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DV�FDWHJRULHV�UHSUHVHQWLQJ�D�TXDQWLILDEOH�SUDFWLFH�LPSOHPHQWDWLRQ�RU�SHUIRUPDQFH�LQIOXHQFH�VFRUH��XVLQJ�D���SRLQW�/LNHUW�VFDOH��5HVXOWV���������TXHVWLRQQDLUH�UHVSRQVH�UDWH��Q �����UHSUHVHQWLQJ����/.'7�VLWHV����OLYLQJ�GRQDWLRQ��/'��UHIHUUDO�VLWHV��DQG����SURYLQFHV�����WDUJHWHG�VWDNHKROGHU�VHPL�VWUXFWXUHG�LQWHUYLHZV��Ɣ��������7KHUH
DSSHDUV�WR�EH�DQ�DVVRFLDWLRQ�EHWZHHQ�LPSOHPHQWDWLRQ�RI�EHVW�SUDFWLFHV�LQ�OLYLQJ�GRQDWLRQ�DQG�EHWWHU�SURJUDP�SHUIRUPDQFH��Ɣ��������([DPSOHV�RI�VXFK�SUDFWLFHV�LQFOXGH�KDYLQJ�D�FXOWXUH�RI�WUDQVSODQW�ILUVW��UHVRXUFHV�DGGHG�WR�WKHLU�SURJUDPV�WR�VXSSRUW�/.'7�LQ������DQG�������DQG�D�TXDOLW\�DVVXUDQFH�SRVLWLRQ�WR�DGYDQFH�VWUDWHJLF�SODQQLQJ�DW
WKH�SURJUDP�OHYHO��&RQFOXVLRQV���&DQDGLDQ�/.'7�SURJUDPV�HYLGHQFLQJ�KLJK�RU�LPSURYHG�SHUIRUPDQFH�LQGLFDWHG�WKDW�WKHLU�SHUIRUPDQFH�VXFFHVV�ZDV�PRVW�LQIOXHQFHG�E\�LPSOHPHQWDWLRQ�RI�/'�HYDOXDWLRQ�HIILFLHQFLHV��HQJDJLQJ�SURJUDP�VWDNHKROGHUV��EURDGHQLQJ�/'�LGHQWLILFDWLRQ�DQG�DZDUHQHVV�VWUDWHJLHV��DFFHVV�WR�TXDOLW\�DVVXUDQFH
UHVRXUFHV��LQFUHDVHG�/.'7�IXQGLQJ��DQG�/.'7�RSHUDWLQJ�URRP�DYDLODELOLW\���
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$SRSWRWLF�H[RVRPH�OLNH�YHVLFOHV�DUH�LQWHUQDOL]HG�E\�HQGRWKHOLDO�FHOOV�WKURXJK�SKRVSKDWLG\OVHULQH�GHSHQGHQW�PDFURSLQRF\WRVLV�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��,VFKHPLD�UHSHUIXVLRQ�DQG�UHMHFWLRQ�IDYRU�HQGRWKHOLDO�DSRSWRVLV��ZKLFK�LQ�WXUQ�FRQWULEXWHV�WR�PDODGDSWLYH�YDVFXODU�UHSDLU�OHDGLQJ�WR�WUDQVSODQW�YDVFXORSDWK\��$SRSWRWLF�HQGRWKHOLDO�FHOOV��(&��UHOHDVH�H[RVRPH�OLNH�YHVLFOHV��$SR([R��WKDW��ZKHQ�XSWDNHQ�E\�QHLJKERULQJ�(&��VKDSH�JHQH�H[SUHVVLRQ�DQG�IXQFWLRQV�LQ
GLUHFWLRQV�FRQGXFLYH�WR�HQGRWKHOLDO�G\VIXQFWLRQ�DQG�PHVHQFK\PDO�WUDQVLWLRQ��+RZHYHU��WKH�PHFKDQLVPV�E\�ZKLFK�(&�LQWHUQDOL]H�WKHVH�YHVLFOHV�UHPDLQ�LOO�GHILQHG��$SR([R�ZHUH�LVRODWHG�E\�XOWUDFHQWULIXJDWLRQ�IURP�VHUXP�IUHH�PHGLD�FRQGLWLRQHG�E\�SULPDU\�KXPDQ�(&�ODEHOHG�ZLWK�&HOO7UDFNHU�2UDQJH�&05$�G\H��6HUXP�VWDUYHG
SULPDU\�KXPDQ�(&�ZHUH�WKHQ�H[SRVHG�WR�SXULILHG�$SR([R�LQ�YLWUR��7KH�FHOOXODU�XSWDNH�RI�$SR([R�ZDV�REVHUYHG�E\�FRQIRFDO�PLFURVFRS\�DQG�IORZ�F\WRPHWU\�XVLQJ�VHOHFWLYH�SKDUPDFRORJLFDO�LQKLELWRUV�DQG�JHQH�NQRFNGRZQ��(&�PRUSKRORJ\�ZDV�DVVHVVHG�E\�HOHFWURQLF�PLFURVFRS\��$SR([R�GLVSOD\HG�WLPH�DQG�FRQFHQWUDWLRQ�GHSHQGHQW
XSWDNH�NLQHWLFV�ZKLFK�ZHUH�FRPSOHWHO\�DEROLVKHG�ZKHQ�FHOOV�ZHUH�LQFXEDWHG�DW���&���������3�&ROOHFWLYHO\��WKHVH�UHVXOWV�VXJJHVW�WKDW�$SR([R�DUH�LQWHUQDOL]HG�E\�(&�WKURXJK�PDFURSLQRF\WRVLV��7KLV�FKDUDFWHUL]DWLRQ�KLJKOLJKWV�SRWHQWLDO�VWUDWHJLHV�WR�WDUJHW�WKLV�LQWHUQDOL]DWLRQ�SDWKZD\�DQG�SUHYHQW�HQGRWKHOLDO�G\VIXQFWLRQ�WKDW�FRQWULEXWHV
WR�WUDQVSODQW�YDVFXORSDWK\��
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5HFRPELQDQW�DSRSWRVLV�LQKLELWRU�RI�PDFURSKDJH�SURWHLQ�DPHOLRUDWHV�WUDQVSODQW�LVFKHPLD�UHSHUIXVLRQ�LQMXU\�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��,VFKHPLD�UHSHUIXVLRQ�LQMXU\��,5,��GXULQJ�NLGQH\�WUDQVSODQWDWLRQ�LV�DVVRFLDWHG�ZLWK�DFXWH�UHMHFWLRQ�DQG�ORQJ�WHUP�JUDIW�ORVV��'XULQJ�,5,��SUR�LQIODPPDWRU\�PHGLDWRUV��H�J��+0*%���UHOHDVHG�IURP�QHFURWLF�DQG�XQFOHDUHG�DSRSWRWLF�UHQDO�WXEXODU�HSLWKHOLDO�FHOOV��7(&V��H[DFHUEDWH�WLVVXH�GDPDJH��DQG�SRWHQWLDWH
DOORLPPXQH�LQMXU\��:H�XQFRYHUHG�WKDW�PLFH�GHILFLHQW�LQ�.LGQH\�,QMXU\�0ROHFXOH����.,0����ZHUH�PRUH�VXVFHSWLEOH�WR�UHQDO�G\VIXQFWLRQ�DQG�GHDWK�DIWHU�QDWLYH�DQG�WUDQVSODQW�NLGQH\�,5,�WKDQ�ZLOG�W\SH��.,0���LV�D�WUDQVPHPEUDQH�JO\FRSURWHLQ�VSHFLILFDOO\�XSUHJXODWHG�RQ�SUR[LPDO�7(&V�GXULQJ�UHQDO�LQMXU\��HQDEOLQJ�DSRSWRWLF�DQG
QHFURWLF�HQJXOIPHQW�WKHUHE\�SURWHFWLQJ�DJDLQVW�WLVVXH�GDPDJH�LQYROYLQJ�ORFDO�DQG�V\VWHPLF�LQIODPPDWLRQ��$SRSWRVLV�,QKLELWRU�RI�0DFURSKDJH�3URWHLQ��$,0��LV�D�FLUFXODWLQJ�VHUXP�SURWHLQ�SURGXFHG�E\�PDFURSKDJHV�DQG�ILOWHUHG�E\�WKH�JORPHUXOXV�GXULQJ�,5,�DFFXPXODWLQJ�RQ�QHFURWLF�GHEULV�ZLWKLQ�SUR[LPDO�UHQDO�WXEXOHV�LQ�ERWK�KXPDQV
DQG�PLFH��:H�IXUWKHU�UHYHDOHG�WKDW�DGPLQLVWUDWLRQ�RI�LQWUDYHQRXV�UHFRPELQDQW�$,0��U$,0��DIWHU�UHSHUIXVLRQ��IDFLOLWDWHG�QDWLYH�NLGQH\�UHFRYHU\�YLD�.,0���GHSHQGHQW�FOHDUDQFH�RI�QHFURWLF�FHOOV�GHEULV��+HUH��ZH�WHVWHG�ZKHWKHU�UHFRPELQDQW�$,0��U$,0��FDQ�EH�XVHG�DV�D�WKHUDS\�WKDW�WDUJHWV�.,0���WR�DPHOLRUDWH�WUDQVSODQW�DVVRFLDWHG
,5,�LQ�D�PXULQH�PRGHO�RI�NLGQH\�WUDQVSODQWDWLRQ��0HWKRGV��:H�SHUIRUPHG�VLQJOH�V\QJHQHLF�NLGQH\�WUDQVSODQWV��FROG�LVFKHPLD�WLPH����PLQV���:H�HYDOXDWHG�VHUXP�FUHDWLQLQH��VHUXP�+0*%���WXEXODU�FHOO�GHDWK��JUDIW�LQIODPPDWLRQ�DQG�JUDIW�GDPDJH�DW����KRXUV�SRVW�DGPLQLVWUDWLRQ�RI�U$,0���PJ�PO��RU�3%6��Q!� ���SHU�JURXS���5HVXOWV�
&RPSDUHG�WR�UHFLSLHQWV�WUHDWHG�ZLWK�3%6��UHFLSLHQWV�WUHDWHG�ZLWK�U$,0�KDG�VLJQLILFDQWO\�OHVV�UHQDO�G\VIXQFWLRQ�DQG�JUDIW�GDPDJH��U$,0�WUHDWHG�PLFH�DOVR�VKRZHG�VLJQLILFDQWO\�OHVV�LPPXQH�FHOO�LQILOWUDWLRQ��WXEXODU�FHOO�GHDWK�DQG�SURLQIODPPDWRU\�F\WRNLQH�SURGXFWLRQ��1R�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�IRXQG�LQ�VHUXP�+0*%��OHYHOV
EHWZHHQ�WKH�JURXSV��&RQFOXVLRQ��2XU�GDWD�VXJJHVWV�WKDW�DGPLQLVWUDWLQJ�U$,0�WR�NLGQH\�WUDQVSODQW�UHFLSLHQWV�LPSURYH�JUDIW�IXQFWLRQ�E\�PLWLJDWLQJ�WUDQVSODQW�UHODWHG�,5,��7KHUHIRUH��U$,0�PD\�EH�XVHG�DV�D�WKHUDSHXWLF�VWUDWHJ\�WR�LPSURYH�JUDIW�RXWFRPHV�LQ�NLGQH\�WUDQVSODQW�SDWLHQWV��
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,PSURYLQJ�WKH�FDUH�IRU�SHGLDWULF�WUDQVSODQW�SDWLHQWV�WKURXJK�LQWHJUDWLRQ�RI�SDWLHQW�UHSRUWHG�RXWFRPH�PHDVXUHV�LQWR�FOLQLFDO�SUDFWLFH�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��3HGLDWULF�$EVWUDFW�

0HPEHU�7\SH��$+3�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��6XEMHFWLYH�HYDOXDWLRQ�RI�PHGLFDO�FDUH�DQG�WUHDWPHQW�IURP�WKH�SDWLHQW¶V�SHUVSHFWLYH�LV�LQFUHDVLQJO\�LPSRUWDQW��3DWLHQW�UHSRUWHG�RXWFRPH�PHDVXUHV��3520V��DUH�GHILQHG�DV��³DQ\�UHSRUW�RI�WKH�SDWLHQW¶V�KHDOWK�FRQGLWLRQ�WKDW�FRPHV�GLUHFWO\�IURP�WKH�SDWLHQW��ZLWKRXW�LQWHUSUHWDWLRQ�RI�WKH�SDWLHQW¶V�UHVSRQVH�E\
D�FOLQLFLDQ�RU�DQ\RQH�HOVH´��7KLV�VWXG\�H[SORUHV�WKH�SHUVSHFWLYHV�RI�SHGLDWULF�VROLG�RUJDQ�WUDQVSODQW�SDWLHQWV��FDUHJLYHUV�DQG�KHDOWKFDUH�SURYLGHUV�RQ�LPSOHPHQWLQJ�3520V�LQWR�FOLQLFDO�SUDFWLFH��JXLGHG�E\�WKH�,QWHUQDWLRQDO�6RFLHW\�IRU�4XDOLW\�RI�/LIH�5HVHDUFK�±�8VHU¶V�*XLGH�IRU�,PSOHPHQWLQJ�3DWLHQW�5HSRUWHG�2XWFRPHV�$VVHVVPHQW�LQ
&OLQLFDO�3UDFWLFH��0HWKRGV��6HPL�VWUXFWXUHG�LQWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK�SDUWLFLSDQWV�IURP�ILYH�&DQDGLDQ�SHGLDWULF�WUDQVSODQW�FHQWUHV��0D[LPXP�YDULDWLRQ�VDPSOLQJ�ZDV�XVHG�WR�SURYLGH�FRQFXUULQJ�DQG�FRQILUPLQJ�GDWD��DQG�HQVXUH�VDWXUDWLRQ��$Q�LWHUDWLYH�FRGLQJ�SURFHVV�ZDV�DSSOLHG�ZLWK�FRQVWDQW�FRPSDUDWLYH�GDWD�DQDO\VLV�WR�LGHQWLI\
WKHPHV���5HVXOWV��$�WRWDO�RI����SDWLHQWV�����FDUHJLYHUV�DQG����KHDOWKFDUH�SURYLGHUV�SDUWLFLSDWHG��1HDUO\�DOO�SDUWLFLSDQWV�������ZHUH�VXSSRUWLYH�RI�LPSOHPHQWLQJ�3520V�ZLWK�WKH�SULPDU\�JRDOV�WR�HQKDQFH�SDWLHQW�SURYLGHU�FRPPXQLFDWLRQ�±�³2SHQV�FRQYHUVDWLRQV´��³>3DWLHQWV@�VWDWH�ZKDW�WKH\¶UH�IHHOLQJ´�DQG�SDWLHQW�HQJDJHPHQW�±�³/LNH
\RX¶UH�SDUW�RI�WKH�WHDP´��3DUWLFLSDQWV�GLVFXVVHG�WKH�SRWHQWLDO�LPSDFW�RI�3520V�DV�WKH�SURYLVLRQ�RI�SUHYHQWDWLYH�±�³<RX¶OO�EH�SURDFWLYH´��DQG�KROLVWLF�FDUH�±�³<RX�FDQQRW�VHSDUDWH�PHGLFDO�IURP�RWKHU�DVSHFWV��>3DWLHQWV@�DUH�VWUXJJOLQJ�IURP�D�PHQWDO�KHDOWK�SHUVSHFWLYH´��3DUWLFLSDQWV�LGHQWLILHG�VHOHFWHG�3520V��WKH�3HGV4/70�*HQHULF
&RUH�6FDOHV�±�³&RYHUV�DVSHFWV�,�ZRXOGQ¶W�XVXDOO\�LQFOXGH�LQ�P\�DVVHVVPHQW´�DQG�WKH�3HGV4/70�7UDQVSODQW�0RGXOH�±�³0RUH�UHODWHG�WR�WUDQVSODQW�SDWLHQWV´��5HFRPPHQGDWLRQV�LQFOXGHG����DVVHVVLQJ�SDWLHQWV����\HDUV�RI�DJH�DQG�ROGHU�����HOHFWURQLF�DGPLQLVWUDWLRQ�FRPSOHWHG�UHPRWHO\��SULRU�WR�FOLQLFDO�DSSRLQWPHQWV��DQG����YLVXDO�GDWD
UHSUHVHQWDWLRQ��&RQFOXVLRQ��)LQGLQJV�KLJKOLJKWHG�VXSSRUW�IRU�WKH�LPSOHPHQWDWLRQ�RI�3520V�LQWR�SHGLDWULF�WUDQVSODQW�SUDFWLFH��)XWXUH�UHVHDUFK�LV�QHHGHG�WR�GHYHORS�LPSOHPHQWDWLRQ�VWUDWHJLHV�WR�V\VWHPDWLFDOO\�DQG�HIIHFWLYHO\�LQWHJUDWH�3520V�LQWR�FOLQLFDO�ZRUNIORZ�DQG�DVVHVV�WKH�LPSDFW�RQ�SDWLHQW�KHDOWK�RXWFRPHV��
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0HPEHU�7\SH��7UDLQHH�
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6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��<HV�

$EVWUDFW�%RG\��5DWLRQDOH��,Q�&DQDGD��PRVW�OXQJ�WUDQVSODQW�SURJUDPV�RIIHU�PDQGDWRU\�KRVSLWDO�EDVHG�SUH�WUDQVSODQW�H[HUFLVH�SURJUDPV�WR�RSWLPL]H�ILWQHVV�DQG�SUHYHQW�GHFRQGLWLRQLQJ�LQ�OXQJ�WUDQVSODQW�FDQGLGDWHV��+RPH�EDVHG�SURJUDPV�RIIHU�DQ�DOWHUQDWLYH�IRU�H[HUFLVH�SUH�WUDQVSODQW��JLYLQJ�DFFHVV�WR�UHKDELOLWDWLRQ�WR�D�ODUJHU�QXPEHU�RI
SDWLHQWV�DQG�ORZHU�KHDOWKFDUH�FRVW��2EMHFWLYHV��WR�GHVFULEH�FKDQJHV�LQ�IXQFWLRQDO�H[HUFLVH�FDSDFLW\����PLQXWH�ZDON�GLVWDQFH��0:'��LQ�OXQJ�WUDQVSODQW�FDQGLGDWHV�ZKR�SDUWLFLSDWHG�LQ�D�KRPH�EDVHG�H[HUFLVH�SURJUDP�DQG�GHWHUPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�FKDQJHV�LQ�IXQFWLRQDO�H[HUFLVH�FDSDFLW\�SUH�WUDQVSODQW�DQG�SRVW�WUDQVSODQW
YDULDEOHV��0HWKRGV��UHWURVSHFWLYH�FRKRUW�VWXG\�RI�����LQGLYLGXDOV�ZKR�UHFHLYHG�D�OXQJ�WUDQVSODQW�EHWZHHQ������������SDUWLFLSDWHG�LQ�D�KRPH�EDVHG�H[HUFLVH�SURJUDP�ZKLOH�ZDLWLQJ�WUDQVSODQWDWLRQ���0:'�ZDV�DVVHVVHG�DW���WLPH�SRLQWV��WLPH�RI�DVVHVVPHQW�IRU�WUDQVSODQW��ODVW�WHVW�SULRU�WR�WUDQVSODQW�DQG�RQH�PRQWK�SRVW�WUDQVSODQW��2WKHU
YDULDEOHV�LQFOXGHG��DJH��VH[��SULPDU\�GLDJQRVLV��GDWH�RI�WUDQVSODQWDWLRQ��ERG\�PDVV�LQGH[��%0,���WRWDO�KRVSLWDO�OHQJWK�RI�VWD\��/26���LQWHQVLYH�FDUH�XQLW��,&8��/26�DQG�WLPH�RQ�PHFKDQLFDO�YHQWLODWLRQ��5HVXOWV��7KH�PHGLDQ�/26�RQ�WKH�ZDLWLQJ�OLVW�ZDV�����\UV��7KHUH�ZDV�D�PHDQ�GHFUHDVH�RI��������P�EHWZHHQ�WKH��0:'�DW�WKH�WLPH�RI
DVVHVVPHQWDQG�WKH�ODVW��0:'�SULRU�WRWUDQVSODQWDWLRQ��S�����������ZKROH�VDPSOH���)RUW\�RQH�SDWLHQWV�������LQFUHDVHG�WKHLU��0:'��PHDQ�FKDQJH�������P������SDWLHQWV�������GHFUHDVHG�WKHLU��0:'��PHDQ���������P������SDWLHQWV�������KDG�QR�FKDQJH�LQ��0:'����������P���7KHUH�ZDV�D�ZHDN�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�FKDQJH�LQ
�0:'�SULRU�WR�WUDQVSODQW�DQG�WLPH�RQ�PHFKDQLFDO�YHQWLODWLRQ��U ��������S�����������:KHQ�DGMXVWHG�IRU�DJH��JHQGHU�DQG�%0,��&KDQJH�LQ��0:'�SULRU�WR�WUDQVSODQW�ZDV�QRW�DVVRFLDWHG�ZLWK�WKH�WLPH�RQ�PHFKDQLFDO�YHQWLODWLRQ��WRWDO�KRVSLWDO�/26�RU�,&8�/26��&RQFOXVLRQ��0RVW�SDWLHQWV�ZHUH�DEOH�WR�HLWKHU�LQFUHDVH�RU�PDLQWDLQ�WKHLU��0:'
E\�SDUWLFLSDWLQJ�LQ�D�KRPH�H[HUFLVH�SURJUDP�ZKLOH�RQ�WKH�ZDLWLQJ�OLVW��7KHVH�UHVXOWV�DUH�VLPLODU�WR�ZKDW�KDV�EHHQ�IRXQG�IRU�KRVSLWDO�EDVHG�SURJUDPV��+RPH�EDVHG�H[HUFLVH�SURJUDP�PD\�EH�DQ�HIIHFWLYH�UHKDELOLWDWLRQ�DSSURDFK�SULRU�WR�WUDQVSODQWDWLRQ��

'UDIW0RGH6WDWXV����



,'����
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0HPEHU�RI��&67�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��0HGLFDO�IROORZ�XS�DIWHU�OLYLQJ�NLGQH\�GRQDWLRQ�LV�DQ�HVVHQWLDO�FRPSRQHQW�RI�OLYLQJ�GRQRU�FDUH��\HW�WKHUH�UHPDLQV�FRQVLGHUDEOH�YDULDELOLW\�DFURVV�&DQDGD�LQ�SRVW�GRQDWLRQ�SUDFWLFHV��:H�GHVFULEH�DGKHUHQFH�WR�D�SURYLQFLDO�SURJUDP�RI�GRQRU�IROORZ�XS�ZKLFK�LV�GLUHFWHG�E\�WKH�WUDQVSODQW�SURJUDP��EXW
LPSOHPHQWHG�E\�SULPDU\�FDUH�SK\VLFLDQV���0HWKRGV��:H�LGHQWLILHG�����NLGQH\�GRQRUV�EHWZHHQ������DQG������DQG�H[DPLQHG�WKHLU�DGKHUHQFH�WR�IROORZ�XS�RYHU�D���\HDU�IROORZ�XS�SHULRG���$GKHUHQFH�ZDV�GHILQHG�DV�FRPSOHWLRQ�RI�HLWKHU�XULQH�DOEXPLQ�FUHDWLQLQH�UDWLR��X$&5��RU�VHUXP�FUHDWLQLQH��DV�FDSWXUHG�E\�RXU�SURYLQFLDO�GDWD�V\VWHP�
$GKHUHQFH�ZDV�H[DPLQHG�SHU�\HDU�RYHU�WKH�VWXG\�SHULRG�DQG�WKH�DVVRFLDWLRQ�RI�NH\�GRQRU�FKDUDFWHULVWLFV�ZLWK�DGKHUHQFH�ZDV�GHWHUPLQHG�XVLQJ�XQLYDULDWH�DQG�PXOWLYDULDWH�ORJLVWLFV�UHJUHVVLRQ�DQDO\VHV��5HVXOWV��2YHU�����RI�DOO�GRQRUV�FRPSOHWHG�DW�OHDVW���GRQRU�IROORZ�XS�WHVW�GXULQJ�WKH�VWXG\�SHULRG��EXW�RQO\������RI�GRQRUV�FRPSOHWHG
DQQXDO�WHVWLQJ�LQ�$//�RI�WKH���\HDUV���)RUW\�SHUFHQW�RI�GRQRUV�FRPSOHWHG�IROORZ�XS�LQ�WKH�ILUVW�\HDU�SRVW�GRQDWLRQ��DQG�IROORZ�XS�UDWHV�UHPDLQHG�EHWZHHQ�������DQG�������HDFK�\HDU�XS�WR���\HDUV�SRVW�GRQDWLRQ��)LJXUH����3DUHQWDO�DQG�VSRXVDO�GRQRUV�ZHUH�PRUH�DGKHUHQW�ZLWK�IROORZ�XS��ZKLOH�\RXQJHU�DQG�VLEOLQJ�GRQRUV�ZHUH�OHVV
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,'����
3HUVLVWHQW�DWHOHFWDVLV�IROORZLQJ�SULPDU\�JUDIW�G\VIXQFWLRQ�LV�DVVRFLDWHG�ZLWK�ORZHU�OXQJ�IXQFWLRQ�LQ�OXQJ�WUDQVSODQW�UHFLSLHQWV�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��/XQJ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��3ULPDU\�JUDIW�G\VIXQFWLRQ��3*'��LV�D�PDMRU�FRQWULEXWRU�WR�PRUWDOLW\�DQG�LPSDLUHG�OXQJ�IXQFWLRQ�LQ�OXQJ�WUDQVSODQW�UHFLSLHQWV��:H�DVVHVVHG�UDGLRJUDSKLF�IHDWXUHV�RQ�SRVW�WUDQVSODQW�OXQJ�FRPSXWHG�WRPRJUDSK\��&7��VFDQV�DQG�WKHLU�DVVRFLDWLRQ�ZLWK�ORQJ�WHUP�OXQJ�IXQFWLRQ��:H�K\SRWKHVL]HG�WKDW�UDGLRJUDSKLF
DEQRUPDOLWLHV�ZRXOG�EH�PRUH�IUHTXHQW�LQ�3*'�VXUYLYRUV�DQG�PHGLDWH�SRRUHU�OXQJ�IXQFWLRQ��:H�VWXGLHG�GRXEOH�OXQJ�WUDQVSODQW�UHFLSLHQWV�DW�WKH�8QLYHUVLW\�RI�$OEHUWD�+RVSLWDO�IURP������������*UDGH���3*'��3*'���ZDV�GHILQHG�E\�OXQJ�HGHPD�DQG�3D2��)L2������SDWLHQWV�PHW�LQFOXVLRQ�FULWHULD�����RI�ZKRP�GHYHORSHG�3*'��DW����RU
��K��3*'��ZDV�DVVRFLDWHG�ZLWK�PRUH�IUHTXHQW�ZLGHO\�GLVWULEXWHG�LQWHUOREXODU�VHSWDO�WKLFNHQLQJ��S ��������DQG�DWHOHFWDVLV��S�*UDGH���3*'�LV�DVVRFLDWHG�ZLWK�DWHOHFWDVLV�DW���PRQWK�SRVW�WUDQVSODQW��DQG�WKLV�DWHOHFWDVLV�DSSHDUV�WR�EH�D�PHGLDWRU�RI�ORZHU�OXQJ�IXQFWLRQ�DW���\HDU�LQ�3*'�VXUYLYRUV��7KLV�PD\�VXJJHVW�SHUVLVWHQW�VXUIDFWDQW�DQG
W\SH�,,�SQHXPRF\WH�G\VIXQFWLRQ�LQ�SRVW�3*'�OXQJV��

'UDIW0RGH6WDWXV����
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1DWXUDO�NLOOHU�FHOOV�DQG�PLWRFKRQGULDO�GDPDJH�DVVRFLDWHG�PROHFXODU�SDWWHUQV�LQ�LVFKHPLD�UHSHUIXVLRQ�LQMXU\�GXULQJ�OLYHU�WUDQVSODQWDWLRQ�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��/LYHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��7LVVXH�GDPDJH�DQG�QHFURWLF�FHOO�GHDWK�IROORZLQJ�LVFKHPLD�UHSHUIXVLRQ�LQMXU\��,5,��GXULQJ�OLYHU�WUDQVSODQWDWLRQ��/7��FRPSURPLVH�FHOOXODU�LQWHJULW\�DQG�OHDG�WR�UHOHDVH�RI�GDPDJH�DVVRFLDWHG�PROHFXODU�SDWWHUQV��'$03V���'$03V�RI�PLWRFKRQGULDO�RULJLQ��PLWR'$03V��LQFLWH�SURIRXQG�LQIODPPDWLRQ
IROORZLQJ�WLVVXH�GDPDJH�DQG�LVFKHPLD��)LJXUH�����7KLV�LV�VDOLHQW�LQ�/7�DV����WKH�OLYHU�LV�DFXWHO\�VHQVLWLYH�WR�K\SR[LD��DQG����KDV�D�KLJK�PLWRFKRQGULDO�FRQWHQW��0LWR'$03V�VHUYH�DV�D�ELRPDUNHU�WR�SUHGLFW�FOLQLFDO�RXWFRPHV�LQ�D�YDULHW\�RI�GLVHDVH�SURFHVVHV��DQG�KLJKHU�PW'1$�OHYHOV�LQ�GRQRU�SODVPD�DUH�FRUUHODWHG�ZLWK�HDUO\�DOORJUDIW
G\VIXQFWLRQ��($'��LQ�/7�UHFLSLHQWV��1DWXUDO�NLOOHU��1.��FHOOV��LPPXQH�FHOOV�RI�WKH�O\PSKRLG�OLQHDJH��DUH�LQYROYHG�LQ�,5,�PHGLDWHG�LQIODPPDWLRQ��EXW�ZKHWKHU�WKHLU�FRQWULEXWLRQV�DUH�EHQHILFLDO�RU�SURWHFWLYH�LV�FRQWURYHUVLDO��:H�KDYH�UHFHQWO\�GHWHUPLQHG�WKDW�PLWR'$03V�GULYH�1.�FHOOV�WRZDUG�DQ�LPPXQH�WROHUL]LQJ�UROH��)LJXUH�����:H
K\SRWKHVL]H�WKDW����PLWR'$03V�SRODUL]H�1.�FHOO�IXQFWLRQ�WRZDUGV�LPPXQRUHJXODWLRQ�GXULQJ�,5,�DQG����PW'1$�OHYHOV�LQ�SHUIXVDWH�FROOHFWHG�GXULQJ�H[�YLYR�QRUPRWKHUPLF�PDFKLQH�SHUIXVLRQ�ZLOO�EH�SUHGLFWLYH�RI�($'��DV�ZHOO�DV�JUDIW�DQG�SDWLHQW�VXUYLYDO�IROORZLQJ�/7��0HWKRGV��,Q�YLWUR�VWXG\�RI�SULPDU\�1.�PLWR'$03�LQWHUDFWLRQ�
DVVHVVHG�YLD�(/,6$�DQG�)$&6�DQDO\VLV�RI�KXPDQ�DQG�PXULQH�1.�FHOOV��,Q�SDUDOOHO�VWXGLHV��T3&5�LV�EHLQJ�XVHG�WR�TXDQWLI\�PLWR'$03V�LQ�SHUIXVDWH�VDPSOHV��5HVXOWV��0LWR'$03V�VXSSUHVV�1.�FHOO�DFWLYDWLRQ�LQ�D�GRVH�GHSHQGHQW�PDQQHU��WKH\�GLPLQLVK�LQIODPPDWRU\�F\WRNLQH�SURGXFWLRQ�DQG�LQFLWH�,/����UHOHDVH��1.�FHOOV�WUHDWHG�ZLWK
PLWR'$03V�DUH�DFWLYHO\�UHJXODWRU\�DQG�VXSSUHVV�SUROLIHUDWLRQ�RI�DXWRORJRXV�7�FHOOV��3LORW�VWXGLHV�KDYH�UHYHDOHG�WKDW�PW'1$�LQ�SHUIXVDWH�VDPSOHV�FDQ�EH�VXFFHVVIXOO\�LVRODWHG�DQG�TXDQWLILHG��'DWD�FROOHFWLRQ�DQG�DQDO\VLV�RI�FOLQLFDO�RXWFRPHV�DUH�RQJRLQJ��&RQFOXVLRQ��1.�FHOO�IXQFWLRQ�DQG�WKH�FRQFHQWUDWLRQ�RI�PLWR'$03V�LQ�OLYHU
SHUIXVDWH�FRXOG�LQIRUP�WKH�H[SHFWHG�FRXUVH�RI�GLVHDVH�DQG�DVVLVW�LQ�VWUDWHJLHV�WR�DPHOLRUDWH�LQIODPPDWLRQ�E\�SURPRWLQJ�WROHURJHQLF�IHDWXUHV�RI�1.�FHOOV��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

'UDIW0RGH6WDWXV����
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0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��'RQDWLRQ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��,QWURGXFWLRQ��6ROLFLWHG�RUJDQ�GRQDWLRQ�RIIHUV�WKH�RSSRUWXQLW\�IRU�SDWLHQWV�ZLWK�HQG�VWDJH�UHQDO�GLVHDVH�WR�LGHQWLI\�D�OLYLQJ�GRQRU��W\SLFDOO\�ZKHQ�RQH�PLJKW�QRW�H[LVW�LQ�WKHLU�IDPLO\�RU�IULHQG�QHWZRUN��6ROLFLWHG�GRQDWLRQ�UDLVHV�HWKLFDO�LVVXHV�DQG�FDQ�DOVR�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�ZRUNORDG�LQ�WKH�KLVWRFRPSDWLELOLW\
ODERUDWRU\����0HWKRGV��$����\HDU�ROG�SDWLHQW�ZDV�D�FDQGLGDWH�IRU�D�VHFRQG�WUDQVSODQW�IROORZLQJ�IDLOXUH�RI�KLV�ILUVW�JUDIW�����\HDUV�SRVW�WUDQVSODQW��,Q�)HEUXDU\�������KLV�VSRXVH�VROLFLWHG�OLYLQJ�GRQRUV�XVLQJ�ELOOERDUG�DGYHUWLVLQJ�DQG�D�SURPLQHQW�VRFLDO�PHGLD�SODWIRUP��YDULRXV�QHZV�RXWOHWV�DOVR�UHSRUWHG�WKH�VWRU\�RI�WKLV�VHDUFK��7KH
WUDQVSODQW�SURJUDP�UHFHLYHG�DERXW�����SKRQH�LQTXLULHV�����SHRSOH�DJUHHG�WR�SURFHHG�WR�+/$�WHVWLQJ��DQG�PHGLXP�UHVROXWLRQ�+/$�W\SLQJ�ZDV�XOWLPDWHO\�SHUIRUPHG�RQ����SHRSOH���6L[W\�IRXU�SHUFHQW���������RI�WKHVH�SRWHQWLDO�GRQRUV�ZHUH�IHPDOH��ZLWK�D�PHGLDQ�DJH�RI�����5HVXOWV��7KH�SDWLHQW�ZDV�KLJKO\�VHQVLWL]HG��F35$�������DQG���
YLUWXDO�FURVVPDWFKHV�ZHUH�SHUIRUPHG��(LJKW\�HLJKW�SHUFHQW���������RI�WKHVH�ZHUH�SRVLWLYH��DQG�WZR�SURVSHFWLYH�GRQRUV�ZLWK�D�QHJDWLYH�YLUWXDO�FURVVPDWFK�SURFHHGHG�WR�D�SUHOLPLQDU\�DQG�ILQDO�IORZ�FURVVPDWFK�WKDW�ZDV�FRPSDWLEOH��7KH�SDWLHQW�UHFHLYHG�D�NLGQH\�LQ�1RYHPEHU������DQG�WKH�PRVW�UHFHQW�VLQJOH�DQWLJHQ�UHVXOWV�VKRZHG
SRVLWLYLW\�DJDLQVW�'5��RQO\�ZLWK�D�F35$�RI����QR�'6$�ZDV�GHWHFWHG���)RXU�SRWHQWLDO�GRQRUV�KDYH�WUDQVIHUUHG�WR�GRQRU�SURJUDPV�LQ�RWKHU�SURYLQFHV��RQH�GRQRU�LV�FXUUHQWO\�LQ�ZRUNXS�IRU�D�VSHFLILF�ORFDO�UHFLSLHQW��DQG�RQH�SRWHQWLDO�GRQRU¶V�ZRUNXS�LV�RQ�PHGLFDO�KROG��,I�WKHVH�WUDQVSODQWV�SURFHHG����DGGLWLRQDO�SDWLHQWV�ZLOO�UHFHLYH�D�QHZ
NLGQH\��&RQFOXVLRQV��$V�WKH�WUHQG�RI�VROLFLWHG�GRQDWLRQ�LQFUHDVHV��FOLQLFDO�GHSDUWPHQWV�QHHG�WR�DGGUHVV�WKH�SRWHQWLDO�LQFUHDVH�LQ�ZRUNORDG��DQG�SRWHQWLDO�GRQRUV�VKRXOG�EH�HQFRXUDJHG�WR�FRQVLGHU�DQRQ\PRXV�QRQ�GLUHFWHG�RUJDQ�GRQDWLRQ�ZLWKLQ�WKH�FRQWH[W�RI�&DQDGD¶V�1DWLRQDO�.LGQH\�3DLUHG�'RQDWLRQ�SURJUDP�WR�PD[LPL]H�WKH�QXPEHU
RI�SDWLHQWV�EHQHILWWLQJ�IURP�DOWUXLVWLF�GRQDWLRQ��

'UDIW0RGH6WDWXV����



,'����
3DUWQHUVKLSV�%HWZHHQ�3DWLHQWV�DQG�5HVHDUFKHUV�ZLWKLQ�WKH�&DQDGLDQ�1DWLRQDO�7UDQVSODQW�5HVHDUFK�3URJUDP���FKDQJLQJ�SUDFWLFHV�DQG�LQIOXHQFLQJ�UHVHDUFK�IURP�SULRULWLHV�RQZDUGV�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��)XOO�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG�3DWLHQWV�SDUWQHUV�DUH�DFWLYH�PHPEHUV�RI�WKH�&DQDGLDQ�1DWLRQDO�7UDQVSODQW�5HVHDUFK�3URJUDP��&1753���ERWK�DW�WKH�UHVHDUFK�WHDPV��QHWZRUN�DQG�SURMHFW�OHYHOV��7KLV�HYDOXDWLRQ�DLPHG�WR�DVVHVV�SURVSHFWLYHO\�WKH�SDWLHQW�UHVHDUFKHU�SDUWQHUVKLS�ZLWKLQ�WKH�&1753�DQG�GRFXPHQW�KRZ�LW�DIIHFWHG�SURMHFWV�
VWXGLHV�DQG�SDUWQHUV��0HWKRGV�:H�FRQGXFWHG����VHPL�VWUXFWXUHG�LQWHUYLHZV�ZLWK����SDUWQHUV��UHVHDUFKHUV�DQG�SDWLHQWV���7KH�LQWHUYLHZV�ZHUH�GLJLWDOO\�UHFRUGHG�DQG�WUDQVFULEHG��7KHPDWLF�DQG�FRQWHQW�DQDO\VLV�ZDV�FRQGXFWHG����5HVXOWV�7KHUH�KDV�EHHQ�D�FKDQJH�LQ�UHVHDUFK�SUDFWLFHV�DQG�PDQDJHPHQW�ZLWKLQ�&1753��7KHVH�FKDQJHV�DUH
UHODWHG�WR�DQ�LQFUHDVHG�SUHVHQFH�RI�SDWLHQWV�DQG�FRQWLQXRXV�H[FKDQJH�RQ�VHYHUDO�OHYHOV��(QJDJHPHQW�HYROYHG�DV�FROODERUDWLYH�ZRUN�SURJUHVVHG�WR�JUDGXDOO\�PRYH�IURP�FRQVXOWDWLRQ�WR�FR�GHVLJQ��5HVHDUFKHUV�HQJDJLQJ�ZLWK�SDWLHQWV�UHSRUW�WKDW�WKH\�VHH�FOHDUHU�OLQNV�EHWZHHQ�WKHLU�UHVHDUFK�SURMHFWV�DQG�KHDOWKFDUH�RXWFRPHV��DQG�WKDW
LQYROYLQJ�SDWLHQWV�WUDQVIRUPHG�UHVHDUFK�FRPPXQLFDWLRQ��6HYHUDO�UHVHDUFKHUV�PHQWLRQ�WKHLU�GHVLUH�WR�FRQWLQXH�FRQGXFWLQJ�UHVHDUFK�SURMHFWV�LQ�SDUWQHUVKLS�ZLWK�SDWLHQWV�DV�FR�LQYHVWLJDWRUV�LQ�WKH�IXWXUH��MXVWLI\LQJ�WKLV�FKRLFH�E\�WKH�UHOHYDQFH�LW�JLYHV�WR�WKHLU�UHVHDUFK�DQG�WKH�FKDQJHV�LQ�GLUHFWLRQ�WKDW�EULQJ�WKHP�FORVHU�WR�WKH�SDWLHQWV�DQG
FDUHJLYHUV�MRXUQH\��7KH�&1753
V�SDUWQHUVKLS�JRYHUQDQFH�KDV�HQDEOHG�WKH�FRQWLQXLW\�RI�SDUWQHUVKLS�DSSURDFKHV��DQ�LQFUHDVH�LQ�SDUWQHUV
�FDSDFLWLHV��DV�ZHOO�DV�D�YDOLGDWLRQ�RI�SUDFWLFHV�WKURXJK�WKH�GLVVHPLQDWLRQ�RI�D�FRPPRQ�YLVLRQ�RI�UHVHDUFK�LQ�SDUWQHUVKLS�ZLWK�SDWLHQWV�DQG�WKH�SXEOLF��&RQFOXVLRQ�7KLV�VWXG\�GRFXPHQWV�WKH�LPSDFW�DQG
H[SHULHQFH�RI�SDWLHQW�UHVHDUFKHU�SDUWQHUVKLS�ZLWKLQ�WKH�&1753�DW�GLIIHUHQW�VWDJHV�DQG�OHYHOV�RI�UHVHDUFK��7KH�UHVXOWV�RI�WKLV�VWXG\�DOORZHG�XV�WR�GHYHORS�WRROV�DQG�GHILQH�WKH�ZLQQLQJ�FRQGLWLRQV�IRU�IXWXUH�SDUWQHUVKLS�LQ�UHVHDUFK�LQ�WUDQVSODQWDWLRQ�DQG�RUJDQ�GRQDWLRQ�LQ�&DQDGD��

'UDIW0RGH6WDWXV����
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$FFHSWDQFH��VDIHW\�DQG�HIIHFWLYHQHVV�RI�H[HUFLVH�LQWHUYHQWLRQV�LQ�VROLG�RUJDQ�WUDQVSODQW�FDQGLGDWHV��D�V\VWHPDWLF�UHYLHZ�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��([HUFLVH�WUDLQLQJ�PD\�EH�UHFRPPHQGHG�WR�VROLG�RUJDQ�WUDQVSODQW��627��FDQGLGDWHV�WR�LPSURYH�ILWQHVV�DQG�WROHUDQFH�IRU�WKH�XSFRPLQJ�SK\VLRORJLF�VWUHVVRU��VXUJHU\���:H�V\VWHPDWLFDOO\�UHYLHZHG�WKH�OLWHUDWXUH�WR����GHWHUPLQH�WKH�DFFHSWDQFH�DQG�VDIHW\�RI�H[HUFLVH�LQWHUYHQWLRQV�LQ�627�DQG����H[DPLQH�WKH
HIIHFW�RI�WKHVH�LQWHUYHQWLRQV�RQ�H[HUFLVH�FDSDFLW\�DQG�TXDOLW\�RI�OLIH��4R/��LQ�WKLV�SRSXODWLRQ���0HWKRGV��2QOLQH�GDWDEDVHV�ZHUH�VHDUFKHG��6WXGLHV�RI�DQ\�GHVLJQ�ZHUH�LQFOXGHG��2XWFRPHV�RI�LQWHUHVW�ZHUH�DFFHSWDQFH��VDIHW\��PD[LPDO�DQG�RU�IXQFWLRQDO�H[HUFLVH�FDSDFLW\�DQG�4R/��5HVXOWV��7ZHQW\�DUWLFOHV�ZHUH�LQFOXGHG��Q ����SDWLHQWV��
$OO�RUJDQV�H[FHSW�SDQFUHDV�ZHUH�UHSUHVHQWHG��7KH�H[HUFLVH�LQWHUYHQWLRQV�UDQJHG�IURP���WR����ZHHNV�DQG�RIIHUHG�DHURELF�DQG�RU�VWUHQJWK�H[HUFLVHV��$Q�DYHUDJH�RI�����RI�WKH�DSSURDFKHG�SDWLHQWV�LQ�WKH�LQFOXGHG�VWXGLHV�DJUHHG�WR�SDUWLFLSDWH�LQ�WKH�H[HUFLVH�LQWHUYHQWLRQV�7KLUWHHQVWXGLHV�DVVHVVHG�DGYHUVH�HYHQWV�DQG�RQH�UHSRUWHG�IRXU�PLQRU
PHGLFDO�FRPSOLFDWLRQV�7KUHH�RXW�RI�ILYH�VWXGLHV�WKDW�DVVHVVHG�PD[LPDO�H[HUFLVH�FDSDFLW\�UHSRUWHG�DQ�LQFUHDVH�LQ�WKLV�RXWFRPH�LQ�WKH�LQWHUYHQWLRQ�JURXS�SRVW�H[HUFLVH��PHDQ�FKDQJH�UDQJHG�IURP������WR����P/�NJ���6HYHQ�RXW�RI�WZHOYH�VWXGLHV�UHSRUWHG�DQ�LQFUHDVH�LQ���PLQXWH�ZDONLQJ�GLVWDQFH�LQ�WKH�LQWHUYHQWLRQ�JURXS�DIWHU�WKH�WUDLQLQJ
SHULRG��PHDQ�FKDQJH�UDQJHG�IURP����WR�����PHWHUV���6HYHQ�DUWLFOHV�UHSRUWHG�WKH�6)����PHQWDO�DQG�SK\VLFDO�FRPSRVLWH�VFRUHV��2QO\�RQH�DUWLFOH�VKRZHG�DQ�LPSURYHPHQW�LQ�WKH�PHQWDO�FRPSRVLWH�VFRUH��PHDQ�FKDQJH�����������SRLQWV��DQG�WKUHH�DUWLFOHV�VKRZHG�DQ�LPSURYHPHQW�LQ�WKH�SK\VLFDO�FRPSRVLWH�VFRUH��PHDQ�FKDQJH�UDQJHG�IURP����
WR�����SRLQWV��LQ�WKH�LQWHUYHQWLRQ�JURXS��&RQFOXVLRQ�7KH�PDMRULW\�RI�WKH�DSSURDFKHG�SDWLHQWV�DFFHSWHG�WR�SDUWLFLSDWH�LQ�DQ�H[HUFLVH�LQWHUYHQWLRQ�SUH�WUDQVSODQW��7KHUH�LV�VRPH�HYLGHQFH�WKDW�H[HUFLVH�WUDLQLQJ�LV�VDIH�DQG�FDQ�LPSURYHH[HUFLVH�FDSDFLW\�LQ�627�FDQGLGDWHV��7KHUH�LV�SRRU�HYLGHQFH�IRU�WKH�HIIHFWV�RI�H[HUFLVH�RQ�WKH�PHQWDO�DQG
SK\VLFDO�DVSHFWV�RI�4R/�LQ�WKLV�SRSXODWLRQ���

'UDIW0RGH6WDWXV����
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0HPEHU�RI��&'753�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��$+3�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��'RQDWLRQ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG�1XPHURXV�UHVHDUFK�VWXGLHV�KDYH�KLJKOLJKWHG�WKH�LPSRUWDQFH�RI�WKH�RUJDQ�DQG�WLVVXH�GRQDWLRQ�FRRUGLQDWRU��27'&��WR�WKH�VXFFHVV�RI�RUJDQ�GRQDWLRQ���������+RZHYHU��IDFLQJ�FKDOOHQJLQJ�DQG�VWUHVVIXO�VFHQDULRV�RQ�D�GDLO\�EDVLV�RIWHQ�OHDGV�WR�EXUQRXW��DWWULWLRQ��DQG�FRPSDVVLRQ�IDWLJXH�DPRQJ�27'&V����
8QIRUWXQDWHO\��IRU�VRPH�27'&V��FRSLQJ�ZLWK�HPRWLRQV�DQG�TXDOLW\�H[SHFWDWLRQV�LV�RYHUZKHOPLQJ�DQG�WKH\�PD\�UHVLJQ�LQ�OHVV�WKDQ���\HDUV������,QFUHDVHG�WXUQRYHU�UDWHV�RI�27'&V�ZRXOG�OLNHO\�KDYH�VLJQLILFDQW�LPSDFW�RQ�WKH�DELOLW\�RI�2UJDQ�'RQDWLRQ�2UJDQL]DWLRQV�WR�RSWLPL]H�GRQDWLRQ��:H�DUH�SURSRVLQJ�DQ�LQQRYDWLYH�ZD\�RI�GHDOLQJ
ZLWK�EXUQRXW��LGHQWLI\LQJ�DQG�LQWHUYHQLQJ�LQ�WKH�FDXVHV�WR�DYRLG�ORVLQJ�H[SHULHQFHG�DQG�H[FHSWLRQDO�27'&V���0HWKRGV��3KDVH����D�-RDQQD�%ULJJV�,QVWLWXWH�V\VWHPDWLF�VFRSLQJ�UHYLHZ�ZLOO�EH�FRQGXFWHG�WR�DQVZHU�WKH�TXHVWLRQ��:KDW�H[SHULHQFHV�RI�EXUQRXW��FRPSDVVLRQ�IDWLJXH��DQG�RU�DWWULWLRQ�DPRQJ�27'&V�ZRUOGZLGH�KDYH�EHHQ
UHSRUWHG"�3KDVH����D�PL[HG�PHWKRG�VWXG\�EDVHG�RQ�WKH�VFRSLQJ�UHYLHZ�UHVXOWV�ZLOO�EH�FRQGXFWHG�WR�LGHQWLI\�WKH�H[WHQW�RI�WKH�SUREOHP�DPRQJ�&DQDGLDQ�27'&V��3KDVH����DQ�LQWHUYHQWLRQDO�VWXG\�ZLOO�EH�GHYHORSHG�DQG�LPSOHPHQWHG�WR�DGGUHVV�WKH�PDLQ�LVVXHV�IDFHG�E\�27'&V�LQ�&DQDGD��0HWKRGV�RYHUYLHZ��ILJXUH����([SHFWHG�5HVXOWV�3KDVH
��ZLOO�JHQHUDWH�ILQGLQJV�DERXW�EXUQRXW�DQG�WXUQRYHU�DPRQJ�FRRUGLQDWRUV�ZRUOGZLGH��3KDVH���ZLOO�GHWHUPLQH�XQNQRZQ�FKDUDFWHULVWLFV�DQG�H[WHQW�RI�WKLV�LVVXH�LQ�&DQDGD��3KDVH���ZLOO�FRQWULEXWH�WR�WKH�KHDOWKFDUH�V\VWHP�E\�LPSURYLQJ�27'&V�PHQWDO�KHDOWK�DQG��FRQVHTXHQWO\��WKH�TXDOLW\�RI�RUJDQ�GRQDWLRQ�SURFHVVHV��&RQFOXVLRQ�7KH
ILQGLQJV�JHQHUDWHG�E\�WKLV�WKUHH�VWHS�VWXG\�ZLOO�LQIRUP�WKH�FUHDWLRQ�DQG�LPSOHPHQWDWLRQ�RI�WDLORUHG�LQWHUYHQWLRQV�WR�DGGUHVV�WKH�LVVXH��,QWHUYHQWLRQV�ZLOO�HDVH�WKH�EXUGHQ�IHOW�E\�27'&V�DQG�KHOS�WKHP�VWULYH�SURIHVVLRQDOO\�HPRWLRQDOO\��FRQVHTXHQWO\�UHGXFLQJ�WXUQRYHU�UDWHV��/HVV�EXUQRXW�DQG�WXUQRYHU�ZLOO�UHVXOW�LQ�PRUH�H[SHULHQFHG�DQG
VDWLVILHG�VWDII��OHDGLQJ�WR�PRUH�GRQRUV�DQG�EHWWHU�H[SHULHQFHV�E\�IDPLOLHV�DSSURDFKHG�WR�FRQVHQW�IRU�GRQDWLRQ��
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7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG�5HVHDUFK�KDV�VKRZQ�WKDW�RUJDQ�DQG�WLVVXH�GRQDWLRQ�FRRUGLQDWRUV��27'&��IDFH�FKDOOHQJLQJ�DQG�VWUHVVIXO�VFHQDULRV�GDLO\��OHDGLQJ�RIWHQ�WR�EXUQRXW��DWWULWLRQ��DQG�FRPSDVVLRQ�IDWLJXH�����8QIRUWXQDWHO\��FRSLQJ�ZLWK�WKRVH�VFHQDULRV�LV�RYHUZKHOPLQJ�DQG�27'&V�PD\�UHVLJQ�LQ�OHVV�WKDQ���\HDUV������,QFUHDVHG
WXUQRYHU�UDWHV�RI�27'&V�ZRXOG�OLNHO\�KDYH�VLJQLILFDQW�QHJDWLYH�LPSDFW�2UJDQ�'RQDWLRQ�2UJDQL]DWLRQV¶�RSWLPL]DWLRQ�RI�GRQDWLRQ��7KHUHIRUH��DV�SDUW�RI�D�QDWLRQDO�WKUHH�SKDVH�VWXG\��WKLV�VFRSLQJ�UHYLHZ�DLPV�WR�XQGHUVWDQG�WKH�QDWXUH�RI�EXUQRXW�SUREOHP�ZRUOGZLGH�DQG�LQIRUP�WKH�GHYHORSPHQW�RI�IROORZLQJ�VWXGLHV�WR�LGHQWLI\�DQG
LQWHUYHQH�LQ�WKH�FDXVHV�WR�DYRLG�ORVLQJ�H[SHULHQFHG�DQG�H[FHSWLRQDO�27'&V��5HVHDUFK�TXHVWLRQ��:KDW�H[SHULHQFHV�RI�EXUQRXW��FRPSDVVLRQ�IDWLJXH��DQG�RU�DWWULWLRQ�DPRQJ�2UJDQ�DQG�7LVVXH�'RQRU�&RRUGLQDWRUV�ZRUOGZLGH�KDYH�EHHQ�UHSRUWHG"�0HWKRGV��6\VWHPDWLF�VFRSLQJ�UHYLHZ�SURWRFRO�LQ�DFFRUGDQFH�ZLWK�WKH�-RDQQD�%ULJJV�,QVWLWXWH
�-%,���7LWOH�SURWRFRO�UHJLVWUDWLRQ�IROORZHG�E\�D�WKUHH�VWHS�VHDUFK�VWUDWHJ\��ILJXUH����RQ�38%0('��&,1$+/��(0%$6(��/,/$&6��DQG�JUH\�OLWHUDWXUH��2UJDQ�GRQDWLRQ�DVVRFLDWLRQ�ZHEVLWHV��*RRJOH�6FKRODU��ILUVW�HLJKW�SDJHV���5HVHDUFK�*DWH��DQG�FRQVXOWDWLRQ�RI�LQWHUQDWLRQDO�UHVHDUFKHUV�DQG�DVVRFLDWLRQV�LQ�RUJDQ�GRQDWLRQ�ILHOG���,QFOXVLRQ
FULWHULD�'RFXPHQWV�UHSRUWLQJ�EXUQRXW�V\QGURPH��PRUDO�GLVWUHVV��DWWULWLRQ��RU�FRPSDVVLRQ�IDWLJXH��JULHI��WUDXPD��YLFDULRXV�WUDXPD��VHFRQGDU\�WUDXPD��FRQIOLFW��DQ[LHW\��SV\FKRORJLFDO�GLVWUHVV��376'��GHSUHVVLRQ��UHVLOLHQFH�SURFHVVHV��DQG�FRQVHTXHQFHV�RI�VWUHVV�DPRQJ�27'&V��IXOO�WH[W�LQ�6SDQLVK��3RUWXJXHVH��)UHQFK�RU�(QJOLVK��QR�\HDU
OLPLW��'DWD�V\QWKHVLV�TXDQWLWDWLYH�DQDO\VLV��H�J���IUHTXHQF\�DQDO\VLV��RI�JHQHUDO�GDWD�RQ�WKH�W\SH�RI�VWXG\��FRXQWU\�RI�VWXG\��HWF���DQG�TXDOLWDWLYH�DQDO\VLV��H�J��WKHPDWLF�DQDO\VLV��RI�WKH�FRPSRQHQWV�RI�WKH�UHVHDUFK�SXUSRVH�DQG�FRQFHSWXDO�ILQGLQJV�UHJDUGLQJ�EXUQRXW��FRPSDVVLRQ�IDWLJXH��DWWULWLRQ�DQG�LWV�FRQVHTXHQFHV�DPRQJ�27'&V��
([SHFWHG�5HVXOWV�7KLV�VWXG\�ZLOO�JHQHUDWH�ILQGLQJV�DERXW�EXUQRXW�DQG�WXUQRYHU�DPRQJ�FRRUGLQDWRUV�ZRUOGZLGH���&RQFOXVLRQ�7KLV�UHYLHZ�UHVXOWV�ZLOO�LQIRUP�WKH�GHYHORSPHQW�RI�D�UHVHDUFK�TXHVWLRQ��DQG�WKH�EHVW�PHWKRGRORJ\�IRU�WKH�QH[W�SKDVH�RI�WKLV�QDWLRQDO�VWXG\���
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7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��/HXNRSHQLD��GHILQHG�DV�D�ZKLWH�EORRG�FRXQW��:%&���������RFFXUV�IUHTXHQWO\�IROORZLQJ�NLGQH\�WUDQVSODQWDWLRQ�DQG�PD\�EH�DVVRFLDWHG�ZLWK�DGYHUVH�FOLQLFDO�RXWFRPHV�LQFOXGLQJ�LQFUHDVHG�LQIHFWLRXV�ULVN���5HGXFLQJ�LPPXQRVXSSUHVVLRQ�LQ�UHVSRQVH�WR�OHXNRSHQLD�PD\�OHDG�WR�WUDQVSODQW�UHMHFWLRQ�DQG�JUDIW�ORVV��
0HWKRGV��:H�FRQGXFWHG�D�UHWURVSHFWLYH�DQDO\VLV�RI�SDWLHQWV������\HDUV�RI�DJH�ZKR�GHYHORSHG�SRVW�NLGQH\�WUDQVSODQW�OHXNRSHQLD��3.7/��LQ�RXU�FOLQLF�IURP�-DQ������WR�'HF������ZLWK����PRQWKV�RI�IROORZ�XS���2XU�REMHFWLYH�ZDV�WR�GHWHUPLQH�LI�D�3.7/�PDQDJHPHQW�DOJRULWKP��LQVWLWXWHG�LQ�RXU�WUDQVSODQW�FOLQLF�-DQXDU\�������)LJXUH���
LPSURYHG�SDWLHQW�UHVXOWV�RYHU�WLPH��FRPSDULQJ������RXWFRPHV��SUH�DOJRULWKP��ZLWK������RXWFRPHV��SRVW�DOJRULWKP����:H�HYDOXDWHG�WKH�WRWDO�GXUDWLRQ�RI�OHXNRSHQLD��QDGLU�:%&�DQG�DEVROXWH�QHXWURSKLO�FRXQW��$1&���GD\V�ZLWK�P\FRSKHQRODWH�PRIHWLO��00)��KHOG��DQG�WKH�QHHG�IRU�JUDQXORF\WH�FRORQ\�VWLPXODWLQJ�IDFWRU��*�&6)��UHVFXH
WKHUDS\�LQ������YHUVXV�������&RPSDULVRQV�ZHUH�SHUIRUPHG�XVLQJ�WKH�VWXGHQW�SDLUHG�W�WHVW��:LOFR[RQ�6LJQHG�5DQN�WHVW��RU�FKL�VTXDUHG�WHVW�DV�DSSURSULDWH��5HVXOWV����SDWLHQWV�GHYHORSHG�3.7/�LQ�ERWK������DQG��������7KH�PHGLDQ�GXUDWLRQ�RI�OHXNRSHQLD�ZDV����GD\V��,45��������LQ������YHUVXV����GD\V��,45�������LQ�������S�YDOXH��������
0HGLDQ�QDGLU�:%&��������,45�����������DQG�$1&�������,45�����������LQ������ZHUH�VLJQLILFDQWO\�ORZHU�WKDQ�LQ�������QDGLU�:%&������,45������DQG�$1&������,45�������������S�YDOXH�������IRU�ERWK�FRPSDULVRQV���7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WRWDO�GD\V�ZLWK�00)�KHOG�LQ������YHUVXV��������,Q�������*�&6)�ZDV�XVHG�DV
UHVFXH�WKHUDS\�LQ���RI���OHXNRSHQLF�SDWLHQWV�������FRPSDUHG�ZLWK�QR�SDWLHQWV�UHTXLULQJ�*�&6)�LQ�������S�YDOXH���������7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�DGYHUVH�RXWFRPHV�DVVRFLDWHG�ZLWK�3.7/�RU�3.7/�PDQDJHPHQW�LQ������DQG�������&RQFOXVLRQ���,QVWLWXWLRQ�RI�D�SUDFWLFDO�DOJRULWKP�IRU�WKH�PDQDJHPHQW�RI�3.7/�LPSURYHG
SDWLHQW�RXWFRPHV�IURP������WR�������
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3RVW�.LGQH\�7UDQVSODQW�/HXNRSHQLD��3UHGLFWRUV�DQG�&RPSOLFDWLRQV�
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6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�
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7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��/HXNRSHQLD�RFFXUV�IUHTXHQWO\�IROORZLQJ�NLGQH\�WUDQVSODQWDWLRQ�DQG�KDV�EHHQ�DVVRFLDWHG�ZLWK�DGYHUVH�FOLQLFDO�RXWFRPHV�LQFOXGLQJ�LQFUHDVHG�LQIHFWLRXV�ULVN���,Q�WKLV�VWXG\��ZH�VRXJKW�WR�LGHQWLI\�SUHGLFWRUV�RI�SRVW�NLGQH\�WUDQVSODQW�OHXNRSHQLD��3.7/��DQG�WR�H[SORUH�WKH�DVVRFLDWLRQ�RI�OHXNRSHQLD�ZLWK
DGYHUVH�RXWFRPHV�LQFOXGLQJ�WKH�ULVN�RI�LQIHFWLRXV�FRPSOLFDWLRQV��WUDQVSODQW�UHMHFWLRQ��JUDIW�IDLOXUH��DQG�GHDWK�����0HWKRGV��:H�FRQGXFWHG�D�UHWURVSHFWLYH�VWXG\�RI�DGXOW�SDWLHQWV�������\HDUV�RI�DJH��ZKR�UHFHLYHG�D�VROLWDU\�NLGQH\�WUDQVSODQW�DW�D�VLQJOH�WHUWLDU\�FDUH�FHQWHU�IURP�-DQXDU\���������WR�'HFHPEHU�����������7KH�SULPDU\�RXWFRPH
ZDV�WLPH�WR�3.7/�GHILQHG�DV�D�ZKLWH�EORRG�FRXQW��:%&����������:H�LGHQWLILHG�IDFWRUV�DVVRFLDWHG�ZLWK�3.7/�XVLQJ�&R[�PXOWLYDULDEOH�KD]DUGV�PRGHOV�DQG�EDFNZDUGV�VWHSZLVH�VHOHFWLRQ�RI�YDULDEOHV�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�WKH�RXWFRPH�RI�LQWHUHVW�LQ�XQYLDULDEOH�DQDO\VLV�DW�D�S�YDOXH�RI����������5HVXOWV��$�WRWDO�RI�������������SDWLHQWV
�RXW�RI�WKH�����WUDQVSODQWHG��GHYHORSHG�3.7/���$QWLWK\PRF\WH�JOREXOLQ�LQGXFWLRQ�WKHUDS\��YHUVXV�%DVLOL[LPDE���+5�����������&,�������������SURSK\ODFWLF�XVH�RI�9DOJDQFLFORYLU��+5�����������&,�������������SUH�WUDQVSODQW�EORRG�WUDQVIXVLRQ��+5�����������&,�����������SHU�XQLW�RI�EORRG���DQG�FKRLFH�RI�FDOFLQHXULQ�LQKLELWRU��7DFUROLPXV
YHUVXV�&\FORVSRULQ���+5�����������&,�������������EXW�QRW�DQWL�SUROLIHUDWLYH�DJHQW�ZHUH�DOO�LQGHSHQGHQWO\�DVVRFLDWHG�ZLWK�WKH�GHYHORSPHQW�RI�3.7/���7KH�GLVFULPLQDWLYH�DELOLW\�RI�WKH�JHQHUDWHG�PXOWLYDULDEOH�PRGHO�WR�SUHGLFW�3.7/�ZDV�UHDVRQDEOH��F�VWDWLVWLF�����������&,��������������7KH�RQO\�DGYHUVH�RXWFRPH�VLJQLILFDQWO\�DVVRFLDWHG
ZLWK�WKH�GHYHORSPHQW�RI�3.7/�ZDV�&09�YLUHPLD��+5����������&,���������LQ�WKRVH�ZLWK�YHUVXV�ZLWKRXW�OHXNRSHQLD��ZKLFK�RFFXUUHG�D�PHGLDQ�RI������GD\V��4���4����������DIWHU�3.7/�������&RQFOXVLRQ��7KLV�VWXG\�FRQILUPV�WKDW�WKH�SUHYDOHQFH�RI�3.7/�LV�KLJK���������ZLWK�WKH�PRVW�VLJQLILFDQW�SUHGLFWRUV�RI�3.7/�EHLQJ�LQGXFWLRQ�DQG
PDLQWHQDQFH�LPPXQRVXSSUHVVLRQ�VWUDWHJLHV���3.7/�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�&09�YLUHPLD��
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$EVWUDFW�%RG\��%DFNJURXQG��([�YLYR�OXQJ�SHUIXVLRQ��(9/3��SURWRFROV�JHQHUDOO\�OLPLW�PHWDEROLF�VXSSOHPHQWDWLRQ�WR�LQVXOLQ�DQG�JOXFRVH��)XUWKHUPRUH��FRQYHQWLRQDO�SHUIXVDWHV�DUH�YRLG�RI�PDQ\�LQJUHGLHQWV�FRQVLGHUHG�HVVHQWLDO�IRU�FHOOXODU�YLDELOLW\��:H�VRXJKW�WR�GHWHUPLQH�ZKHWKHU�WKH�DGGLWLRQ�RI�WRWDO�SDUHQWHUDO�QXWULWLRQ��731��ZRXOG
LPSURYH�OXQJ�IXQFWLRQ�LQ�(9/3��0HWKRGV��7HQ�SRUFLQH�OXQJV�ZHUH�SHUIXVHG�XVLQJ�(9/3�IRU����KRXUV�DQG�VXSSOHPHQWHG�ZLWK�LQVXOLQ�DQG�JOXFRVH��,Q�WKH�WUHDWPHQW�JURXS��Q ����WKH�SHUIXVDWH�ZDV�DOVR�VXSSOHPHQWHG�ZLWK�D�FRQWLQXRXV�LQIXVLRQ�RI�731�FRQWDLQLQJ�OLSLGV��DPLQR�DFLGV��HVVHQWLDO�YLWDPLQV�DQG�FRIDFWRUV��3K\VLRORJLF
SDUDPHWHUV�DQG�SHUIXVDWH�HOHFWURO\WHV�ZHUH�FRQWLQXRXVO\�HYDOXDWHG��3HUIXVDWH�ODFWDWH��OLSLG�DQG�EUDQFK�FKDLQ�DPLQR�DFLG��%&$$��FRQFHQWUDWLRQV�ZHUH�DOVR�DQDO\]HG�WR�HOXFLGDWH�KRZ�VXEVWUDWHV�ZHUH�EHLQJ�XWLOL]HG�RYHU�WLPH��5HVXOWV��/XQJV�LQ�WKH�731�JURXS�H[KLELWHG�VLJQLILFDQWO\�EHWWHU�R[\JHQDWLRQ��3HUIXVDWH�VRGLXP�ZDV�PRUH�VWDEOH�LQ
WKH�731�JURXS���,Q�WKH�FRQWURO�JURXS��IUHH�IDWW\�DFLGV��))$��ZHUH�TXLFNO\�GHSOHWHG��UHDFKLQJ�QHJOLJLEOH�OHYHOV�HDUO\�LQ�WKH�SHUIXVLRQ��$OWHUQDWLYHO\��%&$$�LQ�WKH�FRQWURO�JURXS�URVH�FRQWLQXDOO\�RYHU�WKH�SHUIXVLRQ�GHPRQVWUDWLQJ�D�VKLIW�WRZDUGV�SURWHRO\VLV�IRU�HQHUJ\�VXEVWUDWH���,Q�WKH�731�JURXS��ERWK�))$�DQG�%&$$�FRQFHQWUDWLRQV
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IROORZLQJ�/9$'�LPSODQWDWLRQ�IRU�3+71�UHYHUVLELOLW\�DQG�WUDQVSODQWDWLRQ�FDQGLGDF\��0HWKRGV�$OO�SDWLHQWV�KDYLQJ�UHFHLYHG�D�SHUPDQHQW�/9$'�DW�WZR�WUDQVSODQWDWLRQ�LQVWLWXWLRQV�ZHUH�LQFOXGHG�LQ�RXU�VWXG\��3UH�RSHUDWLYH�FKDUDFWHULVWLFV�ZHUH�REWDLQHG�IURP�LQVWLWXWLRQDO�GDWDEDVHV��5LJKW�KHDUW�FDWKHWHUL]DWLRQ�GDWD�ZDV�UHWURVSHFWLYHO\
UHWULHYHG�IRU����GD\V�SUH�LQVHUWLRQ�DQG�XS�WR���\HDUV�SRVW�LQVHUWLRQ��3XOPRQDU\�YDVFXODU�UHVLVWDQFH��395��ZDV�FDOFXODWHG�IRU�HDFK�LQVWDQFH�IURP�WKH�WUDQVSXOPRQDU\�JUDGLHQW�DQG�FDUGLDF�RXWSXW��*HQHUDOL]HG�HVWLPDWLQJ�HTXDWLRQ�ZDV�XVHG�WR�GHWHUPLQH�LI�DQ\�YDULDEOH�ZDV�DVVRFLDWHG�ZLWK�3+71�UHYHUVLELOLW\��5HVXOWV�����SDWLHQWV�IRU�D�WRWDO�RI
����KHPRG\QDPLF�PHDVXUHPHQWV�ZHUH�FDSWXUHG�DQG�WKHLU�SHUL�RSHUDWLYH�FKDUDFWHULVWLFV�DUH�VXPPDUL]HG�LQ�7DEOH����3DWLHQWV�ZLWK�SUH�RSHUDWLYH�3+71��GHILQHG�DV�D�SUH�RSHUDWLYH�395�!���:RRG�8QLWV��ZHUH�OHVV�OLNHO\�WR�KDYH�DQ�LVFKHPLF�HWLRORJ\�EXW�ZHUH�RWKHUZLVH�VLPLODU�WR�WKH�QRUPRWHQVLYH�FRKRUW��/RQJLWXGLQDO�395�PHDVXUHPHQWV
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RXWFRPHV��

'UDIW0RGH6WDWXV����



,'����
&RPSDULVRQ�RI�FHQWULIXJDO�DQG�SXOVDWLOH�SHUIXVLRQ�WR�SUHVHUYH�GRQRU�NLGQH\V�XVLQJ�H[�YLYR�VXEQRUPRWKHUPLF�PHFKDQLFDO�SHUIXVLRQ�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��)XOO�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��:H�KDYH�SUHYLRXVO\�GHPRQVWUDWHG�EHQHILWV�RI�NLGQH\�SUHVHUYDWLRQ�XWLOL]LQJ�DQ�R[\JHQDWHG�VXE�QRUPRWKHUPLF�H[�YLYR�SHUIXVLRQ�SODWIRUP��+HUHLQ��ZH�DLP�WR�FRPSDUH�SXOVDWLOH�YHUVXV�FHQWULIXJDO�SHUIXVLRQ�ZLWK�WKH�JRDO�RI�RSWLPL]LQJ�UHQDO�SUHVHUYDWLRQ�ZLWK�WKLV�GHYLFH��0HWKRGV��3LJ�NLGQH\V�ZHUH�SURFXUHG
IROORZLQJ����PLQ�RI�ZDUP�LVFKHPLD�E\�FURVV�FODPSLQJ�ERWK�UHQDO�DUWHULHV��3DLUHG�NLGQH\V�ZHUH�FDQQXODWHG�DQG�XQGHUZHQW�HLWKHU��R[\JHQDWHG�SXOVDWLOH�RU�FHQWULIXJDO�SHUIXVLRQ�XVLQJ�D�KHPRJORELQ�R[\JHQ�FDUULHU�DW�URRP�WHPSHUDWXUH�ZLWK�RXU�H[�YLYR�PDFKLQH�SHUIXVLRQ�SODWIRUP�IRU��KU��.LGQH\V�ZHUH�UHSHUIXVHG�ZLWK�ZKROH�EORRG�IRU��
KRXUV�DW�����&��5HQDO�IXQFWLRQ��SDWKRORJ\�DQG�HYLGHQFH�RI�LQIODPPDWLRQ�ZHUH�DVVHVVHG�SRVW�SHUIXVLRQ��5HVXOWV��%RWK�SXPS�V\VWHPV�SHUIRUPHG�HTXDOO\�ZHOO�ZLWK�RUJDQV�H[KLELWLQJ�VLPLODU�UHQDO�EORRG�IORZ��DQG�IXQFWLRQ�SRVW�UHSHUIXVLRQ��+LVWRORJLF�HYLGHQFH�RI�UHQDO�GDPDJH�XVLQJ�DSRSWRVLV�VWDLQLQJ�DQG�DFXWH�WXEXODU�QHFURVLV�VFRUHV�ZHUH
VLPLODU�EHWZHHQ�JURXSV��7KLV�ZDV�FRUURERUDWHG�ZLWK�XULQDU\�DVVHVVPHQW�RI�UHQDO�GDPDJH��1*$/��DQG�LQIODPPDWLRQ��,/�����DV�OHYHOV�ZHUH�VLPLODU�EHWZHHQ�JURXSV��&RQFOXVLRQ��,Q�RXU�GRQDWLRQ�DIWHU�FDUGLDF�GHDWK�UHQDO�WUDQVSODQW�SRUFLQH�PRGHO��SXOVDWLOH�SHUIXVLRQ�\LHOGHG�VLPLODU�UHQDO�SURWHFWLRQ�FRPSDUHG�ZLWK�FHQWULIXJDO�NLGQH\
SUHVHUYDWLRQ��%RWK�PHWKRGV�RI�SHUIXVLRQ�FDQ�EH�XVHG�LQ�H[�YLYR�NLGQH\�SHUIXVLRQ�V\VWHPV��

'UDIW0RGH6WDWXV����



,'����
6ROXEOH�&�7\SH�/HFWLQ�5HFHSWRU�3URWHLQ�,QKLELWLRQ�RI�1DWXUDO�.LOOHU�&HOO�0HGLDWHG�7XEXODU�(SLWKHOLDO�&HOO�'HDWK�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��:H�KDYH�SUHYLRXVO\�VKRZQ�WKDW�1DWXUDO�.LOOHU��1.��FHOOV�FDQ�PHGLDWH�NLGQH\�WXEXODU�HSLWKHOLDO�FHOO��7(&��GHDWK��NLGQH\�LVFKHPLD�UHSHUIXVLRQ�LQMXU\��,5,��DQG�FKURQLF�WUDQVSODQW�UHMHFWLRQ��0+&�LQGHSHQGHQW�PHFKDQLVPV�VXFK�DV�ELQGLQJ�RI�1.53��UHFHSWRUV�WR�&�W\SH�OHFWLQ�UHFHSWRU��&OU��IDPLO\�SURWHLQV�
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$EVWUDFW�%RG\��%DFNJURXQG���,VFKHPLD�UHSHUIXVLRQ�LQMXU\��,�5��LV�WKH�PDMRU�FDXVH�RI�SULPDU\�JUDIW�G\VIXQFWLRQ��3*'��DIWHU�OXQJ�WUDQVSODQWDWLRQ���,�5�DQG�3*'�IHDWXUH�HQGRWKHOLDO�DOYHRODU�HSLWKHOLDO�GDPDJH��OXQJ�HGHPD�DQG�LQIODPPDWLRQ���(GHPD�UHVRUSWLRQ�WKHQ�GHSHQGV�RQ�WKH�UHVWRUDWLRQ�RI�DOYHRODU�HSLWKHOLDO�LQWHJULW\�DQG�WKH�DELOLW\
RI�DOYHRODU�FHOOV�WR�UHDEVRUE�1D���WKURXJK�(1D&�FKDQQHOV��DQG�IOXLG���:H�K\SRWKHVL]HG�WKDW�DOYHRODU�HSLWKHOLDO�GDPDJH��DQG�UHSDLU��DUH�FULWLFDO�LQ�3*'�SDWKRSK\VLRORJ\��DQG�UHVROXWLRQ���7KHUHIRUH��RXU�DLP�LV�WR�LGHQWLI\�QRYHO�ELRPDUNHUV�DQG�WKHUDSHXWLF�WDUJHWV�DVVRFLDWHG�ZLWK�,�5�XVLQJ�FHOOXODU�DQG�DQLPDO�PRGHOV�DV�ZHOO�DV�KXPDQ
VDPSOHV�IURP�OXQJ�WUDQVSODQWV��0HWKRGV����7KH�LPSDFW�RI�D�SURWRFRO�PLPLFNLQJ�K\SRWKHUPLF�LVFKHPLD�DQG�UHSHUIXVLRQ�ZDV�ILUVW�WHVWHG�RQ�SULPDU\�UDW�DOYHRODU�HSLWKHOLDO�FHOO�FXOWXUHV���7KHQ��DQ�LQIODPPDWRU\�VWUHVV�ZDV�LQGXFHG�E\�/36�LQ�D�SRUFLQH�PRGHO�RI�LVFKHPLD�H[�YLYR�UHSHUIXVLRQ���)LQDOO\��OXQJ�ELRSVLHV�IURP�WKH�GRQRU�JUDIWV�ZHUH
FROOHFWHG�GXULQJ�OXQJ�WUDQVSODQWDWLRQV�DQG�WKH�3*'�VFRUH�ZLWKLQ�WKH�UHFLSLHQWV�ZHUH�WKHQ�GHWHUPLQHG��5HVXOWV���,Q�SULPDU\�FHOO�FXOWXUHV��ZH�VKRZHG�DOWHUHG�(1D&�DQG�WLJKW�MXQFWLRQ�SURWHLQ��=2����H[SUHVVLRQ�IROORZLQJ�WKH�,�5�PLPLFNLQJ�SURWRFRO���$�GHFOLQH�LQ�WUDQVHSLWKHOLDO�UHVLVWDQFH�DQG�UHGXFHG�DOYHRODU�ZRXQG�UHSDLU�UDWHV�ZHUH�DOVR
REVHUYHG���7UHDWPHQW�ZLWK�D�.Y/47��.��FKDQQHO�DFWLYDWRU��5�/���DFFHOHUDWHG�WKH�UHSDLU�UDWHV�DQG�HQKDQFHG�EDUULHU�LQWHJULW\��=2���VWDLQLQJ��DQG�(1D&�SURWHLQ�H[SUHVVLRQ���,Q�WKH�SRUFLQH�PRGHO��DOYHRODU�GDPDJH��OXQJ�HGHPD��H[DFHUEDWHG�LQIODPPDWRU\�UHVSRQVH�DQG�GHFUHDVHG�(1D&�H[SUHVVLRQ�ZHUH�REVHUYHG���3UHOLPLQDU\�GDWD�IURP
OXQJ�WUDQVSODQW�VDPSOHV�LQGLFDWHG�DQ�LQIODPPDWRU\�UHVSRQVH�DQG�GHFUHDVHG�(1D&�DQG�=2���H[SUHVVLRQ�LQ�WKH�GRQRU�JUDIW�DPRQJ�SDWLHQWV�VXEVHTXHQWO\�GHYHORSLQJ�D�3*'��&RQFOXVLRQ���2XU�GDWD�VXSSRUW�WKH�K\SRWKHVLV�RI�DOYHRODU�HSLWKHOLDO�G\VIXQFWLRQ�DIWHU�,�5�LQMXU\���:H�ZLOO�QRZ�LQYHVWLJDWH�D�SRWHQWLDO�FRUUHODWLRQ�EHWZHHQ�OHYHOV�RI
LQIODPPDWRU\�PROHFXOHV�DQG�HSLWKHOLDO�GDPDJH�PDUNHUV�LQ�EURQFKRDOYHRODU�ODYDJHV�DQG�EORRG�VDPSOHV��DW�GLIIHUHQW�WLPH�SRLQWV��IURP�OXQJ�WUDQVSODQWV�ZLWK�YDULRXV�3*'�VFRUHV��

'UDIW0RGH6WDWXV����



,'����
'HYHORSLQJ�D�&DQDGLDQ�HSOHW�PDWFKLQJ�SURJUDP��3UHFLVLRQ�RI�1H[W�*HQHUDWLRQ�+/$�DOOHOH�6HTXHQFLQJ��1*6��LQ�RYHU�������SDWLHQW�VDPSOHV�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%$&.*5281'��3UHFLVLRQ�LQ�DOOHOLF�GHILQLWLRQ�LV�FULWLFDO�IRU�DFFXUDWH�HSLWRSH�LPSXWDWLRQ�ZLWKLQ�D�QDWLRQDO�HSOHW�PDWFKLQJ�SURJUDP���7KH�GHWDLOHG�4&�SHUIRUPDQFH�SURJUDP�UHSRUWHG�KHUH�FRQILUPV�WKDW�1H[W�*HQHUDWLRQ�6HTXHQFLQJ��1*6��FDQ�JHQHUDWH�KLJK�UHVROXWLRQ�JHQRW\SHV�ZLWK�D�PLQLPDO�DQG�SUHGLFWDEOH�HUURU
UDWH��0(7+2'6��*HQRW\SLQJ�E\�+RORW\SH�+/$�1*6�$VVD\�Y���2PL[RQ��%XGDSHVW��IRU�DOO����FODVVLFDO�+/$�JHQHV��$��%��&��'5%���������'4$��%���'3$��%���ZDV�SHUIRUPHG��&RQILUPDWRU\�WHVWLQJ�IRU�4&�SXUSRVHV�ZDV�SHUIRUPHG�XVLQJ�/$%7\SH�UHYHUVH�VHTXHQFH�VSHFLILF�ROLJRQXFOHRWLGHV�RU�0LFUR663�VHTXHQFH�VSHFLILF�SULPHU
WHFKQRORJLHV��2QH�/DPEGD��&DOLIRUQLD��WR�YHULI\�DFFXUDF\��5(68/76�������VDPSOHV�ZHUH�VHTXHQFHG�LQ����UXQV��DYHUDJLQJ�DW����VDPSOHV�UXQ��*XLGHG�E\�RXU�SULRU�4&�SURJUDP��FRQILUPDWRU\�WHVWLQJ�RI���RU�PRUH�JHQHV�ZDV�SHUIRUPHG�LQ����VDPSOHV��������FRPSULVLQJ�D�WRWDO�RI����UHWHVWHG�ORFL��,PDJH����2I�WKH�ORFL�UHWHVWHG�����WHVWV
��������DURVH�IURP�D�TXHULHG�GURS�RXW��DQG����YHULILHG�D�WUXH�GURS�RXW��DQ�DOOHOH�SUHVHQW�EXW�QRW�GHWHFWHG�E\�1*6��,PDJH����7KHVH�ZHUH�'4%�
�������'4%�
�������DQG�'5%�
�������DQG�GURSSHG�RXW�RQO\�ZKHQ�WKH�JHQH�ZDV�KHWHUR]\JRXV�IRU�DQRWKHU�DOOHOH��OLNHO\�GXH�WR�3&5�DPSOLILFDWLRQ�ELDV��������RI�UHWHVWHG�ORFL�ZHUH�GXH�WR
TXHVWLRQDEOH�4&�PHWULFV��VXFK�DV�ORZ�FRYHUDJH��ZKLFK�ZDV�FRPPRQO\�VHHQ�LQ�LQWURQ���RI�'5%����ZKLFK�LV�ULFK�LQ�KRPRSRO\PHUV��$V�D�WURXEOHVKRRWLQJ�PHDVXUH��LQFUHDVLQJ�WKH�QXPEHU�RI�UHDGV�XVHG�LQ�DQDO\VLV�LPSURYHG�VRPH�ORZ�FRYHUDJH��ORZ�UHDG�FRXQW��DQG�SKDVLQJ�LVVXH�ZDUQLQJV��,Q�FRPSDULVRQ�WR�WKH�SUHYLRXV�YHUVLRQ�RI�WKH�NLW
�Y���WKHUH�KDYH�EHHQ�VLJQLILFDQW�GHFUHDVHV�LQ�FRQILUPDWRU\�WHVWLQJ��'URSRXW�WHVWLQJ�GHFUHDVHG�WR�������4&�PHWULF�WHVWLQJ�WR�������DQG�WKH�GHWHFWLRQ�RI�WUXH�GURSRXWV�WR�������&21&/86,21��$GYDQFHV�LQ�1*6�FKHPLVWU\�HQDEOHG�DQ�LPSRUWDQW�LQFUHDVH�LQ�SUHFLVLRQ�DQG�UHOLDELOLW\�ZLWK�D�UHGXFWLRQ�LQ�GURS�RXWV�DQG�LPSURYHPHQW�LQ�4&
PHWULFV��1*6�LV�D�VLPSOH��UHOLDEOH��DQG�SUHIHUUHG�WHFKQRORJ\�WR�SURGXFH�KLJK�UHVROXWLRQ�+/$�JHQRW\SHV�IRU�HSOHW�PDWFKLQJ��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

'UDIW0RGH6WDWXV����
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352*1267,&�,03/,&$7,216�2)�+(02*/2%,1�,1�$'8/7�$0%8/$725<�+($57�)$,/85(�3$7,(176��$�6<67(0$7,&�5(9,(:�$1'�0(7$�$1$/<6,6�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��+HDUW�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%$&.*5281'�$QHPLD�LV�D�FRPPRQ�PDQLIHVWDWLRQ�RI�KHDUW�IDLOXUH��+)���DQG�KHPRJORELQ�OHYHOV�KDYH�EHHQ�SUHYLRXVO\�LPSOLFDWHG�ZLWK�JUHDWHU�ULVN�RI�PRUWDOLW\�LQ�WKH�JURZLQJ�+)�SRSXODWLRQ��7KLV�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�DLPV�WR�LQYHVWLJDWH�WKH�SURJQRVWLF�DELOLW\�RI�KHPRJORELQ�LQ�SUHGLFWLQJ�DOO�FDXVH
PRUWDOLW\�LQ�DGXOW�DPEXODWRU\�+)�SDWLHQWV��0(7+2'6�,Q�FROODERUDWLRQ�ZLWK�DQ�H[SHULHQFHG�OLEUDULDQ��D�FRPSUHKHQVLYH�VHDUFK�ZDV�FRQGXFWHG�XWLOL]LQJ�(PEDVH��0HGOLQH��&RFKUDQH��&,1$+/�DQG�3XEPHG�WKURXJK�2FWREHU������WR�VHDUFK�IRU�VWXGLHV�HYDOXDWLQJ�WKH�DVVRFLDWLRQ�EHWZHHQ�KHPRJORELQ�DQG�DOO�FDXVH�PRUWDOLW\�LQ�DPEXODWRU\�+)
SDWLHQWV�XVLQJ�PXOWLYDULDEOH�DQDO\VLV��7ZR�LQGHSHQGHQW�UHYLHZHUV�FRPSOHWHG�VFUHHQLQJ��GDWD�H[WUDFWLRQ�DQG�TXDOLW\�DSSUDLVDO��6WXG\�TXDOLW\�ZDV�DVVHVVHG�LQ�GXSOLFDWHV�ZLWK�4XDOLW\�RI�3URJQRVWLF�6WXGLHV��$�UDQGRP�HIIHFWV�PRGHO�ZDV�HPSOR\HG�WR�PHWD�DQDO\]H�VWXG\�UHVXOWV��6XEJURXS�DQDO\VHV�ZHUH�GHFLGHG�D�SULRUL�WR�LQYHVWLJDWH�VRXUFHV
RI�KHWHURJHQHLW\��5(68/76�)URP�D�WRWDO�RI����������FLWDWLRQV�����VWXGLHV�ZHUH�LQFOXGHG�LQ�WKH�ILQDO�DQDO\VLV��)RUW\�RQH�VWXGLHV�HYDOXDWHG�VHUXP�KHPRJORELQ�DV�D�FRQWLQXRXV�SUHGLFWRU��D��J�G/�GHFUHDVH�LQ�KHPRJORELQ�ZDV�DVVRFLDWHG�ZLWK�����LQFUHDVH�LQ�PRUWDOLW\��+5���������&,������������,�� �������(LJKWHHQ�VWXGLHV�HYDOXDWHG
KHPRJORELQ�DV�D�FDWHJRULFDO�SUHGLFWRU�GHILQHG�E\������J�G/�LQ�ZRPHQ�DQG������J�G/�LQ�PHQ��+HPRJORELQ�OHYHOV�EHORZ�WKH�FXW�RII�ZHUH�DVVRFLDWHG�ZLWK�����LQFUHDVH�LQ�PRUWDOLW\��+5���������&,������������,�� �������7KLV�HIIHFW�ZDV�DFFHQWXDWHG�LQ�VWXGLHV�LQFOXGLQJ�ROGHU�SRSXODWLRQ�DQG�KLJKHU�SURSRUWLRQ�RI�IHPDOHV��$JH�DQG�VH[
DFFRXQWHG�IRU��������RI�KHWHURJHQHLW\��S ���������,VFKHPLF�FDUGLRP\RSDWK\��UHQDO�IXQFWLRQ��HMHFWLRQ�IUDFWLRQ��GLDEHWHV��1HZ�<RUN�+HDUW�$VVRFLDWLRQ��DQG�ULVN�RI�ELDV�GLG�QRW�H[SODLQ�WKH�KHWHURJHQHLW\�DFURVV�VWXGLHV��&21&/86,21�,Q�WKLV�VWXG\��GHFUHDVHG�KHPRJORELQ�OHYHOV�DUH�DVVRFLDWHG�ZLWK�KLJKHU�ULVN�RI�PRUWDOLW\�LQ�DGXOW
DPEXODWRU\�+)�SDWLHQWV��ZLWK�KLJKHU�LPSDFW�LQ�ROGHU�DQG�IHPDOH�SDWLHQWV��3UHGLFWRUV�RI�PRUWDOLW\�LQ�+)�DUH�FULWLFDO�WR�JXLGH�WUHDWPHQW�SODQV�DQG�VKRXOG�EH�HYDOXDWHG�LQ�FOLQLFDO�DVVHVVPHQWV��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

'UDIW0RGH6WDWXV����



,'����
(YDOXDWLQJ�PXOWLSOH�OLYLQJ�NLGQH\�GRQRU�FDQGLGDWHV�VLPXOWDQHRXVO\�RU�VHTXHQWLDOO\��D�FRVW�HIIHFWLYHQHVV�DQDO\VLV�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��'RQDWLRQ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��0XOWLSOH�OLYLQJ�GRQRU�FDQGLGDWHV�RIWHQ�FRPH�IRUZDUG�WR�GRQDWH�D�NLGQH\�WR�WKH�VDPH�UHFLSLHQW��7R�PDQDJH�UHVRXUFHV�DQG�WR�DYRLG�XQQHFHVVDU\�HYDOXDWLRQV��VRPH�OLYLQJ�GRQRU�SURJUDPV�FKRRVH�WR�HYDOXDWH�RQO\�RQH�FDQGLGDWH�DW�D�WLPH��0HWKRGV��:H�PRGHOHG���WR���FDQGLGDWHV�FRPLQJ�IRUZDUG�DW�WKH�VDPH
WLPH�WR�EH�HYDOXDWHG�DV�NLGQH\�GRQRUV�IRU�RQH�UHFLSLHQW��DVVXPLQJ�WKDW�DW�OHDVW�RQH�FDQGLGDWH�ZRXOG�GRQDWH�LI�WKH\�FRPSOHWHG�WKHLU�HYDOXDWLRQ��:H�PRGHOHG�FRPSHWLQJ�HYHQWV�WR�OLYLQJ�GRQRU�WUDQVSODQWDWLRQ��LQFOXGLQJ�UHFLSLHQW�GHDWK�RU�UHFHLSW�RI�D�GHFHDVHG�GRQRU�NLGQH\�WUDQVSODQW��VRPH�SDWLHQWV�UHPDLQ�RQ�WKH�GHFHDVHG�GRQRU�ZDLWLQJ
GHVSLWH�KDYLQJ�D�OLYLQJ�GRQRU�FDQGLGDWH���:H�H[DPLQHG�VFHQDULRV�ZKHQ�WKH�LQWHQGHG�UHFLSLHQW�ZDV�UHFHLYLQJ�PDLQWHQDQFH�GLDO\VLV�DW�WKH�VWDUW�RI�GRQRU�FDQGLGDWH�HYDOXDWLRQ�RU�SRWHQWLDOO\�SUH�HPSWLYH��:H�XVHG�D�0DUNRY�PRGHO�ZLWK�D�OLIHWLPH�KRUL]RQ�IURP�WKH�SHUVSHFWLYH�RI�WKH�SULPDU\�SD\HU��5HVXOWV��8QGHU�DOO�VFHQDULRV��HYDOXDWLQJ
PXOWLSOH�FDQGLGDWHV�VLPXOWDQHRXVO\�GRPLQDWHG�VHTXHQWLDO�HYDOXDWLRQV��JUHDWHU�KHDOWKFDUH�FRVW�VDYLQJV�DQG�KLJKHU�UHFLSLHQW�TXDOLW\�DGMXVWHG�OLIH�\HDUV�JDLQHG���7KLV�ZDV�GXH�WR�D�VKRUWHU�WRWDO�SHULRG�WR�HYDOXDWH�GRQRU�FDQGLGDWHV�SULRU�WR�WUDQVSODQWDWLRQ��WUDQVODWLQJ�LQWR�PRUH�OLYLQJ�NLGQH\�GRQRU�WUDQVSODQWV��OHVV�WLPH�RQ�GLDO\VLV��DQG�PRUH
SUH�HPSWLYH�WUDQVSODQWV��5HVXOWV�ZHUH�PRVW�VHQVLWLYH�WR�WKH�OLYLQJ�GRQRU�HYDOXDWLRQ�WLPH��WKH�FRVW�RI�GLDO\VLV��WKH�FRVW�VDYLQJV�GXH�WR�WUDQVSODQWDWLRQ��DQG�WKH�SUREDELOLW\�RI�VWDUWLQJ�GLDO\VLV��LI�WKH�UHFLSLHQW�ZDV�SRWHQWLDOO\�SUH�HPSWLYH�DW�WKH�RXWVHW���&RQFOXVLRQ��/LYLQJ�GRQRU�SURJUDPV�VKRXOG�FRQVLGHU�HYDOXDWLQJ�PXOWLSOH�FDQGLGDWHV
VLPXOWDQHRXVO\�ZKHQ�WKH\�FRPH�IRUZDUG�IRU�WKH�VDPH�UHFLSLHQW�DW�WKH�VDPH�WLPH��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

'UDIW0RGH6WDWXV����



,'����
8QGHUVWDQGLQJ��PHDVXULQJ��DQG�GHILQLQJ�WKH�OLYLQJ�GRQRU�HYDOXDWLRQ�SURFHVV�IRU�TXDOLW\�LPSURYHPHQW��D�'HOSKL�VWXG\�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��'RQDWLRQ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��7KH�OLYLQJ�NLGQH\�GRQRU�HYDOXDWLRQ�SURFHVV�LV�QRW�GRQRU�FHQWULF��,W�FDQ�H[FHHG����PRQWKV��ZKLFK�SODFHV�XQGXH�VWUHVV�RQ�GRQRU�FDQGLGDWHV�DQG�WKHLU�LQWHQGHG�UHFLSLHQWV��'XULQJ�WKLV�WLPH��XQLQWHQGHG�DGYHUVH�FRQVHTXHQFHV�FDQ�DULVH��LQFOXGLQJ�UHFLSLHQW�LOOQHVV�RU�GHDWK��7R�LPSURYH�WKH�HIILFLHQF\�RI�WKH�OLYLQJ
GRQRU�HYDOXDWLRQ�SURFHVV�DFURVV�WKH�FRXQWU\��ZH�QHHG�WR�HVWDEOLVK�NH\�PHWULFV�IRU�TXDOLW\�LPSURYHPHQW��0HWKRGV��:H�FRQGXFWHG�D�PRGLILHG�'HOSKL�VWXG\��HQJDJLQJ�SDWLHQWV��KHDOWKFDUH�SURIHVVLRQDOV��DQG�KHDOWKFDUH�DGPLQLVWUDWRUV��VWDNHKROGHUV��DFURVV�&DQDGD��8VLQJ�WKH�OLWHUDWXUH�DQG�FRQYHUVDWLRQV�ZLWK�VWDNHKROGHUV��ZH�LGHQWLILHG�D
OLVW�RI�SRWHQWLDO�TXDOLW\�LQGLFDWRUV�WKDW�FDQ�EH�XVHG�WR�PHDVXUH�WKH�HIILFLHQF\�RI�WKH�OLYLQJ�NLGQH\�GRQRU�HYDOXDWLRQ�SURFHVV��3DUWLFLSDQWV�ZHUH�DVNHG�WR�UDWH�WKH�LPSRUWDQFH�RI����GHILQLWLRQV�����SURFHVV�LQGLFDWRUV��DQG����RXWFRPH�LQGLFDWRUV�RQ�D���SRLQW�/LNHUW�VFDOH�WKURXJK�DQ�RQOLQH�VXUYH\��5('&DS���$JUHHPHQW�ZDV�PHDVXUHG�XVLQJ�WKH
5$1'�PHWKRGRORJ\��)XUWKHU�FODULILFDWLRQV�ZHUH�GLVFXVVHG�DW�DQ�LQ�SHUVRQ�PHHWLQJ�LQ�0D\�������5HVXOWV��$�WRWDO�����SDUWLFLSDQWV�ZHUH�LQYLWHG�WR�SDUWLFLSDWH�LQ�WKH�VXUYH\��$PRQJ�WKHVH�����������UHVSRQGHG��0RVW�SDUWLFLSDQWV�LGHQWLILHG�DV�ZKLWH�&DXFDVLDQ�������DQG�IHPDOH��������3DUWLFLSDQWV�UHVLGHG�RU�UHFHLYHG�FDUH�DFURVV�WKH
FRXQWU\��ZLWK�UHSUHVHQWDWLRQ�IURP�HYHU\�SURYLQFH��$ERXW�KDOI��1 ���������LGHQWLILHG�DV�SDWLHQWV��WKH�PDMRULW\�RI�ZKRP�ZHUH�OLYLQJ�GRQRUV��������7KLUW\�VL[�SHUFHQW�RI�SDUWLFLSDQWV�LGHQWLILHG�DV�KHDOWKFDUH�SURIHVVLRQDOV��1 �����:H�DFKLHYHG�DJUHHPHQW�RQ�PRVW�GHILQLWLRQV�DQG�TXDOLW\�LQGLFDWRUV��DOWKRXJK�DQDO\VLV�LV�RQ�JRLQJ��'HVSLWH
DJUHHPHQW�RQ�VHYHUDO�LQGLFDWRUV��SDUWLFLSDQWV�SURYLGHG�FRPPHQWV�WKDW�ZHUH�XVHIXO�WR�FODULI\��UH�ZRUG��RU�DGG�QHZ�LQGLFDWRUV��)RXU�DGGLWLRQDO�SURFHVV�LQGLFDWRUV�ZHUH�LGHQWLILHG��'LVFXVVLRQ��7R�SURPRWH�EX\�LQ�DFURVV�WUDQVSODQW�SURJUDPV��LW�LV�HVVHQWLDO�WKDW�ZH�DFKLHYH�FRQVHQVXV�RQ�TXDOLW\�LQGLFDWRUV�WKDW�FDQ�EH�XVHG�WR�FRPSDUH�WKH
SHUIRUPDQFH�DFURVV�WKH�FRXQWU\��1H[W�VWHSV�ZLOO�IRFXV�RQ�SUHVHQWLQJ�WKH�ILQDO�OLVW�RI�LQGLFDWRUV�DQG�GLVFXVV�WKHLU�IHDVLELOLW\��H�J��DGGLWLRQDO�GDWD�FROOHFWLRQ���

'UDIW0RGH6WDWXV����



,'����
+XPDQ�/HXNRF\WH�$QWLJHQ��+/$��(SOHW�IUHTXHQFLHV�LQ�6HQVLWL]HG�:DLWOLVWHG�5HQDO�7UDQVSODQW�3DWLHQWV�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��'RQDWLRQ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��,QWURGXFWLRQ�+/$�HSOHWV��SRO\PRUSKLF�DPLQR�DFLG�UHVLGXHV�RQ�+/$�PROHFXOHV��GHWHUPLQH�WKH�VSHFLILFLW\�RI�+/$�DQWLERGLHV�WKDW�IRUP�DIWHU�QRQ�VHOI�+/$�H[SRVXUH��'RQRU�UHFLSLHQW�HSOHW�PLVPDWFKHV�LQ�VROLG�RUJDQ�WUDQVSODQW�FRQWULEXWH�WR�DGYHUVH�JUDIW�RXWFRPHV���1RW�DOO�HSOHWV�KRZHYHU�PD\�EH�HTXDOO\�LPPXQRJHQLF��,Q
WKLV�H[SORUDWRU\�VWXG\��LQ�ZDLWOLVWHG�SUH�VHQVLWL]HG�NLGQH\�WUDQVSODQW�SDWLHQWV��ZH�VRXJKW�WR�H[DPLQH��WKH�IUHTXHQF\�RI�HSOHWV�GULYLQJ�REVHUYHG�+/$�DQWLERG\�SDWWHUQV��DQG�GHWHUPLQH�WKHLU�LPPXQRJHQLFLW\��0HWKRGV��+/$�PDWFKPDNHU�ZDV�XVHG�WR�GHWHUPLQH�WKH�PRVW�OLNHO\�HSOHWV�GULYLQJ�REVHUYHG�DQWLERG\�SDWWHUQV��$Q�0),�FXWRII�RI����
ZDV�XVHG�IRU�LQFOXVLRQ�LQ�DQDO\VLV��3DWLHQWV�ZHUH�H[FOXGHG�LI�W\SLQJ�LQIRUPDWLRQ�ZDV�QRW�FRPSOHWH��Q ������(SOHW�IUHTXHQF\�ZDV�GHILQHG�DV�WKH�QXPEHU�RI�SDWLHQWV�ZLWK�D�JLYHQ�HSLWRSH�LGHQWLILHG��GLYLGHG�E\�WKH�WRWDO�QXPEHU�RI�SDWLHQWV��7R�FDOFXODWH�WKH�IUHTXHQF\�RI�DQWLJHQV�FDUU\LQJ�DQ\�JLYHQ�HSOHW�LQ�WKH�SRSXODWLRQ�ZH�XVHG�WKH�&DQDGLDQ
F35$�FDOFXODWRU��KWWSV���FWU��WUDQVSODQWUHJLVWU\�FD�RWG�FSUD�FOLHQW�FWU��MVS��,PPXQRJHQLFLW\�VFRUH�ZDV�GHILQHG�DV�HSOHW�IUHTXHQF\�GLYLGHG�E\�WKH�VXP�RI�IUHTXHQF\�RI�DQWLJHQV�FDUU\LQJ�WKH�HSOHW����5HVXOWV�����SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�FRKRUW������PDOH���������0HDQ�F35$�OHYHO�ZDV�������6'��������:H�LGHQWLILHG�����XQLTXH�HSOHWV
FRQWULEXWLQJ�WR�DQWLERG\�IRUPDWLRQ��IURP�ZKLFK�LPPXQRJHQLFLW\�VFRUHV��ZHUH�FDOFXODWHG���7KH�ILYH�PRVW�LPPXQRJHQLF�FODVV���DQG�FODVV���HSOHWV�DUH�VKRZQ�EHORZ�(SOHW�,PPXQRJHQLFLW\�6FRUH�&RUUHVSRQGLQJ�+/$�DQWLJHQV��(SOHW�IUHTXHQF\�LQ�DQWLERG\�IRUPDWLRQ�(SOHW�IUHTXHQF\�LQ�JHQHUDO�SRSXODWLRQ���*51�������%����%��������������
��56�������$�����������������(6,�������$����$������������������6$�������%����%����%������������������/4�������$����$�����������������6��������'4$
��������������������5/��������'4%�
�����������������<�������'5%�
���'5%�
�����������������'(�������'5%�
���������������������4��������'5%�
�������������
&RQFOXVLRQV�7KHVH��WHQ��HSOHWV�DSSHDUHG�WR�GULYH�DQWLERGLHV�PRUH�FRPPRQO\�WKDQ�RWKHU�FODVV���DQG�FODVV���HSOHWV��7KHVH�UHSUHVHQW�FDQGLGDWHV�IRU�IXUWKHU�VWXG\�UHJDUGLQJ�SRWHQWLDO�ELRORJLFDO�UHDVRQV�IRU�LPPXQRJHQLFLW\��DQG�DQ\�GLIIHUHQWLDO�LPSDFW�RI�PLVPDWFK�DW�WKHVH�HSOHWV�RQ�WUDQVSODQW�RXWFRPH���

'UDIW0RGH6WDWXV����



,'����
0LWRFKRQGULDO�3HUPHDELOLW\�5HJXODWHV�+HDUW�*UDIW�,VFKHPLD�5HSHUIXVLRQ�,QMXU\�DQG�$OORJUDIW�5HMHFWLRQ�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��+HDUW�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%$&.*5281'��7KH�FOLQLFDO�UHOHYDQFH�RI�LVFKHPLD�UHSHUIXVLRQ�LQMXU\��,5,��LQ�WKH�FRQWH[W�RI�RUJDQ�WUDQVSODQWDWLRQ�LV�ZHOO�HVWDEOLVKHG��,5,�LV�DVVRFLDWHG�ZLWK�YDULRXV�IRUPV�RI�SURJUDPPHG�FHOO�GHDWK��3&'���RI�ZKLFK�QHFURSWRVLV�LV�SDUWLFXODUO\�VLJQLILFDQW��1HFURSWRVLV�LV�DQ�LQIODPPDWRU\�IRUP�RI�3&'�WKDW
SURPRWHV�DOORLPPXQLW\�DQG�DGYHUVHO\�DIIHFWV�DOORJUDIW�YLDELOLW\�DQG�IXQFWLRQ��:H�KDYH�UHFHQWO\�VKRZQ�WKH�UROH�RI�F\FORSKLOLQ�'��&\S'���D�FULWLFDO�PHGLDWRU�RI�PLWRFKRQGULDO�SHUPHDELOLW\�WUDQVLWLRQ�SRUH��P373��IRUPDWLRQ��LQ�PLFURYDVFXODU�HQGRWKHOLDO�FHOO��09(&��QHFURSWRVLV��,Q�WKLV�VWXG\��ZH�LQYHVWLJDWH�WKH�UROH�RI�&\S'�LQ�PLWLJDWLQJ
,5,�LQGXFHG�09(&�QHFURSWRVLV�DQG�WKH�VXEVHTXHQW�DOORLPPXQH�UHVSRQVH�LQ�D�FOLQLFDOO\�UHOHYDQW�VFHQDULR�RI�KHDUW�WUDQVSODQWDWLRQ������0(7+2'6��7R�PRGHO�LVFKHPLF�LQVXOW�LQ�YLWUR��09(&V�ZHUH�H[SRVHG�WR�K\SR[LD�LQ�JOXFRVH�IUHH�PHGLXP��7R�PRGHO�WKH�UHSHUIXVLRQ�HYHQW��09(&V�ZHUH�WKHQ�WUDQVIHUUHG�WR�D�QRUPR[LF�LQFXEDWRU�LQ�FHOO
FXOWXUH�PHGLXP��&HOO�GHDWK�ZDV�PRQLWRUHG�E\�OLYH�FHOO�LPDJLQJ�DQG�IORZ�F\WRPHWU\��)RU�LQ�YLYR�VWXGLHV��&��%/���KHDUW�JUDIWV�ZHUH�VXEMHFWHG�WR�FROG�LVFKHPLD�VWRUDJH�EHIRUH�WUDQVSODQWDWLRQ�LQWR�%$/%�F�PLFH��+LVWRSDWKRORJLFDO�JUDGLQJ�RI�,5,�DQG�DOORJUDIW�UHMHFWLRQ�ZDV�GRQH�E\�D�SDWKRORJLVW����5(68/76��2XU�GDWD�LQGLFDWH�WKDW
LQKLELWLRQ�RI�FDVSDVHV�GXULQJ�K\SR[LD�GHFUHDVHV�DSRSWRVLV�EXW�LQFUHDVHV�QHFURSWRVLV�DQG�WKDW�LQKLELWLRQ�RI�&\S'�DWWHQXDWHV�K\SR[LD�LQGXFHG�QHFURSWRVLV��,QWHUHVWLQJO\��DSRSWRVLV�LQGXFLQJ�IDFWRU��$,)��VLOHQFLQJ�DOVR�DWWHQXDWHV�K\SR[LD�LQGXFHG�QHFURSWRVLV���2XU�LPPXQRF\WRFKHPLVWU\�VWXGLHV�LQGLFDWH�WKDW�P373�IRUPDWLRQ�IDFLOLWDWHV�$,)
WUDQVORFDWLRQ�IROORZLQJ�,5,��2XU�LQ�YLYR�VWXGLHV�FRQILUP�WKDW�&\S'�GHILFLHQF\�LQ�LVFKHPLD�WUHDWHG�GRQRU�KHDUW�JUDIWV�PLWLJDWHV�,5,�DQG�DOORJUDIW�UHMHFWLRQ��Q ���S ��������&21&/86,21��2XU�VWXGLHV�LQGLFDWH�WKDW�UHJXODWLRQ�RI�PLWRFKRQGULDO�SHUPHDELOLW\�YLD�&\S'�LQKLELWLRQ�IROORZLQJ�WUDQVSODQWDWLRQ�VXEVWDQWLDOO\�DWWHQXDWHV�QHFURSWRVLV
DQG�WKH�VXEVHTXHQW�DOORLPPXQH�UHVSRQVH��2XU�GDWD�DOVR�VXJJHVW�WKDW�$,)�PD\�EH�WKH�GRZQVWUHDP�HIIHFWRU�PROHFXOH�WKDW�H[HFXWHV�,5,�LQGXFHG�QHFURSWRVLV��$V�VXFK��WDUJHWLQJ�PLWRFKRQGULDO�SHUPHDELOLW\�PD\�EH�D�SODXVLEOH�DSSURDFK�LQ�IRUPXODWLQJ�WKHUDSHXWLF�VWUDWHJLHV�DLPHG�DW�UHGXFLQJ�,5,�LQGXFHG�3&'�DVVRFLDWHG�ZLWK�RUJDQ
WUDQVSODQWDWLRQ��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

'UDIW0RGH6WDWXV����



,'����
$VVHVVPHQW�RI�SUHGLFWLYH�ELRPDUNHUV�DVVRFLDWHG�ZLWK�SULPDU\�JUDIW�G\VIXQFWLRQ�LQ�OXQJ�WUDQVSODQWV�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��/XQJ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��/XQJ�WUDQVSODQWDWLRQ�LV�WKH�RQO\�WKHUDSHXWLF�RSWLRQ�IRU�SDWLHQWV�ZLWK�D�WHUPLQDO�OXQJ�FRQGLWLRQ�DVVRFLDWHG�ZLWK�F\VWLF�ILEURVLV��&)���LGLRSDWKLF�SXOPRQDU\�ILEURVLV��3)�,3)���FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'���DUWHULDO�SXOPRQDU\�K\SHUWHQVLRQ��$3+��RU�HPSK\VHPD��(03���8QIRUWXQDWHO\��VXUYLYDO
UDWHV�DW���\UV�DIWHU�WUDQVSODQWDWLRQ�������UHPDLQV�WRR�ORZ��3ULPDU\�JUDIW�G\VIXQFWLRQ��3*'��LV�WKH�ILUVW�FDXVH�RI�GHDWK�LQ�WKH�SHULRSHUDWLYH�SHULRG�DQG�LV�DVVRFLDWHG�ZLWK�DFXWH�UHVSLUDWRU\�GLVWUHVV�V\QGURPH��$5'6���KLJKHU�ULVN�RI�OXQJ�LQIHFWLRQ��FKURQLF�UHMHFWLRQ�DQG�ORZHU�VXUYLYDO�UDWHV��:H�K\SRWKHVL]HG�WKDW�DOYHRODU�HSLWKHOLDO
G\VIXQFWLRQ�LQ�WKH�GRQRU�JUDIW�DQG�WKHQ�LQ�WKH�UHFLSLHQW�LV�D�FULWLFDO�FRPSRQHQW�RI�3*'�SDWKRSK\VLRORJ\��2XU�JRDO�LV�WR�LGHQWLI\�QRYHO�ELRPDUNHUV�DVVRFLDWHG�ZLWK�HSLWKHOLDO�G\VIXQFWLRQ�LQ�WKH�GRQRU¶V�JUDIW�DQG�3*'�GHYHORSPHQW�LQ�WKH�UHFLSLHQW��0HWKRGV��:H�FROOHFWHG�WKH�FOLQLFDO�GDWD�IURP�����GRQRUV�DQG�WKHLU�UHFLSLHQWV�DV�ZHOO�DV
EORRG��EURQFKRDOYHRODU�ODYDJHV��%$/��DQG�OXQJ�WLVVXHV�IURP�WKH�GRQRUV�DQG�WKH�UHFLSLHQWV�DW�GLIIHUHQW�WLPH�SRLQWV��L�H��EHIRUH��GXULQJ�DQG�DIWHU�OXQJ�WUDQVSODQW��LQ�WKH�SHULRSHUDWLYH�SHULRG�DW�WKH�,&8�DQG�IROORZ�XS�YLVLWV�DW�WKH�WUDQVSODQWLRQ�FOLQLF���7KH�OHYHOV�RI�LQIODPPDWRU\��DOYHRODU�GDPDJH�LQWHJULW\�DQG�IXQFWLRQDOLW\�PDUNHUV�ZHUH
WKHQ�GHWHUPLQHG��5HVXOWV��$PRQJ�WKH�UHFUXLWHG�����OXQJ�WUDQVSODQWV��LQFOXGLQJ����&)�����3)�,3)����&23'����$3+����(03�������GHYHORSHG�D�3*'��VFRUH���RU�����:H�QRWHG�HOHYDWHG�LQIODPPDWRU\�F\WRNLQH�OHYHOV�LQ�WKH�%$/�SRVW�JUDIW�UHSHUIXVLRQ�LQ�OXQJ�UHFLSLHQWV�ZLWK�3*'��6LPLODUO\��KLVWRORJLFDO�DQDO\VLV�RI�OXQJ�ELRSVLHV�IURP�WKH
GRQRU�JUDIW�VKRZHG�DOYHRODU�LQIODPPDWRU\�LQILOWUDWLRQ�DQG�HSLWKHOLDO�GDPDJH��,PPXQRIOXRUHVFHQFH�VWDLQLQJ�RQ�WKHVH�OXQJ�VHFWLRQV�DV�ZHOO�DV�LVRODWHG�DOYHRODU�FHOOV�DOVR�UHYHDOHG�UHGXFHG�H[SUHVVLRQ�RI�LQWHJULW\��=2���SURWHLQ��DQG�IXQFWLRQDOLW\��(1D&�FKDQQHO��PDUNHUV��&RQFOXVLRQ��7KLV�VWXG\�SURYLGHV�QRYHO�LQVLJKWV�RQ�HSLWKHOLDO
G\VIXQFWLRQ�ZLWKLQ�GRQRU¶V�JUDIW�DVVRFLDWHG�ZLWK�3*'�GHYHORSPHQW�DQG�SDYH�WKH�ZD\�IRU�WKH�LGHQWLILFDWLRQ�RI�QRYHO�ELRPDUNHUV��

'UDIW0RGH6WDWXV����



,'����
,PSOHPHQWDWLRQ�RI�D�:HE�EDVHG�WDLORUHG�QXUVLQJ�LQWHUYHQWLRQ�LQ�D�KRVSLWDO�VHWWLQJ�WR�VXSSRUW�RSWLPDO�PHGLFDWLRQ�DGKHUHQFH�DPRQJ�NLGQH\�WUDQVSODQW�SDWLHQWV��VWDNHKROGHUV¶�FRQVXOWDWLRQ�DQG�PRELOLVDWLRQ�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��)XOO�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��7UDQVSODQW�7$9,(�LV�D�:HE�EDVHG�WDLORUHG�YLUWXDO�QXUVLQJ�LQWHUYHQWLRQ�GHYHORSHG�WR�SURPRWH�DGKHUHQFH�WR�LPPXQRVXSSUHVVLYH�PHGLFDWLRQ�DQG�WR�VXSSRUW�VHOIPDQDJHPHQW�DPRQJ�NLGQH\�WUDQVSODQW�UHFLSLHQWV��.75V���)ROORZLQJ�WKH�HYDOXDWLRQ�RI�WKH�LQWHUYHQWLRQ¶V�DFFHSWDELOLW\��IHDVLELOLW\�DQG�SUHOLPLQDU\
HIILFDF\��WKH�DLP�LV�WR�LPSOHPHQW�7UDQVSODQW�7$9,(�LQ�D�UHDO�KHDOWKFDUH�VHWWLQJ²WKH�NLGQH\�WUDQVSODQW�FOLQLF�DW�WKH�&+80²DQG�WR�HYDOXDWH�WKH�RXWFRPHV��&RQVXOWDWLRQ�VHVVLRQV�ZHUH�KHOG�WR�WDNH�LQWR�FRQVLGHUDWLRQ�VWDNHKROGHUV¶�QHHGV�DQG�H[SHUWLVH��0HWKRGV��7KUHH�FRQVXOWDWLRQ�VHVVLRQV��EDVHG�RQ�D�FR�FRQVWUXFWLRQ�PHWKRG�DQG�D
GHVLJQ�WKLQNLQJ�DSSURDFK��ZHUH�FRQGXFWHG�WR�LGHQWLI\�WKH�LQWHUYHQWLRQ¶V�VWUHQJWKV�DQG�ZHDNQHVVHV��WKH�EDUULHUV�DQG�IDFLOLWDWRUV��DQG�WKH�DGRSWLRQ�DQG�LPSOHPHQWDWLRQ�VWUDWHJLHV��,Q�WRWDO�����SDUWLFLSDQWV�DWWHQGHG�WKH�VHVVLRQV��WKHVH�LQGLYLGXDOV�ZHUH�UHSUHVHQWDWLYH�RI�WKH�VWDNHKROGHUV�LQYROYHG�LQ�WKH�SURMHFW��SDWLHQWV��QXUVHV��SK\VLFLDQV�
SV\FKRORJLVWV��VRFLDO�ZRUNHUV��SKDUPDFLVWV�DQG�DGPLQLVWUDWRUV���7KH�6:27�DQDO\VLV�WHFKQLTXH�ZDV�XVHG�WR�VWUXFWXUH�WKH�GLVFXVVLRQV��7ZR�UHVHDUFK�DVVLVWDQWV�WRRN�QRWHV�GXULQJ�WKH�VHVVLRQV��5HVXOWV��7KH�FRQVXOWDWLRQ�VHVVLRQV�SURYLGHG�HVVHQWLDO�LQIRUPDWLRQ�DERXW�SDUWLFLSDQWV¶�SDUWLFXODU�FOLQLFDO�FRQWH[W�DQG�KHOSHG�WR�GHYHORS�DQ
LPSODQWDWLRQ�VWUDWHJ\�WKDW�WDNHV�LQWR�DFFRXQW�WKH�UHDOLW\�RI�WKH�WUDQVSODQW�FOLQLF��7KH\�LGHQWLILHG�QHZ�.75V�DQG�\RXQJ�.75V�DV�WDUJHW�SRSXODWLRQV��%DVHG�RQ�WKH�QHHGV�RI�WKH�VWDNHKROGHUV��RXU�ILQGLQJV�VWUHVVHG�WKH�LPSRUWDQFH�RI�KDYLQJ�D�FRPPXQLFDWLRQ�SODQ��SURYLGLQJ�WUDLQLQJ�WR�WKH�KHDOWKFDUH�SURIHVVLRQDOV�LQYROYHG��DQG�HQJDJLQJ
SDWLHQW�SDUWQHUV�EHIRUH�DQG�GXULQJ�WKH�LPSOHPHQWDWLRQ�SURFHVV�WR�VXSSRUW�WKH�LPSOHPHQWDWLRQ�VWUDWHJLHV���&RQFOXVLRQ��7UDQVSODQW�7$9,(�LV�D�SHUVRQDOL]HG�DQG�DFFHVVLEOH�DLG�WR�KHOS�.75V�PDQDJH�WKHLU�LPPXQRVXSSUHVVLYH�PHGLFDWLRQ�DQG�DVVRFLDWHG�DGYHUVH�HIIHFWV��7KH�UHVXOWV�RI�RXU�FRQVXOWDWLRQ�ZLOO�DOORZ�XV�WR�LPSOHPHQW�RXU
LQWHUYHQWLRQ�LQ�DQ�DSSURSULDWH�PDQQHU�IRU�WKH�GLIIHUHQW�VWDNHKROGHUV��7KH�LPSOHPHQWDWLRQ�VWXG\�ZLOO�GRFXPHQW�WKH�LQGLFDWRUV�IRU�LPSOHPHQWLQJ��DQFKRULQJ�DQG�LQWHJUDWLQJ�WKLV�QHZ�LQWHUYHQWLRQ�DV�ZHOO�DV�LQGLFDWRUV�RI�XVH�DQG�HIIHFWLYHQHVV�DPRQJ�.75V��

'UDIW0RGH6WDWXV����
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4XHEHF¶V�KHDOWKFDUH�SURIHVVLRQDOV¶�SHUVSHFWLYHV�RQ�HWKLFDO�LVVXHV�UHODWHG�WR�RUJDQ�GRQDWLRQ�DIWHU�PHGLFDO�DVVLVWDQFH�LQ�G\LQJ��

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��)XOO�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��'RQDWLRQ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��,Q�4XHEHF��PHGLFDO�DVVLVWDQFH�LQ�G\LQJ��0$,'���LQ�WKH�IRUP�RI�HXWKDQDVLD�E\�SK\VLFLDQ�DGPLQLVWHUHG�LQMHFWLRQ��KDV�EHHQ�DYDLODEOH�VLQFH�'HFHPEHU�������7KLV�FKDQJH�LQ�WKH�HQG�RI�OLIH�FRQWH[W�KDV�JLYHQ�ULVH�WR�WKH�SRVVLELOLW\�WKDW�SDWLHQWV�UHTXHVWLQJ�0$,'�FRXOG�DOVR�GRQDWH�RUJDQV�WKURXJK�D�FRQWUROOHG
GRQDWLRQ�DIWHU�FDUGLRFLUFXODWRU\�GHDWK��F'&'��SURWRFRO��,Q����������SHUVRQV�GRQDWHG�WKHLU�RUJDQV�DIWHU�0$,'�LQ�4XHEHF��DFFRXQWLQJ�IRU�DOPRVW�����RI�DOO�GRQRUV��7KLV�QHZ�W\SH�RI�GRQDWLRQ�UDLVHV�QHZ�HWKLFDO�TXHVWLRQV��7KH�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�JDWKHU�KHDOWKFDUH�SURIHVVLRQDOV¶��+&3V��SHUVSHFWLYHV�RQ�HWKLFDO�LVVXHV�UHODWHG�WR
0$,'�DQG�RUJDQ�GRQDWLRQ��0HWKRGV��7ZHQW\�WZR�+&3V�LQYROYHG�LQ�RUJDQ�GRQDWLRQ�RU�0$,'��QXUVHV��LQWHQVLYLVWV��0$,'�SURYLGHU��LQ�4XHEHF�WRRN�SDUW�LQ�VHPL�GLUHFWHG�LQWHUYLHZV�EHWZHHQ�1RYHPEHU������DQG�)HEUXDU\�������GXULQJ�ZKLFK�WKH\�KDG�WR�FRPPHQW�RQ�FOLQLFDO�YLJQHWWHV�DQG�DQVZHU�RSHQ�HQGHG�TXHVWLRQV��7KH�FRQWHQW�RI
WKH�LQWHUYLHZV�ZDV�DQDO\]HG�XVLQJ�WKHPDWLF�FRQWHQW�DQDO\VLV��5HVXOWV��+&3V�ZKR�SDUWLFLSDWHG�LQ�WKLV�VWXG\�VXSSRUWHG�RUJDQ�GRQDWLRQ�DIWHU�0$,'�EHFDXVH�LW�LV�D�ZD\�WR�UHVSHFW�WKH�SHUVRQ¶V�DXWRQRP\�DW�WKH�HQG�RI�OLIH��3RWHQWLDO�SUHVVXUHV�WR�FKRRVH�0$,'�IRU�RUJDQ�GRQDWLRQ��WKH�FRPSOH[�DVVHVVPHQW�RI�WKH�PRWLYDWLRQV�IRU�FKRRVLQJ
0$,'�DQG�RUJDQ�GRQDWLRQ��WKH�W\SH�RI�LQIRUPDWLRQ�WR�SURYLGH�WR�SRWHQWLDO�GRQRUV�DQG�WKH�SXEOLF�SHUFHSWLRQ�RI�0$,'�DQG�RUJDQ�GRQDWLRQ�ZHUH�WKH�SULQFLSDO�HWKLFDO�LVVXHV�LQGLFDWHG�E\�WKH�SDUWLFLSDQWV��$OWKRXJK�WKH\�LGHQWLILHG�GLIIHUHQW�FKDOOHQJHV�DVVRFLDWHG�ZLWK�0$,'�DQG�RUJDQ�GRQDWLRQ��DOO�EXW�RQH�ZHUH�ZLOOLQJ�WR�SDUWLFLSDWH�LQ
VLWXDWLRQV�RI�0$,'�DQG�RUJDQ�GRQDWLRQ��&RQFOXVLRQ��7KLV�LV�WKH�ILUVW�VWXG\�ORRNLQJ�DW�WKH�+&3V¶�SHUVSHFWLYHV�RQ�HWKLFDO�LVVXHV�UHODWHG�WR�RUJDQ�GRQDWLRQ�DQG�0$,'��7KH�UHVXOWV�KLJKOLJKWHG�D�NQRZOHGJH�JDS�UHJDUGLQJ�WKH�GRQRU¶V�PRWLYDWLRQ�DQG�WKH�GHFLVLRQ�PDNLQJ�SURFHVV��)XUWKHU�VWXGLHV�DUH�QHHGHG�WR�XQGHUVWDQG�WKHP�DQG�GHYHORS
WRROV�WR�VXSSRUW�SRWHQWLDO�GRQRUV�DQG�IDPLOLHV��

'UDIW0RGH6WDWXV����



,'����
ORZ�UDWH�RI�SUHHPSWLYH�NLGQH\�WUDQVSODQWDWLRQ��$�URRW�FDXVH�DQDO\VLV�WR�LGHQWLI\�RSSRUWXQLWLHV�IRU�LPSURYHPHQW�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG�3UHHPSWLYH�OLYLQJ�GRQRU�NLGQH\�WUDQVSODQWDWLRQ��KDV�VHYHUDO�DGYDQWDJHV�RYHU�WUDQVSODQWDWLRQ�DIWHU�GLDO\VLV�LQLWLDWLRQ�LQFOXGLQJ�LPSURYHG�SDWLHQW�VXUYLYDO�DQG�UHGXFHG�KHDOWKFDUH�FRVWV��7KH�6W��-RVHSK¶V�+HDOWKFDUH�+DPLOWRQ�WUDQVSODQW�SURJUDP�SHUIRUPV�DSSUR[LPDWHO\����OLYLQJ�GRQRU�NLGQH\�WUDQVSODQWV�HDFK
\HDU��KRZHYHU�RQO\�����RI�DUH�SUHHPSWLYH���:KHQ�WU\LQJ�WR�LPSURYH�FRPSOH[�KHDOWKFDUH�SUREOHPV�VXFK�DV�WKLV��DQ�LQ�GHSWK�URRW�FDXVH�DQDO\VLV�FDQ�EH�FRQGXFWHG�WR�IXOO\�XQGHUVWDQG�SURJUDP�UHODWHG�EDUULHUV��0HWKRGV�:H�FRQGXFWHG�D�UHWURVSHFWLYH�REVHUYDWLRQDO�VWXG\�RI�UDQGRP�VDPSOH�RI����OLYLQJ�GRQRU�NLGQH\�WUDQVSODQWV�LQ�RXU
SURJUDP�WKDW�ZHUH�SHUIRUPHG�EHWZHHQ�-DQXDU\���������DQG�6HSWHPEHU�����������5RRW�&DXVH�$QDO\VLV��5&$��SURYLGHG�PHWKRGRORJ\�IRU�WKLV�VWXG\��5HVXOWV��2I�WKH����UHFLSLHQWV��RQO\����������DFKLHYHG�D�SUHHPSWLYH�WUDQVSODQW��7KH�PDMRULW\�RI�WKRVH�ZKR�DFKLHYHG�D�SUHHPSWLYH�WUDQVSODQW�ZHUH�UHIHUUHG�ZLWK�D�*)5������������
6L[WHHQ�UHFLSLHQWV�������ZHUH�DOUHDG\�RQ�GLDO\VLV�DW�WKH�WLPH�RI�UHIHUUDO��2I�WKH�UHPDLQLQJ���������ZKR�ZHUH�UHIHUUHG�SUHHPSWLYHO\��0DMRU�URRW�FDXVHV�ZHUH�LGHQWLILHG�����������KDG�D�*)5�OHVV�WKDQ����DW�WKH�WLPH�RI�UHIHUUDO�������������KDG�PHGLFDO�LVVXHV�UHVXOWLQJ�LQ�GHOD\HG�FOHDUDQFH�IRU�WUDQVSODQW����������SDUWLFLSDWHG�LQ�WKH
.LGQH\�3DLUHG�([FKDQJH�SURJUDP�DQG���������UHTXLUHG�HYDOXDWLRQ�RI�PXOWLSOH�OLYLQJ�GRQRUV�EHIRUH�DQ�HOLJLEOH�GRQRU�ZDV�IRXQG��2Q�IXUWKHU�DQDO\VLV�RI�WKH�GXUDWLRQV�IRU�DVVHVVPHQW�PLOHVWRQHV��LW�ZDV�IRXQG�WKDW�WKH�PHGLDQ�WLPH�IURP�UHFLSLHQW�UHIHUUDO�WR�FOHDUDQFH�ZDV�MXVW�RYHU����PRQWKV��,W�ZDV�DOVR�IRXQG�WKDW�WKH�PHGLDQ�WLPH�IURP
GRQRU�FRQWDFW�WR�FOHDUDQFH�ZDV�QHDUO\���PRQWKV��%RWK�RI�WKHVH�ZHUH�ORQJHU�WKDQ�LGHDO���&RQFOXVLRQ��2XU�DQDO\VLV�GHPRQVWUDWHV�WKDW�WKH�WLPLQJ�RI�UHFLSLHQW�UHIHUUDO�LV�D�VLJQLILFDQW�FDXVH�RI�IDLOLQJ�WR�DFKLHYH�SUHHPSWLYH�NLGQH\�WUDQVSODQWDWLRQ��$GGLWLRQDO�VWXGLHV�ZLWK�IXUWKHU�LQYHVWLJDWLRQ�RI�UHIHUUDO�SUDFWLFHV�DQG�PRGDOLW\�HGXFDWLRQ�DV�ZHOO
DV�FDXVHV�IRU�GHOD\V�GXULQJ�WKH�DVVHVVPHQW�SURFHVV�DUH�QHHGHG���

'UDIW0RGH6WDWXV����



,'����
$Q�LQWHULP�DQDO\VLV�RI�WKH�IHDVLELOLW\�DQG�DFFHSWDELOLW\�RI�D�PRELOH�SKRQH�DSSOLFDWLRQ�LQ�NLGQH\�WUDQVSODQW�UHFLSLHQWV�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��$VVRFLDWH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��0RELOH�KHDOWK��PKHDOWK��DSSV�FDQ�LPSURYH�PHGLFDWLRQ�QRQDGKHUHQFH��)HZ�VWXGLHV�KDYH�UHSRUWHG�WKH�XSWDNH�RI�PKHDOWK�DSSV�LQ�NLGQH\�WUDQVSODQW��.7[��UHFLSLHQWV��7KLV�LQWHULP�DQDO\VLV�H[DPLQHV�WKH�DFFHSWDELOLW\�DQG�IHDVLELOLW\�RI�XVLQJ�D�P+HDOWK�DSS�LQ�.7[�UHFLSLHQWV��0HWKRGV��7KLV�SURVSHFWLYH�FRKRUW
VWXG\�LQFOXGHG�SULPDU\�.7[�UHFLSLHQWV�RYHU�D���PRQWK�SHULRG�EHWZHHQ������DQG�������3DWLHQWV�ZHUH�H[FOXGHG�LI�WKH\�FRXOG�QRW�UHDG�RU�VSHDN�(QJOLVK��GLG�QRW�RZQ�D�VPDUWSKRQH��UHTXLUHG�FRPSOLDQFH�SDFNLQJ�IRU�WUDQVSODQW�PHGLFDWLRQV�RU�KDG�SUHYLRXV�RUJDQ�WUDQVSODQWV��3DWLHQW�UHSRUWHG�PHGLFDWLRQ�DGKHUHQFH�ZDV�HYDOXDWHG
XVLQJ�%$$6,6�DQG�XVDELOLW\�RI�WKH�0HGLVDIH�DSS�ZDV�HYDOXDWHG�XVLQJ�WKH�6\VWHP�8WLOLW\�6FDOH��686����5HVXOWV�����SDWLHQWV�UHFHLYHG�NLGQH\�WUDQVSODQWV�GXULQJ�WKH�VWXG\�SHULRG�����SDWLHQWV�PHW�WKH�LQFOXVLRQ�FULWHULD�DQG����SDWLHQWV�SURYLGHG�FRQVHQW��UHFUXLWPHQW�UDWH� ��������������)LJXUH�����7KH�SURSRUWLRQ�RI�SDWLHQWV�ZKR�RZQHG�D
VPDUWSKRQH�ZDV�VLPLODU�WR�WKH�UHSRUWHG�&DQDGLDQ�DYHUDJH��������6FUHHQ�IDLOXUH�GXH�WR�SDWLHQW�LQH[SHULHQFH�ZLWK�VPDUWSKRQH�XVDJH�IRU�P+HDOWK�XSWDNH�ZDV�DQ�LPSRUWDQW�FRQWULEXWRU�WR�RXU�ORZ�UHWHQWLRQ�UDWH��������6FUHHQ�IDLOXUH�SDWLHQWV�DQG�SDWLHQWV�ZLWKRXW�D�VPDUWSKRQH�ZHUH�VLPLODU�LQ�DJH��S �������)LJXUH�����3DWLHQWV�WKDW�UHJXODUO\
XVHG�D�VPDUWSKRQH�ZHUH�\RXQJHU�WKDQ�SDWLHQWV�ZKR�GLG�QRW�RZQ�D�VPDUWSKRQH��S ���������$PRQJ�WKH���SDWLHQWV�ZKR�GLVFRQWLQXHG�WKH�DSS�GXULQJ�WKH�VWXG\�SHULRG��WKRVH�ZKR�UHTXLUHG�D�FKDQJH�WR�FRPSOLDQFH�SDFNDJLQJ�ZHUH�ROGHU�FRPSDUHG�WR�SDWLHQWV�ZKR�UHTXHVWHG�WR�GLVFRQWLQXH�EHFDXVH�WKH\�IHOW�FRPIRUWDEOH�ZLWK�WKHLU�PHGLFDWLRQV
ZLWKRXW�DSS�UHPLQGHUV��$OO�SDWLHQWV�ZKR�FRPSOHWHG�WKH�686�IRXQG�WKH�DSS�WR�EH�HDV\�WR�XVH���&RQFOXVLRQ��:H�IRXQG�DJH�WR�EH�D�GHWHUPLQDQW�LQ�WKH�XSWDNH�RI�P+HDOWK�DSSV�LQ�.7[�UHFLSLHQWV��7KLV�GDWD�PD\�DVVLVW�ZLWK�VDPSOH�VL]H�HVWLPDWLRQ�IRU�SURVSHFWLYH�WULDOV�LQYROYLQJ�WKH�LPSOHPHQWDWLRQ�RI�P+HDOWK�DSSV��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�
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,'����
7KH�QHHG�IRU�LQWUDRSHUDWLYH�PDQQLWRO�RU�IXURVHPLGH��DQ�LQWHUQDWLRQDO�VXUYH\�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��,QWUDRSHUDWLYH�PDQQLWRO�DQG�IXURVHPLGH�KDYH�EHHQ�XVHG�DV�IUHH�UDGLFDO�VFDYHQJHUV�DQG�GLXUHWLFV�WR�LJQLWH�HDUO\�UHQDO�DOORJUDIW�IXQFWLRQ���$V�WKH�HYLGHQFH�RI�DQ\�HIILFDF\�RI�WKHVH�DJHQWV�DUH�OLPLWHG��ZH�VRXJKW�WR�FKDUDFWHUL]H�WKH�XVH�RI�LQWUDRSHUDWLYH�GLXUHWLFV�DPRQJ�WUDQVSODQW�VXUJHRQV��0HWKRGV��$Q
DQRQ\PRXV�RQOLQH�VXUYH\�RI�DOO�&DQDGLDQ�VXUJHRQV�ZKR�SHUIRUP�NLGQH\�WUDQVSODQWV�DV�ZHOO�DV�D�VHOHFW�QXPEHU�RI�8�6��WUDQVSODQW�VXUJHRQV�ZDV�SHUIRUPHG���4XHVWLRQV�ZHUH�UHODWHG�WR�WKH�XVH�DQG�LQGLFDWLRQV�IRU�PDQQLWRO�DQG�IXURVHPLGH��5HVSRQVHV�ZHUH�FROOHFWHG�DQG�DQDO\]HG�DV�FRXQWV�DQG�SHUFHQWDJH�RI�UHVSRQGHQWV��&KL�VTXDUH�DQDO\VLV
DVVHVVHG�WKH�UHODWLRQVKLS�RI�GHPRJUDSKLF�IDFWRUV�DQG�VXUYH\�UHVSRQVHV��5HVXOWV��7KH�UHVSRQVH�UDWH�ZDV������Q ������(LJKW\�HLJKW�SHUFHQW�RI�UHVSRQGHQWV�UHSRUWHG�SHUIRUPLQJ�!����WUDQVSODQWV�\HDU��ZLWK�����IHOORZVKLS�WUDLQHG��DQG�����FXUUHQWO\�WUDLQLQJ�IHOORZV��2QO\�����EHOLHYH�PDQQLWRO�UHGXFHV�GHOD\HG�JUDIW�IXQFWLRQ��\HW����
URXWLQHO\�JLYH�PDQQLWRO��2QO\�����EHOLHYH�IXURVHPLGH�UHGXFHV�GHOD\HG�JUDIW�IXQFWLRQ��\HW�����UHSRUW�LWV�URXWLQH�XVH��2I�URXWLQH�GLXUHWLF�XVHUV������RI�UHVSRQGHQWV�UHSRUW�JLYLQJ�ERWK�PDQQLWRO�DQG�IXURVHPLGH�URXWLQHO\������RYHUDOO�UHSRUW�JLYLQJ�ERWK���7KH�PRVW�FRPPRQ�UDWLRQDOH�IRU�WKH�XVH�RI�PDQQLWRO�ZDV�WR�LQGXFH�GLXUHVLV�����������
UHSRUW�XVLQJ�PDQQLWRO�EDVHG�RQ�WUDLQLQJ�µGRJPD¶��$�VLPLODU�UDWLRQDOH�IRU�IXURVHPLGH�ZDV�REVHUYHG������XVH�IRU�GLXUHVLV��ZLWK�����UHSRUWLQJ�XVH�EDVHG�RQ�GRJPD��7KHUH�ZDV�QR�UHODWLRQVKLS�EHWZHHQ�IHOORZVKLS�WUDLQLQJ��FDVH�YROXPH��RU�WHDFKLQJ�VWDWXV�RQ�WKH�XVH�RI�DQ\�DJHQW��6HYHQW\�RQH�SHUFHQW�UHSRUWHG�WKH�QHHG�DQG�LQWHUHVW�LQ
SDUWLFLSDWLQJ�LQ�D�UDQGRPL]HG�WULDO�HYDOXDWLQJ�WKH�XWLOLW\�RI�LQWUDRSHUDWLYH�GLXUHWLFV��&RQFOXVLRQV��,QWUDRSHUDWLYH�GLXUHWLFV�XWLOL]DWLRQ�DQG�UDWLRQDOH�YDULHV�DPRQJVW�VXUJHRQV���$�VXEVWDQWLDO�QXPEHU�RI�VXUJHRQV�XVH�WKHVH�PHGLFDWLRQV�EDVHG�RQ�³GRJPD´�DORQH��$�UDQGRPL]HG�WULDO�LV�MXVWLILHG�WR�EHWWHU�FODULI\�WKH�UROH�RI�LQWUDRSHUDWLYH�GLXUHWLFV�

'UDIW0RGH6WDWXV����
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9DOLGDWLRQ�RI�WKH�3520,6�3UHIHUHQFH�VFRULQJ�V\VWHP��3523U��LQ�SDWLHQWV�RQ�GLDO\VLV�DQG�NLGQH\�WUDQVSODQW�UHFLSLHQWV��.75��

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��3523U�LV�D�SUHIHUHQFH�EDVHG�KHDOWK�VWDWH�VXPPDU\�VFRUH�ZLWKLQ�WKH�3DWLHQW�5HSRUWHG�2XWFRPHV�0HDVXUHPHQW�,QIRUPDWLRQ�6\VWHP��3520,6���,W�FRXOG�SRWHQWLDOO\�EH�XVHG�LQ�FRVW�HIIHFWLYHQHVV�DQDO\VHV��:H�DVVHVVHG�WKH�YDOLGLW\�RI�3523U�DPRQJ�SDWLHQWV�ZLWK�HQG�VWDJH�NLGQH\�GLVHDVH��(6.'��XVLQJ
(4�'�/�DQG�6)�'�DV�³OHJDF\´�LQVWUXPHQWV��0HWKRGV��$�FURVV�VHFWLRQDO�VDPSOH�RI�DGXOWV�RQ�GLDO\VLV�DQG�.75��NLGQH\�WUDQVSODQW�UHFLSLHQWV��FRPSOHWHG�TXHVWLRQQDLUHV�LQFOXGLQJ�3520,6������GRPDLQV��DQ[LHW\��GHSUHVVLRQ��IDWLJXH��SK\VLFDO�IXQFWLRQ��VOHHS�GLVWXUEDQFH��SDLQ�LQWHUIHUHQFH�DQG�DELOLW\�WR�SDUWLFLSDWH�LQ�VRFLDO�UROHV���3DWLHQW
+HDOWK�4XHVWLRQQDLUH����(GPRQWRQ�6\PSWRP�$VVHVVPHQW�6FDOH�UHYLVHG��.LGQH\�'LVHDVH�4XDOLW\�RI�/LIH�����.'42/�����DQG�(4�'�/��6)�'�ZDV�JHQHUDWHG�IURP�WKH�6)����SDUW�RI�.'42/�����3523U�LV�HVWLPDWHG�IURP�3520,6���GRPDLQ�VFRUHV��3523U�VFRUH�UDQJHV�IURP���������DOO�ZRUVW�VWDWH��WR������IXOO�KHDOWK���.QRZQ�JURXS
FRPSDULVRQV�ZHUH�HYDOXDWHG�XVLQJ�DJH�DQG�VH[�VWUDWLILHG�PHGLDQ�VFRUHV�DQG�FDOFXODWLQJ�³FOLQLFDO�FRQGLWLRQ�LPSDFWV´��WKDW�LV�WKH�FRHIILFLHQW�IRU�D�KHDOWK�FRQGLWLRQ�ZKHQ�VXPPDU\�VFRUH�ZDV�UHJUHVVHG�RQ�DJH��JHQGHU��DQG�D�VLQJOH�KHDOWK�FRQGLWLRQ��&RQYHUJHQW�YDOLGLW\�ZDV�DVVHVVHG�ZLWK�3HDUVRQ�FRUUHODWLRQ��5HVXOWV��0HDQ��>6WDQGDUG
GHYLDWLRQ@�6'��DJH�RI�WKH�����SDUWLFLSDQWV�ZDV���������\HDUV������ZHUH�PDOH�DQG�����&DXFDVLDQ��0HGLDQ��>,QWHUTXDUWLOH�UDQJH@�,45��VFRUHV�ZHUH������������������������������������DQG������������������IRU�3523U��6)�'�DQG�(4�'�/��UHVSHFWLYHO\��3523U�DQG�6)�'�VFRUHV�ZHUH�OHVV�VXEMHFW�WR�FHLOLQJ�HIIHFWV�FRPSDUHG�WR�(4�'�/��7KH
DJH�DQG�VH[�DGMXVWHG�FRQGLWLRQ�LPSDFW�ZDV�ODUJHU�IRU�3523U�IRU�DOO�FRQGLWLRQV�WHVWHG�FRPSDUHG�WR�WKH�RWKHU�WZR�VFRUHV��&RQGLWLRQ�LPSDFW�IRU�3523U�ZDV��NLGQH\�WUDQVSODQW�UHFLSLHQWV��.75��YV��GLDO\VLV���������3������������ORZ�YV��KLJK�FRPRUELGLW\���������3������������DQG�ORZ�YV��KLJK�GHSUHVVLRQ���������3������������ILJXUH������6WURQJ
FRUUHODWLRQV�ZHUH�REVHUYHG�EHWZHHQ�3523U�DQG�(4�'�/��UKR ������DQG�6)�'��UKR �������&RQFOXVLRQV��7KHVH�UHVXOWV�VXSSRUW�WKH�YDOLGLW\�RI�3523U�DPRQJ�SDWLHQWV�ZLWK�(6.'��0RUHRYHU��3523U�PD\�EH�PRUH�VHQVLWLYH�WR�GLIIHUHQFHV�LQ�KHDOWK�VWDWHV�FRPSDUHG�WR�RWKHU�SUHIHUHQFH�EDVHG�PHDVXUHV��

$EVWUDFW�,PDJH����

KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������MSJ
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7KH�7UDQVSODQW�6XSSRUW�3K\VLFLDQ�0RGHO�RI�'HFHDVHG�'RQRU�2UJDQ�$OORFDWLRQ�LQ�2QWDULR�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��)XOO�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��'RQDWLRQ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��6LQFH�������DOORFDWLRQ�RI�GHFHDVHG�GRQRU�RUJDQV�LQ�2QWDULR�KDV�EHHQ�VXSSRUWHG�E\�DQ�RQ�FDOO�JURXS�RI�WUDQVSODQW�VXSSRUW�SK\VLFLDQV��763��DGYLVLQJ�DERXW�GRQRU�DQG�RUJDQ�HOLJLELOLW\�VXFK�DV�LQIHFWLRQ�DQG�FDQFHU�ULVN��XQLTXH�DQG�DGGLWLYH�FR�PRUELGLWLHV��DQG�ORJLVWLFV��7KHVH�FDOOV�DUH�EULHI�������PLQXWHV��DQG
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.DSODQ�0HLHU�SURGXFW�OLPLW�PHWKRG��PXOWLYDULDWH�ORJLVWLF�UHJUHVVLRQ��DQG�&R[�UHJUHVVLRQ�PRGHOV��UHVSHFWLYHO\����5HVXOWV��7KH�FXPXODWLYH�LQFLGHQFH�RI�O\PSKRFHOHV�ZLWKLQ�RQH�\HDU�SRVW�WUDQVSODQW�ZDV������SHU�����SHUVRQ�PRQWKV��&,��������������3UH�WUDQVSODQW�GLDEHWHV�PHOOLWXV��'0��>55 ������&,���������������3 �����@��ODSDURVFRSLF
GRQRU�QHSKUHFWRP\�>55 ������&,���������������3 �����@��DQG�EDVLOL[LPDE�LQGXFWLRQ�WKHUDS\�>55 ������&,���������������3 �����@�ZHUH�VLJQLILFDQW�ULVN�IDFWRUV�IRU�O\PSKRFHOH�GHYHORSPHQW��5HFLSLHQW�DJHV����WR�����SRO\F\VWLF�NLGQH\�GLVHDVH��DQG�WUDQVSODQW�HUD������WR������ZHUH�VLJQLILFDQW�RQO\�LQ�WKH�XQLYDULDEOH�ORJLVWLF�PRGHO�
&RQWUDU\�WR�SUHYLRXV�VWXGLHV��UHFLSLHQW�%0,�ZDV�QRW�D�VLJQLILFDQW�ULVN�IDFWRU��/\PSKRFHOHV�LQGHSHQGHQWO\�LQFUHDVHG�WKH�OLNHOLKRRG�RI�KRVSLWDO�UHDGPLVVLRQ��3 �������EXW�KDG�QR�VLJQLILFDQW�HIIHFW�RQ�WKH�OLNHOLKRRG�RI�WRWDO�JUDIW�IDLOXUH��2I����FDVHV������UHFHLYHG�HLWKHU�D�QRQ�LQYDVLYH��XOWUDVRXQG�JXLGHG�GUDLQDJH��RU�LQYDVLYH��ODSDURVFRSLF
PDUVXSLDOL]DWLRQ��LQWHUYHQWLRQ������RI�FDVHV�UHFHLYLQJ�SULPDU\�LQWHUYHQWLRQ�UHTXLUHG�D�VHFRQG�LQWHUYHQWLRQ�GXH�WR�UHDFFXPXODWLRQ�ZLWKLQ����GD\V�RU�FRPSOLFDWLRQV��&RQFOXVLRQ��3DWLHQWV�DIIHFWHG�E\�'0��XQGHUJRLQJ�OLYLQJ�GRQRU�WUDQVSODQWDWLRQ�DIWHU�ODSDURVFRSLF�GRQRU�QHSKUHFWRP\��DQG�WUHDWHG�ZLWK�EDVLOL[LPDE�LQGXFWLRQ�WKHUDS\�ZHUH�DW
ULVN�IRU�GHYHORSLQJ�O\PSKRFHOHV�DVVRFLDWHG�ZLWK�LQFUHDVHG�KRVSLWDO�UHDGPLVVLRQV��EXW�QR�RWKHU�GHWULPHQWDO�RXWFRPHV��)XWXUH�VWXGLHV�DUH�UHTXLUHG�WR�EHWWHU�GHOLQHDWH�WKH�HWLRORJ\�RI�FOLQLFDOO\�VLJQLILFDQW�O\PSKRFHOHV�DQG�VKRXOG�FRQVLGHU�WKH�HIILFDF\�RI�GLIIHUHQW�LQWHUYHQWLRQV�LQ�RSWLPL]LQJ�SDWLHQW�RXWFRPHV�DQG�UHILQLQJ�FOLQLFDO�PDQDJHPHQW
WR�DYRLG�WKH�QHHG�IRU�VHFRQGDU\�WUHDWPHQWV��
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7KH�5ROH�RI�WKH�5HQLQ�$QJLRWHQVLQ�6\VWHP�LQ�WKH�3DWKRSK\VLRORJ\�RI�&KURQLF�/XQJ�$OORJUDIW�'\VIXQFWLRQ��&/$'��)LEURVLV�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��/XQJ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG�&KURQLF�OXQJ�DOORJUDIW�G\VIXQFWLRQ��&/$'��UHPDLQV�WKH�OHDGLQJ�FDXVH�RI�ORQJ�WHUP�PRUWDOLW\�DIWHU�OXQJ�WUDQVSODQW��'LIIHUHQW�SKHQRW\SHV�RI�&/$'�H[LVW��DOO�RI�ZKLFK�UHVXOW�LQ�ILEURVLV��$QJLRWHQVLQ�,,��$QJ,,���WKH�PDLQ�HIIHFWRU�RI�WKH�UHQLQ�DQJLRWHQVLQ�DOGRVWHURQH�V\VWHP��5$$6���LV�LQYROYHG�LQ
ILEURJHQHVLV�LQ�GLIIHUHQW�RUJDQV��PRVW�QRWDEO\�LQ�WKH�NLGQH\�HTXLYDOHQW�RI�&/$'��,QWHUVWLWLDO�)LEURVLV�DQG�7XEXODU�$WURSK\��,)7$���:H�KDYH�SUHYLRXVO\�LGHQWLILHG�$QJ,,�UHJXODWHG�SURWHLQV�WKDW�DUH�HOHYDWHG�LQ�XULQH�DQG�NLGQH\V�RI�SDWLHQWV�ZLWK�,)7$��:H�K\SRWKHVL]H�WKDW�5$$6�LV�LQYROYHG�LQ�&/$'�SDWKRSK\VLRORJ\�DQG�WKDW
$QJ,,�UHJXODWHG�SURWHLQV�ZLOO�EH�HOHYDWHG�LQ�%URQFKRDOYHRODU�/DYDJH��%$/��DQG�OXQJ�WLVVXH�RI�&/$'�SDWLHQWV��FRPSDUHG�WR�VWDEOH�FRQWUROV��0HWKRGV�)RU�WKH�PHDVXUHPHQW�RI�$QJ,,�UHJXODWHG�SURWHLQV�LQ�%$/��ZH�KDYH�GHYHORSHG�SDUDOOHO�UHDFWLRQ�PRQLWRULQJ��350��PDVV�VSHFWURPHWU\�EDVHG�DVVD\V��7ZR�SURWHRW\SLF�SHSWLGHV�RI�HDFK
SURWHLQ��763���+02;���5+2%��%67���*/1$��/$0%���/<3$���ZHUH�VHOHFWHG��+HDY\�ODEHOHG�FRXQWHUSDUWV�RI�WKH�VHOHFWHG�HQGRJHQRXV�SHSWLGHV�ZHUH�VSLNHG�LQ��DW�NQRZQ�FRQFHQWUDWLRQV��WR�DVVLVW�ZLWK�TXDQWLILFDWLRQ�RI�WKH�HQGRJHQRXV�SHSWLGHV�DQG�WKXV�WKH�SURWHLQV�WR�ZKLFK�WKH\�FRUUHVSRQG��:H�SHUIRUPHG�LPPXQRKLVWRFKHPLVWU\
VWDLQLQJ�RI�763��LQ���&/$'�OXQJV�DQG���VWDEOH�FRQWURO�DQG�LPPXQRIOXRUHVFHQFH�VWDLQLQJ�RI�$QJ,,�UHFHSWRUV���DQG����$*75�����LQ�WKH�OXQJ�RI���&/$'�SDWLHQW��5HVXOWV�8VLQJ�350�DVVD\V��ZH�GHWHFWHG���QDWLYH�SHSWLGHV�RI�763���%67���*/1$�DQG�/<3$��SURWHLQ�DQG�RQH�RI�5+2%�LQ�D�SRRO�RI�%$/�IURP�FRQWUROV�DQG�SDWLHQWV�ZLWK
&/$'��:H�FRQVWUXFWHG�FDOLEUDWLRQ�FXUYHV�DQG�GHWHUPLQHG�/2'�DQG�/24��)LJXUH�����,Q�RXU�SUHOLPLQDU\�DQDO\VLV��$*75����DQG�763��ZHUH�LGHQWLILHG�LQ�FKDUDFWHULVWLF�OHVLRQV�RI�&/$'��)LJXUHV�������&RQFOXVLRQ�7KHVH�SUHOLPLQDU\�GDWD�VXJJHVW�WKDW�5$$6�LV�H[SUHVVHG�LQ�&/$'�OXQJV�DQG�WKDW�$QJ,,�UHJXODWHG�SURWHLQV�FDQ�EH�PHDVXUHG
LQ�%$/��7R�IXUWKHU�WKHVH�ILQGLQJV��ZH�ZLOO�TXDQWLI\�$QJ,,�UHJXODWHG�SURWHLQV�LQ�%$/�VDPSOHV�DQG�&/$'�OXQJV�IURP�D�ODUJHU�FRKRUW��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�
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7UHQGV�LQ�SDWLHQW�VXUYLYDO�DPRQJ�WUDQVSODQW�UHFLSLHQWV�LQ�&DQDGD�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��$VVRFLDWH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG�6LQFH�RUJDQ�WUDQVSODQWDWLRQ�EHFDPH�WKH�VWDQGDUG�WUHDWPHQW�IRU�SDWLHQWV�ZLWK�HQG�VWDJH�RUJDQ�IDLOXUH��DGYDQFHV�LQ�RUJDQ�SUHVHUYDWLRQ��VXUJLFDO�WHFKQLTXH�DQG�LPPXQRVXSSUHVVLRQ�KDYH�FRQWULEXWHG�WR�EHWWHU�JUDIW�VXUYLYDO�DQG�SDWLHQW�RXWFRPHV��:H�SUHVHQW�WUHQGV�LQ�SDWLHQW�VXUYLYDO�IURP�WKH�&DQDGLDQ�2UJDQ
5HSODFHPHQW�5HJLVWHU��&255���D�QDWLRQDO�UHJLVWU\�IRU�SDWLHQWV�ZLWK�HQG�VWDJH�RUJDQ�IDLOXUH���0HWKRGV�:H�XVHG�&255�GDWD�FROOHFWHG�EHWZHHQ������DQG������IURP�DOO�SURYLQFHV�LQ�&DQDGD�H[FOXGLQJ�4XHEHF��:H�FDOFXODWHG�\HDUO\�HVWLPDWHV�RI��������DQG����\HDU�VXUYLYDO��SDWLHQW�DQG�JUDIW��ZKHUH�SRVVLEOH��IURP�DOO�SDWLHQWV�ZLWK�D�ILUVW
NLGQH\��OLYHU��KHDUW�RU�OXQJ�WUDQVSODQW�IURP�D�GHFHDVHG�GRQRU��DQG�LQYHVWLJDWHG�WKH�GLIIHUHQFH�LQ�SDWLHQW�VXUYLYDO�EHWZHHQ�SDWLHQWV�WUDQVSODQWHG�IURP�GRQRU�DIWHU�QHXURORJLFDO�DQG�FDUGLR�FLUFXODWRU\�GHDWK��5HVXOWV�3DWLHQW�VXUYLYDO�DW���\HDU�SRVW�OLYHU�WUDQVSODQWDWLRQ�KDV�EHHQ�VWDEOH�DW�DSSUR[LPDWHO\�����EHWZHHQ������DQG�������,Q�FRQWUDVW�
��\HDU�SDWLHQW�VXUYLYDO�DPRQJ�KHDUW�WUDQVSODQW�UHFLSLHQWV�LPSURYHG�IURP�����WR������ZKLOH���\HDU�VXUYLYDO�IRU�OXQJ�WUDQVSODQW�UHFLSLHQWV�LQFUHDVHG�IURP�����WR������)LYH�\HDU�SDWLHQW�VXUYLYDO�IRU�KHDUW�WUDQVSODQW�UHFLSLHQWV�ZDV�VWDEOH��a������KRZHYHU��OLYHU�DQG�OXQJ�WUDQVSODQW���\HDU�VXUYLYDO�LQFUHDVHG�IURP�����WR�����DQG�����WR
�����UHVSHFWLYHO\��$PRQJVW�NLGQH\�WUDQVSODQW�UHFLSLHQWV��SDWLHQW�VXUYLYDO�DW���\HDUV�LV�KLJK��a�����DQG�NLGQH\�JUDIW�VXUYLYDO�LV�FRQVLVWHQWO\�RYHU�����DW���\HDUV��&RQFOXVLRQ�3DWLHQW�VXUYLYDO�KDV�UHPDLQHG�KLJK�IRU�NLGQH\�DQG�KDV�LQFUHDVHG�IRU�OLYHU��KHDUW��DQG�OXQJ�WUDQVSODQW�SDWLHQWV�EHWZHHQ������DQG�������$OWKRXJK�OXQJ�WUDQVSODQW
SDWLHQWV�KDG�WKH�ORZHVW�VXUYLYDO�UDWHV�DFURVV�DOO�WLPH�SRLQWV��LW�KDG�WKH�ODUJHVW�DEVROXWH�LQFUHDVH�LQ�VXUYLYDO��,QFUHDVHV�LQ�SDWLHQW�VXUYLYDO�RYHU�WLPH�DIWHU�ILUVW�WUDQVSODQWV�DUH�SRVLWLYH�WUHQGV�IRU�WKHVH�SDWLHQWV��0RQLWRULQJ�DQG�UHSRUWLQJ�RQ�WUHQGV�LQ�VKRUW��DQG�ORQJ�WHUP�RXWFRPHV�DIWHU�WUDQVSODQWDWLRQ�LV�YDOXDEOH�DQG�KLJKOLJKWV�WKH�LPSDFW�RI
FKDQJHV�LQ�SUDFWLFH�DQG�FDUH�RI�WUDQVSODQW�UHFLSLHQWV�RYHU�WLPH��
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/LYHU�WUDQVSODQWDWLRQ�IRU�DOFRKRO�UHODWHG�OLYHU�GLVHDVH�ZLWK�OHVV�WKDQ���PRQWKV�DEVWLQHQFH��$�UHYLHZ�RI�WKH�ILUVW�\HDU�UHVXOWV�IRU�WKH�2QWDULR�$/'�SLORW�SURWRFRO�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��$+3�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��/LYHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%$&.*5281'�,Q�&DQDGD��SDWLHQWV�ZLWK�DOFRKRO�DVVRFLDWHG�OLYHU�GLVHDVH��$/'��UHTXLUH���PRQWKV�DEVWLQHQFH�SULRU�WR�OLYHU�WUDQVSODQWDWLRQ��/7���7KLV�SROLF\�GLVDGYDQWDJHV�DFXWHO\�LOO�SDWLHQWV�ZKR�FDQQRW�VXUYLYH�WKLV�WLPHIUDPH��7KH�2QWDULR�$/'�3LORW�3URJUDP�ZDV�LQLWLDWHG�WR�DVVHVV�WKHVH�SDWLHQWV�IRU�HDUOLHU
FRQVLGHUDWLRQ�RI�/7��:H�KHUHLQ�SUHVHQW�WKH�ILUVW�\HDU�UHVXOWV��0(7+2'6�$OO�UHIHUUDOV�WR�WKH�$/'�SURJUDP�ZHUH�WULDJHG�XVLQJ�LQIRUPDWLRQ�SURYLGHG�E\�UHIHUULQJ�SK\VLFLDQV�DV�ZHOO�DV�FROODWHUDO�LQIRUPDWLRQ�IURP�D�SURYLQFLDO�GDWDEDVH��3DWLHQWV�ZHUH�DVVHVVHG�E\�D�WHDP�RI�WUDQVSODQW�KHSDWRORJLVWV��D�QXUVH�SUDFWLWLRQHU��SV\FKLDWULVWV��DQ
DGGLFWLRQ�FRXQVHOORU�DQG�D�VRFLDO�ZRUNHU��5DQGRP�(WK\O�*OXFXURQLGH��(W*��WHVWLQJ�IRU�DOFRKRO�ZDV�XWLOL]HG�IRU�VFUHHQLQJ�WKURXJKRXW�WKH�SURFHVV��3DWLHQWV�ZLWK�DSSURSULDWH�LQGLFDWLRQV�IRU�WUDQVSODQW��DQG�PHW�WKH�SURJUDP¶V�FULWHULD��SURFHHGHG�ZLWK�WKH�UHPDLQGHU�RI�WUDQVSODQW�HYDOXDWLRQ��5(68/76�)URP�0D\������WR�0D\�������ZH
UHYLHZHG�����UHIHUUDOV�RI�ZKLFK������Q ������ZHUH�RXWSDWLHQWV�ZLWK�DQ�DYHUDJH�0(/'�VFRUH�RI������(LJKW\�QLQH�SDWLHQWV�������GLG�QRW�PHHW�LQFOXVLRQ�FULWHULD��LQFOXGLQJ���SDWLHQWV��������ZKR�ZHUH�IRXQG�WR�KDYH�DQ�LQLWLDO�SRVLWLYH�(W*��)LIWHHQ�SDWLHQWV��������ZHUH�GHFOLQHG�IRU�PHGLFDO�ILWQHVV���)LYH�SDWLHQWV������FOLQLFDOO\�LPSURYHG
DQG�ZHUH�VXEVHTXHQWO\�GLVFKDUJHG��1LQHWHHQ�SDWLHQWV������ZHUH�OLVWHG�ZLWK�D�PHDQ�1D0(/'�������PHGLDQ��������DQG�WHQ��������ZHUH�WUDQVSODQWHG��WZR�RI�ZKRP�H[SLUHG���$OO�UHFLSLHQWV�DUH�FORVHO\�IROORZHG�WKURXJK�RXU�UHODSVH�SUHYHQWLRQ�SURJUDP�DQG�QRQH�KDYH�UHODSVHG�WR�DOFRKRO�XVH�RYHU�DQ�DYHUDJH�IROORZ�XS�SHULRG�RI�������GD\V�
&21&/86,216�7KH�ILUVW�\HDU�H[SHULHQFH�RI�WKH�$/'�3LORW�3URJUDP�GHPRQVWUDWHV�WKH�FRPSOH[LWLHV�RI�WKLV�QRYHO�DVVHVVPHQW�SURFHGXUH�DQG�HPSKDVL]HV�WKH�EHQHILW�RI�WKH�PXOWLGLVFLSOLQDU\�WHDP�DSSURDFK�FRPELQHG�ZLWK�REMHFWLYH�ELRPHWULF�WHVWLQJ��3RVLWLYH�(W*�UHVXOWV�DQG�WKH�KLJK�YROXPH�RI�GHFOLQHG�UHIHUUDOV�KLJKOLJKW�WKH�FKDOOHQJH�RI
DGGUHVVLQJ�DGGLFWLRQ�LQ�WKH�FRQWH[W�RI�OLYHU�GLVHDVH��/RQJ�WHUP�IROORZ�XS�RI�SRVW�WUDQVSODQW�RXWFRPHV�DUH�QHFHVVDU\�WR�UH�DVVHVV�WKH���PRQWK�DEVWLQHQFH�SROLF\�����
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$OORJUDIW�ELREXUGHQ�UHGXFWLRQ�DV�D�WLVVXH�EDQNLQJ�SURFHVV�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��$+3�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��1R�

$EVWUDFW�%RG\��%$&.*5281'���%DFWHULDO�FRQWDPLQDWLRQ�RI�WLVVXH�DOORJUDIWV�UHFRYHUHG�E\�WLVVXH�EDQNV�SRVHV�D�VHULRXV�WKUHDW�WR�WUDQVSODQW�UHFLSLHQWV���$OWKRXJK�SRWHQWLDO�GRQRUV�DUH�FDUHIXOO\�VFUHHQHG�WR�PLWLJDWH�WKH�ULVN�RI�LQIHFWLRXV�GLVHDVH�WUDQVPLVVLRQ��DOORJUDIW�WLVVXHV�FDQ�EHFRPH�FRQWDPLQDWHG�GXULQJ�UHFRYHU\���5HYLVLRQV�WR
&DQDGLDQ�KHDOWK�VWDQGDUGV�KDYH�UHVXOWHG�LQ�D�UHTXLUHPHQW�IRU�IXUWKHU�TXDQWLWDWLYH�YDOLGDWLRQ�RI�WLVVXH�DOORJUDIW�ELREXUGHQ�UHGXFWLRQ���7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�TXDQWLWDWLYHO\�YDOLGDWH�WKH�ELREXUGHQ�UHGXFWLRQ�RI�HDFK�GLVLQIHFWLRQ�SURFHVV�IRU�WLVVXH�DOORJUDIWV�UHFRYHUHG�DW�D�&DQDGLDQ�WLVVXH�EDQN��0(7+2'6��3URFHVV
FKDUDFWHUL]DWLRQ�ZDV�SHUIRUPHG�IRU�HDFK�DOORJUDIW�WLVVXH�SURJUDP�LQFOXGLQJ�FDUGLDF�YDOYHV��&9���PXVFXORVNHOHWDO��06.���DPQLRWLF�PHPEUDQH��$0���DQG�VNLQ���(DFK�WHVW�PHWKRG�XWLOL]HG�LQ�WKH�IXOO�ELREXUGHQ�UHGXFWLRQ�VWXG\�ZDV�YDOLGDWHG���5HSUHVHQWDWLYH�DOORJUDIW�VDPSOHV�ZHUH�LQRFXODWHG�ZLWK�D�FRFNWDLO�RI�ILYH�FKDOOHQJH�RUJDQLVPV
LGHQWLILHG�ZLWKLQ�WKH�VWDQGDUGV��6��DXUHXV��6��S\RJHQHV��(��FROL��3��DHUXJLQRVD��DQG�&��VSRURJHQHV����$OORJUDIWV�ZHUH�GLVLQIHFWHG�DFFRUGLQJ�WR�VWDQGDUG�RSHUDWLQJ�SURFHGXUHV��IROORZHG�E\�UHFRYHU\�RI�UHPDLQLQJ�FRQWDPLQDWLQJ�RUJDQLVPV�E\�XOWUDVRQLFDWLRQ�DQG�PHFKDQLFDO�VKDNLQJ���7KH�ELREXUGHQ�ZDV�TXDQWLILHG�XVLQJ�D�PHPEUDQH�ILOWUDWLRQ
WHFKQLTXH���%ORRG�DJDU�SODWHV�ZHUH�LQFXEDWHG�LQ�WKH�DSSURSULDWH�DWPRVSKHUH�DQG�FRORQLHV�ZHUH�FRXQWHG��5(68/76��7HVW�PHWKRG�YDOLGDWLRQ�RI�WKH�UHFRYHU\�PHWKRG�GHPRQVWUDWHG�WKH�UHFRYHU\�HIILFLHQF\�DFURVV�DOO�WLVVXH�W\SHV�UDQJHG�IURP��������WR��������IRU�DHURELF�RUJDQLVPV�DQG��������WR��������IRU�DQDHURELF�RUJDQLVPV��
%LREXUGHQ�UHGXFWLRQ�RI�&9�GLVLQIHFWLRQ�SURFHVV�ZDV�WKH�PRVW�VWULQJHQW�������ORJ�������DHURELF�������ORJ�������DQDHURELF��ZKLOH�$0�GLVLQIHFWLRQ�KDG�WKH�OHDVW�LPSDFWIXO�UHGXFWLRQ�RQ�ELREXUGHQ�������ORJ�������DHURELF�������ORJ�������DQDHURELF���&21&/86,216���7HVW�PHWKRG�YDOLGDWLRQ�RI�WKH�UHFRYHU\�PHWKRG�LPSURYHG�WKH�ELREXUGHQ
UHGXFWLRQ�YDOLGDWLRQ�E\�GHPRQVWUDWLQJ�WKH�UHFRYHU\�HIILFLHQF\�IRU�HDFK�WLVVXH�W\SH��$OWKRXJK�GHFRQWDPLQDWLRQ�RI�WLVVXH�DOORJUDIWV�GLIIHUV�DFURVV�WLVVXH�SURJUDPV��WKLV�VWXG\�GHPRQVWUDWHV�D�VXFFHVVIXO�SURFHVV�IRU�YDOLGDWLQJ�ELREXUGHQ�UHGXFWLRQ�ZLWKLQ�D�&DQDGLDQ�WLVVXH�EDQN���

$EVWUDFW�,PDJH����
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$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

'UDIW0RGH6WDWXV����



,'����
&RUUHODWHV�RI�IDWLJXH�DPRQJ�NLGQH\�WUDQVSODQW�UHFLSLHQWV�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��8S�WR�����RI�NLGQH\�WUDQVSODQW�UHFLSLHQWV��.75��H[SHULHQFH�VLJQLILFDQW�IDWLJXH��)DWLJXH�KDV�EHHQ�DVVRFLDWHG�ZLWK�FOLQLFDO�DQG�SV\FKRVRFLDO�IDFWRUV�LQ�FOLQLFDO�FRKRUWV��KRZHYHU��WKRVH�DVVRFLDWLRQV�KDYH�QRW�EHHQ�H[SORUHG�LQ�.75��+HUH�ZH�DVVHVV�FRUUHODWHV�RI�IDWLJXH�ZKLFK�PD\�KHOS�JXLGH�PDQDJHPHQW
VWUDWHJLHV�IRU�IDWLJXH���0HWKRGV��$�FURVV�VHFWLRQDO��FRQYHQLHQFH�VDPSOH�RI�DGXOW�.75V�FRPSOHWHG�WKH�3DWLHQW�5HSRUWHG�2XWFRPHV�0HDVXUHPHQW�,QIRUPDWLRQ�6\VWHP��3520,6��IDWLJXH�LWHP�EDQN��WKH�*HQHUDOL]HG�$Q[LHW\�'LVRUGHU���WKH�3DWLHQW�+HDOWK�4XHVWLRQQDLUH���DQG�WKH�6RFLDO�'LIILFXOW\�,QYHQWRU\�RQ�DQ�HOHFWURQLF�GDWD�FDSWXUH
V\VWHP��&OLQLFDO�FKDUDFWHULVWLFV�ZHUH�FROOHFWHG�IURP�PHGLFDO�UHFRUGV��0XOWLYDULDEOH�DGMXVWHG�OLQHDU�UHJUHVVLRQ�PRGHOV�ZHUH�XVHG�WR�DVVHVV�WKH�DVVRFLDWLRQV�EHWZHHQ�IDWLJXH�DQG�SRWHQWLDO�FRUUHODWHV���5HVXOWV������SDWLHQWV��PHDQ��6'��DJH���������\HDUV������PDOH�DQG�����WUDQVSODQWHG�!��\HDUV�EHIRUH�HQUROOPHQW��ZHUH�HQUROOHG��7KH�PHDQ
�6'��3520,6�IDWLJXH�VFRUH�ZDV���������DQG�����RI�.75V�ZHUH�FODVVLILHG�DV�H[SHULHQFLQJ�VLJQLILFDQW�IDWLJXH��)DWLJXH�ZDV�FRUUHODWHG�ZLWK�DQ[LHW\��5KR �������GHSUHVVLYH�V\PSWRPV��5KR �������DQG�VRFLDO�GLVWUHVV��5KR ������S����������IRU�DOO���:HDNHU�FRUUHODWLRQV�ZHUH�IRXQG�ZLWK�KHPRJORELQ��5KR �������S�����������DQG�VHUXP
DOEXPLQ��5KR �������S �������,Q�VHSDUDWH�PXOWLYDULDEOH�DGMXVWHG��DJH��HWKQLFLW\��HGXFDWLRQ��PDULWDO�VWDWXV��LQFRPH��FRPRUELGLW\��HVWLPDWHG�JORPHUXODU�ILOWUDWLRQ�UDWH�DQG�WLPH�VLQFH�NLGQH\�WUDQVSODQW��OLQHDU�UHJUHVVLRQ�PRGHO��PRGHUDWH�VHYHUH��VFRUH�RI������DQ[LHW\��FRHII �������&,��������������GHSUHVVLRQ��FRHII �������&,������������
DQG�VRFLDO�GLVWUHVV��FRHII �������&,��������������S����������IRU�DOO��ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�KLJKHU�IDWLJXH�VFRUHV��,Q�DGGLWLRQ��IHPDOH�VH[��FRHII �������&,������������S ��������ORZHU�VHUXP�DOEXPLQ��FRHII �������&,���������������S ������DQG�KHPRJORELQ�OHYHOV��FRHII �������&,���������������S �������ZHUH�DOVR�VLJQLILFDQWO\
DVVRFLDWHG�ZLWK�IDWLJXH���&RQFOXVLRQ��3V\FKRVRFLDO�IDFWRUV�DSSHDU�WR�EH�PRUH�VWURQJO\�DVVRFLDWHG�ZLWK�IDWLJXH�WKDQ�FOLQLFDO�YDULDEOHV�LQ�.75��,Q�IXUWKHU�VWXGLHV�ZH�ZLOO�H[SORUH�LI�PDQDJLQJ�WKRVH�IDFWRUV�FRXOG�LPSURYH�IDWLJXH�LQ�WKLV�SDWLHQW�SRSXODWLRQ���
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$EVWUDFW�%RG\��%DFNJURXQG��6HQVLWL]DWLRQ�RI�KXPDQ�OHXNRF\WH�DQWLJHQ��+/$��SUHFLSLWDWHV�H[WHQVLYH�LPPXQRORJLFDO�IHQFHV�WR�VXFFHVVIXO�NLGQH\�WUDQVSODQWDWLRQ�DQG�KHQFHIRUWK��WUDQVSODQW�FDQGLGDWHV�DUH�IUHTXHQWO\�GHPRWHG�WR�WKH�HYHU�JURZLQJ�ZDLWLQJ�OLVW�RZLQJ�WR�SUHIRUPHG�GRQRU�VSHFLILF�DQWLERGLHV��'6$V���7UDQVSODQW�UHFLSLHQWV�DUH
DW�LQHYLWDEOH�ULVN�WR�VXVWDLQ�K\SHUDFXWH�UHMHFWLRQ��DFFHOHUDWHG�DFXWH�UHMHFWLRQ��HDUO\�DFXWH�DQWLERG\�PHGLDWHG�UHMHFWLRQ�DQG�HDUO\�JUDIW�ORVV��LI�'6$V�DUH�QRW�VXIILFLHQWO\�UHSUHVVHG��2XU�REMHFWLYH�ZDV�WR�HYDOXDWH�WKH�LPSURYHPHQW�LQ�NLGQH\�IXQFWLRQ�LQ�SDWLHQWV�SRVW�GHVHQVLWL]DWLRQ�DQG�NLGQH\WUDQVSODQWDWLRQ��)RU�WKH�VHFRQG�WLPH�LQ�3DNLVWDQ�
ZH�VXFFHVVIXOO\�SHUIRUPHG�GHVHQVLWL]DWLRQ�WKHUDS\�DQG�+/$�LQFRPSDWLEOH�NLGQH\�WUDQVSODQWDWLRQ�LQ�D�'6$V�SRVLWLYH�FRKRUW��&DVH�3UHVHQWDWLRQ��$����\HDUV�ROG�PDOH�SDWLHQW�SUHVHQWHG�ZLWK�HQG�VWDJH�UHQDO�GLVHDVH��(65'��VHFRQGDU\�WR�FKURQLF�PHPEUDQRSUROLIHUDWLYH�JORPHUXORQHSKULWLV�RQ�)HEUXDU\�������7KH�SDWLHQW�ZDV�RQ
KHPRGLDO\VLV�IRU�WKH�SDVW���PRQWKV�DQG�KDG�D�KLVWRU\�RI�K\SHUWHQVLRQ��KHSDWLWLV�%�YLUXV��+%9��DQG�KHSDWLWLV�&�YLUXV��+&9��LQIHFWLRQ��+LV�EORRG�JURXS�ZDV�$�SRVLWLYH�ZKLFK�PDWFKHG�ZLWK�KLV�VLVWHU¶V�EORRG�JURXS��7KH�/XPLQH[�WHFKQRORJ\�ZDV�XVHG�WR�GHWHFW�,J*�DQWLERGLHV�DJDLQVW�WKH�+/$��$�VLJQLILFDQWO\�KLJK�QXPEHU�RI�'6$V�ZHUH
SUHVHQW�DJDLQVW�$���DQG�%���ZLWK�PHGLDQ�IOXRUHVFHQFH�LQWHQVLW\��0),��YDOXH�RI�������DQG��������UHVSHFWLYHO\��/\PSKRF\WH�FURVVPDWFK�ZDV�SHUIRUPHG�E\�FRPSOHPHQW�GHSHQGHQW�F\WRWR[LFLW\��&'&��DVVD\��7KH�&'&�FURVVPDWFK�ZDV�SRVLWLYH�IRU�ERWK�7�DQG�%O\PSKRF\WHV��:H�WKHQ�SHUIRUPHG�IROORZLQJ�GHVHQVLWL]DWLRQ�SURWRFRO��7ZR
VHVVLRQV�RI�3ODVPDSKHUHVLV�RQ�GD\���DQG����LQMHFWLRQ�5LWX[LPDE�RQ�GD\���DIWHU�3ODVPDSKHUHVLV��QR�3ODVPDSKHUHVLV�RQ�GD\����HLJKW�VHVVLRQV�RI�3ODVPDSKHUHVLV�DIWHU�GD\���DQG�,9,*����PJ�.J�GRVH�DIWHU�HDFK�VHVVLRQ�RI�3ODVPDSKHUHVLV��UHSHDW�/XPLQH[�WHFKQRORJ\�WR�FRQILUP�LI�'6$V�DUH�SUHVHQW�DJDLQVW�+/$�ZLWK�0),�YDOXHV�����
����DQG�&'&�FURVVPDWFK�LV�QHJDWLYH�IRU�ERWK�7�DQG�%�O\PSKRF\WHV��LI�12�WKHQ�FRQWLQXH�3ODVPDSKHUHVLV�VHVVLRQV�ZLWK�,9,*����PJ�.J�GRVH�WLOO�0),�YDOXHV�DUH����������DQG�&'&�FURVVPDWFK�LV�QHJDWLYH�IRU�ERWK�7�DQG�%�O\PSKRF\WHV�RU�LI�<(6WKHQ�SURFHHG�IRU�WUDQVSODQWDWLRQ��DQG�UHSHDW�GRVH�RI�5LWX[LPDE�SRVW�WUDQVSODQWDWLRQ��WR
DFKLHYH�0),�YDOXHV���������DQG�QHJDWLYH�&'&�FURVVPDWFK�IRU�ERWK�7�DQG�%�O\PSKRF\WHV�EHIRUHSURFHHGLQJ�IRU�NLGQH\�WUDQVSODQWDWLRQ��2XU�WUDQVSODQW�UHFLSLHQW�UHVSRQGHG�ZHOO�WR�GHVHQVLWL]DWLRQ�SURWRFRO�ZLWK�0),�YDOXHV�RI������DQG�����IRU�$���DQG�%����UHVSHFWLYHO\�DQG�QHJDWLYH�&'&�FURVVPDWFK�IRU�ERWK�7�DQG�%�O\PSKRF\WHV��7KH
SDWLHQW�ZDV�VXFFHVVIXOO\�WUDQVSODQWHG�ZLWK�NLGQH\�RQ�$SULO�������2Q�IROORZ�XS��QR�UHPDUNDEOH�HYHQWV�ZHUH�QRWHG��&RQFOXVLRQ��:H�VXFFHVVIXOO\�GHVHQVLWL]HG�DQG�WUDQVSODQWHG�DQ�(65'�SDWLHQW�VHFRQGDU\�WR�FKURQLF�PHPEUDQRSUROLIHUDWLYH�JORPHUXORQHSKULWLVZLWK�SUHIRUPHG�'6$V�DJDLQVW�+/$��2XU�GHVHQVLWL]DWLRQ�SURWRFRO�FRPSULVHG
RI�PXOWLSOH�3ODVPDSKHUHVLV�VHVVLRQV�ZLWK�VLPXOWDQHRXV�,9,*�DQG�5LWX[LPDE��DQ�LPPXQRPRGXODWRU\�GUXJ��7KH���PRQWKV�IROORZ�XS�RI�UHFLSLHQW�GLG�
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DOEXPLQXULD�DQG�SRVWWUDQVSODQW�KHPRUUKDJH�DQG�YHQRXV�WKURPERVLV�EDVHG�RQ�GLDJQRVWLF�DQG�SURFHGXUDO�FRGHV��5HVXOWV��2I�������NLGQH\�WUDQVSODQW�UHFLSLHQWV�DW����\HDU�SRVWWUDQVSODQW������KDG�DQ�H*)5��DQG�����KDG�PLOG��KHDY\�DOEXPLQXULD��7KH�PHDQ�DJH�RI�WKH�FRKRUW�ZDV����\HDUV�>,45�������@��3UHYLRXV�WKURPERVLV�ZDV�KLJKHU�LQ
UHFLSLHQWV�ZLWK�ORZHU�H*)5��EXW�SUHYLRXV�KHPRUUKDJH�ZDV�VLPLODU�DFURVV�DOO�JURXSV��2YHU�D�PHGLDQ�IROORZ�XS�RI���\HDUV��WKH�DJH���DQG�VH[��DGMXVWHG�UDWH�RI�KHPRUUKDJH�DQG�WKURPERVLV�ZDV�RYHU����IROG�KLJKHU�LQ�UHFLSLHQWV�ZLWK�ORZHU�H*)5�DQG�PLOG��KHDY\�DOEXPLQXULD�FRPSDUHG�WR�UHFLSLHQWV�ZLWK�KLJKHU�H*)5�DQG�QRUPDO
DOEXPLQXULD��KHPRUUKDJH��LQFLGHQFH�UDWH�UDWLR��,55�����������&,�����������S �������WKURPERVLV��,55����������&,�����������S ��������&RQFOXVLRQ��$PRQJ�NLGQH\�WUDQVSODQW�UHFLSLHQWV�DW����\HDU�SRVWWUDQVSODQW��WKH�ULVN�RI�KHPRUUKDJH�DQG�YHQRXV�WKURPERVLV�LV�KLJKHU�ZLWK�ORZHU�H*)5�DQG�PLOG��KHDY\�DOEXPLQXULD��7KXV��H*)5�DQG
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DQDVWRPRVLV��SRVVLEO\�UHGXFLQJ�ELOLDU\�VWULFWXUHV�DQG�OHDNV��7KLV�VWXG\�HYDOXDWHV�WKH�IHDVLELOLW\�DQG�FOLQLFDO�RXWFRPHV�RI�³SURSK\ODFWLF´�LQWUDRSHUDWLYH�VWHQWLQJ�DW�D�VLQJOH�FHQWHU��XVLQJ�D�SURSHQVLW\�PDWFKHG�DQDO\VLV��0(7+2'6��$OO�FRQVHFXWLYH�2/7[�SDWLHQWV�RYHU�D����\HDU�SHULRG�DUH�LQFOXGHG�H[FHSW�IRU�SDWLHQWV�ZLWK
KHSDWLFRMHMXQRVWRP\��IXOPLQDQW�KHSDWLF�IDLOXUH��UHGR�JUDIWV�DQG�FRPELQHG�RUJDQ�WUDQVSODQWV��7KH�SULPDU\�RXWFRPH�LV�WKH�LQFLGHQFH�RI�ELOLDU\�FRPSOLFDWLRQV��OHDNV�DQG�VWULFWXUHV���6HFRQGDU\�RXWFRPHV�LQFOXGH��VWHQW�PRUELGLW\��QXPEHU�RI�ELOLDU\�LQWHUYHQWLRQV��FKRODQJLWLV��DFXWH�UHQDO�IDLOXUH��JUDIW�DQG�SDWLHQW�VXUYLYDO��3URSHQVLW\�VFRULQJ
ZDV�XVHG�WR�GLPLQLVK�VHOHFWLRQ�ELDV��2XWFRPHV�ZHUH�DQDO\]HG�IRU�D�PLQLPXP�RI���\HDUV��5(68/76������2/7[�SDWLHQWV�ZHUH�LQFOXGHG�EHWZHHQ���������������SDWLHQWV�������UHFHLYHG�LQWUDRSHUDWLYH�VWHQWV�ZKHUHDV�����GLG�QRW��$JH��JHQGHU��DQG�PHGLFDO�FRPRUELGLWLHV�ZHUH�VLPLODU�EHWZHHQ�JURXSV��7RWDO�ELOLDU\�FRPSOLFDWLRQV��������9V
�������3 ������DQG�ELOLDU\�VWULFWXUH�UDWHV�������9V��������3 �������ZHUH�VLPLODU�EHWZHHQ�JURXSV��+RZHYHU�ELOLDU\�OHDNV�ZHUH�VLJQLILFDQWO\�OHVV�IUHTXHQW�LQ�WKH�VWHQWHG�JURXS������YV��QRQ�VWHQWHG���������3 �������)LYH�\HDU�UDWHV�RI�FKRODQJLWLV��FKROHGRFKROLWKLDVLV��DQG�DFXWH�UHQDO�IDLOXUH�ZHUH�VLPLODU�EHWZHHQ�ERWK�JURXSV��$�SURSHQVLW\
VFRUH�PRGHO�EDVHG�RQ�PXOWLSOH�FRYDULDWHV�LQFOXGLQJ�VXUJHRQ��\HDU�RI�WUDQVSODQWDWLRQ�DQG�&KDUOVRQ�FRPRUELGLW\�VFRUH�ZDV�XVHG�WR�PDWFK����SDWLHQWV�LQ�HDFK�JURXS��7KH�UDWH�RI�ELOLDU\�OHDNV�UHPDLQHG�VLJQLILFDQWO\�ORZHU�LQ�WKH�VWHQWHG�JURXS��25 ����������&, ��������������&21&/86,216��,QWUDRSHUDWLYH�XVH�RI�ELOLDU\�VWHQWV�DW�2/7[�LV
IHDVLEOH�DQG�VDIH��UHVXOWLQJ�LQ�OHVV�ELOLDU\�OHDNV�ZLWKRXW�VLJQLILFDQWO\�JUHDWHU�DGYHUVH�HYHQWV����\HDU�ELOLDU\�VWULFWXUH�UDWHV�DSSHDU�VLPLODU��7KLV�VWXG\�VXJJHVWV�D�VWHQWLQJ�VWUDWHJ\�LV�IHDVLEOH�DQG�WKDW�D�UDQGRPL]HG�WULDO�LV�ZRUWKZKLOH��
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3V\FKRORJLFDO�RUJDQ�LQWHJUDWLRQ�DPRQJ�UHFLSLHQWV�RI�OLYLQJ�DQG�GHFHDVHG�GRQDWLRQ�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��<HV�

$EVWUDFW�%RG\��.H\ZRUGV��WUDQVSODQWDWLRQ��SV\FKRORJLFDO�RUJDQ�LQWHJUDWLRQ��GRQRU�UHSUHVHQWDWLRQ��IDQWDVL]HG�GRQRU��UHFLSLHQW�GRQRU�UHODWLRQVKLS�%DFNJURXQG��6WXGLHV�RQ�WKH�SV\FKRVRFLDO�LPSOLFDWLRQV�RI�WUDQVSODQWDWLRQVXJJHVW�WKDW��ZKLOH�PRVW�UHFLSLHQWV�DGDSW�WR�WKHLU�QHZ�WUDQVSODQW��WKH�SRVW�WUDQVSODQWDWLRQ�SHULRG�LV�FKDOOHQJLQJ�DQG
UHTXLUHV�FRQVLGHUDEOH�DGMXVWPHQW��6WXGLHV�KDYH�PDLQO\�IRFXVHG�RQ�RXWFRPHV�UHODWHG�WR�SV\FKRVRFLDO�DGDSWDWLRQ��H�J��TXDOLW\�RI�OLIH���ZLWK�IHZ�H[DPLQLQJ�WKH�SV\FKRORJLFDO�LQWHJUDWLRQ�RI�WKH�RUJDQ��0XVOLQ¶V�WKHRU\�SRVWXODWHG�WKDW�UHFLSLHQWV�JUDGXDOO\�LQWHUQDOL]H�WKHLU�WUDQVSODQW��VKLIWLQJ�WKHLU�SHUFHSWLRQ�IURP�IRUHLJQ�REMHFW�WR�SDUW�RI�WKHLU
ERG\��6LPXOWDQHRXVO\��UHFLSLHQWV�IRUP�DQ�LPDJLQHG�UHSUHVHQWDWLRQ�RI�WKH�DQRQ\PRXV�GRQRU��LGHQWLFDO�WR�WKHLU�VHOI�LPDJH�DW�ILUVW�DQG�JUDGXDOO\�GLVWLQJXLVKHG�DV�D�VHSDUDWH�SHUVRQ��7KH�SV\FKRORJLFDO�LQWHJUDWLRQ�SURFHVV�DSSHDUV�WR�EH�DQ�LPSRUWDQW�SKDVH�DQG��LI�OHIW�LQFRPSOHWH��PD\�DGYHUVHO\�LPSDFW�DGMXVWPHQW��7KLV�SUHVHQWDWLRQ�H[SORUHV
WKH�OLWHUDWXUH�RQ�SV\FKRORJLFDO�LQWHJUDWLRQ�RI�WKH�WUDQVSODQW�DQG�DWWHPSWV�WR�LGHQWLI\�WKHPHV�UHODWHG�WR�UHFLSLHQWV¶�SV\FKRVRFLDO�DGDSWDWLRQ��0HWKRGV��$�UHYLHZ�ZDV�FRQGXFWHG�E\�VHDUFKLQJ�0('/,1(��&,1$+/��3V\F,1)2�DQG�:RUOG&DW��)LYH�DUWLFOHV�ZHUH�NHSW��IRXU�RQ�OXQJ�DQG�RQH�RQ�KHDUW�DQG�NLGQH\�UHFLSLHQWV��5HVXOWV��0DLQ�WKHPHV
ZHUH�����WKH�HPRWLRQDOO\�FKDUJHG�QDWXUH�RI�WKH�LPDJLQHG�UHODWLRQVKLS�ZLWK�WKH�GHFHDVHG�DQRQ\PRXV�GRQRU��FRPSULVLQJ�MR\��VRUURZ��JXLOW��DQG�JUDWLWXGH������DPRQJ�UHFLSLHQWV�RI�GHFHDVHG�GRQDWLRQ��UHDFWLRQV�WR�UHSUHVHQWDWLRQV�RI�WKH�WUDQVSODQW�DQG�WKH�GHFHDVHG�DQRQ\PRXV�GRQRU�DUH�FRQVLVWHQWO\�PRUH�HPRWLRQDOO\�FKDUJHG�FRPSDUHG�WR
OLYLQJ�GRQDWLRQ�����D�PDMRULW\�RI�UHFLSLHQWV�VHHP�WR�FRPSOHWH�SV\FKRORJLFDO�LQWHJUDWLRQ��EXW�WKH�PLQRULW\�ZKR�SHUVLVW�LQ�SHUFHLYLQJ�WKH�GHFHDVHG�DQRQ\PRXV�GRQRU�LQ�WKHLU�VHOI�LPDJH�UHSRUW�PRUH�VWUHVV��GLVWUHVV��JXLOW�DQG�ZRUULHV��DQG�WKH�PLQRULW\�ZKR�SHUVLVW�LQ�SHUFHLYLQJ�WKHLU�RUJDQ�DV�IRUHLJQ�UHSRUW�ORZHU
FRPSOLDQFH��&RQFOXVLRQ�,QGLYLGXDO�GLIIHUHQFHV�LQ�SURFHVVLQJ�D�WUDQVSODQW�VHHP�WR�LPSDFW�UHFLSLHQWV¶�SV\FKRVRFLDO�DGDSWDWLRQ��)XUWKHU�UHVHDUFK�RQ�WKLV�WRSLF�LV�ZDUUDQWHG�JLYHQ�LWV�FOLQLFDO�UHOHYDQFH����
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2[LGDWLYH�6WUHVV�DQG�UHODWHG�UHVSRQVHV�DUH�LQGXFHG�GXULQJ�H[�VLWX�KHDUW�SHUIXVLRQ�DQG�PD\�FRQWULEXWH�WR�WKH�IXQFWLRQDO�GHFOLQH�RI�WKH�H[�VLWX�SHUIXVHG�KHDUW�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��+HDUW�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG���([�VLWX�KHDUW�SHUIXVLRQ��(6+3���XQOLNH�FROG�VWRUDJH��SUHVHUYHV�WKH�GRQDWHG�KHDUW�LQ�D�EHDWLQJ��VHPL�SK\VLRORJLF�FRQGLWLRQ�KRZHYHU��P\RFDUGLDO�IXQFWLRQ�GHFOLQHV�RYHUWLPH�LQ�WKLV�VHWWLQJ��:H�KDYH�VKRZQ�SUHYLRXVO\�WKDW�WKLV�GHFOLQH�PD\�EH�D�UHVXOW�RI�WKH�DOWHUHG�HQHUJ\�PHWDEROLVP��6XFK�DOWHUDWLRQV�PD\
EH�DVVRFLDWHG�ZLWK�(6+3�UHODWHG�LQIODPPDWLRQ�DQG�RU�R[LGDWLYH�VWUHVV��0HWKRGV���3RUFLQH�KHDUWV�ZHUH�SHUIXVHG�IRU����KRXUV�RQ�D�FXVWRP�(6+3�DSSDUDWXV�HLWKHU�LQ�QRQ�ZRUNLQJ�PRGH���1:0�Q ���RU�ZRUNLQJ�PRGH���:0�Q ����&DUGLDF�IXQFWLRQ�ZDV�DVVHVVHG�GXULQJ�SHUIXVLRQ��7KH�PDUNHUV�RI�R[LGDWLYH�VWUHVV��H�J��PDORQGLDOGHK\GH���
WKH�DFWLYLW\�RI�WKH�R[LGDWLYH�VWUHVV�UHVSRQVLYH�SDWKZD\V�HQ]\PHV��H�J��SHQWRVH�SKRVSKDWH�SDWKZD\��333���DQG�SURWHLQ�NLQDVH�%��$.7���DV�ZHOO�DV�DFWLYLW\�RI�FUHDWLQH�NLQDVH��&.��DQG�$03�DFWLYDWHG�SURWHLQ�NLQDVH��$03.��ZHUH�FRPSDUHG�LQ�WKH�OHIW�YHQWULFXODU�WLVVXH�RI�WKH�H[�VLWX��SHUIXVHG�KHDUWV��DQG�LQ�YLYR�FRQWUROV��Q ���XVLQJ
LPPXQRDVVD\�PHWKRGV��5HVXOWV��:0�KHDUWV�SUHVHUYHG�WKHLU�IXQFWLRQ�EHWWHU��)LJXUH�����0DORQGLDOGHK\GH�DQG�FDUERQ\O�SURWHLQ�OHYHOV�ZHUH�KLJKHU�LQ�(6+3�FRPSDUHG�WR�LQ�YLYR��S �������DQG�S �����UHVSHFWLYHO\��DQG�VLPLODU�LQ�:0�DQG�1:0��7KH�DFWLYLW\�RI�333�DQG�KH[RVDPLQH�ELRV\QWKHVLV�SDWKZD\��+%3��ZHUH�VLJQLILFDQWO\�KLJKHU
LQ�(6+3�FRPSDUHG�WR�LQ�YLYR�FRQWUROV��S �����DQG�S������������DQG�+%3�DFWLYLW\�ZDV�KLJKHU�LQ�1:0��S������������)LJXUH��$	%���$.7�SKRVSKRU\ODWLRQ��DFWLYDWLRQ��ZDV�LQGXFHG�LQ�(6+3�DQG�ZDV�KLJKHU�LQ�:0�FRPSDUHG�WR�1:0��7KU�����S ������DQG�6HU�����S �������$03.�DQG�&.�DFWLYLW\�ZHUH�ORZHU�LQ�1:0�FRPSDUH�WR�LQ�YLYR
�S����������DQG�S����������DQG�:0��S ������DQG�S ������DQG�VLPLODU�LQ�LQ�YLYR�DQG�:0��&RQFOXVLRQV��(6+3�LQ�:0�LV�DVVRFLDWHG�ZLWK�EHWWHU�IXQFWLRQDO�SUHVHUYDWLRQ��7KH�H[�VLWX�SHUIXVHG�KHDUWV�ZHUH�DIIHFWHG�E\�R[LGDWLYH�VWUHVV��ZKLFK�PD\�DOWHU�HQHUJ\�PHWDEROLVP�DQG�WKXV�P\RFDUGLDO�IXQFWLRQ��+LJKHU�&.�DQG�$03.�DFWLYLW\�
WRJHWKHU�ZLWK�ORZHU�+%3�DFWLYLW\�LQ�:0�PD\�EH�DVVRFLDWHG�ZLWK�WKH�REVHUYHG�VXSHULRU�IXQFWLRQDO�SUHVHUYDWLRQ���

$EVWUDFW�,PDJH����

KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������MSJ
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D�FDVH�RI�HDUO\�DFWLYH�DQWLERG\�PHGLDWHG�UHMHFWLRQ�DVVRFLDWHG�ZLWK�DQWL�YLPHQWLQ�DQWLERGLHV�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��<HV�

$EVWUDFW�%RG\��,PSURYLQJ�SUHFLVLRQ�LQ�SUHGLFWLQJ�DOORUHDFWLYLW\�LV�DQ�LPSRUWDQW�XQPHW�QHHG�DQG�PD\�UHTXLUH�LQGLYLGXDOL]HG�FRQVLGHUDWLRQ�RI�QRQ�+/$�DQWLERGLHV��+HUHLQ�ZH�UHSRUW�D����\HDU�ROG�&DXFDVLDQ�PDOH�ZLWK�(65'�IURP�,J$�QHSKURSDWK\�ZKR�PHW�DOO�WUDGLWLRQDO�FULWHULD�IRU�D�³ORZ�ULVN´�WUDQVSODQW�IRU�LPPXQH�PHPRU\��+H�ZDV
XQVHQVLWL]HG�DQG�UHFHLYHG�D�KDSORW\SH�PDWFKHG�OLYLQJ�GRQRU�UHQDO�WUDQVSODQW�IURP�KLV�PRWKHU��7KHUH�ZHUH�QR�DQWL�+/$�GRQRU�VSHFLILF�DQWLERGLHV��'6$��DQG�IORZ�FURVV�PDWFK�ZDV�QHJDWLYH��$IWHU�LPPHGLDWH�IXQFWLRQ��KH�GHYHORSHG�GHOD\HG�JUDIW�IXQFWLRQ�RQ�SRVW�RSHUDWLYH�GD\����7UDQVSODQW�ELRSV\�VKRZHG�DFWLYH�DQWLERG\�PHGLDWHG
UHMHFWLRQ�DQG�DFXWH�WXEXODU�LQMXU\�ZLWK�LQFUHDVHG�YLPHQWLQ�SUR[LPDO�WXEXODU�H[SUHVVLRQ�FRPSDUHG�WR�WKH�LPSODQWDWLRQ�ELRSV\��+H�KDG�D�KLVWRU\�RI�MXYHQLOH�LGLRSDWKLF�DUWKULWLV�DQG�QRQ�+/$�DQWLERG\�VFUHHQLQJ�GHPRQVWUDWHG�SUH�IRUPHG�DQWL�YLPHQWLQ�DQWLERG\��+H�ZDV�VXFFHVVIXOO\�WUHDWHG�ZLWK�SODVPDSKHUHVLV��,9,J��DQWL�WK\PRF\WH
JOREXOLQ�DQG�PHWK\OSUHGQLVRORQH�ZLWK�UHQDO�UHFRYHU\��)ROORZ�XS�ELRSV\�GHPRQVWUDWHG�GHFUHDVHG�YLPHQWLQ�H[SUHVVLRQ�ZLWK�GHFUHDVHG�DOORLQIODPPDWLRQ��DQG�JUDIW�IXQFWLRQ�UHPDLQV�VWDEOH�DW�RQH�\HDU�SRVW�WUDQVSODQW��H*)5���P/�PLQ���:H�SRVWXODWH�WKDW�SUH�IRUPHG�DQWL�YLPHQWLQ�DXWR�DQWLERGLHV�ERXQG�WR�YLPHQWLQ�H[SUHVVHG�RQ
DSRSWRWLF�WXEXODU�HSLWKHOLDO�FHOOV�LQGXFHG�E\�LVFKHPLD�UHSHUIXVLRQ�LQMXU\��DQG�WR�FRQVWLWXWLYHO\�H[SUHVVHG�YLPHQWLQ�RQ�SHULWXEXODU�FDSLOODULHV�DQG�SRGRF\WHV��2XU�FDVH�LV�VXJJHVWLYH�RI�WKH�LQYROYHPHQW�RI�DQWLYLPHQWLQ�DQWLERG\��ZKRVH�SDWKRJHQLF�HSLWRSHV�PD\�EH�H[SRVHG�GXULQJ�LVFKHPLD�UHSHUIXVLRQ�LQMXU\��
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7DUJHWLQJ�7K���FHOOV�WKURXJK�LQKLELWLRQ�RI�WKH�QXFOHDU�UHFHSWRU��15��UHWLQRLF�DFLG�UHFHSWRU�UHODWHG�RUSKDQ�UHFHSWRU�ȖW��525ȖW��LQ�KLJKO\�VHQVLWL]HG�UHQDO�WUDQVSODQW�SDWLHQWV��+63��

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��,QWURGXFWLRQ��/DWH�DQG�PL[HG�UHMHFWLRQV��/05��DUH�WKH�PRVW�FRPPRQ�FDXVHV�RI�JUDIW�ORVV�LQ�WUDQVSODQWDWLRQ��&XUUHQWO\�WKHUH�LV�QR�HIIHFWLYH�WKHUDS\�IRU�WKLV�FRQGLWLRQ��7�KHOSHU�����7K����FHOOV�SOD\�D�PDMRU�UROH�LQ�WKH�LQLWLDWLRQ�RI�/05�WKURXJK�WKH�SURPRWLRQ�RI�WHUWLDU\�O\PSKRLG�WLVVXH��7K���DFWLYLW\�LV�UHJXODWHG�E\
VHYHUDO�WUDQVFULSWLRQ�IDFWRUV�DQG�E\�WKH�15�525ȖW��2XU�JURXS�KDV�GHYHORSHG�D�QRYHO�FODVV�RI�PROHFXOHV�WR�WDUJHW�525ȖW��:H�FRPSDUHG�LQ�YLWUR�7K���SRODUL]DWLRQ�LQ�+63��F35$ ������YV�QRQ�VHQVLWL]HG�UHQDO�WUDQVSODQW�SDWLHQWV��163��F35$ ����DQG�WHVWHG�RQH�RI�WKH�QRYHO�FRPSRXQGV�IRU�WKHLU�HIIHFW�RQ�F\WRNLQH�SURGXFWLRQ�WR�YDOLGDWH
WKHLU�SURSRVHG�HIIHFW��0HWKRGV��3%0&V�IURP�+63��Q ����163��Q ����DQG�KHDOWK\�YROXQWHHUV��+9��Q ���ZHUH�SRODUL]HG�XVLQJ�&'��&'���EHDGV��,/���,/����,/�ȕ��DQG�7*)ȕ�IRU����GD\V�EHIRUH�DGGLQJ�525ȖW�LQKLELWRU�RU�YHKLFOH�IRU�DQRWKHU����KRXUV��,QWUDFHOOXODU�,/��$�DQG�,/���ZHUH�PHDVXUHG�E\�IORZ�F\WRPHWU\��5HVXOWV���7K��
SRODUL]DWLRQ�ZDV�KLJKHU�LQ�+63�FRPSDUHG�WR�163�RU�+9��ILJXUH����S�����������525ȖW�LQKLELWRU�UHGXFHG�,/��$�DQG�,/���SRVLWLYH�FHOOV�FRPSDUHG�WR�FRQWUROV��ILJXUH����S�����������&RQFOXVLRQ���,QKLELWLRQ�RI�525ȖW�PD\�EH�HIIHFWLYH�WKHUDS\�LQ�7K���PHGLDWHG�/05��7KLV�RIIHUV�D�QRYHO�SRWHQWLDO�WDUJHWHG�WKHUDS\�IRU�+63�DIWHU
WUDQVSODQWDWLRQ��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�
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1RUPRWKHUPLF�H[�YLYR�NLGQH\�SHUIXVLRQ�LPSURYHV�IXQFWLRQ�RI�NLGQH\�JUDIWV�GRQDWHG�DIWHU�FDUGLDF�GHDWK�FRPSDUHG�WR�FROG�VWRUDJH�SUHVHUYDWLRQ�WHFKQLTXHV�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��7R�LQFUHDVH�WKH�GRQRU�SRRO��EHWWHU�SUHVHUYDWLRQ�VWUDWHJLHV�IRU�WKH�VWRUDJH�RI�PDUJLQDO�NLGQH\�JUDIWV�DUH�FUXFLDO��&XUUHQWO\��NLGQH\�JUDIWV�DUH�HLWKHU�VWRUHG�RQ�LFH��6&6��RU�SHUIXVHG�DW���GHJUHHV�&HOVLXV�ZLWKRXW�R[\JHQ��+03���9DULRXV�UHFHQW�VWXGLHV�VKRZHG�HYLGHQFH�IRU�LPSURYHG�JUDIW�IXQFWLRQ�DIWHU
WUDQVSODQWDWLRQ�ZKHQ�R[\JHQ�LV�SURYLGHG�GXULQJ�PDFKLQH�SHUIXVLRQ��0RUHRYHU��RYHU�WKH�ODVW�\HDUV��D�QRYHO�WHFKQLTXH��QRUPRWKHUPLF�H[�YLYR�NLGQH\�SHUIXVLRQ��1(9.3���ZDV�GHYHORSHG�ZLWK�SURPLVLQJ�UHVXOWV�UHJDUGLQJ�JUDIW�IXQFWLRQ�DQG�VXUYLYDO��:H�FRPSDUHG�1(9.3�ZLWK�R[\JHQDWHG�+03��+03R[��DQG�VWDWLF�FROG�VWRUDJH��6&6��LQ
D�SRUFLQH�NLGQH\�DXWRWUDQVSODQWDWLRQ�PRGHO��0HWKRGV��$IWHU����PLQXWHV�RI�ZDUP�LVFKHPLD��SRUFLQH�NLGQH\V�ZHUH�UHPRYHG�DQG�HLWKHU�VWRUHG�RQ�LFH�RU�SUHVHUYHG�ZLWK�+03R[�RU�1(9.3�IRU����KRXUV��IROORZHG�E\�DXWRWUDQVSODQWDWLRQ��Q ��SHU�JURXS���$QLPDOV�ZHUH�IROORZHG�IRU���GD\V�DQG�JUDIW�IXQFWLRQ�ZDV�DVVHVVHG��5HVXOWV�
3RVWRSHUDWLYH�JUDIW�DVVHVVPHQW�GHPRQVWUDWHG�LPSURYHG�JUDIW�IXQFWLRQ�ZLWK�PRUH�UDSLG�UHFRYHU\�IRU�WKH�1(9.3�SUHVHUYHG�JUDIWV�FRPSDUHG�WR�+03R[�DQG�6&6�JURXSV��PHDQ�SHDN�VHUXP�FUHDWLQLQH�������������PJ�GO�RQ�32'���������������PJ�GO�RQ�32'���DQG������������PJ�GO�RQ�32'����UHVSHFWLYHO\��'LIIHUHQFHV�LQ�GDLO\�VHUXP
FUHDWLQLQH�OHYHOV�DUH�VLJQLILFDQW�EHWZHHQ�1(9.3�DQG�+03R[�RQ�GD\���DQG����S �������S ��������EHWZHHQ�+03R[�DQG�6&6�RQ�GD\����S ������DQG�EHWZHHQ�1(9.3�DQG�6&6�RQ�GD\V���WR����S �������S�����������S�����������S ��������0RUHRYHU��RQ�SRVWRSHUDWLYH�GD\����FUHDWLQLQH�FOHDUDQFH�ZDV�LQFUHDVHG�LQ�WKH�1(9.3�JURXS�
&RQFOXVLRQV��,Q�D�'&'�PRGHO�RI�UHQDO�DXWRWUDQVSODQWDWLRQ��JUDIWV�SUHVHUYHG�ZLWK�1(9.3�GHPRQVWUDWHG�VLJQLILFDQWO\�EHWWHU�IXQFWLRQ�FRPSDUHG�WR�ERWK�VWDWLF�DQG�PDFKLQH�FROG�VWRUDJH��+RZHYHU��JUDIWV�SUHVHUYHG�ZLWK�R[\JHQDWHG�+03�VKRZHG�LPSURYHPHQW�RYHU�6&6��1(9.3�DSSHDUV�WR�RIIHU�EHWWHU�SUHVHUYDWLRQ�LQ�'&'�JUDIWV�FRPSDUHG
WR�FROG�SUHVHUYDWLRQ�WHFKQLTXHV��

'UDIW0RGH6WDWXV����



,'����
'RQRU�IUDLOW\�LQGH[�±�D�SRWHQWLDO�PHDVXUH�RI�RYHUDOO�GRQRU�KHDOWK�VWDWXV�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��)XOO�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��'RQDWLRQ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��6ROLG�RUJDQ�GRQRUV�DUH�ROGHU�DQG�LQFUHDVLQJO\�PHGLFDOO\�FRPSOH[��SRWHQWLDOO\�OHDGLQJ�WR�IUDLOW\��$V�IUDLOW\�FRQIHUV�LQFUHDVHG�VXVFHSWLELOLW\�WR�SK\VLRORJLF�VWUHVV�LQ�LQGLYLGXDOV��GRQRU�IUDLOW\�PD\�SUHGLFW�IXQFWLRQ�RI�WUDQVSODQWHG�RUJDQ��:KLOH�RUJDQ�VSHFLILF�GRQRU�ULVN�VFRUHV�H[LVW��WKHUH�LV�QR�RYHUDOO�GRQRU
IUDLOW\�PHDVXUH��7KH�FXPXODWLYH�GHILFLWV�PRGHO�FRQFHSWXDOL]HV�IUDLOW\�E\�FRXQWLQJ�GHILFLWV��HJ��DEQRUPDO�ODERUDWRU\�YDOXHV��FRPRUELGLWLHV��UHODWHG�WR�KHDOWK�VWDWXV��FUHDWLQJ�D�FRQWLQXRXV�IUDLOW\�LQGH[��2XU�REMHFWLYHV�ZHUH�WR�FUHDWH�D�GRQRU�IUDLOW\�LQGH[��'),���XVLQJ�FXPXODWLYH�GHILFLWV��IURP�YDULDEOHV�FROOHFWHG�EHIRUH�RUJDQ�SURFXUHPHQW
DQG�WR�GHWHUPLQH�ZKHWKHU�IUDLOW\�FRUUHODWHG�ZLWK�D�VLQJOH�GRQRU¶V�QXPEHU�RI�GRQDWHG�RUJDQV��HYDOXDWLQJ�'),¶V�FRQFXUUHQW�YDOLGLW\��0HWKRGV��:H�SHUIRUPHG�D�UHWURVSHFWLYH�FRKRUW�DQDO\VLV��HYDOXDWLQJ�����YDULDEOHV�IURP�����RUJDQ�GRQRUV�DVVHVVPHQWV��PHDQ�DJH�������DJH�UDQJH������������PDOH������GRQDWLRQ�DIWHU�FLUFXODWRU\�GHDWK
�'&'����:H�FUHDWHG�D�'),�XVLQJ�D�VWDQGDUGL]HG�SURFHGXUH��2QHZD\�$129$�FRUUHODWHG�IUDLOW\�ZLWK�GRQDWLRQ�W\SH��DJH�DQG�VH[��/LQHDU�UHJUHVVLRQ�GHWHUPLQHG�ZKHWKHU�'),�ZDV�DVVRFLDWHG�ZLWK�WKH�QXPEHU�RI�RUJDQV�GRQDWHG�SHU�GRQRU��5HVXOWV��$����FOLQLFDO�YDULDEOH�'),�ZDV�FRQVWUXFWHG��PHDQ�'),�������UDQJH�������������'),�ZDV�VLPLODU
EHWZHHQ�VH[HV�EXW�LQFUHDVHG�ZLWK�DJH��)LJXUH����S ��������1HXURORJLFDO�GHWHUPLQDWLRQ�RI�GHDWK�GRQRUV�KDG�D�KLJKHU�'),�WKDQ�'&'�GRQRUV��PHDQ�'),�������������YV���������������S ��������,Q�XQLYDULDEOH�DQDO\VLV��IRU�HYHU\�GHFUHDVH�LQ�'),�E\�������RQH�PRUH�RUJDQ�ZDV�GRQDWHG�������&,�������WR��������S �������6LPLODUO\��DGMXVWLQJ�IRU
DJH��GRQDWLRQ�W\SH��DQG�VH[��RQH�PRUH�RUJDQ�ZDV�GRQDWHG�ZLWK�D�GHFUHDVH�LQ�'),�E\�����������&,�������WR���������S ��������&RQFOXVLRQV��$�'),�FDQ�EH�FUHDWHG�IURP�GRQRU�GDWD�FROOHFWHG�EHIRUH�RUJDQ�SURFXUHPHQW��2UJDQ�GRQRUV�ZLWK�D�ORZHU�'),�GRQDWHG�PRUH�RUJDQV��VXSSRUWLQJ�WKH�'),¶V�FRQFXUUHQW�YDOLGLW\��)XWXUH�VWXGLHV�VKRXOG
DVVHVV�WKH�'),¶V�SUHGLFWLYH�YDOLGLW\�IRU�DOORJUDIW�IXQFWLRQ��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH��������B$EVWUDFW,PDJH�B�����������SGI�

'UDIW0RGH6WDWXV����



,'����
$VVRFLDWLRQ�EHWZHHQ�SHUFHLYHG�LPSDFW�RQ�IDPLO\��H[SHFWHG�KHDOWK�RXWFRPHV��DQG�OLYLQJ�GRQRU�NLGQH\�WUDQVSODQW��/'.7��UHDGLQHVV�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��7KH�GHFLVLRQ�WR�SXUVXH�/'.7�LV�RIWHQ�GLIILFXOW�DQG�SDWLHQWV�PXVW�ZHLJK�VHYHUDO�IDFWRUV��LQFOXGLQJ�KHDOWK�RXWFRPHV�DQG�LPSDFW�RQ�IDPLO\�UHODWLRQVKLSV��+HUH�ZH�DVVHVV�WKH�DVVRFLDWLRQ�EHWZHHQ�SDWLHQWV¶�SHUFHSWLRQV�RI�KRZ�WKH�WUDQVSODQW�PD\�LPSDFW�IDPLO\��SHUFHLYHG�KHDOWK�RXWFRPHV��DQG�UHDGLQHVV�WR
SXUVXH�/'.7��0HWKRGV��$�FURVV�VHFWLRQDO��FRQYHQLHQFH�VDPSOH�RI�DGXOW�SDWLHQWV�ZLWK�HQG�VWDJH�NLGQH\�GLVHDVH��(6.'��IURP�GLDO\VLV�XQLWV�LQ�7RURQWR�FRPSOHWHG�WKH�VWXG\�TXHVWLRQQDLUH�XVLQJ�DQ�HOHFWURQLF�GDWD�FDSWXUH�V\VWHP��3DUWLFLSDQWV�UHVSRQGHG�WR�WKH�TXHVWLRQV��³,I�,�JRW�D�WUDQVSODQW��P\�IDPLO\¶V�OLIH�FRXOG�UHWXUQ�WR�QRUPDO´��³7KH
VXUJHU\�ZLOO�LQFRQYHQLHQFH�WKH�OLYLQJ�GRQRU¶V�ZRUN�RU�OLIH�WRR�PXFK´��DQG�³,�ZRXOG�OLYH�D�ORQJHU�OLIH�ZLWK�D�WUDQVSODQW´��WR�DVVHVV�SHUFHLYHG�SRVLWLYH�DQG�QHJDWLYH�LPSDFW�RQ�IDPLO\��DQG�SHUFHLYHG�KHDOWK�RXWFRPHV��H[SRVXUH��UHVSHFWLYHO\��:H�DOVR�DVVHVVHG�UHDGLQHVV�WR�SXUVXH�/'.7��RXWFRPH���0XOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ�PRGHOV
ZHUH�XVHG�WR�DQDO\]H�WKH�DVVRFLDWLRQV�EHWZHHQ�H[SRVXUH�DQG�RXWFRPH��5HVXOWV��$�WRWDO�RI�����SDWLHQWV�ZHUH�UHFUXLWHG������PDOH��PHDQ�>6'@�DJH����>��@�\HDUV�������ZHUH�:KLWH������ZHUH�$VLDQ������ZHUH�%ODFN��DQG����LGHQWLILHG�DV�RWKHU��$IWHU�DGMXVWLQJ�IRU�DJH��PDULWDO�VWDWXV��HWKQLFLW\��LQFRPH��FRPRUELGLW\��DQG�JHQGHU��WKHUH�ZDV
QR�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�SHUFHLYHG�SRVLWLYH�LPSDFW�RU�QHJDWLYH�LPSDFW�RQ�IDPLO\�DQG�/'.7�UHDGLQHVV��+RZHYHU��KLJK�LPSRUWDQFH�RI�SHUFHLYHG�KHDOWK�EHQHILW�ZDV�VWURQJO\�DVVRFLDWHG�ZLWK�EHLQJ�DW�D�ODWHU�VWDJH�RI�/'.7�UHDGLQHVV��25 ������&, �����������S ��������:KHQ�DOO�WKUHH�YDULDEOHV�ZHUH�LQFOXGHG�LQ�WKH�UHJUHVVLRQ�
RQO\�KHDOWK�RXWFRPHV�SUHGLFWHG�/'.7�UHDGLQHVV��25 ������&, �����������S ��������&RQFOXVLRQ��3DWLHQWV�ZKR�VDZ�/'.7�DV�D�FKDQFH�WR�LPSURYH�WKHLU�KHDOWK�ZHUH�PRUH�OLNHO\�WR�EH�DW�D�PRUH�DGYDQFHG�VWDJH�RI�/'.7�UHDGLQHVV��(PSKDVL]LQJ�WKH�VLJQLILFDQW�KHDOWK�EHQHILWV�RI�/'.7�GXULQJ�WUDQVSODQW�HGXFDWLRQ�PD\�PRWLYDWH�SDWLHQWV�WR
SXUVXH�/'.7��

'UDIW0RGH6WDWXV����



,'�����
/RQJ�WHUP�RXWFRPHV�LQ�HDUO\�DOORJUDIW�G\VIXQFWLRQ�DIWHU�OLYHU�WUDQVSODQWDWLRQ�LQ�'&'��'%'�DQG�OLYLQJ�GRQRU�JUDIWV�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��/LYHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��(DUO\�DOORJUDIW�G\VIXQFWLRQ��($'��DIWHU�OLYHU�WUDQVSODQWDWLRQ�KDV�EHHQ�DVVRFLDWHG�ZLWK�ORQJ�WHUP�UHGXFHG�JUDIW�DQG�SDWLHQW�VXUYLYDO��,Q�WKLV�VLQJOH�FHQWUH�FRKRUW�VWXG\��ZH�DLPHG�WR�FRPSDUH�LQFLGHQFH��ULVN�IDFWRUV�DQG�RXWFRPHV�LQ�OLYHU�WUDQVSODQW�UHFLSLHQWV�ZKR�GHYHORSHG�HDUO\�DOORJUDIW�G\VIXQFWLRQ��
0HWKRGV��3DWLHQWV�ZKR�UHFHLYHG�OLYLQJ�GRQRU��/'���GRQDWLRQ�DIWHU�FLUFXODWRU\�GHDWK��'&'��RU�GRQDWLRQ�DIWHU�EUDLQ�GHDWK��'%'��JUDIWV�EHWZHHQ�-DQXDU\������DQG�'HFHPEHU������DW�WKH�8QLYHUVLW\�RI�7RURQWR�ZHUH�LQFOXGHG��($'�ZDV�GHILQHG�DV�D�ELOLUXELQ�RI�!�������PP�/��RU�DQ�LQWHUQDWLRQDO�QRUPDOLVHG�UDWLR��,15��RI�!����RQ
SRVW�RSHUDWLYH�GD\���RU�WUDQVDPLQDVHV�!�����8?O�LQ�WKH�ILUVW�ZHHN�DV�SUHYLRXVO\�GHVFULEHG��5HVXOWV��,Q�RXU�FRKRUW�RI������SDWLHQWV��LQFLGHQFH�RI�($'�ZDV��������($'�RFFXUUHG�PRUH�IUHTXHQWO\�LQ�WKH�'&'�JURXS��������YHUVXV�'%'��������YHUVXV�/'���������UHVSHFWLYHO\��3�����������/HQJWK�RI�SRVWRSHUDWLYH�VWD\�RQ�WKH�,&8����YHUVXV��
GD\V��DQG�RI�KRVSLWDOL]DWLRQ�����YHUVXV����GD\V��ZDV�VLJQLILFDQWO\�ORQJHU�LQ�WKH�($'�JURXS�FRPSDUHG�WR�QRQ�($'�JURXS��0RUHRYHU��UHFLSLHQWV�ZLWK�($'�VKRZHG�D�VLJQLILFDQWO\�ORZHU�JUDIW�DQG�SDWLHQW�VXUYLYDO�DW���������DQG���\HDUV�DIWHU�WUDQVSODQWDWLRQ��DOO�S������������2YHUDOO��PXOWLYDULDWH�DQDO\VLV�UHYHDOHG�WKDW�($'�ZDV�VLJQLILFDQWO\
DVVRFLDWHG�ZLWK�'&'�JUDIWV��GRQRU�DJH��GRQRU�%0,��GRQRU�OHQJWK�RI�VWD\�RQ�WKH�,&8��FROG�DQG�ZDUP�LVFKHPLF�WLPH��DOO�S������������)RU�UHFLSLHQWV�RI�/'�JUDIWV��SUHGLFWLYH�PDUNHUV�RI�($'�ZHUH�GRQRU�DQG�UHFLSLHQW�DJH�DQG�UHFLSLHQW�GLDJQRVH�RI�SULPDU\�ELOLDU\�FLUUKRVLV�RU�SULPDU\�VFOHURVLQJ�FKRODQJLWLV��,Q�WKH�FDVH�RI�UHFLSLHQWV�RI�'%'
JUDIWV��SUHGLFWLYH�PDUNHUV�RI�($'�ZHUH�GRQRU�DJH�DQG�%0,��UHFLSLHQW�0(/'�VFRUH�DQG�+&9�LQIHFWLRQ�DQG�ZDUP�LVFKHPLF�WLPH��)RU�'&'�UHFLSLHQWV��GRQRU�%0,�ZDV�DVVRFLDWHG�ZLWK�($'�����&RQFOXVLRQ��,Q�RXU�FRKRUW�VWXG\��($'�UHVXOWHG�LQ�SRRUHU�ORQJ�WHUP�SDWLHQW�DQG�JUDIW�VXUYLYDO��3UHGLFWLYH�PDUNHUV�IRU�($'�DUH�GHSHQGHQW�RQ�WKH
GRQRU�W\SH��

'UDIW0RGH6WDWXV����



,'�����
,PPXQH�6XUYHLOODQFH�RI�7UDQVSODQW�3DWLHQWV�8VLQJ�D�0XOWL�2PLFV�$SSURDFK�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��'HVSLWH�WKH�ODUJH�QXPEHU�RI�NLGQH\�WUDQVSODQW�SDWLHQWV�XQGHU�FDUH��ZH�KDYH�YLUWXDOO\�QR�NQRZOHGJH�RI�WKH�IXQFWLRQDO�UHFRYHU\�RI�WKH�LPPXQH�UHVSRQVH�DIWHU�WUDQVSODQWDWLRQ��:H�DLP�WR�HQDEOH�UDSLG�DQG�LQQRYDWLYH�PRQLWRULQJ�RI�WKH�G\QDPLF�FKDQJHV�LQ�WKH�UHFLSLHQW�LPPXQH�UHVSRQVH�LQ�RUJDQ�DQG�FHOOXODU
WUDQVSODQWDWLRQ�WKURXJK�ELRLQIRUPDWLFV�LQWHJUDWLRQ�RI�SUHFLVH�FRQYHUJHQW�DVVD\V�IRU�GHHS�SKHQRW\SLQJ�DQG�FHOOXODU�ELRHQHUJHWLFV��0HWKRGV��3HULSKHUDO�EORRG�RI�WUDQVSODQW�UHFLSLHQWV�DQG�FRQWUROV�ZDV�FROOHFWHG�DQG�GHHS�SKHQRW\SLQJ�ZDV�SHUIRUPHG�XVLQJ�PXOWLFKDQQHO�&\WR)/(;�F\WRPHWU\��&RXOWHU��DQG�PLWRFKRQGULDO�DQG�F\WRVROLF
ELRHQHUJHWLFV�RI�7�O\PSKRF\WHV�XVLQJ�WKH�6HDKRUVH�;)H���$QDO\]HU��$JLOHQW���$GGLWLRQDOO\��51$�ZDV�VWRUHG�IRU�WUDQVFULSWRPLFV��5HVXOWV��+LJK�GLPHQVLRQDO�IORZ�F\WRPHWU\����3DQHOV�RI����DQWLERGLHV�SURYLGHG�SUHFLVH�F\WRPHWULF�PXOWLFKDQQHO�GHILQLWLRQ�RI�LQQDWH�DQG�DGDSWLYH�LPPXQH�FHOOV��IRU�ZKLFK�7�GLVWULEXWHG�6WRFKDVWLF�1HLJKERU
(PEHGGLQJ��W61(��DQG�+LHUDUFKLFDO�&RQVHQVXV�&OXVWHULQJ�HQDEOHG�DXWRPDWHG�YLVXDOL]DWLRQ�RI�VXUIDFH�PROHFXOH�H[SUHVVLRQ�DQG�PDFKLQH�UHSUHVHQWDWLRQ�RI�DQ�H[FHSWLRQDO�DUUD\�RI�PHPRU\��KHOSHU��UHJXODWRU\�DQG�RWKHU�FULWLFDO�FHOO�VXEVHWV��0HWDERORPLFV��0LWRFKRQGULDO�DQG�FHOOXODU�UHVSLUDWLRQ�ZHUH�TXDQWLWDWHG�E\�VLPXOWDQHRXV
PHDVXUHPHQW�RI�WKH�H[WUDFHOOXODU�DFLGLILFDWLRQ�UDWH��(&$5���DQ�LQGLFDWRU�RI�JO\FRO\VLV�DQG�WKH�R[\JHQ�FRQVXPSWLRQ�UDWH��2&5��DQ�LQGLFDWRU�RI�R[LGDWLYH�SKRVSKRU\ODWLRQ��ZLWK�DQG�ZLWKRXW�WKH�XVH�RI�DJHQWV�WDUJHWLQJ�WKH�HOHFWURQ�WUDQVSRUW�FKDLQ�WR�GHWHUPLQH�DQ�DUUD\�RI�PHWDEROLF�SDUDPHWHUV�LQFOXGLQJ�EDVDO�UHVSLUDWLRQ��$73�SURGXFWLRQ�
PD[LPXP�UHVSLUDWLRQ�DQG�VSDUH�UHVSLUDWRU\�FDSDFLW\��&RQFOXVLRQ��7KH�FRPELQDWLRQ�RI�GHHS�SKHQRW\SLF�DQG�IXQFWLRQDO�PHDVXUHPHQWV�SURYLGHV�D�QRYHO�IRXQGDWLRQ�IRU�XQGHUVWDQGLQJ�RI�WKH�FKDQJHV�LQ�WKH�LPPXQH�V\VWHP�LQ�WUDQVSODQWDWLRQ��)XUWKHU�SKRVSKRSURWHRPLFV�DQG�WUDQVFULSWRPLFV�ZLOO�FRPSOHWH�PXOWL�SDUDPHWHU�PRQLWRULQJ��XVLQJ
ELRLQIRUPDWLFV�LQWHJUDWLRQ�DQG�YLVXDO�DQDO\WLFV�WR�VWUHDPOLQH�FOLQLFDO�LQWHUSUHWDWLRQ��

'UDIW0RGH6WDWXV����



,'�����
,QFUHDVHG�PLWRFKRQGULDO�PHWDEROLF�HQ]\PHV�DUH�DVVRFLDWHG�ZLWK�VXSHULRU�NLGQH\�IXQFWLRQ�DIWHU�QRUPRWKHUPLF�H[�YLYR�NLGQH\�SHUIXVLRQ�±�D�SURWHRPLFV�VWXG\�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG�1RUPRWKHUPLF�H[�YLYR�NLGQH\�SHUIXVLRQ��1(9.3��LV�DVVRFLDWHG�ZLWK�VLJQLILFDQWO\�LPSURYHG�JUDIW�IXQFWLRQ�IROORZLQJ�WUDQVSODQWDWLRQ�LQ�FRPSDULVRQ�WR�VWDWLF�FROG�VWRUDJH��6&6���:H�K\SRWKHVL]HG�WKDW�1(9.3�ZRXOG�LQGXFH�NH\�DOWHUDWLRQV�LQ�WKH�NLGQH\�SURWHRPH�FRPSDUHG�WR�6&6��DQG�SURYLGH�LQVLJKWV�LQWR
WKH�PROHFXODU�PHFKDQLVPV�FHQWUDO�WR�VXSHULRU�JUDIW�IXQFWLRQ��0HWKRGV�3RUFLQH�NLGQH\V�ZHUH�UHPRYHG�IROORZLQJ����PLQXWHV�RI�ZDUP�LVFKHPLD��DQG�WKHQ�VXEMHFWHG�WR�HLWKHU�6&6�RU�1(9.3��Q ��HDFK��IRU���KRXUV�SULRU�WR�DXWR�WUDQVSODQWDWLRQ��.LGQH\�ELRSVLHV�ZHUH�FROOHFWHG�DW�WLPH�]HUR��XSRQ�UHSHUIXVLRQ��DQG�DW�32'���:H�FRQGXFWHG�DQ
XQELDVHG�SURWHRPLFV�DQDO\VLV�E\�/&�06�06�RQ�4�([DFWLYH�3OXV�PDVV�VSHFWURPHWHU��6XEVHTXHQW�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�0D[4XDQW��3HUVHXV��5��SDWK',3��DQG�1D9,*$725��5HVXOWV�.LGQH\�IXQFWLRQ�ZDV�VLJQLILFDQWO\�LPSURYHG�ZLWK�1(9.3�FRPSDUHG�WR�6&6�ZLWK�KLJKHU�FUHDWLQLQH�FOHDUDQFH�RQ�32'���:H�LGHQWLILHG�����
SURWHLQV�LQ�WRWDO��)'5�����������ZLWK����SURWHLQV�VLJQLILFDQWO\�GLIIHUHQWLDOO\�H[SUHVVHG�EHWZHHQ�H[SHULPHQWDO�JURXSV�DQG�WLPH�SRLQWV����ZD\�$129$��S�����������)LJ�����*HQH�RQWRORJ\�DQG�HQULFKPHQW�DQDO\VHV�UHYHDOHG�WKDW�WKH�SURWHLQV�LQFUHDVHG�LQ�1(9.3�ZHUH�DVVRFLDWHG�ZLWK�WKH�SUHVHUYDWLRQ�RI�PHWDEROLF�SURFHVVHV�VXFK�DV�IDWW\�DFLG
��R[LGDWLRQ��WKH�7&$�F\FOH�DQG�R[LGDWLYH�SKRVSKRU\ODWLRQ��H�J��&37���03&���(7)%���$GGLWLRQDOO\��SURWHLQV�DVVRFLDWHG�ZLWK�WKH�SUHVHUYDWLRQ�RI�FHOO�LQWHJULW\��H�J��&*1/���3'/,0���ZHUH�HQKDQFHG�LQ�1(9.3�LQ�FRQWUDVW�WR�6&6���3URWHLQV�LQFUHDVHG�LQ�6&6�ZHUH�DVVRFLDWHG�ZLWK�51$�ELQGLQJ�DQG�SURWHLQ�WUDQVODWLRQ��&RPSDULVRQ�ZLWK
H[WHUQDO�GDWDVHWV�RI�LVFKHPLD�UHSHUIXVLRQ�LQMXU\��DQG�GDWDVHWV�UHODWLQJ�WR�RWKHU�PRGHOV�RI�DFXWH�DQG�FKURQLF�NLGQH\�LQMXU\�FRQILUPHG�WKDW�PDQ\�RI�WKH�PROHFXODU�FKDQJHV�REVHUYHG�LQ�WKHVH�GDWDVHWV�DUH�H[SHFWHG�WR�EH�UHYHUVHG�RU�DWWHQXDWHG�E\�1(9.3��)LJ�������&RQFOXVLRQV�7KH�SURWHRPH�OHYHO�FKDQJHV�DVVRFLDWHG�ZLWK�1(9.3�GHPRQVWUDWH
WKDW�WKH�SUHVHUYDWLRQ�RI�PDMRU�PHWDEROLF�SDWKZD\V��DQG�RI�FHOO�SRODULW\�DQG�LQWHJULW\�PD\�EH�SLYRWDO�PHFKDQLVPV�E\�ZKLFK�1(9.3�UHVXOWV�LQ�LPSURYHG�JUDIW�IXQFWLRQ����

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH���������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH���������B$EVWUDFW,PDJH�B�����������SGI�
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,'�����
+\SRWKHUPLF�0DFKLQH�3HUIXVLRQ�5HVLVWLYH�,QGH[�DV�D�3UHGLFWRU�RI�6KRUW�DQG�/RQJ�WHUP�5HQDO�$OORJUDIW�2XWFRPH�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��6WRUDJH�RI�GHFHDVHG�GRQRU�NLGQH\V�ZLWK�K\SRWKHUPLF�PDFKLQH�SHUIXVLRQ��+03��SHUPLWV�VWXG\�RI�UHQRYDVFXODU�UHVLVWDQFH�WR�FRQWLQXRXV�SHUIXVLRQ�SUHVVXUH�ZKLFK�PD\�EH�EH�SURJQRVWLF�RI�VKRUW�DQG�ORQJ�WHUP�JUDIW�RXWFRPHV��2XU�REMHFWLYH�ZDV�WR�HYDOXDWH�WKH�HIIHFW�RI�WKH�+03�FDOFXODWHG�UHVLVWLYH�LQGH[��5,�
RQ�JUDIW�RXWFRPHV��0HWKRGV��$�UHWURVSHFWLYH�UHYLHZ�RI�NLGQH\�WUDQVSODQWDWLRQ�IURP�GHFHDVHG�GRQRUV�EHWZHHQ�-DQXDU\������WR�-XQH������IURP�D�ODUJH�VLQJOH�FHQWUH�ZDV�SHUIRUPHG��'RQRU�DQG�UHFLSLHQW�LQIRUPDWLRQ�ZDV�SURFXUHG�IURP�D�FHQWUDOO\�PDLQWDLQHG�WUDQVSODQW�GDWDEDVH��+03�5,�YDOXHV�ZHUH�REWDLQHG�IURP�SDSHU�UHFRUGLQJV�RI�5,
PDLQWDLQHG�E\�RSHUDWLQJ�URRP�VWDII���5,�YDOXH�DW����PLQXWH�ZDV�XVHG�IRU�DQDO\VLV�DV�WKLV�WLPH�SRLQW���5HVXOWV������FDVHV�ZHUH�LGHQWLILHG�IRU�DQDO\VLV�RI�ZKLFK�����FDVHV�ZHUH�1''�����'&'��0HGLDQ�5,�YDOXH�DW���PLQ�RQ�+03�ZDV������DQG�XVHG�DV�D�FXW�RII�YDOXH��8QLYDULDWH�DQDO\VLV�VKRZHG�D�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�DQ�5,
JUHDWHU�WKDQ������DQG�GHOD\HG�JUDIW�IXQFWLRQ��'*)����S ������ORQJWHUP�JUDIW�IDLOXUH��S �������DQG�RYHUDOO�VXUYLYDO��26���S �������2Q�PXOWLYDULDWH�DQDO\VLV����PLQ�5,�UHPDLQHG�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�ORQJ�WHUP�JUDIW�IDLOXUH��25�������S �������&RQFOXVLRQ��2XU�GDWD�VXJJHVW�WKDW�GHFHDVHG�GRQRU�NLGQH\V�ZLWK�DQ�5,�JUHDWHU�WKDQ�����
DW���PLQ�RQ�+03�KDYH�D�VLJQLILFDQWO\�KLJKHU�FKDQFH�RI�JUDIW�IDLOXUH�LQ�ORQJWHUP�IROORZ�XS��)XUWKHU�LQYHVWLJDWLRQ�LQWR�5,�G\QDPLFV�PD\�DOORZ�EHWWHU�VWUDWLILFDWLRQ�RI�GRQRU�NLGQH\�TXDOLW\�SULRU�WR�LPSODQWDWLRQ��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH���������B$EVWUDFW,PDJH�B�����������SGI�

'UDIW0RGH6WDWXV����



,'�����
6XEFOLQLFDO�ERZHO�SHUIRUDWLRQ�DIWHU�.LGQH\�7UDQVSODQW�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��<HV�

$EVWUDFW�%RG\��,QWURGXFWLRQ��,QIHFWLRQV�DUH�WKH�OHDGLQJ�FDXVH�RI�KRVSLWDOL]DWLRQ�LQ�WUDQVSODQW�UHFLSLHQWV��5LVN�LV�GHWHUPLQHG�E\�HSLGHPLRORJLF�H[SRVXUH��LPPXQRVXSSUHVVLYH�WKHUDS\�DQG�SURSK\OD[LV��7KH�SUHGLFWDEOH�VHTXHQFH�RI�DSSHDUDQFH�RI�LQIHFWLRQV�KHOSV�LQ�PDNLQJ�PDQDJHPHQW�GHFLVLRQV���&DVH�UHSRUW��:H�SUHVHQW�D����\HDU�ROG
PDOH�ZKR�XQGHUZHQW�D�SUHHPSWLYH�NLGQH\�WUDQVSODQW�IRU�(65'�VHFRQGDU\�WR�W\SH���GLDEHWHV��RWKHU�FRPRUELGLWLHV�LQFOXGHG�K\SHUWHQVLRQ��G\VOLSLGHPLD��DQG�D�PHFKDQLFDO�DRUWLF�YDOYH�IRU�FRQJHQLWDO�ELFXVSLG�YDOYH��(OHYHQ�GD\V�ODWHU�SDWLHQW�SUHVHQW�WR�KLV�IROORZ�XS�YLVLW�WR�WKH�FOLQLF�FRPSOHWHO\�DV\PSWRPDWLF�DQG�KLV�EORRGZRUN
GHPRQVWUDWHG��������:%&��$Q�XQUHPDUNDEOH�XOWUDVRXQG�ZDV�SHUIRUPHG�IROORZHG�E\�D�FRPSXWHU�WRPRJUDSK\�WKDW�VKRZHG�D�FROOHFWLRQ�VXJJHVWLYH�RI�VPDOO�ERZHO�SHUIRUDWLRQ��3DWLHQW�XQGHUZHQW�D�PLGOLQH�ODSDURWRP\�DQG�D�SHUIRUDWHG�DSSHQGL[�DQG�SXV�ZHUH�IRXQG��DSSHQGHFWRP\�DQG�ODYDJH�ZHUH�SHUIRUPHG�DQG�ZDV�VWDUWHG�RQ
SLSHUDFLOOLQ�WD]REDFWDP��3DWLHQW�KDG�DQ�XQFRPSOLFDWHG�UHFRYHU\�DQG�GLVFKDUJHG�LQ�32'���ZLWK�RUDO�DQWLELRWLFV�DQG�JRRG�JUDIW�IXQFWLRQ��'LVFXVVLRQ��7KHUH�DUH�IHZ�UHSRUWV�RI�DSSHQGLFLWLV�LQ�NLGQH\�WUDQVSODQW�UHFLSLHQWV��(LJKW�SDWLHQWV��DOO�RI�WKHP�DGXOWV��KDYH�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH�WR�GDWH��$SSHQGLFLWLV�LQ�NLGQH\�WUDQVSODQW
UHFLSLHQWV�LV�DQ�LPSRUWDQW�GLDJQRVLV�WR�PDNH�SURPSWO\�EHFDXVH�RI�WKH�ULVN�RI�SHUIRUDWLRQ��7KLV�GLVHDVH�PD\�EH�D�UHVXOW�RI�SULPDU\�LQIHFWLRQ�GXH�WR�WUDQVPLVVLRQ�YLD�HQYLURQPHQWDO�H[SRVXUH��RU�VHFRQGDU\�WR�UHDFWLYDWLRQ�RI�ODWHQW�LQIHFWLRQ�IROORZLQJ�LPPXQRVXSSUHVVLRQ��,QIHFWLRQ�PD\�EH�DV\PSWRPDWLF��RU�SUHVHQW�ZLWK�HLWKHU�PLOG
VHOI�OLPLWLQJ�IHEULOH�LOOQHVV�RU�VHYHUH�PXOWLV\VWHP�GLVHDVH��.LGQH\�7UDQVSODQW�SDWLHQWV�UHTXLUH�GLIIHUHQW�VXVSLFLRQ�FULWHULD���5HQDO�WUDQVSODQWDWLRQ�LV�D�UHODWLYHO\�XQFRPPRQ�FOLQLFDO�VXEMHFW�IRU�WKH�JHQHUDO�SK\VLFLDQV��ZKR�ZLOO�EH�XQIDPLOLDU�ZLWK�PDQ\�RI�WKH�DFXWH�SUREOHPV�SUHVHQWLQJ�LQ�D�WUDQVSODQW�SDWLHQW��,W�LV�XQFRPPRQ�IRU�DFXWH
DOORJUDIW�UHMHFWLRQ��REVWUXFWLRQ��RU�XULQDU\�WUDFW�LQIHFWLRQ�WR�FDXVH�WKHVH�ILQGLQJV��+RZHYHU��DFXWH�DSSHQGLFLWLV�FDQ�RFFXU�LQ�WKH�WUDQVSODQW�UHFLSLHQW�MXVW�DV�LQ�WKH�JHQHUDO�SRSXODWLRQ��DQ\�IXUWKHU�GHOD\�LQ�GLDJQRVLV�PD\�FRPSOLFDWH�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH���������B$EVWUDFW,PDJH�B�����������GRF[�
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$VVHVVLQJ�WKH�DVVRFLDWLRQ�EHWZHHQ�VH[�DQG�DFFHVV�WR�OLYLQJ�GRQRU�NLGQH\�WUDQVSODQWDWLRQ��/'.7��

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��$VVRFLDWH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��3XEOLVKHG�VWXGLHV�VXJJHVW�WKDW�ZRPHQ�PD\�H[SHULHQFH�ORZHU�NLGQH\�WUDQVSODQW�UDWHV�WKDQ�PHQ��/'.7�LV�WKH�RSWLPDO�WUHDWPHQW�RSWLRQ�IRU�HOLJLEOH�SDWLHQWV�ZLWK�HQG�VWDJH�NLGQH\�GLVHDVH��(6.'���7R�GHWHUPLQH�LI�ZRPHQ�DUH�GLVDGYDQWDJHG�LQ�DFFHVVLQJ�/'.7��ZH�DVVHVV�WKH�DVVRFLDWLRQ�EHWZHHQ�VH[�DQG
UHDGLQHVV�WR�SXUVXH�/'.7��KDYLQJ�D�SRWHQWLDO�OLYLQJ�NLGQH\�GRQRU��S/.'��LGHQWLILHG��DQG�UHFHLSW�RI�/'.7�RIIHU��0HWKRGV��$�FURVV�VHFWLRQDO��FRQYHQLHQFH�VDPSOH�RI�DGXOW�SDWLHQWV�ZLWK�(6.'�IURP�GLDO\VLV�XQLWV�LQ�WKH�*UHDWHU�7RURQWR�$UHD�FRPSOHWHG�VWXG\�TXHVWLRQQDLUHV�XVLQJ�DQ�HOHFWURQLF�GDWD�FDSWXUH�V\VWHP��&OLQLFDO�GDWD�ZDV
FROOHFWHG�IURP�HOHFWURQLF�SDWLHQW�UHFRUGV��6H[�ZDV�SDWLHQW�LGHQWLILHG��H[SRVXUH���:H�DVVHVVHG�UHDGLQHVV�WR�SXUVXH�/'.7��RXWFRPH��XVLQJ�D�VWDQGDUG�TXHVWLRQQDLUH��3DUWLFLSDQWV�DOVR�LQGLFDWHG�LI�WKH\�KDG�D�S/.'�LGHQWLILHG�RU�UHFHLYHG�DQ�RIIHU�RI�/'.7��VHFRQGDU\�RXWFRPH���5HVXOWV��2I�WKH�����SDUWLFLSDQWV��PHDQ>6'@�DJH ���>��@
\HDUV�������ZHUH�IHPDOH������ZHUH�:KLWH������ZHUH�$VLDQ������ZHUH�%ODFN������ZHUH�PDUULHG������KDG�GLDEHWHV������ZHUH�RQ�GLDO\VLV�IRU����\HDUV��DQG�����ZHUH�RQ�GLDO\VLV�IRU�!��\HDUV��$IWHU�DGMXVWLQJ�IRU�VRFLRGHPRJUDSKLF�YDULDEOHV��FRPRUELGLW\��DQG�HWKQLFLW\�LQ�D�PXOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ�PRGHO��IHPDOHV�ZHUH�PRUH
OLNHO\�WR�KDYH�D�S/.'�LGHQWLILHG�WKDQ�PDOHV��25 �����&, ���������S �������7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�VWDJH�RI�/'.7�UHDGLQHVV�RU�KDYLQJ�UHFHLYHG�DQ�RIIHU�RI�/'.7�EHWZHHQ�IHPDOHV�DQG�PDOHV��&RQFOXVLRQ��7KLV�VWXG\�VKRZHG�WKDW�IHPDOHV�ZHUH�PRUH�OLNHO\�WR�KDYH�D�S/.'�LGHQWLILHG��EXW�WKHUH�ZDV�QR�GLIIHUHQFH�LQ�/'.7
UHDGLQHVV�RU�KDYLQJ�UHFHLYHG�DQ�/'.7�RIIHU�EHWZHHQ�VH[HV��$OWKRXJK�WKHVH�UHVXOWV�VXJJHVW�PLQLPDO�GLVSDULWLHV�LQ�DFFHVV�WR�/'.7�EHWZHHQ�VH[HV�LQ�WKLV�SRSXODWLRQ��SUHYLRXV�VWXGLHV�KDYH�VKRZQ�WKDW�ZRPHQ�DUH�OHVV�OLNHO\�WKDQ�PHQ�WR�FRPSOHWH�SUH�WUDQVSODQW�ZRUNXS�RU�UHFHLYH�/'.7��)XWXUH�VWXGLHV�VKRXOG�EH�GRQH�LQ�UHSUHVHQWDWLYH
VDPSOHV�WR�FRQILUP�RXU�ILQGLQJV��

'UDIW0RGH6WDWXV����



,'�����
*LDQW�UHQDO�FHOO�FDUFLQRPD�LQ�WUDQVSODQW�NLGQH\��,V�LPPXQRWKHUDS\�D�ILUVW�OLQH�RSWLRQ"�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��<HV�

$EVWUDFW�%RG\��,QWURGXFWLRQ��5HQDO�FHOO�FDUFLQRPD��5&&��LQ�D�NLGQH\�DOORJUDIW�LV�UDUH��,PPXQRWKHUDS\�SOD\V�D�VLJQLILFDQW�UROH�LQ�WKH�PDQDJHPHQW�RI�UHQDO�FHOO�FDUFLQRPD��5&&��SDWLHQWV�ZLWK�PHWDVWDWLF�GLVHDVH�EHFDXVH�5&&�LV�KLJKO\�UHVLVWDQW�WR�ERWK�FKHPRWKHUDS\�DQG�UDGLDWLRQ�WKHUDS\��1DWLRQDO�&RPSUHKHQVLYH�&DQFHU�1HWZRUN
VXJJHVW�VXUJHU\�IRU�5&&�LQ�QRQ�WUDQVSODQW�NLGQH\V��&DVH�UHSRUW��:H�SUHVHQW�D����\HDU�ROG�PDOH�ZKR�XQGHUZHQW�D�OLYLQJ�UHODWHG�NLGQH\�WUDQVSODQW�LQ������IRU�(65'�RI�ROLJRPHJDQHSKURQLD��2Q�-DQXDU\������SUHVHQWHG�ZLWK�D�SXOPRQDU\�HPEROLVP��3(��HSLVRGH�DQG�ZDV�VWDUWHG�RQ�DQWLFRDJXODWLRQ��XOWUDVRXQG�GHPRQVWUDWHG�D�PDVV�RQ�WKH
ORZHU�SROH�RI�WKH�UHQDO�WUDQVSODQW��FRPSDWLEOH�ZLWK�QHRSODVP��&RPSXWHU�WRPRJUDSK\�DQG�PDJQHWLF�UHVRQDQFH�LPDJLQJ�FRQILUPHG�D�YDVFXODUL]HG���[�[�FP�PDVV��)LJ�����DQG�SDUDDRUWLF�O\PSKDGHQRSDWK\��RQH�PHDVXULQJ��[�FP��%LRSV\�RI�ERWK�PDVVHV�FRQILUPHG�GLDJQRVLV�RI�UHQDO�FHOO�FDUFLQRPD��FODVVLILHG�DV�VWDJH�,,,�,9�
,PPXQRVXSSUHVVLRQ�ZDV�KHOG�DQG�SDWLHQW�ZDV�LQLWLDWHG�ZLWK�FKHFN�SRLQW�LQKLELWRUV��1LYROXPXPDE�DQG�,SLOLPXPDE���2QH�ZHHN�ODWHU�SUHVHQWHG�ZLWK�IHYHU�RI����DQG�DEGRPLQDO�SDLQ�RYHU�WKH�JUDIW��7UDQVSODQW�QHSKUHFWRP\�ZDV�SHUIRUPHG��WKHUDSHXWLF�KHSDULQ�UHVWDUWHG�IRU�3(��KHPRUUKDJH�RQ�SRVWRSHUDWLYH�GD\��32'�����DQG�XQGHUZHQW
SDFNLQJ��8QSDFNHG���GD\V�ODWHU�ZLWKRXW�IXUWKHU�FRPSOLFDWLRQV��'LVFKDUJHG�RQ�32'������'LVFXVVLRQ��7KH�LQFLGHQFH�RI�GH�QRYR�FDUFLQRPDV�LQ�NLGQH\�DOORJUDIWV�LV�UHSRUWHG�WR�EH�����±������7KH�GHFLVLRQ�WR�SHUIRUP�VXUJHU\�RU�QHZ�LPPXQRWKHUDS\�UHOLHV�RQ�WKH�VSHFLILFV�RI�WKH�QHRSODVP��WKH�VL]H��WKH�ORFDWLRQ��DQG�LI�DQ\�RWKHU�VWUXFWXUHV�DUH
FRPSURPLVHG��&RPSOLFDWLRQV�OLNH�WKH�RQH�SUHVHQWHG�KHUH�DUH�D�FRQVHTXHQFH�RI�WKH�KHOG�LPPXQRVXSSUHVVLRQ�DQG�LPPXQRWKHUDS\�ZKLFK�FDQ�EH�DVVRFLDWHG�WR�D�VHYHUH�UHMHFWLRQ�HSLVRGH�DQG�PDNH�WKH�VXUJLFDO�SURFHVV�KDUGHU�DV�VHYHUH�LQIODPPDWLRQ�SHUVLVWV�LQ�WKH�VXUURXQGLQJ�WLVVXH��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH���������B$EVWUDFW,PDJH�B�����������GRF[�
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(IIHFW�RI�KLJK�YDULDELOLW\�RI�WDFUROLPXV�EORRG�FRQFHQWUDWLRQV�RQ�JUDIW�VXUYLYDO�RI�NLGQH\V�ZLWK�XQIDYRUDEOH�GRQRU�LQGH[��

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��,QWURGXFWLRQ��7DFUROLPXV��7DF��ZDV�ILUVW�LQWURGXFHG�LQ�����V�DQG�LV�WRGD\�WKH�EDFNERQH�RI�LPPXQRVXSSUHVVLYH�WKHUDS\�DIWHU�UHQDO�WUDQVSODQWDWLRQ��*LYHQ�LWV�QDUURZ�VDIHW\�PDUJLQ��WKLV�&1,¶V�OHYHOV�DUH�IUHTXHQWO\�PRQLWRUHG�WR�DYRLG�WR[LFLW\��+RZHYHU��KLJK�YDULDELOLW\�RI�WDFUROLPXV�EORRG�OHYHOV��+97%/��LQ�UHFLSLHQWV�KDV
EHHQ�DVVRFLDWHG�ZLWK�XQIDYRUDEOH�SRVW�WUDQVSODQW�RXWFRPHV�DQG�OLPLWHG�JUDIW�VXUYLYDO��7R�GDWH��WKHUH�LV�OLWWOH�LQIRUPDWLRQ�RI�WKH�LPSDFW�RI�+97%/�LQ�SDWLHQWV�UHFHLYLQJ�NLGQH\V�IURP�GRQRUV�ZLWK�SRRU�.'5,��0HWKRGV��3HUIRUPHG�DW�WKH�4(,,�6FLHQFHV�FHQWHU��SDWLHQWV�ZKR�XQGHUZHQW�NLGQH\�WUDQVSODQW�DQG�WDFUROLPXV�ZDV�VHOHFWHG�DQG
PDLQWDLQHG�DV�SULPDU\�LPPXQRVXSSUHVVRU�IURP�����������DQG�FRPSOHWHG�D���\HDU�IROORZ�XS��5HVXOWV��$�WRWDO�RI�����SDWLHQWV�ZHUH�UHYLVHG��:H�SUHVHQW�ZLWK�D�RYHUDOO�JUDIW�VXUYLYD�RI�����RQ�WKH�ILUVW�\HDU��7$&�YDULDELOLW\�RQ�WKH�ILUVW�PRQWK�UHSRUWHG�DW������������$�WRWDO�RI�����SDWLHQWV�SUHVHQWHG�ZLWK�.'5,��1R�VWDWLVWLFDO�VLJQLILFDQFH
IRXQG�LQ�WKLV�JURXS��'LVFXVVLRQ��$V�LQ�DOO�REVHUYDWLRQDO�VWXGLHV��FDXVH�DQG�HIIHFW�FDQQRW�EH�FRQFOXGHG��'HVSLWH�WKLV�VWXG\¶V�OLPLWDWLRQV��RXU�GDWD�LV�QRW�FRQVLVWHQW�ZLWK�SUHYLRXV�REVHUYDWLRQV�GHPRQVWUDWLQJ�D�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�KLJKHU�WDFUROLPXV�YDULDELOLW\�DQG�KLJKHU�UDWHV�RI�UHQDO�DOORJUDIW�ORVV��
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7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��,QHTXLWDEOH�DFFHVV�WR�OLYLQJ�GRQRU�NLGQH\�WUDQVSODQWDWLRQ��/'.7��UHVXOWV�LQ�LQIHULRU�FOLQLFDO�RXWFRPHV�IRU�SDWLHQWV�ZKR�PD\�EH�XQDEOH�WR�DFFHVV�/'.7�GXH�WR�YDULRXV�EDUULHUV��3DWLHQWV�ZLWK�ORZHU�VRFLRHFRQRPLF�VWDWXV��6(6��KDYH�UHGXFHG�DFFHVV�WR�/'.7�LQ�WKH�86�DQG�RWKHU�FRXQWULHV��7KH�DVVRFLDWLRQ
EHWZHHQ�KRXVHKROG�DQG�QHLJKERXUKRRG�OHYHO�VRFLRHFRQRPLF�IDFWRUV�DQG�DFFHVV�WR�/'.7�KDV�QRW�EHHQ�ZHOO�VWXGLHG�LQ�&DQDGD��+HUH�ZH�DQDO\]H�WKH�DVVRFLDWLRQ�EHWZHHQ�6(6�DQG�KDYLQJ�D�SRWHQWLDO�OLYLQJ�NLGQH\�GRQRU��S/.'��LGHQWLILHG��D�SRWHQWLDO�PDUNHU�RI�DFFHVV�WR�/'.7��0HWKRGV��$�FURVV�VHFWLRQDO��FRQYHQLHQFH�VDPSOH�RI�DGXOW
SDWLHQWV�ZLWK�HQG�VWDJH�NLGQH\�GLVHDVH�IURP�GLDO\VLV�XQLWV�LQ�7RURQWR�FRPSOHWHG�VWXG\�TXHVWLRQQDLUHV�XVLQJ�DQ�HOHFWURQLF�GDWD�FDSWXUH�V\VWHP��3DWLHQWV�LQGLFDWHG�LI�WKH\�KDG�D�S/.'�LGHQWLILHG��RXWFRPH���6(6��H[SRVXUH��ZDV�DVVHVVHG�E\�SDWLHQW�UHSRUWHG�LQIRUPDWLRQ�RQ�QHLJKERXUKRRG�VDIHW\��FDU�RZQHUVKLS��DQG�KRZ�ORQJ�WKHLU�IDPLO\
FRXOG�PDLQWDLQ�WKHLU�FXUUHQW�VLWXDWLRQ�LI�WKHLU�LQFRPH�ZDV�ORVW��$ERYH�6(6�YDULDEOHV�DORQJ�ZLWK�LQFRPH��HGXFDWLRQ��HPSOR\PHQW��DQG�RZQHUVKLS�RI�D�ZDVKHU�GU\HU�ZHUH�VXPPHG�WR�FUHDWH�D�FRPSRVLWH�6(6�VFRUH��5HVXOWV��$�WRWDO�RI�����SDUWLFLSDQWV�ZHUH�UHFUXLWHG������PDOH��PHDQ>6'@�DJH����>��@�\HDUV�������ZHUH�:KLWH������ZHUH
$VLDQ������ZHUH�%ODFN������KDG�W\SH�,,�GLDEHWHV��DQG�����ZHUH�RQ�GLDO\VLV�IRU�!��\HDUV��$IWHU�DGMXVWLQJ�IRU�GHPRJUDSKLF�YDULDEOHV��FRPRUELGLW\��HWKQLFLW\��DQG�LPPLJUDQW�VWDWXV�LQ�D�PXOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ��KLJKHU�QHLJKERXUKRRG�VDIHW\��25 �����&, ���������S �������FDU�RZQHUVKLS��25 �����&, ���������S������������DQG
EHWWHU�RYHUDOO�6(6��25 �����&, ����������S �������ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�KDYLQJ�D�S/.'��&RQFOXVLRQ��,Q�RXU�DQDO\VLV��KLJKHU�QHLJKERXUKRRG�VDIHW\��FDU�RZQHUVKLS��DQG�RYHUDOO�6(6�ZHUH�DVVRFLDWHG�ZLWK�LQFUHDVHG�RGGV�RI�KDYLQJ�D�S/.'�LGHQWLILHG��LQGLFDWLQJ�WKH�VLJQLILFDQW�UROH�RI�LQGLYLGXDO��KRXVHKROG�DQG
QHLJKERXUKRRG�OHYHO�VRFLRHFRQRPLF�IDFWRUV�RQ�DFFHVV�WR�/'.7��)XWXUH�ZRUN�VKRXOG�EH�DLPHG�DW�LQWHUYHQWLRQV�WR�UHGXFH�VRFLRHFRQRPLF�GLVSDULWLHV�LQ�DFFHVV�WR�/'.7��
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7DUJHWLQJ�ODWHQW�F\WRPHJDORYLUXV�LQ�GRQRU�OXQJV�ZLWK�D�QRYHO�IXVLRQ�WR[LQ�SURWHLQ�XVLQJ�H[�YLYR�OXQJ�SHUIXVLRQ�DV�D�SODWIRUP�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�
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7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��'RQRU�WR�UHFLSLHQW�KXPDQ�F\WRPHJDORYLUXV��&09��PLVPDWFK�OHDGV�WR�KLJK�LQFLGHQFH�RI�&09�LQIHFWLRQ�SRVW�OXQJ�WUDQVSODQW�FDXVLQJ�GHYDVWDWLQJ�LPSDFW�LQ�SDWLHQW�RXWFRPHV��([�YLYR�OXQJ�SHUIXVLRQ��(9/3��LV�D�SRWHQWLDO�SODWIRUP�WR�UHSDLU�JUDIWV�SULRU�WR�WUDQVSODQWDWLRQ��:H�K\SRWKHVL]HG�WKDW�(9/3�GHOLYHU\
RI�)��$�)73��D�IXVLRQ�WR[LQ�SURWHLQ�WKDW�WDUJHWV�ZLWK�XOWUD�KLJK�DIILQLW\�FHOOV�H[SUHVVLQJ�WKH�ODWHQW�&09�SURWHLQ�86����PD\�VDIHO\�FOHDU�ODWHQW�&09�IURP�GRQRU�OXQJV��WKXV�DWWHQXDWLQJ�YLUDO�UHDFWLYDWLRQ�SRVW�WUDQVSODQW��0HWKRGV��+XPDQ�GRQRU�OXQJV�UHMHFWHG�IRU�WUDQVSODQWDWLRQ�ZHUH�UDQGRPO\�SODFHG�RQ�(9/3�DORQH��Q ���RU�(9/3�ZLWK
�PJ�/�RI�)��$�)73��Q ���IRU���KRXUV��6LQFH�)��$�)73�LQGXFHV�DSRSWRVLV�RI�WKH�FHOOV�H[SUHVVLQJ�86����&'����VWHP�FHOOV�DQG�PRQRF\WHV�PDFURSKDJHV���IORZ�F\WRPHWU\�ZDV�XVHG�WR�TXDQWLI\�WKH�SURSRUWLRQ�RI�WKHVH�FHOOV�LQ�OXQJ�WLVVXH�FROOHFWHG�SUH�DQG�SRVW�SHUIXVLRQ��/XQJ�YLUDO�EXUGHQ�ZDV�TXDQWLILHG�WKURXJK�57�T3&5�PHDVXUHPHQWV�RI
86����/XQJ�SK\VLRORJ\�ZDV�PRQLWRUHG�WR�HYDOXDWH�SRVVLEOH�DFXWH�GHOHWHULRXV�HIIHFWV�RI�)��$�)73��5HVXOWV��)��$�)73�ZDV�GHOLYHUHG�WKURXJK�OXQJ�YDVFXODWXUH�RQ�(9/3�DQG�QR�HYLGHQW�WR[LF�DGYHUVH�HYHQWV�ZHUH�QRWLFHG��7KH�UDWLR�RI�SRVW�WR�SUH�SHUIXVLRQ�&'����DQG�&'���&'��E��FHOOV�ZDV�XVHG�WR�DVVHVV�WKH�HIILFDF\�RI�)��$�)73�WR
NLOO�LQIHFWHG�FHOOV��7UHDWPHQW�OXQJV�VKRZHG�D�WUHQG�WRZDUGV�GHFUHDVLQJ�OLYH�&'����FHOOV�DQG�LQFUHDVLQJ�DSRSWRWLF�&'����SRVW�SHUIXVLRQ�ZKHQ�FRPSDUHG�WR�FRQWURO�OXQJV��OLYH���������YV����������S ������DQG�DSRSWRWLF��������YV���������S ��������)LJXUH�����:KHQ�DQDO\]LQJ�&'���&'��E��FHOOV��WKH�VDPH�HIIHFW�ZDV�QRW
QRWLFHG��+RZHYHU��LQWHUHVWLQJO\�D���IROG�GHFUHDVH�LQ�86���OHYHOV�ZDV�REVHUYHG�LQ�WKH�)��$�)73�JURXS�FRPSDUHG�WR�RQO\�����IROG�GHFUHDVH�LQ�FRQWURO��)LJXUH�����&RQFOXVLRQ��,QLWLDO�UHVXOWV�IURP�RXU�VWXG\�VKRZ�WKDW�)��$�)73�KDV�WKH�FDSDFLW\�WR�GHFUHDVH�&09�ODWHQW�EXUGHQ�LQ�GRQRU�OXQJV�XVLQJ�(9/3�ZLWK�QR�HYLGHQW�DFXWH�WR[LF�HIIHFWV�
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7KH�SHUVSHFWLYH�RI�IDPLOLHV�UHJDUGLQJ�WKHLU�GHFLVLRQ�WR�GRQDWH�D�ORYHG�RQH¶V�RUJDQV�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��'RQDWLRQ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG�7KH�GHFLVLRQ�WR�GRQDWH�LV�W\SLFDOO\�PDGH�LQ�D�FRQWH[W�RI�FULVLV��RYHU�D�VKRUW�WLPH���2UJDQ�SURFXUHPHQW�RUJDQL]DWLRQV�VWUHVV�WKDW�IDPLOLHV�PXVW�IHHO�IUHH�WR�PDNH�WKHLU�RZQ�GHFLVLRQ�WR�IHHO�DW�SHDFH�DQG�KDUERU�QR�UHJUHWV�DIWHUZDUGV��+RZHYHU��IHZ�VWXGLHV�KDYH�H[DPLQHG�KRZ�IDPLOLHV�FRQWLQXH�WR�OLYH�ZLWK�WKHLU
GHFLVLRQ��7KH�SXUSRVH�RI�WKH�SUHVHQW�VWXG\�LV�WR�JHW�D�EHWWHU�XQGHUVWDQGLQJ�RI�KRZ�IDPLOLHV�IHHO�DQG�PDNH�VHQVH�RI�WKHLU�GHFLVLRQ�DIWHU�DJUHHLQJ�WR�GRQDWH�WKH�RUJDQV�RI�D�ORYHG�RQH��0HWKRGV�4XDOLWDWLYH�LQWHUYLHZV�ZHUH�FRQGXFWHG�VHSDUDWHO\�ZLWK����LQGLYLGXDOV�IURP����IDPLOLHV�ZKR�ZHUH�LQYROYHG�LQ�GHFLVLRQ�PDNLQJ�DQG�DJUHHG��7KH\
ZHUH�LQWHUYLHZHG���PRQWKV�WR���\HDUV�DIWHU�GRQDWLRQ��'DWD�ZHUH�DQDO\VHG�EDVHG�RQ�,QWHUSUHWDWLYH�3KHQRPHQRORJLFDO�$QDO\VLV��ZKLFK�RIIHUV�DQ�LQ�GHSWK�LQVLJKW�LQWR�KRZ�LQGLYLGXDOV�PDNH�VHQVH�RI�DQ�H[SHULHQFH��5HVXOWV�'DWD�VXJJHVWHG�WKDW�VHYHUDO�HOHPHQWV�LQIOXHQFH�KRZ�IDPLOLHV�YLHZ�DQG�GHDO�ZLWK�WKHLU�GHFLVLRQ��7KUHH�IDFWRUV�DSSHDU
WR�LQIOXHQFH�SRVLWLYHO\�IDPLOLHV¶�VHUHQLW\�ZLWK�WKHLU�GHFLVLRQ������EHLQJ�DZDUH�RI�WKH�GHFHDVHG¶V�ZLVKHV�UHJDUGLQJ�GRQDWLRQ������EHOLHYLQJ�WKDW�WKH�GHFHDVHG�SHUVRQ�FRQWLQXHV�WR�OLYH�WKURXJK�WKH�GRQDWLRQ�DQG�����SHUFHLYLQJ�WKH�JHVWXUH�DV�WKH�RQO\�SRVLWLYH�HOHPHQW�XQGHU�WKH�FLUFXPVWDQFHV��)RU�IDPLOLHV�ZKR�UHPDLQ�DPELYDOHQW��FHQWUDO
HOHPHQWV�LQ�WKHLU�GLVFRXUVH�LQFOXGH�GRXEW�UHJDUGLQJ�WKHLU�ORYHG�RQH¶V�ZLVKHV��QRW�KDYLQJ�D�FOHDU�XQGHUVWDQGLQJ�RI�WKH�PHGLFDO�SURFHGXUHV�LQYROYHG�LQ�WKH�GRQDWLRQ�SURFHVV�DQG�QRW�NQRZLQJ�ZKDW�KDSSHQHG�ZLWK�WKH�RUJDQV�DIWHUZDUGV��7KH\�ODFNHG�D�VHQVH�RI�FORVXUH�DQG�PLVVHG�LPSRUWDQW�LQIRUPDWLRQ��&RQFOXVLRQ�7KH�UHVXOWV�VXJJHVW�WKDW
ZKLOH�DOO�IDPLOLHV�DIILUP�WKH\�PDGH�WKH�ULJKW�GHFLVLRQ��PDQ\�VWLOO�KDYH�TXHVWLRQV�DQG�VWUXJJOH�ZLWK�QHJDWLYH�HPRWLRQV�\HDUV�DIWHU��7KLV�VXJJHVWV�D�QHHG�WR�IROORZ�XS�RQ�IDPLOLHV�WR�DQVZHU�TXHVWLRQV�WKH\�PLJKW�KDYH�DQG�SURYLGH�WKHP�ZLWK�VXSSRUW�WKURXJK�WKH�PRXUQLQJ�SURFHVV��
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7UDLQHH��<HV�

$EVWUDFW�%RG\��/XQJ�WUDQVSODQWDWLRQ�LV�D�OLIHVDYLQJ�SURFHGXUH�IRU�SDWLHQWV�ZLWK�HQG�VWDJH�OXQJ�GLVHDVHV��1RUPRWKHUPLF�H[�YLYROXQJ�SHUIXVLRQ��(9/3��LV�D�ZHOO�HVWDEOLVKHG�FOLQLFDO�SODWIRUP�WR�HYDOXDWH�JUDIWV�SULRU�WR�WUDQVSODQWDWLRQ�DQG�KDV�EHHQ�XVHG�WR�WUHDW�LQIHFWLRQ�LQ�GRQRU�OXQJV�ZLWK�KLJK�GRVH�RI�DQWLELRWLFV�VXFFHVVIXOO\��+RZHYHU�
ZLWK�WKH�LQFUHDVH�RI�DQWLPLFURELDO�UHVLVWDQFH�LW�LV�FUXFLDO�WR�GHYHORS�DOWHUQDWLYH�WKHUDSLHV��1LWULF�R[LGH��J12��KDV�DQWLPLFURELDO�HIIHFW�DJDLQVW�D�VHYHUDO�PLFURRUJDQLVPV��6R�IDU�QR�SUHYLRXV�DWWHPSV�KDYH�EHHQ�PDGH�WR�H[DPLQH�WKH�SRWHQWLDO�XVH�RI�J12�RQ�OXQJ�LQIHFWLRQV�XVLQJ�(9/3�DV�D�SODWIRUP���([SHULPHQWV�XVLQJ�$7&&�VWUDLQV�RI�3�
DHUXJLQRVD��6��DXUHXV��(��FROL�DQG�%XUNKROGHULD�FHSDFLD�ZHUH�SHUIRUPHG��$JDU�SODWHV�ZHUH�LQRFXODWHG�DQG�WUDQVIHUUHG�LQWR�HLWKHU�FRQWURO�RU�WUHDWPHQW�FKDPEHU��0HGLFDO�DLU�ZDV�XVHG�DW�FRQVWDQW�IORZ�RI����/�PLQ�IRU�ERWK�JURXSV�DQG�KLJK�SUHVVXUH�F\OLQGHU�RI�12��3UD[DLU��21��&$��ZDV�GHOLYHUHG�WR�WKH�WUHDWPHQW�FKDPEHU�XVLQJ�D�GLJLWDO
JDV�UHJXODWRU�DW����SSP��*DV�FRQFHQWUDWLRQ�ZDV�FKHFNHG�ZLWK�$HUR12[�PDFKLQH���*DVHRXV�12�ZDV�GHOLYHUHG�IRU���KRXUV�LQ�WKH�WUHDWPHQW�FKDPEHU�ZLWK�D�FRQVWDQW�FRQFHQWUDWLRQ�RI����SSP����SSP�DQG�12�OHYHOV�ZHUH������SSP��5HJDUGLQJ�EDFWHULDO�JURZWK��J12�UHGXFHG�VXFFHVVIXOO\�DOO�EDFWHULD�VWUDLQV�ZKHQ�FRPSDUHG�WR
FRQWURO��Q ��HDFK�VWUDLQ���3��DHUXJLQRVD������������YV�����������/RJ��&)8�P/��S �������6��DXUHXV������������YV�����������/RJ��&)8�P/��S ���������(��FROL������������YV�����������/RJ��&)8�P/��S ��������DQG�%XUNKROGHULD�FHSDFLD������������YV�����������/RJ��&)8�P/��S �������)LJXUH����&RQWLQXRXV�J12�DW����SSP�KDV
SRWHQWLDO�DQWLEDFWHULDO�DFWLYLW\�DJDLQVW�JUDP�±�DQG���VWUDLQV��,Q�WKLV�VWXG\�ZH�HYDOXDWHG�WKH�HIIHFW�RI�J12�WRZDUGV�FRPPRQ�UHVSLUDWRU\�SDWKRJHQV�LQ�YLWURDV�D�SURRI�RI�FRQFHSW�WR�DSSO\�LQKDOHG�12�GXULQJ�(9/3�LQ�WKH�QHDU�IXWXUH���
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$EVWUDFW�%RG\��,QWURGXFWLRQ��7KH�GLVSDULW\�EHWZHHQ�NLGQH\�VXSSO\�DQG�GHPDQG�IRU�WUDQVSODQWDWLRQ�KDV�SURPSWHG�WKH�XVH�RI�NLGQH\V�IURP�H[SDQGHG�FULWHULD�GRQRUV��(&'V��ZKLFK�PD\�KDYH�VKRUWHU�JUDIW�VXUYLYDO��2XU�REMHFWLYH�ZDV�WR�FRPSDUH�ORQJ�WHUP�SDWLHQW�DQG�UHQDO�DOORJUDIW�RXWFRPHV�LQ�UHFLSLHQWV�UHFHLYLQJ�NLGQH\V�IURP�VWDQGDUG
FULWHULD��6&'��RU�(&'�NLGQH\V��ZLWK�D�IRFXV�RQ�ROGHU��!��\U��UHFLSLHQWV��0HWKRGV��:H�UHWURVSHFWLYHO\�UHYLHZHG�DOO�GHFHDVHG�GRQRU�NLGQH\�WUDQVSODQWDWLRQV�SHUIRUPHG�IURP��-DQXDU\������WR�'HFHPEHU������DW�D�VLQJOH�ODUJH�DFDGHPLF�LQVWLWXWLRQ��6WDQGDUG�GRQRU�DQG�UHFLSLHQW�FKDUDFWHULVWLFV�ZHUH�FROOHFWHG�IURP�D�FHQWUDO�WUDQVSODQW
GDWDEDVH��5HFLSLHQWV�ZHUH�GLYLGHG�LQWR�ROGHU�DQG�\RXQJHU�JURXSV�DQG�VWUDWLILHG�E\�GRQRU�W\SH��(&'�YV�6&'��'*)�LV�GHILQHG�DV�D�QHHG�IRU�GLDO\VLV�RU�D�IDLOXUH�RI�WKH�VHUXP�FUHDWLQLQH�WR�GURS�E\�!�����LQ�WKH�ILUVW�SRVW�RSHUDWLYH�ZHHN��5HVXOWV�������UHQDO�WUDQVSODQW�FDVHV�ZHUH�LGHQWLILHG��ZLWK������6&'�DQG�����(&'�FDVHV��2YHUDOO
GHDWK�FHQVRUHG�JUDIW�VXUYLYDO�RI�WKH�HQWLUH�FRKRUW�ZDV��������������PR��ZLWK��������������PR�YV��������������PR�IRU�6&'�YV�(&'��UHVSHFWLYHO\��S���\UV�DW�WKH�WLPH�RI�WUDQVSODQW�ZLWK�PHDQ�DJH�RI����\HDUV��0HGLDQ�RYHUDOO�VXUYLYDO��26��DQG�PHGLDQ�JUDIW�VXUYLYDO�IRU�WKLV�DJH�JURXS�ZDV�������������PR�DQG�����������PR�IRU�6&'�YV
����������PR�DQG������������PR�IRU�(&'��S����ZKR�GLHG������KDG�D�IXQFWLRQLQJ�JUDIW��&RQFOXVLRQ��2XU�GDWD�VXJJHVW�WKDW�ROGHU�UHFLSLHQWV�UHFHLYLQJ�DQ�(&'�NLGQH\�KDYH�D�VKRUWHU�JUDIW�VXUYLYDO�FRPSDUHG�WR�6&'�NLGQH\V��KRZHYHU�WKLV�HIIHFW�PD\�EH�GULYHQ�E\�SDWLHQW�IDFWRUV��DV�PRVW�LQGLYLGXDOV�KDYH�D�IXQFWLRQDO�JUDIW�DW�WLPH�RI�GHDWK��
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.LGQH\�WUDQVSODQW��.7��HGXFDWLRQ�LQ�UHQDO�SURJUDPV�XVLQJ�RQ�OLQH�UHVRXUFHV�±�LQWHULP�UHSRUW�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��$+3�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��/LPLWHG�NQRZOHGJH�DERXW�.7�PD\�SUHYHQW�SDWLHQWV�ZLWK�FKURQLF�NLGQH\�GLVHDVH��&.'��IURP�SXUVXLQJ�.7��7R�SURPRWH�.7�HGXFDWLRQ�LQ�2QWDULR�&.'�SURJUDPV�ZH�PDGH�WKH�([SORUH�7UDQVSODQW�2QWDULR��(72��WUDQVSODQW�HGXFDWLRQ�SURJUDP�DYDLODEOH�RQ�OLQH�IRU�SDWLHQWV�DQG�QHSKURORJ\�VWDII��,Q�FRQMXQFWLRQ�
ZH�VWDUWHG�D�ZHELQDU�VHULHV�WR�LQIRUP�VWDII�DERXW�.7��:H�UHSRUW�SUHOLPLQDU\�GDWD�DERXW�WKH�XWLOL]DWLRQ�RI�WKHVH�UHVRXUFHV��0HWKRGV��7KH�([SORUH�7UDQVSODQW�SDFNDJH�FRQVLVWV�RI�IRXU�YLGHRV�DQG�DFFRPSDQ\LQJ�LQIRUPDWLRQ�EURFKXUHV��7KH�YLGHRV�LQFOXGH�SHUVRQDO�WHVWLPRQLDOV�IURP�.7�UHFLSLHQWV�DQG�GRQRUV�DORQJVLGH�IDFWXDO�LQIRUPDWLRQ
DERXW�.7��(7�ZDV�DGDSWHG�IRU�XVH�LQ�2QWDULR�E\�D�ZRUNLQJ�JURXS�RI�SDWLHQW�UHSUHVHQWDWLYHV��QHSKURORJ\�DQG�.7�SURIHVVLRQDOV��(72�KDV�EHHQ�PDGH�DYDLODEOH�IRU�SDWLHQWV�DQG�VWDII�LQ����RI�2QWDULR¶V����UHJLRQDO�&.'�SURJUDPV�DV�SDUW�RI�D�PXOWLFRPSRQHQW��TXDOLW\�LPSURYHPHQW�LQLWLDWLYH��&.'�SURJUDPV�UHFHLYHG�SK\VLFDO�(72�SDFNDJHV
DQG�VSHFLILF�ZHEVLWH�FUHGHQWLDOV��HQDEOLQJ�XV�WR�PRQLWRU�XVDJH�DQG�GLIIHUHQWLDWH�EHWZHHQ�SDWLHQW�DQG�SURIHVVLRQDO�XVHUV��5HVXOWV��:H�KDYH�GLVWULEXWHG�RYHU������(72�SDFNDJHV�VLQFH�2FWREHU�������ZKHQ�WKH�SURMHFW�ZDV�ODXQFKHG��:H�UHJLVWHUHG�a������SDWLHQW�DQG�a�����KHDOWKFDUH�SURYLGHU�DFFHVV�HYHQWV�WR�(72�RQOLQH��)XUWKHUPRUH�
!����SURIHVVLRQDOV�DWWHQGHG�WKH�OLYH�RU�DUFKLYHG�VWDII�ZHELQDUV��7KHUH�ZDV�VXEVWDQWLDO�YDULDELOLW\�LQ�WKH�VLWH�XVDJH�EHWZHHQ�&.'�SURJUDPV��RQO\�SDUWLDOO\�H[SODLQHG�E\�SURJUDP�VL]H��)XUWKHUPRUH��SURJUDPV�GLIIHUHG�LQ�SURSRUWLRQ�RI�XVH�E\�SURIHVVLRQDOV�YHUVXV�SDWLHQWV��&XPXODWLYH�XVDJH�KDV�EHHQ�VWHDGLO\�JURZLQJ�IRU�SDWLHQWV�DQG�LQFUHDVHG
VKDUSO\�IRU�SURIHVVLRQDOV�IROORZLQJ�ODXQFK�RI�WKH�ZHELQDUV��$QHFGRWDO�IHHGEDFN�IURP�SDWLHQWV�DQG�SURIHVVLRQDOV�LQGLFDWHG�WKDW�WKH�ZHEVLWH�ZDV�XVHIXO�LQ�DWWDLQLQJ�.7�LQIRUPDWLRQ��&RQFOXVLRQ��7KH�(72�ZHEVLWH�KDV�EHHQ�ZHOO�XWLOL]HG�DQG�UHFHLYHG�E\�SDWLHQWV�DQG�QHSKURORJ\�SURIHVVLRQDOV��)XWXUH�GLUHFWLRQV�LQFOXGH�DQDO\VLV�RI�XVDJH�DQG
SRWHQWLDO�DVVRFLDWLRQV�EHWZHHQ�ZHEVLWH�XVH��DFFHVV�WR�.7�DQG�SUDFWLFH�FKDQJHV��
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+XPDQ�LVOHW�H[WUDFHOOXODU�YHVLFOHV�LQGXFH�SURLQIODPPDWRU\�VLJQDOOLQJ�LQ�PRQRF\WHV�YLD�WROO�OLNH�UHFHSWRUV�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��7KH�GLVWLQFW�HYHQWV�LQYROYHG�LQ�WKH�JHQHUDWLRQ�RI�DQ�DXWRUHDFWLYH�LPPXQH�UHVSRQVH�LQ�W\SH���GLDEHWHV��7�'��DUH�QRW�ZHOO�XQGHUVWRRG��,Q�ERWK�SK\VLRORJLFDO�DQG�SDWKRORJLFDO�FRQGLWLRQV��FHOOV�UHOHDVH�D�YDULHW\�RI�VLJQDOV��LQFOXGLQJ�H[WUDFHOOXODU�YHVLFOHV��(9���3UHYLRXV�ZRUN�LQ�RXU�ODERUDWRU\�KDV�LGHQWLILHG�WKDW
KXPDQ�LVOHWV�UHOHDVH�(9�FRQWDLQLQJ�LVOHW�DXWRDQWLJHQV�WKDW�DUH�WDNHQ�XS�E\�PRQRF\WHV�DQG�HOLFLW�SUR�LQIODPPDWRU\�UHVSRQVHV�LQ�7�'�3%0&��+RZHYHU��WKH�PHFKDQLVP�E\�ZKLFK�(9�LQWHUDFW�ZLWK�PRQRF\WHV�UHPDLQV�XQNQRZQ��,W�KDV�EHHQ�VKRZQ�LQ�RWKHU�GLVHDVH�FRQWH[WV�WKDW�(9�DFWLYDWH�PRQRF\WLF�FHOO�OLQHV�YLD�WROO�OLNH�UHFHSWRU��7/5�
VLJQDOOLQJ��+HUH��ZH�DLP�WR�LQYHVWLJDWH�WKH�UROH�RI�7/5�LQ�LVOHW�(9�PHGLDWHG�PRQRF\WH�DFWLYDWLRQ��0HWKRGV��+XPDQ�LVOHWV�ZHUH�LVRODWHG�IURP�PXOWL�RUJDQ�GRQRU�SDQFUHDVHV��,VOHWV�ZHUH�FXOWXUHG�IRU����KRXUV�DQG�(9�ZHUH�SXULILHG�IURP�FRQGLWLRQHG�PHGLD�E\�VHTXHQWLDO�FHQWULIXJDWLRQ��3HULSKHUDO�EORRG�PRQRQXFOHDU�FHOOV��3%0&��ZHUH
LVRODWHG�IURP�KHDOWK\�FRQWUROV��+&��E\�)LFROO��3%0&�ZHUH�WUHDWHG�ZLWK�(9�DQG�RU�&/,������7/5��LQKLELWRU��RU�2[3$3&��7/5��7/5��LQKLELWRU��SULRU�WR�VWLPXODWLRQ�ZLWK�(9��$QDO\VHV�ZHUH�FRQGXFWHG�XVLQJ�IORZ�F\WRPHWU\�WR�DVVHVV�SUROLIHUDWLRQ��FHOO�VXUIDFH�PDUNHUV�DQG�LQWUDFHOOXODU�F\WRNLQH�VWDLQLQJ�LQ�UHVSRQVH�WR�(9��6WDWLVWLFDO
DQDO\VHV�ZHUH�SHUIRUPHG�YLD�W�WHVWV�DQG�$129$��5HVXOWV��:H�VKRZ�WKDW�(9�DUH�UHDGLO\�WDNHQ�XS�E\�&'���PRQRF\WHV�LQ�ERWK�WRWDO�3%0&�DQG�LVRODWHG�PRQRF\WHV��:H�GHPRQVWUDWH�WKDW�(9�VWLPXODWLRQ�WULJJHUV�DQ�LQFUHDVH�LQ�+/$�'5��,/���DQG�71)�D�H[SUHVVLRQ�LQ�&'���PRQRF\WHV��7R�LQYHVWLJDWH�WKH�HIIHFW�RI�(9�RQ�7/5��3%0&
ZHUH�SUH�WUHDWHG�ZLWK�&/,�����RU�2[3$3&��7UHDWPHQW�ZLWK�&/,�����GHFUHDVHG�+/$�'5��,/���DQG�71)�D�0),�LQ�&'����PRQRF\WHV��ZKLFK�ZDV�IXUWKHU�UHGXFHG�ZLWK�2[3$3&�WUHDWPHQW��&RQFOXVLRQ��:H�VKRZ�WKDW�7/5�DUH�LPSOLFDWHG�LQ�(9�PHGLDWHG�PRQRF\WH�DFWLYDWLRQ��$GYDQFHV�LQ�WKLV�ILHOG�PD\�KHOS�WR�EHWWHU�FKDUDFWHUL]H�WKH
PHFKDQLVPV�E\�ZKLFK�LVOHWV�DQG�LPPXQH�FHOOV�FURVV�WDON�WR�JHQHUDWH�LVOHW�VSHFLILF�
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3ROLF\�&KDOOHQJHV�IRU�2UJDQ�DQG�7LVVXH�$OORFDWLRQ�LQ�DQ�(UD�RI�³3UHFLVLRQ�0HGLFLQH´�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��$VVRFLDWH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��+HDOWK�FDUH�V\VWHPV�DURXQG�WKH�ZRUOG�DUH�LQFUHDVLQJO\�HPEUDFLQJ�HYLGHQFH�EDVHG�RXWFRPH�PHDVXUHV�DQG�WKH�XVH�RI�SUHFLVLRQ�PHGLFLQH�WRROV�IRU�GRQRU�UHFLSLHQW�PDWFKLQJ�WR�PD[LPL]H�XWLOLW\�UHODWHG�WR�JUDIW�VXUYLYDO��:KLOH�WKH�VKLIW�WRZDUG�JUHDWHU�SUHFLVLRQ�FOHDUO\�SURYLGHV�KHDOWK�DQG�UHVRXUFH�EHQHILWV�
WKH�FRQFRPLWDQW�HPSKDVLV�RQ�XWLOLW\�FDQ�DOVR�FUHDWH�D�UDQJH�RI�SROLF\�FRQFHUQV�UHODWLQJ�WR��DPRQJ�RWKHU�WKLQJV��HTXLW\��0HWKRGV��:H�XVHG�WUDGLWLRQDO�PHWKRGV�RI�OHJDO�VFKRODUVKLS��LQFOXGLQJ�UHYLHZ�DQG�DQDO\VLV�RI�OHJLVODWLRQ��FDVH�ODZ��SROLF\�DQG�UHODWHG�DFDGHPLF�WH[WV�WR�LGHQWLI\�DQG�H[SODLQ�NH\�SROLF\�FKDOOHQJHV�UHODWLQJ�WR�LQFUHDVLQJ
SUHFLVLRQ�LQ�DOORFDWLRQ��5HVXOWV��:H�LGHQWLILHG�VHYHUDO�FKDOOHQJHV��)LUVW��SURIHVVLRQDO�REOLJDWLRQV�RI�KHDOWKFDUH�SURYLGHUV�WR�SDWLHQWV�LQFOXGH��LQ�&DQDGD��DQ�HWKLFDO�UHTXLUHPHQW�WR�SODFH�WKH�EHVW�LQWHUHVWV�RI�SDWLHQWV�DERYH�WKRVH�RI�WKH�EURDGHU�KHDOWK�V\VWHP��7KLV�³UXOH�RI�UHVFXH´�LV�DW�RGGV�ZLWK�LQFUHDVLQJO\�SUHFLVH�DOORFDWLRQ�WHFKQRORJLHV�
DQG�VRPH�SK\VLFLDQV�KDYH�DOUHDG\�³JDPHG�WKH�V\VWHP´�WR�LPSURYH�WKHLU�SDWLHQWV¶�RSSRUWXQLW\�WR�UHFHLYH�DQ�RUJDQ��6HFRQG��LQFUHDVHG�SUHFLVLRQ�LQ�DOORFDWLRQ�WKDW�GRHV�QRW�KDYH�UREXVWO\�SURYHQ�FOLQLFDO�UHOHYDQFH�PD\�EH�LPSHGHG�E\�ULJKW�RI�DFFHVV�OLWLJDWLRQ�RU�FODLPV�RI�JHQHWLF�GLVFULPLQDWLRQ�E\�WKRVH�ZKR�PD\�EHQHILW�IURP�DQ�RUJDQ�EXW
IDOO�RXWVLGH�RI�WLJKWHU�QHZ�FULWHULD��7KLUG��SXEOLF�SHUFHSWLRQV�DQG�SRSXODU�UHSUHVHQWDWLRQV�KDYH�WHQGHG�WR�IDYRXU�D�SDWLHQW�DFFHVV�HWKRV��DQG�LI�WKHVH�SHUVSHFWLYHV�DUH�QRW�VXIILFLHQWO\�UHIOHFWHG�LQ�DOORFDWLRQ�GHFLVLRQ�PDNLQJ��VRFLDO�SUHVVXUH�FRXOG�PRXQW�LQ�RSSRVLWLRQ�WR�QHZ�SUHFLVLRQ�PHWULFV��&RQFOXVLRQ��0XOWLSOH�SROLF\�FKDOOHQJHV�FRXOG
LPSDFW�WKH�DGRSWLRQ�RI�SUHFLVLRQ�PHGLFLQH�DOORFDWLRQ�WRROV�LQ�D�FOLQLFDO�FRQWH[W��2YHUFRPLQJ�WKHVH�FKDOOHQJHV�FRXOG�LQYROYH�DOWHULQJ�ORQJVWDQGLQJ�SROLF\��SXEOLF�HGXFDWLRQ�FDPSDLJQV��DQG�RU�PRGLI\LQJ�WKH�DSSOLFDWLRQ�RI�QHZ�SUHFLVLRQ�WHFKQRORJLHV�WR�DFFRUG�ZLWK�SROLF\�DQG�SXEOLF�SHUFHSWLRQV��

'UDIW0RGH6WDWXV����



,'�����
$�5HGXFHG�,QWHQVLW\�&RQGLWLRQLQJ�3URWRFRO�,QGXFHV�&KLPHULVP�DQG�7UDQVSODQW�7ROHUDQFH�WR�)XOO\�$OORJHQHLF�,VOHWV�LQ�$XWRLPPXQH�'LDEHWLF�12'�0LFH�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��$�UHGXFHG�LQWHQVLW\�FRQGLWLRQLQJ�SURWRFRO�LV�GHVLUHG�IRU�LQGXFLQJ�KHPDWRSRLHWLF�FKLPHULVP��WKH�PRVW�HIILFDFLRXV�PHWKRG�IRU�JHQHUDWLQJ�WROHUDQFH�WR�GRQRU�RUJDQV��:H�SUHYLRXVO\�VKRZHG�WKDW�GRQRU�FKLPHULVP�LV�DFKLHYDEOH�LQ�SUH�GLDEHWLF��QRQ�REHVH�GLDEHWLF��12'��PLFH�ZLWK�D�7�FHOO�GHSOHWLRQ�EDVHG
FRQGLWLRQLQJ�SURWRFRO��+HUH��RXU�JRDO�LV�WR�GHYHORS�D�SURWRFRO�IRU�LQGXFLQJ�FKLPHULVP�DQG�WROHUDQFH�WR�DOORJHQHLF�LVOHWV�LQ�12'�UHFLSLHQWV�WKDW�KDYH�EHFRPH�GLDEHWLF��ZKLFK�LV�EHOLHYHG�WR�EH�DQ�HYHQ�PRUH�FKDOOHQJLQJ�PRGHO��0HWKRGV��:H�SUHFRQGLWLRQHG�SUH�GLDEHWLF�DQG�VSRQWDQHRXVO\�GLDEHWLF�12'�PLFH�ZLWK�O\PSKRF\WHV�IURP
IXOO\�PLVPDWFKHG�)9%�PLFH��G������F\FORSKRVSKDPLGH��G�����DQWLERGLHV�DJDLQVW�&'��������G�������������������DQG�EXVXOIDQ��G�����)9%�LVOHWV�DQG�RU�ERQH�PDUURZ�WUDQVSODQWDWLRQ��%07��ZHUH�GRQH�DW�G���)9%�&'�Į�FHOOV�ZHUH�LQMHFWHG�LQ�D�JURXS�RI�GLDEHWLF�PLFH�DW�G����%ORRG�JOXFRVH�ZDV�DVVHVVHG�ZHHNO\��)ORZ�F\WRPHWU\�ZDV�XVHG�WR
GHWHFW�FKLPHULVP��5HVXOWV��:H�GHWHUPLQHG�WKDW�DJH�UDWKHU�WKDQ�RYHUW�GLDEHWHV�LV�DVVRFLDWHG�ZLWK�WKH�UHVLVWDQFH�WR�FKLPHULVP��:H�LQGXFHG�WUDQVLHQW�FKLPHULVP�LQ�ROG�GLDEHWLF�12'�PLFH�ZLWK�VLJQLILFDQWO\�SURORQJHG�VXUYLYDO�RI�GRQRU�LVOHWV�LQ�FKLPHULF�PLFH��5HFLSLHQW�7�FHOOV�LQ�GLDEHWLF�12'�PLFH�ZHUH�GHSOHWHG�DV�HIILFLHQWO\�DV�LQ
SUH�GLDEHWLF�12'�PLFH�EXW�UHERXQGHG�TXLFNO\��/HYHOV�RI�FKLPHULVP�DQG�GRQRU�7�FHOOV�ZHUH�ORZHU�LQ�GLDEHWLF�UHFLSLHQWV�DW�HDUO\�WLPH�SRLQWV�FRPSDUHG�WR�\RXQJ�SUH�GLDEHWLF�12'�PLFH��7KH�GHOD\HG�LQIXVLRQ�RI�GRQRU�&'�Į�FHOOV�IDFLOLWDWHG�WKH�HVWDEOLVKPHQW�RI�D�KLJK�OHYHO�DQG�VWDEOH�PXOWLOLQHDJH�GRQRU�FKLPHULVP�DQG�WKH�DFFHSWDQFH�RI
GRQRU�LVOHWV�ZLWKRXW�WKH�SUHVHQFH�RI�JUDIW�YHUVXV�KRVW�GLVHDVH��&RQFOXVLRQ��$�7�FHOO�GHSOHWLRQ�EDVHG�FKLPHULVP�SURWRFRO�LQGXFHV�FKLPHULVP�LQ�GLDEHWLF�12'�PLFH�DQG�SURPRWHV�WROHUDQFH�WR�IXOO\�DOORJHQHLF�LVOHWV��
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$EVWUDFW�,PDJH����
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7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��.LGQH\�WUDQVSODQW�UHFLSLHQWV��.75V��PD\�H[SHULHQFH�SV\FKRVRFLDO�GLVWUHVV��WKDW�LV�IUHTXHQWO\�XQ�QRWLFHG�DQG�XQ�PDQDJHG��7KH�6RFLDO�'LIILFXOWLHV�,QYHQWRU\��6',��KDV�EHHQ�GHYHORSHG�WR�DVVHVV�VRFLDO�GLIILFXOWLHV�LQ�SDWLHQWV�ZLWK�FDQFHU��+HUH�ZH�HYDOXDWH�WKH�YDOLGLW\�RI�6',�LQ�.75V��0HWKRGV��$
FURVV�VHFWLRQDO��FRQYHQLHQFH�VDPSOH�RI��DGXOW�.75�FRPSOHWHG�WKH�6',��WKH�*HQHUDOL]HG�$Q[LHW\�'LVRUGHU��DQG�WKH�3DWLHQW�+HDOWK�4XHVWLRQQDLUH����XVLQJ�HOHFWURQLF�GDWD�FDSWXUH��&OLQLFDO�FKDUDFWHULVWLFV�ZHUH�FROOHFWHG�IURP�PHGLFDO�UHFRUGV��7KH�6',�FRQWDLQV����TXHVWLRQV�����RI�ZKLFK�ORDG�RQ�D�VLQJOH�IDFWRU�DQG�IRUP�WKH�6',���
VFRUH��,W�DOVR�KDV�WKUHH�VXEVFDOHV��³(YHU\GD\�/LYLQJ´��³0RQH\�0DWWHUV´�DQG�³6HOI�DQG�2WKHUV´��,QWHUQDO�FRQVLVWHQF\�DQG�FRQYHUJHQW�YDOLGLW\�ZHUH�DVVHVVHG�ZLWK�&URQEDFK¶V�DOSKD�DQG�6SHDUPDQ¶V�5KR��UHVSHFWLYHO\��6WUXFWXUDO�YDOLGLW\�ZDV�HYDOXDWHG�ZLWK�FRQILUPDWRU\�IDFWRU�DQDO\VLV��&)$���&RQVWUXFW�YDOLGLW\�ZDV�H[DPLQHG�DVVHVVLQJ
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�������ZDV�YHU\�JRRG��&)$�GHPRQVWUDWHG�JRRG�PRGHO�ILW�IRU�6',����DQG�WKH�VXEVFDOHV��7KH�6',����VFRUH�ZDV�PRGHUDWHO\�FRUUHODWHG�ZLWK�GHSUHVVLRQ��5KR ������DQG�DQ[LHW\��5KR �������S����������IRU�ERWK���7KH�6',����VFRUH�ZDV�KLJKHU�LQ�SDWLHQWV�ZLWK�ORZ�YV�KLJKHU�ILQDQFLDO�VWDELOLW\��PHGLDQ�>LQWHUTXDUWLOH�UDQJH�±�,45@��>�����@�YV
�>����@S����������DQG�ORZ�YV�KLJKHU�QHLJKERXUKRRG�VDIHW\����>�����@�YV���>������@��S������������6LPLODU�DVVRFLDWLRQV�ZHUH�VHHQ�EHWZHHQ�6',�VXEVFDOH�VFRUHV�DQG�RWKHU�PHDVXUHV�RI�6(6��&RQFOXVLRQV��7KLV�VWXG\�SURYLGHV�GDWD�DERXW�WKH�YDOLGLW\�DQG�UHOLDELOLW\�RI�WKH�6',�WR�DVVHVV�VRFLDO�GLIILFXOWLHV�LQ�.75��)XUWKHU�ZRUN�LV�QHHGHG�WR
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$EVWUDFW�%RG\��%$&.*5281'��$%2�LQFRPSDWLEOH��$%2L��SHGLDWULF�KHDUW�WUDQVSODQWDWLRQ�LV�D�VDIH�ZD\�WR�LQFUHDVH�WKH�GRQRU�SRRO�IRU�LQIDQW�KHDUW�WUDQVSODQWDWLRQ��+RZHYHU��WKH�DVVD\�XVHG�WR�PHDVXUH�$%2�DQWLERGLHV�LQ�$%2L�FDUGLDF�WUDQVSODQWDWLRQ�LV�LQDGHTXDWH�IRU�$%+�VXEW\SH�DQWLERG\�VSHFLILFLW\�DQG�LVRW\SH�DQDO\VLV�DQG�LV
WKXV�OLPLWHG�IRU�$%2L�WUDQVSODQWDWLRQ�DVVHVVPHQW��:H�GHYHORSHG�D�VOLGH�JO\FDQ�PLFURDUUD\��ZKLFK�LV�DQ�H[FHOOHQW�WRRO�IRU�WKH�ILQH�FKDUDFWHUL]DWLRQ�RI�$%2�DQWLERGLHV��EXW�KDV�OLPLWDWLRQV�IRU�LPSOHPHQWDWLRQ�LQ�WKH�FOLQLFDO�ODE��7KH�JRDO�RI�WKLV�VWXG\�ZDV�WR�FRPSOHWH�WKH�GHYHORSPHQW�RI�/XPLQH[��VLQJOH�VXEW\SH�DQWLJHQ�$%2�$�DQG�%
SDQHOV�DQG�XVH�WKHVH�WRROV�WR�PHDVXUH�$%2�$�DQG�%�DQWLERGLHV�LQ�KHDOWK\�DGXOW�FRQWUROV��0(7+2'6��%ORRG�JURXS�VXEW\SHV�$�,�WKURXJK�$�9,�DQG�%�,�WKURXJK�%�9,�ZHUH�FRQMXJDWHG�WR�ERYLQH�VHUXP�DOEXPLQ��%6$��WKHQ�FRXSOHG�WR�/XPLQH[�EHDGV��6XFFHVV�RI�FRXSOLQJ�ZDV�FRQILUPHG�XVLQJ�PRQRFORQDO�DQWLERGLHV��7KHVH�$%2�$�DQG�%
SDQHOV�ZHUH�XVHG�WR�PHDVXUH�$%2�DQWLERG\�LQ�KHDOWK\�DGXOWV��Q �����JO\FDQ�DUUD\�WHVWLQJ�ZDV�SHUIRUPHG�IRU�FRPSDULVRQ��5(68/76��&RPSOHWH�$�DQG�%�SDQHOV�ZHUH�VXFFHVVIXOO\�FRXSOHG�WR�/XPLQH[�EHDGV��*O\FDQ�DUUD\�DQG�/XPLQH[�PHWKRGV�GHPRQVWUDWHG�VLPLODU�0),�YDOXHV�IRU�$%2�$�,J*�DQWLERG\�GHWHFWLRQ��)LJXUH�����7KH
/XPLQH[�PHWKRG�DSSHDUHG�WR�SURYLGH�LQFUHDVHG�GLIIHUHQWLDWLRQ�RI�DQWLERG\�WR�,J0�$%2�$��)LJXUH���DQG�$%2�%�,J*�DQG�,J0�%��)LJXUH����6RPH�QRUPDO�FRQWUROV�GHPRQVWUDWH�PRUH�,J0�WR�,J*�LVRW\SH�VZLWFKLQJ�IRU�ERWK�$%2�$�DQG�%�DQWLERGLHV��)LJXUH����&21&/86,21��7KLV�EHDG�EDVHG�DVVD\�HQDEOHV�PHDVXUHPHQW�RI�$%2�$�DQG
%�VXEW\SH�DQWLERG\�VSHFLILFLW\�DQG�LVRW\SH��7KH�DVVD\�KDV�UDSLG�WXUQ�DURXQG�DQG�FDQ�EH�UHDG�RQ�H[LVWLQJ�HTXLSPHQW�LQ�WKH�FOLQLFDO�ODE�IDFLOLWDWLQJ�HDVLO\�DGRSWLRQ�LQ�WKH�FOLQLFDO�ODERUDWRU\��ZKHUH�WKH�WHFKQLFDO�H[SHUWLVH�WR�UXQ�WKLV�DVVD\�DOUHDG\�H[LVWV��7KH�/XPLQH[�EHDG�EDVHG�DVVD\�IRU�$%2�DQWLERG\�FKDUDFWHUL]DWLRQ�RIIHUV�D�SURPLVLQJ
DOWHUQDWLYH�WR�LVRKHPDJJOXWLQDWLRQ�IRU�XVH�LQ�$%2L�WUDQVSODQWDWLRQ��
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ODSDURVFRSLF�VOHHYH�JDVWUHFWRP\��/6*��KDV�EHHQ�VDIHO\�XVHG�LQ�GLDO\VLV�SDWLHQWV��,Q�WKH�SDVW�GHFDGH��SDWLHQWV�ZLWK�D�%0,!���DQG�%0,!���ZLWK���FRPRUELGLWLHV�KDYH�EHHQ�UHIHUUHG�IRU�/6*�SULRU�WR�UHQDO�WUDQVSODQWDWLRQ��3ULRU�WR�WKLV��RXU�FHQWHU�UDUHO\�OLVWHG�SDWLHQWV�ZLWK�%0,!����:H�H[DPLQHG�WKH�LPSDFW�RI�/6*�RQ�VKRUW�WHUP�RXWFRPHV
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Q ������%0,!���DQG�%DULDWULF�VXUJHU\��2%6��Q ����IRU�LPPHGLDWH�UHQDO�IXQFWLRQ�SRVW�57[��6XFFHVV�ZDV�GHILQHG�DV�D�H*)5�!��PO�PLQ�LQ�WKH�ILUVW����GD\V�SRVW�57[�RU�D�UHQDO�IXQFWLRQ�UHFRYHU\�!�����5)5� �H*)5�UHFLSLHQW������H*)5�GRQRU�
�����GXULQJ�WKH�ILUVW����GD\V�SRVW�57[���8QLYDULDWH�DQG�0XOWLYDULDWH�ORJLVWLF�UHJUHVVLRQ
ZDV�XVHG�IRU�GDWD�DQDO\VLV��5HVXOWV��7KHUH�ZHUH�QR�GLIIHUHQFHV�LQ�WKH�EDVHOLQH�FKDUDFWHULVWLFV��7DEOH����EHWZHHQ�JURXSV�H[FHSW�IRU�PRUH�'&'�LQ�WKH�2%6�JURXS��%6�ZDV�VXFFHVVIXO�LQ�ZHLJKW�UHGXFWLRQ�IURP�D�%0,�RI������WR�������WDEOH�����$�KLJKHU�SHUFHQWDJH�LQ�12�DQG�2%6�JURXSV�DFKLHYHG�VXFFHVV�LQ�WKH�ILUVW����GD\V�SRVW�57;
FRPSDUHG�WR�2�JURXS�������12�������2%6�YV�����2��S������������&RQFOXVLRQ���%6�SULRU�WR�57[�ZDV�IHDVLEOH�DQG�VXFFHVVIXO�IRU�PRVW�SDWLHQWV�DQG�PD\�RIIHU�EHWWHU�WUDQVSODQW�RXWFRPHV��,W�VKRXOG�EH�FRQVLGHUHG�DV�D�WRRO�WR�LQFUHDVH�57[�HOLJLELOLW\��
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GHYHORSPHQWDOO\�DSSURSULDWH�FDUH�ZLWK�HGXFDWLRQDO�DQG�VRFLDO�VXSSRUWV��:H�K\SRWKHVL]HG�WKDW�<$7&�SDWLHQWV�ZRXOG�H[SHULHQFH�OHVV�UHMHFWLRQ�HSLVRGHV�DQG�LPSURYHG�DGKHUHQFH�WKDQ�SDWLHQWV�WUDQVLWLRQHG�WR�UHJXODU�DGXOW�FDUH�EHIRUH�1RYHPEHU�������QRQ�<$7&���0HWKRGV��$�UHWURVSHFWLYH�FKDUW�UHYLHZ�ZDV�FRQGXFWHG�IRU�WKH���\HDUV�DIWHU
WUDQVIHU�LQWR�HLWKHU�<$7&�RU�QRQ�<$7&��'HPRJUDSKLF�GDWD��WLPH�SRVW�WUDQVSODQW�DQG�DJH�DW�WUDQVLWLRQ�ZDV�GRFXPHQWHG��1XPEHU�RI�FOLQLF�YLVLWV��HPHUJHQF\�GHSDUWPHQW��('��YLVLWV��KRVSLWDOL]DWLRQV��PRQWKO\�ODE�WHVWV��ELRSV\�SURYHQ�UHMHFWLRQ��%3$5��DQG�JUDIW�IDLOXUH�GDWD�ZHUH�FROOHFWHG�GXULQJ�WKH���\HDU�SHULRG��0HDQV�DQG�IUHTXHQFLHV
ZHUH�FRPSDUHG�EHWZHHQ�JURXSV����5HVXOWV�����SDWLHQWV�����IHPDOH���Q ���<$7&�����������\HDUV�DW�WUDQVLWLRQ�DQG�Q ���QRQ�<$7&�����������\HDUV�DW�WUDQVLWLRQ��7LPH�SRVW�WUDQVSODQW�DW�WUDQVLWLRQ��<$7&���������\HDUV��QRQ�<$7&���������\HDUV��<$7&�SDWLHQWV�DWWHQGHG���������WUDQVSODQW�FOLQLFV�\HDU�YV�QRQ�<$7&����������<$7&�JURXS
FRPSOHWHG���������PRQWKO\�ODE�WHVWV�\HDU�ZKLOH�QRQ�<$7&�FRPSOHWHG����������'XULQJ�WKH���\HDU�SHULRG��<$7&�SDWLHQWV�KDG����('�YLVLWV�ZKLOH�QRQ�<$7&����('�YLVLWV������RI�SDWLHQWV�ZHUH�KRVSLWDOL]HG�DW�OHDVW�RQFH�LQ�WKH�<$7&�JURXS�DQG�����LQ�WKH�QRQ�<$7&�JURXS�GXULQJ�WKH���\HDU�SHULRG��<$7&�KDG���%3$5�LQ���SDWLHQWV�ZKLOH
QRQ�<$7&�KDG���%3$5�LQ���SDWLHQWV��7KHUH�ZHUH���JUDIW�IDLOXUHV�LQ�<$7&�������DQG����\HDUV�SRVW�WUDQVSODQW��QRQ�<$7&�KDG���JUDIW�IDLOXUHV������DQG�����\HDUV�SRVW�WUDQVSODQW��&RQFOXVLRQ��$�QXPEHU�RI�NH\�LQGLFDWRUV�SRLQW�WR�D�SRVLWLYH�HIIHFW�RI�WKH�<$7&�FOLQLF�DW�RXU�FHQWHU��)XUWKHU�VWDWLVWLFDO�DQDO\VLV�QHHGV�WR�EH�FRPSOHWHG�WR
HYDOXDWH�WKH�RXWFRPHV�H[SHULHQFHG�LQ�ERWK�JURXSV��
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FRPHV�ZLWK�ORZHU�LPPXQRVXSSUHVVLRQ�LV�XQNQRZQ��:H�DQDO\]HG�WKH�HIIHFW�RI�LUUHOHYDQW�RU�GRQRU�VSHFLILF�FKLPHULF�DQWLJHQ�UHFHSWRU��&$5��7UHJV�RQ�KXPRUDO�DOORUHDFWLYLW\�LQ�LPPXQRFRPSHWHQW�PLFH�UHFHLYLQJ�VNLQ�DOORJUDIWV���0HWKRGV��7UHJV�H[SUHVVLQJ�DQ�DQWL�+/$�$��VSHFLILF�&$5��GRQRU�VSHFLILF��RU�DQ�DQWL�+(5��&$5��LUUHOHYDQW�
ZHUH�DGPLQLVWHUHG�WR�%O���PLFH�DW�WKH�WLPH�RI�WUDQVSODQWLQJ�DQ�+/$�$��%O���VNLQ�JUDIW�LQ�WKH�DEVHQFH�RI�LPPXQRVXSSUHVVLRQ�LQ�QDLYH�RU�VHQVLWL]HG�PLFH��$IWHU�WKUHH�ZHHNV��WKH�DPRXQW�RI�DQWLJHQ�VSHFLILF�%�FHOOV��7�FHOOV�DQG�GRQRU�VSHFLILF�DQWLERGLHV�ZHUH�HYDOXDWHG���5HVXOWV��:H�IRXQG�WKDW�GRQRU�VSHFLILF�&$5�7UHJV��EXW�QRW
LUUHOHYDQW�&$5�7UHJV��VLJQLILFDQWO\�GHOD\HG�VNLQ�DOORJUDIW�UHMHFWLRQ��0RUHRYHU��RQO\�WUHDWPHQW�ZLWK�GRQRU�VSHFLILF�&$5�7UHJV�UHVXOWHG�LQ�GLPLQLVKHG�OHYHOV�RI�WUDQVSODQW�LQGXFHG�GRQRU�VSHFLILF�DQWLERGLHV��'6$V��DQG�IUHTXHQFLHV�RI�'6$�VHFUHWLQJ�%�FHOOV��'RQRU�VSHFLILF�&$5�7UHJV�WUHDWHG�PLFH�DOVR�KDG�ZHDNHU�'6$�VSHFLILF�UHFDOO
DQWLERG\�UHVSRQVH��EXW�QRUPDO�UHVSRQVHV�WR�DQ�LUUHOHYDQW�DQWLJHQ��GHPRQVWUDWLQJ�DQWLJHQ�VSHFLILF�VXSSUHVVLRQ��:KHQ�GRQRU�VSHFLILF�&$5�7UHJV�ZHUH�WHVWHG�LQ�+/$�$��VHQVLWL]HG�PLFH��WKH\�ZHUH�XQDEOH�WR�GHOD\�DOORJUDIW�UHMHFWLRQ�RU�GLPLQLVK�'6$V��SRVVLEO\�GXH�WR�WURJRF\WRVLV�RI�+/$�$��DQG�DQWLERG\�PHGLDWHG�&$5�7UHJ�FOHDUDQFH�
&RQFOXVLRQ��7KH�ILQGLQJ�WKDW�GRQRU�VSHFLILF�&$5�7UHJV�UHVWUDLQ�GH�QRYR�EXW�QRW�PHPRU\�DOORUHDFWLYLW\�KDV�LPSRUWDQW�LPSOLFDWLRQV�WKHLU�XVH�LQ�WUDQVSODQW�UHFLSLHQWV��
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3UHGLFWLQJ�ZDLW�WLPH�WR�D�QH[W�RIIHU�ZKHQ�D�ILUVW�NLGQH\�RIIHU�LV�UHIXVHG�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��)XOO�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHYHORS�DQG�YDOLGDWH�D�PRGHO�WKDW�FRXOG�\LHOG�LQGLYLGXDO�SUHGLFWLRQV�RI�ZDLW�WLPH�WR�QH[W�RIIHU�LI�DQ�LQLWLDO�NLGQH\�RIIHU�LV�UHIXVHG�LQ�WKH�3URYLQFH�RI�4XHEHF��0HWKRGV���:H�SHUIRUPHG�D�UHWURVSHFWLYH�FRKRUW�VWXG\�XVLQJ�GDWD�RQ�GHFHDVHG�GRQRUV�DQG�DGXOW�NLGQH\�WUDQVSODQW
FDQGLGDWHV�DYDLODEOH�IURP�7UDQVSODQW�4XpEHF��74���RXU�SURYLQFLDO�RUJDQ�GRQDWLRQ�RUJDQL]DWLRQ��2'2���EHWZHHQ�0DUFK���WK�������DQG�'HFHPEHU���WK��������74¶V�DOORFDWLRQ�VFRUH�JLYHV�SRLQWV�IRU�WLPH�RQ�GLDO\VLV��+/$�'5�PDWFKLQJ��UHFLSLHQW�DJH��GRQRU�UHFLSLHQW�DJH�PDWFK��DQG�HOHYDWHG�F35$��:H�XVHG�D�3RLVVRQ�UHJUHVVLRQ�ZLWK
YDU\LQJ�SDUDPHWHUV�WR�SURYLGH�SHUVRQDOL]HG�HVWLPDWHV�RI�WKH�WLPH�WR�D�QH[W�RIIHU�EDVHG�RQ�WKH�74�VFRUH��7KH�SUHGLFWLRQV�ZHUH�EDVHG�RQ�WKH�UDWH�RI�DUULYDO�RI�GRQRUV�WKDW�FRXOG�KDYH�EHHQ�RIIHUHG�WR�D�UHFLSLHQW�LQ�WKH���\HDUV�SUHYLRXV�WR�HDFK�DFWXDO�RIIHU��5HVXOWV��0RVW�UHFRYHUHG�NLGQH\V�ZHUH�GLVWULEXWHG�LQ�WKH�JHQHUDO�DWWULEXWLRQ�V\VWHP
�)LJXUH�����&DOFXODWLRQV�DVVXPHG�WKDW�GXULQJ�ZDLW�WLPH�SRVW�UHIXVDO�RI�D�ILUVW�RIIHU��WKH�SDWLHQW�ZRXOG�UHPDLQ�DOLYH�DQG�QRW�EH�SHUPDQHQWO\�ZLWKGUDZQ�IURP�WKH�ZDLW�OLVW��)LJXUH�����2XU�DSSURDFK�DOORZHG�IRU�DQ�LQGLYLGXDO�SUHGLFWLRQ�RI�WKH�PHGLDQ�WLPH�WR�WKH�QH[W�RIIHU��DQG�D�WLPH�ZLWKLQ�ZKLFK�WKHUH�LV�D�����FHUWDLQW\�WKDW�D�QH[W�RIIHU
ZLOO�EH�PDGH��7KH�PRGHO�SHUIRUPHG�ZHOO�ZLWK�D�&�LQGH[�RI�������7LPH�SUHGLFWLRQV�ZHUH�FRPSDUHG�WR�DFWXDO�YDOXHV�RQ�WKH�YDOLGDWLRQ�VHW��OHDGLQJ�WR�JRRG�UHVXOWV�IRU�VKRUW�WLPH�SUHGLFWLRQV�DQG�OHVV�SUHFLVH�SUHGLFWLRQV�ZKHQ�SUHGLFWHG�ZDLW�WLPH�ZDV�ORQJHU��)LJXUH�����&RQFOXVLRQ��:H�KDYH�GHYHORSHG�D�PRGHO�WKDW�SURYLGHV�DQ�HVWLPDWH�RI
ZDLW�WLPH�SURORQJDWLRQ�LI�D�NLGQH\�IURP�D�GHFHDVHG�GRQRU�RIIHUHG�E\�74�LV�UHIXVHG��7KLV�LQIRUPDWLRQ�FDQ�KHOS�WUDQVSODQW�SK\VLFLDQV�DQG�FDQGLGDWHV�ZHLJK�WKH�FRQVHTXHQFHV�RI�UHIXVLQJ�DQ�RIIHU��
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$EVWUDFW�%RG\��%DFNJURXQG��6PDOO�GRQRU�ERG\�VL]H�UHODWLYH�WR�UHFLSLHQW�ERG\�VL]H�LV�DVVRFLDWHG�ZLWK�D�KLJKHU�ULVN�RI�JUDIW�IDLOXUH��2WKHU�VWURQJ�ULVN�IDFWRUV�IRU�JUDIW�ORVV�PD\�PRGXODWH�WKH�UHODWLRQVKLS�EHWZHHQ�GRQRU�UHFLSLHQW�VL]H�PLVPDWFK�DQG�JUDIW�VXUYLYDO��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�ZKHWKHU�WKH�UHODWLRQVKLS�EHWZHHQ
GRQRU�UHFLSLHQW�VL]H�PLVPDWFK�DQG�JUDIW�VXUYLYDO�LV�PRGLILHG�E\�GRQRU�DQG�RU�UHFLSLHQW�DJH��0HWKRGV��7KLV�ZDV�D�UHWURVSHFWLYH�FRKRUW�VWXG\�RI�DOO�ILUVW��VLQJOH��GHFHDVHG�GRQRU�NLGQH\�WUDQVSODQW�UHFLSLHQWV�DJHG������\HDUV�UHFRUGHG�LQ�WKH�6FLHQWLILF�5HJLVWU\�RI�7UDQVSODQW�5HFLSLHQWV��6575��-DQXDU\��VW�������WR�0DUFK��VW��������:H�ILW
PXOWLYDULDWH�&R[�UHJUHVVLRQ�PRGHOV�WR�DVVHVV�WKH�DVVRFLDWLRQ�EHWZHHQ�GRQRU�UHFLSLHQW�VL]H�PLVPDWFK��GHILQHG�DV�WKH�GRQRU�UHFLSLHQW�ERG\�VXUIDFH�DUHD��%6$��UDWLR�DQG�FDWHJRUL]HG�DV����\HDUV��DQG�LQFUHDVLQJ�GRQRU�DJH��)LJXUH�����0RGHO�EDVHG�HVWLPDWHV�RI���\HDU�GHDWK�FHQVRUHG�JUDIW�VXUYLYDO�SUREDELOLWLHV��7DEOH����VKRZ�WKDW�VXUYLYDO
SUREDELOLWLHV�IRU�D�VL]H�PLVPDWFKHG��GRQRU�UHFLSLHQW�%6$�UDWLR���������GRQRU�DJHG������\HDUV�ZHUH�HTXDO�WR�RU�EHWWHU�WKDQ�WKRVH�IRU�D�VL]H�PDWFKHG��GRQRU�UHFLSLHQW�%6$�UDWLR�����GRQRU�DJHG������\HDUV��&RQFOXVLRQ��'RQRU�DQG�UHFLSLHQW�DJH�PRGXODWH�WKH�GHOHWHULRXV�LPSDFW�RI�GRQRU�UHFLSLHQW�VL]H�PLVPDWFK�RQ�JUDIW�VXUYLYDO��2XWFRPHV
DUH�HTXDO�RU�VXSHULRU�ZKHQ�DFFHSWLQJ�VL]H�PLVPDWFKHG�NLGQH\V�IURP�\RXQJHU�GRQRUV�YV��NLGQH\V�WKDW�DUH�QRW�VL]H�PLVPDWFKHG�IURP�ROGHU�GRQRUV��
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$EVWUDFW�%RG\��%DFNJURXQG��7R�IDFLOLWDWH�DQ�LPSURYHG�XQGHUVWDQGLQJ�RI�WKH�HIIHFW�RI�JHQHWLF�GLYHUVLW\�RI�WKH�(SVWHLQ�%DUU�YLUXV��(%9��LQ�WKH�WUDQVSODQW�VHWWLQJ��ZH�KDYH�GHYHORSHG�D�G\QDPLF�SK\ORJHQHWLF�WUHH�XVLQJ�WKH�(%9�(%1$��JHQH��QHZ�VWUDLQV�DUH�DGGHG�WR�WKH�WUHH�DV�WKH\�DUH�LGHQWLILHG��0HWKRGV��:H�H[DPLQHG�WKH�YDULDQWV�RI
WKH�(%1$��JHQH�DPRQJ��1 ����SDWLHQWV�HQUROOHG�LQ�WKH�&1753�326,7,9(�6WXG\�RI�SDWLHQWV���������\HDUV�ROG��ZLWK�DQG�ZLWKRXW�37/'��7KH�(%1$���JHQH�ZDV�VHTXHQFHG�IURP�EORRG�VDPSOHV�GXULQJ�(%9�'1$HPLD��3XEOLFO\�DYDLODEOH�37/'�VHTXHQFHV�DQG�VHTXHQFHV�IURP�&DQDGLDQ�SDWLHQWV�ZLWK�LQIHFWLRXV�PRQRQXFOHRVLV��,0��ZHUH
XVHG�IRU�FRPSDULVRQ��6HTXHQFLQJ�ZDV�GRQH�E\�GLGHR[\�'1$�VHTXHQFLQJ�PHWKRGRORJ\�DQG�WKH�VHTXHQFHV�ZHUH�DOLJQHG�ZLWK�D�UHIHUHQFH�VWUDLQ�RI�(%9��%�������(%1$��YDULDQWV�ZHUH�FODVVLILHG�LQWR�SURWRW\SH��3��DQG�YDULDQW��9��VWUDLQV��EDVHG�RQ�WKH�DPLQR�DFLG�FKDQJH�WKDW�RFFXUUHG�DW�FRGRQ������3�DOD��3�WKU��9�OHX��9�YDO��9�SUR��
5HVXOWV��:H�LGHQWLILHG����(%1$��VHTXHQFHV�LQ�WKH�&DQDGLDQ�FRKRUW�DQG����VHTXHQFHV�IURP�$XVWUDOLD�DQG�86$��7ZHQW\�RQH�ZHUH�IURP�VROLG�RUJDQ�WUDQVSODQWV��627��UHFLSLHQWV�RI�ZKLFK����GHYHORSHG�37/'��7KHUH�ZHUH����SDWLHQWV�ZKR�KDG�ERQH�PDUURZ�WUDQVSODQWDWLRQ��%07��RI�ZKLFK���GHYHORSHG�37/'��7KH�WUDQVSODQW�SDWLHQW
VDPSOHV�ZHUH�FRPSDUHG�WR����,0�VDPSOHV��SDWLHQWV������\HDUV�RI�DJH���7KH�SUHGRPLQDQW�(%1$��VXEW\SHV�ZHUH��&DQDGD���%07��3�WKU���������&DQDGD���627��3�WKU���������&DQDGD���,0��3�WKU�������$XVWUDOLD��3�WKU�������86$��9�OHX��������7KH�PDMRULW\�RI�VHTXHQFHV�IHOO�LQWR�WZR�PDLQ�FODGHV��7KH�VWUDLQV�IURP�&DQDGD�FOXVWHUHG�DORQJ
ZLWK�H[WHUQDO�VWUDLQV�ZLWK�QR�FOHDU�HYLGHQFH�RI�JHRJUDSKLF�FRUUHODWLRQ��:H�LGHQWLILHG�(%1$���VXEW\SHV�WKDW�ZHUH�OLQNHG�ZLWK�VSHFLILF�PXWDWLRQ�SDWWHUQV�WKDW�DIIHFW�LPPXQH�IXQFWLRQ��&RQFOXVLRQ��7KH�G\QDPLF�SK\ORJHQHWLF�WUHH�HQDEOHG�HPHUJLQJ�37/'�VWUDLQV�WR�EH�GHILQHG�LQ�UHODWLRQ�WR�H[LVWLQJ�VWUDLQV�IURP�GLIIHUHQW�SDWLHQW�JURXSV�7KHVH
VWUDLQV�ZHUH�SK\ORJHQHWLFDOO\�UHODWHG�WR�VWUDLQV�IURP�JHRJUDSKLF�UHJLRQV�RXWVLGH�RI�&DQDGD��
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$EVWUDFW�%RG\��%DFNJURXQG��2UJDQ�GRQDWLRQ�SURJUDPV�KDYH�EHHQ�SUHGRPLQDQWO\�HYDOXDWHG�WKURXJK�EHQFKPDUNLQJ�KLJK�SHUIRUPDQFH�FRXQWULHV�DQG�WKH�DQDO\VLV�RI�ORFDO�TXDOLW\�LQGLFDWRUV���+RZHYHU��WR�GDWH��QR�GHILQLWLRQ�RI�VXFFHVV�LQ�RUJDQ�GRQDWLRQ�SURJUDPV�LV�DYDLODEOH��7KHUHIRUH��WKLV�VFRSLQJ�UHYLHZ�DLPHG�WR�V\QWKHVL]H�WKH�FXUUHQW
HYLGHQFH�RQ�NH\�RUJDQL]DWLRQDO�DWWULEXWHV�DQG�SURFHVVHV�RI�LQWHUQDWLRQDO�RUJDQ�GRQDWLRQ�SURJUDPV�DVVRFLDWHG�ZLWK�VXFFHVVIXO�RXWFRPHV���0HWKRGV��-RDQQD�%ULJJV�,QVWLWXWH�PHWKRGRORJ\�IRU�FRQGXFWLQJ�VFRSLQJ�UHYLHZV�ZDV�HPSOR\HG��7KH�IROORZLQJ�GDWDEDVHV�ZHUH�VHDUFKHG��3XE0HG��&,1$+/��(PEDVH��/,/$&6��$%,�%XVLQHVV�3UR4XHVW�
%XVLQHVV�6RXUFH�3UHPLHUDQG�JUH\�OLWHUDWXUH��2UJDQ�GRQDWLRQ�DVVRFLDWLRQ�ZHEVLWHV��*RRJOH�6FKRODU���ILUVW�HLJKW�SDJHV���7R�VXSSOHPHQW�WKH�DERYH��VHDUFKHV�IRU�JUD\�OLWHUDWXUH�ZHUH�SHUIRUPHG��DQG�UHOHYDQW�ZHEVLWHV�ZHUH�SHUXVHG���5HVXOWV����DUWLFOHV�ZHUH�LQFOXGHG��7KHVH�RULJLQDWHG�PRVWO\�IURP�86$��Q �����������DQG�6SDLQ��Q ���
��������0RVW�DUWLFOHV�ZHUH�SXEOLVKHG�LQ������������Q �����������DQG������������Q ������������ZLWK�SUHGRPLQDQW�TXDQWLWDWLYH�DSSURDFK��Q ������������IROORZHG�E\�RSLQLRQ�SDSHUV��Q �����������DQG�UHSRUWV��Q ������������4XDOLWDWLYH�DQDO\VLV�UHYHDOHG����FDWHJRULHV�WKDW�ZHUH�GHVFULEHG�DV�SRVLWLYHO\�LQIOXHQFLQJ
VXFFHVV�HIIHFWLYHQHVV�RI�RUJDQ�GRQDWLRQ�SURJUDPV��WDEOH�����7KH�FDWHJRULHV�ZHUH�FODVVLILHG�LQWR�WKUHH�PDLQ�FRPSRQHQWV�RI�VXFFHVVIXO�RUJDQ�GRQDWLRQ�SURJUDPV��FRQWH[W��DQ\�VRFLDO�LQWHUDFWLRQ��VLWXDWLRQV��RU�VXSSRUW�GRFXPHQWV�ZLWKLQ�RUJDQ�GRQDWLRQ�FRQWH[W�WKDW�PLJKW�KDYH�DQ�LPSDFW��SRVLWLYH�RU�QHJDWLYH��LQ�RUJDQ�GRQDWLRQ�SURJUDPV¶
UHVXOWV���SURFHVV��QHFHVVDU\�VWHSV�SURFHGXUHV�DQG�EHKDYLRXUDO�SDWWHUQV�WR�HQVXUH�HIIHFWLYH�DQG�VPRRWK�GRQDWLRQV���DQG�VWUXFWXUDO��WKH�SLHFHV�WKDW�WLH�RUJDQ�GRQDWLRQ�SURJUDPV�WRJHWKHU�DQG�HQVXUH�DQ�RSWLPDO�RUJDQ�GRQDWLRQ�SHUIRUPDQFH����&RQFOXVLRQ��2UJDQ�GRQDWLRQ�SURJUDPV�DUH�FRPSOH[�DQG�GHSHQG�RQ�PXOWLSOH�DFWLRQV�WR�WKHLU�VXFFHVV�
7KHUHIRUH��VXFFHVV�LQ�RUJDQ�GRQDWLRQ�VKRXOG�EH�WKRXJKW�E\�FRQVLGHULQJ�D�EDODQFH�EHWZHHQ�FRQWH[W��SURFHVV�DQG�VWUXFWXUDO�HOHPHQWV��7KH�UHVXOWV�RI�WKLV�VFRSLQJ�UHYLHZ�ZLOO�EHWWHU�LQIRUP�IXWXUH�VWXGLHV�WR�KDYH�D�PRUH�KROLVWLF�YLHZ�ZKLOH�HYDOXDWLQJ�RUJDQ�GRQDWLRQ�SURJUDPV����
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8QGHUVWDQGLQJ�WKH�,QIOXHQFH�RI�,QWHU�3URIHVVLRQDO�5HODWLRQDO�1HWZRUNV�ZLWKLQ�2UJDQ�'RQDWLRQ�3URJUDPV�LQ�2QWDULR�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��$+3�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��'RQDWLRQ�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG�7R�RSWLPL]H�RUJDQ�GRQDWLRQ�SHUIRUPDQFH�WKH�QDWXUH�DQG�LPSDFW�RI�FRPSOH[�IDFWRUV�QHHG�WR�EH�XQGHUVWRRG��6RPH�IDFWRUV�DUH�ZHOO�NQRZQ�DQG�PLJKW�QRW�EH�PRGLILDEOH��FRQWUD�LQGLFDWLRQV�IRU�WUDQVSODQW��DJH�OLPLW�RI�RUJDQ�GRQRU��HWF����EXW�RWKHUV��FROODERUDWLRQ�DQG�FRPPXQLFDWLRQ��WKDW�FRQWULEXWH�WR�YDULDWLRQV
DPRQJ�VLPLODU�KRVSLWDOV�LQ�WKH�VDPH�SURYLQFH��DUH�SRRUO\�XQGHUVWRRG��7KXV��WKH�RYHUDOO�DLP�RI�WKLV�UHVHDUFK�LV�WR�XQGHUVWDQG�WKH�QDWXUH�DQG�LPSDFW�RI�UHODWLRQVKLSV�ZLWKLQ�WKH�RUJDQL]DWLRQDO�FRQWH[W�RI�RUJDQ�GRQDWLRQ�SURJUDPV�LQ�2QWDULR��0HWKRGV�0XOWLPHWKRG�H[SORUDWRU\��SURVSHFWLYH�VWXG\������WR�GHVFULEH�WKH�FKDUDFWHULVWLFV�RI�VRFLDO
QHWZRUNV�RI�KHDOWK�FDUH�SURIHVVLRQDOV�RI�WKH�RUJDQ�GRQDWLRQ�SURJUDPV�EDVHG�RQ�FRPPXQLFDWLRQ�SDWWHUQV��6RFLDO�1HWZRUN�$QDO\VLV��DQG�����WR�GHVFULEH�WKH�RUJDQL]DWLRQDO�DWWULEXWHV�DQG�SURFHVVHV�RI�RQ�RUJDQ�GRQDWLRQ�SURJUDPV��0XOWLSOH�&DVH�6WXG\���DQG�����WR�FRPSDUH�WKH�LQIOXHQFH�RI�VRFLDO�QHWZRUNV�DQG�RUJDQL]DWLRQDO�DWWULEXWHV�RQ
WKH�SHUIRUPDQFH�RI�RUJDQ�GRQDWLRQ�SURJUDPV��1HWZRUN�&RPSDULVRQ����7KH�VWXG\�VLWHV�LQFOXGH�2QWDULR�KRVSLWDOV�GHVLJQDWHG�DV�W\SH�$�EDVHG�RQ�WUDXPD�FHQWUH�OHYHO��3XEOLF�+RVSLWDOV�$FW�FODVVLILFDWLRQ��SDUWQHUV�RI�WKH�2QWDULR¶V�2UJDQ�3URFXUHPHQW�2UJDQL]DWLRQ��:H�ILQLVKHG�GDWD�FROOHFWLRQ�DW�VLWH���DQG�DUH�LQ�WKH�SURFHVV�RI�UHFUXLWLQJ��
RWKHU�VLWHV��5HVXOWV�WKH�UHVHDUFKHU�REVHUYHG�WKUHH�RUJDQ�GRQDWLRQ�FDVHV����'&'V�DQG���1''��DW�VLWH���DQG�PDSSHG�WKH�FRPPXQLFDWLRQ�QHWZRUN�GXULQJ�WKRVH�FDVHV��ILJXUHV������DQG�����0RUH�GHWDLOHG�DQDO\VLV�RI�VLWH���GDWD��DV�ZHOO�DV�FRQWLQXRXV�GDWD�FROOHFWLRQ�DQDO\VLV�RI�RWKHU�VLWHV�DUH�EHLQJ�FRQGXFWHG�DQG�ILQDO�UHVXOWV�ZLOO�EH�SUHVHQWHG�DW
WKH������&DQDGLDQ�7UDQVSODQW�6XPPLW���&RQFOXVLRQ�,GHQWLI\LQJ�WKH�FKDUDFWHULVWLFV�RI�HIIHFWLYH�FROODERUDWLRQ�DQG�FRPPXQLFDWLRQ�SDWWHUQV�GXULQJ�WKH�RUJDQ�GRQDWLRQ�SURFHVV�ZLOO�DOORZ�IRU�WKH�GHYHORSPHQW�RI�LQWHUYHQWLRQV�ZLWKLQ�KRVSLWDOV�WR�IDFLOLWDWH�EHWWHU�SHUIRUPDQFH�RXWFRPHV���,PSURYHPHQWV�ZLWKLQ�RUJDQ�GRQDWLRQ�SURJUDPV�DUH
LPSRUWDQW�IRU�DOO�LQYROYHG�LQ�RUJDQ�GRQDWLRQ��LQFOXGLQJ�SDWLHQWV�DQG�IDPLOLHV��DQG�KHDOWK�FDUH�SURYLGHUV��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH���������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH���������B$EVWUDFW,PDJH�B�����������SGI�

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH���������B$EVWUDFW,PDJH�B�����������SGI�
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0HPEHU�RI��&67�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��)XOO�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��1R�

$EVWUDFW�%RG\��$LP��,PSOHPHQWDWLRQ�RI�D�QDWLRQDO�HSLWRSH�EDVHG�PDWFKLQJ�UHTXLUHV�KLJK�UHVROXWLRQ�VHTXHQFH�LQIRUPDWLRQ�IRU�DOO�WUDQVSODQW�UHFLSLHQWV�DQG�GRQRUV��:H�KDYH�FRQGXFWHG�D�FRPSUHKHQVLYH�KHDOWK�WHFKQRORJ\�DVVHVVPHQW�RI�1*6�WR�VXSSRUW�WKH�RSHUDWLRQDO�QHHGV�RI�&DQDGLDQ�SURJUDPV�ZLWKLQ�D�QDWLRQDO�IUDPHZRUN��0HWKRGV�
:H�KDYH�H[DPLQHG�WHFKQRORJLHV��FKHPLVWULHV�DQG�ELRLQIRUPDWLFV��SODWIRUPV�IRU�1*6�LQ�RYHU�������VXEMHFWV�IURP�D�GLDJQRVWLF�ODERUDWRU\�SHUVSHFWLYH�FRPSULVLQJ�DQDO\WLFDO�SUHFLVLRQ��LPSOHPHQWDWLRQ��WUDLQLQJ��RSHUDWLRQ��VXSSRUW��DQG�HFRQRPLF�FULWHULD����5HVXOWV��2XU�HYDOXDWLRQ�VKRZV�WKDW�VKRUW�UDQJH�VHTXHQFLQJ�RU�ORQJ�UDQJH
VHTXHQFLQJ�XVLQJ�QDQRSRUH�WHFKQRORJLHV�HDFK�RIIHU�VSHFLILF�DGYDQWDJHV�DQG�FKDOOHQJHV��7R�VWUHDPOLQH�LPSOHPHQWDWLRQ�IRU�&DQDGLDQ�ODERUDWRULHV�ZH�KDYH�ILUVW�DGRSWHG�WKH�IRUPHU��7HFKQRORJ\�DGYDQWDJHV�IRU�D�QDWLRQDO�SURJUDP�LQFOXGH���D��DGYDQFHV�LQ�FKHPLVWU\�ZKLFK�KDYH�GUDPDWLFDOO\�LPSURYHG�SUHFLVLRQ��ZLWK�D�GURS�RXW�UDWH
UHGXFHG�WR����SULPDULO\�DW�'4%�
���������DQG�'5%�
������LQ�������SDWLHQW�VHTXHQFHV���E��SDUDOOHO�PXOWL�VWUHDP�RSHUDWLRQ�WKDW�HQDEOH�UDSLG�UHSRUWLQJ�RI�XS�WR�������VDPSOHV���\HDU���F��VWDQGDUGL]HG�SURJUDPV�HQDEOH�UDSLG�WUDLQLQJ�DQG�FHUWLILFDWLRQ�RI�H[SHULHQFHG�+/$�WHFKQRORJLVWV�LQ�VHTXHQFLQJ�DQG�DQDO\VLV�ZLWKLQ�DSSUR[LPDWHO\��
ZHHNV��DQG��G��HFRQRPLF�FRVWV�RI�1*6�VHTXHQFLQJ�RI�DOO����+/$�JHQHV�FRPSDUH�IDYRUDEO\�ZLWK�662�������YV��������7HFKQRORJ\�GLVDGYDQWDJHV�LQFOXGH���D��DFTXLVLWLRQ�FRVWV�RI�QHZ�WHFKQRORJ\���E��FRPSOH[�,7�UHTXLUHPHQWV�IRU�V\VWHPV�VXSSRUW��FRQQHFWLYLW\�DQG�VHFXULW\���F��LPSRUWDQW�GDWD�VWRUDJH�GHPDQGV����JE�UXQ����JE�SURFHVVHG
GDWD��UDZ�GDWD�LI�UHTXLUHG��DQG��G��LQDELOLW\�WR�SHUIRUP�VHTXHQFLQJ�IRU�XUJHQW�VDPSOHV�LQFOXGLQJ�GHFHDVHG�GRQRUV��&RQFOXVLRQ��1*6�LV�LGHDOO\�DGDSWHG�WR�SURYLGH�UDSLG��UHOLDEOH�DQG�FRVW�HIILFLHQW�SDWLHQW�VHTXHQFH�GDWD�IRU�HSLWRSH�EDVHG�PDWFKLQJ�LQ�KLJK�WKURXJKSXW�ODERUDWRULHV��EXW�DOWHUQDWLYH�PROHFXODU�PHWKRGV�DUH�VWLOO�FXUUHQWO\
UHTXLUHG�IRU�GHFHDVHG�GRQRU�W\SLQJ���

'UDIW0RGH6WDWXV����
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:KROH�EORRG�YHUVXV�SDFNHG�UHG�EORRG�FHOO�EDVHG�SHUIXVDWH�LQ�NLGQH\�QRUPRWKHUPLF�PDFKLQH�SHUIXVLRQ�

0HPEHU�RI�� 6WXGHQW�2WKHUV�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��7UDLQHH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%DFNJURXQG��.LGQH\�WUDQVSODQWDWLRQ�LV�WKH�JROG�VWDQGDUG�WUHDWPHQW�IRU�HQG�VWDJH�UHQDO�GLVHDVH��KRZHYHU�DQ�LQFUHDVLQJ�JDS�EHWZHHQ�VXSSO\�DQG�GHPDQG�KDV�GULYHQ�LQFUHDVLQJ�LQWHUHVW�LQ�XVLQJ�PDUJLQDO�GRQRU�JUDIWV��1RUPRWKHUPLF�PDFKLQH�SHUIXVLRQ��103��LV�D�QRYHO�RUJDQ�SUHVHUYDWLRQ�PHWKRG�WKDW�RIIHUV�RSSRUWXQLWLHV
IRU�PDUJLQDO�NLGQH\�JUDIW�HYDOXDWLRQ�DQG�WKHUDSHXWLF�LQWHUYHQWLRQV�QRW�SRVVLEOH�ZLWK�WUDGLWLRQDO�K\SRWKHUPLF�PHWKRGV��:LWK�D�KLJKHU�PHWDEROLF�GHPDQG��103�UHTXLUHV�DQ�R[\JHQ�FDUULHU�IRU�HIILFLHQW�WLVVXH�R[\JHQDWLRQ��DQG�WKH�PRVW�FRPPRQ�FKRLFH�LV�SDFNHG�UHG�EORRG�FHOOV�RU�OHXNRF\WH�GHSOHWHG�EORRG��:H�DLP�WR�LQYHVWLJDWH�WKH
HIIHFWV�RI�ZKROH�EORRG�FRPSDUHG�WR�SDFNHG�UHG�EORRG�FHOO�EDVHG�103�SHUIXVDWH�RQ�JUDIW�LQIODPPDWLRQ�DQG�SHUIXVLRQ��0HWKRGV��3RUFLQH�NLGQH\V�DUH�UHFRYHUHG�DQG�SHUIXVHG�ZLWK�RXU�SUHVVXUH�FRQWUROOHG�103�V\VWHP�IRU����KRXUV��7KH�103�V\VWHP�LV�SULPHG�ZLWK����PO�RU����PO��IRU�SDFNHG�UHG�EORRG�FHOO��RI�D�PRGLILHG�SODVPDO\WH
FU\VWDOORLG�VROXWLRQ�DQG�HLWKHU����PO�ZKROH�GRQRU�EORRG�RU����PO�SDFNHG�UHG�EORRG�FHOO��3HUIXVDWH�LV�VXSSOHPHQWHG�ZLWK�KHSDULQ��JOXFRVH��DQG�LQVXOLQ�RYHU�WLPH�WKURXJK�LQIXVLRQV��5HVXOWV��%RWK�JURXSV�H[SHULHQFHG�FRPSDUDEOH�PHDQ�UHQDO�EORRG�IORZ�FRQVLVWHQWO\�RYHU����KRXUV�RI�SHUIXVLRQ��ZLWK�D�WUHQG�VKRZLQJ�LQFUHDVHG�UHQDO�EORRG
IORZ�LQ�ZKROH�EORRG�SHUIXVDWHV��ZKROH�EORRG����������PO�PLQ��SDFNHG�UHG�EORRG�FHOO����������PO�PLQ���1R�VLJQLILFDQW�GLIIHUHQFHV�LQ�SHUIXVDWH�S+�ZHUH�GHWHFWHG��&\WRNLQHV�71)�DOSKD��,/����DQG�,/����ZHUH�VLJQLILFDQWO\�LQFUHDVHG�LQ�ZKROH�EORRG�FRPSDUHG�DJDLQVW�SDFNHG�UHG�EORRG�FHOO�EDVHG�SHUIXVDWH��&RQFOXVLRQ��%RWK�ZKROH�EORRG
DQG�SDFNHG�UHG�EORRG�FHOO�EDVHG�SHUIXVDWHV�GHPRQVWUDWHG�HTXLYDOHQW�SHUIXVLRQ�UHVLVWDQFH�DQG�SHUIXVDWH�ELRFKHPLVWU\�LQ�D�SRUFLQH�PRGHO�RI�NLGQH\�QRUPRWKHUPLF�PDFKLQH�SHUIXVLRQ��:LWK�WKH�SUHVHQFH�RI�OHXNRF\WHV�LQ�ZKROH�EORRG�EDVHG�SHUIXVDWHV��WKHUH�ZDV�D�VLJQLILFDQW�LQFUHDVH�LQ�SHUIXVDWH�F\WRNLQHV��LQFOXGLQJ�ERWK�SUR�LQIODPPDWRU\
F\WRNLQHV�71)�DOSKD�DQG�,/���DQG�DQWL�LQIODPPDWRU\�F\WRNLQH�,/�����+RZHYHU��WKH�SK\VLRORJLFDO�VLJQLILFDQFH�RI�SHUIXVDWH�F\WRNLQH�SUHVHQFH�VWLOO�UHTXLUHV�IXUWKHU�VWXG\�WKURXJK�KLVWRORJLFDO�HYDOXDWLRQ�DQG�D�WUDQVSODQW�PRGHO�ZLWK�ORQJ�WHUP�IROORZ�XS��

'UDIW0RGH6WDWXV����
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0HPEHU�RI��&67�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��)XOO�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��3RVWHU�(�3RVWHU�RQO\�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��/RVV�RI�KHWHUR]\JRVLW\��/2+��LV�D�ZHOO�UHFRJQL]HG�JHQHWLF�DEQRUPDOLW\�LQ�KHPDWRORJLFDO�PDOLJQDQFLHV�DQG�ZKHQ�LQYROYLQJ�WKH�+/$�JHQHV�RQ�&KURPRVRPH����FDQ�UHVXOW�LQ�HUURQHRXV�+/$�W\SLQJ��/2+�LV�PRVW�IUHTXHQWO\�REVHUYHG�GXULQJ�EODVW�FULVHV�SUH�WUDQVSODQW�RFFXUULQJ�LQ������RI�SDWLHQWV�ZLWK�$FXWH
0\HORLG�/HXNHPLD��$0/���'XERLV�HW�DO����������DQG�XS�WR�����LQ�DFTXLUHG�$SODVWLF�$QDHPLD��D$$���+H\UPDQ�HW�DO����������0HWKRGV��)XOO�+/$����/RFL�JHQH�VHTXHQFLQJ�ZDV�HVWDEOLVKHG�LQ�2FW������IRU�WKH�%&�ERQH�PDUURZ�SURJUDP��6LQFH�WKHQ������SDWLHQWV�DQG�GRQRUV�KDYH�EHHQ�IXOO\�W\SHG�XVLQJ�1*6��6DPSOHV�ZHUH�DVVHVVHG�IRU
UHODWLYH�EXII\�FRDW�YROXPH��DV�ZHOO�DV�&%&��'LDJQRVLV�LQIRUPDWLRQ�IRU�KLJK�ULVN�SDWLHQWV��$0/��DQG�D�ODUJH�EXII\�FRDW�UHVXOWHG�LQ�WKH�VDPSOH�EHLQJ�IODJJHG�IRU�HYDOXDWLRQ��5HVXOWV��2XW�RI�WKH������SDWLHQWV�VHTXHQFHG�E\�1*6�ZH�KDYH�REVHUYHG�WZR�FDVHV�RI�/2+��RQH�RI�DQ�HQWLUH�KDSORW\SH�DQG�RQH�RI�D�VLQJOH�+/$�JHQH��+/$�&���,Q
ERWK�FDVHV��1*6�GHWHFWHG�RQO\���DOOHOH�KDSORW\SH�LQ�WKH�SUH�WUDQVSODQW�EORRG�VDPSOH��EXW�ZDV�DEOH�WR�GHWHFW�D��QG�DOOHOH�KDSORW\SH�XVLQJ�D�VDOLYD�VDPSOH��&RQFOXVLRQV��6HYHUDO�IDFWRUV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�JHQRW\SLQJ�+6&7�SDWLHQWV��LQ�RUGHU�WR�SUHYHQW�+/$�PLV�DVVLJQPHQWV���D��6DPSOH�WLPLQJ��GLVHDVH�VWDWH�LPSDFWV�WLPLQJ
RI�FRQILUPDWRU\�W\SLQJ��3UH�WUDQVSODQW�SDWLHQWV�LQ�FULVLV�DUH�PRUH�OLNHO\�WR�KDYH�FORQDO�DPSOLILFDWLRQ�RI�WKH�PXWDWHG�FORQH���E��6DPSOH�W\SH��8VLQJ�EXFFDO�RU�VDOLYD�VDPSOHV�UDWKHU�WKDQ�EORRG�DW�WLPH�RI�GLDJQRVLV��RU�UHPLVVLRQ�EORRG�VDPSOHV�OLPLWV�WKH�SRVVLELOLW\�RI�VDPSOLQJ�WKH�WXPRU���F��'LVHDVH�W\SH��:KLOVW�/2+�KDV�EHHQ�UHSRUWHG�LQ
PXOWLSOH�GLVHDVHV��FHUWDLQ�GLDJQRVHV�DUH�PRUH�DW�ULVN�IRU�/2+���G��$EQRUPDO�OHXNRF\WRVLV�DVVRFLDWHG�ZLWK�KLJK�WXPRU�EXUGHQ�LV�D�ULVN�IDFWRU�IRU�/2+���H��5HIOH[�WHVWLQJ�RI�KRPR]\JRXV�+/$�UHVXOWV�VKRXOG�EH�FRQILUPHG�ZLWK�DW�OHDVW�WZR�GLIIHUHQW�PHWKRGV�ZLWK�GLIIHUHQW�VHQVLWLYLWLHV��

'UDIW0RGH6WDWXV����
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+XPDQ�OHXNRF\WH�DQWLJHQ��+/$��FODVV�,,�H[SUHVVLRQ�RQ�WK\PLF�UHJXODWRU\�7�FHOOV��7UHJV��LV�LQGXFHG�E\�H[SDQVLRQ�FRQGLWLRQV�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��$VVRFLDWH�

6FLHQFH�7\SH��%DVLF�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��<HV�

$EVWUDFW�%RG\��%$&.*5281'��,PPXQH�PRGXODWLQJ�7UHJV�DUH�D�SURPLVLQJ�WKHUDSHXWLF�WRRO�LQ�WUDQVSODQWDWLRQ��$EXQGDQW�7UHJV�FDQ�EH�LVRODWHG�DQG�H[SDQGHG�IURP�GLVFDUGHG�KXPDQ�WK\PXVHV��'LMNH�HW�DO���$-7���������LQGLFDWLQJ�SRWHQWLDO�RI�WK\PLF�7UHJV�DV�DQ�µRII�WKH�VKHOI¶�FHOO�WKHUDS\��+/$�XSUHJXODWLRQ�RQ�DFWLYDWHG�7UHJV�PD\
LQFUHDVH�WKHLU�LPPXQRJHQLFLW\��ZKLFK�LV�D�SRVVLEOH�REVWDFOH�IRU�FOLQLFDO�SXUSRVH��+HUH��ZH�VWXGLHG�+/$�FODVV�,,�H[SUHVVLRQ�RQ�WK\PLF�7UHJV�XQGHU�YDULRXV�H[SDQVLRQ�FRQGLWLRQV��0(7+2'6��)2;3��&'����7UHJV�LVRODWHG�IURP�LQIDQW�WK\PXVHV��Q ���E\�PHFKDQLFDO�GLVVRFLDWLRQ�DQG�PDJQHWLF�EHDG�EDVHG�FHOO�VHSDUDWLRQ�ZHUH�FXOWXUHG
XQGHU�YDULRXV�FRQGLWLRQV�IRU����GD\V��7$%/(�����$GGLWLRQDOO\��DQWL�,)1�Ȗ�DQWLERGLHV�ZHUH�DGGHG�WR�FRQGLWLRQ�%�WR�VWXG\�WKH�UROH�RI�,)1�Ȗ��7UHJ�SKHQRW\SH�DQG�+/$�FODVV�,,�H[SUHVVLRQ�ZHUH�DVVHVVHG�E\�IORZ�F\WRPHWU\��&\WRNLQH�SURGXFWLRQ�ZDV�DQDO\]HG�E\�PXOWLSOH[�DVVD\��&\WRWR[LFLW\�DVVD\V�ZHUH�GRQH�XVLQJ�DQWL�+/$�FODVV�,,
DQWLERGLHV�DQG�UDEELW�FRPSOHPHQW��5(68/76��%HIRUH�FXOWXUH��������RI�WK\PLF�7UHJV�H[SUHVVHG�+/$�FODVV�,,��7UHJ�H[SDQVLRQ�ZDV�REVHUYHG�LQ�DOO�FXOWXUH�FRQGLWLRQV��H[FHSW�FRQGLWLRQ�+��&XOWXUHV�ZLWK�DUWLILFLDO�DQWLJHQ�SUHVHQWLQJ�FHOOV��FRQGLWLRQV�$��%��&��'��FRQWDLQHG�IHZHU�+/$�FODVV�,,�H[SUHVVLQJ�7UHJV�WKDQ�7�&HOO�$FWLYDWRU�FXOWXUHV
�FRQGLWLRQV�(��)��*��>UDQJH��������YV����������UHVSHFWLYHO\��S���������@��$GGLWLRQDOO\��&67�2S7PL]HU�PHGLXP��FRQGLWLRQV�&��'��LQGXFHG�OHVV�FODVV�,,�H[SUHVVLQJ�7UHJV�WKDQ�,PPXQR&XOW�;)�PHGLXP��FRQGLWLRQV�$��%��>UDQJH��������YV����������UHVSHFWLYHO\��S �����@��$GGLWLRQ�RI�UDSDP\FLQ�KDG�QR�HIIHFW��+/$�FODVV�,,��7UHJV�ZHUH
VXVFHSWLEOH�WR�DQWLERG\�GHSHQGHQW�FRPSOHPHQW�PHGLDWHG�FHOO�GHDWK��7KH�SHUFHQWDJH�RI�FODVV�,,��7UHJV�ZDV�SRVLWLYHO\�FRUUHODWHG�WR�,)1�Ȗ�SURGXFWLRQ��S ������DQG�GHFUHDVHG�LQ�WKH�SUHVHQFH�RI�DQWL�,)1�Ȗ�DQWLERGLHV�LQ�D�GRVH�GHSHQGHQW�PDQQHU��&21&/86,21��7KH�FRQGLWLRQV�XVHG�IRU�7UHJ�H[SDQVLRQ�DIIHFWHG�WKH�SHUFHQWDJH�RI�WK\PLF
7UHJV�WKDW�XSUHJXODWH�+/$�FODVV�,,��ZKLFK�DW�OHDVW�LQ�SDUW�ZDV�GXH�WR�,)1�Ȗ�SURGXFWLRQ�E\�WKH�FHOOV��([SDQVLRQ�SURWRFROV�WKDW�OLPLW�,)1�Ȗ�SURGXFWLRQ�PD\�WKHUHIRUH�JHQHUDWH�OHVV�LPPXQRJHQLF�WKHUDSHXWLF�7UHJV��

$EVWUDFW�,PDJH����KWWS���DP]�[FGV\VWHP�FRP�)����&�'�)�'��%�%��%'��)���%�'$%�&�BDEVWUDFWB)LOH���������B$EVWUDFW,PDJH�B�����������SGI�

'UDIW0RGH6WDWXV����



,'�����
&203$5,621�2)�+/$�$17,%2'<�$66,*10(176�%(7:((1�7:2�/80,1(;�%$6('�3/$7)2506�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��)XOO�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��2WKHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG�*LYHQ�HYLGHQFH�WKDW�GRQRU�VSHFLILF�DQWLERGLHV��'6$��WR�+XPDQ�/HXNRF\WH�$QWLJHQV��+/$��DGYHUVHO\�DIIHFW�NLGQH\�WUDQVSODQW�RXWFRPH��VHQVLWLYH�WHFKQLTXHV�IRU�GHWHFWLQJ�+/$�DQWLERGLHV�KDYH�EHHQ�GHYHORSHG��6LQJOH�DQWLJHQ�EHDG��6$%��/XPLQH[�EDVHG�WHVWV��LQ�SDUWLFXODU��DUH�KLJKO\�VHQVLWLYH�DQG�DUH�XVHG
WR�GHILQH�µXQDFFHSWDEOH¶�GRQRU�DQWLJHQV�LQ�D�YLUWXDO�FURVVPDWFK��$OWKRXJK�LW�KDV�ODUJHO\�UHYROXWLRQL]HG�+/$�DQWLERG\�GHWHFWLRQ��/XPLQH[�6$%�DVVD\�KRZHYHU�GRHV�SUHVHQW�ZLWK�VRPH�SUREOHPV�VXFK�DV�LQWHUIHULQJ�VXEVWDQFHV�DQG�QRQ�VSHFLILF�UHDFWLYLW\�ZKLFK�FDQ�PDNH�LQWHUSUHWDWLRQ�FKDOOHQJLQJ��6LQFH�WKH�PRUH�XQDFFHSWDEOH�DQWL�+/$
DQWLERGLHV�WKDW�D�SDWLHQW�KDV�GHFUHDVHV�WKH�SRRO�RI�VXLWDEOH�GRQRUV�DQG�LQFUHDVHV�ZDLWOLVW�WLPH��WKH�FRUUHFW�DVVLJQPHQW�RI�DQWL�+/$�DQWLERGLHV�LV�FULWLFDO��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�FRQFRUGDQFH�EHWZHHQ�WZR�6$%�DVVD\V�PDQXIDFWXUHG�E\�2QH�/DPEGD�DQG�,PPXFRU��0HWKRGV�7KH�QHJDWLYH�DQG�SRVLWLYH�FRUUHODWLRQV�RI
DQWLERG\�DVVLJQPHQWV�IRU�HDFK�EHDG�ZLWK�DQ�LGHQWLFDO�+/$�DQWLJHQ��EDVHG�RQ�WKH�&DQDGLDQ�QDWLRQDO�FXW�RII�RI������0),�IRU�2QH�/DPEGD�DQG�WKH�YHQGRU�UHFRPPHQGHG�SRVLWLYH�DVVLJQPHQWV�PDGH�E\�,PPXFRU��ZHUH�DVVHVVHG�IRU����SDWLHQW�VHUD��$OOXYLDO�GLDJUDPV�ZHUH�DOVR�JHQHUDWHG�WR�KHOS�ZLWK�YLVXDOL]DWLRQ�RI�HSLWRSH�SDWWHUQV�
5HVXOWV��7KH�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�WKH�NLWV�UDQJHG�IURP��������GHSHQGLQJ�RQ�WKH�ORFXV�DQG�WKH�QHJDWLYH�DVVLJQPHQW�FRUUHODWLRQ�ZDV�JHQHUDOO\�RYHU������/2*�0),�YDOXHV�ZHUH�DOVR�FRPSDUHG�EHWZHHQ�WKH���SODWIRUPV�IRU�&ODVV�,�DQG�&ODVV�,,�EHDGV�FRPELQHG�DQG�E\�&ODVV��DQG�WKH�UHJUHVVLRQ�ZDV�FRPSDUDWLYHO\�PRGHVW��U�� 
������������������ZLWK�WKH�2QH�/DPEGD�NLW�KDYLQJ�KLJKHU�0),�YDOXHV�LQ�JHQHUDO�OLNHO\�GXH�WR�D�KLJKHU�VHUXP�WR�EHDG�UDWLR��&RQFOXVLRQ��$OWKRXJK�WKH�WZR�NLWV�VKRZHG�VRPH�FRUUHODWLRQ��WKHUH�ZDV�DOVR�D�VLJQLILFDQW�DPRXQW�RI�QRQ�FRQFRUGDQFH��

'UDIW0RGH6WDWXV����



,'�����
'RHV�WK\PRJOREXOLQ�LQGXFWLRQ�WKHUDS\�UHGXFH�UDWHV�RI�GHOD\HG�JUDIW�IXQFWLRQ�LQ�'&'�NLGQH\�WUDQVSODQW�UHFLSLHQWV"�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��)XOO�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��$V�WKH�UDWH�RI�GHOD\HG�JUDIW�IXQFWLRQ��'*)��LV�KLJK�LQ�GRQDWLRQ�DIWHU�FDUGLDF�GHDWK��'&'��UHQDO�WUDQVSODQWDWLRQ��VRPH�WUDQVSODQW�SK\VLFLDQV�SUHIHU�WR�XWLOL]H�7K\PRJOREXOLQ��DQG�GHOD\HG�LQWURGXFWLRQ�RI�FDOFLQHXULQ�LQKLELWRUV��RYHU�%DVLOL[LPDE�LQ�RUGHU�WR�UHGXFH�WKH�UDWH�RI�'*)��7KH�SXUSRVH�RI�WKLV�VWXG\
ZDV�WR�FRPSDUH�WKH�UDWHV�RI�'*)��UHMHFWLRQ�DQG�VXUYLYDO�RI�SDWLHQWV�WUHDWHG�ZLWK�HLWKHU�LQGXFWLRQ�DJHQW��0HWKRGV��$�UHWURVSHFWLYH�FRKRUW�VWXG\�RI�UHFLSLHQWV�RI�����'&'�NLGQH\�WUDQVSODQW�UHFLSLHQWV�ZDV�SHUIRUPHG�EHWZHHQ������DQG�������3DWLHQW�FRKRUWV�ZHUH�VWUDWLILHG�E\�LQGXFWLRQ�DJHQW���&DOFLQHXULQ�LQKLELWRUV�ZHUH�GHOD\HG�LQ
7K\PRJOREXOLQ�WUHDWHG�UHFLSLHQWV��EXW�FDOFLQHXULQ�LQKLELWRUV�ZHUH�QRW�GHOD\HG�ZLWK�%DVLOL[LPDE�LQGXFWLRQ��7KH�FKRLFH�RI�LQGXFWLRQ�DJHQW�ZDV�DFFRUGLQJ�WR�QHSKURORJLVW�SUHIHUHQFH��'HPRJUDSKLF�GDWD�LQ�DGGLWLRQ�WR�LPPXQRORJLF�ULVN�EDVHG�XSRQ��35$�ZDV�FROOHFWHG���7KH�SULPDU\�RXWFRPH�ZDV�'*)��GHILQHG�DV�UHTXLULQJ�GLDO\VLV�ZLWKLQ��
GD\V�RI�WUDQVSODQW��6HFRQGDU\�RXWFRPHV�LQFOXGHG�DFXWH�UHMHFWLRQ��JUDIW�IDLOXUH�DQG�VXUYLYDO��6WXGHQW¶V�W�WHVW�DQG�&KL�VTXDUH�ZHUH�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV��5HVXOWV��$IWHU�D�PHDQ�IROORZ�XS�RI�����\HDUV�����ZHUH�LQGXFHG�ZLWK�%DVLOL[LPDE�DQG�����ZHUH�LQGXFHG�ZLWK�7K\PRJOREXOLQ���'RQRU�DQG�UHFLSLHQW�GHPRJUDSKLFV�ZHUH�VLPLODU
EHWZHHQ�JURXSV��,Q�IDFW��WKH�PHDQ��35$�ZDV�����LQ�WKH�%DVLOL[LPDE�JURXS�DQG�����LQ�WKH�7K\PRJOREXOLQ�JURXS��S� �������7KH�UDWH�RI�'*)�ZDV�������LQ�WKH�%DVLOL[LPDE�JURXS�FRPSDUHG�ZLWK�������LQ�WKH�7K\PRJOREXOLQ�JURXS��S �������$V�ZHOO��DFXWH�UHMHFWLRQ�UDWHV������ERWK�JURXSV�����\HDU�FUHDWLQLQH�FOHDUDQFH�������PO�PLQ�DQG
�����P/�PLQ�LQ�%DVLOL[LPDE�DQG�7K\PRJOREXOLQ�JURXS���DQG�JUDIW�IDLOXUH�UDWHV�ZHUH�VLPLODU�EHWZHHQ�WKH�JURXSV��������S �����������S �������&RQFOXVLRQV��7KH�XVH�RI�7K\PRJOREXOLQ�DQG�GHOD\HG�LQWURGXFWLRQ�RI�FDOFLQHXULQ�LQKLELWRUV�GLG�QRW�UHGXFH�'*)�UDWHV��QRU�WKH�ULVN�RI�DFXWH�UHMHFWLRQ�RU�JUDIW�IDLOXUH��%DVLOL[LPDE�LV�HIILFDFLRXV�DV�DQ
LQGXFWLRQ�DJHQW�LQ�WKH�ORZ�LPPXQRORJLF�ULVN�'&'�UHQDO�WUDQVSODQW�UHFLSLHQW��

'UDIW0RGH6WDWXV����
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$�)RUWXQDWH�3UREOHP��$OORFDWLQJ�1RQ�'LUHFWHG�/LYLQJ�'RQRU�/LYHUV�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��$VVRFLDWH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��/LYHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG�/LYLQJ�OLYHU�GRQDWLRQ�LV�DQ�DFFHSWHG�ZD\�RI�DGGUHVVLQJ�SDWLHQWV¶�QHHGV�DPLGVW�D�VFDUFLW\�RI�XVDEOH�GHFHDVHG�GRQRU�OLYHUV��$V�ZLWK�RWKHU�SURFHGXUHV�HQWDLOLQJ�PHGLFDO�ULVN��YROXQWDU\�LQIRUPHG�FRQVHQW�LV�FUXFLDO��2XU�WUDQVSODQW�SURJUDP�LV�IRUWXQDWH�HQRXJK�WR�UHFHLYH�RIIHUV�IURP�WLPH�WR�WLPH�IURP�LQGLYLGXDOV
ZKR�ZLVK�WR�GRQDWH�SDUW�RI�WKHLU�OLYHU�WR�D�FRPSOHWH�VWUDQJHU��,Q�FRQWUDVW�WR�DQRQ\PRXV�QRQ�GLUHFWHG�OLYLQJ�GRQRU��$1/'��NLGQH\V��ZKLFK�DUH�DOORFDWHG�DOJRULWKPLFDOO\�DV�WKRXJK�WKH\�ZHUH�GHFHDVHG�GRQRU�RUJDQV��$1/'�OLYHU�GRQDWLRQ�SRVHV�DQ�DOORFDWLRQ�TXDQGDU\��3DWLHQWV�ZKR�DUH�QH[W�LQ�OLQH�IRU�D�GHFHDVHG�GRQRU�OLYHU�DUH�W\SLFDOO\�QRW
FRQVLGHUHG�VXLWDEOH�FDQGLGDWHV�IRU�D�OLYLQJ�GRQRU�WUDQVSODQW��DV�WKH\�JHQHUDOO\�QHHG�D�ZKROH�OLYHU��,I�WKH�HVWDEOLVKHG�DOORFDWLRQ�V\VWHP��EDVHG�RQ�GLVHDVH�DFXLW\�DV�UHIOHFWHG�LQ�0(/'�VFRUHV��LV�QRW�DQ�DSSURSULDWH�RU�XVHIXO�JXLGH��KRZ�VKDOO�ZH�DOORFDWH�$1/'�OLYHUV"�:H�DGGUHVV�WKLV�JDS�LQ�WKH�H[LVWLQJ�OLWHUDWXUH�E\�OD\LQJ�RXW�HWKLFDO�DQG
SUDFWLFDO�FRQVLGHUDWLRQV�EHDULQJ�RQ�WKH�DOORFDWLRQ�RI�$1/'�OLYHUV��0HWKRGV���6XUYH\LQJ�WKH�OLWHUDWXUH�RQ�WKH�HWKLFV�RI�RUJDQ�DOORFDWLRQ�DQG�GRQRU�DQG�UHFLSLHQW�RXWFRPHV��ZH�LGHQWLI\�D�VHW�RI�DSSOLFDEOH�PRUDO�FRQVLGHUDWLRQV�LQFOXGLQJ�GRQRU�IDFWRUV��UHFLSLHQW�FKDUDFWHULVWLFV��DQG�SXEOLF�H[SHFWDWLRQV��:H�WKHQ�SURSRVH�DQ�LWHUDWLYH�SURFHVV�IRU
QDUURZLQJ�WKH�SRRO�RI�SODXVLEOH�UHFLSLHQWV�WR�RQH�RU�WZR�LGHDO�FDQGLGDWHV��L�H��D�UHFLSLHQW�DQG�³EDFNXS´���5HVXOWV�DQG�&RQFOXVLRQ��$�VWURQJ�FDVH�FDQ�EH�PDGH�IRU�PDWFKLQJ�$1/'�RIIHUV�ILUVW�ZLWK�VPDOOHU�UHFLSLHQWV�RQ�WKH�EDVLV�RI�PLQLPL]LQJ�GRQRU�ULVN�E\�PLQLPL]LQJ�WKH�YROXPH�RI�OLYHU�WR�EH�WUDQVSODQWHG��$PRQJ�SODXVLEOH�FDQGLGDWHV�
SULRULW\�PD\�GHIHQVLEO\�EH�JLYHQ�WR�SDWLHQWV�ZKR�DUH�UHDVRQDEO\�OLNHO\�WR�KDYH�JRRG�WUDQVSODQW�RXWFRPHV�DQG�DUH�WKRXJKW�WR�EH�GLVDGYDQWDJHG�XQGHU�H[LVWLQJ�UXOHV�IRU�DOORFDWLQJ�GHFHDVHG�GRQRU�OLYHUV��7KH�SURSULHW\�RI�SUHIHUULQJ�\RXQJHU�FDQGLGDWHV�RU�WKRVH�ZKR�KDYH�PDGH�UHDVRQDEOH�HIIRUWV�WR�ILQG�D�OLYLQJ�GRQRU�UHPDLQV�GHEDWDEOH��

'UDIW0RGH6WDWXV����



,'�����
+DOI�D�&KDQFH��([WHQGLQJ�6SOLW�/LYHU�7UDQVSODQWDWLRQ�LQ�1RUWK�$PHULFD�

0HPEHU�RI��&'753�

$EVWUDFW�7\SH��*HQHUDO�$EVWUDFW�

0HPEHU�7\SH��$VVRFLDWH�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��/LYHU�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG�������������7KH�KXPDQ�OLYHU¶V�DELOLW\�WR�UHJHQHUDWH�SUHVHQWV�XQLTXH�RSSRUWXQLWLHV�IRU�VRPH�SDWLHQWV�LQ�QHHG�RI�WUDQVSODQW�WR�GHULYH�ORQJ�WHUP�EHQHILW�IURP�OHVV�WKDQ�D�ZKROH�OLYHU��1RWDEO\��GHFHDVHG�GRQRU�OLYHUV�PD\�EH�VSOLW�WR�EHQHILW�WZR�GLIIHUHQW�UHFLSLHQWV��7KLV�SUHVHQWDWLRQ�H[DPLQHV�WKH�HWKLFDO�DQG�SUDFWLFDO
LPSOLFDWLRQV�RI�VSOLW�OLYHU�WUDQVSODQWDWLRQ��6/7��IURP�GHFHDVHG�GRQRUV��$IWHU�HOXFLGDWLQJ�WKH�HWKLFDO�SHUPLVVLELOLW\�RI�WKLV�SUDFWLFH��WKH�SUHVHQWHUV�ZLOO�LGHQWLI\�DQG�DVVHVV�SRWHQWLDO�PHFKDQLVPV�IRU�H[SDQGLQJ�DFFHVV�WR�6/7�LQ�FRQWUROOHG�FRQGLWLRQV��0HWKRGV�������������$�UHYLHZ�RI�WKH�UHOHYDQW�OLWHUDWXUH�VKRZV�WKDW�WZR�QRUPDWLYH
FRQVLGHUDWLRQV�ORRP�ODUJH�RYHU�RUJDQ�DOORFDWLRQ�SROLF\��H[SHFWHG�PHGLFDO�RXWFRPHV�DQG�HTXLWDEOH�DFFHVV��:H�FULWLFDOO\�DSSUDLVH�KRZ�6/7�DOLJQV�ZLWK�WKHVH�REMHFWLYHV�LQ�OLJKW�RI�SUHVHQW�VXUJLFDO�FDSDELOLWLHV��,QVRIDU�DV�6/7�UHPDLQV�UDUH��ZH�GUDZ�RQ�RXU�NQRZOHGJH�RI�WKH�VWUXFWXUH�RI�RUJDQ�DOORFDWLRQ�DQG�FXOWXUH�RI�VXUJHU\�WR�WKHRUL]H�ZK\
WKLV�LV�WKH�FDVH��)LQDOO\��ZH�FRQVLGHU�KRZ�DOORFDWLRQ�PHFKDQLVPV�DQG�YDULDQFHV�HPSOR\HG�LQ�RWKHU�³VSHFLDO�VLWXDWLRQV�´�PLJKW�EH�DGDSWHG�WR�EHWWHU�IDFLOLWDWH�6/7��5HVXOWV�DQG�&RQFOXVLRQ�������������7KH�LPSDFW�RI�6/7�RQ�LQGLYLGXDO�DQG�DJJUHJDWH�SDWLHQW�RXWFRPHV�LV�DQ�HPSLULFDO�TXHVWLRQ�WKDW�WXUQV�RQ�IDFWRUV�VXFK�DV�VHOHFWLRQ�FULWHULD�
1RQHWKHOHVV��VWXGLHV�VWURQJO\�VXJJHVW�WKDW�6/7�FDQ�LQFUHDVH�WKH�WRWDO�QXPEHU�RI�UHFLSLHQWV�EHQHILWLQJ�IURP�WUDQVSODQWDWLRQ��:KLOH�WKH�HTXLWDEOH�DQDO\VLV�LV�DOVR�FRPSOH[��6/7�PD\�EHQHILW�KDUG�WR�PDWFK�UHFLSLHQWV�ZKR�DUH�GLVDGYDQWDJHV�WKURXJK�QR�IDXOW�RI�WKHLU�RZQ��+HQFH��LQ�FRQGLWLRQV�RI�VFDUFLW\��6/7�LV�HWKLFDOO\�VXSSRUWDEOH�������������
:H�SURSRVH�WKDW�D�PDMRU�REVWDFOH�WR�JUHDWHU�VSOLWWLQJ�RI�GHFHDVHG�GRQRU�OLYHUV�LQ�1RUWK�$PHULFD�LV�DOORFDWLRQ�LQIUDVWUXFWXUH�WKDW�ZDV�QRW�GHVLJQHG�ZLWK�WKLV�SRVVLELOLW\�LQ�PLQG��3RWHQWLDO�PHFKDQLVPV�IRU�DGYDQFLQJ�6/7�LQFOXGLQJ�HVWDEOLVKLQJ�D�FHQWUDO�FOHDULQJKRXVH�IRU�LGHQWLI\LQJ�OLYHUV�VXLWDEOH�IRU�VSOLWWLQJ�DQG�RIIHULQJ�WKHP�ILUVW�RQ�WKLV
EDVLV��DV�ZHOO�DV�D�VHSDUDWH�UHJLVWU\�IRU�HYDOXDWLQJ�DQG�PRQLWRULQJ�6/7�RXWFRPHV��

'UDIW0RGH6WDWXV����



,'�����
7KH�LPSDFW�RI�GHOD\HG�JUDIW�IXQFWLRQ�RQ�'&'�UHQDO�WUDQVSODQW�RXWFRPHV�

0HPEHU�RI��&67�

$EVWUDFW�7\SH��$GXOW�$EVWUDFW�

0HPEHU�7\SH��)XOO�

6FLHQFH�7\SH��&OLQLFDO�6FLHQFH�

*URXS�&DWHJRU\��.LGQH\�3DQFUHDV�

6XEPLVVLRQ��2UDO�RU�3RVWHU�(�3RVWHU�

7UDLQHH��1R�

$EVWUDFW�%RG\��%DFNJURXQG��'HOD\HG�JUDIW�IXQFWLRQ��'*)��LV�DVVRFLDWHG�ZLWK�LQIHULRU�RXWFRPHV�LQ�GRQDWLRQ�DIWHU�QHXURORJLF�GHDWK�UHQDO�WUDQVSODQWDWLRQ��$V�D�UHVXOW�RI�ZDUP�LVFKHPLF�WLPH��'*)�RFFXUV�IDU�PRUH�RIWHQ�IROORZLQJ�GRQDWLRQ�DIWHU�FLUFXODWRU\�GHDWK���'&'��WUDQVSODQWDWLRQ��EXW�LW¶V�HIIHFW�RQ�RXWFRPHV�DUH�XQFOHDU���:H�VRXJKW
WR�H[DPLQH�WKH�LPSDFW�RI�'*)�RQ�'&'�NLGQH\�WUDQVSODQWV��0HWKRGV��'HPRJUDSKLFV�DQG�RXWFRPHV�RI�����'&'�NLGQH\�WUDQVSODQW�UHFLSLHQWV�ZHUH�DVVHVVHG�DW�D�VLQJOH�LQVWLWXWLRQ�EHWZHHQ������DQG��������&RKRUWV�ZHUH�FODVVLILHG�DV�KDYLQJ�LPPHGLDWH�JUDIW�IXQFWLRQ��,*)���RU�'*)�UHTXLULQJ�GLDO\VLV�ZLWKLQ���GD\V�RI�WUDQVSODQW���:H�IXUWKHU
VXEFODVVLILHG�JURXSV�LQWR�VKRUW�DQG�SURORQJHG�'*)��GHILQHG�DV�'*)�ODVWLQJ�ORQJHU�WKDQ���GD\V���7KH�SULPDU\�RXWFRPH�ZDV�JUDIW�VXUYLYDO�DQG�VHFRQGDU\�RXWFRPHV�LQFOXGHG���\HDU�FUHDWLQLQH�FOHDUDQFH��UHMHFWLRQ�DQG�RYHUDOO�VXUYLYDO��5HVXOWV��2YHUDOO������RI�'&'�UHQDO�WUDQVSODQWV�H[SHULHQFHG�'*)��'RQRU�DQG�UHFLSLHQW�GHPRJUDSKLFV
ZHUH�VLPLODU�EHWZHHQ�,*)�DQG�'*)�JURXSV��7KH�SUHVHQFH�RI�'*)�GLG�QRW�DIIHFW�SDWLHQW�RU�JUDIW�VXUYLYDO�DIWHU�D�PHDQ�RI�����\HDUV�������\HDUV���)LJXUH�����$OWKRXJK�WKH�SUHVHQFH�RI�'*)�DIIHFWHG�&U&O�DW����S����������������FRQILGHQFH�LQWHUYDO������±��������DQG���PRQWKV��S���������������FRQILGHQFH�LQWHUYDO�����±����������\HDU�&U&O�ZDV
QRW�GLIIHUHQW�LQ�WKH�JURXS�ZLWK�'*)�YV��,*)��S� �16����$OWKRXJK�'*)�LQFUHDVHG�WKH�GXUDWLRQ�RI�DGPLVVLRQ��LW�GLG�QRW�DIIHFW�UH�DGPLVVLRQ�UDWHV��;�� �������S� ��������'*)�ZDV�DVVRFLDWHG�ZLWK�D�KLJKHU�DFXWH�FHOOXODU�UHMHFWLRQ�UDWH��;�� �������S� ��������,QWHUHVWLQJO\��JUDIW�VXUYLYDO�ZDV�LQIHULRU�LQ�SDWLHQWV�ZLWK�SURORQJHG�'*)��EXW�WKLV�VPDOO
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