD�%DFNXV������/HR�-DFREV������5RJHU�+HVVHOV������5RQ�.XVWHUV����

���HPHUJHQF\�GHSDUWPHQW��(OLVDEHWK�7ZHHVWHGHQ�=LHNHQKXLV�7LOEXUJ��%UHGD��7+(�1(7+(5/$1'6
���HPHUJHQF\�GHSDUWPHQW��0HGLVFK�&HQWUXP�+DDJODQGHQ��'HQ�+DDJ��7+(�1(7+(5/$1'6
���&OLQLFDO�FKHPLVWU\��0HDQGHU�0&��$PHUVIRRUW��7+(�1(7+(5/$1'6
���HPHUJHQF\�GHSDUWPHQW��(OLVDEHWK�7ZHHVWHGHQ�=LHNHQKXLV��7LOEXUJ��7+(�1(7+(5/$1'6
���&OLQLFDO�FKHPLVWU\��-HURHQ�%RVFK�=LHNHQKXLV��'HQ�%RVFK��7+(�1(7+(5/$1'6

.H\ZRUGV��+($57�VFRUH��&KHVW�SDLQ��FRSHSWLQ��)$%3

$EVWUDFW��

,QWURGXFWLRQ

&KHVW�SDLQ�LV�D�IUHTXHQW�FRPSODLQW�DW�WKH�HPHUJHQF\�GHSDUWPHQW��('���,W�LV�RIWHQ�GLIILFXOW�WR�GLIIHUHQWLDWH�EHWZHHQ�DQ�DFXWH�FRURQDU\�V\QGURPH��$&6�
DQG�RWKHU�FDXVHV�RI�FKHVW�SDLQ��7KH�+($57�VFRUH�LV�D�YDOLGDWHG�ULVN�VFRUH�IRU�DOO�SDWLHQWV�ZLWK�FKHVW�SDLQ�DW�WKH�('�

7URSRQLQ�LV�RQH�RI�WKH�NH\�HOHPHQWV�RI�WKH�+($57�VFRUH��&XUUHQWO\�RWKHU�ELRPDUNHUV�DUH�NQRZQ�WR�ULVH�HDUO\�LQ�FDVH�RI�DQ�$&6��VXFK�DV�FRSHSWLQ�DQG
IDWW\�DFLG�ELQGLQJ�SURWHLQ��)$%3���:H�LQYHVWLJDWHG�LI�WKH�DFFXUDF\�RI�WKH�+($57�VFRUH�LQFUHDVHV�E\�DGGLQJ�FRSHSWLQ�DQG�)$%3�WR�WKH�+($57�VFRUH�

�

6WXG\�GHVLJQ

,Q�����SDWLHQWV�ZLWK�FKHVW�SDLQ�ZH�FROOHFWHG�DOO�HOHPHQWV�RI�WKH�+($57�VFRUH�SOXV�FRSHSWLQ�DQG�)$%3�RQ�DUULYDO�DW�WKH�('�

:H�FRPSDUHG�WKH�GLVFULPLQDWLYH�SHUIRUPDQFHV��F�VWDWLVWLF��RI�WKH�RULJLQDO�+($57�VFRUH�YV�WKH�+($57�VFRUH�SOXV�FRSHSWLQ�RU�)$%3�IRU�WKH�RFFXUUHQFH
RI�0DMRU�$GYHUVH�&DUGLDF�(YHQWV��0$&(��

�

5HVXOWV

,Q�WRWDO�����SDWLHQWV�����������UHDFKHG�DW�OHDVW�RQH�0$&(�ZLWKLQ�VL[�ZHHNV������$0,�����3&,�����&$%*��RQH�GHDWK���7KH�HYHQW�UDWH�LQ�SDWLHQWV�ZLWK�D
+($57�VFRUH�RI�]HUR�WR�WKUHH�ZDV�������7KH�F�VWDWLVWLFV�IRU�0$&(�ZHUH��+($57��������+($57�FRSHSWLQ��������S ��������+($57�)$%3������
�S �������

�

&RQFOXVLRQV

,Q�WKLV�VWXG\�WKH�DGGLWLRQ�RI�FRSHSWLQ�GRHV�QRW�LPSURYH�WKH�+($57�VFRUH��7KH�DGGLWLRQ�RI�)$%3�VOLJKWO\�LPSURYHV�WKH�GLVFULPLQDWLQJ�SHUIRUPDQFH�RI
WKH�+($57�VFRUH�LQ�FKHVW�SDLQ�SDWLHQWV��$GGLQJ�)$%3�WR�WKH�+($57�VFRUH�FRXOG�LPSURYH�WKH�UXOH�RXW�RI�$&6�DW�WKH�('�



0$1$*(0(17���('�25*$1,6$7,21 2PDU�*KD]DQIDU

��������7KH�LPSRUWDQW�UROH�RI�)DPLO\�0HGLFLQH�LQ�WKH�8$(�WR�HVWDEOLVK�DQG�PDQDJH�8UJHQW�&DUH�6HUYLFHV�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5DKDW�*KD]DQIDU����

���)DPLO\�0HGLFLQH��,QWHUFDUH�+HDOWK�&HQWHU��$EX�'KDEL��81,7('�$5$%�(0,5$7(6

$EVWUDFW��

9DULRXV�KRVSLWDOV�WKURXJKRXW�WKH�:HVWHUQ�+HDOWKFDUH�KDYH�QRZ�LQFRUSRUDWHG�8UJHQW�&DUH�&HQWHUV�ZLWKLQ�WKH�(PHUJHQF\�'HSDUWPHQW��7KHVH�DUH
URXWLQHO\�UXQ�E\�)DPLO\�0HGLFLQH�&RQVXOWDQWV�DQG�RU�QXUVH�SUDFWLRQHUV�RQ�DQ�DYHUDJH�RI�������KUV��SHU�GD\��7KH�DLP�LV�WR�UHGXFH�ZRUNORDG�RQ�WKH
PDLQ�(PHUJHQF\�'HSDUWPHQW��7KH�8$(�LV�VWLOO�D�PDWXULQJ�KHDOWK�FDUH�V\VWHP�DQG�)DPLO\�0HGLFLQH�LV�QRW�DV�ZHOO�HVWDEOLVKHG�DFURVV�WKH�VHYHQ
HPLUDWHV��7KLV�OHDGV�WR�PRUH�(5�DWWHQGDQFHV�ZLWK�FOLQLFDO�SDWKRORJLHV�ZKLFK�FRXOG�KDYH�EHHQ�VHHQ�LQ�DQ�8UJHQW�&DUH�&HQWUH�PDQDJHG�E\�D
FUHGHQWLDOHG�)DPLO\�0HGLFLQH�&RQVXOWDQW��:H�ZLOO�DLP�WR�HODERUDWH�RQ�WKH�UROH�DQG�UHPLW�RI�DQ�8UJHQW�&DUH�&HQWHU��HVSHFLDOO\�LQ�D�PDWXULQJ
HQYLURQPHQW�DQG�WDON�DERXW�LWV�LPSRUWDQFH�LQ�UHGXFLQJ�ZRUN�ORDG�IRU�WKH�(PHUJHQF\�3K\VLFLDQV��:H�ZLOO�DOVR�FRPSDUH�VRPH�UHFHQW�GDWD�IURP�WKH
8QLWHG�.LQJGRP�IURP�D�VXFFHVVIXOO\�UXQQLQJ�8UJHQW�&DUH�&HQWUH��FR�KDELWHG�ZLWKLQ�WKH�(PHUJHQF\�'HSDUWPHQW�



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< 2PDU�*KD]DQIDU

��������5HYDOLGDWLRQ�LQ�WKH�8.���\HDUV�GRZQ�WKH�OLQH��/HVVRQV�OHDUQHG"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

2PDU�*KD]DQIDU����

���(PHUJHQF\�0HGLFLQH��=D\HG�0LOLWDU\�+RVSLWDO��$EX�'KDEL��81,7('�$5$%�(0,5$7(6

$EVWUDFW��

5HYDOLGDWLRQ�RI�GRFWRUV�VWDUWHG�LQ�WKH�8.�LQ������DIWHU�LW�EHFDPH�OHJLVODWLRQ�DQG�WKHUHE\�PDQGDWRU\�IRU�DOO�GRFWRUV�WR�HQJDJH�LQ��:H�SUHVHQWHG�VRPH
GDWD�DQG�LQWHUHVWLQJ�GLVFXVVLRQ�SRLQW�LQ������ZKHQ�WKH�SURFHVV�ZDV���\HDUV�ROG�DQG�LQ�LWV�LQIDQF\��$W�WKDW�MXQFWXUH�WKH�SURFHVV�ZDV�VWLOO�LQ�LWV�LQIDQF\
DQG�PDWXULQJ��&XUUHQWO\���\HDUV�GRZQ�WKH�OLQH�ZH�ZLOO�DLP�WR�GLVFXVV�KRZ�WKLV�SURFHVV�KDV�PDWXUHG�DQG�KRZ�LW�KDV�OHG�WR�EHWWHU�JRYHUQDQFH�RI�WKH
PHGLFDO�SURIHVVLRQ�LQ�WKH�8.��:H�ZLOO�DOVR�GLVFXVV�VRPH�RI�WKH�LQQRYDWLYH�ZD\V�DSSUDLVDOV�DUH�HYROYLQJ�DQG�KRZ�LW�SHUWDLQV�WR�8.�WUDLQHG�DQG
UHJLVWHUHG�GRFWRUV�SUDFWLFLQJ�PHGLFLQH�RYHUVHDV�



*(5,$75,&6 0HJDQ�3RZHU�)ROH\

��������7KH�3KHQRPHQRQ�RI�2OGHU�(PHUJHQF\�'HSDUWPHQW�)UHTXHQW�$WWHQGHUV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*HUDOGLQH�0F0DKRQ������0HJDQ�3RZHU�)ROH\����

���(PHUJHQF\�0HGLFLQH�FRQVXOWDQW��6W�-DPHV�+RVSLWDO��'XEOLQ����,UHODQG��'XEOLQ��,5(/$1'
���0HGLFDO�6WXGHQW���7ULQLW\�&ROOHJH�'XEOLQ��'XEOLQ��,5(/$1'

.H\ZRUGV��2OGHU�$GXOWV��)UHTXHQW�$WWHQGHUV��(PHUJHQF\�$WWHQGDQFHV

$EVWUDFW��

,QWURGXFWLRQ�

&KDUDFWHULVWLFV�RI�ROGHU�IUHTXHQW�XVHUV�RI�(PHUJHQF\�'HSDUWPHQWV��('V��DUH�SRRUO\�XQGHUVWRRG��2XU�DLP�ZDV�WR�H[DPLQH�WKH�FKDUDFWHULVWLFV�RI�WKH
('�IUHTXHQW�DWWHQGHUV��)$V��E\�DJH������DQG�Õ���\HDUV�����

0HWKRGV��

:H�H[DPLQHG�WKH�SUHYDOHQFH�RI�)$�DWWHQGLQJ�WKH�('�RI�DQ�XUEDQ�WHDFKLQJ�KRVSLWDO�LQ�FURVV�VHFWLRQDO�VWXG\�EHWZHHQ������DQG�������)$�ZDV�GHILQHG
DV�D�SHUVRQ�ZKR�SUHVHQWHG�WR�WKH�('�IRXU�RU�PRUH�WLPHV�RYHU�D����PRQWK�SHULRG��5DQGRPO\�VHOHFWHG�JURXSV�RI�)$�DQG�QRQ�)$�IURP�WZR�DJH�JURXSV
�����DQG�Õ���\HDUV��ZHUH�WKHQ�H[DPLQHG�WR�FRPSDUH�FKDUDFWHULVWLFV�EHWZHHQ�ROGHU�)$V�DQG�QRQ�)$V�DQG�ROGHU�)$V�DQG�\RXQJHU�)$V��/RJLVWLF
UHJUHVVLRQ�ZDV�XVHG�WR�FDOFXODWH�WKH�RGGV�UDWLR��25��DQG�����FRQILGHQFH�LQWHUYDOV�IRU����PRUWDOLW\�LQ�)$�FRPSDUHG�WR�QRQ�)$�DJHG�Õ��\HDUV�

5HVXOWV��

��������('�DWWHQGDQFHV�ZHUH�UHFRUGHG�EHWZHHQ������DQG�������������ZHUH�DJHG�Õ��\HDUV�������RI�ZKRP�ZHUH�)$V��DFFRXQWLQJ�IRU�������RI
DWWHQGDQFHV�E\�SDWLHQWV�RYHU����\HDUV��7KHUH�ZDV�D�EL�PRGDO�DJH�GLVWULEXWLRQ�RI�)$��PHDQ�k6'�����\HDUV���k������DQG�Õ��\HDUV�����k������2OGHU
)$V�ZHUH���WLPHV�PRUH�OLNHO\�WR�SUHVHQW�RXWVLGH�QRUPDO�ZRUNLQJ�KRXUV�DQG�����WLPHV�PRUH�OLNHO\�WR�UHTXLUH�DGPLVVLRQ��&DUGLRYDVFXODU�HPHUJHQFLHV
ZHUH�WKH�PRVW�FRPPRQ�FRPSODLQW��LQ�FRQWUDVW�ZLWK�WKH�\RXQJHU�)$�JURXS��ZKHUH�LQMXU\�DQG�SV\FKRVRFLDO�FRQGLWLRQV�GRPLQDWHG��7KH�25�IRU�GHDWK�DW
���PRQWKV�ZDV�����������&,��������������S ������DGMXVWLQJ�IRU�DJH�DQG�JHQGHU��

&RQFOXVLRQ�

��LQ���('�SDWLHQWV�RYHU���\HDUV�DUH�IUHTXHQW�DWWHQGHUV��2OGHU�)$V�ODUJHO\�SUHVHQWHG�ZLWK�FRPSOH[�PHGLFDO�FRQGLWLRQV��(QKDQFHG�DFFHVV�WR�H[SHUW
JHURQWRORJ\�DVVHVVPHQW�VKRXOG�EH�FRQVLGHUHG�DV�SDUW�RI�HIIHFWLYH�LQWHUYHQWLRQ�VWUDWHJLHV�IRU�ROGHU�('�XVHUV���
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��������,PSOHPHQWDWLRQ�RI�DQ�DQLPDO�PRGHO�IRU�WR[LF�VPRNH�LQKDODWLRQ�DQG�UHVXVFLWDWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-RVW�%HHOLW]������:ROIJDQJ�'HUVFK������&OHPHQV�.LOO������1LQD�9RJW������)ORULDQ�9HLW������+LQQHUN�:XOI������&DUVWHQ�)HOGPDQQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��'HSDUWPHQW�RI�$QHVWKHVLD�DQG�&ULWLFDO�&DUH��3KLOLSSV�8QLYHUVLW\��0DUEXUJ��*(50$1<
���'HSDUWPHQW�RI�1HXURVXUJHU\��8QLYHUVLW\�RI�*LHVVHQ��*LHVVHQ��*(50$1<
���,QVWLWXWH�RI�/HJDO�0HGLFLQH��'HSDUWPHQW�RI�)RUHQVLF�7R[LFRORJ\��-XVWXV�/LHELJ�8QLYHUVLW\�*LHVVHQ��*LHVVHQ��*(50$1<
���'HSDUWPHQW�RI�$QHVWKHVLD�DQG�&ULWLFDO�&DUH��3KLOLSSV�8QLYHUVLW\��0DUEXUJ��*(50$1<

.H\ZRUGV��6PRNH�LQKDODWLRQ��5HVXVFLWDWLRQ��+\GUR[\FREDODPLQ��&DUERQPRQR[LGH��+\GURJHQ�F\DQLGH

$EVWUDFW��

2EMHFWLYH

5HVXVFLWDWLRQ�RI�ILUH�YLFWLPV�PD\�EH�GLIIHUHQW�IURP�UHVXVFLWDWLRQ�LQ�VXGGHQ�FDUGLDF�GHDWK��EHFDXVH�GHDWK�E\�ILUH�PDLQO\�LV�FDXVHG�E\�WR[LF�VPRNH
LQKDODWLRQ�DQG�WKHUHIRUH�PD\�QHHG�VSHFLILF�DQWLGRWH�WUHDWPHQW>���@��7R�LQYHVWLJDWH�WKH�HIIHFWV�RI�FRPELQHG�LQKDODWLRQ�RI�WKH�LPSRUWDQW�WR[LF�JDVHV
FDUERQPRQR[LGH��&2��DQG�K\GURJHQ�F\DQLGH��+&1��ZH�GHVLJQHG�D�UHDOLVWLF�DQLPDO�LQWR[LFDWLRQ�PRGHO��7KH�JRDO�RI�WKLV�VWXG\�ZDV�WKH�IHDVLELOLW\�DQG
VDIHW\�RI�WKLV�PRGHO�DQG�WKH�HIIHFWV�RI�$GYDQFHG�/LIH�6XSSRUW�RQ�5HWXUQ�RI�6SRQWDQHRXV�&LUFXODWLRQ��526&��

0DWHULDOV�DQG�PHWKRGV

$IWHU�DSSURYDO�E\�ORFDO�DXWKRULWLHV�DQG�LQ�DFFRUGDQFH�ZLWK�*HUPDQ�DQLPDO�SURWHFWLRQ�ODZ�D�VPRNH�LQKDODWLRQ�PRGHO�IRU�SLJV�������NJ��ZDV
GHYHORSHG�EDVHG�RQ�D�FORVHG�YHQWLODWLRQ�FLUFXLW��*DV�F\OLQGHUV�ZLWK�R[\JHQ��FRPSUHVVHG�DLU��FRPSUHVVHG�DLU�ZLWK�&2 �����SDUWV�SHU�PLOOLRQ��SSP�
DQG�FRPSUHVVHG�DLU�ZLWK�+&1 ����SSP�ZHUH�FRQQHFWHG�WRJHWKHU�ZLWK�YDOYHV�DOORZLQJ�PXOWLSOH�PL[�RI�JDV�FRQFHQWUDWLRQV�WR�VXSSO\�D�6LHPHQV
6HUYR����YHQWLODWRU��7KH�H[SLUDWRU\�RXWOHW�OHDG�WR�D�JDV�VXFWLRQ�XQLW��5RRP�DLU�FRQFHQWUDWLRQV�ZHUH�PRQLWRUHG�ZLWK�JDV�GHWHFWLRQ�GHYLFHV�IRU�&2�DQG
+&1������SLJV��PHDQ���NJ��XQGHUZHQW�DQDHVWKHVLD��LQWXEDWLRQ�DQG�LQVWUXPHQWDWLRQ��,QKDODWLRQDO�LQWR[LFDWLRQ�ZDV�VLPXODWHG�E\�FRQWUROOHG�YHQWLODWLRQ
ZLWK��DLU�ZLWK�&2 ����SSP���PLQ���IROORZHG�E\�DLU�ZLWK�&2 ���SSP�DQG�+&1 ���SSP���PLQ���IROORZHG�E\�+&1 ����SSP�XQWLO�FDUGLDF�DUUHVW
RFFXUUHG��5HVXVFLWDWLRQ�ZDV�VWDUWHG�ZLWK�����R[\JHQ�DQG�FKHVW�FRPSUHVVLRQV�����PLQXWHV���IROORZHG�E\�$/6�DFFRUGLQJ�WR�JXLGHOLQHV��$GGLWLRQDOO\
�J�K\GUR[\FREDODPLQ�RU�SODFHER�ZHUH�JLYHQ��7LPH�WR�FDUGLDF�DUUHVW�DQG�WLPH�WR�526&�ZHUH�PHDVXUHG��5HVXOWV�DV�PHGLDQ��������SHUFHQWLOHV��

5HVXOWV

1R�LQFUHDVH�LQ�URRP�DLU�FRQFHQWUDWLRQ�RI�&2�+&1�FRXOG�EH�REVHUYHG��&DUGLDF�DUUHVW�RFFXUUHG�LQ�DOO�SLJV�LQ�D�PHGLDQ�WLPH�RI���PLQ�������������526&
ZDV�DFKLHYHG�LQ�������SLJV����K\GUR[\FREDODPLQ����SODFHER���PHGLDQ�WLPH�WR�526&������������PLQ�

&RQFOXVLRQV

7KLV�VPRNH�LQKDODWLRQ�PRGHO�ZDV�VDIH�DQG�OHDG�WR�FDUGLDF�DUUHVW�LQ�DOO�FDVHV��7KH�WLPH�WR�FDUGLDF�DUUHVW�KHUHE\�ZDV�PXFK�ORQJHU�WKDQ�LQ�OLWHUDWXUH
GDWD�GHVFULEHG�IRU�LQKDODWLRQ�RI�+&1�����SSP>�@��$GGLWLRQDO�LQYHVWLJDWLRQV�DUH�QHHGHG�WR�UHHYDOXDWH�ERWK�WKH�WR[LF�HIIHFWV�RI�FRPELQHG�&2�+&1
LQKDODWLRQ�DQG�UHVXVFLWDWLRQ�RXWFRPH�

5HIHUHQFHV

>�@3RVWJUDG�0HG�������������������>�@(XU�-�(PHUJ�0HG�����������������>�@)LUH�7HFKQRORJ\�����������������
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��������6DIHW\�DQG�(IIHFWLYHQHVV�RI�8OWUDVRXQG�*XLGHG�6XSUDFODYLFXODU�1HUYH�%ORFN�IRU�8SSHU�([WUHPLW\�7UDXPD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.ULVWLQH�5RELQVRQ������<XVHI�6D\HHG������(ULN�2OQHVV������*UHJRU\�%RUDK������$DURQ�0RQVHDX������-HUHP\�5RZHOO������-RVHSK�0LQDUGL����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��:HVW�9LUJLQLD�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��0RUJDQWRZQ��86$
���'HSDUWPHQW�RI�2FFXSDWLRQDO�0HGLFLQH��:HVW�9LUJLQLD�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��0RUJDQWRZQ��86$
���'HSDUWPHQW�RI�$QHVWKHVLRORJ\��:HVW�9LUJLQLD�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��0RUJDQWRZQ��86$
���'HSDUWPHQW�RI�6XUJHU\��:HVW�9LUJLQLD�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��0RUJDQWRZQ��86$

.H\ZRUGV��8OWUDVRXQG��6XSUDFODYLFXODU�1HUYH�%ORFN��7UDXPD

$EVWUDFW��

%DFNJURXQG��$QDOJHVLD�LQ�DFXWH�WUDXPD�LV�QRWRULRXVO\�XQGHUWUHDWHG��DV�HYDOXDWLRQ�DQG�UHVXVFLWDWLRQ�RIWHQ�WDNH�LPPHGLDWH�SULRULW\��)XUWKHUPRUH�
RSLRLG�DQDOJHVLD��DOWKRXJK�HIIHFWLYH��KDV�PDQ\�GHWULPHQWDO�HIIHFWV�LQFOXGLQJ�VHGDWLRQ��UHVSLUDWRU\�GHSUHVVLRQ��WROHUDQFH��DQG�SRWHQWLDO�IRU�DGGLFWLRQ�
5HJLRQDO�DQHVWKHVLD�RIIHUV�DQ�HIIHFWLYH�DGMXQFW�IRU�DQDOJHVLD�WKDW�KDV�EHHQ�VKRZQ�WR�LPSURYH�DQDOJHVLD�VFRUHV��LPSURYH�SDWLHQW�FRPIRUW��GHFUHDVH
WKH�QHHG�IRU�RSLRLGV�DQG�RSLRLG�FRPSOLFDWLRQV��GHFUHDVH�VWDIILQJ�QHHGV��DQG�GHFUHDVLQJ�WKH�OHQJWK�RI�VWD\��7KHUH�KDYH�EHHQ�D�KDQGIXO�RI�FDVH
UHSRUWV�GRFXPHQWLQJ�(PHUJHQF\�3K\VLFLDQV�SHUIRUPLQJ�8OWUDVRXQG�JXLGHG�QHUYH�EORFNV�VDIHO\��KRZHYHU��LW�LV�VWLOO�QRW�D�FRPPRQ�SUDFWLFH��)XUWKHU
VWXGLHV�ZRXOG�EH�QHFHVVDU\�WR�GHWHUPLQH�SUDFWLFH�VWDQGDUGL]DWLRQ�LQ�FRPPXQLW\�RU�UXUDO�KRVSLWDO�VHWWLQJV��2EMHFWLYH��:H�GHVFULEHG�D�FDVH�RI
8OWUDVRXQG�JXLGHG�6XSUDFODYLFXODU�EUDFKLDO�SOH[XV�QHUYH�EORFN�VXFFHVVIXOO\�SHUIRUPHG�E\�DQ�(PHUJHQF\�SK\VLFLDQ�IRU�SDLQ�FRQWURO�IRU�DFXWH�XSSHU
H[WUHPLW\�WUDXPD��&DVH�5HSRUW��$����\HDU�ROG�IHPDOH�SUHVHQWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW�DIWHU�DFFLGHQWDOO\�SODFLQJ�KHU�KDQG�LQ�DQ
DFFHOHUDWLQJ�PHDW�JULQGHU��6KH�VXVWDLQHG�VHYHUH�LQMXULHV�WR�KHU�KDQG��LQFOXGLQJ�FRPSOHWH�DPSXWDWLRQ�RI�KHU�LQGH[�ILQJHU��RSHQ�GLVSODFHG�IUDFWXUHV�RI
WKH�ORQJ�ILQJHU��DQG�VLJQLILFDQW�VRIW�WLVVXH�GHIRUPLWLHV��7KH�HPHUJHQF\�SK\VLFLDQ�SHUIRUPHG�DQ�XOWUDVRXQG�JXLGHG�VXSUDFODYLFXODU�EUDFKLDO�SOH[XV
EORFN��XVLQJ�D�6RQRVLWH�(GJH�8OWUDVRXQG�PDFKLQH�DQG�D�KLJK�IUHTXHQF\�OLQHDU�WUDQVGXFHU��7KH�VNLQ�ZDV�SUHSSHG�ZLWK�FKORUDSUHS�DQG�D�VWHULOH
WHJDGHUP�FRYHU�ZDV�DSSOLHG�WR�WKH�XOWUDVRXQG�SUREH��7KH�VXSUDFODYLFXODU�DUWHU\�DQG��VW�ULE�ZHUH�LGHQWLILHG��7KH�EUDFKLDO�SOH[XV�ZDV�YLVXDOL]HG�MXVW
SRVWHULRU�WR�WKH�DUWHU\��DQG�LQMHFWLRQ�RFFXUUHG�XQGHU�G\QDPLF�QHHGOH�DGYDQFHPHQW��$SSUR[LPDWHO\���P/�RI�������EXSLYDFDLQH�ZDV�LQMHFWHG�DQG�LV
VHHQ�RQ�8OWUDVRXQG�DV�D�K\SRHFKRLF�IOXLG�VXUURXQGLQJ�WKH�SOH[XV�DQG�WKH�SHULQHXUDO�VKHDWK��&RORU�'RSSOHU�FDSWXUHG�VXUURXQGLQJ�YHVVHOV�ZKLFK
LQFUHDVHG�DFFXUDF\�DQG�VDIHW\��,Q�DGGLWLRQ��WKH�(0�SK\VLFLDQ�ZDV�DEOH�WR�GLUHFWO\�FKDUDFWHUL]H�WKH�SOHXUDO�OLQLQJ�XQGHU�XOWUDVRXQG��DQG�DOLJQHG�WKH��VW
ULE�XQGHUQHDWK�WKH�WDUJHW��PLQLPL]LQJ�FRPSOLFDWLRQV��7KH�SDWLHQWÇV�SDLQ�DQG�GLVWUHVV�VLJQLILFDQWO\�LPSURYHG�PLQXWHV�DIWHU�WKH�SURFHGXUH��DQG�VKH
UHSRUWHG�IHHOLQJ�FRPIRUWDEOH�ZKLOH�DZDLWLQJ�RSHUDWLYH�PDQDJHPHQW�RI�KHU�LQMXULHV��'LVFXVVLRQ��7KH�LQFUHDVLQJ�H[SHULHQFH�RI�HPHUJHQF\�SK\VLFLDQV
ZLWK�XOWUDVRXQG�JXLGHG�SURFHGXUHV�KDV�PDGH�IRUPHUO\�KLJKO\�VSHFLDOL]HG�SURFHGXUHV��VXFK�DV�WKH�VXSUDFODYLFXODU�EUDFKLDO�SOH[XV�EORFN��PRUH
DFFHVVLEOH�WR�SDWLHQWV��:LWK�WUDLQLQJ��HPHUJHQF\�SK\VLFLDQV�DV�ZHOO�DV�RWKHU�VSHFLDOLVWV�VKRXOG�EH�DEOH�WR�DSSO\�WKHVH�WHFKQLTXHV��LQFUHDVLQJ�RSWLRQV
IRU�DQDOJHVLD��GHFUHDVLQJ�UHVRXUFH�XWLOL]DWLRQ�LQ�VHOHFW�DFXWH�WUDXPDWLF�LQMXULHV��DQG�LPSURYLQJ�SDWLHQW�FDUH��,PSOHPHQWDWLRQ�RI�WKHVH�WHFKQLTXHV
VKRXOG�LPSDFW�UXUDO�FRPPXQLWLHV�WKH�PRVW�EXW�PRUH�VWXGLHV�DUH�QHHGHG�WR�GHWHUPLQH�WKH�HIIHFW�VL]H�
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��������5HVXVFLWDWLRQ�DIWHU�VPRNH�LQKDODWLRQ�ZLWK�F\DQLGH�LQWR[LFDWLRQ��,QIOXHQFH�RI�HDUO\�DGPLQLVWUDWLRQ�RI�K\GUR[\FREDODPLQ
RQ�R[\JHQ�XSWDNH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-RVW�%HHOLW]������:ROIJDQJ�'HUVFK������&OHPHQV�.LOO������1LQD�9RJW������)ORULDQ�9HLW������+LQQHUN�:XOI������&DUVWHQ�)HOGPDQQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��'HSDUWPHQW�RI�$QHVWKHVLD�DQG�&ULWLFDO�&DUH��3KLOLSSV�8QLYHUVLW\��0DUEXUJ��*(50$1<
���'HSDUWPHQW�RI�1HXURVXUJHU\��8QLYHUVLW\�RI�*LHVVHQ��*LHVVHQ��*(50$1<
���,QVWLWXWH�RI�/HJDO�0HGLFLQH��'HSDUWPHQW�RI�)RUHQVLF�7R[LFRORJ\��-XVWXV�/LHELJ�8QLYHUVLW\�*LHVVHQ��*LHVVHQ��*(50$1<
���'HSDUWPHQW�RI�$QHVWKHVLD�DQG�&ULWLFDO�&DUH��3KLOLSSV�8QLYHUVLW\��0DUEXUJ��*(50$1<

.H\ZRUGV��6PRNH�LQKDODWLRQ��5HVXVFLWDWLRQ��+\GUR[\FREDODPLQ��&DUERQPRQR[LGH��+\GURJHQ�F\DQLGH��R[\JHQ�XSWDNH

$EVWUDFW��

2EMHFWLYH

7R[LF�VPRNH�LQKDODWLRQ�LV�RIWHQ�FRPELQHG�ZLWK�LQWR[LFDWLRQ�GXH�WR�ERWK�FDUERQPRQR[LGH��&2��DQG�K\GURJHQ�F\DQLGH��+&1��>�@��5HVXVFLWDWLRQ�RI�ILUH
YLFWLPV�LQ�FDUGLDF�DUUHVW�PD\�EH�IDFLOLWDWHG�E\�VSHFLILF�DQWLGRWH�WUHDWPHQW�>���@��:H�LQYHVWLJDWHG�WKH�LQIOXHQFH�RI�UHVXVFLWDWLRQ�ZLWK�WKH�DQWLGRWH
K\GUR[\FREDODPLQ�RQ�R[\JHQ�XSWDNH�LQ�FDUGLDF�DUUHVW�IROORZLQJ�WR[LF�VPRNH�LQKDODWLRQ�DQ�DQLPDO�PRGHO�

0DWHULDOV�DQG�PHWKRGV

$IWHU�DSSURYDO�E\�ORFDO�DXWKRULWLHV�DQG�LQ�DFFRUGDQFH�ZLWK�*HUPDQ�DQLPDO�SURWHFWLRQ�ODZ�DQ�LQWR[LFDWLRQ�PRGHO�IRU�SLJV�������NJ��ZLWK�DQDHVWKHVLD�
LQWXEDWLRQ�DQG�LQVWUXPHQWDWLRQ�LQFOXGLQJ�D�SXOPRQDU\�DUWHULDO�FDWKHWHU�ZDV�XVHG��6PRNH�LQWR[LFDWLRQ�ZDV�VLPXODWHG�E\�FRQWUROOHG�YHQWLODWLRQ�LQ�D
FORVHG�FLUFXLW�ZLWK��$LU�ZLWK�&2 ����SSP��SDUWV�SHU�PLOOLRQ��RYHU���PLQXWHV��IROORZHG�E\�DLU�ZLWK�&2 ���SSP�DQG�+&1 ���SSP�RYHU��PLQXWHV�
IROORZHG�E\�DLU�ZLWK�+&1 ����SSP�XQWLO�FDUGLDF�DUUHVW�RFFXUUHG���J�K\GUR[\FREDODPLQ�RU�SODFHER�ZHUH�LQIXVHG�DQG�UHVXVFLWDWLRQ�ZDV�VWDUWHG�ZLWK
����R[\JHQ�DQG�FKHVW�FRPSUHVVLRQV�RYHU����PLQXWHV��IROORZHG�E\�VWDQGDUG�$GYDQFHG�/LIH�6XSSRUW�LQFOXGLQJ�GHILEULOODWLRQ�DQG�HSLQHSKULQH�LY�
2[\JHQ�XSWDNH��92���ZDV�FDOFXODWHG�EHIRUH�LQWR[LFDWLRQ��EDVHOLQH��DQG�DIWHU�DQWLGRWH�LQIXVLRQ��W �PLQ�DQG�W �PLQ���3ULPDU\�HQGSRLQW�ZDV�WKH
FKDQJH�LQ�R[\JHQ�XSWDNH�FRPSDUHG�WR�EDVHOLQH�ZLWKLQ�HDFK�JURXS��:LOFR[RQ�WHVW���VHFRQGDU\�HQGSRLQW�ZDV�WKH�R[\JHQ�XSWDNH�DW�W �PLQ�DQG
W �PLQ�FRPSDUHG�EHWZHHQ�ERWK�JURXSV��8�WHVW���5HVXOWV�DV�PHGLDQ��������SHUFHQWLOHV��

5HVXOWV

)RXUWHHQ�SLJV�ZHUH�LQFOXGHG��+\GUR[\FREDODPLQ��Q �����92��EDVHOLQH�������������PO�PLQ��W �PLQ�������������PO�PLQ��S ������YV��%DVHOLQH�
W �PLQ�������������PO�PLQ��S ������YV��EDVHOLQH��3ODFHER��Q ����92��EDVHOLQH�������������PO�PLQ��W �PLQ������������PO�PLQ��S �����YV
EDVHOLQH��W �PLQ������������PO�PLQ��S �����YV�EDVHOLQH��92��K\GUR[\FREDODPLQ�YV��SODFHER��%DVHOLQH�S ������W �PLQ�S �������W �PLQ�S �������

5HWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ�ZDV�DFKLHYHG�LQ�������SLJV����K\GUR[\FREDODPLQ����SODFHER�

&RQFOXVLRQV

(DUO\�DGPLQLVWUDWLRQ�RI�K\GUR[\FREDODPLQ�GXULQJ�UHVXVFLWDWLRQ�LPSURYHG�R[\JHQ�XSWDNH�LQ�WKLV�VPRNH�LQKDODWLRQ�PRGHO��:H�DVVXPH�WKDW�WKLV�LV�D
GLUHFW�VLJQ�RI�UHFRYHU\�RI�FHOOXODU�UHVSLUDWLRQ�IURP�+&1�LQWR[LFDWLRQ���)XUWKHU�LQYHVWLJDWLRQV�DUH�QHHGHG�WR�LQYHVWLJDWH�WKH�HIIHFWV�RQ�WLVVXH�GDPDJH
E\�WKLV�WUHDWPHQW�

5HIHUHQFHV

>�@3RVWJUDG�0HG�������������������>�@(XU�-�(PHUJ�0HG�����������������>�@)LUH�7HFKQRORJ\�����������������
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��������9DOLGDWLRQ�RI�D�EHOJLDQ�SUHGLFWLRQ�PRGHO�IRU�SDWLHQW�HQFRXQWHUV�DW�PXVLF�PDVV�JDWKHULQJV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

.ULV�6SDHSHQ������:LQQH�+DHQHQ������/HRQDUG�.DXIPDQ������,YHV�+XEORXH����

���5HVHDUFK�*URXS�RQ�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH��9ULMH�8QLYHUVLWHLW�%UXVVHO��:LOOHEURHN��%(/*,80
���5HVHDUFK�*URXS�RQ�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH��9ULMH�8QLYHUVLWHLW�%UXVVHO��%UXVVHOV��%(/*,80
�����1RQH��%UXVVHOV��%(/*,80

.H\ZRUGV��0DVV�JDWKHULQJ�PHGLFLQH��0HGLFDO�UHVRXUFH�PRGHO��3DWLHQW�SUHVHQWDWLRQ�UDWH

$EVWUDFW��

3XUSRVH��$�%HOJLDQ�0HGLFDO�5HVRXUFH�0RGHO��3ODQ�5LVN�0DQLIHVWDWLRQV��35,0$���IRU�WKH�SUHGLFWLRQ�RI�WKH�QXPEHU�RI�SDWLHQW�HQFRXQWHUV�DW�PDVV
JDWKHULQJV�KDV�UHFHQWO\�EHHQ�GHYHORSHG�LQ�DGGLWLRQ�WR�WKH�H[LVWLQJ�PRGHOV�RI�$UERQ�DQG�+DUWPDQ�

5HOHYDQFH��6HYHUDO�SUHGLFWLYH�PRGHOV�KDYH�EHHQ�SXEOLVKHG�EXW�DOO�RI�WKHVH�PRGHOV�KDYH�WKHLU�OLPLWDWLRQV��7KH�35,0$�PRGHO�LV�D�YHUVDWLOH�SUHGLFWLYH
PHGLFDO�UHVRXUFH�WRRO�VXLWDEOH�IRU�DSSOLFDWLRQ�DFURVV�YDULRXV�W\SHV�RI�0*��7KH�SXUSRVH�RI�RXU�VWXG\�ZDV�WR�YDOLGDWH�WKH�35,0$�GXULQJ�PXVLF�PDVV
JDWKHULQJV�LQ�WKH�SURYLQFH�RI�$QWZHUS��%HOJLXP�

3DUWLFLSDQWV��$OO�SDWLHQWV�ZKR�VRXJKW�PHGLFDO�KHOS�DW�RQH�RI�WKH�ILUVW�DLG�VWDWLRQV�RQ�VLWH�RI�WKH�VHOHFWHG�HYHQWV�ZHUH�LQFOXGHG�LQ�RXU�VWXG\�

�0HWKRGV��D�UHWURVSHFWLYH�VWXG\�ZDV�FRQGXFWHG�XVLQJ�GDWD�JDWKHUHG�IURP�PXVLF�PDVV�JDWKHULQJV�LQ�WKH�SURYLQFH�RI�$QWZHUS��%HOJLXP��GXULQJ�WKH
SHULRG�RI������Ä�������'DWD�IURP����PXVLF�PDVV�JDWKHULQJV�ZDV�XVHG�IRU�WKH�VWXG\�

�$QDO\VLV��7KH�IRUHFDVW�RI�PHGLFDO�UHVRXUFHV�IRU�WKHVH�HYHQWV�ZHUH�GHWHUPLQHG�E\�HQWHULQJ�WKH�FKDUDFWHULVWLFV�RI�LQGLYLGXDO�HYHQWV�LQWR�WKH�$UERQ�
+DUWPDQ�DQG�35,0$�PRGHOV��7KH�GDWD�JDWKHUHG�ZDV�UHWURVSHFWLYHO\�FRPSDUHG�WR�WKH�SUHGLFWHG�QXPEHU�RI�UHVRXUFHV�QHHGHG�XVLQJ�WKH
DIRUHPHQWLRQHG�PRGHOV��7KLV�WULSOH�FRPSDULVRQ�ZDV�XVHG�WR�GHWHUPLQH�ZKHWKHU�WKH�35,0$�PRGHO�ZDV�RYHU��RU�XQGHU�SUHGLFWLYH�IRU�PHGLFDO
UHVRXUFHV�QHHGHG�

�5HVXOWV���2XU�VWXG\�VKRZHG�WKDW�DOO�WKUHH�PRGHOV�KDG�DQ�DFFHSWDEOH�UDWH�RI�RYHUSUHGLFWLRQ�RI�QXPEHU�RI�SDWLHQW�HQFRXQWHUV��$UERQ��������
+DUWPDQ���������35,0$�������EXW�DQ�KLJK�UDWH�RI�XQGHU�SUHGLFWLRQ�RI�QXPEHU�RI�SDWLHQW�HQFRXQWHUV��$UERQ���������+DUWPDQ���������35,0$
���������2QO\�RXU�35,0$�PRGHO�VXFFHHGHG�LQ�WKH�FRUUHFW�SUHGLFWLRQ�RI�WKH�QXPEHU�RI�SDWLHQW�HQFRXQWHUV�RQ�WZR�RFFDVLRQV���������

�&RQFOXVLRQ��WKH�35,0$�PRGHO�LV�D�PRUH�DFFXUDWH�WRRO�LQ�SUHGLFWLQJ�WKH�QXPEHU�RI�SDWLHQW�HQFRXQWHUV�DQG�IRU�PHGLFDO�UHVRXUFHV�QHHGHG�DW�PXVLF
PDVV�JDWKHULQJV�



&$5',29$6&8/$5 &DUPHQ�$GHOD�<DJR

��������3HULFDUGLDO�WDPSRQDGH�DV�ILUVW�PDQLIHVWDWLRQ�RI�QRQ�DGYDQFHG�OXQJ�DGHQRFDUFLQRPD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&DUPHQ�$GHOD�<DJR������(QULTXH�&DUR������'DQLHO�)HUQDQGH]����

���&ULWLFDO�FDUH�DQG�(PHUJHQF\�6HUYLFH��$QGDOXVLDQ�+HDOWK�6HUYLFH��0�ODJD��63$,1

.H\ZRUGV��&DUGLDF�WDPSRQDGH��SXOPRQDU\�DGHQRFDUFLQRPD��SHULFDUGLRFHQWHVLV

$EVWUDFW��

���\HDU�ROG�PDQ�SDWLHQW��LQGHSHQGHQW�OLYLQJ��D�QRQVPRNHU��K\SHUWHQVLRQ�WUHDWHG�ZLWK�HQDODSULO��*R�WR�HPHUJHQF\�VHUYLFH�IRU�HSLJDVWULF
SDLQ��G\VSQHD�DQG�DVWKHQLD���PRQWK�RI�HYROXWLRQ��SUHYLRXVO\�VHUYLFHG�E\�IDPLO\�GRFWRU�DQG�WUHDWHG�ZLWK�DQWLELRWLFV��ZLWKRXW�LPSURYHPHQW��1RW�IHYHU�
QRW�UHIHU�RWKHU�V\PSWRPV�

3K\VLFDO�H[DP��1RUPRWHQVLYH��WDFK\FDUGLD������SP���LQFUHDVHG�MXJXODU�YHQRXV�SUHVVXUH�EDVDO��6DW������$IHEULOH��&DUGLRSXOPRQDU\�DXVFXOWDWLRQ�
5K\WKPLF�WRQHV�ZLWKRXW�PXUPXUV��GHFUHDVHG��YHVLFXODU�PXUPXU��$EGRPHQ��JOREXODU��SLWWLQJ�EODQGR\��QR�PDVVHV�RU�RUJDQ�HQODUJHPHQW��EOXPEHUJ��
0XUSK\����00,,��GLVWDO�HGHPD�ZLWK�IRYHD����QR�VLJQV�RI�'97��

&RPSOHPHQWDU\�WHVWV��%ORRG�WHVW�VKRZHG�QR�VLJQLILFDQW�ILQGLQJV��(&*��HOHFWURFDUGLRJUDP�VKRZHG�SURPLQHQW�ORZ�YROWDJH�456�FRPSOH[HV�LQ�DOO
GHULYDWLRQV��&KHVW�[�UD\�VKRZHG�D�PDUNHGO\�HQODUJHG�FDUGLDF�VLOKRXHWWH�DQG�D�QRGXOH�LQ�WKH�ULJKW�XSSHU�OXQJ��7ZR�GLPHQVLRQDO�HFKRFDUGLRJUDSK\
VKRZHG�D�ODUJH�SHULFDUGLDO�HIIXVLRQ�DQG�PDUNHG�GLDVWROLF�FROODSVH�RI�WKH�ULJKW�DXULFXODU�ZLWK�VLJQLILFDQW�UHVSLUDWRU\�YDULDWLRQ�LQ�PLWUDO�IORZ�YHORFLW\�
WKHUH�ZDV�QR�FROODSVH�RI�WKH�ULJKW�YHQWULFXOH�

(PHUJHQF\�SHULFDUGLRFHQWHVLV�ZDV�SHUIRUPHG�YLD�D�VXE[LSKRLG�DSSURDFK��$IWHU�WKH�UHPRYDO�RI�����PO�RI�QRQ�FRDJXODEOH�EORRG\�IOXLG��FOLQLFDO
V\PSWRPV�UDSLGO\�LPSURYHG��$�SRVW�SHULFDUGLRFHQWHVLV�HFKRFDUGLRJUDSK\�VKRZHG�D�KLJK�SXOPRQDU\�DUWHU\�V\VWROLF�SUHVVXUH�ZLWK�SXOPRQDU\�DUWHU\
V\VWROLF�SUHVVXUH�DW����PP+J�

'LVFXVVLRQ��3HULFDUGLDO�HIIXVLRQ�LV�D�ZHOO�NQRZQ�FRPSOLFDWLRQ�RI�PDQ\�DGYDQFHG�PDOLJQDQFLHV�VXFK�DV�OXQJ�FDQFHU��EUHDVW�FDQFHU��O\PSKRPDV�DQG
OHXNHPLDV��$OWKRXJK�LQIUHTXHQW��V\PSWRPDWLF�SHULFDUGLDO�HIIXVLRQ�ZLWK�KHPRG\QDPLF�FRPSURPLVH�FDQ�EH�WKH�LQLWLDO�SUHVHQWDWLRQ�RI�XQGHUO\LQJ
PDOLJQDQFLHV��,W�FDQ�RFFXU�EHFDXVH�RI�DFFXPXODWHG�IOXLG�DPRXQWV�DV�ORZ�DV�����PO�LI�WKH�DFFXPXODWLRQ�RFFXUV�UDSLGO\��2Q�WKH�RWKHU�KDQG��WKH�VORZ
DFFXPXODWLRQ�RI�IOXLG��LQ�VRPH�LQVWDQFHV�DV�PXFK�DV�WZR�OLWHUV��PD\�QRW�FDXVH�WDPSRQDGH��(FKRFDUGLRJUDSK\�'RSSOHU�LV�D�SRUWDEOH��QRQ�LQYDVLYH
LPDJLQJ�PRGDOLW\�WKDW�ZDV�LGHDOO\�VXLWHG�LQ�WKLV�LQVWDQFH�WR�UDSLGO\�FRQILUP�WKH�FOLQLFDO�VXVSLFLRQ�RI�WDPSRQDGH�DQG�KHOS�JXLGLQJ�WKHUDSHXWLF
PDQDJHPHQW���:H�EHOLHYH�WKDW�LW�LV�QHFHVVDU\�WR�FRQVLGHU�D�SRVVLEOH�GLDJQRVLV�RI�SHULFDUGLDO�WDPSRQDGH�RI�YDULRXV�FDXVHV��HYHQ�DGYDQFHG
PDOLJQDQFLHV��LQ�RWKHUZLVH�KHDOWK\�SDWLHQWV�DGPLWWHG�ZLWK�WKH�DIRUHPHQWLRQHG�V\PSWRPV��&DUGLDF�WDPSRQDGH�DQG�SXOPRQDU\�HPEROLVP�DUH�D�UDUH
EXW�SRWHQWLDOO\�IDWDO�FDQFHU�FRPSOLFDWLRQ�



&$6(�35(6(17$7,21 1LFROHWD�&UHWX

��������([WUDGXUDO�KDHPDWRPD�LQ�FKLOGUHQ�VWLOO�UHSUHVHQWV�D�ELJ�FKDOOHQJH�IRU�GLDJQRVLV�DQG�WUHDWPHQW�LQ�HPHUJHQF\
GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1LFROHWD�&UHWX������%HQ�7HDVGDOH����

���/HLFHVWHU�5R\DO�,QILUPDU\�+RVSLWDO���/HLFHVWHU��8.��/HLFHVWHU�8QLYHUVLW\�+RVSLWDOV�7UXVW��/HLFHVWHU��8.��/HLFHVWHU��8.

.H\ZRUGV��H[WUDGXUDO�KDHPDWRPD��FKLOGUHQ��WUDQVIHU��('�PDQDJHPHQW

$EVWUDFW��

,QWURGXFWLRQ

([WUDGXUDO�KDHPDWRPD�LQ�FKLOGUHQ�DV�LQ�DGXOWV��UHSUHVHQWV�D�ELJ�FKDOOHQJH�IRU�GLDJQRVLV�DQG�WUHDWPHQW�LQ�HPHUJHQF\�GHSDUWPHQW�('���EHLQJ�VWLOO�D
FDXVH�IRU�KLJK�PRUWDOLW\�

(PHUJHQF\�'HSDUWPHQW�SUHVHQWDWLRQ

$�PDOH�FKLOG�RI���\HDUV�ROG�SUHVHQWHG�WR�&KLOGUHQ�('�DW������SP�RQ�6DWXUGD\�ZLWK�+HDG�LQMXU\�DIWHU�KH�IHOO�IURP�D�ELF\FOH�DQG�KLW�WKH�IRUHKHDG�IURP
FRQFUHWH�

3DWLHQW�ILW�DQG�KHDOWK\�

,QLWLDO�DVVHVVPHQW�LQ�WULDJH�URRP��+LVWRU\��IHOO�IURP�WKH�ELF\FOH��KLW�WKH�FRQFUHWH�ZLWK�WKH�IRUHKHDG�ZLWK�VHFRQGDU\�KDHPDWRPD�RQ�WKH�OHIW�VLGH�RI�WKH
IRUHKHDG�DQG�ORVV�RI�FRQVFLRXVQHVV�IRU�D�IHZ�VHFRQGV�

9LWDO�VLJQV�LQ�WULDJH��$938�$�*&6 (�9�0� ��������QR�IRFDO�QHXURORJ\��SXSLOV�HTXDO�DQG�UHDFWLYH�VL]HV���ELODWHUDO��%0�QRUPDO�+5 ���ESP�VLQXV
UK\WKP���%3 �����PP+J��&57���VHF��7 �����GHJUHHV��SDLQ�VFRUH ��

,QLWLDO�PDQDJHPHQW�LQ�&KLOGUHQ�('��WKH�SDWLHQW�LV�WR�EH�ZDLWLQJ�LQ�WKH�ZDLWLQJ�URRP�:5��ZLWK�KLV�IDWKHU�

$IWHU���KRXUV�WKH�SDWLHQW�LV�UHYLHZHG�E\�D�GRFWRU�LQ�FKLOGUHQÇV�0DMRUV���DW�DS[������SP���ZKHQ�LW�ZDV�QRWLFHG�WKDW�WKH�*&6�RI�WKH�SDWLHQW�GURSSHG�

2Q��H[DPLQDWLRQ��WKH�SDWLHQW�ZDV�FRQIXVHG��ZLWK�*&6 (�9�0� ������DQL]RFRULD��ZLWK�OHIW�SXSLO���PP�!ULJKW�SXSLO��PP���%0�QRUPDO��KDHPDWRPD
OHIW�VLGH�IRUHKHDG����HSLVRGHV�RI�YRPLWLQJ�LQ�WKH�:5��EXW�DEOH�WR�SURWHFW�KLV�DLUZD\��+5����ESP��%3 �����PP+J��&57����VHF��7 ����GHJUHHV�

('�PDQDJHPHQW��XUJHQW�&7�EUDLQ���QHXURORJ\��PRQLWRULQJ�HYHU\����PLQXWHV��FRQWLQXRXV�YLWDO�VLJQV�PRQLWRULQJ��DIWHUZDUGV�WKH�SDWLHQW�EHLQJ
WUDQVIHUUHG�WR�5HVXVFLWDWLRQ�5RRP��('�&RQVXOWDQW�EHLQJ�LQIRUPHG�DOVR�

&7�EUDLQ�ZDV�UHSRUWHG�DIWHU����PLQXWHV�DIWHU�WKH�SDWLHQW�ZDV�H[DPLQHG�DV�/DUJH�/HIW�([WUDGXUDO�+DHPDWRPD�ZLWK�PLGOLQH�VKLIW�

7KH�$QDHVWKHWLFV��&KLOGUHQ�,78�DQG��1HXURVXUJLFDO��WHDP�ZDV�FRQWDFWHG�XUJHQWO\��7KH�SDWLHQW�ZDV�LPPHGLDWHO\�DFFHSWHG�LQ�1HXURVXUJLFDO�+RVSLWDO�LQ
40&�+RVSLWDO�1RWWLQJKDP���8.�

)XUWKHU�UHVXVFLWDWLRQ�5RRP�PDQDJHPHQW��WKH�SDWLHQW�UHFHLYHG�5DSLG�VHTXHQFH�,QWXEDWLRQ��VHGDWLRQ�DQG�YHQWLODWLRQ�IRU�DLUZD\�SURWHFWLRQ��ZLWK
FRQWLQXRXV�3URSRIRO�LQIXVLRQ��&;5��$UWHULDO�OLQH��SHULSKHUDO�OLQH���XULQDU\�FDWKHWHU���+H�ZDV�WUDQVIHUUHG�E\�DPEXODQFH�ZLWK�3DHGLDWULFV�,78�&RQVXOWDQW
WR�1HXURVXUJH\�40&�+RVSLWDO�

(YROXWLRQ��WKH�VHFRQG�PRUQLQJ�DIWHU�WKH�DERYH�HYHQW��WKH�GRFWRU�RQ�GXW\�DW�WKDW�QLJKW�FDOOHG�WKH�1HXURVXUJHU\�WHDP�IURP�WKH�RWKHU�KRVSLWDO�WR�DVN
DERXW�WKLV�SDWLHQW��WKH�SDWLHQW�KDG�D�VXFFHVVIXO�VXUJLFDO�LQWHUYHQWLRQ�ZLWK�GUDLQDJH�RI�WKH�KDHPDWRPD��KH�ZDV�HDWLQJ�EUHDNIDVW�DW�WKH�PRPHQW�RI
WKH�FDOO�

'LVFXVVLRQ

'HVSLWH�WKH�IDFW�WKDW�LW�LV�IROORZHG�WKH�KHDG�,QMXU\�SURWRFRO�LQ�&KLOGUHQ�('�YHU\�WKRURXJKO\��LW�LV�DOZD\V�D�SRVVLELOLW\�WR�PLVV�D�YHU\�GLIILFXOW�FDVH�DV�DQ
H[WUDGXUDO�KDHPDWRPD�LQ�FKLOGUHQ��ZKHQ�WKH�SDWLHQW�LV�WDONLQJ�DQG�GLH�

&RQFOXVLRQ

7KH�PDQDJHPHQW�RI�WKLV�SDWLHQW�ODVWHG�DS[���KRXUV��ZLWK����PLQXWHV�ÄH[DPLQDWLRQ��&7���5HVXVFLWDWLRQ�URRP�WUDQVIHU�DQG�DLUZD\�PDQDJHPHQW���OHVV
WKDQ���KRXU�DV�SHU�RXU�7UDQVIHU�SURWRFRO��WDNLQJ�ORQJHU�WR��WUDQVIHU��KLP�WR�WKH�RWKHU�KRVSLWDO��7KLV�SUREOHP�ZDV�DGGUHVVHG�ZLWK�D�FRQMXQFWLRQ
PHHWLQJ�EHWZHHQ�$QDHVWKHWLFV��,78�DQG�('�&RQVXOWDQWV�

'U�1LFROHWD�&UHWX��$&&6�67��(PHUJHQF\��0HGLFLQH�WUDLQHH

'U�%HQ�7HDVGDOH��(PHUJHQF\�'HSDUWPHQW��&RQVXOWDQW�



/HLFHVWHU�5R\DO�,QILUPDU\�+RVSLWDO��8.�

�

�

�



0,6&(//$1(286 -RKQ�4XLQQ

��������:KLWH�PDOH�LQ�KLV�ODWH���xV�IRXQG�IDFH�GRZQ��REWXQGHG��K\SRJO\FHPLF��K\SRWHQVLYH��K\SRWKHUPLF��,V�KH�GUXQN�RU
LQWR[LFDWHG��VXIIHULQJ�DQ�0,��D�VWURNH"�2U�LV�LW�DQ�DRUWLF�URRW�GLVVHFWLRQ�IURP�EUDLQ�WR�ORZHU�SHOYLV"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-RKQ�4XLQQ������$QGUHL�&DUSLXF������'DQ�/XFLDQ�*KLXUOXF����

���(PHUJHQF\�0HGLFLQH���/RQGRQ�1RUWK�:HVW�+RVSLWDO�7UXVW��1RUWKZLFN�3DUN�+RVSLWDO���/RQGRQ��8.

.H\ZRUGV��DRUWLF�GLVVHFWLRQ��DFXWH�GLVVHFWLRQ��HPHUJHQF\�XOWUDVRXQG��WKH�XQGLIIHUHQWLDWHG�SDWLHQW

$EVWUDFW��

3DWLHQWV�ZLWK�DRUWLF�GLVVHFWLRQ�PD\�SUHVHQW�ZLWK�FODVVLF�UHG�IODJ�IHDWXUHV�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��EXW�D�KLJK�LQGH[�RI�VXVSLFLRQ�RI�OLIH
WKUHDWHQLQJ�LOOQHVV�EXW�EH�YHU\�KLJK�RQ�WKH�GLIIHUHQWLDO�GLDJQRVLV�LQ�RUGHU�WR�VDYH�OLIH��$Q�REWXQGHG��K\SRWKHUPLF��K\SRWHQVLYH�DQG�K\SRJO\FHPLF
SDWLHQW�LQ�WKHLU��WK�GHFDGH�WKDW�SUHVHQWV�ZLWK�QR�KLVWRU\�IURP�SUHKRVSLWDO�WHDPV�LV�DW\SLFDO�IRU�VXFK�D�SDWKRORJ\�DQG�UHTXLUHV�WKRURXJK�FOLQLFDO�H[DP�
FOLQLFDO�DFXPHQ�DQG�PRVW�LPSRUWDQWO\�D�V\VWHPDWLF�DSSURDFK�WR�DFKLHYH�D�GHILQLWLYH�GLDJQRVLV��7KLV�FDVH�UHSRUW�RIIHUV�DQ�XQFRPPRQ�SUHVHQWDWLRQ�RI
H[WHQVLYH�DRUWLF�GLVVHFWLRQ�ZLWK�YHU\�IHZ�FRPRUELGLWLHV��QR�FRQYLQFLQJ�HYLGHQFH�RI�EOXQW�RU�SHQHWUDWLQJ�WUDXPD�DQG�DQ�DEVHQW�KLVWRU\�RI�SUHVHQW
LOOQHVV��8SRQ�LQLWLDO�SUHVHQWDWLRQ�WR�WKH�('��DQ�DW\SLFDO�SHUIXVLRQ�GLVWULEXWLRQ�DQG��PDWHULDO�DQRPDO\�RQ�H)$67�H[DP�DW�WKH�OHYHO�RI�WKH�ELIXUFDWLRQ�RI
WKH�DEGRPLQDO�DRUWD�OHG�WR�&7�GHILQLWLYH�GLDJQRVLV�RI�D�SHFXOLDU�DRUWLF�URRW�GLVVHFWLRQ�

,Q�VXP��WKLV�FDVH�KLJKOLJKWV�WKH�UHTXLUHPHQW�LQ�WKH�('�WR�KDYH�D�KLJK�LQGH[�RI�VXVSLFLRQ�LQ�WKH�DFXWHO\�XQZHOO�DQG�REWXQGHG�SDWLHQW�IRU�OLIH�WKUHDW
SDWKRORJLHV�DQG�WR�IROORZ�GLDJQRVWLF�DOJRULWKPV�ZLWK�FOLQLFDO�MXGJPHQW�LQ�RUGHU�WR�DSSO\�EHVW�SUDFWLFHV�DQG�PD[LPL]H�EHVW�RXWFRPHV��7KH�XVH�RI
EHGVLGH�XOWUDVRXQG��DJJUHVVLYH�&7�GLDJQRVWLFV��FOLQLFDO�H[DP��HPHUJHQF\�WHDP�LQYROYHPHQW�DQG�LQWHUGLVFLSOLQDU\�DSSURDFK�RIIHUV�EHVW�SUDFWLFHV�IRU
WKH�EURDG�SDWLHQW�SRSXODWLRQ�SUHVHQWLQJ�WR�HPHUJHQF\�GHSDUWPHQWV�DFURVV�(XURSH�DQG�WKH�8.�



0$1$*(0(17���('�25*$1,6$7,21 6DQGHHS�*,OO

��������&RQVXOWXV�,QWHUUXSWXV��8QVFKHGXOHG�,QWHUDFWLRQV�ZLWKLQ�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6DQGHHS�*LOO������5$-�3$:������3(7(5�'2</(������$PHHU�6KDK������6DUDK�6KDNNVKLU������081,5�$%8.+'(5����

�����1+6��%LUPLQJKDP��8.
���'XGOH\�*URXS�RI�+RVSLWDOV��1+6��'8'/(<��8.
�����1+6��'XGOH\��8.
�����8QLYHUVLW\�RI�%LUPLQJKDP��%LUPLQJKDP��8.

.H\ZRUGV��(PHUJHQF\�'HSDUWPHQW��(PHUJHQF\�0HGLFLQH��8QVFKHGXOHG�,QWHUDFWLRQV��,QWHUUXSWLRQV��0HGLFDO�&RRUGLQDWRU

$EVWUDFW��

,QWURGXFWLRQ

,W�LV�ZHOO�UHFRJQLVHG�WKDW�WKH�MRE�RI�DQ�(0�FRQVXOWDQW�LQYROYHV�PXOWLWDVNLQJ�DQG�GHDOLQJ�ZLWK�PXOWLSOH�XQVFKHGXOHG�LQWHUDFWLRQV��8,���7KH�IOXLG�
XQSUHGLFWDEOH��WLPH�SUHVVXULVHG�DQG�PXOWL�SURIHVVLRQDO�QDWXUH�RI�(0�PDNHV�LW�SDUWLFXODUO\�VXVFHSWLEOH�WR�8,��$Q�LQFUHDVLQJ�QXPEHU�RI�8,�FDQ�UHVXOW�LQ
LQFUHDVHG�HUURU��$Q�,QFUHDVLQJ�QXPEHU�RI�GHFLVLRQV��LUUHVSHFWLYH�RI�FRPSOH[LW\�FDQ�OHDG�WR�HUURU�DQG�GHFLVLRQ�IDWLJXH��:H�DLP�WR�PDS�WKH�QXPEHU�RI
8,�DQ�(0�FRQVXOWDQW�IDFHV�ZKHQ�RQ�VKLIW�

2EMHFWLYHV

7KLV�VWXG\�DWWHPSWHG�WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�

,Q�D�GD\�KRZ�PDQ\�XQVFKHGXOHG�LQWHUDFWLRQV�GRHV�WKH�VHQLRU�(0�SK\VLFLDQ�GHDO�ZLWK"●

+RZ�PDQ\�RI�WKHVH�DUH�LQWHUDFWLRQV�DUH�FOLQLFDO�LQWHUDFWLRQV"●

:KDW�LV�WKH�DYHUDJH�OHQJWK�RI�WLPH�VSHQW�GHDOLQJ�ZLWK�WKHVH�XQVFKHGXOHG�LQWHUDFWLRQV"●

0HWKRGV

7KLV�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�WRRN�SODFH�DW�D�VLQJOH�FHQWUH�XUEDQ�('�LQ�WKH�:HVW�0LGODQGV��7KH�VWXG\�SHULRG�ZDV�IURP���������WR����������
$Q�(0�FRQVXOWDQW�ZDV�WUDLOHG�RQ�VKLIW�E\�D�PHGLFDO�VWXGHQW�ZKR�QRWHG�GRZQ�DOO�WKH�QRQ�SDWLHQW�LQWHUDFWLRQV�WKDW�WKH�FRQVXOWDQW�KDG��7KH�FRQVXOWDQW
KDG�QR�LQSXW�LQWR�GDWD�FROOHFWLRQ��7KH�QDWXUH�RI�WKH�8,��WKH�WLPH�VSHQW�DQG�WKH�RXWFRPH�ZDV�UHFRUGHG�RQ�D�VLPSOH�GDWD�FROOHFWLRQ�IRUP��7KLV�ZDV
WKHQ�FROODWHG�DQG�DQDO\VHG�

�5HVXOWV

$�WRWDO�RI����VKLIWV�RYHU����KUV���PLQ�ZHUH�REVHUYHG�●

7KHUH�ZDV�D�PL[�RI�HDUO\��������������ODWH�������������DQG�ZHHNHQG�VKLIWV�●

$OO����PHPEHUV�RI�WKH�FRQVXOWDQW�ERG\�ZHUH�IROORZHG���●

7RWDO�1XPEHU�RI�8,�LQ�VWXG\�SHULRG�������

$YHUDJH�1XPEHU�RI�8,�SHU�KU���������8,�KU�

8,�UDWH��WLPH�SHU�8,���PLQ���VHFRQGV

$YHUDJH�WLPH�SHU�8,�����VHF����5DQJH���VÄ���PLQV�

&OLQLFDO�,QWHUDFWLRQ�YV�1RQ�&OLQLFDO�,QWHUDFWLRQV������YV���

&RQFOXVLRQ

,Q�WKLV�VLQJOH�FHQWUH�VWXG\�RI�DQ�XUEDQ�8.�HPHUJHQF\�GHSDUWPHQW�����RI�VKRS�IORRU�FRQVXOWDQW�WLPH�LV�VSHQW�GHDOLQJ�ZLWK�8,��7KH�PDMRULW\�������RI
WKHVH�8,�UHODWHG�WR�FOLQLFDO�LQWHUDFWLRQV��,Q�WKLV�VWXG\�WKLV�HTXDWHV�WR�������8,�SHU�KRXU�ZLWK�DQ�DYHUDJH�WLPH�VSHQW�GHDOLQJ�ZLWK�HDFK�LQWHUDFWLRQ�RI
�����VHFRQGV

'LVFXVVLRQ

7KH�QDWXUH�RI�PRGHUQ�(0�QHFHVVLWDWHV�D�VHQLRU�(0�SK\VLFLDQ�UXQQLQJ�D�VKLIW�RQ�RUGHU�WR�FRSH�ZLWK�WKH�YDVW�QXPEHU�RI�8,�WKDW�PXVW�EH�UHVROYHG�
&RPELQLQJ�WKH�LQWHQVLW\�RI�WKLV�UROH�ZLWK�DQ�LQGLYLGXDO�SDWLHQW�ORDG��LV�QRW�IHDVLEOH�DQG�GHSDUWPHQWV�VKRXOG�FRQVLGHU�WKH�LQLWLDWLRQ�RI�D�ÆFDSWDLQ�RI�WKH
VKLSÇ�Æ)DW�&RQWUROOHUÇ�UROH�DORQJ�ZLWK�D�VHFRQG�VHQLRU�(3�WR�SURYLGH�LQGLYLGXDO�FRQVXOWDQW�OHYHO�FDUH�WR�WKH�VLFNHVW�LQGLYLGXDOV�ZKR�UHTXLUH�VHQLRU�LQSXW�



5(63,5$725<�(0(5*(1&,(6 *RUGRQ�0F1DXJKWRQ

��������,QDSSURSULDWH�,SUDWURSLXP�"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*RUGRQ�0F1DXJKWRQ������&KULVWLQH�0XUSK\������(PHO�%DUELURX������6LPRQ�+REVRQ����

���(PHUJHQF\�0HGLFLQH��5R\DO�$OH[DQGUD�+RVSLWDO��3DLVOH\��8.���*ODVJRZ��8.
�����XQLYHUVLW\�RI�*ODVJRZ��*ODVJRZ��8.
�����XQLYHUVLW\�RI�*ODVJRZ��JODVJRZ��8.

.H\ZRUGV��$VWKPD��&23'

$EVWUDFW��

7LWOH��,QDSSURSULDWH�,SUDWURSLXP�"

,QWURGXFWLRQ��$FXWH�H[DFHUEDWLRQV�RI�&23'�DQG�DVWKPD�DUH�FRPPRQ�SUHVHQWDWLRQV�WR�WKH�(PHUJHQF\�'HSDUWPHQW��0DQ\�ZLOO�KDYH�UHFHLYHG
EURQFKRGLODWRU�WKHUDS\�SULRU�WR�WKHLU�DWWHQGDQFH��6DOEXWDPRO�LV�UHFRPPHQGHG�DV�WKH�LQKDOHG�EURQFKRGLODWRU�RI�FKRLFH�LQ�DOO�FDVHV��7KH�DGGLWLRQ�RI�D
DQWLFKROLQHUJLF�PXVFDULQLF�DQWDJRQLVW���LSUDWURSLXP��LV�QRW�UHFRPPHQGHG�LQ�DOO�FDVHV��7KLV�ZDV�D�TXHVWLRQQDLUH�RI�('�GRFWRUV�SUHVFULELQJ�KDELWV
EDVHG�RQ���FRPPRQ�VFHQDULRV�

0HWKRGV��:H�JDYH�FOLQLFDO�VFHQDULRV�LQ�D�YHUEDO�TXHVWLRQQDLUH�WR�GRFWRUV�ZRUNLQJ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��$OO�JUDGHV�ZHUH�DVNHG�WR�JLYH�WKHLU
FKRLFH�RI�QHEXOLVHU�GUXJV�IRU�HDFK�VFHQDULR��7KH�VFHQDULRV�ZHUH�IRU�DGXOW�SDWLHQWV�DQG�ZHUH�GHVLJQHG�DURXQG�WKH�%ULWLVK�7KRUDFLF�6RFLHW\�JXLGHOLQH
IRU�&23'�	�WKH�6,*1�JXLGHOLQH�IRU�$VWKPD��

6FHQDULRV�ZHUH�

���0RGHUDWH�([DFHUEDWLRQ�RI�DVWKPD�ZLWK�QR�SULRU�5[�

���6HYHUH�([DFHUEDWLRQ�RI�DVWKPD�ZLWK�QR�SULRU�5[�

���&23'�([DFHUEDWLRQ�ZLWK�QR�SULRU�5[�

���0RGHUDWH�([DFHUEDWLRQ�RI�DVWKPD�ZLWK�SULRU�5[�ZLWK�ERWK�VDOEXWDPRO�	�,SUDWURSLXP

5HVXOWV���

���GRFWRUV�FRPSOHWHG�WKH�TXHVWLRQQDLUH�FRPSULVLQJ����MXQLRUV�	���&RQVXOWDQWV��7KH�RYHUDOO�FRUUHFW�SUHVFULELQJ�UDWH�EDVHG�RQ�JXLGHOLQHV�ZDV��������
FDVHV����������-XQLRU�GRFWRUV�KDG�EHWWHU�DGKHUHQFH�WR�JXLGHOLQHV���������FRPSDUHG�ZLWK�WKHLU�VHQLRU�FROOHDJXHV��������

7KH�WZR�VFHQDULRV�ZKHUH�VDOEXWDPRO�DORQH�ZRXOG�EH�DFFHSWDEOH���VFHQDULRV���	����KDG������FRUUHFW�SUHVFULELQJ�FRPSDUHG�ZLWK�WKH�VFHQDULRV�ZKHUH
FRPELQHG�QHEXOLVHUV�DUH�UHFRPPHQGHG�����	����������VXJJHVWLYH�RI�DQ�WHQGHQF\�WRZDUGV�RYHU�SUHVFULELQJ�RI�LSUDWURSLXP�

'LVFXVVLRQ��7KLV�VWXG\�VXJJHVWV�WKDW�GRFWRUV�ZRUNLQJ�LQ�(PHUJHQF\�0HGLFLQH�RIWHQ�SUHVFULEH�QHEXOLVHG�EURFKRGLODWRUV�RXWZLWK�FXUUHQW�JXLGHOLQHV�
7KH�PRVW�IUHTXHQW�HUURU�DSSHDUV�WR�EH�WKH�DGGLWLRQ�RI�LSUDWURSLXP�WR�VDOEXWDPRO�GHVSLWH�JXLGHOLQHV�VXSSRUWLQJ�LWV�XVH�OHVV�IUHTXHQWO\��6RPH�RI�WKHVH
FRPELQDWLRQV�PD\�EH�LQDSSURSULDWH��6LGH�HIIHFWV�RI�PXVFDULQF�DQWDJRQLVWV�DUH�ZHOO�GHVFULEHG�DQG�LQFOXGH�GU\�PRXWK��DOOHUJLF�UHDFWLRQV�DQG�UDUHO\
SDUDGR[LFDO�EURQFKRVSDVP�WKHUHIRUH�WKH\�VKRXOG�EH�XVHG�ZLWKLQ�FXUUHQW�JXLGDQFH��)XUWKHU�SURVSHFWLYH�DXGLW�RI�DFWXDO�SUHVFULELQJ�LV�SODQQHG�ZLWK
IHHGEDFN�WR�VWDII�LQ�WKH�('�WR�LPSURYH�FRPSOLDQFH�ZLWK�FXUUHQW�JXLGDQFH�



&$5',29$6&8/$5 0XQD]DK�$NKWDU

��������,�DP�VWLOO�OHDUQLQJ���0LFKHODQJHOR���$�\RXQJ�FDVH�RI�DWULDO�ILEULOODWLRQ�OHDGLQJ�WR�FDUGLDF�DUUHVW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$NKWDU�0XQD]DK������-XOLDQ�:HEE������,QLJR�5XELR����

���6SHFLDOLW\�GRFWRU�5HVHDUFK�OHDG��(DVW�6XUUH\�KRVSLWDO��6XUUH\�DQG�6XVVH[�7UXVW���5HGKLOO��8.
���(PHUJHQF\�0HGLFLQH��(DVW�6XUUH\�KRVSLWDO��6XUUH\�DQG�6XVVH[�7UXVW���5HGKLOO��8.
���$VVRFLDWH�6SHFLDOLVW�(PHUJHQF\�0HGLFLQH��(DVW�VXUUH\�+RVSLWDO��5HGKLOO��8.

.H\ZRUGV��$Q[LHW\��3DOSLWDWLRQV��FDUGLDF�DUUHVW�

$EVWUDFW��

$WULDO�ILEULOODWLRQ�LV�RQH�RI�WKH�PRVW�FRPPRQ�FDXVHV�RI�DEQRUPDO�KHDUW�UK\WKP�DQG�D�PDMRU�FDXVHV�RI�VWURNH��7KH�FDXVHV�RI�DWULDO�ILEULOODWLRQ�DUH
ZLGHVSUHDG���IURP�+\SHUWHQVLRQ��YDOYXODU�KHDUW�GLVHDVH��WK\URWR[LFRVLV��H[FHVV�DOFRKRO�FRQVXPSWLRQ��GLDEHWHV�PHOOLWXV�DQG�FRURQDU\�KHDUW�GLVHDVH
�+RZHYHU�PDMRULW\�RI�WLPHV�QR�FDXVH�KDV�EHHQ�LGHQWLILHG�DQG�WKLV�LV�VWLOO�D�FRQFHUQ��

�5HFHQW�1+6�(QJODQG�6WDWLVWLFV�VKRZ�WKDW�3UHYDODQFH�IRU�DWULDO�ILEULOODWLRQ�LV������ZLWK�LQFUHDVLQJ�QXPEHUV�HYHU\�\HDU��$OWKRXJK�LW�DIIHFWV�DGXOWV�RI
DQ\�DJH�EXW�LQFLGHQFH�LV�PRUH�LQ�HOGHUO\��ZLWK�D�UDWLR�RI�DERXW�VHYHQ�����LQ�KXQGUHG�������SHRSOH�DQG�PRUH�SUHYDODQW�LQ�PDOHV�WKDQ�IHPDOHV���VRXUFH
1+6�(QJODQG�8.��

:H�SUHVHQW�DQ�H[WUDRUGLQDU\�FDVH�RI�D�WKLUW\�VHYHQ������\HDUV�ROG�IHPDOH�SDWLHQW�ZKR�UHFHQWO\�SUHVHQWHG�WR�RXU�HPHUJHQF\�PHGLFLQH�GHSDUWPHW�DW
HDVW�VXUUH\�KRVSLWDO�ZLWK�RQVHW�RI�SDOSLWDLRQV�IURP�OXQFKWLPH�RQZDUGV�DW�D�VRFLDO�JDWKHULQJ��6KH�KDG�D�SUHV\QFRSDO�HSLVRGH�IRU�WKLUW\������VHFRQGV
EXW�UHFRYHUHG�LPPHGLDWHO\��6KH�KDG�QR�FKHVW�SDLQ�RU�6KRUWQHVV�RI�EUHDWK�WKURXJKRXW�DQG�QR�DVVRFLDWHG�V\PSWRPV�RWKHUZLVH��6KH�ZDV�RQ�RUDO
FRQWUDFHSWLRQ�DQG�KDG�WZR�VPDOO�FKLOGUHQ��+HU�PHGLFDO�EDFNJURXQG�ZDV�GHSUHVVLRQ�DQG�DQ[LHW\�IRU�ZKLFK�VKH�ZDV�RQ�ORZ�GRVH�FLWDORSUDP�

2Q�DUULYDO�VKH�ZDV�LQ�IDVW�DWULDO�ILEULOODWLRQ��KHDUW�UDWH�RI��������SHU�PLQXWH�DQG�ZDV�VKLIWHG�LPPHGLDWHO\�WR�UHVXVLWDWLRQ�DQG�PDQDJHG�DFFRUGLQJO\�
7KH�UHVW�RI�KHU�YLWDOV�ZHUH�VWDEOH���6KH�ZDV�VWDUWHG�RQ�PDLQWDLQDQFH�LQWUDYHQRXV�IOXLGV�DQG�ZDV�RQ�FRQWLQXRXV�FDUGLDF�PRQLWRULQJ�+HU�$UWHULDO�EORRG
JDV�ZDV�QRUPDO��+HU�FKHVW�[U\�ZDV�QRUPDO�6KH�ZDV�GLVFXVVHG�ZLWK�WKH�FDUGLRORJLVW�DQG�LW�ZDV�GHFLGHG�WR�HOHFWULFDOO\�FDUGLRYHUW�KHU��+RZHYHU�VKH
UHYHUWHG�EDFN�WR�VLQXV�UK\WKP�RQ�KHU�RZQ�ZLWKLQ�WZHQW\�PLQXWHV������RI�DUULYDO�LQ�UHVXV��6KH�ZDV�PRQLWRUHG�IRU�WKH�QH[W�IRXU�KRXUV�DQG�UHPDLQHG
VWDEOH�ZLWK�QR�IXUWKXU�HSLVRGHV��

+HU�ODERUDWRU\�WHVWV�ZHUH�QRUPDO�DQG�H[SHUW�FDUGLRORJ\�DGYLFH�ZDV�VRXJKW�DJDLQ�,W�ZDV�GHFLGHG�QRW�WR�DQWRFRDJXODWH�KHU��DV�VKH�VFRUHG�ORZ�RQ
&+$��'6��9$6F�VFRUH�DQG�D�UHIHUUDO�WR�DUU\WKPLD�FOLQLF�ZDV�GRQH�

6KH�ZDV�GLVFKDUJHG�KRPH�ZLWK�IROORZ�XS�DGYLFH���

/DWHU�RQ�LQ�WKH�HYHQLQJ�VKH�ZHQW�LQWR�FDUGLDF�DUUHVW�DW�KRPH�6KH�ZDV�LQWXEDWHG�DQG�VKRFNHG�HLJKW�����WLPHV�WLOO�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ�
526&��E\�SDUDPHGLFV�6KH�ZDV�WDNHQ�WR�D�VSHFLDOLW\�FHQWUH�LQ�/RQGRQ�ZKHUH�VKH�VWD\HG�LQ�LQWHQVLYH�FDUGLDF�XQLW�IRU�WKH�QH[W�ZHHN��2Q�H[WXEDWLRQ
VKH�KDG�IXOO�UHFRYHU\�DQG�DQ�,&'�ZDV�ILWWHG��7KH�LQWHUHVWLQJ�WKLQJ�ZDV�WKDW�KHU�LQIODPPDWRU\�PDUNHUV�ZHUH�SHUVLVWDQWO\�KLJK�WKHUHDIWHU�GXULQJ�KHU
LQSDWLHQW�VWD\�DQG�VKH�ZDV�WUHDWHG�ZLWK�LQWUDYHQRXV�DQWLELRWLFV�DV�D�SUHFDXWLRQDU\�PHDVXUH�+RZHYHU�QR�FOLQLFDO�VLJQ�RI�VHSVLV�ZDV�QRWHG��6KH�DOVR
KDG�DQ�HFKRFDUGLRJUDP�DQG�&7�VFDQ�RI�KHU�FRURQDULHV�ZKLFK�ZHUH�QRUPDO��6KH�ZDV�GLVFKDUJHG�KRPH�DQG�KDV�UHPDLQHG�VWDEOH�

7KLV�ZDV�DQ�LQWHUHVWLQJ�OHDUQLQJ�FDVH�DQG�KDG�RSHQHG�GLVFXVVLRQV�DPRQJVW�SK\VLFLDQV�ZKHWKHU�SDWLHQWV�ZKR�SUHVHQW�ZLWK�QHZ�RQVHW�DWULDO
ILEULOODWLRQ�QHHG�LQSDWLHQW�WZHQW\�IRXU������KRXUV�PRQLWRULQJ�DQG�VSHFLDOLVW�FDUGLDF�LQYHVWLJDWLRQV�EHIRUH�GLVFDKDUJH�
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��������$Q�$XGLW�RI�)RRW�DQG�$QNOH�3UREOHPV�LQ�'LDEHWLF�3DWLHQWV�SUHVHQWLQJ�WR�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.DWKHULQH�.HOO\������*RUGRQ�0F1DXJKWRQ������$OLFH�8QVZRUWK������$QGUHZ�&RQQHOO\����

�����8QLYHUVLW\�RI�*ODVJRZ��*ODVJRZ��8.
���(PHUJHQF\�0HGLFLQH��5R\DO�$OH[DQGUD�+RVSLWDO��3DLVOH\��8.���*ODVJRZ��8.
�����XQLYHUVLW\�RI�*ODVJRZ��*ODVJRZ��8.
�����XQLYHUVLW\�RI�*ODVJRZ��JODVJRZ��8.

.H\ZRUGV��&KDUFRW�MRLQW��'LDEHWHV��$QNOH���)RRW�LQMXULHV

$EVWUDFW��

7LWOH��$Q�$XGLW�RI�)RRW�DQG�$QNOH�3UREOHPV�LQ�'LDEHWLF�3DWLHQWV�SUHVHQWLQJ�WR�WKH�(PHUJHQF\�'HSDUWPHQW

,QWURGXFWLRQ��'LDEHWLF�SDWLHQWV�DUH�DW�KLJKHU�ULVN�RI�IRRW�DQG�DQNOH�SUREOHPV�HVSHFLDOO\�LI�FR�H[LVWDQW�QHXURSDWK\�LV�SUHVHQW��(YHQ�UHODWLYHO\�PLQRU
LQMXUHV�FRXOG�EH�WKH�SUHFLSLWDWLQJ�IDFWRU�IRU�VHULRXV�SUREOHPV�VXFK�DV�D�&KDUFRW�MRLQW��,W�LV�UHFRPPHQGHG�WKDW�GLDEHWLF�SDWLHQWV�KDYH�HDUO\�DFFHVV�WR
DSSURSULDWH�IRRW�FOLQLFV�DQG�SRGLDWU\�VHUYLFHV��:H�FDUULHG�RXW�D�VKRUW�DXGLW�WR�GHWHUPLQH�ZKHWKHU�DFFHVV�WR�WKH�IRRW�FOLQLF�FRXOG�EH�LPSURYHG�E\
XQGHUWDNLQJ�D�VLPSOH�DXGLW�ZKHUH�ZH�DVNHG�VWDII�DERXW�WKH�RXWFRPH�RI�WKHLU�SDWLHQWV�LQFOXGLQJ�ZKHWKHU�WKH\�ZHUH�UHIHUUHG�WR�WKH�'LDEHWLF�)RRW
VHUYLFH�

0HWKRGV��$�UHWURVSHFWLYH�UHYLHZ�RI�IRRW�DQG�DQNOH�SUREOHPV�SUHVHQWLQJ�WR�WKH�('�FRPELQHG�ZLWK�D�SURVSHFWLYH�DXGLW�FDUULHG�RXW�DIWHU�DJUHHLQJ�D
SURWRFRO�ZLWK�WKH�'LDEHWLF�7HDP�WR�LQFUHDVH�UHIHUUDOV�WR�WKH�)RRW�&OLQLF��,Q�WKH�UHWURVSHFWLYH�DXGLW�SDWLHQWV�ZHUH�LGHQWLILHG�IURP�WKH�('�LQIRUPDWLRQ
V\VWHP�RYHU�D�WZR�ZHHN�SHULRG��1RQ�GLDEHWLF�IRRW�	�DQNOH�SUREOHPV�ZHUH�H[FOXGHG��,Q�WKH�SURVSHFWLYH�DXGLW�RYHU���ZHHNV�VWDII�ZHUH�DVNHG�WR�UHFRUG
WKH�,'�QXPEHU�RI�DQ\�GLDEHWLF�IRRW�RU�DQNOH�SUREOHP�VHHQ�LQ�('��1RWHV�ZHUH�VXEVHTXHQWO\�UHYLHZHG�WR�GHWHUPLQH�GLDJQRVLV�	�RXWFRPH

5HVXOWV��,Q�WKH�UHWURVSHFWLYH�DXGLW����SDWLHQWV�ZHUH�LGHQWLILHG��WKH�GLDJQRVLV�RI�D�6RIW�7LVVXH�,QMXU\�ZDV�PDGH�LQ���FDVHV��$OO�SDWLHQWV�ZHUH�GLVFKDUJHG
ZLWK�QR�IROORZ�XS��,Q�WKH�SURVSHFWLYH�DXGLW���SDWLHQWV�ZHUH�LGHQWLILHG���,Q�WKLV�JURXS���IUDFWXUH�ZDV�UHIHUUHG�WR�RUWKRSDHGLFV�DQG���RWKHUV�ZHUH�QRWHG
WR�KDYH�VRIW�WLVVXH�LQMXULHV�KRZHYHU�RI�WKHVH���ZHUH�UHIHUUHG�WR�WKH�'LDEHWLF�)RRW�FOLQLF�

'LVFXVVLRQ��3DWLHQWV�ZLWK�GLDEHWHV�RIWHQ�SUHVHQW�WR�WKH�(PHUJHQF\�'HSDUWPHQW�ZLWK�UHODWLYHO\�PLQRU�LQMXULHV�RU�RWKHU�IRRW�DQG�DQNOH�SUREOHPV�
,QH[SHULHQFHG�VWDII�PD\�EH�XQDZDUH�RI�SRWHQWLDO�ORQJHU�WHUP�SUREOHPV�H�J��XOFHUDWLRQ��YDVFXODU�LQVXIILFLHQF\�RU�&KDUFRWV�MRLQWV��)ROORZLQJ
GLVFXVVLRQV�ZLWK�WKH�'LDEHWLF�7HDP�ZH�KDYH�DJUHHG�WKDW�DOO�SDWLHQWV�ZKR�DUH�NQRZQ�GLDEHWLFV�ZLWK�IRRW�DQG�DQNOH�SUREOHPV�VKRXOG�EH�DEOH�WR�DFFHVV
WKH�'LDEHWLF�)RRW�VHUYLFH��7KH�PDLQ�OLPLWDWLRQ�RI�WKH�DXGLW�LV�WKDW�LW�ZDV�FRQGXFWHG�E\�PHGLFDO�VWXGHQWV�RQ�D�VKRUW�FOLQLFDO�DWDFKPHQW�DQG�DV�D�UHVXOW
WKH�QXPEHUV�RI�SDWLHQWV�VWXGLHG�ZHUH�VPDOO��+RZHYHU�LI�H[WUDSRODWHG�RYHU�D�\HDU�WKLV�ZRXOG�UHSUHVHQW�VLJQLILFDQW�QXPEHUV�RI�GLDEHWLF�SDWLHQWV�ZLWK
IRRW�DQG�DQNOH�SUREOHPV�SUHVHQWLQJ�WR�WKH�('���7KH�LPSURYHG�UHIHUUDO�UDWHV�UHIOHFW�D�FODVVLF�+DZWKRUQH�HIIHFW�RI�DXGLWLQJ�FOLQLFDO�SUDFWLFH�DQG�PDNLQJ
FOLQLFLDQV�FRQVLGHU�RWKHU�GLVFKDUJH�RXWFRPHV��:H�DUH�QRZ�ZRUNLQJ�RQ�D�SDWLHQW�LQIRUPDWLRQ�OHDIOHW�DQG�KRSH�WR�XVH�VPDUW�PHGLD�VXFK�DV�45�FRGHV
WR�IDFLOLWDWH�JUHDWHU�QXPEHUV�RI�SRGLDWU\�UHIHUUDOV�LQ�WKH�QHDU�IXWXUH�



36<&+,$75< $QX�0LWUD

��������,PSURYLQJ�SV\FKLDWULF�ULVN�DVVHVVPHQW�IRU�SDWLHQWV�SUHVHQWLQJ�LQ�FULVLV�WR�WKH�HPHUJHQF\�GHSDUWPHQW�DW�D�/RQGRQ
KRVSLWDO

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)UDQFHV�'HEHOO������%DUEDUD�&OHDYHU������6DFKLQ�3DWHO����

���1DWLRQDO�+HDOWK�6HUYLFH��,PSHULDO�&ROOHJH�+HDOWKFDUH�1+6�7UXVW��/RQGRQ��8.

.H\ZRUGV��ULVN�DVVHVVPHQW��OLDLVRQ�SV\FKLDWU\��WULDJH

$EVWUDFW��

%DFNJURXQG���7KH�5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH�UHFRPPHQGV�WKDW�ULVN�DVVHVVPHQW�E\�(PHUJHQF\�'HSDUWPHQW��('��VWDII�LV�LQWHJUDO�WR�WKH
RSWLPDO�PDQDJHPHQW�RI�SV\FKLDWULF�SUHVHQWDWLRQV�WR�WKH�('���7KH�('�LQ�TXHVWLRQ�KDG�DQ�H[LVWLQJ�ULVN�DVVHVVPHQW�WRRO�ZKLFK�ZDV�SRRUO\�XQGHUVWRRG
DQG�XQGHUXVHG��5HIHUUDOV�WR�SV\FKLDWU\�ODFNHG�FRQVLVWHQF\�DQG�SDWLHQW�VDIHW\�ZDV�SRWHQWLDOO\�DW�ULVN�

0HWKRG���$�UHWURVSHFWLYH�QRWH�UHYLHZ�ZDV�FDUULHG�RXW�RQ�('�UHIHUUDOV�WR�3V\FKLDWU\�LQ�-XO\�������Q� �����DQG�IRXQG�WKDW�RQO\����RI�WKH�VDPSOH�KDG�D
ULVN�DVVHVVPHQW�E\�('�FOLQLFLDQV��ZLWK����XVH�RI�WKH�H[LVWLQJ�ULVN�DVVHVVPHQW�WRRO���$V�D�UHVXOW��DQ�LQWHUYHQWLRQ�ZDV�SODQQHG���$�QHZ�PHQWDO�KHDOWK
ULVN�DVVHVVPHQW�SURIRUPD��0+5$3��ZDV�GHVLJQHG�ZLWK�LQSXW�IURP�/LDLVRQ�3V\FKLDWU\�DQG�('�VWDII���7KH�SURIRUPD�ZDV�DEEUHYLDWHG��IRFXVHG�RQ�NH\
IDFWRUV�UHOHYDQW�WR�GHFLVLRQ�PDNLQJ��DQG�ULVN�FDWHJRULHV�ZHUH�VLPSOLILHG�WR�FRUUHODWH�ZLWK�FOHDU�DFWLRQV�E\�('�VWDII���7KH�0+5$3�ZDV�LQWURGXFHG
DORQJVLGH�PXOWLGLVFLSOLQDU\�WHDP�WHDFKLQJ�RQ�WKH�WRRO�

5HVXOWV���2Q�UH�DXGLW��Q� ����������RI�SDWLHQWV�KDG�D�FRPSOHWHG�0+5$3��DQG�����KDG�HLWKHU�DQ�0+5$3�RU�D�ULVN�DVVHVVPHQW�GRFXPHQWHG�LQ�WKH
QRWHV���$�VLJQLILFDQW�SURSRUWLRQ�RI�UHIHUUDOV�������ZHUH�E\�QXUVLQJ�VWDII�DW�WULDJH��DQG�WKH�0+5$3�ZDV�RQO\�XVHG�IRU�RQH�RI�WKHVH�UHIHUUDOV�

'LVFXVVLRQ���5LVN�DVVHVVPHQW�UHFRUGLQJ�IRU�PHQWDO�KHDOWK�SDWLHQWV�ZDV�VLJQLILFDQWO\�LPSURYHG�E\�WKH�LQWURGXFWLRQ�RI�D�QHZ�VWUHDPOLQHG�0+5$3��
)DFWRUV�OHDGLQJ�WR�WKLV�LPSURYHPHQW�ZHUH��L��VXFFHVVIXO�FROODERUDWLRQ�EHWZHHQ�LQWHUHVWHG�SDUWLHV�LQ�GHVLJQLQJ�DQG�LPSOHPHQWLQJ�WKH�QHZ�WRRO���LL�
HVWDEOLVKPHQW�RI�D�UROOLQJ�WUDLQLQJ�SURJUDPPH�WR�VXSSRUW�XVH�RI�WKH�WRRO��DQG��LLL��DLPLQJ�QRW�RQO\�WR�LPSURYH�('�VWDQGDUGV�EXW�DOVR�SURYLGH�D
XVHU�IULHQGO\�WRRO�IRU�VWDII���)HHGEDFN�KDV�DOUHDG\�EHHQ�REWDLQHG�DQG�WKH�0+5$3�DPHQGHG�WR�PDNH�WKH�WRRO�PRUH�ZRUNDEOH�IRU�XVH�DW�WULDJH���2QH�RI
WKH�NH\�QH[W�VWHSV�LV�WR�H[SDQG�WDLORUHG�WUDLQLQJ�WR�WULDJH�QXUVHV�DV�WKLV�ZLOO�PDLQWDLQ�VDIHW\�RI�YXOQHUDEOH�SDWLHQWV�DQG�VSHHG�IORZ�WKURXJK�WKH�('��



257+23(',&6 7XGRU�2PDQ

��������$XGLW�RI�WKH�PDQDJHPHQW�RI�EXFNOH�IUDFWXUHV�RI�WKH�ZULVW�LQ�WKH�SDHGLDWULF�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7XGRU�2PDQ����

���3DHGLDWULF�(PHUJHQF\�0HGLFLQH��5R\DO�%HOIDVW�+RVSLWDO�IRU�6LFN�&KLOGUHQ��%HOIDVW��8.

.H\ZRUGV��EXFNOH�IUDFWXUH��WRUXV�IUDFWXUH��VSOLQW��SDHGLDWULF

$EVWUDFW��

%XFNOH��WRUXV��IUDFWXUHV�RI�WKH�ZULVW�DFFRXQW�IRU�RQH�WKLUG�RI�DOO�ZULVW�IUDFWXUHV�LQ�FKLOGUHQ��7KHVH�IUDFWXUHV�DUH�VWDEOH�DQG�KHDO�ZHOO��7UDGLWLRQDOO\�WKH\
KDYH�EHHQ�WUHDWHG�LQ�D�3ODVWHU�RI�3DULV�ZLWK�RUWKRSDHGLF�UHYLHZ�

&ULWLFDO�DSSUDLVDO�RI�WKH�HYLGHQFH�UHYHDOHG�VSOLQWV�WR�EH�DV�HIIHFWLYH�DV�3ODVWHU�RI�3DULV�LQ�SDLQ�FRQWURO�DQG�KHDOLQJ�DV�ZHOO�DV�UHVXOWLQJ�LQ�LPSURYHG
SK\VLFDO�IXQFWLRQ��SDWLHQW�VDWLVIDFWLRQ�DQG�VLJQLILFDQW�FRVW�VDYLQJV��%DVHG�RQ�WKLV�ZH�GHYHORSHG�D�QHZ�SROLF\�IRU�WKH�PDQDJHPHQW�RI�EXFNOH�IUDFWXUHV
LQ�FKLOGUHQ�

7KH�DLPV�RI�WKH�SROLF\�ZHUH�WR�LPSURYH�PDQDJHPHQW�RI�EXFNOH�IUDFWXUHV��LPSURYH�IXQFWLRQDO�RXWFRPH��LPSURYH�SDWLHQW�DQG�SDUHQW�VDWLVIDFWLRQ�
UHGXFH�IUDFWXUH�FOLQLF�DSSRLQWPHQWV�DQG�UHGXFH�WKH�FRVW�RI�WUHDWPHQW�

$Q�DXGLW�RI�WKH�FKDQJHV�PDGH�UHYHDOHG�WKDW�����������RI�DOO�ZULVW�LQMXULHV�VHHQ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�ZHUH�EXFNOH�IUDFWXUHV��2I�WKHVH����
ZHUH�WUHDWHG�LQ�UHPRYDEOH�VSOLQWV�DQG�����GLG�QRW�DWWHQG�IUDFWXUH�FOLQLF��2I�WKRVH�ZKR�ZHUH�WUHDWHG�LQ�D�VSOLQW�WKH�UH�DWWHQGDQFH�UDWH�ZDV���
FRPSDUHG�WR�����IRU�WKRVH�LQ�D�3ODVWHU�RI�3DULV�

$�3ODVWHU�RI�3DULV�FRVWV�d��d��SHU�SDWLHQW�DQG�UHTXLUHV�������PLQXWHV�RI�QXUVLQJ�WLPH�WR�DSSO\��VSOLQWV�FRVW�d��DQG�FDQ�EH�DSSOLHG�LQ�VHFRQGV�DW�WKH
HQG�RI�WKH�FRQVXOW��,Q�DGGLWLRQ�WKHVH�SDWLHQW�GLG�QRW�UHTXLUH�D�UHYLHZ�DSSRLQWPHQW�LQ�WKH�IUDFWXUH�FOLQLF�DQG�GHPRQVWUDWHG�D�PDUNHG�UHGXFWLRQ�LQ
UH�DWWHQGDQFH�LQ�WKH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�IRU�3ODVWHU�RI�3DULV�FRPSOLFDWLRQV��7KH�UHVXOW�ZDV�D�UHGXFWLRQ�LQ�ZRUN�ORDG�IRU�WKH�HPHUJHQF\
GHSDUWPHQW�VWDII��D�UHGXFWLRQ�LQ�ZDLWLQJ�WLPHV�IRU�DIIHFWHG�SDWLHQWV��UHGXFWLRQ�LQ�KRVSLWDO�DWWHQGDQFHV�DQG�D�UHGXFWLRQ�LQ�IUDFWXUH�FOLQLF
DSSRLQWPHQWV��,Q�DGGLWLRQ�WKH�VDYLQJV�IRU�WUHDWLQJ�SDWLHQWV�ZLWK�D�VSOLQW�IRU�RQH�\HDU�ZHUH�DQ�HVWLPDWHG�d�������

$�VLJQLILFDQW�FRVW�VDYLQJ�KDV�EHHQ�GHPRQVWUDWHG�LQ�WKH�UHGXFWLRQ�RI�IUDFWXUH�FOLQLF�DSSRLQWPHQWV��)XUWKHU�DGMXVWPHQWV�WR�WKH�SROLF\�ZLOO�UHVXOW�LQ�DQ
HVWLPDWHG�d�������\HDU�VDYLQJ�DQG�EHWWHU�SDWLHQW�VDWLVIDFWLRQ��7KLV�SROLF\�GHPRQVWUDWHV�KRZ�D�ZHOO�UXQ�MRXUQDO�FOXE�ZLWK�FULWLFDO�DSSUDLVDO�FDQ
GLUHFWO\�DIIHFW�VHUYLFH�SURYLVLRQ�DQG�TXDOLW\�RI�FDUH�



$,5:$< &ULVWLDQ�%RHULX

��������'LIIHUHQWLDO�(IIHFWLYHQHVV�RI�7KUHH�$LUZD\�0DQDJHPHQW�7HFKQLTXHV�IRU�7UDSSHG�3UH�KRVSLWDO�3DWLHQWV��$�6LPXODWLRQ
6WXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&ULVWLDQ�%RHULX������/XFLDQD�5RWDUX������7HRGRUD�6RUDQD�7UXWD������(PLOLD�7XUXF]������$OLQD�%RHULX����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\��7LUJX�0XUHV��520$1,$
���('�6085'��8QLYHUVLW\�&RXQW\�+RVSLWDO��&UDLRYD��520$1,$
���(PHUJHQF\�'HSDUWPHQW��0XUHV�&RXQW\�(PHUJHQF\�+RVSLWDO��7LUJX�0XUHV��520$1,$
���0XUHV�&RXQW\�+RVSLWDO��8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\��7LUJX�0XUHV��520$1,$

.H\ZRUGV��$LUZD\�PDQDJHPHQW��HQGRWUDKHDO�LQWXEDWLRQ��YLGHR�ODU\QJRVFRSH

$EVWUDFW��

%DFNURXQG��3UH�KRVSLWDO�DLUZD\�PDQDJHPHQW�LV�D�FULWLFDO�VNLOO��GHPDQGLQJ�D�ORW�RI�WUDLQLQJ�DQG�H[SHULHQFH��'LIILFXOW�DLUZD\�PDQDJHPHQW�PD\
UHTXLUH�YDULRXV�PHDVXUHV�WR�EH�WDNHQ�WR�HQVXUH�WUDFKHDO�LQWXEDWLRQ��)HZ�VWXGLHV�KDYH�HYDOXDWHG�WKH�SHUIRUPDQFH�RI�DLUZD\�GHYLFHV�DQG�WKH�WLPH
QHHGHG�WR�DFKLHYH�HQGRWUDFKHDO�LQWXEDWLRQ�LQ�WUDSSHG�URDG�WUDIILF�DFFLGHQWV�YLFWLPV�

2EMHFWLYH��7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�WZR�YLGHR�ODU\QJRVFRSHV�LQ�FRPSDULVRQ�ZLWK�FRQYHQWLRQDO
ODU\QJRVFRS\��XVHG�IRU�IDFH�WR�IDFH�HQGRWUDFKHDO�LQWXEDWLRQ�RI�D�PDQLNLQ�VLPXODWLQJ�DQ�HQWUDSSHG�SDWLHQW�

0DWHULDO�DQG�PHWKRGV��7KH�VWXG\�ZDV�GHVLJQHG�DV�D�SURVSHFWLYH��FRQWUROOHG��UDQGRPL]HG�FURVVRYHU�WULDO�

7KH�HQWUDSSHG�SDWLHQW�ZDV�VLPXODWHG�XVLQJ�DQ�DLUZD\�PDQLNLQ�SODFHG�RQ�OHIW�IURQW�VHDW�RI�D�VSHFLDO�SUHSDUHG�FDU�IRU�H[WULFDWLRQ�WUDLQLQJ��$FFHVV�WR
WKH�SDWLHQW�ZDV�SRVVLEOH�RQO\�WKURXJK�WKH�IURQW�ZLQGVKLHOG�WKDW�EURNH�GXULQJ�WKH�DFFLGHQW�

7ZHQW\�ILYH�SK\VLFLDQV�RXW�RI�ZKLFK��ILIWHHQ�HPHUJHQF\�PHGLFLQH�VSHFLDOLVWV�DQG�WHQ�HPHUJHQF\�PHGLFLQH�UHVLGHQWV�ZHUH�WUDLQHG�LQ�WKH�XVH�RI�6WRU]
&�0DF�'�%ODGH�'&,��'LUHFW�&RXSOHG�,QWHUIDFH��DQG�$LUWUDT�3URGRO�0HGLWHT�YLGHR�ODU\QJRVFRSHV��RQ�D�VWDQGDUG�DLUZD\�WUDLQHU�PDQLNLQ��3DUWLFLSDQWV
ZHUH�WKHQ�DVNHG�WR�SHUIRUP�WUDFKHDO�LQWXEDWLRQ�LQ�D�VLPXODWHG�WUDSSHG�SDWLHQW�XVLQJ�YLGHR�ODU\QJRVFRSHV�LQ�D�W\SLFDO�RXW�RI�KRVSLWDO�VHWWLQJ�

:H�FRPSDUHG�LQWXEDWLRQ�WLPHV�DQG�VXFFHVV�UDWHV�IRU�WUDFKHDO�LQWXEDWLRQ�E\�PHDVXULQJ�WKH�WLPHV�WR�DFKLHYHPHQW�RI�D�YLHZ�RI�WKH�JORWWLV��WUDFKHDO
LQWXEDWLRQ��FXII�LQIODWLRQ��ILUVW�YHQWLODWLRQ�DQG�WUDFKHDO�WXEH�SRVLWLRQ�XVLQJ�D�VWDQGDUG�0DFLQWRVK�ODU\QJRVFRSH�RU�6WRU]�&�0$&�DQG�$LUWUDT�YLGHR
ODU\QJRVFRSHV�LQ�D�UDQGRPLVHG�RUGHU��*UDSK3DG�3ULVP���ZDV�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV�RI�WKH�FROOHFWHG�GDWD��$�S�YDOXH�RI�OHVV�WKDQ������ZDV
FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW�

5HVXOWV��7ZHQW\�ILYH�HPHUJHQF\�SK\VLFLDQV��PHDQ�DJH����\HDUV�����IHPDOH�����PDOH�WRRN�SDUW�LQ�WKH�VWXG\�DV�YROXQWHHUV��1R�VLJQLILFDQW�GLIIHUHQFHV
LQ�IDLOXUH�UDWHV�ZHUH�IRXQG�EHWZHHQ�WKH�0DFLQWRVK�DQG�$LUWUDT�ODU\QJRVFRSHV��S� �������RU�WKH�6WRU]�&�0$&��S� �����������$�EHWWHU�YLHZ�RI�WKH�ODU\Q[
ZDV�REWDLQHG�ZLWK�ERWK�YLGHR�ODU\QJRVFRSHV��S���������ZKLOH�WKH�WUDFKHDO�LQWXEDWLRQ��FXII�LQIODWLRQ�DQG�ILUVW�YHQWLODWLRQ�ZHUH�QRW�SHUIRUPHG
VLJQLILFDQWO\�IDVWHU�ZKHQ�$LUWUDT�ZDV�XVHG�

&RQFOXVLRQ��7KH�XVH�RI�YLGHR�ODU\QJRVFRSHV�IRU�IDFH�WR�IDFH�HQGRWUDFKHDO�LQWXEDWLRQ�LQ�VLPXODWHG�SDWLHQWV�ZKR�DUH�WUDSSHG�LQ�D�YHKLFOH�LQYROYHG�LQ
D�URDG�WUDIILF�DFFLGHQW�GRHV�QRW�LPSURYH�HIILFDF\�RI�DLUZD\�PDQDJHPHQW��7LPHV�PHDVXUHG�IRU�HQGRWUDFKHDO�LQWXEDWLRQ�ZHUH�QRW�VLJQLILFDQWO\�VKRUWHU
DQG�VXFFHVV�UDWHV�ZHUH�QRW�KLJKHU�FRPSDUHG�ZLWK�FRQYHQWLRQDO�ODU\QJRVFRS\�



('8&$7,21�$1'�75$,1,1* 20(5�6$/7

��������'HWHUPLQDWLRQ�2I�.QRZOHGJH��$WWLWXGHV�DQG�%HKDYLRU�RI�(PHUJHQF\�0HGLFDO�6HUYLFH�(PSOR\HHV�$ERXW�(FJ�LQ�(GrLUQH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

2=$1�2=,6,.������0867$)$�%85$.�6$<+$1������20(5�6$/7����

���(0(5*(1&<�0(',&,1(��75$.<$�81,9(56,7<�0(',&$/�)$&8/7<��HGLUQH��785.(<
���(0(5*(1&<�0(',&,1(��75$.<$�81,9(56,7<�0(',&$/�)$&8/7<��(',51(��785.(<

.H\ZRUGV��(OHFWURFDUGLRJUDP��HPHUJHQF\�PHGLFDO�WHFKQLFLDQ��HPHUJHQF\�PHGLFLQH��SDUDPHGLF

$EVWUDFW��

2QH�RI�WKH�PRVW�LPSRUWDQW�IDFWRUV�LQ�WKH�PDQDJHPHQW�RI�HPHUJHQW�FDUGLDF�GLVHDVHV�LV�HDUO\�GLDJQRVLV��,Q�WKLV�FRQWH[W�RQH�RI�WKH�WKH�PRVW�LPSRUWDQW
KHOSIXO�WRRO�RI��HPHUJHQF\�PHGLFDO�SHUVRQQHO�LQ�WKH�GLDJQRVLV�LV�HOHFWURFDUGLRJUDSK\��,W�LV�YHU\�LPSRUWDQW�WR��KDYH�VXIILFLHQW�H[SHULHQFH�DQG
NQRZOHGJH�RI�KHDOWK�SHUVRQQHO�LQ�WKH�XQLW�ZKLFK�WKH\�ZRUN��&RUUHFW�UHFRUG�DQG�LQWHUSUHWDWLRQ�RI�(&*�LV�YHU\�LPSRUWDQW�IRU�WKH�GHWHFWLRQ�RI�IRUPLQJ
OLIH�WKUHDWHQLQJ�FDUGLDF�SDWKRORJLHV��,Q�WKLV�VWXG\��LW�LV�DLPHG�WR�LQYHVWLJDWH�WKH�NQRZOHGJH��DWWLWXGH�DQG�EHKDYLRU�RI�HPHUJHQF\�PHFLDO�VWDII��ZKR
ZRUN�LQ�(GLUQH�DQG�FRXQWLHV��7KLV�VWXG\�ZDV�FRQGXFWHG�WKURXJK�IDFH�WR�IDFH�LQWHUYLHZV�ZLWK�SDUDPHGLFV�DQG�HPHUJHQF\�PHGLFDO�WHFKQLFLDQV�ZKR
ZRUN�LQ����HPHUJHQF\�VWDWLRQV�RI�(GLUQH�DQG�SURYLQFHV��7KH�GDWD�RI�TXHVWLRQQDLUH�ZHUH�HQWHUHG�LQWR�6366�VWDWLVWLFDO�DQDO\VLV�SDFNDJH�DQG
VWDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG��:KHQ�WKH�DQVZHUV�ZHUH�HYDOXDWHG�RQ�WKH�TXHVWLRQV�DVNHG�DERXW�WKH�UHFRJQLWLRQ�RI��DQG�SHUIRUPLQJ
HOHFWURFDUGLRJUDP��LW�ZDV�VHHQ�WKDW��D�PDMRULW\�RI�WKHP�HYDOXDWH�WKHPVHOYHV�HQRXJK�DERXW�HOHFWURFDUGLRJUDSK�DQG�HOHFWURFDUGLRJUDP�SHUIRUPLQJ�
ZKLOH�D�UHODWLYHO\�VPDOO�SDUW�RI�WKHP�WKLQN�WKDW��WKH\�DUH�QRW�HQRXJK�DERXW�HYDOXDWLQJ�HOHFWURFDUGLRJUDP�SDSHU��%XW�RQO\�WZR�WKLUGV�RI��WKHP
GHFODUHG�WKDW��WKH\�SHUIRUP�HOHFWURFDUGLRJUDP�LQ�D�VLWXDWLRQ�RI��DEGRPLQDO�SDLQ�WKDW�FDQ�EH�D�VLJQ�RI�OLIH�WKUHDWHQLQJ�DFXWH�LQIHULRU�P\RFDUGLDO
LQIDUFWLRQ��,Q�OLJKW�RI�WKH�GDWD�REWDLQHG�IURP�WKLV�VWXG\��SDUDPHGLFV�DQG�HPHUJHQF\�PHGLFDO�WHFKQLFLDQV�ZKR�ZRUN�LQ�����VWDWLRQV�RI�(GLUQH�FLW\
FHQWHU�DQG�WRZQV�NQRZ�UK\WKP�DQDO\VLV��VSHHG�PHDVXUHPHQW��ZDYH�SDWWHUQV�DQG�TXHVWLRQV�IRU�DVVHVVLQJ�67�VHJPHQW�DEQRUPDOLWLHV�DQG
HOHFWURFDGLRJUDP�SHUIRUPLQJ�SXUSRVH�RI�WKH��ZHUH�FRUUHFWO\�DW�KLJK�UDWHV��7KH�LPSRUWDQFH�RI�FRQWLQXLW\�RI�HGXFDWLRQ�RQ�WKLV�LVVXH�KDV�DULVHQ�RQFH
DJDLQ�



&$6(�35(6(17$7,21 1LFROHWD�&UHWX

��������1RQ�DFFLGHQWDO�LQMXULHV�1$,��LQ�FKLOGUHQ�UHSUHVHQWV�D�KLJK�HPRWLRQDO�LPSDFW�RQ�WKH�PHGLFDO�VWDII�LPSOLFDWHG�LQ�WKHLU
PDQDJHPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1LFROHWD�&UHWX������%HQ�7HDVGDOH����

���/HLFHVWHU�5R\DO�,QILUPDU\�+RVSLWDO���/HLFHVWHU��8.��/HLFHVWHU�8QLYHUVLW\�+RVSLWDOV�7UXVW��/HLFHVWHU��8.��/HLFHVWHU��8.

.H\ZRUGV��QRQ�DFFLGHQWDO�LQMXULHV��FKLOGUHQ��VXEGXUDO�KDHPDWRPD��VRFLDO�ZRUNHUV

$EVWUDFW��

,QWURGXFWLRQ

7KH�1$,�LQ�FKLOGUHQ�UHSUHVHQWV�D�VLJQLILFDQW��3DHGLDWULFV�(PHUJHQF\�'HSDUWPHQW�('��SUHVHQWDWLRQV�LQ�8.��ZLWK�����SUHVHQWDWLRQV�LQ�FKLOGUHQ�XQGHU��
\HDUV�ROG�

(PHUJHQF\�'HSDUWPHQW�SUHVHQWDWLRQ

$���PRQWKV�ROG�PDOH�SDWLHQW�ZLWK�KHDG�LQMXU\�SUHVHQWHG�ZLWK�KLV�PRWKHU��DIWHU�WKH�*3�DGYLVHG�KHU�WR�SUHVHQW�WR�WKH�KRVSLWDO�

+LVWRU\�WDNHQ�IURP�WKH�PRWKHU���KDYLQJ�DV�FKDSHURQH�RQH�RI�RXU�QXUVHV��UHYHDOHG�WKDW�VKH�OHIW�KHU�EDE\��LQ�WKH�EDVNHW�ZLWK�WKH�RWKHU���FKLOGUHQ�RI
KHUV�����\HDUV����\HDUV����\HDUV�DQG���\HDUV�ROG��ZKLOH�VKH�ZHQW�WR�WKH�WRLOHW��:KHQ�VKH�DUULYHG�IURP�WKH�WRLOHW��VKH�IRXQG�KHU�EDE\�RQ�WKH�VRID��ZLWK
PDUN�RI�KHDG�LQMXU\�OHIW�IURQWDO�KDHPDWRPD��6KH�FRXOGQÇW�JLYH�DQ�H[SODQDWLRQ�IRU�WKH�LQMXU\�7KLV�HYHQW�ZDV�KDSSHQLQJ�LQ�WKH�HDUO\�PRUQLQJ��WKH
SUHVHQWDWLRQ�LQ�WKH�KRVSLWDO�EHLQJ�LQ�WKH�DIWHUQRRQ�DS[��SP��DIWHU�VKH�GLVFXVVHG�ZLWK�KHU�*3�

2Q�H[DPLQDWLRQ��$938�$��KDHPDWRPD�OHIW�VLGH�RI�IRUHKHDG��SXSLOV�HTXDO�UHDFWLYH�VL]H���ELODWHUDO��(17��ERWK�WK\PSDQ\�PHPEUDQHV�QRUPDO��WKURDW
H[DPLQDWLRQ�QRUPDO��QR�RWKHU�EUXLVHV�RQ�WKH�ERG\�H[DPLQDWLRQ�&57����VHF��+5 ���ES��%3 �����PP+J�7 ����GHJUHHV��%0�ÄQRUPDO��QRUPDO
ZHLJKW�IRU�KLV�DJH�

('�PDQDJHPHQW

7KH�SDWLHQWÇV�PRWKHU�ZDV�LQWHUYLHZHG�E\�3ROLFH�FUHZ�DQG�6RFLDO�:RUNHUV�WHDP�LQ�WKH�('��EHIRUH�WKH�SDWLHQW�ZDV�DGPLWWHG�RQ�WKH�3DHGLDWULFV�0HGLFDO
WHDP�

'LSVWLFN�XULQH�ZDV�QRUPDO��&7�EUDLQ�ZDV�RUJDQL]HG�DQG�UHSRUWHG�DV�$FXWH�RQ�&KURQLF�VXEGXUDO�KDHPDWRPD�

3DHGLDWULFV�PHGLFDO�WHDP�PDQDJHPHQW

[�UD\�VFKHOHWDO�VXUYH\�VKRZHG�PXOWLSOH�ERQHV�IUDFWXUHV��ZLWK�GLIIHUHQW�SHULRGV�RI�KHDOLQJ�

7KH�SDWLHQW�ZDV�UHIHUUHG�WR�WKH�6RFLDO�:RUNHUV�WHDPV�DQG�LW�ZDV�VWDUWHG�D�3ROLFH�LQYHVWLJDWLRQ�LQ�WKH�SDWLHQWÇV�IDPLO\�

'LVFXVVLRQ

7KH�PHGLFDO�VWDII�WKDW�ZDV�GHDOLQJ�ZLWK�WKLV�SDWLHQW���SOD\LQJ�WHDP���QXUVHV�RU�GRFWRUV��ZHUH�YHU\�PXFK�LPSUHVVHG�DERXW�WKLV�HYHQW��(YHQ�LI�WKH\
KDYH�\HDUV�RI�H[SHULHQFH��LW�LV�VWLOO�GLIILFXOW�WR�GHDO�ZLWK�D�1$,�LQ�VXFK�D�VPDOO�EDE\�

&RQFOXVLRQ

1$,�LQ�FKLOGUHQ��SDUWLFXODU�EDELHV��UHSUHVHQWV�D�ELJ�FKDOOHQJH�IRU�WKH�FOLQLFLDQV�WKDW�DUH�H[DPLQLQJ�WKLV�W\SH�RI�SDWLHQWV�

7KH�HPRWLRQDO�LPSOLFDWLRQ�IRU��WKH�PHGLFDO�VWDII�IRU�WKLV�SDWLHQW�ZDV�VLJQLILFDQW��HYHQ�LQ�WKH�QH[W�GD\V�P\�FROOHDJXHV�JLYLQJ�SKRQHV�WR�3DHGLDWULFV
0HGLFDO�:DUG�DVNLQJ�DERXW�WKH�HYROXWLRQ�RI�HYHQWV�IRU�WKLV�SDWLHQW��6RPH�RI�XV�ZHQW�WR�WKH�ZDUG�WR�UHYLHZ�WKH�SDWLHQW�

,W�LV�GLIILFXOW�WR�TXDQWLI\�WKH�HPRWLRQDO�HIIHFW�RI�VXFK�D�WUDJLF�FDVH�RQ�PHGLFDO�DQG�QXUVLQJ�VWDII�LQ�(PHUJHQF\�'HSDUWPHQW��DQG�WKH�SV\FKRORJLFDO�WROO
LW�WDNHV�RQ�FDUHUV���0RUH�IRFXV�QHHGV�WR�EH�SODFHG�RQ�GHEULHILQJ�RI�PHGLFDO�VWDII�DIWHU�VXFK�LQFLGHQWV�

%HLQJ�QRQ�MXGJHPHQWDO�DQG�LQ�WKH�VDPH�WLPH�SURIHVVLRQDO��ZH�QHHG�WR�LQYROYH�HDUO\��WKH�6RFLDO�:RUNHUV�DQG�WKH�3ROLFH�LQ�RUGHU�WR�SURWHFW�WKLV
FKLOGUHQ�

'U�1LFROHWD�&UHWX��$&&6�67��(PHUJHQF\�0HGLFLQH�WUDLQHH

'U�%HQ�7HDVGDOH��('�&RQVXOWDQW

/HLFHVWHU�5R\DO�,QILUPDU\�+RVSLWDO��8.�





&$6(�35(6(17$7,21 ,DQ�+RQJ

��������y-XVWz�$�%UXLVH"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,DQ�+RQJ������9HQNDWDUDPDQ�$QDQWKDUDPDQ����

���(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(
���(PHUJHQF\�0HGLFLQH��6LQJKHDOWK��6LQJDSRUH��6,1*$325(

.H\ZRUGV��HFFK\PRVLV��HOGHU�DEXVH��JHULDWULFV

$EVWUDFW��

,QWURGXFWLRQ�

$�ODUJH�RI�SURSRUWLRQ�RI�HOGHUO\�SUHVHQWDWLRQV�WR�HPHUJHQF\�GHSDUWPHQWV��('��DUH�GXH�WR�LQMXULHV�VXVWDLQHG�DW�KRPH��ZLWK�PRVW�LQMXULHV�DWWULEXWHG�WR
IDOOV�>�@��+RZ�PDQ\�RI�WKHVH�LQMXULHV�KDYH�D�FRPSRQHQW�RI�HOGHU�DEXVH�ZLWKLQ�LV�XQNQRZQ��7KH�SUHYDOHQFH�RI�HOGHU�DEXVH�LV�KLJKO\�YDULDEOH�UDQJLQJ
IURP�����WR�������>�@��7KLV�PD\�EH�DWWULEXWHG�LQ�SDUW�WR�XQGHU�UHSRUWLQJ�RI�HYHQWV��D�ORZ�LQGH[�RI�VXVSLFLRQ�RQ�WKH�SDUW�RI�WKH�SK\VLFLDQ�DQG
LQDFFXUDWH�KLVWRULHV�DW�SUHVHQWDWLRQ��:LWK�WKH�JOREDO�HOGHUO\�SRSXODWLRQ�HVWLPDWHG�WR�KLW���ELOOLRQ�E\������>�@��DQG�UHFHQW�FHQVXV�GDWD�IURP�6LQJDSRUH
LQ������RQ�LQFUHDVLQJ�QXPEHU�RI�HOGHUO\�SHUVRQV�>�@��ZH�QHHG�WR�EH�YLJLODQW�WR�WKHVH�SUHVHQWDWLRQV�WR�WKH�('��:H�SUHVHQW�D�FDVH�UHSRUW�RI�D�SDWLHQW
ZLWK�DQ�DSSDUHQW�DWUDXPDWLF�VXGGHQ�RQVHW�H[WHQVLYH�RI�HFFK\PRVLV�

&DVH�

$����\HDU�ROG�ODG\�SUHVHQWHG�WR�WKH�('�IRU�OHIW�IRUHDUP�EUXLVLQJ�WKDW�ZDV�QRWHG�RQ�WKH�PRUQLQJ�RI�SUHVHQWDWLRQ�E\�KHU�VWD\�LQ�FDUHJLYHU��6KH
UHSRUWHG�WKDW�WKH�H[WHQVLYH�OHIW�IRUHDUP�EUXLVH�KDG�RFFXUUHG�RYHUQLJKW��+HU�VRQ�DFFRPSDQ\LQJ�KHU�UHSRUWHG�WKDW�KHU�DUP�ZDV�QRUPDO�ZKHQ�KH�ODVW
YLVLWHG�KHU�WKH�QLJKW�EHIRUH��6KH�GHQLHG�DQ\�WUDXPD�RU�IDOOV�RYHUQLJKW�DQG�WKLV�ZDV�FRUURERUDWHG�E\�WKH�VWD\�LQ�FDUHJLYHU��6KH�KDG�JRRG�IDPLO\
VXSSRUW�DQG�ZDV�EHLQJ�FDUHG�IRU�E\�WKH�IXOO�WLPH�VWD\�LQ�FDUHJLYHU�

2Q�H[DPLQDWLRQ��VKH�ZDV�DOHUW�DQG�FRPIRUWDEOH��7KH�UHSRUWHG�OHIW�IRUHDUP�EUXLVH�H[WHQGHG�IURP�WKH�SUR[LPDO�SKDODQ[�RI�WKH�GRUVXP�RI�WKH�KDQG�WR
WKH�GLVWDO�HQG�RI�WKH�KXPHUXV��7KH�SDOPDU�VXUIDFHV�RI�WKH�KDQG�ZHUH�VSDUHG��7KH�DUP�ZDV�RHGHPDWRXV�EXW�QRW�WHQVH��QR�REYLRXV�ZRXQGV�ZHUH
LGHQWLILHG��,Q�DGGLWLRQ��VZHOOLQJ�RI�DSSUR[LPDWHO\��[�FP�ZDV�QRWHG�RQ�WKH�GRUVXP�RI�WKH�ZULVW��1R�LQFUHDVHG�ZDUPWK�ZDV�IHOW�RYHU�WKH�IRUHDUP��7KH
DIIHFWHG�DUHDV�ZHUH�QRQ�WHQGHU��1HXURORJLFDO�H[DPLQDWLRQ�RI�KHU�OHIW�XSSHU�OLPE�GLG�QRW�UHYHDO�DQ\�GHILFLWV��6HQVDWLRQ�ZDV�LQWDFW��)OH[LRQ�H[WHQVLRQ
PHFKDQLVPV�DQG�SRZHU�ZHUH�QRUPDO�DQG�HTXDO�ELODWHUDOO\��5DGLDO�SXOVH�DQG�FDSLOODU\�UHILOO�WLPHV�ZHUH�QRUPDO��0LOG�SDWFK\�EUXLVLQJ�ZDV�DOVR�QRWHG
RQ�WKH�ULJKW�IRUHDUP�DQG�RYHU�WKH�ELJ�WRHV�RI�ERWK�IHHW�

6KH�ZDV�VXEVHTXHQWO\�DGPLWWHG�DQG�ZRUNHG�XS�ZLWK�FRDJXODWLRQ�VWXGLHV��ZKLFK�ZHUH�QRUPDO��;�UD\V�RI�WKH�DIIHFWHG�OLPE�GLG�QRW�LGHQWLI\�DQ\
IUDFWXUHV��6KH�ZDV�ODWHU�GLVFKDUJHG�ZHOO�ZLWK�DQ�RXWSDWLHQW�IROORZ�XS�DSSRLQWPHQW�WR�9DVFXODU�6XUJHU\�IRU�IXUWKHU�HYDOXDWLRQ�RI�SRVVLEOH�GLVWDO
WKURPERHPEROLF�HYHQWV�

'LVFXVVLRQ�

:H�SUHVHQW�WKLV�FDVH�WR�KLJKOLJKW�WKH�DSSDUHQW�ODFN�RI�SUHFHGLQJ�HYHQWV�JLYLQJ�ULVH�WR�D�EUXLVH�RI�H[WHQVLYH�SURSRUWLRQV��7KH�LQFRQVLVWHQF\�LQ�KLVWRU\
DQG�SUHVHQWDWLRQ�VKRXOG�ULQJ�DODUP�EHOOV�DQG�FRQVLGHUDWLRQV�RI�HOGHU�DEXVH�DV�D�FDXVH�RI�SUHVHQWDWLRQ��:KLOVW�WKLV�FDVH�GRHV�KLJKOLJKW
LQFRQVLVWHQFLHV�LQ�KLVWRU\�DQG�SUHVHQWDWLRQ��QR�ILQGLQJV�RI�HOGHU�DEXVH�ZHUH�HOLFLWHG�IURP�HLWKHU�KHU�IDPLO\�RU�FDUHJLYHU��$V�QXPEHUV�RI�HOGHUO\�('
YLVLWV�LQFUHDVH�RZLQJ�WR�SRSXODWLRQ�GHPRJUDSKLFV��ZH�QHHG�WR�EH�DZDUH�RI�VXFK�LVVXHV�DQG�UDLVH�WKHP�WR�UHOHYDQW�SDUWLHV�WR�HQVXUH�FDUH�IRU�RXU
SDWLHQWV�LV�QRW�FRPSURPLVHG���



:281'�&$5(���%851�&$5( *XUNDQ�(562<

��������([SORULQJ�WKH�DQWLEDFWHULDO�HIIHFW�RI�yFKLWRVDQ�OLQHHU�SRO\PHUz��FHOR[}��LQ�D�H[SHULPHQWDO�LQIHFWHG�UDW�PRGHO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(EUX�721$<������*XUNDQ�(562<������%DVDN�%$<5$0������2VPDQ�<,/0$=������$\GDQ�2=.878.������,SHN�'8<*8������6HOFXN�785.(/����

���8QLYHUVLW\�RI�'RNX]�(\OXO��6FKRRO�RI�0HGLFLQH��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�'RNX]�(\OXO��,]PLU��785.(<
���R�8QLYHUVLW\�RI�'RNX]�(\OXO��6FKRRO�RI�0HGLFLQH��'HSDUWPHQW�RI�$QLPDO�5HVHDUFK�&HQWHU��8QLYHUVLW\�RI�'RNX]�(\OXO��,]PLU��785.(<
���8QLYHUVLW\�RI�'RNX]�(\OXO��6FKRRO�RI�0HGLFLQH��'HSDUWPHQW�RI�0LFURELRORJ\��8QLYHUVLW\�RI�'RNX]�(\OXO��,]PLU��785.(<

.H\ZRUGV��(PHUJHQF\�GHSDUWPHQW��FKLWRVDQ�OLQHHU�SRO\PHU��ZRXQG�LQIHFWLRQ

$EVWUDFW��

%DFNJURXQG�DQG�3XUSRVH�

:RXQG�LQIHFWLRQV�DUH�VWLO�D�VHULRRXV�SUREOHPV�RI�HPHUJHQF\�GHSDUWPHQWV�VLQFH�LWV�UDWH�LV�DURXQG��������:H�DLPHG�WR�GLVFXVV�LI�È&KLWRVDQ�/LQHHU
3RO\PHUÉ��&/3���D�ORFDO�KHPRVWDWLF�DJHQW��KDV�DQWLEDFWHULDO�HIIHFW�RI�LQ�D�H[SHULPHQWDO�LQIHFWHG�UDW�PRGHO�

0HWKRGV�

)ROORZLQJ�HWKHU�DQHVWKHVLD��GRUVDO�VLWH�RI����UDW�ZDV�VKDYHG�DQG�D���FP�ORQJ�SDUDYHUWEUDO�LQFLVLRQ�ZDV�GRQH��/DWHU��WKH�ZRXQG�HGJHV�ZHUH�FODPSHG
IRU���PLQXWHV�WR�LQFUHDVH�RFFXUDQFH�UDWH�RI�ZRXQG�LQIHFWLRQ��,Q�RUGHU�WR�FRQWDPLQDWH�WKH�FXW�DUHD�D�VXVSHQVLRQ�RI�6WDSK\ORFRFFXV�$XUHXV�����
&)8�PO��LV�SRXUHG�RQWR�LW��/DWHU��WKH�UDWV�DUH�UDQGRPO\�GLYLGHG�LQWR��&/3��Q ������JU�&/3�SRXUHG�LQWR�WKH�FXW�DUHD��DQG�FRQWURO���Q ���JURXSV��QR
WUHDWPHQW���7KH�UDWV�ZHUH�REVHUYHG�IRU���GD\V��(YHU\GD\��WKH�FXW�DUHDV��ZHUH�REVHUYHG�E\�ÈZRXQG�HYDOXDWLRQ�VFDOHÉ��:(6��IRU��UHGQHVV��RGHPD�
GLVFDKDUJH��)ROORZLQJ�VDFULILFDWLRQ�WLVVXH�VDPSOHV�ZHUH�WDNHQ�DQG�LQYHVWLJDWHG�IRU�EDFWHULRORJLFDO�DQDO\VLV�

5HVXOWV�

,Q�&/3�JURXS���UDW�GLHG��7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�IRU�:(6�YDOXH�RI�FRQWURO�JURXS��KRZHYHU�WKHUH�ZDV�VLJQLILFDQW�GLIIHUHQFH�IRU�WKH����DQG���
GD\V�:(6�RI�&/3�JURXS��S �������ZDV��&/3�JURXS��������������������&RQWURO�*URXS���������������������2Q�EHKDOI�RI�PHDQ�EDFWHULDO�FRXQW�RI�JURXSV�
WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�JURXSV��&/3�JURXS���[������������&RQWURO�*URXS���[��������������S��������:KHQ�:(6�LV�FRPSDUHG
EHWZHHQ�JURXSV�RQ����DQG���GD\V��ZH�SHUFLHYHG�WKDW�ZRXQG�LQIHFWLRQ�ZDV�PRUH�HYLGHQW�LQ�&/3�JURXS�VLQFH�S ������

&RQFOXVLRQV�

+HUH�LQ�WKLV�H[SHULPHQWDO�LQIHFWHG�UDW�PRGHO�VWXG\��DSSOLFDWLRQ�RI�&/3�LQWR�WKH�ZRXQG�DUHD�GLGQÇW�GHFUHDVH�WKH�RFFXUDQFH�UDWH�RI�LQIHFWLRQ�



72;,&2/2*< *XUNDQ�(562<

��������&RPSDULVRQ�RI�7ULV�K\GUR[\PHWK\O�$PLQRPHWKDQH��7KDP��DQG�6RGLXP�%LFDUERQDWH��1D+&2���RQ�PRUWDOLW\�LQ�0HWDEROLF
$FLGRVLV�&DXVHG�E\�0HWKDQRO�7R[LFLW\�LQ�D�5DW�0RGHO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0XVWDID�%RODWNDOH������*XUNDQ�(562<������6HGDW�<DQWXUDOL������2VPDQ�<,/0$=������1HFDWL�*RNPHQ������0�&DQ�*,5*,1������$KPHW�&DJGDV�$&$5$����

���8QLYHUVLW\�RI�'RNX]�(\OXO��6FKRRO�RI�0HGLFLQH��'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�RI�'RNX]�(\OXO��,]PLU��785.(<
���R�8QLYHUVLW\�RI�'RNX]�(\OXO��6FKRRO�RI�0HGLFLQH��'HSDUWPHQW�RI�$QLPDO�5HVHDUFK�&HQWHU��8QLYHUVLW\�RI�'RNX]�(\OXO��,]PLU��785.(<
���(PHUJHQF\�GHSDUWPHQW��%LQJRO�6WDWH�+RVSLWDO��%LQJRO��785.(<

.H\ZRUGV��PHWDEROLF�DFLGRVLV��PHWKDQRO��WULV�K\GUR[\PHWK\O�DPLQRPHWKDQH��VRGLXP�ELFDUERQDWH

$EVWUDFW��

&RPSDULVRQ�RI�7ULV�K\GUR[\PHWK\O�$PLQRPHWKDQH��7KDP��DQG�6RGLXP�%LFDUERQDWH��1D+&2���RQ�PRUWDOLW\�LQ�0HWDEROLF�$FLGRVLV
&DXVHG�E\�0HWKDQRO�7R[LFLW\�LQ�D�5DW�0RGHO

%DFNJURXQG�DQG�3XUSRVH

0HWKDQRO�HQWR[LFDWLRQ�LV�D�KHDOWK�SUREOHP�LQ�GHYHORSLQJ�FRXQWULHV�VLQFH�PHWDEROLF�DFLGRVLV�LV�VHULRXV�FRPSOLFDWLRQ�RI�LW��,W�LV�DQWLFLSDWHG�WR�FRUUHFW
DFLGRVLV�UDSLGO\��:H�DLPHG�WR�FRPSDUH�WKH�HIIHFWV�7KDP�DQG�1D+&2��WKHUDSK\�LQ�UDWV�ZLWK�PHWDEROLF�DFLGRVLV��FUHDWHG�E\�LQWUDJDVWULF�LQJHVWLRQ�RI
PHWKDQRO�

0HWKRGV

���PDOH�UDW�ZDV�XVHG�IROORZLQJ�DQHVWKHVLD��$�&DURWLV�ZDV�FDQQXODWHG��HVRSKDJXV�SHQHWUDWHG�ZLWK�LQWUDFDWK��EDVHOLQH�EORRG�JDV�VDPSOH�ZDV�WDNHQ�
DQG�PHWKDQRO�ZDV�LQMHFWHG�LQWR�WKH�HVRSKDJXV�WKURXJK�WKH�FDQQXOD��$W�WKH����PLQXWH�RI�LQMHFWLRQ��EORRG�JDV�VDPSOHV�ZHUH�WDNHQ��5DWV�GHYHORSHG
DFLGRVLV�ZHUH�UDQGRPO\�DVVLJQHG�WR���JURXSV�

*URXS�$��7UHDWHG�E\�LQIXVLRQ�RI�7KDP�

*URXS�%��7UHDWHG�E\�LQIXVLRQ�RI�1D+&2�

*URXS�&��1R�WKHUDS\�

$W����DQG����PLQXWHV�RI�WKHUDS\��EORRG�VDPSOHV�ZHUH�GUDZQ�DJDLQ��$W�WKH�����PLQXWH��WKH�VWXG\�ZDV�RYHU�DQG�PRUWDOLW\�UDWHV�ZHUH�LQYHVWLJDWHG�

5HVXOWV

)RXU�UDWV�LQ�JURXS�%��DQG���LQ�&�GHDG�EHIRUH�WKH�VWXG\�ZDV�RYHU��$OO�ZHUH�DOLYH�LQ�*URXS�&��UHVXOWV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��:KHQ�*URXS�$�DQG�&
ZHUH�FRPSDUHG��WKHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�WHUPV�RI�ERG\�WHPSHUDWXUH��EORRG�SUHVVXUH�DQG�KHDUW�UDWH��3D2���1D���.��DQG�EDVH
GHILFLW�YDOXHV�

)RU�S+�YDOXHV�RI�JURXS�$�DQG�%��WKHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�DW���WK�DQG���WK�PLQXWHV��0DQQ�:KLWQH\�8��S���������+RZHYHU��WKHUH
ZDV�D�PHDQLQJIXO�GLIIHUHQFH�EHWZHHQ�WKHLU�EDVHOLQH�S+�YDOXHV��0DQQ�:KLWQH\�8��S��������:KLOH�WKH�DYHUDJH�EDVHOLQH�S+�YDOXH�RI�*URXS�&�ZDV
����k������LW�ZDV�����k�����LQ�*URXS�$��:KHQ�FRPSDUHG�WKH�OLIHWLPHV�RI�UDWV�LQ�*URXS�$�DQG�%��WKHUH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH��S������
�*URXS�$�ZDV�EHWWHU���KRZHYHU�QR�GLIIHUHQFH�ZDV�GHWHFWHG�EHWZHHQ�*URXS�%�DQG�&��S!������

&RQFOXVLRQV

:H�SHUFLHYHG�WKDW�UDWV�LQ�JURXS�OLYHG�ORQJHU�FRPSDUHG�WR�1D+&2��DQG�FRQWURO�JURXSV��



&$5',29$6&8/$5 $IVLQ�(PUH�.D\LSPD]

��������7KH�LPSDFW�RI�PHWHURORJLFDO�HYHQWV�RQ�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$IVLQ�(PUH�.D\LSPD]������2UFXQ�&LIWFL������&HPLO�.DYDOFL����

���'HSDUWPHQW�RI�(PHUJHQF\��%DVNHQW�8QLYHUVLW\�)DFXOW\�RI�0HGLFLQH��$QNDUD��785.(<
���'HSDUWPHQW�RI�&DUGLRORJ\��%DVNHQW�8QLYHUVLW\�)DFXOW\�RI�0HGLFLQH��$QNDUD��785.(<

.H\ZRUGV��$FXWH�FRURQDU\�V\QGURPH��DLU�SROOXWLRQ��ZHDWKHU

$EVWUDFW��

$V�DQ�LPSRUWDQW�VRXUFH�RI�PRUELGLW\�DQG�PRUWDOLW\��67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ�LV�NQRZQ�WR�RFFXU�RQ�WKH�EDVLV�RI�FHUWDLQ�ULVN�IDFWRUV
LQFOXGLQJ�GLDEHWHV��K\SHUWHQVLRQ��K\SHUOLSLGHPLD��VPRNLQJ��DQG�IDPLO\�KLVWRU\��,Q�DGGLWLRQ�WR�WKHVH�WUDGLWLRQDO�ULVN�IDFWRUV��FRFDLQH�XVH��SK\VLFDO�RU
HPRWLRQDO�VWUHVV��WUDIILF��DQG�DLU�SROOXWLRQ�KDYH�DOVR�EHHQ�VKRZQ�WR�EH�WULJJHUV�RI�P\RFDUGLDO�LQIDUFWLRQ�LQ�VRPH�RFFDVLRQV��,Q�WKH�SUHVHQW�VWXG\�ZH
DLPHG�WR�LQYHVWLJDWH�WKH�LPSDFW�RI�FHUWDLQ�PHWHRURORJLFDO�DQG�DLU�SROOXWLRQ�SDUDPHWHUV�RQ�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��67(0,��

:H�FRQGXFWHG�WKH�SUHVHQW�VWXG\�LQ�D�UHWURVSHFWLYH�PDQQHU�DIWHU�REWDLQLQJ�HWKLFV�FRPPLWWHH�DSSURYDO��:H�LQFOXGHG�SDWLHQWV�ZKR�ZHUH�GLDJQRVHG
ZLWK�67(0,�DIWHU�EHLQJ�SUHVHQWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW�ZLWK�V\PSWRPV�VXJJHVWLYH�RI�DFXWH�FRURQDU\�V\QGURPH�EHWZHHQ�$SULO������DQG
'HFHPEHU��������:H�REWDLQHG�GHPRJUDSKLF�DQG�PHGLFDO�GDWD�LQFOXGLQJ�DJH��VH[��ULVN�IDFWRUV��DQG�FR�PRUELG�FRQGLWLRQV�ZLWK�WKH�KHOS�RI�WKH�SDWLHQW
LQIRUPDWLRQ�PDQDJHPHQW�V\VWHP�RI�RXU�KRVSLWDO��:H�REWDLQHG�FHUWDLQ�PHWHRURORJLFDO�GDWD�RI�$QNDUD�SURYLQFH�SHUWDLQLQJ�WR�WKH�VWXG\�SHULRG�
LQFOXGLQJ�PD[LPXP�PLQLPXP�DQG�DYHUDJH�DLU�WHPSHUDWXUH��j&���KXPLGLW\������VHD�OHYHO�SUHVVXUH��K3D���DQG�SUHFLSLWDWLRQ�W\SH�DQG�VWDWXV��UDLQ�
VQRZ��IRJ��VWRUP��KDLO���:H�DOVR�DFFHVVHG�DLU�SROOXWLRQ�VXUYHLOODQFH�GDWD��3DUWLFXODWH�PDWWHU�����DQG�����30����DQG�30�����6XOSKXU�GLR[LGH��62���
1LWULF�R[LGH��12���1LWURJHQ�GLR[LGH��12����1LWURJHQ�R[LGH��12[���&DUERQ�PRQR[LGH��&2���

7KH�QRUPDOLW\�RI�GLVWULEXWLRQ�RI�FRQWLQXRXV�YDULDEOHV�ZDV�WHVWHG�E\�.ROPRJRURY�6PLUQRY�WHVW��0DQQ�:KLWQH\�8�WHVW�ZDV�XVHG�IRU�FRPSDULVRQ�RI�WZR
LQGHSHQGHQW�JURXSV�RI�YDULDEOHV�ZLWK�D�QRQ�QRUPDO�GLVWULEXWLRQ�DQG�&KL�VTXDUH�WHVW�ZDV�XVHG�WR�DVVHVV�UHODWLRQ�EHWZHHQ�FDWHJRULFDO�YDULDEOHV�
*HQHUDOL]HG�DGGLWLYH�UHJUHVVLRQ�PRGHOV�ZHUH�EXLOW�WR�LQYHVWLJDWH�HIIHFWV�RI�PDLQ�DQG�ODJ�HIIHFWV�RI�PHWHRURORJLFDO�YDULDEOHV�RQ�67(0,��/DJ�HIIHFW
DQDO\VHV�DQG�PRGHOV�ZHUH�FRQVWUXFWHG���$�S�YDOXH��������ZDV�DFFHSWHG�DV�VWDWLVWLFDOO\�VLJQLILFDQW��

'XULQJ�D�SHULRG�RI������GD\V��D�WRWDO�RI�����67(0,�FDVHV�ZHUH�SUHVHQWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW��0DOHV�FRQVWLWXWHG��������Q �����RI�WKH
FDVHV�DQG�IHPDOHV��������Q �����7KH�PHDQ�DJH�RI�WKH�VWXG\�VXEMHFWV�ZDV�������k�������\HDUV��67(0,�FDVHV�SUHVHQWHG�DW�������������RI�����
VWXG\�GD\V�

:H�GLG�QRW�GHWHFW�DQ\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�ZHDWKHU�FRQGLWLRQV�GXULQJ�GD\V�ZLWK�DQG�ZLWKRXW�67(0,�SUHVHQWDWLRQ��S!��������:HDWKHU
HYHQWV��UDLQ��VQRZ��IRJ��VWRUP��KDLO��ZHUH�QRW�VLJQLILFDQWO\�FRUUHODWHG�WR�67(0,�HYHQWV��S!�������

$FFRUGLQJ�WR�D���GD\�ODJ�DQDO\VLV�WR�GHWHUPLQH�WKH�HIIHFW�RI�YDULDEOHV�UHODWHG�WR�ZHDWKHU�FRQGLWLRQ�RQ�67(0,�RFFXUUHQFH��WKHUH�ZHUH�QR�VLJQLILFDQW
GLIIHUHQFHV�ZLWK�UHVSHFW�WR�PD[LPXP��DYHUDJH��PLQLPXP�WHPSHUDWXUHV��DV�ZHOO�DV�LQ�DLU�SUHVVXUH��2Q�WKH�RWKHU�KDQG��PLQLPXP�KXPLGLW\�ZDV
VLJQLILFDQWO\�FRUUHODWHG�WR�67(0,�SUHVHQWDWLRQV��2GGV�5DWLR��25��>����&RQILGHQFH�,QWHUYDO��&,�@ ������>�����������@��S ��������$PRQJ�DLU�SROOXWLRQ
SDUDPHWHUV��RQ�WKH�RWKHU�KDQG��RQO\�QLWULF�R[LGH���25�>���&,@ ������>�����������@��S �������DQG�QLWURJHQ�R[LGH���25�>���&,@ ������>�����������@
S �������ZHUH�VLJQLILFDQWO\�FRUUHODWHG�WR�67(0,�SUHVHQWDWLRQ�LQ�/DJ���DQDO\VLV�

,Q�FRQFOXVLRQ��ZHDWKHU�HYHQWV�ZHUH�QRW�FRUUHODWHG�WR�67(0,�SUHVHQWDWLRQ�ZKHUHDV�PLQLPXP�KXPLGLW\��QLWULF�R[LGH��DQG�QLWURJHQ�R[LGH�ZHUH
VLJQLILFDQWO\�FRUUHODWHG�WR�67(0,�SUHVHQWDWLRQV�LQ�/DJ���DQDO\VLV��



&$6(�35(6(17$7,21 VVLOD�VDGLOOLRJOX

��������1HSKUROLWKLDVLV�RU�UHQDO�DUWHU\�WKURPERVLV"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

LQFLIHU�NDQEXU������EHKOXO�EDV������VLOD�VDGLOOLRJOX������KDNDQ�WRSDFRJOX����

���HPHUJHQF\�GHSDUWPHQW��LVWDQEXO�UHVHDUFK�DQG�WUDLQLQJ�KRVSLWDO��LVWDQEXO��785.(<

.H\ZRUGV��WKURPERVLV��UHQDO�DUWHU\��QHSKUROLWKLDVLV

$EVWUDFW��

%DFNJURXQG��5HQDO�DUWHU\�WKURPERVLV��5$7��LV�D�UDUH�FRQGLWLRQ��ZLWK�D�SRRU�SURJQRVLV��ZKLFK�FDQ�OHDG�WR�UHQDO�LQIDUFWLRQ��5,���7KH�IUHTXHQF\�RI�UHQDO
LQIDUFWLRQ�LV�KLJKHU�WKDQ�UHSRUWHG��&OLQLFDO�GLDJQRVLV�RI�UHQDO�LQIDUFWLRQ�LV�IUHTXHQWO\�PLVVHG�RU�GHOD\HG�EHFDXVH�WKH�SDWLHQWV�SUHVHQW�ZLWK�DEGRPLQDO
RU�IODQN�SDLQ���ZKLFK�PLPLF�RWKHU��PRUH�FRPPRQ�FRQGLWLRQV��VXFK�DV�QHSKUROLWKLDVLV�DQG�S\HORQHSKULWLV�

&DVH�SUHVHQWDWLRQ��$����\HDU�ROG�PDOH�SDWLHQW�ZLWK�GLDEHWHV�DQG�K\SHUWHQVLRQ�KLVWRU\��ZKR�KDG�D�SULPDU\�SHUFXWDQHRXV�FRURQDU\�LQWHUYHQWLRQ�DQG
VWHQW�SODFHPHQW���PRQWKV�DJR�EHFDXVH�RI�DQ�DFXWH�P\RFDUGLDO�LQIDUFWLRQ��ZDV�DGPLWWHG�WR�RXU�(PHUJHQF\�'HSDUWPHQW��('��ZLWK�IODQN�SDLQ�RQ�WKH
OHIW�VLGH��+LV�EORRG�SUHVVXUH�ZDV��������PP+J��KLV�SXOVH����PLQXWH��R[\JHQ�VDWXUDWLRQ������DQG�IHYHU������GHJUHHV�&HOVLXV�$W�KLV�SK\VLFDO
H[DPLQDWLRQ�KH�RQO\�KDG�FRVWRYHUWHEUDO�DQJOH�WHQGHUQHVV�RQ�WKH�OHIW�VLGH��2I�KLV�SDUDPHWHUV��RQO\�KLV�WURSRQLQ�OHYHO������QJ�P/���DQG�EORRG�JOXFRVH
����PJ�G/��ZHUH�KLJK��,Q�KLV�XULQDO\VLV�KH�KDG�JOXFRVH�DQG�HU\WKURF\WHV�,Q�WKH�FRQWUDVW�HQKDQFHG�DEGRPLQDO�&7�WKHUH�ZDV�D����PP�WKURPERVLV
IRUPDWLRQ�DW�WKH�OHIW�SUR[LPDO�UHQDO�DUWHU\��ZKLFK�ZDV�UHDFKLQJ�WKH�DEGRPLQDO�DRUWD��7KH�SDWLHQW�ZDV�LQWHUQHG�LQ�WKH�8URORJ\�'HSDUWPHQW�ZLWK�D
GLDJQRVLV�RI�UHQDO�DUWHU\�RFFOXVLRQ��7KH�LQWHUYHQWLRQDO�UDGLRORJLVW�DSSOLHG�D�EDOORRQ�H[SDQGDEOH�VWHQW�LQ�WKH�UHQDO�DUWHU\�DV�ZHOO�DV�WKURPERO\WLF
WKHUDS\�

&RQFOXVLRQ��,Q�D�SDWLHQW�ZLWK�IODQN�SDLQ�ZKR�KDV�D�KLJK�ULVN�RI�DWKHURHPEROLVP��WKH�GLIIHUHQWLDO�GLDJQRVLV�RI�UHQDO�DUWHU\�WKURPERVLV�VKRXOG�EH
FRQVLGHUHG�&RPSXWHU�WRPRJUDSK\�DQJLRJUDSK\�FRXOG�EH�XVHG�WR�SURYH�WKH�GLDJQRVLV�LQ�('V��$Q�HDUO\�GHWHFWLRQ�RI�UHQDO�DUWHU\�WKURPERVLV�FDQ�VDYH
WKH�NLGQH\�IURP�LQMXU\��LPSURYLQJ�WKH�TXDOLW\�RI�WKH�SDWLHQWÇV�OLIH�

�



&$6(�35(6(17$7,21 VVLOD�VDGLOOLRJOX

��������$�FDVH�RI�FHUHEUDO�YHLQ�WKURPERVLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

LQFLIHU�NDQEXU������EHKOXO�EDV������VLOD�VDGLOOLRJOX������KDNDQ�WRSDFRJOX����

���HPHUJHQF\�GHSDUWPHQW��LVWDQEXO�UHVHDUFK�DQG�WUDLQLQJ�KRVSLWDO��LVWDQEXO��785.(<

.H\ZRUGV��WKURPERVLV��FHUHEUDO�YHLQ��GXUDO�VLQXV

$EVWUDFW��

%DFNJURXQG��&HUHEUDO�YHLQ�DQG�GXUDO�VLQXV�WKURPERVLV�LV�OHVV�FRPPRQ�WKDQ�PRVW�RWKHU�W\SHV�RI�VWURNH��EXW�FDQ�EH�PRUH�FKDOOHQJLQJ�WR�GLDJQRVH��2I
DOO�FHUHEUDO�VLQXV�WKURPERVHV����WR������RFFXU�LQ�FRQQHFWLRQ�ZLWK�SUHJQDQF\�RU�FKLOGELUWK��RU�GXULQJ�WKH�SXHUSHULXP��7KH�ULVN�LV�KLJKHVW�GXULQJ�WKH
ILUVW�PRQWK�IROORZLQJ�GHOLYHU\�

&DVH�SUHVHQWDWLRQ��$����\HDU�ROG�IHPDOH�SDWLHQW�ZLWK�QR�KLVWRU\�RI�LOOQHVV�ZDV�DGPLWWHG�WR�RXU�KRVSLWDO�E\�DPEXODQFH�DIWHU�H[SHULHQFLQJ�QHDU
V\QFRSH��+HU�EORRG�SUHVVXUH�ZDV�������PP+J��KHU�SXOVH����PLQXWH��KHU�R[\JHQ�VDWXUDWLRQ�����DQG�KHU�IHYHU������GHJUHHV�&HOVLXV��6KH�KDG�D
*ODVJRZ�FRPD�VFDOH�VFRUH�RI�����2QH�GD\�EHIRUH�VKH�KDG�H[SHULHQFHG�ORVV�RI�PRWRU�IXQFWLRQ�RQ�KHU�ULJKW�VLGH��7KHUH�ZDV�QR�HYLGHQFH�RI�SDWKRORJ\
LQ�KHU�SK\VLFDO�H[DPLQDWLRQ��6KH�ZDV�RQO\�FRPSODLQLQJ�DERXW�KHDGDFKH�DQG�ZHDNQHVV��2QH�ZHHN�EHIRUH�VKH�KDG�KDG�D�&DHVDULDQ�VHFWLRQ�DQG�VKH
ZDV�QRZ�EUHDVWIHHGLQJ��+HU�EORRG�SDQHO�DQG�ELRFKHPLFDO�SDUDPHWHUV�ZHUH�QRUPDO��7KHUH�ZDVQÇW�DQ\�SDWKRORJ\�LQ�KHU�FUDQLDO�FRPSXWHG�WRPRJUDSK\�
$V�D�JHQHUDOL]HG�WRQLF�FORQLF�VHL]XUH�RFFXUHG�GXULQJ�KHU�KRVSLWDO�PRQLWRULQJ��GLIIXVLRQ�ZHLJKWHG�PDJQHWLF�UHVRQDQFH�LPDJLQJ�ZDV�DSSOLHG��DQG�D
GLIIXVLRQ�OLPLWDWLRQ�ZDV�GHWHFWHG�RQ�WKH�OHIW�SUHFHQWUDO�J\UXV��%HFDXVH�RI�WKH�DW\SLFDO�ORFDOL]DWLRQ��VLQXV�YHQRXV�WKURPERVLV�ZDV�FRQVLGHUHG�DV�D
SUHGLDJQRVLV��7KH�1HXURORJ\�'HSDUWPHQW�ZDV�FRQVXOWHG�DQG�WKH�SDWLHQW�ZDV�LQWHUQHG��7KH�05�YHQRJUDSK\�FRQGXFWHG�LQ�WKH�1HXURORJ\�'HSDUWPHQW
VKRZHG�QR�IORZ�LQ�WKH�OHIW�YHLQ�RI�7URODUG�RU�LQ�WKH�VXSHULRU�VDJLWWDO�YHLQ�

&RQFOXVLRQ��,Q�D�SRVWSDUWXP�SDWLHQW�ZLWK�VHL]XUHV��&97�VKRXOG�EH�FRQVLGHUHG�DV�D�GLIIHUHQWLDO�GLDJQRVLV��'XH�WR�WKH�ZLGHVSUHDG�XVH�RI�GLIIXVLRQ
ZHLJKWHG�PDJQHWLF�UHVRQDQFH�LPDJLQJ�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��LW�LV�SRVVLEOH�WR�GHWHFW�DQG�GLDJQRVH�&97�HDUO\��ZKLFK�FDQ�EH�OLIHVDYLQJ�IRU
WKH�SDWLHQW�

�

�



&$6(�35(6(17$7,21 $WLI�%$<5$02*/8

��������,QWHVWLQDO�WXEHUFXORVLV�PLPLFNLQJ�FRORQ�FDQFHU��D�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6XNUX�$UVODQ������(UGHP�.DUDGHQL]������%�Q\DPL�2=2*8/������(VUD�'LVFL������0(687�<85������$W¢I�%$<5$02*/8������6DEUL�6HOFXN�$WDPDQDOS����

���*HQHUDO�6XUJHU\��$WDWXUN�8QLYHUVLW\�0HGLFDO�)DFXOW\���(U]XUXP��785.(<
���*HQHUDO�6XUJHU\��$WDWXUN�8QLYHUVLW\�0HGLFDO�)DFXOW\���(U]XUXP��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\��$WDWXUN�8QLYHUVLW\�0HGLFDO�)DFXOW\���(U]XUXP��785.(<

.H\ZRUGV��LQWHVWLQDO�WXEHUFXORVLV��FRORQ�FDQVHU

$EVWUDFW��

,QWURGXFWLRQ

7XEHUFXORVLV�LV�DQ�LPSRUWDQW�KHDOWK�SUREOHP�DOO�RYHU�WKH�ZRUOG��,QWHVWLQDO�WXEHUFXORVLV�FRQVWLWXWHV����RI�WKH�ZKROH�WXEHUFXORVLV�FDVHV�DOWKRXJK�LW�LV
H[WUHPHO\�UDUH��7KH�SUHYDOHQFH�RI�FRORQ�WXEHUFXORVLV�LV�D�ORW�IHZHU�

7KH�&DVH

)LIW\�HLJKW�\HDU�ROG�IHPDOH�SDWLHQW�DSSOLHG�WR�WKH�(PHUJHQF\�6HUYLFH�ZLWK�WKH�FRPSODLQWV�RI�VWRPDFKDFKH��DEGRPLQDO�VZHOOLQJ�DQG�LQDELOLW\�WR
GHIHFDWH��,Q�KHU�KLVWRU\��LW�ZDV�GHWHFWHG�WKDW�VKH�KDG�ZHDNQHVV��ODFN�RI�DSSHWLWH�DQG�ORVV�RI�ZHLJKW�WKDW�FRQWLQXHG�IRU�WKH�SDVW���\HDU��,Q�WKH
SK\VLFDO�H[DPLQDWLRQ��LW�ZDV�GHWHFWHG�WKDW�VKH�KDG�VHQVLWLYLW\�HVSHFLDOO\�LQ�ORZHU�ULJKW�TXDGUDQW��P��GHIHQVH�DQG�GRXEWIXO�UHERXQG��+HU�ODERUDWRU\
WHVWV�UHYHDOHG�WKDW�WKH�ZKLWH�EORRG�FHOO�FRXQW�ZDV�������PP���7KH�VWDQGLQJ�HPSW\�DEGRPLQDO�UDGLRJUDSK�UHYHDOHG�WKDW�WKHUH�ZHUH�DLU�IOXLG�OHYHOV�
8UJHQW�DEGRPLQDO�WRPRJUDSK\�UHYHDOHG�WKDW�WKHUH�ZDV�LQFUHDVH�LQ�WKH�WKLFNQHVV�RI�WKH�FRORQ�SUR[LPDO��ZKLFK�ZDV�SDUWO\�RXW�LQ�WKH�ORFDOL]DWLRQ
ZKHUH�WHUPLQDO�LOHXP�ZDV�FRQQHFWHG�WR�FHFXP��,QWHVWLQDO�REVWUXFWLRQ�ZDV�FRQVLGHUHG�IRU�WKH�SDWLHQW�DQG�XUJHQW�VXUJHU\�ZDV�SODQQHG�

7KHUH�ZDV�PDVV�OHVLRQ�REVHUYHG�LQ�WKH�VWRPDFK�UDGLRJUDSK\�LQ�WKH�FHFXP�RXW�FRPLQJ�FRORQ�ORFDOL]DWLRQ�LQ�WKH�H[SORUDWLRQ��7KLV�PDVV�OHVLRQ�ZDV
LQYDVLYH�WR�WKH�UHWURSHULWRQHXP��ZKLFK�LQFOXGHG�WKH�ULJKW�XUHWHU��5HVHFWLRQ�ZDV�QRW�FRQVLGHUHG��DQG�LOHRWUDQVYHUVH�E\�SDVV�ZDV�DSSOLHG��%LRSV\
PDWHULDO�ZDV�WDNHQ�IURP�WKH�O\PSK�QRGXOHV�H[LVWLQJ�LQ�WKH�PHVR�

7KH�SDWLHQW��ZKR�GLG�QRW�KDYH�DQ\�SUREOHPV��ZDV�GLVFKDUJHG�IURP�KRVSLWDO�RQ��WK�SRVW�RSHUDWLRQDO�GD\��,Q�WKH�SDWKRORJLFDO�H[DPLQDWLRQ�RI�WKHVH
O\PSK�QRGXOHV��JUDQXORPDWRXV�FKDQJHV�WKDW�LQFOXGHG�FDVHLILFDWLRQ�QHFURVLV�ZHUH�REVHUYHG��DQG�WKHUHIRUH��LW�ZDV�GHFLGHG�WKDW�WKLV�ZDV�FRORQ
WXEHUFXORVLV��ZKLFK�KDG�FDXVHG�LQWHVWLQDO�REVWUXFWLRQ��7KLV�GLDJQRVLV�ZDV�FRQILUPHG�ZLWK�WKH�ODERUDWRU\�WHVWV�WKDW�ZHUH�DSSOLHG�ODWHU�

&RQFOXVLRQ

$OWKRXJK�WXEHUFXORVLV�PRVW�IUHTXHQWO\�KROGV�WKH�OXQJV��LW�LV�DOVR�SRVVLEOH�WKDW�LW�PD\�KROG�DQ\�RUJDQ�LQ�WKH�JDVWURLQWHVWLQDO�V\VWHP�IURP�WKH�PRXWK�WR
WKH�UHFWXP��7KH�WXEHUFXORVLV�WKDW�KROGV�WKH�FRORQ�PD\�EH�FRQIXVHG�ZLWK�WKH�LQIODPPDWRU\�GLVHDVHV�RI�WKH�LQWHVWLQHV��LQWHVWLQDO�PDOLJQLW\��DQG
QRQ�VSHFLILF�LQIHFWLRXV�GLVHDVHV�RI�WKH�LQWHVWLQHV��&RORQRVFRSLF�H[DPLQDWLRQ�PXVW�EH�FRQGXFWHG�HVSHFLDOO\�LQ�HQGHPLF�DUHDV�IRU�WKH�SDWLHQWV�IRU
ZKRP�FRORQ�WXEHUFXORVLV�LV�GRXEWHG��,Q�SDWLHQWV�ZKR�DUULYH�ZLWK�LQWHVWLQDO�REVWUXFWLRQ��ZKLFK�ZDV�DOVR�WKH�FDVH�LQ�RXU�SDWLHQW��UHVHFWLRQ�PXVW�EH
DSSOLHG�WR�WKH�OHVLRQ�LI�LW�LV�VXLWDEOH�IRU�WKLV��DQG�LI�QRW��E\�SDVV�PXVW�EH�FRQGXFWHG�LQ�VXUJHULHV�FRQGXFWHG�LQ�XUJHQW�FRQGLWLRQV�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 WRP�VFKPLW]

��������.QRZOHGJH�RI�ULVN�IDFWRUV�IRU�YHQRXV�WKURPERHPEROLVPV�DQG�WKH�XVH�RI�ORZ�PROHFXODU�ZHLJKW�KHSDULQ�LQ�WKH�HPHUJHQF\
GHSDUWHPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$QQHOLHV�9DQGHZHJH������/LHQ�0HVWGDJK������7RP�6FKPLW]������,YHV�+XEORXH����

���(PHUJHQF\�'HSDUWHPHQW��8=%UXVVHO��%UXVVHO��%(/*,80
���(PHUJHQF\�'HSDUWHPHQW��8=EUXVVHO��%UXVVHO��%(/*,80

.H\ZRUGV��/0:+��97(��7UDXPD�&DUH��//,��3URI\OD[LV

$EVWUDFW��

,1752'8&7,21

/RZ�PROHFXODU�ZHLJKW�KHSDULQ��/0:+��DUH�FRPPRQO\�SUHVFULEHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���1RW�SUHVFULELQJ�/0:+�IRU�SDWLHQWV�ZLWK�ORZHU
OLPE�LPPRELOL]DWLRQ��//,��DQG�DW�ULVN�IRU�YHQRXV�WKURPERHPEROLF�HYHQWV��97(��FDQ�EH�OLIH�WKUHDWHQLQJ��7KH�LQFLGHQFH�RI�97(�LQ�SDWLHQWV�ZLWK�//,�LV
HVWLPDWHG�EHWZHHQ����������7KH�NQRZQ�ULVN�IDFWRUV�IRU�97(�DUH�HDVLO\�PLVLQWHUSUHWHG�ZH�QRWLFHG�LQ�RXU�GHSDUWHPHQW��

0(7+2'6

3DUWLFLSDQWV�ZHUH�DVNHG�DERXW�WKHLU�SUHVFULELQJ�EHKDYLRU��WKH�LQIOXHQFH�RI�ULVN�IDFWRUV�IRU�97(��WKH�OHYHO�RI�HYLGHQFH�DQG�WKH�QHHG�IRU�GRVH�UHGXFWLRQ
LQ�SDWLHQWV�ZLWK�UHQDO�IDLOXUH�

(WKLFDO�FRPPLWWHH�ZDV�REWDLQHG�DQG�D�RQOLQH�TXHVWLRQQDLUH�ZDV�FUHDWHG�

�

5(68/76

���TXHVWLRQQDLUHV�ZHUH�ILOOHG�RXW�E\�SK\VLFLDQV��ERWK�DWWHQGLQJV���������DQG�UHVLGHQWV��������ZRUNLQJ�DW�('V�

����RI�WKH�UHVSRQGHQWV�GRHV�QRW�GLIIHUHQWLDWH�LPPRELOL]DWLRQ�RI�JUDGH�,,,�GLVWRUWLRQV�IURP�IUDFWXUHV�ZKHQ�SUHVFULELQJ�/0:+�DQG�������LQGLFDWHV
EHLQJ�LQIOXHQFHG�E\�WKH�W\SH�RI�LPPRELOL]DWLRQ��VSOLQW�YHUVXV�FLUFXODU�FDVW��

:LWKKROGLQJ�WUHDWPHQW�LQ�SDWLHQWV�ZLWK�NQRZQ�ULVN�IDFWRUV��RWKHU�WKDQ�WKH�LPPRELOL]DWLRQ�LWVHOI��ZDV�VHHQ�IRU�NQRZQ�ULVN�IDFWRUV��KRUPRQDO�WKHUDS\
�������KLVWRU\�������DQG�SUHJQDQF\����������2I�WKH�UHVSRQGHQWV�����UHFRJQL]HG�WKDW�%0,�LV�D�ULVN�IDFWRU�

����ZURQJO\�LQGLFDWHG�EHLQJ�LQIOXHQFHG�E\�WKH�SDWLHQWÇV�JHQGHU�LQ�WKHLU�GHFLVLRQ�DQG����LQGLFDWHG�XVLQJ�WKH�DJH�RI����RU�KLJKHU�DV�WKH�FXW�RII�IRU
SUHVFULELQJ�/0:+�

5HQDO�LQVXIILFLHQF\�ZDV�QRW�WDNHQ�LQWR�DFFRXQW�LQ�������RI�WKH�UHVSRQGHUV�

�

&21&/86,21

,W�LV�LPSRUWDQW�WR�RQO\�LQLWLDWH�97(�SURSK\OD[LV�LQ�SDWLHQWV�ZKHUH�EHQHILWV�RXWZHLJK�WKH�SRVVLEOH�ULVNV�

%DVHG�RQ�WKH�UHVXOWV�RI�RXU�PXOWL�FHQWHU�VXUYH\��ZH�FDQ�FRQFOXGH�WKDW�D�ORW�RI�SK\VLFLDQV�DUHQÇW�IDPLOLDU�ZLWK�WKH�FRUUHFW�XVH�RI�/0:+�LQ�WKH�('��,W
VHHPV�WKDW�WKH�UROH�RI�JHQGHU�DQG�DJH�LV�QRW�ZHOO�NQRZQ��0RUH�VXUSULVLQJO\��PRUH�WKDQ�KDOI�RI�WKH�UHVSRQGHQWV�GRHV�QRW�FRQVLGHU�//,�LWVHOI�DV�ULVN
IDFWRU��,Q�FRQWUDVW��DERXW�RQH�IRXUWK�RI�WKH�SK\VLFLDQV�ZRXOG�QRW�SUHVFULEH�/0:+�HYHQ�WKRXJK�WKH�SDWLHQW�KDV�D�SURYHQ�ULVN�IDFWRU�IRU�97(�

'RVH�UHGXFWLRQ�LV�DQ�LPSRUWDQW�LVVXH�LQ�SDWLHQWV�ZLWK�VHYHUH�UHQDO�LQVXIILFLHQF\�DQG�LV�DSSDUHQWO\�HDVLO\�IRUJRWWHQ�

(YHQ�WKRXJK�WKHUH�LV�H[WHQVLYH�UHVHDUFK�DYDLODEOH�DERXW�WKH�ULVN�IDFWRUV�IRU�GHYHORSPHQW�RI�97(��D�ORW�RI�SK\VLFLDQV�VHHP�WR�EH�KDYLQJ�GLIILFXOWLHV
LGHQWLI\LQJ�SDWLHQWV�DW�LQFUHDVHG�ULVN��,Q�DGGLWLRQ��PRVW�UHVHDUFK�DYDLODEOH�DERXW�WKH�VXEMHFW�LV�QRW�DSSOLFDEOH�RQ�WKH�SRSXODWLRQ�HQFRXQWHUHG�LQ�WKH
('��

7KH�GHFLVLRQ�SDWKZD\�LV�QRW�GLIILFXOW�VR�IORZFKDUWV�FRXOG�HDVLO\�EH�FUHDWHG�WR�OLPLW�WKH�SRVVLELOLW\�RI�HUURUV�LQ�LQWHUSUHWDWLRQ�RI�WKH�ULVN�IDFWRUV�

)XUWKHU�UHVHDUFK�LV�SODQQHG�EDVHG�RQ�WKH�UHVXOWV�RI�WKLV�UHVHDUFK��DQ�LQWHUQDWLRQDO�PXOWL�FHQWHU�VWXG\�LV�SODQQHG�WR�IROORZ�WKLV�QDWLRQDO�HQTXLU\�



&$6(�35(6(17$7,21 $WLI�%$<5$02*/8

��������&URKQ
V�GLVHDVH�ZLWK�DFXWH�DSSHQGLFLWLV��D�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%�Q\DPL�2=2*8/������6XNUX�$UVODQ������(VUD�'LVFL������(UGHP�.DUDGHQL]������0(687�<85������$W¢I�%$<5$02*/8������0HKPHW�,OKDQ�<LOGLUJDQ����

���*HQHUDO�6XUJHU\��$WDWXUN�8QLYHUVLW\�0HGLFDO�)DFXOW\���(U]XUXP��785.(<
���*HQHUDO�6XUJHU\��$WDWXUN�8QLYHUVLW\�0HGLFDO�)DFXOW\���(U]XUXP��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\��$WDWXUN�8QLYHUVLW\�0HGLFDO�)DFXOW\���(U]XUXP��785.(<

.H\ZRUGV��&URKQ
V�GLVHDVH��DFXWH�DSSHQGLFLWLV

$EVWUDFW��

,QWURGXFWLRQ

&URKQÇV�'LVHDVH�LV�FRQIXVHG�ZLWK�WKH�DSSHQGLFLWLV�LQ�\RXQJ�SDWLHQWV��(VSHFLDOO\�EHWZHHQ�������\HDUV�RI�DJH��&URKQÇV�'LVHDVH�VKRZV�VLPLODU�FOLQLFDO
ILQGLQJV�ZLWK�DFXWH�DSSHQGLFLWLV�LQ�FDVHV�WKDW�KDYH�WHUPLQDO�LOHXP�LQYROYHPHQW��$SSHQGLFLWLV�LV�REVHUYHG�IUHTXHQWO\�LQ�WKH�VDPH�DJH�JURXS�SDWLHQWV�
+RZHYHU��WKH�WZR�GLVHDVHV�EHLQJ�REVHUYHG�WRJHWKHU�DUH�H[WUHPHO\�UDUH��:H�ZRXOG�OLNH�WR�SUHVHQW�D�FDVH�WKDW�ZDV�SUH�GLDJQRVHG�ZLWK�DFXWH
DSSHQGLFLWLV�DQG�WKHQ�ZDV�GLDJQRVHG�ZLWK�&URKQÇV�'LVHDVH�

7KH�&DVH

7KLUW\�WKUHH�\HDU�ROG�PDOH�SDWLHQW�DSSOLHG�WR�WKH�(PHUJHQF\�6HUYLFH�ZLWK�VWRPDFKDFKH�FRPSODLQW��,Q�KLV�KLVWRU\��KH�WROG�WKDW�WKH�VWRPDFKDFKH
VWDUWHG���GD\V�DJR�DURXQG�WKH�EHOO\�DQG�ORFDOL]HG�WR�WKH�ORZHU�ULJKW�TXDGUDQW��$W�ILUVW��KH�KDG�TXDOP��EXW�QRW�YRPLWLQJ��+H�DOVR�PHQWLRQHG�WKDW�KH
KDG�HSLJDVWULF�SDLQ��ZKLFK�ODVWHG�IRU�QHDUO\�RQH�\HDU��DQG�VRPHWLPHV�GLDUUKHD��,Q�KLV�SK\VLFDO�H[DPLQDWLRQ��LW�ZDV�GHWHUPLQHG�WKDW�KH�KDG�VHQVLWLYLW\
LQ�KLV�ORZHU�ULJKW�TXDGUDQW��PXVFXODU�GHIHQVH�DQG�UHERXQG��7KH�ZKLWH�EORRG�FHOO�FRXQW�RI�WKH�SDWLHQW�ZDV�������PP���,Q�WKH�DEGRPLQDO
XOWUDVRQRJUDSK\��LW�ZDV�UHSRUWHG�WKDW�KH�KDG�DFXWH�DSSHQGLFLWLV��,W�ZDV�REVHUYHG�WKDW�WKH�GLDPHWHU�RI�WKH�DSSHQGL[�RI�WKH�SDWLHQW�ZDV�LQFUHDVHG�
DQG�ZDV�JDQJUHQH��7KHUH�ZDV�PXUDO�WKLFNHQLQJ�DW�D�IXUWKHU�OHYHO�LQ�WKH�WHUPLQDO�LOHXP��,Q�DGGLWLRQ��WKHUH�ZDV�LQFUHDVH�LQ�WKH�WKLFNQHVV�RI�WKH
WHUPLQDO�LOHXP�PHVR��DQG�O\PSK�QRGXOHV��,Q�WKLV�FDVH��DSSHQGHFWRP\�ZDV�DSSOLHG�WR�WKH�SDWLHQW��DQG�ELRSV\�PDWHULDO�ZDV�WDNHQ�IURP�WKH�O\PSK
QRGXOHV��7KH�SDWLHQW�ZDV�UH�RSHUDWHG�EHFDXVH�WKHUH�ZDV�DEVFHVV�LQ�WKH�LQFLVLRQ�DUHD�LQ�WKH�SRVWRSHUDWLYH��UG�ZHHN��,W�ZDV�REVHUYHG�WKDW�WKH
WHUPLQDO�LOHXP�DQG�FHFXP�ZDOO�WKLFNQHVV�ZHUH�LQFUHDVHG��DQG�WKHUH�ZDV�D�SHUIRUDWLRQ��,Q�WKLV�VLWXDWLRQ��ULJKW�KHPLFROHFWRP\�ZDV�DSSOLHG�WR�WKH
SDWLHQW��,Q�SRVWRSHUDWLYH�SHULRG��QR�FRPSOLFDWLRQV�GHYHORSHG�LQ�WKH�SDWLHQW�DQG�KH�ZDV�GLVFKDUJHG�IURP�WKH�KRVSLWDO�RQ��WK�GD\�

&RQFOXVLRQ

$FXWH�DSSHQGLFLWLV�DQG�&URKQÇV�'LVHDVH�DUH�DPRQJ�WKH�FDXVHV�WKDW�OHDG�WR�DFXWH�DEGRPHQ��DQG�PD\�FDXVH�FRQIXVLRQ�LQ�GLDJQRVLV��7KH\�DUH
REVHUYHG�WRJHWKHU�H[WUHPHO\�UDUHO\��7KHUH�LV�WKH�SRVVLELOLW\�RI�GHYHORSLQJ�ILVWXOD�DQG�REVWUXFWLRQ�DIWHU�DSSHQGHFWRP\�



&35���5(686&,7$7,21 7KLHUU\�6FKLVVOHU

��������(LJKW�\HDUV�������������LQ�KRVSLWDO�%DVLF�/LIH�6XSSRUW�7UDLQLQJ�IRU�DOO�QXUVHV��:H�NHHS�JRLQJ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7KLHUU\�6FKLVVOHU������%DUW�/HVDIIUH������(OOHQ�'HVFKDFKW����

���(PHUJHQF\�'HSDUWPHQW��$=�6LQW�-DQ�%UXJJH�2RVWHQGH��2RVWHQGH��%(/*,80
�����$=�6LQW�-DQ�%UXJJH�2RVWHQGH��2RVWHQGH��%(/*,80

.H\ZRUGV��7UDLQLQJ��%DVLF�/LIH�6XSSRUW��(GXFDWLRQ

$EVWUDFW��

2EMHFWLYH

7KH�ILUVW���OLQNV�LQ�WKH�È&KDLQ�RI�VXUYLYDOÉ��DQG�WKXV�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ�WUDLQLQJ��DUH�PDQGDWRU\�IRU�D�JRRG�SDWLHQW�RXWFRPH��3RRU
NQRZOHGJH�DQG�VNLOO�UHWHQWLRQ�IROORZLQJ�UHVXVFLWDWLRQ�WUDLQLQJ�KDV�EHHQ�GRFXPHQWHG�RYHU�WKH�SDVW����\HDUV�

:H�GHYHORSHG�D�EDVLF�OLIH�VXSSRUW�WUDLQLQJ�SURJUDP�IRU�FOLQLFDO�QXUVHV�DQG�ZH�FRPSRVHG�D�VL[�VWDJH�SODQ�EDVHG�RQ�WKH�(5&�DOJRULWKP�IRU�LQ�KRVSLWDO
UHVXVFLWDWLRQ�

:H�GHILQHG�WZR�TXDOLW\�VWDQGDUGV��ZKLFK�ZH�KDG�WR�PRGLI\��DV�WKH�JXLGHOLQHV�FKDQJHG�LQ�������WR�PHDVXUH�LI�WKHUH�ZDV�DQ�LPSURYHPHQW�LQ�WKH
UHVXVFLWDWLRQ�VNLOOV�DIWHU�IRXU�VHVVLRQV�

0HWKRGV

7KH�ZKROH�QXUVLQJ�VWDII��FD������LQGLYLGXDOV��LQ�RXU�KRVSLWDO�KDG�WR�UHJLVWHU�IRU�D�IRXUWK�REOLJDWRU\�EDVLF�OLIH�VXSSRUW�VHVVLRQ��ZLWK�WKH�FRQVHQW�RI�WKH
%RDUG�RI�'LUHFWRUV�

7KH�SHUIRUPDQFH�RI�WKH�QXUVHV�ZDV�UHFRUGHG�RQ�DQ�$PEXPDQ�PDQLNLQ��ZLWK�$PEX�&35�VRIWZDUH�YHUVLRQ���������O\LQJ�LQ�D�KRVSLWDO�EHG�

6HYHUDO�YDULDEOHV�ZHUH�UHFRUGHG��H�D��WKH�FRUUHFW�H[HFXWLRQ�RI�WKH�VHTXHQFH�RI�WKH�VL[�VWDJH�SODQ��WKH�FRPSUHVVLRQ�UDWH��WKH�FRPSUHVVLRQ�GHSWK�DQG
WKH�YHQWLODWLRQ�YROXPH��8VLQJ�WZR�TXDOLW\�ÆVWDQGDUGVÇ��ZH�FRPSDUHG�WKH�UHVXOWV�VHVVLRQ�

5HVXOWV

7KH�DWWHQGDQFH�WR�WKRVH�VHVVLRQV�LV�VLJQLILFDQWO\�ORZHU�ZKHQ�WKH�QXUVLQJ�VWDII�KDG�WR�HQUROH�WKHPVHOYHV�

)RU�WKH�ILUVW�WZR�VHVVLRQV�������JXLGHOLQHV���ZH�VDZ�D�FRPSUHVVLRQ�GHSWK�EHWZHHQ���PP�DQG���PP�ZDV�DFKLHYHG�E\�����RU������YV����RU�����LQ
ILUVW�VHVVLRQ���S �������ILJ������D�FRPSUHVVLRQ�UDWH�EHWZHHQ����PLQ�DQG�����PLQ�ZDV�DFKLHYHG�E\�����RU������YV�����RU�����LQ�ILUVW�VHVVLRQ�
�S �������ILJ������D�YHQWLODWLRQ�YROXPH�EHWZHHQ����PO�DQG����PO�ZDV�DFKLHYHG�E\�����RU������YV����RU�����LQ�ILUVW�VHVVLRQ���S���������ILJ�����

2SWLPDO�UHVXVFLWDWLRQ��GHILQHG�DV�D�FRPELQDWLRQ�RI�WKRVH�WKUHH�GHWHUPLQDQWV��ZDV�DFKLHYHG�E\����RU������YV����RU����LQ�ILUVW�VHVVLRQ���S ������
6DWLVI\LQJ�UHVXVFLWDWLRQ��GHILQHG�DV�D�FRPELQDWLRQ�RI�D�FRPSUHVVLRQ�UDWH�EHWZHHQ����PLQ�DQG�����PLQ��D�FRPSUHVVLRQ�GHSWK�PRUH�WKDQ���PP�DQG�D
YHQWLODWLRQ�YROXPH�PRUH�WKDQ����PO��ZDV�DFKLHYHG�E\�����RU������YV����RU�����LQ�ILUVW�VHVVLRQ���S���������ILJ����

)RU�WKH�WKLUG��IRXUWK��ILIWK��VL[WK�DQG�VHYHQWK�VHVVLRQ��ZH�GHILQHG��RSWLPDO�UHVXVFLWDWLRQ�DV�D�FRPSUHVVLRQ�GHSWK�!��PP��FRPSUHVVLRQ�UDWH
��������PLQ�DQG�YHQWLODWLRQ�YROXPH�EHWZHHQ����PO�DQG����PO��:H�GHILQHG�VDWLVI\LQJ�UHVXVFLWDWLRQ�DV�D�FRPSUHVVLRQ�GHSWK�!��PP��FRPSUHVVLRQ
UDWH��������PLQ�DQG�D�YHQWLODWLRQ�YROXPH�PRUH�WKDQ����PO��7KH������VHVVLRQ�VKRZHG�WKDW�����DFKLHYHG�D�VDWLVI\LQJ�FRPSUHVVLRQ�GHSWK�����
DFKLHYHG�D�VDWLVI\LQJ�FRPSUHVVLRQ�UDWH�DQG�����DFKLHYHG�D�VDWLVI\LQJ�YHQWLODWLRQ�YROXPH��7KLV�LV��VR�IDU��RXU�EHVW�UHVXOW�LQ���\HDUV�

8VLQJ�)LVKHU�H[DFW�WHVW��ZH�IRXQG�D�VLJQLILFDQW�LPSURYHPHQW��S��������IRU�YHQWLODWLRQ�YROXPH�DQG�IRU�VDWLVI\LQJ�UHVXVFLWDWLRQ�

�

&RQFOXVLRQ�	�SHUVSHFWLYHV

:H�QHHG�WR�WKDQN�WKH�WHDP�RI�%/6�LQVWUXFWRUV�IRU�WKHLU�HIIRUWV�WR�NHHS�WKH�UHVXVFLWDWLRQ�NQRZOHGJH�RI�WKH�ZKROH�QXUVLQJ�VWDII�DW�WKLV�OHYHO��:H�ZLOO
FRQWLQXH�WR�VXSSRUW�WKLV�SURMHFW�RQ�GLUHFWRUÇV�OHYHO�



72;,&2/2*< D\QXU�VDKLQ

��������7KH�&RPSDULVRQ�RI�WKH�(IIHFWLYHQHVV�RI�6LOLELQLQ�DQG�5HVYHUDWURO�LQ�3UHYHQWLQJ�$OSKD�$PDQLWLQ�,QGXFHG�+HSDWRWR[LFLW\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$\QXU�6DKLQ������2NWD\�.HVLFL������<HVLP�7XQFRN������6XOH�.DONDQ������%HNLU�8JXU�(UJXU������,OND\�$NVX������0XDOOD�$\OLQ�$ULFL����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��.DUDGHQL]�7HFKQLFDO�8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��7UDE]RQ��785.(<
���'HSDUWPHQW�RI�0HGLFDO�3KDUPDFRORJ\��'RNX]�(\OXO�8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��,]PLU��785.(<
���'HSDUWPHQW�RI�+LVWRORJ\�DQG�(PEU\RORJ\��'RNX]�(\OXO�8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��,]PLU��785.(<
���'HSDUWPHQW�RI�3K\VLRORJ\���'RNX]�(\OXO�8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��,]PLU��785.(<

.H\ZRUGV��·�$0$��UHVYHUDWURO��KHSDWRWR[LFLW\��VLOLELQLQ

$EVWUDFW��

,QWURGXFWLRQ��7KH�DOSKD�DPDQLWLQ��·�$0$��FRQWDLQHG�LQ�PXVKURRPV�RI�WKH�VSHFLHV�$PDQLWD�SKDOORLGHV�OHDG�WR�LQWR[LFDWLRQV�UHVXOWLQJ�LQ
KHSDWRWR[LFLW\�DQG�GHDWK��$OWKRXJK�VLOLELQLQ�LV�XVHG�LQ�WKH�WUHDWPHQW�RI�·�$0$�LQWR[LFDWLRQ��PRUELGLW\�DQG�PRUWDOLW\�DVVRFLDWHG�ZLWK�OLYHU�IDLOXUH�DUH
KLJK��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�HIIHFWLYHQHVV�RI�UHVYHUDWURO��5���D�NQRZQ�DQWLR[LGDQW�DQG�KHSDWRSURWHFWLYH�DJHQW��LQ�WKH�WUHDWPHQW
RI�·�$0$�LQWR[LFDWLRQ�DQG�WR�FRPSDUH�LW�ZLWK�6LO�

�0HWKRG��7KH�DFXWH�KHSDWRWR[LF�GRVH�RI�·�$0$�HOHYDWLQJ�OLYHU�IXQFWLRQ�WHVWV��$67�DQG�$/7��DQG�FDXVLQJ�OLYHU�GDPDJH�LQ�%DOE�F�PLFHV�ZDV
GHWHUPLQHG�DW�����PJ�NJ��LQWUDSHULWRQHDO��L�S����2XU�H[SHULPHQWDO�JURXSV�ZHUH����&RQWURO��·�$0$��Q ��������·�$0$�GLPHWK\OVXOIR[LGH��'062�
6ROYHQW�RI�5�DQG�6LO��Q �������·�$0$�65��·�$0$�DQG�VLPXOWDQHRXV�����PJ�NJ�5�L�S��Q �������·�$0$���5�����PJ�NJ��5����K�DIWHU�DGPLQLVWUDWLRQ�RI
·�$0$��Q ��������·�$0$���5�����PJ�NJ�5����K�DIWHU�DGPLQLVWUDWLRQ�RI�·�$0$��Q ����DQG����·�$0$�6LO��·�$0$�DQG�VLPXOWDQHRXV���PJ�NJ�6LO�
Q �����5�ZDV�DGPLQLVWHUHG�DW����K�LQWHUYDOV�DQG�6LO�DW���K�LQWHUYDOV�RYHU����K�LQ�WKH�H[SHULPHQWDO�JURXSV��)ROORZLQJ����K�REVHUYDWLRQ��PLFHV�ZHUH
VDFULILFHG�XQGHU�HWKHU�DQHVWKHVLD��/LYHU�IXQFWLRQ�WHVWV�DQG�OLYHU�GDPDJH�VFRUHV�ZHUH�HYDOXDWHG��$129$��DQG�WKH�7XNH\�.UDPHU�PXOWLSOH�FRPSDULVRQ
WHVW�ZDV�XVHG�IRU�WKH�VWDWLVWLFDO�DQDO\VLV��3������ZDV�UHJDUGHG�DV�VLJQLILFDQW�

5HVXOWV��$67�YDOXHV�ZHUH�VLJQLILFDQWO\�ORZHU�LQ�WKH�65���������k������8�/��DQG���5���������k������8�/��JURXSV�FRPSDUHG�WR�WKH�FRQWURO�JURXS
��������k�������8�/���S������DQG�S��������$/7�YDOXHV�ZHUH�DOVR�ORZHU�LQ�WKH�65���������k������8�/��DQG���5���������k������8�/��JURXSV
FRPSDUHG�WR�WKH�FRQWURO�JURXS���������k�������8�/���S���������+LVWRSDWKRORJLFDO�OLYHU�GDPDJH�VFRUHV�GHFUHDVHG�VLJQLILFDQWO\�LQ�WKH�65������k�����
��5������k������DQG���5������k�����JURXSV�FRPSDUHG�WR�WKH�FRQWURO�JURXS������k�������S�������S��������DQG�S�������UHVSHFWLYHO\��
+LVWRSDWKRORJLFDO�GDPDJH�VFRUH�LQ�WKH�6LO�JURXS�ZDV�����k�����7KHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�5�DQG�6LO�JURXSV�LQ
WHUPV�RI�$67�DQG�$/7�YDOXHV�RU�KLVWRSDWKRORJLFDO�GDPDJH�VFRUH��S!������

&RQFOXVLRQ��5HVYHUDWURO�ZDV�HIIHFWLYH�IRU�UHYHUVLQJ�KHSDWRWR[LFLW\�ZKHQ�XVHG�VLPXOWDQHRXVO\�RU�HDUO\�DIWHU�WKH�·�$0$�LQWR[LFDWLRQ��6LOLELQLQ��XVHG
DV�D�WUDGLWLRQDO�DQWLGRWH��EXW�LW�ZDV�QRW�VXFFHVVIXO�LQ�UHYHUVLQJ�KHSDWRWR[LFLW\��5HVYHUDWURO�LV�D�SURPLVLQJ�SRWHQWLDO�DQWLGRWH�LQ�WKH�SUHYHQWLRQ�DQG
WUHDWPHQW�RI�·�$0$�LQGXFHG�KHSDWRWR[LFLW\�

7KLV�VWXG\�ZDV�VXSSRUWHG�E\�WKH�6FLHQWLILF�DQG�7HFKQRORJLFDO�5HVHDUFK�&RXQFLO�RI�7XUNH\�����6������



72;,&2/2*< H\OHP�XODV�6$=

��������$FXWH�1HXURSV\FKLDWULF�6\QGURPH�0DQDJHG�/LNH�6WDWXV�(SLOHSWLFXV��0HWK\OSKHQLGDWH�,QWR[LFDWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$/,�<8576(9(1������0(+0(7�$5'$�.,/,1v������(</(0�8/$©�6$=����

���3HGLDWULF�(PHUJHQF\�0HGLFLQH��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<
���3HGLDWULF�,QWHQVLYH�&DUH�0HGLFLQH��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<

.H\ZRUGV��,QWR[LFDWLRQ���0HWK\OSKHQLGDWH���0DQDJHPHQW

$EVWUDFW��

7KH�DXWKRUV�GHVFULEH�D���\HDUV�ROG�ER\�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��DERXW���K�DIWHU�DFFLGHQWDOO\�LQJHVWLRQ�RI���0HWK\OSKHQLGDWH
�65�����PJ�WDEOHWV�����PJ�&RQFHUWD�i�����$W�DGPLVVLRQ�KH�KDG�QHXURSV\FKLDWULF�VLJQV�DQG�V\PSWRPV�VXFK�DV��VHYHUH�DJLWDWLRQ��K\SHUDFWLYLW\�
LUULWDELOLW\�DQG�GHOXVLRQ��3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�WKDW�KLV�ERG\�WHPSHUDWXUH�RI�����&��SXOVH�����PLQ�DQG�EORRG�SUHVVXUH���������PP+J��7KH
SDWLHQW�DOVR�KDG�K\SHUUHIOH[LD�DQG�KLV�(&*�VKRZHG�VLQXV�WDFK\FDUGLD��%HVLGH�QHXURSV\FKLDWULF�VLJQV�FDUGLRYDVFXODU�HIIHFWV�LQFOXGH�K\SHUWHQVLRQ�DQG
WDFK\FDUGLD�RFFXUHG��(OHYDWHG�FDUGLDF�WURSRQLQ�7�KDV�EHHQ�GHWHFWHG�RQ�ODERUDWRU\�DVVHVPHQW�ZLWK�D�YDOXH�RI�������QJ�P/��QRUPDO�YDOXH��
�����QJ�PO���6LQFH�WKH�SUHVHQW�FDVH�HYDOXDWHG�DV�PRGHUDWH�WR�VHYHUH�WR[LFLW\���LQJHVWLRQ�LV�UHFHQW��WKH�SDWLHQW�LV�QRW�YRPLWLQJ��DQG�LV�DEOH�WR
PDLQWDLQ�DLUZD\�DFWLYDWHG�FKDUFRDO�ZDV�DGPLQLVWHUHG���7KH�JRDOV�RI�PDQDJHPHQW�WKLV�WR[LFLW\�DUH�WR�FRQWURO�DJLWDWLRQ�DQG�SUHYHQW�RU�OLPLW�HQG�RUJDQ
WR[LFLW\��7R�FRQWURO�&16�DQG�FDUGLRYDVFXODU�VWLPXODWLRQ��KH�UHFHLYHG

UHFHLYHG�PLGD]RODP������PJ�NJ��ZLWKRXW�LPSURYHPHQW�LQ�KLV�V\PSWRPV��0XOWLSOH�GRVHV�RI�LQWUDYHQRXV

PLGD]RODP�DGPLQLVWHUHG��IRU�D�WRWDO�RI���PJ�NJ�ZKLFK�SURYLGHG�VRPH�WUDQVLHQW�UHVROXWLRQ�RI�KLV�V\PSWRPV��7KH�FKLOGÇV�V\PSWRPV�UHFXUUHG�ZLWKLQ��
KRXUV�DIWHU�LQJHVWLRQ��&RQWLQXRXV�PLGD]RODP��LQIXVLRQ������PJ�NJ�K��ZDV�LQLWLDWHG��IROORZLQJ�ORDGLQJ�GRVH�ZLWK�D�����PJ�NJ���7KH�LQIXVLRQ�ZDV
ZHDQHG�E\������PJ�NJ�HYHU\�KRXU�WR�RII�����+H�GLG�QRW�KDYH�DQ\�UHFXUUHQFH�RI�V\PSWRPV�ZLWK�D�QRUPDO�FDUGLDF�WURSRQLQ�7�OHYHO�DQG�ZDV�GLVFKDUJHG
DIWHU����K�RI�REVHUYDWLRQ���

7KH�DXWKRUV�GHVFULEH�D���\�ROG�ER\�RI�PHWK\OSKHQLGDWH�LQWR[LFDWLRQ�LQ�ZKLFK�FRQWLQXRXV�PLGD]RODP�LQIXVLRQ�ZDV�XVHG�VXFFHVVIXOO\�WR�DEDWH�ERWK
&16�DQG�FDUGLRYDVFXODU�V\PSWRPV�ZLWKRXW�UHVSLUDWRU\�FRPSURPLVH�
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��������+HDOWK�5HODWHG�4XDOLW\�2I�/LIH��+542/��LQ�SDWLHQWV�ZLWK�PRGHUDWH�DQG�VHYHUH�WUDXPD�LQ�+RQJ�.RQJ����\HDU�SURVSHFWLYH
PXOWLFHQWUH�FRKRUW�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&ROLQ�$�*UDKDP������.HYLQ�.&�+XQJ������-DQLFH�++�<HXQJ������:DL�6�3RRQ������+LX�)�+R������&KDN�:�.DP������7LPRWK\�+�5DLQHU����

���$FFLGHQW�DQG�(PHUJHQF\�0HGLFLQH�$FDGHPLF�8QLW��&KLQHVH�8QLYHUVLW\�RI�+RQJ�.RQJ��+RQJ�.RQJ��&+,1$
���7UDXPD�	�(PHUJHQF\�&HQWUH��3ULQFH�RI�:DOHV�+RVSLWDO��+RQJ�.RQJ��+RQJ�.RQJ��&+,1$
���'HSDUWPHQW�RI�6XUJHU\��&KLQHVH�8QLYHUVLW\�RI�+RQJ�.RQJ��+RQJ�.RQJ��&+,1$
���$FFLGHQW�DQG�(PHUJHQF\�'HSDUWPHQW��4XHHQ�(OL]DEHWK�+RVSLWDO��+RQJ�.RQJ��&+,1$
���$FFLGHQW�DQG�(PHUJHQF\�'HSDUWPHQW��7XHQ�0XQ�+RVSLWDO��+RQJ�.RQJ��&+,1$
���:HOVK�+HDUW�5HVHDUFK�,QVWLWXWH���&DUGLII�8QLYHUVLW\��&DUGLII��8.

.H\ZRUGV��'LVDELOLW\��4XDOLW\�RI�/LIH��7UDXPD��:RXQGV�DQG�LQMXULHV

$EVWUDFW��

,QWURGXFWLRQ

7UDXPD�FDUH�V\VWHPV�DLP�WR�UHGXFH�GHDWK�DQG�WR�LPSURYH�TXDOLW\�RI�OLIH�DQG�IXQFWLRQDO�RXWFRPH�LQ�WUDXPD�SDWLHQWV��7KH�ORQJ�WHUP�TXDOLW\�RI�OLIH�KDV
QRW�EHHQ�ZHOO�GRFXPHQWHG�LQ�&KLQHVH�SDWLHQWV�ZLWK�PRGHUDWH�WR�VHYHUH�WUDXPD��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�SRVW�LQMXU\�KHDOWK�UHODWHG
TXDOLW\�RI�OLIH��+542/��LQ�SDWLHQWV�ZLWK�PRGHUDWH�DQG�PDMRU�WUDXPD�RYHU�IRXU�\HDUV�LQ�+RQJ�.RQJ�

�

3DUWLFLSDQWV�DQG�PHWKRGV

7KLV�ZDV�D�PXOWLFHQWUH��SURVSHFWLYH�FRKRUW�VWXG\�XVLQJ�GDWD�IURP�WKH�WUDXPD�UHJLVWULHV�RI�WKUHH�UHJLRQDO�WUDXPD�FHQWUHV�LQ�+RQJ�.RQJ��7UDXPD
SDWLHQWV�ZLWK�DQ�,66Õ��DQG�DJHGÕ���\HDUV�ZHUH�LQFOXGHG��0DLQ�RXWFRPH�PHDVXUHV�LQFOXGHG�WKH�QXPEHU�RI�SDWLHQWV�ZLWK�SK\VLFDO�FRPSRQHQW
VXPPDU\��3&6��VFRUH�DQG�PHQWDO�FRPSRQHQW�VXPPDU\��0&6��VFRUHV�RI�WKH�6KRUW�)RUP�����6)����IRU�KHDOWK�VWDWXV��*RRG�RXWFRPHV�ZHUH�GHILQHG�DV
SDWLHQWV�UHDFKLQJ�WKH�+RQJ�.RQJ�QRUP�IRU�3&6��QDPHO\�!������

�

5HVXOWV

)URP��VW�-DQXDU\������WR���WK�6HSWHPEHU�����������SDWLHQWV�ZHUH�UHFUXLWHG�WR�WKH�VWXG\��PHDQ�DJH������\HDUV��UDQJH�������������PDOH��,66�����
1 �����,66Õ����1 ������7KH�SURSRUWLRQ�RI�VXUYLYLQJ�UHVSRQGHUV����������UHDFKLQJ�D�3&6�HTXLYDOHQW�WR�WKH�+RQJ�.RQJ�SRSXODWLRQ�QRUP�ZDV�������
DQG����������������RI�WKH�WRWDO�RULJLQDO�SDWLHQWV���$V�WKHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�VXUYLYLQJ�UHVSRQGHUV�DQG
QRQ�UHVSRQGHUV�DW�EDVHOLQH��LW�LV�UHDVRQDEOH�WR�DVVXPH�WKDW�������RI�WKH�����VXUYLYLQJ�QRQ�UHVSRQGHUV��1 ����DOVR�UHDFKHG�WKH�+.�SRSXODWLRQ
QRUP���,I�VR��WKHQ�WKH�WRWDO�QXPEHU�RI�FDVHV�UHDFKLQJ�WKH�+.�SRSXODWLRQ�QRUP�IRU�3&6�LV������ �����L�H��������RI�WKH�RULJLQDO�����SDWLHQWV��

�

&RQFOXVLRQ

)RXU�\HDUV�DIWHU�LQMXU\��SDWLHQWV�ZLWK�PRGHUDWH�DQG�PDMRU�WUDXPD�KDYH�D����WR�����FKDQFH�RI�UHDFKLQJ�WKH�+RQJ�.RQJ�QRUPDO�3&6���������

�

$FNQRZOHGJHPHQW

7KLV�VWXG\�ZDV�VXSSRUWHG�E\�+HDOWK�DQG�+HDOWK�6HUYLFHV�5HVHDUFK�*UDQW����������DQG�+HDOWK�DQG�0HGLFDO�5HVHDUFK�)XQG�*UDQW����������



&/,1,&$/�32/,&< +RRL�/LQJ�+DUULVRQ

��������6XSSRUWLQJ�LVRODWHG�SDWLHQWV�ZKR�WHVW�QHJDWLYH�IRU�WKH�(EROD�9LUXV�'LVHDVH��D�GHVFULSWLYH�DQDO\VLV�RI�D�QRYHO�HTXLWDEOH
VWUDWHJ\�IRU�SURYLGLQJ�FDSSHG�IUHH�KHDOWKFDUH�LQ�6LHUUD�/HRQH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(GZDUG�%ODQGIRUG������+RRL�/LQJ�+DUULVRQ������&HFLOLD�.DPDUD������6DPXHO�6HLVD\������'DQLHO�<RXNHH������$PLQDWD�$OIVDWX����

�����.LQJ
V�6LHUUD�/HRQH�3DUWQHUVKLS��/RQGRQ��8.
�����&RQQDXJKW�*RYHUQPHQW�+RVSLWDO��6LHUUD�/HRQH��)UHHWRZQ��6,(55$�/(21(

.H\ZRUGV��(EROD��IUHH�KHDOWK�FDUH��VLHUUD�OHRQH

$EVWUDFW��

%DFNJURXQG

'XH�WR�WKH�XQGLIIHUHQWLDWHG�SUHVHQWDWLRQ�RI�(9'�GXULQJ�WKH�UHFHQW�RXWEUHDN�LQ�:HVW�$IULFD��VRPH�VXVSHFW�SDWLHQWV�ZHUH�LVRODWHG�ZKR�VXEVHTXHQWO\
WHVWHG�QHJDWLYH�IRU�WKH�YLUXV��,Q�6LHUUD�/HRQH��D�FRXQWU\�LQ�ZKLFK�����RI�KHDOWKFDUH�LV�IXQGHG�����WKURXJK�RXW�RI�SRFNHW�SD\PHQWV��WKHVH�SDWLHQWV
ZHUH�HIIHFWLYHO\�PDGH�GHVWLWXWH�DV�D�UHVXOW�RI�VWLJPDWL]DWLRQ�DQG�GHVWUXFWLRQ�RI�SHUVRQDO�SRVVHVVLRQV��$�QXPEHU�RI�IDFWRUV�KLJKOLJKWHG�D�QHHG�WR
SURYLGH�HPHUJHQF\�FDUH�SDWKZD\V�IRU�WKHVH�SDWLHQWV��7KLV�SDSHU�GHVFULEHV�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�D�QRYHO�LQLWLDWLYH�WR�SURYLGH�D�OHYHO�RI
IUHH�KHDOWKFDUH�WR�(9'�QHJDWLYH�SDWLHQWV�DW�&RQQDXJKW�+RVSLWDO��WKH�PDLQ�JRYHUQPHQW�KRVSLWDO�LQ�6LHUUD�/HRQH�

�

0HWKRGV�DQG�)LQGLQJV

)ROORZLQJ�UHYLHZ�RI�H[LVWLQJ�JOREDO�VFKHPHV�DQG�D�FRQVXOWDWLRQ�SHULRG��GDWD�ZDV�FROOHFWHG�IURP�D�UDQGRP�VDPSOH�RI����SDWLHQWV�UHTXLULQJ�DGPLVVLRQ
WR�&RQQDXJKW�+RVSLWDO��DIWHU�SUHVHQWDWLRQ�WR�WKH�$	(��LQ�RUGHU�WR�HVWLPDWH�URXWLQH�DJJUHJDWH�FRVWV�IRU�LQYHVWLJDWLRQV�DQG�PHGLFDO�WUHDWPHQW��7KLV
GDWD�ZDV�XVHG�WR�VHW�D�IXQGLQJ�FDS�RI���������/HRQHV��DSSUR[�*%3�d�����ZKLFK�ZDV�FDOFXODWHG�WR�SURYLGH�IUHH�LQYHVWLJDWLRQV�DQG�WUHDWPHQW�IRU����
RI�FDVHV��,Q�WRWDO��IUHH�FDUH�ZDV�SURYLGHG�WR�a����HOLJLEOH�SDWLHQWV�RYHU�D���PRQWK�SHULRG��7KH�PDMRU�ERXQGDULHV�WR�LPSOHPHQWDWLRQ�ZHUH�DEVHQFH�RI
VWURQJ�SDWLHQW�DGYRFDF\��DQG�ODFN�RI�KRVSLWDO�UHVRXUFHV��ERWK�SUHYHQWLQJ�SDWLHQWV�UHFHLYLQJ�WKH�IXOO�FRPSOHPHQW�RI�SUHVFULEHG�VHUYLFHV�

�

&RQFOXVLRQV

,Q�UHVRXUFH�SRRU�VHWWLQJV�VXFK�DV�6LHUUD�/HRQH��ZKHUH�IUHH�KHDOWKFDUH�LV�SURYLGHG�LQ�LQFUHPHQWDO�SDFNDJHV�DORQJVLGH�WKH�H[LVWLQJ�RXW�RI�SRFNHW
SD\PHQW�V\VWHP��LW�LV�HVVHQWLDO�IRU�VXFFHVVIXO�LPSOHPHQWDWLRQ�WKDW�QHZ�LQLWLDWLYHV�DUH�HPEHGGHG�ZLWKLQ�H[LVWLQJ�V\VWHPV��7KLV�SDSHU�SUHVHQWV�D
QXPEHU�RI�OHVVRQV�OHDUQHG�LQ�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�SURFHVV�RI�D�QRYHO�FDSSHG�IUHH�KHDOWKFDUH�V\VWHP�DQG�SURSRVHV�DQ�H[WHQGHG�DSSURDFK
WR�SURYLGH�RQ�JRLQJ�WHUWLDU\�FDUH�WR�(9'�VXUYLYRUV�DQG�RWKHU�YXOQHUDEOH�JURXSV�LQ�6LHUUD�/HRQH��7KLV�ZRUN�DOVR�SURSRVHV�D�JHQHUDOL]DEOH�PHFKDQLVP
WR�VXSSRUW�SDWLHQWV�DQG�VWUHQJWKHQ�KHDOWKFDUH�V\VWHPV�LQ�WKH�WUDQVLWLRQDO�SKDVH�WKDW�IROORZV�RWKHU�VXFK�KXPDQLWDULDQ�FULVHV�

�
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��������)XQFWLRQDO�RXWFRPH�LQ�SDWLHQWV�ZLWK�PRGHUDWH�DQG�VHYHUH�WUDXPD�LQ�+RQJ�.RQJ����\HDU�SURVSHFWLYH�PXOWLFHQWUH�FRKRUW
VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&ROLQ�$�*UDKDP������.HYLQ�.&�+XQJ������-DQLFH�++�<HXQJ������:DL�6�3RRQ������+LX�)�+R������&KDN�:�.DP������7LPRWK\�+�5DLQHU����

���$FFLGHQW�DQG�(PHUJHQF\�0HGLFLQH�$FDGHPLF�8QLW��&KLQHVH�8QLYHUVLW\�RI�+RQJ�.RQJ��+RQJ�.RQJ��&+,1$
���7UDXPD�	�(PHUJHQF\�&HQWUH��3ULQFH�RI�:DOHV�+RVSLWDO��+RQJ�.RQJ��+RQJ�.RQJ��&+,1$
���'HSDUWPHQW�RI�6XUJHU\��&KLQHVH�8QLYHUVLW\�RI�+RQJ�.RQJ��+RQJ�.RQJ��&+,1$
���$FFLGHQW�DQG�(PHUJHQF\�'HSDUWPHQW��4XHHQ�(OL]DEHWK�+RVSLWDO��+RQJ�.RQJ��&+,1$
���$FFLGHQW�DQG�(PHUJHQF\�'HSDUWPHQW��7XHQ�0XQ�+RVSLWDO��+RQJ�.RQJ��&+,1$
���:HOVK�+HDUW�5HVHDUFK�,QVWLWXWH���&DUGLII�8QLYHUVLW\��&DUGLII��8.

.H\ZRUGV��'LVDELOLW\��)XQFWLRQDO�2XWFRPH��7UDXPD��:RXQGV�DQG�LQMXULHV

$EVWUDFW��

,QWURGXFWLRQ

7UDXPD�FDUH�V\VWHPV�DLP�WR�UHGXFH�GHDWK�DQG�WR�LPSURYH�TXDOLW\�RI�OLIH�DQG�IXQFWLRQDO�RXWFRPH�LQ�WUDXPD�SDWLHQWV��,W�LV�ZHOO�GRFXPHQWHG�WKDW
WUDXPD�V\VWHPV�UHVXOW�LQ�LPSURYHG�VXUYLYDO�DIWHU�LQMXU\��\HW�WKHUH�LV�OLWWOH�GDWD�RQ�SRVW�WUDXPD�IXQFWLRQDO�RXWFRPH��6XFK�HYDOXDWLRQ�RI�IXQFWLRQDO
UHFRYHU\�LV�LPSRUWDQW�DV�WKLV�ZLOO�DOORZ�FRPSDULVRQ�ZLWK�RWKHU�VHWWLQJV��ZLOO�KHOS�HYDOXDWH�WKH�LPSDFW�DQG�HIIHFWLYHQHVV�RI�WUDXPD�V\VWHPV�DV�D�ZKROH�
DQG�PD\�SURYLGH�SURJQRVWLF�LQIRUPDWLRQ�IRU�KHDOWKFDUH�ZRUNHUV�DQG�SDWLHQWV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�EDVHOLQH��GLVFKDUJH��VL[�PRQWK
DQG���������DQG���\HDU�SRVW�WUDXPD�IXQFWLRQDO�RXWFRPH�DQG�SUHGLFWRUV�RI�RSWLPDO�IXQFWLRQDO�RXWFRPH�LQ�+RQJ�.RQJ�

�

3DUWLFLSDQWV�DQG�PHWKRGV

)URP��VW�-DQXDU\�WR���WK�6HSWHPEHU������SDWLHQWV�ZHUH�UHFUXLWHG�WR�D�SURVSHFWLYH�PXOWL�FHQWUH�FRKRUW�VWXG\�RI�WUDXPD�SDWLHQWV�DQG�WKHQ�IROORZHG�XS
IRU�IRXU�\HDUV�WR���WK�6HSWHPEHU��������7KH�VWXG\�ZDV�FRQGXFWHG�LQ�WKUHH�WUDXPD�FHQWUHV�LQ�+RQJ�.RQJ��$GXOW�SDWLHQWV�DJHG�Õ���\HDUV�ZLWK�,66Õ��
HQWHUHG�LQWR�WKH�WUDXPD�UHJLVWU\��DQG�ZKR�VXUYLYHG�WKH�ILUVW����KRXUV�RI�LQMXU\�ZHUH�LQFOXGHG��7KH�PDLQ�RXWFRPH�PHDVXUHV�LQFOXGHG�WKHH[WHQGHG
*ODVJRZ�2XWFRPH�6FDOH��*26(��DQG�6)���

�

5HVXOWV

'XULQJ�WKH�VWXG\������SDWLHQWV��PHDQ�DJH������\HDUV��UDQJH���������������PDOH��ZHUH�UHFUXLWHG��7KHUH�ZHUH�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV
LQ�EDVHOLQH�FKDUDFWHULVWLFV�EHWZHHQ�UHVSRQGHUV��1 �����DQG�VXUYLYLQJ�QRQ�UHVSRQGHUV��1 ������2QO\����������������FDVHV�UHSRUWHG�D�*26(Õ����,I
QRQ�UHVSRQGHUV�KDG�VLPLODU�RXWFRPHV�WR�UHVSRQGHUV��WKHQ�WKH�SHUFHQWDJHV�IRU�*26(Õ��ZRXOG�ULVH�IURP�������WR��������8QLYDULDWH�DQDO\VLV�VKRZHG
WKDW�SRRU�IXQFWLRQDO�RXWFRPH�DW����PRQWKV�ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�DGPLVVLRQ�WR�,&8��25���������,66��������25���������EDVHOLQH�3&6�RQ
6)���WHVWLQJ��25���������RQH�PRQWK�3&6��25�����������PRQWK�3&6��25��������DQG���PRQWK�0&6�RQ�6)���WHVWLQJ��25�������

��

&RQFOXVLRQV

$W����PRQWKV�DIWHU�LQMXU\������RI�SDWLHQWV�VXVWDLQLQJ�PRGHUDWH�RU�PDMRU�WUDXPD�LQ�+RQJ�.RQJ�KDG�DQ�H[FHOOHQW�UHFRYHU\��$GPLVVLRQ�WR�,&8��,66
�������EDVHOLQH�3&6��RQH�PRQWK�3&6����PRQWK�3&6�DQG���PRQWK�0&6�SUHGLFW���\HDU�IXQFWLRQDO�RXWFRPH�

�

$FNQRZOHGJHPHQW

7KLV�VWXG\�ZDV�VXSSRUWHG�E\�+HDOWK�DQG�+HDOWK�6HUYLFHV�5HVHDUFK�*UDQW����������DQG�+HDOWK�DQG�0HGLFDO�5HVHDUFK�)XQG�*UDQW����������
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��������3UREDELOLW\�RI�UHWXUQ�WR�ZRUN�DIWHU�PRGHUDWH�DQG�VHYHUH�WUDXPD�LQ�+RQJ�.RQJ����\HDU�SURVSHFWLYH�PXOWLFHQWUH�FRKRUW
VWXG\

$XWKRUV�

&ROLQ�$�*UDKDP������.HYLQ�.&�+XQJ������-DQLFH�++�<HXQJ������:DL�6�3RRQ������+LX�)�+R������&KDN�:�.DP������7LPRWK\�+�5DLQHU����

���$FFLGHQW�DQG�(PHUJHQF\�0HGLFLQH�$FDGHPLF�8QLW��&KLQHVH�8QLYHUVLW\�RI�+RQJ�.RQJ��+RQJ�.RQJ��&+,1$
���7UDXPD�	�(PHUJHQF\�&HQWUH��3ULQFH�RI�:DOHV�+RVSLWDO��+RQJ�.RQJ��+RQJ�.RQJ��&+,1$
���'HSDUWPHQW�RI�6XUJHU\��&KLQHVH�8QLYHUVLW\�RI�+RQJ�.RQJ��+RQJ�.RQJ��&+,1$
���$FFLGHQW�DQG�(PHUJHQF\�'HSDUWPHQW��4XHHQ�(OL]DEHWK�+RVSLWDO��+RQJ�.RQJ��&+,1$
���$FFLGHQW�DQG�(PHUJHQF\�'HSDUWPHQW��7XHQ�0XQ�+RVSLWDO��+RQJ�.RQJ��&+,1$
���:HOVK�+HDUW�5HVHDUFK�,QVWLWXWH���&DUGLII�8QLYHUVLW\��&DUGLII��8.

.H\ZRUGV��'LVDELOLW\��7UDXPD��:RXQGV�DQG�LQMXULHV��5HWXUQ�WR�ZRUN�VWDWXV

$EVWUDFW��

,QWURGXFWLRQ

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�SURYLGH�SUHOLPLQDU\�GDWD�RQ�57:�VWDWXV�IRU�SDWLHQWV�LQ�+RQJ�.RQJ�ZLWK�PRGHUDWH�DQG�PDMRU�WUDXPD�

�

3DUWLFLSDQWV�DQG�PHWKRGV

$�PXOWL�FHQWUH�SURVSHFWLYH�FRKRUW�VWXG\�RI�WUDXPD�SDWLHQWV�ZDV�FRQGXFWHG�LQ�WKUHH�WUDXPD�FHQWUHV�LQ�+RQJ�.RQJ��WKH�3ULQFH�RI�:DOHV�+RVSLWDO
�3:+���4XHHQ�(OL]DEHWK�+RVSLWDO��4(+��DQG�7XHQ�0XQ�+RVSLWDO��70+���3DWLHQWV�ZHUH�LQFOXGHG�LI�WKH\�ZHUH�LQ�WKH�WUDXPD�UHJLVWU\��DJHGÕ���\HDUV�
KDG�PRGHUDWH�RU�PDMRU�WUDXPD��,66Õ����DQG�DQVZHUHG�Æ\HVÇ�WR�TXHVWLRQ��F�RI�*26(�ZKLFK�VSHFLILFDOO\�DVNV�DERXW�ZKHWKHU�WKH�SDWLHQW�ZDV�ZRUNLQJ
RU�VHHNLQJ�ZRUN�SULRU�WR�LQMXU\��3DWLHQWV�ZHUH�IROORZHG�XS�IRU����PRQWKV��7KH�SULPDU\�RXWFRPH�ZDV����PRQWK�SRVW�LQMXU\�57:�

�

5HVXOWV

)URP��VW�-DQXDU\��WR���VW�6HSWHPEHU�����������SDWLHQWV�UHFUXLWHG�WR�WKH�VWXG\��PHDQ�DJH������\HDUV��UDQJH���������������PDOH���RI�ZKLFK����
��������PHW�WKH�LQFOXVLRQ�FULWHULD��PHDQ�DJH������\HDUV��UDQJH��������������PDOH����2I�WKHVH�SDWLHQWV�����������>&�@���KDG�57:�DW���PRQWK����
��������DW����PRQWKV�DQG������������DW����PRQWKV��5HWXUQ�WR�ZRUN�ZLWKLQ�IRXU�\HDUV�ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�VKRUWHU�WRWDO�OHQJWK�RI
KRVSLWDO�VWD\��KHDG�LQMXU\�$,6�����DEGRPLQDO�LQMXU\�$,6�����DQG�PXOWLSOH�LQMXU\�VLWHV��DQG�KLJKHU�3&6�DW�RQH�PRQWK�SRVW�LQMXU\��$IWHU�PXOWLYDULDWH
DQDO\VLV��RQH�PRQWK�3&6�RQ�6)���WHVWLQJ��25��������3 �������VLJQLILFDQWO\�SUHGLFWHG����PRQWK�57:�

�

&RQFOXVLRQ

7KH����PRQWK�SRVW�WUDXPD�57:�UDWH�LQ�SDWLHQWV�ZLWK�,66Õ��ZDV��������2QH�PRQWK�3&6�SRVW�LQMXU\�PD\�EH�XVHG�WR�SUHGLFW����PRQWK�57:�

�

�

$FNQRZOHGJHPHQW

7KLV�VWXG\�ZDV�VXSSRUWHG�E\�+HDOWK�DQG�+HDOWK�6HUYLFHV�5HVHDUFK�*UDQW����������DQG�+HDOWK�DQG�0HGLFDO�5HVHDUFK�)XQG�*UDQW����������



('8&$7,21�$1'�75$,1,1* 0LFKDHO�+XHSIO

��������7KH�GHYHORSPHQW�RI�WKH�(XURSHDQ�7UDXPD�&RXUVH�LQ�$XVWULD�v�GDWD�RQ����FRXUVHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0LFKDHO�+�SIO������)ORULDQ�7UXPPHU������$GL�'HL[OHU������.DWMD�.DODQ�8VWDU������&KULVWLDQ�6FKUHLEHU������,OHDQD�/XOLF����

���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��0HGLFDO�8QLYHUVLW\�9LHQQD��9LHQQD��$8675,$
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��.+�6W��9HLW��%U�FNO��$8675,$
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��8.+�/LQ]��/LQ]��$8675,$
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��/MXEOLMDQD��6/29(1,$
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��9LHQQD��$8675,$
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��8QLYHUVLW\�=DJUHE��=DJUHE��&52$7,$

.H\ZRUGV��7UDXPD��7UDLQLQJ��(XURSHDQ�7UDXPD�&RXUVH��$XVWULD

$EVWUDFW��

,QWURGXFWLRQ

:RUOGZLGH��WUDXPD�FODLPV�PRUH�SURGXFWLYH�OLIH�\HDUV�WKDQ�DQ\�RWKHU�GLVHDVH��7KH�:RUOG�+HDOWK�2UJDQL]DWLRQ�HVWLPDWHV�WKDW�WKH�PRUWDOLW\�RI�PDMRU
WUDXPD�LQ�(XURSH�FRXOG�EH�GHFUHDVHG�XS�WR�����E\�LPSURYLQJ�WKH�FKDLQ�RI�FDUH�IRU�PDMRU�WUDXPD�SDWLHQWV��,Q�UHFHQW�\HDUV�GLIIHUHQW�WUDXPD�WHDFKLQJ
SURJUDPPHV�KDYH�EHHQ�HVWDEOLVKHG�LQ�ZRUNLQJ�WRZDUGV�GHFUHDVLQJ�WKH�EXUGHQ�RI�GHDWK�DQG�GLVDELOLW\�RI�WUDXPDWL]HG�SDWLHQWV��(XURSHDQ�7UDXPD
&RXUVH��(7&��JRDO�LV�WR�WHDFK�D�VLPSOLILHG�DQG�VWDQGDUGLVHG�DSSURDFK�WR�WUDXPD�SDWLHQW�PDQDJHPHQW��(7&�ZDV�GHVLJQHG�LQ�FROODERUDWLRQ�ZLWK�WKH
(5&��(X6(0��(67(6�DQG�(6$��$XVWULDQ�JURXS�RI�H[SHUWV�LQ�WUDXPD�SDWLHQW�PDQDJHPHQW�DQG�WKH�$XVWULDQ�VRFLHWLHV�MRLQHG�(7&�LQLWLDWLYH�IURP�WKH
HDUO\�EHJLQQLQJ��EHLQJ�WKH�ILUVW�JURXS�SURYLGLQJ�LQ�KRXVH�FRXUVHV��SUHKRVSLWDO�DQG�LQKRVSLWDO�VFHQDULRV��LQWHUDFWLYH�SUHVHQWDWLRQV�IRU�LQVWUXFWRUV�DQG
SXVKLQJ�WKH�WRSLFV�RI�KXPDQ�IDFWRUV�LQ�WKH�FRXUVHV�

0DWHULDO�DQG�PHWKRGV

'DWDEDVH�VHDUFK�RI�WKH�UHFRUGV�RI�(7&�$XVWULD�IURP������XQWLO�$SULO�����

5HVXOWV

���FRXUVHV�ZHUH�FRPSOHWHG��ZLWK�����SDUWLFLSDQWV������IHPDOHV������PDOHV���0RUH�WKDQ�WZR�WKLUGV�RI�SDUWLFLSDQWV�ZHUH�GRFWRUV��������IROORZHG�E\
QXUVLQJ�VWDII������DQG�DPEXODQFH�SHUVRQQHO�������7KH�PDMRULW\�RI�SDUWLFLSDQWV�ZHUH�DQDHVWKHVLRORJLVWV��������DORQJVLGH�ZLWK�WUDXPD�VXUJHRQV�������
HPHUJHQF\�PHGLFLQH�VSHFLDOLVWV������DQG�RWKHUV�������2I����FRXUVHV����ZHUH�RSHQ�RQHV�ZLWK�LQGLYLGXDO�UHJLVWUDWLRQ�DQG����ZHUH�FORVHG�LQ�KRXVH
FRXUVHV�IRU�VLQJOH�LQVWLWXWLRQ�WUDXPD�WHDPV�WUDLQLQJ�

&RQFOXVLRQ

,Q�WKH�SDVW�VL[�\HDUV�(7&�KDV�EHFRPH�WKH�VWDQGDUG�WUDXPD�FRXUVH�LQ�$XVWULD��(YHU\�\HDU�PRUH�DQG�PRUH�PHGLFDO�SHUVRQQHO�IURP�QXUVLQJ�DQG
DPEXODQFHV�MRLQ�RXU�FRXUVHV��EXLOGLQJ�WKH�ZKROH�FRQFHSW�FORVHU�WRZDUGV�(7&�JRDO�RI�PXOWL�VSHFLDOW\�DQG�PXOWL�SURIHVVLRQDO�WUDXPD�WHDP�DSSURDFK�



('8&$7,21�$1'�75$,1,1* 0LFKDHO�+XHSIO

��������7KH�(XURSHDQ�7UDXPD�&RXUVH�GHYHORSPHQW�IURP����������

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0LFKDHO�+�SIO������$GL�'HL[OHU������.DWMD�.DODQ�8VWDU������,OHDQD�/XOLF������&KULVWLDQ�6FKUHLEHU������0DUNXV�%UXFNH������9LFWRU�7UHJXERY������%LUJLW
5�VVQHU������)ORULDQ�7UXPPHU����

���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��0HGLFDO�8QLYHUVLW\�9LHQQD��9LHQQD��$8675,$
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��8.+�/LQ]��/LQ]��$8675,$
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��/MXEOLMDQD��6/29(1,$
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��8QLYHUVLW\�=DJUHE��=DJUHE��&52$7,$
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��9LHQQD��$8675,$
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��8OP��*(50$1<
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��*ODVJRZ��8.
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��%XUJGRUI��6:,7=(5/$1'
���(XURSHDQ�7UDXPD�&RXUVH�$XVWULD��.+�6W��9HLW��%U�FNO��$8675,$

.H\ZRUGV��7UDXPD��7UDLQLQJ��(XURSHDQ�7UDXPD�&RXUVH

$EVWUDFW��

,QWURGXFWLRQ

7KH�(XURSHDQ�WUDXPD�FRXUVH�ZDV�GHYHORSHG�LQ�WKH�SLORW�SKDVH�EHWZHHQ������DQG�������$�JURXS�RI�H[SHUWV�IURP�DOO�(XURSH�GHVLJQHG�LW�DV�LW�ZDV
QHFHVVDU\�WR�FUHDWH�D�IOH[LEOH�FRXUVH�RQ�WUDXPD�PDQDJHPHQW�WKDW�FDQ�EH�XVHG�LQ�DOO�WKH�GLIIHUHQW�V\VWHPV�LQ�(XURSH��$GGLWLRQDOO\�ZRUNLQJ�LQ�D�WHDP
KDV�QRW�EHHQ�UHIOHFWHG�LQ�WKH�WUDGLWLRQDO�FRXUVHV�WKDW�ZHUH�DYDLODEOH��7KH�JRDO�ZDV�WR�FUHDWH�D�FRXUVH�WKDW�WKLV�IRFXVHG�RQ�D�WHDP�DSSURDFK�DQG
IOH[LEOH�WR�DGDSWDWLRQ�WR�ORFDO�SURWRFROV��%DVHG�RQ�XS�WR�GDWH�DGXOW�OHDUQLQJ�PRGHOV�����LV�SUDFWLFDO�VLPXODWLRQ�EDVHG�WHDP�WUDLQLQJ�

0DWHULDO�DQG�PHWKRGV

$�GDWDEDVH�VHDUFK�RI�WKH�(5&�FRXUVH�GDWD�EDVH��FRXUVHV�HUF�HGX���'DWD�ZHUH�GLVSOD\HG�DFFRUGLQJ�WR�FRXQWU\�DQG�PRQWK�RI�WKH�FRXUVH�

5HVXOWV

7KH�FRXUVHV�VWDUWHG�LQ������ZLWK�DQ�LQDXJXUDO�FRXUVH�LQ�0DOWD�IROORZHG�E\���SLORW�FRXUVHV��$IWHU�WKDW�WKHUH�ZHUH�FRXUVHV�LQ��������������������������
��������������������������������������DQG�����������LQ������������������������������������������������������������������DQG����FRXQWULHV�LQ������
7KH�PRVW�FRXUVHV�ZHUH�GRQH�LQ�*HUPDQ\�������IROORZHG�E\�$XVWULD�����DQG�8.��������(J\SW�������,WDO\������&URDWLD�������0DOWD�������3RODQG�����
6ORYHQLD������3RUWXJDO�����%HOJLXP��)LQQODQG��'HQPDUN������+XQJDU\�����6DXGLD�$UDELD��6XGDQ��6ZHGHQ��6ZLW]HUODQG�DQG�5RPDQLD������-RUGDQ�����DQG
1RUZD\��1HWKHUODQG��,UHODQG�DQG�*UHHFH����

&RQFOXVLRQ

7KH�SURMHFW�È(XURSHDQ�7UDXPD�&RXUVHÉ�ZDV�SLORWHG�ZLWK�IRXU�FRXUVHV�DQG�VWDUWHG�LQ������7KH�FRXUVHV�DUH�DOUHDG\�DYDLODEOH�LQ����FRXQWULHV�PDGH�D
TXLFN�GHYHORSPHQW�IURP������WR������

5HIHUHQFHV

7KH�(XURSHDQ�7UDXPD�&RXUVH��WUDXPD�WHDFKLQJ�JRHV�(XURSHDQ��7KLHV�.&�HW�DO���(XU-$QDHVWKHVLRO������



&$6(�35(6(17$7,21 2QXU�7RNRFLQ

��������$�5DUH�&RQGLWLRQ��3RUWDO�9HLQ�7URPERVLV���$�&DVH�5HSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

<XVXI�&DQNDW�%R]NXUW������%XUFX�*XOVHQ������2QXU�7RNRFLQ������+DNDQ�7RSDFRJOX����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��,VWDQEXO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��LVWDQEXO��785.(<

.H\ZRUGV��SRUWDO�YHLQ��WURPERVLV��DEGRPLQDO�SDLQ��PDOLJQDQF\

$EVWUDFW��

,QWURGXFWLRQ��$EGRPLQDO�SDLQ�KDV�EHHQ�VKRZQ�LQ�WKH�JHQHUDO�SRSXODWLRQ�WR�PDNH�XS�EHWZHHQ������DQG������RI�SULPDU\�FDUH�DQG�HPHUJHQF\
GHSDUWPHQW�YLVLWV�����,Q�SRUWDO�YHLQ�WURPERVLV�SDWLHQWV�FDQ�SUHVHQW�HPHUJHQWO\�ZLWK�VXGGHQ�RQVHW�RI�ULJKW�XSSHU�TXDGUDQW�SDLQ��QDXVHD��DQG�RU�IHYHU�
3RUWDO�YHLQ�WURPERVLV�XVXDOO\�DVVRFLDWHG�ZLWK�FLUUKRVLV��OLYHU�WUDQVSODQWDWLRQ��PDOLJQDQFLHV��LQIODPPDWRU\�GLVRUGHUV��RU�K\SHUFRDJXODEOH
VWDWHV������������������������������

&DVH��$����\HDUV�ROG�IHPDOH�DGPLWHG�WR�(5�ZLWK�ULJKW�XSSHU�DEGRPHQ�SDLQ��,Q�SDWLHQWÇV�PHGLFDO�KLVWRU\��VKH�KDG�D�FDUVLQRPD�RI�WKH�DPSXOOD�YDWHU�
2Q�SK\VLFDO�H[DPLQDWLRQ��WKH�SDWLHQW�ZDV�QRWHG�WR�EH�DIHEULOH�ZLWK�D�QRUPDO�EORRG�SUHVVXUH�DQG�D�KHDUW�UDWH�RI����SHU�PLQXWH��6SHVLILF�H[DPLQDWLRQ
ILQGLQJV�ZHUH�UHERXQG�WHQGHUQHVV�RYHU�ULJKW�XSSHU�DQG�ORZHU�DEGRPLQDO�UHJLRQ��7KH�DEGRPLQDO�SDLQ�ZDV�DVVRFLDWHG�ZLWK�PHDOV��FRQVLVWLQJ�RI�D
VLJQLILFDQW�LQFUHDVH�LQ�SDLQ�DSSUR[LPDWHO\����WR����PLQXWHV�DIWHU�HDWLQJ�DQG�LQWHUPLWWHQW�SRVW�SUDQGLDO�QDXVHD�DQG�RFFDVLRQDO�YRPLWLQJ��$W
ODERUDWXDU\�ILQGLQJV�ZHUH�ZKLWH�EORRG�FHOO���������A��O���KHPRJORELQ�OHYHO�����J�GO��SODWHOHWV�������A��O��,15������$67����8�O��$/7����8�O��ODFWDW�����
PJ�GO��,Q�KHSDWRELOLHU�XOWUDVRXQG�UHVXOWÇV��VKRZV�WKDW�DW�SRUWDORVSOHQLF�DUHD������PP�VL]H��DOORZLQJ�EORRG�VWUHDP�WURPEXV�LPDJH��'LQDPLF
DEGRPHQ�&7�VKRZHG�QR�V\PSWRP�RI�PHVHQWHULF�LVFKHPLD��(QR[DSDULQ�VWDUWHG�WR�WKH�SDWLHQW���PJ�NJ�6&�WZLFH�GDLO\��7KH�SDWLHQW�KRVSLWDOL]DWHG�IRU
IXUWKHU��H[DPLQDWLRQ�DQG�WUHDWKPHQW�

'LVFXVVLRQ��3RUWDO�YHLQ�WURPERVLV�LV�UDUH�EXW�VKRXOG�EH�FRQVLGHUHG�GLDJQRVLV���SDWLHQWV�SUHVHQWHG�WR�(5�ZLWK�DEGRPLQDO�SDLQ�DQG�PDOLJQDQF\�KLVWRU\�
1HRSODVPV���KHSDWRFHOOXODU�FDUFLQRPD�DQG�SDQFUHDWLF�FDUFLQRPD�FDXVLQJ�PRVW�RI�WKHVH�FDVHV���DUH�VHFRQG�PDMRU�FDXVH��DFFRXQWLQJ�IRU��������RI
FDVHV�RI�SRUWDO�YHLQ�REVWUXFWLRQ�����



&$5',29$6&8/$5 9LOOH�+hOOEHUJ

��������5ROH�RI�(PHUJHQF\�3K\VLFLDQV�LQ�WKH�WUHDWPHQW�RI�FDUGLRYDVFXODU�HPHUJHQFLHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9LOOH�+�OOEHUJ������7HHPX�.RLYLVWRLQHQ������$UL�3DORP�NL������9LOOH�+�OOEHUJ����

���(PHUJHQF\�PHGLFLQ��.DQWD�+�PH�&HQWUDO�+RVSLWDO��+�PHHQOLQQD��),1/$1'
���(PHUJHQF\�'HSDUWPHQW��.DQWD�+�PH�&HQWUDO�+RVSLWDO��7DPSHUH��),1/$1'
���(PHUJHQF\�'HSDUWPHQW��.DQWD�+�PH�&HQWUDO�+RVSLWDO��+�PHHQOLQQD��),1/$1'

.H\ZRUGV��6WURNH��DWULDO�ILEULOODWLRQ��GHHS�YHLQ�WKURPERVLV��WUHDWPHQW�LQ�HPHUJHQF\�URRP

$EVWUDFW��

%DFNJURXQG

(PHUJHQF\�0HGLFLQH��(0��DV�DQ�LQGHSHQGHQW�VSHFLDOW\�ZDV�HVWDEOLVKHG�LQ�)LQODQG�LQ�������,Q�RXU�FRXQWU\��(0�LV�D�VSHFLDOW\�ZLWK�D�IXOO�OHQJWK�WUDLQLQJ
RI�VL[�\HDUV������'XULQJ�WKH�ILUVW�\HDUV��PRUH�WKDQ�����SK\VLFLDQV�KDYH�EHJXQ�WKH�VSHFLDOL]DWLRQ�SURJUDP�OHG�E\�WKH�XQLYHUVLWLHV��)RU�QRZ��WKH�ZRUN
GLVWULEXWLRQ�EHWZHHQ�SK\VLFLDQV�ZRUNLQJ�RQ�FDOO�LQ�ÈROG�VSHFLDOWLHVÉ�DQG�LQ�(0�LQ�(PHUJHQF\�'HSDUWPHQWV��('��LV�LQ�WUDQVLWLRQ��,Q�WKLV�REVHUYDWLRQDO
VWXG\�ZH�GLVFXVV�RQ�WKH�ZLGHQLQJ�UROH�RI�(PHUJHQF\�3K\VLFLDQV��(3��LQ�WKH�WUHDWPHQW�RI�FDUGLRYDVFXODU�HPHUJHQFLHV�LQ�.DQWD�+�PH�&HQWUDO�+RVSLWDO
�.+&+��

�

0HWKRGV

6SHFLDOLVW�WUDLQLQJ�RI�HPHUJHQF\�PHGLFLQH�LQ�)LQODQG�IROORZV�WKH�(XURSHDQ�&XUULFXOXP�DQG�LW�LQFOXGHV�D�ODUJH�YDULHW\�RI�WUHDWPHQWV�DQG�SURFHGXUHV
SUHYLRXVO\�SHUIRUPHG�RQO\�E\�SK\VLFLDQV�RI�WUDGLWLRQDO�VSHFLDOLWLHV������7UDLQLQJ�WKH�VNLOOV�LQ�DQDHVWKHVLRORJ\��FDUGLRORJ\��QHXURORJ\�DQG�UDGLRORJ\
HQDEOHV�VHYHUDO�FDUGLRYDVFXODU�HPHUJHQW�SURFHGXUHV���������,Q�D�KRVSLWDO��ZKHUH�DOO�VSHFLDOWLHV�DUH�QRW�DYDLODEOH�LQ�HPHUJHQF\�GHSDUWPHQW������
WKHVH�FDQ�EH�GRQH�HIIHFWLYHO\��VDIHO\�DQG�ZLWKRXW�GHOD\�,Q�WKLV�VWXG\��ZH�DQDO\VHG�WKH�UROH�RI�(3V�LQ�WKH�WUHDWPHQW�RI�WKUHH�WLPH�FULWLFDO
FDUGLRYDVFXODU�HPHUJHQFLHV��QDPHO\�DFXWH�LVFKDHPLF�VWURNH��$,6���SDUR[\VPDO�DWULDO�ILEULOODWLRQ��$)��DQG�GHHS�YHLQ�WKURPERVLV��'97���,Q�D�ORQJ�UXQ
ZH�DUH�JRLQJ�WR�VWXG\��ZKHWKHU�(3V�LQ�FKDUJH�PLJKW�H[SHGLWH�WKH�ZRUN�SURFHVV�FRPSDUHG�WR�WUDGLWLRQDO�ZRUN�GLVWULEXWLRQ�

�

5HVXOWV

$FFRUGLQJ�WR�RXU�ILUVW�UHVXOWV�LQ�$,6��WKH�GRRU�WR�QHHGOH�WLPH��'17��ZDV�VKRUWHQHG�IURP����WR����PLQXWHV�DIWHU�WKH�WUDQVLWLRQ�SHULRG��6HFRQGO\��DIWHU�D
��PRQWK�WUDLQLQJ�SHULRG��ZH�KDYH�VKLIWHG�WKH�PDLQ�UHVSRQVLELOLW\�RI�$)�FDUGLRYHUVLRQ�WR�(3V�LQ�0D\�������7KLUGO\��ZH�KDYH�GHHSHQHG�WKH�WUDLQLQJ�RI
'97�XOWUDVRXQG��ZKLFK�LV�JRLQJ�WR�EH�D�QRUPDO�ZRUNLQJ�SURFHVV�LQ�WKH�EHJLQQLQJ�RI�-DQXDU\�������:H�FRQWLQXH�WR�DQDO\VH�WKH�VWDELOLW\�RI�RXU�'17
UHVXOWV��)XUWKHUPRUH��WKH�WLPH�LQWHUYDOV�RI�WZR�ODWWHU�SURFHVVHV�LQ�WKH�('�ZLOO�EH�DQDO\VHG�ULJRURXVO\��,W�LV�LPSRUWDQW�WR�LPSOHPHQW�IOXHQW�WUHDWPHQW
SURWRFROV�IRU�PRVW�FRPPRQ�HPHUJHQFLHV��LQ�RUGHU�WR�JLYH�WUHDWPHQW�PRUH�HIIHFWLYHO\��VDYLQJ�WLPH�DQG�UHVRXUFH�VLPXOWDQHRXVO\�

&RQFOXVLRQV

&DUGLRYDVFXODU�SURFHGXUHV�FDQ�VDIHO\�EH�GRQH�E\�(3V�WR�VDYH�ERWK�UHVRXUFHV�DQG�WLPH�

�

5HIHUHQFHV

1DVNDOL�-��3DORP�NL�$��+DUMROD�9�3��+�OOEHUJ�9��,QQDPDD�7��5DXWDYD�9�3��(PHUJHQF\�0HGLFLQH�LQ�)LQODQG��)LUVW�<HDU�([SHULHQFHV�RI�6SHFLDOLVW��
7UDLQLQJ��-�$FDG�(PHUJ�0HG�����������������
+HLNNLO��,��.XXVLVWR�+��6WROEHUJ�+��3DORP�NL�$��6WURNH�WKURPERO\VLV�JLYHQ�E\�HPHUJHQF\�SK\VLFLDQV�FXWV�LQ�KRVSLWDO�GHOD\V�VLJQLILFDQWO\��
LPPHGLDWHO\�DIWHU�LPSOHPHQWLQJ�D�QHZ�WUHDWPHQW�SURWRFRO��6FDQG�-�7UDXPD�5HVXVF�(PHUJ�0HG�������������
$GKLNDUL�6��5DLR�&��0RUULVRQ�'��7VXQJ�-��/HHFK�6��0HHU�-��/\RQ�0��/RSH]�)��$NKWDU�6��'R�HPHUJHQF\�XOWUDVRXQG�IHOORZVKLS�SURJUDPV�LPSDFW��
HPHUJHQF\�PHGLFLQH�UHVLGHQWV
�XOWUDVRXQG�HGXFDWLRQ"�-�8OWUDVRXQG�0HG������������������



&$6(�35(6(17$7,21 %rQ\DPL�2=2*8/

��������6PDOO�LQWHVWLQH�LVFKDHPLD�UHODWHG�PDOURWDWLRQ�DQRPDO\�LQ�RQH�DGROHVFHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(UGHP�.DUDGHQL]������6XNUX�$UVODQ������%�Q\DPL�2=2*8/������6DEUL�6HOFXN�$WDPDQDOS����

���*HQHUDO�6XUJHU\��$7$7�5.��1¡9(56,7<�0('¡&$/�)$&8/7<��(U]XUXP��785.(<
���*HQHUDO�6XUJHU\��$7$7�5.��1¡9(56,7<�0('¡&$/�)$&8/7<��(5=8580��785.(<

.H\ZRUGV��6PDOO�LQWHVWLQH��LVFKDHPLD��PDOURWDWLRQ�DQRPDO\

$EVWUDFW��

,QWURGXFWLRQ��0LGJXW�YROYXOXV�LV�D�UDUHO\�VHHQ�PDOURWDWLRQ�GHYHORSHG�ZLWK�WKH�URWDWLRQ�RI�WKH�PHVHQWHULF�URRW�DURXQG�WKH�VXSHULRU�PHVHQWHULF
DUWHU\��$OWKRXJK�LW�LV�VHHQ�LQ�LQIDQWV�PRUH�IUHTXHQWO\��LW�FDQ�DOVR�EH�VHHQ�LQ�DGXOWV��,Q�WKLV�FDVH��ZH�DLPHG�WR�H[KLELW�WKH�LQWHVWLQDO�PDOURWDWLRQ
DQRPDO\�LQ����\HDU�ROG�PDOH�SDWLHQWV�KDYLQJ�FKURQLF�DEGRPLQDO�SDLQ�DQG�VPDOO�LQWHVWLQH�LVFKDHPLD�UHODWHG�WR�WKLV�

&DVH�UHSRUW��WKH����\HDU�ROG�SDWLHQW�LV�KDYLQJ�D�FRPSODLQW�RI�DEGRPLQDO�SDLQ�LQWHUYDO��VWDUWHG�WR�KDYH�VHYHUH�DEGRPLQDO�SDLQ��QDXVHD�DQG�SXIILQHVV
ODVW�RQH�GD\�DQG�DSSOLHG�WR�RXU�FOLQLF�ZLWK�WKHVH�FRPSODLQWV��,Q�SK\VLFDO�H[DPLQDWLRQ��WKHUH�ZDV�SUHYDOHQW�WHQGHUQHVV�RQ�WKH�DEGRPHQ�DQG�GXOO
GLVWHQVLRQ��,Q�D�ODERUDWRU\�LQYHVWLJDWLRQ��WKHUH�ZDV�QR�IHDWXUH�H[FHSW�HOHYDWHG�ZKLWH�EORRG�FHOO�FRXQW�������PP����7KHUH�ZHUH�QR�IHDWXUHV�RQ�WKH
DPEXODQW�DEGRPLQDO�UDGLRJUDSK�������GHJUHH�GH[WURJ\UDWH�WRUVLRQ�RQ�PHVHQWHULF�URRW�RQ�WKH�FRQWUDVW�HQKDQFHG�DEGRPLQDO�WRPRJUDSK\�LV�UHSRUWHG�
7KH�RSHUDWLRQ�LV�SODQQHG�IRU�WKH�SDWLHQW��2Q�ODSDURWRP\�����FP�IURP�WKH�LOHRFHFDO�YDOYH�DOO�VPDOO�LQWHVWLQHV�IURP�SUR[LPDO�ZHUH�FRYHUHG�E\�SHULWRQ
OHDI��2SHQLQJ�WKLV�SHULWRQ��VPDOO�LQWHVWLQHV�DUH�PRQLWRUHG���$PRQJ�WKHVH�VPDOO�LQWHVWLQH�VHJPHQWV��WKHUH�ZHUH�FRQJHQLWDO��/DGG
V��EDQGV��$OVR
GXGHQR�MHMXQDO�ZDV�VHWWOHG�RQ�WKH�ULJKW�RI�NROOXPQD�YHUWHEUDOLV��,W�ZDV�VHHQ�WKDW������FP�VPDOO�LQWHVWLQH�VHJPHQW
V�PHVR�URWDWHG�E\�WXUQLQJ�DURXQG
D�EDQG��DQG�LVFKDHPLD�GHYHORSHG�UHODWHG�WR�WKLV��%\�RSHQLQJ�WKH�EDQGV��URWDWLRQ�RQ�WKH�VPDOO�LQWHVWLQH�PHVR�LV�IL[HG��$IWHU�LPSOHPHQWDWLRQ�RI�KHDW
IRU�D�ZKLOH��FRORXU�DQG�SHULVWDOWLVP�RI�WKH�LQWHVWLQH�UHWXUQHG�WR�QRUPDO��3DWLHQW�ZLWK�QR�SUREOHP�LV�GLVFKDUJHG�ZLWK�VXJJHVWLRQV�RQ�KLV�VHFRQG
SRVWRSHUDWLYH�GD\�

5HVXOW��,QWHVWLQDO�PDOURWDWLRQ�LV�D�TXLWH�UDUH�DQRPDO\�EXW�LQ�WHUPV�RI�FRPSOLFDWLRQV�ZKLFK�LW�FDQ�FDXVH��LW�LV�DQ�LPSRUWDQW�DQRPDO\���,QWHVWLQDO
PDOURWDWLRQ�PXVW�EH�ORFDWHG�DW�GHILQLWLYH�GLDJQRVLV�UDWKHU�WKDQ�SDWLHQWV�ZLWK�VPDOO�ERZHO�REVWUXFWLRQ�ILQGLQJV�DQG�DFXWH�DEGRPLQDO�



&$6(�35(6(17$7,21 6$55$�-28,1,

��������$FXWH�DRUWLF�GLVVHFWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

]LHG�JXHUPD]L������6$55$�-28,1,������+DQD�+HGKOL������,PHQH�0HNNL������+RXGD�1DVUL������5LP�+DPPDPL������%HFKLU�%RXKDMMD������5\P�+DPHG����

���(PHUJHQF\�'HSDUWPHQW��&+8�&KDUOHV�1LFROOH��781,6��781,6,$
���(PHUJHQF\�'HSDUWPHQW��&+8�&KDUOHV�1LFROOH��WXQLV��781,6,$
���(PHUJHQF\�'HSDUWPHQW��&+8�&KDUOHV�1LFROOH��7XQLV��781,6,$

.H\ZRUGV��DRUWLF�GLVVHFWLRQ��HPHUJHQF\�&KHVW�3DLQ

$EVWUDFW��

,QWURGXFWLRQ��

$FXWH�DRUWLF�GLVVHFWLRQ��$$'��LV�D�PHGLFDO�HPHUJHQF\�ZLWK�D�KLJK�PRUWDOLW\�UDWH��,W�XVXDOO\�SUHVHQWV�ZLWK�VHYHUH��XQUHOHQWLQJ�FKHVW�SDLQ�RI�VXGGHQ
RQVHW�7KHUH�DUH�VHYHUDO�GLIIHUHQW�IRUPDWV�RI�FODVVLILFDWLRQ�IRU�WKRUDFLF�DRUWLF�GLVVHFWLRQ��WKH�PRVW�FRPPRQO\�XVHG�LV�WKH�6WDQIRUG�&ODVVLILFDWLRQ�ZKLFK
GLYLGHV�WKH�GLVVHFWLRQV�LQWR���W\SHV��$���GLVVHFWLRQ�RULJLQDWLQJ�LQ�WKH�DVFHQGLQJ�DRUWD��%���GLVVHFWLRQ�RULJLQDWLQJ�LQ�WKH�DRUWD�GLVWDO�WR�OHIW�VXEFODYLDQ
DUWHU\�

&DVH�UHSRUW�

$����\HDU�ROG�PDQ��SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�RI�RXU�KRVSLWDO�ZLWK�FRPSODLQWV�RI�VXGGHQ�VHYHUH�FKHVW�SDLQ��+LV�SDVW�PHGLFDO�KLVWRU\
UHYHDOHG�XQFRQWUROOHG�HVVHQWLDO�K\SHUWHQVLRQ�DQG�GLDEHWHV�DVVRFLDWHG�ZLWK�QRQFRPSOLDQFH�ZLWK�PHGLFDWLRQ�DQG�DSSRLQWPHQWV��7KH�SDLQ�ZDV
GHVFULEHG�DV�D�UHWURVWHUQDO�FUDPS�ZLWKRXW�LUUDGLDWLRQ�

2Q�SK\VLFDO�H[DPLQDWLRQ��WKH�SDWLHQW�ZDV�FRQVFLRXV��WHPSHUDWXUH�DQG�EORRG�R[\JHQ�VDWXUDWLRQ�ZHUH�QRUPDO��3XOVH�DQG�UHVSLUDWRU\�UDWHV�ZHUH
���PLQXWH�DQG����PLQXWH��UHVSHFWLYHO\��%ORRG�SUHVVXUH�ZDV��������PP+J�LQ�OHIW�DUP�DQG��������PP+J�RQ�WKH�ULJKW�VLGH��7KHUH�ZDV�QR�MXJXODU
YHQRXV�GLVWHQVLRQ�+LV�H[WUHPLWLHV�ZHUH�ZDUP�WR�WKH�WRXFK��ZLWK�QR�SDOORU��ILQJHU�FOXEELQJ�RU�F\DQRVLV��3XOVHV�ZHUH�V\PPHWULFDO�DQG�WKHUH�ZDV�QR
SHULSKHUDO�RHGHPD��7KHUH�ZDV�QR�IHPRUDO�VRXQG��7KH�DEGRPHQ�ZDV�VRIW�ZLWKRXW�GHIHQFH��7KH�UHVW�RI�WKH�H[DP�ZDV�XQUHPDUNDEOH��,QLWLDO�(.*
VKRZHG�D�VLQXVDO�UK\WKP�ZLWK�VLJQV�RI�ULJKW�YHQWULFXODU�LQIDUFW��$Q�DFXWH�FRURQDU\�V\QGURPH�ZDV�PHQWLRQHG��EXW�DQ�DRUWLF�GLVVHFWLRQ�FRXOGQÇW�EH
HOLPLQDWHG��7KHUHIRUH��WKH�SDWLHQW�UHFHLYHG�WKH�1LFDUGLSLQH�WR�FRQWURO�D�V\VWROLF�WHQVLRQ��OHVV�WKDQ�����PP+J���D�WLWUDWLRQ�RI�&KORU\GUDWH�RI�0RUSKLQH
DQG�(.*�PRQLWRULQJ��7KH�SDWLHQWÇV�FOLQLFDO�FRQGLWLRQ�ZDV�XQFKDQJHG��H[FHSW�IRU�D�SXOVH�GHILFLW�RQ�WKH�OHIW�VLGH�RI�KLV�ERG\��D�ILQJHU�F\DQRVLV�LQ�WKH
OHIW�KDQG�DQG�WKH�SDWLHQW�GHVFULEHG�D�OXPS�SDUDVWKHVLV��7KH�(.*�ZDV�G\QDPLF�ZLWK�UK\WKPLF�DOWHUQDWLRQ��D[LV�FKDQJHV�DQG�1RQVSHFLILF�7�ZDYH
PRGLILFDWLRQ��7KH�GLDJQRVLV�RI�DFXWH�DRUWLF�GLVVHFWLRQ�ZDV�SUREDEOH�

7KH�3DWLHQW�ZDV�VXEVHTXHQWO\�SODQQHG�IRU�&RPSXWHG�7RPRJUDSKLF�DQJLRJUDSK\��ZKLFK�VKRZHG�QRUPDO�FRURQDU\�DUWHULHV�EXW�DRUWLF�GLVVHFWLRQ
6WDQIRUG�W\SH�$�VWDUWLQJ�IURP�WKH�DRUWLF�YDOYH�WR�WKH�LOLDF�ELIXUFDWLRQ�DQG�H[WHQGLQJ�WR�WKH�VXSUD�DRUWLF�WUXQNV��FRHOLDF�WUXQN�DQG�WR�WKH�VXSHULRU
PHVHQWHULF�DUWHU\��7KH�SDWLHQW�ZDV�SODQQHG�IRU�DRUWLF�URRW�UHSODFHPHQW�ZLWK�DRUWLF�YDOYH�FRQGXLW�DQG�UHLPSODQWDWLRQ�RI�FRURQDU\�DUWHULHV��HOHFWLYHO\�
7KH�SDWLHQW�ZDV�XUJHQWO\�WUDQVIHUUHG�WR�FDUGLRYDVFXODU�XQLW��7KHUH�ZHUH�QR�FKDQJHV�LQ�KLV�FOLQLFDO�FRQGLWLRQ�GXULQJ�WUDQVSRUW��EXW�ZKLOH�EHLQJ�SODFHG
RQ�WKH�RSHUDWLQJ�WDEOH��KH�ZHQW�LQWR�FDUGLDF�DUUHVW�ZLWK�XQVXFFHVVIXO�UHDQLPDWLRQ�

&RQFOXVLRQ�

$OWKRXJK�DRUWLF�GLVVHFWLRQ�LV�DQ�XQFRPPRQ�HQWLW\��LWV�RXWFRPH�LV�IUHTXHQWO\�IDWDO�DQG�PDQ\�SDWLHQWV�ZLWK�DRUWLF�GLVVHFWLRQ�GLH�EHIRUH�GLDJQRVLV�
:KHQ�OHIW�XQWUHDWHG��DERXW�����RI�SDWLHQWV�GLH�ZLWKLQ�WKH�ILUVW����KRXUV��DQG�����GLH�ZLWKLQ����KRXUV�
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��������0HDQ�SODWHOHW�YROXPH�DV�D�GLDJQRVWLF�WRRO�RQ�DFXWH�PHVHQWHULF�LVFKDHPLD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(UGHP�.DUDGHQL]������6XNUX�$UVODQ������%�Q\DPL�2=2*8/������6DEUL�6HOFXN�$WDPDQDOS����

���*HQHUDO�6XUJHU\��$7$7�5.��1¡9(56,7<�0('¡&$/�)$&8/7<��(U]XUXP��785.(<

.H\ZRUGV��0HDQ�SODWHOHW�YROXPH��DFXWH�PHVHQWHULF�LVFKDHPLD

$EVWUDFW��

,1752'8&7,21��0HVHQWHULF�LVFKDHPLD�LV�D�YDVFXODU�HPHUJHQF\�WKDW�LQFOXGHV�OLIH�WKUHDWHQLQJ�ZLWK�KLJK�PRUWDOLWLHV��,W�LV�UHYHDOHG�WKDW�PHDQ
SODWHOHW�YROXPH��039��DQG�SODWHOHW�DFWLYDWLRQ�DUH�FORVHO\�UHODWHG��:H�UHVHDUFKHG�ZKHWKHU�039�FDQ�EH�XVHG�DV�D�GLDJQRVWLF�UHDJHQW�RQ�DFXWH
PHVHQWHULF�LVFKDHPLD��$0,��GLDJQRVLV��DQG�LWV�UHODWLRQ�WR�GLVHDVH�SURJQRVLV�

0$7(5,$/�0(7+2'������SHRSOH�WUHDWHG�E\�$0,�GLDJQRVLV�LQ�RXU�FOLQLF�EHWZHHQ�)HEUXDU\������DQG�0DUFK������DUH�WDNHQ�DV�D�SDWLHQW�JURXS��DQG
����SHRSOH�DSSOLHG�WR�RXU�SRO\FOLQLF�IRU�URXWLQH�FRQWURO�LQ�WKLV�SHULRG��DQG�ZKR�GRHV�QRW�KDYH�DQ\�GLVHDVHV�DUH�WDNHQ�DV�FRQWURO�JURXS��3DWLHQW�ILOHV
DUH�H[DPLQHG�UHWURVSHFWLYHO\��,Q�WKLV�VWXG\��WKH�GLIIHUHQFHV�EHWZHHQ�WKH�JURXSV�DUH�FRPSDUHG�E\�XVLQJ�,QGHSHQGHQW�7�7HVW��6WDWLVWLFDO�DQDO\VLV�RI
WKLV�VWXG\�LV�PDGH�E\�XVLQJ�6WDWLVWLFDO�3DFNDJH�IRU�6RFLDO�6FLHQFHV�YHUVLRQ������6RIWZDUH�IRU�:LQGRZV��6366�������,QF��&KLFDJR��,/��

),1',1*6�����RI�WKH�SDWLHQW�JURXS�ZHUH�IHPDOH��DQG����ZHUH�PDOH��$YHUDJH�RI�DJH�ZDV������������������RI�WKH�FRQWURO�JURXS�ZHUH�IHPDOH�����ZHUH
PDOH����$YHUDJH�RI�DJH�ZDV���������������2Q�SDWLHQW�JURXS��039��QHXWURSKLO�O\PSKRF\WH�UDWH��1�/��DQG�SODWHOHW�GLVWULEXWLRQ�ZLGWK��3':��YDOXHV�DUH
IRXQG�KLJKHU�WKDQ�WKH�FRQWURO�JURXS�DQG�WKLV�GLIIHUHQFH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW���S�������0RUWDOLW\�GHYHORSHG�LQ����������SDWLHQWV�LQ�WKH�SDWLHQW
JURXS��%HWZHHQ�WKH�JURXSV�PRUWDOLW\�GHYHORSHG�DQG�QRW�GHYHORSHG��DJH��ZKLWH�EORRG�FHOO��039��1�/�UDWH�DQG�3':�YDOXHV�ZHUH�QRW�VWDWLVWLFDOO\
VLJQLILFDQW��S!�����

5(68/7��$V�ZHOO�DV�PRUH�VWXGLHV�DUH�UHTXLUHG�LQ�WKLV�FDVH��039��1�/�UDWH��3':�YDOXHV�SURPLVH�KRSH�RQ�$0,�GLVHDVH�DV�D�GLDJQRVWLF�UHDJHQW�
+RZHYHU��WKHVH�SDUDPHWHUV�GR�QRW�KDYH�LPSRUWDQFH�RQ�VSHFLI\LQJ�WKH�GLVHDVH�SURJQRVLV�



&$5',29$6&8/$5 %rQ\DPL�2=2*8/

��������2XU���\HDU�FOLQLFDO�H[SHULHQFHV�RQ�DFXWH�PHVHQWHULF�LVFKDHPLD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(UGHP�.DUDGHQL]������6XNUX�$UVODQ������%�Q\DPL�2=2*8/������6DEUL�6HOFXN�$WDPDQDOS����

���*HQHUDO�6XUJHU\��$7$7�5.��1¡9(56,7<�0('¡&$/�)$&8/7<��(U]XUXP��785.(<

.H\ZRUGV��$FXWH�PHVHQWHULF�LVFKDHPLD

$EVWUDFW��

,1752'8&7,21��$FXWH�PHVHQWHULF�LVFKDHPLD��$0,��LV�RQH�RI�WKH�JHQHUDO�VXUJHU\�HPHUJHQFLHV�UHTXLULQJ�LPPHGLDWH�GLDJQRVLV�DQG�WUHDWPHQW�
DVVRFLDWHG�ZLWK�KLJK�PRUELGLW\�DQG�PRUWDOLW\���6XFFHVVIXO�WUHDWPHQW�RI�WKH�GLVHDVH�GHSHQGV�RQ�HDUO\�GLDJQRVLV�DQG�HDUO\�VXUJLFDO�RSHUDWLRQ�RQ
FOLQLFDO�VXVSLFLRQ��,Q�WKLV�VWXG\��ZH�DLP�WR�HYDOXDWH�SDWLHQWV�WUHDWHG�DW�RXU�FOLQLF�ZLWK�$0,�GLDJQRVLV�

0$7(5,$/�0(7+2'������SDWLHQW�ILOHV��WUHDWHG�ZLWK�$0,�GLDJQRVLV�EHWZHHQ�)HEUXDU\������DQG�0DUFK������LQ�RXU�FOLQLF��DUH�DQDO\VHG
UHWURVSHFWLYHO\�

),1',1*6�����RI�WKH�SDWLHQWV�ZHUH�IHPDOH��DQG����ZHUH�PDOH��$YHUDJH�RI�DJH�ZDV���������������0RVW�IUHTXHQWO\�FRPSODLQWV�ZHUH�VWRPDFK�DFKH
�������DQG�QDXVHD�YRPLWLQJ��������7KH�WLPH�EHWZHHQ�WKH�UHOHDVH�RI�WKH�FRPSODLQWV�DQG�DSSOLFDWLRQ�WR�WKH�KRVSLWDO�ZDV�ORQJHU�WKDQ����KRXUV�RQ����
RI�WKH�SDWLHQWV��0RVW�IUHTXHQW�FR�PRUELG�GLVHDVHV�ZHUH�K\SHUWHQVLRQ��FRURQDU\�DUWHU\�GLVHDVH��DWULDO�ILEULOODWLRQ�DQG�GLDEHWHV��UHVSHFWLYHO\���7KH
DHWLRORJLFDO�FDXVH�ZDV�DUWHULDO�RFFOXVLRQ�RQ�����������SDWLHQWV�DQG�YHQRXV�RFFOXVLRQ�LQ��������SDWLHQWV�����SDWLHQWV�KDG�VPDOO�LQWHVWLQH�JDQJUHQH�
���SDWLHQWV�KDG�VPDOO�DQG�ODUJH�LQWHVWLQH�JDQJUHQH����SDWLHQWV�KDG�WRWDO�VPDOO�LQWHVWLQH�JDQJUHQH��DQG���SDWLHQWV�KDG�ODUJH�LQWHVWLQH�JDQJUHQH��7R��
SDWLHQWV�KDYLQJ�WRWDO�VPDOO�LQWHVWLQH��JDQJUHQH�ZHUH�LPSOHPHQWHG�H[SORUDWLRQ�DQG�UHVHFWLRQ�ZDV�DSSOLHG�IRU�DOO�RWKHU�SDWLHQWV����SDWLHQWV�DUH
LPSOHPHQWHG�LQWUD�RSHUDWLYH�VXSHULRU�PHVHQWHULF�DUWHULRWRP\�DQG�HPEROHFWRP\��D�VHFRQG�ORRN�DQG�UH�UHVHFWLRQ�DUH�PDGH�RQ���SDWLHQWV��0RUWDOLW\
GHYHORSHG�LQ����������SDWLHQWV���6PDOO�LQWHVWLQH�V\QGURPH�GHYHORSHG�LQ���SDWLHQWV�ZKR�DUH�LPSOHPHQWHG�PDVVLYH�UHVHFWLRQ�DQG�QR�PRUWDOLW\�LV
PRQLWRUHG�RQ�IROORZ�XS�

5(68/7��0HVHQWHULF�LVFKDHPLD�LV�D�GLVHDVH�UHTXLULQJ�HDUO\�GLDJQRVLV�DQG�WUHDWPHQW��DVVRFLDWHG�ZLWK�KLJK�PRUELGLW\�DQG�PRUWDOLW\��7KH�PRVW
LPSRUWDQW�VWHS�IRU�GLDJQRVLV�LV�WR�EH�VXVSLFLRXV�DERXW�WKH�GLVHDVH�



&$6(�35(6(17$7,21 6$55$�-28,1,

��������$�KHDGDFKH�UHYHDOLQJ�KHPRSKDJRF\WLF�V\QGURPH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6DOZD�$PUL������6DOZD�$PUL������6$55$�-28,1,������5\P�+DPHG������]LHG�JXHUPD]L������$VPD�$ORXL������6\ULQH�-DRXDQL������%HFKLU�%RXKDMMD������)DWHQ
$PLUD����

���(PHUJHQF\�'HSDUWPHQW��&+8�&KDUOHV�1LFROOH��7XQLV��781,6,$
���(PHUJHQF\�'HSDUWPHQW��&+8�&KDUOHV�1LFROOH��WXQLV��781,6,$
���(PHUJHQF\�'HSDUWPHQW��&+8�&KDUOHV�1LFROOH��781,6��781,6,$

.H\ZRUGV��KHDGDFKH��HPHUJHQF\��GLDJQRVLV

$EVWUDFW��

,QWURGXFWLRQ��

0DFURSKDJH�DFWLYDWLRQ�V\QGURPH�DOVR�FDOOHG�+HPRSKDJRF\WLF�O\PSKRKLVWLRF\WRVLV��+/+��LV�UDUH�EXW�SRWHQWLDOO\�IDWDO��,W�LV�EDVHG�RQ�D�QXPEHU�RI
FOLQLFDO�VLJQV�DQG�ODERUDWRU\�ILQGLQJV��)LYH�RXW�RI�WKH�IROORZLQJ�QLQH�GLDJQRVWLF�FULWHULD�IRU�+/+��IHYHU��VSOHQRPHJDO\��F\WRSHQLDV���DIIHFWLQJ�WZR�RU
PRUH�RI�WKUHH�OLQHDJHV�LQ�WKH�SHULSKHUDO�EORRG���K\SHUWULJO\FHULGHPLD��K\SRILEULQRJHQHPLD��HOHYDWHG�IHUULWLQ��KHPRSKDJRF\WRVLV�LQ�ERQH
PDUURZ�VSOHHQ�O\PSK�QRGHV�7KH�FDXVDWLYH�DJHQW��ZKHWKHU�EDFWHULDO��YLUDO��IXQJDO�RU�SDUDVLWLF�VKRXOG�EH�WUHDWHG�XUJHQWO\�

&DVH�UHSRUW�

$����\HDU�ROG�PDQ�SUHVHQWHG�DW�RXU�HPHUJHQF\�GHSDUWHPHQW�ZLWK�KHDGDFKHV�DQG�YRPLWLQJ�ODVWLQJ�IRU���GD\V�LQ�D�IHYHU�FRQWH[W��2Q�DGPLVVLRQ�
H[DPLQDWLRQ�UHYHDOHG�WKDW�KH�ZDV�FRQVFLRXV��DIHEULOH�ZLWK�D�UHVSLUDWRU\�UDWH�RI����EUHDWKV�PLQ��DQ�R[\JHQ�VDWXUDWLRQ�RI�����RQ�DLU��DQG�EORRG
SUHVVXUH�RI��������PPKJ��+H�ZDV�D�MDXQGLFHG�SDWLHQW��$EGRPLQDO�H[DPLQDWLRQ�DQG�HOHFURFDUGLRJUDP�ZHUH�XQUHPDUNDEOH��%LRORJ\�VKRZHG�DFXWH
UHQDO�IDLOXUH��FOHDUDQFH�����PO�PLQ���FKROHVWDVLV�FRPELQHG�GRPLQDQFH��1��F\WRO\VLV��1��OLSDVHPLD��1��K\SHUWULJO\FHULGHPLD��VHYHUH
WKURPERF\WRSHQLD��K\SRFKURPLF�PLFURF\WLF�DQHPLD������&DUGLDF�XOWUDVRXQG�WUDQV�FKHVW�ZDV�XQUHPDUNDEOH��,QMHFWHG�DEGRPLQDO�&7�VKRZHG�ELODWHUDO
UHQDO�QHSKULWLV�RXWEUHDNV��+HSDWRPHJDO\��LQWUD�DEGRPLQDO�HIIXVLRQ�ORZ�DEXQGDQFH�

&RQFOXVLRQ�

,QIHFWLRXV�HWLRORJLHV�RI�+/+�DUH�PDQ\��SUHGRPLQDWHG�E\�YLUDO�LQIHFWLRQV��7KH�VHYHULW\�RI�+/+�SURJQRVLV�UHTXLUHV�DQ�DSSURDFK�DJJUHVVLYH�GLDJQRVLV
DQG�D�PXOWLGLVFLSOLQDU\�WKHUDSHXWLF�PDQDJHPHQW�WR�GHWHUPLQH�WKH�EHVW�RSWLRQV�EDVHG�RQ�HWLRORJ\�IRXQG�DQG�WKH�VHULRXVQHVV�RI�WKH�WDEOH�



&$6(�35(6(17$7,21 2QXU�7RNRFLQ

��������%DFWHULDO�PHQLQJLWLV�LQ�6\ULDQ�UHIXJHH�SUHJQDQW�ZRPHQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

<XVXI�&DQNDW�%R]NXUW������$]L]�9DWDQ������%XUFX�*XOVHQ������(PLQH�*DIIDUL������2QXU�7RNRFLQ������+DNDQ�7RSDFRJOX����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��,VWDQEXO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��LVWDQEXO��785.(<

.H\ZRUGV��PHQHQJLWLV��SUHJQDQF\��OXPEHU�SXQFWXUH��SURSRIRO��&�VHFWLRQ��LPPLJUDQW��DOWHUHG�PHQWDO�VWDWXV

$EVWUDFW��

,QWURGXFWLRQ��$OWHUHG�PHQWDO�VWDWXV�LV�RQH�RI�PRVW�LPSRUWDQW�DQG�FRPSOLFDWHG�LVVXH�IRU�DQ�HPHUJHQF\�PHGLFLQH�GRFWRU��(QIHFWLRXV�GLVHDVHV�LV�UDUH
IRU��WKDW�SDWLHQW�JURXSV��(QIHFWLRXV�GLVHDVHV�LQ��WK�SODFH�SDWLHQW�ZLWK�DOWHUHG�PHQWDO�VWDWXV�FDXVHV�DFRUGLQJ�WR�.DQLFK�HW�DO��%HFDXVH�RI�WKH
QRURORJLF�VWDWXV�VRPHWLPHV�VHGRDQHOJHVLD�VKRXOG�EH�XVHG�IRU�GLDJQRVLV��3URSRIRO�FDWHJRU\�%��FRXOG�EH�XVH�VDIHWO\�IRU�VHGRDQHOJHVLD�LQ�SUHJQDQF\�
,Q�VRPH�UDUH�VLWXDWLRQ��OLNH�LPPLJUDQWV��ODQJXDJH�EDUULHU�HWF���GLIIHUHQWLDO�GLDJQRVLV�HYHQ�PRUH�KDUGHU�

&DVH��$����\HDU�ROG�SUHJQDQW�����ZHHNV��6\ULDQ�UHIXJHH�SDWLHQW�ZDV�DGPLWWHG�WR�(5�ZLWK�GHOLULXP�DQG�DOWHUHG�PHQWDO�VWDWXV��%HFDXVH�RI�WKH
FRPPXQLFDWLRQ�SUREOHPV�ZLWK�SDWLHQW�DQG�KHU�UHODWLYHV��SDWLHQWÇV�PHGLFDO�KLVWRU\�ZDV�QRW�WDNHQ�DW�DOO��3DWLHQW�KDG�ODFN�RI�FRRSHUDWLRQ�DQG
RULHQWDWLRQ��6KH�ZDV�KXUWLQJ�KHUVHOI�DQG�DJLWDWHG��*ODVNRZ�FRPD�VFRUH�HYDOXDWHG�DV�������

�6KH�ZDV�H[DPLQHG�DV�ORZ�EORRG�SUHVVXUH��������PP+J���WDFK\FDUGLF������ESP���WDFK\SQHLF�����ESP���7KH�SDWLHQWÇV�IHYHU�ZDV������&�DQG�V2��ZDV
�����5HVSLUDWRU\�DQG�FDUGLDF�H[DPLQDWLRQ�ZDV�QRUPDO���3XSLOODV�ZHUH�VHHQ�LVRFRULF�DQG�ZLWK�LQWDFW�OLJKW�UHVSRQVH��)RXU�HNVWUHPLW\�UHIOH[HV�ZHUH
QRUPDO��1XFKDO�ULJLWLG\�DQG�RWKHU�QHXURORJLFDO�H[DPLQDWLRQ�FRXOGQÇW�HYDOXDWHG�SURSHUO\��7KHUH�ZHUHQÇW�DQ\�UXVK�DW�SDWLHQWÇV�ERG\��,9�IOXLGV
UHVXWDWLRQ�ZDV�VWDUWHG��$V�ODE�UHVXOWV�ZHUH��:%&���������A��/��+*%�����J�GO��1(8���������A��/��/DFWDW�����PJ�GO��%ORRG�*OXFRVH����PJ�GO��$67
��8�/��$/7���8�/��6SRW�XULQDU\�WHVW�VKRZHG�QR�OHXNRF\WXULD��QR�SURWHLQXULD��,Q�EUDLQ�05,�WKHUH�ZDV�QR�LQWUFUDQLDO�PDVV��RWKHU�IRFDO�EUDLQ�OHVLRQ�
EOHHGLQJ�DUHD�RU�LQIDUFWLRQ�%HFDXVH�RI�WKH�ZKLWH�EORRG�FHOO�FRXQW�ZDV�HOHYDWHG��ZLWK�D�VKLIW�WR�ULJKW�DQG��FRQIXVLRQ��ZH�WRXJKW�EDFWHULDO�PHQHQJLWLV
DV�D�SUHGLDJQRVLV�DQG�FHIWULD[RQH�ZDV�DSSOLHG���JU�WZLFH�GDLO\�

7KH�SDWLHQW�ZDV�FRQVXOWDWHG�ZLWK�J\QHFRORJ\�DQG�REVWHWULFV�FOLQLF�IRU�IHWDO�GLVWUHVV�DQG�HPHUJHQW�&�VHFWLRQ��167�ZDV�VKRZHG�GHFHOHUDWLRQV��$IWHU
WKH�VHGDWLRQ�ZLWK�SURSRIRO������PJ�NJ�PLQ��ORPEHU�SXQFWXUH�ZDV�SHUIRUPHG�WR�SDWLHQW�WKHQ�SDWLHQW�WUDQVIHUHG�WR�J\QHFRORJ\�DQG�REVWHWULFV�FOLQLF�IRU
HPHUJHQW�&�VHFWLRQ��&HUHEUR�VSLQDO�IOXLG�ZDV�FORXG\��*UDP�VWUDLQ�SRVLWLYH��!����301��SDQG\�WHVW������*OXFRVH�&6)����PJ�GO��SURWHLQ�&6)�������
PJ�GO��$QWLELRWKHUDS\�ZDV�VHW�FHIWULD[RQH��JUS�WZLFH�GDLO\�DQG�YDQFRPLVLQ�����PJ�IRXU�WLPHV�SHU�GD\�E\�HQIHFWLRQ�DQG�PLFURELRORJ\�FOLQLF��$IWHU
&�VHFWLRQ�SDWLHQW�DGPLWWHG�WR�,&8��$IWHU�D�ZHHN�RI�DQWLELRWKHUDS\��SDWLHQWÇV�YLWDO�VLJQV��PHQWDO�VWDWXV�DQG�ODE�UHVXOWV�ZHUH�VHHQ�QRUPDO��3DWLHQWÆV
PHGLFDO�WUHDWPHQW�KDV�HQGHG�DQG�ZDV�GLVFKDUJHG�

�

&RQFOXVVLRQ��%DFWHULDO�PHQLQJLWLV�LV�D�UDUH��OLIH�WUHDWLQLQJ�DQG�LPSRUWDQW�UHDVRQ�RI�DOWHUHG�PHQWDO�VWDWXV��/XPEHU�SXQFWXUH�LV�WKH�PDLQ�SURFHGXUH�WR
HVWDEOLVK�D�ILQDO�GLDJQRVLV�RI�PHQLQJLWLV��0DLQ�PHGLFDO�WKHUDSK\�LV�FHIWULD[RQH��6RPHWLPHV�VHGRDQHOJHVLD�LV�QHFHVVDU\�IRU�H[DPLQDWLRQ�DQG
SURVHGXUHV��,Q�SUHJQDQF\���SURSRIRO�FDWHJRU\�%��LV�UHOLDEOH�DJHQW�IRU�SURVHGXUDO�VHGDWLRQ��(PHUJHQF\�FHVDUHDQV�DUH�VRPHWLPHV�IXUWKHU�FODVVLILHG�E\
GHJUHH�RI�XUJHQF\�OLNH�DQ�LPPHGLDWH�WKUHDW�WR�OLIH�RI�WKH�PRWKHU�RU�IHWXV�LV�SUHVHQW��(DUO\�DQWLELRWKHUDS\�DQG�HPHUJHQW�&�VHFWLRQ�FDQ�SURYLGH�DQ
LPSURYHPHQW�RI�PDWHUQDO�DQG�IHWDO�KHDOWK�VWDWXV�DV�VHHQ�DV�LQ�RXU�FDVH�



&$6(�35(6(17$7,21 *2.68�%2='(5(/,�%(5,.2/

��������%H�FDUHIXO��,W�PD\�EH�HPSK\VHPDWRXV�F\VWLWLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$77,/$�%(67(0,5������*2.68�%(5,.2/������0(+0(7�6(5.$1�<85'$.8/����

���(0(5*(1&<�0(',&,1(��.$5$0$1�38%/,&�+263,7$/��.$5$0$1��785.(<

.H\ZRUGV��F\VWLWLV��HPSK\VHPD��YHQD�FDYD�LQIHULRU�

$EVWUDFW��

,QWURGXFWLRQ�8ULQDU\�WUDFW�LQIHFWLRQV�DUH�D�ODUJH�VKDUH�RI�HPHUJHQF\�VHUYLVH�YLVLWV��$OWKRXJK�PRVW�RI�WKH�WKHP�DUH�RXWSDWLHQW��FRPSOLFDWHG�XULQDU\
LQIHFWLRQV�DUH�KRVSLWDOL]HG��%HVLGHV�LW�LV�DQ�HWLRORJ\�RI�DEGRPLQDO�SDLQ�DQG�VHSVLV��RQH�RI�WKH�FRPSOLFDWLRQ�RI�XULQDU\�WUDFW�LQIHFWLRQ�LV
HPSK\VHPDWRXV�F\WLWLV��(PSK\VHPD�LV�VHHQ�LQ�EODGGHU�ZDOO�DQG�OXPHQ�DQG�DOVR�FDQ�UHVXOWV�ZLWK�D�DLU�HPEROLVP�LQ�YHQD�FDYD�

&DVH�UHSRUW��2XU�SDWLHQW�LV����\HDU�ROG�ZRPDQ�DSSOLHG�WR�HPHUJHQF\�GHSDUWPHQW�ZLWK�DEGRPLQDO�SDLQ��IHYHU�ZLWK�XQVWDELO�FRQGLWLRQ��6KH�KDV
K\SHUWHQVLRQ��GLDEHWHV�PHOOLWXV��K\SHUO\SLGHPLD��FKURQLF�UHQDO�GLVHDVH��FRURQDU\�DUWHU\�GLVHDVHV��,Q�KHU�SK\VLFDO�H[DPLQDWLRQ�WKH�EORRG�SUHVVXUH
ZDV�������ZLWK�VLQXV�WDFKLFDUGLD�RI�����PLQ��+HU�WHPSHUDWXUH�ZDV�����&��DUWHULDO�R[\JHQ�VDWXUDWLRQ�HVWLPDWHG�E\�SXOVH�R[\PHWHU\�ZDV�����
UHVSLUDWRU\�UDWH�ZDV����PLQ�DQG�EORRG�JOXFRVH�ZDV����PJ�GO��7KH�OXQJV�ZHUH�FOHDU�RVFXOWDWLRQ��7KH�KHDUW�VRXQGV�ZHUH�QRUPDO�ZLWK�QR�PXUPXU�
/RZHU�RI�DEGRPHQ�ZDV�GLVWDQGHG�DQG�WHQGHU��7KHUH�ZHUH�SRVLWLYH�SHULWRQHDO�LUULWDWLRQ�VLJQV�DQG�ERZHO�VRXQGV�ZHUH�DOOHYLDWHG��/DERUDWRU\�ILQGLQJV
DUH�UHVSHFWLYHO\��:%&��������oO��&53�����PJ�GO�&UHDWLQH����PJ�GO��8UHD�����PJ�GO��8ULQDU\�FDWKHWHULVDWLRQ�ZDV�DSSOLHG�EXW�QR�XULQH�RXWSXW
RFFXUUHG�LQ�WKH�ILUVW�KRXUV�RI�YLVLW��+HU�DEGRPLQDO�FRPSXWHU�WRPRJUDSK\�ZDV�GRQH�DQG�DLU�IOXLG�OHYHO�LQ�EODGGHU��JDV�EXEEOH�DFFXPXODWLRQ�LQ�EODGGHU
ZDOO�DQG�OXPHQ��DLU�EXEEOHV�LQ�YHQD�FDYD�LQIHULRU�OXPHQ�ZHUH�VHHQ��:KLOH�REVHUYDWLRQ��VKH�KDG�FDUGLDF�DUUHVW��6KH�ZDV�UHVXVFLWDWHG�IRU����PLQXWHV
DQG�ZDV�QRW�UHVSRQGHG�WR�&35�

'LVFXVVLRQ��(PSK\VHPDWRXV�F\VWLWLV�ZLWK�YHQRXV�DLU�HPEROLVP�LV�UDUHO\�VHHQ�LQ�HPHUJHQF\�VHUYLFHV��,W�FDQ�EH�D�PRUWDO�FRPSOLFDWLRQ�RI�XULQDU\�WUDFW
LQIHFWLRQV�LQ�SDWLHQWV�ZLWK�SUHGLVSRVLWLQJ�IDFWRUV�OLNH�GLDEHWHV�PHOOLWXV�DV�RXU�FDVH��7KH�SDWKRSK\VLRORJ\�LV�KDV�QRW�LGHQWLILHG�\HW��EXW�WKH�DFFHSWHG
PHFKDQLVP�LV�DFFXPXODWLRQ�RI�FDUERQGLR[\GH�DQG�K\GURJHQH�E\�LQIHFWHG�PLFURRUJDQLVPV��&RPSXWHU�WRPRJUDSK\�GHPRQVWUDWHV�WKH�JDV
DFFXPXODWLRQ�QRW�RQO\�LQ�EODGGHU�ZDOO�DQG�OXPHQ�EXW�DOVR�LQ�YHQD�FDYD�LQIHULRU��$Q�DFFHOHUDWHG�SURFHVV�ZDV�RFFXUUHG�LQ�RXU�SDWLHQW�UHVXOWHG�ZLWK
PRUWDOLW\��7KH�PDQDJHPHQW�RI�HPSK\VHPDWRXV�F\VWLWLV�LV�GUDLQDJH�DQG�DQWLELRWKHUDS\�VHQVLWLYH�WR�RUJDQLVP��,Q�FRQFOXVLRQ��WKH�HPHUJHQF\
SK\VLFLDQV�VKRXOG�NHHS�WKLV�FRPSOLFDWLRQ�ZLWK�GLIIHUHQWLDO�GLDJQRVLV�RI�DEGRPLQDO�SDLQ�LQ�PLQG�

5HIHUHQFHV����.$5$6+,0$��(���(-,0$��-��,���1$.$085$��+���.2,.(��$���.$1(.2��7���	�2+085$��,����������(PSK\VHPDWRXV�F\VWLWLV�ZLWK�YHQRXV
EXEEOHV��,QWHUQDO�0HGLFLQH�����������������

��<RNRNDZD��5���+��7VXND��DQG�.��0XUDQDND���>(PSK\VHPDWRXV�F\VWLWLV�ZLWK�DLU�EXEEOHV�LQ�WKH�YHQD�FDYD@���1LKRQ�+LQ\RNLND�*DNNDL�]DVVKL��7KH
MDSDQHVH�MRXUQDO�RI�XURORJ\���������������������

$FNQRZOHGJPHQWV��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�LQ�WKLV�VWXG\�



&$6(�35(6(17$7,21 0RKDPHG�DOL�&KHULI

��������+\SRQDWUHPLD��ZKDW�LV�LW�KLGLQJ"���&DVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

KRXFHP�RXQL������0RKDPHG�DOL�&KHULI������RQV�DQGROVL������NKDOHG�VDLGL������\RXVVHI�]LHG�(O�KHFKPL������0RKDPHG�0H]JKHQL������,QHV�6HGJK\HQL�����
=RXKDLHU�-HUEL����

���HPHUJHQF\�GHSDUWPHQW���KRVSLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV�
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��+\SRQDWUHPLD�HPHUJHQF\��VHL]XUHV

$EVWUDFW��

,QWURGXFWLRQ�

)RU�SV\FKLDWULF�SDWLHQWV�SRWRPDQLD�DQG�WKH�V\QGURPH�RI�LQDSSURSULDWH�VHFUHWLRQ�RI�DQWLGLXUHWLF�KRUPRQH��6,$'+��DUH�WKH�PRVW�FDXVHV�RI
K\SRQDWUHPLD��:H�UHSRUW�KHUH�WKH�FDVH�RI�SDWLHQW�ZLWK�K\SRQDWUHPLD�

&DVH�UHSRUW�

$����\HDU�ROG�IHPDOH�SDWLHQW�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��(5��IRU�WRQLF�FORQLFV�VHL]XUHV�ZLWKRXW�UHFRYHULQJ�FRQVFLRXVQHVV��6KH�KDG�D
����SDFN�\HDU�KLVWRU\�RI�FLJDUHWWH�VPRNLQJ��ZLWK�D�KLVWRU\�RI�VFKL]RSKUHQLD�

+HU�VXJDU�EORRG�SUHVVXUH�ZDV�����JU�OLWUH��+HU�*&6�ZDV�����6KH�ZDV�KHPRG\QDPLFDOO\�VWDEOH��7KHUH�ZDV�QR�RWKHU�QHXURORJLFDO�VLJQ�QRU�PHQLQJLVP�
6KH�ZDV�EHGULGGHQ�ZLWK�PXOWLSOH�O\PSKDGHQRSDWK\��+HU�ODERUDWRU\�WHVWV�ZHUH�QDWUHPLD�DW����P(T�O�DQG�NDOLHPLD�DW���P(T�O��WKH�XUHD�DQG
FUHDWLQLQH�OHYHO�ZHUH�QRUPDOV��7KH�HOHFWURFDUGLRJUDP�KDG�QR�DEQRUPDOLW\�

$�&RQYXOVLYH�6WDWXV�(SLOHSWLFXV�GXH�WR�K\SRQDWUHPLD�ZDV�GLDJQRVHG�

6KH�UHFHLYHG���PJ�RI�FORQD]HSDP�DVVRFLDWHG�WR���PJ�NJ�RI�SKHQREDUELWDO�DQG�VKH�ZDV�VXSO]PHQWHG�LQ�VRGLXP�DQG�SRWDVVLXP�

7KH�HWLRORJ\�RI�K\SRQDWUHPLD�ZDV�DVVRFLDWHG�WR�6,$'+�GXH�WR�D�PHWDVWDWLF�VPDOO�FHOO�OXQJ�FDUFLQRPD��6&/&��

&RQFOXVLRQ�

+\SRQDWUHPLD�LV�XVXDOO\�LDWURJHQLF�IRU�SV\FKLDWULF�SDWLHQWV��+RZHYHU��DQ�H[SORUDWLRQ�IRU�RWKHU�HWLRORJ\�VKRXOG�EH�SHUIRUPHG�



&$6(�35(6(17$7,21 0RKDPHG�DOL�&KHULI

��������&HUHEUDO�RHGHPD�LQ�GLDEHWLF�NHWRDFLGRVLV���FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

KRXFHP�RXQL������0RKDPHG�DOL�&KHULI������RQV�DQGROVL������NKDOHG�VDLGL������\RXVVHI�]LHG�(O�KHFKPL������0RKDPHG�0H]JKHQL������,QHV�6HGJK\HQL�����
=RXKDLHU�-HUEL����

���HPHUJHQF\�GHSDUWPHQW���KRVSLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV�
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��NHWRDFLGRVLV�&HUHEUDO�RHGHPD�HPHUJHQF\

$EVWUDFW��

�

,QWURGXFWLRQ�

FHUHEUDORHGHPD�LV�D�UDUH�EXW�SRWHQWLDOO\�OHWKDO�FRPSOLFDWLRQ�RI�GLDEHWLF�NHWRDFLGRVLV��'.$���,W�LV�PRUH�FRPPRQ�DPRQJ�FKLOGUHQ�ZLWK�'.$�WKDQ�ZLWK
DGXOWV�

�

&DVH�UHSRUW�

$����\HDUV�ROG�PDOH�SDWLHQW�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��(5��IRU�DVWKHQLD��YRPLWLQJ��GURZVLQHVV�DQG��KLJK�VXJDU�EORRG
OHYHO�K\SHUJO\FHPLD���+H�KDG�QR�PHGLFDO�KLVWRU\��'LDEHWLF�NHWRDFLGRVLV�VWDWH�KDV�EHHQ�FRQILUPHG��&RUUHFWLRQ�ZLWK�FRQWLQXRXV�LWUD�YHQRXV�LQVXOLQ�DQG
IOXLGV�UHVFXFLWDWLRQ�KDV�EHHQ�VWDUWHG����KRXUV�DIWHU��KH�DOWHUHG�KLV�VWDWH�RI�FRQVFLRXVQHVV��+LV�YLWDO�VLJQV�ZHUH�DV�IROORZ�*&6�RI����EORRG�SUHVVXUH�RI
�������SXOVH�UDWH�RI����EHDWV�PLQ��UHVSLUDWRU\�UDWH�RI����EUHDWKV�PLQ��KLV�ODERUDWRU\�WHVWV�ZHUH�S+�DW�������OLSDVH�OHYHO�DW����WLPHV�WKH�QRUPDO�DQG
DOEXPLQ�OHYHO�DW�������$EGRPLQDO�FRPSXWHG�WRPRJUDSK\��&7��VKRZHG�DFXWH�SDQFUDWLWLV�JUDGH�(�RI�%DOWKD]DUG�VFRULQJ��&HUHEUDO�&7�VKRZHG�FHUHEUDO
RHGHPD�ZLWK�ELODWHUDO�8QFDO�KHUQLDWLRQ��7KH�SDWLHQW�KDV�EHHQ�LQWXEDWHG��+H�UHFHLYHG�PDQQLWRO�DQG�FDWHFKRODPLQH��+H�GHFHDVHG����KRXUV�ODWHU�

'LVFXVVLRQ��

%UDLQ�VZHOOLQJ�FDQ�EH�UHYHDOHG�ZKHQ�D�PDMRU�VLJQ�RFFXUV�EXW�LW�KDV�WR�EH�VXVSHFWHG�ZKHQ�PLQRU�VLJQV�VXFK�DV�GURZVLQHVV�DQG�YRPLWLQJ�DUH
SUHVHQWHG��&HUHEUDO�RHGHPD�IRU�WKLV�SDWLHQW�FDQ�EH�HQKDQFHG�E\�K\SRYROHPLD�FDXVHG�E\�NHWRDFLGRVLV��SDQFUHDWLWLV�DQG�K\SR�DOEXPLQHD�

&RQFOXVLRQ�

&HUHEUDO�RHGHPD�LQ�'.$�FDQ�EH�VXVSHFWHG�DQG�FRQILUPHG�UDSLGO\�E\�FHUHEUDO�&7��KRZHYHU��LW�UHPDLQV�GLIILFXOW�WR�PDPDJH�DQG�LWV�PRUWDOLW\�UHPDLQV
KLJK�



0,6&(//$1(286 'DYLG�0RQNV

��������$�5HYLHZ�RI�(PHUJHQF\�'HSDUWPHQW�3DWLHQWV�ZLWK�D�9HU\�+LJK�'�'LPHU�/HYHO

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'DYLG�0RQNV������1HKD�6LGGLTXL������3UHFLRXV�1ZDIRU������-RKQ�&URQLQ����

���(PHUJHQF\�0HGLFLQH��6W��9LQFHQWV�8QLYHUVLW\�+RVSLWDO��'XEOLQ��,5(/$1'
�����6W��9LQFHQW
V�8QLYHUVLW\�+RVSLWDO���'XEOLQ��,5(/$1'
���(PHUJHQF\�0HGLFLQH��6W��9LQFHQW
V�8QLYHUVLW\�+RVSLWDO���'XEOLQ��,5(/$1'

.H\ZRUGV��'�'LPHU��3XOPRQDU\�(PEROLVP��'HHS�9HQRXV�7KURPERVLV��9HQRXV�7KURPERHPEROLVP

$EVWUDFW��

7,7/(���$�5HYLHZ�RI�(PHUJHQF\�'HSDUWPHQW�3DWLHQWV�ZLWK�D�9HU\�+LJK�'�'LPHU�/HYHO

�

,1752'8&7,21

�

,Q�D�ORZ�ULVN�SDWLHQW�D�QHJDWLYH�'�'LPHU��''��FDQ�EH�XVHG�WR�UXOH�RXW�VXVSHFWHG�YHQRXV�WKURPERHPEROLVP��97(��DQG�DYRLG�DGYDQFHG�LPDJLQJ�WHVWV�

�

&OLQLFLDQV�WHQG�WR�YLHZ�WKH�''�UHVXOW�LQ�D�ELQDU\�IDVKLRQ���SRVLWLYH�RU�QHJDWLYH��+RZHYHU�''�LV�D�ILEULQ�GHJUDGDWLRQ�SURGXFW�DQG�DV�VXFK�FDQ
FRUUHVSRQG�WR�FORW�EXUGHQ��7KHUHIRUH�LW�LV�ORJLFDO�WR�VXSSRVH�WKDW�ZH�VKRXOG�QRW�YLHZ�D�''�RI��IRU�H[DPSOH������PJ�/�WKH�VDPH�D����PJ�/��,Q�RXU
VWXG\�ZH�DQDO\VHG�SDWLHQWV�ZLWK�YHU\�KLJK�''�UHVXOWV�

�

0(7+2'6

�

7KLV�LV�D�UHWURVSHFWLYH�FRKRUW�VWXG\�RI�SDWLHQWV�ZKR�KDG�D�'�'LPHU�UHTXHVWHG�E\�WKH�('�EHWZHHQ�6HSWHPEHU������DQG�-XO\��������:H�VWXGLHG
SDWLHQWV�ZKR�KDG�D�'�'LPHU�UHVXOW�RYHU����WLPHV�XSSHU�OLPLW�RI�QRUPDO��L�H��!�PJ�/���7KH�SDUDPHWHUV�DQDO\VHG�ZHUH�DJH��''�YDOXH��GLDJQRVLV��WKH
SUHVHQFH�RI�QHZ�ROG�PDOLJQDQF\�DQG���PRQWK�PRUWDOLW\�

�

5(68/76

�

������SDWLHQWV�KDG�D�'�'LPHU�VHQW�GXULQJ�WKH�VWXG\�SHULRG������KDG�D�UHVXOW�RI�!�PJ�/��7KHUH�ZHUH�QR�QRWHV�DYDLODEOH�IRU�WZR�SDWLHQWV�DQG�WKHUH
ZDV�RQH�GXSOLFDWLRQ��7KH�RYHUDOO�SRVLWLYH�GLDJQRVWLF�UDWH�IRU�97(�ZDV�����������������,Q�WKRVH�SDWLHQWV�ZLWK�''�EHWZHHQ�����PJ�/��WKH�LQFLGHQFH
ZDV���������������DQG�LQ�WKRVH�!��PJ�/�LW�ZDV����������������7KHUH�ZHUH�KLJKHU�UDWHV�RI�SUR[LPDO�'97������YV������DQG�ELODWHUDO�PXOWLSOH�3(V�LQ
WKH�''��!��PJ�/�YHUVXV�����PJ�/�JURXSV�����SDWLHQWV�KDG�D�NQRZQ�PDOLJQDQF\�SULRU�WR�WHVWLQJ���WKHUH�ZDV�D�QHZ�GLDJQRVLV�RI�PDOLJQDQF\�LQ��
SDWLHQWV����PRQWK�PRUWDOLW\�UDWH�ZDV�����������������KDOI�RI�WKHVH�KDG�D�NQRZQ�PDOLJQDQF\�

�

&21&/86,21�

�

2XU�UHVXOWV�LQGLFDWH�WKDW�LQ�WKRVH�SDWLHQWV�ZLWK�D�KLJKHU�'�'LPHU��WKHUH�DSSHDUHG�WR�EH�D�FRUUHODWLRQ�EHWZHHQ�'�'LPHU�OHYHO�DQG�FORW�EXUGHQ���$�YHU\
KLJK�UHVXOW�VKRXOG�JLYH�D�FOLQLFLDQ�D�KLJKHU�LQGH[�RI�VXVSLFLRQ�WR�FRQVLGHU�ODUJHU�97(V�DQG�SRVVLEO\�D�PRUH�VHULRXV�XQGHUO\LQJ�GLDJQRVLV��



&$6(�35(6(17$7,21 0RKDPHG�DOL�&KHULI

��������6HYHUH�FXWDQHRXV�GUXJ�UHDFWLRQV�LQ�HPHUJHQF\�DERXW�WZR�FDVHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

RQV�DQGROVL������0RKDPHG�DOL�&KHULI������KRXFHP�RXQL������NKDOHG�VDLGL������\RXVVHI�]LHG�(O�KHFKPL������1DMHK�+DMMHP������,QHV�6HGJK\HQL������=RXKDLHU
-HUEL����

���HPHUJHQF\�GHSDUWPHQW���KRVSLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��GUXJ�UHDFWLRQ��DQWLFRQYXOVDQWV��HPHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ��

�

7KH�WHUP�FXWDQHRXV�GUXJ�UHDFWLRQ�LV�XVHG�IRU�GHUPDWRVHV�ZLWK�LQYROYHPHQW�RI�WKH�VNLQ��PXFRVDV��DQG�RU�VNLQ�DSSHQGDJHV��FDXVHG�E\�WKH�HIIHFW�RI�D
VXEVWDQFH��XVXDOO\�D�GUXJ��ZKLFK�FRPHV�LQWR�FRQWDFW�ZLWK�WKH�RUJDQLVP�E\�D�UDQJH�RI�SDWKZD\V��7KHVH�UHDFWLRQV�PD\�UDQJH�IURP�PLOGO\
GLVFRPIRUWLQJ�WR�WKRVH�WKDW�DUH�OLIH�WKUHDWHQLQJ�

�

�

0DWHULDO�DQG�0HWKRGV��

�

:H�UHSRUW�WZR�FDVHV�RI�VHYHUH�FXWDQHRXV�GUXJ�UHDFWLRQV�LQ�HPHUJHQF\�

�

&DVH�

$Q����\HDU�ROG�ZRPDQ�ZLWK�DOOHUJLF�DVWKPD�DQG�HSLOHSV\��6KH�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�SURJUHVVLYH�SUXULWLF�PDFXODU
HU\WKHPDWRXV�UDVK�DQG�IHYHU����GD\V�DIWHU�FRPPHQFLQJ�FDUEDPD]HSLQH�WKHUDS\��7KH�UDVK�VWDUWHG

RQ�KHU�IDFH�DQG�RYHU���GD\V�VSUHDG�LQ�D�FDXGDO�GLUHFWLRQ�WR�LQYROYH

KHU�HQWLUH�ERG\��6NLQ�H[DPLQDWLRQ�VKRZHG�VHYHUH�JHQHUDOL]HG�PDFXODU�HU\WKHPDWRXV�VNLQ�UDVKHV�ZLWK�PXOWLSOH�IODFFLG�EXOODHV�SUHGRPLQDQW�LQ�WKH
WUXQN�DQG�ERWK�RI�XSSHU�OLPEV�DQG�GHWDFKPHQW�RI�HSLGHUPLV��SRVLWLYH�1LNROVN\���)RUW\�WZR�SHUFHQW�ERG\�VXUIDFH�LQYROYHPHQWV�ZHUH�HVWLPDWHG�E\�WKH
UXOH�RI�QLQHV�6NLQ�ELRSV\�VKRZHG�HSLGHUPDO�QHFURVLV��7KH�GLDJQRVLV�RI�WR[LF�HSLGHUPDO�QHFURO\VLV��7(1��ZDV�UHWDLQHG��7KH�LQLWLDO�PDQDJHPHQW
FRQVLVWHG�RI�ORFDO�WKHUDS\��ZRXQG�FDUH�DQG�GUHVVLQJ��DQG�UHK\GUDWLRQ��7KH�RXWFRPH�ZDV�IDYRUDEOH�

�

&DVH�

$Q����\HDU�ROG�ZRPDQ�ZLWK�HSLOHSV\�WUHDWHG�ZLWK�SKHQREDUELWDO�DQG�FORQD]HSDP�IRU���PRQWK��6KH�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK
PDFXODU�HU\WKHPDWRXV�UDVK�RYHU�KHU�ERG\�VLQFH���GD\V��7KH�UDVK�LQLWLDOO\�VWDUWHG�RQ�KHU�WUXQN�WKHQ�TXLFNO\�JHQHUDOL]HG�WKURXJKRXW�WKH�ERG\��6NLQ
H[DPLQDWLRQ�VKRZHG�VHYHUH�JHQHUDOL]HG��PDFXODU�HU\WKHPDWRXV�VNLQ�UDVKHV�ZLWK�PXOWLSOH�EXOODHV�RQ�PDFXODU�HU\WKHPDWRXV�DUHDV��GHWDFKPHQW�RI
HSLGHUPLV��SRVLWLYH�1LNROVN\��SUHGRPLQDQW�LQ�WKH�WUXQN�DQG�FUXVWHG�OHVLRQV�LQ�WKH�PXFRXV�RSKWKDOPLF��QDVDO�DQG�YDJLQDO��)LIW\�SHUFHQW�ERG\�VXUIDFH
LQYROYHPHQW�ZDV�HVWLPDWHG�E\�WKH�UXOH�RI�QLQHV�7KH�GLDJQRVLV�RI�WR[LF�HSLGHUPDO�QHFURO\VLV��7(1��ZDV�UHWDLQHG��,QLWLDO�WUHDWPHQW�FRQVLVWV�RI�ORFDO
FDUH�DQG�UHK\GUDWLRQ��7KH�HYROXWLRQ�ZDV�PDUNHG�E\�WKH�RFFXUUHQFH�RI�D�VWDWH�RI�UHIUDFWRU\�VHSWLF�VKRFN�DQG�GHDWK�RI�WKH�SDWLHQW�

�

&RQFOXVLRQ��

7(1�LV�RQH�RI�VHYHUH�FXWDQHRXV�GUXJ�UHDFWLRQ��ZLWK�DQWLFRQYXOVDQWV�VXFK�DV�SKHQ\WRLQ��FDUEDPD]HSLQH��DQG�SKHQREDUELWDO��PRVW�FRPPRQO\
LPSOLFDWHG��,Q�DGGLWLRQ��DOORSXULQRO�DQWLELRWLFV��KDYH�DOVR�EHHQ�IRXQG�WR�KDYH�D�UROH��(Q�W\SLFDOO\�EHJLQV��Ä��ZHHNV�DIWHU�WKH�LQLWLDWLRQ�RI

7KHUDS\�

7KH�DSSURSULDWH�DQG�TXLFN�DFWLRQ�VKRXOG�EH�WDNHQ�DV�VRRQ�DV�7(1�LV�GHWHFWHG��GXH�WR�LWV�KLJK�PRUELGLW\�DQG�PRUWDOLW\�UDWHV�





&$6(�35(6(17$7,21 0RKDPHG�DOL�&KHULI

��������WK\URLG�VWRUP�LQ�HPHUJHQF\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

RQV�DQGROVL������0RKDPHG�DOL�&KHULI������KRXFHP�RXQL������NKDOHG�VDLGL������0DOHN�+VRXQD������\RXVVHI�]LHG�(O�KHFKPL������,QHV�6HGJK\HQL�����
=RXKDLHU�-HUEL����

���HPHUJHQF\�GHSDUWPHQW���KRVSLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��7K\URWR[LF�PRUWDOLW\�HPHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ�

7K\URWR[LF�FULVLV�LV�DQ�XQFRPPRQ�FOLQLFDO�SUREOHP�WKDW�LV�SRWHQWLDOO\�OLIH�WKUHDWHQLQJ��,W�LV�D�VHYHUH�PDQLIHVWDWLRQ�RI�K\SHUWK\URLGLVP��7KH�RYHUDOO
PRUWDOLW\�LV���������&OLQLFDO�UHFRJQLWLRQ��GLDJQRVLV��DQG�HDUO\�WUHDWPHQW�DUH�FUXFLDO�WR�UHGXFH�WKH�KLJK�DVVRFLDWHG�PRUELGLW\�DQG�PRUWDOLW\�

�

&DVH�UHSRUW�

$����\HDU�ROG�PDQ�ZLWK�QR�SDVW�PHGLFDO�KLVWRU\�ZDV�EURXJKW�WR�WKH�HPHUJHQF\�GHSDUWPHQW��IRU�HYDOXDWLRQ�RI�VKRUWQHVV�RI�EUHDWK�DQG�HRGHPD�RI�WKH
ORZHU�PHPEHUV��,QLWLDO�YLWDO�VLJQV�ZHUH�SXOVH�UDWH������EHDWV�PLWW��EORRG�SUHVVXUH���������PP�+J��WHPSHUDWXUH������j&���7KH�FDUGLRSXOPRQDU\
H[DPLQDWLRQ�UHYHDOHG�DQ�LUUHJXODU��UK\WKP��DQG�ELODWHUDO�EDVDO�FUDFNOHV��7KH�HOHFWURFDUGLRJUDP�VKRZHG��DQ�DWULDO�ILEULOODWLRQ�ZLWK�D�UDWH�RI������WKH
FKHVW�;�UD\�VWXG\�VKRZHG�D�FDUGLRPHJDO\�

/DERUDWRU\�7HVW��KHSDWLF�F\WRO\VLV����WLPHV�DERYH�QRUPDO����UKDEGRP\RO\VLV��37 ������ODFWLF�DFLG�����PPRO�/��UDQJH�����������DUWHULDO�EORRG�JDV 
PHWDEROLF�DFLGRVLV�ZLWK�K\SR[HPLD�DQG�K\SHUFDSQLD�

7KH�LQLWLDO�FRXUVH�RI�DFWLRQ�ZDV�QRQ�LQYDVLYH�YHQWLODWLRQ��GLXUHWLF��HOHFWULFDO�FDUGLRYHUVLRQ����-}���DPLRGDURQH����PJ�K�WKHQ���PJ�K�EXW�ZLWKRXW
HIIHFW�

7KH�HWLRORJLFDO�LQYHVWLJDWLRQ�ZDV�FRPSOHWHG�E\�WK\URLG�IXQFWLRQ�WHVWV�76+�OHYHOV�RI������P,8�P/��QRUPDO������Ä�P,8�P/��DQG�IUHH�7��OHYHOV�RI�����
QJ�G/��QRUPDO�����Ä�QJ�G/���+H�ZDV�JLYHQ�EDVGHQH�EXW�WKH�HYROXWLRQ�ZDV�PDUNHG�E\�GHDWK�RI�SDWLHQW�LQ�IHZ�KRXUV�

�

&RQFOXVLRQ�

&OLQLFDO�PDQLIHVWDWLRQV�RI�7K\URWR[LF�FULVLV�LQFOXGH�IHYHU��FRQIXVLRQ��VHL]XUH��FRPD��WDFK\FDUGLD�RXW�RI�SURSRUWLRQ�WR�IHYHU��GLDSKRUHVLV��QDXVHD�
YRPLWLQJ��GLDUUKHD��DQG�FDUGLDF�G\VIXQFWLRQ��,W�FDQ�RFFXU�LQ�SDWLHQWV�RI�DQ\�DJH��7KH�XQGHUO\LQJ�SDWKRJHQHVLV�RI�WK\URLG�VWRUP�KDV�\HW�WR�EH�IXOO\
XQGHUVWRRG��,W�LV�D�UDUHO\�HQFRXQWHUHG�FOLQLFDO�FRQGLWLRQ��ZKLFK�VKRXOG�EH�SDUW�RI�WKH�GLIIHUHQWLDO�GLDJQRVLV�LQ�SDWLHQWV�ZLWK�PXOWLSOH�RUJDQ�G\VIXQFWLRQ
RI�XQNQRZQ�HWLRORJ\��7KHUH�LV�QR�VSHFLILF�GLDJQRVWLF�WHVW��,PPHGLDWH�KRVSLWDOL]DWLRQ�LQ�LQWHQVLYH�FDUH�IRU�WKH�LQYROYHPHQW�RI�V\PSWRPDWLF�DQG
VSHFLILF�WUHDWPHQW�LV�LQGLVSRQVDEOH�WR�UHGXFH�WKH�ULVN�RI�IDWDO�RXWFRPH�



,1)(&7,286�',6($6(���6(36,6 )LQQ�(UODQG�1LHOVHQ

��������7KLUW\�GD\�PRUWDOLW\�DQG�SUHGLFWRUV�RI�GHDWK�DPRQJ�SDWLHQWV�ZLWK�HDUO\�LGHQWLILHG�VHSVLV�LQ�DQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

2VDPD�%LQ�$EGXOODK������-RKDQQHV�*UDQG������3HWULQH�1LPVNRY������$VWKD�6LMDSDWL������)LQQ�(UODQG�1LHOVHQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6ODJHOVH�+RVSLWDO��6ODJHOVH��'(10$5.
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH�	�,QVWLWXWH�RI�5HJLRQDO�+HDOWK�5HVHDUFK�)DFXOW\��6ODJHOVH�+RVSLWDO�	�8QLYHUVLW\�RI�6RXWKHUQ�'HQPDUN�
6ODJHOVH��'(10$5.

.H\ZRUGV��(PHUJHQF\�GHSDUWPHQW��VHSVLV��WUHDWPHQW�SURWRFRO�����GD\�PRUWDOLW\��SURJQRVWLF�IDFWRUV

$EVWUDFW��

%DFNJURXQG��1HZ�JXLGHOLQHV�IRU�WKH�HDUO\�LGHQWLILFDWLRQ�DQG�WUHDWPHQW�RI�SDWLHQWV�DGPLWWHG�ZLWK�VHSVLV�KDYH�EHHQ�LPSOHPHQWHG�LQ�UHFHQW�\HDUV�
2XU�DLP�ZDV�WR�UHSRUW����GD\�PRUWDOLW\�DQG�SUHGLFWRUV�RI�GHDWK�DPRQJ�DOO�VHSVLV�SDWLHQWV�DGPLWWHG�WR�DQ�(PHUJHQF\�'HSDUWPHQW��('��DQG�WUHDWHG�LQ
DFFRUGDQFH�ZLWK�WKHVH�JXLGHOLQHV�

3DWLHQWV�DQG�0HWKRGV��$�KLVWRULFDO�FRKRUW�VWXG\�ZDV�FRQGXFWHG�DPRQJ�SURVSHFWLYHO\�UHJLVWHUHG�SDWLHQWV�DGPLWWHG�WR�D�VLQJOH�FHQWUH�('�IURP��
1RYHPEHU������WR����2FWREHU�������$OO�SDWLHQWV�LGHQWLILHG�ZLWK�VHSVLV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��'DWD�IRU�V\VWHPLF�LQIODPPDWRU\�UHVSRQVH��6,56�
FULWHULD�DQG�LQLWLDO�WUHDWPHQW�LQ�WKH�('�ZHUH�REWDLQHG�IURP�D�VWDQGDUG�VHSVLV�DGPLVVLRQ�IRUP��%DVHOLQH�FOLQLFDO�GDWD�DQG�GDWD�IRU�VXUYLYDO�ZHUH
REWDLQHG�IURP�SDWLHQW�UHFRUGV�DQG�7KH�'DQLVK�&LYLO�5HJLVWUDWLRQ�6\VWHP��/RJLVWLF�UHJUHVVLRQ�DQDO\VLV�ZDV�XVHG�WR�DGMXVW�IRU�SRWHQWLDO�FRQIRXQGHUV
DQG�WR�GHWHUPLQH�ZKHWKHU�WKH�ULVN�IDFWRUV�IRU�GHDWK�LQ�WKH�FUXGH�DQDO\VHV�ZHUH�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK����GD\�PRUWDOLW\�

5HVXOWV��$�WRWDO�RI�����SDWLHQWV�ZHUH�DGPLWWHG�WR�WKH�('�ZLWK�VHSVLV��)LIW\�VL[�������������FRQILGHQFH�LQWHUYDO�>&,@�������������SDWLHQWV�GLHG��7KH
PRUWDOLW\�UDWH�DPRQJ�SDWLHQWV�ZLWK�VHYHUH�VHSVLV�RU�VHSWLF�VKRFN��66�66��ZDV������������&,���������������3DWLHQWV�ZLWKRXW�66�66�KDG�D�PRUWDOLW\
UDWH�RI�����������&,��������������$JH��RGGV�UDWLR�>25@������������&,������Ä��������ODFWDWH�YDOXH�RQ�DGPLVVLRQ��25������������&,������Ä�������
&KDUOVRQ�&RPRUELGLW\�,QGH[��25������������&,������Ä��������FUHDWLQLQH��25������������&,��������������DQG�SODWHOHW�FRXQWV��25������������&,�
������������ZHUH�DVVRFLDWHG�ZLWK�PRUWDOLW\��8ULQDU\�WUDFW�LQIHFWLRQV��25������������&,��������������DQG�LQFUHDVLQJ�V\VWROLF�EORRG�SUHVVXUH��25�������
����&,��������������ZHUH�DVVRFLDWHG�ZLWK�D�ORZHU�ULVN�RI�GHDWK�

&RQFOXVLRQ��7KH����GD\�PRUWDOLW\�UDWH�DPRQJ�DOO�VHSVLV�SDWLHQWV�ZDV��������$SSUR[LPDWHO\�������RI�WKH�SDWLHQWV�ZLWK�66�66�GLHG��)DFWRUV�SUHVHQW
RQ�DGPLVVLRQ�DQG�DVVRFLDWHG�ZLWK�GHDWK�ZHUH�LGHQWLILHG�



0$1$*(0(17���('�25*$1,6$7,21 KXJKHV�WRP

��������5HDOO\�%LJ�'DWD���GHYHORSLQJ�DQG�LPSOHPHQWLQJ�D�FRPPRQ�GDWD�VHW�WR�XQGHUVWDQG�8UJHQW�DQG�(PHUJHQF\�&DUH�LQ�WKH�8.

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7KRPDV�+XJKHV������$DURQ�+DLOH������*RUGRQ�0LOHV������&OLIIRUG�0DQQ������-RQDWKDQ�%HQJHU����

���(PHUJHQF\�0HGLFLQH��-RKQ�5DGFOLIIH�+RVSLWDO��2[IRUG��8.
���3URMHFW�0DQDJHU�(&'6��5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH��/RQGRQ��8.
���&KLHI�([HFXWLYH��5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH��/RQGRQ��8.
���3UHVLGHQW��5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH��/RQGRQ��8.
���1DWLRQDO�&OLQLFDO�'LUHFWRU�IRU�8UJHQW�DQG�(PHUJHQF\�&DUH��1+6�(QJODQG��/RQGRQ��8.

.H\ZRUGV��GDWD�SHUIRUPDQFH�LQIRUPDWLRQ�V\VWHPV�HPHUJHQF\�FDUH

$EVWUDFW��

,Q�WKH�8.�WKHUH�DUH�DSSUR[LPDWHO\����PLOOLRQ�HSLVRGHV�RI�XUJHQW�DQG�HPHUJHQF\�SDWLHQW�FDUH�HDFK�\HDU�GHOLYHUHG�LQ�LQVWLWXWLRQV��WRJHWKHU�ZLWK�QHDUO\
���PLOOLRQ�DPEXODQFH�FDOOV�

7KH�Æ$FFLGHQW�DQG�(PHUJHQF\�&RPPLVVLRQLQJ�'DWD�6HWÇ�FXUUHQWO\�XVHG�LQ�YDULRXV�IRUPV�LQ�(QJODQG��6FRWODQG��:DOHV�DQG�1RUWKHUQ�,UHODQG�ZDV
GHVLJQHG�LQ�WKH�����V��:KLOH�DSSURSULDWH�IRU�LWV�WLPH��WKLV�GDWD�VHW�KDV�QRW�HYROYHG�WR�NHHS�SDFH�ZLWK�SUDFWLFH�LQ�(PHUJHQF\�0HGLFLQH��7KLV�KDV
UHVXOWHG�LQ�DQ�LQIRUPDWLRQ�JDS�EHWZHHQ�SHUFHSWLRQ�DQG�SUDFWLFH��DV�ZHOO�DV�SRRU�FRPPXQLFDWLRQ�UHJDUGLQJ�SDWLHQW�FDUH��)RU�H[DPSOH��WKHUH�LV�D
PHDQLQJIXO�ÆUHDVRQ�IRU�DWWHQGDQFHÇ�IRU�OHVV�WKDQ����RI�DWWHQGDQFHV��DQG�D�PHDQLQJIXO�GLDJQRVLV�IRU�OHVV�WKDQ�����RI�DOO�SDWLHQWV�

7KH�GHFLVLRQ�WR�WR�GHYHORS�D�QHZ�GDWD�VHW�WR�LQIRUP�SDWLHQW�FDUH��SROLF\�DQG�FRPPLVVLRQLQJ�RI�VHUYLFHV�ZDV�OHDG�E\�WKH�5R\DO�&ROOHJH�RI�(PHUJHQF\
0HGLFLQH��5&(0��DQG�KDV�UHVXOWHG�LQ�D�EURDG�FRDOLWLRQ�EHWZHHQ�SROLWLFLDQV��WKH�1+6��LQIRUPDWLFV�SURIHVVLRQDOV�DQG�,7�SURYLGHUV�

$IWHU�PXFK�GHYHORSPHQW�ZRUN�DQG�FRQVXOWDWLRQ��D�GDWD�VHW�KDV�HYROYHG�WKDW�ZLOO�FRYHU�QRW�MXVW�(PHUJHQF\�'HSDUWPHQW�XVH�EXW��ZLWK�VRPH
FXVWRPLVDWLRQ��DOVR�PLQRU�LQMXULHV�XQLWV��ZDON�LQ�FHQWUH�DQG�XUJHQW�FDUH�FHQWUHV��DQG�DPEXODWRU\�FDUH��:RUN�LV�EHLQJ�XQGHUWDNHQ�WR�KDUPRQLVH�WKH
GDWD�VHW�ZLWK�DPEXODQFH�GDWD�VR�WKDW�WKH�SDWLHQW�MRXUQH\�DQG�RXWFRPHV�PD\�EH�EHWWHU�XQGHUVWRRG�

7KH�(PHUJHQF\�&DUH�'DWD�6HW�SURMHFW�VWDUWHG�LQ�)HEUXDU\�������LV�EHLQJ�SLORWHG�LQ������ZLWK�D�IXOO�LPSOHPHQWDWLRQ�IURP������

7KH�GHYHORSPHQW�DQG�VRPH�RI�WKH�FKDOOHQJHV�HQFRXQWHUHG�ZLOO�EH�GHVFULEHG�

7KH�SURMHFW�KDV�LQFRUSRUDWHG�(XURSHDQ�VWDQGDUGV�H�J��IRU�LQMXU\�GDWD�FROOHFWLRQ�DQG�LW�LV�KRSHG�WKDW�WKLV�SURMHFW�ZLOO�KHOS�HVWDEOLVK�WKH�IRXQGDWLRQV�IRU
D�(XURSHDQ�GDWD�VWDQGDUG�IRU�HPHUJHQF\�FDUH�



6,08/$7,21�,1�(0 WRP�VFKPLW]

��������,6((�+RVSLWDO��D��'�KRVSLWDO�LQFLGHQW�PDQDJHPHQW�WUDLQLQJ�VLPXODWRU

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7RP�6FKPLW]������1LPD�+RVVHLQSRXU�7DEUL]L������0LFKHO�'H�%DFNHU������,YHV�+XEORXH����

���5HVHDUFK�JURXS�RQ�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH�98%��8=%UXVVHO��%UXVVHO��%(/*,80
���5HVHDUFK�JURXS�RQ�(PHUJHQF\�DQG�'LVDVWHU�0HGLFLQH��98%��%UXVVHO��%(/*,80

.H\ZRUGV��VLPXODWLRQ�VRIWZDUH��WUDLQLQJ��+,&6��SUHSDUHGQHVV

$EVWUDFW��

,QWURGXFWLRQ

7UDLQLQJ�LV�D�YLWDO�SDUW��LI�QRW�WKH�PRVW�LPSRUWDQW�SDUW�RI�WKH�SUHSDUDWLRQ�SURFHVV�RI�D�JRRG�HPHUJHQF\�SODQ��7KH�OHVVRQV�WKDW�DUH�OHDUQHG�DUH�QHHGHG
WR�PDNH�DGDSWLRQV�WR�QHZ�DQG�XQH[SHFWHG�SUREOHPV��7UDLQLQJ�FDQ�EH�IURP�UHDO�OLIH�H[HUFLVHV�WR�WDEOH�WRS�RU�SDSHU�VFHQDULRÇV��0XOWLSOH�VRIWZDUH
SURJUDPV�DUH�DYDLODEOH��,6((�+RVSLWDO�LV�D��'�VLPXODWLRQ�SODWIRUP�WKDW�LV�GHYHORSHG�DV�SULYDWH�SXEOLF�SURMHFW�DQG�KDV�WKH�DGYDQWDJHV�RI�DQ�DFDGHPLF
EDFNJURXQG�DQG�D�FRPPHUFLDO�REMHFWLYH�

'HEULHILQJ�LV�LQ�JHQHUDO�WKH�ZHDNHVW�OLQN�RI�HYHU\�H[HUFLVH�DQG�LV�LQ�JHQHUDO�VXEMHFWLYH��5HFRUGLQJ�NH\�SHUIRUPDQFH�LQGLFDWRUV�DQG�WLPH�VWDPSV�LV
GLIILFXOW�DQG�LQWHUSUHWDWLRQ�WDNHV�WLPH��'HEULHILQJ�\RXU�WUDLQHHV�LQ�GHSWK�RQ�WKH�VSRW�LVQÇW�IHDVLEOH�ZLWK�ELJ�H[HUFLVHV��*HWWLQJ�HYHU\ERG\�DJDLQ
WRJHWKHU�DIWHUZDUGVL�V�GLIILFXOW�VR�LQ�JHQHUDO�D�SDSHU�UHSRUW�LV�WKH�UHVXOW��,W�LV�EH�EHWWHU�WR�KDYH�WKH�GDWD�DYDLODEOH�RQ�WKH�VSRW�DQG�WKHUHIRUH�KDYH
WLPH�IRU�GLVFXVVLRQ�ZKHQ�HYHU\ERG\�LV�DYDLODEOH�

�

0HWKRGV

$V�WKH�FRQFHSW�IRU�WKH�VLPXODWRU�DOUHDG\�ZDV�FUHDWHG�LQ�WKH�EHJLQQLQJ�RI�WKH�QHZ�PLOOHQQLXP�DV�DQ�(XURSHDQ�UHVHDUFK�SURMHFW��WKH�UHVXOW�ZDV
FRPPHUFLDOL]HG�EXW�ZDV�RQO\�XVHG�LQ�DFDGHPLF�FLUFOHV�DQG�VRPH��KRVSLWDOV�LQ�WKH�1HWKHUODQGV��$�WKLQN�WDQN�WKDW�FRQVLVWHG�RI�,7�GHYHORSHUV�DQG
DFDGHPLF�GLVDVWHU�UHVHDUFKHUV�UHGHVLJQHG�WKH�SURJUDP�IURP�VFUDWFK�ZLWK�WKH�GRXEOH�VLGHG�REMHFWLYH��D�WRRO�WKDW�FRXOG�EH�XVHG�LQ�DQ�DFDGHPLF
HQYLURQPHQW�DQG�WKDW�ZDV�HDV\�WR�OHDUQ�DQG�XVH�IRU�D�ILUVW�WLPH�XVHU�

5HVXOWV

,6((�+RVSLWDO�ZDV�ODXQFKHG�LQ������DQG�UHSODFHG�WKH�ROG�VLPXODWRU��$OO�WKH�FRPPHUFLDO�XVHUV�ZHUH�H[FLWHG�ZLWK�WKH�QHZ�SRVVLELOLWLHV��HDV\�WR�XVH�IRU
WUDLQHU�DQG�WUDLQHH��GHVLJQLQJ�\RXU�RZQ�GHSDUWPHQW��DGDSWDEOH�UHVRXUFHV��WLPH�UHGXFWLRQ�RI�VFHQDULR�FUHDWLRQ��ZHE�EDVHG�SURJUDP��ORZ�,7
UHTXLUHPHQWV��VKDULQJ�RI�YLFWLP�SURILOHV�DQG�VFHQDULRÇV��UHJLVWUDWLRQ�RI�NH\�SHUIRUPDQFH�LQGLFDWRUV�DQG�EXLOG�LQ�VWDWLVWLFDO�DQDO\VLV�

7KH�SURJUDP�LV�DOUHDG\�XVHG�IRU�GLIIHUHQW�UHVHDUFK�DQG�PDVWHU�SURMHFWV��7KH�IOH[LELOLW\�RI�WKH�SURJUDP�PDNHV�LW�SRVVLEOH�WR�XVH�IURP�RQH�RQ�RQH
WUDLQLQJ�WR�ELJ�PXOWL�FHQWHU�WUDLQLQJ��,Q�1RYHPEHU������,6((�+RVSLWDO�ZDV�XVHG�LQ�WKH�1HWKHUODQGV�WR�VXSSRUW�DQ�RQOLQH�H[HUFLVH�EHWZHHQ���
KRVSLWDOV�ZLWK�WKH�REMHFWLYH�WR�WHVW�WKH�UHJLRQDO�GLVDVWHU�SODQ��(YHU\�GHSDUWPHQW�YLWDO�LQ�WKH�FKDLQ�RI�PDQDJHPHQW�ZDV�LQYROYHG��WKH�GLVSDWFK�DQG
DPEXODQFHV�RI�WKH�(06��WKH�HPHUJHQF\�DQG�LQWHQVLYH�FDUH�GHSDUWPHQWV��WKH�RSHUDWLQJ�WKHDWHUV��WKH�ZDUGV�DQG�WKH�DGPLQLVWUDWLRQ�RI�WKH�KRVSLWDO�
(YHU\WKLQJ�UDQ�LQ�DQ�DUWLILFLDO�HQYLURQPHQW�WKDW�NHSW�ORJV�RI�HYHU\�PRYH�WKDW�ZDV�PDGH�

&RQFOXVLRQV

,6((�+RVSLWDO�KDV�SURYHQ�WKDW�FRPPHUFLDO�DQG�DFDGHPLF�REMHFWLYHV�FDQ�ZRUN�WRJHWKHU��7KH�FRVW�RI�D�UHDO�OLIH�H[HUFLVH�RU�WKH�WLPH�LW�WDNHV�WR�VHW�XS
WDEOH�WRS�VFHQDULRV�LV�WRR�ELJ�IRU�VPDOO�QRQ�XQLYHUVLW\�KRVSLWDOV�WKDW�ZDQW�WR�SUHSDUH��7KRVH�FHQWHUV�QHHG�D�WRRO�WKDW�LV�TXLFN��HDV\�WR�XVH�DQG�FDQ�EH
XVHG�RQ�WKH�VSRW�ZLWKRXW�WKH�QHHG�IRU�H[WUD�PDWHULDOV�RU�ZRUNLQJ�VSDFH��,6((�+RVSLWDO�LV�FDSDEOH�RI�IXOOILOOLQJ�DOO�WKRVH�UHTXLHUHPHQWV�



,1)(&7,286�',6($6(���6(36,6 )LQQ�(UODQG�1LHOVHQ

��������2FFXSDQF\�LV�QRW�DVVRFLDWHG�ZLWK�D�GHOD\�LQ�WUHDWPHQW�ZLWK�DQWLELRWLFV�LQ�SDWLHQWV�ZLWK�VHSVLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7KHR�6HEDVLDQ�7LOWQHV������&KULV�$QGUH�+�\YLN������)LQQ�(UODQG�1LHOVHQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6ODJHOVH�+RVSLWDO��6ODJHOVH��'(10$5.
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH�	�,QVWLWXWH�RI�5HJLRQDO�+HDOWK�5HVHDUFK�)DFXOW\��6ODJHOVH�+RVSLWDO�	�8QLYHUVLW\�RI�6RXWKHUQ�'HQPDUN�
6ODJHOVH��'(10$5.

.H\ZRUGV��6HSVLV��HPHUJHQF\�GHSDUWPHQW��RFFXSDQF\��DQWLELRWLF�WUHDWPHQW

$EVWUDFW��

,QWURGXFWLRQ��(PHUJHQF\�GHSDUWPHQW��('��RYHUFURZGLQJ�LV�LPSRUWDQW�VLQFH�LW�PLJKW�GHFUHDVH�TXDOLW\�RI�FDUH��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�H[DPLQH
LI�FURZGLQJ�PHDVXUHG�E\�RFFXSDQF\�LQ�DQ�(PHUJHQF\�'HSDUWPHQW��('��KDV�DQ\�LPSDFW�RQ�WKH�WLPH�RI�GHOLYHU\�RI�DQWLELRWLFV�LQ�SDWLHQWV�ZLWK�VHSVLV�

0HWKRGV��$�KLVWRULFDO�FRKRUW�VWXG\�DPRQJ�SURVSHFWLYHO\�UHJLVWHUHG�VHSVLV�SDWLHQWV�DGPLWWHG�WR�WKH�('�DW�6ODJHOVH�+RVSLWDO��'HQPDUN��GXULQJ�WKH
SHULRG������������WR�����������7KH�LQIRUPDWLRQ�DERXW�WKH�WLPH�RI�DGPLVVLRQ�WR�WKH�('��DQG�WLPH�RI�GHOLYHU\�RI�DQWLELRWLFV�ZDV�REWDLQHG�IURP�WKH
GHSDUWPHQWÇV�VHSVLV�UHJLVWU\�IRUP��'DWD�DERXW�WKH�QXPEHU�RI�SDWLHQWV�ZKR�ZHUH�DGPLWWHG�WR�WKH�('��DQG�WKH�RFFXSDQF\�UDWH�WKURXJKRXW�DOO�KRXUV�RI
WKH�VWXG\�SHULRG�ZHUH�UHWULHYHG�IURP�WKH�,7�GHSDUWPHQW�DW�6ODJHOVH�+RVSLWDO�

5HVXOWV��$�WRWDO�RI�����SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��7KH�PHGLDQ�GRRU�WR�QHHGOH�WLPH�ZDV������KRXUV��7KH�PHGLDQ�GRRU�WR�QHHGOH�WLPH�ZDV
�����������������DQG������KRXUV�ZLWKLQ�WKH�('�RFFXSDQF\�UDWH�LQWHUYDOV�RI���������������WR�����������WR�������DQG�!�������UHVSHFWLYHO\��S� ��������
7KHUH�ZDV�QR�DVVRFLDWLRQ�EHWZHHQ�GHOD\HG�DQWLELRWLF�WUHDWPHQW��!��KRXU��DIWHU�WKH�VHSVLV�GLDJQRVLV�ZDV�UHFRJQL]HG�DQG�WKH�RFFXSDQF\�UDWH��S� 
��������7KH�GRRU�WR�QHHGOH�WLPH�DPRQJ�ZRPHQ�ZDV�ORQJHU�FRPSDUHG�WR�PHQ�������KRXUV�YV�������KRXUV��S� ��������

&RQFOXVLRQ��,QFUHDVLQJ�RFFXSDQF\�UDWHV�GLG�QRW�KDYH�DQ\�QHJDWLYH�LPSDFW�RQ�WKH�WLPH�RI�DQWLELRWLF�WUHDWPHQW�



72;,&2/2*< 5RWK�'RPLQLN

��������1RQ�LQYDVLYH�&3$3�YHQWLODWLRQ�VXSSRUW�YHUVXV�R[\JHQ�WKHUDS\�XVLQJ�D�UHVHUYRLU�IDFH�PDVN�IRU�FDUERQ�PRQR[LGH
SRLVRQLQJ��DQ�REVHUYDWLRQDO�VWXG\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'RPLQLN�5RWK������/XNDV�6FKHLQRVW������:ROIJDQJ�6FKUHLEHU������+DUDOG�+HUNQHU������&KULVWRI�+DYHO����

�����'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��9LHQQD��$8675,$

.H\ZRUGV��&DUERQ�0RQR[LGH��&3$3�9HQWLODWLRQ��2[\JHQ�,QKDODWLRQ�7KHUDS\��+\SHUEDULF�2[\JHQDWLRQ

$EVWUDFW��

%DFNJURXQG�
&DUERQ�PRQR[LGH��&2��LV�D�OHDGLQJ�FDXVH�RI�PRUELGLW\�DQG�PRUWDOLW\��7UHDWPHQW�IRFXVHV�RQ�WKH�UDSLG�HOLPLQDWLRQ�RI�&2�DQG�PDQDJHPHQW�RI�K\SR[LD�
2[\JHQ�LV�WKH�FRUQHUVWRQH�RI�WKHUDS\��DQG�XVXDOO\�DSSOLHG�YLD�D�UHVHUYRLU�IDFH�PDVN��+\SHUEDULF�R[\JHQ�WKHUDS\��+%2��HOLPLQDWHV�&2�IDVWHU��EXW
UHTXLUHV�H[WHQVLYH�HTXLSPHQW�DQG�LWV�EHQHILWV�DUH�GLVFXVVHG�FRQWURYHUVLDOO\�

1RQ�LQYDVLYH�FRQWLQXRXV�SRVLWLYH�DLUZD\�SUHVVXUH��&3$3��YHQWLODWLRQ�XVLQJ�D�WLJKW�PDVN�SURYLGHV�DQ�LQVSLUHG�IUDFWLRQ�RI�R[\JHQ�RI�����FRPSDUHG�WR
����XVLQJ�D�UHVHUYRLU�IDFH�PDVN��DQG�LQFUHDVHV�JDV�H[FKDQJH��$V�WKLV�PRGDOLW\�LV�ZLGHO\�DYDLODEOH��LW�PLJKW�UHSUHVHQW�D�VXSSOHPHQWDO�DSSURDFK�WR
FXUUHQW�WUHDWPHQW�RI�&2�SRLVRQLQJ�

0HWKRGV�
3URVSHFWLYH��REVHUYDWLRQDO�WULDO�DW�WKH�FULWLFDO�FDUH�IDFLOLW\�RI�D�WHUWLDU\�FDUH�KRVSLWDO
V�HPHUJHQF\�GHSDUWPHQW��$GXOW�YLFWLPV�RI�&2�SRLVRQLQJ�ZHUH
WUHDWHG�HLWKHU�E\�UHVHUYRLU�IDFHPDVN��2��IORZ���O�PLQ���RU�QRQ�LQYDVLYH�&3$3�YHQWLODWLRQ�VXSSRUW��3((3��FP�+���������)L2���XQWLO�D
FDUER[\KDHPRJORELQ��&2+E��OHYHO�RI����ZDV�UHDFKHG��&2+E�OHYHOV�ZHUH�FRQWLQXRXVO\�PHDVXUHG�DQG�KDOI�OLIH�ZDV�FDOFXODWHG�

5HVXOWV�
,Q�WRWDO����SDWLHQWV�ZHUH�LQFOXGHG�����ZHUH�WUHDWHG�E\�&3$3�����E\�UHVHUYRLU�IDFHPDVN��0HGLDQ�&2+E�KDOI�WLPH�ZDV�����PLQXWHV��,45���������ZLWK
LQKDODWLRQ�WKHUDS\�E\�UHVHUYRLU�IDFH�PDVN�DQG����PLQXWHV��,45��������ZLWK�WUHDWPHQW�E\�&3$3��S�������

0HDQ�GLIIHUHQFH�LQ�KDOI�WLPHV�EHWZHHQ�JURXSV�DGMXVWHG�IRU�EDVHOLQH�GLIIHUHQFHV�ZDV�����PLQXWHV������&,���WR������S ������

&RQFOXVLRQV�
2XU�ILQGLQJV�VXJJHVW�D�SRWHQWLDO�EHQHILW�RI�QRQ�LQYDVLYH�&3$3�YHQWLODWLRQ�VXSSRUW�LQ�WKH�UHGXFWLRQ�RI�&2+E�KDOI�OLIH�LQ�LQWR[LFDWHG�VXEMHFWV��7KLV
VHHPV�WR�EH�MXVWLILHG�WR�EH�IXUWKHU�LQYHVWLJDWHG�LQ�UDQGRPL]HG�FRQWUROOHG�WULDOV�



&35���5(686&,7$7,21 5RWK�'RPLQLN

��������&DUGLRSXOPRQDU\�UHVXVFLWDWLRQ�E\�HPHUJHQF\�PHGLFDO�WHFKQLFLDQV�LQ�$XVWULD���5HVXOWV�IURP�WKH�$8525$�UHJLVWU\
�$XVWULDQ�UHJLVWU\�RI�UHVXVFLWDWLRQ�E\�DPEXODQFH�FUHZV�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'RPLQLN�5RWK������/XNDV�/HKHU������:ROIJDQJ�6FKUHLEHU����

�����'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��9LHQQD��$8675,$

.H\ZRUGV��2XW�RI�+RVSLWDO�&DUGLDF�$UUHVW��(PHUJHQF\�0HGLFDO�6HUYLFHV��5HJLVWULHV

$EVWUDFW��

%DFNJURXQG�
2XW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��LV�D�OHDGLQJ�FDXVH�RI�GHDWK�LQ�WKH�ZHVWHUQ�ZRUOG��DQG�DQ�LPSRUWDQW�ILHOG�RI�RSHUDWLRQ�IRU�HPHUJHQF\�PHGLFDO
VHUYLFHV��(06���(06�LQ�$XVWULD�LV�RUJDQL]HG�DV�D�WZR�WLHU�V\VWHP��ZLWK�HPHUJHQF\�PHGLFDO�WHFKQLFLDQV��(07V��ZLWK�EDVLF�WUDLQLQJ��PDQ\�RI�WKHP
YROXQWHHUV��XVXDOO\�DUULYLQJ�RQ�VFHQH�ILUVW��DQG�HPHUJHQF\�SK\VLFLDQV�SURYLGLQJ�IROORZ�XS�FDUH�RQ�VFHQH�ODWHU�RQ��&XUUHQWO\��WKHUH�LV�QR�QDWLRQZLGH
DFTXLVLWLRQ�RI�GDWD�RQ�(06�HIIRUWV�LQ�2+&$�LQ�$XVWULD�

0HWKRGV�
7KH�$8525$�UHJLVWU\�ZDV�GHVLJQHG�WR�SURVSHFWLYHO\�FROOHFW�GDWD�RQ�UHVXVFLWDWLRQ�E\�(07V�RI�WKH�$XVWULDQ�5HG�&URVV��SURYLGLQJ�WKH�YDVW�PDMRULW\�RI
(06�LQ�WKH�QDWLRQ��DFFRUGLQJ�WR�8WVWHLQ�FULWHULD��,Q�DGGLWLRQ��FRXQWU\�VSHFLILF�GHWDLOV�RQ�(07V
�OHYHO�RI�WUDLQLQJ�ZHUH�UHFRUGHG�

5HVXOWV�
)URP�-DQXDU\������WR�6HSWHPEHU������D�WRWDO�RI�������FDVHV�ZHUH�UHFRUGHG������������IHPDOH��PHDQ�DJH�����������\HDUV���������������RI�WKHP
ZHUH�REVHUYHG�FDUGLDF�DUUHVWV��$�WUDXPDWLF�FDXVH�ZDV�HYLGHQW�LQ����������FDVHV��%\VWDQGHU�&35�ZDV�SURYLGHG�LQ�����������FDVHV��DQG�D�SXEOLF
DFFHVV�GHILEULOODWRU�ZDV�XVHG�LQ�����������FDVHV��8SRQ�DUULYDO�RI�(06��D�VKRFNDEOH�UK\WKP�ZDV�LGHQWLILHG�LQ�����������FDVHV�

5HJDUGLQJ�(07V������������ZHUH�YROXQWHHUV�������������KDG�RQO\�EDVLF�WUDLQLQJ���5HWWXQJVVDQLW�WHU��������������KDG�DGYDQFHG�WUDLQLQJ
��1RWIDOOVDQLW�WHU����LQFOXGLQJ�YHQRXV�SXQFWXUH�DQG�WKH�XVH�RI�GUXJV��)RU�LQLWLDO�DLUZD\�PDQDJHPHQW��D�ODU\QJHDO�WXEH�ZDV�XVHG�LQ������������FDVHV�
EDJ�YDOYH�PDVN�YHQWLODWLRQ�LQ�WKH�UHVW�RI�FDVHV�

$Q\�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��DQ\�526&��FRXOG�EH�DFKLHYHG�LQ�����������FDVHV��5DWH�RI�VXUYLYDO�WR�KRVSLWDO�ZDV�����������

&RQFOXVLRQV�
:H�SUHVHQW�WKH�ILUVW�QDWLRQ�ZLGH�GDWD�RQ�2+&$�IURP�$XVWULD��2XWFRPHV�RI�RXU�YROXQWHHU�EDVHG��WZR�WLHU�V\VWHP�DUH�FRPSDUDEOH�WR�RWKHU�VLPLODU
FRXQWULHV�



,1)(&7,286�',6($6(���6(36,6 -HVqV�*gOYH]�0RUD

��������5+20%2(1&(3+$/,7,6��7+(�,03257$1&(�2)�($5/<�6863,&,21�$1'�75($70(17�,1�(0(5*(1&<�'(3$570(17

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'RLQD�6ROWRLDQX������$OEHUW�0RUHQR�'HVWUXHOV������-HVXV�*DOYH]�0RUD������*LOPDU�3XJQHW������'RPLQJR�5LEDV�6HJXL������$OH[LV�*X]PDQ����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�-RDQ�;;,,,��7DUUDJRQD��63$,1

.H\ZRUGV��UKRPEHQFHSKDOLWLV��EUDLQVWHP�HQFHSKDOLWLV��LQIHFWLRXV��OLVWHULD��HQWHURYLUXV

$EVWUDFW��

,QWURGXFWLRQ�

5KRPEHQFHSKDOLWLV��5(��UHIHUV�WR�LQIODPPDWRU\�GLVHDVHV�DIIHFWLQJ�WKH�KLQGEUDLQ��EUDLQVWHP�DQG�FHUHEHOOXP��DQG�KDV�D�ZLGH�UDQJH�RI�SRVVLEOH
DHWLRORJLHV��LQIHFWLRQV��DXWRLPPXQH�GLVHDVHV�DQG�SDUDQHRSODVW\LF�V\QGURPHV��6LJQV�DQG�V\PSWRPV�DUH�LUULWDELOLW\��P\RFORQXV��DWD[LD��DQG�FUDQLDO
QHUYH�LQYROYHPHQW��/LVWHULD�LV�WKH�PRVW�FRPPRQ�FDXVH�RI�LQIHFWLRXV�5(��$Q�LQIHFWLRQ�E\�D�YLUXV��(QWHURYLUXV����DQG�KHUSHV�VLPSOH[�YLUXV��LV�WKH
VHFRQG�PRVW�FRPPRQ�DQG�LPSRUWDQW�FDXVH�RI�HQFHSKDOLWLV��EXW�LQ��������RI�WKHP�GLDJQRVWLF�LV�QRW�DYDLODEOH��$Q�DFFXUDWH�LPDJLQJ�GLIIHUHQWLDO
GLDJQRVLV�LV�FUXFLDO�LQ�WKH�PDQDJHPHQW�RI�WKHVH�SDWLHQWV��05,V�DUH�DEQRUPDO�LQ������/LVWHULD�FDVHV�EXW�LQ�WKH�YLUDO�FDXVHV�05,V�DUH�DEQRUPDO�RQO\
LQ�����WR�����RI�SDWLHQWV�

:H�SUHVHQW�WZR�FDVHV�RI�FOLQLFDO�5(�SUREDEO\�FDXVHG�E\�YLUXV��KRZHYHU�DQ�DFFXUDWH�DHWLRORJLFDO�GLDJQRVWLF�ZDV�QRW�SRVVLEOH�

&$6(���

$����\HDUVÇ�ZRPDQ�SUHVHQWLQJ�RFFLSLWDO�KHDGDFKH�IRU�ILYH�GD\V�ZLWK�IHYHU�WKH�ODVW���GD\V��6KH�H[SHULHQFHG�IURP����KRXUVÇ�DWD[LD�DQG�GLSORSLD�
6RFLDO�KLVWRU\�UHYHDOHG�VKH�ZRUNV�LQ�SDHGLDWULF�HPHUJHQF\�GHSDUWPHQW�DV�HSLGHPLRORJLFDO�DQWHFHGHQW��3K\VLFDO�H[DPLQDWLRQ�UHYHDOV�GLSORSLD�DQG
DWD[LD��&HUHEURVSLQDO�IOXLG��&6)��DQDO\VLV�UHYHDOHG�O\PSKRF\WLF�SOHRF\WRVLV��QHJDWLYH�3&5�IRU�(QWHURYLUXV��+HUSHV�YLUXV��YDULFHOOD�]RVWHU��YLUXV
(SVWHLQ�%DUU��/LVWHULD�PRQRF\JRWHQHV�DQG�0\FREDFWHULXP�WXEHUFXORVLV��&7�DQG�EUDLQ�05,�ZHUH�XQUHPDUNDEOH��%ORRG�DQG�&6)�FXOWXUHV�ZHUH�QHJDWLYH�
,QLWLDOO\�WKH�SDWLHQW�ZDV�WUHDWHG�ZLWK�FHIWULD[RQH�DQG�DF\FORYLU��ZLWK�IXOO�UHFRYHU\��)LQDO�GLDJQRVWLF�RI�5KRPERHQFHIDOLWLV�FDXVHG�E\�YLUXV�ZDV�PDGH�DW
GLVFKDUJH�

�&$6(���

$����\HDUV�ROG�SDWLHQW�SUHVHQWLQJ�ZLWK�IHYHU��RUDO�YHVLFOHV�DQG�RG\QRSKDJLD��2QH�PRQWK�DJR�D�KDQG��IRRW�DQG�PRXWK�V\QGURPH�ZDV�GLDJQRVHG�LQ���
PRQWKVÇ�\HDU�ROG�EURWKHU�+H�KDG�VHHQ�KLV�JHQHUDO�SUDFWLWLRQHU��*3���ZKR�SUHVFULEHG�DPR[\FLOLQ�FODYXODPLF�IRU�DP\JGDOLWLV��7KLV�IDLOHG�WR�UHOLHYH�KLV
V\PSWRPV�DQG�LQ�WKH�ODVW����KRXUV�IHOO�DVOHHS�DQG�OHWKDUJ\�ZLWK�QDXVHD�DQG�YRPLWLQJ�

2Q�H[DPLQDWLRQ�WKH�SDWLHQW�ZDV�FRPIRUWDEOH�DW�UHVW�ZLWK�����q&��1HXURORJLFDO�H[DPLQDWLRQ�UHYHDOV�VSRQWDQHRXV�DQG�LUUHJXODU�PRYHPHQW�RI�H\HV
DQG�VXSUDQXFOHDU�IDFLDO�SDUHVLD��1R�RWKHU�DOWHUDWLRQV�ZHUH�IRXQG�

&6)�DQDO\VLV�ZDV�QRUPDO��QHJDWLYH�3&5�IRU�(QWHURYLUXV��+HUSHV�YLUXV��YDULFHOD�]RVWHU��YLUXV�(SVWHLQ�%DUU��HQWHURYLUXV��/LVWHULD�PRQRF\JRWHQHV�
0\FREDFWHULXP�WXEHUFXORVLV��&7�ZDV�QRUPDO��%UDLQ�05,�VKRZV�SRVWHU�PHGLDO�OHVLRQ�RYHU�FHUHEHOOXPV�SHGXQFXOXP�

,QLWLDO�WUHDWPHQW�ZLWK�&HIWULD[RQH��$F\FORYLU��$PSLFLOOLQ�DQG�LPPXQRJOREXOLQV��)XOO�UHFRYHU\�ZLWK���ILQDO�GLDJQRVWLF�RI�5KRPERHQFHSKDOLWLV�FDXVHG�E\
YLUXV�

&21&/86,21�

5KRPERHQFHSKDOLWLV�PXVW�EH�VXVSHFWHG�HDUO\�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��05,�ILQGLQJV�DUH�LQ�PRVW�FDVHV�QRW�FRQFOXVLYH�IRU�D�ILQDO�GLDJQRVLV�DQG
PD\�EH�QRUPDO�IRU�����RI�SDWLHQWV��1HYHUWKHOHVV��ODFN�RI�FKDQJHV�RQ�EUDLQ�05,��DORQJ�ZLWK�SRVVLEOH�IDOVH�QHJDWLYH�&6)�YLUDO�3&5��FRXOG�VWLOO
UHSUHVHQW�D�YLUDO�UKRPERHQFHSKDOLWLV��$Q�DFFXUDWH�FOLQLFDO�H[DPLQDWLRQ�VKRXOG�DOORZ�WR�GHWHFW�VLJQV�DQG�V\PSWRPV�RI�5(��,I�VXVSHFWHG��ZH
UHFRPPHQG�HPSLULF�WKHUDS\�ZLWK�DPSLFLOOLQ�DQG�DF\FORYLU�IRU�DOO�FDVHV�DIWHU�VDPSOHV�KDYH�EHHQ�REWDLQHG�IURP�&6)�DQG�EORRG�IRU�FXOWXUHV�DQG�WKH
SRO\PHUDVH�FKDLQ�UHDFWLRQ��3&5���$�SURSHU�GLDJQRVLV�LV�PDQGDWRU\�LQ�RUGHU�WR�DYRLG�SRWHQWLDOO\�VHYHUH�DQG�OLIH�WKUHDWHQLQJ�FRPSOLFDWLRQV�



1(3+52/2*< -HVqV�*gOYH]�0RUD

��������:h1'(5/,&+�6<1'520(��63217$1(286�5(7523(5,721($/�+(0255+$*(�'8(�72�5(1$/�$1*,20<2/,320$

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'RLQD�6ROWRLDQX������*LOPDU�3XJQHW������-HVXV�*DOYH]�0RUD������$OEHUW�0RUHQR�'HVWUXHOV������'RPLQJR�5LEDV�6HJXL������$OH[LV�*X]PDQ����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�-RDQ�;;,,,��7DUUDJRQD��63$,1

.H\ZRUGV��:�QGHUOLFK�V\QGURPH��$QJLRP\ROLSRPD��PDVVLYH�KHPRUUKDJH��UHQDO�WXPRU

$EVWUDFW��

,1752'8&7,21�

:�QGHUOLFK�V\QGURPH��:6��LV�D�UDUH�HQWLW\�FKDUDFWHUL]HG�E\�VSRQWDQHRXV��QRQ�WUDXPDWLF�UHWURSHULWRQHDO�KDHPRUUKDJH��,W�FDQ�EH�IDWDO�LI�QRW�SURPSWO\
UHFRJQL]HG�FOLQLFDOO\��7KH�PRVW�FRPPRQ�FDXVH�LV�5HQDO�$QJLRP\ROLSRPD��$0/���D�EHQLJQ�PHVHQFK\PDO�WXPRXU��7KH�LQFLGHQFH�RI�WKLV�WXPRXU�LV
�������ZLWK�D�IHPDOH�WR�PDOH�JHQGHU�UDWLR��������LW�LV�HVWLPDWHG�WKDW���PLOOLRQ�SHRSOH�ZRUOGZLGH�KDYH�VXFK�OHVLRQ�

35(6(17$7,21�2)�&$6(�

$����\HDUV�ROG�PDOH�ZLWK�QR�KLVWRU\�RI�WUDXPD�RU�DQWLFRDJXODWLRQ�ZDV�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�VXGGHQ�RQVHW�RI�DEGRPLQDO�SDLQ
LQ�OHIW�IODQN�LQLWLDWHG���KRXUV�DJR��$VVRFLDWHG�V\PSWRPV�LQFOXGHG�QDXVHD�DQG�SDOORU�ZLWKRXW�IHYHU��G\VXULD�QRU�GLJHVWLYH�GLVRUGHUV��+LV�SHUVRQDO
KLVWRU\�LQFOXGHV�UHQDO�FDOFXOXV�DQG�VLJPRLG�DGHQRFDUFLQRPD�7�1��WKDW�ZDV�XQGHUJRQH�WR�OHIW�KHPLFROHFWRP\���\HDUV�DJR��2Q�SK\VLFDO�H[DPLQDWLRQ
KH�DSSHDUHG�SDOH��IHYHUOHVV�ZLWK�ZLWK�QRUPDO�YLWDO�VLJQV���EORRG�SUHVVXUH��������DQG�R[\JHQ�VDWXUDWLRQV������RQ�URRP�DLU��$EGRPLQDO�H[DPLQDWLRQ
UHYHDOHG�SDLQ�DQG�SHULWRQLVP�LQ�WKH�XSSHU�OHIW�TXDGUDQW

,QLWLDOO\�UHQDO�FROLF�ZDV�VXVSHFWHG�DQG�DQDOJHVLF�WUHDWPHQW��LQLWLDWHG��$IWHU�D�IHZ�PLQXWHV�WKH�SDWLHQWÇV�V\PSWRPV�ZRUVHQHG�DQG�KH�GHYHORSHG
KDHPRG\QDPLF�LQVWDELOLW\�ZLWK�K\SRWHQVLRQ��WDFK\FDUGLD�DQG�V\QFRSH��2Q�H[DPLQDWLRQ�KH�SUHVHQWHG�LQWHQVH�DEGRPLQDO�SDLQ��+H�ZDV�VWDELOL]HG�ZLWK
FU\VWDOORLG�IOXLG�UHVXVFLWDWLRQ�ZLWKRXW�DGGLWLRQDO�QHHGV��8UJHQW�FRQWUDVW�6&$1�VKRZHG�DFXWH�UHWURSHULWRQHDO�KHPDWRPD��ZLWK�LQWUDSHULWRQHDO
VSLOODJH���$�IRFDO�DQG�KHWHURJHQHRXV�OHVLRQ�ZDV�LGHQWLILHG�LQ�FRQWDFW�ZLWK�OHIW�UHQDO�XSSHU�SROH�VXJJHVWLQJ�D�UHQDO�DQJLRP\ROLSRPD���7KH�SDWLHQWÇV
KDHPRJORELQ�GHFUHDVHG�IURP���J�G/�WR���J�GO�VR�D�WUDQVIXVLRQ�RI�WZR�SDFNHG�UHG�EORRG�FHOOV�ZDV�SHUIRUPHG�

7KH�SDWLHQW�ZDV�FOLQLFDOO\�GLDJQRVHG�DV�:�QGHUOLFK�V\QGURPH�FDXVHG�E\�VSRQWDQHRXV�KDHPRUUKDJH�RI�DQJLRP\ROLSRPD��*LYHQ�WKH�SDWLHQW
V
KHPRG\QDPLF�VWDELOLW\��FRQVHUYDWLYH�PHGLFDO�PDQDJHPHQW�LV�GHFLGHG��+H�ZDV�DGPLWWHG�WR�WKH�,&8�IRU�FORVHG�PRQLWRULQJ��$IWHU�VRPH�GD\V�LV
WUDQVIHUUHG�WR�8URORJ\�ZDUG�ZKHUH�KH�SUHVHQWV�D�FRUUHFW�FOLQLFDO�FRXUVH�ZLWK�DQDO\WLFDO�VWDELOLW\��UHPDLQLQJ�KHPRG\QDPLFDOO\�VWDEOH�DQG�DIHEULOH�DW
DOO�WLPHV��WKH�SDWLHQW�LV�GLVFKDUJHG��

&21&/86,21

:�QGHUOLFKÇV�V\QGURPH�LV�RQH�RI�WKH�PRVW�IHDUHG�FRPSOLFDWLRQV�RI�UHQDO�DQJLRP\ROLSRPD�DQG�FDQ�EH�IDWDO�LI�QRW�GLDJQRVHG�SURPSWO\��:6�LV
FODVVLFDOO\�DVVRFLDWHG�ZLWK�DFXWH�OXPER�DEGRPLQDO�SDLQ��SDOSDEOH�PDVV�DQG�JHQHUDO�GHWHULRUDWLRQ�ZLWK�K\SRYROHPLF�VKRFN��/HQNÇV�WULDG���&RPSXWHU
WRPRJUDSK\�LV�FRQVLGHUHG�JROG�VWDQGDUG��0DQDJHPHQW�LV�PDLQO\�H[SHFWDQW�EXW�LQ�FDVH�RI�KDHPRG\QDPLF�LQVWDELOLW\�UDGLFDO�QHSKUHFWRP\�WR�HYHQ
HPEROL]DWLRQ�PD\�EH�UHTXLUHG��%HFDXVH�RI�KLV�ORZ�IUHTXHQF\�RI�RFFXUUHQFH�DQG�SRWHQWLDO�VHYHUH�EOHHGLQJ�LV�LPSRUWDQW�WR�NHHS�:6�LQ�PLQG�LQ
SDWLHQWV�ZLWK�IODQN�SDLQ�DQG�K\SRWHQVLRQ�

�

�



&$6(�35(6(17$7,21 0RKDPHG�DOL�&KHULI

��������*UDQXORPDWRVLV�ZLWK�SRO\DQJLLWLV��*3$��UHYHDOHG�E\�DOYHRODU�KHPRUUKDJH��$5'6�DQG�UHQDOIDLOXUH��FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

KRXFHP�RXQL������0RKDPHG�DOL�&KHULI������RQV�DQGROVL������NKDOHG�VDLGL������1DMHK�+DMMHP������\RXVVHI�]LHG�(O�KHFKPL������,QHV�6HGJK\HQL������=RXKDLHU
-HUEL����

���HPHUJHQF\�GHSDUWPHQW���KRVSLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��*UDQXORPDWRVLV��DOYHRODU�KHPRUUKDJH�$5'6

$EVWUDFW��

�

,QWURGXFWLRQ�

$OYHRODU�KHPRUUKDJH�LV�D�UDUH�EXW�XVDXDOO\GLYDVWDWLQJ�FRPSOLFDWLRQ�LQ�V\VWHPDWLF�YDVFXOLWLV��(DUO\�GLDJQRVLV�DQG�WUHDWPHQW�RI�*3$�PD\�OHDG�WR�D�IXOO
UHFRYHU\�

&DVH�UHSRUW�

$����\HDU�ROG�PDOH�SDWLHQW�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��(5��IRU�KHPRSW\VLV��DUWKUDOJLD��DVWKHQLD�DQG�HPDFLDWLRQ��+H�KDG�D�KLVWRU\�RI
QRVHEOHHG��WLQQLWXV�DQG�GL]]LQHVV�

+LV�YLWDO�VLJQV�ZHUH�DV�IROORZ��UHVSLUDWRU\�UDWH�RI����EUHDWKV�PLQ��R[\JHQ�VDWXUDWLRQ�ZLWK�SXOVH�R[LPHWU\�DV�����ZLWK���OLWUH�PLQ�RI�R[\JHQ�FUDFNOHV
E\�OXQJ�DXVFXOWDWLRQ��SXOVH�UDWH�RI�����EHDWV�PLQ��DQJLRPDV�LQ�ERWK�HOERZV�DQG�OHJV�DQG�KHPDWXULD�

7KH�ODERUDWRU\�WHVWV�ZHUH�FUHDWLQLQH�FOHDUDQFH�DW����PO�PLQ��KHPRJORELQ�OHYHO�DW�����JU�GO��ZKLWH�EORRG�FHOOV�FRXQW�������PO�DQG�SODWHOHWV�FRXQW
�������PO�

7KRUDFLF�FRPSXWHG�WRPRJUDSK\��&7���PDVVLYH�DOYHRODU�KHPRUUKDJH

*3$�KDV�EHHQ�FRQILUPHG�ZLWK�D�SRVLWLYH�OHYHO�RI�DQWLQHXWURSKLO�F\WRSODVPLF�DQWLERGLHV��$1&$V��

+H�EHFDPH�LQFUHDVLQJO\�G\VSQHLF�GXH�WR�DFXWH�UHVSLUDWRU\�GLVWUHVV�V\QGURPH��+H�KDV�EHHQ�LQWXEDWHG��$�3L&&2¾�KDV�EHHQ�SHUIRUPHG��7KH
H[WUDYDVFXODU�OXQJ�ZDWHU�LQGH[�ZDV���PO�NJ��0DQ\�KHPRGLDO\VLV�VHVVLRQV�KDYH�EHHQ�SHUIRUPHG��+H�UHFHLYHG�SUHGQLVRORQH�DQG��D�EROXV�RI
F\FORSKRVSKDPLGH��+H�ZDV�WUDQVIXVHG��7KH�SDWLHQW�SUHVHQWHG�FOLQLFDO�DQG�ELRORJLFDO�LPSURYHPHQW��+RZHYHU��DIWHU�WKH�VHFRQG�EROXV�RI
F\FORSKRVSKDPLGH��KH�SUHVHQWHG�D�VHSWLF�VKRFN�ZLWK�SDQF\WRSHQLD��+H�GLHG����GD\V�DIWHU�

&RQFOXVLRQ�

7KH�SDWLHQW�LQ�WKLV�FDVH�GLHG�GXH�IURP�LDWURJHQLVLV�GXH�WR�WKH�VLGH�HIIHFW�RI�LPPXQRVXSUHVVRU��GHVSLWH�DQ�HDUO\�GLDJQRVLV�DQG�WUHDWHPHQW�
0DQDJHPHQW�RI�WKHUDSHXWLFV�LQ�*3$�QHHGV�WR�EH�UHYLHZHG�LQ�LQWHQVLYH�FDUH�XQLWV�



('8&$7,21�$1'�75$,1,1* $OLQH�*LOOHW

��������%UHDNLQJ�%DG�1HZV��WKH�7DNH�ILYH�SURJUDP�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$OLQH�*LOOHW������,VDEHOOH�9DQ�&DXZHQEHUJH������5HEHFFD�7XEHV������$OH[DQGUH�*KX\VHQ����

���0HGLFDO�6LPXODWLRQ�&HQWUH��8QLYHUVLW\�+RVSLWDO�&HQWUH�RI�/LHJH��/L�JH��%(/*,80
���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�&HQWUH�RI�/LHJH��/L�JH��%(/*,80

.H\ZRUGV��'HOLYHULQJ�EDG�QHZV��HGXFDWLRQ��VLPXODWLRQ

$EVWUDFW��

,QWURGXFWLRQ

)RU�PDQ\�\HDUV��EDG�QHZV�GHOLYHU\ÇV�LPSDFW�RQ�SDWLHQWV�RU�WKHLU�UHODWLYHV��DV�ZHOO�DV�SK\VLFLDQVÇ�VWUHVV�KDV�EHHQ�D�PDMRU�FRQFHUQ��2Q�WKH�EDVLV�RI
VWXGLHV�HPSKDVL]LQJ�WKH�SRWHQW�HIILFDF\�RI�WUDLQLQJ�FRXUVHV�WR�KHOS�SK\VLFLDQV�GHOLYHULQJ�VXFK�QHZV��PDQ\�SURWRFROV��OLNH�63,.(6��%5($.6�RU�6+$5(�
KDYH�EHHQ�GHYHORSHG�ZRUOGZLGH��+RZHYHU��WUDLQLQJ�WR�VXFK�SURWRFRO�PLJKW�EH�WLPH�FRQVXPLQJ�DQG�QRW�VXLWDEOH�ZLWK�MXQLRU�GRFWRUV�RU�WUDLQHHVÇ
WXUQRYHU��,QGHHG��WKHUH�LV�FXUUHQWO\�QR�WHDFKLQJ�SURJUDP�YDOLGDWHG�WR�GDWH��:H�K\SRWKHVLVHG�WKDW�D�VKRUW�VLPXODWLRQ�SURJUDP��WKH�7$.(���SURJUDP�
FRXOG�LPSURYH�EDG�QHZV�GHOLYHU\�SHUIRUPDQFHV��UHDFKLQJ�D�OHYHO�FRPSDUDEOH�ZLWK�ORQJHU�FRXUVH�SURJUDPV��:H�WKHUHIRUH�GHVLJQHG�WKH�SUHVHQW�VWXG\
WR�HYDOXDWH�WKH�SRWHQWLDO�LPSDFW�RI�WKLV�VWDQGDUGL]HG���KRXUV�WUDLQLQJ�SURJUDP�
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3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6DQGHHS�*LOO������5$-�3$:������3(7(5�'2</(������$PHHU�6KDK������6DUDK�6KDNNVKLU������081,5�$%8.+'(5����

�����1+6��%LUPLQJKDP��8.
���'XGOH\�*URXS�RI�+RVSLWDOV��1+6��'8'/(<��8.
�����1+6��'XGOH\��8.
�����8QLYHUVLW\�RI�%LUPLQJKDP��%LUPLQJKDP��8.

.H\ZRUGV��(PHUJHQF\�'HSDUWPHQW��(PHUJHQF\�0HGLFLQH��8QVFKHGXOHG�,QWHUDFWLRQV��,QWHUUXSWLRQV��0HGLFDO�&RRUGLQDWRU

$EVWUDFW��

,QWURGXFWLRQ

,W�LV�ZHOO�UHFRJQLVHG�WKDW�WKH�MRE�RI�DQ�(0�FRQVXOWDQW�LQYROYHV�PXOWLWDVNLQJ�DQG�GHDOLQJ�ZLWK�PXOWLSOH�XQVFKHGXOHG�LQWHUDFWLRQV��8,���7KH�IOXLG�
XQSUHGLFWDEOH��WLPH�SUHVVXULVHG�DQG�PXOWL�SURIHVVLRQDO�QDWXUH�RI�(0�PDNHV�LW�SDUWLFXODUO\�VXVFHSWLEOH�WR�8,��$Q�LQFUHDVLQJ�QXPEHU�RI�8,�FDQ�UHVXOW�LQ
LQFUHDVHG�HUURU��$Q�,QFUHDVLQJ�QXPEHU�RI�GHFLVLRQV��LUUHVSHFWLYH�RI�FRPSOH[LW\�FDQ�OHDG�WR�HUURU�DQG�GHFLVLRQ�IDWLJXH��:H�DLP�WR�PDS�WKH�QXPEHU�RI
8,�DQ�(0�FRQVXOWDQW�IDFHV�ZKHQ�RQ�VKLIW�

2EMHFWLYHV

7KLV�VWXG\�DWWHPSWHG�WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�

,Q�D�GD\�KRZ�PDQ\�XQVFKHGXOHG�LQWHUDFWLRQV�GRHV�WKH�VHQLRU�(0�SK\VLFLDQ�GHDO�ZLWK"●

+RZ�PDQ\�RI�WKHVH�DUH�LQWHUDFWLRQV�DUH�FOLQLFDO�LQWHUDFWLRQV"●

:KDW�LV�WKH�DYHUDJH�OHQJWK�RI�WLPH�VSHQW�GHDOLQJ�ZLWK�WKHVH�XQVFKHGXOHG�LQWHUDFWLRQV"●

0HWKRGV

7KLV�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�WRRN�SODFH�DW�D�VLQJOH�FHQWUH�XUEDQ�('�LQ�WKH�:HVW�0LGODQGV��7KH�VWXG\�SHULRG�ZDV�IURP���������WR����������
$Q�(0�FRQVXOWDQW�ZDV�WUDLOHG�RQ�VKLIW�E\�D�PHGLFDO�VWXGHQW�ZKR�QRWHG�GRZQ�DOO�WKH�QRQ�SDWLHQW�LQWHUDFWLRQV�WKDW�WKH�FRQVXOWDQW�KDG��7KH�FRQVXOWDQW
KDG�QR�LQSXW�LQWR�GDWD�FROOHFWLRQ��7KH�QDWXUH�RI�WKH�8,��WKH�WLPH�VSHQW�DQG�WKH�RXWFRPH�ZDV�UHFRUGHG�RQ�D�VLPSOH�GDWD�FROOHFWLRQ�IRUP��7KLV�ZDV
WKHQ�FROODWHG�DQG�DQDO\VHG�

�5HVXOWV

$�WRWDO�RI����VKLIWV�RYHU����KUV���PLQ�ZHUH�REVHUYHG�●

7KHUH�ZDV�D�PL[�RI�HDUO\��������������ODWH�������������DQG�ZHHNHQG�VKLIWV�●

$OO����PHPEHUV�RI�WKH�FRQVXOWDQW�ERG\�ZHUH�IROORZHG���●

7RWDO�1XPEHU�RI�8,�LQ�VWXG\�SHULRG�������

$YHUDJH�1XPEHU�RI�8,�SHU�KU���������8,�KU�

8,�UDWH��WLPH�SHU�8,���PLQ���VHFRQGV

$YHUDJH�WLPH�SHU�8,�����VHF����5DQJH���VÄ���PLQV�

&OLQLFDO�,QWHUDFWLRQ�YV�1RQ�&OLQLFDO�,QWHUDFWLRQV������YV���

&RQFOXVLRQ

,Q�WKLV�VLQJOH�FHQWUH�VWXG\�RI�DQ�XUEDQ�8.�HPHUJHQF\�GHSDUWPHQW�����RI�VKRS�IORRU�FRQVXOWDQW�WLPH�LV�VSHQW�GHDOLQJ�ZLWK�8,��7KH�PDMRULW\�������RI
WKHVH�8,�UHODWHG�WR�FOLQLFDO�LQWHUDFWLRQV��,Q�WKLV�VWXG\�WKLV�HTXDWHV�WR�������8,�SHU�KRXU�ZLWK�DQ�DYHUDJH�WLPH�VSHQW�GHDOLQJ�ZLWK�HDFK�LQWHUDFWLRQ�RI
�����VHFRQGV

'LVFXVVLRQ

7KH�QDWXUH�RI�PRGHUQ�(0�QHFHVVLWDWHV�D�VHQLRU�(0�SK\VLFLDQ�UXQQLQJ�D�VKLIW�RQ�RUGHU�WR�FRSH�ZLWK�WKH�YDVW�QXPEHU�RI�8,�WKDW�PXVW�EH�UHVROYHG�
&RPELQLQJ�WKH�LQWHQVLW\�RI�WKLV�UROH�ZLWK�DQ�LQGLYLGXDO�SDWLHQW�ORDG��LV�QRW�IHDVLEOH�DQG�GHSDUWPHQWV�VKRXOG�FRQVLGHU�WKH�LQLWLDWLRQ�RI�D�ÆFDSWDLQ�RI�WKH
VKLSÇ�Æ)DW�&RQWUROOHUÇ�UROH�DORQJ�ZLWK�D�VHFRQG�VHQLRU�(3�WR�SURYLGH�LQGLYLGXDO�FRQVXOWDQW�OHYHO�FDUH�WR�WKH�VLFNHVW�LQGLYLGXDOV�ZKR�UHTXLUH�VHQLRU�LQSXW�

�



1(852/2*< 0JKLUEL�$EGHOZDKHE

��������&HUHEUDO�WKURPERSKOHELWLV�IROORZLQJ�KHDG�LQMXU\��D�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DMHG�.DPHO������0JKLUEL�$EGHOZDKHE������=DRXFKH�.KHGLMD������.LODQL�0RKDPHG������.KHOLO�0RKDPHG�+DVVHQ������0DJKUDRXL�+DPLGD������0RGKDIIHU
0RKDPHG������+DPRXGD�&KRNUL������%RUVDOL�)DOIRXO�1HELKD����

���(PHUJHQF\�'HSDUWHPHQW�RI�/D�5DEWD�7HDFKLQJ�+RVSLWDO��8QLYHUVLW\�RI�0DQDU����7XQLV��781,6,$

.H\ZRUGV��FHUHEUDO�YHQRXV�WKURPERVLV��KHDG�LQMXU\��&7�VFDQ

$EVWUDFW��

,QWURGXFWLRQ�

&HUHEUDO�YHQRXV�WKURPERVLV�LV�D�UDUH�FRPSOLFDWLRQ�RI�KHDG�WUDXPD�ZKLFK�LV�VRPHWLPHV�GLIILFXOW�WR�GLDJQRVH��:H�UHSRUW�D�PHGLFDO�REVHUYDWLRQ�ZKR
SUHVHQWHG�SRVW�WUDXPDWLF�FHUHEUDO�YHQRXV�WKURPERVLV�UHYHDOHG�E\�VLJQV�RI�LQWUDFUDQLDO�K\SHUWHQVLRQ�DQG�SV\FKLDWULF�GLVRUGHUV�

&DVH�UHSRUW

$����\HDU�ROG�PDQ�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��RQH�KRXU�DIWHU�D�KHDG�WUDXPDWLF�LQMXU\��+H�KDG�KHDG�DQG�FKHVW�WUDXPD�DQG�ORVW
FRQVFLRXVQHVV�IRU�XQGHWHUPLQHG�SHULRG�DIWHU�D�ELF\FOH�DFFLGHQW��$W�SK\VLFDO�H[DPLQDWLRQ��KH�ZDV�FRQVFLRXV�ZLWK�QR�QHXURORJLFDO�DEQRUPDOLWLHV��+H
FRXOG�QRW�PRYH�KLV�OHIW�DUP�EHFDXVH�RI�VKRXOGHU�GLVORFDWLRQ��&RPSXWHG�WRPRJUDSK\��SHUIRUPHG���KRXUV�ODWHU��VKRZHG�ULJKW�IURQWR�WHPSRUR�SDULHWDO
DFXWH�VXEGXUDO�KHPDWRPD�ZLWKRXW�PLGOLQH�VKLIW��ULJKW�WHPSRUDO�SHWHFKLDO�FRQWXVLRQ��GLVSODFHG�IUDFWXUH�RI�WKH�RFFLSLWDO�FRQG\OH�DQG�QRQ�GLVSODFHG
IUDFWXUH�RI�WKH�VFDSXOD��7KHUH�ZDV�QR�QHHG�IRU�QHXURVXUJHU\�DQG�WKH�VKRXOGHU�GLVORFDWLRQ�ZDV�UHGXFHG�

7KH�SDWLHQW�ZDV�DGPLWWHG�LQ�WKH�HPHUJHQF\�REVHUYDWLRQDO�XQLW�DQG�ZDV�GLVFKDUJHG�DIWHU����KRXUV��7ZR�GD\V�ODWHU��KH�FRPSODLQHG�VHYHUH�KHDGDFKH
DQG�PXOWLSOH�HSLVRGHV�RI�YRPLWLQJ��GL]]LQHVV�DQG�YLVXDO�LOOXVLRQV��&RPSXWHG�WRPRJUDSK\�VFDQ�RI�WKH�EUDLQ�ZLWK�FRQWUDVW�LQMHFWLRQ�UHYHDOHG�OHIW�ODWHUDO
VLQXV�WKURPERVLV�H[WHQGLQJ�WR�KRPRODWHUDO�LQWHUQDO�MXJXODU�YHQRXV��7KH�SDWLHQW�ZDV�JLYHQ�DQWLFRDJXODWLRQ�DQG�DGPLWWHG�LQ�WKH�QHXURORJ\�LQWHQVLYH
FDUH�XQLW�

&RPPHQWV�

5HSHDWLQJ�&7�VFDQ�RI�WKH�KHDG�LV�UHFRPPHQGHG�LQ�WKH�PDQDJHPHQW�RI�WUDXPDWLF�EUDLQ�LQMXU\�LI�WKHUH�LV�D�ZRUVHQLQJ�RI�QHXURORJLFDO�GLVWXUEDQFHV
DQG�D�FRQWUDVW�LQMHFWLRQ�PD\�EH�UHTXLUHG�WR�UXOH�RXW�FHUHEUDO�YHQRXV�WKURPERVLV�ZKLFK�UHTXLUHV�VSHFLILF�WUHDWPHQW�



&$6(�35(6(17$7,21 NDPHO�PDMHG

��������'HDU�6,56��\RX�FDQ�EH�6:((7�EXW�,�KDWH�\RX��$�VZHHW�V\QGURPH�PLPLWLQJ�VHYHUH�VHSVLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

PDMHG�NDPHO������0RKDPHG�$PLQH�.DOOHO������.KHGLMD�=DRXFKH������+DPLGD�0DJKUDRXL������&KHNLE�%RXDOL������-REUDQH�0DQVRXUL������&KRNUL
+DPPRXGD������QHELKD�)DOIRXO�%RUVDOL����

���HPHUJHQF\�GHSDUWHPHQW�RI�OD�UDEWD�WHDFKLQJ�KRVSLWDO��XQLYHULVW\�RI�0$1$5�,��WXQLV��781,6,$
���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�WHDFKLQJ�KRVSLWDO��8QLYHUVLW\�RI�0$1$5�,��WXQLV��781,6,$

.H\ZRUGV��6,56��6(36,6��6:((7�V\QGURP

$EVWUDFW��

,QWURGXFWLRQ

6NLQ�GLVRUGHUV�DUH�FRPPRQ�RQ�HPHUJHQF\�GHSDUWPHQW�HVSHFLDOO\�ZKHQ�DVVRFLDWHG�ZLWK�IHYHU��7ZHQW\�ILYH�SHUFHQW�WR�IRUW\�SHUFHQW�DUH�UHODWHG�WR�D
GHFRPSHQVDWLRQ�RI�D�SUHH[LVWLQJ�VNLQ�GLVRUGHU�>�@��,Q�������6ZHHW�GHVFULEHV�D�ÈVWUDQJH�HUXSWLRQÉ�ZKLFK�LV�LPPXQRORJLFDOO\�PHGLDWHG�DQG�VLQFH�WKDW
GDWH�WKH�GHUPDWLWLV�EHDUV�KLV�QDPH�>�@�,Q�WKH�HPHUJHQF\�GHSDUWPHQW��WKH�GLDJQRVLV�RI�WKLV�SDWKRORJ\�PD\�EH�GLIILFXOW�HVSHFLDOO\�ZKHQ�WKH
SUHVHQWDWLRQ�LV�VHYHUH�RU�DVVRFLDWHG�ZLWK�IHYHU�VLQFH�LW�IDFH�WKH�SK\VLFLDQ�WR�D�WKHUDSHXWLF�GLOHPPD��JLYLQJ�DQWLELRWLFV�RU�VWHURLGV�

&DVH�SUHVHQWDWLRQ

�

$����\HDUV�ROG�PDQ�ZLWK�QR�SDVW�PHGLFDO�KLVWRU\�ZDV�WUDQVSRUWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�E\�WKH�PRELOH�HPHUJHQF\�VHUYLFH�ZLWK�D�FKLHI
FRPSODLQW�RI�ZHDNQHVV�DQG�IHYHU�DVVRFLDWHG�ZLWK�D�GLVVHPLQDWHG�VNLQ�HUXSWLRQ��KH�ZDV�FRQVFLRXV�EXW�YHU\�ZHDN�DQG�KH�KDV�IHYHU�DERXW�����j&�
6%3�'%3�ZDV�DERXW�������PP+J�DQG�+5�DERXW����SHU�PLQXWH��,QLWLDOO\�KH�ZDV�PDQDJHG�DV�VHYHUH�VHSWLF�V\QGURPH�VLQFH�ZH�IRXQG�QLWULWHV�LQ�XULQH
VDPSOH�DVVRFLDWHG�ZLWK�6,56��$�3&7�ZDV�SHUIRUPHG�DQG�WKH�DPRXQW�ZDV�OHVV�WKHQ����QJ�PO�VR�ZH�SHUIRUPHG�D�VNLQ�ELRSV\�ZKLFK�VKRZHG�D
QHXWURSKLOLF�LQILOWUDWLRQ�FRQVLVWHQW�ZLWK�6ZHHW�V\QGURP��7KH�SDWLHQW�ZDV�JLYHQ�VWHURLGV�DQG�KDG�QRWLFHDEOH�LPSURYHPHQW�RI�KLV�FRPSODLQWV��

�

&RQFOXVLRQ

�

6ZHHW�V\QGURPH�LV�D�SRVVLEOH�GLDJQRVWLF�LQ�SDWLHQW�ZLWK�VNLQ�HUXSWLRQ�DQG�QRQ�LQIHFWLRXV�6,56�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

�



&$6(�35(6(17$7,21 PRKDPHG�NLODQL

��������3267�75$80$7,&�(3,/(36<����<($56�$)7(5�$�%8//(7�,1�7+(�+($'

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

PDMHG�NDPHO������.,/$1,�02+$0('������]DRXFKH�NKHGLMD������.DOOHO�PRKDPHG�DPLQH������PJKLUEL�DEGHOZDKHE������ERXEDNHU�UDGKLD������PDJKUDRXL
KDPLGD������ERXDOL�FKDNLE������KDPRXGD�FKRNUL������ERUVDOL�IDOIRXO�QHELKD����

���(PHUJHQF\�'HSDUWHPHQW�RI�/D�5DEWD�7HDFKLQJ�+RVSLWDO��81,9(56,7<�2)�0$1$5�,��WXQLV��781,6,$

.H\ZRUGV��SRVW�WUDXPDWLF�HSLOHSV\��SHQHWUDWLQJ�EUDLQ�LQMXU\��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ��3RVW�WUDXPDWLF�HSLOHSV\��37(��LV�GHILQHG�E\�WKH�RFFXUUHQFH�RI�RQH�RU�PRUH�VHL]XUHV�EH\RQG�WKH�ILUVW�ZHHN�IROORZLQJ�KHDG�WUDXPD�DQG
KDV�EHHQ�OLQNHG�WR�UHJLRQ��W\SH��DQG�VHYHULW\�RI�LQMXU\��:H�UHSRUW�D�FDVH�RI�D�SDWLHQW�ZKR�H[SHULHQFHG�VHL]XUHV����\HDUV�DIWHU�D�SHQHWUDWLQJ�EUDLQ
LQMXU\��

2EVHUYDWLRQ��$����\HDUV�ROG�GLDEHWLF�SDWLHQW�FDPH�WR�WKH�HPHUJHQF\�GHSDUWPHQW�DIWHU�D�KRXVHKROG�DFFLGHQW�FDXVLQJ�PLOG�KHDG�WUDXPD�ZLWKRXW
ORVV�RI�FRQVFLRXVQHVV�2Q�ILUVW�H[DPLQDWLRQ��WKH�SDWLHQW�KDG�D�*ODVJRZ�FRPD�VFDOH�RI��������VFUDWFK�RQ�WKH�IRUHKHDG��KLV�EORRG�SUHVVXUH�ZDV�������
PP+J��KLV�SXOVH�ZDV�����ESP�DQG�WKH�WHPSHUDWXUH�ZDV����j&�+DOI�DQ�KRXU�DIWHU�KLV�DUULYDO��WKH�SDWLHQW�H[SHULHQFHG�D�OHIW�KHPLERG\�FRQYXOVLRQ
WKDW�KDYH�VHFRQGDULO\�JHQHUDOL]HG�ZLWK�DQ�DOWHUHG�VWDWH�RI�FRQVFLRXVQHVV��&RQFRPLWDQW�FDSLOODU\�EORRG�JOXFRVH�ZDV�JUHDWHU�WKDQ���J�O��6HL]XUH
VWRSSHG�DIWHU�WKH�DGPLQLVWUDWLRQ�RI��PJ�LQWUDYHQRXV�FORQD]HSDP�DQG�WKH�SDWLHQW�UHFRYHUHG�FRQVFLRXVQHVV�UDSLGO\�2Q�WKH�VHFRQG�H[DPLQDWLRQ�
WKHUH�ZDV�QR�PHQLQJHDO�V\QGURPH��D�OHIW�SRVW�FULWLFDO�KHPLSDUHVLV�ZLWK�D�OHIW�SRVLWLYH�EDELQVNL�VLJQV��7KH�VNLQ�H[DPLQDWLRQ�IRXQG�VHYHUDO�VFDUV�RQ
WKH�ULJKW�ORZHU�OLPE�UHODWHG�WR�SURMHFWLOHV�LQOHWV��3DWLHQW�LQWHUYLHZ�UHYHDOHG�WKDW�KH�LV�D�YHWHUDQ�RI�WKH������/HEDQRQ�ZDU��/DERUDWRU\�WHVWV�DQG
DUWHULDO�EORRG�JDVHV�ZHUH�QRUPDO�%UDLQ�&7�VFDQ�VKRZHG��D�EXOOHW�VKDSHG�PHWDOOLF�IRUHLJQ�ERG\�ORGJHG�LQ�WKH�OHIW�KLSSRFDPSXV�ZLWK�QR�VLJQV�RI
UHFHQW�KHPRUUKDJH��&7�DOVR�VKRZHG�WKH�SURMHFWLOH�HQWU\�SRLQW�DV�D�FRPSOH[�IUDFWXUH�RI�WKH�OHIW�PLGSDULHWDO�ERQH��7KH�EXOOHW�SDWK�FRQVLVWHG�RI�D
VHTXHOODU�OHIW�WHPSRUDO�K\SRGHQVLW\�DQG�QR�H[LW�ZRXQG�7KH�OXPEDU�SXQFWXUH�VKRZHG�QR�UHOHYDQW�DEQRUPDOLWLHV��1R�VRXUFH�RI�LQIHFWLRQ�KDV
EHHQ�UHWUDFHG��7KH�SDWLHQW�ZDV�SXW�XQGHU�FDUEDPD]HSLQH��+H�NHSW�SHUVLVWHQW�WHPSRUDO�HSLOHSV\�FKDUDFWHUL]HG�E\�ORVV�RI�DZDUHQHVV�RI�VXUURXQGLQJV�
+H�KDV�EHHQ�DGPLWWHG�WR�WKH�QHXURORJ\�GHSDUWPHQW�

&RQFOXVLRQ��WKLV�FDVH�LOOXVWUDWH�WKDW�SHQHWUDWLQJ�KHDG�LQMXULHV��ODUJHO\�JXQVKRW�ZRXQGV��LQFUHDVHV�WKH�OLNHOLKRRG�RI�GHYHORSLQJ�37(�IRU�PRUH�WKDQ���
\HDUV�DIWHU�WKH�LQMXU\��0LOLWDU\�SRSXODWLRQ�DQG�YHWHUDQV�LQ�SDUWLFXODU�PD\�UHTXLUH�ORQJ�WHUP�QHXURORJLF�IROORZ�XS�



0$1$*(0(17���('�25*$1,6$7,21 6DQGHHS�*,OO

��������:KDW�0DNHV�DQG�(IIHFWLYH�6KRS�IORRU�OHDGHU��7KH�6HQLRU�'RFWRU

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6DQGHHS�*LOO������0DUN�3HOO������&KULV�7XUQHU������6KHZOL�5HKPDQ������+DPLG�,O\DV����

�����1+6��%LUPLQJKDP��8.
���8+&:��1+6��%LUPLQJKDP��8.
���+()7��1+6��%LUPLQJKDP��8.

.H\ZRUGV��(PHUJHQF\�0HGLFLQH��/HDGHUVKLS��6KRS�IORRU

$EVWUDFW��

,QWURGXFWLRQ

+LJK�TXDOLW\�HIIHFWLYH�OHDGHUVKLS�LV�DVVRFLDWHG�ZLWK�LPSURYHG�RXWFRPHV�IRU�SDWLHQWV�DQG�LQFUHDVHG�VWDII�VDWLVIDFWLRQ��3UHYLRXV�ZRUN�DW�8+&:�KDG
LGHQWLILHG�WUDLWV�WKDW�ZHUH�UHJDUGHG�SRVLWLYHO\�LQ�WUDXPD�WHDP�OHDGHUV��$�FRPELQHG�WHDP�RI�FOLQLFLDQV�IURP�8+&:�DQG�+()7�IHOW�WKDW��GXULQJ�WKLV�WLPH
RI�SDUWLFXODU�SUHVVXUH��VKRS�IORRU�OHDGHUVKLS�TXDOLWLHV��DV�VWDWHG�E\�RWKHU�VWDII��ZRXOG�EH�RI�XVH�WR�JXLGH�EHKDYLRXUV

$LPV

:H�DLPHG�WR�LGHQWLI\�WKH�TXDOLWLHV�VWDII�YDOXHG�LQ�VKRS�IORRU�PHGLFDO�OHDGHUVKLS��:H�DOVR�DLPHG�WR�LGHQWLI\�EHKDYLRXUV�WKDW�ZHUH�IHOW�WR�EH�XQKHOSIXO
DV�ZHOO�DV�LGHQWLI\LQJ�6HQLRU�WLHU�GRFWRUV��&RQVXOWDQW�0LGGOH�*UDGH��ZKR�ZHUH�PRVW�IHOW�WR�UXQ�D�JRRG�IORRU�

0HWKRGV

:H�FRQGXFWHG�D�TXDOLWDWLYH�VXUYH\�DFURVV���GHSDUWPHQWV�LQ�WKH�:HVW�0LGODQGV�RYHU�RQH�PRQWK�LQ�HDUO\�������:H�XVHG�DQ�DQRQ\PRXV�TXHVWLRQQDLUH
ZKLFK�ILUVW�FROOHFWHG�GHPRJUDSKLFV�WKHQ��UHVSRQVHV�WR�WKH�IROORZLQJ�TXHVWLRQV

:KDW�FKDUDFWHULVWLFV�GR�\RX�DVVRFLDWH�ZLWK�HIIHFWLYH�VKRS�IORRU�OHDGHUVKLS"��
:KDW�FKDUDFWHULVWLFV�GR�\RX�DVVRFLDWH�ZLWK�LQHIIHFWLYH�VKRS�IORRU�OHDGHUVKLS��
$UH�DQ\��VWDII�SDUWLFXODUO\�JRRG"�3OHDVH�WHOO�XV�ZK\�7KH�UHVSRQVHV�ZHUH�DVVHVVHG�WR�VSRW�WKHPHV�DQG�DJUHHG�XSRQ�E\�WKH�DXWKRUV�$QVZHUV�ZHUH��
FRGLILHG�E\�D�JURXS�RI���RI�WKH�DXWKRUV�ZLWK�GLVSXWHV�VHWWOHG�E\�GLVFXVVLRQ�5HVXOWV$�WRWDO�RI�����UHVSRQVHV�ZHUH�UHFHLYHG��ZLWK�D�EURDG�VSHFWUXP
RI�VWDII�DQVZHULQJ��$OO�FRGLILHG�UHVXOWV�ZHUH�DVVHVVHG�DQG�LW�ZDV�GHHPHG�WKH�EHVW�ZD\�WR�UHSUHVHQW�WKH�GDWD�ZDV�LQ�WKH�IRUP�RI�ZRUG�FORXGV��(DFK
ZRUG�SUHVHQW�LQ�WKH�FORXG�KDV�D�ODUJHU�SUHVHQFH�LQ�UHODWLRQ�WR�WKH�IUHTXHQF\�RI�LW�EHLQJ�PHQWLRQHG�DV�D�UHVSRQVH�'LVFXVVLRQ,QWHUHVWLQJO\�WKH
DWWULEXWHV�PRVW�KLJKO\�UHJDUGHG�E\�VWDII�ZHUH�WKDW�WKH�VHQLRU�VKRS�IORRU�GRFWRU�ZDV�DSSURDFKDEOH�DQG�VXSSRUWLYH��:LWK�OHVV�D�RI�QHHG�IRU�JRRG
FRPPXQLFDWLRQ�VNLOOV�RU�WKHLU�HQWKXVLDVP�DW�ZRUN��7KLV�ZRXOG�LPSO\�WKDW�VWDII�VHH�WKH�VHQLRU�GRFWRU�DV�EHLQJ�VRPHERG\�WR�EH�DEOH�WR�WXUQ�WR�LQ
QHHG�ZLWKRXW�IHDU�RI�UHEXNH��7KLV�LV�UHLQIRUFHG�E\�D�KLJK�QXPEHU�RI�WKH�QHJDWLYH�DWWULEXWHV�EHLQJ�DVSHFWV�RI�LQWHUSHUVRQDO�LQWHUDFWLRQV�DQG�DUHDV
WKDW�ZRXOG�UHSUHVHQW�D�EDUULHU�WR�EHLQJ�D�VXSSRUWLYH�DQG�DSSURDFKDEOH�PHPEHU�RI�VWDII�7KH�DELOLW\�WR�DLG�GHFLVLRQ�PDNLQJ�ZKHQ�WXUQHG�WR�IRU
DGYLFH�LV�FOHDUO\�UHOLHG�XSRQ�DV�D�NH\�ZLWK�ERWK�D�ODFN�RI�DYDLODELOLW\�DQG�WKHQ�EHLQJ�XQDEOH�WR�PDNH�GHFLVLRQV�VHHQ�DV�QHJDWLYHV��7KH�REVHUYDWLRQ
WKDW�D�GLFKRWRP\�RI�ERWK�VHHLQJ�SDWLHQWV�LQ�WKH�GHSDUWPHQW�LV�D�SRVLWLYH�EXW�WKHQ�QRW�EHLQJ�DYDLODEOH�LV�D�QHJDWLYH&RPPXQLFDWLRQ�LV�QRW�VHHQ�DV
SRVLWLYH�DWWULEXWH�WR�EH�JRRG�DW�DV�PXFK�DV�LW�LV�VHHQ�WR�EH�D�QHJDWLYH�LI�LWV�GRQH�SRRUO\�&RQFOXVLRQ%HLQJ�DSSURDFKDEOH�LV�YLHZHG�DV�D�JRRG
FKDUDFWHULVWLF�LQ�D�OHDGHU�ZLWK�XQDYLDODELOLW\�DQG�EDG�LQWHUSHUVRQDO�VNLOOV�DV�D�QHJDWLYH�DWWULEXWH��



72;,&2/2*< &DUOR�$OHVVDQGUR�/RFDWHOOL

��������&OLQLFDO�IHDWXUHV�RI�VHYHUH�LQWR[LFDWLRQV�DVVRFLDWHG�ZLWK�DQDO\WLFDOO\�FRQILUPHG�XVH�RI�1%20H

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(OHRQRUD�%XVFDJOLD������'DYLGH�/RQDWL������9DOHULD�0DUJKHULWD�3HWUROLQL������6DUDK�9HFFKLR������0DUD�*DUEL������0DUWD�&UHYDQL������$]]XUUD�6FKLFFKL�����
*LXOLD�6FDUDYDJJL������3LHWUR�3DSD������$QWRQHOOD�9DOOL������/RUHWWD�5RFFKL������/DXUD�5RODQGL������(OLVD�5RGD������7HUHVD�&RFFLQL������0DUFHOOR�'L�7XFFLR
�����&DUOR�$OHVVDQGUR�/RFDWHOOL����

���3DYLD�3RLVRQ�&RQWURO�&HQWUH��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<
���/DERUDWRU\�RI�$QDO\WLFDO�7R[LFRORJ\��&OLQLFDO�&KHPLVWU\�6HUYLFH��,5&&6�3ROLFOLQLFR�6DQ�0DWWHR�)RXQGDWLRQ��3DYLD��3DYLD��,7$/<

.H\ZRUGV��1%20H��SRLVRQLQJ��LQWR[LFDWLRQ��FOLQLFDO�WR[LFRORJ\

$EVWUDFW��

%DFNJURXQG��$�QRYHO�FODVV�RI�V\QWKHWLF�KDOOXFLQRJHQV�FDOOHG�1%20H�KDV�HPHUJHG�DV�QHZ�SV\FKRDFWLYH�VXEVWDQFHV��136��VLQFH�������1%20H�DUH
1���PHWKR[\EHQ]\O�DQDORJXHV�RI�WKH�UHVSHFWLYH��&�;�VXEVWLWXWHG�SKHQHWK\ODPLQHV��DQG�WKH\�ZHUH�ILUVW�V\QWKHVL]HG�IRU�XVH�DV�WRROV�WR�DFWLYDWH
��+7�$��VHURWRQLQ��UHFHSWRUV�DW�WKH�)UHH�8QLYHUVLW\�RI�%HUOLQ�LQ����������

3DUWLFLSDQWV�DQG�PHWKRGV��$�VWXG\�ZDV�FRQGXFWHG�WKURXJK�WKH�,WDOLDQ�(PHUJHQF\�'HSDUWPHQWV�QHWZRUN�UHIHUULQJ�WR�WKH�3DYLD�3RLVRQ�&RQWURO
&HQWUH��33&&��LQ�RUGHU�WR�HYDOXDWH�WKH�FOLQLFDO�IHDWXUHV�DQG�WKH�SUHYDOHQFH�RI�DQDO\WLFDOO\�FRQILUPHG�LQWR[LFDWLRQV�E\�1%20H�RYHU�WKH�ODVW�WZR�\HDUV
�������������&DVHV�ZHUH�DVVHVVHG�IRU�DJH��KLVWRU\��DFXWH�FOLQLFDO�PDQLIHVWDWLRQV��RXWFRPH��WUHDWPHQW�DQG�WR[LFRORJLFDO�DQDO\WLFDO�LQYHVWLJDWLRQV�

&DVH�VHULHV��$PRQJ�WKH�FRQVHFXWLYH�FDVHV�UHIHUUHG�WR�WKH�33&&�IRU�VXVSHFWHG�FRQILUPHG�SRLVRQLQJ�E\�136�EHWZHHQ������DQG����������FDVHV�RI
1%20H�LQWR[LFDWLRQ�ZHUH�HYDOXDWHG��DJH�UDQJLQJ�IURP����WR����\HDUV�ROG������PDOHV���6SHFLILF�ODERUDWRU\�LQYHVWLJDWLRQV��OLTXLG
FKURPDWRJUDSK\�PDVV�VSHFWURPHWU\��ZHUH�SHUIRUPHG�LQ�DOO�WKH�FDVHV�RQ�XULQH�DQG�RU�EORRG�VSHFLPHQV����SDWLHQWV�ZHUH�SRVLWLYH�IRU���,�1%20H���
IRU���%�1%20H����IRU���&�1%20H�DQG���IRU���,��DQG���+�1%20H��SDWLHQWV�XULQH�VDPSOHV�ZHUH�DOVR�SRVLWLYH�IRU��&�,����FDVHV���7+&�����
DPSKHWDPLQHV������0'0$�����DQG�NHWDPLQH����FDVH���7KH�SDWLHQWV�UHIHUUHG�DVVXPSWLRQ�RI�/6'�RU�DQRWKHU�KDOOXFLQRJHQLF�VXEVWDQFH��Q ����
PHVFDOLQH��Q ����RWKHU�RU�XQNQRZQ�VXEVWDQFHV�RI�DEXVH��Q ����RU�QR�DVVXPSWLRQ��7KUHH�SDWLHQWV�������WRRN�SDUW�WR�D�UDYH�SDUW\��7KH�PRVW�FRPPRQ
FOLQLFDO�PDQLIHVWDWLRQV�ZHUH�VHYHUH�SV\FKRPRWRU�DJLWDWLRQ��������WDFK\FDUGLD��������VHL]XUHV�DQG�UKDEGRP\RO\VLV��������FRQIXVLRQ�������
K\SHUWKHUPLD��������FRPD��P\GULDVLV��KDOOXFLQDWLRQV�DQG�YLROHQW�EHKDYLRU������HDFK���QR�OHWKDO�FDVH�ZDV�UHJLVWHUHG��7KH�WUHDWPHQW�FRQVLVWHG�LQ
VHGDWLRQ�ZLWK�EHQ]RGLD]HSLQHV����FDVHV���LQWXEDWLRQ��DQG�UHVSLUDWRU\�VXSSRUW����FDVHV���+RVSLWDO�VWD\�UDQJHG�IURP����KRXUV�WR����GD\V�IRU�WKH
SDWLHQWV�WKDW�QHHGHG�LQWHQVLYH�FDUH�WUHDWPHQW�

&RQFOXVLRQ��7KLV�FDVH�VHULHV�FRQILUPV�WKH�SUHVHQFH�RI�DW�OHDVW���W\SHV�RI�1%20H�PROHFXOHV����,�����%�����&��DQG���+�1%20H��LQ�WKH�,WDOLDQ
WHUULWRU\��6HYHQ�SDWLHQWV�ZHUH�SRVLWLYH�IRU���,�1%20H�DQG��&�,��WKLV�PD\�EH�GXH�WR�WKH�PHWDEROLVP�RI�1%20H�WR��&�DQDORJXH��RU�WR�WKH�VLPXOWDQHRXV
LQWDNH�RI���,�1%20H�DQG��&�,��&OLQLFLDQV�VKRXOG�EH�DZDUH�RI�WKH�SUHVHQFH�RI�WKLV�QHZ�SV\FKRDFWLYH�VXEVWDQFH�DQG�LWV�SRWHQWLDO�IRU�WR[LFLW\��DQG�WKH\
VKRXOG�VXVSHFW�SRVVLEOH�1%20H�DVVXPSWLRQ�LQ�SDWLHQWV�UHSRUWLQJ�WKH�UHFHQW�XVH�RI�/6'�RU�RWKHU�KDOOXFLQRJHQV��$OO�WKH�FDVHV�KDYH�EHHQ�UHSRUWHG�WR
WKH�1DWLRQDO�(DUO\�:DUQLQJ�6\VWHP�

$FNQRZOHGJHPHQWV��6WXG\�FDUULHG�RXW�ZLWK�WKH�VXSSRUW�RI�'3$���3UHVLGHQF\�RI�WKH�&RXQFLO�RI�0LQLVWHUV�

5HIHUHQFH�����.\ULDNRX�&��0DULQHOOL�(��)UDWL�3��6DQWXUUR�$��$I[HQWLRX�0��=DDPL�6��%XVDUGR�)3��1%20H��QHZ�SRWHQW�KDOOXFLQRJHQV��SKDUPDFRORJ\�
DQDO\WLFDO�PHWKRGV��WR[LFLWLHV��IDWDOLWLHV��D�UHYLHZ��(XU�5HY�0HG�3KDUPDFRO�6FL�������6HS����������������
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3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&UX]�6DOHPH������.DUOD�+HUQDQGH]������+HFWRU�0RQWLHO����

���(PHUJHQF\�'HSDUWPHQW��$%&�0HGLFDO�&HQWHU�0HWKRGLVW�1HWZRUN��0H[LFR��0(;,&2

.H\ZRUGV��HPHUJHQF\��GLVDVWHU��PDVVLYH�SURWRFRO�UHFHSWLRQ

$EVWUDFW��

1R�FRXQWU\��SHRSOH�RU�SHUVRQ�LV�H[HPSW�IURP�EHLQJ�LQYROYHG�LQ�DQ�HPHUJHQF\�RU�GLVDVWHU�LQYROYLQJ�UHVRXUFH�PRELOL]DWLRQ��,Q�WKH�QH[W���GHFDGHV�����
RI�WKH�SRSXODWLRQ�ZLOO�EH�DIIHFWHG�E\�VRPH�W\SH�RI�GLVDVWHU�RU�HPHUJHQF\��FDXVHG�E\�FOLPDWH�FKDQJH�DQG�PDQ\�RWKHU�GHULYDWLYHV�RI�VRFLDO�YLROHQFH�
WKH�GHYHORSLQJ�FRXQWULHV�ZLOO�EH�KLW�KDUGHVW�

3DWLHQW�FDUH�LQ�WKH�HPHUJHQF\�URRP�UHTXLUHV�VWUDWHJLF�UHVSRQVH�HIIRUWV�ZLWK�SUH�HVWDEOLVKHG�SROLFLHV�DQG�WUDLQLQJ�RI�SK\VLFLDQV�LQ�WKH�HPHUJHQF\
GHSDUWPHQW�DQG�WKH\��LQ�WXUQ��OHDG�DQG�JXLGH�WKH�DFWLYLW\�RI�RWKHU�DUHDV��PHGLFDO�DQG�DGPLQLVWUDWLRQ�ERG\�

2XU�&HQWUH�KDV�D�VSHFLILF�WUDLQLQJ�SURJUDP�WR�DOO�PHGLFDO�DQG�QRQ�PHGLFDO�PHPEHUV�WR�NQRZ�ZKDW�PHDVXUHV�RI�SUHYHQWLRQ��PLWLJDWLRQ��SUHSDUHGQHVV
DQG�DOHUW�LQ�DQ�HPHUJHQF\�RU�GLVDVWHU�VSHFLILF�FRPPXQLFDWLRQ�LQWHUQDO�DQG�H[WHUQDO�ULVNV�DUH��$VVRFLDWHG�ZLWK�WKLV��WUDLQLQJ�LV�SURYLGHG�RQ�PDVVLYH
SURJUDPV�UHIHUUHG�SDWLHQWV�UHFHLYLQJ�FRGH�\HOORZ�RU�UHG�RU�HSLGHPLRORJLFDO�WUDXPDWLF�RULJLQ��_

'XULQJ�WKH�HYHQW�UHVSRQVH�LV�KDV�D�FRQWURO�XQLW�WKDW�GHWHUPLQHV�LWV�LPSDFW�JHQHUDWLQJ�DFWLYLWLHV�VXSSRUW�DQG�DVVLVWDQFH�WR�WKRVH�DIIHFWHG�ZLWK�D
VWUDWHJ\�RI�WULDJH�FRORU�LQSXW�DQG�VXEVHTXHQW�]RQHG�LQFRPH�

3RVW�HYHQW�DQDO\VLV�IRU�LPSURYHPHQW�SODQV�DQG�FRQWLQXLW\�LQ�HGXFDWLRQ�DUH�PDGH��LW�LV�DWWHPSWHG�UHKDELOLWDWLRQ�DFWLYLWLHV�LPSDFW�WKH�SRSXODWLRQ�

3ROLFLHV�DUH�ZLWKLQ�WKH�&ULVLV�3ODQ��5LVN�DQG�(SLGHPLFV�RI�WKH�LQVWLWXWLRQ��ZKLFK�LQFOXGHV�WKH�3URJUDP�(PHUJHQF\�0DQDJHPHQW�5HVSRQVH�WR
(SLGHPLRORJLFDO�DQG�%LRORJLFDO�+D]DUGV�3URJUDP�&RQWLQJHQFLHV��(PHUJHQFLHV�DUH�OHG�E\�D�6WUDWHJLF�&ULVLV�&RPPLWWHH��ZLWK�WKH�HVVHQWLDO�DFWLYLWLHV�
,QWHUQDO�DQG�([WHUQDO�&RPPXQLFDWLRQ��&RRUGLQDWLRQ�(PHUJHQF\�&RPPLWWHH��2SHUDWLQJ�&ULVLV���+XPDQ�5HVRXUFH�0DQDJHPHQW��(YDOXDWLRQ�DQG
)LQDQFLDO�6XSSRUW��+HDOWK�&DUH�DQG�7ULDJH��(YDOXDWLRQ�DQG�VXSSRUW�IRU�1XUVLQJ��2SHUDWLRQV�&RQWURO�(PHUJHQF\�6XSSO\��/RJLVWLFV�UHKDELOLWDWLRQ�RI
DIIHFWHG�DUHDV��OHJDO�VXSSRUW��ZKLFK�DUH�KHOG�WRJHWKHU�LQ�WKH�VDPH�SK\VLFDO�VSDFH�DQG�WLPH�

7KHUH�KDYH�EHHQ�PXOWLSOH�HYHQWV�(PHUJHQF\�LQ�RXU�KRVSLWDO��RQH�RI�WKHP�ZDV�VHFRQGDU\�WR�DQ�H[SORVLRQ�0DWHUQDO�DQG�&KLOG�+RVSLWDO�LQ�&XDMLPDOSD
LQ�ZKLFK�DIIHFWHG�SDWLHQWV��QHZERUQV��PRWKHUV�DQG�PHGLFDO�SHUVRQQHO��WUDXPDWLF�LQMXULHV�DQG�EXUQV��VDPH�DV�WKH\�ZHUH�WUDQVIHUUHG�WR�RXU�XQLW�IRU
SUR[LPLW\��7KH\�ZHUH�VHUYHG�VLPXOWDQHRXVO\����SDWLHQWV����SDWLHQWV�E\�WULDJH�FDWHJRU\�ZHUH�LQ�UHG����\HOORZ�DQG�JUHHQ�SROLFRQWXQGLGRV�RWKHU
FDWHJRU\�

3HGLDWULF�SDWLHQWV�PRVWO\�KDG�QR�LGHQWLILFDWLRQ�E\�QDPH�RU�FKDUDFWHULVWLFV��VR�WKDW�WKHLU�SRVW�'1$�LGHQWLILFDWLRQ�SDUHQWV�JDYH�

WKH�ORFDO�UHVSRQVH�WR�WKH�HPHUJHQF\�VHUYLFHV�DUH�FRRUGLQDWHG��LQ�WXUQ��ZDV�PDGH�LPPHGLDWH�WUDQVIHU�RI�WZR�DGXOW�SDWLHQWV�6SHFLDOL]HG�&HQWHU�LQ
%XUQV�DQG�GD\V�WR�D�SHGLDWULF�SDWLHQW�WR�WKH�%XUQ�8QLW�DW�+RVSLWDO�*DOYHVWRQ�



0,6&(//$1(286 $QGUHZ�1HYHV

��������%XFNLQJKDP�0HGLFDO�6WXGHQWV
�&RPPXQLW\�)LUVW�5HVSRQGHU�6FKHPH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$QGUHZ�1HYHV������0DWWKHZ�%HFN����

�����8QLYHUVLW\�RI�%XFNLQJKDP���%XFNLQJKDP��8.

.H\ZRUGV��0HGLFDO�6WXGHQWV��&RPPXQLW\��5HVSRQGHUV�

$EVWUDFW��

7KH�%XFNLQJKDP�0HGLFVÇ�&RPPXQLW\�)LUVW�5HVSRQGHU��%0&)5��6FKHPH�ZDV�VWDUWHG�LQ�$XJXVW�������DQG�ZDV�FUHDWHG�E\�PHGLFDO�VWXGHQWV�IROORZLQJ
VRPH�UHVHDUFK�LQWR�DYHUDJH�PHGLFDO�VHUYLFH�UHVSRQVH�WLPHV��DQG�WKH�SRSXODWLRQ�GHPRJUDSKLF�RI�WKH�WRZQ�

7KH�VFKHPH�DOORZV�PHGLFDO�VWXGHQWV�WR�FRPSOHWH�DGGLWLRQDO�WUDLQLQJ�WR�HQDEOH�WKHP�WR�UHVSRQG�WR�SRWHQWLDOO\�OLIH�WKUHDWHQLQJ�FDVHV�RQ�EHKDOI�RI
6RXWK�&HQWUDO�$PEXODQFH�6HUYLFH��7KH�UHVSRQVH�LV�DOZD\V�ZLWKLQ�D�WHQ�PLQXWH�GULYLQJ�UDGLXV��DQG�HQFRPSDVVHV�D�UDQJH�RI�DLOPHQWV�IURP�PLQRU
LQMXULHV�WR�FDUGLDF�DUUHVW��:LWKLQ�WKH�ILUVW���PRQWKV��RYHU�����FDOOV�ZHUH�DWWHQGHG�DQG�D�PXFK�ODUJHU�LQWHUHVW�KDV�EHHQ�GUDZQ��ZLWK�KRSH�WR�H[WHQG
UHVSRQGHU�KRXUV�WR������ZLWKLQ�WKH�QH[W�IHZ�PRQWKV�

7KLV�VFKHPH�KHOSV�WKH�ORFDO�FRPPXQLW\�E\�SURYLGLQJ�ILUVW�UHVSRQVH�PHGLFDO�FRYHU��DQG�LW�KHOSV�PHGLFDO�VWXGHQWV�WR�XVH�DQG�DSSO\�WKHLU�NQRZOHGJH
ILUVW�KDQG��ZKLFK�VHHPV�WR�EH�EHQHILFLDO�WR�WKH�VWXGHQWV�DUH�FXUVRU\�GDWD�RI�26&(�SHUIRUPDQFH�EHWZHHQ�UHVSRQGHUV�DQG�QRQ�UHVSRQGHUV�VXJJHVWV
WKRVH�ZKR�DUH�UHVSRQGHUV�GR�EHWWHU�LQ�ILUVW�\HDU�H[DPV��0RUH�GDWD�LV�EHLQJ�FROOHFWHG�WR�FRQGXFW�D�FOLQLFDO�DXGLW�E\�WKH�HQG�RI�������ORRNLQJ�DW�ILUVW
KDQG�FOLQLFDO�H[SHULHQFH�DQG�H[DPLQDWLRQ�SHUIRUPDQFH�

�

�
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��������$QJLRHGHPD��1DVDO�YHVWLEXOLWLV�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-XDQ�$QWRQLR�5LYHUR������(QULTXH�&DUR������'DQLHO�)HUQDQGH]�9DUJDV������(GXDUGR�5RVHOO������3HGUR�$UULEDV������)UDQFLVFR�7HPERXU\����

���&ULWLFDO�FDUH�DQG�HPHUJHQF\�VHUYLFH��0DODJD��0DODJD��63$,1

.H\ZRUGV��$QJLRHGHPD��9HVWLEXOLWLV��,PPXQRFRPSURPLVHG�

$EVWUDFW��

+LVWRU\�

0DOH����\HDUV�UHIHUUHG�SDLQ�LQ�WKH�ULJKW�QDVDO�YHVWLEXOH���KRXUV�HYROXWLRQ�ZLWK�GHFOLQHV�GXULQJ�WKH�ODVW�KRXUV��VSUHDG�WR�DSSUHFLDWH�KRORIDFLDO�H\HOLGV
HGHPD�DQG�IHYHU�XS���
�q&�DQG�VKLYHULQJ�

)URP�WKH�SUHYLRXV�GD\V�LW�SUHVHQWV�ER[�SURJUHVVLYH�IDFLDO�VZHOOLQJ��7KH�IDPLO\�UHSRUWV�WKDW�LQ�WKH�SUHYLRXV�GD\V�IRRG�PDWHULDO�E\�QRVWULOV��ZLWK
IXUWKHU�PDQLSXODWLRQ�E\�WKH�SDWLHQW��SUHVHQWLQJ�IURP�WKH�ODVW����KRXUV�VZHOOLQJ��UHGQHVV��DQG�EOLVWHUV�IOXFWXDWLRQ�DURXQG�WKH�IDFLDO�ERQHV��ZLWK�SDLQ
RQ�SDODSFL�Q

$3��VHYHUH�&23'��,g�FKURQLF�UHQDO��3HUPDQHQW�$)�DQWLFRDJXODWHG�ZLWK�ULYDUR[DEDQ��/XQJ�FDUFLQRPD�ZLWK�OLYHU�PHWDVWDVHV�LQ�WUDWDPLQWR�ZLWK
SDOOLDWLYH�FKHPRWKHUDS\�

3K\VLFDO�H[SORUDWLRQ�

3XUXOHQW�QDVDO�DUHD�LQ�ERWK�KDOOV��FROXPHOOD�DQG�XSSHU�OLS�SKLOWUXP�

)DFLDO�VZHOOLQJ�IURP�FKLQ�WR�JODEHOD�DVVRFLDWHG�ZLWK�UHGQHVV��KHDW�DQG�LQWHQVH�WHQGHUQHVV��/REE\�ZLWK�SXUXOHQW�QDVDO�GLVFKDUJH�HU\WKHPDWRVXV�
*UHDW�ELODWHUDO�SDOSHEUDO�HGHPD�SUHYHQWLQJ�H\H�RSHQLQJ�

�

�,QYHVWLJDWLRQV�

%ORRG�WHVWV��%ORRG�FRXQW��/HXNRF\WH��������QHXWURSKLOLD������+E��
���3ODWHOHWV���������&RDJXODWLRQ��37�DFWLYLW\��������9HQRXV�EORRG�JDVHV��S+
������%LRFKHPLVWU\��JOXFRVH������XUHD�����FUHDWLQLQH�������QRUPDO�LRQV��3&5������3URFDOFLWRQLQ������

7$&�VNXOO�DQG�VLQXVHV��PXFRVDO�WKLFNHQLQJ�RI�ERWK�PD[LOODU\�VLQXVHV�ZLWK�SDUWLDO�RFFXSDWLRQ�RI�WKH�OHIW�DQG�DQWHULRU�HWKPRLG�FHOOV�IRU�VRIW�WLVVXH
GHQVLW\�PDWHULDO��DV�ZHOO�DV�WKLFNHQLQJ�RI�WKH�PXFRVDO�OLQLQJ�RI�WKH�OHIW�PD[LOODU\�VLQXV��6LJQLILFDQW�LQFUHDVH�LQ�WKLFNQHVV�DQG�GHQVLW\�RI�VRIW�WLVVXH�WR
GLIIXVH�IDFLDO�OHYHO��ZKLFK�FRXOG�EH�UHODWHG�WR�LQIODPPDWRU\�LQIHFWLRXV�SURFHVV��IRFDO�ERQH�GHIHFW�ZLWK�FRUWLFDO�WKLQQLQJ�DQG�IURQW�ULJKW�VXSUDRUELWDO
OHYHO�

)LQDO�GLDJQRVLV�

)DFLDO�FHOOXOLWLV�LQ�LPPXQRFRPSURPLVHG�SDWLHQW

(YROXWLRQ�

$GPLVVLRQ�LV�GHFLGHG�LQ�REVHUYDWLRQ�DUHD�JLYHQ�WKH�VHYHUH�VHSVLV�ER[�RI�RULJLQ�LQ�VNLQ�DQG�VRIW�WLVVXH�IDFLDO�DQG�FHUYLFDO�UHJLRQ��VWDUWLQJ�WUHDWPHQW
ZLWK�FHIWULD[RQH��FOR[DFLOOLQ�DQG�PHWK\OSUHGQLVRORQH�

*LYHQ�WKH�SURSHU�HYROXWLRQ�GXULQJ�WKH�ILUVW����KRXUV�DGPLVVLRQ�LV�GHFLGHG�LQ�FKDUJH�RI�,QWHUQDO�0HGLFLQH�GLVFDUGHG�VXUJLFDO�DSSURDFK�JLYHQ�WKH
SDOOLDWLYH�VWDJH�RI�KLV�SUHYLRXV�LOOQHVV�

$IWHU�DOPRVW�D�PRQWK�RI�KRVSLWDOL]DWLRQ��DQG�DIWHU�DGGLQJ�WR�YDODFLFORYLU�LQWUDYHQRXV�WUHDWPHQW�LV�GHFLGHG�GLVFKDUJHG�KRPH�DIWHU�SURJUHVVLYH
LPSURYHPHQW�RI�WKH�LQIHFWLRQ�ZLWK�IDFLDO�DQG�FHUYLFDO�UHFRYHU\�

�

�

&RQFOXVLRQV�

+RZHYHU�PLQLPDO�SRVVLEOH�HQWU\�PXVW�WDNH�VSHFLDO�SUHFDXWLRQV�LQ�FDQFHU�SDWLHQWV�EHLQJ�LPPXQRFRPSURPLVHG�DQG�FRPSOLFDWLRQV�WKDW�PLJKW�HQWDLO�



75$80$ 3LODU�&RQGH

��������(YROXWLRQ�RI�FODLPV�LQ�D�+RVSLWDO�(PHUJHQF\�8QLW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3LODU�&RQGH������-HVXV�0RUHQR������$OEHUWR�0RUHQR������9DQHVD�*LO������(GXDUGR�&KLFKLOOD������-RVH�0DULD�5RMDV�0DUFRV����

����(PHUJHQF\�'HSDUWPHQW�DQG�,QWHQVLYH�&DUH�8QLW�RI�WKH�7UDXPDWRORJ\�DQG�5HKDELOLWDWLRQ�&HQWHU��9,5*(1���MXQWD�GH�DQGDOXFLD��6HYLOOD�
����7HFKQRORJLFDO�5	'�*URXS��9,5*(1�'(/�52&x2�81,9(56,7<�+263,7$/���6HYLOOH��6SDLQ���MXQWD�GH�DQGDOXFLD��6HYLOOD��63$,1
����7HFKQRORJLFDO�5	'�*URXS��9,5*(1�'(/�52&x2�81,9(56,7<�+263,7$/���6HYLOOH��6SDLQ���MXQWD�GH�DQGDOXFLD��6HYLOOD�
���(PHUJHQF\�'HSDUWPHQW�DQG�,QWHQVLYH�&DUH�8QLW�RI�WKH�7UDXPDWRORJ\�DQG�5HKDELOLWDWLRQ�&HQWHU��9,5*(1�'(/�52&x2�81,9(56,7<�+263,7$/���MXQWD
GH�DQGDOXFLD���6HYLOOD���6HUYLFLR�$QGDOX]�GH�6DOXG��6HYLOOD��63$,1

.H\ZRUGV��&ODLPV��HYROXWLRQ��PHGLFDO�HUURUV�

$EVWUDFW��

2%-(&7,9(6�

,Q�RUGHU�WR�LPSURYH�WKH�TXDOLW\�RI�FDUH�ZH�SHUIRUPHG�WKH�DQDO\VLV�RI�XVHUV
�FODLPV��,Q�WKLV�DQDO\VLV�ZH�KDYH�H[SORUHG�SRVVLEOH�FKDQJHV�LQ�LWV
FKDUDFWHULVWLFV�DQG�DVVHVV�LPSURYHPHQWV�PDGH�GXULQJ�D�WLPH�SHULRG�RI�WZR�\HDUV�

0(7+2'2/2*<�

,W�ZDV�PDGH�D�GHVFULSWLYH�UHWURVSHFWLYH�VWXG\�RI�WKH�FODLPV�PDGH�LQ�REVHUYDWLRQ�HPHUJHQF\�GHSDUWPHQW��H[FOXGLQJ�FODLPV�GLUHFWHG�WR�RWKHU�XQLWV�
<HDUV�RI�VWXG\�������DQG�������9DULDEOHV�DQDO\]HG��UHDVRQ��FKDUDFWHULVWLFV��MXVWLILFDWLRQ�RU�FDXVH�RI�WKH�FODLP��7KH�VWDWLVWLFDO�SURJUDP�6366�ZDV
DSSOLHG�WR�DQDO\VH�WKH�UHVXOWV�DQG�PDNH�LQIHUHQFHV�WKURXJK�WKH�FKL�VTXDUH�WHFKQLTXH�

5(68/76�

7RWDO�QXPEHU�RI�HPHUJHQFLHV����������\HDU���������������\HDU�������7RWDO�&ODLPV��������������\HDU�������������������\HDU��������&DXVH�RI�WKH
FODLP��GHOD\�RI�FDUH������������\HDU�������DQG������������\HDU��������LQDSSURSULDWH�PDQQHU�����������\HDU�������DQG�����������\HDU��������ODFN�RI
LQIRUPDWLRQ��������DQG���������\HDU��������WHFKQLFDO�RU�DUFKLWHFWXUDO�SUREOHPV�DQG�ODFN�RI�SULYDF\����������\HDU�������DQG���������\HDU������
5HVWULFW�WKH�DFFHVV�RI�PRUH�WKDQ�RQH�FRPSDQLRQ������������\HDU����������\HDU��������'LVDJUHHPHQW�LQ�FDUH����������\HDU�������DQG���������
�\HDU��������ODFN�RI�KHDOWK�SHUVRQQHO����\HDU�������DQG���������\HDU��������&RPSXWHU�HUURUV�����\HDU�������DQG���������\HDU��������$GPLQLVWUDWLYH
SURFHVV����\HDU�������DQG���������\HDU�������'LDJQRVWLF�HUURUV���������\HDU�������DQG���������\HDU�������2WKHU���������\HDU�������DQG�������
�\HDU��������8QMXVWLILHG�FODLPV�������\HDU�������DQG������\HDU��������3URSHU�FODLPV�������\HDU�������DQG�����\HDU��������$YRLGDEOH�FODLPV�
FRUUHFWLQJ�DUFKLWHFWXUDO�GHIHFWV������\HDU��������LW�LQFOXGHV�QRW�DOORZLQJ�FRPSDQLRQV�DQG�LQDGHTXDWH�IDFLOLWLHV��DQG�����FXUUHQWO\�VROYHG��
,QFUHDVHG�KHDOWK�SHUVRQQHO��FXUUHQWO\�LQFUHDVLQJ�������DQG�������LW�LQFOXGHV�GHOD\�RI�FDUH��ODFN�RI�LQIRUPDWLRQ�DQG�LQDGHTXDWH�WUHDWPHQW�

&21&/86,216�

��7KH�PRVW�FRPPRQ�FDXVH�IRU�FODLP�LV�WKH�GHOD\�RI�FDUH��7KLV�FRPSDULVRQ�VKRZV�WKDW�WKLV�LQGLFDWRU�GHFUHDVHG�RYHU�WLPH������DQG�����

���3DWLHQWV�UHSRUWHG�DQG�LQFUHDVHG�RI�WKH�ODFN�RI�LQIRUPDWLRQ��LQDGHTXDWH�PDQQHU�DQG�GLVDJUHHPHQW�LQ�FDUH��SUREDEO\�IRU�SHUVLVWLQJ�WKH�ODFN�RI
SHUVRQQHO��DV�ZHOO�DV�DYRLGDEOH�FODLPV

���7KHUH�ZHUH�QRW�UHSRUWHG�MXVWLILHG�FODLPV�FDXVHG�E\�PHGLFDO�HUURUV�

���7KH�QXPEHU�RI�FODLPV�LQFUHDVHG�E\�����LQ�WKH�\HDUV�FRPSDUHG�

���2QO\�����DQG����RI�FODLPV�ZHUH�DSSURSULDWH�



,1)(&7,286�',6($6(���6(36,6 .+(',-$�=$28&+(

��������6\VWHPLF�,QIODPPDWRU\�5HVSRQVH�6\QGURPH�RU�4�62)$��WKDWxV�WKH�TXHVWLRQ�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

.$0(/�0$-('������%$&&28&+(�5$0/$������1(,/$�0*+$,(7+������$60$�&+$5*8,������DFKRXUL�DEGHUUDKLP������02+$0('�02'+$))(5������.+(',-$
=$28&+(������+$0,'$�0$*+5$28,������&+2.5,�+$028'$������1(%,+$�%256$/,�)$/)28/����

���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�7($&+,1*�+263,7$/��/$�5$%7$�+263,7$/��WXQLV��781,6,$
���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�7($&+,1*�+263,7$/��81,9(56,7<�2)�0$1$5�,��WXQLV��781,6,$
���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�7($&+,1*�+263,7$/��/$�5$%7$�+263,7$/��781,6��781,6,$

.H\ZRUGV��6,56��4�62)$��(0(5*(1&<�'(3$570(17

$EVWUDFW��

,QWURGXFWLRQ

6HSVLV�LV�WKH�ILUVW�FDXVH�RI�LQIHFWLRQ�UHODWHG�GHDWK��,WV�GLDJQRVLV�PXVW�EH�HDUO\�WR�VWDUW�WUHDWPHQW�DQG�LPSURYH�SURJQRVLV��6HSVLV�GLDJQRVLV�LV
FODVVLFDOO\�EDVHG�RQ�WKH�DVVRFLDWLRQ�RI�WZR�RU�PRUH�6\VWHPLF�,QIODPPDWRU\�5HVSRQVH�6\QGURPH��6,56��FULWHULD�ZLWK�VXVSHFWHG�LQIHFWLRQ��7KH�QHZ
GHILQLWLRQ�UHFRPPHQGV�WKH�4�62)$�DV�TXLFN�VHTXHQWLDO�RUJDQ�IDLOXUH�ZLWFK�FDQ�EH�PRUH�KHOSIXO�IRU�WKH�PDQDJHPHQW�RI�VHSWLF�SDWLHQWV��:H
K\SRWKHVL]HG�WKDW�ERWK�6,56�DQG�4�62)$�FDQ�EH�XVHG�LQ�DOO�WKH�('�XVHUV�LQ�WKH�SUHGLFWLRQ�RI�D�SRRU�SURJQRVLV�

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WKH�SURJQRVWLF�YDOXH�RI�4�62)$�LQ�HPHUJHQF\�SRSXODWLRQ�DQG�WR�FRPSDUH�6,56�WR�4�62)$�LQ�SUHGLFWLRQ�RI�LQ
KRVSLWDO�PRUWDOLW\�LQ�VHSWLF�SDWLHQWV�

0HWKRGV

:H�FRQGXFWHG�D�SURVSHFWLYH�REVHUYDWLRQDO�DQG�GHVFULSWLYH�VWXG\�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�OD�5DEWD�WHDFKLQJ�KRVSLWDO�GXULQJ�WZR�PRQWKV�
,QFOXVLRQ�FULWHULD�ZHUH��DGXOW�SDWLHQWV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�DQG�UHTXLUHG�KRVSLWDOL]DWLRQ�LQ�REVHUYDWLRQDO�XQLW���([FOXVLRQ�FULWHULD
ZHUH��SDWLHQWV�XQGHU�WKH�DJH�RI�����LQMXUHG�SDWLHQWV��SDWLHQWV�LQ�FDUGLRUHVSLUDWRU\�DUUHVW��:H�HYDOXDWHG�LQ�KRVSLWDO�PRUWDOLW\��RUJDQ�IDLOXUH�DQG�QHHG
RI�KRVSLWDOL]DWLRQ�LQ�LQWHQVLYH�FDUH�XQLW�

5HVXOWV

����SDWLHQWV�ZHUH�LQFOXGHG��7KH�PHDQ�DJH�ZDV����\HDUV�ZLWK�D�VH[�UDWLR�RI������LQ�WKH�SDVW�PHGLFDO�KLVWRU\��ZH�IRXQG�GLDEHWHV��������K\SHUWHQVLRQ
��������DQG�FDUGLDF�SDWKRORJ\���������)LQDO�GLDJQRVHV�ZHUH�VHSVLV����������KHDUW�IDLOXUH���������DQG�GHFRPSHQVDWHG�GLDEHWHV��������������RI
SDWLHQWV�ZLWK�6,56�KDG�RUJDQ�IDLOXUH�YV�������ZLWKRXW�6,56��S���������6,56�ZDV�FRUUHODWHG�ZLWK�LQ�KRVSLWDO�PRUWDOLW\��������LQ�SDWLHQWV�ZLWK�6,56�YV
�����LQ�SDWLHQWV�ZLWKRXW�6,56��S ��������7KH�LQ�KRVSLWDO�PRUWDOLW\�ZDV�DERXW�������ZLWK�D�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQ�ZLWK�4�62)$��������
RI�SDWLHQWV�ZLWK�D�4�62)$�Õ��YV������RI�SDWLHQWV�ZLWK�D�4�62)$������S���������$�4�62)$�Õ���ZDV�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�GHYHORSLQJ�RUJDQ
G\VIXQFWLRQ��������YV�������RI�SDWLHQWV�ZLWK�D�4�62)$������S���������������RI�SDWLHQWV�KDG�D�VHSVLV�RU�D�VHYHUH�VHSVLV��6,56�ZDVQÇW�FRUUHODWHG
ZLWK�LQ�KRVSLWDO�PRUWDOLW\��������LQ�6,56�JURXS�YV�������LQ�JURXS�ZLWKRXW�6,56�FULWHULD��4�62)$�ZDV�FRUUHODWHG�ZLWK�LQ�KRVSLWDO�PRUWDOLW\�LQ�VHSWLF
FDVHV��PRUWDOLW\�ZDV�������LQ�SDWLHQWV�ZLWK�D��4�62)$�Õ��YV������LQ�SDWLHQWV�ZLWK�D�4�62)$�����S ������

���SDWLHQWV�GLGQÇW�PHW�WKH�6,56�FULWHULD�������GLHG�DQG�KDG�D�4�62)$Õ��YV������GLHG�ZLWK�4�62)$����7KHUH�ZDV�QR�FRUUHODWLRQ�EHWZHHQ�4�62)$
DQG�LQ�KRVSLWDO�PRUWDOLW\��S �������7HQ�RI�WKHP�GHYHORSHG�RUJDQ�IDLOXUH����KDG�D�T62)$�����YV��ZLWK�D�4�62)$Õ���S��������

&RQFOXVLRQ

%RWK�6,56�DQG�4�62)$�FDQ�EH�XVHG�WR�GHWHUPLQH�FULWLFDOO\�LOO�HPHUJHQF\�SDWLHQWV�ZLWK�D�VXSHULRULW\�RI�T�62)$�HVSHFLDOO\�IRU�VHSWLF�SDWLHQWV�



35(�+263,7$/���(06���287�2)�+263,7$/ 0,&+$/�3/2'5

��������:LWQHVVHG�FDUGLDF�DUUHVW�DQG�97�9)�DV�LQLWLDO�UK\WKP�DUH�VWLOO�D�VWURQJ�SUHGLFWRU�RI�VXUYLYDO�DIWHU�2+&$�v�UHVXOWV�IURP�WKH
(DVWHUQ�%RKHPLD�5HJLRQ�WKH�&]HFK�5HSXEOLF�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0LFKDO�3ORGU������-DURVODYD�.UHQFLNRYD������0RQLND�3UDXQRYD����

���)DFXOW\�RI�0LOLWDU\�+HDOWK�6FLHQFHV�8QLYHUVLW\�RI�'HIHQFH�+UDGHF�.UDORYH�DQG�(PHUJHQF\�0HGLFDO�6HUYLFHV�RI�WKH�+UDGHF�.UDORYH�5HJLRQ�
(PHUJHQF\�0HGLFDO�6HUYLFHV�RI�WKH�+UDGHF�.UDORYH�5HJLRQ��+UDGHF�.UDORYH��&=(&+�5(38%/,&
���(PHUJHQF\�0HGLFDO�6HUYLFHV�RI�WKH�+UDGHF�.UDORYH�5HJLRQ��(PHUJHQF\�0HGLFDO�6HUYLFHV�RI�WKH�+UDGHF�.UDORYH�5HJLRQ��+UDGHF�.UDORYH��&=(&+
5(38%/,&

.H\ZRUGV��FDUGLDF�DUUHVW��YHQWULFXODU�ILEULOODWLRQ��VXUYLYDO�UDWH��ZLWQHVVHG�FROODSVH

$EVWUDFW��

,QWURGXFWLRQ��2XW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��LV�D�VLJQLILFDQW�FDXVH�RI�GHDWK�LQ�GHYHORSHG�FRXQWULHV��$OWKRXJK�HDUO\�WUHDWPHQW�KDV�EHHQ
LPSURYHG�LQ�VHYHUDO�ZD\V��WKH�JOREDO�VXUYLYDO�UDWH�DIWHU�2+&$�VWLOO�GRHV�QRW�H[FHHG��������

0HWKRGV��7KH�DXWKRUV�SUHVHQW�D�UHWURVSHFWLYH�FRKRUW�VWXG\�LQFOXGLQJ�����2+&$�IURP�WKH�(DVWHUQ�%RKHPLD�5HJLRQ�WKH�&]HFK�5HSXEOLF�IURP�-DQXDU\
��WR�6HSWHPEHU�����������7KH�ZLWQHVVHG�FROODSVH��LQLWLDO�UK\WKP�97�9)�DQG����GD\�VXUYLYDO�UDWH�ZHUH�UHFRUGHG��7KH�SULPDU\�RXWFRPH�ZDV�VXUYLYDO�WR
KRVSLWDO�DGPLVVLRQ�DQG�VXUYLYDO�WR�KRVSLWDO�GLVFKDUJH�ZLWK�&3&�����

5HVXOWV��2YHUDOO�VXUYLYDO�UDWH�WR�KRVSLWDO�DGPLVVLRQ�ZDV���������Q �����DQG�RYHUDOO�VXUYLYDO�UDWH�WR�KRVSLWDO�GLVFKDUJH�ZDV���������Q �����UHVS�
VXUYLYDO�UDWH�WR�KRVSLWDO�GLVFKDUJH�ZLWK�&3&������ZDV�������Q ������:LWQHVVHG�FROODSVH�RFFXUUHG�LQ��������FDVHV��Q �����DQG����������Q ����
SDWLHQWV�VXUYLYHG�WR�KRVSLWDO�DGPLVVLRQ�DQG���������Q ����VXUYLYHG�WR�KRVSLWDO�GLVFKDUJH�ZLWK�&3&������&RPELQDWLRQ�RI�WKH�ZLWQHVVHG�FROODSVH�DQG
97�9)�DV�LQLWLDO�UK\WKP�KDG���������Q ����SDWLHQWV�����������Q ����RI�WKHP�VXUYLYHG�WR�KRVSLWDO�DGPLVVLRQ�DQG���������Q ����VXUYLYHG�WR�KRVSLWDO
GLVFKDUJH�ZLWK�&3&������3DWLHQWV�ZLWK�FRPELQDWLRQ�RI�ZLWQHVVHG�FROODSVH�DQG�97�9)�KDG�FRQVLGHUDEO\�WKH�EHVW�FKDQFH�RI�ERWK�VXUYLYDO�DQG�JRRG
QHXURORJLFDO�RXWFRPH�

&RQFOXVLRQV��:H�SURYHG�WKDW�WKH�ZLWQHVVHG�FROODSVH�DQG�97�9)�DV�LQLWLDO�UK\WKP�DUH�WKH�VWURQJ�SUHGLFWRU�RI�VXUYLYDO�DIWHU�2+&$�ZLWK�JRRG
QHXURORJLFDO�RXWFRPH��&3&����



0$1$*(0(17���('�25*$1,6$7,21 .+(',-$�=$28&+(

��������7KH�UHVXVFLWDWLRQ�WUROOH\��$Q�RYHUYLHZ�RI�WKH�VLWXDWLRQ�DW�OD�5DEWD�+RVSLWDO�LQ�7XQLVLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.$0(/�0$-('������.+(',-$�=$28&+(������DEGHOZDKHE�PJKLUEL������DFKRXUL�DEGHUUDKLP������.DOOHO�PRKDPHG�DPLQH������02+$0('�02'+$))(5�����
+$0,'$�0$*+5$28,������&+2.5,�+$028'$������1(%,+$�%256$/,�)$/)28/����

���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�7($&+,1*�+263,7$/��/$�5$%7$�+263,7$/��WXQLV��781,6,$
���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�7($&+,1*�+263,7$/��/$�5$%7$�+263,7$/��781,6��781,6,$
���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�7($&+,1*�+263,7$/��81,9(56,7<�2)�0$1$5�,��WXQLV��781,6,$

.H\ZRUGV��5HVXVFLWDWLRQ�WUROOH\��ZDUGV��HTXLSHPHQW��UHFRPPDQGDWLRQV

$EVWUDFW��

,1752'8&7,21

7KH�HPHUJHQF\�WUROOH\�DOORZV�SK\VLFLDQV�WR�KDYH�UDSLGO\�DFFHVV�WR�HPHUJHQF\�HTXLSPHQW�DQG�GUXJV�LQ�FDVHV�RI�OLIH�WKUHDWHQLQJ�HPHUJHQFLHV�

7KH�DLP�RI�RXU�VWXG\�ZDV�WR�LQYHVWLJDWH�LI�WKHUH�LV�DQ�HPHUJHQF\�WUROOH\�LQ�DOO�WKH�ZDUGV�RI�OD�5DEWD�WHDFKLQJ�KRVSLWDO�LQ�7XQLVLD�DQG�WR�SURSRVH
SUDFWLFDO�UHFRPPHQGDWLRQV�WR�LPSURYH�HYHQWXDO�LQVXIILFLHQF\�

�

0(7+2'6

7KLV�ZDV�D�FURVV�VHFWLRQDO�GHVFULSWLYH�VWXG\�FRQGXFWHG�DW�OD�5DEWD�WHDFKLQJ�KRVSLWDO�LQ�7XQLVLD�GXULQJ�$SULO������

$�VXUYH\�ZDV�FRQGXFWHG�LQ�DOO�WKH�ZDUGV�UHODWHG�WR�WKH�H[LVWHQFH��WKH�FRPSRVLWLRQ�DQG�WKH�PDLQWHQDQFH�RI�DQ�HPHUJHQF\�WUROOH\�

:H�DQDO\]HG�WKH�FRPSRVLWLRQ�DQG�WKH�DUUDQJHPHQW�RI�WKH�FRPSRQHQWV�

�

5(68/76

2QO\�����RI�SDUWLFLSDQW�ZDUGV�KDG�DOUHDG\�DQ�HPHUJHQF\�WUROOH\��LQ�WKRVH�ZDUGV�WKH�PDQDJHPHQW��WKH�FRPSRVLWLRQ�DQG�WKH�PDLQWHQDQFH�ZDV�GRQH
E\�D�GHGLFDWHG�QXUVH�ZLWKRXW�D�SK\VLFLDQ�FRQWULEXWLRQ��2QO\�RQH�WKLUG�RI�WKRVH�WUROOH\�FRQWDLQHG�UHVXVFLWDWLRQ�GUXJV�DQG�D�TXDUWHU�FRQWDLQHG�D
FDUGLDF�PRQLWRU�ZLWK�GHILEULOODWRU�

7KRVH�WUROOH\V�ZHUH�XVHG�LQ�DOO�VLWXDWLRQV�HYHQ�WKRVH�ZLWFK�QRW�XUJHQW�DQG�WKH�FRPSRQHQWV�ZHUH�QRW�UHJXODUO\�YHULILHG�

�

&RQFOXVLRQ

2XU�GDWD�VKRZHG�D�ODFN�RI�HPHUJHQF\�WUROOH\V�GLVSRQLELOLW\�LQ�RXU�KRVSLWDO�SUREDEO\�GXH�WR�ODFN�RI�WKH�LQIRUPDWLRQ�UHJDUGLQJ�WKH�XVHIXOQHVV�XWLOLW\���



&$6(�35(6(17$7,21 0RKDPPDG�$QVDUL

��������&RPSHQVDWLRQ�RI�VKRFN�IROORZLQJ�,QMXU\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RKDPPDG�$QVDUL������4D]L�=DPDQ������$KPDG�,VPDLO����

�����JHRUJH�HOOLRW�KRVSLWDO��%LUPLQJKDP��8.

.H\ZRUGV��6KRFN�/LYHU

$EVWUDFW��

$Q����\HDU�ROG�ER\�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��+H�ZDV�KLW�E\�D�PRYLQJ�DUP�RI�D�PDFKLQH�RYHU�KLV�ULJKW�ORZHU�FKHVW��7KHUH�ZDV�D�ODUJH
EUXLVH�RYHU�WKH�ORZHU�SDUW�RI�WKH�FKHVW��+LV�SXOVH�UDWH�ZDV����ESP�ZLWK�D�%3�RI���������+H�ZDV�WHQGHU�LQ�WKH�ULJKW�K\SRFKRQGULXP��7KH�GLDJQRVLV�RI
D�UXSWXUHG�OLYHU�ZDV�PDGH�DQG�KH�ZDV�ERRNHG�IRU�WKHDWUH��+H�ZDV�JLYHQ���PJ�RI�PRUSKLQH�DQG�ZDV�DGPLWWHG�WR�WKH�ZDUG��+H�ZDV�VHHQ�E\�D�VHQLRU
&RQVXOWDQW��$W�WKDW�WLPH�KH�ZDV�QRWLFHG�WR�KDYH�EHHQ�VLWWLQJ�LQ�EHG�FRPIRUWDEO\�ZKLOH�KLV�SXOVH�UDWH�ZDV����ESP�DQG�KLV�EORRG�SUHVVXUH�RI���������,W
ZDV�GHFLGHG�WR�GHOD\�WKH�VXUJHU\�EHFDXVH�RI�KLV�SUHVHQW�FRQGLWLRQ�

�

7ZR�KRXUV�ODWHU�WKH�SDWLHQW�EHFDPH�LOO��+H�EHFDPH�EUHDWKOHVV��SXOVH�UDWH�ZDV�UHFRUGHG�WR�EH�����ESP�DQG�KH�KDG�D�%3��������+H�ZDV�WUDQVIXVHG
EORRG�DQG�D�FKHVW�[�UD\�ZDV�SHUIRUPHG�ZKLFK�VKRZHG�IOXLG�LQ�WKH�ULJKW�RI�WKH�FKHVW��$�GLDJQRVLV�RI�D�UXSWXUHG�GLDSKUDJP�ZDV�PDGH�DQG�KH�ZDV
WDNHQ�WR�WKHDWUH��$�ULJKW�WKRUDFRWRP\�ZDV�SHUIRUPHG��8SRQ�RSHQLQJ�WKH�FKHVW�KLV�OLYHU�SRSSHG�RXW�ZKLFK�ZDV�LQ�WZR�SLHFHV��2Q�IXUWKHU�H[SORUDWLRQ�LW
WUDQVSLUHG�WKDW�KLV�ULJKW�NLGQH\�ZDV�VHSDUDWHG�IURP�WKH�UHQDO�DUWHU\�DQG�YHLQ��DQG�ZDV�RQO\�DWWDFKHG�WR�WKH�ULJKW�XUHWKUD��$Q�LQFLVLRQ�ZDV�H[WHQGHG
WR�WKH�DEGRPHQ��DQG�D�ULJKW�QHSKUHFWRP\�ZDV�SHUIRUPHG��7KH�OLYHU�ZDV�UHSDLUHG�

�

7KH�SDWLHQW�UHFRYHUHG�DQG�ZDV�GLVFKDUJHG�KRPH�

�

&RQFOXVLRQ�

<RXQJ�SDWLHQWV�FRPSHQVDWH�ZHOO�IRU�D�WLPH�EHIRUH�FROODSVLQJ�VXGGHQO\�ZKLFK�LV�H[DFWO\�ZKDW�KDSSHQHG�LQ�WKLV�FDVH�



&$6(�35(6(17$7,21 0RKDPHG�DOL�&KHULI

��������5LFNHWWVLDO�,QIHFWLRQ���$�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

RQV�DQGROVL������0RKDPHG�DOL�&KHULI������KRXFHP�RXQL������NKDOHG�VDLGL������\RXVVHI�]LHG�(O�KHFKPL������0DOHN�+VRXQD������,QHV�6HGJK\HQL�����
=RXKDLHU�-HUEL����

���HPHUJHQF\�GHSDUWPHQW���KRVSLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��5LFNHWWVLD�FDVH�HPHUJHQF\

$EVWUDFW��

,QWURGXFWLRQ��

�

5LFNHWWVLDH�DUH�]RRQRWLF�LQIHFWLRQV�FDXVHG�E\�REOLJDWH�LQWUDFHOOXODU�EDFWHULD�RI�WKH�JHQHUD�5LFNHWWVLD�DQG�2ULHQWLD��EHORQJLQJ�WR�WKH�IDPLO\
5LFNHWWVLDFHDH�DQG�WUDQVPLWWHG�WR�KXPDQV�E\�WKH�ELWHV�RI�DUWKURSRGV��WKH�QXPEHU�RI�5LFNHWWVLD��VSHFLHV��SDWKRJHQLF��KDV�LQFUHDVHG�FRQVLGHUDEO\��,Q
UHFHQW�\HDUV�WKH�LQFLGHQFH�KDV�LQFUHDVHG�JOREDOO\��7KH�FOLQLFDO�SUHVHQWDWLRQ�LV�OLWWOH�VSHFLILF�DV�LV�WKH�FDVH�GHVFULEHG�EHORZ�

�

&DVH�UHSRUW�

�

$����\HDU�ROG�PDQ�ZLWK�QR�SDVW�PHGLFDO�KLVWRU\�SUHVHQWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW�ZLWK�LFWHUXV�IHEULOH�VLQFH�RQH�ZHHN��7KH�SDWLHQW�DOVR
FRPSODLQHG�RI�RG\QRSKDJLD��G\VSKDJLD��HSLJDVWULF�SDLQ�DQG�UHFXUUHQW�HSLVRGHV�RI�YRPLWLQJ��2Q�SK\VLFDO�H[DPLQDWLRQ�WKH�SDWLHQW�ZDV�FRQVFLRXV�
WHPSHUDWXUH������j&��PXFRFXWDQHRXV�LFWHUXV��QRQ�H[WHQVLYH�QRQ�QHFURWLF�SXUSXUD��FRQMXQFWLYDO�K\SHUHPLD�DQG�6RUH�WKURDW��$EGRPLQDO�H[DPLQDWLRQ
UHYHDOHG�PLOG�WHQGHUQHVV�RYHU�WKH�HSLJDVWULF�UHJLRQ�DQG�PRGHUDWH�KHSDWRVSOHQRPHJDO\��7KH�UHVW

RI�SK\VLFDO�H[DPLQDWLRQ�ZDV�XQUHPDUNDEOH�

�

/DERUDWRU\�LQYHVWLJDWLRQ�UHYHDOHG�KHSDWLF�F\WRO\VLV����WLPHV�DERYH�QRUPDO����FKROHVWDVLV��WKURPERF\WRSHQLD�������HOP�PP���LQIODPPDWRU\
ELRORJLFDO�V\QGURPH�ZLWK�&53������OHXNRF\WRVLV������HOP�PP���6HURORJ\�IRU�&09��KHSDWLWLV�$��%�DQG�&��ZLWK�+,9�ZHUH�QHJDWLYH��$Q�LPPXQRORJLFDO
WHVW�ZDV�QHJDWLYH�

$Q�DEGRPLQDO�XOWUDVRXQG�FRPSOHWHG�E\�DQ�DEGRPLQDO�&7�VKRZHG�D�KRPRJHQHRXV�PRGHUDWH�KHSDWRVSOHQRPHJDO\�

2SKWKDOPRORJLF�H[DPLQDWLRQ�VKRZHG�GHFUHDVH�YLVXDO�DFXLW\�ZLWK�QRQ�JUDQXORPDWRXV�ELODWHUDO�SDQXYHLWLV�ZLWK�UHWLQDO�YDVFXOLWLV�DQG�UHWLQDO�QHFURVLV
RI�WKH�SRVWHULRU�SROH�LQ�IDYRU�RI�ULFNHWWVLHV�DQG�OHSWRVSLURVLV�

+H�ZDV�WUHDWHG�ZLWK�$PSLFLOOLQH�GXULQJ����GD\V�WKHQ�ZLWK�/HYRIOR[DFLQH�GXULQJ��GD\V�

�

�

7KH�HYROXWLRQ�ZDV�PDUNHG�E\�WKH�SHUVLVWHQFH�RI�IHYHU��DOVR�WR�WKH�ZRUVHQLQJ�RI�FKROHVWDVLV�DQG�F\WRO\VLV�����GD\�WKH�WKURPERF\WRSHQLD�EHJDQ
UHJUHVV�

�

6HURORJ\�IRU�ULFNHWWVLDO�ILQDOO\�FDPH�EDFN�SRVLWLYH��7KH�SDWLHQW�ZDV�GLVFKDUJHG�KRPH�RQ�KRVSLWDO�GD\�����RQO\�UHTXLULQJ�RFXODU�DQG�SDUDFOLQLFDO
IROORZXS�

�

�

&RQFOXVLRQ�

�



5LFNHWWVLHV�UHPDLQ�OLWWOH�NQRZQ��7KH\�KDYH�QR�SDWKRJQRPRQLF�VLJQV��DOWKRXJK�WKHUH�DUH�VLJQV�DQG�V\PSWRPV�WKDW�DUH�KLJKO\�VXJJHVWLYH��VXFK�DV�WKH
SUHVHQFH�RI�IHYHU��UDVK��O\PSKDGHQRSDWK\��DQG�DQ�HVFKDU��WDFKH�QRLUH���8QIRUWXQDWHO\�QRW�DOZD\V�DQG�QRW�DOO�ULFNHWWVLHV�SUHVHQW�W\SLFDO�VLJQV�DQG
V\PSWRPV��,Q�PRVW�FDVHV�FOLQLFDO�VXVSLFLRQ�WRJHWKHU�ZLWK�D�SRVLWLYH�VHURORJ\�LV�VXIILFLHQW�WR�PDNH�WKH�GLDJQRVLV�RI�ULFNHWWVLRVLV��'R[\F\FOLQH�LV�WKH
GUXJ�RI�FKRLFH�IRU�DOO�RI�WKH�NQRZQ�ULFNHWWVLHV�

$W�SUHVHQW�WKHUH�LV�QR�YDFFLQH�DQG�WKH�EHVW�SUHYHQWLRQ�LV�XVLQJ�UHSHOOHQWV�



75$80$ -XVWLQH�-RUGDQ

��������0DMRU�WUDXPD�SUHVHQWLQJ�WR�D�WHUWLDU\�FHQWUH�LQ�,UHODQG�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-XVWLQH�-RUGDQ������0DULH�7KHUHVH�&RRQH\������5DFKDHO�'R\OH������'DYLG�0HQ]LHV������-RKQ�&URQLQ����

���(PHUJHQF\�'HSW�6+2��6W��9LQFHQWV�8QLYHUVLW\�+RSVLWDO��'XEOLQ��,5(/$1'
���&RQVXOWDQW�*HULDWULFLDQ��6W��9LQFHQWV�8QLYHUVLW\�+RSVLWDO��'XEOLQ��,5(/$1'
���&RQVXOWDQW�LQ�(PHUJHQF\�0HGLFLQH��6W��9LQFHQWV�8QLYHUVLW\�+RSVLWDO��'XEOLQ��,5(/$1'

.H\ZRUGV��7UDXPD��HOGHUO\��HSLGHPLRORJ\

$EVWUDFW��

0DMRU�WUDXPD�SUHVHQWLQJ�WR�D�WHUWLDU\�FHQWUH�LQ�,UHODQG�

�

%DFNJURXQG

7UDGLWLRQDOO\�PDMRU�WUDXPD�KDV�EHHQ�YLHZHG�DV�D�GLVHDVH�RI�\RXQJ�PHQ�LQYROYHG�LQ�KLJK�HQHUJ\�WUDQVIHU�PHFKDQLVPV��:LWK�WKH�DJLQJ�SRSXODWLRQ�LQ
(XURSH�WKH�IDFH�RI�PDMRU�WUDXPD�LV�FKDQJLQJ�

�

$LP

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHVFULEH�WKH�GHPRJUDSKLFV�RI�PDMRU�WUDXPD�SUHVHQWLQJ�WR�D�WHUWLDU\�XUEDQ�XQLYHUVLW\�KRVSLWDO�LQ�,UHODQG�RYHU�D
���PRQWK�SHULRG�

�

0HWKRGV

6W��9LQFHQWÇV�8QLYHUVLW\�+RVSLWDO��698+��ZDV�WKH�ILUVW�LQVWLWXWLRQ�LQ�,UHODQG�WR�FRQWULEXWH�WR�WKH�7UDXPD�$XGLW�	�5HVHDUFK�1HWZRUN��7$51��GDWDEDVH
DQG�KDV�EHHQ�GRLQJ�VR�VLQFH�6HSWHPEHU�����'HPRJUDSKLFV��PHFKDQLVP�RI�LQMXU\��,QMXU\�6HYHULW\�6FRUH��,66���OHQJWK�RI�VWD\��/26��DQG�WLPH�WR�&7
DUH�SUHVHQWHG�LQ�WKLV�VWXG\�

�

5HVXOWV

$�WRWDO�RI�����SDWLHQWV�ZHUH�LQFOXGHG�IURP�6HSWHPEHU��VW������WR�$XJXVW���VW�������2I�WKLV�SRSXODWLRQ�������ZHUH�PDOH��7KH�PHDQ�DJH�DW
SUHVHQWDWLRQ�ZDV������\HDUV��6'������������SDWLHQWV���������ZHUH�!���\HDUV��ZLWK�D�VWURQJ�IHPDOH�SUHSRQGHUDQFH������PDOHV���������DQG����
IHPDOHV���������RYHU����\HDUV���7KH�PRVW�FRPPRQ�PHFKDQLVP�RI�LQMXU\�ZDV�ÈIDOO�OHVV�WKDQ���PHWUHVÉ��Q �������������IROORZHG�E\�YHKLFOH�FROOLVLRQ
�Q �������������,Q�WKH�RYHU����SRSXODWLRQ���������Q �����VXIIHUHG�D�IDOO�OHVV�WKDQ���PHWUHV��������KDG�DQ�,66�RI������DQG�������D�VFRUH�RI�JUHDWHU
WKDQ�!����7KH�PHGLDQ�,66�ZDV����UDQJH��������7KH�PHDQ�OHQJWK�RI�VWD\�ZDV������GD\V��6'�����������SDWLHQWV��������GLHG��RI�ZKRP����ZHUH�RYHU�WKH
DJH�RI�����L�H�������RI�WKLV�JURXS��

�

&RQFOXVLRQ

2XU�WUDXPD�GDWDEDVH�LQFOXGHG�PRUH�SDWLHQWV�RYHU�WKH�DJH�RI����WKDQ�XQGHU��DQG�WKH�SUHGRPLQDQW�PHFKDQLVP�RI�LQMXU\�ZDV�RQH�RI�ORZ�HQHUJ\��L�H�
IDOO�IURP�OHVV�WKDQ���PHWUHV��2XU�GDWD�LV�LQ�NHHSLQJ�ZLWK�RWKHU�UHFHQW�VWXGLHV�IURP�ODUJH�WUDXPD�GDWDEDVHV�����,W�KLJKOLJKWV�WKH�QHHG�WR�WDLORU�RXU
PDMRU�WUDXPD�VHUYLFHV�WR�VSHFLILF�QHHGV�RI�WKH�HOGHUO\�

�

5HIHUHQFHV

7KH�FKDQJLQJ�IDFH�RI�PDMRU�WUDXPD�LQ�WKH�8.��.HKRH�$��HW�DO��(PHUJ�0HG�-�������������Ä������

�



35(�+263,7$/���(06���287�2)�+263,7$/ (JOH�=HOELHQH

��������3UHKRVSLWDO�VHSVLV�VFUHHQLQJ�SURWRFRO�LQVWDOODWLRQ�DQG�PDQDJHPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(JOH�=HOELHQH������1HGDV�-DVLQVNDV����

���(PHUJHQF\�GHSDUWPHQW��/LWKXDQLDQ�8QLYHUVLW\�RI�+HDOWK�VFLHQFHV�KRVSLWDO�.DXQDV�FOLQLFV��.DXQDV��/,7+8$1,$

.H\ZRUGV��VHSVLV��SUHKRVSLWDO�FDUH��TXLFN�VRID�FULWHULD��ODFWDWH�WHVW

$EVWUDFW��

(DUO\�UHFRJQLWLRQ�RI�VHSVLV�LV�GLIILFXOW�LQ�SUHKRVSLWDO�VHWWLQJ�ZLWKRXW�SURWRFRO�EDVHG�VFUHHQLQJ��3DWLHQWV�ZLWK�VHSVLV�DUH�SULRULWL]HG�LQ�RUGHU�WR�ORZHU
WUHDWPHQW�FRVW�DQG�VWDUW�HDUO\�FDUH�LQLWLDWLRQ��%HWWHU�VXUYLYDO�UDWHV�RFFXU�IURP�HDUO\�GLDJQRVLV�DQG�WUHDWPHQW�RI�VHSVLV��$FFXUDWH�UHFRJQLWLRQ�RI�VHSVLV
LV�LPSRUWDQW�WR�LQLWLDWH�FDUH�LQ�DPEXODQFH�DQG�WR�LQIRUP�(PHUJHQF\�GHSDUWPHQW�EHIRUH�GHOLYHULQJ�D�SDWLHQW���

0HWKRGV��,GHQWLILFDWLRQ�RI�VHSVLV�ZDV�PDGH�XVLQJ�D�TXLFN�VRID��VHSVLV�UHODWHG�RUJDQ�IDLOXUH�DVVHVVPHQW��FULWHULD�SUHVHQWHG�LQ������DQG�EORRG�ODFWDWH
WHVW�LQ�SUHKRVSLWDO�HPHUJHQF\�PHGLFDO�VHUYLFH��4XLFN�VRID�FULWHULD�ZHUH�GHFODUHG�E\�WKH�7KLUG�,QWHUQDWLRQDO�&RQVHQVXV�'HILQLWLRQV�IRU�6HSVLV�DQG
6HSWLF�VKRFN��6HSVLV�����7KH�SUHKRVSLWDO�SURWRFRO�WHDP�LQVWDOOHG�TXLFN�VRID�FULWHULD�DQG�EORRG�ODFWDWH�WHVW�TXHVWLRQ�WR�WRXFK�SDGV�XVHG�LQ�HYHU\GD\
DPEXODQFH�SUDFWLFH��7KH�FRPSDULVRQ�LV�PDGH�EHWZHHQ�SUHKRVSLWDO�VHSVLV�VFUHHQLQJ�SURWRFRO�DQG�LQGHSHQGHQW�FOLQLFDO�MXGJHPHQW��7KH�RXWFRPHV�DUH
EDVHG�RQ�GLDJQRVHG�VHSVLV�FDVHV�LQ�KRVSLWDO��5HVXOWV��3UHKRVSLWDO�VHSVLV�VFUHHQLQJ�SURWRFRO�FDQ�SRWHQWLDOO\�LPSURYH�UHFRJQLWLRQ�RI�VHSVLV�DQG�HDUO\
WUHDWPHQW�LQLWLDWLRQ�DOVR�LPSDFWLQJ�WKH�RXWFRPHV��)XUWKHU�UHVHDUFK�LV�QHHGHG�IRU�D�IXOO�HYDOXDWLRQ�RI�SUHKRVSLWDO�VHSVLV�VFUHHQLQJ�SURWRFRO�LPSDFW�RQ
RXWFRPHV�RI�HDUO\�VHSVLV�LGHQWLILFDWLRQ�



&$5',29$6&8/$5 6DELQH�%HNV

��������+RZ�KHDUW�DQG�NLGQH\�ZRUN�WRJHWKHU��WKH�FDUGLRUHQDO�V\QGURPH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6DELQH�%HNV������(PPD�5�WWJHU������(YD�6ODJ����

���VHQLRU�UHVLGHQW�('��$OEHUW�6FKZHLW]HU�KRVSLWDO���'RUGUHFKW���7+(�1(7+(5/$1'6
���MXQLRU�UHVLGHQW���$OEHUW�6FKZHLW]HU�KRVSLWDO���'RUGUHFKW��7+(�1(7+(5/$1'6
���('�SK\VLFLDQ��$OEHUW�6FKZHLW]HU�KRVSLWDO���'RUGUHFKW��7+(�1(7+(5/$1'6

.H\ZRUGV��P\RFDUGLDO�LQIDUFWLRQ��YHQWULFXODU�VHSWDO�UXSWXUH��DFXWH�NLGQH\�LQMXU\��FDUGLRUHQDO�V\QGURPH

$EVWUDFW��

,QWURGXFWLRQ�

$FXWH�NLGQH\�LQMXU\�DQG�FDUGLDF�SDWKRORJ\�DUH�GDLO\�VHHQ�SUREOHPV�DW�WKH�(PHUJHQF\�'HSDUWPHQW��:H�SUHVHQW�D�FDVH�WKDW�VKRZV�WKH�FORVH�UHODWLRQ
EHWZHHQ�FDUGLRYDVFXODU�GLVHDVH�DQG�NLGQH\�G\VIXQFWLRQ��7KH�SUHVHQWHG�SDWLHQW�ZDV�IRXQG�WR�KDYH�D�UDUH�FDUGLDF�FRPSOLFDWLRQ�

&DVH�GHVFULSWLRQ�

$����\HDU�ROG��SUHYLRXVO\�KHDOWK\�ZRPDQ�ZDV�EURXJKW�WR�RXU�(PHUJHQF\�'HSDUWPHQW�E\�DPEXODQFH�DIWHU�UHIHUUDO�E\�KHU�IDPLO\�GRFWRU�ZLWK�WKH
VXVSLFLRQ�RI�GHK\GUDWLRQ��7KH�SUHYLRXV�ZHHN�VKH�ZDV�WUHDWHG�ZLWK�DPR[LFLOOLQ�FODYXODQ�DFLG�IRU�D�VXVSHFWHG�SXOPRQDU\�LQIHFWLRQ��G\VSQRHLF�DQG�LOO�
ZLWKRXW�FRXJKLQJ�RU�IHYHU��2QH�GD\�DIWHU�VWDUWLQJ�WUHDWPHQW�WKH�SDWLHQW�JRW�GLDUUKRHD��%HFDXVH�RI�ZHDNQHVV�VKH�ZDV�O\LQJ�LQ�EHG�IRU�D�ZHHN�

2Q�SK\VLFDO�H[DPLQDWLRQ�WKH�SDWLHQW�ZDV�VOLJKWO\�FRQIXVHG�ZLWK�D�*ODVJRZ�&RPD�6FDOH�RI�(�0�9���3DWLHQWV�KHDUW�UDWH�ZDV����PLQ��KHU�EORRG
SUHVVXUH��������PP+J��DQG�VKH�KDG�D�UHVSLUDWRU\�UDWH�RI�������PLQ�DQG�R[\JHQ�VDWXUDWLRQ�����ZLWK�WKUHH�OLWUHV�R[\JHQ��6KH�ZDV�K\SRWKHUPLF
������GHJUHH�&HOVLXV��ZLWK�FROG�DFUD��$XVFXOWDWLRQ�UHYHDOHG��D�ORXG�PXUPXU�RI�WKH�KHDUW��JUDGH�,,,�,9�9,��&UHSLWDWLRQ�ZDV�KHDUG�RYHU�WKH�OXQJV��3LWWLQJ
RHGHPD�RI�KHU�DQNOHV�ZDV�YLVLEOH�

7KH�FKHVW�[�UD\�VKRZHG�DQ�HQODUJHG�KHDUW�DQG�IOXLG�LQ�WKH�ILVVXUH�ZLWKRXW�RWKHU�VLJQV�RI�KHDUW�IDLOXUH��3DWKRORJLFDO�4ÇV�LQ�9��9��DQG�67�HOHYDWLRQ�LQ
9��9��ZHUH�YLVLEOH�RQ�WKH�HOHFWURFDUGLRJUDP��%ORRG�UHVXOWV�UHYHDOHG�GLVWXUEDQFHV�RI�UHQDO���FUHDWLQLQH������XUHD��������VRGLXP������SRWDVVLXP�����
DQG�KHSDWLF�IXQFWLRQ��ELOLUXELQ�����**7�����$)�����$6$7������$/$7������/'+�������$UWHULDO�EORRG�JDV�DQDO\VLV�ZDV�QRUPDO��7KH�FDUGLDF�PDUNHUV�ZHUH
DOVR�HOHYDWHG��WURSRQLQ�,������DQG�&.�������$Q�DGGLWLRQDO�HFKRFDUGLRJUDSK\�VKRZHG��EHVLGHV�DNLQHVLD�RI�WKH�DSH[�DQG�DSLFDO�VHSWXP��D�UXSWXUH�RI
WKH�DSLFDO�VHSWXP�DQG�D�GLODWHG�ULJKW�YHQWULFOH�

3DWLHQW�ZDV�WUDQVIHUUHG�WR�DQ�DFDGHPLF�KRVSLWDO�EHFDXVH�RI�WKH�SRVVLEOH�QHHG�IRU�FDUGLRWKRUDFLF�VXUJLFDO�LQWHUYHQWLRQ��7KUHH�GD\V�ODWHU�WKH�SDWLHQW
GLHG�

'LVFXVVLRQ�

,Q�WKLV�FDVH�WKH�GLDJQRVLV�LQLWLDOO\�VHHPHG�HDV\�EHFDXVH�RI�WKH�KLVWRU\�RI�GLDUUKRHD�DQG�ORZ�RUDO�LQWDNH�DIWHU�UHFHQWO\�SUHVFULEHG�DQWLELRWLFV�
GHK\GUDWLRQ��7DNLQJ�D�FORVHU�ORRN�DW�DOO�WKH��SUHIRUPHG�H[DPLQDWLRQV�DQRWKHU�GLDJQRVLV�ZDV�PRUH�SODXVLEOH��D�VHPL�UHFHQW�DQWHURVHSWDO�P\RFDUGLDO
LQIDUFWLRQ�FRPSOLFDWHG�E\�VHSWXP�UXSWXUH��IROORZHG�E\�UHQDO�DQG�KHSDWLF�LPSDLUPHQW�DV�D�UHVXOW�RI�IRUZDUG�IDLOXUH�

9HQWULFXODU�VHSWDO�UXSWXUH�LV�D�UDUH�FRPSOLFDWLRQ�RI�P\RFDUGLDO�LVFKHPLD�WKDW�QRUPDOO\�SUHVHQWV�ZLWKLQ�WKUHH�WR�IRXU�GD\V�DIWHU�WKH�LQIDUFW��$�PDMRULW\
RI�SDWLHQWV�ZLWK�DFXWH�P\RFDUGLDO�LQIDUFWLRQ�GHYHORS�DFXWH�NLGQH\�LQMXU\�ZLWKLQ����KRXUV��&DUGLRUHQDO�V\QGURPH�LPSOLFDWHV�WKH�FRH[LVWHQFH�RI
FDUGLRYDVFXODU�DQG�UHQDO�GLVHDVH��&OLQLFDO�RXWFRPH�LV�SRRU�

&RQFOXVLRQ�

7KHUH�LV�D�FORVH�DVVRFLDWLRQ�EHWZHHQ�FDUGLDF�DQG�UHQDO�IXQFWLRQ��FDUGLRUHQDO�V\QGURPH���$�FDUGLDF�FDXVH�RI�DFXWH�NLGQH\�LQMXU\�VKRXOG�EH�WDNHQ�LQWR
FRQVLGHUDWLRQ�HVSHFLDOO\�ZKHQ�WKH�KLVWRU\�DQG�FOLQLFDO�SUHVHQWDWLRQ�GR�QRW�PDWFK��,Q�DGGLWLRQ��ZRPHQ�ZLWK�D�P\RFDUGLDO�LQIDUFWLRQ�PD\�SUHVHQW�ZLWK
DW\SLFDO�V\PSWRPV��OHDGLQJ�WR�DQ�LQFUHDVHG�FRPSOLFDWLRQ�ULVN���



&$6(�35(6(17$7,21 %rQ\DPL�2=2*8/

��������$�5$5(�&$86(�0,0,&.,1*�$&87(�$33(1',&,7,6��,17(51$/�+(51,$�:,7+�&2/21,&�0$/527$7,21

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0HVXW�<XU������%�Q\DPL�2=2*8/������(VUD�'¢VFL������0HKPHW�,OKDQ�<LOGLUJDQ����

���*HQHUDO�6XUJHU\��$7$7�5.��1¡9(56,7<�0('¡&$/�)$&8/7<��(5=8580��785.(<

.H\ZRUGV��$&87(�$33(1',&,7,6��,17(51$/�+(51,$�&2/21,&�0$/527$7,21

$EVWUDFW��

,QWURGXFWLRQ��,QWHVWLQDO�PDOURWDWLRQ�LV�D�GHYHORSPHQWDO�DQRPDO\�RI�WKH�PLGJXW��,W�FDQ�EH�DV\PSWRPDWLF�DQG�JHQHUDOO\�GLDJQRVHG�LQFLGHQWDOO\�RU
GXULQJ�FKHFNLQJ�IRU�DW\SLFDO�V\SWRPV�LQ�DGXOWV��,QWHVWLQDO�PDOURWDWLRQ�FDQ�PLPLF�RWKHU�GLDJQRVHV�DV�DFXWH�DSSHQGLFLWLV���

&DVH��:H�SUHVHQW�D����\HDU�ROG�PDQ�ZLWK�KDYLQJ�FOLQLFDO�V\SWRPV�LQGLFDWLQJ�DFXWH�DSSHQGLFLWLV�LQ�$G¢\DPDQ�6WDWH�+RVSLWDO��+H�KDG�ULJKW�ORZHU
TXDGUDQW�SDLQ�DQG�QDXVH��+H�GLGQ
W�GLVFULEH�DQ\�DOLPHQWDU\�WUDFW�V\PSWRPV�LQ�KLV�KLVWRU\�DQG�WKHUH�ZDV�QR�VLJQLILFDQW�PHGLFDO�RU�VXUJLFDO�KLVWRU\�
7KH�SDWLHQW�RSHUDWHG�ZLWK�GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV�DQG�ZH�VDZ�D�PLGJXW�PDOURWDWLRQ�ZLWK�LQWHUQDO�KHUQLD�EHKLQG�WKH�QRQ�IL[HG�WUDQVYHUVH
FRORQ��$IWHU�KHSDWLF�IOH[XUH��FRORQ�ZDV�KHDGLQJ�LQIHULRU�DQG�SDVVLQJ�ODWHUDO�VLWH�RI�DVVHQGLQJ�FRORQ�ZLWK�KDYLQJ�RPHQWXP��8QGHU�WKH�FHFXP��FRORQLF
VHJPHQW�ZDV�FURVVLQJ�RYHU�WR�WKH�OHIW�VLGH�RI�DEGRPHQ��7KLV�FURVVLQJ�VHJPHQW�ZDV�PRELOH�WKDW�QRW�DGKHUHG�WR�UHWURSHULWRQHXP��$SSHQGHFWRP\�DQG
IL[DWLRQ�RI�FRORQLF�VHJPHQW�ZHUH�DSSOLHG�DQG�RSHUDWLRQ�ILQLVKHG�VXFFHVVIXOO\��+H�ZDV�GLVFKDUJHG�SRVWRSHUDWLYH��WK�GD\�ZLWK�JRRG�UHFRYHU\�

'LVFXVVLRQ��0LGJXW�PDOURWDWLRQ�SUHVHQWV�XVXDOO\�LQ�WKH�ILUVW�PRQWK�RI�OLIH��%XW�VRPH�DV\PSWRPDWLF�FDVHV�SUHVHQW�LQ�DGXOWKRRG�GXH�WR�REVWUXFWLRQ�RU
RWKHU�GLVHDVHV�UHGRXQGHG�ODSDURWRP\��:H�FDQ�IDFH�ZLWK�WKLV�GLDJQRVH�UDUHO\�LQ�DGXOWKRRGV�H[FHSW�IRU�FKLOGKRRG�RU�LQIDQWV��7KLV�W\SH�RI�PLGJXW
PDOURWDWLRQ�ZLWK�LQWHUQDO�KHUQLD��PLPLFNLQJ�DFXWH�DSSHQGLFLWLV��KDVQÇW�EHHQ�VHHQ�XQWLOO�ZH�RSHUDWHG�WKLV�FDVH�

&RQFOXVLRQ��:H�FDQ�EH�IDFHG�ZLWK�PLGJXW�PDOURWDWLRQ�GXULQJ�H[DPLQDWLRQ�RU�ODSDURWRP\��:H�KDYH�WR�EH�FDUHIXOO�DQG�FRQVLGHU�PLGJXW�PDOURWDWLRQ�LQ
HPHUJHQF\�VHUYLFHV�DQG�VXUJHU\�FOLQLFV�



&$6(�35(6(17$7,21 $NYLOH�6DXO\WH

��������6XFFHVVIXO�WUHDWPHQW�XVLQJ�(&02�IRU�D�FDVH�RI�PDVVLYH�SXOPRQDU\�WKURPERHPEROLVP�ZLWK�KHPRG\QDPLF�FROODSVH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$XUHOLMD�1DYLFNDLWH������$NYLOH�6DXO\WH������5REHUWDV�6DPDODYLFLXV������5RNDV�6HUS\WLV������*LHGULXV�1DYLFNDV������5DVD�3DOVDXVNDLWH������3UDQDV
6HUS\WLV����

���)DFXOW\�RI�0HGLFLQH��9LOQLXV�8QLYHUVLW\��9LOQLXV��/LWKXDQLD�����9LOQLXV��/,7+8$1,$
���8QLYHUVLW\�+RVSLWDO�6DQWDULVNLX�.OLQLNRV��&HQWUH�RI�&DUGLRWKRUDFLF�6XUJHU\��9LOQLXV��/LWKXDQLD����9LOQLXV��/,7+8$1,$
���8QLYHUVLW\�+RVSLWDO�6DQWDULVNLX�.OLQLNRV��&HQWUH�RI�&DUGLRYDVFXODU�'LVHDVH��9LOQLXV��/LWKXDQLD�����9LOQLXV��/,7+8$1,$

.H\ZRUGV��PDVVLYH�SXOPRQDU\�WKURPEHPEROLVP��(&02��VXFFHVVIXO�WUHDWPHQW��JRRG�RXWFRPH��H[WUDFRUSRUHDO�PHPEUDQH�R[\JHQDWLRQ��ULJKW�KHDUW
WKURPEXV��EOHHGLQJ��FRDJXORSDWK\��KHPRG\QDPLF�FROODSVH

$EVWUDFW��

,1752'8&7,21��3XOPRQDU\�WKURPERHPEROLVP��37(��LV�D�FRPPRQ�FOLQLFDO�FRQGLWLRQ�UHODWHG�WR�LQFUHDVHG�PRUWDOLW\��)XUWKHUPRUH��SDWLHQWV�ZLWK�37(
SUHVHQWLQJ�ZLWK�KHPRG\QDPLF�LQVWDELOLW\�RU�ULJKW�KHDUW�WKURPEXV�VKRZ�KLJKHU�PRUWDOLW\�GXH�WR�UDSLG�KHPRG\QDPLF�GHWHULRUDWLRQ��9DULRXV�WUHDWPHQW
PHWKRGV�RI�PDVVLYH�37(�KDYH�EHHQ�GHYHORSHG�DQG�WKHUDSHXWLF�DSSURDFKHV�GLVFXVVHG�

&$6(�'(6&5,37,21��$����\HDU�ROG�PDQ�ZDV�DGPLWWHG�WR�9LOQLXV�8QLYHUVLW\�+RVSLWDO�6DQWDULVNLX�.OLQLNRV�HPHUJHQF\�URRP�FRPSODLQLQJ�RI�VHYHUH
G\VSQHD��SDLQ�LQ�WKH�ORZHU�SDUW�RI�WKH�FKHVW�DQG�VXEIHEULOH�IHYHU��)XUWKHU�LQYHVWLJDWLRQ�ILQGLQJV�LQ�&7�DQJLRJUDSK\�VKRZHG�PDVVLYH�37(�ZLWK
WKURPEXV�LQ�WKH�ULJKW�KHDUW�DQG�GHHS�YHLQ�WKURPERVLV��'97���6WDQGDUG�DQWLFRDJXODWLRQ�DQG�WKURPERO\WLF�WKHUDSLHV�ZHUH�LQLWLDWHG��7KH�SDWLHQW
GHYHORSHG�D�KHPRG\QDPLF�FROODSVH��&RQVHTXHQWO\�PHFKDQLFDO�YHQWLODWLRQ�DQG�YHQR�DUWHULDO�YHQRXV�H[WUDFRUSRUHDO�PHPEUDQH�R[\JHQDWLRQ��(&02�
DW�WKH�IORZ�UDWH�RI�����/�PLQ�ZHUH�LQWURGXFHG��(&02�ZDV�VXFFHVVIXO�IRU�EORRG�R[\JHQDWLRQ�DQG�VWDELOL]DWLRQ�RI�WKH�FDUGLRSXOPRQDU\�IXQFWLRQ��/DWHU
WKH�SDWLHQW�GHYHORSHG�D�EOHHGLQJ�IURP�DUWHULDO�FDQQXOD�DQG�XSSHU�UHVSLUDWRU\�WUDFW��KHSDULQ�ZDV�GLVFRQWLQXHG�DQG�EORRG�FHOOV�WUDQVIXVLRQV�ZHUH
LQLWLDWHG��$�FDWKHWHU�GLUHFWHG�HPEROHFWRP\�ZDV�SHUIRUPHG�ZLWK�QR�HIIHFW��+HPRG\QDPLFV�ZDV�VWDELOL]HG�DQG�(&02�ZDV�FKDQJHG�IURP
YHQR�DUWHULR�YHQRXV�WR�D�YHQR�YHQRXV��$�&7�DQJLRJUDSK\�VKRZHG�QR�WKURPEXV�LQ�WKH�PDLQ�SXOPRQDU\�DUWHULHV�DQG�KHDUW�FKDPEHUV��XOWUDVRQRJUDSK\
RI�WKH�ORZHU�OLPEV�UHYHDOHG�QR�VLJQV�RI�'97��2QFH�WKH�EOHHGLQJ�IURP�WKH�XSSHU�UHVSLUDWRU\�WUDFW�VWRSSHG�RUDO�DQWLFRDJXODQWV�ZHUH�LQWURGXFHG
WRJHWKHU�ZLWK�WKH�ORZ�PROHFXODU�ZHLJKW�KHSDULQ��7KH�SDWLHQW�ZDV�VXFFHVVIXOO\�ZHDQHG�RI�(&02�DIWHU����GD\V�RQFH�WKH�EORRG�R[\JHQ�VDWXUDWLRQ�ZDV
VWDELOL]HG��(&02�V\VWHP�ZDV�FKDQJHG�WKUHH�WLPHV�GXULQJ�WKH�WUHDWPHQW��7KH�SDWLHQW�ZDV�ZHDQHG�RI�PHFKDQLFDO�YHQWLODWLRQ�DIWHU����GD\V��7KH
SDWLHQW�VWD\HG�IRU����GD\V�LQ�D�FULWLFDO�FDUH�XQLW�

&216/86,216��:H�VXJJHVW�WKDW�H[WUDFRUSRUHDO�PHPEUDQH�R[\JHQDWLRQ�PD\�EH�DQ�HIIHFWLYH�WUHDWPHQW�RSWLRQ�IRU�SDWLHQWV�ZKR�KDYH�PDVVLYH
SXOPRQDU\�WKURPERHPEROLVP�ZLWK�FLUFXODWRU\�FROODSVH�HYHQ�ZKHQ�KURPERO\VLV�DQG�WKURPEHFWRP\�KDYH�IDLOHG�DQG�FRQYHQWLRQDO�DQWLFRDJXODQW
WKHUDS\�LV�FRQWUDLQGLFDWHG�GXH�WR�DFWLYH�EOHHGLQJ�



3(',$75,&6 &UDLJ�6ZLQEXUQH

��������6WULGXORXV�VLVWHUV��D�EDFNJURXQG�RI�IXQFWLRQDO�LOOQHVV�OHDGLQJ�WR�GLDJQRVWLF�XQFHUWDLQW\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&UDLJ�6ZLQEXUQH����

���'HSDUWPHQW�RI�3DHGLDWULFV��:LVKDZ�*HQHUDO�+RVSLWDO��:LVKDZ��8.

.H\ZRUGV��VWULGRU��FKLOGUHQ��EDFWHULDO�WUDFKHLWLV��IXQFWLRQDO

$EVWUDFW��

6WULGXORXV�VLVWHUV��D�EDFNJURXQG�RI�IXQFWLRQDO�LOOQHVV�OHDGLQJ�WR�GLDJQRVWLF�XQFHUWDLQW\

7KH�GLIIHUHQWLDO�GLDJQRVLV�RI�VWULGRU�LQ�FKLOGUHQ�LV�EURDG�DQG�LQFOXGHV�D�QXPEHU�RI�LQIHFWLYH�DQG�QRQ�LQIHFWLYH�FDXVHV���:H�SUHVHQW�WKH�XQXVXDO�FDVH�RI
WZR�VLVWHUV��DJHG����DQG����\HDUV��SDWLHQW���DQG�SDWLHQW�����ZKR�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�WRJHWKHU�ZLWK�DFXWH�RQVHW�VWULGRU���%RWK
FRPSODLQHG�RI�LGHQWLFDO�V\PSWRPV��QRWDEO\�JHQHUDO�PDODLVH��VRUH�WKURDW��FKHVW�SDLQ��LQWHUPLWWHQW�IHYHU�DQG�GLIILFXOW\�LQ�EUHDWKLQJ���%RWK�VLVWHUV
GHVFULEHG�ZRUVHQLQJ�LQVSLUDWRU\�VWULGRU�LQ�WKH�KRXUV�SULRU�WR�DGPLVVLRQ���&RXJK�ZDV�QRW�D�SURPLQHQW�IHDWXUH�DQG�YRLFH�TXDOLW\�DSSHDUHG�WR�EH�QRUPDO
LQ�ERWK�FDVHV���%RWK�VLVWHUV�ZHUH�NQRZQ�WR�KDYH�D�EDFNJURXQG�RI�IXQFWLRQDO�LOOQHVV���3DWLHQW���GLG�QRW�UHVSRQG�WR�LQLWLDO�WKHUDS\��QHEXOLVHG�DGUHQDOLQH
DQG�GH[DPHWKDVRQH��DQG�VWULGRU�ZDV�QRWHG�WR�EH�LQWHUPLWWHQW�GXULQJ�DGPLVVLRQ��ZLWK�V\PSWRPV�VHWWOLQJ�GXULQJ�VOHHS�DQG�ZKHQ�PHGLFDO�VWDII�ZHUH
QRW�SUHVHQW���3DWLHQW��
V�VWULGRU�VHWWOHG�IROORZLQJ�QHEXOLVHG�DGUHQDOLQH�DQG�GH[DPHWKDVRQH�DQG�GLG�QRW�UHFXU���3DWLHQW���ZDV�GLDJQRVHG�ZLWK
EDFWHULDO�WUDFKHLWLV�ZLWK�FKDUDFWHULVWLF�DSSHDUDQFHV�RQ�IOH[LEOH�ODU\QJRVFRS\���3DWLHQW���ZDV�GLDJQRVHG�ZLWK�D�YLUDO�XSSHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQ��
)XQFWLRQDO�RYHUOD\�ZDV�VXVSHFWHG�LQ�ERWK�FDVHV���%DFWHULDO�WUDFKHLWLV�LV�D�UDUH�EXW�OLIH�WKUHDWHQLQJ�FDXVH�RI�DLUZD\�REVWUXFWLRQ�WKDW�PXVW�EH
FRQVLGHUHG�LQ�DOO�SDWLHQWV�SUHVHQWLQJ�ZLWK�VWULGRU���$�EDFNJURXQG�RI�IXQFWLRQDO�LOOQHVV�FDQ�FDXVH�GLDJQRVWLF�XQFHUWDLQW\��DV�LQ�WKLV�FDVH���$V�FOLQLFLDQV
ZH�PXVW�UHPDLQ�XQELDVHG�DQG�HQVXUH�WKDW�DSSURSULDWH�PDQDJHPHQW�LV�LQVWLWXWHG�IRU�DOO�SDWLHQWV���)XQFWLRQDO�VWULGRU�LV�D�GLDJQRVLV�RI�H[FOXVLRQ�



72;,&2/2*< 085$7�<8&(/

��������7KH�,QLWLDO�/DFWDWH�/HYHO��1HXWURSKLO�WR�/\PSKRF\WH�5DWLR�DQG�3ODWHOHW�WR�/\PSKRF\WH�5DWLR�$V�3UHGLFWRUV�RI�6HYHULW\�RI
&DUERQ�0RQR[LGH�3RLVRQLQJ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

+$/,/�,%5$+,0�&,.5,./$5������085$7�<8&(/������,+6$1�+$..,�&,)7&,������<868)�<8580(=����

���'(3$570(17�2)�(0(5*(1&<�0(',&,1(��6$.$5<$�81,9(56,7<�)$&8/7<�2)�0(',&,1(��6$.$5<$��785.(<
���'(3$570(17�2)�0,&52%,2/*<��6$.$5<$�81,9(56,7<�)$&8/7<�2)�0(',&,1(��6$.$5<$��785.(<

.H\ZRUGV��&DUERQ�0RQR[LGH�3RLVRQLQJ��/DFWDWH��1HXWURSKLO�WR�/\PSKRF\WH�5DWLR��3ODWHOHW�WR�/\PSKRF\WH�5DWLR

$EVWUDFW��

,QWURGXFWLRQ��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�LQLWLDO�ODFWDWH�OHYHOV�LQ�SDWLHQWV�ZLWK�&2�SRLVRQLQJ��DQG�WR�FRPSDUH�WKHVH�UHVXOWV�ZLWK
FDUER[\KHPRJORELQ��&2+E��OHYHOV��QHXWURSKLO�WR�O\PSKRF\WH�UDWLR��1/5��DQG�SODWHOHW�WR�O\PSKRF\WH�UDWLR��3/5��

0HWKRGV��$�UHWURVSHFWLYH�FURVV�VHFWLRQDO�VWXG\�ZDV�FDUULHG�RXW�DPRQJ�SDWLHQWV�ZLWK�&2�SRLVRQLQJ��ZKR�ZHUH�DGPLWWHG�WR�WKH�('�EHWZHHQ
'HFHPEHU������DQG�-DQXDU\�������7KH�VWXG\�GDWD�ZHUH�H[WUDFWHG�IURP�D�KRVSLWDO�GDWDEDVH�V\VWHP�XVLQJ�,QWHUQDWLRQDO�&ODVVLILFDWLRQ�RI�'LVHDVHV���
GLDJQRVLV�FRGHV��7KH�SDWLHQWV�ZHUH�GLYLGHG�LQWR�WZR�JURXSV�DFFRUGLQJ�WR�WKHLU�LQLWLDO�ODFWDWH�OHYHOV��*URXS����ODFWDWH�YDOXH�������PPRO�/�DQG�*URXS
���ODFWDWH�YDOXH�!�����PPRO�/��

5HVXOWV��$�WRWDO�RI����SDWLHQWV�ZLWK�&2�SRLVRQLQJ�ZHUH�HQUROOHG�LQ�WKLV�VWXG\�����SDWLHQW�LQ�*URXS���DQG����SDWLHQW�LQ�*URXS�����%DVHOLQH
FKDUDFWHULVWLFV�RI�WKH�VWXG\�SRSXODWLRQ�DUH�VKRZQ�LQ�7DEOH����&2+E�OHYHOV�RI�*URXS����������k��������ZHUH�IRXQG�WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW�ZKHQ
FRPSDUHG�ZLWK�WKRVH�RI�*URXS����������k��������S ��������1/5�RI�*URXS���������k�������ZHUH�KLJKHU�ZKHQ�FRPSDUHG�ZLWK�WKRVH�RI�*URXS���������k
������DQG�WKH�GLIIHUHQFH�IRXQG�WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW��S ��������3/5�RI�*URXS�����������k���������ZHUH�KLJKHU�ZKHQ�FRPSDUHG�ZLWK�WKRVH�RI
*URXS�����������k��������DQG�WKH�GLIIHUHQFH�IRXQG�WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW��S ��������$�SRVLWLYH�FRUUHODWLRQ�IRXQG�EHWZHHQ�ODFWDWH�DQG�&2+E
�U �������S�����������QHJDWLYH�FRUUHODWLRQV�IRXQG�EHWZHHQ�ODFWDWH�DQG�1/5��U ��������S ��������DQG�ODFWDWH�DQG�3/5��U ��������S �������

&RQFOXVLRQ��,Q�HYDOXDWLQJ�SDWLHQWV�ZLWK�&2�SRLVRQLQJ��LQLWLDO�ODFWDWH�OHYHO�PD\�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�DV�DQ�DGMXQFWLYH�SDUDPHWHU�RI�VHYHULW\�
WRJHWKHU�ZLWK��WKH�ODERUDWRU\�PDUNHUV��VXFK�DV�WKH�1/5��3/5�DQG�OHYHOV�RI�&2+E�



('8&$7,21�$1'�75$,1,1* 0DU\�'DZRRG

��������7KH�GHYHORSPHQW�RI�WKH�DGYDQFHG�FOLQLFDO�SUDFWLWLRQHU��$&3��FXUULFXOXP�DQG�FUHGHQWLDOLQJ�SURJUDPPH�LQ�WKH�8.

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DU\�'DZRRG����

���(PHUJHQF\�6HUYLFH��,PSHULDO�&ROOHJH�1+6�7UXVW���/RQGRQ��8.

.H\ZRUGV��DGYDQFHG�FOLQLFDO�SUDFWLWLRQHU�FXUULFXOXP�FUHGHQWLDOLQJ

$EVWUDFW��

�

�

(PHUJHQF\�FDUH�JOREDOO\��IDFHV�VLJQLILFDQW�FKDOOHQJHV�ZLWK�ORQJHYLW\�DQG�LQFUHDVLQJ�SDWLHQW�DWWHQGDQFHV�DQG�D�VKRUWDJH�RI�GRFWRUV�FKRRVLQJ�WKLV
VSHFLDOW\�DV�D�FDUHHU�FKRLFH��7KH�8.�LV�QR�H[FHSWLRQ�DQG�RQH�RI�PDQ\�LQLWLDWLYHV�WR�DGGUHVV�WKLV�LVVXH�LV�WKH�GHYHORSPHQW�RI�WKH�DGYDQFHG�FOLQLFDO
SUDFWLWLRQHU�UROH��$&3��2YHU�WKH�SDVW�WZR�GHFDGHV�HPHUJHQF\�QXUVH�SUDFWLWLRQHU�UROHV�ZLWK�D�IRFXV�RQ�PLQRU�LOOQHVVHV�DQG�LQMXULHV�KDYH�EHFRPH
XELTXLWRXV�DQG�LQ�VRPH�DUHDV�QXUVHV�KDYH�IXUWKHU�SURJUHVVHG�WKHLU�UROHV�DVVHVVLQJ�D�ZLGH�YDULHW\�RI�DFXWH�LOOQHVVHV�DQG�LQMXULHV�WR�PHHW�ORFDO�QHHGV�

(GXFDWLRQDO�DQG�SURIHVVLRQDO�UHJXODWRU\�IUDPHZRUNV�LQ�WKH�8.�KDYH�QRW�NHSW�SDFH�ZLWK�WKHVH�GHYHORSPHQWV�DQG�DV�D�UHVXOW�SUDFWLFH�ZLOO�YDU\�IURP
SODFH�WR�SODFH�DQG�WKHUH�LV�QR�FOHDU�GHILQLWLRQ�RU�XQGHUVWDQGLQJ�RI�ZKDW�FRPSHWHQFHV�WKH�$&3�SRVVHVVHV��+LJKHU�(GXFDWLRQ�,QVWLWXWLRQV�SURYLGH�KLJK
TXDOLW\�0DVWHUV�OHYHO�FRXUVHV�LQ�DGYDQFHG�SUDFWLFH�DQG�PDQ\�QXUVHV�XQGHUWDNLQJ�WKHVH�UROHV�ZLOO�XQGHUWDNH�D�0DVWHUV�GHJUHH��EXW�WKHVH
SURJUDPPHV�GR�QRW�LQFOXGH�VSHFLDOW\�VSHFLILF�FRPSHWHQFHV�RU�QDWLRQDOO\�GHILQHG�FXUULFXOD��7KHUH�LV�YDULDWLRQ�LQ�WKH�UDQJH�RI�FRPSHWHQFHV�DFTXLUHG�
DQG�QR�VWDQGDUGLVDWLRQ�RI�WKH�OHYHO�RI�FRPSHWHQFH�RI�WKH�SUDFWLWLRQHU��,Q�UHVSRQVH�WR�WKLV��WKH�5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH��5&(0��DQG
+HDOWK�(GXFDWLRQ�(QJODQG��+((��VHW�XS�DQ�DGYDQFHG�FOLQLFDO�SUDFWLWLRQHU�JURXS��$&3��FXUULFXOXP�GHYHORSPHQW�JURXS��7KHLU�LQWHQWLRQ�ZDV�WR�HVWDEOLVK
DQG�GHYHORS�D�QDWLRQDO�FXUULFXOXP�ZKLFK�ZRXOG�SURYLGH�VWDQGDUGLVDWLRQ�DQG�FRQVLVWHQF\�HQVXUH��SDWLHQW�VDIHW\��DQG�DOORZ�WUDQVIHUDELOLW\�RI
FRPSHWHQFHV�IURP�HPSOR\HU�WR�HPSOR\HU��7KH�ORQJ�WHUP�DLP�LV�WKDW�HPSOR\HUV�ZLOO�KDYH�D�ZRUNIRUFH�FRQVLVWLQJ�RI�TXDOLILHG��FUHGHQWLDOHG�$&3V
PXOWL�SURIHVVLRQDO�ZRUNIRUFH�WR�PHHW�IXWXUH�GHPDQGV�IRU�HPHUJHQF\�FDUH�

)RU�WKH�&UHGHQWLDOLQJ�SURFHVV�$&3V��SUHGRPLQDQWO\�QXUVHV�DQG�SDUDPHGLFV�ZRUNLQJ�LQ�HPHUJHQF\�FDUH��ZLOO�XVH�DQ�H�SRUWIROLR�WR�FROOHFW�HYLGHQFH
DJDLQVW�HDFK�UHTXLUHPHQW�LQ�WKH�(PHUJHQF\�&DUH�$&3�FXUULFXOXP��7UDLQHH�$&3V�ZLOO�EH�ZRUNLQJ�ZLWKLQ�D�OHDUQLQJ�HQYLURQPHQW��WKH�TXDOLW\�RI�ZKLFK
LV�RYHUVHHQ��E\�+HDOWK�(GXFDWLRQ�(QJODQG�XQGHU�/RFDO�(GXFDWLRQ�DQG�7UDLQLQJ�%RDUG��/(7%��4XDOLW\��)UDPHZRUNV��,W�LV�DQWLFLSDWHG�WKDW�WKH�OHDUQLQJ
HQYLURQPHQW�LQ�WKH�('�IRU�MXQLRU�GRFWRUV�DQG�RWKHU�OHDUQHUV�ZLOO�EH��VWUHQJWKHQHG�E\�FUHGHQWLDOHG�$&3V��$�WUDLQHG�SDQHO�ZLOO�DVVHVV�WKH�HYLGHQFH�WR
GHFLGH�ZKHWKHU�WKH�WUDLQHH�$&3�KDV�DFKLHYHG�WKH�GHILQHG�FRPSHWHQFHV�UHTXLUHG�LQ�WKH�FXUULFXOXP��7KRVH�PHHWLQJ�WKH�UHTXLUHG�VWDQGDUG�ZLOO�KDYH�D
VWDWHPHQW�RI�FRPSHWHQFH�ZKLFK�GHWDLOV�ZKDW�WKH\�DV�DQ�$&3�FDQ�GR�ZLWKLQ�D�GHILQHG�VFRSH�RI�SUDFWLFH��7KLV�SUHVHQWDWLRQ�ZLOO�GHVFULEH�WKH
GHYHORSPHQW�RI�WKH�FXUULFXOXP�DQG�WKH�SURJUHVV�SLWIDOOV��FKDOOHQJHV�DQG�EHQHILWV�WR�GDWH��



$,5:$< /XGZLJ�YRQ�3OHVVLQJ�&HD

��������5DSLG�VHTXHQFH�LQWXEDWLRQ��56,���UHDOLW\�LQ�WZR�XUEDQ�XQLYHUVLWDU\�KRVSLWDOV�LQ�6DQWLDJR�GH�&KLOH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/XGZLJ�YRQ�3OHVVLQJ������%DUEDUD�/DUD������&DUORV�%DVDXUH�9HUGHMR����

���(PHUJHQF\�0HGLFLQH��3RQWLILFLD�8QLYHUVLGDG�&DW�OLFD�GH�&KLOH��6DQWLDJR��&+,/(

.H\ZRUGV��UDSLG�VHTXHQFH�LQWXEDWLRQ��DLUZD\

$EVWUDFW��

2EMHFWLYHV

�����7R�GHVFULEH�WKH�SUHIHUHG�SUHPHGLFDWLRQ�GUXJV��VHGDWLYHV��QHXURPXVFXODU�EORFNDJHV�DQG�WKHLU�GRVHV�IRU�56,�LQ�GLIIHUHQW�FOLQDO�VFHQDULRV�

�����7R�DVVHVV�WKH�DVVRFLDWLRQ�EHWZHHQ�DQ\�VHOHFWHG�56,�GUXJ�SURWRFRO�DQG�WKHLU�HIIHFWLYHQHVV�LQ�WHUPV�RI�ODULQJRVFRS\ÇV�DWWHPSWV�DQG�XVH�RI�ERXJLH�

0HWKRGV

:H�FRQGXFWHG�D�SURSHFWLYH�REVHUYDWLRQDO�VWXG\�LQ�WZR�XUEDQ�XQLYHUVLW\�KRVSLWDOV�LQ�&KLOH��%RWK�FHQWHUV�UHFHLYH��������DQG���������(PHUJHQF\
'HSDUWPHQW��('��YLVLWV�SHU�\HDU��$�FRQYLHQFH�VDPSOH�RI�FRQVHFXWLYH�DGXOW�SDWLHQWV�UHTXLULQJ�56,�LQ�WKH�('�GXULQJ�RQH�\HDU�ZHUH�LQFOXGHG��'DWD
UHJDUGLQJ�WKH�HVWLPDWHG�SDWLHQW�ZHLJKW��VHOHFWHG�VHGDWLYHV��QHXURPXVFXODU�EORFNHUV��XVH�RI�SUHPHGLFDWLRQ��WKHLU�GRVHV��QXPEHU�RI�DWWHPSWHG
ODULQJRVFRSLHV�DQG�WKH�XVH�RI�ERXJLH�ZHUH�FROOHFWHG��$OO�GDWD�ZDV�FROOHFWHG�SURVSHFWLYHO\�LQ�DQ�HOHFWURQLF�GDWDEDVH��

5HVXOWV

+XQGUHG�DQG�VHYHQW\�VL[�SDWLHQWV�ZHUH�LQFOXGHG��7KH�PHDQ�DJH�ZDV����\HDUV�ROG��7KH�UHDVRQV�IRU�LQWXEDWLRQ�ZHUH�QHHG�IRU�DLUZD\�SURWHFWLRQ
���������UHVSLUDWRU\�IDLOXUH����������UDSLG�FOLQLFDO�GHWHULRUDWLRQ���������DQG�QHHG�IRU�HPHUJHQF\�SURFHGXUH������

6L[W\�WKUHH�SHUFHQW�RI�WKH�SDWLHQWV�UHFHLYHG�VXFFLQLOFKROLQH�DV�SDUDOLWLF�DJHQW�DQG�D�������UHFHLYHG�URFXURQLXP�

$�������ZHUH�VXVSHFWHG�WR�KDYH�DQ�RQJRLQJ�QHXURORJLFDO�HPHUJHQF\��2I�WKHVH�SDWLHQWV��WKH�������UHFHLYHG�IHQWDQ\O�DV�D�SUHPHGLFDWLRQ�GUXJ�DV
FRPSDUHG�WR�D�������RI�SDWLHQWV�ZLWKRXW�D�QHXURORJLFDO�HPHUJHQF\��S��������DQG�D����UHFHLYHG�OLGRFDLQH��7KH�PRVW�IUHTXHQWO\�XVHG�VHGDWLYHV�LQ
QHXURORJLFDO�HPHUJHQFLHV�ZHUH�HWRPLGDWH���������DQG�SURSRIRO��������0RVW�QHXURORJLFDO�SDWLHQWV�ZHUH�SDUDOL]HG�ZLWK�VXFFLQLOFKROLQH���������DQG
URFXURQLXP���������

(PHUJHQF\�SK\VLFLDQV�LGHQWLILHG�������RI�SDWLHQWV�ZLWK�VKRFN��$OO�RI�WKHP�UHFHLYHG�YROXPHQ�DQG�������DOVR�UHFHLYHG�SUHVVRUV�SUH�LQWXEDWLRQ��+DOI
RI�WKHVH�SDWLHQWV�ZHUH�VHGDWHG�ZLWK�HWRPLGDWH��ZKLOH�D�������UHFHLYHG�NHWDPLQH��$V�FRPSDUHG�WR�SDWLHQWV�ZLWKRXW�VKRFN��ZHUH�����UHFHLYHG
HWRPLGDWH�DQG�������UHFHLYHG�NHWDPLQH��3��������)LIW\�VHYHQ�SHUFHQW�RI�SDWLHQWV�UHFHLYHG�VXFFLQLOFKROLQH�DQG�WKH�UHPDLQGHU�������UHFHLYHG
URFXURQLXP�

7KH�GRVH�RI�VXFFLQLOFKROLQH�XVHG�LQ�SDWLHQWV�WKDW�ZHUH�GHWHUPLQHG�WR�EH�KHPRGLQDPLFDOO\�XQVWDEOH�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�GRVH�XVHG�LQ
WKRVH�SDWLHQWV�ZLWKRXW�KHPRGLQDPLFDO�LQVWDELOLW\������PJ�.J�Y�V������PJ�.J��S�������1R�RWKHU�GRVH�GLIIHUHQFHV�ZHUH�IRXQG��WR�EH�VWDWLVWLFDOO\
VLJQLILFDQW�IRU�HWRPLGDWH��NHWDPLQH��SURSRIRO�RU�URFXURQLXP�

,Q�WKH�ZKROH�FRKRUW��D�PHDQ�RI�����ODULQJRVFRS\�DWWHPSV�ZHUH�QHFHVDU\�IRU�VXFFHVIXOO�LQWXEDWLRQ�>���@��7KHUH�ZDV�QR�GLIIHUHQFH��LQ�ODU\QJRVFRS\
DWWHPSV�EHWZHHQ�WKH�XVH�RI�VXFFLQROFKROLQH�RU�URFXURQLXP��7KH�XVH�RI�ERXJLH�ZDV�QHFFHVDU\�LQ�������RI�WKH�VXFFLQLOFKROLQH�LQWXEDWLRQV�DQG�LQ����
RI�URFXURQLXP�LQWXEDWLRQV��S!������

&RQFOXVLRQV

(YHQ�WKRXJK�ERWK�KRVSLWDOV�KDYH�D�JUHDW�YDULHW\�RI�VHGDWLYHV�DQG�SDUDOLWLFV�DYDLODEOH�LQ�WKH�('��WKH�PRVW�IUHTXHQWO\�XVHG�GUXJV�ZHUH�HWRPLGDWH�DQG
VXFFLQLOFKROLQH�UHJDUGOHVV�RI�WKH�FOLQLFDO�VFHQDULR��,QWHUHVWLQJO\��ZH�IRXQG�D�WHQGHQF\�WR�XVH�KLJKHU�GRVHV�RI�SDUDOLWLFV�DQG�ORZHU�GRVHV�RI�VHGDWLYHV
LQ�SDWLHQWV�ZLWK�KHPRGLQDPLF�LQVWDELOLW\�DV�VXJHVWHG�E\�LQWHUQDWLRQDO�JXLGHOLQHV�



&35���5(686&,7$7,21 $GULDQR�)ULJDQRYLF

��������1XUVHV
�NQRZOHGJH�RI�FDUGLRSXOPRQDU\�DUUHVW�DQG�UHVXVFLWDWLRQ�LQ�KRVSLWDO�VHWWLQJV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6DQGUR�9LGPDQLF������$GULDQR�)ULJDQRYLF����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDO�&HQWUH�5LMHND��5LMHND��&52$7,$
���'HSDUWPHQW�RI�$QHVWKHVLRORJ\�DQG�,QWHQVLYH�0HGLFLQH��8QLYHUVLW\�+RVSLWDO�&HQWUH�=DJUHE��=DJUHE��&52$7,$

.H\ZRUGV��FDUGLRSXOPRQDU\�DUUHVW��UHVXVFLWDWLRQ��HGXFDWLRQ��NQRZOHGJH��QXUVHV
��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

%$&.*5281'��

6FLHQFH�RI�5HVXVFLWDWLRQ��LV�FRQWLQXRXVO\�DGYDQFLQJ��DQG�FOLQLFDO�JXLGHOLQHV�KDYH�WR�EH�UHJXODUO\�XSGDWHG�LQ�RUGHU�WR�IROORZ�WKH
GHYHORSPHQW�DQG�RIIHU�WKH�KHDOWK�FDUH�ZRUNHUV�WKH�EHVW�SURFHGXUHV�IRU�WUHDWPHQW��(DUO\�LGHQWLILFDWLRQ�DQG�HIIHFWLYH�WKHUDS\�SURFHGXUH�IRU�SDWLHQWV
ZLWK�GHWHULRUDWLQJ�FRQGLWLRQV�FDQ�SUHYHQW�WKH�GHYHORSPHQW�RI�FDUGLRSXOPRQDU\�DUUHVW��%HVLGHV�WKH�GRFWRUV��WKHUH�LV�D�QHHG�IRU�FRQVWDQW�SURIHVVLRQDO
WUDLQLQJ�RI�QXUVHV�DV�ZHOO��$FFRUGLQJ�WR�WKH��WKH�&URDWLDQ�1XUVHV�&RXQFLO�QXUVHV�KDYH�REOLJDWLRQ�IRU�FRQVWDQW�UHQHZ�DOUHDG\�DFTXLUHG�NQRZOHGJH�DQG
DGRSW�QHZ�NQRZOHGJH�LQ�DFFRUGDQFH�ZLWK�WKH�ODWHVW�DFKLHYHPHQWV�DQG�ILQGLQJV�LQ�WKH�ILHOG�RI�QXUVLQJ�

$,0��7KLV�UHVHDUFK�DLPHG�WR�LQYHVWLJDWH�OHYHOV�RI�QXUVHV�NQRZOHGJH�LQ�WKH�ILHOG�RI�UHVXVFLWDWLRQ�LQ�WKH�GHSDUWPHQWV�RI�HPHUJHQF\�PHGLFLQH�

0(7+2'6��&URVV�VHFWLRQDO�PXOWL���FHQWUH�VWXG\�KDV�EHHQ�FRQGXFWHG��7KH�WDUJHW�SRSXODWLRQ�ZHUH�QXUVHV�WKDW�DUH�HPSOR\HG�LQ�GHSDUWPHQWV�RI
HPHUJHQF\�PHGLFLQH��7KH�TXDQWLWDWLYH�DSSURDFK�KDV�EHHQ�DSSOLHG�LQ�VHYHUDO�8QLYHUVLW\�+RVSLWDOV�LQ�&URDWLD�ZLWK�TXHVWLRQQDLUH�SUHSDUHG�IRU�WKH
SXUSRVH�RI�WKH�UHVHDUFK�

5(68/76��5HVXOWV�RI�D�UHVHDUFK�FRQGXFWHG�RQ�D�VDPSOH�RI����QXUVHV�RI�WKH�8QLYHUVLW\�+RVSLWDO�&HQWUH�=DJUHE��8QLYHUVLW\�+RVSLWDO�&HQWUH�5LMHND�DQG
8QLYHUVLW\�+RVSLWDO�&HQWUH�2VLMHN�VKRZHG��WKDW�WKH�OHYHO�RI�WKHRUHWLFDO�NQRZOHGJH�LV�DERXW������$OVR��WKH�DQDO\VLV�GHWHUPLQHG�D�SRVLWLYH�FRUUHODWLRQ
RI�DGGLWLRQDO�HGXFDWLRQ�WR�WKH�UHVHDUFK�UHVXOWV��$�QXUVH�ZLWK�TXDOLW\�HGXFDWLRQ�UHSUHVHQWV�DQ�H[FHSWLRQDOO\�YDOXDEOH�PHGLFDO�WHDP�PHPEHU��DQG
FRQVHTXHQWO\��WKH�TXDOLW\�RI�WKHLU�HGXFDWLRQ�LPSURYHV�WKH�SDWLHQW
V�KRVSLWDO�FDUH�

&21&/86,21��+HDOWK�FDUH�SURIHVVLRQDOV�VKRZ�D�KLJK�GHJUHH�RI�PRWLYDWLRQ�IRU�FRQWLQXHG�HGXFDWLRQ��ZKLFK�LV�WKH�IRUHPRVW�LQGLFDWRU�RI�NQRZOHGJH
DQG�VNLOO�DFTXLVLWLRQ�DW�RUJDQL]HG�SHUPDQHQW�HGXFDWLRQ�SURJUDPV��DQG�WKH�ZLOOLQJQHVV�IRU�VDYLQJ�KXPDQ�OLYHV��ZKLFK�FRQWULEXWHV�WR�WKH�DGYDQFHPHQW
RI�WKH�SUDFWLFH�DQG�HIILFLHQF\�RI�UHVXVFLWDWLRQ�LQ�FDVHV�RI�SXOPRQDU\�DUUHVW�

�

�



',$*1267,&�7(&+12/2*<�	�5$',2/2*< %rQ\DPL�2=2*8/

��������&DQ�WKH�HIILFLHQF\�RI�:%&�EH�,QFUHDVHG�E\�8VLQJ�+HPDWRORJLF�,QIODPPDWRU\�3DUDPHWHUV�RQ�$FXWH�$SSHQGLFLWLV�'LDJQRVLV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6XNUX�$UVODQ������(UGHP�.DUDGHQL]������0XFDKLW�(PHW������%XQ\DPL�2]RJXO������6DEUL�6HOFXN�$WDPDQDOS����

���*HQHUDO�6XUJHU\��$7$7�5.��1¡9(56,7<�0('¡&$/�)$&8/7<��(5=8580��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\�PHGLFLQH��$7$7�5.��1¡9(56,7<�0('¡&$/�)$&8/7<��(5=8580��785.(<

.H\ZRUGV��$FXWH�$SSHQGLFLWLV��1/5��:%&��1HJDWLYH�$SSHQGHFWRP\

$EVWUDFW��

�

3XUSRVH��7KH�UDWH�RI�QHJDWLYH�DSSHQGHFWRP\�LQ�SDWLHQWV�VXVSHFWHG�RI�DSSHQGLFLWLV�LV�VWLOO�KLJK��+HUH��ZH�HYDOXDWHG�WKH�HIILFLHQF\�RI�SDUDPHWHUV�OLNH
ZKLWH�EORRG�FHOO�:%&���1HXWURSKLO�/HXNRF\WHV�5DWLR�1/5���0HDQ�3ODWHOHW�9ROXPH�039��DQG�5HG�%ORRG�&HOO�'LVWULEXWLRQ�:LGWK�5':��LQ�GHFUHDVLQJ�WKH
QHJDWLYH�DSSHQGHFWRP\�UDWLRV�

0DWHULDO�DQG�0HWKRG������RSHUDWHG�DFXWH�DSSHQGLFLWLV�SDWLHQWV�LQ�VHYHQ�\HDUV�ZHUH�H[DPLQHG�UHWURVSHFWLYHO\��7KH�SDWLHQWV�ZHUH�GLYLGHG�LQWR��
JURXSV�DFFRUGLQJ�WR�WKH�SDWKRORJ\�UHSRUWV��*URXS�$$��$FXWH�$SSHQGLFLWLV��*URXS�1$��QHJDWLYH�DSSHQGHFWRP\���7KH�DJH��JHQGHU��SUHRSHUDWLYH�:%&�
1/5��5':�DQG�039�YDOXHV��LQWUDRSHUDWLYH�ILQGLQJV��SRVWRSHUDWLYH�SDWKRORJ\�UHVXOWV�DQG�HWLRORJLHV�ZHUH�UHFRUGHG�

5HVXOWV��2I�WKH�SDWLHQWV�������ZHUH�PDOH�DQG�PHDQ�DJH�ZDV�����k������/RJLVWLF�UHJUHVVLRQ�DQDO\VLV�XVLQJ�HQWHU�PHWKRG�DQG�WDNLQJ�DJH��JHQGHU
�GLFKRWRP��DQG�1/5�VKRZHG�WKDW�EHLQJ�IHPDOH��ZDOG���������25�����������&,���������������S �������DQG�KDYLQJ�KLJK�1/5��ZDOG���������25��������
���&,���������������S �������ZHUH�LQGHSHQGHQW�SDUDPHWHUV�IRU�QHJDWLYH�DSSHQGHFWRP\��$UHD�XQGHU�WKH�FXUYH��$8&��IRU�:%&�DQG�1/5�WR�GLDJQRVH
QHJDWLYH�DSSHQGHFWRP\�SDWLHQWV�DPRQJ�SDWLHQWV�ZLWK�SUHGLDJQRVHG�DSSHQGLFLWLV�ZHUH�����������&,��������������S �������DQG������
����&,��������������S����������UHVSHFWLYHO\��

&RQFOXVLRQ��8VLQJ�:%&�WRJHWKHU�ZLWK�1/5�PLJKW�GHFUHDVH�1HJDWLYH�$SSHQGHFWRP\�UDWHV��



0$1$*(0(17���('�25*$1,6$7,21 0DQXHO�*HXHQ

��������+HOSLQJ�WKH�GRFWRU�WR�EHLQJ�D�GRFWRU���7KH�IXWXUH�5ROH�RI�3K\VLFLDQ�$VVLVWDQWV�LQ�FHQWUDO�HPHUJHQF\�GHSDUWPHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KULVWLQD�,VIRUW������-XOLD�*UDWRSS������0DQXHO�*HXHQ������0LFKDHO�:HVVHOV����

���3K\VLFLDQ�$VVLVWDQW��SUD[LV+RFKVFKXOH�5KHLQH��6FKZHLQIXUW��*(50$1<
���3K\VLFLDQ�$VVLVWDQW��SUD[LV+RFKVFKXOH�5KHLQH��'HWPROG��*(50$1<
���5HVHDUFK�)HOORZ��SUD[LV+RFKVFKXOH�5KHLQH��5KHLQH��*(50$1<
���3URIHVVRU��+RFKVFKXOH�I�U�*HVXQGKHLW��%RFKXP��0�QVWHU��*(50$1<

.H\ZRUGV��FHQWUDO�HPHUJHQF\�GHSDUWPHQW��3K\VLFLDQ�$VVLVWDQW��(QVXULQJ�6XSSO\��'HOHJDWLRQ��+HDOWK�SURIHVVLRQDOV

$EVWUDFW��

%DFNJURXQG

,Q�FRQVLGHUDWLRQ�RI�ULVLQJ�SDWLHQWÇV�ILJXUHV��GHPRJUDSKLF�FKDQJH�DQG�PXOWLPRUELGLW\��WKH�HPHUJHQF\�FDUH�LV�DQ�LPSRUWDQW�ILHOG�LQ�KHDOWKFDUH�V\VWHPV
>�@��$FWXDOO\��HQVXULQJ�VXSSO\�RI�HPHUJHQF\�FDUH�LV�D�JUHDW�FKDOOHQJH�>�@��7KH�HPHUJHQF\�GHSDUWPHQW��('��EHORQJV�WR�WKH�KLJK�ULVN�DUHD�RI�D�KRVSLWDO
>�@��7KH�SDWLHQWÇV�DPRXQW�FDQnW�EH�SODQQHG�DQG�WKH�GLIIHUHQW�FHUWLILHG�HPSOR\HHV�OHDG�WR�GLIIHUHQW�DVVHVVPHQWV�RI�WKH�XUJHQF\�RI�WUHDWPHQW�>�@��7KH
FOLQLFDO�HPHUJHQF\�FDUH�KDV�PDGH�D�GHYHORSPHQW�LQWR�WKH�SURIHVVLRQDOL]DWLRQ��VWDQGDUGL]DWLRQ�DQG�DGMXVWPHQW�WR�LQWHUQDWLRQDO�UHODWLRQV�GXULQJ�WKH
SDVW�\HDUV�>�@�

$LP

7R�VKRZ�WKH�FKDUDFWHULVWLFV�RI�D�FHQWUDO�HPHUJHQF\�GHSDUWPHQW�DQG�WKH�SURIHVVLRQDO�RSSRUWXQLWLHV�RU�SRVVLELOLWLHV�RI�D�3K\VLFLDQ�$VVLVWDQW�LQ
HPHUJHQF\�FDUH�XQLWV�

0HWKRGV

$�VWUXFWXUHG�OLWHUDWXUH�UHVHDUFK�E\�3XE0HG�LQ�0HGOLQH�DQG�(0EDVH�ZDV�FRQGXFWHG��$GGLWLRQDO��H[SHUWV�ZHUH�LQWHUYLHZHG�WR�GLIIHUHQW�VXEMHFWV�RI�WKH
FOLQLFDO�HPHUJHQF\�FDUH�DQG�WKH�MRE�SURILOH�RI�WKH�3K\VLFLDQ�$VVLVWDQW��7KHVH�UHVXOWV�ZHUH�FRPSDUHG�WR�WKH�HYLGHQFH�EDVHG�NQRZOHGJH�

5HVXOWV

&KDUDFWHULVWLFV�RI�WKH�IXWXUH�HPHUJHQF\�FDUH�DUH�FHQWUDOLW\��FRRSHUDWLRQ�DQG�LQGHSHQGHQFH�>����@��7KH�FHQWUDOL]DWLRQ�FDQ�FRQWULEXWH�WR
SURIHVVLRQDOL]DWLRQ�RI�VWUXFWXUHV�DQG�ZRUNLQJ�SURFHGXUHV�>�@��,Q�WKH�ODVW����\HDUV�PRUH�DQG�PRUH�FHQWUDO�SURYLVLRQDO�('nV�ZHUH�HVWDEOLVKHG�>�@��6R
IDU��WKH�WHFKQLFDO�TXDOLILFDWLRQV�RI�WKH�HPSOR\HHV�LQ�('nV�LV�QRW�UHJXODWHG��LQGHHG��WKH�'*,1$�UHFRPPHQGV�DQ�HGXFDWLRQ�RI�VSHFLDOLVWV�IRU�HPHUJHQF\
PHGLFLQH�>����@�

'LVFXVVLRQ

(PHUJHQF\�FDUH�LV�FXUUHQWO\�KLJKO\�LQIOXHQFHG�E\�WKH�VHFWRU�VHSDUDWLRQ�DQG�WHFKQLFDO�LQWHUHVWV��%XW�DFWXDOO\��WKH�SDWLHQW�VKRXOG�EH�RQ�IRFXV�RI�WKH
HFRQRP\�DQG�PHGLFLQH�>�@��%HVLGHV��WKH�WDNHRYHU�RI�WKH�HPHUJHQF\�SDWLHQWV�LV�GHOD\HG�E\�WKH�VSHFLDOLVHG�HPHUJHQF\�GHSDUWPHQWV��7KLV�RIWHQ
UHVXOWV�LQ�FRQIOLFWV�EHWZHHQ�GLIIHUHQW�VSHFLDOLVHG�GLYLVLRQV�WR�WKH�GHWULPHQW�RI�WKH�HPHUJHQF\�SDWLHQWV�>�@��)URP�PHGLFDO�SRLQW�RI�YLHZ�WKH�RSWLPXP
PHGLFDO�WUHDWPHQW�KDV�SULRULW\�>��@��1HYHUWKHOHVV�UHVRXUFH�VKRUWDJH�DQG�WKH�XVH�RI�VFDUFH�UHVRXUFHV�ZLWK�UHJDUG�WR�SXEOLF�ZHOIDUH�VKRXOG�QRW�EH
QHJOHFWHG�>�@�

,Q�WKLV�GLOHPPD�3K\VLFLDQ�$VVLVWDQW
V�RIIHU�WKH�SRVVLELOLW\�WR�LPSOHPHQW�SK\VLFLDQ�UHOLHYLQJ�VWUXFWXUHV�DQG�WKXV�OHDG�WR�D�UHGXFWLRQ�RI�UHVRXUFH
VKRUWDJH�

�

&RQFOXVLRQ

7KH�IXWXUH�HPHUJHQF\�GHSDUWPHQW�VKRXOG�EH�RUJDQLVHG�FHQWUDOO\��JXDUDQWHH�HYLGHQFH��EDVHG�PHGLFDO�FDUH�DQG�WUDQVIHU�WKH�LQLWLDO�V\PSWRPV�LQWR�D
UHDVRQDEOH�GLDJQRVLV��7KH�H[FOXVLRQ�RI�OLIH�PHQDFLQJ�GLIIHUHQWLDO�GLDJQRVLV�LV�D�NH\�WDVN�>��@�7KH�OHJDO�EDVLF�FRQGLWLRQV�WR�WKH�RUJDQLVDWLRQ�DQG
ILQDQFLQJ�RI�WKH�HPHUJHQF\�FDUH�PXVW�EH�DGDSWHG�WR�WKH�KLJK�FODVV�VWDQGDUGV�RI�DQ�HYLGHQFH��EDVHG�PHGLFLQH�>��@��7KH�FHQWUDO�HPHUJHQF\
GHSDUWPHQW�VKRXOG�JXDUDQWHH�WKH�TXLFN�FHUWLILHG�ILUVW�FDUH�DQG�FRQWULEXWH�WR�WKH�HIILFLHQF\�LQFUHDVH�LQ�WKH�KRVSLWDO�>��@��7KH�FHQWUDOLVDWLRQ�RI�WKH
DYDLODEOH�UHVRXUFHV�WR�D�FHQWUDO�HPHUJHQF\�GHSDUWPHQW�LV�UHFRPPHQGHG�LQ�JHQHUDO��EXW�WKH�QHFHVVDU\�SHUVRQQHO�TXDOLILFDWLRQ�PXVW�VWLOO�EH
UHJXODWHG��$ERYH�DOO��FHUWLILHG�VWDII�LV�WKH�FRQGLWLRQ�IRU�DQ�RSWLPXP�SDWLHQWV�FDUH�>��@��7KH�LPSOHPHQWDWLRQ�RI�3$nV�LQ�FHQWUDO�HPHUJHQF\
GHSDUWPHQWV�ZRXOG�KHOS�GRFWRUV�WR�EHLQJ�GRFWRUV�



0$1$*(0(17���('�25*$1,6$7,21 2OD\LQND�2JLQQL

��������$Q�XQXVXDO�SUHVHQWDWLRQ�RI�DRUWLF�VDGGOH�HPEROLVP

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

2OD\LQND�2JLQQL������3HDGDU�*LOOLJDQ������*DODPR\R�1ILOD����

���5HJ�(0�%HDXPRQW�+RVSLWDO�'XEOLQ�,UHODQG��%HDXPRQW�+RVSLWDO�'XEOLQ�,UHODQG��'XEOLQ��,5(/$1'
���&RQVXOWDQW�(PHUJHQF\�0HGLFLQH�%HDXPRQW�+RVSLWDO��%HDXPRQW�+RVSLWDO�'XEOLQ�,UHODQG��'XEOLQ��,5(/$1'
���6S5�(PHUJHQF\�PHGLFLQH�%HDXPRQW�+RVSLWDO�'XEOLQ�,UHODQG��%HDXPRQW�+RVSLWDO�'XEOLQ�,UHODQG��'XEOLQ��,5(/$1'

$EVWUDFW��

7,7/(�2)�3$3(5�

$Q�XQXVXDO�SUHVHQWDWLRQ�RI�DRUWLF�VDGGOH�HPEROLVP

�

$EVWUDFW�W\SH��SOHDVH�VHOHFW�RQO\�RQH��

�

���25,*,1$/�5(6($5&+���������&$6(�5(3257�&$6(�6(5,(6���������27+(5��H�J��FOLQLFDO�JRYHUQDQFH��FOLQLFDO�DXGLW��DQG�TXDOLW\�LPSURYHPHQW
LQLWLDWLYH��&$6(�5(3257

$XWKRU�V��7LWOH��'U���0U���0V���3URI��HWF���3URIHVVLRQDO�*UDGH��'HSDUWPHQW�DQG�+RVSLWDO��SOHDVH�XQGHUOLQH�QDPH�RI�SUHVHQWHU��

'U�*���1ILOD��6S5�(0��%+

'U�2��2JLQQL��5HJ�(0��%+

'U�3��*LOOLJDQ��&RQVXOWDQW�(0��%+

�

&RQWDFW�H�PDLO�DGGUHVV��JDODQILOD#JPDLO�FRP

�

&RQWDFW�WHOHSKRQH�QXPEHU������������

�

0\�SUHIHUUHG�IRUPDW�IRU�WKH�SUHVHQWDWLRQ�RI�WKLV�DEVWUDFW�LV��SOHDVH�VHOHFW�RQO\�RQH����3RVWHU

�

3267(5

�

1DPH�RI�35,1&,3$/�$87+25��

�

'U�*DODPR\R�1ILOD

'DWH������������

7,7/(�2)�3$3(5

�

$Q�XQXVXDO�SUHVHQWDWLRQ�RI�VDGGOH�DRUWLF�HPEROLVP

�

,1752'8&7,21

$�VDGGOH�HPEROLVP�RI�WKH�DRUWD�FDXVHV�DQ�DFXWH�LVFKHPLD�RI�WKH�ORZHU�H[WUHPLWLHV��,Q�D�WKLUG�RI�SDWLHQWV��YDULRXV�GHJUHHV�RI�VHQVRU\�DQG�PRWRU
GHILFLWV�RFFXU��EXW�VXGGHQ�SDUDSOHJLD�LV�VHHQ�UDUHO\�DQG�LWV�FDXVH�LV�XQFOHDU�



�

0(7+2'6

�

:H�UHSRUW�D�FDVH�RI�DQ�XQXVXDO�SUHVHQWDWLRQ�RI�VDGGOH�DRUWLF�HPEROLVP�MXVW�DERYH�WKH�ELIXUFDWLRQ�RI�WKH�DRUWD

�

5(68/76

$Q����\U�ROG�ZRPDQ�ZLWK�EDFNJURXQG�KLVWRU\�RI�&9$�SUHVHQWHG�ZLWK�VXGGHQ�RQVHW�RI�ORZHU�EDFN�SDLQ�UDGLDWLQJ�WR�ERWK�OHJV�DQG�SURJUHVVHG�WR
SDUDO\VLV�RI�ERWK�OHJV��(&*�VKRZHG�QHZ�RQVHW�$),%��$%*�UHYHDOHG�PHWDEROLF�DFLGRVLV�DQG�ODFWDWH�RI����

+HU�ORZHU�OLPEV�ZHUH�PRWWOHG��SDOH��FROG�ZLWK�DEVHQFH�RI�SXOVHV��6KH�ZDV�SDUDSOHJLF�ZLWK�UHGXFH�DQDO�WRQH��&7�DQJLR�UHYHDO�D�ODUJH�VDGGOH�HPEROLVP
MXVW�DERYH�WKH�ELIXUFDWLRQ�RI�WKH�DEGRPLQDO�DRUWD�

6KH�ZDV�JLYHQ�R[\JHQ��LQWUDYHQRXV�IOXLGV��VDOLQH���VKH�ZDV�DQWLFRDJXODWHG�DQG�WUDQVIHUUHG�WR�YDVFXODU�DV�DSSURSULDWH�

��

&21&/86,21

�

'RFWRUV�PXVW�UHPHPEHU�WKDW�WKH�FDXVH�RI�ORZHU�EDFN�SDLQ��SDUDSOHJLD�DQG�ORVV�RI�VHQVDWLRQ�GRHVQÇW�DOZD\V�UHSUHVHQW�FDXGDO�HTXLQH�V\QGURPH��,Q
WKLV�SDWLHQW��WKH�FDXVH�RI�KHU�SDUDO\VLV�DQG�ORVV�RI�VHQVDWLRQ�FRXOG�EH�DV�D�UHVXOW�RI�LVFKHPLD�RI�WKH�VSLQDO�FRUG�IURP�RFFOXVLRQ�RI�DUWHULHV�YLD
EUDQFKHV�IURP�DEGRPLQDO�DRUWD�RU�IURP�LVFKHPLD�RI�SHULSKHUDO�QHUYHV

�



35(�+263,7$/���(06���287�2)�+263,7$/ *H]D�*HPHV

��������$SSURSULDWHQHVV�RI�XWLOL]DWLRQ�RI�D�SK\VLFLDQ�VWDIIHG�UHVFXH�KHOLFRSWHU�LQ�$XVWULD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5LFKDUG�5H]DU������*LOEHUW�6DQGQHU������%DUEDUD�+DOOPDQQ������6WHIDQ�+HVFKO������*H]D�*HPHV����

���'HSDUWPHQW�RI�*HQHUDO�$QDHVWKHVLRORJ\��(PHUJHQF\��DQG�,QWHQVLYH�&DUH�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�*UD]��*UD]��$8675,$
���(06�6HUYLFH��$XVWULDQ�5HG�&URVV��*UD]��$8675,$
���'HSDUWPHQW�RI�&DUGLDF�$QDHVWKHVLRORJ\�DQG�,QWHQVLYH�&DUH�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�*UD]��*UD]��$8675,$

.H\ZRUGV��DHURPHGLFDO��GLVSDWFK

$EVWUDFW��

%DFNJURXQG��3K\VLFLDQ�VWDIIHG�UHVFXH�KHOLFRSWHUV�DUH�D�KLJK�HQG�DQG�YHU\�H[SHQVLYH�UHVRXUFH�RI�OLPLWHG�DYDLODELOLW\��WKHUHIRUH�D�GHOLEHUDWH�GLVSDWFK
V\VWHP�LV�RI�SDUDPRXQW�LPSRUWDQFH��7KLV�UHWURVSHFWLYH�REVHUYDWLRQDO�VWXG\�DLPV�WR�HYDOXDWH�KRZ�RIWHQ�WKH�XVH�RI�D�KHOLFRSWHU�ZDV�MXVWLILHG�DW�D
VLQJOH�UHVFXH�KHOLFRSWHU�EDVH�LQ�VRXWKHUQ�$XVWULD�

0HWKRGV��$XVWULD�RSHUDWHV�D�GHQVH�QHWZRUN�RI�JURXQG�EDVHG�SK\VLFLDQ�VWDIIHG�SUHKRVSLWDO�UHVSRQVH�XQLWV�DQG�DQ�DGGLWLRQDO�FRYHUDJH�ZLWK�UHVFXH
KHOLFRSWHUV�GXULQJ�GD\OLJKW�FRQGLWLRQV��7KH�SURWRFRO�VKHHWV�DQG�HOHFWURQLF�UHFRUGV�RI�WKH�UHVFXH�KHOLFRSWHU�EDVH�LQ�*UD]��$XVWULD�RI�D�RQH�\HDU�WLPH
SHULRG�ZHUH�VFUHHQHG�DQG�HQWHUHG�LQWR�D�GDWDEDVH��7KH�UHVSHFWLYH�KHOLFRSWHU�VHUYHV�D�SRSXODWLRQ�RI�DERXW���������SHRSOH�DQG�������VTXDUH
NLORPHWHUV�FRYHULQJ�ERWK�KHDYLO\�SRSXODWHG�XUEDQ�DUHDV��UXUDO�DUHDV�DQG�SRRUO\�DFFHVVLEOH�PRXQWDLQ�UHJLRQV�DQG�FDQ�WKXV�EH�YLHZHG�DV
UHSUHVHQWDWLYH�IRU�D�ODUJH�SDUW�RI�$XVWULDnV�WHUULWRU\��7KUHH�DVSHFWV�RI�KHOLFRSWHU�GHSOR\PHQW�ZHUH�FRQVLGHUHG��UDSLG�WUDQVSRUW�SULRULW\�WR�D�PD[LPXP
FDUH�KRVSLWDO�DFFRUGLQJ�WR�WKH�HPHUJHQF\�SK\VLFLDQnV�GLDJQRVLV��XVH�RI�WKH�KHOLFRSWHU�IRU�H[WULFDWLRQ�SXUSRVHV�DQG�LQ�LQDFFHVVLEOH�DUHDV�DQG�WKH
SURYLVLRQ�RI�LQYDVLYH�SUHKRVSLWDO�PHGLFDO�WUHDWPHQW�SURYLGHG�E\�WKH�VSHFLDOL]HG�DHURPHGLFDO�FUHZ��$�VFRULQJ�V\VWHP�LQFRUSRUDWLQJ�WKHVH�WKUHH
DVSHFWV�ZDV�JHQHUDWHG�WR�HYDOXDWH�ZKHWKHU�WKH�XWLOL]DWLRQ�RI�WKH�KHOLFRSWHU�ZDV�MXVWLILHG�RU�ZKHWKHU�WKH�FDOO�FRXOG�KDYH�EHHQ�DWWHQGHG�WR�E\�D
JURXQG�EDVHG�FUHZ��,QWHUKRVSLWDO�WUDQVIHU�PLVVLRQV�DQG�PLVVLRQV�ZKLFK�ZHUH�FDQFHOOHG�HQ�URXWH�ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV�

5HVXOWV��)URP�-XO\��VW�������XQWLO�-XQH���WK������������SULPDU\�PLVVLRQV�ZHUH�WKH�KHOLFRSWHU�ODQGHG�DQG�DWWHQGHG�WR�D�FDOO�ZHUH�UHJLVWHUHG��,Q������
RI�WKRVH�FDVHV��WKHUH�ZDV�QR�HYLGHQFH�RI�DQ\�EHQHILW�RI�WKH�GHSOR\PHQW�RI�WKH�KHOLFRSWHU�YHUVXV�D�JURXQG�EDVHG�SK\VLFLDQ�UHVSRQVH�XQLW��H�J�
QRQ�OLIH�WKUHDWHQLQJ�PHGLFDO�FRQGLWLRQ�LQ�FORVH�SUR[LPLW\�WR�D�JURXQG�EDVHG�FUHZ���,Q�WKH�RWKHU��������ZH�IRXQG�DW�OHDVW�VRPH�LQGLFDWLRQ�RI�DQ
DGYDQWDJH�RI�KHOLFRSWHU�XWLOL]DWLRQ��,Q�������RI�DOO�FDVHV��WKHUH�ZDV�D�FOHDUO\�FRPSUHKHQVLEOH�DGYDQWDJH�RI�WKH�KHOLFRSWHU�DV�D�UHVFXH�YHKLFOH��H�J�
VHYHUH�PXOWLSOH�WUDXPD�LQ�D�SRRUO\�DFFHVVLEOH�PRXQWDLQRXV�DUHD��

&RQFOXVLRQ��'HVSLWH�WKH�OLPLWDWLRQV�RI�UHWURVSHFWLYH�UHYLHZV��WKLV�VWXG\�VXJJHVWV�WKDW�D�ODUJH�IUDFWLRQ�RI�FDOOV�DWWHQGHG�WR�E\�DHURPHGLFDO�FUHZV
FRXOG�KDYH�EHHQ�UHVROYHG�HPSOR\LQJ�JURXQG�EDVHG�HPHUJHQF\�FUHZV��6LQFH�UHVFXH�KHOLFRSWHUV�DUH�D�VFDUFH�DQG�H[SHQVLYH�UHVRXUFH��IXUWKHU�VWXGLHV
WR�LQYHVWLJDWH�WKH�UHDVRQV�IRU�RXU�ILQGLQJV�DUH�ZDUUDQWHG�DQG�DQ�DXGLW�V\VWHP�RI�IHHGEDFN�DQG�TXDOLW\�FRQWURO�VHHPV�DGYLVDEOH�



35(�+263,7$/���(06���287�2)�+263,7$/ (�/��/XQVKRI�+REEHOLQN

��������'RXEOH�UHIHUUDO�LQ�WKH�FRPELQHG�IURQW�RIILFH�SROLF\��FDQ�WULDJH�EH�LPSURYHG�WR�SUHYHQW�GRXEOH�UHIHUUDO"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/XWIXOODK�1DEL]DGDK������(ONH�/XQVKRI�+REEHOLQN������0DDUWHQ�.RN����

���6SDDUQH�*DVWKXLV��6SDDUQH�*DVWKXLV��+DDUOHP��7+(�1(7+(5/$1'6
���6SDDUQH�*DVWKXLV��6SDDUQH�*DVWKXLV��$067(5'$0��7+(�1(7+(5/$1'6

.H\ZRUGV��HPHUJHQF\�GHSDUWPHQW��JHQHUDO�SUDFWLWLRQHU��FRPELQHG�RIILFH�SROLF\��WULDJH��UHIHUUDO��GRXEOH�UHIHUUDO

$EVWUDFW��

%DFNJURXQG��2I�WKH�SDWLHQWV�SUHVHQWLQJ�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('��RI�RXU�KRVSLWDO������DUH�VHOI�UHIHUUHG��$SSUR[LPDWHO\�����RI�WKHVH
SDWLHQWV�SUHVHQW�ZLWK�D�ORZ�HPHUJHQF\�FRPSODLQW�ZKLFK�FRXOG�EH�WUHDWHG�E\�WKH�JHQHUDO�SUDFWLWLRQHU��7KH�1HWKHUODQGV�KDV�DQ�XQLTXH�V\VWHP�RI
FRPELQHG�IURQW�RIILFH�SROLF\��6HOI�UHIHUUDO�SDWLHQWV�DUH�UHJLVWHUHG�DW�WKH�IURQW�GHVN�RI�WKH�('�DQG�DUH�WULDJHG�WR�HLWKHU�WKH�('�RU�WR�WKH�JHQHUDO
SUDFWLWLRQHU��*3���7KHRUHWLFDOO\��SDWLHQWV�FDQ�EH�WULDJHG�WR�WKH�*3�LQLWLDOO\�ZLWK�D�VHFRQG�UHIHUUDO�WR�WKH�('�E\�WKH�*3��EDVHG�RQ�WKHLU�FRPSODLQW�DQG
QHHG�IRU�IXUWKHU�VSHFLDOLVW�FDUH��7KLV�DFWLYLW\�LV�WLPH�FRQVXPLQJ�IRU�ERWK�KHDOWKFDUH�SURIHVVLRQDOV�DQG�SDWLHQWV�DQG�QHLWKHU�FRVW�HIIHFWLYH�QRU�SDWLHQW
IULHQGO\�

2EMHFWLYH��7R�LGHQWLI\�SDWLHQWV�FKDUDFWHULVWLFV�LQ�WKH�GRXEOH�UHIHUUDO�JURXS�RQ�ZKLFK�SULPDU\�WULDJH�FRXOG�EH�LPSURYHG�WR�SUHYHQW�GRXEOH�UHIHUUDOV�

0HWKRGV�DQG�5HVXOWV��,Q�D�UHWURVSHFWLYH�VWXG\�RI�DOO�SDWLHQWV�SUHVHQWHG�WR�WKH�('�RI�WKH�6SDDUQH�*DVWKXLV�+DDUOHP�LQ��������������SDWLHQWV�ZHUH
VHOI�UHIHUUDO��,Q�WKLV�JURXS�������SDWLHQWV�ZHUH�WULDJHG�WR�WKH�*3�LQLWLDOO\�DQG�HYHQWXDOO\�����SDWLHQWV������ZHUH�UHIHUUHG�VHFRQGDU\�WR�WKH�('��)URP
WKLV�����SDWLHQWV������KDG�FRPSODLQWV�RI�WKH�H[WUHPLWLHV�����������FDPH�ZLWK�DEGRPLQDO�SDLQ�������DQG����SDWLHQWV�SUHVHQW�ZLWK�D�V\QFRSH�������,Q
FRPSDULVRQ�ZLWK�WKH�WRWDO�DPRXQW�RI�LQLWLDO�*3�SUHVHQWDWLRQV�����������������RI�WKH�H[WUHPLW\�SUHVHQWDWLRQV�ZHUH��GRXEOH�UHIHUUHG��,Q�WKH�V\QFRSH
JURXS�WKLV�ZDV��������������DQG�IRU�DEGRPLQDO�FRPSODLQWV�WKH�UDWLR�LV���������������2I�WKHVH�SDWLHQWV�ZLWK�DEGRPLQDO�FRPSODLQWV������DUH�WULDJHG
DV�XUJHQW�DQG�����DUH�DGPLWWHG�WR�KRVSLWDO�

&RQFOXVLRQ��&RPELQHG�IURQW�RIILFH�SROLF\�ZRUNV�ZHOO�DQG�UHGXFHV�WKH�DPRXQW�RI�VHOI�UHIHUUDO�SDWLHQWV�WR�WKH�('��RQO\����RI�VHOI�UHIHUUHG�SDWLHQW
WULDJHG�WR�WKH�*3�LV�GRXEOH�UHIHUUHG�WR�WKH�('��5HFRUGLQJ�WR�WKHLU�FRPSODLQWV��SDWLHQWV�ZLWK�DEGRPLQDO�FRPSODLQWV�DQG�V\QFRSH�DUH�PRUH�OLNHO\�WR
QHHG�IXUWKHU�VSHFLDOLVW�FDUH��0RUH�VSHFLILF�DQDO\VLV�RI�WKHVH�SDWLHQW�JURXSV�DQG�WKH�WULDJH�GHILQLWLRQV�FRXOG�LPSURYH�RYHUDOO�SHUIRUPDQFH�RI�WKH�WULDJH
V\VWHP�LQ�WKH�FRPELQHG�IURQW�RIILFH�

�



*(5,$75,&6 IHUJXV�PFJHH

��������&7�EUDLQ�LPDJLQJ�UDWHV�LQ�DJHG�FDUH�UHVLGHQWV�SUHVHQWLQJ�WR�SHQLQVXOD�KHDOWK

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

IHUJXV�PFJHH����

���+RVSLWDO�DGPLVVLRQ�ULVN�SURJUDP��3HQLQVXOD�+HDOWK�0HOERXUQH��0HOERXUQH��$8675$/,$

.H\ZRUGV��&7�%UDLQ�IUDLO�HOGHUO\�FKDQJH�LQ�RXWFRPHV�PRUWDOLW\�UDWHV

$EVWUDFW��

$%675$&7

$LP

7KH�DLP�RI�WKH�VWXG\�ZDV�WR�FODULI\�KRZ�PDQ\���WKH�LQGLFDWLRQV�DQG�WKH�RXWFRPHV��'LG�WKH�DFXWH

VHUYLFH�LQYHVWLJDWLRQV�FKDQJH�PDQDJHPHQW�RU�RXWFRPHV"

0HWKRGV

'DWD�IRU�WKH�&7�%UDLQ�VFDQV�SHUIRUPHG�LQ������RQ�RYHU����\�ROG�SDWLHQWV�LQ�('�RU�DV�LQSDWLHQWV�ZDV

JHQHUDWHG��)URP�WKLV�WKH�$JHG�FDUH�UHVLGHQWV�ZHUH�LGHQWLILHG��DQG���PRQWKV�IURP�-XO\�WR

6HSWHPEHU�H[DPLQHG��7KH�SDWLHQW�KLVWRU\�ZDV�UHYLHZHG�IRU�SUHPRUELG�PRELOLW\�DQG�FRJQLWLYH

IXQFWLRQ�DQG�D�EDVLF�1XUVLQJ�KRPH�FDWHJRU\�RI�����DOORFDWHG�GHSHQGHQW�RQ�WKLV�DVVHVVPHQW��7KHQ

&7�EUDLQ�VWXGLHV��DQG�KLVWRULHV�ZHUH�UHYLHZHG�IRU�FOLQLFDO�LQGLFDWLRQV��DFXWH�FKDQJHV�RQ�VFDQ�

FKDQJH�LQ�PDQDJHPHQW��LQWHUYHQWLRQV��RU�WUDQVIHUV�WR�WHUWLDU\�FDUH��7KH�IRFXV�RI�WKH�VWXG\�ZDV

PDLQO\�RQ�WUDXPD���EXW�GDWD�IRU�"�VWURNH�DQG�GHOLULXP�SDWLHQWV�ZDV�DOVR�FROOHFWHG�

5HVXOWV

7KHUH�ZHUH������VFDQV�LQ�����������RI�ZKLFK�ZHUH�RQ�DJHG�FDUH�UHVLGHQWV��2QO\�����������VFDQV

VKRZHG�DFXWH�FKDQJHV��IHZHU�FKDQJHV�LQ�PDQDJHPHQW�DQG�RQO\���WUDQVIHUV��1XPEHU�RI�UHSHDW

VFDQV�RQ�VDPH�SDWLHQW�FRQIURQWLQJ��DJH�DQG�IUDLOW\�RI�SDWLHQWV�ZRXOG�RYHUULGH�EHQHILW�LQ�PDQ\

FDVHV��DQG�WKH�QHJDWLYH�VLGH�WR�WKH�SURFHVV�ZDV�XQGHUVWDWHG�ZLWK�VLJQLILFDQW�HPRWLRQDO�DQG

SK\VLFDO�PRUELGLW\�IRU�WKH�SDWLHQW�DQG�DQ�HPRWLRQDO�UROOHU�FRDVWHU�IRU�WKH�IDPLO\�ZLWK�OLWWOH�GLVFHUQLEOH

EHQHILW��0RUWDOLW\�ZDV�WKH�VDPH�DFURVV�DOO�JURXSV�DQG�QR�GLIIHUHQW�ZKHWKHU�VFDQ�DEQRUPDO�RU�QRW�

&RQFOXVLRQ

7KH�VWDWXV�TXR�RQ�PDQDJHPHQW�RI�WKLV�FRPPRQ�SUREOHP�QHHGV�WR�EH�UHYLHZHG�DQG�D�YDULDWLRQ�RQ

WKH�&7�KHDG�JXLGHOLQHV�GHYHORSHG�



,1)(&7,286�',6($6(���6(36,6 VRXPD\D�EHQVOLPDQ

��������5DUH�FDVH�RI�%UXFHOORVLV�,Q�$���PRQWKV�2OG�,QIDQW�7UDQVPLWWHG�%\�%UHDVW�0LON

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6RXPD\D�%HQVOLPDQ������/XEQD�*KDOL�$PLQ�$QGUDRXV����

���(PHUJHQF\�'HSDUWPHQW��+DPDG�*HQHUDO�+RVSLWDO��'RKD��4$7$5

.H\ZRUGV��%UXFHOORVLV��%UXFHOOD�0HOLWHQVLV��%UHDVW�PLON��%ORRG�FXOWXUH��6HUXP�DJJOXWLQDWLRQ�WHVW

$EVWUDFW��

,QWURGXFWLRQ�

�

%UXFHOORVLV�LV�WKH�PRVW�FRPPRQ�]RRQRWLF�GLVHDVH�ZRUOGZLGH��,QIHFWLRQ�FDQ�EH�WUDQVPLWWHG�WR�KXPDQV�WKURXJK�GLUHFW�FRQWDFW�ZLWK�LQIHFWHG�DQLPDOV�RU
WKHLU�VHFUHWLRQV�RU�SURGXFWV�RI�FRQFHSWLRQ��DQG�WKURXJK�FRQVXPSWLRQ�RI�SRWHQWLDOO\�LQIHFWHG�PLON��PLON�SURGXFWV��RU�LQIHFWHG�PHDW��

+XPDQ�WR�KXPDQ�WUDQVPLVVLRQ�LV�UDUH�	�GXH�WR�EORRG�WUDQVIXVLRQ��WLVVXH�WUDQVSODQWDWLRQ��,W�KDV�EHHQ�UHSRUWHG�LQ�SUHJQDQW�ZRPHQ�DQG�PD\�OHDG�WR
VSRQWDQHRXV�DERUWLRQ��LQWUDXWHULQH�IHWDO�GHDWK�RU�GHOLYHU\�RI�LQIHFWHG�QHRQDWHV��1HRQDWDO�LQIHFWLRQ�FDQ�EH�DFTXLUHG�WUDQV�SODFHQWDOO\�GXULQJ�GHOLYHU\
DQG�UDUHO\�WKURXJK�EUHDVW�PLON��

�

0HWKRGV�

�

:H�SUHVHQW�D�FDVH�RI�D���PRQWKV�ROG�LQIDQW�ZKR�ZDV�GLDJQRVHG�ZLWK�%UXFHOORVLV��SUREDEO\�WUDQVPLWWHG�WKURXJK�EUHDVW�IHHGLQJ�

�

&DVH�

�

��PRQWKV�ROG�LQIDQW��SUHYLRXVO\�KHDOWK\��SUHVHQWHG�WR�3HGLDWULF�(PHUJHQF\�DW�+DPDG�*HQHUDO�+RVSLWDO�ZLWK�IHYHU�IRU�WZR�ZHHNV�DQG�YRPLWLQJ�IRU
WKUHH�GD\V��6KH�ZDV�IXOO�WHUP��GHOLYHUHG�YLD�QRUPDO�YDJLQDO�GHOLYHU\�	�RQ�EUHDVW�IHHGLQJ��1R�FRXJK��857,�V\PSWRPV��GLDUUKHD�

2Q�H[DPLQDWLRQ��VKH�ZDV�IHEULOH�WHPSHUDWXUH���&��PLOGO\�GHK\GUDWHG��WDFK\SQLF�UHVSLUDWRU\�UDWH����PLQ��%3���������+53����PLQXWH��R[\JHQ
VDWXUDWLRQ�����RQ�URRP�DLU��1RUPDO�WKURDW�H[DP��&KHVW�ZDV�FOHDU��FDUGLRYDVFXODU�H[DPLQDWLRQ�ZLWK�QRUPDO�6�6���$EGRPHQ�ZDV�VRIW��OD[��QR
RUJDQRPHJDO\�1R�VNLQ�UDVKHV�1R�PHQLQJHDO�VLJQV��,QLWLDO�DVVHVVPHQW�ZDV�3\UH[LD�RI�8QNQRZQ�2ULJLQ�

/DERUDWRU\�ILQGLQJV��:%&����;�����QHXWURSKLOV��������+J�����J�G/��5HQDO�IXQFWLRQ�7HVW��VHUXP�HOHFWURO\WHV�	�XULQH�DQDO\VLV�ZHUH�QRUPDO�3DWLHQW
ZDV�DGPLWWHG�WR�KRVSLWDO��VHSWLF�ZRUNXS�VHQW�	�VWDUWHG�RQ�HPSLULFDO�DQWLELRWLF��,9�&HIWULD[RQH��DQG�,9�IOXLGV�/DWHU�%ORRG�FXOWXUH�ZDV�SRVLWLYH�IRU�JUDP
QHJDWLYH�FRFFR�EDFLOOL��%UXFHOOD�VSHFLHV��

+HU�PRWKHU�KDG�KLVWRU\�RI�LQJHVWLRQ�RI�XQSDVWHXUL]HG�FDPHO�PLON����PRQWKV�DJR�LQ�0DXULWDQLD�DQG�ZDV�DV\PSWRPDWLF��6HUXP�DJJOXWLQDWLRQ�WHVW�GRQH
WR�WKH�SDWLHQW�ZDV�SRVLWLYH�IRU�%UXFHOOD�0HOLWHQVLV��WLWHUV����������

$FFRUGLQJO\�LQWUDYHQRXV�5LIDPSLFLQ�DQG�7ULPHWKRSULPÄ6XOSKDPHWKR[D]RO��%DFWULP��ZHUH�VWDUWHG�IRU�ILYH�GD\V�WKHQ�VKLIWHG�WR�RUDO�%DFWULP�DQG
5LIDPSLFLQ�IRU�WZR�ZHHNV�6KH�UHVSRQGHG�ZHOO�WR�WUHDWPHQW�DQG�ZDV�GLVFKDUJHG�KRPH�LQ�JRRG�FRQGLWLRQ�DIWHU�FRXSOH�RI�GD\V�

+HU�PRWKHU�ZDV�FRQVXOWHG�	�HGXFDWHG��6HURORJ\�GRQH�WR�KHU�ZKLFK�ZDV�SRVLWLYH�	�ZDV�WUHDWHG�DFFRUGLQJO\�

�

'LVFXVVLRQ�	�&RQFOXVLRQ�

�

7KH�SDWLHQW�KDV�PRVW�SUREDEO\�DFTXLUHG�%UXFHOORVLV�WKURXJK�EUHDVW�PLON��(PHUJHQF\�SK\VLFLDQV�VKRXOG�EH�DOHUWHG�WR�WKH�GLVHDVH�LQ�HQGHPLF�DUHDV
DQG�WR�WKLV�UDUH�URXWH�RI�WUDQVPLVVLRQ��'HWDLOHG�KLVWRU\�	�SK\VLFDO�H[DPLQDWLRQ�LV�PDQGDWRU\�6\PSWRPV��VLJQV��DQG�ILUVW�OLQH�ODERUDWRU\�ILQGLQJV�DUH
RIWHQ�QRQ�VSHFLILF��

$FFRUGLQJO\��%ORRG�FXOWXUH�	�VHUXP�DJJOXWLQDWLRQ�WHVWV�VKRXOG�EH�SHUIRUPHG�LQ�DQ\�FKLOG�ZLWK�SURORQJHG�IHYHU��HVSHFLDOO\�LQ�HQGHPLF�DUHDV��7KH
VHUXP�DJJOXWLQDWLRQ�WHVW�UHPDLQV�WKH�PRVW�SRSXODU�GLDJQRVWLF�WRRO�IRU�EUXFHOORVLV��7LWHUV�JUHDWHU�WKDQ�������DUH�FRQVLGHUHG�GLDJQRVWLF�LQ�FRQMXQFWLRQ
ZLWK�D�FKDUDFWHULVWLF�FOLQLFDO�SUHVHQWDWLRQ�



7UHDWPHQW�LV�HIIHFWLYH��EXW�GLVHDVH�SUHYHQWLRQ�LV�FUXFLDO��:H�HPSKDVL]H�WKDW�WKH�HUDGLFDWLRQ�RI�%UXFHOORVLV�FDQ�EH�DFKLHYHG�E\�DJJUHVVLYH�SUHYHQWLYH
PHDVXUHPHQWV�LQFOXGLQJ�HOLPLQDWLRQ�RI�WKH�YHFWRU�	�LQIHFWHG�DQLPDOV�YDFFLQDWLRQ�RI�QHZERUQ�DQLPDOV�HGXFDWLRQ�RI�IDPLOLHV��DQG�HQIRUFHPHQW�RI
FRQWURO�PHDVXUHV��

�

$FNQRZOHGJPHQW�

�

7KH�DXWKRUV�GHFODUH�QR�FRQIOLFW�RI�LQWHUHVW

5HIHUHQFHV

��5XEHQ��%���%DQG��-�'���:RQJ��3���&ROYLOOH��-��3HUVRQ�WR�SHUVRQ�WUDQVPLVVLRQ�RI�%UXFHOOD�PHOLWHQVLV�/DQFHW�������������Ä���

��/XEDQL��0���6KDUGD��'���+HOLQ��,��3UREDEOH�WUDQVPLVVLRQ�RI�EUXFHOORVLV�IURP�EUHDVW�PLON�WR�D�QHZERUQ�7URS�*HRJU�0HG�������������Ä����

�



35(�+263,7$/���(06���287�2)�+263,7$/ 6WHYHQ�/$*$'(&

��������3URJQRVLV�LQWHUHVW�RI�SXOVH�R[\JHQ�VDWXUDWLRQ�DW�KRVSLWDO�DGPLVVLRQ�LQ�VXUYLYRUV�RI�QRQ�K\SR[LF�FDUGLDF�DUUHVW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6WHYHQ�/DJDGHF������-RV�SKLQH�(VFXWQDLUH������)UDQFRLV�;DYLHU�/DERUQH������0DULRQ�0HQD\������9DOHQWLQH�%DHUW������$JQHV�7KLYHOOLHU������%UXQR
*DUULJXH������5�$&�*5�����

���6$08�6085��&HQWUH�+RVSLWDOLHU�6XG�)UDQFLOLHQ��&RUEHLO�HVVRQQHV��)5$1&(
���($�������5HJLVWUH��OHFWURQLTXH�GHV�$UU�WV�&DUGLDTXHV��5�$&���8QLYHUVLW��/LOOH�1RUG�GH�)UDQFH��/LOOH��)5$1&(

.H\ZRUGV��FDUGLDF�DUUHVW��526&��K\SHUR[LD��SXOVH�R[\JHQ�VDWXUDWLRQ

$EVWUDFW��

,QWURGXFWLRQ��7KH�K\SHUR[LD�LQ�WKH�ILUVW����KRXUV�RI�UHWXUQ�VSRQWDQHRXV�FLUFXODWLRQ��526&6��IROORZLQJ�D�FDUGLDF�DUUHVW�DJJUDYDWHV�WKH�QHXURORJLFDO
RXWFRPH�DQG�PRUWDOLW\�KRVSLWDO��,W�LV�UHFRPPHQGHG�WR�DGMXVW�WKH�R[\JHQ�WR�REWDLQ�D�SXOVH�R[\JHQ�VDWXUDWLRQ�WDUJHW�UDQJH�EHWZHHQ����DQG�����
)URP�WKH�QDWLRQDO�GDWD�RI�WKH�IUHQFK�HOHFWURQLF�UHJLVWHU�RI�FDUGLDF�DUUHVW��5w$&���ZH�FRPSDUHG�WKH�YDOXHV�RI�SXOVH�R[\JHQ�VDWXUDWLRQ�SRVW�526&
REVHUYHG�DW�KRVSLWDO�DGPLVVLRQ�ZLWK�SURJQRVLV�QHXURORJLFDO�DQG�KRVSLWDO�PRUWDOLW\�

0mWKRG��3URVSHFWLYH��FRPSDUDWLYH��PXOWLFHQWHU�VWXGLH�EDVHG�RQ�5w$&�EHWZHHQ�-XO\������DQG�$XJXVW�������7KH�LQFOXVLRQ�FULWHULD�ZHUH�WKH�526&
ZLWK�SXOVH�R[\JHQ�VDWXUDWLRQ�DGPLVVLRQ�Õ�����YLWDO�VWDWXV�DQG�VFDOH�&3&��&HUHEUDO�3HUIRUPDQFH�&DWHJRULHV�VFDOH��JUDGXDOO\�SHMRUDWLYH���WR����DW���
GD\V��&3&�DQG�VXUYLYDO�UDWHV�DUH�FRPSDUHG�E\�OHYHO�RI�SXOVH�R[\JHQ�VDWXUDWLRQ������RU�OHVV�YV�PRUH������E\�)LVKHU�H[DFW�WHVW��:H�WKHQ�FRQGXFWHG
D�PXOWLYDULDWH�ORJLVWLF�PRGHO�IDFWRUV�UHODWHG�WR�VXUYLYDO�DW�'����LQFOXGLQJ�WKH�OHYHO�RI�SXOVH�R[\JHQ�VDWXUDWLRQ��Ô�RU!������DQG�WKH�PDLQ�SURJQRVWLF
IDFWRUV�FRQIRXQGLQJ�

5HVXOWV��:H�LQFOXGHG������526&��8QLYDULDWH�DQDO\VLV�VKRZHG�QR�UHODWLRQVKLS�EHWZHHQ�WKH�YDOXHV�RI�SXOVH�R[\JHQ�VDWXUDWLRQ�DQG�REVHUYHG
PRUWDOLW\�RU�WKH�&3&�WR�'���KDV�EHHQ�REMHFWLILHG��,Q�PXOWLYDULDWH�DQDO\VLV��WKHUH�DUH�QR�OLQN�EHWZHHQ�WKH�OHYHO�RI�SXOVH�R[\JHQ�VDWXUDWLRQ�DW
WKH�DGPLVVLRQ�DQG�PRUWDOLW\�DW�GD\�����S� ��������7KH�PHGLDQ�WLPH�EHWZHHQ�5$&6�DQG�DGPLVVLRQ�+RVSLWDO�LV����PLQXWHV�

7KH�UHFRPPHQGDWLRQV�RI�WKH�WDUJHW�YDOXHV�LQ�SRVW�526&�DUH�QRW�IROORZHG�WR�WKH�VWDJH�SUH�KRVSLWDO������SXOVH�R[\JHQ�VDWXUDWLRQ!������

9DULDEOHV����������������������25��>,&��@����������������S�YDOXH���������������������25�DGMXVWHG�>,&��@���������S�YDOXH

DJH�������������������������������������>�����������@�����������������������������������>�����������@������������

PDOH�����������������������������������>�����������@����������������������������������>�����������@������������

QR�IORZ������������������������������>�����������@�����������������������������������>�����������@������������

ORZ�IORZ����������������������������>�����������@�����������������������������������>�����������@������������

WUDXPDWLF�FDXVH�������������>�����������@�����������������������������������>�����������@������������

%\VWDQGHU������������������������>�����������@�����������������������������������>�����������@�����������

SXOVH�R[\JHQ�VDWXUDWLRQ�DW�WKH�DGPLVVLRQ

�������������������������������������������������������������������������������������������������

����������������������������������>�����������@�����������������������������������>�����������@�����������

&RQFOXVLRQ���7KH�VWXG\�VXJJHVWV�WKDW�WKH�OHYHO�RI�SXOVH�R[\JHQ�VDWXUDWLRQ�LQ�WKH�HDUO\�SKDVH�RI�WKH�526&�KDV�QR�OLQN�ZLWK�KRVSLWDO�PRUWDOLW\��7KLV
FRXOG�EH�H[SODLQHG�E\�D�GHOD\�RU�GXUDWLRQ�RI�H[SRVXUH�WR�K\SHUR[LD�SDUWLFXODUO\�VKRUW��EHWZHHQ�SUHKRVSLWDO�526&�DQG�WKH�KRVSLWDO�DGPLVVLRQ��,I�WKLV
VWXG\�GLG�QRW�GHWHUPLQH�D�WKUHVKROG�H[SRVXUH�WLPH��FRPSOLDQFH�ZLWK�WKH�UHFRPPHQGDWLRQV�LV�ELQGLQJ��KRZHYHU��DQG�WKH�XVH�RI�DQ�DODUP�VHW�SXOVH
R[\JHQ�VDWXUDWLRQ�DERYH�����DQG�FORVH�QXUVLQJ�VXSHUYLVLRQ�UHPDLQV�UHFRPPHQGHG�HVSHFLDOO\�GXULQJ�SURORQJHG�H[SRVXUH�WLPHV�



75$80$ -DPHV�)ROH\

��������&DUV�NLOO��ELNHV�WKULOO��7KH�VSHFWUXP�RI�F\FOLQJ�WUDXPD�SUHVHQWLQJ�WR�DQ�,ULVK�(PHUJHQF\�'HSDUWPHQW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-DPHV�)ROH\������-RKQ�&URQLQ������-RKQ�5\DQ����

���(PHUJHQF\�0HGLFLQH��6W��9LQFHQW
V�8QLYHUVLW\�+RVSLWDO��'XEOLQ��,5(/$1'

.H\ZRUGV��F\FOLQJ��WUDXPD��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ

&\FOLQJ�KDV�EHHQ�VKRZQ�WR�KDYH�VLJQLILFDQW�KHDOWK�DQG�HQYLURQPHQWDO�EHQHILWV��3XEOLF�UHQWDO�ELF\FOH�DQG�WD[�LQFHQWLYH�VFKHPHV�KDYH�EHHQ
LQWURGXFHG�LQ�,UHODQG�LQ�UHFHQW�WLPHV�DQG�WKH�&HQWUDO�6WDWLVWLFV�2IILFH��&62��UHSRUWHG�LQ�WKH������FHQVXV�WKDW�WKHUH�ZDV�D������LQFUHDVH�LQ�WKH
QXPEHU�RI�SHRSOH�F\FOLQJ�WR�ZRUN�ZKHQ�FRPSDUHG�WR�������$V�WKH�QXPEHU�RI�F\FOLVWV�LQFUHDVHV��WKLV�PD\�OHDG�WR�PRUH�F\FOLQJ�LQMXULHV�SUHVHQWLQJ�WR
KRVSLWDO�

6W��9LQFHQWÇV�8QLYHUVLW\�+RVSLWDO��698+��SDUWLFLSDWHV�LQ�WKH�7UDXPD�$XGLW�DQG�5HVHDUFK�1HWZRUN��7$51���7KLV�GDWDEDVH�DLPV�WR�HQKDQFH�WUDXPD�FDUH
E\�DXGLWLQJ�DQG�UHVHDUFKLQJ�LQMXU\�DQG�V\VWHPV�RI�FDUH�DQG�E\�LQWHJUDWLQJ�WUDXPD�VHUYLFHV�ZLWKLQ�DQG�EHWZHHQ�KRVSLWDOV��$�WUDXPD�FDVH�PXVW�PHHW
VWULFW�LQFOXVLRQ�FULWHULD�WR�EH�LQFOXGHG�LQ�7$51�HQFRPSDVVLQJ��WUDXPD��LUUHVSHFWLYH�RI�DJH���OHQJWK�RI�VWD\�FULWHULD�DQG�LVRODWHG�LQMXU\�FULWHULD�
&XUUHQWO\�WKHUH�LV�OLWWOH�SXEOLVKHG�UHVHDUFK�RQ�WKH�SUHYDOHQFH�RI�F\FOLQJ�LQMXULHV�SUHVHQWLQJ�WR�HPHUJHQF\�GHSDUWPHQWV��('V��DQG�VSHFLILFDOO\�UHODWLQJ
WR�WKH�WUDXPDWLF�LQMXULHV�WKDW�F\FOLVWV�PD\�SUHVHQW�WR�KRVSLWDO�ZLWK�

7KH�DLP�RI�WKLV�VWXG\�LV�GHVFULEH�WKH�F\FOLQJ�UHODWHG�WUDXPDV�WKDW�KDYH�SUHVHQWHG�WR�WKLV�KRVSLWDO�IURP�6HSWHPEHU������WR�0D\������

�0HWKRGV

7KLV�LV�D�UHWURVSHFWLYH�UHYLHZ�RI�SDWLHQWV�ZLWK�D�F\FOLQJ�UHODWHG�LQMXU\�SUHVHQWLQJ�WR�WKH�('�RI�6W��9LQFHQWÇV�8QLYHUVLW\�+RVSLWDO��698+��IURP
6HSWHPEHU������WR�0D\�������6XEMHFWV�ZHUH�LGHQWLILHG�E\�LQWHUURJDWLQJ�WKH�7$51�GDWDEDVH�LQ�698+��2QO\�FDVHV�WKDW�PHW�WKH�LQFOXVLRQ�FULWHULD�IRU
7$51�ZHUH�LQFOXGHG�LQ�WKLV�VWXG\�

5HVXOWV

'HPRJUDSKLFV

'XULQJ�WKH�VWXG\�SHULRG�WKHUH�ZHUH�D�WRWDO�RI����F\FOLQJ�WUDXPDV�WKDW�SUHVHQWHG�WR�698+�����SDWLHQWV���������ZHUH�PDOH��7KH�PHDQ�DJH�RI�WKH
SDWLHQWV�ZDV����\HDUV��6WDQGDUG�GHYLDWLRQ��6'�������UDQJH�����������F\FOLVWV���������YLVLWHG�('�IRU�WKHLU�WUDXPD�

�,QMXU\

7KH�PHDQ�,66�ZDV�������6'��������������$Q�,66�EHWZHHQ�����ZDV�UHFRUGHG�LQ����SDWLHQWV���������������LQ����SDWLHQWV���������DQG����SDWLHQWV
��������KDG�DQ�,66�JUHDWHU�WKDQ�����7KH�PHDQ�*&6�ZDV�����6'�����������7KH�PHDQ�SUREDELOLW\�RI�VXUYLYDO��3V��ZDV�������6'�����������������

2XWFRPHV

7KHUH�ZHUH���PRUWDOLWLHV�LQ�WKLV�JURXS��7KH�PHDQ�/26�ZDV������GD\V��6'������������������SDWLHQWV���������ZHUH�DGPLWWHG�WR�WKH�,&8�ZLWK�D�PHDQ
/26�RI�����GD\V��6'���������������F\FOLVWV���������ZHUH�WUDQVIHUUHG�LQ�IURP�RWKHU�IDFLOLWLHV�WR�WKLV�('����F\FOLVWV��������ZHUH�WUDQVIHUUHG�LQ�DQG
VXEVHTXHQWO\�WUDQVIHUUHG�RXW�WR�DQRWKHU�IDFLOLW\�ZKLOH����F\FOLVWV���������ZHUH�WUDQVIHUUHG�RXW�WR�RWKHU�IDFLOLWLHV�IRU�IXUWKHU�FDUH�

&RQFOXVLRQ

7KLV�VWXG\�KLJKOLJKWV�WKH�VLJQLILFDQW�WUDXPD�WKDW�F\FOLVWV�FDQ�HQGXUH�ZLWK�RYHU�KDOI�WKH�SDWLHQWV�VXVWDLQLQJ�DQ�,66�RI�JUHDWHU�WKDQ�����7KHUH�ZDV
VLJQLILFDQW�GHPDQG�SODFHG�RQ�UHVXVLFWDWLYH�FDUH�ERWK�LQ�('�DQG�LQ�WKH�,&8�GXH�WR�WKH�VHYHULW\�RI�WKH�LQMXULHV��0RUH�UHVHDUFK�LV�UHTXLUHG�WR�IXOO\
HYDOXDWH�WKH�H[WHQW�RI�F\FOLQJ�LQMXULHV�LQ�,UHODQG�DQG�WKLV�GDWD�PD\�JXLGH�LQMXU\�SUHYHQWLRQ�VWUDWHJLHV�LQ�WKH�IXWXUH�



&$6(�35(6(17$7,21 7HUHVD�(VFRODU

��������2FXODU�PDQLIHVWDWLRQV�DV�D�JXLGH�RI�GLVHDVH�DFWLYLW\�LQ�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��$�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7HUHVD�(VFRODU������0LJXHO�5LYDV������-RVH�0DQXHO�$EDVFDO������3H�D�/RSH]������0LFKHOOH�6ROHU����

���(PHUJHQF\�'HSDUWPHQW��/R]DQR�%OHVD�&OLQLF�+RVSLWDO��=DUDJR]D��63$,1
���(PHUJHQF\�'HSDUWPHQW��/R]DQR�%OHVD�&OLQLF�+RVSLWDO��]DUDJR]D��63$,1

.H\ZRUGV��RFXODU�PDQLIHVWDWLRQV��V\VWHPLF�OXSXV�HU\WKHPDWRVXV��YDVFXOLWLV

$EVWUDFW��

,QWURGXFWLRQ

6\VWHPLF�OXSXV�HU\WKHPDWRVXV�LV�D�PXOWLV\VWHP�GLVHDVH�RI�XQNQRZQ�HWLRORJ\�FKDUDFWHUL]HG�E\�QXPHURXV�DXWRLPPXQH�SKHQRPHQD�ZLWK�OHVLRQV�LQ
PXOWLSOH�RUJDQ�V\VWHPV��2FXODU�PDQLIHVWDWLRQV�RI�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��6/(��LQFOXGH�PXFRFXWDQHRXV�LQYROYHPHQW�RI�WKH�H\HOLGV�
VHFRQGDU\�6MRJUHQÇV�V\QGURPH��RSWLF�QHXURSDWK\��5HWLQDO�YDVFXOLWLV�DQG�RSWLF�QHXULWLV�DUH�WZR�RI�WKH�PRVW�YLVLRQ�WKUHDWHQLQJ�FRPSOLFDWLRQV�WKDW�FDQ
EH�DVVRFLDWHG�ZLWK�WKH�GLVHDVH��2FXODU�PDQLIHVWDWLRQV�DUH�RIWHQ�DVVRFLDWHG�ZLWK�ZLGH�VSUHDG�V\VWHPLF�LQIODPPDWLRQ�ZKLFK�FDQ�EH�IDWDO��7KXV�
LPPHGLDWH�UHFRJQLWLRQ�DQG�WUHDWPHQW�LV�YLWDO�IRU�D�SRVLWLYH�RXWFRPH�

&DVH�UHSRUW

$����\HDU�ROG�IHPDOH�SDWLHQW��ZLWK�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��WUHDWHG�ZLWK�K\GUR[\FKORURTXLQH�����PJ�GD\��ZDV�DGPLWWHG�IRU�WKLUG�WLPH�GXULQJ
WKH�ODVW�ZHHN�EHFDXVH�VKH�UHIHUUHG�UHSHDWHGO\����PLQXWHV�ORQJ�HSLVRGHV�RI�SHULSKHU\�SKRWRSVLDV�LQ�ERWK�WZR�H\HV�DQG�D�WHPSRUDO�YLVXDO�ILHOG�GHIHFW
DERYH�WKH�KRUL]RQWDO��1R�RWKHU�V\PSWRPV�ZHUH�DVVRFLDWHG�

$W�SUHVHQWDWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RQ�WKLV�RFFDVLRQ��VKH�XQGHUZHQW�D�FRPSOHWH�RSKWKDOPRORJLFDO�H[DPLQDWLRQ��ZKLFK�ZDV�QRUPDO��DV�ZHOO
DV�WKH�QHXURORJLFDO�RQH�

7KH�JHQHUDO�H[DPLQDWLRQ�UHYHDOHG�QR�GLVRUGHUV�

7KH�ODERUDWRU\�HYDOXDWLRQ��QHXUR��UDGLRORJLFDO�VWXGLHV�DQG�FDUGLRYDVFXODU�HYDOXDWLRQ�VKRZHG�QR�DOWHUDWLRQV�

+DYLQJ�WKH�KLVWRU\�RI�SDWLHQW�LQ�PLQG�DQG�WDNLQJ�LQWR�DFFRXQW�WKHVH�IHDWXUHV�ZH�VXVSHFWHG�WKH�FOLQLFDO�GLDJQRVLV�RI�YDVFXOLWLV�GXH�WR�6/(��WKHUHIRUH
WKH�SDWLHQW�ZDV�GLVFKDUJHG�DQG�UHIHUUHG�WR�UKHXPDWKRORJ\��IURP�ZKHUH�PRUH�VSHFLILF�ODERUDWRU\�WHVW�ZHUH�UHTXHVWHG�UHYHDOLQJ�DEQRUPDO�WLWHUV�RI
DQWLQXFOHDU�DQWLERGLHV�DQG�LQFUHDVHG�RI�HU\WKURF\WH�VHGLPHQWDWLRQ�UDWH��7KH�OHYHOV�RI�DQWLSKRVSKROLSLG�DQWLERGLHV��FRPSOHPHQW�OHYHOV�DQG�VFUHHQLQJ
IRU�WKURPERSKLOLD�ZHUH�ZLWKLQ�QRUPDO�UDQJH�

6KH�ZDV�WUHDWHG�ZLWK�RUDO�SUHGQLVRQH����PJU�SHU�GD\��DQG�K\GUR[\FKORURTXLQH�VXFFHVVIXOO\�

'LVFXVVLRQ

7KH�SDWLHQW�ZDV�DGPLWWHG�DW�WKH�HPHUJHQF\�GHSDUWPHQW�WLPH�DQG�WLPH�DJDLQ�GXULQJ�WKH�ODVW�ZHHN�DQG�GLVFKDUJHG�HYHU\�WLPH�EHFDXVH�RI�WKH
DEVHQFH�RI�DOWHUDWLRQV�DW�WKH�H[DPLQDWLRQ�DQG�WKH�FRPSOHPHQWDU\�WHVW�

2FXODU�PDQLIHVWDWLRQV�LV�VXJJHVWLYH�RI�KLJK�GLVHDVH�DFWLYLW\�GXULQJ�WKH�KLVWRU\�RI�6/(�DQG�PD\�UHIOHFW�V\VWHPLF�YDVFXODU�GDPDJH��7KXV��LPPHGLDWH
UHFRJQLWLRQ�DQG�WUHDWPHQW�LV�YLWDO�IRU�D�SRVLWLYH�RXWFRPH��DV�LQ�RXU�FDVH���7KHUHIRUH�FORVH�FRPPXQLFDWLRQ�EHWZHHQ�WKH�HPHUJHQF\�GHSDUWPHQW�DQG
UKHXPDWRORJ\�LV�FULWLFDO�LQ�WKH�HIIHFWLYH�PDQDJHPHQW�RI�WKHVH�FRPSOH[�FOLQLFDO�VLWXDWLRQ



75$80$ -DPHV�)ROH\

��������$�UHYLHZ�RI�F\FOLQJ�LQMXULHV�SUHVHQWLQJ�WR�D�VXEXUEDQ�XQLYHUVLW\�WHDFKLQJ�KRVSLWDO�LQ�'XEOLQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-DPHV�)ROH\������-RKQ�&URQLQ������-RKQ�5\DQ����

���(PHUJHQF\�0HGLFLQH��6W��9LQFHQW
V�8QLYHUVLW\�+RVSLWDO��'XEOLQ��,5(/$1'

.H\ZRUGV��F\FOLQJ��GXEOLQ��WUDXPD��PLQRU�WUDXPD

$EVWUDFW��

2EMHFWLYH��7KH�&HQWUDO�6WDWLVWLFV�2IILFH�,UHODQG��&62��UHSRUWHG�IROORZLQJ�WKH������FHQVXV�WKDW�WKHUH�ZDV�D������LQFUHDVH�LQ�WKH�QXPEHU�RI�SHRSOH
F\FOLQJ�WR�ZRUN�FRPSDUHG�ZLWK�������7KLV�XOWLPDWHO\�OHDGV�WR�D�KLJKHU�SUHYDOHQFH�RI�LQMXULHV�DQG�KRVSLWDO�DWWHQGDQFHV��7KH�5RDG�6DIHW\�$XWKRULW\�RI
,UHODQG��56$��HVWLPDWHV�IURP�WKHLU�SURYLVLRQDO�UHSRUW�WKDW�WKHUH�ZHUH����SHGDO�F\FOLVW�IDWDOLWLHV�RQ�,ULVK�URDGV�LQ�������7KHUH�LV�OLWWOH�SXEOLVKHG�GDWD
RQ�F\FOLQJ�LQMXULHV�LQ�,UHODQG�DQG�WKH�SUHVHQW�VWXG\�DLPV�WR�GHVFULEH�WKH�F\FOLQJ�UHODWHG�LQMXULHV�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��RI�D
WHUWLDU\�XUEDQ�XQLYHUVLW\�KRVSLWDO�

0HWKRGV��7KLV�LV�D�UHWURVSHFWLYH�UHYLHZ�RI�SDWLHQWV�ZLWK�D�F\FOLQJ�UHODWHG�LQMXU\�SUHVHQWLQJ�WR�WKH�('�RI�6W���9LQFHQWÇV�8QLYHUVLW\�+RVSLWDO��698+�
IURP��VW�RI�-DQXDU\�WR���VW�RI�'HFHPEHU�������:H�XVHG�WKH�('�0D[LPV�f�GDWDEDVH�WR�UHWURVSHFWLYHO\�UHYLHZ�DOO�F\FOLQJ�SUHVHQWDWLRQV�WR�WKH�('�LQ
������:H�VHDUFKHG�IRU�ELNH��F\FOLQJ��ELF\FOH�LQ�WULDJH�QRWHV�WR�LGHQWLI\�SDWLHQWV�WKDW�SUHVHQWHG�WR�WKH�GHSDUWPHQW�IROORZLQJ�D�ELNH�UHODWHG�LQFLGHQW�
:H�DOVR�PDGH�XVH�RI�6\QJR�f�UDGLRORJ\�GDWDEDVH�WR�DFFHVV�UDGLRORJ\�UHSRUWV�IRU�WKH�VDPH�FRKRUW�RI�SDWLHQWV�

5HVXOWV��7KHUH�ZHUH�����F\FOLQJ�UHODWHG�LQMXULHV�SUHVHQWLQJ�WR�WKH�('�GXULQJ�WKH�VWXG\�SHULRG��������RI�WKH�SDWLHQWV�ZHUH�PDOH��������RI�SDWLHQWV
SUHVHQWHG�IROORZLQJ�D�FROOLVLRQ�ZLWK�D�PRWRU�YHKLFOH��7KHUH�ZHUH���PRUWDOLWLHV�GXULQJ�WKH�VWXG\�SHULRG�ZLWK���SDWLHQWV�VXVWDLQLQJ�DQ�LQMXU\�VHYHULW\
VFRUH�JUHDWHU�WKDQ��������SDWLHQWV�UHTXLUHG�DGPLVVLRQ�WR�KRVSLWDO�IROORZLQJ�WKHLU�LQMXU\�ZLWK���RI�WKHVH�SDWLHQWV�VSHQGLQJ�WLPH�LQ�WKH�LQWHQVLYH�FDUH
XQLW�����SDWLHQWV�UHTXLUHG�WUDQVIHU�WR�RWKHU�IDFLOLWLHV�IRU�VSHFLDOLVW�FDUH�

&RQFOXVLRQ��7KH�5RDG�6DIHW\�$XWKRULW\�LQ�,UHODQG�FROODWHV�GDWD�UHJDUGLQJ�F\FOLQJ�LQMXULHV�XVLQJ�SROLFH�UHSRUWV�DORQH�DQG�GRHV�QRW�XVH�KRVSLWDO�GDWD�
2XU�VWXG\�UHYHDOHG�WKDW�WKHUH�ZDV�D�VLJQLILFDQW�QXPEHU�RI�F\FOLQJ�LQMXULHV�SUHVHQWLQJ�WR�WKLV�('�DQG�WKDW�WKH�PDMRULW\�RI�WKHVH�LQMXULHV�GLGQÇW�LQYROYH
PRWRU�YHKLFOHV�DQG�WKHUHIRUH�PD\�QRW�EH�UHSRUWHG�E\�WKH�SROLFH��&\FOLQJ�LQMXULHV�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�('V�ZLWK�VLJQLILFDQW�XVH�PDGH�RI
UDGLRORJ\��('�UHYLHZ�DQG�RXWSDWLHQW�FOLQLFV�DQG�DGPLVVLRQ�IDFLOLWLHV��&\FOLQJ�LV�QRZ�D�YHU\�SRSXODU�PHDQV�RI�WUDQVSRUW�DQG�H[HUFLVH�DFWLYLW\�LQ�,UHODQG
DQG�XVLQJ�KRVSLWDO�EDVHG�GDWD��LW�LV�SRVVLEOH�WKDW�('V�PD\�SURYLGH�D�YHFWRU�IRU�JXLGLQJ�LQMXU\�SUHYHQWLRQ�VWUDWHJLHV�LQ�WKH�IXWXUH�



5(63,5$725<�(0(5*(1&,(6 3DVFXDO�3LQHUD�6DOPHURQ

��������237,0,=$7,21�2)�3$7,(176�+263,7$/�72�$*(�$1'�6(9(5,7<�2)�&+521,&�2%6758&7,9(�38/021$5<�',6($6(

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0$5,$�&25&2/(6�9(5*$5$������'$1$(�)(51$1'(=�&$0$&+2������%/$1&$�'(�/$�9,//$�=$025$������0$5,$�&2168(/2�48(6$'$�0$57,1(=�����
185,$�52'5,*8(=�*$5&,$������3$6&8$/�3,y(5$�6$/0(5{1������&(6$5�&,1(6,�*20(=������-26(�$/2162�$*8,/(5$����

���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��&23'��(;$&(5%$7,21��6(9(5,7<

$EVWUDFW��

,QWURGXFWLRQ
&KURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'��LV�GHILQHG�DV�REVWUXFWLRQ�XVXDOO\�SURJUHVVLYH�DQG�LUUHYHUVLEOH�DLUZD\��,W�LQYROYHV�ODUJH�FRQVXPSWLRQ�RI
UHVRXUFHV�LQ�KHDOWK�JLYHQ�WKH�KLJK�IUHTXHQF\�RI�+RVSLWDOL]DWLRQ

2EMHFWLYH
$VVHVV�ZKHWKHU�WKHUH�LV�DQ�DGDSWDWLRQ�RI�KRVSLWDOL]DWLRQ�LQ�UHVSRQVH�WR�JUDYLW\�DV�)(9��DQG���RU�DJH������\HDUV��ZLWK�DWWHQWLRQ�WR�WKH�IUDLO�HOGHUO\�

0DWHULDO�DQG�PHWKRGV
REVHUYDWLRQDO��UHWURVSHFWLYH�VWXG\�LQ�D�*HQHUDO�+RVSLWDO�ZLWK�DQ�DUHD�RI���������LQKDELWDQWV�DQG�����XUJ���G�D�6H�LQFOXGHG�SDWLHQWV�ZLWK�SUHYLRXVO\
GLDJQRVHG�&23'�E\�VSLURPHWULF�ZKR�SUHVHQWHG�WR�WHVW�IURP�-DQXDU\������WR�-XO\������GXH�WR�ZRUVHQLQJ�RI�WKHLU�GLVHDVH��,W�ZDV�DQDO\]HG�ZDV�WDNHQ
DV�EDVLV�EDVHOLQH�LOO�SDWLHQWV�DFFRUGLQJ�WR�*2/'�DQG�DJH�JURXSLQJ�VLJQ!�RU

5HVXOWV
7KH\�FRQVXOWHG�E\������&23'�H[DFHUEDWLRQ�SDWLHQWV�
$FFRUGLQJ�*2/'��������������SDWLHQWV�KDG�YHU\�VHYHUH�VWDJH��2I�ZKLFK�����DUH�DGPLWWHG�WR�KRVSLWDO�������DQG�DUH�GLVFKDUJHG����������
VHYHUH�SDWLHQWV���������������DGPLWWHG�WR�WKH�KRVSLWDO�������������DQG�DUH�GLVFKDUJHG�������������
0RGHUDWHV���������������DGPLWWHG�WR�WKH�KRVSLWDO�������������DQG�DUH�GLVFKDUJHG������������
0LOG�������������DGPLWWHG�WR�WKH�KRVSLWDO���������DQG�DUH�GLVFKDUJHG���������
%\�DJH��������������DUH!�RU�HTXDO�WR����\HDUV��������������DGPLWWHG�WR�WKH�KRVSLWDO��������������WKH\�DUH�DUH�GLVFKDUJHG�KRPH�
������������ZHUH�SDWLHQWV�DJHG

&RQFOXVLRQV
:LWK�UHVSHFW�WR�WKH�EDVHOLQH�VHYHULW\�E\�)(9��SDWLHQWV�ZLWK�VHYHUH�RU�YHU\�VHYHUH�EDVHOLQH�VWDJH�WKH\�HQWHU�PRUH�WKDQ�PLOG�RU�PRGHUDWH�DV�LV
QRUPDO�
,Q�UHODWLRQ�WR�DJH��WKHUH�LV�D�VOLJKWO\�KLJKHU�SHUFHQWDJH�RI�SDWLHQWV�RI�SDWLHQWV�DJHG!�RU�HTXDO�WR����ZKR�HDUQ�PRUH�UHYHQXH�DOWKRXJK�WKH
SHUFHQWDJHV�DUH�VLPLODU�LQ�ERWK�DJH�JURXSV�
2YHUDOO�DQ�DGDSWDWLRQ�RI�KRVSLWDOL]DWLRQ�LV�SHUIRUPHG�EDVHG�RQ�WKH�EDVHOLQH�VWDJH�ZLWK�D�WHQGHQF\�WR�REMHFWLI\�KRVSLWDOL]DWLRQ�ZLWKRXW�PDMRU
GLIIHUHQFHV�DFFRUGLQJ�WR�DJH�
7KH�KHDOWKFDUH�SURIHVVLRQDO�VKRXOG�DWWHPSW�D�SURSHU�PDWFKLQJ�RI�LQFRPH�RI�SDWLHQWV�ZLWK�&23'�H[DFHUEDWLRQV�IRU�SURSHU�RSWLPL]DWLRQ�RI�KHDOWK
UHVRXUFHV�



5(63,5$725<�(0(5*(1&,(6 3DVFXDO�3LQHUD�6DOPHURQ

��������%URQFKRGLODWRU�WUHDWPHQW�RI�SDWLHQWV�ZLWK�&23'�DW�KRPH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DQG�DW�GLVFKDUJH��$UH�FOLQLFDO
SUDFWLFH�JXLGHOLQHV�IROORZHG"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0$5,$�&2168(/2�48(6$'$�0$57,1(=������185,$�52'5,*8(=�*$5&,$������%/$1&$�'(�/$�9,//$�=$025$������'$1$(�)(51$1'(=�&$0$&+2�����
0$5,$�&25&2/(6�9(5*$5$������3$6&8$/�3,y(5$�6$/0(5{1������&(6$5�&,1(6,�*20(=������-26(�$/2162�$*8,/(5$����

���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��&23'��(;$&(5%$7,21��%URQFKRGLODWRU��&OLQLFD�3UDFWLFH�*XLGHOLQH

$EVWUDFW��

,QWURGXFWLRQ
&KURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'��LV�D�KHDOWK�SUREOHP�RI�JUHDW�PDJQLWXGH�DQG�LQWHQVLILFDWLRQ�LV�D�PDMRU�FDXVH�RI�PRUELGLW\�DQG
PRUWDOLW\��&RQVXPHV�PDQ\�UHVRXUFHV�ZLWK�LQFUHDVHG�LQFLGHQFH�IRUHVHHDEOH�LQ�WKH�LPPHGLDWH�IXWXUH�

2EMHFWLYH
5DWH�WUDFN�FOLQLFDO�SUDFWLFH�JXLGHOLQHV��&3*���DQDO\]LQJ�EURQFKRGLODWRU�WUHDWPHQW�WKH\�UHFHLYH�DW�KRPH�LQ�HPHUJHQFLHV�DQG�DW�GLVFKDUJH�

0DWHULDO�DQG�PHWKRG
GHVFULSWLYH��REVHUYDWLRQDO�DQG�UHWURVSHFWLYH�VWXG\�*HQHUDO�+RVSLWDO�ZLWK�SRSXODWLRQ�RI���������DQG�����HPHUJHQF\���GD\�������SDWLHQWV�WUHDWHG
ZLWK�&23'�H[DFHUEDWLRQV�IURP�-DQXDU\������WR�-XO\������ZLWK�)(9�������ZHUH�LQFOXGHG�SURYHQ��KRPH�WUHDWPHQW�LQ�HPHUJHQF\�DQG�KLJK��WKH
YDULDEOHV�ZHUH�FROOHFWHG�

5HVXOWV
2I�WKH������SDWLHQWV�ZKR�PHW�FULWHULD�IRU�LQFOXVLRQ�LQ�WKH�VWXG\��KRPH�WUHDWPHQW�EURQFKRGLODWRU�ZKLFK�ZHUH�SULRU�WR�WKH�DJJUDYDWLRQ�ZDV��E��LQKDOHG
VKRUW�UHVFXH�DFWLRQ�LQ�������������SDWLHQWV��E��LQKDOHG�ORQJ�DFWLQJ�����������DQG����������QHEXOL]HG������������ZHUH�UHFHLYLQJ�DQWLFKROLQHUJLF��$&�
LQKDOHG�VKRUW�DFWLQJ�������������$&�ORQJ�DQG����VKDUH��������QHEXOL]HG��������������ZHUH�UHFHLYLQJ�LQKDOHG�FRUWLFRVWHURLG�WUHDWPHQW�DQG���������
QHEXOL]HG�
$IWHU�HYDOXDWLRQ�LQ�WKH�HPHUJHQF\�URRP��WUHDWPHQW�ZDV�LQLWLDWHG�LQ�ER[HV�ZLWK�LQKDOHG�E��LQ�����������SDWLHQWV�DQG�����������QHEXOL]HG�����
��������SDWLHQWV�ZHUH�WUHDWHG�ZLWK�LQKDOHG�DQWLFKROLQHUJLF�DQG�������������ZLWK�QHEXOL]HG��������������SDWLHQWV�UHFHLYHG�LQKDOHG�FRUWLFRVWHURLG�
������������QHEXOL]HG�DQG�������������,QWUDYHQRXV�FRUWLFRVWHURLG��2I�WKH�SDWLHQWV�ZKR�FRQVXOWHG��������������ZHUH�GLVFKDUJHG�ZLWKRXW�LQFRPH
DQG�EURQFKRGLODWRU�SUHVFULEHG�WUHDWPHQW�ZDV��E��LQKDOHG�VKRUW�DFWLQJ�LQ�������������SDWLHQWV��E��LQKDOHG�ORQJ�DFWLQJ������������E��LQKDOHG�UHVFXH
�����������DQG�����������QHEXOLVHG������������SDWLHQWV�WUHDWHG�ZLWK�VKRUW�DFWLQJ�LQKDOHG�$&��������������$&�ORQJ�DQG����VKDUH��������ZLWK
QHEXOL]HG��,Q�������������ZHUH�SUHVFULEHG�RUDO�FRUWLFRVWHURLGV��������������LQKDOHG�DQG�����������QHEXOL]HG�

&RQFOXVLRQ
$JDLQVW�WKH�*3&��ZKHUH�WKH�PDLQ�WUHDWPHQW�DUH�EURQFKRGLODWRUV��LQ�RXU�VHULHV�RQO\��������UHFHLYHG�EURQFKRGLODWRUV��EHWD��RU�DQWLFKROLQHUJLFV���7KH
XVH�RI�V\VWHPLF�FRUWLFRVWHURLGV�ZDV�ODUJHO\�DV�LQGLFDWHG�E\�WKH�*3&��:H�WKLQN�WKDW�GHVSLWH�EHLQJ�D�NQRZQ�GLVHDVH�UHTXLUHV�WUDLQLQJ�DQG
GLVVHPLQDWLRQ�RI�*3&�IRU�EHWWHU�PDQDJHPHQW�RI�WKLV�SDWLHQWV�LQ�WKH�HPHUJHQF\�URRP



5(63,5$725<�(0(5*(1&,(6 3DVFXDO�3LQHUD�6DOPHURQ

��������9DFFLQDWLRQ��2��KRPH�DQG�EURQFKRGLODWRU�WKHUDS\�E\�DJH�LQ�&23'�SDWLHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0$5,$�&2168(/2�48(6$'$�0$57,1(=������%/$1&$�'(�/$�9,//$�=$025$������'$1$(�)(51$1'(=�&$0$&+2������0$5,$�&25&2/(6�9(5*$5$�����
185,$�52'5,*8(=�*$5&,$������&(6$5�&,1(6,�*20(=������3$6&8$/�3,y(5$�6$/0(5{1����

���(0(5*(1&<�'(3$570(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1
���(0(5*(1&<�'(3$50(17��+263,7$/�*(1(5$/�81,9(56,7$5,2�5(,1$�62),$��085&,$��63$,1

.H\ZRUGV��&23'��%URQFKRGLODWRU��9DFFLQDWLRQ��&OLQLFD�3UDFWLFH�*XLGHOLQH

$EVWUDFW��

,QWURGXFWLRQ
&KURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'��LV�D�KHDOWK�SUREOHP�RI�JUHDW�PDJQLWXGH�DQG�LQWHQVLILFDWLRQ�LV�D�PDMRU�FDXVH�RI�PRUELGLW\�DQG
PRUWDOLW\��&RQVXPHV�PDQ\�UHVRXUFHV�ZLWK�LQFUHDVHG�LQFLGHQFH�IRUHVHHDEOH�LQ�WKH�LPPHGLDWH�IXWXUH�

2EMHFWLYH
$VVHVV�WKH�UHFRPPHQGDWLRQV�RI�FOLQLFDO�SUDFWLFH�JXLGHOLQHV��&3*���DQDO\]LQJ�YDFFLQDWLRQ��R[\JHQ�WKHUDS\�DQG�EURQFKRGLODWRU�WKHUDS\�DW�GLVFKDUJH
DFFRUGLQJ�WR�DJH�

0DWHULDO�DQG�PHWKRG
GHVFULSWLYH��REVHUYDWLRQDO�DQG�UHWURVSHFWLYH�VWXG\�*HQHUDO�+RVSLWDO�ZLWK�SRSXODWLRQ�RI���������DQG�����HPHUJHQF\���GD\�������SDWLHQWV�WUHDWHG
ZLWK�&23'�H[DFHUEDWLRQV�IURP�-DQXDU\������WR�-XO\������ZLWK�)(9�������ZHUH�LQFOXGHG�SURYHQ��YDFFLQDWLRQ��KRPH�R[\JHQ�WKHUDS\�DQG
EURQFKRGLODWRU�WKHUDS\�DW�GLVFKDUJH��WKH�YDULDEOHV�ZHUH�FROOHFWHG�

5HVXOWV
�����SDWLHQWV�ZKR�PHW�FULWHULD�IRU�LQFOXVLRQ�LQ�WKH�VWXG\���������������UHFHLYHG�YDFFLQDWLRQ��JURXSLQJ�E\�DJH�������DUH�Õ����������������WKH\
UHFHLYHG�IOX�YDFFLQH���������������DJDLQVW�IOX�$�DQG������������SQHXPRFRFFDO������DUH�����������������ZHUH�YDFFLQDWHG�IRU�LQIOXHQ]D�������������
LQIOXHQ]D�$�DQG������������3QHXPRFRFFDO�
*URXSLQJ�E\�DJH��ZH�REVHUYHG�WKDW��������������ZHUH�Õ����\HDUV�DQG�����������������\HDUV��2I�Õ����\HDUV�UHFHLYLQJ�KRPH�R[\JHQ�WKHUDS\�E\
�������������FRPSDUHG�ZLWK��������������LQ�����\HDUV�
2I�WKH�SDWLHQWV�ZKR�UHFHLYHG�EURQFKRGLODWRU�WUHDWPHQW�DW�GLVFKDUJH���������������������������ZHUH�Õ����\HDUV�DQG�����������������\HDUV��7KH\
UHFHLYHG�QR�WUHDWPHQW���������������RI�ZKLFK�������������Õ����DQG�����������������\HDUV�

&RQFOXVLRQ
&RQWUDU\�LQGLFDWLQJ�WKH�*3&�RQ�WKH�UHFRPPHQGDWLRQ�RI�YDFFLQDWLRQ�LQ�&23'�SDWLHQWV�Õ����\HDUV�WR�UHGXFH�WKH�ULVN�RI�FRPSOLFDWLRQV�LQ�RXU�VHULHV�
RQO\�������SDWLHQWV�UHFHLYHG�YDFFLQH�DJDLQVW�LQIOXHQ]D�$��������DQG�������DJDLQVW�SQHXPRFRFFDO�IOX�
6LPLODUO\�DQG�DJDLQVW�WKH�UHFRPPHQGDWLRQV�LQ�RXU�VHULHV�RQO\�������RI�Õ����\HDUV�UHFHLYHG�EURQFKRGLODWRUV��PRVW�QRWDEO\�REMHFWLI\LQJ�WKLV
WKHUDSHXWLF�HUURU�����\HDUV�ZKHUH�WKH\�UHFHLYHG�WUHDWPHQW�RQO\�������������
2��KRPH�XVH�LV�KLJKHU�LQ�Õ����\HDUV�IRU�PLQRUV�
'HVSLWH�EHLQJ�D�NQRZQ�GLVHDVH�UHTXLUHV�WUDLQLQJ�DQG�GLVVHPLQDWLRQ�RI�*3&�IRU�EHWWHU�PDQDJHPHQW�RI�SDWLHQWV�LQ�WKH�HPHUJHQF\�URRP�WKLV�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 1LFRODV�0HQD

��������$FFXUDF\�RI���SUH�HQGRVFRSLF�ULVN�VFRUHV�LQ�SDWLHQWV�ZLWK�XSSHU�JDVWURLQWHVWLQDO�EOHHGLQJ�DW�D�8QLYHUVLW\�+RVSLWDO�LQ
&KLOH��$�UHWURVSHFWLYH�VWXG\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1LFRO�V�0HQD������)ODYLR�$\DOD������%DUEDUD�/DUD������5RVDULR�'LD]������&ULVW�EDO�.ULSSHU������%HUQDUGLWD�(OLFHU������)UDQFLVFD�'RQRVR����

�����QRQH��6DQWLDJR��&+,/(

.H\ZRUGV��%ODWFKIRUG��SUH�5RFNDOO��$,06����8SSHU�JDVWURLQWHVWLQDO�EOHHGLQJ

$EVWUDFW��

,QWURGXFWLRQ

8SSHU�JDVWURLQWHVWLQDO�EOHHGLQJ��8*%��LV�D�IUHTXHQWO\�HQFRXQWHUHG�OLIHWKUHDWLQJ�FRQGLWLRQ�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��WKDW
HPHUJHQF\�PHGLFDO�FOLQLFLDQV�PXVW�NQRZ�KRZ�WR�DGHTXDWHO\�HYDOXDWH��7R�SURSHUO\�ULVN�VWUDWLI\�WKHVH�SDWLHQWV��WKH�XVH�RI�ULVN�VFRUHV�KDV�EHHQ�ZLGHO\
UHFRPPHQGHG�LQ�LQWHUQDWLRQDO�JXLGHOLQHV�DV�D�ZD\�WR�SUHGLFW�PRUWDOLW\��ULVN�RI�UH�EOHHGLQJ�DQG�QHHG�IRU�LQWHUYHQWLRQ��7KH�*ODVJRZ�%ODWFKIRUG�6FRUH
�*%6���SUH�HQGRVFRSLF�5RFNDOO��SUH�56��DQG�$,06���DUH���RI�WKH�PRVW�XVHG�UXOHV�WKDW�KDYH�EHHQ�H[WHUQDOO\�YDOLGDWHG�LQ�D�YDULHW\�RI�(XURSHDQ�
$XVWUDODVLDQ�DQG�1RUWKDPHULFDQ�SRSXODWLRQV��+RZHYHU��QR�VWXGLHV�KDYH�YDOLGDWHG�WKHLU�DFFXUDF\�LQ�RXU�FRXQWU\�

7KH�DLP�RI�RXU�VWXG\�ZDV�WR�PHDVXUH�PRUWDOLW\�LQ�SDWLHQWV�ZLWK�8*%�DQG�H[SORUH�WKH�SHUIRUPDQFH�RI�WKHVH�WKUHH�SUH�HQGRVFRSLF�ULVN�VFRUHV�LQ
SUHGLFWLQJ�QHHG�IRU�LQWHUYHQWLRQ��HQGRVFRSLF��VXUJLFDO�RU�UDGLRORJLFDO��

3DUWLFLSDQWV�DQG�0HWKRGV�

:H�FRQGXFWHG�D�UHWURVSHFWLYH��REVHUYDWLRQDO�VWXG\�LQ�SDWLHQWV�DJHG����\HDUV�DQG�ROGHU�WKDW�FRQVXOWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�RI�D�XQLYHUVLW\
KRVSLWDO�LQ�6DQWLDJR��&KLOH��%DVHG�RQ�RXU�HOHFWURQLF�KHDOWK�UHFRUG��(+5��ZH�VHOHFWHG�SDWLHQWV�ZKR�ZHUH�GLDJQRVHG�LQ�WKH�('�ZLWK�+HPDWHPHVLV
�.�������0HOHQD��.������RU�8QVSHFLILHG�*DVWURLQWHVWLQDO�+HPRUUKDJH��.������DFFRUGLQJ�WR�,&'����EHWZHHQ�$SULO������DQG�-XO\�������:H�H[FOXGHG�DOO
SDWLHQWV�ZLWK�GR�QRW�UHVXVFLWDWH�RUGHU��WKRVH�ZLWK�LQFRPSOHWH�ODERUDWRU\�RU�HQGRVFRSLF�VWXGLHV�DQG�WKRVH�LQ�ZKRP�8*%�ZDV�UXOHG�RXW�GXULQJ
LQ�KRVSLWDO�HYDOXDWLRQ��$OO�LQGHSHQGHQW�YDULDEOHV�UHTXLUHG�IRU�*%6��$,06���DQG�SUH�56�ZHUH�FROOHFWHG�IURP�WKH�(+5��,Q�KRVSLWDO�PRUWDOLW\��QHHG�IRU
LQWHUYHQWLRQ��HQGRVFRSLF��VXUJLFDO�RU�UDGLRORJLFDO��DQG�EORRG�WUDQVIXVLRQ�ZHUH�FROOHFWHG�IURP�(+5��'HDWK�DW����GD\V�IRU�WKRVH�WKDW�ZHUH�DOLYH�DW
KRVSLWDO�GLVFKDUJH�ZDV�GHWHUPLQHG�EDVHG�RQ�WKH�QDWLRQDO�UHJLVWU\�GDWDEDVH��7KH�HSLGHPLRORJLFDO�SURILOH�RI�LQFOXGHG�SDWLHQWV�ZDV�UHSRUWHG�DV
GHVFULSWLYH�VWDWLVWLFV��:H�DVVHVVHG�WKH�DFFXUDF\�RI�WKHVH�VFDOHV�XVLQJ�DUHD�XQGHU�WKH�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�FXUYH��$852&��

�

5HVXOWV�

)LYH�KXQGUHG�DQG�IRUW\�QLQH�SDWLHQWV�IXOILOOHG�LQFOXVLRQ�FULWHULD��$IWHU�H[FOXGLQJ�WKRVH�WKDW�PHW�H[FOXVLRQ�FULWHULD������SDWLHQWV�ZHUH�UHYLHZHG��7KH
PHGLDQ�DJH�ZDV����\HDUV�>UDQJH�������@�DQG�������ZHUH�PDOH��,Q�KRVSLWDO�PRUWDOLW\�RFFXUUHG�LQ����SDWLHQWV���������������������UHTXLUHG
LQWHUYHQWLRQ�DQG�������������UHFHLYHG�EORRG�WUDQVIXVLRQ�

$FFXUDF\�RI�ULVN�VFRUHV�WR�SUHGLFW�LQ�KRVSLWDO�PRUWDOLW\�ZDV��$,06����$852&� �����������&,�������������DQG�SUH�56��$852&� �����������&,�
������������7KRVH�WZR�VFRUHV�WHQGHG�WR�EH�PRUH�DFFXUDWH�WKDQ�*%6��$852&� �����������&,�������������LQ�SUHGLFWLQJ�PRUWDOLW\��3 �������*%6
SUHGLFWHG�DQ\�DGYHUVH�RXWFRPH��PRUWDOLW\��LQWHUYHQWLRQ�RU�WUDQVIXVLRQ���$852&� �����������&,�������������VLJQLILFDQWO\�EHWWHU�WKDQ�SUH�56��$852&
 �����������&,������������DQG�$,06����$852&� �����������&,��������������3���������

�

&RQFOXVLRQ�
$OO�WKUHH�ULVN�VFRUHV�DGHTXDWHO\�SUHGLFWHG�RXWFRPHV��$,06���DQG�SUH�56�VKRZHG�D�SDUWLFXODUO\�JRRG�DFFXUDF\�IRU�LQSDWLHQW�PRUWDOLW\�DQG�*%6�ZDV
VLJQLILFDQWO\�EHWWHU�LQ�SUHGLFWLQJ�DQ\�RXWFRPH��7KHVH�ILQGLQJV�VXSSRUW�WKH�UROH�RI�SUH�HQGRVFRSLF�VFDOHV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�LQ�RXU�VHWWLQJ�

$FNQRZOHGJHPHQWV�

1R�FRQIOLFW�RI�LQWHUHVW�

�



',$*1267,&�7(&+12/2*<�	�5$',2/2*< 1DUJHV�0RKDPDGUH]DHL

��������8OWUDVRXQG�DFFXUDF\�LQ�GHWHFWLQJ�WHQGRQ�WHDU�YV�ORFDO�ZRXQG�H[SORUDWLRQ�LQ�OLPE�SHQHWUDWLQJ�LQMXU\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

-DYDG�6H\HGKRVVHLQL������1DUJHV�0RKDPDGUH]DHL����

���7HKUDQ�8QLYHUVLW\�RI�0HGLFDO�VFLHQFHV��6KDULDWL�+RVSLWDO��7HWUDQ��,5$1��,6/$0,&�5(38%/,&
���7HKUDQ�8QLYHUVLW\�RI�0HGLFDO�VFLHQFHV��6KDULDWL�+RVSLWDO��7HKUDQ��,5$1��,6/$0,&�5(38%/,&

.H\ZRUGV��8OWUDVRXQG�WHQGRQ�LQMXU\�ORFDO�ZRXQG�H[SORUDWLRQ

$EVWUDFW��

$EVWUDFW�

2EMHFWLYHV��7HQGRQ�UXSWXUHV�DUH�FRPPRQ�PXVFXORVNHOHWDO�LQMXULHV�FRQWDLQLQJ����RI�DOO�YLVLWV��E\�SK\VLFLDQV�LQ�WKH�8QLWHG�VWDWHV�DQG�XS�WR������RI
DOO�VSRUW�LQMXULHV��FRUUHFW�DQG�WLPHO\�GLDJQRVLV�RI�WHQGRQ��LQMXULHV�LV�REYLRXVO\�LPSRUWDQW�IRU�WKH�FRUUHFW�WUHDWPHQW��DQG�FRQVHTXHQWO\�IRU�PLQLPL]LQJ
WKH�FRPPXQLW\�FRVWV�05,�KDV�EHFRPH�WKH�VWDQGDUG�RI�GLDJQRVLV�WRRO�EXW�LW�LV�DQ�H[SHQVLYH�DQG�RYHUXVHG�PHDVXUH��1RZ�D�GD\�8OWUDVRXQG�LV�EHLQJ
XVHG�LQFUHDVLQJO\��E\�UDGLRORJLVWV�DQG�QRQ�UDGLRORJLVWV�LQ�WKH�8QLWHG�6WDWHV�DV�D�XVHIXO�PHWKRG�LQ�YDVW�DUHDV��7KHUH�IRUH�WKH�SUHVHW�VWXG\�LV�JRLQJ�WR
YDOLGDWH�GLDJQRVWLF�DELOLW\�RI�8OWUDVRXQG�LQ�WHQGRQ�LQMXULHV�DPRQJ�SHQHWUDWLQJ�H[WUHPLW\�WUDXPD�E\�XVLQJ�FOLQLFDO�ZRXQG�H[SORUDWLRQ�DV��VWDQGDUG
PHDVXUH�

0HWKRGV�

3DWLHQWV�ZLWK�SHQHWUDWLQJ�H[WUHPLW\�WUDXPD�ZLWK�VXVSHFWHG�WHQGRQ�LQMXU\�EDVHG�RQ��KLVWRU\�DQG�SK\VLFDO�H[DP�ZHUH�HYDOXDWHG�UHVSHFWLYHO\�E\
VRQRJUDSK\�DQG�ZRXQG�H[SORUDWLRQ�VHSDUDWHO\�DQG�EOLQG��7KH�UHVXOWV�ZHUH�DQDO\]HG��WR�YDOLGDWH�VRQRJUDSK\��DV�DQ�DOWHUQDWLYH��GLDJQRVWLF�WHVW

5HVXOWV�

���SDWLHQWV�����PDOH�DQG���IHPDOH������SDWLHQWV�XQGHU����\HDUV�ROG�DQG����SDWLHQWV����DQG�PRUH�ZLWK����ORZHU�H[WUHPLW\�DQG����XSSHU�OLPE�LQMXU\
DQG����H[WHQVRU�]RQH�DQG����IOH[XUH�]RQH�LQMXU\�ZHUH�HYDOXDWHG��7KH�RYHUDOO�VHQVLWLYLW\��DQG�VSHFLILFLW\�ZHUH�������DQG������UHVSHFWLYHO\�

&RQFOXVLRQ�

6LPLODU�WR�WKH�UHVXOWV�RI�FRPSDUHG�VWXGLHV��VRQRJUDSK\��VHQVLWLYLW\�DQG�VSHFLILFLW\�ZHUH�QHDU�HTXDO��9DOLGDWLRQ�UHYHDOV�WKDW�VRQRJUDSK\��LV�D�XVHIXOO�
PHDVXUH��IRU�GLIIHUHQWLDWLQJ�LQMXUHG�WHQGRQ�IURP�LQWDFW�RQH�EXW�VPDOO�VL]H�RI�RXU�VDPSOHV�SUHFOXGH��FRPSDULVRQ�EHWZHHQ�SDUWLDO�DQG��WRWDO�LQMXULHV

�



&35���5(686&,7$7,21 <RXQJ�6XQ�5R

��������(IIHFWV�RI�'LVSDWFKHU�DVVLVWHG�&DUGLRSXOPRQDU\�5HVXVFLWDWLRQ�RQ�6XUYLYDO�2XWFRPHV�E\�$JH�*URXS�LQ�3HGLDWULF
2XW�RI�KRVSLWDO�&DUGLDF�$UUHVWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

.L�%RQJ�%DHN������6DQJ�'R�6KLQ������.\RXQJ�:RQ�/HH������<RXQJ�6XQ�5R����

�����/DERUDWRU\�RI�(PHUJHQF\�0HGLFDO�6HUYLFHV��6HRXO�1DWLRQDO�8QLYHUVLW\�+RVSLWDO�%LRPHGLFDO�5HVHDUFK�,QVWLWXWH��6HRXO��.25($��5(38%/,&�2)

.H\ZRUGV��&DUGLDF�$UUHVW��%\VWDQGHU�&DUGLRSXOPRQDU\�5HVXVFLWDWLRQ��'LVSDWFKHU

$EVWUDFW��

2EMHFWLYH

:H�VWXGLHG�WKH�HIIHFW�RI�D�GLVSDWFKHU�DVVLVWHG�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��'$�&35��SURJUDP�RQ�SHGLDWULF�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$�
RXWFRPHV�E\�DJH�JURXSV�

0HWKRGV

$OO�HPHUJHQF\�PHGLFDO�VHUYLFHV��(06��WUHDWHG�SHGLDWULF�2+&$V�LQ�.RUHD�ZHUH�HQUROOHG�EHWZHHQ������DQG�������H[FOXGLQJ�FDVHV�ZLWQHVVHG�E\�(06
SURYLGHUV�DQG�WKRVH�ZLWK�XQNQRZQ�RXWFRPHV��([SRVXUH�ZDV�E\VWDQGHU�&35��%&35���%&35�ZLWK�GLVSDWFKHU�DVVLVWDQFH��'$���%&35�ZLWKRXW�'$��DQG
1R�%&35��(QGSRLQW�ZDV�VXUYLYDO�WR�GLVFKDUJH��0XOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ�DQDO\VLV�ZDV�SHUIRUPHG��7KH�ILQDO�PRGHO�ZLWK�DQ�LQWHUDFWLRQ�WHUP�ZDV
HYDOXDWHG�WR�FRPSDUH�WKH�HIIHFWV�DFURVV�DJH�JURXSV�

5HVXOWV

$�WRWDO�RI������SDWLHQWV��������%&35�ZLWK�'$��������%&35�ZLWKRXW�'$��DQG�������1R�%&35��ZHUH�LQFOXGHG�LQ�WKH�ILQDO�DQDO\VLV��%&35�ZLWK�'$�DQG
%&35�ZLWKRXW�'$�ZHUH�������DQG�������LQ������PRQWKV�ROG��������DQG�������LQ�����\HDUV�ROG��DQG�������DQG�������LQ������\HDUV�ROG�JURXS�
UHVSHFWLYHO\��%RWK�%&35�ZLWK�'$�DQG�%&35�ZLWKRXW�'$�ZHUH�PRUH�OLNHO\�WR�KDYH�KLJKHU�VXUYLYDO�WR�GLVFKDUJH�������DQG��������FRPSDUHG�ZLWK
1R�%&35���������7KH�DGMXVWHG�25V������&,V��IRU�VXUYLYDO�WR�GLVFKDUJH�ZHUH������������������LQ�%&35�ZLWK�'$�DQG������������������LQ
%&35�ZLWKRXW�'$�FRPSDUHG�ZLWK�1R�%&35��%\�DJH�JURXSV��WKH�DGMXVWHG�25V������&,V��LQ�%&35�ZLWK�'$�DQG�%&35�ZLWKRXW�'$�ZHUH�����������������
DQG������������������IRU������\HDUV�ROG�JURXS�������������������DQG�������������������IRU�����\HDUV�ROG�JURXS�������������������DQG�����������������
IRU������PRQWKV�ROG�JURXS��UHVSHFWLYHO\�

&RQFOXVLRQV

%&35�UHJDUGOHVV�RI�'$�ZDV�DVVRFLDWHG�ZLWK�LPSURYHG�VXUYLYDO�RXWFRPHV�DIWHU�2+&$�LQ�SHGLDWULFV��+RZHYHU��WKH�DVVRFLDWLRQV�EHWZHHQ�'$�%&35�DQG
VXUYLYDO�RXWFRPHV�ZHUH�GLIIHUHQW�E\�DJH�JURXSV�



3(',$75,&6 2=/(0�7(.6$0

��������(YDOXDWLRQ�RI�SDWLHQWV�ZLWK�YHQWULFXORSHULWRQHDO�VKXQW�LQ�WKH�'LYLVLRQ�RI�3HGLDWULF�(PHUJHQF\�0HGLFLQH�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/DGHQ�-DIDUL������2]OHP�7HNVDP������'LOHN�<DOQL]RJOX����

�����QRQH��$QNDUD��785.(<
���������$QNDUD��785.(<

.H\ZRUGV��9HQWULNXORSHULWRQHDO�VKXQW��VKXQW�G\VIXQFWLRQ��VKXQW�LQIHFWLRQ��FKLOGUHQ

$EVWUDFW��

%DFNJURXQG�DQG�$LPV�

+\GURFHSKDOXV�LV�D�FRPPRQ�FKURQLF�GLVRUGHU�WKDW�FRXOG�EH�D�UHVXOW�RI�YDULRXV�HWLRORJLHV��9HQWULFXORSHULWRQHDO��9�3��VKXQWLQJ�LV�DQ�HVWDEOLVKHG
ORQJ�WHUP�WUHDWPHQW�RSWLRQ�IRU�K\GURFHSKDOXV�DQG�LV�RQH�RI�WKH�PRVW�FRPPRQ�QHXURVXUJLFDO�SURFHGXUHV��5DSLG�DQG�DFFXUDWH�HYDOXDWLRQ�RI�WKH�9�3
VKXQW�V\VWHP�LQ�WKH�HPHUJHQF\�URRP�VHWWLQJ�LV�QHFHVVDU\�DV�VKXQW�PDOIXQFWLRQ�PD\�EH�DVVRFLDWHG�ZLWK�LQFUHDVHG�PRUELGLW\�DQG�PRUWDOLW\��3DWLHQWV
ZLWK�9�3�VKXQW�G\VIXQFWLRQ�IUHTXHQWO\�SUHVHQW�ZLWK�FOLQLFDO�VLJQV�DQG�V\PSWRPV�RI�LQFUHDVHG�LQWUDFUDQLDO�SUHVVXUH�LQFOXGLQJ�QDXVHD��YRPLWLQJ�
KHDGDFKH��DOWHUHG�OHYHO�RI�FRQVFLRXVQHVV�DQG�VZHOOLQJ�DW�WKH�VKXQW�VLWH��+RZHYHU��WKH�SUHGLFWLRQ�RI�FRPSOLFDWLRQV�RI�9�3�VKXQW�LV�VWLOO�UHPDLQV
XQFOHDU��7KH�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�HYDOXDWH�WKH�GLDJQRVWLF�XWLOLW\�RI�KHDG�FRPSXWHG�WRPRJUDSK\��&7��DQG�WR�HYDOXDWH�VLJQV��V\PSWRPV�DQG
ODERUDWRU\�UHVXOWV�LQ�SDWLHQWV�ZLWK�VXVSHFWHG�9�3�VKXQW�G\VIXQFWLRQ�DQG�LQIHFWLRQ�

0HWKRGV�

:H�UHWURVSHFWLYHO\�UHYLHZHG�PHGLFDO�UHFRUGV�LQFOXGLQJ�VLJQV��V\PSWRPV��ODERUDWRU\�DQG�KHDG�&7���05,�UHVXOWV�LQ�SDWLHQWV�ZLWK�VXVSHFWHG�9�3�VKXQW
G\VIXQFWLRQ�EHWZHHQ�-DQXDU\������DQG�-XQH�������2QH�KXQGUHG�DQG�WKLUWHHQ�SDWLHQWV�DQG�����YLVLWV�ZHUH�UHYLHZHG��(DFK�QHXURLPDJLQJ�VWXG\�ZDV
FODVVLILHG�DV�ÈQRUPDOÉ��XQFKDQJHG�RU�GHFUHDVHG�YHQWULFOH�VL]H��RU�ÈDEQRUPDOÉ��LQFUHDVHG�YHQWULFOH�VL]H���:H�FODVVLILHG�D�SDWLHQW�DV�KDYLQJ�D
YHQWULFXODU�VKXQW�G\VIXQFWLRQ�LI�RSHUDWLYH�UHYLVLRQ�IRU�UHOLHI�RI�PHFKDQLFDO�FDXVHV�RI�DOWHUHG�VKXQW�IORZ�ZDV�QHHGHG�ZLWKLQ����KRXUV�RI�LQLWLDO�('
HYDOXDWLRQ���6KXQW�G\VIXQFWLRQ�ZLWKLQ����GD\V�RI�WKH�3('�YLVLW�ZDV�DOVR�HYDOXWHG�

5HVXOWV�

7KH�PRVW�FRPPRQ�FRPSODLQWV�ZHUH�IHYHU��YRPLWLQJ�DQG�DOWHUHG�FRQVFLRXVQHVV��7KHUH�LV�QR�UHODWLRQ�EHWZHHQ�FRPSODLQWV�DQG�WKH�LQIHFWLRQ�RU
PDOIXQFWLRQ�RI�VKXQW��S!�������6HL]XUH�LV�LQYHUVHO\�UHODWHG�WR�VKXQW�PDOIXQFWLRQ��S��������7KH�WKURPERF\WRVLV��!������PP���LV�VLJQLILFDQWO\
SUHGLFWLYH�RI�VKXQW�LQIHFWLRQV�S��������7KH�DEQRUPDO�UHVXOWV�RI�KHDG�&7�ZDV�QRW�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�VXUJLFDO�VKXQW�UHYLVLRQ�ZLWKLQ����KRXUV
DQG����GD\V�RI�LQLWLDO�('�DGPLVVLRQ��S!������

&RQFOXVLRQV�

7KHUH�LV�QR�VLJQLILFDQW�VLJQ�DQG�V\PSWRP�WR�GHFLGH�DERXW�VKXQW�PDOIXQFWLRQ�DQG�LQIHFWLRQ��$OWKRXJK�WKH�FRPSXWHG�WRPRJUDSK\�XWLOL]DWLRQ�IRU
VXVSHFWHG�YHQWULFXORSHULWRQHDO�PDOIXQFWLRQ�FRPPRQO\�XVHV��LW�LV�QRW�FOHDU�HIIHFW�RI�&7�UHVXOWV�RQ�GHFLVRQ�RI�VKXQW�VXUJHU\�



&35���5(686&,7$7,21 0DUWLQ�&��6DVVHQ

��������'HILEULOODWLRQ�VXFFHVV�LQ�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��+RZ�LPSRUWDQW�LV�UHFXUUHQFH�RI�YHQWULFXODU�ILEULOODWLRQ�DIWHU
VXFFHVVIXO�VKRFN"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DUWLQ�&��6DVVHQ������'DQD�0��6SLHV������%LUJLW�3O�JHU������6XVDQQH�6FKDXPEHUJ������&OHPHQV�.LOO����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��3KLOLSSV�8QLYHUVLW\��0DUEXUJ��*(50$1<

.H\ZRUGV��GHILEULOODWLRQ��UHFXUUHQFH�RI�YHQWULFXODU�ILEULOODWLRQ��2+&$��$/6

$EVWUDFW��

3XUSRVH�RI�WKH�VWXG\
,Q�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��ZLWK�YHQWULFXODU�ILEULOODWLRQ��9)��JXLGHOLQHV�UHFRPPHQG�GHILEULOODWLRQ�ZLWK�ELSKDVLF�VKRFN>�@��IROORZHG�E\
FKHVW�FRPSUHVVLRQV�IRU�WZR�PLQXWHV�EHIRUH�DQDO\]LQJ�VKRFN�VXFFHVV��,I�WKHQ�9)�LV�GHWHFWHG�DJDLQ��LW�LV�XQFOHDU�ZKHWKHU�9)�VXVWDLQHG�RU���DIWHU�EHLQJ
WHUPLQDWHG�E\�GHILEULOODWLRQ���UHFXUUHG�ZLWKLQ�WKH�WZR�PLQXWHV�F\FOH�RI�FKHVW�FRPSUHVVLRQV>�@��:H�LQYHVWLJDWHG�WKH�IUHTXHQF\�RI�SHUVLVWHQW�YHUVXV
UHFXUUHQW�9)�XQGHU�FKHVW�FRPSUHVVLRQV�DIWHU�GHILEULOODWLRQ�ZLWK�UHFWLOLQHDU�ELSKDVLF�VKRFN�

0DWHULDOV�DQG�0HWKRGV
,Q�0DUEXUJ�%LHGHQNRSI�&RXQW\��*HUPDQ\����������LQKDELWDQWV���ZH�HQFORVHG����FRQVHFXWLYH�FDVHV��VWDUWLQJ�0DUFK�������LQ�D�UHWURVSHFWLYH�VWXG\�RI
UHVXVFLWDWLRQ�DWWHPSWV�E\�$/6�DPEXODQFH�LQ�2+&$�ZLWK�LQLWLDO�9)��(&*�UHFRUGLQJV�RI�WKH�GHILEULOODWRU�FRUSXOV��ZHUH�DQDO\]HG�E\�WKUHH�LQGHSHQGHQW
LQYHVWLJDWRUV�IURP�WKH�EHJLQQLQJ�RI�WKH�&35�XQWLO�WZR�PLQXWHV�DIWHU�WKH�WKLUG�VKRFN��(&*�ZDV�HGLWHG�ZLWK�ILOWHUV�IURP������+]�WR�UHGXFH�FKHVW
FRPSUHVVLRQ�DUWLIDFWV���6XFFHVVIXO�VKRFN�ZDV�GHILQHG�DV�WHUPLQDWLRQ�RI�9)�ZLWKLQ���VHFRQGV�DIWHU�WKH�VKRFN>�@��$�UHODSVH�ZDV�GHILQHG�DV�UHFXUUHQW�9)
LQ�WKH�LQWHUYDO�EHWZHHQ���VHFRQGV�DIWHU�D�VKRFN�DQG�WKH�IROORZLQJ�VKRFN�

5HVXOWV
:H�DQDO\]HG����VKRFNV�RI����SDWLHQWV��������RI�WKH�VKRFNV�ZHUH�VXFFHVVIXO��Q �����EXW�WKH�UHFXUUHQFH�UDWH�RI�9)�ZDV��������Q �����6KRFN��
�Q ����ZDV�VXFFHVVIXO�LQ������Q �����9)�UHFXUUHQFH�UDWH��������Q �����6KRFN����Q ����ZDV�VXFFHVVIXO�LQ��������Q �����9)�UHFXUUHQFH�UDWH������
�Q �����6KRFN����Q ����ZDV�VXFFHVVIXO�LQ��������Q ����9)�UHFXUUHQFH�UDWH��������Q ���

&RQFOXVLRQV
$OWKRXJK�9)�ZDV�WHUPLQDWHG�E\�UHFWLOLQHDU�ZDYHIRUP�GHILEULOODWLRQ�LQ������9)�UHFXUUHG�ZLWKLQ�WKH�WZR�PLQXWHV�RI�FKHVW�FRPSUHVVLRQV�LQ������6LQFH�LW
LV�XQFOHDU�WR�ZKLFK�H[WHQG�FKHVW�FRPSUHVVLRQV�LQIOXHQFH�WKH�ULVN�RI�9)�UHODSVH�DIWHU�VXFFHVVIXO�VKRFN��IXUWKHU�VWXGLHV�QHHG�WR�UH�HYDOXDWH�WKH�EHVW
VKRFN�FRPSUHVVLRQ�DQDO\VLV�DOJRULWKP�IRU�2+&$�ZLWK�LQLWLDO�9)�

5HIHUHQFHV
���5HVXVFLWDWLRQ�������$XJ��������������
���&LUF�$UUK\WKP�(OHFWURSK\VLRO�������)HE�����������
���5HVXVFLWDWLRQ�������-XQ�������������



1(852/2*< 6HRN�-XQVRR

��������$VVRFLDWLRQ�EHWZHHQ�DFXWH�SKDVH�FRXUVH�RI�V\VWROLF�EORRG�SUHVVXUH�DQG�HDUO\�QHXURORJLFDO�LPSURYHPHQW�LQ�VWURNH
SDWLHQWV�WUHDWHG�ZLWK�UW3$

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-XQVRR�6HRN������.\RXQJKZDQ�.LP������6XQJN\RR�.LP������+\HRQVRQJ�.LP������.L�<RXQJ�-HRQJ������-RQJ�6HRN�/HH������<RXQJ�*ZDQ�.R����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��.\XQJ�+HH�8QLYHUVLW\�0HGLFDO�&HQWHU��6HRXO��.25($��5(38%/,&�2)

.H\ZRUGV��DFXWH�VWURNH��EORRG�SUHVVXUH��SURJQRVLV

$EVWUDFW��

%DFNJURXQG

7KH�UHODWLRQ�EHWZHHQ�V\VWROLF�EORRG�SUHVVXUH��6%3��DQG�QHXURORJLFDO�RXWFRPH�LQ�DFXWH�LVFKHPLF�VWURNH�LV�QRW�ZHOO�XQGHUVWRRG�LQ�VSLWH�RI�UHVHDUFK�IRU
PRUH�WKDQ�D�GHFDGH��&RQIOLFWLQJ�UHVXOWV�RI�WKH�SUHYLRXV�VWXGLHV�PD\�EH�DWWULEXWHG�WR�WKH�GLIIHUHQFH�LQ�PHWKRGRORJLFDO�GHVLJQ�DQG�SDVVLQJ�RYHU�WKH
SRWHQWLDO�HIIHFW�RI�EORRG�SUHVVXUH�FRXUVH�RQ�VWURNH�RXWFRPH��7KLV�VWXG\�DLPHG�WR�HYDOXDWH�WKH�UHODWLRQ�EHWZHHQ�6%3�WHQGHQF\�GXULQJ�DFXWH�SKDVH�RI
LVFKHPLF�VWURNH�DQG�HDUO\�QHXURORJLFDO�RXWFRPH�LQ�SDWLHQWV�WUHDWHG�ZLWK�LQWUDYHQRXV�WKURPERO\VLV�

0HWKRGV

$�WRWDO�RI�����LVFKHPLF�VWURNH�SDWLHQWV�ZKR�UHFHLYHG�LQWUDYHQRXV�UHFRPELQDQW�WLVVXH�SODVPLQRJHQ�DFWLYDWRU��UW3$��ZHUH�UHWURVSHFWLYHO\�H[DPLQHG�
%ORRG�SUHVVXUHV�ZHUH�PHDVXUHG�HYHU\����PLQXWHV�IRU�WKH�ILUVW���KRXUV�IURP�WKH�DGPLQLVWUDWLRQ�RI�UW3$���Ä��K���WKHQ�HYHU\����PLQXWHV�IRU�WKH�QH[W��
KRXUV���Ä���K���7LPH�FRXUVH�ZDV�GLYLGHG�LQWR���SKDVHV�E\�HYHU\���KRXUV��7KH�DYHUDJH��VWDQGDUG�GHYLDWLRQ��FRHIILFLHQW�RI�YDULDWLRQ��VWDQGDUG
GHYLDWLRQ���DYHUDJH�[������RI�6%3V�GXULQJ�WKH�SHULRGV�RI��Ä��K���Ä��K���Ä��K��DQG��Ä���K�ZHUH�FDOFXODWHG��'DWD�RQ�EDVHOLQH�GHPRJUDSKLFV��YDVFXODU
ULVN�IDFWRUV��K\SHUWHQVLRQ��GLDEHWHV�PHOOLWXV��DWULDO�ILEULOODWLRQ��G\VOLSLGHPLD��DQG�REHVLW\���SUH�VWURNH�GLVDELOLW\��XVLQJ�WKH�PRGLILHG�5DQNLQ�6FDOH
VFRUH���VWURNH�VHYHULW\��XVLQJ�WKH�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�6WURNH�6FDOH�VFRUH���WLPH�RI�UW3$�DGPLQLVWUDWLRQ��DQG�ODERUDWRU\�SDUDPHWHUV�ZHUH
FROOHFWHG��(DUO\�QHXURORJLFDO�RXWFRPHV�ZHUH�DVVHVVHG�DW����KRXUV�DIWHU�WKURPERO\WLF�WKHUDS\��7R�GHWHUPLQH�LQGHSHQGHQW�SUHGLFWRUV�IRU�HDUO\
QHXURORJLFDO�LPSURYHPHQW��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�6WURNH�6FDOH�VFRUH�RI��Ä���RU�RI�GHFUHDVH�Õ��SRLQW���D�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ�DQDO\VLV
ILWWHG�ZLWK�EDFNZDUG�VWHSZLVH�VHOHFWLRQ�SURFHGXUH�ZDV�SHUIRUPHG��7ZR�ZD\�UHSHDWHG�PHDVXUHV�DQDO\VLV�RI�YDULDQFH�ZDV�XVHG�WR�FRPSDUH�WKH
���KRXU�6%3�FRXUVH�EHWZHHQ�WKH�SDWLHQWV�ZLWK�DQG�ZLWKRXW�HDUO\�QHXURORJLFDO�LPSURYHPHQW�

5HVXOWV

3DWLHQWV�ZLWK�HDUO\�QHXURORJLFDO�LPSURYHPHQW��Q ����VKRZHG�KLJKHU�IUHTXHQF\�RI�G\VOLSLGHPLD��KLJKHU�WULJO\FHULGH�OHYHO��ORZHU�+'/�FKROHVWHURO�OHYHO�
DQG�ORZHU�6%3V�GXULQJ�WKH�SHULRGV�RI��Ä��K���Ä��K��DQG��Ä���K��LQ�XQLYDULDWH�DQDO\VLV��2Q�D�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ�PRGHO��DWULDO�ILEULOODWLRQ�DQG
PHDQ�6%3�GXULQJ��Ä��KRXUV�ZHUH�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�HDUO\�QHXURORJLFDO�LPSURYHPHQW�DIWHU�DGMXVWPHQW�RI�FRYDULDWHV��&RPSDULQJ�WKH�WLPH
FRXUVH�RI�6%3V��PHDQ�6%3�YDOXHV�LQ�SDWLHQWV�ZLWK�JRRG�RXWFRPH�FRQVWDQWO\�UHGXFHG�XQWLO���KRXUV�DIWHU�WKURPERO\VLV��ZKHUHDV�WKRVH�ZLWKRXW
QHXURORJLFDO�LPSURYHPHQW�VKRZHG�SODWHDX�SDWWHUQ�LQ�WKHLU�6%3�FRXUVH�

&RQFOXVLRQ

7KH�WHQGHQF\�RI�DYHUDJH�6%3�OHYHO�GXULQJ��Ä���KRXU�DIWHU�UW3$�WKHUDS\�ZDV�SUHGLFWLYH�RI�HDUO\�QHXURORJLFDO�RXWFRPH�DW����KRXUV�LQ�LVFKHPLF�VWURNH
SDWLHQWV�



('8&$7,21�$1'�75$,1,1* 0HOLK�wPDPRvOX

��������$Q�DOWHUQDWLYH�PHWKRG�IRU�LQFUHDVLQJ�PHGLFDO�LQWHUQVx�FKHVW�WXEH�LQVHUWLRQ�VNLOOV��$�GLVSOD\�PDQQHTXLQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

2]JXU�7DWOL������6XKD�7XUNPHQ������0HOLK�,PDPRJOX������<XQXV�.DUDFD������0XVWDID�&LFHN������0HWLQ�<DGLJDURJOX������6HOHQ�%D\UDN�7DPHU������2OJXQ
$VLN������0XUDW�7RSEDV������6XOH\PDQ�7XUHGL����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��.DUDGHQL]�7HFKQLFDO�8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��7UDE]RQ��785.(<
���'HSDUWPHQ�RI�(PHUJHQF\�0HGLFLQH��.DUDGHQL]�7HFKQLFDO�8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��7UDE]RQ��785.(<
���'HSDUWPHQW�RI�3XEOLF�+HDOWK��.DUDGHQL]�7HFKQLFDO�8QLYHUVLW\��)DFXOW\�RI�0HGLFLQH��7UDE]RQ��785.(<

.H\ZRUGV��FKHVW�WUDXPD��SQHXPRWKRUD[��KDHPRWKRUD[��FKHVW�WXEH��GLVSOD\�PDQQHTXLQ��PHGLFDO�WUDLQLQJ

$EVWUDFW��

,QWURGXFWLRQ

0HGLFDO�HGXFDWLRQ�QDWXUDOO\�UHTXLUHV�QRQ�SDWLHQW�SUDFWLFDO�WUDLQLQJ�VHVVLRQV�DV�PXFK�DV�WKHRUHWLFDO�WUDLQLQJ��6LPXODWLRQ�EDVHG�WUDLQLQJ�WKHUHIRUH
SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKLV�FRQWH[W��&KHVW�WXEH�LQVHUWLRQ�LV�D�YLWDOO\�LPSRUWDQW�SURFHGXUH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��7KLV�VWXG\�DVVHVVHG�WKH
HIIHFW�RQ�LQWHUQ�SK\VLFLDQVÇ�FKHVW�WXEH�LQVHUWLRQ�VNLOOV�RI�D�ORZ�FRVW�FKHVW�WXEH�VLPXODWLRQ�PRGHO�GHYHORSHG�E\�RXUVHOYHV�

0HWKRGV

$�GXPP\�ZDV�SUHSDUHG�IRU�WUDLQLQJ�VLPXODWLRQ�XVLQJ�D�GLVSOD\�PDQQHTXLQ��0HGLFDO�LQWHUQV�WKHQ�UHFHLYHG�LQVWUXFWLRQ�FRQFHUQLQJ�SQHXPRWKRUD[�DQG
WKH�FKHVW�WXEH�SURFHGXUH��(DFK�LQWHUQÇV�SURFHGXUDO�VNLOO�ZDV�DVVHVVHG�XVLQJ�WKH�È&KHVW�7XEH�$SSOLFDWLRQ�6NLOO�&KHFN�/LVWÉ�SUHSDUHG�E\�WKH�DXWKRUV�
(DFK�LWHP�RQ�WKH�OLVW�ZDV�VFRUHG�VHSDUDWHO\��$�PHDQ�ZDV�WKHQ�FDOFXODWHG�IRU�WKH�WRWDO�VFRUHV�REWDLQHG�

5HVXOWV

$OO����LQWHUQV�WDNLQJ�SDUW�LQ�WKH�VWXG\�UHSRUWHG�WKDW�WKH�VLPXODWLRQ�PRGHO�ZH�GHYHORSHG�FORVHO\�UHVHPEOHG�UHDOLW\��,QWHUQVÇ�PHDQ�SURFHGXUDO�VNLOO
VFRUH�ZDV�����k����RXW�RI�D�SRVVLEOH�����7KH�PD[LPXP�VFRUH�RI����ZDV�DFKLHYHG�E\�������RI�WKH�LQWHUQV��ZKLOH�DQRWKHU�������DFKLHYHG�D�VFRUH�RI
����(LJKW\�ILYH�SHUFHQW�RI�WKH�SDUWLFLSDQWV�VXFFHHGHG�LQ�LQVHUWLQJ�WKH�WXEH�ZLWK�DQ�DSSURSULDWH�WHFKQLTXH�E\�DFKLHYLQJ�D�VFRUH�RI����RU�PRUH��

'LVFXVVLRQ

7KH�ORZ�FRVW�PRGHO�SUHSDUHG�E\�XV�XVLQJ�D�GLVSOD\�PDQQHTXLQ�ZDV�VXFFHVVIXO�LQ�WHUPV�RI�GHYHORSLQJ�LQWHUQ�SK\VLFLDQVÇ�FKHVW�WXEH�LQVHUWLRQ�VNLOOV�
7KLV�PRGHO�FDQ�EH�XVHG�WR�LPSURYH�WKH�FKHVW�WXEH�LQVHUWLRQ�VNLOOV�RI�PHGLFDO�LQWHUQV�GXULQJ�PHGLFDO�WUDLQLQJ�



('8&$7,21�$1'�75$,1,1* (HYD�7XXQDLQHQ

��������/LIWLQJ�WKH�%RXQGDULHV�RI�WKH�('V�LQ�+HOVLQNL

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(HYD�7XXQDLQHQ������9HOL�3HNND�+DUMROD������-RKDQQD�.DDUWLQHQ������0DDUHW�&DVWUHQ����

�����+HOVLQNL�8QLYHUVLW\�+RVSLWDO��+HOVLQNL��),1/$1'

.H\ZRUGV��5HVLGHQWV��DVVLJQPHQWV��FROODERUDWLRQ��WUDLQLQJ��URWDWLRQ��FXUULFXOXP��PHQWRUVKLS

$EVWUDFW��

:KR�JHWV�ZKRP"

�

/LIWLQJ�WKH�%RXQGDULHV�RI�WKH�('V�LQ�+HOVLQNL

�

�

(PHUJHQF\�0HGLFLQH�LV�WKH���WK�DQG�WKH�QHZHVW�VSHFLDOW\�LQ�)LQODQG��IRXQGHG�LQ�������&XUUHQWO\�WUDLQLQJ�LQ�HPHUJHQF\�PHGLFLQH�LV�LQ�DOO�ILYH
8QLYHUVLW\�KRVSLWDOV�LQ�)LQODQG�DQG�WHQV�RI�HPHUJHQF\�GHSDUWPHQWV�ZRUN�DV�D�WUDLQLQJ�IDFLOLW\�WR�QHZ�HQWKXVLDVWLF�UHVLGHQWV�

�

5HVLGHQW�ZKR�KDYH�FKRVHQ�WKLV�QHZ�VSHFLDOW\�DUH�SDUWLFXODUO\�WRXJK��DQG�WKH\�QHHG�WR�EH��&KDOOHQJHV�WR�FKDQJH�DQWLTXDWHG�V\VWHPV�DUH�KXJH��LQ�WKH
DGPLQLVWUDWLYH�OHYHO�DQG�HVSHFLDOO\�LQ�WKH�PLGGOH�RI�WKH�QLJKW�ZKHQ�UHVLGHQW�DUH�IDFLQJ�SDWLHQWV�ZKR�HYHU\RQH�ZDQWV�WR�WUHDW�RU�QRERG\�ZDQWV�WR
WUHDW�

�

7KHUHIRUH�ZH�QHHG�WR�OD\�VRPH�LQWHUIDFHV��OLQHV��WKDWÇOO�PRYH�DV�WKH�NQRZOHGJH�DQG�H[SHULHQFH�RI�WKH�UHVLGHQWV�JURZV��(YHQWXDOO\��LQ�)LQODQG�
(PHUJHQF\�0HGLFLQH�VSHFLDOLVWV�ZLOO�EH�LQ�FKDUJH�RI�WKH�('V��%XW�ULJKW�QRZ�ZH�QHHG�WR�VHW�ZKHUH�ZH�DUH�DQG�ZKHUH�ZH�DUH�KHDGLQJ��$QG�WKLV�LV
VRPHWKLQJ�WKDW�ZH�QHHG�WR�GR�WRJHWKHU��LQ�WKH�DGPLQLVWUDWLYH�OHYHO�DQG�DPRQJ�UHVLGHQWV�

�

'XH�WR�WKH�URWDWLRQ�SODFHPHQWV��UHVLGHQWV�JHW�WR�NQRZ�DQG�WUXVW�HDFK�RWKHUV�NQRZOHGJH�DQG�VNLOOV��7KLV�LWVHOI�OD\V�D�OHYHO�RI�WUXVW�WRZDUGV�WKH�(0�
+RZHYHU��ZH�IRXQG�LW�WR�EH�H[WUHPHO\�LPSRUWDQW�WR�JR�DURXQG�GLIIHUHQW�VSHFLDOWLHV�HPHUJHQF\�FOLQLFV�DQG�ÆLQWURGXFH�RXUVHOYHVÇ��:KDW�FDQ�ZH�GR�QRZ�
ZKDW�DUH�RXU�H[SHFWDWLRQV�IURP�\RX��ZKDW�GR�WKH\�H[SHFWV�IURP�XV�DQG�RI�FRXUVH�KRZ�FDQ�ZH�JHW�WKHUH��WRJHWKHU"�:LWKRXW�UHVLGHQWV�ILJKWLQJ�LQ�WKH
('�DW���DP�

�

:H�VWDUWHG�WKHVH�IDFH�WR�IDFH�LQWURGXFWLRQV�LQ�WKH�VSULQJ�RI�������8QGHU�D�FDUHIXO�VXSHUYLVLRQ�RI�RXU�3URIHVVRU��WKH�UHVLGHQWV�ZHQW�WKUX�GLIIHUHQW
FOLQLFV��KDYLQJ�PXOWLSOH�PHHWLQJV�RI�WKH�ELODWHUDO�H[SHFWDWLRQV�ZKHQ�ZRUNLQJ�WRJHWKHU�LQ�WKH�('�

�

7KH�UHDFWLRQ�ZDV�SRVLWLYH��HYHU\�WLPH��&OLQLF�DIWHU�FOLQLF�UHDFWHG�ZLWK�HQWKXVLDVP�DQG�FRRSHUDWLRQ�WR�ZRUN�WRJHWKHU�WR�PDNH�WKH�('V�RI�+HOVLQNL�PRUH
IRFXVHG��SDWLHQW�RULHQWHG�DQG�HIILFLHQW��%DVHG�RQ�WKHVH�PHHWLQJV�ZH�ZHUH�DEOH�WR�GHVLJQ�GLVWULEXWLRQ�RI�WKH�EDVLF�SDWLHQW�FDVHV�EHWZHHQ�VSHFLDOWLHV�
FROODERUDWLRQ�EHWZHHQ�FOLQLFV��VKRUW�WUDLQLQJV�LQ�WKH�FOLQLFV�RZQ�IDFLOLWLHV�DQG�SRVVLEOH�IXWXUH�UHVHDUFK�WRSLFV�

�

:KHQ�GLVFXVVLQJ�GLUHFWO\�WR�WKH�(0�UHVLGHQWV�WKH�FKLHIV�RI�GLIIHUHQW�GHSDUWPHQW�FRXOG�XQGHUVWDQG�PRUH�FOHDUO\�ZKDW�GR�ZH�QHHG�WR�OHDUQ�LQ�WHUPV�RI
WUHDWLQJ�SDWLHQWV�IURP�WKHLU�VSHFLDOW\�EHWWHU��

�

(PHUJHQF\�0HGLFLQH�EHLQJ�VXFK�D�QHZ�VSHFLDOW\�LQ�)LQODQG�ZH�GRQÇW�KDYH�RXU�RZQ�VHQLRUV�RU�VXSHUYLVRUV�\HW��:H�PXVW�JDLQ�RXU�NQRZOHGJH�DQG
H[SHULHQFH�IURP�WKH�URWDWLRQV��VKRUW�WUDLQLQJV�DQG�XQGHU�WKH�VXSHUYLVLRQ�RI�WKH�RWKHU�VSHFLDOLVWV�

�

$QG�ZH�DUH�WUXO\�IRUWXQDWH�WR�VD\�WKDW�WKH\�DJUHHG�WR�GR�VR�



�

�



&$5',29$6&8/$5 5RWK�'RPLQLN

��������(DUO\�UXOH�RXW�RI�DFXWH�FRURQDU\�V\QGURPH�DW�WKH�HPHUJHQF\�GHSDUWPHQW�EHIRUH�DQG�DIWHU�LPSOHPHQWDWLRQ�RI�WKH�QHZ
(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\�JXLGHOLQHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&DOYLQ�.LHQEDFKHU������9HUHQD�)XKUPDQQ������5DSKDHO�9DQ�7XOGHU������&KULVWRI�+DYHO������:ROIJDQJ�6FKUHLEHU������+DUDOG�+HUNQHU������'RPLQLN�5RWK����

�����'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��9LHQQD��$8675,$

.H\ZRUGV��DFXWH�FRURQDU\�V\QGURPH��WURSRQLQ�W��FOLQLFDO�SUDFWLFH�JXLGHOLQHV

$EVWUDFW��

%DFNJURXQG�
7KRUDFLF�SDLQ�LV�RQH�RI�WKH�PRVW�IUHTXHQW�V\PSWRPV�HQFRXQWHUHG�DW�HPHUJHQF\�GHSDUWPHQWV��DQG�WKH�HDUO\�GLDJQRVLV�RU�UXOH�RXW�RI�OLIH�WKUHDWHQLQJ
FDXVHV��VXFK�DV�DFXWH�FRURQDU\�V\QGURPH��$&6��LV�D�NH\�FRPSHWHQFH�RI�HPHUJHQF\�PHGLFLQH��)DVW�DQG�VDIH�GLDJQRVLV�LV�FUXFLDO�IRU�SDWLHQW�VDIHW\�
ZKHUHDV�TXLFN�UXOH�RXW�LV�HVVHQWLDO�WR�GHDO�ZLWK�LQFUHDVLQJ�RYHUFURZGLQJ�RI�HPHUJHQF\�GHSDUWPHQWV�

,Q�$XJXVW�������WKH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\��(6&��SXEOLVKHG�QHZ�JXLGHOLQHV�IRU�WKH�PDQDJHPHQW�RI�QRQ�67�HOHYDWLRQ�$&6��7KH�ULVH�RI
KLJK�VHQVLWLYLW\�7URSRQLQ�7��KV�7QW��DVVD\V�DOORZHG�WKH�LQWURGXFWLRQ�RI�ÈHDUO\�UXOH�RXWÉ�DOJRULWKPV�EXW�PLJKW�DOVR�OHDG�WR�DQ�LQFUHDVLQJ�QXPEHU�RI
SDWLHQWV�ZLWK�ÈORZ�SRVLWLYHÉ�EDVHOLQH�KV�7QW�OHYHOV�ZKR�UHTXLUH�IXUWKHU�REVHUYDWLRQ�

:H�DLPHG�WR�DVVHVV�WKH�LPSDFW�RI�WKH�LPSOHPHQWDWLRQ�RI�WKH�QHZ�JXLGHOLQHV�RQ�WKH�IUHTXHQF\�RI�HDUO\�UXOH�RXW�DQG�SURORQJHG�REVHUYDWLRQ�UHSHDWHG
WHVWLQJ�DW�WKH�VHWWLQJ�RI�D�KLJK�YROXPH�WHUWLDU\�FDUH�HPHUJHQF\�GHSDUWPHQW�

0HWKRGV�
$W�RXU�HPHUJHQF\�GHSDUWPHQW�DW�D�������EHG�WHUWLDU\�FDUH�XQLYHUVLW\�KRVSLWDO��DSSUR[LPDWHO\��������SDWLHQWV�DUH�VHHQ�SHU�\HDU��:H�FRQGXFWHG�D
SUH��DQG�SRVW�FKDQJHRYHU�DQDO\VLV���PRQWKV�EHIRUH��-XO\�WR�6HSW�������DQG���PRQWKV�DIWHU��2FW�WR�'HF�������WUDQVLWLRQ�IURP�ROG��KV�7QW�FXWRII
��QJ�O����KRXU�UXOH�RXW��WR�QHZ��KV�7QW�FXWRII���QJ�O����KRXU�UXOH�RXW��JXLGHOLQHV��FRPSDULQJ�SURSRUWLRQV�RI�SDWLHQWV�UHTXLULQJ�UHSHDWHG�WHVWLQJ�XVLQJ
WKH�FKL�VTXDUH�WHVW�

5HVXOWV�
'XULQJ�WKH�VWXG\�SHULRG�D�WRWDO�RI�������FDVHV�RI�V\PSWRPV�VXVSLFLRXV�RI�DFXWH�FDUGLDF�RULJLQ�ZHUH�WUHDWHG��������EHIRUH��������DIWHU��FRQVLVWHQW
ZLWK�SUHYLRXVO\�REVHUYHG�VHDVRQDO�YDULDWLRQ�LQ�FDUGLQDO�V\PSWRPV�DW�RXU�GHSDUWPHQW�����������������IHPDOH��DJH������������\HDUV��

7KH�SURSRUWLRQ�RI�SDWLHQWV�IXOILOOLQJ�HDUO\�UXOH�RXW�FULWHULD�GHFUHDVHG�IURP��������������SDWLHQWV��EHIRUH�WR��������������SDWLHQWV��DIWHU
LPSOHPHQWDWLRQ�RI�QHZ�FXWRIIV��'XH�WR�WKH�QHZ�JXLGHOLQHV��WKH�SURSRUWLRQ�RI�SDWLHQWV�UHTXLULQJ�UHSHDWHG�WHVWLQJ�VLJQLILFDQWO\��S�������LQFUHDVHG
IURP������������SDWLHQWV��WR������������SDWLHQWV���ZKHUHDV�WKH�SURSRUWLRQ�RI�SRVLWLYH�UHVXOWV�LQ�UHSHDWHG�WHVWLQJ�VLJQLILFDQWO\��S ������GHFUHDVHG
IURP������������SDWLHQWV��WR������������SDWLHQWV��

&RQFOXVLRQV�
,Q�RXU�KLJK�YROXPH��UHDO�ZRUOG�VHWWLQJ�LPSOHPHQWDWLRQ�RI�WKH�QHZ�(6&�JXLGHOLQHV�OHG�WR�D�PLQRU�ULVH�LQ�SURORQJHG�REVHUYDWLRQ��PDLQO\�H[SODLQHG�E\
DQ�LQFUHDVH�LQ�HYHQWXDOO\�QHJDWLYH�UHSHDWHG�WHVWLQJ�



&35���5(686&,7$7,21 (OLVDEHWK�/REPH\U

��������'R�\RX�HYHQ�OLVWHQ�WR�PH"�*HQGHU�UHODWHG�GLIIHUHQFHV�LQ�WKH�SHUFHSWLRQ�RI�SURGURPHV�RI�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW
FDXVHG�E\�P\RFDUGLDO�LQIDUFWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(OLVDEHWK�/REPH\U������)ULW]�6WHU]������:ROIJDQJ�6FKUHLEHU������+DUDOG�+HUNQHU������5DSKDHO�9DQ�7XOGHU������0LFKDHO�3RSSH������3DWULFN�6XO]JUXEHU�����
'RPLQLN�5RWK����

�����'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��9LHQQD��$8675,$

.H\ZRUGV��5HVXVFLWDWLRQ��0\RFDUGLDO�,QIDUFWLRQ��*HQGHU��2XW�RI�+RVSLWDO�&DUGLDF�$UUHVW

$EVWUDFW��

%DFNJURXQG��2XW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��LV�VWLOO�RQH�RI�WKH�PDLQ�UHDVRQV�RI�GHDWK�LQ�WKH�ZHVWHUQ�ZRUOG������FDXVHG�E\�FDUGLRYDVFXODU
FRPSOLFDWLRQV��:KLOH�E\VWDQGHU�&35�DQG�HDUO\�GHILEULOODWLRQ�SURYHG�WR�EH�PRVW�EHQHILFLDO�IRU�IDYRUDEOH�SRVLWLYH�RXWFRPH��WKHVH�PHDVXUHV�DUH�RIWHQ
GHOD\HG�GXH�WR�QHJOHFW�DQG�LJQRUDQFH�RI�OHDGLQJ�FDUGLDF�V\PSWRPV��7KLV�LPSOLHV�D�FUXFLDO�UROH�IRU�UHODWLYHV�DQG�IULHQGV�WR�UHFRJQL]H�V\PSWRPV�HDUO\�
�

2EMHFWLYHV��:H�DLPHG�WR�DVVHVV�GLIIHUHQFHV�LQ�WKH�SHUFHSWLRQ�RI�SURGURPHV�E\�UHODWLYHV�DQG�IULHQGV�RI�PDOH�DQG�IHPDOH�YLFWLPV�RI�2+&$�GXH�WR
DFXWH�P\RFDUGLDO�LQIDUFWLRQ��$0,��

0HWKRGV��)URP�-DQXDU\���������WR�'HFHPEHU�����������ZH�SURVSHFWLYHO\�FROOHFWHG�GDWD�RI�DOO�SDWLHQWV�WUHDWHG�IRU�2+&$�GXH�WR�$0,�DW�RXU
KLJK�YROXPH�WHUWLDU\�FDUH�FHQWUH��'HPRJUDSKLF�DQG�FOLQLFDO�FKDUDFWHULVWLFV��DV�ZHOO�DV�GHWDLOV�RQ�KLVWRU\��GLDJQRVWLF�ILQGLQJV�DQG�WKHUDS\�ZHUH
DQDO\]HG��7KH�IUHTXHQF\�RI�DQ\�VXVSHFWHG�FDUGLDF�SURGURPHV�REVHUYHG�E\�UHODWLYHV�ZDV�FRPSDUHG�EHWZHHQ�ZRPHQ�DQG�PHQ�XVLQJ�WKH�FKL�VTXDUH
WHVW�

5HVXOWV��,Q�WRWDO������SDWLHQWV������������ZRPHQ��DJH���������\HDUV��PHW�WKH�LQFOXVLRQ�FULWHULD��&DUGLRYDVFXODU�ULVN�IDFWRUV��ULVN�SURILOH�DFFRUGLQJ
WR�*5$&(�VFRUH�������,45����������LQ�ZRPHQ�YV����������������LQ�PHQ���FDUGLDF�DUUHVW�UHODWHG�IDFWRUV��H�J��ZLWQHVVHG�DUUHVW�����YV�������ODFWDWH
OHYHO�RQ�DGPLVVLRQ����,45������YV����������PPRO�O��DV�ZHOO�DV�$0,�UHODWHG�FKDUDFWHULVWLFV��H�J��67(0,�����YV�������PRVW�IUHTXHQW�ORFDWLRQ�RI�LQIDUFWLRQ
DQWHULRU�ZDOO�����YV�������ZHUH�YHU\�VLPLODU�EHWZHHQ�ZRPHQ�DQG�PHQ��

6XVSLFLRXV�SURGURPHV�ZHUH��KRZHYHU��UHPHPEHUHG�VLJQLILFDQWO\�PRUH�RIWHQ�LQ�PDOH�WKDQ�LQ�IHPDOH�SDWLHQWV������YV������S ������

&RQFOXVLRQV��'HVSLWH�YHU\�VLPLODU�ULVN�SURILOHV�WR�PDOH�YLFWLPV��IDPLO\�DQG�IULHQGV�RI�IHPDOH�YLFWLPV�ZLWK�2+&$�IDU�OHVV�RIWHQ�UHPHPEHU�SURGURPHV
ZKLFK�ZHUH�LQWHUSUHWHG�DV�SRWHQWLDOO\�RI�FDUGLDF�RULJLQ��7KH�JHQHUDO�SXEOLF�WKXV�QHHGV�WR�EH�HQFRXUDJHG�IXUWKHU�WR�OLVWHQ�DWWHQWLYHO\��HVSHFLDOO\�WR
ZRPHQ�ZLWK�FDUGLDF�ULVN�IDFWRUV�



0$1$*(0(17���('�25*$1,6$7,21 0JKLUEL�$EGHOZDKHE

��������(PHUJHQF\�GHSDUWPHQW�YLROHQFH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DJKUDRXL�+DPLGD������$MDOD�/REQD������0JKLUEL�$EGHOZDKHE������.LODQL�0RKDPHG������.DOOHO�0RKDPHG�$PLQH������0DMHG�.DPHO������=DRXFKH�.KHGLMD
�����+DPRXGD�&KRNUL������%RUVDOL�)DOIRXO�1HELKD����

���(PHUJHQF\�'HSDUWHPHQW�RI�/D�5DEWD�7HDFKLQJ�+RVSLWDO��8QLYHUVLW\�RI�0DQDU����7XQLV��781,6,$

.H\ZRUGV��YLROHQFH��HPHUJHQF\�GHSDUWHPHQW��VHOI�HYDOXDWLYH�VXUYH\

$EVWUDFW��

,QWURGXFWLRQ�

&DUHJLYHUV�DUH�H[SRVHG�WR�EDG�WUHDWPHQW��WKUHDWHQLQJ�DQG�DQQR\DQFH�ZKHQ�ZRUNLQJ�HVSHFLDOO\�WKRVH�RI�WKH�HPHUJHQF\�GHSDUWPHQW��:H�REVHUYH
PRUH�YLROHQFH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�LGHQWLI\�WKH�PDLQ�FDXVHV�DQG�FRQVHTXHQFHV�RI�YLROHQW�DFWV�DJDLQVW
QXUVHV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DQG�WR�HYDOXDWH�WKH�SUHYDOHQFH�DQG�WKH�UROH�RI�WKH�JHQGHU�LQ�WKH�GLIIHUHQW�W\SHV�RI�YLROHQFH�

0HWKRGV��:H�FRQGXFWHG�DQ�REVHUYDWLRQDO�VWXG\�EDVHG�RQ�D�UHWURVSHFWLYH�VHOI�HYDOXDWLYH�VXUYH\�RQ�WKH�ODVW�WZHOYH�PRQWKV�

5HVXOWV�

:H�VHOHFWHG����QXUVHV�IRU�WKH�VWXG\��7KH�UHVSRQVH�UDWH�ZDV��������������ZHUH�DJHG�EHWZHHQ����DQG����\HDUV��������ZDV�ZRUNLQJ�EHWZHHQ���DQG
��\HDUV��9LROHQW�DFWV�KDG�RFFXUUHG�LQ�RXWSDWLHQW�HPHUJHQFLHV�LQ�WKH�PRUQLQJ�E\�D�UDWH�RI��������������RI�FDVHV�RFFXUHG�DW�WKH�YLWDO�HPHUJHQF\
URRPV�DQG�WUDXPD�XQLW��7KH�DJJUHVVRU�ZDV�WKH�DFFRPSDQ\LQJ���������DQG�WKH�FRXSOH�DFFRPSDQ\LQJ��SDWLHQW�LQ�������RI�FDVHV��7KH�PDLQ�UHDVRQV
ZHUH�ZDLWLQJ���������DQG�WKH�ODFN�RI�VWDII����������7KH�DWWDFNV�ZHUH�PRVWO\�YHUEDO���������LQVXOWV���������FULWLFLVPV�DQG�WKUHDWV����������3K\VLFDO
DVVDXOW���������ZHUH�PDLQO\�W\SH�RI�KRUVHSOD\���������DQG�NLFNLQJ����������,PPHGLDWH�UHDFWLRQV�RI�QHXUVHV�ZHUH�GLVFXVVLRQ�ZLWK�WKH�DJJUHVVRU
��������DQG�SK\VLFDO�UHDFWLRQ��������2XU�VWXG\�GLG�QRW�VKRZHG�DQ�HIIHFW�RI�JHQGHU�RQ�WKH�IUHTXHQF\�DQG�QDWXUH�RI�WKH�DVVDXOW��������RI�QXUVHV
H[SUHVVHG�D�GHVLUH�IRU�WKH�LQFOXVLRQ�RI�JHQGHU�LQ�WKH�GLVWULEXWLRQ�LQ�WKH�QLJKW�VKLIW��:H�IRXQGHG�SV\FKRORJLFDO�LPSDFW�LQ��������WKHVH�HIIHFWV�ZHUH
VKRZHG�DV�ZHOO�LQ�ZRUN�DQG�SULYDWH�OLIH�LQ�������RI�QXUVHV�

������RI�LQFLGHQWV�OHG�WR�FRPSODLQWV��,Q��������WKH�VXSHUYLVRU�ZDV�LQIRUPHG��7KH�VROXWLRQV�SURSRVHG�E\�WKH�VWDII�ZHUH�WKH�FRQVWDQW�QHHG�IRU�D�SROLFH
RIILFHU�LQ�������DQG�WKH�LQFUHDVH�RI�WKH�QXPEHU�RI�FDUHJLYHUV�LQ�������

&RQFOXVLRQV�

(PHUJHQF\�ZRUNHUV�DUH�IUHTXHQWO\�H[SRVHG�WR�YLROHQFH��,QVWLWXWLRQDO�VROXWLRQV�VKRXOG�EH�WDNHQ�WR�LPSURYH�ZRUNLQJ�FRQGLWLRQV�DQG�VWDII�VDIHW\�



7(/(0(',&,1( $QD�*UDFLHOD�0RUHQR�0HMLD

��������$SSOLFDWLRQ�RI�WHOHPHGLFLQH�EHWZHHQ�SULPDU\�FDUH�DQG�HPHUJHQF\�GHSDUWPHQW�RI�WKH�+RVSLWDO�RI�%DUEDVWUR

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-XDQ�-RV��(LWR�&XHOOR������$QD�*UDFLHOD�0RUHQR�0HMLD������0DU�D�'RORUHV�/RQFDQ�0DUJDOHMR������&ODUD�/RULHQWH�0DUWLQH]������%HDWUL]�%HQLWR�5XL]�����
0DQXHO�*ULDEDO�*DUFLD������3LODU�&DQHOODV�6DQFKH]������$QD�0DULD�$ULOOD�$OEDV����

���-HIH�GHO�6HUYLFLR�GH�8UJHQFLDV��+RVSLWDO�GH�%DUEDVWUR��%DUEDVWUR��63$,1
���6HUYLFLR�GH�8UJHQFLDV��+RVSLWDO�GH�%DUEDVWUR��%DUEDVWUR��63$,1
���&HQWUR�GH�6DOXG�0RQ]�Q��6HUYLFLR�GH�6DOXG�$UDJ�Q��+XHVFD��63$,1
���8UJHQFLDV��+RVSLWDO�GH�%DUEDVWUR��%DUEDVWUR��63$,1

.H\ZRUGV��WHOHPHGLFLQH��HPHUJHQF\��SULPDU\�FDUH

$EVWUDFW��

,1752'8&7,21�

7KH�DSSOLFDWLRQ�RI�QHZ�FRPPXQLFDWLRQ�WHFKQRORJLHV�IRU�WKH�UHDOL]DWLRQ�RI�PHGLFDO�FRQVXOWDWLRQ�EHWZHHQ�WKH�GLIIHUHQW�VHUYLFHV�RI�HPHUJHQF\�SULPDU\
FDUH�DQG�UHIHUHQFH�KRVSLWDO��DOORZV�WKH�DGYLFH�IURP�GRFWRUV�KRVSLWDO�HPHUJHQF\�RI�WKH�SDWLHQW�ZLWKRXW�WKH�QHHG�WR�VFUROO�WR�KRVSLWDO�DQG�FDQ�RIIHU
GLIIHUHQW�RSWLRQV�IRU�WKH�FRUUHFW�GLDJQRVLV�RI�SDWKRORJLFDO�FRQGLWLRQV�DQG�SURYLGH�HDUO\�WKHUDSHXWLF�UHVSRQVH��RSWLPL]LQJ�WLPH�DQG�TXDOLW\�RI�FDUH������

7$5*(7

'HVFULEH�WKH�SURFHVV�RI�PHGLFDO�FDUH�IRU�SDWLHQWV�ZLWK�XUJHQW�KHDOWK�SUREOHPV�XVLQJ�QHZ�WHFKQRORJLHV�RI�PHGLFDO�FRQVXOWDWLRQ�EHWZHHQ�SULPDU\�FDUH
DQG�KRVSLWDO�HPHUJHQF\�GRFWRUV�

0$7(5,$/6�$1'�0(7+2'

3URVSHFWLYH�VWXG\�RI�PHGLFDO�LQWHUFRQVXOWDWLRQV�PDGH�WKURXJK�YLGHRFRQIHUHQFLQJ�DQG���RU�FDOOV�EHWZHHQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�WKH�+RVSLWDO
RI�%DUEDVWUR�DQG�LWV�GLIIHUHQW�SULPDU\�FDUH�FHQWHUV�RYHU�D�SHULRG�RI����PRQWKV�����������������������������

$W�WKH�SUHVHQW�WLPH�REWDLQHG�D�VDPSOH�RI����LQWHUFRQVXOWDWLRQV��LW�ZLOO�SURFHHG�WR�WKH�ILQDO�DQDO\VLV�RI�VWDWLVWLFDO�GDWD�WKURXJK�6366

5(68/76

3HQGLQJ�ILQDO�UHVXOWV�DW�WKH�WLPH�RI�VKLSPHQW��$W�WKH�FXUUHQW�WLPH�RI�VHQGLQJ�SUHVHQW�ZRUN�LW�KDV�REWDLQHG�D�VDPSOH�RI����LQWHUFRQVXOWDWLRQV��DOO�RI
ZKLFK�KDYH�EHHQ�SKRQH�FDOOV��2QO\����SDWLHQWV�ZHUH�VHQW�IRU�HYDOXDWLRQ�DQG�KRVSLWDO�DGPLVVLRQ��7KH�UHVW�ZDV�IROORZHG�E\�KLV�SULPDU\�FDUH�GRFWRU�
7KH�PRVW�IUHTXHQW�UHDVRQ�IRU�FRQVXOWDWLRQ�ZLWK�����ZDV�TXHVWLRQV�RI�LQWHUSUHWDWLRQ�RI�GLDJQRVWLF�WHVWV��IROORZHG�ZLWK������G\VSQHD�LQ�SDWLHQWV�ZLWK
FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH�

&21&/86,21

:LWK�WKH�GDWD�REWDLQHG�LV�WRR�HDUO\�WR�GUDZ�UHOLDEOH�FRQFOXVLRQV�EXW�LW�FDQ�EH�QRWHG�WKDW�WKH�WLPH�KDV�IDFLOLWDWHG�FRPPXQLFDWLRQ�EHWZHHQ�SURIHVVLRQV
3ULPDU\�FDUH�DQG�HPHUJHQF\�GHSDUWPHQWV��UHGXFLQJ�XQFHUWDLQW\�SURIHVVLRQDO�PXVW�PDNH�D�PHGLFDO�GHFLVLRQ�LQ�D�VKRUW�SHULRG�RI�WLPH�RSWLPL]LQJ�RI
WKLV�IRUP�WKH�PHGLFDO�FDUH�RI�WKH�SDWLHQWV�

%,%/,2*5$3+<�

È7HOHPHGLFLQDÉ��KWWS���HV�ZLNLSHGLD�RUJ�ZLNL�7HOHPHGLFLQD���OWLPD�YLVLWD���GH�GLFLHPEUH�GH�������
È/DV�7,&�(Q�OD�VDQLGDG�GHO�IXWXURÉ��KWWS���ZZZ�WHOHIRQLFD�HV�VRFLHGDGGHODLQIRUPDFLRQ�SGI�LQIRUPHV�HVSDQDB�����VRFLHGDGLQIRUPDFLRQ�����SGI���
�OWLPD�YLVLWD���'H�GLFLHPEUH�GH������
È/D�WHOHPHGLFLQD��tFLHQFLD�R�ILFFL�Q"É��KWWS���UHF\W�IHF\W�HV�LQGH[�SKS�$661�DUWLFOH�YLHZ�������������OWLPD�YLVLWD���GH�GLFLHPEUH�GH��������



36<&+,$75< $QD�*UDFLHOD�0RUHQR�0HMLD

��������5HYLHZ�RI�FDVHV�RI�SDWLHQWV�DWWHQGHG�ZLWK�DWWHPSWHG�VXLFLGH�LQ�WKH�(PHUJHQF\�6HUYLFH�RI�%DUEDVWUR�+RVSLWDO�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-XDQ�-RV��(LWR�&XHOOR������$QD�*UDFLHOD�0RUHQR�0HMLD������-XDQ�$OEHUWR�0DJDOO�Q�3X\������)UDQFLVFR�)UDQFLD�)UDQFR������,VDEHO�7RUUHV�3H�D������%HDWUL]
7RULELR�9HODPD]�Q������&�VDU�*DUJDOOR�%HUQDG������-HDQ�(OLH�0DUFHOLQ����

���-HIH�GHO�6HUYLFLR�GH�8UJHQFLDV��+RVSLWDO�GH�%DUEDVWUR��%DUEDVWUR��63$,1
���6HUYLFLR�GH�8UJHQFLDV��+RVSLWDO�GH�%DUEDVWUR��%DUEDVWUR��63$,1
���8UJHQFLDV��+RVSLWDO�GH�%DUEDVWUR��%DUEDVWUR��63$,1
���6HUYLFLR�GH�8UJHQFLDV��+RVSLWDO�GH�%DUEDVWUR��%DUEDVWUR��)5$1&(

.H\ZRUGV��VXLFLGH��SV\FKLDWU\��HPHUJHQF\

$EVWUDFW��

,1752'8&7,21�

6XLFLGH�DWWHPSWV�DUH�D�GLYHUVH�SDWKRORJ\�LQ�KLV�SUHVHQWDWLRQ�DQG�SRWHQWLDOO\�VHULRXV���LW�LV�LPSRUWDQW�HDUO\�PHGLFDO�YDOXDWLRQ�DQG�VWDELOL]DWLRQ��
ZLWKRXW�IRUJHWWLQJ�WKH�HVVHQWLDO�SV\FKLDWULF�PHGLFDO�HYDOXDWLRQ���,Q�SHULSKHUDO�KRVSLWDOV�ZKR�GR�QRW�KDYH�PHGLFDO�SV\FKLDWULVWV�LV�HVVHQWLDO�UHIHUUDO�WR
KRVSLWDOV�ZLWK�SV\FKLDWULF�VHUYLFHV�IRU�YDOXDWLRQ�

7$5*(7

'HVFULEH�WKH�FKDUDFWHULVWLFV�RI�SDWLHQWV�ZLWK�VXLFLGH�DWWHPSWV��YDOXHG�DW�DQ�HPHUJHQF\�GHSDUWPHQW�RI�D�SHULSKHUDO�KRVSLWDO�WKDW�GRHV�QRW�KDYH
SV\FKLDWULVW�RQ�FDOO�

0$7(5,$/6�$1'�0(7+2'

,W�LV�D�'HVFULSWLYH�WUDQVYHUVDO�VWXG\�RI�SDWLHQWV�ZLWK�VXLFLGH�DWWHPSWV�ZKR�FRQVXOWHG�WKH�HPHUJHQF\�GHSDUWPHQW�IRU�D�SHULRG�RI�WZHOYH�PRQWKV
��������������������������

$IWHU�KDYLQJ�REWDLQHG�D�VDPSOH�RI����SDWLHQWV��LW�ZDV�SURFHHG�WR�D�VWDWLVWLFV�DQDO\VLV�REWDLQHG�ZLWK�6366�

5(68/76

7KH�DYHUDJH�DJH�ZDV������\HDUV��EHLQJ�������RI�WKHP�ZRPDQ�

����RI�SDWLHQWV�ZKR�PDGH�D�VXLFLGH�DWWHPSW�ZDV�WUHDWHG�ZLWK�D�OHYHO�RI�WULDJH�,,,������RI�SDWLHQWV�ZDV�WUHDWHG�DW�WKH�VWDUW�E\�D�UHVLGHQW�LQ�WKH
HPHUJHQF\�GHSDUWPHQW�������RI�WKH�DWWHQWLRQ�ZDV�VXSHUYLVHG�E\�D�PHGLFDO�VSHFLDOLVW�

����RI�SDWLHQWV�ZHUH�WUDQVIHUUHG�WR�D�KRVSLWDO�WKDW�KDG�VHUYLFH�SV\FKLDWU\������ZHUH�UHIHUUHG�WR�'RPLFLOH�DQG�����UHTXHVWHG�YROXQWDU\�GLVFKDUJH

&21&/86,21

:KHQ�PDNLQJ�WKH�ILUVW�DVVLVWDQFH�WR�WKHVH�SDWLHQWV��LW�LV�QRWHZRUWK\�WKDW�PRVW�KDYH�D�ORZ�OHYHO�RI�WULDJH��,,,��DQG�DOVR�DUH�YDOXHG�E\�PHGLFDO
UHVLGHQWV�DW�ILUVW��EXW�VWUHVVHV�WKDW������DUH�VXSHUYLVHG�E\�PHGLFDO�VSHFLDOLVWV�

7KH�DYDLODELOLW\�RI�VKRUW�VWD\�XQLWV��XQLWV�RI����KRXUV�RI�REVHUYDWLRQ��ZLWK�FDSDFLW\�WR�VHUYH�SV\FKLDWULF�SDWLHQWV�ZKR�KDYH�KDG�VXLFLGH�DWWHPSWV�LQ
SHULSKHUDO�KRVSLWDOV�RU�KDYH�FDOO�SV\FKLDWULVW�FRXOG�KHOS�UHGXFH�WKH�KLJK�QXPEHU�RI�WUDQVIHUV�WR�RWKHU�KRVSLWDOV�

%,%/,2*5$3+<�

(VWUDWHJLD�HQ�VDOXG�PHQWDO�6LVWHPD�1DFLRQDO�GH�6DOXG������������0DGULG��0LQLVWHULR�GH�6DQLGDG��3RO�WLFD�6RFLDO�H�,JXDOGDG���������
&KLQFKLOOD�$��&RUUHDV�-��9HJD�0��0DQXDO�GH�XUJHQFLDV�SVLTXL�WULFDV��%DUFHORQD��0DVVRQ���������
$PHULFDQ�3V\FKLDWULF�$VVRFLDWLRQ��3UDFWLFH�JXLGHOLQH�IRU�WKH�$VVHVVPHQW�DQG�7UHDWPHQW�RI�3DWLHQWV�ZLWK�6XLFLGDO�%HKDYLRUV��$PHULFDQ�3\FKLDWULF��
$VVRFLDWLRQ�������



5(63,5$725<�(0(5*(1&,(6 /XLV�(VFREDU�\�$OYDUR

��������$UH�SDWLHQWV�ZLWK�DVWKPD�WKDW�DUULYH�LQ�HPHUJHQF\�GHSDUWPHQW�WUHDWHG�IROORZLQJ�WKH�UHFRPPHQGDWLRQV"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

/XLV�(VFREDU�\�$OYDUR������0DU�D�7UHQ]D�3H�DV������-RDTX�Q�-LPHQH]�*RQ]DOH]������0DU�D�uQJHOHV�0D\RO�9LOOHVFDV������5LFDUGR�%DUUDJ�Q�$ODUF�Q�����
&ODUD�6DQFKH]�3DUUD����

���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�5DIDHO�0HQGH]��/RUFD��63$,1
���(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�-XDQ�;;,,��7DUUDJRQD��63$,1

.H\ZRUGV��DVWKPD��H[DFHEDWLRQV��WUHDWPHQW��LQKDOHG�FRUWLFRVWHURLGV�

$EVWUDFW��

,QWURGXFWLRQ��$VWKPD�LV�D�KLJKO\�SUHYDOHQW�GLVHDVH�WKDW�SUHVHQWV�FRPPRQO\�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��LQ�DFXWH�H[DFHUEDWLRQ��5HFHQW
6SDQLVK�$VKWPD�0DQDJHPHQW�*XLGH�*(0$��KDV�VHW�WKH�PDQDJHPHQW�IRU�ERWK�UHJXODU�WKHUDS\��ZLWK���WKHUDSHXWLF�VWHSV��DQG�H[DFHUEDWLRQ�WKHUDS\�
2EMHWLYH��7R�GHWHUPLQH�ZKHWKHU�SDWLHQWV�ZLWK�DVWKPD�WUHDWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�IRU�H[DFHUEDWLRQV�KDG�D�SUHYLRXV�WUHDWPHQW��KDG�EHHQ
WUHDWHG�LQ�WKH�HPHUJHQF\�URRP��DQG�KDYH�EHHQ�GLVFKDUJHG�ZLWK�WUHDWPHQWV�WKDW�IROORZHG�WKH
UHFRPHQGDWLRQV�RI�WKH�6SDQLVK�$VKWPD�0DQDJHPHQW�*XLGH�*(0$�
0HWKRG��3URVSHFWLYH�VWXG\�RI�SDWLHQWV�WUHDWHG�LQ�HPHUJHQF\�IRU�H[DFHUEDWLRQ�RI�DVWKPD��FKHFNLQJ�SUHWUHDWPHQW��GXULQJ�HPHUJHQF\�DGPLVVLRQ�DQG
GLVFKDUJH�ILWWHG�WKH�JXLGHOLQHV�
5HVXOWV��:H�VWXGLHG�����FOLQLFDO�UHSRUWV�RI�SDWLHQWV�WUHDWHG�IRU�DVWKPD�H[DFHUEDWLRQV�LQ�WKH�('�RI�RXU�+RVSLWDO�GXULQJ���������SDWLHQWV�ZHUH�LQ�WKH
ILUVW�WKHUDSHXWLF�VWHS�����LQ�WKH�VHFRQG�����LQ�WKH�WKLUG�����LQ�WKH�IRXUWK�����LQ�WKH�ILIWK��DQG���LQ�WKH�VL[WK��2QO\�����RI�WKH�SDWLHQWV�ZHUH�UHFLHYLQJ
WUHDWPHQW�DFFRUGLQJ�WR�WKH�*(0$�JXLGHOLQHV������ZHUH�RYHUWUHDWHG��DQG����ZHUH�QRW�UHFLHYLQJ�HQRJK�WUHDWPHQW��,Q�HPHUJHQF\�DGPLVVLRQ�����RI
WKH�SDWLHQWV������ZHUH�WUHDWHG�DFFRUGLQJ�WR�WKH�JXLGHOLQHV��DQG����������ZHUH�RYHUWUHDWHG��ZLWK���SDWLHQWV�QRW�UHFLHYLQJ�HQRXJK�WUHDWPHQW����
SDWLHQWV�ZHUH�DGPLWWHG�WR�WKH�KRVSLWDO�ZDUG��2I�WKH����SDWLHQWV�GLVFKDUJHG������ZHUH�SUHVFULHYHG�WUHDWPHQW�DFFRUGLQJ�WR�WKH�JXLGHOLQHV������ZHUH
QRW�UHFLHYLQJ�HQRXJK�WUHDWPHQW�DQG�����ZHUH�RYHUWUHDWHG�

&RQFOXVLRQ��ORZ�FRPSOLDQFH�LV�IRXQG�LQ�WKH�DSSOLFDWLRQ�RI�FOLQLFDO�JXLGHOLQHV�LQ�SDWLHQWV�ZLWK�DVWKPD�VR�LW�LV�QHFHVVDU\�WR�ILQG�WRROV�WR�LPSURYH�WKH
FRUUHFW�DSSOLFDWLRQ�RI�WKH�UHFRPPHQGDWLRQV�RI�FOLQLFDO�SDWKZD\V�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

1DRPL�3HWHUVHQ

��������6HGDWLRQ�ZLWK�QLWURXV�R[LGH��1�2��LQ�FKLOGUHQ��D�FOLQLFDO�JXLGH�WR�LPSOHPHQWDWLRQ�DQG�XVH�LQ�HYHU\GD\�SUDFWLFH�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1DRPL�3HWHUVHQ������)HPNH�*UHVQLJW����

���(PHUJHQF\�GHSDUWPHQW��2/9*�$PVWHUGDP��$PVWHUGDP��7+(�1(7+(5/$1'6

.H\ZRUGV��1LWURXV�R[LGH��1�2���PLQRU�SURFHGXUHV��FKLOGUHQ��HPHUJHQF\�GHSDUWPHQW��SHGLDWULF�GHSDUWPHQW��DGYHUVH�HYHQWV

$EVWUDFW��

,QWURGXFWLRQ�Ä�,Q�WKH�HPHUJHQF\�GHSDUWPHQW��('��DQG�SHGLDWULF�GHSDUWPHQW��3'���PLQRU�SURFHGXUHV�LQ�FKLOGUHQ�DUH�RIWHQ�FKDOOHQJLQJ�GXH�WR�DQ[LHW\
DQG�ODFN�RI�FRRSHUDWLRQ�E\�WKH�FKLOG��1LWURXV�R[LGH��1�2��VHHPV�D�VXLWDEOH�DJHQW�IRU�SURFHGXUDO�VHGDWLRQ��36$���,W�KDV�D�UDSLG�RQVHW�DQG�RIIVHW��QR
IDVWLQJ�SHULRG�LV�UHTXLUHG�DQG�VHOI�DGPLQLVWUDWLRQ�LV�SRVVLEOH��$OWKRXJK�VDIHW\�DQG�HIILFDF\�ZHUH�SURYHQ�LQ�LQWHUQDWLRQDO�OLWHUDWXUH��36$�ZLWK�LQKDOHG�1�
2�LV�RQO\�PLQLPDOO\�XVHG�LQ�'XWFK�KRVSLWDOV��,Q�WKLV�VWXG\�ZH�GHVFULEH�WKH�LPSOHPHQWDWLRQ�RI�SURFHGXUDO�VHGDWLRQ�ZLWK�QLWURXV�R[LGH�LQ�RXU�KRVSLWDO�LQ
D�WZR�\HDU�FRKRUW�

�0HWKRGV�Ä��$OO�SDWLHQWV�WKDW�XQGHUZHQW�SURFHGXUDO�VHGDWLRQ��36$��ZLWK�1�2�������LQ�WKH�HPHUJHQF\�DQG�SHGLDWULF�GHSDUWPHQW�ZHUH�UHWURVSHFWLYHO\
LGHQWLILHG��'DWD�RQ�SDWLHQW�FKDUDFWHULVWLFV��W\SH�RI�SURFHGXUH��GHSWK�RI�VHGDWLRQ�DQG�DGYHUVH�HYHQWV�ZHUH�UHFRUGHG��36$�ZDV�SHUIRUPHG�XVLQJ
VWDQGDUGL]HG�SUH�VHGDWLRQ�DVVHVVPHQW��PRQLWRULQJ�GXULQJ�SURFHGXUH�DQG�SRVW�VHGDWLRQ�GLVFKDUJH�FULWHULD��&RQFRPLWDQW�XVH�RI�V\VWHPLF�DQDOJHVLD
ZDV�FRQWUD�LQGLFDWHG��$OO�PHGLFDO�VWDII�ZDV�WUDLQHG�DFFRUGLQJ�WR�SURWRFRO��WKLV�LQFOXGHG�WKHRUHWLFDO�EDFNJURXQG�WUDLQLQJ�DQG�VXSHUYLVLRQ�GXULQJ�WKH
ILUVW�ILYH�SURFHGXUHV��.QRZOHGJH�RI�DGYDQFHG�OLIH�VXSSRUW�ZDV�UHTXLUHG��36$�FRXOG�EH�H[HFXWHG�E\�D�ZHOO�WUDLQHG�QXUVH�ZLWKRXW�VXSHUYLVLRQ�RI�D
GRFWRU��

5HVXOWV�Ä�'XULQJ������DQG�����������SDWLHQWV�UHFHLYHG�36$�ZLWK�LQKDOHG�1�������SDWLHQWV�ZHUH�H[FOXGHG�GXH�WR�PLVVLQJ�GDWD������SDWLHQWV�ZHUH
LQFOXGHG�LQ�WKLV�VWXG\��7KHVH�ZHUH����ER\V�DQG����JLUOV�ZLWK�D�PHDQ�DJH�RI�����\HDUV��6'�����\HDUV���6HGDWLRQ�ZDV�VXFFHVVIXO�LQ�FKLOGUHQ�IURP�WKH
DJH�RI�WZR�\HDUV�ROG��3URFHGXUHV�LQ�ZKLFK�VHGDWLRQ�ZDV�XVHG��ZRXQG�FDUH��1 ������YHQRXV�DFFHVV��1 �����UHGXFWLRQ�RI�IUDFWXUH��1 �����OXPEDU
SXQFWXUH��1 ����WKH�DGPLQLVWUDWLRQ�RI�D�SODVWHU�FDVW��1 ���DQG�SODFHPHQW�RI�D�XULQH�FDWKHWHU��1 ���

�����SHUFHQW�RI�FKLOGUHQ�KDG�DQ�$6$�FODVVLILFDWLRQ�VFRUH�RI�RQH��0HDQ�GXUDWLRQ�RI�SURFHGXUH�ZDV����PLQXWHV��6'�����PLQXWHV��

0RVW�UHSRUWHG�VLGH�HIIHFW�ZDV�ODXJKLQJ��1 ����7KHUH�ZHUH�QR�UHSRUWHG�PDMRU�DGYHUVH�HYHQWV��7KHUH�ZHUH����UHSRUWHG�FDVHV�LQ�ZKLFK�FRPIRUW�DQG
VXSSUHVVLRQ�RI�DQ[LHW\�GXULQJ�36$�ZHUH�LQDGHTXDWH�DQG�WKH�SDWLHQW�ZDV�XQFRPIRUWDEOH�GXULQJ�WKH�SURFHGXUH��7KHUH�ZHUH�VHYHQ�UHSRUWHG�FDVHV�LQ
ZKLFK�WKH�SURFHGXUH�FRXOG�QRW�EH�VXFFHVVIXOO\�FRPSOHWHG��2QH�SURFHGXUH�KDG�WR�EH�DERUWHG�GXH�WR�PDOIXQFWLRQ�RI��HTXLSPHQW��7KH�RWKHU�VL[
SURFHGXUHV�LQFOXGHG��VWLWFKLQJ�RI�ZRXQGV�WR�WKH�IDFH��1 ����SODFHPHQW�RI�D�XULQH�FDWKHWHU��1 ���DQG�UHGXFWLRQ�RI�DQ�LQFDUFHUDWHG�LQJXLQDO�KHUQLD
�1 ����7KHVH�SURFHGXUHV�DUH�NQRZQ�WR�EH�XQSOHDVDQW�DQG�SDLQIXO��HVSHFLDOO\�LQ�\RXQJ�FKLOGUHQ�

&RQFOXVLRQÄ�6HGDWLRQ�ZLWK�QLWURXV�R[LGH�LV�VDIH��IHDVLEOH�DQG�HIIHFWLYH�IRU�ERWK�SDWLHQW�DQG�PHGLFDO�VWDII�LQ�PLQRU�SURFHGXUHV�LQ�WKH�HPHUJHQF\�DQG
SHGLDWULF�GHSDUWPHQW��,Q�WKH�YDVW�PDMRULW\����������VHGDWLRQ�ZDV�VXFFHVVIXO��,Q�PRUH�SDLQIXO�SURFHGXUHV��VHGDWLRQ�ZLWKRXW�FRQFRPLWDQW�DQDOJHVLD
SURYHG�WR�EH�LQDGHTXDWH��1 ���DQG�SURFHGXUHV�FRXOG�QRW�EH�FRPSOHWHG��)RU�WKLV�UHDVRQ�WKH�XVH�RI�FRQFRPLWDQW�V\VWHPLF�DQDOJHVLD�ZLWK�RSLDWHV�ZDV
LQFOXGHG�LQ�RXU�SURWRFRO�LQ�������,PSOHPHQWDWLRQ�RI�SURFHGXUDO�VHGDWLRQ�ZLWK�1�2�UHTXLUHV�DGHTXDWH�WUDLQLQJ�RI�PHGLFDO�VWDII�DQG�D�FORVH
FROODERUDWLRQ�EHWZHHQ�WKH�HPHUJHQF\�DQG�SHGLDWULF�GHSDUWPHQW�



&35���5(686&,7$7,21 'LQND�/XOLF

��������'HYHORSPHQW�RI�FRPSDUWPHQW�V\QGURPH�LQ�SRVW�UHVXVFLWDWLRQ�SHULRG��DQ�XQXVXDO�FRPSOLFDWLRQ�RI�FDUERQ�PRQR[LGH
SRLVRQLQJ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

'LQND�/XOLF������,YDQ�*RUQLN������$QLWD�/XNLF������0LUMDQD�0LULF������1LQD�&YMHWLFDQLQ������%RULV�7RPDVHYLF������,OHDQD�/XOLF����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDO�&HQWUH�=DJUHE��=DJUHE��&52$7,$
���'HSDUWPHQW�RI�$QDHVWKHVLRORJ\��5HDQLPDWRORJ\�DQG�,QWHQVLYH�&DUH�0HGLFLQH��*HQHUDO�+RVSLWDO�9DUD]GLQ��9DUD]GLQ��&52$7,$
���'HSDUWPHQW�RI�$QDHVWKHVLRORJ\��5HDQLPDWRORJ\�DQG�,QWHQVLYH�&DUH�0HGLFLQH��8QLYHUVLW\�+RVSLWDO�&HQWUH�=DJUHE��=DJUHE��&52$7,$

.H\ZRUGV��&RPSDUWPHQW�V\QGURPH��3RVW�UHVXVFLWDWLRQ�SHULRG��&DUERQ�PRQR[LGH�SRLVRQLQJ

$EVWUDFW��

3XUSRVH�RI�WKH�VWXG\��&DUERQ�PRQR[LGH��&2��SRLVRQLQJ�LV�D�VLJQLILFDQW�FDXVH�RI�PRUELGLW\�DQG�PRUWDOLW\�ZRUOGZLGH��&2�LV�D�FRORUOHVV��RGRUOHVV�
QRQLUULWDWLQJ��WR[LF�JDV�SURGXFHG�E\�WKH�LQFRPSOHWH�R[LGDWLRQ�RI�K\GURFDUERQV��&2�SRLVRQLQJ�LV�DVVRFLDWHG�ZLWK�LVFKDHPLD�UHSHUIXVLRQ�LQMXU\�DQG
V\VWHPLF�FLUFXODWLRQ�RI�LQIODPPDWRU\�F\WRNLQHV��ZKLFK�FDQ�LQFUHDVH�FDSLOODU\�SHUPHDELOLW\�DQG�YLVFHUDO�RHGHPD��XOWLPDWHO\�UHVXOWLQJ�LQ�GLVWDQW�RUJDQ
LQMXU\�DQG�GHYHORSPHQW�RI�FRPSDUWPHQW�V\QGURPH��7KHUHIRUH��&2�SRLVRQLQJ�FRQVWLWXWHV�PRPHQWRXV�GLDJQRVLV�LQ�SDWLHQWV�DGPLWWHG�WR�(PHUJHQF\
'HSDUWPHQWV��('��DQG�,QWHQVLYH�&DUH�8QLWV��,&8���:H�UHSRUW�D�FDVH�RI�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW��2+&$��VXUYLYRU�DIWHU�&2�SRLVRQLQJ�ZKR
GHYHORSHG�DQ�DWUDXPDWLF�FRPSDUWPHQW�V\QGURPH�RI�WKH�OHIW�ORZHU�OHJ��&DVH�UHSRUW��$����\HDU�ROG�IHPDOH�ZDV�DGPLWWHG�WR�RXU�,QVWLWXWLRQÇV
(PHUJHQF\�'HSDUWPHQW��('��DIWHU�2+&$�GXH�WR�&2�SRLVRQLQJ��3UH�KRVSLWDO�PHGLFDO�UHFRUGV�UHYHDOHG�LQLWLDO�UK\WKP�RI�DV\VWROH�WKDW�SURJUHVVHG�WR
YHQWULFXODU�ILEULOODWLRQ��)XUWKHU�RQ�WKH�ILHOG��VKH�ZDV�GHILEULOODWHG�WZR�WLPHV��ZLWK�WKH�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ�DIWHU����PLQXWHV�RI
DGYDQFHG�OLIH�VXSSRUW�PHDVXUHV�EHLQJ�SHUIRUPHG��8SRQ�WKH�DUULYDO�WR�WKH�('��WKH�SDWLHQW�ZDV�DQDOJR�VHGDWHG��LQWXEDWHG��DQG�PHFKDQLFDOO\
YHQWLODWHG��1HXURORJLFDO�H[DPLQDWLRQ�UHYHDOHG�*&6����(���9���0����HTXDO�SXSLOV��P\GULDVLV���UHDFWLQJ�VOXJJLVKO\�WR�OLJKW��DQG�HTXDO�OHIW�DQG�ULJKW
PRWRU�UHVSRQVH��,QLWLDO�ODERUDWRU\�UHVXOWV�FRQFHGHG�RI�+E&2������S+��������ODFWDWH�!����DQG�XQGHWHFWDEOH�S&2���+&2��DQG�%(�YDOXHV��,Q�WKH
SRVW�UHVXVFLWDWLRQ�SHULRG�WKHUDSHXWLF�K\SRWKHUPLD�ZDV�PDLQWDLQHG�IRU����KRXUV��&7�DQJLRJUDSK\�GHPRQVWUDWHG�GHHS�YHQRXV�WKURPERVLV�RI�ULJKW
YHQD�SRSOLWHD��WRJHWKHU�ZLWK�QDUURZLQJ�RI�OHIW�SRSOLWHDO�DUWHU\��7KHUHIRUH��DQ�DWUDXPDWLF�LVRODWHG�OHIW�ORZHU�OHJ�FRPSDUWPHQW�V\QGURPH�ZDV
VXVSHFWHG��([WHQGHG�ODERUDWRU\�UHVXOWV�VKRZHG�KLJK�FRQFHQWUDWLRQV�RI�P\RJORELQ����������FUHDWLQH�NLQDVH����������DQG�WURSRQLQ�7�OHYHOV��������7KH
WUHDWPHQW�LQFOXGHG�IDVFLRWRPLD�RI�WKH�OHIW�ORZHU�OHJ��DQG�K\SHUEDULF�R[\JHQDWLRQ��7KH�SDWLHQW�ZDV�GLVFKDUJHG�IURP�RXU�LQVWLWXWLRQ�WZR�PRQWKV�DIWHU
LQLWLDO�DVVHVVPHQW�WR�DQRWKHU�IDFLOLW\�IRU�IXUWKHU�WUHDWPHQW��ZKLFK�FRQVLVWHG�RI�PXOWLGLVFLSOLQDU\�PDQDJHPHQW�RI�YDULRXV�PHGLFDO�VSHFLDOLVWV�
&RQFOXVLRQV��7KH�GLDJQRVLV�RI�FRPSDUWPHQW�V\QGURPH�UHTXLUHV�D�KLJK�LQGH[�RI�VXVSLFLRQ��HVSHFLDOO\�LQ�2+&$�VXUYLYRUV��ZLWK�DOWHUHG�FRQVFLRXVQHVV
OHYHOV�WKDW�FRQIRXQG�WKH�QHXURORJLFDO�H[DPLQDWLRQ��VLQFH�LW�PD\�OHDG�WR�D�YLFLRXV�F\FOH�WKDW�LQFUHDVHV�PRUELGLW\�DQG�PRUWDOLW\�



&/,1,&$/�'(&,6,21�*8,'(6�$1'�58/(6 +DQHQ�*KD]DOL

��������&RPSDULVRQ�RI�WZR�VFRUHV�LQ�WKH�UXOH�RXW�RI�FDUGLDF�FDXVH�RI�V\QFRSH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

LQHV�FKHUPLWL������+DQHQ�*KD]DOL������$KPHG�6RX\DK������$QZDUH�\DKPDGL������$\PHQ�=RXEOL������V\ULQH�NHVNHV������QRXUD�QJDFK������6DPL�6RXLVVL����

���HPHUJHQF\�GHSDUWPHQW��UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$

.H\ZRUGV��V\QFRSH��WRROV��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ�

6\QFRSH�LV�D�PDMRU�KHDOWK�FDUH�SUREOHP�WKDW�DFFRXQWV�IRU�PDQ\�HPHUJHQF\�GHSDUWPHQWV��('���3K\VLFLDQVÇ�DSSURDFKHV�WR�WKLV�FRQGLWLRQ�DUH�YDULHG
GXH�WR�ODFN�RI�PHWKRGLFDO�DSSURDFK��7KH�FKDOOHQJH�IRU�WKH�HPHUJHQF\�SK\VLFLDQ�LV�WR�GLVWLQJXLVK�EHWZHHQ�FDUGLDF�DQG�QRQ�FDUGLDF�V\QFRSH��6FRUHV
DUH�GHVLJQHG�WR�VLPSOLI\�KRVSLWDOL]DWLRQ�GHFLVLRQ��7KH�(YDOXDWLRQ�RI�*XLGHOLQHV�LQ�6\QFRSH�6WXG\��(*6<6��VFRUH�DQG�WKH�6DQ�)UDQFLVFR�6\QFRSH�5XOH
�6)65��VFRUH�DUH�GHYHORSHG�WR�GHWHUPLQH�SDWLHQWV�ZLWK�V\QFRSH�RI�D�FDUGLDF�FDXVH�

2EMHFWLYH��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�FRPSDUH�WKH�6)65�DQG�WKH�(*6<6�VFRUHV�LQ�WKH�H[FOXVLRQ�RI�FDUGLDF�V\QFRSH�LQ�('�

0HWKRGV�

3URVSHFWLYH��REVHUYDWLRQDO�VWXG\�RYHU���\HDUV��,QFOXVLRQ�RI�DGXOW�SDWLHQWV�DGPLWWHG�WR�WKH�('�ZLWK�D�GLDJQRVLV�RI�V\QFRSH��([FOXVLRQ�FULWHULD��QR
FRQVHQW��QHXURORJLFDO�GHILFLW�VXJJHVWLYH�RI�VWURNH��SUHYLRXV�UHFUXLWPHQW�LQWR�WKH�VWXG\��FROODSVH�UHODWHG�WR�DOFRKRO�FRQVXPSWLRQ��WUDXPD��RU�VHL]XUH
DFWLYLW\��$�SK\VLFDO�H[DPLQDWLRQ��DQ�HOHFWURFDUGLRJUDP��(&*��DQG�DQ�RUWKRVWDWLF�K\SRWHQVLRQ�WHVW�ZHUH�SHUIRUPHG��$OO�SDWLHQWV�ZHUH�H[SORUHG�LQ�WKH
FDUGLDF�XQLW��7KH�ILQDO�FDXVH�RI�WKH�V\QFRSH�KDV�EHHQ�GHWHUPLQHG�DIWHU�LQYHVWLJDWLRQV��3DWLHQWÇV�PDQDJHPHQW�ZDV�EDVHG�RQ�WKH�(*6<6�DQG�6)65
VFRUH��:H�FRPSDUHG�WKH�WZR�VFRUHV�XVLQJ�WKH�52&�PHWKRG�

�

5HVXOWV�

,QFOXVLRQ�RI�����SDWLHQWV��0HDQ�DJH�����k����\HDUV��6H[�UDWLR ������1R�PHGLFDO�KLVWRU\�ZDV�REVHUYHG�LQ����SDWLHQWV��������7KLUW\�IRXU�SDWLHQWV
������KDG�D�SUHYLRXV�V\QFRSH��(&*�ZDV�QRUPDO�LQ�����RI�SDWLHQWV�

(*6<6Õ��ZDV�IRXQG�LQ�����RI�FDVHV��
7KH�VSHFLILFLW\��VHQVLWLYLW\��SRVLWLYH�SUHGLFWLYH�YDOXH��339���QHJDWLYH�SUHGLFWLYH�YDOXH��139��DQG�QHJDWLYH�OLNHOLKRRG�UDWLR�RI�(*6<6�VFRUH�ZHUH���������
��������DQG�������UHVSHFWLYHO\��7KH�$UHD�XQGHU�WKH�FXUYH��$8&��ZDV�HTXDO�WR��������S������������,&�>�����������@�

6)65�VFRUH�ZDV�SRVLWLYH�LQ�����RI�SDWLHQWV��7KH�VSHFLILFLW\��VHQVLWLYLW\��339��139�DQG�QHJDWLYH�OLNHOLKRRG�UDWLR�RI�6)65�VFRUH�ZHUH�����������������
DQG�������UHVSHFWLYHO\��$8&�ZDV�HTXDO�WR��������S������������,&�>�����������@�

�

&RQFOXVLRQ�

7KH�(*6<6�DQG�6)65�VFRUH�KDG�JRRG�139��2XWSDWLHQW�PRQLWRULQJ�FDQ�EH�FRQVLGHUHG�LI�WKHVH�VFRUHV�DUH�QHJDWLYH��7KH�(*6<6�VFRUH�VHHPV�PRUH
SHUIRUPDQW�WR�UXOH�RXW�RI�FDUGLDF�FDXVH�LQ�V\QFRSH�

�



0$1$*(0(17���('�25*$1,6$7,21 6LYHUD�%HUEHQ

��������,PSURYLQJ�WKH�JRYHUQDQFH�RI�SDWLHQW�VDIHW\�LQ�HPHUJHQF\�FDUH��D�V\VWHPDWLF�UHYLHZ�RI�LQWHUYHQWLRQV�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*LMV�+HVVHOLQN������6LYHUD�%HUEHQ������7KLPSH�%HXQH������/LVHWWH�6FKRRQKRYHQ����

���(DVWHUQ�5HJLRQDO�(PHUJHQF\�+HDOWKFDUH�1HWZRUN��5DGERXG�8QLYHUVLW\�0HGLFDO�&HQWUH��1LMPHJHQ��7+(�1(7+(5/$1'6
���(DVWHUQ�5HJLRQDO�(PHUJHQF\�+HDOWKFDUH�1HWZRUN��5DGERXG�8QLYHULVW\�0HGLFDO�&HQWUH��1LMPHJHQ��7+(�1(7+(5/$1'6
���)DFXOW\�RI�+HDOWK�6FLHQFH��8QLYHUVLW\�RI�6RXWKDPSWRQ��6RXWKDPSWRQ��8.

.H\ZRUGV��SDWLHQW�VDIHW\��LQFLGHQW�UHSRUWV��ZDON�D�URXQG��V\VWHPDWLF�UHYLHZ��UHOLDELOLW\�DQG�YDOLGLW\��SDWLHQW�VDIHW\�LQWHUYHQWLRQV��JRYHUQDQFH

$EVWUDFW��

%DFNJURXQG

([HFXWLYHV�RI�HPHUJHQF\�KHDOWKFDUH�VHUYLFHV��(06��DUH�LQFUHDVLQJO\�KHOG�DFFRXQWDEOH�IRU�SDWLHQW�VDIHW\��EHFDXVH�HPHUJHQF\�FDUH�LQYROYHV�KLJK
SDWLHQW�VDIHW\�ULVNV��&DUH�LV�RIWHQ�GHOLYHUHG�WR�KLJK�DFXLW\�SDWLHQWV�ZLWK�XQVWDEOH�YLWDO�VLJQV�LQ�D�IDVW�SDFHG�VHWWLQJ�XQGHU�XQSUHGLFWDEOH�FRQGLWLRQV�
$OVR��SDWLHQW�KDQGRYHUV�EHWZHHQ�DPEXODQFH��KHOLFRSWHU�(06�DQG�WKH�HPHUJHQF\�GHSDUWPHQW��('��LQYROYH�PLVFRPPXQLFDWLRQ�DQG�DGYHUVH�HYHQWV�
([HFXWLYHV�KDYH�D�IXQGDPHQWDO�JRYHUQDQFH�UROH�LQ�RYHUVHHLQJ�DQG�PDQDJLQJ�VDIHW\�ULVNV�ZLWKLQ�WKHLU�VHUYLFH��+RZHYHU��LQVLJKW�LQ�YDOLGLW\��UHOLDELOLW\
DQG�IHDVLELOLW\�RI�LQWHUYHQWLRQV�WKDW�DLP�WR�LPSURYH�WKH�JRYHUQDQFH�RI�SDWLHQW�VDIHW\�ZLWKLQ�HPHUJHQF\�FDUH�RUJDQL]DWLRQV�LV�ODFNLQJ�

0HWKRGV

:H�SHUIRUPHG�D�V\VWHPDWLF�UHYLHZ�RI�WKH�OLWHUDWXUH��3XE0HG��(0%$6(��&XPXODWLYH�,QGH[�WR�1XUVLQJ�DQG�$OOLHG�+HDOWK�/LWHUDWXUH��WKH�&RFKUDQH
'DWDEDVH�RI�6\VWHPDWLF�5HYLHZV�DQG�3V\FK,QIR�ZHUH�VHDUFKHG�IRU�VWXGLHV�SXEOLVKHG�EHWZHHQ�-DQXDU\������DQG�-XO\�������:H�LQFOXGHG�VWXGLHV
HYDOXDWLQJ�LQWHUYHQWLRQV�UHOHYDQW�IRU�KLJKHU�PDQDJHPHQW�WR�RYHUVHH�DQG�PDQDJH�SDWLHQW�VDIHW\��LQ�SUHKRVSLWDO�HPHUJHQF\�PHGLFDO�VHUYLFH��(06�
RUJDQLVDWLRQV�DQG�KRVSLWDO�EDVHG�HPHUJHQF\�GHSDUWPHQWV��('V���7ZR�UHYLHZHUV�LQGHSHQGHQWO\�VHOHFWHG�FDQGLGDWH�VWXGLHV��H[WUDFWHG�GDWD�DQG
DVVHVVHG�VWXG\�TXDOLW\��6WXGLHV�ZHUH�FDWHJRULVHG�DFFRUGLQJ�WR�VWXG\�TXDOLW\��VHWWLQJ��VDPSOH��LQWHUYHQWLRQ�FKDUDFWHULVWLFV�DQG�ILQGLQJV�

5HVXOWV

2I�WKH����LQFOXGHG�VWXGLHV�����������ZHUH�QRQ�H[SHULPHQWDO��1LQH�VWXGLHV�������UHSRUWHG�GDWD�RQ�WKH�UHOLDELOLW\�DQG�RU�YDOLGLW\�RI�WKH�LQWHUYHQWLRQ�
(LJKW�VWXGLHV�������UHSRUWHG�RQ�WKH�IHDVLELOLW\�RI�WKH�LQWHUYHQWLRQ��2QO\���VWXGLHV�������UHSRUWHG�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFWV��7KH�XVH�RI�D
VLPXODWLRQ�EDVHG�WUDLQLQJ�SURJUDP�DQG�ZHOO�GHVLJQHG�LQFLGHQW�UHSRUWLQJ�V\VWHPV�OHG�WR�D�VWDWLVWLFDOO\�VLJQLILFDQW�LPSURYHPHQW�RI�VDIHW\�NQRZOHGJH
DQG�DWWLWXGHV�E\�('�VWDII�DQG�DQ�LQFUHDVH�RI�LQFLGHQW�UHSRUWV�ZLWKLQ�('V��UHVSHFWLYHO\�

&RQFOXVLRQ

&KDUDFWHULVWLFV�RI�WKH�LQWHUYHQWLRQV�LQFOXGHG�LQ�WKLV�UHYLHZ��HJ��DQRQ\PRXV�LQFLGHQW�UHSRUWLQJ�DQG�YDOLGDWLRQ�RI�LQFLGHQW�UHSRUWV�E\�DQ�LQGHSHQGHQW
SDUW\��FRXOG�SURYLGH�XVHIXO�LQSXW�IRU�WKH�GHVLJQ�RI�DQ�HIIHFWLYH�WRRO�WR�JRYHUQ�SDWLHQW�VDIHW\�LQ�(06��DQG�('V��+RZHYHU��H[HFXWLYHV�FDQQRW�UHO\�RQ�D
UREXVW�VHW�RI�HYLGHQFH�EDVHG�WRROV�WR�JRYHUQ�SDWLHQW�VDIHW\�ZLWKLQ�WKHLU�HPHUJHQF\�FDUH�RUJDQL]DWLRQ��(VWDEOLVKHG�VWUDWHJLHV�IURP�RWKHU�KLJK�ULVN
VHFWRUV�QHHG�WR�EH�HYDOXDWHG�LQ�HPHUJHQF\�FDUH�VHWWLQJV��XVLQJ�DQ�H[SHULPHQWDO�GHVLJQ�ZLWK�YDOLG�RXWFRPH�PHDVXUHV�WR�VWUHQJWKHQ�WKH�HYLGHQFH
EDVH�



&35���5(686&,7$7,21 0HOLVVD�0F*RZDQ

����������\HDU�UHYLHZ�RI�XQH[SHFWHG�GHDWKV�LQ�D�WHUWLDU\�FDUH�HPHUJHQF\�GHSDUWPHQW��RSSRUWXQLWLHV�IRU�LPSURYHPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0HOLVVD�0F*RZDQ������&RQRU�/DYHOOH������$OLQD�7RPD����

���(PHUJHQF\�0HGLFLQH��6W��0LFKDHO
V�+RVSLWDO��7RURQWR��&$1$'$
���(PHUJHQF\�0HGLFLQH�5HVLGHQF\�3URJUDP��8QLYHUVLW\�RI�7RURQWR��7RURQWR��&$1$'$
���(PHUJHQF\�0HGLFLQH��6W��0LFKDHO
V�+RVSLWDO��8QLYHUVLW\�RI�7RURQWR��7RURQWR��&$1$'$

.H\ZRUGV��5HVXVFLWDWLRQ��4XDOLW\��3DWLHQW�6DIHW\

$EVWUDFW��

,QWURGXFWLRQ��7KH�HPHUJHQF\�GHSDUWPHQW��('��LV�D�EXVWOLQJ��FKDRWLF�HQYLURQPHQW�FUHDWLQJ�D�PLOLHX�WKDW�SRVHV�D�VHULRXV�ULVN�WR�SDWLHQW�VDIHW\�
:KLOH�FOLQLFDO�GHWHULRUDWLRQ�QHHGV�WR�EH�UHFRJQL]HG�HDUO\��VXSSRUWHG�E\�D�WLPHO\�UHVSRQVH�WR�RSWLPL]H�FOLQLFDO�RXWFRPHV��('�ERDUGLQJ�SODFHV�SDWLHQWV
LQ�D�YXOQHUDEOH�SRVLWLRQ�ZKHUH�WKH�HPHUJHQF\�SK\VLFLDQ��(3��PD\�QRW�EH�IDPLOLDU�QRU�WKH�PRVW�UHVSRQVLEOH�SK\VLFLDQ��WKHUHE\�FUHDWLQJ�DQ
HUURU�SURGXFLQJ�SHUIHFW�VWRUP�ZKHQ�FDOOHG�WR�WKH�EHGVLGH�RI�FULWLFDOO\�LOO��GHWHULRUDWLQJ�SDWLHQWV��:H�VRXJKW�WR�GHVFULEH�('�GHDWKV�RI�SDWLHQWV�ZKR
ZHUH�VWDEOH�XSRQ�('�SUHVHQWDWLRQ�DV�SDUW�RI�D�ODUJHU�TXDOLW\�LPSURYHPHQW�DQG�SDWLHQW�VDIHW\�ÈFRGH�UHVXVFLWDWLRQÉ�LQLWLDWLYH�

0HWKRGV��$���\HDU��0DUFK������0DUFK�������UHWURVSHFWLYH�UHYLHZ�RI�GHDWKV�LQ�WKH�('�ZDV�FRQGXFWHG�DW�D�VLQJOH��WHUWLDU\�FDUH�FHQWUH��3DWLHQWV
ZHUH�LGHQWLILHG�WKURXJK�WKH�(PHUJHQF\�'HSDUWPHQW�,QIRUPDWLRQ�6\VWHP��,QFOXVLRQ�FULWHULD�ZHUH��!��\HDUV��&DQDGLDQ�7ULDJH�$VVHVVPHQW�6FRUH
�&7$6������DW�SUHVHQWDWLRQ��QRQ��DQG�ERDUGHG�DGPLWWHG�SDWLHQWV�LQ�WKH�('�ZLWK�D�GHSDUWXUH�ORFDWLRQ�RI�PRUJXH��&7$6���ZDV�H[FOXGHG�DV�WKHVH
UHSUHVHQW�WKH�PRVW�XQVWDEOH�SRSXODWLRQ�UHTXLULQJ�LPPHGLDWH�UHVXVFLWDWLYH�HIIRUWV��&OLQLFDO��GHPRJUDSKLF�DQG�DGPLQLVWUDWLYH�GDWD�ZHUH�H[WUDFWHG
ZLWK�����RI�FKDUWV�LQGHSHQGHQWO\�UHYLHZHG�E\�D�VWDII�(PHUJHQF\�3K\VLFLDQ�IRU�LQWHU�UDWHU�UHOLDELOLW\��2XWFRPHV�ZHUH�WLPH�EDVHG�IURP�WULDJH�

5HVXOWV�����FDVHV�PHW�FULWHULD�����ZHUH�DVVHVVHG�E\�DQ�HPHUJHQF\�SK\VLFLDQ�DQG���ZHUH�GLUHFW�WR�VHUYLFH��0HDQ�DJH������\HDUV������������������
PDOHV�����������DUULYHG�E\�(06�����������ZHUH�&7$6���ZLWK����������WULDJHG�WR�ÈPDMRUÉ�FOLQLFDO�WUHDWPHQW�DUHD��)URP�WULDJH��PHDQ�WLPH�WR�51
$VVHVVPHQW�ZDV�����KU�����������KU��DQG�(3�,QLWLDO�$VVHVVPHQW�ZDV������KU������������KU���&RGH�VWDWXV�ZDV�GRFXPHQWHG�LQ����������FKDUWV��IXOO
FRGH�����������'15���������������FDVHV�������KDG�D�FRQVXOW��ZLWK����������KDYLQJ�RQH�FRQVXOW����������WZR�FRQVXOWV��DQG��������KDG���FRQVXOWV�
*,0��Q ���������ZDV�PRVW�FRPPRQ�LQLWLDO�FRQVXOW�VHUYLFH����������KDG�,&8�DV�WKHLU�ILUVW�FRQVXOW��DQG���������DV�VHFRQG�FRQVXOW�����������ZHUH
DGPLWWHG�WR�D�VHUYLFH�DW�WLPH�RI�GHDWK�LQ�WKH�('��LQ�ZKLFK�(3V�GRFXPHQWHG�EHLQJ�FDOOHG�WR�EHGVLGH�IRU�SHUL��RU�DUUHVW�FDUH��$YHUDJH�WLPH�WR�GHDWK
�('�/26��ZDV�����KU������������KU��

'LVFXVVLRQ��(DUO\�UHFRJQLWLRQ��WLPHO\�UHVSRQVH�DQG�RSWLPDO�PDQDJHPHQW�RI�DFXWHO\��GHWHULRUDWLQJ�SDWLHQWV�LV�SDUDPRXQW�LQ�GHWHUPLQLQJ�RXWFRPH�
'HVSLWH�D�VLJQLILFDQW�DPRXQW�RI�ZRUN�GHYHORSLQJ�UDSLG�UHVSRQVH�V\VWHPV�WR�LPSURYH�PRUELGLW\�DQG�PRUWDOLW\�LQ�D�YDULHW\�RI�VHWWLQJV�DQG�VXSSRUW
HDUO\�LGHQWLILFDWLRQ�IRU�WKRVH�DW�ULVN�RI�FOLQLFDO�GHWHULRUDWLRQ��QRQH�KDYH�EHHQ�VKRZQ�WR�EH�HIIHFWLYH�LQ�WKH�('��:KLOH�GHYHORSLQJ�LQWHUGHSDUWPHQWDO
SURFHVVHV�WR�VXSSRUW�SDWLHQW�IORZ�LV�IXQGDPHQWDO�WR�DGGUHVV�('�ERDUGLQJ��LPSOHPHQWLQJ�D�SURWRFRO�GULYHQ�V\VWHP�IRU�JRDO�GLUHFWHG�LQWHUYHQWLRQ
WKURXJK�D��UHVXVFLWDWLRQ�KXGGOH��LQ�WKH�('�KDV�WKH�SRWHQWLDO�WR�PRELOL]H�PXOWLGLVFLSOLQDU\�UHVRXUFHV�DQG�FDUH�HDUOLHU�LQ�WKH�FOLQLFDO�FRXUVH�WKHUHE\
SRWHQWLDOO\�LPSDFWLQJ�PRUWDOLW\�



35(�+263,7$/���(06���287�2)�+263,7$/ 6LYHUD�%HUEHQ

��������)HDVLELOLW\�RI�D�SURVSHFWLYH�ULVN�DQDO\VLV�WR�LPSURYH�SDWLHQW�VDIHW\�LQ�WKH�FKDLQ�RI�HPHUJHQF\�FDUH��D�SLORW�VWXG\�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DULH�-RVH�/LWMHQV������6LYHUD�%HUEHQ������*LMV�+HVVHOLQN������.DULQ�YDQ�GHQ�%HUJ������0LUDQGD�'LU[������/LVHWWH�6FKRRQKRYHQ����

���3URFHV�DQG�,QQRYDWLRQ�'HSDUWPHQW��5DGERXG�8QLYHUVLW\�0HGLFDO�&HQWUH��1LMPHJHQ��7+(�1(7+(5/$1'6
���(DVWHUQ�5HJLRQDO�(PHUJHQF\�+HDOWKFDUH�1HWZRUN��5DGERXG�8QLYHULVW\�0HGLFDO�&HQWUH��1LMPHJHQ��7+(�1(7+(5/$1'6
���(DVWHUQ�5HJLRQDO�(PHUJHQF\�+HDOWKFDUH�1HWZRUN��5DGERXG�8QLYHUVLW\�0HGLFDO�&HQWUH��1LMPHJHQ��7+(�1(7+(5/$1'6
���/LPEXUJ�(PHUJHQF\�+HDOWKFDUH�1HWZRUN��0DDVWULFKW�8QLYHUVLW\�0HGLFDO�&HQWUH��0DDVWULFKW��7+(�1(7+(5/$1'6
���)DFXOW\�RI�+HDOWK�6FLHQFH��8QLYHUVLW\�RI�6RXWKDPSWRQ��6RXWKDPSWRQ��8.

.H\ZRUGV��SURVSHFWLYH�ULVN�DQDO\VLV��SDWLHQW�VDIHW\��HPHUJHQF\�FDUH

$EVWUDFW��

%DFNJURXQG

3DWLHQW�VDIHW\�LV�DQ�LPSRUWDQW�LVVXH�LQ�HPHUJHQF\�PHGLFLQH��+RZHYHU��SDWLHQW�VDIHW\�PDQDJHPHQW�LV�PDLQO\�IRFXVHG�RQ�WKH�FDUH�ZLWKLQ��WKH
HPHUJHQF\�GHSDUWPHQW��('���DOWKRXJK�VDIHW\�ULVNV�DUH�NQRZQ�WR�WDNH�SODFH�LQ�WKH�FKDLQ�RI�HPHUJHQF\�FDUH��)RU�LQVWDQFH�SUREOHPV�LQ�WKH�KDQGRYHUV
RI�HPHUJHQF\�FDUH�RFFXU�LQ�VDIHW\�LQFLGHQW�UHSRUWV�RI�WKH�JHQHUDO�SUDFWLWLRQHU��*3��SUDFWLFH��DPEXODQFH�HPHUJHQF\�PHGLFDO�VHUYLFHV��(06��DQG
RWKHU�GHSDUWPHQWV�LQ�WKH�KRVSLWDO��+RZHYHU��WKHVH�UHSRUWV�DUH�UHWURVSHFWLYHO\�IRFXVHG��DQG�LQVLJKW�LQ�XQGHUO\LQJ�FDXVHV�LV�XVXDOO\�ODFNLQJ��,Q�WKLV
SLORW�VWXG\�ZH�H[SORUHG�WKH�IHDVLELOLW\�RI�D�SURVSHFWLYH�ULVN�DQDO\VLV��35,��LQ�WKH�FKDLQ�RI�HPHUJHQF\�FDUH�IURP�WKH�SHUVSHFWLYH�RI�SURIHVVLRQDOV�
PDQDJHUV�DQG�ERDUG�PHPEHUV���

0HWKRGV

7KH�SLORW�ZDV�SHUIRUPHG�LQ�WZR�HPHUJHQF\�UHJLRQV��SURYLQFHV��LQ�WKH�1HWKHUODQGV��3URIHVVLRQDOV�RI�WKH�HPHUJHQF\�*3�SUDFWLFH��(06��('�DQG
QHXURORJLFDO�GHSDUWPHQW�ZHUH�LQFOXGHG��:H�GHYHORSHG�D�SURWRFRO�IRU�WKH�35,�SURFHVV�LQ�WKH�FKDLQ�RI�HPHUJHQF\�FDUH��EDVHG�RQ�WKH�KHDOWK�IDLOXUH
PRGH�DQG�HIIHFW�DQDO\VLV��+)0($�OLJKW��PHWKRG��7KH�+)0($�OLJKW�PHWKRG�SURYLGHV�LQVLJKW�LQ�VDIHW\�ULVNV�RI�D�FDUH�SURFHVV�RU�D�FKDLQ�RI�FDUH
WKURXJK�D�V\VWHPDWLF��DVVHVVPHQW��)XUWKHUPRUH��ZH�GHYHORSHG�FULWHULD�IRU�WKH�VHOHFWLRQ�RI�D�FDUH�SURFHVV�WKDW�QHHGV�D�VDIHW\�ULVN�DVVHVVPHQW��$Q
LQGHSHQGHQW�KHDOWK�SROLF\�DGYLVRU��ZLWK�DPSOH�H[SHULHQFH�LQ�IDFLOLWDWLQJ�35,�ZLWKLQ�KRVSLWDOV��JXLGHG�WKH�35,�SURFHVV�LQ�WKH��SUH�KRVSLWDO�ZRUNLQJ
JURXS��:H�GHILQHG�HYDOXDWLRQ�FULWHULD�IRU�SURIHVVLRQDOV��PDQDJHUV�DQG�ERDUG�PHPEHUV�RI�WKH�SDUWLFLSDWLQJ�RUJDQL]DWLRQV��DV�SDWLHQW�VDIHW\�LV�D
UHVSRQVLELOLW\�IRU�HDFK�RI�WKHP�LQ�D�GLIIHUHQW�UROH�

5HVXOWV

:H�SHUIRUPHG�D�35,�IRFXVHG�RQ�FKDQJHV�LQ�WKH�'XWFK�QDWLRQDO�JXLGHOLQH�IRU�WKH�HPHUJHQF\�WUHDWPHQW�RI�SDWLHQWV�ZLWK�D�FHUHEUR�YDVFXODLU�DFFLGHQW
�&9$���DQG�D�35,�IRFXVHG�RQ�KDQGRYHU�RI�PHGLFDWLRQ��HUURUV��LQ�WKH�FKDLQ�RI�HPHUJHQF\�FDUH��3URIHVVLRQDOV�RI�WKH�*3��(06��('��UDGLRORJ\�DQG
QHXURORJ\��LGHQWLILHG����SDWLHQW�VDIHW\�ULVNV�LQ�WKH�&9$�HPHUJHQF\�FDUH�FKDLQ�DQG����ULVNV�DURXQG�PHGLFDWLRQ�KDQGRYHU��5LVNV�ZHUH�UHODWHG�WR�
LQDGHTXDWH�RU�GLIIHUHQW�HGXFDWLRQ�RI�SURIHVVLRQDOV��NQRZOHGJH�DQG�H[SHUWLVH���ODFN�RI�,&7�IDFLOLWLHV�DQG�KDPSHULQJ�FRPPXQLFDWLRQ�EHWZHHQ�,&7
V\VWHPV��ODFN�RI�V\QFKURQL]DWLRQ�RI�SURWRFROV�LQ�GLIIHUHQW�RUJDQL]DWLRQV��PLVFRPPXQLFDWLRQ�LQ�RUDO�DQG�ZULWWHQ�KDQGRYHUV��ODFN�RI�TXDOLILHG�VWDII�IRU
DGHTXDWH�SHUIRUPDQFH�RI�HPHUJHQF\�FDUH��7KH�SDUWLFLSDQWV�IRUPXODWHG�D�PXWXDO�SODQ�IRU�WKH�LPSURYHPHQW�RI�SDWLHQW�VDIHW\��DV�SDUW�RI�WKH�PHWKRG�
3URIHVVLRQDOV��PDQDJHUV�DQG�ERDUG�PHPEHUV�UHSRUWHG�WKDW�WKH�35,�ZDV�D�XVHIXO�DQG�SUDFWLFDO�PHWKRG��WKDW�FRQWULEXWHG�WR�D�FRQVWUXFWLYH
LPSURYHPHQW�RI�SDWLHQW�VDIHW\��PDQDJHPHQW��LQ�WKH�FKDLQ�RI�HPHUJHQF\�FDUH��7KH�35,�PHWKRG�FRQQHFWHG�ZHOO�ZLWK�WKH�SURIHVVLRQDO�NQRZOHGJH�DQG
H[SHUWLVH��LQWULQVLF�PRWLYDWLRQ��RI�WKH�SDUWLFLSDQWV�DQG�LPSURYHG�WKH�SDWLHQW�VDIHW\�FXOWXUH��ZKHQ�SUHFRQGLWLRQV�RQ�FRQILGHQWLDOLW\�DQG�PXWXDO�WUXVW
ZHUH�PHW��

&RQFOXVLRQ

7KH�35,�PHWKRG�SURYLGHV�SURVSHFWLYH�LQVLJKW�LQ�VDIHW\�ULVNV�LQ�WKH�FKDLQ�RI�HPHUJHQF\�FDUH��,W�LV�D�IHDVLEOH�PHWKRG�WR�LPSURYH�SDWLHQW�VDIHW\
��FXOWXUH��LQ�WKH�FKDLQ�RI�HPHUJHQF\�FDUH��DQG�SURIHVVLRQDOV��PDQDJHUV�DQG�ERDUG�PHPEHUV�UHSRUWHG�DGGLWLRQDO�YDOXH�RI�WKH�PHWKRG��ZLWK�UHJDUG�WR
RWKHUV��UHWURVSHFWLYH��PHWKRGV�LQ�XVH�



&$6(�35(6(17$7,21 NDPHO�PDMHG

��������,VFKHPLF�KHDUW�IDLOXUH�DVVRFLDWHG�ZLWK�VHYHUH�DQHPLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

PDMHG�NDPHO������DEGHUUDKLP�DFKRXUL������.KHGLMD�=DRXFKH������+DPLGD�0DJKUDRXL������-REUDQH�0DQVRXUL������&KRNUL�+DPPRXGD������QHELKD�)DOIRXO
%RUVDOL����

���HPHUJHQF\�GHSDUWHPHQW�RI�OD�UDEWD�WHDFKLQJ�KRVSLWDO��XQLYHULVW\�RI�0$1$5�,��WXQLV��781,6,$
���HPHUJHQF\�GHSDUWPHQW�RI�OD�5$%7$��XQLYHUVLW\�WXQLV�HO�0$1$5��WXQLV��781,6,$
���(0(5*(1&<�'(3$570(17�2)�/$�5$%7$�WHDFKLQJ�KRVSLWDO��8QLYHUVLW\�RI�0$1$5�,��WXQLV��781,6,$

.H\ZRUGV��DQHPLD��KHDUW�IDLOXUH��DFXWH�FRURQDU\�V\QGURP

$EVWUDFW��

,1752'8&7,21

6HYHUH�DQHPLD�LV�DVVRFLDWHG�ZLWK�KLJK�ULVN�FDUGLRYDVFXODU�PRUWDOLW\��7KURXJK�WKH�V\PSDWKHWLF�UHVSRQVH�WR�WKH�GHFUHDVH�RI�R[\JHQ�GHOLYHU\��WKH
KHDUW�VWUXFWXUH�ZLOO�FKDQJH�DQG�DQ�LQIODPPDWRU\�P\RFDUGLDO�GDPDJH�ZLOO�RFFXU�LI�WKH�DQHPLD�LV�QRW�WUHDWHG�HQRXJK�HDUO\��0HJDOREODVWLF�DQHPLD�GXH
WR�WKLDPLQ�RU�IRODWH�GHILFLHQF\�KDG�VSHFLILF�SDWKRSK\VLRORJ\�DQG�VR�VSHFLILF�WKHUDS\�ZKLFK�ZH�ZLOO�HOXFLGDWH�WKURXJK�WKLV�FDVH�UHSRUW�

7+(�&$6(

$����WKUHH�\HDU�ROG�ZRPHQ�ZDV�DGPLWWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�EHFDXVH�RI�D�VHYHUH�UHVSLUDWRU\�GLVWUHVV�DVVRFLDWHG�ZLWK�FKHVW�SDLQ��7KH
LQLWLDO�ILQGLQJ�FRQILUPHG�D�FRQJHVWLYH�GHFRPSHQVDWHG�KHDUW�IDLOXUH�ZLWK�HYLGHQFH�RI�P\RFDUGLDO�QHFURVLV�DV�DWWHVWHG�E\�DQ�HOHYDWHG�WURSRQLQHV
DPRXQW��)XUWKHUPRUH��WKHUH�ZDV�D�VHYHUH�PHJDOREODVWLF�DQHPLD�ZLWK�D�KHPRJORELQ�DPRXQW�RI�����J�O�DQG�D�PHDQ�FHOO�YROXPH�RI�����IO��7KH�VLWXDWLRQ
ZDV�LPSURYHG�DIWHU�D�WUDQVIXVLRQ�DQG�GLXUHWLF�WKHUDS\�ZLWK�YHQWLODWRU\�VXSSRUW��7KH�SDWLHQW�ZDV�DGPLWWHG�WR�FDUGLRORJ\�ZDUG�DQG�IXUWKHU�WHVWV�ZHUH
SHUIRUPHG�LQ�RUGHU�WR�LQYHVWLJDWH�WKH�HWLRORJ\�RI�WKH�DQHPLD�DQG�WKH�KHDUW�IDLOXUH�

&21&/86,21

$QHPLD�PXVW�EH�WUHDWHG�DQG�H[SORUHG�ZLWKRXW�GHOD\�HVSHFLDOO\�ZKHQ�LV�DVVRFLDWHG�ZLWK�KHDUW�GLVHDVH�

�



72;,&2/2*< +DQHQ�*KD]DOL

��������'UXJ�DQDSK\OD[LV�LQ�DQ�HPHUJHQF\�GHSDUWPHQW��HSLGHPLRORJ\��FOLQLFDO�IHDWXUHV�DQG�PDQDJHPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

PRXQD�JDPPRXGL������+DQHQ�*KD]DOL������ZLGHG�%RXVVHOPL������$QZDUH�\DKPDGL������V\ULQH�NHVNHV������0RKDPHG�0JXLGLFK������DKOHP�D]RX]L�����
6DPL�6RXLVVL����

���HPHUJHQF\�GHSDUWPHQW��UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$

.H\ZRUGV��DQDSK\OD[LV��GUXJ��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

%DFNJURXQG�

$QDSK\OD[LV�LV�D�VHULRXV�DOOHUJLF�UHDFWLRQ�WKDW�LV�UDSLG�LQ�RQVHW�DQG�PD\�FDXVH�GHDWK��7KHUH�DUH�IHZ�GDWD�RQ�WKH�LQFLGHQFH��FOLQLFDO�IHDWXUHV�DQG
PDQDJHPHQW�RI�SDWLHQWV�ZLWK�DFXWH�DQDSK\OD[LV�SUHVHQWLQJ�WR�HPHUJHQF\�GHSDUWPHQW��('����6WXGLHV�UHSRUW�WKDW�DQDSK\OD[LV�ZDV�XQGHU�GLDJQRVHG
LQ�('�DQG�HPHUJHQF\�PDQDJHPHQW�ZDV�RIWHQ�LQ�GLVDJUHHPHQW�ZLWK�LQWHUQDWLRQDO�UHFRPPHQGDWLRQV�

2EMHFWLYH��'HVFULEH�WKH�HSLGHPLRORJ\��FOLQLFDO�IHDWXUHV��PDQDJHPHQW�DQG�RXWFRPH�RI�SDWLHQWV�ZLWK�GUXJ�DQDSK\OD[LV�

0HWKRGV�

3URVSHFWLYH��PRQRFHQWULF�VWXG\�RYHU�IRXU�\HDUV��,QFOXVLRQ�FULWHULD��SDWLHQWV�DJHG�RYHU����\HDUV�SUHVHQWLQJ�FRQVHFXWLYHO\�WR�('�ZLWK�WKH�GLDJQRVLV�RI
GUXJ�DQDSK\OD[LV��&ROOHFWLRQ�RI�HSLGHPLRORJLFDO��FOLQLFDO�DQG�WKHUDSHXWLF�SDUDPHWHUV�

5HVXOWV�

,QFOXVLRQ�RI�����SDWLHQWV��0HDQ�DJH� ���k���\HDUV��6H[�UDWLR ������$�KLVWRU\�RI�DQDSK\OD[LV�ZDV�UHSRUWHG�LQ�����RI�FDVHV��7KH�PHGLDQ�WLPH�WR
FRQVXOW�WKH�('�ZDV����PLQXWHV��ZLWK�H[WUHPHV�UDQJLQJ�IURP���PLQXWHV�WR����KRXUV��$QWLELRWLFV�ZHUH�WKH�PRVW�UHSUHVHQWHG�GUXJ�FODVV�DPRQJ�GUXJ
DOOHUJHQV��Q� �����������WKH�PRVW�LQFULPLQDWHG�ZHUH�WKH�SHQLFLOOLQV��Q ����������&XWDQHRXV�IHDWXUHV�ZHUH�SUHVHQW�LQ�����RI�SDWLHQWV�
&DUGLRYDVFXODU��UHVSLUDWRU\��JDVWURLQWHVWLQDO�DQG�QHXURORJLF�IHDWXUHV�ZHUH�IRXQG�UHVSHFWLYHO\�LQ������������DQG��������$Q�DQDSK\ODFWLF�VKRFN�ZDV
UHFRUGHG�LQ����SDWLHQWV��������$QDSK\OD[LV�ZDV�PRGHUDWH�JUDGH�LQ�����SDWLHQWV�������

$GUHQDOLQH�ZDV�XVHG�LQ����RI�SDWLHQWV��LQWUDYHQRXVO\�LQ�������7KH�WRWDO�PHGLDQ�GRVH�RI�DGUHQDOLQH�ZDV����PLFURJUDPV�ZLWK�H[WUHPH�GRVH�UDQJLQJ
IURP����WR������PLFURJUDPV��)OXLG�UHVXVFLWDWLRQ�ZDV�JLYHQ�WR�KDOI�RI�WKH�SDWLHQWV��6HYHQW\�WZR�SDWLHQWV�������UHFHLYHG�KLVWDPLQH�+��DQWDJRQLVW�����
FRUWLFRVWHURLGV��1LJKW\�QLQH�SHUFHQW�RI�SDWLHQWV�ZHUH�GLVFKDUJHG�GLUHFWO\�IURP�('�DIWHU�D�PHDQ�SHULRG�RI�REVHUYDWLRQ�DV���KRXUV��%LSKDVLF�UHDFWLRQV
ZHUH�UHSRUWHG�LQ�WZR�SDWLHQWV��7KHUH�ZDV�QR�GHDWK�FDVHV�UHJLVWHUHG��3DWLHQWV�ZHUH�DOO�UHIHUUHG�WR�WKH�DOOHUJ\�FOLQLF�

&RQFOXVLRQ�

,GHQWLI\LQJ�WKH�FKDUDFWHULVWLFV�RI�GUXJ�DQDSK\OD[LV�SUHVHQWDWLRQ�WR�('�DQG�LWV�ULVN�IDFWRUV�KHOSV�WR�LPSURYH�WKH�GLDJQRVLV�RI�WKLV�PHGLFDO�HPHUJHQF\
DQG�VXJJHVW�WKH�QHFHVVLW\�RI�D�VWDQGDUGL]HG�JXLGHOLQH�IRU�DQDSK\OD[LV�PDQDJHPHQW�LQ�('�



9(17,/$7,21���,19$6,9(�$1'�121
,19$6,9(

IUDQFHVFD�LQQRFHQWL

��������1RQ�,QYDVLYH�9HQWLODWLRQ�IRU�DFXWH�K\SR[LF�DQG�K\SHUFDSQLF�UHVSLUDWRU\�IDLOXUH��GHWHUPLQDQWV�RI�LQ�KRVSLWDO�PRUWDOLW\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6LPRQD�*XDOWLHUL������/DXUD�*LRUGDQR������$ULDQQD�*DQGLQL������/XFLD�7DXULQR������&KLDUD�*LJOL������)UDQFHVFD�,QQRFHQWL������5LFFDUGR�3LQL����

���(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�2EVHUYDWLRQ�8QLW��8QLYHUVLW\�+RVSLWDO�&DUHJJL��)ORUHQFH��,7$/<
���(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�2EVHUYDWLRQ�8QLW��&DUHJJL�8QLYHUVLW\�+RVSLWDO��)ORUHQFH��,7$/<

.H\ZRUGV��$FXWH�UHVSLUDWRU\�IDLOXUH��QRQ�LQYDVLYH�YHQWLODWLRQ��SURJQRVLV

$EVWUDFW��

2%-(&7,9(6��7R�GHWHUPLQH�WKH�LQ�KRVSLWDO�RXWFRPH�DQG�WKH�IDFWRUV�DVVRFLDWHG�ZLWK�D�SURORQJHG�WUHDWPHQW������KRXUV��LQ�D�JURXS�RI�SDWLHQWV�ZLWK
DFXWH�UHVSLUDWRU\�IDLOXUH��$5)���WUHDWHG�ZLWK�QRQLQYDVLYH�YHQWLODWLRQ��1,9��

0(7+2'6��7KLV�ZDV�D�UHWURVSHFWLYH�VWXG\�LQFOXGLQJ�DOO�SDWLHQWV�ZLWK�$5)�UHTXLULQJ�1,9�RYHU�D�HOHYHQ�PRQWK�SHULRG��DGPLWWHG�LQ�DQ�(PHUJHQF\
'HSDUWPHQW�+LJK�'HSHQGHQF\�2EVHUYDWLRQ�8QLW��('�+'8���&OLQLFDO�GDWD�ZHUH�FROOHFWHG�DW�EDVHOLQH����KRXU��DQG����KRXUV��6HTXHQWLDO�2UJDQ�)DLOXUH
$VVHVVPHQW��62)$�VFRUH��ZDV�FDOFXODWHG�ZLWK�WKH�ZRUVW�FOLQLFDO�SDUDPHWHUV�GXULQJ�WKH�ILUVW����KRXUV��7KH�SDWLHQWV�ZHUH�FODVVLILHG�LQWR���JURXSV�
DFXWH�K\SR[LF�UHVSLUDWRU\�IDLOXUH��$5)���DQG�DFXWH�K\SHUFDSQLF�UHVSLUDWRU\�IDLOXUH��$5)����7KH�SULPDU\�RXWFRPH�ZDV�LQ�KRVSLWDO�PRUWDOLW\�

5(68/76��'XULQJ�WKH�VWXG\�SHULRG��$SULO�������0DUFK�������������SDWLHQWV�XQGHUZHQW�1,9��LQ����SDWLHQWV�1,9�ZDV�PDLQWDLQHG�EH\RQG����KRXUV�DQG
LQ�KRVSLWDO�PRUWDOLW\�ZDV������LQFOXGLQJ����('�+'8�PRUWDOLW\���RQO\���SDWLHQW�ZDV�LQWXEDWHG�GXULQJ�('�+'8�VWD\LQJ��3HUVLVWHQFH�RI�K\SR[LD��3D2�

�)L2���������KRXU�����YV������S ������DQG����KRXUV�����YV������S �������DIWHU�1,9�EHJLQQLQJ��WDFK\SQHD��55!���SHU�PLQXWH��DW���KRXU
HYDOXDWLRQ�����YV������S �������DQG�D�GHSUHVVHG�OHYHO�RI�FRQVFLRXVQHVV��*ODVJRZ�&RPD�6FDOH��*&6�����DW�DOO�HYDOXDWLRQ�SRLQWV�EHIRUH�1,9����YV
�������KRXU�����YV���������KRXUV�����YV������DOO�S�������ZHUH�PRUH�IUHTXHQW�LQ�QRQ�VXUYLYRUV�FRPSDUHG�ZLWK�VXUYLYRUV��3HUVLVWHQFH�RI�DFLGRVLV
�S+�������DQG�WDFK\SQHD�DW����KRXU�HYDOXDWLRQ�ZHUH�PRUH�IUHTXHQW�LQ�SDWLHQWV�ZKR�XQGHUZHQW�1,9�EH\RQG����KRXUV��UHVSHFWLYHO\����YV����DQG���
YV�����DOO�S��������

$5)��JURXS�LQFOXGHG�����SDWLHQWV�������DQG�$5)������������0HDQ�DJH�ZDV�VLPLODU�LQ�WKH�WZR�JURXSV����k���YV���k��\HDUV��S 16���ZKLOH�$5)�
SDWLHQWV�VKRZHG�D�KLJKHU�62)$�VFRUH�WKDQ�$5)������k����YV����k�����S ��������1,9�ZDV�FRQVLGHUHG�WKH�FHLOLQJ�WUHDWPHQW�LQ����������$5)��DQG�LQ
���������$5)��SDWLHQWV��S 16���,Q�KRVSLWDO�PRUWDOLW\�ZDV�����DPRQJ�$5)��DQG����DPRQJ�$5)��SDWLHQWV��S ��������DOO�EXW�RQH�$5)��QRQ�VXUYLYRUV
DQG�������$5)��QRQ�VXUYLYRUV�XQGHUZHQW�1,9�DV�FHLOLQJ�WUHDWPHQW��$PRQJ�$5)��SDWLHQWV��QRQ�VXUYLYRUV�VKRZHG�PRUH�IUHTXHQWO\�WKDQ�VXUYLYRUV
SHUVLVWHQFH�RI�WDFK\SQHD�DW���KRXU�DQG����KRXU�LQWHUYDO��UHVSHFWLYHO\����YV����DQG����YV�����DOO�S��������D���KRXU�UHGXFHG�*&6�����YV�����
S ������DQG�K\SR[HPLD�DW����KRXU�LQWHUYDO�����YV������S �������RQO\�WHQGHG�WR�EH�PRUH�IUHTXHQW��1R�SDUDPHWHU�VLJQLILFDQWO\�SUHGLFWHG�1,9
SURORQJHG�GXUDWLRQ��$PRQJ�$5)��SDWLHQWV��RQO\�DQ�DOWHUHG�OHYHO�RI�FRQVFLRXVQHVV�DW���KRXU�DQG����KRXU�LQWHUYDO�ZDV�VLJQLILFDQWO\�PRUH�IUHTXHQW
DPRQJ�QRQ�VXUYLYRUV�WKDQ�VXUYLYRUV��UHVSHFWLYHO\����YV�����DQG����YV������S��������D�UHGXFHG�*&6�EHIRUH�1,9�EHJLQQLQJ�DQG�DW����KRXU�LQWHUYDO
ZDV�PRUH�IUHTXHQW�DPRQJ�SDWLHQWV�XQGHUJRLQJ�1,9�EH\RQG����KRXUV�����YV����DQG����YV�����DOO�S�������

&21&/86,216��,Q�WKLV�H[SHULHQFH�UHSRUWHG�IURP�D�UHDO�FOLQLFDO�VFHQDULR��PRUWDOLW\�UDWH�ZDV�FRPSDUDEOH�ZLWK�SUHYLRXV�UHSRUWV�GHVSLWH�WKH�SUHVHQFH
RI�D�VLJQLILFDQW�SURSRUWLRQ�RI�SDWLHQWV�XQGHUJRLQJ�1,9�DV�FHLOLQJ�WUHDWPHQW��$PRQJ�$5)��SDWLHQWV��ZKR�VKRZHG�WKH�KLJKHVW�PRUWDOLW\��SHUVLVWHQFH�RI
WDFK\SQHD�GHVSLWH�1,9�LPSOHPHQWDWLRQ�ZDV�WKH�PRVW�VLJQLILFDQW�SUHGLFWRU�RI�D�EDG�RXWFRPH��



0$1$*(0(17���('�25*$1,6$7,21 PRKDPHG�NLODQL

��������(PRWLRQDO�H[SHULHQFH�RI�IDPLOLHV�LQ�WKH�DIWHUPDWK�RI�DQ�DGPLVVLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

DMDOD�OREQD������PDJKUDRXL�KDPLGD������.,/$1,�02+$0('������.DOOHO�PRKDPHG�DPLQH������DFKRXUL�DEGHUUDKLP������PJKLUEL�DEGHOZDKHE������0DMHG
.DPHO������]DRXFKH�NKHGLMD������KDPRXGD�FKRNUL������ERUVDOL�IDOIRXO�QHELKD����

���(PHUJHQF\�'HSDUWHPHQW�RI�/D�5DEWD�7HDFKLQJ�+RVSLWDO��81,9(56,7<�2)�0$1$5�,��7XQLV��781,6,$
���(PHUJHQF\�'HSDUWHPHQW�RI�/D�5DEWD�7HDFKLQJ�+RVSLWDO��81,9(56,7<�2)�0$1$5�,��WXQLV��781,6,$
���(PHUJHQF\�'HSDUWHPHQW�RI�/D�5DEWD�7HDFKLQJ�+RVSLWDO��8QYHUVLW\�RI�0DQDU����7XQLV��781,6,$

.H\ZRUGV��(PRWLRQDO�H[SHULHQFH��IDPLOLHV��DGPLVVLRQ��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ�

(PHUJHQF\�GHSDUWPHQWVÇ�KRVSLWDOL]DWLRQV�DUH�QR�SODQQHG�DQG�XQH[SHFWHG��3DWLHQWV�DQG�IDPLOLHV�DUH�H[SRVHG�WR�D�PDMRU�RYHUORRNHG�HPRWLRQDO�VWUHVV�

7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�LGHQWLI\�WKH�HPRWLRQDO�LPSDFW�RI�KRVSLWDO�HPHUJHQF\�GHSDUWPHQW�KRVSLWDOL]DWLRQV�LQ�WKH�IDPLOLHV�DQG�LWV�YDULDELOLW\
EDVHG�RQ�GHPRJUDSKLF�DQG�PHGLFDO�FKDUDFWHULVWLFV�RI�HDFK�

0HWKRG��SURVSHFWLYH�FURVV�VHFWLRQDO�VWXG\�EDVHG�RQ�DQ�HYDOXDWLYH�KHWHUR�4XHVWLRQQDLUH��6FDOH�RI�GLIIHUHQWLDO�HPRWLRQV�E\�,]DUG�HW�DO��JLYHQ�WR
IDPLOLHV�RI�SDWLHQWV�KRVSLWDOL]HG�LQ�HPHUJHQF\�REVHUYDWLRQDO�XQLW�

5HVXOWV�

2XU�VXUYH\�ZDV�FRQGXFWHG�DPRQJ�����SDUHQWVÇ�SDWLHQWV��:H�UHWDLQHG�����UHFRUGV������RI�FDVHV�ZHUH�ZRPHQ��7KH�DYHUDJH�DJH�ZDV����\HDUV�����
ZHUH�DJHG�EHWZHHQ����DQG����\HDUV������RI�SDWLHQWV�KDG�QR�PHGLFDO�SDVW�KLVWRU\������RI�SDWLHQWV�KDG�EHHQ�SUHYLRXVO\�KRVSLWDOL]HG�LQ�DQ
HPHUJHQF\�GHSDUWPHQW�

����RI�SDUHQWV�H[SUHVVHG�QHJDWLYH�HPRWLRQV������ZHUH�VDG������KDG�GHSUHVVLRQÇV�IHHOLQJV������RI�WKH�DWWHQGDQWV�ZHUH�DIUDLG��WKH�IHDU�ZDV
GHVFULEHG�DV�YHU\�VHULRXV������FLWHG�DQJHU�DV�WKH�PDLQ�UHDFWLRQ�UHSRUWHG�DV�H[WUHPH�LQ����������RI�DFFRPSDQ\LQJ�SHUVRQV�ZKRVH�SDUHQWV�KDG
KHDUW�GLVHDVH�H[SUHVVHG�D�VWURQJ�VHQVH�RI�IHDU������RI�SDWLHQWV�KRVSLWDOL]HG�IRU�WKH�ILUVW�WLPH�KDG�UHSRUWHG�FRQFHUQ��7KH�ODFN�RI�LQIRUPDWLRQ�ZDV
FRQVLGHUHG�WKH�EDVLV�RI�����RI�HPRWLRQV�

&RQFOXVLRQV�

$FFRUGLQJ�WR�WKH�VXUYH\��WKH�ODFN�RI�LQIRUPDWLRQ�ZDV�WKH�FDXVH�RI�HPRWLRQV��:H�QHHG�PRUH�LQWHUHVW�LQ�FRPPXQLFDWLRQ�ZLWK�IDPLOLHV�DQG�SDWLHQWV
KRVSLWDOL]HG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��WKH�HPRWLRQDO�VWUHVV�ZRXOG�EH�EHWWHU�PDQDJHG��



&$6(�35(6(17$7,21 0LFKHOH�'HPLU

��������8VLQJ�PHGLFDO�VHFUHWDULHV�WR�UHOLHYH�FOLQLFLDQV�IURP�DGPLQLVWUDWLYH�WDVNV�DW�D�VZHGLVK�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0LFKHOH�'HPLU������,VDEHOOD�'LD]�(UD]R������/HQD�%HUJ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH�6ROQD��.DUROLQVND�8QLYHUVLW\�+RVSLWDO��6WRFNKROP��6:('(1

.H\ZRUGV��(PHUJHQF\�'HSDUWPHQW��&OLQLFLDQV��:RUN�ORDG��5RXWLQHV��$GPLQLVWUDWLYH�WDVNV��5HOLHYH��)RFXV�RQ�SDWLHQWV��0HGLFDO�VHFUHWDU\�

$EVWUDFW��

(PHUJHQF\�GHSDUWPHQW�ZRUN�LV�SHUPHDWHG�E\�D�KLJK�ZRUN�ORDG�DQG�ZRUN�SDFH�DQG�HPHUJHQF\�GHSDUWPHQW�FOLQLFLDQV��QXUVH�DVVLVWDQWV��UHJLVWHUHG
QXUVHV�DQG�SK\VLFLDQV��QHHG�WR�SULRULWL]H�EHWZHHQ�WKH�DVVLJQPHQWV�WKH\�DUH�FRQGXFWLQJ��'XH�WR�WKH�VWUDLQHG�ZRUN�VLWXDWLRQ�DW�WKH�HPHUJHQF\
GHSDUWPHQW�DW�.DUROLQVND�8QLYHUVLW\�+RVSLWDO�LQ�6WRFNKROP��6ZHGHQ�WKH�SUHVHQW�ZRUN�URXWLQHV�ZHUH�DQDO\]HG�LQ�RUGHU�WR�LGHQWLI\�LI�DQG�KRZ�WKH�ZRUN
SURFHGXUHV�FRXOG�EH�RSWLPL]HG��'XULQJ�WKLV�LQYHQWRU\�LW�ZDV�IRXQG�WKDW�D�ORW�RI�DGPLQLVWUDWLYH�WDVNV�ZHUH�SHUIRUPHG�E\�WKH�FOLQLFLDQV��WLPH�WKDW
ZRXOG�KDYH�EHHQ�EHWWHU�VSHQW�GHOLYHULQJ�GLUHFW�SDWLHQW�FDUH�

7KH�DLP�ZLWK�WKLV�SURMHFW�ZDV�WR�UHOLHYH�WKH�FOLQLFLDQV�VR�WKDW�WKH\�FRXOG�IRFXV�RQ�WKHLU�PDLQ�DVVLJQPHQW��SDWLHQW�FDUH��E\�GLVWULEXWLQJ�DGPLQLVWUDWLYH
WDVNV�WR�WKH�SURIHVVLRQ�EHVW�VXLWHG�IRU�FRQGXFWLQJ�WKHVH�DVVLJQPHQWV��0HGLFDO�VHFUHWDULHV�ZHUH�LGHQWLILHG�WR�EH�WKH�PRVW�VXLWDEOH�SURIHVVLRQ�IRU
KDQGOLQJ�DGPLQLVWUDWLYH�WDVNV�VLQFH�WKH\�DOUHDG\�KDYH�WKH�H[SHULHQFH�RI�ZRUNLQJ�DGPLQLVWUDWLYHO\�

'XULQJ�D�OLPLWHG�SHULRG�RI�WLPH��D�PHGLFDO�VHFUHWDU\�ZDV�EDVHG�DW�WKH�KXE�RI�RQH�PHGLFDO�VHFWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��FORVH�WR�ERWK
FOLQLFLDQV�DQG�SDWLHQWV��7KXV��WKH�PHGLFDO�VHFUHWDU\�FRXOG�DVVLVW�PHGLFDO�VWDII�ZKHQ�QHHGHG�E\�SHUIRUPLQJ�VHYHUDO�DGPLQLVWUDWLYH�DVVLJQPHQWV�
([DPSOHV�RI�VXFK�DVVLJQPHQWV�ZHUH��KDQGOLQJ�LQFRPLQJ�SKRQH�FDOOV��GRFXPHQWLQJ�YLWDO�VLJQV�LQ�WKH�SDWLHQWVÇ�HOHFWURQLF�PHGLFDO�UHFRUG��KDQGOLQJ
UHIHUUDOV�DQG�SDWLHQW�FKDUWV�DQG�DQVZHULQJ�TXHVWLRQV�IURP�ERWK�SDWLHQWV�DQG�WKHLU�UHODWLYHV��7KH�WHVW�ZDV�HYDOXDWHG�DIWHU�HDFK�VKLIW�DQG�DOO�FOLQLFLDQV
ILOOHG�LQ�D�TXHVWLRQQDLUH��2Q�WKH�TXHVWLRQ�È+RZ�GLG�\RX�H[SHULHQFH�WR�KDYH�D�PHGLFDO�VHFUHWDU\�SUHVHQW�DW�\RXU�PHGLFDO�VHFWLRQ�GXULQJ�\RXU�VKLIW"É
GLG�����DQVZHU�ÈH[FHOOHQWÉ�DQG������ÈYHU\�JRRGÉ���7KH�FOLQLFLDQV�H[SUHVVHG�WKDW�WKH\�IHOW�UHOLHYHG�LQ�WKHLU�ZRUN�VWUDLQ�DQG�WKH�ZRUNLQJ�SURFHVV
EHFDPH�PRUH�HIILFLHQW�ZKLFK�LQ�WXUQ�FRQWULEXWHG�WR�D�EHWWHU�ZRUN�HQYLURQPHQW��)XUWKHU��WKH�FOLQLFLDQV�DOVR�H[SHULHQFHG�WKDW�WKH\�KDG�PRUH�WLPH�WR
GHOLYHU�SDWLHQW�FDUH��7KH�LQWHQWLRQ�LV�WR�LPSOHPHQW�WKLV�ZRUNLQJ�URXWLQH�DV�D�SHUPDQHQW�VROXWLRQ�



35(�+263,7$/���(06���287�2)�+263,7$/ 6LYHUD�%HUEHQ

��������*RYHUQDQFH�RI�SDWLHQW�VDIHW\�LQ�HPHUJHQF\�FDUH��D�PL[HG�PHWKRGV�VWXG\�RI�HPHUJHQF\�FDUH�VHUYLFHV�LQ�WKH�1HWKHUODQGV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*LMV�+HVVHOLQN������6LYHUD�%HUEHQ������0LUDQGD�'LU[������.DULQ�YDQ�GHQ�%HUJ������/LVHWWH�6FKRRQKRYHQ����

���(DVWHUQ�5HJLRQDO�(PHUJHQF\�+HDOWKFDUH�1HWZRUN��5DGERXG�8QLYHUVLW\�0HGLFDO�&HQWUH��1LMPHJHQ��7+(�1(7+(5/$1'6
���(DVWHUQ�5HJLRQDO�(PHUJHQF\�+HDOWKFDUH�1HWZRUN��5DGERXG�8QLYHULVW\�0HGLFDO�&HQWUH��1LMPHJHQ��7+(�1(7+(5/$1'6
���/LPEXUJ�(PHUJHQF\�+HDOWKFDUH�1HWZRUN��0DDVWULFKW�8QLYHUVLW\�0HGLFDO�&HQWUH��0DDVWULFKW��7+(�1(7+(5/$1'6
���)DFXOW\�RI�+HDOWK�6FLHQFH��8QLYHUVLW\�RI�6RXWKDPSWRQ��6RXWKDPSWRQ��8.

.H\ZRUGV��3DWLHQW�VDIHW\��JRYHUQDQFH��PL[HG�PHWKRGV��TXDOLWDWLYH�VWXG\

$EVWUDFW��

%DFNJURXQG�

([HFXWLYHV�RI�HPHUJHQF\�KHDOWKFDUH�VHUYLFHV��(06���VXFK�DV�+HOLFRSWHU�(06��DPEXODQFH�(06�DQG�WKH�HPHUJHQF\�GHSDUWPHQW��('���KDYH�D
IXQGDPHQWDO�JRYHUQDQFH�UROH�LQ�RYHUVHHLQJ�DQG�PDQDJLQJ�VDIHW\�ULVNV��EHFDXVH�WKH\�DUH�DFFRXQWDEOH�IRU�WKH�RYHUDOO�TXDOLW\�DQG�VDIHW\�RI
KHDOWKFDUH�WKHLU�VHUYLFHV�SURYLGH��,Q�WKH�ODVW�GHFDGH��DWWHQWLRQ�IRU�WKH�UHVSRQVLELOLW\�RI�H[HFXWLYHV�WRZDUGV�SDWLHQW�VDIHW\�KDV�UDSLGO\�LQFUHDVHG��7KLV
DWWHQWLRQ�LV�VWLPXODWHG�E\�WKH�FUXFLDO�UROH�H[HFXWLYHV�KDYH�LQ�WKH�LPSOHPHQWDWLRQ�RI�TXDOLW\�DQG�VDIHW\�LPSURYHPHQW�SURJUDPPHV��DQG�E\�PXOWLSOH
SDWLHQW�VDIHW\�LQFLGHQWV�ZLWK�JUHDW�VRFLHWDO�LPSDFW�DQG�GLUHFWO\�UHODWHG�WR�SRRU�JRYHUQDQFH��+RZHYHU��LQVLJKW�LQWR�WKH�JRYHUQDQFH�RI�SDWLHQW�VDIHW\
ZLWKLQ�KLJK�ULVN�HPHUJHQF\�FDUH�VHWWLQJV�DQG�WKH�FKDLQ�RI�HPHUJHQF\�FDUH�LV�VFDUFH��7KLV�VWXG\�H[SORUHV�WKH�IDFWRUV�WKDW�KLQGHU�H[HFXWLYHV�LQ
RYHUVHHLQJ�DQG�LPSURYLQJ�VDIHW\�ULVNV�ZLWKLQ�WKHLU�RZQ�(06��DQG�LQ�WKH�FKDLQ�RI�SUH�KRVSLWDO�HPHUJHQF\�FDUH�

�

0HWKRGV�

$�PL[HG�PHWKRGV�VWXG\�ZDV�SHUIRUPHG�LQ�WZR�'XWFK�UHJLRQDO�HPHUJHQF\�KHDOWKFDUH�QHWZRUNV�FRYHULQJ�D�ODUJH�SDUW�RI�WKH�VRXWKHDVW�1HWKHUODQGV
�SURYLQFHV�*HOGHUODQG�DQG�/LPEXUJ���,Q�WKH�1HWKHUODQGV��SUH�KRVSLWDO�HPHUJHQF\�FDUH�LV�SURYLGHG�E\�*HQHUDO�3UDFWLWLRQHUV��*3V���*3�2XW�RI�+RXUV
6HUYLFH��('V��JURXQG�EDVHG�DPEXODQFH�DQG�KHOLFRSWHU�(06�DQG�3V\FKLDWULF�(06��7KH�'XWFK�(06�V\VWHP�RSHUDWHV�RQ�D�YDULDWLRQ�RI�WKH
$QJOR�$PHULFDQ�PRGHO�RI�(06�FDUH��:H�SHUIRUPHG����LQ�GHSWK�LQWHUYLHZV�ZLWK�H[HFXWLYHV�IURP�GLIIHUHQW�(06�RUJDQLVDWLRQV��7KH�LQWHUYLHZV�ODVWHG
EHWZHHQ����DQG����PLQXWHV�DQG�IROORZHG�D�VHPL�VWUXFWXUHG�IRUPDW�XVLQJ�DQ�LQWHUYLHZ�JXLGH��7KH�JXLGH�ZDV�EDVHG�RQ�SDWLHQW�VDIHW\�DQG�JRYHUQDQFH
OLWHUDWXUH��WKH�LQSXW�IURP�H[SHUWV��Q ����LQ�WKH�ILHOG�RI�HPHUJHQF\�FDUH��SXEOLF�DGPLQLVWUDWLRQ�DQG�SDWLHQW�VDIHW\��DQG�EUDLQVWRUP�VHVVLRQV�ZLWK�WKH
UHVHDUFK�WHDP��$�SLORW�LQWHUYLHZ�ZLWK�WKH�GLUHFWRU�RI�D�UHJLRQDO�HPHUJHQF\�KHDOWKFDUH�QHWZRUN�ZDV�FRQGXFWHG�WR�SUH�WHVW�DQG�UHILQH�WKH�LQWHUYLHZ
JXLGH��,QWHUYLHZV�ZHUH�GLJLWDOO\�UHFRUGHG�DQG�WUDQVFULEHG�YHUEDWLP��7UDQVFULSWV�ZHUH�DQDO\VHG�EDVHG�RQ�WKH�*URXQGHG�7KHRU\�DSSURDFK�
)XUWKHUPRUH��ZH�FROOHFWHG�DQG�DQDO\VHG�UHOHYDQW�GRFXPHQWV��VXFK�DV�DQQXDO�UHSRUWV��ERDUG�PLQXWHV��SROLF\�VWDWHPHQWV��SURWRFROV�DQG�ZRUN
LQVWUXFWLRQV��WR�LGHQWLI\�JRYHUQDQFH�DFWLYLWLHV�

�

5HVXOWV��([HFXWLYHV�DUH�VDWLVILHG�ZLWK�WKH�JRYHUQDQFH�RI�SDWLHQW�VDIHW\�ZLWKLQ�WKHLU�VHUYLFH��+RZHYHU��WKH�SURIHVVLRQDO�DXWRQRP\�RIWHQ�VHHPV�WR
FRQIOLFW�ZLWK�WKH�QHHG�RI�H[HFXWLYHV�WR�EH�DFFRXQWDEOH�IRU�SDWLHQW�VDIHW\��5LVN�RYHUVLJKW�DQG�PDQDJHPHQW�DUH�KLQGHUHG�E\��WKH�SURYLVLRQ�RI�FDUH�RXW
RI�WKH�H[HFXWLYHVÇ�VLJKW��LQDGHTXDWH�WRROV�WR�PHDVXUH�RU�DVVHVV�VDIHW\�ULVNV�DQG�IHDU�DPRQJVW�VWDII�IRU�WKH�QHJDWLYH�FRQVHTXHQFHV�RI�LQFLGHQW
UHSRUWLQJ��0DQ\�VHUYLFHV�ODFN�D�UHOLDEOH�RUJDQLVDWLRQ�RI�XS�WR�GDWH�DQG�HDV\�DFFHVVLEOH�VDIHW\�SURWRFROV��*RYHUQDQFH�ZLWKLQ�WKH�FKDLQ�RI�HPHUJHQF\
FDUH�LV�KLQGHUHG�E\�FRQIOLFWLQJ�LQWHUHVWV�DQG�VDIHW\�QRUPV�EHWZHHQ�VHUYLFHV��WKH�DEVHQFH�RI�DQ�DGPLQLVWUDWLYH�DXWKRULW\�DQG�ODFN�RI�DSSURSULDWH�ULVN
LGHQWLILFDWLRQ�WRROV�

�

&RQFOXVLRQV��,PSRUWDQW�VDIHW\�ULVNV�ZLWKLQ�SUH�KRVSLWDO�HPHUJHQF\�FDUH�PD\�EH�XQQRWLFHG�DQG�XQPDQDJHG�E\�H[HFXWLYHV�GXH�WR��LQDGHTXDWH�ULVN
PRQLWRULQJ��DEVHQFH�RI�D�UHSRUWLQJ�FXOWXUH�DQG�WKH�ODFN�RI�D�VKDUHG�VHQVH�RI�UHVSRQVLELOLW\�DPRQJ�H[HFXWLYHV�IRU�SDWLHQW�VDIHW\�LQ�WKH�FKDLQ�
,PSURYHPHQWV�VKRXOG�IRFXV�RQ�WKHVH�DVSHFWV�DV�SULPDU\�FRQGLWLRQV�IRU�LPSURYLQJ�WKH�JRYHUQDQFH�RI�SDWLHQW�VDIHW\�ZLWKLQ�HPHUJHQF\�FDUH�



,1)(&7,286�',6($6(���6(36,6 IUDQFHVFD�LQQRFHQWL

��������$VVHVVPHQW�RI�IOXLG�UHVSRQVLYHQHVV�LQ�WKH�FULWLFDOO\�LOOV��ZKLFK�UROH�IRU�HFKRFDUGLRJUDSK\"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&DWHULQD�6DYLQHOOL������6DOYDWRUL�0DWWLD������)HGHULFR�0HR������$OHVVDQGUR�&RSSD������)UDQFHVFD�,QQRFHQWL������5LFFDUGR�3LQL����

���(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�2EVHUYDWLRQ�8QLW��&DUHJJL�8QLYHUVLW\�+RVSLWDO��)ORUHQFH��,7$/<
���(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\�2EVHUYDWLRQ�8QLW��8QLYHUVLW\�+RVSLWDO�&DUHJJL��)ORUHQFH��,7$/<

.H\ZRUGV��)OXLG�UHVSRQVLYHQHVV��YHQD�FDYD�FROODSVDELOLW\�LQGH[��SDVVLYH�OHJ�UDLVLQJ�WHVW�

$EVWUDFW��

%DFNJURXQG��9ROXPH�H[SDQVLRQ�LV�D�NH\�FRPSRQHQW�RI�WKHUDS\�LQ�FULWLFDOO\�LOO�SDWLHQWV��DOWKRXJK�LWV�HIIHFW�LV�GLIILFXOW�WR�SUHGLFW�XVLQJ�FRQYHQWLRQDO
PHDVXUHPHQWV��'\QDPLF�SDUDPHWHUV��HYDOXDWHG�E\�HFKRFDUGLRJUDSK\��KDYH�GHPRQVWUDWHG�D�JRRG�GLDJQRVWLF�DFFXUDF\�LQ�VHYHUDO�VWXGLHV��EXW
FRQIOLFWLQJ�UHVXOWV�KDYH�EHHQ�UHSRUWHG��$LP�RI�WKLV�VWXG\�ZDV�WR�H[DPLQH�WKH�IHDVLELOLW\�DQG�GLDJQRVWLF�DFFXUDF\�RI�YHQD�FDYD�FROODSVLELOLW\�LQGH[
�9&&,��DQG�YHORFLW\�WLPH�LQWHJUDO�YDULDWLRQ�DIWHU�SDVVLYH�OHJ�UDLVLQJ��3/5��LQ�DQ�XQVHOHFWHG�SRSXODWLRQ�RI�FULWLFDOO\�LOO�SDWLHQWV�DGPLWWHG�WR�D
VXE�LQWHQVLYH�FOLQLFDO�VHWWLQJ�

0HWKRGV��7KLV�LV�D�SURVSHFWLYH��REVHUYDWLRQDO��SLORW�VWXG\��8QVHOHFWHG�FULWLFDO�SDWLHQWV�DGPLWWHG�LQ�DQ�(PHUJHQF\�'HSDUWPHQW�+LJK�'HSHQGHQF\
8QLW��('�+'8��ZHUH�HYDOXDWHG�E\�WUDQVWKRUDFLF�HFKRFDUGLRJUDSK\�WR�PHDVXUH�YHQD�FDYD�FROODSVLELOLW\�LQGH[��9&&,��DQG�DRUWLF�YHORFLW\��$R9�
�YDULDWLRQ�GXULQJ�3/5��$FFRUGLQJ�WR�9&&,��SDWLHQWV�ZHUH�FRQVLGHUHG�IOXLG�UHVSRQGHUV�ZKHQ�WKH�YDOXH�ZDV�Õ�����QRQ�IOXLG�UHVSRQGHUV�ZKHQ�WKH
FROODSVH�ZDV������DQG�LQGHILQLWH�UHVSRQVH�IRU�LQWHUPHGLDWH�YDOXHV��$FFRUGLQJ�WR�$R9�YDULDWLRQ�DIWHU�3/5��D�SRVLWLYH�KHPRG\QDPLF�UHVSRQVH�ZDV
GHILQHG�DV�DQ�LQFUHDVH�LQ�$R9�Õ������:KHQHYHU�SRVVLEOH��ERWK�9&&,�DQG�$R9�YDULDWLRQ�GXULQJ�3/5�ZHUH�HYDOXDWHG��$FFRUGLQJ�WR�HFKRFDUGLRJUDSKLF
HYDOXDWLRQ��WKUHH�WKHUDSHXWLF�RSWLRQV�ZHUH�FRQVLGHUHG��QR�LQWHUYHQWLRQ��DGPLQLVWUDWLRQ�RI�IOXLGV�RU�GLXUHWLFV��$Q\�FKDQJH�LQ�WKH�WKHUDSHXWLF�VWUDWHJ\
E\�WKH�WUHDWLQJ�SK\VLFLDQ�LQ�WKH�IROORZLQJ����KRXUV�ZDV�DQQRWDWHG�LQWR�WKH�FOLQLFDO�UHFRUGV�

5HVXOWV��ZH�HQUROOHG����SDWLHQWV��PHDQ�DJH���k���\HDUV��WKH�WZR�PRVW�IUHTXHQW�UHDVRQV�IRU�('�+'8�DGPLVVLRQ�ZHUH�VHSVLV�������DQG�&23'
UH�H[DFHUEDWLRQ��������9&&,�ZDV�IHDVLEOH�LQ����������SDWLHQWV��ZKLOH�3/5�FRXOG�EH�SHUIRUPHG�LQ����������S ��������$FFRUGLQJ�WR�9&&,����������
SDWLHQWV�ZHUH�IOXLG�UHVSRQGHU����������ZHUH�QRQ�IOXLG�UHVSRQGHUV�DQG�LQ���SDWLHQWV�9&&,�VKRZHG�DQ�LQWHUPHGLDWH�YDOXH��3/5�ZDV�FRQFRUGDQW�ZLWK
9&&,�LQ���SDWLHQWV�DQG�LW�JDYH�D�GLDJQRVWLF�UHVXOW�LQ���SDWLHQWV�LQ�ZKRP�9&&,�ZDV�QRW�IHDVLEOH�RU�QRW�GLDJQRVWLF��$FFRUGLQJ�WR�WKH�HFKRFDUGLRJUDSKLF
HYDOXDWLRQ����SDWLHQWV�GLG�QRW�UHFHLYH�DQ\�WUHDWPHQW�����ZHUH�WUHDWHG�ZLWK�IOXLGV�DQG���ZLWK�GLXUHWLFV��WKH�WKHUDSHXWLF�RSWLRQ�ZDV�PDLQWDLQHG�IRU�WKH
IROORZLQJ�WZHOYH�KRXUV�LQ����SDWLHQWV��ZKLOH�LW�ZDV�PRGLILHG�LQ�WKH�UHPDLQLQJ���SDWLHQWV��7KLV�JURXS�RI�SDWLHQWV�KDYH�EHHQ�HYDOXDWHG�RQO\�E\�9&&,���
RI�WKHP�ZHUH�IOXLG�UHVSRQGHUV����QRQ�IOXLG�UHVSRQGHUV�DQG���LQ�WKH�LQWHUPHGLDWH�JURXS��,Q�WKHVH�SDWLHQWV�OHIW�YHQWULFXODU�V\VWROLF�IXQFWLRQ�ZDV�VOLJKWO\
GHSUHVVHG��OHIW�YHQWULFXODU�HMHFWLRQ�IUDFWLRQ���k��YV���k����LQ�WKH�UHPDLQLQJ�SDWLHQWV��DQG�ODFWDWH�GRVDJH�ZDV��QRUPDO�����k����YV����k���
P(T�/���WKHVH�GLIIHUHQFHV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��SUREDEO\�LQ�SDUW�DV�D�FRQVHTXHQFH�RI�WKH�OLPLWHG�SRSXODWLRQ�VL]H��DQG�QHHG�WR�EH
FRQILUPHG�LQ�D�ODUJHU�VWXG\�JURXS�

&RQFOXVLRQV��9&&,�DSSHDUV�WR�EH�YHU\�IHDVLEOH�LQ�DQ�XQVHOHFWHG�SRSXODWLRQ�RI�FULWLFDOO\�LOO�SDWLHQWV��WKH�SURSRUWLRQ�RI�SDWLHQWV�ZLWK�DQ�LQGHILQLWH
YDOXH��ZKR�QHHG�D�IXUWKHU�HYDOXDWLRQ��LV�QRW�QHJOLJLEOH�DV�ZHOO�DV�WKH�SURSRUWLRQ�RI�SDWLHQWV�LQ�ZKRP�WKH�WKHUDSHXWLF�RSWLRQ�EDVHG�RQ�9&&,
PHDVXUHPHQW�KDG�WR�EH�PRGLILHG�LQ�WKH�IROORZLQJ�KRXUV��3/5�KDV�D�OLPLWHG�IHDVLELOLW\�EXW�LW�VKRZV�D�YHU\�JRRG�GLDJQRVWLF�SHUIRUPDQFH����



72;,&2/2*< 0DUN�+DGHQ

��������*+%�*%/����%'�RYHUGRVH��D�FDVH�VHULHV�DQG�LPSOHPHQWDWLRQ�RI�D�QHZ�PDQDJHPHQW�SURWRFRO

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0DUN�+DGHQ������3DXO�'DUJDQ������-RKQ�$UFKHU������'DYLG�:RRG����

���(PHUJHQF\�'HSDUWPHQW�DQG�&OLQLFDO�7R[LFRORJ\��*X\ÇV�DQG�6W�7KRPDVÇ�1+6�)RXQGDWLRQ�7UXVW��/RQGRQ��8.
���&OLQLFDO�7R[LFRORJ\��*X\ÇV�DQG�6W�7KRPDVÇ�1+6�)RXQGDWLRQ�7UXVW��/RQGRQ��8.

.H\ZRUGV��*+%��*%/�����%'

$EVWUDFW��

,QWURGXFWLRQ

*DPPD�K\GUR[\EXW\UDWH��*+%���JDPPD�EXW\URODFWRQH��*%/��	�����EXWDQHGLRO�����%'��DUH�UHFUHDWLRQDO�GUXJV�ZKLFK�LQ�WR[LFLW\�FDQ�FDXVH�VHGDWLRQ
DQG�D�UHGXFHG�FRQVFLRXV�OHYHO��7KHUH�LV�D�KLJK�LQFLGHQFH�RI�*+%�*%/����%'�XVH�ZLWKLQ�WKH�FDWFKPHQW�DUHD�RI�6W�7KRPDVÇ�+RVSLWDO��/RQGRQ
�DSSUR[LPDWHO\�����FDVHV�\HDU���0RVW�SDWLHQWV�UHFRYHU�FRPSOHWHO\�DQG�VSRQWDQHRXVO\�ZLWKLQ���WR���KRXUV�ZLWKRXW�VLJQLILFDQW�LQWHUYHQWLRQ�DQG�DUH
VXLWDEOH�IRU�GLVFKDUJH�GLUHFW�IURP�WKH�(PHUJHQF\�'HSDUWPHQW��('���:KLOH�D�VPDOO�QXPEHU�RI�SDWLHQWV�PD\�UHTXLUH�HQGRWUDFKHDO�LQWXEDWLRQ�WR
SUHYHQW�SXOPRQDU\�DVSLUDWLRQ�DQG�PDLQWDLQ�DGHTXDWH�YHQWLODWLRQ��SUHYLRXV�FDVH�VHULHV�KDYH�GHPRQVWUDWHG�YHU\�ORZ�UDWHV�RI�FRPSOLFDWLRQV�LQ
SDWLHQWV�ZLWK�DFXWH�WR[LFLW\�ZKR�DUH�PDQDJHG�FRQVHUYDWLYHO\�DORQH��ZLWKRXW�GHILQLWLYH�DLUZD\�SURWHFWLRQ��

7KHUH�DUH�FXUUHQWO\�QR�QDWLRQDO�RU�LQWHUQDWLRQDO�JXLGHOLQHV�IRU�WKH�PDQDJHPHQW�RI�SDWLHQWV�SUHVHQWLQJ�ZLWK�DFXWH�*+%�*%/����%'�WR[LFLW\�DQG�WKHUH
LV�WKH�SRVVLELOLW\�WKDW�WKHVH�SDWLHQWV�PD\�XQGHUJR�XQQHFHVVDU\�LQWHUYHQWLRQV�DQG�LQYHVWLJDWLRQV��:H�FRQGXFWHG�D�UHWURVSHFWLYH�UHYLHZ�RI�D�FRKRUW�RI
SDWLHQWV�DWWHQGLQJ�RXU�(PHUJHQF\�'HSDUWPHQW�ZLWK�DFXWH�*+%�*%/����%'�WR[LFLW\�WR�DVVHVV�WKH�YDULDWLRQ�LQ�PDQDJHPHQW�RI�WKHVH�SDWLHQWV�ZLWK
SDUWLFXODU�UHIHUHQFH�WR�WKH�GRFXPHQWHG�LQGLFDWLRQV�IRU�LQWXEDWLRQ�DQG�&7�EUDLQ�

0HWKRGV

&RQVHFXWLYH�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�DW�6W�7KRPDVÇ�+RVSLWDO��/RQGRQ��ZLWK�DFXWH�*+%��*%/�RU����%'�WR[LFLW\�IURP�0D\�-XO\������ZHUH
LGHQWLILHG�IURP�DGPLVVLRQ�UHFRUGV��3DWLHQWV�ZHUH�LQFOXGHG�LI�WKH\�VHOI�UHSRUWHG�RU�WKHUH�ZDV�D�FROODWHUDO�KLVWRU\�RI�*+%�*%/����%'�XVH���$
UHWURVSHFWLYH�FDVH�QRWH�UHYLHZ�ZDV�WKHQ�FRQGXFWHG�DQG�GRFXPHQWHG�LQGLFDWLRQV�IRU�LQWXEDWLRQ�DQG�RU�&7�EUDLQ�ZHUH�UHFRUGHG��1R�DQDO\WLFDO
FRQILUPDWLRQ�RI�*+%�*%/����%'�XVH�ZDV�FDUULHG�RXW�

:H�SURSRVHG�WKDW�DFFHSWDEOH�LQGLFDWLRQV�IRU�HQGRWUDFKHDO�LQWXEDWLRQ�ZHUH�*&6�Ô��DQG�DQ\�RI��YRPLWLQJ�RU�VLJQV�RI�DVSLUDWLRQ��VHYHUH�UHVSLUDWRU\
DFLGRVLV��S&2��Õ������UHFXUUHQW�VHL]XUHV��Õ���UHTXLULQJ�XVH�RI�EHQ]RGLD]HSLQHV��LQ�RUGHU�WR�IDFLOLWDWH�VDIH�WUDQVIHU�RU�QR�LPSURYHPHQW�LQ�*&6�DIWHU
�KUV�REVHUYDWLRQ��$FFHSWDEOH�LQGLFDWLRQV�IRU�&7�EUDLQ�ZHUH�UHGXFHG�*&6�DQG�DQ\�RI��FRQFRPLWDQW�KHDG�LQMXU\��VLJQV�RI�IRFDO�QHXURORJ\�SRVWXULQJ�RU
RQH�RU�PRUH�VHL]XUHV�

5HVXOWV

���SDWLHQWV�DWWHQGHG�ZLWK�*+%�*%/����%'�WR[LFLW\�GXULQJ�WKH�VWXG\�SHULRG�����SDWLHQWV���������KDG�DQ�LQLWLDO�*&6Ô���7KLUWHHQ�SDWLHQWV��������
XQGHUZHQW�LQWXEDWLRQ�DQG�VL[WHHQ���������KDG�D�&7�EUDLQ��WZHOYH�SDWLHQWV�������KDG�ERWK��7KH�GRFXPHQWHG�LQGLFDWLRQV�ZHUH�GHHPHG�VXIILFLHQW�LQ
ILYH�SDWLHQWV���������ZKR�XQGHUZHQW�LQWXEDWLRQ�DQG�LQ�IRXU���������ZKR�XQGHUZHQW�D�&7�EUDLQ��$OO�SDWLHQWV�ZKR�PHW�WKH�FULWHULD�IRU�LQWXEDWLRQ�RU�&7
EUDLQ�ZHUH�WUHDWHG�DSSURSULDWHO\��,QWXEDWHG�SDWLHQWV�ZHUH�H[WXEDWHG�DIWHU�D�PHDQ�WLPH�RI��KUV��PLQV��UDQJH���PLQV�WR���KUV���PLQV��VWDQGDUG
GHYLDWLRQ��KUV���PLQV���7ZR�LQWXEDWHG�SDWLHQWV����������ZKR�KDG�ERWK�YRPLWHG�SULRU�WR�LQWXEDWLRQ��ZHUH�WUHDWHG�IRU�DVSLUDWLRQ�DQG�QRQH�RI�WKH
SDWLHQWV�ZKR�KDG�FRQVHUYDWLYH�DLUZD\�PDQDJHPHQW�KDG�DQ\�FRPSOLFDWLRQV��1R�SDWLHQWV�KDG�DQ�DEQRUPDO�&7�EUDLQ�

&RQFOXVLRQV

$�KLJK�SURSRUWLRQ�RI�SDWLHQWV�LQ�RXU�FRKRUW�XQGHUZHQW�LQWXEDWLRQ�DQG�RU�&7�EUDLQ�DQG�LW�LV�SRVVLEOH�WKDW�VRPH�RI�WKHVH�PD\�KDYH�EHHQ�DYRLGDEOH��$
QHZ�WUXVW�JXLGHOLQH�DQG�GHFLVLRQ�PDNLQJ�DOJRULWKP�IRU�WKH�PDQDJHPHQW�RI�SDWLHQWV�ZLWK�RYHUGRVH�RI�*+%�*%/����%'�ZDV�LPSOHPHQWHG�EDVHG�RQ
WKH�LQGLFDWLRQV�IRU�LQWXEDWLRQ�DQG�&7�EUDLQ�OLVWHG�DERYH�



,1)(&7,286�',6($6(���6(36,6 DPLQH�NDOOHO

��������$VVHVVPHQW�RI�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�ZLWK�ILQHxV�VFRUH�DQG�D�UDGLRORJLFDO�VFRUH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DMHG�.DPHO������.DOOHO�0RKDPHG�$PLQH������=DRXFKH�.KHGLMD������%DFFRXFKH�5DPOD������.KHOLO�0RKDPHG�+DVVHQH������0DJKUDRXL�+DPLGD�����
0RGKDIHU�0RKDPHG������+DPPRXGD�&KRNUL������%RUVDOL�1HELKD����

���(PHUJHQF\�GHSDUWPHQW�RI�/D�5DEWD�WHDFKLQJ�KRVSLWDO��8QLYHUVLW\�RI�0DQDU�,��WXQLV��781,6,$

.H\ZRUGV��&RPPXQLW\�DFTXLUHG�SQHXPRQLD���)LQH�VFRUH���5DGLRORJLFDO�VFRUH��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ��&RPPXQLW\�DFTXLUHG�SQHXPRQLD��&$3��LV�D�IUHTXHQW�OHDGLQJ�FDXVH�RI�KRVSLWDO�DGPLVVLRQ�ZRUOGZLGH��7KURXJK�WKLV�VWXG\�ZH
LQYHVWLJDWH�WKH�DFFXUDQF\�RI�0XUUD\�UDGLRORJLFDO��VFRUH��56��DVVRFLDWHG�WR�)LQH�VFRUH��)6��DV�D�WULDJH�WRRO�IRU�&$3�LQ�WKH�HPHUJHQF\�GHSDUWPHQW���

0HWKRGV��D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�LQFOXGLQJ�SDWLHQWV�DGPLWWHG�LQ�DQ�HPHUJHQF\�GHSDUWPHQW�RI�D�JHQHUDO�WHDFKLQJ�KRVSLWDO�IRU�D�&$3��)6
DQG�56�ZHUH�FDOFXODWHG�RQ�DGPLVVLRQ�DQG�ZH�DQDO\VHG�WKH�UDWH�RI�KRVSLWDOL]DWLRQ�DQG�RXWFRPH�DW����GD\V�DQG�DQDO\VHG��WKH�FRUUHODWLRQ�EHWZHHQ�WKH
WZR�VFRUHV��6WDWLVWLFDO�DQDO\VLV�ZHUH�EDVHG�RQ�&KL���WHVW�ZLWK�VLJQLILFDQW�VWDWLVWLFDO�GLIIHUHQFH��66'��LI�S��������

5HVXOWV������&$3������PHQ�DQG����ZRPHQ��PHDQ�DJH� ������k������\HDUV��56�ZDV���k���LQ�)6�FODVV�,��Q� ���������k�����LQ�FODVV�,,��Q� �����������k
����LQ�FODVV�,,,��Q� ����������k���LQ�FODVV�,9��Q� �����DQG������k���LQ�FODVV�9��Q� �������$PRQJ�SDWLHQWV�ZKR�ZHUH�KRVSLWDOL]HG�LQ�PHGLFDO�ZDUG������RI
WKHP�EHORQJV�WR�FODVV�,��������WR�FODVV�,,��������WR�FODVV�,,,��������WR�FODVV�,9�DQG�������WR�FODVV�9��������RI�SDWLHQW�KRVSLWDOL]HG�LQ�,&8�KDG�D�ILQH
VFRUH�FODVV�,,,���������KDG�D�FODVV�,9�DQG�������KDG�D�FODVV�9��&KHFNLQJ�RXW��ZDV�SRVVLEOH�IRU�����RI�SDWLHQWV�LQ�FODVV�,��������LQ�FODVV�,,��������LQ
FODVV�,,,�DQG�������LQ�FODVV�,9��0RUWDOLW\�UDQJHG�IURP������LQ�FODVV�,,�WR�������LQ�FODVV�9�

:H�IRXQG�DQ�DVVRFLDWLRQ��EHWZHHQ�)6�DQG�56��U ������S ��������7KH�56�LQ�VXUYLYRUV�YHUVXV��QRW�VXUYLYRUV�LQ�WKH�)6�FDWHJRULHV�ZDV�UHVSHFWLYHO\
����k�����YV��k��LQ�FODVV�,,�������k���YV���k�����LQ�FODVV�,,,������k�����YV�����k����LQ�FODVV�,9�DQG���k����YV���k����LQ�FODVV�9��7KHUH�ZDV�D�66'�RQO\
LQ�FDWHJRU\�,,��S� �������

�

&RQFOXVLRQ��5DGLRORJLFDO�VFRUH�PD\�LPSURYH�)LQH�VFRUH��)XUWKHU�VWXGLHV�ZLWK�ODUJHU�FRKRUW�DUH�QHFHVVDU\�WR�VKRZ�EHWWHU�UHVXOWV�

�



75$80$ $WLI�%$<5$02*/8

��������3ODWHOHW�O\PSKRF\WH�UDWLR�KDV�D�KLJK�SURJQRVWLF�VLJQLILFDQFH�LQ�SDWLHQWV�ZLWK�PXOWLWUDXPD

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$W¢I�%$<5$02*/8������0XFDKLW�(0(7������1HFDWL�6$/0$1����

���'HSDUWPHQW�RI�(PHUJHQF\��$WDWXUN�8QLYHUVLW\�0HGLFDO�)DFXOW\���(U]XUXP��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\��$WDWXUN�8QLYHUVLW\�0HGLFDO�)DFXOW\���(U]XUXP��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\��(7,0(6*87�$6.(5�+$67$1(6,��$1.$5$��785.(<

.H\ZRUGV��3/5��7UDXPD

$EVWUDFW��

%DFNJURXQGV��3URJQRVWLF�SDUDPHWHUV�WR�GLIIHUHQWLDWH�LQMXULHV�WKDW�PD\�FDXVH�IDWDOLW\�JDLQ�H[WUD�LPSRUWDQFH�WR�VDYH�WKLV�JURXS�RI�SDWLHQWV�RQ�WLPH�

$LP��7R�GHWHUPLQH�WKH�SUHGLFWLYH�VLJQLILFDQFH�RI�KDHPDWRORJLFDO�PDUNHUV��QHXWURSKLO��O\PSKRF\WH�DQG�SODWHOHW�FRXQWV��1/5�DQG�SODWHOHW�O\PSKRF\WH
UDWLR�>3/5@��IRU�PRUWDOLW\�LQ�SDWLHQWV�ZLWK�PXOWLWUDXPD�

0HWKRGV��'DWD�RI�DOO�FRQVHFXWLYH�WUDXPD�SDWLHQWV�DFFRUGLQJ�WR�,&'����WKDW�DGPLWWHG�WR�RXU�('�ZHUH�WDNHQ�IURP�GDWDEDVH�RI�RXU�KRVSLWDO
UHWURVSHFWLYHO\��7KH�IROORZLQJ�,&'�FRGHV�ZHUH�VFDQQHG�IRU�WKLV�DLP��6���WR�7����9���WR�<����5����=����2I��������UHFRUGV�LQ���\HDUV��������SDWLHQWV
ZLWK�DYDLODEOH�FRPSOHWHG�UHFRUGV�DQG�LQLWLDO�FRPSOHWH�EORRG�FRXQW��&%&��VWXGLHG�LQ�('�ZLWKLQ����PLQXWHV�ZHUH�LQFOXGHG��������SDWLHQWV�ZKR�ZHUH
GLVFKDUJHG�IURP�WKH�KRVSLWDO�ZHUH�HYDOXDWHG�DV�WKH�FRQWURO�JURXS�DQG�����SDWLHQWV�ZKR�GLHG�DW�WKH�KRVSLWDO�ZHUH�HYDOXDWHG�DV�WKH�VWXG\�JURXS�

5HVXOWV��2I�WKH�SDWLHQWV������Q ������ZHUH�PHQ�DQG�PHDQ�DJH�ZDV�����k�������7KH�52&�FXUYHV�WR�GLVFULPLQDWH�PRUWDO�FDVHV�DPRQJ�DOO�WUDXPD
SDWLHQWV�IRU�3/5��3/7��1/5��DQG�5':�ZHUH�������>����FRQILGHQFH�LQWHUYDO��&,��������Ä�����@������������&,�������Ä������������������&,�
�����Ä��������DQG�����������&,�������Ä��������UHVSHFWLYHO\��:KHQ�WKH�GLDJQRVWLF�YDOXH�RI�WKH�FXW�RII�YDOXH�RI�WKH�3/5�ZDV�WDNHQ�DV�������
VHQVLWLYLW\��VSHFLILFLW\���/5�DQG��/5�RI�LQ�SDWLHQWV�ZLWK�PRUWDO�WUDXPD�ZHUH�����������������DQG������UHVSHFWLYHO\�

&RQFOXVLRQ��:H�IRXQG�WKDW�3/5�LV�D�VWDWLVWLFDOO\�VLJQLILFDQW�LQGHSHQGHQW�SUHGLFWRU�RI�PRUWDOLW\�ZLWK�KLJK�VHQVLWLYLW\�DQG�VSHFLILFLW\�LQ�SDWLHQWV�ZLWK
WUDXPD�



('8&$7,21�$1'�75$,1,1* ,PUDQ�=DNULD

��������,QIRUPDWLFV�LQ�('�v�$�'*+�([SHULHQFH�RI�&OLQLFDO�/LEUDULDQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,PUDQ�=DNULD������3HWD�-RQHV������0XKDPPDG�4XUHVKL������1DVUHHQ�&RQWUDFWRU����

���1+6��7DPHVLGH�*HQHUDO�+RVSLWDO���0DQFKHVWHU��8.
���1+6��7DPHVLGH�*HQHUDO�+RVSLWDO��0DQFKHVWHU��8.
���1+6��7DPHVLGH�*HQHUDO�+RVSLWDO��PDQFKHVWHU��8.

.H\ZRUGV��('��(PHUJHQF\�'HSDUWPHQW��&/��&OLQLFDO�/LEUDULDQ��'*+��'LVWULFW�*HQHUDO�+RVSLWDO��&75��&OLQLFDO�7RSLF�5HYLHZ

$EVWUDFW��

%DFNJURXQG�

5ROH�RI�FOLQLFDO�OLEUDULDQ��&/��KDV�EHHQ�HVWDEOLVKHG�IRU�VRPH�WLPH�DQG�WKHLU�YDOXDEOH�LQSXW�DW�ZDUG�URXQGV�LV�ZHOO�UHFRJQLVHG��ZKLFK�KDV�H[SDQGHG
LQWR�PRUH�DFXWH�VHWWLQJV�UHFHQWO\��(YHQ�('�KDV�EHHQ�DGYRFDWHG�WR�JDLQ�EHQHILW�IURP�WKLV�SURVSHURXV�UHVRXUFH�LQ�KLJK�SUHVVXUH�DQG�WLPH�FRQVWUDLQHG
HQYLURQPHQW�DW�ODUJHU�DFDGHPLF�XQLWV�

2EMHFWLYHV�

:H�ORRNHG�DW�RXU�H[SHULHQFH�RI�KDYLQJ�&/�DW�RXU�('�ZLWK�DQQXDO�FHQVXV�RI�RYHU���������DSSUR[���SDWLHQWV�D�PHGLXP�VL]HG�'*+��:H�KDG�D�SLORW�RQH
\HDU�SURMHFW�RI�LQIRUPDWLFV�('�LQ�UHDFK�IRU�XS�WR���GD\�SHU�ZHHN�WDUJHWLQJ�FRQVXOWDQW�OHG�PLG�GD\�ERDUG�URXQGV�RQ�VKRS�IORRU���

$LPV�RI�WKH�LQWHUYHQWLRQ�ZHUH�LGHQWLILHG�

$FTXLVLWLRQ�RI�XS�WR�GDWH�HYLGHQFH�EDVHG�LQIRUPDWLRQ�IRU�FOLQLFDO�GLOHPPDV�SRVHG�E\�('�WHDP��UHFRJQLVLQJ�WLPH�FRQVWUDLQWV���
(PEHGGLQJ�,QIRUPDWLFV�LQ�FOLQLFDO�WHDP�WR�EULGJH�WKH�JDSV�LQ�XWLOLVDWLRQ�RI�DYDLODEOH�UHVRXUFHV�LQ�DQ�HUD�RI�LQIRUPDWLRQ�RYHUORDG�LQ�DFXWH�VHWWLQJV���
HIILFLHQWO\�DQG�DFFXUDWHO\�
*LYLQJ�&/�LQVLJKW�DQG�GHYHORSPHQW�LQWR�UHTXHVWLQJ�SDWWHUQV�RI�FOLQLFLDQV�DQG�WUDQVODWLRQ�RI�LQIRUPDWLRQ�LQWR�SUDFWLFH���
$GG�YDOXH�WR�WKH�WHDFKLQJ�H[SHULHQFH�RI�ERDUG�URXQGV�IRU�MXQLRUV�DQG�LQFXOFDWH�VRPH�DFDGHPLF�LQWHUHVW���

�

0HWKRGV�	�UHVXOWV�

:H�UHYLHZHG�WKH�NLQG�RI�LQIRUPDWLRQ�EHLQJ�DVNHG�DQG�ZKR�ZDV�DVNLQJ�DQG�KRZ��+RZ�PXFK�OLWHUDWXUH�UHYLHZ�ZDV�EHLQJ�GRQH�DQG�WKH�WLPH�LW�ZDV
FRQVXPLQJ"�:KDW�LQIRUPDWLRQ�DQG�KRZ�ZDV�LW�FRDOHVFHG�E\�&/�DQG�SUHVHQWHG�WR�FOLQLFLDQV"�:H�DOVR�H[SORUHG�KRZ�WKLV�LQIRUPDWLRQ�ZDV�XVHG
VXEVHTXHQWO\�DQG�LI�WUDQVODWHG�LQWR�FKDQJH�RI�SUDFWLFH�HWF��L�H��LPSDFW��$Q\�WUHQGV�RU�WKHPHV"

�

$ERXW����OLWHUDWXUH�UHYLHZV�ZHUH�FRQGXFWHG�����FDPH�RXW�RI�ERDUG�URXQG�GLUHFWO\�ZKLOH�UHDPLQJ�ZHUH�UHTXHVWHG�E\�HPDLO��0DMRULW\������ZHUH�IURP
FRQVXOWDQWV�EXW�$13V�DQG�PLGGOH�JUDGHV�UHTXHVWHG�VRPH�����DQG���HDFK���(DFK�VHDUFK�WRRN�IURP�VRPHZKHUH�DV�OLWWOH�DV���PLQXWHV�XS�WR���KRXUV
ZLWK�DQ�DYHUDJH�RI������KU�FRQVXPLQJ�RYHU����KRXUV�MXVW�IRU�UXQQLQJ�WKHVH�VHDUFKHV��0RVWO\�WUHDWPHQW�RSWLRQV��PHGLFDWLRQV�DQG�GHYLFHV�PDLQO\�
DQG�GLDJQRVWLFV�ZHUH�LQ�TXHVWLRQ��EORRG�WHVWV�	�VFDQV��ZLWK�DJH�EHLQJ�WKH�YDULDEOH�PRVW�FRPPRQO\�DVVRFLDWHG�ZLWK�WKHP�

7KH�LQIRUPDWLRQ�ZDV�FUXGH�WR�EHJLQ�ZLWK�EXW�RYHU�WLPH�ZDV�ILOWHUHG�PRUH�DFFXUDWHO\�DQG�WDLORUHG�VSHFLILF�WR�WKH�FOLQLFDO�GLOHPPD�

5HYLHZ�RI�VRPH�H[LVWLQJ�JXLGHOLQHV�ZDV�GRQH�ZKLOH�GHYHORSPHQW�RI�QHZ�SROLFLHV�ZDV�XQGHUWDNHQ�DV�GLUHFW�RXWFRPH�RI�WKH�HYLGHQFH�JDLQHG�WKURXJK
WKLV�SLORW��6RPH�RI�WKH�YDOXDEOH�LQIRUPDWLRQ�ZDV�LQFRUSRUDWHG�E\�WUDLQHHV�LQWR�WKHLU�ZRUN�DV�GLVVHUWDWLRQ�&75�DQG�DOVR�SUHVHQWHG�DW�ORFDO�UHJLRQDO�DQG
QDWLRQDO�OHYHO�

&RQFOXVLRQ�

+DYLQJ�D�&/�LQ�('�DQG�HYHQ�DW�'*+�KDV�VKRZQ�XV�WR�EH�D�SURGXFWLYH�DQG�YDOXDEOH�WR�RXU�WHDP�PDWHULDOLVLQJ�WKLV�ZRUN�SUDFWLFDOO\��%DVHG�DW�RXU
H[SHULHQFH��&/�LQ�UHDFK�KDV�EHHQ�DOUHDG\�H[WHQGHG�DW�RXU�GHSDUWPHQW�DQG�ZH�ZRXOG�OLNH�WR�UHFRPPHQG�WKLV�SRVLWLYHO\�



('8&$7,21�$1'�75$,1,1* %HQMDPLQ�2+$1$

��������(YDOXDWLRQ�RI�WKH�OHDUQLQJ�SURFHVV�DPRQJ�HPHUJHQF\�QXUVHV�IRU�WKH�SODFHPHQW�RI�SHULSKHUDO�LQWUDYHQRXV�FDWKHWHU�XVLQJ
VLPXODWHG�XOWUDVRXQG�JXLGDQFH�ZLWK�DQ�XOWUD�SRUWDEOH�GHYLFH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

%(1-$0,1�RKDQD������$QWKRQ\�&KDXYLQ������0D[LPH�*DXWLHU������MHQQLIHU�WUXFKRW����

���8UJHQFHV��/DULERLVL�UH��3DULV��)5$1&(
���(PHUJHQF\��/DULERLVL�UH��3DULV��)5$1&(

.H\ZRUGV��8OWUDVRXQG��LQWUDYHQRXV��OHDUQLQJ

$EVWUDFW��

,QWURGXFWLRQ���SDWLHQWV�ZLWK�GLIILFXOW�YHQRXV�DFFHVV�DUH�IUHTXHQW�DQG�FDQ�EH�D�UHDO�HPHUJHQF\�GHSDUWPHQW��('��SUREOHPDWLF��7KH�XVH�RI�DQ
XOWUDVRXQG�JXLGDQFH�SXQFWXUH�LQVWUXPHQW�IRU�WKH�SHULSKHUDO�YHLQV�FDQ�EH�DQ�DOWHUQDWLYH�WR�WKH�SODFHPHQW�RI�FHQWUDO�YHLQV�FDWKHWHU��99&��RU
LQWUDRVVHRXV�FDWKHWHU�DQG�FDQ�UHGXFH�WKH�QXPEHU�RI�PHGLFDO�LQWHUYHQWLRQV��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�DQDO\]H�WKH�OHDUQLQJ�FXUYH�IRU�WKH
(PHUJHQF\�VWDWH�JUDGXDWHG�QXUVHV�IROORZLQJ�D�VWDQGDUG�OHDUQLQJ�SURJUDP��7KLV�DQDO\VLV�ZDV�FRQGXFWHG�RQ�VLPXODWLRQ�HTXLSPHQW

(TXLSPHQW�DQG�0HWKRGRORJ\��WKLV�VWXG\�LV�GHVFULSWLYH��H[SHULPHQWDO�DQG�ORQJLWXGLQDO�DQG�ZDV�FRQGXFWHG�LQ������DPRQJ�(PHUJHQF\
VWDWH�JUDGXDWHG�QXUVHV��$IWHU�D�ILUVW������KRXU�WKHRUHWLFDO�DQG�SUDFWLFDO�WUDLQLQJ�VHVVLRQ��QXUVHVÇ�VNLOOV�ZHUH�DVVHVVHG�DFFRUGLQJ�WR���FULWHULD�RQ��
YHVVHOV�RI�GLIIHUHQW�VL]H��9��DQG�9���ZLWK�WKH�XVH�RI�D�SKDQWRP�W\SH�VLPXODWLRQ�HTXLSPHQW��6WHULOH�SURWHFWLRQ�SUREH�NLWV�ZHUH�DYDLODEOH�IRU�WKH
XOWUD�SRUWDEOH�XOWUDVRXQG�LQVWUXPHQWV��7KH�VWDWH�JUDGXDWHG�QXUVHV�DQVZHUHG�D�VDWLVIDFWLRQ�VXUYH\�DERXW�WKH�WUDLQLQJ�VHVVLRQ��7KH�VWXGLHG
SDUDPHWHUV�ZHUH�WKH�VXFFHVV�UDWH�DQG�WKH�WLPH�QHHGHG�IRU�WKH�SODFHPHQW�RI�WKH�FDWKHWHU�

5HVXOWV��$PRQJ�WKH����VWDWH�JUDGXDWHG�QXUVHV�WUDLQHG�����������IROORZHG�WKH�HQWLUH�WUDLQLQJ�VHVVLRQ��7KH�DVVHVVPHQW�DQDO\VLV�VKRZHG�VXFFHVV
VDWXUDWLRQ�EHWZHHQ�DWWHPSW���DQG���IRU�9��DQG�DIWHU�DWWHPSW����IRU�9���ZLWK�D�VXFFHVV�UDWH�RI��������:H�REVHUYHG�D�VLJQLILFDQW�VXFFHVV�UDWH
GLIIHUHQFH�EHWZHHQ�9���S ������DQG�9���S ��������7KH�GLIIHUHQFH�LQ�WKH�FRUUHFW�SODFHPHQW�RI�FDWKHWHU�WLPH�ZDV�VLJQLILFDQW�IRU�9���S ������EXW�QRW
IRU�9���S �������7KH�SDUWLFLSDQWV�DSSUHFLDWHG�WKH������KRXU�WKHRU\�SUDFWLFH�FRPELQDWLRQ�WHDFKLQJ�PHWKRG��VDWLVIDFWLRQ�UDWH����������������

'LVFXVVLRQ���7KH�DVVLPLODWLRQ�RI�WKH�XOWUD�SRUWDEOH�XOWUDVRXQG�LQVWUXPHQW�DPRQJ�QXUVHV�ZDV�TXLFN����WK�WUDLQLQJ��DQG�LWV�XVH�UHPDLQHG�VWDEOH�LQ
WLPH��VXJJHVWLQJ�WKDW�WKH�XVH�RI�WKLV�QHZ�LQVWUXPHQW�ZLOO�KDYH�DQ�LPSDFW�RQ��IXWXUH�UHVHDUFK�LQ�RXU�('��,W�LV�SUREDEOH�WKDW�D�PRUH�DGDSWHG�DQG
PDQDJHDEOH�VWHULOH�SURWHFWLRQ�SUREH�FRXOG�KHOS�WR�LPSURYH�WKLV�WHFKQLTXH��7KH�IDFW�WKDW�YHVVHO�9��ZDV�VPDOOHU�DQG�GHHSHU�H[SODLQ�ZK\�WKH
GLPLQXWLRQ�RI�WKH�FDWKHWHU�SODFHPHQW�WLPH�ZDV�QRW�VLJQLILFDQW��7KH�������VXFFHVV�UDWH�IRU�9��DW�WKH��VW�DWWHPSW�VKRZV�WKDW�WKH�WHDFKLQJ�PHWKRG�LV
HIIHFWLYH

&RQFOXVLRQ��$������KRXU�WKHRUHWLFDO�DQG�SUDFWLFDO�WUDLQLQJ�VHVVLRQ�IROORZHG�E\���WR����DWWHPSWV�VHVVLRQ�RQ�VLPXODWLRQ�HTXLSPHQW��ZLWK�GLIIHUHQW
OHYHO�RI�GLIILFXOWLHV�LQ�WKH�YHVVHOV�DFFHVV��DOORZV�REWDLQLQJ�SHUVLVWDQW�WHFKQLFDO�VNLOOV��7KH�DVVHVVPHQW�RI�WKH�VDPH�VWDWH�JUDGXDWHG�QXUVHV�RQ�SDWLHQWV
ZLOO�DOORZ�WKH�GHPRQVWUDWLRQ�RI��D�PRUH�SHUWLQHQW�DQDO\VLV�RI�WKH�WUDLQLQJ�VHVVLRQÇV�TXDOLW\��7KLV�ZDV�WKH�ILUVW�VWHS�RI�D�ODUJHU�VWXG\�SURWRFRO��ZKLFK
DLPV�DW�JHQHUDOL]LQJ�WKH�XVH�RI�XOWUDVRXQG�JXLGDQFH�IRU�GLIILFXOW�FDWKHWHU�SODFHPHQW



75$80$ 'LQND�/XOLF

��������1RYHO�WHDP�DSSURDFK�LQ�WUDXPD�SDWLHQW�PDQDJHPHQW��D�VLQJOH�FHQWHUxV�H[SHULHQFH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

,OHDQD�/XOLF������'LQND�/XOLF������0LUMDQD�0LULF������0LKDHOD�0LKRYLOFHYLF������$QLWD�/XNLF������1LQD�&YMHWLFDQLQ������,YDQ�*RUQLN����

���'HSDUWPHQW�RI�$QDHVWKHVLRORJ\��5HDQLPDWRORJ\�DQG�,QWHQVLYH�&DUH�0HGLFLQH��8QLYHUVLW\�+RVSLWDO�&HQWUH�=DJUHE��=DJUHE��&52$7,$
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��8QLYHUVLW\�+RVSLWDO�&HQWUH�=DJUHE��=DJUHE��&52$7,$
���'HSDUWPHQW�RI�$QDHVWKHVLRORJ\��5HDQLPDWRORJ\�DQG�,QWHQVLYH�&DUH�0HGLFLQH��*HQHUDO�+RVSLWDO�9DUD]GLQ��9DUD]GLQ��&52$7,$

.H\ZRUGV��7UDXPD��5HVXVFLWDWLRQ

$EVWUDFW��

3XUSRVH�RI�WKH�VWXG\��:RUOGZLGH��WUDXPD�FODLPV�PRUH�SURGXFWLYH�OLIH�\HDUV�WKDQ�DQ\�RWKHU�GLVHDVH��,W�LV�ZHOO�NQRZQ�WKDW�DOPRVW�����RI�IDWDOLWLHV
GHYHORS�ZLWKLQ�WKH�ZHHN�DIWHU�PDMRU�WUDXPD��EXW�PRUH�DODUPLQJ�LV�WKH�IDFW�WKDW�PDQ\�SUHYHQWDEOH�FDXVHV�RI�GHDWK�RFFXU�ZLWKLQ�WKH�ILUVW�IHZ�KRXUV�
7RGD\��WKH�PRVW�FRPPRQ�LGHQWLILHG�SUREOHPV�GXULQJ�WUDXPD�SDWLHQW�PDQDJHPHQW�DUH��XQGHUHVWLPDWLRQ�RI�WKH�VHULRXVQHVV�RI�LQMXULHV�
PLVLQWHUSUHWDWLRQ�RI�SHUIRUPHG�LQYHVWLJDWLRQV��WHFKQLFDO�IDLOXUHV��DV�ZHOO�DV�ODFN�RI�H[SHULHQFH�RI�WKH�WUDXPD�WHDPV��7KH�:RUOG�+HDOWK�2UJDQL]DWLRQ
HVWLPDWHV�WKDW�WKH�PRUWDOLW\�RI�PDMRU�WUDXPD�LQ�(XURSH�FRXOG�EH�GHFUHDVHG�XS�WR�����E\�LPSURYLQJ�WKH�FKDLQ�RI�FDUH�IRU�PDMRU�WUDXPD�SDWLHQWV�
7UDXPD�
FKDLQ�RI�VXUYLYDO
�UHIHUV�WR�D�VHULHV�RI�DFWLRQV�WKDW��ZKHQ�SXW�LQWR�PRWLRQ��UHGXFH�WKH�PRUWDOLW\�DVVRFLDWHG�ZLWK�WUDXPD��/LNH�DQ\�FKDLQ��WKH
WUDXPD�
FKDLQ�RI�VXUYLYDO
��FRPPHQFLQJ�DW�WKH�VFHQH�RI�LQMXU\��DOO�WKH�ZD\�WKURXJK�WR�WKH�SODFH�RI�GHILQLWLYH�WUHDWPHQW��LV�RQO\�DV�VWURQJ�DV�LWV
ZHDNHVW�OLQN��7KHUHIRUH��WUDXPD�FDUH�UHSUHVHQWV�D�PDMRU�FKDOOHQJH�IRU�DOO�PHGLFDO�SURIHVVLRQDOV��HVSHFLDOO\�WKH�RQHV�ZRUNLQJ�LQ�WKH�(PHUJHQF\
'HSDUWPHQW��('���7KH�DLP�RI�RXU�VWXG\�ZDV�WR�GHPRQVWUDWH�8QLYHUVLW\�+RVSLWDO�&HQWHU�=DJUHE�(PHUJHQF\�'HSDUWPHQWÇV�H[SHULHQFH�LQ�WUDXPD
SDWLHQW�PDQDJHPHQW�DIWHU�LPSOHPHQWDWLRQ�RI�D�QRYHO�PRGHO�FDOOHG�ÆKRUL]RQWDO�WHDP�DSSURDFKÇ��0DWHULDOV�DQG�PHWKRGV��'XULQJ������ZH�KDYH
LPSOHPHQWHG�DQ�LQQRYDWLYH�PRGHO�RI��ÆWKH�KRUL]RQWDO�WHDP�DSSURDFKÇ�LQ�RXU�'HSDUWPHQW
V�WUDXPD�SDWLHQW�PDQDJHPHQW��6HQLRU�LQVWUXFWRUV�DQG
HGXFDWRUV�RI�WKH�(XURSHDQ�7UDXPD�&RXUVH�2UJDQL]DWLRQ�WUDLQHG�DOO�WUDXPD�WHDPV�GHDOLQJ�ZLWK�WUDXPD�UHVXVFLWDWLRQ�RQ�D�GDLO\�EDVLV��5HVXOWV��2XU
FRQFHSW�RI�WUDXPD�WHDPV�LQVWDOOV�SK\VLFLDQV�RI�GLIIHUHQW�VSHFLDOWLHV��QXUVHV�DQG�WHFKQLFLDQV��ZRUNLQJ�VHDPOHVVO\�WRJHWKHU�LQ�WKH�DFXWH�FDUH�RI�PDMRU
WUDXPD�SDWLHQW��7KH�HVVHQFH�RI�ÆKRUL]RQWDO�WHDP�DSSURDFKÇ�LPSOHPHQWDWLRQ�LV�WR�SURYLGH�WUDXPD�SDWLHQW�FDUH�ZKHUH�YDULDEOH�VHW�RI�SURFHVVHV�UXQ
VLPXOWDQHRXVO\��7KHVH�DUH�DGDSWHG�WR�WKH�WUDXPD�SDWLHQW
V�FRQGLWLRQ��ZKLFK�FDQ�FKDQJH�DQ\WLPH��7KH�UHVSRQVH�RI�FULWLFDOO\�LQMXUHG�SDWLHQW�WR�WKH
WUDXPD�WHDPÇV�LQWHUYHQWLRQV�LV�G\QDPLF�DQG�WKHUHIRUH�UHVXVFLWDWLRQ�LV�FRQWLQXRXV�F\FOH�RI�DVVHVVPHQW��LQWHUYHQWLRQ�DQG�UHDVVHVVPHQW��(DFK
PHPEHU�RI�WKH�WHDP�XQGHUVWDQGV�WKHLU�UHVSRQVLELOLWLHV��$��%��&�SHUVRQ��DQG�UROH�ZLWKLQ�WKH�WHDP��V\QFKURQRXVO\�ZRUNLQJ�ZLWKLQ�WKHLU�FRPSHWHQFLHV�
:H�SXW�VWURQJ�IRFXV�RQ�WHDP�PHPEHUÇV�OHDGHUVKLS�VNLOOV��FRRSHUDWLRQ�EHWZHHQ�WKH�WHDP�PHPEHUV��FRXSOHG�ZLWK�QRQ�WHFKQLFDO�VNLOOV�RI�WHDPZRUN
DQG�FRPPXQLFDWLRQ��&RQFOXVLRQV��:HOO�HVWDEOLVKHG�('�WUDXPD�WHDPV��RIIHULQJ�VWDWH�RI�WKH�DUW�WUDXPD�FDUH��ZLWK�D�IRFXV�RQ�WKH�PXOWL�VSHFLDOW\�
PXOWL�SURIHVVLRQDO�WHDP�DSSURDFK��UHSUHVHQW�RQH�RI�WKH�SDUDPRXQW�OLQNV�LQ�WKH�WUDXPD�
FKDLQ�RI�VXUYLYDO
��DQG�VKRXOG�EH�LPSOHPHQWHG�LQ�HYHU\�('
UHFHLYLQJ�WUDXPDWL]HG�SDWLHQWV�



',$*1267,&�7(&+12/2*<�	�5$',2/2*< 0�$]DP�0DMHHG

��������&RXOG�KLJK�VHQVLWLYLW\�WURSRQLQ����	���KUV���DYRLG�XQQHFHVVDU\�DGPLVVLRQV�DQG�VDYH�PRQH\"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0�$]DP�0DMHHG������,PUDQ�7DKLU����

���8QLYHUVLW\�+RVSLWDOV�%LUPLQJKDP���1+6��%LUPLQJKDP��8.

.H\ZRUGV��+,*+�6(16,7,9,7<�7523��$&6

$EVWUDFW��

%DFNJURXQG�

(YHU\�IRXU�PLQXWHV�VRPHRQH�LV�DGPLWWHG�WR�KRVSLWDO�VXIIHULQJ�IURP�D�KHDUW�DWWDFN�RU�D�FKHVW�SDLQ�HYHQW�LQ�WKH�8.��WRWDOOLQJ�RYHU��������
KRVSLWDOLVDWLRQV�D�\HDU��&KHVW�SDLQ�LV�RQH�RI�WKH�PRVW�FRPPRQ�SUHVHQWDWLRQV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�DQG�TXLWH�D�IHZ�RI�WKHP�JHW�DGPLWWHG�DV
ORZ�ULVN�$&6�SDWLHQWV��:LWK�WKH�GHYHORSPHQWV�LQ�WHFKQRORJ\��ZH�KDYH�LQFUHDVLQJO\�VHQVLWLYH�WURSRQLQ�DVVD\V�DYDLODEOH��3UHYLRXV�JHQHUDWLRQ�WURSRQLQ
DVVD\V�KDYH�EHHQ�XVHG�DV�GLDJQRVWLF�DQG�SURJQRVWLF�PDUNHUV�LQ�DFXWH�FRURQDU\�V\QGURPH�SDWLHQWV�DQG�IRU�ULVN�VWUDWLILFDWLRQ�WR�JXLGH�WULDJH
GHFLVLRQV�DQG�DLG�LQ�WUHDWPHQW�VHOHFWLRQ��1HZ��KLJK�VHQVLWLYLW\�WURSRQLQ�DVVD\V�UHSUHVHQW�DQ�LPSRUWDQW�DGYDQFH�ZLWK�DGGHG�VHQVLWLYLW\�IRU�FDUGLDF
P\RF\WH�QHFURVLV��+LJK�VHQVLWLYLW\�WURSRQLQ�DVVD\V�GHWHFW�FRQFHQWUDWLRQV�RI�WKH�VDPH�SURWHLQV�WKDW�FRQYHQWLRQDO�VHQVLWLYLW\�DVVD\V�DUH�DLPHG�DW
GHWHFWLQJ��MXVW�LQ�PXFK�ORZHU�FRQFHQWUDWLRQV�

�

2EMHFWLYH�

&DQ�KLJK�VHQVLWLYLW\�WURSRQLQ�DYRLG�XQQHFHVVDU\�DGPLVVLRQ�DQG�VDYH�PRQH\�

�

0HWKRG�

:H�GLG�WKH�UHWURVSHFWLYH�GDWD�DQDO\VLV�IRU�����SDWLHQWV�SUHVHQWLQJ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�8QLYHUVLW\�KRVSLWDOV�%LUPLQJKDP�LQ�WKH�PRQWK�RI
0DUFK�������$OO�DGXOW�SDWLHQWV�DGPLWWHG�ZLWK�WKH�GLDJQRVLV�RI�$&6�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�

�

5HVXOWV�

:H�LQFOXGHG�����SDWLHQWV�DGPLWWHG�ZLWK�WKH�GLDJQRVLV�RI�$&6�XQGHU�WKH�PHGLFDO�WHDP�LQ�WKH�PRQWK�RI�0DUFK�����������SDWLHQWV�KDG�D�VHULDO
WURSRQLQ�GRQH�GXULQJ�WKH�DGPLVVLRQ��5HVW�RI�WKH�����KDG�D�VLQJOH�WURSRQLQ�GRQH��2QO\����SDWLHQWV�KDG�D�UDLVH�LQ�WKH�VHULDO�WURSRQLQ��UHVW�RI�WKHP
ZHUH�GLVFKDUJHG�KRPH��7KH�DYHUDJH�OHQJWK�RI�VWD\�ZDV����KRXUV�

�

&RQFOXVLRQ�

�

:H�KDYH������SDWLHQWV�HYHU\�GD\�SUHVHQWLQJ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�FKHVW�SDLQ��$ERXW�����RI�WKHP�JHW�DGPLWWHG�ZLWK�WKH�GLDJQRVLV�RI
$&6������RI�RXU�SDWLHQWV�FRXOG�KDYH�EHHQ�SRWHQWLDOO\�GLVFKDUJHG�KRPH�E\�XVLQJ�KLJK�VHQVLWLYLW\�WURSRQLQ�DW���DQG���KRXUV�DQG�KHQFH�FRXOG�KDYH
DYRLGHG�����DGPLVVLRQV��7KLV�LQ�WXUQ�FRXOG�KDYH�VDYHG�TXLWH�VRPH�PRQH\�DQG�EHGV��:LWK�WKH�JURZLQJ�SUHVVXUH�LQ�WKH�HPHUJHQF\�GHSDUWPHQWV�GXH
WR�HYHU�LQFUHDVLQJ�QXPEHU�RI�SDWLHQWV�DOO�WKHVH�KLJK�VHQVLWLYLW\�WHVWV�FRXOG�SRWHQWLDOO\�PDNH�VRPH�GLIIHUHQFH�

�



&$6(�35(6(17$7,21 -DQQHWWH�YDQ�6RHVW

��������47�LQWHUYDO�SURORQJDWLRQ�GXH�WR�GRPSHULGRQH��D�FDVH�UHSRUW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-DQQHWWH�YDQ�6RHVW������$OHW�3IDII����

���(PHUJHQF\�'HSDUWPHQW��=LHNHQKXLV�5LYLHUHQODQG��7LHO��7+(�1(7+(5/$1'6

.H\ZRUGV��'RPSHULGRQH��47�SURORQJDWLRQ��ORQJ�47�V\QGURPH

$EVWUDFW��

'RPSHULGRQ�LV�D�ZHOO�NQRZQ�GUXJ�WR�WUHDW�QDXVHD�DQG�YRPLWLQJ��$OWKRXJK�LW�LV�NQRZQ�WR�FDXVH�47�LQWHUYDO�SURORQJDWLRQ��DQG�GXH�WR�WKLV�YHQWULFXODU
DUUK\WKPLDV�DQG�VXGGHQ�FDUGLDF�GHDWK��LW�LV�VWLOO�ZLGHO\�SUHVFULEHG�

$����\HDU�ROG�KHDOWK\�ZRPDQ�SUHVHQWHG�DW�RXU�HPHUJHQF\�GHSDUPHQW��('��ZLWK�FRPSODLQWV�RI�YRPLWLQJ�DQG�GLDUUKRHD�VLQFH�WZR�ZHHNV��2QH
ZHHN�SULRU�WR�SUHVHQWDWLRQ�VKH�VWDUWHG�XVLQJ�GRPSHULGRQH���PJ�WZLFH�D�GD\��$IWHU�ILYH�GD\V�LW�ZDV�UDLVHG�WR���PJ�IRXU�WLPHV�D�GD\��6LQFH�WKH�VWDUW
VKH�KDG�FRPSODLQWV�RI�SDOSLWDWLRQV��7KH�GD\�EHIRUH�SUHVHQWDWLRQ�VKH�DOVR�H[SHULHQFHG�FKHVWSDLQ�ODVWLQJ����PLQXWHV��3K\VLFDO�H[DPLQDWLRQ�GLGQÇW
VKRZ�DQ\�DEQRUPDOLWLHV��%ORRG�UHVXOWV�VKRZHG�QRUPDO�LQIHFWLRQ�SDUDPHWHUV�DQG�D�VOLJKWO\�GHFUHDVHG�SRWDVVLXP�OHYHO�RI�����PPRO�/��+HU�(&*
VKRZHG�D�VLQXVUK\WKP�RI����EHDWV�SHU�PLQXWH�ZLWK�D�47�LQWHUYDO�RI����PV�DQG�D�FRUUHFWHG�47�LQWHUYDO�RI����PV��5K\WKP�PRQLWRULQJ�VKRZHG
SUHPDWXUH�YHQWULFXODU�FRQWUDFWLRQV��VRPHWLPHV�DV�ELJHPLQLHV��6KH�ZDV�DGPLWWHG�WR�WKH�FDUGLDF�FDUH�XQLW�DQG�WUHDWHG�ZLWK�LQWUDYHQRXV
SRWDVVLXP�VXSSOHWLRQ���JUDP�SHU����KRXUV��'RPSHULGRQH�ZDV�VWRSSHG�LPPHGLDWHO\��$W�GLVFKDUJH�WKH�(&*�ZDV�QRUPDOLVHG�

'RPSHULGRQH�LV�EORFNLQJ�WKH�KXPDQ�(WKHU�D�JR�JR�5HODWHG�*HQH��K(5*��SRWDVVLXP�FKDQQHOV�OHDGLQJ�WR�SURORQJLQJ�RI�WKH�YHQWULFXODU�DFWLRQ�SRWHQWLDO
�DQG�WKHUHE\�SURORQJDWLRQ�RI�WKH�47�LQWHUYDO�FDXVLQJ�D�YDULHW\�RI�FDUGLDF�DUUK\WKPLDV�DQG�HYHQ�VXGGHQ�FDUGLDF�GHDWK��7KHUH�LV�DQ�LQFUHDVHG�ULVN�ZLWK
WKH�VLPXOWDQHRXV�XVDJH�RI�RWKHU�47�SURORQJLQJ�PHGLFDWLRQ�RU�F\WRFKURPH�3������$��LQKLELWRUV��(OHFWURO\WH�GLVWXUEDQFHV�DQG�D�KLJKHU�GRPSHULGRQH
GRVH��PRUH�WKDQ���PJ�D�GD\��ZLOO�LQFUHDVH�WKH�ULVN�RI�47�LQWHUYDO�SURORQJDWLRQ�

&DXWLRQ�LV�QHHGHG�ZKHQ�SUHVFULELQJ�GRPSHULGRQH��HVSHFLDOO\�ZKHQ�WKHUH�DUH�RWKHU�ULVN�IDFWRUV�IRU�47�LQWHUYDO�SURORQJDWLRQ��EXW�DOVR�LQ�\RXQJ�DQG
KHDOWK\�SHRSOH�



&$5',29$6&8/$5 6$0,�628,66,

��������$FXWH�FRURQDU\�V\QGURPH�ZLWK�67�VHJPHQW�HOHYDWLRQ�DGPLWWHG�LQ�HPHUJHQF\�GHSDUWPHQW��5LVN�IDFWRUV�RI�FDUGLDF�DUUHVW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*+(=$/$�&+$$%(1,������+$1(1(�*+$=$/,������$<0(1�=28%/,������$1:$5(�<$+0$',������0281$�*$0028',������1(-/$�+(1,������02(=
028*$,'$������6$0,�628,66,����

���(0(5*(1&<�'(3$570(17���5(*,21$/�+263,7$/�2)�%(1�$5286��%(1�$5286��781,6,$

.H\ZRUGV��FDUGLDF�DUUHVW��PRUWDOLW\��SURJQRVLV��DFXWH�FRURQDU\�V\QGURPH��WKURPERO\VLV��HPHUJHQF\

$EVWUDFW��

%DFNJURXQG��+DOI�RI�FDUGLDF�DUUHVWV��&$��FRPSOLFDWLQJ�DFXWH�FRURQDU\�V\QGURPHV�ZLWK�67�VHJPHQW�HOHYDWLRQ��67(0,��RFFXUUHG�GXULQJ�WKH�ILUVW�WZR
KRXUV��'XULQJ�WKLV�LQLWLDO�SKDVH��67(0,�ZHUH�VXSSRUWHG�LQ�HPHUJHQF\�GHSDUWPHQW�LQ�WKH�DEVHQFH�RI�GLUHFW�RULHQWDWLRQ�WR�WKH�LQWHUYHQWLRQDO�FDUGLRORJ\
VWUXFWXUHV��3UHYDOHQFH��ULVN�IDFWRUV�DQG�SURJQRVLV�RI�&$�FRPSOLFDWLQJ�67(0,�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZHUH�QRW�ZHOO�DVVHVVHG����

�

$LP�RI�VWXG\���7R�VWXG\�WKH�ULVN�IDFWRUV�DQG�SURJQRVLV�RI�FDUGLDF�DUUHVW�RFFXUULQJ�GXULQJ�WKH�LQLWLDO�PDQDJHPHQW�RI�67(0,�LQ�WKH�HPHUJHQF\
GHSDUWPHQW�

�

0HWKRGV��3URVSHFWLYH�REVHUYDWLRQDO�VWXG\�H[WHQGHG�RYHU�D�SHULRG�RI����PRQWKV��-DQXDU\������6HSWHPEHU�������LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI
UHJLRQDO�KRVSLWDO�LQ�%HQ�$URXV��,QFOXVLRQ�RI�SDWLHQWV�DGPLWWHG�IRU�67(0,�ODVWLQJ�IRU�OHVV�WKDQ����KRXUV��7KH�GHPRJUDSKLF��FOLQLFDO�
HOHFWURFDUGLRJUDSKLF�DQG�WKHUDSHXWLF�GDWD�ZHUH�FROOHFWHG��$QDO\VLV�RI�SDWLHQWV�JURXS�FRPSOLFDWHG�RI�&$�LQ�HPHUJHQF\�GHSDUWPHQW��,GHQWLILFDWLRQ�RI
IDFWRUV�UHODWHG�WR�WKH�RFFXUUHQFH�RI�&$�XVLQJ�D�ORJLVWLF�UHJUHVVLRQ�PRGHO�

�

5HVXOWV��,QFOXVLRQ�RI�����67(0,�ZLWK�D�PHDQ�DJH�RI����k����\HDUV�DQG�D�VH[�UDWLR�RI����7KH�FDUGLRYDVFXODU�ULVN�IDFWRUV�ZHUH�GRPLQDWHG�E\�DFWLYH
VPRNLQJ�������IROORZHG�E\�K\SHUWHQVLRQ�������DQG�GLDEHWHV��������7KH�PHGLDQ�WLPH�RI�FRQVXOWDWLRQ�ZDV�����PLQ����PLQ�WR����K���)LEULQRO\VLV�ZDV
DGPLQLVWHUHG�LQ�����RI�SDWLHQWV�ZLWK�D�VXFFHVV�UDWH�RI�����WKH�PRVW�GUHDGHG�FRPSOLFDWLRQV�UHODWHG�WR�WKH�6&$�ZHUH�WKH�FDUGLRJHQLF�VKRFN������
DQG��WKH�FDUGLDF�DUUHVW�������3DWLHQWV�ZKR�H[SHULHQFHG�&$��Q ����KDG�D�PHDQ�DJH�RI����k����\HDUV�DQG�D�PDOH�SUHGRPLQDQFH�ZLWK�D�VH[�UDWLR�RI���
$FWLYH�VPRNLQJ�ZDV�WKH�PRVW�FRPPRQ�FDUGLRYDVFXODU�ULVN�IDFWRU��������7KH�PHGLDQ�WLPH�RI�FRQVXOWDWLRQ�ZDV�����PLQ�����PLQ�DQG����K���$QDO\VLV�RI
WKH�LQLWLDO�UK\WKP�RI�&$�REMHFWLILHG�YHQWULFXODU�ILEULOODWLRQ��������DV\VWROH�������DQG�YHQWULFXODU�WDFK\FDUGLD��������7KH�67(0,�ZDV�LQ�WKH�DQWHULRU
WHUULWRU\�LQ�����RI�SDWLHQWV�DQG�LQ�WKH�ORZHU�DUHD�LQ�����RI�SDWLHQWV��7KH�WUHDWPHQW�LQ�HPHUJHQF\�LQFOXGHV��Q���([WHUQDO�'HILEULOODWLRQ������
LQWXEDWLRQ�������FDWHFKRODPLQHV�������DQWL�DUUK\WKPLF�������0XOWLYDULDWH�DQDO\VLV�LGHQWLILHG�WKUHH�LQGHSHQGHQW�IDFWRUV�UHODWHG�WR�WKH�RFFXUUHQFH�RI�&$�
FDUGLRJHQLF�VKRFN��25� ����������&,���������������UHDFKLQJ�WKH�DQWHULRU�WHUULWRU\��25� ����������&,������WR�������DQG�SXOVHG�R[\JHQ�VDWXUDWLRQ
OHVV�WKDQ������25� ����������&,������WR��������7KH�PRUWDOLW\�RI�&$�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�ZDV�����

&RQFOXVLRQ��,GHQWLI\LQJ�DQG�LPSURYLQJ�FDUH�RI�ULVN�IDFWRUV�FDQ�SUHYHQW�WKH�RFFXUUHQFH�RI�&$��UHGXFH�PRUWDOLW\�DQG�LPSURYH�WKH�VKRUW�WHUP
SURJQRVLV�RI�67(0,�



1(852/2*< +DQHQ�*KD]DOL

��������)DFWRUV�DIIHFWLQJ�WKH�WLPH�WR�DGPLVVLRQ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�LQ�SDWLHQWV�ZLWK�DFXWH�VWURNH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

V\ULQH�NHVNHV������+DQHQ�*KD]DOL������$KPHG�6RX\DK������$QZDUH�\DKPDGL������IDUDK�5LDKL������QDMOD�HOKHQL������VDZVHQ�FKLERXE������6DPL�6RXLVVL����

���HPHUJHQF\�GHSDUWPHQW��UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$
�����UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$

.H\ZRUGV��VWURNH��GHOD\��HPHUJHQF\�GHSDWPHQW

$EVWUDFW��

,QWURGXFWLRQ�

$FXWH�LVFKHPLF�6WURNH�LV�D�QHXURYDVFXODU�HPHUJHQF\��:H�PXVW�DFW�RQ�DOO�WKH�IDFWRUV�LQIOXHQFLQJ�WKH�GLIIHUHQW�VWDJHV�IURP�UHFRJQLWLRQ�XQWLO�WKH�HQG
RI�WKH�WUHDWPHQW�WR�LPSURYH�WKH�SURJQRVLV�RI�WKLV�SDWKRORJ\�

2EMHFWLYH�

7R�DQDO\VH�WKH�IDFWRUV�LQIOXHQFLQJ�WKH�WLPH�RI�DGPLVVLRQ�RI�SDWLHQWV�SUHVHQWLQJ�DQ�DFXWH�VWURNH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��

0HWKRGV�

3URVSHFWLYH��PRQRFHQWULF��REVHUYDWLRQDO�VWXG\�FRQGXFWHG�RYHU�IRXU�\HDUV��,QFOXVLRQ��SDWLHQW��DJH�Õ����\HDUV��ZLWK�QHXURORJLFDO�VLJQV�VXJJHVWLYH�RI
DFXWH�VWURNH��5HSRUW�RI�VRFLR�GHPRJUDSKLF��HSLGHPLRORJLFDO��FOLQLFDO�DQG�VFDQQHU�FULWHULD��6WURNH�VHYHULW\�ZDV�HYDOXDWHG�ZLWK�WKH�1DWLRQDO�,QVWLWXWHV
RI�+HDOWK�6WURNH�6FDOH��1,+66���7ZR�JURXSV�ZHUH�LGHQWLILHG�GHSHQGLQJ�RQ�WKH�WLPH�EHWZHHQ�WKH�DSSHDUDQFH�RI�IXQFWLRQDO�VLJQV�DQG�HPHUJHQF\
GHSDUWPHQW�YLVLW��*URXS��WLPH�����KRXUV���*URXS��WLPH�Õ��K���8QLYDULDWH�DQG�PXOWLYDULDWH�DQDO\VLV�E\�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ�WR�LGHQWLI\�IDFWRUV
LQIOXHQFLQJ�WKH�DGPLVVLRQ�SHULRG�

5HVXOWV�

,QFOXVLRQ�RI�����SDWLHQWV��0HDQ�DJH� ����k����\HDUV��6H[�UDWLR� �������*URXS��WLPH����KRXUV���Q� ������*URXS��WLPH�Õ��K���Q� ������&DUGLRYDVFXODU
ULVN�IDFWRUV������K\SHUWHQVLRQ�������GLDEHWHV�������KLVWRU\�RI�VWURNH�������DWULDO�ILEULOODWLRQ�������,VFKHPLF�6WURNH������RI�FDVHV��$YHUDJH�1,+66� ���k
���$YHUDJH�*ODVJRZ�FRPD�VFDOH��&*6�� ����k���

8QLYDULDWH�DQDO\VLV�LGHQWLILHG�WKH�RFFXUUHQFH�RI�WKH�GHILFLW�DW�KRPH�DQG�LQ�WKH�SXEOLF�DUHDV���IDFLDO�LQYROYHPHQW���&*6�Ô����V\VWROLF�EORRG�SUHVVXUH
�6%3���Õ�����PP+J�DQG�GLDVWROLF�EORRG�SUHVVXUH��'%3���Õ����PP+J���1,+66�Õ����DV�VLJQLILFDQWO\�UHODWHG�WR�D�WLPH�����KRXUV�

,Q�PXOWLYDULDWH�DQDO\VLV���IDFLDO�LQYROYHPHQW��DGMXVWHG�25� ������������&,�>��������@���S� �������DQG�&*6Ô�����DGMXVWHG�25� ������������&,�>�������
�����@���S� ���������ZDV�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�DQ�DGPLVVLRQ�SHULRG����K�

&RQFOXVLRQ�

7KH�IDFLDO�LQYROYHPHQW�DQG�&*6�Ô���ZHUH�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�DGPLVVLRQ�WLPH����K����������������

�



75$80$ 9LWWRULR�'HFDUR

��������0RUH�WLPH�VSHQW�RQ�WKH�VFHQH�LQ�WUDXPD�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�PRUELGLW\�DQG�PRUWDOLW\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9LWWRULR�'HFDUR������,QGHUYLU�%KDUM������$]DP�0DMHHG������3HWHU�1LJKWLQJDOH����

�����8QLYHUVLW\�+RVSLWDOV�%LUPLQJKDP�1+6�)RXQGDWLRQ�7UXVW��%LUPLQJKDP��8.

.H\ZRUGV��7UDXPD��2Q�VFHQH�WLPH��0RUELGLW\��0RUWDOLW\

$EVWUDFW��

%DFNJURXQG��'HVSLWH�FRPSHOOLQJ�HYLGHQFH�IRU�EHWWHU�RXWFRPH�ZLWK�D�VKRUWHU�SUH�KRVSLWDO�WLPH�LQ�WUDXPD��WKHUH�FRQWLQXHV�WR�EH�GHEDWH�VXUURXQGLQJ
GLIIHUHQW�DSSURDFKHV�XVHG�RQ�WKH�VFHQH��1RUWK�$PHULFD�DGYRFDWHV�WKH�ÈVFRRS�DQG�UXQÉ�SULQFLSOH�FRPSULVLQJ�EDVLF�OLIH�VXSSRUW��PLQLPDO�LQWHUYHQWLRQ
DQG�UDSLG�WUDQVIHU�WR�GHILQLWLYH�FDUH��+RZHYHU�(XURSH�FRQWLQXHV�WR�HPSOR\�D�ÈVWD\�DQG�SOD\É�SUDFWLFH�ZLWK�DGYDQFHG�OLIH�VXSSRUW�DQG�PXOWLSOH
FRPSOH[�SURFHGXUHV�EHLQJ�FRPPRQSODFH�

2EMHFWLYH��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�WKH�LPSDFW�RI�RQ�VFHQH�WLPH�RQ�PRUELGLW\�DQG�PRUWDOLW\�IRU�PDMRU�WUDXPD�SDWLHQWV�

0HWKRGV��$�UHWURVSHFWLYH�DQDO\VLV�RI�DPEXODQFH�VKHHWV�DQG�WUDXPD�SURIRUPDV�IRU�SDWLHQWV�SUHVHQWLQJ�WR�4XHHQ�(OL]DEHWK�+RVSLWDO�%LUPLQJKDP
�PDMRU�WUDXPD�FHQWUH��ZDV�SHUIRUPHG�IURP�-XQH������WR�-XQH������IURP�D�SURVSHFWLYHO\�PDLQWDLQHG�GDWDEDVH��$�FRPSOHWH�VHW�RI�SUH�KRVSLWDO�WLPHV
ZDV�GHILQHG�DV�FDOO�WLPH��WLPH�RQ�VFHQH��WLPH�OHIW�VFHQH�DQG�WLPH�DW�GHVWLQDWLRQ��%DVLF�GHPRJUDSKLFV��LQMXU\�VHYHULW\�VFRUH��,66���OHQJWK�RI�VWD\��/R6�
DQG�PRUWDOLW\�ZHUH�UHFRUGHG��5DSLG�VHTXHQFH�LQGXFWLRQ��56,��DQG�DGYDQFHG�OLIH�VXSSRUW��$/6��SURFHGXUHV�ZHUH�DOVR�GRFXPHQWHG�

2XWFRPHV�ZHUH�DVVHVVHG�XVLQJ�6366�VRIWZDUH��0XOWLSOH�OLQHDU�UHJUHVVLRQ�ZDV�XVHG�WR�DVVHVV�KRZ�RQ�VFHQH�WLPH�LPSDFWV�/R6�LQ�KRVSLWDO�ZLWK�ORJ�/R6
DV�WKH�GHSHQGHQW�YDULDEOH��0XOWLYDULDEOH�ELQDU\�ORJLVWLF�UHJUHVVLRQ�ZDV�SHUIRUPHG�WR�FDOFXODWH�WKH�HIIHFW�RI�RQ�VFHQH�WLPH�RQ�PRUWDOLW\��%RWK�RI�WKHVH
ZHUH�FRUUHFWHG�IRU�DJH��,66�DQG�UHPDLQLQJ�SUH�KRVSLWDO�WLPH�GHILQHG�DV�WKH�VXP�RI�FDOO�WLPH�WR�WLPH�RQ�VFHQH�DQG�WLPH�OHIW�VFHQH�WR
WLPH�DW�GHVWLQDWLRQ�

5HVXOWV��$�WRWDO�RI�����SDWLHQWV�SUHVHQWHG�WR�WKH�(PHUJHQF\�'HSDUWPHQW������SDWLHQWV��PHGLDQ�DJH����>UDQJH�������@�0����)����KDG�D�FRPSOHWH
VHW�RI�SUH�KRVSLWDO�WLPHV��0HGLDQ�RQ�VFHQH�WLPH�ZDV����PLQXWHV��UDQJH���PLQXWHV���KRXUV����PLQXWHV��DQG�WKH�PHGLDQ�IRU�UHPDLQLQJ�SUH�KRVSLWDO
WLPH�ZDV����PLQXWHV��UDQJH���PLQXWHV���KRXUV����PLQXWHV��0HGLDQ�,66�ZDV�����UDQJH�������DQG�WKHUH�ZDV�D����GD\�PHGLDQ�/R6��UDQJH�������GD\V��
���SDWLHQWV�������GLHG��56,�ZDV�SHUIRUPHG�RQ����FRXQWV�������DQG����SDWLHQWV������XQGHUZHQW�SUH�KRVSLWDO�$/6�

0XOWLSOH�OLQHDU�UHJUHVVLRQ�UHYHDOHG�WKDW�IRU�HYHU\�DGGLWLRQDO�KRXU�VSHQW�RQ�WKH�VFHQH�WKHUH�ZDV�D�����LQFUHDVH�LQ�/R6������FRQILGHQFH�LQWHUYDO
���������ZLWK�D�VWURQJ�VWDWLVWLFDO�VLJQLILFDQFH�DIWHU�FRUUHFWLQJ�IRU�DJH��,66�DQG�UHPDLQLQJ�SUH�KRVSLWDO�WLPH��S����������

0XOWLYDULDEOH�ELQDU\�ORJLVWLF�UHJUHVVLRQ�VLPLODUO\�VKRZHG�DQ�RGGV�UDWLR�RI������IRU�PRUWDOLW\������FRQILGHQFH�LQWHUYDO������������ZLWK�HYHU\�DGGLWLRQDO
KRXU�VSHQW�RQ�WKH�VFHQH��7KLV�ZDV�DJDLQ�VWDWLVWLFDOO\�VLJQLILFDQW�DIWHU�FRUUHFWLQJ�IRU�DJH��,66�DQG�UHPDLQLQJ�SUH�KRVSLWDO�WLPH��S� ��������

&RQFOXVLRQ��7UDXPD�QHWZRUNV�DUH�HVWDEOLVKHG�WR�SURYLGH�UDSLG�WUDQVIHU�WR�D�WHUWLDU\�FHQWUH�IRU�GHILQLWLYH�WUHDWPHQW��3UH�KRVSLWDO�PHGLFV�PXVW�EH
PLQGIXO�WKDW�D�ORQJHU�RQ�VFHQH�WLPH�QHJDWLYHO\�HIIHFWV�PRUELGLW\�DQG�PRUWDOLW\�IRU�SRO\WUDXPD�SDWLHQWV��7KH�DXWKRUV�RI�WKLV�VWXG\�WKHUHIRUH�DGYRFDWH
WKH�ÈVFRRS�DQG�UXQÉ�DSSURDFK�



3(',$75,&6 )UDQiRLV�$1*28/9$17

��������7KH�EXUGHQ�RI�JHQHWLF�GLVHDVHV�LQ�D�)UHQFK�SHGLDWULF�HPHUJHQF\�GHSDUWPHQW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

)UDQ�RLV�$QJRXOYDQW������%�DWULFH�6LPRQQDUG������$JDWKH�$SUDKDPLDQ������1�YLQH�(O�.KDWLE������:LOOLDP�&XUWLV������5�P\�&KRTXHW������*�UDUG�&K�URQ
���

���SHGLDWULF�HPHUJHQF\�GHSDUWPHQW��K�SLWDO�1HFNHU�(QIDQWV�0DODGHV��$3+3��3DULV��)5$1&(
���%DQTXH�1DWLRQDOH�GH�'RQQ�HV�0DODGLHV�5DUHV��K�SLWDO�1HFNHU�(QIDQWV�0DODGHV��$3+3��3DULV��)5$1&(

.H\ZRUGV��PHGLFDOO\�FRPSOH[��FKURQLF�FRQGLWLRQV��SHGLDWULF��JHQHWLF�GLVHDVHV��UDUH�GLVHDVHV��HPHUJHQF\�GHSDUWPHQW�

$EVWUDFW��

%DFNJURXQG�

7KH�SUHYDOHQFH�RI�FKLOGUHQ�ZLWK�FRPSOH[�FKURQLF�FRQGLWLRQV�LQ�SHGLDWULFV�LV�LQFUHDVLQJ�DQG�WKHLU�PDQDJHPHQW�LV�DQ�LPSRUWDQW�SDUW�RI�KRVSLWDOL]DWLRQV�
HPHUJHQF\�URRP�YLVLWV�DQG�SHGLDWULF�KHDOWKFDUH�FRVWV��6RPH�RI�WKHP�DUH�VXIIHULQJ�IURP�JHQHWLFDOO\�GHWHUPLQHG�GLVHDVHV��%RWK�JURXS�RI�GLVHDVHV
VKDUH�SDUW�RI�WKHLU�SUREOHPV��,Q�WKH�OLWHUDWXUH��WKH�LPSDFW�RI�JHQHWLFDOO\�GHWHUPLQHG�GLVHDVHV�RQ�SHGLDWULF�HPHUJHQF\�VHUYLFHV�LV�XQFOHDU�

�

2EMHFWLYHV�

7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WKH�SUHYDOHQFH�RI�JHQHWLFDOO\�GHWHUPLQHG�GLVHDVHV�LQ�D�SHGLDWULF�HPHUJHQF\�GHSDUWPHQW�DQG�GHVFULEH
WKH�IHDWXUHV�RI�WKHLU�PDQDJHPHQW�

�

0HWKRGV�

7KLV�ZDV�D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�SHUIRUPHG�LQ�WKH�SHGLDWULF�HPHUJHQF\�GHSDUWPHQW�RI�D�)UHQFK�XQLYHUVLW\�+RVSLWDO�UHFHLYLQJ�RYHU�������
FKLOGUHQ�DQQXDOO\��$OO�FKLOGUHQ�XQGHU����\HDUV�ROG��YLVLWLQJ�RXU�SHGLDWULF�HPHUJHQF\�GHSDUWPHQW�IRU�D�PHGLFDO�FRPSODLQW�ZHUH�LQFOXGHG�GXULQJ�ILYH
FRQVHFXWLYH�GD\V�LQ�6HSWHPEHU�������&KURQLF�GLVHDVHV�RU�PDOIRUPDWLRQV�ZHUH�FODVVLILHG�DFFRUGLQJ�WR�WKH�FODVVLILFDWLRQ�SURSRVHG�E\�0F&DQGOHVV�HW
DO��$P�-�+XP�*HQHW�������������Â���7KH�VWXG\�ZDV�UHYLHZHG�DQG�DSSURYHG�E\�WKH�(WKLFV�&RPPLWWHH�RI�1HFNHU�(QIDQWV�0DODGHV�+RVSLWDO��2QH�IDPLO\
UHIXVHV�WR�SDUWLFLSDWH�WR�WKH�VWXG\�

�

5HVXOWV�

2I�WKH�����FKLOGUHQ�LQFOXGHG��������RI�WKHP�KDG�D�GLVHDVH�RU�PDOIRUPDWLRQ�JHQHWLFDOO\�GHWHUPLQHG��FDWHJRULHV�,�WR�,9��Q� �������RI�ZKLFK������KDG
D�FKURPRVRPDO�RU�VLQJOH�JHQH�GLVRUGHUV�VXFK�DV�VLFNOH�FHOO�GLVHDVH��KHPRSKLOLD��,$��������KDG�D�PXOWLIDFWRULDO�SRO\JHQLF�GLVRUGHU�VXFK�DV�VSLQD
ELILGD��DXWLVP��,%��������KDG�D�GLVHDVH�RU�DEQRUPDOLW\�RI�KHWHURJHQHRXV�FDXVH��RIWHQ�JHQHWLF�VXFK�DV�PDVWRF\WRVLV��PLJUDLQH��,&��DQG�������KDG�DQ
DFTXLUHG�FKURQLF�GLVHDVH�ZLWK�JHQHWLF�SUHGLVSRVLWLRQ�VXFK�DV�GLDEHWHV��DVWKPD��,,,���2I�WKHVH�����SDWLHQWV�����������YLVLWHG�WKH�SHGLDWULF�HPHUJHQF\
GHSDUWPHQW�ZLWK�D�FKLHI�FRPSODLQW�UHODWHG�WR�WKHLU�FKURQLF�FRQGLWLRQ��:H�REVHUYHG�PRUH�ELRORJ\�WHVWV������YHUVXV�������PRUH�LPDJLQJ�WHVW�����
YHUVXV�������ORQJHU�OHQJWK�RI�VWD\��PHGLDQH�����PLQXWHV�YHUVXV����PLQXWHV���DQG�KLJKHU�KRVSLWDOL]DWLRQ�UDWH������YHUVXV�����LQ�FKLOGUHQ�ZLWK
XQGHUO\LQJ�FRQGLWLRQV�ZLWK�VWURQJ�JHQHWLF�EDVLV��,$���,%���,&���6LPLODUO\��WKH�KRVSLWDOL]DWLRQ�UDWH�ZDV�KLJKHU������YHUVXV�����LQ�FKLOGUHQ�ZLWK�DQ
DFTXLUHG�FKURQLF�GLVHDVH�ZLWK�JHQHWLF�SUHGLVSRVLWLRQ�

�

&RQFOXVLRQV�

7KHVH�UHVXOWV�KLJKOLJKW�WKH�KLJK�IUHTXHQF\�RI�SDWLHQWV�VXIIHULQJ�IURP�FRPSOH[�FKURQLF�FRQGLWLRQV��HVSHFLDOO\�JHQHWLFDOO\�GHWHUPLQHG�GLVHDVHV��LQ�D
SHGLDWULF�HPHUJHQFLHV�GHSDUWPHQW�DQG�WKH�LPSDFW�RI�VXFK�FRQGLWLRQV�RQ�WKH�FDUH�SURYLGHG��7KHVH�SDWLHQWV�KDG�SDUWLFXODU�FKDUDFWHULVWLFV�WKDW�VKRXOG
OHDG�WR�VSHFLILFV�WUHDWPHQWV��DQG�WKHQ�D�FRPSUHKHQVLYH�DQG�JOREDO�DSSURDFK�RI�FKLOGUHQ�ZLWK�JHQHWLFDOO\�GHWHUPLQHG�GLVHDVHV�LQ�SHGLDWULF
HPHUJHQFLHV�LV�QHHGHG��7KLV�VKRXOG�EH�EDVHG�RQ�VHYHUDO�D[HV�RI�LPSURYLQJ��WUDLQLQJ�RI�SURIHVVLRQDOV��VFLHQWLILF�UHVHDUFK��SKDUPDFRJHQHWLFV��VXSSRUW
RI�IDPLOLHV��WKH�TXDOLW\�RI�FDUH��DQG�SDWLHQW�LGHQWLILFDWLRQ�



&35���5(686&,7$7,21 0�$]DP�0DMHHG

��������3URORQJHG�UHVXVFLWDWLRQ�LQ�7UDXPDWLF�FDUGLDF�DUUHVW�LQGLFDWHV�SUREDELOLW\�RI�SRRU�VXUYLYDO�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0�$]DP�0DMHHG������1HLO�6KDVWUL�+XUVW����

���8QLYHUVLW\�+RVSLWDOV�%LUPLQJKDP���1+6��%LUPLQJKDP��8.

.H\ZRUGV��7UDXPDWLF�FDUGLDF�DUUHVW��3URORQJHG�UHVXVFLWDWLRQ

$EVWUDFW��

%DFNJURXQG�

6HYHUDO�VWXGLHV�UHFRPPHQG�OLPLWLQJ�WKH�GXUDWLRQ�RI�UHVXVFLWDWLRQ�LQ�WUDXPDWLF�FDUGLDF�DUUHVW�SDWLHQWV��7KHUH�LV�QR�VWDQGDUGL]HG�DSSURDFK�LQ
PDQDJLQJ�WKHVH�SDWLHQWV��7KLV�VWXG\�LV�DLPHG�WR�DQDO\]H�WKH�VXUYLYDO�RI�WKH�WUDXPDWLF�FDUGLDF�DUUHVW�SDWLHQWV�DIWHU�SURORQJHG�UHVXVFLWDWLRQ��!��
PLQXWHV��

�

+<327+(6,6�

3URORQJHG�UHVXVFLWDWLRQ�LQ�WUDXPDWLF�FDUGLDF�DUUHVW�SDWLHQWV�LV�IXWLOH�

�

'(6,*1�

5HWURVSHFWLYH�GDWD�DQDO\VLV�RI�DOO�WUDXPDWLF�FDUGLDF�DUUHVW�SDWLHQWV�SUHVHQWHG�WR�RXU�('�

�

6(77,1*�

8QLYHUVLW\�KRVSLWDO��OHYHO�,�WUDXPD�FHQWHU�

�

3$7,(176�

7UDXPDWLF�FDUGLDF�DUUHVW�SDWLHQWV��ZKR�KDG�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ�DW�WKH�VFHQH��HQ�URXWH��RU�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�IURP�0DUFK�����
WR�0DUFK������ZHUH�LQFOXGHG�

�

0$,1�287&20(�0($685(�

6XUYLYDO�DIWHU�SURORQJHG�UHVXVFLWDWLRQ��!����PLQXWHV��

�

5(68/76�

)LIWHHQ�KXQGUHG�DQG�IRXU�SDWLHQWV�ZHUH�DGPLWWHG��7KH�VWXG\�FRKRUW�FRPSULVHG����YLFWLPV�RI�WUDXPDWLF�FDUGLRSXOPRQDU\�DUUHVW��2QO\����ZHUH
LQFOXGHG�GXH�WR�ODFN�RI�UHTXLUHG�LQIRUPDWLRQ�LQ���SDWLHQWV��)LIW\�SHUFHQW�SDWLHQWV�ZHUH�RYHU���\HDUV�DQG�����ZHUH�XQGHU�WKDW�DJH�JURXS��0RUH�WKDQ
����SDWLHQWV�ZHUH�LQYROYHG�LQ�57&�DQG�UHVW�RI�WKHP�KDG�IDOOV��EXUQV�DQG�KHDG�LQMXULHV������SDWLHQWV�ZHUH�KDG�EOXQW�WUDXPD�DQG�����KDG
SHQHWUDWLQJ�LQMXULHV��7KH�WRWDO�GRZQWLPH�GRFXPHQWHG�LQ�WKH�QRWHV�ZDV�����PLQXWHV�ZLWK�WKH�PHDQ�WLPH�RI������PLQXWHV��$OO�SDWLHQWV�KDG�,9�DFFHVV
DQG�����SDWLHQWV�KDG�UHFHLYHG�35&V�DQG�UHVW�KDG�FU\VWDOORLGV�

�����RI�WKH�SDWLHQWV�UHFHLYHG�&35�DQG�����UHFHLYHG�DGUHQDOLQH�HLWKHU�LQ�SUH�KRVSLWDO\�RU�LQ�KRVSLWDO��7KH�WLPH�WDNHQ�WR�UHVXVFLWDWH�UDQJHG�IURP���
PLQXWHV�WR�����PLQXWHV�ZLWK�WKH�PHDQ�RI����PLQXWHV��1RQH�RI�WKH�SDWLHQWV�ZHUH�WDNHQ�WR�WKHDWHU��7KH�FRPPRQHVW�UK\WKP�ZDV�DV\VWROH�����WKHQ
3($�����DQG�9)�������2XW�RI����SDWLHQWV�WKHUH�ZDV�QRW�D�V�LQJOH�VXUYLYRU�

�

�&21&/86,21�

7UDXPD�YLFWLPV�LUUHVSHFWLYH�RI�WKH�UK\WKP��DPRXQW�RI�EORRG��&35�RU�QR�&35��SURORQJHG�UHVXVFLWDWLRQ�RZQ�LWV�RZQ�PHDQV�SRRU�VXUYLYDO�SUREDELOLW\��$V
PRVW�RI�WKH�FXUUHQW�JXLGHOLQHV�VXJJHVW�UHVXVFLWDWLRQ�IRU�XS�WR����PLQXWHV�DQG�LI�QR�FKDQJH�WKHQ�UHVXVFLWDWLRQ�VKRXOG�EH�FDOOHG�RII��





&$6(�35(6(17$7,21 )HOLFLGDG�<DlH]�5RGULJXH]

��������$�FUXFLDO�FDVH�RI�VXUJLFDO�HPHUJHQF\�LQ�$UDJRQ�6SDLQ���LGLRSDWKLF�VSRQWDQHRXV�KHPRSHULWRQHXP�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

IHOLFLGDG�<D�H]�URGULJXH]������$QD�3HUH]�=DSDWD������5HEHFD�$ORQVR������(OHQD�$EULO����

���HPHUJHQF\�GHSDUWPHQW���+RVSLWDO�GH�&DODWD\XG���6DOXG�$UDJRQ��6SDLQ���]DUDJR]D��63$,1
���VXUJHRQ���+RVSLWDO�(UQHVW�/OXFK��&DODWD\XG��6SDLQ���6DOXG��$UDJRQ���]DUDJR]D��63$,1
���DQHVWKHVLVW��+RVSLWDO�(UQHVW�/OXFK��&DODWD\XG���6SDLQ��6DOXG��$UDJRQ���]DUDJR]D��63$,1
���UDGLRORJLVW��KRVSLWDO�(UQHVW�/OXFK��&DODWD\XG��6SDLQ���6DOXG��$UDJRQ���]DUDJR]D��63$,1

.H\ZRUGV��VSRQWDQHRXV�KHPRSHULWRQHXP���VXUJLFDO�HPHUJHQF\

$EVWUDFW��

,QWUDSHULWRQHDO�EOHHGLQJ�LV�FRPPRQ�LQ�SDWLHQWV�ZLWK�DEGRPLQDO�WUDXPD�RU�LQ�WKRVH�ZLWK�EHQLJQ�J\QHFRORJLF�GLVHDVHV��EXW�LW�LV�YHU\�UDUH�WR�RFFXU
VSRQWDQHRXVO\��7KH�SXUSRVH�RI�WKLV�FRPPXQLFDWLRQ�LV�WR�UHSRUW�D�IHPDOH�SDWLHQW�ZLWK�LGLRSDWKLF�VSRQWDQHRXV�KHPRSHULWRQHXP��,6+���&DVH
SUHVHQWDWLRQ��$����\HDU�ROG�SDWLHQW�ZDV�DGPLWWHG�ZLWK����KRXU�DFXWH�DEGRPLQDO�SDLQ��/DERUDWRU\�WHVWV�XSRQ�DGPLVVLRQ�VKRZHG��+E�����J�G/��:%&
����[�����G/�DQG�QHJDWLYH�LPPXQRORJLF�SUHJQDQF\�WHVW��7KH�XOWUDVRXQG�VKRZHG�IUHH�LQWUDSHULWRQHDO�IO�XLG��6KH�XQGHUZHQW�H[SORUDWRU\�ODSDURVFRS\
ZLWK�IL�QGLQJV�RI�PDVVLYH�KHPRSHULWRQHXP��ZKLFK�ZDV�UHVROYHG�DQG��DIWHU�D�WKRURXJK�H[SORUDWLRQ�RI�WKH�DEGRPLQDO�FDYLW\��QR�HYLGHQFH�RI�WKH
EOHHGLQJ�VLWH�ZDV�IRXQG��6KH�ZDV�FORVHO\�IROORZHG�XS�IRU���\HDUV�ZLWKRXW�DQ\�UHFXUUHQFH�RU�FRPSOLFDWLRQV�UHODWHG�WR�WKH�,6+��$Q�H[WHQVLYH�UHYLHZ�RI
WKH�OLWHUDWXUH�ZDV�SHUIRUPHG��:H�FRQFOXGH�WKDW�,6+�LV�D�UDUH�HQWLW\�WKDW�XVXDOO\�SUHVHQWV�DV�D�VXUJLFDO�HPHUJHQF\�DQG�ZKRVH�GLDJQRVLV�LV�PDGH�LQ
WKH�DEVHQFH�RI�SUHGLVSR�VLQJ�IDFWRUV�DQG�H[FOXGLQJ�OHVLRQV�LQ�WKH�DEGRPLQDO�EORRG�YHVVHOV�DQG�RUJDQV��,W�ZDUUDQWV�LPPHGLDWH�LQWHUYHQWLRQ��ZKLFK�LV
FUXFLDO�IRU�SDWLHQW�VXUYLYDO�



1(852/2*< 0XVWDID�8]NHVHU

��������3URJQRVWLF�YDOXH�RI�EQS��GGrP��PPS���DQG�V���u�OHYHOV�RI�VWURNH�SDWLHQWV�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0XVWDID�8]NHVHU������$EGXOODK�2VPDQ�.RFDN������/XWIL�2]HO������0XFDKLW�(PHW������,ONHU�$NEDV������6DKLQ�$VODQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH���)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<
���'HSDUWPHQW�RI�1HXURORJ\��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�$WDWXUN��(U]XUXP��785.(<

.H\ZRUGV��LVFKHPLF�VWURNH��%13��'',0��003����6���¸

$EVWUDFW��

%DFNJURXQG��,VFKHPLF�VWURNH�LV�WKH�OHDGLQJ�FDXVH�RI�ORQJ�WHUP�PRUELGLW\�DQG�PRUWDOLW\��ZKLFK�DIIHFWV�VHYHUDO�KXQGUHG�WKRXVDQG�SHRSOH�SHU�\HDU�
9DULRXV�ELRPDUNHUV�LQGLFDWLQJ�QHXURORJLF�GDPDJH�KDYH�EHHQ�GHYHORSHG��7KH�ELRPDUNHUV�LQGLFDWLQJ�QHXURORJLF�GDPDJH�ZLOO�UHGXFH�WKH�QHHG�IRU
QHXURORJLVW�RU�UDGLRORJLVW�FRQVXOWDWLRQ�LQ�HPHUJHQFLHV��HQDEOLQJ�WR�IROORZ�D�PRUH�UHOLDEOH�ZD\��LQ�RUGHU�WR�VHW�WKH�WUXH�GLDJQRVLV�DQG�GHWHUPLQH
WUHDWPHQW�RSWLRQV�LQ�SDWLHQWV�DW�ULVN��,Q�DGGLWLRQ��QHXURORJLF�H[DPLQDWLRQ�LV�QRW�REMHFWLYH�DQG�PD\�GLIIHU�GHSHQGLQJ�RQ�D�SHUVRQ
V�H[SHULHQFH��:LWK
GHWHUPLQDWLRQ�RI�DQ�REMHFWLYH�PDUNHU��D�PRUH�DFFXUDWH�DQG�UHOLDEOH�ZD\�ZLOO�EH�IROORZHG�LQ�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�VWURNH��,W�LV�EHOLHYHG�WKDW�
D�IDVW��VLPSOH�DQG�ORZ�FRVW�ELRPDUNHU�ZKLFK�SURYLGHV�LQIRUPDWLRQ�DERXW�EUDLQ�WLVVXH�GDPDJH�ZRXOG�EH�H[WUHPHO\�EHQHILFLDO��)RU�WKLV�SXUSRVH��6���
FDOFLXP�ELQGLQJ�SURWHLQ�%��6����¸���G�GLPHU��'',0���PDWUL[�PHWDOORSHSWLGDVH����003����DQG�EUDLQ�QDWULXUHWLF�SHSWLGH��%13��WKDW�VKRZ�FHUHEUDO
GDPDJH�KDYH�EHHQ�VWXGLHG�LQ�HDUO\�SHULRG�VWURNH�SDWLHQWV��7KH�SULPDU\�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�PHDVXUH�WKH�FRUUHODWLRQ�EHWZHHQ�FOLQLFDO�VHYHULW\
DQG�VHUXP�SODVPD�FRQFHQWUDWLRQ�RI�QHXURQDO�LQMXU\�ELRPDUNHUV�LQ�VWURNH�SDWLHQWV�

0DWHULDO�	�0HWKRGV��7KLV�SURVSHFWLYH�VWXG\�ZDV�LQLWLDWHG�ZLWK����SDWLHQWV�KDYLQJ�SUH�GLDJQRVLV�RI�VWURNH��EXW�WKHQ����SDWLHQWV�ZHUH�H[FOXGHG�GXH
WR�YDULRXV�UHDVRQV��$OO�SDWLHQWV�ZHUH�XQGHUJRQH�WKH�QHFHVVDU\��ODERUDWRU\�DQG�UDGLRORJLFDO�H[DPLQDWLRQV�DQG�WUHDWHG�LQ�DFFRUGDQFH�ZLWK�JXLGHOLQHV�
%ORRG�VDPSOHV�ZHUH�FROOHFWHG�DW�WKH�ILUVW�DGPLVVLRQ�DQG�DIWHU����KRXUV��DQG�6����¸��'',0��003���DQG�%13�YDOXHV�ZHUH�PHDVXUHG�

5HVXOWV��2I�SDWLHQWV��������Q ����ZHUH�IHPDOH�ZLWK�PHGLDQ�DJH�����PLQ ����PD[ �����7KHUH�ZHUH�SUHYLRXV�692�LQ������Q �����'0�LQ��������Q ��
'0��DWKHURVFOHURVLV�LQ��������Q �����K\SHUOLSLGHPLD�LQ������Q �����&23'�LQ��������Q ����UHQDO�IDLOXUH�LQ�������Q ����VPRNLQJ�LQ��������Q ���
DQG�DOFRKRO�DEXVH�LQ�������Q ����2Q�(&*�RUGHUHG�������������SDWLHQWV�KDYH�VLQXV�UK\WKP�DQG������������DWULDO�ILEULOODWLRQ��3DWLHQWV�ZHUH
KRVSLWDOL]HG�LQ�WKH�QHXURORJ\�FOLQLF�EHWZHHQ������GD\V��PHGLDQ����GD\V���)URP�WKH�SDWLHQWV�IROORZHG�XS�������������GLHG�DQG�����ZHUH��������
GLVFKDUJHG�IURP�WKH�QHXURORJ\�FOLQLF��,PSDLUPHQW�RI�FRQVFLRXVQHVV�ZDV�PRUH�FRPPRQ�LQ�WKH�SDWLHQWV�ZKR�GLHG���������Q ��YV��������Q ���
S �������*&6�ZDV�VLJQLILFDQWO\�ORZHU�LQ�SDWLHQWV�ZKR�GLHG��Q ����PHDQ ����k�����FRPSDUHG�WR�WKRVH�GLVFKDUJHG��Q ����PHDQ ����k����
�S �������%13��GLHG������k����YV��GLVFKDUJHG������k�����S �������DQG�'',0��GLHG�������k�����YV��GLVFKDUJHG�������k��������S ������
VWXGLHG�DW�WKH�KRXU���ZHUH�IRXQG�WR�EH�VLJQLILFDQW�LQ�GHWHUPLQDWLRQ�LQ�KRVSLWDO�PRUWDOLW\��:KHUHDV��QR�VLJQLILFDQW�GLIIHUHQFH�ZDV�IRXQG�LQ�WKH
SDUDPHWHUV�VWXGLHG�DW�WKH�KRXU�����003���YDOXHV�DW�WKH�KRXU���ZHUH�SRVLWLYHO\�FRUUHODWHG�ZLWK�WKH�GD\V�RI�KRVSLWDOL]DWLRQ��SHDUVRQ�FRUUHODWLRQ�������
S �������

&RQFOXVLRQ�,Q�WKLV�VWXG\��ZH�GHPRQVWUDWH�WKDW�%13�DQG�'',0�DV�PDUNHUV�RI�SURJQRVLV�DW�WKH�WLPH�RI�ILUVW�DGPLVVLRQ�LQ�SDWLHQWV�ZLWK�LVFKHPLF�VWURNH�
003���OHYHO�ZDV�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�KRVSLWDOL]DWLRQ�WLPH��DOWKRXJK�QR�VLJQLILFDQW�GLIIHUHQFH�ZDV�IRXQG�LQ�WHUPV�RI�PRUWDOLW\��



,1)(&7,286�',6($6(���6(36,6 $VKLG�.RGXPD\LO

��������$�ELWH�ZKLFK�ZHQW�D�ELW�WRR�GHHS����$�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$VKLG�.RGXPD\LO������%HQVHHQD�.XQKLPRQ������/XSH�'HO�5RFLR�&RURQHO�&KXPEL����

���+DPDG�*HQHUDO�+RVSLWDO��+DPDG�0HGLFDO�&RUSRUDWLRQ��'RKD��4$7$5
���$FFLGHQW�DQG�(PHUJHQF\�6HUYLFH�9LUJHQ�'HO�&DVWLOOR�+RVSLWDO��$FFLGHQW�DQG�(PHUJHQF\�6HUYLFH�9LUJHQ�'HO�&DVWLOOR�+RVSLWDO��0XUFLD��63$,1

.H\ZRUGV��$QLPDO�ELWH��1HFURWLVLQJ�)DVFLWLV��6HSWLFDHPLD

$EVWUDFW��

,QWURGXFWLRQ�

$QLPDO�ELWHV�DUH�FRPPRQ�SUHVHQWDWLRQV�WR�WKH�(PHUJHQF\�'HSDUWPHQW��&RPPRQO\�DQWLFLSDWHG�FRPSOLFDWLRQV�RI�DQLPDO�ELWHV�DUH�LQIHFWLRQV��KHUH�ZH
SUHVHQW�SDWLHQW�ZLWK�VHYHUH�QHFURWLVLQJ�IDVFLWLV�FDXVHG�E\�D�UDW�ELWH�

&DVH�5HSRUW�

$����\HDU�ROG�PDQ�SUHVHQWHG�WR�(PHUJHQF\�GHSDUWPHQW�ZLWK�SDLQ��VZHOOLQJ�DQG�WZR�GLVWLQFW�UDVKHV�RQ�KLV�IRUHDUP��+H�ZDV�SUHYLRXVO\�KHDOWK\�ZLWK
QR�VLJQLILFDQW�PHGLFDO�KLVWRU\��+H�JDYH�KLVWRU\�RI�EHLQJ�ELWWHQ�E\�D�UDW�FRXSOH�RI�GD\V�SULRU�WR�WKH�SUHVHQWDWLRQ��+H�DOVR�FRPSODLQHG�RI�VHYHUH
OHWKDUJ\���

2Q�H[DPLQDWLRQ�KH�KDG�DQ�DEUDVLRQ�VXUURXQGHG�E\�HU\WKHPD�RYHU�ORZHU�HQG�RI�KLV�IRUH�DUP��7KHUH�ZHUH�WZR�GLVWLQFW�YHVLFXODU�UDVKHV�RYHU�WKH�DQWH
FXELWDO�IRVVD�DQG�RYHU�WKH�ULJKW�QLSSOH��7KH�ZKROH�DUP�ZDV�JURVVO\�VZROOHQ�OLPLWLQJ�PRYHPHQWV�DW�HOERZ�DQG�ZULVW�MRLQWV��7KH�SDWLHQW�ZDV�VHSWLF
IURP�WKH�LQIHFWLRQ�

/DEV�VKRZHG�DFXWH�QHXWURSKLOLD��8OWUDVRXQG�ZLWK�GRSSOHU�VWXGLHV�RI�WKH�DUP�ZHUH�SHUIRUPHG���,W�VKRZHG�WZR�KDHPDWRPDV�LQ�UHODWLRQ�WR�WKH
%UDFKLR�UDGLDOLV�PXVFOH�FDXVLQJ�FRPSUHVVLRQ�RI�WKH�UDGLDO�YHLQ��$Q�05,�RI�WKH�IRUH�DUP�SURYHG�QHFURWLVLQJ�IDVFLLWV�GHHS�WR�WKH�LQWHURVVHRXV
PHPEUDQH�ZLWK�PXVFOH�QHFURVLV�DQG�LVFKDHPLD��7KH�SDWLHQW�ZDV�WUHDWHG�ZLWK�,QWUDYHQRXV�DQWLELRWLFV�DQG�VXULJLFDO�GHEULGHPHQW��+H�ODWHU�KDG�D�VNLQ
JUDIW�DQG�UHFRYHUHG�VDWLVIDFWRULO\�

1HFURWRLVQJ�IDVFLWLV�LV�D�XQFRPPRQ�EXW�VHYHUH�FRPSOLFDWLRQ�RI�ELWHV��&OLQLFDO�VXVSLFLRQ�DQG�HDUO\�DJUHVVLYH�PDQDJHPHQW�LV�WKH�NH\�WR�JHW�JRRG
UHVXOWV�

�



&5,7,&$/�&$5( (OGH�+RYODQG

��������7KH�SUHGLFWLYH�YDOXH�RI�EORRG�JDV�S+�DW�DGPLVVLRQ�WR�WKH�HPHUJHQF\�GHSDUWPHQW��D�FURVV�VHFWLRQDO�UHWURVSHFWLYH�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(OGH�+RYODQG������3HU�/LQGPDUNHU����

���6WXGHQW�LQ�PHGLFLQH��.DUROLQVND�,QVWLWXWH��672&.+2/0��6:('(1
���(PHUJHQF\�GHSDUWPHQW��.DUROLQVND�8QLYHUVLW\�+RVSLWDO��672&.+2/0��6:('(1

.H\ZRUGV��S+��DFLGRVLV��EORRG�JDV��SRLQW�RI�FDUH��SURJQRVLV��PRUWDOLW\��DFXWH��HPHUJHQF\�GHSDUWPHQW��HPHUJHQF\�URRP�

$EVWUDFW��

,QWURGXFWLRQ��,Q�SDWLHQWV�ZLWK�DFXWH�LOOQHVV�WKHUH�LV�D�QHHG�IRU�TXLFN�DQG�UHOLDEOH�GLDJQRVWLFV��&RPPRQO\�XVHG�LV�D�SRLQW�RI�FDUH�EORRG�JDV�DQDO\VLV��$
ORZ�S+�KDV�EHHQ�DVVRFLDWHG�ZLWK�SRRU�RXWFRPH�LQ�VWXGLHV�ZLWK�D�VSHFLILF�W\SH�RI�XQGHUO\LQJ�FDXVH��7KH�UHODWLRQ�EHWZHHQ�DOO�FDXVH�PRUWDOLW\�DQG�S+
DW�DGPLVVLRQ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�KDV�RQO\�EHHQ�VWXGLHG�LQ�WZR�SUHYLRXV�VWXGLHV�

$LPV��WR�LQYHVWLJDWH�WKH�SURJQRVWLF�YDOXH�RI�S+�XVLQJ�EORRG�JDV�DQDO\VLV�SHUIRUPHG�DW�DGPLVVLRQ�WR�WKH�HPHUJHQF\�GHSDUWPHQW�LQ�SDWLHQWV�ZLWK
KLJKHVW�DFXLW\��ZLWK�RXWFRPH�GHILQHG�DV�PRUWDOLW\��0DWHULDO�DQG�0HWKRGV��$OO������DGPLVVLRQV�DUULYLQJ�E\�DPEXODQFH�RU�KHOLFRSWHU�WR�WKH�HPHUJHQF\
GHSDUWPHQW�RI�.DUROLQVND�8QLYHUVLW\�+RVSLWDO��6ROQD��6ZHGHQ��GXULQJ������ZHUH�DQDO\VHG�������������DGPLVVLRQV�ZHUH�H[FOXGHG��PDLQO\�GXH�WR
PLVVLQJ�EORRG�JDV�UHVXOWV��'DWD�JDWKHUHG�FRQVLVWHG�RI�SRLQW�RI�FDUH�EORRG�JDV�ODERUDWRU\�YDOXHV��YLWDO�VLJQV�DQG�JHQHUDO�DGPLWWDQFH�LQIRUPDWLRQ�
3ULPDU\�RXWFRPH�ZDV�PRUWDOLW\�ZLWKLQ����KRXUV����RU����GD\V��2GGV�UDWLRV�IRU�HDFK�RXWFRPH�ZHUH�REWDLQHG�XVLQJ�ORJLVWLF�UHJUHVVLRQ�

5HVXOWV��7KHUH�ZHUH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�LQFOXGHG�DQG�H[FOXGHG�DGPLVVLRQV��PDLQO\�LQ�FKLHI�FRPSODLQW�DQG�LQ�DJH��DV�WKH�LQFOXGHG
DGPLVVLRQV�ZHUH�ROGHU��$GPLVVLRQV�ZLWK�S+�������KDG�VLJQLILFDQWO\�LQFUHDVHG�ULVN�RI�PRUWDOLW\�LQ�DOO�RXWFRPHV��$�VLJQLILFDQW�FRUUHODWLRQ��LQGHSHQGHQW
RI�RWKHU�YDULDEOHV��EHWZHHQ�S+�DQG�GHDWK�ZDV�GHPRQVWUDWHG��$JH�DQG�ODFWDWH�DOVR�LQGHSHQGHQWO\�FRUUHODWHG�WR�PRUWDOLW\��2GGV�UDWLRV�IRU�PRUWDOLW\
DQG�S+�EHORZ������ZHUH������������Ä��������S �������LQ����KRXUV��������������Ä��������S��������LQ���GD\V��DQG������������Ä��������S��������LQ���
GD\V�

&RQFOXVLRQV��EORRG�JDV�S+�������DW�DGPLVVLRQ�WR�WKH�('�LV�LQGHSHQGHQW�DQG�KLJKO\�VLJQLILFDQW�LQ�SUHGLFWLQJ�PRUWDOLW\�ZLWKLQ����GD\V��7KHUH�ZHUH
GLIIHUHQFHV�EHWZHHQ�LQFOXGHG�DQG�H[FOXGHG�DGPLVVLRQV��DQG�WKH�UHVXOWV�FDQ�QRW�EH�DSSOLHG�WR�DOO�SDWLHQWV�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�
7KH�OLPLWDWLRQV�VWHP�IURP�WKH�VWXG\�GHVLJQ��)XWXUH�SURVSHFWLYH�VWXGLHV�DUH�QHHGHG�WR�FRQILUP�WKH�FOLQLFDO�UHOHYDQFH�RI�WKH�UHVXOWV�



75$80$ 5R]HWD�/XFL

��������7KH�,PPSRUWDQFH�2I�%ORRG�7UDQVIXVLRQ�,Q�7UDXPD�3DWLHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5R]HWD�/XFL������(QJMHOO�/D]DM������%UXQLOGD�6XEDVKL������/ODPEL�6XEDVKL������)DWPLU�/XFL������;KRDQD�*MRKLODM������*D]PHQW�.RFL����

���6XUJHU\��8QLYHUVLW\�RI�9ORUD��9ORUD��$/%$1,$
���6XUJHU\��+RVSLWDO�RI�9ORUD��9ORUH���$/%$1,$
���6XUJHU\��8QLYHUVLW\�RI�9ORUD��9ORUH���$/%$1,$
���6XUJHU\��+RVSLWDO�RI�9ORUD��9ORUD��$/%$1,$
�����5HJLRQDO�+RVSLWDO�RI�9ORUD��YORUH��$/%$1,$

.H\ZRUGV��WUDXPD��HPHUJHQF\��SDWLHQWV�LQMXU\�FDUH��SODVPD�WUDQVIXVLRQ��EORRG�WUDQVIXVLRQ�

$EVWUDFW��

,QWURGXFWLRQ�:KLOH�LQMXULHV�DUH�EHVW�SUHYHQWHG�E\�HGXFDWLRQ�DQG�E\�VRFLDO�DQG�HQJLQHHULQJ�FRQWUROV��VHFRQGDU\�SUHYHQWLRQ�RI�LQMXU\�UHODWHG�GHDWK
DQG�GLVDELOLW\�WKURXJK�WKH�SURYLVLRQ�RI�HPHUJHQF\�PHGLFDO�FDUH�DQG�SK\VLFDO�DQG�RFFXSDWLRQDO�UHKDELOLWDWLRQ�LV�DOVR�FRVW�HIIHFWLYH��%ORRG�SURGXFWV
SOD\�D�PDMRU�UROH�LQ�WKLV�VHFRQGDU\�SUHYHQWLRQ�RI�GHDWK�DQG�GLVDELOLW\�DV�DQ�DGMXQFW�WR�VXUJLFDO�FDUH�

$LP�7R�HYDOXDWH�WKH�LPPSRUWDQFH�RI�EORRG�WUDQVIXVVLRQ�LQ�WUDXPD�SDWLHQWV�LQ�WKH�(PHUJHQF\�DQG�,QWHQVLYH�&DUH�7KHUDS\�RI�9ORUD�5HJLRQDO�+RVSLWDO
LQ������

0HWHULDOV�DQG�PHWKRGV�7KLV�LV�D�GHVFULSWLYH�VWXG\��:H�WRRN�D�WRWDO�RI�����LQGLYLGXDOV�LQ�WKH�VWXG\��SDWLHQWV�DGPLWWHG�WR�WKH�(PHUJHQF\�ZDUG�DQG
WKH�,QWHQVLYH�&DUH�7KHUDS\��RI�9ORUD�5HJLRQDO�+RVSLWDO�GXULQJ�������'DWD�FROOHFWLRQ�ZDV�FRQGXFWHG�E\�WDNLQJ�LQIRUPDWLRQ�IURP�WKH�PHGLFDO�UHFRUGV
RI�KRVSLWDOL]HG�SDWLHQWV�LQ�WKLV�ZDUG��,QIRUPDWLRQ�ZDV�WDNHQ�IRU�JHQGHU��WKH�FRQGLWLRQV�WKH�SDWLHQV�FDPH�WR�WKH�KRVSLWDO�DQG�WKH�XVH�RI�EORRG
SURGXFWV�

5HVXOWV�$OPRVW�����RI�SDWLHQWV�DGPLWWHG�GLUHFWO\�IURP�WKH�VFHQH�RI�LQMXU\�WR�WKH�KRVSLWDO�GR�QRW�UHTXLUH�DQ\�EORRG�SURGXFWV��2I�����VXFK�SDWLHQWV
DGPLWWHG�WR�WKH�,&7�LQ�WKH�FDOHQGDU�\HDU�����������UHFHLYHG�D�EORRG�SURGXFW��2WKHU����ZHUH�PRVWO\�HOGHUO\�LQGLYLGXDOV�ZKR�IHOO��VXVWDLQLQJ�KHDG
LQMXULHV�ZLWK�LQWUDFUDQLDO�EOHHGLQJ��DQG�UHFHLYHG�SODVPD��2I�WKH�HQWLUH�GLUHFW�DGPLVVLRQ�JURXS������UHFHLYHG�EORRG�������UHFHLYHG�SODVPD�

7KH�VXUYLYDO�UDWH�IRU�WKHVH�SDWLHQWV�ZDV������)RU�SDWLHQWV�ZLWK�IDWDO�LQMXULHV��VHYHUH�QHXURORJLF�LQMXU\�ZDV�WKH�PRVW�IUHTXHQW�FDXVH�RI�GHDWK�
XQFRQWUROOHG�KHPRUUKDJH�ZDV�WKH�VHFRQG�PRVW�IUHTXHQW�FDXVH��DQG�PXOWLSOH�RUJDQ�IDLOXUH�ZDV�WKH�WKLUG��

,Q�PRUH�VHYHUHO\�LQMXUHG�SDWLHQWV�����RI�WKHP�ZLWK�SURIRXQG�VKRFN�DQG�RQJRLQJ�KHPRUUKDJH��WKH�PRVW�LPSRUWDQW�LQWHUYHQWLRQ�ZDV�WKH�UDSLG�WUDQVIHU
WR�WKH�RSHUDWLQJ�URRP��7KHVH�SDWLHQWV�KDG�PXOWLSOH�LQMXULHV��LQFOXGLQJ�ODFHUDWLRQV�RI�PDMRU�YHVVHOV��IUDFWXUHV�RI�VROLG�RUJDQV�RU�GLVUXSWLRQ�RI�D�PDMRU
YHQRXV�SOH[XV��:LWK�EORRG�ZHUH�WUHDWHG�����RI�SDWLHQWV�ZLWK�OLYHU�DQG�SHOYLF�LQMXULHV��ZKLOH�����RI�WKH�SDWLHQW�WUHDWHG�ZLWK�EORRG�SURGXFWV�KDG
PXOWLSOH�WUDXPDV�ZLWK�ERQH�IUDFWXUHV�DQG�LQWHUQDO�RUJDQV�LQMXULHV�

&RQFOXVLRQV�3DWLHQWV�ZLWK�XQFRQWUROOHG�KHPRUUKDJH�UHTXLULQJ�LPPHGLDWH�WUDQVIXVLRQ�DV�SDUW�RI�WKHLU�LQLWLDO�FDUH�DUH�WKH�PDMRU�WHVW�RI�D�WUDXPD
FHQWHU�WUDQVIXVLRQ�VHUYLFH��3DWLHQWV�SUHVHQW�FDQ�GLH�ZLWKLQ�PLQXWHV��7R�VXUYLYH��WKH�PRVW�FULWLFDOO\�LQMXUHG�QHHG�UHG�FHOOV�DQG�SODVPD�ZLWKLQ�D�YHU\
VKRUW�WLPH�DQG�LQ�DGHTXDWH�TXDQWLWLHV��



%,20$5.(56 /LQH�-HH�+DUWPDQQ�5DVPXVVHQ

��������&DQ�VX3$5�DGG�SURJQRVWLF�YDOXH�LQ�WKH�DVVHVVPHQW�RI�VXUJLFDO�SDWLHQWV�E\�SUHGLFWLQJ�PRUWDOLW\�DQG�SRVWRSHUDWLYH
FRPSOLFDWLRQV"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RUWHQ�$OVWUXS������-HSSH�0H\HU������/LQH�-HH�+DUWPDQQ�5DVPXVVHQ������0DUWLQ�6FKXOW]������-HVSHU�(XJHQ�2OVHQ������.DVSHU�,YHUVHQ����

���5HVHDUFK�VWXGHQW��'HSW��RI�&DUGLRORJ\��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY��&RSHQKDJHQ��'(10$5.
���5HVHDUFK�VWXGHQW��&OLQLFDO�5HVHDUFK�&HQWUH��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+YLGRYUH��&RSHQKDJHQ��'(10$5.
���3K'�VWXGHQW��&OLQLFDO�5HVHDUFK�&HQWUH��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+YLGRYUH��&RSHQKDJHQ��'(10$5.
���3K'�VWXGHQW��'HSW��RI�&DUGLRORJ\��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY��+HUOHY��'(10$5.
���6HQLRU�UHVHDUFKHU��&OLQLFDO�5HVHDUFK�&HQWUH��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+YLGRYUH��+YLGRYUH��'(10$5.
���0'��'HSW��RI�&DUGLRORJ\��&RSHQKDJHQ�8QLYHUVLW\�+RVSLWDO�+HUOHY��+HUOHY��'(10$5.

.H\ZRUGV��%LRPDUNHU��6XUJHU\��$FXWH�FDUH��3URJQRVLV��5LVN�DVVHVVPHQW��3UH�RSHUDWLYH�ULVN�VWUDWLILFDWLRQ

$EVWUDFW��

%DFNJURXQG

5LVN�DVVHVVPHQW�RI�VXUJLFDO�SDWLHQWV�LV�LQ�'HQPDUN�EDVHG�RQ�WKH�$PHULFDQ�6RFLHW\�RI�$QHVWKHVLRORJLVWV��$6$��3K\VLFDO�6WDWXV�FODVVLILFDWLRQ�
5RXWLQHO\��QR�ELRFKHPLFDO�FRPSRQHQW�LV�XVHG�LQ�WKH�SUHGLFWLRQ�RI�PRUWDOLW\�DQG�SRVWRSHUDWLYH�FRPSOLFDWLRQV�

,Q�DFXWH�PHGLFDO�SDWLHQWV��VWXGLHV�KDYH�IRXQG�VROXEOH�XURNLQDVH�SODVPLQRJHQ�DFWLYDWRU�UHFHSWRU��VX3$5��WR�EH�DQ�LQGHSHQGHQW�SUHGLFWRU�RI����GD\
PRUWDOLW\�DQG�DGYHUVH�RXWFRPHV��VXFK�DV�UHDGPLVVLRQ��DGPLVVLRQ�WR�,&8��DQG�ORQJHU�DGPLVVLRQV��:KHWKHU�VX3$5�DGGV�SURJQRVWLF�YDOXH�WR�WKH
FXVWRPDU\�SUHRSHUDWLYH�ULVN�DVVHVVPHQW�E\�SUHGLFWLQJ�SRVW�RSHUDWLYH�RXWFRPH�LQ�XQVHOHFWHG�SDWLHQWV�LQ�QHHG�RI�DFXWH�VXUJHU\�KDV�QRW�EHHQ
LQYHVWLJDWHG�

,Q�WKLV�VWXG\��ZH�DLPHG�WR�GHWHUPLQH�ZKHWKHU�SUHRSHUDWLYH�VX3$5�OHYHOV�ZHUH�DEOH�WR�SUHGLFW�PRUWDOLW\��SRVWRSHUDWLYH�FRPSOLFDWLRQV��DQG
UHRSHUDWLRQ�LQ�VXUJLFDO�SDWLHQWV�

�

0HWKRGV
%HWZHHQ���6HSWHPEHU������DQG���'HFHPEHU�������VX3$5�ZDV�PHDVXUHG�LQ�DOO�SDWLHQWV�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��Q �������DW
+LOOHU�G�KRVSLWDO��'HQPDUN��$PRQJ�WKHVH������SDWLHQWV�XQGHUZHQW�YDULRXV�VXUJLFDO�SURFHGXUHV�ZLWKLQ����GD\V�IURP�DGPLVVLRQ�WR�WKH�('��DQG
IROORZ�XS�ZDV����GD\V��2I�WKHVH��SDWLHQWV�ZLWK�PLVVLQJ�VX3$5��Q ����RU�PLQRU��LQVLJQLILFDQW��DQG�HQGRVFRSLF�GLDJQRVWLF�SURFHGXUHV��Q �����ZHUH
H[FOXGHG�

&RPSOLFDWLRQV�DQG�UHRSHUDWLRQV�ZHUH�UHJLVWHUHG�E\�UHYLHZLQJ�PHGLFDO�UHFRUGV�RI�LQFOXGHG�SDWLHQWV��&RPSOLFDWLRQV�LQFOXGHG�YDULRXV�W\SHV�RI
SXOPRQDU\��WKURPERHPEROLF��FDUGLDF��UHQDO��LQIHFWLRXV��DQG�QHXURORJLFDO�JHQHVLV��)XUWKHUPRUH��GHDWK�ZDV�UHJLVWHUHG�

VX3$5�YDOXHV�DUH�SUHVHQWHG�DV�PHGLDQV�ZLWK�LQWHUTXDUWLOH�UDQJH��,45���DQG�VWDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�.UXVNDO�:DOOLV�WHVW�DQG�UHFHLYHU
RSHUDWLQJ�FKDUDFWHULVWLFV��52&��FXUYH�DQDO\VLV��SUHVHQWHG�DV�DUHD�XQGHU�WKH�FXUYH��$8&��YDOXHV�ZLWK�����FRQILGHQFH�LQWHUYDOV��&,V��

�

5HVXOWV

$�WRWDO�RI�����LQFOXGHG�SDWLHQWV������ZRPHQ��������PHGLDQ�DJH������\HDUV��,45������Ä�������XQGHUZHQW�VLJQLILFDQW�VXUJHU\�ZLWKLQ����GD\V�DIWHU
DGPLVVLRQ�WR�WKH�('��0HGLDQ�VX3$5�IRU�WKH�HQWLUH�SRSXODWLRQ�ZDV�����QJ�PO��,45�����Ä������

0HGLDQ�VX3$5�IRU�WKH�JHQHUDO�VXUJLFDO�SDWLHQWV�ZDV�����QJ�PO��,45�����Ä������Q ������IRU�RUWKRSHGLF�VXUJLFDO�SDWLHQWV�����QJ�PO��,45�����Ä�����
Q ������DQG�IRU�DOO�RWKHU�VXUJLFDO�SDWLHQWV�����QJ�PO��,45�����Ä������Q �����

2XW�RI�DOO�LQFOXGHG�VXUJLFDO�SDWLHQWV��������������GHYHORSHG�RQH�RU�PRUH�FRPSOLFDWLRQV�GXULQJ�IROORZ�XS��7KHVH�SDWLHQWV�KDG�VLJQLILFDQWO\�KLJKHU
VX3$5�FRPSDUHG�ZLWK�SDWLHQWV�ZLWKRXW�FRPSOLFDWLRQV������QJ�PO��,45������������YV������QJ�PO��,45�����Ä�������S�������������SDWLHQWV���������ZHUH
UHRSHUDWHG��DQG�WKHVH�SDWLHQWV�KDG�VLJQLILFDQWO\�KLJKHU�VX3$5�FRPSDUHG�ZLWK�SDWLHQWV�QRW�UHRSHUDWHG������QJ�PO��,45�����Ä������YV������QJ�PO��,45
����Ä�������S���������

52&�FXUYH�DQDO\VHV�RI�VX3$5�IRU�SUHGLFWLQJ�GHYHORSPHQW�RI�FRPSOLFDWLRQV�RU�UHRSHUDWLRQ�\LHOGHG�$8&V�RI�����������&,������������DQG�����������&,
������������UHVSHFWLYHO\�

5HVXOWV�UHJDUGLQJ�PRUWDOLW\�ZLOO�EH�SUHVHQWHG�DW�WKH�(X6(0������

�

&RQFOXVLRQ



$PRQJ�VXUJLFDO�SDWLHQWV��WKRVH�ZKR�GHYHORSHG�RQH�RU�PRUH�FRPSOLFDWLRQV�RU�ZHUH�LQ�QHHG�RI�UHRSHUDWLRQ�GXULQJ�IROORZ�XS�KDG�VLJQLILFDQWO\�KLJKHU
VX3$5�OHYHOV��WKDQ�WKRVH�ZLWK�QR�FRPSOLFDWLRQV��7KHVH�UHVXOWV�VXJJHVW�WKDW�VX3$5�PD\�KDYH�D�SUHRSHUDWLYH�SUHGLFWLYH�YDOXH�IRU�GHYHORSPHQW�RI
FRPSOLFDWLRQV�LQ�DFXWHO\�DGPLWWHG�VXUJLFDO�SDWLHQWV��

0RUWHQ�$OVWUXS�DQG�-HSSH�0H\HU�FRQWULEXWHG�HTXDOO\�WR�WKLV�ZRUN�



*(1,7285,1$5< )HOLFLGDG�<DlH]�5RGULJXH]

��������$�VHULDO�RI�NLGQH\�LQMXU\�SOD\LQJ�IRRWEDOO�LQ�&DODWD\XG��6SDLQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

IHOLFLGDG�<D�H]�URGULJXH]������MRVH�PDQXHO�$UDQGD�ODVVD������0LJXHO�6XDUH]�%URWR������5REHUWR�0DUWLQH]�'HOJDGR������$ELG�5H\HV����

���HPHUJHQF\�GHSDUWPHQW���+RVSLWDO�GH�&DODWD\XG���6DOXG�$UDJRQ��6SDLQ���]DUDJR]D��63$,1
���XURORJ\��+RVSLWDO�GH�&DODWD\XG��6SDLQ��6DOXG��$UDJRQ���FDODWD\XG��63$,1
���XURORJ\��+RVSLWDO�GH�&DODWD\XG��6SDLQ��6DOXG��$UDJRQ���]DUDJR]D��63$,1

.H\ZRUGV��5HQDO�WUDXPD��&RQVHUYDWLYH�PDQDJHPHQW�

$EVWUDFW��

,QWURGXFWLRQ��*HQLWRXULQDU\�WUDXPD�DPRXQW�WR�DQ�������RI�DEGRPLQDO�WUDXPD�ZLWK�WKH�NLGQH\�EHLQJ�WKH�PRVW�DIIHFWHG�RUJDQ�LQ�����RI�FDVHV�
HVSHFLDOO\�WKH�OHIW�RQH��7KH�FKRLFH�RI�WUHDWPHQW�ZLOO�GHSHQG�RQ�WKH�NLQG�RI�OHVLRQ�IRXQG�LQ�WKH�DIIHFWHG�UHQDO�XQLW�DQG�RQ�WKH�SDWLHQWV�FOLQLFDO
FRQGLWLRQV�
2EMHFWLYH��7KH�DLP�RI�WKLV�UHSRUW�LV�WR�GHWHUPLQH�WKH�DSSOLFDELOLW\�RI�FRQVHUYDWLYH�WUHDWPHQW�LQ�PDMRU�UHQDO�WUDXPD�DQG�WR�DVVHVV�WKH�HYDOXDWLRQ�DQG
HPHUJHQFH�RI�SRVVLEOH�FRPSOLFDWLRQV�
0DWHULDO�DQG�PHWKRGV��:H�KDYH�DQDO\VHG���FDVHV�RI�UHQDO�WUDXPD�GHWHFWHG�LQ�RXU�HPHUJHQF\�GHSDUWPHQW��DQDO\]LQJ�VXFK�YDULDEOHV�DV�WKH
HWLRORJ\�RI�WKH�WUDXPD��DVVRFLDWHG�OHVLRQV�LQ�RWKHU�RUJDQV��WKH�WKHUDSHXWLF�DSSURDFK�DGRSWHG�DV�ZHOO�DV�WKH�SUHVHQFH�RI�FRPSOLFDWLRQV��ERWK�LQ�WKH
ORQJ�DQG�VKRUW�UXQ�
5HVXOWV�WKH�WKUHH�FDVHV�ZHUH�EOXQW�UHQDO�WUDXPD�LQ�<RXQJ�PHQ�SOD\LQJ�IRRWEDOO�LQ�������:H�KDYH�JLYHQ�D�FRQVHUYDWLYH�DSSURDFK�LQ�ILUVW�FDVH�DQG
WKH�VHFRQG�ZDV�PDQDJHG�ZLWK�SDUWLDO�QHSKUHFWRPLH�������KRXUV�DIWHU�WKH�WUDXPD�7KLUG�ZDV�FDUULHG�RXW�LQ�WKH�(PHUJHQF\�5RRP�EHFDXVH�RI
KDHPRG\QDPLF�LQVWDELOLW\��EHLQJ�WKH�WRWDO�QHSKUHFWRP\�WKH�GHILQLWLYH�WUHDWPHQW�
&RQFOXVLRQV��$FFRUGLQJ�WR�RXU�H[SHULHQFH�DQG�LQ�WKH�OLJKW�RI�WKH�UHVXOWV�REWDLQHG��ZH�FRQVLGHU�WKH�FRQVHUYDWLYH�DSSURDFK�DGHTXDWH�IRU�PDMRU�UHQDO
WUDXPD�DV�ORQJ�DV�WKH�SDWLHQW�LV�KDHPRG\QDPLFDOO\�VWDEOH�



75$163257$7,21 H\OHP�XODV�6$=

��������3HGLDWULF�SUH�KRVSLWDO�FDUH�LQ�7XUNH\��RQH�\HDU�PXOWLFHQWULF�GHVFULSWLYH�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(</(0�8/$©�6$=������&DQHU�7XUDQ������0XUDW�$Q¢O������DONDQ�EDO������JD]PH�JRNDOS������KD\UL�OHYHQW�\¢OPD]������VLQHP�VDU¢�JRND\������WX��H��HOLN�����
QLOGHQ�WX\JXQ������KDOLVH�DN�D������GHQL]�WHNLQ������VLQDQ�R�X]������WDQMX��HOLN�������]OHP�WHNªDP������$\ªH�*�OWHNLQJLO�.HVHU������J�OVHU�HVHQ�EHVOL�����
0XUDW�GXPDQ������DOL�\XUWVHYHQ����

���3HGLDWULF�(PHUJHQF\�0HGLFLQH��(JH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<
���3HGLDWULF�(PHUJHQF\�0HGLFLQH��7HSHFLN�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,]PLU��785.(<
���3HGLDWULF�(PHUJHQF\�0HGLFLQH��vXNXURYD�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��$GDQD��785.(<
���3HGLDWULF�(PHUJHQF\�0HGLFLQH��6DPL�8OXV�&KLOGUHQ
V�+RVSLWDO��$QNDUD��785.(<
���3HGLDWULF�(PHUJHQF\�0HGLFLQH��$QNDUD�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��$QNDUD��785.(<
���3HGLDWULF�(PHUJHQF\�0HGLFLQH��'U�%HK�HW�8]�vRFXN�+DVWDO¢NODU¢�9H�&HUUDKLVL�(�LWLP�9H�$UDªW¢UPD�+DVWDQHVL��,]PLU��785.(<
���3HGLDWULF�(PHUJHQF\�0HGLFLQH��+DFHWWHSH�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��$QNDUD��785.(<
���3HGLDWULF�(PHUJHQF\�0HGLFLQH��0HGHQL\HW�8QLYHULVW\�6FKRRO�RI�0HGLFLQH��,VWDQEXO��785.(<
���3HGLDWULF�(PHUJHQF\�0HGLFLQH��'RNX]�(\OXO�XQLYHUVLW\�6FKRRO�RI�0HGLFLQH��,]PLU��785.(<

.H\ZRUGV��(PHUJHQF\�PHGLFDO�VHUYLFHV��3UHKRVSLWDO�HPHUJHQF\�FDUH��SHGLDWULFV

$EVWUDFW��

%DFNJURXQG

(PHUJHQF\�PHGLFDO�VHUYLFHV��(06��V\VWHPV�LQ�7XUNH\��DOVR�FDOOHG������GHYHORSHG�WR�FDUH�IRU�DGXOWV��3HGLDWULF�SDWLHQWV�FRPSULVH�DSSUR[LPDWHO\�����
��RI�(06�UHTXHVWV�IRU�DLG��EXW�OLWWOH�LV�NQRZQ�DERXW�WKH�FOLQLFDO�FKDUDFWHULVWLFV�RI�SHGLDWULF�(06�SDWLHQWV�DQG�WKH�LQWHUYHQWLRQV�WKH\�UHFHLYH�

2EMHFWLYH

2XU�REMHFWLYH�ZDV�WR�GHVFULEH�WKH�SHGLDWULF�SUHKRVSLWDO�RU�LQWHUKRVSLWDO��SDWLHQW�FRKRUW�LQ�RXU�FRXQWU\����:H�DOVR�WULHG�WR�PHDVXUH�KRZ�RIWHQ�(06
SURYLGHUV��JLYH�D�FDOO�EHIRUH�GHOLYHU�WKH�SDWLHQWV��DQG�KRZ�RIWHQ�WKH\�GR�QRW�LQWHUYHQWLRQV�

0HWKRGV

$OO�FKLOGUHQ��DJH�����\HDUV��ZKR�UHTXLUHG�(06�WUDQVSRUWDWLRQ��IURP�$XJXVW������WR�$XJXVW������ZHUH�HOLJLEOH�IRU�LQFOXVLRQ��7KLV�SURVSHFWLYH�VWXG\
ZDV�FRQGXFWHG�DW���WHUWLDU\�FDUH�KRVSLWDOV�ZKHUH�ORFDWHG�LQ���FLW\��6XUYH\V��ZHUH�FRPSOHWHG�E\�WKH�SHUVRQ�RQ�VKLIW�RI�HPHUJHQF\�GHSDUWPHQW�DW
HDFK�LQVWLWXWLRQ���7KLV�VXUYH\�ZDV�FRQGXFWHG�DIWHU�UHFHLYLQJ�DSSURYDO�IURP�WKH�HWKLFV�FRPPLWWHH�RI�(JH�8QLYHUVLW\�+RVSLWDO���6XUYH\�ZDV�LQFOXGLQJ�DOO
LQIRUPDWLRQV�RQ�WUDQVSRUWHG�SDWLHQWV��VXFK�DV��DPEXODQFH�W\SH��SDWLHQW�GHPRJUDSKLFV��JHQHUDO�DSSHDULQJ��FOLQLFDO�IHDWXUHV�ZLWK�YLWDO�VLJQV�EHIRUH
DQG�DIWHU�WKH�WUDQVIHU����WKH�UHDVRQ�IRU�WUDQVIHU���UHFHLYHG�LQWHUYHQWLRQV�SURFHGXUHV�DQG�ILQDO�RXWFRPH��

5HVXOWV�

7KHUH�ZHUH������SHGLDWULF�WUDQVSRUWV�������RI�WKH�WRWDO�FDOO�YROXPH��0RVW�SDWLHQWV�XVHG�������ODQG�DPEXODQFHV��2QO\������DPEXODQFH�VWDIIHG�ZLWK
SK\VLFLDQ�DQG�����ZLWK�D�QXUVH���0DMRULW\�FKLOGUHQ���������GHOLYHUHG�WR�WKH�WHUWLDU\�SHGLDWULF�HPHUJHQF\�GHSDUWPHQWV��('��ZLWKRXW�JLYLQJ�DQ\
�LQIRUPDWLRQ��7KH�PHGLDQ�DJH�RI�WKH�ZKROH�FRKRUW�ZDV�����\HDUV�DQG�������ZDV�PDOH��7KH�PRVW�FRPPRQ�UHDVRQV�XVHG�IRU�WUDQVIHU�FDOOV�ZHUH
WUDXPD��������QHXURORJLF�GLVHDVH����������LQWR[LFDWLRQ��������DQG�UHVSLUDWRU\�WUDFW�LQIHFWLRQV�������)RXUW\�SHUFHQW�RI�WUDQVSRUWHG�FKLOGUHQ�KDG�QR
YHQRXV�DFFHV��8SRQ�DGPLVVLRQ�WR�WKH�('�WKH�PRVW�FRPPRQ�OLIH�VDYLQJ�LQWHUYHQWLRQV�ZHUH��HQGRWUDFKHDO�LQWXEDWLRQ�DQG�FDUGLRSXOPRQDU\
UHVXVFLWDWLRQ�&35���DQG�WKH\�DGPLQLVWHUHG�UHVSHFWLYHO\�IRU����DQG���SDWLHQWV��$OO�SDWLHQWV�ZKR�UHFHLYHG�&35��Q �����GLHG�LQ�WKH�('��2YHUDOO������RI
WUDQVIHUV��WULDJHG�DV�XUJHQW�UHVXOWHG��LQ�D�KRVSLWDO�DGPLVVLRQ�����FKLOGUHQ�WR�ZDUG������WR�3,&8����3DWLHQWV�ZKR�WDUQVSRUWHG�E\�DPEXODQFH�VWDIIHG
ZLWK�SDUDPHGLF�ZHUH�PRUH�OLNHO\�WR�KDYH�OLIHVDYLQJ�LQWHUYHQWLRQV�DQG�SRRU�RXWFRPH��S����������

&RQFOXVLRQV�

&KLOGUHQ�PDGH�XS�D�VPDOO��SDUW�RI�(06�SURYLGHUVÇ�FOLQLFDO�SUDFWLFH��VR�WKDW�SUHKRVSLWDO�SURYLGHUV�LQIUHTXHQWO\�SHUIRUP�SHGLDWULF�LQWHUYHQWLRQV��2XU
REVHUYDWLRQDO�GDWD�VKRZHG�WKDW�7XUNLVK�(06�LV�QRW�ZHOO�VSHFLDOL]HG�LQ�SHGLDWULFV���:H�EHOLHYH�WKDW�PRUH�SK\VLFLDQ�VWDIIHG��SUH�KRVSLWDO�HPHUJHQF\
PHGLFLQH�VSHFLDOLVWV��DPEXODQFH�LV��HVVHQWLDO�WR�SURYLGH�D�KLJK�TXDOLW\�RI�FDUH�WR�FULWLFDOO\�LOO�FKLOGUHQ�RXW�RI�WKH�KRVSLWDO���(06�WHDPV�VKRXOG�EH
EHWWHU�SUHSDUHG�WR�GHDO�ZLWK�VLFN�FKLOGUHQ�LQ�WKH�SUH�KRVSLWDO�VHWWLQJ�

�



&$5',29$6&8/$5 2$1$�$1'5$'$�$/(;,8

��������7KH�GHPRJUDSKLF�GDWD�DQG�ULVN�IDFWRUV�IRU�VW�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ�LQ�URPDQLDQ�SDWLHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

2DQD�$QGUDGD�$/(;,8������/XLVD�&RULQD�6,0,21������%RJGDQ�0LKDL�235,7$������3DXOD�0DULD�1(&+,7$������$PDO�$QWRQLD�$51$287(������$OLQD�&ULVWLQD
672,$1����

���0HGLFDO�6HUYLFH��(PHUJHQF\�&OLQLF�+RVSLWDO��%XFKDUHVW��520$1,$

.H\ZRUGV��&DUGLRYDVFXODU�GLVHDVH��67�VHJPHQW�HOHYDWLRQ��P\RFDUGLDO�LQIDUFWLRQ��ULVN�IDFWRUV

$EVWUDFW��

%DFNJURXQG�

&DUGLRYDVFXODU�GLVHDVH��&9'��LQFOXGHV��FRURQDU\�KHDUW�GLVHDVH�DQG�DFXWH�P\RFDUGLDO�LQIDUFWLRQ��$0,���FHUHEURYDVFXODU�GLVHDVH��VWURNH���UDLVHG�EORRG
SUHVVXUH��K\SHUWHQVLRQ���SHULSKHUDO�DUWHU\�GLVHDVH��UKHXPDWLF�KHDUW�GLVHDVH��FRQJHQLWDO�KHDUW�GLVHDVH�DQG�KHDUW�IDLOXUH��$FFRUGLQJ�WR�WKH�:RUOG
+HDOWK�2UJDQL]DWLRQ��:+2���&9'�LV�WKH�PDLQ�FDXVH�RI�GHDWK�IRU�ZRPHQ�LQ�DOO�FRXQWULHV�RI�(XURSH�IRU�ZKLFK�ZH�KDYH�PRUWDOLW\�GDWD�DQG�LW�LV�WKH�PDLQ
FDXVH�RI�GHDWK�IRU�PHQ�LQ�DOO�EXW���RI�WKHVH�FRXQWULHV��H[FHSWLRQV�DUH�)UDQFH��,VUDHO��WKH�1HWKHUODQGV��6DQ0DULQR��6ORYHQLD�DQG�6SDLQ���$OVR��&9'
FDXVHV�PRUH�WKDQ�����RI�GHDWKV�LQ�ZRPHQ�LQ����FRXQWULHV��PRVWO\�LQ�&HQWUDO�DQG�(DVWHUQ�(XURSH��,Q�QLQH�FRXQWULHV�&9'�FDXVHV�PRUH�WKDQ�����RI
GHDWKV�LQ�PHQ��$]HUEDLMDQ��%HODUXV��%XOJDULD��*HRUJLD��0RQWHQHJUR��5RPDQLD��)<5�0DFHGRQLD��5RPDQLD��8NUDLQH�DQG�8]EHNLVWDQ��7KH�LQFLGHQFH�RI
KRVSLWDO�DGPLVVLRQV�IRU�$0,�ZLWK�67�VHJPHQW�HOHYDWLRQV��67(0,��YDULHV�DPRQJ�FRXQWULHV�WKDW�EHORQJ�WR�WKH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\��)RU
5RPDQLD�EHWZHHQ������DQG������WKH�5RPDQLDQ�5HJLVWU\�IRU�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��52�67(0,��LQFOXGHG�������SDWLHQWV�

$LP�RI�RXU�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�GHPRJUDSKLF�GDWD�DQG�ULVN�IDFWRUV�IRU�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ�LQ�5RPDQLDQ�SDWLHQWV�

3DUWLFLSDQWV�DQG�PHWKRGV�

:H�LQFOXGHG�LQ�WKLV�VWXG\������SDWLHQWV�SUHVHQWHG�WR�(PHUJHQF\�&OLQLF�+RVSLWDO�EHWZHHQ�-DQXDU\������Ä�-DQXDU\�������DQG�ZH�FROOHFWHG�WKH
GHPRJUDSKLF�GDWD��H�J��DJH��JHQGHU��UHJLRQ��HWF���DQG�ULVN�IDFWRUV��H�J��K\SHUWHQVLRQ��REHVLW\��GLDEHWHV��HWF����7KH�GDWD�ZHUH�VWDWLVWLFDOO\�SURFHVVHG
E\�6366�YHU�����

5HVXOWV�

)URP�SDWLHQW�SRSXODWLRQ�S\UDPLG�FDQ�EH�VHHQ�SUHSRQGHUDQFH�RI�PHQ�IRU�DOO�DJH�JURXSV�XS�WR����\HDUV��PDOH���ZRPHQ�EHLQJ�PXFK�KLJKHU�WKDQ�RQH
WR����\HDUV��7KH�DYHUDJH�DJH�RI�ZRPHQ�LQFOXGHG�LQ�WKLV�VWXG\�ZDV�PDLQWDLQHG�DURXQG����\HDUV�DQG�IRU�PDOHV�DURXQG�WKH�DJH�RI����\HDUV��7KH�PRVW
IUHTXHQW�ULVN�IDFWRUV�ZHUH�VPRNLQJ��K\SHUWHQVLRQ��G\VOLSLGHPLD�DQG�GLDEHWHV�

&RQFOXVLRQ�

)RU�RXU�VWXG\�ZH�REVHUYHG�D�WUHQG�LQFUHDVH�LQ�SDWLHQWV�ZLWK�K\SHUWHQVLRQ��GLDEHWHV�RU�G\VOLSLGDHPLD��$OVR��WKH�DJH�RI�RQVHW�LV��GHFUHDVLQJ�\HDU�E\
\HDU�ZKLFK�VKRXOG�EHFRPH�DQ�LPSRUWDQW�VLJQDO�IRU�QHZ�SUHYHQWLRQ�SURJUDPV�DQG�VWXGLHV�

5HIHUHQFHV�

:+2���&DUGLRYDVFXODU�GLVHDVHV��&9'V���)DFW�VKHHW�1j�����8SGDWHG�0DUFK�������KWWS���ZZZ�ZKR�LQW�PHGLDFHQWUH�IDFWVKHHWV�IV����HQ�LQGH[�KWPO���
*OREDO�DWODV�RQ�FDUGLRYDVFXODU�GLVHDVH�SUHYHQWLRQ�DQG�FRQWURO��*HQHYD��:RUOG�+HDOWK�2UJDQL]DWLRQ��������
(852&,66�:RUNLQJ�*URXS��&RURQDU\�DQG�FHUHEURYDVFXODU�SRSXODWLRQ�EDVHG�UHJLVWHUV�LQ�(XURSH��DUH�PRUELGLW\�LQGLFDWRUV�FRPSDUDEOH"�5HVXOWV��
IURP�WKH�(852&,66�3URMHFW��(XU�-�3XEOLF�+HDOWK�������������6XSSO��������
7DWX�&KLWRLX�*��$UVHQHVFX�*HRUJHVFX�&��%DEH°�.�HW�DO��5DSRUWXO�5HJLVWUXOXL�5RP�Q�SHQWUX�LQIDUFWXO�PLRFDUGLF�DFXW�FX�VXSUDGHQLYHODUH�GH��
VHJPHQW�67��52�67(0,���������������5HYLVWD�5RP�Q��GH�&DUGLRORJLH��������;;,9������������
KWWS���ZZZ�ZRUOG�KHDUW�IHGHUDWLRQ�RUJ�SUHVV�IDFW�VKHHWV�FDUGLRYDVFXODU�GLVHDVH�ULVN�IDFWRUV���

$FNQRZOHGJHPHQWV�

1R�SRWHQWLDO�FRQIOLFW�RI�LQWHUHVW�UHOHYDQW�WR�WKLV�VWXG\��



1(852/2*< 3DXOD�PDULD�1HFKLWD

��������7KH�HWLRORJ\�RI�WR[LF�HQFHSKDORSDWK\�LQ�URPDQLDQ�SDWLHQWV�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3DXOD�PDULD�1(&+,7$������%RJGDQ�0LKDL�235,7$������/XLVD�&RULQD�6,0,21������2DQD�$QGUDGD�$/(;,8������$PDO�$QWRQLD�$51$287(������$OLQD�&ULVWLQD
672,$1����

���0HGLFDO�6HUYLFH��(PHUJHQF\�&OLQLF�+RVSLWDO��%XFKDUHVW��520$1,$

.H\ZRUGV��WR[LF�HQFHSKDORSDWK\��ULVN�IDFWRUV��(PHUJHQF\�'HSDUWPHQW

$EVWUDFW��

%DFNJURXQG�

%UDLQ�G\VIXQFWLRQ�FDXVHG�E\�WR[LF�H[SRVXUH�PD\�EH�LQFOXGHG�LQ�WKH�WHUP�ÈWR[LF�HQFHSKDORSDWK\É��FKDUDFWHUL]HG�E\�D�VSHFWUXP�RI�V\PSWRPDWRORJ\
UDQJLQJ�IURP�VXEFOLQLFDO�GHILFLWV�WR�RYHUW�FOLQLFDO�GLVRUGHUV��7KH�FOLQLFDO�PDQLIHVWDWLRQV�RI�WR[LF�HQFHSKDORSDWK\�DUH�UHODWHG�WR�WKH�DIIHFWHG�EUDLQ
UHJLRQV�DQG�FHOO�W\SHV��7KH�PDMRU�FOLQLFDO�V\QGURPHV�RI�WR[LF�HQFHSKDORSDWK\�LQFOXGH�GLIIXVH�DFXWH�RU�FKURQLF�WR[LF�HQFHSKDORSDWK\��FHUHEHOODU
V\QGURPH��3DUNLQVRQLVP��DQG�YDVFXODU�HQFHSKDORSDWK\��7KHVH�UHODWLYHO\�VSHFLILF�QHXURORJLFDO�V\QGURPHV�PD\�EH�GHWHUPLQHG�E\�YDULRXV�QHXURWR[LQV�
LQFOXGLQJ�KHDY\�PHWDOV��RUJDQLF�VROYHQWV�DQG�RWKHU�FKHPLFDOV��$LP�RI�RXU�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�HWLRORJ\�RI�WR[LF�HQFHSKDORSDWK\�LQ�5RPDQLDQ
SDWLHQWV�LQ�)ORUHDVFD�+RVSLWDO�(PHUJHQF\�'HSDUWPHQW�

3DUWLFLSDQWV�DQG�PHWKRGV�

:H�LQFOXGHG�LQ�WKLV�VWXG\������SDWLHQWV�SUHVHQWHG�ZLWK�WR[LF�HQFHSKDORSDWK\�WR�)ORUHDVFD�+RVSLWDO�EHWZHHQ�0DUFK������Ä�0DUFK�������DQG�ZH
FROOHFWHG�WKH�GHPRJUDSKLF�GDWD��H�J��DJH��JHQGHU��UHJLRQ��HWF����ULVN�IDFWRUV��H�J��SDWKRORJLFDO�SHUVRQDO�KLVWRU\�HWF����V\PSWRPDWRORJ\�DW
SUHVHQWDWLRQ�DQG�W\SH�RI�WR[LF��7KH�GDWD�ZHUH�VWDWLVWLFDOO\�SURFHVVHG�E\�6366�YHU����

5HVXOWV�

:H�REVHUYHG�WKDW�WKH�PRVW�IUHTXHQW�FDXVHV�RI�WR[LF�HQFHSKDORSDWK\�DUH�DOFRKRO�FRQVXPSWLRQ��PHGLFDWLRQV��LOOLFLW�GUXJV��RU�WR[LF�FKHPLFDOV��,Q�WKH
ODVW�\HDUV��WKH�DFXWH�PHQWDO�VWDWXV�DOWHUDWLRQ�GXH�WR�DOFRKRO�FRQVXPSWLRQ�DQG�LOOLFLW�GUXJV�LV�LQFUHDVHG�

&RQFOXVLRQ�

7KH�V\PSWRPV�DQG�VLJQV�RI�WR[LF�HQFHSKDORSDWK\�PD\�EH�PLPLFNHG�E\�PDQ\�SV\FKLDWULF��PHWDEROLF��LQIODPPDWRU\��QHRSODVWLF�DQG�GHJHQHUDWLYH
GLVHDVHV�RI�WKH�QHUYRXV�V\VWHP��$�JRRG�FROODERUDWLRQ�EHWZHHQ�QHXURORJLVWV�DQG�RFFXSDWLRQDO�SK\VLFLDQV�DUH�QHHGHG�WR�GHWHUPLQH�ZKHWKHU
QHXURORJLFDO�GLVRUGHUV�DUH�QHXURWR[LQ�UHODWHG�

5HIHUHQFHV�

:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2��1HXURWR[LFLW\�ULVN�DVVHVVPHQW�IRU�KXPDQ�KHDOWK��3ULQFLSOHV�DQG�DSSURDFKHV��(QYLURQPHQWDO�KHDOWK�FULWHULD��
�����*HQHYD��6ZLW]HUODQG���:+2�������
'REEV�05��&OLQLFDO�QHXURWR[LFRORJ\��6\QGURPHV��VXEVWDQFHV��HQYLURQPHQWV���VW�HG��3KLODGHOSKLD��3$���6DXQGHUV��������SS���Ä����
6R�<7��1HXURWR[LFRORJ\��,Q��/DGRX�-��HGLWRU��&XUUHQW�RFFXSDWLRQDO�DQG�HQYLURQPHQWDO�PHGLFLQH���QG�HG��1HZ�<RUN��1<���0F*UDZ�+LOO��������SS���
���Ä����
'REEV�05��7R[LF�HQFHSKDORSDWK\��6HPLQ�1HXURO�������������Ä�������
<DQJKR�.,0��-DH�:RR�.,0��7R[LF�(QFHSKDORSDWK\��6DI�+HDOWK�:RUN����������������

�

$FNQRZOHGJHPHQWV�

1R�SRWHQWLDO�FRQIOLFW�RI�LQWHUHVW�UHOHYDQW�WR�WKLV�VWXG\�



75$80$ -RKQ�&URQLQ

��������&DQ�WKH�LQFRUSRUDWLRQ�RI�FR�PRUELGLW\�LQIRUPDWLRQ�LPSURYH�ULVN�HVWLPDWLRQ�LQ�ROGHU�SHRSOH�ZLWK�PDMRU�WUDXPD"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DULH�7KHUHVH�&RRQH\������-RKQ�&URQLQ������-XVWLQH�-RUGDQ������5DFKDHO�'R\OH������'DYLG�0HQ]LHV����

���&RQVXOWDQW�*HULDWULFLDQ��6DLQW�9LQFHQW
V�8QLYHUVLW\�+RVSLWDO��'XEOLQ��,5(/$1'
���(PHUJHQF\�0HGLFLQH�&RQVXOWDQW��6DLQW�9LQFHQW
V�8QLYHUVLW\�+RVSLWDO��'XEOLQ��,5(/$1'
���(PHUJHQF\�0HGLFLQH�6HQLRU�+RXVH�2IILFHU��6DLQW�9LQFHQW
V�8QLYHUVLW\�+RVSLWDO��'XEOLQ��,5(/$1'

.H\ZRUGV��7UDXPD��JHULDWULFV��ULVN�HVWLPDWLRQ

$EVWUDFW��

&DQ�WKH�LQFRUSRUDWLRQ�RI�FR�PRUELGLW\�LQIRUPDWLRQ�LPSURYH�ULVN�HVWLPDWLRQ�LQ�ROGHU�SHRSOH�ZLWK�PDMRU�WUDXPD"

%DFNJURXQG��/DUJH�GDWDVHWV�IURP�UHJLVWULHV�VXFK�DV�WKH�7UDXPD�$XGLW�DQG�5HVHDUFK�1HWZRUN��7$51��IDFLOLWDWHV�WKH�GHYHORSPHQW�RI�ULVN�HVWLPDWLRQ
V\VWHPV�IRU�WKHVH�SDWLHQW�SRSXODWLRQV��$Q�LQLWLDO�DQDO\VLV�RI�WKH�SUREDELOLW\�RI�VXUYLYDO��36����ULVN�HVWLPDWLRQ�V\VWHP�LQ�WUDXPD�SDWLHQWV�HQUROOHG�LQ
7$51�DW�RXU�LQVWLWXWLRQ�GHPRQVWUDWHG�H[FHOOHQW�GLVFULPLQDWLRQ�LQ�\RXQJHU�LQGLYLGXDOV�ZLWK�DQ�DUHD�XQGHU�WKH�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�FXUYH
�$852&��RI�����������&,�������WR��������+RZHYHU��WKH�DELOLW\�RI�WKH�V\VWHP�WR�HVWLPDWH�ULVN�RI�VKRUW�WHUP�PRUWDOLW\�LQ�ROGHU�WUDXPD�SDWLHQWV�ZDV
FRQVLGHUDEO\�ORZHU�ZLWK�DQ�$852&�RI�����������&,�������WR�������

+\SRWKHVLV��5LVN�HVWLPDWLRQ�LQ�ROGHU�SHRSOH�FRXOG�EH�LPSURYHG�WKURXJK�WKH�LQFRUSRUDWLRQ�RI�FR�PRUELGLW\�LQIRUPDWLRQ�

2EMHFWLYH��7R�DVVHVV�WKH�LPSURYHPHQW�LQ�SHUIRUPDQFH�RI�WKH�V\VWHP�ZLWK�WKH�DGGLWLRQ�RI�FR�PRUELGLW\�LQIRUPDWLRQ�

6WXG\�SRSXODWLRQ������PDMRU�WUDXPD�SDWLHQWV�HQUROOHG�LQ�7$51�DW�6DLQW�9LQFHQWÇV�8QLYHUVLW\�+RVSLWDO��698+���D�WHUWLDU\�UHIHUUDO�XUEDQ�XQLYHUVLW\
KRVSLWDO��EHWZHHQ�6HSW������DQG�$XJ������

0HWKRGV��36���HVWLPDWHV�WKH�ULVN�RI�LQSDWLHQW�RU����GD\�VXUYLYDO�LQ�WUDXPD�SDWLHQWV�EDVHG�RQ�,QMXU\�6HYHULW\�6FRUH��,66���DJH��JHQGHU�DQG�*ODVJRZ
&RPD�6FDOH��*&6���7KH�QHZHU�36���DGGLWLRQDOO\�LQFOXGHV�FR�PRUELGLWLHV��DV�D�FDWHJRULFDO�YDULDEOH�GHILQHG�E\�WKH�QXPEHU�RI�FR�PRUELGLWLHV�SUHVHQW�
36���DQG�36���ZHUH�FDOFXODWHG�IRU�HDFK�LQGLYLGXDO��'LVFULPLQDWLRQ�RI�HDFK�V\VWHP�ZDV�FRPSDUHG�XVLQJ�$852&��7KLV�ZDV�GRQH�VHSDUDWHO\�IRU�WKRVH
DJHG�XQGHU����\HDUV�DQG�WKRVH�DJHG����\HDUV�DQG�RYHU�

5HVXOWV��,Q�WKH�����LQGLYLGXDOV�DJHG�XQGHU����\HDUV��ERWK�V\VWHPV�VKRZHG�H[FHOOHQW�GLVFULPLQDWLRQ�ZLWK�$852&�RI����������&,�������WR�������IRU
36���YHUVXV����������&,�������WR�������IRU�36����S�IRU�GLIIHUHQFH� �������,Q�WKH�����LQGLYLGXDOV�DJHG����\HDUV�DQG�RYHU��GLVFULPLQDWLRQ�ZDV
VLJQLILFDQWO\�EHWWHU�LQ�36����$852&�����������&,�������WR��������FRPSDUHG�WR�36����$852&����������&,�������WR���������S�IRU�GLIIHUHQFH��������
7KHVH�ILQGLQJV�ZHUH�FRQVLVWHQW�ZKHQ�H[DPLQLQJ�ROGHU�DJH�JURXSV�LQFOXGLQJ�WKRVH�DJHG����WR����\HDUV�DQG�WKRVH�DJHG�RYHU�����+RZHYHU��GXH�WR�ODFN
RI�SRZHU�LQ�VRPH�DJH�JURXSV��WKH�GLIIHUHQFHV�GLG�QRW�UHDFK�VWDWLVWLFDO�VLJQLILFDQFH�

&RQFOXVLRQV��7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�FXUUHQW�36�V\VWHPV�GLVFULPLQDWH�H[WUHPHO\�ZHOO�LQ�\RXQJHU�SHRSOH��,W�LV�XQOLNHO\�WKDW�IXUWKHU
UHILQHPHQWV�ZLOO�UHVXOW�LQ�PHDQLQJIXO�LPSURYHPHQWV�LQ�ULVN�HVWLPDWLRQ�EXW�PD\�DGG�FRPSOH[LW\��)RU�ROGHU�LQGLYLGXDOV�WKH�DGGLWLRQ�RI�FRPRUELGLW\�KDV
UHVXOWHG�LQ�VLJQLILFDQW�LPSURYHPHQWV��)XUWKHU�UHILQHPHQWV�LQFOXGLQJ�WKH�DGGLWLRQ�RI�VSHFLILF�FRPRUELGLWLHV��DOFRKRO�XVH�DQG�LQLWLDO�YLWDO�VLJQV�PD\
\LHOG�IXUWKHU�LPSURYHPHQWV�LQ�GLVFULPLQDWLRQ�LQ�WKLV�DJH�JURXS���6LPXODWHG�H[WHUQDO�YDOLGDWLRQ��IRU�H[DPSOH�XVLQJ����IROG�FURVV�YDOLGDWLRQ��PD\�DGG
IXUWKHU�VWUHQJWK�WR�WKHVH�REVHUYDWLRQV��



$'0,1,675$7,21�	�+($/7+&$5(�32/,&< 0RUVPDQ�(ODLQH

��������'HYHORSLQJ�SDWLHQW�LQIRUPDWLRQ�OHDIOHWV�LQ�WKH�HPHUJHQF\�FDUH�VHWWLQJ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(ODLQH�0RUVPDQ������.XVK�-RVKL������&DUD�/HZLV������5RELQ�&KDWWHUMHH������$QX�0LWUD����

���5R\DO�&ROOHJH�RI�(PHUJHQF\�0HGLFLQH��,PSHULDO�&ROOHJH�+HDOWKFDUH�7UXVW��/RQGRQ��8.
���)DFXOW\�RI�6SRUWV�DQG�([HUFLVH�0HGLFLQH��,PSHULDO�&ROOHJH�+HDOWKFDUH�7UXVW��/RQGRQ��8.
���5R\DO�&ROOHJH�RI�$QDHVWKHWLVWV��,PSHULDO�&ROOHJH�+HDOWKFDUH�7UXVW��/RQGRQ��8.

.H\ZRUGV��HGXFDWLRQ��SDWLHQW�HPSRZHUPHQW��VXVWDLQDELOLW\��WUDLQLQJ��3'6$

$EVWUDFW��

$WWHQGDQFH�DW�$FFLGHQW�DQG�(PHUJHQF\�GHSDUWPHQWV��('��LQ�WKH�8QLWHG�.LQJGRP�KDV�UHDFKHG�DQ�DOO�WLPH�KLJK�ZLWK���PLOOLRQ�PRQWK�IRU�WKH�ILUVW�WLPH
RQ�UHFRUG����1RZ��PRUH�WKDQ�HYHU��LW�LV�NH\�WR�HQVXUH�SDWLHQWV�UHFHLYH�WLPHO\�FDUH��3DWLHQW�LQIRUPDWLRQ�OHDIOHWV��3,/V��IRU�FRPPRQ�SUHVHQWDWLRQV�DOORZ
KHDOWK�FDUH�SURIHVVLRQDOV�WR�GLVVHPLQDWH�DFFXUDWH�LQIRUPDWLRQ�WR�SDWLHQWV�UHJDUGLQJ�WKHLU�GLDJQRVLV�DQG�DIWHUFDUH�LQ�WKH�IDVW�SDFHG�VHWWLQJ�RI
HPHUJHQF\�FDUH�

-XQLRU�WUDLQHHV�URWDWLQJ�WKURXJK�HPHUJHQF\�PHGLFLQH�WUDLQLQJ�SRVW�DW�,PSHULDO�&ROOHJH�+HDOWKFDUH�7UXVW�DUH�UHFUXLWHG�WR�GHYHORS�3,/V��.H\�VXEMHFWV
SHUWDLQLQJ�WR�FRPPRQ�UHDVRQV�IRU�DWWHQGDQFH�DUH�VHOHFWHG�DQG�OHDIOHWV�DUH�GHYHORSHG�WKURXJK�H[SHULHQFH�DQG�E\�OLDLVLQJ�ZLWK�UHOHYDQW�VSHFLDOWLHV�
7KH�OHDIOHWV�DUH�LQLWLDOO\�UHYLHZHG�E\�DQ�(PHUJHQF\�0HGLFLQH�FRQVXOWDQW�DQG�WKH�SDWLHQW�LQIRUPDWLRQ�PDQDJHPHQW�WHDP�IRU�VXLWDELOLW\�

$�SODQ�GR�VWXG\�DFW��3'6$��PHWKRGRORJ\�LV�HPSOR\HG�WR�WULDO�WKH�3,/V�RQ�SDWLHQWV�ZKR�SUHVHQW�ZLWK�UHOHYDQW�FRQGLWLRQV��7KH\�XQGHUJR�D
TXHVWLRQQDLUH�WKDW�LQFOXGHV�TXHVWLRQV�RQ�KRZ�XVHIXO�WKH\�ILQG�WKH�LQIRUPDWLRQ��ZKHWKHU�DFFHVVLEOH�ODQJXDJH�LV�XVHG�DQG�DQ\�FRPPRQ�TXHVWLRQV�WKDW
UHPDLQ�DIWHU�UHDGLQJ�WKH�OHDIOHW��%DVHG�RQ�WKH�UHVXOWV�RI�WKHVH�TXHVWLRQQDLUHV�WKH�OHDIOHWV�DUH�DPHQGHG�DQG�LPSURYHG�

7KH�SURMHFW�IRFXVHV�RQ�HPSRZHULQJ�SDWLHQWV�ZLWK�LQIRUPDWLRQ�DERXW�WKHLU�UHDVRQ�IRU�DWWHQGDQFH�DQG�XVHV�D�3'6$�F\FOH�PHWKRGRORJ\�WR�HQVXUH
FRQWLQXHG�UHOHYDQFH�RI�WKH�OHDIOHWV�WR�SDWLHQWV�IURP�\HDU�WR�\HDU��7KH�FRQWLQXHG�DOORFDWLRQ�RI�WUDLQHHV�WR�WKLV�TXDOLW\�LPSURYHPHQW�SURMHFW�HQVXUHV�LWV
VXVWDLQDELOLW\�ZKLOH�SURPRWLQJ�WKH�HGXFDWLRQ�LQ�FRPPRQ�('�SUHVHQWDWLRQV�WR�WUDLQHHV�DQG�LQFOXVLRQ�RI�WUDLQLQJ�GRFWRUV�LQ�TXDOLW\�LPSURYHPHQW
SURMHFWV�



0$1$*(0(17���('�25*$1,6$7,21 *(50$1�-26(�)(50,1�*$0(52

��������+LJK�UHVROXWLRQ�FRQVXOWDWLRQ�WRRO�IRU�WKH�RSWLPL]DWLRQ�RI�KRVSLWDO�DGPLVVLRQV�DQG�PRQLWRULQJ�RI�SDWLHQWV�IURP�WKH
HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*HUPDQ�MRVH�)HUPLQ�*DPHUR������6DQGUD�*XLX�0DUWL������%HUQDUGLQR�&RPDV�GLD]������3HGUR�5XOO�%HUWUDQ������-XOLR�2OVHQ����

���(PHUJHQF\�GHSDUWPHQW���+RVSLWDO�XQLYHUVLWDULR�6RQ�(VSDVHV���SDOPD�GH�PDOORUFD���63$,1

.H\ZRUGV��KLJK�UHVROXWLRQ�FRQVXOWDWLRQ���WRRO�IRU�RSWLPL]DWLRQ���HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

%DNJURXQG���

$�SUHIHUHQWLDO�FRQVXOWDWLRQ�LV�SURSRVHG�IRU�WKH�UHIHUDO�RI�SDWLHQWV�IURP�WKH�HPHUJHQF\�URRP��(5�����7KH�SXUSRVH�RI�WKLV�FRQVXOWDWLRQ�LV�WR�DYRLG�WKH
KRVSLWDO�DGPLVVLRQ�RI�SDWLHQWV�ZLWK�SDWKRORJLHV�WKDW�QHHG�IXUWKHU�VWXGLHV���E\�VWUHDPOLQLQJ�WKH�FLUFXLWV�IRU�PRQLWRULQJ�DQG�VWXG\�RI�SDWLHQWHV�RQ�DQ
RXWSDWLHQW�VHWWLQJ���DV�ZHOO�DV�WR�LPSURYH�SDWLHQW�VDWLVIDFWLRQ��

7KHUH�LV�FXUUHQWO\�D�SUHIHUHQWLDO�H[WHUQDO�FRQVXOWDWLRQ�DUH�IRU�GHUPDWRORJ\���LQWHUQD�PHGLFLQH���GLJHVWLYH�PHGLFLQH�DQ�RUWKRSDHGLFV��

2EMHWLYH��

���:HOIHUH�DFWLYLW\�JHQHUDWHG�E\�WKHVH�FRQVXOWDWLRQV�

���LPSDFW�RQ�WKH�SHUFHQWDJH�RI�KRVSLWDO�DGPLVVLRQV�IURP�WKH�(5��

���)LQDO�GHVWLQDWLRQ�RI�WKH�SDWLHQWH�DQG�UHDGPLVVLRQV�WR�WKH�HPHUJHQF\�URRP���

0HWKRGV�

$�GHVFULSWLYH���FURVV�VHFWLRQDO���REHUYDWLRQDO�VWXG\�ZDV�SHUIRUPHG�E\�WKH�FROOHFWLRQ�RI�GDWD�FRQWDLQHG�LQ�WKH�PHGLFDO�KLVWRU\�RI�SDWLHQWV�LQLWLDOO\�VHHQ
LQ�WKH�HPHUJHQF\�URRP�GXULQJ������

5HVXOWV�

��������SDWLHQWV�DWWHQGHG�WKH�HPHUJHQF\�GHSDUWPHQW�LQ������������RI�WKRVH�ZHUH�UHIHUUHG�WR�KLJK�UHVROXWLRQ�FRQVXOWDWLRQ��������ZHUH�UHIHUUHG�WR
GHUPDWRORJ\����������RUWKRSDHGLFV���������WR�GLJHVWLYH�PHGLFLQH�DQG��������WR�LQWHUQDO�PHGLFLQH���7KH�SHUFHQWDJH�RI�KRVSLWDO�DGPLVVLRQV�IURP�WKH
(5�ZDV��������ORZHU�WKD�WKH�SUHYLRXV�\HDUV�ILJXUHV���������RI�UHIHUUHG�SDWLHQWV�ZHUZ�DVNHG�IRU�IXUWKXUH�H[DPLQDWLRQV��������RI�WKH�SDWLHQWV�HUHV
UHIHUUHG�WR�SULPDU\�FDUH�DQG��������ZHUH�IROORZHG�XS�LQ�RXWSDWLHQWH�FDUH���2QO\�������RI�WKH�SDWLHQWV�ZHUH�DGPLWWHG�WR�KRVSLWDO���

&RQFOXVLRQV�

+LJK��UHVROXWLRQ�FRQVXOWDWLRQV�SURYLGH�DQ�DOWHUQDWLYH�WR�FRQYHQWLRQDO�KRVSLWDO�DGPLVVLRQ�IURP�WKH�HPHUJHQF\�URRP���,Q�DGGLWLRQ�WR�DOORZLQJ
PRQLWRULQJ�RI�SDWLHQWV��LW�VKRUWHQV�WLPH�WR�GLDJQRVLV��$V�D�UHVXOW��LW�UHGXFHV�SDWLHQW�DWWHQGDQFH�WR�WKH�HPHUJHQF\�VHUYLFHV�



&$5',29$6&8/$5 VLX�\LX�XUDQXV

��������3DWLHQWV�6XIIHULQJ�&DUGLDF�$UUHVW�IURP�5LJKW�&RURQDU\�$UWHU\�2FFOXVLRQ�FDQ�%HQHILW�IURP�0RELOH�([WUDFRUSRUHDO
&LUFXODWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&KRX�7]XQJ�+VLQ������VLX�\LX����

���'HSDUWPHQWV�RI�(PHUJHQF\�0HGLFLQH�DQG�6XUJHU\��1DWLRQDO�7DLZDQ�8QLYHUVLW\�+RVSLWDO��WDLSHL��7$,:$1

.H\ZRUGV��&35�$&6�(&02

$EVWUDFW��

%DFNJURXQG��$OWKRXJK�H[WUDFRUSRUHDO�FDUGLRSXOPRQDU\�UHVXVFLWDWLRQ��(&35��KDV�EHHQ�VKRZQ�WR�EH�EHQHILFLDO�LQ�VHYHUDO�FDUGLRSXOPRQDU\�GLVHDVHV�
LWV�HIIHFW�RQ�VXUYLYDO�DIWHU�DFXWH�P\RFDUGLDO�LQIDUFWLRQ��$0,��FRPSOLFDWHG�E\�FDUGLDF�DUUHVW�LV�XQNQRZQ�

0HWKRGV��:H�HYDOXDWHG�RXWFRPHV�LQ����SDWLHQWV�ZKR�UHFHLYHG�(&35�DQG�FRURQDU\�LQWHUYHQWLRQ�IRU�WKH�WUHDWPHQW�RI�LQ�KRVSLWDO�FDUGLDF�DUUHVW�GXH�WR
$0,�EHWZHHQ�-DQXDU\���������DQG�-XO\���������

5HVXOW��7KH�RYHUDOO�VXUYLYDO�UDWH�ZDV��������IRU�SDWLHQWV�ZLWK�FDUGLDF�DUUHVW�GXH�WR�0,�ZKR�UHFHLYHG�(&35��$IWHU�DGMXVWPHQW�IRU�DJH�DQG�JHQGHU�
ULJKW�FRURQDU\�RFFOXVLRQ������&,>$�@��������Ä�������S� ��������DQG�67�HOHYDWLRQ�0,������&,�������Ä�������S� ��������ZHUH�DVVRFLDWHG�ZLWK�EHWWHU
VXUYLYDO�UHVXOWV��)XUWKHUPRUH��SURORQJHG�GHOD\�EHIRUH�FRURQDU\�LQWHUYHQWLRQ�ZDV�DVVRFLDWHG�ZLWK�ZRUVH�VXUYLYDO������&,�������Ä�������S� ��������

&RQFOXVLRQ��,Q�DGGLWLRQ�WR�67�HOHYDWLRQ�0,�DQG�WLPHO\�FRURQDU\�LQWHUYHQWLRQ��SDWLHQWV�ZLWK�FDUGLDF�DUUHVW�GXH�WR�ULJKW�FRURQDU\�DUWHU\�RFFOXVLRQ�FDQ
EHQHILW�IURP�(&35



35(�+263,7$/���(06���287�2)�+263,7$/ 7UDF\�/LDQ

��������(IIHFW�RI�YHUWLFDO�ORFDWLRQ�RQ�VXUYLYDO�RXWFRPHV�IRU�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW�LQ�6LQJDSRUH�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

7UDF\�/LDQ������-RKQ�$OOHQ������6ZHH�+DQ�/LP������1XU�6KDKLGDK������<LK�<QJ�1J������1DXVKHHQ�'RFWRU������%HQMDPLQ�/HRQJ������+DQ�1HH�*DQ�����
'HVPRQG�0DR������0LFKDHO�&KLD������6L�2RQ�&KHDK������/DL�3HQJ�7KDP�������0DUFXV�2QJ����

���0'�6WXGHQW��'XNH�186�*UDGXDWH�0HGLFDO�6FKRRO��6LQJDSRUH��6,1*$325(
���&HQWUH�IRU�4XDQWLWDWLYH�0HGLFLQH��'XNH�186�*UDGXDWH�0HGLFDO�6FKRRO��6LQJDSRUH��6,1*$325(
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��6LQJDSRUH�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(
���0HGLFDO�'HSDUWPHQW��6LQJDSRUH�&LYLO�'HIHQFH�)RUFH��6LQJDSRUH��6,1*$325(
���(PHUJHQF\�0HGLFLQH�'HSDUWPHQW��1DWLRQDO�8QLYHUVLW\�+RVSLWDO��6LQJDSRUH��6,1*$325(
���$FFLGHQW�	�(PHUJHQF\��&KDQJL�*HQHUDO�+RVSLWDO��6LQJDSRUH��6,1*$325(
���'HSDUWPHQW�RI�$FXWH�DQG�(PHUJHQF\�&DUH��.KRR�7HFN�3XDW�+RVSLWDO��6LQJDSRUH��6,1*$325(
���(PHUJHQF\�'HSDUWPHQW��7DQ�7RFN�6HQJ�+RVSLWDO��6LQJDSRUH��6,1*$325(
���(PHUJHQF\�0HGLFLQH�'HSDUWPHQW��1J�7HQJ�)RQJ�*HQHUDO�+RVSLWDO���6LQJDSRUH��6,1*$325(
����&KLOGUHQV
�(PHUJHQF\��..�:RPHQV
�DQG�&KLOGUHQV
�+RVSLWDO��6LQJDSRUH��6,1*$325(

.H\ZRUGV��9HUWLFDO��KLJK�ULVH��2+&$��VXUYLYDO��ZLWQHVV��&35��$('��ILUVW�DUUHVW�UK\WKP��526&��UHVSRQVH�WLPH

$EVWUDFW��

%DFNJURXQG��$�ODUJH�SURSRUWLRQ�RI�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVWV�LQ�6LQJDSRUH��2+&$��RFFXU�LQ�KLJK�ULVH�UHVLGHQWLDO�EXLOGLQJV�>�@�7KLV�VWXG\�DLPV�WR
LQYHVWLJDWH�WKH�HIIHFW�RI�WKH�YHUWLFDO�ORFDWLRQ��IORRU�OHYHO�RI�DSDUWPHQW�EXLOGLQJ��DW�ZKLFK�SDWLHQWV�FROODSVH�IURP�FDUGLDF�DUUHVW��RQ�VXUYLYDO�RXWFRPHV
DQG�UHVSRQVH�WLPHV�

3DUWLFLSDQWV�DQG�PHWKRGV��$�UHWURVSHFWLYH�VWXG\�ZDV�GRQH�EDVHG�RQ�GDWD�REWDLQHG�IURP�WKH�6LQJDSRUH�FRKRUW�RI�WKH�3DQ�$VLD�5HVXVFLWDWLRQ
2XWFRPH�6WXG\��3$526���2+&$�GDWD�IURP�-DQXDU\������WR�'HFHPEHU������ZHUH�XVHG��$OO�2+&$�SDWLHQWV�FRQYH\HG�E\�(PHUJHQF\�0HGLFDO�6HUYLFHV
�(06��DQG�FRQILUPHG�E\�WKH�DEVHQFH�RI�SXOVH��XQUHVSRQVLYHQHVV�DQG�DSQHD�ZHUH�LQFOXGHG��$OO�2+&$�FDVHV�RFFXUUHG�LQ�6LQJDSRUH��2+&$�FDVHV�ZLWK
LQFRPSOHWH�GDWD�RQ�YHUWLFDO�ORFDWLRQ�ZHUH�H[FOXGHG��3ULPDU\�RXWFRPH�ZDV�VXUYLYDO�WR�KRVSLWDO�GLVFKDUJH�RU�WR����GD\V�SRVW�FDUGLDF�DUUHVW��6WDWLVWLFDO
DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�6$6�9�����6$6�,QF���&DU\�1&��86$��DQG�H[SUHVVHG�LQ�WHUPV�RI�FRXQWV�DQG�SHUFHQWDJHV��RGG�UDWLR��25��DQG�WKH
FRUUHVSRQGLQJ�����FRQILGHQFH�LQWHUYDO��PHDQ�DQG�WKH�VWDQGDUG�GHYLDWLRQ��6'��DV�ZHOO�DV�S�YDOXH�

5HVXOWV��$�WRWDO�RI������2+&$�FDVHV�PHW�WKH�LQFOXVLRQ�FULWHULD�IRU�WKLV�VWXG\�����FDVHV��������KDG�PLVVLQJ�YHUWLFDO�ORFDWLRQ�GDWD�DQG�ZHUH�H[FOXGHG�
2XW�RI�WKH������2+&$�FDVHV�DQDO\]HG���������������FDVHV�RFFXUUHG�DW�JURXQG�OHYHO������������FDVHV�RFFXUUHG�DW�EDVHPHQW�OHYHOV�DQG�����
��������FDVHV�RFFXUUHG�DW�Õ��QG�IORRU�OHYHO�������RXW�RI������FDVHV���������RFFXUUHG�LQ�KRPH�UHVLGHQFHV��7KH�UHVSRQVH�WLPH��LQ�PLQXWHV��IURP�WLPH
RI�DPEXODQFH�DUULYDO�RQ�VFHQH�WR�SDWLHQW�FRQWDFW�E\�(06�IRU�FDVHV�WKDW�RFFXUUHG�DW�EDVHPHQW�OHYHOV��PHDQ������>6'�����@��DQG�FDVHV�WKDW�RFFXUUHG
DW�Õ��QG�IORRU�OHYHO��PHDQ������>6'�����@��DUH�ERWK�VLJQLILFDQWO\�KLJKHU��S��������WKDQ�WKRVH�WKDW�RFFXUUHG�DW�JURXQG�OHYHO��PHDQ������>6'�����@��
6XUYLYDO�RXWFRPHV�IRU�2+&$�SDWLHQWV�ZHUH�SRRUHU�DV�WKH�YHUWLFDO�ORFDWLRQ�LQFUHDVHV�DZD\�IURP�JURXQG��)RU�HYHU\���IORRU�LQFUHDVH�LQ�YHUWLFDO�GLVWDQFH
IURP�JURXQG��2+&$�ZDV����OHVV�OLNHO\�WR�UHVXOW�LQ�VXUYLYDO��25������>�����Ä�����@���2+&$�ZDV�DOVR����OHVV�OLNHO\�WR�EH�ZLWQHVVHG��25������>�����Ä
����@������OHVV�OLNHO\�WR�KDYH�E\VWDQGHU�&35�SHUIRUPHG��25������>�����Ä�����@���DQG�����OHVV�OLNHO\�WR�KDYH�E\VWDQGHU�$('�DSSOLHG��25������>�����Ä
����@��IRU�HYHU\�OHYHO�LQFUHPHQW�LQ�YHUWLFDO�GLVWDQFH�IURP�JURXQG��)LUVW�DUUHVW�UK\WKP�ZDV�DOVR����OHVV�OLNHO\�WR�EH�VKRFNDEOH�DW�HYHU\�IORRU�LQFUHPHQW
�25������>�����Ä�����@��5HWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��526&��RQ�VFHQH�RU�HQURXWH�ZDV����OHVV�OLNHO\�WR�KDSSHQ��25������>�����Ä�����@�DQG�����
OHVV�OLNHO\�WR�EH�PDLQWDLQHG�DW�WKH�('�>25������>�����Ä�����@�IRU�HYHU\�LQFUHDVH�LQ�YHUWLFDO�IORRU�GLVWDQFH�IURP�JURXQG�

&RQFOXVLRQ��7KHUH�LV�VLJQLILFDQW�HIIHFW�RI�YHUWLFDO�ORFDWLRQ�RQ�VXUYLYDO�RXWFRPHV�IRU�2+&$�LQ�6LQJDSRUH��,QWHUYHQWLRQV�DLPHG�DW�LPSURYLQJ�DFFHVV�WR
2+&$�SDWLHQWV�LQ�KLJK�YHUWLFDO�IORRUV�QHHG�WR�EH�LQYHVWLJDWHG�

>�@�*RK��(�6���/LDQJ��%���)RRN�&KRQJ��6��HW�DO��(IIHFW�RI�ORFDWLRQ�RI�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVW�RQ�VXUYLYDO�RXWFRPHV��$QQ�$FDG�0HG�6LQJDSRUH�
�����������Ä����
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��������)DFWRUV�DVVRFLDWHG�ZLWK�UHFXUUHQW�GLDEHWLF�NHWRDFLGRVLV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

:,'('�%$+5,$������+$1(1(�*+$=$/,������:,'('�%2866(/0,������$1:$5(�<$+0$',������)$5$+�5,$+,������0$+%28%$�&+.,5������021,$�1*$&+
�����6$0,�628,66,����

���(0(5*(1&<�'(3$570(17���5(*,21$/�+263,7$/�2)�%(1�$5286��%(1�$5286��781,6,$

.H\ZRUGV��'LDEHWLF�NHWRDFLGRVLV��UHFXUUHQFH��HPHUJHQF\�GHSDUWPHQW��ULVN�IDFWRUV

$EVWUDFW��

�

,QWURGXFWLRQ�

���'LDEHWLF�NHWRDFLGRVLV��'.$��LV�RQH�RI�WKH�PRVW�FRPPXQ�GLDJQRVLV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�('���0DQ\�VWXGLHV�UHSRUWHG�WKDW�'.$�LV�WKH
OHDGLQJ�FDXVH�RI�PRUWDOLW\��,Q�DGGLWLRQ�WR�WKH�ULVN�RI�IDWDOLW\�UHFXUUHQW�'.$�KDV�D�PDMRU�LPSDFW�RQ�WKH�TXDOLW\�RI�OLIH�RI�SDWLHQWV�DQG�PDQ\�IDFWRUV�FDQ
EH��DVVRFLDWHG�ZLWK�LW�

2EMHFWLYH�

��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LGHQWLI\�WKH�IDFWRUV�WKDW�LQIOXHQFH�UHFXUUHQW�'.$��LQ�WKH�('�

0HWKRGV�

��:H�FDUULHG�RXW�D�SURVSHFWLYH�REVHUYDWLRQDO�FRKRUW�VWXG\�LQ�SDWLHQWV�ZKR�ZHUH�KRVSLWDOL]HG�LQ�WKH�('�IRU�'.$�GXULQJ�IRXU�\HDUV��������������7KH
HSLGHPLRORJLFDO�GDWD��FOLQLFDO�VLJQV��HWLRORJ\�DQG��WUHDWPHQW�ZHUH�VWXGLHG��$Q�XQLYDULDWH�OLQHDU�UHJUHVVLRQ�DQDO\VLV�ZDV�FDUULHG�RXW�WR�ILQG�RXW�WKH
YDULDEOHV�DVVRFLDWHG�ZLWK�UHFXUUHQW�'.$�

5HVXOWV��

��,QFOXVLRQ�RI�����SDWLHQWV�����ZLWK�W\SH���GLDEHWHV�DQG����ZLWK�W\SH���GLDEHWHV��0HDQ�DJH�ZDV�����������\HDUV��6H[�UDWLR� �������7KH�PDMRU�FOLQLFDO
VLJQV�ZHUH�YRPLWLQJ�������DQG�G\VSQHD��������7KH�OHDGLQJ�SUHFLSLWDWLQJ�FDXVHV�RI�'.$�ZHUH�WKH�SRRU�FRPSOLDQFH�ZLWK�LQVXOLQ�WKHUDS\�������DQG
�LQIHFWLRQ��������$�WRWDO�RI�����SDWLHQWV�SUHVHQWHG�ZLWK�WKH�ILUVW�WLPH�'.$�DQG����ZLWK�UHFXUUHQW�HSLVRGHV��&RPSDUHG�ZLWK�WKH�ILUVW�WLPH�'.$�SDWLHQWV�
WKRVH�ZLWK�UHFXUUHQW�HSLVRGHV�ZHUH�\RXQJHU�����k���\HDUV�YV����k�����S �������KDG�W\SH���GLDEHWHV�������YV������S ��������GXUDWLRQ�RI�GLDEHWHV
OHVV�WKDQ���\HDUV�������YV�������S ��������KDG�PRUH�K\SHUYHQWLODWLRQ��3DFR� ����k���PP�KJ�YV����k����S �������DQG�D�VKRUW�GHOD\�RI�YLVLW�WR�('
����k���KRXUV�YV����k������S �������

&RQFOXVLRQ�

��7KH�\RXQJHU�DJH���D�VKRUW�GHOD\�RI�YLVLW�('���D�ORZ�3DFR��DQG�GXUDWLRQ�RI�W\SH���'LDEHWHV�OHVV�WKDQ���\HDUV��ZHUH�DVVRFLDWHG�ZLWK�UHFXUUHQW�'.$��
7KH�UHFRJQLWLRQ��RI�VXFK�IDFWRUV�DQG�WKH�LQVWLWXWLRQ�RI�VSHFLILF�SURJUDPV�PLJKW�UHGXFH�'.$�UHFXUUHQFH��



35(�+263,7$/���(06���287�2)�+263,7$/ )ODYLD�)HUQDQGHV

��������0DQDJLQJ�HPHUJHQF\�DPEXODQFH�FDOOV�LQ�6iR�3DXOR��%UD]LO

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)ODYLD�)HUQDQGHV������2VZDOGR�7DQDND������-DQHWWH�7XUQHU����

�����8QLYHUVLGDGH�GH�6�R�3DXOR��6�R�3DXOR��%5$=,/
�����8QLYHUVLW\�RI�6KHIILHOG��6KHIILHOG��8.

.H\ZRUGV��HPHUJHQF\�PHGLFDO�VHUYLFHV��WULDJH��SUH�KRVSLWDO�FDUH

$EVWUDFW��

%DFNJURXQG��,Q�6�R�3DXOR�ODFN�RI�UHVRXUFHV�DQG�KLJK�GHPDQG�PHDQV�LW�LV�QRW�SRVVLEOH�WR�GLVSDWFK�DQ�DPEXODQFH�IRU�DOO�HPHUJHQF\�FDOOV��&DOOV�DUH
WULDJHG�XVLQJ�$03'6�WKHQ�UH�WULDJHG�E\�SK\VLFLDQV�ZKR�FKRRVH�ZKLFK�FDVHV�DUH�SULRULWL]HG��7KLV�VWXG\�DLPHG�WR�LGHQWLI\�ZKLFK�FULWHULD�RWKHU�WKDQ
$03'6�FRGHV�LQIOXHQFH�SK\VLFLDQ�GHFLVLRQ�RQ�DPEXODQFH�GLVSDWFK�

0HWKRGV���:H�XVHG�RQH�PRQWK�FDOO�GDWD�IRU�2FWREHU��������)RU�HDFK�HPHUJHQF\�LQFLGHQW�DVVLJQHG�DQ�$03'6�UHVSRQVH�ZH�FDOFXODWHG�WKH�QXPEHU�RI
LQFLGHQWV�LQ�HDFK�RI�WKH����FKLHI�FRPSODLQWV�DOORFDWHG�WR�HDFK�UHVSRQVH�OHYHO��'HOWD�WKURXJK�$OSKD��DQG�VHOHFWHG�WKRVH�ZLWK�IUHTXHQFLHV�Õ������)RU
WKLV�VXEJURXS�WKH�SURSRUWLRQ�RI�FDOOV�DOORFDWHG�D�UHVSRQVH�LQ�OHVV�WKDQ����PLQXWHV�ZDV�FDOFXODWHG�DQG��FKLHI�FRPSODLQW�W\SH�FRPSDUHG�IRU�HDFK�OHYHO�
�

5HVXOWV��2XW�RI���������WHOHSKRQH�FDOOV�����������������ZHUH�HOLJLEOH�IRU�DPEXODQFH�VHUYLFH�DVVHVVPHQW��2I�WKHVH����������������ZHUH�DOORFDWHG
DQ�DPEXODQFH�����������������ZLWKLQ����PLQXWHV������������������KDG�QR�DPEXODQFH�GLVSDWFKHG��&KLHI�FRPSODLQWV�ZLWK�WKH�KLJKHVW�SURSRUWLRQ�RI
FDOOV�DOORFDWHG�ZLWKLQ����PLQXWHV�ZHUH�7KLUG�SDUW\�UHTXHVW�IRU�'HOWD�FDOOV��������S����������8QFRQVFLRXV�)DLQWLQJ��1HDU��IRU�&KDUOLH������
S ���������DQG�)DOOV�IRU�ERWK�%UDYR�DQG�$OSKD�������DQG������ERWK�S��������

�&RQFOXVLRQ��$OORFDWLRQ�ZLWKLQ����PLQXWHV�ZDV�XVHG�WR�LQIHU�SULRULWL]DWLRQ��,Q�DGGLWLRQ�WR�WKH�$03'6�WKH�SK\VLFLDQV�SULRULWL]HG�SDWLHQWV�ZKR�ZHUH
XQFRQVFLRXV�RU�IHOO��&DOOV�IURP�RWKHU�VHUYLFHV��H�J�SROLFH��ILUH��KHDOWK�SURIHVVLRQDOV��DUH�FRGHG�DV�'HOWD�DQG�DUH�SULRULWL]HG�RYHU�RWKHU�FKLHI�FRPSODLQWV�

�
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��������0LQG�WKH�6\QFRSH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*HUPDQ�MRVH�)HUPLQ�*DPHUR������&ODXGLQD�5HYRO������&DUPHQ�5RGULJXH]�RFHMR������3HGUR�5XOO�%HUWUDQ������6DQGUD�*XLX�0DUWL������%HUQDUGLQR�&RPDV
GLD]������$OHMDQGUR�$GURYHU������-XOLR�2OVHQ����

���(PHUJHQF\�GHSDUWPHQW���+RVSLWDO�XQLYHUVLWDULR�6RQ�(VSDVHV���SDOPD�GH�PDOORUFD���63$,1

.H\ZRUGV��V\QFRSH��$FXWH�3HULFDUGLWLV���SHULFDUGLDO�HIIXVLRQ

$EVWUDFW��

���\HDU�ROG�ZRPDQ�ZLWK�D�KLVWRU\�RI�K\SHUWHQVLRQ��&23'���QR�NQRZQ�GUXJ�DOOHUJLHV�GLDJQRVHG�LQ�WKH�HPHUJHQF\�URRP����GD\V�EHIRUH�SHULFDUGLWLV
DFXWH�GD\V��ER[�FKHVW�SDLQ�FHQWHU�UHWURHVWHUQDO�DW�UHVW�SURJUHVVLYH�HVWDEOLVKPHQW��UDGLDWLQJ�WR�WKH�QHFN�DQG�GURS�35�(&*��'LVFKDUJHG�LQ�WUHDWPHQW
RI�16$,'V�DQG�FROFKLFLQH���JR�EDFN�WR�WKH�HPHUJHQF\�URRP�HSLVRGH�RI�G\VSQHD�ZRNH�KLP�DW�QLJKW��DQG�ZKHQ�JRLQJ�WR�WKH�EDWKURRP�SUHVHQWV
WUDQVIL[LQJ�FKHVW�SDLQ�DQG�V\QFRSH��,Q�WKH�ODVW����KRXUV�LW�KDV�SUHVHQWHG�DQRWKHU�HSLVRGH�RI�VLPLODU�FKDUDFWHULVWLFV�

2Q�DUULYDO�DW�WKH�HPHUJHQF\�URRP�WKH�SDWLHQW�KDV�G\VSQHD�DW�UHVW�ZLWK�LQDELOLW\�WR�VSHDN��VLQXV�WDFK\FDUGLD�WR����[�
��VZHDW\�DQG�JHQHUDO
QHUYRXVQHVV��3UHVHQWV�KHDUW�UDWH��+5������ESP��7$�ZLWKLQ�QRUPDO�OLPLWV��HXSQHLF�ZLWK�6DW2������DQG����7g�

$�SK\VLFDO�H[DPLQDWLRQ�LV�SDOH�DQG�VZHDW\��ZLWK�WDFK\FDUGLD�FDUGLDF�DXVFXOWDWLRQ��QR�PXUPXUV�RU�SHULFDUGLDO�UXE��SDUDGR[LFDO�UDGLDO�SXOVH�DQG�OLJKW
HGHPDV�LQ�ORZHU�OLPEV��1R�MXJXODU�YHQRXV�GLVWHQVLRQ��$XVFXOWDWLRQ�QRUPDO�UHVSLUDWRU\�DQG�DEGRPLQDO�H[SORUDWLRQ�

,Q�DGGLWLRQDO�WHVWV�WR����ESP�VLQXV�UK\WKP�ZLWK�QDUURZ�35�DQG�GHFUHDVHG�YROWDJHV��DRUWLF�HORQJDWLRQ�RI�WKH�DRUWLF�EXWWRQ�SURPLQHQFH�LQ�&;5�LV
REMHFWLYH��LQ�DQDO\WLFDO�OHXNRF\WRVLV�DUH���������������QHXWURSKLOV��DQG�'�'LPHU�������ZLWK�WURSRQLQ�DQG�QRUPDO�KHPRJORELQ��DUWHULDO�EORRG�JDV
DQDO\VLV�LQ�S�����PP+J��S&2�����PP+J�DQG�S+�����

&7�DQJLRJUDSK\�ZDV�UHTXHVWHG�E\�VXVSHFWHG�SXOPRQDU\�WURPERHPEROLVWR��ZKLFK�LV�UHSRUWHG�DV�'LODWLRQ�RI�WKH�SXOPRQDU\�DUWHU\��SHULFDUGLDO�HIIXVLRQ
6HYHUR�VWXG\�LW�VHHPV�UHVWULFWHG�YHQRXV�UHWXUQ��0RGHUDWH�0LOG�KHSDWRPHJDO\�DQG�SOHXUDO�HIIXVLRQ�

�

LQWHUFRQVXOWDWLRQ�LV�GRQH�SHUIRUPLQJ�FDUGLRORJ\�HFKRFDUGLRJUDSK\�PRGHUDWH�SHULFDUGLDO�HIIXVLRQ�ZLWKRXW�FDUGLDF�WDPSRQDGH�GDWD�VR�WKDW�JXLGH
FOLQLFDO�FDVH�DV�WRUSLG�SHULFDUGLWLV�ZLWK�SHULFDUGLDO�HIIXVLRQ�

,W�LV�HQWHUHG�E\�SXWWLQJ�LQ�SODFH�LQWHUQDO�PHGLFLQH�WUHDWPHQW�ZLWK�LEXSURIHQ��FROFKLFLQH�DQG�GR[\F\FOLQH��$IWHU�VORZ�FOLQLFDO�LPSURYHPHQW�LV
GLVFKDUJHG�ZLWK�RXWSDWLHQW�FRQWURO�E\�FDUGLRORJ\�

$FXWH�3HULFDUGLWLV�UHSUHVHQWV�������RI�DOO�KRVSLWDO�UHYHQXH�DQG����RI�UHYHQXHV�IURP�WKH�HPHUJHQF\�URRP�ZLWK�FKHVW�SDLQ�HWLRORJ\�RI�LGLRSDWKLF
�����������������DQG�������QHRSODVWLF�WXEHUFXORVLV��WKH�SHUFHQWDJH�RI�FRPSOLFDWLRQV�DJHV�EHWZHHQ�������\HDUV�LV���������:H�FRQGXFWHG�D
OLWHUDWXUH�VHDUFK�UHJDUGLQJ�WKH�LQFUHDVH�LQ�'�GLPHU�SHULFDUGLWLV�DQG�IRXQG�QR�FRQFOXVLYH�VWXGLHV�RQ�WKH�VXEMHFW��
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��������/DFWLF�DFLGRVLV�FDXVHG�E\�0HWIRUPLQ
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$XWKRUV�

/83(�'(/�52&,2�&2521(/�&+80%,������-8$1�$1721,2�+,'$/*2�5$026������$VKLG�.RGXPD\LO������021,&$�$681&,21�$/(,;26�=85,$*$������0$5,$
)(51$1'$�)$/&21�5(,%$1������3$8/�(63,12=$�02648(5$������-8$1�25/$1'2�/23(=�2-('$������0(8/5<�&$3(/,1,����

���$&&,'(17�$1'�(0(5*(1&<�6(59,&(��9,5*(1�'(/�&$67,//2�+263,7$/��085&,$��63$,1
���$&&,'(17�$1'�(0(5*(1&<�6(59,&(��9,5*(1�'(/�&$67,//2�+263,7$/��9$/(1&,$��63$,1
���$&&,'(17�$1'�(0(5*(1&<�6(59,&(��+$0$'�0(',&$/�&25325$7,21��'2+$��4$7$5
���,17(51�0(',&,1(��9,5*(1�'(/�&$67,//2�+263,7$/��9$/(1&,$��63$,1
���$&&,'(17�$1'�(0(5*(1&<�6(59,&(��&OLQLFR�8QLYHUVLWDULR�+RVSLWDO��=$5$*2=$��63$,1
���$&&,'(17�$1'�(0(5*(1&<�6(59,&(��9,5*(1�'(/�&$67,//2�+263,7$/��=$5$*2=$��63$,1
���31(802/2*<��9,5*(1�'(/�$55,;$&$�+263,7$/��085&,$��63$,1
���$&&,'(17�$1'�(0(5*(1&<��9,5*(1�'(/�$55,;$&$�+263,7$/��085&,$��63$,1

.H\ZRUGV��0HWIRUPLQ��/DFWLF�DFLGRVLV��.LGQH\�IDLOXUH

$EVWUDFW��

,QWURGXFWLRQ��7KLV�FDVH�UHSRUW�LQFOXGH�D�EULHI�UHYLHZ�RI�WKH�OLWHUDWXUH�DERXW�WKH�ODFWLF�DFLGRVLV��DQG�VSHFLILFDOO\�WKH�ODFWLF�DFLGRVLV�FDXVHG�E\
0HWIRUPLQ��&DVH�UHSRUW��:H�GHVFULEH�D����\HDU�ROG�SDWLHQW��ZLWK�W\SH���GLDEHWHV�ZKR�ZDV�IRXQG�XQFRQVFLRXVQHVV�E\�KLV�QHLJKERXU��+H�ZDV
WDFK\SQRHLF��+H�DOVR�KDG�K\SHUWHQVLRQ��DWULDO�ILEULOODWLRQ�DQG�&KURQLF�NLGQH\�GLVHDVH��+LV�PHGLFDWLRQV�ZHUH�9LOGDJOLSWLQ��0HWIRUPLQ���������PJ
HYHU\����KRXUV�DQG�,QVXOLQ�+XPXOLQD�13+�.ZLN3HQ����8QLWV�2QFH�GDLO\��$FHQRFRXPDURO���PJ�2QFH�GDLO\��%DUQLGLSLQH����PJ�2QFH�GDLO\V��&DUYHGLORO
�����PJ�2QFH�GDLO\�DQG��9DOVDUW�Q�+\GURFKORURWKLD]LGH���������PJ�2QFH�GDLO\���5HODWLYHV�RI�WKH�SDWLHQW�UHSRUWHG�WKDW�KH�KDV�EHHQ�XQZHOO�IRU���GD\V
SULRU�WR�WKH�HYHQW��+H�ZDV�K\SRUH[LD�DQG�UHSHDWHG�K\SRJO\FHPLDV��2Q�DUULYDO�WKH�SDWLHQW�ZDV�WDFK\SQHLF��SDOH�DQG�FODPP\��DQG�ZDV�XQUHVSRQVLYH�
+H�ZDV�ROLJXULF��7HVWV�RQ�DGPLVVLRQ�VKRZHG�XUHD�����PJ�GO��FUHDWLQLQH������PJ�GO��S+��������ELFDUERQDWH�����PPRO�O��DQG�ODFWDWH����PJ�GO�
/HXNRF\WHV��������$�FRPSXWHG�WRPRJUDSK\�RI�EUDLQ�ZDV�GRQH�DQG�LW�ZDV�QRUPDO��7KH�SDWLHQW�ZDV�PDQDJHG�ZLWK�DJJUHVVLYH�IOXLG�WKHUDS\�DQG
LQRWURSLF�VXSSRUW�DQG�ZDV�DGPLWWHG�,QWHQVLYH�&DUH�8QLW��0HWDEROLF�DFLGRVLV�DUH�FDXVHG�E\�YDULRXV�GLVWXUEDQFHV�RI�DFLG�EDVH�EDODQFH��7KH�FDXVHV
PD\�EH�GXH�WR�ORVV�RI�ELFDUERQDWH��DOWHUDWLRQV�LQ�UHQDO�H[FUHWLRQ�RI�DFLGV��WKH�H[RJHQRXV�FRQWULEXWLRQ�DFLG�K\GURJHQ�RU�DQ�LQFUHDVH�LQ�HQGRJHQRXV
DFLG�SURGXFWLRQ���/DFWLF�DFLGRVLV�GHVHUYHV�VSHFLDO�DWWHQWLRQ�EHFDXVH�RI�WKHLU�IUHTXHQF\��PRUELGLW\�DQG�SRWHQWLDO�PRUWDOLW\��/DFWLF�DFLGRVLV��XVXDOO\�WKH
UHVXOW�RI�WKH�DFFXPXODWLRQ�RI�WKH�LVRPHU�/�ODFWDWH��FDQ�EH�FRQJHQLWDO�RU�DFTXLUHG��$FTXLUHG�ODFWLF�DFLGRVLV�PD\�EH�VHFRQGDU\�WR�WLVVXH�K\SR[LD��W\SH
$��RU�LPSDLUPHQW�RI�OLYHU�DQG�RU�NLGQH\��VHL]XUHV�RU�H[SRVXUH�WR�WR[LQV��W\SH�%���$�FRPPRQ�DGYHUVH�HIIHFW�DFXWH�RU�FKURQLF�ELJXDQLGH��0HWIRUPLQ�
XVH�LQ�WUHDWLQJ�GLDEHWHV�LV�ODFWLF�DFLGRVLV��7KH�LQFLGHQFH�RI�ODFWLF�DFLGRVLV�LV�����FDVHV�SHU���������SDWLHQWV�\HDUV��$�SK\VLFLDQ�KDYH�WR�SD\�DWWHQWLRQ
LI�D�SDWLHQW�RQ�0HWIRUPLQ�SUHVHQWV�ZLWK�PHWDEROLF�DFLGRVLV��7KH�FRPPRQ�WULJJHUV�LQ�VXFK�SDWLHQWV�DUH�GHK\GUDWLRQ��DGPLQLVWUDWLRQ�RI�LRGLQDWHG
FRQWUDVW��VXUJHU\��WUHDWPHQW�ZLWK�16$,'V�DQG�VWDUWLQJ�QHZ�PHGLFDWLRQV�OLNH�Z�GLXUHWLFV�RU�DQWLK\SHUWHQVLYHV��DFXWH�LQIHFWLRQ�RU�KHSDWLF�LQVXIILFLHQF\
0HWIRUPLQ�LV�HOLPLQDWHG�UDSLGO\�DQG�DFWLYHO\�E\�WKH�NLGQH\�DQG�DQ\�GHFUHDVH�LQ�UHQDO�SHUIXVLRQ�DFFXPXODWHV�WKH�GUXJ�LQ�WKH�ERG\�DQG�FDXVH�ODFWLF
DFLGRVLV��5HIHUHQFHV�����%RXFDXG�0DLWUH�'�HW�DO��/DFWLF�DFLGRVLV��UHODWLRQVKLS�EHWZHHQ�PHWIRUPLQ�OHYHOV��ODFWDWH�FRQFHQWUDWLRQ�DQG�PRUWDOLW\��'LDEHWLF
0HGLFLQD�������������'2,����������GPH����������'RHQ\DV�%DUDN�HW�DO��/DFWLF�DFLGRVLV�DQG�VHYHUH�VHSWLF�VKRFN�LQ�PHWIRUPLQ�XVHUV��D�FRKRUW�VWXG\�
&ULW�&DUH�������-DQ��������������GRL�����������V������������������30,'��������������3HWHUVHQ�&��'�ODFWLF�DFLGRVLV��1XWU�&OLQ�3UDFW������������������
���+HUUHUR�HW�DO��$OWHUDFLRQHV�GHO�PHWDEROLVPR��FLGR�EDVH��DFLGRVLV��0HGLFLQH�������������������������6DOSHWHU�6��*UH\EHU�(��3DVWHUQDN�*��6DOSHWHU�(�
5LVN�RI�IDWDO�DQG�QRQIDWDO�ODFWLF�DFLGRVLV�ZLWK�PHWIRUPLQ�XVH�LQ�W\SH���GLDEHWHV�PHOOLWXV��&RFKUDQH�'DWDEDVH�6\VW�5HY������
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��������$SSDUHQW�LQVHFW�ELWH�WKDW�HQGV�LQ�ILQJHU�DPSXWDWLRQ�
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$XWKRUV�
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.H\ZRUGV��&HOOXOLWLV��1HFURWLVLQJ�FHOOXOLWLV

$EVWUDFW��

,QWURGXFWLRQ��$�SDWLHQW�SUHVHQWHG�ZLWK�D�VXVSHFWHG�LQVHFW�ELWH�HQGV�XS�KDYLQJ�KLV�ILQJHU�DPSXWDWHG��7KLV�FDVH�UHSRUW�LQFOXGH�D�EULHI�UHYLHZ�RI�WKH
OLWHUDWXUH�DERXW�QHFURWLVLQJ�VRIW�WLVVXH�LQIHFWLRQV��&DVH�UHSRUW��$����\HDUV�ROG�PDOH��SUHVHQWHG�WR�WKH�(PHUJHQF\�GHSDUWPHQW�ZLWK�PLOG�LWFKLQJ�DQG
SDLQ�RQ�KLV�OHIW�LQGH[�ILQJHU�+H�LQLWLDOO\�GHQLHG�DQ\�WUDXPD�EXW�REVHUYHG�D�HU\WKHPDWRXV�SDWFK�RQ�WKH�GRUVDO�DVSHFW�RI�WKH�ILQJHU��7ZR�KRXUV�DIWHU
WKH�('�FRQVXOWDWLRQ�UH�UHSUHVHQWHG�KRXUV�DIWHU�SDWLHQW�FRQVXOWHG�E\�LQFUHDVLQJ�RI�SDLQ�DQG�UHTXLUHG�RSLDWHV�WR�UHOLHYH�WKH�SDLQ�8SRQ�DUULYDO�VKH
VKRZHG�PLOG�HU\WKHPD�DQG�2HGHPD�RQO\�LQ�WKH�ILQJHU��/DEV�VKRZHG�OHXFRF\WHV�DW���������+H�ZDV�WUHDWHG�DV�D�FHOOXOLWLV�E\�SRVVLEOH�LQVHFW�ELWH�DQG
HPSLULFDO�DQWLELRWLF�WKHUDS\�ZDV�LQLWLDWHG��)HZ�KRXUV�ODWHU�KH�SUHVHQWHG�ZLWK�O\PSKDQJLWLV�LQ�WKH�DUP�DQG�VLJQV�RI�QHFURVLV�LQ�WKH�ILQJHU��$�YHQRXV
'RSSOHU�XOWUDVRXQG�RI�OHIW�XSSHU�OLPE�GRQH�DQG�ZDV�QRUPDO��+H�XQGHUZHQW�VXUJLFDO�GHEULGHPHQW�EXW�GHYHORSHG�QHFURVLV�DQG�ODWHU�HQGHG�XS�KDYLQJ
DPSXWDWLRQ�RI�WKH�ILQJHU��%ORRG�FXOWXUH�VKRZHG�6WUHSWRFFRFXV�S\RJHQHV��7ZR�ZHHNV�ODWHU�SDWLHQW�UHSRUW�KH�UHPHPEHUV�LQMXU\�WKH�ILQJHU�ZLWK�D�URVH
WKRUQ�WKH�GD\�EHIRUH�LQLWLDO�SUHVHQWDWLRQ��1HFURWLVLQJ�FHOOXOLWLV�SUHVHQWV�ZLWK�SDLQ�DQG�VZHOOLQJ��WKH�RQVHW�LV�JUDGXDO��EXW�WKH�SURFHVV�PD\�VSUHDG
UDSLGO\�ZLWK�V\VWHPLF�WR[LFLW\��(DUO\�VXUJLFDO�H[SORUDWLRQ�DQG�GHEULGHPHQW�DUH�UHTXLUHG�WR�SUHYHQW�VSUHDG�RI�LQIHFWLRQ�LQ�WKH�GLIIHUHQW�SODQHV�RI
WLVVXHV�5HIHUHQFHV�����'HPDLQ�-*��3DSXODU�XUWLFDULD�DQG�WKLQJV�WKDW�ELWH�LQ�WKH�QLJKW��&XUU�$OOHUJ\�$VWKPD�5HS�����������������6LOMDQGHU�7��.DUSSHOLQ
0��9�K�NXRSXV�6��HW�DO��$FXWH�EDFWHULDO��QRQQHFURWL]LQJ�FHOOXOLWLV�LQ�)LQODQG��PLFURELRORJLFDO�ILQGLQJV��&OLQ�,QIHFW�'LV������������������/HSSDUG�%-��6HDO
'9��&ROPDQ�*��+DOODV�*��7KH�YDOXH�RI�EDFWHULRORJ\�DQG�VHURORJ\�LQ�WKH�GLDJQRVLV�RI�FHOOXOLWLV�DQG�HU\VLSHODV��%U�-�'HUPDWRO�������������������:RR�3&�
/XP�31��:RQJ�66��HW�DO��&HOOXOLWLV�FRPSOLFDWLQJ�O\PSKRHGHPD��(XU�-�&OLQ�0LFURELRO�,QIHFW�'LV��������������
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,QWURGXFWLRQ��$�SDWLHQW�SUHVHQWHG�ZLWK�ULJKW�VLGHG�FROLFN\�SDLQ�LQ�WKH�IODQN�7KLV�FDVH�UHSRUW�LQFOXGH�D�EULHI�UHYLHZ�RI�WKH�OLWHUDWXUH�DERXW
DSSHQGLFROLWK�

&DVH�UHSRUW�

3DWLHQW�IHPDOH�����\HDUV�ROG��FDQH�ZLWK����KRXUV�RI�FROLFN\�SDLQ�LQ�WKH�ULJKW�LOLDF�IRVVD�DQG�ULJKW�ORZHU�OXPEDU�UHJLRQ��7KH�SDLQ�ZDV�ZRUVH�RQ�ZDONLQJ�
6KH�ZDV�DS\UH[LDO�QRW�7KHUH�ZDV�DVVRFLDWHG�YRPLWLQJ�

,QLWLDO�WHVW�VKRZ�/HXFRF\WH�FRXQW�RI��������8ULQH�KDV�NHWRQHV������DQG�EORRG������7KRXJK�UHQDO�FROLF�ZDV�WKH�SULPDU\�GLIIHUHQWLDO�GLDJQRVLV��LQ
WKH�IDFH�RI�ILQGLQJV�RQ�SK\VLFDO�H[DPLQDWLRQ�EHLQJ�VXJJHVWLYH�RI�DSSHQGLFLWLV�D�VLPSOH�DEGRPLQDO�UDGLRJUDSK\�ZDV�SHUIRUPHG�DQG�LW�WZR
DSSHQGLFROLWKV��

6XUJHRQ�UHSRUWV�WKH�GLVFRYHU\�RI�WZR�DSSHQGLFROLWKV�!���FP�LQ�GLDPHWHU��ZKLFK�ZHUH�FDXVLQJ�SUHVVXUH�RQ�WKH�ULJKW�XUHWHU��7KLV�ZDV�SRVVLEO\�FDXVLQJ
EORRG�LQ�XULQH�

5HIHUHQFHV�

���3XHEOD�0DHVWX�HW�DO��0LFURKHPDWXULD�VHFXQGDULD�D�PXFRFHOH�\�FLVWRDGHQRPD�DSHQGLFXODU��*DVWURHQWHURO�+HSDWRO������������������

���$UDQGD�1DUY�H]�HW�DO��(PSOHR��HILFDFLD�\�UHSHUFXVL�Q�FO�QLFD�GHO�DSR\R�UDGLRO�JLFR�DO�GLDJQ�VWLFR�GH�OD�DSHQGLFLWLV�DJXGD��&,5�(63����������������Ä
���

���+HUQLJRXD�%��&RQGDWE��$��*LDRXLE��$��&KDUOLHU��5HVROXWLRQ�RI�DSSHQGLFHDO�FROLF�IROORZLQJ�PLJUDWLRQ�RI�DQ�DSSHQGLFROLWK��-RXUQDO�RI�9LVFHUDO�6XUJHU\
���������������Å����
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��������,QFUHVHG�DSSURSULDWHQHVV�LQ�ODERUDWRU\�UHTXHVWV�LQ�WKH�('�WKURXJK�UHYLVLRQ�RI�VRIWZDUH�DXWRPDWHG�URXWLQH�OLVWV��RXU
H[SHULHQFH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ
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.H\ZRUGV��DSSURSULDWHQHVV��ODERUDWRU\�WHVWV��FRVW�EHQHILW

$EVWUDFW��

%DFNJURXQG

$SSURSULDWHQHVV�LQ�ODERUDWRU\�UHTXHVWV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��('��FDQ�OHDG�WR�FRVWV�UHGXFWLRQ�DQG�EHWWHU�XVH�RI�WKH�HFRQRPLF�UHVRXUFHV��,Q
RXU�('��D�OHYHO�,�LQ�QRUWKHUQ�,WDO\�ZLWK�DERXW��������YLVLWV�\HDU��WKH�ODERUDWRU\�UHTXHVWV�FDQ�EH�GRQH�WKURXJK�IL[HG�URXWLQHV�RU�E\�FKRRVLQJ�H[DPV
RQH�E\�RQH��)L[HG�URXWLQHV�DUH�HDVLHU�DQG�IDVWHU�WR�UHTXHVW�EXW�VWLOO�DOORZ�SK\VLFLDQV�WR�DGG�VLQJOH�H[DPV��QRW�LQFOXGHG�LQ�WKH�URXWLQHV�

0HWKRGV

,Q�1RYHPEHU������ZH�PRGLILHG�WKH�IL[HG�URXWLQHV��UHPRYLQJ�VRPH�H[DPV�DQG�DGGLQJ�RWKHUV�DIWHU�DQ�LQWHUQDO�LQIRUPDO�GLVFXVVLRQ�DPRQJ�VHQLRU
HPHUJHQF\�SK\VLFLDQV��:H�DOVR�UHYLHZHG�WKH��URXWLQHV��7DEOH���

7DEOH���)XOO�GHVFULSWLRQ�RI�WKH�QHZ�ODERUDWRU\�URXWLQHV�DGRSWHG�LQ�RXU�('

0LQL�URXWLQH���%ORRG�FRXQW�DQG�IRUPXOD��FUHDWLQLQH��VRGLXP��SRWDVVLXP��JO\FDHPLD��$ODQLQH�$PLQRWUDQVIHUDVH��$/7�

0HGLFDO�JHQHUDO��0LQL�URXWLQH���FDOFLXP��SURWKURPELQ�WLPH��37���ODFWLF�GHK\GURJHQDVH��/'+���ILEULQRJHQ

$EGRPLQDO�URXWLQH��0HGLFDO�JHQHUDO���OLSDVH���D377

3UH�VXUJHU\�Ä�WUDXPD�Ä�EOHHGLQJ��0LQL�URXWLQH���37��DFWLYDWHG�SDUWLDO�SURWKURPELQ�WLPH��D377���ILEULQRJHQ

6HSWLF�SDWLHQW��3UH�VXUJHU\���&�UHDFWLYH�SURWHLQ��&53���XULQH�DQDO\VLV

&DUGLRORJLF��0LQL�URXWLQH���KLJK�VHQVLWLYLW\��+6��WURSRQLQ�,
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LQ�RXU�('�LQ�WKH�VDPH�SHULRG�

5HVXOWV
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&DOFLXP�����������������������������������������������������������������������������������������������������������������������������������������������Ï��������������������������Ï

%ORRG�&ROWXUH���������������������������������������������������������������������������������������������������������������������������������������Ï�����������������������Ï

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

7RWDO�UHTXHVWV����������������������������������������������������������������������������������������������������������������������������������������������������������|

�

2XU�GDWD�VXJJHVW�WKDW�DQ�HQKDQFHG�DSSURSULDWHQHVV�LQ�ODERUDWRU\�UHTXHVWV�LQ�WKH�('�OHDG�WR�JHQHUDO�FRVW�UHGXFWLRQ�DQG�DOORZ��WR�EHWWHU�XWLOL]DWLRQ�RI
WKH�HFRQRPLF�UHVRXUFHV��7KH�LQFUHDVHG�UHTXHVW�RI�EORRG�FXOWXUHV�LV�DQ�H[DPSOH�RI�EHWWHU�GLVWULEXWLRQ�RI�UHVRXUFHV��



35(�+263,7$/���(06���287�2)�+263,7$/ 5DGPLOD�0DMKHQ�8MHYLF

��������+RZ�WR�$VVHVV�&KHVW�&RPSUHVVLRQ�4XDOLW\�,Q�(PHUJHQF\�0HGLFLQH�7HDP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

5DGPLOD�0DMKHQ�8MHYLF������=RUDQ�9LGRYLF������/HR�/XHWLF����

���SUHKRVSLWDO��,QVWLWXWH�IRU�HPHUJHQF\�PHGLFLQH�VSOLW�GDOPDWLDQ�FRXQW\��6SOLW��&52$7,$
���SUHKRVSLWDO��,QVWLWXWH�IRU�(PHUJHQF\�PHGLFLQH�6SOLW�'DOPDWLDQ�&RXQW\��6SOLW��&52$7,$

.H\ZRUGV��DVVHVV��FRPSUHVVLRQ�VFRUH��WHDP

$EVWUDFW��

+2:�72�$66(66�&+(67�&2035(66,21�48$/,7<�,1�(0(5*(1&<�0(',&,1(��7($0

�

,1752'8&7,21��(PHUJHQF\�PHGLFDO�VHUYLFH�LQ�&URDWLD�LV�WZR�WLHU�V\VWHP�Ä�LQ�6SOLW�LW�FRQVLVWV�RI�WKUHH�7HDP�����7����SK\VLFLDQ��HPHUJHQF\�PHGLFLQH
WHFKQLFLDQ��(07��GULYHU�ZLWK�QR�IRUPHU�PHGLFDO��HGXFDWLRQ��DQG�7HDP�����7����WZR�(07��LQ����KRXUV���WDNLQJ�FDUH�RI���������LQKDELWDQWV��$OO�WHDP
PHPEHUV�ZRUNLQJ��LQ�,QVWLWXWH�IRU�(PHUJHQF\�0HGLFLQH���6SOLW�'DOPDWLDQ�&RXQW\�KDYH�SDVVHG�VWUXFWXUHG�HGXFDWLRQ�LQ�EDVLF�VNLOOV�DQG�SURFHGXUHV
DFFRUGLQJ�WR�UHFHQW�JXLGHOLQHV�DQG�FRPSHWHQFLHV��:H�WULHG�WR�PDNH�DQ�REMHFWLYH�DVVHVVPHQW�RI�WKHLU�FKHVW�FRPSUHVVLRQ�VNLOOV�DIWHU�PRUH�WKDQ�RQH
\HDU�RI�DQ\�WUDLQLQJ�

0(7+2'6��:H�PDGH�D�SURVSHFWLYH�LQYHVWLJDWLRQ�RI�FKHVW�FRPSUHVVLRQV�VNLOOV�DW�RXU�SK\VLFLDQV��(07�DQG�GULYHUV�ZRUNLQJ�GDLO\����KRXU�VKLIW�LQ�IRXU
FRQVHFXWLYH�GD\V�VR�WKDW�DOO�WHDPV�LQ�6SOLW�FRXOG�SDUWLFLSDWH��7KH\�ZHUH�DVNHG�WR�PDNH��FKHVW�FRPSUHVVLRQV�RQ�PDQLNLQ�5HVXVFL�$QQH�4&35�'�ZLWK�
VHQVRU��DQG�VRIWZDUH�WKDW�SURYLGHV�UHDO�WLPH�IHHGEDFN���5HVXVFL�$QQH�:LUHOHVV�6NLOOUHSRUWHU����)URP�GDWD�RI��UDWH��GHSWK�DQG�UHFRLO�LW�FDOFXODWHV�WRWDO
FSU�VFRUH��OLPLWHG�WR�FKHVW��FRPSUHVVLRQ�RQO\���PLQXWHV��GHSWK����FP��UDWH���������PLQ���1R�GHPRQVWUDWLRQ�ZDV�SURYLGHG�IRUPHUO\��7KHUH�ZHUH���
SK\VLFLDQV�����ZRPHQ����PHQ���GDLO\�VKLIW�LQ�7��DV�ZHOO�DV�GDLO\�VKLIW�LQ�0HGLFDO�'LVSDWFK�8QLW�EHFDXVH�WKH\�DUH�DOVR�7��PHPEHUV������HPHUJHQF\
PHGLFLQH�WHFKQLFLDQ���7���DQG����DQG����GULYHUV����SK\VLFLDQ�ZDV�H[FOXGHG�EHFDXVH�RI�DFWLYH�UKHXPDWRORJLF�LOOQHVV�DV�ZHOO�DV���GULYHU�ZKR�KDG
LQWHQVLYH�WUDLQLQJ�OHVV�WKDQ���PRQWKV�DJR�

5(68/76��$YHUDJH�&35�VFRUH�IRU�SK\VLFLDQV�ZDV����������6' ���������(07�KDG���������6' ������DQG�GULYHUV�KDG���������6' �������VFRUH�RI
VXFFHVVIXO�FKHVW�FRPSUHVVLRQV��7KH\�ZHUH�DOO�LQ�JURXS�ÊDGYDQFHG�&35�SURYLGHUÈ��3K\VLFLDQV�DFKLHYHG�LQ�����������6' ���������(07����������6' 
������DQG�GULYHUV�LQ���������6' ���������VXFFHVVIXO�FKHVW�UHFRLO��3K\VLFLDQV�DFKLHYHG����������6' ��������VDWLVI\LQJ�GHSWK���(07����������6'� 
������DQG�GULYHUV������������������$GHTXDWH�FRPSUHVVLRQ�UDWH��ZDV�DFKLHYHG�E\�SK\VLFLDQV�LQ����������6' ��������E\�(07���������6' �������
DQG�E\�GULYHUV�LQ����������6'� �������

&21&/86,21��7KH�SK\VLFLDQ�JURXS��KDG�PRVW�YDULDEOH�UHVXOWV�FRQFHUQLQJ�ERWK�WRWDO�FSU�FKHVW�FRPSUHVVLRQ�VFRUH�DQG�DOO�WKUHH�FRPSRQHQWV
SDUWLFLSDWLQJ�LQ�WRWDO�VFRUH���UHFRLO��GHSWK�DQG�UDWH��7KDW�LV�SUREDEO\�GXH�WR�VLJQLILFDQW�GLIIHUHQFH�LQ�ZRUNLQJ�H[SHULHQFH���IURP���WLOO�PRUH�WKDQ���
\HDUV��ZKLFK�PHDQV�OHVV�DQG�PRUH�RSSRUWXQLW\�LQ�SHUIRUPLQJ�&35��WDNLQJ�LQWR�DFFRXQW�SDUWLFLSDWLRQ�RI����ZRPHQ���RQO\�SK\VLFLDQV��'ULYHUV�KDG�WKH
EHVW��VFRUH��ERWK�WRWDO�DQG��LQ�DOO�WKUHH�FRPSRQHQWV��,W�LV�SUREDEO\�GXH�WR�WKH�IDFW��WKDW�WKH\�PRVW�IUHTXHQWO\��SHUIRUP�FKHVW�FRPSUHVVLRQV�GXULQJ
&35�WKDW�HQDEOHV�WKHP�WR�SUHVHUYH�WKH�VNLOO��6KRUW�WUDLQLQJ�DIWHU�����PRQWK��DV�UHFFRPPHQGHG�E\�JXLGHOLQHV��VKRXOG�EH�SHUIRUPHG�WR�VHH�LI�WKLV
VFRUH�ZRXOG�LPSURYH�DW�DOO�WHDP�PHPEHUV��QRW�RQO\�REVHUYLQJ�FKHVW�FRPSUHVVLRQ��EXW�YHQWLODWLRQ�DQG��FSU�FRPELQLQJ�ERWK�FRPSUHVVLRQ�DQG
YHQWLODWLRQ�VLQFH�PRVW�VWXGLHV�VKRZ�WKDW�&35�VNLOOV�GHFD\�ZLWKLQ�WKUHH�WR�VL[�PRQWKV�DIWHU�LQLWLDO�WUDLQLQJ�

�



&$6(�35(6(17$7,21 &\QWLD�$QDEHOOD�6HVDP�0jQGH]

��������6RPHWKLQJ�KDV�ELWWHQ�PH�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&\QWLD�$QDEHOOD�6HVDP�0�QGH]������0DUWKD�8UGD]�+HUQ�QGH]������0DULD�3LODU�3RYHGD�6HUUDQR������)HOLFLGDG�<D�H]�5RGULJXH]������&DUPHQ�7RUUD
&XL[DUW������(GXDUGR�5RPDQR�0DTXHGD������.DUHQ�&RQWUHUDV�'HOJDGR������9DQHVD�*LU�Q�(VWUDGD����

���)DPLO\�PHGLFLQH�DQG�HPHUJHQF\�PHGLFLQH�UHVLGHQW��+RVSLWDO�(UQHVW�/OXFK��&DODWD\XG��=DUDJR]D��63$,1
���)DPLO\�PHGLFLQH�DQG�HPHUJHQF\�PHGLFLQH�IHOORZ��+RVSLWDO�(UQHVW�/OXFK��&DODWD\XG��=DUDJR]D��63$,1
���)DPLO\�0HGLFLQH�DQG�(PHUJHQF\�PHGLFLQH�IHOORZ��+RVSLWDO�(UQHVW�/OXFK��&DODWD\XG��=DUDJR]D��63$,1
���)DPLO\�0HGLFLQH�DQG�(PHUJHQF\�PHGLFLQH�IHOORZ��&HQWUR�GH�6DOXG�1RUWH��&DODWD\XG��=DUDJR]D��63$,1
���)DPLO\�0HGLFLQH�DQG�(PHUJHQF\�0HGLFLQH�UHVLGHQW��+RVSLWDO�(UQHVW�/OXFK��&DODWD\XG��=DUDJR]D��63$,1
���)DPLO\�PHGLFLQH�DQG�HPHUJHQF\�PHGLFLQH�IHOORZ��&HQWUR�GH�6DOXG�GH�7DUD]RQD��=DUDJR]D��63$,1

.H\ZRUGV��7LFN�ELWH��WLFN�ERUQH��GHHS�YHLQ�WKURPERVLV��WKURPERHPEROLF�FRPSOLFDWLRQV��LQIHFWLRQ�GLVHDVH�

$EVWUDFW��

,1752'8&7,21�7LFN�ELWH�LV�D�SXEOLF�KHDOWK�FRQFHUQ�EHFDXVH�WLFNV�DUH�DPRQJ�QDWXUHÇV�HIILFLHQW�WUDQVPLWWHUV�RI�LQIHFWLRXV�EDFWHULD��ZLWK�D�YDULHW\�RI
FOLQLFDO�SUHVHQWDWLRQV�DQG�D�FRPSOLFDWHG�FOLQLFDO�FRXUVH�ZLWKRXW�WDNLQJ�HDUO\�DFWLRQV�,W�LV�LPSRUWDQW�WR�UHPRYH�D�WLFN�DV�VRRQ�DV�\RX�ILQG�LW�5HPRYLQJ
WKH�WLFN
V�ERG\�KHOSV�\RX�DYRLG�GLVHDVHV�WKH�WLFN�PD\�SDVV�RQ�GXULQJ�IHHGLQJ�3UHYHQWLRQ�LV�WKH�EHVW�PHDQV�RI�GHDOLQJ�ZLWK�WLFNV�DQG�WKH�GLVHDVHV
WKH\�FDQ�WUDQVPLW�WR�KXPDQV��

3(5621$/�+,6725<�1R�NQRZQ�DOOHUJLHV�+\SHUFKROHVWHURO�QR�WUHDWPHQW�6XUJLFDO�$QW��9DULFHV�LQ������

35(6(17�,//1(66����\HDUV�ROG�PDQ�ZKR�FRPHV�WR�WKH�HPHUJHQF\�URRP�IRU�SDLQ�LQ�LQQHU�VLGH�RI�ULJKW�FDOI��,QGLFDWHV�WKDW�D�PRQWK�DJR�KDG�EXJ
ELWH��WKDW�ZDV�WUHDWHG�ZLWK�DQWLELRWLFV�E\�WKHLU�SULPDU\�FDUH�SK\VLFLDQ��EXW�VLQFH�WKHQ�KH�KDV�SUHVHQWHG�DVWKHQLD�7RGD\�DJDLQ�SUHVHQWV�D�EXJ�ELWH�LQ
WKH�LQWHUQDO�EDVH�RI�WKH�ULJKW�WKLJK�+H�UHPRYHG�WKH�LQVHFW�DQG�JR�WR�WKH�HPHUJHQF\�URRP�SUHVHQWLQJ�OHJ�SDLQ��1R�IHYHU��QR�RWKHU�DVVRFLDWHG
V\PSWRPV�

(;3/25$&,21�*(1(5$/�+HPRG\QDPLFDOO\�VWDEOH��URDPV�LQ�DQWDOJLF�SRVLWLRQ�3UHVHQWV�LQGXUDWLRQ�RQ�WKH�PHGLDO�PDOOHROXV�DQG�LQGXUDWHG�ZD\�XS
WR�WKH�NQHH�$W�WKH�OHYHO�RI�WKH�EDVH�RI�WKH�WKLJK��REMHFWLILHV�ZRXQG�LQVHFW�ELWH��EHFDXVH�LW�LV�SRVVLEOH�WR�VHH�WUDFHV�RI�IHHW�LQWR�WKH�ZRXQG�$QDO\WLFDO
VWXGLHV��/HX�������1�����/�����0�����9(1286�'233/(5��'LODWHG�YHQRXV�SDWKZD\�LQ�WKH�WHUULWRU\�RI�WKH�VDSKHQRXV�YHLQ�ZLWK�HFKRJHQLF
RFFXSDWLRQ�DQG�ORVV�RI�IORZ�LQ�WKH�'RSSOHU�VXJJHVWLYH�RI�WKURPERVLV��WR�WKH�SUR[LPDO�VHJPHQW��%RUUH��%XUJGRUIHUL�,J*�QHJDWLYH�

�

&OLQLFDO�MXGJPHQW��GLIIHUHQWLDO�GLDJQRVLV��SUREOHP�LGHQWLILFDWLRQ�3DWLHQW�ZKR�LQLWLDOO\�SUHVHQWHG�SDLQ�LQ�WKH�ULJKW�ORZHU�H[WUHPLW\��OLQHDU
YHQRXV�SDWK�LQGXUDWLRQ��GLIIHUHQWLDO�GLDJQRVLV�DULVHV����SKOHELWLV����FHOOXOLWLV����O\PSKDQJLWLV��KDYLQJ�PDGH�DQ�H[KDXVWLYH�SK\VLFDO�H[DP�DQG�YDOXLQJ
KLV�SHUVRQDO�VRFLDO�FRQWH[W��LW�ZDV�GHWHUPLQHG�WKDW�WKH�SDWLHQW�KDV�D�WKURPERHPEROLF�FRPSOLFDWLRQ�VHFRQGDU\�WR�D�WLFN�ELWH�

�',$*126,6�'HHS�YHLQ�WKURPERVLV�DV�D�FRPSOLFDWLRQ�RI�WLFN�ELWH

7UHDWPHQW��DFWLRQ�SODQV�,QVHFW�GHEULV�UHPRYDO��DQWLELRWLF��HQR[DSDULQ�DQG�16$,'V��)ROORZHG�E\�6XUJHU\��'HUPDWRORJ\�DQG�)DPLO\�3K\VLFLDQ�WR
DVVHVV�SURJUHVV�DQG�FKHFN�WKH�FRUUHFW�LQWDNH�RI�PHGLFDWLRQ�

'LVFXVVLRQ�DQG�&RQFOXVLRQV�7KHUH�LV�D�IHZ�ELEOLRJUDSKLF�LQIRUPDWLRQ�DERXW�WKLV�QHZ�GLVHDVH���7KH�ILUVW�WLPH�GHVFULEH�ZDV�LQ�-XO\������D
���\HDU�ROG�PDQ�IURP�ZHVWHUQ�6ZHGHQ��7KLV�SDWLHQW�ZDV�WKH�ILUVW�KXPDQ�WR�EH�LQIHFWHG�ZLWK�&DQGLGDWXV�1HRHKUOLFKLD�PLNXUHQVLV��ZKLFK�ZDV�ILUVW
LVRODWHG�LQ�UDWV�IURP�0LNXUD�,VODQG��-DSDQ�LQ�������+RZHYHU��WKH�EDFWHULD�KDYH�QHYHU�EHIRUH�EHHQ�GHWHFWHG�LQ�6ZHGHQ��QRW�LQ�WLFNV��UDWV��RU�KXPDQV�
7KH�EDFWHULD�KDYH�LQIHFWHG�HOHYHQ�SDWLHQWV�WKXV�IDU��WKUHH�LQ�6ZHGHQ��DQG�WKH�UHVW�VFDWWHUHG�WKURXJKRXW�*HUPDQ\��6ZLW]HUODQG�DQG�WKH�&]HFK
5HSXEOLF��,WV�ZLGHVSUHDG�UDQJH�DFURVV�(XURSH�VXJJHVWV�WKDW�LW�FRXOG�EH�DQ�HPHUJLQJ�SDWKRJHQ�DQG�LW�LV�DVVRFLDWHG�ZLWK�WKURPERHPEROLF
FRPSOLFDWLRQV��7KH�LPSRUWDQFH�RI�SXEOLVKLQJ�WKLV�FDVH�LV�WR�VKRZ�WKLV�QHZ�GLVHDVH���<RX�FDQnW�ORRN�IRU��ZKLFK�LV�QRW�NQRZQ���EHFDXVH�RI�WKDW�LW�ZDV
QRW�SRVVLEOH�WR�LVRODWH�DQRWKHU�FDXVDO�DJHQW�VLQFH�RQO\�/\PH�VHURORJ\�ZDV�SHUIRUPHG��)RUWXQDWHO\�IRU�WKH�SDWLHQW��'R[\F\FOLQH�ZDV�SUHVFULEHG�
PHGLFDWLRQ�GHVFULEHG�DV�HIIHFWLYH�LQ�WKH�WUHDWPHQW�RI�WKLV�GLVHDVH��$�QHZ�GLVHDVH��D�QHZ�FKDOOHQJH�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

LPHQH�%RXNKDOID

��������$QDO\VLV�RI�WKH�SDLQ�DVVHVVPHQW�SUDFWLFH�E\�WKH�PHGLFDO�WHDP�RI�-HDQQH�GH�1DYDUUH�+RVSLWDO�&HQWHU

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

,PHQH�%RXNKDOID������ORXLV�2XHGUDRJR����

���HPHUJHQF\�GHSDUWPHQW��&+�-HDQQH�GH�1DYDUUH���FK�WHDX�WKLHUU\��)5$1&(
���JHULDWULF��&HQWUH�+RVSLWDOLHU�GH�&K�WHDX�7KLHUU\��&K�WHDX�7KLHUU\��)5$1&(

.H\ZRUGV��SDLQ��VFDOH��SUDFWLFH

$EVWUDFW��

7LWOH��$QDO\VLV�RI�WKH�SDLQ�DVVHVVPHQW�SUDFWLFH�E\�WKH�PHGLFDO�WHDP�RI�-HDQQH�GH�1DYDUUH�+RVSLWDO�&HQWHU

$XWKRUV��%RXNKDOID�,��2XHGUDRJR�/��.RG]LQ�0-��)LDQL�1

+RVSLWDO�&HQWHU�-HDQQH�GH�1DYDUUH��&K�WHDX�7KLHUU\��)UDQFH

%DFNJURXQG

7KH�SURSHU�PDQDJHPHQW�RI�SDWLHQWV
�SDLQ�UHTXLUHV�DQ�HIILFLHQW�DVVHVVPHQW��0DVWHULQJ�WKLV�SUDFWLFH�E\�WKH�PHGLFDO�WHDP��EDVHG�RQ�SURWRFROV�XVLQJ
YDOLGDWHG�DQG�DGDSWHG�UDWLQJ�VFDOHV��LV�WKH�RQO\�JXDUDQWHH�

3DUWLFLSDQWV�DQG�0HWKRGV

7R�DQDO\]H�WKH�SUDFWLFH�RI�SDLQ�DVVHVVPHQW�E\�WKH�PHGLFDO�VWDII�DW�WKH�-HDQQH�'H�1DYDUUH�+RVSLWDO�&HQWHU�RI�&KDWHDX�7KLHUU\��ZH�FRQGXFWHG�D
SURVSHFWLYH�DQG�D�FURVV�VHFWLRQDO�VWXG\�XVLQJ�D�VHOI�DGPLQLVWHUHG�TXHVWLRQQDLUH�WR�DOO�RI�WKH�VWDII�PHPEHUV�GXULQJ�WKH�PRQWK�RI�0DUFK�������7KH
UHVXOWV�ZHUH�DQDO\]HG�XVLQJ�0LFURVRIW�([FHO�VRIWZDUH�

5HVXOWV

:H�FROOHFWHG�����TXHVWLRQQDLUHV������QXUVHV������FDUH�DVVLVWDQWV������GRFWRUV�DQG����REVWHWULF�QXUVHV������ZHUH�DJHG�EHWZHHQ����DQG����\HDUV
DQG�����ZHUH�XQGHU����\HDUV�RI�H[SHULHQFH������WRRN�FRXUVHV�RQ�WKH�SDLQ�PDQDJHPHQW�DQG�RQO\�KDOI�ZDV�HQWLWOHG�WR�RQJRLQJ�WUDLQLQJ������VDLG
WKH\�NQRZ�DERXW�WKH�GLIIHUHQW�DQDOJHVLF�PHGLFLQHV�IRU�SDLQ�DQG�����UDQNHG�WKHP�DFFRUGLQJ�WR�206�OHYHOV�DQG�\HW�����KDYH�FRQIXVHG�WKH�DXWR�DQG
VWUDLJKW�DVVHVVPHQW�VFDOHV��'HVSLWH�WKH�SUHVHQFH�RI�D�SURWRFRO�LQ�HDFK�VHUYLFH������ZHUH�DZDUH�DQG�RQO\�����DSSOLHG�LW��7KH�9$6��YLVXDO�DQDORJ
VFDOH�IRU�SDLQ��ZDV�WKH�PRVW�XVHG�VFDOH�LQ�DGXOWV�DQG�FKLOGUHQ�DQG�$/*23/86�IRU�WKH�HOGHUO\������DVVHVVHG�WKH�SDLQ�LQ�OHVV�WKDQ�RQH�PLQXWH�DQG����
FRXOGQÇW�GR�DQ\WKLQJ�IRU�DJDLQVW�SDLQ�ZLWKRXW�SUHVFULSWLRQ������RI�SK\VLFLDQV�GR�HDUO\�SUHVFULSWLRQ�IRU�WKH�SDLQ�WUHDWPHQW������RI�VWDII�UHFRJQL]HG
WKH�GLIILFXOW\�RI�SDLQ�DVVHVVPHQW�HVSHFLDOO\�LQ�GHPHQWHG�DQG�QRQ�FRPPXQLFDWLYH�SDWLHQWV��,Q�WRWDO�����FRQVLGHU�WKH�SDLQ�DVVHVVPHQW��DV�JRRG�

&RQFOXVLRQ

$OWKRXJK�WKH�PDMRULW\�RI�WKH�VWDII�LQ�RXU�KRVSLWDO�DGKHUHV�WR�WKH�SDLQ�PDQDJHPHQW�SURWRFROV��VRPH�RI�WKHP�UHPDLQ�QRW�DZDUH�RI�WKLV�SUDFWLFH��,W�LV
HVVHQWLDO�WR�HQVXUH�FRQWLQXRXV�WUDLQLQJ�DQG�RUJDQL]LQJ�DZDUHQHVV�GD\V�WR�LPSURYH�WKH�FXUUHQW�VLWXDWLRQ�

�



72;,&2/2*< &DUOR�$OHVVDQGUR�/RFDWHOOL

��������%HQ]\OJO\FLQDPLGH�DEXVH��D�QHZ�SV\FKRDFWLYH�VXEVWDQFH�DQDO\WLFDOO\�FRQILUPHG�FDVH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&DUOR�$OHVVDQGUR�/RFDWHOOL������$QWRQHOOD�9DOOL������(OHRQRUD�%XVFDJOLD������3LHWUR�3DSD������/RUHWWD�5RFFKL������/DXUD�5RODQGL������0DUFHOOR�'L�7XFFLR
�����0DVVLPR�6HUUD������'DYLGH�/RQDWL������9DOHULD�0DUJKHULWD�3HWUROLQL����

���3DYLD�3RLVRQ�&RQWURO�&HQWUH��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<
���/DERUDWRU\�RI�$QDO\WLFDO�7R[LFRORJ\��&OLQLFDO�&KHPLVWU\�6HUYLFH��,5&&6�3ROLFOLQLFR�6DQ�0DWWHR�)RXQGDWLRQ��3DYLD��3DYLD��,7$/<
���'HSDUWPHQW�RI�'UXJ�6FLHQFH��0HGLFLQDO�&KHPLVWU\�DQG�3KDUPDFHXWLFDO�7HFKQRORJ\�6HFWLRQ��8QLYHUVLW\�RI�3DYLD��3DYLD��,7$/<

.H\ZRUGV��EHQ]\OJOLFLQDPLGH��SRLVRQLQJ��LQWR[LFDWLRQ��FOLQLFDO�WR[LFRORJ\��136

$EVWUDFW��

2EMHFWLYH��:H�SUHVHQW�D�FDVH�RI�DQDO\WLFDOO\�FRQILUPHG�FRQVXPSWLRQ�RI�EHQ]\OJO\FLQDPLGH��D�SKHQ\O�GHULYDWLYH�RI�JO\FLQDPLGH�DQG�DQ�DQDORJXH�RI
PLODFHPLGH�������LQ�D�SDWLHQW�ZLWK�D�VXVSHFWHG�LQWR[LFDWLRQ�E\�1HZ�3V\FKRDFWLYH�6XEVWDQFHV��136��

&DVH�UHSRUW��$�IHPDOH�SDWLHQW������ZLWK�D�KLVWRU\�RI�DGGLFWLRQ�ZDV�DGPLWWHG�WR�WKH�SV\FKLDWULF�ZDUG�ZLWK�D�VXVSHFWHG�136�LQWR[LFDWLRQ��6KH�VKRZHG
UHGXFHG�HPRWLRQDO�H[SUHVVLRQ��G\VSKRULD��UHVWOHVVQHVV�DQG�GHQLHG�DQ\�FRQVXPSWLRQ�RI�GUXJV�RI�DEXVH��+HU�PRWKHU�UHIHUUHG�DERXW�VRPH�HSLVRGHV�RI
ÈDEVHQFHÉ�GXULQJ�WKH�SUHYLRXV�PRQWK��6WDQGDUG�WR[LFRORJLFDO�VFUHHQLQJ�LQ�XULQH��QHXURORJLFDO�H[DPLQDWLRQV��VWDQGDUG�DQG�VOHHS�GHSULYHG�((*�DQG
051�WHVWHG�QHJDWLYH��8ULQH�VDPSOH�DQG�D�SRZGHU�IRXQG�E\�WKH�SDWLHQWÇV�PRWKHU�ZHUH�VHQW�WR�RXU�ODERUDWRU\�IRU�136�VFUHHQLQJ��7KH�DQDO\VLV�RI�WKH
SRZGHU�SHUIRUPHG�ERWK�LQ�JDVFURPDWRJUDSK\�PDVV�VSHFWURPHWU\��*&�06���IXOO�VFDQ�PRGH�DQG�LQ��+�105�SURYHG�LW�ZDV�EHQ]\OJO\FLQDPLGH��7KH
EHQ]\OJO\FLQDPLGH�WUDQVLWLRQV��SUHFXUVRU�LRQ���������TXDQWLILHU�WUDQVLWLRQ��������TXDOLILHU������XVHG�IRU�WKH�DQDO\VLV�LQ�/LTXLG
&URPDWRJUDSK\�7DQGHP�0DVV�6SHFWURPHWU\��0XOWLSOH�5HDFWLRQ�0RQLWRULQJ�PRGH��ZHUH�REWDLQHG�WKURXJK�WKH�WXQLQJ�RI�WKH�SRZGHU��EHLQJ�D�FHUWLILHG
VWDQGDUG�RI�EHQ]\OJO\FLQDPLGH�GLIILFXOW�WR�SXUFKDVH�IURP�RXU�VXSSOLHU�FRPSDQLHV���PO�XULQH��DGGLWLYDWHG�ZLWK�GRVXOHSLQ�DV�LQWHUQDO�VWDQGDUG��ZDV
H[WUDFWHG�ZLWK�D�PL[WXUH�RI�H[DQH�HWK\ODFHWDWH�������DW�S+���DQG�DQDO\VHG�E\�WKH�/&�06�06�V\VWHP��7KH�DQDO\VLV�UHVXOWHG�SRVLWLYH�IRU
EHQ]\OJO\FLQDPLGH������QJ�PO���8ULQH�ZDV�DOVR�VXEPLWWHG�WR�WKH�VFUHHQLQJ�IRU�136�����WKDW�LQYROYHV��D�JHQHULF�DQDO\VLV�IRU�EDVLF��QRQ�YRODWLOH
VXEVWDQFHV�E\�*&�06��D�VFUHHQLQJ�E\�/&�06�06�IRU�136�EHORQJLQJ�WR�WKH�FODVVHV�RI�FDWKLQRQHV��EHQ]RIXUDQV���&�IDPLO\�GUXJV��RWKHU
DPSKHWDPLQH�OLNH�VXEVWDQFHV��GLVVRFLDWLYH�DQDHVWKHWLF�DQG�WZR�LPPXQRDVVD\V�IRU�V\QWKHWLF�FDQQDELQRLGV�LQ�XULQH��1R�SRVLWLYLW\�HPHUJHG�
%XSUHQRUSKLQH��/6'��DQG�HFVWDV\�WHVWHG�QHJDWLYH��WRR�

&RQFOXVLRQ�%HQ]\OJO\FLQDPLGH�ZDV�QHYHU�FRPPHUFLDOL]HG�DQG�QR�GDWD�DERXW�LWV�SKDUPDFRNLQHWLF�DQG�SKDUPDFRGLQDPLF�LQ�KXPDQ�LV�DYDLODEOH��7KH
HYLGHQFH�SUHVHQWHG�KHUH�LV�FRQFHUQLQJ�ZLWK�D�ZDUQLQJ�RI�1�EHQ]\OJO\FLQDPLGH�DV�D�SRVVLEOH�136�ZKRVH�HIIHFWV�DUH�DOPRVW�FRPSOHWHO\�XQNQRZQ�

�

5HIHUHQFHV�����6XVVDQ�6��'DJDQ�$��%ORWQLN�HW�DO��7KH�VWUXFWXUDO�UHTXLUHPHQWV�IRU�WKH�GHVLJQ�RI�DQWLHSLOHSWLF�JO\FLQH�GHULYDWLYHV��(SLOHSV\�5HVHDUFK
��������������������2Ç%ULHQ�(�0��'RVWHUUW�3��3HYDUHOOR�3�HW�DO��,QWHUDFWLRQV�RI�VRPH�DQDORJXHV�RI�WKH�DQWLFRQYXOVDQW�PLODFHPLGH�ZLWK�PRQRDPLQH
R[LGDVH������%LRFKHP�3KDUPDFRO����������������3DSD�3���5RFFKL�/���5RODQGL�/��9DOOL�$�HW�DO��5HVHDUFK�DQG�LGHQWLILFDWLRQ�RI�QHZ�SV\FKRDFWLYH
VXEVWDQFHV�LQ�FDVHV�RI�VXVSHFWHG�LQWR[LFDWLRQ�LQ�,WDO\�������,WDOLDQ�-RXUQDO�RQ�$GGLFWLRQ��������
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��������%LQJH�GULQNLQJ�DQG�1HZ�3V\FKRDFWLYH�6XEVWDQFHV��136���D�SRWHQWLDOO\�GDQJHURXV�KHDOWK�ULVN

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(OHRQRUD�%XVFDJOLD������9DOHULD�0DUJKHULWD�3HWUROLQL������0DUWD�&UHYDQL������$]]XUUD�6FKLFFKL������(PDQXHOD�&RUWLQL������)UDQFHVFD�&KLDUD������0DUD
*DUEL������3LHWUR�3DSD������(OLVD�5RGD������'DYLGH�/RQDWL������&DUOR�$OHVVDQGUR�/RFDWHOOL����

���3DYLD�3RLVRQ�&RQWURO�&HQWUH��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<
���/DERUDWRU\�RI�$QDO\WLFDO�7R[LFRORJ\��&OLQLFDO�&KHPLVWU\�6HUYLFH��,5&&6�3ROLFOLQLFR�6DQ�0DWWHR�)RXQGDWLRQ��3DYLD��3DYLD��,7$/<

.H\ZRUGV��HWKDQRO��136��SRLVRQLQJ��LQWR[LFDWLRQ��FOLQLFDO�WR[LFRORJ\

$EVWUDFW��

2EMHFWLYH��%LQJH�GULQNLQJ�LV�DQ�LQFUHDVLQJ�GDQJHURXV�SUDFWLFH�LQYROYLQJ�PDLQO\�FKLOGUHQ�RU�DGROHVFHQWV�DQG��LQ�VRPH�FLUFXPVWDQFHV��H�J��UDYH�SDUW\�
FROOHJH�GULQNLQJ���LV�SRVVLEO\�DVVRFLDWHG�ZLWK�WKH�FR�DVVXPSWLRQ�RI�VXEVWDQFHV�RI�DEXVH�>�@��:H�DQDO\]HG�DOO�FDVHV�RI�VXVSHFWHG�DVVXPSWLRQ�RI�1HZ
3V\FKRDFWLYH�6XEVWDQFHV��136��LQ�ELQJH�GULQNHUV�UHIHUUHG�WR�WKH�3DYLD�3RLVRQ�&RQWURO�&HQWUH�

0HWKRGV��&DVHV�RI�ELQJH�GULQNLQJ������\HDUV��ZLWK�%ORRG�$OFRKRO�&RQFHQWUDWLRQ��%$&�!����J�/�ZHUH�UHWURVSHFWLYHO\�UHYLHZHG
�-DQXDU\�����-XO\������DQG�DVVHVVHG�IRU��DJH��KLVWRU\��VXEVWDQFHV�RI�DEXVH�GHFODUHG��FLUFXPVWDQFHV�RI�DVVXPSWLRQ��FOLQLFDO�PDQLIHVWDWLRQV�
RXWFRPH��%$&��136�LGHQWLILHG��DVVRFLDWLRQ�ZLWK�ÈROG�VXEVWDQFH�RI�DEXVHÉ��FRFDLQH��RSLDWHV��FDQQDELV��DPSKHWDPLQH�PHWKDPSKHWDPLQH��
FRUUHVSRQGHQFH�EHWZHHQ�KLVWRU\�DQG�WKH�DQDO\WLFDOO\�LGHQWLILHG�136��&DVHV�ZLWK�LQFRPSOHWH�GDWD�ZHUH�H[FOXGHG�

5HVXOWV������SDWLHQWV�PHW�WKH�LQFOXVLRQ�FULWHULD��7KH�ORZHVW�DJH�UHFRUGHG�ZDV����\HDUV�ROG����������\HDUV�������RI�FDVHV�ZHUH�UHJLVWHUHG�GXULQJ
ZHHN�HQG��6XEVWDQFHV�RI�DEXVH�FR�DVVXPHG�ZHUH��NHWDPLQH�����FDVHV���0'0$������7+&������DPSKHWDPLQH������FRFDLQH������HQHUJ\�GULQN������/6'�����
*%/�����DQG�KHURLQ������&R�DVVXPSWLRQ�RI�PRUH�WKDQ�RQH�VXEVWDQFH�RI�DEXVH�ZDV�UHJLVWHUHG�LQ�����RI�FDVHV��0DLQ�FOLQLFDO�PDQLIHVWDWLRQV�ZHUH�
DJLWDWLRQ��������WDFK\FDUGLD��������FRPD��������GHOLULXP�KDOOXFLQDWLRQV��������GURZVLQHVV��������PHQWDO�FRQIXVLRQ��������VHL]XUHV��������QR�IDWDO
FDVHV�ZHUH�UHJLVWHUHG��,Q�����RI�SDWLHQWV�%$&�ZDV�KLJKHU�WKDQ�����J�/��KLJKHVW�%$&������J�/���6HYHQW\�VL[�FDVHV�UHVXOWHG�QHJDWLYH�IRU�136��ZKLOH����
RI�WKHVH�UHVXOWHG�SRVLWLYH�IRU�ÈROG�GUXJVÉ��,Q�WZHQW\�QLQH�SDWLHQWV�������DW�OHDVW�RQH�136�ZDV�DQDO\WLFDOO\�FRQILUPHG��136�DQDO\WLFDOO\�GHWHFWHG�LQ
ELRORJLFDO�VDPSOHV��XULQH�EORRG���0'0$�������NHWDPLQH������PHWKR[HWDPLQH������*+%�*%/�������&�VHULHV������V\QWKHWLF�FDWKLQRQHV����0(&�����
V\QWKHWLF�FDQQDELQRLGV��-:+����������DWURSLQH������EHQ]RIXUDQV��$3%������&RUUHVSRQGHQFH�EHWZHHQ�VXEVWDQFH�GHFODUHG�DQG�ODE�UHVXOWV�ZDV
UHJLVWHUHG�LQ�����RI�FDVHV�DQG�FRPSOHWH�GLVFUHSDQF\�LQ�����RI�FDVHV�

&RQFOXVLRQ��1RZDGD\V�ELQJH�GULQNLQJ�LV�D�UHOHYDQW�DQG�LQFUHDVLQJ�VRFLDO�SUREOHP�UHODWHG�WR�DFXWH�DQG�ODWH�WR[LF�HIIHFWV��H�J��EUDLQ�GHYHORSPHQW�
HVSHFLDOO\�GXULQJ�DGROHVFHQFH��$VVRFLDWLRQ�EHWZHHQ�ELQJH�GULQNLQJ�DQG�136�PD\�EH�SDUWLFXODUO\�LQVLGLRXV�DOVR�IRU�DSSURSULDWH�FOLQLFDO�PDQDJHPHQW�
,Q�RXU�H[SHULHQFH���RXW�RI����ELQJH�GULQNHU�DVVXPHG�DW�OHDVW�RQH�136��$�VSHFLDOLVW�DGYDQFHG�ODE�VXSSRUW�LV�HVVHQWLDO�WR�PDNH�FRUUHFW�GLDJQRVLV�DQG
WR�JXLGH�WKH�WUHDWPHQW�

5HIHUHQFH�����6LTXHLUD�/��6PLWK�9&��%LQJH�'ULQNLQJ��3HGLDWULFV��������������������

$FNQRZOHGJHPHQWV��6WXG\�FDUULHG�RXW�ZLWK�WKH�VXSSRUW�RI�'HSDUWPHQW�IRU�$QWLGUXJ�3ROLFLHV�3UHVLGHQF\�RI�WKH�&RXQFLO�RI�0LQLVWHUV�



6,08/$7,21�,1�(0 6jEDVWLHQ�/DG\JD

��������(YDOXDWLRQ�RI�KLJK�ILGHOLW\�VLPXODWLRQ�IRU�HIIHFWLYH�WHDFKLQJ�LQ�HPHUJHQF\�PHGLFLQH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6�EDVWLHQ�/DG\JD������-HQQLIHU�7UXFKRW������0D[LPH�*DXWLHU������*KDQLPD�$O�'DQGDFKL������-RKDQD�0DOND������3DWULFN�3ODLVDQFH����

���5HPSOD�DQW�QRQ�WK�V��6$8�HW�P�GHFLQH�J�Q�UDOH���&OLQLTXH�%ODQF�0HVQLO�HW�626�P�GHFLQV�����3DULV��)5$1&(
���6$8���/DULERLVL�UH���3DULV��)5$1&(
���6$8���/DULERLVL�UH���3DULV���)5$1&(

.H\ZRUGV��VLPXODWLRQ��KLJK�ILGHOLW\��WKHRULFDO��SUDFWLFDO��WHDFKLQJ

$EVWUDFW��

,QWURGXFWLRQ��6LPXODWLRQ�LV�D�QRYHO�DQG�HIIHFWLYH�WHDFKLQJ�WHFKQLTXH�IRU�PHGLFDO�HGXFDWLRQ��,W�KDV�EHHQ�LQWHJUDWHG�LQ�PHGLFDO�HGXFDWLRQ�IRU�VRPH
\HDUV�QRZ��7KH�OLWHUDWXUH�VXJJHVWV�D�FOHDU�EHQHILW�IRU�LQLWLDO�OHDUQLQJ�IRU�WHFKQLFDO�DQG�QRQ�WHFKQLFDO�VNLOOV��7KH�REMHFWLYH�RI�RXU�ZRUN�ZDV�WR�VKRZ�WKH
HIILFDF\�RI�KLJK�ILGHOLW\�VLPXODWLRQ�LQ�HIIHFWLYH�WHDFKLQJ�RI�WHFKQLFDO�DQG�QRQ�WHFKQLFDO�VNLOOV�LQ�D�VSHFLILF�SRSXODWLRQ�RI�DOUHDG\�WUDLQHG�DQG�ZRUNLQJ
HPHUJHQF\�SK\VLFLDQV�

0DWHULDO�DQG�0HWKRGV��:H�FRQGXFWHG�DQ�REVHUYDWLRQDO�DQG�DQDO\WLFDO�VWXG\�RQ�D�FRKRUW�RI�HPHUJHQF\�SK\VLFLDQV�SDUWLFLSDWLQJ�LQ�D�XQLYHUVLW\�GHJUHH
RI�KLJK�ILGHOLW\�KXPDQ�VLPXODWRU��0(7,��WUDLQLQJ��IURP�-DQXDU\�WR�0D\�������6XUYH\V�HYDOXDWHG�SUH�DQG�SRVW�WHVW�WKHRUHWLFDO�NQRZOHGJH�IRU�HDFK�RI
WKH�WKUHH�ZHHNV�RI�WKH�GHJUHH��:H�DOVR�DQDO\]HG�WKH�ILUVW�DQG�WKH�ODVW�WUDLQLQJ�VHVVLRQ�RQ�WKH�VLPXODWRU�IRU�HDFK�SDUWLFLSDQW�XVLQJ�D�YDOLGDWHG�VFRUH
HYDOXDWLQJ�PDQDJHPHQW�VNLOOV��WKH�127(&+��$�ILQDO�VXUYH\�RI�VXEMHFWLYH�VDWLVIDFWLRQ�ZDV�VXEPLWWHG�RQ�WKH�ODVW�GD\�RI�WUDLQLQJ�LQ�RUGHU�WR�JDWKHU
PRUH�VXEMHFWLYH�SDUDPHWHUV�RQ�WKH�LQWHUHVW�LQ�WKLV�W\SH�RI�PHGLFDO�WHDFKLQJ��5HVXOWV�DUH�H[SUHVVHG�DV�PHDQ��VWDQGDUG�GHYLDWLRQ�DQG�SHUFHQWDJH�
WKH�&KL��WHVW�ZDV�XVHG�IRU�FRPSDULVRQV�

5HVXOWV�����HPHUJHQF\�SK\VLFLDQV�������\HDUV��ZHUH�HQUROOHG��7KH�PDMRULW\�KDG�ZRUNHG�LQ�WKH�SXEOLF�VHFWRU���������IRU�DW�OHDVW���\HDUV��������2QO\
����RI�WKHP�KDG�XVHG�VLPXODWLRQ�EHIRUH�LQ�WKHLU�LQLWLDO�PHGLFDO�VWXG\��$�VWDWLVWLFDOO\�VLJQLILFDQW�LPSURYHPHQW�ZDV�VKRZQ�LQ�WKH�HYROXWLRQ�RI�WKH
DYHUDJH�VFRUH�EHWZHHQ�WKH�SUH�WHVW�DQG�SRVW�WHVW�RI�WKH�ILUVW�DQG�VHFRQG�ZHHN�RI�WUDLQLQJ��IURP������WR�������RQ����ZLWK�S��������IRU�WKH�ILUVW�DQG
IURP������WR�������RI����ZLWK�S�������IRU�WKH�VHFRQG���7KHVH�UHVXOWV�ZHUH�FRQILUPHG�E\�WKH�DQDO\VLV�RI�PDQDJHPHQW�VNLOOV��127(&+���ZKLFK�VKRZHG
D�VLJQLILFDQW�LPSURYHPHQW�RI��������RI�WKH�DYHUDJH�VFRUH�EHWZHHQ�WKH�ILUVW�DQG�ILQDO�WUDLQLQJ�RQ�WKH�VLPXODWRU�������������WR������������VR�D�JDLQ�RI
�����SRLQWV�ZLWK�S���������$OO�SDUWLFLSDQWV��������IHOW�WKDW�WKH�XVH�RI�VLPXODWLRQ�LPSURYHG�WKHLU�HPHUJHQF\�PHGLFLQH�NQRZOHGJH�DQG�VNLOOV�

'LVFXVVLRQ��2XU�UHVXOWV�VKRZ�WKDW�VLPXODWLRQ�WUDLQLQJ�LV�D�XVHIXO�WHDFKLQJ�WRRO�LQ�WKH�FRQWLQXRXV�HPHUJHQF\�PHGLFLQH�HGXFDWLRQ�EXW�DOVR�WKDW�LW
FRPSOHWHV�WKH�LQLWLDO�PHGLFDO�HGXFDWLRQ�RI�DOUHDG\�TXDOLILHG�GRFWRUV��7KH�OLPLWV�RI�RXU�ZRUN�DUH�WKH�ORZ�QXPEHU�RI�SDUWLFLSDQWV��Q� �����DOWKRXJK�ZH
IRXQG�VWDWLVWLFDOO\�VLJQLILFDQW�UHVXOWV�DQG�WKH�ODFN�RI�D�FRQWURO�JURXS�ZKLFK�FRXOG�KDYH�JLYHQ�PRUH�SRZHU�WR�RXU�VWXG\��$QRWKHU�OLPLW�LV�WKH�XVH�RI
127(&+�ZKLFK�LV�D�QRQ�VSHFLILFDOO\�YDOLGDWHG�WRRO�IRU�HPHUJHQF\�PHGLFLQH�

&RQFOXVLRQ���7KLV�VWXG\�FRQILUPV�WKH�QHHG�WR�LQWHJUDWH�VLPXODWLRQ�LQ�PHGLFDO�WUDLQLQJ�IRU�ERWK�LQLWLDO�EXW�DOVR�FRQWLQXRXV�HGXFDWLRQ��0RUH�UHVHDUFK�LV
QHHGHG�LQ�WKLV�ILHOG��DPRQJ�WKRVH��WKH�FUHDWLRQ�RI�DQ�HYDOXDWLRQ�WRRO�IRU�PDQDJHPHQW�VNLOOV�LQ�HPHUJHQF\�PHGLFLQH�ZRXOG�EH�HVVHQWLDO�
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��������/HWKDO�SRLVRQLQJV��D�ILYH�\HDU�FDVH�VHULHV�RI�WKH�3DYLD�3RLVRQ�&HQWUH���1DWLRQDO�7R[LFRORJ\�,QIRUPDWLRQ�&HQWUH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&DUOR�$OHVVDQGUR�/RFDWHOOL������9DOHULD�0DUJKHULWD�3HWUROLQL������'DYLGH�/RQDWL������$]]XUUD�6FKLFFKL������0DUWD�&UHYDQL������0DUD�*DUEL������(OHRQRUD
%XVFDJOLD������*LXOLD�6FDUDYDJJL������)UDQFHVFD�&KLDUD������(PDQXHOD�&RUWLQL������6DUDK�9HFFKLR����

���3DYLD�3RLVRQ�&RQWURO�&HQWUH��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<

.H\ZRUGV��OHWKDO�SRLVRQLQJV��FDVH�VHULHV��LQWR[LFDWLRQ��FOLQLFDO�WR[LFRORJ\

$EVWUDFW��

2EMHFWLYH��$FFRUGLQJ�WR�WKH�:+2����������GHDWKV�GXH�WR�DFFLGHQWDO�SRLVRQLQJ�RFFXUUHG�ZRUOGZLGH�LQ�������0RUHRYHU��DOPRVW�D�PLOOLRQ�SHRSOH�GLH
HYHU\�\HDU�DV�D�UHVXOW�RI�VXLFLGH�DQG��DPRQJ�WKHVH��WKH�GHOLEHUDWH�LQJHVWLRQ�RI�SHVWLFLGHV�FDXVHV�DERXW���������GHDWKV�\HDU�>�@��7R�GHVFULEH�WKH
IDWDO�LQWR[LFDWLRQV�LQ�WKH�FDVH�VHULHV�RI�WKH�3DYLD�3RLVRQ�&HQWUH��33&��

0HWKRGV�$�UHWURVSHFWLYH�UHYLHZ�RI�IDWDO�SRLVRQLQJV�PDQDJHG�E\�WKH�3&&�IRUP������WR������ZHUH�SHUIRUPHG��7KH�LQFOXGHG�FDVHV�ZHUH�DVVHVVHG�IRU
DJH��VH[��PRGDOLW\�DQG�URXWH�RI�LQWR[LFDWLRQ��366��3RLVRQLQJ�6HYHULW\�6FRUH��DW�WKH�ILUVW�FRQVXOWDWLRQ�ZLWK�WKH�33&�DQG�DJHQWV�LQYROYHG��&DVHV�IRU
ZKLFK�WKH�FDXVH�HIIHFW�UHODWLRQVKLS�EHWZHHQ�H[SRVXUH�DQG�GHDWK�ZDV�FRQVLGHUHG�DEVHQW�RU�XQOLNHO\�E\�WKH�VSHFLDOLVW�WR[LFRORJLVW�ZHUH�H[FOXGHG�

5HVXOWV�,Q�WKH�VWXG\�SHULRG������IDWDO�FDVHV�ZHUH�LQFOXGHG������PDOHV����k���\HDUV���GLVWULEXWHG�DOO�RYHU�,WDO\��ZLWK�DQ�DYHUDJH�RI����GHDWKV�\HDU�
)LYH�SDWLHQWV�������������ZHUH�\RXQJHU�WKDQ����\HDUV��DQG�ILIW\�SDWLHQWV���������������ZHUH�ROGHU�WKDQ����\HDUV��7KH�H[SRVXUH�ZDV�FRQVLGHUHG
DFFLGHQWDO�LQ����FDVHV��������YROXQWDU\�LQ�����FDVHV�������ZLWK����FDVHV�RI�VXLFLGH��DQG�UHODWHG�WR�DQ�DGYHUVH�GUXJV�UHDFWLRQ�LQ����FDVHV��������,Q
���FDVHV�������WKLV�GDWD�LV�XQNQRZQ��$PRQJ�WKH�FDVHV�RI�VXLFLGH��������RI�SDWLHQWV�ZHUH�DJHG�EHWZHHQ����DQG����\HDUV��,QJHVWLRQ�ZDV�WKH�URXWH�RI
H[SRVXUH�LQ�����RI�FDVHV������������6HYHQW\�ILYH�SHUFHQW�RI�SDWLHQWV�����������SUHVHQWHG�D�VHULRXV�FOLQLFDO�SLFWXUH�DW�WKH�ILUVW�33&�FRQVXOWDWLRQ��366
����&RQFHUQLQJ�WKH�DJHQWV�LQYROYHG��GUXJV�UHVXOWHG�WKH�FDXVH�RI�GHDWK�LQ�����FDVHV��������$PRQJ�WKHVH��WKH�GHDWK�ZDV�UHODWHG�WR�WKH�LQJHVWLRQ�RI
RQO\�RQH�PROHFXOH�LQ����FDVHV��������DQG�PHWIRUPLQ�ZDV�LQYROYHG�LQ�PRUH�WKDQ�KDOI�RI�WKHVH����������,Q�����RI�FDVHV����������PRUH�WKDQ�RQH
PROHFXOH�ZHUH�LQJHVWHG�DW�WKH�VDPH�WLPH�

2WKHU�DJHQWV�LQYROYHG�LQ�PRUH�WKDQ����FDVHV�ZHUH�FDXVWLFV���������SHVWLFLGHV���������GUXJV�RI�DEXVH�������JDV�VPRNH�ILUH�LQKDODWLRQ������DQG
PXVKURRPV������

&RQFOXVLRQ�)DWDO�SRLVRQLQJ�DUH�QRW�UHODWHG�RQO\�WR�VXLFLGH��EXW�DOVR�WR�DGYHUVH�GUXJ�UHDFWLRQV�DQG�DFFLGHQWDO�LQJHVWLRQV��7KH�UROH�RI�3RLVRQ�&HQWHUV
LV�DOVR�FUXFLDO�LQ�LGHQWLI\LQJ�WKH�PDLQ�FDXVHV�DQG�PRGDOLW\�RI�OHWKDO�LQWR[LFDWLRQV��DQG�LQ�UHSRUWLQJ�DOHUWV�WR�WKH�DXWKRULWLHV�LQ�RUGHU�WR�LGHQWLI\
SRVVLEOH�SUHYHQWLYH�LQWHUYHQWLRQV�

5HIHUHQFHV�>�@�7KH�JOREDO�EXUGHQ�RI�GLVHDVH�������XSGDWH��:RUOG�+HDOWK�2UJDQL]DWLRQ�
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��������8QSUHGLFWDEOH�RXWFRPH�DIWHU�SHULGXUDO�DFFLGHQWDO�DGPLQLVWUDWLRQ�RI�[HQRELRWLFV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9DOHULD�0DUJKHULWD�3HWUROLQL������'DYLGH�/RQDWL������$]]XUUD�6FKLFFKL������0DUWD�&UHYDQL������0DUD�*DUEL������*LXOLD�6FDUDYDJJL������(OHRQRUD�%XVFDJOLD
�����6DUDK�9HFFKLR������&DUOR�$OHVVDQGUR�/RFDWHOOL����

���3DYLD�3RLVRQ�&RQWURO�&HQWUH��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<

.H\ZRUGV��SHULGXUDO�DGPLQLVWUDWLRQ��LQWR[LFDWLRQ��FOLQLFDO�WR[LFRORJ\

$EVWUDFW��

2EMHFWLYH��3HULGXUDO�RU�LQWUDWKHFDO�DGPLQLVWUDWLRQ�RI�[HQRELRWLF�PD\�EH�UHODWHG�ZLWK�SRWHQWLDOO\�VHYHUH�DGYHUVH�HIIHFWV�DFFRUGLQJ�WR�IDFWRUV�WKDW�PD\
LQIOXHQFH�WKH�WR[LF�HIIHFWV��H�J��GRVDJH��RVPRODULW\��OLSRSKLOLFLW\��EDULFLW\���3DUWLFXODUO\��RYHUGRVH�RU�HUURQHRXV�DGPLQLVWUDWLRQ�RI�[HQRELRWLF
XQLQWHQGHG�IRU�SHULGXUDO�DGPLQLVWUDWLRQ�PD\�QRW�IROORZ�SUHGLFWDEOH�SKDUPDFRNLQHWLF�PRGHOV������:H�GHVFULEH�WZR�FDVHV�RI�SHULGXUDO�HUURQHRXV
LQMHFWLRQ�IRU�ZKLFK��UHJDUGV�WKLV�VSHFLILF�URXWH�RI�DGPLQLVWUDWLRQ��GDWD�LQ�PHGLFDO�OLWHUDWXUH�DUH�ODFNLQJ�

&DVH�VHULHV��&DVH����$����\HDUV�ROG�IHPDOH��XQGHUZHQW�VXUJHU\�K\VWHUHFWRP\��HUURQHRXVO\�UHFHLYHG�YLD�SHULGXUDO�FDWKHWHU�����PO�RI�VRGLXP
FKORULGH�VROXWLRQ������ZLWK�NHWRURODF����PJ��HVRPHSUD]ROH����PJ�DQG�FHIRWD[LPH�����PJ�LQIXVHG�LQ���KRXUV��7KH�SDWLHQW�DW�WKH�HQG�RI�LQIXVLRQ
H[SHULHQFHG�VHYHUH�EXUQLQJ�OXPEDU�SDLQ��K\SHUWHQVLRQ�DQG�PLOG�ORZHU�OLPE�HGHPD��&OLQLFDO�PDQLIHVWDWLRQV�UHVROYHG�GXULQJ�WKH�QH[W���GD\V��QR
VSHFLILF�WUHDWPHQW�KDV�EHHQ�DSSOLHG��1R�VHTXHODH�ZHUH�UHSRUWHG�DIWHU�RQH�PRQWKV�IROORZ�XS��&DVH����$����\HDUV�ROG�PDOH��XQGHUZHQW�VXUJHU\
JDVWUHFWRP\��PLVWDNHQO\�UHFHLYHG�YLD�SHULGXUDO�D�SDUHQWHUDO�QXWULWLRQ�PL[��&/,1,0,;�1�i���HVWLPDWHG�DPRXQW�����PO��LQ����PLQXWHV��LQWUDYHQRXV
GHOLYHU\�ZDV�LQDGYHUWHQWO\�FRQQHFWHG�WR�WKH�SHULGXUDO�FDWKHWHU��7KH�SDWLHQW�PDQLIHVWHG�LPPHGLDWH�DEGRPLQDO�SDLQ�DQG�D�OLTXRU�ODYDJH�ZLWK�VRGLXP
FKORULGH�VROXWLRQ������DW���PO�K�IRU����KRXUV�ZDV�SHUIRUPHG��1R�RWKHU�FOLQLFDO�HIIHFWV�ZHUH�UHSRUWHG�XQWLO�KRVSLWDO�GLVFKDUJH�DIWHU�WZR�ZHHNV����

&RQFOXVLRQ��(UURQHRXV�DGPLQLVWUDWLRQ�RI�[HQRELRWLF�QRW�UHJLVWHUHG�RU�URXWLQHO\�XVHG�LQ�SHULGXUDO�URXWH��DQG�LQWUDWKHFDO��PD\�UHTXLUH�D�SURPSW�DQG
XUJHQW�LQWHUYHQWLRQ�DLPHG�WR�LPPHGLDWH�ZLWKGUDZDO�RI�FHUHEURVSLQDO�IOXLG��&DVHV�ZLWK�XQFHUWDLQ�RXWFRPH�DQG�QRW�SUHYLRXVO\�GHVFULEHG�VKRXOG�EH
FRQVLGHUHG�DQG�PDQDJHG�DV�SRWHQWLDOO\�IDWDO�HYROXWLRQ��2QO\��UHJDUGLQJ�EHWD�ODFWDP�DQWLELRWLFV�QHXUR�H[FLWDWRU\�IHDWXUHV��FRQYXOVLRQ��GXH�WR�WKHLU
¹�DPLQREXW\ULF�DFLG�DQWDJRQLVW�SURSHUWLHV�KDYH�EHHQ�UHSRUWHG������2XU�GDWD��HYHQ�LI�VLQJOH�H[SHULHQFH��GHVFULEH�D�IDYRUDEOH�FOLQLFDO�HYROXWLRQ�RI
FDVHV��0HGLFDO�HUURU�LV�SRVVLEOH�GHVSLWH�RI�VWDQGDUGL]DWLRQ�RI�SURFHGXUHV��VRPH�VSHFLDOL]HG�DQG�H[FOXVLYH�GLVSRVLWLYH�DUH�DYDLODEOH�IRU
SHULGXUDO�LQWUDWKHFDO�LQMHFWLRQ��%HFDXVH�RI�VHYHUDO�IDFWRUV�LQIOXHQFH�WKH�FOLQLFDO�WR[LFLW\�RI�[HQRELRWLF�SHULGXUDO�DGPLQLVWUDWLRQ��D�PXOWLGLVFLSOLQDU\
DSSURDFK�LV�QHFHVVDU\�LQ�RUGHU�WR�FRUUHFW�HYDOXDWLRQ�DQG�PDQDJHPHQW�RI�FDVHV�

5HIHUHQFHV�����5DPD�%5��,QWUDWKHFDO�DGPLQLVWUDWLRQ�RI�[HQRELRWLF��,Q��+RIIPDQ�56��+RZODQG�0$��/HZLQ�1$��1HOVRQ�/6��*ROGIUDQN�/5��HGV�
*ROGIUDQNÇV�7R[LFRORJLF�(PHUJHQFLHV����WK�HG��0F*UDZ�+LOO�(GXFDWLRQ����������������
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��������/RQJ�DFWLQJ�DQWLSV\FKRWLFV�LQMHFWLRQ��DGYHUVH�WR[LF�HIIHFWV�UHODWHG�WR�WZR�GLIIHUHQW�IRUPXODWLRQV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

9DOHULD�0DUJKHULWD�3HWUROLQL������*LXOLD�6FDUDYDJJL������0DUWD�&UHYDQL������'DYLGH�/RQDWL������$]]XUUD�6FKLFFKL������0DUD�*DUEL������(OHRQRUD�%XVFDJOLD
�����6DUDK�9HFFKLR������&DUOR�$OHVVDQGUR�/RFDWHOOL����

���3DYLD�3RLVRQ�&RQWURO�&HQWUH��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<

.H\ZRUGV��ORQJ�DFWLQJ�DQWLSV\FKRWLFV��LQWR[LFDWLRQ��FOLQLFDO�WR[LFRORJ\

$EVWUDFW��

2EMHFWLYH��/RQJ�DFWLQJ�LQMHFWLRQ��/$,��RI�DQWLSV\FKRWLF�GUXJV�DUH�XVHG�LQ�SV\FKLDWULF�SUDFWLFH�IRU�WUHDWLQJ�SDWLHQWV�ZLWK�QRQ�DGKHUHQFH�SDUWLDO
DGKHUHQFH�WR�RUDO�SKDUPDFRWKHUDS\��0RVW�RI�WKHVH�GUXJV�DUH�FRQMXJDWHG�WR�IDWW\�DFLGV�RU�RWKHU�FRPSRQHQWV�WKDW�FRQIHU�VORZ�UHOHDVH�SURSHUWLHV
ZKHQ�DGPLQLVWHUHG�E\�LQWUDPXVFXODU��GHSRW��LQMHFWLRQ��+RZHYHU��GLUHFW�HQWU\�LQWR�WKH�EORRGVWUHDP�FDQ�RFFXU�GXULQJ�DGPLQLVWUDWLRQ��:H�GHVFULEH�D
FDVH�VHULHV�RI�DGYHUVH�HYHQWV�GXULQJ�DGPLQLVWUDWLRQ�RI�/$,�DQWLSV\FKRWLFV�LQ�RUGHU�WR�LGHQWLI\�GLIIHUHQFHV�LQ�VHYHULW\�DQG�ULVNV�ZLWK�RODQ]DSLQH�DQG
KDORSHULGRO�/$,��&DVH�VHULHV��2ODQ]DSLQH�/$,��:H�GHVFULEH�IRXU�FDVHV�RI�3,'6��SRVW�LQMHFWLRQ�GHOLULXP�VHGDWLRQ�V\QGURPH��DIWHU�LQWUDPXVFXODU
DGPLQLVWUDWLRQ�RI�RODQ]DSLQH�/$,��7KHVH�HIIHFWV�DUH�SUREDEO\�GXH�WR�HQWU\�RI�WKH�GUXJ�LQWR�D�EORRG�YHVVHO�GXULQJ�LQMHFWLRQ��&DVH����7KLUW\�PLQXWHV
DIWHU�LQMHFWLRQ�RI�����PJ�D���\HDU�ROG�PDQ�ZDV�OHWKDUJLF��*ODVJRZ�&RPD�6FDOH������ZLWK�VLQXV�WDFK\FDUGLD����������EHDWV�PLQ��UHTXLULQJ
EHWD�EORFNDGH��+H�LPSURYHG����KRXUV�ODWHU�DQG�ZDV�FRPSOHWHO\�UHFRYHUHG�DIWHU����KRXUV��&DVH����$����\HDU�ROG�ZRPDQ�LQ�WKHUDS\�ZLWK�2/$�/$,�IRU
RQH�\HDU��GHYHORSHG�SDUHVWKHVLD��FRQIXVLRQ��GLVRULHQWDWLRQ�DQG�PRRG�VZLQJV��DJJUHVVLYHQHVV�DQG�GHSUHVVLRQ��DIWHU�WKH���WK�GRVH��6KH�UHFRYHUHG
ZLWK�V\PSWRPDWLF�WUHDWPHQW��&DVH����'XULQJ�WKH�ILUVW�2/$�/$,�GRVH������PJ��D����\HDU�ROG�PDQ�GHYHORSHG�GURZVLQHVV�ZKLFK�SHUVLVWHG�IRU����KRXUV�
&DVH����1LQHW\�PLQXWHV�DIWHU�2/$�/$,�����PJ�UDSLG�LQWUDPXVFXODU�DGPLQLVWUDWLRQ��D����\HDU�ROG�ZRPDQ�KDG�DJLWDWLRQ��DNDWKLVLD�DQG�47�SURORQJDWLRQ
�����PV��ZKLFK�UHVROYHG�ZLWK�V\PSWRPDWLF�WUHDWPHQW��+DORSHULGRO�/$,��&DVH���$����\HDU�ROG�PDQ�HUURQHRXVO\�UHFHLYHG�D����PJ�YLDO�RI�KDORSHULGRO
GHFDQRDWH�LQ�D���KRXU�LQIXVLRQ��6HUXP�KDORSHULGRO�ZDV�XQGHWHFWDEOH���KRXUV�ODWHU��3DWLHQW�ZDV�DV\PSWRPDWLF�DQG�UHWXUQHG�WR�WKH�SV\FKLDWULF�ZDUG
WKH�GD\�DIWHU��&DVH���$����\HDU�ROG�ZRPDQ�UHFHLYHG����PJ�KDORSHULGRO�GHFDQRDWH�E\�LQWUDYHQRXV�LQVWHDG�RI�LQWUDPXVFXODU�LQMHFWLRQ��6HUXP
FRQFHQWUDWLRQ�ZDV�����QJ�P/�RQH�KRXU�DIWHU�DGPLQLVWUDWLRQ�DQG�ZDV�XQGHWHFWDEOH����KRXUV�ODWHU��6KH�ZDV�PRQLWRUHG�IRU�WZR�GD\V�EXW�KDG�QR
QHXURORJLFDO�LPSDLUPHQW�RU�UK\WKP�GLVWXUEDQFHV�ZHUH�REVHUYHG��+DORSHULGRO�VHUXP�FRQFHQWUDWLRQV�ZHUH�DVVD\HG�XVLQJ�KLJK�SHUIRUPDQFH�OLTXLG
FKURPDWRJUDSK\��OLPLW�RI�GHWHFWLRQ�����QJ�P/���&RQFOXVLRQ��3,'6�LV�UHODWHG�WR�WKH�UDSLG�GLVVROXWLRQ�RI�WKH�RODQ]DSLQH�SDPRDWH�VDOW�LQ�EORRG�YHVVHOV�
ZKLOH�KDORSHULGRO�GHFDQRDWH�UHTXLUHV�DQ�HVWHUDVH�HQ]\PH�WR�DFW��&RQVLVWHQW�ZLWK�WKHVH�ILQGLQJV��DGYHUVH�HYHQWV�FDQ�RFFXU�HYHQ�DIWHU�FRUUHFW
DGPLQLVWUDWLRQ�RI�RODQ]DSLQH�/$,��EXW�HYHQ�LI�KDORSHULGRO�GHFDQRDWH�LV�LQWUDYHQRXVO\�DGPLQLVWHUHG��QHLWKHU�FOLQLFDO�HIIHFWV�QRU�HOHYDWLRQ�LQ�VHUXP
FRQFHQWUDWLRQV�DUH�H[SHFWHG�
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��������300$�SRLVRQLQJ��FOLQLFDO�IHDWXUHV�LQ�OHWKDO�DQG�QRQ�OHWKDO�FDVHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&DUOR�$OHVVDQGUR�/RFDWHOOL������(OHRQRUD�%XVFDJOLD������3LHWUR�3DSD������0DUWD�&UHYDQL������6DUDK�9HFFKLR������&DUROLQD�3UHYDOGL������*LXOLD�6FDUDYDJJL
�����'DYLGH�/RQDWL������7HUHVD�&RFFLQL������9DOHULD�0DUJKHULWD�3HWUROLQL����

���3DYLD�3RLVRQ�&RQWURO�&HQWUH��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<
���/DERUDWRU\�RI�$QDO\WLFDO�7R[LFRORJ\��&OLQLFDO�&KHPLVWU\�6HUYLFH��,5&&6�3ROLFOLQLFR�6DQ�0DWWHR�)RXQGDWLRQ��3DYLD��3DYLD��,7$/<
���(PHUJHQF\�'HSDUWPHQW���6DQ�'RQ��GL�3LDYH�+RVSLWDO�8/66�����6DQ�'RQ��GL�3LDYH��,7$/<

.H\ZRUGV��300$��30$��LQWR[LFDWLRQ��FOLQLFDO�WR[LFRORJ\

$EVWUDFW��

2EMHFWLYH��3DUDPHWKR[\PHWKDPSKHWDPLQH��300$���DQG�LWV�PHWDEROLWH�30$��FDXVH�FHQWUDO�QHUYRXV�V\VWHP�VWLPXODWLRQ�DQG�KDOOXFLQRJHQLF�HIIHFWV�
OLNH�0'0$��DQG�UHSUHVHQWHG�RQH�RI�WKH�UHFHQW�UHOHYDQW�FDXVH�RI�GHDWK�E\�QHZ�SV\FKRDFWLYH�VXEVWDQFHV�RI�DEXVH��136���2XWEUHDN�RI�300$�30$
SRLVRQLQJ�UHVXOWLQJ�LQ�IDWDOLWLHV�KDV�EHHQ�GHVFULEHG������:H�UHSRUW���FDVHV�RI�300$�30$�VHYHUH�LQWR[LFDWLRQ�FROOHFWHG�LQ���\HDUV��&DVH�VHULHV��)LYH
FDVHV�UHIHUUHG�WR�3DYLD�3RLVRQ�&RQWURO�&HQWUH��33&&��ZHUH�HYDOXDWHG��DJH�UDQJLQJ�IURP����WR����\HDUV�ROG���300$�30$�FRQVXPSWLRQ�ZDV�QHYHU
GHFODUHG����SDWLHQW�UHIHUUHG�0'0$�LQWDNH����SDWLHQWV�DPSKHWDPLQH�DQG�FDQQDELV����SDWLHQWV�ZHUH�XQDEOH�WR�UHSRUW�WKH�WDNHQ�VXEVWDQFH��0RVW
FRPPRQ�FOLQLFDO�PDQLIHVWDWLRQV�ZHUH�VHYHUH�SV\FKRPRWRU�DJLWDWLRQ���������WDFK\FDUGLD��������P\GULDVLV��������VZHDWLQJ��������KDOOXFLQDWLRQV
������DQG�K\SHUWKHUPLD��������,PPXQRHQ]\PDWLF�XULQDU\�WHVWV�UHVXOWHG�SRVLWLYH�IRU�DPSKHWDPLQH�PHWKDPSKHWDPLQH��0'0$��FRFDLQH�DQG�7+&�
&KURPDWRJUDSKLF�VHFRQG�OHYHO�ODERUDWRU\�LQYHVWLJDWLRQV�ZHUH�SHUIRUPHG�LQ�DOO�FDVHV��DOO�SDWLHQWV�ZHUH�SRVLWLYH�IRU�300$�30$�EXW�DOVR�WR�0'0$���
FDVHV���DPSKHWDPLQH������7+&������FRFDLQH������NHWDPLQH�����DQG�PHWKR[HWDPLQH������7UHDWPHQW�FRQVLVWHG�LQ�EHQ]RGLD]HSLQHV����FDVHV��
RUR�WUDFKHDO�LQWXEDWLRQ�DQG�UHVSLUDWRU\�VXSSRUW������+RVSLWDO�VWD\�UDQJHG�IURP����WR����KRXUV�IRU�WKH�SDWLHQWV�WKDW�QHHG�LQWHQVLYH�FDUH�WUHDWPHQW�
2QH�IDWDO�FDVH�ZDV�UHJLVWHUHG��&OLQLFDO�SLFWXUH�ZRUVHQHG�UDSLGO\��PHWDEROLF�DFLGRVLV��K\SRJO\FHPLD��K\SHUNDOHPLD��VHYHUH�K\SHUWKHUPLD��PXOWL�RUJDQ
IDLOXUH�DQG�VHYHUH�GLVVHPLQDWHG�LQWUDYDVFXODU�FRDJXODWLRQ��$OWKRXJK�SKDUPDFRORJLFDO�WUHDWPHQWV�DQG�LQWHQVLYH�FDUH�VXSSRUW��LQFOXGLQJ�GHSXUDWLYH
WHFKQLTXHV���SDWLHQW�GLHG�LQ����KRXUV��7KH�UHVXOWV�RI�EORRG�DQDO\VLV�ZHUH��300$�����QJ�PO��30$����QJ�PO��WUDPDGRO����QJ�PO��0'0$�����QJ�PO�
0'$����QJ�PO��FRFDLQH����QJ�PO��EHQ]R\OHFJRQLQH�����QJ�PO��$QDO\VLV�RI�D�UHVLGXDO�SDUW�RI�WKH�WDEOHW�WDNHQ�E\�WKH�SDWLHQW�UHYHDOHG�300$����PJ
DQG�0'0$����PJ�

&RQFOXVLRQ��30$�300$�LQWR[LFDWLRQ�PD\�EH�UHODWHG�WR�D�UDSLG�DQG�IDWDO�RXWFRPH��$PRQJ�FOLQLFDO�PDQLIHVWDWLRQ��K\SHUWKHUPLD�VKRXOG�EH�LQWHUSUHWHG
DV�SRWHQWLDOO\�VHYHUH�ULVN�IDFWRU���1HYHUWKHOHVV��WKH�QDWLRQDO�HSLGHPLRORJLFDO�GDWD�RI�DEXVH�RI�30$�300$�FDQQRW�EH�TXDQWLILHG��DV�WKH�33&&��ZLWK
DGYDQFHG�WR[LFRORJLFDO�DQDO\VLV�IDFLOLWLHV��DQG�WKH�1DWLRQDO�(DUO\�:DUQLQJ�6\VWHP�GHWHFW�RQO\�SDWLHQWV�ZLWK�DFXWH�DQG�VHYHUH�LQWR[LFDWLRQ��8ULQH
SRVLWLYLW\�IRU�HFVWDV\�DQG�DPSKHWDPLQHV�VKRXOG�EH�FRQVLGHUHG�DV�FURVV�SRVLWLYLW\�WR�30$�300$��QRW�HDVLO\�GHWHFWDEOH�LQ�FRPPRQ�ODERUDWRULHV���$OO
WKH�FDVHV�DUH�UHSRUWHG�WR�WKH�1DWLRQDO�(DUO\�:DUQLQJ�6\VWHP�

5HIHUHQFHV��/XULH�<��*RSKHU�$��/DYRQ�2�HW�DO��6HYHUH�SDUDPHWKR[\PHWKDPSKHWDPLQH��300$��DQG�SDUDPHWKR[\DPSKHWDPLQH��30$��RXWEUHDN�LQ
,VUDHO��&OLQ�7R[LFRO�����������������$FNQRZOHGJHPHQWV��6WXG\�FDUULHG�RXW�ZLWK�WKH�VXSSRUW�RI�'3$�3UHVLGHQF\�RI�WKH�&RXQFLO�RI�0LQLVWHUV�
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��������+XPDQ�DFFLGHQWDO�SRLVRQLQJ�LQ�UXUDO�DQG�ILVKLQJ�RFFXSDWLRQDO�VHWWLQJ�LQ�,WDO\��D���\HDUV�FDVH�VHULHV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&DUOR�$OHVVDQGUR�/RFDWHOOL������'DYLGH�/RQDWL������$]]XUUD�6FKLFFKL������0DUWD�&UHYDQL������*LXOLD�6FDUDYDJJL������(OHRQRUD�%XVFDJOLD������6DUDK�9HFFKLR
�����9DOHULD�0DUJKHULWD�3HWUROLQL����

���3DYLD�3RLVRQ�&RQWURO�&HQWUH��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<

.H\ZRUGV��SRLVRQLQJ��UXUDO��ILVKLQJ��FOLQLFDO�WR[LFRORJ\

$EVWUDFW��

2%-(&7,9(6��7R�GHVFULEH�FOLQLFDO�DVSHFWV�DQG�PHGLFDO�PDQDJHPHQW�RI�KXPDQ�SRLVRQLQJ�LQ�UXUDO�DQG�ILVKLQJ�RFFXSDWLRQDO�VHWWLQJ��LQ�RUGHU�WR
LGHQWLI\�SUHYHQWLYH�PHDVXUHV�

0(7+2'6��$�ILYH�\HDUV�������������UHWURVSHFWLYH�VWXG\�FRQFHUQLQJ�WKH�3DYLD�3RLVRQ�&HQWUH��33&��LQ�SRLVRQLQJ�GDWD�IURP�DOO�RYHU�,WDO\�ZDV
SHUIRUPHG��&DVHV�ZHUH�HYDOXDWHG�IRU��FLUFXPVWDQFHV�RI�SRLVRQLQJ��FOLQLFDO�PDQLIHVWDWLRQV��PDQDJHPHQW��ULVNV�IDFWRUV��RXWFRPH�

5(68/76��)DUPHUV��YHWHULQDULDQV��KHUSHWRORJLVWV��ILVKHUV�DQG�DTXDULVWV�ZHUH�LGHQWLILHG�DV�SURIHVVLRQDOV�DW�ULVN�IRU�DFFLGHQWDO�SRLVRQLQJ�LQ�UXUDO
VHWWLQJ��,Q�GHWDLOV������RFFXSDWLRQDO�SRLVRQLQJ�LQYROYHG���L��IDUPHUV������������>SHVWLFLGHV�KHUELFLGHV�URGHQWLFLGHV�������������LQVHFW�VSLGHU�ELWHV����
�������YLSHUD�HQYHQRPDWLRQ����������DQG�OHWKDO�LQFLGHQW�LQ�FRQILQHG�VSDFHV��������@���LL��YHWHULQDULDQV������������>DFFLGHQWDO�VHOI�DGPLQLVWUDWLRQ�RI
GUXJV�YDFFLQH�DQWLELRWLFV�VHGDWLYHV������������ZRXQG�PDQDJHPHQW�IRU�SRWHQWLDO�UDELHV�GLVHDVH�Q ���������LLL��KHUSHWRORJLVWV������������$JNLVWURGRQ
ELOLQHDWXV��&URWDOXV�DWUR[��%LWLV�SDUYLRFXOD��%RWULHFKLV�VFKHJHOL�HQYHQRPDWLRQ���LY��)LVKHUV�$TXDULVW�����������>VWLQJV��DOJDO�WR[LQV�LQWR[LFDWLRQV
�FLJXDWR[LQ�LQJHVWLRQ��SDOLWR[LQ�LQKDODWLRQ�@��7KH�LQDSSURSULDWH�DQG�RU�LQFRUUHFW�XVH�RI�SURWHFWLYH�HTXLSPHQW�LV�DVVRFLDWH�WR�WR[LF�SHVWLFLGH�H[SRVXUHV�
(QYHQRPDWLRQ�E\�H[RWLF�VQDNHV�LV�UDUH�DQG�PD\�UHJDUG�SDUWLFXODU�ULVN�FDWHJRULHV��H�J��KHUSHWRORJLVWV�YHWHULQDULDQV��EXW�PD\�UHTXLUH�DQWLYHQRP
DGPLQLVWUDWLRQ�QRW�DOZD\V�SURPSWO\�DYDLODEOH��LQ�WKHVH�FDVHV�VSHFLILF�DQWLGRWH�KDV�EHHQ�VXSSOLHG�DEURDG�DIWHU�DFWLYDWLRQ�RI�H[WUDRUGLQDU\�SURFHGXUHV�
$OO�FDVHV�IXOO\�UHFRYHUHG�H[FHSW�RQH��&URWDOXV�ELWH��WKDW�SUHVHQWHG�D�PLOG�SHUPDQHQW�G\VIXQFWLRQ�DW�WKH�KDQG��$PRQJ�YHWHULQDULDQV��RFFXSDWLRQDO
H[SRVXUH�DUH�PDLQO\�FKDUDFWHUL]HG�E\�DFFLGHQWDO�VHOI�LQMHFWLRQ�RI�YHWHULQDU\�PHGLFLQHV��YDFFLQHV��DQWLELRWLFV��DQHVWKHWLFV�VHGDWLYHV���QR�FDVHV�RI
V\VWHPLF�WR[LF�HIIHFWV�ZHUH�UHJLVWHUHG��9HWHULQDULDQ�PDQDJHG�IRU�SRWHQWLDOO\�UDELG�IR[�ELWH�UHTXLUHG�RQO\�DFWLYH�LPPXQL]DWLRQ��,Q�33&�H[SHULHQFH
ILVKHUPHQ�PD\�EH�H[SRVHG�WR�WKH�ULVN�RI�YHQRPRXV�PDULQH�RUJDQLVPV�VWLQJV��7UDFKLQLGDH������'DV\DWLGDH������0XUD\������6HD�$QHPRQH�6HD
&RUDO�������$TXDULVWV�KDV�EHHQ�LQYROYHG�LQ�SDOLWR[LQ�LQKDODWLRQ�DIWHU�ERLOLQJ�D�SRW�RI�ZDWHU�FRQWDLQLQJ�D�SLHFH�RI�URFN�SROOXWHG�E\�WKH�FQLGDULDQ
]RDQWKLGV�3DO\WKRD�VSS��WDNHQ�RXW�RI�D�����OLWHU�DTXDULXP��3DWLHQWV��IDWKHU����\HDUV�ROG�DQG�GDXJKWHU����PRQWKV��PDQLIHVWHG�JDVWURLQWHVWLQDO
PDQLIHVWDWLRQV��IHYHU����j&���VRUH�WKURDW��FRXJK�DQG�G\VSQHD��7KH�FOLQLFDO�PDQLIHVWDWLRQ�UHVROYHG�DIWHU����KRXUV�DQG�D���PRQWKV�IROORZ�XS�ZDV
QHJDWLYH�IRU�ODWH�UHVSLUDWRU\�FRQVHTXHQFHV��&21/86,216��%HVLGHV�SOD\LQJ�D�IXQGDPHQWDO�UROH�LQ�WKH�GLDJQRVLV�RI�LQWR[LFDWLRQ��33&�SURYLGHV�DOVR�D
VSHFLDOL]HG�DGYLFH�WR�HYDOXDWH�FRUUHFW�LQGLFDWLRQV�IRU�DQWLGRWH�DGPLQLVWUDWLRQ�DQG�WR�VXSSO\�DQWLGRWH�LQ�DGHTXDWH�DPRXQW��,Q�RFFXSDWLRQDO�VHWWLQJ��D
FRUUHFW�SUHYHQWLYH�LQIRUPDWLRQ�SURJUDP�PD\�EH�HVVHQWLDO�DQG�FRQWLQXRXV�WUDLQLQJ�RI�SK\VLFLDQV�DQG�ZRUNHUV�LV�UHTXLUHG�
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��������0\RFDUGLWLV�UHODWHG�WR�$IULFDQ�VFRUSLRQ�HQYHQRPDWLRQ��FDUGLDF�PDJQHWLF�UHVRQDQFH�ILQGLQJV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&DUOR�$OHVVDQGUR�/RFDWHOOL������'DYLGH�/RQDWL������2URQ]R�&DWDODQR������*XLGR�0RUR������)UDQFHVFD�&KLDUD������6DUDK�9HFFKLR������9DOHULD�0DUJKHULWD
3HWUROLQL����

���3DYLD�3RLVRQ�&RQWURO�&HQWUH��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<
���'LYLVLRQ�RI�&DUGLRORJ\��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<
���'LYLVLRQ�RI�5DGLRORJ\��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<

.H\ZRUGV��VFRUSLRQ��HQYHQRPDWLRQ��P\RFDUGLWLV��FOLQLFDO�WR[LFRORJ\

$EVWUDFW��

2EMHFWLYH��6FRUSLRQ�HQYHQRPDWLRQ�DUH�ZRUOGZLGH�UHSRUWHG��DQG�LW�LV�FRQVLGHUHG�D�PDMRU�SXEOLF�KHDOWK�SUREOHP�LQ�WURSLFDO��VXEWURSLFDO�DQG
VXE�6DKDUDQ�DUHDV��6FRUSLRQ�·�WR[LQV�LQKLELWV�WKH�YROWDJH�JDWHG�VRGLXP�FKDQQHO�LQDFWLYDWLRQ�UHVXOWLQJ�LQ�SURORQJHG�GHSRODUL]DWLRQ�DQG��ILQDOO\�
QHXURQDO�H[FLWDWLRQ�ZLWK�DGUHQHUJLF�DQG�FKROLQHUJLF�H[FHVV��7KH�PDLQ�PHFKDQLVPV�RI�FDUGLDF�G\VIXQFWLRQ�DQG�SXOPRQDU\�HGHPD�UHODWHG�WR�VFRUSLRQ
HQYHQRPDWLRQ�DUH�PXOWLIDFWRULDO��WKH�YDVRDFWLYH�HIIHFW�RI�FDWHFKRODPLQH�DQG�ELRFKHPLFDO�PHGLDWRUV�FDXVHV�FDUGLDF�RYHUORDG�DQG�FRQWULEXWH�WR�DFXWH
FDUGLDF�IDLOXUH�RU�P\RFDUGLDO�LVFKHPLD�RU�P\RFDUGLWLV��:H�GHVFULEH�WKH�HYROXWLRQ�RI�D�WR[LF�P\RFDUGLWLV�GRFXPHQWHG�DW�IRXU�UHSHDWHG�FDUGLDF
PDJQHWLF�UHVRQDQFH��&05��GXULQJ�D���PRQWKV�IROORZ�XS�

&DVH�UHSRUW��$����\HDU�ROG�ZRPDQ�ZDV�VWXQJ�RQ�D�IRRW�E\�/HLUXV�4XLQTXHVWUDWLXV�VFRUSLRQ�RQ�D�5HG�6HD�EHDFK��(J\SW���$W�('�DGPLVVLRQ����KRXUV
ODWHU���WKH�SDWLHQW�SUHVHQWHG�ZLWK�QRUPDO�EORRG�SUHVVXUH��ORFDO�DFXWH�SDLQ��IHYHU����j&���WDFK\FDUGLD������ESP��DVVRFLDWHG�ZLWK�G\VSQHD�DQG�GLIIXVH
SXOPRQDU\�UDOHV��&KHVW�UDGLRJUDSK\�HYLGHQFHG�VHYHUH�SXOPRQDU\�HGHPD��DQG�HFKRFDUGLRJUDSK\�DVVHVVPHQW�UHYHDOHG�VLJQLILFDQW�GHWHULRUDWLRQ�RI
OHIW�YHQWULFOH��/9��V\VWROLF�IXQFWLRQ��ZLWK�JOREDO�K\SRNLQHVLD�DQG�OHIW�YHQWULFOH�HMHFWLRQ�IUDFWLRQ��/9()��RI������%LRFKHPLVWU\�VKRZHG�DQ�LQFUHDVH�RI
WURSRQLQ�,�������»J�/���&3.�0%�����8�/���DP\ODVH������8�/��DQG�/'+������,8�/��DVVRFLDWHG�ZLWK�OHXNRF\WRVLV�DQG�WKURPERF\WRSHQLD��3DWLHQW�ZDV
WUHDWHG�ZLWK�SUD]RVLQ��GREXWDPLQH��IXURVHPLGH��K\GURFRUWLVRQH��OHYRIOR[DFLQ��33,��DFHWDPLQRSKHQ��16$,'6��FOLQGDP\FLQ�DQG�HQR[DSDULQ��3XULILHG
3RO\YDOHQW�$QWLVFRUSLRQ�6HUXP�ZDV�DGPLQLVWHUHG��&OLQLFDO�FRQGLWLRQ�SURJUHVVLYHO\�LPSURYHG�ZLWK�QRUPDOL]DWLRQ�RI�P\RFDUGLXP�QHFURVLV�LQGH[HV�DQG
/9()�������ZLWKLQ���GD\V�

7KH�SDWLHQW�ZDV�WUDQVIHUUHG�WR�RXU�KRVSLWDO����GD\V�DIWHU�WKH�DFFLGHQW��(FKRFDUGLRJUDSK\�ZDV�QRUPDO�H[FHSW�IRU�V\VWROLF�SXOPRQDU\�SUHVVXUH�DW�WKH
XSSHU�OLPLW�OHYHO��5HSHDWHG�&05�HYDOXDWLRQV�����GD\V�������DQG����PRQWKV��ZHUH�SHUIRUPHG��(&*�JDWHG�FLQH�LPDJHV��DVVHVVHG�E\�D
VWHDG\�VWDWH�IUHH�SUHFHVVLRQ�VHTXHQFHV��VKRZHG�QRUPDO�/9�YROXPHV�DQG�/9()�DW�EDVHOLQH��DQG�PLOG�ZRUVHQLQJ�RI�/9()�GXULQJ�WKH�IROORZ�XS�����WR
������6LJQLILFDQW�HDUO\�XSWDNH�RI�JDGROLQLXP�DW�7��ZHLJKWHG�76(�VHTXHQFH��VXJJHVWLQJ�P\RFDUGLDO�LQIODPPDWLRQ��ZDV�UHYHDOHG�DW�EDVH�OLQH��DQG
JUDGXDOO\�UHGXFHG�GXULQJ�WKH�IROORZ�XS��SDUWLFXODUO\�EHWZHHQ�WKH��WK�DQG��WK�PRQWKV��,UUHYHUVLEOH�P\RFDUGLDO�GDPDJH�ZDV�DVVHVVHG�E\�ODWH
HQKDQFHPHQW�WHFKQLTXH��ZKLFK�UHYHDOHG�PLOG�LQWUD�P\RFDUGLDO�DQG�VXE�HSLFDUGLDO�ODWH�HQKDQFHPHQW�WKDW�SHUVLVWHG�LQ�WKH�IROORZ�XS��&RQFOXVLRQ�
2XU�H[SHULHQFH�VXSSRUW�WKH�K\SRWKHVLV�WKDW�WKH�H[FHVV�RI�FDWHFKRODPLQH�LV�FUXFLDO�LQ�WKH�SDWKRSK\VLRORJ\�RI�WKH�FDUGLDF�G\VIXQFWLRQ�REVHUYHG�ERWK
LQ�VWUHVV�LQGXFHG�FDUGLRP\RSDWK\�DQG�VFRUSLRQ�HQYHQRPDWLRQ��&05�HYDOXDWLRQV�LV�XVHIXO�LQ�IROORZ�XS�VXE�FOLQLFDO�P\RFDUGLDO�DOWHUDWLRQV�DOVR
FRQVLGHULQJ�WKH�SRVVLEOH�HYROXWLRQ�LQ�GLODWHG�FDUGLRP\RSDWK\�
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��������([WUDRUGLQDU\�PRELOL]DWLRQV�RI�DQWLGRWHV�IURP�WKH�1DWLRQDO�6WRFNSLOH�WR�WKH�KRVSLWDOxV�HPHUJHQF\�GHSDUWPHQWV��DQ
H[DPSOH�RI�YHUVDWLOLW\�DQG�LQWHJUDWLRQ�RI�QDWLRQDO�IXQFWLRQV�DQG�V\VWHPV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

(OHRQRUD�%XVFDJOLD������9DOHULD�0DUJKHULWD�3HWUROLQL������9LUJLOLR�&RVWDQ]R������/RUHGDQD�9HOOXFFL������*LXOLD�6FDUDYDJJL������0DUWD�&UHYDQL������6DUDK
9HFFKLR������'DYLGH�/RQDWL������&DUOR�$OHVVDQGUR�/RFDWHOOL����

���3DYLD�3RLVRQ�&RQWURO�&HQWUH��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<
���3UHYHQWLRQ�*HQHUDO�'LUHFWRUDWH��0LQLVWU\�RI�+HDOWK��5RPH��,7$/<

.H\ZRUGV��DQWLGRWHV��VWRFNSLOH��FOLQLFDO�WR[LFRORJ\

$EVWUDFW��

2EMHFWLYH��6LQFH�������WKH�,WDOLDQ�6WDWH�KDV�HVWDEOLVKHG�DQ�H[WUDRUGLQDU\�HQGRZPHQW�RI�DQWLGRWHV�IRU�WHUURULVWV�FKHPLFDO�DQG�UDGLR�QXFOHDU�HYHQWV
�6FRUWD�1D]LRQDOH�$QWLGRWL�61$���&KDUJHG�E\�WKH�0LQLVWU\�RI�+HDOWK��WKH�3DYLD�3RLVRQ�&RQWURO�&HQWUH��33&&��LV�WKH�FOLQLFDO�XQLW�UHVSRQVLEOH�IRU��L��WKH
GLDJQRVWLF�WKHUDSHXWLF�VSHFLDOLVW�FRQVXOWDWLRQ�IRU�QRQ�FRQYHQWLRQDO�DWWDFNV���LL��WKH�61$�RSHUDWLRQDO�PDQDJHPHQW��H�J��XSJUDGH��GLVWULEXWLRQ
SODQQLQJ���DQG��LLL��WKH�FRQWLQXRXV�WUDLQLQJ�RI�WKH�,WDOLDQ�1+6��61$�LV�RUJDQL]HG�RQ�QDWLRQDO�VFDOH��UHJLRQDO�DQG�QDWLRQDO�VWRFNSLOHV��ORFDWHG�LQ
KRVSLWDOV�DQG�LQ�6WDWHÇV�GHSRVLWV��UHVSHFWLYHO\���DQG�LV�DQ�LQWDQJLEOH�VWRFNSLOH�ZKRVH�LQWHJULW\�LV�HVVHQWLDO�WR�IXOILOO�LWV�IXQFWLRQV��+RZHYHU��ZKHQ�DQ
DEVROXWH�VKRUWDJH�RI�DQ�DQWLGRWH�RFFXUV�LQ�WKH�1+6�KRVSLWDOV�DQG�WKH�DQWLGRWDO�WUHDWPHQW�RI�LQWR[LFDWHG�SDWLHQWV�LV�QHFHVVDU\��D�TXRWH�RI�WKH�61$
VWRFNSLOH�FDQ�EH�H[WUDRUGLQDULO\�PRELOL]HG��2SHUDWLRQDO�SURFHGXUH�QHHG�D�FOLQLFDO�HYDOXDWLRQ�E\�WKH�33&&�ILUVW��DQG�WKHQ�DQ�RQ�WLPH�DXWKRUL]DWLRQ�E\
WKH�0LQLVWU\�RI�+HDOWK��5DSLG�UHSODFHPHQW�RI�WKH�PRELOL]HG�DPRXQWV�E\�WKH�UHTXLULQJ�KRVSLWDO�LV�D�SURFHGXUDO�REOLJDWLRQ��7R�HYDOXDWH�WKH�61$ÇV
H[WUDRUGLQDU\�PRELOL]DWLRQV��61$�(0��LQ�D�VHYHQ�\HDU�SHULRG��0HWKRGV��:H�LQYHVWLJDWHG�DOO�61$�(0�DXWKRUL]HG�PDGH�LQ�WKH�SHULRG������������)RU
HDFK�PRELOL]DWLRQ��L��WKH�FDXVH�RI�WKH�H[WUDRUGLQDU\�UHTXHVW��FOLQLFDO�LQGLFDWLRQV��DQWLGRWHV�DYDLODELOLW\�VKRUWDJH�LQ�QHLJKERULQJ�KRVSLWDO�DQG�3RLVRQ
&HQWHUV����LL��WKH�WLPH�UHTXLUHG�IRU�WKH�DQWLGRWHV�DUULYDO�WR�WKH�UHTXLULQJ�KRVSLWDO�DQG��LLL��WKH�61$�VWRFNSLOH�LQYROYHG�ZHUH�DVVHVVHG��5HVXOWV�
([FHSWLRQDO�PRELOL]DWLRQV�IURP�WKH�61$�WR�WKH�1+6�KRVSLWDOV�ZHUH�SHUIRUPHG����WLPHV��IRU����SDWLHQWV���DOZD\V�OLQNHG�WR�VLQJOH�PXOWLSOH�SRLVRQLQJ
IURP�FRQYHQWLRQDO�FDXVHV�HYHQWV��7KH�PRELOL]HG�DQWLGRWHV�ZHUH�SUDOLGR[LPH��Q �����'06$��Q ����'036��Q ����K\GUR[RFREDODPLQ��Q ���
PHWK\OHQH�EOXH��Q ���DQG�3UXVVLDQ�EOXH��Q ����,Q����FDVHV��61$�(0�RFFXUUHG�WR�KRVSLWDOV�ORFDWHG�LQ�WKH�VDPH�UHJLRQ�RI�WKH�61$�GHSRVLW�DQG�LQ��
WRZDUG�GLIIHUHQW�UHJLRQV��,Q�VRPH�FDVHV��WKH�PRELOL]HG�DQWLGRWHV��'036��SUXVVLDQ�EOXH�DQG�'06$��DUH�UDUHO\�XVHG�DQG�GLIILFXOW�WR�ILQG�LQ�WKH�1+6
KRVSLWDOV��&RQFOXVLRQV��61$�LV�DQ�HVVHQWLDO�IDFLOLW\�LQ�HDFK�FRXQWU\�LQ�RUGHU�WR�KDYH�WKH�QHFHVVDU\�DQWLGRWHV�LQ�FDVH�RI�H[FHSWLRQDO�HYHQWV��7KH
,WDOLDQ�FXUUHQW�RUJDQL]DWLRQ�RI�61$��FRQVLGHUHG�KLJKO\�LPSRUWDQW�LQ�(8��FRPELQH�FOLQLFDO�WR[LFRORJLFDO�H[SHUWLVH�DQG�DQWLGRWHV�VXSSO\�LQ�RUGHU�WR
REWDLQ�GLDJQRVWLF�DQG�WKHUDSHXWLF�DSSURSULDWHQHVV��1HYHUWKHOHVV��WKLV�RUJDQL]DWLRQ�KDV�SURYHQ�XVHIXO�DQG�DEOH�WR�RYHUFRPH�WKH�KRVSLWDO
VKRUWFRPLQJV�RI�QRUPDO�UDUH�DQWLGRWHV�LQ�FDVHV�ZKHUH�WR[LF�DJHQWV�DUH�XQXVXDO�RU�WKH�QHHG�IRU�DQWLGRWHV�H[FHHG�WKH�QRUPDO�KRVSLWDO�DYDLODELOLW\�
$FNQRZOHGJHPHQWV��6XSSRUW�RI�0LQLVWU\�RI�+HDOWK������������&&0��
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��������$QWLYHQRP�WUHDWPHQW�LQ�YLSHU�HQYHQRPDWLRQ�LQ�,WDO\��D���\HDUV�H[SHULHQFH

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

9DOHULD�0DUJKHULWD�3HWUROLQL������'DYLGH�/RQDWL������$]]XUUD�6FKLFFKL������0DUWD�&UHYDQL������0DUD�*DUEL������*LXOLD�6FDUDYDJJL������(OHRQRUD�%XVFDJOLD
�����)UDQFHVFD�&KLDUD������6DUDK�9HFFKLR������&DUOR�$OHVVDQGUR�/RFDWHOOL����

���3DYLD�3RLVRQ�&RQWURO�&HQWUH��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<

.H\ZRUGV��YLSHU��HQYHQRPDWLRQ��DQWLYHQRP��FOLQLFDO�WR[LFRORJ\

$EVWUDFW��

2EMHFWLYH��(8�PDUNHWHG�YLSHU�DQWLYHQRPV�GLIIHU�IRU�SKDUPDFHXWLFDO�FKDUDFWHULVWLFV��H�J��)DE�)�DEÇ����HTXLQH�RYLQH��YLSHU�VSS��QHXWUDOL]LQJ�DFWLYLW\��
GRVDJH�DQG�UHJLVWHUHG�URXWH�RI�DGPLQLVWUDWLRQ��$�GLIIHUHQW�DYDLODELOLW\�LQ�,WDOLDQ�KRVSLWDOV�RIIHUV�WKH�RSSRUWXQLW\�WR�SUHOLPLQDU\�HYDOXDWH�WKH�UHODWLYH
IUHTXHQF\�RI�XVH�DQG�WKH�FOLQLFDO�UHVSRQVH�WR�WUHDWPHQW�ZLWK���GLIIHUHQW�DQWLYHQRP�

0HWKRGV��$OO�YLSHU�ELWWHQ�SDWLHQWV�WUHDWHG�ZLWK�DQWLYHQRP�UHIHUUHG�WR�3DYLD�3RLVRQ�&RQWURO�&HQWUH�IURP������2FW�����ZHUH�UHWURVSHFWLYHO\
DVVHVVHG�IRU�VH[��DJH��VLWH�RI�ELWH��WLPH�HODSVHG�EHWZHHQ�ELWH�DQG�('�DGPLVVLRQ�DQWLYHQRP�DGPLQLVWUDWLRQ��W\SH�RI�DQWLYHQRP�DQG�QXPEHU�RI�YLDOV�
*66�DQG�FOLQLFDO�UHVSRQVH��LPSURYHPHQW�ZRUVHQLQJ�GXULQJ���KRXUV���QHHG�RI�DGMXQFWLYH�GRVHV��DGYHUVH�HIIHFWV��&OLQLFDO�PDQLIHVWDWLRQV�ZHUH
HYDOXDWHG�DFFRUGLQJ�WR�WKH�*UDGLQJ�6HYHULW\�6FRUH��*66��

5HVXOWV�����SDWLHQWV��DJH�����k�����\�R��PDOH������ZHUH�LQFOXGHG�����ZHUH�SDHGLDWULF�������\�R���&RQVLGHULQJ�JHRJUDSKLFDO�GLVWULEXWLRQ��YLSHUD
DVSLV�VSS��ZDV�PDLQO\�LQYROYHG��8SSHU�DQG�ORZHU�OLPEV�ZHUH�LQYROYHG�LQ�����DQG�����RI�FDVHV��UHVSHFWLYHO\��$YHUDJH�WLPH�EHWZHHQ�ELWH�DQG
('�DGPLVVLRQ�ZDV���KRXUV����PLQ���KRXUV���DQG���KRXUV����PLQ���KRXUV��EHWZHHQ�ELWH�DQG�DQWLYHQRP�DGPLQLVWUDWLRQ��WKDW�RFFXUUHG�LQ�SDWLHQWV
ZLWK�*66���RU��������DQG������UHVSHFWLYHO\���7KH���DQWLYHQRP�ZHUH�DGPLQLVWHUHG�LQWUDYHQRXVO\��9LSHU�9HQRP�$QWLVHUXP�(XURSHDQi��99$(�
������������>� ��YLDO���� ��YLDOV@��9LSHU�9HQRP�$QWLWR[LQi��99$��������������>�� ��YLDO��� ��YLDOV@��9LSHUD7DEi�����������>��YLDOV@�DQG
9LHNYLQi�����������>��YLDO@��&OLQLFDO�LPSURYHPHQW�ZDV�REVHUYHG�DIWHU���DQG���YLDOV�RI�99$(�DGPLQLVWUDWLRQ�LQ�����DQG�����RI�FDVHV��UHVSHFWLYHO\�
DQG�DIWHU���DQG���YLDOV�RI�99$�LQ�����DQG�����RI�FDVHV��9LSHUD7DE�WUHDWHG�SDWLHQWV��Q ���LPSURYHG�LQ����������SDWLHQW�WUHDWHG�ZLWK�9LHNYLQ���
\HDUV�ROG��SURPSWO\�DPHOLRUDWHG��$GMXQFWLYH�GRVHV�RI�DQWLYHQRP�ZHUH�QHHGHG�LQ���SDWLHQWV�������DJLQJ��H[FHSW�RQH�����\�R��IURP���WR���\HDUV�WKDW
UHFHLYHG�RQO\���YLDO�RI�99$(�����������DQG�99$������������$FXWH�DGYHUVH�UHDFWLRQV�RFFXUUHG�DIWHU�99$(����FDVHV��DQJLRHGHPD��SUXULWXV��DQG�99$
DGPLQLVWUDWLRQ����FDVH��PLOG�K\SRWHQVLRQ���6HUXP�VLFNQHVV����ZHHNV�ODWHU��RFFXUUHG�LQ���FDVH��99$���6WDWLVWLFDO�HYDOXDWLRQ�UHTXLUHV�D�JUHDWHU�QXPEHU
RI�FDVHV�

&RQFOXVLRQV��$�GLIIHUHQW�DYDLODELOLW\�RI���DQWLYHQRPV�LV�REVHUYHG�LQ�,WDOLDQ�KRVSLWDOV��ZLWK�D�SUHYDOHQFH�RI�WKRVH�WKDW�GHFODUH�QHXWUDOL]LQJ�DFWLYLW\
DJDLQVW�YLSHUD�DVSLV�VSS��,QWUDYHQRXV�DGPLQLVWUDWLRQ�LV�XVXDOO\�VDIH��HYHQ�LI�DGYHUVH�UHDFWLRQV�DUH�REVHUYHG��$Q�LQLWLDO�GRVH�RI���YLDOV�RI�DOO
IRUPXODWLRQ�LV�VXLWDEOH�WR�UHGXFH�WKH�SUREDELOLW\�RI�ZRUVHQLQJ�DQG�WKH�QHHG�RI�DGMXQFWLYH�GRVHV��HVSHFLDOO\�LQ�SDHGLDWULF�SDWLHQWV�



72;,&2/2*< &DUOR�$OHVVDQGUR�/RFDWHOOL

��������3HVWLFLGHV�LQWR[LFDWLRQV�LQ�SURIHVVLRQDO�VHWWLQJ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6DUDK�9HFFKLR������$]]XUUD�6FKLFFKL������0DUWD�&UHYDQL������0DUD�*DUEL������*LXOLD�6FDUDYDJJL������(OHRQRUD�%XVFDJOLD������9DOHULD�0DUJKHULWD�3HWUROLQL
�����'DYLGH�/RQDWL������&DUOR�$OHVVDQGUR�/RFDWHOOL����

���3DYLD�3RLVRQ�&RQWURO�&HQWUH��,5&&6�0DXJHUL�)RXQGDWLRQ�3DYLD�+RVSLWDO��3DYLD��,7$/<

.H\ZRUGV��SHVWLFLGHV��SRLVRQLQJ��FOLQLFDO�WR[LFRORJ\

$EVWUDFW��

,QWURGXFWLRQ�3HVWLFLGHV�DQG�KHUELFLGH�DUH�SURIHVVLRQDO�SURGXFWV�ODUJHO\�XVHG�E\�IDUPHUV�DQG�JDUGHQHUV��7KH�LGHQWLILFDWLRQ�RI�ULVNV�DQG�WKH�PRGDOLW\
RI�DFXWH�H[SRVXUH�PD\�GHOLQHDWH�D�YDULRXV�UDQJH�RI�FOLQLFDO�PDQLIHVWDWLRQV��IURP�LUULWDWLQJ�V\PSWRPV�WR�VHYHUH�FDVHV�RI�V\VWHPLF�IXQFWLRQDO�DQG
OHVLRQDO�GDPDJHV��2EMHFWLYHV�7R�GHVFULEH�WR[LF�SURIHVVLRQDO�DFXWH�H[SRVXUHV�WR�SHVWLFLGHV�DQG�KHUELFLGHV��0HWKRGV�$�ILYH�\HDUV������������
UHWURVSHFWLYH�UHYLHZ�RI�FDVHV�RI�SURIHVVLRQDO�DFXWH�H[SRVXUHV�WR�SHVWLFLGHV�DQG�KHUELFLGHV�PDQDJHG�E\�WKH�33&�ZDV�SHUIRUPHG��,QFOXGHG�FDVHV�ZHUH
DVVHVVHG�IRU�VH[��DJH��DJHQW�LQYROYHG��PRGDOLW\�RI�H[SRVXUH�DQG�366��3RLVRQLQJ�6HYHULW\�6FRUH��DW�ILUVW�HYDOXDWLRQ�E\�VSHFLDOLVW�WR[LFRORJLVW�
$WWHPSWHG�VXLFLGHV�ZHUH�H[FOXGHG��5HVXOWV�����FDVHV�ZHUH�LQFOXGHG������PDOHV��PHDQ�DJH������k����\HDUV���&RQFHUQLQJ�WKH�DJHQWV�LQYROYHG�
LQVHFWLFLGHV�DFFRXQW�IRU�WKH�����RI�FDVHV�RI�LQWR[LFDWLRQ�����������DQG��DPRQJ�WKHVH��RUJDQRSKRVSKDWHV�DQG�S\UHWKURLGV�DUH�WKRVH�PRUH
UHSUHVHQWHG������DQG�����RI�FDVHV�UHVSHFWLYHO\���$OVR�KHUELFLGHV����������������DUH�RIWHQ�LQYROYHG��������ZLWK�JO\SKRVDWH�WKDW�UHSUHVHQW�WKH����
RI�WKHVH�FDVHV��2WKHU�DJHQWV�LQYROYHG�DUH�IXQJLFLGHV��������FRSSHU�DQG�VXOSKXU�������DQG�PLVFHOODQHRXV�RI�RWKHU�SURGXFWV�LQ����RI�FDVHV��,Q����RI
FDVHV�WKH�DJHQW�LQYROYHG�LV�XQNQRZQ��,Q�JHQHUDO��RQO\�RQH�SURGXFW�ZDV�LQYROYHG�LQ�����RI�FDVHV����SURGXFWV�VLPXOWDQHRXVO\�LQ��������SURGXFWV�LQ���
DQG���SURGXFWV�LQ����RI�FDVHV��7KH�H[SRVXUH�RFFXUUHG�GXULQJ�WKH�XVH�RI�WKH�SURGXFW�LQ�WKH�����RI�FDVHV��DFFLGHQWDOO\�LQ�����GXULQJ�WKH�SUHSDUDWLRQ
RI�WKH�SURGXFW�LQ�����7KLV�GDWD�LV�XQNQRZQ�LQ�WKH�����RI�FDVHV��,QKDODWLRQ�DQG�GHUPDO�FRQWDFW�ZHUH�WKH�PDLQ�URXWHV�RI�H[SRVXUH������DQG�����RI
FDVHV�UHVSHFWLYHO\���&RQFHUQLQJ�WKH�366�DW�ILUVW�HYDOXDWLRQ�E\�WKH�33&��SDWLHQWV�ZHUH�DV\PSWRPDWLF�LQ�WKH�����RI�FDVHV��SUHVHQWHG�PLOG�V\PSWRPV
LQ�WKH�����RI�FDVHV��PRGHUDWH�V\PSWRPV�LQ�WKH�����RI�FDVHV�DQG�VHULRXV�V\PSWRPV�LQ�WKH����RI�FDVHV��7KLV�GDWD�ZDV�QRW�HYDOXDEOH�LQ�WKH
UHPDLQLQJ�����RI�FDVHV��0RUWDOLW\�UHVXOWHG������

&RQFOXVLRQV�0DLQ�LQWR[LFDWLRQ�SUHGLVSRVLQJ�IDFWRUV�DUH�WKH�LQDSSURSULDWH�XVH�RI�SHVWLFLGHV��DVVRFLDWHG�ZLWK�WKH�LQFRUUHFW�XVH�RI�SHUVRQDO�SURWHFWLYH
HTXLSPHQW��%HVLGHV�SOD\LQJ�D�IXQGDPHQWDO�UROH�LQ�WKH�GLDJQRVLV�RI�LQWR[LFDWLRQ��33&�SURYLGHV�DOVR�D�VSHFLDOL]HG�DGYLFH�WR�HYDOXDWH�FRUUHFW
LQGLFDWLRQV�IRU�DQWLGRWH�DGPLQLVWUDWLRQ�DQG�WR�VXSSO\�DQWLGRWH�LQ�DGHTXDWH�DPRXQW��7R�UHGXFH�SRWHQWLDO�ULVN�RI�LQWR[LFDWLRQ��HVSHFLDOO\�LQ�RFFXSDWLRQDO
VHWWLQJ��D�FRUUHFW�SUHYHQWLYH�LQIRUPDWLRQ�SURJUDP�PD\�EH�HVVHQWLDO�



&5,7,&$/�&$5( +DQHQ�*KD]DOL

��������%ORRG�ODFWDWH�DV�D�SUHGLFWRU�IRU�LQ�KRVSLWDO�PRUWDOLW\�LQ�SDWLHQWV�DGPLWWHG�LQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

ZLGHG�EDKULD������+DQHQ�*KD]DOL������$KPHG�6RX\DK������LPHQ�ERXNKDOID������$QZDUH�\DKPDGL������PRH]�PRXJDLGD������0RKDPHG�0JXLGLFK������6DPL
6RXLVVL����

���HPHUJHQF\�GHSDUWPHQW��UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$

.H\ZRUGV��ODFWDWH��PRUWDOLW\��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ�

8VLQJ�EORRG�ODFWDWH�PRQLWRULQJ�IRU�ULVN�DVVHVVPHQW�LQ�WKH�FULWLFDOO\�LOO�SDWLHQW�UHPDLQV�FRQWURYHUVLDO��6RPH�RI�WKH�GLVFUHSDQF\�LV�GXH�WR�XQFHUWDLQW\
UHJDUGLQJ�WKH�DSSURSULDWH�UHIHUHQFH�LQWHUYDO��DQG�ZKHWKHU�WR�SHUIRUP�D�VLQJOH�ODFWDWH�PHDVXUHPHQW�DV�D�VFUHHQLQJ�PHWKRG�DW�DGPLVVLRQ�WR�WKH
KRVSLWDO��RU�VHULDO�ODFWDWH�PHDVXUHPHQWV�

2EMHFWLYH�

7R�H[DPLQH�ZKHWKHU�EORRG�ODFWDWH�OHYHOV�DUH�SUHGLFWLYH�IRU�LQ�KRVSLWDO�PRUWDOLW\�LQ�SDWLHQWV�DGPLWWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�

0HWKRGV�

:H�FDUULHG�RXW�D�SURVSHFWLYH�REVHUYDWLRQDO�FRKRUW�VWXG\�LQ�FRQVHFXWLYH�SDWLHQWV�ZKRVH�DUWHULDO�ODFWDWH�FRQFHQWUDWLRQ�ZDV�PHDVXUHG�LQ�WKH�('�RYHU
VL[�PRQWKV��7KH�LQLWLDO�DUWHULDO�ODFWDWH�OHYHO�ZDV�FDWHJRUL]HG�DV�ORZ�����PPRO�/���LQWHUPHGLDWH��������PPRO�/���RU�KLJK��Õ��PPR�/���7KH�PDLQ
RXWFRPH�PHDVXUH�ZDV���GD\�PRUWDOLW\�

5HVXOWV�

,QFOXVLRQ�RI�����SDWLHQWV��0HDQ�DJH�ZDV�����������\HDUV��6H[�UDWLR� �������7KH�RYHUDOO�PRUWDOLW\�DW���GD\V�ZDV��������7KH�PHGLDQ�DGPLVVLRQ�ODFWDWH
���WK����WK�SHUFHQWLOH��ZDV������������������PPRO�/��7KLUW\�VL[�SDWLHQWV�������KDG�ORZ�ODFWDWH�����SDWLHQWV�������KDG�LQWHUPHGLDWH�ODFWDWH�DQG���
SDWLHQWV�������KDG�KLJK�ODFWDWH�

0XOWLYDULDWH�ORJLVWLF�UHJUHVVLRQ�UHYHDOHG�ORZHU�ODFWDWH�OHYHOV�ZHUH�DVVRFLDWHG�ZLWK���GD\�VXUYLYDO��25V�IRU���GD\�GHDWK�FRPSDUHG�ZLWK�ODFWDWH�Õ�
ZHUH������������&,������WR�������IRU�ODFWDWH����DQG������������&,������WR�������IRU�ODFWDWH��������$GPLVVLRQ�ODFWDWH�!�PPRO�/�ZDV�D�VLJQLILFDQW
LQGHSHQGHQW�SUHGLFWRU�RI�PRUWDOLW\�LQ�DGXOW�SDWLHQWV�DGPLWWHG�WR�('��DGMXVWHG�25 ���������,&������WR������S �������

&RQFOXVLRQ��$OO�SDWLHQWV�ZLWK�D�ODFWDWH�DW�DGPLVVLRQ�DERYH���PPRO�/�VKRXOG�EH�FORVHO\�PRQLWRUHG�IRU�VLJQV�RI�GHWHULRUDWLRQ��DQG�SDWLHQWV�ZLWK�HYHQ
ORZHU�ODFWDWH�OHYHOV�VKRXOG�EH�FRQVLGHUHG�IRU�VHULDO�ODFWDWH�PRQLWRULQJ�

�



3$,1�0$1$*(0(17���$1$/*(6,$��
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5DRXO�'DRXVW

��������)DFWRUV�DVVRFLDWHG�ZLWK�WKH�GHYHORSPHQW�RI�FKURQLF�SDLQ�LQ�WUDXPD�SDWLHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5DRXO�'DRXVW������-HDQ�3DTXHW������/\QQH�0RRUH������-HDQ�0DUF�&KDXQ\������6RSKLH�*RVVHOLQ������-HDQ�0DUF�0DF�7KLRQJ������0DUFHO�(PRQG������0DQRQ
&KRLQL�UH������*LOOHV�/DYLJQH����

���(PHUJHQF\�GHSDUWPHQW��8QLYHUVLW��GH�0RQWU�DO��0RQWU�DO��&$1$'$
���(PHUJHQF\�GHSDUWPHQW�UHVHDUFK�FHQWHU��+�SLWDO�6DFU��&RHXU�GH�0RQWU�DO��0RQWU�DO��&$1$'$
���(SLGHPLRORJLVW��+RSLWDO�GH�O
(QIDQW�-�VXV��4X�EHF���4X�EHF��&$1$'$
���(PHUJHQF\�GHSDUWPHQW��+�SLWDO�6DFU��&RHXU�GH�0RQWU�DO��0RQWU�DO��&$1$'$
���(PHUJHQF\�GHSDUWPHQW�UHVHDUFK�FHQWHU��0F*LOO�8QLYHUVLW\�+HDOWK�FHQWUH��0RQWUHDO��&$1$'$
���2UWKRSHGLVW��+�SLWDO�6DFU��&RHXU�GH�0RQWU�DO��0RQWUHDO��&$1$'$
���(PHUJHQF\�GHSDUWPHQW��&HQWUH�KRVSLWDOLHU�XQLYHUVLWDLUH�GH�4X�EHF��4X�EHF��&$1$'$
���DQHVWKHVLRORJLVW��&+80��0RQWUHDO��&$1$'$
���)DFXOW��GH�P�GHFLQH�GHQWDLUH��8QLYHUVLW��GH�0RQWU�DO��0RQWUHDO��&$1$'$

.H\ZRUGV��3DLQ��&KURQLF�3DLQ��7UDXPD��$FXWH�3DLQ

$EVWUDFW��

,QWURGXFWLRQ��,Q�&DQDGD��WUDXPD�LQMXULHV�UHSUHVHQW�DOPRVW���������KRVSLWDO�DGPLVVLRQV�SHU�\HDU��'HSHQGLQJ�RQ�WKH�W\SH�RI�WUDXPD�DQG�RWKHU�ULVN
IDFWRUV��D�JRRG�SURSRUWLRQ�RI�SDWLHQWV�ZLOO�HYHQWXDOO\�GHYHORS�PLOG�WR�VHYHUH�FKURQLF�SDLQ��)RUWXQDWHO\��WKH�HDUO\�XVH�RI�VRPH�WUHDWPHQWV�DSSHDUV
SURPLVLQJ�WR�SUHYHQW�FKURQLFLW\�RI�SRVW�WUDXPDWLF�DFXWH�SDLQ��+RZHYHU��WKH�UHVHDUFK�DOORZLQJ�WKH�HDUO\�LGHQWLILFDWLRQ�RI�WKH�VXESRSXODWLRQ�RI�WUDXPD
SDWLHQWV�WKDW�PD\�GHYHORS�FKURQLF�SDLQ�LV�VFDUFH�DQG�OLPLWV�RXU�FDSDFLW\�WR�WHVW�WKHVH�SUHYHQWLYH�DSSURDFKHV�

2EMHFWLYH��7R�LGHQWLI\�IDFWRUV�DYDLODEOH�DW�KRVSLWDO�DGPLVVLRQ�DVVRFLDWHG�ZLWK�WKH�GHYHORSPHQW�RI�FKURQLF�SDLQ�LQ�D�SRSXODWLRQ�RI�WUDXPD�SDWLHQWV�

0HWKRGV��,Q�D�FRKRUW�VWXG\�SHUIRUPHG�RQ�D�UHJLVWU\�RI�SURVSHFWLYHO\�DFTXLUHG�GDWD��ZH�KDYH�LQFOXGHG�DOO�SDWLHQWV����\HDUV�DQG�ROGHU�DGPLWWHG�IRU
LQMXU\�LQ�DQ\�RI�WKH����DGXOW�WUDXPD�FHQWHUV�LQ�WKH�SURYLQFH�RI�4XHEHF��&DQDGD��EHWZHHQ������DQG�������3DWLHQWV�ZKR�ZHUH�HLWKHU�HYDOXDWHG�LQ
VSHFLDOL]HG�FKURQLF�SDLQ�FOLQLFV��GLDJQRVHG�ZLWK�FKURQLF�SDLQ��DQG�RU�UHFHLYHG�DW�OHDVW���SUHVFULSWLRQV�RI�FKURQLF�SDLQ�PHGLFDWLRQ���WR����PRQWKV�SRVW
WUDXPD�ZHUH�FRPSDUHG�WR�SDWLHQWV�ZKR�GLG�QRW�PHHW�WKRVH�FULWHULD��3DWLHQWV�ZLWK�D�IROORZ�XS�SHULRG�OHVVHU�WKDQ���\HDU�DQG�WKRVH�ZLWK�PXOWLSOH
WUDXPD�HSLVRGHV�ZHUH�H[FOXGHG�

5HVXOWV��$�WRWDO�RI��������SDWLHQWV�ZHUH�UHWDLQHG��0HDQ�DJH�ZDV�������k�����������ZHUH�PHQ��DQG�WKH�PHDQ�IROORZ�XS�ZDV�����\HDUV��k������7KH
PDMRU�FDXVHV�RI�WUDXPD�ZHUH��IDOOV��������PRWRU�YHKLFOH�DFFLGHQW��������DV�ZHOO�DV�SHQHWUDWLQJ�DQG�EOXQW�LQMXULHV�������:H�KDYH�LGHQWLILHG�����
SDWLHQWV����������&,������������ZKR�ZHUH�HLWKHU�HYDOXDWHG�LQ�VSHFLDOL]HG�FKURQLF�SDLQ�FOLQLFV��GLDJQRVHG�ZLWK�FKURQLF�SDLQ��DQG�RU�UHFHLYHG�DW�OHDVW
��SUHVFULSWLRQV�RI�FKURQLF�SDLQ�PHGLFDWLRQ���WR����PRQWKV�SRVW�WUDXPD��$IWHU�FRQWUROOLQJ�IRU�FRQIRXQGLQJ�IDFWRUV��WKH�YDULDEOHV�WKDW�ZHUH�DVVRFLDWHG
ZLWK�WKH�GHYHORSPHQW�RI�FKURQLF�SDLQ�ZHUH��VSLQH�LQMXU\��25 �������&,������������ORVV�RI�FRQVFLRXVQHVV��25 �������&,������������QHUYHV�GDPDJH
�25 �������&,������������KLVWRU\�RI�GHSUHVVLRQ��25 �������&,������������KLVWRU\�RI�DOFRKROLVP��25 �������&,�������������KHDG�LQMXU\��25 ��������&,�
������������PXOWLSOH�WUDXPD��25 �������&,������������DQG�EHLQJ�D�IHPDOH��25 �������&,������������5HFHLYLQJ�RSHUDWLQJ�FKDUDFWHULVWLF�FXUYHV�GHULYHV
IURP�WKH�PRGHO�ZDV�HYDOXDWHG�DW������

&RQFOXVLRQV��'HVSLWH�ORZ�LQFLGHQFH�RI�FKURQLF�SDLQ�GHYHORSPHQW�IRXQG�LQ�RXU�WUDXPD�FRKRUW�UHJLVWU\��VHYHUDO�VLJQLILFDQW�ULVN�IDFWRUV�ZHUH�LGHQWLILHG�
+RVSLWDO�DGPLVVLRQ�VFUHHQLQJ�RI�WKH�WUDXPD�SRSXODWLRQ�DW�ULVN�RI�GHYHORSLQJ�FKURQLF�SDLQ�ZLOO�DOORZ�WKH�HDUO\�WHVWLQJ�RI�SUHYHQWLYH�DSSURDFKHV�



&$6(�35(6(17$7,21 +DQHQ�*KD]DOL

��������$FXWH�DRUWLF�GLVVHFWLRQ��XQXVXDO�SUHVHQWDWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$\PHQ�=RXEOL������+DQHQ�*KD]DOL������5DQLD�-HEUL������IDUDK�5LDKL������$KPHG�6RX\DK������$QZDUH�\DKPDGL������ZLGHG�%RXVVHOPL������PRH]�PRXJDLGD
�����6DPL�6RXLVVL����

���HPHUJHQF\�GHSDUWPHQW��UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$

.H\ZRUGV��DRUWLF�GLVHFWLRQ��XQXVXDO�SUHVHQWDWLRQ��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ�

$FXWH�DRUWLF�GLVVHFWLRQ��$$'��LV�D�FULWLFDO�GLVHDVH�VWDWH�UHTXLULQJ�LPPHGLDWH�GLDJQRVLV�DQG�RSWLPDO�WUHDWPHQW���:H�GHVFULEH�D�FDVH�RI�DFXWH�W\SH�$
6WDQIRUG�DRUWLF�GLVVHFWLRQ�ZLWK�DQ�XQXVXDO�SUHVHQWDWLRQ�

�

&DVH�UHSRUW�

$����\HDU�ROG�PDQ�ZLWK�QR�PHGLFDO�KLVWRU\�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�DJLWDWLRQ�WKDW�RFFXUUHG�RQH�KRXU�EHIRUH�DGPLVVLRQ��7KHUH
ZHUH�QR�KLVWRU\�RI�FKHVW�SDLQ�RU�G\VSQHD��QR�UHFHQW�WUDXPD�DQG�QR�WR[LF�XVH��2Q�SK\VLFDO�H[DPLQDWLRQ��WKH�SDWLHQW�ZDV�DIHEULOH��KLV�EORRG�SUHVVXUH
ZDV��������PP+J�LQ�WKH�OHIW�DUP��DQG�QRW�GHWHFWDEOH�LQ�WKH�ULJKW�DUP�ZLWKRXW�VLJQV�RI�DFXWH�LVFKHPLD��7KH�SXOVH�ZDV����EHDWV�SHU�PLQ��5HVSLUDWRU\
UDWH����WLPHV�SHU�PLQ�ZLWK�DQ�R[\JHQ�VDWXUDWLRQ�RI�����RQ�DLU�URRP���+H�ZDV�DJLWDWHG��EXW�WKHUH�ZDV�QR�QHXURORJLFDO�LPSDLUPHQW��+LV�SXSLOV�ZHUH
URXQG��HTXDO��DQG�UHDFWLYH�WR�OLJKW�DQG�DFFRPPRGDWLRQ��0RUHRYHU���D�VZLQJLQJ�ULJKW�FHUYLFDO�PDVV�ZDV�IRXQG��7KHUH�ZHUH�QR�VLJQV�RI�DFXWH�KHDUW
IDLOXUH��7KH�DEGRPHQ�ZDV�VRIW��QRQ�GLVWHQGHG��DQG�PLOGO\�WHQGHU�ZLWKRXW�UHERXQG�RU�JXDUGLQJ��(OHFWURFDUGLRJUDP��FKHVW�[�UD\�DQG�EORRG�JDV
DQDO\VLV�ZHUH�QRUPDOV�

$Q�XOWUDVRXQG�RI�WKH�VXSUD�DRUWLF�DUWHULHV�ZDV�SHUIRUPHG�DQG�VKRZHG�D�GLVVHFWLRQ�RI�ULJKW�EUDFKLR�FHSKDOLF�DUWHULDO�WUXQFN�ZLWK�IORDWLQJ�PHPEUDQH
LPDJH�DQG�DQ�REVWUXFWLRQ�RI�ULJKW�VXE�FODYLDU�DUWHU\�

&RPSXWHG�WRPRJUDSK\��&7��VFDQ�FRQILUPHG�D�6WDQIRUG�W\SH�$�GLVVHFWLRQ�ZLWK�DQHYU\VPDO�DVFHQGLQJ��DRUWD��7KH�SDWLHQW�XQGHUZHQW�XUJHQW�VXUJHU\
DQG�H[SHULHQFHG�D�VXFFHVVIXO�RXWFRPH��+H�ZDV�GLVFKDUJHG�IURP�WKH�LQWHQVLYH�FDUH�XQLW�D�ZHHN�DIWHU�KLV�VXUJHU\�

�

&RQFOXVLRQ�

(PHUJHQF\�SK\VLFLDQV�DUH�HVSHFLDOO\�FKDOOHQJHG�E\�GLVHDVHV�WKDW�UHTXLUH�XUJHQW�WUHDWPHQW�OLNH�DRUWLF�GLVVHFWLRQ��0LVGLDJQRVLV�OHDGV�WR�GHOD\�RI
GLDJQRVLV��DQG�H[SRVXUH�WR�LQDSSURSULDWH�WUHDWPHQW��(PHUJHQF\�SK\VLFLDQV�VKRXOG�FRQVLGHU�WKLV�GLDJQRVLV�HYHQ�LQ�WKH�DEVHQFH�RI�D�W\SLFDO
SUHVHQWDWLRQ�

�

�



&$5',29$6&8/$5 +DQHQ�*KD]DOL

��������7KH�SURJQRVWLF�YDOXH�RI�LQWUDKRVSLWDO�KHPRUUKDJLF�FRPSOLFDWLRQV�IRU�DFXWH�FRURQDU\�V\QGURPH�ZLWKRXW�67�HOHYDWLRQ
SDWLHQWV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5DQLD�-HEUL������+DQHQ�*KD]DOL������0DQHO�%D\DU������$QZDUH�\DKPDGL������MLKHQ�HVVLG������PDKERXED�FKNLU������DKOHP�D]RX]L������6DPL�6RXLVVL����

���HPHUJHQF\�GHSDUWPHQW��UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$

.H\ZRUGV��DFXWH�FRURQDU\�V\QGURPH��KHPRUUKDJLF�FRPSOLFDWLRQ��PRUWDOLW\

$EVWUDFW��

,QWURGXFWLRQ�

+HPRUUKDJLF�FRPSOLFDWLRQV�ZHUH�DVVRFLDWHG�ZLWK�VKRUW�WHUP�PRUWDOLW\�LQ�SDWLHQWV�ZLWK�DFXWH�FRURQDU\�V\QGURPH�ZLWKRXW�67�HOHYDWLRQ��167(0,���7KH
&586$'(�VFRUH��&LUFXODWLRQ�������ZDV�XVHG�WR�DVVHVV�WKH�VKRUW�WHUP�PRUWDOLW\��%XW�LWV�SUHGLFWLYH�YDOXH�IRU�WKH�PLGWHUP�PRUWDOLW\�KDV�EHHQ�SRRUO\
VWXGLHG�

2EMHFWLYH��:H�SURSRVH�WR�GHWHUPLQH�WKH�SUHGLFWLYH�YDOXH�RI�WKH���PRQWK�PRUWDOLW\�&586$'(�VFRUH�IRU�167(0,�SDWLHQWV�VHHQ�LQ�WKH�HPHUJHQF\
GHSDUWPHQW��('��

0DWHULDOV�DQG�PHWKRGV�

$�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�ZDV�FRQGXFWHG�RYHU�WZR�\HDUV��3DWLHQWV�ZLWK�167(0,�GLDJQRVLV�ZDV�PDGH��$QDPQHVWLF��FOLQLFDO�
HOHFWURFDUGLRJUDSKLF��ELRORJLFDO�DQG�WKHUDSHXWLF�FULWHULD�ZHUH�FROOHFWHG��7KH�&586$'(�VFRUH�ZDV�FDOFXODWHG��7KH�SURJQRVLV�ZDV�EDVHG�RQ�WKH
��PRQWK�PRUWDOLW\��0XOWLYDULDWH�DQDO\VLV�E\�PXOWLSOH�ORJLVWLF�UHJUHVVLRQ�ZDV�SHUIRUPHG�

5HVXOWV�

7KUHH�KXQGUHG�DQG�QLQHW\�SDWLHQWV�ZHUH�LQFOXGHG��0HDQ�DJH����������\HDUV��6H[�UDWLR�WR�������&RPRUELGLWLHV�1������+7$�����������'LDEHWHV����
������G\VOLSLGHPLD�����������WREDFFR�����������&RURQDU\�$UWHU\�'LVHDVH�����������2YHUDOO�PRUWDOLW\�DW���PRQWKV�ZDV�����7KH�PHDQ�&586$'(�VFRUH
ZDV�KLJKHU�LQ�WKH�QRQ�VXUYLYRUV�SDWLHQWV�FRPSDULQJ�WR�WKH�VXUYLYRUV����k����YV����k���UHVSHFWLYHO\��3����������7KH�&586$'(�VFRUH�ZDV�SUHGLFWLYH
RI���PRQWKV�PRUWDOLW\�ZLWK�D�FXW�RII�DW����ZLWK�DQ�DUHD�XQGHU�WKH�FXUYH�DW�����������&,�>�����WR�����@��6HQVLWLYLW\� ������VSHFLILFLW\� �����
/LNOHKRRG�UDWLR��/5��� �������/5�� ������

&RQFOXVLRQ�

+HPRUUKDJLF�FRPSOLFDWLRQV�KDYH�D�PDMRU�LPSDFW�RQ�WKH�VKRUW�DQG�PLGWHUP�PRUWDOLW\�SURJQRVLV�RI�167(0,�SDWLHQWV��,QFOXGLQJ�WKH�&586$'(�VFRUH�LQ
WKH�PDQDJHPHQW�DQG�ULVN�VWUDWLILFDWLRQ�RI�167(0,�SDWLHQWV�FRXOG�UHGXFH�WKH�PLGWHUP�PRUWDOLW\�



&$6(�35(6(17$7,21 &ULVWLX�2FWDY

��������1RW�MXVW�D�VSRUW�LQMXU\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

&ULVWLX�2FWDY������$KPDG�0U�-DPDO����

���HPHUJHQF\�PHGLFLQH��+6(��'URJKHGD��,5(/$1'
���HPHUJHQF\�PHGLFLQH��KVH��GURJKHGD��,5(/$1'

.H\ZRUGV��VSRUW�LQMXU\�VHL]XUHV�EOHHG

$EVWUDFW��

,QWURGXFWLRQ��

:H�SUHVHQW�WKH�FDVH�RI�D����\HDUV�ROG�PDOH�ZKR�ZDV�WUDQVIHUUHG�E\�DPEXODQFH�WR�WKH�(PHUJHQF\�'HSDUWPHQW�('��SRVW�WRQLFR�FORQLF�VHL]XUHV�DQG�D
EUXLVH�RYHU�ULJKW�OHJ�

0HWKRGV�DQG�PDWKHULDOV��&$6(�5(3257

���\HDUV�ROG�PDOH�WUDQVIHUUHG�E\�DPEXODQFH�WR�WKH�('�SRVW�WRQLFR�FORQLF�VHL]XUHV�DQG�D�EUXLVH�RYHU�ULJKW�OHJ��%UXLVH�RYHU�ULJKW�OHJ�JRW�ZRUVH�IRU�WKH
ODVW���GD\V�DIWHU�DQ�LQMXU\�VXIIHUHG�ZKLOH�SOD\LQJ�IRRWEDOO��SDWLHQWV�ZDV�XQZHOO�ZLWK�YRPLWLQJV�DQG�PLOG�KHDGDFKH��GD\�SULRU�WR�DUULYDO��2Q�LQLWDO
DVVHVPHQW�*&6�JODVJRZ�FRPD�VFDOH������%ORRG�SUHVVXUH��%3����������+5�����2[LJHQ�VDWXUDWLRQ�RI������:DV�LQWXEDWHG�DQG�YHQWLODWHG�LY�DFFHVV�ZDV
REWDLQHG�EOHHGLQJ�SURIXQVO\�IURP�YHQRSXFWXUH�VLWH��2Q�H[DPLQDWLRQ���EUXLVH�QRWLFHG�RYHU�WKH�ERG\�GLIIHUHQW�VWDJHV�IURP�\HOORZ�FRORXU�WR�SXUEOH�DQG
JUHHQ�ULJKW�FDOI�VZROOHQ�DQG�VHYUHO\�EUXVLH�FRPSDUH�WR�OHIW��&KHVW��QRUPDO�H[DP��$EGRPHQ���QRUPDO�H[DP��&HQWUDO�1HUYRXV�6\VWHP���*&6���SXSLOV
VL]H���UHDFWLYH�WR�OLJKW�UHIOH[HV�QRUPDO��/DERUDWRU\�5HVXOWV��ZKLWH�FHOO�FRXQW�RI���������3ODWOHWV������+E����8UHD�DQG�FUHDWLQLQH�ZKHUH�QRUPDO��F
UHDFWLYH�SURWHLQH�ZDV�QRUPDO��,15��������)LEULQRJHQ�����''�KLJK�!���QRUPDO������JDVV�SHUIRUPHG�VKRZHG�K\SR[LD�DQG�PLOG�PHWDEROLF�DFLGRVLV�ZLWK�D
ODFWHWH�RI����:RUNLQJ�GLDJQRVHV�ZDV���VHYHUH�VHSVLV�ZLWK�GLVHPLQDWHG�LQWUDYDVFXODU�FRDJXODWLRQ�DQG�VHL]XUHV�RU�PDVVLYH�SXOPRQDU\�HPEROXV�ZLWK
LQWUDFHUHEUDO�H[WHQVLRQ��3DWLHQW�ZDV�VWDELOL]HG�DQG�WUDQVIHUHG�WR�&RPSXWHU�7RPJUDSK\��&7��RI�WKH�EUDLQ�

5HVXOWV��

&7�UHVXOWV��DFXWH�OHIW�SDULHWR�RFFLSLWDO�KDHPRUUDJH�ZLWK�LQWUDYHQWULFXODU�H[WHQVLRQ��GLIIXVH�D[RQLF�EUDLQ�LQMXU\�ZLWK�WRQVLODU��VXE�XQFDO�DQG�VXEIDOFLQH
KHUQLDWLRQ�VNXOO�YDXOW�XQUHPDUNDEOH

&7�3XOPRQDU\�$QJLRJUDP�1HJDWLYH�IRU�SXOPRQDU\�HPEROXV�

%ORG�)LOP�UHVXOWV���SURP\HORF\WHV���DW\SLFDO�PRQRQXFOHDU�FHOOV�ZLWK�EODVWV�SUHVHQWV�QHXWURILO�FRXQW�QRUPDO��SURP\HORFLWV�FRQWDLQV�DXHU�URGV��LPDJH
FRQLVWHQW�ZLWK�DFXWH�SURP\HFRF\WLF�OHXNHPLD

$IWHU�VWDELOLVDWLRQ�SDWLHQW�ZDV�WUDQVIHUHG�WR�WKH�QHXURVXUJLFDO�QDWLRQDO�UHIIHUHQFH�FHQWUH�LQ�%HDXPRQW�+RVSLWDO�'XEOLQ�ZKHUH�KH�GLHG�DIWHU���GD\V�RI
LQWHQVLYH�FDUH�XQLW�VWDELOLVDWLRQ�

&RQFOXVLRQV���

0RVW�SDWLHQWV�ZLWK�DFXWH�SURP\HORF\WLF�OHXNHPLD�SUHVHQW�ZLWK�SDQF\WRSHQLD�DQG�FRDJXORSDW\�RXU�FDVH�LV�SDUWLFXODU�WKDW�ZDV�WDNHQ�DV�D�PLQRU�VSRUW
LQMXU\�DQG�GLG�QRW�DWWHQWHG�PHGLFDO�DGYLFH�XQWLO�ODWH�ZLWK�FDWDVWURILF�FRQVHTXHQFHV��



&$6(�35(6(17$7,21 )5$1&,6&2�0$18(/�0$7(26�&+$3$552

��������WHWUDSDUHVLD�H[SUHVV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)UDQFLVFR�0DQXHO�0DWHRV�&KDSDUUR������0DULD�*RQ]�OH]�5XL]������/XLV�3ULHWR�/DVWUD������0DU�D�$QGU�V�*�PH]������(QULTXH�3HUDLWD�)HUQ�QGH]�����
+HFWRU�$ORQVR�9DOOH������/XLV�*HUDUGR�*DUF�D�&DVWULOOR�5LHVJR����

���,QWHUQDO�0HGLFLQH��(PHUJHQF\�GHSDUWPHQW��0DUTXHV�GH�9DOGHFLOOD�8QLYHUVLW\�+RVSLWDO��6DQWDQGHU��63$,1
���0)\&��(PHUJHQF\�GHSDUWPHQW��0DUTXHV�GH�9DOGHFLOOD�8QLYHUVLW\�+RVSLWDO��6DQWDQGHU��63$,1
���$OHUJRORJ\��(PHUJHQF\�GHSDUWPHQW��0DUTXHV�GH�9DOGHFLOOD�8QLYHUVLW\�+RVSLWDO��6DQWDQGHU��63$,1
���,QWHQVLYH�0HGLFLQH��(PHUJHQF\�GHSDUWPHQW��0DUTXHV�GH�9DOGHFLOOD�8QLYHUVLW\�+RVSLWDO��6DQWDQGHU��63$,1

.H\ZRUGV��DFXWH�WHWUDSDUHVLD��K\SRNDOHPLD��UHQDO�IDLOXUH

$EVWUDFW��

���\HDU�ROG�ZRPDQ�ZLWKRXW�KLVWRU\�RI�LQWHUHVW��ZKHQ�JHWWLQJ�WR�WKH�EDWKURRP�DW�QLJKW�SUHVHQWV�VXGGHQ�ORVV�RI�VWUHQJWK�LQ�WKH���OLPEV��NHHSLQJ�WKH
VHQVLWLYLW\�DQG�DZDUHQHVV��6KHnV�FDUULHG�WR�EHG�DQG�UHPDLQHG�IRU����KRXUV�EHIRUH�WUDQVIHU�WR�KRVSLWDO��1R�IHYHU�RU�LQIHFWLRQ�GDWD�

2Q�DUULYDO�DW��HPHUJHQF\�GHSDUWPHQW�SUHVHQWV���1,%3���������PP�+J��%)�����EUHDWKV���PLQ��6DW�2���������)L2�������+5������EHDWV���PLQ��7g
����q&�6KH��SUHVHQWV��VWUHQJWK�ORVV��LQO���OLPEV�����������6KH�FROODERUDWHV�DOWKRXJK��WHQGV�WR�VOHHS��1R�ODQJXDJH�GHILFLW�QHLWKHU�FUDQLDO�QHUYHV�

*HQHUDO�H[DPLQDWLRQ���RQO\�KLJKOLJKW�GU\�VNLQ�DQG�PXFRXV�PHPEUDQHV��ORVV�RI�VWUHQJWK�LQ�OLPEV�DQG�ODUJH�PDVV�LQ�ORZHU�DEGRPHQ�

/DE�WHVWV��VHYHUH�DFLGRVLV��S+������+&2��������PPRO���/���FUHDWLQLQH������PJ���G/��SUHYLRXVO\�QRUPDO���XUHD�����PJ���G/��&D�����PJ���G/��0J�����PJ
��G/��3��������PJ���G/��.�����P(T���/��������OHXNRF\WHV��0HWDP\HORF\WHV���������EDQGV�������VHJPHQWHG�KRFNH\�VWLFNV���7R[LF�XULQH��QHJDWLYH�
/DFWDWH���PJ���G/��3&7������QJ���P/�&53�����PJ���G/�

&;5��1RUPDO���8ULQH�FXOWXUH��QHJDWLYH�

$EGRPLQDO�&7��$EVHQFH�RI�FRUWLFR�PHGXOODU\�GLIIHUHQWLDWLRQ�LQ�ERWK�NLGQH\V�ZLWK�FRUWLFDO�WKLFNHQLQJ�DQG��JUHDW�PXOWLEOREXODWHG�PDVV��ZLWK�PXOWLSOH
FDOFLILFDWLRQV�RFFXS\LQJ�SHOYLV�DQG�ORZHU�DEGRPHQ�FRPSDWLEOH�ZLWK�ODUJH�ILEURLG�XWHUXV�����FP�GLDPHWHU�

501�FHUYLFDO��QR�PDVVHV�LQ�YHUWHEUDO�ERGLHV�

$IWHU�FRUUHFWLRQ�RI�DFLGRVLV�WKURXJK�KHPRGLDO\VLV�DQG�LQWUDYHQRXV�HOHFWURO\WH�UHSODFHPHQW�SDWLHQW�UHFRYHUV�PXVFOH�VWUHQJWK��5HPDLQV�DGPLWWHG�WR
VWXG\�ZLWK�QRUPDO�WXPRU�PDUNHUV���VXVSHFWLQJ�JORPHUXORQHSKULWLV���LQWHUVWLWLDO�QHSKULWLV�RU�DFXWH�WXEXODU�QHFURVLV��EXW�ZLWKRXW��LPSURYHPHQW��UHQDO
IXQFWLRQ�\HW��3RWDVVLXP�GHILFLW�LV�DWWULEXWHG�WR�XVH�RI�OD[DWLYHV�SDWLHQW�LQ�UHFHQW�ZHHNV�E\�FRQVWLSDWLRQ�

&RQFOXVLRQV�

3RWDVVLXP��FDWLRQ�HVVHQWLDO��IDFLOLWDWHV�QHUYH�FRQGXFWLRQ�DQG�FRQWUDFWLRQ�RI�VPRRWK�DQG�VNHOHWDO�PXVFOH��,W�DOVR�IDFLOLWDWHV�WKH��FHOO�PHPEUDQH
SHUIRUPDQFH�DQG�YDULRXV�HQ]\PH�V\VWHPV��/RZ�OHYHOV�RI�SRWDVVLXP�FDQ�FDXVH��DPRQJ�RWKHUV��QHXURPXVFXODU�V\PSWRPV��ZHDNQHVV��IDWLJXH�
SDUDO\VLV�DQG�HYHQ�UHVSLUDWRU\�DUUHVW�KLSRUUHIOH[LD�E\�DIIHFWLQJ�WKH�UHVSLUDWRU\�PXVFOHV��UKDEGRP\RO\VLV�ZLWK�DFXWH�UHQDO�IDLOXUH��VHYHUH
K\SRNDOHPLD��DQG�PXVFOH�DWURSK\��FKURQLF�K\SRNDOHPLD���$OWKRXJK�WKHUH�DUH��VHYHUDO�FDXVHV�RI�DFXWH�WHWUDSDUHVLD��WUDXPD��PXOWLSOH�VFOHURVLV�
WUDQVYHUVH�P\HOLWLV��WXPRUV�����WKH�LQLWLDO�H[DPLQDWLRQ�LQ�RXU�SDWLHQW�ZLWK�WKH�PDVV�LQ�WKH�DEGRPHQ�RULHQWHG��LQ��DEVHQFH�RI�RWKHU�FDXVHV��PHWDVWDWLF
RU�SDUDQHRSODVWLF�RULJLQ��DQG�ZHUH�WKH�DQDO\WLFDO�GDWD�WKDW�KHOSHG�WKH�HDUO\�GLDJQRVWLF�



72;,&2/2*< 2vX]�(URvOX

��������,DWURJHQLF�LQVXOLQ�LQWR[LFDWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(UWDQ�&�PHUWSD\������)LJHQ�&RªNXQ������$ªN¢Q�*�QJ�QHª������©HQD\�$U¢NDQ�'XUPD]����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��.¢U¢NNDOH�8QLYHUVLW\��.¢U¢NNDOH��785.(<
���'HSDUWPHQW�RI�(QGRFULQRORJ\��.¢U¢NNDOH�8QLYHUVLW\��.¢U¢NNDOH��785.(<

.H\ZRUGV��,DWURJHQLF��LQVXOLQ��LQWR[LFDWLRQ��JOXFRVH��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

$����\HDU�ROG�ZRPDQ�ZDV�DGPLWWHG�WR�WKH�KRVSLWDO�EHFDXVH�RI�GRJ�ELWH��6KH�GLGQÇW�KDYH�D�VLJQLILFDQW�PHGLFDO�KLVWRU\�RWKHU�WKDQ�PHWIRUPLQ�XVH�IRU
GLDEHWHV�PHOOLWXV��7KH�SK\VLFDO�H[DPLQDWLRQ�UHYHDOHG�WHHWK�PDUNV�RQ�GRUVDO�VLGH�RI�KHU�ULJKW�ZULVW��:RXQG�FDUH�ZDV�SHUIRUPHG��7KH�SDWLHQW�ZDV
FRQVXOWHG�ZLWK�,QIHFWLRXV�GLVHDVHV�IRU�UDELHV�SRVW�H[SRVXUH�SURSK\OD[LV��3(3���%HFDXVH�RI�ODFN�RI�D����GD\�REVHUYDWLRQ�DQG�FRQILQHPHQW�SHULRG�RI
WKH�VWUDJJOHU�GRJ�ZLWKRXW�DQ\�NQRZQ�YDFFLQDWLRQ��WKH�UDELHV�3(3�UHJLPHQ��DGPLQLVWUDWLRQ�RI�LPPXQH�JOREXOLQ��,J���JLYHQ�RQO\�RQFH��DQG�D�VHULHV�RI
ILYH�GRVH�UDELHV�YDFFLQDWLRQV��ZDV�SODQQHG��,J��FDOFXODWHG�WRWDOO\�DV������8,�����,8�NJ��ERG\�ZHLJKW����NJ��DQG�WKH�ILUVW�YDFFLQH�ZHUH�JLYHQ�RQ�WKH
ILUVW�GD\�RI�WUHDWPHQW��GHVLJQDWHG�GD\�����+DOI�RI�WKH�GRVH�ZDV�LQMHFWHG�LQWR�DQG�DURXQG�WKH�ZRXQG�DQG�WKH�UHPDLQLQJ�KDOI�GRVH�ZDV�DGPLQLVWHUHG
LQWUDPXVFXODUO\�LQ�GHOWRLG�PXVFOH�E\�D�WUXO\�KDUGZRUNLQJ�LQWHUQ�DQG�D�MXQLRU�UHVLGHQW�GRFWRU�ZKR�KDG�WDNHQ�RXW�WKH�,J�YLDOV�IURP�WKH�YDFFLQH
UHIULJHUDWRU��,W�ZDV�QRWLFHG�GXULQJ�WKH�VWDQGDUG�FRQWURO�SURFHGXUH�RI�PDWFKLQJ�YLDO�ODEHOV�WR�WKH�SDWLHQWV�ILOH�WKDW�SODQQHG�,J�LQMHFWLRQ�KDG�EHHQ
SHUIRUPHG�ZLWK�FU\VWDOOL]HG�LQVXOLQ��+XPXOLQ�5��LQVWHDG�RI�UDELHV�,J�DFFLGHQWDOO\�

$�OLJKWQLQJ�VWULNH�PXVW�EH�VRPHWKLQJ�OLNH�WKDW�

7KH�SDWLHQW�ZDV�PRQLWRUHG�FORVHO\�DQG�WDNHQ�WR�WKH�UHVXVFLWDWLRQ�URRP�LPPHGLDWHO\��+HU�ILQJHU�VWLFN�EORRG�JOXFRVH�ZDV�����PJ�GO��$�FHQWUDO�YHQRXV
FDWKHWHU�ZDV�SODFHG�DQG�����GH[WURVH�LQIXVLRQ�ZLWK�D�UDWH�RI�����FF�K�ZDV�VWDUWHG��%DVHOLQH�EORRG�VDPSOHV�DQG�(&*�ZHUH�REWDLQHG��$OO�WHVWV�ZHUH
LQ�QRUPDO�UDQJH��)LUVW�PHDVXUHG�EORRG�JOXFRVH�DQG�SRWDVVLXP�LQ�EORRG�VDPSOHV�ZHUH�����PJ�GO�DQG�����P(T�/�UHVSHFWLYHO\��+HU�*&6�ZDV����

7KH�SDWLHQW�ZDV�FRQVXOWHG�ZLWK�(QGRFULQH�'HSDUWPHQW�IRU�KRVSLWDOL]DWLRQ�DQG�DGPLWWHG�WR�,&8��&ORVH�PRQLWRULQJ�RI�EORRG�JOXFRVH�DQG�SRWDVVLXP�ZDV
VWDUWHG��$�VSHFLDO�RUDO�GLHW�SURJUDPPH�ZDV�SODQQHG�KRXUO\�FRQWDLQLQJ�KLJK�OHYHOV�RI�JOXFRVH��SRWDVVLXP��PDJQHVLXP�DQG�SKRVSKDWH�

)LJXUH����7KH�SDWLHQW
V�EORRG�JORFRVH�OHYHOV�E\�WLPH

'XULQJ�WKH�IROORZ�XS���������GH[WURVH�LQIXVLRQ�UDWH�ZDV�VHW�GXH�WR�EORRG�JOXFRVH�FKHFNV�DQG�UHSODFHPHQW�RI�SRWDVVLXP�ZDV�DGPLQLVWUDWHG�GXH�WR
SRWDVVLXP�OHYHOV��PD[�����P(T�K�UHTXLUHG���%HFDXVH�RI�WKH�GURS�RI�EORRG�JOXFRVH�WR����PJ�GO�DIWHU���KRXUV�DQG����PLQXWHV�ODWHU�IURP�WKH�DFFLGHQWDO
LQMHFWLRQ�RI�FU\VWDOOL]HG�LQV�OLQ�LQVWHDG�RI�UDELHV�,J����PJ�JOXFDJRQ�ZDV�DSSOLHG�VXEFXWDQHRXVO\�DQG�����GH[WURVH�LQIXVLRQ�UDWH�ZDV�LQFUHDVHG�
'XULQJ�WKH����PLQXWH�RI�JOXFDJRQ�LQMHFWLRQ��WKH�SDWLHQW�YRPLWHG�EXW�KHU�EORRG�JOXFRVH�VWDUWHG�WR�LQFUHDVH�ZLWKLQ����PLQXWHV��1R�SDWKRORJ\�ZDV
GHWHFWHG�LQ�KHU�FDUGLDF�PRQLWRULQJ��1R�UHFXUUHQW�JOXFDJRQ�DGPLQLVWUDWLRQ�ZDV�QHHGHG�XQWLO�EORRG�JOXFRVH�ZDV�PHDVXUHG�DV����PJ�GO�DW�WKH����KRXU
DIWHU�WKH�ILUVW�LQMHFWLRQ�RI�JOXFDJRQ��7KLV�VHFRQG���PJ�GRVH�RI�VXEFXWDQHRXV�JOXFDJRQ�ZDV�VXSSRUWHG�E\�����GH[WURVH�DJDLQ�ZLWKRXW�DQ\�IROORZLQJ
VLGH�HIIHFWV��)ROORZLQJ�IOXLG�WKHUDS\�ZDV�DUUDQJHG�GXH�WR�LQVWDQW�EORRG�JOXFRVH�OHYHOV�RI�WKH�SDWLHQW�

7KH�SDWLHQW�ZDV�KRVSLWDOL]HG���GD\V�LQ�,&8�DQG���GD\V�LQ�WKH�ZDUG��6KH�ZDV�GLVFKDUJHG�ZLWK�KHDOLQJ�DW�WKH�HQG�RI����GD\�ZLWK�QRUPDO�UDQJH�FDUGLDF
DQG�UHQDO�IXQFWLRQ�OHYHOV��$OO�DORQJ�WKH�ILUVW�WKUHH�GD\V�RI�WKH�KRVSLWDO�VWD\�RI�WKH�SDWLHQW��WKH�DWWHQGLQJ�VSHFLDOLVW�RI�WKH�HPHUJHQF\�GHSDUWPHQW�
FRQFHUQLQJ�MXQLRU�UHVLGHQW�DQG�LQWHUQ�GRFWRU�DFFRPSDQLHG�WKH�SDWLHQW�ZLWK�FDUH��PRQLWRUHG�KHU�WKHUDS\�ZLWK�HQGRFULQH�GHSDUWPHQW�DQG�DVVLVWHG�WKH
WUHDWPHQW������

2XU�OLWHUDWXUH�VHDUFK�VKRZHG�H[DPSOHV�RI�WKH�SXEOLFDWLRQV�UHJDUGLQJ�WKH�PDQDJHPHQW�RI�KLJK�GRVH�LQV�OLQ�FDVHV�KRZHYHU�QRQH�RI�WKHP�FRXOGQÇW
VWDWH�VXFK�D�KLJK�GRVH�FLUFXPVWDQFH��:H�DLPHG�PXOWLSOH�SXUSRVHV�ZLWK�SUHVHQWLQJ�WKLV�FDVH��ILUVWO\�WR�GLVFXVV�WKH�SRWHQWLDO�QHZ�HUURUV�GXH�WR�WKH
FRQWURO�RI�FULWLFDO�GUXJV��WKH�VWUHVV�PDQDJHPHQW��DPRQJ�UHODWLYHV�RI�SDWLHQWV�DQG�HPHUJHQF\�SHUVRQQHO��DQG�DOVR�GUXJ�QDPH�VLPLODULW\�SUREOHPV�LQ
HPHUJHQF\�GHSDUWPHQWV��6HFRQGO\�RXU�FDVH�LV�DQ�H[WUHPH�H[DPSOH�RI�LWV�VLPLODUV��$QG�ODVWO\�WKLV�FDVH�LV�VLJQLILFDQW�WKDW�LW�LQFOXGHV�SHDN�KRXUV�RI
LQVXOLQ�HIIHFWV�DQG�H[WHQVLRQV�RI�JOXFDJRQ�DGPLQLVWUDWLRQV�ZLWK�H[SODLQHG�FRQGXFWLRQV��



75$80$ &ULVWLX�2FWDY

��������0$'�&2:�',6($6(

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

&ULVWLX�2FWDY������.HOO\�0U�&RQRU����

���HPHUJHQF\�PHGLFLQH��+6(��'URJKHGD��,5(/$1'

.H\ZRUGV��WUDXPD��FRZV��DJULFXOWXUH

$EVWUDFW��

,QWURGXFWLRQ���

2YHU�WKH�SHULRG�RI���ZHHNV�LQ�MXO\������ZH�UHFHYHG�D�QXPEHU�RI����SDWLHQWV�VHYHUO\�LQMXUHG�DIWHU�JHWWLQJ�LQ�FRQWDFW�ZLWK�FRZV�RU�EXOOV��

0DWKHULDO�DQG�0HWKRGV��

:H�UHWURVSHFWLYHO\�VWXGLHG�WKH�FKDUWV�RI����SDWLHQWV�ZKR�DUULYHG�LQ�RXU�(PHUJHQF\�'HSDUWPHQW��('��DIWHU�IDUPLQJ�LQMXULHV�RYHU�D�SHULRG�RI���ZHHNV�
:H�ORRNHG�DW�PHFKDQLVP�RI�LQMXU\��DJH�GLVWULEXWLRQ���LQMXU\�VHYHULW\�VFRUHV��,66��DQG�LQMXU\�VXVWDLQHG��DQG�RXWFRPHV��7KH�WUDXPD�WHDP�ZDV�DFLWYDWHG
LQ�DOO�FDVHV�DQG�PDVVLYH�EORRG�ORVV�SURWRFRO�ZDV�DOVR�LQ�SODFH�

5HVXOWV��

��PDOHV�DQG���IHPDOHV����GHDWKV��DJH�GLVWULEXWLRQ�JURXS�ZDV�EHWZHHQ�������ZLWK�D�GRPLQDQW�RYHU�����,66�ZDV�EHWZHHQ�������ZLWK�PRVW�FRPRQ
LQMXU\U�LGHQWLILQHG�ULE�IUDFWXUHV�DQG�SQHXPRWKRUD[��$QLPDOV�LQYROYHG�ZKHUH�FRZV�DQG�EXOOV

&RQFOXVLRQV��

)DUPLQJ�LQMXULHV�LQ�,UHODQG�KDV�EHFRPH�D�PDMRU�('�SUHVHQWDWLRQ�GXULQJ�WKH�DFWLQJ�JURZLQJ�VHDVRQ�RU�SODQWLQJ�VHDVRQ�EHFDXVH�RI�WKH�JURZLQJ�DJH�RI
SRSXODWLRQ�DQG�PLJUDWLRQ�RI�IDUPLQJ�\RXQJHVW�PHPEHUV��7KH�SRVLWLRQ�RI�RXU�KRVSLWDO�LV�QHDU�DQ�DUHD�RI�ODUJH�IDUPLQJ�]RQHV�ZLWK�QR�IDVW�DFFHVV�WR
PHGLFDO�DWWHQWLRQ��'HSDUWPHQW�RI�$JULFXOWXUH�DQG�+HDOWK�LQ�LUHODQG�LV�LQYROYHG�FORVHO\�WR�HGXFDWLRQ�DQG�LQMXU\�SUHYHQWLRQ�LQ�WKLV�FRPXQLWLHV�



&$5',29$6&8/$5 2vX]�(URvOX

��������0LVGLDJQRVLV���$RUWLF�GLVVHFWLRQ��$�FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)LJHQ�&RªNXQ������%DU¢ª�<¢OPD]������6HYLOD\�9XUDO������2�X]�(UR�OX������7XUJXW�'HQL]����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��.¢U¢NNDOH�8QLYHUVLW\��.¢U¢NNDOH��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��%DUWLQ�6WDWH�+RVSLWDO��%DUW¢Q��785.(<

.H\ZRUGV��,QFLGHQWDO�GLDJQRVLV��DRUWLF�GLVVHFWLRQ��SXOPRQDU\�HPEROLVP��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

$����\HDU�ROG�IHPDOH�SDWLHQW�ZDV�DGPLWWHG�WR�RXU�FOLQLF�GXH�WR�D�VXGGHQO\�HPHUJHG�PLOG�FKDUDFWHULVWLF�FKHVW�SDLQ�VLPXOWDQHRXVO\�FDXVLQJ
DFFRPSDQ\LQJ�D�QHDU�V\QFRSH�HSLVRGH�GXULQJ�WUDYHOOLQJ�E\�FDU��:KHQ�WKH�SDLQ�ZDV�TXHVWLRQHG��WKH�SDWLHQW�GHFULEHG�LW�DV�VWDEELQJ��UDGLDWLQJ�WR�KHU
EDFN�DQG�ODVWLQJ�RQO\�D�IHZ�PLQXWHV��+HU�PHGLFDO�KLVWRU\�VKRZHG�QR�VLJQLILFDQW�IHDWXUH�H[FHSW�RUDO�FRQWUDFHSWLYH�XVH�EXW�IDPLO\�KLVWRU\�UHYHDOHG
WKDW�KHU�PRWKHUÇV�XQNQRZQ�VXGGHQ�GHDWK�DW�D�\RXQJ�DJH��2Q�KHU�SK\VLFDO�H[DPLQDWLRQ��QR�SDWKRORJ\�GHWHFWHG�ZLWK�QRUPDO�YLWDO�VLJQV
�%3�������PP+J��SXOVH����PLQ��55����YH�VDW2���������+HU�(&*V��DW�WKH�DGPLVVLRQ�DQG�WKH�VHFRQG�RQH�DW�����0LQ��ZHUH�QRUPDO��6KH�ZDV�WDNHQ�WR
FDUGLDF�IROORZ�XS�GXH�WR�WKH�VXGGHQ�GHDWK�RI�KHU�PRWKHU��'�GLPHU�OHYHO�ZDV�DGGHG�WR�VWDQGDUG�EORRG�WHVWV�WR�UXOH�RXW�RI�WKH�SRVVLELOLW\�RI�SXOPRQHU
WKURPER�HPEROLVP�GXH�WR�ULVN�IDFWRUV�RI�WKH�SDWLHQW�OLNH�WUDYHOOLQJ�DQG�RUDO�FRQWUDFHSWLYH�XVH��1R�V\PSWRP�ZDV�RFFXUUHG�GXULQJ�KHU�IROORZ�XS��+HU
FDUGLDF�PDUNHUV�DQG�VWDQGDUG�WHVWV�ZHUH�QRUPDO�EXW�'�GLPHU�OHYHO�ZDV�PHDVXUHG�DV�������7RUD[�DQJLR�&7�LPDJLQJ�ZDV�SODQQHG�ZLWK�D�SUHGLDJQRVLV
RI�SXOPRQHU�WKURPER�HPEROLVP��3$&6�LPDJHV�VKRZHG�QRUPDO�SXOPRQHU�YDVFXODULW\�ZLWK�QRUPDO�PDLQ�SXOPRQDU\�YHVVHOV�EXW�D�IODS�QRWHG�LQ�WKH
QRUPDO�GLDPHWHU�DVFHQGLQJ�DRUWD��%ORRG�SUHVVXUH�ZDV�FKHFNHG�DJDLQ��EXW�ELODWHUDOO\�WKLV�WLPH��7KH�GLIIHUHQFH�EHWZHHQ�WZR�H[WUHPLWLHV�ZDV�IRXQG�WR
EH�PRUH�WKDQ����PP+J��ULJKW�XSSHU�H[WUHPLW\�%3�������PP+J�DQG�RQ�OHIW�XSSHU�H[WUHPLW\�%3��������PP+J���,QWHUSUHWHG�&7�UHSRUWHG�WKDW�D
GLVVHFWLRQ�IODS�LQYROYLQJ�WKH�DUFK�DVFHQGLQJ�GHVFHQGLQJ�DRUWD��DQG�H[WHQGLQJ�WKURXJK�EUDFKLRFHSKDOLF�WUXQN��OHIW�FRPPRQ�FDURWLG�DUWHU\�DQG�WKH�OHIW
UHQDO�DUWHU\�ZDV�REVHUYHG��7KH�SDWLHQW�ZDV�ILUVWO\�WDNHQ�WR�WKH�RSHUDWLRQ�IRU�VXSUDFRURQDU\�JUDIW�LQWHUSRVLWLRQ�E\�FDUGLRYDVFXODU�VXUJHU\
LPPHGLDWHO\�DQG�WKHQ�WR�,&8�IRU�SRVW�RSHUDWLYH�FDUH�IRU���GD\V��6KH�ZDV�GLVFKDUJHG�D�ZHHN�ODWHU�ZLWK�PHGLFDO�WUHDWPHQW��'XULQJ�KHU�SRVW�RSHUDWLYH
SHULRG��VKH�ZDV�LQYHVWLJDWHG�IRU�UKHXPDWLF�FRQQHFWLYH�WLVVXH�DQG�DXWR�LPPXQH�GLVHDVHV�EXW�QR�SDWKRORJ\�ZDV�GHWHFWHG�

&RQVHTXHQWO\��DQ�DRUWLF�GLVVHFWLRQ�ZDV�GHWHUPLQHG�LQFLGHQWDOO\�ZKLOH�LQYHVWLJDWLQJ�SXOPRQHU�WKURPER�HPEROLVP�LQ�D�\RXQJ�ZRPDQ�ZLWK�D�QRUPDO
DRUWLF�GLDPHWHU�RQ�D�FRQWUDVW�FKHVW�&7��7KLV�FDVH�UHPLQGV�XV�WKDW�ELODWHUDO�EORRG�SUHVVXUH�PHDVXUHPHQW�VKRXOG�EH�DQ�DEVROXWH�SDUW�RI�SK\VLFDO
H[DPLQDWLRQ�DQG�DRUW�GLVVHFWLRQ�FDQQRW�EH�UXOH�RXW�ZLWK�D�QRUPDO�DRUWLF�GLDPHWHU��HYHQ�PLOG�DQG�QRW�SURORQJHG�SDLQ�SUHVHQWDWLRQV�LQ�HPHUJHQF\
GHSDUWPHQWV�VKRXOG�EH�FRQVLGHUHG�LQ�GLIIHUHQWLDO�GLDJQRVLV�RI�DRUWLF�GLVVHFWLRQ�����

�
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��������3RLQW�RI�FDUH�8OWUDVRXQG�IRU�WKH�DSSURDFK�WR�UHVSLUDWRU\�GLVWUHVV�LQ�SHGLDWULF�DJH��D�IHDVLELOLW\�VWXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1LFFRO��3DUUL������0DUWLQD�*LDFDORQH������(OLVD�*XHUULQL������)UDQFHVFD�%URQ]LQL����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH�DQG�7UDXPD�&HQWHU���0H\HU�8QLYHUVLW\�&KLOGUHQ
V�+RVSLWDO��)ORUHQFH��,WDO\��)ORUHQFH��,7$/<
���6FLHQFH�RI�+HDOWK�'HSDUWPHQW��8QLYHUVLW\�RI�)ORUHQFH�DQG�0H\HU�8QLYHUVLW\�&KLOGUHQ
V�+RVSLWDO��,WDO\��IORUHQFH��,7$/<
���������(PHUJHQF\�0HGLFDO�6HUYLFH��,WDO\��)ORUHQFH��,7$/<

.H\ZRUGV��3RLQW�RI�FDUH�XOWUDVRXQG��UHVSLUDWRU\�GLVWUHVV��SHGLDWULF�DJH

$EVWUDFW��

2EMHFWLYHV

3RLQW�RI�&DUH�8OWUDVRXQG��32&86��LQ�HPHUJHQF\�PHGLFLQH��(0��LV�D�JRDO�GLUHFWHG�DQDO\VLV�LQWHJUDWHG�ZLWK�WKH�FOLQLFDO�H[DPLQDWLRQ�RI�WKH�FULWLFDOO\�LOO
SDWLHQW�SUHVHQWLQJ�WR�WKH�(PHUJHQF\�'HSDUWPHQW��('���,WV�RYHUDOO�VFRSH�LV�WR�SURYLGH�UDSLG�GLFKRWRPRXV�DQVZHUV�WR�TXHVWLRQV�WKDW�DULVH�GXULQJ�WKH
DVVHVVPHQW�WR�UXOH�LQ�RU�UXOH�RXW�WKH�GLDJQRVLV��,Q�DGXOW�WKH�LQWHJUDWLRQ�RI�FKHVW�86�ZLWK�D�EHGVLGH��HFRFDUGLRJUDSK\��(&+2��LPSURYHV�GLDJQRVWLF
DFFXUDF\�RI�DFXWH�G\VSQHD�DOORZLQJ�DQ�DSSURSULDWH�PDQDJHPHQW�RI�WKH�SDWLHQW��7KHUH�DUH�QR�GDWD�DYDLODEOH�IRU�LWV�LPSDFW�RQ�SHGLDWULF�SDWLHQW
PDQDJHPHQW�LQ�WKH�('�

�0HWKRGV

7KLV�LV�D�SURVSHFWLYH��VLQJOH�FHQWHU��REVHUYDWLRQDO�VWXG\�ZLWK�WKH�DLP�WR�YHULI\�WKH�GLDJQRVWLF�SHUIRUPDQFH�DQG�UHSURGXFLELOLW\�RI��32&86�HYDOXDWLRQ
LQFOXGLQJ�FKHVW��KHDUW��DQG�,9&�LQ�WKH�GLIIHUHQWLDO�GLDJQRVLV�RI�UHVSLUDWRU\�GLVWUHVV�LQ�FKLOGUHQ�DGPLWWHG�WR�D�SHGLDWULF�('��FRPSDULQJ�WKLV�SURFHGXUH
ZLWK�WKH�VWDQGDUG�DSSURDFK�LQ�XVH��0RUHRYHU�ZH�ZDQW�WR�HVWLPDWH�WKH�WLPH�QHHGHG�WR�FRPSOHWH�32&86�DVVHVVPHQW�FRPSDUHG�WR�WKH�VWDQGDUG
DSSURDFK�

7KH�VWXG\�ZDV�OHDGHG�RQ�D�VDPSOH�RI�SDWLHQWV�DJHG����GD\V�WR����\HDUV�ZLWK�UHVSLUDWRU\�GLVWUHVV��IRU�ZKRP�WZR�FOLQLFLDQV�SHUIRUPHG�LQGHSHQGHQW
HYDOXDWLRQV��:H�FRPSDUHG�WKH�GLDJQRVLV�RI�WKH�ILUVW�FOLQLFLDQ�DVVHVVRU�ZLWK�WKH�GLDJQRVLV�UHVXOWHG�E\�WKH�32&86�DSSURDFK�SHUIRUPHG�E\�WKH
UHVHDUFKHUV��7KH�IROORZLQJ�RXWFRPH�PHDVXUHV�ZHUH�XVHG�����WLPH�WR�WKH�GLDJQRVLV�����GLDJQRVWLF�DFFXUDF\�RI�WKH�WZR�DVVHVVPHQWV�����FRQFRUGDQFH
RI�GLDJQRVLV�VHW�ZLWK�WKH�WZR�DSSURDFKHV�ZLWK�WKH�JROG�VWDQGDUG��:H�FRQVLGHUHG�DV�JROG�VWDQGDUG�WKH�GLVFKDUJH�GLDJQRVLV�IURP�WKH�('��2EVHUYDWLRQ
8QLW�RU�ZDUG�

�5HVXOWV

'XULQJ�WKH�HQUROOPHQW�SHULRG�����SDWLHQWV�ZLWK�UHVSLUDWRU\�GLVWUHVV�ZHUH�HYDOXDWHG�LQ�RXU�('��:H�HQUROOHG����SDWLHQWV�VR�WKLV�UHVXOWHG�LQ����������
PLVVHG�HOLJLEOH��7KH�VDPSOH�RI�WKH�SDWLHQWV�HQUROOHG�ZDV�VLPLODU�WR�WKH�PLVVHG�HOLJLEOH�E\�DJH��JHQGHU�DQG�IRU�WKH�SUHVHQFH�RI�ULVN�IDFWRUV��7KHUH
ZHUH�QRW�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�DYHUDJH�WLPH�QHHGHG�IRU�WKH�VWDQGDUG�FOLQLFDO�HYDOXDWLRQ�DQG�IRU�WKH�32&86�H[DPLQDWLRQ��S �������7KH
DYHUDJH�WLPH�IRU�32&86�H[DPLQDWLRQ�ZDV�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�WLPH�QHHGHG�WR�PDNH�D�GLDJQRVLV�LQ�WKH�VXEVHW�RI�SDWLHQWV�WKDW�XQGHUZHQW
FKHVW�;5��S ������DQG�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�WLPH�QHHGHG�WR�REWDLQ�WKH�GLVFKDUJH�GLDJQRVLV�IURP�WKH�('�RU�2EVHUYDWLRQ�8QLW��S��������7KH
RYHUDOO�DJUHHPHQW�RI�WKH�GLDJQRVWLF�K\SRWKHVHV�FRPSDUHG�WR�WKH�JROG�VWDQGDUG�ZDV�PRGHUDWH�IRU�ERWK�32&86��N� ������DQG�WKH�VWDQGDUG
DVVHVVPHQW��N �������)LQDOO\�IRU�WKH�SDWLHQWV�ZKR�ZHUH�DGPLWWHG��ZH�FDOFXODWHG�WKH�DJUHHPHQW�EHWZHHQ�WKH�GLDJQRVLV�EDVHG�RQ�WKH�VWDQGDUG
DSSURDFK�DQG�32&86�DVVHVVPHQW�ZLWK�WKH�GLVFKDUJH�GLDJQRVLV�WKDW�UHVXOWHG�UHVSHFWLYHO\�PRGHUDWH��N ������DQG�SHUIHFW��N ������

,Q�SDWLHQWV�ZKR�SUHVHQWHG�IRU�ZKHH]LQJ��32&86�DVVHVVPHQW�VKRZHG�D�VLJQLILFDQWO\�KLJKHU�VSHFLILFLW\�WKDQ�WKH�FOLQLFDO�HYDOXDWLRQ�DORQH��UHVSHFWLYHO\
�������&,�����������DQG���������&,������������S��������

&RQFOXVLRQV

2XU�VWXG\�VKRZHG�WKDW�32&86�HYDOXDWLRQ�LV�XVHIXO�WR�DGGUHVV�D�PRUH�DFFXUDWH�DQG�IDVWHU�GLDJQRVLV�RI�UHVSLUDWRU\�GLVWUHVV�LQ�FKLOGUHQ�FRPSDUHG�WR
WKH�VROH�VWDQGDUG�FOLQLFDO�DSSURDFK��,Q�WKH�FRQWH[W�RI�SHGLDWULF�HPHUJHQF\�PHGLFLQH�DZDUHQHVV�LV�UHTXLUHG�WR�DSSO\�32&86�LQ�FOLQLFDO�SUDFWLFH
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��������)LUVW�H[SHULHQFHV�RI�WKH�)LQQLVK�UHVLGHQW�(PHUJHQF\�3K\VLFLDQV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

,LUR�+HLNNLO�������$UL�3DORP�NL����

�����.DQWD�+�PH�&HQWUDO�+RVSLWDO��+�PHHQOLQQD��),1/$1'

.H\ZRUGV��HPHUJHQF\�PHGLFLQH��HGXFDWLRQ��UHVLGHQF\��ZRUN�FRQGLWLRQV

$EVWUDFW��

%DFNJURXQG

(PHUJHQF\�0HGLFLQH�EHFDPH�LWV�RZQ�VSHFLDOW\�LQ�)LQODQG�LQ�-DQXDU\�������)URP�LWV�HDUO\�EHJLQQLQJ�LW�KDV�EHHQ�D�SRSXODU�FKRLFH�IRU�MXQLRU�GRFWRUV
JUDGXDWLQJ�IURP�0HG�6FKRRO��7KH�QXPEHU�RI�UHVLGHQWV�KDV�UHDFK�����

�

:KLOH�GHYHORSLQJ�WKH�QHZ�VSHFLDOW\�WKHUH�KDV�EHHQ�D�TXLWH�ZLGH�GLVFXVVLRQ�DERXW�WKH�UROH�RI�(PHUJHQF\�3K\VLFLDQV�LQ�WKH�(PHUJHQF\�'HSDUWPHQWV
LQ�IRUWKFRPLQJ�\HDUV"�:LOO�WKH\�ZRUN����KRXU�VKLIWV�WLOO�WKH�UHWLUHPHQW"�:KDW�ZLOO�WKH\�OHDUQ�GXULQJ�UHVLGHQF\�DQG�ZKR�ZLOO�WHDFK�WKHP"�3URV�DQG�FRQV
RI�WKH�QHZ�VLWXDWLRQ�KDV�EHHQ�SUHVHQWHG�DFURVV�WKH�QDWLRQDO�SURIHVVLRQDO�MRXUQDOV��PDLQO\�E\�WKH�VHQLRU�GRFWRUV�ZKLOH�MXQLRUV�DUH�ZRQGHULQJ�KRZ�WR
VWUXJJOH�LQ�WKH�GHYHORSLQJ�ILHOG�RI�(0�

�

7KH�DLP�RI�WKLV�VXUYH\�LV�WR�ILQG�RXW�ZKDW�UHVLGHQWV�UHDOO\�WKLQN�DERXW�WKHLU�VSHFLDOW\��+HUH�ZH�SUHVHQW�VHOHFWHG�UHVXOWV�

�

0HWKRGV

)LUVW�DQQXDO�QDWLRQDO�FRQIHUHQFH�RI�UHVLGHQW�(3V�ZDV�KHOG�LQ�0D\�������:H�RUJDQL]HG�D�VXUYH\�ZKLFK�ZDV�VXSSRVHG�WR�UHIOHFW�WKH�DFWXDO�IHHOLQJV�RI
WKH�UHVLGHQWV�DIWHU�D�IHZ�\HDUV�ZRUNLQJ�DV�D�UHVLGHQW�(3��7KH�SDUWLFLSDQWV�ZHUH�DVNHG�IRU�H[DPSOH�DERXW�WKH�ZRUNLQJ�SUHIHUHQFHV�LQ�QHDU�IXWXUH�DQG
DERXW�WKH�FXUUHQW�ZRUNLQJ�FRQGLWLRQV��DERXW�WKH�VXSHUYLVLRQ�RI�WKH�HFRQRPLF�LQWHUHVWV�DQG�DERXW�WKH�DFWXDO�FROODERUDWLRQ�EHWZHHQ�GLIIHUHQW
VSHFLDOWLHV�DFURVV�WKH�('V��7KH�TXHVWLRQV�ZHUH�SUHVHQWHG�DV�FODLPV�DQG�WKH�DQVZHUV�ZHUH�DVNHG�WR�SUHVHQW�DW�WKH�PRGLILHG�/LNHUW�VFDOH����SHUIHFWO\
IDOVH��WR����DEVROXWHO\�WUXH���7KH�OLQN�RI�WKH�VXUYH\�ZDV�VHQG�WR�DOO�SDUWLFLSDQWV�YLD�HPDLO�DERXW�WZR�ZHHNV�EHIRUH�WKH�PHHWLQJ��7KHUH�ZDV�VHYHQ�GD\
GHDGOLQH�WR�DQVZHU�WKH�VXUYH\�

�

5HVXOWV

)RUW\�WKUHH�RXW�RI�VL[W\�RQH�SDUWLFLSDQWV�������DQVZHUHG�WR�WKH�VXUYH\��2I�WKHP����ZHUH�UHVLGHQWV�LQ�(0��7KH�UHVW�UHSUHVHQWHG�LQWHUQLVWV��*3V�
VXUJHRQV�DQG�DQDHVWKHWLVWV��7KHUH�ZHUH����IHPDOHV�DQG����PDOHV��2I�WKHP�������ZHUH�VDWLVILHG�WR�WKHLU�FKRLFH�ZKHQ�FODLPHG�ÈULJKW�QRZ�,ÇP
VDWLVILHG�ZLWK�P\�FKRLFH�RI�VSHFLDOW\É��7KH�VDPH�SHUFHQWDJH�VDLG�<(6��DQVZHUV�DW�WKH�VFDOH������ZKHQ�DVNHG�È5LJKW�QRZ�,ÇP�GRLQJ�VXLWDEOH�MRE�IRU
PHÉ��2QO\������DQVZHUHG�<(6�WR�WKLV�VDPH�TXHVWLRQ�UHJDUGLQJ�SHULRG������\HDUV�WR�WKH�IXWXUH�������VDLG�WKDW�WKH�FROODERUDWLRQ�EHWZHHQ�GLIIHUHQW
VSHFLDOWLHV�LQ�WKHLU�('�LV�ZRUNLQJ�SURSHUO\�������VDLG�WKDW�LV�QRW�ZRUNLQJ�DQG�WKH�UHVW������FRXOG�QRW�DQVZHU�KRZ�LW�ZDV�������WKRXJKW�WKDW�LW�LV
QHFHVVDU\�WR�KDYH�D�SXEOLF�GHEDWH�RI�WKH�QHZ�VSHFLDOW\�EXW�RQO\������VDLG�WKDW�WKH�GLVFXVVLRQ�KDV�EHHQ�WUXWKIXO�������VDLG�WKDW�WKH\�ZLOO�ZRUN�ERWK
RIILFH�KRXUV�DQG�RXW�RI�RIILFH�KRXUV�DV�D�VSHFLDOLVW��������WKRXJKW�WKDW�WKH�PD[LPXP�OHQJWK�RI�WKH�EXV\�VKLIW�LQ�WKH�('�LV����KRXUV�

�

&RQFOXVLRQV

3UHOLPLQDU\�ILQGLQJV�LQGLFDWH�WKDW�UHVLGHQWV�YLHZ�SRVLWLYHO\�WKHLU�VSHFLDOW\��6RPH�ZRUN�KDV�WR�EH�GRQH�WR�JHW�DOO�VLGHV�ZRUN�WRJHWKHU�IRU�D�FRPPRQ
JRDO��



&$5',29$6&8/$5 +DQHQ�*KD]DOL

��������1HZ�RQVHW�DWULDO�ILEULOODWLRQ�LQ�PHQ��HSLGHPLRORJ\��FOLQLFDO�IHDWXUHV�DQG�PDQDJHPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

IDUDK�5LDKL������+DQHQ�*KD]DOL������MLKHQ�HVVLG������$QZDUH�\DKPDGL������*KH]HOD�&KDDEHQL������PRXQD�JDPPRXGL������QDMOD�HOKHQL������6DPL�6RXLVVL����

���HPHUJHQF\�GHSDUWPHQW��UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$
�����UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV��EHQ�DURXV��781,6,$

.H\ZRUGV��$WULDO�ILEULOODWLRQ��HSLGHPLRORJ\��PHQ

$EVWUDFW��

%DFNJURXQG

$WULDO�ILEULOODWLRQ��$)��LV�WKH�PRVW�IUHTXHQWO\�DUUK\WKPLD�UHSUHVHQWHG�LQ�HPHUJHQF\�GHSDUWPHQW��('����,W�DIIHFWV�PRUH�WKDQ�����PLOOLRQ�SHUVRQV�LQ�WKH
8QLWHG�6WDWHV��$)�LV�VWURQJO\�DJH�GHSHQGHQW��DIIHFWLQJ����RI�LQGLYLGXDOV�ROGHU�WKDQ����\HDUV�DQG����RI�SHUVRQV�ROGHU�WKDQ����\HDUV��7KH�LQFLGHQFH�RI
$)�LV�VLJQLILFDQWO\�KLJKHU�LQ�PHQ�WKDQ�LQ�ZRPHQ�LQ�DOO�DJH�JURXSV��

3XUSRVH�

7KH�DLP�RI�WKH�VWXG\�ZDV�WR�SURYLGH�DQ�RYHUYLHZ�RQ�WKH�HSLGHPLRORJLFDO�IHDWXUHV�RI�QHZ�RQVHW�DWULDO�ILEULOODWLRQ�DW�WKH�('�LQ�PHQ�

0HWKRGV

$�VLQJOH�FHQWHU��SURVSHFWLYH��REVHUYDWLRQDO�VWXG\�ZDV�FRQGXFWHG�LQ�DQ�('�GXULQJ�ILYH�\HDUV��-DQXDU\������WR�'HFHPEHU��������:H�HQUROOHG�PHQ
RYHU����\HDUV�RI�DJH�ZLWK�D�GLDJQRVWLF�RI�D�QHZ�RQVHW�$)��&ROOHFWLRQ�RI�HSLGHPLRORJLFDO�DQG�FOLQLFDO�SDUDPHWHUV��FODVVLILFDWLRQ�RI�$)��FDOFXODWLRQ�RI
LVFKHPLF�ULVN��WKH�&RQJHVWLYH�KHDUW�IDLOXUH��+\SHUWHQVLRQ��$JH���\HDUV��'LDEHWHV�PHOOLWXV��6WURNH��9DVFXODU�GLVHDVH��$JH��������\HDUV��6H[�FDWHJRU\
�&+$�'6��9$6�VFRUH���DQG�EOHHGLQJ�ULVN��+\SHUWHQVLRQ��$EQRUPDO�UHQDO�DQG�OLYHU�IXQFWLRQ��6WURNH��%OHHGLQJ��/DELOH�,15��(OGHUO\��'UXJV�RU�DOFRKRO
�+$6%/('����7KHUDSHXWLF�LQWHUYHQWLRQ�DQG�RXWFRPH�ZHUH�FROOHFWHG�

5HVXOWV

'XULQJ�WKH�VWXG\�����SDWLHQWV�ZHUH�HQUROOHG��0HDQ�DJH�ZDV���k���\HDUV�������ZHUH�DJHG�PRUH�WKDQ����\HDUV��&RPRUELGLWLHV������K\SHUWHQVLRQ
������GLDEHWHV�������KHDUW�IDLOXUH�������G\VOLSLGHPLD�����DQG�SUHYLRXV�VWURNH������$)�FODVVLILFDWLRQ��SDUR[\VPDO�Q ����SHUVLVWHQW�Q ���DQG�SHUPDQHQW
Q ���7KH�PRVW�IUHTXHQW�SUHVHQWLQJ�V\PSWRP�ZDV�SDOSLWDWLRQV��Q ���������IROORZHG�E\�G\VSQHD����������7KH�PHGLDQ�&+$�'6�9$6F�VFRUH����WK����WK
SHUFHQWLOH��ZDV������������DQG�WKH�PHGLDQ�+$6%/('�VFRUH����WK����WK�SHUFHQWLOH��ZDV��������������&+$�'6�9$6F�VFRUHÕ��ZDV�IRXQG�LQ�����RI�FDVHV�
�$QWLFRDJXODWLRQ��9.$��ZDV�SUHVFULEHG�LQ�����RI�FDVHV��3KDUPDFRORJLF�FDUGLRYHUVLRQ�ZDV�SHUIRUPHG�LQ�����RI�SDWLHQWV�XVLQJ�DPLRGDURQH��(OHYHQ
SDWLHQWV�������ZHUH�FRQYHUWHG�WR�VLQXV�UK\WKP��5DWH�FRQWURO�ZDV�SHUIRUPHG�LQ�������RI�SDWLHQWV�XVLQJ�UHVSHFWLYHO\��'LOWLD]HP��'LJR[LQH��DQG
$WHQROR�LQ�������DQG�����$W�WKUHH�PRQWKV��WKH�PRUWDOLW\�UDWH�ZDV�DERXW����

&RQFOXVLRQ��

$WULDO�ILEULOODWLRQ�LQ�PHQ�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�PRUELGLW\�DQG�PRUWDOLW\��LQ�SDUW�GXH�WR�WKH��KLJK�ULVN�RI�WKURPERHPEROLF�HYHQWV�DQG�LQ�SDUW�GXH
WR�LWV�DVVRFLDWHG�ULVN�IDFWRUV�



&$6(�35(6(17$7,21 0RKDPHG�DOL�&KHULI

��������&09�LQIHFWLRQ�LQ�D�QRQ�LPPXQRFRPSURPLVHG�SDWLHQW���FDVH�UHSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

KRXFHP�RXQL������0RKDPHG�DOL�&KHULI������RQV�DQGROVL������NKDOHG�VDLGL������0RKDPHG�0H]JKHQL������\RXVVHI�]LHG�(O�KHFKPL������,QHV�6HGJK\HQL�����
=RXKDLHU�-HUEL����

���HPHUJHQF\�GHSDUWPHQW���KRVSLWDO�KDELE�WKDPHXU��WXQLV��781,6,$
���8UJHQFHV�0�GLFR�FKLUXUJLFDOHV�$GXOWHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$
���VHUYLFH�GHV�XUJHQFHV��K�SLWDO�KDELE�WKDPHXU��WXQLV�
���8UJHQFHV�P�GLFR�FKLUXUJLFDOHV���K�SLWDO�+DELE�7KDPHXU��7XQLV�7XQLVLD����WXQLV��781,6,$

.H\ZRUGV��LQIHFWLRQ�HPHUJHQF\�&09

$EVWUDFW��

,QWURGXFWLRQ��

9LUDO�LQIHFWLRQV�KDYH�XVXDOO\�JRRG�RXWFRPH�IRU�QRQ�LPPXQRFRPSURPLVHG�SDWLHQW��(VSHFLDOO\�&09�LQIHFWLRQ��:H�UHSRUW�D�FDVH�RI�D�SDWLHQW�ZLWK�&09
LQIHFWLRQ

&DVH�UHSRUW��

$����\HDU�ROG�PDOH�SDWLHQW�ZLWK�K\SHUWHQVLRQ�DQG�W\SH���GLDEHWHV�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��(5��IRU�DVWKHQLD��DUWKUDOJLD�DVVRFLDWHG
WR�IHYHU��+H�H[SHULHQFHG���ZHHNV�DJR�KHDGDFKH��P\DOJLD�DQG�GLDUUKHD�

2Q�SK\VLFDO�H[DPLQDWLRQ��KH�KDG�IHYHU��+H�KDG�*&6�RI�����QR�VLJQV�RIPHQLQJLVP�QR�QHXURORJLFDO�LPSDLUHPHQW��+H�ZDV�KHPRG\QDPLFDOO\�VWDEOH��7KH
DEGRPHQ�ZDV�VRIW��QRQ�GLVWHQGHG��DQG�PLOGO\�WHQGHU�KH�KDG�D�JDQJUHQH�LQ�KLV�ULJKW�SLQN\�WRH�2Q�WKH�IRXUWK�GD\�DIWHU�DGPLVVLRQ��WKH�SDWLHQW
GHYHORSHG�EXOORXV�OHVLRQV�LQ�ERWK�OHJV��7KH�ODERUDWRU\�WHVWV�UHYHDOHG�HOHYDWHG�YDOXHV�RI�WUDQVDPLQDVH�DQG�ELOLUXELQH�YDOXHV��O\PSKRF\WRSHQLD�
WKURPERF\WRSHQLD�DQG�DQ�HOHYDWLRQ�RI�LQIODPPDWRU\�PDUNHU��&HUHEUDO�FRPSXWHG�WRPRJUDSK\��&7��ZDV�QRUPDO��$EGRPLQDO�&7�VKRZHG�SHULWRQHDO
HIIXVLRQ�DQG�D�KHSDWKRPHJDO\��7KH�FDUGLDF�XOWUDVRXQGV�UHYHDOHG�QR�VLJQV�RI�HQGRFDUGLWLV��7KH�WHVW�UHVXOWV�ZHUH�QHJDWLYH�IRU�DQWLQXFOHDU�DQWLERGLHV�
SHULQXFOHDU�DQWLQHXWURSKLO�F\WRSODVPLF�DQWLERGLHV��DQG�F\WRSODVPLF�DQWLQHXWURSKLO�F\WRSODVPLF�DQWLERGLHV��6HURORJLFDO�WHVWLQJ�VKRZHG�WKDW�&09�,J0
DQG�,J*�OHYHOV�ZHUH�HOHYDWHG�

7KH�SDWLHQW�GLG�QRW�UHFHLYH�*DQFLFORYLU�EHFDXVH�RI�WKURPERF\WRSHQLD��������FRQWUROOHG�WR���������+H�SUHVHQWHG�G\VSQHD�WKHQ�D�FDUGLDF�DUUHVW��+H
GLHG�

�

�

&RQFOXVLRQ�

7KH�&09�LQIHFWLRQ�LV�D�UDUH�EXW�SRWHQWLDOO\�VLJQLILFDQW�FDXVH�RI�DUWHULDO�DQG�YHQRXV�WKURPERVLV�LQ�RWKHUZLVH�KHDOWK\�LQGLYLGXDOV�DV�ZHOO�DV�LQ
LPPXQRFRPSURPLVHG�KRVWV��:KLFK�UHSUHVHQW�D�FKDOOHQJH�WR�GLDJQRVH�IRU�HPHUJHQF\�SK\VLFLDQV�



&35���5(686&,7$7,21 6RSKLH�9DQGHSODVVFKH

��������'HVFULSWLYH�SRSXODWLRQ�EDVHG�VWXG\�RI�HPHUJHQF\�PHGLFDO�VHUYLFHV�DWWHQGHG�RXW�RI�KRVSLWDO�FDUGLDF�DUUHVWV�LQ�FKLOGUHQ
LQ�%HOJLXP�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6RSKLH�9DQGHSODVVFKH������3DWULFN�9DQ�GH�9RRUGH����

���(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�*KHQW��*KHQW��%(/*,80

.H\ZRUGV��RXW�RI�KRVSLWDO�FDUGLDF�DUUHVWV��SDHGLDWULF��FKLOGUHQ��VKRUW�WHUP�RXWFRPH�SDHGLDWULF�2+&$��FLUFXPVWDQFHV�SDHGLDWULF�2+&$

$EVWUDFW��

�

2%-(&7,9(6��$QDO\VLV�RI�UHDO�OLIH�FOLQLFDO�GDWD�WR�REWDLQ�PRUH�LQIRUPDWLRQ�DERXW�WKH�FLUFXPVWDQFHV�DQG�RXWFRPH�RI�SDHGLDWULF�RXW�RI�KRVSLWDO�FDUGLDF
DUUHVWV��2+&$��LQ�%HOJLXP�

�

0(7+2'6��5HWURVSHFWLYH�VWXG\�RI�D�SURVSHFWLYH�SRSXODWLRQ�EDVHG�UHJLVWUDWLRQ�RI�DOO�SK\VLFLDQ�DWWHQGHG��08*��HPHUJHQF\�PHGLFDO�VHUYLFHV��(06�
LQWHUYHQWLRQV�FRQFHUQLQJ�SDHGLDWULF�2+&$�LQ�%HOJLXP�EHWZHHQ������DQG������

�

5(68/76��'XULQJ�D���\HDU�SHULRG�ZH�QRWHG�����2+&$�LQ�������SDHGLDWULF�08*�LQWHUYHQWLRQV�������,Q�����FDVHV���������&35�ZDV�SHUIRUPHG��7KH
LQLWLDO�UK\WKP�ZDV�VKRFNDEOH��YHQWULFXODU�ILEULOODWLRQ��LQ�RQO\����FDVHV�������DOO�RWKHU�SUHVHQWHG�ZLWK�DQ�LQLWLDO�QRQ�VKRFNDEOH�UK\WKP��2YHUDOO�
GHILEULOODWLRQ�ZLWK�RQH�RU�PRUH�VKRFNV�ZDV�SHUIRUPHG�LQ����FDVHV���������

,Q�WKH�PDMRULW\�RI�FDVHV���������D�PHGLFDO�SUREOHP�ZDV�SUHVXPHG�WR�EH�WKH�XQGHUO\LQJ�DHWLRORJ\��RI�ZKLFK�UHVSLUDWRU\�IDLOXUH�ZDV�WKH�PRVW
UHJLVWHUHG��Q� ������,Q�����FDVHV����������DQ�ÆH[WHUQDOÇ�FDXVH�ZDV�UHDVRQ�IRU�WKH�2+&$��WUDIILF�DFFLGHQWV�LQ����FDVHV��IROORZHG�E\�GURZQLQJ��Q� �����
VWUDQJXODWLRQ��Q� �����DQG�IDOOV�IURP�KHLJKW��Q� �����

(YHQWXDOO\�����FKLOGUHQ�ZHUH�WUDQVSRUWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('���ZLWK�UHWXUQ�RI�VSRQWDQHRXV�FLUFXODWLRQ��526&��REWDLQHG�LQ����FDVHV�
2QO\����FKLOGUHQ�UHDFKHG�WKH�('�ÆDOLYHÇ��HLWKHU�DIWHU�526&�RU�ZLWK�RQJRLQJ�&35��2I�WKRVH����FKLOGUHQ�����KDG�DQ�QRQ�VKRFNDEOH�DQG���D�VKRFNDEOH
UK\WKP�RQ�DUULYDO�RI�WKH�(06�WHDP��7KH�SHUFHQWDJH�RI�526&�LQ�WKRVH�FKLOGUHQ�ZLWK�DQ�LQLWLDO�VKRFNDEOH�UK\WKP�ZDV����������RXW�RI�����

�

',6&866,21��3DHGLDWULF�2+&$�OXFNLO\�UHPDLQV�D�UHODWLYHO\�UDUH�HYHQW��,W�LV�HVWLPDWHG�WKDW�HDFK�%HOJLDQ�PHGLFDO�(06�WHDP��08*��ZLOO�HQFRXQWHU�OHVV
WKDQ���SDHGLDWULF�FDUGLDF�DUUHVWV�\HDUO\��7KHUH�LV�WKHUHIRUH�D�FOHDU�ULVN�IRU�WHDP�PHPEHUV�RI�EHLQJ�LQVXIILFLHQWO\�SUHSDUHG�LI�QRW�UHJXODUO\�UHWUDLQHG�

,Q�DERXW�����RI�SDHGLDWULF�2+&$�WKH�FKLOG�LV�FRQVLGHUHG�EH\RQG�UHVFXH�DQG�QR�&35�LV�VWDUWHG��,Q�FKLOGUHQ�ZKHUH�&35�ZDV�VWDUWHG��RQO\�D�VPDOO�JURXS
KDG�DQ�LQLWLDO�VKRFNDEOH�UK\WKP��7KLV�UHVXOWHG�LQ�DQ�H[FHOOHQW�VKRUW�WHUP�SURJQRVLV�ZLWK�VXVWDLQHG�526&�LQ�������

+RZHYHU�IRU�WKH�ODUJHU�JURXS�ZLWK�LQLWLDO�QRQ�VKRFNDEOH�UK\WKP�SURJQRVLV�LV�PXFK�PRUH�UHVHUYHG��������VXVWDLQHG�526&���7KLV�QXPEHU�LV�LQ
FRQWUDVW�WR�WKH�QXPEHU�RI�FKLOGUHQ�WKDW�DUH�WUDQVSRUWHG�IURP�VFHQH�WR�WKH�('����������,PSRUWDQWO\�������RI�WKH�ODWWHU�ZHUH�SURFODLPHG�GHDG�GXULQJ
WUDQVSRUW��,Q�DQRWKHU�������&35�ZDV�RQJRLQJ�DW�('�DUULYDO��:H�SUHVXPH�WKHVH�QXPEHUV�SDUWLDOO\�FDQ�EH�H[SODLQHG�E\�ÆVORZ�FRGHÇ��%RVVDHUW�HW�DO��
5HVXVFLWDWLRQ����������������

7KH�SULQFLSDO�XQGHUO\LQJ�LGHQWLILHG�DHWLRORJ\�LV�D�PHGLFDO�SUREOHP��PRUH�VSHFLILFDOO\�UHVSLUDWRU\�IDLOXUH��3UHVXPDEO\�WKLV�DOVR�LQFOXGHV�FDVHV�RI
VXGGHQ�XQH[SODLQHG�GHDWK�RI�LQIDQF\��68',���,PSRUWDQWO\��H[WHUQDO�FDXVHV�PDNH�XS�PRUH�WKDQ�����RI�DOO�2+&$��ZLWK�&35���,QLWLDWLYHV�IRFXVVHG�RQ
SUHYHQWLRQ�PLJKW�WKHUHIRUH�VDYH�PRUH�OLYHV�WKDQ�DQ\�&35�HYHU�ZLOO�

7KLV�VWXG\�JLYHV�LQVLJKW�LQWR�WKH�FLUFXPVWDQFHV�DQG�VKRUW�WHUP�RXWFRPH�RI�SDHGLDWULF�2+&$�LQ�%HOJLXP��,W�LV�KRZHYHU�EDVHG�RQ�DQ�DGPLQLVWUDWLYH
GDWDEDVH�DQG�ODFNV�LPSRUWDQW�LQIRUPDWLRQ�RQ�ORQJ�WHUP�RXWFRPH�RU�PRUH�FRQFUHWH�LQIRUPDWLRQ�RI�LQGLYLGXDO�FDVHV��/DUJH�SRSXODWLRQ�EDVHG�UHJLVWULHV
DUH�QHHGHG�WR�JXLGH�RXU�HIIRUWV�DQG�GHFLVLRQ�PDNLQJ��



%,20$5.(56 5DQLD�-HEUL

��������%HQHILW�RI�17SUR%13�LQ�WKH�HWLRORJLFDO�GLDJQRVLV�RI�DFXWH�G\VSQHD�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

ROID�'MHEEL������UDQLD�MHEUL������PRXQLU�+DJJXL������PHKGL�%HQ�ODVVRXHG����

���HPHUJHQF\�GHSDUWPHQW���PLOLWDU\�KRVSLWDO�RI�WXQLVLD��WXQLV��781,6,$
���HPHUJHQF\�GHSDUWPHQW���PLOLWDU\�KRVSLWDO�RI�WXQLVLD��%HQ�$URXV��781,6,$

.H\ZRUGV��G\VSQHD��17SUR%13��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ�

'\VSQHD�LV�D�FRPPRQ�SDWWHUQ�WR�VHHN�FDUH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���'LVWLQJXLVK�FDUGLDF�RU�UHVSLUDWRU\�RULJLQ�LV�D�GLDJQRVWLF�FKDOOHQJH�IRU
WKH�HPHUJHQF\�SK\VLFLDQV�HVSHFLDOO\�ZLWK�SDWLHQWV�ZLWK�VHYHUDO�FRPRUELGLWLHV�DQG�LQWULFDWH�FOLQLFDO�SUHVHQWDWLRQ�

17�SUR%13�LV�D�VSHFLILF�PDUNHU�RI�DFXWH�KHDUW�IDLOXUH��KRZHYHU��LWV�XVHIXOQHVV�LQ�WKH�GLDJQRVWLF�DSSURDFK�RI�DFXWH�G\VSQHD�UHPDLQV�FRQWURYHUVLDO
ZKLFK�PD\��OHDG�XV�WR�UHVRUW�WR�D�HFKRFDUGLJUDSK\�

0DWHULDO�DQG�PHWKRGV

'HVFULSWLYH�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\��:HUH�LQFOXGHG�DOO�SDWLHQWV�ZKR�SUHVHQWHG�WR�WKH�('�ZLWK�DFXWH�G\VSQHD�DQG�ZKRVH�HWLRORJ\�UHPDLQV
XQFOHDU��3DWLHQWV�ZLWK�UHQDO�LPSDLUPHQW�KDYH�QRW�EHHQ�LQFOXGHG��IDOVH�SRVLWLYHV�RI�17�SUR�%13��

7KH�GLDJQRVLV�RI�KHDUW�IDLOXUH�ZDV�H[FOXGHG�LI�WKH�17�SUR%13�UDWH�ZDV�LQIHULRU�WKDQ�����SJ�SHU�PO��PDGH�LI�WKH�17�SUR%13�ZDV�VXSHULRU�WKDQ������SJ
SHU�PO�DQG�GRXEWIXO�LI�WKH�17�SUR%13�UDWH�ZDV�EHWZHHQ�����DQG�����SJ�SHU�PO��WKH�UDWH�RI�17�SUR�%13�ZDV�DGMXVWHG�WR�WKH�SDWLHQW
V�DJH�E\�WKH
VWDQGDUGV�RI�WKH�ODERUDWRU\�

5HVXOWV�

'XULQJ�RQH�\HDU������SDWLHQWV�ZHUH�LQFOXGHG��7KH�PHDQ�DJH�ZDV����k����\HDUV��7KH�VH[�UDWLR�ZDV������

7KH�GRVDJH�RI�17�SUR%13�KDV�ODLG�WKH�GLDJQRVLV�RI�DFXWH�KHDUW�IDLOXUH�LQ�����RI�FDVHV��UHYHDOHG�WKH�UHVSLUDWRU\�RULJLQ�RI�G\VSQHD�LQ�����RI�FDVHV
�QHJDWLYH�17�SUR%13���,Q�����RI�WKH�UHPDLQLQJ�FDVHV��ZH�XVHG�WKH�WUDQVWKRUDFLF�HFKRFDUGLRJUDSK\�WR�VHHN�WKH�HWLRORJLFDO�GLDJQRVLV�RI�DFXWH
G\VSQHD�

&RQFOXVLRQ�

7KH�GRVDJH�RI�17�SUR%13�KDV�ODLG�WKH�HWLRORJLFDO�GLDJQRVLV�RI�G\VSQHD�LQ�����RI�FDVHV��7KURXJK�WKLV�VWXG\�ZH�ILQG�WKDW�WKH�GHWHUPLQDWLRQ�RI
17�SUR%13�IRU�DQ\�DFXWH�G\VSQHD�RI�XQFHUWDLQ�HWLRORJ\�PD\�EH�XVHIXO��7KH�UHFRXUVH�WR�HFKRFDUGLRJUDSK\�RFFXUUHG�RQO\�LQ�����RI�FDVHV



&$6(�35(6(17$7,21 DQZDUH�\DKPDGL

��������'H�:LQWHUV�67�7�V\QGURPH���DQ�HDUO\�VLJQ�RI�67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

DKPHG�VRX\HK������DQZDUH�\DKPDGL������UDQLD�MHEUL������KDQDQH�JKD]DOL������F\ULQH�NHVNHV������PRKDPHG�PJXLGLFK������ERXWKDLQD�ORXKLFKL������VDPL
VRXLVVL����

���6HUYLFH�DFFXHLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���HPHUJHQG\�GHSDUWPHQW�RI�EHQ�DURXV�KRVSLWDO���UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV�WXQLVLD���WXQLV��781,6,$

.H\ZRUGV��'H�:LQWHUV�67�7�V\QGURPH��67�VHJPHQW�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,1752'8&7,21��

$Q�67�VHJPHQW�HOHYDWLRQ�LV�XVXDOO\�SUHGLFWLYH�RI�P\RFDUGLDO�LQIDUFWLRQ��6HYHUDO�RWKHU�HOHFWURFDUGLRJUDP�DEQRUPDOLWLHV��UHIHUUHG�WR�DV�67�VHJPHQW
HOHYDWLRQ�P\RFDULGDO�LQIDUFWLRQ��67(0,�HTXLYDOHQWV���VKRXOG�DOVR�DOHUW�WKH�FOLQLFLDQ�WR�HDUO\�LGHQWLILFDWLRQ�DQG�DJJUHVVLYH�LQWHUYHQWLRQ�

&$6(�5(3257�

$����\HDU�ROG�IHPDOH�SDWLHQW�SUHVHQWHG�WR�WKH�HPHUJHQF\�GHSDUWPHQW��('��ZLWK�FKHVW�SDLQ�RFFXUHG���KRXU�EHIRUH�('�DGPLVVLRQ��6KH�KDG�D�SDVW
KLVWRU\�RI��K\SHUWHQVLRQ��6KH�KDG�QR�RWKHU�FDUGLRYDVFXODU�ULVN�IDFWRUV��2Q�SK\VLFDO�H[DPLQDWLRQ���WKH�SDWLHQW�ZDV�DOHUW��WKH�EORRG�SUHVVXUH�ZDV
�������PP�KJ��WKH�KHDUW�UDWH�ZDV����ESP�DQG�UHVSLUDWRU\�UDWH�ZDV�����EUHDWKV�SHU�PLQXWH��WKH�R[\JHQH�VDWXUDWLRQ�ZDV�����RQ�DLU�URRP���7KH
$GPLVVLRQ�HOHFWURFDUGLRJUDP��(&*���VKRZHG��DQ�67�VHJPHQW�GHSUHVVLRQ�RI���PP�LQ�WKH�ODWHUDO�OHDGV���:LWKLQ����PLQXWHV�WKH�SDWLHQW�SUHVHQWHG
UHFXUUHQFH�RI�D�W\SLFDO�FRQVWULFWLYH�FKHVW�SDLQ�ZLWK�QDXVHD�DQG�YRPLWLQJ���7KH�FRQFRPLWWDQW�(&*�VKRZHG�DQ�67�HOHYDWLRQ�LQ�',�DQG�$9/�OHDGV�DQG�LQ
WKH�$95�OHDG�RI���PP��DQ�67�GHSUHVVLRQ�LQ�LQIHULRU�OHDGV�DQG�DQ�XS�VORSLQJ�67�GHSUHVVLRQ�DW�-�SRLQW��ZLWK�SHDNHG��7�ZDYHV�LQ�WKH�DQWHULRU�SUHFRUGLDO
OHDGV��7KH�GLDJQRVLV�RI�'H�ZLQWHU�FRPSOH[��D�67(0,�HTXLYDOHQW��ZDV�PDGH��6KH�UHFHLYHG�����PJ�RI�DVSLULQH��ORZ�ZHLJKW�VXEFXWDQHRXV�KHSDULQH�DQG
����PJ�RI�FORSLGRJUHO���0RQLWRULQJ�RI�(&*�VKRZHG�DQ�67�HOHYDWLRQ�RI��PP��LQ�9��9��OHDGV�FRQILUPLQJ�DQ�REYLRXV�67(0,�GLDJQRVLV��7KH�SDWLHQW
VXFFHVVIXOO\�XQGHUZHQW�SKDUPDFRORJLFDO�UHSHUIXVLRQ��&RURQDU\��DQJLRJUDSK\��VKRZHG�D������VXERFFOXVLYH�OHVLRQ�LQ�WKH�3UR[LPDO�OHIW�DQWHULRU
GHVFHQGLQJ��/$'��DUWHU\�

&21&/86,21��

'H�ZLQWHUV�V\QGURPH�RQ�(&*�LV�D�VSHFLILF�SDWWHUQ�RI�67(0,�HTXLYDOHQW��$SSUR[LPDWHO\����RI�VLPLODU�FDVHV�KDYH�SUR[LPDO�/$'�RFFOXVLRQ���,GHQWLILQJ
WKLV�VSHFLILF�HFJ�SDWWHUQ�LV�FKDOOHQJLQJ�IRU�WKH�HPHUJHQF\�SK\VLFLDQ��7KXV��UHFRJQL]LQJ�'H�ZLQWHU�V\QGURPH�LV�LPSRUWDQW���DQG�DGHTXDWH�WUHDWPHQW
VKRXOG�QRW�EH�GHOD\HG�RU�PLVVHG�



0$1$*(0(17���('�25*$1,6$7,21 0DQXHO�*HXHQ

��������:DLWLQJ�IRU�QR�GRFWRU���7KH�LPSDFW�RI�3K\VLFLDQ�$VVLVWDQWV�LQ�WKH�LQWHUGLVFLSOLQDU\�HPHUJHQF\�GHSDUWPHQWV�RI�WKH
/HRSROGLQD�+RVSLWDO�6FKZHLQIXUW��$Q�HFRQRPLF��RUJDQLVDWLRQDO�DQG�PHGLFDO�WULDV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DQXHO�*HXHQ������=HOLKLF�(GLQ������0LFKDHO�:HVVHOV����

���5HVHDUFK�)HOORZ��SUD[LV+RFKVFKXOH�5KHLQH��5KHLQH��*(50$1<
���+HDG�RI�HPHUJHQF\�GHSDUWPHQW��/HRSROGLQD�.UDQNHQKDXV��6FKZHLQIXUW��*(50$1<
���3URIHVVRU��+RFKVFKXOH�I�U�*HVXQGKHLW��%RFKXP��0�QVWHU��*(50$1<

.H\ZRUGV��,QWHUGLVFLSOLQDU\�HPHUJHQF\�GHSDUWPHQW��3K\VLFLDQ�$VVLVWDQW��(FRQRPLF�(IIHFWV��+HDOWK�SURIHVVLRQDOV��623��(6,���7ULDJH

$EVWUDFW��

%DFNJURXQG

7KH�HPHUJHQF\�GHSDUWPHQWV�LQ�*HUPDQ\�KDG�WR�FRSH�DQ�LQFUHDVH�RI�HPHUJHQF\�SDWLHQWV�EHWZHHQ������LQ�UHFHQW�\HDUV�>�@��,W�LV�DVVXPHG�WKDW
DQQXDO�RYHU����PLOOLRQ�HPHUJHQF\�SDWLHQWV�JHW�WUHDWPHQW�LQ�*HUPDQ�HPHUJHQF\�GHSDUWPHQWV�>�@��,Q�DGGLWLRQ��WKH�GHPRJUDSKLF�FKDQJH�
PXOWL�PRUELGLW\�DQG�WKH�VWUXFWXUDO�XQGHUIXQGLQJ�RI�WKH�HPHUJHQF\�XQLWV�OHDG�WR�DQ�HFRQRPLF��RUJDQL]DWLRQDO�DQG�PHGLFDO�GLOHPPD�

$FFRUGLQJ�WR�WKH�*HUPDQ�+RVSLWDO�)HGHUDWLRQ��WKH�VWUXFWXUDO�XQGHUIXQGLQJ�RI�HPHUJHQF\�GHSDUWPHQWV�DPRXQWV�XS�WR���ELOOLRQ�HXURV�>�@��7KH�KRVSLWDO
UHTXLUHPHQW�SODQ�GHPDQGV�IRU�DOO�PHGLFDO�XQLWV�WKH�ÈVSHFLDOLVW�VWDQGDUGÉ�WR�HQVXUH�TXDOLW\�RI�WUHDWPHQW�>�@��,Q�DERXW�����RI�WUHDWPHQW�FDVHV�RI
HPHUJHQF\�LV�QR�VSHFLDOLVW�DYDLODEOH�>�@��6R�IDU�QR�XQLIRUP�UHTXLUHPHQW�SURILOHV�IRU�HPSOR\HHV�LQ�HPHUJHQF\�GHSDUWPHQWV�H[LVW�LQ�*HUPDQ\�>�@��7KH
3K\VLFLDQ�$VVLVWDQW�LV�LQWHUQDWLRQDOO\�HVWDEOLVKHG�DQG�UHFRJQL]HG��+H�LV�QRZ�GHYHORSLQJ�DOVR�LQ�*HUPDQ\�DQG�FRXOG�EH�D�JRRG�DGGLWLRQ�LQ�HPHUJHQF\
FDUH�

$LP

7R�VKRZ�WKH�HIIHFWV�RI�SK\VLFLDQ�DVVLVWDQWV�LQ�LQWHUGLVFLSOLQDU\�HPHUJHQF\�GHSDUWPHQWV�IURP�DQ�HFRQRPLF��RUJDQLVDWLRQDO�XQG�PHGLFDO�SRLQW�RI�YLHZ�

�

0HWKRGV

%DVHG�RQ�D�VWUXFWXUHG�OLWHUDWXUH�UHVHDUFK�E\�3XE0HG�LQ�0HGOLQH�DQG�(0EDVH�623V�KDYH�EHHQ�DGDSWHG�IRU�3$V�DQG�SXW�LQWR�SUDFWLFH�LQ�WKH
HPHUJHQF\�GHSDUWPHQW�LQ�6FKZHLQIXUW��7KLV�H[DPSOH�FRXOG�EH�WKH�EDVLV�IRU�D�EHVW�SUDFWLFH�PRGHO�

�

5HVXOWV

)LUVW�UHVXOWV�RI�SUDFWLFDO�LPSOHPHQWDWLRQ�KDV�VKRZQ�WKDW�WKH�XVH�RI�3$V�LQ�HFRQRPLF�WHUPV�UHVXOWLQJ�LQ�PLQLPL]LQJ�IXQGLQJ�VKRUWIDOOV��)URP�D�PHGLFDO
SHUVSHFWLYH��WKH�XVH�RI�3$V�UHVXOWHG�LQ�IDVWHU�LGHQWLILFDWLRQ�RI�XUJHQW�SDWLHQWV��0RUHRYHU��XQQHFHVVDU\�GXSOLFDWH�H[DPLQDWLRQV�FDQ�EH�DYRLGHG��7KH
DVVHVVPHQW�RI�SDWLHQW�KLVWRU\�DQG�SK\VLFDO�H[DPLQDWLRQ�E\�3$V�KDV�SURYHG�WR�EH�D�JRRG�SK\VLFLDQ�UHOLHYLQJ�VWUXFWXUH��7KLV�OHDGV�WR�JUHDWHU
VDWLVIDFWLRQ�RI�ERWK�WKH�SDWLHQW�DQG�WKH�VWDII�

)URP�DQ�RUJDQL]DWLRQDO�SHUVSHFWLYH��YDULRXV�PHDVXUHV�DUH�PDQGDWRU\��,Q�DGGLWLRQ�WR�WKH�H[SDQVLRQ�RI�WKH�LQWHUGLVFLSOLQDU\�WHDP�ZLWK�3K\VLFLDQ
$VVLVWDQWV�DOVR�VWUXFWXUDO�FKDQJHV�QHHG�WR�EH�PDGH��%\�RSWLPL]LQJ�URRP�PDQDJHPHQW��SDWLHQW�IORZ�FDQ�EH�DGHTXDWHO\�RUJDQLVHG�

�

'LVFXVVLRQ

3RVLWLYH�HFRQRPLF�HIIHFWV�DULVH�QRW�DXWRPDWLFDOO\��,Q�RUGHU�WR�DFKLHYH�WKLV�LQYHVWPHQW�LQ�SHUVRQQHO�DQG�EXLOGLQJ�LQIUDVWUXFWXUH�DUH�LQLWLDOO\�UHTXLUHG�
(YHQ�LI�WKH�XVH�RI�3$V�GRHV�QRW�GLUHFWO\�JHQHUDWH�SURILW��KH�ZLOO�DW�OHDVW�FRQWULEXWH�LQ�PLQLPL]LQJ�GHILFLWV�

+RZHYHU��WKH�GLIIHUHQW�RUJDQL]DWLRQDO�DQG�SHUVRQQHO�VWUXFWXUHV�LQ�*HUPDQ�KRVSLWDOV�UHTXLUH�DQ�LQGLYLGXDO�DGDSWDWLRQ�RI�7ULDJH�V\VWHPV�>�@��(XURSHDQ
JXLGHOLQHV�VHUYH�DV�D�EDVLV�IRU�QDWLRQDO�JXLGHOLQHV�>�@��$GDSWHG�6WDQGDUG�PHDVXUHV�GR�QRW�UHTXLUH�UHSHDWHG�'HOHJDWLRQ�IRU�VSHFLILHG�VLWXDWLRQV�>�@�
7KH�LPSOHPHQWDWLRQ�RI�VWDQGDUG�LV�XVXDOO\�QRW�D�SUREOHP�RI�WKH�V\VWHP��EXW�RI�UHVSRQVLELOLW\�>�@�

&RQFOXVLRQ

,W�ZDV�SRVVLEOH�WR�VKRZ�WKDW�WKH�XVH�RI�3$�LQ�DQ�HPHUJHQF\�GHSDUWPHQW�DOORZV�SRVLWLYH�HFRQRPLF��RUJDQL]DWLRQDO�DQG�PHGLFDO�HIIHFWV��7KHUHIRUH
RUJDQL]DWLRQDO�FKDQJHV�DUH�QHHGHG��VXFK�DV�EXLOGLQJ�FKDQJHV��VWDII�UHVWUXFWXULQJ�DQG�WKH�LQWURGXFWLRQ���DGDSWDWLRQ�RI�D�WULDJH�V\VWHP�ZLWK�623V�IRU
3$V�

7KH�ELEOLRJUDSK\�DUH�DYDLODEOH�RQ�UHTXHVW�IURP�WKH�DXWKRUV�





&$5',29$6&8/$5 5DQLD�-HEUL

��������/LIH�WKUHDWHQLQJ�DUUK\WKPLD�LQ�WKH�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

UDQLD�MHEUL������+DQD�+HGKOL������V\ULQH�.HVNHV������0RXQD�*DPPRXGL������)DWHQ�$PLUD������%HFKLU�%RXKDMMD����

���HPHUJHQF\�GHSDUWPHQW���HPHUJHQF\�GHSDUWPHQW�RI�&KDUOHV�1LFROOH��WXQLV��781,6,$

.H\ZRUGV��DUUK\WKPLD��WRUVDGH�GH�SRLQWH��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ��6HYHUH�K\SRNDOHPLD��6+��FDQ�FDXVH�D�YDULHW\�RI�WDFK\DUUK\WKPLDV��LQFOXGLQJ�YHQWULFXODU�WDFK\FDUGLD�ILEULOODWLRQ�DQG�UDUHO\
DWULRYHQWULFXODU�EORFN��,W�FDQ�EH�D�GLDJQRVWLF�GLOHPPD�IRU�WKH�SUDFWLFLQJ�HPHUJHQF\�SK\VLFLDQ��:H�UHSRUW�D�FDVH�RI�D�SDWLHQW�ZLWK�VHYHUH
K\SRNDOLHPLD�DQG�OLIH�WKUHDWHQLQJ�DUUK\WKPLD�

&DVH�UHSRUW��$����\HDU�ROG�ZRPDQ�ZLWK�K\SHUWHQVLRQ�DQG�W\SH�,,�LQVXOLQ�WUHDWHG�GLDEHWHV�H[SHULHQFHG�D�VXGGHQ�ORVV�RI�FRQVFLRXVQHVV�IROORZHG�E\
JHQHUDOL]HG�ERG\�VWLIIHQLQJ�DQG�YLROHQW�MHUNLQJ��UHYXOVLRQ�RI�WKH�H\HEDOOV��ZLWK�JUDGXDO�DZDNHQLQJ�DIWHU����PLQXWHV��ZKLFK�SURPSWHG�KHU�IDPLO\��WR
EULQJ�KHU�WR�WKH�HPHUJHQF\�GHSDUWPHQW��6KH�UHSRUWHG�KDYLQJ�GL]]LQHVV�DQG�YRPLWLQJ�IRU�D�PRQWK��3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�D�SRRU�JHQHUDO
FRQGLWLRQ��+HU�EORRG�SUHVVXUH�ZDV��������PP+J�ZLWK�D�SXOVH�RI����EHDWV�PLQ��6KH�ZDV�EUHDWKLQJ����WLPHV�PLQ�ZLWK�DQ�R[\JHQ�VDWXUDWLRQ�RI�����RQ
DLU�URRP��3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�QR�VLJQV�RI�DFXWH�KHDUW�IDLOXUH�RU�QHXURORJLFDO�GHILFLHQF\���7KH�HOHFWURFDUGLRJUDP��(&*��VKRZHG�VLQXV
UK\WKP�RI����EHDWV��PLQ�ZLWK�FRPSOHWH�ULJKW�EXQGOH�EUDQFK�EORFN��5%%%���FRPSOHWH�DWULR�YHQWULFXODU�EORFN�DQG�JLDQW��DV\PPHWULFDO�7�ZDYHV��7KH�47
LQWHUYDO�ZDV�PDUNHGO\�SURORQJHG�DW�����PV�

%DVHG�RQ�WKH�PHGLFDO�KLVWRU\�DQG�WKH�HOHFWULFDO�VLJQV��VHYHUH�K\SRNDOHPLD��6+��ZDV�VXVSHFWHG��7KH�EORRG�JDV�DQDO\VLV�VKRZHG��.��DW�����PHT�/�
WKDQ�FRQILUPHG�E\�WKH�ODERUDWRU\�WHVWV��7KH�SDWLHQW�UHFHLYHG�WKH�FRQYHQWLRQDO�PHGLFDO�WUHDWPHQW�IRU�6+�

7KH�(&*�PRQLWRULQJ�VKRZHG�SRO\PRUSKLF�YHQWULFXODU�WDFK\FDUGLD��97��ZLWK�D�FKDQJH�LQ�WKH�DPSOLWXGH�DQG�WZLVWLQJ�RI�WKH�456�FRPSOH[HV�DURXQG�WKH
LVRHOHFWULF�OLQH��,W�ZDV�3UHFHGHG�E\�DQ�5�RQ�7�SKHQRPHQRQ��7KH�GLDJQRVLV�RI�7RUVDGH�GH�SRLQWH�ZDV�PDGH�EDVHG�RQ�WKHVH�HOHFWULFDO�ILQGLQJ��$Q
LQIXVLRQ�RI�PDJQHVLXP�VXOIDWH�ZDV�JLYHQ��ZLWK�WKH�VXSSO\�RI�SRWDVVLXP�GHILFLHQF\��7KH�SDWLHQW�ZDV�WUDQVIHUUHG�WR�WKH�FDUGLRORJ\�GHSDUWPHQW�ZKHUH
IXUWKHU�LQYHVWLJDWLRQV�ZHUH�PDGH�

&RQFOXVLRQ�

7RUVDGH�GH�SRLQWH�LV�D�VSHFLILF�W\SH�RI�DUUK\WKPLD�WKDW�FDQ�OHDG�WR�VXGGHQ�FDUGLDF�GHDWK��7KH�HWLRORJ\�DQG�PDQDJHPHQW�RI�WRUVDGH�GH�SRLQWH�DUH��LQ
JHQHUDO��TXLWH�GLIIHUHQW�IURP�WKRVH�RI�JDUGHQ�YDULHW\�97��'LIIHUHQWLDWLQJ�EHWZHHQ�WKHVH�HQWLWLHV��WKHUHIRUH��LV�FULWLFDOO\�LPSRUWDQW��,W�UHPDLQV�D
GLDJQRVWLF�FKDOOHQJH�IRU�WKH�SUDFWLFLQJ�HPHUJHQF\�SK\VLFLDQ�DQG�KROGV�LPSRUWDQW�LPSOLFDWLRQ�

�



&35���5(686&,7$7,21 021,&$�387,&,8

��������&DUGLDF�DUUHVW�WHDP�RU�PHGLFDO�HPHUJHQF\�WHDP"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0RQLFD�3XWLFLX����

���(PHUJHQF\�'HSDUWPHQW��$UDG�&RXQW\�+RVSLWDO���9DVLOH�*ROGLV��:HVWHUQ�8QLYHUVLW\�RI�$UDG���$UDG��520$1,$

.H\ZRUGV��FDUGLDF�DUUHVW�WHDP��VXUYLYDO��SDWLHQWV�DW�ULVN�RI�FDUGLDF�DUUHVW

$EVWUDFW��

,Q�$UDG�&RXQW\�+RVSLWDO��UHVXVFLWDWLRQ�WHDP�LV�D��FDUGLDF�DUUHVW�WHDP�IURP�(PHUJHQF\�'HSDUWPHQW�ZKLFK�LV�FDOOHG�RQO\�ZKHQ�D�FDUGLDF�DUUHVW�LV
UHFRJQLVHG��:H�HYDOXDWHG�WKLV�LQWHUYHQWLRQ�GXULQJ������RQ�QHXURORJ\��LQWHUQDO�PHGLFLQH��KDHPDWRORJ\��JDVWURHQWHURORJ\��VXUJLFDO��RUWKRSDHGLF�DQG
SDHGLDWULF�ILHOGV�

5HVXVFLWDWLRQ�WHDP�ZDV�FDOOHG�IRU�����FDUGLDF�DUUHVW�VLWXDWLRQ��IURP�ZKLFK�����ZHUH�FDUGLDF�DUUHVW�ZKLOH�WKH�RWKHU����ZHUH�QRW�

����SDWLHQWV�ZHUH�UHVXVFLWDWHG����������ZKHUHDV�������������GLGQÇW�UHVSRQG�WR�WKH�UHVXVFLWDWLRQ�PHDVXUHV��7KH�LQLWLDO�FDUGLDF�UK\WKP�ZDV
YHQWULFXODU�ILEULOODWLRQ�LQ����FDVHV����������DQG�DV\VWROH�DQG�SXOVHOHVV�HOHFWULFDO�DFWLYLW\�LQ����FDVHV������������3DWLHQWVÇ�UDWH�RI�VXUYLYDO�WR�KRVSLWDO
GLVFKDUJH�DIWHU�LQ�KRVSLWDO�FDUGLDF�DUUHVW�ZDV�RQO\���������SDWLHQWV��

5HIHUULQJ�WR�WKRVH�ZKR�ZHUH�QRW�LQ�FDUGLDF�DUUHVW�����SDWLHQWV���WKH�UDWH�ZDV�KLJKHU����RI�WKHP�������VXUYLYHG�DQG�OHIW�WKH�KRVSLWDO��7KH�QXPEHU�RI
GLVFKDUJHG�SDWLHQWV��DOLYH��IURP�WKH�����LQWHUYHQWLRQV�ZDV����������

�

&RQFOXVLRQ�

(PHUJHQF\�PHGLFDO�WHDP�PXVW�EH�FDOOHG�QRW�RQO\�IRU�FDUGLDF�DUUHVW�VLWXDWLRQ��EXW�DOVR�IRU�GHWHULRUDWLQJ�SDWLHQWV�ZKR�DUH�HYDOXDWHG�ZLWKLQ�HDUO\��
ZDUQLQJ�VFRUH�
$�VWUDWHJ\�RI�UHFRJQLVLQJ�SDWLHQWV�DW�ULVN�RI�FDUGLDF�DUUHVW�PD\�SUHYHQW�VRPH�RI�WKHVH�DUUHVW���
,Q�RUGHU�WR�SUHYHQW�IXWLOH�UHVXVFLWDWLRQ�DWWHPSW�IRU�WKRVH�ZKR�DUH�XQOLNHO\�WR�EHQHILW�IURP�&DUGLRSXOPRQDU\�5HVXVFLWDWLRQ��D��
GR�QRW�DWWHPSW�UHVXVFLWDWLRQ��'1$5��SROLF\�VKRXOG�EH�LPSOHPHQWHG�

�



1(852/2*< QDUJL]D�HVKDQNXORYD

��������(ORQJDWLRQ�WKH�WLPH�IRU�WURPERO\VLV�LQ�HPHUJHQF\�QHXURORJLFDO�GHILFLWV���ZLGHVSUHDG�RFFXUDQFH�RI�LQWUDFUDQLDO�YHVVHO
RFFOXVLRQ�LQ�DZDNHQLQJ�VWURNH�SDWLHQWV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

QDUJL]D�HVKDQNXORYD������JXOQRUD�5DNKLPEDHYD������1RGLUD�7X\FKLEDHYD����

�����WDVNHQW�PHGLFDO�DFDGHP\��7DVKNHQW��8=%(.,67$1
���QHXURORJ��WDVNHQW�PHGLFDO�DFDGHP\��7DVKNHQW��8=%(.,67$1

.H\ZRUGV��VWURNH�WURPERO\WLF�WKHUDS\

$EVWUDFW��

%DFNJURXQG��(ORQJDWLRQ�LV�DQ�LQYHVWLJDWRU�LQLWLDWHG��UDQGRPLVHG��GRXEOH�EOLQG�DQG�SODFHER�FRQWUROOHG�3KDVH�,,,�WULDO�RI�LQWUDYHQRXV�DOWHSODVH�YV
SODFHER�LQ�SDWLHQWV�ZLWK�LVFKHPLF�VWURNH�������KRXUV�IURP�VWURNH�RQVHW�RU�DZDNHQLQJ�VWURNH��$6���7KH�SUHYDOHQFH�RI�LQWUD�FUDQLDO�YHVVHO�RFFOXVLRQ�LQ
$6�SDWLHQWV�UHPDLQV�WR�EH�GHWHUPLQHG�DQG�FDQ�JXLGH�WKH�GHYHORSPHQW�RI�RSWLPDO�WKHUDS\�IRU�WKLV�XQLTXH�JURXS�RI�VWURNH�SDWLHQWV�

2EMHFWLYH��7R�VWXG\�WKH�SUHYDOHQFH�DQG�FKDUDFWHULVWLFV�RI�LQWUD�FUDQLDO�YHVVHO�RFFOXVLRQ�LQ�WKLV�$6�FRKRUW�

0HWKRGV��,VFKHPLF�VWURNH�SDWLHQWV�ZLWKLQ�������KRXUV�IURP�VWURNH�RQVHW�RU�ZLWK�$6��WLPH�RI�$6�RQVHW�GHILQHG�DV�WKH�PLGSRLQW�EHWZHHQ�WLPH�WR�VOHHS
DQG�DZDNHQLQJ�ZLWK�WKH�VWURNH�V\PSWRPV��DUH�HOLJLEOH�IRU�HQUROOPHQW��&ULWHULD�IRU�HQWU\�LQWR�WKH�WULDO�LQFOXGH�SHUIXVLRQ�GLIIXVLRQ�PLVPDWFK�XVLQJ�D
SHUIXVLRQ�WKUHVKROG�RI�7PD[!�VHF�DQG�D�SHUIXVLRQ�GLIIXVLRQ�OHVLRQ�YROXPH�UDWLR�RI�!�����'LIIXVLRQ�OHVLRQ�YROXPH�PXVW�EH����P/�EDVHG�RQ
DVVHVVPHQW�E\�DXWRPDWHG�5$3,'�VRIWZDUH��,QWUD�FUDQLDO�YHVVHO�RFFOXVLRQ�ZDV�DVVHVVHG�RQ�06&7�DQJLRJUDP�SHUIRUPHG�DW�UDQGRPLVDWLRQ�DQG���
ODWHU��7KUHH�H[SHUW�UHDGHUV�DVVHVVHG�WKHVH�LPDJHV�LQGHSHQGHQWO\�

5HVXOWV�����SDWLHQWV�KDG�LPDJHV�ZLWK�DGHTXDWH�TXDOLW\��LQFOXGLQJ����������LQ�WKH�$6�JURXS�ZLWK�PHGLDQ�DJH�RI������\UV��,45�������������DQG�1,+66
RI����������������������RI����SDWLHQWV�������KDG�YHVVHO�RFFOXVLRQ�ZLWK�������LQYROYLQJ�0��RI�WKH�PLGGOH�FHUHEUDO�DUWHU\��������0��������0��������
ERWK�LQWHUQDO�FDURWLG�DUWHU\��,&$��DQG�0��������,&$�DORQH�DQG������WKH�SRVWHULRU�FHUHEUDO�DUWHU\��7KH�PHGLDQ�LVFKHPLF�FRUH�YROXPH�ZDV������PO������
�������7PD[!��YROXPH�����PO����������������PLVPDWFK�YROXPH�����PO���������������DQG�UDWLR�RI��������������������SDWLHQWV�������GHPRQVWUDWHG
UHFDQDOL]DWLRQ�RQ�IROORZ�XS�LPDJLQJ�

&RQFOXVLRQ��,Q�$6�SDWLHQWV�WKHUH�LV�D�YHU\�KLJK�UDWH�RI�LQWUDFUDQLDO�YHVVHO�RFFOXVLRQ�ZLWK�UHODWLYHO\�ODUJH�YROXPHV�RI�VDOYDJHDEOH�SHQXPEUDO�WLVVXH�
,QWUDYHQRXV�WKURPERO\WLF�WKHUDS\�IROORZHG�E\�WKURPEHFWRP\�LQ�VHOHFWHG�FDVHV�PD\�EH�DQ�DSSURSULDWH�WKHUDSHXWLF�RSWLRQ�ZLWK�VDIHW\�DQG�HIILFDF\
UHPDLQLQJ�WR�EH�HVWDEOLVKHG�LQ�UDQGRPL]HG�FRQWUROOHG�WULDOV�



&$6(�35(6(17$7,21 DQZDUH�\DKPDGL

��������8QXVXDO�SUHVHQWDWLRQ�RI�,QIHFWLYH�HQGRFDUGLWLV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

ZLGHG�ERXVVOLPL������DQZDUH�\DKPDGL������UDQLD�MHEUL������KDQDQH�JKD]DOL������F\ULQH�NHVNHV������QRXUD�QDJXHFK������PRKDPHG�PJXLGLFK������VDPL
VRXLVVL����

���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��7XQLV��781,6,$
���VHUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���6HUYLFH�DFFXHLO�GHV�XUJHQFHV��+�SLWDO�5�JLRQDO�GH�%HQ�$URXV��WXQLV��781,6,$
���HPHUJHQG\�GHSDUWPHQW�RI�EHQ�DURXV�KRVSLWDO���UHJLRQDO�KRVSLWDO�RI�EHQ�DURXV�WXQLVLD���WXQLV��781,6,$
���HPHUJHQF\�GHSDUWPHQW�RI�EHQ�DURXV�WXQLVLD��EHQ�DURXV�WXQLVLD��WXQLV��781,6,$

.H\ZRUGV��,QIHFWLYH�HQGRFDUGLWLV��HPHUJHQF\�GHSDUWPHQW��DQWLELRWLF

$EVWUDFW��

,QWURGXFWLRQ�

,QIHFWLYH�HQGRFDUGLWLV��,(��LV�D�FKDOOHQJLQJ�GLDJQRVLV�IRU�WKH�HPHUJHQF\�SK\VLFLDQ���,W�KDV�PDQ\�SUHVHQWDWLRQV�UDQJLQJ�IURP�DQ�LQGROHQW�LQIHFWLRQ�WR
VHSWLFHPLD�ZLWK�OLIH�WKUHDWHQLQJ�V\VWHPLF�HPEROL]DWLRQ��+HUE\��D�FDVH�RI�DQ�XQVXDO�SUHVHQWDWLRQ�RI�,(�

&DVH�UHSRUW

$����\HDUV�ROG�PDOH�ZLWK�QR�SDVW�PHGLFDO�KLVWRU\�SUHVHQWHG�WR�WKH�('�DIWHU�D�VXGGHQ�ORVV�RI�FRQVFLRXVQHVV�WKDW�UHFRYHUHG�VSRQWDQHRXVO\���7KH
SDWLHQW�KDG�D�VKRUWQHVV�RI�EUHDWK�IRU�WKH�ODVW�WZR�ZHHNV��2Q�DGPLVVLRQ��SDWLHQW�ZDV�FRQVFLRXV��+LV�WHPSHUDWXUH�ZDV����FHOVXV�GHJUHHV�DQG�KLV�EORRG
SUHVVXUH�ZDV�������PPKJ��+HDUW�UDWH�ZDV�����%SP��UHVSLUDWRU\�UDWH����EUHDWKV�SHU�PLQXWH�DQG�R[\JHQ�VDWXUDWLRQ�����RQ�URRP�DLU��7KH�VHUXP
ZKLWH�EORRG�FHOO�FRXQW�ZDV��������PP��DQG�&53�ZDV�����PJ�O��7KH�GLDJQRVLV�RI�VHYHUH�VHSVLV�ZDV�PDGH�DQG�DQ�LQIXVLRQ�RI�VHUXP�VDOLQH�ZDV
VWDUWHG���&KHVW�UDGLRJUDSK\�DQG�D�FRPSXWHG�WRPRJUDSKLF�KHDG�VFDQ�ZHUH�QRUPDO��$�XULQH�VWUHDP�WHVW�ZDV�QHJDWLYH��$�WUDQVWKRUDFLF
HFKRFDUGLRJUDSK\�VKRZHG�ODUJH�YHJHWDWLRQ�RQ�WKH�VLJPRLG�YDOYH���$Q�,(�ZDV�WKH�HWLRORJLF�GLDJQRVLV�UHWDLQHG�DQG�DQ�DQWLELRWLF�WUHDWPHQW�EDVHG�RQ
JHQWDPLFLQ�DQG�YDQFRP\FLQ�ZDV�GHOLYHUHG��$IWHU����KRXUV�RI�DQWLELRWKHUDS\��WKH�SDWLHQW�ZDV�VWLOO�IHEULOH�ZLWK�SRRU�JHQHUDO�FRQGLWLRQ��$OO�WKH�SDWLHQW
V
EORRG�FXOWXUHV�ZHUH�QHJDWLYH��7RPRJUDSKLF�FKHVW�VFDQ�VKRZHG�D�SUR[LPDO�HPEROLVP�DQG�WKH�WUDQVHVRSKDJHDO�HFKRFDUGLRJUDSK\�VKRZHG�PRELOH
HFKRGHQVLW\�RQ�WKH�VLJPRLG�YDOYH�ZLWK���WKURPERVHV�LQ�WKH�OHIW�DWULXP��+HSDULQ�WKHUDS\�ZDV�DGMXQFW��7KH�SDWLHQWÇV�JHQHUDO�FRQGLWLRQ�LPSURYHG�DIWHU
��GD\V���+H�ZDV�WKDQ�UHIHUUHG�WR�WKH�FDUGLRORJ\�GHSDUWPHQW�

�

&RQFOXVLRQ

7KH�ODWHQF\�RI�WKH�FDUGLDF�V\PSWRPV�IRU�,(�DQG�FORVH�VLPXODWLRQ�RI�RWKHU�GLVRUGHUV�PD\�OHDG�WR�PLVGLDJQRVH��&OLQLFLDQV�VKRXOG�EH�DZDUH�RI�YDULHW\�RI
FHUHEUDO�SUHVHQWDWLRQV�LQ�SDWLHQWV�ZLWK�,(��VLQFH�WKHVH�PD\�FRQVWLWXWH�WKH�ILUVW�V\PSWRPV�RI�WKH�GLVHDVH�

�



%,20$5.(56 5DQLD�-HEUL

��������,V�WKHUH�D�OHYHO�RI�17�SUR%13�IURP�ZKLFK�ZH�FDQ�SUHGLFW�WKH�FOLQLFDO�VFHQDULR�RI�DFXWH�KHDUW�IDLOXUH�V\QGURPHV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

UDQLD�MHEUL������ROID�'MHEEL������PHKGL�%HQ�ODVVRXHG������PRXQLU�+DJJXL������.KDOHG�/DPLQH����

���HPHUJHQF\�GHSDUWPHQW���PLOLWDU\�KRVSLWDO�RI�WXQLVLD��%HQ�$URXV��781,6,$
���HPHUJHQF\�GHSDUWPHQW���PLOLWDU\�KRVSLWDO�RI�WXQLVLD��WXQLV��781,6,$

.H\ZRUGV��KHDUW�IDLOXUH��HPHUJHQF\��QDWULXUHWLF�SHSWLGHV��HFKRFDUGLRJUDSK\

$EVWUDFW��

,QWURGXFWLRQ��

�������������������������������������������������������������������������������������

7KH�DFXWH�KHDUW�IDLOXUH�LV�D�FRPPRQ�SDWWHUQ�WR�VHHN�FDUH�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('���7KH�REMHFWLYH�RI�RXU�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH
UHODWLRQVKLS�EHWZHHQ�WKH�UDWH�RI�17�SUR�%13�DQG�WKH�DFXWH�KHDUW�IDLOXUH��$+)��V\QGURPHV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�

�

0HWKRGV��

�

$�GHVFULSWLYH�SURVSHFWLYH�VWXG\�ZDV�FRQGXFWHG�RYHU�HLJKW�PRQWKV��:HUH�LQFOXGHG�DOO�SDWLHQWV�ZKR�SUHVHQWHG�WR�WKH�('�ZLWK�G\VSQHD�DQG�LQ�ZKRP
WKH�GLDJQRVLV�RI�DFXWH�KHDUW�IDLOXUH�ZDV�PDGH�

�

�$OO�SDWLHQWV�KDG�D�17SUR%13�ODERUDWRU\�WHVW�DQG�XQGHUZHQW�HFKRFDUGLRJUDSK\�E\�WKH�VDPH�RSHUDWRU�ZLWKLQ����KRXUV��:HUH�QRWHG�WKH�GHPRJUDSKLFV�
FOLQLFDO��ELRORJLFDO��HFKRFDUGLRJUDSK\�DQG�HYROXWLRQDU\�FULWHULD�

�

5HVXOWV��

�

,QFOXVLRQ������SDWLHQWV��0HDQ�DJH����k����\HDUV��6H[�UDWLR�������

$�FOLQLFDO�VFHQDULR�&6��ZDV�QRWHG�LQ�����RI�FDVHV��&6��LQ�����RI�FDVHV��&6��LQ�����RI�FDVHV��&6��LQ�����RI�FDVHV�DQG�&6��LQ����RI�FDVHV�

�

7KH�PHDQ�UDWHV�RI�17SUR%13�ZHUH������k������SJ���PO�IRU�&6��������k������SJ���PO�IRU�&6��������k������SJ���PO�IRU�&6��������k������SJ���PO�IRU
&6��DQG������k�����SJ���PO�IRU�&6��

�

5HJDUGLQJ�WKH�UHVXOWV�RI�WKH�HFKRFDUGLRJUDSK\������RI�SDWLHQWV�KDG�SUHVHUYHG�OHIW�YHQWULFXODU�HMHFWLRQ�IUDFWLRQ��/9()��ZLWK�GLDVWROLF�G\VIXQFWLRQ�DQG
����KDG�D�UHGXFHG�/9()�

�(OHYDWHG�/9�ILOOLQJ�SUHVVXUHV�ZHUH�IRXQG�LQ�����RI�SDWLHQWV��'LVRUGHUV�RI�ZDOO�PRWLRQ�LQ�����RI�FDVHV�DQG�LVRODWHG�ULJKW�KHDUW�IDLOXUH�LQ�����RI�FDVHV�

�

7KH�PHDQ�17SUR%13�ZDV�KLJKHU�ZKHQ�/9()�ZDV�SUHVHUYHG�������k������SJ���PO�YV������k������SJ���PO��S �������

�

7KH�17SUR%13�FRXOG�SUHGLFW�WKH�FOLQLFDO�VFHQDULR�&6��ZLWK�D�FXW�RII�DW������SJ���PO�EXW�GLG�QRW�SUHGLFW�WKH�RWKHU�FOLQLFDO�VFHQDULRV�

�

�

&RQFOXVLRQ��



�

7KH�PHDQ�17SUR%13�ZDV�KLJKHU�ZKHQ�/9()�ZDV�SUHVHUYHG��7KH�17SUR%13�FRXOG�SUHGLFW�WKH�FOLQLFDO�VFHQDULR�&6��IURP�D�WKUHVKROG�RI������SJ���PO
EXW�GLG�QRW�SUHGLFW�WKH�RWKHU�FOLQLFDO�VFHQDULRV�



',6($6(�	�,1-85<�35(9(17,21 6HOIR�0DWHR

��������+263,7$/�:$67(�0$1$*(0(17�$1'�,03$&7�2)�352)(66,21$/�5,6.6�,1�:(/)$5(

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'HQDGD�6HOIR������0DMOLQGD�=DKDM����

���/HFWXUHU��8QLYHUVLW\�RI�9ORUD��9ORUH��$/%$1,$

.H\ZRUGV��ELRORJLFDO�ULVN��GULOOLQJ�ZLWK�DJH��ELRVHFXULW\�PHDVXUHV��KRVSLWDO�LQIHFWLRQV��QXUVLQJ�VWDII��DGPLQLVWUDWLRQ��KRVSLWDO�ZDVWH

$EVWUDFW��

%DFJURXQG�

+HDOWK�LQVWLWXWLRQ�IUHTXHQWHG�E\�PDQ\�SHRSOH��UHJDUGOHVV�WKHLU�DJH��UHOLJLRQ��JHQGHU�RU�QDWLRQDOLW\���:DVWHV�SURGXFHG�LQ�VXFK�LQVWLWXWLRQ�KDYH�D
KLJKHU�SRWHQWLDO�IRU�FDXVLQJ�VLJQLILFDQW�GDPDJH�WR�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW�DURXQG�XV��FRPSDUHG�WR�ZDVWH��SURGXFHG�DW�RWKHU�LQVWLWXWLRQV�
7KH�NQRZOHGJH�WKDW�QXUVLQJ�VWDII�KDV�IRU�WKH�DSSURSULDWHO\�PDQDJHPHQW�RI�KRVSLWDO�ZDVWH�DQG�WKH�XVH�RI�SURWHFWLYH�PHDVXUHV�KDYH�DQ�LPSRUWDQW
UROH�LQ�DGPLQLVWDWLRQ�RI�WKHVH�UHVLGXHV�
3XUSRVH��,QVSHFWLRQ�RI�PDQDJHPHQW�RI�KRVSLWDO�ZDVWH�DQG�WKH�XVH�RI�ELR�VDIHW\�PHDVXUHV�H��LQ�RUGHU�WR�HVWDEOLVK�DQG�LPSOHPHQW�DGHTXDWH�KHDOWK
HGXFDWLRQ�SURJUDPV��IRU�QXUVLQJ�VWDII�WR�RSWLPL]H�WKH�PDQDJHPHQW�RI�KRVSLWDO�ZDVWH�DQG�SUHYHQW�WKH�DFFLGHQWV�DW�ZRUN����������������������
0DWHULDO�DQG�PHWKRGV��7KLV�VWXG\�LV�WUDQVYHUVDO��GHVFULSWLYH�DQDO\WLF��TXDQWLWDWLYH�DQG�DSSOLHG��7KH�GDWD�ZHUH�SURFHVVHG�E\�PHDQV�RI�6366�Y
���������������������������������������������������������������������������
5HVXOWV�,Q�JHQHUDO�WKH�QXUVLQJ�VWDII�KDG�NQRZOHGJH�DERXW�KRVSLWDO�ZDVWH�PDQDJHPHQW�DQG�WKH�SURWHFWLRQ�WR�WKH�ULVNV�DW�ZRUN��(YHQ�WKRXJK�WKH\
KDG�NQRZOHGJH��WKH�SURWHFWLRQ�PHDVXUHV�ZHUH�QRW�DSSOLHG�E\�DOO�RI��WKHP�DQG�WKDW�EHFDXVH�WKHUH�ZHUH�QRW�HQRXJK�QHFHVVDU\�PDWHULDOV��,�HPSKDVL]H
WKDW�WKH�VWXG\�ODVWV�LQ�IDFW�WLOO������������WKDW�HQDEOHV�PH�WR�PDNH�D�FRPSDULVRQ�EHWZHHQ�WKH�\HDUV��7KHUH�ZDV�DOVR�QRWLFHG�WKDW�WKH�ELR�VHFXULW\
PHDVXUHV�GXULQJ�ZRUN�ZHUH�XVHG�PRUH��DV�D�UHVXOW�RI�WKH�GLIIHUHQW�WUDLQLQJV�PDGH�LQ�������������7KHUH�ZHUH�OHVV�DFFLGHQWV�WKDQ�LQ������EHFDXVH
WKHUH�ZDV�PXFK�PRUH�VHFXULW\�DW�KRVSLWDO�ZDVWHV�VHSDUDWLRQ��PDNLQJ�WKH�ULVN�RI�DFFLGHQWV�GXULQJ�ZRUN�GHFUHDVH
5HFRPPHQGDWLRQV��1XUVLQJ�VWDII�RI�9ORUD�5HJLRQDO�+RVSLWDO�QHHG�FRQWLQXRXV�WUDLQLQJ�RQ�WKH�ZD\�RI�PDQDJHPHQW�RI�KRVSLWDO�ZDVWH��$OVR�WKLV
KHDOWK�FDUH�LQVWLWXWLRQ�PXVW�SURYLGH�QXUVLQJ�SHUVRQQHO�WKH�QHFHVVDU\�FRQGLWLRQV�DQG�PHDQV�WKDW�GXULQJ�WKH�UHDOL]DWLRQ�RI�QXUVLQJ�SURFHGXUHV��QXUVHV
PXVW�EH�SURWHFWHG�DJDLQVW��LQIHFWLRQV��������������������������������������������������������������
.H\�ZRUGV�ELRORJLFDO�ULVN��GULOOLQJ�ZLWK�DJH��ELRVHFXULW\�PHDVXUHV��KRVSLWDO�LQIHFWLRQV��QXUVLQJ�VWDII��DGPLQLVWUDWLRQ��KRVSLWDO�ZDVWH



2%67(75,&�(0(5*(1&,(6 IHUNDQW�JoNKDQ�ND\D

��������32673$5780�5(1$/�,1)$5&76

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

IHUNDQW�J�NKDQ�ND\D������YRONDQ�FHOHEL������DGHYL\H�NDUDFD����

���HPHUJHQF\�VHUYLFHV��DQWDO\D�WUDLQLQJ�DQG�UHVHDUFK�FRPSDQ\��DQWDO\D��785.(<

.H\ZRUGV��LQIDUFWV

$EVWUDFW��

32673$5780�5(1$/�,1)$5&76

.DUDFD��$�.D\D*��&HOHEL��9

$FXWH�UHQRYDVFXODU�REVWUXFWLRQ�LV�D�HOXVLYH�DQG�FOLQLFDO�FRQGLWLRQ�WKDW�FDQ�EH�GHWHFWHG�E\�LQYHVWLJDWLRQ�ZLWK��RQO\�D�KLJK�UDWH�RI�FOLQLFDO�VXVSLFLRQ��$V
DFXWH�UHQDO�LQIDUFWLRQ�FDQ�EH�DV\PSWRPDWLF��WKH�SDWLHQW�PD\�DOVR�EH�SUHVHQWHG�ZLWK�VXGGHQ��VHYHUH�DEGRPLQDO�RU�OXPEDU�SDLQ��QDXVHD��YRPLWLQJ�

���\HDUV�ROG�IHPDOH�SDWLHQW�ZDV�SUHVHQWHG�WR�RXU�FOLQLF�ZLWK�VXGGHQ�ULJKW�IODQN�SDLQ��,W�LV�OHDUQHG�WKDW�WKH�SDWLHQW�KDG�PDGH�FHVDUHDQ�ELUW�WKUHH�GD\V
DJR�DQG�QR�VLPLODU�SDLQ�RQ�KHU�KLVWRU\��2Q�SK\VLFDO�H[DPLQDWLRQ��WKHUH�ZDV�RQO\�FRVWRYHUWHEUDO�WHQGHUQHVV�DW�ULJKW��7KH�SDWLHQW�ZDV�DGPLWHG�DV
UHQDO�FROLF�DQG�ZKROH�EORRG�DQG�XULQH�VDPSOHV�ZHUH�WDNHQ��7KHUH�ZDV����ORFRF\WH�DQG���HULWURF\WH�RQ�XULQH�WHVW���:%&����������DIWHU�DQDOJHVLF��WKH
V\PSWRPV�RI�WKH�SDWLHQW�ZDV�VWLOO�H[LVW�VR�WKDW�UHQDO�86*�ZDV�SODQQHG��SDUDQF\PH�RI�ULJKW�NLGQH\�ZDV�VHHQ�KHWHURJHQ�DQG�KLSHUHFRLF�DUHDV�
7KHUHIRUH��GRSSOHU�UHQDO�XVJ�ZDV�WDNHQ�DQG�WKHUH�ZDV�K\SHUHFRJHQLWH�DW�VXSHULRU�DQG�LQIHULRU�VLGH�RI�ULJKW�NLGQH\�DQG�FRPSDUH�WR�OHIW��YDVFXODULW\�RI
NLGQH\�ZDV�GHFUHDVHG��WKHVH�ILQGLQJV�VXSSRUW�UHQDO�LQIDUFW��7KH�SDWLHQW�ZDV�FRQVXOWHG�E\�LQWHUYHQWLRQDO�UDGLRORJ\�DQG�XURORJ\�GHSDUWPHQWV�DQG
XQGHU�UHQDO�DUWHU\�DQJLRJUDSK\��VWHQW�KDG�EHHQ�SHUIRUPHG��7KH�SDWLHQW�ZDV�KRVSLWDOLVHG�WR�XURORJ\�VHUYLFH�

7KH�VHFRQG�UHDVRQ�PHQWLRQHG�IRU�DFXWH�UHQDO�DUWHU\�RFFOXVLRQ��WKURPERVLV�DQG�WKURPERHPEROLVP��$FXWH�WKURPERVLV�LV�WKH�REVWUXFWLRQ�RI�WURPEXV
FDXVHG�E\�WKH�UHQRYDVFXODU�V\VWHP�&RQVHTXHQWO\�YDU\LQJ�KRUPRQDO�VWDWXV�GXULQJ�SUHJQDQF\�DQG�WKHVH�FDVHV�LV�LWVHOI�D�ULVN�IDFWRU�IRU�WKURPEXV
IRUPDWLRQ��,Q�DGGLWLRQ��GHSHQGLQJ�RQ�WKH�FHVDUHDQ�LPPRELOL]DWLRQ��ULJKW�UHQRYDVFXODU�SRVHG�E\�WKH�JURZWK�RI�WKH�XWHUXV�GXULQJ�SUHJQDQF\�LV�ORFDWHG
LQ�WKH�HWLRORJ\�RI�WKH�EDVV�PDGH�VWUXFWXUHV��(DUO\�LQYDVLYH�DQJLRSODVW\�LV�WKH�WUHDWPHQW�RSWLRQ�OHVV�ULVN\�

�



&$6(�35(6(17$7,21 (YD�.HUVQD

��������)UDFWXUH�RI�FHUYLFDO�VSLQH�IURP�PLQRU�WUDXPD�OHDGLQJ�WR�GLDJQRVLV�RI�PXOWLSOH�P\HORPD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

(YD�.HUVQD������6RXQGHU�3HUXPDO����

�����QRQH��6ZDQVHD��8.

.H\ZRUGV��3DWKRORJLFDO�IUDFWXUH��FHUYLFDO�VSLQH�IUDFWXUH��PLQRU�WUDXPD��PXOWLSOH�P\HORPD��\RXQJ�SDWLHQW

$EVWUDFW��

�,QWURGXFWLRQ

0XOWLSOH�P\HORPD��00��LV�D�QHRSODVWLF�FRQGLWLRQ�FKDUDFWHULVHG�E\�SUROLIHUDWLRQ�RI�SODVPD�FHOOV�LQ�WKH�ERQH�PDUURZ��$SSUR[LPDWHO\�����RI�SDWLHQWV
KDYH�ERQH�SDLQ�DW�WKH�WLPH�RI�SUHVHQWDWLRQ�DQG�IRFDO�O\WLF�OHVLRQV�DUH�IRXQG�LQ�QHDUO\�����RI�WKRVH�XQGHUJRLQJ�VNHOHWDO�VXUYH\V��

:H�GLVFXVV�D�FDVH�RI�D����\HDU�ROG�PDOH�ZKR�REWDLQHG�D�SDWKRORJLFDO�IUDFWXUH�RI�WKH�&��YHUWHEUD�IROORZLQJ�PLQRU�WUDXPD�DV�DQ�LQLWLDO�SUHVHQWDWLRQ�RI
00�

&DVH�UHSRUW

$����\HDU�ROG�JHQWOHPDQ�SUHVHQWHG�WR�RXU�(PHUJHQF\�'HSDUWPHQW�ZLWK�QHFN�SDLQ�DIWHU�KDYLQJ�UHYHUVHG�KLV�FDU�LQWR�D�ODPSSRVW�DW�D�ORZ�VSHHG��+H
KDG�KDG�QHFN�SDLQ�LQ�WKH�SUHYLRXV���ZHHNV��KRZHYHU�WKLV�DFFLGHQW�VHYHUHO\�H[DFHUEDWHG�WKH�V\PSWRPV��2Q�LQLWLDO�DVVHVVPHQW�ORZHU�FHUYLFDO�VSLQH
�F�VSLQH��WHQGHUQHVV��SURPLQHQW�RYHU�WKH�SDUDVSLQDO�PXVFOHV��ZDV�HOLFLWHG��+H�UHPDLQHG�QHXURORJLFDOO\�LQWDFW�

7KH�SDWLHQW�KDG�D�SODLQ�[�UD\�RI�WKH�F�VSLQH�ZKLFK�UHYHDOHG�D�OXFHQW�OHVLRQ�RQ�&��YHUWHEUD��+H�ZDV�VXEVHTXHQWO\�WULSOH�LPPRELOLVHG��DQG�D�&7�DQG
05,�VFDQV�FRQILUPHG�WKH�SUHVHQFH�RI�D�O\WLF�OHVLRQ�WKURXJK�WKH�EDVH�RI�WKH�RGRQWRLG�SHJ�ZLWK�D�SDWKRORJLFDO�IUDFWXUH�EXW�QR�VSLQDO�FRUG�FRPSUHVVLRQ�

)XUWKHU�&7�LPDJLQJ�UHYHDOHG�QR�VLJQV�RI�DQ\�SULPDU\�PDOLJQDQF\�RU�PHWDVWDWLF�GLVHDVH�ZLWKLQ�WKH�FKHVW��DEGRPHQ�RU�SHOYLV��6XEVHTXHQW�ERQH
PDUURZ�LQYHVWLJDWLRQV�FRQILUPHG�WKH�SUHVHQFH�RI�PRQRFORQDO�JDPPRSDWK\�DQG�IHDWXUHV�FRQVLVWHQW�ZLWK�WKH�GLDJQRVLV�RI�00�ZLWK�SODVPDF\WRPD
DIIHFWLQJ�WKH�&��YHUWHEUD�

7KH�IUDFWXUH�ZDV�PDQDJHG�ZLWK�H[WHUQDO�VWDELOLVDWLRQ��ZKLFK�UHVROYHG�WKH�QHFN�SDLQ��,Q�YLHZ�RI�KLV�DJH�DQG�JRRG�SHUIRUPDQFH�VWDWXV��FRPELQDWLRQ
FKHPRWKHUDS\�ZDV�FRPPHQFHG�ZLWK�SODQQHG�DXWRORJRXV�VWHP�FHOO�WUDQVSODQWDWLRQ�

'LVFXVVLRQ

&�VSLQH�IUDFWXUHV�RFFXUULQJ�LQ�WKH�HOGHUO\�IROORZLQJ�PLQRU�WUDXPD�LV�D�FRPPRQ�SUHVHQWDWLRQ��RZLQJ�WR�KLJKHU�SUHYDOHQFH�RI�FKURQLF�UKHXPDWRORJLF
DQG�PDOLJQDQW�FRQGLWLRQV�PDNLQJ�WKHP�PRUH�VXVFHSWLEOH�WR�QHFN�LQMXU\�����,W�RIWHQ�PHDQV�FOLQLFLDQV�KDYH�D�ORZ�WKUHVKROG�IRU�LPDJLQJ�RI�WKH�F�VSLQH�LQ
WKLV�JURXS�RI�SDWLHQWV�

$SSO\LQJ�WKH�1(;86��1DWLRQDO�(PHUJHQF\�;�5DGLRJUDSK\�8WLOLVDWLRQ�6WXG\��JXLGHOLQHV�IRU�LPDJLQJ�RI�WKH�F�VSLQH�IROORZLQJ�WUDXPD��RXU�SDWLHQW�GLG
QRW�IXOILO�WKH�FULWHULD�IRU�DQ\�UDGLRORJLFDO�LPDJLQJ�

7KLV�FDVH�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�FRQVLGHULQJ�LPDJLQJ�DOVR�LQ�WKH�\RXQJHU�SRSXODWLRQ�ZLWK�DW\SLFDO�SUHVHQWDWLRQV��LQ�WKLV�FDVH�QHFN�SDLQ�RXW�RI
SURSRUWLRQ�WR�WKH�LQMXU\��GHVSLWH�FOLQLFDO�JXLGHOLQHV��7KH�FOLQLFDO�MXGJHPHQW�LQ�PDQDJLQJ�RXU�SDWLHQW�OHDG�WR�DQ�HDUOLHU�GLDJQRVLV�DQG�WUHDWPHQW�RI�00�
SRWHQWLDOO\�H[WHQGLQJ�WKH�SDWLHQWÇV�OLIH�H[SHFWDQF\�

&RQFOXVLRQ

7ULYLDO�WUDXPD�WR�WKH�QHFN�VKRXOG�EH�WDNHQ�VHULRXVO\�DV�LW�FDQ�OHDG�WR�IUDFWXUHV�RI�WKH�F�VSLQH�WKDW�LV�DOUHDG\�FRPSURPLVHG�E\�XQGHUO\LQJ�SDWKRORJ\�
:H�GLVFXVV�D�FDVH�RI�D�PLGGOH�DJHG�PDOH�ZKR�SUHVHQWHG�ZLWK�VHYHUH�QHFN�SDLQ�IROORZLQJ�D�ORZ�LPSDFW�LQMXU\��DQG�REWDLQHG�D�SDWKRORJLFDO�IUDFWXUH�

5HIHUHQFHV

.\OH�5$�HW�DO��5HYLHZ�RI������SDWLHQWV�ZLWK�QHZO\�GLDJQRVHG�PXOWLSOH�P\HORPD��'LYLVLRQ�RI�+HPDWRORJ\�DQG�,QWHUQDO�0HGLFLQH��0D\R�&OLQ�3URF���
�����������
*RRGH�7�HW�DO��(YDOXDWLRQ�RI�FHUYLFDO�VSLQH�IUDFWXUH�LQ�WKH�HOGHUO\��FDQ�ZH�WUXVW�RXU�SK\VLFDO�H[DPLQDWLRQ"�$P�6XUJ������������������
&KDQ�/�HW�DO��&HUYLFDO�IUDFWXUH�DV�WKH�LQLWLDO�SUHVHQWDWLRQ�RI�PXOWLSOH�P\HORPD��$QQ�(PHUJ�0HG����������������������



1(3+52/2*< SxQDU�NRSWXU

��������+\SRQDWUHPLD�7UHDWPHQW�(W�(PHUJHQF\�6HUYLFH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

KDYYD�ªDKLQ�NDYDNO¢������S¢QDU�NRSWXU������K¢G¢U�\¢OPD]����

���HPHUHJHQF\�GHSDUWPHQW��HGXFDWLRQDO�UHVDUFK�KRVSLWDO��DQNDUD��785.(<
���HPHUJHQF\�GHSDUWPHQW��HGXFDWLRQDO�UHVDUFK�KRVSLWDO��DQNDUD��785.(<

.H\ZRUGV��+\SRQDWUHPLD��$FXWH��&KURQLF��7UHDWPHQW

$EVWUDFW��

2%-(&7q9(��+\SRQDWUHPLD�LV�WKH�HOHFWURO\WH�DEQRUPDOLW\�WKDW�LV�HQFDXQWHUHG�PRVWO\��¡W�FDQ�KDSSHQ�LQ�YDULDEOH�FOLQLF�V\PSWRPV�LQ�DFFRUGDQFH�ZLWK
WKH�UHDVRQ�DQG�LQFHSWLRQ�VKDSH��+\SRQDWUHPLD�LQ�DFXWH�LQFHSWLRQ�FDQ�FDXVH�EUDLQ�RHGHPD��WKDW
V�ZK\�LW�QHHGV�WUHDWPHQW�XUJHQWO\��¡I�FKURQLF
K\SRQDWUHPLD�LV�WUHDWHG�KDUGO\��LW�FDQ�FDXVH�D�YHU\�VHULRXV�QHXURORJLF�FKDUW�FDOOHG�
RVPRWLN�GHPLOLWLRQ
�+HUH�LV�WKH�SUHVHQWDWLRQ��DERXW��WUHDWPHQW�RI
SDWLHQWV�ZLWK�K\SRQDWUHPLD�

PDWHULDO�PHWKRGV��7KH�UHFRUGV�RI�IHEUXDU\��PDUFK��DSULO�LQ������DUH�REVHUYHG��7KH�DJH��JHQGHU��DGGLWLRQDO�KHDOWK�SUREOHPV�DQG�ELRFKHPLFDO
DQDO\VLV�UHVXOWV�LQ�DFFRUGDQFH�ZLWK�VWXG\��UHWURVSHFWLYO\�

5(68/76��7ZHQW\WKUHH�SDWLH�QWV�DUH�IRXQG�ZLWK�K\SRQDWUHPLD�LQ�VWXG\�WKDW�LV�FRPSOHWHG�UHWURVSHFWLYO\��7KH\�DUH�WUHDWHG�DW�HPHUJHQF\��(LJKWHHQ
SDWLHQWV�DUH�IHPDOH���RQHV�DUH�PDOH��7KH�DJH�DYHUDJH�RI�SDWLHQWV�LV��������7ZHQW\�SDWLHQWV�KDYH�K\SHUWHQVLRQ��GLDEHWHV��DQG�FRURQHU�KHDUW�SUREOHP�
��SDWLHQWV�KDYH�UHQDO�LQVXIILFLHQF\�EXW�WKH\�GRQ
W�JHW�KHPRGLDILOWUDWLRQ��7KH�XUH�DYHUDJH�UDWH�RI�SDWLHQWV�LV�������PPRO�O��VRGLXP�������PPRO�O�
FUHDWLQLQ������PPRO�O��FRQWURO�VRGLXP��������PPRO�O�LV�FRQILUPHG��)LIWHHQ�SDWLDQWV�����QDFO�LQIXVLRQ�LV�WUHDWHG����SDWLHQWV�LV�WUHDWHG�ZLWK������QDFO�

'q6&866��:KHQ�VRGLXP�OHYHOV�GHFUHDVH�����PPRO�O��LW�LV�FDOOHG�K\SRQDWUHPLD��7KH�SUHFDXWLRQ�LV�WR�JLYH�VRGLXP�RU�OLPLWHG�ZDWHU�WR�UHSDLU�WKH
VHUXP�VRGLXP�OHYHO�RI�SDWLHQW�ZLWK�K\SRQDWUHPLD��7KH�WZR�IDFWRUV�DUH�YHU\�LPSRUWDQW�LQ�WKH�GHWHUPLQDWLRQ�RI�WUHWDPHQW��WKH�H[LVWHQFH�RI�V\PSWRPV
DQG��WHK�GHYHORSPHQW�RI�K\SRQDWUHPLD���:KLOH�QDXVHD�ZKLWRXW�YRPLWLQJ��FRQIXVLRQ�DQG�KHDGDFKH�DUH�DFFHSWHG�DV�VHULRXV�V\PSWRPV�PRGHUDWHO\�
YRPLWLQJ��UHVSLUDWLRQ�FLUFXODWRU\�GLVRUGHU��FRQYXOVLRQV�DQG�FRPD��DUH�FRQVLGHUHG�DV�VHULRXVO\�V\PSWRPV��¡I�D�SDWLDQW�FRPHV�ZLWK�WKHVH�VHULRXV
V\PSWRPV�LQ����PLQXWHV������PO����QDFO�LQWUDYHQHRXV�LQIXVLRQ�LV�DGYLVHG��DW�WKH�HQG�RI����PLQXWHV��WDNHQ�EORRG�IRU�VRGLXP�OHYHO��PRUHRYHU�LW�LV
DGYLVHG�WKDW�WKH�VDPH�WUHDWPHQW�FDQ�EH�GRLQJ�DJDLQ�7KH�SURFHVV�PXVW�EH�FRQWLQXHG�WLOO�VHUXP�VRGLXP�OHYHO�LQFUHDVHV���PPRO�O��¡I�K\SRQDWUHPLD
KDSSHQV�PRUH�WKDQ�������KRXUV��LW�LV�GHVFULEHG�DV�FKURQLF�K\SRQDWUHPLD��7LOO�WKH�V\PSWRPV�GLVDSSHDU��VHUXP�VRGLXP�OHYHO�SURFHVV�LV�FRQWLQXHG��QRW
PRUH����PPRO�O�LQ�D�GD\��7KH�WUHDWPHQW�RI�WKH�PDLQ�UHDVRQ�LV�LPSRUWDQW�IRU�SDWLHQWV�ZLWK�FKHRQLF�K\SRQDWUHPLD��:H�RUJDQL]HG�RXU�SDWLHQWV�WR
HYDOXDWH�WUHDWPHQW�LQ�WKLV�ZD\
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��������3267�75$80$7,&�5(1$/�$57(5<�$1'�9(,1�7+520%26,6

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

DGHYL\H�NDUDFD������IHUNDQW�J�NKDQ�ND\D������YRONDQ�FHOHEL����

���HPHUJHQF\�VHUYLFHV��DQWDO\D�WUDLQLQJ�DQG�UHVHDUFK�FRPSDQ\��DQWDO\D��785.(<

.H\ZRUGV��WKURPERVLV

$EVWUDFW��

3267�75$80$7,&�5(1$/�$57(5<�$1'�9(,1�7+520%26,6

.DUDFD��$�.D\D*��&HOHEL��9

5HQRYDVFXODU�LQMXU\�RFFXUHG�SRVW�DEGRPLQDO�WUDXPD�LV�FODVVLILHG�DV�DYXOVLRQ��RFFOXVLRQ�DQG�ODFHUDWLRQ��:KLOH�WKH�SDWKRSKLV\RORJ\�RI�SRVW�WUDXPDWLF
UHQDO�DUWHU\�RFOXVLRQ�WKDW�LV�D�UDUH�FRQGLWLRQ�KDV�QRW�EHHQ�FODULILHG�HQWLUHO\��WKHUH�LV�QR�UHSRUW�RI�FDVHV�DV�SRVW�WUDXPDWLF�UHQDO�DUWHU\�DQG�YHLQ
RFFOXVLRQ�

���\HDUV�ROG�IHPDOH�SDWLHQW�ZDV�SUHVHQWHG�WR�HPHUJHQF\�VHUYLFH�ZLWK�WKH�FRPSODLQW�RI�ULJKW�VLGH�SDLQ��:KHQ�WKH�KLVWRU\�ZDV�GHHSHQ��LW�LV�QRWLFHG
WKDW�WKH�SDLQ�ZDV�VWDUWHG�RQH�KRXU�DIWHU�FDU�DFFLGHQW��7KH�JHQHUDO�FRQGLWLRQ�RI�WKH�SDWLHQW�DQG�KHU�YLWDO�VLJQV�ZHUH�VWDELO��7KHUH�ZDV�QR�DQ\
SUREOHPV�RQ�SDVW�PHGLFDO�KLVWRU\�DQG�KHU�EORRG�VDPSOHV��$FFRUGLQJ�WR�UHSRUW�RI�DEGRPLQDO�86*���WKHUH�ZDV���PP�IUHH�IOXLG�RQ�SHULQHSKULWLF�DUHD
QHDUE\�WKH�LQIHULRU�RI�ULJKW�NLGQH\�DQG�WKHQ��LQ�RUGHU�WR�LQYHVWLJDWH�WKH��RULJLQ�RI�IUHH�IOXLG���FRQWUDVW�HQKDQFHG�DEGRPLQDO�&7�ZDV�UHTXHVWHG�
�$EGRPLQDO�&7�ZDV�HYDOXDWHG�E\�UDGLRORJLVW�DV�WKHUH�ZDV�K\SRGHQV�DSSHDUDQFH�RYHU�KHSDWLF�VXEFDSVXODU�DUHD��KHPDWKRPD���ULJKW�UHQDO�DUWHU\�ZDV
QRW�REVHUYHG�DIWHU���FP�SUR[LPDO�VHJPHQW���WRWDO�ODFHUDWLRQ�RU�UXSWXUH���ULJKW�UHQDO�SDUHQFK\P�FRXOG�QRW�FRQWUDVWHG��WKHUH�ZDV�IUHH�IOXLG�RQ�SHOYLF
DUHD�DQG�IUDFWXUHV�ZHUH�IRXQG�RXW�DW�ULJKW�WUDQVYHUV�SURFFHVV�RI�/��/��/��YHUWHEUDV��7KH�SDWLHQW�ZDV�FRQVXOWHG�E\�8URORJ\��&DUGLRYDVFXODU�VXUJHU\�
JHQHUDO�VXUJHU\�DQG�LQWHUYHQWLRQDO�UDGLRORJ\�GHSDUWPHQW��5HQDO�DUWHU\�DQG�YHLQ�DQJLRJUDSK\�ZDV�SODQQHG�E\�LQWHUYHQWLRQDO�UDGLRORJ\�DQG�WRWDO
RFFOXVLRQ�RI�ULJKW�UHQDO�DUWHU\�DQG�YHLQ�ZDV�REVHUYHG�RQ�DQJLRJUDSK\��$OWKRXJK�UHYDVFXODUL]DWLRQ�DWWHPSW�DW�WKH�VDPH�VHVVLRQ�FRXOG�QRW�EH
VXFFHVVIXO��7URPEROLWLF�WUHDWPHQW�DQG�VXUJLFDO�UHYDVFXODUL]DWLRQ�ZHUH�QRW�UHFRPPHQGH�GXH�WR�WKH�SDWLHQW�ZDV�HYDOXDWHG�DV�PXOWLWUDXPD���,W�LV�QRW
REVHUYHG�WKDW�GHFUHDVH�RI�KHPRJORELQ�RU�LQFUHDV�RI�%81�FUHDWLQLQ�GXULQJ�HPHUJHQF\�VHUYLFH�IROORZV��7KH�SDWLHQW�ZDV�KRVSLWDOL]HG�DQG�IROORZHG�E\
8URORJ\�VHUYLFH�

'HVSLWH�RI�UHQDO�DUWHU\�WURPERVLV�LV�ZHOO�NQRZQ��WKH�FRPELQDWLRQ�RI�WKH�UHQDO�DUWHU\�DQG�YHLQ�WKURPERVLV�LV�D�UDUH�FRPSOLFDWLRQ�RI�DEGRPLQDO�WUDXPD�
,Q�WKH�WUHDWPHQW��REVHUYDWLRQ��WKURPERO\WLF�WKHUDS\��QHSKUHFWRP\��VXUJLFDO�WKURPEROHFWRP\��RU�PRUH�FRPPRQO\�XVHG�37$�DUH�WDNHQ�SDUW�

�
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��������32673$5780�&$9(51286�6,186�7+520%26,6

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

DGHYL\H�NDUDFD������YRONDQ�FHOHEL������IHUNDQW�J�NKDQ�ND\D����

���HPHUJHQF\�VHUYLFHV��DQWDO\D�WUDLQLQJ�DQG�UHVHDUFK�FRPSDQ\��DQWDO\D��785.(<

.H\ZRUGV��SRVWSDUWXP

$EVWUDFW��

32673$5780�&$9(51286�6,186�7+520%26,6

.DUDFD��$�.D\D*��&HOHEL��9

&HUHEUDO�YHQRXV�WKURPERVLV�LV�DQ�LQWHUHVWLQJ�DQG�HOXVLYH�GLVRUGHU��,W�FRXOG�EH�VHHQ�DW�DQ\�DJH��7KH�PRVW�IUHTXHQWO\�DIIHFWHG�VLQXVHV��VLQXV
VXSHULRUVDJLWWDO�����������WUDQVYHUVH�DQG�VLJPRLG�VLQXVHV�������DUH�UDQNHG�DV�WKH�FDYHUQRXV�VLQXV�DQG�VLQXV�UHFWXV�

���\HDUV�ROG�IHPDOH�SDWLHQW�ZDV�DGPLWWHG�ZLWK�FRPSODLQWV�RI�QXPEQHVV�RQ�WKH�OHIW�VLGH�RI�WKH�ERG\�WR�('��7KH�FRPSODLQWV��EHJDQ�RQH�GD\�DJR�KDG
LQFUHDVHG�DQG�DORQJ�ZLWK�KHDGDFKH�DQG�WKH�IDWLJXH��6KH�KDG�PDGH�FHVDUHDQ�ELUWK�IRXU��GD\V�DJR��7KHUH�KDG�EHHQ�QR�DEQRUPDOLWLHV�GXULQJ
SUHJQDQF\��$UULYDO�YLWDO�VWDEOH���1HXURORJLFDO�H[DPLQDWLRQ�UHYHDOHG�QR�SDWKRORJLFDO�UHIOH[HV���QR�ORVV�RI�PXVFOH�VWUHQJWK��QRUPDO�FUDQLDO�QHUYH
H[DPLQDWLRQ��&UDQLDO�&7�WDNHQ�WR�WKH�SDWLHQW�ZKR�FRPSODLQW�DERXW�WKH��ORVV�RI�IHHOLQJ�VHQVH��LQ�WKH�OHIW�DUP�DQG�OHJ��HYDOXDWHG��DV�QRUPDO��7KH
SDWLHQW�ZDV�WDNHQ�RQ�FUDQLDO�05,�UHYHDOHG�D�FDYHUQRXV�VLQXV�WKURPERVLV��7KH�SDWLHQW�ZDV�DGPLWWHG�WR�WKH�QHXURORJ\�VHUYLFH�WR�VWDUW�WKURPERO\WLF
DQG�DQWLFRDJXODWLRQ�WKHUDS\�

7KH�PRVW�FRPPRQ�FDXVH�RI�FHUHEUDO�YHQRXV�WKURPERVLV�LQ�ZRPHQ��SUHJQDQF\��SXHUSHULXP�DQG�SHULRGV�RI�KRUPRQDO�FKDQJHV�LQWR�WKH�XVH�RI�2.6�
%HVLGHV�WKH�VRPH�UHDVRQV�RI�HWLRORJ\�DUH�LQIODPPDWRU\�GLVHDVHV��FDQFHU��DQHPLD�DQG�VRPH�K\SHUFRDJXODEOH�VWDWH���7KH�FDXVH�FDQ�QRW�EH�GHWHFWHG
LQ�DSSUR[LPDWHO\�����RI�FDVHV��0RVW�LQFLGHQFH�LQIRUPDWLRQ�LV�EDVHG�RQ�DXWRSV\�VWXGLHV�DQG�FHUHEURYDVFXODU�������DXWRSV\�UDWHV�UDQJLQJ�IURP�����
WR����RI�WKH�GHDWKV�GXH�WR�WKH�GLVHDVH�KDYH�EHHQ�UHSRUWHG��&97�FRPSDUHG�WR�LVFKHPLF�VWURNH�GXH�WR�DUWHULDO�RFFOXVLYH�GLVHDVH�RFFXUV�UDUHO\��&OLQLFDO
VSHFWUXP�UDQJHV�ZLWK�SDSLOODU\�HGHPD��KHDGDFKH��IRNDOGHILVLW��VHL]XUHV�DQG�FRPD��7KH�PRVW�FRPPRQ�V\PSWRP�LV�KHDGDFKH��:KLOH�QRQ�FRQWUDVW�&7
LV�WKH�ILUVW�FKRLFH�LPDJLQJ�PHWKRG��WKH�PRVW�UHOLDEOH�PHWKRG�LQ�WKH�GLDJQRVLV�DQG�IROORZ�XS�LV�05,�DQG�05�9HQRJUDP��&UDQLDO�&7�PD\�EH�QRUPDO�LQ
����RI�FDVHV��7KH�WUHDWPHQW�RI�6HUHEUDO�YHQRXV�WKURPERVLV�LV�WULSRG�DV�HWLRORJLFDO�IDFWRUV��V\PSWRPDWLFDOO\�DQG�DQWLWKURPERWLF�WKHUDS\�
6\PSWRPDWLF�WUHDWPHQW�LQFOXGHV�DQWLHSLOHSWLF�WUHDWPHQW�LQ�WKH�SUHVHQFH�RI�HSLOHSWLF�VHL]XUHV��OXPEDU�SXQFWXUH�SUHFHGXUH��DFHWD]RODPLGH�DQG
FRUWLFRVWHURLG�WR�UHGXFH�WKH�LQFUHDVHG�LQWUDFUDQLDO�SUHVVXUH��DQWLELRWLF�WKHUDS\��LQ�WKH�SUHVHQFH�RI�LQIHFWLRQ�

&DYHUQRXV�VLQXV�WKURPERVLV�SDWLHQWV�PD\�SUHVHQW�ZLWK�GLIIHUHQW�QHXURORJLFDO�FRPSODLQWV�DQG�LW�VKRXOG�EH�NHSW�LQ�PLQG�WKDW�YHU\�FRPPRQ�LQ�ZRPHQ
ZLWK�HVSHFLDOO\�GXULQJ�SUHJQDQF\�DQG�WKH�SRVWSDUWXP�SHULRG�



:281'�&$5(���%851�&$5( ULFKDUG�&+2&521

��������7LVVXH�DGKHVLYHV�LQ�DGXOW�HPHUJHQF\���$�V\VWHPDWLF�UHYLHZ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

$OLVRQ�+251������5LFKDUG�&+2&521������1DWDFKD�$/$9,������$QDLV�*8,1&(675(������7KRPDV�7$0,6,(5������3KLOLSSH�-89,1����

���6HUYLFH�G
$FFXHLO�GHV�8UJHQFHV�+�SLWDO�(XURS�HQ�*HRUJHV�3RPSLGRX��$3�+3��3DULV��)5$1&(
���6HUYLFH�G
$FFXHLO�GHV�8UJHQFHV��+�SLWDO�(XURS�HQ�*HRUJHV�3RPSLGRX��$3�+3��3DULV��)5$1&(

.H\ZRUGV��:RXQG��7LVVXH�DGKHVLYH��WUDXPDWLF�ODFHUDWLRQ

$EVWUDFW��

%DFNJURXQG��

:RXQG�UHSUHVHQW�XQWLO�����RI�WKH�FRQVXOWDWLRQV�WR�WKH�HPHUJHQF\�ZDUG��7R�FORVH�VLPSOH�ODFHUDWLRQ��WLVVXH�DGKHVLYH��7$��LV�DQ�DOWHUQDWLYH�WR
VWDQGDUG�ZRXQG�FORVXUH��VXWXUH��VWDSOHV��DGKHVLYHV�VWULSV���7$�KDV�EHHQ�DSSURYHG�IRU�XVH�LQ�VXUJHU\�DQG�FKLOGUHQ��,W�UHSUHVHQWV�SRWHQWLDO
DGYDQWDJHV�LQFOXGHV�HDV\�RI�XVH��GHFUHDVH�LQ�SDLQ��WLPH�WR�DSSO\�DQG�QRW�UHTXLULQJ�D�IROORZ�XS�YLVLW�IRU�UHPRYDO�

2EMHFWLYHV�

7R�VXPPDUL]H�WKH�DYDLODEOH�HYLGHQFH�IRU�WKH�HIIHFW�RI�7$�RQ�WKH�KHDOLQJ�RI�WUDXPDWLF�ODFHUDWLRQ�LQ�DGXOWV

6HDUFK�PHWKRGV�

:H�SHUIRUPHG�V\VWHPDWLF�UHYLHZ�EDVHG�RQ�WKH�&RFKUDQH�/LEUDU\�������WR�DXJXVW��������WKH�0('/,1(�������WR�DXJXVW�������DQG�:HE�RI�6FLHQFH
&LWDWLRQ�,QGH[�������WR�DXJXVW�������7KH�ILUVW�RXWFRPH�LV�WKH�RFFXUUHQFH�RI�FRPSOLFDWLRQV��LQIHFWLRQ��GHKLVFHQFH��GHOD\�LQ�KHDOLQJ��DQG�VHFRQGDU\
DUH�SDLQ��SURFHGXUH�WLPH��FRVPHWLF�DQG�FRVW�FRQVHTXHQFH��

5HVXOWV�

(LJKWHHQ�VWXGLHV�ZHUH�LQFOXGHG�LQ�WKLV�UHYLHZ��6HYHQ�VWXGLHV�UHSRUWHG�RQ�FRPSOLFDWLRQV��)RXUWHHQ�VWXGLHV�FRPSDUHG�VWDQGDUG�ZRXQG�FORVXUH�WR�7$�
)RXU�VWXGLHV�FRPSDUHG�7$�WR�HLWKHU�DQ�DVVRFLDWLRQ�EHWZHHQ�7$�DQG�VWDQGDUG�ZRXQG�FORVXUH�RU�WZR�GLIIHUHQW�7$��1R�VLJQLILFDQW�GLIIHUHQFH�ZDV�IRXQG
IRU�RFFXUHQFH�RI�FRPSOLFDWLRQV��55 ����������,&�>�����������@���2YHUDOO��VWXGLHV�IDYRXUHG�7$�IRU�SURFHGXUH�WLPH��FRVPHVLV��SDLQ��DQG�FRVW
FRQVHTXHQFH�

&RQFOXVLRQ�

7LVVXH�DGKHVLYHV�DUH�DQ�DFFHSWDEOH�DOWHUQDWLYH�WR�VWDQGDUG�ZRXQG�FORVXUH�IRU�UHSDLULQJ�VLPSOH�WUDXPDWLF�ODFHUDWLRQV�LQ�DGXOWV��7KH\�RIIHU�WKH�EHQHØW
RI�GHFUHDVHG�SURFHGXUH�WLPH�DQG�OHVV�SDLQ��ZKHQ�FRPSDUHG�WR�VWDQGDUG�ZRXQG�FORVXUH��7KH\�GRQÇW�LQFUHDVH�VLJQLILFDQWO\�UDWH�RI�FRPSOLFDWLRQV�



,1)(&7,286�',6($6(���6(36,6 0HUYH�*XQHV

��������$UH�VFRULQJ�V\VWHPV�VXIILFLHQW�IRU�SUHGLFWLQJ�PRUWDOLW\�GXH�WR�VHSVLV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0HUYH�*XQHV����

���(PHUJHQF\�0HGLFLQH��0UV��,VWDQEXO��785.(<

.H\ZRUGV��VHSVLV��62)$��6$36,,��0('6��6HSWLF�6KRFN��(PHUJHQF\�0HGLFLQH

$EVWUDFW��

$UH�VFRULQJ�V\VWHPV�VXIILFLHQW�IRU�SUHGLFWLQJ�PRUWDOLW\�GXH�WR�VHSVLV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW"

�

2EMHFWLYHV

6FRULQJ�V\VWHPV�DUH�XVHG�WR�VKRZ�ULVN�VWUDWLILFDWLRQ�LQ�LQWHQVLYH�FDUH�XQLWV��,&8���EXW�WKH\�DUH�QRW�URXWLQHO\�XVHG�LQ�HPHUJHQF\�GHSDUWPHQWV��7KH
DLP�RI�WKLV�VWXG\�LV�WR�GHWHUPLQH�DFFXUDF\�IRU�SUHGLFWLQJ�PRUWDOLW\�LQ�HPHUJHQF\�PHGLFLQH�ZLWK�VFRULQJ�V\VWHPV��6HTXHQWLDO�2UJDQ�)DLOXUH
$VVHVVPHQW��62)$���0RUWDOLW\�LQ�('�6HSVLV��0('6���DQG�6LPSOLILHG�$FXWH�3K\VLRORJ\�6FRUH��6$36,,��

0HWKRGV

7KLV�LV�D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\��3DWLHQWV�SUHVHQWLQJ�ZLWK�HYLGHQFH�RI�VHSVLV�DUH�LQFOXGHG��ZKLOH�6$36,,��0('6��DQG�62)$�VFRUHV�DUH�DOVR
FDOFXODWHG��$QDO\VLV�FRPSDUHV�DUHDV�XQGHU�WKH�UHFHLYHU�RSHUDWRU�FKDUDFWHULVWLF��52&��FXUYHV�IRU����GD\�PRUWDOLW\�

5HVXOWV

7ZR�KXQGUHG�SDWLHQWV�DUH�LQFOXGHG�LQ�WKH�VWXG\��WKLUW\�RQH���������ZLWK�VHSWLF�VKRFN������������ZLWK�VHYHUH�VHSVLV�ZLWKRXW�VKRFN��DQG�����������
ZLWK�LQIHFWLRQ�ZLWKRXW�RUJDQ�G\VIXQFWLRQ��)LIW\�WKUHH���������SDWLHQWV�GLHG�ZLWKLQ����GD\V�RI�SUHVHQWDWLRQ�

$UHDV�XQGHU�WKH�52&�FXUYH�IRU�PRUWDOLW\�LQYROYH������IRU�0('6������&,� ������WR�������������IRU�6$36,,������&,� ������WR��������DQG������IRU�62)$
�����&,� ������WR�������VFRUHV��3DLUZLVH�FRPSDULVRQ�RI�$8&�EHWZHHQ�0('6��6$36,,��62)$��DQG�/DFWDWH�DUH�QRW�VLJQLILFDQW���S�!��������

&RQFOXVLRQ��

$FFRUGLQJ�WR�RXU�UHVXOWV��62)$��6$36,,��DQG�0('6�DUH�QRW�VXIILFLHQW�WR�SUHGLFW�PRUWDOLW\��0('6�DOVR�KDV�EHWWHU�UHVXOWV�WKDQ�RWKHU�VFRULQJ�V\VWHPV�



,1)(&7,286�',6($6(���6(36,6 +(&725�$/2162�9$//(

��������'R�ZH�IROORZ�WKH�UHFRPPHQGDWLRQV�RI�WKH�,1)85*�6(0(6�ZKHQ�WUHDWLQJ�FRPPXQLW\�DFTXLUHG�SQHXPRQLD"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0$18(/�$1721,2�7$=21�9$5(/$������+(&725�$/2162�9$//(������3('52�08y2=�&$&+2������-$,0(�*$//2�7(5$1������/8,6�$1*(/�3(5(=�0,(5
�����0$5,$�$1'5(6�*20(=����

���(0(5*(1&<�'(3$570(17��/$5('2�+263,7$/��/$5('2��63$,1
���(0(5*(1&<�'(3$570(17��0$548(6�'(�9$/'(&,//$�+263,7$/��6$17$1'(5��63$,1
���35(9(17,9(�0(',&,1(��35,0$5<�&$5(���6$17$1'(5��63$,1
���5$',2/2*<��%,(5=2�+263,7$/��6$17$1'(5��63$,1

.H\ZRUGV��SQHXPRQLD�JXLGHOLQHV�RXWFRPH

$EVWUDFW��

7LWOH�'R�ZH�IROORZ�WKH�UHFRPPHQGDWLRQV�RI�WKH�,1)85*�6(0(6�ZKHQ�WUHDWLQJ�FRPPXQLW\�DFTXLUHG�SQHXPRQLD"

,QWURGXFWLRQ�7KH�ZRUNLQJ�JURXS�RQ�LQIHFWLRXV�GLVHDVHV�RI�WKH�6SDQLVK�6RFLHW\�RI�(PHUJHQF\��,1)85*�6(0(6��UHFRPPHQGV�DQ�HPSLULF�DSSURDFK�LQ
SQHXPRQLD�DFTXLUHG�LQ�WKH�FRPPXQLW\��&$3��EDVHG�RQ�WKH�VFRUH�3QHXPRQLD�6HYHULW\�,QGH[��36,���HPERGLHG�LQ�WKH�FRQVHQVXV�GRFXPHQW
6(0(6�6(3$5��PDQDJHPHQW�RI�FRPPXQLW\�DFTXLUHG�SQHXPRQLD�LQ�WKH�HPHUJHQF\��DQG�WKH�PRQRJUDSK��,1)85*�6(0(6�5HFRPPHQGDWLRQV�IRU�WKH
PDQDJHPHQW�RI�UHVSLUDWRU\�LQIHFWLRQ�LQ�WKH�(5��

2EMHFWLYH�7R�HYDOXDWH�WKH�HPSLULFDO�WUHDWPHQW�DGPLQLVWHUHG�WR�SDWLHQWV�ZLWK�&$3�FRPSDUHG�ZLWK�WKH�UHFRPPHQGDWLRQV�SURSRVHG�E\�WKH
,1)85*�6(0(6�JURXS�

3DWLHQWV�DQG�PHWKRGV

GHVFULSWLYH�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\������GD\V�VXEMHFW�IRU����RU�PRUH�\HDUV�ZLWK�FOLQLFDO�DQG�UDGLRJUDSKLF�GLDJQRVLV�RI�&$3�DQG�HYLGHQFH�RI
DQWLELRWLF�WUHDWPHQW�ZHUH�LQFOXGHG�LQ�WKH�HPHUJHQF\�URRP��6RFLRGHPRJUDSKLF�YDULDEOHV��SURJQRVWLF�VFDOHV�RI�JUDYLW\��HYROXWLRQ�DQG�WKH�DQWLELRWLF
WUHDWPHQW�ZHUH�FROOHFWHG��&DWHJRULFDO�YDULDEOHV�DV�DEVROXWH�YDOXH�DQG�SHUFHQWDJH�ZHUH�GHVFULEHG��3HDUVRQ�FKL�VTXDUH�WHVW�ZDV�XVHG�IRU�WUHQG
DVVHVVPHQW�

5HVXOWV

7KH\�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�����SDWLHQWV����������������RI�SDWLHQWV�36,�ULVN�JURXS�,�ZHUH�WUHDWHG�IROORZLQJ�WKH�LQGLFDWLRQV�RI�,1)85*�6(0(6
JURXS�ZKLOH�WKH\�ZHUH�QRW�IROORZHG�LQ������������������������������36,�,,�ZHUH�WUHDWHG�IROORZLQJ�WKH�LQGLFDWLRQV��DQG���������������QR�������
��������,,,�36,�ZHUH�WUHDWHG�IROORZLQJ�WKH�LQGLFDWLRQV��ZKLOH���������������QR��������������36,�,9�ZHUH�WUHDWHG�IROORZLQJ�WKH�LQGLFDWLRQV��DQG����
��������QR���������������RI�SDWLHQWV�ZHUH�WUHDWHG�36,�9�IROORZLQJ�WKH�LQGLFDWLRQV��EXW���������������QR��$�VLJQLILFDQW�OLQHDU�WUHQG�ZDV�REVHUYHG�LQ
DQDO\VLV��S���������

&RQFOXVLRQ

7KH�KLJKHU�VFRUH�36,�KDV�WKH�1$&�DQG�WKHUHIRUH�PDQLIHVWV�LWVHOI�PRVW�VHYHUH�IRUP��WKH�OHVVHU�DGDSWDWLRQ�WR�,1)85*�6(0(6�LQGLFDWLRQV�ZDV�REVHUYHG�
ZLWK�VLJQLILFDQW�OLQHDU�WUHQG��,W�PD\�EH�EHFDXVH�FOLQLFLDQV�GR�QRW�IROORZ�WKHVH�JXLGHOLQHV��,W�FRXOG�DOVR�EH�UHODWHG�WR�QRW�KDYLQJ�DVVHVVHG�WKH
DGHTXDF\�RI�WUHDWPHQW�LQ�VSHFLDO�VLWXDWLRQV�VXFK�DV�VXVSHFWHG�DQDHURELF�LQIHFWLRQ��DVSLUDWLRQ�SQHXPRQLD��OXQJ�DEVFHVV�RU�VXVSHFWHG�3VHXGRPRQDV
LQIHFWLRQ�



&$5',29$6&8/$5 SxQDU�NRSWXU

��������(9$/8$7,21�2)�&+(67�3$,1

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

S¢QDU�NRSWXU������K¢G¢U�\¢OPD]������KDYYD�ªDKLQ�NDYDNO¢����

���HPHUJHQF\�GHSDUWPHQW��HGXFDWLRQDO�UHVDUFK�KRVSLWDO��DQNDUD��785.(<
���HPHUHJHQF\�GHSDUWPHQW��HGXFDWLRQDO�UHVDUFK�KRVSLWDO��DQNDUD��785.(<

.H\ZRUGV��7¡0¡��&KDVW�3DLQ��7URSRQLQ��'LDJQRVLV

$EVWUDFW��

8QLYHUVLW\�RI�<eOGeUeP�%H\D]eW�<HQLPDKDOOH�(GXFDWLRQDO�5HVHDUFK�+RVSLWDO�(PHUJHQF\�'HSDUWPHQW

6DKLQ�+DYYD�.��.RSWXU�3��<eOPD]�+��6H]HU�$KPHW�$��$NPDQ�&��.DUDNXf�0

�

2%-(&7q9(��8QFHUWDLQWLHV�LQ�WKH�PHDVXUHPHQW�RI�WURSRQLQ�LV�D�QXLVDQFH��)LQDO�GLDJQRVWLF�OHYHO�RI�WURSRQLQ�LV�VWLOO�XQNQRZQ��7URSRQLQ�LQ�PDQ\�FDVHV
FDQ�EH�SRVLWLYH��7KH�DLP�RI�WKLV�VWXG\�LV�WR�EH�D�VKRUW�SUHVHQWDWLRQ�DERXW�WKH�PRQLWRULQJ�DQG�HYDOXDWLRQ�RI�WURSRQLQ�SRVLWLYH�SDWLHQWV�DUULYLQJ�ZLWK
FKHVW�SDLQ�

0$7(5q$/�0(7+2'6��7KH�UHFRUGV�RI�PHUJHQF\�GHSDUWPHQW��LQ�)HEUXDU\��0DUFK��DQG�$SULO������ZHUH�UHWURVSHFWLYHO\�UHYLHZHG��7KH����SDWLHQWV
SUHVHQWLQJ�ZLWK�FKHVW�SDLQ�DQG�FDUGLDF�WURSRQLQ�SRVLWLYH�GHWHFWLRQ�RI�WKH����SDWLHQWV�ZHUH�H[DPLQHG���3DWLHQW
V�DJH��VH[��FDUGLDF�WURSRQLQ�
ELRFKHPLVWU\�DQG�FRPSOHWH�EORRG�FRXQW�WHVW�UHVXOWV��ZKHWKHU�HOHFWURFDUGLRJUDSKLF�FKDQJHV��DGGLWLRQDO�GLVHDVHV�ZHUH�UHFRUGHG��7KH�UHFRUGV�ZHUH
FODVVLILHG��E\�XVLQJ�WKH�7KURPERO\VLV�,Q�0\RFDUGLDO�,QIDUFWLRQ�VFRULQJ�7,0,��

5(68/76�����ZRPHQ����PDOH�SDWLHQW�ZDV�DGPLWWHG�EHFDXVH�RI�FKHVW�SDLQ��YHUDJH�DJH�ZDV�FDOFXODWHG�WR�EH�����$YHUDJH�V\VWROLF�EORRG�SUHVVXUH�RI
����PP���KJ�GLDVWROLF�EORRG�SUHVVXUH���PP���NJ������2��VDWXUDWLRQ��SXOVH�UDWH������PLQ�ZHUH�PHDVXUHG��7KH�DYHUDJH�YDOXH�RI�XUHD�LQ�WKH�EORRG
YDOXHV�RI����PJ���G/��FUHDWLQLQH�RI������PJ���G/��$67����8���/��$/7����8���/��ZKLWH�EORRG�FHOO��������ILUVW�YLHZHG�FDUGLDF�WURSRQLQ���������DIWHU���KRXU
WURSRQLQ�YDOXH�������WKLUG�KRXU�RI�WURSRQLQ�YDOXH�ZDV�������7ZHQW\�RQH�SDWLHQWV�KDG�HOHYDWHG�OHYHOV�RI�FUHDWLQLQH��,W�ZDV�7,0,�VFRULQJ���SDWLHQWV����
���SDWLHQWV�������SDWLHQWV�����SDWLHQWV�������SDWLHQWV�������SDWLHQWV�KDG���SRLQWV��(LJKW�SDWLHQWV�ZHUH�UHIHUUHG�WR�DV�67�HOHYDWLRQ�P\RFDUGLDO�LQIDUFWLRQ�
IRXU�SDWLHQWV�ZDV�QRW�FRQVLGHUHG�DQ�DFXWH�FRURQDU\�V\QGURPH��(LJKW\�SDWLHQWV�ZHUH�IROORZHG�DV�DFXWH�FRURQDU\�V\QGURPH�

&21&/866q21��7URSRQLQ�FDQ�EH�SRVLWLYH�LQ�PDQ\�GLVHDVHV�DQG�FRQGLWLRQV��7KH�DFXWH�DQG�FKURQLF�NLGQH\�IDLOXUH��FKURQLF�KHDUW�IDLOXUH��SXOPRQDU\
HPEROLVP��DFXWH�P\RFDUGLWLV��SHULFDUGLWLV���EOXQW�FKHVW�WUDXPD��VHSVLV�VHSWLF�VKRFN��KLUHUWDQVLI�FULVLV��WDFK\DUUK\WKPLD��EUDG\FDUGLD��K\SRWK\URLGLVP�
LQILOWUDWLYH�GLVHDVHV��KHPRFKURPDWRVLV��DP\ORLGRVLV��GUXJ�WR[LFLW\��VQDNHV�ELWHV��UHVSLUDWRU\�LQVXIILFLHQF\��FDUERQ�PRQR[LGH�SRLVRQLQJ�DUH�VRPH�RI
WKHVH�FRQGLWLRQV��'XH�WR�DOO�WKHVH�IDFWRUV��WKH�LQFUHDVH�LQ�WURSRQLQ�OHYHOV�VKRXOG�EH�HYDOXDWHG���(WLRORJLF�GLDJQRVLV�FDQ�EH�GHWHFWHG�FRUUHFWO\�E\�WKH
RWKHU�ODERUDWRU\�WHVWV��,Q�DGGLWLRQ��WKH�SDWLHQW
V�DJH��DGGLWLRQDO�GLVHDVHV��FKDQJHV�LQ�FDUGLDF�WURSRQLQ�IROORZ�XS��HOHFWURFDUGLRJUDSKLF�ILQGLQJV�
LQFOXGLQJ�ULVN�FODVVLILFDWLRQ�DQG�W\SH�RI�FKHVW�SDLQ�WKDW�FHUWDLQ�IDFWRUV�VKRXOG�EH�XVHG��1HYHUWKHOHVV��ZKDWHYHU�WKH�XQGHUO\LQJ�SDWKRORJ\�WKH�HOHYDWLQ
RI�WURSRQLQ�XVXDOO\�FDUULHV�SURJQRVWLF�YDOXH�RI�P\RFDUGLDO�GDPDJH�LV�VKRZQ��3ULPDULO\�LQ�WKH�SUHVHQFH�RI�D�GLVHDVH�LQ�WKH�DFXWH�SKDVH�ZLWK�KLJK
PRUELGLW\�DQG�PRUWDOLW\��WR�GLDJQRVLV�RI�$&6�DQG�JXLGH�WUHDWPHQW�E\�HOHYDWHG�FDUGLDF�WURSRQLQV�PD\�QRW�EH�DQ�DSSURSULDWH�FOLQLFDO�DSSURDFK��¡W�LV
PRUH�DFFXUDWH�WR�EH�JXLGHG�E\�WKH�SDWLHQW
V�SULPDU\�GLVHDVH�RU�PRQLWRULQJ�LQ�WKH�H[LVWLQJ�FOLQLF�LQ�VXFK�FRQGLWLRV��5HJXODWLRQ�RI�FDUGLDF�WUHDWPHQW
VKRXOG�EH�FRPSDUHG�ZLWK�WKH�FDUGLRORJ\�GHSDUWPHQW�



,1)(&7,286�',6($6(���6(36,6 +(&725�$/2162�9$//(

��������,QFUHDVLQJ�XQXVXDO�PLFURRUJDQLVPV�LQ�FRPPXQLW\�DFTXLUHG�SQHXPRQLD

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0$18(/�$1721,2�7$=21�9$5(/$������+(&725�$/2162�9$//(������3('52�08y2=�&$&+2������-$,0(�*$//2�7(5$1������/8,6�$1*(/�3(5(=�0,(5
�����0$5,$�$1'5(6�*20(=����

���(0(5*(1&<�'(3$570(17��/$5('2�+263,7$/��/$5('2��63$,1
���(0(5*(1&<�'(3$570(17��0$548(6�'(�9$/'(&,//$�+263,7$/��6$17$1'(5��63$,1
���35(9(17,9(�0(',&,1(��35,0$5<�&$5(���6$17$1'(5��63$,1
���5$',2/2*<��%,(5=2�+263,7$/��6$17$1'(5��63$,1

.H\ZRUGV��SQHXPRQLD��PLFURRUJDQLVPV��RXWFRPH

$EVWUDFW��

,QWURGXFWLRQ�7R�GHWHUPLQH�WKH�HWLRORJLF�DJHQW�RI�FRPPXQLW\�DFTXLUHG�SQHXPRQLD��&$3��LV�QRW�DOZD\V�SRVVLEOH�DW�WKH�LQLWLDO�PRPHQW��.QRZLQJ�WKH
PRVW�FRPPRQ�RUJDQLVPV�LQ�RXU�HQYLURQPHQW�FDQ�KHOS�XV�LQ�PDNLQJ�HPSLULFDO�WUHDWPHQW�GHFLVLRQV�

2EMHFWLYH�7R�HYDOXDWH�WKH�PLFURELRORJLFDO�HWLRORJ\�RI�&$3�GLDJQRVHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�IRU�D�\HDU�

3DWLHQWV�DQG�PHWKRGV

GHVFULSWLYH�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\��VXEMHFWV�RI����RU�PRUH�\HDUV�ZLWK�FOLQLFDO�DQG�UDGLRJUDSKLF�GLDJQRVLV�RI�&$3�ZHUH�LQFOXGHG�GXULQJ�D
SHULRG�RI�����FRQVHFXWLYH�GD\V�

6RFLRGHPRJUDSKLF�YDULDEOHV��SHUVRQDO�KLVWRU\��SURJQRVWLF�VFDOHV�RI�JUDYLW\��HYROXWLRQ�DQG�SDWKRJHQV�ZHUH�FROOHFWHG��,Q�RUGHU�WR�REWDLQ�DQ�HWLRORJLF
GLDJQRVLV�GHWHFWLRQ�RI�EDFWHULD�ZDV�PDGH�LQ��EORRG�E\�IOXRUHVFHQFH��GHWHFWLRQ�RI�XULQDU\�DQWLJHQV�ZDV�REWDLQHG�IRU�6WUHSWRFRFFXV�SQHXPRQLDH�DQG
/HJLRQHOOD�SQHXPRSKLOD�E\�LPPXQRFKURPDWRJUDSK\��VSXWXP�FXOWXUH�ZDV��VHHGHG�LQ�DJDU�SODWH��LQIOXHQ]D�YLUXVHV�ZHUH�GHWHUPLQHG�E\
LPPXQRFKURPDWRJUDSK\�DQDO\VLV�DQG�3&5�DQG�GHWHFWLRQ�RI�6WUHSWRFRFFXV�S\RJHQHV�ZDV�REWDLQHG�E\�LPPXQRFKURPDWRJUDSKLF�WHVW��&DWHJRULFDO
YDULDEOHV�DV�DEVROXWH�YDOXH�DQG�SHUFHQWDJH�DQG�FRQWLQXRXV�YDULDEOHV�E\�WKHLU�PHDQV�DQG�VWDQGDUG�GHYLDWLRQV�ZHUH�GHVFULEHG�

5HVXOWV

����SDWLHQWV�ZHUH�VWXGLHG��7KH\�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�����SDWLHQWV������ZRPHQ��PHDQ�DJH����k����\HDUV���7KH\�GLHG������������HQWHULQJ�
HWLRORJLF�GLDJQRVLV�ZDV�DFKLHYHG�LQ����SDWLHQWV�����������GHWHUPLQHG����PLFURRUJDQLVPV�LQ����SRVLWLYH�VDPSOHV��7KH�PRVW�IUHTXHQWO\�LVRODWHG
SDWKRJHQV�ZDV�6WUHSWRFRFFXV�SQHXPRQLDH��������������IROORZHG�E\�JUDP�QHJDWLYH�HQWHULF�EDFLOOL��.OHEVLHOOD�SQHXPRQLDH��(VFKHULFKLD�FROL��6HUUDWLD
PDUFHVFHQV�DQG�(QWHUREDFWHU�FORDFDH�LVRODWHG�LQ�����RI�WKH�VDPSOHV����������YLUXV�LQIOXHQ]D�������������6WDSK\ORFRFFXV�DXUHXV
PHWKLFLOOLQ�UHVLVWDQW�DOO�������������3VHXGRPRQDV�DHUXJLQRVD�������������0RUD[HOOD�FDWDUUKDOLV�������������/HJLRQHOOD�SQHXPRSKLOD�������������
+DHPRSKLOXV�LQIOXHQ]DH�������������EHWD�KHPRO\WLF�6WUHSWRFRFFXV�JURXS�$�������������&ORVWULGLXP�SHUIULQJHQV�������������&RU\QHEDFWHULXP
SVHXGRGLSKWKHULWLFXP���������������*HPHOOD�VSS������������DQG�6WHQRWURSKRPRQD�PDOWRSKLOLD�������������3RO\PLFURELDO�LQIHFWLRQV�DFFRXQWHG�IRU����
�������

&RQFOXVLRQ

,Q�RXU�VDPSOH�ZH�IRXQG�D�KLJK�SHUFHQWDJH�RI�XQXVXDO�PLFURRUJDQLVPV�LQ�1$&��:H�WKLQN�WKDW�LQ�WKH�FRPLQJ�\HDUV�ZH�ZLOO�IDFH�D�VFHQDULR�LQ�ZKLFK�WKH
DJLQJ�SRSXODWLRQ�DQG�WKH�JURZLQJ�QHHG�IRU�KHDOWK�FDUH�DFUHFHQWDU�Q�WKH�XQXVXDO�PLFURRUJDQLVPV�WKDW�JHQHUDWH�WKH�1$&�
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��������3URIHVLRQDO�SUDFWLFHV�FRQFHUQLQJ�FDUH�OLPLWDWLRQV�DQG�HQG�RI�OLIH�VLWXDWLRQ�LQ�DQ�HPHUJHQF\�GHSDUWPHQW

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

*XLOODXPH�)RQV������0DULH�%DOOHVWHU������)ORUHQFH�$WJHU������5LFKDUG�&KRFURQ������$QQH�/DXUH�)HUDO�3LHUVVHQV������3KLOLSSH�-XYLQ����

���(PHUJHQF\�'HSDUWPHQW��(XURSHDQ�*HRUJHV�3RPSLGRX�+RVSLWDO��3DULV��)5$1&(

.H\ZRUGV��HQG�RI�OLIH��SURIHVLRQDO�SUDFWLFHV��FDUH�OLPLWDWLRQV

$EVWUDFW��

,QWURGXFWLRQ��(PHUJHQF\�'HSDUWPHQWV��('��DUH�WKH�IURQW�OLQH�RI�SXEOLF�KHDOWK�FDUH�V\VWHP�DQG�DUH�RIWHQ�FRQIURQWHG�WR�HQG�RI�OLIH�FDUH��7KHVH
VLWXDWLRQV�DUH�GLIILFXOW�DQG�XQFRPIRUWDEOH�IRU�SDWLHQWV��IDPLOLHV�DV�IRU�PHGLFDO�VWDII��/HRQHWWL�ODZ��������VWUHQJWKHQHG�E\�&OD\HV�/HRQHWWL�ODZ�������
IRUELGV�ÈXQUHDVRQDEOH�REVWLQDF\É�DQG�IUDPHV�GHFLVLRQV�FRQFHUQLQJ�PHDQV�OLPLWDWLRQ�RU�HQGLQJ�DFWLYH�WKHUDSHXWLF�PHDQV��,Q�WKLV�UHFHQW�FRQWH[W��ZH
ZDQWHG�WR�DVVHVV�SURIHVVLRQDO�SUDFWLFHV�FRQFHUQLQJ�WKH�GHFLVLRQ�PDNLQJ�DQG�PHGLFDO�PDQDJHPHQW�RI�HQG�RI�OLIH�VLWXDWLRQV�

0DWHULDO��:H�FRQGXFWHG�D�UHWURVSHFWLYH�PRQRFHQWULF�VWXG\�IURP�RFWREHU������WR�DSULO������LQ�DQ�('�RI�DQ�DFDGHPLF�KRVSLWDO��7KURXJK�PHGLFDO
FKDUWV��ZH�LQFOXGHG�DOO�SDWLHQWV�WKDW�GLHG�LQ�WKH�('�RU�LQ�WKH�HPHUJHQF\�KRVSLWDOL]DWLRQ�XQLW�WKURXJK�WKH�SHULRG�DQG�IRU�ZKRP�D�PHDQV
�OLPLWDWLRQ
GHFLVLRQ�KDG�EHHQ�WDNHQ�

5HVXOWV��Q ���SDWLHQWV�SUHVHQWHG�WKH�LQFOXVLRQ�FULWHULD�������RI�DOO�YLVLWV���)RU�����RI�WKHVH�SDWLHQWV��WKH�OLPLWDWLRQ�GHFLVLRQ�ZDVQÇW�FOHDUO\�ZULWWHQ
LQ�WKH�FKDUW������RI�WKHVH�GHFLVLRQV�ZHUH�WDNHQ�E\�D�VROH�SUDFWLWLRQHU��,Q�WKH�ILUVW�PRPHQWV�RI�WKHLU�DUULYDO�LQ�WKH�('������RI�WKHVH�SDWLHQWV�KDG
LQYDVLYH�\HW�LQDSSURSULDWH�FDUH������RI�WKHVH�SDWLHQWV�ZHUH�YLVLWLQJ�WKH�('�IRU�WKH�ILUVW�WLPH������GLHG�LQ�WKH�ILUVW���KRXUV�DIWHU�EHLQJ�DGPLWWHG�WR
WKH�('��:H�QRWLFHG�ZLGH�KHWHURJHQHRXV�SUDWLFHV�ZKLOH�PDQDJLQJ�G\VSQHD��SDLQ��FRQVFLRXVQHVV�DQG�VHGDWLRQ�

&RQFOXVLRQ��(QG�RI�OLIH�VLWXDWLRQV�DUH�SDUW�RI�('�FDUH��+RZHYHU�FDUH�OLPLWDWLRQV�DUH�GLIILFXOW�GHFLVLRQV�DQG�DUH�QRW�HDVLO\�DQG�HIILFLHQWO\�PDQDJHG�
(GXFDWLRQ�LV�QHFHVVDU\�IRU�PHGLFDO�DQG�SDUDPHGLFDO�VWDII�LQ�RUGHU�WR�KHOS�WKRVH�SDWLHQWV�WKURXJK�WKHVH�PRPHQWV�
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��������7KH�HIIHFW�RI�FRPSOHWH�EORRG�FRXQW�SDUDPHWHUV�DQG�XOWUDVRXQG�LQ�WKH�PDQDJHPHQW�RI�DFXWH�FKROHF\VWLWLV�DQG�VXUJHU\
GHFLVLRQ

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0HKPHW�2JX]KDQ�$\������$OSHU�&HOLNGHPLU����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��+LWLW�8QLYHUVLW\��&RUXP�(GXFDWLRQ�DQG�5HVHDUFK�+RVSLWDO��&RUXP��785.(<
���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��$GDQD�1XPXQH�(GXFDWLRQ�DQG�5HVHDUFK�+RVSLWDO��$GDQD��785.(<

.H\ZRUGV��DFXWH�FKROHF\VWLWLV��VXUJHU\��FRPSOHWH�EORRG�FRXQW��XOWUDVRXQG

$EVWUDFW��

,QWURGXFWLRQ��:H�DLPHG�WR�GHWHUPLQH�WKH�HIIHFW�RI�FRPSOHWH�EORRG�FRXQW��&%&��SDUDPHWHUV�DQG�XOWUDVRXQG��86*��LQ�WKH�PDQDJHPHQW�RI�DFXWH
FKROHF\VWLWLV��$&��DQG�VXUJHU\�GHFLVLRQ�

0HWKRGV��,Q�D�WZR�\HDU�SHULRG��DGXOW�SDWLHQWV��!���\HDUV��LQ�ERWK�JHQGHU�ZKR�DGPLWWHG�WR�HPHUJHQF\�GHSDUWPHQW��('��DQG�GLDJQRVHG�DV�$&�ZLWK
XOWUDVRXQG��86*��ZHUH�LQYHVWLJDWHG�IURP�WKH�KRVSLWDO�UHFRUGV�DQG�('�SDWLHQW�ILOHV�UHWURVSHFWLYHO\��7KH�UHVXOWV�RI�XOWUDVRXQG�SHUIRUPHG�LQ�('�
FRPSOHWH�EORRG�FRXQW�SDUDPHWHUV��VXUJLFDO�RU�PHGLFDO�WUHDWPHQW�GHFLVLRQ�DQG�SDWKRORJ\�UHSRUWV�ZHUH�UHYLHZHG��7KRVH�ZKR�ZHUH�XQGHU����\HDUV�
ZKRVH�VWXG\�GDWD�FRXOG�QRW�EH�UHDFKHG�ZHUH�H[FOXGHG��3DWLHQWV�ZHUH�GLYLGHG�LQWR���JURXSV�DFFRUGLQJ�WR�VXUJLFDO�RU�PHGLFDO�WUHDWPHQW�GHFLVLRQV�DQG
WKHLU�GDWD�ZHUH�FRPSDUHG�VWDWLVWLFDOO\�

5HVXOWV��7RWDO�����SDWLHQWV�ZHUH�LQFOXGHG��2I�WKH�SDWLHQWV��������������ZHUH�IHPDOH��PHDQ�DJH�ZDV������k������\HDUV��$OO�SDWLHQWVÇ�JDOOEODGGHU
ZDOO�WKLFNQHVV�ZHUH�LQFUHDVHG��������������KDG�VWRQHV�LQ�WKH�JDOOEODGGHU�DQG�����RI�WKHVH�ZHUH�PXOWLSOH�������������KDG�ELOLDU\�VOXGJH�DQG��
�������KDG�SRO\S�DFFRUGLQJ�WR�86*�UHSRUWV��3DWLHQWV�ZHUH�HYDOXDWHG�E\�JHQHUDO�VXUJHRQV��DQG�������������SDWLHQWV�ZLWK�$&�KDG�VXUJLFDO�WUHDWPHQW
GHFLVLRQ�DQG�VXUJHU\�ZDV�SHUIRUPHG��2I�WKHVH��������������KDG�ODSDURVFRSLF�FKROHF\VWHFWRP\��0HDQ�KRVSLWDOLVDWLRQ�WLPH�ZDV�����k�����GD\V��'XH
WR�SDWKRORJ\�UHSRUWV����SDWLHQWV�KDG�JDQJUHQRXV�FKROHF\VWLWLV����KDG�PDOLJQDQF\����KDG�XOFHUDWLRQ�DQG�SHUIRUDWLRQ��$OO�SDWLHQWV�ZHUH�GLVFKDUJHG�
:KHQ�VXUJLFDO�SDWLHQW�JURXS��*���ZDV�FRPSDUHG�WR�PHGLFDO�WUHDWPHQW�JURXS��*����WKHUH�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�WZR
JURXSV�LQ�WHUPV�RI�DJH��*� �����k�������*� �����k�������S ��������WKH�QHXWURSKLO�WR�O\PSKRF\WH�UDWLR��1/5���*� �����k�����*� ����k�����
S ��������5%&��*� ����k������*� ����k������S ��������+*%��*� �����k������*� �����k������S ��������/<0��*� ����k������*� ����k�����
S �������DQG�(26��*� ����k������*� ����k������S ��������7KH�UDWLR�RI�JHQGHU��WKH�SUHVHQFH�RI�VWRQHV�LQ�WKH�JDOOEODGGHU��VWRQH�VL]H��:%&��0&9�
0&+��5':��3/7��039��0212��1(8��%$6�ZHUH�QRW�GLIIHUHQW�EHWZHHQ�WKH�WZR�JURXSV�

&RQFOXVLRQV��1/5��5%&��/<0�DQG�(26�ZDV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�VXUJLFDO�WUHDWPHQW�GHFLVLRQ��$IWHU�D�JRRG�SK\VLFDO�H[DPLQDWLRQ��XOWUDVRXQG
LV�XVHIXO�IRU�GLDJQRVLV�RI�DFXWH�FKROHF\VWLWLV��%XW�FRQWUDU\�WR�SRSXODU�EHOLHI��XOWUDVRXQG�DQG�:%&�DUH�QRW�DVVRFLDWHG�ZLWK�VXUJLFDO�WUHDWPHQW�GHFLVLRQ
DFFRUGLQJ�WR�RXU�ILQGLQJV�
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��������7KH�(YDOXDWLRQ�2I�$QWLPLFURELDO�7KHUDS\�,Q�3DWLHQWV�:LWK�&KROHF\VWLWLV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DMOLQGD�=DKDM������5R]HWD�/XFL������%UXQLOGD�6XEDVKL������*ORGLDQD�6LQDQDM������'HQDGD�6HOIR������(ULOGD�5XFL����

���/HFWXUHU��8QLYHUVLW\�,VPDLO�4HPDOL�RI�9ORUD��YORUH��$/%$1,$
���6XUJHU\��8QLYHUVLW\�RI�9ORUD��9ORUD��$/%$1,$
���6XUJHU\��8QLYHUVLW\�RI�9ORUD��9ORUH���$/%$1,$
���/HFWXUHU��8QLYHUVLW\�RI�9ORUD��9ORUH���$/%$1,$

.H\ZRUGV��$FXWH�FKROHF\VWLWLV��,QIHFWLRQ��DQWLELRWLFV�

$EVWUDFW��

,QWURGXFWLRQ�����RI�FKROHF\VWLWLV�FDVHV�DUH�FDXVHG�E\�JDOOVWRQHV�ZKLFK�DUH�IRUPHG�E\�FKROHVWHURO�DQG�ELOLUXELQ��SLJPHQW��LQ�ELOH��DOVR�UHIHUUHG�WR�DV
ELOLDU\�VOXGJH��7KH�RWKHU�FDVHV�DUH�JHQHUDOO\�FDXVHG�E\�WUDXPD��WUHDWPHQW�LQ�KRVSLWDO��RU�WUHDWPHQW�IRU�LOOQHVVHV�UHODWHG�WR�ELOH�RU�WKH�OLYHU�
*DOOVWRQHV�EORFNLQJ�WKH�&%'�DUH�WKH�OHDGLQJ�FDXVH�RI�FKROHF\VWLWLV��7KLV�EORFNDJH�FDXVHV�ELOH�WR�EXLOG�XS�LQ�WKH�JDOOEODGGHU��DQG�WKDW�EXLOGXS�FDXVHV
WKH�JDOOEODGGHU�WR�EHFRPH�LQIODPHG��7KLV�LV�D�VHULRXV�FRQGLWLRQ��7KH�JDOOEODGGHU�FRXOG�UXSWXUH�LI�LWÇV�QRW�WUHDWHG�SURSHUO\��DQG�WKLV�LV�FRQVLGHUHG�D
PHGLFDO�HPHUJHQF\��7UHDWPHQW�XVXDOO\�LQYROYHV�DQWLELRWLFV��SDLQ�PHGLFDWLRQV��DQG�UHPRYDO�RI�WKH�JDOOEODGGHU�

$LP�7R�HYDOXDWH�WKH�DQWLPLFURELDO��WKHUDS\�LQ�SDWLHQWV�ZLWK�FKROHF\VWLWLV�LQ�WKH�(PHUJHQF\�DQG�,QWHQVLYH�&DUH�8QLW�RI�9ORUD�5HJLRQDO�+RVSLWDO�LQ
�$XJXVW�'HFHPEHU������

0HWHULDOV�DQG�PHWKRGV�7KLV�LV�D�GHVFULSWLYH�VWXG\��:H�WRRN�D�WRWDO�RI����LQGLYLGXDOV�LQ�WKH�VWXG\��SDWLHQWV�ZKLFK�ZHUH�GLDJQRVHG�ZLWK�FKROHF\VWLWLV
LQ�WKH�(PHUJHQF\�8QLW��RI�9ORUD�5HJLRQDO�+RVSLWDO�GXULQJ�$XJXVW�'HFHPEHU�������'DWD�FROOHFWLRQ�ZDV�FRQGXFWHG�E\�WDNLQJ�LQIRUPDWLRQ�IURP�PHGLFDO
UHFRUGV�RI�KRVSLWDOL]HG�SDWLHQWV�LQ�WKLV�ZDUG��,QIRUPDWLRQ�ZDV�WDNHQ�IRU�JHQGHU��WKH�FRQGLWLRQV�SDWLHQWV�FDPH�WR�WKH�KRVSLWDO�DQG�WKH�XVH�RI
DQWLPLFURELDO�GUXJV�

5HVXOWV�7KHUH�ZHUH����SDWLHQWV�GLDJQRVHG��ZLWK��FKROHF\VWLWLV�����IHPDOHV�DQG����PDOHV������RI�WKH�SDWLHQWV��ZHUH�IRXQG�ZLWK�DFXWH�FKROHF\VWLWLV
DQG�����KDG�FKURQLF�RQH���,Q���SDWLHQWV��ZLWK�DFXWH�SDLQ�DQG�V\PWRPV��ZHUH�IRXQG�JDOOEODGGHU�VWRQHV�DV�WKH�PDLQ�FDXVH�RI�DFXWH�FKROHF\VWLWLV��LQ��
SDWLHQWV��DFXWH�QRQFKDOFXORXV�FKROHF\VWLWLV�ZDV�GHYHORSHG�DIWHU��DQ�DEGRPLQDO�WUDXPD�

7KH�UHFRPPHQGHG�WUHDWPHQW�ZDV�ZLWK�ZLGH�VSHFWUXP�DQWLELRWLFV�IRU�PRGHUDWH�WR�VHYHUH�DFXWH�FKROHF\VWLWLV��7KH�SDWLHQW�ZLWK�FKURQLF�FKROHF\VWLWLV
ZHUH�IRXQG�ZLWK�JDOOEODGGHU�VWRQHV�DV�WKH�PDLQ�UHDVRQ�RI�WKH�GHYHORSPHQW�RI�WKH�LQIHFWLRQ�DQG�WKH\�ZHUH�WUHDWHG�ZLWK�LQWUDYHQRXV�IOXLGV��DQDOJHVLFV�
DQWL�PLFURELDO�GUXJV�VXFK�DV�LQWUD�YHQRXV�DPSLFLOOLQ�VXOEDFWDP�EHIRUH�WKH�VXUJLFDO�LQWHUYHQWLRQ�

,Q���SDWLHQWV�WKH�GRVH�RI�DQWLPLFURELDO�DJHQWV�ZDV�UHGXFHG�EHFDXVH�RI�WKH�UHGXFHG�UHQDO�IXQFWLRQ���3LSHUDFLOOLQ��DPSLFLOOLQ�DQG�DQ�DPLQRJO\FRVLGH
ZHUH�DOVR�XVHG�LQ���SDWLHQWV�

&RQFOXVLRQV�$QWLELRWLFV�DUH�LQFOXGHG�LQ�WKH�WUHDWPHQW�UHJLPHQ��,QIHFWLRQ�LV�WUHDWHG�ZLWK�EURDG�VSHFWUXP�DQWLELRWLFV�VXFK�DV�SLSHUDFLOOLQ�WD]REDFWDP�
DPSLFLOOLQ�VXOEDFWDP��WLFDUFLOOLQ�FODYXODQDWH�RU�FHSKDORVSRULQ��,W�LV�UHFRPPHQGHG�WKDW�WKRVH�ZKR�DUH�SURQH�WR�DOOHUJLHV�WR�WDNH�D]WUHRQDP�RU
FOLQGDP\FLQ��0DNH�VXUH�WKDW�ZKHQ�SDWLHQW�LV�XQGHUJRLQJ�DQ�DQWLELRWLF�WKHUDS\��VWULFW�FRPSOLDQFH�LV�WR�DYRLG�GUXJ�UHVLVWDQFH��$FXWH�FKROHF\VWLWLV
FRQVLVWV�RI�YDULRXV�PRUELG�FRQGLWLRQV��UDQJLQJ�IURP�PLOG�FDVHV�WKDW�DUH�UHOLHYHG�E\�WKH�RUDO�DGPLQLVWUDWLRQ�RI�DQWLPLFURELDO�GUXJV�RU�WKDW�UHVROYH
HYHQ�ZLWKRXW�DQWLPLFURELDOV�WR�VHYHUH�FDVHV�FRPSOLFDWHG�E\�ELOLDU\�SHULWRQLWLV��
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��������3RLQW�RI�FDUH�XOWUDVRXQG�IRU�WKH�GLDJQRVLV�RI�FRQJHQLWDO�OXQJ�PDOIRUPDWLRQ�LQ�QHZERUQV��D�FDVH�VHULHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

1LFFRO��3DUUL������0DUWLQD�*LDFDORQH������,XUL�&RUVLQL����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH�DQG�7UDXPD�&HQWHU���0H\HU�8QLYHUVLW\�&KLOGUHQ
V�+RVSLWDO��)ORUHQFH��,WDO\��)ORUHQFH��,7$/<
���6FLHQFH�RI�+HDOWK�'HSDUWPHQW��8QLYHUVLW\�RI�)ORUHQFH�DQG�0H\HU�8QLYHUVLW\�&KLOGUHQ
V�+RVSLWDO��,WDO\��IORUHQFH��,7$/<
���'LYLVLRQ�RI�1HRQDWRORJ\��&DUHJJL��8QLYHUVLW\�+RVSLWDO�RI�)ORUHQFH��)ORUHQFH��,7$/<

.H\ZRUGV��SRLQW�RI�FDUH�XOWUDVRXQG��QHZERUQ��OXQJ�PDOIRUPDWLRQ

$EVWUDFW��

2EMHFWLYHV

5HVSLUDWRU\�GLVWUHVV�LQ�QHZERUQV�RIWHQ�SUHVHQWV�GLDJQRVWLF�DQG�PDQDJHPHQW�FKDOOHQJHV�WR�WKH�DWWHQGLQJ�SDHGLDWULFLDQ��0DQ\�RI�WKHVH�EDELHV�ZLOO
UHTXLUH�OLWWOH�RU�QR�LQWHUYHQWLRQ��EXW�LW�LV�NQRZQ�WKDW�HDUO\�LQWHUYHQWLRQ�LQ�EDELHV�ZLWK�DFXWH�UHVSLUDWRU\�GLVWUHVV�RIWHQ�SUHYHQWV�IXUWKHU�FRPSOLFDWLRQV�
3RLQW�RI�&DUH�8OWUDVRXQG��32&86��LV�D�JRDO�GLUHFWHG�DQDO\VLV�LQWHJUDWHG�ZLWK�WKH�FOLQLFDO�H[DPLQDWLRQ�RI�WKH�FULWLFDOO\�LOO�SDWLHQW��,WV�RYHUDOO�VFRSH�LV�WR
SURYLGH�UDSLG�GLFKRWRPRXV�DQVZHUV�WR�TXHVWLRQV�WKDW�DULVH�GXULQJ�WKH�DVVHVVPHQW�WR�UXOH�LQ�RU�UXOH�RXW�WKH�GLDJQRVLV��%HWZHHQ�FDXVHV�RI�UHVSLUDWRU\
GLVWUHVV�LQ�QHZERUQV��FRQJHQLWDO�GLDSKUDJPDWLF�KHUQLD��&'+��DQG�FRQJHQLWDO�F\VWLF�DGHQRPDWRXV�PDOIRUPDWLRQ��&&$0��DUH�XVXDOO\�REYLRXV�RQ�[�UD\�
:H�SUHVHQW�WKH�UHVXOWV�RI�D�FRQVHFXWLYH�FDVH�VHULHV�RI�&&$0�DQG�&'+�GLDJQRVHG�ZLWK�32&86���

0HWKRGV

7KLV�LV�D�VXEDQDO\VLV�RI�D�SURVSHFWLYH��VLQJOH�FHQWHU��REVHUYDWLRQDO�VWXG\�ZLWK�WKH�DLP�WR�YHULI\�WKH�GLDJQRVWLF�SHUIRUPDQFH�DQG�UHSURGXFLELOLW\�RI
FKHVW�XOWUDVRXQG�LQ�WKH�GLIIHUHQWLDO�GLDJQRVLV�RI�UHVSLUDWRU\�GLVWUHVV�LQ�QHZERUQ�FRPSDULQJ�WKLV�SURFHGXUH�ZLWK�WKH�VWDQGDUG�DSSURDFK�LQ�XVH��[�UD\�
LQ�WHUP�RI�GLDJQRVWLF�DFFXUDF\���0RUHRYHU�ZH�ZDQW�WR�HVWLPDWH�WKH�WLPH�QHHGHG�WR�FRPSOHWH�32&86�DVVHVVPHQW�FRPSDUHG�WR�WKH�[�UD\�DVVHVVPHQW�
�

7KH�VWXG\�ZDV�FRQGXFWHG�RQ�D�FRQVHFXWLYH�VDPSOH�RI�SDWLHQWV�DJHG��������GD\V�ZLWK�UHVSLUDWRU\�GLVWUHVV�IRU�ZKRP�D�FKHVW�[�UD\�ZDV�UHTXLUHG
EHFDXVH�RI�UHVSLUDWRU\�GLVWUHVV��:H�FRPSDUHG�WKH�GLDJQRVLV�RI�WKH�FKHVW�[�UD\�ZLWK�WKH�GLDJQRVLV�UHVXOWHG�E\�WKH�32&86�SHUIRUPHG�E\�WKH
UHVHDUFKHUV��7KH�IROORZLQJ�RXWFRPH�PHDVXUHV�ZHUH�XVHG�����WLPH�WR�WKH�GLDJQRVLV�����GLDJQRVWLF�DFFXUDF\�RI�WKH�WZR�DVVHVVPHQWV�

5HVXOWV

'XULQJ�WKH�HQUROOPHQW�SHULRG�RI�WKH�SDUHQW�VWXG\��D�WRWDO�RI���SDWLHQWV�ZLWK�UHVSLUDWRU\�GLVWUHVV�DQG�ILQDO�GLDJQRVLV�RI�&&$0�RU�&'+�ZHUH�HYDOXDWHG
���&&$0����&'+���7KH�DYHUDJH�WLPH�IRU�XOWUDVRXQG�H[DPLQDWLRQ���Ç��É��UDQJH��Ç���Ç��ZDV�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�WLPH�QHHGHG�WR�PDNH�D
GLDJQRVLV�ZLWK�FKHVW�[�UD\���Ç��É��UDQJH���Ç���Ç���S ��������

:H�FRXOGQÇW�FDOFXODWH�VHQVLELOLW\�DQG�SRVLWLYH�SUHGLFWLYH�YDOXHV�GXH�WR�WKH�ORZ�QXPEHU�RI�SDWLHQWV�DYDLODEOH��:H�IRXQG�RQH�IDOVH�QHJDWLYH�LQ�WKH
JURXS�RI�SDWLHQW�ZLWK�&&$0�DQG�RQH�IDOVH�QHJDWLYH�LQ�WKH�JURXS�RI�&'+��,Q�WKH�ODWWHU�FDVH�WKH�GLDJQRVLV�ZDV�OXQJ�FRQVROLGDWLRQ�

&RQFOXVLRQV

$OWKRXJK�PDQ\�SHGLDWULF�WKRUDFLF�FRQGLWLRQV�DUH�DGHTXDWHO\�HYDOXDWHG�ZLWK�SODLQ�UDGLRJUDSKV��IXUWKHU�LPDJLQJ�LV�VRPHWLPHV�UHTXLUHG��86�SURYLGHV�D
PRUH�DFFXUDWH�DQG�IDVWHU�GLDJQRVLV�DQG�WKH�FOLQLFDOO\�QHFHVVDU\�LQIRUPDWLRQ�ZLWKRXW�UDGLDWLRQ�H[SRVXUH��$V�ZLWK�PRVW�86�VWXGLHV��86�RI�WKH�SHGLDWULF
FKHVW�UHTXLUHV�PRUH�SK\VLFLDQ�LQYROYHPHQW�WKDQ�RWKHU�PRGDOLWLHV�WR�\LHOG�RSWLPDO�UHVXOWV��8QGHUVWDQGLQJ�SURSHU�86�WHFKQLTXHV�DQG�FKDUDFWHULVWLF�86
LPDJLQJ�DSSHDUDQFH�RI�YDULRXV�WKRUDFLF�GLVHDVHV�LQ�SHGLDWULF�SDWLHQWV�KDYH�JUHDW�SRWHQWLDO�IRU�HDUO\�DQG�DFFXUDWH�GLDJQRVLV��ZKLFK�LQ�WXUQ��OHDG�WR
RSWLPDO�SDWLHQW�FDUH�

�



,0$*,1*���8/75$6281'���5$',2/2*< 0(+0(7�81$/',

��������$�SHUIRUDWLRQ�KLVWRU\��VWLOO�UDGLRJUDSK\

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

0HKPHW�8QDOGL������'LGHP�$\������&LKDQ�%X\XNVXWFX������(UVHQ�*XQGX]������8PLW�2OPH]������2QXU�,QFHDOW¢Q������+DWLFH�(U\LJLW����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��,VWDQEXO�0HGHQL\HW�8QLYHUVLW\�*R]WHSH�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<
���'HSDUWPHQW�RI�7KRUD[�6XUJHU\��.DUWDO�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO��,VWDQEXO��785.(<

.H\ZRUGV��JDVWURLQWHVWLQDO��SHUIRUDWLRQ��UDGLRJUDSK\

$EVWUDFW��

3HUIRUDWLRQ�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RFFXUV�IRU�UHDVRQV�VXFK�DV�SHSWLF�XOFHU��WUDXPD��LDWURJHQLF��IRUHLJQ�ERGLHV��DSSHQGLFLWLV��LQIODPPDWLRQ�DQG
UHTXLUHV�HDUO\�GLDJQRVLV�DQG�WLPHO\�VXUJLFDO�LQWHUYHQWLRQ��7KH�PDLQ�WUHDWPHQW�LV�VXUJHU\��7RGD\�HQGRVFRSLF�DQG�ODSDURVFRSLF�WHFKQLTXHV�LQVWHDG�RI
FRQYHQWLRQDO�ODSDURWRP\�DUH�XVHG�LQFUHDVLQJO\�LQ�WKH�WUHDWPHQW�VWDJH��:H�UHSRUW�WR�FDVH�RI�SHUIRUDWLRQ�GLDJQRVHG�DIWHU�SUHYLRXV�DEGRPLQDO�KHUQLD
RSHUDWLRQ�
$����\HDU�ROG�IHPDOH�DGPLWWHG�WR�WKH�('�FRPSODLQWV�RI�DEGRPLQDO�SDLQ��QDXVHD�DQG�YRPLWLQJ�DQG�GLDUUKHD��,Q�SK\VLFDO�H[DPLQDWLRQ�GHIHQVH�WKHUH
ZDV�GHIHQVH�DQG�UHERXQG��;�5D\�VKRZHG�IUHH�DLU�XQGHU�WKH�GLDSKUDJP�/DERUDWRU\�ILQGLQJV�UHYHDOHG�+E������+FW�����:%&�������&53�������6KH�ZDV
LQWHUQHG�WR�JHQHUDO�VXUJHU\�FOLQLF�
'HVSLWH�DGYDQFHG��VFDQQLQJ�PHWKRGV���FRQYHQWLRQDO�UDGLRJUDSK\�LV�VWLOO�LPSRUWDQW�IRU�GLDJQRVH�RI�SHUIRUDWLRQ�GXH�WR�FKHDS�DQG�HDV\�PHWKRG�



*(5,$75,&6 1HLOD�0DURXIL

��������3RO\WUDXPD�LQ�WKH�HOGHUO\���3UHGLFWRUV�RI�WKH�FDXVH�DQG�WLPH�RI�GHDWK

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1(,/$�0$$528),������PDKDVVHQ�GKDRXDGL����

���6HUYLFH�DFFXHLO�GHV�XUJHQFHV��KRSLWDO�5�JLRQDO�GH�-HQGRXED��MHQGRXQD��781,6,$
���VHUYLFH�GHV�XUJHQFHV��KRSLWDO�5�JLRQDO�GH�-HQGRXED��MHQGRXQD��781,6,$

.H\ZRUGV��WUDXPD�HPHUJHQF\�HOGHUO\�PRUWDOLW\

$EVWUDFW��

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WKH�HSLGHPLRORJ\�DQG�FOLQLFDO�IHDWXUHV�RI�WKH�WUDXPD�LQ�HOGHUO\�SDWLHQWV��WR�LQYHVWLJDWH�WKH�IDFWRUV�LQIOXHQFLQJ
PRUWDOLW\�DQG�WR�PDNH�D�FRQWULEXWLRQ�WR�WKH�QDWLRQDO�WUDXPD�GDWD��0(7+2'6�:H�UHWURVSHFWLYHO\�LQYHVWLJDWHG�WKH�PHGLFDO�UHFRUGV�RI�WKUHH�KXQGUHG
QLQH�WUDXPD�SDWLHQWV������PDOHV������������IHPDOHV��������PHDQ�DJH������\HDUV�������DJHG����DQG�ROGHU�SUHVHQWLQJ�WR�RXU�KRVSLWDO��3DWLHQWVÇ
FHQVXV�GDWD��GLDJQRVLV��GLVSRVLWLRQV��SURJQRVLV��WUDXPD�VFRUHV��*&6��*ODVJRZ�&RPD�6FRUH���,66��,QMXU\�6HYHULW\�6FRUH����VLWHV�RI�LQMXU\�ZHUH
DQDO\]HG��5(68/76�'XULQJ�WKH�VWXG\�SHULRG���������SDWLHQWV�ZHUH�DGPLWWHG�WR�RXU�HPHUJHQF\�GHSDUWPHQW��('���$�WRWDO�RI�������SDWLHQWV�ZHUH
WUDXPD�SDWLHQWV��7KHUH�ZHUH�����SDWLHQWV����\HDUV�DQG�ROGHU��0HDQ�*&6��PHDQ�576�DQG�PHDQ�,66�ZHUH�����������������������������DQG������
���������UHVSHFWLYHO\��$�WRWDO�RI����SDWLHQWV�ZHUH�KRVSLWDOL]HG�LQ�HPHUJHQF\�URRP���0HDQ�OHQJWK�RI�VWD\�ZDV��K�����+��0RUWDOLW\�UDWH�ZDV����
����������7KH�PHFKDQLVP�RI�LQMXU\��LQMXU\�VHYHULW\��LQFUHDVLQJ�DJH�ZHUH�SUHGLFWRUV�RI�PRUWDOLW\��S���������0DMRU�LQMXULHV�LQFOXGHG�KHDG�WUDXPD
�������H[WUHPLW\�WUDXPD��DQG�WKRUDFLF�WUDXPD��������+HDG�WUDXPD�DQG�DEGRPLQDO�WUDXPD�ZHUH�VLJQLILFDQWO\�PRUH�IUHTXHQW�LQ�WKH�QRQ�VXUYLYRUV
�S�������DQG�S �����UHVSHFWLYHO\���&21&/86,21�,QMXU\�VHYHULW\�DQG�LQFUHDVLQJ�DJH�ZHUH�WKH�SUHGLFWRUV�RI�PRUWDOLW\��$OVR�SHGHVWULDQ��YHKLFOH
FROOLVLRQ�SDWLHQWV�ZHUH�KLJK�PRUWDOLW\�UDWH�WKDQ�WKH�RWKHU�WUDXPD�PHFKDQLVPV��7KH�PRVW�FRPPRQ�LQMXUHG�RUJDQV�ZHUH�KHDG�DQG�H[WUHPLWLHV�



0,6&(//$1(286 'DPLU�9D]DQLF

��������$FWLYLWLHV�RI�&URDWLDQ�1XUVHV�6RFLHW\�RI�(PHUJHQF\�0HGLFLQH

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'DPLU�9D]DQLF������)XUGHN�'DYRUND����

�����&52$7,$1�1856(6�62&,(7<�2)�(0(5*(1&<�0(',&,1(��=$*5(%��&52$7,$
�����&52$7,$1�1856(6�62&,(7<�2)�(0(5*(1&<�0(',&,1(��.DUORYDF��&52$7,$

.H\ZRUGV��QXUVHV��VRFLHW\��HPHUJHQF\�QXUVLQJ��&URDWLD

$EVWUDFW��

&URDWLDQ�1XUVHV�6RFLHW\�RI�(PHUJHQF\�0HGLFLQH��&16(0��ZDV�HVWDEOLVKHG�LQ������RQ�WKH�LQLWLDWLYH�RI�QXUVHV�DQG�PHGLFDO�WHFKQLFLDQV�ZKR�ZRUN�LQ
HPHUJHQF\�PHGLFLQH�VHUYLFH�DQG�HPHUJHQF\�GHSDUWPHQWV��7KH�PDLQ�REMHFWLYH�RI�DFWLYLWLHV�RI�&16(0�LV�IRFXVHG�RQ�SURIHVVLRQDO�WUDLQLQJ�RI�QXUVHV
DQG�WHFKQLFLDQV�LQ�HPHUJHQF\�PHGLFLQH��2YHU�WKH�SDVW�WZR�\HDUV�&16(0�KDV�RUJDQL]HG�QXPHURXV�WUDLQLQJ�LQ�HPHUJHQF\�PHGLFLQH�IRU�(06�WHDPV�
HGXFDWLRQ�RI�WULDJH�LQ�WKH�GHSDUWPHQW�RI�HPHUJHQF\�PHGLFLQH�LQ�DFFRUGDQFH�ZLWK�WKH�VWDQGDUGV�RI�HGXFDWLRQ�SUHVFULEHG�E\�&URDWLDQ�,QVWLWXWH�RI
(PHUJHQF\�0HGLFLQH��(GXFDWLRQDO�SURJUDPV�DUH�GHVLJQHG�WR�SURYLGH�VSHFLILF�NQRZOHGJH�DQG�VNLOOV�QHHGHG�IRU�D�ZRUN�DW�HPHUJHQF\�PHGLFLQH�V\VWHP�
,Q�DGGLWLRQ��WKHUH�ZHUH�WZR�FRXUVHV�FDOOHG�VFKRRO�RI�HPHUJHQF\�PHGLFLQH�RQ�WKH�WRSLF�FDUGLRUHVSLUDWRU\�GLVHDVHV��DQG�FDUH�RI�WUDXPD�SDWLHQW��7KHUH
DUH�SODQV�IRU�DQRWKHU���PRGXOHV�RI�VFKRRO��7KLV�\HDU�ZDV�RUJDQL]HG�WKH�FRQJUHVV�RI�HPHUJHQF\�PHGLFLQH�ZLWK�LQWHUQDWLRQDO�SDUWLFLSDWLRQ��LQ
FRRSHUDWLRQ�ZLWK�&URDWLDQ�0HGLFDO�$VVRFLDWLRQ�&URDWLDQ�6RFLHW\�IRU�(PHUJHQF\�0HGLFLQH��ZKLFK�EURXJKW�WRJHWKHU�����SDUWLFLSDQWV��&16(0�KDV
DOPRVW�����PHPEHUV�ZKR�DFWLYHO\�SDUWLFLSDWH�LQ�VRFLHW\�DFWLYLWLHV��7KH�6RFLHW\�FRRSHUDWHV�ZLWK�&URDWLDQ�,QVWLWXWH�RI�(PHUJHQF\�0HGLFLQH��DQG�ZLWK
RWKHU�SURIHVVLRQDO�DVVRFLDWLRQV�IURP�&URDWLD�DQG�6ORYHQLD��$OVR�&16(0�MRLQHG�WKH�(XURSHDQ�6RFLHW\�RI�(PHUJHQF\�1XUVLQJ��DQG�LW�LV�RSHQ�IRU
FROODERUDWLRQ�ZLWK�DQRWKHU�6RFLHW\�IURP�DQRWKHU�FRXQWULHV��$FWLYLWLHV�WKDW�DUH�GRQH�SURYLGH�EHWWHU�FDUH�IRU�HPHUJHQF\�SDWLHQWV�



('8&$7,21�$1'�75$,1,1* 'DPLU�9D]DQLF

��������7ULDJH���WKH�FRPSDULVRQ�RI�WZR�V\VWHPV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)XUGHN�'DYRUND������'DPLU�9D]DQLF����

�����&52$7,$1�1856(6�62&,(7<�2)�(0(5*(1&<�0(',&,1(��.DUORYDF��&52$7,$
�����&52$7,$1�1856(6�62&,(7<�2)�(0(5*(1&<�0(',&,1(��=$*5(%��&52$7,$

.H\ZRUGV��7ULDJH��FRPSDULVRQ��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

:LWK�LQFUHDVLQJ�QXPEHU�RI�SDWLHQWV��GLIILFXOW\�DQG�FRPSOH[LW\�RI�PHGLFDO�FDUH��HPHUJHQF\�PHGLFLQH�GHSDUWPHQWV�KDYH�IDFHG�WKH�SUREOHP�RI
RYHUORDG�

7KH�V\VWHP�RI�ZRUN�EDVHG�RQ�ZDLWLQJ�LQ�OLQH��DV�LW�ZDV�WKH�SUDFWLFH�LQ�VRPH�&URDWLDQ�KRVSLWDOV��KDV�EHHQ�UHSODFHG�E\�WKH�RUJDQL]HG�DSSURDFK�WR
HPHUJHQF\�SDWLHQWV�

7KH�WULDJH�LV�D�IRUPDO�SURFHVV�WKURXJK�ZKLFK�DOO�WKH�SDWLHQWV�DUH�EHLQJ�HYDOXDWHG�XSRQ�WKHLU�DUULYDO�LQ�HPHUJHQF\�GHSDUWPHQWV�

:LWKLQ�WKH�3URMHFW�RI�HPHUJHQF\�PHGLFLQH�VHUYLFH�LPSURYHPHQW�DQG�LQYHVWPHQW�SODQQLQJ�LQ�KHDOWKFDUH��LQ�KRVSLWDOV�LQ�5HSXEOLF�RI�&URDWLD�WKH�('ÇV
DUH�EHLQJ�HVWDEOLVKHG�LQ�ZKLFK�WULDJH�LV�KDYLQJ�DQ�LPSRUWDQW�UROH��)RU�WKDW�SXUSRVH��WKH�$XVWUDODVLDQ�WULDJH�VFDOH�KDV�EHHQ�LPSOHPHQWHG�

,Q�������WKH�0LQLVWU\�RI�KHDOWK�RI�5HSXEOLF�RI�6ORYHQLD�KDV�LVVXHG�DQ�RUGLQDQFH�DFFRUGLQJ�WR�ZKLFK�DOO�LQFRPLQJ�SDWLHQWV�LQ�('V�QHHG�WR�EH�WULDJHG
XVLQJ�WKH�0DQFKHVWHU�WULDJH�VFDOH�

7KH�0DQFKHVWHU�WULDJH�VFDOH�LV�EDVHG�RQ����DOJRULWKPV�RXW�RI�ZKLFK����RI�WKHP�DUH�DSSOLFDEOH�RQ�FKLOGUHQ��7KH�WULDJH�FDWHJRU\�LV�EHLQJ�DVVLJQHG
IROORZLQJ�DOJRULWKPV��PHDVXUHG�YLWDO�SDUDPHWHUV�DQG�GXUDWLRQ�RI�V\PSWRPV�

$XVWUDODVLDQ�WULDJH�VFDOH�LV�EDVHG�RQ�PDLQ�V\PSWRP�ZKLFK�LV�EHLQJ�GHWHFWHG�IURP�WDUJHWHG�DQDPQHVLV��DV�ZHOO�DV�IURP�REVHUYDQFH�RI�SDWLHQWÇV
JHQHUDO�DSSHDUDQFH�DQG�SK\VLRORJLFDO�SDUDPHWHUV�

7ULDJH�FDWHJRULHV�KDYH�SURVFULEHG�WLPH�IRU�VDIH�ZDLWLQJ�IRU�GRFWRUÇV�H[DPLQDWLRQ�

*HQHUDOO\��WULDJH�VFDOHV�ZLWK���FDWHJRULHV�KDV�EHHQ�VKRZQ�PRUH�HIIHFWLYH�WKDQ�WKRVH�ZLWK���RU���FDWHJRULHV�

7KH�SURFHVV�RI�WULDJH�LV�EHLQJ�FDUULHG�RXW�E\�KLJKO\�PRWLYDWHG�,�EURDGO\�FOLQLFDOO\�HGXFDWHG�QXUVHV�PHGLFDO�WHFKQLFLDQV�

7KH�IXQFWLRQ�RI�WULDJH�LV�WR�SURYLGH�HTXDO�FDUH�IRU�HDFK�SDWLHQW�LQ�('�ZKHUH�QXPHURXV�SHRSOH�ZLWK�GLIIHUHQW�KHDOWK�SUREOHPV�DUH�FRPLQJ�DW�WKH�VDPH
WLPH�



&/,1,&$/�32/,&< +(&725�$/2162�9$//(

��������$EGRPLQDO�SDLQ��WLPH�IRU�D�VHFRQG�FKDQFH"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

+(&725�$/2162�9$//(������$1'5($�&(59(52������)5$1&,6&2�0$7(26������(15,48(�3(5$,7$������/8,6�35,(72������0$5,$�*21=$/(=����

���(0(5*(1&<�'(3$570(17��0$548(6�'(�9$/'(&,//$�+263,7$/��6$17$1'(5��63$,1
�����81,9(56,7<�2)�&$17$%5,$��6$17$1'(5��63$,1

.H\ZRUGV��DEGRPLQDO�SDLQ��GLDJQRVLV��RXWFRPH

$EVWUDFW��

2EMHFWLYH�$EGRPLQDO�SDLQ�HYDOXDWLRQ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��LV�GLIILFXOW�DQG�VRPHWLPHV�ZH�FDQnW�ILQG�D�SUHFLVH�GLDJQRVLV��:H�UHYLHZHG�D
VHOHFWHG�KLJK�ULVN�FRKRUW�RI�SDWLHQWV�SUHVHQWLQJ�WR�WKH�('�ZLWK�DEGRPLQDO�SDLQ�WR�HYDOXDWH�IRU�SRVVLEOH�SURFHVV�EUHDNGRZQV�

'HVLJQ�:H�FRQGXFWHG�D�UHWURVSHFWLYH�FKDUW�UHYLHZ�RI�('�SDWLHQWV�!���\HDUV�DW�DQ�WHUWLDU\�DFDGHPLF�KRVSLWDO��:H�UHYLHZHG�SDWLHQWV�DGPLWWHG�LQ�('
LQ�1RYHPEHU�DQG�'LFHPEHU�������$�FRPSXWHULVHG�ÆWULJJHUÇ�DOJRULWKP�LGHQWLILHG�SDWLHQWV�SRVVLEO\�DW�KLJK�ULVN�IRU�GLDJQRVWLF�HUURUV�WR�IDFLOLWDWH
VHOHFWLYH�UHFRUG�UHYLHZV��7KH�WULJJHU�GHWHUPLQHG�SDWLHQWV�WR�EH�DW�KLJK�ULVN�EHFDXVH�WKH\������SUHVHQWHG�WR�WKH�('�ZLWK�DEGRPLQDO�SDLQ��DQG�ZHUH
GLVFKDUJHG�KRPH�DQG����KDG�D�UHWXUQ�('�YLVLW�ZLWKLQ����GD\V�WKDW�OHG�WR�D�KRVSLWDOLVDWLRQ�

5HVXOWV�'XULQJ�WKH�PRQWKV�RI�1RYHPEHU�DQG�'HFHPEHU������������YLVLWV�ZHUH�UHFRUGHG�WR�WKH�HPHUJHQF\�URRP��ZLWKLQ�ZKLFK��DEGRPLQDO�SDLQ�ZDV
WKH�PDLQ�FRPSODLQW�LQ������YLVLWV�������������YLVLWV������SDWLHQWV��ZLWK�DEGRPLQDO�SDLQ�DV�SUHVHQWLQJ�FRPSODLQW�ZHUH�UHFRUGHG�LQ�RQH�PRQWK
�DQDO\]HG�SHULRG�EHWZHHQ����1RYHPEHU�DQG����'HFHPEHU��������7KH�DYHUDJH�DJH�RI�SDWLHQWV�DQDO\]HG�LV�������\HDUV��VWDQGDUG�GHYLDWLRQ�
�����PLQLPXP�DJH����\HDUV�PD[LPXP�DJH�����\HDUV���'XULQJ�WKH�SHULRG�DQDO\]HG����SDWLHQWV����������ZHUH�DWWHQGHG�E\�DEGRPLQDO�SDLQ�LQ�WKH
ILUVW�YLVLW�WR�WKH�HPHUJHQF\�URRP�DQG�ODWHU�UHWXUQHG�LQ�D�SHULRG�Ô����GD\V�2I�WKLV�WRWDO��DIWHU�WKH�QH[W�YLVLW��WKH�ILQDO�GLDJQRVLV�ZDV�VLJQLILFDQWO\
FKDQJHG�LQ����SDWLHQWV��������2I�WKH����SDWLHQWV�ZKR�ZHUH�HYDOXDWHG�LQ�WKH�('�LQ�Ô���GD\V�����SDWLHQWV�������UHTXLUHG�HPHUJHQF\�VXUJHU\�DIWHU
GLDJQRVLV�RQ�WKH�VHFRQG�YLVLW��3DWKRORJLHV�UHTXLULQJ�VXUJHU\�ZHUH��FKROHF\VWLWLV������$EVFHVVHV������$SSHQGLFLWLV������LQWHVWLQDO�REVWUXFWLRQ
����&RQFOXVLRQV�$EGRPLQDO�SDLQ�FRQWLQXHV�WR�SRVH�GLDJQRVWLF�FKDOOHQJHV�IRU�HPHUJHQF\�FOLQLFLDQV��,Q�PDQ\�FDVHV��WKH�GLIIHUHQWLDO�GLDJQRVLV�LV�ZLGH�
UDQJLQJ�IURP�EHQLJQ�WR�OLIH�WKUHDWHQLQJ�FRQGLWLRQV���$VVRFLDWHG�V\PSWRPV�RIWHQ�ODFN�VSHFLILFLW\�DQG�DW\SLFDO�SUHVHQWDWLRQV�RI�FRPPRQ�GLVHDVHV�DUH
IUHTXHQW��IXUWKHU�FRPSOLFDWLQJ�PDWWHUV�

�



75$80$ 0DULXV�6PDUDQGRLX

��������0DQDJHPHQW�RI�DQWHULRU�VHJPHQW�RFXODU�WUDXPD�HPHUJHQF\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$OLQD�$GULDQD�3DQJD������$GULDQD�6WDQLOD������'DQ�0LUFHD�6WDQLOD������0DULXV�6PDUDQGRLX����

���2SKWDOPRORJ\��'HSDUWPHQW�RI�2SKWKDOPRORJ\��(PHUJHQF\�&OLQLFDO�+RVSLWDO�6LELX��6LELX��520$1,$
���6085'��6085'�6LELX��6LELX��520$1,$

.H\ZRUGV��RFXODU��WUDXPD�HPHUJHQF\

$EVWUDFW��

$LP�RI�WKH�VWXG\

7KH�DLP�LV�WR�VKRZ�HPHUJHQF\�PDQDJHPHQW�LQ�DQWHULRU�VHJPHQW�WUDXPD�WKDW�RFFXUUHG��LQ�WKH�GHSDUWPHQW�RI�2SKWKDOPRORJ\�DW�WKH�&RXQW\�+RVSLWDO
6LELX�

0DWHULDO�DQG�PHWKRG

7KH�VWXG\�LV�EDVHG�RQ�D�WRWDO�RI����FDVHV��IURP�-DQXDU\������WR�-DQXDU\��������ZLWK�WKHVH�W\SHV�RI�LQMXULHV�

7UDXPDWLF�DQWHULRU�SROH�FRQFXVVLRQ�

Ë�:LWK�VFOHUDO�UXSWXUH�����FDVHV

Ë�:LWK�QR�VFOHUDO�UXSWXUH����FDVHV

��3HQHWUDWLQJ�DQWHULRU�SROH�LQMXULHV�

Ë�:LWK�WKH�SUHVHQFH�RI�LQWUDRFXODU�IRUHLJQ�ERG\�����FDVHV

Ë�:LWKRXW�WKH�SUHVHQFH�RI�LQWUDRFXODU�IRUHLJQ�ERG\�����FDVHV

��%\�WKH�ORFDWLRQ�RI�WKH�LQMXU\�

Ë�&RUQHDO�����FDVHV

Ë�&RUQHR�VFOHUDO�����FDVHV

Ë�VFOHUD�����FDVHV

7UDXPDV�ZLWK�SDUWLDOO\�HYLVFHUDWHG�H\HEDOO�����FDVHV

7KH�FRQGXFW�WKDW�ZDV�DSSOLHG�LQ�WKH�FDVH�RI�WUDXPD�ZDV�WR�HYDOXDWH�WKH�ORFDO�HPHUJHQF\�VLWXDWLRQ�DQG�PDQGDWRU\�UDGLRJUDSK\�WR�GHWHFW�LQWUDRFXODU
IRUHLJQ�ERG\�

�8UJHQW�ZRXQG�VXWXUH�ZDV�SHUIRUPHG�ZLWK�VHSDUDWH�ZLUHV�������IRU�WKH�UH�SRVLWLRQLQJ�RI�WKH�KHUQLDWHG�LQWUDRFXODU�PHPEUDQHV�

,Q�WUDXPD�FDVHV�ROGHU�WKDQ�����GD\V�ZDV�WULHG�UHLQVWDWHPHQW�LQWUDRFXODU�PHPEUDQHV��DQG�LI�QRW�PDQDJHG��LW�KDV�UHVRUWHG�WR�UHVHFWLRQ�DQG�VXWXUH�WKH
ZRXQG�PHPEUDQHV�

,Q�WUDXPD�FDVHV�ROGHU�WKDQ�����GD\V�DQ�DWWHPSW�ZDV�PDGH�IRU�WKH�UH�SRVLWLRQLQJ�RI�WKH�LQWUDRFXODU�PHPEUDQHV��DQG�LI�QRW�PDQDJHG��WKH�UHVHFWLRQ�RI
WKH�PHPEUDQHV�ZDV�SHUIRUPHG�IROORZHG�E\�WKH��VXWXULQJ�RI�WKH�ZRXQG�

,Q�DOO�FDVHV�SUHVHQWHG�ZLWK�RFXODU�DQWHULRU�VHJPHQW�WUDXPD��SURSK\OD[LV�ZDV�PDGH�IRU�WHWDQXV�DQG�LQIHFWLRQV�

5HVXOWV�DQG�GLVFXVVLRQV

7KH�PDLQ�WKHUDSHXWLF�DLP�ZDV�WKH�DQDWRPLF�UHVWRUDWLRQ�RI�WKH�H\H���

7KH�HYLVFHUDWLRQ�RI�WKH�H\HEDOO�LQ�HPHUJHQF\�FRQGLWLRQ�ZDV�QRW�SUDFWLFHG�ZLWKRXW�WKH�ZULWWHQ�FRQVHQW��RI�WZR�GRFWRUV�DQG�WKH�SDWLHQW�

7KH�H[WUDFWLRQ�RI�WKH�IRUHLJQ�ERG\�ZDV�SHUIRUPHG�DIWHU�WKUHH�Ä�GLPHQVLRQDO�ORFDWLRQ�DQG�DIWHU�WKH�VXWXULQJ�RI�WKH�ZRXQG�

,Q�PRVW�FDVHV�WKH�IXQFWLRQDO�UHFRYHU\�ZDV�SDUWLDOO\�EHFDXVH�RI�WKH�IROORZLQJ�DIIHFWLRQV��FRUQHDO�OHXNRPD��WUDXPDWLF�FDWDUDFW��XYHLWLV�DQG�VHFRQGDU\
SRVWWUDXPDWLF�JODXFRPD�

&RQFOXVLRQV



2I�WKH����FDVHV�WKDW�RFFXUUHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�2SKWKDOPRORJ\�DW�WKH�&RXQW\�+RVSLWDO�6LELX��GLVWULEXWLRQ�E\�W\SH�RI�LQMXU\�DQG�FRXUVH
RI�WUHDWPHQW�ZDV�WKH�IROORZLQJ�

����������DQWHULRU�VHJPHQW�FRQFXVVLRQ�ZLWK�RU�ZLWKRXW�VFOHUDO�UXSWXUH

���������SHQHWUDWLQJ�WUDXPD

���������WUDXPD�ZLWK�LQWUDRFXODU�IRUHLJQ�ERG\

���������WUDXPD�ZLWKRXW�WKH�SUHVHQFH�RI�LQWUDRFXODU�IRUHLJQ�ERG\

��������FDVHV�ZLWK�HYLVFHUDWLRQ�RI�WKH�H\HEDOO

7KH�WKHUDSHXWLF�HPHUJHQF\�FRQGXFW�LQ�WKH�FDVH�RI�DQWHULRU�VHJPHQW�WUDXPDV�ZDV�WKH�VXWXUH�RI�WKH�ZRXQG�DQG�WKH�H[WUDFWLRQ�RI�WKH�IRUHLJQ�ERG\��
ZKHUH�LW�ZDV�WKH�FDVH��DV�VRRQ�DV�SRVVLEOH�

(\HEDOO�HYLVFHUDWLRQ��ZDV�QRW�SHUIRUPHG�LQ�HPHUJHQF\��



,1)(&7,286�',6($6(���6(36,6 $11(�/$85(�)(5$/�3,(566(16

��������+,9�VFUHHQLQJ�E\�UDSLG�WHVWV��DFFHSWDQFH�DQG�IHDVLELOLW\�LQ�DQ�HPHUJHQF\�GHSDUWPHQW�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

$QD�V�*XLQFHVWUH������,VDEHOOH�9DVVRU������$QQH�/DXUH�)HUDO�3LHUVVHQV������3DXOLQH�0RUHDX�$HOLRQ������5LFKDUG�&KRFURQ������3KLOLSSH�-XYLQ����

���(PHUJHQF\�'HSDUWPHQW��(XURSHDQ�*HRUJHV�3RPSLGRX�+RVSLWDO��3DULV��)5$1&(

.H\ZRUGV��+,9��,QYHVWLJDWLRQ�IHDVLELOLW\

$EVWUDFW��

,QWURGXFWLRQ��6LQFH�������LQ�)UDQFH��WKH�+,9�VFUHHQLQJ�VWUDWHJ\�LQFOXGLQJ�WKH�XVH�RI�UDSLG�WHVWV�KDV�EHHQ�VWUHQJWKHQHG�DQG�H[WHQGHG�WR�WKH�HQWLUH
SRSXODWLRQ�DJHG����WR����\HDUV�ROG��7KLV�VWXG\�DLPV�DW�DVVHVVLQJ�WKH�DFFHSWDQFH�DQG�IHDVLELOLW\�RI�D�V\VWHPDWLF�SURSRVLWLRQ�RI�+,9�WHVWLQJ�XVLQJ
UDSLG�WHVWV��IRU�DGXOWV�FRQVXOWLQJ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��('��LQ�DQ�DFDGHPLF�KRVSLWDO�

0DWHULDO�DQG�PHWKRGV��:H�FRQGXFWHG�D�PRQRFHQWULF�SURVSHFWLYH�VWXG\�LQ�D�3DULVLDQ�('�IURP�)HEUXDU\����WR�0DUFK���������)ROORZLQJ�QDWLRQDO
JXLGHOLQHV��ZH�VXJJHVWHG�WR�FDUU\�RXW�+,9�UDSLG�WHVW�WR�DQ\�SDWLHQW�FRQVXOWLQJ�LQ�WKH�('��$OO�WKHVH�SDWLHQWV�FRPSOHWHG�D�TXHVWLRQQDLUH�DERXW�WKHLU�+,9
ULVN�IDFWRUV��7KH�SULPDU\�VWXG\�HQGSRLQW�ZDV�WKH�+,9�UDSLG�WHVW�DFFHSWDQFH�UDWH��7KH�VHFRQGDU\�HQGSRLQWV�ZHUH��L��WKH�IHDVLELOLW\�RI�+,9�VFUHHQLQJ�E\
UDSLG�WHVWV�LQ�DQ�('��DQG��LL��WKH�OLQN�EHWZHHQ�+,9�ULVN�IDFWRUV�DQG�UDSLG�WHVW�DFFHSWDQFH�

5HVXOWV��$PRQJ�����SDWLHQWV�FRQVXOWLQJ�LQ�WKH�('������ZHUH�RIIHUHG�+,9�WHVWLQJ��WKH�VFUHHQLQJ�UDWH�ZDV��������$PRQJ�WKHP�����������������
DFFHSWHG�+,9�WHVWLQJ�����SDWLHQWV�������KDG�DW�OHDVW�RQH�ULVN�IDFWRU�IRU�+,9��VXFK�DV�VH[XDO�SDUWQHU�QDWLYH�IURP�DQ�ÈDW�ULVNÉ�FRXQWU\��PXOWLSOH
SDUWQHUV��XVH�RI�LQWUDYHQRXV�GUXJ�RU�KRPRVH[XDO�UHODWLRQVKLSV��5LVN�IDFWRUV�IRU�+,9�DUH�QRW�VLJQLILFDQW�IDFWRUV�WR�DFFHSW�UDSLG�WHVW��������YV�������
S ������$IWHU�DGMXVWLQJ�RQ�FRQIRXQGLQJ��DJH��QDWLRQDOLW\��IDFWRU�ULVNV�IRU�+,9�DQG�UHFHQWO\�WHVWHG�IRU�+,9�E\�EORRG�WHVW�DUH�QRW�VLJQLILFDQWO\�DVVRFLDWHG
WR�UDSLG�WHVW�DFFHSWDQFH��2QO\�NQRZOHGJH�FRQFHUQLQJ�+,9�DXWR�WHVWV�VHHPV�WR�EH�D�VLJQLILFDQW�IDFWRU�IRU�DFFHSWLQJ�UDSLG�WHVW��25 ����������,&
>���������@��

&RQFOXVLRQ��+,9�UDSLG�WHVWV�DUH�DFFHSWHG�DQG�IHDVLEOH�LQ�DQ�('��+DYLQJ�+,9�ULVN�IDFWRUV�GRHV�QRW�DSSHDU�WR�DIIHFW�WKH�+,9�UDSLG�WHVW�DFFHSWDQFH�
7KH�DXWRWHVW�RSWLRQ�WHQGV�WR�EH�DQ�DOWHUQDWLYH�IRU�SDWLHQWV�UHOXFWDQW�WR�UDSLG�WHVWLQJ�LQ�('��
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��������KHDGDFKH�DQG�QHXURORJLFDO�GHILFLW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

6DQGUD�*XLX�0DUWL������*HUPDQ�MRVH�)HUPLQ�*DPHUR������3HGUR�5XOO�%HUWUDQ������-XOLR�2OVHQ������&ODXGLQD�5HYRO������%HUQDUGLQR�&RPDV�GLD]����

���(PHUJHQF\�GHSDUWPHQW���+RVSLWDO�XQLYHUVLWDULR�6RQ�(VSDVHV���SDOPD�GH�PDOORUFD���63$,1

.H\ZRUGV��KHDGDFKH���QHXURORJLFDO�GHILFLW

$EVWUDFW��

0DOH����\HDUV�ZLWKRXW�PHGLFDO�KLVWRU\�WKDW�EHJLQV�LQ�WKH�DIWHUQRRQ�D�SLFWXUH�RI�KHDGDFKH�GHDI�IHDWXUHV�DQG�RFFLSLWDO�SUHGRPLQDQW�ORFDWLRQ�DQG�ULJKW
SDULHWRWHPSRUDO�UHIUDFWRU\�WR�DQDOJHVLD���WR�ZKLFK�LV�DGGHG�IURP�QDXVHD�PRUQLQJ�DQG�YRPLWLQJ�DORQJ�ZLWK�JHQHUDO�PDODLVH�DQG�ORVV�OHIW�VLGH�RI�WKH
ERG\�IRUFH��GHQLHV�LQIHFWLRXV�V\PSWRPV�RU�IHHOLQJ�LQ�SUHYLRXV�GD\V�G\VWKHUPLD�

2Q�DUULYDO�DW�WKH�HPHUJHQF\�SUHVHQWV�7g�����q���)&����OSP���7$���������PP+J���6DW������GURZV\�EXW�FRQVFLRXV�DQG�RULHQWHG���UHDFWLYH�LVRFKRULF�SXSLOV�
GHYLDWLRQ�OHIW�FRUQHU�RI�WKH�PRXWK���OHIW�VLGHG�KHPLSDUHVLV���UK\WKPLF�FDUGLDF�DXVFXOWDWLRQ�ZLWKRXW�PXUPXUV�DQG�OXQJ�DXVFXOWDWLRQ�DQG�DEGRPLQDO
SUHVHUYHG���:KLW�������OHXNRF\WHV���XO�����������QHXWURSKLOV���O\PSKRF\WHV���������������SODWHOHWV���XO�&RDJXODWLRQ���VWDQGDUG�ZLWKRXW�DOWHUDWLRQV
LQ�ELRFKHPLFDO�ODERUDWRU\�WHVWV�DUH�SHUIRUPHG�ZKHUH�EORRG�FRXQW�SUHVHQWV�

,W�ZDV�GHFLGHG�WR�SHUIRUP�1HXURLPDJLQJ���%UDLQ�&7�K\SHUGHQVLW\�XSSHU���ULJKW�VDJLWWDO�VLQXV���VLJPRLG�DQG�ULJKW�MXJXODU�YHLQ�ILOOLQJ�GHIHFW�DIWHU
FRQWUDVW�DGPLQLVWUDWLRQ�UHJDUGLQJ�YHQRXV�VLQXV�WKURPERVLV���(QJRUJHPHQW�RI�YHLQV��K\SRSODVWLF�WUDQVYHUVH�VLQXV�DQG�VLJPRLG�OHIW���&RUWLFR
�VXEFRUWLFDO�K\SRGHQVH�RFFLSLWDO�ULJKW�LQ�UHODWLRQ�WR�FHUHEUDO�HGHPD�FHUHEUDO�FRQJHVWLRQ���HIIDFHPHQW�RI�VXOFL�DQG�ILVVXUHV���SDUWLDOO\�REOLWHUDWHG
&LVWHUQDV��YHQWULFXODU�V\VWHP�VL]H�DQG�QRUPDO�PRUSKRORJ\�FHQWHUHG�PLGOLQH

$IWHU�UHVXOW�LV�RULHQWHG�DV�LVFKHPLF�DFXWH�FHUHEURYDVFXODU�GLVHDVH���FHUHEUDO�LQIDUFWLRQ�VHFRQGDU\�WR�ULJKW�SDULHWDO�UDUH�FDXVH��FHUHEUDO�YHQRXV
WKURPERVLV�RI�VXSHULRU�VDJLWWDO�VLQXV���UHFWXP��VLJPRLG�DQG�ULJKW�MXJXODU�YHLQ�����DGPLVVLRQ�LV�GHFLGHG�LQ�6WURNH�8QLW�IRU�FOLQLFDO�PRQLWRULQJ��
DQWLFRDJXODWLRQ�WUHDWPHQW�EHJLQV�ZLWK�HQR[DSDULQ�DQG�FHUHEUDO�UHVRQDQFH�LV�UHTXHVWHG�0DJQLWD�UHVXOWLQJ�LQ�YHQRXV�WKURPERVLV�OHYHO�VXSHULRU
VDJLWWDO�VLQXV

1HXURORJ\�SDWLHQW�DGPLWWHG�IRU�FHUHEUDO�YHQRXV�WKURPERVLV��+H�KDV�SUHVHQWHG�VHYHUH�KHDGDFKH�WKDW�LQLWLDOO\�UHTXLUHG�WUHDWPHQW�ZLWK�DQDOJHVLD�DQG
PDQQLWRO���LPSURYHPHQW�LQ�UHFHQW�GD\V�DIWHU�DGPLVVLRQ���JRRG�FRQWURO�ZLWK�RUDO�DQDOJHVLD��'XULQJ�DGPLVVLRQ�KH�KDV�SUHVHQWHG�SURJUHVVLYH
LPSURYHPHQW�RI�WKH�LQLWLDO�QHXURORJLFDO�GHILFLW

,Q�WKH�JHQHUDO�SRSXODWLRQ������H[SHULHQFH�D�KHDGDFKH�LQ�KLV�OLIH��������PHQ�DQG������ZRPHQ��ZKLFK�WHQVLRQ�EHWZHHQ�WKH�RULJLQ������������DQG
FKURQLF�PLJUDLQH�KHDGDFKH�GDLO\���

7KH�KHDGDFKHV�FHUHEUDO�YHQRXV�WKURPERVLV�DFFRUGLQJ�WR�D�VWXG\�RI�D�QXPEHU�RI�KRVSLWDO�EDVHG�QDWLRQZLGH�LQ�3RUWXJDO�ZKLFK�LQFOXGHG�DOO�SDWLHQWV
DGPLWWHG�WR�WKH�QHXURORJ\�LQ�WKH�FRXQWU\�LGHQWLILHG����QHZ�FDVHV�RI�&97���FRUUHVSRQGLQJ�WR�DQ�LQFLGHQFH�RI����������������SHU�\HDU�������&,�����WR
��������DOWKRXJK�WKLV�ORZ�LQFLGHQFH�HWLRORJ\�VKRXOG�EH�LQ�WKH�GLIIHUHQWLDO�GLDJQRVLV�RI�KHDGDFKHV�ZLWK�QHXURORJLFDO�GHILFLWV�
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��������/RZ�%DFN�SDLQ�FRPPRQ�FDXVH�RI�XQXVXDO�LOOQHVVHV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DGDOLQD�*DEULHOD�*UHFX������-RVHS�0RQWHVLQRV�&RWV������-RUGL�3�UH]�7RUUHV������&DUOHV�*UHROHV�5R\R������&ODXGLD�5RPHUR�5DP�UH]������6DOYDGRU�6DUU�
0RUHW�����

���(PHUJHQF\�'HSDUWPHQW��;DU[D�6DQWD�7HFOD��(O�9HQGUHOO��63$,1

.H\ZRUGV��/RZ�EDFN�SDLQ��EDFN�VXUJHU\��GLDEHWHV�FRPSOLFDWLRQV��VSLQDO�ILVWXOD��QHFURWL]LQJ�OXPEDU�IDVFLD

$EVWUDFW��

/RZ�EDFN�SDLQ�LV�D�FRPPRQ�V\PSWRP�UHIHUUHG�DW�WKH�(PHUJHQF\�'HSDUWPHQW�('���$��9DV�PDMRULW\�RI�SDWLHQWV�VHHQ�WKHUH�KDYH�QRQ�VSHFLILF�ORZ�EDFN
SDLQ�

$PQJ�SDWLHQWV�ZKR�SUHVHQW�ORZ�EDFN�SDLQ�OHVV�WKDQ�RQH�SHU�FHQW�ZLOO�KDYH�D��VHULRXV�V\VWHPLF�HWLRORJ\���FDXGD�HTXLQD�V\QGURPH��PHWDVWDWLF�FDQFHU
DQG��VSRQDO�LQIHFWLRQ���$OPRQVW�DOO�SDWLHQWV��ZLWK�WKHVHV��FRQGLWLRQV�ZLOO�KDYH�ULVN�IDFWRUV�RU�RWKHU�V\PSWRPV�

:H�SUHVHQW�D�UHSRUW��RI�WZR�FDVHV�RI�NQRZQ�ORZ�EDFN��SUHYLRXV�FRQGLWRQV�

)LUVW�FDVH�����\HDUV�ROG�IHPDOH��ZHQW�LQWR�VXUJHU\�LQ�WKH�SDVW�����GD\V�GXH�WR�/��/��UDGLFXORSDWK\��OHIW�/��/��ODPLQHFWRP\�DQG�OHIW�/��IDFHWHFWRP\
ZHUH�GRQH��/DVW����K�DFXWH�ORZ�EDFN�SDLQ�GHYHORSHG���QR�IHYHU����QR�RWKHU�V\PSWRPV�1R�QHXURORJLF�GLVRUGHU��ZDV�IRXQG�QHLWKHU�VZHOOLQJ��VLJQV��DW
VXUJHU\�ORFDWLRQ�&RQVHUYDWLYH��16$,'nV��QRQ�VWHURLGDO�DQWLLQIODPWRU\�GUXJV���DQG�PDMRU�RSLRLGV�GUXJV�ZHUH�QRW�HIIHFWLYH��:KLWH�EORRG�FRXQW�VZRZHG
PLOG�OHXFRF\WRVLV�DPE�HOHYDWHG�&�UHDFWLYH�SUWHLQ��$UWHULDO��EORRG�JDVHV�UDQJHU�QRUPDO�

3DWLHQW�SUHVHQWHG�GHFUHDVHG�FRQVFLRXV�OHYHO�DQG�FRQIXVLRQDO��VWHWH�IURQW����WR���*ODVJRZ�&RPD�6FDOH�PRGLILHG��1R�UHYHUWHG��ZLWK��1DOR[RQH��WKH
RURWUDFKHDO�LQWXEDWLRQ��ZDV��PDQGDWRU\�

&7�KHDG��VFDQ�ZDV��WKH�GRQH��VKRZHG���OHIW�SDULHWDO�OREH�VXEFRUWLFDO�LQMXU\�GXH�WR�DFXWH�EUDLQ�LVFKDHPLD�&7��VFDQ�RI�OXPEDU�DUHD�DOVR�ORFDWHG��
VXEFXWDQHRXV��DVFHVVV�DW�ODPLQHFWRP\��VXUJHU\�

6SLQDO�IOXLG�H[DPLQDWLRQ��UHYHDOHG�HOHYDWHG�ZKLWHDQG�UHG�FHOO�FRXQW�DQG�SRUWHLQV��*UDP��6WDLQLQJ�DQG��EDFWHULDO�DQWLJHQV�WHVWHG�QHJDWLYH�1R�JURZQ
DW�EORRG��FXOWXUH�DW��GD\��WK�

%DFWHULDO�PHQLQJLWLV�DQG�VSLQDO��IOXLG�ILVWXOD���ZHUH�VXVSHFWHG�WKXV��HPSLULFDO�DQWLELRLWLF�VFKHPH�VWDUWHG�DW��('��DFLFORYLU��DPSLFLOLQ�
FHIRWD[LPH�3DWLHQW��ZDV�UHIHUUHG��WR�DQ�,QWHQVLYH�&DUH�8QLW���,&8���RQFH��VWDELOL]HG�ZHQW��WR�VXUJLFDO�UHSDULQJ��RI��VSLQDO�ILVWXOD�6SLQDO�IXLG�DQG��IOLG
FXOWXUHV�ERWK�WHVWHG�QHJDWLYH�

6HFRQGD�FDVH��D�����\HDUV��ROG�REHVH��IHPDOH��ZLWK�QR�NQRZQ�SUHYLRXV�PHGLFDO�FRQGLWLRQV��/RZ�EDFN�SDLQ�LQ�SDVW�����GD\V�LQ�('��&RQYHQWLRQDO�;��UD\
�VWXG\�UHYHDOHG�/��/��VSRQG\OROLVWKHVLV�WKXV�IROORZHG�16$,'nV�FRUWLFRVWHURLGV�DQG�PDMRU��GHUPDL�RSLRLGV�3DLQ�QR�FRQWUROOHG�VR�IDU�DQG�WKHQ�LUUDGLDWHG
WR��ULJKW�ORZHU�OLPE�DQG�SURPRWLQJ�WUDQVLHQW�LQPRELOLW\�LQ�SDVW��GD\V�

,Q�OXPEDU��DUHD��D�VNLQ�XOFHU��DSSHDUHG��DV��ZHOO�DV�ORZHU��OLPE��HGHPD��1R��QHXURORJLF��G\VIXQFWLRQ�QRU�IHYHU��ZHUH�REVHUYHG��%ORRG��WHVW���UHYHDOHG
�KLJK�EORRG��VXJDU�OHYHOV�ZKLOH�ZKLWH�DQG�UHG�FHOO�EOORG�FRXQW�ZHUH��QRUPDO��

'LDEHWLF�RQVHW��DQG�ULJKW��KHDUW��IDLOXUH��ZHUH��RULHQWHG�WKXV�HPSLULF��DQWLELRWLF�WUHDWPHQW��ZDV����GRQH��SOXV���LY��IXURVHPLGH��DQG�LQVXOLQ�

&7��OXPEDU�VFDQ�ZDV���LQGLFDWHG��VHYHUH��ZLGWK��UHGXFWLRQ�RI�IRUDPHQV�DQG�OXPEDU��VSLQDO��VWHQRVLV��ZHUH��VKRZQ�

&OLQLFDO�FRQGLFLRQ��RI�SDWLHQW��ZRUVHQHG�QH[W�����KRXUV��SDOSDEOH��SXUXSXUD��DSSHDUHG�LQ�DEGRPHQ��DQE�ORZHU�OLPEV��%ORRG�WHVWHV���UHYHDOHG��UHGXFHG
�SODWHOHW�FRXQW��HOHYDWHG���&�UHDFWLYH�SURWHLQ�DQG�3URFDOFLWRQLQ�XS�WR����QJ�GO�VXJJHWLQJ��VHSVLV��([WHQGHG��H[SHFWUXP�DQWLELRLWLF��VFKHPH��ZDV
�LQLWLDWHG�

&KHVW�DQG�DEGRPHQ��&7�VFDQ���VKRZHG�QHFURWL]LQJ�OXPEDU��IDVFLD�

+DHPRGLQDPLFDOO\��XQVWDEOH����UHTXLUHG�LQRWURSLF��GUXJV�XQWLO��FDUGLDF�DUUHVW��LQ�('�

&DUGLRSXOPRQDU\��UHVVXFLWDWLRQ�ZDV��VXFFHVVIXOO\��GRQH���DQG�SDWLHQW�ZDV��UHIHUHG�WR��,&8��ZHUH��ILQDOO\��GLHG��DW�VHFRQG��GD\



0$1$*(0(17���('�25*$1,6$7,21 ULFKDUG�&+2&521

��������8VHIXOQHVV�RI�QRUPDO�DXWRPDWHG����OHDG�(&*�GXULQJ�WKH�LQLWLDO�HPHUJHQF\�GHSDUWPHQW�HYDOXDWLRQ�RI�SDWLHQWV�ZLWK�FKHVW
SDLQ�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

1DWDFKD�$/$9,������5LFKDUG�&+2&521������$QDLV�*8,1&(675(������$OLVRQ�+251������3KLOLSSH�-89,1����

���6HUYLFH�G
$FFXHLO�GHV�8UJHQFHV�+�SLWDO�(XURS�HQ�*HRUJHV�3RPSLGRX��$3�+3��3DULV��)5$1&(
���6HUYLFH�G
$FFXHLO�GHV�8UJHQFHV��+�SLWDO�(XURS�HQ�*HRUJHV�3RPSLGRX��$3�+3��3DULV��)5$1&(

.H\ZRUGV��DXWRPDWHG�(&*��FKHVW�SDLQ��HPHUJHQF\�PDQDJHPHQW

$EVWUDFW��

%DFNJURXQG

(YDOXDWLRQ�RI�FKHVW�SDLQ�DFFRXQWV�IRU�PLOOLRQV�RI�FRVWO\�(PHUJHQF\�'HSDUWPHQW��('��YLVLWV�DQG�KRVSLWDO�DGPLVVLRQV�DQQXDOO\��2I�WKHVH��DSSUR[LPDWHO\
��Ä����DUH�P\RFDUGLDO�LQIDUFWLRQV��0,���&XUUHQWO\��WKH�LQLWLDO�DXWRPDWHG����OHDG�(&*�LQWHUSUHWDWLRQ�E\�WKH�PDFKLQH�LV�HDVLO\�DFFHVVLEOH�EXW
XQGHUXVHG��

+\SRWKHVLV

3DWLHQWV�ZLWK�FKHVW�SDLQ�ZKRVH�LQLWLDO�HOHFWURFDUGLRJUDP��(&*��LV�DXWRPDWLFDOO\�LQWHUSUHWHG�DV�QRUPDO�GR�QRW�UHTXLUH�KRVSLWDO�DGPLVVLRQ�IRU
HYDOXDWLRQ�DQG�PDQDJHPHQW�RI�D�SRVVLEOH�P\RFDUGLDO�LQIDUFWLRQ��

6WXG\�REMHFWLYH�

7R�GHWHUPLQH�WKH�XVHIXOQHVV�RI�LQLWLDO�QRUPDO�DXWRPDWHG����OHDG�(&*�GXULQJ�WKH�LQLWLDO�('�HYDOXDWLRQ�RI�SDWLHQWV�ZLWK�FKHVW�SDLQ�

0HWKRGV

'XULQJ�WZR�PRQWKV��WKH�PHGLFDO�UHFRUGV�RI�D�FRQVHFXWLYH�FRKRUW�RI�SDWLHQWV�ZKR�SUHVHQWHG�WR�WKH�('�RI�8QLYHUVLW\�+RVSLWDO�ZLWK�FKHVW�SDLQ�DQG
LQLWLDO�DXWRPDWHG�(&*�DXWRPDWLFDOO\�LQWHUSUHWHG�E\�WKH�PDFKLQH�ZHUH�UHYLHZHG��7KH�LQLWLDO�(&*�RI�HDFK�SDWLHQW�ZDV�SHUIRUPHG�E\�WKH�RULHQWDWLRQ
QXUVH�DQG�WKHQ�ZHUH�HYDOXDWHG�IRU�DEQRUPDOLWLHV�E\�WKH�HPHUJHQF\�SK\VLFLDQ�

5HVXOWV

2I�WKH�����SDWLHQWV�SUHVHQWLQJ�IRU�FKHVW�SDLQ�������������KDYH�DQ�LQLWLDO����OHDG�(&*�DXWRPDWLFDOO\�LQWHUSUHWHG�DV�QRUPDO�E\�WKH�PDFKLQH��$PRQJ
WKRVH�������������ZDV�DOVR�FRQVLGHUHG�QRUPDO�E\�WKH�HPHUJHQF\�SK\VLFLDQ��.DSSD�FRHIILFLHQW �������3DWLHQWV�ZLWK�QRUPDO�DXWRPDWHG�(&*�KDYH�OHVV
PHGLFDO�KLVWRU\�RI�FDUGLDF�GLVHDVH�DQG��QHHGHG�OHVV�FDUGLRORJLVW�DGYLFH��S���������$IWHU�DGMXVWLQJ�RQ�FRQIRXQGLQJ��DJH��VH[H��FDUGLRYDVFXODU�ULVN
IDFWRUV��WURSRQLQ��G�GLPHU��SDOSLWDWLRQ��G\VSQHD���DW\SLFDO�FKHVW�SDLQ��QR�FDUGLDF�KLVWRU\��UHWXUQ�KRPH�DQG�LQLWLDO�(&*�FRQVLGHUHG�QRUPDO�E\�WKH
HPHUJHQF\�SK\VLFLDQ�DUH�VLJQLILFDQWO\�DVVRFLDWHG�WR�QRUPDO�DXWRPDWHG�(&*�

&RQFOXVLRQV

$Q�LQLWLDO�(&*�DXWRPDWLFDOO\�LQWHUSUHWHG�DV�QRUPDO�E\�WKH�PDFKLQH�VHHPV�WR�EH�XVHIXO�WR�PDQDJH�SDWLHQWV�ZLWK�FKHVW�SDLQ�LQ�('�DQG�SURYLGH�EHWWHU
VFUHHQLQJ�RI�WKHVH�SDWLHQW�GXULQJ�WKH�LQLWLDO�HYDOXDWLRQ�



3(',$75,&6 5REHUWR�9HODVFR

��������3UDFWLFH�9DULDWLRQ�,Q�7KH�0DQDJHPHQW�2I�0LQRU�+HDG�7UDXPD�,Q�&KLOGUHQ�,Q�(XURSH��$�5(3(0�6WXG\

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

5REHUWR�9HODVFR������1LFFROR�3DUUL������&DUPHO�0RRUH������)HGHULFD�'
(OLD������/LYLDQD�'D�'DOW������=VROW�%RJQDU������5LFDUGR�)HUQDQGHV������3DWULFN�9DQ
GH�9RRUGH������|]OHP�7HNVDP������0HUHO�%URHUV�������6DQWLDJR�)HUQDQGH]�������0DLGHU�$OFDOGH�������6HUJL�3L�RO�������$QDLGD�2ELHWD�������-DYLHU
*RQ]DOH]�����

���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW���5LR�+RUWHJD�8QLYHUVLW\�+RVSLWDO���9DOODGROLG��63$,1���/DJXQD�GH�'XHUR��63$,1
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��0H\HU�8QLYHUVLW\�&KLOGUHQ
V�+RVSLWDO��)ORUHQFH��,7$/<
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��7HPSOH�6WUHHW�&KLOGUHQ
V�8QLYHUVLW\�+RVSLWDO��'XEOLQ��,5(/$1'
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�5REHUW�'HEU���3DULV��)5$1&(
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��3DGXD�+RVSLWDO��3DGRYD��,7$/<
���3HGLDWULFV��+HLP�3DO�&KLOGUHQ
V�+RVSLWDO��%XGDSHVW��+81*$5<
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�GH�6DQWD�0DULD��/LVERD��32578*$/
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��8QLYHUVLW\�+RVSLWDO�*KHQW��*KHQW��%(/*,80
���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��+DFHWWHSH�¡KVDQ�'R�UDPDF¢�&KLOGUHQÇV�+RVSLWDO��$QNDUD��785.(<
����3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��(UDVPXV�0&��5RWWHUGDP��7+(�1(7+(5/$1'6
����3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��+RVSLWDO�8QLYHUVLWDULR�&UXFHV��%DUDNDOGR��63$,1
����3HGLDWULFV��+RVSLWDO�GH�%DVXUWR��%LOEDR��63$,1
����3HGLDWULFV��+RVSLWDO�GH�7DUUDVVD��7DUUDVVD��63$,1
����3HGLDWULFV��+RVSLWDO�6RQ�(VSDVVHV��3DOPD�GH�0DOORUFD��63$,1
����3HGLDWULFV��+RVSLWDO�GH�&DEXH�HV��*LMRQ��63$,1

.H\ZRUGV��PLQRU�KHDG�WUDXPD��LPDJH�WHVW

$EVWUDFW��

%$&.*5281'��+HDG�LQMXU\�LV�DQ�LPSRUWDQW�FDXVH�RI�PRUWDOLW\�DQG�PRUELGLW\�LQ�FKLOGUHQ��(DUOLHU�VWXGLHV�KDYH�GHVFULEHG�VLJQLILFDQW�SUDFWLFH
YDULDWLRQ�LQ�WKH�XVH�RI�LPDJLQJ�DIWHU�SHGLDWULF�KHDG�WUDXPD��ZLWK��HYLGHQFH�WR�VXJJHVW�WKDW�SHGLDWULF�HPHUJHQF\�GHSDUWPHQWV��('V��KDYH�ORZHU�UDWHV
RI�LPDJLQJ�WKDQ�JHQHUDO�('V��&RPSXWHG�WRPRJUDSK\��&7��LV�WKH�LPDJLQJ�PRGDOLW\�PRUH�FRPPRQO\�XVHG�LQ�WKH�('�HYDOXDWLRQ�RI�FKLOGUHQ�ZLWK�KHDG
WUDXPD��7KH�XVH�RI�&7��KRZHYHU��LV�QRW�XQLIRUP�DFURVV�DOO�('V��DQG�YDULDWLRQ�EHWZHHQ�FOLQLFLDQV�DQG�SHGLDWULF�('V��H[LVWV�DQG�DSSHDUV�XQUHODWHG�WR
WKH�IUHTXHQF\�RI�FOLQLFDOO\�LPSRUWDQW�7UDXPDWLF�%UDLQ�,QMXULHV��FL7%,V��

2%-(&7,9(��7R�GHVFULEH�WKH�YDULDWLRQ�LQ�XVH�RI�LPDJLQJ��REVHUYDWLRQ�DQG�DGPLVVLRQ�UDWH�IRU�FKLOGUHQ�ZLWK�PLQRU�KHDG�WUDXPD��0+7��LQ�(XURSH�

'(6,*1��$���\HDUV�UHWURVSHFWLYH�FKDUW�UHYLHZ�LQYROYLQJ����SHGLDWULF�('V�RI���(XURSHDQ�FRXQWULHV�ZDV�FRQGXFWHG��$�VWUXFWXUHG�GDWD�FROOHFWLRQ
PHWKRG�ZDV�XVHG��,QFOXVLRQ�FULWHULD�LQFOXGHG�FKLOGUHQ����\HDUV�RU�OHVV��KLVWRU\�RI�WULYLDO�RU�0+7�LQ�WKH�SUHYLRXV����KRXUV�IURP�WKH�HYDOXDWLRQ�LQ�WKH
('��'DWD�FROOHFWHG�LQFOXGHG�GHPRJUDSKLF�LQIRUPDWLRQ��W\SH�RI�LQMXU\��PHFKDQLVP�RI�LQMXU\��W\SH�RI�LPDJLQJ��XVHG�DQG�UDWH�RI�DGPLVVLRQ�WR�WKH
REVHUYDWLRQ�XQLW�RU�ZDUG�

5(68/76��:H�UHSRUW�WKH�SUHOLPLQDU\�UHVXOWV�RI����FHQWHUV��2I������FKDUWV�UHYLHZHG���������������ZHUH�DQDO\]HG��7KH�PHDQ�DJH�ZDV������PRQWKV
�6'��������������RI�WKH�SDWLHQWV�ZHUH�PDOH��ZLWKRXW�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�KRVSLWDOV��&7�DQG�REVHUYDWLRQ�UDWHV�YDULHG�DFURVV�KRVSLWDOV
UHVSHFWLYHO\�IURP������WR�������DQG��������WR������0DLQ�GDWD�DERXW�WKH�PDQDJHPHQW�DUH�VKRZQ�LQ�7DEOH���

+RVSLWDO

���������������������������������������������������������������������������������������������������������������������������������������������������

Q������������������������������������������������������������������������������������������������������������������������������

0LQRU�+7�������������������������������������������������������������������������������������������������

&UDQHDO�;�5D\���������������������������������������������������������������������������������������������

+HDG�&7������������������������������������������������������������������������������������������������������

2EVHUYDWLRQ�8QLW��������������������������������������������������������������������������������������

$GPLWWHG��:DUG�3,&8�����������������������������������������������������������������������������������

&L7%,��������������������������������������������������������������������������������������������������������������

�

&21&/86,216��3UHOLPLQDU\�UHVXOWV�GHPRQVWUDWH�D�VLJQLILFDQW�YDULDWLRQ�LQ�WKH���PDQDJHPHQW�RI�0+7�LQ�3HGLDWULF�('�DFURVV�(XURSH�ZKHQ
FRQVLGHULQJ�WKH�UDWH�RI�LPDJLQJ��REVHUYDWLRQ�DQG�ZDUG�DGPLVVLRQ��7KH�UHDVRQ�IRU�WKLV�YDULDELOLW\�PD\�EH�EDVHG�RQ�GLIIHULQJ�FULWHULD�XVHG�E\�FOLQLFLDQV
WR�RUGHU�LPDJLQJ��GLIIHUHQFHV�LQ�WKH�SDWLHQW�SRSXODWLRQV�SUHVHQWLQJ�WR�WKH�YDULRXV�GHSDUWPHQWV�RU�WUDLQLQJ�RI�SK\VLFLDQV�VWDIILQJ�('V�LQ�WKH�GLIIHUHQW



KRVSLWDOV�



35(�+263,7$/���(06���287�2)�+263,7$/ +XJXHV�/HIRUW

��������7KH�EXUQHG�FKLOG��DVVHVVPHQW�RI�ILUVW�DLG�JLYHQ�E\�D�PHGLFDO�UHJXODWLRQ�DVVLVWDQW�WR�D�ZLWQHVV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

'HOSKLQH�+XJHQVFKPLWW������%DJRX�*LOOHV������$OH[DQGUH�$OORQQHDX������+XJXHV�/HIRUW������3LHUUH�<YHV�*XHXJQLDXG����

���3�OH�GHV�8UJHQFHV��6$08�����+RVSLFHV�FLYLOV�GH�/\RQ��)���������/\RQ��)5$1&(
���6HUYLFH�0�GLFDO�G
XUJHQFH���%ULJDGH�GH�VDSHXUV�SRPSLHUV�GH�3DULV��3DULV��)5$1&(

.H\ZRUGV��&KLOGUHQ��PHGLFDO�UHJXODWLRQ�DVVLVWDQW��ZLWQHVV��EXUQ��ILUVW�DLG

$EVWUDFW��

,QWURGXFWLRQ��&RROLQJ�WKH�EXUQ�LQ�FKLOGUHQ�GRHV�QRW�VHHP�WR�EH�SURSHUO\�GRQH�E\�WKH�ZLWQHVVHV��+RZ�GR�PHGLFDO�UHJXODWLRQ�DVVLVWDQWV��05$��JXLGH
ZLWQHVVHV�RQ�WKH�SKRQH�ZKHQ�IDFLQJ�EXUQV�LQ�FKLOGUHQ"�0DWHULDOV�DQG�PHWKRGV��D�UHWURVSHFWLYH�REVHUYDWLRQDO�VWXG\�RYHU�RQH�\HDU�RI�WUHDWPHQW�E\
05$�ZLWK�D�FDOO�UHJDUGLQJ�EXUQHG�FKLOG�ZLWK�UHIHUUDO�WR����RU�����PHGLFDO�GLVSDWFKLQJ�FHQWHU��6$08���/LVWLQJ�RI���LWHPV�LQ�GLUHFW�FDOOV�WR�PHGLFDO
LQWHQVLYH�FDUH�XQLW��0,&8���DGYLFH�JLYHQ��FRROLQJ�PHWKRGV��GXUDWLRQ�RI�FRROLQJ��ZDWHU�WHPSHUDWXUH��/LVWLQJ�RI�WKHVH���LWHPV�IRU�FDOOV�WUDQVIHUUHG�E\
WKH�FRQWURO�URRP��&7$��RI�WKH�)LUH�%ULJDGH�LQ�DGGLWLRQ�WR�WKH�FRQWURO�E\�WKH�05$�DGYLFH�JLYHQ�E\�&7$��5HVXOWV�����6085�UHFRUGV�LQ�������HYDOXDWHG
���FDOOV��5HVXOWV�����0,&8�ILOHV�LQ����������DVVHVVHG�FDOOV��1LQH�GLUHFW�FDOOV��QR�DGYLFH�JLYHQ��Q ����ILUVW�DLG�LQIRUPDWLRQ�WR�EH�GHWDLOHG��Q ���
DFFXUDWH�DQG�DSSURSULDWH�DGYLFH��Q ����7ZHOYH�WUDQVIHUUHG�FDOOV�E\�&7$��DFFXUDWH�DQG�DSSURSULDWH�DGYLFH�E\�RSHUDWSU�&7$��Q ����PHVVDJH�JLYHQ�E\
&7$�WR�EH�GHWDLOHG��Q ����QR�LQIRUPDWLRQ�RQ�DGYLFH�JLYHQ�E\�&7$��Q ����1R�FRQWURO�RQ�DGYLFH�JLYHQ�E\�&7$�QRU�JLYHQ�E\�05$��Q ����$GYLFH�WR�EH
GHWDLOHG�RQ�ILUVW�DLG�PHDVXUHV��Q ����05$�PLVOHDG�WKH�ZLWQHVV��Q �����&RQWURO�RI�&7$�DGYLFH�DQG�DSSURSULDWH�05$�DGYLFH��Q ����ZLWQHVV�LQ�D�SDQLF
�Q ����&DXVH��VLWXDWLRQ��Q ����ODQJXDJH�EDUULHU��Q ����'LVFXVVLRQ��WHOHSKRQH�FRQVXOWDWLRQV�DUH�VHOGRP�EULHI�DQG�QHDUO\�LQH[LVWHQW��7KH�SRVVLEOH
FDXVHV�DUH�WKH�IORRG�RI�FDOOV��WKH�ZLVK�WR�UDSLGO\�WUDQVIHU�WKH�FDOO�WR�WKH�UHJXODWLQJ�GRFWRU��WKH�ODFN�RI�SURSHU�WUDLQLQJ��GHOLEHUDWH�RPLVVLRQ�WKLQNLQJ
WKH�RWKHU�LV�PRUH�FRPSHWHQW��7KHUH�LV�D�QHHG�WR�YHULI\�LI�WKH�ZLWQHVV�SUDFWLFHV�ILUVW�DLG��WKDW�KH�KDV�UHFHLYHG�DQG�XQGHUVWRRG�WKH�DGYLFHV���7KH
PHVVDJH�JLYHQ�PXVW�EH�FOHDU�DQG�DFFXUDWH��UHIRUPXODWHG��DQG�SURSHU�LQWHJUDWLRQ�PXVW�EH�FRQILUPHG��7KH�DEVHQFH�RI�LQWHJUDWLRQ�RI�DGYLFHV�LV�GXH�WR
VWUHVV��WR�D�VHQVH�RI�JXLOW�RU�WR�D�FRPSUHKHQVLRQ�LVVXH��6RPHWLPHV��LQ�WKH�DEVHQFH�RI�DGYLVH��WKH�ZLWQHVVHV�DUH�WKH�RQHV�ZKR�DVNV��EHFDXVH�WKH\
IHHO�WKH�QHHG�WR�IHHO�FRPIRUWHG��WR�EH�DFWLYH�DQG�FRQWURO�WKH�VLWXDWLRQ��$�SRRU�PHVVDJH�GHOD\V�WKH�PDQDJHPHQW�DQG�LQFUHDVHV�VWUHVV��&RQFOXVLRQ�
HYHU\�HOHPHQW�LQ�WKH�ILUVW�DLG�FKDLQ�LV�VWUDWHJLF��$Q�DGDSWHG�WUDLQLQJ�RQ�ILUVW�DLG�PHDVXUHV�DQG�PDQDJHPHQW�RI�WKHLU�SRVLWLRQ�PXVW�EH�JLYHQ�WR�05$
WR�HQVXUH�DQ�RSWLPDO�SURPSW�UHVSRQVH�WR�FRPSODLQDQWV��,W�LV�DOVR�QHFHVVDU\�WR�YDOXDWH�WKHP�ZLWKRXW�IRUJRLQJ�WKHLU�FRPSHWHQFHV�



&$6(�35(6(17$7,21 -DQQHWWH�YDQ�6RHVW

��������'RJV��D�PDQxV�EHVW�IULHQG"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

-DQQHWWH�YDQ�6RHVW������$OHW�3IDII����

���(PHUJHQF\�'HSDUWPHQW��=LHNHQKXLV�5LYLHUHQODQG��7LHO��7+(�1(7+(5/$1'6

.H\ZRUGV��&DSQRF\WKRSKDJD�&DQLPRUVXV��0HQLQJLWLV��'RJ�%LWHV

$EVWUDFW��

3HWV�DUH�EHORQJLQJ�WR�RXU�FRPPXQLW\��'XH�WR�WKLV�WKHUH�DUH�RFFXULQJ�D�ORW�RI�ELWH�ZRXQGV��0RVW�RI�WKHP�GLGQÇW�FDXVLQJ�DQ\�LQIHFWLRQ�

$����\HDU�ROG�PDQ��ZLWK�D�SULRU�KLVWRU\�RI�0RUEXV�*UDYHV��SUHVHQWHG�DW�RXU�HUPHUJHQF\�GHSDUWPHQW�ZLWK�SURJUHVVLYH�KHDGDFKH��QHFN�SDLQ�
HU\WKHPD�DQG�IHYHU��2QH�ZHHN�SULRU�WR�SUHVHQWDWLRQ�KH�ZDV�ELWWHQ�E\�D�GRJ��7KH�ZRXQG�ZDV�ULQVHG��+H�GLGQÇW�VWDUW�ZLWK�DQWLELRWLF�WKHUDS\���:H�VDZ
D�KHPRG\QDPLF�VWDEOH�PDQ�ZLWKRXW�IHYHU��+H�KDG�DQ�HU\WKHPD�DW�KLV�H[WUHPLWLHV�DQG�KLV�EDFN��EXW�QR�SHWHFKLD��1HXURORJLVFK�H[DPLQDWLRQ�GLGQÇW
VKRZ�DQ\�DEQRUPDOLWLHV��.HUQLJÇV�DQG�%UXG]LQVNLÇV�VLJQ�ZHUH�QHJDWLYH���%ORRG�UHVXOWV�VKRZHG�D�OHXFRF\WRVLV�RI���[��A��/�DQG�DQ�HOHYDWHG�&53�RI
����PJ�/��/XPEDU�SXQFWXUH�RSHQLQJ�SUHVVXUH�ZDV�HOHYDWHG��&HUHEURVSLQDO�IOXLG�ZDV�FORXG\�DQG�VKRZHG�HOHYDWHG�OHXFRF\WHV��8QGHU�VXVSLFLRQ�RI�D
PHQLQJLWLV�WUHDWPHQW�ZDV�LQLWLDWHG�ZLWK�LQWUDYHQRXV�DPR[LFLOOLQH��FHIWULD[RQ��DFLFORYLU�DQG�GH[DPHWKDVRQ��&HUHEURVSLQDO�IOXLG�FXOWXUH�ZDV�SRVLWLYH
IRU�&DSQRF\WKRSKDJD�&DQLPRUVXV��3DWLHQW�ZDV�GLVFKDUJHG�WR�KRPH�FRQWLQXLQJ�ZLWK�FHIWULD[RQ�PRQRWKHUDS\�

&DSQRF\WKRSKDJD�FDQLPRUVXV�LV�FRPPHQVDO�EDFWHULXP�LQ�WKH�RUDO�IORUD�RI�GRJV�DQG�FDWV��%LWH�ZRXQGV��VFUDWFKLQJ�ZRXQGV�DQG�HYHQ�OLFNV�FDQ�FDXVH
DQ�DPRXQW�RI�LQIHFWLRQV��OLNH�PHQLQJLWLV�DQG�HQGRFDUGLWLV��0RUWDOLW\�UDWHV�DUH�XS�WR����SHUFHQW�ZKHQ�FDXVLQJ�D�VHSVLV��,QFLGHQFH�LQ�WKH�1HWKHUODQGV�LV
�����LQIHFWLRQV�SHU�PLOOLRQ��7KH�PDLQ�ULVN�IRU�JHWWLQJ�LQIHFWHG�LV�DOFRKROLVP�DQG�DVSOHQLD��,QFXEDWLRQ�SHULRG�LV�EHWZHHQ�RQH�DQG�HLJKW�GD\V��,QIHFWLRQV
FDQ�FDXVH�D�YDULHW\�RI�V\PSWRPV�DW�SK\VLFDO�H[DPLQDWLRQ��,W�LV�D�VORZ�JURZLQJ�PLFUR�RUJDQLVP�DQG�PD\�QRW�EH�YLVLEOH�IRU�WKH�ILUVW����KRXUV�DW
FXOWXUHV��$QWLELRWLFV�DUH�QHHGHG�IRU�WUHDWPHQW��7KRVH�FRQWDLQLQJ�EHWD�ODFWDPDVH�LQKLELWRUV�ZLOO�FRYHU�&DSQRF\WRSKDJD�&DQLPRUVXV��EXW�DOVR
FHSKDORVSRULQV�DUH�XVHG�

'RFWRUV�VKRXOG�EH�DZDUH�RI�OHVV�FRPPRQ�LQIHFWLRQV�FDXVHG�E\�DQLPDO�ELWHV��:KHQ�WKLQNLQJ�RI�D�&DSQRF\WRSKDJD�&DQLPRUVXV�LQIHFWLRQ�LQLWLDWH
WUHDWPHQW�DQG�UHPHPEHU�WKDW�LV�WDNHV�WLPH�WR�JHW�D�SRVLWLYH�FXOWXUH�



75$80$ 3LODU�&RQGH

��������$QDO\VLV�RI�SDWLHQWV�DGPLWWHG�WR�RXU�KRVSLWDO�ZLWK�SHW�ELWH�ZRXQGV

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3LODU�&RQGH������-HVXV�0RUHQR������3LODU�0RUHQR������$OEHUWR�0RUHQR������5DXO�1HYDGR����

����(PHUJHQF\�'HSDUWPHQW�DQG�,QWHQVLYH�&DUH�8QLW�RI�WKH�7UDXPDWRORJ\�DQG�5HKDELOLWDWLRQ�&HQWHU��9,5*(1���MXQWD�GH�DQGDOXFLD��6HYLOOD�
����7HFKQRORJLFDO�5	'�*URXS��9,5*(1�'(/�52&x2�81,9(56,7<�+263,7$/���6HYLOOH��6SDLQ���MXQWD�GH�DQGDOXFLD��6HYLOOD��63$,1
���9HWHULQDU\�+RVSLWDO���&DQLWDV���6HYLOOD��63$,1
����7HFKQRORJLFDO�5	'�*URXS��9,5*(1�'(/�52&x2�81,9(56,7<�+263,7$/���6HYLOOH��6SDLQ���MXQWD�GH�DQGDOXFLD��6HYLOOD�

.H\ZRUGV��SHW��ELWH���ZRXQG��VHSWLV

$EVWUDFW��

2EMHFWLYHV

3HW�ELWH�ZRXQGV��VSHFLDOO\�GRJV��LW�LVDQ�LPSRUWDQW�SDWKRORJ\�LQ�PHGLFDO�HPHUJHQFLHV�DQG�VRPHWLPHV�FDQ�EH�YHU\�VHULRXV��7KH�DLP�RI�WKLV�VWXG\�LV�D
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DQDO\VLV�LQ�RXU�KRVSLWDO�WR�DVVHVV�WKH�TXDOLW\�RI�FDUH�RI�WKHVH�SURFHVVHV�

0HWKRGRORJ\

7KLV�SDSHU�SUHVHQWV�D�GHVFULSWLYH�UHWURVSHFWLYH�VWXG\�RI�VHYHUH�ELWH�ZRXQGV�E\�SHWV�DGPLWWHG�LQ�WKH�9LUJHQ�GHO�5RF�R�8QLYHUVLW\�+RVSLWDO�GXULQJ�WKH
\HDUV������������7KH�YDULDEOHV�DQDOL]HG�ZHUH��W\SH�RI�SHW��DJH��VH[��GLDJQRVLV��LQVWLWXWHG�WUHDWPHQW�RI�SDWLHQV�DQDO\]HG��KRVSLWDOL]DWLRQ�WLPH��DQG
ILQDO�GHVWLQDWLRQ�RI�WKH�SDWLHQWV��6WDWLVWLFDO�SURJUDPV�LQIHUHQFHV�XVLQJ�FKL�VTXDUHG

5HVXOWV

3DWLHQWV�ZLWK�DQLPDO�ELWH�ZRXQGV������DPRQJ�WKHP�ZHUH�PHQ�����������DQG�ZRPHQ����������ZLWK�PLQPXQ�DJH�RI��\�DQG�D�PD[LPXQ�RI���\

,Q������WKHUH�ZHUH����SDWLHQWV�DGPLWWHG�ZLWK�GRJ�ELWH�ZRXQGV��DPRQJ�WKHP�WKHUH�ZHUH�ZRPHQ��������

,Q������ZHUH����DQG�WKH\�ZHUH���ZRPHQ������

,Q������WKHUH�ZHUH���SDWLHQWV��DPRQJ�WKHP���ZRPHQ�����

,Q������WKHUH�ZHUH����SDWLHQWV�DQG���RI�WKHQ�ZHUH�ZRPHQ��������7KH�GLDJQRVWLFV�REWDLQHV�ZHUH�FUDQLDO�DQ�IDFLDO�IUDFWXUH�����������IUDFWXUHV�LQ
H[WUHPLWLHV����������KHDG�LQMXULHV���������ZRXQGV�RQ�OLPEV�DQ�WUXQN�����������H\HEDO�LQMXULHV�����������ILQJHU�DPSXWDWLRQ����������OLYHU�WUDXPD���
������SXOPRQDU\�WUDXPD���������VHSWLF�VKRFN��������DQ�H[LWXV���������7KH�KRVSLWDOL]DWLRQ�WLPH�KDG�D�PLQLPXQ�RI���GD\�DQ�D�PD[LPXQ�RI����GD\V�
ZLWK�DQ�DYHUDJH�RI���GD\V��6XUJLFDO�WUHDWPHQW�ZDV�SHUIRUPHG�LQ�WKH������RI�FDVHV��,Q������XQJHQW�LQWHUYHQWLRQV�ZHUH����������DQ�VFKHGXOHG��
�������,Q������XUJHQW�LQWHUYHQWLRQV�LQ���������DQ�VFKHGXOHG��������8UJHQW�LQWHUYHQWLRV�LQ����������������DQ�VFKHGXOHG����������,Q������XUJHQ
LQWHUYHQWLRQV�����������DQG�VFKHGXOHG������������FRPSOLFDWLRQV�GXULQJ�DGPLVVLRQ���������

&RQFOXVVLRQV

��0RUH�WKDQ�KDOI�RI�SDWLHQWV�DGPLWWHG�WR�WKH�+RVSLWDO�ZLWK�GRJ�ELWH�LQMXULHV�ZHUH�PDOH������

��$OO�SDWLHQWV�DGPLWWHG�WR�WKH�KRVSLWDO�UHTXLUHG�VXUJLFDO�WUHDWPHQW�

��$�KLJK�SHUFHQWHJH�RI�SD

�������RI�ELWH�ZRXQGV�ZHUH�DVVRFLDWHG�ZLWK�IUDFWXUH�

������RI�WKH�SDWLHQWV�KDG�VHULRXV�LQMXULHV�WKDW�FRXOV�MHRSDUGL]H�WKHLU�OLIH�



3$,1�0$1$*(0(17���$1$/*(6,$��
$1(67+(6,$

0DWWKLMV�$UHQV

��������6DIHW\�RI�DGXOW�SURFHGXUDO�VHGDWLRQ�DQG�DQDOJHVLD�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�LQ�WKH�1HWKHUODQGV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0DWWKLMV�$UHQV������7LHV�(LNHQGDO����

���(PHUJHQF\�0HGLFLQH��5DGERXGXPF�1LMPHJHQ��1LMPHJHQ��7+(�1(7+(5/$1'6

.H\ZRUGV��HPHUJHQF\�GHSDUWPHQW��HPHUJHQF\�PHGLFLQH��SURFHGXUDO�VHGDWLRQ�DQG�DQDOJHVLD��VDIHW\��LQFLGHQWV��FRPSOLFDWLRQV��FDOFXODWHG�ULVN��QHDU
PLVV��DGYHUVH�HYHQWV��PRUELGLW\��PRUWDOLW\��FRPPXQLW\�KRVSLWDO��XQLYHUVLW\�KRVSLWDO

$EVWUDFW��

,QWURGXFWLRQ��VHYHUDO�VWXGLHV�FRQGXFWHG�LQ�WKH�ZRUOG�KDYH�VKRZQ�WKDW�SURFHGXUDO�VHGDWLRQ�DQG�DQDOJHVLD��36$��LV�VDIH��+RZHYHU��GDWD�IURP�WKH
1HWKHUODQGV�KDYH�WKXV�IDU�QRW�EHHQ�LQYHVWLJDWHG��7KLV�UHWURVSHFWLYH�VWXG\�KDV�EHHQ�FRQGXFWHG�WR�LQYHVWLJDWH�KRZ�RIWHQ�36$�LV�FDUULHG�RXW�E\
HPHUJHQF\�PHGLFLQH�GRFWRUV��(0'��RQ�HPHUJHQF\�GHSDUWPHQWV��('��DQG�LI�WKLV�LV�FDUULHG�RXW�LQ�DFFRUGDQFH�ZLWK�WKH�JXLGHOLQHV�RI�WKH�1HWKHUODQGV
6RFLHW\�RI�(PHUJHQF\�3K\VLFLDQV��196+$���7KH�UHVXOWV�RI�WKLV�VWXG\�ZLOO�EH�XVHG�WR�FRQGXFW�D�SURVSHFWLYH�VWXG\�H[DPLQLQJ�WKH�VDIHW\�RI�36$�

0HWKRGV��WKH�('ÇV�RI�WZR�FRPPXQLW\�KRVSLWDOV�DQG�D�XQLYHUVLW\�KRVSLWDO�ZHUH�DSSURDFKHG��7KURXJK�D�JHQHUDO�VXUYH\��JHQHUDO�GDWD�ZHUH�FROOHFWHG
RQ�WKH�RUJDQL]DWLRQ�RI�WKH�('�DQG�36$��8VLQJ�WKH�UHJLVWUDWLRQ�V\VWHP�RI�HDFK�KRVSLWDO��NH\�GDWD�ZHUH�FROOHFWHG�DQG�DQDO\]HG�UHJDUGLQJ�WKH
RFFXUUHQFH�RI�LQFLGHQWV��FRPSOLFDWLRQV��FDOFXODWHG�ULVN��QHDU�PLVVHV�DQG�DGYHUVH�HYHQWV��3HUFHQWDJHV�PRUELGLW\�DQG�PRUWDOLW\�ZHUH�FDOFXODWHG��$W
ODVW�ZH�ORRNHG�DW�WKH�GHJUHH�HYHU\�KRVSLWDO�IROORZHG�WKH�JXLGHOLQHV�RI�WKH�196+$�DQG�WKH�GHJUHH�RI�WDNLQJ�FDUH�LQ�FRPSOHWH�UHJLVWUDWLRQ�

5HVXOWV��ZH�IRXQG�WKDW�36$�LV�FDUULHG�RXW�PRUH�LQ�FRPPXQLW\�KRVSLWDOV�FRPSDUHG�WR�WKH�XQLYHUVLW\�KRVSLWDO��2I�DOO�SURFHGXUHV�WKHUH�ZHUH�YHU\�ORZ
QXPEHUV�RI�LQFLGHQWV��FRPSOLFDWLRQV��QHDU�PLVVHV�DQG�DGYHUVH�HYHQWV��7KH�QXPEHU�RI�FDOFXODWHG�ULVN�ZLWKRXW�DQ\�FRPSOLFDWLRQ�ZDV�KLJKHU��:H�IRXQG
QR�PRUELGLW\�RU�PRUWDOLW\�IROORZLQJ�D�36$�SURFHGXUH��(YHU\�SURFHGXUH�ZDV�FDUULHG�RXW�IROORZLQJ�WKH�JXLGHOLQHV�RI�WKH�196+$�DQG�UHJLVWUDWLRQ�ZDV
FRPSOHWH�

&RQFOXVLRQ��DOWKRXJK�ZH�IRXQG�YHU\�SRVLWLYH�QXPEHUV�RI�LQFLGHQWV��FRPSOLFDWLRQV��QHDU�PLVVHV��DGYHUVH�HYHQWV��PRUELGLW\�DQG�PRUWDOLW\��ZH�FDQÇW
PDNH�DQ\�FRQFOXVLRQV�EDVHG�RQ�WKH�UHWURVSHFWLYH�FKDUDFWHU�DQG�WKH�QXPEHU�RI�LQFOXVLRQV��3URFHGXUHV�ZHUH�FDUULHG�RXW�VWULFWO\�DFFRUGLQJ�WR�WKH
JXLGHOLQH�RI�WKH�196+$�DQG�UHJLVWUDWLRQ�ZDV�FRPSOHWH��+RZHYHU��D�SURVSHFWLYH�VWXG\�LV�UHTXLUHG�WR�HVWDEOLVK�UHVXOWV�RQ�WKH�VDIHW\�RI�36$�E\�(0'ÇV
ZLWKLQ�WKH�HPHUJHQF\�GHSDUWPHQWV�LQ�WKH�1HWKHUODQGV�

�

5HIHUHQFHV�

5LFKWOLMQ�VHGDWLH�HQ�RI�DQDOJHVLH��36$��RS�ORFDWLHV�EXLWHQ�GH�RSHUDWLHNDPHU��.ZDOLWHLWVLQVWLWXXW�YRRU�GH�*H]RQGKHLGV]RUJ�&%2��6HSWHPEHU●

����
+DQGUHLNLQJ�3URFHGXUHOH�6HGDWLH�HQ�$QDOJHVLH�GRRU�6(+�DUWVHQ�RS�GH�6SRHG�(LVHQGH�+XOS��196+$��VHFWLH�36$��0DDUW�����●

�KWWS���ZZZ�QYVKD�QO�LPDJHV�VHFWLHV�SVD�KDQGUHLNLQJBSVDBGRRUBVHK�DUWVHQ�SGI�
9RRU�HHQ�JRHG�EHJULS��EHYRUGHULQJ�SDWLnQWYHLOLJKHLG�YUDDJW�RP�KHOGHUH�GHILQLWLHV��:DJQHU�HW�DO��0HGLVFK�&RQWDFW���������������●

���������
(PHUJHQF\�GHSDUWPHQW�SURFHGXUDO�VHGDWLRQ��WKH�/RQGRQ�H[SHULHQFH��(ONKRGDLU�HW�DO��(XU�-�(PHUJ�0HG�������6HSW���●

3URFHGXUDO�VHGDWLRQ�DQG�DQDOJHVLD�IRU�DGXOWV�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��3URI�$WNLQVRQ�HW�DO��%0-����������J����●

&OLQLFDO�SROLF\��SURFHGXUDO�VHGDWLRQ�DQG�DQDOJHVLD�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��*RGZLQ�HW�DO��$QQ�(PHUJ�0HG������●

)HE��������������H��
3URFHGXUDO�VHGDWLRQ�DQG�DQDOJHVLD�LQ�UXUDO�DQG�UHJLRQDO�HPHUJHQF\�GHSDUWPHQWV��3LQWR�HW�DO��&DQ�-�5XUDO�0HG�������)DOO������������●

�

$FNQRZOHGJHPHQWV�

1R�VRXUFH�RI�IXQGLQJ�KDV�EHHQ�XVHG�



&$5',29$6&8/$5 6$1$�/$+0$5

��������3RVW�SDUWXP�LQIHFWLYH�HQGRFDUGLWLV��D�FDVH�UHSRUW�

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

VDQD�ODKPDU������DVPD�$ORXL������VLULQH�MDRXDQL������LPHQ�PHNNL������QRXU�HO�KRXGD�QRXLUD������0DDPRXQ�EHQ�FKHLNK����

���'�SDUWHPHQW�XUJHQFHV�HW�U�DQLPDWLRQ��+RSLWDO�+DELE�7KDPHXU��7XQLV��781,6,$
���6HUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+RSLWDO�&KDUOHV�1LFROOH��7XQLV��781,6,$
���6HUYLFH�G
DFFHXLO�GHV�XUJHQFHV��+RSLWDO�0RQJL�VOLP��7XQLV��781,6,$

.H\ZRUGV��SDUWXP��LQIHFWLYH�HQGRFDUGLWLV

$EVWUDFW��

,1752'8&7,21��,QIHFWLYH�HQGRFDUGLWLV��,(��LV�XQFRPPRQ�����FDVHV����PLOOLRQ���7KH�RXWFRPH�GHSHQGV�RQ�FOLQLFDO�SUHVHQWDWLRQ�RI�WKH�GHVHDVH��'XH�WR
XQIUHTXHQW�V\PSWRPV��LW�PD\�EH�GLVFRYHUHG�DW�ODWH�VWDJHV�ZLWK�OLIH�WKUHDWHQLQJ�FRPSOLFDWLRQV��8UJHQW�WUHDWPHQW�LV�WKH�RQO\�NH\�WR�LPSURYH�VXUYLYDO�

&$6(�5(3257���:H�UHSRUW�WKH�FDVH�RI�D����\HDU�ROG�ZRPDQ��ZLWK�QR�PHGLFDO�KLVWRU\��WDNHQ�EDFN�E\�KHU�KXVEDQG��RQH�PRQWK�DIWHU�SRVWSDUWXP
�YDJLQDO�GHOLYHU\���IRU�IHYHU�DQG�FRQIXVLRQ��7KH�SDWLHQW�KDG�IHYHU�DQG�QR�RWKHU�QHXURORJLFDO�V\PSWRPV�EXW�D�JODVFRZ�FRPD�VFDOH�RI��������%LRORJLFDO
H[DPV�VKRZHG�KLJK�ZKLWH�EORRG�FHOOV�FRXQW��������HOHPHQWV��PO����&HUHEUDO�YHQRXV�WKURPERVLV�ZDV�VXVSHFWHG�DQG�FRQILUPHG�E\�D�FHUHEUDO�&7�VFDQ�
$Q�DQWLFRDJXODQW�WKHUDS\�ZDV�VWDUWHG�ZLWK�D�QHXURORJLFDO�LPSURYHPHQW��$�PDJQHWLF�UHVRQDQFH�LPDJLQJ�VKRZHG�QR�HYLGHQFH�RI�FHUHEUDO�WKURPERVLV
DQG�VKRZHG�PHQLQJHDO�KHPRUUKDJH��7ZR�GD\V�ODWHU��VRPH�-DQHZD\�OHVLRQV�DSSHDUHG�DQG�V\VWROLF�PXUPXU�LQ�PLWUDO��$�WUDQV�WKRUDFLF
HFKRFDUGLRJUDSK\�ZDV�SHUIRUPHG���LQIHFWLYH�HQGRFDUGLWLV�ZLWK�DQ�RVFLOODWLQJ�PDVV�RQ�PLWUDO�YDOYH��$�VHFRQG�&7�VFDQ�VKRZHG�D�SDULHWDO�P\FRWLF
DQHXU\VP��$Q�DQWLELRWKHUDS\�ZDV�JLYHQ�ZLWK�D�IDYRUDEOH�FOLQLFDO�DQG�ELRORJLFDO�RXWFRPH��6KH�XQGHUZHQW�D�YDOYXODU�UHSODFHPHQW�VXUJHU\��$W�D�IROORZ
XS���PRQWK�ODWHU��WKH�SDWLHQW�ZDV�ILQH��1R�ULVN�IDFWRU�ZDV�IRXQG�IRU�WKLV�SDWLHQW�DOWKRXJK�DQ�H[KDXVWLYH�SK\VLFDO�H[DP��$V�IDU�DV�ZH�NQRZ�����FDVHV
RI�SHUL�SDUWXP�,(�ZHUH�UHSRUWHG�

&21&/86,21���$OWKRXJK�LW�LV�D�UDUH�HYHQW�LQ�SHUL�SDUWXP��WKH�,(�PXVW�EH�VXVSHFWHG�GXH�WR�LWV�EDG�RXWFRPH�LI�GLVFRYHUHG�ODWHO\��%\�PXOWLSO\LQJ
SK\VLFDO�H[DPLQDWLRQV�WKURXJK�WKH�GD\�DQG�ORRNLQJ�IRU�WKRVH�VPDOO�V\PSWRPV�OHDGLQJ�XV�WR�,(��DQ�HDUO\�WUHDWPHQW�FRXOG�PDNH�WKH�GLIIHUHQFH



&$6(�35(6(17$7,21 7LMDQD�5RYFDQLQ

��������)UHTXHQF\�RI�DFXWH�UHVSLUDWRU\�LQIHFWLRQV�LQ�HPHUJHQF\�PHGLFDO�VHUYLFHV�LQ�WKH�QRUWK�RI�0RQWHQHJUR�IRU������\HDU

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

7LMDQD�5RYFDQLQ������7LMDQD�5RYFDQLQ����

���(PHUJHQF\�8QLW�RI�%HUDQH��(PHUJHQF\�8QLW�RI�0RQWHQHJUR��.UDJXMHYDF��6(5%,$

.H\ZRUGV��LQIHFWLRQ�PHGLFDO�WUHDWPHQW�HPHUJHQF\�FOLQLFV�FKLOGUHQ

$EVWUDFW��

�����

��������)UHTXHQF\�RI�DFXWH�UHVSLUDWRU\�LQIHFWLRQV��LQ�HPHUJHQF\�PHGLFDO�VHUYLFHV�LQ�WKH�QRUWK�RI�0RQWHQHJUR�IRU������\HDU

�

7LMDQD�5RYFDQLQ���9ODGR�'UDJDV����6WHYDQD�'UDJDV�

.H\ZRUGV��LQIHFWLRQ�PHGLFDO�WUHDWPHQW�HPHUJHQF\�FOLQLFV�FKLOGUHQ�

,1752'8&7,21��5HVSLUDWRU\�LQIHFWLRQV�LQ�LQIDQWV�DQG�\RXQJ�FKLOGUHQ�LQFOXGH�DERXW�����RI�WKH�PHGLFDO�H[DPLQDWLRQV�LQ�HPHUJHQF\�FOLQLFV�(SLJORWWLWLV
�ODU\QJLWLV��FURXS���DQG�ODULQJRWUDKHREURQKLROLWLV�DUH�GLVHDVHV�WKDW�DUH�PDLQO\�SUHVHQW�LQ�FKLOGUHQ�\RXQJHU�WKDQ���\HDUV�DQG�DUH�RIWHQ�XUJHQW�VLWXDWLRQ
ZLWK�ZKLFK�ZH�PHHW�LQ�HPHUJHQF\�FOLQLFV�LQ�WKH�QRUWK�RI�0RQWHQHJUR�7KH\�DUH�FKDUDFWHUL]HG�E\�WKH�PRVW�FRPPRQ�WULDG�RI�V\PSWRPV��LQVSLUDWRU\
VWULGRU��RU�G\VSQHD���KRDUVHQHVV�DQG�FRXJKLQJ���EDUNLQJ�GRJ����$Q�LPSRUWDQW�SUHGLVSRVLQJ�IDFWRU�IRU�WKH�LQIODPPDWLRQ�PD\�EH��YLUXVHV��
3DUDLQIOXHQ]D���,QIOXHQ]D�$�DQG�%���569�����WKH�EDFWHULD��+DHPRIOXV�LQI�������DOOHUJLF�FDXVHV���DV�ZHOO�DV�SV\FKRORJLFDO�IDFWRU�7KLV�GLVHDVH�KDYH�VSHFLDO
FKDUDFWHULVWLFV�EHFDXVH�RI�WKH�DQDWRPLFDO�VWUXFWXUH�RI�WKH�UHVSLUDWRU\�WUDFW�FKLOGUHQ���EHFDXVH�WKH�DLUZD\V�DUH�QDUURZHU�DQG�VKRUWHU���HDV\�WR
DFWLYHO\�GHYHORS�JUHDWHU�PXVFOH�FRQVWULFWLRQ�LQ�LQIHFWLRQV���PXFRXV�PHPEUDQHV�LV�EHWWHU�YDVFXODULVHG���GXH�WR�WKH�XQGHUGHYHORSHG�LPPXQLW\�NLGV
DUH�PRUH�YXOQHUDEOH�DQG�VXVFHSWLEOH�SDWKRJHQV�UHVSLUDWRU\�LQIHFWLRQV���7$5*(7��7HVWLQJ�WKH�SHUIRUPDQFH�RI�XUJHQW�WKHUDSHXWLF�FDUH�DQG�WKH
SUHYDOHQFH�RI�WKHVH�GLVHDVHV�LQ�UHODWLRQ�WR�WKH�WRWDO�PRUELGLW\�DV��DQG�WKH�PXWXDO�UHODWLRQVKLS�RI�PDOH�DQG�IHPDOH�SRSXODWLRQ�WKH�LQFLGHQFH
��0(7+2'6�$1'�0$7(5,$/6���'XULQJ�WKH�ZULWLQJ�RI�WKLV�SDSHU���ZH�XVHG�D�UHWURVSHFWLYH�DQDO\VLV�RI��PHGLFDO�SURWRFROV�LQ�HPHUJHQF\�8QLWV��%HUDQH
DQG�$QGULMHYLFD�IRU�SHULRG�-DQXDU\���'HFHPEHU��������5(68/76���'XULQJ������LQ�XQLWV�RI��%HUDQH�DQG�$QGULMHYLFD��ZDV�H[DPLQHG�E\�D�GRFWRU�RQ�GXW\
��������SDWLHQWV���ZKLFK�LV�TXLWH�D�ELJ�QXPEHU��2Q��DGGLWLRQ�D�WRWDO�RI���������KDG�V\PSWRPV�RI�ZKDW�PDNHV���������RI�WKH�WRWDO�QXPEHU�RI�KLWV��2I
WKLV�QXPEHU�������SDWLHQWV����������DUH�PDOH�DQG��������������ZHUH�IHPDOH�FKLOGUHQ�:H��ILUVW�VWDUWHG�WKHUDSHXWLF�WUHDWPHQW�RI�WKH�SDWLHQW�E\�WKH
IROORZLQJ�FRPELQDWLRQ�RI�DJHQWV���GH[DPHWKDVRQH�����PO���NJ����LQKDODWLRQVWHURLGV���3XOPLFRUW���%HFRWLGH�����KLGUDWDWLRQ�,Q�������RI�WKH�FDVHV�ZH�KDYH
KDG�D�JUHDW�VXFFHVV��ZKLOH�DERXW������ZDV�VHQW�WRIXUWKHU�WKHUDSHXWLF�WUHDWPHQW�SHGLDWULFLDQ���&21&/86,21��7KH�PDOH�SRSXODWLRQ�LV�SUHGRPLQDQW�LQ
PRUELGLW\������7KLV�LQIHFWLRQ�LQ�FKLOGUHQ�DUH�TXLWH�GLIILFXOW�DQG�OLIH�WKUHDWHQLQJ�FRQGLWLRQ�7KH�SUHVHQFH�RI�D�PLOG�FOLQLFDO�V\PSWRPV�VKRXOG�EH
SUHYHQWHG�RFFXUUHQFH�RI�VHYHUH�V\PSWRPV���DV�ZHOO�DV�WR�HGXFDWH�SDUHQWV�DERXW�WKH�LPSRUWDQFH�RI�UHJXODU�LPPXQRSURSK\OD[LV�LQ�FKLOGUHQ�
3DUWLFXODU�DWWHQWLRQ�VKRXOG�EH�SDLG�ZKHQ�PHHWLQJ�ZLWK�VXFK�SDWLHQWV���QRW�WR�RSHQ�PRXWK�DQG�GR�QRW�WU\�WR�H[DPLQH�WKH�WKURDW��DV�LW�PD\�EH�GXH�WR
VXGGHQ�VWLPXODWLRQ��WR�FRPSOHWH�REVWUXFWLRQV�DQG�FDUGLRUHVSLUDWRU\��DUUHVW�������7LMDQD�5RYFDQLQ��SK\VLFLDQ��(PHUJHQF\�8QLW�%HUDQH��9ODGR�'UDJDV�
SK\VLFLDQ��(PHUJHQF\�8QLW�3ODY��6WHYDQD�'UDJDV�SK\VLFLDQ��(PHUJHQF\�8QLW�$QGULMHYLFD

����7LMDQD�5RYFDQLQ��SK\VLFLDQ��(PHUJHQF\�8QLW�%HUDQH��9ODGR�'UDJDV��SK\VLFLDQ��(PHUJHQF\�8QLW�3ODY��6WHYDQD�'UDJDV�SK\VLFLDQ��(PHUJHQF\�8QLW
$QGULMHYLFD

�
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��������$FXWH�LVFKHPLD�RI�OHIW�ORZHU�OLPE�DQG�PDVVLYH�SXOPRQDU\�HPEROLVP

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

)ORULFD�3RS������0RQLFD�3XWLFLX������-2+$11$�(/,=$%(7+�&/2.(����

���8QLYHUVLW\�RI�0HGLFLQH�9DVLOH�*ROGLV��$UDG��&RXQW\�(PHUJHQF\�+RVSLWDO�$UDG��$UDG��520$1,$

.H\ZRUGV��LVFKHPLD��SXOPRQDU\�HPEROLVP��PDVVLYH�DFXWH

$EVWUDFW��

0DQ�RI����\HDUV�ROG�LV�EURXJKW�E\�DPEXODQFH�ZLWK�SDUDHVWKHVLD�DW�WKH�VKDQN�DQG�OHIW�IRRW��VXGGHQ�IHHOV�GL]]LQHVV��+H�KDV�QR�SUHYLRXV�PHGLFDO
KLVWRU\��$V�ULVN�IDFWRUV�ZH�KDYH��VPRNLQJ��FDIIHLQH�XVHU��VWUHVV��VHGHQWDU\��WUXFN�GULYHU��

$W�DW�SULPDU\�HYDOXDWLRQ�LQ�HPHUJHQF\�GHSDUWPHQW�SDWLHQW�LV�FRQVFLRXV��UHVSRQVLYH��$9� ���E���PLQ��7$� ����������PP+J��6D2�� �����7&� �����&�
VOLJKWO\�DQ[LRXV��6HFRQGDU\�HYDOXDWLRQ�KLJKOLJKWV�DW�WKH�H[DPLQDWLRQ�RI�WKH�OHIW�ORZHU�OLPE�IROORZLQJ�LWHPV��ORFDO�SDOHQHVV��FROG��ODFN�RI�SXOVH�LQ�SHGLD
DUWHU\��SRVWHULRU�WLELDO�DUWHU\��SRSOLWHDO�DUWHU\��IHPRUDO�OHIW�DUWHU\�DQG�SDUHVWKHVLD��$�IHZ�PLQXWHV�DIWHU�DUULYDO�FOLQLFDO�FRQGLWLRQ�VXGGHQO\�ZRUVHQV�
SDWLHQW�LV�VKRZLQJ���G\VSQHD��WDFK\FDUGLD��$9� ����E���PLQ���SDOHQHVV��7$� ���������PP+J��6D2�� �����'�'LPHU!��XJ���PO�DQG�(.*�%5'�ZLWK�6,
4,,,��7,,,��3DWLHQW�UHFHLYHV������,8�LQWUDYHQRXV�KHSDULQ�EROXV�DQG�&7�DQJLRJUDSK\�ZLWK�FRQWUDVW�DJHQW�LV�SHUIRUPHG��WKRUD[�DQG�DEGRPHQ�ZLWK�SHOYLV�
WKDW�KLJKOLJKWV�WKH�SXOPRQDU\�DUWHU\�WUXQN�RI���PP�FDOLEHU��$3'�DQG�$36���PP�FDOLEHU��(QGROXPLQDO�WKURPEXV�LQ�WKH�SXOPRQDU\�DUWHULHV��H[WHQGHG
DW�WKH�OHYHO�RI�VXSHULRU�OREDU�DUWHULHV�WKDW�DUH�FRPSOHWHO\�REVWUXFWHG��H[WHQGHG�DOVR�WR�WKH�ELODWHUDO�ORZHU�OREDU�DQG�ULJKW�PLGGOH�DUWHU\�ZLWK�WKHLU
EUDQFK�VHJPHQWV�DOPRVW�FRPSOHWHO\�REVWUXFWHG��$RUWD�DQG�FROODWHUDO�EUDQFKHV�SHUPHDEOH�RI�QRUPDO�VL]H��&RPPRQ�LOLDF�DUWHU\��LQWHUQDO�DQG�H[WHUQDO
SHUPHDEOH�ZLWK�FDOFLILHG�DWKHURPD�DQG�VHJPHQWDO�VWHQRVLV�LQ�WKH�LQWHUQDO�LOLDF��5LJKW�FRPPRQ�IHPRUDO�DUWHU\�SHUPHDEOH�LQ�WKH�LQFLSLHQW�VHJPHQW
ZLWK�SDULHWDO�WKURPEXV�RFFOXGLQJ�LQ�D�SURSRUWLRQ�RI�DERXW������/HIW�FRPPRQ�IHPRUDO�DUWHU\�VKRZV�DQ�LQWUDOXPLQDO�FORW�ZLFK�FRPSOHWHO\�REVWUXFWV�
5HWUDFWLOH�ILEURXV�OHVLRQ�LQ�WKH�ULJKW�SRVWHULRU�VLQXV�SKUHQLF�ULE��6HYHUDO�QRGXOHV�LQ�WKH�ELODWHUDO�SXOPRQDU\�DUHD��7UDFKHD�DQG�PDLQ�EURQFKL�IUHH�
:LWKRXW�IOXLG�LQ�WKH�SOHXUDO�FDYLW\�

&RQFOXVLRQ��PDVVLYH�SXOPRQDU\�HPEROLVP�DQG�DFXWH�LVFKHPLD�RI�WKH�OHIW�ORZHU�OLPE

,V�DGPLQLVWHUHG�LQWUDYHQRXVO\�WKURPERO\WLF��$FW\OLVH��ZLWK�UHVWRUH�FLUFXODWLRQ�LQ�OHIW�ORZHU�OLPE�DQG�ORFDO�JHQHUDO�DQG�SXOPRQDU\�V\PSWRP�UHOLHI
�ZDUP�VNLQ��GLVDSSHDUDQFH�RI�SDOHQHVV��SDUDO\VLV��SDLQ�DQG�PLOG�SDUHVWKHVLD��6D2�����������ZLWKRXW�G\VSQHD�DQG�WDFK\FDUGLD���3DWLHQW�LV
�KRVSLWDOL]HG�LQ�FRURQDU\�LQWHQVLYH�FDUH�IRU�WKHUDSHXWLF�DQG�FOLQLFDO�PRQLWRULQJ�



&35���5(686&,7$7,21 /RXLVH�%DOOHVW\

��������FDUGLDF�DUUHVW�PDQDJHPHQW�LQ�JUH\xV�DQDWRP\�v�LV�LW�FRPSOLDQW�ZLWK�DGYDQFHG�FDUGLDF�OLIH�VXSSRUW�JXLGHOLQHV"

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

/RXLVH�%DOOHVW\������5LFKDUG�0��/\QFK������%UHGD�:DUG����

�����0LGODQGV�5HJLRQDO�+RVSLWDO�0XOOLQJDU��ORQJIRUG��,5(/$1'
�����0LGODQGV�5HJLRQDO�+RVSLWDO�0XOOLQJDU��:HVWPHDWK��,5(/$1'

.H\ZRUGV��JUH\
V�DQDWRP\�FDUGLDF�DUUHVW��UHVXVFLWDWLRQ��DFOV

$EVWUDFW��

�

,QWURGXFWLRQ

�0HGLFDO�79�GUDPD�VHULHV�KDYH�LQFUHDVHG�LQ�SRSXODULW\�RYHU�WKH�SDVW�������\HDUV�ZLWK�LQ�H[FHVV�RI����PLOOLRQ�YLHZHUV�IRU�HDFK�HSLVRGH�RI�*UH\ÇV
$QDWRP\��(YLGHQFH�VXJJHVWV�WKDW�YLHZHUV�RYHUHVWLPDWH�WKH�VXUYLYDO�FKDQFHV�RI�UHVXVFLWDWLRQ�LQ�FDUGLDF�DUUHVW��7KLV�HIIHFW�LQFUHDVHV�ZLWK�LQFUHDVLQJ
DPRXQW�RI�WKHVH�PHGLFDO�GUDPDV�ZDWFKHG��$GYDQFHG�&DUGLDF�/LIH�6XSSRUW�WUDLQLQJ�KDV�FRQWULEXWHG�WR��WKH�LQFUHDVHG�VXUYLYDO�IURP�FDUGLDF�DUUHVW�
�������LQ������WR�����LQ��������&DUGLDF�DUUHVW

�$LPV�

7KH�SULPDU\�DLP�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�LI�FDUGLDF�DUUHVW�PDQDJHPHQW�LQ�*UH\ÇV�DQDWRP\�LV�FRPSOLDQW�ZLWK�$GYDQFHG�&DUGLDF�/LIH�6XSSRUW
*XLGHOLQHV�

�7KH�VHFRQGDU\�DLP�ZDV�WR�GHWHUPLQH�LI�RXWFRPHV�RI�LQ�KRVSLWDO�FDUGLDF�DUUHVW�LQ�*UH\ÇV�$QDWRP\�ZHUH�FRQVLVWHQW�ZLWK�SXEOLVKHG�RXWFRPHV�

�5HVXOWV�

�7KLV�LV�WKH�PRVW�FRPSUHKHQVLYH�DQDO\VLV�RI�*UH\ÇV�DQDWRP\�DYDLODEOH��$OO�����HSLVRGHV�RI�*UH\ÇV�$QDWRP\�LQ�VHDVRQV������LQFOXVLYH�ZHUH�ZDWFKHG
VHSDUDWHO\�E\�WZR�RI�WKH�DXWKRUV�DQG�WKH�ILQGLQJV�ZHUH�FKHFNHG�E\�WKH�WKLUG�DXWKRU��&DUGLDF�DUUHVW�ZDV�REVHUYHG�LQ�������������HSLVRGHV��2I�WKHVH
������ZHUH�WUDXPDWLF��������FDUGLDF��RWKHU������DQG�ZDV�QRW�VWDWHG�LQ������RI�FDUGLDF�DUUHVWV�

�,Q�H[FHVV�RI�����RI�DOO�FDUGLDF�DUUHVWV�GHPRQVWUDWHG�VLJQLILFDQW�GHYLDWLRQ�IURP�$&/6�JXLGHOLQHV�6LJQLILFDQW

�

�7KH�LQLWLDO�FDUGLDF�DUUHVW�UK\WKP�ZDV�FRUUHFW�LQ��������LQFRUUHFW�LQ������DQG�FRXOG�HLWKHU�ZDV�QRW�YLVLEOH�RU�QRW�VWDWHG�E\�WKH�WHOHYLVLRQ�FKDUDFWHUV
LQ�����RI�SDWLHQWV��2YHUDOO�VXUYLYDO�ZDV��������������RI�SDWLHQWV�GLHG�ZKLOH�RXWFRPH�ZDV�QRW�VWDWHG�LQ�����RI�FDVHV�

������������RI�FDUGLDF�DUUHVW�SDWLHQWV�ZHUH�GHILEULOODWHG��2I�WKHVH������������ZHUH�DSSURSULDWH������������LQDSSURSULDWH�DQG������������LQVXIILFLHQW
LQIRUPDWLRQ�ZDV�DYDLODEOH�WR�GHWHUPLQH�DSSURSULDWHQHVV�RI��GHILEULOODWLRQ�

�&RQFOXVLRQ

�0HGLFDO�79�GUDPDV�GHPRQVWUDWH�VLJQLILFDQW�GHYLDWLRQ�IURP�$&/6�JXLGHOLQHV��'HVSLWH�WKLV�VXUYLYDO�UDWHV�DUH�FRQVLVWHQW�ZLWK�UHDO�OLIH�ILJXUHV��1R�GDWD
UHJDUGLQJ�VXUYLYDO�WR�GLVFKDUJH�ZDV�DYDLODEOH�
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��������&LQLFDO�DQG�/DERUDWRU\�3UHGLFWRUV�RI�,QMXU\�6HYHULW\�LQ�3HGLDWULF�7UDXPD�3DWLHQWV

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

0XUDW�$QLO������6HUGDU�VDULWDV������DONDQ�EDO������<XNVHO�%LFLOLRJOX������*DP]H�*RNDOS������$\VH�%HUQD�$QLO������)XO\D�.DPLW�&DQ����

���3HGLDWULF�(PHUJHQF\�'HSDUWPHQW��7HSHFLN�WHDFKLQJ�DQG�5HVHDUFK�+RVSLWDO��,]PLU��785.(<
���3HGLDWULF�HPHUJHQF\�GHSDUWPHQW��7HSHFLN�WHDFKLQJ�DQG�5HVHDUFK�+RVSLWDO��,]PLU��785.(<
���3HGLDWULF�,QWHQVLYH�&DUH�8QLW��,]PLU�.DWLS�&HOHEL�8QLYHUVLW\�0HGLFDO�6FKRRO��,]PLU��785.(<
���3HGLDWULF�,QWHQVLYH�&DUH�8QLW��7HSHFLN�WHDFKLQJ�DQG�5HVHDUFK�+RVSLWDO��,]PLU��785.(<

.H\ZRUGV��EOXQW�WUDXPD��LQMXU\�VHYHULW\��SHGLDWULF�WUDXPD

$EVWUDFW��

$LP��WR�GHWHUPLQH�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�FOLQLFDO�DQG�EDVLF�ODERUDWRU\�ILQGLQJV�DQG�LQMXU\�VHYHULW\�LQ�SHGLDWULF�WUDXPD�SDWLHQWV�

0HWKRGV�,Q�WKLV�SURVSHFWLYH�VWXG\��FKLOGUHQ�ZLWK�KLJK�HQHUJ\�EOXQW�WUDXPD�SUHVHQWLQJ�WR�3HGLDWULF�(PHUJHQF\�'HSDUWPHQW�RI�7HSHFLN�7HDFKLQJ�DQG
5HVHDUFK�+RVSLWDO��,]PLU��7XUNH\�ZHUH�LQFOXGHG��7KH�FOLQLFDO�ILQGLQJV��EDVLF�ODERUDWRUU\�WHVWV�DQG�UDGLRORJLFDO�UHVXOWV�ZHUH�DQDO\]HG��3HGLDWULF�7UDXPD
6FRUH��376���5HYLVHG�7UDXPD�6FRUH��576���%,*�VFRUH�DQG�,QMXU\�6HYHULW\�6FRUH��,66��ZHUH�FDOFXODWHG��7KH�SDWLHQWV�GLYLGHG�LQWR�WZR�JURXS��WKH
SDWLHQWV�GLVFKDUJHG�IURP�HPHUJHQF\�GHSDUWPHQW��JURXS����DQG�WKH�SDWLHQWV�KRVSLWDOL]HG�PRUH�WKDQ����K�RU�GLHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW
�*URXS�����$IWHU�WKH�WKH�XQLYDULDWH�DQDO\VLV��ORJLVWLF�UHJUHVVLRQ�WHVW�ZHUH�GRQH��7KH�3HDUVRQ�FRUUHODWLRQ�DQDO\VLV�ZHUH�XVHG�EHWZHHQ�,66�DQG�WKH
VLJQLILFDQW�SDUDPHWHUV�

5HVXOWV��$�WRWDO�RI�����FKLOGUHQ�ZLWK�KLJK�HQHUJ\�EOXQW�WUDXPD��PHDQ�DJH������k���\HDUV��PLQLPXP����PRQWK��PD[LPXP�����\HDU��PDOH���IHPDOH�����
������ZHUH�LQFOXGHG�WKH�VWXG\��7KH�PRVW�FRPPRQ�WUDXPD�HWLRORJ\�ZDV�WUDILF�DFFLGHQW�LQ�����SDWLHQW��������������SDWLHQWV�ZHUH�GLVFKDUJHG�IURP
HPHUJHQF\�GHSDUWPHQW������RI�����SDWLHQWV��ZHUH�KRVSLWDOL]HG�PRUH�WKDQ����K����SDWLHQWV�GLHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW���7KH�QXPEHU�RI
SDWLHQWV�ZKR�GLHG�LQ�DOO�SDWLHQWV�ZDV����,Q�ORJLVWLF�UHJUHVVLRQ�DQDO\VLV��UHVSLUDWRU\�UDWH��*ODVNRZ�&RPD�6FDOH��*&6���:%&��JOXFRVH��DFWLYDWHG
SURWKRURPELQ�WLPH��%,*�VFRUH��376�DQG�576�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�LQ�*URXS����7KH�EHVW�FRUUHODWLRQV�ZHUH�GHWHUPLQHG�EHWZHHQ�,66�DQG�*&6
�S��������U�����������DQG�EHWZHHQ�,66�DQG�376��S����������U���������

&RQFOXVLRQ��376�DQG�*&6�ZHUH�WKH�EHVW�EDVLF�SUHGLFWRUV�RI�WUDXPD�VHYHULW\�LQ�HPHUJHQF\�GHSDUWPHQW�IRU�FKLOGUHQ�ZLWK�KLJK�HQHUJ\�EOXQW�WUDXPD��



0$1$*(0(17���('�25*$1,6$7,21 6XQGDUDUDM�0DQRX

��������(PHUJHQF\�GHSDUWPHQW�SHUIRUPDQFH�LQGLFDWRU�EDVHG�RQ����KU�DGPLW�PRUWDOLW\�UDWH�

3UHIHUUHG�IRUPDW���2UDO�SUHVHQWDWLRQ

$XWKRUV�

6XQGDUDUDM�0DQRX������0RKLW�$URUD����

���$XWKRU��/HHGV�7HDFKLQJ�+RVSLWDOV�1+6�7UXVW��/HHGV��8.
���&R�$XWKRU��/HHGV�7HDFKLQJ�+RVSLWDOV�1K6�7UXVW��/HHGV��8.

.H\ZRUGV��(PHUJHQF\�GHSDUWPHQW��0RUWDOLW\��4XDOLW\�,QGLFDWRU

$EVWUDFW��

$LP��7R�HVWDEOLVK�LI�PRUWDOLW\�UDWH�ZLWK�LQ���KUV�RI�DGPLVVLRQ�FDWHJRULVHG�E\�FDXVH�RI�GHDWK�FDQ�EH�XVHG�DV�SHUIRUPDQFH�LQGLFDWRU�IRU�(PHUJHQF\
GHSDUWPHQWV�DQG�EH�XVHG�WR�JXLGH�TXDOLW\�LPSURYHPHQW�ZRUN�

�

0HWKRG��7KH�VWXG\�ZDV�GRQH�DW�/HHGV�7HDFKLQJ�KRVSLWDOV�ZLWK�WZR�('�GHSDUWPHQWV�ZLWK�FRPELQHG�HPHUJHQF\�DWWHQGDQFH�RI����������SDWLHQWV�SHU
DQQXP�

7KH�GDWD�ZDV�REWDLQHG�E\�VLPSOH�HQTXLU\�RI�WKH�H[LVWLQJ�,7�V\VWHPV��SDWLHQW�DFWLYLW\�V\VWHP�	�V\PSKRQ\����$�VSUHDG�VKHHW�RI�DOO�SDWLHQWV�ZKR�GLHG
ZLWK�LQ����KRXUV�RI�DGPLVVLRQ�IURP�('�ZDV�FUHDWHG�EHWZHHQ��VW�$SULO������WR��VW�$SULO������

,Q�GHSWK�FDVH�QRWHV�UHYLHZ�RI�WLPH�RI�DUULYDO��WLPH�WR�VHH�FOLQLFLDQ��DJH��VH[�DQG�WLPH�WR�WUHDWPHQW�EDVHG�RQ�ZRUNLQJ�GLDJQRVLV�ZDV�FROOHFWHG�

7KH�LQIRUPDWLRQ�ZDV�JURXSHG�EDVHG�RQ�('�FOLQLFLDQ�GLDJQRVLV�SULRU�WR�DQDO\VLV�

�

5HVXOWV��7KH�GHDWK�UDWH�ZLWK�LQ���KUV�RI�DGPLVVLRQ�WR�KRVSLWDO�IURP�('�ZDV�������������7KH�GLDJQRVLV�RQ�DGPLVVLRQ�ZDV�VHSVLV��������&23'��������
&DUGLDF��������*DVWUR�����DQG�FHUHEUDO�HYHQW������

7KHUH�ZDV�VLJQLILFDQW�YDULDWLRQ�LQ�WLPH�WR�VHH�FOLQLFLDQ�DQG�WLPH�WR�WUHDWPHQW�EHWZHHQ�WKH�JURXSV��������RI�SDWLHQWV�ZLWK�LQLWLDO�GLDJQRVLV�RI�&23'�
JDVWUR��FDUGLDF�SUREOHPV�ZHUH�VHHQ�DQG�WUHDWPHQW�ZDV�FRPPHQFHG�ZLWK�LQ�����PLQXWHÇV�RI�DUULYDO�WR�('��2QO\�����SDWLHQWV�ZLWK�6HSVLV�ZHUH�VHHQ
DQG�WUHDWHG�ZLWKLQ�WKH�VDPH�WLPH�

2YHU�DOO�WKH�WLPH�WR�PDQDJHPHQW�LV�TXLFNHU�IRU�DOO�FDXVHV�LQ�RQH�GHSDUWPHQW�FRPSDUHG�WR�WKH�RWKHU�

�

&RQFOXVLRQ��7KH����KRXUV�PRUWDOLW\�GDWD�LV�HDV\�WR�JDWKHU�IURP�WKH�H[LWLQJ�,7�V\VWHPV�LQ�WKH�KRVSLWDO��2XU�VWXG\�KLJKOLJKWHG�WKH�QHHG�WR�UHYLHZ�RXU
LQWHUQDO�SURFHVV�LQ�PDQDJHPHQW�RI�VHSWLF�SDWLHQWV��7KH�PRUWDOLW\�UDWH�FDQ�EH�XVHG�DV�SHUIRUPDQFH�LQGLFDWRU�WR�DQDO\VH�WUHQGV�ZLWKLQ�WKH�VDPH
KRVSLWDO��,W�ZLOO�EH�RI�OLWWOH�YDOXH�WR�FRPSDUH�DJDLQVW�GLIIHUHQW�('ÇV�DV�WKLV�LV�GHSHQGHQW�RQ�SRSXODWLRQV�WKH\�FDWHU�WR�

&DWHJRULVLQJ�WKLV�GDWD�EDVHG�RQ�GLDJQRVLV�FDQ�KHOS�LQ�UHYLHZLQJ�LQWHUQDO�('�SURFHVV�DQG�IRUP�D�EDVLV�IRU�IXWXUH�TXDOLW\�LPSURYHPHQW�ZRUN�

�

'LVFXVVLRQ�

7KH�PRUWDOLW\�GDWD�LV�HDV\�WR�JDWKHU��WKH�WDVN�RI�UHYLHZ�DQG�DQDO\VLV�RI�LQGLYLGXDO�FDVH�QRWHV�LV�WLPH�FRQVXPLQJ��7KH�YDULDWLRQ�RI�FDVH�PL[�EHWZHHQ
WKH�WZR�GHSDUWPHQWV�LV�UHIOHFWHG�LQ�WKH�UHVXOWV�RI�WKH���KU�SRVW�DGPLVVLRQ�PRUWDOLW\�UDWH�DQG�WKH�PDQDJHPHQW�RI�WKHVH�SDWLHQWV�

7KH�PRUWDOLW\�UDWH�LV�DQ�REMHFWLYH�LQGLFDWRU�DQG�LWV�WUHQG��FDQ�EH�XVHG�WR�LQIRUP�RQ�HIIHFWV�RI�FKDQJH�LQ�LQWHUQDO�SURFHVV��



0,6&(//$1(286 -RVH�/XLV�5XL]�/RSH]

��������'RHV�WKH�WULDJH�V\VWHPV�FODVVLILFDWLRQ�PHHW�WKH�H[SHFWDWLRQV�RI�WKH�HPHUJHQF\�PHGLFDO�VWDII

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

3HGUR�*DUFLD�%HUPHMR������/XLVD�7DUUDVR�*RPH]������$VLI�0XKDPPDG������0DULD�&XHQFD�7RUUHV������-RVH�/XLV�5XL]�/RSH]����

���(PHUJHQF\�GHSDUWPHQW��+RVSLWDO�GH�/D�5LEHUD��$O]LUD��63$,1

.H\ZRUGV��7ULDJH��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

,QWURGXFWLRQ

�

:KHQ�WKH�HPHUJHQF\�GHPDQG�H[FHHG�WKH�UHVRXUFHV��WKH�WULDJH�V\VWHP��KHOSV�WR�PDQDJH�WKH�SDWLHQWV�FOLQLFDO�ULVN�LQWR�D�SURSHUO\�DQG�VDIHW\�SDWLHQW
IORZ�WKURXJK�WKH�(PHUJHQF\�'HSDUWPHQW��$V�IDU�DV�WKH�WULDJH�LV�QRW�EDVHG�RQ�GLDJQRVLV��LW�LV�XVXDOO\�LQ�FKDUJH�RI�WKH�QXUVLQJ�VWDII��DOWKRXJK�WKHUH
DUH�JURXSV�LQ�WKH�KHDOWK�V\VWHP�ZKR�EHOLHYHV�WKHUH�ZRXOG�EH�LPSRUWDQW�GLIIHUHQFHV�LI�WKH�WULDJH�ZHUH�UXQ�E\�WKH�SK\VLFLDQV�

�

2EMHWLYH

�

7KH�SURSRVDO�RI�WKH�VWXG\�ZDV�WR�DVVHVV�ZKHWKHU�WKH�VWDQGDUGL]HG��V\VWHP�FODVVLILFDWLRQ�PHHW�WKH�H[SHFWDWLRQV�RI�PHGLFDO�VWDII��VWXG\LQJ�D�JURXS�RI
SDWLHQWV�ZKLFK�ZHUH�FODVVLILHG�DQG�DOORFDWHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�DUHDV�E\�GH�1XUVHU\�ZLWK�WKH�7ULDJH��0DQFKHVWHU�6\VWHP��670��DQG�WKHQ
FODULILHG�DQG�DOORFDWHG�LQ�WKH�(PHUJHQF\�'HSDUWPHQW�DUHDV�E\�WKH�SK\VLFLDQV�RI�DQ�(PHUJHQF\�'HSDUWPHQW�

�

0HWKRGRORJ\�

�

2EVHUYDWLRQDO��GHVFULSWLYH�FRPSDUDWLYH�VWXG\��LQ�ZKLFK�GDWD�IURP�D�VDPSOH�RI�SDWLHQWV�RYHU����\HDUV�ROG�WKDW�DWWHQGHG�WKH�HPHUJHQF\�GHSDUWPHQW
RI�WKH�+RVSLWDO�8QLYHUVLWDULR�GH�/D��5LEHUD�IRU�D�PRQWK�ZHUH�FROOHFWHG��ZKHUH�FXUUHQWO\�WKH�0DQFKHVWHU�WULDJH�V\VWHP�LV�XVHG��7KH�FRPSODLQW�DQG
YLWDO�VLJQV�ZHUH�SDVVHG�DIWHU�WR�WKH�SK\VLFLDQV�ZKR�FODVVLILHG�WKH�SDWLHQWV�JLYLQJ�D�SULRULW\�DQG�D�ORFDWLRQ�LQ�RQH�RI�WKH�HPHUJHQF\�GHSDUWPHQW�DUHDV

�

5HVXOWV

�

���:H�DQDO\]HG����FDVHV�RI�SDWLHQWV�RI�ERWK�VH[HV�ZKR�DWWHQGHG�WKH�HPHUJHQF\�GHSDUWPHQW��1R�SHUFHQWDJH�GLIIHUHQFHV�IRXQG�EHWZHHQ�PHQ�DQG
ZRPHQ��5HJDUGLQJ�SULRULW\�HVWDEOLVKHG�WKH�WULDJH�V\VWHP�DV�SK\VLFLDQV�ZHUH�3���OLWWOH�XUJHQW��ZDV�WKH�PRVW�FRLQFLGHQFH�ZLWK�������RI�WKHP��WKH
SULRULW\�3���XUJHQW���DSSHDUHG�LQ�WKH�670��ZKLOH�WKH�HPHUJHQF\�SK\VLFLDQ�GLG�QRW�HVWDEOLVK�LW���EXW�LI��HVWDEOLVKHG��SULRULW\��3���QRQHPHUJHQF\��ZKLFK
GLG�QRW�RFFXU�ZLWK�WKH�670��,Q�ORFDWLRQV�HVWDEOLVKHG�EHWZHHQ�WKH�670�DQG�HVWDEOLVKHG�E\�WKH�SK\VLFLDQV�WKH�ODUJHVW�FKRLFH�ZDV�FRQVXOWDWLRQ��ORZ
FRPSOH[LW\�SDWLHQWV���KRZHYHU�WKH�ORFDWLRQ�UHVXVFLWDWLRQ��KLJK�FRPSOH[LW\��ZDV�LQ�WKH�670�

�

&RQFOXVLRQV

�

7KHUH�ZDV�QR�IXOO�DJUHHPHQW�EHWZHHQ�WKH�FODVVLILFDWLRQ�RI�SDWLHQWV�IURP�WKH�GHJUHH�QHLWKHU�RI�XUJHQF\��QRU�DV�WR�WKH�ORFDWLRQ�RI�WKH�SDWLHQW�E\�WKH
0DQFKHVWHU�7ULDJH�6\VWHP�DQG�SDWLHQW�FDUH�SULRULW\�DVVLJQHG�E\�WKH�SK\VLFLDQ��7KH�VWDUW�XS�RI�LPSURYHPHQW�JURXSV�RI�WULDJH�WKDW�HVWDEOLVK
PRGLILFDWLRQV�WR�0DQFKHVWHU�7ULDJH�6\VWHP�FDQ�JHW�FORVHU�WR�WKH�H[SHFWDWLRQV�RI�HPHUJHQF\�SK\VLFLDQV�LQ�UHODWLRQ�WR�WKH�VHYHULW\�RI�WKH�SDWLHQW
UHTXHVWLQJ�DVVLVWDQFH�
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��������6\VWHPV�WULDJH��$UH�HIIHFWLYH"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

SHGUR�*DUFLD�%HUPHMR������/XLVD�7DUUDVR�*RPH]������0DULD�-RVH�&RUWHV�*RPH]������9LFHQWH�5LEHV�*DGHD������0DULD�&XHQFD�7RUUHV������-RVH�/XLV�5XL]
/RSH]����

���(PHUJHQF\�GHSDUWPHQW��+RVSLWDO�GH�/D�5LEHUD��$O]LUD��63$,1

.H\ZRUGV��7ULDJH��HPHUJHQF\�GHSDUWPHQW��'LVFULPLQDWRU��%ORRG�SUHVXUH

$EVWUDFW��

,QWURGXFWLRQ

�

+RVSLWDO�WULDJH�V\VWHPV�DUH�GHVLJQHG�IRU�SULRULWL]DWLRQ�RI�SDWLHQW�FDUH��EHLQJ�D�IXQGDPHQWDO�WRRO�LQ�WKH�(PHUJHQF\�6HUYLFHV�GXH�WR�WKH�RYHUFURZGLQJ
RI�WKHVH��7KH�WULDJH�V\VWHP�LPSOHPHQWHG�LQ�9DOHQFLD�LV�WKH�0DQFKHVWHU�WULDJH�V\VWHP��ZKLFK�SURYLGHV�IRU�SULRULWL]LQJ�WKH�SDWLHQW�LQ�ILYH�FDWHJRULHV

1RW�DOO�YLWDO�VLJQV�DUH�WDNHQ�LQWR�DFFRXQW�LQ�WKLV�V\VWHP��ZKHQ�DVVHVVLQJ�WKH�SDWLHQW��%ORRG�SUHVVXUH��LV�UHFRUGHG�RQO\�ZKHQ�WKH�SDWLHQW�LV�SUHJQDQW�

2EMHFWLYH

$VVHVV�ZKHWKHU�EORRG�SUHVVXUH�FDQ�FKDQJH�WKH�SULRULWLHV�RI�SDWLHQWV�DQG�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�LQ�DOO�&ODVVLILFDWLRQ�6\VWHPV�

�

0DWHULDO�DQG�PHWKRGV

,W�LV�DQ�REVHUYDWLRQDO��GHVFULSWLYH�DQG�SURVSHFWLYH�VWXG\�FRQGXFWHG�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�WKH�8QLYHUVLW\�+RVSLWDO�RI�WKH�5LEHUD��ZKLFK�LV�D
'HSDUWPHQW�RI�+HDOWK�RI�9DOHQFLD�LQ�6SDLQ�ZKLFK�FRYHUV�RYHU���������SDWLHQWV��7KH�VWXG\�SHULRG�LV�IURP���0DUFK�WR����0D\�������3DWLHQWV�ROGHU
WKDQ����\HDUV�DWWHQGLQJ�WKH�VHUYLFH�DUH�LQFOXGHG��FDOFXODWHG�D�VDPSOH�ZLWK�D�FRQILGHQFH�OHYHO�RI�����DQG����HUURU��WKH\�ZHUH�������ZLFK����
VWRULHV�DQDO\]HG�

�

�

5HVXOWV

0RVW�SDWLHQWV�ZHUH�PDOH�ZLWK�DQ�DYHUDJH�DJH�VOLJKWO\�KLJKHU�DW����k�������7KH�UHDVRQ�IRU�FRQVXOWDWLRQ���PRUH�UHSUHVHQWDWLYH�FRPSODLQW�ZDV
DEGRPLQDO�SDLQ��������WKH�GLDJQRVWLF�ODEHO�ZDV�PRVWO\�XVHG��$GXOW�SRRU�JHQHUDO�FRQGLWLRQ����������IROORZHG�E\�DEGRPLQDO���������SDLQ��EHLQJ�WKH
GLVFULPLQDWRU��UHFHQW�SUREOHP��GHVFULEHG�PRVW�RIWHQ�����������$�KLJK�SHUFHQWDJH�RI�SDWLHQWV�ZHUH�DVVLJQHG�D�SULRULW\��3�����������

����RI�SDWLHQWV�KDG�DOWHUHG�EORRG�SUHVVXUH�YDOXHV��������ZHUH�VXVFHSWLEOH�WR�FKDQJH�WKH�DVVLJQHG�SULRULW\��,Q�DOO�WKHVH�SDWLHQWV�D�FKDQJH�WR�D
KLJKHU�SULRULW\�OHVV�WLPH�UHTXLUHG�FDUH�ZDV�SHUIRUPHG��7KH�UHDVRQ�IRU�FRQVXOWDWLRQ�PRVW�UHSUHVHQWDWLYH�RI�WKLV�JURXS�ZDV�DEGRPLQDO�SDLQ���������
7KH�PRVW�FRPPRQO\�XVHG�GLDJQRVWLF�ODEHO�LQ�WKH�VHFRQG�VDPSOH�RI�SDWLHQWV�ZDV��$GXOW�SRRU�JHQHUDO�FRQGLWLRQ����������EHLQJ�WKH�PRVW�FRPPRQO\
XVHG�GLVFULPLQDWRU�PRVW�IUHTXHQW����������UHFHQW�SUREOHPÉ�

&RQFOXVLRQV

�

7KH�%ORRG�SUHVVXUH�LWVHOI�ZRXOG�FKDQJH�WKH�SULRULW\�LQ�WKH�FDVH�WR�EH�WDNHQ�LQWR�DFFRXQW�LQ�WKH�0DQFKHVWHU�WULDJH�V\VWHP�IRU�DQ\�W\SH�RI
GLVFULPLQDWRU��QRW�RQO\�LQ�SUHJQDQW�ZRPHQ�
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��������7KH�LPSDFW�RI�IOLJKW�SK\VLFLDQV�RQ�SDWLHQW�VXUYLYDO�UDWHV��VKRXOG�PRUH�DLU�DPEXODQFH�FUHZV�LQFOXGH�PHGLFDO�SHUVRQQHO"

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

*DU\�-HYRQV������6DPXHO�*RRGDOO����

���0HGLFDO�6WXGHQW��8QLYHUVLW\�RI�%ULVWRO��%ULVWRO��8.
���0HGLFDO�6WXGHQW��8QLYHUVLW\�RI�%ULVWRO��&DUGLII��8.

.H\ZRUGV��DLU�DPEXODQFH��SUH�KRVSLWDO��+(06

$EVWUDFW��

%DFNJURXQG��3DUDPHGLFV�VWDII�PRVW�DLU�DPEXODQFHV�LQ�WKH�8.��7KH�$LU�$PEXODQFH�$VVRFLDWLRQ�KDV�DQQRXQFHG�LWV�LQWHQWLRQ�WR�GHSOR\�SK\VLFLDQV�RQ
PRUH�RI�LWV�KHOLFRSWHUV��+RZHYHU��WKHUH�LV�VFDUFH�OLWHUDWXUH�H[DPLQLQJ�WKH�LPSDFW�RI�IOLJKW�SK\VLFLDQV�XSRQ�SDWLHQW�RXWFRPHV��7KLV�SDSHU�LV�D
OLWHUDWXUH�UHYLHZ�RI�VWXGLHV�WKDW�HYDOXDWHG�WKH�LPSDFW�RI�SK\VLFLDQ��YHUVXV�SDUDPHGLF�VWDIIHG�DLU�DPEXODQFHV�XSRQ�SDWLHQW�VXUYLYDO�UDWHV�

0HWKRGV��6WXGLHV�IURP������WR������ZHUH�LGHQWLILHG�WKURXJK�0('/,1(��(0%$6(��DQG�&,1$+/��2ULJLQDO�VWXGLHV�FRPSDULQJ�WKH�SUH�KRVSLWDO
WUHDWPHQW�SURYLGHG�E\�SK\VLFLDQ�VWDIIHG�KHOLFRSWHU�HPHUJHQF\�PHGLFDO�VHUYLFHV��+(06��ZLWK�HLWKHU�D��QRQ�SK\VLFLDQ�VWDIIHG�+(06�RU�E�
QRQ�SK\VLFLDQ�VWDIIHG�JURXQG�HPHUJHQF\�PHGLFDO�VHUYLFHV��*(06��ZHUH�LQFOXGHG�

5HVXOWV��$�WRWDO�RI�QLQHW\�VWXGLHV�ZHUH�LGHQWLILHG�RI�ZKLFK�WZHQW\�ILYH�PHW�RXU�LQFOXVLRQ�FULWHULD��3K\VLFLDQV�LQFUHDVHG�WKH�VXUYLYDO�UDWH�LQ�WZR�RI�WKH
VL[�VWXGLHV�WKDW�FRPSDUHG�SK\VLFLDQ�VWDIIHG�YHUVXV�QRQ�SK\VLFLDQ�VWDIIHG�+(06��3K\VLFLDQV�LQFUHDVHG�VXUYLYDO�UDWH�LQ�HLJKW�RI�WKH�QLQHWHHQ�VWXGLHV
FRPSDULQJ�SK\VLFLDQ�VWDIIHG�+(06�WR�QRQ�SK\VLFLDQ�VWDIIHG�*(06��7KH�UHPDLQLQJ�VWXGLHV�VKRZHG�WKDW�WKH�DGGLWLRQ�RI�D�SK\VLFLDQ�WR�WKH�+(06�FUHZ
PDGH�QR�GLIIHUHQFH�WR�VXUYLYDO�UDWHV��1R�VWXG\�LGHQWLILHG�D�ORZHU�VXUYLYDO�UDWH�LQ�SDWLHQWV�UHFHLYLQJ�SK\VLFLDQ�WUHDWPHQW��7ZR�RI�WKH�WKUHH�VWXGLHV
LQFOXGLQJ�H[FOXVLYHO\�WUDXPD�SDWLHQWV�IRXQG�DQ�LPSURYHG�VXUYLYDO�UDWH�ZLWK�WKH�DGGLWLRQ�RI�D�SK\VLFLDQ��6L[�RI�WKH�HLJKW�VWXGLHV�WKDW�LQFOXGHG�D�KLJKO\
H[SHULHQFHG�RU�&RQVXOWDQW�SK\VLFLDQ�LQ�WKH�+(06�WHDP�KDG�DQ�LPSURYHG�VXUYLYDO�RXWFRPH�FRPSDUHG�WR�WKH�FRQWURO�JURXS�

�&RQFOXVLRQ��7KH�GHSOR\PHQW�RI�+(06�SK\VLFLDQV�ZRXOG�EH�PRVW�EHQHILFLDO�IRU�SDWLHQWV�ZKR�KDYH�VXVWDLQHG�D�WUDXPDWLF�LQMXU\�DQG�DQ�H[SHULHQFHG
DQDHVWKHWLVW��SUHIHUDEO\�RI�&RQVXOWDQW�OHYHO��LV�PRVW�OLNHO\�WR�LQFUHDVH�SDWLHQW�VXUYLYDO�UDWHV��+RZHYHU��WKH�VWXGLHV�GLVSOD\�D�ZLGH�YDULDELOLW\�LQ
ILQGLQJV�DQG�PRVW�FRQWDLQ�PHWKRGRORJLFDO�ZHDNQHVVHV��)XUWKHU�UHVHDUFK�VKRXOG�LGHQWLI\�ZKLFK�SDWLHQWV�EHQHILW�PRVW�IURP�SUH�KRVSLWDO�WUHDWPHQW�E\
SK\VLFLDQV�
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��������$�VLOHQW�ERPE�LQ�WKH�KHDG��$�&DVH�5HSRUW

3UHIHUUHG�IRUPDW���H3RVWHU

$XWKRUV�

2�X]�(UR�OX������(UWDQ�&�PHUWSD\������0XVWDID�.�NVDO������0HKPHW�)DLN�|]YHUHQ������)LJHQ�&RªNXQ����

���'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH��.¢U¢NNDOH�8QLYHUVLW\��.¢U¢NNDOH��785.(<

.H\ZRUGV��'HUPRLG�F\VWV��LQWUDFUDQLDO�ORFDOL]DWLRQ�UXSWXUH��HPHUJHQF\�GHSDUWPHQW

$EVWUDFW��

$����\HDU�ROG�PDOH�SDWLHQW�ZDV�EURXJKW�WR�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�FRPSODLQWV��RI�VXGGHQ�RQVHW�RI�ZHDNQHVV�RQ�KLV�ULJKW�IRRW�DQG�GL]]LQHVV�
7KH�JHQHUDO�DSSHDUHQFH�ZDV�PHGLXP�DQG�KLV�FRQVFLRXVQHVV�ZDV�WHQG�WR�VOHHS��*&6�����%3���������PP+J��SXOVH����PLQ��55�����PLQ�ZLWK�QR�IHYHU
UHVSHFWLYHO\��,W�ZDV�OHDUQHG�WKDW�KH�KDG�VXIIHUHG�EDODQFH�SUREOHPV�DQG�KDG�D�IDOO�KLVWRU\�IRXU�GD\V�DJR�EXW�QR�FUDQLDO�LPDJLQJ�KDG�QRW�EHHQ�SODQQHG
E\�DGPLWWHG�KHDOWK�LQVWLWXWLRQ��+LV�PHGLFDO�KLVWRU\�RQO\�UHYHDOHG�WKDW�KLV�VLPSOH�DQDOJHVLF�XVH�GXH�WR�UHFXUUHQW�XQLODWHUDO�KHDGDFKH�VLQFH�ODVW�\HDU�
2Q�QHXURORJLFDO�H[DPLQDWLRQ��SXSLOV�ZHUH�LVRFKRULF��VSRQWDQHRXV�YHUWLFDO�Q\VWDJPXV�LQ�ERWK�H\HV�DQG�����ULJKW�XSSHU�H[WUHPLW\�VWUHQJWK�ZKLOH�WKH
OHIW�ZDV�����ZHUH�GHWHFWHG��$�UXSWXUHG�GHUPRLG�F\VW�H[WHQGLQJ�WR�VLO\YL�ILVVXUH�DQG�PLGGOH�FUDQLDO�IRVVD�LQ�WKH�ULJKW�IURQWDO�OREH��FDXVLQJ����PP
PLGOLQH�VKLIW�ZLWK�FDOFLILFDWLRQ�DQG�IDW�GHQVLW\�ZDV�VHHQ�RQ�EUDLQ�&7���7KH�LPDJHV�DOVR�VKRZHG�ZLGHVSUHDG�GLVWULEXWLRQ�RI�IDW�GHQVLW\�WKURXJKRXW�WKH
RWKHU�SDUWV�RI�FUDQLDO�IRVVD�DQG�VXEDUDFKQRLG�VSDFH�GXH�WR�UXSWXUH��7KH�SDWLHQW�ZDV�FRQVXOWHG�ZLWK�QHXURVXUJHU\�GHSDUWPHQW�IRU�KRVSLWDOL]DWLRQ�DQG
RSHUDWLRQ��$IWHU�WKH�VXUJHU\��KH�ZDV�IROORZHG�XS�LQ�,&8�SRVW�RSHUDWLYHO\�DQG�GLVFKDUJHG�IURP�WKH�KRVSLWDO�DW����GD\�

'HUPRLG�F\VWV��'&��DUH�RULJLQDWHG�IURP�HFWRGHUPDO�FHOOV�DW�HPEU\RQLF�SHULRG��7KH\�DUH�HFWRGHUPDO�LQFOXVLRQ�F\VWV�ZKLFK�DUH�EHQLJQ��VORZO\�JURZLQJ
DQG�VRPHWLPHV�VKRZ�PDOLJQDQW�WUDQVIRUPDWLRQ��,QWUDFUDQLDOO\�ORFDOL]HG�'&�FRQVLVW�����������RI�SULPDU\�LQWUDFUDQLDO�WXPRUV��,QWUDFUDQLDO�'&�FDQ
UHDFK�YHU\�ODUJH�VL]HV�GXH�WR�WKHLU�VORZ�JURZWK�UDWH�ZLWKRXW�DQ\�V\PSWRP�RU�VLJQ��&OLQLFDO�V\PSWRPV�GHSHQG�RQ�WKH�ORFDOL]DWLRQ�RI�WKH�OHVLRQ�DQG
FUHDWHG�DGMDFHQW�SDUHQFK\PD�FRPSUHVVLRQ��+RZHYHU�WKH\�PD\�EH�DFXWHO\�V\PSWRPDWLF�LQ�FDVH�RI�D�UXSWXUH�RU�DQ�LQIHFWLRQ��,QWUDFUDQLDO�'&�PD\
UXSWXUH�VSRQWDQHRXVO\�RU�GXULQJ�D�VXUJHU\�DQG�F\VW�FRQWHQWV�PD\�VSUHDG�WKURXJKRXW�VXEDUDFKQRLG�VSDFH��:KHQ�WKH\�UXSWXUHG��WKH\�PD\�SUHVHQW
ZLWK�KHDGDFKH��QDXVHD��YRPLWLQJ��YLVXDO�GLVWXUEDQFHV��GL]]LQHVV��HSLOHSV\��FKHPLFDO�DVHSWLF�PHQLQJLWLV��KHPLSDUHVLV�DQG�FKDQJHV�LQ�PHQWDO�VWDWXV�
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