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0XWDWLRQV�RI�/DPLQ�$�&�JHQH��/01$��FDXVH�ODPLQRSDWKLHV��D�JURXS�RI�GLVRUGHUV�DVVRFLDWHG�ZLWK�D�ZLGH�VSHFWUXP�RI�FOLQLFDOO\�GLVWLQFW�SKHQRW\SHV�

DIIHFWLQJ�GLIIHUHQW�WLVVXHV�DQG�RUJDQV��+HDUW�LQYROYHPHQW�LV�IUHTXHQW�DQG�OHDGV�WR�FDUGLRODPLQRSDWK\�/01$�GHSHQGHQW�FDUGLRP\RSDWK\��/01$�

&03���D�IRUP�RI�GLODWHG�FDUGLRP\RSDWK\��'&0��W\SLFDOO\�DVVRFLDWHG�ZLWK�FRQGXFWLRQ�GLVRUGHUV�DQG�DUUK\WKPLDV��WKDW�FDQ�PDQLIHVW�HLWKHU�DV�DQ

LVRODWHG�HYHQW�RU�DV�SDUW�RI�D�PXOWLV\VWHP�SKHQRW\SH��'HVSLWH�WKH�UHFHQW�FOLQLFDO�DQG�PROHFXODU�GHYHORSPHQWV�LQ�WKH�ILHOG��WKHUH�LV�VWLOO�ODFN�RI

NQRZOHGJH�OLQNLQJ�VSHFLILF�/01$�JHQH�PXWDWLRQV�WR�WKH�GLVWLQFW�FOLQLFDO�PDQLIHVWDWLRQV��,QGHHG��WKH�VHYHULW\�DQG�SURJUHVVLRQ�RI�WKH�GLVHDVH�KDYH

PDUNHG�LQWHULQGLYLGXDO�YDULDELOLW\��HYHQ�DPRQJVW�PHPEHUV�RI�WKH�VDPH�IDPLO\��6WXGLHV�FRQGXFWHG�VR�IDU�KDYH�GHVFULEHG�/DPLQ�$�&�SURWHLQV�LQYROYHG

LQ�GLYHUVH�ELRORJLFDO�SURFHVVHV��WKDW�VSDQ�IURP�D�VWUXFWXUDO�UROH�LQ�WKH�QXFOHXV�WR�WKH�UHJXODWLRQ�RI�UHVSRQVH�WR�PHFKDQLFDO�VWUHVV�DQG�JHQH�H[SUHVVLRQ�

SURSRVLQJ�YDULRXV�PHFKDQLVWLF�K\SRWKHVHV��+RZHYHU��QRQH�RI�WKRVH�LV�SHU�VH�DEOH�WR�IXOO\�MXVWLI\�IXQFWLRQDO�DQG�FOLQLFDO�SKHQRW\SHV�RI�/01$�&03�

WKHUHIRUH��WKH�UROH�RI�/DPLQ�$�&�LQ�FDUGLDF�SDWKRSK\VLRORJ\�VWLOO�UHSUHVHQWV�DQ�RSHQ�TXHVWLRQ��,Q�WKLV�UHYLHZ�ZH�SURYLGH�DQ�XSGDWH�RQ�WKH�VWDWH�RI�WKH�

DUW�VWXGLHV�RQ�FDUGLRODPLQRSDWK\��LQ�WKH�DWWHPSW�WR�GUDZ�D�OLQH�FRQQHFWLQJ�PROHFXODU�PHFKDQLVPV�WR�FOLQLFDO�PDQLIHVWDWLRQV��:KLOH�LQYHVWLJDWRUV�LQ�WKLV

ILHOG�VWLOO�ZRQGHU�DERXW�D�FOHDU�JHQRW\SH�SKHQRW\SH�FRUUHODWLRQ�LQ�/01$�&03��RXU�LQWHQW�KHUH�LV�WR�UHFDSLWXODWH�FRPPRQ�PHFKDQLVWLF�K\SRWKHVHV�WKDW

OLQN�GLIIHUHQW�PXWDWLRQV�WR�VLPLODU�FOLQLFDO�SUHVHQWDWLRQV�

.H\ZRUGV��/01$�JHQH��FDUGLRODPLQRSDWK\��/DPLQ�$�&��FOLQLFDO�SKHQRW\SH��PROHFXODU�PHFKDQLVPV

�aqncKrIqUca

 !"���MaM�@aK��qo�,ncKrIqo

/01$�JHQH�PDSV�WR�FKURPRVRPH��T����������DQG�LV�FRPSRVHG�RI����H[RQV�VSDQQLQJ�DURXQG����NE��,W�HQFRGHV�$�W\SH�QXFOHDU�ODPLQV�YLD�DOWHUQDWLYH

VSOLFLQJ��/LQ�DQG�:RUPDQ��������:\GQHU�HW�DO����������/DPLQ�$�DQG�&��/DPLQ�$�&��UHSUHVHQWV�WKH�WZR�PDLQ�LVRIRUPV��ZKLOH�/DPLQ�&��DQG�$'���DUH

GHVFULEHG�LQ�JHUP�FHOOV�DQG�FDQFHU�FHOOV��UHVSHFWLYHO\��0DFKLHOV�HW�DO���������$OVKHLPHU�HW�DO����������$�W\SH�ODPLQ�SURWHLQV�KDYH�D�WULSDUWLWH�GRPDLQ

RUJDQL]DWLRQ�ZLWK�D�FHQWUDO�URG�GRPDLQ��D�VKRUW�1�WHUPLQDO�KHDG�GRPDLQ�DQG�D�WDLO�&�WHUPLQDO�GRPDLQ��8QOLNH�/DPLQ�&��/DPLQ�$�LV�WUDQVODWHG�DV

3UHODPLQ�$��FRQWDLQLQJ�D�FDUER[\O�WHUPLQDO�&DD;�PRWLI��ZKLFK�LV�WKHQ�PRGLILHG�E\�FDUER[\PHWK\ODWLRQ�DQG�IDUQHV\ODWLRQ�DQG�XQGHUJRHV�VHTXHQWLDO

SRVW�WUDQVODWLRQDO�PRGLILFDWLRQV�WR�IRUP�PDWXUH�/DPLQ�$��+HUUPDQQ�DQG�$HEL��������<RXQJ�HW�DO����������1XFOHDU�ODPLQV�DUH�FODVVLILHG�DV�W\SH�9

LQWHUPHGLDWH�ILODPHQW��,)��SURWHLQV�DQG�UHSUHVHQW�WKH�PDMRU�HOHPHQWV�WKDW�FRQVWLWXWH�WKH�QXFOHDU�ODPLQD��1/���,Q�DGGLWLRQ�WR�WKHLU�ZHOO�NQRZQ�VWUXFWXUDO

UROH�LQ�WKH�QXFOHXV��/DPLQ�$�&�DUH�LQFUHDVLQJO\�FRQVLGHUHG�DV�NH\�SOD\HUV�LQ�UHJXODWLQJ�JHQH�WUDQVFULSWLRQ�WKURXJK�ERWK�GLUHFW�DQG�LQGLUHFW�PRGXODWLRQ

RI�FKURPDWLQ�RUJDQL]DWLRQ��'1$�UHSOLFDWLRQ�DQG�VLJQDO�WUDQVGXFWLRQ�SDWKZD\V��*UXHQEDXP�HW�DO���������'HFKDW�HW�DO���������'LWWPHU�DQG�0LVWHOL�

������

8QOLNH�%�W\SH�ODPLQV��WKH�H[SUHVVLRQ�RI�$�W\SH�ODPLQV�LV�GHYHORSPHQWDOO\�UHJXODWHG�DQG�PRVWO\�RFFXUV�LQ�GLIIHUHQWLDWHG�FHOOV��:RUPDQ�DQG�%RQQH�

�������'XULQJ�PRXVH�HPEU\RJHQHVLV��/DPLQ�$�&�VWDUW�WR�EH�H[SUHVVHG�DURXQG�GD\��±��LQ�H[WUD�HPEU\RQLF�WLVVXHV�DQG�IHZ�GD\V�ODWHU��GD\���±����LQ

WKH�HPEU\R��'LWWPHU�DQG�0LVWHOL���������7KH�FHOO�VSHFLILF�DQG�WHPSRUDOO\�UHJXODWHG�H[SUHVVLRQ�RI�WKHVH�SURWHLQV�VXSSRUWV�D�IXQGDPHQWDO�UROH�RI�/DPLQ

$�&�LQ�FHOO�GLIIHUHQWLDWLRQ��OLQHDJH�VSHFLILFDWLRQ�DQG�WLVVXH�GHYHORSPHQW��:RUPDQ�DQG�%RQQH��������%XWLQ�,VUDHOL�HW�DO���������

 @`Uack@qTUMo

0XWDWLRQV�LQ�WKH�/01$�JHQH�FDXVH�ODPLQRSDWKLHV��D�JURXS�RI�GLVRUGHUV�FKDUDFWHUL]HG�E\�SKHQRW\SLFDOO\�KHWHURJHQHRXV�PDQLIHVWDWLRQV��8S�WR�QRZ�D

WRWDO�RI�����/01$�PXWDWLRQV�KDYH�EHHQ�GHVFULEHG �DVVRFLDWHG�WR�PRUH�WKDQ����GLIIHUHQW�SKHQRW\SHV��,QGHHG��ODPLQRSDWKLHV�FDQ�HLWKHU�VSHFLILFDOO\

DIIHFW�GLVWLQFW�WLVVXHV��LQFOXGLQJ�VWULDWHG�PXVFOHV��WKH�SHULSKHUDO�QHUYHV��RU�WKH�DGLSRVH�WLVVXH��RU�SUHVHQW�DV�D�V\VWHPLF�GLVHDVH�DIIHFWLQJ�FRQFRPLWDQWO\

VHYHUDO�RUJDQV�VLPLODU�WR�SUHPDWXUH�DJLQJ�V\QGURPHV��+RZHYHU��WKHUH�LV�JURZLQJ�HYLGHQFH�RI�RYHUODSSLQJ�SKHQRW\SHV��VXJJHVWLQJ�WKH�SUHVHQFH�RI�D�UHDO

FRQWLQXXP�ZLWKLQ�WKH�GLVHDVH�

$PRQJ�WKH�GLIIHUHQW�SKHQRW\SHV��FDUGLDF�LQYROYHPHQW�LV�RQH�RI�WKH�PRVW�SUHYDOHQW�DQG�VHYHUH�PDQLIHVWDWLRQV��EHLQJ�D�KDOOPDUN�RI�VHYHUDO

ODPLQRSDWKLHV��VXFK�DV�(PHU\�'UHLIXVV�PXVFXODU�G\VWURSK\��/LPE�JLUGOH�PXVFXODU�G\VWURSK\��%�DQG�+XWFKLQVRQ�*LOIRUG�3URJHULD�6\QGURPH��+*36�

�)DWNLQ�HW�DO���������$UEXVWLQL�HW�DO���������YDQ�7LQWHOHQ�HW�DO�������D���'HVSLWH�WKH�UHFHQW�GHYHORSPHQWV�LQ�WKH�ILHOG��WKH�XQGHUVWDQGLQJ�RI�WKH

SDWKRJHQHWLF�UROH�RI�/DPLQ�$�&�LQ�FDUGLDF�GLVHDVH�LV�VWLOO�LQFRPSOHWH�

,Q�WKLV�UHYLHZ�ZH�DLP�WR�SURYLGH�DQ�XSGDWH�RQ�WKH�VWDWH�RI�WKH�DUW�LQYHVWLJDWLRQV�LQ�WKLV�DUHD�RI�UHVHDUFK��GUDZLQJ�D�GHILQLWH�OLQH�IURP�WKH�PROHFXODU

PHFKDQLVPV�WRZDUG�WKH�FOLQLFDO�PDQLIHVWDWLRQV��$OWKRXJK�LQYHVWLJDWRUV�DUH�VWLOO�ZRUNLQJ�RQ�GHILQLQJ�JHQRW\SH�SKHQRW\SH�FRUUHODWLRQV��RXU�JRDO�LV�WR

�
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KLJKOLJKW�FRPPRQ�PROHFXODU�IHDWXUHV�WKDW�FRXOG�OLQN�GLIIHUHQW�/01$�YDULDQWV�WR�D�VLPLODU�FOLQLFDO�SUHVHQWDWLRQ�

�nc`� `a@�7@nU@aqo�qc��@nKU@I�,TMacqzkMo

 !"��7@nU@aqo

7KH�ILUVW�UHSRUWV�WKDW�DVVRFLDWH�/01$�PXWDWLRQV�WR�FDUGLDF�GLVHDVHV�GDWH�EDFN�WR�������%RQQH�HW�DO���������)DWNLQ�HW�DO����������WKHVH�UHSRUWV

UHSUHVHQWHG�D�UHYROXWLRQ�LQ�WKH�ILHOG��LGHQWLI\LQJ�IRU�WKH�ILUVW�WLPH�/01$�PXWDWLRQV�DV�UHVSRQVLEOH�IRU�GLODWHG�FDUGLRP\RSDWK\��'&0��DVVRFLDWHG�ZLWK

FRQGXFWLRQ�V\VWHP�GLVHDVH��-DNREV�HW�DO���������GHVFULEHG�VHYHUDO�QRYHO�/01$�PXWDWLRQV��RQH�PLVVHQVH��S�(���.��QXFOHRWLGH�F�*���$��LQ���

LQGLYLGXDOV�DQG�RQH�QRQVHQVH��S�5���;��QXFOHRWLGH�F�&���7��LQ����VXEMHFWV��WKHVH�SDWLHQWV�ZHUH�GLDJQRVHG�ZLWK�'&0�DQG�YDULDEOH�FRQGXFWLRQ�V\VWHP

GLVHDVH��DQG�ZHUH�IUHH�IURP�DQ\�VNHOHWDO�PXVFOH�SKHQRW\SH��)HZ�\HDUV�ODWHU��RWKHU�PXWDWLRQV�LQ�/01$�JHQH�ZHUH�GHVFULEHG��YDQ�7LQWHOHQ�HW�DO��

����D�YDQ�7LQWHOHQ�HW�DO�������E��6DJD�HW�DO����������RQH�QRQVHQVH�PXWDWLRQ�����B���GHOLQV&&$*$&��DQG�VRPH�PLVVHQVH�YDULDQWV��S�1���.�

S�<���+��S�5���3���2YHUWLPH��/01$�JHQH�HPHUJHG�DV�WKH�VHFRQG�PRVW�FRPPRQO\�PXWDWHG�JHQH�DVVRFLDWHG�WR�IDPLOLDO�FDUGLRP\RSDWK\��&03��

DFFRXQWLQJ�IRU�¾�±���RI�WKH�FDVHV��+HUVKEHUJHU�DQG�6LHJIULHG��������RI�LGLRSDWKLF�'&0��ZLWK�WKLV�QXPEHU�UDLVLQJ�XS�WR�����IRU�FDVHV�SUHVHQWLQJ�ZLWK

ERWK�'&0�DQG�FRQGXFWLRQ�GHIHFWV��0F1DOO\�DQG�0HVWURQL��������

�@nKUc_@`Uack@qTz

&DUGLRP\RSDWK\�FDXVHG�E\�PXWDWLRQV�LQ�/01$�JHQH�LV�UHIHUUHG�WR�DV�FDUGLRODPLQRSDWK\��/01$�&03���7KH�GLVHDVH�LV�JHQHUDOO\�FKDUDFWHUL]HG�E\

YDULDEOH�H[WHQW�RI�YHQWULFXODU�GLODWLRQ��%RQQH�HW�DO���������)DWNLQ�HW�DO���������RU��OHVV�IUHTXHQWO\��E\�OHIW�YHQWULFXODU��/9��QRQ�FRPSDFWLRQ��6HGDJKDW�

+DPHGDQL�HW�DO���������

/01$�&03�KDV�EHHQ�OLQNHG�WR�����XQLTXH�PXWDWLRQV��GLVWULEXWHG�DORQJ�WKH�HQWLUH�JHQH��7HVVRQ�HW�DO����������+RZHYHU��WKH�PDMRULW\�RI�WKH�PXWDWLRQV

RFFXU�LQ�WKH�KHDG�DQG�LQ�WKH�URG�GRPDLQV�DQG�UDUHO\�LQ�WKH�WDLO�GRPDLQ��)DWNLQ�HW�DO���������-DNREV�HW�DO����������3DWKRJHQLF�YDULDQWV�DUH�PDLQO\

PLVVHQVH�DQG�QRQVHQVH�PXWDWLRQV��ZKLOH�IHZHU�VPDOO�GHOHWLRQV�LQVHUWLRQV�KDYH�EHHQ�LGHQWLILHG��'LWWPHU�HW�DO���������=DKU�DQG�-DDORXN��������

+DSORLQVXIILFLHQF\�KDV�EHHQ�VXJJHVWHG�DV�PHFKDQLVP�RI�GLVHDVH�LQ�SDWLHQWV�FDUU\LQJ�WUXQFDWLQJ�YDULDQWV��ZKLOH�PLVVHQVH�PXWDWLRQV�KDYH�EHHQ�SURSRVHG

WR�DFW�PDLQO\�WKURXJK�D�GRPLQDQW�QHJDWLYH�SDWKZD\��6XEMHFWV�ZLWK�WUXQFDWLQJ�PXWDWLRQV�KDYH�EHHQ�DVVRFLDWHG�WR�DQ�HDUOLHU�RQVHW�RI�FDUGLDF�FRQGXFWLRQ

GHIHFWV�DQG�DWULDO�DUUK\WKPLDV�DQG�D�ORZHU�/9�HMHFWLRQ�IUDFWLRQ��()���WKDQ�WKRVH�ZLWK�PLVVHQVH�PXWDWLRQV��1LVKLXFKL�HW�DO����������+RZHYHU��VR�IDU�WKHUH

LV�VWLOO�ODFN�RI�NQRZOHGJH�H[SODLQLQJ�WKH�OLQN�EHWZHHQ�VSHFLILF�/01$�PXWDWLRQV�DQG�D�GHILQHG�SKHQRW\SH��DQG�WKH�VHYHULW\�DQG�WKH�SURJUHVVLRQ�RI�WKH

GLVHDVH�KDYH�PDUNHG�LQWHULQGLYLGXDO�YDULDELOLW\��QRW�RQO\�DPRQJ�XQUHODWHG�SUREDQGV��EXW�DOVR�ZLWKLQ�PHPEHUV�RI�WKH�VDPH�IDPLO\��7KLV�VXSSRUWV�WKH

FRQFHSW�WKDW�WKH�ILQDO�SKHQRW\SH�UHVXOWV�QRW�RQO\�IURP�WKH�VLQJOH�/01$�PXWDWLRQ��EXW�LV�DOVR�LQIOXHQFHG�E\�PRGLI\LQJ�JHQHV�RU�HQYLURQPHQWDO�FXHV�

VLPLODUO\�WR�ZKDW�KDV�EHHQ�UHSRUWHG�LQ�VRPH�IDPLOLHV�ZLWK�WLWLQ�DQG�GHVPLQ�PXWDWLRQV��0XQWRQL�HW�DO���������*UDQJHU�HW�DO���������5RQFDUDWL�HW�DO��

�������:KROH�H[RPH�DQG�ZKROH�JHQRPH�VHTXHQFLQJ�VWXGLHV�ZLOO�XQHTXLYRFDOO\�IDFLOLWDWH�WKH�LQYHVWLJDWLRQ�RI�WKH�JHQHWLFV�EHKLQG�WKH�GLVHDVH�DQG�DOORZ

D�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�WKH�PHFKDQLVPV�XQGHUO\LQJ�WKH�ILQDO�FOLQLFDO�SUHVHQWDWLRQ�

�@nKU@I��caKrIqUca�0zoqM`��UoM@oM�@aK��nnTzqT`U@o

7KH�FOLQLFDO�FRXUVH�RI�/01$�&03�LV�FKDUDFWHUL]HG�E\�D�KLJK�UDWH�RI�PDMRU�FDUGLDF�HYHQWV�VXFK�DV�VXGGHQ�FDUGLDF�GHDWK��6&'���PDOLJQDQW�YHQWULFXODU

WDFK\FDUGLD��97���H[WUHPH�EUDG\FDUGLD�GXH�WR�D�KLJK�GHJUHH�RI�DWULRYHQWULFXODU�EORFN��$9%��DQG�HQG�VWDJH�KHDUW�IDLOXUH��:KDW�LV�LQWULJXLQJ�LV�WKH

FRPPRQ�ILQGLQJ�WKDW�ODPLQRSDWKLHV�RIWHQ�PDQLIHVW�DV�SULPDU\�DUUK\WKPLD��%UDG\DUUK\WKPLDV�DQG�VXSUDYHQWULFXODU�WDFK\DUUK\WKPLDV�DV�DWULDO

ILEULOODWLRQ�DQG�IOXWWHU�RIWHQ�DQWLFLSDWH�E\�GHFDGHV�WKH�GHYHORSPHQW�RI�'&0��)RU�WKLV�UHDVRQ��JHQHWLF�VFUHHQLQJ�VKRXOG�EH�FRQVLGHUHG�LQ�\RXQJ�SDWLHQWV

SUHVHQWLQJ�ZLWK�QHZ�$9%�RU�DW\SLFDO�DWULDO�DUUK\WKPLDV��HYHQ�LQ�WKH�DEVHQFH�RI�/9�G\VIXQFWLRQ��,Q�WKH�VWXG\�E\�.XPDU�HW�DO����������RQO\�RQH�KDOI�RI

SDWLHQWV�KDYH�DQ�/9()�������DW�WKH�LQLWLDO�PHGLFDO�FRQVXOWDWLRQ�

7KH�SDWKRSK\VLRORJLFDO�PHFKDQLVPV�XQGHUO\LQJ�WKH�DUUK\WKPLF�SKHQRW\SH�DUH�VWLOO�QRW�ZHOO�HOXFLGDWHG��6\VWROLF�G\VIXQFWLRQ��PDOH�VH[��QRQ�PLVVHQVH

PXWDWLRQV�DQG�QRQ�VXVWDLQHG�97�DUH�FRQVLGHUHG�SUHGLFWRUV�RI�PDOLJQDQW�YHQWULFXODU�DUUK\WKPLDV�LQ�/01$�&03��9DQ�5LMVLQJHQ�HW�DO��������

+DVVHOEHUJ�HW�DO���������.XPDU�HW�DO���������1LVKLXFKL�HW�DO����������+RZHYHU��VXFK�ULVN�IDFWRUV�DUH�GHEDWHG�LQ�VRPH�VWXGLHV��1LVKLXFKL�HW�DO��������

3HUHWWR�HW�DO���������DQG�LW�ZDV�UHFHQWO\�VKRZQ�LQ�D�ODUJH�FRKRUW�RI�'&0�SDWLHQWV��WKDW�FDUULHUV�RI�/01$�YDULDQWV�H[SHULHQFH�WKH�KLJKHVW�UDWHV�RI

6&'�97�YHQWULFXODU�ILEULOODWLRQ��9)���ZKLFK�ZDV�LQGHSHQGHQW�RI�WKH�/9�()��*LJOL�HW�DO����������)XUWKHU�VWXGLHV�QHHG�WR�EH�FRQGXFWHG�LQ�RUGHU�WR�FODULI\

WR�ZKLFK�H[WHQW�SKHQRW\SLF�GLIIHUHQFHV�DPRQJ�WKH�GLIIHUHQW�FRKRUWV�RI�SDWLHQWV�DUH�GHSHQGHQW�RQ�JHQHWLF�EDFNJURXQG�UDWKHU�WKDQ�RQ�VSHFLILF�/01$

YDULDQWV�

�_UaUI@_�,nMoMaq@qUca

7KH�SUHVHQWDWLRQ�RI�'&0�GRHV�QRW�VKRZ�VSHFLILF�FKDUDFWHULVWLFV�DQG�WKH�H[SUHVVLRQ�RI�WKH�'&0�SDWWHUQ�ZDV�IRXQG�WR�EH�DJH�GHSHQGHQW��ZLWK

GHYHORSPHQW�RI�WKH�SKHQRW\SH�EHWZHHQ����DQG����\HDUV�RI�DJH�LQ�WZR�WKLUGV�RI�WKH�FDVHV�DQG�FRPSOHWH�SHQHWUDQFH�E\����\HDUV��$UEXVWLQL�HW�DO���������

7KH�³UHG�IODJV´�SUHGLFWLQJ�KLJKHU�FKDQFH�RI�/01$�PXWDWLRQV�DUH�WKH�FRQFRPLWDQW�SUHVHQFH�RI�FRQGXFWLRQ�GHIHFWV�DQG�VNHOHWDO�PXVFOH�LQYROYHPHQW�



��������� 7KH�%URDG�6SHFWUXP�RI�/01$�&DUGLDF�'LVHDVHV��)URP�0ROHFXODU�0HFKDQLVPV�WR�&OLQLFDO�3KHQRW\SH

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&�������� ����

HYHQ�LI�FUHDWLQH�SKRVSKRNLQDVH��&3.�±�VHUXP�PDUNHU�RI�PXVFXODU�GDPDJH��LV�HOHYDWHG�RQO\�LQ�RQH�WKLUG�RI�WKH�FDVHV��)DWNLQ�HW�DO���������5DSH]]L�HW�DO��

�������$UEXVWLQL�HW�DO���������VKRZHG�WKDW�DSSUR[LPDWHO\�����RI�SDWLHQWV�ZLWK�$9%�DQG�FDUGLRP\RSDWK\�FDUULHV�D�/01$�PXWDWLRQ��)RU�WKLV�UHDVRQ�

VFUHHQLQJ�IRU�/01$�PXWDWLRQV�LQ�\RXQJ�SDWLHQWV�ZLWK�LGLRSDWKLF�'&0��HVSHFLDOO\�ZKHQ�LW�LV�DVVRFLDWHG�ZLWK�DWULDO�DUUK\WKPLDV�DQG�RU�$9%��LV

LPSRUWDQW�IRU�SURJQRVLV�DQG�JHQHWLF�FRXQVHOLQJ�

3DWLHQWV�ZKR�KDYH�ERWK�FDUGLDF�DQG�QHXURPXVFXODU�PDQLIHVWDWLRQV�PRUH�FRPPRQO\�H[SHULHQFH�EUDG\DUUK\WKPLDV�DQG�DWULDO�ILEULOODWLRQ�FRPSDUHG�WR

SDWLHQWV�ZLWK�VROHO\�FDUGLDF�SKHQRW\SHV��GHVSLWH�KDYLQJ�QR�GLIIHUHQFHV�LQ�VWUXFWXUDO�KHDUW�GLVHDVH��,Q�WKLV�JURXS�RI�SDWLHQWV�FDUGLDF�DEQRUPDOLWLHV�GR�QRW

VWULFWO\�FRUUHODWH�ZLWK�WKH�VHYHULW\�RI�WKH�QHXURPXVFXODU�LQYROYHPHQW��ZKLFK�PD\�VXJJHVW�GLVWLQFW�SDWKRJHQHWLF�PHFKDQLVPV��%HQHGHWWL�HW�DO��������

+DVVHOEHUJ�HW�DO���������3HUHWWR�HW�DO����������+RZHYHU��D�UHFHQW�VWXG\�RQ�D�VPDOO�FRKRUW�RI�SDWLHQWV�VKRZHG�WKDW�WKH�QHXURPXVFXODU�SUHVHQWDWLRQ�ZDV

DVVRFLDWHG�ZLWK�HDUOLHU�FDUGLDF�LQYROYHPHQW��FKDUDFWHUL]HG�E\�D�OLQHDU�DQG�SURJUHVVLYH�HYROXWLRQ�IURP�UK\WKP�GLVRUGHUV�WR�FDUGLRP\RSDWK\��'LWDUDQWR

HW�DO���������

,ncSacoUo�@aK�/Uo^�0qn@qU�I@qUca

&DUGLRODPLQRSDWK\�RIWHQ�SUHVHQWV�DQ�DJJUHVVLYH�DQG�UDSLG�HYROXWLRQ��ZLWK�D�ZRUVH�QDWXUDO�KLVWRU\�FRPSDUHG�WR�RWKHU�IRUPV�RI�QRQ�LVFKHPLF�GLODWHG

FDUGLRP\RSDWKLHV�DQG�KDYH�KLJKHU�SUHYDOHQFH�RI�PDOLJQDQW�DUUK\WKPLDV�DQG�FDUGLDF�WUDQVSODQWDWLRQ��3DVRWWL�HW�DO���������.D\YDQSRXU�HW�DO���������

3RVLWLYH�JHQHWLF�WHVWLQJ�IRU�/01$�PXWDWLRQV�KDV�FUXFLDO�FOLQLFDO�DQG�SURJQRVWLF�LPSOLFDWLRQV��0RUWDOLW\�LQ�SDWLHQWV�ZLWK�/01$�&03�LV�HVWLPDWHG�WR�EH

����DW���\HDUV��3DVRWWL�HW�DO����������ZKHUHDV�����VXIIHUHG�6&'�RU�DERUWHG�6&'��&XUUHQWO\��/01$�PXWDWLRQV�UHSUHVHQW�WKH�RQO\�JHQHWLF�EDFNJURXQG

LQ�'&0�WKDW�LQIOXHQFHV�LQWHUQDWLRQDO�JXLGHOLQHV�EDVHG�WLPLQJ�RI�,&'�WKHUDS\�LQ�SULPDU\�SUHYHQWLRQ��UHJDUGOHVV�RI�/9�()�YDOXHV��3ULRUL�HW�DO��������

3ULRUL�DQG�%ORPVWU|P�/XQGTYLVW��������

5HFHQWO\��D�QHZ���\HDU�SUHGLFWLRQ�PRGHO�IRU�OLIH�WKUHDWHQLQJ�YHQWULFXODU�WDFK\DUUK\WKPLD��/797$��KDV�EHHQ�SURSRVHG��:DKEL�HW�DO���������WR�DVVLVW�XV

LQ�GHFLGLQJ�ZKHWKHU�RU�QRW�D�FDQGLGDWH�LV�HOLJLEOH�IRU�WKH�SODFHPHQW�RI�DQ�,&'�LPSODQWDWLRQ��RQOLQH�FDOFXODWRU�DYDLODEOH�DW�KWWS���OPQD�ULVN�YWD�IU���

3UHGLFWRUV�RI�/797$�LQ�WKH�DQDO\]HG�VDPSOH�ZHUH�PDOH�VH[��QRQ�PLVVHQVH�/01$�PXWDWLRQ���VW�GHJUHH�DQG�KLJKHU�$9�EORFN��QRQ�VXVWDLQHG�97�DQG�/9

()��7KH�ULVN�WKUHVKROG�XVHG�HQDEOHG�UHFODVVLILFDWLRQ�RI�������RI�SDWLHQWV�FRPSDUHG�ZLWK�WKH�JXLGHOLQHV�EDVHG�DSSURDFK�

"Mx�!c_MIr_@n�1@nSMqo�2aKMn��_UaUI@_��awMoqUS@qUca

&XUUHQWO\��WKUHH�QHZ�PROHFXODU�WDUJHWV��HPHUJHG�IURP�ELRFKHPLFDO�VWXGLHV��DUH�XQGHU�LQYHVWLJDWLRQ�DV�SRVVLEOH�SKDUPDFRORJLFDO�VWUDWHJLHV�WR�WUHDW

/01$�&03��7KH�ILUVW�DSSURDFK�LQYROYHV�D�VHOHFWLYH�RUDO�LQKLELWRU�RI�WKH�S���0$3.�SDWKZD\�LV�FXUUHQWO\�XQGHU�D�SKDVH�,,,�FOLQLFDO�WULDO ��7KH�VHFRQG

DSSURDFK�UHJDUGV�WKH�DSSOLFDWLRQ�RI�P725�SDWKZD\�LQKLELWRUV�WKDW�KDYH�VKRZQ�SURPLVLQJ�LPSURYHPHQWV�LQ�WHUPV�RI�/9�VL]H�DQG�IXQFWLRQ�LQ�DQLPDO

PRGHOV��&KRL�HW�DO����������DQG�WKH�WKLUG�DSSURDFK�IRFXVHV�RQ�3'*)5�EORFNHUV�DQG�WKHLU�DELOLW\�WR�DPHOLRUDWH�WKH�DUUK\WKPLF�SKHQRW\SH�LQ�LQ�YLWUR

PRGHOV��/HH�HW�DO���������

!c_MIr_@n��zkcqTMoMo��MTUaK�qTM�Í�_UaUI@_�0IMa@nUcÎ
$V�PHQWLRQHG�DERYH������GLIIHUHQW�PXWDWLRQV�LQ�/01$�JHQH�KDYH�EHHQ�UHSRUWHG��RI�ZKLFK�����DVVRFLDWHG�ZLWK�/01$�&03��6LQFH�WKH�GLVFRYHU\�RI

WKH�/01$�JHQH�DV�FDXVDWLYH�RI�ODPLQRSDWKLHV��PRUH�WKDQ������UHVHDUFK�DQG�FOLQLFDO�VWXGLHV�KDYH�EHHQ�SXEOLVKHG��DLPLQJ�WR�HVWDEOLVK�D�FDXVDO

FRUUHODWLRQ�EHWZHHQ�PRUSKRORJLFDO�DQG�IXQFWLRQDO�GHIHFWV�RI�ODPLQRSDWKLF�FHOOV�DQG�WKH�KHWHURJHQHRXV�FOLQLFDO�SKHQRW\SHV�RI�WKLV�JURXS�RI�GLVRUGHUV�

$OWKRXJK�VHYHUDO�K\SRWKHVHV�RQ�WKH�SRWHQWLDO�PHFKDQLVPV�KDYH�HPHUJHG�IURP�WKHVH�VWXGLHV��D�XQLTXH�YLHZ�RQ�WKH�UROH�RI�/DPLQ�$�&�GHIHFWV�LQ

ODPLQRSDWKLHV�LV�VWLOO�PLVVLQJ��7KH�VDPH�VFHQDULR�DOVR�DSSOLHV�WR�&03V�GXH�WR�/01$�PXWDWLRQV�DQG�WKH�IXQFWLRQDO�UROH�RI�$�W\SH�ODPLQV�LQ�WKH

PDPPDOLDQ�KHDUW��6WXGLHV�RQ�DQLPDO�PRGHOV�HLWKHU�ODFNLQJ�/PQD�JHQH�RU�WUDQVJHQLF�IRU�VSHFLILF�KXPDQ�/01$�YDULDQWV��WRJHWKHU�ZLWK�HYLGHQFH�IURP

KXPDQ�FDUGLDF�PRGHOV�JHQHUDWHG�WKURXJK�L36&��LQGXFHG�3OXULSRWHQW�6WHP�&HOO��WHFKQRORJ\�KDYH�VLJQLILFDQWO\�FRQWULEXWHG�WR�LQFUHDVH�RXU�NQRZOHGJH�LQ

WKH�ILHOG�RI�FDUGLRODPLQRSDWK\��,QGHSHQGHQW�LQYHVWLJDWLRQV�KDYH�SURSRVHG�VHYHUDO�K\SRWKHVHV�WR�H[SODLQ�PROHFXODU�PHFKDQLVPV�XQGHUO\LQJ�/DPLQ�$�&

DFWLRQ�LQ�WKH�KHDUW�DQG�WKHLU�OLQN�WR�GLVHDVH�WUDLWV�

1LNRORYD�HW�DO���������SURSRVHG�WKDW�WKH�VRIWHU�QXFOHL¶V�VWUXFWXUH�DVVRFLDWHG�WR�/01$�PXWDWLRQV�DQG�WKH�UHVXOWLQJ�PRUSKRORJLFDO�DEQRUPDOLWLHV�PD\�EH

WKH�PROHFXODU�HYHQWV�DW�WKH�EDVLV�RI�WKH�/DPLQ�UHODWHG�FDUGLDF�SKHQRW\SHV��7KLV�KDV�EHHQ�VSHFLILFDOO\�UHIHUUHG�WR�DV�WKH�³VWUXFWXUDO�K\SRWKHVLV�´

DWWULEXWLQJ�WKH�ODPLQ�DVVRFLDWHG�SKHQRW\SHV�WR�VWUXFWXUDO�GHIHFWV��)XUWKHUPRUH��EHLQJ�DQ�LQWHJUDO�SDUW�RI�WKH�/,1&�FRPSOH[��/LQNHU�RI�1XFOHRVNHOHWRQ

DQG�&\WRVNHOHWRQ���$�W\SH�ODPLQV�PD\�DOVR�FRQWULEXWH�LQ�UHJXODWLQJ�WKH�VWUXFWXUDO�DUFKLWHFWXUH�RI�WKH�FRQWUDFWLOH�WLVVXH��FRQIHUULQJ�UHVLVWDQFH�DQG

SURWHFWLRQ�DJDLQVW�DQ\�PHFKDQLFDO�VWUHVV��6ZLIW�HW�DO����������WKLV�YLHZ�ZDV�ODWHU�UHIHUUHG�WR�DV�WKH�³PHFKDQR�WUDQVGXFWLRQ�K\SRWKHVLV�´

$ORQJVLGH�WKHVH�³VWUXFWXUDO�K\SRWKHVHV�´�D�³JHQH�WUDQVFULSWLRQ�K\SRWKHVLV´�DOVR�HPHUJHG��VWDUWLQJ�IURP�SUHYLRXV�HYLGHQFH�VXJJHVWLQJ�D�UROH�RI�WKH�LQQHU

QXFOHDU�PHPEUDQH�LQ�UHJXODWLQJ�FKURPDWLQ�RUJDQL]DWLRQ��DQG�JHQH�H[SUHVVLRQ���$�VWXG\�IURP�<H�DQG�:RUPDQ��������SURYLGHG�WKH�ILUVW�SLHFH�RI

HYLGHQFH�RI�D�OLQN�EHWZHHQ�1/�DQG�FKURPDWLQ�UHJXODWLRQ��WKH�DXWKRUV�ILQHO\�GHPRQVWUDWHG�D�VSHFLILF�ELQGLQJ�EHWZHHQ�WKH�KXPDQ�FKURPRGRPDLQ

SURWHLQV�+3��DQG�WKH�LQWHJUDO�SURWHLQ�RI�WKH�LQQHU�QXFOHDU�PHPEUDQH�/%5��/DPLQ�%�5HFHSWRU��LQ�'URVRSKLOD��SRUWUD\LQJ�IRU�WKH�ILUVW�WLPH��WKH

DVVRFLDWLRQ�EHWZHHQ�KHWHURFKURPDWLQ�DQG�WKH�LQQHU�QXFOHDU�PHPEUDQH�LQ�HXNDU\RWLF�FHOOV��7KHVH�ILQGLQJV�DGGHG�D�QHZ�IXQFWLRQ�WR�/DPLQ�$�&�SURWHLQV�

�



��������� 7KH�%URDG�6SHFWUXP�RI�/01$�&DUGLDF�'LVHDVHV��)URP�0ROHFXODU�0HFKDQLVPV�WR�&OLQLFDO�3KHQRW\SH

KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&�������� ����

GHPRQVWUDWLQJ�WKDW�WKHLU�ELRORJLFDO�UROH�LV�QRW�MXVW�UHVWULFWHG�WR�WKH�FRQWURO�RI�QXFOHDU�VKDSH�DQG�PHFKDQR�WUDQVGXFWLRQ��EXW�H[WHQGV�WR�WKH�DFWLYH

UHJXODWLRQ�RI�JHQH�WUDQVFULSWLRQ��)ROORZLQJ�WKLV�WUDLO��PDQ\�RWKHU�VWXGLHV�VXEVHTXHQWO\�VKRZHG�WKDW�VHYHUDO�ELQGLQJ�IDFWRUV�DUH�DEOH�WR�VLPXOWDQHRXVO\

LQWHUDFW�ZLWK�WKH�FKURPDWLQ�DQG�WKH�1/��&RKHQ�HW�DO���������:LOVRQ�HW�DO���������:LOVRQ�DQG�)RLVQHU��������&HVDULQL�HW�DO����������7KLV�JHQH

WUDQVFULSWLRQ�K\SRWKHVLV�UHOLHV�RQ�D�WZR�VWHS�PRGHO��LQ�ZKLFK�WKH�1/�UHJXODWHV�WUDQVFULSWLRQ�IDFWRUV��HLWKHU�E\�VHTXHVWHULQJ�WKHP�WR�WKH�QXFOHDU

SHULSKHU\�±�XVXDOO\�WUDQVFULSWLRQDOO\�LQDFWLYH�±�RU�E\�D�PHFKDQLVP�WKDW�LQYROYHV�DFWLYDWLRQ�RI�VSHFLILF�VLJQDOLQJ�SDWKZD\V��VXFK�DV�(5.�����$ULPXUD�HW

DO���������0XFKLU�HW�DO���������&KDW]LIUDQJNHVNRX�HW�DO����������,Q�DGGLWLRQ�WR�WKLV��/DPLQ�$�&�LV�DOVR�DEOH�WR�GLUHFWO\�ELQG�FKURPDWLQ��PRGXODWLQJ�LWV

VSDWLDO�RUJDQL]DWLRQ��7KH�LQWHUDFWLRQ�EHWZHHQ�FKURPDWLQ�DQG�$�W\SH�ODPLQV�RFFXUV�DW�GHILQLWH�JHQRPLF�UHJLRQV��GHILQHG�DV�ODPLQ�DVVRFLDWHG�GRPDLQV

�/$'V���3LFNHUVJLOO�HW�DO����������,QWHUHVWLQJO\��WKHUH�LV�HYLGHQFH�VKRZLQJ�D�UHPRGHOLQJ�RI�/$'V��LQ�SDUWLFXODU�WKRVH�WLVVXH�VSHFLILF��IDFXOWDWLYH�/$'V��

LQ�SUHVHQFH�RI�/DPLQ�$�&�PXWDWLRQV��7KHVH�UHDUUDQJHPHQWV�GR�QRW�H[FOXVLYHO\�RFFXU�DW�WKH�QXFOHDU�SHULSKHU\��EXW�DOVR�DIIHFW�H[SUHVVLRQ�RI�JHQHV

ORFDWHG�DW�WKH�QXFOHDU�LQWHULRU��%ULDQG�DQG�&ROODV���������)RU�H[DPSOH��UHSRVLWLRQLQJ�RI�7�%5$&+<85<�JHQH�IURP�WKH�QXFOHDU�SHULSKHU\�WRZDUG�WKH

QXFOHDU�LQWHULRU�KDV�EHHQ�UHSRUWHG�LQ�ILEUREODVWV�RI�SDWLHQWV�DIIHFWHG�E\�IDPLOLDO�SDUWLDO�OLSRG\VWURSK\�RI�'XQQLJDQ�W\SH����)3/'����%ULDQG�HW�DO���������

0XFN�HW�DO���������DOVR�VKRZHG�WKDW�NQRFNGRZQ�RI�/DPLQ�$�&�LQ�KXPDQ�+H/D�FHOOV��FDXVH�UHORFDWLRQ�RI�&)75�JHQH�LQ�WKH�QXFOHDU�LQWHULRU��ZLWKRXW

DIIHFWLQJ�WKH�SRVLWLRQ�RI�WKH�QHLJKERULQJ�*$6=�DQG�&257%3��JHQHV��2Q�WKH�FRQWUDU\��ZH�UHFHQWO\�GHPRQVWUDWHG�D�SUHIHUHQWLDO�ORFDOL]DWLRQ�RI�6&1�$

JHQH�E\�WKH�QXFOHDU�SHULSKHU\�LQ�KXPDQ�L36&�&0V�FDUU\LQJ�WKH�S�.���7�/01$�PXWDWLRQ��UHVXOWLQJ�LQ�WKH�LQKLELWLRQ�RI�WKH�H[SUHVVLRQ�RI�WKH�JHQH�DQG

WKXV�OHDGLQJ�WR�UHGXFWLRQ�RI�VRGLXP�FXUUHQWV�DQG�LPSDLUHG�FHOO�H[FLWDELOLW\��6DOYDUDQL�HW�DO���������

,Q�DGGLWLRQ�WR�WKLV��ODPLQ�FKURPDWLQ�LQWHUDFWLRQV�PD\�DOVR�RFFXU�WKURXJK�VHYHUDO�ELQGLQJ�IDFWRUV��LGHQWLILHG�DV�LQWHUDFWLQJ�PHGLDWRUV�EHWZHHQ�/DPLQ

$�&�DQG�FKURPDWLQ�FRPSDUWPHQWV��.XEEHQ�HW�DO����������LQWHUHVWLQJO\�VRPH�RI�WKHVH�KDYH�EHHQ�GHVFULEHG�DV�HVVHQWLDO�HOHPHQWV�WR�UHJXODWH�WUDQVFULSWLRQ

RI�NH\�WLVVXH�VSHFLILF�JHQHV��DOVR�LQ�WKH�KHDUW��%ULDQG�HW�DO���������6DOYDUDQL�HW�DO����������)URP�WKLV�SHUVSHFWLYH��WKLV�PHFKDQLVWLF�PRGHO�RI�/DPLQ�$�&

DFWLRQ�FDQ�EH�PRUH�DFFXUDWHO\�GHILQHG�DV�³FKURPDWLQ�K\SRWKHVLV´��LPSRUWDQWO\��/DPLQ�$�&�GULYHQ�FKURPDWLQ�UHJXODWLRQ�KDV�EHHQ�UHFHQWO\�VWDUWHG�WR�EH

DGGUHVVHG�DOVR�LQ�WKH�ILHOG�RI�FDUGLRODPLQRSDWK\�E\�VWXGLHV�IURP�GLIIHUHQW�UHVHDUFK�JURXSV�LQFOXGLQJ�RXUV��%HUWHUR�HW�DO���������0R]]HWWD�DQG�7HGHVFR�

������6DOYDUDQL�HW�DO����������7KH�JHQHUDO�YLHZ�HPHUJLQJ�IURP�FKURPRVRPH�FRQIRUPDWLRQ�FDSWXUH�VWXGLHV��+L&���D�PHWKRG�WR�VWXG\�WKUHH�GLPHQVLRQDO

DUFKLWHFWXUH�RI�JHQRPHV�HQDEOLQJ�WR�GLVWLQJXLVK�EHWZHHQ�WUDQVFULSWLRQDOO\�DFWLYH��$��DQG�LQDFWLYH��%��FRPSDUWPHQWV��LV�WKDW�/DPLQ�$�&

KDSORLQVXIILFLHQF\�LV�DVVRFLDWHG�WR�DQ�LQFUHDVH�RI�LQWUD�FKURPRVRPDO�LQWHUDFWLRQV��PHDQLQJ�LQWHUDFWLRQV�EHWZHHQ�WZR�DFWLYH�FRPSDUWPHQWV�±�$�$��

ZLWKRXW�LQWHUIHULQJ�ZLWK�LQWHU�FKURPRVRPH�LQWHUDFWLRQV��ZLWK�GLIIHUHQW�WUDQVFULSWLRQDO�VWDWXV�±�$�%��RU�LQGXFLQJ�PDVVLYH�FKDQJHV�LQ�JHQH�WUDQVFULSWLRQ

�%HUWHUR�HW�DO����������$FFRUGLQJ�WR�WKDW��IRXU�GLPHQVLRQDO�JHQRPH�FRQIRUPDWLRQ��UHIHUUHG�DV�VSDWLDO�DVVHPEOLHV�RI�KHWHURFKURPDWLF�WRSRORJLFDO

DVVRFLDWHG�GRPDLQV�±�7$'V��RU�³7$'�FOLTXHV´��VKRZHG�VLOHQFLQJ�RI�GHYHORSPHQWDO�JHQHV�LQ�KXPDQ�DGLSRVH�GHULYHG�VWURPDO�FHOOV��$6&V���ZLWKRXW

UHSRUWLQJ�DQ\�$�WR�%�VZLWFK��3DXOVHQ�HW�DO����������2Q�WKH�RWKHU�KDQG��WKH�VWXG\�IURP�/HH�HW�DO���������DVVRFLDWHG�/DPLQ�$�&�KDSORLQVXIILFLHQF\�

FDXVHG�E\�D�GLIIHUHQW�IUDPHVKLIW�/01$�PXWDWLRQ��ZLWK�UHOHYDQW�/$'�DOWHUDWLRQV��WKDW�DUH�UHVSRQVLEOH�IRU�VXEVWDQWLDO�FKDQJHV�LQ�JHQH�H[SUHVVLRQ�SURILOH

OHDGLQJ�WR�DOWHUHG�DFWLYDWLRQ�RI�3'*)�SDWKZD\��$OWKRXJK�WKH�³FKURPDWLQ�K\SRWKHVLV´�KDV�EHHQ�DVVRFLDWHG�VR�IDU�WR�IHZ�VSHFLILF�YDULDQWV��LW�LV�OLNHO\�WKDW

VLPLODU�UHJXODWRU\�PHFKDQLVPV�DUH�GULYHQ�DOVR�E\�RWKHU�/DPLQ�$�&�PXWDWLRQV��UHLQIRUFLQJ�WKH�OLQN�EHWZHHQ�FKDQJHV�LQ�WUDQVFULSWLRQDO�UHJXODWLRQ�DQG

FKURPDWLQ�RUJDQL]DWLRQ�RFFXUULQJ�LQ�/DPLQ�$�&�PXWDQW�FHOOV�DQG�WKH�UHVSHFWLYH�FOLQLFDO�SKHQRW\SH�

&RQVLVWHQWO\��FKURPDWLQ�UHPRGHOLQJ�DQG�WKH�DVVRFLDWHG�WUDQVFULSWLRQDO�FKDQJHV�RI�GLVHDVH�UHOHYDQW�JHQHV��LV�DOVR�WKH�SUHYDOHQW�PRGHO�SURSRVHG�IRU�WKH

+*36��WKH�PRVW�VHYHUH�/01$�GHSHQGHQW�GLVHDVH��*ROGPDQ�HW�DO���������*RUGRQ�HW�DO���������$JXDGR�HW�DO����������,QWHUHVWLQJO\��D�YHU\�UHFHQW�VWXG\

E\�,NHJDPL�HW�DO���������IXUWKHU�FRQWULEXWHG�WR�WKH�ILHOG�GHVFULELQJ�D�QHZ�UHJXODWRU\�PHFKDQLVP�E\�/DPLQ�$�&��6SHFLILFDOO\��WKH�DXWKRUV�GHVFULEH�D

QHZ�UHJXODWRU\�IXQFWLRQ�RI�WKH�QXFOHRSODVPLF�6HU���SKRVSKRU\ODWHG��S6����/DPLQ�$�&��WKDW�WKH\�IRXQG�VSHFLILFDOO\�ERXQG�WR�D�VXEVHW�RI�DFWLYH

HQKDQFHUV��DQG�VKRZ�WKH�DFTXLVLWLRQ�RI�QHZ�S6���/DPLQ�$�&�ELQGLQJ�VLWH�LQ�+*36�FHOOV��OHDGLQJ�WR�XSUHJXODWLRQ�RI�FOLQLFDOO\�UHOHYDQW�JHQHV�DQG

SRWHQWLDOO\�XQGHUO\LQJ�WKH�PHFKDQLVP�EHKLQG�WKH�GLVHDVH�SKHQRW\SH�

2YHUDOO��GDWD�REWDLQHG�VR�IDU�IURP�GLIIHUHQW�VWXGLHV�LQ�WKH�ILHOG�VXSSRUW�D�PRGHO�E\�ZKLFK�DOO�WKH�SURSRVHG�K\SRWKHVHV�FDQ�EH�FDXVDOO\�FRQQHFWHG��UDWKHU

WKDQ�PXWXDOO\�H[FOXVLYH��$V�VXJJHVWHG�E\�2VPDQDJLF�0\HUV�DQG�)RLVQHU��������LQ�WKHLU�3HUVSHFWLYH��LW�LV�OLNHO\�WKDW�D�UREXVW�OLQN�EHWZHHQ�WKH

VWUXFWXUDO�DEQRUPDOLWLHV�RI�ODPLQRSDWKLF�QXFOHL��1LNRORYD�HW�DO���������*DOLRYi�HW�DO���������DQG�HLWKHU�FKURPDWLQ�PRGLILFDWLRQV�RU�UHRUJDQL]DWLRQ

H[LVWV��WKXV�FRQWULEXWLQJ�WR�D�PXOWLIDFHWHG�PHFKDQLVWLF�PRGHO�XQGHUO\LQJ�WKH�SDWKRJHQHVLV�RI�WKH�GLVHDVH�

!croM�!cKM_o
,Q�WKH�SDVW�WZR�GHFDGHV��VHYHUDO�PRXVH�PRGHOV�KDYH�EHHQ�JHQHUDWHG��HLWKHU�UHSURGXFLQJ�SDWLHQWV¶�PXWDWLRQV��/01$�WUDQVJHQLF�PLFH��RU�VWXG\LQJ�WKH

FRQVHTXHQFHV�RI�/PQD�GHILFLHQF\��/PQD�NQRFNRXW�PLFH���/PQD �PRXVH�GHYHORSHG�PXVFXODU�G\VWURSK\��'&0��QHXURSDWK\�DQG�GLVSOD\HG�UHWDUGHG

JURZWK�UDWH��UHGXFHG�VWRUHV�RI�ZKLWH�IDW�DQG�FDUGLDF�DUUK\WKPLD��6XOOLYDQ�HW�DO����������7KHVH�PLFH�JHQHUDOO\�GLH�E\���ZHHNV�RI�DJH�

7KH�KHWHUR]\JRXV��/PQD ���ZLWK�����RI�/DPLQ�$�&�H[SUHVVLRQ��PDQLIHVW�FRQGXFWLRQ�V\VWHP�GLVHDVHV��YHQWULFXODU�GLODWDWLRQ�ODWHU�LQ�DGXOW�OLIH�DQG

JHQHUDOO\�GLH�E\���PRQWKV�RI�DJH��&KDQGDU�HW�DO����������$W�WKH�PROHFXODU�OHYHO��ERWK�WKH�/PQD�QXOO�DQG�WKH�/PQD�KDSORLQVXIILFLHQF\�PLFH�VKRZHG

DOWHUHG�GHVPLQ�SDWKZD\�DQG�GHIHFWLYH�IRUFH�WUDQVPLVVLRQ��OHDQLQJ�WRZDUG�WKH�PHFKDQR�WUDQVGXFWLRQ�K\SRWKHVLV��)XUWKHUPRUH��WKRVH�PRGHOV�DOVR

VKRZHG�DQ�LQFUHDVH�RI�SUR�DGLSRJHQLF�IDFWRUV��33$3Ȗ�DQG�&(%3�Į���ZKHUHDV�:QW����ȕ�FDWHQLQ�OHYHOV�ZHUH�GHFUHDVHG��7RQJ�HW�DO����������$QRWKHU�WZR

/PQD�NQRFN�RXW�PRGHOV��/PQD �DQG�/PQD ��KDYH�DOVR�FRQWULEXWHG�VLJQLILFDQWO\�WR�HVWDEOLVK�WKH�UROH�RI�/DPLQ�$�&�LQ�SRVWQDWDO

±�±
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PDWXUDWLRQ��VKRZLQJ�GHYHORSPHQWDO�LPSDLUPHQW�DQG�JURZWK�UHWDUGDWLRQ��WKDW�PRVWO\�DIIHFW�WKH�DGLSRVH�WLVVXH��WKH�VNHOHWDO�PXVFOH�DQG�WKH�KHDUW

�.XEEHQ�HW�DO���������%HUWUDQG�HW�DO���������

5HFHQWO\��WKH�JHQHUDWLRQ�RI�/PQD �DQG�/PQD �WUDQVJHQLF�PLFH��$ULPXUD�HW�DO���������0RXQNHV�HW�DO���������VXFFHVVIXOO\�UHFDSLWXODWHG�D

IDLWKIXO�PRGHO�RI�VNHOHWDO�PXVFOH�DQG�'&0��ZLWK�QR�SKHQRW\SH�DW�QHRQDWDO�VWDJH�DQG�GLVSOD\LQJ�GLVHDVH�WUDLWV�VLPLODU�WR�SDWLHQWV��7KH�SDWKRJHQHVLV�RI

/PQD �PLFH�ZDV�OLQNHG�WR�HOHYDWHG�0$3�NLQDVH������(5.�����DQG�$.7�P7RU�VLJQDOLQJ�SDWKZD\V��0XFKLU�HW�DO���������&KDW]LIUDQJNHVNRX�HW�DO��

�������$QWRNX�HW�DO���������UHFHQWO\�IXUWKHU�FKDUDFWHUL]HG�WKLV�PRGHO��GHVFULELQJ�D�QRYHO�UHODWLRQVKLS�EHWZHHQ�WKH�HOHYDWHG�OHYHOV�RI�(5.����DQG

QXFOHDU�SRVLWLRQLQJ�LQ�FDUGLRP\RF\WHV��&0V��LVRODWHG�IURP�/PQD ��7KH�DXWKRUV�VKRZHG�WKDW�D�VLQJOH�SKRVSKRU\ODWLRQ�VLWH�LQ�WKH�IRUPLQ

KRPRORJ\�GRPDLQ�FRQWDLQLQJ�SURWHLQV��)+2'��FDQ�EH�WDUJHWHG�E\�(5.�����FKDQJLQJ�FHOO�SRODULW\�DQG�QHJDWLYHO\�UHJXODWLQJ�FHOO�PLJUDWLRQ��1XFOHDU

SRVLWLRQLQJ�LV�VWULFWO\�OLQNHG�WR�WKH�IRUPDWLRQ�RI�WKH�VDUFRPHUHV�GXULQJ�VNHOHWDO�PXVFOH�PDWXUDWLRQ��6HZU\�HW�DO����������&RQVLVWHQWO\��WKH�DXWKRUV

VKRZHG�WKDW�+���3�PXWDWLRQ�LQ�WKH�/01$�JHQH�LV�DVVRFLDWHG�WR�DOWHUHG�QXFOHDU�SRVLWLRQLQJ�DQG�IRUPDWLRQ�DQG�IXQFWLRQ�RI�VDUFRPHUHV��FRQWULEXWLQJ�WR

WKH�SDWKRJHQHVLV�RI�FDUGLRP\RSDWK\��2Q�WKH�RWKHU�KDQG��/PQD �PLFH�GLVSOD\HG�DQ�DEQRUPDO�H[SUHVVLRQ�DQG�RU�ORFDOL]DWLRQ�RI�FRQQH[LQ����DQG

FRQQH[LQ����DQG�VDUFRPHUHV�GLVRUJDQL]DWLRQ�DVVRFLDWHG�WR�WKH�PDLQ�'&0�SKHQRW\SH�DQG�FRQGXFWLRQ�V\VWHP�GHIHFWV��0RXQNHV�HW�DO����������$

FRPSOHWH�OLVW�RI�WKH�GHVFULEHG�PRXVH�PRGHOV�DQG�WKHLU�UHOHYDQW�FDUGLDF�SKHQRW\SHV�DQG�PROHFXODU�FKDUDFWHULVWLFV�DUH�SURYLGHG�LQ�WKH�7DEOH���

7$%/(��
0RXVH�PRGHOV�RI�FDUGLRODPLQRSDWK\�

7R�FRQFOXGH��GHVSLWH�OLNHO\�VSHFLHV�VSHFLILF�OLPLWDWLRQV��VWXGLHV�FRQGXFWHG�VR�IDU�XVLQJ�PRXVH�PRGHOV�KDYH�EHHQ�IXQGDPHQWDO�WR�LGHQWLI\�VLJQDOLQJ

SDWKZD\V�UHOHYDQW�WR�GHYHORSPHQW�RI�QHZ�WKHUDSHXWLFV��VXFK�DV�WKH�SUHYLRXVO\�PHQWLRQHG�S���LQKLELWRU�$55<��������±�DOUHDG\�LQ�3KDVH�,,,�FOLQLFDO

WULDO��1&7����������±�DQG�WKH�1�DFHW\OWUDQVIHUDUH�����1$7����LQKLELWRU��5HPRGHOLQ��%DOPXV�HW�DO����������+RZHYHU��DOWKRXJK�WKHVH�DUH�LPSRUWDQW

DFKLHYHPHQWV��WKHUH�LV�VWLOO�DQ�LPSRUWDQW�ODFN�RI�NQRZOHGJH�RQ�WKH�SDWKRJHQHWLF�PHFKDQLVPV�XQGHUO\LQJ�WKLV�FRPSOH[�GLVHDVH�DQG�WKHUHIRUH�IXUWKHU

UHVHDUFK�LQ�WKH�ILHOG�LV�PDQGDWRU\�WR�FRPSUHKHQVLYHO\�WDFNOH�LWV�PROHFXODU�EDVLV�DQG�GHYHORS�PRUH�VSHFLILF�DQG�HIIHFWLYH�WKHUDSLHV��6WHZDUW�HW�DO��������

=KDQJ�HW�DO���������

�@nKUc`zcIzqMo��nc`�U,oIo±�@�,cxMnRr_�,_@qRcn`�qc�!cKM_��r`@a��@nKUc_@`Uack@qTz
7KH�GHYHORSPHQW�RI�L36&�WHFKQRORJ\�KDV�EHHQ�D�JURXQGEUHDNLQJ�UHYROXWLRQ�LQ�DOO�DUHDV�RI�UHVHDUFK��DOORZLQJ�XV�WR�JHQHUDWH�LQ�YLWUR�DQ\�FHOO�W\SH�RI

LQWHUHVW��LQFOXGLQJ�KXPDQ�&0V��LQ�ZKLFK�SDWKRJHQLF�PHFKDQLVPV�RI�GLVHDVHV�PD\�EH�IXOO\�LQYHVWLJDWHG��;X�HW�DO���������0RUHWWL�HW�DO���������/RGROD�HW

DO���������/HH�-�+��HW�DO����������5HVHDUFK�LQ�WKH�FDUGLRODPLQRSDWK\�ILHOG�KDV�DOVR�EHQHILW�RI�WKLV�WHFKQRORJ\��VLQFH�XVH�RI�L36&�EDVHG�PRGHOV�DOORZHG

XV�WR�RYHUFRPH�WKH�PDMRU�OLPLWDWLRQV�OLQNHG�WR�LQYHVWLJDWLRQ�RQ�DQLPDO�PRGHOV�DQG�QRQ�FDUGLDF�SULPDU\�FHOOV��,QGHHG��UHFUHDWLQJ�KXPDQ�SKHQRW\SHV�LQ

PLFH�PD\�QRW�EH�IHDVLEOH��GXH�WR�VSHFLHV�VSHFLILF�GLIIHUHQFHV�EHWZHHQ�PLFH�DQG�KXPDQV��HVSHFLDOO\�LQ�UHODWLRQ�WR�WKH�FDUGLRYDVFXODU�V\VWHP��L�H��

HOHFWURSK\VLRORJLFDO�SURSHUWLHV�RI�FDUGLDF�FHOOV���'DYLV�HW�DO����������2Q�WKH�RWKHU�KDQG��REWDLQLQJ�FHOOV�IURP�WKH�KXPDQ�KHDUW�PD\�EH�GLIILFXOW��GXH�WR

WKH�OLPLWHG�DFFHVV�WKH�RUJDQ�DQG�WKH�SRRU�VXUYLYDO�RI�WKH�KHDUW�FHOOV�JURZQ�H[�YLYR��)RU�WKHVH�UHDVRQV�VWXGLHV�RQ�FDUGLRODPLQRSDWKLHV�VR�IDU�KDYH�EHHQ

PDLQO\�FRQGXFWHG�RQ�RWKHU�VRPDWLF�FHOO�W\SHV��VXFK�DV�ILEUREODVWV��VNHOHWDO�PXVFOH�FHOOV�DQG�DGLSRF\WHV��ZKLFK�DUH�HDV\�WR�DFFHVV�DQG�WR�PDLQWDLQ�LQ

YLWUR��+R�HW�DO���������

7KXV�IDU�VHYHQ�LQGHSHQGHQW�VWXGLHV�KDYH�LQYHVWLJDWHG�KXPDQ�/01$�&03�XVLQJ�L36&V�HLWKHU�GHULYHG�IURP�SDWLHQWV�FDUU\LQJ�GLIIHUHQW�/01$

PXWDWLRQV�RU�JHQHUDWHG�WKURXJK�JHQRPH�HGLWLQJ��6XSSOHPHQWDU\�7DEOH�6����7KH�ILUVW�VHW�RI�VWXGLHV�±�WKRVH�SXEOLVKHG�IURP������WR�ODWH������±�ZHUH

PDLQO\�GHVFULSWLYH��UHSRUWLQJ�PRUSKRORJLFDO�DQG�IXQFWLRQDO�FKDUDFWHULVWLFV�RI�FDUGLR�ODPLQRSDWKLF�FHOOV��WKHVH�VWXGLHV�WKXV�FRQILUPHG�WKH�DEQRUPDO

PRUSKRORJ\�RI�FHOO�QXFOHL�DQG�LQYHVWLJDWHG�WKH�VXVFHSWLELOLW\�WR�HOHFWULFDO�DQG�PHFKDQLFDO�VWUHVVHV�DQG�WKH�DOWHUDWLRQ�RI�H[FLWDWLRQ�FRQWUDFWLRQ�FRXSOLQJ

LQ�FRQWUDFWLOH�FDUGLDF�FHOOV��+R�HW�DO���������6LX�HW�DO���������/HH�<�.��HW�DO����������7KH�UHSRUWHG�SKHQRW\SHV�ZHUH�JHQHUDOO\�DVFULEHG�WR�D�VWUXFWXUDO

DQG�RU�PHFKDQR�WUDQVGXFWLRQ�K\SRWKHVHV��LQ�ZKLFK�D�JHQHUDWHG�SK\VLFDO�IRUFH�LV�UHVSRQVLEOH�IRU�WKH�VDUFRPHUHV¶�GLVRUJDQL]DWLRQ�DQG�FRQWULEXWH�WR�DOWHU

WKH�1/�VWUXFWXUH��,Q�D�IHZ�VWXGLHV��GHIHFWV�GXH�WR�/01$�PXWDWLRQV�ZHUH�DVVRFLDWHG�WR�DOWHUDWLRQ�RI�(5.����VLJQDOLQJ�SDWKZD\��WKDW�LWVHOI�LQIOXHQFHV�WKH

FRUUHFW�DVVHPEO\�RI�WKH�VDUFRPHUHV��6LX�HW�DO���������&KDW]LIUDQJNHVNRX�HW�DO���������

0RUH�UHFHQWO\��VLPLODUO\�WR�ZKDW�UHSRUWHG�LQ�RWKHU�FHOOXODU�PRGHOV�RI�ODPLQRSDWK\��WKH�SDWKRJHQHVLV�RI�WKH�/01$�&03�KDV�EHHQ�OLQNHG�WR�WKH�³JHQH

H[SUHVVLRQ�FKURPDWLQ�RUJDQL]DWLRQ�K\SRWKHVLV�´�VKRZLQJ�D�FDXVDO�DVVRFLDWLRQ�EHWZHHQ�/01$�PXWDWLRQV��WUDQVFULSWLRQ�DQG�VSHFLILF�FHOO�SKHQRW\SHV

�%HUWHUR�HW�DO���������/HH�HW�DO���������6DOYDUDQL�HW�DO����������0RUH�VSHFLILFDOO\��WKHVH�VWXGLHV�XWLOL]HG�PRGHOV�RI�FDUGLRODPLQRSDWK\�FDUU\LQJ�GLIIHUHQW

PXWDWLRQV��L�H���.���7��5���;��DQG�5���:��DQG�IRXQG�DQ�DOWHUHG�H[SUHVVLRQ�RI�JHQHV�RI�NH\�SDWKZD\V�IRU�&0V�IXQFWLRQDOLW\��:KHWKHU�WKHVH�HIIHFWV

RQ�JHQH�H[SUHVVLRQ�DUH�SUHIHUHQWLDOO\�PHGLDWHG�E\�UHPRGHOLQJ�RI�/$'V�RU�WKH�UHVXOWV�RI�D�UHDUUDQJHPHQW�DW�D�GLIIHUHQW�OHYHO�RI�FKURPDWLQ

RUJDQL]DWLRQ�UHJXODWLRQ��L�H���7$'V��FKDQJH�RI�DIILQLW\�RI�PXWDQW�/DPLQ�$�&�IRU�FKURPDWLQ�ELQGLQJ�SURWHLQV��VWLOO�QHHG�WR�EH�FOHDUO\�GHWHUPLQHG�
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:KDW�LV�LPSRUWDQW�WR�KLJKOLJKW��IURP�WKH�IXQFWLRQDO�SRLQW�RI�YLHZ��LV�WKDW�WKH�UREXVW�DVVRFLDWLRQ�EHWZHHQ�WKH�GLVHDVH�SKHQRW\SHV�DQG�/01$�GHIHFWV�ZDV

VXSSRUWHG�E\�WKH�H[SHULPHQWV�FRQGXFWHG�LQ�LVRJHQLF�L36&�SDLUHG�OLQHV��LQ�ZKLFK�WKH�/01$�PXWDWLRQV�ZHUH�FRUUHFWHG�RU�LQVHUWHG�WKURXJK

&5,635�&DV��EDVHG��%HUWHUR�HW�DO���������6DOYDUDQL�HW�DO���������RU�7$/(1��/HH�HW�DO���������WHFKQRORJLHV��$OVR��WKHVH�VWXGLHV�SURYLGHG�WKH

LGHQWLILFDWLRQ�RI�QHZ�SRWHQWLDO�WKHUDSHXWLF�WDUJHWV��6&1�$�JHQH�DQG�3'*)�SDWKZD\��WR�WUHDW�FDUGLRODPLQRSDWK\�

7KHVH�DUH�LPSRUWDQW�DFKLHYHPHQWV�LQ�WKH�ILHOG�EXW��ZLWK�WKH�FRQVWDQW�DPHOLRUDWLRQ�RI�WKH�SURWRFROV�IRU�&0�GLIIHUHQWLDWLRQ��ZH�H[SHFW�WR�LPSURYH�HYHQ

IXUWKHU�DQG�WR�JDLQ�PRUH�LQVLJKWV�LQWR�WKH�SDWKRJHQHWLF�PHFKDQLVPV�RI�WKH�GLVHDVH��,QGHHG��GDWD�DYDLODEOH�VR�IDU�FRPH�IURP�VWXGLHV�RQ�KXPDQ�&0V

REWDLQHG�IURP�L36&V�PRVWO\�WKURXJK��'�EDVHG�GLIIHUHQWLDWLRQ�SURWRFROV��NQRZQ�WR�JHQHUDWH�&0V�ZLWK�DQ�LPPDWXUH�IHWDO�OLNH�SKHQRW\SH��PHDQLQJ�WKDW

WKH\�ODFN�VRPH�RI�WKH�VWUXFWXUDO��L�H���7�WXEXOHV��VDUFRPHULF�DOLJQPHQW���IXQFWLRQDO��L�H���FDOFLXP�KDQGOLQJ�DQG�FRQWUDFWLOH�SURSHUWLHV�GLIIHUHQFHV��DQG

PHWDEROLF��L�H���JO\FRO\VLV�YV��IDWW\�DFLG�R[LGDWLRQ��SURSHUWLHV�W\SLFDO�RI�DQ�DGXOW�&0��7KHVH�SURSHUWLHV�DUH�KLJKO\�GHVLUDEOH�IRU�GUXJ�VFUHHQLQJ�DQG�IRU

PRGHOLQJ�VSHFLILF��DGXOW�RQVHW�WUDLWV�RI�GLVHDVH��.DUEDVVL�HW�DO���������0D]]ROD�DQG�'L�3DVTXDOH���������*LYHQ�WKH�GHYHORSPHQWDOO\�UHJXODWHG

H[SUHVVLRQ�RI�/DPLQ�$�&�DQG�WKH�FRPSOH[LW\�RI�GLVHDVH�SKHQRW\SH��FHOO�LPPDWXULW\�LV�OLNHO\�WR�LPSDFW�DOVR�RQ�/01$�&03�PRGHOLQJ��DQG�VRPH

LPSRUWDQW�WUDLWV�RI�WKH�GLVHDVH�PD\�KDYH�EHHQ�PLVVHG�VR�IDU��7KH�L36&�ILHOG�LV�QRZ�PRYLQJ�WRZDUG�WKH�DSSOLFDWLRQ�RI��'�EDVHG�GLIIHUHQWLDWLRQ

SURWRFROV��VKRZQ�WR�LPSURYH�PDWXUDWLRQ�RI�WKH�GLIIHUHQWLDWHG�&0V��HQKDQFLQJ�WKH�SRWHQWLDO�RI�L36&�EDVHG�FDUGLDF�SODWIRUPV�IRU�ERWK�GLVHDVH�PRGHOLQJ

DQG�GUXJ�VFUHHQLQJ�SXUSRVHV��DQG�IURP�ZKLFK�WKH�FDUGLRODPLQRSDWK\�ILHOG�ZLOO�DOVR�EHQHILW�LQ�WKH�QHDU�IXWXUH�

�caI_roUca
&RQVHQVXV�KDV�\HW�WR�EH�UHDFKHG�RQ�WKH�SDWKRJHQHWLF�PHFKDQLVP�RI�FDUGLRODPLQRSDWK\�DQG�UHVHDUFKHUV�LQ�WKH�ILHOG�DUH�VWLOO�WU\LQJ�WR�ILQHO\�GLVVHFW�WKH

PROHFXODU�UROH�RI�$�W\SH�ODPLQV�LQ�WKH�KHDUW�DQG�WR�HVWDEOLVK�FOHDU�JHQRW\SH�SKHQRW\SH�FRUUHODWLRQV��,QGHHG��FDUGLRODPLQRSDWK\�LV�D�TXLWH�FRPSOH[

GLVHDVHV��ZLWK�SDWLHQWV�H[KLELWLQJ�H[WUHPHO\�YDULDEOH�SKHQRW\SHV��DV�UHJDUGV�RI�HLWKHU�VSHFLILF�FOLQLFDO�PDQLIHVWDWLRQV�RU�WKH�VHYHULW\�DQG�SURJUHVVLRQ�RI

WKH�GLVHDVH�

'HFDGHV�RI�VWXGLHV�LQ�WKH�ILHOG�FOHDUO\�VXVWDLQ�D�YLHZ�LQ�ZKLFK�HSLJHQHWLF�UHJXODWLRQV�DQG�HQYLURQPHQWDO�VWLPXOL�DUH�OLNHO\�WR�DFW�DORQJVLGH�D�VLQJOH

/01$�PXWDWLRQ�LQ�GHWHUPLQLQJ�WKH�ILQDO�FDUGLRODPLQRSDWK\�SKHQRW\SH��0RUH�UHFHQW�VWXGLHV�KDYH�VWDUWHG�WR�XQUDYHO�WKRVH�PHFKDQLVPV�VKRZLQJ��D��WKH

LQYROYHPHQW�RI�RWKHU�³DFWRUV´�FRRSHUDWLQJ�ZLWK�D�GHIHFWLYH�/DPLQ�$�&��6DOYDUDQL�HW�DO���������DQG��E��WKH�GXDO�LPSDLUPHQW�RI�PHFKDQR�VLJQDOLQJ�DQG

JHQH�H[SUHVVLRQ�LQ�ODPLQRSDWKLHV��2VPDQDJLF�0\HUV�DQG�)RLVQHU���������VXSSRUWLQJ�D�KROLVWLF�PRGHO�LQ�ZKLFK�WKH�GLIIHUHQW�PHFKDQLVWLF�K\SRWKHVHV

FRRSHUDWH�ZLWK�GLIIHUHQW�H[WHQWV�WR�WKH�ILQDO�FOLQLFDO�SKHQRW\SHV�REVHUYHG�LQ�SDWLHQWV��)LJXUH����

),*85(��
2YHUYLHZ�RQ�/DPLQ�$�&�SURWHLQV�ORFDOL]DWLRQ�DQG�RQ�PDMRU�PHFKDQLVWLF�K\SRWKHVHV�XQGHUO\LQJ�FDUGLDF�SKHQRW\SHV���$��*UDSKLF
UHSUHVHQWDWLRQ�RI�/DPLQ�$�&�SURWHLQV�ORFDOL]DWLRQ�ZLWKLQ�WKH�FHOO��/DPLQ�$�&�FDQ�EH�IRXQG�ERWK��DW�WKH�SHULSKHU\�DQG�LQ�WKH�QXFOHDU����

:H�VWURQJO\�EHOLHYH�WKDW�IXWXUH�VWXGLHV�ZLOO�IXUWKHU�VXSSRUW�WKLV�JOREDO�PRGHO��XQYHLOLQJ�QRYHO�GLVHDVH�UHOHYDQW�SDWKZD\V�DQG�VSHFLILF�WDUJHWV�WR�WUHDW

/01$�&03�

�rqTcn��caqnUHrqUcao
6&�DQG�,0�SHUIRUPHG�WKH�ELEOLRJUDSKLF�VHDUFK�DQG�ZURWH�WKH�PDQXVFULSW��('�ZURWH�DQG�UHYLVHG�WKH�PDQXVFULSW��SURYLGHG�IXQGLQJ��$OO�DXWKRUV

FRQWULEXWHG�WR�WKH�DUWLFOH�DQG�DSSURYHG�WKH�VXEPLWWHG�YHUVLRQ�

�ca�UIq�cR��aqMnMoq
7KH�DXWKRUV�GHFODUH�WKDW�WKH�UHVHDUFK�ZDV�FRQGXFWHG�LQ�WKH�DEVHQFH�RI�DQ\�FRPPHUFLDO�RU�ILQDQFLDO�UHODWLRQVKLSV�WKDW�FRXOG�EH�FRQVWUXHG�DV�D�SRWHQWLDO

FRQIOLFW�RI�LQWHUHVW�

�I^acx_MKS`Maqo
:H�WKDQN�'U��$QGUHZ�.DGLHV�IRU�ODQJXDJH�HGLWLQJ�DQG�SURRIUHDGLQJ�
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PDWHULDO
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