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$& DGHQ\O\O�F\FODVH

$3 DONDOLQH�SKRVSKDWDVH

$73 DGHQRVLQH��¶�WULSKRVSKDWH

$E DQWLERG\

$36 DPPRQLXPSHUR[LGLVXOIDWH

$��� DEVRUEDQFH�DW�����QP

E EDVH

ES EDVH�SDLU

%&,3������������������ ��%URPR���&KORUR���LQGRO\OSKRVSKDWH

%6$�� ERYLQH�VHUXP�DOEXPLQ

F$03������ DGHQRVLQH��¶��¶�F\FOLF�PRQRSKRVSKDWH

&$5����� F$03�UHFHSWRU

&0)�������� FRQGLWLRQHG�PHGLXP�IDFWRU

&L�������� &XULH

FS0���������� FRXQWV�SHU�PLQXWH

F'1$������� FRPSOHPHQWDU\�'1$

GG173���� GLGHVR[\QXFOHRWLGH��GG$73��GG&73��GG*73��GG773

G173���� GHVR[\ULERQXFOHRWLGH��G$73��G&73��G*73��G773

',)����� GLIIHUHQWLDWLRQ�LQGXFLQJ�IDFWRU

'77�� ����GLWKLRWUHLWRO

'(3&���� GLHWK\OS\URFDUERQDWH

'062��� GLPHWK\OVXOIR[LGH

'1$������ GHVR[\ULERQXFOHLF�DFLG

'1DVH����� GHVR[\ULERQXFODVH

('7$���� HWK\OHQGLDPLQWHWUDDFHWLF�DFLG

*�������� JHQHWLFLQ

*&����� JXDQ\O\O�F\FODVH

*'7 JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ

*�SURWHLQ KHWHURWULPHULF�*73�ELQGLQJ�SURWHLQ

K���� KRXU

+(3(6������ 1���K\GUR[\HWK\OSLSHUD]LQH�1¶���HWKDQVXOIRQLF�DFLG

+532 KRUVHUDGLVK�SHUR[LGDVH

,37*������ LVRSURS\O�β�'�WKLRJDODFWRS\UDQRVLGH

NE��������������� NLOR�EDVH�SDLUV

N'D��������� NLOR�'DOWRQ
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ODF=��������� β�*DODFWRVLGDVH�JHQH

P$E����� PRQRFORQDO�DQWLERG\

0&6��� PXOWLSOH�FORQLQJ�VLWH��SRO\OLQNHU

0(6������� ���1�0RUSKROLQR��HWKDQVXOIRQLF�DFLG

β�0(�������� EHWD�PHUFDSWRHWKDQRO

PLQ������� PLQXWH

0236����� γ��PRUSKROLQR��SURSDQVXOIRQLF�DFLG

13����� HWK\OHQSKHQ\OSRO\HWK\OHQJO\FRO

2'������ RSWLFDO�GHQVLW\

3$*(������ SRO\DFU\ODPLGH�JHO�HOHFWURSKRUHVLV

3&5����� SRO\PHUDVH�FKDLQ�UHDFWLRQ

3'(���� SKRVSKRGLHVWHUDVH

3',������ SKRVSKRGLHVWHUDVH�LQKLELWRU

3(*����� SRO\HWK\OHQJO\FRO

3.$ F$03�GHSHQGHQW�SURWHLQ�NLQDVH

3/&������ SKRVSKROLSDVH�&

36)��� SUH�VWDUYDWLRQ�IDFWRU

3,3(6���� ����SLSHUD]LQGLHWKDQVXOIRQLF�DFLG

306)�������� SKHQ\OPHWK\OVXOIRQ\OIOXRULGH

51$������ ULERQXFOHLF�DFLG

51DVH��� ULERQXFOHDVH

51DVLQ������ 51DVH�LQKLELWRU

173������ ULERQXFOHRWLGH��$73��&73��*73��773

57��������� URRP�WHPSHUDWXUH

VDUFRV\O��� 1�ODXUR\O�VDUFRVLQH

6'6��� VRGLXP�GRGHF\O�VXOSKDWH

6WUHS������ VWUHSWRP\FLQ

7&$���� WUL�FKORURDFHWLF�DFLG

7%(���� 7ULV�ERUDWH�HOHFWURSKRUHVLV�EXIIHU

7(0('����� 1�1�1¶�1¶�WHWUDPHWK\O�HWK\OHQHGLDPLQH

7ULV���������� WULV��K\GUR[\PHWK\O��DPLQRPHWKDQH

7ULWRQ�;������� RFW\OSKHQ\OSRO\��HWK\OHQJO\FROHWKHU�

7ZHHQ�������� SRO\R[\HWK\OHQ�VRUELWDQ�PRQRODXUDWH

9RO����������� YROXPH

;�*DO ��EURPR���FKORUR���LQGRO\O�β�'�JDODFWRS\UDQRVLGH
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8QWHU�1DKUXQJVPDQJHO� JHKHQ�'LFW\RVWHOLXP�GLVFRLGHXP�=HOOHQ�YRQ�GHU� HLQ]HOOLJHQ� DP|ER�

LGHQ�/HEHQVIRUP� LQ� HLQHQ� YLHO]HOOLJHQ�2UJDQLVPXV� �EHU�� GHU� VLFK� ]XOHW]W� LQ� ]ZHL�=HOOW\SHQ

GLIIHUHQ]LHUW��QlPOLFK�6WLHO]HOOHQ�XQG�6SRUHQ��'LHVHU�3UR]H��ZLUG�GXUFK�YHUVFKLHGHQH�6LJQDOH

JHVWHXHUW�� GLH� GLH� GLIIHUHQWLHOOH� *HQH[SUHVVLRQ� UHJXOLHUHQ�� 8QWHU� GHQ� HUVWHQ� *HQHQ�� GLH� EHL

GLHVHP�:DFKVWXPV�'LIIHUHQ]LHUXQJV�hEHUJDQJ��JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ��*'7��DNWL�

YLHUW�ZHUGHQ��LVW�GLH�GLVFRLGLQ�,�*HQIDPLOLH��GLH�GHVKDOE�DXFK�DOV�HLQ�H[]HOOHQWHU�,QGLNDWRU�I�U

GHQ�%HJLQQ�GHU�(QWZLFNOXQJ�GLHQW�

0LW�+LOIH� YRQ�0XWDQWHQ�� GLH�'HIHNWH� LQ�EHNDQQWHQ�6LJQDOWUDQVGXNWLRQVNRPSRQHQWHQ� KDEHQ�

XQG�GXUFK�SKDUPDNRORJLVFKH�$QDO\VH��NRQQWHQ�ZLU�EHUHLWV�HLQ�0RGHO�I�U�HLQHQ�DNWLYLHUHQGHQ

XQG�HLQHQ�LQKLELHUHQGHQ�6LJQDOZHJ�I�U�GLH�GLVFRLGLQH[SUHVVLRQ�DXIVWHOOHQ��$NWLYLHUXQJ�HUIROJW

�EHU� HLQHQ� XQEHNDQQWHQ� 5H]HSWRU�� HLQ� KHWHURWULPHUHV� *�3URWHLQ�� GDV� GLH� *α�� 8QWHUHLQKHLW

HQWKlOW��&5$&��F\WRVROLF�UHJXODWRU�RI�DGHQ\O\O�F\FODVH��XQG�3.$��F$03�GHSHQGHQW�SURWHLQ

NLQDVH���,QDNWLYLHUXQJ�HUIROJW��EHU�H[WUD]HOOXOlUHV�F$03��GHQ�F$03�5H]HSWRU�F$5,�XQG�&D��

,QIOX[�

8P� ZHLWHUH� 6LJQDOWUDQVGXNWLRQVNRPSRQHQWHQ� ]X� LGHQWLIL]LHUHQ�� KDEHQ� ZLU� PLW� +LOIH� GHU

5(0,�0XWDJHQHVH��UHVWULFWLRQ�HQ]\PH�PHGLDWHG�LQWHJUDWLRQ��QDFK�.ORQHQ�PLW�'LVFRGLQ�)HKO�

H[SUHVVLRQ� �8QWHU�� RGHU�hEHUH[SUHVVLRQ�� JHVXFKW�� (LQH�0XWDWLRQ� LQ� HLQHP� QHXHQ�*HQ�� GDV

JGW�� EHQDQQW� ZXUGH�� EHZLUNW� GLVFRLGLQ�hEHUH[SUHVVLRQ� XQG� EHVFKOHXQLJWH� (QWZLFNOXQJ�� ,Q

:HVWHUQ�%ORWV�NRQQWH�JH]HLJW�ZHUGHQ��GD��GDV�JGW��*HQSURGXNW�HLQ�����N'D�PHPEUDQDVVR]L�

LHUWHV�3URWHLQ�LVW��6HTXHQ]DQDO\VH�]HLJWH��GD��GHU�&�7HUPLQXV�HLQH�.LQDVHGRPlQH�HQWKlOW��GLH

]XU� 7\URVLQ�5H]HSWRUNLQDVHIDPLOLH� JHK|UW�� 1DFK� YRUOlXILJHQ� 'DWHQ� LVW� JGW�� K|FKVWZDKU�

VFKHLQOLFK�DQ�GHU�=HOO�6XEVWUDW�$GKlVLRQ�EHWHLOLJW��'DI�U� VSULFKW�GLH� ³5*'´�6HTXHQ]� �$UJ�

*O\�$VS�� LQ�HLQHU�GHU�H[WUD]HOOXOlUHQ�'RPlQHQ��:LH�GXUFK�.RPELQDWLRQ�GHU�JGW��0XWDWLRQ

PLW� GHQ� *α��� XQG� 3.$��0XWDWLRQHQ� JH]HLJW� ZHUGHQ� NRQQWH�� UHSULPLHUW� JGW�� GLH� GLVFRLGLQ

*HQH[SUHVVLRQ�� ZlKUHQG� GLH� 3.$� 6LJQDONDVNDGH� GHP� WHLOZHLVH� HQWJHJHQZLUNW�� $XV� YRU�

OlXILJHQ� LQ�YLWUR�([SHULPHQWHQ�HUJLEW�VLFK��GD��GDV�JGW��*HQSURGXNW�HLQ�3.$�6XEVWUDW� VHLQ

N|QQWH��'LH�JGW��5H]HSWRUNLQDVH�LVW�HLQ�QHJDWLYHU�5HJXODWRU�I�U�GLVFRLGLQ�XQG�GDPLW�DXFK�GHV

*'7��'HU�JGW��6LJQDOZHJ�YHUOlXIW�SDUDOOHO�]X�GHP�EHUHLWV�]XYRU�LGHQWLIL]LHUWHQ�*α��&5$&�

3.$� 6LJQDOZHJ�� ZLUG� MHGRFK� DXFK� GXUFK� 3.$� UHJXOLHUW�� XQG� ]ZDU� K|FKVWZDKUVFKHLQOLFK

GXUFK�3KRVSKRU\OLHUXQJ�YRQ�JGW���(LQH�3KRVSKRU\OLHUXQJ�GXUFK�3.$�N|QQWH�GDV�JGW��3URWHLQ

LQDNWLYLHUHQ��ZDV� ]X�PD[LPDOHU� GLVFRLGLQ� 7UDQVNULSWLRQ� I�KUHQ�Z�UGH�� =HUVW|UXQJ� GHV� JGW�

*HQV� UHVXOWLHUW� GHPHQWVSUHFKHQG� LQ� GHUHJXOLHUWHU� GLVFRLGLQ� hEHUH[SUHVVLRQ� XQG

EHVFKOHXQLJWHU�(QWZLFNOXQJ�
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:KHQ�FHOOV�RI�'LFW\RVWHOLXP�GLVFRLGHXP�DUH�GHSULYHG�RI�QXWULHQWV�� WKH\�XQGHUJR�D�WUDQVLWLRQ

IURP�VLQJOH�FHOO�DPRHEDH�WR�D�PXOWLFHOOXODU�RUJDQLVP�ZKLFK�ILQDOO\�GLIIHUHQWLDWHV�LQWR�WZR�FHOO

W\SHV��VWDON�FHOOV�DQG�VSRUHV��7KLV�SURFHVV�LV�RUJDQLVHG�E\�YDULRXV�VLJQDOV�ZKLFK�UHJXODWH�WKH

GLIIHUHQWLDO�H[SUHVVLRQ�RI�JHQHV��7KH�GLVFRLGLQ�,�JHQH�IDPLO\�LV�DPRQJ�WKH�ILUVW�JHQHV�DFWLYDWHG

DW�WKH�JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ��*'7��DQG�WKXV�VHUYHV�DV�DQ�H[FHOOHQW�LQGLFDWRU�IRU�WKH

EHJLQQLQJ�RI�GHYHORSPHQW�

8VLQJ�PXWDQWV�ZLWK� GHIHFWV� LQ� NQRZQ� VLJQDO� WUDQVGXFWLRQ� FRPSRQHQWV� DQG� SKDUPDFRORJLFDO

DQDO\VLV�� ZH� KDYH� SUHYLRXVO\� HVWDEOLVKHG� D� PRGHO� IRU� DQ� DFWLYDWLQJ� DQG� DQ� LQDFWLYDWLQJ

SDWKZD\� IRU� GLVFRLGLQ� H[SUHVVLRQ�� $FWLYDWLRQ� RFFXUV� YLD� DQ� XQNQRZQ� VXUIDFH� UHFHSWRU�� D

KHWHURWULPHULF�*�SURWHLQ�FRQWDLQLQJ�WKH�*α��VXEXQLW��&5$&��F\WRVROLF�UHJXODWRU�RI�DGHQ\O\O

F\FODVH�� DQG� 3.$� �F$03� GHSHQGHQW� SURWHLQ� NLQDVH��� ,QDFWLYDWLRQ� RFFXUV� YLD� H[WUDFHOOXODU

F$03��WKH�F$03�UHFHSWRU�F$5��DQG�&D���LQIOX[�

%\�5(0,�PXWDJHQHVLV��UHVWULFWLRQ�HQ]\PH�PHGLDWHG�LQWHJUDWLRQ��ZH�KDYH�VFUHHQHG�IRU�FORQHV

GLVSOD\LQJ�PLV�H[SUHVVLRQ�RI�GLVFRLGLQ��QXOO�RU�RYHUH[SUHVVLRQ��WR�LGHQWLI\�IXUWKHU�VLJQDOOLQJ

FRPSRQHQWV�� 2QH� PXWDQW� LV� GLVUXSWHG� LQ� D� QHZ� JHQH� GHQRPLQDWHG� JGW�� UHVXOWLQJ� LQ

RYHUH[SUHVVLRQ�RI�GLVFRLGLQ�DQG�DFFHOHUDWHG�GHYHORSPHQW��:HVWHUQ�EORWV� VKRZ� WKDW� WKH�JGW�

JHQH�SURGXFW�LV�D�����N'D�PHPEUDQH�DVVRFLDWHG�SURWHLQ��6HTXHQFH�DQDO\VLV�LQGLFDWHV�WKDW�WKH

&�WHUPLQXV�FRQWDLQV�D�NLQDVH�GRPDLQ�ZKLFK�EHORQJV�WR�WKH�7\URVLQH�5HFHSWRU�.LQDVHV�IDPLO\�

3UHOLPLQDU\� GDWD� VKRZV� WKDW� JGW�� LV� SRVVLEO\� LQYROYHG� LQ� FHOO�VXEVWUDWXP� DGKHVLRQ� DV

VXJJHVWHG� IURP� WKH� ³5*'´� �$UJLQLQH�*O\FLQH�$VSDUDJLQH�� VLWH� DW� RQH� RI� WKH� H[WUDFHOOXODU

GRPDLQV�� $V� GHPRQVWUDWHG� E\� FRPELQDWLRQV� RI� WKH� JGW�� PXWDWLRQ� ZLWK� *α��� DQG� 3.$�

PXWDWLRQV�� WKH� JGW�� JHQHUDWHV� D� UHSUHVVLRQ� RI� GLVFRLGLQ� H[SUHVVLRQ� DQG� LV� SDUWLDOO\

FRXQWHUDFWHG�E\�WKH�3.$�VLJQDOOLQJ�FDVFDGH��,Q�YLWUR�H[SHULPHQWV�VXJJHVW�WKDW�WKH�JGW��JHQH

SURGXFW�LV�D�3.$�VXEVWUDWH��7KH�JGW��UHFHSWRU�NLQDVH�LV�D�QHJDWLYH�UHJXODWRU�RI�GLVFRLGLQ�DQG

RI� *'7�� 7KH� JGW�� VLJQDOOLQJ� SDWKZD\� LV� LQ� SDUDOOHO� ZLWK� WKH� LGHQWLILHG� *α��&5$&�3.$

SDWKZD\� EXW� LV� UHJXODWHG� E\� 3.$�� PRVW� OLNHO\�� E\� 3.$� SKRVSKRU\ODWLRQ� RQ� JGW��

3KRVSKRU\ODWLRQ� E\� 3.$�PD\� LQDFWLYDWH� WKH� JGW�� SURWHLQ� DQG� DOORZ� WKH� PD[LPDO� OHYHO� RI

GLVFRLGLQ� WUDQVFULSWLRQ�� 6LPLODUO\�� GLVUXSWLRQ� RI� JGW�� UHVXOWV� LQ� GHUHJXODWHG� GLVFRLGLQ

RYHUH[SUHVVLRQ�DQG�DFFHOHUDWHG�GHYHORSPHQW�
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���'LFW\RVWHOLXP�GLVFRLGHXP�DV�D�PRGHO�V\VWHP�WR�VWXG\�GHYHORSPHQW

)RU� DOO� HXNDU\RWLF� V\VWHPV�� FHOOXODU� GLIIHUHQWLDWLRQ� SURFHHGV� WKURXJK� D� VHULHV� RI� VWDJHV� WKDW

KDYH� WR� EH� FDUHIXOO\� WLPHG� WR� UHVXOW� LQ� WKH� SURSHU� WLVVXHV� DQG� VWUXFWXUHV�� ,Q� PXOWLFHOOXODU

RUJDQLVPV�� ZKHUH� RUJDQV� DUH� JHQHUDWHG� IURP� GLIIHUHQW� FHOO� W\SHV�� WKH� SURFHVVHV� PXVW� EH

WHPSRUDOO\�FR�RUGLQDWHG�DPRQJ�GLYHUVH�FHOOV�

8VXDOO\�D�VSHFLILF�FHOO�W\SH�FDQQRW�SURFHHG�WR�WKH�QH[W�VWDJH�LQ�GLIIHUHQWLDWLRQ�XQWLO�D�VLJQDO�LV

UHFHLYHG�IURP�DGMDFHQW�FHOOV��'LFW\RVWHOLXP�GLVFRLGHXP��ZKLFK�VHUYHV�DV�D�PRGHO�V\VWHP�IRU

WKH� VWXG\� RI� GHYHORSPHQW�� LV� DQ� XQLTXH� HXNDU\RWLF� GHYHORSPHQWDO� V\VWHP� LQ� ZKLFK

PXOWLFHOOXODULW\�DULVHV�IURP�WKH�DJJUHJDWLRQ�RI�LQGLYLGXDO�FHOOV��7KH�OLIH�F\FOH�RI�'LFW\RVWHOLXP

FRQVLVWV� RI� GLVWLQFW� JURZWK� DQG� GHYHORSPHQWDO� SKDVHV�� DQG� LW� LV� D� VLPSOH� PDWWHU� WR� VZLWFK

EHWZHHQ�WKH�WZR�PRGHV��:KHQ�QXWULHQWV�DUH�SOHQWLIXO��'��GLVFRLGHXP�FHOOV�JURZ�DQG�GLYLGH�DV

LQGLYLGXDO�DPRHEDH��:KHQ�FHOOV�DUH�GHSOHWHG�RI�QXWULHQWV��JURZWK�FHDVHV�DQG�GHYHORSPHQW�LV

LQLWLDWHG�� 'HYHORSPHQW� LV� FKDUDFWHULVHG� E\� D� VWDJH� LQ� ZKLFK� DURXQG� ���� VLQJOH� DPRHEDH

DJJUHJDWH� WR� IRUP� D� PXOWLFHOOXODU� RUJDQLVP� DQG� FHOOV� ILQDOO\� GLIIHUHQWLDWH� LQWR� WZR� W\SHV�

YDFXRODWHG�VWDON�FHOOV�DQG�GXUDEOH�VSRUHV��VHH�)LJ�����

,Q� FRPSDULVRQ� WR� RWKHU� HXNDU\RWLF� RUJDQLVPV��'LFW\RVWHOLXP� KDV� VRPH� VSHFLDO� ELRFKHPLFDO

DQG�JHQHWLF�FKDUDFWHULVWLFV��6XFK�DV�

→ )UHH�OLYLQJ�'LFW\RVWHOLXP�DPRHEDH�DUH�HDVLO\�JURZQ�DQG�PDLQWDLQHG��6XVVPDQ��������

WKXV�FORQDO�FHOOV�FDQ�EH�VLPSO\�LGHQWLILHG�RQ�D�EDFWHULDO�ODZQ��6RPH�VWUDLQV�RI�'LFW\RVWHOLXP

GLVFRLGHXP� FDQ� DOVR� JURZ� LQ� D[HQLF� PHGLXP�� 7KLV� JLYHV� WKH� SRVVLELOLW\� WR� FDUU\� RXW� JHQH

WHFKQLFDO�DQG�FHOO�ELRORJLFDO�ZRUN�RQ�FHOOV�JURZLQJ�LQ�FXOWXUH�

→ 7KH�GLIIHUHQWLDWLRQ�RI�'LFW\RVWHOLXP�LV�FRPSOHWHO\�UHYHUVLEOH�XQWLO�WKH�ODWH�VWDJHV�RI�WKH

SURJUDP��*URZWK�VWRSV�ZKHQ�WKH�QXWULHQWV� LQ�WKH�HQYLURQPHQW�DUH�H[KDXVWHG�DQG�WKHUH�LV�QR

IXUWKHU� UHSOLFDWLRQ� RI� WKH� FKURPRVRPH� XQWLO� D� IUHVK� IRRG� VRXUFH� LV� IRXQG� �6KDXOVN\� HW� DO��

�������2Q�UH�LQWURGXFWLRQ�RI�QXWULHQWV��FHOOV�″HUDVH″�WKHLU�GHYHORSPHQWDO�PDUNHUV�DQG�UHVXPH

JURZWK��6ROO�DQG�)LQQH\���������7KXV��RQFH�GHYHORSPHQWDO�PXWDWLRQV�DUH�VHOHFWHG�� WKH\�FDQ

EH�SURSDJDWHG�DQG�PDLQWDLQHG��DQG�WKH�SKHQRW\SHV�FDQ�EH�H[SUHVVHG�DJDLQ�ZKHQ�GHYHORSPHQW

LV�UH�LQLWLDWHG�
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)LJXUH� ��� 7KH� OLIH� F\FOH� RI� 'LFW\RVWHOLXP� GLVFRLGHXP�� 'LFW\RVWHOLXP� LV� DQ� XQLTXH� HXNDU\RWLF

GHYHORSPHQWDO� V\VWHP�LQ�ZKLFK�PXOWLFHOOXODULW\�DULVHV� IURP� WKH�DJJUHJDWLRQ�RI� LQGLYLGXDO�FHOOV��7KLV

SURFHVV� LV� LQLWLDWHG� XSRQ� VWDUYDWLRQ�� ZLWK� YHJHWDWLYH� JURZWK� DQG� PXOWLFHOOXODU� GHYHORSPHQW� EHLQJ

GLVWLQFW�SKDVH�RI�WKH�OLIH�F\FOH��%HFDXVH�'LFW\RVWHOLXP�JHQHUDWHV�VLQJOH�FORQHV�ZKHQ�IHG�RQ�LWV�QDWXUDO

IRRG��EDFWHULD��LW�LV�SRVVLEOH�WR�VFUHHQ�IRU�FORQDO�'LFW\RVWHOLXP�PXWDQWV�ZLWK�GHYHORSPHQWDO�SKHQRW\SHV

RQ�EDFWHULDO�SODWH�
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→ 'LFW\RVWHOLXP� FHOOV� DUH� KDSORLG� WKXV� QRQ�OHWKDO� UHFHVVLYH� PXWDWLRQV� FDQ� EH� GLUHFWO\

VFRUHG��,W�LV�UHODWLYHO\�HDV\�WR�PXWDJHQL]H�FHOOV��DQG�VHOHFWLRQ�RI�PXWDWLRQV�LV�OLPLWHG�RQO\�E\

WKH� VFUHHQLQJ� RU� VHOHFWLRQ� SURFHGXUH� �/RRPLV� DQG� *LOSLQ�� ������� +RZHYHU��'LFW\RVWHOLXP

SDUDVH[XDO�GLSORLGV�FDQ�DOVR�EH�REWDLQHG�E\�FHOO� IXVLRQ��5HFHVVLYH� VHQVLWLYLW\�PDUNHUV�ZHUH

XVHG� WR�VHOHFW�DJDLQVW� WKH�KDSORLG�FHOOV�DQG�DOORZ�VXUYLYDO�RI�GLSORLGV�RQO\� �/RRPLV��������

7KXV�� E\� XVH� RI� WHVWHU� VWUDLQV� PDUNHG� ZLWK� UHFHVVLYH� UHVLVWDQFH� PDUNHUV�� PXWDWLRQV� FDQ� EH

DVVLJQHG�WR�FRPSOHPHQWDWLRQ�DQG�OLQNDJH�JURXSV��:HONHU���������0RUH�UHFHQWO\��D�WUXH�VH[XDO

PDWLQJ� V\VWHP� IRU� 'LFW\RVWHOLXP� KDV� EHHQ� HVWDEOLVKHG� IRU� ODERUDWRU\� ZRUN� �-�� :LOOLDPV�

XQSXEOLVKHG�GDWD��

'XH�WR�WKH�DERYH�FKDUDFWHULVWLFV��'LFW\RVWHOLXP�GLVFRLGHXP�KDV�ORQJ�EHHQ�VHUYLQJ�DV�D�XVHIXO

V\VWHP� LQ� ZKLFK� WR� VWXG\� PDQ\� RI� WKH� FRPSOH[� SURFHVVHV� RI� GHYHORSPHQW� �UHYLHZHG� LQ

�/RRPLV�� ������/RRPLV�� ������� VXFK� DV� FKHPRWD[LV� �*HULVFK�HW� DO��� ������+DOO� HW� DO�������

%HUORW� HW� DO��������� LQWHUFHOOXODU� FRPPXQLFDWLRQ� �'HYUHRWHV�� ������� FHOOXODU� GLIIHUHQWLDWLRQ

�*RPHU�HW�DO���������&RIIPDQ�HW�DO����������DQG�VLJQDO�WUDQVGXFWLRQ��UHYLHZHG�E\�)LUWHO�������

'HYUHRWHV�� ������� 7KH� PRYHPHQW� DQG� FKHPRWDFWLF� UHVSRQVH� RI�'LFW\RVWHOLXP� FHOOV� FORVHO\

UHVHPEOH� WKRVH� RI� DPRHERLG�OLNH� FHOOV� LQ� KLJKHU� HXNDU\RWHV� VXFK� DV� OHXNRF\WHV� DQG

PDFURSKDJHV� �=LJPRQG�� ������� DQG� WKH� VLJQDOOLQJ� SURSHUWLHV� RI� LQGLYLGXDO� FHOOV� LV� PRUH

FOHDUO\�XQGHUVWRRG�LQ�'LFW\RVWHOLXP�WKDQ�LQ�RWKHU�RUJDQLVPV�

���6LJQDO�7UDQVGXFWLRQ�LQ�'LFW\RVWHOLXP

7KH� GHYHORSPHQWDO� SURFHVV� RI�'LFW\RVWHOLXP� LV� FRQWUROOHG� E\� FHOO�FHOO� VLJQDOOLQJ�� E\�ZKLFK

H[WUDFHOOXODU� VWLPXOL� HOLFLW� LQWUDFHOOXODU� UHVSRQVHV�� 9DULRXV� VROXEOH� IDFWRUV� DUH� VHFUHWHG� E\

'LFW\RVWHOLXP� DQG� VHUYH� DV� VLJQDOV� FRQWUROOLQJ� JHQH� H[SUHVVLRQ�� GHYHORSPHQWDO� LQLWLDWLRQ�

PRUSKRJHQHVLV� DQG�FHOO� GLIIHUHQWLDWLRQ� �'HYUHRWHV�� �������'XULQJ� H[SRQHQWLDO� JURZWK��PRVW

GHYHORSPHQWDO�JHQH�SURGXFWV�DUH�SUHVHQW�DW�ORZ�OHYHOV��H[FHSW�D�JURXS�RI�9�JHQHV�ZKLFK�DUH

H[SUHVVHG�RQO\�LQ�YHJHWDWLYH�VWDJH�DQG�VKXW�RII�XSRQ�GLIIHUHQWLDWLRQ��6LQJOHWRQ�HW�DO����������$

IDFWRU�GHQRPLQDWHG�36)��µSUHVWDUYDWLRQ�IDFWRU¶��LV�FRQWLQXRXVO\�VHFUHWHG�LQWR�WKH�H[WUDFHOOXODU

PHGLXP�E\�JURZLQJ�FHOOV�WR�PHDVXUH�WKH�FHOO�GHQVLW\��&ODUNH�HW�DO����������2Q�WKH�RWKHU�VLGH�

WKH� EDFWHULD� XSRQ� ZKLFK� WKH� FHOOV� IHHG� LQKLELW� WKH� UHVSRQVH� WR� 36)�� DOORZLQJ� WKH� FHOOV� WR

PRQLWRU�WKHLU�RZQ�GHQVLW\�LQ�UHODWLRQ�WR�WKDW�RI�WKHLU�IRRG�VXSSO\��&ODUNH�HW�DO����������6LQFH

ERWK�36)�DQG�LWV�UHFHSWRU�DUH�QRW�\HW�FORQHG��WKLV�SDWKZD\�UHPDLQV�XQFOHDU��6R�IDU�ZH�NQRZ

WKDW�DW�KLJK�36)�EDFWHULD�UDWLRV��ZKLFK�RFFXU�GXULQJ�ODWH�H[SRQHQWLDO�JURZWK��36)�LQGXFHV�WKH
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H[SUHVVLRQ� RI� VHYHUDO� JHQHV�ZKRVH� SURGXFWV� DUH� QHHGHG� IRU� FHOO� DJJUHJDWLRQ�� VXFK� DV� WKH� ,�

JHQHV��GLVFRLGLQ� ,�� DQG�.�� �*UDEHO�HW�DO��������&DUGHOOL�HW�DO��������6LQJOHWRQ�HW�DO��� ������

:KHQ� WKH� IRRG� VXSSO\� KDV� EHHQ� GHSOHWHG�� 36)� SURGXFWLRQ� GHFOLQHV�� DQG� D� VHFRQG� GHQVLW\�

VHQVLQJ� SDWKZD\� LV� DFWLYDWHG�� 6WDUYLQJ� FHOOV� VHFUHWH� FRQGLWLRQHG� PHGLXP� IDFWRU� �&0)��� D

JO\FRSURWHLQ��*RPHU�HW�DO���������HVVHQWLDO� IRU� WKH�GHYHORSPHQW�RI�GLIIHUHQWLDWHG�FHOO� W\SHV�

&0)� DFWLYDWHV� D� VR� IDU� XQNQRZQ� UHFHSWRU�� DQG� JHQHUDWHV� DQ� LQWUDFHOOXODU� VLJQDOOLQJ� ZKLFK

OHDGV� WR�FHOO�FHOO�FRQWDFWV��8VLQJ�DQWLVHQVH�PXWDJHQHVLV� LW�KDV�EHHQ�VKRZQ�WKDW�FHOOV� ODFNLQJ

&0)� FDQQRW� DJJUHJDWH� �&ODUNH� DQG� *RPHU�� ������� VXJJHVWLQJ� WKDW� &0)� UHJXODWHV� F$03

VLJQDO�WUDQVGXFWLRQ��VHH�EHORZ��

&\FOLF� $03� UHJXODWHV� IXUWKHU� FHOOXODU� GLIIHUHQWLDWLRQ� LQ� 'LFW\RVWHOLXP� OHDGLQJ� WR� ILQDO

PRUSKRJHQHVLV�� $� KLJKO\� RUJDQLVHG� QHWZRUN� KDV� HYROYHG� LQ� 'LFW\RVWHOLXP� WR� UHVXOW� LQ

LQWHUFHOOXODU� VLJQDOOLQJ� E\� SXOVHV� RI� F$03� FRXSOHG� WR� D� FKHPRWDFWLF� UHVSRQVH� �'HYUHRWHV�

�������$SSUR[LPDWHO\�����KRXUV�DIWHU�UHPRYDO�RI�WKH�IRRG�VRXUFH��D�VPDOO�SHUFHQWDJH�RI�FHOOV

ZLWKLQ�D�SRSXODWLRQ�EHJLQV�HPLWWLQJ�SXOVHV�RI�F$03��6XUURXQGLQJ�FHOOV� UHVSRQG�E\�PRYLQJ

FKHPRWDFWLFDOO\�WRZDUGV�WKH�VLJQDOOLQJ�FHOOV�DQG�E\�UHOD\LQJ�WKH�VLJQDO��ZKLFK�LV�DFFRPSOLVKHG

E\�DFWLYDWLRQ�RI�DGHQ\O\O�F\FODVH�DQG�UHOHDVH�RI�F$03�LQWR�WKH�VXUURXQGLQJ�PHGLXP��7KLV�LQ

WXUQ�DFWLYDWHV�FHOOV�IXUWKHU�DZD\�IURP�WKH�LQLWLDWLQJ�FHOOV�DQG�UHVXOWV�LQ�WKH�PRYHPHQW�RI�FHOOV

LQ�D�SXOVDWLOH�F$03�JUDGLHQW� WRZDUGV� WKH�DJJUHJDWLRQ�FHQWHU� �)LUWHO�HW�DO���������'HYUHRWHV�

�������$ERXW����PRYHPHQW�VWHSV�UHVXOW�LQ�WKH�IRUPDWLRQ�RI�D�PXOWLFHOOXODU�VWUXFWXUH��*HULVFK

HW�DO���������6FKDDS���������7KH�HQ]\PH�UHVSRQVLEOH� IRU� WKH�V\QWKHVLV�RI�F$03�IURP�$73�

DGHQ\O\O�F\FODVH��$&$���UDSLGO\�DFFXPXODWHV�GXULQJ�WKH�ILUVW���KRXUV�RI�GHYHORSPHQW�DQG�LV

DFWLYDWHG�ZKHQ� F$03� ELQGV� WR� D� VSHFLILF� FHOO� VXUIDFH� UHFHSWRU�� F$5,� �.OHLQ� HW� DO��� ������

F$5,�LV�D�VHUSHQWLQH�VHYHQ�WUDQVPHPEUDQH�SURWHLQ�FRXSOHG�WR�KHWHURWULPHULF�*�SURWHLQV�LQ�D

PDQQHU�VLPLODU�WR�WKH���DGUHQHUJLF�UHFHSWRU�RI�YHUWHEUDWH�QHUYH�FHOOV��.OHLQ�HW�DO���������6D[H

DQG�.LPPHO���������:KHQ�F$03�ELQGV�WR�LWV�H[WUDFHOOXODU�GRPDLQ��WKH�F\WRSODVPLF�GRPDLQ�LV

DFWLYDWHG�DQG�OHDGV�WR�WKH�H[FKDQJH�RI�*73�IRU�*'3�ERXQG�WR�WKH�*α��VXEXQLW��)LUWHO��������

7KH�*73�IRUP�RI�*α��GLVVRFLDWHV�IURP�WKH�*βγ�WULPHULF�FRPSOH[�DQG�WKHQ�DFWLYDWHV�DGHQ\O\O

F\FODVH�LQ�FRQMXQFWLRQ�ZLWK�DQRWKHU�SURWHLQ��&5$&��,QVDOO�HW�DO����������&5$&�FDUULHV�D�3+

GRPDLQ�WKDW�PD\�PHGLDWH�LWV�LQWHUDFWLRQ�ZLWK�RWKHU�SURWHLQV��+RZHYHU��WKH�VLJQDOOLQJ�YLD�$&$

LV�QRW�\HW�IXOO\�XQGHUVWRRG��:LWKLQ�D�PLQXWH�RI�DGGLWLRQ�RI�F$03�WR�WKH�FHOOV��WKH�DFWLYLW\�RI

$&$�FDQ�EH�LQFUHDVHG����IROG�ZKLOH�WKLV�DFWLYLW\�GHFUHDVHV�ZLWK�D�KDOI�OLIH�RI���PLQXWHV��7KLV

FDQ�UHVXOW� LQ�D�EXUVW�RI�F$03�V\QWKHVLV��DQG�PRVW�RI� WKH�QHZO\�PDGH�F$03�LV�VHFUHWHG�IRU

UHOD\LQJ�WKH�VLJQDO�WR�DGMDFHQW�FHOOV��0DQQ�HW�DO����������&HOOV�ODFNLQJ�$&$�RU�&5$&�GXH�WR
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WKH� GLVUXSWLRQ� RI� WKH� DFD$� RU� FUDF� JHQHV�� IDLO� WR� DJJUHJDWH� RU� WR� VKRZ� DQ\� VLJQ� RI

PRUSKRJHQHVLV� �3LWW� HW� DO��� ������� ,Q� DGGLWLRQ� WR� H[WUDFHOOXODU� F$03� VHUYLQJ� DV� D� ILUVW

PHVVHQJHU��LQWUDFHOOXODU�F$03�IXQFWLRQV�DV�D�VHFRQG�PHVVHQJHU�LQ�'LFW\RVWHOLXP�OLNH�LQ�RWKHU

HXNDU\RWHV�� ,W� DSSHDUV� WKDW� DOO� WKH� HVVHQWLDO� UHVSRQVHV� WR� F$03� DV� DQ� LQWHUQDO� VHFRQG

PHVVHQJHU�DUH�PHGLDWHG�E\�WKH�F$03�GHSHQGHQW�SURWHLQ�NLQDVH��,Q�'LFW\RVWHOLXP��3.$�SOD\V

PXOWLSOH� UROHV� WKURXJKRXW� GHYHORSPHQW� DIIHFWLQJ� FKHPRWD[LF� DJJUHJDWLRQ�� SUHVSRUH� DQG

SUHVWDON� GLIIHUHQWLDWLRQ�� WHUPLQDO� GLIIHUHQWLDWLRQ�� DV� ZHOO� DV� WKH� JURZWK�GLIIHUHQWLDWLRQ�

WUDQVLWLRQ��6LPRQ�HW�DO���������0DQQ�HW�DO���������+DUZRRG�HW�DO���������3DUHQW�DQG�'HYUHRWHV�

������(QGO�HW�DO���������

���3.$�DFWLYLW\�DSSHDUV�WR�EH�WKH�PDMRU�HIIHFWRU�RI�F$03�DV�D�VHFRQG�PHVVHQJHU

$�ZLGH� UDQJH�RI� GHYHORSPHQWDO� SURFHVVHV� LQ�'URVRSKLOD�� YHUWHEUDWHV� DQG�'LF\RVWHOLXP�� DUH

PHGLDWHG�E\�3.$��,Q�ERWK�'URVRSKLOD�DQG�]HEUD�ILVK��3.$�IXQFWLRQV� LQ�VLJQDO� WUDQVGXFWLRQ

SDWKZD\V�LQLWLDWHG�E\�WKH�LQWHUFHOOXODU�VLJQDOOLQJ�SURWHLQ�KHGJHKRJ��/L�HW�DO���������-LDQJ�DQG

6WUXKO�� ������� ,Q�'URVRSKLOD� DQG�PDPPDOV� �'DYLV� HW� DO��� ������ 3.$� DFWLYLW\� DOVR� SOD\V� D

FHQWUDO� UROH� LQ� WKH� OHDUQLQJ�DQG�PHPRU\�V\VWHP��7KH�DPLQR�DFLG�VHTXHQFH�RI�ERWK�&�DQG�5

VXEXQLWV� DUH�KLJKO\�FRQVHUYHG�DPRQJ�GLYHUVH�RUJDQLVPV�DQG� WKH�EDVLF� HQ]\PDWLF�SURSHUWLHV

DUH� VLPLODU� �0HLQNRWK� HW� DO��� ������� 3.$� LV� D� SOHLRWURSLF� SURWHLQ� NLQDVH� DQG� UHJXODWHV

VLJQDOOLQJ�SDWKZD\V�DW�PXOWLSOHV�OHYHOV��,Q�PDPPDOLDQ�FHOOV�� OLJDQG�ELQGLQJ�WR�UHFHSWRUV�FDQ

UHVXOW� LQ� IDVW� DFWLYDWLRQ� RI� F\WRSODVPLF� 3.$� �+DJLZDUD� HW� DO��� ������ DQG� LQ� D� VORZHU

WUDQVORFDWLRQ�RI�3.$�WR�WKH�QXFOHXV�ZKHUH�LW�DFWLYDWHV�JHQH�WUDQVFULSWLRQ�E\�SKRVSKRU\ODWLQJ

&5(%� �0D\R� HW� DO��� ������ DQG�1)κ%� �9HUPD�� ������� ,Q�'LFW\RVWHOLXP�� WKHUH� DUH�PXOWLSOH

VLJQDO�WUDQVGXFWLRQ�SDWKZD\V�VWDUWLQJ�RXW�IURP�VXUIDFH�UHFHSWRUV��DQG�PRVW�RI�WKHP�DSSHDU�WR

XVH� 3.$� DV� WKH� FHQWUDO� FRPSRQHQW�� 'LFW\RVWHOLXP� 3.$� LV� KHOG� LQ� DQ� LQDFWLYH� IRUP� E\

DVVRFLDWLRQ�RI�D�VLQJOH�FDWDO\WLF� VXEXQLW� �3.$�&��ZLWK�D� VLQJOH� UHJXODWRU\�VXEXQLW� �3.$�5�

WKXV�UHVXOWLQJ�LQ�DQ�KRORHQ]\PH�5&��7KH�ELQGLQJ�RI�WZR�PROHFXOHV�RI�F$03�WR�WKH�5�VXEXQLW

UHVXOWV� LQ� WKH� UHOHDVH� RI� WKH� &� VXEXQLW�� 'LVVRFLDWLRQ� RI� KRORHQ]\PH� LV� FRPSOHWH� ZKHQ� WKH

LQWUDFHOOXODU�FRQFHQWUDWLRQ�RI�F$03�UDLVHV�DERYH�����Q0��7KRXJK�H[SUHVVLRQ�RI�DFD$��FDU$

�0DQQ� DQG�)LUWHO�� ������0DQQ� HW� DO��� ������ DQG�GLVFRLGLQ� ,γ� �(QGO�HW� DO��� ������ KDYH� EHHQ

VKRZQ�WR�EH�UHJXODWHG�E\�3.$��QR�WUDQVFULSWLRQ�IDFWRU�KDV�\HW�EHHQ�GHWHUPLQHG�WR�EH�D�GLUHFW

3.$�VXEVWUDWH�
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%RWK� 3.$�&� DQG� 3.$�5� DUH� SUHVHQW� DW� ORZ� OHYHOV� LQ� H[SRQHQWLDOO\� JURZLQJ� FHOOV� RI

'LFW\RVWHOLXP��EXW�ERWK�DFFXPXODWH�DERXW�IRXU�IROG�GXULQJ�WKH�ILUVW����KRXUV�RI�GHYHORSPHQW

DQG� UHPDLQ� DW� WKLV� OHYHO� XQWLO� FXOPLQDWLRQ� �/HLFKWOLQJ� HW� DO��� ������ 3DUW� HW� DO��� ������� 7KH

P51$�OHYHOV�RI�ERWK�SND&�DQG�SND5�LQFUHDVH�DERXW�ILYH�IROG�GXULQJ�WKH�ILUVW� IRXU�KRXUV�RI

GHYHORSPHQW�DQG�WKHQ�UHPDLQ�FRQVWDQW�WKURXJKRXW�GHYHORSPHQW��%XUNL�HW�DO���������6LPRQ�HW

DO��� ������� 7KH� DFFXPXODWLRQ� RI� ERWK� &� DQG� 5� VXEXQLWV� DUH� FR�RUGLQDWHG�� DQG� WKHUH� LV� QR

HYLGHQFH� IRU� GLIIHUHQWLDO� DFFXPXODWLRQ� RI� HLWKHU� VXEXQLW� GXULQJ� DJJUHJDWLRQ� RU� LQ� WKH� WZR

PDMRU�FHOO�W\SHV�DW�WKH�VOXJ�VWDJH��9DXJKDQ�DQG�5XWKHUIRUG���������2YHUH[SUHVVLRQ�RI�WKH�&

VXEXQLW� UHVXOWV� LQ� D� UDSLG� GHYHORSPHQW�� FHOOV� IRUPLQJ� VSRUHV� LQ� DV� OLWWOH� DV� ��� KRXUV�� DQG

H[SUHVVLRQ�RI�VRPH�HDUO\�GHYHORSPHQWDO�JHQHV��OLNH�GLVFRLGLQ��DUH�DFFHOHUDWHG��$QMDUG�HW�DO��

�������7KH�5�VXEXQLW�ZDV�PXWDWHG�LQ�ERWK�F$03�ELQGLQJ�VLWHV��UHVXOWLQJ�LQ�D�VWDEOH�GRPLQDQW

LQKLELWRU�RI�3.$��5P���6WUDLQV�RYHUH[SUHVVLQJ�5P�GXULQJ�YHJHWDWLYH�JURZWK�IDLO�FRPSOHWHO\

WR�GHYHORS��6LPRQ�HW�DO����������7KH�VDPH�SKHQRW\SH�LV�DOVR�H[SUHVVHG�E\�WKH�3.$�&��VWUDLQ�

ZKLFK�FDUULHV�D�QXOO�PXWDWLRQ�RI�WKH�&�VXEXQLW��0DQQ�DQG�)LUWHO���������3.$�SOD\V�D�FRUH�UROH

RQ�WKH�ZKROH�GHYHORSPHQWDO�SURFHVV�RI�'LFW\RVWHOLXP��+RZHYHU��WKHUH�LV�DV�\HW�QR�HYLGHQFH

RQ�LWV�IXQFWLRQ�QHLWKHU�LQ�H[SRQHQWLDO�JURZWK�QRU�DW�WKH�JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ��%RWK

5P�DQG�3.$�&��VWUDLQV�JURZ�ZHOO�LQ�D[HQLF�PHGLXP��EXW�WKH�3.$�&��VWUDLQ�JURZV�VORZHU�WKDQ

ZLOG�W\SH�FHOOV�RQ�EDFWHULD��.HVVLQ�DQG�$QMDUG��SHUVRQDO�FRPPXQLFDWLRQ���7KLV�VXJJHVWV�WKDW

3.$�LV�QRW�HVVHQWLDO�IRU�JURZWK�EXW�LV�LQYROYHG�LQ�WKH�VLJQDOOLQJ�SDWKZD\V�UHODWHG�WR�WKH�IRRG

VRXUFH�� 7KH� UHJXODWLRQ� RI� WKH� YHU\� HDUO\� GHYHORSPHQWDO� JHQH� GLVFRLGLQ� E\� 3.$� VWURQJO\

VXSSRUWV�WKLV�

���7KH�GLVFRLGLQ�,�JHQH�IDPLO\�LV�DQ�LQGLFDWRU�IRU�WKH�RQVHW�RI�GLIIHUHQWLDWLRQ�LQ�'LFW\RVWHOLXP

$V�'LFW\RVWHOLXP� GLVFRLGHXP� DPRHEDH� GLIIHUHQWLDWH� IURP� WKH� QRQ�FRKHVLYH� WR� WKH� FRKHVLYH

VWDWH�� WKH\� V\QWKHVLVH� WZR� JDODFWRVH�ELQGLQJ� OHFWLQV�� GLVFRLGLQ� ,� DQG� ,,�� 7KHVH� WZR� SURWHLQV

KDYH�FRPPRQ�UHJLRQV������LGHQWLW\�LQ�WKH�DPLQR�DFLG�VHTXHQFH���D�FDUERK\GUDWH�ELQGLQJ�VLWH

�%HUJHU�DQG�$UPDQW��������DQG�DQ�$UJ�*O\�$VS� �5*'��VHTXHQFH�ZKLFK�KDV�EHHQ� IRXQG� LQ

YLWURQHFWLQV� DQG� ILEURQHFWLQV� LQ� PDPPDOLDQ� FHOOV� �3LHUVFKEDFKHU� DQG� 5XRVODKWL�� ������

GLVFRLGLQ� ,� LV� H[SUHVVHG� DW� WKH� JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ� �*'7��� DQG� FRQFHQWUDWHG� LQ

WKH� VOLPH� FRDW� DQG� DURXQG� VWDON� FHOOV� �'HYLQH� HW� DO��� ������ &RRSHU� DQG� %DURQGHV�� ������

GLVFRLGLQ�,,�LV�H[SUHVVHG�DW�WKH�RQVHW�RI�DJJUHJDWLRQ����K�RI�GHYHORSPHQW���DQG�SURPLQHQW�LQ

DQG�DURXQG�SUHVSRUH�FHOOV��&RRSHU�DQG�%DURQGHV��������)XNX]DZD�DQG�2FKLDL���������7KHUH

DUH� WKUHH�PHPEHUV� LQ� WKH�GLVFRLGLQ� ,�JHQH� IDPLO\��ZKLFK�EHJLQ� WR�FRRUGLQDWHO\�DFFXPXODWHG

DSSUR[LPDWHO\�WKUHH�JHQHUDWLRQV�EHIRUH�WKH�RQVHW�RI�GHYHORSPHQW��'HYLQH�HW�DO����������7KXV
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WKH�GLVFRLGLQ� ,�JHQH� IDPLO\� VHQVH� DV� D�PDUNHU� WR� VWXG\� WKH� UHJXODWLRQ�RI�*'7��0RQRFORQDO

DQWLERGLHV� GLUHFWHG� DJDLQVW� WKH� GLVFRLGLQ� ,� SURWHLQV� KDYH� EHHQ� JHQHUDWHG� �)XNX]DZD� DQG

2FKLDL��������:HWWHUDXHU�HW�DO���������

7KH� IXQFWLRQV� RI� WKH� GLVFRLGLQ� ,� SURWHLQ� DUH� QRW� FOHDU�� )RU� D� ORQJ� WLPH� LW�ZDV� EHOLHYHG� WKDW

GLVFRLGLQ� ,� LV� LPSOLFDWHG� LQ�FHOO� WR�FHOO� FRKHVLRQ�EHFDXVH� LW� FDQ�ELQG� WR�JDODFWRVH� DQG�KDV� D

″5*'″�VLWH��5*'�LV�WKH�PLQLPDO�VWUXFWXUH�UHFRJQLVHG�E\�PDPPDOLDQ�FHOOV�LQ�ILEURQHFWLQV�DQG

YLWURQHFWLQ�� DQG� FRQVWLWXWHV� WKH� FHOO� DWWDFKPHQW� VLWHV� RI� WKHVH� SURWHLQV� �3LHUVFKEDFKHU� DQG

5XRVODKWL�� ������ 6X]XNL� HW� DO��� ������� 3HSWLGHV� FRQWDLQLQJ� WKLV� ″5*'″� VLJQDO� VSHFLILFDOO\

SUHYHQW�JDVWUXODWLRQ� LQ�'URVRSKLOD�HPEU\RV��1DLGHW�HW�DO���������� VXJJHVWLQJ� WKDW� WKH�5*'�

VHTXHQFH�PD\�DOVR�EH�XVHG�E\� LQYHUWHEUDWHV� WR�PHGLDWH�FHOO�DWWDFKPHQW�� ,Q�'LFW\RVWHOLXP�� LW

KDV�EHHQ�UHSRUWHG�WKDW�V\QWKHWLF�SHSWLGHV�FRQWDLQLQJ�5*'�EORFN�FHOO�DWWDFKPHQW�DQG�VSUHDGLQJ

RQ� D� SODVWLF� VXUIDFH� DQG� IRUPDWLRQ� RI� IUXLWLQJ� ERGLHV� �6SULQJHU� HW� DO��� ������� +RZHYHU�

LPPXQRIOXRUHVFHQFH� DQDO\VLV� GHPRQVWUDWHG� WKDW� GLVFRLGLQ� LV� GLVWULEXWHG� WKURXJKRXW� WKH

F\WRSODVP�H[FOXGLQJ�YHVLFOHV�DQG�QXFOHL��DQG�WKHUH�LV�QR�LQGLFDWLRQ�IRU�HLWKHU�H[WUDFHOOXODU�RU

PHPEUDQH� ORFDOL]DWLRQ� �$OH[DQGHU�HW�DO����������7KH�GLVFRLGLQ�SURWHLQV�DUH�HVVHQWLDO� IRU� WKH

HVWDEOLVKPHQW�RI�WKH�HORQJDWHG�FHOO�PRUSKRORJ\��F\WRVNHOHWDO�RUJDQLVDWLRQ�DQG�WKH�VLGH�WR�VLGH

DOLJQPHQW� RI� FHOOV� GXULQJ� DJJUHJDWLRQ� �$OH[DQGHU� HW� DO��� ������� +RZHYHU�� WKH� HORQJDWHG

PRUSKRORJ\�LV�QRW�D�UHTXLUHG�IRU�UDSLG�DQG�SHUVLVWHQW�VLQJOH�FHOO�WUDQVORFDWLRQ�

$W�WKH�JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ��*'7���WKH�GLVFRLGLQ�,�JHQH�IDPLO\�LV�DPRQJ�WKH�ILUVW

DFWLYDWHG� JHQHV� DQG� WKXV� FRQVLGHUHG� DV� DQ� LQGLFDWRU� IRU� WKH� RQVHW� RI� GLIIHUHQWLDWLRQ� LQ

'LFW\RVWHOLXP�� GLVFRLGLQ� ,� VHUYHV� DV� D� IDFXOWDWLYH� PDUNHU� RI� *'7�� H[SUHVVLRQ� LV� QHLWKHU

UHTXLUHG�IRU�GHYHORSPHQW�QRU�GRHV�GLVFRLGLQ�H[SUHVVLRQ�OHDG�WR�REOLJDWRU\�GHYHORSPHQW��7KLV

LV�GHPRQVWUDWHG�E\�GLVF��PXWDQWV�ZKLFK�XQGHUJR�UHODWLYHO\�QRUPDO�GHYHORSPHQW��&URZOH\�HW

DO��� ������$OH[DQGHU� HW� DO��� ������ DQG� E\� WKH� FRQWLQXRXV� H[SUHVVLRQ� RI� GLVFRLGLQ� LQ� D[HQLF

JURZWK�PHGLXP��%OXVFK�HW�DO����������7KH�WUDQVFULSWLRQ�OHYHO�RI�GLVFRLGLQ�,�LV�YHU\�ORZ�ZKHQ

FHOOV�IHHG�RQ�VXIILFLHQW�EDFWHULD��6HYHUDO�JHQHUDWLRQV�EHIRUH�WKH�RQ�VHW�RI�VWDUYDWLRQ��WKH�36)

IDFWRU�� ZKLFK� LV� FRQWLQXRXVO\� VHFUHWHG� E\� WKH� 'LFW\RVWHOLXP� FHOOV�� DFFXPXODWHV� LQ� WKH

H[WUDFHOOXODU�PHGLXP��$ERYH�D�WKUHVKROG�OHYHO�RI�36)��WKH�H[SUHVVLRQ�RI�GLVFRLGLQ�LV�LQGXFHG

�5DKWL�DQG�&ODUNH���������'HYLDWLRQ�RI�WKLV�LQGXFWLRQ�SDWWHUQ�FDQ�EH�PRQLWRUHG�E\�PHDVXULQJ

GLVFRLGLQ�H[SUHVVLRQ�DW�GLIIHUHQW�FHOO�GHQVLWLHV��:HWWHUDXHU�HW�DO����������:KHQ�WKH�IRRG�VRXUFH

LV� H[KDXVWHG� DQG� FHOOV� VWRS� JURZLQJ�� D� VWURQJ� LQGXFWLRQ� RI� GLVFRLGLQ� RFFXUV�� +RZHYHU�� WKH

RWKHU�IDFWRU�&0)��ZKLFK�LV�VHFUHWHG�ZKHQ�FHOOV�VWDUYH�DQG�ZKLFK�DFWLYDWHV�FHOO�GLIIHUHQWLDWLRQ�
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LV�QRW�UHVSRQVLEOH�IRU� WKH� LQGXFWLRQ�RI�GLVFRLGLQ��$V�ZLOO�EH�SUHVHQWHG� LQ� WKLV� WKHVLV��D�&0)

NQRFN�RXW� VWUDLQ� VKRZV� QRUPDO� GLVFRLGLQ� H[SUHVVLRQ�� 7KXV� DQRWKHU� VLJQDOOLQJ� SDWKZD\

UHJXODWHV� DFFXPXODWLRQ� RI� GLVFRLGLQ�� /DWHU�� DIWHU� �� KRXUV� RI� GHYHORSPHQW�� WKH� KLJK� OHYHO

H[SUHVVLRQ�RI�GLVFRLGLQ�LV�WXUQHG�RII�E\�F$03��ZKLFK�LV�V\QWKHVLVHG�DQG�VHFUHWHG�E\�FHOOV�DQG

LV�LQYROYHG�LQ�PXOWLSOH�VLJQDOOLQJ�SDWKZD\V�WKURXJKRXW�GHYHORSPHQW��$�PRGHO�IRU�GLVFRLGLQ�,

JHQH�UHJXODWLRQ��VHH�)LJ�����KDV�EHHQ�SUHVHQWHG�SUHYLRXVO\�DQG�VRPH�FRPSRQHQWV�UHTXLUHG�IRU

UHJXODWHG�H[SUHVVLRQ�RI�WKH�GLVFRLGLQ�,�JHQHV�KDYH�EHHQ�LGHQWLILHG��%OXVFK�HW�DO��������������

(QGO�HW�DO����������$Q�LQWUDFHOOXODU�F$03�VLJQDO�LV�JHQHUDWHG�WKURXJK�D�SDWKZD\�LQFOXGLQJ�WKH

*� SURWHLQ� α�� VXEXQLW�� &5$&�� DQ� XQNQRZQ� DGHQ\O\O� F\FODVH� DQG� WKH� DFWLYDWLRQ� RI� F$03

GHSHQGHQW� SURWHLQ� NLQDVH� �3.$��� 3.$� WKHQ� VWLPXODWHV� WUDQVFULSWLRQ� RI� GLVFRLGLQ� ,� E\� DQ

XQNQRZQ�SKRVSKRU\ODWLRQ�OLQNDJH��)LJ������0XWDQWV�ZLWK�DEHUUDQW�GLVFRLGLQ�H[SUHVVLRQ�KDYH

EHHQ�JHQHUDWHG�WR�REWDLQ�LQVLJKWV�LQWR�WKH�UHJXODWLRQ�RI�*'7��DPRQJ�WKHP�DUH�WKH�9,���VWUDLQ

�:HWWHUDXHU�HW�DO���������DQG�WKH�GUV$�VWUDLQ��$OH[DQGHU�HW�DO��������ZKLFK�VKRZ�D�GLVFRLGLQ

RYHUH[SUHVVLRQ�SKHQRW\SH��+RZHYHU��WKHVH�PXWDQWV�ZHUH�JHQHUDWHG�E\�FKHPLFDO�PXWDJHQHVLV

WKXV� WKH� PROHFXODU� EDVLV� LV� QRW� \HW� NQRZQ�� 6R� IDU�� FRPSRQHQWV� LQYROYHG� LQ� WKH� VLJQDOOLQJ

QHWZRUN�WRZDUGV�UHJXODWLRQ�RI�GLVFRLGLQ�DQG�WKH�LQWHUDFWLRQV�EHWZHHQ�GLIIHUHQW�SDWKZD\V�DUH

VWLOO�LQFRPSOHWHO\�XQGHUVWRRG�

%\� XVLQJ� �¶� GHOHWLRQV� LQ� WKH� SURPRWHU� DQDO\VLV� YHFWRU� 3$9�&$7� �0D\� HW� DO��� ������ DQG

GLIIHUHQW� DUWLILFLDO� JHQH� IXVLRQV�� VHYHUDO� VHTXHQFH� HOHPHQWV� KDYH� EHHQ� LGHQWLILHG� WR� EH� WKH

XOWLPDWH� WDUJHWV� IRU� H[WUDFHOOXODU� VLJQDOV�� DQG� WR� UHOD\� VLJQDOOLQJ� WR� WKH� WUDQVFULSWLRQ� RI� � WKH

GLVFRLGLQ� ,� JHQH�� 7KH� SURPRWHU� HOHPHQW� G,(� �GLVFRLGLQ� LQGXFWLRQ� HOHPHQW�� ZKLFK� GLVSOD\V

VRPH�FKDUDFWHULVWLFV�RI�DQ�HQKDQFHU��UHVSRQGV�WR�ERWK� WKH�SUHVWDUYDWLRQ�IDFWRU�36)��9DXWL�HW

DO���������DQG�WKH�IRODWH�UHSUHVVLRQ�VLJQDOOLQJ��%OXVFK�HW�DO����������$QRWKHU�HOHPHQW��G1&(

�GLVFRLGLQ� QHJDWLYH� F$03� HOHPHQW��� ORFDWHG� GRZQVWUHDP� RI� WKH� G,(� LV� QHFHVVDU\� IRU� GRZQ

UHJXODWLRQ�E\�WKH�F$03�VLJQDOOLQJ��9DXWL�HW�DO����������)XUWKHU�GRZQ�VWUHDP�LQ�WKH�GLVFRLGLQ

SURPRWHU�� WKHUH� LV� DQRWKHU� HOHPHQW� G$(� �GLVFRLGLQ� D[HQLF� HOHPHQW�� ZKLFK� LV� UHTXLUHG� WR

PDLQWDLQ� WKH� EDVLF� H[SUHVVLRQ� RI� GLVFRLGLQ� GXULQJ� D[HQLF� JURZWK� �9DXWL� HW� DO��� ������

,GHQWLILFDWLRQ�RI�WKHVH�SURPRWHU�HOHPHQWV�SURYLGHV�WKH�EDVLV�IRU�WUDFLQJ�EDFN�WKH�WUDQVGXFWLRQ

FKDLQ�IURP�WKH�OHYHO�RI�JHQH�H[SUHVVLRQ�WR�WKH�HYHQWV�DW�WKH�PHPEUDQH�
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)LJXUH��� ,QLWLDO�PRGHO�IRU�WKH�UHJXODWLRQ�RQ�GLVFRLGLQ�WUDQVFULSWLRQ�[IURP�(QGO�DQG�1HOOHQ�

����]��)RXU�GLIIHUHQW�UHJXODWRU\�SDWKZD\V�ZHUH�SURSRVHG��36)�DQG�DQ�XQNQRZQ�PROHFXOH��OLJDQG�;�

LQGXFH� GLVFRLGLQ� H[SUHVVLRQ� E\� LQWUDFHOOXODU� VLJQDOOLQJ� WKURXJK� WKHLU� UHFHSWRUV� �36)5� DQG�5;���7KH

SDWKZD\� E\� 5;� LQYROYHV�*α��� DQG� &5$&�ZKLFK� LV� NQRZQ� WR� DFWLYDWH� $&$�� +RZHYHU�� $&$�ZDV

IRXQG� QRW� WR� EH� UHTXLUHG� IRU� GLVFRLGLQ� LQGXFWLRQ�� 7KHUHIRUH� DQRWKHU� DGHQ\O\O� F\FODVH� �$&;�� ZDV

SURSRVHG��$&;�JHQHUDWHV�F$03�ZKLFK�DFWLYDWHV�3.$��7KH�ILQDO�DFWLYDWLRQ�RI�GLVFRLGLQ�WUDQVFULSWLRQ

YLD� 3.$� LV� XQNQRZQ�� ([WUDFHOOXODU� F$03� DQG� &D��� LQIOX[� JHQHUDWH� UHSUHVVLQJ� UHJXODWLRQV� DQG

FRXQWHUDFW�WKH�LQGXFWLRQ��0HPEUDQH�DVVRFLDWHG�SURWHLQV�OLNH�$&$�DQG�&5$&�DUH�VKRZQ�LQVLGH

WKH�FHOO�RQO\�IRU�JUDSKLFDO�UHDVRQV�
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���8VLQJ�WKH�5(0,�VWUDWHJ\�DQG�GLVFRLGLQ�,�DV�D�PDUNHU�WR�NQRFN�RXW�GHYHORSPHQWDO�JHQHV�DW

WKH�JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ�RI�'LFW\RVWHOLXP

$�QHZ� WHFKQLTXH� IRU� ILVKLQJ�JHQHV�E\� WDJJHG� LQVHUWLRQ�PXWDJHQHVLV�KDV�EHHQ�HVWDEOLVKHG� LQ

'LFW\RVWHOLXP� �.XVSD�DQG�/RRPLV��������� ,QWURGXFWLRQ�RI�D�UHVWULFWLRQ�HQ]\PH�DORQJ�ZLWK�D

OLQHDUL]HG�SODVPLG�UHVXOWV� LQ�LQWHJUDWLRQ�RI�WKH�SODVPLG�DW�FRUUHVSRQGLQJ�JHQRPLF�UHVWULFWLRQ

VLWHV�� 7KLV� PHWKRG�� FDOOHG� 5(0,� �UHVWULFWLRQ� HQ]\PH� PHGLDWHG� LQWHJUDWLRQ��� JHQHUDWHV

DSSDUHQWO\� UDQGRP� LQVHUWLRQV� LQWR�JHQRPLF�'1$��6RPH� LQWHJUDWLRQV�FDXVH�JHQH�GLVUXSWLRQV

DQG� WKXV� PXWDWLRQV�� $IWHU� VFUHHQLQJ� IRU� GHVLUHG� SKHQRW\SHV�� WKH� GLVUXSWHG� JHQHV� FDQ� EH

LVRODWHG� WRJHWKHU�ZLWK� WKH� LQVHUWHG�SODVPLG�DQG�DQDO\]HG�� ,Q� WKH�QH[W� VWHS�� WR�SURYH� WKDW� WKH

GLVUXSWLRQ�RI�WKH�JHQH�E\�WKH�LQVHUWHG�SODVPLG�LV�UHVSRQVLEOH�IRU�WKH�REVHUYHG�SKHQRW\SH��WKH

LVRODWHG� SODVPLG� LV� UHXVHG� WR� GLVUXSW� WKH� JHQH� LQ� ZLOG� W\SH� FHOOV� E\� KRPRORJRXV

UHFRPELQDWLRQ��6LQFH�GHYHORSPHQW�DQG�YHJHWDWLYH�JURZWK�DUH�GLVWLQFW�SKDVHV��LW�LV�SRVVLEOH�WR

REWDLQ� PXWDQWV� GHIHFWLYH� LQ� LPSRUWDQW� VLJQDO� WUDQVGXFWLRQ� SDWKZD\V� ZLWKRXW� LPSDLULQJ� WKH

YLDELOLW\� RI� WKH� FHOOV�� 7KLV� 5(0,� V\VWHP� ZDV� XVHG� WR� LVRODWH� PXWDQWV� ZLWK� GHIHFWV� LQ� WKH

H[SUHVVLRQ�RI�GLVFRLGLQ�JHQHV�

$V�GHVFULEHG�LQ�)LJ�����DQ�XUD��DX[RWURSK�VWUDLQ�RI�'LFW\RVWHOLXP��'+,��ZDV�XVHG�DV�D�SDUHQW

IRU�JHQHUDWLQJ�WKH�5(0,�PXWDQWV��7KH�',9���YHFWRU��ZKLFK�FRQWDLQV�WKH�S*HP���YHFWRU�DQG

S\U����JHQH��FRGLQJ�IRU�803�V\QWKDVH��LV�OLQHDUL]HG�ZLWK�%DP+,�DQG�HOHFWURSRUDWHG�LQWR�WKH

FRPSHWHQW�'+,�FHOOV�WRJHWKHU�ZLWK�%DP+,��7KH�HQ]\PH�FXWV�RFFDVLRQDOO\�WKH�JHQRPLF�'1$

DQG� WKH� YHFWRU� LV� UDQGRPO\� LQWHJUDWHG� LQWR� WKH� JHQRPH� DW� WKH� FXW� VLWH�V��� 7UDQVIRUPDQWV

FDUU\LQJ�WKH�S\U����JHQH�DUH�VHOHFWHG�LQ�PLQLPXP�PHGLXP�ZLWKRXW�XUDFLO�IRU�DERXW����GD\V�

WKHQ�FORQHG�RQ�D�EDFWHULDO� ODZQ��7KH�5(0,�PXWDQWV�ZLWK�PLV�H[SUHVVLRQ�RI� WKH�GLVFRLGLQ� ,

JHQHV�ZHUH�REWDLQHG�E\�FRORQ\�EORW�VFUHHQLQJ�ZLWK�DQWL�GLVFRLGLQ�PRQRFORQDO�DQWLERGLHV��7KH

LGHQWLILHG� PXWDQWV� ZHUH� DQDO\]HG� E\� 6RXWKHUQ�EORWV� SUREHG� ZLWK� WKH� S*(0��� YHFWRU� WR

FRQILUP�WKH�DOWHUHG�JHQRPLF�VWUXFWXUH�FDXVHG�E\�WKH�LQWHJUDWLRQ��7KH�GLVUXSWHG�JHQH�ZDV�WKHQ

LVRODWHG�E\�D�SURSHU�UHVWULFWLRQ�GLJHVWLRQ�ZKLFK�UHFRYHUV�WKH�S*(0���YHFWRU�SDUW��FRQWDLQLQJ

WKH� RULJLQ� RI� UHSOLFDWLRQ� DQG� WKH� $PS� UHVLVWDQFH�� RI� WKH� ',9��� YHFWRU� DQG� WKH� IODQNLQJ

JHQRPLF�'1$�DW�WKH�LQWHJUDWLRQ�VLWH��7KLV�VWHS�RI�UHFRYHULQJ�WKH�IODQNLQJ�JHQRPLF�IUDJPHQWV

LV�FDOOHG�5(0,�UHVFXH��7KH�LVRODWHG�IUDJPHQWV�ZHUH�WKHQ�DQDO\]HG�DQG�XVHG�IRU�UHFRQVWUXFWLQJ

WKH�SKHQRW\SH�
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)LJXUH��� 'LDJUDP� RI� 5(0,� VWUDWHJ\� IRU� ILVKLQJ� JHQHV� LQYROYHG� LQ� WKH� UHJXODWLRQ� RI

GLVFRLGLQ�� 7KH� OLQHDUL]HG� ',9��� YHFWRU� WRJHWKHU� ZLWK� %DP+,� HQ]\PH� LV� HOHFWURSRUDWHG� LQWR� WKH

FRPSHWHQW�'+,��XUD��DX[RWURSK�VWUDLQ��FHOOV��7KH�HQ]\PH�FXWV�RFFDVLRQDOO\�LQVLGH�WKH�JHQRPH�DQG�WKH

YHFWRU� LV� UDQGRPO\� LQWHJUDWHG�� 7UDQVIRUPDQWV� DUH� VHOHFWHG� LQ� PLQLPXP� PHGLXP� WKHQ� FORQHG� RQ� D

EDFWHULDO� ODZQ��7KH�PXWDQWV�ZLWK�PLV�H[SUHVVLRQ�RI�GLVFRLGLQ�,�DUH�VFUHHQHG�E\�FRORQ\�EORWV�ZLWK�DQ

DQWL�GLVFRLGLQ� PRQRFORQDO� DQWLERG\�� 7KH� IODQNLQJ� JHQRPLF� '1$� DW� WKH� LQWHJUDWLRQ� VLWH� RI� WKH

LGHQWLILHG��PXWDQW�LV�LVRODWHG�E\�D�SURSHU�UHVWULFWLRQ�GLJHVWLRQ�WRJHWKHU�ZLWK�WKH�S*(0���YHFWRU��7KLV

VWHS�RI�UHFRYHULQJ�WKH�IODQNLQJ�JHQRPLF�IUDJPHQWV�LV�FDOOHG�5(0,�UHVFXH�DQG�WKH�LVRODWHG�IUDJPHQWV

DUH�WKHQ�DQDO\]HG�DQG�XVHG�IRU�UHFRQVWUXFWLQJ�WKH�SKHQRW\SH�

%\� 5(0,�� ERWK� GLVFRLGLQQXOO� DQG� GLVFRLGLQRYHU� PXWDQWV� KDYH� EHHQ� LVRODWHG�� DPRQJ� WKHP

IRUPHUO\� GHWHUPLQHG� FRPSRQHQWV� OLNH�&5$&� �5LHPDQQ�� XQSXEOLVKHG� GDWD��� 7KLV�ZRUN�ZLOO

DOORZ� WR� GLVVHFW� WKH� VLJQDO� WUDQVGXFWLRQ� SDWKZD\V� ZKLFK� WULJJHU� WKH� WUDQVLWLRQ� IURP� FHOO

SUROLIHUDWLRQ�WR�FHOO�GLIIHUHQWLDWLRQ�
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���3URWHLQ�SKRVSKRU\ODWLRQ�DQG�SURWHLQ�NLQDVHV

6LQFH� WKH� JGW�� JHQH� HQFRGHV� D� SXWDWLYH� SURWHLQ� NLQDVH�� WKLV� FKDSWHU� ZLOO� JLYH� D� EULHI

LQWURGXFWLRQ�RQ�WKH�JHQHUDO�FRQFHSW�RI�SURWHLQ�SKRVSKRU\ODWLRQ�DQG�SURWHLQ�NLQDVH�

2I�DOO� WKH�SRVW�WUDQVODWLRQDO�PRGLILFDWLRQV��SURWHLQ�SKRVSKRU\ODWLRQ�SOD\V�WKH�PRVW�GRPLQDQW

UROH�LQ�DOPRVW�DOO�HYHQWV�LQ�FHOOXODU�UHJXODWLRQ�� LQFOXGLQJ�SUROLIHUDWLRQ��GLIIHUHQWLDWLRQ��VLJQDO

WUDQVGXFWLRQ��PHWDEROLVP�DQG�FHOO�GHDWK��3KRVSKRU\ODWLRQ�RI�D� WDUJHW�SURWHLQ� LV� UHJXODWHG�E\

WKH� EDODQFH� RI� DFWLYLW\� RI� SURWHLQ� NLQDVHV� DQG� SURWHLQ� SKRVSKDWDVHV��7KH� DFWLYLW\� RI� SURWHLQ

NLQDVH� DQG� SKRVSKDWDVH� LV� PRGXODWHG� ERWK� WHPSRUDOO\� �GLIIHUHQW� WLPH� VFDOHV�� DQG� VSDWLDOO\

�GLIIHUHQW� FHOOXODU� DQG� VXEFHOOXODU� ORFDWLRQV���6RPH�SURWHLQ�NLQDVHV�KDYH�PXOWLSOH� VXEVWUDWHV

DQG�FDQ�DFW�DW�PXOWLSOH�VLWHV��7KHVH�SURSHUWLHV�SURYLGH�DQ�H[WUDRUGLQDULO\�VHQVLWLYH�UHJXODWLRQ

IRU�SK\VLRORJLFDO�IXQFWLRQV��ZKLOH�WKH�DFWLYLW\�RI�D�SURWHLQ�FDQ�EH�HQKDQFHG�RU�GLPLQLVKHG�LQ�D

TXLFN� DQG� UHYHUVLEOH� PDQQHU�� ,Q� D� W\SLFDO� PDPPDOLDQ� FHOO�� DQ� HVWLPDWHG� RQH�WKLUG� RI� DOO

SURWHLQV�DUH�SKRVSKRU\ODWHG��DQG�DSSUR[LPDWHO\������RI�WKH�JHQHV�HQFRGH�SURWHLQ�NLQDVH�DQG

SKRVSKRWDVHV��+XEEDUG�DQG�&RKHQ���������7R�GDWH��PRUH�WKDQ�����SURWHLQ�NLQDVHV�DQG�PRUH

WKDQ�����SURWHLQ�SKRVSKDWDVHV�KDYH�EHHQ�LGHQWLILHG��7D\ORU�HW�DO���������+XQWHU��������

7KH� VLJQDO� WUDQVGXFWLRQ� FDVFDGH� LQYROYHV� D� ODUJH� QXPEHU� RI� SURWHLQ� NLQDVHV�� E\� ZKLFK� WKH

SULPDU\� VLJQDO� LV� DPSOLILHG� DQG� WKH� FRPSOH[� FHOOXODU� UHJXODWRU\� SDWKZD\V� DUH� JHQHUDWHG�

+RZHYHU��WKH�FHOOXODU�UHVSRQVH�RI�SKRVSKRU\ODWLRQ�RQ�D�VLJQDOOLQJ�FRPSRQHQW�LV�TXLWH�GLYHUVH�

6RPH�HQ]\PHV�UHTXLUH�SKRVSKRU\ODWLRQ�IRU�DFWLYLW\��H�J���SKRVSKRU\ODVH�E���ZKLOH�WKH�RWKHUV

DUH�LQDFWLYDWHG�E\�SKRVSKRU\ODWLRQ��H�J���JO\FRJHQ�V\QWKDVHV�DQG�S\UXYDWH�NLQDVH���'H�0H\WV

HW�DO���������'HQWRQ�DQG�7DYDUH���������3KRVSKRU\ODWLRQ�SURYLGHV� UHJXODWLRQ� LQ�D�YDULHW\�RI

ZD\V�� LQFOXGLQJ� DOORVWHULF� DFWLYDWLRQ� RU� LQKLELWLRQ�� WKH� IRUPDWLRQ� RI� SURWHLQ�SURWHLQ

LQWHUDFWLRQV�� DQG� SURWHLQ� WUDQVORFDWLRQ� IURP� RQH� FRPSDUWPHQW� RI� WKH� FHOO� WR� DQRWKHU� �-DQV�

�������%RWK� H[WUDFHOOXODU� OLJDQGV�� VXFK� DV� SRO\SHSWLGH� JURZWK� IDFWRUV�� DQG�NH\� LQWUDFHOOXODU

VLJQDOOLQJ�HOHPHQWV�VXFK�DV� WKH�FRQFHQWUDWLRQ�RI�F$03�RU�FDOFLXP�UHJXODWH� WKH�DFWLYLWLHV�RI

NLQDVH� DQG� SKRVSKDWDVH�� ZKLFK� WKHPVHOYHV� DUH� VXEMHFW� WR� PRGLILFDWLRQ� E\� SKRVSKRU\ODWLRQ

�H�J��3.$���

7KH� LQKHUHQW� FRPSOH[LW\� RI� VLJQDO� WUDQVGXFWLRQ� SDWKZD\V� LV� LQWHQVLYHO\� DQDO\]HG� LQ� WKH

DFWLYDWLRQ�RI�WKH�PLWRJHQ�DFWLYDWHG�SURWHLQ�NLQDVH��0$3.��FDVFDGH��6HJHU�DQG�.UHEV��������

7KH�0$3.�SDWKZD\� LQYROYHV�D� VHULHV�RI� VHULQH�WKUHRQLQH�SURWHLQ�NLQDVHV�RU� VHULQH�W\URVLQH

SURWHLQ�NLQDVHV��ZKHUH�SKRVSKRU\ODWLRQ�RI�WKH�QH[W�NLQDVH�LQ�WKH�VHULHV�UHVXOWV�LQ�LWV�DFWLYDWLRQ�
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6LJQDOOLQJ� WKURXJK� WKLV� FDVFDGH� UHVXOWV� LQ� DSSUR[LPDWHO\� ������� IROG� DPSOLILFDWLRQ� RI� WKH

LQLWLDO�VLJQDO��'XULQJ�WKH�FRXUVH�RI� WKLV�VLJQDOOLQJ��RWKHU�VLJQDOOLQJ�SDWKZD\V�SDUWLFLSDWH�DQG

HLWKHU� VWLPXODWH� �H�J��� 3.&� VLJQDOOLQJ�� RU� LQKLELW� �H�J��� 3.$� VLJQDOOLQJ� DQG� SURWHLQ

SKRVSKDWDVH�DFWLYLW\�� WKH�0$3.�SDWKZD\��$Q�DFWLYDWHG�0$3.�HQ]\PH�LQ�WXUQ�VWLPXODWHV�D

YDULHW\� RI� F\WRVROLF� HQ]\PHV� �H�J��� JOXFRVH� PHWDEROLVP�� DQG� DOVR� WUDQVIHUV� WR� WKH� QXFOHXV�

ZKHUH� LW� IXUWKHU� SKRVSKRU\ODWHV� �� DFWLYDWHV� D� VHULHV� RI� WUDQVFULSWLRQ� IDFWRUV� �*UDYHV� HW� DO��

������

0DQ\� F\WRNLQHV� LQLWLDWH� FHOOXODU� UHVSRQVHV� WKURXJK� WKHLU� LQWHUDFWLRQ� ZLWK� PHPEHUV� RI� WKH

F\WRNLQH� UHFHSWRU� VXSHUIDPLO\� ZKLFK� FRQWDLQ� QR� FDWDO\WLF� GRPDLQV� LQ� WKHLU� F\WRSODVPLF

GRPDLQV�� ,UUHVSHFWLYH�� OLJDQG� ELQGLQJ� LQGXFHV� W\URVLQH� SKRVSKRU\ODWLRQ�� ZKLFK� UHTXLUHV� D

PHPEUDQH�SUR[LPDO�UHJLRQ�RI�WKH�F\WRSODVPLF�GRPDLQ��7KH�-DQXV�NLQDVH��-$.��IDPLO\��ZKLFK

EHORQJV�WR�WKH�SURWHLQ�W\URVLQH�NLQDVHV��DVVRFLDWHV�ZLWK�WKH�PHPEUDQH�SUR[LPDO�UHJLRQ�DQG�DUH

UDSLGO\�SKRVSKRU\ODWHG� IROORZLQJ� OLJDQG�ELQGLQJ�DQG� WKHLU�NLQDVH� DFWLYLW\� LV� DFWLYDWHG� �,KOH�

������;LD�HW�DO����������0RUHRYHU��GLIIHUHQW�F\WRNLQHV�DFWLYDWH�WKH�VDPH�-$.�NLQDVH�DQG�WKH

VDPH�F\WRNLQH�OLJDQG�FDQ�DFWLYDWH�PRUH�WKDQ�RQH�PHPEHU�RI�WKH�-$.�VXSHUIDPLO\��)R[ZHOO�HW

DO�������� *DIIHQ� HW� DO��� ������� 7KH� -DN�67$7� SDWKZD\� LV� D� QHZO\� GLVFRYHUHG� LQWUDFHOOXODU

VLJQDO� WUDQVGXFWLRQ� SDWKZD\� WKDW� LV� XVHG� E\� D� JURZLQJ� QXPEHU� RI� H[WUDFHOOXODU� VLJQDOOLQJ

SURWHLQV� �(63V�� IRU� WUDQVFULSWLRQDO� DFWLYDWLRQ� RI� WDUJHW� JHQHV�� 7KH� DFWLYDWHG� UHFHSWRU�-$.

NLQDVH�FRPSOH[HV�UHFUXLW�PHPEHUV�RI�WKH�67$7�IDPLO\�DQG�DFWLYDWH�WKHP�E\�SKRVSKRU\ODWLRQ�

$V�D�FRQVHTXHQFH��WKH�SKRVSKRU\ODWHG�67$7�SURWHLQV�GLPHUL]H��WUDQVORFDWH�LQWR�WKH�QXFOHXV�

ELQG�UHVSRQVH�HOHPHQWV�LQ�WKH�SURPRWHU�RI�WDUJHW�JHQHV�DQG�VWLPXODWH�WKH�WUDQVFULSWLRQ�RI�WKHVH

JHQHV��UHYLHZHG�E\�+HLP��������

3URWHLQ�NLQDVHV�FDQ�EH�FODVVLILHG�DFFRUGLQJ�WR�WKHLU�IXQFWLRQDO�SURSHUWLHV��2QH�FDWHJRULVDWLRQ

LV�EDVHG�RQ�WKH�VSHFLILF�DPLQR�DFLG�UHVLGXH�WKDW�VHUYHV�DV�WKH�SKRVSKR�DFFHSWRU��7KLV�LQFOXGHV

WKH�VHULQH�WKUHRQLQH�SURWHLQ�NLQDVHV��ZKLFK�WUDQVIHU� WKH�SKRVSKDWH�JURXS�RQWR�VHULQH�DQG� �RU

WKUHRQLQH�UHVLGXHV�� WKH�SURWHLQ� W\URVLQH�NLQDVHV� �37.V���ZKLFK� WUDQVIHU� WKH�SKRVSKDWH�JURXS

RQWR�W\URVLQH�UHVLGXHV��DQG�WKH�GXDO�VSHFLILFLW\�SURWHLQ�NLQDVH��ZKLFK�WUDQVIHUV�WKH�SKRVSKDWH

JURXS� RQWR� VHULQH�� WKUHRQLQH� DQG� W\URVLQH� UHVLGXHV� �7D\ORU� HW� DO��� ������� $� VHFRQG

FODVVLILFDWLRQ�VFKHPH�FDWHJRULVHV�NLQDVHV�EDVHG�RQ� WKHLU� UHTXLUHPHQW� IRU� VHFRQG�PHVVHQJHUV

�H�J�� F$03��� EXW� WKH� ERXQGDULHV� EHWZHHQ� JURXSV� DUH� OHVV� GHILQLWH�� 7DEOH� ��� SURYLGHV� VRPH

H[DPSOHV��E\�3URPHJD��RQ�YDULRXV�FODVVHV�RI�SURWHLQ�NLQDVHV�
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���&HOO�ELRORJLFDO�PHWKRGV

������&HOO�JURZWK

'LFW\RWHOLXP� GLVFRLGHXP� $[�� DQG� WKH� GHULYHG� WUDQVIRUPDQWV� ZHUH� JURZQ� HLWKHU� LQ� $;

PHGLXP�RU�ZLWK�.OHEVLHOOD�DHURJHQHV��.$��DV�D�IRRG�VRXUFH��)RU�JURZWK�LQ�VXVSHQVLRQ��.$

ZHUH�JURZQ�RQ�60�SODWHV�DW�URRP�WHPSHUDWXUH�IRU���GD\V��%DFWHULD�ZHUH�ZDVKHG�RII�WKH�SODWHV

ZLWK����PO�SKRVSKDWH�EXIIHU�UHVXOWLQJ�LQ�DQ�2'����RI������'LFW\RVWHOLXP�FHOOV�ZHUH�LQRFXODWHG

DW���[�����FHOOV�PO��VKDNHQ�DW�����USP�DW����&�DQG�KDUYHVWHG�DW�WKH�FHOO�GHQVLWLHV�LQGLFDWHG�

������&ORQLQJ�'LFW\RVWHOLXP�RQ�60�SODWHV

7R� REWDLQ� VLQJOH� FORQHV� RI�'LFW\RVWHOLXP�� DURXQG� ������� FHOOV� ZHUH� VXVSHQGHG� LQ� ���� µO

SKRVSKDWH�EXIIHU�DQG�SODWHG�RQ�.$�FRYHUHG�60�SODWHV��3ODWHV�ZHUH�JURZQ�DW����&�IRU���GD\V

XQWLO� FRORQ\�SODTXHV�DSSHDU�RQ� WKH�EDFWHULDO� ODZQ��6LQJOH�FORQHV�ZHUH�SLFNHG�XS�ZLWK� WRRWK

SLFNV�� WUDQVIHUUHG� WR� QHZ�.$�SODWHV� RU� JURZQ� LQ�*��PHGLXP� WR� REWDLQ� VWUDLQV�ZLWKRXW�.$

FRQWDPLQDWLRQ�

������'LIIHUHQWLDWLRQ�FRQGLWLRQV

9HJHWDWLYH� FHOOV�ZHUH�KDUYHVWHG� IURP�FXOWXUHV�RQ�EDFWHULD� DW� GHQVLWLHV�EHORZ��[���� FHOOV�PO

DQG�ZDVKHG� IUHH�RI�EDFWHULD�E\�GLIIHUHQWLDO� FHQWULIXJDWLRQ� ������������� DQG������ USP��ZLWK

SKRVSKDWH� EXIIHU�� :DVKHG� FHOOV� DW� �[���� FHOOV�PO� ZHUH� DOORZHG� WR� GHYHORS� LQ� VKDNLQJ

SKRVSKDWH� EXIIHU� VXVSHQVLRQ� IRU� �� KRXUV�� $[HQLF� JURZLQJ� FHOOV� ZHUH� KDUYHVWHG� DW� �[���

FHOOV�PO�E\�D�VLQJOH�FHQWULIXJDWLRQ�������USP��DW���&�IRU���PLQXWHV��7KH�FHOO�SHOOHW�ZDV�WKHQ

ZDVKHG�ZLWK����P0�SKRVSKDWH�EXIIHU��DQG�UHVXVSHQGHG�LQ�WKH�VDPH�EXIIHU�DW�D�FHOO�GHQVLW\�RI

�[����FHOOV�PO��&HOOV�ZHUH�WKHQ�VKDNHQ�IRU�����KRXUV�DV�GHVFULEHG�DERYH�

������0RUSKRJHQHVLV�DVVD\�RQ�SRO\DFU\ODPLGH�JHO

&HOOV� ZHUH� KDUYHVWHG� DW� �[���� DIWHU� D[HQLF� JURZWK�� ZDVKHG� ZLWK� SKRVSKDWH� EXIIHU�� DQG

UHVXVSHQGHG�DW��[����FHOOV�PO��7KH�FKHPLFDO�OLQNHG�SRO\DFU\ODPLGH�JHOV��ERWK�JOXFRVLGH��DQG

KH[DQRO�GHULYDWL]HG�JHOV��ZHUH�NLQG�JLIWV�IURP�6��%R]]DUR��7XULQ��,WDO\���7KHVH�JHOV��FD���PP

[� �PP��ZHUH� VWRUHG� LQ� LVRSURSRUQRO� DW� ��&��ZDVKHG�ZLWK� SKRVSKDWH� EXIIHU� �� WLPHV� EHIRUH

XVLQJ��DQG�SODFHG�RQ�D�SODVWLF�VXUIDFH��SHWULGLVK���7KHQ�FD������FHOOV�LQ����µO�SKRVSKDWH�EXIIHU

ZHUH�SLSHWWHG�RQ�WKH�JHO�DQG�GHYHORSHG�DW����&�
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������'LFW\RVWHOLXP�WUDQVIRUPDWLRQ

$[HQLF�$[��FHOOV�ZHUH�KDUYHVWHG�DW�D�GHQVLW\�RI��[��
���DQG�WKHQ�WUDQVIRUPHG�HLWKHU�E\�WKH�&D�

SKRVSKDWH�PHWKRG� �1HOOHQ� HW� DO��� ������ RU� HOHFWURSUDWLRQ� �+RZDUG� HW� DO��� ������� $OO� JHQH�

NQRFN�RXW�PXWDQWV�ZHUH� GRQH� E\� HOHFWURSUDWLRQ�� DQG� WKH� RYHUH[SUHVVLRQ� WUDQVIRUPDQWV�ZLWK

*����UHVLVWDQFH�ZHUH�JHQHUDWHG�E\�WKH�&D�3KRVSKDWH�PHWKRG�

7KH�&D�SKRVSKDWH�PHWKRG

���PO�$[��FHOOV�ZHUH�SODWHG�RQ�D�SHWUL�GLVK�DQG�OHIW�DW�URRP�WHPSHUDWXUH�IRU�������PLQXWHV�

7KH�PHGLXP�ZDV� WKHQ� FDUHIXOO\� WDNHQ�RXW�ZLWKRXW� GHVWUR\LQJ� WKH� FHOO� OD\HU� DQG� WKH�0236

PHGLXP�ZDV�DGGHG�IRU����PLQXWHV��$IWHU�WKLV�VWHS�WKH�0236�PHGLXP�ZDV�SLSHWWHG�RXW��DQG

WKH�&D�SKRVSKDWH�'1$�SUHFLSLWDWH�ZDV� DGGHG� DQG� FDUHIXOO\� VSUHDG�RYHU� WKH� FHOO� OD\HU��7KH

SODWH�ZDV�OHIW�DW�57�IRU����PLQ������PO�0236�PHGLXP�ZDV�DGGHG�DQG�FHOOV�ZHUH�LQFXEDWHG�DW

���&�IRU���KRXUV��$W�WKH�HQG��DOO�PHGLXP�ZDV�UHPRYHG��DQG���PO�JO\FHURO�VROXWLRQ�ZDV�XVHG

IRU�D�³JO\FHURO�VKRFN´�WUHDWPHQW�IRU�����PLQXWHV��7KHQ�WKH�JO\FHURO�VROXWLRQ�ZDV�FRPSOHWHO\

UHPRYHG�DQG�*��PHGLXP�ZDV�DGGHG��DQG�LQFXEDWHG�RYHUQLJKW�DW����&��2Q�WKH�QH[W�GD\�WKH

PHGLXP�ZDV�FKDQJHG�WR�*���PHGLXP��*��SOXV����µJ�PO�*�����DQG�PDLQWDLQHG�IRU�DURXQG���

GD\V�XQWLO�WKH�WUDQVIRUPDQWV�ZHUH�REWDLQHG��)RU�JHQHUDWLQJ�WKH�SND&�DQG�5�WUDQVIRUPDQWV��XS

WR�����µJ�PO�*����ZHUH�XVHG�IRU�PDLQWDLQLQJ�KLJK�FRS\�QXPEHU�RI�&�DQG�5�VXEXQLWV�
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���µJ�'1$�ZDV�GLOXWHG�ZLWK�����PO���[�+%6�DQG�VWURQJO\�YRUWH[HG�ZKLOH�DGGLQJ����µO��0

&D&O���WKH�ILQDO�FRQFHQWUDWLRQ�LV�����µ0���7KH�'1$�ZDV�WKHQ�SUHFLSLWDWHG�DW�57�IRU����PLQ�

������(OHFWURSRUDWLRQ

�[����FHOOV�ZHUH�FROOHFWHG��ZDVKHG�RQFH�ZLWK�(3�EXIIHU��WKHQ�UHVXVSHQGHG�LQ�����PO�(3�EXIIHU�

���µJ�'1$�ZDV� DGGHG� WR� WKH� FHOOV� DQG� LQFXEDWHG� RQ� LFH� IRU� ���PLQ�� (OHFWURSRUDWLRQ�ZDV

SHUIRUPHG� DW� �� N9�� �� µ)� LQ� D� �PP� HOHFWURSRUDWLRQ� FXYHWWH� �WLPH� FRQVWDQW� ZDV� DURXQG

����PVHF��� &HOOV�ZHUH� SODWHG� RQ� D� SHWUL� GLVK��PL[HG�ZLWK� ��µO� ����0�&D&O��� ����0�0J&O�

�HDFK��DQG�NHSW�DW�57�IRU����PLQ�WR�DOORZ�WKH�FHOOV�DWWDFKPHQW��7KHQ����PO�*��PHGLXP�ZDV

DGGHG�IRU�DQ�RYHUQLJKW�LQFXEDWLRQ��2Q�WKH�QH[W�GD\�WKH�PHGLXP�ZDV�FKDQJHG�WR�WKH�VHOHFWLRQ

PHGLXP�DQG�FHOOV�ZHUH�NHSW�XQGHU�VHOHFWLRQ�XQWLO�WKH�WUDQVIRUPDQWV�ZHUH�REWDLQHG�

HOHFWURSRUDWLRQ�EXIIHU��(3�EXIIHU��
6RHUHQVHQ�EXIIHU��
���P0�6XFURVH

������b�*DODFWRVLGDVH�DVVD\

$V�GHVFULEHG�E\�'LQJHUPDQQ� HW� DO�� �������� D�β�*DODFWRVLGDVH� DVVD\�ZDV� XVHG� WR� GHWHFW� WKH

SURPRWRU� DFWLYLW\� LQ� 'LFW\RVWHOLXP�� 7KH� '$*� VWUDLQ� ZDV� JHQHUDWHG� IURP� $[�� FHOOV� E\

WUDQVIRUPDWLRQ�ZLWK� WKH�YHFWRU�'$*�*DO��D�JLIW� IURP�+��0DF:LOOLDPV���$URXQG��[����FHOOV

ZHUH�KDUYHVWHG�DQG�ZDVKHG�ZLWK���[�SKRVSKDWH�EXIIHU��7KH�FHOOV�ZHUH� UHVXVSHQGHG� LQ���PO

�[�SKRVSKDWH� EXIIHU�� VRQLFDWHG� DW�PD[LPXP� SRZHU� IRU� ��� VHF��� WKHQ�PL[HG�ZLWK� ����µO� =�

EXIIHU� DQG�����µO�213*� VROXWLRQ��7KH� UHDFWLRQ�ZDV� LQFXEDWHG� �� KRXU� DW� ���&��7KHQ� ��PO

IURP�WKH�UHDFWLRQ�PL[�ZDV�FHQWULIXJHG�DW��������USP�IRU���PLQXWHV��DQG�WKH�FOHDU�O\VDWH�ZDV

XVHG� IRU� GHWHUPLQDWLRQ� RI� WKH� RSWLFDO� GHQVLW\� DW� ���� QP�� 6LQFH� RQO\� UHODWLYH� YDOXHV� ZHUH

UHTXLUHG��QR�FDOLEUDWLRQ�RI�WKH�HQ]\PDWLF�UHDFWLRQ�ZDV�GRQH�

=�EXIIHU�
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���0ROHFXODU�ELRORJLFDO�PHWKRGV

������5(0,�PXWDJHQHVLV

7KH�XUD��VWUDLQ�'+,��.XVSD�DQG�/RRPLV��������ZDV�XVHG�DV�WKH�SDUHQW�IRU�JHQHUDWLQJ�5(0,

PXWDQWV��'+,� FHOOV�ZHUH� JURZQ� LQ�)0�PHGLXP� �)UDQNH� DQG�.HVVLQ�� ������ SXUFKDVHG� IURP

*LEFR�%5/�� VXSSOHPHQWHG� ZLWK� ��µJ�PO� XUDFLO�� ��µJ� ',9��� YHFWRU� �.XVSD� DQG� /RRPLV�

������ZDV�OLQHDUL]HG�ZLWK�%DP+,�DQG�HOHFWURSRUDWHG�LQWR�'+,�FHOOV�WRJHWKHU�ZLWK�����XQLWV�RI

%DP+,� DW� ���N9�FP�� ���µ)� �+RZDUG� HW� DO��� ������� $IWHU� HOHFWURSRUDWLRQ�� FHOOV� ZHUH

GLVWULEXWHG�RQ���3HWUL�GLVKHV����FP�GLDPHWHU��DQG�WUDQVIRUPDQWV�ZHUH�VHOHFWHG�LQ�)0�PHGLXP�

:KHQ� FORQHV� FRXOG� EH� GHWHFWHG� RQ� WKH� SODWHV� �DIWHU� ��� WR� ��� GD\V��� FHOOV�ZHUH�ZDVKHG� RII�

FRXQWHG�DQG�SODWHG�LQ�DVVRFLDWLRQ�ZLWK�.OHEVLHOOD�DHURJHQHV�RQ�60�SODWHV�IRU�FORQLQJ�

������,VRODWLRQ�RI�WKH�GLVUXSWHG�JHQH�IURP�5(0,�PXWDQWV

7KH�WKHRU\�RI�WKLV�H[SHULPHQW�LV�VKRZQ�LQ�)LJ����

7R�UHFRYHU�WKH�IODQNLQJ�JHQRPLF�'1$�DW�WKH�YHFWRU�LQWHJUDWLRQ�VLWH�LQ�WKH�����5(0,�PXWDQW�

SODVPLG�UHVFXH�ZDV�GRQH�DV�GHVFULEHG�E\�.XVSD�DQG�/RRPLV���������*HQRPLF�'1$�IURP�WKH

����PXWDQW�ZDV� GLJHVWHG�ZLWK�+LQG,,,�� UHOLJDWHG� LQ� D� GLOXWHG� VROXWLRQ� DQG� WUDQVIRUPHG� LQWR

(�FROL��$�SODVPLG������UHVFXH��FRQWDLQLQJ�����NE�RI�RQH�VLGH�IODQNLQJ�JHQRPLF�VHTXHQFH�ZDV

UHFRYHUHG�DQG�XVHG�IRU�IXUWKHU�DQDO\VLV�

������*HQRPLF�'1$�SUHSDUDWLRQ�IURP�'LFW\RVWHOLXP

$V�GHVFULEHG�E\�1HOOHQ�HW�DO���������JHQRPLF�'1$�IURP�'LFW\RVWHOLXP�ZDV�SUHSDUHG�IURP�WKH

LVRODWHG�QXFOHL�

8S�WR�����FHOOV�IURP�D[HQLF�FXOWXUH�ZHUH�FROOHFWHG��DQG�ZDVKHG�WZLFH� LQ� LFH�FROG�SKRVSKDWH

EXIIHU� DQG� UHVXVSHQGHG� LQ� 13���� O\VLV� EXIIHU�� 7KH� QXFOHL� IUDFWLRQ� ZDV� REWDLQHG� E\

FHQWULIXJDWLRQ�DW�������J� IRU����PLQ��7KH�QXFOHXV�SHOOHW�ZDV� FDUHIXOO\� UHVXVSHQGHG� LQ���PO

6'6�O\VLV�EXIIHU�� DQG� LQFXEDWHG�ZLWK�����µO�3URWHLQDVH�.�VWRFN� VROXWLRQ�DW����&� IRU���KUV�

7KH� JHQRPLF� '1$� ZDV� H[WUDFWHG� WZLFH� ZLWK� SKHQRO�FKORURIRUP� ����� YROXPH��� WKHQ

SUHFLSLWDWHG�E\�DGGLQJ������YRO����0�/L&O�DQG���YRO�������HWKDQRO��7KH�'1$�SUHFLSLWDWH�ZDV

FDUHIXOO\�WDNHQ�RXW�ZLWK�D�JODVV�QHHGOH��ZDVKHG�ZLWK�����HWKDQRO��DLU�GULHG�DQG�WKHQ�GLVVROYHG

LQ�D�SURSHU�YROXPH����������µO��RI�GG+�2�

13����/\VLV�EXIIHU�

���P0�+(3(6��S+���
���P0�0J�2$F��
���P0�1D&O
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������7RWDO�51$�SUHSDUDWLRQ�IURP�'LFW\RVWHOLXP

8S�WR��[����FHOOV�ZHUH�SHOOHWHG�DQG�GLVVROYHG�LQ�����µO�VROXWLRQ�'��$IWHU�DGGLQJ����µO�RI���0

6RGLXP�DFHWDWH� �S+������ DQG�����µO� 3KHQRO�&KORURIRUP�� WKH� VDPSOH�ZDV� VWURQJO\� YRUWH[HG

DQG�LQFXEDWHG�RQ�LFH�IRU����PLQ��$IWHU�FHQWULIXJDWLRQ����PLQ�DW��������USP��WKH�XSSHU�SKDVH

ZDV� FROOHFWHG� DQG� SUHFLSLWDWHG� E\� DGGLQJ� �� YRO�� LVRSURSDQRO�� 7KH� 51$�ZDV� WKHQ� SHOOHWHG�

ZDVKHG�WZLFH�ZLWK�����(WKDQRO��GULHG�LQ�WKH�VSHHG�YDFXXP��DQG�GLVVROYHG�LQ�����µO�'(3&

ZDWHU��8S�WR���µJ�µO�FRQFHQWUDWLRQ�RI�51$�ZDV�REWDLQHG�

6ROXWLRQ�'�
��P0�*XDQLGLQH�7KLRF\DQDWH
���P0�6RGLXP�FLWUDWH
����0�β�0HUFDSWRHWKDQRO
�����6DUFRV\O

'(3&�ZDWHU�
WUHDW� 0LOOLSRUH� ZDWHU� ZLWK� ���� �� '(3&
RYHUQLJKW��7KHQ�DXWRFODYH�

������,VRODWLRQ�RI�P51$�IURP�'LFW\RVWHOLXP

7KH�2OLJRWH[�G7�P51$�NLW�IURP�4LDJHQ�ZDV�XVHG�IRU�P51$�SUHSDUDWLRQ�

7RWDO�51$��'(3&�ZDWHU����[�ELQGLQJ�EXIIHU�ZHUH�PL[HG�WR�D�WRWDO�YROXPH�RI�����PO��WUHDWHG

��PLQ�DW����&� WR�GHVWUR\�VHFRQGDU\�VWUXFWXUHV�� WKHQ� ORDGHG�RQ�D�SUHZDUPHG� ������2OLJR�G7

FROXPQ�DQG�LQFXEDWHG�DW�57�IRU���PLQ��7KH�FROXPQ�ZDV�FHQWULIXJHG�DW��������USP�IRU����VHF��

WKHQ�ZDVKHG�WZLFH�ZLWK�ZDVK�EXIIHU��$W� WKH�HQG�P51$�ZDV�HOXWHG�ZLWK�����µO�SUHZDUPHG

����&��HOXWLRQ�EXIIHU��$URXQG�����RI�WKH�WRWDO�51$�ZDV�REWDLQHG�DV�SRO\$�51$�

��[�ELQGLQJ�EXIIHU�
���P0�7ULV�+&O��S+����
��0�1D&O
��P0�('7$

ZDVKLQJ�EXIIHU�

���P0�7ULV�+&O��S+����
�����0�1D&O
��P0�('7$
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HOXWLRQ�EXIIHU�

��P0�7ULV�+&O��S+����

2OLJR�G7�VSLQ�FROXPQ�

IURP�4LDJHQ

������6FUHHQLQJ�RI�WKH�lJW���F'1$�OLEUDU\

$�λJW���F'1$�/LEHULD�ZDV�PDGH� IURP�SRO\�$���51$�RI�YHJHWDWLYH�$[��FHOOV� �JURZLQJ� LQ

EDFWHULD�VXVSHQVLRQ��DQG�ZDV�D�JLIW�IURP�+XGVRQ�)UHH]H���6DQ�'LHJR��86$��

(�FROL�<�����VWUDLQ�ZDV�JURZQ�RYHUQLJKW� LQ����PO�1=<0�SOXV�PHGLXP�DW����&��7KH�FHOOV

ZHUH�SHOOHWHG�E\�FHQWULIXJDWLRQ���PLQ�DW������USP����&��WKHQ�UHVXVSHQGHG�LQ����PO����P0

0J62��VROXWLRQ��7KLV�VXVSHQVLRQ�ZDV�XVHG�DV�SODWLQJ�EDFWHULD�IRU�F'1$�VFUHHQLQJ�

��µO� GLOXWHG� 3KDJH� O\VDWH� �FD�� �[���� SIX�PO��ZHUH� DGGHG� WR� ����PO� RI� SODWLQJ�EDFWHULD� DQG

LQFXEDWHG�IRU����PLQ��DW�57������µO�RI�WKLV�LQIHFWHG�EDFWHULD�VXVSHQVLRQ�ZDV�PL[HG�ZLWK���PO

7RS�DJDURVH��SUHZDUPHG�LQ����&�ZDWHU�EDWK���EULHIO\�YRUWH[HG��DQG�LPPHGLDWHO\�SRXUHG�RQ�D

��FP�[���FP�1=<0�$JDUSODWH��DOVR�SUHZDUPHG�WR����&���7KH�SODWHV�ZHUH�WKHQ�LQFXEDWHG�DW

���&�IRU�DERXW���KUV�XQWLO�WKH�SODTXHV�EHFDPH�YLVLEOH���PP�GLDPHWHU��

3ODTXHV�ZHUH� WUDQVIHUUHG� RQ� WR� QLWURFHOOXORVH�PHPEUDQHV�� O\VHG� IRU� ��PLQ�ZLWK� GHQDWXULQJ

EXIIHU�����0�1D2+�����0�1D&O���WKHQ�QHXWUDOLVHG�ZLWK�QHXWUDOLVLQJ�EXIIHU������0�7ULV�+&O�

S+� ��������0�1D&O��� 7KH� EORWV� ZHUH� ZDVKHG� LQ� �[66&� DQG� XVHG� IRU� K\EULGL]DWLRQ� ZLWK� D

UDGLRDFWLYH�SUREH��7KH�SRVLWLYH�FORQHV�ZHUH�SLFNHG�DIWHU� WKH� ILUVW� VFUHHQLQJ�� UHVXVSHQGHG� LQ

��PO�60�EXIIHU��DQG�VWRUHG�RYHUQLJKW�DW���&����µO�RI�WKLV�VWRUDJH�ZDV�WKHQ�PL[HG�ZLWK�����µO

SODWLQJ�EDFWHULD�DQG�XVHG�IRU�WKH�VHFRQG�VFUHHQLQJ��3RVLWLYH�FORQHV�ZHUH�RQO\�FRQILUPHG�DIWHU

D�WKLUG�VFUHHQLQJ�

1=<0�PHGLXP��S+������
���J�1=DPLQ�$
��J�1D&O
��J�%DFWR�'LIFR�\HDVW�H[WUDFW
��J�0J62��[��+�2
DGG�+�2�WR���/

1=<0�$JDUSODWH�

1=<0�PHGLXP
�������$JDU�$JDU

7RS�DJDURVH�
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�����DJDURVH�LQ�1=<0�PHGLXP

60�EXIIHU�
����J�1D&O
��J�0J62���+�2
���PO��0�7ULV�+&O��S+����
��PO�����Z�Y��JHODWLQ
DGG�+�2�WR���/

������LVRODWLRQ�RI�SODVPLG�'1$�IURP�(�FROL��PD[L��PLGL�SUHS�

4LDJHQ�NLWV�ZHUH�XVHG�IRU�WKHVH�H[SHULPHQWV�DFFRUGLQJ�WR�WKH�VXJJHVWLRQV�RI�WKH�VXSSOLHU�

������0LQL�SUHSV�IRU�SODVPLG�'1$

)RU� VPDOO� FXOWXUH� ��PO�� RI� (�FROL� WUDQVIRUPDQWV�� WKH� DONDOLQH� O\VLV� PHWKRG� �%LUQERLP� DQG

'ROH\��������ZDV�XVHG�WR�H[WUDFW�WKH�SODVPLG�'1$��(�FROL�ZHUH�FROOHFWHG�E\�FHQWULIXJDWLRQ�DW

������USP�IRU���PLQ���DQG�UHVXVSHQGHG�LQ�����µO�VROXWLRQ�,�E\�VWURQJ�YRUWH[LQJ��$IWHU�DGGLQJ

����µO�VROXWLRQ�,,��WKH�FHOOV�ZHUH�O\VHG�DW�57�IRU���PLQ���WKHQ�PL[HG�ZLWK�����µO�VROXWLRQ�,,,�

$IWHU� ��� PLQ�� FHQWULIXJDWLRQ� DW� ������� USP� ���&��� WKH� VXSHUQDWDQW� ZDV� FROOHFWHG� DQG

SUHFLSLWDWHG�E\�DGGLQJ�����µO�LVRSURSDQRO�

6ROXWLRQ�,�
���P0�7ULV�+&O��S+����
���P0�('7$�S+����
����6XFURVH

6ROXWLRQ�,,�
����0�1D2+
���6'6

6ROXWLRQ�,,,�
�0�1D$&�S+����

������,VRODWLRQ�RI�'1$�IUDJPHQW�IURP�DJDURVH

-(7VRUE�'1$�([WUDFWLRQ�NLW�IURP�*HQRPHG�ZDV�XVHG�IRU�WKHVH�H[SHULPHQWV�DFFRUGLQJ�WR�WKH
VXJJHVWLRQ�RI�WKH�VXSSOLHU�

������'HSKRVSKRU\ODWLRQ�RI�'1$�IUDJPHQWV

)RU� FORQLQJ� '1$� IUDJPHQW� LQWR� YHFWRUV�� XVXDOO\� WKH� �¶�SKRVSKDWH� RI� WKH� YHFWRUV� ZHUH

GHSKRVSKRU\ODWHG�E\�VKULPS�DONDOLQH�SKRVSKDWDVH��6$3��IURP�86%�������µO�6$3�EXIIHU�DQG

��8�6$3��86%��ZHUH�DGGHG�WR�D����µO�GLJHVWLRQ�PL[�DQG�LQFXEDWHG�IRU����PLQ��DW����&��7KHQ

6$3�ZDV�LQDFWLYDWHG�E\�KHDWLQJ����PLQ�DW����&��DQG�H[WUDFWHG�RQFH�ZLWK�3KHQRO�&KORURIRUP�
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RSWLPDO�FRQGLWLRQV�

���P0�7ULV�+&O��S+����
���P0�0J&O�
���µJ�PO�'1$

�������³(UDVH�D�EDVH´

%\�XVLQJ� WKH�(UDVH�D�%DVH70�V\VWHP� IURP�3URPHJD�� D�'1$� IUDJPHQW� FDQ� EH� GHOHWHG� LQ� D

VLQJOH�GLUHFWLRQ��7KLV�GHOHWLRQ�LV�FDUULHG�RXW�E\�([R,,,��ZKLFK�FDQ�RQO\�GLJHVW�WKH�'1$�IURP

�¶�RYHUKDQJV�EXW�LV�EORFNHG�E\��¶�RYHUKDQJV�

����µJ�SODVPLG�'1$�ZDV�GLJHVWHG�ZLWK�WZR�GLIIHUHQW�UHVWULFWLRQV�HQ]\PHV�WR�JHQHUDWH�RQH��¶�

RYHUKDQJ�RQH� �¶�RYHUKDQJ� HQGV�� 7KH� OLQHDUL]HG� '1$� ZDV� H[WUDFWHG� RQFH� ZLWK

3KHQRO�&KORURIRUP��SUHFLSLWDWHG�DQG�GLVVROYHG�LQ����µO���[�([R,,,�EXIIHU����������8�([R,,,

ZHUH� DGGHG� DQG�PL[HG� LPPHGLDWHO\� DW� WKH� SURSHU� WHPSHUDWXUH� ����&��� ����µO� VDPSOHV�ZHUH

WDNHQ�HYHU\����VHF��DQG�DGGHG�WR�����µO�SUHSDUHG�6,�VWRS�VROXWLRQ��RQ�LFH���$IWHU�WKH�GHOHWLRQ

VHULHV�ZDV� ILQLVKHG��DOO� UHDFWLRQ�PL[HV�ZHUH�PRYHG� WR�57�DQG� LQFXEDWHG� IRU� IXUWKHU����PLQ

EHIRUH���µO�RI� VWRS�VROXWLRQ� �3URPHJD��ZDV�DGGHG����µO�DOLTXRWV� IURP�HDFK� WLPH�SRLQW�ZHUH

FKHFNHG�RQ�DQ�DJDURVH�JHO� WR� VHH�ZKHWKHU� WKH� H[SHFWHG�GHOHWLRQV�ZHUH�REWDLQHG��7KHQ���µO

.OHQRZ�PL[�ZDV�DGGHG�WR�WKH�UHPDLQLQJ�VDPSOHV��DQG�LQFXEDWHG���PLQ�DW����&����µO�G173

PL[�ZDV�TXLFNO\�PL[HG�WR�HDFK�WXEH��DQG�LQFXEDWHG�IRU���PLQ��$W�WKH�HQG��DOO�VDPSOHV�ZHUH

WUDQVIHUUHG�RQ�LFH�DQG�OLJDWLRQ�ZDV�VWDUWHG�E\�DGGLQJ����µO�OLJDWLRQ�PL[��$IWHU���KU�LQFXEDWLRQ

DW�57��WKH�UHOLJDWHG�SODVPLGV�ZHUH�WUDQVIRUPHG�LQWR�(�FROL�

6��PL[��IRU����WLPH�SRLQWV���
����µO�GG+�2
���µO�����[�6��EXIIHU
���8�6��QXFOHDVH

.OHQRZ�PL[�

���µO���[�NOHQRZ�EXIIHU
����8�.OHQRZ�'1$�SRO\PHUDVH

OLJDWLRQ�PL[�

����µO�GG+�2
����µO����[�OLJDVH�EXIIHU
����µO�����3(*
���µO�����P0�'77
��8�7��'1$�OLJDVH

���[�([R,,,�EXIIHU
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����6,�EXIIHU

6,�VWRS�EXIIHU

��[�.OHQRZ�PL[

G173�PL[

���[�OLJDVH�EXIIHU�

DOO�IURP�3URPHJD�(UDVH�D�%DVH70�NLW

�������/LJDWLRQ

$IWHU�UHVWULFWLRQ�GLJHVWLRQ��'1$�IUDJPHQWV�DQG�WKH�DSSURSULDWH�SODVPLG�ZHUH�PL[HG�DW�D�UDWLR

RI������IRU�FRKHVLYH�HQGV��RU������IRU�EOXQW�HQGV���7KH�WRWDO�'1$�DPRXQW�ZDV�OHVV�WKDQ���µJ�

/LJDVH� EXIIHU� �ILQDO� �� [� �� DQG� ��8� 7��'1$� OLJDVH�ZHUH� DGGHG� DQG� LQFXEDWHG� DW� ���&� IRU

RYHUQLJKW�

��[�DQG����[�OLJDWLRQ�EXIIHU�

IURP�0%,

�������7UDQVIRUPDWLRQ�RI�(�FROL

�������FRPSHWHQW�FHOOV�E\�LPSURYHG�&D&O��PHWKRG�

��PO�RYHUQLJKW�FXOWXUH�RI�(�FROL�ZDV�DGGHG�WR�����PO�/%�PHGLXP�DQG�JURZQ�DW����&�XQWLO�DQ

2'����RI������7KH�EDFWHULD�ZHUH�WKHQ�SHOOHWHG�IRU����PLQ��DW�������USP����&���DQG�LQFXEDWHG�LQ

���PO� LFH�FROG�7IE��EXIIHU� IRU����PLQ��$IWHU� WKDW� WKH�FHOOV�ZHUH�FROOHFWHG�E\�FHQWULIXJDWLRQ

DQG�FDUHIXOO\�UHVXVSHQGHG�LQ���PO�7IE��EXIIHU��7KH�FRPSHWHQW�FHOOV�ZHUH�WKHQ�VWRUHG�LQ�����µO

DOLTXRWV�DW�����&�DQG�UHDG\�IRU�XVH�

7IE��EXIIHU��S+������

����P0�5E&O
���P0�0Q&O�
���P0�.$F
���P0�&D&O�
����JO\FHURO

7IE��EXIIHU��S+������

���P0�0236
���P0�5E&O
���P0�&D&O�
����JO\FHURO
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�������7UDQVIRUPDWLRQ�RI�FRPSHWHQW�(�FROL�

$ERXW�����µJ�'1$�DQG�����µO�FRPSHWHQW�FHOOV�ZHUH�PL[HG�WRJHWKHU�DQG�LQFXEDWHG�RQ�LFH�IRU

���PLQ�� 7KH� FHOOV�ZHUH� WKHQ� KHDW�VKRFNHG� DW� ���&� IRU� ��� VHF� DQG�PL[HG�ZLWK� ��PO� RI� /%

PHGLXP��$IWHU� JURZLQJ� DW� ���&� IRU� ���PLQ�� WKH�(�FROL� ZHUH� FROOHFWHG� E\� FHQWULIXJDWLRQ� DW

������USP�IRU���PLQ����PO�RI�WKH�VXSHUQDWDQW�ZDV�GLVFDUGHG��WKH�(�FROL�ZHUH�UHVXVSHQGHG�LQ

WKH�UHVW�RI�WKH�PHGLXP�DQG�VSUHDG�RQ�/%�$PS�SODWHV��FRQWDLQLQJ����µJ�PO�$PSLFLOOLQ���7KH

WUDQVIRUPDQWV�ZHUH�WKHQ�JURZQ�RYHUQLJKW�DW����&�

�������&RPSHWHQW�(�FROL�IRU�HOHFWURSRUDWLRQ�

��PO�RYHUQLJKW�JURZQ�(�FROL�ZDV�DGGHG�WR���/�/%�PHGLXP�DQG�JURZQ�DW����&�E\�YLJRURXV

VKDNLQJ������USP���:KHQ�2'����UHDFKHG�WR������WKH�EDFWHULD�ZHUH�FROOHFWHG�E\�FHQWULIXJDWLRQ

���PLQ�DW�������USP����&���DQG�UHVXVSHQGHG�LQ�LFH�FROG�����*O\FHURO��$IWHU�FHQWULIXJDWLRQ�DW

������ USP� IRU� ��� PLQ�� ���&��� WKH� VXSHUQDWDQW� ZDV� UHPRYHG� FDUHIXOO\� DQG� WKH� FHOOV� ZHUH

UHVXVSHQGHG� VXFFHVVLYHO\� LQ�����PO�����PO�����PO�� DQG����PO�*O\FHURO��$ERXW���PO�RI� WKH

VXSHUQDWDQW�ZDV�OHIW�DW�WKH�ODVW�ZDVKLQJ��7KH�FHOOV�ZHUH�WKHQ�UHVXVSHQGHG�LQ�WKH�UHVW�VROXWLRQ

DQG�VWRUHG�LQ�����µO�DOLTXRWV�DW�����&�

�������7UDQVIRUPDWLRQ�RI�(�FROL�E\�HOHFWURSRUDWLRQ�

���QJ�'1$��LQ�GG+�2��QR�VDOW��ZHUH�PL[HG�ZLWK�����µO�FRPSHWHQW�FHOOV�LQ�D���PP�%LR5DG

FXYHWWH�DQG�LQFXEDWHG�RQ�LFH�IRU����PLQ��7KH�'1$�ZDV� WKHQ�HOHFWURSRUDWHG� LQWR�(�FROL�DW��

N9�����µ)������Ω��$IWHU� WKDW����PO�SUHZDUPHG�/%�PHGLXP�����&��ZDV� LPPHGLDWHO\�DGGHG

DQG� LQFXEDWHG� DW� ���&� IRU� �KU�ZLWKRXW� VKDNLQJ��$W� WKH� HQG� WKH� EDFWHULD� ZHUH� FROOHFWHG� E\

FHQWULIXJDWLRQ��������USP��DQG�VSUHDG�RQ�/%�$PS�SODWHV��7KH�WUDQVIRUPDQWV�ZHUH�WKHQ�JURZQ

RYHUQLJKW�DW����&�

�������'1$�VHTXHQFLQJ

$IWHU� GHQDWXUDWLRQ�� SODVPLG� '1$� ZDV� VHTXHQFHG� ZLWK� WKH� 6DQJHU� PHWKRG� �6DQJHU� HW� DO��

�������7KH�7��6HTXHQFLQJ�NLW�IURP�3KDUPDFLD�ZDV�XVHG�IRU�DOO�VHTXHQFLQJ�UHDFWLRQV�

6HTXHQFLQJ�JHOV

�����J�XUHD����PO����[�7%(�������PO�GG+�2�DQG���PO�����$FU\ODPLGH����%LV�$FU\ODPLGH

ZHUH� PL[HG�� DQG� FDUHIXOO\� ZDUPHG� ZLWK� D� PLFURZDYH� �QRW� RYHU� ���&�� XQWLO� DOO� XUHD� ZDV
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GLVVROYHG�� ��� µO� 7(0('� DQG� ���� µO� ���� DPPRQLXP� SHUR[LGLVXOIDWH� ZHUH� DGGHG� IRU

SRO\PHULVDWLRQ�

�������3RO\PHUDVH�&KDLQ�5HDFWLRQ��3&5�

3RO\PHUDVH�FKDLQ�UHDFWLRQ� �6DLNL� HW� DO��� ������ ZDV� XVHG� WR� DPSOLI\� '1$� LQ� YLWUR�� )RU

DPSOLILFDWLRQ�RI�SODVPLG�DQG�JHQRPLF�'1$�WHPSODWHV�WKH�IROORZLQJ�SURWRFRO�ZDV�XVHG�

UHDFWLRQ�PL[�

��QJ�'1$
���SPRO�HDFK�ROLJR�QXFOHRWLGH�SULPHUV�,�,,
����µ0�G173V
��µO����[�3&5�EXIIHU��%RHKULQJHU�
�� µO� KRPH�PDGH� 7DT�SRO\PHUDVH� �DERXW
��8�
DGG�+�2�WR����µO

D�W\SLFDO�UHDFWLRQ�SURWRFRO�

���VWHS� ��PLQ�����&
���VWHS�����F\FOH�� ���VHF�����&

���VHF�����
��� VHF�����&� �IRU� OHVV� WKDQ���NE� IUDJPHQW�
RU
����PLQ����&
��PLQ����&��IRU�PRUH�WKDQ���NE�IUDJPHQW�

���VWHS� ���PLQ����&
���VWHS� ��PLQ����&

�������LQYHUVH�3&5

���µJ� JHQRPLF�'1$�ZDV� WKRURXJKO\� GLJHVWHG�ZLWK� DQ� DSSURSULDWH� UHVWULFWLRQ� HQ]\PH�� DQG

WKHQ� WUHDWHG� DW� ���&� IRU� ���PLQ�� WR� LQDFWLYDWH� WKH� HQ]\PH��$IWHU� �� WLPH� SKHQRO�FKORURIRUP

H[WUDFWLRQ��WKH�'1$�ZDV�GLVVROYHG�LQ�GG+�2�DQG�VHW�XS�IRU�VHOI�OLJDWLRQ�LQ�D�YROXPH�RI����

µO��7KH�OLJDWLRQ�ZDV�SHUIRUPHG�DW�57�IRU���KU��WKHQ���µO�������DQG�������GLOXWLRQV�ZHUH�DOVR

FKHFNHG��IURP�WKH�UHDFWLRQ�PL[�ZDV�XVHG�IRU�LQYHUVH�3&5�DV�D�WHPSODWH��7KH�XQOLJDWHG�'1$

ZDV�XVHG�DV�D�QHJDWLYH�FRQWURO�ZKLFK�VKRXOG�JLYH�QR�3&5�SURGXFWV�

��������¶�5$&(�3&5

����µJ�P51$�IURP�'LFW\RVWHOLXP��SXULILHG�ZLWK�4LDJHQ�P51$�NLW��ZDV�XVHG�DV�D�WHPSODWH�WR

V\QWKHVLVH�WKH�ILUVW�VWUDQG�F'1$��7KH��¶�5$&(�V\VWHP�NLW�IURP�*LEFR�%5/�ZDV�XVHG�IRU�WKLV

ZRUN�
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3URWRFRO�IRU�ILUVW�VWUDQG�F'1$�V\QWKHVLV�

����µJ P51$
���µO ���[�6XSHU�WUDQVFULSWDVH�EXIIHU
��µO ���P0�G173
���µO ����0�'77
��µO 6XSHU�WUDQVFULSWDVH
���µO $3�SULPHU

'(3&� WUHDWHG� ZDWHU� ZDV� DGGHG� WR� D� ILQDO� YROXPH� RI� ���� µO�� WKH� ILUVW�VWUDQG� F'1$� ZDV

V\QWKHVLVHG�DW����&�IRU����PLQ��WKHQ�WUHDWHG�DW����&�IRU���PLQ�

ILQDO�FRQGLWLRQV�IRU�DPSOLILFDWLRQ�RI�WKH�WDUJHW�F'1$�

����8�µO 7DT�([SDQGHU��6WUDWDJHQH�
����8�µO 7DT�SRO\PHUDVH��6WUDWDJHQH�
��[ ([SDQGHU�EXIIHU
����SPRO VSHFLILF�SULPHU
����SPRO SULPHU�8$3
����µ0 G173V��HDFK�
��P0 0J&O�

3&5�SURWRFRO�

���VWHS� ��PLQ�����&
���VWHS�����F\FOH�� ���VHF�����&

��PLQ����&
��PLQ����&

���VWHS� ���PLQ����&
���VWHS� ��PLQ����&

�������6RXWKHUQ�EORW�DQDO\VLV

'1$�IUDJPHQWV��3&5�SURGXFW��RU�GLJHVWHG�JHQRPLF�DQG�SODVPLG�'1$��ZHUH�VHSDUDWHG�RQ�D

�����DJDURVH�JHO��DQG�SKRWRJUDSKHG�XQGHU�89�OLJKW�WR�GRFXPHQW�'1$�PLJUDWLRQ�UHODWHG�WR�D

PROHFXODU�ZHLJKW�PDUNHU��7KH�'1$�ZDV�GHQDWXUH�E\�LQFXEDWLQJ�LQ�����0�1D2+������0�1D&O

EXIIHU�IRU����PLQ���WKHQ�QHXWUDOL]HG�IRU�DQRWKHU����PLQ�LQ�����0�7ULV�+&O�S+���������0�1D&O�

7KH� JHO� ZDV� WKHQ� ZDVKHG� EULHIO\� DQG� XVHG� IRU� 6RXWKHUQ�EORW� DV� GHVFULEHG� E\� 6RXWKHUQ

�6RXWKHUQ���������$IWHU�RYHUQLJKW�WUDQVIHU�ZLWK���[66&�EXIIHU��WKH�'1$�ZDV�FURVV�OLQNHG�WR

D�Q\ORQ�PHPEUDQH�XQGHU�����QP�89�OLJKW��������-�FP����DQG�SUHSDUHG�IRU�K\EULGL]DWLRQ�

�������1RUWKHUQ�EORW�DQDO\VLV

��� µJ� SXULILHG� WRWDO� 51$� �RU� �� µJ� SRO\$�P51$�� ZHUH� GULHG� LQ� WKH� VSHHG� YDFXXP�

UHVXVSHQGHG� LQ� ��� µO� 51$� VDPSOH� EXIIHU�� DQG� WUHDWHG� DW� ���&� IRU� �� PLQ�� 7KH� GHQDWXUHG
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VDPSOHV�ZHUH�ORDGHG�RQ�D�GHQDWXULQJ�JHO��DQG�VHSDUDWHG�E\�HOHFWURSKRUHVLV�DW����P$�DW���&�

7KH� JHO� ZDV� SKRWRJUDSKHG� XQGHU� 89� OLJKW� �WKH� �� ULERVRPH� 51$� EDQGV� ZHUH� XVHG� DV

PROHFXODU� ZHLJKW� PDUNHUV��� ZDVKHG� EULHIO\� ZLWK� GG+�2�� WKHQ� XVHG� IRU� 1RUWKHUQ�WUDQVIHU�

$IWHU�RYHUQLJKW�WUDQVIHU�ZLWK����[�66&��WKH�51$�ZDV�FURVV�OLQNHG�WR�Q\ORQ�PHPEUDQH�XQGHU

����QP�89�OLJKW��������-�FP����DQG�SUHSDUHG�IRU�K\EULGL]DWLRQ�

51$�VDPSOH�EXIIHU�

����IRUPDPLGH
��[�JHO�EXIIHU
���IRUPDOGHK\GH
�����;\OHQH�&\DQRO�))
�����EURPRSKHQRO�EOXH
�����HWKLGLXP�EURPLGH�����PJ�PO�
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3URWHLQV� VHSDUDWHG� E\�6'6�3$*(�ZHUH� WUDQVIHUUHG� WR� QLWURFHOOXORVH�PHPEUDQHV� E\� XVLQJ� D

VHPL�GU\�EORWWLQJ� V\VWHP� �DV�GHVFULEHG�E\�%MHUUXP���������7KLV�PHWKRG�ZDV�XVHG� WR�GHWHFW

SURWHLQV�RI��OHVV�WKDQ����N'D�PROHFXODU�ZHLJKW�

7KH� WUDQVIHU� ZDV� SHUIRUPHG� ZLWK� WKH� ³6HPL�'U\´�%ORW� DSSDUDWXV� DW� �P$�FP�� PHPEUDQH

�PD[LPDO����9��IRU���KU�
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WUDQVIHU�EXIIHU�
��J�7ULV�EDVH
���J�JO\FLQH

DGG�GG+�2�WR���/��7KH�S+�VKRXOG�EH���������

�������³7DQN�7UDQVIHU´

)RU�SURWHLQV�ELJJHU�WKDQ����N'D��DQRWKHU�V\VWHP�WKH�³7DQN�7UDQVIHU´��6DUWRULXV��ZDV�XVHG�WR

LPSURYH�WKH�WUDQVIHU�HIILFLHQF\��7KLV�WUDQVIHU�ZDV�FDUULHG�RXW�DW����9��DURXQG�����P$��IRU��

KUV�RU�DW���9��DURXQG�����P$���RYHUQLJKW��7UDQVIHU�EXIIHU�ZDV�WKH�VDPH�DV�DERYH�

�������,PPXQRGHWHFWLRQ�ZLWK�HQ]\PH�FRQMXJDWHG�VHFRQGDU\�DQWLERGLHV

7KH�:HVWHUQ�EORWV�ZHUH�LPPHUVHG�LQ�EORFNLQJ�EXIIHU���[1&3����%6$���WKHQ�LQFXEDWHG�ZLWK

WKH�SULPDU\�DQWLERG\�DW�D�SURSHU�GLOXWLRQ��7KH�EORWV�ZHUH�ZDVKHG�DQG�H[SRVHG�WR�DQ�HQ]\PH

FRQMXJDWHG� VHFRQGDU\� DQWLERG\� GLUHFWHG� DJDLQVW� WKH� SULPDU\� DQWLERG\� �H�J�� JRDW� DQWL�PRXVH

DQG� JRDW� DQWL�UDEELW� ,J*��� $QWLJHQV� DUH� ILQDOO\� LGHQWLILHG� E\� FKURPRJHQLF� RU� OXPLQHVFHQW

YLVXDOL]DWLRQ��7KH�VHFRQGDU\�DQWLERGLHV�ZHUH�FRQMXJDWHG�ZLWK�HLWKHU�DONDOLQH�SKRVSKDWHV��$3�

RU�KRUVHUDGLVK�SHUR[LGDVH��+532���DQG�ZHUH�GHWHFWHG�ZLWK�%&,3�VXEVWUDWH�VROXWLRQ��IRU�$3�

FRQMXJDWH��RU�(&/�GHWHFWLRQ�V\VWHP��IRU�+532�FRQMXJDWH��

��[�1&3�

����P0�1D&O
���P0�7ULV�+&O��S+����
������7ZHHQ���
������VRGLXP�D]LGH

%&,3�VXEVWUDWH�EXIIHU�

����PJ�PO�LQ�����0�1D�&2�

(&/�GHWHFWLRQ�V\VWHP�

IURP�$PHUVKDP�

�������LQ�YLWUR�SKRVSKRU\ODWLRQ�DVVD\�RI�3.$

6LQFH�'��DQG�'��ZHUH�SXULILHG�XQGHU�GHQDWXULQJ�FRQGLWLRQV�� WKH\�KDG�WR�EH�GLDO\VHG�EHIRUH

XVH�IRU�WKH�3.$�DVVD\��7KH�VDPSOHV�ZHUH�GLDO\VHG�ILUVW�DJDLQVW��0�XUHD�EXIIHU�IRU���KUV��WKHQ

WKH� GLDO\VLV� ZDV� FKDQJHG� WR� EXIIHU� ZLWKRXW� XUHD� IRU� RYHUQLJKW� GLDO\VLV�� $� VXEVWDQWLDO

SUHFLSLWDWH�ZDV�REVHUYHG�ZLWK�'��EXW�QRW�ZLWK�'���7KH�VROXEOH�'��FRQFHQWUDWLRQ�ZDV�DURXQG

���QJ�µO�ZKLOH� WKH� FRQFHQWUDWLRQ� RI�'��ZDV� ����QJ�µO��7KH�3.$�DVVD\�ZDV� FDUULHG� RXW� DV
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GHVFULEHG�E\�(WFKHEHKHUH�HW�DO����������5HFRPELQDQW�3.$�IURP�'LFW\RVWHOLXP��JHQHURXV�JLIWV

IURP�0��9pURQ��ZDV�ILUVW�VDWXUDWHG�ZLWK�FROG�$73��WKHQ�XVHG�IRU�WKH�SKRVSKRU\ODWLRQ�DVVD\�RQ

VXEVWUDWHV� ZLWK� γ���3�$73�� $� VSHFLILF� LQKLELWRU� RI� 3.$� �3.,�� ZDV� XVHG� WR� SURYH� WKH

VSHFLILFLW\�RI�SKRVSKRU\ODWLRQ�E\�3.$��DOVR�D�JLIW�IURP�0��9pURQ��

6WHS����3UH�LQFXEDWLRQ�RI�3.$

��µO ���[�NLQDVH�EXIIHU
���µO 3.$
��µO $73�����P0�
���µO +�2

LQFXEDWH���KU�DW�57��WKHQ�JR�WR�VWHS���

6WHS����SKRVSKRU\ODWLRQ�RQ�VXEVWUDWHV�ZLWK�γ���3�$73

DGG�WR�WKH�UHDFWLRQ�IURP�VWHS���
��µO γ���3�$73
���µO SURWHLQ�VXEVWUDWH
±���µO 3.,

LQFXEDWH�DW����&�IRU���KU�WKHQ�VWRSV�ZLWK�DGGLQJ���[�9RO��/DHPPOL�EXIIHU�

���[�NLQDVH�EXIIHU�

����P0�0236
���P0�0J&O�
���P0�1D)

�������DXWRSKRVSKRU\ODWLRQ�RI�WKH�JGW��SURWHLQ

��� µO� 7ULWRQ� ;����� H[WUDFWHG� PHPEUDQH� IUDFWLRQ� �IURP� FD�� �[���� FHOOV�� ZHUH� XVHG� IRU

DXWRSKRVSKRU\ODWLRQ� DVVD\V�� 7KH� IROORZLQJ� EXIIHUV� ZHUH� PL[HG� RQ� LFH� DQG� LQFXEDWHG

RYHUQLJKW� DW� ��&��)RU� VDPSOHV� DIWHU� LPPXQRSUHFLSLWDWLRQ�� ���µO� � RI� WKH� LPPXQRSUHFLSLWDWHV

ZHUH� LQFXEDWHG�ZLWK� WKH� VDPH� UHDFWLRQ�PL[�� EXW� WKH� UHDFWLRQ�ZDV� SHUIRUPHG� DW� ���&� IRU� �

KRXU�

���µO PHPEUDQH�IUDFWLRQ��RU�LPPXQRSUHFLSLWDWHV�
��µO ���[�NLQDVH�EXIIHU
��µO ����P0�306)
��µO $SURWLQLQ��������8�PO�
��µO γ���3�$73

���[�NLQDVH�EXIIHU�
����P0 +(3(6��S+�����
���P0 0J&O�
���P0 1D)
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�������*HQHUDWLRQ�RI�SRO\FORQDO�DQWLVHUD�DJDLQVW�WKH�UHFRPELQDQW�'��DQG�'��SURWHLQ

���������3UHSDUDWLRQ�RI�DQWLJHQV

$ERXW� ����µJ� UHFRPELQDQW� '�� RU� '�� SURWHLQ� ZHUH� VHSDUDWHG� RQ� D� ���� SUHSDUDWLYH� 6'6�

SRO\DFU\ODPLGH�JHO�DQG�VWDLQHG�ZLWK�&RRPDVVLH�%OXH��$IWHU�GHVWDLQLQJ��WKH�JHO�ZDV�ZDVKHG�LQ

GG+�2�IRU����PLQ�ZLWK�VHYHUDO�FKDQJHV�RI�ZDWHU�� WKHQ� WKH�EDQG�RI� WKH� UHFRPELQDQW�SURWHLQ

ZDV�FXW�RXW�DQG�EURNHQ�E\�SDVVLQJ�VHYHUDO�WLPHV�WKURXJK�PHWDO�QHWV��$Q�DSSUR[LPDWH�ZHLJKW

RI� WKH� JHO� ZDV� PHDVXUHG� DQG� D� FRUUHVSRQGLQJ� YROXPH� RI� 3%6� EXIIHU� ZDV� DGGHG�� $IWHU

VRQLFDWLRQ�DW�PD[LPXP�SRZHU�IRU����VHF��WKH�VDPSOH�ZDV�UHDG\�IRU�LPPXQL]DWLRQ�

��������3URGXFWLRQ�RI�SRO\FORQDO�DQWLVHUXP�LQ�UDEELWV

5DEELW�)8����ZDV�XVHG�IRU�'���DQG�UDEELW�)8����ZDV�XVHG�IRU�'���$�VWDQGDUG�SURWRFRO�IRU

VXEFXWDQHRXV� LPPXQL]DWLRQ�ZDV� XVHG� IRU� ERWK�� %HIRUH� WKH� ILUVW� LQMHFWLRQ�� SUH�LPPXQVHUXP

ZDV� WDNHQ� IURP�ERWK� UDEELWV�DQG�XVHG� IRU�GHWHFWLQJ� WKH�EDFNJURXQG��$ERXW���PO�EORRG�ZDV

WDNHQ�IURP�WKH�HDU�YHLQ��LQFXEDWHG���KU�DW����&�IRU�FORWWLQJ��WKHQ�FHQWULIXJHG�DW���&�������USP

IRU� ��� PLQ�� 7KH� VXSHUQDWDQW� ZDV� DOLTXRWHG� DQG� IUR]HQ� DW� ����&�� ��� GD\V� DIWHU� WKH� ILUVW

LQMHFWLRQ�� D� ERRVW� LQMHFWLRQ� ZDV� SHUIRUPHG�� 7KH� IXUWKHU� ERRVWV� ZHUH� SHUIRUPHG� DW� D� WLPH

GLVWDQFH�RI�������GD\V��)URP�WKH��QG�LPPXQL]DWLRQ��XS�WR����PO�EORRG�ZDV�WDNHQ�DW����GD\V

DIWHU�HDFK�LQMHFWLRQ�DQG�XVHG�IRU�SUHSDULQJ�SRO\FORQDO�DQWLVHUXP��7KH�PHWKRG�IRU�SUHSDUDWLRQ

ZDV�WKH�VDPH�DV�GHVFULEHG�IRU�SUH�LPPXQVHUXP��6SHFLILF�DQWLVHUXP�ZDV�REWDLQHG�IRU�'���EXW

IDLOHG�IRU�'��

�������$IILQLW\�SXULILFDWLRQ�RI�DQWLERG\

$ERXW�����µJ�'��SURWHLQ�ZHUH�ORDGHG�RQ�D�SUHSDUDWLYH�JHO��VHSDUDWHG�DQG�WKHQ�WUDQVIHUUHG�RQ

D�QLWURFHOOXORVH�PHPEUDQH�E\�³VHPL�GU\´�EORWWLQJ��7KH�PHPEUDQH�ZDV�ZDVKHG� LQ���[�1&3�

WKHQ�VWDLQHG�ZLWK�3RQFHD�6�VROXWLRQ�WR�GHWHUPLQH�WKH�H[DFW�SRVLWLRQ�RI�WKH�'��EDQG��7KH�EDQG

ZDV�FXW�RXW��ZDVKHG�LQ��[1&3�XQWLO�WKH�FRORXU�OHVV��7KHQ�WKH�PHPEUDQH�ZDV�ZDVKHG���WLPHV

LQ���PO�7ZHHQ�EXIIHU� ����P0�7ULV�+&O�S+�����������1D&O��������7ZHHQ����� IRU����PLQ�

$IWHU�WKDW�WKH�PHPEUDQH�ZDV�LQFXEDWHG�ZLWK��PO�GLOXWHG�DQWLVHUXP������LQ�7ZHHQ�EXIIHU���DW

��&�RYHUQLJKW�IRU�DGVRUSWLRQ��7KH�ILOWHU�ZDV�IXUWKHU�ZDVKHG�VXFFHVVLYHO\�ZLWK�7ZHHQ�EXIIHU�

3%6�S+������3%6�S+�������0�1D&O�DQG�3%6�S+������HYHU\�ZDVKLQJ�ZDV�UHSHDWHG���WLPHV�IRU

��PLQ��$W�WKH�HQG�WKH�PHPEUDQH�ZDV�HOXWHG�IRU���PLQ�ZLWK�����0�DFHWDWH�DFLG��S+�������7KH

HOXDWH� ZDV� LPPHGLDWHO\� QHXWUDOL]HG� ZLWK� ���� 0� 7ULV�%6$� EXIIHU� ��0� 7ULV�+&O� S+� ����



��

��PJ�PO� %6$��� DQG� GLDO\VHG� DJDLQVW� 3%6� S+� ���� EXIIHU� RYHUQLJKW�� 7KH� DQWLERG\� ZDV

DOLTXRWHG��DQG�IUR]HQ�DW�����&�

+RZHYHU��DIWHU�WKLV�SXULILFDWLRQ��WKH�'��DQWLERG\�ORVW�PRVW�LVW��DFWLYLW\�DQG�FRXOG�QRW�EH�XVHG

IRU�IXUWKHU�DQDO\VLV�

�������3XULILFDWLRQ�RI�,J*�DQWLERGLHV�ZLWK�SURWHLQ�$�6HSKDURVH

$V�GHVFULEHG�E\�(\�HW�DO����������SURWHLQ�$�VHSKDURVH�ZDV�XVHG�WR�IUDFWLRQDWH�,J*�DQWLERGLHV

XVLQJ�D�VWHSZLVH�S+�HOXWLRQ��7KH�EXIIHU�V\VWHPV�ZDV�GHVFULEHG�E\�2L�DQG�+HU]HQEHUJ��������

WR�DOORZ�HIILFLHQW�SXULILFDWLRQ�RI�PRVW�,J*V�DQG�RFFDVLRQDO�,J0�DQWLERGLHV�DW�57�

$URXQG� ���� J� 3URWHLQ� $�6HSKDURVH� ZDV� IXOO\� VZHOOHG� LQ� +�2� DQG� SRXUHG� LQWR� D

FKURPDWRJUDSK\� FROXPQ�� WKHQ� HTXLOLEUDWHG� ZLWK� 7ULV�EXIIHU� DW� 57�� 7KH� FROOHFWHG� VHUD� ZDV

GLOXWHG�LQ���YRO��7ULV�EXIIHU�DQG�DSSOLHG�WR�WKH�FROXPQ�DW�D�IORZ�UDWH�RI���PO�PLQ��7KH�FROXPQ

ZDV�ZDVKHG�ZLWK�7ULV�EXIIHU�XQWLO�DOO�XQERXQG�SURWHLQV�ZHUH�HOXWHG��7KH�ERXQG�SURWHLQV�ZHUH

HOXWHG�ZLWK���YRO��RI�JO\FLQH�EXIIHU�GLUHFWO\�LQWR�WHVW�WXEHV�FRQWDLQLQJ�QHXWUDOLVLQJ�EXIIHU�����

RI�WKH�FROOHFWHG�YROXPH���$W�WKH�HQG�DOO�HOXWHG�IUDFWLRQV�ZHUH�DVVD\HG�IRU�DQWLJHQ�VSHFLILFLW\�

7ULV�EXIIHU��S+������

���P0�7ULV�+&O
����P0�1D&O
������1D1�

JO\FLQH�EXIIHU��S+������

���P0�JO\FLQH
����P0�1D&O

1HXWUDOLVLQJ�EXIIHU��S+������

����0�1D�+32��1D+�32�
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,9��(;3(5,0(176�$1'�5(68/76

��� ,GHQWLILFDWLRQ�RI�WKH�5(0,�PXWDQW����

7KH�H[SUHVVLRQ�RI�GLVFRLGLQ�SURWHLQ� LV�GLVWLQFW� IURP�JURZWK� WR�GHYHORSPHQW��ZKLFK� LV�HDVLO\

REVHUYHG�LQ�FRORQ\�EORWV��'XULQJ�YHJHWDWLYH�JURZWK�RQ�EDFWHULD��H[SUHVVLRQ�LQ�ZLOG�W\SH�FHOOV

LV�EHORZ�WKH�GHWHFWLRQ�OHYHO��7KLV�UHVXOWV�LQ�DQ�RXWHU�ULQJ�ZKLFK�LV�VWDLQHG�E\�3RQFHDX�6�EXW

QRW� E\� WKH� VSHFLILF� DQWL�GLVFRLGLQ� DQWLERG\�� :LWK� WKH� RQVHW� RI� GHYHORSPHQW�� GLVFRLGLQ

H[SUHVVLRQ�LV�LQGXFHG��UHVXOWLQJ�LQ�DQWLERG\�VWDLQLQJ�RI�DQ�LQQHU�ULQJ�RI�SUHDJJUHJDWLRQ�FHOOV�

(YHQ� WKRXJK� WUDQVFULSWLRQ� LV�GRZQ�UHJXODWHG� LQ� ODWHU�GHYHORSPHQW�� WKH�SURWHLQ� LV� VWLOO� VWDEOH

DQG� FDQ� EH� GHWHFWHG� LQ� ODWH� VWDJHV�� GLVFRLGLQ� QXOO� PXWDQWV� FDQ� EH� GHWHFWHG� E\� WKH� ODFN� RI

DQWLERG\� VWDLQLQJ�� 6LQFH� FRORQ\�EORWV� DUH� VHPL�TXDQWLWDWLYH�� RYHUH[SUHVVLRQ� PXWDQWV� ZKLFK

GLVSOD\�VWURQJHU�DQWLERG\�VWDLQLQJ�WKDQ�WKH�ZLOG�W\SH�FDQ�DOVR�EH�LGHQWLILHG�

3RQFHDX�6

VWDLQLQJ

GLVFRLGLQ�VWDLQLQJ

ZLWK�PRQRFORQDO�DQWLERG\

����������$[�

�������������

)LJXUH��D��&RORQLHV�RI����� FP�GLDPHWHU� JURZLQJ�RQ� D� ODZQ�RI�.OHEVLHOOD�DHURJHQHV�ZHUH� EORWWHG�

O\VHG�DQG�SURFHVVHG�IRU�GHWHFWLRQ�RI�GLVFRLGLQ�,�ZLWK�WKH�PRQRFORQDO�DQWLERG\����������DV�GHVFULEHG

�:HWWHUDXHU� HW� DO��� ������� ,Q� RUGHU� WR� YLVXDOLVH� WRWDO� SURWHLQ�� WKH� EORWV� ZHUH� FRXQWHU�VWDLQHG� ZLWK

3RQFHDX�6��7KH�����PXWDQW� VKRZV� DQWLERG\� VWDLQLQJ� LQ� WKH� IHHGLQJ� HGJH� DQG� D� VWURQJHU� VLJQDO� WKDQ

$[��
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7KH�5(0,�����PXWDQW�ZDV�GHWHFWHG�LQ�D�5(0,�VFUHHQ�DV�D�GLVFRLGLQ�RYHUH[SUHVVRU��)LJ���D��

,Q� FRQWUDVW� WR� ZLOG� W\SH� FRORQLHV�� GLVFRLGLQ� SURWHLQ� ZDV� IRXQG� LQ� FHOOV� EH\RQG� WKH� YLVLEOH

ERUGHU�RI�WKH�FRORQ\��L�H��� LQ�JURZLQJ�FHOOV�ZKLFK�VWLOO�KDYH�VXIILFLHQW�VXSSO\�RI�QXWULHQWV��,Q

DGGLWLRQ�� IURP� WKH�PLFURVFRSLFDO� REVHUYDWLRQ�� WKH� ����PXWDQW� FHOOV� DJJUHJDWHG� FORVH� WR� WKH

JURZLQJ� HGJH� DQG� WHQGHG� WR� DJJUHJDWH� ZKHUH� WKH\� ZHUH� LQ� WKH� PLGGOH� RI� EDFWHULD�� 7KLV

UHVXOWHG�LQ�D�UDJJHG�FRORQ\�VKDSH�FRPSDUHG�WR�WKH�VPRRWK�HGJH�REVHUYHG�LQ�ZLOG�W\SH�FORQHV

�)LJ���E��

$[� PXWDQW����

)LJXUH� �E�� ,Q� WKH� PLFURVFRSLFDO� REVHUYDWLRQ�� WKH� ���� PXWDQW� IRUPHG� DJJUHJDWHV� FORVH� WR� WKH

IHHGLQJ� HGJH� DQG� WKH�SUHDJJUHJDWLRQ� ]RQH� DV� YLVLEOH� LQ�$[��ZDV�PLVVLQJ�� ,Q� ���� WKHUH�ZHUH� FOHDUO\

YLVLEOH� FHOO� PDVVHV� RXWVLGH� RI� WKH� SODTXH�� 8SRQ� IXUWKHU� JURZWK� WKHVH� FHOOV� IRUPHG� VDWHOOLWH� SODTXHV

ZKLFK�XOWLPDWHO\�OHG�WR�DQ�LUUHJXODU�ERXQGDU\�RI�WKH�FRORQ\�

7KH� GLVFRLGLQ� RYHUH[SUHVVLRQ� RI�PXWDQW� ����ZDV� FRQILUPHG� E\�1RUWKHUQ�EORWV� �)LJ�� ��� DQG

:HVWHUQ�EORWV� �)LJ�� ����� GLVFRLGLQ�P51$� DFFXPXODWHG� DW� ORZHU� FHOO� GHQVLW\�� DQG� GLVFRLGLQ

SURWHLQ�ZDV�VLJQLILFDQWO\�LQFUHDVHG�FRPSDUHG�WR�$[��FHOOV�

8QOHVV�RWKHUZLVH�VWDWHG��DOO�WKH�IROORZLQJ�H[SHULPHQWV�ZHUH�GRQH�ZLWK�WKH�UHFRQVWUXFWHG�JHQH

GLVUXSWLRQ�PXWDQW�/��EHFDXVH�WKLV�VWUDLQ�ZDV�GHULYHG�IURP�WKH�FRPPRQ�ODERUDWRU\�VWUDLQ�$[�

�VHH�VHFWLRQ������

)RU�DOO�WKH�H[SHULPHQWV�ZLWK�JURZLQJ�FHOOV��WKH�JHQHUDWLRQ�WLPH�GXULQJ�H[SRQHQWLDO�JURZWK�KDV

EHHQ�PHDVXUHG��,QWHUHVWLQJO\��LQ�FRPSDULVRQ�WR�WKH�ZLOG�W\SH��WKH�/��PXWDQW�FHOOV�JURZ�PRUH

VORZO\�LQ�EDFWHULDO�VXVSHQVLRQ��EXW�LQ�D[HQLF�PHGLXP�WKH\�JURZ�QRUPDOO\��7DEOH�����'XULQJ

D[HQLF�JURZWK�'LFW\RVWHOLXP�FHOOV�DEVRUE�PHGLXP�E\�SLQRF\WRVLV��ZKLOH� LQ�EDFWHULDO�JURZWK
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WKH\�QHHG�WR�FKHPRWDFWLFO\�PRYH�WRZDUG�EDFWHULD�DQG�HQJXOI�IRRG�E\�HQGRF\WRVLV��7KHUHIRUH

WKH�/��PXWDQW�LV�SUREDEO\�DIIHFWHG�LQ�VHQVLQJ�WKH�IRRG�VRXUFH��RU�LQ�HQGRF\WRVLV�

7DEOH��� *HQHUDWLRQ�WLPH�IRU�/��DQG�$[��FHOOV

������������JURZWK�LQ�D[HQLF�PHGLXP JURZWK�LQ�EDFWHULD�VXVSHQVLRQ

$[� ��������KRXUV ����������KRXUV

/� ��������KRXUV ���������KRXUV

��� 7KH�GHYHORSPHQWDO�SURFHVV�LV�DFFHOHUDWHG�LQ�WKH�����PXWDQW

7R�IXUWKHU�LQYHVWLJDWH�WKH�GHIHFW�LQ�WKH�GHYHORSPHQWDO�SURFHVV�LQ�WKH�PXWDQW��D�GHYHORSPHQWDO

WLPLQJ�H[SHULPHQW�ZDV�SHUIRUPHG�IRU�WKH�UHFRQVWUXFWHG�/��PXWDQW��ZLOG�W\SH�$[��DQG�D�UDSLG�

GHYHORSPHQW�VWUDLQ��.3���ZKLFK�RYHUH[SUHVVHG�WKH�3.$�&�VXEXQLW��$QMDUG�HW�DO����������$OO

FHOO� OLQHV�ZHUH�KDUYHVWHG�DW�D�GHQVLW\�RI��[���� IURP�D[HQLF�FXOWXUH��ZDVKHG�ZLWK�SKRVSKDWH

EXIIHU�DQG�UHVXVSHQGHG�WR��[����FHOOV�PO�LQ�SKRVSKDWH�EXIIHU���[����FHOOV�ZHUH�WKHQ�VSRWWHG

RQ�D�SKRVSKDWH�DJDU�SODWH��VHH�0(7+2'6�������DQG�GHYHORSHG�DW����&�DV�GHVFULEHG��1HZHOO�HW

DO����������'HYHORSPHQW�ZDV�PRQLWRUHG�XQGHU�D�ELQRFXODU�PLFURVFRSH��2O\PSXV�6=�37��DQG

SKRWRV�ZHUH�WDNHQ�DW�WKH�WLPHV�LQGLFDWHG��$V�VKRZQ�LQ�)LJ�����WKH�GHYHORSPHQWDO�SURFHVV�ZDV

DFFHOHUDWHG�LQ�ERWK�/��DQG�.3��FHOOV�LQ�FRPSDULVRQ�WR�ZLOG�W\SH�$[���+RZHYHU��WKHUH�ZHUH

REYLRXV� GLIIHUHQFHV� EHWZHHQ� WKH� WZR� VWUDLQV�� LQ�/��� FHOOV� DJJUHJDWHG� HDUOLHU� WKXV� WKH�ZKROH

GHYHORSPHQWDO�SURFHVV�ZDV�DFFHOHUDWHG��ZKHUHDV�LQ�WKH�.3��VWUDLQ��FHOOV�VWDUWHG�WR�PDNH�VPDOO

DJJUHJDWHV�DW�WKH�QRUPDO�WLPH�EXW�WKHQ�UDSLGO\�DFKLHYHG�GHYHORSPHQW�DV�GHVFULEHG�SUHYLRXVO\

�$QMDUG�HW� DO��� ������� 7KHVH� GDWD� VXJJHVWHG� WKDW� WKH�PXWDWLRQ� LQ�/�� UHVXOWHG� LQ� DFFHOHUDWHG

DJJUHJDWLRQ�LQ�FRQWUDVW�WR�DFFHOHUDWHG�VOXJ�IRUPDWLRQ�FXOPLQDWLRQ�LQ�.3��



��

������ ��$[� �����������/� �����.3�

����KRXUV�

��������������������/RRVH�DJJUHJDWHV�IRU�/���ULSSOHV��L�H��ILUVW�VLJQV�RI�DJJUHJDWLRQ��IRU�$[��DQG�.3��

���KRXUV�

��������������������7LSSHG�DJJUHJDWHV�IRU�/���DJJUHJDWHV�IRU�$[��DQG�.3��

���KRXUV�

����������������6OXJV�IRU�/��DQG�.3���WLSSHG�DJJUHJDWHV�SOXV�IHZ�VOXJV�IRU�$[��

���KRXUV�

��������������������������������)UXLWLQJ�ERGLHV�IRU�.3���ODWH�FXOPLQDWLRQ�IRU�/���HDUO\�FXOPLQDWLRQ�IRU�$[��

)LJXUH����7KH�GHYHORSPHQWDO�SURFHVV�LQ�$[���.3��DQG�/��FHOOV�ZKHQ�VWDUYHG�RQ�SKRVSKDWH�DJDU�

SODWHV��1RWH�WKDW�.3��FHOOV�PDNH�VPDOOHU�DJJUHJDWHV��FXOPLQDWLRQV�DW����KUV�DUH�WKHUHIRUH�QRW�FOHDUO\

VHHQ�



��

�� 7KH�����PXWDQW�LV�FHOO�DXWRQRPRXV

,Q�RUGHU�WR�LQYHVWLJDWH�WKH�FHOO�DXWRQRPRXV�IXQFWLRQ�RI�WKH�����PXWDQW��D�β�JDODFWRVLGDVH�DVVD\

ZDV� XVHG� IRU� UHSRUWLQJ� WKH� UHJXODWLRQ� RI� GLVFRLGLQ�� $� WUDQVJHQLF� VWUDLQ�� GHQRPLQDWHG�'$*

�:HWWHUDXHU� HW� DO��� ������� ZDV� FRQVWUXFWHG� WR� H[SUHVV� β�JDODFWRVLGDVH� XQGHU� WKH� FRQWURO� RI

GLVFRLGLQ� ,γ� SURPRWHU� LQ� $[�� FHOOV�� 7KH� /�� PXWDQW� DQG� '$*� FHOOV� JURZQ� LQ� EDFWHULDO

VXVSHQVLRQ�WR�D�GHQVLW\�RI��[����ZHUH�PL[HG�DW�UDWLRV�RI����������DQG�����DQG�WKHQ�JURZQ�IRU

IXUWKHU���KRXUV� LQ�EDFWHULDO� VXVSHQVLRQ��&HOOV�ZHUH�KDUYHVWHG�DW� D�GHQVLW\�RI� DSSUR[���[����

DQG� LQYHVWLJDWHG� IRU� WKH� DFWLYLW\�RI� WKH�GLVFRLGLQ�SURPRWHU�PHDVXUHG�E\� WKH�β�JDODFWRVLGDVH

DVVD\��GHVFULEHG�LQ�0(7+2'������������/��FHOOV�DQG������'$*�FHOOV�ZHUH�XVHG�DV�FRQWUROV�

$V�VKRZQ�LQ�)LJ���D��WKH�β�JDODFWRVLGDVH�DFWLYLW\�LQFUHDVHG�LQ�SDUDOOHO�ZLWK�WKH�SURSRUWLRQ�RI

WKH�'$*�FHOOV��7KLV�LQGLFDWHG�WKDW�WKH�/��FHOOV�GLG�QRW�VHFUHW�DQ\�H[WUDFHOOXODU�IDFWRU�DEOH�WR

VWLPXODWH�WKH�GLVFRLGLQ�H[SUHVVLRQ�LQ�ZLOG�W\SH�FHOOV�

�

���

���

���

���

���

���

� �� �� �� �� ���

2'��� )LJXUH� �D�� 7KH� β�JDODFWRVLGDVH� DVVD\

VKRZHG� WKDW� /�� FHOOV� GLG� QRW� LQGXFH

GLVSURSRUWLRQDO� DFWLYLW\� RI� WKH� GLVFRLGLQ

SURPRWHU�LQ�'$*�FHOOV�

��RI�'$*�FHOOV

7KH�UHYHUVH�H[SHULPHQW�ZDV�GRQH�IRU�$[��DQG�WKH�/��PXWDQW�WR�GHWHUPLQH�ZKHWKHU�$[��FHOOV

LQIOXHQFHG�WKH�GLVFRYHU�SKHQRW\SH�LQ�/���$V�GHVFULEHG�LQ�)LJ���E��$[��DQG�/��FHOOV�ZHUH�PL[HG

DW�GLIIHUHQW�UDWLRV�DQG�GLVFRLGLQ�,�H[SUHVVLRQ�ZDV�GHWHFWHG�E\�:HVWHUQ�EORW��7KH�H[SUHVVLRQ�RI

GLVFRLGLQ�,�LQFUHDVHG�SURSRUWLRQDOO\�ZLWK�WKH�SHUFHQWDJH�RI�WKH�/��FHOOV��DQG�QR�LQKLELWLRQ�E\

'$*�FHOOV�ZDV�REVHUYHG��7KHVH�GDWD�VXJJHVW�WKDW��WKH�/��PXWDQW�LV�FHOO�DXWRQRPRXV�



��

$[��FHOOV

�� /��FHOOV

)LJXUH� �E��0L[HV� RI� /�� DQG�$[�� FHOOV� ZHUH� SUHSDUHG� DV� GHVFULEHG� IRU� WKH�β�JDODFWRVLGDVH� DVVD\�

:KROH� FHOO� O\VDWHV�ZHUH�SUHSDUHG� DQG�DQ� HTXDO� DPRXQW� RI� SURWHLQV� IRU� HDFK�SRLQW�ZDV� VHSDUDWHG�E\

����6'6�3$*(��EORWWHG� DQG�GHWHFWHG�ZLWK� WKH�PRQRFORQDO� GLVFRLGLQ� DQWLERG\�����������1RWH� WKDW

XQGHU� WKHVH�FRQGLWLRQV�QR�GLVFRLGLQ�SURWHLQ�H[SUHVVLRQ�ZDV�REVHUYHG� LQ�$[��� WKHUHIRUH�DOO� GLVFRLGLQ

SURWHLQ� RULJLQDWHG� IURP�/�� FHOOV��7KHUH�ZDV�QR�GLVSURSRUWLRQDO� UHGXFWLRQ� RI� GLVFRLGLQ� LQ� WKH�PL[HV�

WKXV�$[��FHOOV�GLG�QRW�LQKLELW�WKH�PXWDQW�SKHQRW\SH�RI�/��

�� 7KH�����SKHQRW\SH��PLV�UHJXODWLRQ�RI�HDUO\�GHYHORSPHQWDO�JHQHV

,Q�ZLOG� W\SH�$[��FHOOV��GLVFRLGLQ�H[SUHVVLRQ� LV� LQGXFHG�DSSUR[LPDWHO\���JHQHUDWLRQV�EHIRUH

WKH�RQVHW�RI�VWDUYDWLRQ�ZKHQ�FHOOV�DUH�FXOWXUHG�LQ�D�VWDQGDUG�EDFWHULDO�VXVSHQVLRQ��'HYLDWLRQ�RI

WKLV� H[SUHVVLRQ� SDWWHUQ� FDQ� EH� PRQLWRUHG� E\� KDUYHVWLQJ� FHOOV� DW� GLIIHUHQW� GHQVLWLHV� GXULQJ

JURZWK�DQG�PHDVXULQJ�WKH�DPRXQW�RI�GLVFRLGLQ��:HWWHUDXHU�HW�DO����������7KXV�WR�FRQILUP�WKH

SUHPDWXUH� H[SUHVVLRQ� RI� GLVFRLGLQ� LQ� WKH� PXWDQW�� /�� FHOOV� ZHUH� FXOWXUHG� DQG� KDUYHVWHG� DW

GLIIHUHQW� FHOO� GHQVLWLHV� ��[����� �[���� DQG� �[���� FHOOV�PO�� GXULQJ� EDFWHULDO� JURZWK�� $V

GHVFULEHG� LQ� WKH� LQWURGXFWLRQ�� WKHUH�DUH� WZR�DXWRFULQH� IDFWRUV�� WKH�SUHVWDUYDWLRQ� IDFWRU� �36)�

DQG�WKH�FRQGLWLRQHG�PHGLXP�IDFWRU��&0)���VHFUHWHG�IURP�'LFW\RVWHOLXP�FHOOV�DW�WKH�*'7�DQG

UHJXODWLQJ�JHQH�H[SUHVVLRQ�GXULQJ�JURZWK�DQG�HDUO\�GHYHORSPHQW��+RZHYHU��VR�IDU�RQO\�&0)

KDV�EHHQ�FORQHG�DQG�36)�UHPDLQV�XQNQRZQ��$�FPI�JHQH�NQRFN�RXW�PXWDQW��∆&0)�VWUDLQ��ZDV

UHFHQWO\� JHQHUDWHG� �*RPHU�� XQSXEOLVKHG��� 3UHOLPLQDU\� ZRUN� VXJJHVWHG� WKDW� &0)� UHJXODWHG

F$03� VLJQDO� WUDQVGXFWLRQ� �&ODUNH� DQG� *RPHU�� ������ DQG� FRXOG� DOVR� EH� LQYROYHG� LQ� WKH

UHJXODWLRQ�RI�GLVFRLGLQ��7KXV�WKH�∆&0)�VWUDLQ�ZDV�LQFOXGHG�DV�D�FRPSDULVRQ��([SUHVVLRQ�RI

GLVFRLGLQ�,�ZDV�GHWHFWHG�IRU�$[���∆&0)�DQG�/��E\�1RUWKHUQ�EORWV�K\EULGL]HG�ZLWK�DQ�LQ�YLWUR

WUDQVFULSW�RI�GLVFRLGLQ�,γ���$V�VKRZQ�LQ�)LJ�����D�QRUPDO�SDWWHUQ�ZDV�REVHUYHG�IRU�∆&0)�DQG�D

SUHPDWXUH� H[SUHVVLRQ� RI� WKH� GLVFRLGLQ� P51$� ZDV� REVHUYHG� LQ� /��� GLVFRLGLQ� ZDV� DOUHDG\

H[SUHVVHG�DW�KLJK�OHYHO�LQ�JURZLQJ�FHOOV�DW�ORZ�GHQVLW\���[����FHOOV�PO���DQG�WKH�DFFXPXODWLRQ

ZDV�DFFHOHUDWHG�
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ZLWK�GLVFRLGLQ�SUREH�

ZLWK�DFWLQ�SUREH

)LJXUH����7RWDO�51$�ZDV�LVRODWHG�IURP�$[���∆&0)�DQG�/��DW�WKH�LQGLFDWHG�FHOO�GHQVLWLHV�����µJ�RI

HDFK� VDPSOH� ZHUH� XVHG� IRU� WKH� 1RUWKHUQ�EORW� DQG� K\EULGL]HG� ZLWK� DQ� LQ� YLWUR� WUDQVFULSW� RI� WKH

GLVFRLGLQ�,γ�JHQH��$IWHU�ZDVKLQJ��WKH�ILOWHU�ZDV�H[SRVHG�WR�.RGDN�%LRPD[�ILOP�RYHUQLJKW��7R�HQVXUH

WKDW� HTXDO� DPRXQWV� RI� 51$� KDG� EHHQ� XVHG� IRU� HDFK� VDPSOH�� WKH� VDPH� ILOWHU� ZDV� ZDVKHG� DQG

UHK\EULGL]HG�ZLWK�DQ�DFWLQ���SUREH��JHQHUDWHG�E\�″ROLJR�ODEHOOLQJ″��VHH�0(7+2'6��������(TXDO�VLJQDOV

ZHUH�REWDLQHG�IRU�DOO�VDPSOHV�

7KH� SUHPDWXUH� H[SUHVVLRQ� RI� GLVFRLGLQ� VXJJHVWHG� WKDW� RWKHU� JHQHV� LQ� WKH� GHYHORSPHQWDO

SURJUDP�PLJKW� DOVR� EH� SUHPDWXUHO\� H[SUHVVHG� LQ� /��� 7KHUHIRUH� RWKHU� GHYHORSPHQWDO� JHQHV

�H�J��� FDU$�� SGH� DQG� FV$�� ZHUH� DQDO\]HG� E\� FRPSDULQJ� ZLOG� W\SH� $[�� DQG� /�� PXWDQW� LQ

SDUDOOHO��)LJ������,Q�$[��FHOOV��FV$��1RHJHO�HW�DO���������ZDV�LQGXFHG�LQ�WKH�VWDWLRQDU\�SKDVH

ZKHQ�FHOOV�KDG�GHSOHWHG�WKH�IRRG�VRXUFH�IRU�VHYHUDO�KRXUV��7KH�VDPH�SDWWHUQ�ZDV�REVHUYHG�IRU

/���EXW� WKH�H[SUHVVLRQ�ZDV�KLJKHU� WKDQ�LQ�$[��� �3GH� �)DXUH�HW�DO���������ZDV� WUDQVFULEHG�LQ

$[�� DV� VPDOO� PHVVDJH� RI� ���� NE� LQ� D� FHOO� GHQVLW\� GHSHQGHQW� IDVKLRQ�� WKH� ODUJHU� WUDQVFULSW

�����NE�� EHFRPHV� SURPLQHQWO\� H[SUHVVHG� LQ� VWDWLRQDU\� FHOOV�� ,Q� /��� ERWK� WKH� VPDOO� ���� NE

WUDQVFULSW�DQG�WKH�ODUJHU�VL]H�����NE�WUDQVFULSW�ZHUH�SUHPDWXUHO\�H[SUHVVHG��EXW�WKH\�ZHUH�QRW

LQGXFHG�E\�GHYHORSPHQW��,Q�ERWK�$[��DQG�/��WKH�H[SUHVVLRQ�RI�FDU$��.OHLQ�HW�DO���������ZDV

LQGXFHG� LQ� VWDWLRQDU\� SKDVH�� EXW� WKH� H[SUHVVLRQ� OHYHO�ZDV� VLJQLILFDQWO\� ORZHU� LQ�/�� WKDQ� LQ

$[��
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�������������������������FV$

����������������������FDU$

��������������������SGH

����������������GLVFRLGLQ

�����NE

�����NE

)LJXUH����51$�ZDV�SUHSDUHG�IURP�$[��DQG�/��DW�FHOO�GHQVLWLHV�RI��[����DQG�WKH�VWDWLRQDU\�SKDVHV

�VHYHUDO� KRXUV� DIWHU� WKH� FHOOV� KDG�GHSOHWHG� WKH� IRRG� VRXUFH�� URXJKO\� HTXLYDOHQW� WR� WKH� ILUVW� VWDJHV� RI

GHYHORSPHQW� LQ� VXVSHQVLRQ� FXOWXUH��� ���µJ� 51$�ZHUH� XVHG� IRU� HDFK� VDPSOH� DQG� DOO� VDPSOHV� ZHUH

SURFHVVHG�RQ�WKH�VDPH�JHO��$Q�LQ�YLWUR�WUDQVFULSW�ZDV�XVHG�DV�GLVFRLGLQ�SUREH��RWKHU�SUREHV�ZHUH�PDGH

E\�″ROLJR�ODEHOOLQJ″�IRU�FV$��FDU$�DQG�SGH��7KH�GLVFRLGLQ�K\EULGL]DWLRQ�ZDV�H[SRVHG�WR�.RGDN�%LRPD[

ILOP�RYHUQLJKW��WKH�SGH�H[SRVXUH�IRU���GD\V��DQG���GD\V�IRU�FV$�DQG�FDU$��)RU�SGH�WKH�����NE�P51$�LV

EDUHO\�YLVLEOH�LQ�WKLV�EORW�EXW�FDQ�EH�VHHQ�LQ�WKH�RULJLQDO�

�� 7KH�JGW��JHQH�DQG�UHFRQVWUXFWLRQ�RI�WKH�PXWDQW

�����,VRODWLRQ�RI�D�����NE�JHQRPLF�IUDJPHQW�RI�WKH�JGW��JHQH

3DUW�RI�WKH�DIIHFWHG�JHQH�LQ�PXWDQW�����ZDV�LVRODWHG�E\�³SODVPLG�UHVFXH´��VHH�0(7+2'6�����

XVLQJ�+LQG,,,�GLJHVWHG�JHQRPLF�'1$��6LQFH�+LQG,,,�FXWV�ZLWKLQ�WKH�',9���YHFWRU��RQO\� WKH

SDUW� FRQWDLQLQJ� WKH� S*HP�� YHFWRU�ZDV� UHFRYHUHG�� WRJHWKHU�ZLWK� D� ���� NE� IODQNLQJ� JHQRPLF

UHJLRQ��VHH�)LJ�������7KLV�LVRODWHG�SODVPLG��GHQRPLQDWHG�����UHVFXH��ZDV�XVHG�IRU�VHTXHQFLQJ

DQG� WKH� FRQVWUXFWLRQV� RI� IXUWKHU� JHQH� GLVUXSWLRQ� PXWDQWV�� 7KH� LVRODWHG� ���� NE� JHQRPLF

IUDJPHQW�ZDV�ODEHOOHG�DQG�DSSOLHG�WR�SUREH�D�JHQRPLF�6RXWKHUQ�EORW�IRU�$[���WKH�SDUHQW�VWUDLQ



��

'+��DQG�PXWDQW������VHH�)LJ�����IRU�IUDJPHQW�VL]H���$V�VKRZQ�LQ�)LJ�����D�VLQJOH�IUDJPHQW�RI

����NE�ZDV�IRXQG�LQ�WKH�����PXWDQW��ZKLFK�FRQWDLQHG�WKH�ZKROH�����NE�IUDJPHQW�DQG�WKH�����NE

S*HP��YHFWRU�SDUW�RI�WKH�',9���YHFWRU��,Q�$[���D�VLQJOH�IUDJPHQW�RI������NE�FRQVLVWLQJ�RI�WKH

����NE�IUDJPHQW�DQG�����NE�XSVWUHDP�VHTXHQFH�ZDV�REVHUYHG��7KLV�SURYHG�WKDW� WKH�JHQRPLF

VWUXFWXUH�LQ�WKH�UHJLRQ�RI�WKH�LVRODWHG�IUDJPHQW�ZDV�DOWHUHG�LQ�WKH�����PXWDQW�

6HTXHQFH� DQDO\VLV� UHYHDOHG� D� FRQWLQXRXV� RSHQ� UHDGLQJ� IUDPH� �25)�� RYHU� WKH� HQWLUH� ���� NE

IUDJPHQW��EXW�QR� LQLWLDWLRQ�QRU�D� WHUPLQDWLRQ�FRGRQ�ZDV� IRXQG�� ,Q�DGGLWLRQ�� WKH�ZKROH�25)

VKRZHG�QR�KRPRORJ\�WR�DQ\�NQRZQ�JHQH�LQ�WKH�GDWDEDVHV��7KLV�VXJJHVWHG�WKDW�WKH�SKHQRW\SH

RI�WKH�����PXWDQW�ZDV�JHQHUDWHG�E\�WKH�GLVUXSWLRQ�RI�D�QHZ�JHQH�LQYROYHG�LQ�WKH�UHJXODWLRQ�RI

WKH� JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ�� 7KXV� WKH� SXWDWLYH� JHQH�ZDV� GHQRPLQDWHG� DV�JGW��� DQG

WKH�LVRODWHG�����NE�IUDJPHQW�ZDV�XVHG�IRU�WKH�IXUWKHU�DQDO\VLV�

)LJXUH����*HQRPLF�'1$�IURP�$[���'+�

DQG� WKH� 5(0,� ���� PXWDQW� ZHUH� GLJHVWHG

ZLWK�+LQG,,,�� VHSDUDWHG� RQ� D� ����� DJDURVH

JHO�� EORWWHG� WR� Q\ORQ� PHPEUDQH� DQG

K\EULGL]HG� ZLWK� D� ��3� ODEHOOHG� SUREH� �E\

ROLJR�ODEHOOLQJ�� RI� WKH� LVRODWHG� ���� NE

IUDJPHQW�

���������������������

������NE

�����NE

�����5HFRQVWUXFWLRQ�RI�WKH�����PXWDQW

7R�FRQILUP�WKDW�WKH�SKHQRW\SH�RI�WKH�����PXWDQW�ZDV�D�GLUHFW�FRQVHTXHQFH�RI�WKH�GLVUXSWLRQ�RI

WKH�JGW��JHQH�� WZR�YHFWRUV�ZHUH�FRQVWUXFWHG�IRU� WDUJHWHG�JHQH�GLVUXSWLRQ��VHH�)LJ�����������

%V5�;ED,�� ZKLFK� FUHDWHG� D� JHQH� GLVUXSWLRQ� DW� WKH�;ED,� VLWH� �WKH� /��PXWDQW��� DQG� ����%V5�

+LQG,,,��ZKLFK�JHQHUDWHG�D�GLVUXSWLRQ�DW�WKH�HQG�RI�WKH�����NE�IUDJPHQW��WKH�.�VHULHV��



��

*HQRPLF�PDSV�RI�WKH�JGW��JHQH�LQ�ZLOG�W\SH�DQG�JHQH�GLVUXSWLRQ�PXWDQWV

)LJXUH�����5(0,�����ZDV�JHQHUDWHG�E\�LQVHUWLRQ�RI�WKH�',9���YHFWRU��VHH�,1752'8&7,21����LQWR�WKH

%DP+,�VLWH�RI� WKH�JGW��JHQH������ES�DIWHU� WKH�VWDUW�FRGRQ�″$7*″���7KH��¶� IODQNLQJ�SDUW�RI� WKH�JGW�

JHQH������NE��ZDV�LVRODWHG�IURP�WKH�5(0,�����PXWDQW�E\�SODVPLG�UHVFXH��2WKHU�JGW��JHQH�GLVUXSWDQWV

�WKH� /�� PXWDQW�� WKH� .� VHULHV�� WKH� ;� VHULHV� DQG� WKH� '� VHULHV�� ZHUH� FRQVWUXFWHG� E\� KRPRORJRXV

UHFRPELQDWLRQ��VHH�VHFWLRQ����������DQG���������7KH�%V5�FDVVHWWH��6XWRK��������FRQWDLQHG�D�%ODVWLFLGLQ

UHVLVWDQFH�PDUNHU� DQG�ZDV�XVHG� IRU� WKH� VHOHFWLRQ�RI�PXWDQWV��$OO� WKH�JGW��PXWDQWV�GLVSOD\� WKH� VDPH

SKHQRW\SH��GLVFRLGLQ�RYHUH[SUHVVLRQ�DQG�WKH�LUUHJXODU�FRORQ\�VKDSH�



��

7KH� YHFWRU� ����%V5�;ED,� ZDV� FRQVWUXFWHG� E\� LQVHUWLQJ� WKH� ZKROH� %V5� FDVVHWWH� �FDUU\LQJ� D

%ODVWLFLGLQ�UHVLVWDQFH�PDUNHU�XQGHU�WKH�FRQWURO�RI�WKH�DFWLQ���SURPRWHU�DQG�DFWLQ��WHUPLQDWRU�

6XWRK�������� LQWR� WKH�;ED,�VLWH�RI� WKH�����NE�JGW�� IUDJPHQW� LQ� WKH����� UHVFXH�SODVPLG��7KLV

YHFWRU�ZDV�FXW�ZLWK�%DP+,�DQG�%VW;,������NE�GRZQVWUHDP�RI�WKH�;ED,�VLWH��VHH�)LJ������WKXV

UHVXOWHG�LQ�WZR�IUDJPHQWV��RQH�ZLWK�WZR�DUPV������NE�DQG�����NE��RI�WKH�JGW��JHQH�DQG�WKH�%V5

FDVVHWWH� LQ� WKH�PLGGOH��DQRWKHU�RQH�FRQWDLQLQJ� WKH�UHVW�RI� WKH�����UHVFXH�YHFWRU�ZLWKRXW�%V5

FDVVHWWH�� $[�� FHOOV� ZHUH� HOHFWURSRUDWHG� ZLWK� ��� µJ� RI� WKH� GLJHVWLRQ� PL[� WR� JHQHUDWH

KRPRORJRXV�UHFRPELQDWLRQ��2YHU�����RI�WKH�WUDQVIRUPDQWV��GHQRPLQDWHG�/�VHULHV��GLVSOD\HG

WKH� VDPH� FRORQ\� PRUSKRORJ\� DV� WKH� 5(0,� ���� PXWDQW�� D� UDJJHG� JURZLQJ� HGJH�� DQG� WKH

WHQGHQF\� WR� DJJUHJDWH� RXWVLGH� RI� WKH� SODTXH��$V� FRQWUROV�� VXSHUFRLOHG� ����%V5�;ED,� YHFWRU�

WKH� %V5� FDVVHWWH� DORQH� DQG� WKH� OLQHDUL]HG� YHFWRU� ���� UHVFXH� �FRQWDLQLQJ� RQO\� WKH� ���� NE

IUDJPHQW�LQ�WKH�S*HP��YHFWRU��ZHUH�LQWURGXFHG�LQWR�FHOOV�XQGHU�WKH�VDPH�FRQGLWLRQV�EXW�QR

PXWDQWV�ZHUH�GHWHFWHG��GDWD�QRW�VKRZQ�����FORQHV�IURP�WKH�/�VHULHV��/��/���ZHUH�UDQGRPO\

SLFNHG� DQG� DOO� GLVSOD\HG� RYHUH[SUHVVLRQ� RI� GLVFRLGLQ� SURWHLQ� GXULQJ� YHJHWDWLYH� JURZWK� RQ

EDFWHULD��)LJ����D���2Q�6RXWKHUQ�EORWV�DOO�GLVUXSWDQWV�VKRZHG�WKH�UHVWULFWLRQ�IUDJPHQW�SDWWHUQ

DV�H[SHFWHG�IRU�WKH�KRPRORJRXV�UHFRPELQDWLRQ�

)LJXUH���D��7DUJHWHG�JHQH�GLVUXSWLRQ�RI�WKH�JGW��JHQH�LQ�ZLOG�W\SH�$[��UHVXOWHG�LQ�/�VHULHV���

FORQHV� �/��/��� IURP� WKH� /� VHULHV� ZHUH� UDQGRPO\� SLFNHG� DQG� DQDO\]HG� RQ� FRORQ\�EORWV� ZLWK� WKH

PRQRFORQDO�DQWL�GLVFRLGLQ�DQWLERG\��$OO�PXWDQWV�UHFRQVWUXFWHG�WKH�SKHQRW\SH�RI�WKH�RULJLQDO�5(0,����

PXWDQW�� GLVFRLGLQ� RYHUH[SUHVVLRQ� GXULQJ� YHJHWDWLYH� JURZWK� RQ� EDFWHULD�� DQG� WKH� LUUHJXODU� FRORQ\

PRUSKRORJ\�



��

�������������������������������������

������NE
������NE
������NE

������NE

)LJXUH���E��*HQRPLF�'1$�ZDV� SUHSDUHG� IURP�$[��� WKH� ����PXWDQW� DQG� VRPH� FORQHV� IURP� WKH�/

VHULHV��$IWHU�GLJHVWLRQ�ZLWK�+LQG,,,��VDPSOHV�ZHUH�XVHG�IRU�6RXWKHUQ�EORW�DQDO\VLV�DQG�K\EULGL]HG�ZLWK

D� ��3� ODEHOOHG� ���� NE� SUREH� RI� WKH� JGW�� JHQH�� $OO� /�PXWDQWV� VKRZHG� WKH� VDPH� LQVHUWLRQ� SDWWHUQ� DV

H[SHFWHG��WZR�IUDJPHQWV�RI�����NE�DQG�����NE�UHVXOWHG�E\�D�VLQJOH�LQVHUWLRQ�RI�WKH�%V5�FDVVHWWH�LQWR�WKH

JGW��JHQH��VHH�)LJ�������7KH�����NE�IUDJPHQW�FRQWDLQHG�����NE�RI�XSVWUHDP�JHQRPLF�'1$�DQG�����NE

IURP�WKH�����NE�IUDJPHQW��ZKLOH�WKH�����NE�IUDJPHQW�FRQWDLQHG�WKH�%V5�FDVVHWWH�RI�����NE�DQG�����NE�RI

WKH�����NE�IUDJPHQW�

7KH�/� VHULHV�GLIIHUHG� IURP� WKH�RULJLQDO�����PXWDQW� LQ� VHYHUDO� DVSHFWV�� WKH�SDUHQW� VWUDLQ�ZDV

$[��LQ�FRQWUDVW�WR�'+���WKH�VHOHFWLRQ�PDUNHU�ZDV�%ODVWLFLGLQH�UHVLVWDQFH�LQ�FRQWUDVW�WR�XUDFLO

DX[RWURSK\�DQG�WKH�GLVUXSWLRQ�ZDV�GRQH�LQ�WKH�;ED,�VLWH�LQVWHDG�RI�WKH�%DP+,�VLWH��6LQFH�DOO

GLVUXSWDQWV� ZHUH� LGHQWLFDO�� LW� FRXOG� EH� FRQFOXGHG� WKDW� WKH� UHFRQVWUXFWHG� SKHQRW\SH� ZDV

JHQHUDWHG�E\�KRPRORJRXV�UHFRPELQDWLRQ��)RU�IXUWKHU�DQDO\VLV��WKH�UHFRQVWUXFWHG�VWUDLQ�/��ZDV

XVHG�EHFDXVH�LW�ZDV�LQ�WKH�JHQHWLF�EDFNJURXQG�RI�WKH�FRPPRQ�ODERUDWRU\�VWUDLQ�$[��

$�WKLUG�VWUDLQ��.�VHULHV��ZDV�JHQHUDWHG�E\�GLVUXSWLRQ�RI�WKH�JGW��JHQH�DW�WKH�+LQG,,,�VLWH�XVLQJ

WKH� YHFWRU� ����%V5�+LQG,,,� �VHH� )LJ�� ����� 7KH� %V5� FDVVHWWH� ZDV� FXW� RXW� IURP� YHFWRU

S8&�%V5�∆%DP+,��6XWRK�������DQG�FORQHG�LQWR�WKH�;ED,�+LQG,,,�VLWH�RI� WKH�*HP�=�YHFWRU�

7KHQ� WKH� ���� NE� IUDJPHQW� RI� WKH�JGW�� JHQH�ZDV� FORQHG� GLUHFWO\� DIWHU� WKH� DFWLQ�� WHUPLQDWRU

LQVLGH� WKH�%V5� FDVVHWWH� DQG� UHVXOWHG� LQ� WKH� FRQVWUXFWLRQ�RI� WKH�YHFWRU� ����%V5�+LQG,,,��7KLV

YHFWRU�ZDV�OLQHDUL]HG�ZLWK�&OD,��FXWWLQJ�LQ�WKH�PLGGOH�RI�WKH�����NE�IUDJPHQW���DQG�ZDV�WKHQ

HOHFWURSRUDWHG�LQWR�$[��FHOOV��2YHU�����RI�WKH�WUDQVIRUPDQWV�GLVSOD\HG�WKH�VDPH�SKHQRW\SH

DV�/���7KUHH�FORQHV�ZLWK� WKH�/��SKHQRW\SH� �GHQRPLQDWHG�.�����ZHUH� UDQGRPO\�SLFNHG�DQG

DQDO\]HG�E\�6RXWKHUQ�EORWV��GDWD�QRW�VKRZQ���$�VDPH�UHVWULFWLRQ�SDWWHUQ�ZDV�REWDLQHG�IRU�DOO

WKH�.�VHULHV�ZKLFK�GHPRQVWUDWHG�D�VLQJOH�LQWHJUDWLRQ�RI�WKH�HQWLUH�YHFWRU�����%V5�+LQG,,,�DQG

GXSOLFDWLRQ�RI�WKH�����NE�IUDJPHQW��VHH�)LJ�������7KXV�WKH�.�VHULHV�PXWDQWV�ZHUH�JHQHUDWHG�E\



��

JHQH�GLVUXSWLRQ�DW�WKH�+LQG,,,�VLWH��DQG�UH�H[SUHVVHG�WKH�SKHQRW\SH�DV�LQ�WKH�VWUDLQV�GLVUXSWHG

DW�WKH�%DP+,��RULJLQDO�����PXWDQW��DQG�WKH�;ED,�VLWHV��/����6LQFH�WKH�LQVHUWLRQ�VLWHV�%DP+,

DQG�+LQG,,,� ZHUH� RQ� WKH� RSSRVLWH� HQGV� RI� WKH� ���� NE� IUDJPHQW�� WKH� UHVXOWV� VXSSRUWHG� WKH

VHTXHQFH�DQDO\VLV�ZKLFK�SUHGLFWHG�D�VLQJOH�RSHQ�UHDGLQJ�IUDPH�RYHU�WKH�HQWLUH�IUDJPHQW�

�����,VRODWLRQ�RI�WKH��¶�HQG�RI�WKH�JGW��JHQH

7KH��¶�SDUW�RI�WKH�JGW��JHQH�FRXOG�QRW�EH�LVRODWHG�E\�SODVPLG�UHVFXH�IURP�/��FHOOV��VLQFH�WKH\

FRQWDLQHG� QR� DPSLFLOOLQ� UHVLVWDQFH� DQG�(�FROL� UHSOLFDWLRQ� RULJLQ�� 7KHUHIRUH� D� IXUWKHU� YHFWRU�

�����¶%V5�ZDV�FRQVWUXFWHG� IRU�D��WK�GLVUXSWLRQ�RI� WKH�JGW��JHQH��DQG� WKH��¶�HQG�RI� WKH�JGW�

JHQH� ZDV� UHFRYHUHG� E\� D� QHZ� JHQH� ″UHVFXH″� IURP� WKH� UHVXOWHG� ;� VHULHV� GLVUXSWDQWV� �VHH

)LJ������7KH�YHFWRU������¶%V5�ZDV�FRQVWUXFWHG�E\� WZR�VWHSV�RI�FORQLQJ��)LUVW��D� IUDJPHQW�RI

����NE�ZDV�FXW�RXW�E\�%DP+,�;ED,�IURP�WKH�LVRODWHG�����NE�IUDJPHQW��DQG�ZDV�FORQHG�LQWR�WKH

%DP+,�;ED,� VLWH� RI� YHFWRU� 3VS��� �3URPHJD��� 7KHQ� D� ���� NE� IUDJPHQW� FRQWDLQLQJ� WKH� %V5

FDVVHWWH������NE��DQG�����NE�RI�WKH�����NE�IUDJPHQW��XQWLO�WKH�LQGLFDWHG�&OD,�VLWH��ZDV�FXW�RXW

RI�WKH�YHFWRU�����%V5�;ED,�ZLWK�&OD,��7KLV�ZDV�FORQHG�LQWR�WKH�&OD,�VLWH�RI�WKH�3VS���SODVPLG

DOUHDG\�FRQWDLQLQJ�WKH�����NE�JGW��IUDJPHQW��7KH�ILQDO�YHFWRU�ZDV�OLQHDUL]HG�ZLWK�%DP+,�DQG

&OD,�� WKHQ� WUDQVIRUPHG� LQWR� $[�� FHOOV�� 7KH� UHVXOWDQW� JHQH�GLVUXSWDQWV� �;� VHULHV�� ZHUH� ILUVW

VFUHHQHG� IRU� WKH� GLVFRLGLQ� RYHU� � SKHQRW\SH� E\� FRORQ\�EORW�� WKHQ� FRQILUPHG� E\� 3&5� DQDO\VLV

�)LJ�������*HQRPLF�'1$�ZDV�SUHSDUHG�IURP�;�VHULHV�FHOOV��GLJHVWHG�ZLWK�%JO,,��VHOI�OLJDWHG

DQG�WUDQVIRUPHG�LQWR�(�FROL��$�����NE�JHQRPLF�IUDJPHQW�ZLWK�����NE��%DP+,�;ED,��RI�NQRZQ

VHTXHQFH�DQG�����NE�RI�DGGLWLRQDO��¶�XSVWUHDP�VHTXHQFH�ZDV�REWDLQHG�WRJHWKHU�ZLWK�WKH�3VS��

YHFWRU��6HTXHQFLQJ�DQDO\VLV�UHYHDOHG�D�����ES�RSHQ�UHDGLQJ�IUDPH��25)��ZLWKLQ�WKLV�����NE

ZKLFK� VWDUWHG� ZLWK� DQ� ″$7*″� DQG� ZHQW� LQWR� IUDPH� ZLWK� WKH� IRUPHU� ODUJH� 25)� �VHH

$33(1',;�����$URXQG� ���� ES� VHTXHQFH� EHIRUH� WKH� ″$7*″� ZDV� DQDO\]HG� EXW� QR�25)� QRU� D

SRVVLEOH� LQWURQ� VHTXHQFH�ZDV� IRXQG� �GDWD�QRW� VKRZQ���7KH� VHTXHQFH�EHIRUH� WKH�″$7*″� VLWH

ZDV�TXLWH�$�7�ULFK�DQG�FRQWDLQHG�WZR�ODUJH�SRO\$�EORFNV�RI�DURXQG����ES��VHH�$33(1',;����

7KXV�WKH�″$7*″�ZDV�PRVW�OLNHO\�WKH�WUDQVODWLRQ�LQLWLDWLRQ�VLWH�RI�WKH�JGW��JHQH�

7KH� LVRODWHG� �¶�HQG� VHTXHQFH� ZDV� FRQILUPHG� E\� 3&5� ZLWK� JHQRPLF� '1$� IURP� $[�� DQG

;�VHULHV�GLVUXSWDQWV��)LJ���������SULPHUV�ZHUH�XVHG��SULPHU������LQGLFDWHG�LQ�WKH�$33(1',;���

LQVLGH�WKH�NQRZQ�����NE�DQG�FORVH�WR�WKH�%DP+,�VLWH��SULPHU������LQGLFDWHG�LQ�WKH�$33(1',;���

IURP� WKH� QHZ� �¶� VHTXHQFH� DQG� WKH� 6S�� SULPHU� ZKLFK� ZDV� FRQWDLQHG� LQ� WKH� ;� VHULHV

WUDQVIRUPDQWV� IURP� WKH� 3VS��� YHFWRU� EXW� GLG� QRW� H[LVW� LQ� $[��� 7ZR� 3&5� UHDFWLRQV� ZHUH



��

SHUIRUPHG�WR�DPSOLI\�WKH�JHQRPLF�IUDJPHQWV�EHWZHHQ�SULPHUV�����DQG������)LJ������ODQH���

����DQG�EHWZHHQ�SULPHUV�����DQG�6S���)LJ�����ODQH�������,Q�WKH�ILUVW�FDVH��$[��DQG�WKH�;�VHULHV

GLVUXSWDQWV� JDYH� WKH� VDPH� EDQG� RI� ���� ES�� ZKHUHDV� LQ� WKH� VHFRQG� FDVH� RQO\� WKH� ;� VHULHV

GLVUXSWDQWV� KDG� D� SURGXFW� RI� ���� ES� DQG� QRWKLQJ� ZDV� DPSOLILHG� IURP� $[��� 7KH� UHVXOWV

FRQILUPHG� WKDW� WKH� LVRODWHG� XSVWUHDP� VHTXHQFH�ZDV� FRQWLQXRXV�ZLWK� WKH� SUHYLRXVO\� LVRODWHG

����NE�IUDJPHQW�DQG�WKDW�WKH�;�VHULHV�ZDV�FRQVWUXFWHG�E\�WDJJHG�GLVUXSWLRQ�LQ�WKH�JGW��JHQH

E\�KRPRORJRXV�UHFRPELQDWLRQ�

������3&5�ZLWK�JHQRPLF�'1$�WR�FRQILUP�WKH��¶�HQG

����������������������������������������

�����ES

�����ES

)LJXUH�����$ERXW����QJ�JHQRPLF�'1$�ZDV�XVHG�DV�WHPSODWH�LQ�WKH�3&5�UHDFWLRQV�IRU�ERWK�$[��DQG

;�VHULHV�WUDQVIRUPDQWV��7KH�SULPHUV�DUH�LQGLFDWHG�LQ�WKH�JGW��VHTXHQFH�LQ�$33(1',;����3&5�UHDFWLRQV

ZHUH�SHUIRUPHG�DV�GHVFULEHG��VHH�0(7+2'6�������ZLWK�SULPHU�����DQG������ODQH�������DQG�SULPHU����

DQG�6S���ODQH������� ,Q� WKH�IRUPHU�FDVH�$[��DQG�;�VHULHV�GLVUXSWDQWV�JDYH� WKH�VDPH�EDQG�RI�����ES�

ZKHUHDV�LQ�WKH�VHFRQG�RQH�RQO\�;�VHULHV�GLVUXSWDQWV�KDG�D�SURGXFW�RI�����ES�EXW�QR�DPSOLILFDWLRQ�ZDV

REWDLQHG�ZLWK�$[��



��

�����,VRODWLRQ�RI�WKH��¶�HQG

)RU�LVRODWLQJ�WKH��¶�HQG�RI�WKH�JGW��JHQH��VHYHUDO�PHWKRGV�KDYH�EHHQ�WULHG��F'1$�VFUHHQLQJ�

LQYHUVH� 3&5� DQG� D� QHZ� UHVFXH� IURP� WKH� GLVUXSWLRQ� FORVH� WR� WKH�+LQG,,,� HQG� �VHH� )LJ�� ���

'�VHULHV���(DFK�PHWKRG�VXFFHHGHG�LQ�REWDLQLQJ�SDUW�RI�WKH�VHTXHQFH��7DEOH����DV�LQGLFDWHG�LQ

)LJ����D�

7DEOH�����6HTXHQFH�REWDLQHG�IRU�WKH��¶�HQG�RI�WKH�JGW��JHQH

:KROH�VHTXHQFH

LVRODWHG

2YHUODS�WR�WKH

����NE�IUDJPHQW

$GGLWLRQDO�VHTXHQFH�RI

25)���JHQRPLF�'1$

F'1$�VFUHHQ ����NE ����NE ����ES�����ES

LQYHUVH�3&5 ����ES ���ES ����ES�����ES

UHVFXH�IURP�'�VHULHV ����NE ����NE ����NE�����NE

���F'1$�VFUHHQLQJ

$V�GHVFULEHG�LQ�0(7+2'6������D�F'1$�OLEUDU\��D�JLIW�IURP�+�)UHH]H¶V�ODE��ZDV�VFUHHQHG�E\

SURELQJ�ZLWK� WKH� LVRODWHG�����NE�IUDJPHQW��$�����NE�F'1$�IUDJPHQW�ZDV�REWDLQHG�DIWHU� WKH

WKLUG� URXQG� RI� VFUHHQLQJ�� 6HTXHQFH� DQDO\VLV� VKRZHG� WKDW� WKLV� ���� NE� IUDJPHQW� HQFRGHV� D

FRQWLQXRXV� 25)� ZKLFK� KDV� ���� NE� RYHUODS� ZLWK� WKH� LGHQWLILHG� ���� NE� IUDJPHQW�� DQG� UXQV

����ES�IXUWKHU�GRZQVWUHDP��7KH�DGGLWLRQDO�VHTXHQFH�FRQILUPHG�WKH�25)�EXW�GLG�QRW�FRQWDLQ�D

VWRS�FRGRQ�

���,QYHUVH�3&5

7R�LQYHVWLJDWH�WKH�JHQRPLF�VWUXFWXUH�RI�WKH�JGW��JHQH��JHQRPLF�'1$�IURP�$[��ZDV�GLJHVWHG

ZLWK� VHYHUDO� UHVWULFWLRQ� HQ]\PHV� DQG� DQDO\]HG� LQ� 6RXWKHUQ�EORWV� ZLWK� WKH� ���� NE� IUDJPHQW

�GDWD�QRW�VKRZQ���$�XQLTXH�EDQG�RI�����NE�ZDV�IRXQG�IRU�%JO,,��7KH�NQRZQ�����NE�IUDJPHQW

FRQWDLQHG� QR�%JO,,� VLWH�� WKLV� LQGLFDWHG� WKDW� WKH� ���� NE� IUDJPHQW� FRQWDLQHG� �� NE� RI� JHQRPLF

VHTXHQFH� LQ�DGGLWLRQ� WR� WKH�NQRZQ�����NE�VHTXHQFH� �)LJ�������6LQFH� WKH��¶�HQG�ZDV�DOUHDG\

FRPSOHWHG�DQG�FRQWDLQHG�D�%JO,,�VLWH��D� LQYHUVH�3&5�ZDV�GHVLJQHG�IRU�DPSOLI\LQJ�XS� WR� WKH

VHFRQG�%JO,,� DW� WKH��¶� VLGH��*HQRPLF�'1$� IURP�$[��ZDV�GLJHVWHG�ZLWK�%DP+,�%JO,,�� DQG

OLJDWHG� WR� IRUP� D� FLUFXODU� VWUXFWXUH�� :LWK� WKH� VSHFLILF� SULPHUV� ���� DQG� ���� �LQGLFDWHG� LQ

$33(1',;� ���� D� ���� NE� IUDJPHQW�ZDV� DPSOLILHG� E\� 3&5� �GHVFULEHG� LQ� ����� 0(7+2'6��� 7KH



��

3&5� IUDJPHQW� ZDV� LQVHUWHG� E\� 7�FORQLQJ� LQWR� WKH� S8&��� YHFWRU� �VHH� ����� LQ�0$7(5,$/6��

6HTXHQFH� DQDO\VLV� VKRZHG� WKDW� WKLV� ���� NE� IUDJPHQW� HQFRGHG� DQ� 25)� ZKLFK� FRYHUHG

VHTXHQFHV�IURP�WKH�F'1$��DQG�����ES�IXUWKHU�GRZQVWUHDP�WR�WKH��¶�HQG��$�VWRS�FRGRQ�ZDV

QRW�IRXQG�

������������������3&5�UHVXOW�IRU�DPSOLILFDWLRQ

������������QR�WHPSODWH

������������3&5�ZLWKRXW�SULPHU����

������������3&5�ZLWK�SULPHU�����DQG����

������������3&5�ZLWK�������GLOXWHG�WHPSODWH�DQG

�������������SULPHUV��������

�����ES

�����ES

)LJXUH�����*HQRPLF�'1$�ZDV�GLJHVWHG�ZLWK�%DP+,�DQG�%JO,,�DQG�FLUFXODUL]HG��3ULPHUV�����DQG����

ZHUH� XVHG� WR� VSHFLILFDOO\� DPSOLI\� D� IUDJPHQW� FRQWDLQLQJ� ��� ES� RI� NQRZQ� XSVWUHDP� VHTXHQFH� DQG

����ES�RI�QHZ��¶�VHTXHQFH�



��

���5HVFXH�IURP�WKH�'�VHULHV�JHQH�GLVUXSWDQW

$V� VKRZQ� LQ�)LJ�� ���� WKH� ILIWK� JHQH�GLVUXSWLRQ�ZDV� JHQHUDWHG� LQ� WKH�'� VHULHV�PXWDQWV�� 7KH

'�VHULHV�PXWDQWV�ZHUH�ILUVW�LGHQWLILHG�E\�WKHLU�GLVFRLGLQRYHU�SKHQRW\SH�DQG�WKHQ�FRQILUPHG�E\

WKH� LVRODWHG� UHVFXH� VHTXHQFH�� *HQRPLF� '1$� IURP� WKH� '� VHULHV� PXWDQWV� ZDV� SUHSDUHG�

GLJHVWHG�ZLWK�6PD,�(FR59��UH�OLJDWHG��DQG�WUDQVIRUPHG�LQWR�(�FROL��$�SODVPLG�FRQWDLQLQJ�DQ

DSSUR[������NE�JHQRPLF�IUDJPHQW�ZDV�REWDLQHG�DQG�DQDO\]HG��6HTXHQFLQJ�FRQILUPHG�WKDW�WKLV

ZDV� IURP� WKH� JGW�� JHQH� VLQFH� SUHYLRXVO\� LVRODWHG� IUDJPHQWV� �H�J�� IURP� F'1$� DQG� LQYHUVH

3&5��ZHUH�FRQWDLQHG�LQ�WKH�����NE��+RZHYHU��WKH�FRQWLQXRXV�25)�RI�WKH�JGW��JHQH�VWRSSHG�DW

����ES�DIWHU�WKH�+LQG,,,�VLWH��DQG�WKH�VL]H�RI�WKH�25)�ZDV�VXSSRUWHG�E\�WKH�PROHFXODU�ZHLJKW

RI�WKH�JGW��SURWHLQ��VHH�VHFWLRQ����

����¶�5$&(�3&5�IRU�DPSOLI\LQJ�WKH�F'1$�HQGV

$��¶�5$&(�6\VWHP�NLW�IURP�*LEFR�%5/�ZDV�XVHG�IRU�WKH��¶�HQG�DPSOLILFDWLRQ��VHH�0(7+2'6

������� 7KH� ILUVW�VWUDQG� F'1$� ZDV� V\QWKHVL]HG� IURP� SRO\$�P51$� E\� XVLQJ� SULPHU� $3

�DQFKRU�SULPHU�IRU�SRO\$�HQGV��ZLWK����PHU�G7��*LEFR��DQG�WKH�WDUJHW�F'1$�ZDV�DPSOLILHG

E\� XVLQJ� SULPHU� ���� �VHH� $33(1',;� ��� DQG� SULPHU� 8$3� �DQ� XQLYHUVDO� DQFKRU� IRU� WKH� $3

SULPHU��ZLWK����PHU�G$��*LEFR���$�DSSUR[������NE�IUDJPHQW�ZDV�DPSOLILHG�ZLWK�WKH�VSHFLILF

SULPHU�����DQG�SULPHU�8$3��EXW� LW�ZDV�QRW�REWDLQHG�ZLWK�RQO\� WKH�8$3�SULPHU� �)LJ����D��

6LQFH�WKH�SULPHU�����LV�FORVH�WR�WKH�+LQG,,,�VLWH�DW������ES��WKLV�ZRXOG�VXJJHVW�WKDW�WKH�FRGLQJ

VHTXHQFH�RI�WKH�JGW��JHQH�VWRSV�DW�DSSUR[������NE�DIWHU�WKH�+LQG,,,�VLWH��+RZHYHU��WKH�GDWD�GLG

QRW�ILW�ZLWK�WKH�P51$�VL]H�RI�WKH�JGW��JHQH��DSSUR[����NE��VHH�)LJ�������7KXV�WKH�����NE�EDQG

ZDV�PRVW� OLNHO\� DPSOLILHG� IURP� WKH� HQGRJHQRXV� SRO\$� VHTXHQFH� MXVW� DIWHU� WKH� VWRS� FRGRQ

�$$$$$$7$$$$��VHH�$33(1',;����

ODQH�����ZLWK�SULPHUV�����8$3

�����µO�ILUVW�VWUDQG�F'1$

�����µO�ILUVW�VWUDQG�F'1$

�����µO�ILUVW�VWUDQG�F'1$

ODQH�����ZLWK�SULPHU�8$3�RQO\

�����µO�ILUVW�VWUDQG�F'1$

�����µO�ILUVW�VWUDQG�F'1$

�����µO�ILUVW�VWUDQG�F'1$

�����0DUNHU���������������������������������������������������

∼����ES
∼����ES
~����ES

)LJXUH���D�� �¶�5$&(�3&5�IRU�DPSOLILFDWLRQ�RI�WKH�F'1$�HQGV
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7R�LPSURYH�WKH�VSHFLILFLW\�WR�WKH�UHDO��¶�SRO\$�HQGV��DQ�DPSOLILFDWLRQ�ZDV�SHUIRUPHG�E\�XVLQJ

D����PHU�SRO\$�SULPHU�LQVWHDG�RI�WKH�SULPHU�8$3��6LQFH�WKH����PHU�SRO\$�ZDV�PXFK�ORQJHU�

DPSOLILFDWLRQ�XVLQJ�WKLV�DQG�WKH�VSHFLILF�SULPHU�����VKRXOG�SURYLGH�D�EHWWHU�FKDQFH�WR�REWDLQ

WKH� UHDO� �¶� SRO\$�HQG��3&5�DPSOLILFDWLRQ�ZDV�SHUIRUPHG�ZLWK� DQ� DQQHDOLQJ� WHPSHUDWXUH�RI

���&�DQG���µO�ILUVW�VWUDQG�F'1$��VDPH�DV�LQ�)LJ����D���$V�VKRZQ�LQ�)LJ����E��D�VSHFLILF�EDQG

RI�����NE�ZDV�DPSOLILHG�IRU�WKH�JGW��JHQH��ODQH�����QR�DPSOLILFDWLRQ�ZDV�REWDLQHG�E\�XVLQJ�WKH

��� PHU� SRO\$� SULPHU� DORQH� �ODQH� ���� DQG� D� VSHFLILF� DPSOLILFDWLRQ� DW� WKH� H[SHFWHG� VL]H� RI

����ES�ZDV�REWDLQHG�IRU�WKH�SRVLWLYH�FRQWURO�(UNE�JHQH��ODQH�����7KLV�VXJJHVWHG�WKDW�WKH�SRO\$

HQG� RI� JGW�� P51$�ZDV� ORFDWHG� DSSUR[�� ���� NE� DIWHU� WKH�+LQG,,,� VLWH�� DQG� WKDW� WKH� ZKROH

P51$� VL]H� LV� DURXQG� ���� NE� �FRQWDLQLQJ� ����� ES� FRGLQJ� UHJLRQ� EHIRUH� +LQG,,,�� ���� NE

GRZQVWUHDP� VHTXHQFH� XQWLO� WKH� �¶� SRO\$� HQGV�� DQG� SOXV� DSSUR[�� ���� ES� SRO\$� VLJQDO� DQG

DSSUR[������ES�RI� WKH��¶�QRQ�FRGLQJ� VHTXHQFH���7KH�GDWD� VXJJHVWV� WKDW� WKH�SRO\$� VLJQDO� DW

�����ES��LQGLFDWHG�LQ�$33(1',;����ZLWKLQ�WKH��¶�XQWUDQVODWHG�UHJLRQ�RI�WKH�JGW��JHQH�ZDV�WKH

UHDO�SRO\$�VLJQDO�IRU�WKH�JGW��P51$�

)LJXUH���E��3&5�DPSOLILFDWLRQ�ZDV

SHUIRUPHG�WR�REWDLQ�WKH��¶�SRO\$�HQG

IRU� JGW�� �ODQH� ���� QHJDWLYH� FRQWURO

�ZLWK�RQO\� WKH�SRO\$�SULPHU�� ODQH���

DQG� D� SRVLWLYH� FRQWURO� WR� DPSOLI\� D

���� ES� IUDJPHQW� RI� WKH� (UNE� JHQH

ZLWK� WZR� LQWHUQDO� SULPHUV� �ODQH� ���

���µO� RI� WKH� 3&5� SURGXFWV� ZHUH

VHSDUDWHG� RQ� D� ����� DJDURVH� JHO� E\

HOHFWURSKRUHVLV�� 7KH� UHVXOW� ZDV

REVHUYHG� DIWHU� VKRUW� UXQ� �XSSHU� JHO�

DQG� ORQJ� UXQ� �ORZHU� JHO��� 7KH� �� NE

'1$�ODGGHU��IURP�0%,��ZDV�XVHG�WR

LGHQWLI\� WKH� VL]H� RI� WKH� DPSOLILHG

EDQGV��7KH�EDQG�LQ�ODQH���UHSUHVHQWHG

VPDOO� KHWHURJHQHRXV� QRQ�VSHFLILF

SURGXFWV�

����NE

����ES

����NE

����NE

0DUNHU���������������������������
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��� 7KH�JGW��JHQH�DQG�LWV�SURGXFW

�����6HTXHQFH

2YHU� DOO�� DOPRVW� ��� NE� RI� WKH�JGW�� JHQH� ORFXV� KDYH� EHHQ� LVRODWHG� �VHH� $33(1',;� ����7KHVH

LQFOXGH������ES�RI�WKH�JGW��FRGLQJ�UHJLRQ�������ES�RI��¶�IODQNLQJ�DQG�����ES�RI��¶�IODQNLQJ

UHJLRQ��(0%/�GDWDEDVH��DFFHVVLRQ�QXPEHU�$-����������¶�RI�WKH�JGW��JHQH��LQ�D�GLVWDQFH�RI

DSSUR[LPDWHO\�����NE�VHTXHQFH��DQ�25)�HQFRGLQJ�D�SXWDWLYH�FDWLRQLF�DPLQR�DFLG�WUDQVSRUWHU

ZDV� GHWHFWHG� LQ� WKH� RSSRVLWH� GLUHFWLRQ� �(0%/� GDWDEDVH�� VXEPLWWHG��� 6WLOO� IXUWKHU� XSVWUHDP

WKHUH�ZDV�D������ES�25)�HQFRGLQJ�WKH��¶�HQG�RI�D�SXWDWLYH�JO\FRSURWHLQ�ZLWK�VLPLODULW\�WR�FV$

�(0%/�GDWDEDVH��VXEPLWWHG���+RZHYHU��WKH�VHTXHQFH�ZDV�QRW�FRPSOHWHG��DERXW�����NE�RI�WKH

XSVWUHDP�VHTXHQFH�EHIRUH�WKH�LQLWLDO�″$7*″�VLWH�RI�WKH�JGW��JHQH�LV�VWLOO�XQGHWHUPLQHG�

7KH�VHTXHQFH�RI�WKH�JGW��JHQH�ZDV�FRPSLOHG�E\�YDULRXV�DSSURDFKHV��)LJXUH���D��SURYLGHV�D

PDS�RI� WKH�JHQRPLF� ORFXV� DQG� LQGLFDWHV� WKH�RULJLQ�RI� WKH�GLIIHUHQW� VXEFORQHV��7KHUH� DUH�QR

LQWURQV�LQ�WKH�FRGLQJ�UHJLRQ�RI�WKH�JGW��JHQH��DQG�WKH������ES�FRQWDLQV�D�VLQJOH�RSHQ�UHDGLQJ

IUDPH��7KLV�ZDV�FRQILUPHG�E\�WKH�JGW��GLVUXSWDQWV��5(0,�����PXWDQW��/���.�VHULHV��;�VHULHV

DQG�'�VHULHV��VHH�)LJ�������$OO�PXWDQWV�ZHUH�FRQVWUXFWHG�E\�GLVUXSWLRQ�DW�GLIIHUHQW�VLWHV�LQVLGH

WKH�JGW�� FRGLQJ� UHJLRQ� EXW� GLVSOD\HG� WKH� VDPH� SKHQRW\SH�� 7KLV� VWURQJO\� VXJJHVWHG� WKDW� DOO

PXWDQWV� ZHUH� IXQFWLRQDOO\� FRPSOHWH� NQRFN�RXWV� HYHQ� WKRXJK� VRPH� PD\� H[SUHVV� D� SDUWLDO

P51$��VHH�)LJ����E��D�WUXQFDWHG�����NE�WUDQVFULSW�ZDV�REVHUYHG�LQ�/���

7KH�JGW��JHQH�SURGXFW�KDV�D�SUHGLFWHG�PROHFXOH�ZHLJKW�RI�����N'D��7KH�DPLQR�DFLG�VHTXHQFH

RI� JGW�� ZDV� JLYHQ� LQ� )LJ�� ��E�� ZLWK� LPSRUWDQW� GRPDLQV� �L�H��� WKH� NLQDVH� GRPDLQ�� WKH� WZR

SXWDWLYH�SKRVSKRU\ODWLRQ�VLWHV�IRU�3.$��RQH�SXWDWLYH�QXFOHDU�ORFDOL]DWLRQ�VLJQDO�DQG�WKH�IRXU

SXWDWLYH�WUDQVPHPEUDQH�GRPDLQV��LQGLFDWHG�
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)LJ����D��0DS�RI� WKH�JGW�� JHQH� LQGLFDWLQJ� WKH�RULJLQ�RI� WKH�GLIIHUHQW� VXEFORQHV��7KH�JGW�� JHQH

FRQWDLQV�D�FRQWLQXRXV�RSHQ�UHDGLQJ�IUDPH�RI������ES��VHH�$33(1',;����IURP�WKH�VWDUW�FRGRQ�$7*�DW

����ES�WR�WKH�VWRS�FRGRQ�7$$�DW������ES��DQG�HQFRGHV�D�SURWHLQ�FRQVLVWLQJ�RI������DPLQR�DFLGV��7KH

VHTXHQFH� RI� WKH� JGW�� JHQH� ZDV� FRPSOHWHG� E\� GLIIHUHQW� DSSURDFKHV�� )LUVW� E\� 5(0,� UHVFXH� �VHH

VHFWLRQ�����������NE�VHTXHQFH�ZHUH�REWDLQHG�DQG�VXEFORQHG�E\�(UDVH�D�%DVH��0(7+2'6��������7KHQ�WKH

ZKROH�VHTXHQFH�ZDV�FRPSOHWHG�DQG�RYHUODSSHG�E\�F'1$������NE���LQYHUVH�3&5������NE���UHVFXH�IURP

WKH�;�VHULHV������NE��VHH�VHFWLRQ������DQG�WKH�'�VHULHV������NE��VHFWLRQ������PXWDQWV�
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0.<59*1**,3,<.,19/&9(*7/(,3(*,6))19*$/),/3**9/16.66,5)7'/'3<

16.0'3)1))3*009/**6/6/,*(..5,)4$75,''<4/4,(')..,*6/711,</*6.

97,<644,6(*47&6)6)*$61'.,1/7666666/5*71&/3,6.1'.1,,9+)1&.<//

**66(6),'67679*66,<,7*'6494,(1)7/'6,*.771./<1'7./,)61'.3149,

',,.*(145)516/<,()61699,.*&$,,'59.(65$3/,)966196/6(6/,96.6*6

1/,$4<*7(),.6./1+<)/,33/343)*/163,1)363)60'<*)(*1*,<6/631946

,1'7),64/,$/1)1),*156,,7*)'1'&<63&7176,/)61/,4<39').,1167<)<

./11111'1111711)1//1,11(1111''111111641+<//1,111*163*5))7,.'

/9$6'796$</316$/9)11/1$7(1)6)1*7965/'),166)171/7674.))'(7777

971)417<,<*63(77(33(.9)*66,73,<<)6.69/'6/.9(79<31(3+.0))1669

6/69./110*/.73,,&,6661*0(6.(94<13,67.&6)/<96(./*1+1,597,.1(<

6.'66<<),,')3,,79<*46/)1$*:40,'37677,,3737376767676767377711

14/91'111.,1(/'*/.)4**&,.7/*&4/661$.<9**/3197$667/16/)6:*,76

'94<'39,,'/),1.6,$7/494/))7)<.3,'4<663/696,4.139/90(3)$*'43)

6.1/7)9<11746/')/1,6)765*',</76/$,)696'6/34,,'3,737//3,(69.$

6.3$,/$,9/6,9/*6/$/6,,7,/,9.+5.5/64)/6.61.',(<$411(,(,.9/3.,

76+66<36,6,/'7,66'6,)114,3.1115<.).146/1111<)111111116111161

1,,<61&161<6161611111111616111616161,1,1616161616161*111<4,<

61./(6).,'(,61'7,3,,167)3'()47/()4./$)(,/.5(.5/')6)5771',/7&

&5+<4,/.,)61)3/5)146,,7)*/,1*.$./*(7<<'7/6,71'67,5)7$)/,/30'

1+6$7)76'+66)'/*3*(7)6,.)6,7/+&775))(1)6,4,1611,.(0<7//.,.9(

6(6675/')1',+)4(/,(.<6:(,/<5*79*'.1$//./,./.7.1&(($<5(/1,,65

/.+41,/3/,*&9,6.'</&/$)(<33/*6/'<,,6.../.06,74.,5,/,'9$.*&.)

/4466,,4.7/5$51,)/<'71(1$(9&$.9/'/766.7,.*/$&11<,(59'73,1/75

(,6,,5'3.411')11611611111111111111111611611666/.<11+6)$9/6<(

//,'(,/9*'75.)*4(.36,*/'.,'31,.1),+.&:13,'*)7)1(,/.7/.'),(6/

1


)LJXUH���E��$PLQR�DFLG�VHTXHQFH�RI�WKH�JGW��JHQH�SURGXFW��WKH�NLQDVH�GRPDLQ�LV�XQGHUOLQHG��WKH

WZR�3.$�VLWHV�DUH�LQGLFDWHG�E\�GRXEOH�XQGHUOLQLQJ��WKH���WUDQVPHPEUDQH�GRPDLQV�DUH�VKRZQ�LQ�EROG

OHWWHUV�� WKH� SXWDWLYH� QXFOHDU� ORFDOLVDWLRQ� VLJQDO� ³.+5.5´� LV� SDUW� RI� WKH� VHFRQG� 3.$� VLWH�� DQG� WKH

H[SUHVVHG� '�� DQG� '�� SHSWLGHV� DUH� VKRZQ� E\� GRWWHG� XQGHUOLQLQJ��� 6HYHUDO� ELR�LQIRUPDWLF� SURJUDPV

KDYH�EHHQ�XVHG�WR�DQDO\]H�WKH�SURWHLQ�IHDWXUH�RI�JGW���7KLV�SURWHLQ�LV�FRPSRVHG�RI������DPLQR�DFLG

UHVLGXHV��KDV�D�S,�RI�������D�FDOFXODWHG�0:�RI�����������'D��DQG�FRQWDLQV���SXWDWLYH�WUDQVPHPEUDQH

GRPDLQV�LQ�WKH�GLUHFWLRQ�RI�1�L�2�L�2�L�&��DQDO\]HG�E\�(0%/�70SUHG�SURJUDP��VHH�',6&866,21��
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�����JGW��LV�DQ�XQXVXDO�UHFHSWRU�W\URVLQH�NLQDVH

7KH� DPLQR� DFLG� VHTXHQFH� RI� JGW��ZDV� VXEPLWWHG� WR� GLIIHUHQW� GDWDEDVHV� IRU� DQDO\VLV�� ,W�ZDV

DGMXVWHG� WR� WKH� UHFHSWRU� SURWHLQ� NLQDVH� IDPLO\� E\� +00� FRQVHQVXV� UHVHDUFK� �VHH

KWWS���JHQRPH�ZXVWO�HGX�3IDP�FJL�ELQ�KPPBDOLJQ�FJL���)XUWKHU�DQDO\VLV�UHYHDOHG�WKDW��JGW��LV

PRVW� OLNHO\�D� W\URVLQH�UHFHSWRU�NLQDVH�ZLWK�XQXVXDO�FKDUDFWHUV� LQVLGH� LWV�NLQDVH�GRPDLQ� �VHH

',6&866,21��� +RZHYHU�� D� VHULQH�WKUHRQLQH� NLQDVH� IURP� (QWDPRHEDH� KLVWRO\WLFD

�(1+367.B��� ZDV� FKRVHQ� DV� WKH� EHVW� KRPRORJXH� IRU� JGW�� IURP� WKH� )$67$� SURJUDP�

(1+367.B��LV�D�VPDOO�F\WRSODVPLF�SURWHLQ�RI�����DD�DQG�EHORQJV�WR�WKH�PRV�SURWHLQ�NLQDVH

IDPLO\� �/RKLD� DQG� 6DPXHOVRQ�� ������� 6LQFH� WKH� JGW�� SURWHLQ� LV� D� PHPEUDQH�DVVRFLDWHG

SURWHLQ��LW�LV�FOHDUO\�QRW�D�PRV�NLQDVH�KRPRORJXH��7KH�KLJK�KRPRORJ\�UDWKHU�FRPHV�IURP�DQ

XQH[SHFWHG� FRQVHUYDWLRQ� RI� WKH� ILUVW� ��� DD�ZKLFK� DUH� RXWVLGH� WKH� FRQVHUYHG� NLQDVH� GRPDLQ

�)LJ����D��

8VXDOO\�WKH�FRUH�RI�D�SURWHLQ�NLQDVH�GRPDLQ�FRQVLVWV�DERXW�����DD�DQG�LV�FKDUDFWHUL]HG�E\���

GHILQHG�VXEGRPDLQV��VHH�',6&866,21���$Q�DGGLWLRQDO�VHTXHQFH�ZDV�IRXQG�LQ�JGW���WKRXJK�LQ�D

QRW� YHU\� FRQVHUYHG� VXEGRPDLQ� ,;� DQG� VHYHUHO\� GLVWXUEHG� WKH� KRPRORJ\� VHDUFK�� 7KLV

VHTXHQFH�� ″11611611111111111111111111611611666″�� LV� D� W\SLFDO

DVSDUDJLQH�ULFK�VHTXHQFH�IRXQG�LQ�PDQ\�'LFW\RVWHOLXP�SURWHLQV��'XULQJ�KRPRORJ\�VHDUFK�WKLV

SDUW� RI� WKH� VHTXHQFH� ZDV� DOZD\V� DGMXVWHG� WR� WKH� SRO\1� UHJLRQ� RI� YDULRXV� 'LFW\RVWHOLXP

SURWHLQV� �EXW� DOVR� WR� DVSDUDJLQH�ULFK� SURWHLQV� IURP� RWKHU� RUJDQLVPV�� DQG� JDYH� QRQ�VSHFLILF

DOLJQPHQWV��7KXV�D�QHZ�VHDUFK�ZLWK�WKH�)$67$�SURJUDP�ZDV�SHUIRUPHG�ZLWKRXW�WKLV�SRO\1

VHTXHQFH� �LQGLFDWHG� DV� 
� LQ� )LJ�� ��E��� DQG� KRPRORJ\�ZDV� REWDLQHG� DORQJ� WKH� HQWLUH� NLQDVH

GRPDLQ� RI� JGW���%RWK� W\URVLQH� DQG� VHULQH�WKUHRQLQH� NLQDVH� KRPRORJXHV�ZHUH� IRXQG�� DPRQJ

WKHP�ZDV�D�'URVRSKLOD�PHODQRJDVWHU�QHXURWURSKLF�UHFHSWRU��UHFHSWRU�W\URVLQH�NLQDVH�575.�

:LOVRQ� HW� DO��� ������� PXULQH� )HU� W\URVLQH� NLQDVH� �008������� /HWZLQ� DQG� 3DZVRQ�

XQSXEOLVKHG�GDWD���UDW�7(6.�%��D�QRYHO�VHULQH�WKUHRQLQH�NLQDVH�LQ�JHUP�FHOOV��7RVKLPD�HW�DO��

������� PRXVH� (&.�� D� UHFHSWRU� W\URVLQH� NLQDVH� LPSOLFDWHG� LQ� SDWWHUQ� IRUPDWLRQ� �00(&.�

*DQMX�HW�DO���������DQG�FKLFNHQ�HSK�UHODWHG�W\URVLQH�NLQDVH��&(.���6DMMDGL�HW�DO����������HWF�

,Q�'LFW\RVWHOLXP�GLVFRLGHXP��VR�IDU��QR�UHFHSWRU�W\URVLQH�NLQDVH�KDV�EHHQ�LGHQWLILHG��+RZHYHU

3<.�$��D�QRQ�UHFHSWRU�W\URVLQH�NLQDVH�FORQHG�IURP�'LFW\RVWHOLXP��7DQ�DQG�6SXGLFK��������

ZDV� IRXQG� WR� EH� D� JGW�� KRPRORJXH� ZLWK� WKH� )$67$� SURJUDP�� 7KXV� WKLV� SURWHLQ� ZDV� DOVR

LQFOXGHG�LQ�WKH�KRPRORJ\�DQDO\VLV��0XOWLSOH�DOLJQPHQWV�ZHUH�SHUIRUPHG�EHWZHHQ�WKH�NLQDVH

UHJLRQ�RI�JGW���3<.�$��575.��008�������7(6.�%��00(&.�DQG�&(.���)LJ����E��
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�(1+367.B��SURWHLQ�VHULQH�WKUHRQLQH�NLQDVH�>(QWDPRHEDH������DD�

�LQLWQ������LQLW�������RSW������=�VFRUH��������H[SHFW������H���

6PLWK�:DWHUPDQ�VFRUH����������������LGHQWLW\�LQ�����DD�RYHUODS

���������������������������������������������������������

BJGW���0<7//.,.9(6(6675/')1',+)4(/,(.<6:(,/<5*79*'.1$//./,./.7.1&(�

����������������������������������������������������������������

(1+367�0()<9',1,(7(47&,/'3'(/,4...,*(*7)*99<.*().*169$,.50.3.,1'166

�������������������������������������������������������������������

�������������������������������������������������������������

BJGW�����($<5(/1,,65/.+41,/3/,*&9,6.'</&/$)(<33/*6/'<,,�6.../.06,74

������������������������������������������������������������������

(1+367�(,()5.(9(0/(.)5&1<,,+)<*$9,,4'1.&097(<$.<*694.0,(6.3616/6.6,

�������������������������������������������������������������������

�������������������������������������������������������������

BJGW���.,5,/,'9$.*&.)/4466,,4.7/5$51,)/<'71(1$(9&$.9/'/766.7,.*/$&1

�������������������������������������������������������������������

(1+367�.,.0//',$5*,(</+11*,/+5',.3'10/,76/'1',391$./7')*6$51,16/071

�������������������������������������������������������������������

������������������������������������DD������������������������������

BJGW����1<,(59'73,1/75(,6,,5'3.411')/.<11+6)$9/6<(//,'(,����/9*'75.

���������������������������������������������������������������

(1+367�07)7.*9*736)0$3(,/.5..<.7$$',<6)$,�6,7/<':(7</7()(<3:9,$7)9$

����������������������������������������������������������

������������������������������������������������

BJGW���)*4(.36,*/'.,'31�,.1),+.&:��13,'*)7)1(,/.7/.'),(6/1
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(1+367�6*+553411/����3'<9<./,&(&:&'(3715/1,(47,.4/(,,4.6,46.++
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)LJXUH� ��D�� %HVW� DOLJQPHQWV� IRU� WKH� JGW�� SURWHLQ� ZLWK� WKH� )$67$� SURJUDPPH��(1+367.��

VKRZHG� ������ LGHQWLW\� WR� JGW�� LQ� WKH� NLQDVH� GRPDLQ�� 7KH� SUREDELOLW\� IRU� IRUWXLWRXV� DOLJQPHQW�ZDV

���H�����2QO\�WKH�NLQDVH�GRPDLQ�RI�JGW��ZLWK�GHOHWLRQ�RI�WKH�SRO\1�VWUHWFK�LV�VKRZQ�
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)LJXUH� ��E�� 0XOWLSOH� DOLJQPHQWV� IRU� WKH� JGW�� NLQDVH� GRPDLQ� ZLWK� RWKHU� SURWHLQ� NLQDVHV�� D

'URVRSKLOD�PHODQRJDVWHU�QHXURWURSKLF�UHFHSWRU�W\URVLQH�NLQDVH�575.��:LOVRQ�HW�DO����������D�PXULQH

)HU�W\URVLQH�NLQDVH�008�������/HWZLQ�DQG�3DZVRQ��XQSXEOLVKHG�GDWD���D�UDW�VHULQH�WKUHRQLQH�NLQDVH

7(6.�%��7RVKLPD�HW�DO��� ������� D�PRXVH� UHFHSWRU� W\URVLQH�NLQDVH�00(&.��*DQMX�HW�DO��� ������� D

FKLFNHQ� HSK�UHODWHG� W\URVLQH� NLQDVH� &(.�� �6DMMDGL� HW� DO��� ������ DQG� D�'LFW\RVWHOLXP� QRQ�UHFHSWRU

W\URVLQH�NLQDVH�3<.�$��7DQ�DQG�6SXGLFK���������7KH�SRO\1�VWUHWFK�LQ�JGW��DW�WKH�VXEGRPDLQ�,;�ZDV

GHOHWHG�IRU�EHWWHU�DOLJQPHQW��,GHQWLILHG�DPLQR�DFLGV�DUH�JLYHQ�LQ�EROG�IDFH��FRQVHUYDWLYH�H[FKDQJHV�LQ

VHPL�EROG�� 6XEGRPDLQV� RI� WKH� NLQDVH� DUH� LQGLFDWHG� LQ� WKH� VKDGHG� DUHD� EHORZ� WKH� VHTXHQFH� DQG

VHSDUDWHG�E\�FRORQV�
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�� �([SUHVVLRQ�RI�JGW�

�����7UDQVFULSWLRQ

7KH�JGW��JHQH� LV�YHU\�ZHDNO\� H[SUHVVHG� LQ�'LFW\RVWHOLXP�� LQ�1RUWKHUQ�EORWV� WKH� VLJQDO�ZDV

MXVW� DERYH� WKH� GHWHFWLRQ� OHYHO�� 7KH� JGW�� JHQH� ZDV� WUDQVFULEHG� WR� DQ� DSSUR[LPDWHO\� �� NE

P51$� GXULQJ� JURZWK�� DQG� WKH� H[SUHVVLRQ� ZDV� UHSUHVVHG� ZKHQ� FHOOV� ZHUH� VHW� XS� IRU

GHYHORSPHQW��)LJXUH���D�VKRZV�D�1RUWKHUQ�EORW�GXULQJ�D�GHYHORSPHQWDO�WLPH�FRXUVH�RI�$[��

$���NE�EDQG�ZDV�RQO\�GHWHFWHG�DW�W���ZKHQ�FHOOV�ZHUH�MXVW�KDUYHVWHG�IURP�JURZWK�DW�WKH�GHQVLW\

RI��[����FHOOV�PO��7KH� VDPH�H[SHULPHQW�ZDV� UHSHDWHG�ZLWK� W�� FHOOV� IURP� WKH�/��PXWDQW��$V

VKRZQ�LQ�)LJ����E��WKH���NE�P51$�ZDV�QRW�H[SUHVVHG�LQ�/��DW�W���EXW�D�VPDOOHU�EDQG�DW�FD�

����NE�ZDV�GHWHFWHG��VKRZLQJ�WKDW�LQ�/��D�WUXQFDWHG�P51$�RI�WKH�JGW��JHQH�ZDV�WUDQVFULEHG�

$V�VKRZQ�LQ�)LJ������WKH�LQVHUWLRQ�RI�WKH�%V5�FDVVHWWH�LQ�/��LV�DW�WKH�;ED,�VLWH�RI�JGW���WKDW�LV

����ES�DIWHU�WKH�VWDUW�FRGRQ��7KXV�LQ�WKH�/��PXWDQW��WUDQVFULSWLRQ�RI�JGW��JRHV�LQWR�WKH�DFW�

WHUPLQDWRU�RI�WKH�%V5�FDVVHWWH�DQG�SUREDEO\�VWRSV�DW�D�SRO\$�VLJQDO�VKRUWO\������ES��DIWHU�WKH

LQVHUWLRQ�VLWH��GDWD�QRW�VKRZQ���7KLV�UHVXOWHG�LQ�DQ�RSHQ�UHDGLQJ�IUDPH�RI�����ES��,Q�DGGLWLRQ�

WKH�SRO\$�WDLO�LV�XVXDOO\�DURXQG�����ES�LQ�'LFW\RVWHOLXP��WKXV�WKH�VWDUW�RI�WKH�WUDQVFULSWLRQ�IRU

JGW��ZDV�SUHGLFWHG�WR�EH�DURXQG�����ES�XSVWUHDP�RI�WKH�VWDUW�FRGRQ�$7*��+RZHYHU��WKRXJK

����NE�RI� WKH�XSVWUHDP�JHQRPLF�'1$�ZDV�VHTXHQFHG�� WKH��¶�HQG�RI� WKH�P51$�KDV�QRW�\HW

EHHQ�GHWHUPLQHG�

)LJXUH�����7UDQVFULSWLRQ�RI�WKH�JGW��JHQH

�����WR������W�������W�������W�������W�������W��������W��������W��������W��

DSSUR[����NE�∼

D�� $[��FHOOV�ZHUH�KDUYHVWHG�IURP�D[HQLF�JURZWK�DW��[�����ZDVKHG�LQ�SKRVSKDWH�EXIIHU��WKHQ�XVHG

IRU� ILOWHU�GHYHORSPHQW��&HOOV�ZHUH� WDNHQ�DW� WKH� LQGLFDWHG� WLPH�SRLQWV�RI�GHYHORSPHQW�DQG� WRWDO�51$

ZDV�SUHSDUHG�DV�GHVFULEHG�LQ�0(7+2'6������$Q�HTXDO�DPRXQW�RI����µJ�WRWDO�51$�ZDV�XVHG�IRU�HDFK

ODQH��VHSDUDWHG�RQ�D�JHO��EORWWHG��DQG�K\EULGLVHG�ZLWK�WKH�����NE�JGW��JHQH�SUREH��7KH�EORW�ZDV�H[SRVHG

IRU���GD\V�RQ�D�SKRVSKRU�LPDJHU�SODWH�
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����������������������W�����������W�

DSSUR[����NE

DSSUR[����NE

��6�U51$

����DSSUR[������NE�

DSSUR[������NE

E�� *URZLQJ� $[�� DQG� /�� FHOOV� ZHUH� KDUYHVWHG

IURP� EDFWHULD� VXVSHQVLRQ� DW� �[���� DQG�ZDVKHG

IUHH� RI� EDFWHULD� E\� VXFFHVVLYH� FHQWULIXJDWLRQ�

7RWDO�51$�ZDV�SUHSDUHG�DV�GHVFULEHG��$Q�HTXDO

DPRXQW�RI����µJ� WRWDO�51$�ZDV�XVHG� IRU�ERWK

$[�� DQG� /��� VHSDUDWHG� RQ� D� JHO�� EORWWHG�� DQG

K\EULGL]HG�ZLWK�WKH�����NE�JGW��JHQH�SUREH��7KH

EORW�ZDV�H[SRVHG�WR�.RGDN�ILOP�IRU�WZR�ZHHNV

DW�����&��$Q�DSSUR[����NE�EDQG�ZDV�GHWHFWHG�LQ

$[���EXW�QRW�LQ�/���7ZR�EDQGV�DW�DSSUR[����NE

DQG�����NE��FRUUHVSRQGLQJ�WR�WKH�SRVLWLRQ�RI�WKH

��� 6� U51$�� PRVW� OLNHO\� UHVXOWHG� IURP

LQHIILFLHQW� WHUPLQDWLRQ� ZLWKLQ� WKH� DFWLQ�

WHUPLQDWRU�� 7KH� SUHGRPLQDQW� EDQG� DW� ���� NE

LQGLFDWHG�D�WUXQFDWHG�WUDQVFULSW�RI�WKH�JGW��JHQH

�VHH�WH[W��

�����*HQHUDWLRQ�RI�SRO\FORQDO�DQWLVHUD�DJDLQVW�JGW�

$V� GHVFULEHG� LQ� 0(7+2'6� ����� WZR� GLIIHUHQW� SDUWV� RI� WKH� JGW�� SURWHLQ� ZHUH� H[SUHVVHG� DV

UHFRPELQDQW�SHSWLGHV�IRU�JHQHUDWLQJ�SRO\FORQDO�DQWLVHUD�DJDLQVW�JGW��

�������([SUHVVLRQ�RI�'RPDLQ���DQG�'RPDLQ���RI�JGW��SURWHLQ�DV��[+LV�WDJJHG�SURWHLQ

'RPDLQ����WKH�SDUW�EHWZHHQ�WKH��QG�DQG�WKH��UG�WUDQVPHPEUDQH�GRPDLQ��DQG�'RPDLQ����IURP

WKH��WK� WUDQVPHPEUDQH�GRPDLQ�RQ���VHH�)LJ����E��ZHUH�H[SUHVVHG�DV�+LV�WDJJHG�SURWHLQV�DV

GHVFULEHG��7KH�H[SUHVVLRQ�YHFWRUV�'��S(7��E�DQG�'��S(7��E�ZHUH�FRQVWUXFWHG�E\�FORQLQJ

WKH� FRGLQJ� VHTXHQFHV� IRU�'�� DQG�'�� LQWR� WKH� S(7��E� YHFWRU� �1RYDJHQ��� 7KH� YHFWRUV� '��

S(7��E�DQG�'��S(7��E�ZHUH�WUDQVIRUPHG�LQWR�%/���FHOOV��1RYDJHQ��DQG�WKH�WUDQVIRUPDQWV

ZHUH�VHOHFWHG�RQ�/%�$PS�SODWHV�RYHUQLJKW��5HFRPELQDQW�SURWHLQV�ZHUH�LQGXFHG�LQ�ODUJH�VFDOH

FXOWXUH�E\�DGGLQJ�����P0�,37*�� H[WUDFWHG� IURP� WKH� FHOOV�XQGHU�GHQDWXULQJ�FRQGLWLRQV�� DQG

SXULILHG�E\�1L���DIILQLW\�FROXPQ��3KDUPDFLD��ZLWK�)3/&��%LRORJLF�V\VWHP��%LRUDG���6LQFH�WKH

VWDELOLW\� DQG� WKH� HIIHFW� RQ� WKH� JURZWK� RI� EDFWHULD� GLIIHUV� JUHDWO\� IRU� HDFK� SURWHLQ�� YDULRXV

FRQGLWLRQV�ZHUH� WULHG�IRU�REWDLQLQJ�WKH�PD[LPXP�OHYHO�RI�H[SUHVVLRQ��%RWK�UHFRPELQDQW�'�
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DQG�'��SURWHLQV��DURXQG�WKH�VDPH�VL]H�RI����N'D��ZHUH�SXULILHG�XQGHU�GHQDWXULQJ�FRQGLWLRQV

RQ�D�1L���FROXPQ��+RZHYHU��WKH�WZR�SURWHLQV�EHKDYHG�YHU\�GLIIHUHQWO\��'��ZDV�LQGXFHG�ZLWK

�� KUV� RI� ,37*� WUHDWPHQW� �)LJ�� ��D�� EXW� RQO\� ZHDNO\� H[SUHVVHG� ZLWK� ORQJHU� LQGXFWLRQ

�)LJ����E��� 7KH� H[SUHVVLRQ� RI� '�� ZDV� QRW� REWDLQHG� ZLWK� VKRUW� ,37*� WUHDWPHQW� �GDWD� QRW

VKRZQ��EXW�ZDV�VWURQJO\�LQGXFHG�DIWHU����KUV��7KLV�ZRXOG�DUJXH�IRU�D�ZHDN�VWDELOLW\�IRU� WKH

'��SURWHLQ�DQG�D�SRRU�V\QWKHVLV�UDWH�IRU�'���6LQFH�WKH�SURWHLQV�ZHUH�HOXWHG�LQ��0�8UHD��WKH\

ZHUH�GLDO\VHG�EHIRUH�XVLQJ�IRU�WKH�3.$�DVVD\��VHH�0(7+2'6��������'XULQJ�GLDO\VLV��D�VWURQJ

SUHFLSLWDWLRQ�ZDV�REVHUYHG�ZLWK�'���EXW�QRW�ZLWK�'���ZKLFK�UHPDLQHG�VROXEOH�

����������������������������������������������

����N'D

����N'D

����N'D

����N'D

)LJXUH���D� 7KH� H[SUHVVLRQ� YHFWRU� '��S(7��E� ZDV� WUDQVIRUPHG� LQWR� WKH� %/��� VWUDLQ� DQG� WKH

UHFRPELQDQW� +LV�WDJJHG�'�� SURWHLQ� ZDV� LQGXFHG� E\� �� KUV� ,37*� ����P0�� WUHDWPHQW�� 7KH� ��� N'D

H[SUHVVHG� '�� SURWHLQ� ZDV� SXULILHG� XQGHU� GHQDWXULQJ� FRQGLWLRQV� DV� GHVFULEHG� �0(7+2'6� ����� E\

XVLQJ�WKH�+LV�7UDS70�NLW� �3KDUPDFLD���6DPSOHV�ZHUH� WDNHQ�IURP�GLIIHUHQW�IUDFWLRQV�RI� WKH�HOXWLRQ��DQ

HTXDO� YROXPH� RI� HDFK� VDPSOH� ZDV� VHSDUDWHG� RQ� ���� 6'6�3$*(� JHO� DQG� FKHFNHG� E\� &RRPDVVLH

VWDLQLQJ��%HIRUH�SXULILFDWLRQ��DQ�DOLTXRW�RI�WKH�VDPSOH�RI�WRWDO�SURWHLQ�H[WUDFWLRQ�IURP�W�����KUV�,37*

LQGXFWLRQ��ZDV�WDNHQ�IRU�'��S(7��E�DQG�WKH�FRQWURO�S(7��E�YHFWRU�WUDQVIRUPDQWV��7KRXJK�WKHUH�ZDV

QR�YLVLEOH�H[SUHVVLRQ�RI�'��REVHUYHG�LQ�WKH�WRWDO�SURWHLQ�IUDFWLRQ��WKH����N'D�UHFRPELQDQW�SURWHLQ�ZDV

SXULILHG�DW�KLJK�OHYHO��2YHU���PJ�'��SURWHLQ�ZHUH�REWDLQHG�IURP�D���/�ODUJH�VFDOH�FXOWXUH��$V�IRU�PDQ\

UHFRPELQDQW� SURWHLQV�� WZR� EDQGV� ZHUH� REWDLQHG� IRU� WKH� '�� SHSWLGH�� 0RVW� OLNHO\�� WKH� VPDOOHU� RQH

UHVXOWHG�IURP�LQFRPSOHWH�WUDQVODWLRQ�RI�WKH�WUDQVJHQH�
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���N'D�

���N'D�

���N'D�

���N'D�

)LJXUH���E� '��ZDV�FORQHG�LQWR�WKH�S(7��E�YHFWRU��H[SUHVVHG�DV�+LV�WDJ�SURWHLQ�DQG�SXULILHG�ZLWK

1L���FROXPQ�XQGHU�WKH�VDPH�FRQGLWLRQV�DV�'���7KRXJK�'��ZDV�DURXQG�WKH�VDPH�VL]H�RI����N'D�DV�'��

LW�GLIIHUHG�JUHDWO\�IURP�WKH�'��SURWHLQ��)RU�'���LQGXFWLRQ�ZLWK���KUV�RI�,37*������P0��WUHDWPHQW��ODQH

W�� '��� ZDV� WKH� VWURQJHVW�� ZKLOH� IRU� '�� ��� KUV� LQGXFWLRQ� ZHUH� UHTXLUHG�� $Q� HTXDO� YROXPH� RI� HDFK

IUDFWLRQ�ZDV�DQDO\]HG�E\�����6'6�3$*(�DQG�&RRPDVVLH�VWDLQLQJ�

�������*HQHUDWLRQ�RI�WKH�SRO\FORQDO�DQWLVHUXP�IRU�'�

7KH�SXULILHG�UHFRPELQDQW�'��DQG�'��SURWHLQ�ZHUH�VHSDUDWHG�RQ�D�SUHSDUDWLYH�6'6�3$*(�DQG

VWDLQHG�ZLWK�&RRPDVVLH�EOXH��$IWHU�GHVWDLQLQJ��WKH�EDQG�RI�WKH�UHFRPELQDQW�SURWHLQV�ZHUH�FXW

RXW� IURP� WKH� JHO� DQG� SUHSDUHG� IRU� LPPXQL]DWLRQ� �VHH� 0(7+2'6� ������� %RWK� EDQGV� RI� WKH

GRXEOHWV��)LJ����D�DQG���E��ZHUH�XVHG��3RO\FORQDO�DQWLVHUXP�ZHUH�JHQHUDWHG�DJDLQVW�'��DQG

'���$OLTXRWV� RI� WKH� VHUD�ZHUH�XVHG� IRU� DIILQLW\�SXULILFDWLRQ� �0(7+2'6������� RU� SXULILFDWLRQ

ZLWK�SURWHLQ�$�VHSKDURVH��0(7+2'6��������$�VSHFLILF�DQWLVHUXP�ZDV�REWDLQHG�IRU�'���EXW�QRW

IRU�'�� �GDWD� QRW� VKRZQ���+RZHYHU�� DIWHU� SXULILFDWLRQ� WKH� DFWLYLW\� RI� WKH�'�� DQWLVHUXP�ZDV

UHGXFHG� E\� D� IDFWRU� RI� ���� IRU� DIILQLW\� SXULILFDWLRQ�� DQG� D� IDFWRU� RI� ���� IRU� WKH� SURWHLQ$�

VHSKDURVH� SXULILFDWLRQ�� ,Q� ERWK� FDVH� WKH� ILQDO� SXULILHG� DQWLERG\� ZDV� HOXWHG� ZLWK� D� ORZ� S+

EXIIHU��S+�����DFHWDWH�RU�S+�����JO\FLQH���LW�ZDV�WKXV�SRVVLEOH�WKDW�WKH�DQWLERG\�ZDV�XQVWDEOH

DW�ORZ�S+��7KH�QRQ�SXULILHG�DQWLVHUXP�GLUHFWHG�DJDLQVW�WKH�'��SHSWLGH�ZDV�XVHG�IRU�:HVWHUQ�



��

EORWV� DQG� LW� VSHFLILFDOO\� UHFRJQL]HG� WKH� UHFRPELQDQW� '�� SURWHLQ� EXW� GLG� QRW� UHFRJQL]H� WKH

UHFRPELQDQW�'��SURWHLQ��)LJ������

������������������������������'�������'�������'���������'�

�������������������������������QJ��������QJ��������QJ��������QJ�

���N'D�

)LJXUH� ���� 3RO\FORQDO� DQWLVHUXP

GLUHFWHG� DJDLQVW�'��ZDV� JHQHUDWHG� DV

GHVFULEHG�� 7KH� DQWLVHUXP�ZDV� GLOXWHG

E\� ��������� IRU� GHWHFWLRQ� RI

UHFRPELQDQW�'��DQG�'��SURWHLQ��ERWK

DUH� ��� N'D�� RQ� D�:HVWHUQ�EORW��2QO\

UHFRPELQDQW� '�� ZDV� GHWHFWHG� E\� WKH

DQWLERG\�� EXW� QR� FURVV�UHDFWLRQ� ZDV

REVHUYHG�ZLWK�UHFRPELQDQW�'��

�����JGW��LV�D�����N'D�PHPEUDQH�DVVRFLDWHG�SURWHLQ

6HYHUDO�ELR�LQIRUPDWLF�SURJUDPV�KDYH�EHHQ�XVHG� IRU� WKH�DQDO\VLV�RI� WKH�SURWHLQ� VWUXFWXUH�RI

JGW��� 7KH� ���� N'D� SURWHLQ� LV� FRPSRVHG� RI� ����� DPLQR� DFLGV� DQG� ZDV� SUHGLFWHG� WR� EH� D

PHPEUDQH�SURWHLQ�ZLWK��� WUDQVPHPEUDQH�GRPDLQV� �VHH�)LJ�� ����',6&866,21���7R�GHWHUPLQH

WKH�FHOOXODU� ORFDOLVDWLRQ�RI� WKH�JGW��SURWHLQ��JURZLQJ�FHOOV�ZHUH� IUDFWLRQDWHG� LQWR�PHPEUDQH

DQG�F\WRSODVP��0(7+2'6�������DQG�DQDO\]HG�E\�:HVWHUQ�EORWV�ZLWK�WKH�SRO\FORQDO�DQWLVHUXP

GLUHFWHG� DJDLQVW� WKH� UHFRPELQDQW� '�� SHSWLGH�� 1R� H[SUHVVLRQ� RI� JGW�� ZDV� GHWHFWHG� LQ� DOO

F\WRSODVPLF�IUDFWLRQV��GDWD�QRW�VKRZQ���EXW�LQ�WKH�PHPEUDQH�IUDFWLRQV�IURP�$[��FHOOV�D�EDQG

DURXQG�����N'D�ZDV�GHWHFWHG��)LJ�������$V�WKLV�EDQG�ZDV�QRW�SUHVHQW�LQ�/���LW�FDQ�RQO\�EH�WKH

VSHFLILF�VLJQDO�IURP�WKH�JGW��SURWHLQ��$�SRWHQWLDO�WUXQFDWHG�WUDQVODWLRQ�SURGXFW�FRUUHVSRQGLQJ

WR�WKH�����NE�P51$��)LJ����E��ZDV�QRW�GHWHFWHG�LQ�/��FHOOV�

1XFOHDU�SURWHLQV�ZHUH�DOVR�H[WUDFWHG�IURP�JURZLQJ�FHOOV��0(7+2'6������DQG�H[DPLQHG�IRU�WKH

H[SUHVVLRQ� RI� JGW��� :HVWHUQ�EORW� DQDO\VLV� ZDV� SHUIRUPHG� ZLWK� WKH� VDPH� DQWLERG\� DQG� QR

H[SUHVVLRQ� ZDV� GHWHFWHG� �GDWD� QRW� VKRZQ��� 7KLV� IXUWKHU� FRQILUPV� WKDW� WKH� JGW�� SURWHLQ� LV

ORFDWHG� RQ� WKH� FHOO� VXUIDFH�� )XUWKHU�PRUH�� WKH� FHOO�VXEVWUDWXP� DWWDFKPHQW� DVVD\V� UHYHDOHG� D



��

VWURQJ� GLIIHUHQFH� EHWZHHQ� WKH� /��PXWDQW� DQG�$[�� �VHH� )LJ�� ��� DQG� )LJ�� ����� VXJJHVWLQJ� D

IXQFWLRQ�IRU�WKH�JGW��SURWHLQ�DV�D�FHOO�VXUIDFH�SURWHLQ�LQYROYHG�LQ�FHOO�DGKHVLRQ��7KH�DQWLVHUXP

ZDV�DOVR�XVHG�WR�GHWHFW�WKH�JGW��SURWHLQ�LQ�VWUDLQ�9,����D�PXWDQW�ZLWK�D�VLPLODU�SKHQRW\SH�WR

WKH�����PXWDQW�DQG�LQLWLDOO\�VXSSRVHG�WR�FDUU\�D�PXWDWLRQ�LQ�WKH�JGW��JHQH��VHH�',6&866,21��

+RZHYHU��DV�FDQ�EH�VHHQ�LQ�)LJ������9,���VKRZV�WKH�VDPH�EDQG�RI�����N'D�DV�$[��

������������������������������������������������������

����N'D�

²�����N'D

²�����N'D

²����N'D

²����N'D

²����N'D

)LJXUH���� $[��DQG�/��FHOOV�ZHUH�JURZQ�LQ�EDFWHULD�VXVSHQVLRQ�DQG�KDUYHVWHG�DW�WKH�LQGLFDWHG�FHOO

GHQVLWLHV��&HOOV�ZHUH�IUDFWLRQDWHG�LQWR�F\WRSODVP�DQG�PHPEUDQH�SURWHLQV��0(7+2'6�������VHSDUDWHG�LQ

������JUDGLHQW�6'6�3$*(��EORWWHG�RYHUQLJKW�ZLWK� ³7DQN� WUDQVIHU´� DQG� LQFXEDWHG�ZLWK� WKH� DQWL�'�

SRO\FORQDO�DQWLVHUXP��7KH�����N'D�JGW��SURWHLQ�ZDV�RQO\�GHWHFWHG�LQ�$[��JURZLQJ�FHOOV�DW�GHQVLWLHV�RI

�[����DQG��[�����EXW�QRW�DW� WKH�YHU\� ORZ�FHOO�GHQVLW\�RI����[�����6PHDULQJ�RI� WKH�EDQGV�ZDV�GXH� WR

KLJK�DPRXQWV�RI�7ULWRQ�;����� LQ� WKH�PHPEUDQH�SUHSDUDWLRQ��(YHQ� WKRXJK�D�GLUHFW� FRPSDULVRQ�ZLWK

)LJ�����LV�QRW�SRVVLEOH��JGW��SURWHLQ�VHHPV�WR�EH�VWURQJO\�HQULFKHG�LQ�WKH�PHPEUDQH�IUDFWLRQ�



��

���������������������������������������������������������

����N'D�

)LJXUH� ���� $[��� 9,��� DQG� /�� FHOOV� ZHUH� JURZQ� LQ� EDFWHULD� VXVSHQVLRQ� DW� �[����� WKHQ� KDUYHVWHG�

ZDVKHG�RII�EDFWHULD��DQG�VWDUYHG� IRU�GHYHORSPHQW�DV�GHVFULEHG� �0(7+2'6�����������µJ� WRWDO�SURWHLQ

ZHUH� H[WUDFWHG� IURP� FHOOV� LQ� YHJHWDWLYH� JURZWK� �YHJ��� RU� DIWHU� �� KRXUV� RI� GHYHORSPHQW� �GHY���� 7KH

VDPSOHV�ZHUH�VHSDUDWHG�RQ������6'6�3$*(��EORWWHG�RYHUQLJKW�ZLWK�³7DQN�WUDQVIHU´��DQG� LQFXEDWHG

ZLWK�WKH�SRO\FORQDO�DQWL�'��DQWLVHUXP��$�����N'D�EDQG�ZDV�GHWHFWHG�LQ�YHJ��$[��DQG�9,���FHOOV��EXW

QRW�LQ�/��

�����.LQDVH�DVVD\�IRU�WKH�JGW��SURWHLQ

6LQFH� WKH� VHTXHQFH� DQDO\VLV� UHYHDOHG� D� NLQDVH� GRPDLQ� IRU� WKH� JGW�� SURWHLQ�� DQ

DXWRSKRVSKRU\ODWLRQ� DVVD\� ZDV� SHUIRUPHG� WR� PRQLWRU� WKH� SRWHQWLDO� NLQDVH� DFWLYLW\� RI� JGW�

�0(7+2'6� ������� 7KH� DXWRSKRVSKRU\ODWLRQ� DVVD\� ZDV� ILUVW� WULHG� IRU� SURWHLQ� VDPSOHV� DIWHU

LPPXQSUHFLSLWDWLRQ��0(7+2'6������ZLWK�WKH�SRO\FORQDO�DQWL�'��DQWLVHUXP�EXW�QR�FOHDU�UHVXOW

ZDV� REWDLQHG� �GDWD� QRW� VKRZQ��� 7KHQ� WKH� VDPH� DVVD\� ZDV� SHUIRUPHG� IRU� WKH� PHPEUDQH

IUDFWLRQV��)LJ�������$XWRSKRVSKRU\ODWLRQ�RI�JGW��VKRXOG�EH�REVHUYHG�DV�D�EDQG�RI�����N'D�LQ

$[�� EXW� QRW� LQ� /��� 6LQFH� WKH� GHWHUJHQW� 7ULWRQ� ;����� LV� VROLG� DERYH� ���&�� UHDFWLRQV� ZHUH

SHUIRUPHG� DW� ��&� RYHUQLJKW� LQVWHDG� RI� WKH� QRUPDO� �� KU� LQFXEDWLRQ� DW� ���&� �WKH� QRUPDO

WHPSHUDWXUH� IRU� NLQDVH� DVVD\V��� 7KLV� WHFKQLFDO� SUREOHP� FRXOG� KDYH� LQIOXHQFHG� WKH� NLQDVH

DFWLYLW\�� VLQFH� LW�KDV�EHHQ�REVHUYHG� WKDW� WKH� ORZ� LQFXEDWLRQ� WHPSHUDWXUH�JUHDWO\� UHGXFHG� WKH

NLQDVH�DFWLYLW\��)RU�H[DPSOH��WKH�F$03�GHSHQGHQW�SURWHLQ�NLQDVH��3.$��IURP�'LFW\RVWHOLXP

RQO\� GLVSOD\V� ���� RI� LWV� DFWLYLW\� DW� ��&� �0��9HURQ�� SHUVRQDO� FRPPXQLFDWLRQ��� 7KRXJK� QR



��

DXWRSKRVSKRU\ODWLRQ� RI� JGW�� ZDV� VHHQ� LQ� )LJ�� ���� WKH� NLQDVH� DFWLYLW\� RI� JGW�� PD\� VWLOO� EH

GHWHFWHG�E\�DQRWKHU�PHWKRG��7KH�NLQDVH�GRPDLQ�RI�JGW��FDQ�EH�H[SUHVVHG�DV�D� UHFRPELQDQW

SURWHLQ�DQG�WKH�DFWLYLW\�FRXOG�EH�REWDLQHG�E\�WKH�LQ�YLWUR�SKRVSKRU\ODWLRQ�DVVD\V�

�����������������������������

²�����N'D

²�����N'D

²����N'D

²����N'D
²����N'D

)LJXUH�����7KH�VDPH�PHPEUDQH�IUDFWLRQV�DV�LQGLFDWHG�LQ�)LJ�����ZHUH�XVHG�IRU�DXWRSKRVSKRU\ODWLRQ

DVVD\V�DV�GHVFULEHG��6LQFH� WKH� LQ�YLWUR�SKRVSKRU\ODWLRQ�DVVD\�VXJJHVWHG� WKDW�JGW��SURWHLQ�FRXOG�EH�D

VXEVWUDWH� RI� 3.$� �VHH� )LJ�� ����� 3.$�ZDV� DOVR� DGGHG� WR� SDUW� RI� WKH� VDPSOHV� WR� VHH� ZKHWKHU� 3.$

SKRVSKRU\ODWLRQ� FRXOG�EH�REVHUYHG�XQGHU� WKHVH� H[SHULPHQWDO� FRQGLWLRQV��$IWHU�RYHUQLJKW� UHDFWLRQ� DW

��&��VDPSOHV�ZHUH�GHQDWXUHG�DQG�VHSDUDWHG�RQ��������6'6�3$*(��WKHQ�GULHG�XQGHU�YDFXXP�DW����&�

DQG�H[SRVHG�WR�.RGDN�ILOP�DW�����&�IRU���GD\V�

�� 7KH�JGW��SURWHLQ�PD\�EH�LQYROYHG�LQ�FHOO�VXEVWUDWXP�DWWDFKPHQW�RU�FHOO�PLJUDWLRQ

RI�'LFW\RVWHOLXP�GLVFRLGHXP

7KH� ILQGLQJ� RI� D� ″5*'″� �$UJ�*O\�$VS�� VLWH� LQ� WKH� SURWHLQ� VHTXHQFH� VXJJHVWHG� DQRWKHU

IXQFWLRQ�IRU�WKH�JGW��SURWHLQ��5*'�LV�WKH�UHFRJQLWLRQ�VLWH�IRU�ILEURQHFWLQ�DQG�YLWURQHFWLQ��DQG

DOVR�FRQVWLWXWHV�WKH�FHOO�DWWDFKPHQW�VLWHV�RI�WKHVH�SURWHLQV��3LHUVFKEDFKHU�DQG�5XRVODKWL�������

6X]XNL�HW� DO��� ������� ,Q�'LFW\RVWHOLXP�� GLVFRLGLQ� ,�ZDV� IRXQG� WR� KDYH� WKLV�5*'� VLWH�� ,W� KDV



��

EHHQ� UHSRUWHG� WKDW� D� SHSWLGHV� FRQWDLQLQJ� WKH� 5*'� VLWH� DQG� WKH� DGMDFHQW� DPLQR� DFLGV� RI

GLVFRLGLQ� EORFNHG� RUJDQLVHG� VWUHDPLQJ� GXULQJ� DJJUHJDWLRQ� RI�'LFW\RVWHOLXP� FHOOV�� DQG� DOVR

EORFNHG� WKH� FHOO� DWWDFKPHQW� RQ� D� SODVWLF� VXUIDFH� �6SULQJHU� HW� DO��� ������� +RZHYHU�� VLQFH

GLVFRLGLQ�LV�QRW�H[SUHVVHG�DW�WKH�FHOO�VXUIDFH��$OH[DQGHU�HW�DO����������WKH�GDWD�LQGLFDWHG�WKDW

WKHUH�VKRXOG�EH�RWKHU�PHPEUDQH�SURWHLQV�RQ�WKH�FHOO�VXUIDFH�RI�'LFW\RVWHOLXP��ZKLFK�FRQWDLQ

WKH�5*'�VHTXHQFH�DQG�DUH�LQYROYHG�LQ�FHOO�VXEVWUDWXP�DWWDFKPHQW��6LQFH�WKH�5*'�VLWH�RI�WKH

JGW��SURWHLQ� LV� ORFDWHG� LQ� WKH� H[WUDFHOOXODU� GRPDLQ� �VHH�)LJ�� ��� LQ�',6&866,21��� LW� FRXOG� EH

LQYROYHG� LQ� FHOO� DWWDFKPHQW�� 7KH� /��PXWDQW� KDV� D� GLVUXSWLRQ� LQ� JGW�� EHIRUH� WKH� 5*'� VLWH�

WKHUHIRUH� LW�ZDV�H[DPLQHG�LQ�D�VWUHDPLQJ�DVVD\��,Q�FRPSDULVRQ�WR�ZLOG� W\SH�FHOOV��D���KRXUV

GHOD\�IRU�VWUHDPLQJ�ZDV�REVHUYHG�LQ�/��FHOOV��)LJ�������6LQFH�WKH�H[WUDFHOOXODU�F$03�UHVSRQVH

DSSHDUHG�QRUPDOO\�LQ�WKH�/��PXWDQW��)LJ�������WKH�GHOD\�IRU�VWUHDPLQJ�VXJJHVWHG�D�GHIHFW� LQ

FHOO�FHOO�DWWDFKPHQW�RU�FHOO�PLJUDWLRQ�WR�IRUP�DJJUHJDWHV�

��������$[� ����/�

��� KUV� DIWHU

GHYHORSPHQW

��� KUV� DIWHU

GHYHORSPHQW
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�������$[� ������/�

��� KUV� DIWHU

GHYHORSPHQW

�����

)LJXUH���� 7KH�VWUHDPLQJ�DVVD\�RQ�D�SODVWLF�VXUIDFH�IRU�$[��DQG�/��FHOOV��$[��DQG�/��FHOOV�ZHUH

FROOHFWHG� DW� �[���� DIWHU� D[HQLF� JURZWK� DQG� ZDVKHG� RQFH� ZLWK� SKRVSKDWH� EXIIHU�� �[���� FHOOV� ZHUH

VXVSHQGHG� LQ� �� PO� SKRVSKDWH� EXIIHU� DQG� SODWHG� RQ� D� ��� PP� GLDPHWHU� SHWUL� GLVK� �*UHLQHU��� ,Q

FRPSDULVRQ�WR�WKH�ZLOG�W\SH�$[��FHOOV��D���KRXUV�GHOD\�IRU�DJJUHJDWLRQ�ZDV�IRXQG�IRU�WKH�/��FHOOV��DQG

WKH�DJJUHJDWHV�ZHUH�YHU\�ORRVH�LQ�FRPSDULVRQ�WR�$[��

7KH�SKHQRW\SH�RI�/��ZRXOG�VXJJHVW�WKDW�WKH�JGW��SURWHLQ�SUHVHQWV�DQ�DGGLWLRQDO�IXQFWLRQ�IRU

DGKHULQJ�WR�WKH�EDFWHULDO�IRRG�VRXUFH�EDFWHULD��$V�GHVFULEHG�SUHYLRXVO\��VHFWLRQ����������DQG����

WKH�/��������PXWDQW�GLVSOD\HG�D�SUHPDWXUH�GHYHORSPHQWDO�SKHQRW\SH�GXULQJ�EDFWHULDO�JURZWK�

,W�KDV�EHHQ�UHSRUWHG� WKDW� WKH�IRRG�VRXUFH�EDFWHULD� LQKLELWV�'LFW\RVWHOLXP�FHOOV� WR�GHYHORS�E\

UHJXODWLQJ� WKH� H[SUHVVLRQ� RI� VRPH� HDUO\� GHYHORSPHQWDO� JHQHV� �&ODUNH� HW� DO��� ������� 2WKHU

GLUHFW�DVVD\V�ZHUH�SHUIRUPHG�WR�LQYHVWLJDWH�WKH�DGKHVLRQ�RI�FHOOV�WR�FDUERK\GUDWHV�ZKLFK�DUH

DEXQGDQWO\� H[SUHVVHG� RQ� WKH� EDFWHULDO� FHOO� VXUIDFH�� DQG� WR� H[DPLQH� WKH�PRUSKRJHQHVLV� DQG

GLIIHUHQWLDWLRQ�RI�'LFW\RVWHOLXP�FHOOV�RQ�LPPRELOL]HG�VXJDUV��'LFW\RVWHOLXP�FHOOV�ZHUH�DEOH�WR

DGKHUHG� WR� VRPH� VSHFLDO� LPPRELOL]HG� FDUERK\GUDWHV� �WKH� FDUERK\GUDWHV� ZHUH� OLQNHG� WR

SRO\DFU\ODPLGH��� H�J�� JOXFRVH�� PDOWRVH� DQG� FHOORELRVH� �%R]]DUR� DQG� 5RVHPDQ�� ������

)XUWKHUPRUH��WKH�PXOWLFHOOXODU�PRUSKRJHQHVLV�RI�VXEPHUJHG�'LFW\RVWHOLXP�FHOOV�ZDV�LQKLELWHG

ZKHQ� WKH\� ZHUH� ERXQG� WR� JOXFRVLGH� LPPRELOL]HG� RQ� SRO\DFU\ODPLGH� JHOV�� WKH� DJJUHJDWHV

UHSHDWHGO\�GLVSHUVH�DQG�UH�DJJUHJDWH��*DPELQR�HW�DO����������7KH�/��PXWDQW�ZDV�H[DPLQHG�LQ

WKH�PRUSKRJHQHVLV� DVVD\� RI� FHOOV� ELQGLQJ� WR� JOXFRVLGH�SRO\DFU\ODPLGH� JHOV� �0(7+2'6� �����

+H[DQRO� FRXSOHG�JHOV�ZDV� D�QHJDWLYH� FRQWURO� VLQFH�ZLOG� W\SH� FHOOV� FDQ� DJJUHJDWH�QRUPDOO\�

6XUSULVLQJO\�� /�� FHOOV� GLG� QRW� DJJUHJDWH� RQ� ERWK� JOXFRVLGH�OLQNHG� JHOV� DQG� WKH� KH[DQRO

FRQWURO�� ZKLOH� $[�� FHOOV� IRUPHG� DJJUHJDWHV� RQ� KH[DQRO�JHOV� DQG� GHOD\HG� RU� LPSHUIHFW

DJJUHJDWHV� RQ� WKH� JOXFRVLGH�JHOV� �)LJ�� ����� 7KH� UHVXOWV� VXSSRUW� WKH� DVVXPSWLRQ� WKDW� JGW�� LV



��

LQYROYHG� LQ� FHOO�VXEVWUDWXP� DQG�RU� FHOO�FHOO� DGKHVLRQ� DV� VXJJHVWHG� E\� WKH� VWUHDPLQJ� DVVD\

�)LJ������

���$[�

����KUV�

�����������JOXFRVLGH�OLQNHG�SRO\DFU\ODPLGH�*HO�����KH[DQRO�OLQNHG�SRO\DFU\ODPLGH�*HO

����/�

����KUV�

)LJXUH�����0XOWLFHOOXODU�PRUSKRJHQHVLV�RQ�JOXFRVLGH�SRO\DFU\ODPLGH�JHO��$[��DQG�/��FHOOV�ZHUH

KDUYHVWHG�IURP�D[HQLF�JURZWK�DW�GHQVLW\�RI��[����DQG�ZDVKHG�ZLWK�SKRVSKDWH�EXIIHU��7KH�JOXFRVLGH�

DQG�KH[DQRO�SRO\DFU\ODPLGH�JHOV�ZHUH�SUHSDUHG�IRU� WKLV�DVVD\�DV�GHVFULEHG��0(7+2'6�������/��FHOOV

ZHUH�XQDEOH�WR�DJJUHJDWH�RQ�ERWK�JOXFRVLGH��DQG�KH[DQRO�JHOV��ZKLOH�$[��FHOOV�IRUPHG�DJJUHJDWHV�RQ

KH[DQRO�JHO�DQG�GHOD\HG�DJJUHJDWHV�RQ�WKH�JOXFRVLGH�JHO�

�� 7KH�VLJQDOOLQJ�SDWKZD\�RI�JGW��DQG�LWV�UHJXODWRU\�QHWZRUN

�����7KH�3.$�VLJQDOOLQJ�SDWKZD\�LQIOXHQFHV�WKH�SKHQRW\SH�RI�WKH�JGW��PXWDQWV

)URP�WKH�DERYH�GDWD�LW�FRXOG�EH�FRQFOXGHG��WKDW�JGW��LV�PRVW�OLNHO\�D�UHFHSWRU�NLQDVH�ZKLFK

JHQHUDWHV�D�VLJQDOOLQJ�SDWKZD\�IRU�WKH�UHSUHVVLRQ�RI�GLVFRLGLQ�H[SUHVVLRQ��'LVUXSWLRQ�RI�JGW�

ZLOO�UHVXOW�LQ�DQ�RYHUH[SUHVVLRQ�RI�GLVFRLGLQ�DQG�WKH�SUHPDWXUH�*'7�



��

$Q� LQWUDFHOOXODU� VLJQDOOLQJ� SDWKZD\� IRU� WKH� LQGXFWLRQ� RI� GLVFRLGLQ� KDV� EHHQ� SURSRVHG� �VHH

,1752'8&7,21� ��� (QGO� HW� DO��� ������� 7KLV� SDWKZD\� LV� JHQHUDWHG� E\� D� VR� IDU� XQNQRZQ

H[WUDFHOOXODU� IDFWRU�� DQ� XQNQRZQ� UHFHSWRU�� WKH� UHFHSWRU�DVVRFLDWHG� *� SURWHLQ� α�� VXEXQLW�

&5$&�� DQG� F$03� GHSHQGHQW� SURWHLQ� NLQDVH� �3.$��� .QRFN�RXW� PXWDQWV� LQ� HLWKHU� RI� WKH

FRPSRQHQWV� �H�J�� *α���� &5$&�
� DQG� 3.$�&

�� RU� 5P� IRU� 3.$�PXWDQWV�� LQ� WKLV� SDWKZD\� DOO

VKRZHG�D�FRPSOHWH�ORVV�RI�GLVFRLGLQ�H[SUHVVLRQ�DQG�WKH�GLVDELOLW\�WR�DJJUHJDWH�DQG�WR�XQGHUJR

IXUWKHU� GHYHORSPHQWDO� SURFHVVHV�� ([SUHVVLRQ� RI� D� PXWDWHG� 5� VXEXQLW� �5P�� ZKLFK� FDQ� QR

ORQJHU� ELQG� F$03�� FDXVHV� SHUPDQHQW� UHSUHVVLRQ� RI� 3.$� DFWLYLW\�� &RQVHTXHQWO\�

'LFW\RVWHOLXP�FHOOV�GR�QRW�HQWHU� WKH�GHYHORSPHQWDO�F\FOH��+DUZRRG�HW�DO���������DQG�� LQ� WKH

FDVH�RI�GLVFRLGLQ��YHU\�ORZ�H[SUHVVLRQ�LV�REVHUYHG��(QGO�HW�DO����������7KH�VLPLODU�UHVXOW�ZDV

REWDLQHG�IURP�WKH�3.$�&��PXWDQW��D�UHDO�NQRFN�RXW�RI� WKH�&�VXEXQLW�DQG�ZLWK� WKH�FRPSOHWH

ORVV�RI�3.$�DFWLYLW\� �0DQQ�DQG�)LUWHO�� �������7KLV� VXJJHVWHG� WKDW� WKH�3.$�SDWKZD\� FRXOG

KDYH�OLQN�V��WR�WKH�JGW��SDWKZD\�DQG�WKDW�VRPHKRZ�3.$�FRQWUROV�WKH�DFWLYDWLRQ�RI�JGW���7KH

GLVUXSWLRQ�RI�3.$�FRXOG�UHVXOW�LQ�D�FRQVWLWXWLYHO\�DFWLYH�JGW��DQG�WKXV�WKH�FRQVWDQW�UHSUHVVLRQ

RI� GLVFRLGLQ� H[SUHVVLRQ�� :H� VWDUWHG� RXW� IURP� WKH� K\SRWKHVLV� WKDW� 3.$� LQDFWLYDWHV� JGW�

UHVXOWLQJ�LQ�GLVFRLGLQ�LQGXFWLRQ�

7R� GHWHUPLQH� HSLVWDWLF� UHODWLRQVKLSV� EHWZHHQ� WKH� 3.$� SDWKZD\� DQG� JGW��� GRXEOH� PXWDQWV

*α���/���5P�/��DQG�3.$�&��/��ZHUH�JHQHUDWHG�� ,Q�DOO� FRQVWUXFWLRQV�� WKH� OLQHDUL]HG�YHFWRU

�����%V5�;ED,�ZDV� WUDQVIRUPHG� LQWR� WKH� SDUHQW� VWUDLQ� �*α����5P� DQG�3.$�&����0RUH� WKDQ

���� RI� WKH� WUDQVIRUPDQWV� KDG� WKH�JGW�� JHQH� GLVUXSWHG� E\� KRPRORJRXV� UHFRPELQDWLRQ�� DQG

UHVXOWHG�LQ�D�GLVFRLGLQRYHU�SKHQRW\SH��)LJ�����������/LNH�WKHLU�SDUHQW�VWUDLQ�*α����5P��RU�3.$

&���WKH�GRXEOH�PXWDQWV�*α���/���5P�/��DQG�3.$�&��/��GLG�QRW�DJJUHJDWH�DQG�KDG�D�UHJXODU

FRORQ\� VKDSH� �QR� UDJJHG� HGJHV��� 7KH� JHQH� GLVUXSWDQWV� ZHUH� FRQILUPHG� E\� 6RXWKHUQ�EORWV

�)LJ����E� IRU�*α���/��� WKH� VDPH�GLVUXSWLRQ�SDWWHUQ� IRU�5P�/��DQG�3.$�&��/��EXW� GDWD�QRW

VKRZQ��



��

)LJXUH� ����'LVUXSWLRQ� RI� JGW�� LQ� *a��� UHVXOWHG� LQ� D� VWURQJ� LQGXFWLRQ� RI� GLVFRLGLQ� ZKLOH� WKH

DJJUHJDWLRQ��SKHQRW\SH�RI�WKH�SDUHQW�*a���VWUDLQ�ZDV�PDLQWDLQHG�

D��&RORQ\�EORWV�ZLWK�PRQRFORQDO� DQWL�GLVFRLGLQ�DQWLERG\� IRU�*α���/��PXWDQWV��$IWHU� WUDQVIRUPDWLRQ

ZLWK� WKH� OLQHDUL]HG� YHFWRU� ����%V5�;ED,� LQWR� WKH� *D��� VWUDLQ�� WKH� WUDQVIRUPDQWV� ZHUH� VHOHFWHG� LQ

PHGLXP�FRQWDLQLQJ�%ODVWLFLGLQH�� WKHQ�FORQHG�RQ�.OHEVLHOOD�SODWHV��7R�VHOHFW� WKH� UHDO�JHQH�GLVUXSWLRQ

PXWDQWV� ZKLFK� VKRXOG� FRQWDLQ� D� VWDEOH� %V5� FDVVHWWH�� WKH� FORQHV� ZHUH� UHVHOHFWHG� LQ� %ODVWLFLGLQH

PHGLXP��+DOI�RI�WKHVH�WUDQVIRUPDQWV�GLHG�DIWHU�D�IHZ�GD\V�RI�UHVHOHFWLRQ�ZKLOH�WKH�RWKHUV�ZHUH�VWDEOH�

�� LQGHSHQGHQW�FHOO� OLQHV��*α���/������� IURP�WKH�VWDEOH�FORQHV�DQG�RQH�RI� WKH�XQVWDEOH� WUDQVIRUPDQWV

�FRQWURO�� ZHUH� UDQGRPO\� VHOHFWHG� DQG� FKHFNHG� LQ� D� FRORQ\�EORW� ZLWK� WKH�PRQRFORQDO� DQWL�GLVFRLGLQ

DQWLERG\��$OO�*α���/���FHOO�OLQHV�VKRZHG�WKH�VDPH�GLVFRLGLQRYHU�SKHQRW\SH�DV�WKH�/��PXWDQW��ZKLOH�WKH

FRQWURO�FORQH�VKRZHG�GLVFRLGLQ�QXOO�OLNH�WKH�SDUHQW�VWUDLQ�*α����6RXWKHUQ�%ORW�DQDO\VLV��VHH�)LJ����E

EHORZ�� IXUWKHU�SURYHG� WKDW� WKH�*α���/��FHOO� OLQHV�ZHUH� LGHQWLFDO�GRXEOH�PXWDQWV� DQG� WKDW� WKH\�ZHUH

JHQHUDWHG�E\�JHQH�GLVUXSWLRQ�E\�KRPRORJRXV�UHFRPELQDWLRQ�



��

���������*a���/�

$[� ����������������/� ����������� ������������������

E��*HQRPLF�'1$�IURP�$[��������/��DQG� WKH�*D���/��GRXEOH�PXWDQWV� ������ZDV�SUHSDUHG��GLJHVWHG

ZLWK�+LQG,,,��SHUIRUPHG�IRU�6RXWKHUQ�EORW�DQDO\VLV�DQG�K\EULGL]HG�ZLWK�D���3�ODEHOOHG�����NE�JGW��JHQH

SUREH��$�VDPH�SDWWHUQ�RI�WZR�EDQGV��VHH�)LJ������ZDV�IRXQG�IRU�/��DQG�DOO�WKH�*D���/��GRXEOH�PXWDQWV

DQG�SURYHG�WKDW�DOO�WKH�GRXEOH�PXWDQWV�FDUULHG�WKH�H[SHFWHG�GLVUXSWLRQ�RI�WKH�JGW��JHQH�

'LVFRLGLQ�H[SUHVVLRQ� LQ�GRXEOH�PXWDQWV�5P�/��DQG�3.$�&��/��ZDV�H[DPLQHG�E\�:HVWHUQ�

EORWV��$V�VKRZQ�LQ�)LJ������LQGXFWLRQ�RI�GLVFRLGLQ�ZDV�GHWHFWHG�LQ�ERWK�GRXEOH�PXWDQWV��EXW�DW

D� ORZHU� OHYHO� FRPSDUHG� WR� WKH� /�� SDUHQW� VWUDLQ�� 'XULQJ� JURZWK�� GLVFRLGLQ� H[SUHVVLRQ� ZDV

FRQVLGHUDEO\�UHGXFHG�LQ�FRPSDULVRQ�WR�/��EXW�VWLOO�VLJQLILFDQWO\�KLJKHU�WKDQ�LQ�WKH�SDUHQW�3.$

PXWDQW��5P�RU�3.$�&��VWUDLQ��RU�HYHQ�LQ�ZLOG�W\SH�$[��FHOOV��$W�KLJK�FHOO�GHQVLW\�ZKHUH�FHOOV

VWDUYHG�� LQDFWLYDWLRQ�RI�3.$�FDXVHG�RQO\�D�PLQRU�UHGXFWLRQ�RI� WKH�HOHYDWHG�GLVFRLGLQ� OHYHOV

IRXQG�LQ�/���7DNHQ�WRJHWKHU��WKHVH�UHVXOWV�VXJJHVW�WKDW�3.$�KDV�D�GXDO�HIIHFW�RQ�WKH�JURZWK�

GLIIHUHQWLDWLRQ�WUDQVLWLRQ� �VHH� ',6&866,21��� RQH� ZKLFK� LV� LQGHSHQGHQW� RI� JGW�� UHVXOWV� LQ

PRUSKRORJLFDO�GHYHORSPHQW�DQG�LQGXFWLRQ�RI�GLVFRLGLQ�H[SUHVVLRQ��DQG�D�VHFRQG�RQH�ZKLFK�LV

PHGLDWHG� E\� WKH� JGW�� JHQH� SURGXFW�� 3.$� LV� HVVHQWLDO� IRU� GLVFRLGLQ� LQGXFWLRQ� EXW� WKLV

UHTXLUHPHQW�FRXOG�EH�SDUWLDOO\�E\�SDVVHG�E\�D�JGW��GLVUXSWLRQ�



��

����������������

$[�

/�

3.$�&�

3.$�&��/�

5P

5P�/�

)LJXUH� ����'LVFRLGLQRYHU� H[SUHVVLRQ� LQ� WKH�5P�/�� DQG�3.$�&��/�� GRXEOH�PXWDQWV�� &HOOV�ZHUH

KDUYHVWHG�IURP�EDFWHULDO�VXVSHQVLRQ�DW�WKH�LQGLFDWHG�FHOO�GHQVLWLHV��:HVWHUQ�EORWV�ZHUH�SHUIRUPHG�ZLWK

��������� PRQRFORQDO� DQWL�GLVFRLGLQ� DQWLERG\� DQG� D� SHUR[LGDVH� FRXSOHG� VHFRQGDU\� JRDW�DQWL�PRXVH

DQWLERG\�� 7KH� GRXEOH� PXWDQWV� GLVSOD\HG� GLVFRLGLQ� RYHUH[SUHVVLRQ�� HVSHFLDOO\� DW� ORZ� GHQVLWLHV� LQ

FRPSDULVRQ�WR�$[��ZLOG�W\SH�FHOOV��&RPSDUHG�WR�WKH�/��SDUHQW��GLVFRLGLQ�SURWHLQ�ZDV�UHGXFHG�LQ�WKH

GRXEOH� PXWDQWV�� HVSHFLDOO\� DW� ORZ� FHOO� GHQVLWLHV�� 7KH� YHU\� ORZ� H[SUHVVLRQ� RI� GLVFRLGLQ� LQ� WKH� 5P

PXWDQW�ZDV�SUREDEO\�GXH�WR�LQVXIILFLHQW�RYHUH[SUHVVLRQ�RI�WKH�GRPLQDQW�QHJDWLYH�PXWDQW�IRUP�RI�WKH

3.$�UHJXODWRU\�VXEXQLW�

�����7KH�UHJXODWLRQ�RI�JGW��E\�3.$�LV�FRQILUPHG�E\�WKH�3.$�LQKLELWRU�+��

+��� �1�����S�%URPRF\QQDP\ODPLQH�HWK\O����LVRTXLQROLQH�VXOIRDPLGH�� &DOELRFKHP�� LV� D

VSHFLILF� LQKLELWRU� RI� WKH�&� VXEXQLW� RI� 3.$�� DQG� KDV� EHHQ� XVHG� IRU� JHQHUDWLQJ� LQKLELWLRQ� RI

3.$�LQ�ZLOG�W\SH�FHOOV��$QMDUG�HW�DO����������+���ELQGV�WR�WKH�$73�ELQGLQJ�VLWH�RI�WKH�3.$�&
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VXEXQLW�DQG� WKXV�FRPSOHWHO\�EORFNV� WKH�DFWLYLW\�RI�3.$��$Q�H[SHULPHQW�ZDV�FDUULHG�RXW�E\

DGGLQJ�+��� WR� WKH� VWDUYHG�$[���/�� DQG�9,��� FHOOV�� D�PXWDQW� VWUDLQ�ZKLFK� VKRZV� D� VLPLODU

GLVFRLGLQRYHU�SKHQRW\SH�DV�/���VHH�',6&866,21���7KH�FHOOV�ZHUH�ILUVW�JURZQ�LQ�.$�VXVSHQVLRQ

XS� WR� �[���� FHOOV�PO�� WKHQ� KDUYHVWHG� DQG� VXVSHQGHG� LQ� SKRVSKDWH� EXIIHU� DW� �[���� FHOOV�PO

GHQVLW\��&HOOV�ZHUH�GHYHORSHG�IRU���KRXUV��ZLWK�DQG�ZLWKRXW����P0�+����ILQDO�FRQFHQWUDWLRQ�

UHVSHFWLYHO\�� )LJXUH� ��� VKRZV� D� :HVWHUQ�EORW� GHYHORSHG� ZLWK� WKH� DQWL�GLVFRLGLQ� P$E�

'LVFRLGLQ�H[SUHVVLRQ�ZDV�VWURQJO\�UHSUHVVHG�LQ�$[��E\�+����ZKLOH�QR�HIIHFW�ZDV�IRXQG�IRU�/�

DQG�9,���

���

)LJXUH� ���� *URZLQJ� FHOOV� IURP� $[��� /�� DQG� 9,��� ZHUH� KDUYHVWHG� IURP� .$� VXVSHQVLRQ� DQG

GHYHORSHG� IRU� �� KRXUV� DW� ���&�� +��� ZDV� DGGHG� WR� FHOOV� DW� WKH� RQVHW� RI� GHYHORSPHQW� DW� D� ILQDO

FRQFHQWUDWLRQ�RI����P0��'LVFRLGLQ�H[SUHVVLRQ�ZDV�VWURQJO\�UHSUHVVHG�E\�+���LQ�$[���ZKLOH�QR�HIIHFW

ZDV�REVHUYHG�IRU�/��DQG�9,���FHOOV��7KH�GDWD�FRQILUPHG�WKDW�D�JGW��GLVUXSWLRQ�LQ�/��FRXOG�E\�SDVV�WKH

UHTXLUHPHQW�IRU�3.$�IRU�GLVFRLGLQ�H[SUHVVLRQ�

�����JGW��LV�D�3.$�VXEVWUDWH�LQ�YLWUR

7KH� JGW�� SURWHLQ� FRQWDLQV� WZR� SXWDWLYH� SKRVSKRU\ODWLRQ� VLWHV� IRU� 3.$�� ″5)516/″� DQG

″.+5.5/64″� �LQGLFDWHG� LQ� )LJ�� ��E��� 7KH� FRQVHQVXV� SKRVSKRU\ODWLRQ� VLWH� RI� 3.$� LV

″55�$�*�6
/″��ZKHUH�WKH�VHULQH�UHVLGXH�LV�SKRVSKRU\ODWHG�EXW�WKH�DGMDFHQW�UHVLGXHV�DUH�DOVR

UHTXLUHG�IRU�SKRVSKRU\ODWLRQ�E\�3.$��7KXV�WKH�VHFRQG�VLWH�ZDV�PRUH�FRQVHUYHG�WKDQ�WKH�ILUVW

RQH��7KH�UHFRPELQDQW�SHSWLGHV�RI�'��DQG�'���'��FRQWDLQLQJ�″5)516/″�DQG�'��FRQWDLQLQJ

″.+5.5/64″�� VHH� )LJ�� ��E�� ZHUH� SUHSDUHG� IRU� 3.$� DVVD\V� �0(7+2'6� ������� 7KH

UHFRPELQDQW� &� VXEXQLW� RI�'LFW\RVWHOLXP� 3.$�� D� NLQG� JLIW� RI�0�� 9HURQ�� ZDV� XVHG� IRU� WKH

SKRVSKRU\ODWLRQ� DVVD\V�� 7ZR� GLIIHUHQW� UHFRPELQDQW� 3.$�&� VXEXQLWV�ZHUH� JHQHUDWHG��&���

����N'D���ZKLFK�KDG�RQO\�WKH�NLQDVH�SDUW�RI�3.$�&�DQG�KLJK�FDWDO\WLF�DFWLYLW\�LQ�YLWUR��DQG
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WKH� FRPSOHWH� &� VXEXQLW� ���� N'D��� ZKLFK� ZDV� OHVV� VWDEOH� WKXV� KDG� ORZ� DFWLYLW\� LQ� YLWUR

�(WFKHEHKHUH� HW� DO��� ������� %RWK� 3.$� &� UHFRPELQDQW� SURWHLQV� ZHUH� WHVWHG�� DQG� WKH\� DOO

SKRVSKRU\ODWHG�WKH�UHFRPELQDQW�'��SURWHLQ��)LJ�����IRU�&�����GDWD�QRW�VKRZQ�IRU�FRPSOHWH

&��� 6XUSULVLQJO\�� WKH� UHFRPELQDQW� '�� SURWHLQ� ZDV� QRW� SKRVSKRU\ODWHG�� WKRXJK� WKH

SKRVSKRU\ODWLRQ� VLWH� VHHPHG� FORVHU� WR� WKH� FRQVHQVXV�� 7KH� GDWD� VXJJHVWV� WKDW� JGW�� PD\� EH

UHJXODWHG�LQ�YLYR�E\�3.$�SKRVSKRU\ODWLRQ�

���������������������������������������������������

����N'D

����N'

)LJXUH� ���� ,Q� YLWUR� SKRVSKRU\ODWLRQ� RI� JGW�� E\� 3.$� &����� 6DPSOHV� DIWHU� 3.$� DVVD\� ZHUH

VHSDUDWHG�RQ�����6'6�3$*(��GULHG�DW����&�XQGHU�YDFXXP�DQG�H[SRVHG�WR�;�UD\�ILOP��3.$�DVVD\V

ZHUH�SHUIRUPHG�ZLWK�3.$�&����DQG�WKH�UHFRPELQDQW�'��DQG�'��SURWHLQV�DW�WKH�LQGLFDWHG�FRQGLWLRQV�

7KRXJK�3.$�&����ZDV�ILUVW�VDWXUDWHG�E\�FROG�$73�WR�UHGXFH�WKH�EDFNJURXQG��WKH����N'D�EDQG�IURP

3.$� &���� ZDV� VWLOO� GHWHFWHG� VLQFH� 3.$� &���� KDG� D� VWURQJ� ELQGLQJ� WR� IUHH� $73�� 3.$� &���

SKRVSKRU\ODWHG� WKH� ��� N'D� UHFRPELQDQW� '�� SURWHLQ�� DQG� WKLV� SKRVSKRU\ODWLRQ� ZDV� VSHFLILFDOO\

LQKLELWHG�E\�3.,��D�VSHFLILF�LQKLELWRU�RI�3.$�

��� 7KH�UHSUHVVLQJ�VLJQDOOLQJ�RI�IRODWH�LV�DOWHUHG�LQ�/�

)URP� SUHYLRXV� ZRUN� �%OXVFK� HW� DO��� ������ (QGO� HW� DO�������� :HWWHUDXHU� HW� DO��� ������ LW� LV

NQRZQ� WKDW� WKH� UHJXODWLRQ�RI�GLVFRLGLQ�H[SUHVVLRQ� LV�GLIIHUHQW� LQ�D[HQLF�JURZWK�DQG� LQ�FHOOV

JURZQ�RQ�EDFWHULD��:KHQ�FHOOV�DUH�JURZQ�RQ�EDFWHULD��WKH�GLVFRLGLQ�JHQHV�DUH�LQGXFHG�E\�FHOO�

GHQVLW\�VHQVLQJ� IDFWRUV� EHIRUH� WKH� IRRG� VXSSO\� LV� H[KDXVWHG�� DQG� H[SUHVVLRQ� LQFUHDVHV

FRQWLQXRXVO\�WKHUHDIWHU��,Q�D[HQLF�PHGLXP��GLVFRLGLQ�LV�LQGXFHG�DW�D�FRQVLGHUDEO\�ORZHU�FHOO
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GHQVLW\��EXW�LV�QR�ORQJHU�H[SUHVVHG�LQ�VWDWLRQDU\�SKDVH��,W�KDV�EHHQ�VKRZQ�WKDW�WKH�IRRG�VRXUFH

EDFWHULD� FDQ� SURGXFH� IDFWRUV� �H�J��� DPPRQLD�� IRODWH�� JOXFRVLGH��� ZKLFK� DFW� DV� H[WUDFHOOXODU

VLJQDOV� DQG� UHJXODWH� WKH� JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ� �*'7�� RI� 'LFW\RVWHOLXP� FHOOV�

8VXDOO\��WKHVH�IDFWRUV�DFW�DV�UHSUHVVRUV�RI�GLVFRLGLQ�H[SUHVVLRQ��+RZHYHU��QRQ�RI�WKHVH�IDFWRUV

KDV�EHHQ�SURYHQ� WR�EH� UHVSRQVLEOH� IRU� WKH�SKHQRPHQRQ�GXULQJ� D[HQLF�JURZWK�� QRW� HYHQ� WKH

F$03�VLJQDO��ZKLFK�LV�VHFUHWHG�E\�'LFW\RVWHOLXP�FHOOV�DQG�UHSUHVVHV�GLVFRLGLQ�H[SUHVVLRQ�LQ

ODWH� GHYHORSPHQW� �)LJ�� �� LQ� ,1752'8&7,21��� 6LQFH� WKH� JGW�� SDWKZD\� LV� DOVR� D� QHJDWLYH

UHJXODWRU� IRU� WKH� *'7� DQG� GLVFRLGLQ� H[SUHVVLRQ�� H[SHULPHQWV� KDYH� EHHQ� GHVLJQHG� WR

LQYHVWLJDWH� WKH� LQWHUDFWLRQ� EHWZHHQ� JGW�� DQG� WKH� NQRZQ� UHSUHVVRUV�� IRODWH� DQG� F$03�� LQ

EDFWHULD�DQG�LQ�D[HQLF�JURZWK�

$[��DQG�/��FHOOV�ZHUH�KDUYHVWHG�IURP�EDFWHULDO�VXVSHQVLRQ�DW�WKH�FHOO�GHQVLW\�RI��[�����DQG

ZDVKHG�IUHH�RI�EDFWHULD�ZLWK�SKRVSKDWH�EXIIHU��&HOOV�ZHUH� WKHQ�VHW�XS� IRU�GHYHORSPHQW�DW�D

GHQVLW\� RI� �[���� FHOOV�PO� DV� SUHYLRXVO\� GHVFULEHG� �(QGO� HW� DO��� ������� F$03� �ILQDO

FRQFHQWUDWLRQ� RI� ����� P0�� RU� IRODWH� �ILQDO� FRQF�� RI� �P0�� ZHUH� DGGHG� DW� WKH� RQVHW� RI

GHYHORSPHQW� DQG� FHOOV� ZHUH� KDUYHVWHG� DIWHU� �� KRXUV� RI� GHYHORSPHQW�� $� VDPSOH� IURP� WKH

VWDWLRQDU\� SKDVH� �D� IHZ� KRXUV� DIWHU� WKH� IRRG� VRXUFH�ZDV� GHSOHWHG��ZDV� WDNHQ� DV� D� SRVLWLYH

FRQWURO��5HSUHVVLRQ�HIIHFW�RQ�GLVFRLGLQ�WUDQVFULSWLRQ�ZDV�GHWHFWHG�E\�1RUWKHUQ�EORW��)LJ������

+RZHYHU��QR� UHSUHVVLQJ�HIIHFW�ZDV�GHWHFWHG� LQ�/�� IRU�ERWK�F$03�DQG� IRODWH��ZKHUHDV�ERWK

VLJQDOOLQJ�UHVSRQVHV�ZHUH�REVHUYHG�LQ�ZLOG�W\SH�$[���7KH�UHVXOW�GHPRQVWUDWHG�WKDW�ZKHQ�/�

FHOO� ZHUH� JURZQ� LQ� EDFWHULD�� WKH\� ORVW� WKH� DELOLW\� WR� UHVSRQG� WR� ERWK� F$03� DQG� IRODWH

VLJQDOOLQJ�

7KH�VDPH�H[SHULPHQW�ZDV�SHUIRUPHG�ZLWK�FHOOV�JURZQ�LQ�D[HQLF�PHGLXP��7RWDO�SURWHLQ�ZDV

SUHSDUHG�DQG�XVHG� IRU�:HVWHUQ�EORWV�ZLWK� WKH�PRQRFORQDO� DQWL�GLVFRLGLQ�DQWLERG\� �)LJ������

$Q�REYLRXV�UHSUHVVLRQ�E\�F$03�ZDV�IRXQG�LQ�/���EXW�WKH�LQKLELWLRQ�E\�IRODWH�ZDV�VHULRXVO\

DIIHFWHG�� 7KH� VDPH� UHVXOW� ZDV� DOVR� REWDLQHG� E\�1RUWKHUQ�EORWV� K\EULGL]HG�ZLWK� DQ� LQ� YLWUR

WUDQVFULSW�RI�WKH�GLVFRLGLQ�,γ�JHQH��GDWD�QRW�VKRZQ���7KH�GDWD�IURP�D[HQLF�JURZWK�FRQILUPHG

WKDW� WKH�/��PXWDQW�GLG�QRW� UHVSRQG� WR� IRODWH� VLJQDOOLQJ��+RZHYHU�� LW� DOVR�VKRZHG� WKDW�ZKHQ

IUHH�RI�EDFWHULDO�GLVWXUEDQFH��WKH�F$03�UHVSRQVH�FRXOG�EH�QRUPDOO\�GLVSOD\HG�E\�WKH�/��FHOOV�
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)LJXUH���� *URZLQJ�FHOOV�RI�$[��DQG�/��ZHUH�KDUYHVWHG�IURP�EDFWHULD�VXVSHQVLRQ�DQG�GHYHORSHG

LQ�SKRVSKDWH�EXIIHU�IRU���KRXUV��F$03�DQG�IRODWH�ZHUH�DGGHG�DW�WKH�RQVHW�RI�GHYHORSPHQW��ZLWK�D�ILQDO

FRQFHQWUDWLRQ�RI������P0�IRU�F$03��DQG���P0�IRU�IRODWH��7RWDO�51$�ZDV�SUHSDUHG�DV�GHVFULEHG��DQ

HTXDO�DPRXQW�RI����µJ�IRU�HDFK�ODQH�ZDV�ORDGHG�RQ�WKH�VDPH�JHO��EORWWHG�DQG�K\EULGL]HG�ZLWK�DQ� LQ

YLWUR�WUDQVFULSW�RI�WKH�GLVFRLGLQ�,γ�JHQH�

)LJXUH� ���� *URZLQJ� FHOOV� RI� $[�� DQG� /�� ZHUH� KDUYHVWHG� DW� �[���� IURP� D[HQLF� FXOWXUH�� )RU

GHYHORSPHQW��FHOOV�ZHUH�UHVXVSHQGHG�LQ�SKRVSKDWH�EXIIHU�WR�D�GHQVLW\�RI��[�����DQG�GHYHORSHG�DW����&

IRU���KRXUV��F$03�DQG�IRODWH�ZHUH�DGGHG�DW� WKH�RQVHW�RI�GHYHORSPHQW��ZLWK�D�ILQDO�FRQFHQWUDWLRQ�RI

�����P0�IRU�F$03��DQG���P0�IRU�IRODWH���7RWDO�SURWHLQV�ZHUH�SUHSDUHG�DQG�DQ�HTXDO�DPRXQW�RI����µJ

SURWHLQ� IRU� HDFK� VDPSOH� ZDV� XVHG� IRU� :HVWHUQ�EORW� DQDO\VLV� ZLWK� WKH� PRQRFORQDO� DQWL�GLVFRLGLQ

DQWLERG\��$�VDPSOH�RI�YHJHWDWLYH�FHOOV�JURZLQJ�LQ�EDFWHULD�VXVSHQVLRQ��VDPH�SUREH�DV�LQ�)LJ������ZDV

XVHG� WR� FRPSDUH� WKH� GLVFRLGLQ� H[SUHVVLRQ� LQ� D[HQLF� PHGLXP� DQG� LQ� EDFWHULDO� VXVSHQVLRQ�

2YHUH[SUHVVLRQ�RI�GLVFRLGLQ�DQG�WKH�UHVSRQVH�WR�F$03�ZHUH�REVHUYHG�LQ�/��FHOOV��EXW�WKH�UHVSRQVH�WR

IRODWH�ZDV�VWURQJO\�UHGXFHG�LQ�FRPSDULVRQ�WR�ZLOG�W\SH�FHOOV�
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��� ,VRODWLRQ� RI� WKH�5(0,�����PXWDQW� RSHQV� WKH�ZD\� WR� WKH� LGHQWLILFDWLRQ� RI� UHJXODWRU\

JHQHV�ZKLFK�FRQWURO�WKH�JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ�

,Q� DQ� DWWHPSW� WR� LGHQWLI\� VLJQDO� WUDQVGXFWLRQ� FRPSRQHQWV� UHJXODWLQJ� WKH� WUDQVLWLRQ� IURP

YHJHWDWLYH�JURZWK�WR�GHYHORSPHQW�LQ�'LFW\RVWHOLXP��GLVFRLGLQ�,�JHQH�H[SUHVVLRQ�ZDV�XVHG�DV�D

PDUNHU� IRU� VFUHHQLQJ� PXWDQWV� DIIHFWHG� LQ� WKH� JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ� �*'7��� 7KH

GLVFRLGLQ� ,� JHQH� IDPLO\� FRQVLVWV� RI� �� PDMRU� SRO\SHSWLGHV� WKDW� DUH� FRRUGLQDWHO\� UHJXODWHG

�'HYLQH�HW�DO����������$QDO\VLV�RI�WKH�OLQNDJH�RI�WKLV�JHQH�IDPLO\�E\�XVH�RI�UHVWULFWLRQ�IUDJPHQW

OHQJWK� SRO\PRUSKLVP� �5)/3�� UHYHDOHG� WKDW� DOO� WKH� GLVFRLGLQ� ,� JHQHV� DUH� ORFDWHG� RQ� OLQNDJH

JURXS�,,��:HONHU���������7KXV��LW�LV�QRW�SRVVLEOH�WKDW�D�GLVFRLGLQ�QXOO�PXWDQW�FDQ�EH�JHQHUDWHG

E\�GLVUXSWLRQ�RI�DOO�GLVFRLGLQ� ,�JHQHV�DW� WKH� VDPH� WLPH�� DQG� WKH�PXWDWLRQV� LQ�GLVFRLGLQ�PLV�

H[SUHVVLRQ�VWUDLQV�DUH�PRVW�OLNHO\�LQ�JHQHV�LQYROYHG�LQ�WKH�UHJXODWLRQ�RI�WKLV�PXOWLJHQH�IDPLO\

�$OH[DQGHU� HW� DO��� ������� 6HYHUDO� PXWDQWV� ZLWK� GHIHFWV� LQ� GLVFRLGLQ� UHJXODWLRQ� KDYH� EHHQ

SUHYLRXVO\� GHVFULEHG� DQG� DQDO\VHG� �$OH[DQGHU� HW� DO��� ������ ������:HWWHUDXHU� HW� DO��� ������

$PRQJ�WKHP�DUH�WKH�9,����:HWWHUDXHU�HW�DO���������DQG�GUV$���$OH[DQGHU�HW�DO���������VWUDLQV

ZKLFK�GLVSOD\�D�VLPLODU�GLVFRLGLQRYHU�SKHQRW\SH�� WKH�GLV%�DQG�GLV$�VWUDLQV� �$OH[DQGHU�HW�DO��

������ DQG� WKH�PRW$� DQG� GD[$� VWUDLQV� �$OH[DQGHU�HW� DO��� ������ZKLFK� VKRZ� YHU\� ORZ� OHYHO

H[SUHVVLRQ�RI�GLVFRLGLQ��%\�XVLQJ�SDUDVH[XDO�DQDO\VLV��:HONHU�HW�DO��������� WKH�PXWDWLRQV� LQ

WKHVH� VWUDLQV� KDYH� EHHQ� DVVLJQHG� WR� GLIIHUHQW� OLQNDJH� JURXSV�� 9,��� DQG� GLV%� DOOHOHV� ZHUH

PDSSHG� WR� OLQNDJH� JURXS� ,,,� �$OH[DQGHU� HW� DO��� ������ 3ULPSNH� DQG� :HWWHUDXHU�� SHUVRQDO

FRPPXQLFDWLRQ���GUV$�ZDV�GHILQHG� WR� OLQNDJH�JURXS� ,9� �$OH[DQGHU�HW�DO��� ������� DQG�GLV$�

PRW$� DQG� GD[$� DOOHOHV� ZHUH� IRXQG� WR� EH� OLQNHG� WR� WKH� GLVFRLGLQ� ,� JHQH� IDPLO\� ORFL� LQ

FKURPRVRPH�,,��:HONHU���������,QWHUHVWLQJO\��WKH�GUV$�ORFXV��D�GLVF��DOOHOH��LV�HSLVWDWLF�WR�WKH

GLVF��DOOHOH�GLV%�DQG�UHVXOWV� LQ� WKH�UHVWRUDWLRQ�RI�GLVFRLGLQ� ,�H[SUHVVLRQ� LQ�FHOOV�FDUU\LQJ� WKH

GLV%�PXWDWLRQ��$OH[DQGHU�HW�DO����������7KLV�LQGLFDWHV�WKDW�QRUPDO�H[SUHVVLRQ�RI�WKH�GLVFRLGLQ

,� JHQHV� LV� GHSHQGHQW� RQ� WKH� VHTXHQWLDO� DFWLRQ� RI� WKH� GLV%��� GUV�� DQG� GLV$�� JHQH� SURGXFWV�

+RZHYHU��DOO�SUHYLRXVO\�GHILQHG��PXWDQWV�ZHUH�JHQHUDWHG�E\�FKHPLFDO�PXWDJHQHVLV��DQG�LW�KDV

QRW�\HW�EHHQ�SRVVLEOH�WR�LGHQWLI\�WKH�PROHFXODU�EDVLV�RI�WKH�DIIHFWHG�JHQHV�

7R� IXUWKHU�HOXFLGDWH� WKH� VLJQDO� WUDQVGXFWLRQ�SDWKZD\V� LQYROYHG� LQ� WKH�*'7��QHZ� WHFKQLTXHV

KDG�WR�EH�HVWDEOLVKHG�WR�LGHQWLI\�WKH�FRPSRQHQWV�LQ�WKH�UHJXODWRU\�QHWZRUN�OHDGLQJ�WR�GLVFRLGLQ

,�JHQH�H[SUHVVLRQ��5(0,�LV�D�PHWKRG�IRU�JHQHUDWLQJ�LQVHUWLRQDO�PXWDQWV�E\�UHVWULFWLRQ�HQ]\PH
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PHGLDWHG� LQWHJUDWLRQ� �.XVSD� DQG�/RRPLV�� ������ DQG� DOORZV� IRU� WKH� WDJJLQJ� DQG� VXEVHTXHQW

LVRODWLRQ� RI� D� GLVUXSWHG� JHQH� IURP� D�PXWDQW� RI� LQWHUHVW��0DQ\�PXWDQWV� ZLWK�PRUSKRORJLFDO

DOWHUDWLRQV�LQ�GHYHORSPHQW�KDYH�EHHQ�LGHQWLILHG��DQG�OHG�WR�WKH� LVRODWLRQ�RI�PDQ\�QHZ�JHQHV

ZKLFK� DUH� LQYROYHG� LQ� GHYHORSPHQWDO� UHJXODWLRQV� �6HJDOO� HW� DO��� ������ :DQJ� HW� DO��� �����

&KDQJ� HW� DO��� ������� :H� KDYH� DSSOLHG� 5(0,� PXWDJHQHVLV� WR� LVRODWH� PXWDQWV� DQG� JHQHV

LQYROYHG�LQ�WKH�*'7�SDWKZD\�E\�VFUHHQLQJ�IRU�PLV�H[SUHVVLRQ�RI�GLVFRLGLQ��$PRQJ�RWKHUV��ZH

GHWHFWHG�D�GLVFRLGLQ�RYHUH[SUHVVLRQ�PXWDQW��GHQRPLQDWHG������ZKLFK�H[SUHVVHG�KLJK�OHYHOV�RI

GLVFRLGLQ� GXULQJ� JURZWK� DQG� GHYHORSPHQW�� ,Q� DGGLWLRQ�� WKH� PXWDQW� FHOOV� GHYHORSHG� PRUH

UDSLGO\�� DQG� DJJUHJDWHG� LQ� WKH� EDFWHULDO� ODZQ�� 7KH� DIIHFWHG� JHQH�� GHQRPLQDWHG� JGW��� ZDV

LVRODWHG�IURP�WKH�����PXWDQW�E\�SODVPLG�UHVFXH��DQG�WKH�SKHQRW\SH�ZDV�UHFRQVWUXFWHG�LQ�ZLOG

W\SH�FHOOV��PXWDQW�/���E\�WDUJHWHG�JHQH�GLVUXSWLRQ��$V�GLVFXVVHG�EHORZ��JGW��DSSHDUV�WR�EH�WKH

ILUVW� FRPSRQHQW� LQ� D� QHZ� VLJQDO� WUDQVGXFWLRQ� SDWKZD\� LQ� 'LFW\RVWHOLXP� ZKLFK� LV

LQWHUFRQQHFWHG� WR� RWKHU� SUHYLRXVO\� GHVFULEHG� SDWKZD\V�� 7KH� DQDO\VLV� RI� RWKHU�*'7�PXWDQWV

VKRXOG�UHYHDO�IXUWKHU�FRPSRQHQWV�LQ�WKLV�SDWKZD\�DQG�KHOS�WR�XQUDYHO�WKLV�VLJQDOOLQJ�QHWZRUN�

���&RPSDULVRQ�RI�WKH�WZR�GLVFRLGLQRYHU�VWUDLQV�/��DQG�9,��

6LQFH�WKH�PXWDQW�9,����:HWWHUDXHU�HW�DO���������KDV�D�VLPLODU�SKHQRW\SH�DV�WKH�����PXWDQW��D

FRPSDUDWLYH�FKDUDFWHUL]DWLRQ�ZDV�FDUULHG�RXW� WR�HOXFLGDWH�LI� WKH�PXWDQWV�ZHUH�DIIHFWHG�LQ�WKH

VDPH�JHQH��9,���ZDV�GLUHFWO\�JHQHUDWHG�IURP�ZLOG�W\SH�$[���WKXV�WKH�UHFRQVWUXFWHG�/��VWUDLQ

�LQ� $[�� JHQHWLF� EDFNJURXQG�� ZDV� XVHG� LQVWHDG� RI� WKH� RULJLQDO� 5(0,� ���� PXWDQW� �LQ� '+�

JHQHWLF�EDFN�JURXQG��VHH�0(7+2'6������IRU� WKH�FRPSDULVRQ��3DUDVH[XDO�JHQHWLF�DQDO\VLV�ZDV

SHUIRUPHG�XVLQJ�WKH�PDUNHU�VWUDLQ�+8�����WR�JHQHUDWH�GLSORLG�FHOOV�ZLWK�ERWK�VWUDLQV��/��DQG

9,����3ULPSNH�HW�DO���XQSXEOLVKHG�UHVXOWV���%RWK�PXWDWLRQV�UHYHDOHG�WR�EH�UHFHVVLYH��WKXV�DQ\

SRWHQWLDO� WUDQVFULSW� RI�JGW�� �D� WUXQFDWHG�P51$�ZDV� REVHUYHG� LQ� WKH�/�� VWUDLQ�� VHH�)LJ�� ���

FRXOG�QHLWKHU�FDXVH�D�JDLQ�RI�IXQFWLRQ�QRU�D�GRPLQDQW�QHJDWLYH�PXWDWLRQ��6HJUHJDWLRQ�DQDO\VLV

UHYHDOHG�WKDW�ERWK�PXWDWLRQV�ZHUH�ORFDOLVHG�RQ�FKURPRVRPH�,,,��EXW�LW�FRXOG�QRW�EH�GHWHUPLQHG

ZKHWKHU�WKH\�PDSSHG�WR�WKH�VDPH�ORFXV��7R�GHWHUPLQH�ZKHWKHU�9,���DQG�/��ZHUH�DIIHFWHG�LQ

WKH�VDPH�JHQH��9,���/��GLSORLGV�ZHUH�JHQHUDWHG��7KH�FRPSOHPHQWDWLRQ�WHVW�GLG�QRW�UHVXOW� LQ

DQ\� ZLOG� W\SH� SURJHQ\� �3ULPSNH� DQG� :HWWHUDXHU�� SHUVRQDO� FRPPXQLFDWLRQ��� VWURQJO\

VXJJHVWLQJ�WKDW�ERWK�PXWDQWV�ZHUH�DIIHFWHG�LQ�WKH�VDPH�JHQH��7KH�FRQFOXVLRQ�ZDV�VXSSRUWHG

E\� WKH� +��� H[SHULPHQW� �)LJ�� ����� LQ� ZKLFK� VSHFLILF� LQKLELWLRQ� RI� F$03� GHSHQGHQW� SURWHLQ

NLQDVH��3.$��OHG�WR�D�ODFN�RI�GLVFRLGLQ�H[SUHVVLRQ�LQ�ZLOG�W\SH�VWUDLQ�$[���EXW�QRW�LQ�WKH�/�

DQG�9,���VWUDLQV��%RWK�PXWDQWV�/��DQG�9,���ZHUH�LQGLVWLQJXLVKDEOH�LQ�WKH�DELOLW\�WR�E\�SDVV
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WKH� HIIHFW� RI� 3.$� LQDFWLYDWLRQ� RQ� GLVFRLGLQ� H[SUHVVLRQ�� 7KHUH� ZDV�� KRZHYHU�� D� VWURQJHU

SKHQRW\SH�REVHUYHG�LQ�9,����LQ�WKDW�WKH�GLVFRLGLQ�,�JHQHV�ZHUH�H[SUHVVHG�DW�KLJKHU�OHYHOV�WKDQ

LQ�WKH�/��PXWDQW��)LJ�������7KLV�FRXOG�LQGLFDWH�GLIIHUHQW�GLVUXSWLRQV�RI�WKH�JGW��JHQH�LQ�ERWK

VWUDLQV��FKHPLFDO�PXWDJHQHVLV�LQ�9,���PD\�KDYH�LQWURGXFHG�DQ�HDUO\�VWRS�FRGRQ�RU�D�PLV�VHQVH

PXWDWLRQ�ZKLFK�LQDFWLYDWHV�LWV�IXQFWLRQ��ZKHUHDV�LQ�WKH�/��PXWDQW� WKH�WUXQFDWHG�P51$�PD\

VWLOO� EH� H[SUHVVHG� WR� D� SDUWLDOO\� IXQFWLRQDO� SURWHLQ�� 7KHUHIRUH� WKH� JGW�� JHQH� SURGXFW� ZDV

GHWHFWHG� E\�:HVWHUQ�EORWV� ZLWK� D� SRO\FORQDO� DQWLERG\� JHQHUDWHG� DJDLQVW� '�� �)LJ�� ����� 7KH

9,���VKRZHG�D�ZLOG�W\SH�H[SUHVVLRQ�RI�WKH�����N'D�JGW��SURWHLQ��ZKHUHDV�LQ�WKH�/��VWUDLQ�QR

H[SUHVVLRQ� RI� JGW�� ZDV� GHWHFWHG�� 7KXV� LW� FRXOG� EH� DVVXPHG� WKDW� WKH� PXWDWLRQ� LQ� WKH� 9,��

PXWDQW�ZDV�PRVW�OLNHO\�D�SRLQW�PXWDWLRQ�RU�D�YHU\�VKRUW�GHOHWLRQ�ZLWKLQ�WKH�FRGLQJ�UHJLRQ�RI

WKH� JGW�� JHQH�� DQG� WKDW� WKH�PXWDWLRQ� GLG� QRW� UHVXOW� LQ� DQ� HDUO\� VWRS� FRGRQ� EXW� D� FRPSOHWH

IXQFWLRQDO� LQDFWLYDWLRQ� RI� WKH� JGW�� SURWHLQ�� $� IXUWKHU� GLVFUHSDQF\� ZDV� REVHUYHG� ZKHQ� WKH

H[SUHVVLRQ�RI�HDUO\�GHYHORSPHQWDO�JHQHV�ZDV�PRQLWRUHG�LQ�WKH�WZR�PXWDQWV��WKH�JHQH�IRU�WKH

FHOO�DGKHVLRQ�SURWHLQ�&V$��1RHJHO�HW�DO���������ZDV�RYHUH[SUHVVHG�LQ�/��EXW�QRW�LQ�9,����DQG

WKH�F$03�UHFHSWRU�F$5,��.OHLQ�HW�DO���������ZDV�UHGXFHG�LQ�/��EXW�QRUPDO�LQ�9,����)LJ����IRU

/���GDWD�QRW�VKRZQ�IRU�9,����

7DNHQ�WRJHWKHU��WKH�FRPSOHPHQWDWLRQ�WHVW�VWURQJO\�VXJJHVWHG�WKDW�9,���DQG�/��ZHUH�DIIHFWHG

LQ� WKH� VDPH� JHQH�� 7KH� GLIIHUHQW� GLVUXSWLRQV� LQ� JGW�� LQGLFDWHG� WKDW� WKH\� DOO� UHVXOWHG� LQ� D

FRPSOHWH�ORVV�RI�IXQFWLRQ�VLQFH�WKH\�DOO�GLVSOD\HG�WKH�VDPH�SKHQRW\SH��'LSORLGV�RI�9,���DQG

/��ZLWK�D�PDUNHU�VWUDLQ�VKRZHG�WKDW�ERWK�PXWDQWV�GLG�QRW�SOD\�D�GRPLQDQW�QHJDWLYH�HIIHFW�RU�D

JDLQ� RI� IXQFWLRQ��1HYHUWKHOHVV��9,��� GLVSOD\HG� D� VWURQJHU� SKHQRW\SH� LQ� UHVSHFW� WR� GLVFRLGLQ

RYHUH[SUHVVLRQ�DQG�GLIIHUHQW�HIIHFWV�RQ�WKH�H[SUHVVLRQ�RI�RWKHU�HDUO\�GHYHORSPHQWDO�JHQHV�WKDQ

/���,W�LV�WKXV�QRW�\HW�SRVVLEOH�WR�FOHDUO\�VWDWH�LI�9,���FDUULHV�D�IXQFWLRQDO�PXWDWLRQ�LQ�WKH�JGW�

JHQH��7KH�:HWWHUDXHU�ODE�LV�FXUUHQWO\�VHTXHQFLQJ� WKH�JGW��JHQH� LQ� WKH�9,���PXWDQW� WR�VROYH

WKLV�SUREOHP�

��� 'LVUXSWLRQ� RI� WKH� JGW�� JHQH� UHVXOWV� LQ� SUHPDWXUH� HQWU\� LQWR� *'7� EXW� WKH

GHYHORSPHQWDO�SURFHVV�LWVHOI�LV�QRW�DIIHFWHG

'LVUXSWLRQ� RI� WKH� JGW�� JHQH� FDXVHG� HDUO\� HQWU\� LQWR� GHYHORSPHQW�� DV� GHPRQVWUDWHG� E\� WKH

SUHPDWXUH� H[SUHVVLRQ� RI� GLVFRLGLQ� ,� �)LJ�� ��� DQG� WKH� HDUO\�DJJUHJDWLRQ� SDWWHUQ� LQ

PRUSKRORJLFDO�GHYHORSPHQW��)LJ������6LQFH�LW�KDV�EHHQ�SUHYLRXVO\�GHILQHG�WKDW�RYHUH[SUHVVLRQ

RI�WKH�3.$�FDWDO\WLF�VXEXQLW�UHVXOWV�LQ�DFFHOHUDWHG�GHYHORSPHQW�DQG�SUHPDWXUH�H[SUHVVLRQ�RI
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GLVFRLGLQ��D�3.$�&�RYHUH[SUHVVLQJ�VWUDLQ��.3���$QMDUG�HW�DO���������ZDV�XVHG�DV�D�FRQWURO�WR

GHILQH� WKH� ���� SKHQRW\SH�� ,Q� FRPSDULVRQ� WR� .3�� DQG� ZLOG� W\SH� $[��� /�� FHOOV� VWDUWHG� WR

DJJUHJDWH�HDUOLHU�EXW�WKH�IXUWKHU�GHYHORSPHQWDO�SURFHVV�ZDV�QRW�DFFHOHUDWHG��/��FHOOV�IRUPHG

PXOWLFHOOXODU� DJJUHJDWHV� DV� HDUO\� DV� �� KRXUV� DIWHU� VWDUYDWLRQ�� EXW� DIWHUZDUGV� WKH� LQWHUYDOV

EHWZHHQ� GHYHORSPHQWDO� VWDJHV� ZHUH� QRUPDO�� 7KLV� LQGLFDWHG� WKDW� WKH� JGW�� JHQH� ZDV� RQO\

LQYROYHG�LQ�WKH�JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ��*'7��SDWKZD\��EXW�ZDV�QRW�VXEVWDQWLDO� IRU

ODWH�GHYHORSPHQW�� ,Q� WKH�/��VWUDLQ��DOWKRXJK�GLVFRLGLQ� ,�H[SUHVVLRQ�ZDV�FOHDUO\�GHWHFWDEOH� LQ

YHJHWDWLYH�FHOOV��H[SUHVVLRQ�ZDV�QRW�FRQVWLWXWLYH��EXW�LQFUHDVHG�ZLWK�FHOO�GHQVLW\��)LJ������0LV�

UHJXODWLRQ�SDWWHUQV�ZHUH�DOVR�REVHUYHG�IRU�RWKHU�GHYHORSPHQWDO�JHQHV��FV$�DQG�SGH��)DXUH�HW

DO���������ZHUH�SUHPDWXUHO\�H[SUHVVHG�RU�RYHUH[SUHVVHG�LQ�/���EXW� WKH�F$03�UHFHSWRU�F$5,

ZDV� FOHDUO\� GRZQ�UHJXODWHG� LQ� FRPSDULVRQ� WR� ZLOG� W\SH� FHOOV� �)LJ�� ���� 7KLV� OHDGV� WR� WKH

LQWHUSUHWDWLRQ� WKDW� WKH� JGW�� JHQH� SDUWLFLSDWHV� LQ� DQ� LQWHUDFWLQJ� QHWZRUN� ZKLFK� FRQWUROV� WKH

GHYHORSPHQWDO� H[SUHVVLRQ� RI� YDULRXV� JHQHV� E\� GLIIHUHQW� SDWKZD\V� GXULQJ�PRUSKRJHQHVLV� RI

'LFW\RVWHOLXP�

7KH�SUHPDWXUH�GHYHORSPHQWDO�SKHQRW\SH�RI�/��HVSHFLDOO\�VKRZHG�LQ�WKH�FRORQ\�PRUSKRORJ\

RI�FHOOV� IHHGLQJ�RQ�EDFWHULD��/��FHOOV� IRUPHG�DJJUHJDWHV� LQ� WKH�EDFWHULDO� ODZQ� �)LJ���E���7KH

LUUHJXODU�FRORQ\�VKDSH�DQG�WKH�DJJUHJDWLRQ�LQ�WKH�EDFWHULDO�ODZQ�ZHUH�SUREDEO\�FRQVHTXHQFHV

RI�WKH�SUHPDWXUH�GHYHORSPHQWDO�FRPSHWHQFH��7KLV�PD\�EH�H[SODLQHG�E\�WKH�DVVXPSWLRQ�WKDW�LQ

WKH� JGW�� PXWDQWV� WKH� ³SUHVWDUYDWLRQ� UHVSRQVH³� �H�J�� 36)� LQGXFHG� JURZWK�GLIIHUHQWLDWLRQ�

WUDQVLWLRQ� DW� KLJK� 36)�EDFWHULD� UDWLRV�� VHH� ,1752'8&7,21�� ZDV� FRQVWLWXWLYHO\� DFWLYH�� 7KLV

PLJKW�UHQGHU�FHOOV�PRUH�VXVFHSWLEOH�WR�ELRFKHPLFDO�FXHV� WULJJHULQJ�DJJUHJDWLRQ�DQG�UHVXOW� LQ

DJJUHJDWHV� FORVH� WR� WKH� JURZLQJ� HGJH� RI� WKH� FRORQ\�� 7KLV�ZDV�� KRZHYHU�� XQOLNHO\� VLQFH� WKH

SUHVWDUYDWLRQ�UHVSRQVH�QRUPDOO\�UHVXOWV�LQ�YHU\�ORZ�GLVFRLGLQ�H[SUHVVLRQ�OHYHOV��%OXVFK�HW�DO��

�������EXW�WKH�JGW��PXWDQWV�VKRZHG�KLJK�OHYHOV�RI�GLVFRLGLQ��$Q�DOWHUQDWLYH�H[SODQDWLRQ�ZRXOG

EH�WKDW�WKH�JGW��PXWDQWV�VKRZHG�D�SUHPDWXUH�VWDUYDWLRQ�UHVSRQVH�ORQJ�EHIRUH�WKH�IRRG�VXSSO\

ZDV�GHSOHWHG��7KLV�ZRXOG�EH�LQ�DJUHHPHQW�ZLWK�WKH�SUHPDWXUH�DJJUHJDWLRQ�FRPSHWHQFH�DQG�WKH

VSUHDGLQJ� RI� FHOOV� RXW� RI� WKH� FRORQ\� WR� UHDFK� PRUH� DEXQGDQW� IRRG� UHVRXUFHV�� 6LQFH� D� JGW�

GLVUXSWLRQ�DIIHFWV�GLVFRLGLQ�H[SUHVVLRQ�LQ�ERWK�D[HQLF�DQG�EDFWHULDO�JURZWK��)LJ�����DQG�����

WKH� SUHPDWXUH� GHYHORSPHQWDO� FRPSHWHQFH� PD\� UHVXOW� IURP� ERWK� D� ³SUHVWDUYDWLRQ� UHVSRQVH³

�JHQHUDWHG� E\�'LFW\RVWHOLXP� FHOOV� WKHPVHOYHV�� DQG� IURP� WKH� ³PLV�SHUFHSWLRQ³� RI� WKH� IRRG

VXSSO\�



��

���P51$�VWDELOLW\�RI�WKH�JGW��JHQH�PD\�EH�UHJXODWHG�E\�VWUXFWXUDO�GHWHUPLQDQWV�ZLWKLQ

LWV��¶�XQWUDQVODWHG�UHJLRQ

7KH� JGW�� JHQH� ZDV� LVRODWHG� E\� GLIIHUHQW� DSSURDFKHV� �)LJ�� ��D��� DQDO\]HG� DQG� XVHG� IRU� WKH

UHFRQVWUXFWLRQ�RI�WKH�����SKHQRW\SH��,QWHUHVWLQJO\��WKRXJK�WKH�GHWHFWHG�P51$�VL]H�LV�QHDUO\��

NE��WKH�FRGLQJ�UHJLRQ�RI�WKH�JGW��JHQH�FRPSULVHV�RQO\�����NE��LQ�DJUHHPHQW�ZLWK�WKH�REVHUYHG

����N'D�SURWHLQ��7KH� WUXQFDWHG�P51$� IURP� WKH�/��PXWDQW� LQGLFDWHV� D� WUDQVFULSWLRQDO� VWDUW

ORFDWHG� DURXQG� ���� ES� XSVWUHDP� WR� WKH� LQLWLDWLRQ� FRGRQ�� 7KXV� JGW�� P51$� FRQWDLQV� PRVW

OLNHO\�DOPRVW���NE�XQWUDQVODWHG�VHTXHQFH�DW� WKH��¶�HQG��,Q�KLJKHU�HXNDU\RWHV���¶�XQWUDQVODWHG

UHJLRQV�ZHUH�VKRZQ�WR�EH�LQYROYHG�LQ�WKH�UHJXODWLRQ�RI�P50$�VWDELOLW\��5RVV��������5XVVHOO

DQG�/LHEKDEHU� ������� EXW� ORQJ� XQWUDQVODWHG�P51$� VHTXHQFHV� DUH� XQXVXDO� LQ�'LFW\RVWHOLXP

�0DQURZ� HW� DO��� ������� 7KH� SRWHQWLDO� �¶� XQWUDQVODWHG� UHJLRQ� RI� WKH� JGW�� JHQH� VKRZV� VRPH

LQWHUHVWLQJ�IHDWXUHV��D�SRWHQWLDO�VWUXFWXUDO�KDLUSLQ�IRUPHG�E\�LQYHUWHG�UHSHDWV�����88***$&�

����*8&&&$$� GLUHFWO\� DIWHU� WKH� HQG� RI� WKH� 25)�� D� UHODWLYHO\� *�&� ULFK� WUDFW�� DQG� VHYHUDO

88$888$8�DQG�&&$$��RU�88**��UHSHDWV��VHH�$33(1',;�����88$888$8�UHSHDWV�LQ��¶�

XQWUDQVODWHG� UHJLRQV� KDYH� EHHQ� VKRZQ� WR� FRQIHU� P51$� ODELOLW\� LQ� PDQ\� F\WRNLQH� JHQHV

�+HQLFV�HW�DO����������DQG�DOVR�WR�SUHFOXGH�P51$�WUDQVODWLRQ��.UX\V�HW�DO����������,Q�DGGLWLRQ

WR� WKH� 88$888$8� UHSHDWV�� D� VWUXFWXUDO� KDLUSLQ�� FDOOHG� 6/'(� �6WHP�/RRS�'HVWDELOL]LQJ

(OHPHQW�� ZDV� IRXQG� LQ� WKH� LQWHUOHXNLQ� ��� LQWHUOHXNLQ� �� DQG� JUDQXORF\WH� FRORQ\�VWLPXODWLQJ

IDFWRU�P51$V��7KH�6/'(�LV�IXQFWLRQDOO\�GLVWLQFW� IURP�WKH�88$888$8�HOHPHQWV�EXW�DOVR

GHVWDELOL]HV� P51$� �%URZQ� HW� DO��� ������� 7KHVH� VWUXFWXUDO� GHWHUPLQDQWV� LQVLGH� WKH� �¶�

XQWUDQVODWHG�UHJLRQ�VXJJHVW�D�KLJK�LQVWDELOLW\�RI�WKH�JGW��P51$��3UHOLPLQDU\�GDWD��)LJ����E�

FRQILUPV� WKLV�DVVXPSWLRQ���¶� WUXQFDWHG�JGW��P51$�LQ� WKH�/��PXWDQW�DFFXPXODWHV� WR�KLJKHU

OHYHOV�DQG�DSSHDUV�WR�EH�PRUH�VWDEOH�

$V� REVHUYHG� IURP� WKH� 1RUWKHUQ�EORW� �)LJ���D��� WKH� JGW�� JHQH� ZDV� RQO\� WUDQVFULEHG� GXULQJ

JURZWK� DQG� UDSLGO\� VZLWFKHG� RII� DV� VRRQ� DV� FHOOV� VWDUWHG� WR� GHYHORS�� $IWHU� �� KRXUV� RI

GHYHORSPHQW��QR�VLJQDO�ZDV�GHWHFWHG�XQWLO�WKH�HQG�RI�WKH�GHYHORSPHQWDO�OLIH�F\FOH��7KH�UDSLG

GHFD\�RI�WKH�P51$�DOVR�VXSSRUWHG�WKH�K\SRWKHVLV�IRU�D�UHJXODWLRQ�RI�P51$�VWDELOLW\�RI�WKH

JGW��JHQH�



��

���7KH�JGW��SURWHLQ�FRQWDLQV���WUDQVPHPEUDQH�GRPDLQV�DQG�LV�PRVW�OLNHO\�SRVLWLRQHG�RQ

WKH�F\WRSODVPLF�PHPEUDQH

7KH� K\GURSKRELFLW\� SORW� IRU� JGW�� SUHGLFWHG� �� SRVVLEOH� WUDQVPHPEUDQH� GRPDLQV� �70�� DV

GHILQHG�E\� VFRUHV�RYHU����� LQ� WKH�K\GURSKRELFLW\�TXDQWLILFDWLRQ� �)LJ�� �����$V� LQGLFDWHG�� IRU

HDFK�KHOL[�WKH�K\GURSKRELF�VFRUH�FKDQJHG�ZLWK�WKH�GLUHFWLRQ�RI�WKH�KHOL[��H�J���IURP�RXWVLGH�

LQVLGH��2�L��RU�IURP�LQVLGH�RXWVLGH��L�2���)RU�VRPH�KHOLFHV�WKLV�FRXOG�UHVXOW�LQ�D�FRPSOHWH�ORVV

RI� K\GURSKRELFLW\� DQG� UHVXOW� LQ� GLIIHUHQW�PRGHOV�� )RU� H[DPSOH�� KHOL[� ,9�� 9� DQG� 9,� DUH� DOO

VWURQJ�LQ�RQH�GLUHFWLRQ��L�2��EXW�ZHDNHU� WKDQ� WKH�EDVH� OLQH� LQ� WKH�RWKHU� �2�L��� WKHUHIRUH�RQO\

RQH�RI�WKH�WKUHH�KHOLFHV�FRXOG�DFWXDOO\�IRUP�D�WUDQVPHPEUDQH�VWUXFWXUH�

%DVHG�RQ�WKH�VLJQLILFDQW�70�VHJPHQWV����PRGHOV�ZHUH�SUHGLFWHG�IRU�WKH�WRSRORJ\�DVVLJQPHQW

RI�JGW���7DEOH�����0RGHO���FRQWDLQV���WUDQVPHPEUDQH�KHOLFHV�,��,,��,,,��,9�DQG�9,,��ZLWK�D�WRWDO

VFRUH�RI�������:LWK�WKLV�PRGHO��WKH�NLQDVH�GRPDLQ�ZLOO�EH�LQVLGH�WKH�F\WRSODVPLF�PHPEUDQH

EXW�WKH�SXWDWLYH�3.$�VLWH�ZLOO�EH�RXWVLGH��0RGHO���FRQWDLQV���WUDQVPHPEUDQH�KHOLFHV�,��,,��,9

DQG�9,,��ZLWK�D�WRWDO�VFRUH�RI�������:LWK�WKLV�PRGHO��ERWK�WKH�NLQDVH�GRPDLQ�DQG�WKH�SXWDWLYH

3.$�VLWH�ZRXOG�EH�LQVLGH�WKH�F\WRSODVPLF�PHPEUDQH��5HPDUNDEO\��WKH�K\GURSKRELF�VFRUHV�RI

KHOL[� ,,� FKDQJH� VWURQJO\� LQ� WKH� WZR�PRGHOV�� IURP� ���� �GLUHFWLRQ� L�2� LQ�PRGHO� ��� WR� D� YHU\

VWURQJ� VFRUH�RI������ �GLUHFWLRQ�2�L� LQ�PRGHO��� ���$OVR�� LQ�PRGHO���� WKH� �UG� WUDQVPHPEUDQH

GRPDLQ� KHOL[� ,,,� KDV� D� VFRUH� RI� ����� ZKLFK� LV� MXVW� DERYH� WKH� ���� EDVH� OLQH� DQG� QRW� YHU\

VLJQLILFDQW�� 6LQFH� RQO\� WKH� VFRUHV� DERYH� ����� DUH� FHUWDLQ�� PRGHO� �� LV� WKH� PRVW� SUREDEOH

VWUXFWXUH�IRU�JGW���)LJ������

+RZHYHU�� WKRXJK� WKH� PRGHO� ZLWK� �� WUDQVPHPEUDQH� GRPDLQV� VHHPV� PRUH� OLNHO\�� IXUWKHU

H[SHULPHQWV� DUH� UHTXLUHG� WR� GLVFULPLQDWH� ERWK� SRVVLELOLWLHV�� $QWLERGLHV� ZLOO� EH� JHQHUDWHG

DJDLQVW� WKH� &�WHUPLQXV� �WKH� SXWDWLYH� SURWHLQ� NLQDVH� GRPDLQ�� ZKLFK� LV� SUHGLFWHG� WR� EH

LQWUDFHOOXODU��:KROH�FHOOV�ZLOO�EH�WUHDWHG�ZLWK�SURWHLQDVH�.�VXFK�WKDW�RQO\�WKH�H[WUDFHOOXODU�SDUW

RI�JGW��ZLOO�EH�GHJUDGHG��:HVWHUQ�EORW�RQ�H[WUDFWV�IURP�WKH�WUHDWHG�FHOOV�ZLOO�EH�SHUIRUPHG��,I

WKHUH�DUH��� WUDQVPHPEUDQH�GRPDLQV��DQWL�'��DQWLERGLHV�DJDLQVW� WKH� VHFRQG� LQWUDFHOOXODU�SDUW

�EHWZHHQ�70��DQG�70���VKRXOG�UHYHDO�D�WUXQFDWHG�SURWHLQ�RI�DERXW����N'D��)LJ������ZKHUHDV

QR� EDQG� ZLOO� EH� REVHUYHG� LQ� WKH� VHFRQG� K\SRWKHVLV�� $QWLERGLHV� DJDLQVW� WKH� NLQDVH� GRPDLQ

VKRXOG�GHWHFW�D�FOHDYHG�SURGXFW�RI�DURXQG����N'D�LQ�ERWK�FDVHV�
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)LJXUH� ����3UHGLFWLRQ� JUDSKLF� IRU� SRVVLEOH� WUDQVPHPEUDQH� GRPDLQV� LQ� WKH� JGW�� SURWHLQ�� 7KH

UHVXOWV�ZHUH�JHQHUDWHG�ZLWK�(0%/�70SUHG�SURJUDP��7KHUH�DUH���SRVVLEOH�WUDQVPHPEUDQH�KHOLFHV�LQ

JGW�� SURWHLQ�� 7KH� VFRUH� IRU� HDFK� KHOL[� GLIIHUV� ZLWK� LWV� GLUHFWLRQ�� WKDW� IURP�2�!L� �RXWVLGH� WR� LQVLGH�

GRWWHG�OLQH��DQG�L�!2��LQVLGH�WR�RXWVLGH��VROLG�OLQH��WKH�K\GURSKRELF�TXDQWLILFDWLRQ�FRXOG�YDU\�VWURQJO\�

DQG�RQO\�WKH�VFRUHV�DERYH�����DUH�FRQVLGHUHG�DV�VLJQLILFDQW��7KH�KHOLFHV�,��,,��DQG�9,,�DUH�VLJQLILFDQW

IRU�ERWK�GLUHFWLRQV��EXW�,9��9�DQG�9,�DUH�RQO\�VWURQJ�LQ�WKH�L�2�GLUHFWLRQ��+HOL[�,,,�KDV�D�VFRUH�RI����

ZLWK�WKH�GLUHFWLRQ�RI�2�L��EXW�RQO\�����IURP�L�2��%DVHG�RQ�WKLV�DQDO\VLV��D���WUDQVPHPEUDQH�GRPDLQ

PRGHO�ZDV�FKRVHQ�IRU�JGW���ZKLFK�FRQWDLQV�KHOL[�,��,,��,9�DQG�9,,�

7DEOH�����7ZR�PRGHOV�ZHUH�SUHGLFWHG�IRU�WKH�JGW��SURWHLQ�ZLWK�WKH�70SUHG�SURJUDP

0RGHO�,�����VWURQJ�WUDQVPHPEUDQH�KHOLFHV

�������IURP����WR����OHQJWK����VFRUH����RULHQWDWLRQ

,����������������������������������������������2�L

,,����������������������������������������������L�2

,,,��������������������������������������������2�L

,9���������������������������������������������L�2

9,,��������������������������������������������2�L

0RGHO�,,�����VWURQJ�WUDQVPHPEUDQH�KHOLFHV

�����IURP�������WR�����OHQJWK�����VFRUH����RULHQWDWLRQ

,������������������������������������������������L�2

,,�����������������������������������������������2�L

,9���������������������������������������������L�2

9,,�������������������������������������������2�L
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RXW

PHPEUDQH

LQ

)LJXUH� ���� 0RGHO� IRU� WKH� WUDQVPHPEUDQH� VWUXFWXUH� RI� WKH� JGW�� SURWHLQ�� 7KH� �� SXWDWLYH

WUDQVPHPEUDQH�GRPDLQV�DUH� LQGLFDWHG�DV�70�����7KH�SXWDWLYH�FHOO� DGKHVLRQ� VLWH� ³5*'´�� WKH�NLQDVH

GRPDLQ�DQG� WKH�SXWDWLYH�3.$�VLWH�³5)516/´�DUH� VKRZQ�DW� WKH�H[SHFWHG�SRVLWLRQV�DFFRUGLQJ� WR� WKH

PRGHO�

,Q�DGGLWLRQ�WR�WKH���WUDQVPHPEUDQH�GRPDLQV��WKHUH�DUH�VRPH�RWKHU�IXQFWLRQDO�GRPDLQV��VLWHV�

LQ�WKH�DPLQR�DFLG�VHTXHQFH��)LJ����E���$FFRUGLQJ�WR�WKH�PRGHO��WKH�NLQDVH�GRPDLQ�LV�ORFDWHG

DW� WKH� &�WHUPLQXV� LQVLGH� WKH� F\WRSODVP� DQG� LV� FRPSOHWHO\� K\GURSKLOLF�� 7KH� SXWDWLYH� 3.$

SKRVSKRU\ODWLRQ�VLWH�'��LV�LQVLGH�WKH�F\WRSODVP��DQG�WKH�″5*'″�VLWH�ZKLFK�ZDV�LPSOLFDWHG�LQ

WKH� FHOO�VXEVWUDWXP� DGKHVLRQ� LV� ORFDWHG� DW� WKH� ODUJH� H[WUDFHOOXODU� GRPDLQ� �)LJ�� ����� 7KH

DVVRFLDWLRQ�RI�JGW��ZLWK�WKH�PHPEUDQH�ZDV�VKRZQ�E\�:HVWHUQ�EORWV�RI�7ULWRQ�;�����H[WUDFWV

�)LJ�������6LQFH�WKH�H[SUHVVLRQ�ZDV�QRW�GHWHFWHG�LQ�QXFOHDU�H[WUDFWV��WKH�JGW��SURWHLQ�LV�FOHDUO\

QRW� ORFDOLVHG� RQ� WKH� QXFOHDU� PHPEUDQH�� 7KHUH� ZDV� QR� FRQVHQVXV� VHTXHQFH� IRXQG� IRU� WKH

ORFDOLVDWLRQ�VLJQDOV�WR�LQWUDFHOOXODU�PHPEUDQHV��OLNH�WKH�WUDQVPHPEUDQH�*ROJL�UHWHQWLRQ�VLJQDO
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�+REPDQ� HW� DO��� ������ *UDKDP� DQG� .UDVQRY� ������� 7KXV�� WKH� JGW�� SURWHLQ� LV� PRVW� OLNHO\

ORFDWHG�RQ�WKH�F\WRSODVPLF�PHPEUDQH�

���7KH�JGW��SURWHLQ�LV�D�SXWDWLYH�UHFHSWRU�W\URVLQH�NLQDVH

7KRXJK�WKH�VHTXHQFH�FRPSDULVRQ�UHYHDOHG�QR�VLJQLILFDQW�KRPRORJ\�DW�WKH�1�WHUPLQXV��WKH�&�

WHUPLQXV� LQFOXGHG� FKDUDFWHULVWLFV� ZKLFK� SURSRVHG� WKH� VSHFLILFLW\� RI� D� W\URVLQH� NLQDVH� �VHH

EHORZ���7KH�SURWHLQ�NLQDVH�VXSHU�IDPLO\� LV�XS� WR�QRZ�FRPSRVHG�RI������PHPEHUV�DQG�QHZ

RQHV� DUH� IRXQG� HYHU\GD\� �UHYLHZHG� E\� +DQNV� DQG� +XQWHU�� ������� 0RVW� RI� WKHVH� SURWHLQ

NLQDVHV� DUH� GHILQHG� DV� VXFK� EDVHG� RQO\� RQ� VHTXHQFH� KRPRORJ\�� EXW� XVXDOO\� QRW� RQ� SURWHLQ

NLQDVH� DFWLYLW\� E\� ELRFKHPLFDO� DQDO\VLV�� 3URWHLQ� NLQDVHV� DUH� FRUH� FRPSRQHQWV� LQ� VLJQDO

WUDQVGXFWLRQ�SDWKZD\V��7KH\�XVXDOO\�H[LVW�LQ�HXNDU\RWHV�RU�YLUXVHV�LQIHFWLQJ�HXNDU\RWHV��HYHQ

WKRXJK� KRPRORJXHV� ZHUH� DOVR� IRXQG� UHFHQWO\� LQ� VRPH� SURNDU\RWHV� VXFK� DV� 0\[RFRFFXV

[DQWKXV� �8GR� HW� DO��� ������ DQG� <HUVLQLD� SVHXGRWXEHUFXORVLV� �+DNDQVVRQ� HW� DO��� ������� ,Q

'LFW\RVWHOLXP��VR�IDU�DSSUR[�����SURWHLQ�NLQDVHV�KDYH�EHHQ�FORQHG��EXW�QRQH�RI�WKHP�KDV�EHHQ

LGHQWLILHG�WR�EH�D�UHFHSWRU�W\URVLQH�NLQDVH��7KH�SURWHLQ�NLQDVH�GRPDLQ�RI�JGW��ZDV�GHILQHG�E\

XVLQJ� PXOWLSOH� VHTXHQFH� DOLJQPHQWV� ZLWK� VRPH� RWKHU� SURWHLQ� NLQDVHV� IURP� YDULRXV� KLJKHU

HXNDU\RWLF� RUJDQLVPV� �)LJ�� ��E��� $� ZHDN� EXW� VLJQLILFDQW� VLPLODULW\� ����� LGHQWLW\� DQG

DSSUR[LPDWHO\�����KRPRORJ\�DORQJ�����DD��ZDV�REVHUYHG�DW� WKH� FRQVHQVXV� VXEGRPDLQV�RI

WKH�DQDO\VHG�SURWHLQ�NLQDVHV�

7KH� XQLYHUVDO� VWUXFWXUH� IRU� DOO� SURWHLQ� NLQDVHV� ZDV� HVWDEOLVKHG� E\� LQWHQVLYH� VLWH� GLUHFWHG

PXWDJHQHVLV��DOLJQPHQWV�RI�RYHU�����NLQDVHV�DQG�FU\VWDOORJUDSK\��+DQNV�DQG�+XQWHU��������

7KH�FRUH�RI�D�SURWHLQ�NLQDVH�LV�DERXW�����DD�ORQJ�DQG�LV�FKDUDFWHULVHG�E\�D�GHILQHG�VHULHV�RI

FRQVHUYHG�PRWLIV�� 6WUXFWXUDO� GDWD� DQG� VHTXHQFH� FRQVHUYDWLRQ� ZHUH� XVHG� WR� GLVFULPLQDWH� ��

GLIIHUHQW�VXEGRPDLQV��%HFDXVH�RI�LWV�UHODWLYH�VLPSOLFLW\��WKH�FDWDO\WLF�VXEXQLW�RI�PRXVH�3.$�LV

QRZ�XVHG�DV� WKH�EDVLF� VWUXFWXUH� IRU� FRPSDULVRQ�DQG�QRPHQFODWXUH� IRU� DOO� WKH�SURWHLQ�NLQDVH

VXSHUIDPLO\��)LJ�����IURP�=KHQJ�HW�DO���������

7KHUH�PD\�EH�VRPH� LQVHUWLRQV�RU�GHOHWLRQV��XVXDOO\� ORFDWHG�EHWZHHQ� WKH�FRQVHUYHG�PRWLYHV�

EXW�DOO� WKH�PHPEHUV�RI� WKH�IDPLO\�DUH�DORQJ�WKH�VDPH�EDVLF� OLQHV��7KH�FDWDO\WLF�VXEXQLW�RI�D

NLQDVH�IROGV�XS�LQWR�D� WZR� OREHG�VWUXFWXUH��7KH�XSSHU� OREH� LQFOXGHV�GRPDLQV�,� WR� ,9��DQG� LV

OLQNHG�WR�WKH�ORZHU�OREH�E\�GRPDLQ�9��7KH�FDWDO\WLF�UHDFWLRQ�WDNHV�SODFH�LQ�WKH�FOHIW�EHWZHHQ

ERWK�OREHV��=KHQJ�HW�DO����������7ZR�PDLQ�IDPLOLHV�RI�SURWHLQ�NLQDVHV�ZHUH�GHILQHG�EDVHG�RQ

WKH� FKRLFH� RI� DPLQR�DFLG� VXEVWUDWHV�� VHULQH�WKUHRQLQH� SURWHLQ� NLQDVHV� DQG� W\URVLQH� NLQDVHV�
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7UXH� W\URVLQH� NLQDVHV� ZHUH� IRXQG� RQO\� LQ� KLJKHU� HXNDU\RWHV� DQG� DUH� RIWHQ� LQYROYHG� LQ

LQWHUFHOOXODU�VLJQDOOLQJ��7KRXJK�WKHUH�DUH�VRPH�GXDO�SURWHLQ�NLQDVHV�ZKLFK�FDQ�SKRVSKRU\ODWH

VHULQH��WKUHRQLQH�DQG�W\URVLQH��WKH\�GR�QRW�KDUERXU�DQ\�VSHFLILF�PRWLIV�DQG�WKXV�GR�QRW�IRUP�D

IDPLO\��6XE�IDPLOLHV�ZHUH�GHILQHG�DV�VHULQH�WKUHRQLQH�DQG�W\URVLQH�NLQDVHV�EDVHG�RQ�VSHFLILF

VHTXHQFH�DQG�ELRFKHPLFDO�SURSHUWLHV�

)LJXUH������'�VWUXFWXUH�RI�SURWHLQ�NLQDVH�$�FDWDO\WLF�VXEXQLW��IURP�WKH�FU\VWDOORJUDSK\�RI�PRXVH

3.$��=KHQJ�HW�DO����������7KH�VXEGRPDLQ�GHVFULSWLRQV�XVH�WKH�FRQYHQWLRQ�RI�QDPLQJ�WKH�EHWD�VKHHWV�DV

QXPEHUV�� VWDUWLQJ�ZLWK� ,� DW� WKH�1�WHUPLQXV� RI� WKH� NLQDVH� GRPDLQ��7KH� DOSKD� KHOLFHV� DUH� QDPHG� LQ� D

VLPLODU�PDQQHU��XVLQJ�5RPDQ�OHWWHUV��VWDUWLQJ�ZLWK�$�

7KH�JGW��SURWHLQ�SUHVHQWV�DQ�RYHUDOO�KRPRORJ\�LQ�LWV�SURWHLQ�NLQDVH�GRPDLQ�RI�DERXW�����DD�

ZLWK�WKH�H[FHSWLRQ�RI�D�SRO\1�UHSHDW�LQVHUWLRQ�LQVLGH�VXEGRPDLQ�,;��)LJ����E���6XFK�SRO\1�

UHSHDWV�DUH�YHU\�FRPPRQ�LQ�'LFW\RVWHOLXP�VHTXHQFHV�EXW�GR�QRW�SUHVHQW�DQ\�FRQVHUYHG�PRWLI�

7KH�SRO\1� UHSHDWV� DOZD\V�GLVUXSW� WKH� FRUUHFW� KRPRORJ\� IUDPH� DQG� UHVXOW� LQ� IDOVH�PDWFKLQJ

ZLWK� PDQ\� DVSDUDJLQH�ULFK� VHTXHQFHV� LQ� WKH� GDWDEDVH�� 7KXV� WKH� PXOWLSOH� DOLJQPHQWV� ZHUH

SHUIRUPHG�ZLWK� WKH� GHOHWLRQ� RI� ��� DD� �VHH� 5(68/76� ������ DQG� DOO� WKH� XQLYHUVDOO\� FRQVHUYHG

DPLQR�DFLGV�ZHUH�IRXQG�DW�WKHLU�H[SHFWHG�ORFDWLRQ��VHH�EHORZ��



���

7KH�ILUVW�GRPDLQ��VXEGRPDLQ�,��FRQWDLQV�D����DD�³JO\FLQH�ULFK�ORRS´�ZKLFK�LV�LQYROYHG�LQ�$73

ELQGLQJ��7KLV�VXEGRPDLQ�LV�ORFDWHG�LQ�WKH�XSSHU�OREH�DQG�LV�H[SRVHG�WR�WKH�VXUIDFH�RI�WKH�FOHIW�

JGW��SUHVHQWV�WKH�IROORZLQJ�YDULDWLRQ�ZLWK�WKH�NQRZQ�FRQVHQVXV�

DD�1U� ���������������������������������������������������������������������

Consensus: (LIV)GxGx(FYW)(GSA)x(LIVCAT)xx(GSTACLIVMFY)

Gdt1:        I  ekys   W   e  i L      yr G

7KH� DPLQR� DFLGV� LQGLFDWHG� LQ� EUDFNHWV� FRUUHVSRQG� WR� WKH� GLIIHUHQW� YDULDWLRQV� DW� WKH� JLYHQ

SRVLWLRQ��ZKLOH� [� LQGLFDWHV� DQ\� DPLQR� DFLG�� 7KH� WZR� ILUVW� JO\FLQHV� DUH� TXLWH� FRQVHUYHG� EXW

DEVHQW�LQ�JGW���EXW�WKH�VXUURXQGLQJ�K\GURSKRELF�DPLQR�DFLGV�DUH�ZHOO�FRQVHUYHG��9LUDO�SURWHLQ

NLQDVHV�DOVR�SUHVHQW�ZHDN�KRPRORJ\� LQ� WKLV�DUHD��%LVFKRII�DQG�6ODYLFHN���������7KH�FU\VWDO

VWUXFWXUH� RI� WKLV� UHJLRQ� VKRZV� WKDW� VRPH� RI� FRQVHUYHG� K\GURSKRELF� DPLQR�DFLGV� DUH� EXULHG

LQVLGH�WKH�ORRS�WR�VWDELOL]H�WKH�VWUXFWXUH��ZKHUHDV�WKH�K\GURSKLOLF�DPLQR�DFLGV��LQFOXGLQJ�WKH

JO\FLQHV�� DUH� H[SRVHG� WR� WKH� VXUIDFH� IRU� LQWHUDFWLQJ� ZLWK� WKH� 0J���$73� FRPSOH[�� 7KH

XQGHUOLQHG�K\GURSKRELF�DPLQR�DFLGV�ZKLFK�DUH�LPSRUWDQW�IRU�VHTXHVWHULQJ�WKH�DGHQLQH�ULQJ�RI

$73�DUH�FRQVHUYHG�LQ�JGW��

7KH� VXEGRPDLQ� ,,� FDQ� EH� RI� YDULDEOH� VL]H� EXW� XVXDOO\� FRQWDLQV� WKH� IROORZLQJ�PRWLI� ORFDWHG

DERXW���WR����DPLQR�DFLGV�DIWHU�WKH�³JO\FLQH�ULFK�ORRS´�

DD�1U� �������������������������������������������������������������������

Consensus: (LIVMFYWCSTAR)(AIVP)(LIVMFAGCKR)K

Gdt1                  A    I    L          K

7KH�O\VLQH�UHVLGXH��XQLYHUVDOO\�FRQVHUYHG�IRU�DOO�NLQDVHV��LQ�EROG��DW�WKH�HQG�RI�WKH�PRWLI�WKDW

ZDV� VKRZQ� WR� LQWHUDFW� ZLWK� WKH�α� DQG� β� SKRVSKDWH� RI� $73� �+DQNV� DQG� +XQWHU�� ������ LV

SUHVHQW�LQ�JGW���7KLV�O\VLQH�IRUPV�D�VDOW�EULGJH�ZLWK�DQ�LQYDULDQW�JOXWDPLF�DFLG�ORFDWHG�DERXW

���DPLQR�DFLGV�GRZQVWUHDP� LQ�VXEGRPDLQ� ,,,�� ,Q�JGW�� WKH�JOXWDPLF�DFLG� LV� IRXQG����DPLQR

DFLGV�DIWHU�WKH�O\VLQH�

6XEGRPDLQ� ,9�SOD\V�D� VWUXFWXUDO� UROH�DQG� LV�SRRUO\�FRQVHUYHG�DPRQJ�RWKHU�SURWHLQ�NLQDVHV�

+RZHYHU�� JGW�� SUHVHQWV� JRRG� KRPRORJ\� LQ� WKLV� GRPDLQ� ZLWK� UHFHSWRU� W\URVLQH� NLQDVHV�

HVSHFLDOO\�ZLWK�WKH�QHXURWURSKLF�UHFHSWRU�IURP�'URVRSKLOD��)LJ����E��



���

7KH� GRPDLQ� 9� LV� FKDUDFWHUL]HG� E\� DQ� LQYDULDQW� JOXWDPLF� DFLG� �LQ� EROG�� VXUURXQGHG� E\

K\GURSKRELF�UHVLGXHV��7KLV�PRWLI�LV�SHUIHFWO\�FRQVHUYHG�LQ�JGW��

DD�1U� �������� �������������� �� ������������ ���������

Consensus: 3 hydrophobic EY 2 to 4 hydrophobic hydrophilic

gdt1:                LAF EY         PPLG            S

7KH�FRQVHUYHG�JOXWDPLF� DFLG� IRUPV�K\GURJHQ�ERXQGV�ZLWK� WKH� ULERVH�RI� WKH�$73�ZKLOH� WKH

K\GURSKLOLF�UHVLGXH�DIWHU�WKH�VHFRQG�K\GURSKRELF�VWUHWFK�LV�LQYROYHG�LQ�VXEVWUDWH�ELQGLQJ�DQG

WKHUHIRUH�YDULDEOH�VLQFH�SURWHLQ�NLQDVHV�KDYH�GLIIHUHQW�VXEVWUDWH�VSHFLILFLWLHV�

7KH�JGW��SURWHLQ�SUHVHQWV�JRRG�RYHUDOO�KRPRORJ\�ZLWK�DOO�VHOHFWHG�NLQDVHV�LQ�WKH�VXEGRPDLQ

9,$� �VHH� ILJXUH� ��E��� 6LQFH� WKLV� VXEGRPDLQ� KDV� D� FRQIRUPDWLRQDO� IXQFWLRQ�� WKH� KLJKO\

FRQVHUYHG� FRQVHQVXV� VXJJHVWV� DQ� LPSRUWDQW� IHDWXUH� IRU� WKLV� JURXS� RI� SURWHLQ� NLQDVHV�

6XEGRPDLQ�9,%�FRQWDLQV�WKH�³FDWDO\WLF�ORRS´�UHTXLUHG�IRU�WKH�SKRVSKRWUDQVIHU��7KLV�VHTXHQFH

LV�ORFDWHG�RQ�WKH�VXUIDFH�RI�WKH�SURWHLQ�NLQDVH�DQG�RQ�WKH�FOHIW�WR�IDFH�WKH�JO\FLQH�ORRS��7ZR

GLIIHUHQW�FRQVHQVXV�VHTXHQFHV�ZHUH�HVWDEOLVKHG�IRU�WKLV�FDWDO\WLF�ORRS��FRQVHQVXV���LV�VSHFLILF

IRU�VHULQH�WKUHRQLQH�NLQDVHV�DQG�FRQVHQVXV���LV�VSHFLILF�IRU�W\URVLQH�NLQDVHV��7KH\�DUH�XVXDOO\

GLVWLQJXLVKHG� E\� WKH� SUHVHQFH� RI� D� FRQVHUYHG� O\VLQH� IRU� VHULQH�WKUHRQLQH� NLQDVH� RU� DUJLQLQH

�1U�����IRU�PRVW�W\URVLQH�NLQDVH�

DD�1U� ������������������������������������������������������� ����������������������

Consensus 1: (LIVMFYC)x(HY)xD(LIVMFY)xxkN(3 times LIVMFYCT)

Consensus 2: (LIVMFYC)x(HY)xD(LIVMFY)xxRN(3 times LIVMFYC)

gdt1:          I      i  q kt L      raRN          IFL

6LQFH�JGW��FRQWDLQV�DQ�DUJLQLQH�LQ�SRVLWLRQ����LW�PLJKW�EHORQJ�WR�WKH�W\URVLQH�NLQDVH�IDPLO\�RU

WR� GXDO� VSHFLILF� VHULQH�WKUHRQLQH�W\URVLQH� NLQDVHV�� 7KH� K\GURSKRELF� UHVLGXHV� IURP� WKLV

FRQVHQVXV� DUH� HVSHFLDOO\� ZHOO� FRQVHUYHG� LQ� JGW�� EXW� WKH� QRQ�FRQVHUYDWLRQ� RI� ERWK� 1U� �

DVSDUWLF�DFLG��'��DQG�1U���KLVWLGLQH�W\URVLQH��+<��LV�TXLWH�XQXVXDO��7KXV�JGW��LV�PRUH�FORVH�WR

WKH� W\URVLQH� NLQDVH� FRQVHQVXV�� /LNH� WKH� JO\FLQH� ORRS�� WKH� FDWDO\WLF� ORRS� FRQWDLQV� PRVWO\

K\GURSKLOLF� UHVLGXHV� DQG� LV� ERUGHUHG� E\� K\GURSKRELF� UHVLGXHV�� JGW�� VKRZV� D� JRRG

FRQVHUYDWLRQ�RI�DOO�K\GURSKRELF�UHVLGXHV�GHILQLQJ�WKH�OLPLWV�RI� WKH�FDWDO\WLF� ORRS��%XW�DW� WKH



���

KLJKO\� FRQVHUYHG� K\GURSKLOLF� UHVLGXHV�� JGW�� H[KLELWV� UHSODFHPHQWV� ZLWK� RWKHU� K\GURSKLOLF

UHVLGXHV��VXJJHVWLQJ�WKDW�FDWDO\VLV�PLJKW�RFFXU�WKURXJK�D�VSHFLDO�PHFKDQLVP�

6XEGRPDLQ�9,,�XVXDOO\�FRQWDLQV� WKH�ZHOO�FRQVHUYHG�WULSOHW�')*�LQ�VHULQH�WKUHRQLQH�NLQDVHV�

EXW�WKLV�LV�DEVHQW�LQ�VRPH�PHPEUDQH�VSDQQLQJ�UHFHSWRU�NLQDVHV��+DQNV�DQG�4XLQQ���������7KH

DVSDUWLF� DFLG� SUHVHQW� LQ� JGW�� LV� DQ� LQYDULDQW� UHVLGXH�ZKLFK� LV� UHTXLUHG� WR� RULHQW� WKH� JDPPD

SKRVSKDWH�RI�0J��$73� IRU� WUDQVIHU� WR� WKH� VXEVWUDWH��$� FRQVHUYHG�5�.� UHVLGXH� ORFDWHG��� DD

DIWHU�WKH�DVSDUWLF�DFLG�UHVLGXH�ZKLFK�SOD\V�DQ�LPSRUWDQW�FRQIRUPDWLRQDO�UROH�LV�DOVR�IRXQG�LQ

JGW��

aa Nr. ����������������������������������

Consensus: K x x D F G x x K

gdt1: K v l D l t s s K

6XEGRPDLQ�9,,,�IRUPV�D�FURRNHG�FKDLQ�WKDW�IDFHV�WKH�FOHIW�EHWZHHQ�WKH�ODUJH�DQG�VPDOO�OREHV�

,W�FRQWDLQV�WKH�$3(�PRWLI�ZKLFK�LV�FRQVHUYHG�LQ�VHULQH�WKUHRQLQH�NLQDVH�EXW� OHVV� LQ� W\URVLQH

NLQDVH��)RU� WKLV�PRWLI�� RQO\� WKH� LQYDULDQW� JOXWDPLF� DFLG� LV� IRXQG� LQ� JGW���7KH�(� UHVLGXHV� LV

LQYROYHG�LQ�VWDELOL]DWLRQ�RI�WKH�ODUJH�OREH��7KH�DFWLYLW\�RI�PRVW�SURWHLQ�NLQDVHV�LV�UHJXODWHG�E\

SKRVSKRU\ODWLRQ�RQ�WKH�VHULQH��WKUHRQLQH�RU�W\URVLQH�LQ�WKLV�VXEGRPDLQ�9,,,��7KHVH�6��7�RU�<

UHVLGXHV�DUH�ORFDWHG�IHZ�DPLQR�DFLGV�DIWHU�WKH�EHJLQQLQJ�RI�VXEGRPDLQ�9,,,�DQG�DERXW������

DPLQR� DFLGV� EHIRUH� WKH� FRQVHUYHG� JOXWDPLF� DFLG�� ,Q� JGW��� WKH� RQO\� SKRVSKRU\ODWDEOH� DPLQR

DFLG�LQ�WKLV�DUHD�LV�D�W\URVLQH�O\LQJ���DPLQR�DFLGV�DIWHU�WKH�ILUVW�DPLQR�DFLG�RI�VXEGRPDLQ�9,,,

DQG� ��� DPLQR� DFLG� EHIRUH� WKH� (� UHVLGXH�� 3KRVSKRU\ODWLRQ� DW� WKLV� <� VLWH� FDQ� FRUUHVSRQG� WR

DXWRSKRVSKRU\ODWLRQ�RI�JGW��RU�WR�D�SKRVSKRU\ODWLRQ�E\�DQRWKHU�SURWHLQ�NLQDVH��,Q�WKH�FDVH�RI

3.$�� DXWRSKRVSKRU\ODWLRQ� RFFXUV� DW� WKUHRQLQH� ����� LW� LV� XVXDOO\� VWDEOH� DQG� QRW� VHQVLWLYH� WR

SKRVSKDWDVHV�� 6RPH� SURWHLQ� NLQDVHV� OLNH� WKH� 0$3� NLQDVH� IDPLO\� DUH� UHJXODWHG� E\

SKRVSKRU\ODWLRQ�GHSKRVSKRU\ODWLRQ� SURFHVVHV� RQ� UHVLGXHV� RI� WKLV� VXEGRPDLQ�� 8VLQJ

PRQRFORQDO� DQWLERGLHV� DJDLQVW� SKRVSKR�W\URVLQH�PLJKW� DOORZHG� WR� GHWHFW� WKH� SUHVHQFH� RI� D

SKRVSKR�W\URVLQH�LQ�JGW��

aa Nr.      ������������������������������������������������������������������

Consensus:  xxxx Y xxxxxxxxxx (xxxx) (AS) P E

gdt1:       acnn Y ---iervdtp  inlt    -  r E �����

6XEGRPDLQ� ,;�KDV�D� ODUJH�DOSKD�KHOL[�FRQWDLQLQJ�DQ� LQYDULDQW�DVSDUWLF� DFLG� UHVLGXH��7KLV�'

UHVLGXH�LV�SUHVHQW�LQ�JGW�����DPLQR�DFLGV�EHIRUH�WKH����DD�LQVHUWLRQ���DQG�WKH�DGMDFHQW�UHVLGXHV

SUHVHQW�VRPH�KRPRORJ\�ZLWK� WKH� UHFHSWRU� W\URVLQH�NLQDVHV� �VHH�)LJ����E���7KH�DVSDUWLF�DFLG
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UHVLGXH� LV� LPSRUWDQW� IRU� ERWK� WKH� VWDELOL]DWLRQ� RI� WKH� FDWDO\WLF� ORRS� DQG� WKH� UHFRJQLWLRQ� RI

VXEVWUDWH��JGW��FRQWDLQV�DQ�LQVHUWLRQ�RI����DPLQR�DFLGV��PRVWO\�DQ�DVSDUDJLQH�UHSHDWV�GLUHFWO\

DIWHU�WKH�FRQVHUYHG�DVSDUWLF�DFLG��$Q�LQVHUWLRQ�DW�WKLV�SRVLWLRQ�LV�XQXVXDO�DQG�PLJKW�UHGXFH�WKH

HQ]\PH�VWDELOLW\��+RZHYHU��DIWHU�WKH�SRO\1�LQVHUWLRQ�JGW��SUHVHQWV�DJDLQ�JRRG�KRPRORJ\�IRU

VXEGRPDLQ�,;�

aa Nr.   �������������������������������������������

Consensus:       x x x x x x x x x D

gdt1:          i i - r d p k q n n D

7KH�WZR�ODVW�GRPDLQV�DUH�RIWHQ�SRRUO\�FRQVHUYHG�DQG�PD\�FRQWDLQ�ELJ�LQVHUWLRQV�RU�GHOHWLRQV�

7KH�VXEGRPDLQ�;�KDV�WKH�VWUXFWXUH�RI�D�VPDOO�DOSKD�KHOL[�VLWWLQJ�DW�WKH�EDVH�RI�WKH�ODUJH�OREH�

WRZDUGV� WKH�RXWVLGH��7KH� VHTXHQFH� IURP� WKLV� UHJLRQ� LV�QRW�ZHOO� FRQVHUYHG�� DQG�RI�XQNQRZQ

IXQFWLRQ�� 1R� FOHDU� FRQVHUYHG� UHVLGXHV� DUH� IRXQG� EHWZHHQ� JGW�� DQG� WKH� DQDO\VHG� SURWHLQ

NLQDVHV� �)LJ�� ��E��� 7KH� PRVW� LPSRUWDQW� IHDWXUH� RI� VXEGRPDLQ� ;,� LV� DQ� DOPRVW� LQYDULDQW� 5

UHVLGXH��WKDW�LV�KRZHYHU��QRW�IRXQG�LQ�JGW���2Q�WKH�RWKHU�KDQG��JGW��SUHVHQWV�WZR�RWKHU�PRWLIV�

&:� DQG� 7)� ZKLFK� DUH� SUHVHQW� LQ� PDQ\� W\URVLQH� NLQDVHV� EXW� QRW� YHU\� FRPPRQ� LQ� VHULQH�

WKUHRQLQH� NLQDVHV�� 8VXDOO\� WKH� 5� UHVLGXH� LQ� VXEGRPDLQ� ;� LQWHUDFWV� ZLWK� WKH� FRQVHUYHG� (

UHVLGXH� IURP� VXEGRPDLQ� 9,,,� WR� VWDELOL]H� WKH� VWUXFWXUH� RI� WKH� ORZHU� OREH�� +RZHYHU�� WKH

UHTXLUHPHQW�IRU�WKH�5�UHVLGXH�WR�VWDELOL]H�WKH�SURWHLQ�VWUXFWXUH�FRXOG�EH�UHSODFHG�E\�DQRWKHU

PHFKDQLVP��7KH�IDFW�WKDW�JGW��FRQWDLQV�D�ODUJH�SRO\1�LQVHUWLRQ�LQ�VXEGRPDLQ�,;�PD\�SOD\�D

UROH� LQ� LQWHUDFWLRQ� ZLWK� RWKHU� UHVLGXHV�� ,W� KDV� EHHQ� UHSRUWHG� WKDW� DVSDUDJLQH�ULFK� �SRO\1�

VHTXHQFHV�DUH� LQYROYHG�LQ�SURWHLQ�SURWHLQ� LQWHUDFWLRQV��HVSHFLDOO\� LQ�3ODVPRGLXP�IDOFLSDUXP

DQWLJHQ�KRVW�DQWLERG\�UHFRJQLWLRQ��)UDQ]HQ�HW�DO���������:DKOJUHQ�HW�DO���������

$PRQJ� DOO� SURWHLQ� NLQDVHV�� JGW�� GLVSOD\HG� WKH� EHVW� KRPRORJ\� ZLWK� D� QRQ�UHFHSWRU� VHULQH�

WKUHRQLQH�NLQDVH� LQ�(QWDPREDH� �(1+367.����� D� VPDOO� SURWHLQ�ZKLFK� FRQWDLQV� RQO\� ���� DD

�VHH�)LJ����D���,W�LV��KRZHYHU��XQOLNHO\�WKDW�WKH�PHPEUDQH�DVVRFLDWHG�JGW��SURWHLQ�LV�D�GLUHFW

KRPRORJXH� RI� (1+367.���� 7KH� KLJK� KRPRORJ\� VFRUH� FDPH� PRVWO\� IURP� WKH� VHTXHQFHV

EHIRUH� WKH� ³*O\FLQH� ULFK� ORRS´��ZKLFK�ZHUH� QRW� FRQVHUYHG� IRU� DOO� SURWHLQ� NLQDVHV� EXW�ZHUH

KLJKO\�FRQVHUYHG�EHWZHHQ�JGW��DQG�(1+37.����7KH�RWKHU�ZHOO�FRQVHUYHG�UHJLRQ�ZDV�WKH�&:

VHTXHQFH� LQ� WKH� ODVW� VXEGRPDLQ�� ZKLFK� ZDV� UDWKHU� XQXVXDO� IRU� WKH� VHULQH�WKUHRQLQH� NLQDVH

(1+367.���
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,Q�FRQFOXVLRQ��JGW��LV�SUREDEO\�D�UHFHSWRU�W\URVLQH�NLQDVH�RU�D�GXDO�VSHFLILFLW\�NLQDVH�EXW�DOVR

SUHVHQWV�XQLTXH�GLIIHUHQFHV�VXJJHVWLQJ�WKDW�LW�PLJKW�FRUUHVSRQG�WR�D�QHZ�IDPLO\��7KH�XQXVXDO

IHDWXUHV� LQ�ERWK� ³WKH�JO\FLQH� ULFK� ORRS´� �VXEGRPDLQ� ,�� DQG� WKH� ³FDWDO\WLF� ORRS´� �VXEGRPDLQ

9,�� VXJJHVW� WKDW� JGW��PLJKW� FDWDO\]H� SKRVSKRWUDQVIHU� WKURXJK� DQ� XQXVXDO� PHFKDQLVP�� 7KH

SUHVHQFH�RI�DQ�LQVHUW�FORVH�WR�WKH�'�UHVLGXH�ZKLFK�LV� LPSRUWDQW�IRU� WKH�SURWHLQ�VWDELOLW\��DQG

WKH� DEVHQFH� RI� WKH� FRQVHUYHG� 5� IURP� VXEGRPDLQ� ;,� PLJKW� UHVXOW� LQ� DQ� XQVWDEOH� HQ]\PH

DFWLYLW\�ZLWK�D�SDUWLDOO\�XQIROGHG�ORZHU�OREH��2Q�WKH�RWKHU�KDQG��SRO\�DVSDUDJLQH�� OLNH�SRO\�

JOXWDPLQH�FDQ�EH�LQYROYHG�LQ�SURWHLQ�SURWHLQ�LQWHUDFWLRQV��RU�PD\�EH�XVHG�E\�RWKHU�SURWHLQV�WR

PRGXODWH�WKH�NLQDVH�DFWLYLW\�RI�JGW��

2Q� WKH�ZD\� WR�GHWHUPLQH� WKH� FRPSOHWH� VHTXHQFH�RI� WKH�JGW�� JHQH�� VHYHUDO� DGGLWLRQDO� � JHQH

GLVUXSWLRQV� �LQGLFDWHG� LQ� )LJ�� ���� ZHUH� JHQHUDWHG�� ,Q� WKH� RULJLQDO� 5(0,� PXWDQW�� JGW�� ZDV

GLVUXSWHG�LQVLGH�WKH�VHFRQG�WUDQVPHPEUDQH�GRPDLQ�70���7KH�/��PXWDQW��WKH�'�DQG�;�VHULHV

PXWDQWV� FDUULHG� WKH� VDPH� GLVUXSWLRQ� LQ� WKH� LQWUDFHOOXODU� ORRS� EHWZHHQ� 70�� DQG� 70��� EXW

EHIRUH� WKH� SXWDWLYH� 3.$� SKRVSKRU\ODWLRQ� VLWH� ³5)516/´�� ,Q� WKH� .� VHULHV� PXWDQWV�� DQ

LQVHUWLRQ�ZDV�LQWURGXFHG�DW�����NE�DIWHU�WKH�$7*�FRGRQ��OHDGLQJ�WR�WKH�SRVVLEOH�H[SUHVVLRQ�RI

D�WUXQFDWHG�JGW��SURWHLQ�ZKLFK�FRQWDLQV�DOO�WKH���WUDQVPHPEUDQH�GRPDLQV�EXW�ZLWK�WKH�NLQDVH

GRPDLQ� DW� WKH� &�WHUPLQXV� GHOHWHG�� $OO� GLVUXSWDQWV� GLVSOD\HG� WKH� VDPH� SKHQRW\SH�� 7KLV

VXSSRUWHG�WKH�FRQFOXVLRQ�WKDW�WKH�ZKROH������DD�ORQJ�25)�UHSUHVHQWHG�D�VLQJOH�JHQH��)XUWKHU

PRUH��VLQFH�WKH�PRVW��¶�DV�ZHOO�DV�WKH�PRVW��¶�GLVUXSWLRQ�VKRZHG�QR�GLIIHUHQFHV�LQ�SKHQRW\SH�

RQH�KDG�WR�DVVXPH�WKDW�QRQH�RI�WKH�PXWDQWV�H[SUHVVHG�D�SDUWLDOO\�IXQFWLRQDO�SURWHLQ��WKRXJK�D

VPDOO�P51$� WUDQVFULSW� RI� ����NE�ZDV�GHWHFWHG� LQ�/�� �VHH�)LJ�� ��E���7KH� NLQDVH� GRPDLQ� LV

ORFDWHG�DW�WKH�YHU\�&�WHUPLQXV��WKXV�LWV�NLQDVH�DFWLYLW\�DSSHDUV�WR�EH�FUXFLDO�IRU�JGW��IXQFWLRQ�

7KH�IDFW�WKDW�JGW��LV�D�F\WRSODVPLF�PHPEUDQH�DVVRFLDWHG�SURWHLQ�VXSSRUWV�WKH�DVVXPSWLRQ�WKDW

LW�EHORQJV� WR� WKH� UHFHSWRU�NLQDVH� IDPLO\��6LQFH� OLJDQGV� IRU� UHFHSWRU�NLQDVHV�DUH�YDULDEOH�� WKH

H[WUDFHOOXODU� UHJLRQV�RI� UHFHSWRU�NLQDVHV�DUH�XVXDOO\�QRW� FRQVHUYHG��7KLV�FRXOG�H[SODLQ�ZK\

WKH�ODUJH�1�WHUPLQDO�SDUW�RI�JGW��UHYHDOV�QR�KRPRORJ\�WR�DQ\�VHTXHQFHV�LQ�WKH�GDWDEDVHV�
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���7KH�5*'�VLWH�VXJJHVWV�D�FHOO�VXEVWUDWXP�DGKHVLRQ�IXQFWLRQ�IRU�WKH�JGW��SURWHLQ

,Q�DGGLWLRQ�WR�WKH�UHFHSWRU�NLQDVH�IHDWXUH��DQRWKHU�PRWLI�VXJJHVWV�IXUWKHU�IXQFWLRQV�RI�WKH�JGW�

SURWHLQ�� 7KH� 5*'� �$UJ�*O\�$VS�� VHTXHQFH� LV� WKH� PLQLPDO� VWUXFWXUH� LQ� WKH� DGKHVLYH

JO\FRSURWHLQ� ILEURQHFWLQ� ZKLFK� FDQ� EH� UHFRJQL]HG� E\� PDPPDOLDQ� FHOOV� DQG� SURPRWHV� FHOO�

DWWDFKPHQW��6X]XNL�HW�DO����������7KH�FRQVHUYDWLYH�VXEVWLWXWLRQV�RI�/\V�IRU�$UJ��$OD�IRU�*O\�

RU�*OX�IRU�$VS�HDFK�UHVXOWHG�LQ�DEURJDWLRQ�RI�WKH�FHOO�DWWDFKPHQW�DFWLYLW\��7KLV�VLWH�ZDV�DOVR

IRXQG� LQ�RWKHU�SURWHLQV�ZKLFK�ZHUH�NQRZQ� WR� LQWHUDFW�ZLWK� WKH�FHOO� VXUIDFH�� OLNH�YLWURQHFWLQ

�3LHUVFKEDFKHU� DQG� 5XRVODKWL�� ������� YDULRXV� W\SHV� RI� FROODJHQV� �3IDII� HW� DO��� ������ DQG

WKURPELQ��%DU�6KDYLW�HW�DO����������8VLQJ�D�V\QWKHWLF�SHSWLGH�FRQWDLQLQJ� WKH�5*'�VHTXHQFH

SUHYHQWHG�JDVWUXODWLRQ�RI�'URVRSKLOD�HPEU\RV��1DLGHW�HW�DO����������LQGLFDWLQJ�WKDW�WKH�5*'

VHTXHQFH�PLJKW� DOVR�EH�XVHG�E\� LQYHUWHEUDWHV� WR�PHGLDWH� FHOO�DWWDFKPHQW�SKHQRPHQD��0RUH

UHFHQWO\��D�QDWLYH�ERQH�VLDORSURWHLQ��6WXEEV�HW�DO���������ZDV�FKDUDFWHUL]HG�ZKLFK�IDFLOLWDWHG

WKH�DGKHVLRQ�RI�VHYHUDO�FHOO�W\SHV�YLD�LWV�LQWHJULQ�ELQGLQJ�5*'�VLWH��SUHVHQWLQJ�D�GLUHFW�SURRI

IRU� WKH� LQ� YLYR� IXQFWLRQ� RI� WKH�5*'� WULSHSWLGH� VHTXHQFH�� ,Q� WKH� ORZHU� HXNDU\RWLF� RUJDQLVP

'LFW\RVWHOLXP��WUHDWPHQW�RI�FHOOV�ZLWK�D�V\QWKHWLF�SHSWLGH�FRQWDLQLQJ�WKH�5*'�PRWLI�EORFNHG

FHOO�DWWDFKPHQW�DQG�GHYHORSPHQWDO�PRUSKRJHQHVLV��6SULQJHU�HW�DO����������7KLV�VXJJHVWHG�WKDW

5*'�FRXOG�EH�SDUW�RI� D�XQLYHUVDO� FHOO� DGKHVLRQ� V\VWHP��+RZHYHU�� WKH�5*'�PRWLI�GRHV�QRW

RQO\� H[LVW� LQ� FHOO�VXUIDFH� SURWHLQV�� EXW� DOVR� DSSHDUV� WR� EH� LQYROYHG� LQ� WKH� LQWHUDFWLRQ� RI

F\WRVNHOHWDO� SURWHLQV� ZLWK� WKH� FHOO� PDWUL[� �2KQR�� ������� ,Q� 'LFW\RVWHOLXP�� WKH� GLVFRLGLQ

SURWHLQV� PD\� EH� DQ� H[DPSOH�� WKH\� KDYH� D� FRQVHUYHG� 5*'� VHTXHQFH� DQG� DUH� UHTXLUHG� IRU

F\WRVNHOHWDO�RUJDQL]DWLRQ�LQ�FHOO�HORQJDWLRQ�GXULQJ�DJJUHJDWLRQ��$OH[DQGHU�HW�DO����������,Q�WKH

JGW��SURWHLQ��WKH�5*'�VLWH�LV�ORFDWHG�DW�WKH�ODUJH�SRWHQWLDO�H[WUDFHOOXODU�GRPDLQ�RI�����DPLQR

DFLGV��DQG�FRXOG�WKHUHIRUH�SOD\�D�UROH�IRU�OLJDQG�ELQGLQJ��)XUWKHU�PRUH��LI�WKH�JGW��SURWHLQ�LV

RQ�WKH�FHOO�VXUIDFH��LW�PD\�DOVR�EH�LQYROYHG�LQ�WKH�FHOO�FHOO�DWWDFKPHQW�EHWZHHQ�'LFW\RVWHOLXP

FHOOV��RU�LQ�WKH�DGKHVLRQ�RI�EDFWHULD�WR�'LFW\RVWHOLXP�FHOOV�

,Q� WKH� VWUHDPLQJ�DVVD\� �)LJ������� FHOOV�ZHUH�SODWHG�DW� ORZ�GHQVLW\� WR� IRUP�D� VLQJOH� OD\HU�E\

DWWDFKPHQW� WR� WKH�SODVWLF�VXUIDFH��8QGHU�VXFK�FRQGLWLRQV��'LFW\RVWHOLXP�FHOOV�KDG� WR�PLJUDWH

RYHU� D� ORQJ� GLVWDQFH� WR� IRUP� FODVVLFDO� VWUHDPV� LQ� OLTXLG�� EXW� FRXOG� QRW� IXUWKHU� GLIIHUHQWLDWH

XQOHVV� SODFHG� DW� DQ� DLU�ZDWHU� LQWHUIDFH� �%URGLH� HW� DO��� ������� 7KXV� WKH� FRQGLWLRQV� ZHUH

GLIIHUHQW�IURP�WKH�VWDQGDUG�GHYHORSPHQWDO�DVVD\�DQG�UHYHDOHG�GHIHFWV�LQ�FKHPRWD[LV�PRWLOLW\

DQG� FHOO� DGKHVLRQ�� ,W� KDV� EHHQ� VKRZQ� WKDW� UDSLG�GHYHORSPHQW�PXWDQWV� DOVR� IDLOHG� WR� VWUHDP

QRUPDOO\� LQ� WKLV� DVVD\� �$EH� HW� DO��� ������� $Q� REYLRXV� GHOD\� IRU� VWUHDPLQJ� DQG� WKH� ORRVHU

IRUPDWLRQ�RI�DJJUHJDWHV�ZDV�REVHUYHG�LQ�/��� LQGLFDWLQJ�WKDW�D�GLVUXSWLRQ�RI�JGW��UHVXOWHG� LQ
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PLV�UHJXODWLRQ� RI� FHOO�FHOO� DWWDFKPHQW� DQG�RU� FHOO�PLJUDWLRQ�� 7KHVH� GDWD� ILW� ZHOO� ZLWK� WKH

REVHUYDWLRQV�PDGH�DIWHU�WUHDWPHQW�ZLWK�5*'�SHSWLGHV��6SULQJHU�HW�DO����������VXSSRUWLQJ�WKH

DVVXPSWLRQ�WKDW�JGW��LV�ORFDWHG�RQ�WKH�FHOO�VXUIDFH�DQG�LQYROYHG�LQ�WKH�LQWHUDFWLRQ�RI�FHOOV�ZLWK

HDFK� RWKHU� DQG�RU� WKHLU� HQYLURQPHQW� �H�J�� VXEVWUDWXP��� 6R� IDU� VRPH� JO\FRSURWHLQV�� H�J�� FV$

�FRQWDFW� VLWH� $�� DQG� JS��� KDYH� EHHQ� LGHQWLILHG� WR� PHGLDWH� GLUHFW� FHOO�FHOO� DGKHVLRQ� LQ

'LFW\RVWHOLXP��EXW�QR�³5*'´�VLWH� LV�FRQWDLQHG�LQ� WKHVH�SURWHLQV��6LX�HW�DO���������6WDGOHU�HW

DO��� ������ 'HVEDUDWV� HW� DO��� ������ /RRPLV� DQG� )XOOHU�� ������� ,QWHUHVWLQJO\�� D� VOLJKW

RYHUH[SUHVVLRQ� RI� FV$� ZDV� REVHUYHG� LQ� /�� �)LJ�� ���� ZKLFK� VKRXOG� UDWKHU� LQFUHDVH� FHOO�FHOO

DGKHVLRQ�

,W� LV��KRZHYHU��DOVR�SRVVLEOH� WKDW� WKH�GHIHFWV� LQ�VWUHDPLQJ�DQG�DJJUHJDWLRQ� LQ� WKH�PXWDQW�DUH

VHFRQGDU\�HIIHFWV�PHGLDWHG�E\�WKH�VLJQDO�WUDQVGXFWLRQ�IXQFWLRQ�RI�JGW���VHH�EHORZ��

���JGW��LV�D�QHZ�FRPSRQHQW�LQ�WKH�VLJQDOOLQJ�SDWKZD\�RI�WKH�*'7�

7KH�ILQGLQJ�WKDW�JGW��LV�D�SXWDWLYH�UHFHSWRU�W\URVLQH�NLQDVH�VXSSRUWV�WKH�DVVXPSWLRQ�WKDW�LW�LV�D

VLJQDO� WUDQVGXFWLRQ� FRPSRQHQW�� 0RVW� UHFHSWRU� W\URVLQH� NLQDVHV�� H�J�� LQVXOLQ� UHFHSWRUV� DQG

QHUYH�JURZWK�IDFWRU�UHFHSWRUV��DUH�DFWLYDWHG�E\�DXWRSKRVSKRU\ODWLRQ�XSRQ�OLJDQG�ELQGLQJ��DQG

DFWLYDWLRQ�LV�UHYHUVHG�E\�GHSKRVSKRU\ODWLRQ�YLD�D�W\URVLQH�SKRVSKDWDVH��UHYLHZHG�LQ�=KDQJ�HW

DO���������/HH�DQG�3LOFK���������JGW��LV�D�QHJDWLYH�UHJXODWRU�RI�GLIIHUHQWLDWLRQ��$V�D�UHFHSWRU�LW

PRVW� OLNHO\�VHQVHV�QXWULHQWV�RU�EDFWHULD�DQG�PHGLDWHV�DQ� LQWUDFHOOXODU�VLJQDO�ZKLFK�UHSUHVVHV

WKH� JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ� DQG� GLVFRLGLQ� H[SUHVVLRQ�� $V� H[SHFWHG�� JGW�� PXWDQWV

HQWHUHG� WKH� GHYHORSPHQWDO� F\FOH� PRUH� UDSLGO\�� EXW� ZHUH� QRUPDO� LQ� WKH� IROORZLQJ� VWHSV� RI

GLIIHUHQWLDWLRQ� �VHH� )LJ�� ���� 7KLV� ZDV� LQ� FRQWUDVW� WR� RWKHU� UDSLG� GHYHORSPHQW� PXWDQWV� �OLNH

3.$�&�RYHUH[SUHVVLQJ�VWUDLQV��ZKLFK�ZHUH�DFFHOHUDWHG�LQ�ODWHU�VWDJHV�RI�GHYHORSPHQW�

7KH� ILQGLQJ� WKDW� JGW�� LV� D� QHJDWLYH� UHJXODWRU� RI� GLVFRLGLQ� H[SUHVVLRQ� VXJJHVWV� WKDW� WKH

GLVFRLGLQ�JHQH�IDPLO\�LV�UHSUHVVHG�GXULQJ�JURZWK��DQG�WKDW�H[SUHVVLRQ�LV�UDWKHU�PHGLDWHG�E\�D

UHOHDVH�RI�WKLV�UHSUHVVLRQ�WKDQ�E\�DQ�DFWLYH�LQGXFWLRQ��7KH�H[SUHVVLRQ�SDWWHUQ�RI�JGW��VXSSRUWV

WKLV�VXJJHVWLRQ��JGW��LV�RQO\�H[SUHVVHG�GXULQJ�JURZWK��EXW�WKHQ�TXLFNO\�GRZQ�UHJXODWHG�DIWHU

WKH�RQVHW�RI�GHYHORSPHQW��)LJ����D�������7KLV�DJUHHV�ZLWK�WKH�UHJXODWLRQ�SDWWHUQ�RI�GLVFRLGLQ�

ZKLFK�LV�H[SUHVVHG�DW�YHU\�ORZ�OHYHOV��PDLQWDLQHG�E\�D�UHSUHVVLQJ�IDFWRU��GXULQJ�JURZWK�EXW

VWURQJO\� LQGXFHG� �UHOHDVH� RI� WKH� UHSUHVVLRQ�� DIWHU� WKH� RQVHW� RI� GHYHORSPHQW��0RVW� SUREDEO\

ZKHQ�FHOOV�DUH�JURZQ�LQ�SOHQW\�RI�EDFWHULD��JGW�� LV�ERXQG�E\� LWV� OLJDQG�DQG� WKH� LQWUDFHOOXODU

UHSUHVVLQJ�SDWKZD\�LV�DFWLYDWHG��ZKHQ�FHOOV�DUH�GHSULYHG�RI�WKHLU�IRRG�VRXUFH��JGW��PD\�ORRVH
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WKH� OLJDQG� DQG� UHOHDVH� UHSUHVVLRQ�� ,Q� DJUHHPHQW� ZLWK� WKLV�� GLVFRLGLQ� H[SUHVVLRQ� LV

SUHGRPLQDQWO\�XQGHU�QHJDWLYH�FRQWURO��7KLV� FRQFOXVLRQ� LV� VXSSRUWHG�E\�D�QXPEHU�RI� IXUWKHU

5(0,�PXWDQWV��WKH�IUHTXHQF\�RI�GLVFRLGLQ�RYHUH[SUHVVLRQ�VWUDLQV�E\�IDU�H[FHHGV�WKH�GLVFRLGLQ

PLQXV� SKHQRW\SH� �RXU� RZQ� XQSXEOLVKHG� REVHUYDWLRQV�� DQG� :HWWHUDXHU�� SHUVRQDO

FRPPXQLFDWLRQ���6LQFH�PRVW�5(0,�PXWDQWV�VKRXOG�FDUU\�ORVV�RI�IXQFWLRQ�PXWDWLRQV��SURWHLQV

LQ�UHSUHVVLQJ�SDWKZD\V�DSSHDU�WR�EH�PRUH�IUHTXHQW�WKDQ�DFWLYDWLQJ�FRPSRQHQWV�

JGW�� GLVUXSWDQWV� H[SUHVVHG� GLVFRLGLQ� DW� ORZHU� FHOO� GHQVLWLHV�� L�H�� SUHPDWXUHO\�� WKH� ILQDO

PD[LPDO�OHYHO�ZDV��KRZHYHU��VLPLODU�WR�WKDW�LQ�ZLOG�W\SH�FHOOV��)LJ����DQG�����7KH�JGW��SURWHLQ

DSSHDUHG�QRW�WR�EH�H[SUHVVHG�LQ�ZLOG�W\SH�FHOOV�DW�YHU\�ORZ�GHQVLWLHV��)LJ�������ZKHQ�FHOOV�GLG

QRW� H[SUHVV� GLVFRLGLQ�� 8QGHU� WKHVH� FRQGLWLRQV�� D� GLIIHUHQW� SDWKZD\� SUREDEO\� SUHYHQWHG� WKH

RQVHW�RI�GLIIHUHQWLDWLRQ��$SSDUHQWO\��JGW��WUDQVFULSWLRQ�LV�UHJXODWHG�E\�D�GHQVLW\�VHQVLQJ�IDFWRU

OLNH� 36)�� 7KH� GDWD� VXJJHVWHG� WKDW� JGW�� H[SUHVVLRQ� ZDV� FRQWLQXRXVO\� LQFUHDVLQJ� ZLWK� FHOO

GHQVLW\�WR�LQKLELW�WKH�JUDGXDOO\�LQFUHDVLQJ�FRPSHWHQFH�RI�FHOOV�WR�HQWHU�WKH�*'7��'XH�WR�WKH

ORZ� H[SUHVVLRQ� RI� JGW��P51$�DQG� SURWHLQ�� WKLV� FRXOG� XQIRUWXQDWHO\� QRW� EH� VKRZQ� GLUHFWO\

�EXW� VHH� )LJ�� �����0RUHRYHU�� DV� VKRZQ� LQ� )LJ�� ��� GLVUXSWLRQ� RI� JGW�� GLG� QRW� RQO\� UHVXOW� LQ

RYHUH[SUHVVLRQ� RI� GLVFRLGLQ�� EXW� DOVR� PLV�UHJXODWLRQ� RI� RWKHU� GHYHORSPHQWDO� JHQHV� �H�J��

LQGXFWLRQ�RI�FV$��SUHPDWXUH�H[SUHVVLRQ�RI�SGH��DQG�UHSUHVVLRQ�RI�FDU$���%RWK�3'(�DQG�F$5,

DUH� VLJQDOOLQJ� PROHFXOHV� LQYROYHG� LQ� WKH� F$03� SDWKZD\�� ZKLFK� JHQHUDWHV� UHSUHVVLRQ� RI

GLVFRLGLQ� H[SUHVVLRQ� �VHH� )LJ�� �� LQ� ,1752'8&7,21��� 7KXV� WKH� JGW�� VLJQDOOLQJ� FRPSRQHQW� LV

PRVW�OLNHO\�LQYROYHG�LQ�PXOWLSOH�HYHQWV�

7KHUH�LV�DOVR�HYLGHQFH�WKDW�WKH�UHJXODWLRQ�E\�EDFWHULD�LV�DIIHFWHG�LQ�WKH�JGW��PXWDQWV��7KLV�LV

REVHUYHG� LQ� WKH� /��PXWDQW�� ZKLFK� GLVSOD\V� D� QRUPDO� JURZWK� LQ� D[HQLF�PHGLXP� EXW� JURZV

PXFK�VORZHU�WKDQ�WKH�ZLOG�W\SH�$[��VWUDLQ�ZKHQ�JURZQ�LQ�EDFWHULD��7DEOH�����+RZHYHU��WKH

SRWHQWLDO�EDFWHULDO�OLJDQG�IRU�JGW��LV�QRW�\HW�GLVFRYHUHG��)RODWH�LV�D�JRRG�FDQGLGDWH�VLQFH�LW�LV�D

UHSUHVVLQJ�VLJQDOOLQJ�PROHFXOH�IRU�'LFW\RVWHOLXP�DQG�LV�VHFUHWHG�E\�EDFWHULD��)XUWKHUPRUH��WKH

UHVSRQVH� WR� IRODWH� LV� LPSDLUHG� LQ�/�� �)LJ�� ����� )RODWH� LV�� KRZHYHU�� QRW� WKH�PDLQ� UHSUHVVLQJ

VLJQDO�� DXWRFODYHG� EDFWHULD� �ZKHUH� IRODWH�ZDV� GHVWUR\HG��ZHUH� XVHG� IRU� FXOWXULQJ�$[�� FHOOV

DQG�WKH�VDPH�UHSUHVVLRQ�RI�GLVFRLGLQ�ZDV�REWDLQHG��&ODUNH�DQG�*RPHU���������7KLV�VXJJHVWV

WKDW� WKH�EDFWHULDO�VLJQDO�PROHFXOH�FRPHV� IURP�WKH�EDFWHULD� WKHPVHOYHV��PRVW� OLNHO\� IURP�WKH

EDFWHULDO� FHOO� ZDOO� RU� WKH� VXUIDFH�JO\FRSURWHLQV�� 3UREDEO\�� EDFWHULD� DGKHUH� WR�'LFW\RVWHOLXP

FHOOV�DW�VSHFLILF�ELQGLQJ�VLWHV�DQG�WKXV�JHQHUDWH�LQWUDFHOOXODU�VLJQDOOLQJ�SDWKZD\V�ZKLFK�ILQDOO\

UHSUHVV�WKH�RQVHW�RI�GHYHORSPHQW��%R]]DUR�DQG�FR�ZRUNHUV�KDYH�VKRZQ�WKDW�OLQNHG�JOXFRVLGHV

FRXOG�UHSUHVV�GHYHORSPHQW�LQ�'LFW\RVWHOLXP��*DPELQR�HW�DO����������VXSSRUWLQJ�WKH�³EDFWHULD�
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UHSUHVVLRQ´�K\SRWKHVLV��6LQFH� WKH�EDFWHULDO�VXJDUV�DUH� WKH�PDLQ�FRQWHQWV�RI� WKH�EDFWHULDO�FHOO

ZDOO�� WKH�UHJXODWRU\�FDSDFLW\�RI�JOXFRVLGH�ZDV� WHVWHG�IRU� WKH�/��PXWDQW� �)LJ�������+RZHYHU�

WKH�/��FHOOV� IDLOHG� WR� IRUP�DQ\�PXOWLFHOOXODU�PRUSKRORJ\�RQ�ERWK�JOXFRVLGH�SRO\DFU\ODPLGH

DQG�WKH�FRQWURO�KH[DQRO�SRO\DFU\ODPLGH�JHO��VXJJHVWLQJ�WKDW�WKH�GHIHFW�LQ�WKH�/��PXWDQW�ZDV

QRW� UHODWHG� WR�VXJDU�ELQGLQJ��)XUWKHU�DQDO\VLV�RI� WKH�/��PXWDQW� LV�SHUIRUPHG�DW� WKH�%R]]DUR

ODE�� WR� WHVW� ZKHWKHU� WKH� DEQRUPDO� PRUSKRJHQHVLV� LV� D� GLUHFW� FRQVHTXHQFH� RI� VXEVWUDWXP

ELQGLQJ��DQG�WR�LGHQWLI\�WKH�VSHFLILF�OLJDQG�IRU�JGW��SURWHLQ�

6ORZHU�JURZWK�LQ�EDFWHULDO�VXVSHQVLRQ�FXOWXUH�DQG�WKH�ZLGH�VSUHDGLQJ�RI�FHOOV�RQ�D�EDFWHULDO

ODZQ�DOVR�VXJJHVWHG�WKDW�JGW��PXWDQWV�FRXOG�EH�LPSDLUHG�LQ�SKDJRF\WRVLV��7KLV�ZDV��KRZHYHU�

QRW� WKH� FDVH�� /�� FHOOV� UDWKHU� GLVSOD\HG� EHWWHU� SKDJRF\WRVLV� LQ� WKH� VWDQGDUG� \HDVW� FHOO� DVVD\

�0DQLDN�HW�DO���������WKDQ�ZLOG�W\SH�FHOOV��0DQLDN��SHUVRQDO�FRPPXQLFDWLRQ��

���JGW��DQG�3.$�IXQFWLRQ�LQ�WZR�SDUDOOHO�EXW�LQWHUDFWLQJ�SDWKZD\V

7KH� F$03� GHSHQGHQW� SURWHLQ� NLQDVH� �3.$�� LV� NQRZQ� WR� LQIOXHQFH� GLVFRLGLQ� H[SUHVVLRQ�

LQDFWLYDWLRQ� RI� 3.$� EORFNV� PRUSKRORJLFDO� GHYHORSPHQW� �0DQQ� HW� DO��� ������ 6LPRQ� HW� DO��

������+DUZRRG�HW�DO���������DQG�OHDGV�WR�VWURQJO\�UHGXFHG�GLVFRLGLQ�H[SUHVVLRQ�LQ�ZLOG�W\SH

VWUDLQV��)LJ�������)XUWKHUPRUH��WKH�*α���PXWDQW�KDV�D�VLPLODU�SKHQRW\SH�DV�ERWK�WKH�3.$�&�

DQG�3.$�5P�PXWDQWV��%XUGLQJ�DQG�&ODUNH��������(QGO�HW�DO���������7KXV�WKH�3.$�SDWKZD\

DFWLYDWHV�GLVFRLGLQ�H[SUHVVLRQ�DQG�DQ\�OHVLRQ�LQ�WKLV�SRVLWLYH�SDWKZD\�ZLOO�OHDG�WR�D�EORFN�LQ

PRUSKRORJLFDO�GHYHORSPHQW�DQG�FRPSOHWH�ORVV�RI�GLVFRLGLQ�

,Q�RUGHU� WR� HVWDEOLVK� WKH� UHODWLRQVKLS�EHWZHHQ� WKH�JGW��SDWKZD\� DQG� WKH� VLJQDOOLQJ� FKDLQ�RI

3.$�� GRXEOH� PXWDQWV� �*α���/��� 3.$� &��/�� DQG� 5P�/��� ZHUH� LQYHVWLJDWHG�� 7KH� UHVXOW� RI

WKHVH�H[SHULPHQWV�ZHUH�FRPSOH[�EXW�VXJJHVWHG�D�UHJXODWRU\�QHWZRUN�RI�WZR�SDUDOOHO�VLJQDOOLQJ

FDVFDGHV�

���� ,Q�ERWK�3.$�&��/��DQG�5P�/��PXWDQW� VWUDLQV��GLVFRLGLQ� ,�ZDV� UHPDUNDEO\�DFFXPXODWHG

GXULQJ� JURZWK�� L�H��� ZKHQ� ZLOG� W\SH� FHOOV� GLG� QRW� H[SUHVV� DQ\� GHWHFWDEOH� GLVFRLGLQ�� 7KLV

VKRZHG�WKDW�WKH�JGW��PXWDQW�SKHQRW\SH�ZDV�GHWHFWDEOH�LQ�D�IXQFWLRQDO�3.$��EDFNJURXQG�DQG

ZRXOG� DUJXH� IRU� D� GRPLQDQW� IXQFWLRQ� RI� WKH� JGW�� SDWKZD\� RQ� GLVFRLGLQ� UHJXODWLRQ�

)XUWKHUPRUH��VLQFH�WKH�GRXEOH�PXWDQWV�VWLOO�PDLQWDLQHG�WKH�DJJUHJDWLRQ�GHILFLHQW�SKHQRW\SH�RI

WKH� 3.$�� SDUHQWV�� WKH� JGW�� SDWKZD\� ZDV� FOHDUO\� QRW� LQYROYHG� LQ� WKH� ODWHU� GHYHORSPHQWDO

SURFHVV�
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����$OWKRXJK�GLVFRLGLQ�,�ZDV�VWLOO�RYHUH[SUHVVHG�LQ�ERWK�WKH�3.$�&��/��DQG�WKH�5P�/��VWUDLQ

LQ�FRPSDULVRQ�WR�ZLOG�W\SH�FHOOV��WKH�DPRXQW�RI�WKH�SURWHLQ�ZDV�UHGXFHG�LQ�FRPSDULVRQ�WR�WKH

/��VLQJOH�PXWDQW�VWUDLQ��7KLV�ZRXOG�DUJXH�IRU�DQ�LQGHSHQGHQW�HIIHFW�RI�3.$�RQ�WKH�UHJXODWLRQ

RI�GLVFRLGLQ�H[SUHVVLRQ��ZKLFK�VKRXOG�EH�LQ�SDUDOOHO�ZLWK�WKH�JGW��SDWKZD\�

����&RPSOHWH�NQRFN�RXW�RI�WKH�3.$�DFWLYLW\��WKH�3.$�&��PXWDQW��UHVXOWHG�LQ�D�FRPSOHWH�ORVV

RI�WKH�GLVFRLGLQ�H[SUHVVLRQ��)LJ�������(YHQ�LQ�VWDWLRQDU\�FHOOV��L�H��DW�FHOO�GHQVLW\�RI��[�����QR

GLVFRLGLQ�H[SUHVVLRQ�ZDV�GHWHFWHG��7KLV�ZRXOG�VXJJHVW�DQ�DEVROXWH� UHTXLUHPHQW�RI�3.$�IRU

GLVFRLGLQ�H[SUHVVLRQ��HLWKHU�3.$�LV�GRZQVWUHDP�RI�JGW��LQ�WKH�JGW��UHSUHVVLQJ�SDWKZD\��RU�WKH

LQGXFLQJ�SDWKZD\�YLD�3.$�LV�GRPLQDQW��+RZHYHU��ERWK�DVVXPSWLRQ�FDQQRW�EH�WUXH��VLQFH�WKH

SKHQRW\SH�RI�WKH�GRXEOH�PXWDQWV��3.$�&��/��DQG�5P�/���FOHDUO\�GHPRQVWUDWHG�WKDW�WKH�JGW�

DQG�3.$�SDWKZD\V�PXVW�EH�LQ�SDUDOOHO��DQG�WKDW�WKH�JGW��SDWKZD\�ZDV�GRPLQDQW�RQ�GLVFRLGLQ

UHJXODWLRQ�

����7DNHQ�WRJHWKHU��WKH�RQO\�H[SODQDWLRQ�IRU�WKH�PLV�H[SUHVVLRQ�SDWWHUQ�RI�GLVFRLGLQ�LQ�DOO�WKH

PXWDQWV�ZRXOG�EH�WKDW�JGW��DQG�3.$�IXQFWLRQ�LQ�WZR�SDUDOOHO�SDWKZD\V�EXW�LQWHUDFW�ZLWK�HDFK

RWKHU��WKH�JGW��SDWKZD\�SOD\V�D�GRPLQDQW�UROH�GXULQJ�JURZWK��EXW�LV�QHJDWLYHO\�UHJXODWHG�E\

3.$� DW� WKH� JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ� �*'7��� 7KXV�� NQRFNLQJ� RXW� 3.$� LQ�ZLOG� W\SH

FHOOV�ZLOO�UHVXOW�LQ�D�FRQVWDQWO\�DFWLYH�JGW��SURWHLQ�DQG�QR�GLVFRLGLQ�H[SUHVVLRQ��ZKHUHDV�LQ�WKH

/��PXWDQW�WKH�UHSUHVVLQJ�SDWKZD\�RI�JGW��LV�FRPSOHWHO\�ORVW�DQG�WKH�3.$�SDWKZD\�LV�DFWLYH�

,Q� WKH�GRXEOH�PXWDQW��GLVUXSWLRQ�RI�JGW�� DOORZV�GLVFRLGLQ� H[SUHVVLRQ�GXULQJ�JURZWK�EXW� WKH

LQGXFWLRQ� E\� 3.$� LV� PLVVLQJ�� 7KHUHIRUH� DQ� LQWHUPHGLDWH� SKHQRW\SH� LV� REWDLQHG�� 7KLV

LQWHUSUHWDWLRQ� ZDV� VXSSRUWHG� E\� WKH� H[SHULPHQW� ZLWK� WKH� VSHFLILF� LQKLELWRU� RI� 3.$�� +��

�)LJ�������ZKHQ�+���ZDV�DGGHG�WR�/��FHOOV�DW�WKH�RQVHW�RI�GHYHORSPHQW��LW�GLG�QRW�UHVXOW�LQ�DQ\

FKDQJH� RI� WKH� GLVFRLGLQ� H[SUHVVLRQ�� 7KH� GDWD� VXJJHVW� GLIIHUHQW� FRQWULEXWLRQV� RI� 3.$� WR

GLVFRLGLQ� LQGXFWLRQ� LQ� JURZLQJ� DQG� VWDWLRQDU\� SKDVH� FHOOV�� ZKLFK�PD\� EH� H[SODLQHG� E\� WKH

LQYROYHPHQW� RI� 3.$� LQ� WZR� SDUDOOHO� SDWKZD\V� �ERWK� JGW�� DQG� 3.$� SDWKZD\V�� OHDGLQJ� WR

GLVFRLGLQ�UHJXODWLRQ�

���� 7KH� REVHUYDWLRQ� WKDW� DOO� /��� 5P�/�� DQG� 3.$� &��/�� PXWDQWV� GLVSOD\HG� FHOO� GHQVLW\

GHSHQGHQW� DFFXPXODWLRQ�RI�GLVFRLGLQ� DUJXHG� IRU� D� WKLUG�SDWKZD\�ZKLFK�ZDV� LQGHSHQGHQW� RI

ERWK� WKH�JGW��DQG� WKH�3.$�SDWKZD\��&HOO�GHQVLW\�GHSHQGHQW�H[SUHVVLRQ�RI�GLVFRLGLQ�GXULQJ

JURZWK� FRXOG� DOVR� EH� VKRZQ� LQ� ZLOG� W\SH� FHOOV�� ZKHQ� VHQVLWLYH� UHSRUWHU� JHQHV� ZHUH� XVHG

�:HWWHUDXHU�HW�DO����������7KH�IDFW�WKDW�WKH�/��PXWDQW�DOVR�RYHUH[SUHVVHG�GLVFRLGLQ�LQ�D[HQLF

PHGLXP�VXSSRUWV�WKH�DVVXPSWLRQ�WKDW�WKLV�WKLUG�SDWKZD\�LV�LQGHSHQGHQW�RI�JGW��DQG�WKDW�LW�LV

JHQHUDWHG� E\� IDFWRU�V�� VHFUHWHG� IURP� 'LFW\RVWHOLXP� FHOOV�� 7KHUH� DUH� WZR� IDFWRUV�� 36)

�SUHVWDUYDWLRQ� IDFWRU��ZKLFK� LV� FRQWLQXRXVO\� VHFUHWHG� E\�'LFW\RVWHOLXP� FHOOV� WR�PHDVXUH� WKH

IRRG�VRXUFH�FHOO�GHQVLW\�UDWLR��DQG�D�VHFRQG�IDFWRU�&0)��FRQGLWLRQHG�PHGLXP�IDFWRU��ZKLFK�LV
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UHOHDVHG� XSRQ� VWDUYDWLRQ� DQG� DFWLYDWHV� WKH� GHYHORSPHQWDO� SURFHVV�� 6XUSULVLQJO\�� WKH� &0)

NQRFN�RXW�PXWDQW�∆&0)� VKRZHG� D� QRUPDO� SDWWHUQ� RI� GLVFRLGLQ� H[SUHVVLRQ� �)LJ�� ��� EXW� WKH

PRUSKRORJLFDO� GHYHORSPHQW� ZDV� EORFNHG�� 7KLV� DUJXHV� WKDW� &0)� LV� QRW� LQYROYHG� LQ� WKH

UHJXODWLRQ�RI�GLVFRLGLQ��EXW�RQO\�LQ�PRUSKRORJLFDO�GHYHORSPHQW��7KXV�WKH�36)�IDFWRU�UHPDLQV

WR�EH�WKH�FDQGLGDWH�IRU�WKH�WKLUG�SDWKZD\�ZKLFK�VHQVHV�FHOO�GHQVLW\�DQG�OHDGV�WR�LQGXFWLRQ�RI

GLVFRLGLQ�H[SUHVVLRQ�

7KH� GDWD� GHPRQVWUDWH� WKDW� GLVFRLGLQ� WUDQVFULSWLRQ� LV� UHJXODWHG� E\� GLIIHUHQW� VLJQDOOLQJ

SDWKZD\V�� ,Q� IDFW�� WKLV� KDV� EHHQ� VXJJHVWHG� SUHYLRXVO\� E\� WKH� LGHQWLILFDWLRQ� RI� PXOWLSOH

UHJXODWRU\�HOHPHQWV�LQ�WKH�GLVFRLGLQ�,γ�SURPRWHU��9DXWL�HW�DO����������7KH�LQWHUSUHWDWLRQ�RI�DOO

WKH� GDWD� LV� VXPPDUL]HG� LQ� ILJXUH� ���� $W� OHDVW� IRXU� SDWKZD\V� FRQWULEXWH� WR� GLVFRLGLQ� ,

UHJXODWLRQ��)LJ������

,� $�SRVLWLYH�FHOO�GHQVLW\�FRQWURO��LQGHSHQGHQW�RI�JGW��DQG�3.$��VHH�)LJ���������

,,� $�QHJDWLYH�JGW��FRQWURO��UHJXODWHG�LQ�SDUW�E\�3.$�DQG�FHOO�GHQVLW\��VHH�)LJ����������

,,,� 7KH� LGHQWLILHG�SRVLWLYH�*α��&5$&�$&;�3.$�SDWKZD\� �$&;� LV� D� QHZO\� LGHQWLILHG

DGHQ\O\O�F\FODVH��6FKDDS�DQG�*URVV��SHUVRQDO�FRPPXQLFDWLRQ��� IHHGLQJ� LQWR�JGW��FRQWURO�E\

LQWHUDFWLRQ�RI�JGW���LQGLUHFWO\�UHTXLUHG�IRU�FHOO�GHQVLW\�FRQWURO�LQ�WKH�SUHVHQFH�RI�JGW���VHH�)LJ�

�����DQG�OHDGLQJ�WR�PRUSKRORJLFDO�GHYHORSPHQW�

,9� 7KH� NQRZQ� QHJDWLYH� SDWKZD\� YLD� H[WUDFHOOXODU� F$03� �&D��� LQIOX[� VLJQDOOLQJ�

UHSUHVVLQJ� SDWKZD\� LQ� GHYHORSPHQW� �(QGO� HW� DO��� ������� DOVR� OHDGLQJ� WR� PRUSKRORJLFDO

GHYHORSPHQW�

3DWKZD\� ,,� LV� PRVWO\� GRPLQDQW� DQG� DFWV� YLD� SUHFRFLRXV� DFWLYDWLRQ� RI� JGW��� EXW� GRHV� QRW

FRQWULEXWH� WR� PRUSKRORJLFDO� GHYHORSPHQW�� 3DWKZD\� ,,,� LV� UHTXLUHG� IRU� PRUSKRORJLFDO

GHYHORSPHQW� DQG� DW� WKH� VDPH� WLPH� LQGXFHV� GLVFRLGLQ� H[SUHVVLRQ� GXULQJ� HDUO\� GHYHORSPHQW�

7KLV� PD\� LQ� SDUW� RFFXU� E\� SKRVSKRU\ODWLRQ� �LQDFWLYDWLRQ�� RI� JGW�� LQ� SDWKZD\� ,,� E\� 3.$�

&RQVHTXHQWO\��D�3.$�PLQXV�PXWDQW�FRXOG�QRW�LQDFWLYDWH�WKH�JGW��NLQDVH�DQG�VKRXOG�GLVSOD\�D

GLVFRLGLQ�QXOO�SKHQRW\SH��7KRXJK�WKLV�LV�LQ�IDFW�WKH�FDVH��WKH�OHYHO�RI�GLVFRLGLQ�H[SUHVVLRQ�LQ

3.$��/�� GRXEOH� PXWDQWV� FOHDUO\� VKRZV� WKDW� 3.$� LV� LQYROYHG� LQ� DQ� DGGLWLRQDO� SDWKZD\

UHJXODWLQJ�GLVFRLGLQ�H[SUHVVLRQ��$SSDUHQWO\��JGW��KDV�QR�QHJDWLYH�LQIOXHQFH�RQ�PRUSKRORJLFDO

GHYHORSPHQW�� WKHUHIRUH� WKH� JGW�� GLVUXSWLRQ� FRXOG� QRW� UHVFXH� WKH� PRUSKRORJLFDO� SKHQRW\SH

�DJJUHJDWLRQ��� RI� PXWDQWV� LQ� SDWKZD\� ,,,� �*D��&5$&�3.$��� 2Q� WKH� RWKHU� KDQG�� LW� FRXOG

UHVFXH� WKH� GLVFRLGLQ� QXOO� H[SUHVVLRQ� LQ� D� 3.$�� PXWDQW� DQG� HYHQ� UHVXOW� LQ� GLVFRLGLQ

RYHUH[SUHVVLRQ� FRPSDUHG� WR� ZLOG� W\SH� FHOOV�� +RZHYHU�� GLVUXSWLRQ� RI� JGW�� LQ� D� 3.$�
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EDFNJURXQG�GLG�QRW�OHDG�WR�GLVFRLGLQ�H[SUHVVLRQ�OHYHOV�DV�IRXQG�LQ�WKH�/��PXWDQW��7KLV�FOHDUO\

VKRZHG� WKDW� JGW��ZDV� QRW� VLPSO\� D� GRZQVWUHDP� FRPSRQHQW� RI� WKH�3.$�SDWKZD\� �SDWKZD\

,,,��

)LJXUH�����5HJXODWLRQ�RI�GLVFRLGLQ�WUDQVFULSWLRQ��6HH�WH[W�IRU�GHVFULSWLRQ�

7KH� SDWKZD\� ,9� IURP� F$03� DQG� &D��� UHPDLQV� XQFOHDU�� 6R� IDU� LW� LV� NQRZQ� WKDW� WKH� F$5,

UHFHSWRU� LV� LQYROYHG� LQ� WKLV� VLJQDOOLQJ� DQG� JHQHUDWHV� UHSUHVVLRQ� RQ� GLVFRLGLQ� WUDQVFULSWLRQ

GXULQJ� GHYHORSPHQW�� 7KH� UHVXOW� WKDW� WKH� /�� PXWDQW� UHVSRQGHG� WR� F$03� VKRZHG� WKDW� WKLV

SDWKZD\� ZDV� LQGHSHQGHQW� RI� JGW�� �)LJXUH� ����� /�� GLG�� KRZHYHU�� QRW� UHVSRQG� WR� IRODWH�

VXJJHVWLQJ�WKDW� LW�ZDV�DOVR� LQYROYHG�LQ� WKLV�SDWKZD\��,W�KDV�EHHQ�IRXQG�VR�IDU� WKDW�*α���*β

�%OXVFK�DQG�1HOOHQ��������DQG�(5.���0DHGD�HW�DO���������DUH�QHFHVVDU\�FRPSRQHQWV�LQ�WKH

IRODWH�UHVSRQVH��7KXV�LW�LV�VXJJHVWHG�WKDW�WKH�JGW��SDWKZD\�FRQQHFWV�WR�D�FRPPRQ�FRPSRQHQW

LQ�WKH�IRODWH�VLJQDOOLQJ�FDVFDGH��6LQFH�ERWK�JGW��DQG�(5.��DUH�SURWHLQ�NLQDVHV��WKH�FRPPRQ
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FRPSRQHQW� LV� PRVW� OLNHO\� UHJXODWHG� E\� SKRVSKRU\ODWLRQ� WKURXJK� HLWKHU� RI� WKH� NLQDVHV�

+RZHYHU�� VLQFH� IRODWH� LV� QRW� WKH�PDLQ� UHSUHVVLQJ� VLJQDO� IURP� EDFWHULD�� WKLV� SDWKZD\� LV� QRW

LQGLFDWHG�LQ�WKH�PRGHO�

7KH�DVVXPSWLRQ�WKDW�3.$�UHJXODWHV�JGW��ZDV�VKRZQ�E\�LQ�YLWUR�SKRVSKRU\ODWLRQ�DVVD\V��%RWK

WKH� UHFRPELQDQW� '�� DQG� '�� FRQWDLQ� D� SXWDWLYH� 3.$� WDUJHW� VLWH� EXW� RQO\� '�� FRXOG� EH

SKRVSKRU\ODWHG� E\� 3.$� LQ� YLWUR� �VHH� )LJ�� ����� +RZHYHU�� VLQFH� WKH� VHFRQG� 3.$� VLWH

³.+5.5/64´�LV�GLUHFWO\�DIWHU�WKH�YHU\�K\GURSKRELF�WUDQVPHPEUDQH�GRPDLQ�70���)LJ����E��

LW�FRXOG�EH�SURWHFWHG�IURP�SKRVSKRU\ODWLRQ�LQ�YLWUR�

����)XWXUH�H[SHULPHQWV�WR�XQUDYHO�HYHQWV�GRZQVWUHDP�RI�JGW�

,QWHUHVWLQJO\�� WKH� ³.+5.5´� VHTXHQFH� LQVLGH� WKH� VHFRQG� SXWDWLYH� 3.$� VLWH� LV� D� FRQVHUYHG

EDVLF�ORRS�ZKLFK�FDQ�VHUYH�DV�D�1/6��QXFOHDU�ORFDOLVDWLRQ�VLJQDO��IRU�PDQ\�QXFOHDU�SURWHLQV

�6RXOODP�DQG�:RUPDQ�������0RURLDQX�HW� DO��� �������+RZHYHU�� DOO� GDWD� VR� IDU� VKRZHG� WKDW

JGW��LV�D�PHPEUDQH�DVVRFLDWHG�SURWHLQ��DQG�WKHUH�LV�QR�LQGLFDWLRQ�IRU�FOHDYDJH�RQ�D�W\URVLQH

UHFHSWRU�NLQDVHV�RU� WUDQVSRUW�RI� WKH�NLQDVH�GRPDLQ� LQWR� WKH�QXFOHXV��7KH�-$.�NLQDVH� IDPLO\

�VHH�VHFWLRQ���LQ�,1752'8&7,21��FRQVLVWV�RI�LQWUDFHOOXODU�SURWHLQ�NLQDVHV�ZKLFK�DUH�DVVRFLDWHG

ZLWK� F\WRNLQH� UHFHSWRUV�� 8SRQ� OLJDQG� ELQGLQJ�� WKH� -$.V� DXWRSKRVSKRU\ODWH� DQG� DUH

WUDQVSRUWHG�WR�WKH�QXFOHXV��7KHUH�WKH\�IXUWKHU�SKRVSKRU\ODWH�DQG�DFWLYDWH�67$7�WUDQVFULSWLRQ

IDFWRUV�ZKLFK�ILQDOO\�LQGXFH�WUDQVFULSWLRQ�RI�PXOWLSOH�WDUJHWV��,QWHUHVWLQJO\��D�IDPLO\�RI�67$7

KRPRORJXHV� ZDV� UHFHQWO\� FORQHG� IURP� 'LFW\RVWHOLXP� DQG� ZDV� VKRZQ� WR� EH� H[SUHVVHG� LQ

YHJHWDWLYH�JURZWK�DQG� WR�ELQG� WR�'1$�HOHPHQWV� XSRQ� W\URVLQH�SKRVSKRU\ODWLRQ� �.DZDWD� HW

DO����������7KRXJK�WKHUH�LV�VR�IDU�QR�SUHFHGHQW�IRU�VXFK�D�PHFKDQLVP��LW�ZRXOG�EH�LQWHUHVWLQJ

WR�VHH�LI�WKH�JGW��NLQDVH�GRPDLQ�LV�WUDQVIHUUHG�WR�WKH�QXFOHXV��7KLV�ZRXOG�UHTXLUH�DQ�DQWLERG\

DJDLQVW�WKH�NLQDVH�GRPDLQ�ZKLFK�LV�QRW�\HW�DYDLODEOH�

5HFHQWO\�� D� QHZ� 5(0,�PXWDQW� KDV� EHHQ� LVRODWHG� LQ� %�:HWWHUDXHU¶V� ODE� LQ� /08�0�QFKHQ

ZKLFK� KDV� D� VLPLODU� SKHQRW\SH� DV� /��� 7KH� DIIHFWHG� JHQH� ZDV� LVRODWHG� DQG� LGHQWLILHG� DV� D

PHWDOOR�SURWHDVH� �:HWWHUDXHU�� SHUVRQDO� FRPPXQLFDWLRQ��� 7KRXJK� QR� GLUHFW� H[SHULPHQW� KDV

EHHQ� GRQH�� LW� ZRXOG� EH� LQWHUHVWLQJ� WR� LQYHVWLJDWH� LI� WKLV� SURWHDVH� PD\� EH� LQYROYHG� LQ� WKH

FOHDYDJH�RI�WKH�JGW��JHQH�SURGXFW�

6LQFH�WKH�VLPLODULW\�RI�JGW��ZLWK�RWKHU�UHFHSWRU�W\URVLQH�NLQDVHV�LV�ORZ��WKH�IXQFWLRQ�RI�JGW�

VWLOO� QHHGV� IXUWKHU� SURRI�� 7KH� H[SHULPHQWDO� DSSURDFK� WR� XVH� WKH� PHPEUDQH� IUDFWLRQ� IRU
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DXWRSKRVSKRU\ODWLRQ�DVVD\V�LV�GLIILFXOW��EHFDXVH�RI�WKH�H[WUHPH�K\GURSKRELF�FRQGLWLRQV��7KHUH

LV�VR�IDU�QR�WHFKQLTXH�WR�VROYH�WKLV�SUREOHP��$�JRRG�VROXWLRQ�ZRXOG�EH�WR�H[SUHVV�WKH�NLQDVH

GRPDLQ�DV�D�UHFRPELQDQW�SURWHLQ�DQG�SHUIRUP�D�SKRVSKRU\ODWLRQ�DVVD\V��7KH�RYHUH[SUHVVLRQ

RI� WKH� NLQDVH� GRPDLQ� LQ�'LFW\RVWHOLXP� VKRXOG� UHVXOW� LQ� D� SHUPDQHQWO\� DFWLYH� NLQDVH�ZKLFK

UHTXLUHV�QR� LQGXFWLRQ�E\�EDFWHULD� DQG�FRXOG�QRW�EH�GRZQ�UHJXODWHG�E\�3.$��&RQVHTXHQWO\�

RQH�ZRXOG� H[SHFW� D� GLVFRLGLQ� QXOO� SKHQRW\SH� EXW� QR� HIIHFW� RQ�PRUSKRORJLFDO� GHYHORSPHQW

�H[FHSW�IRU�D�SRWHQWLDO�GHOD\�LQ�WKH�RQVHW�RI�GHYHORSPHQW���,PPXQRIOXRUHVFHQFH�DVVD\V�VKRXOG

DOVR�EH�SHUIRUPHG� WR�GHWHFW� WKH� ORFDOL]DWLRQ�RI� WKLV� JGW��NLQDVH� DQG� DQVZHU� WKH� TXHVWLRQ� RI

SRWHQWLDO�QXFOHDU�WUDQVORFDWLRQ�

����&RQFOXVLRQV

7KH�5(0,�WHFKQLTXH�DQG�WKH�XVH�RI�GLVFRLGLQ�DV�D�PDUNHU�IRU�PROHFXODU�DQDO\VLV�RI�WKH�*'7

KDV�SURYHQ�WR�EH�VXFFHVVIXO��D�VFUHHQ�UHYHDOV�VLJQDO�WUDQVGXFWLRQ�FRPSRQHQWV�ZKLFK�LQIOXHQFH

WKH� WUDQVLWLRQ� IURP�JURZWK� WR�GLIIHUHQWLDWLRQ�� DQG�GLVSOD\V� WKH�H[SHFWHG�SKHQRW\SHV� LQ� HDUO\

GHYHORSPHQW��L�H���SUHPDWXUH�DJJUHJDWLRQ�LQ�WKH�/��PXWDQW��7KH�FORQHG�JGW��JHQH�LV�OLNHO\�WR

EHORQJ�WR�WKH�UHFHSWRU�W\URVLQH�NLQDVH�IDPLO\��5HFHSWRU�W\URVLQH�NLQDVHV�DUH�VXSSRVHG�WR�KDYH

DULVHQ� GXULQJ� HYROXWLRQ� ZLWK� WKH� DSSHDUDQFH� RI� PXOWLFHOOXODU� RUJDQLVPV�� QR� WUXH� W\URVLQH

NLQDVH�ZDV�IRXQG�LQ�WKH�FRPSOHWHO\�VHTXHQFHG�\HDVW�JHQRPH��'DUQHOO���������7KH�IXQFWLRQ�RI

UHFHSWRU� W\URVLQH� NLQDVHV� KDV� EHHQ� GHILQHG� DV� D� WUDQVGXFHU� RI� LQWHUFHOOXODU� FRPPXQLFDWLRQ�

ZKLFK� UHJXODWHV� FHOO� SUROLIHUDWLRQ� DQG� GLIIHUHQWLDWLRQ�� JGW�� SHUIHFWO\� IXOILOV� WKLV� GHILQLWLRQ

VLQFH� LW� LV�D�QHJDWLYH�UHJXODWRU�RI� WKH�JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ� LQ�'LFW\RVWHOLXP��7KH

SUHVHQWHG�GDWD�FRQILUP�DQRWKHU�SUHYLRXV�VXJJHVWLRQ� WKDW� WKH� ILUVW� VWHS�RI�GLIIHUHQWLDWLRQ��FDQ

RFFXU� LQ� WKH�DEVHQFH�RI�DQ\�YLVLEOH�PRUSKRORJLFDO�GHYHORSPHQW� �(QGO�HW�DO����������)XUWKHU

DQDO\VLV�RI� WKH�JGW��PXWDQWV�DQG�RWKHU�PXWDQWV�ZLOO� UHYHDO�QHZ�FRPSRQHQWV� LQYROYHG� LQ� WKH

FHOOXODU� GHFLVLRQ� EHWZHHQ� JURZWK� DQG� GLIIHUHQWLDWLRQ�� 6LQFH� 'LFW\RVWHOLXP� LV� D� IDFXOWDWLYH

PXOWLFHOOXODU� RUJDQLVP�� WKH� JGW�� VLJQDOOLQJ� SDWKZD\� FRXOG� WKHUHIRUH� SUHVHQW� QHZ� VLJQDOOLQJ

FRPSRQHQWV�UHOHYDQW�IRU�KLJKHU�HXNDU\RWHV�



���

9, $33(1',;

6HTXHQFH�RI�WKH�JGW��JHQH

1HDUO\����NE�JHQRPLF�VHTXHQFH�KDYH�EHHQ�LVRODWHG�RQ�WKH�ZD\�WR�FORQH�WKH�JGW��JHQH��7KH

VHTXHQFHV�ZHUH�VHSDUDWHG�LQWR�WZR�SDUWV��ZLWK�D�SRVVLEOH�JDS�RI�DERXW�����NE�UHVXOWLQJ�IURP

VSRQWDQHRXV�GHOHWLRQ�GXULQJ�WKH�5(0,�PXWDJHQHVLV��7KH�ULJKW�SDUW�FRQWDLQV�WKH��¶�WHUPLQXV�RI

DQ� XQNQRZQ� JO\FRSURWHLQ� �25)� LQ� WKH� VDPH� GLUHFWLRQ� DV� JGW��� DQG� WKH� �¶� WHUPLQXV� RI� D

FDWLRQLF� DPLQR� DFLG� WUDQVSRUWHU� KRPRORJXH� ZLWK� DQ� 25)� RSSRVLWH� WR� JGW��� 7KLV� ����� ES

IUDJPHQW�ZDV�FRPSOHWHO\�VHTXHQFHG�DQG�WKH�VHTXHQFH�ZDV�VXEPLWWHG�WR�WKH�'LFW\�GDWD�EDVH�

7KH� ODUJH� OHIW� SDUW� LV� D� ���� NE� JHQRPLF� VWUXFWXUH� FRQWDLQLQJ� WKH� ORFXV� RI� WKH� JGW�� JHQH�

+RZHYHU�� WKH� VHTXHQFH� ZDV� QRW� FRPSOHWHG� IRU� WKLV� SDUW�� DERXW� ���� NE� RI� WKH� XSVWUHDP

VHTXHQFH� EHIRUH� WKH� ″$7*″� �DW� ���� ES�� RI� WKH� JGW�� JHQH� LV� VWLOO� PLVVLQJ�� 7KH� LGHQWLILHG

VHTXHQFH� LQFOXGHV� WKH�FRPSOHWH�FRGLQJ� UHJLRQ�RI� WKH�JGW�� JHQH� �D� FRQWLQXRXV�RSHQ� UHDGLQJ

IUDPH� IRU� ����� ES�� DQG� ����� ES� QRQ�FRGLQJ� VHTXHQFH� DIWHU� WKH� VWRS� FRGRQ� ″7$$″� �DW

�����ES���7KLV� �����ES� VHTXHQFH�ZDV� VXEPLWWHG� WR� WKH�(0%/�GDWDEDVH� �DFFHVVLRQ� QXPEHU
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$EH�� .��� DQG� <DQDJLVDZD�� .�� �������� $� QHZ� FODVV� RI� UDSLG� GHYHORSLQJ� PXWDQWV� LQ
'LFW\RVWHOLXP�GLVFRLGHXP��,PSOLFDWLRQV�IRU�F\FOLF�$03�PHWDEROLVP�DQG�FHOO�GLIIHUHQWLDWLRQ�
'HY��%LRO��������������

$OH[DQGHU�� 6��� 6KLQQLFN�� 7�0��� DQG� /HUQHU�� 5�$�� �������� 0XWDQWV� RI� 'LFW\RVWHOLXP
GLVFRLGHXP�EORFNHG�LQ�H[SUHVVLRQ�RI�DOO�PHPEHUV�RI�WKH�GHYHORSPHQWDOO\�UHJXODWHG�GLVFRLGLQ
PXOWLJHQH�IDPLO\��&HOO�������������

$OH[DQGHU��6���&LEXOVN\��$�0���0LWFKHOO��/���DQG�6ROO��'�5����������7KH�UHJXODWLRQ�RI� 
HDUO\

HQ]\PHV� GXULQJ� WKH� GHYHORSPHQW� DQG� GHGLIIHUHQWLDWLRQ� RI� 'LFW\RVWHOLXP� GLVFRLGHXP�
'LIIHUHQWLDWLRQ���������

$OH[DQGHU��6���&LEXOVN\��$��0���DQG�&XQHR��6��'����������0XOWLSOH�UHJXODWRU\�JHQHV�FRQWURO
H[SUHVVLRQ� RI� D� JHQH� IDPLO\� GXULQJ� GHYHORSPHQW� RI� 'LFW\RVWHOLXP� GLVFRLGHXP��0RO�� &HOO�
%LRO���������������

$OH[DQGHU�� 6��� /HRQH�� 6��� 2VWHUPH\HU�� (��� DQG� 6\GRZ�� /�� 0�� �������� 5HJXODWRU\� JHQH
LQWHUDFWLRQV�FRQWUROOLQJ�GLVFRLGLQ�OHFWLQ�H[SUHVVLRQ�LQ�'LFW\RVWHOLXP�GLVFRLGHXP��'HY��*HQHW�
������������

$OH[DQGHU�� 6��� 6\GRZ�� /�� 0��� :HVVHOV�� '��� DQG� 6ROO�� '�� 5�� �������� 'LVFRLGLQ� SURWHLQV� RI
'LFW\RVWHOLXP� DUH� QHFHVVDU\� IRU� QRUPDO� F\WRVNHOHWDO� RUJDQL]DWLRQ� DQG� FHOOXODU� PRUSKRORJ\
GXULQJ�DJJUHJDWLRQ��'LIIHUHQWLDWLRQ�������������

$QMDUG��&���3LQDXG��6���.D\��5��5��� DQG�5H\PRQG��&��'�� ��������2YHUH[SUHVVLRQ�RI�'G3.�
SURWHLQ� NLQDVH� FDXVHV� UDSLG� GHYHORSPHQW� DQG� DIIHFWV� WKH� LQWUDFHOOXODU� F$03� SDWKZD\� RI
'LFW\RVWHOLXP�GLVFRLGHXP��'HYHORSPHQW��������������

$QMDUG��&���(WFKHEHKHUH��/���3LQDXG��6���9HURQ��0���DQG�5H\PRQG��&��'����������$Q�XQXVXDO
FDWDO\WLF� VXEXQLW� IRU� WKH� F$03�GHSHQGHQW� SURWHLQ� NLQDVH� RI� 'LFW\RVWHOLXP� GLVFRLGHXP�
%LRFKHP����������������

$QMDUG�� &��� YDQ� %HPPHOHQ�� 0��� 9HURQ�� 0��� DQG� 5H\PRQG�� &�'�� �������� $� QHZ� VSRUH
GLIIHUHQWLDWLRQ�IDFWRU��6')��VHFUHWHG�E\�'LFW\RVWHOLXP�FHOOV� LV�SKRVSKRU\ODWHG�E\�WKH�F$03
GHSHQGHQW�SURWHLQ�NLQDVH��'LIIHUHQWLDWLRQ�����������

$XVXEHO�� )�0��� %UHQW�� 5��� .LQJVWRQ�� 5�(��� 0RRUH�� '�'��� 6HLGPDQ�� -�*��� 6PLWK�� -�$��� DQG
6WUXKO��.����������&XUUHQW�SURWRFROV�LQ�PROHFXODU�ELRORJ\��(G��-RKQ:LOH\	6RQV��,QF�

%DU�6KDYLW��5���0DR]��0���*LQ]EXUJ��<���DQG�9ORGDYVN\�� ,�� ��������6SHFLILF� LQYROYHPHQW�RI
JO\SLFDQ�LQ�WKURPELQ�DGKHVLYH�SURSHUWLHV��-��&HOO�%LRFKHP�������������

%HUORW�� &�� �������� ,GHQWLILFDWLRQ� RI� FKHPRDWWUDFWDQW�HOLFLWHG� LQFUHDVHV� LQ� SURWHLQ
SKRVSKRU\ODWLRQ��0HWK��&HOO�%LRO��������������

%HUORW��&����������&KHPRWDQW�HOLFLWHG�LQFUHDVHV�LQ�'LFW\RVWHOLXP�P\RVLQ�SKRVSKRU\ODWLRQ�DUH
GXH� WR� FKDQJHV� LQ�P\RVLQ� ORFDOL]LWLRQ� DQG� LQFUHDVHV� LQ� NLQDVH� DFWLYLW\�� -��%LRO��&KHP������
����������



���

%LUQERLP�� +�&��� DQG� 'RO\�� -�$�� �������� 5DSLG� DONDOLQH� H[WUDFWLRQ� SURFHGXUH� IRU� VFUHHQLQJ
UHFRPELQDQW�3ODVPLG�'1$��1XFOHLF�$FLG�5HV���������������

%LVFKRII��'�6���6ODYLFHN��-�0����������,GHQWLILFDWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�D�SURWHLQ�NLQDVH
JHQH�LQ�WKH�/\PDQWULD�GLVSDU�PXOWLQXFOHRFDSVLG�QXFOHDU�SRO\KHGURVLV�YLUXV��-�9LURO�����������
���

%MHUUXP��2�-�����������%XIIHU�V\VWHPV�DQG�WUDQVIHU�SDUDPHWHUV�IRU�VHPLGU\�HOHFWUREORWWLQJ�ZLWK
D�KRUL]RQWDO�DSSDUDWXV��,Q�HOHFWURSKRUHVLV�µ���SS�����������9&+�3XEOLVKHUV��'HHUILHOG�%HDFK�
)OD�

%OXVFK�� -��� 0RUDQGLQL�� 3��� DQG� 1HOOHQ�� :�� �������� 7UDQVFULSWLRQDO� UHJXODWLRQ� E\� IRODWH�
LQGXFLEOH� JHQH� H[SUHVVLRQ� LQ� 'LFW\RVWHOLXP� WUDQVIRUPDQWV� GXULQJ� JURZWK� DQG� HDUO\
GHYHORSPHQW��1XFO��$FLGV�5HV����������������

%OXVFK��-���DQG�1HOOHQ��:����������)RODWH�UHVSRQVLYHQHVV�GXULQJ�JURZWK�DQG�GHYHORSPHQW�RI
'LFW\RVWHOLXP���VHSDUDWH�EXW�UHODWHG�SDWKZD\V�FRQWURO�FKHPRWD[LV�DQG�JHQH�UHJXODWLRQ��0RO�
0LFURELRO��������������

%OXVFK�� -��� $OH[DQGHU�� 6��� DQG� 1HOOHQ�� :�� �������� 0XOWLSOH� VLJQDO� WUDQVGXFWLRQ� SDWKZD\V
UHJXODWH� GLVFRLGLQ� ,� JHQH� H[SUHVVLRQ� LQ�'LFW\RVWHOLXP� GLVFRLGHXP��'LIIHUHQWLDWLRQ����� ����
����

%RUGLHU��&����������3KDVH�VHSDUDWLRQ�RI�LQWHJUDO�PHPEUDQH�SURWHLQV�LQ�7ULWRQ�;������-��%LRO�
&KHP�����������������

%R]]DUR��6���DQG�5RVHPDQ��6�� ��������$GKHVLRQ�RI�'LFW\RVWHOLXP�GLVFRLGHXP�FHOOV� WR� VXJDU
GHULYDWL]HG�SRO\DFU\ODPLGH�JHOV�� ,Q�(PEU\RQLF�'HYHORSPHQW�� 3DUW�%��&HOOXODU�$VSHFWV���0�
0��%XUJHU�DQG�5��:HEHU��HGV���1HZ�<RUN��$�5��/LVV���SS����������

%URGLH�� &��� .OHLQ�� &��� DQG� 6ZLHUNRV]�� -�� �������� 0RQRFORQDO� DQWLERGLHV�� 8VH� WR� GHWHFW
GHYHORSPHQWDOO\�UHJXODWHG�DQWLJHQV�RQ�'��GLVFRLGHXP�DPHEDH��&HOO��������������.

%URZQ�� &�<��� /DJQDGR�� &�$��� DQG� *RRGDOO�� *�-�� �������� $� F\WRNLQH� P51$�GHVWDELOL]LQJ
HOHPHQW� WKDW� LV� VWUXFWXUDOO\� DQG� IXQFWLRQDOO\� GLVWLQFW� IURP� $�8�ULFK� HOHPHQWV�� 3URF�� 1DWO�
$FDG��6FL��86$�������������

%XUGLQH��9���DQG�&ODUNH��0����������*HQHWLF�DQG�SK\VLRORJLF�PRGXODWLRQ�RI�WKH�SUHVWDUYDWLRQ
UHVSRQVH�LQ�'LFW\RVWHOLXP�GLVFRLGHXP��0RO��%LRO��&HOO������������

%�KO�� %��� DQG� 0DF:LOOLDPV�� +�.�� �������� &HOO� VRUWLQJ� ZLWKLQ� WKH� SUHVWDON� ]RQH� RI
'LFW\RVWHOLXP�GLVFRLGHXP��'LIIHUHQWLDWLRQ������������

&DUGHOOL��-��$���.QHFKW��'��$���:XQGHUOLFK��5���DQG�'LPRQG��5��/����������0DMRU�FKDQJHV�LQ
JHQH� H[SUHVVLRQ� RFFXU� GXULQJ� DW� OHDVW� IRXU� VWDJHV� RI� GHYHORSPHQW� RI� 'LFW\RVWHOLXP
GLVFRLGHXP��'HY��%LRO���������������

&DUVRQ�� 0��� :HEHU�� $��� DQG� =LJPRQG�� 6�+�� �������� $Q� DFWLQ�QXFOHDWLQJ� DFWLYLW\� LQ
SRO\PRUSKRQXFOHDU�OHXNRF\WHV�LV�PRGXODWHG�E\�FKHPRWDFWLF�SHSWLGHV��-��&HOO�%LRO������������
���



���

&KDQJ��:�&���1HZHOO��3�&���DQG�*URVV��-�'����������,GHQWLILFDWLRQ�RI�WKH�FHOO�IDWH�JHQH�VWDON\
LQ�'LFW\RVWHOLXP��&HOO�������������

&KHQ��0�<���<X�/���DQG�'HYUHRWHV��3��1����������$�QRYHO�F\WRVROLF�UHJXODWRU��3LDQLVVPR�� LV
UHTXLUHG� IRU� FKHPRDWWUDFWDQW� UHFHSWRU� DQG� *� SURWHLQ�PHGLDWHG� DFWLYDWLRQ� RI� WKH� ��
WUDQVPHPEUDQH�GRPDLQ�DGHQ\O\O�F\FODVH�LQ�'LFW\RVWHOLXP��*HQHV�'HYHO����������������

&ODUNH��0��� <DQJ�� -��� DQG� .D\PDQ�� 6�&�� �������� $QDO\VLV� RI� WKH� SUHVWDUYDWLRQ� UHVSRQVH� LQ
JURZLQJ�FHOOV�RI�'LFW\RVWHOLXP�GLVFRLGHXP��'HYHO��*HQHWLFV������������

&ODUNH��0��� 'RPLQJXH]�� 1��� <XHQ�� ,�� 6��� DQG� *RPHU�� 5�� +�� �������� *URZLQJ� DQG� VWDUYLQJ
'LFW\RVWHOLXP�FHOOV�SURGXFH�GLVWLQFW�GHQVLW\�VHQVLQJ�IDFWRUV��'HYHO��%LRO���������������

&ODUN�� 0��� DQG� *RPHU�� 5�+�� �������� 36)� DQG� &0)�� DXWRFULQH� IDFWRUV� WKDW� UHJXODWH� JHQH
H[SUHVVLRQ�GXULQJ�JURZWK�DQG�HDUO\�GHYHORSPHQW�RI�'LFW\RVWHOLXP��([SHULHQWLD�������������

&RIIPDQ��-�$���HW�DO����������&HOOXODU�GHGLIIHUQWLDWLRQ�DQG�VSRUH�JHUPLQDWLRQ�LQ�'LFW\RVWHOLXP
PD\�XOWLOL]H�VLPLODU�UHJXODWRU\�SDWKZD\V��%LR(VVD\V�������������

&URZOH\��7���1HOOHQ��:���*RPHU��5���DQG�)LUWHO��5�$����������3KHQRFRS\�RI�GLVFRLGLQ�,�PLQXV
PXWDQWV�E\�DQWLVHQVH�WUDQVIRUPDWLRQ�LQ�'LFW\RVWHOLXP��&HOO�������������

'DYLV��5�/���&KHUU\��-���'DXZDOGHU��%���+DQ��3�/���DQG�6NRXODNLV��(����������7KH�F\FOLF�$03
V\VWHP�DQG�'URVRSKLOD�OHDUQLQJ��0RO��&HOO��%LRFKHP�����������������

'DUQOO� -�(��� MU�� �������� 3KRVSKRW\URVLQH� VLJQDOOLQJ� DQG� WKH� VLQJOH� FHOO�� PHWD]RQ� ERXQGDU\�
3URF��1DWO��$FDG��6FL��86$�����������������

'H�0H\WV�� 3���&KULVWRIIHUVHQ��&�7���8UVR��%���:DOODFK��%���*URQVNRY��.��<DNXVKLML�� )��� DQG
6K\PNR�� 5�0�� �������� 5ROH� RI� WKH� WLPH� IDFWRU� LQ� VLJQDOLQJ� VSHFLILFLW\�� DSSOLFDWLRQ� WR
PLWRJHQLF� DQG�PHWDEROLF� VLJQDOLQJ� E\� WKH� LQVXOLQ� DQG� LQVXOLQ�OLNH� JURZWK� IDFWRU�,� UHFHSWRU
W\URVLQH�NLQDVHV��0HWDEOLVP����������

'HQWRQ��5�0���DQG�7DYDUH��-�0����������'RHV�PLWRJHQ�DFWLYDWHG�SURWHLQ�NLQDVH�KDYH�D�UROH�LQ
LQVXOLQ�DFWLRQ"�7KH�FDVHV�IRU�DQG�DJDLQVW��(XU��-��%LRFKHP����������������������

'HVEDUDWV�� /��� /DP��7��<���:RQJ��/��0��� DQG�6LX��&��+�� �������� ,GHQWLILFDWLRQ� RI� D� XQLTXH
F$03�UHVSRQVH� HOHPHQW� LQ� WKH� JHQH� HQFRGLQJ� WKH� FHOO� DGKHVLRQ� PROHFXOH� JS��� LQ
'LFW\RVWHOLXP�GLVFRLGHXP��-��%LRO��&KHP�������������������

'HYLQH�� -�� 0��� 7VDQJ�� $�� 6��� DQG� :LOOLDPV�� -�� *�� �������� 'LIIHUHQWLDO� H[SUHVVLRQ� RI� WKH
PHPEHUV� RI� WKH� GLVFRLGLQ� ,� PXOWLJHQH� IDPLO\� GXULQJ� JURZWK� DQG� GHYHORSPHQW� RI
'LFW\RVWHOLXP�GLVFRLGHXP��&HOO�������������

'HYUHRWHV�� 3�� �������� &HOO�FHOO� LQWHUDFWLRQV� LQ� 'LFW\RVWHOLXP� GHYHORSPHQW�� 7UHQGV� *HQHW�
�7,*�������������

'HYUHRWHV��3����������'LFW\RVWHOLXP�GLVFRLGHXP���$�PRGHO�V\VWHP�IRU�FHOO�FHOO�LQWHUDFWLRQV�LQ
GHYHORSPHQW��6FLHQFH����������������

'HYUHRWHV�� 3�� �������� *� SURWHLQ� OLQNHG� VLJQDO� WUDQVGXFWLRQ� SDWKZD\V� LQ� GHYHORSPHQW�
GLFW\RVWHOLXP�DV�DQ�H[SHULPHQWDO�V\VWHP��&HOO�����������



���

'LQJHUPDQQ�� 7��� 5HLQGO�� 1��� :HUQHU�� +��� +LOGHEUDQGW�� 0��� 1HOOHQ�� :��� +DUZRRG�� $��
:LOOLDPV�� -��� DQG�1HUNH�� .�� �������� 2SWLPL]DWLRQ� DQG� LQ� VLWX� GHWHFWLRQ� RI� (VFKHULFKLD� FROL
EHWD�JDODFWRVLGDVH�JHQH�H[SUHVVLRQ�LQ�'LFW\RVWHOLXP�GLVFRLGHXP��*HQH�������������

'¶6RX]D��6�(���*LQVEHUJ��0�+���DQG�3ORZ��(�)����������$UJLQ\O�JO\F\O�DVSDUWLF�DFLG��5*'���D
FHOO�DGKHVLRQ�PRWLI��7UHQGV�%LRFKHP��6FL��������������

(WFKHEHKHUH��/���9DQ�%HPPHOHQ��0���$QMDUG��&���7UDLQFDUG��)���$VVHPDW��.���5H\PRQG��&��'��
DQG� 9HURQ�� 0�� �������� 7KH� FDWDO\WLF� VXEXQLW� RI� 'LFW\RVWHOLXP� F$03� GHSHQGHQW� SURWHLQ
NLQDVH�� 5ROH� RI� WKH� 1�WHUPLQDO� DQG� RI� WKH� &�WHUPLQDO� UHVLGXHV� LQ� FDWDO\WLF� DFWLYLW\� DQG
VWDELOLW\��(XU��-��%LRFKHP���������������

(QGO�� ,���.RQ]RN��$��� DQG�1HOOHQ��:�� ��������$QWDJRQLVWLF� HIIHFWV�RI� VLJQDO� WUDQVGXFWLRQ�E\
LQWUDFHOOXODU�DQG�H[WUDFHOOXODU�F$03�RQ�JHQH�UHJXODWLRQ�LQ�'LFW\RVWHOLXP��0RO��%LRO��&HOO���
������

(\�� 3�/��� 3URZVH�� 6�-�� DQG� -HQNLQ�� &�5�� �������� ,VRODWLRQ� RI� SXUH� ,J*��� ,J*�D� DQG� ,J*�E
LPPXQRJOREXOLQV�IURP�PRXVH�VHUXP�XVLQJ�SURWHLQ�$�6HSKDURVH��,PPXQRFKHPLVWU\���������
����

)DXUH�� 0��� )UDQNH�� -��� +DOO�� $�/��� 3RGJRUVNL�� *�-��� DQG� .HVVLQ�� 5�+�� �������� 7KH� F\FOLF
QXFOHRWLGH� SKRVSKRGLHVWHUDVH� JHQH� RI� 'LFW\RVWHOLXP� GLVFRLGHXP� FRQWDLQV� WKUHH� SURPRWHUV
VSHFLILF�IRU�JURZWK��DJJUHJDWLRQ��DQG�ODWH�GHYHORSPHQW��0RO��&HOO��%LRO����������������

)LUWHO� 5�$�� �������� LQ� 7KH� 'HYHORSPHQW� RI� 'LFW\RVWHOLXP� GLVFRLGHXP�� :�/RRPLV�� (G�
$FDGHPLF�3UHVV��6DQ�'LHJR�

)LUWHO��5��$�� �������� 6LJQDO� WUDQVGXFWLRQ� SDWKZD\V� FRQWUROOLQJ�PXOWLFHOOXODU� GHYHORSPHQW� LQ
'LFW\RVWHOLXP��7UHQGV�*HQHW���7,*�������������

)LUWHO��5��$���YDQ�+DDVWHUW��3��-��0���.LPPHO��$��5���DQG�'HYUHRWHV��3��1����������*�SURWHLQ
OLQNHG� VLJQDO� WUDQVGXFWLRQ� SDWKZD\V� LQ� GHYHORSPHQW�� 'LFW\RVWHOLXP� DV� DQ� H[SHULPHQWDO
V\VWHP��&HOO�������������

)LUWHO��5��$���DQG�&KDSPDQ��$��/����������5ROH�IRU�F$03�GHSHQGHQW�SURWHLQ�NLQDVH�$�LQ�HDUO\
'LFW\RVWHOLXP�GHYHORSPHQW��*HQHV�'HYHO�����������

)R[ZHOO��%�0���%HDGOLQJ��&���*XVFKLQ��'���.HUU��,���DQG�&DQWUHOO��'����������,QWHUOHXNLQ���FDQ
LQGXFH�WKH�DFWLYDWLRQ�RI�-DN����-DN���DQG�67$7���SURWHLQV�LQ�PXULQH�7�FHOOV��(XU�-�,PPXQRO
�����������

)UDQNH�� -��� DQG� .HVVLQ�� 5�+�� �������� $� GHILQHG� PLQLPDO� PHGLXP� IRU� D[HQLF� VWUDLQV� RI
'LFW\RVWHOLXP�GLVFRLGHXP��3URF��1DWO��$FDG��6FL��86$���������������

)ULVFKDXI�� $�0��� /HKUDFK�� +��� 3RXVWND�� $��� DQG� 0XUUD\�� 1�� �������� /DPEGD� UHSODFHPHQW
YHFWRUV�FDUU\LQJ�SRO\OLQNHU�VHTXHQFHV��-��0RO��%LRO���������������

)XNXGD��0����������&KDUDFWHUL]DWLRQ�RI�2�OLQNHG�VDFFKDULGHV�IURP�FHOO�VXUIDFH�JO\FRSURWHLQV�
0HWKRGV�(Q]\PRO�������������

*DIIHQ��6�/���/DL��6�<���+D��0���/LX��;���+HQQLJKDXVHQ��/���*UHHQH��:�&���*ROGVPLWK��0�$�
�������� 'LVWLQFW� W\URVLQH� UHVLGXHV� ZLWKLQ� WKH� LQWHUOHXNLQ��� UHFHSWRU� EHWD� FKDLQ� GULYH� VLJQDO
WUDQVGXFWLRQ�VSHFLILFLW\��UHGXQGDQF\��DQG�GLYHUVLW\��-�%LRO�&KHP���������������



���

*DPELQR�� 0��� .D\�� 5�� 5��� DQG� %R]]DUR�� 6�� �������� 0RUSKRJHQHVLV� DQG� GLIIHUHQWLDWLRQ� RI
'LFW\RVWHOLXP�FHOOV�LQWHUDFWLQJ�ZLWK�LPPRELOL]HG�JOXFRVLGHV���GHSHQGHQFH�RQ�',)�SURGXFWLRQ�
'LIIHUHQWLDWLRQ�������������

*DQMX��3���6KLJHPRWR��.���%UHQQDQ��-���(QWZLVWOH��$���DQG�5HLWK�$�'����������7KH�(FN�UHFHSWRU
W\URVLQH�NLQDVH�LV�LPSOLFDWHG�LQ�SDWWHUQ�IRUPDWLRQ�GXULQJ�JDVWUXODWLRQ��KLQGEUDLQ�VHJPHQWDWLRQ
DQG�OLPE�GHYHORSPHQW��2QFRJHQH����������������

*HEDOOH�� $�3��� DQG� 0RUULV�� '�5�� �������� ,QLWLDWLRQ� FRGRQV� ZLWKLQ� �
�OHDGHUV� RI� P51$V� DV
UHJXODWRUV�RI�WUDQVODWLRQ��7,%6���������������

*HULVFK�� *��� 1RHJHO�� $��� 6FKOHLFKHU�� 0��� 6HJDOO�� -��� DQG� :DOOUDII�� (�� �������� 6LJQDO
WUDQVGXFWLRQ� DQG� FKHPRWD[LV� LQ� 'LFW\RVWHOLXP� GLVFRLGHXP�� ,Q� %LRO�� &KHP�� +�6�� SS�� �����
�����

*HULVFK�� *�� �������� &\FOLF� $03� DQG� RWKHU� VLJQDOV� FRQWUROOLQJ� FHOO� GHYHORSPHQW� DQG
GLIIHUHQWLDWLRQ�LQ�'LFW\RVWHOLXP��$QQX��5HY��%LRFKHP��������������

*RPHU��5��+���DQG�)LUWHO��5��$����������&HOO�DXWRQRPRXV�GHWHUPLQDWLRQ�RI�FHOO�W\SH�FKRLFH�LQ
'LFW\RVWHOLXP�GHYHORSPHQW�E\�FHOO�F\FOH�SKDVH��6FLHQFH��������������

*UDEHO�� /��� DQG� /RRPLV�� :�� )�� �������� (IIHFWRU� FRQWUROOLQJ� DFFXPXODWLRQ� RI� 1�
DFWH\OJOXFRVDPLQLGDVH�GXULQJ�GHYHORSPHQW�RI�'LFW\RVWHOLXP�GLVFRLGHXP��'HY��%LRO����������
����

*UDKDP��7�5��� DQG�.UDVQRY��9�$� ��������6RUWLQJ�RI�\HDVW� DOSKD�����PDQQRV\OWUDQVIHUDVH� LV
PHGLDWHG� E\� D� OXPHQDO� GRPDLQ� LQWHUDFWLRQ�� DQG� D� WUDQVPHPEUDQH� GRPDLQ� VLJQDO� WKDW� FDQ
FRQIHU�FODWKULQ�GHSHQGHQW�*ROJL�ORFDOL]DWLRQ�WR�D�VHFHUHWHG�SURWHLQ��0RO��%LRO��&HOO�����������

*UDYHV��-�'���&DPSEHOO��-�6���DQG�.UHEV��(�*����������3URWHLQ�VHULQH�WKUHRQLQH�NLQDVHV�RI�WKH
0$3.�FDVFDGH��$QQ��1�<��$FDG��6FL��������������

+DJLZDUD��0���%ULQGOH��3���+DURRWXQLDQ��$���$UPVWURQJ��5���5LYLHU�� -���9DOH��:���7VLHQ��5��
DQG� 0RQWPLQ\�� 0�5�� �������� &RXSOLQJ� RI� KRUPRQDO� VWLPXODWLRQ� DQG� WUDQVFULSWLRQ� YLD� WKH
F\FOLF�$03�UHVSRQVLYH�IDFWRU�&5(%�LV�UDWH�OLPLWHG�E\�QXFOHDU�HQWU\�RI�SURWHLQ�NLQDVH�$��0RO�
&HOO�%LRO�������������

+DNDQVVRQ��6���*DO\RY��(�(���5RVTYLVW��5��� DQG�:ROI�:DW]��+�� ��������7KH�<HUVLQLD�<SN$
6HU�7KU�NLQDVH�LV�WUDQVORFDWHG�DQG�VXEVHTXHQWO\�WDUJHWHG�WR�WKH�LQQHU�VXUIDFH�RI�WKH�+HOD�FHOO
SODVPD�PHPEUDQH��0RO��0LFURELRO��������������

+DOO��$���:DUUHQ��9���DQG�&RQGHHOLV��-����������7UDQVGXFWLRQ�RI�WKH�FKHPRWDFWLF�VLJQDO�WR�WKH
DFWLQ�F\WRVNHOHWRQ�RI�'LFW\RVWHOLXP�GLVFRLGHXP��'HY��%LRO���������������

+DQDKDQ��'����������6WXGLHV�RQ�WUDQVIRUPDWLRQ�RI�(VFKHULFKLD�FROL�ZLWK�SODVPLGV��-�0RO�%LRO
������������

+DQNV�� 6�.��� DQG�4XLQQ��$�0�� �������� 3URWHLQ� NLQDVH� FDWDO\WLF� GRPDLQ� VHTXHQFH� GDWDEDVH�
LGHQWLILFDWLRQ�RI�FRQVHUYHG�IHDWXUHV�RI�SULPDU\�VWUXFWXUH�DQG�FODVVLILFDWLRQ�RI�IDPLO\�PHPEHUV�
0HWKRGV�(Q]\PRO�������������

+DQNV�� 6�.��� DQG� +XQWHU�� 7�� �������� 7KH� HXNDU\RWLF� SURWHLQ� NLQDVH� VXSHUIDPLO\�� NLQDVH
�FDWDO\WLF��GRPDLQ�VWUXFWXUH�DQG�FODVVLILFDWLRQ��)$6(%�-�������������



���

+DULEDEX�� %��� 'RWWLQ�� 5��� 5DJKHE�� -��� DQG� 3DYORYLF�� -�� �������� F$03� UHJXODWLRQ� RI� JHQH
H[SUHVVLRQ�LQ�'LFW\RVWHOLXP�GLVFRLGHXP��,Q�)HG��3URF���SS�������

+DULEDEX�� %��� DQG� 'RWWLQ�� 5�� 3�� �������� 3KDUPDFRORJLFDO� FKDUDFWHUL]DWLRQ� RI� F\FOLF� $03
UHFHSWRUV�PHGLDWLQJ�JHQH� UHJXODWLRQ� LQ�'LFW\RVWHOLXP�GLVFRLGHXP��0RO��&HOO��%LRO����������
�����

+DUZRRG��$�-���+RSSHU��1�$���6LPRQ��0�1���'ULVFROO��'�0���9HURQ��0��� DQG�:LOOLDPV�� -�*�
�������� &XOPLQDWLRQ� LQ� 'LFW\RVWHOLXP� LV� UHJXODWHG� E\� WKH� F$03�GHSHQGHQW� SURWHLQ� NLQDVH�
&HOO�������������

+HLP�� 0�+�� �������� 7KH� -DN�67$7� SDWKZD\�� VSHFLILF� VLJQDO� WUDQVGXFWLRQ� IURP� WKH� FHOO
PHPEUDQH�WR�WKH�QXFOHXV��(XU�-�&OLQ�,QYHVW����������

+HQLFV�� 7��� 6DQIULGVRQ�� $��� +DPLOWRQ�� %�-��� 1DJ\�� (��� DQG� 5LJE\�� :�)�� �������� (QKDQFHG
VWDELOLW\� RI� LQWHUOHXNLQ��� P51$� LQ�0/$� ���� FHOOV�� 3RVVLEOH� UROH� RI� F\WRSODVPLF� $8�ULFK
VHTXHQFH�ELQGLQJ�SURWHLQV��-��%LRO��&KHP���������������

+REPDQ�� 7�&��� :RRGZDUG�� /��� DQG� )DUTXKDU�� 0�*�� �������� 7DUJHWLQJ� RI� D� KHUWHURGLPHULF
PHPEUDQH� SURWHLQ� FRPSOH[� WR� WKH� *ROJL�� UXEHOOD� YLUXV� (�� JO\FRSURWHLQ� FRQWDLQV� D
WUDQVPHPEUDQH�*ROJL�UHWHQWLRQ�VLJQDO��0RO��%LRO��&HOO���������

+RZDUG��3��.���$KHUQ��.��*���DQG�)LUWHO��5��$����������(VWDEOLVKPHQW�RI�D�WUDQVLHQW�H[SUHVVLRQ
V\VWHP�IRU�'LFW\RVWHOLXP�GLVFRLGHXP��1XFO��$FLGV�5HV���������������.

+XEEDUG��0�-���DQG�&RKHQ��3����������2Q�WDUJHW�ZLWK�D�QHZ�PHFKDQLVP�IRU�WKH�UHJXODWLRQ�RI
SURWHLQ�SKRVSKRU\ODWLRQ��7UHQGV�%LRFKHP��6FL������������

+XQWHU��7���3ORZPDQ��*�'����������7KH�SURWHLQ�NLQDVHV�RI�EXGGLQJ�\HDVW��VL[�VFRUH�DQG�PRUH�
7UHQGV�%LRFKHP�6FL�����������

+X\QK��7��<RXQJ��5�$���DQG�'DYLV��5����������'1$�FORQLQJ��9RO�����*ORYHU�'��HG���,5/�3UHVV
/WG���2[IRUG��8.�

,KOH�� -�1�� �������� 7KH� -DQXV� NLQDVH� IDPLO\� DQG� VLJQDOLQJ� WKURXJK�PHPEHUV� RI� WKH� F\WRNLQH
UHFHSWRU�VXSHUIDPLO\��3URF�6RF�([S�%LRO�0HG�������������

-DLQ�� 5��� <XHQ�� ,�6��� 7DSKRXVH�� &�5��� DQG� *RPHU�� 5�+�� �������� $� GHQVLW\�VHQVLQJ� IDFWRU
FRQWUROV�GHYHORSPHQW�LQ�'LFW\RVWHOLXP��*HQHV�'HYO�������������

-LDQJ��-���DQG�6WUXKO��*����������3URWHLQ�NLQDVH�$�DQG�KHGJHKRJ�VLJQDOLQJ�LQ�'URVRSKLOD�OLPE
GHYHORSPHQW��&HOO������������

-DQV�� '�$�� �������� 7KH� UHJXODWLRQ� RI� SURWHLQ� WUDQVSRUW� WR� WKH� QXFOHXV� E\� SKRVSKRU\ODWLRQ�
%LRFKHP�-��������������

.DZDWD��7���6KHYFKHQNR��$���)XNX]DZD��0���-HUP\Q��.�$���7RWW\��1�)���=KXNRYVND\D��1�9��
6WHUOLQJ��$�(���0DQQ�0���DQG�:LOOLDPV��-�*����������6+��VLJQDOOLQJ�LQ�D� ORZHU�HXNDU\RWH��D
67$7�SURWHLQ�WKDW�UHJXODWHV�VWDON�FHOO�GLIIHUHQWLDWLRQ�LQ�'LFW\RVWHOLXP��&HOO�������������

.LPPHO�� $�� 5��� 6D[H�� ,,,��� &�� /��� DQG� 6D[H�� 6�� $�� �������� 'LIIHUHQW� VLJQDO� WUDQVGXFWLRQ
PHFKDQLVPV� UHJXODWH� F$03� UHFHSWRU� PHGLDWHG� FKDQJHV� LQ� JHQH� H[SUHVVLRQ� GXULQJ



���

'LFW\RVWHOLXP�GHYHORSPHQW��,Q�0ROHFXODU�DSSURDFKHV�WR�GHYHORSPHQWDO�ELRORJ\��5��$��)LUWHO
DQG�(��+��'DYLGVRQ��HGV���1HZ�<RUN��$�5��/LVV���SS����������

.LPPHO�� $�� 5�� �������� 'LIIHUHQW� PROHFXODU� PHFKDQLVPV� IRU� F$03� UHJXODWLRQ� RI� JHQH
H[SUHVVLRQ�GXULQJ�'LFW\RVWHOLXP�GHYHORSPHQW��'HYO��%LRO���������������

.OHLQ��3��6���6XQ��7��=���6D[H��&��/��,,,��.LPPHO��$��5���-RKQVRQ��5��/���DQG�'HYUHRWHV��3��1�
�������� $� FKHPRDFWUDFWDQW� UHFHSWRU� FRQWUROV� GHYHORSPHQW� LQ� 'LFW\RVWHOLXP� GLVFRLGHXP�
6FLHQFH����������������

.UX\V��9���0DULQ[��2���6KDZ��*���'HVFKDPSV��-���DQG�+XH]��=����������7UDQVODWLRQDO�EORFNDGH
LPSRVHG�E\�F\WRNLQH�GHULYHG�8$�ULFK�VHTXHQFHV��6FLHQFH������������

.XVSD�� $��� DQG� /RRPLV��:�� )�� �������� 7DJJLQJ� GHYHORSPHQWDO� JHQHV� LQ� 'LFW\RVWHOLXP� E\
UHVWULFWLRQ� HQ]\PH�PHGLDWHG� LQWHJUDWLRQ� RI� SODVPLG� '1$�� 3URF�� 1DWO�� $FDG�� 6FL�� 86$� ���
����������

.XVSD�� $���0DJKDNLDQ�� '��� %HUJHVFK�� 3��� DQG� /RRPLV��:�� )�� �������� 3K\VLFDO� PDSSLQJ� RI
JHQHV�WR�VSHFLILF�FKURPRVRPHV�LQ�'LFW\RVWHOLXP�GLVFRLGHXP��*HQRPLFV�����������

/DHPPOL��8�.�� �������� &OHDYDJH� RI� VWUXFWXUDO� SURWHLQV� GXULQJ� WKH� DVVHPEO\� RI� WKH� KHDG� RI
EDFWHULRSKDJH�7���1DWXUH��������������

/HH��-���DQG�3LOFK��3�)����������7KH�LQVXOLQ�UHFHSWRU��VWUXFWXUH��IXQFWLRQ��DQG�VLJQDOLQJ��$P��-�
3K\VLRO�������&�������

/L��:���2KOPH\HU��-�7���/DQH��0�(���DQG�.DOGHURQ��'����������)XQFWLRQ�RI�SURWHLQ�NLQDVH�$�LQ
KHGJHKRJ�VLJQDO�WUDQVGXFWLRQ�DQG�'URVRSKLOD�LPDJLQDO�GLVF�GHYHORSPHQW��&HOO������������

/RKLD�� $��� DQG� 6DPXHOVRQ�� -�� ��������0ROHFXODU� FORQLQJ� RI� DQ� (QWDPRHED� KLVWRO\WLFD� JHQH
HQFRGLQJ�D�SXWDWLYH�PRV�IDPLO\�VHULQH�WKUHRQLQH�NLQDVH��%LRFKHP��%LRSK\V��$FWD������������
��

/RRPLV�� :�� )�� �������� &HOO�W\SH� UHJXODWLRQ� LQ� 'LFW\RVWHOLXP� GLVFRLGHXP�� ,Q� *HQHWLF
UHJXODWLRQ�RI�GHYHORSPHQW����WK�V\PS��VRF��GHY��ELRO����:��)��/RRPLV��HG���1HZ�<RUN��$�5�
/LVV���SS����������

/RRPLV��:��)����������*HQHWLF�WRROV�IRU�'LFW\RVWHOLXP�GLVFRLGHXP��0HWK��&HOO�%LRO���������
���

/RRPLV��:��)���DQG�)XOOHU��'��/����������$�SDLU�RI�WDQGHPO\�UHSHDWHG�JHQHV�FRGH�IRU�*S����D
SXWDWLYH�DGKHVLRQ�SURWHLQ�RI�'LFW\RVWHOLXP�GLVFRLGHXP��3URF��1DWO��$FDG��6FL��86$���������
����

/RRPLV��:��)���DQG�)XOOHU��'��/����������$QWLVHQVH�51$�LQKLELWLRQ�RI�H[SUHVVLRQ�RI�D�SDLU�RI
WDQGHPO\�UHSHDWHG�JHQHV�UHVXOWV� LQ�D�GHOD\�LQ�FHOO�FHOO�DGKHVLRQ� LQ�'LFW\RVWHOLXP��$QWLVHQVH
5HV��'HYHO�������������

0DHGD��0���DQG�)LUWHO��5��$����������$FWLYDWLRQ�RI�WKH�PLWRJHQ�DFWLYDWHG�SURWHLQ�NLQDVH�(5.�
E\�WKH�FKHPRDWWUDFWDQW�IROLF�DFLG�LQ�'LFW\RVWHOLXP��-��%LRO��&KHP������������������

0DQLDN��0��� 6DXU��8�� DQG�1HOOHQ��:�� ��������$� FRORQ\�EORW� WHFKQLTXH� IRU� WKH� GHWHFWLRQ� RI
VSHFLILF�WUDQVFULSWV�LQ�HXNDU\RWHV��$QDO��%LRFKHP�������������



���

0DQLDN��0���5DXFKHQEHUJHU��5���$OEUHFKW��5���0XUSK\�� -��� DQG�*HULVFK��*�� ��������&RURQLQ
LQYROYHG� LQ�SKDJRF\WRVLV��G\QDPLFV�RI�SDUWLFOH�LQGXFHG� UHORFDOL]DWLRQ�YLVXDOL]HG�E\�D�JUHHQ
IOXRUHVHQW�SURWHLQ��&HOO��������������

0DQQ�� 6�� .�� 2��� DQG� )LUWHO�� 5�� $�� �������� $� GHYHORSPHQWDOO\� UHJXODWHG�� SXWDWLYH
VHULQH�WKUHRQLQH�SURWHLQ�NLQDVH� LV�HVVHQWLDO� IRU�GHYHORSPHQW� LQ�'LFW\RVWHOLXP��0HFK��'HYHO�
�����������

0DQQ�� 6�.��� <RQHPRWR��:�0��� 7D\ORU�� 6�6��� DQG� )LUWHO�� 5�$�� �������� 'G3.��� ZKLFK� SOD\V
HVVHQWLDO� UROHV� GXULQJ�'LFW\RVWHOLXP� GHYHORSPHQW�� HQFRGHV� WKH� FDWDO\WLF� VXEXQLW� RI� F$03�
GHSHQGHQW�SURWHLQ�NLQDVH��3URF��1DWO��$FDG��6FL��86$�������������

0DQQ��6�.���%URZQ��-�0���%ULVFRH��&���3DUHQW��&���3LWW��*���'HYUHRWHV��3�1���DQG�)LUWHO��5�$�
�������� 5ROH� RI� F$03�GHSHQGHQW� SURWHLQ� NLQDVH� LQ� FRQWUROOLQJ� DJJUHJDWLRQ� DQG
SRVWDJJUHJDWLYH�GHYHORSPHQW�LQ�'LFW\RVWHOLXP��'HY��%LRO�������������

0DQURZ��5�(���6KDSLUR��5�$���+HUULFN��'���6WHHO��/�)���%OLQGHU��'���DQG�-DFREVRQ��$���������
5HJXODWLRQ� RI� P51$� VWDELOLW\� DQG� WKH� SRO\$� SUREOHP� LQ� 'LFW\RVWHOLXP� GLVFRLGHXP�� 'HY�
*HQHW������������

0DWVXGDLUD��3�7���DQG�%XUJHVV�'�5����������6'6�PLFRVODE�OLQHDU�JUDGLHQW�SRO\DFU\ODPLGH�JHO
HOHFWURSKRUHVLV��$QDO��%LRFKHP��������������

0D\R��.�(���*RGIUH\��3�$���6XKU��6�7���.XOLN��'�-���DQG�5DKDO��-�2����������*URZWK�KRUPRQH�
UHOHDVLQJ�KRUPRQH��V\QWKHVLV�DQG�VLJQDOLQJ��5HFHQW�3URJ��+RUP��5HV������������

0HLQNRWK��-�/���$OEHUWV��$�6���:HQW��:���)DQWR]]L��'���7D\ORU��6�6���+DJLZDUD��0���0RQWPLQ\�
0��� DQG� )HUDPLVFR�� -�5�� �������� 6LJQDO� WUDQVGXFWLRQ� WKURXJK� WKH� F$03�GHSHQGHQW� SURWHLQ
NLQDVH��0RO��&HOO�%LRFKHP������������������

0RURLDQX�� -��� %OREHO�� *��� DQG� 5DGX�� $�� �������� 7KH� ELQGLQJ� VLWH� RI� NDU\RSKHULQ� DOSKD� IRU
NDU\RSKHULQ�EHWD�RYHUODSV�ZLWK�D�QXFOHDU� ORFDOL]DWLRQ�VHTXHQFH��3URF��1DWO��$FDG��6FL��86$
�����������

1DLGHW�� &��� 6HPHULYD��0���<DPDGD��.�0��� DQG� 7KLHU\�� -�3�� �������� 3HSWLGHV� FRQWDLQLQJ� WKH
FHOO�DWWDFKPHQW�UHFRJQLWLRQ�VLJQDO�$UJ�*O\�$VS�SUHYHQW�JDVWUXODWLRQ�LQ�'URVRSKLOD�HPEU\RV�
1DWXUH�������������

1HOOHQ��:���'DWWD��6���&URZOH\��7���5H\PRQG��&���6LYHUWVHQ��$���0DQQ��6��� DQG�)LUWHO��5�$�
��������0ROHFXODU�ELRORJ\�LQ�'LFW\RVWHOLXP��WRROV�DQG�DSSOLFDWLRQV��0HWK��&HOO�%LRO���������
����

1HZHOO�� 3�� &��� 7HOVHU�� $��� DQG� 6XVVPDQ�� 0�� �������� $OWHUQDWLYH� GHYHORSPHQWDO� SDWKZD\V
GHWHUPLQHG�E\�HQYLURQPHQWDO�FRQGLWLRQV�LQ�WKH�FHOOXODU�VOLPH�PROG�'LFW\RVWHOLXP�GLVFRLGHXP�
-��%DFWHULRO���������������

1HZHOO��3�&���+HQGHUVRQ��5�)���0RVVHV��'��� DQG�5DWQHU��'�,�� ��������6HQVLWLYLW\� WR�%DFLOOXV
VXEWLOLV��$�QRYHO�V\VWHP�IRU�VHOHFWLRQ�RI�KHWHUR]\JRXV�GLSORLGV�RI�'LFW\RVWHOLXP�GLVFRLGHXP�
-��*HQHUDO�0LFURELRORJ\��������������

1RHJHO�� $��� *HULVFK�� *��� 6WDGOHU�� -��� DQG� :HVWSKDO�� 0�� �������� &RPSOHWH� VHTXHQFH� DQG
WUDQVFULSW�UHJXODWLRQ�RI�D�FHOO�DGKHVLRQ�SURWHLQ�IURP�DJJUHJDWLQJ�'LFW\RVWHOLXP�FHOOV��(0%2
-���������������



���

2KQR��6����������$FWLYH�VLWHV�RI�OLJDQGV�DQG�WKHLU�UHFHSWRUV�DUH�PDGH�RI�FRPPRQ�SHSWLGHV�WKDW
DUH�DOVR�IRXQG�HOVHZKHUH��-��0RO��(YRO������������

2L�� 9�7��� DQG� +HU]HQEHUJ�� /�$�� �������� ,PPXQRJOREXOLQ�SURGXFLQJ� K\EULG� FHOO� OLQHV�� ,Q
6HOHFWHG�0HWKRGV�LQ�&HOOXODU�,PPXQRORJ\��%�%��0LVFKHOO�DQG�6�0��6KLLJL��HGV���SS����������
:�+��)UHHPDQ��6DQ�)UDQFLVFR�

2\DPD��0���DQG�%OXPEHUJ��'��'����������&KDQJHV�GXULQJ�GLIIHUHQWLDWLRQ�LQ�UHTXLUHPHQWV�IRU
F$03�IRU�H[SUHVVLRQ�RI�FHOO�W\SH�VSHFLILF�P51$V�LQ� WKH�FHOOXODU�VOLPH�PROG�'LFW\RVWHOLXP
GLVFRLGHXP��'HY��%LRO���������������

2\DPD��0���DQG�%OXPEHUJ��'��'����������,QWHUDFWLRQ�RI�F$03�ZLWK�WKH�FHOO�VXUIDFH�UHFHSWRU
LQGXFHV� FHOO�W\SH� VSHFLILF� P51$� DFFXPXODWLRQ� LQ� 'LFW\RVWHOLXP� GLVFRLGHXP�� 3URF�� 1DWO�
$FDG��6FL��86$���������������

3IDII��0���$XPDLOOH\��0���6SHFNV��8���.QROOH��-���=HUZHV��+�*���DQG�7LPSO��5����������,QWHJULQ
DQG� $UJ�*O\�$VS� GHSHQGHQFH� RI� FHOO� DGKHVLRQ� WR� WKH� QDWLYH� DQG� XQIROGHG� WULSOH� KHOL[� RI
FROODJHQ�W\SH�9,��([S�&HOO�5HV�������������

3LHUVFKEDFKHU�� 0�'��� DQG� 5XRVODKWL�� (�� �������� 9DULDQWV� RI� WKH� FHOO� UHFRJQLWLRQ� VLWH� RI
ILEURQHFWLQ�WKDW�UHWDLQ�DWWDFKPHQW�SURPRWLQJ�DFWLYLW\��3URF��1DWO��$FDG��6FL��86$������������

5DSHU��.��%����������'LFW\RVWHOLXP�GLVFRLGHXP��D�QHZ�VSHFLHV�RI�VOLPH�PROG�IURP�GHFD\LQJ
IRUHVW�OHDYHV��-��$JU��5HV�������������

5DWKL��$���DQG�&ODUNH��0����������([SUHVVLRQ�RI�HDUO\�GHYHORSPHQWDO�JHQHV�LQ�'LFW\RVWHOLXP
GLVFRLGHXP� LV� LQLWLDWHG� GXULQJ� H[SRQHQWLDO� JURZWK� E\� DQ� DXWRFULQH�GHSHQGHQW� PHFKDQLVP�
0HFK��'HYHO��������������

5LFKDUGVRQ��'�/���+RQJ��&�%���DQG�/RRPLV�:�)�� ��������$�SUHVSRUH�JHQH��'G����H[SUHVVHG
GXULQJ�FXOPLQDWLRQ�RI�'LFW\RVWHOLXP�GLVFRLGHXP��'HY��%LRO��������������

5RVV��-����������&RQWURO�RI�PHVVHQJHU�51$�VWDELOLW\�LQ�KLJKHU�HXNDU\RWHV��7UHQGV�*HQHW�����
������

5XRVODKWL��(���3LHUVFKEDFKHU��0�'����������$UJ�*O\�$VS��D�YHUVDWLOH�FHOO�UHFRQJQLWLRQ�VLJQDO�
&HOO�������������

5XVVHOO�� -�(��� DQG� /LHEKDEHU�� 6�$�� �������� 7KH� VWDELOLW\� RI� KXPDQ� EHWD�JORELQ� P51$� LV
GHSHQGHQW�RQ�VWUXFWXUDO�GHWHUPLQDQWV�SRVLWLRQHG�ZLWKLQ� LWV��¶�XQWUDQVODWHG�UHJLRQ��%ORRG����
��������

6DMMLGL��)�*���3DVTXDOH��(�%��� DQG�6XEUDPDQL��6�� �������� ,GHQWLILFDWLRQ�RI� D� QHZ�HSK�UHODWHG
UHFHSWRU�W\URVLQH�NLQDVH�JHQH�IURP�PRXVH�DQG�FKLFNHQ�WKDW�LV�GHYHORSPHQWDOO\�UHJXODWHG�DQG
HQFRGHV�DW�OHDVW�WZR�IRUPV�RI�WKH�UHFHSWRU��1HZ�%LRO����������������

6DLNL��5�.���6FKDUI��6���)DORRQD��)���0XOOLV��.�%���+RUQ��*�7���(UOLFK��+�$���DQG�$UQKHLP��1�
��������(Q]\PDWLF�DPSOLILFDWLRQ�RI�%�JORELQ�JHQRPLF�VHTXHQFHV�DQG�UHVWULFWLRQ�VLWH�DQDO\VLV
IRU�GLDJQRVLV�RI�VLFNOH�FHOO�DQHPLD��6FLHQFH����������������



���

6DQJHU��)���1LFNOHQ��6���DQG�&RXOVRQ��$�5�� ��������'1$�VHTXHQFLQJ�ZLWK�FKDLQ� WHUPLQDWLQJ
LQKLELWRUV��3URF��1DWO��$FDG��6FL��86$���������������

6FKDDS��3����������5HJXODWLRQ�RI�VL]H�DQG�SDWWHUQ�LQ�WKH�FHOOXODU�VOLPH�PROGV��'LIIHUHQWLDWLRQ
���������

6HJHU��5���DQG�.UHEV��(�*����������7KH�0$3.�VLJQDOLQJ�FDVFDGH��)$6(%�-������������

6HJDOO�� -�(���.XVSD��$��� 6KDXOVN\��*��� (FNH��0���0DHGD��0���*DVNLQV�� &��� )LUWHO�� 5�$��� DQG
/RRPLV��:�)����������$�0$3�NLQDVH�QHFHVVDU\�IRU�UHFHSWRU�PHGLDWHG�DFWLYDWLRQ�RI�DGHQ\O\O
F\FODVH�LQ�'LFW\RVWHOLXP��-��&HOO�%LRO��������������

6LPRQ�� 0��1��� 'ULVFROO�� '��� 0XW]HO�� 5��� 3DUW�� '��� :LOOLDPV�� -��� DQG� 9HURQ�� 0�� �������
2YHUSURGXFWLRQ�RI� WKH� UHJXODWRU\�VXEXQLW�RI� WKH�F$03�GHSHQGHQW�SURWHLQ�NLQDVH�EORFNV� WKH
GLIIHUHQWLDWLRQ�RI�'LFW\RVWHOLXP�GLVFRLGHXP��(0%2�-���������������

6LQJOHWRQ�� &�� .��� 'HOXGH�� 5�� /��� DQG� 0F3KHUVRQ�� &�� (�� �������� &KDUDFWHUL]DWLRQ� RI� JHQHV
ZKLFK�DUH�GHDFWLYDWHG�XSRQ�WKH�RQVHW�RI�GHYHORSPHQW�LQ�'LFW\RVWHOLXP�GLVFRLGHXP��'HY��%LRO�
�������������

6LQJOHWRQ�� &�.��� 'HOXGH�� 5�/��� .HQ�� 5��� 0DQQLQJ�� 6�6��� DQG� 0FSKHUVRQ�� &�(�� �������
6WUXFWXUH��H[SUHVVLRQ��DQG�UHJXODWLRQ�RI�PHPEHUV�RI�WKH�GHYHORSPHQWDOO\�FRQWUROOHG�9�DQG�+
JHQH�FODVVHV�IURP�'LFW\RVWHOLXP��'HY��*HQHW������������

6LX��&��+���DQG�/DP��7��<����������0HGLDWLRQ�RI�FHOO�FHOO�DGKHVLRQ�E\�WKH�DOWHUHG�FRQWDFW�VLWH
$�JO\FRSURWHLQ�H[SUHVVHG�LQ�PRG%�PXWDQWV�RI�'LFW\RVWHOLXP�GLVFRLGHXP��([S��&HOO�5HV������
��������

6RXOODP��%���DQG�:RUPDQ��+�-����������7KH�DPLQR�WHUPLQDO�GRPDLQ�RI�WKH�ODPLQ�%�UHFHSWRU�LV
D�QXFOHDU�HQYHORSH�WDUJHWLQJ�VLJQDO��-��&HOO�%LRO����������������

6RXWKHUQ��(�0����������'HWHFWLRQ�RI�VSHFLILF�VHTXHQFHV�DPRQJ�'1$�IUDJPHQWV�VHSDUDWHG�E\
JHO�HOHFWURSRUDHVLV��-��0RO��%LRO��������������

6SULQJHU��:��5���&RRSHU��'��1��:���DQG�%DURQGHV��6��+����������'LVFRLGLQ�,�LV�LPSOLFDWHG�LQ
FHOO�VXEVWUDWXP� DWWDFKPHQW� DQG� RUGHUHG� FHOO� PLJUDWLRQ� RI� 'LFW\RVWHOLRXP� GLVFRLGHXP� DQG
UHVHPEOHV�ILEURQHFWLQ��&HOO������������.

6WDGOHU��-���.HHQDQ��7��:���%DXHU��*���DQG�*HULVFK��*����������7KH�FRQWDFW�VLWH�$�JO\FRSURWHLQ
RI�'LFW\RVWHOLXP�GLVFRLGHXP�FDUULHV�D�SKRVSKROLSLG�DQFKRU�RI�D�QRYHO�W\SH��(0%2�-���������
����

6WXEEV�� -�7�� �UG�� 0LQW]�� .�3��� (DQHV�� (�'��� 7RUFKLD�� '�$��� DQG� )LVKHU�� /�:�� �������
&KDUDFWHUL]DWLRQ� RI� QDWLYH� DQG� UHFRPELQDQW� ERQH� VLDORSURWHLQ�� GHOLQHDWLRQ� RI� WKH� PLQHUDO�
ELQGLQJ�DQG�FHOO�DGKHVLRQ�GRPDLQV�DQG�VWUXFWXUDO�DQDO\VLV�RI�WKH�5*'�GRPDLQ��-��%RQH�0LQHU�
5HV��������������

6WXGLHU��)�:���DQG�0RIIDW��%�$����������8VH�RI�EDFWHULRSKDJH�7��51$�SRO\PHUDVH�WR�GLUHFW
VHOHFWLYH�KLJK�OHYHO�H[SUHVVLRQ�RI�FORQHG�JHQHV��-��0RO��%LRO���������������

6XVVPDQ�� 0�� �������� 7KH� RULJLQ� RI� FHOOXODU� KHWHURJHQHLW\� LQ� WKH� VOLPH� PROGV�
'LFW\RVWHOLDFHDH��-��([S��=RRO���������������



���

6XVVPDQ�� 0�� �������� &XOWLYDWLRQ� DQG� V\QFKURQRXV� PRUSKRJHQHVLV� RI� 'LFW\RVWHOLXP� XQGHU
FRQWUROOHG�H[SHULPHQWDO�FRQGLWLRQV��0HWK��&HOO�%LRO�����������

6XWRK�� .�� �������� $� WUDQVIRUPDWLRQ� YHFWRU� IRU� 'LFW\RVWHOLXP� GLVFRLGHXP� ZLWK� D� QHZ
VHOHFWDEOH�PDUNHU�EVU��3ODVPLG�������������

6X]XNL�� 6��� 2OGEHUJ�� $��� +D\PDQ�� (�*��� 3LHUVFKEDFKHU�� 0�'��� DQG� 5XRVODKWL�� (�� �������
&RPSOHWH�DPLQR�DFLG�VHTXHQFH�RI�KXPDQ�YLWURQHFWLQ�GHGXFHG�IURP�F'1$��6LPLODULW\�RI�FHOO
DWWDFKPHQW�VLWHV�LQ�YLWURQHFWLQ�DQG�ILEURQHFWLQ��(0%2�-�������������

7DQ��-�/���DQG�6SXGLFK��-�$����������'HYHORSPHQWDOO\�UHJXODWHG�SURWHLQ�W\URVLQH�NLQDVH�JHQHV
LQ�'LFW\RVWHOLXP�GLVFRLGHXP��0RO��&HOO��%LRO������������������

7D\ORU�� 6�6��� 5DGL]R�$QG]HOP�� (��� DQG� +XQWHU�� 7�� �������� +RZ� GR� SURWHLQ� NLQDVHV
GLVFULPLQDWH� EHWZHHQ� VHULQH�WKUHRQLQH� DQG� W\URVLQH"� 6WUXFWXUDO� LQVLJKWV� IURP� WKH� LQVXOLQ
UHFHSWRU�SURWHLQ�W\URVLQH�NLQDVH��)$6(%�-�������������

7RVKLPD��-���2VKDVKL��.���2NDQR��,���1XQRXH��.���.LVKLRND��0���.XPD��.���0L\DWD��7���+LUDL�
0���%DED��7���DQG�0L]XQR��.����������-��%LRO��&KHP����������������������

8GR�� +��� ,QRX\H�� 0��� DQG� ,QRX\H�� 6�� �������� (IIHFWV� RI� RYHUH[SUHVVLRQ� RI� 3NQ��� D
WUDQVPHPEUDQH�SURWHLQ� VHULQH�WKUHRQLQH� NLQDVH�� RQ� GHYHORSPHQW� RI�0\[RFRFFXV� [DQWKXV�� -�
%DFWHULRO�������������

9DQ� 2SKHP�� 3��� DQG� 9DQ� 'ULHO�� 5�� �������� ,QGXFWLRQ� E\� IRODWH� DQG� IRODWH� DQDORJV� RI
H[WUDFHOOXODU� DQG� PHPEUDQH�ERXQG� SKRVSKRGLHVWHUDVH� IURP� 'LFW\RVWHOLXP� GLVFRLGHXP�� -�
%DFWHULRO������������

9DXWL�� )���0RUDQGLQL�� 3��� %OXVFK�� -��� 6DFKVH�� $��� DQG�1HOOHQ��:�� �������� 5HJXODWLRQ� RI� WKH
GLVFRLGLQ� ,�JDPPD�JHQH� LQ�'LFW\RVWHOLXP�GLVFRLGHXP�� LGHQWLILFDWLRQ�RI� LQGLYLGXDO�SURPRWHU
HOHPHQWV�PHGLDWLQJ�LQGXFWLRQ�RI�WUDQVFULSWLRQ�DQG�UHSUHVVLRQ�E\�F$03��0RO��&HOO��%LRO�����
����������

YDQ�GHU�*HHU��3���+XQWHU��7��� DQG�/LQGEHUJ��5�$�� ��������5HFHSWRU� SURWHLQ�W\URVLQH� NLQDVHV
DQG�WKHLU�VLJQDO�WUDQVGXFWLRQ�SDWKZD\V��$QQX��5HY��&HOO�%LRO��������������

9HUPD�� ,�0��� 6WHYHQVRQ�� -�.��� 6FKZDU]�� (�0��� YDQ�$QWZHUS��'��� DQG�0L\DPRWR�� 6�� �������
5HO�1)�N%�,N%� IDPLO\�� LQWLPDWH� WDOHV� RI� DVVRFLDWLRQ� DQG� GLVVRFLDWLRQ��*HQHV�'HY����������
�����

:DOOUDII�� (��� DQG� *HULVFK�� *�� �������� 6FUHHQLQJ� IRU� 'LFW\RVWHOLXP� PXWDQWV� GHIHFWLYH� LQ
F\WRVNHOHWDO�SURWHLQV�E\�FRORQ\�LPPXQREORWWLQJ��0HWK��(Q]\PRO���������������

:DQJ��1���6KDXOVN\��*���(VFDODQWH��5���DQG�/RRPLV��:�)����������$�WZR�FRPSRQHQW�KLVWLGLQH
NLQDVH�JHQH�WKDW�IXQFWLRQV�LQ�'LFW\RVWHOLXP�GHYHORSPHQW��(0%2�-����������������

:DWWV��'�-���DQG�$VKZRUWK��-�0����������*URZWK�RI�P\[DPRHEDH�RI� WKH�FHOOXODU�VOLPH�PROG
'LFW\RVWHOLXP�GLVFRLGHXP�LQ�D[HQLF�FXOWXUH��%LRFKHP��-���������������

:HONHU��'�� /��� +LUWK�� .�� 3��� DQG�:LOOLDPV��.�� /�� �������� ,QKHULWDQFH� RI� H[WUDFKURPRVRPDO
ULERVRPDO�'1$�GXULQJ� WKH�DVH[XDO� OLIH�F\FOH�RI�'LFW\RVWHOLXP�GLVFRLGHXP��([DPLQDWLRQ�E\
XVH�RI�'1$�SRO\PRUSKLVPV��0RO��&HOO��%LRO�������������



���

:HONHU��'��/����������7KH�GLVFRLGLQ�,�JHQH�IDPLO\�RI�'LFW\RVWHOLXP�GLVFRLGHXP�LV� OLQNHG�WR
JHQHV�UHJXODWLQJ�LWV�H[SUHVVLRQ��*HQHWLFV��������������

:HWWHUDXHU�� %��� -DFREVHQ�� *��� 0RUDQGLQL�� 3��� DQG� 0DF:LOOLDPV�� +�� �������� 0XWDQWV� RI
'LFW\RVWHOLXP�GLVFRLGHXP�ZLWK�GHIHFWV�LQ�WKH�UHJXODWLRQ�RI�GLVFRLGLQ�,�H[SUHVVLRQ��'HY��%LRO�
������������

:HWWHUDXHU��%�:���6DOJHU��.���DQG�0DF:LOOLDPV��+�.����������8VH�RI�D�WUDQVDFWLYH�UHJXODWRU\
PXWDQW�RI�'LFW\RVWHOLXP�GLVFRLGHXP�LQ�D�HXFDU\RWLF�H[SUHVVLRQ�V\VWHP��1XFOHLF�$FLG�5HV�����
���������

:HWWHUDXHU��%�:���6DOJHU��.���&DUEDOOR�0HQW]QHU��&��� DQG�0DF:LOOLDPV��+�.�� ��������&HOO�
GHQVLW\�GHSHQGHQW� UHSUHVVLRQ� RI� GLVFRLGLQ� LQ� 'LFW\RVWHOLXP� GLVFRLGHXP��'LIIHUHQWLDWLRQ� ���
�������

:LOOLDPV��.�/���DQG�1HZHOO��3�&����������$�JHQHWLF�VWXG\�RI�DJJHJDWLRQ�LQ�WKH�FHOOXODU�VOLPH
PROG�'LFW\RVWHOLXP�GLVFRLGHXP�XVLQJ�FRPSOHPHQWDWLRQ�DQDO\VLV��*HQHWLFV�������������

:LOVRQ��&���*REHUGKDQ��'�&���6WHOOHU��+����������'URU��D�SRWHQWLDO�QHXURWURSKLF�UHFHSWRU�JHQH�
HQGRGHV�D�'URVRSKLOD�KRPRORJ�RI�WKH�YHUWHEUDWH�5RU�IDPLO\�RI�7UN�UHODWHG�UHFHSWRU�W\URVLQH
NLQDVHV��3URF��1DWO��$FDG��6FL��86$����������������

;LD��.���0XNKRSDGK\D\��1�.���,QKRUQ��5�&���%DUEHU��'�/���5RVH��3�(���/HH��5�6���1DUVLPKDQ�
5�3��� '
$QGUHD�� $�'��� *ULIILQ�� -�'��� 5REHUWV�� 7�0�� �������� 7KH� F\WRNLQH�DFWLYDWHG� W\URVLQH
NLQDVH�-$.��DFWLYDWHV�5DI���LQ�D�S��UDV�GHSHQGHQW�PDQQHU��3URF��1DWO��$FDG��6FL��86$����
��������

<DQLVFK�3HURQ��&���9LHHLUD��-��DQG�0HVVLQJ��-����������,PSURYHG�0���SKDJH�FORQLQJ�YHFWRUV
DQG�KRVW�VWUDLQV��1XFOHRWLGH�VHTXHQFHV�RI� WKH�0��PS���DQG�S8&���YHFWRUV��*HQH���������
����

=KDQJ��:��� -RKQVRQ�� -�'���5XWWHU��:�-�� ��������$VVRFLDWLRQ� DQG� SKRVSKRU\ODWLRQ�GHSHQGHQW
GLVVRFLDWLRQ� RI� SURWHLQV� LQ� WKH� LQVXOLQ� UHFHSWRU� FRPSOH[�� 3URF�� 1DWO�� $FDG�� 6FL�� 86$� ���
���������

=KHQJ�� -�+��� .QLJKWRQ�� '�5��� ;XRQJ�� 1�+��� 3DUHOOR�� -��� 7D\ORU�� 6�6��� DQG� 6RZDGVNL�� -�0�
�������� &U\VWDOOL]DWLRQ� VWXGLHV� RI� WKH� FDWDO\WLF� VXEXQLW� RI� F$03�GHSHQGHQW� SURWHLQ� NLQDVH�
FU\VWDOV�RI�PXULQH�UHFRPELQDQW�FDWDO\WLF�VXEXQLW�DQG�D�PXWDQW��&\V��������6HU��GLIIUDFW�WR����
$�UHVROXWLRQ��$FWD�&U\VWDOORJU�%������3W�����������



���

&855,&8/80�9,7$(

'DWH�DQG�3ODFH�RI�%LUWK��6HSWHPEHU����������%HLMLQJ��3�5��&KLQD�

&DUHHU�

���������� %DFKHORU�RI�6FLHQFH�LQ�%LRFKHPLVWU\���1DQMLQJ�8QLYHUVLW\��3�5��&KLQD�

%DFKHORU�WKHVLV�RQ�³&KHPLFDO�6\QWKHVLV�RI�$=7��DQWL�$,'6�GUXJ��$]LGR�

7K\PLGLQH´�

���������� 0DVWHU�RI�6FLHQFH�LQ�&DQFHU�%LRFKHPLVWU\��&DQFHU�,QVWLWXWH��&KLQHVH�$FDGHP\

RI�0HGLFDO�6FLHQFH��%HLMLQJ��&KLQD�

0DVWHU�WKHVLV�RQ�WKH�DQWL�WXPRXU�PHFKDQLVP�RI�6HOHQLXP��6H���³WKH�LQIOXHQFH�

RI�VRGLXP�VHOHQLWH��1D�6H2���RQ�WKH�H[SUHVVLRQ�RI�SURWR�RQFRJHQHV�LQ�WKH�

6PDOO�&HOO�/XQJ�&DQFHU��6&/&��FHOOV´�

���������� 5HVHDUFK�5HSUHVHQWDWLYH�LQ�7RELVKL�3KDUPDFHXWLFDO�&R��/7'���-DSDQ��%HLMLQJ�

2IILFH�

3DUWLFLSDWLQJ�LQ�WKH�ELRFKHPLFDO�H[WUDFWLRQ�DQG�SXULILFDWLRQ�RI�XURNLQDVH�IURP�

KXPDQ�XULQH��DQG�LWV�FOLQLFDO�IXQFWLRQ�UHVHDUFK�IRU�$0,��$FXWH�0\RFDUGLDO�

,QIDUFWLRQ��

3DUWLFLSDWLQJ�LQ�WKH�UHVHDUFK�RI�³%DWUR[RELQ´��%DWUR[RELQ�LV�D�WKURPELQ�OLNH�

HQ]\PH�IURP�VQDNH�YHQRP�ZKLFK�FDQ�FXUH�&HUHEUDO�7KURPERVLV�

���������� 3K�'��VWXGHQW�LQ�WKH�ODERUDWRU\�RI�3URI��:ROIJDQJ�1HOOHQ�DW�WKH�&HOOELRORJ\�

'HSDUWPHQW��0D[��3ODQFN�,QVWLWXWH�IRU�%LRFKHPLVWU\��*HUPDQ\�

���������� 3K�'��VWXGHQW��&RQWLQXDWLRQ�RI�SURMHFW�LQ�WKH�VDPH�ODERUDWRU\�DW�WKH�*HQHWLFV�

GHSDUWPHQW��)%����8QLYHUVLW\�RI�.DVVHO��*HUPDQ\�

3K�'��WKHVLV�RQ�³0ROHFXODU�DQDO\VLV�RI�WKH�JURZWK�GLIIHUHQWLDWLRQ�WUDQVLWLRQ�LQ�

'LFW\RVWHOLXP´�



���

(5./b581*

,FK� YHUVLFKHUH�� GLH� YRUOLHJHQGH� $UEHLW� HLJHQVWlQGLJ� XQG� PLW� GHQ� DQJHJHEHQHQ� 0LWWHOQ

DQJHIHUWLJW�]X�KDEHQ�

.DVVHO��GHQ�����0lU]�����

&KDQJMLDQJ�=(1*



���

$&.12:/('*(0(176

,�ZRXOG� OLNH� WR�GHGLFDWH� WKLV� WKHVLV� WR�P\�DGYLVRU�3URI��'U��:ROIJDQJ�1HOOHQ��+LV�JXLGDQFH

DQG�HQFRXUDJHPHQW�ZHUH�JUHDW�PRWLYDWLRQV�WKURXJKRXW�P\�ZRUN��DQG�ZLOO�LQIOXHQFH�P\�ZKROH

OLIH�DV�D�VFLHQWLVW�

,� H[SUHVV� P\� VLQFHUH� WKDQNV� WR� 3URI�� &�� 'DYLG� DQG� WKH� IHOORZVKLS� IRXQGDWLRQ

″*UDGXLHUWHQNROOHJ″��:LWKRXW� WKHLU�JHQHURXV�DVVLVWDQFH�� LW�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH� IRU

PH�WR�VWDUW�P\�VWXGLHV�LQ�*HUPDQ\�

,�DP�GHHSO\� LQGHEWHG� WR�3URI��'U��+��)HOGPDQQ�DQG�DOO�PHPEHUV�RI� WKH�6)%�LQ�0�QFKHQ�� ,

DSSUHFLDWH�WKH�H[FHOOHQW�VHPLQDUV�ZH�KDG�LQ�WKH�6)%��DOO�NLQG�RI�KHOS�WKH\�RIIHU�WR�PH�DQG�WKH

IDQWDVWLF�VXPPHU�VFKRRO�LQ�6SHWVDL�������

,�ZRXOG� OLNH� WR� WKDQN�'U��*��*HULVFK��'U��(�:DOOUDII� DV�ZHOO� DV� DOO� VWDII� DW� WKH�&HOOELRORJ\

'HSDUWPHQW� LQ� 0D[�3ODQFN�,QVWLWXWH� IRU� %LRFKHPLVWU\�� 7KHLU� NLQG� SURYLVLRQV� DQG� XVHIXO

VXJJHVWLRQV�ZHUH�JRRG�VXSSRUW�GXULQJ�WKH�ILUVW�KDOI�SHULRG�RI�P\�ZRUN�

,�RZH�WKDQNV�WR�3URI��'U��)��6FKPLGW��3URI��'U��+��)ROOPDQQ�DQG�3URI��'U��8��.XWVFKHUD��7KHLU

NLQG�KHOS�DFFHOHUDWHG�WKH�DFFRPSOLVKPHQW�RI�WKLV�WKHVLV�

3DUWLFXODUO\�,�H[SUHVV�KHUH�P\�JUDWLWXGH�WR�3URI��'U��+�.��0DF:LOOLDPV��'U��%��:HWWHUDXHU��.�

6DOJHU� DQG� *�� 3ULPSNH� DW� WKH� /XGZLJ�0D[LPLOLDQV�8QLYHUVLW\� RI� 0�QFKHQ�� ,� ZLOO� DOZD\V

UHPHPEHU� WKH�ZRQGHUIXO�″'LVFRLGLQ″�PHHWLQJV� EHWZHHQ�RXU� WZR� ODEV� DQG�KLJKO\� DSSUHFLDWH

RXU�FRRSHUDWLRQ�

,�RZH� WKDQNV� WR�'U��0��9pURQ��3DVWHXU� ,QVWLWXWH��3DULV��)UDQFH�� IRU�RIIHULQJ�PH� WKH�SXULILHG

3.$� HQ]\PH�� $OVR� WKDQNV� WR� 'U�� $QMDUG� DQG� 0U�� 7UDLQFDUW� IRU� WKHLU� H[SHUW� KHOS� RI

SKRVSKRU\ODWLRQ�DVVD\�DQG�WKH�KHOSIXO�GLVFXVVLRQV�

3URI�� :�)�� /RRPLV� LV� UXQQLQJ� D� 'LFW\RVWHOLXP� JHQRPH� VHTXHQFLQJ� SURMHFW� DW� 8&6'

�8QLYHUVLW\�RI�&DOLIRUQLD�DW�6DQ�'LHJR��DQG�KHOSHG� WR�SHUIRUP�SDUW�RI� WKH�VHTXHQFLQJ��$OVR

WKDQNV�WR�0V��1��,UDQIDU�IRU�KHU�KHOS�ZLWK�VHTXHQFLQJ�



���

0U�� 5DOI� 7KLHO� LV� DFNQRZOHGJHG� WR� KDYH� FRQWULEXWHG� WR� P\� SURMHFW� GXULQJ� KLV

³*URVVSUDNWLNXP´��,�KLJKO\�FRQVLGHU�KLV�ZRUN�DQG�DSSUHFLDWH�KLV�FRQWULEXWLRQ�

,� WKDQN� IRU� WKH� KHOS� IURP� 'U�� &KULVWRSKH� $QMDUG�� 0UV�� $QJHOLND� .RQ]RN�� 0U�� .DUVWHQ

5LHPDQQ�DQG�0UV��3HWUD�=DKQZHW]HU��ZKR�DUH�ZRUNLQJ�LQ�WKH�³6LJQDO�7UDQVGXFWLRQ´�JURXS�LQ

WKH�ODE��0UV��$QJHOLND�.RQ]RN�ILUVW�LGHQWLILHG�WKH�JGW��PXWDQW�DQG�WKH�RWKHUV�KDYH�SURSRVHG

PH�VXEVWDQWLDO�GLVFXVVLRQV�DQG�WHFKQLFDO�KHOSV�

,�WKDQN�DOO�FR�ZRUNHUV�LQ�WKH�ODERUDWRU\�1HOOHQ��ZKR�KDYH�DFFRPSDQLHG�PH�DOO�WKHVH�\HDUV�DQG

VKDUHG� DOO� P\� H[FLWLQJ� VXFFHVVHV� DQG� GHSUHVVLQJ� IDLOXUHV�� $OO� WKHLU� VXJJHVWLRQV�� VXSSO\� RI

PDWHULDOV�DQG�WHFKQLFDO�KHOS�FRQWULEXWHG�WR�WKH�JRRG�KDUPRQ\�GXULQJ�P\�ZRUN�

,� DOVR� VLQFHUHO\� DSSUHFLDWH� WKH� HQFRXUDJHPHQW� DQG� FULWLFDO� UHDGLQJ� RI� WKLV� WKHVLV� E\� 'U�

&KULVWRSKH�$QMDUG��0UV��%HDWH�6FKQHOO��0U��.DUVWHQ�5LHPDQQ�DQG�0UV��6LONH�%|WWQHU�

%HIRUH�HQGLQJ�� ,�ZRXOG� OLNH� WR�H[SUHVV�P\�DSSUHFLDWLRQ� WR�PDQ\�SHRSOH� LQ�GLIIHUHQW� ODEV�DOO

RYHU� WKH� ZRUOG�� )RU� WKHLU� KHOSIXO� LQIRUPDWLRQ�� NLQG� JLIWV� RI� H[SHULPHQWDO� PDWHULDO� �H�J�

'LFW\RVWHOLXP�PXWDQWV��F'1$�OLEUDULHV��HWF���DQG� WKHLU�FKHHUIXO� IULHQGVKLS��:LWKRXW� WKHVH�� LW

ZRXOG�KDYH�EHHQ�LPSRVVLEOH�IRU�PH�WR�FRPSOHWH�P\�WKHVLV�

7KLV�ZRUN�ZDV� FRQWLQXRXVO\� VXSSRUWHG� E\� WKH�0�QFKHQ�*UDGXLHUWHQNROOHJ� ³'HYHORSPHQWDO

%LRORJ\´��WKH�6)%�IRXQGDWLRQ��DQG�E\�D�')*�JUDQW��1H�������WR�WKH�1HOOHQ�ODE�

�������������������������������������������������������������������������������������������������������������&KDQJMLDQJ�=HQJ

�������������������������������������������������������������������������������������������������������������DW�.DVVHO
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