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7KUHH�UHFHQW�VWXGLHV�KDYH�RIIHUHG�DQ�XQSUHFHGHQWHG�YLHZ�RI�WKH�KXPDQ�ERG\��7KH�9LVLEOH�+XPDQ�3URMHFW�WKH� 9LVLEOH�.RUHDQ�+XPDQ� �9.+��� DQG� WKH�&KLQHVH�9LVLEOH�+XPDQ� KDYH� IHDWXUHG� WKH� VHULDO� VHFWLRQLQJ� RIZKROH�FDGDYHUV��SURGXFLQJ� FURVV�VHFWLRQDO� LPDJHV� WKDW�PHWKRGLFDOO\� FDWDORJXH� JURVV�KXPDQ�DQDWRP\��%\YROXPHWULF� UHFRQVWUXFWLRQ�� WKHVH� FURVV�VHFWLRQDO� LPDJHV� FDQ� EH� WUDQVIRUPHG� LQWR� WKUHH�GLPHQVLRQDO� ��'�LPDJHV�RI�DQDWRPLF�VWUXFWXUHV��&RPSLOLQJ� WKHVH��'� LPDJHV�ZRXOG�FUHDWH�DQ� LQYDOXDEOH� OLEUDU\� IRU�PHGLFDOHGXFDWLRQ�DQG�UHVHDUFK��7KH�JRDO�RI�WKLV�UHSRUW�LV�WR�SURPRWH�WKH�H[SDQVLRQ�RI�VXFK�D�OLEUDU\�RI��'�DQDWRPLFLPDJHV� DQG� WR� KHOS� XVHUV� IXOO\� XQGHUVWDQG� DQG� XWLOL]H� WKH� VHULDOO\� VHFWLRQHG� LPDJHV�� 7R� GR� WKLV�� ZH� ZLOOGLVFXVV�WKH�IXQGDPHQWDO�WHFKQLTXHV�DQG�HTXLSPHQW�XVHG�LQ�WKH�9.+�DQG�LWV�SUHOLPLQDU\�H[SHULPHQWV��:H�ZLOODOVR� DGGUHVV� QHZ� DSSOLFDWLRQV� RI� WKH� 9.+�� LQFOXGLQJ� YLUWXDO� EUDLQ� VXUJHU\�� YLUWXDO� HQGRVFRS\�� DQG� YLUWXDOFDUGLRSXOPRQDU\�UHVXVFLWDWLRQ�YLD�WKH�GHYHORSPHQW�RI�YLUWXDO�GLVVHFWLRQ�VRIWZDUH��&OLQ��$QDW����������F������:LOH\�/LVV��,QF�
&KLQHVH�YLVLEOH�KXPDQ�SURMHFW�=KDQJ�6;��+HQJ�3$��/LX�=-&OLQ�$QDW�������)HE�����5HVHDUFK�RQ� WKH�GLJLWDO�YLVLEOH�KXPDQ� LV�RI�JUHDW�VLJQLILFDQFH�DQG�KDV�FRQVLGHUDEOH�DSSOLFDWLRQ�YDOXH��7KH86�YLVLEOH�KXPDQ�SURMHFW� FUHDWHG� WKH� ILUVW�GLJLWDO� LPDJH�GDWDVHW�RI�D�FRPSOHWH�KXPDQ� �RQH�PDOH� DQG� RQHIHPDOH��LQ�������7R�SURPRWH�ZRUOGZLGH�DSSOLFDWLRQ�RULHQWHG�YLVLEOH�KXPDQ�UHVHDUFK��DGGLWLRQDO�YLVLEOH�KXPDQGDWDVHWV��UHSUHVHQWDWLYH�RI�GLIIHUHQW�SRSXODWLRQV�RI�WKH�ZRUOG��DUH�QHHGHG��7KH�&KLQHVH�YLVLEOH�KXPDQ��&9+�PDOH��FUHDWHG�LQ�2FWREHU�������DQG�IHPDOH��FUHDWHG�LQ�)HEUXDU\�������3URMHFW�DFKLHYHG�JUHDWHU�LQWHJULW\�RILPDJHV��EHWWHU�EORRG�YHVVHO�LGHQWLILFDWLRQ��DQG�ZHUH�IUHH�RI�RUJDQLF�GLVHDVH��7KH�PRVW�QRWHZRUWK\�WHFKQLFDODGYDQFH�RI�WKH�&KLQHVH�YLVLEOH�KXPDQ�SURMHFW��&9+3��ZDV�WKH�FRQVWUXFWLRQ�RI�D�ORZ�WHPSHUDWXUH�ODERUDWRU\�ZKLFK�SUHYHQWHG� ORVV�RI� VPDOO� VWUXFWXUHV� �LQFOXGLQJ� WHHWK�� QDVDO� FRQFKDH�� DQG� DUWLFXODU� FDUWLODJH�� IURP� WKHPLOOLQJ�VXUIDFH��7KXV��EHWWHU�LQWHJULW\�RI�LPDJHV�ZDV�DFKLHYHG��7R�GDWH��ZH�KDYH�DFTXLUHG�ILYH�&9+�GDWDVHWVDQG�YROXPH�UHQGHUHG�WKHP�IRU�YLVXDOL]DWLRQ�RQ�D�3&���'�UHFRQVWUXFWLRQ�RI�VRPH�RUJDQV�DQG�VWUXFWXUHV�KDVEHHQ�FRPSOHWHG�DQG�ZRUN�WR�VHJPHQW�D�FRPSOHWH�GDWDVHW�LV�XQGHU�ZD\��$OWKRXJK�WKHUH�LV�VWLOO�D�ORQJ�ZD\�WRJR�WR�PDNH�WKH�YLVLEOH�KXPDQ�PHHW�WKH�DSSOLFDWLRQ�RULHQWHG�QHHGV�LQ�YDULRXV�ILHOGV��SURJUHVV�LV�EHLQJ�PDGHWRZDUG� DFTXLULQJ� QHZ� GDWDVHWV�� SHUIRUPLQJ� VHJPHQWDWLRQ�� DQG� VHWWLQJ� XS� D� SODWIRUP� RI� FRPSXWHU�DVVLVWHGPHGLFLQH��+HUH��ZH� UHYLHZ� WKH� KLVWRU\� DQG�KLJKOLJKWV� RI� WKH�&9+3�DQG� IRUHVHH� LWV� IXWXUH�GHYHORSPHQW� DVZHOO��&OLQ��$QDW����������F�������:LOH\�/LVV��,QF�
$Q� LQWHUDFWLYH� WKUHH�GLPHQVLRQDO� YLUWXDO� ERG\� VWUXFWXUHV� V\VWHP� IRU� DQDWRPLFDO� WUDLQLQJ� RYHU� WKHLQWHUQHW�7HPNLQ�%��$FRVWD�(��0DOYDQNDU�$��9DLG\DQDWK�6&OLQ�$QDW�������)HE�����7KH�9LVLEOH�+XPDQ�GLJLWDO�GDWDVHWV�PDNH�LW�SRVVLEOH�WR�GHYHORS�FRPSXWHU�EDVHG�DQDWRPLFDO�WUDLQLQJ�V\VWHPVWKDW�XVH�YLUWXDO�DQDWRPLFDO�PRGHOV��YLUWXDO�ERG\�VWUXFWXUHV�9%6���0HGLFDO�VFKRROV�DUH�FRPELQLQJ�WKHVH�YLUWXDOWUDLQLQJ�V\VWHPV�DQG�FODVVLFDO�DQDWRP\�WHDFKLQJ�PHWKRGV�WKDW�XVH�ODEHOHG�LPDJHV�DQG�FDGDYHU�GLVVHFWLRQ�,Q�WKLV�SDSHU�ZH�SUHVHQW�D�FXVWRPL]DEOH�ZHE�EDVHG�WKUHH�GLPHQVLRQDO�DQDWRP\�WUDLQLQJ�V\VWHP��:�'�9%6�:�'�9%6�XVHV�1DWLRQDO�/LEUDU\�RI�0HGLFLQH
V� �1/0��9LVLEOH�+XPDQ�0DOH�GDWDVHWV� WR� LQWHUDFWLYHO\� ORFDWH�H[SORUH��VHOHFW��H[WUDFW��KLJKOLJKW�� ODEHO��DQG�YLVXDOL]H�� UHDOLVWLF��'��XVLQJ�D[LDO��FRURQDO��DQG�VDJLWWDO�YLHZV�DQG��'�YLUWXDO�VWUXFWXUHV��$�UHDO�WLPH�VHOI�JXLGHG�YLUWXDO�WRXU�RI�WKH�HQWLUH�ERG\�LV�GHVLJQHG�WR�SURYLGH�GHWDLOHGDQDWRPLFDO�LQIRUPDWLRQ�DERXW�VWUXFWXUHV��VXEVWUXFWXUHV��DQG�SUR[LPDO�VWUXFWXUHV��7KH�V\VWHP�WKXV�IDFLOLWDWHVOHDUQLQJ�RI�YLVXRVSDWLDO�UHODWLRQVKLSV�DW�D� OHYHO�RI�GHWDLO�WKDW�PD\�QRW�EH�SRVVLEOH�E\�DQ\�RWKHU�PHDQV��7KHXVH� RI� YROXPHWULF� VWUXFWXUHV� DOORZV� IRU� UHSHDWHG� UHDO�WLPH� YLUWXDO� GLVVHFWLRQV�� IURP� DQ\� DQJOH�� DW� WKHFRQYHQLHQFH�RI�WKH�XVHU��9ROXPHWULF���'��YLUWXDO�GLVVHFWLRQV�DUH�SHUIRUPHG�E\�DGGLQJ��UHPRYLQJ��KLJKOLJKWLQJ�DQG� ODEHOLQJ� LQGLYLGXDO� VWUXFWXUHV� �DQG�RU� HQWLUH� DQDWRPLFDO� V\VWHPV��� 7KH� UHVXOWDQW� YLUWXDO� H[SORUDWLRQV�FRQVLVWLQJ�RI�DQDWRPLFDO��'��'�LOOXVWUDWLRQV�DQG�DQLPDWLRQV���ZLWK�XVHU�VHOHFWHG�KLJKOLJKWLQJ�FRORUV�DQG�ODEHOSRVLWLRQV�� FDQ� EH� VDYHG� DQG� XVHG� IRU� JHQHUDWLQJ� OHVVRQ� SODQV� DQG� HYDOXDWLRQ� V\VWHPV�� 7UDFNLQJ� XVHUV
SURJUHVV�XVLQJ�WKH�HYDOXDWLRQ�V\VWHP�KHOSV�FXVWRPL]H�WKH�FXUULFXOXP��PDNLQJ�:�'�9%6�D�SRZHUIXO�OHDUQLQJWRRO��2XU� SODQ� LV� WR� LQFRUSRUDWH�RWKHU�9LVLEOH�+XPDQ� VHJPHQWHG� GDWDVHWV�� HVSHFLDOO\� GDWDVHWV� ZLWK� KLJKHUUHVROXWLRQV�� WKDW�PDNH� LW�SRVVLEOH� WR� LQFOXGH� ILQHU�DQDWRPLFDO�VWUXFWXUHV�VXFK�DV�QHUYHV�DQG�VPDOO� YHVVHOV�&OLQ��$QDW����������F�������:LOH\�/LVV��,QF�
%DVHOLQH�GLPHQVLRQV�RI�WKH�KXPDQ�YDJLQD�%DUQKDUW�.7��,]TXLHUGR�$��3UHWRULXV�(6��6KHUD�'0��6KDEERXW�0��6KDXQLN�$+XP�5HSURG�������)HE�����%$&.*5281'�� 9DJLQDO� DQDWRP\� KDV� EHHQ� SRRUO\� VWXGLHG�� 7KLV� VWXG\� DLPHG� WR� PHDVXUH� EDVHOLQHGLPHQVLRQV�RI� WKH�XQGLVWHQGHG�YDJLQD�RI�ZRPHQ�RI� UHSURGXFWLYH�DJH��0(7+2'6��:H�FRPELQHG� EDVHOLQHLQIRUPDWLRQ�FROOHFWHG�IURP�ILYH�FOLQLFDO�WULDOV�XVLQJ�PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,��WR�TXDQWLI\�GLVWULEXWLRQ
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RI�D�YDJLQDO�JHO��6HYHQW\�VHYHQ�05,�VFDQV�ZHUH�SHUIRUPHG�RQ����ZRPHQ�EHIRUH�JHO�DSSOLFDWLRQ�WR�HVWDEOLVKEDVHOLQH� YDJLQDO� PHDVXUHPHQWV�� $YHUDJH� GLPHQVLRQV� ZHUH� FDOFXODWHG� IRU� HDFK� ZRPDQ� DQG� IRU� WKHSRSXODWLRQ��7KH� LQIOXHQFH�RI�SRWHQWLDO�FRYDULDWHV��DJH��KHLJKW��ZHLJKW�DQG�SDULW\��RQ� WKHVH�GLPHQVLRQV�ZDVDVVHVVHG�� 5(68/76�� 05,� PHDVXUHPHQWV� DUH� UHSURGXFLEOH�� 7KH� 6'� VXUURXQGLQJ� WKH� PHDQ� DW� HDFKDQDWRPLFDO� VLWH�� DQG� ZLWK� VXPPDU\�PHDVXUHPHQWV�� ZDV� VLJQLILFDQWO\� VPDOOHU� ZLWK� HDFK� VXEMHFW� FRPSDUHGZLWK�WKH�SRSXODWLRQ��0HDQ�YDJLQDO�OHQJWK�IURP�FHUYL[�WR�LQWURLWXV�ZDV������PP��9DJLQDO�ZLGWK�ZDV�ODUJHVW�LQWKH� SUR[LPDO� YDJLQD� ������ PP��� GHFUHDVHG� DV� LW� SDVVHG� WKURXJK� WKH� SHOYLF� GLDSKUDJP� ������ PP�� DQGVPDOOHVW�DW� WKH� LQWURLWXV� ������PP���6LJQLILFDQW�SRVLWLYH�DVVRFLDWLRQV�ZHUH�SDULW\�ZLWK�YDJLQDO� IRUQL[� OHQJWK�DJH� ZLWK� SHOYLF� IOH[XUH� ZLGWK� DQG� WKH� KHLJKW� ZLWK� ZLGWK� DW� WKH� SHOYLF� IOH[XUH�� &21&/86,21�� 1R� RQHGHVFULSWLRQ� FKDUDFWHUL]HG� WKH� VKDSH� RI� WKH� KXPDQ� YDJLQD�� $OWKRXJK� WKHUH� LV� YDULDWLRQ� DPRQJ� ZRPHQ�YDULDEOHV�VXFK�DV�SDULW\��DJH�DQG�KHLJKW�DUH�SRVLWLYHO\�DVVRFLDWHG�ZLWK�GLIIHUHQFHV�LQ�EDVHOLQH�GLPHQVLRQV�
$QDO�(OHFWULFDO�6WLPXODWLRQ�:LWK�/RQJ�3XOVHV�,QFUHDVHV�$QDO�6SKLQFWHU�3UHVVXUH�LQ�&RQVFLRXV�'RJV�1LH�<��3DVULFKD�-3��&KHQ�-''LV�&RORQ�5HFWXP�������)HE�����385326(��7KLV�VWXG\�ZDV�GHVLJQHG�WR� LQYHVWLJDWH�WKH�HIIHFWV�DQG�PHFKDQLVPV�RI�DQDO�HOHFWULF�VWLPXODWLRQZLWK�ORQJ�SXOVHV�RQ�DQDO�VSKLQFWHU�SUHVVXUH�LQ�FRQVFLRXV�GRJV��0(7+2'6��7KH�VWXG\�ZDV�SHUIRUPHG�DIWHUHQHPD� LQ�QLQH�KHDOWK\� IHPDOH�KRXQG�GRJV�DQG� FRPSRVHG�RI� IRXU� UDQGRPL]HG� VHVVLRQV� ��GRVH��UHVSRQVH�DQDO�HOHFWULF�VWLPXODWLRQ�RQO\��RU�ZLWK�DWURSLQH�RU�SKHQWRODPLQH���7KH�DQDO�VSKLQFWHU�SUHVVXUH�ZDV�PHDVXUHGE\�XVLQJ�PDQRPHWU\�DQG�TXDQWLILHG�E\�XVLQJ�WKH�DUHD�XQGHU�WKH�FRQWUDFWLOH�FXUYH��PP+J�VHF���$QDO�HOHFWULFVWLPXODWLRQ�ZDV�SHUIRUPHG�YLD�D�SDLU�RI�ULQJ�HOHFWURGHV�DWWDFKHG�WR�D�PDQRPHWULF�FDWKHWHU��7KH�VWLPXODWLRQSDUDPHWHUV�LQ�DOO�EXW�GRVH�UHVSRQVH�VHVVLRQV�LQFOXGHG�D�IUHTXHQF\�RI����SSP��SXOVH�ZLGWK�RI�����PV��DQGDPSOLWXGH�RI���P$��5(68/76��7KH�DQDO�VSKLQFWHU�SUHVVXUH�ZDV������������DW�EDVHOLQH�DQG�LQFUHDVHG�E\���SHUFHQW� WR� ����� ���� ���� GXULQJ� HOHFWULF� VWLPXODWLRQ� �3�  � �������� 7KH� LQFUHDVH� RI� DQDO� SUHVVXUH� GXULQJVWLPXODWLRQ�ZDV�SRVLWLYHO\�FRUUHODWHG�ZLWK�WKH�VWLPXODWLRQ�HQHUJ\��U� ��������3����������7KH�H[FLWDWRU\�HIIHFW�RIHOHFWULF�VWLPXODWLRQ�ZDV�VXVWDLQHG� IRU�DW� OHDVW����PLQXWHV��$WURSLQH�GLG�QRW�DOWHU�DQDO�SUHVVXUH�DQG�GLG�QRWDEROLVK� WKH� H[FLWDWRU\� HIIHFW� RI� DQDO� HOHFWULF� VWLPXODWLRQ� RQ� WKH� VSKLQFWHU�� 3KHQWRODPLQH� UHGXFHG� DQDOSUHVVXUH�IURP�WKH�EDVHOLQH�YDOXH�RI��������������WR���������������3� ���������7KH�HOHFWULF�VWLPXODWLRQ�LQGXFHGLQFUHDVH� LQ� DQDO� SUHVVXUH� ZDV� GURSSHG� IURP� ��� ���� ���� WR� ���� ���� ���� �3�  � ������� DW� WKH� SUHVHQFH� RISKHQWRODPLQH��&21&/86,216��$QDO�HOHFWULF�VWLPXODWLRQ�ZLWK�ORQJ�SXOVHV�LQFUHDVHV�DQDO�VSKLQFWHU�SUHVVXUHLQ� DQ� HQHUJ\�GHSHQGHQW� PDQQHU�� 7KH� DOSKD�DGUHQHUJLF� EXW� QRW� WKH� FKROLQHUJLF� SDWKZD\� DW� OHDVW� SDUWLDOO\PHGLDWHV�WKH�H[FLWDWRU\�HIIHFW�RI�DQDO�HOHFWULF�VWLPXODWLRQ�
��±�',$*1267,&6��������9DOVDOYD� OHDN� SRLQW� SUHVVXUH� WR� GHWHUPLQH� LQWHUQDO� VSKLQFWHU� GHILFLHQF\� LQ� VWUHVV� XULQDU\LQFRQWLQHQFH�5RGULJXHV�3��$IRQVR�<��+HULQJ�)2��&DPSDJQDUL�-&��$]RXEHO�$8URO�,QW�������������������,1752'8&7,21��9DOVDOYD�OHDN�SRLQW�SUHVVXUH��9/33��UHSUHVHQWV�WKH�JOREDO�FRPSHWHQFH�RI�WKH�FRQMXQFWLYHIRUFHV�DURXQG�WKH�XUHWKUD�WR�VXSSRUW�LQFUHDVHG�SUHVVXUH�IURP�WKH�DEGRPLQDO�FDYLW\�ZLWK�WUDQVPLVVLRQ�WR�WKHEODGGHU�� $VVHVVPHQW� RI� 9/33� KDV� SURJQRVWLF� PHDQLQJ�� EXW� PHDVXUHPHQW� WHFKQLTXHV� DUH� VWLOO� VXEMHFW� WRFRQWURYHUV\�� 3$7,(176� $1'� 0(7+2'6�� 2QH� KXQGUHG� DQG� HLJKW� FRQVHFXWLYH� ZRPHQ� ZLWK� QR� JHQLWDOSURODSVH�RU�EODGGHU�K\SHUDFWLYLW\�H[FOXVLYHO\�SUHVHQWLQJ�ZLWK�XULQDU\�VWUHVV� LQFRQWLQHQFH�ZHUH�VXEPLWWHG� WR9/33� GHWHUPLQDWLRQ� GXULQJ� XURG\QDPLF� HYDOXDWLRQ� XVLQJ� D� UHFWDO� DQG� XUHWKUDO� FDWKHWHU�� 5HFWDO� SUHVVXUHPHDVXUHPHQW� VHUYHG�DV� WKH� ODQGPDUN� LQ� WKH�GHWHUPLQDWLRQ� RI� 9DOVDOYD
V�PDQHXYHU�� $IWHU� GHWHUPLQLQJ� WKHUHFWDO�SUHVVXUH��WKH�XUHWKUDO�SUREH�ZDV�SXOOHG�RXW�DQG�WKH�PDQHXYHU�UHSHDWHG��5(68/76��(LJKW\�IRXU�FDVHV�JURXS�,��SUHVHQWHG�OHDNDJH�GXULQJ�9DOVDOYD
V�PDQHXYHU�ZLWK�WKH�XUHWKUDO�FDWKHWHU�EHLQJ�LQ�SODFH��*URXS�,D��������KDG�D�UHGXFWLRQ�RI������FP�+���2�LQ�WKH�UHFWDO�SUHVVXUH�DIWHU�FDWKHWHU�UHPRYDO�� ,Q�JURXS�,E��UHFWDOOHDNDJH� SUHVVXUH� LQFUHDVHG� DIWHU� FDWKHWHU� UHPRYDO� IURP� ����� ���� ����� WR� ����� ���� ����� FP� +���2�� (LJKWSDWLHQWV�GLG�QRW�GHPRQVWUDWH�XULQH� OHDNDJH�DIWHU� FDWKHWHU� UHPRYDO�� ,Q�JURXS� ,,�� ���FDVHV�VKRZHG�D� ULVH� LQUHFWDO� OHDNDJH� SUHVVXUH� WR� ����� ���� ��� FP� +���2�� EXW� XULQDU\� OHDNDJH� ZDV� RQO\� REVHUYHG� DIWHU� FDWKHWHUUHPRYDO��,Q�JURXS�,,D�����FDVHV���WKH�9/33�GHFUHDVHG�E\�������������FP�+���2��ZKLOH�LQ�JURXS�,,E����FDVHV�OHDNDJH�RFFXUUHG�RQO\�LQ�SDWLHQWV�VKRZLQJ�DQ�LQFUHDVH�RI������������FP�+���2�LQ�WKH�UHFWDO�SUHVVXUH�DIWHU�WKHVHFRQG� PDQHXYHU� ZLWK� WKH� XUHWKUDO� FDWKHWHU� LQ� SRVLWLRQ�� &21&/86,216�� 3UHFLVH� GHWHUPLQDWLRQ� RI� WKHDEGRPLQDO� OHDN�SRLQW�SUHVVXUH�WKURXJK�9DOVDOYD
V�PDQHXYHU�PD\�EH�FULWLFDO��7KH�GLIIHUHQW� WHFKQLTXHV�XVHGIRU� 9/33� GHWHUPLQDWLRQ�PD\� UHQGHU� FRPSDULVRQV� GLIILFXOW�� 5HFWDO� SUHVVXUH�PHDVXUHPHQW� ZLWK� QR� XUHWKUDOFDWKHWHU� LQ�SODFH� WR�PRQLWRU�DEGRPLQDO� OHDN�SUHVVXUH�VHHPV�WR�EH�PRUH�DSSURSULDWH�EHFDXVH� LW� UHVHPEOHVFOLQLFDO�SUDFWLFH��$OWKRXJK� ORZHU�DEGRPLQDO� OHDNDJH�SUHVVXUHV�PD\�EH� IRXQG�� WKLV� LV�QRW� D�XQLIRUP� ILQGLQJ�DQG� D KLJKHU� LQFLGHQFH� RI� W\SH� ,,,� LQFRQWLQHQFH� PD\� EH� H[SHFWHG�� DQG� FULWLFDO� DQDO\VLV� RU� SDLQVWDNLQJUHSHWLWLRQ�PD\�EH�UHTXLUHG�LQ�WKH�FDVH�RI�ODFN�RI�GHPRQVWUDWLRQ�RI�XULQDU\�ORVV�
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&DSVXOH�HQGRVFRS\�LQ�������)DFWV�DQG�SHUVSHFWLYHV�'HOYDX[�0��*HUDUG�*D\%HVW�3UDFW�5HV�&OLQ�*DVWURHQWHURO�������)HE�������������&DSVXOH� HQGRVFRS\� KDV� UHFHQWO\� EHHQ� LQWURGXFHG� WR� H[SORUH� HQGRVFRSLFDOO\� WKH� ZKROH� VPDOO� LQWHVWLQH�IXOILOOLQJ�D�JDS�EHWZHHQ�H[DPLQDWLRQV�RI�WKH�XSSHU�DQG�ORZHU�JDVWURLQWHVWLQDO�WUDFW��7KH�WHFKQLTXH�FRQVLVWV�RID�PLQLDWXUL]HG�HQGRVFRSH��HPEHGGHG�LQ�D�VZDOORZDEOH�FDSVXOH�WKDW�LV�SURSXOVHG�E\�SHULVWDOVLV�DQG�DFKLHYHVWKH�MRXUQH\�WR�WKH�ULJKW�FRORQ�LQ�ILYH�WR�HLJKW�KRXUV��,PDJHV�FDSWXUHG�E\�WKH�FDSVXOH�DUH�UHFRUGHG�RQ�D�KDUGGULYH�ZRUQ� LQ�D�EHOW�E\� WKH�SDWLHQW��7KH�PDLQ� LQGLFDWLRQ� IRU� FDSVXOH�H[DPLQDWLRQ� LV� WKH�H[DPLQDWLRQ�RI� WKHVPDOO�ERZHO�WR�ILQG�D�EOHHGLQJ�OHVLRQ�LQ�SDWLHQWV�ZLWK�REVFXUH�EOHHGLQJ��6HYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�WKHGLDJQRVWLF� \LHOG� RI� FDSVXOH� HQGRVFRS\� LV� VXSHULRU� WR� WKDW� RI� SXVK� HQWHURVFRS\� LQ� WKLV� LQGLFDWLRQ�� 2WKHUSRVVLEOH�LQGLFDWLRQV�DUH�SDWLHQWV�ZLWK�VXVSHFWHG�LQWHVWLQDO�ORFDWLRQ�RI�&URKQ
V�GLVHDVH��IDPLOLDO�DGHQRPDWRXVSRO\SRVLV�� FRPSOLFDWHG� FRHOLDF� GLVHDVH� DQG� OHVLRQV� GXH� 16$,'V�� 7KH� UHYLHZ� FRQWDLQV� LQIRUPDWLRQ� RQ� WKHWHFKQLFDO�DVSHFWV�RI�FDSVXOH�HQGRVFRS\�DQG�GLVFXVVHV� WKH� LQGLFDWLRQV�� ,VVXHV�RI� VDIHW\� DQG� WROHUDQFH�DUHDOVR�GLVFXVVHG�
'RHV�D�QHJDWLYH�VFUHHQLQJ�FRORQRVFRS\�HYHU�QHHG�WR�EH�UHSHDWHG"%UHQQHU�+��&KDQJ�&ODXGH�-��6HLOHU�&0��6WXUPHU�7��+RIIPHLVWHU�0*XW�������)HE����%$&.*5281'�� 6FUHHQLQJ� FRORQRVFRS\� LV� WKRXJKW� WR� EH� D� SRZHUIXO� DQG� FRVW�HIIHFWLYH� WRRO� WR� UHGXFHFRORUHFWDO�FDQFHU��&5&��LQFLGHQFH�DQG�PRUWDOLW\��:KHWKHU�DQG�ZKHQ�FRORQRVFRS\�ZLWK�QHJDWLYH�ILQGLQJV�KDVWR�EH�UHSHDWHG�LV�QRW�ZHOO�GHILQHG��$,0��7R�DVVHVV�ORQJ�WHUP�ULVN�RI�FOLQLFDOO\�PDQLIHVW�&5&�DPRQJ�VXEMHFWVZLWK�QHJDWLYH�ILQGLQJV�DW�FRORQRVFRS\��3$7,(176������FDVHV�DQG�����FRQWUROV�SDUWLFLSDWLQJ�LQ�D�SRSXODWLRQ�EDVHG�FDVH�FRQWURO� VWXG\� LQ�*HUPDQ\��0(7+2'6��'HWDLOHG�KLVWRU\� DQG� UHVXOWV� RI� SUHYLRXV� FRORQRVFRSLHVZHUH�REWDLQHG�E\�LQWHUYLHZ�DQG�IURP�PHGLFDO�UHFRUGV��$GMXVWHG�UHODWLYH�ULVNV�RI�&5&�DPRQJ�VXEMHFWV�ZLWK�DSUHYLRXV� QHJDWLYH� FRORQRVFRS\� FRPSDUHG� WR� VXEMHFWV� ZLWKRXW� SUHYLRXV� FRORQRVFRS\� ZHUH� HVWLPDWHGDFFRUGLQJ� WR� WLPH�VLQFH�FRORQRVFRS\��5(68/76��6XEMHFWV�ZLWK�SUHYLRXV�QHJDWLYH�FRORQRVFRS\�KDG�D����ORZHU� ULVN� RI� &5&� WKDQ� VXEMHFWV� ZLWKRXW� SUHYLRXV� FRORQRVFRS\� �DGMXVWHG� RGGV� UDWLR�� D25�� ������ ���FRQILGHQFH�LQWHUYDO��&,��������������7KLV�ORZ�ULVN�ZDV�VHHQ�HYHQ�LI�WKH�FRORQRVFRS\�KDG�EHHQ�SHUIRUPHG�XS�WR���RU�PRUH�\HDUV�DJR��3DUWLFXODUO\�ORZ�ULVNV�ZHUH�VHHQ�IRU�VLJPD�FDQFHU��D25�����������&,������������DQGIRU�UHFWXP�FDQFHU��D25�����������&,�������������DQG�DIWHU�D�QHJDWLYH�VFUHHQLQJ�FRORQRVFRS\�DW�DJHV�������D25������� ����&,� ����������� DQG� ROGHU� �D25� ������ ����&,� ������ �������&21&/86,216�� 6XEMHFWV� ZLWKQHJDWLYH� ILQGLQJV� DW� FRORQRVFRS\� DUH� DW� YHU\� ORZ� ULVN� RI� &5&� DQG� PLJKW� QRW� QHHG� WR� XQGHUJR� UHSHDWFRORQRVFRS\�IRU����\HDUV�RU�PRUH��LI�DW�DOO��7KH�SRVVLELOLW\�WR�H[WHQG�VFUHHQLQJ�LQWHUYDOV�WR����\HDUV�RU�PRUHPLJKW�UHGXFH�FRPSOLFDWLRQV��DQG�LQFUHDVH�IHDVLELOLW\�DQG�FRVW�HIIHFWLYHQHVV�RI�FRORQRVFRS\�EDVHG�VFUHHQLQJSURJUDPV�
(QWHULF�IORUD�LQ�KHDOWK�DQG�GLVHDVH�*XDUQHU�)'LJHVWLRQ����������6XSSO���������(SXE������)HE���7KH� KXPDQ� JXW� LV� WKH� QDWXUDO� KDELWDW� IRU� D� ODUJH� DQG� G\QDPLF� EDFWHULDO� FRPPXQLW\�� 5HFHQWO\� GHYHORSHGPROHFXODU�ELRORJ\�WRROV�VXJJHVW�WKDW�D�VXEVWDQWLDO�SDUW�RI�WKHVH�EDFWHULDO�SRSXODWLRQV�DUH�VWLOO�WR�EH�GHVFULEHG�+RZHYHU�� WKH� UHOHYDQFH� DQG� LPSDFW� RI� UHVLGHQW� EDFWHULD� RQ� KRVW
V� SK\VLRORJ\� DQG� SDWKRORJ\� LV� ZHOOGRFXPHQWHG��0DMRU�IXQFWLRQV�RI�WKH�JXW�PLFURIORUD�LQFOXGH�PHWDEROLF�DFWLYLWLHV�WKDW�UHVXOW�LQ�VDOYDJH�RI�HQHUJ\DQG�DEVRUEDEOH�QXWULHQWV��SURWHFWLRQ�RI�WKH�FRORQL]HG�KRVW�DJDLQVW�LQYDVLRQ�E\�DOLHQ�PLFUREHV��DQG�LPSRUWDQWWURSKLF�HIIHFWV�RQ�LQWHVWLQDO�HSLWKHOLD�DQG�RQ� LPPXQH�VWUXFWXUH�DQG�IXQFWLRQ��*XW�EDFWHULD�SOD\�DQ�HVVHQWLDOUROH� LQ� WKH� GHYHORSPHQW� DQG� KRPHRVWDVLV� RI� WKH� LPPXQH� V\VWHP�� ,W� LV� LPSRUWDQW� WR� XQGHUVFRUH� WKDW� WKHVSHFLDOLVHG� O\PSKRLG� IROOLFOHV� RI� WKH� JXW� PXFRVD� DUH� WKH� PDMRU� VLWHV� IRU� LQGXFWLRQ� DQG� UHJXODWLRQ� RI� WKHLPPXQH� V\VWHP�� 2Q� WKH� RWKHU� KDQG�� WKHUH� LV� HYLGHQFH� LPSOLFDWLQJ� WKH� JXW� IORUD� LQ� FHUWDLQ� SDWKRORJLFDOFRQGLWLRQV��LQFOXGLQJ�PXOWLV\VWHP�RUJDQ�IDLOXUH��FRORQ�FDQFHU�DQG�LQIODPPDWRU\�ERZHO�GLVHDVHV�
��± 352/$36(6��������5HFXUUHQW�SHOYLF�IORRU�GHIHFWV�DIWHU�DEGRPLQDO�VDFUDO�FROSRSH[\�%ODQFKDUG�.$��9DQODQJHQGRQFN�5��:LQWHUV�-&-�8URO�������0DU�������3W������������GLVFXVVLRQ������385326(��7KH� LQFLGHQFH�RI� VLWH�VSHFLILF�SHOYLF�RUJDQ�SURODSVH�GHIHFWV� IROORZLQJ�VDFUDO� FROSRSH[\� LV�QRWFOHDUO\�UHSRUWHG��:H�HYDOXDWHG�VLWH�VSHFLILF�SHOYLF�RUJDQ�GHIHFWV�DIWHU�FROSRSH[\�DQG�GHWHUPLQHG� LWV� LPSDFWRQ�SDWLHQW�VDWLVIDFWLRQ��0$7(5,$/6�$1'�0(7+2'6��$� WRWDO�RI����ZRPHQ�ZLWK� YDXOW� SURODSVH�XQGHUZHQWDEGRPLQDO�VDFUDO�FROSRSH[\��FXOGHSODVW\�DQG�SDUDYDJLQDO� UHSDLU��)ROORZXS�FRQVLVWHG�RI�SHOYLF� H[DPLQDWLRQDQG� VDWLVIDFWLRQ� DVVHVVPHQW� HYHU\� �� PRQWKV�� 7KH� %DGHQ�:DONHU� FODVVLILFDWLRQ� ZDV� XVHG� DQG� SURODSVH
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KDOIZD\� WR� WKH� LQWURLWXV� �JUDGH� ,,�� RU� JUHDWHU� ZDV� FRQVLGHUHG� VLJQLILFDQW� SURODSVH�� 6XUJLFDO� IDLOXUH� ZDVLGHQWLILHG�DV�JUDGH�,,,�SURODSVH�RU�JUHDWHU��6DWLVIDFWLRQ�ZDV�DVVHVVHG�RQ�D�VFDOH�RI���WR���ZLWK���EHLQJ�KLJKO\VDWLVILHG� DQG� DFFRUGLQJ� WR� ZKHWKHU� SDWLHQWV� SHUFHLYHG� D� VXFFHVVIXO� RXWFRPH�� 5(68/76�� $� WRWDO� RI� ��SDWLHQWV�ZLWK�DQ�DYHUDJH�DJH�RI������\HDUV��UDQJH����WR�����KDG�DQ�DYHUDJH�IROORZXS�RI������PRQWKV��UDQJH���WR������2I�WKH����SDWLHQWV����������GLG�QRW�KDYH�VLJQLILFDQW�SURODSVH��LQFOXGLQJ����ZLWK�QR�SURODSVH��DQG��ZLWK� JUDGH� ,� F\VWRFHOH� DQG�RU� UHFWRFHOH�� 2I� WKH� ��� SDWLHQWV� ��� ������ KDG� UHFXUUHQW� VLJQLILFDQW� SURODSVH�LQFOXGLQJ�F\VWRFHOH�LQ����JUDGHV�,,�DQG�,,,�LQ���HDFK���UHFWRFHOH�LQ����JUDGHV�,,�DQG�,,,�LQ���DQG����UHVSHFWLYHO\��DQG�JUDGH�,,�F\VWRFHOH�DQG�UHFWRFHOH� LQ����7KHUH�ZDV���FDVH�RI�UHFXUUHQW�YDXOW�SURODSVH��(LJKW�RI����FDVHV������ZHUH�FRQVLGHUHG�VXUJLFDO�IDLOXUHV��3DWLHQWV�ZLWKRXW�SURODSVH�ZHUH�KLJKO\�VDWLVILHG��DYHUDJH�VFRUH������DQG� ����� FRQVLGHUHG� VXUJHU\� WR� KDYH� EHHQ� VXFFHVVIXO�� 7KH� UHFXUUHQW� SURODSVH� JURXS� ZDV� OHVV� VDWLVILHG�PHDQ�VFRUH������DQG�������FRQVLGHUHG� WKH� VXUJHU\� VXFFHVVIXO��&21&/86,216��5HFXUUHQW� SHOYLF� RUJDQSURODSVH�LV�QRW�DQ�XQFRPPRQ�ILQGLQJ�DIWHU�FROSRSH[\�DQG�LW�PD\�DGYHUVHO\�DIIHFW�SDWLHQW�VDWLVIDFWLRQ�
>/DSDURVFRSLF�VDFUDO�FROSRSH[\��FRPSDULVRQ�RI�QRQUHVRUEDEOH�SURVWKHWLF�WDSH��0HUVXWXUH��DQG�D�6,6FROODJHQ�PDWUL[��6XUJLVLV�(6�@*U\QEHUJ�0��'HGHFNHU�)��6WDHUPDQ�)3URJ�8URO�������6HS��������������GLVFXVVLRQ�����
1HXUDO�SDLQ�DIWHU�XWHURVDFUDO�OLJDPHQW�YDJLQDO�VXVSHQVLRQ�/RZHQVWHLQ�/��'RROH\�<��.HQWRQ�.��0XHOOHU�(��%UXEDNHU�/,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������0DU����1HXUDO�FRPSURPLVH�KDV�EHHQ�UHSRUWHG�DIWHU�D�ZLGH�YDULHW\�RI�UHFRQVWUXFWLYH�SHOYLF�SURFHGXUHV��:H�UHSRUW�RQWZR� ZRPHQ� ZKR� KDG� XQGHUJRQH� D� VHHPLQJO\� XQFRPSOLFDWHG� WUDQVYDJLQDO� XWHURVDFUDO� VXVSHQVLRQ� IRU� WKHWUHDWPHQW�RI�SHOYLF�RUJDQ�SURODSVH��%RWK�ZRPHQ�SUHVHQWHG�VKRUWO\�DIWHU�VXUJHU\�ZLWK�D�XQLODWHUDO��VKRRWLQJJURLQ� SDLQ� ZLWK� UDGLDWLRQ� DORQJ� WKH� LSVLODWHUDO� OXPERVDFUDO� QHUYH� GLVWULEXWLRQ�� 6XUJLFDO� UHPRYDO� RI� WKHSHUPDQHQW�VWLWFK�DQG�SK\VLFDO�WKHUDS\�SURYLGHG�SURPSW�DQG�QHDU�FRPSOHWH�UHOLHI��7KLV�FDVH�UHSRUW�GHVFULEHVWKH�SRVVLELOLW\�RI�QHXUDO�FRPSURPLVH�DIWHU�XWHURVDFUDO�OLJDPHQW�VXVSHQVLRQ�
5LVN�IDFWRUV�DVVRFLDWHG�ZLWK�KHPRUUKRLGDO�V\PSWRPV�LQ�VSHFLDOL]HG�FRQVXOWDWLRQ�3LJRW�)��6LSURXGKLV�/��$OODHUW�)$*DVWURHQWHURO�&OLQ�%LRO�������'HF���������������(SLGHPLRORJ\� DQG� ULVN� IDFWRUV� RI� KHPRUUKRLGDO� GLVHDVH�DUH�QRW�ZHOO� GHILQHG�� $,06�$1'�0(7+2'6��3DVWKLVWRU\� DQG� HYHQWV� RFFXUULQJ� GXULQJ� WKH� ODVW� WZR� ZHHNV� EHIRUH� D� PHGLFDO� YLVLW� IRU� DFXWH� KHPRUUKRLGDOV\PSWRPV�ZHUH�DQDO\]HG�DQG�FRPSDUHG�ZLWK�FRQWUROV�FRQVXOWLQJ�IRU�DQ\�RWKHU�GLDJQRVLV�ZLWKRXW�H[FOXVLRQ�5(68/76��$PRQJ�FRPSOHWH� LQTXLULHV�UHWXUQHG�E\�����SULYDWH�JDVWURHQWHURORJLVWV�� ILOHV� IURP������SDWLHQWV�����PDOHV��DQG������FRQWUROV� �����PDOHV��ZHUH� UDQGRPO\� VHOHFWHG��+HPRUUKRLGDO� GLVHDVH� SDWLHQWV�ZHUH\RXQJHU� ���� ���� ����� YV�� ��� ���� ����� \UV�� 3���������� VH[� UDWLR� ZDV� QRW� GLIIHUHQW� IURP� FRQWUROV�� )DFWRUVVLJQLILFDQWO\�DVVRFLDWHG�ZLWK�KHPRUUKRLGDO�FULVLV�ZHUH��SDVW�KLVWRU\�RI�KHPRUUKRLGDO�V\PSWRPV��DJH����\UV�SDVW� KLVWRU\� RI� DQDO� ILVVXUH�� RFFXSDWLRQDO� DFWLYLW\� �25� ������ ������ ������ ������ 3������ DQG� UHFHQW� XQXVXDOHYHQWV��VSLF\�GLHW��FRQVWLSDWLRQ��SK\VLFDO�DFWLYLW\��DOFRKRO� LQWDNH� �25�������������������������3�������6WUHVVSURWHFWHG�DJDLQVW�KHPRUUKRLGV��25�������3����������)RU�ZRPHQ�DJHG� OHVV� WKDQ����\UV��QR�VLJQLILFDQW� ULVNIDFWRU�UHODWHG�ZLWK�JHQLWDO�DFWLYLW\�ZDV�IRXQG�IRU�KHPRUUKRLGDO�GLVHDVH��&21&/86,21��)RU�\RXQJ�SDWLHQWV�HVSHFLDOO\�WKRVH�ZLWK�D�SDVW�KHPRUUKRLGDO�KLVWRU\��VSLFH�RU�DOFRKRO�LQWDNH�DQG�FRQVWLSDWLRQ�DUH�ULVN�IDFWRUV�IRUKHPRUUKRLGDO� FULVLV�� )RU� \RXQJ� ZRPHQ�� SUHYHQWLRQ� LV� HVVHQWLDOO\� EDVHG� RQ� WUHDWPHQW� RI� FRQVWLSDWLRQDVVRFLDWHG�ZLWK�JHQLWR�REVWHWULFDO�HYHQWV�
2SLQLRQV�DQG�)DFWV�RQ�5HLQWHUYHQWLRQV�$IWHU�&RPSOLFDWHG�RU�)DLOHG�6WDSOHG�+HPRUUKRLGHFWRP\�'LV�&RORQ�5HFWXP�������)HE�����
3DWKRSK\VLRORJ\�DQG�5ROH�RI�%LRIHHGEDFN�7KHUDS\�LQ�6ROLWDU\�5HFWDO�8OFHU�6\QGURPH�5DR�66��2]WXUN�5��'H�2FDPSR�6��6WHVVPDQ�0$P�-�*DVWURHQWHURO�������)HE����%$&.*5281'��6ROLWDU\�UHFWDO�XOFHU�V\QGURPH��6586�� LV�D�EHKDYLRUDO�GLVRUGHU�ZKRVH�SDWKRSK\VLRORJ\� LVLQFRPSOHWHO\�XQGHUVWRRG��/LNHZLVH��LWV�WUHDWPHQW��SDUWLFXODUO\�WKH�UROH�RI�ELRIHHGEDFN�WKHUDS\��%7��LV�XQFOHDU�$,0�� 7R� HYDOXDWH� DQRUHFWDO� IXQFWLRQ� DQG� PRUSKRORJ\� DQG� WR� DVVHVV� HIILFDF\� RI� %7�� 0(7+2'6�� (OHYHQSDWLHQWV���I��ZLWK�UHIUDFWRU\�6586�XQGHUZHQW�V\PSWRP�DVVHVVPHQWV��DQRUHFWDO�PDQRPHWU\��GHIHFRJUDSK\�EDOORRQ� H[SXOVLRQ� WHVW�� DQG� VLJPRLGRVFRS\�� 3K\VLRORJLFDO� WHVWV� ZHUH� DOVR� SHUIRUPHG� LQ� ��� ���I�� KHDOWK\FRQWUROV��6XEVHTXHQWO\��6586�SDWLHQWV�XQGHUZHQW�ELRIHHGEDFN�WUHDWPHQW��6\PSWRPV�DQG�PDQRPHWU\�ZHUHUHDVVHVVHG��5(68/76��1LQH�������SDWLHQWV�H[KLELWHG�G\VV\QHUJLD���S�����������5HFWDO�VHQVRU\�WKUHVKROGVZHUH�GHFUHDVHG��S����������$IWHU�ELRIHHGEDFN��VWUDLQLQJ�HIIRUW�DQG�VWRRO�IUHTXHQF\�GHFUHDVHG���S����������DQG
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ERZHO� VDWLVIDFWLRQ� VFRUH� �9$6�� LPSURYHG� �� S� �� �������� 'LJLWDO� PDQHXYHUV� ZHUH� GLVFRQWLQXHG� E\� DOO� ILYHSDWLHQWV�DQG�EOHHGLQJ�VWRSSHG�LQ������7KH�GHIHFDWLRQ�LQGH[�LQFUHDVHG���S����������G\VV\QHUJLD�QRUPDOL]HG�DQG�EDOORRQ�H[SXOVLRQ�WLPH�GHFUHDVHG���S����������7KHUH�ZDV�FRPSOHWH�KHDOLQJ�LQ����������!� ����KHDOLQJ�LQ���������DQG������KHDOLQJ�LQ���������SDWLHQWV��&21&/86,216��6586�DVVRFLDWHG�ZLWK�H[FHVVLYH�VWUDLQLQJ�GLJLWDO� GLVLPSDFWLRQ�� UHFWDO� K\SHUVHQVLWLYLW\�� G\VV\QHUJLF� GHIHFDWLRQ�� DQG� SURORQJHG� HYDFXDWLRQ�� %7� PD\LPSURYH�V\PSWRPV�DQG�DQRUHFWDO�IXQFWLRQ�DQG�IDFLOLWDWH�KHDOLQJ�
6WDSOHG�YV�RSHQ�KHPRUUKRLGHFWRP\��ORQJ�WHUP�RXWFRPH�RI�D�UDQGRPL]HG�FRQWUROOHG�WULDO�3LFFKLR�0��3DOLPHQWR�'��$WWDQDVLR�8��5HQGD�$,QW�-�&RORUHFWDO�'LV�������)HE�����%RWK� VWDSOHG� DQG�0LOOLJDQ�0RUJDQ� WHFKQLTXHV� JXDUDQWHH� VDWLVIDFWRU\� ORQJ�WHUP� UHVXOWV�� /DUJHU� VWXGLHV� DUHQHHGHG�WR�DVVHVV�WKH�GXUDELOLW\�RI�VWDSOHG�KHPRUUKRLGHFWRP\�
0HVK�LQYDVLRQ�RI�WKH�UHFWXP��DQ�XQXVXDO�ODWH�FRPSOLFDWLRQ�RI�UHFWDO�SURODSVH�UHSDLU�.DUDJXOOH�(��<LOGLULP�(��7XUN�(��$NND\D�'��0RUD\�*,QW�-�&RORUHFWDO�'LV�������0DU����9DULRXV� VXUJLFDO� WHFKQLTXHV� KDYH� EHHQ� GHVFULEHG� IRU� UHSDLU� RI� UHFWDO� SURODSVH�� KRZHYHU�� WKHUH� LV� QRDJUHHPHQW�RQ�D�VWDQGDUG�WUHDWPHQW�PHWKRG��,Q�WKH�5LSVWHLQ�SURFHGXUH��WKH�UHFWXP�LV�IL[HG�WR�WKH�VDFUXP�ZLWKD�SLHFH�RI�PHVK�PDWHULDO��:H�GHVFULEH� WKH�FDVH�RI�D�SDWLHQW�ZKR�KDG�XQGHUJRQH�D�5LSVWHLQ�SURFHGXUH� WRDGGUHVV� UHFWDO� SURODSVH� �� \HDUV� EHIRUH� DGPLVVLRQ� WR� RXU� FOLQLF�� +LV� FRPSODLQWV� ZHUH� DQDO� GLVFRPIRUW�DEGRPLQDO�GLVFRPIRUW��DQG�WHQHVPXV�RI���\HDUV�GXUDWLRQ��5HFWRVFRS\�DQG�DEGRPLQDO�FRPSXWHG�WRPRJUDSK\�&7��UHYHDOHG�WKDW�WKH�PHVK�KDG�SHQHWUDWHG�WKH�UHFWDO�ZDOO�DQG�ZDV�ORFDWHG�ZLWKLQ�WKH�UHFWDO�OXPHQ�����FPIURP�WKH�DQDO�YHUJH��2QFH�WKH�PHVK�ZDV�HQGRVFRSLFDOO\��DQG�WKH�SDWLHQW
V�V\PSWRPV�UHVROYHG�FRPSOHWHO\�9DULRXV�FRPSOLFDWLRQV�RI�PHVK�LPSODQWDWLRQ�IRU�UHFWDO�SURODSVH�UHSDLU�KDYH�EHHQ�GRFXPHQWHG��EXW�UHFWDO�ZDOOSHQHWUDWLRQ�KDV�QRW�EHHQ�UHSRUWHG� WR�GDWH��7KLV� UHSRUW�SUHVHQWV�RXU�FDVH�RI� WKLV�XQXVXDO�FRPSOLFDWLRQ�DQGUHYLHZV�WKH�UHOHYDQW�OLWHUDWXUH�
0DQDJHPHQW�RI�5HFXUUHQW�5HFWDO�3URODSVH��6XUJLFDO�$SSURDFK�,QIOXHQFHV�2XWFRPH�6WHHOH�65��*RHW]�/+��0LQDPL�6��0DGRII�5'��0HOOJUHQ�$)��3DUNHU�6&'LV�&RORQ�5HFWXP�������)HE�����,1752'8&7,21��5HFXUUHQW�UHFWDO�SURODSVH�LV�DQ�XQUHVROYHG�SUREOHP�DQG�WKH�RSWLPDO�WUHDWPHQW�LV�GHEDWHG�7KLV�VWXG\�ZDV�GHVLJQHG�WR�UHYLHZ�SDWWHUQV�RI�FDUH�DQG�RXWFRPHV�LQ�D�ODUJH�FRKRUW�RI�SDWLHQWV�DIWHU�VXUJHU\IRU� UHFXUUHQW� SURODSVH�� 0(7+2'6�� )URP� ���� SDWLHQWV� ZKR� XQGHUZHQW� RSHUDWLYH� UHSDLU� IRU� IXOO�WKLFNQHVVH[WHUQDO� UHFWDO� SURODSVH�� ZH� LGHQWLILHG� ��� SDWLHQWV� ���� IHPDOHV�� PHDQ� DJH�� ����� \HDUV�� ZKR� XQGHUZHQWVXUJHU\� IRU� UHFXUUHQFH��:H� UHYLHZHG� WKH� VXEVHTXHQW� PDQDJHPHQW� DQG� RXWFRPHV� IRU� WKHVH� ��� SDWLHQWV�5(68/76��0HDQ� LQWHUYDO� WR� WKHLU� ILUVW� UHFXUUHQFH�ZDV���� �UDQJH�� �������PRQWKV�� 7KHUH�ZHUH� VLJQLILFDQWO\PRUH� UH�UHFXUUHQFHV� DIWHU� UHRSHUDWLRQ� XVLQJ� D� SHULQHDO� SURFHGXUH� �������� FRPSDUHG� ZLWK� DQ� DEGRPLQDOSURFHGXUH� ������� IRU� WKHLU� UHFXUUHQW� UHFWDO� SURODSVH� �3�  � ������ DW� D�PHDQ� IROORZ�XS� RI� QLQH� �UDQJH�� �����PRQWKV�� 3DWLHQWV� XQGHUJRLQJ� DEGRPLQDO� UHSDLU� RI� UHFXUUHQFH� ZHUH� VLJQLILFDQWO\� \RXQJHU� WKDQ� WKRVH� ZKRXQGHUZHQW� SHULQHDO� UHSDLU� �PHDQ� DJH�� ����� YV�� ����� \HDUV�� 3� �� ������� KRZHYHU�� WKHUH� ZDV� QRVLJQLILFDQWGLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV�ZLWK�UHJDUG�WR�WKH�$PHULFDQ�6RFLHW\�RI�$QHVWKHVLRORJLVWV�FODVVLILFDWLRQ��3 ��������(LJKWHHQ�SDWLHQWV�KDG�VXUJHU\�IRU�D�VHFRQG�UHFXUUHQFH��ZLWK�SHULQHDO�UHSDLUV�DVVRFLDWHG�ZLWK�KLJKHUIDLOXUH� UDWHV� ���� YV�� �� SHUFHQW�� 3�  � ������� )LQDOO\�� ZKHQ� FRPELQLQJ� DOO� UHSDLUV�� WKH� DEGRPLQDO� DSSURDFKFRQWLQXHG�WR�KDYH�VLJQLILFDQWO\�ORZHU�UHFXUUHQFH�UDWHV�����YV�����SHUFHQW��3����������&21&/86,216��7KH�UH�UHFXUUHQFH�UDWH�DIWHU�VXUJHU\�IRU�UHFXUUHQW�UHFWDO�SURODSVH�LV�KLJK��HYHQ�DW�D�UHODWLYHO\�VKRUW�IROORZ�XS�LQWHUYDO�2XU�GDWD�VXJJHVW�WKDW�DEGRPLQDO�UHSDLU�RI�UHFXUUHQW�UHFWDO�SURODSVH�VKRXOG�EH�XQGHUWDNHQ�LI�WKH�SDWLHQW
V�ULVNSURILOH�SHUPLWV�WKLV�DSSURDFK�
5DQGRPL]HG� FRQWUROOHG� WULDO� RI� /LJD6XUH� ZLWK� VXEPXFRVDO� GLVVHFWLRQ� YHUVXV� IHUJXVRQKHPRUUKRLGHFWRP\�IRU�SURODSVHG�KHPRUUKRLGV�:DQJ�-<��/X�&<��7VDL�+/��&KHQ�)0��+XDQJ�&-��+XDQJ�<6��+XDQJ�7-��+VLHK�-6:RUOG�-�6XUJ�������0DU�������������/LJD6XUH�KHPRUUKRLGHFWRP\�ZLWK�VXEPXFRVDO�GLVVHFWLRQ� LV�D�VDIH��HIIHFWLYH�SURFHGXUH� IRU�JUDGH� ,,,�DQG� ,9KHPRUUKRLGV��3DWLHQWV�GHULYH�JUHDWHU�VKRUW�WHUP�EHQHILWV��UHGXFHG�LQWUDRSHUDWLYH�EORRG�ORVV��RSHUDWLQJ�WLPH�DQG�SRVWRSHUDWLYH�SDLQ�DV�ZHOO�DV�HDUOLHU�UHVXPSWLRQ�RI�ZRUN�RU�QRUPDO�DFWLYLW\��/RQJ�WHUP�IROORZ�XS�ZLWK�DODUJHU�QXPEHU�RI�SDWLHQWV�LV�UHTXLUHG�WR�FRQILUP�WKH�ORQJ�WHUP�UHVXOWV�RI�WKLV�SURFHGXUH�
��±�5(7(17,216��������+HDOWK\��PLGGOH�DJHG��KLVWRU\�IUHH��FRQWLQHQW�ZRPHQ�GR�WKH\�VWUDLQ�WR�YRLG"3DXZHOV�(��'H�/DHW�.��'H�:DFKWHU�6��:\QGDHOH�--
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-�8URO�������$SU���������������385326(�� :H� HYDOXDWHG� WR� ZKDW� H[WHQW� DEGRPLQDO� VWUDLQLQJ� LV� XVHG� IRU� YRLGLQJ� LQ� DQ� DV\PSWRPDWLF�FRQWLQHQW�� KHDOWK\�� PLGGOH�DJHG� IHPDOH� SRSXODWLRQ�� 0$7(5,$/6� $1'� 0(7+2'6�� $� WRWDO� RI� ��� ZRPHQ�PHDQ� DJH� ��� ���� �� \HDUV� ROG�� FRXOG� EH� SURVSHFWLYHO\� LQFOXGHG�� 7HFKQLFDO� LQYHVWLJDWLRQV� FRQVLVWHG� RIIORZPHWU\��SUHVVXUH� IORZPHWU\�ZLWK�(0*�DQG�HOHFWURVHQVDWLRQ�HYDOXDWLRQ��6RPH�GDWD�ZHUH�FRPSDUHG�ZLWKWKRVH� RI� VWUHVV� LQFRQWLQHQW�ZRPHQ� LQYHVWLJDWHG� SURVSHFWLYHO\� LQ� WKH� VDPH�ZD\�� 5(68/76�� 7KHUH� ZHUH� �ZRPHQ� ZKR� ZHUH� H[FOXGHG� IURP� DQDO\VLV� EHFDXVH� RI� DEQRUPDO� VHQVRU\� HYDOXDWLRQ�� 7KH� V\PSWRP�IUHHSDUWLFLSDQWV�YRLGHG�ZLWK�ORZ�GHWUXVRU�SUHVVXUH��D�KLJK�IORZ�UDWH�DQG�QR�UHVLGXDO��$�ODUJH�VHJPHQW�������XVHGDGGLWLRQDO�DEGRPLQDO�VWUDLQLQJ�WR�YRLG�RQ�F\VWRPHWU\�DQG�UHSRUWHG�WKDW�VXFK�VWUDLQLQJ�ZDV�WKHLU�XVXDO�KDELW�IRUYRLGLQJ�DW�KRPH��6WUDLQLQJ�ZDV�VHHQ�DV�IUHTXHQW� LQ�ZRPHQ�ZLWK�VWUHVV�LQFRQWLQHQFH��+RZHYHU��VLJQLILFDQWO\PRUH�ZRPHQ�ZLWK�VWUHVV� LQFRQWLQHQFH�XVHG�VWUDLQLQJ�ZLWKRXW�GHWUXVRU�FRQWUDFWLRQ��&21&/86,216��7KHVHKHDOWK\�PLGGOH�DJHG�ZRPHQ�ZLWKRXW�D�KLVWRU\�RI�SHOYLF�VXUJHU\��RU�V\PSWRPV�RU�VLJQV�RI�XURORJLFDO��DQRUHFWDORU�J\QHFRORJLFDO�SUREOHPV��YRLGHG�ZLWK�D�PHDQ�3GHWPD[�RI����FP�+���2��PHDQ�4PD[�RI����PO�SHU�VHFRQG�DQG�WKH�PDMRULW\�ZLWKRXW�UHVLGXDO��0DQ\�RI�WKHP�VWUDLQHG�GXULQJ�GHWUXVRU�FRQWUDFWLRQ�DQG�WKLV�KDG�QRW�OHG�WRWKH�GHYHORSPHQW�RI�VLJQV�RU�V\PSWRPV��7KH�ZD\�VWUDLQLQJ� LV�GRQH�PD\�PDNH� WKH�GLIIHUHQFH� LQ� WKDW�GXULQJUHIOH[� EODGGHU� FRQWUDFWLRQ� DQG� XUHWKUDO� UHOD[DWLRQ�� DGGLWLRQDO� VWUDLQLQJ� PD\� KDYH� OLWWOH� QHJDWLYH� HIIHFW�� ,IVWUDLQLQJ� LV�XVHG� WR�YRLG�ZLWKRXW�WKH� LQLWLDWLRQ�RI� WKH�PLFWXULWLRQ�UHIOH[��YRLGLQJ�G\VIXQFWLRQ�DQG� LQFRQWLQHQFHPLJKW�GHYHORS�PRUH�HDVLO\�
7HFKQLTXH�DQG�UHVXOWV�RI�XUHWKURSODVW\�IRU�IHPDOH�VWULFWXUH�GLVHDVH�6FKZHQGHU�&(��1J�/��0F*XLUH�(��*RUPOH\�($-�8URO�������0DU�������3W������������GLVFXVVLRQ�����385326(��8UHWKUDO�VWULFWXUH�GLVHDVH� LQ� IHPDOHV� LV�XQFRPPRQ�DQG� LV�RIWHQ� WUHDWHG�ZLWK� UHSHDW�GLODWLRQ�RULQWHUQDO�XUHWKURWRPLHV��9DULRXV�VXUJLFDO�WHFKQLTXHV�WR�UHSDLU�VWULFWXUHV�KDYH�EHHQ�GHVFULEHG�ZLWK�VXFFHVVIXOUHVXOWV��+RZHYHU�� WKHVH� WHFKQLTXHV� DUH� FXPEHUVRPH� WR� XVH��7KH� YDJLQDO� LQOD\� IODS� LV� VLPSOH�DQG�HDV\� WROHDUQ��7R�RXU�NQRZOHGJH� WKLV� LV� WKH� ILUVW� UHSRUW�RI� LWV�XVH�DQG�FOLQLFDO� UHVXOWV� LQ� D�VHULHV�RI�SDWLHQWV� IURP��LQVWLWXWLRQV��0$7(5,$/6�$1'�0(7+2'6��(LJKW�V\PSWRPDWLF�ZRPHQ�ZLWK�D�KLVWRU\�RI� WUDXPDWLF�RU�GLIILFXOWFDWKHWHUL]DWLRQ�� D� KLVWRU\� RI� DW� OHDVW� �� XUHWKUDO� GLODWLRQ� RU� XUHWKURWRP\� DQG� GLIILFXOW� RU� D� IDLOHG� DWWHPSW� DWFDWKHWHU�SODFHPHQW�XQGHUZHQW�XUHWKURSODVW\��7KH�WHFKQLTXH�FRQVLVWHG�RI�LQFLVLQJ�WKH�SRVWHULRU�DVSHFW�RI�WKHVWULFWXUH� DQG� DGYDQFLQJ� D� YDJLQDO� LQOD\� IODS�� $� UHWURVSHFWLYH� FKDUW� UHYLHZ� ZDV� SHUIRUPHG�� 5(68/76�)ROORZXS�ZDV���WR���\HDUV��$OO�SDWLHQWV�KDG�VXEMHFWLYH�UHOLHI�RI�V\PSWRPV�DQG�FRXOG�HDVLO\�FDWKHWHUL]H�ZLWK�D��)U�FDWKHWHU��$YHUDJH�FDOLEHU�RI� WKH�XUHWKUD� LQFUHDVHG�IURP�����)U� WR�����)U�DQG�SRVW�YRLG�UHVLGXDO�XULQHGHFUHDVHG�IURP�����WR����FF��2QH�SDWLHQW�ZLWK�D�K\SRWRQLF�EODGGHU�ZDV�LQ�UHWHQWLRQ��ZKLFK�UHVROYHG�GXULQJ��PRQWKV��2QH�SDWLHQW�XQGHUZHQW�UHSHDW�GLODWLRQ�RQFH���ZHHNV�DIWHU�WKH�SULPDU\�SURFHGXUH�ZLWK�QR�UHFXUUHQFH�1R� SDWLHQW� KDG� VWUHVV� XULQDU\� LQFRQWLQHQFH�� 7KHUH� ZHUH� QR� LPPHGLDWH� RU� GHOD\HG� VHULRXV� FRPSOLFDWLRQV�&21&/86,216�� 8UHWKUDO� VWULFWXUH� GLVHDVH� LQ� IHPDOHV� LV� DQ� XQFRPPRQ� HQWLW\� WKDW� FDQ� FDXVH� YRLGLQJV\PSWRPV�� UHFXUUHQW� LQIHFWLRQV�� UHWHQWLRQ� DQG� UHQDO� LPSDLUPHQW�� 7KLV� PHWKRG� RI� VXUJLFDO� UHSDLU� RIIHUV� DGXUDEOH�UHVXOW�DQG�KDV�D�ORZ�LQFLGHQFH�RI�FRPSOLFDWLRQV�
+HUSHV�]RVWHU�DVVRFLDWHG�DFXWH�XULQDU\�UHWHQWLRQ��D�FDVH�UHSRUW�-XOLD�--��&KROKDQ�+-,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������0DU����$Q����\HDU�ROG�ZRPDQ�SUHVHQWV�ZLWK�D���ZHHN�KLVWRU\�RI�XULQDU\� LQFRQWLQHQFH�GXULQJ�ZKLFK�VKH�KDG�EHHQWUHDWHG� IRU�GLVVHPLQDWHG�KHUSHV�]RVWHU�YLUXV� �+=9���2Q�SK\VLFDO�H[DP�SDLQIXO� YHVLFOHV� LQYROYLQJ� WKH�HQWLUHYXOYDU� UHJLRQ�ZLWK�PDLQO\� ULJKW� VDFUDO� GLVWULEXWLRQ�ZHUH� IRXQG�� $� FDWKHWHUL]HG� YROXPH� H[FHHGHG� ����PO� RIUHWDLQHG� XULQH� DIWHU� WKH� SDWLHQW� IDLOHG� WR� YRLG� VSRQWDQHRXVO\�� 0XOWLFKDQQHO� YRLGLQJ�SUHVVXUH� XURG\QDPLFVWXGLHV�UHYHDOHG�DQ�DFRQWUDFWLOH�QHXURJHQLF�EODGGHU�ZLWK�RYHUIORZ�LQFRQWLQHQFH��7KH�SDWLHQW�ZDV�GLVFKDUJHGRQ� D� FRQVHUYDWLYH� UHJLPHQ� ZLWK� DUUDQJHPHQW� IRU� YLVLWLQJ� QXUVH� VHUYLFHV� WR� SHUIRUP� LQWHUPLWWHQW� VHOI�FDWKHWHUL]DWLRQ�WZLFH�GDLO\��8URG\QDPLF�WHVWLQJ�ZDV�UHSHDWHG����ZHHNV�DIWHU�LQLWLDO�V\PSWRPV��'XULQJ�YRLGLQJF\VWRPHWU\� D� ELSKDVLF� LQFUHDVH� LQ� GHWUXVRU� SUHVVXUH� RI� ��� FP� +���2� ZDV� REVHUYHG� ZLWK� QR� LQFUHDVH� LQDEGRPLQDO�SUHVVXUH��7KH�SDWLHQW�HPSWLHG�����PO�ZLWK�D�SRVWYRLG� UHVLGXDO�RI�����PO��5HFRYHU\� IURP�+=9�DVVRFLDWHG� EODGGHU� HPSW\LQJ� G\VIXQFWLRQ� FDQ� EH� DFKLHYHG� XVXDOO\� WKURXJK� FRQVHUYDWLYH� PDQDJHPHQW�LQFOXGLQJ�LQWHUPLWWHQW�VHOI�FDWKHWHUL]DWLRQ��&RPSOHWH�UHFRYHU\�WLPH�UDQJHV�IURP���WR����ZHHNV�
2EVWUXFWLYH�SULPDU\�EODGGHU�QHFN�GLVHDVH��HYDOXDWLRQ�RI�WKH�HIILFDF\�DQG�VDIHW\�RI�DOSKD��EORFNHUV�&LVWHUQLQR�$��=HFFROLQL�*��&DOSLVWD�$��'H�0DUFR�9��3UD\HU�*DOHWWL�7��,DIUDWH�0��$UWLEDQL�:8URO�,QW�������������������
7HFKQLTXH�DQG�UHVXOWV�RI�XUHWKURSODVW\�IRU�IHPDOH�VWULFWXUH�GLVHDVH�6FKZHQGHU�&(��1J�/��0F*XLUH�(��*RUPOH\�($
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-�8URO�������0DU�������3W������������GLVFXVVLRQ�����8UHWKUDO� VWULFWXUH� GLVHDVH� LQ� IHPDOHV� LV� DQ� XQFRPPRQ� HQWLW\� WKDW� FDQ� FDXVH� YRLGLQJ� V\PSWRPV�� UHFXUUHQWLQIHFWLRQV��UHWHQWLRQ�DQG�UHQDO� LPSDLUPHQW��7KLV�PHWKRG�RI�VXUJLFDO�UHSDLU�RIIHUV�D�GXUDEOH�UHVXOW�DQG�KDV�DORZ�LQFLGHQFH�RI�FRPSOLFDWLRQV�
,QIRUPDWLRQ�IURP�\RXU�IDPLO\�GRFWRU��+HOS�IRU�\RXU�FKLOG
V�FRQVWLSDWLRQ�$P�)DP�3K\VLFLDQ�������)HE���������������
>6WRSSLQJ�VPRNLQJ�DQG�FRQVWLSDWLRQ�@/DJUXH�*��&RUPLHU�6��0DXWUDLW�&��'LYLQH�&3UHVVH�0HG�������)HE������3W����������,QWURGXFWLRQ!$PRQJ� WKH� V\PSWRPV� WKDW� PD\� RFFXU� ZLWK� VPRNLQJ� ZLWKGUDZDO�� FRQVWLSDWLRQ� LV� UHODWLYHO\IUHTXHQW�� EXW� OLWWOH� VWXGLHG�� &DVH!7KUHH� ZRPHQ� UHSRUWHG� WKDW� FRQVWLSDWLRQ� GHYHORSHG� ZKHQ� WKH\� VWRSSHGVPRNLQJ� DQG� LPSURYHG� GXULQJ� WUDQVLHQW� UHODSVHV�� ',6&866,21�!7KLV� FRQVWLSDWLRQ� VRPHWLPHV� SURGXFHVVHULRXV� IXQFWLRQDO� GLVRUGHUV� DQG� FDQ� LQGXFH� UHODSVH�� ,W� RFFXUV� HVSHFLDOO\� DPRQJ� ZRPHQ� DQG� WKRVHSUHGLVSRVHG� WR� LW��1LFRWLQH��E\�DFWLQJ�RQ� WKH�SDUDV\PSDWKRPLPHWLF�V\VWHP�� LQFUHDVHV� LQWHVWLQDO� SHULVWDOVLV�DQG�D�FLJDUHWWH�FDQ�DSSHDU� WR�EH�HIIHFWLYH�VHOI�PHGLFDWLRQ��0DJQHVLXP�VDOWV�DUH� WKH� ILUVW�OLQH� WUHDWPHQW� IRUWKLV� SUREOHP�� ,I� WKH\� IDLO�� QHRVWLJPLQH�� DQ� DQWLFKROLQHVWHUDVH� ZLWK� SDUDV\PSDWKRPLPHWLF� DFWLYLW\�� DSSHDUVUHPDUNDEO\�HIIHFWLYH�LQ�FRUUHFWLQJ�WKLV�GLVRUGHU�
,QIRUPDWLRQ�IURP�\RXU�IDPLO\�GRFWRU��&KURQLF�FRQVWLSDWLRQ�LQ�\RXU�FKLOG�$P�)DP�3K\VLFLDQ�������)HE����������������
(YDOXDWLRQ�DQG�WUHDWPHQW�RI�FRQVWLSDWLRQ�LQ�LQIDQWV�DQG�FKLOGUHQ�%LJJV�:6��'HU\�:+$P�)DP�3K\VLFLDQ�������)HE����������������
'LIIHUHQFHV�%HWZHHQ�3DLQOHVV�DQG�3DLQIXO�&RQVWLSDWLRQ�$PRQJ�&RPPXQLW\�:RPHQ�%KDUXFKD�$(��/RFNH�*5��=LQVPHLVWHU�$5��6HLGH�%0��0F.HRQ�.��6FKOHFN�&'��0HOWRQ�/-��UG$P�-�*DVWURHQWHURO�������)HE����%$&.*5281'�� ,Q� WKH� 5RPH� ,,� FULWHULD�� SDWLHQWV� ZLWK� ERWK� FRQVWLSDWLRQ� DQG� DEGRPLQDO� SDLQ� �$3�� �L�H���SDLQIXO�FRQVWLSDWLRQ���3&����ZKR�GR�QRW�VDWLVI\�FULWHULD�IRU�LUULWDEOH�ERZHO�V\QGURPH��,%6��DUH�LQFOXGHG�LQ�WKHVDPH� IXQFWLRQDO� FRQVWLSDWLRQ� �)&�� FDWHJRU\� DV� SDWLHQWV� ZLWK� FRQVWLSDWLRQ� ZLWKRXW� $3� �L�H��� �SDLQOHVVFRQVWLSDWLRQ���3/&����:KDW�GLIIHUHQFHV��LI�DQ\��H[LVW�EHWZHHQ�)&�ZLWKRXW��L�H���3/&��DQG�ZLWK�$3��L�H���3&��DUHXQFOHDU��0(7+2'6��7R�FRPSDUH�FOLQLFDO� IHDWXUHV�DPRQJ�3/&��3&��FRQVWLSDWLRQ�SUHGRPLQDQW� ,%6� �&�,%6��DQG�QRQ�&�,%6��D�YDOLGDWHG�TXHVWLRQQDLUH�ZDV�PDLOHG��ZLWK�WHOHSKRQH�IROORZ�XS�RI�QRQUHVSRQGHUV��WR�DQ�DJH�VWUDWLILHG�UDQGRP�VDPSOH�RI�������DGXOW�ZRPHQ�LQ�2OPVWHG�&RXQW\��0LQQHVRWD��5(68/76��$OWRJHWKHU�������ZRPHQ�������UHVSRQGHG��7KH�DJH�DGMXVWHG�SUHYDOHQFH�RI�3/&������SHU����������FRQILGHQFH�LQWHUYDO�����&,������������ZDV�KLJKHU�FRPSDUHG�WR�3&������SHU����������&,������������&RPSDUHG�WR�3/&��SDWLHQWV�ZLWK�3&UHSRUWHG� ZRUVH� JHQHUDO� KHDOWK� �L�H��� H[FHOOHQW� RU� YHU\� JRRG�  � �����YV� �������� PRUH� VRPDWLF� V\PSWRPV�PHDQ�VFRUH� �����YV�������DQG�XULQDU\�XUJHQF\� ���RIWHQ� ����YV�������DQG�KDG�D�KLJKHU�SUHYDOHQFH�RIK\VWHUHFWRP\��%RZHO� V\PSWRPV� VLJQLILFDQWO\� LPSDFWHG� !� �� GRPDLQ� RI� TXDOLW\� RI� OLIH� �42/�� LQ� ���� RI� 3&YHUVXV����RI�3/&��,Q�D�ORJLVWLF�GLVFULPLQDQW�PRGHO��DJH��JHQHUDO�KHDOWK��LPSDFW�RI�ERZHO�V\PSWRPV�RQ�42/�VRPDWLF� V\PSWRPV�� DQG� XULQDU\� XUJHQF\� LQGHSHQGHQWO\� GLVFULPLQDWHG� EHWZHHQ� ERZHO� VXEW\SHV�&21&/86,216��3DWLHQWV�ZLWK�3&�PRUH�FORVHO\�UHVHPEOH�WKRVH�ZLWK�&�,%6�WKDQ�3/&��&RQVLGHUDWLRQ�VKRXOGEH�JLYHQ�WR�VHSDUDWLQJ�3&�IURP�3/&�LQ�WKH�5RPH�FULWHULD�DQG�LQ�WKHUDSHXWLF�WULDOV�
��±�,1&217,1(1&(6��������(OHFWURSK\VLRORJLF� 6WXGLHV� DQG� &OLQLFDO� )LQGLQJV� LQ� )HPDOHV� :LWK� &RPELQHG� )HFDO� DQG� 8ULQDU\,QFRQWLQHQFH��$�3URVSHFWLYH�6WXG\�/DFLPD�*��3HUD�0��9DOOV�6ROH�-��*RQ]DOH]�$UJHQWH�;��3XLJ�&ORWD�0��(VSXQD�0'LV�&RORQ�5HFWXP�������)HE�����385326(�� 6HYHUDO� FOLQLFDO�� XURG\QDPLF�� DQG� PDQRPHWULF� ILQGLQJV� VXJJHVW� QHXURORJLF� GDPDJH� DV� DFRQWULEXWLQJ�IDFWRU�LQ�WKH�GHYHORSPHQW�RI�FRPELQHG�IHFDO�DQG�XULQDU\�LQFRQWLQHQFH��,Q�WKLV�VWXG\��ZH�ZDQWHGWR� WHVW� WKH�K\SRWKHVLV�RI�SXGHQGDO�QHUYH�QHXURSDWK\�EHLQJ�D�PRUH� IUHTXHQW� OHVLRQ� LQ�SDWLHQWV�ZLWK� GRXEOHLQFRQWLQHQFH�FRPSDUHG�ZLWK�SDWLHQWV�ZLWK�LVRODWHG�IHFDO�LQFRQWLQHQFH��3$7,(176��1LQHW\�WKUHH�IHPDOHV�ZLWKFRPELQHG�IHFDO�DQG�XULQDU\�LQFRQWLQHQFH�DQG����IHPDOHV�ZLWK�LVRODWHG�IHFDO�LQFRQWLQHQFH�ZHUH�LQYHVWLJDWHG�$OO� SDWLHQWV� XQGHUZHQW� DQDO� PDQRPHWU\�� HQGRDQDO� XOWUDVRXQG�� HOHFWURP\RJUDSK\�� DQG� SXGHQGDO� QHUYHWHUPLQDO�PRWRU� ODWHQF\��5(68/76��1R�VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV�ZHUH� IRXQG� LQ� WKH�DJH��KLVWRU\� RI
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YDJLQDO�GHOLYHU\��DQG�FKURQLF�VWUDLQLQJ�EHWZHHQ�ERWK�JURXSV��+RZHYHU��WKH�UDWH�RI�SRVWPHQRSDXVDO�IHPDOHVZDV�KLJKHU�LQ�WKH�FRPELQHG�IHFDO�DQG�XULQDU\�LQFRQWLQHQFH�JURXS�����YV�����SHUFHQW��3� ��������0HQRSDXVHZDV�DQ�LQGHSHQGHQW�ULVN�IDFWRU�RI�KDYLQJ�GRXEOH�LQFRQWLQHQFH��RGGV�UDWLR�������3� ��������&RQFHQWULF�QHHGOHHOHFWURP\RJUDSK\�RI� WKH�H[WHUQDO�DQDO�VSKLQFWHU�UHYHDOHG�LQFUHDVHG�GXUDWLRQ�RI� WKH�PRWRU�XQLW�SRWHQWLDOV� LQ���DQG����SHUFHQW�RI�SDWLHQWV�ZLWK�FRPELQHG�IHFDO�DQG�XULQDU\�LQFRQWLQHQFH�DQG�LVRODWHG�IHFDO�LQFRQWLQHQFH�UHVSHFWLYHO\��3� ��������$Q�LQFUHDVHG�QXPEHU�RI�SRO\SKDVLF�PRWRU�XQLW�SRWHQWLDOV�ZDV�GHWHFWHG�LQ����DQG���SHUFHQW� �3� �������7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH� LQ� WKH�SUHYDOHQFH�RI�ELODWHUDO� ����YV�� ��SHUFHQW��RU�XQLODWHUDO� ����YV�����SHUFHQW��SURORQJHG�PHDQ�SXGHQGDO�QHUYH� WHUPLQDO�PRWRU� ODWHQF\�EHWZHHQERWK�JURXSV��3� �������&21&/86,216��3XGHQGDO�QHXURSDWK\�LV�QRW�D�GLVWLQFW�FKDUDFWHULVWLF�RI�SDWLHQWV�ZLWKGRXEOH�LQFRQWLQHQFH��7KH�SUHYDOHQFH�RI�SXGHQGDO�QHXURSDWK\�LQ�WKHVH�SDWLHQWV�LV�VLPLODU�WR�WKDW�REVHUYHG�LQSDWLHQWV� ZLWK� LVRODWHG� IHFDO� LQFRQWLQHQFH�� 2WKHUV� IDFWRUV� VKRXOG� EH� LQYHVWLJDWHG� WR� H[SODLQ� WKH� FRPPRQDVVRFLDWLRQ�RI�ERWK�W\SHV�RI�LQFRQWLQHQFH�
>(YDOXDWLRQ�RI�WKH�*OREDO�$EGRPLQDO�0HWKRG��$%'2�0*��LQ�WKH�WUHDWPHQW�RI�XULQDU\�LQFRQWLQHQFH@*RGERXW�0��/H�7X�0��:DWLHU�$��%ODFN�53URJ�8URO�������6HS��������������7KLV�LV�WKH�ILUVW�VWXG\�GHPRQVWUDWLQJ�WKH�FOLQLFDO�HIILFDF\��ERWK�REMHFWLYHO\�DQG�VXEMHFWLYHO\��RI� WKH�WHFKQLTXH$%'2�0*� LQ� WKH� WUHDWPHQW� RI� JHQXLQH� VWUHVV� XULQDU\� LQFRQWLQHQFH� DQG� PL[HG� LQFRQWLQHQFH� ZLWK� VWUHVVSUHGRPLQDQFH� LQ� ZRPHQ�� 2XU� GDWD� DUH� HQFRXUDJLQJ�� KRZHYHU� ORQJ�WHUP� VWXG\� ZLWK� FRQWURO� JURXS� LVZDUUDQWHG�
0XOWLFHQWHU�SKDVH�,,,�WULDO�VWXG\LQJ�WURVSLXP�FKORULGH�LQ�SDWLHQWV�ZLWK�RYHUDFWLYH�EODGGHU�5XG\�'��&OLQH�.��+DUULV�5��*ROGEHUJ�.��'PRFKRZVNL�58URORJ\�������)HE��������������
3HULXUHWKUDO� PDVV� IRUPDWLRQV� IROORZLQJ� EXONLQJ� DJHQW� LQMHFWLRQ� IRU� WKH� WUHDWPHQW� RI� XULQDU\LQFRQWLQHQFH�0DGMDU�6��6KDUPD�$.��:DOW]HU�:&��)ULVFKHU�=��6HFUHVW�&/-�8URO�������$SU����������������385326(��'XUDVSKHUH�5�� LV�JDLQLQJ�SRSXODULW\�DV�D�EXONLQJ�DJHQW� IRU� WUHDWLQJ�ZRPHQ�ZLWK�VWUHVV�XULQDU\LQFRQWLQHQFH�� :H� SUHVHQW� D� VHULHV� RI� SDWLHQWV� ZLWK� SHULXUHWKUDO� PDVV� IRUPDWLRQ� IROORZLQJ� 'XUDVSKHUH�5�LQMHFWLRQ��0$7(5,$/6�$1'�0(7+2'6��7KH�FKDUWV�RI�����ZRPHQ�ZLWK�D�PHDQ�DJH�RI������\HDUV��UDQJH���WR�����ZKR�XQGHUZHQW�'XUDVSKHUH�5��SHULXUHWKUDO�LQMHFWLRQV�ZHUH�UHWURVSHFWLYHO\�UHYLHZHG��3DWLHQWV�ZKR�KDGD� SHULXUHWKUDO� PDVV� ZHUH� LGHQWLILHG� DQG� WKHLU� FOLQLFDO� GDWD� ZHUH� FROOHFWHG� DQG� DQDO\]HG�� 5(68/76�� )RXUSDWLHQWV��������ZHUH�GLDJQRVHG�ZLWK�SHULXUHWKUDO�PDVV�IRUPDWLRQ����WR����PRQWKV��DYHUDJH�������IROORZLQJ�D'XUDVSKHUH�5�� LQMHFWLRQ��&OLQLFDO�SUHVHQWDWLRQ�YDULHG�� LQFOXGLQJ� LUULWDWLYH�YRLGLQJ�V\PSWRPV��SHOYLF�SDLQ�DQGXULQDU\� LQFRQWLQHQFH��$OO�SDWLHQWV�ZHUH� IRXQG� WR�KDYH�D� WHQGHU�DQG� WHQVH�SHULXUHWKUDO�PDVV��$� UDGLRSDTXHPDVV�ZDV� UHYHDOHG�GXULQJ�YLGHRXURG\QDPLF�VWXG\� LQ���SDWLHQW�� ,QFLVLRQ�� DQG� WUDQVYDJLQDO� DQG�HQGRVFRSLFGUDLQDJH�RU�WUDQVYDJLQDO�H[FLVLRQ�ZHUH�XVHG�WR�WUHDW�WKHVH�PDVVHV��,QWUDRSHUDWLYH�DQG�SDWKRORJLFDO�ILQGLQJVDV�ZHOO�DV�RSHUDWLYH�RXWFRPHV�DUH�SUHVHQWHG��&21&/86,216�� ,UULWDWLYH�RU�REVWUXFWLQJ�YRLGLQJ�V\PSWRPV�SHOYLF�SDLQ�RU�D�SHULXUHWKUDO�PDVV� LQ�SDWLHQWV�ZLWK�D�KLVWRU\� RI�'XUDVSKHUH�5�� RU�RWKHU�SHULXUHWKUDO� EXONLQJDJHQW�LQMHFWLRQ�VKRXOG�DOHUW�WKH�SK\VLFLDQ�WR�WKH�SRVVLELOLW\�RI�SHULXUHWKUDO�PDVV�IRUPDWLRQ��7KH�WUXH�LQFLGHQFHRI�WKLV�ODWH�FRPSOLFDWLRQ�UHPDLQV�WR�EH�GHWHUPLQHG�
797�YV�0RQDUF��D�FRPSDUDWLYH�VWXG\�'LHW]�+3��%DUU\�&��/LP�<��5DQH�$,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������0DU����)ROORZLQJ� WKH� VXFFHVV� RI� WKH� WHQVLRQ�IUHH� YDJLQDO� WDSH� �797��� WKHUH� KDV� EHHQ� FRQVLGHUDEOH� LQWHUHVW� LQWHFKQLTXH� PRGLILFDWLRQV� VXFK� DV� WKH� WUDQVREWXUDWRU� DSSURDFK� IRU� LPSODQW� SODFHPHQW�� :H� DWWHPSWHG� WRHOXFLGDWH� SRVVLEOH� DQDWRPLFDO� DQG� FOLQLFDO� GLIIHUHQFHV� EHWZHHQ� WKH� WZR�PHWKRGV� LQ� D� UHWURVSHFWLYH� FRKRUWVWXG\��2QH�KXQGUHG�DQG�IRXUWHHQ�ZRPHQ�ZKR�KDG�XQGHUJRQH�797�RU�0RQDUF� LPSODQWDWLRQ�ZHUH�DVVHVVHGE\�RU�XQGHU�WKH�VXSHUYLVLRQ�RI�WKH�VHQLRU�DXWKRU��ZLWK�LGHQWLFDO�WHQVLRQLQJ�WHFKQLTXH��7KH\�ZHUH�IROORZHG�XSE\�DQ� LQWHUYLHZ��XURIORZPHWU\��DQG� WUDQVODELDO��'�XOWUDVRXQG��7KHUH�ZHUH�VLJQLILFDQW�GLIIHUHQFHV� IRU�SDWLHQWVDWLVIDFWLRQ� �3 �������� VXEMHFWLYH� RYHUDOO� FXUH�LPSURYHPHQW� �3 ��������� DQG� WKH� V\PSWRP� RI� SRRU� VWUHDP�3 ������� DOO� IDYRULQJ� WKH� 0RQDUF� JURXS�� 2Q� LPDJLQJ� 0RQDUF� WDSHV� DSSHDUHG� PRUH� SUR[LPDO� DW� UHVW�3 �������DQG�9DOVDOYD��3 �������DQG�UHPDLQHG�IXUWKHU�IURP�WKH�V\PSK\VLV�SXELV�RQ�9DOVDOYD��3 �������$W��PRQWKV� IROORZ�XS�� WKHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� DV� UHJDUGV� WR� FXUH� UDWHV� IRU� VWUHVV� LQFRQWLQHQFHEHWZHHQ�WKH�WZR�VXEXUHWKUDO�VOLQJV��0RQDUF�WDSHV�DUH�ORFDWHG�PRUH�SUR[LPDOO\�DQG�PD\�EH�OHVV�REVWUXFWLYH�MXGJLQJ� IURP� D� ORZHU� LQFLGHQFH� RI� V\PSWRPV� RI� YRLGLQJ� G\VIXQFWLRQ�� 3DWLHQW� VDWLVIDFWLRQ� DQG� RYHUDOOVXEMHFWLYH� FXUH�LPSURYHPHQW� ZHUH� KLJKHU� DIWHU� 0RQDUF�� ,Q� VXPPDU\�� WKH� 0RQDUF� LV� DQ� HIIHFWLYH� 797
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DOWHUQDWLYH��DFKLHYLQJ�FXUH�RI�VWUHVV� LQFRQWLQHQFH�E\�VLPLODU�PHDQV�� ,W�PD\�EH� OHVV�REVWUXFWLYH�� UHVXOWLQJ� LQLPSURYHG�SDWLHQW�VDWLVIDFWLRQ�
>0DQDJHPHQW� RI� VHULRXV� LQIHFWLRXV� FRPSOLFDWLRQV� RI� WUDQVREWXUDWRU� VXEXUHWKUDO� WDSH�� UHSRUW� RI� �FDVHV@$O�1DNLE�0��*DUFLD�*��%DVWLGH�&��7RPDWLV�/��5DJQL�(��5RVVL�'3URJ�8URO�������6HS�������������6XEXUHWKUDO� 797� WDSH� KDV� EHFRPH� LPPHQVHO\� SRSXODU� VLQFH� LWV� LQYHQWLRQ� LQ� ������ $� QHZ� WUDQVREWXUDWRUVXUJLFDO�DSSURDFK�ZDV�SURSRVHG�LQ�������UHVXOWLQJ�LQ�D�PRGLILFDWLRQ�RI�WKH�TXDOLW\�RI�WKH�WDSH�DYDLODEOH�IURPYDULRXV�VXSSOLHUV��7KH�DXWKRUV�SUHVHQW���FDVHV�RI�REWXUDWRU�IRUDPHQ�DEVFHVV�UHODWHG�WR�VXEXUHWKUDO�8UDWDSH�RFFXUULQJ�D�ORQJ�WLPH�DIWHU�WKH�SURFHGXUH�DQG�UHTXLULQJ�FRPSOHWH�UHPRYDO�RI�WKH�WDSH��7KHVH�LQIHFWLRQV�FDQEH� SUHYHQWHG� E\� XVLQJ� JRRG� TXDOLW\� WDSH�� ZKLFK� PXVW� EH� PDGH� IURP� PRQRILODPHQW� ODUJH�PHVK� ZRYHQSRO\SURS\OHQH��7KH�WDSH�PXVW�EH�FRPSOHWHO\� UHPRYHG�DV�HDUO\�DV�SRVVLEOH� LQ� WKH�FDVH�RI�YDJLQDO�HURVLRQ�HYHQ�DV\PSWRPDWLF��YLD�D�WUDQVREWXUDWRU�DSSURDFK��LI�QHFHVVDU\�
>7UDQVREWXUDWRU� VXUJHU\� IRU� IHPDOH� XULQDU\� FRQWLQHQFH�� IURP� RXWVLGH� WR� LQVLGH� RU� IURP� LQVLGH� WRRXWVLGH��D�FRPSDUDWLYH�DQDWRPLF�VWXG\@6SLQRVD�-3��'XEXLV�3<��5LHGHUHU�%3URJ�8URO�������6HS�������������2%-(&7,9(��7UDQVREWXUDWRU�URXWH�LV�QRZ�ODUJHO\�XVHG�IRU�WKH�SRVLWLRQLQJ�RI�WKH�VXSSRUWLQJ�VXE�XUHWUDO�WDSHLQ� WKH� VXUJLFDO� WUHDWPHQW� RI� IHPDOH� XULQDU\� LQFRQWLQHQFH�� 7KLV� RSHUDWLRQ� FDQ� EH� GRQH� XVLQJ� WKH� RULJLQDOWHFKQLTXH�IURP�WKH�RXWVLGH�WR�WKH� LQVLGH�RU�E\� LQVLGH�WR�RXWVLGH��2XU�DQDWRPLF�VWXG\�HYDOXDWHV� WKH�VSHFLILFGDQJHUV�RI�HDFK�0$7(5,$/�$1'�0(7+2'6��2XU�VWXG\�LV�EDVHG�RQ�WKH�GLVVHFWLRQ�RI�VHYHQ�IUHVK�ERGLHV�WKHUHIRUH����REWXUDWRU�UHJLRQV��7KH�GLVVHFWLRQV�ZHUH�GRQH�DIWHU�WKH�SRVLWLRQLQJ�RI� WKH� WDSH�IURP�RXWVLGH� WRLQVLGH�RQ�RQH�VLGH�DQG�LQVLGH�WR�RXWVLGH�RQ�WKH�RWKHU�VLGH��:H�SDUWLFXODUO\�VWXGLHG�WKH�GLVWDQFHV�VHSDUDWLQJWKH� WDSH� IURP� WKH� LQIHULRU� SXGHQGDO� YDVFXODU� EXQGOH� DQG� WKH� SRVWHULRU� EUDQFK� RI� WKH� REWXUDWRU� QHUYH�5(68/76��:LWK�WKH�LQVLGH���RXWVLGH�WHFKQLTXH�WKHUH�LV�D�JUHDWHU�SUR[LPLW\�EHWZHHQ�WKH�SDWK�RI�WKH�WDSH�DQGWKH�VWXGLHG�VWUXFWXUHV��WKHUHIRUH�WKH�ULVN�RI�GDPDJH�LV�JUHDWHU��&21&/86,216��7KH�WZR�WHFKQLTXHV�DUH�QRWHTXLYDOHQW��7KHUH�DUH�OHVV�YDVFXODU�DQG�QHXURORJLFDO�ULVN�XVLQJ�WKH�RULJLQDO�RXWVLGH�WR�LQVLGH�WHFKQLTXH�
>$QDWRP\�RI�REWXUDWHG�IRUDPHQ��$SSOLFDWLRQ�WR�WUDQV�REWXUDWRU�VOLQJV@&RKHQ�'��'HOPDV�9��%RFFRQ�*LERG�/3URJ�8URO�������6HS�������������7KH�GHYHORSPHQW�RI� WKH� WUDQV�REWXUDWRU�VOLQJ� LQ� WKH� WUHDWPHQW�RI� IHPDOH� LQFRQWLQHQFH�FUHDWHG�D� UHQHZDO�RILQWHUHVW� IRU� WKH� VWXG\� RI� WKH� DQDWRP\� RI� WKH� REWXUDWRU� UHJLRQ�� DV� VKRZV� WKH� UHFHQW� DQDWRPLFDO� VWXGLHVSXEOLVKHG�RQ�WKH�VXEMHFW��7KH�REMHFWLYH�EHLQJ�WR�FRQVLGHU�WKH�ULVNV�RI�EODGGHU�DQG�YDVFXOR�QHUYRXV�LQMXULHV�RIWKLV�QHZ�ZD\��7KH�ULVN�RI�ZRXQG�RI�WKH�EODGGHU�LV�VPDOO�DV�FRQFHUQV�WKLV�WHFKQLTXH�RI�WKH�PRGH�RI�LQVHWLRQ�RIWKH�VOLQJ��RXWVLGH�LQVLGH�RU�LQVLGH�RXWVLGH��EHFDXVH�WKH�VOLQJ�LV�LQ�D�VWULFWO\�SHULQHDO�ZD\��7KH�ULVN�RI�GDPDJHFDXVHG�LQ�WKH�YDVFXOR�QHUYRXV�HOHPHQWV�RI�WKH�REWXUDWRU�UHJLRQ�LV�ZHDN�FRQVLGHULQJ�WKH�SRVLWLRQ�RI�WKH�VOLQJZLWK� UHJDUG� WR� WKH�PDLQ�SHGLFOHV��7KHVH�DUH� HLWKHU� IRU� GLVWDQFH� RI� WKH� VOLQJ� IRU� WKH� REWXUDWRU� DQG� IHPRUDOYHVVHOV�DQG�WKH�VDSKHQRXV�YHLQ��RU�SURWHFWHG�E\�WKH�REWXUDWRU�ERQH�IUDPH�IRU�WKH�SXGHQGDO�SHGLFOH�DQG�WKHDQWHULRU�EUDQFK�RI� WKH�REWXUDWRU�DUWHU\��RU�WKH\�DUH�UHGXFHG�WR�WKH�VWDWH�RI�FDSLOODULHV�RU�QHUYH�HQGLQJ��7KHWUDQV�REWXUDWRU� VOLQJ� SUHVHQWV� WKH� DGYDQWDJH� WR� DOORZ� D� VWULFWO\� SHULQHDO�� KRUL]RQWDO� VLWXDWLRQ� RI� WKH� VOLQJ�ZKLFK� UHVWRUHV� WKH� V\VWHP� RI� D� QDWXUDO� VXE�XUHWKUDO� YDJLQDO� VOLQJ�� DYRLGLQJ� FRPSOLFDWLRQV� GXH� WR� WKHSHQHWUDWLRQ�RI�WKH�5HW]LXV�VSDFH�DQG�RI�WKH�SHOYLDQ�FDYLW\�
>3ODFH�RI�GXOR[HWLQH�LQ�WKH�WUHDWPHQW�RI�VWUHVV�XULQDU\�LQFRQWLQHQFH@5RXSUHW�0��5LFKDUG�)��&KDUWLHU�.DVWOHU�(3URJ�8URO�������6HS��������������8ULQDU\�LQFRQWLQHQFH�LV�D�SXEOLF�KHDOWK�SUREOHP��DV�PRUH�WKDQ�WKUHH�PLOOLRQ�ZRPHQ�LQ�)UDQFH�DUH�FRQFHUQHGE\� WKLV� SUREOHP�� 7KH� SUHYDOHQFH� RI� VWUHVV� XULQDU\� LQFRQWLQHQFH� LV� DERXW� ���� DPRQJ� WKHVH� ZRPHQ�'XOR[HWLQH�LV�D�PROHFXOH�GHYHORSHG�IRU�WKH�RUDO�WUHDWPHQW�RI�VWUHVV�XULQDU\�LQFRQWLQHQFH��,W�LV�D�VHURWRQLQ�DQGQRUHSLQHSKULQH�UHXSWDNH�LQKLELWRU��ZKLFK�DFWV�E\�LQFUHDVLQJ�XUHWKUDO�VSKLQFWHU�WRQH��,Q�VHYHUDO�SKDVH�,,,�WULDOV�GXOR[HWLQH� DGPLQLVWHUHG� RUDOO\� DW� D� KLJK� GRVH� RI� ��� PJ� SHU� GD\�� VLJQLILFDQWO\� UHGXFHG� HSLVRGHV� RILQFRQWLQHQFH��7RWDO� VFRUHV�RQ� WKH� ,QFRQWLQHQFH�4XDOLW\� RI� /LIH� TXHVWLRQQDLUH� �,�42/��ZHUH�PRUH�PDUNHGO\LPSURYHG�E\�GXOR[HWLQH�WKDQ�E\�SODFHER��1DXVHD�ZDV�DQ�DGYHUVH�HIIHFW�REVHUYHG�LQ�PRUH�WKDQ�����RI�FDVHVDQG�UHTXLUHG�GLVFRQWLQXDWLRQ�RI�WUHDWPHQW�LQ�VRPH�SDWLHQWV��+RZHYHU��WKH�HQFRXUDJLQJ�SUHOLPLQDU\�UHVXOWV�RIGXOR[HWLQH�LQ�WKLV�LQGLFDWLRQ�PXVW�EH�FRQILUPHG�GXULQJ�SKDVH�,9�SRVW�PDUNHWLQJ�FOLQLFDO�WULDOV�
>797� DVVRFLDWHG� ZLWK� RWKHU� J\QHFRORJLFDO� RSHUDWLRQV� LQ� WKH� VDPH� SURFHGXUH�� UHVXOWV� DQG
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FRPSOLFDWLRQV@6ROD�'DOHQ]�9��3DUGR�6FKDQ]�-��5LFFL�$UULROD�3��*XLORII�)LVFKH�(��&KLDQJ�0LUDQGD�+$UFK�(VS�8URO�������'HF��������������2%-(&7,9(6��:H�UHSRUW�RXU�H[SHULHQFHG�ZLWK�797�FRPELQHG�ZLWK�RWKHU�J\QHFRORJLFDO�SURFHGXUHV��DQG�WKHFRPSOLFDWLRQV�DSSHDUHG�LQWUDRSHUDWLYH�DQG�GXULQJ�WKH�LPPHGLDWH�SRVWRSHUDWLYH�SHULRG��0(7+2'6��%HWZHHQ2FWREHU������DQG�0DUFK���������SDWLHQWV�XQGHUZHQW�797�SURFHGXUHV�IROORZLQJ�WKH�FODVVLF�WHFKQLTXH�LQ�WKH8URJ\QHFRORJ\�DQG�9DJLQDO�6XUJHU\�8QLW�RI�/DV�&RQGHV�&OLQLF��0HGLDQ�DJH�ZDV����\HDUV�ROG��8URG\QDPLFWHVWV�KDG�GHPRQVWUDWHG�JHQXLQH�VWUHVV�XULQDU\� LQFRQWLQHQFH��68,������FDVHV��� LQWULQVLF�VSKLQFWHU�GHILFLHQF\�,6'�����FDVHV���DQG�PL[HG�XULQDU\�LQFRQWLQHQFH��08,������FDVHV���,Q����FDVHV���������797�ZDV�DVVRFLDWHGZLWK�DQRWKHU�J\QHFRORJLFDO�VXUJHU\��5(68/76�����J\QHFRORJLFDO�RSHUDWLRQV�ZHUH�DVVRFLDWHG�WR�797�7ZHQW\RQH� SDWLHQWV� XQGHUZHQW� �� SURFHGXUHV� ������ DQG� ��� SDWLHQWV� RQH� ������� /DSDURVFRSLF� VXUJHU\� ��� FDVHV������� 9DJLQRSODVW\� ZDV� WKH�PRVW� IUHTXHQW� SURFHGXUH� LQ� ��� FDVHV� ������� ODSDURVFRSLF� K\VWHUHFWRP\� ��������� YDJLQDO� K\VWHUHFWRP\� �� ������ ODSDURVFRSLFDOO\� DVVLVWHG� YDJLQDO� K\VWHUHFWRP\� �� ������ ODSDURVFRSLFWXEDO� OLJDWLRQ� �� ������ *DUJLXOR� RSHUDWLRQ� �� ������ DQQH[HFWRP\� �� ������ DQG� WUDFKHOHFWRP\� �� �����,QWURRSHUDWLYH�FRPSOLFDWLRQV�DSSHDUHG�LQ���SDWLHQWV�����������FDVHV�RI�EODGGHU�SHUIRUDWLRQ�������DQG���FDVHRI� SDULHWDO� SHULWRQHXP� SHUIRUDWLRQ� �������� 1R� VXUJLFDO� LQWHUYHQWLRQ� ZDV� QHFHVVDU\� WR� VROYH� FRPSOLFDWLRQV�7ZR� FDVHV� RI� WUDQVLWRU\� DFXWH� XULQDU\� UHWHQWLRQ� DSSHDUHG� LQ� WKH� LPPHGLDWH� SRVWRSHUDWLYH� SHULRG�&21&/86,216��2XU�FOLQLFDO�H[SHULHQFH�GHPRQVWUDWHV�WKDW�WKH�FRPELQDWLRQ�RI�797�ZLWK�RWKHU�J\QHFRORJLFDORSHUDWLRQV�LQ�WKH�VDPH�SURFHGXUH�LV�HIIHFWLYH�DQG�VDIH��,W�HQDEOHV�D�PRUH�FRPSUHKHQVLYH�VROXWLRQ�RI�SDWLHQW
VSUREOHPV�LQ�WKH�VDPH�SURFHGXUH�ZLWKRXW�LQFUHDVLQJ�PRUELGLW\�
+HDOWK�FDUH�GLVFXVVLRQV�DQG�WUHDWPHQW�IRU�XULQDU\�LQFRQWLQHQFH�LQ�8�6��ZRPHQ�0HOYLOOH�-/��1HZWRQ�.��)DQ�0<��.DWRQ�:$P�-�2EVWHW�*\QHFRO�������0DU���������������2%-(&7,9(�� 7KH� REMHFWLYH� RI� WKH� VWXG\� ZDV� WR� GHWHUPLQH� WKH� SURSRUWLRQV� RI� ZRPHQ� ZLWK� XULQDU\LQFRQWLQHQFH�ZKR� KDG� GLVFXVVHG� WKHLU� FRQGLWLRQ� ZLWK� D� KHDOWK� FDUH� SURYLGHU� RU� UHFHLYHG� WUHDWPHQW� DQG� WRLGHQWLI\� IDFWRUV�DVVRFLDWHG�ZLWK�VHHNLQJ�KHDOWK�FDUH��678'<�'(6,*1��7KH�VWXG\�ZDV�D�SRSXODWLRQ�EDVHG�DJH�VWUDWLILHG� SRVWDO� VXUYH\� RI� ����� ZRPHQ� DJHG� ��� WR� ��� \HDUV� HQUROOHG� LQ� D� ODUJH� KHDOWK�PDLQWHQDQFHRUJDQL]DWLRQ� LQ� :DVKLQJWRQ� VWDWH�� 5(68/76�� 7KH� UHVSRQVH� UDWH� ZDV� ���� �Q�  � ������ DIWHU� DSSO\LQJH[FOXVLRQ�FULWHULD��(LJKW\�SHUFHQW��Q� �������RI�ZRPHQ�ZLWK�XULQDU\�LQFRQWLQHQFH�FRPSOHWHG�D�GHWDLOHG�VHW�RITXHVWLRQV�RQ�FDUH�VHHNLQJ�DQG�WUHDWPHQWV��)LIW\�SHUFHQW�KDG�GLVFXVVHG�WKHLU�LQFRQWLQHQFH�ZLWK�D�KHDOWK�FDUHSURYLGHU�� ���� UHSRUWHG� UHFHLYLQJ� VXUJHU\� RU� SUHVFULSWLRQ� PHGLFDWLRQ�� ���� UHSRUWHG� SHUIRUPLQJ� .HJHOH[HUFLVHV�� DQG� ���� UHSRUWHG� ZHDULQJ� D� SDG� WR� DEVRUE� XULQH� GDLO\� RU� ZHHNO\�� 7KH� IROORZLQJ� IDFWRUV� ZHUHVLJQLILFDQWO\�DVVRFLDWHG�ZLWK�RGGV�RI�GLVFXVVLQJ�XULQDU\�LQFRQWLQHQFH�ZLWK�D�KHDOWK�FDUH�SURYLGHU��DJH�����WR���\HDUV��DGMXVWHG�RGGV�UDWLR�����>����WR����@�����WR����\HDUV��DGMXVWHG�RGGV�UDWLR�����>��������@���GXUDWLRQ�RIXULQDU\�LQFRQWLQHQFH����WR���\HDUV��DGMXVWHG�RGGV�UDWLR�����>����WR����@��PRUH�WKDQ���\HDUV��DGMXVWHG�RGGV�UDWLR����>�������@���VHYHUH�XULQDU\� LQFRQWLQHQFH��DGMXVWHG�RGGV�UDWLR�����>���� WR����@���DQG�JUHDWHU�HIIHFW�RQ�GDLO\DFWLYLWLHV� �DGMXVWHG�RGGV� UDWLR����� >�������@���&21&/86,21��$PRQJ�ZRPHQ�ZLWK�XULQDU\� LQFRQWLQHQFH��RQHKDOI�KDYH�GLVFXVVHG�WKHLU�LQFRQWLQHQFH�ZLWK�D�KHDOWK�FDUH�SURYLGHU�DQG�RQH�WKLUG�KDYH�UHFHLYHG�DQ\�IRUP�RIWUHDWPHQW�
2EVWHWULF�DQDO�VSKLQFWHU�LQMXU\��+RZ�WR�DYRLG��KRZ�WR�UHSDLU��$�OLWHUDWXUH�UHYLHZ�3RZHU�'-�)DP�3UDFW�������0DU���������������$YRLGLQJ�REVWHWULFDO� LQMXU\� WR� WKH�DQDO�VSKLQFWHU� LV� WKH�VLQJOH�ELJJHVW� IDFWRU� LQ�SUHYHQWLQJ�DQDO� LQFRQWLQHQFHDPRQJ�ZRPHQ��$Q\�IRUP�RI�LQVWUXPHQW�GHOLYHU\�KDV�FRQVLVWHQWO\�EHHQ�QRWHG�WR�LQFUHDVH�WKH�ULVN�RI�REVWHWULFDQDO� VSKLQFWHU� LQMXU\� DQG� DOWHUHG� IHFDO� FRQWLQHQFH� E\� EHWZHHQ� ��� DQG� ��IROG�� 5RXWLQH� HSLVLRWRP\� LV� QRWUHFRPPHQGHG�� (SLVLRWRP\� XVH� VKRXOG� EH� UHVWULFWHG� WR� VLWXDWLRQV� ZKHUH� LW� GLUHFWO\� IDFLOLWDWHV� DQ� XUJHQWGHOLYHU\��$�PHGLRODWHUDO� LQFLVLRQ�� LQVWHDG�RI�D�PLGOLQH��VKRXOG�EH�FRQVLGHUHG� IRU�SHUVRQV�DW�RWKHUZLVH�KLJKULVN� RI� REVWHWULF� DQDO� VSKLQFWHU� LQMXU\�� 7KH� LQWHUQDO� DQDO� VSKLQFWHU� QHHGV� WR� EH� VHSDUDWHO\� UHSDLUHG� LI� WRUQ�:RPHQ� ZLWK� LQMXULHV� WR� WKH� LQWHUQDO� DQDO� VSKLQFWHU� RU� UHFWDO� PXFRVD� KDYH� D� ZRUVH� SURJQRVLV� IRU� IXWXUHFRQWLQHQFH� SUREOHPV�� $OO� ZRPHQ�� SDUWLFXODUO\� WKRVH� ZLWK� ULVN� IDFWRUV� IRU� LQMXU\�� VKRXOG� EH� VXUYH\HG� IRUV\PSWRPV�RI�DQDO�LQFRQWLQHQFH�DW�SRVWSDUWXP�IROORZ�XS�
/DSDURVFRSLF� FHFRVWRP\� EXWWRQ� SODFHPHQW� IRU� WKH� PDQDJHPHQW� RI� IHFDO� LQFRQWLQHQFH� LQ� FKLOGUHQZLWK�+LUVFKVSUXQJ
V�GLVHDVH�DQG�DQRUHFWDO�DQRPDOLHV�<DJPXUOX�$��+DUPRQ�&0��*HRUJHVRQ�.(6XUJ�(QGRVF�������)HE�����
3UHYDOHQFH�RI�DQDO�LQFRQWLQHQFH�LQ�DGXOWV�DQG�LPSDFW�RQ�TXDOLW\�RI�OLIH�
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'DPRQ�+��*X\H�2��6HLJQHXULQ�$��/RQJ�)��6RQNR�$��)DXFKHURQ�-/��*UDQGMHDQ�-3��0HOOLHU�*��9DODQFRJQH�*�)D\DUG�02��+HQU\�/��*X\RW�3��%DUWK�;��0LRQ�)*DVWURHQWHURO�&OLQ�%LRO�������-DQ�������������2%-(&7,9(��7R� LQYHVWLJDWH� WKH�SUHYDOHQFH�RI�DQDO� LQFRQWLQHQFH� LQ� WKH�JHQHUDO�SRSXODWLRQ�DQG� LQ�SDWLHQWVFRQVXOWLQJ�JDVWURHQWHURORJLVW�DQG�J\QHFRORJLVW�SUDFWLFHV� LQ� WKH�5KRQH�$OSHV�DUHD��0(7+2'6��)RU�WKH�ILUVWVWXG\�D�TXHVWLRQQDLUH�ZDV�VHQW�WR�D�VDPSOH�RI������SHRSOH�VHOHFWHG�UDQGRPO\�IURP�WKH�HOHFWRUDO�UROO��$QRWKHUVWXG\� RI� SDWLHQWV� VHOHFWHG� UDQGRPO\� DPRQJ� SDWLHQWV� DWWHQGLQJ� J\QHFRORJ\� DQG� JDVWURHQWHURORJ\FRQVXOWDWLRQV� ZDV� SHUIRUPHG�� $� -RUJH� 	� :H[QHU� VFRUH� DERYH� RU� HTXDO� WR� �� ZDV� XVHG� WR� GHILQH� DQDOLQFRQWLQHQFH��5(68/76��)RU�WKH�ILUVW�VWXG\��D�WRWDO�RI�����TXHVWLRQQDLUHV�ZDV�DQDO\]HG��WKH�SUHYDOHQFH�RIDQDO�LQFRQWLQHQFH�ZDV������>����&,���������@�DQG�WKH�VFRUHV�RI�HDFK�GLPHQVLRQ�RI�WKH�6)����+HDOWK�6XUYH\ZHUH� VLJQLILFDQWO\� ORZHU� DPRQJ� LQFRQWLQHQW� SHRSOH� WKDQ� DPRQJ� FRQWLQHQW� SHRSOH�� 7KH� SUHYDOHQFH� ZDVVLJQLILFDQWO\� KLJKHU� IRU� ZRPHQ� ������ >��������@�� WKDQ� IRU� PHQ� ������ >�������@��� (LJKW\�IRXU� SK\VLFLDQVUHWXUQHG� ���� YDOLG� TXHVWLRQQDLUHV�� 7KH� SUHYDOHQFH� ZDV� ������ >���������@� DPRQJ� SDWLHQWV� DWWHQGLQJJDVWURHQWHURORJ\� FRQVXOWDWLRQV� DQG� ����� >�������@� DPRQJ� WKRVH� DWWHQGLQJ� J\QHFRORJ\� FRQVXOWDWLRQV�� )RU������RI�WKH�LQFRQWLQHQW�SDWLHQWV��WKH�SK\VLFLDQ�ZDV�XQDZDUH�RI�WKH�SDWLHQW
V�GLVRUGHU��&21&/86,21��7KHSUHYDOHQFH�ILJXUHV�ZH�REWDLQHG�FRLQFLGH�ZLWK�GDWD�LQ�WKH�OLWHUDWXUH��7KLV�GLVRUGHU�LV�FRPPRQ�DQG�DIIHFWV�WKHSDWLHQW
V�TXDOLW\�RI�OLIH��EXW�UHPDLQV�XQGHUHVWLPDWHG�DQG�XQGHU�GLDJQRVHG�
>:KR�VXIIHUV�IURP�IHFDO�LQFRQWLQHQFH"@6LSURXGKLV�/��9LORWWH�-*DVWURHQWHURO�&OLQ�%LRO�������-DQ�����������
$GDSWDWLRQ�WR�6SDQLVK�/DQJXDJH�DQG�9DOLGDWLRQ�RI�WKH�)HFDO�,QFRQWLQHQFH�4XDOLW\�RI�/LIH�6FDOH�0LQJXH]�0��*DUULJXHV�9��6RULD�0-��$QGUHX�0��0HDULQ�)��&ODYH�3'LV�&RORQ�5HFWXP�������0DU����385326(�� 7KH� DLP� RI� WKLV� VWXG\� ZDV� WR� SHUIRUP� D� SV\FKRPHWULF� HYDOXDWLRQ� RI� WKH� )HFDO� ,QFRQWLQHQFH4XDOLW\� RI� /LIH� 6FDOH� LQ� WKH� 6SDQLVK� ODQJXDJH�� 0(7+2'6�� (OHYHQ� KRVSLWDOV� LQ� 6SDLQ� SDUWLFLSDWHG� LQ� WKHVWXG\��ZKLFK�LQFOXGHG�����SDWLHQWV�ZLWK�DFWLYH�IHFDO�LQFRQWLQHQFH��$OO�WKH�SDWLHQWV�ILOOHG�RXW�D�TXHVWLRQQDLUH�RQWKH�VHYHULW\�RI�WKHLU�LQFRQWLQHQFH��D�JHQHUDO�TXHVWLRQQDLUH�RI�KHDOWK��0HGLFDO�2XWFRPHV�6XUYH\�6KRUW�)RUP��DQG�D�6SDQLVK�WUDQVODWLRQ�RI�WKH�)HFDO�,QFRQWLQHQFH�4XDOLW\�RI�/LIH�6FDOH��&XHVWLRQDULR�GH�&DOLGDG�GH�9LGDGH� ,QFRQWLQHQFLD� $QDO��� ZKLFK� FRQVLVWV� RI� ��� LWHPV� LQ� IRXU� GRPDLQV�� OLIHVW\OH�� EHKDYLRU�� GHSUHVVLRQ�� DQGHPEDUUDVVPHQW��2Q�D�VHFRQG�YLVLW��SDWLHQWV�UHSHDWHG�WKH�)HFDO�,QFRQWLQHQFH�4XDOLW\�RI�/LIH�6FDOH��)RU�HDFKGRPDLQ��DQ�HYDOXDWLRQ�ZDV�PDGH�RI� WHPSRUDO� UHOLDELOLW\�� LQWHUQDO� UHOLDELOLW\�� WKH� FRQYHUJHQW� YDOLGLW\�ZLWK� WKHJHQHULF� TXHVWLRQQDLUH� RI� KHDOWK�� DQG� WKH� GLVFULPLQDQW� YDOLGLW\� FRUUHODWLQJ� WKH� GRPDLQV� RI� &XHVWLRQDULR� GH&DOLGDG� GH� 9LGD� GH� ,QFRQWLQHQFLD� $QDO� ZLWK� WKH� VHYHULW\� RI� IHFDO� LQFRQWLQHQFH�� 5(68/76�� )RU� FXOWXUDODGDSWDWLRQ�� WKH� DQVZHU� DOWHUQDWLYHV� IRU� ��� LWHPV� ZHUH� PRGLILHG�� $� WRWDO� RI� ���� SDWLHQWV� ���� SHUFHQW�FRPSOHWHG� WKH� VWXG\� DGHTXDWHO\�� 7HPSRUDO� UHOLDELOLW\� �WHVW�UHWHVW�� ZDV� JRRG� IRU� DOO� GRPDLQV� H[FHSW� IRUHPEDUUDVVPHQW��ZKLFK�VKRZHG�VLJQLILFDQW�GLIIHUHQFHV��3����������,QWHUQDO�UHOLDELOLW\�ZDV�JRRG�H[FHOOHQW�IRU�DOOGRPDLQV��&URQEDFK�DOSKD�!������EHWZHHQ������DQG��������7KH�IRXU�GRPDLQV�RI�&XHVWLRQDULR�GH�&DOLGDG�GH9LGD�GH�,QFRQWLQHQFLD�$QDO�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�WKH�GRPDLQV�RI�WKH�JHQHULF�TXHVWLRQQDLUH�RQ�KHDOWK��3�� ������ DQG� ZLWK� WKH� VFDOH� RI� VHYHULW\� RI� IHFDO� LQFRQWLQHQFH� �3� �� �������� $OO� GRPDLQV� RI� &XHVWLRQDULR� GH&DOLGDG�GH�9LGD�GH�,QFRQWLQHQFLD�$QDO�FRUUHODWHG�QHJDWLYHO\�ZLWK�WKH�QHHG�WR�ZHDU�SDGV��3���������DQG�ZLWKWKH� SUHVHQFH� RI� FRPSOHWH� IHFDO� LQFRQWLQHQFH�� &21&/86,216�� 7KH� &XHVWLRQDULR� GH� &DOLGDG� GH� 9LGD� GH,QFRQWLQHQFLD�$QDO�LQFRUSRUDWHV�VXIILFLHQW�UHTXLUHPHQWV�RI�UHOLDELOLW\�DQG�YDOLGLW\�WR�EH�DSSOLHG�WR�SDWLHQWV�ZLWKIHFDO�LQFRQWLQHQFH�
2YHUODSSLQJ�DQDO�VSKLQFWHU�UHSDLU�DQG�DQWHULRU�OHYDWRUSODVW\��HIIHFW�RI�SDWLHQW
V�DJH�DQG�GXUDWLRQ�RIIROORZ�XS�(YDQV�&��'DYLV�.��.XPDU�',QW�-�&RORUHFWDO�'LV�������0DU����2YHUODSSLQJ�DQDO�VSKLQFWHU�UHSDLU�ZLWK�DQWHULRU�OHYDWRUSODVW\�LV�DQ�HIIHFWLYH�WUHDWPHQW�IRU�IDHFDO�LQFRQWLQHQFH�3DWLHQW� DJH� GRHV� QRW� FRUUHODWH� ZLWK� RXWFRPH�� DQG� V\PSWRPV� GR� QRW� GHWHULRUDWH� RYHU� WLPH�� $QRUHFWDOSK\VLRORJ\�UHVXOWV�GRQ
W�SUHGLFW�IRU�V\PSWRPDWLF�LPSURYHPHQW�LQ�SDWLHQWV�ZLWK�IDHFDO�LQFRQWLQHQFH�
,QMHFWDEOH�6LOLFRQH�%LRPDWHULDO��374WUDGH�PDUN��WR�7UHDW�)HFDO�,QFRQWLQHQFH�$IWHU�+HPRUUKRLGHFWRP\�&KDQ�0.��7MDQGUD�--'LV�&RORQ�5HFWXP�������)HE�����7KH� LQMHFWDEOH� VLOLFRQH� ELRPDWHULDO� LV� DQ� HIIHFWLYH� WUHDWPHQW� IRU� SDVVLYH� IHFDO� LQFRQWLQHQFH� DIWHUKHPRUUKRLGHFWRP\�SURYLGLQJ�JRRG�PHGLXP�WHUP�LPSURYHPHQW� LQ�IHFDO� LQFRQWLQHQFH�DQG�IHFDO� LQFRQWLQHQFH�UHODWHG�TXDOLW\�RI�OLIH�
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��± 3$,1��������'RHV�SV\FKLDWULF�WUHDWPHQW�KHOS�SDWLHQWV�ZLWK�LQWUDFWDEOH�FKURQLF�SDLQ".HUQV�-:��:KLWH�$��1DVKHOVN\�-��6KHUPDQ�6-�)DP�3UDFW�������0DU�������������7ULF\FOLF� DQWLGHSUHVVDQWV� DQG� LQWHQVLYH� PXOWLGLVFLSOLQDU\� SURJUDPV� DUH� PRGHUDWHO\� HIIHFWLYH� IRU� UHGXFLQJFKURQLF�EDFN�SDLQ��WULF\FOLFV�DUH�DOVR�HIIHFWLYH�IRU�GLDEHWLF�QHXURSDWK\�DQG�LUULWDEOH�ERZHO�V\QGURPH��VWUHQJWKRI� UHFRPPHQGDWLRQ� >625@�� $�� PHWD�DQDO\VHV� DQG� PXOWLSOH� VPDOO� UDQGRPL]HG� FRQWUROOHG� WULDOV��� &RJQLWLYHWKHUDSLHV� DUH� PRGHVWO\� HIIHFWLYH� IRU� UHGXFLQJ� SDLQ� LQ� WKH� IROORZLQJ�� FKURQLF� EDFN� SDLQ�� RWKHU� FKURQLFPXVFXORVNHOHWDO� GLVRUGHUV� LQFOXGLQJ� UKHXPDWRLG� DUWKULWLV� �625�� %�� PXOWLSOH� PHWD�DQDO\VHV� ZLWK� VLJQLILFDQWKHWHURJHQHLW\���DQG�IRU�FKURQLF�FDQFHU�SDLQ��625��%����PHWD�DQDO\VLV�RI�YDULRXV�TXDOLW\�VWXGLHV��
7KH�UROH�RI�KHOSOHVVQHVV��IHDU�RI�SDLQ��DQG�SDVVLYH�SDLQ�FRSLQJ�LQ�FKURQLF�SDLQ�SDWLHQWV�6DPZHO�+-��(YHUV�$:��&UXO�%-��.UDDLPDDW�):&OLQ�-�3DLQ�������0DU�$SU��������������2%-(&7,9(6��7KH�JRDO�RI�WKLV�VWXG\�ZDV�WR�H[DPLQH�WKH�UHODWLYH�FRQWULEXWLRQ�RI�KHOSOHVVQHVV��IHDU�RI�SDLQ�DQG� SDVVLYH� SDLQ�FRSLQJ� WR� SDLQ� OHYHO�� GLVDELOLW\�� DQG� GHSUHVVLRQ� LQ� FKURQLF� SDLQ� SDWLHQWV� DWWHQGLQJ� DQLQWHUGLVFLSOLQDU\� SDLQ� FHQWHU�� 0(7+2'6�� 2QH� KXQGUHG� VL[W\�QLQH� FKURQLF� SDLQ� SDWLHQWV� ZKR� KDG� HQWHUHGWUHDWPHQW�DW�DQ�LQWHUGLVFLSOLQDU\�SDLQ�FHQWHU�FRPSOHWHG�YDULRXV�TXHVWLRQQDLUHV�DQG�D�SDLQ�GLDU\��5(68/76�+HOSOHVVQHVV�� IHDU�RI�SDLQ��DQG�SDVVLYH�SDLQ�FRSLQJ�VWUDWHJLHV�ZHUH�DOO� UHODWHG� WR� WKH�SDLQ� OHYHO��GLVDELOLW\�DQG� GHSUHVVLRQ�� :KHQ� FRPSDULQJ� WKH� FRQWULEXWLRQ� RI� WKH� SUHGLFWRUV� LQ� PXOWLSOH� UHJUHVVLRQ� DQDO\VHV�KHOSOHVVQHVV�ZDV�WKH�RQO\�VLJQLILFDQW�SUHGLFWRU�IRU�SDLQ�OHYHO��+HOSOHVVQHVV�DQG�WKH�SDVVLYH�EHKDYLRUDO�SDLQ�FRSLQJ�VWUDWHJLHV� RI� UHVWLQJ� VLJQLILFDQWO\� SUHGLFWHG�GLVDELOLW\�� 7KH�SDVVLYH� FRJQLWLYH�SDLQ�FRSLQJ� VWUDWHJ\� RIZRUU\LQJ�VLJQLILFDQWO\�SUHGLFWHG�GHSUHVVLRQ��&21&/86,216��7KHVH�ILQGLQJV�LQGLFDWH�D�UROH�IRU�KHOSOHVVQHVVDQG�SDVVLYH�SDLQ�FRSLQJ�LQ�FKURQLF�SDLQ�SDWLHQWV�DQG�VXJJHVW�WKDW�ERWK�PD\�EH�UHOHYDQW� LQ�WKH�WUHDWPHQW�RISDLQ�OHYHO��GLVDELOLW\��DQG�RU�GHSUHVVLRQ�
)DFWRUV�SUHGLVSRVLQJ�ZRPHQ�WR�FKURQLF�SHOYLF�SDLQ��V\VWHPDWLF�UHYLHZ�/DWWKH�3��0LJQLQL�/��*UD\�5��+LOOV�5��.KDQ�.%0-�������)HE�����6HYHUDO� J\QDHFRORJLFDO� DQG� SV\FKRVRFLDO� IDFWRUV� DUH� VWURQJO\� DVVRFLDWHG� ZLWK� FKURQLF� SHOYLF� SDLQ�5DQGRPLVHG� FRQWUROOHG� WULDOV� RI� LQWHUYHQWLRQV� WDUJHWLQJ� WKHVH� SRWHQWLDOO\� PRGLILDEOH� IDFWRUV� DUH� QHHGHG� WRDVVHVV�WKHLU�FOLQLFDO�UHOHYDQFH�LQ�FKURQLF�SHOYLF�SDLQ�
/DSDURVFRSLF� H[FLVLRQ� RI� SRVWHULRU� YDJLQDO� IRUQL[� LQ� WKH� WUHDWPHQW� RI� SDWLHQWV� ZLWK� GHHSHQGRPHWULRVLV�ZLWKRXW�UHFWXP�LQYROYHPHQW��VXUJLFDO�WUHDWPHQW�DQG�ORQJ�WHUP�IROORZ�XS�$QJLRQL�6��3HLUHWWL�0��=LURQH�0��3DORPED�0��0DLV�9��*RPHO�9��0HOLV�*%+XP�5HSURG�������)HE�����&RPSOHWH� VXUJLFDO� UHVHFWLRQ� RI� GHHS� LQILOWUDWLYH� HQGRPHWULRVLV� ZLWK� H[FLVLRQ� RI� WKH� DGMDFHQW� WLVVXH� RI� WKHSRVWHULRU� YDJLQDO� IRUQL[� LPSURYHV� TXDOLW\� RI� OLIH� ZLWK� SHUVLVWHQFH� RI� UHVXOWV� IRU� ORQJ� WLPH� LQ� SDWLHQWV� QRWUHVSRQVLYH�WR�PHGLFDO�WUHDWPHQW�
'HSUHVVLRQ�LQ�ZRPHQ�ZLWK�HQGRPHWULRVLV�ZLWK�DQG�ZLWKRXW�FKURQLF�SHOYLF�SDLQ�/RUHQFDWWR�&��3HWWD�&$��1DYDUUR�0-��%DKDPRQGHV�/��0DWRV�$$FWD�2EVWHW�*\QHFRO�6FDQG�������������������
3HUFHSWLRQ�RI�(OHFWURFXWDQHRXV�6WLPXOL�LQ�,UULWDEOH�%RZHO�6\QGURPH�,RYLQR�3��7UHPRODWHUUD�)��&RQVDOYR�'��6DEEDWLQL�)��0D]]DFFD�*��&LDFFL�&$P�-�*DVWURHQWHURO�������)HE����,UULWDEOH� ERZHO� V\QGURPH� �,%6�� DQG� ILEURP\DOJLD� V\QGURPH� �)06�� DUH� FRPPRQ� FRQGLWLRQV� ZLWK� VRPHVLPLODULWLHV��EXW�GLIIHUHQW�SHUFHSWXDO�UHVSRQVHV�WR�VRPDWLF�DQG�YLVFHUDO�VWLPXOL��7KH�SXUSRVH�RI�WKLV�VWXG\�ZDVWR� DVVHVV� LQ� D� ODUJH� JURXS� RI� ,%6� SDWLHQWV� WKH� VRPDWLF� SHUFHSWLRQ� E\� WUDQVFXWDQHRXV� HOHFWULFDO� QHUYHVWLPXODWLRQ��7(16���,%6�SDWLHQWV�VKRZHG�VRPDWLF�K\SRDOJHVLD�WR�HOHFWULFDO�VWLPXOL��7KH�VHYHULW\�RI� ,%6�DQGWKH�SUHVHQFH�RI�)06�LQIOXHQFH�WKH�SHUFHSWLRQ�RI�VRPDWLF�VWLPXOL�LQGXFHG�E\�7(16�
:RPHQ�DQG�LUULWDEOH�ERZHO�V\QGURPH��,V�WKH�JDLQ�LQ�SDLQ�PDLQO\�LQ�WKH�EUDLQ"*DQJXOD�35��3DVULFKD�3--�*DVWURHQWHURO�+HSDWRO�������)HE�������������
*HQGHU�UHODWHG�GLIIHUHQFHV�LQ�YLVFHUDO�SHUFHSWLRQ�LQ�KHDOWK�DQG�LUULWDEOH�ERZHO�V\QGURPH�
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.LP�+6��5KHH�3/��3DUN�-��/HH�-+��.LP�<+��.LP�--��5KHH�-&-�*DVWURHQWHURO�+HSDWRO�������)HE��������������7KH�LQFUHDVHG�SUHYDOHQFH�RI�,%6�LQ�ZRPHQ�PD\�EH�UHODWHG�WR�DQRWKHU�VHW�RI�SDWKRSK\VLRORJLFDO�IDFWRUV��DQGQRW�WR�JHQGHU�UHODWHG�GLIIHUHQFHV�LQ�YLVFHURSHUFHSWLRQ�
3KDUPDFRORJLFDO�WUHDWPHQW�RI�WKH�LUULWDEOH�ERZHO�V\QGURPH�DQG�RWKHU�IXQFWLRQDO�ERZHO�GLVRUGHUV�0HDULQ�)'LJHVWLRQ����������6XSSO����������(SXE������)HE���9LVFHUDO�DQDOJHVLFV�DQG�VHURWRQLQ�DJRQLVWV�DQG�DQWDJRQLVWV�PD\�SOD\�DQ�LPSRUWDQW�WKHUDSHXWLFDO�UROH� LQ�WKHQHDU�IXWXUH��+RZHYHU��LW�LV�QRW�OLNHO\�WKDW�RQH�VLQJOH�WUHDWPHQW�ZLOO�KHOS�HYHU\�IXQFWLRQDO�ERZHO�GLVRUGHU�SDWLHQWDQG�PDQ\�RI�WKHP�ZLOO�QHHG�D�PRUH�FRPSOH[�DSSURDFK�ZLWK�D�PXOWLGLVFLSOLQDU\�WKHUDS\��GLHW��SV\FKRWKHUDS\�PHGLFDWLRQV��
��±�),678/$(��������9HVLFRXWHULQH�ILVWXOD��D�UHYLHZ�RI�HLJKW�FDVHV�'LPDUFR�&6��'LPDUFR�'6��.OLQJHOH�&-��*HEKDUW�-%,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������0DU����
'LDJQRVLV�DQG�FRQVHUYDWLYH�WUHDWPHQW�RI�WXEHUFXODU�UHFWRSURVWDWLF�ILVWXOD�.XPDU�6��.HNUH�16��*RSDODNULVKQDQ�*$QQ�5�&ROO�6XUJ�(QJO�������-DQ����������
0DQDJHPHQW�RI�UDGLRWKHUDS\�LQGXFHG�UHFWRXUHWKUDO�ILVWXOD�/DQH�%5��6WHLQ�'(��5HP]L�)+��6WURQJ�6$��)D]LR�9:��$QJHUPHLHU�.:-�8URO�������$SU���������������
)RXUQLHU
V� *DQJUHQH�� 7KUHH� <HDUV� RI� ([SHULHQFH� ZLWK� ��� 3DWLHQWV� DQG� 9DOLGLW\� RI� WKH� )RXUQLHU
V*DQJUHQH�6HYHULW\�,QGH[�6FRUH�7XQFHO�$��$\GLQ�2��7HNGRJDQ�8��1DOFDFLRJOX�9��&DSDU�<��$WDQ�$(XU�8URO�������)HE�����
3HULDQDO�DFWLQRP\FRVLV��GLDJQRVWLF�DQG�PDQDJHPHQW�FRQVLGHUDWLRQV��D�UHYLHZ�RI�VL[�FDVHV�%DXHU�3��6XOWDQ�6��$WLHQ]D�3*DVWURHQWHURO�&OLQ�%LRO�������-DQ�������������
,QWUDRSHUDWLYH�SK\VLFDO�GLDJQRVLV�LQ�WKH�PDQDJHPHQW�RI�DQDO�ILVWXOD�*RQ]DOH]�5XL]�&��.DLVHU�$0��9XNDVLQ�3��%HDUW�5:�-U��2UWHJD�$($P�6XUJ�������-DQ������������7KLV� UHSRUW� UHYLHZV� D� SURVSHFWLYH� GDWDEDVH� DSSO\LQJ� D� V\VWHPDWLF� ILVWXORP\� WHFKQLTXH� LQ� ���� SDWLHQWVUHTXLULQJ� VXUJHU\� IRU� ILVWXOD� LQ� DQR� DW� /$&�86&� 0HGLFDO� &HQWHU� GXULQJ� D� ���PRQWK� SHULRG�� 'DWD� ZHUHFROOHFWHG�IRU�WKH�UHOLDELOLW\�RI�SULPDU\�FU\SW�SDOSDWLRQ��VXFFHVV�RI�WUDFW�LQMHFWLRQ�ZLWK�SHUR[LGH�PHWK\OHQH�EOXH�DQG� WKH� DFFXUDF\� RI� *RRGVDOO
V� UXOH�� 7LPH� WR� KHDOLQJ�� UHFXUUHQFH�� DQG� LQFRQWLQHQFH� DFFRUGLQJ� WR� W\SH� RISURFHGXUH� ZHUH� DOVR� UHFRUGHG�� 3DOSDWLRQ� RI� WKH� SULPDU\� FU\SW� ZDV� SRVVLEOH� LQ� ��� SHU� FHQW�� +\GURJHQSHUR[LGH�PHWK\OHQH�EOXH�LQMHFWLRQ�VXFFHVVIXOO\�GHOLQHDWHG�WKH�WUDFW�LQ����SHU�FHQW��*RRGVDOO
V�UXOH�ZDV�FRUUHFWLQ� ��� SHU� FHQW�� (DFK� ILVWXOD� ZDV� FDWHJRUL]HG� DV� LQWHUVSKLQFWHULF� �Q�  � ����� WUDQVSKLQFWHULF� �Q�  � ����H[WUDVSKLQFWHULF� �Q� �����RU�VXEPXFRVDO� �Q� �����$W�D�PHDQ�IROORZ�XS�SHULRG�RI����ZHHNV�������SHU�FHQW�RISDWLHQWV�ZHUH�FXUHG��5HDVRQV�IRU�UHFXUUHQFH�LQFOXGHG�ZRXQG�EULGJLQJ��Q� �����PLVGLDJQRVLV�RI�WKH�WUDFW��Q� ����DQG�WZR�EOLQG�HQGHG�ILVWXODH��Q� �����7LPH�WR�KHDOLQJ�LQ�ZHHNV�ZDV��PHDQ��UDQJH���VLPSOH�ILVWXORWRP\������������ VHWRQ� ����� ������� +DQOH\� SURFHGXUH� ����� ������� 3DWLHQWV� ZLWK� D� PDUVXSLDOL]HG� WUDFW� KHDOHG� DW� DQDYHUDJH�RI���ZHHNV��UDQJH�������)RXU��������SDWLHQWV�UHSRUWHG�SRVWRSHUDWLYH�LQFRQWLQHQFH����JDV����OLTXLG���VROLGV��
6WDSOHG�(QGRUHFWDO�0XFRVHFWRP\�IRU�+LJK�([WUDVSKLQFWHULF�)LVWXOD�LQ�$QR��3UHOLPLQDU\�5HSRUW�3HUH]�)��$UUR\R�$��&DQGHOD�)��&DOSHQD�5'LV�&RORQ�5HFWXP�������)HE�����
&DUERQ�GLR[LGH�ODVHU�DEODWLRQ�RI�SHULDQDO�ILVWXODV�LQ�SDWLHQWV�ZLWK�&URKQ
V�GLVHDVH��H[SHULHQFH�ZLWK���SDWLHQWV�0R\�-��%RG]LQ�-
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$P�-�6XUJ�������0DU��������������
��±�%(+$9,285��������
��3V\FKRORJ\��������0XQFKDXVHQ
V�6\QGURPH�:LWK����<HDU�)ROORZ�8S�)HKQHO�&5��%UHZHU�(-$P�-�3V\FKLDWU\�������0DU������������
��6H[RORJ\���������>:RPHQ�IDFHG�ZLWK�WKH�SUREOHP�RI�HUHFWLOH�G\VIXQFWLRQ��ZRPHQ
V�YLHZ�RQ�D�PDOH�SUREOHP@&ROVRQ�0+3URJ�8URO�������6HS�������������0$7(5,$/�$1'�0(7+2'6��7KLV�VWXG\� LV�EDVHG�RQ�DQ RSLQLRQ�VXUYH\�FRQGXFWHG�ZLWK� WKH�VXSSRUW�RI� WKH6RFLHWH� G
(WXGHV� )UDQFDLVH� /RXLV� +DUULV�� SHUIRUPHG� E\� WHOHSKRQH� RQ� D� ILQDO� VDPSOH� RI� ���� ZRPHQ�UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQ�RI�)UHQFK�ZRPHQ�EHWZHHQ�WKH�DJHV�RI����DQG����\HDUV��LQWHUYLHZHG�DERXWWKHLU�VH[XDOLW\�� ,Q�SDUWLFXODU�ZH�VWXGLHG�WKHLU�SHUFHSWLRQ�DQG�EHKDYLRXU� LQ� UHODWLRQ� WR� WKHLU�SDUWQHU
V�HUHFWLRQSUREOHPV��5(68/76�� ����RI�ZRPHQ� UHSRUWHG� WKDW� WKH\� KDG�H[SHULHQFHG� VXFK� SUREOHPV�� DQG� DOWKRXJK� LWZDV� LPSRVVLEOH� WR�GHILQH�D�SUHGLFWLYH�SURILOH�SUH�GLVSRVLQJ� WR� WKLV�SUREOHP�� WKHLU� DWWLWXGH� LQ� UHODWLRQ� WR� WKLVHYHQW� ZDV� IRXQG� WR� EH� JOREDOO\� SRVLWLYH� ZLWK� DQ� DWWLWXGH� GHVLJQHG� WR� UHDVVXUH� DQG� VWLPXODWH� WKH� SDUWQHUH[SHULHQFLQJ�HUHFWLOH�G\VIXQFWLRQ��������,Q�FRQWUDVW��������RI�ZRPHQ�FRQVLGHUHG�WKDW�WKHLU�SDUWQHU
V�DWWLWXGHWHQGHG�WR�UHLQIRUFH�WKHLU�VH[XDO�GLIILFXOWLHV��LQVLVWHQFH��ZLWKGUDZDO��DYRLGDQFH��DEVHQFH�RI�GLDORJXH���(UHFWLOHG\VIXQFWLRQ��('��GRHV�QRW�DIIHFW�WKH�VH[XDO�VDWLVIDFWLRQ�RI�WKH�SDUWQHU�FRQFHUQHG��VDWLVILHG�LQ�����RI�FDVHV��ZKR�UHSRUW�WKDW�WKH\�VXIIHU�PXFK�PRUH�IURP�WKH�ODFN�RI�FRPPXQLFDWLRQ��IUHTXHQW�LQ�WKLV�W\SH�RI�VLWXDWLRQ��ZHOOWKDQ�IURP�WKH�DEVHQFH�RI�SHQHWUDWLRQ�������&21&/86,21��0HGLFDO�FRQVXOWDWLRQ�LV�VWLOO�UHODWLYHO\�UDUH��DQG�LVHVVHQWLDOO\� UHTXHVWHG� E\� WKH� ZRPDQ� ZKHQ� KHU� SDUWQHU� ZLWKGUDZV� DQG� UHIXVHV� DQ\� DVVLVWDQFH�� ,W� LV� RIWHQSUHYHQWHG�E\�QHJDWLYH�FRJQLWLRQV�FRQFHUQLQJ�WKH�LUUHYHUVLELOLW\�RI�('��IRU�H[DPSOH�ZKHQ�LW�LV�DWWULEXWHG�WR�DJH�7KHUH� LV�DOVR�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�ZRPHQ�ZKR�VD\� WKDW� WKH\�ZRXOG�HQFRXUDJH� WKHLU� SDUWQHU� WRFRQVXOW� IRU� WKLV� W\SH� RI� SUREOHP� ������� DQG� WKRVH� ZKR� DFWXDOO\� HQFRXUDJH� WKHLU� SDUWQHU� WR� FRQVXOW� ZKHQVSHFLILFDOO\�IDFHG�ZLWK�WKLV�SUREOHP�������:RPHQ�IDFHG�ZLWK�WKH�SUREOHP�RI�('�DUH�ODUJHO\�PRUH�LQ�IDYRXU�RIWKH�XVH�RI�HUHFWLOH�GUXJV�WKDW�WKRVH�RI�WKH�RWKHU�JURXS�
6H[XDO�SUREOHPV�LQ�PDOH�SDWLHQWV�ROGHU�WKDQ����\HDUV�ZLWK�DQRUHFWDO�PDOIRUPDWLRQV�.RQXPD�.��,NDZD�+��.RKQR�0��2NDPRWR�6��0DVX\DPD�+��)XNXPRWR�+-�3HGLDWU�6XUJ�������)HE�������������%$&.*5281'�385326(��7KH�QHUYL�HULJHQWHV�LQ�KLJK��DQG�LQWHUPHGLDWH�W\SH�PDOH�DQRUHFWDO�PDOIRUPDWLRQ�$50��UXQV�D�UHODWLYHO\�PHGLDO�FRXUVH�DQG� LV�YXOQHUDEOH� LQ�VDFUR�SHULQHDO�GLVVHFWLRQ��7KHVH� W\SHV�RI�$50DUH� DOVR� DVVRFLDWHG� ZLWK� D� KLJK� IUHTXHQF\� RI� VDFUDO� DQRPDO\�� DQG� VH[XDO� SUREOHPV� PD\� EH� H[SHFWHG�+RZHYHU�� VH[XDO� IXQFWLRQ�FDQQRW�EH�HYDOXDWHG�XQWLO� DIWHU� WKH� LQGLYLGXDO�SDVVHV�SXEHUW\�� )HZ� UHSRUWV� KDYHLQYHVWLJDWHG�WKH�VH[XDO�VWDWXV�RI�SXEHVFHQW�PDOHV�ZLWK�$50��7KH�SUHVHQW�VWXG\�HYDOXDWHG�VH[XDO�SUREOHPVLQ�SDWLHQWV�ZLWK�KLJK��DQG�LQWHUPHGLDWH�W\SH�$50��0(7+2'6��6H[XDO�SUREOHPV�VXFK�DV�HUHFWLOH�G\VIXQFWLRQDQG�HMDFXODWRU\� LQFRPSHWHQFH�ZHUH�HYDOXDWHG� LQ����RI� ���PHQ�DJHG�PRUH� WKDQ� ��� \HDUV�ZKR� XQGHUZHQWRSHUDWLRQ� IRU� KLJK�� RU� LQWHUPHGLDWH�W\SH� $50� EHWZHHQ� 6HSWHPEHU� ����� DQG� -DQXDU\� ������ 5(68/76�(UHFWLRQ�DQJOH�ZDV�QRUPDO�LQ�� SDWLHQWV����������PLOG�LQ���SDWLHQWV����������DQG�G\VIXQFWLRQDO�LQ�� SDWLHQWV���������(MDFXODWRU\�IXQFWLRQ�ZDV�QRUPDO�LQ����SDWLHQWV����������ZLWK�HMDFXODWRU\�LQFRPSHWHQFH�LQ���SDWLHQWV�������� DQG� UHWURJUDGH� HMDFXODWLRQ� LQ� �� SDWLHQWV� ��������� (LWKHU� HUHFWLOH� RU� HMDFXODWRU\� G\VIXQFWLRQ� ZDVSUHVHQW� LQ� �� SDWLHQWV� ��������� ZKHUHDV� ERWK� ZHUH� SUHVHQW� LQ� �� SDWLHQWV� ��������� 6H[XDO� SUREOHPV� ZHUHLGHQWLILHG� LQ� �� SDWLHQWV� ��������� ZLWK� VDFUDO� DQRPDOLHV� LQ� �� �������� RI� WKHVH� �� SDWLHQWV��&21&/86,216�6H[XDO� SUREOHPV� VXFK� DV� HUHFWLOH� DQG� HMDFXODWRU\� G\VIXQFWLRQ� DUH� FRPPRQ� LQ� SDWLHQWV� ZLWK� KLJK�� RULQWHUPHGLDWH�W\SH�$50��3DWLHQWV�ZLWK�VH[XDO�GLVWUHVV�UHTXLUH�SHUVLVWHQW�IROORZ�XS�DQG�FRQWLQXRXV�FRXQVHOOLQJWR�VXSSRUW�WKHLU�VH[XDO�SUREOHPV�
<RXQJ�SHRSOH
V�VH[XDO�DQG�UHSURGXFWLYH�KHDOWK�ULJKWV�6XQGE\�-%HVW�3UDFW�5HV�&OLQ�2EVWHW�*\QDHFRO�������)HE����
���±�0,6&(//$1(286���������,QJXLQDO�KHUQLD�UHSDLU�ZLWK�VSHUPDWH[��WKH�ILUVW�����FDVHV�1LFROR�(,QW�6XUJ�������-XO�$XJ������6XSSO��6�����
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:H� HYDOXDWHG� ���� FRQVHFXWLYH� FDVHV� RI� VXUJLFDO� UHSDLU� RI� LQJXLQDO� KHUQLD� XVLQJ� 6SHUPD7H[� �'DYRO�&UDQVWRQ�� 5,�� WR� DVVHVV� SRVWRSHUDWLYH� RXWFRPH� PHDVXUHV� RI� HDUO\� DQG� ODWH� FRPSOLFDWLRQV� DQG� KHUQLDUHFXUUHQFH�� 6SHUPD7H[� LV� D� ELOD\HU� VXUJLFDO� PHVK� SURVWKHVLV� FRQVLVWLQJ� RI� D� ILEURVLV�LQGXFLQJ� OD\HU� RISRO\SURS\OHQH�PHVK�ERQGHG�WR�D�ILEURVLV�LQKLELWLQJ� OD\HU�RI�H[SDQGHG�SRO\WHWUDIOXRURHWK\OHQH��2QH�KXQGUHGPDOH�SDWLHQWV�ZLWK�XQLODWHUDO�SULPDU\�LQJXLQDO�KHUQLD��ZLWK�D�PHDQ�DJH�RI����\HDUV��XQGHUZHQW�KHUQLD�UHSDLUZLWK� WKH� RSHQ� DQWHULRU� DSSURDFK� XVLQJ� 6SHUPD7H[��0HDQ� RSHUDWLYH� WLPH�ZDV� ���PLQXWHV�� WKHUH� ZDV� ��PRUELGLW\�DQG�QR PRUWDOLW\��$W�D����GD\�IROORZ�XS��QR�SDWLHQWV�KDG�SRVWRSHUDWLYH�SDLQ��ZLWKLQ�����ZHHNV��DOOSDWLHQWV�KDG�UHWXUQHG�WR�WKHLU�SUHVXUJLFDO�KHDOWK�FRQGLWLRQ��ZLWK�QR�LQJXLQDO�SDLQ��$W�IROORZ�XSV�RI���PRQWKV�WR��\HDUV��DOO�����SDWLHQWV�H[SHULHQFHG�QR� UHFXUUHQFH��DQG�DOO�KDG� LPSURYHG��DOWKRXJK���SDWLHQWV�GHYHORSHGFKURQLF�VLQXV�WUDFWV��7KLV�VHULHV�VKRZV�D�IDYRUDEOH�SRVWRSHUDWLYH�RXWFRPH�SURILOH�IRU�WKH�XVH�RI�6SHUPD7H[LQ�LQJXLQDO�KHUQLD�UHSDLU�
$EVRUEDEOH� DQG� QRQDEVRUEDEOH� EDUULHUV� RQ� SURVWKHWLF� ELRPDWHULDOV� IRU� DGKHVLRQ� SUHYHQWLRQ� DIWHULQWUDSHULWRQHDO�SODFHPHQW�RI�PHVK�0DWWKHZV�%',QW�6XUJ�������-XO�$XJ������6XSSO��6�����
&RPSDULVRQ�RI�WKUHH�GLIIHUHQW�PHVK�PDWHULDOV� LQ�WHQVLRQ�IUHH� LQJXLQDO�KHUQLD�UHSDLU��SUROHQH�YHUVXV9\SUR�YHUVXV�VXUJLVLV�3XFFLR�)��6ROD]]R�0��0DUFLDQR�3,QW�6XUJ�������-XO�$XJ������6XSSO��6�����
7ZR�\HDUV�RI�ZDLW�DQG������PLOHV�RI�MRXUQH\��WKH�WDOH�RI�D�JRVV\SLERPD�'HEQDWK�'��%X[WRQ�-.��.RUXWK�10,QW�6XUJ�������-XO�$XJ�������������3RVWRSHUDWLYH� UHWHQWLRQ� RI� D� IRUHLJQ� ERG\� LV� DQ� LQIUHTXHQW� EXW� ZHOO�UHFRJQL]HG� FRPSOLFDWLRQ�� $� FDVH� RI� DUHWDLQHG� VZDE� LQ� WKH� DEGRPLQDO� FDYLW\� ��JRVV\SLERPD��� KDV� EHHQ� UHSRUWHG�� ,Q� YLHZ� RI� WKH� KLJK�PRUELGLW\������DQG�PRUWDOLW\�������WKDW�PD\�UHVXOW� IURP�SRWHQWLDO�FRPSOLFDWLRQV��DV�ZHOO�DV�XQGHUO\LQJ�PHGLFR�OHJDOLPSOLFDWLRQV��LW�LV�LPSRUWDQW�WR�HQVXUH�WKDW�HYHU\�HIIRUW�LV�PDGH�WR�SUHYHQW�VXFK�RFFXUUHQFHV��3UHVHQWDWLRQ�RIJRVV\SLERPD� PD\� YDU\� DQG� FDQ� EH� FDXVHG� E\� SVHXGRWXPRUDO�� RFFOXVLYH�� RU� VHSWLF� V\QGURPH�8OWUDVRQRJUDSK\� WKDW� VKRZV� D� �K\SHU�UHIOHFWLYH� PDVV� ZLWK� K\SRHFKRLF� ULP� DORQJ� ZLWK� D� VWURQJ� SRVWHULRUVKDGRZ��DQG�FRPSXWHG�WRPRJUDSK\�WKDW�UHYHDOV��D�ZKLUO�OLNH�VSRQJLIRUP�SDWWHUQ�LQ�D�K\SRGHQVH�PDVV�ZLWK�DWKLFN�SHULSKHUDO�ULP��DUH�FRQVLGHUHG�WKH�PDLQVWD\�RI�LQYHVWLJDWLRQV��7KHVH�ILQGLQJV��DORQJ�ZLWK�D�KLJK�LQGH[�RIVXVSLFLRQ��FDQ�KHOS�PDNH�D�SUHRSHUDWLYH�GLDJQRVLV�
(YDOXDWLRQ�RI�)OR6HDO�DV�D�3RWHQWLDO�,QWUDFDYLWDU\�+HPRVWDWLF�$JHQW�.OHPFNH�+*-�7UDXPD�������)HE�������������
7UHDWPHQW�RI�XUHWKUDO�V\QGURPH��D�SURVSHFWLYH�UDQGRPL]HG�VWXG\�ZLWK�1G�<$*�ODVHU�&RVWDQWLQL�(��=XFFKL�$��'HO�=LQJDUR�0��0HDULQL�/8URO�,QW�������������������,1752'8&7,21��7KH�XUHWKUDO�V\QGURPH� LV�FKDUDFWHUL]HG�E\� LUULWDWLYH�GLVWXUEDQFHV�� WKH�XUJHQF\�IUHTXHQF\V\QGURPH� DQG�RU� SDLQ� DVVRFLDWHG�ZLWK� QHJDWLYH� XULQH� FXOWXUHV�� $UHDV� RI�PHWDSODVLF� WLVVXH� LQ� WKH� WULJRQDO�EODGGHU�QHFN� UHJLRQ� �WULJRQLWLV��DUH�VRPHWLPHV�SUHVHQW��:H�SHUIRUPHG�D�FRPSDUDWLYH� UDQGRPL]HG�VWXG\� WRDVVHVV�WKH�HIILFDF\�RI�VLGH��RU�HQG�ILULQJ�QHRG\PLXP��1G��<$*�ODVHU�VXUJHU\� LQ�GHVWUR\LQJ�PHWDSODVLD�DQGUHOLHYLQJ� V\PSWRPV�� ,Q� WKH� WUHDWPHQW� RI� WKH� XUHWKUDO� V\QGURPH� WKH� IHZ� UHSRUWV� RQ� DWWHPSWV� WR� UHVWRUH� DQRUPDO�XURWKHOLXP�E\�PHDQV�RI�GLDWKHUPRFRDJXODWLRQ�DQG�FU\RWKHUDS\�KDYH�EHHQ�HQFRXUDJLQJ��6LGH�ILULQJODVHU��ZKLFK�SURGXFHV�QHFURWLF� FRDJXODWLRQ� IROORZHG�E\� UHFRQVWLWXWLRQ�RI� QRUPDO� IXQFWLRQDO� HSLWKHOLXP��ZDVVLJQLILFDQWO\�PRUH�VXFFHVVIXO�WKDQ�HQG�ILULQJ�DQG�ZDV�DVVRFLDWHG�ZLWK�D�����VXFFHVV�UDWH��7KHVH�UHVXOWV�DUHHQFRXUDJLQJ�LQ�SDWLHQWV�ZKR�DUH�XVXDOO\�UHIUDFWRU\�WR�PHGLFDO�WKHUDS\�
)XQFWLRQDO�RXWFRPH�DQG�TXDOLW\�RI�OLIH�LQ�DQRUHFWDO�PDOIRUPDWLRQV�*R\DO�$��:LOOLDPV�-0��.HQQ\�6(��/ZLQ�5��%DLOOLH�&7��/DPRQW�*/��7XUQRFN�55-�3HGLDWU�6XUJ�������)HE��������������%$&.*5281'�385326(��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�WKH�HDUO\�IXQFWLRQDO�RXWFRPH�DQG�TXDOLW\�RIOLIH��42/��LQ�FKLOGUHQ�ZLWK�DQRUHFWDO�PDOIRUPDWLRQV��0(7+2'6��&KLOGUHQ�WUHDWHG�IRU�DQRUHFWDO�PDOIRUPDWLRQV�$50V�� IURP� ����� WR� ����� ZHUH� HYDOXDWHG� LI� �� \HDUV� RU� ROGHU�� 3ULPDU\� RXWFRPH�PHDVXUHV� ZHUH� ERZHOIXQFWLRQ�VFRUH��DVVHVVHG�E\�IXQFWLRQDO�RXWFRPH�TXHVWLRQQDLUH��DQG�42/�XVLQJ�WKH�3HGLDWULF�4XDOLW\�RI�/LIH,QYHQWRU\��3HGV4/�����7KH�VHFRQGDU\�RXWFRPH�PHDVXUH�ZDV�DJH�DW�SRWW\�WUDLQLQJ��7ZHQW\�KHDOWK\�FKLOGUHQ
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ZHUH�XVHG�DV� FRQWUROV� IRU� IXQFWLRQDO� RXWFRPH�DQG�DJH� DW� SRWW\� WUDLQLQJ��'DWD� DUH� UHSRUWHG� DV�PHDQ� �6'�XQOHVV�RWKHUZLVH�VWDWHG��5(68/76��(LJKW\�FKLOGUHQ�ZHUH�HYDOXDWHG�GXULQJ�WKH�VWXG\�SHULRG��7KH�PHDQ�DJHDW� IROORZ�XS� ZDV� ���PRQWKV� �������� 7KH� UHVSRQVH� UDWH�ZDV� ������ �������� IRU� ERZHO� IXQFWLRQ� DQG� ������������� IRU� 42/� TXHVWLRQQDLUHV�� )XQFWLRQDO� RXWFRPH� VFRUH� �PD[LPXP� ���� GHFUHDVHG� VLJQLILFDQWO\� ZLWKLQFUHDVLQJ� VHYHULW\� RI� WKH� $50� �PDOH� SHULQHDO� ILVWXOD�� ��� >�@�� IHPDOH� SHULQHDO� ILVWXOD�� ��� >�@�� UHFWRXUHWKUDOILVWXOD�����>�@��YHVWLEXODU�ILVWXOD�����>���@��EODGGHU�QHFN�ILVWXOD����>�@��DQDO\VLV�RI�YDULDQFH��3� ��������+RZHYHU�WKHUH�ZDV�QR�GLIIHUHQFH�LQ�42/�EHWZHHQ�SDWLHQWV�ZLWK�$50�DQG�FRQWUROV��7KHUH�ZDV�QR�FRUUHODWLRQ�EHWZHHQDJH�DQG�HLWKHU�ERZHO�IXQFWLRQ�VFRUH��3HDUVRQ�U�� �������RU�42/��3HDUVRQ�U���� ��������$IIHFWHG�FKLOGUHQ�WRRNVLJQLILFDQWO\�ORQJHU�WR�DFKLHYH�SRWW\�WUDLQLQJ�IRU�EODGGHU�����>����@�PRQWKV�YV����>���@�PRQWKV�IRU�FRQWUROV�>WWHVW��3� �����@��DQG�ERZHOV�����>��@�PRQWKV�YV����>�@�PRQWKV�>W�WHVW��3� �����@���&21&/86,21��&KLOGUHQ�ZLWK$50V� KDYH� VLJQLILFDQWO\� ZRUVH� ERZHO� IXQFWLRQ� WKDQ� WKHLU� SHHUV�� GHSHQGLQJ� RQ� WKH� W\SH� RI� OHVLRQ�� 'HVSLWHWKHVH�ILQGLQJV��42/�ZDV�QRW�VLJQLILFDQWO\�LPSDLUHG��1R�FRUUHODWLRQ�ZDV�GHPRQVWUDWHG�EHWZHHQ�DJH�DQG�HLWKHUIXQFWLRQDO�RXWFRPH�RU�42/�
7UDQVDQDO�HQGRVFRSLF�DVVLVWHG�SURFWRSODVW\��D�QRYHO�VXUJLFDO�DSSURDFK� IRU� LQGLYLGXDO�PDQDJHPHQWRI�SDWLHQWV�ZLWK�LPSHUIRUDWH�DQXV�ZLWKRXW�ILVWXOD�3DNDULQHQ�03��%DLOOLH�&��.RLYXVDOR�$��5LQWDOD�5--�3HGLDWU�6XUJ�������)HE�������������
7KH�ULJKW�WHVW�IRU�FRORQ�FDQFHU�VFUHHQLQJ":HL�-7��6DQGOHU�56*DVWURLQWHVW�(QGRVF�������0DU��������������
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