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$%675$&7�$SRSWRVLV�LV�D�KLJKO\�UHJXODWHG�PRGH�RI�FHOO�GHDWK�WKDW�RFFXUV�LQ�WKH�DEVHQFH�RI�LQIODPPDWLRQ��/LJKW�PLFURVFRSLF�H[DPLQDWLRQ�RI� WKH�P\RFDUGLXP�RI� DSSDUHQWO\�KHDOWK\�FDPHOV�GLG�QRW� UHYHDO�HYLGHQFH�RI�DSRSWRVLV� LQ�DQ\�RI� WKH�VDPSOHV��7KH�PRVW� FRPPRQ� IHDWXUHV� REVHUYHG� ZLWK� WKH� WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRSH�LQFOXGHG�� ���� DQ� LQWDFW� VDUFROHPPD� ZLWK� VRPH� EOHE� IRUPDWLRQ�� ���� QXFOHDU�FKURPDWLQ� FRQGHQVDWLRQ� DQG� PDUJLQDWLRQ� ZLWK� QXFOHRODU� GLVUXSWLRQ�� ����PLWRFKRQGULDO� VZHOOLQJ� DQG� GLVRUJDQL]DWLRQ�� DFFRPSDQLHG� E\� GHJHQHUDWLRQ� RU�K\SHUFRQGHQVDWLRQ�RI�FULVWDH�� DQG� ���� DQ� LQWHUFDODWHG�GLVF� UHJLRQ�ZLWK�D�KLJKHU�WKDQ�QRUPDO� PLWRFKRQGULRQ�P\RILEULO� UDWLR�� RU� VXUURXQGHG� IURP� ERWK� VLGHV� E\�DV\PPHWULFDOO\� FRQWUDFWHG� VDUFRPHUHV�� $SRSWRWLF� DOWHUDWLRQV� DPRQJ� WKH�HQGRWKHOLRF\WHV� OLQLQJ� WKH� PLFURYDVFXODWXUH� FRPSULVHG�� ���� PDUNHG� QXFOHDU�FKURPDWLQ� FRQGHQVDWLRQ� DQG� PDUJLQDWLRQ�� ���� YLOORXV� EOHEV� RQ� WKH� DGOXPLQDO�SODVPDOHPPD��ZKLFK�SURMHFWHG� LQWR� WKH�OXPHQ������F\WRSODVPLF�YDFXRODWLRQ�� ����WKH� SUHVHQFH� RI� LQWUDOXPLQDO� PHPEUDQH�ERXQGHG� YHVLFOHV�� DQG� ���� RFFDVLRQDO�SHULFDSLOODU\� HGHPD� DQG� DFFXPXODWLRQV� RI� FHOOXODU� GHEULV�� 7KH� UHVXOWV� RI� WKLV�VWXG\�LQGLFDWH�WKDW�P\RFDUGLDO�DSRSWRVLV�FDQ�RFFXU�LQ�DSSDUHQWO\�KHDOWK\�FDPHOV��
LQ�WKH�DEVHQFH�RI�D�FOHDU�FXW�HWLRORJ\���

.H\ZRUGV��DSRSWRVLV��P\RFDUGLXP��P\RFDUGLDO��PLFURYHVVHOV��XOWUDVWUXFWXUH��FDPHO���
,1752'8&7,21��$SRSWRVLV� LV� D� GLVWLQFW� IRUP� RI� FHOO� GHDWK�� � ,W� GLVSOD\V� FKDUDFWHULVWLF� DOWHUDWLRQV� LQ� FHOO�PRUSKRORJ\�DQG�FHOO�IDWH�ZKLFK�DUH�PDUNHGO\�GLIIHUHQW�IURP�WKRVH�VHHQ�LQ�FHOO�GHDWK�GXH�WR�QHFURVLV� �IRU� UHYLHZ�� VHH� +DFNHU� ������� 1HFURVLV� LV� D� SDVVLYH� IRUP� RI� FHOO� GHDWK��FKDUDFWHUL]HG� E\� GHSOHWLRQ� RI� $73�� GDPDJH� WR� LQWUDFHOOXODU� RUJDQHOOHV�� FHOO� VZHOOLQJ��UXSWXUH� RI� WKH� FHOO
V� SODVPD� PHPEUDQH�� DQG� UHOHDVH� RI� PDWHULDOV� WKDW� FDXVH� ORFDO�LQIODPPDWLRQ� �*RSLQJ� HW� DO� ������� $SRSWRVLV�� RQ� WKH� RWKHU� KDQG�� LV� DQ� DFWLYH� DQG�SUHVXPDEO\� SUH�SURJUDPPHG� IRUP� RI� FHOO� GHDWK� �%XMD� HW� DO�� ������ +HQGHUVRQ� �������3DUWLFLSDWLRQ�RI�WKH�FHOO�RQ�WKH�SDWKZD\�WR�GHDWK�LV�D�SURFHVV�UHTXLULQJ�HQHUJ\���:LWK� UHVSHFW� WR� WKH� KHDUW�� WKHUH� LV� DFFXPXODWLQJ� HYLGHQFH� IURP� ERWK� DQLPDO� DQG�KXPDQ�VWXGLHV�VWURQJO\�VXJJHVWLQJ�WKDW�DSRSWRVLV�RFFXUV�LQ�VHYHUDO�VLWXDWLRQV���,W�FDQ�EH�D�IHDWXUH� RI� SUHQDWDO� P\RFDUGLDO� GHYHORSPHQW�� D� QRUPDO� PHFKDQLVP� LQYROYHG� LQ� RYHUDOO�FDUGLDF� JURZWK� DQG� GLIIHUHQWLDWLRQ� �IRU� UHYLHZ�� VHH� 3RHOPDQQ� HW� DO� ������� ,Q� WKH� DGXOW�DSRSWRVLV�FDQ�EH�WKH�UHVXOW�RI�YDULRXV�FDUGLRYDVFXODU�GLVHDVHV��+DXQVWHWWHU�	�,]XPR��������$GXOW�P\RFDUGLDO�DSRSWRVLV�KDV�EHHQ�GHVFULEHG�LQ�QXPHURXV�VLWXDWLRQV��H�J�� K\SR[LD�DQG�
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UHR[\JHQDWLRQ� �.DQJ� HW� DO� ������� KHDUW� IDLOXUH� �'H� :LQGW� HW� DO� ������� P\RFDUGLDO�LQIDUFWLRQ� �6DP� HW� DO�� ������� R[LGDWLYH� VWUHVV� �6DVWUH� HW� DO�� ������� PHFKDQLFDO� VWUHWFK��&KHQJ�HW�DO� �������DQG�WUDQVSODQWDWLRQ�UHMHFWLRQ��.RJOLQ�HW�DO� �������� 8OWUDVWUXFWXUDO� IHDWXUHV� RI� DSRSWRVLV� LQ� P\RFDUGLRF\WHV� LQFOXGH� FRPSDFWLRQ� DQG�VHJUHJDWLRQ� RI� QXFOHDU� FKURPDWLQ� LQWR� VKDUSO\� GHOLQHDWHG� PDVVHV� WKDW� DEXW� WKH� QXFOHDU�HQYHORSH�� QXFOHDU� GHIRUPLWLHV� DQG� IUDJPHQWDWLRQ�� VDUFROHPPDO� EOHEELQJ� IRUPDWLRQ��GLVRUJDQL]DWLRQ�RI�RUJDQHOOHV��JO\FRJHQ�GHSOHWLRQ�DQG�P\RILEULOODU�GHJHQHUDWLRQV��6KDURY�HW�DO� ������.DQJ�HW�DO� ������6X�HW�DO� ��������:KLOH�PLWRFKRQGULD� KDYH� ODUJHO\� EHHQ� QHJOHFWHG� LQ� DSRSWRVLV� UHVHDUFK�� SUREDEO\�EHFDXVH�RI�WKHLU�PLQRU�PRUSKRORJLFDO�FKDQJHV�LQ�FRPSDULVRQ�WR�WKRVH�VHHQ�GXULQJ�QHFURVLV��6WDGHOPDQQ�	�/DVVPDQQ��������WKH\�KDYH�UHFHQWO\�JDLQHG�DWWHQWLRQ�DV�NH\�UHJXODWRUV�RI�WKH� DSRSWRWLF� SURFHVV� �%RVV\�:HW]HO� ������� $SRSWRWLF� FKDQJHV� LQ� PLWRFKRQGULD� LQFOXGH�VZHOOLQJ�� XOWUD�FRQGHQVHG�� GLVWRUWHG� DQG� GHJHQHUDWHG� FULVWDH�� DFFXPXODWLRQ� RI� HOHFWURQ�GHQVH�PDWUL[�JUDQXOHV�DQG�UXSWXUH�RI�WKH�RXWHU�PHPEUDQH��%XMD�	�(QWPDQ�������6DQFKH]�$OFD]DU�HW�DO� �������7KH�DLP�RI�WKH�SUHVHQW�VWXG\�LV�WR�GHWHUPLQH�ZKHWKHU�P\RFDUGLDO�DSRSWRVLV�RFFXUV�LQ� DSSDUHQWO\� KHDOWK\� DGXOW� FDPHOV�� 7KH� FDPHO� LV� D� XQLTXH� DQLPDO�� ZKRVH� ZKROH�SK\VLRORJ\��HYHQ�PRUH�WKDQ�LQ�RWKHU�VSHFLHV��LV�JHDUHG�DURXQG�DQ�H[TXLVLWH�OHYHO�RI�FRQWURO�RYHU� ERG\� YROXPH�� ZDWHU� EDODQFH�� DQG� LRQLF� FRPSRVLWLRQ� RI� ERG\� IOXLGV�� LW� LV� WR� EH�H[SHFWHG� WKDW� WKH� GHPDQGV�RQ� WKH� KHDUW�RI� VXFK�DQ� DQLPDO�ZLOO� GLIIHU� IURP� WKDW�RI� RWKHU�UXPLQDQWV�� DQG� VRPH� GHJUHH� RI� DSRSWRWLF� FKDQJH�PLJKW�ZHOO� EH� H[SHFWHG� DV� D� UHVXOW�� WR�NHHS� WKH� P\RFDUGLXP� LQ� SHDN� FRQGLWLRQ�� � )XUWKHUPRUH�� FKDUDFWHUL]DWLRQ� RI� DQ\� VXFK�DOWHUDWLRQV�DQG�XQGHUVWDQGLQJ�RI�WKHLU�HIIHFWV�RQ�P\RFDUGLDO�SHUIRUPDQFH��PDLQWHQDQFH��RU�UHPRGHOLQJ� ZRXOG� EH� RI� NH\� LPSRUWDQFH� WR� XQGHUVWDQGLQJ�� DQG� SHUKDSV� LPSOHPHQWLQJ��DSRSWRVLV�LQ�WKH�GLDJQRVLV�DQG�WKHUDS\�RI�KHDUW�GLVHDVH�LQ�RWKHU�VSHFLHV���
0$7(5,$/6�$1'�0(7+2'6��7KH�KHDUWV�RI���DGXOW��DSSDUHQWO\�KHDOWK\�FDPHOV�ZHUH�FROOHFWHG�IURP�FRPPHUFLDO�DEDWWRLUV�LQ�&DLUR�DQG�=DJD]LJ��(J\SW��(J\SWLDQ�FDPHO� VODXJKWHUKRXVHV� URXWLQHO\�SHUIRUP�FOLQLFDO�KHDOWK� DVVHVVPHQWV� RQ� DQLPDOV� EURXJKW� LQ� IRU� VODXJKWHU�� DQG� WKH� FDPHOV� DZDLWLQJ� LW� DUH�DOORZHG�WR�GULQN�ZDWHU�DG OLELWXP�GXULQJ� WKH�PLQLPXP����KRXU�UHVW�SHULRG� WKDW�SUHFHGHV�VODXJKWHULQJ��7KH�KHDUWV�ZHUH�UHPRYHG�ZLWKLQ�DSSUR[LPDWHO\�RQH�KDOI�KRXU�RI�GHDWK��6PDOO�SLHFHV�RI�WKH�OHIW�YHQWULFXODU�P\RFDUGLXP�ZHUH�UHPRYHG�ZLWK�D�VFDOSHO�DQG�XVHG�IRU�OLJKW�PLFURVFRS\��/0��DQG�WUDQVPLVVLRQ�DQG�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��7(0�DQG�6(0���)RU�/0�SUHSDUDWLRQV��WKH�P\RFDUGLXP�ZDV�PLQFHG�LQWR�����PP�FXEHV�DQG�IL[HG�LQ���� IRUPRO�VDOLQH�VROXWLRQ��$IWHU�IL[DWLRQ�IRU���ZHHNV��WKH�VSHFLPHQV�ZHUH�ZDVKHG�LQ�WDS�ZDWHU��GHK\GUDWHG�LQ�D�JUDGHG�VHULHV�RI�HWKDQRO�IURP�����WR�DEVROXWH��LQILOWUDWHG�ZLWK�DQG�HPEHGGHG� LQ� 3DUDSODVW� PHGLXP� DQG� VHFWLRQHG� RQ� D� URWDU\� PLFURWRPH�� 6HFWLRQV� ZHUH�VWDLQHG�ZLWK�KHPDWR[\OLQ�HRVLQ��+	(��IRU�URXWLQH�REVHUYDWLRQV�DQG�ZLWK�3$6��0F0DQXV�������IRU�WKH�GHWHFWLRQ�RI�SRO\VDFFKDULGHV��� )RU�7(0�SUHSDUDWLRQV��FXEHV�RI�P\RFDUGLXP�������PP� LQ�VL]H�ZHUH�IL[HG�DW�URRP�WHPSHUDWXUH��57��LQ����JOXWDUDOGHK\GH�LQ�����0�SKRVSKDWH�EXIIHU��S+������IRU����KRXUV��$IWHU� WKLV� SULPDU\� IL[DWLRQ�� WKH� WLVVXH� SLHFHV� ZHUH� IXUWKHU� PLQFHG� WR� DSSUR[LPDWHO\� ����PP� YROXPH��ZDVKHG�LQ�EXIIHU��DQG�SRVWIL[HG�LQ������EXIIHUHG�RVPLXP�WHWUR[LGH�IRU�WZR�KRXUV�DW�57�DQG�S+������$IWHU�SRVWIL[DWLRQ�WKH�VSHFLPHQV�ZHUH�ZDVKHG�LQ�WKH�VDPH�EXIIHU��GHK\GUDWHG� LQ� DQ� HWKDQRO� VHULHV�� DQG� FOHDUHG� LQ� SURS\OHQH� R[LGH�� WKHQ� LQILOWUDWHG� DQG�HPEHGGHG�LQ�3RO\EHG�����UHVLQ��2ULHQWDWLRQ�VHFWLRQV�����PLFURQ�WKLFN�ZHUH�FXW�ZLWK�JODVV�NQLYHV�DQG�VWDLQHG�ZLWK������WROXLGLQH�EOXH� LQ������VRGLXP�ERUDWH�IRU�/0�REVHUYDWLRQ��XOWUDWKLQ� VHFWLRQV� ���� QP�� VXLWDEOH� IRU�7(0�ZHUH� FXW�ZLWK� D� GLDPRQG� NQLIH� DQG� GRXEOH�
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VWDLQHG�ZLWK� OHDG�FLWUDWH�DQG�XUDQ\O� DFHWDWH�� �7KH\�ZHUH�H[DPLQHG�RQ�D� -(2/����&;�,,�PLFURVFRSH�DW����N9��� )RU�6(0�SUHSDUDWLRQV��FXEHV�RI�P\RFDUGLXP�DSSUR[LPDWHO\�����PP�RQ�D�VLGH�ZHUH�IL[HG� LQ� ����IRUPRO� VDOLQH�DV� IRU� /0�� )ROORZLQJ� IL[DWLRQ�� WKH� SLHFHV�ZHUH�ZDVKHG�DQG�LPPHUVHG�LQ�D�VROXWLRQ�RI������WDQQLF�DFLG�LQ�����0�VRGLXP�FDFRG\ODWH�IRU�����KRXU�DW�57��DFFRUGLQJ�WR�WKH�PHWKRG�RI�&DFHFL�DQG�)UDQNXP���������7KLV�ZDV�IROORZHG�E\�ZDVKLQJ�LQ�EXIIHU�DQG�SRVW�IL[DWLRQ�LQ������RVPLXP�WHWUR[LGH�LQ�����0�FDFRG\ODWH�EXIIHU�IRU���KRXUV�DW� 57� DQG� S+� ����� 7KH� SRVWIL[HG� VSHFLPHQV� ZHUH� GHK\GUDWHG� LQ� HWKDQRO�� FULWLFDO�SRLQW�GULHG�WKURXJK�&2�� DQG�PRXQWHG�RQ�DOXPLQXP�VWXEV�ZLWK�VLOYHU�SDLQW��7KH�VSHFLPHQV�ZHUH�VSXWWHU�FRDWHG�ZLWK�������JROG�SDOODGLXP�IRU�����PLQXWHV�DQG�H[DPLQHG�LQ�D�-(2/�-60��� VFDQQLQJ�HOHFWURQ�PLFURVFRSH�DW�DFFHOHUDWLRQ�YROWDJH�EHWZHHQ����DQG����N9���
5(68/76��
/LJKW�0LFURVFRS\��0RVW�RI�WKH�P\RFDUGLDO�DUFKLWHFWXUH�ZDV�QRUPDO�LQ�DSSHDUDQFH��0RUSKRORJLFDO�HYLGHQFH�RI�LQIODPPDWRU\�RU�UHWURJUHVVLYH�FKDQJHV�ZHUH�FRPSOHWHO\�DEVHQW��7KH�FRQWUDFWLOH�P\RFDUGLRF\WHV��&0
V��ZHUH�EUDQFKHG�DQG�DQDVWRPRVHG��FURVVO\�VWULDWHG��DQG�FRQQHFWHG�HQG�WR�HQG�E\�LQWHUFDODWHG�GLVFV��DV�H[SHFWHG��7KH�FHQWUDOO\�ORFDWHG�QXFOHL�ZHUH�HXFKURPDWLF��DQG�WKH�HRVLQRSKLOLF�VDUFRSODVP�H[KLELWHG�RFFDVLRQDO�XQVWDLQHG�YDFXRODWLRQ��)LJ��$���7KH�P\RF\WHV�ZHUH�VXUURXQGHG�E\�QXPHURXV�WKLQ�ZDOOHG�YHVVHOV�DQG�VFDQW\�ILEURXV�LQWHUVWLWLDO�WLVVXH��/DUJH�SRO\PRUSKLF�3XUNLQMH�ILEHUV��3)
V��ZHUH�FOXVWHUHG�DPRQJ�WKH�&0
V��LQ�D�PRUH�DSSUHFLDEO\�ILEURYDVFXODU�LQWHUVWLWLXP��)LJ��%���7KHVH�FHOOV�GLVSOD\HG�D FRPSDUDWLYHO\�VPDOO�HXFKURPDWLF�QXFOHXV�VXUURXQGHG�E\�IDLQWO\�HRVLQRSKLOLF��3$6�SRVLWLYH�VDUFRSODVP��7KH�ODWWHU�VKRZHG�SHULSKHUDO�P\RILEULOODU�FRQGHQVDWLRQ���

)LJ��D��/LJKW�PLFURVFRSLF�PRUSKRORJ\�RI�QRUPDO�P\RFDUGLXP�LQ�
WKH�FDPHO��+	(�6WDLQ�����[���

)LJ��E��3XUNLQMH�ILEHUV��3��LQ�WKH�QRUPDO�P\RFDUGLXP����� �SODVWLF�
VHFWLRQ��WRXOLGLQH�EOXH�VWDLQ�����[���

(OHFWURQ�0LFURVFRS\��7\SLFDO� XOWUDVWUXFWXUDO� IHDWXUHV� RI� P\RFDUGLDO� DSRSWRVLV� ZHUH� LGHQWLILHG� LQ� WKH� OHIW�YHQWULFXODU�WLVVXH�REWDLQHG�IURP���RXW�RI�WKH���H[DPLQHG�FDPHOV��&0
V�VKRZLQJ�DSRSWRWLF�DOWHUDWLRQV�ZHUH�GLIILFXOW�WR�LGHQWLI\�EHFDXVH�WKH\�RFFXUUHG�VSRUDGLFDOO\�DV�LQGLYLGXDO�FHOOV��RU� LQ� VPDOO� FOXVWHUV� DPRQJ� WKH� SUHGRPLQDWLQJ� QRUPDO�P\RF\WHV��0RUHRYHU�� WKH\� DOZD\V�GHPRQVWUDWHG� LQWDFW� VDUFROHPPDH� DQG� ZHUH� QHYHU� DVVRFLDWHG� ZLWK� DQ\� LQIODPPDWRU\�UHDFWLRQ�� 1HLWKHU� WKH� RULHQWDWLRQ� VHFWLRQV� SUHSDUHG� IRU� WKH� OLJKW� PLFURVFRSH� QRU� WKH�XOWUDWKLQ�VHFWLRQV�FXW�IURP�KDG�DQ\�RI�WKH�W\SLFDO�IHDWXUHV�RI�DQ�LQIODPPDWRU\�OHVLRQ��7KH� PRVW� FRPPRQ� DSRSWRWLF� IHDWXUHV� REVHUYHG� ZHUH� QXFOHDU�� PLWRFKRQGULDO��P\RILEULOODU��DQG�VDUFROHPPDO�DOWHUDWLRQV��)LJ�����$OO�RI�WKH�DIIHFWHG�&0
V�VKRZHG�RQH�RU�PRUH�RI�VXFK�FKDQJHV��
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1XFOHDU� GHIRUPLWLHV� LQ� WKH� IRUP� RI� SHULSKHUDO� LQIROGLQJV� RI� YDULRXV� GHSWKV� ZHUH�YHU\�GLVWLQFW� DQG�HDV\� WR� LGHQWLI\� LQ� WKH�(0��7KH�FKURPDWLQ� LQ�VXFK�QXFOHL� WHQGHG� WR�EH�FRPSDFWHG�DQG�VHJUHJDWHG�LQWR�VKDUSO\�GHOLQHDWHG�SHULSKHUDO�PDVVHV�DEXWWLQJ� WKH�QXFOHDU�HQYHORSH��)LJ�����6KDUSO\�GHILQHG�FKURPDWLQ�ERGLHV�ZHUH�UDQGRPO\�GLVWULEXWHG�ZLWKLQ�WKH�QXFOHRSODVP�� 1XFOHRODU� GLVUXSWLRQ� RU� GLVSHUVLRQ� LQWR� RVPLRSKLOLF� IUDJPHQWV� ZDV�GHPRQVWUDWHG��EXW�QXFOHDU�IUDJPHQWDWLRQ�SHU�VH�ZDV�QRW�REVHUYHG�LQ�DQ\�RI�WKH�VSHFLPHQV��

)LJ�����6RPH�DOWHUDWLRQV�DVVRFLDWHG�ZLWK�DSRSWRVLV�DUH�VHHQ�KHUH��
7KH�FDSLOODU\��&��EHWZHHQ�WZR�DGMDFHQW�FDUGLDF�P\RF\WHV�VKRZV�
ORFDOL]HG� SHULFDSLOODU\� HGHPD�� SUHVVLQJ� RQ� WKH� FDSLOODU\� ZDOO�
�DUURZV��� ,UUHJXODU� RXWOLQHV� RI� WKH� DSRSWRWLF� QXFOHXV� �1�� WKDW�
VXUURXQGHG�E\�QRUPDO�DQG�GHJHQHUDWHG�PLWRFKRQGULD���

)LJ�����$�3XUNLQMH�ILEHU�VKRZV�GRXJKQXW�VKDSHG�PLWRFKRQGULD�
�0���DQG�WKH�DGMDFHQW�ILEUREODVW��)��GLVSOD\V�PDUJLQDO�
FRQGHQVDWLRQ�RI�WKH�FKUPRDWLQ�LQ�WKH�QXFOHXV��
�

$OWHUDWLRQV� RI� PLWRFKRQGULDO� PRUSKRORJ\� WRRN� D� YDULHW\� RI� IRUPV�� 6ZROOHQ�PLWRFKRQGULD� ZHUH� REVHUYHG� LQ� WKH� SHULQXFOHDU� DQG� VXEVDUFROHPPDO� UHJLRQV�� 3URPLQHQW�HOHFWURQ�GHQVH� PDWUL[� JUDQXOHV� ZHUH� IRXQG� LQ� WKH� PDMRULW\� RI� PLWRFKRQGULD� �)LJ� �%���0LWRFKRQGULD�ZLWK�GHIRUPHG��K\SHUFRQGHQVHG��DQG�RU�SDUWLDOO\�RU�FRPSOHWHO\�GHJHQHUDWHG�FULVWDH� ZHUH� QRW� XQFRPPRQ� �)LJ���� �%��� 0LWRFKRQGULD� WKDW� FRPSOHWHO\� KDG� ORVW� WKHLU�FULVWDH�DQG�DFTXLUHG�D��GRXJKQXW��DSSHDUDQFH�ZHUH�IRXQG�LQ�WKH�3XUNLQMH�ILEHUV��)LJ������

7ZR� FRQWLJXRXV� FDUGLRP\RF\WHV� DW� WKH�
LQWHUFDODWHG� GLVF� �DUURZ�� UHJLRQ�� �D��
XQHTXDO�VDUFRPHUH�OHQJWKV�RQ�ERWK�VLGHV�RI�
WKH�GLVF�DQG�IRFDO�P\RILEULOODU�O\VLV��/���

�E�� WKH�GLVF� LV� VXUURXQGHG�E\�SOHQW\�RI�
PLWRFKRQGULD� ZLWK� HOHFWURQ�GHQVH�
PDWUL[�JUDQXOHV��

�F��WKH�K\SHUGHQVH�LQWHUFDODWHG�GLVF�LV�
VXUURXQGHG�E\�DV\PPHWULFDOO\�FRQWUDFWHG�
VDUFRPHUHV�DQG�DUHDV�RI�P\RILEULOODU�O\VLV��/���
�

:LWKLQ� WKH� F\WRSODVP� RI� DSRSWRWLF� FHOOV�� PRVW� RI� WKH� P\RILEULOV� ZHUH� ZHOO�PDLQWDLQHG�DQG�RUJDQL]HG�LQWR�VDUFRPHUHV��,Q��IHZ�FDVHV�P\RILEULOV�GHPRQVWUDWHG�RXW�RI�UHJLVWHU� FRQWUDFWLRQ� EDQGV� ZLWK� XQHTXDO� VDUFRPHUH� OHQJWKV� DPRQJ� WKH� VDPH� P\RILEULO��6RPH�LQWHUFDODWHG�GLVFV�ZHUH�VXUURXQGHG�E\�UHOD[HG�VDUFRPHUHV�DW�RQH�VLGH�DQG�FRQWUDFWHG�RQHV�DW�WKH�RWKHU�VLGH��)LJ���$���2FFDVLRQDOO\�WKH�LQWHUFDODWHG�GLVFV�ZHUH�VXUURXQGHG�E\�D�UHJLRQ� RI� KLJK�PLWRFKRQGULDO� FRQWHQW� �)LJ�� �%�� LQ� FRQWUDVW� WR� WKH� UDPLI\LQJ�� LQWHUUXSWHG�P\RILEULOODU� PDVVHV� �KLJK� PLWRFKRQGULD�P\RILEULOODU� UDWLR��� )RFDO� DUHDV� RI� P\RILEULOODU�
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O\VLV�ZHUH�DOVR�HQFRXQWHUHG� �)LJ��&���$� IHZ�JO\FRJHQ�DJJORPHUDWLRQV�ZHUH�REVHUYHG� LQ�WKH�LQWHU�P\RILEULOODU�VSDFHV��7KH�VDUFROHPPDH�RI�WKH�P\RF\WHV�H[KLELWLQJ�WKH�DIRUHPHQWLRQHG�DOWHUDWLRQV�ZHUH�DOZD\V� LQWDFW�� DQG� DOZD\V� DVVRFLDWHG� ZLWK� LQWDFW� DPRUSKRXV� EDVDO� ODPLQDH�� 7KH� PRVW�VWULNLQJ� VDUFROHPPDO� DOWHUDWLRQ� ZDV� WKH� IRUPDWLRQ� RI� FLUFXPVFULEHG� SURWUXVLRQV� �EOHEV��LQWR� WKH� H[WUDFHOOXODU� VSDFH� �)LJ�� �$�%��� $� WRUQ�RXW� PLWRFKRQGULRQ� FRXOG� EH� GHWHFWHG�ZLWKLQ� RQH� RI� VXFK� EOHEV�� :KDW� ZH� WRRN� WR� EH� GHWDFKHG� EOHEV� ZHUH� REVHUYHG� DV� IUHH��PHPEUDQH�ERXQGHG� YHVLFOHV� �DSRSWRWLF� ERGLHV�� LQ� WKH� H[WUDFHOOXODU� VSDFH�� SDUWLFXODUO\� LQ�WKH�SHULFDSLOODU\�DUHDV��)LJ���%����

�D�� $� VDUFROHPPDO� EOHE� �$�� FRQWDLQV� D� WRUQ�RXW�PLWRFKRQGULRQ���
(QGROWKHOLDO� EOHEELQJ� �%�� KDV� RFFXUUHG� DV�ZHOO�� DQG� WKH�QXFOHXV�
�1�� RI� WKH� HQGRWKHOLDO� FHOO� GLVSOD\V� FRPSDFWLRQ� DQG�
PDUJLQDOL]DWLRQ�RI�WKH�FKURPDWLQ��

�E��0HPEUDQH�ERXQG�DSRSWRWLF�ERGLHV�DQG�FHOOXODU�GHEULV��G��DUH�
ORFDWHG� LQ� WKH� LQWHUVWLWLXP�� HQGRWKHOLDO� EOHEV� �%�� DQG� FRPSDFW��
PDUJLQDWHG� FKURPDWLQ� LQ� WKH� HQGRWKHOLDO� FHOO� QXFOHXV� �1�� DUH�
YLVLEOH�� DQG� WKHUH� LV� DOVR� VDUFROHPPDO� EOHEELQJ� �DUURZ�� DQG�
IRUPDWLRQ�RI�DSRSWRWLF�ERGLHV��

7KH� P\RFDUGLDO� PLFURYDVFXODWXUH� VKRZHG� DOVR� DOWHUDWLRQV�� WKHVH� DIIHFWLQJ� WKH�HQGRWKHOLDO� FHOOV� OLQLQJ� WKH� YHVVHOV�� 7KH� QXFOHL� RI� WKH� ODWWHU� VKRZHG�PDVVLYH� FKURPDWLQ�FRQGHQVDWLRQ� DQG� PDUJLQDWLRQ�� LQ� DGGLWLRQ� WR� QXFOHRODU� GLVUXSWLRQ�� 7KH� HQGRWKHOLDO�DGOXPLQDO� SODVPDOHPPD� ZDV� WKURZQ� LQWR� D� QXPEHU� RI� YLOORXV� EOHEV� SURMHFWLQJ� LQWR� WKH�FDSLOODU\� OXPHQ�� 7KH� ODWWHU� FRQWDLQHG� IUHH� FLUFXODWLQJ� PHPEUDQH�ERXQG� YHVLFOHV� �)LJ���$�%���6RPH�HQGRWKHOLDO� FHOOV� FRQWDLQHG�F\WRSODVPLF�YDFXRODU� VWUXFWXUHV��7KH�DEOXPLQDO�SODVPDOHPPD� ZDV� DOZD\V� HQWLUHO\� GHYRLG� RI� EOHEELQJ� DQG� DOZD\V� DVVRFLDWHG� ZLWK� DQ�DPRUSKRXV� EDVDO� ODPLQD�� 3HULFDSLOODU\� HGHPD� DQG� FHOO� GHEULV�ZHUH� HQFRXQWHUHG� LQ� VRPH�DUHDV� �)LJ�� ���� ,Q� VRPH� UHJLRQV�� ORFDOL]HG� ILEURXV� FRQGHQVDWLRQ� ZDV� REVHUYHG� LQ� WKH�LQWHUVWLWLXP�EHWZHHQ�D�P\RFDUGLRF\WH�DQG� WKH�DGMDFHQW�FDSLOODU\� �)LJ���$�%���)LEUREODVW�OLNH�FHOOV�ZLWK�FKURPDWLQ�FRQGHQVDWLRQ�DQG�PDUJLQDWLRQ�ZHUH�DOVR�YLVLEOH��)LJ�������

7ZR�FDUGLRP\RF\WHV��0��VXUURXQGLQJ�D�
FDSLOODU\�FRQWDLQLQJ�HU\WKURF\WHV��5��7KH�
SHULFDSLOODU\�VSDFHV�VKRZ�D�FLUFXPVFULEHG�
HGHPDWRXV�DUHD��(��DQG�FHOOXODU�GHEULV��'���
�

�D�� 7KHUH� LV� EOHEELQJ� �%�� RI� WKH� DGOXPLQDO�
SODVPD� PHPEUDQH�� DQG� PHPEUDQH�ERXQG�
YHVLFOHV� �9�� DVVRFLDWHG� ZLWK� WKH� OXPLQDO�
PHPEUDQH� RI� WKH� FDSLOODU\�� SHULFDSLOODU\�
ILEURXV� FRQGHQVDWLRQ� �&�� DQG� WKH� IRUPDWLRQ�
RI�DSRSWRWLF�ERGLHV��DUURZV��DUH�DOVR�YLVLEOH����

�E��6FDQQLQJ�(0�VKRZV�WKH�ORFDOL]HG�ILEURXV�
FRQGHQVDWLRQ��)��LQ�FORVH�DSSRVLWLRQ�WR�ERWK�
FDUGLRP\RF\WHV��0��DQG�PLFURYHVVHOV��&���
�
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',6&866,21��3ULRU� WR� VODXJKWHU�� WKH�FDPHOV�ZHUH�DOO� LQGLYLGXDOO\� MXGJHG� WR�EH�KHDOWK\�E\�H[SHULHQFHG�FOLQLFLDQV�� IXUWKHUPRUH�� WKHLU� FDUFDVVHV� DQG� KHDUWV�� VXEMHFWHG� WR� FORVH� SRVW�GHDWK�H[DPLQDWLRQ�DQG�FHUWLILFDWLRQ��ZHUH�GHYRLG�RI�DQ\�SDWKRORJLFDO�OHVLRQV�� �7KH�EULHI�SHULRG�RI� WLPH� WKDW� LV� LQYROYHG� LQ� WKH�VODXJKWHU�SURFHVV� LV� LQVXIILFLHQW� WR�FDXVH� VLJQLILFDQW�SRVW�PRUWHP�DOWHUDWLRQ��7KH�FDPHOV�ZHUH�NLOOHG�E\�H[VDQJXLQDWLRQ�ZKLOH�FRPSOHWHO\�FRQVFLRXV��WKLV� LV� UHTXLUHG� E\� (J\SWLDQ� ODZ�� DV� D� FRGLILFDWLRQ� RI� WKH� ,VODPLF� SUDFWLFH� RI� KDODO�VODXJKWHU�� LW� LV� XQLYHUVDOO\� XVHG� LQ� (J\SW��� 7KHLU� KHDUWV� ZHUH� WKHUHIRUH� XQGHU� WKH� VDPH�K\SR[LF� VWUHVV� FDXVHG� E\� D� UDSLG� WUDFKHRWRP\� DFFRPSDQLHG� E\� FRQYXOVLRQV� DQG� SURIXVH�EOHHGLQJ�� :KLOH� WKH� DFWXDO� GXUDWLRQ� IURP� EHJLQQLQJ� �ZKLFK� LV� D� VLQJOH� NQLIH� VODVK� WKDW�VHYHUV�WKH�YHQWUDO�QHFN�UHJLRQ��LQFOXGLQJ�WKH�PDMRU�EORRG�YHVVHOV�DQG�WKH�WUDFKHD��WR�HQG��WKH� FRPSOHWH� FHVVDWLRQ� RI� WKH� KHDUWEHDW�� GLIIHUV� IURP� RQH� DQLPDO� WR� DQRWKHU�� WKDQNV� WR�YDULDWLRQ� LQ� DJH�� VWUHQJWK�� DQG� VL]H�� LW� LV� QHYHU� PRUH� WKDQ� D� IHZ� PLQXWHV�� � 6LQFH� /0�H[DPLQDWLRQ�GHPRQVWUDWHG� WKDW� WKH�P\RFDUGLXP� UHWDLQHG�LWV�QRUPDO�DUFKLWHFWXUH�DQG�ZDV�GHYRLG� RI� DQ\� LQIODPPDWRU\� RU� UHWURJUHVVLYH� FKDQJHV��ZH� FRQFOXGH� WKDW� WKH� SRWHQWLDO� WR�XQGHUJR�DSRSWRWLF�FKDQJHV�ZDV�OLNHO\�SUHVHQW�LQ�VRPH�IUDFWLRQ�RI�WKH�QRUPDO�P\RFDUGLXP�EHIRUH�VODXJKWHU��'HVSLWH� UHFHQW� DGYDQFHV� LQ� WHFKQLTXHV� IRU� GHWHFWLQJ� IUDJPHQWHG� '1$��XOWUDVWUXFWXUDO� FKDUDFWHUL]DWLRQ� RI� P\RFDUGLDO� DSRSWRVLV� LV� FRQVLGHUHG� WR� EH� WKH� PRVW�UHOLDEOH� FULWHULRQ� IRU� GHPRQVWUDWLQJ� WKDW� LW� KDV� WDNHQ� SODFH� �%RQIRFR� HW� DO� ������ <LQJ�6KLXQJ�	�<XQ�<LQJ�������*RSLQJ�HW�DO� ��������2QH�VLJQLILFDQW�XVH�RI�WKH�VXUYH\�VHFWLRQV�IURP�WKH�(0�EORFNV�ZDV�WR�FRQILUP�WKDW�WLVVXH�ZKLFK�ORRNHG�QRUPDO�DQG�LQWDFW�DW�WKH�OLJKW�PLFURVFRSH�OHYHO�GLG� LQ�IDFW� VKRZ�PRUSKRORJLFDO�DOWHUDWLRQV�FRQVLVWHQW�ZLWK�DSRSWRVLV� LQ�VLWX� ZKHQ�VHHQ�DW�KLJKHU�OHYHOV�RI�PDJQLILFDWLRQ�DQG�UHVROXWLRQ���,Q�RXU�LQYHVWLJDWLRQ�ZH�IRXQG� XOWUDVWUXFWXUDO� DOWHUDWLRQV� FKDUDFWHULVWLF� RI� DSRSWRVLV� LQ� RQO\� WZR� RI� WKH� H[DPLQHG�DQLPDOV�� 7KLV� LV� WR� EH� H[SHFWHG� LI� RQO\� D� VPDOO� SHUFHQWDJH� RI� WKH� WRWDO� YROXPH� RI�P\RFDUGLXP�LV�XQGHUJRLQJ�WKH�SURFHVV�DW�DQ\�JLYHQ�PRPHQW�� �2XU�UHVXOWV� LQ�WKLV�UHVSHFW�DUH�FRQVLVWHQW�ZLWK� WKH�REVHUYDWLRQV�RI�.DYDQW]DV�HW�DO� ������� LQ� WKH�KXPDQ�KHDUW�� �:H�FRQFOXGH�WKHUHIRUH�WKDW�DSRSWRVLV�RI�P\RF\WHV�LV�GLIILFXOW� WR�UHFRJQL]H�EHFDXVH�LW� LV�TXLWH�UHVWULFWHG�LQ�RFFXUUHQFH��HLWKHU�WHPSRUDOO\�RU�VSDWLDOO\���7KH�LPSOLFDWLRQV�RI�WKLV�VWDWHPHQW�DUH� WKDW� ZKLOH� DSRSWRVLV� PD\� EH� D� QRUPDO� HYHQW�� LV� QRW� FRPPRQ�� DQG� WKDW� ZKLOH�PRUSKRORJLFDO�PHWKRGV�FDQ�GHPRQVWUDWH�LWV�RFFXUUHQFH��WKH\�FDQQRW�SURYLGH�D�TXDQWLWDWLYH�DVVHVVPHQW�RI�KRZ�RIWHQ�LW�RFFXUV��QRU�ZKHUH�LW�LV�PRVW�HDVLO\�YLVXDOL]HG��,Q� WKLV� PRGHO� RI� DGXOW� P\RFDUGLRF\WH� DSRSWRVLV�� ZH� GHPRQVWUDWHG� QXFOHDU��PLWRFKRQGULDO�� P\RILEULOODU�� DQG� VDUFROHPPDO� DOWHUDWLRQV�� 1XFOHDU� FKDQJHV� FRPSULVHG�SURILOH� GHIRUPLW\�� QXFOHRODU� GLVUXSWLRQ� RU� GLVVROXWLRQ� DQG� FKURPDWLQ� FRQGHQVDWLRQ� DQG�PDUJLQDWLRQ�� 6LPLODU� ILQGLQJV� ZHUH� UHSRUWHG� IURP� KXPDQ� DQG� DQLPDO� KHDUWV� H[SRVHG� WR�K\SR[LD� DQG�RU� R[\JHQDWLRQ� �&KHQJ� HW� DO� ������ 6KDURY� HW� DO� ������ %XMD� DQG� (QWPDQ������� 2KQR� HW� DO� ������ .DQJ� HW� DO� ������ 6X� HW� DO� ������� 1XFOHDU� FKDQJHV� FDQ� EH�DWWULEXWHG�WR�FOHDYDJH�RI�QXFOHDU�ODPLQLQV��QXFOHDU�SURWHLQV�ZKLFK�DUH�DWWDFKHG�WR�WKH�LQQHU�VLGH�RI� WKH�QXFOHDU�HQYHORSH��)UDVHU�HW�DO� �������DQG�DFWLYDWLRQ�RI�FDVSDVHV��:LOKHOP�	�+DFNHU��������7KH� PLWRFKRQGULDO� DOWHUDWLRQV� ZH� REVHUYHG� FRPSULVHG� VZHOOLQJ�� SUHVHQFH� RI�HOHFWURQ�GHQVH� PDWUL[� JUDQXOHV�� DQG� GLVRUJDQL]DWLRQ� RU� HYHQ� GLVLQWHJUDWLRQ� RI� FULVWDH��7KHVH� UHJUHVVLYH�IHDWXUHV�DUH�XVXDOO\�SUHVHQW� LQ� WKH�P\RFDUGLRF\WHV�H[SRVHG� WR� LVFKHPLF�VWUHVVHV�RU�UHR[\JHQDWLRQ�LQMXU\��&KHQJ�HW�DO� ������6KDURY�HW�DO��������%XMD�HW�DO��������.DQJ�HW�DO� �������6LPLODU�ILQGLQJV�KDYH�DOVR�EHHQ�VKRZQ�IROORZLQJ�WKH�DGPLQLVWUDWLRQ�RI�
WXPRU�QHFURVLV�IDFWRU� �71) � �6DQFKH]�$OND]DU�HW�DO� �������5HFHQWO\��PLWRFKRQGULD�
KDYH�FRPH�XQGHU�VFUXWLQ\�DV�DSRSWRVLV�UHJXODWRUV��ZKHUH�SUR��DQG�DQWL�DSRSWRWLF�VLJQDOLQJ�
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SDWKZD\V� FRQYHUJH� �*UHHQ� 	� .URHPHU� ������ %RVV\�:HW]HO� 	� *UHHQ� �������0LWRFKRQGULDO� VZHOOLQJ�� K\SHUGHQVH� FULVWDH�� DQG� ILQDOO\� UXSWXUH� RI� WKH� RXWHU� PHPEUDQH�KDYH�EHHQ�SURSRVHG�D�PHFKDQLVP�IRU�WKH�UHOHDVH�RI�F\WRFKURPH�F�LQWR�WKH�F\WRVRO��9DQGHU�+HLGLQ�HW�DO� �������:H� REVHUYHG� VDUFROHPPDO� SURWUXVLRQV�� RU� EOHEV�� VRPH� RI� ZKLFK� FRQWDLQHG� D�PLWRFKRQGULRQ��6DUFROHPPDO�EOHEELQJ�KDV�EHHQ�UHSRUWHG�E\�%DUU�	�7RPHL��������LQ�HDUO\�VWDJHV� RI�P\RFDUGLDO� LVFKHPLD� LQ� WKH� UDW�� � %OHEELQJ� KDV� EHHQ� IRXQG� WR� GHSHQG� WR� VRPH�H[WHQW� RQ� DFWLQ� SRO\PHUL]DWLRQ� DQG� RQ�P\RVLQ� SKRVSKRU\ODWLRQ� �0LOOHV� HW� DO�� ����E���$�QXPEHU�RI�DVSHFWV�RI�WKLV�SURFHVV�KDYH�EHHQ�GLVFXVVHG�LQ�D�UHFHQW�UHYLHZ�DUWLFOH�E\�+DFNHU���������7KXV�WKHUH�VHHPV�DOVR�WR�EH�D�IXUWKHU�FRQQHFWLRQ�EHWZHHQ�R[\JHQ�GHSULYDWLRQ�DQG�PRUSKRORJLFDO�FKDQJHV�FKDUDFWHULVWLF�RI�DSRSWRVLV��:H�QRWLFHG�PDUNHG�JO\FRJHQ�GHSOHWLRQ�LQ�WKH�P\RF\WHV�VKRZLQJ�WKHVH�DOWHUDWLRQV��$ VLJQLILFDQW�GHSOHWLRQ�RI�JO\FRJHQ� LQ� WKH�HDUO\� VWDJHV�RI�P\RFDUGLDO� LQIDUFWLRQ�KDV�DOVR�EHHQ�UHSRUWHG��6X�HW�DO� �������EXW�LQ�FKURQLFDOO\�LVFKHPLF�P\RFDUGLXP��LQ�FRQWUDVW�WR�WKH�DFXWH�VLWXDWLRQ��WKHUH�H[LVWV�JO\FRJHQ�DFFXPXODWLRQ�GXH�WR�ORZ�FRQVXPSWLRQ��'XVHN�HW�DO��������:H�VXJJHVW� WKDW�FHOOV�SRWHQWLDOO\�DW� ULVN�RI�GHDWK�E\�DSRSWRVLV�PD\� UHTXLUH� D�KLJK�HQHUJ\�OHYHO�WR�VXUYLYH��DQG�WKDW�LW�LV�WKRVH�P\RF\WHV�ZKRVH�JO\FRJHQ�UHVHUYHV�DUH�GHSOHWHG�WKDW�DUH�PRVW�OLNHO\�WR�XQGHUJR�DSRSWRWLF�GHDWK�XQGHU�FRQGLWLRQV�RI�DFXWH�K\SR[LD���6LQFH�XWLOL]DWLRQ�RI�JO\FRJHQ�UHVHUYHV�LV�D�ORQJHU�WHUP�SURFHVV�WKDW�FDQQRW�LQ�D�IHZ�VHFRQGV��WKLV�REVHUYDWLRQ�VXSSRUWV�WKH�LGHD�WKDW�D�FHUWDLQ�VXE�SRSXODWLRQ�RI�P\RF\WHV�LV�SUHGLVSRVHG�WR�XQGHUJR�DSRSWRVLV��DQG�WKDW�DFXWH�K\SR[LF�FRQGLWLRQV�EULQJ�LW�DERXW�LQ�WKRVH�FHOOV�EXW�QRW�LQ�RWKHUV��0\RILEULOODU�DOWHUDWLRQV�FRQVLVWLQJ�RI�GLVRUJDQL]DWLRQ��IRFDO�O\VLV�DQG�DV\PPHWU\�RI�WKH� FRQWUDFWLRQ�EDQGV�RI� D� JLYHQ�P\RILEULO�ZHUH� DOVR� SURPLQHQW� IHDWXUHV� RI� WKH�FHOOV�ZH�MXGJHG� WR� EH� DSRSWRWLF�� � 7KH� P\RILEULO� WR� PLWRFKRQGULRQ� UDWLR� DW� WKH� LQWHUFDODWHG� GLVF�UHJLRQ�RI�FKURQLFDOO\�LVFKHPLF�P\RFDUGLRF\WHV�LV�NQRZQ�WR�XQGHUJR�D�VLJQLILFDQW�LQFUHDVH��6X�HW�DO� �������DQG�FRQVLVWHQW�ZLWK� WKLV�SULRU�ZRUN��ZH�QRWHG�D�VWULNLQJ� LQFUHDVH� LQ� WKH�QXPEHU� RI�PLWRFKRQGULD� LQ� FRPSDULVRQ� � WR� WKH�P\RILEULOV� QHDU� WKH� LQWHUFDODWHG� GLVNV� DV�ZHOO��� 7\SLFDO� DSRSWRWLF� DOWHUDWLRQV� ZHUH� REVHUYHG� DPRQJ� WKH� HQGRWKHOLRF\WHV� RI� WKH�P\RFDUGLDO�PLFURYDVFXODWXUH��LQFOXGLQJ�QXFOHDU�FKURPDWLQ�FRQGHQVDWLRQ�DQG�PDUJLQDWLRQ��EOHEELQJ�RI�WKH�DGOXPLQDO�SODVPDOHPPD��SUHVHQFH�RI�OXPLQDO�SODVPDOHPPDO�YHVLFOHV��DQG�SDUWO\� RFFXUUHQFH� RI� SHULFDSLOODU\� HGHPD� DQG� FHOOXODU� GHEULV�� 6LPLODU� XOWUDVWUXFWXUDO�ILQGLQJV�KDYH�EHHQ�SUHYLRXVO\�UHFRUGHG�LQ�LVFKHPLF�P\RFDUGLDO�PLFURYHVVHOV��:HOW�HW�DO�������� 7KH� YHU\� FKDUDFWHULVWLF� EOHEELQJ� IRUPDWLRQ� LV� UHJDUGHG� DV� D� W\SLFDO� IHDWXUH� RI�LVFKHPLF�UHDFWLRQ�RI�HQGRWKHOLXP��+HDUVH�HW�DO� ������:DUG�	�6FRRWH���������7KH� H[WHQW� RI� SHULFDSLOODU\� HGHPD� LV� VLJQLILFDQWO\� LQFUHDVHG� DIWHU�LVFKHPLD�UHSHUIXVLRQ� �:HOW� HW� DO� ������� 7KLV� PD\� EH� RI� VSHFLDO� FOLQLFDO� LQWHUHVW� VLQFH�LQWHUVWLWLDO� HGHPD� LV� UHJDUGHG� DV� WKH� PDLQ� FDXVH� RI� WKH� SRVW�LVFKHPLF� ³QR� UHIOX[�SKHQRPHQRQ´� �/LQGDO�HW� DO� ������� 3HULFDSLOODU\� FHOOXODU� GHEULV�ZDV� SUREDEO\�FDXVHG� E\�WKH�GHVWUXFWLRQ�RI�LQWHUVWLWLDO�FHOOV�E\�IUHH�UDGLFDOV��VLQFH�WKH�IUHH�UDGLFDO�GHIHQVH�FDSDFLW\�LV�NQRZQ�WR�EH�YHU\�ORZ�LQ�P\RFDUGLDO�LQWHUVWLWLXP��*HUEHU�	�6LHPV��������,Q�FRQFOXVLRQ��WR�WKH�EHVW�RI�RXU�NQRZOHGJH��ZH�GHVFULEH�IRU�WKH�ILUVW�WLPH�D�FDPHO�PRGHO� RI�P\RFDUGLDO� DSRSWRVLV�� ,Q� GLVFXVVLQJ� RXU�REVHUYDWLRQV�ZLWK� WKRVH� RI� WKH� DERYH�FLWHG� DXWKRUV�� ZH� KDYH� FRPH� WR� WKH� FRQFOXVLRQ� WKDW� RXU� REVHUYDWLRQV� RI� DSRSWRWLF�DOWHUDWLRQV� LQ� WKH� FDPHO� DUH� PRVW� OLNHO\� DWWULEXWDEOH� WR� K\SR[LF� VWUHVVHV�� ZH� PXVW� DOVR�FRQVLGHU�WKH�PHFKDQLFDO�VWUHWFK�PRGHO�WKDW�KDV�EHHQ�VKRZQ�WR�FDXVH�P\RFDUGLDO�DSRSWRVLV�LQ� RWKHU� VSHFLHV� �&KHQJ� HW� DO�� ������ 6DP� HW� DO�� ������� � ,W� LV� QRW�� RI� FRXUVH�� RXW� RI� WKH�TXHVWLRQ� WKDW� ERWK� PHFKDQLVPV� FRXOG� DFW� LQ� FRQFHUW�� RYHUVWUHWFK� FDQ� HDVLO\� OHDG� WR�
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ORFDOL]HG� FRPSUHVVLRQ� RI� FDSLOODULHV�� ZLWK� FRQVHTXHQW� ORFDOL]HG� DQR[LF� FRQGLWLRQV�WULJJHULQJ�DSRSWRVLV��:H�DOVR�FRQFOXGH�WKDW�URXWLQH�/0�H[DPLQDWLRQ�LV�LQVXIILFLHQW�WR�GHWHFW�P\RFDUGLDO�DSRSWRVLV�� DQG� LW� VKRXOG� EH� DFFRPSDQLHG� E\�(0�H[DPLQDWLRQ�ZKLFK� LV�PRUH� UHOLDEOH�� LI�PRUH� GLIILFXOW� WR� XVH�� 0RUHRYHU�� VLQFH� RXU� ZRUN� ZDV� FRQILQHG� WR� WKH� YHQWULFXODU�P\RFDUGLXP�� ZH� VXJJHVW� WKDW� IXUWKHU� VWXGLHV� RQ� WKH� H[WHQW� DQG� IHDWXUHV� RI� WLVVXH� IURP�GLIIHUHQW�KHDUW�FRPSDUWPHQWV�EH�GRQH��DQG�WKDW�LQ�GRLQJ�VXFK�VWXGLHV�LW�ZRXOG�EH�SURILWDEOH�WR�FRPELQH�(0�WHFKQLTXHV�ZLWK�WKRVH�IRU�WKH�GHWHFWLRQ�RI�'1$�IUDJPHQWDWLRQ���
$&.12:/('*(0(176� :H�JUDWHIXOO\�DFNQRZOHGJH�WKH�VNLOOHG�WHFKQLFDO�VXSSRUW�RI�0UV��9LUJLQLD�6��9LHUV�DQG�0V��.DWK\�-��/RZH�WKH�WHFKQLFDO�VXSSRUW�VWDII�RI�WKH�0RUSKRORJ\�5HVHDUFK�6XSSRUW�/DERUDWRU\�DW�WKH�9LUJLQLD�0DU\ODQG�5HJLRQDO�&ROOHJH�RI�9HWHULQDU\�0HGLFLQH��9LUJLQLD�3RO\WHFKQLF�,QVWLWXWH�DQG�6WDWH�8QLYHUVLW\��8�6�$���
5()(5(1&(6��
%DUU�3-�	�7RPHL�/'��������$SRSWRVLV�DQG�LWV�UROH�LQ�KXPDQ�GLVHDVH��%LRWHFK� �������������%RQIRFR�(��.UDLQF�'��$QNDFURQD�0��1LFRWHUD�3	�/LSWRQ�6$��������$SRSWRVLV�DQG�QHFURVLV�� WZR�GLVWLQFW�HYHQWV� LQGXFHG�� UHVSHFWLYHO\�� E\� PLOG� DQG� LQWHQVH� LQVXOWV� ZLWK� 1�PHWK\O�'�DVSDUWDWH� RU� QLWULF�R[LGH�VXSHUR[LGH�LQ�FRUWLFDO�FHOO�FXOWXUHV��3URF��1DWO��$FDG��6FL��86$� ���������������%RVV\�:HW]HO�(�	�*UHHQ�'5��������$SRSWRVLV��FKHFNSRLQW�DW� WKH�PLWRFKRQGULDO� IURQWLHU��0XWDW�5HV� ��������������%XMD�/0��(LJHQEURGW�0/�	�(LJHQEURGW�(+��������$SRSWRVLV�DQG�QHFURVLV��EDVLF�W\SHV�DQG�PHFKDQLVPV�RI�FHOO�GHDWK� $UFK�3DWKRO�/DE�0HG� ����������������%XMD�/0�	�(QWPDQ�0/��������0RGHV�RI�P\RFDUGLDO�FHOO� LQMXU\�DQG�FHOO�GHDWK�LQ� LVFKHPLF�KHDUW�GLVHDVH��&LUFXODWLRQ� ���������������&DFHFL�7�	�)UDQNXP�N� �������0HDVXUHPHQW�RI� LQFUHDVHG�XSWDNH�RI�RVPLXP�WHWUR[LGH� � LQ�VNLQ�DQG�JHODWLQ�PRGHO�³WLVVXH´�WUHDWHG�ZLWK�WDQQLF�DFLG� -��0LFURVFRS� ���������������&KHQJ�:��.DMVWXUD�-��1LWDKDUD�-$��/L�%��5HLVV�.��/LX�<��&ODUN�:$��.UDMHZVNL�6��5HHG�-&��2OLYHWWL�*�	�$QYHUVD� 3� ������� 3URJUDPPHG�P\RF\WH� FHOO� GHDWK� DIIHFWV� WKH� YLDEOH�P\RFDUGLXP� DIWHU� LQIDUFWLRQ� LQ�UDWV��([S�&HOO�5HV����������������&KHQJ�:��/L�%��.DMVWXUD�-��/L�3��:ROLQ�06��6RQQHQEOLFN�(+��+LQW]H�7+��2OLYHWWL�*�	�$QYHUVD�3��������6WUHWFK�LQGXFHG�SURJUDPPHG�P\RF\WH�FHOO�GHDWK��- &OLQ�,QYHVW�����������������'H�:LQGW� /-�� /LP�+:��7DLJHQ�7��:HQFNHU�'��&RQGRUHOOL�*��'RUQ�*:�	�.LWVLV�5� �������&DOFHQHXULQ�PHGLDWHG� K\SHUWURSK\� SURWHFWV� FDUGLRP\RF\WHV� IURP� DSRSWRVLV� LQ� YLWUR� DQG� LQ� YLYR�� $Q� DSRSWRVLV�LQGHSHQGHQW�PRGHO�RI�GLODWHG�KHDUW�IDLOXUH��&LUF�5HV���������������'XVHN�-��5RQD�*�	�.DKQ�'6��������+HDOLQJ�SURFHVV�LQ�WKH�PDUJLQDO�]RQH�RI�DQ�H[SHULPHQWDO�P\RFDUGLDO�LQIDUFW��)LQGLQJV�LQ�WKH�VXUYLYLQJ�FDUGLDF�PXVFOH�FHOOV��$P�-�3DWK� �������������)UDVHU�$*��0F&DUWK\�1-�	�(YDQ�*,��������GU,&(�LV�DQ�HVVHQWLDO�FDVSDVH�UHTXLUHG�IRU�DSRSWRWLF�DFWLYLW\�LQ�'URVRSKLOD�FHOOV��(PER���-� ���������������*HUEHU�*�	�6LHPV�:��������$WKLRSDWKRJHQHWLVFKH�%HGHXWXQJ�YRQ�DNWLYLHUWHQ�6SH]LHV�GHV�6DXHUVWRIIV��2��5DGLNDOH��EHL�+\SR[LH�XQG�,VFKDPLH��= .OLQ�0HG� ��������������*RSLQJ� *�� :RRG� .$�� 6HL� <� 	� 3ROODUG� +%� ������� 'HWHFWLRQ� RI� IUDJPHQWHG� '1$� LQ� DSRSWRWLF� FHOOV�HPEHGGHG�LQ�/5�ZKLWH��$�FRPELQHG�KLVWRFKHPLFDO��/0��DQG�XOWUDVWUXFWXUDO��(0��VWXG\��- +LVWRFKHP�&\WRFKHP���������������*UHHQ�'�	�.URHPHU�*��������7KH�FHQWUDO�H[HFXWLRQHUV�RI�DSRSWRVLV��FDVSDVHV�RU�PLWRFKRQGULD"��7UHQGV�&HOO�%LRO��������������+DFNHU�*��������7KH�PRUSKRORJ\�RI�DSRSWRVLV��&HOO�7LVVXH�5HV� �����������+DXQVWHWWHU�$�	�,]XPR�6��������%DVLF�PHFKDQLVPV�DQG�LPSOLFDWLRQV�IRU�FDUGLRYDVFXODU�GLVHDVH��&LUF�5HV�����������������+HDUVH�'-��0D[ZHOO� /�� 6DOGDQKD�&�	�*DYLQ� -%� �������7KH�P\RFDUGLDO� YDVFXODWXUH� GXULQJ� LVFKHPLD� DQG�UHSHUIXVLRQ��D�WDUJHW�IRU�LQMXU\�DQG�SURWHFWLRQ��- 0RO��&HOO���&DUGLRO� �������������+HQGHUVRQ�&(��������3URJUDPPHG�FHOO�GHDWK�LQ�WKH�GHYHORSLQJ�QHUYRXV�V\VWHP��1HXURQ� �������������.DQJ�30��+DXQVWHWWHU�$��$RNL�+��8VKHYD�$�	�,]XPR�6��������0RUSKRORJLFDO�DQG�PROHFXODU�FKDUDFWHUL]DWLRQ�RI�DGXOW�FDUGLRP\RF\WH�DSRSWRVLV�GXULQJ�K\SR[LD�DQG�UHR[\JHQDWLRQ��&LUF�5HV����������������.DYDQW]DV� 1*�� /D]DULV� $&�� $JDSLWRV� (9�� 1DQDV� -� 	� 'DYDULV� 36� ������� +LVWRORJLFDO� DVVHVVPHQW� RI�DSRSWRWLF�FHOO�GHDWK�LQ�FDUGLRP\RSDWKLHV��3DWKRO� �������������
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.RJOLQ� -��*UDQYLOOH�'-��*O\VLQJ�7HQVHQ�7��0XGJHWW� -6��&DUWK\�&0��0F0DQXV�%0�	�5XVVHOO�0(��������$WWHQXDWHG� DFXWH� FDUGLDF� UHMHFWLRQ� LQ� 126� QHJDWLYH� UHFHSLHQWV� FRUUHODWHV� ZLWK� UHGXFHG� DSRSWRVLV��&LUFXODWLRQ� �������������/LQGDO�6��6RUOLH�'�	�-RUJHQVHQ�/��������(QGRWKHOLDO�FHOOV�RI�WKH�FDUGLDF�PXVFXODWXUH�GXULQJ�DQG�DIWHU�FROG�FDUGLRSOHJLF� LVFKHPLD��&RPSDULVRQ� RI� HQGRWKHOLDO� DQG�P\RF\WH� GDPDJH��6FDQG� -�7KRUDF�&DUGLRYDVF�6XUJ���������������0F0DQXV�-)$�������+LVWRORJLFDO�GHPRQVWUDWLRQ�RI�PXFLQ�DIWHU�SHULRGLF�DFLG��1DWXUH� ����������0LOOV�-&��6WRQH�1/��(UKDUGW�-�	�3LWWPDQQ�51������E��$SRSWRWLF�PHPEUDQH�EOHEELQJ�LV�UHJXODWHG�E\�P\RVLQ�OLJKW�FKDLQ�SKRVSKRU\ODWLRQ��- &HOO�%LRO� ��������������2KQR�0��7DNHPXUD�*��2KQR�$��0LVDR� -��+D\DNDZD�<�	�0LQWDJXFKL�6� ������� ³$SRSWRWLF´�P\RF\WHV� LQ�LQIDUFW� DUHD� LQ� UDEELW� KHDUWV� PD\� EH� RQFRWLF� P\RF\WHV� ZLWK� '1$� IUDJPHQWDWLRQ�� $QDO\VLV� E\�LPPXQRJROG�HOHFWURQ�PLFURVFRS\�FRPELQHG�ZLWK�LQ�VLWX�QLFN�HQG�ODEHOOLQJ��&LUFXODWLRQ� ���������������3RHOPDQQ�5(��0ROLQ�'��:LVVH�/-�	�*LWWHQEHUJHU�GH�*URRW�$&��������$SRSWRVLV� LQ�FDUGLDF�GHYHORSPHQW��&HOO�7LVVXH�5HV� �����������6DP�)��6DZ\HU�'%��&KDQJ�'�/�)��(EHUOL�)5��1JR\�6��-DLQ�0��$PLQ�-��$VSVWHLQ�&6�	�&ROXFFL�:6��������3URJUHVVLYH� OHIW� YHQWULFXODU� UHPRGHOLQJ�DQG�DSRSWRVLV� ODWH� DIWHU�P\RFDUGLDO� LQIDUFWLRQ� LQ�PRXVH� KHDUW��$P�-�3K\VLRO� �����+����+�����6DQFKH]�$OFD]DU�-$��6FKQHLGHU�(��0DUWLQH]�0$��&DUPRQD�3��+HUQDQGH]�0XQR]�,��6LOHV�(��'H�/D�7RUUH�3	�
5XL]�&DEHOOR�-��������7XPRU�QHFURVLV�IDFWRU� LQFUHDVHV�WKH�VWHDG\�VWDWH�UHGXFWLRQ�RI�F\WRFKURPH�E�RI�
WKH�PLWRFKRQGULDO�UHVSLUDWRU\�FKDLQ�LQ�PHWDEROLFDOO\�LQKLELWHG�/����FHOOV��- %LRO�&KHP� ���������������6DVWUH�-��3DOODUGR�)9�	�9LQD�-��������0LWRFKRQGULDO�R[LGDWLYH�VWUHVV�SOD\V�D�NH\�UROH�LQ�DJLQJ�DQG�DSRSWRVLV��,8%0%�/LIH���������������6KDURY� 9*�� 6DEEDK� +1�� 6KLPR\DPD� +�� *RXVVHY� $9�� /HVFK� 0� 	� *ROGVWHLQ� 6� ������� (YLGHQFH� RI�FDUGLRF\WH�DSRSWRVLV�LQ�P\RFDUGLXP�RI�GRJV�ZLWK�FKURQLF�KHDUW�IDLOXUH��$P��-��3DWKRO����������������6WDGHOPDQQ�&�	�/DVVPDQQ�+��������'HWHFWLRQ�RI�DSRSWRVLV�LQ�WLVVXH�VHFWLRQV��&HOO�7LVVXH�5HV��������������6X� ;�� 6HNLJXFKL� 0� 	� (QGR� 0� ������� $Q� XOWUDVWUXFWXUDO� VWXG\� RI� FDUGLDF� P\RF\WHV� LQ� SRVWP\RFDUGLDO�LQIDUFWLRQ�YHQWULFXODU�DQHXU\VP�UHSUHVHQWDWLYH�RI�FKURQLF�LVFKHPLF�P\RFDUGLXP�XVLQJ�VHPLTXDQWLWDWLYH�DQG�TXDQWLWDWLYH�DVVHVVPHQW��&DUGLRYDVF�3DWKRO� ��������9DQGHU�+HLGHQ� 0*�� &KDQGHO� 16�� :LOOLDPVRQ� (.� 6FKXPDFNHU� 37� 	� 7KRPSVRQ� &%� ������� %FO�[/�UHJXODWHV�WKH�PHPEUDQH�SRWHQWLDO�DQG�YROXPH�KHPHRVWDVLV�RI�PLWRFKRQGULD��&HOO��������������:DUG� %-� 	� 6FRRWH� 0� ������� $QWLR[LGDQWV� DWWHQXDWH� SRVWLVFKHPLF� HQGRWKHOLDO� FHOO� VZHOOLQJ� DQG� OXPLQDO�PHPEUDQH�EOHEELEJ�LQ�FDUGLDF�FDSLOODULHV��0LFURYDVF�5HV� �������������:HOW�.��)LW]O�*�	�0DUN�%��������/LSR\JHQDVH�LQKLELWRU�)/0�������DQ�HIIHFWLYH�SURWHFWDQW�RI�P\RFDUGLDO�PLFURYHVVHOV� DJDLQVW� LVFKHPLD�UHSHUIXVLRQ� LQMXU\"�� $Q� XOWUDVWUXFWXUDO�PRUSKRPHWULF� VWXG\��([S� 7R[LF�3DWKRO�������������:LOKHOP�6�	�+DFNHU�*� �������3URWHRO\WLF� VSHFLILFLW\� RI� FDVSDVHV� LV� UHTXLUHG� WR� VLJQDO� WKH� DSSHDUDQFH� RI�DSRSWRWLF�PRUSKRORJ\��(XU�-�&HOO�%LRO� �������������<LQJ�6KLXQJ� /� 	� <XQ�<LQJ� &� ������� (OHFWURQ� PLFURVFRSLF� REVHUYDWLRQV� RI� DSRSWRWLF� FHOOV� LQ� YDULRXV�FDUGLRYDVFXODU�GLVHDVHV��&KLQHVH�0HG�-���������������������
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