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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�



�

,,��,1752'8&7,21

���'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�



��

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�



��

7DEOH����&ODVVLILFDWLRQ�RI�SURWHLQ�NLQDVHV�EDVHG�RQ�VHFRQG�PHVVHQJHU�UHTXLUHPHQW�

¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦
0HVVHQJHU�,QGHSHQGHQW�3URWHLQ�.LQDVH��&RIDFWRU�

¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦
(Q]\PH�FODVV ([DPSOHV

5HFHSWRU�6HULQH�7KUHRQLQH�3. WUDQVIRUPLQJ�JURZWK�IDFWRU�β��7*)β��UHFHSWRU

DQG�DFWLYLQ�UHFHSWRU��HWF�

VROXEOH�6HULQH�7KUHRQLQH�3. &DVHLQ� NLQDVH� �� DQG� ��� 0$3� NLQDVH� �(5.V�

S����-1.���0(.V��0(..V��HWF�

5HFHSWRU�7\URVLQH�.LQDVH��57.V� ,QVXOLQ�UHFHSWRU��,5���HSLGHUPDO�JURZWK�IDFWRU

UHFHSWRU� �(*)5��� SODWHOHW�GHULYHG� JURZWK

IDFWRU� UHFHSWRU� �3'*)5���QHUYH�JURZWK�IDFWRU

UHFHSWRU� �1*)5� RU� 75.��� ILEUREODVW� JURZWK

IDFWRU�UHFHSWRU��)*)5���HWF�

¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦
0HVVHQJHU�'HSHQGHQW�3URWHLQ�.LQDVH

¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦
(Q]\PH 6HFRQG�0HVVHQJHU

3.$ F$03

-$. F\WRNLQHV

F\FOLF�*03�GHSHQGHQW�3.��3.*� F*03

&DOFLXP�DQG�SKRVSKROLSLG�GHSHQGHQW�3. &D����GLDF\OJO\FHURO��'$*���DQG

SKRVSKROLSLGV

&DOPRGXOLQ�GHSHQGHQW�3.��&D0.� &D����&DPRGXOLQ��&D0�

'1$�GHSHQGHQW�3.��'1$�3.� GV'1$

GV51$�GHSHQGHQW�3.��51$�3.� GV51$

SKRVSKRU\ODVH�NLQDVH��3KRV�.� &D����&DPRGXOLQ��&D0�

0\RVLQ�OLJKW�FKDLQ�3.��0/&.� &D����&DPRGXOLQ��&D0�

&\FOLQ�GHSHQGHQW�3.V��&'.� &\FOLQV�$��%��'��(

¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦¦
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