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$EVWUDFW�

*HQH�HGLWLQJ�LV�GHILQHG�DV�D�JURXS�RI�ELRWHFKQRORJLFDO�WHFKQLTXHV�XVHG�WR�PDNH�FKDQJHV�WR�

VSHFLILF�'1$�VHTXHQFHV�LQ�WKH�JHQRPH�RI�D�OLYLQJ�RUJDQLVP��%\�DOWHULQJ�WKH�'1$�DW�WKH�DPLQR�

DFLG�OHYHO��WKLV�WHFKQRORJ\�KDV�WKH�DELOLW\�WR�SLQSRLQW�FHUWDLQ�PXWDWLRQV�DQG�WR�PDNH�DOWHUDWLRQV�

WKDW�SURYH�DGYDQWDJHRXV�WR�WKH�RUJDQLVP��7KLV�WHFKQRORJ\�KDV�EHFRPH�D�PDMRU�IRFXV�LQ�WKH�ZRUOG�

RI�PHGLFLQH�DV�LW�LV�D�IHDVLEOH�WHFKQLTXH�WR�WUHDW�FHUWDLQ�GLVHDVHV��6SHFLILFDOO\��WKH�ILHOG�RI�

RQFRORJ\�KDV�EHFRPH�RQH�RI�WKH�PRUH�SURPLQHQW�ILHOGV�WKDW�KDV�DGDSWHG�WKHVH�WHFKQLTXHV�WR�WUHDW��

DQG�LQ�VRPH�FDVHV��HYHQ�SUHYHQW�FHUWDLQ�FDQFHUV��*HQH�HGLWLQJ�FDQ�DOVR�EH�XVHG�LQ�HXJHQLFV��

FXVWRPL]LQJ�IHWDO�IHDWXUHV��DQG�SUHYHQWLQJ�RU�WUHDWLQJ�QRQ�FDQFHURXV�GLVHDVHV��$V�,�DVSLUH�WR�

EHFRPH�D�SHGLDWULF�RQFRORJ\�QXUVH�LQ�WKH�IXWXUH��WKLV�WHFKQRORJ\�LV�LPSRUWDQW�DV�LW�LV�WKH�IXWXUH�RI�

FDQFHU�WUHDWPHQW��$�QXUVH¶V�UHVSRQVLELOLW\�WR�VWD\�XS�WR�GDWH�RQ�WKH�ODWHVW�PHGLFLQDO�SUDFWLFHV�WKDW�

KDYH�WKH�SRVVLELOLW\�RI�KHOSLQJ�WKHLU�SDWLHQWV�LV�HVVHQWLDO�WR�WKHLU�DGYRFDF\�UROH��7KLV�SDSHU�ZLOO�

VSHFLILFDOO\�GLVFXVV�KRZ�JHQH�HGLWLQJ�DIIHFWV�FDQFHU�UHVHDUFK�DQG�LPPXQRWKHUDS\��,W�ZLOO�DOVR�

IRFXV�RQ�WKH�LPSDFW�RI�LPPXQRWKHUDS\�RQ�SDWLHQWV�DQG�SDWLHQW�GLDJQRVHV�DQG�RXWFRPHV���

.H\ZRUGV ����JHQH�HGLWLQJ��JHQRPH��RQFRORJ\��LPPXQRWKHUDS\��QXUVLQJ��
� �
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*HQH�(GLWLQJ�LQ�+HDOWKFDUH�DV�LW�UHODWHV�WR�2QFRORJLFDO�3UDFWLFHV�

*HQH�HGLWLQJ�KDV�TXLFNO\�EHFRPH�RQH�RI�WKH�PRUH�SURPLVLQJ�WHFKQRORJLFDO�DGYDQFHV�XVHG�

WR�WUHDW�DQG�FXUH�FHUWDLQ�GLVHDVHV��*HQH�HGLWLQJ��DV�D�WHFKQRORJLFDO�DGYDQFHPHQW��RIIHUV�QXPHURXV�

EHQHILWV�DQG�DOWKRXJK�LW�LV�LQ�LWV�HDUO\�VWDJHV��LW�SURYHV�KRSHIXO�DV�WKH�SURPLQHQW�WKHUDS\�LQ�FDQFHU�

WUHDWPHQW��&DQFHU�LV�RQH�RI�WKH�OHDGLQJ�FDXVHV�RI�PRUWDOLW\�DFURVV�WKH�ZRUOG��5HVHDUFKHUV�DUH�

ZRUNLQJ�WLUHOHVVO\�WR�XQFRYHU�WKH�SDWKRORJ\�EHKLQG�WXPRU�JURZWK�DQG�WR�LQYHVWLJDWH�YDULRXV�

PHWKRGV�IRU�WXPRU�O\VLV�DQG�WXPRU�VXSSUHVVLRQ��*HQH�HGLWLQJ�KDV�EHFRPH�WKH�IRXQGDWLRQ�RI�

LPPXQRWKHUDS\�LQ�FDQFHU�WUHDWPHQWV�DQG�KDV�SURYHQ�LWV�HIILFDF\�LQ�WUHDWLQJ�FHUWDLQ�FDQFHUV��

:KLOH�WKHUH�KDV�EHHQ�VXFFHVV�XVLQJ�WKLV�WKHUDS\��WKHUH�LV�D�TXHVWLRQ�RI�FRQVLVWHQF\��7KH�TXHVWLRQ�

OLHV�LQ�LWV�SUHFLVLRQ�VLQFH�WKLV�SUDFWLFH�KDV�\HW�WR�EH�SHUIHFWHG��7KH�KRSH�LV�WKDW�LI�JHQH�HGLWLQJ�FDQ�

LPSURYH�SUHFLVLRQ�DQG�DFFXUDF\�RI�WKHVH�WDUJHWHG�WKHUDSLHV��LPPXQRWKHUDS\�FDQ�EH�XVHG�PRUH�

EURDGO\���

(XJHQLFV�DQG�*HQRPH�(GLWLQJ��

8QGHUVWDQGLQJ�JHQH�HGLWLQJ�OLHV�LQ�FDUHIXO�VWXG\�RI�LWV�RULJLQV��7KLV�EHJLQV�ZLWK�WKH�VWXG\�

RI�HXJHQLFV��(XJHQLFV�LV�WKH�EHJLQQLQJ�RI�WKH�JHQH�HGLWLQJ�PRYHPHQW�WKDW�EHJDQ�ZLWK�WKH�

RYHUDUFKLQJ�LGHD�WR�VHOHFW�VSHFLILF�KXPDQ�FKDUDFWHULVWLFV�WR�HQKDQFH�D�VSHFLHV��(XJHQLFV�LV�

GHILQHG�DV�³WKH�SUDFWLFH�RU�DGYRFDF\�RI�FRQWUROOHG�VHOHFWLYH�EUHHGLQJ�RI�KXPDQ�SRSXODWLRQV�WR�

LPSURYH�WKH�SRSXODWLRQ¶V�JHQHWLF�FRPSRVLWLRQ´��³(XJHQLFV´���������7KHUH�DUH�WZR�GLIIHUHQW�W\SHV�

RI�HXJHQLFV��SRVLWLYH�DQG�QHJDWLYH��8QGHUVWDQGLQJ�WKH�GLIIHUHQFH�EHWZHHQ�SRVLWLYH�DQG�QHJDWLYH�

HXJHQLFV�LV�HVVHQWLDO�WR�RQH
V�RSLQLRQ�RQ�WKH�PRUDOLW\�RI�JHQH�HGLWLQJ��1HJDWLYH�HXJHQLFV�LV�

GHVFULEHG�DV�GLVFRXUDJHPHQW�RI�UHSURGXFWLRQ�E\�SHUVRQV�KDYLQJ�JHQHWLF�GHIHFWV�RU�SUHVXPHG�WR�

KDYH�LQKHULWDEOH��XQGHVLUDEOH�WUDLWV��3RVLWLYH�HXJHQLFV�LV�GHVFULEHG�DV�WKH�HQFRXUDJHPHQW�RI�



*HQH�(GLWLQJ�LQ�2QFRORJ\ ��

UHSURGXFWLRQ�E\�SHUVRQV�SUHVXPHG�WR�KDYH�LQKHULWDEOH�DQG�GHVLUDEOH�WUDLWV��6WXGLHV�LQ�HXJHQLFV�

EHFDPH�LQIDPRXV�GXULQJ�WKH�1D]L�UHJLPH�DQG�LQ�SULVRQV�DURXQG�WKH�ZRUOG��(YHQ�LQ�WKH�8QLWHG�

6WDWHV��WKHUH�DUH�FDVHV�RI�FRHUFHG�VWHULOL]DWLRQ�LQ�ZRPHQ
V�SULVRQV��7KH�JRDO�RI�WKLV�PRYHPHQW�

ZDV�WR�VWRS�WKH�UHSURGXFWLRQ�RI�WUDLWV�GHHPHG�XQIDYRUDEOH�WKDW�WKHVH�LQPDWHV�ZHUH�SHUFHLYHG�WR�

KDYH��GXH�WR�WKHLU�EHOLHYHG�LQKHUHQW�FULPLQDO�WHQGHQFLHV��7KHVH�PHWKRGV�PDGH�LW�GLIILFXOW�IRU�

WKRVH�GHHPHG�
XQILW
�EUHHGHUV�WR�UHSURGXFH��,Q�1D]L�*HUPDQ\��$GROI�+LWOHU¶V�UHJLPH�XVHG�WKH�

SULQFLSOHV�RI�HXJHQLFV�WR�UHPRYH�DQ\�QRQ�$U\DQ�UDFH�PHPEHUV�IURP�VRFLHW\��+LV�PLVJXLGHG�

EHOLHI�WKDW�WKH�$U\DQ�UDFH�ZDV�VXSHULRU�DQG�VKRXOG�UHSURGXFH�WR�FUHDWH�DQ�³HOLWH´�SRSXODWLRQ�ZDV�

WKH�PRWLYDWLRQ�IRU�HQFRXUDJLQJ�EUHHGLQJ�LQ�VHOHFW�KXPDQV��,Q�UHODWLRQ�WR�SRVLWLYH�HXJHQLFV��WKRVH�

ZKR�+LWOHU�EHOLHYHG�ZHUH�WKH�PRVW�ILW��ZHUH�HQFRXUDJHG�WR�UHSURGXFH��ZKLOH�RWKHUV�ZHUH�LQKLELWHG�

IURP�UHSURGXFLQJ���

8SRQ�WKH�LQWURGXFWLRQ�RI�FRPSXWHUV��VFLHQWLILF�WHFKQRORJ\�DGYDQFHG�H[SRQHQWLDOO\��7KLV�

DGYDQFHPHQW�FRXSOHG�ZLWK�WKH�SKLORVRSK\�RI�HXJHQLFV��LQWURGXFHG�WKH�SURFHVV�RI�JHQRPH�HGLWLQJ��

*HQRPH�HGLWLQJ�DOORZV�VFLHQWLVWV�WR�FKDQJH�WKH�JHQRPLF�PDNHXS�RI�OLYLQJ�WKLQJV��*HQH�HGLWLQJ�

³DOORZV�JHQHWLF�PDWHULDO�WR�EH�DGGHG��UHPRYHG��RU�DOWHUHG�DW�SDUWLFXODU�ORFDWLRQV�LQ�WKH�JHQRPH´�

�*HQHWLFV�+RPH�5HIHUHQFH���������*HQH�HGLWLQJ�KDV�EHHQ�GHYHORSHG�ZLWK�WKH�KRSHV�RI�

HUDGLFDWLQJ�FHUWDLQ�GLVHDVHV�WKDW�FDQ�EH�WHVWHG�IRU�DQG�PDQLSXODWHG�DW�WKH�OHYHO�RI�QXFOHLF�DFLGV�LQ�

'1$�DQG�51$��*HQH�PDSSLQJ�ZDV�LQWURGXFHG�DQG�HQDEOHG�WKH�GLVFRYHU\�RI�ORFDWLQJ�DOO�JHQHV�LQ�

WKH�KXPDQ�ERG\��7KLV�SURMHFW�ZDV�ODEHOHG�7KH�+XPDQ�*HQRPH�3URMHFW��+*3���DQG�WKHLU�JRDOV�

ZHUH�ILUVW�DUWLFXODWHG�LQ�������7KH�³XOWLPDWH�SURGXFW�RI�WKH�+*3�KDV�JLYHQ�WKH�ZRUOG�D�UHVRXUFH�

RI�GHWDLOHG�LQIRUPDWLRQ�DERXW�WKH�VWUXFWXUH��RUJDQL]DWLRQ��DQG�IXQFWLRQ�RI�WKH�FRPSOHWH�VHW�RI�

KXPDQ�JHQHV��7KLV�LQIRUPDWLRQ�FDQ�EH�WKRXJKW�RI�DV�WKH�EDVLF�VHW�RI�LQKHULWDEOH�µLQVWUXFWLRQV¶�IRU�
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WKH�GHYHORSPHQW�DQG�IXQFWLRQ�RI�D�KXPDQ�EHLQJ´��1DWLRQDO�+XPDQ�*HQRPH�5HVHDUFK�,QVWLWXWH��

�������:LWKRXW�WKH�GLVFRYHU\�RI�WKH�JHQRPH�PDS��JHQH�HGLWLQJ�ZRXOG�QRW�KDYH�EHHQ�DEOH�WR�

SURJUHVV�WR�ZKHUH�LW�LV�WRGD\��

�7KH�WZR�GLIIHUHQW�W\SHV�RI�JHQH�HGLWLQJ�DUH�JHUPOLQH�DQG�VRPDWLF��*HUPOLQH�HGLWLQJ�

UHIHUV�WR�WKH�HGLWLQJ�RI�JHQHV�LQ�UHSURGXFWLYH�FHOOV��VR�WKDW�WKH�PRGLILHG�'1$�ZLOO�EH�SDVVHG�RQWR�

IXWXUH�JHQHUDWLRQV�ZLWK�WKH�GHVLUHG�WUDLW��6RPDWLF�HGLWLQJ�LV�WKH�HGLWLQJ�RI�VRPDWLF�FHOOV��RU�FHOOV�

RWKHU�WKDQ�UHSURGXFWLYH�FHOOV��,Q�WUHDWLQJ�GLVHDVH��JHUPOLQH�HGLWLQJ�KDV�EHHQ�UHVHDUFKHG�

WKRURXJKO\��)RU�H[DPSOH��$O]KHLPHU¶V�GLVHDVH��D�SURJUHVVLYH�GHJHQHUDWLYH�GLVHDVH�UHVXOWLQJ�LQ�

PHPRU\�ORVV�DQG�ORVV�RI�IXQFWLRQ��VKRZV�D�VWURQJ�LQKHULWDQFH�SDWWHUQ�LQ�FHUWDLQ�IDPLOLHV��

6FLHQWLVWV�DUH�ORRNLQJ�IRU�ZD\V�WR�HGLW�JHUPOLQH�FHOOV�WR�SUHYHQW�WKH�SUROLIHUDWLRQ�RI�RIIVSULQJ�ZKR�

SRVVHVV�WKH�QXFOHLF�DFLG�VHTXHQFH�WKDW�FRUUHODWHV�WR�WKH�SURJUHVVLRQ�RI�WKLV�GLVHDVH��7KLV�PHWKRG�

KDV�WKH�DELOLW\�WR�SRWHQWLDOO\�FUHDWH�DQ�LPPXQLW\�WR�$O]KHLPHU¶V�GLVHDVH��6RPDWLF�JHQH�HGLWLQJ�LV�

SUHGRPLQDQWO\�ORRNHG�DW�LQ�FDQFHU�UHVHDUFK�WR�WUHDW�FXUUHQW�GLVHDVH�E\�DOWHULQJ�WKH�FHOOV�RI�WKH�

LPPXQH�V\VWHP�WR�ODXQFK�DQ�DWWDFN�DJDLQVW�WKH�LQYDGLQJ�FDQFHU�FHOOV���

7UHDWLQJ�1RQ�&DQFHURXV�'LVHDVH��

*HQRPH�WHFKQRORJ\�ZDV�RULJLQDOO\�FUHDWHG�WR�WU\�WR�SLQSRLQW�WKH�QXFOHLF�DFLG�VHTXHQFHV�

ZKLFK�FRGH�IRU�SURWHLQV�WKDW�IRUP�WKH�EDVLV�RI�JHQRW\SHV��VSHFLILFDOO\�UHODWHG�WR�GLVHDVH�

SURFHVVHV��7KLV�WHFKQRORJ\�ZDV�FUHDWHG�ZLWK�WKH�LQWHQW�RI�GHYHORSLQJ�DQ�LPPXQLW\�IRU�FKLOGUHQ�

IRU�FHUWDLQ�LQKHULWDEOH�GLVHDVHV��,W�FRXOG�DOVR�KHOS�FXUH�GLVHDVHV�LQ�WKH�LQGLYLGXDO��RQFH�WKH\�KDYH�

DOUHDG\�SUHVHQWHG�ZLWK�WKH�GLVHDVH�E\�DOWHULQJ�WKH�VRPDWLF�FHOOV¶�JHQRPH��2QH�RI�WKH�SUHGRPLQDQW�

JHQH�HGLWLQJ�WHFKQLTXHV�LQ�WKH�ILHOG�LV�UHIHUUHG�WR�DV�&5,635��DOVR�NQRZQ�DV�FOXVWHUHG�UHJXODUO\�

LQWHUVSDFHG�VKRUW�SDOLQGURPLF�UHSHDWV��7KHVH�UHSHWLWLRXV�EDVH�VHTXHQFHV�ZHUH�IRXQG�WR�KDYH�



*HQH�(GLWLQJ�LQ�2QFRORJ\ ��

SURWHFWLYH�FKDUDFWHULVWLFV�LQ�SURNDU\RWHV�DJDLQVW�YLUXVHV��&$6���LV�WKH�SURWHLQ�DVVRFLDWHG�ZLWK�

&5,635�DQG�IXQFWLRQV�DV�³PROHFXODU�VFLVVRUV��FDSDEOH�RI�FXWWLQJ�VWUDQGV�RI�'1$´��9LG\DVDJDU��

�������7KLV�WRRO�DOORZV�VFLHQWLVWV�WR�XVH�WKH�&$6���SURWHLQ�WR�VOLFH�'1$�DQG�LQVHUW�RU�GHOHWH�

QXFOHLF�DFLG�EDVHV�WR�FKDQJH�WKH�SURWHLQ�EHLQJ�FRGHG��$�FKDQJH�LQ�WKH�QXFOHLF�DFLG�EDVH�VHTXHQFH�

FDQ�DOWHU�WKH�JHQRW\SH�RI�DQ�RUJDQLVP�DQG�FRQFXUUHQWO\�GUDVWLFDOO\�DOWHU�WKH�SKHQRW\SH���

%ORRG�GLVRUGHUV�DUH�RQH�RI�WKH�JURXSV�RI�GLVHDVHV�WKDW�FRXOG�DOVR�EH�LPSDFWHG�E\�WKLV�

WHFKQRORJ\��$�WULDO�XVLQJ�&5,635�KDV�EHHQ�LQLWLDWHG�LQ�WUHDWPHQWV�IRU�VLFNOH�FHOO�GLVHDVH��,Q�WKLV�

WULDO��VFLHQWLVWV�XVH�&5,635�WR�PDNH�ERQH�PDUURZ�VWHP�FHOOV�WKDW�SURGXFH�IHWDO�KHPRJORELQ��

ZKLFK�KDV�D�KLJKHU�R[\JHQ�FDUU\LQJ�FDSDFLW\�WKDQ�DGXOW�KHPRJORELQ��&5,635�DOVR�KDV�WKH�DELOLW\�

WR�SLQSRLQW�DQG�WR�PXWDWH�VHTXHQFHV�WR�HLWKHU�SUHYHQW�RU�FXUH�FDVHV�RI�JHQHWLF�EOLQGQHVV��$Q�

HSLGHPLF�WKDW�KDV�EHHQ�IDFLQJ�WKH�FRXQWU\�IRU�\HDUV�LV�WKH�ULVH�RI�+,9�DQG�$,'6��$Q�DSSURDFK�

WKDW�KDV�UHFHQWO\�EHHQ�H[DPLQHG�LQ�&KLQD��ZRXOG�DOORZ�WKH�WHFKQRORJ\�WR�SLQSRLQW�DQG�XWLOL]H�WKH�

PXWDWLRQ�WKDW�VRPH�SHRSOH�KDYH�RQ�WKH�&&5��JHQH�ZKLFK�FUHDWHV�D�QDWXUDO�UHVLVWDQFH�WR�+,9��,W�

KDV�EHHQ�SURSRVHG�WKDW�&5,635�FRXOG�EH�XVHG�WR�³FXW�WKH�'1$�RI�WKH�+,9�YLUXV�RXW�RI�LWV�KLGLQJ�

SODFH�LQ�WKH�'1$�RI�LPPXQH�FHOOV�>«@�ZKLFK�FRXOG�EH�XVHG�WR�DWWDFN�WKH�YLUXV�LQ�LWV�KLGGHQ��

LQDFWLYH�IRUP��ZKLFK�LV�FXUUHQWO\�WKH�DVSHFW�RI�WKH�YLUXV�WKDW�LV�VWRSSLQJ�VFLHQWLVWV�IURP�

FRPSOHWHO\�FXULQJ�WKH�GLVHDVH´��)HUQDQGH]����������

3HRSOH�DURXQG�WKH�ZRUOG�WRGD\�KDYH�EHHQ�IDFLQJ�WKH�JOREDO�SDQGHPLF�RI�WKH������QRYHO�

FRURQDYLUXV�RXWEUHDN��&29,'������$OWKRXJK�YDU\LQJ�VWUDLQV�RI�WKH�FRURQDYLUXV�KDYH�EHHQ�

H[SRVHG�WR�WKH�SRSXODWLRQ�EHIRUH��WKLV�SDUWLFXODU�VWUDLQ�NQRZQ�DV�VHYHUH�DFXWH�UHVSLUDWRU\�

V\QGURPH�FRURQDYLUXV��6$56��&R9�����³KDV�KLJK�YDULDELOLW\�RI�GLVHDVH�SUHVHQWDWLRQ´��7X��HW�DO���

�������,W�KDV�SURYHQ�WR�KDYH�GHWHULRUDWLQJ�HIIHFWV�RQ�WKH�UHVSLUDWRU\�V\VWHP��UHVXOWLQJ�LQ�&RYLG����



*HQH�(GLWLQJ�LQ�2QFRORJ\ ��

UHODWHG�SQHXPRQLD��0DQ\�SDWLHQWV�DUH�HQGLQJ�XS�YHQWLODWRUV�EHFDXVH�WKH�YLUXV�KDV�ZHDNHQHG�WKH�

LPPXQH�V\VWHP�WR�WKH�SRLQW�WKDW�WKH\�FDQ�QR�ORQJHU�EUHDWKH�RQ�WKHLU�RZQ��0XOWLSOH�PRGDOLWLHV�

KDYH�EHHQ�WHVWHG�WR�WUHDW�WKH�V\PSWRPV�RI�WKLV�YLUXV�DQG�VRPH�RI�WKRVH�PRGDOLWLHV�KDYH�

IRXQGDWLRQV�LQ�LPPXQRWKHUDS\��7KH�GUXJV�EHLQJ�WHVWHG�LQ�FOLQLFDO�WULDOV�DUH�GHVFULEHG�LQ�WKH�

IROORZLQJ�ZD\V���

7KH�WKHUDSLHV�FDQ�EH�GLYLGHG�LQWR�WZR�FDWHJRULHV�GHSHQGLQJ�RQ�WKHLU�WDUJHW��2QH�LV�DFWLQJ�
RQ�WKH�FRURQDYLUXV�GLUHFWO\��HLWKHU�E\�LQKLELWLQJ�FUXFLDO�YLUDO�HQ]\PHV�UHVSRQVLEOH�IRU�
JHQRPH�UHSOLFDWLRQ��RU�E\�EORFNLQJ�YLUDO�HQWU\�WR�KXPDQ�FHOOV��7KH�RWKHU�LV�GHVLJQHG�WR�
PRGXODWH�WKH�KXPDQ�LPPXQH�V\VWHP��HLWKHU�E\�ERRVWLQJ�WKH�LQQDWH�UHVSRQVH��ZKLFK�KDV�D�
SDUWLFXODUO\�LPSRUWDQW�UROH�DJDLQVW�YLUXVHV��RU�E\�LQKLELWLQJ�WKH�LQIODPPDWRU\�SURFHVVHV�
WKDW�FDXVH�OXQJ�LQMXU\���7X��HW�DO���������
�

%\�DOWHULQJ�WKH�JHQHV�RI�WKH�FHOOV�UHVSRQVLEOH�IRU�SHUIRUPLQJ�WKH�DFWLRQV�OLVWHG�DERYH��WKH�UHVXOWV�

PD\�SURYH�WR�EH�EHQHILFLDO�LQ�SRWHQWLDOO\�WUHDWLQJ�FRURQDYLUXV�SDWLHQWV��,PPXQRWKHUDS\�XVH�LV�

EHFRPLQJ�PRUH�SUHYDOHQW�DQG�LV�EHLQJ�UHOLHG�XSRQ�WR�WUHDW�FRPSOH[�GLVHDVHV�SODJXLQJ�WKH�ZRUOG�

WRGD\���

:KLOH�WKHUH�DUH�VRPH�GLVHDVHV�ZKHUH�LW�PD\�EH�VHHPLQJO\�HDV\�WR�PDQLSXODWH�JHQHV��VXFK�

DV�F\VWLF�ILEURVLV�DQG�PXVFXODU�G\VWURSK\�DV�ZHOO�DV�WKH�RQHV�SUHYLRXVO\�PHQWLRQHG��RWKHU�

GLVHDVHV�DUH�PXFK�PRUH�FKDOOHQJLQJ��OLNH�FDQFHU��,Q�PDQ\�FDQFHUV�WKHUH�DUH�PXOWLSOH�JHQHV�WKDW�

SOD\�D�UROH�LQ�LWV�SUHVHQWDWLRQ��,I�PXOWLSOH�JHQHV�DUH�UHVSRQVLEOH�IRU�FRQWUROOLQJ�D�FRQGLWLRQ�RU�

GLVHDVH��VFLHQWLVWV�PXVW�EH�H[WUHPHO\�FDXWLRXV�QRW�WR�PDQLSXODWH�WKH�FHOOV�DURXQG�WKH�WDUJHWHG�

RQHV��³RII�WDUJHW�FHOOV´���DV�WKDW�FRXOG�UHVXOW�LQ�VHYHUH�DGYHUVH�UHDFWLRQV�DQG�HYHQ�IDWDO�HYHQWV��

7KHVH�FRPSOH[�GLVHDVH�SURFHVVHV�PDNH�WKH�DFW�RI�JHQH�HGLWLQJ�PRUH�GLIILFXOW�DQG�UHTXLUH�PRUH�

SUHFLVLRQ��+RZHYHU��GXH�WR�WKH�FRPSOH[LW\�RI�WKH�HGLWLQJ�WRROV�DV�ZHOO�DV�KXPDQ�HUURU��VFLHQWLVWV�

FRXOG�HQG�XS�FUHDWLQJ�VLWXDWLRQV�OHVV�GHVLUDEOH�WKDQ�WKH�RULJLQDO�GLVHDVH�LWVHOI��,Q�WHUPV�RI�FDQFHU�

UHVHDUFK��³&5,635�&DV��SURPLVHV�WR�DFFHOHUDWH�FDQFHU�UHVHDUFK�E\�SURYLGLQJ�DQ�HIILFLHQW�
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WHFKQRORJ\�WR�GLVVHFW�PHFKDQLVPV�RI�WXPRULJHQHVLV�>DQG@�LGHQWLI\�WDUJHWV�IRU�GUXJ�GHYHORSPHQW´�

�=KDQ�HW�DO����������7KLV�GHYHORSPHQW�KDV�OHG�WKH�ZD\�IRU�YDULRXV�LPPXQRWKHUDSLHV���

/LWHUDWXUH�5HYLHZ�RI�,PPXQRWKHUDS\��

*HQH�HGLWLQJ�KDV�IRXQG�LWV�ZD\�DFURVV�WKH�PHGLFDO�ILHOG�DQG�KDV�EURNHQ�WKH�EDUULHU�LQWR�

WKH�ILHOG�RI�RQFRORJ\��,W�KDV�FUHDWHG�WKH�IRXQGDWLRQ�IRU�LPPXQRWKHUDS\�LQ�WUHDWLQJ�FDQFHU�SDWLHQWV�

ZRUOGZLGH��&5,635�WHFKQRORJ\�KDV�SLRQHHUHG�FDQFHU�UHVHDUFK�³E\�SURYLGLQJ�DQ�HIILFLHQW�

WHFKQRORJ\�WR�GLVVHFW�PHFKDQLVPV�RI�WXPRULJHQHVLV��LGHQWLI\�WDUJHWV�IRU�GUXJ�GHYHORSPHQW��DQG�

SRVVLEO\�FHOOV�IRU�FHOO�EDVHG�WKHUDSLHV´��=KDQ��HW�DO����������,PPXQRWKHUDS\�LV�GHILQHG�DV��³D�

IRUP�RI�FDQFHU�WUHDWPHQW�WKDW�XVHV�WKH�LPPXQH�V\VWHP�WR�DWWDFN�FDQFHU�FHOOV��LQ�PXFK�WKH�VDPH�

ZD\�WKDW�LW�DWWDFNV�EDFWHULD�RU�YLUXVHV´��³,PPXQH�&KHFNSRLQW�7KHUDS\´��Q�G���,W�LV�LPSRUWDQW�WR�

XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�LPPXQH�V\VWHP�DQG�FDQFHU�FHOOV�EHIRUH�DQ\�WKHUDSLHV�DUH�

H[SODLQHG�LQ�RUGHU�WR�XQGHUVWDQG�H[DFWO\�KRZ�LPPXQRWKHUDS\�HQKDQFHV�WKH�LQQDWH�LPPXQH�

UHVSRQVH�WR�NLOO�FDQFHU�FHOOV�DW�D�PRUH�HIIHFWLYH�SDFH���

,Q�D�KHDOWK\�ERG\��WKH�LPPXQH�V\VWHP�KDV�DQ�LQQDWH�PHFKDQLVP�WKDW�UHFRJQL]HV�DEQRUPDO�

FHOOV�DQG�DWWDFNV�WKHP�EHIRUH�DQ\�GDPDJH�LV�GRQH�WR�WKH�VXUURXQGLQJ�QRUPDO�WLVVXH��$QWLJHQV�DUH�

SURWHLQ�IUDJPHQWV�IRXQG�RQ�WKH�VXUIDFH�RI�FHOOV�WKDW�VHUYH�DV�PDUNHUV�IRU�RWKHU�FHOOV�WR�UHFRJQL]H�

WKHP��7KHVH�DQWLJHQV�VLJQDO�WKH�ERG\¶V�ZKLWH�EORRG�FHOOV��PRUH�VSHFLILFDOO\��7��FHOOV��WR�DWWDFN�

IRUHLJQ�FHOOV��7KH�SUHVHQFH�RI�WXPRU�FHOOV�PHDQV�WKH�SUHVHQFH�RI�WXPRU�VSHFLILF�DQWLJHQV�DWWDFKHG�

WR�WKHVH�FHOOV��7��FHOOV�KDYH�FODZ�OLNH�SURWHLQ�UHFHSWRUV�RQ�WKHLU�VXUIDFH�WKDW�FDQ�UHFRJQL]H�

DQWLJHQV�DQG�ODWFK�RQWR�FHOOV��1RUPDOO\��WKH�7�FHOOV�ZLOO�UHFRJQL]H�WKH�DEQRUPDO�WXPRU�VSHFLILF�

DQWLJHQV��ODWFK�RQWR�WKRVH�DQWLJHQV��DQG�WKHQ�WKH�7�FHOO�ZLOO�DFWLYDWH�DQG�LQMHFW�WR[LQV�WR�NLOO�WKH�

WXPRU�FHOO��7KLV�SURFHVV�VLJQDOV�RWKHU�LPPXQH�FHOOV�WR�WKH�DUHD�WR�KHOS�GHVWUR\�WKH�UHPDLQLQJ�
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WXPRU�FHOOV��7KLV�LQQDWH�SURFHVV�LV�WKH�VDPH�RQH�WKDW�DOORZV�\RXU�ERG\�WR�ILJKW�RII�WKH�FRPPRQ�

FROG��PHDVOHV��WKH�IOX��DQG�PDQ\�RWKHU�GLVHDVHV�DQG�YLUXVHV���

7KHUH�DUH�VRPH�GHILQLWLRQV�WKDW�DUH�LPSRUWDQW�LQ�XQGHUVWDQGLQJ�WKH�YDULRXV�FRPSRQHQWV�RI�

WKH�LPPXQH�V\VWHP�WKDW�SOD\�D�UROH�LQ�WXPRU�VXSSUHVVLRQ��7ZR�RI�WKH�PRVW�DEXQGDQW�DQG�XVHIXO�

FHOOV�LQ�WKH�LPPXQH�V\VWHP�WKDW�DWWDFN�WXPRU�FHOOV�DUH�&'���7�FHOOV�DQG�&'���7�FHOOV��&'���7�

FHOOV�DUH��³7�FHOOV�WKDW�FDQ�EH�F\WRWR[LF��³NLOOHU´�FHOOV��RU�VHFUHWRUV�RI�F\WRNLQHV��DQG�RWKHU�

PROHFXOHV���7KH\�DUH�WULJJHUHG�E\�UHFRJQLWLRQ�RI�SHSWLGH�0+&�FODVV�,�FRPSOH[HV�RQ�WKH�VXUIDFH�

RI�FHOOV´��%XWWHUILHOG���������&'���7�FHOOV�DUH�GHILQHG�DV��³7�FHOOV�WKDW�JHQHUDOO\�VHFUHWH�

F\WRNLQHV�WR�VXSSRUW��RU�³KHOS´��7�FHOOV�DQG�%�FHOOV´��%XWWHUILHOG���������7KHUH�DUH�DOVR�WXPRU�

LQILOWUDWLQJ�O\PSKRF\WHV��7,/V��WKDW�DUH�³JHQHUDOO\�&'���DQG�&'���7�FHOOV�WKDW�VSRQWDQHRXVO\�

LQILOWUDWH�WXPRU�GHSRVLWV��7,/V�PD\�DOVR�LQFOXGH�%��QDWXUDO�NLOOHU��RU�VXSSUHVVLYH�FHOOV´�

�%XWWHUILHOG����������

$OWKRXJK�WKLV�QDWXUDO�SURFHVV�LV�YHU\�VXFFHVVIXO�DWWDFNLQJ�RWKHU�YLUXVHV��D�PDMRU�TXHVWLRQ�

LQ�VFLHQFH�UHPDLQV��³+RZ�GR�WXPRUV�DYRLG�DWWDFN�IURP�WKH�LPPXQH�V\VWHP"´�$EQRUPDO�FHOOV�DUH�

DEOH�WR�GHYHORS�PHWKRGV�WR�HYDGH�WKH�SURWHFWLYH�PHFKDQLVPV�RI�WKH�LPPXQH�V\VWHP��$FFRUGLQJ�

WR�UHVHDUFK���

7XPRU�GHYHORSPHQW�FDQ�EH�FRQWUROOHG�E\�F\WRWR[LF�LQQDWH�DQG�DGDSWLYH�LPPXQH�FHOOV��
KRZHYHU�DV�WKH�WXPRU�GHYHORSV�IURP�QHRSODVWLF�WLVVXH�WR�FOLQLFDOO\�GHWHFWDEOH�WXPRUV��
FDQFHU�FHOOV�HYROYH�GLIIHUHQW�PHFKDQLVPV�WKDW�PLPLF�SHULSKHUDO�LPPXQH�WROHUDQFH�LQ�
RUGHU�WR�DYRLG�WXPRULFLGDO�DWWDFN���*RQ]DOH]��+DJHUOLQJ��:HUE��������
�

,Q�RWKHU�ZRUGV��WXPRU�FHOOV�FDQ�³RXWVPDUW´�LPPXQH�FHOOV�WR�DYRLG�GHWHFWLRQ�DQG�GHVWUXFWLRQ��

7KHUH�DUH�D�IHZ�ZD\V�WKDW�FDQFHU�FHOOV�FDQ�E\SDVV�WKH�7�FHOO¶V�VXUYHLOODQFH��2QH�ZD\�LV�WR�

GLVJXLVH�WKHPVHOYHV�DV�KHDOWK\�FHOOV�VR�WKDW�WKH�7�FHOO�GRHV�QRW�UHFRJQL]H�LW�DV�IRUHLJQ��ODWFK�RQ�

DQG�UHOHDVH�WR[LQV��7XPRU�FHOOV�FDQ�DOVR�SURGXFH�DQ�H[FHVV�DPRXQW�RI�DQWLJHQV�RQ�WKH�VXUIDFH��
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SUHYHQWLQJ�7�FHOOV�IURP�PRXQWLQJ�DQ�HIIHFWLYH�DWWDFN�DJDLQVW�WKHP��/DVWO\��WKH�WXPRU�FHOO�ILQGV�

ZD\V�WR�WXUQ�RII�WKH�ERG\¶V�LPPXQH�UHVSRQVH�DJDLQVW�WKHP��7KH�LPPXQH�UHVSRQVH�ZLOO�HOLPLQDWH�

VRPH�RI�WKH�IRUHLJQ�FHOOV��HVSHFLDOO\�WKH�WXPRU�FHOOV�WKDW�DUH�YHU\�LPPXQRJHQLF�DQG�REVHUYDEOH�WR�

WKH�7�FHOOV�DV�DEQRUPDO��,PPXQRWKHUDS\�LV�PHGLFLQH¶V�FRXQWHU�DWWDFN�DJDLQVW�FDQFHU�FHOOV�WKDW�

HYDGH�QDWXUDO�LPPXQH�UHVSRQVHV��,PPXQRWKHUDS\�XVHV�WKH�ERG\¶V�QDWXUDO�UHVSRQVH�GLUHFWO\�WR�

ILJKW�FDQFHU�FHOOV��7KHUH�DUH�GLIIHUHQW�W\SHV�RI�LPPXQRWKHUDS\�WKDW�FDQ�EH�XVHG�GHSHQGLQJ�RQ�

W\SH�DQG�VWDJH�RI�FDQFHU��SURJUHVVLRQ�RI�GLVHDVH��32'��DQG�HIILFDF\�RI�FXUUHQW�WUHDWPHQWV��7KUHH�

W\SHV�RI�LPPXQRWKHUDS\�ZLOO�EH�GLVFXVVHG��EHJLQQLQJ�ZLWK�FKHFNSRLQW�LQKLELWRUV�� �

,PPXQH�&KHFNSRLQW�,QKLELWRU�7KHUDS\���,PPXQH�FKHFNSRLQW�LQKLELWRU��,&,��WKHUDS\�

KDV�VKRZQ�VXFFHVV�LQ�WUHDWLQJ�FHUWDLQ�FDQFHUV��PRVW�SRSXODUO\��DGYDQFHG�PHWDVWDWLF�PHODQRPD��$�

FKHFNSRLQW�LV�D�VXUIDFH�SURWHLQ�WKDW�DFWV�DV�D�³EUDNH´�LQ�WKH�LPPXQH�UHVSRQVH��,W�FDXVHV�WKH�7�FHOO�

WR�EHFRPH�LQDFWLYH�DQG�SUHYHQWV�WKH�DFFLGHQWDO�GDPDJH�RI�KHDOWK\�FHOOV��6RPH�WXPRU�FHOOV�DUH�

DEOH�WR�DFWLYDWH�WKLV�FKHFNSRLQW�SURWHLQ�DQG�VWRS�WKH�ZKLWH�EORRG�FHOO�IURP�FDUU\LQJ�RXW�WKH�

LPPXQH�UHVSRQVH�DJDLQVW�WKHP��&KHFNSRLQW�LQKLELWRU�GUXJ¶V�PHFKDQLVP�RI�DFWLRQ�LV�WR�UHOHDVH�WKH�

EUDNHV�RQ�WKH�7�FHOO�VR�WKDW�LW�FDQ�FRQWLQXH�WKH�LPPXQH�UHVSRQVH��7KLV�WKHUDS\�LV�FDOOHG�LPPXQH�

FKHFNSRLQW�EORFNDGH�EHFDXVH��³WKH�PROHFXOH�WKDW�DFWV�D�EUDNH�RQ�LPPXQH�FHOOV��WKH�FKHFNSRLQW��

LV�EORFNHG�E\�WKH�GUXJ´��,PPXQH�&KHFNSRLQW�,QKLELWRU�7KHUDS\��Q�G���,&,�LV�DEOH�WR�GLVDEOH�FHOOV�

IURP�HYDGLQJ�&'���7�FHOO�GHVWUXFWLRQ�E\�SUHYHQWLQJ�WKHP�IURP�GLVJXLVLQJ�DV�QRUPDO�FHOOV��7KH\�

WDNH�DZD\�WKH�DELOLW\�RI�WKHVH�FHOOV�WR�PDQLSXODWH�FKHFNSRLQW�LQKLELWRUV�DQG�E\SDVV�WKH�LPPXQH�

V\VWHP¶V�UHVSRQVH�WR�FHUWDLQ�DQWLJHQV��5HVHDUFK�WKDW�KDV�XQFRYHUHG�³KRZ�DQWLERGLHV�WDUJHW�FDQFHU�

FHOOV��KDV�KHOSHG�WR�UHYROXWLRQL]H�WKH�PHWKRGV�XVHG�WR�WUHDW�FDQFHU´��%D\HU��HW�DO����������

'LIIHUHQW�GUXJV�KDYH�WKH�PHFKDQLVP�RI�DFWLRQ�WR�DIIHFW�GLIIHUHQW�FKHFNSRLQW�SURWHLQV��7KH�
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IROORZLQJ�IRXU�GUXJV�KDYH�EHHQ�DSSURYHG�E\�WKH�)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��)'$��DUH�

FXUUHQWO\�EHLQJ�XVHG�LQ�SUDFWLFH�WRGD\��,SLOLPXPDE�LV�D�GUXJ�WKDW�WDUJHWV�D�FKHFNSRLQW�SURWHLQ�

QDPHG�F\WRWR[LF�7�O\PSKRF\WH�DQWLJHQ����&7/$����DQG�LV�XVHG�WR�WUHDW�PHODQRPD��$�

XQLQKLELWHG�³&7/$���SDWKZD\�VXSSUHVVHV�7�FHOO�DFWLYDWLRQ�E\�ELQGLQJ�WR�OLJDQGV��PROHFXOHV�WKDW�

ELQG�WR�RWKHU�PROHFXOHV´��%D\HU��HW�DO����������,SLOLPXPDE�SUHYHQWV�³7�FHOO�LQKLELWLRQ�DQG�

SURPRWHV�WKH�DFWLYDWLRQ�DQG�SUROLIHUDWLRQ�RI�HIIHFWRU�7��FHOOV´��'DUYLQ��HW�DO����������7��FHOO�

SURGXFWLRQ�LV�LQFUHDVHG�DQG�DQ�DQWLWXPRU�UHVSRQVH�LV�VWDUWHG��2WKHU�GUXJV��VXFK�DV�

3HPEUROL]XPDE�DQG�1LYROXPDE��WDUJHW�FKHFNSRLQW�SURWHLQ��SURJUDPPHG�GHDWK�����3'�����

$WH]ROL]XPDE�WDUJHWV�FKHFNSRLQW�SURWHLQ�3'�/���3'���SULPDULO\�DIIHFWV�7�FHOOV�LQ�WKH�SHULSKHUDO�

SDWKZD\V��:KHQ�ERXQG�WR�OLJDQGV��3'���LQKLELWV�DQ�HIIHFWLYH�DQWLWXPRU�UHVSRQVH��7KHVH�GUXJV�

³VKRZHG�SURPLVLQJ�UHVXOWV�LQ�PHODQRPD�DQG�QRQ�VPDOO�FHOO�OXQJ�FDUFLQRPD��16&/&��SDWLHQWV��

ZLWK�DQ�REMHFWLYH�UHVSRQVH�UDWH�RI�������´�E\�HQKDQFLQJ�WKH�DQWLWXPRU�UHVSRQVH�RI�7�FHOOV�

EHIRUH�WKH�SDWKZD\V�FDQ�EHFRPH�LQKLELWHG�E\�WXPRU�FHOOV´��'DUYLQ���������$OO�RI�WKHVH�GUXJV�DUH�

DGPLQLVWHUHG�LQWUDYHQRXVO\�RYHU�WKH�FRXUVH�RI�WKLUW\�WR�VL[W\�PLQXWHV�DW�D�IUHTXHQF\�LQGLYLGXDOO\�

GHWHUPLQHG�E\�WKH�RQFRORJLVW��7KH�IUHTXHQF\�LV�GHSHQGHQW�XSRQ�UHDFWLRQ�WR�WUHDWPHQW��VWDJH�RI�

GLVHDVH�ZKHQ�WKHUDS\�LV�LQLWLDWHG��DV�ZHOO�DV�WKH�FKHFNSRLQW�LQKLELWRU�WKDW�LV�EHLQJ�WDUJHWHG�IRU�

VSHFLILF�FDQFHUV���

8QIRUWXQDWHO\��RQO\�D�VPDOO�SHUFHQWDJH�RI�FDQFHU�SDWLHQWV�DUH�DEOH�WR�EHQHILW�IURP�WKH�

LPPXQH�FKHFNSRLQW�LQKLELWRU��,&,��WKHUDS\�GXH�WR�³VHYHUH�LPPXQH�UHODWHG�DGYHUVH�HYHQWV´�

�'DUYLQ���������$OWKRXJK�PRVW�VLGH�HIIHFWV�DUH�PLOG�DQG�FDQ�EH�PDQDJHG�ZLWK�DGMXYDQW�GUXJV��

VRPH�HPHUJH�PRUH�VHYHUHO\��7KHUHIRUH��RQH�RI�WKH�PRUH�VHULRXV�FRQFHUQV�UHJDUGLQJ�

LPPXQRWKHUDS\�LV�WKH�VHYHUH�DGYHUVH�HIIHFWV�WKDW�KDYH�WKH�SRWHQWLDO�RI�RFFXUULQJ��,Q�RUGHU�WR�
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LPSURYH�WKLV�WKHUDS\��PDQDJLQJ�WKRVH�VLGH�HIIHFWV�DQG�PRUH�DFFXUDWHO\�SUHGLFWLQJ�LI�WKLV�

WUHDWPHQW�ZLOO�EH�VXFFHVVIXO�IRU�HDFK�LQGLYLGXDO�ZLOO�KHOS�GRFWRUV�GHYHORS�D�PRUH�LQGLYLGXDOL]HG�

FRXUVH�RI�WUHDWPHQW��2QH�RI�WKH�ZD\V�WR�DFFRPSOLVK�WKLV�LV�WKURXJK�UHVHDUFK�RQ�ELRPDUNHUV��$�

ELRPDUNHU�UHIHUV�WR��³D�EURDG�VXEFDWHJRU\�RI�PHGLFDO�VLJQV��WKDW�LV��REMHFWLYH�LQGLFDWLRQV�RI�

PHGLFDO�VWDWHV�>���@�ZKLFK�FDQ�EH�PHDVXUHG�DFFXUDWHO\�DQG�UHSURGXFLEO\´��6WULPEX�	�7DYHO��

�������&XUUHQWO\��WKHUH�DUH�RQJRLQJ�VWXGLHV�WKDW�DUH�XVLQJ�ELRPDUNHUV�LQ�SDWLHQW¶V�EORRG�WR�SUHGLFW�

ZKHWKHU�,&,�WKHUDS\�ZLOO�EH�VXFFHVVIXO��,Q�WKLV�FDVH��WKH�ELRPDUNHUV�EHLQJ�XVHG�DUH�SHULSKHUDO�

EORRG�DEVROXWH�O\PSKRF\WHV��DOVR�NQRZQ�DV�WKH�DEVROXWH�O\PSKRF\WH�FRXQW��$/&���7KLV�LV�D�

PHDVXUH�RI�ZKLWH�EORRG�FHOOV�LQ�WKH�ERG\��7KH�UHVXOWV�VKRZHG�WKDW��³SDWLHQWV�ZLWK�D������IROG�

LQFUHDVH�LQ�WKHLU�$/&�YDOXHV�IURP�EDVHOLQH�LQ�WKH�ILUVW���ZHHNV�RI�WUHDWPHQW�KDG�VLJQLILFDQWO\�

KLJKHU�RYHUDOO�VXUYLYDO´��'DUYLQ���������7KLV�LV�SURYHQ�WR�EH�D�JRRG�SUHGLFWLYH�LQGLFDWRU�RI�

VXFFHVV�GXULQJ�HDUO\�VWDJHV�RI�WKHUDS\��2WKHU�ODE�YDOXHV�WKDW�KDYH�VHUYHG�DV�ELRPDUNHUV�KDYH�DOVR�

KDG�DQ�LPSDFW�LQ�SUHGLFWLQJ�VXFFHVV�RI�WKH�,&,�WKHUDS\���

,Q�LSLOLPXPDE�WUHDWHG�SDWLHQWV��RYHUDOO�SURJUHVVLRQ�IUHH�VXUYLYDO�ZDV�DVVRFLDWHG�ZLWK�D�
ORZ�VHUXP�ODFWDWH�GHK\GURJHQDVH�YDOXH��/'+̳�̳����IROG���D�ORZ�DEVROXWH�PRQRF\WH�
FRXQW��$0&̳�̳���̳FHOOV��/���D�ORZ�P\HORLG�GHULYHG�VXSSUHVVRU�FHOO�FRXQW�
�0'6&V̳�̳�������D�KLJK�DEVROXWH�HRVLQRSKLO�FRXQW��HRVLQRSKLOV̳�̳��̳FHOOV��/���D�
UHODWLYH�O\PSKRF\WH�FRXQW̳�̳������DQG�EDVHOLQH�&'��&'���)2;3���7UHJV̳�̳�����
LQ�WKH�SHULSKHUDO�EORRG��0XOWLSOH�VWXGLHV�YDOLGDWLQJ�WKH�DSSOLFDELOLW\�RI�/'+�DV�D�
SUHGLFWLYH�ELRPDUNHU�VKRZHG�WKDW�SDWLHQWV�ZLWK�HOHYDWHG�OHYHOV�RI�/'+�DOVR�UHVSRQGHG�WR�
,&,V���'DUYLQ���������

�
7KH�DERYH�PHQWLRQHG�ELRPDUNHUV��DOWKRXJK�SUHGLFDWLYH��GR�QRW�JXDUDQWHH�VXFFHVV�DQG�DUH�

FXUUHQWO\�VWLOO�EHLQJ�UHVHDUFKHG��,I�UHVHDUFKHUV�FDQ�XVH�WKHVH�ELRPDUNHUV�WR�SUHGLFW�HIILFDF\�RI�WKH�

WKHUDS\��VHYHUH�DGYHUVH�HYHQWV�FRXOG�SRWHQWLDOO\�EH�DYRLGHG��SUHYHQWLQJ�V\VWHPLF�DXWRLPPXQH�

UHVSRQVHV�WKDW�FRXOG�UHVXOW�LQ�IDWDO�HYHQWV��:KLOH�WKHVH�WKHUDSLHV�DUH�SURPLVLQJ�DQG�KDYH�VKRZQ�

VRPH�VXFFHVV��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�WKHVH�GR�QRW�DSSO\�IRU�DOO�FDQFHU�FDVHV��)RU�H[DPSOH��
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³LQLWLDWLRQ�RI�PDLQVWUHDP�FKHFNSRLQW�WKHUDS\�WR�WUHDW�FDQFHUV�LV�REVWUXFWHG�E\�WKH�ORZ�UHVSRQVH�

UDWH�DQG�LPPXQH�UHODWHG�DGYHUVH�HYHQWV�LQ�VRPH�FDQFHU�SDWLHQWV´��'DUYLQ���������,Q�UHODWLRQ�WR�

FKHFNSRLQW�LPPXQH�LQKLELWRUV��GLIIHUHQW�FDQFHUV�KDYH�UHVSRQGHG�GLIIHUHQWO\�WR�GLIIHUHQW�GUXJV��$V�

PHQWLRQHG�HDUOLHU��³PHODQRPD��DQG�QRQ�VPDOO�FHOO�OXQJ�FDUFLQRPD�>KDG@�DQ�REMHFWLYH�UHVSRQVH�

UDWH�RI�������´�ZKHQ�WUHDWHG�ZLWK�3HPEUROL]XPDE�DQG�RU�1LYROXPDE��'DUYLQ���������2WKHU�

VWXGLHV�UHSRUWHG�WKH�IROORZLQJ�UHVSRQVH�UDWHV��

$GGLWLRQDOO\��XURWKHOLDO�EODGGHU�FDQFHU�SDWLHQWV�WUHDWHG�ZLWK�3'���3'�/��LQKLELWRUV�
VKRZHG�DQ�LQFUHDVH�LQ�RYHUDOO�UHVSRQVH�UDWH��EHWZHHQ����DQG������,Q�WULSOH�QHJDWLYH�
EUHDVW�FDQFHU��71%&��SDWLHQWV��WKH�UHVSRQVH�WR�3'���LQKLELWRUV�ZDV�UHODWLYHO\�PRGHUDWH�
�������,Q�FRQWUDVW��LQ�UHODSVHG�RU�UHIUDFWRU\�+RGJNLQ¶V�O\PSKRPD��QLYROXPDE�VKRZHG�DQ�
REMHFWLYH�UHVSRQVH�UDWH�RI�����ZLWK�����FRPSOHWH�UHVSRQVH���'DUYLQ��������
�

&OHDUO\��WKH�UHVXOWV�DUH�YDULDEOH�GHSHQGLQJ�XSRQ�VWDJH�RI�GLVHDVH��W\SH�RI�FDQFHU��DQG�SHUVRQDO�

UHVSRQVH�WR�GUXJ�LPPXQRWKHUDS\��8QOLNH�RWKHU�WKHUDSLHV��VXFK�DV�&$5�7�FHOO�WKHUDS\�GLVFXVVHG�

ODWHU�RQ��,&,�WKHUDS\�ZRUNV�SULPDULO\�RQ�VROLG�WXPRUV��+RZHYHU��WKH�HYLGHQFH�VKRZV�HQRXJK�

VXFFHVV�WR�FRQWLQXH�KXQGUHGV�RI�FOLQLFDO�WULDOV�WR�FRQWLQXH�UHVHDUFK�LQ�WKLV�W\SH�RI�LPPXQRWKHUDS\�

LQFRUSRUDWLQJ�VROLG�DQG�KHPDWRORJLFDO�PDOLJQDQFLHV��,&,�WKHUDS\�SRVHV�VHYHUDO�FKDOOHQJHV�WR�

QXUVHV�LQ�WHUPV�RI�PDQDJHPHQW��,Q�RUGHU�WR�SURSHUO\�FRQWURO�V\PSWRPV��QXUVHV�PXVW�EH�SUHSDUHG�

WR�FRPSOHWH�IRFXVHG�DVVHVVPHQWV��FRQWLQXDOO\�PRQLWRU�ODE�YDOXHV��DQG�EH�DZDUH�RI�DW\SLFDO�

V\PSWRPV�WKDW�FRXOG�EH�LQGLFDWLYH�RI�D�ODUJHU�SUREOHP��%D\HU��HW�DO���������

&DQFHU�9DFFLQHV�� �&DQFHU�YDFFLQHV�DUH�JLYHQ�WR�SDWLHQWV�WR�HQKDQFH�WKHLU�LPPXQH�V\VWHP�

LQ�WKHLU�ILJKW�DJDLQVW�FDQFHU��7KH�YDFFLQHV�DUH�FUHDWHG�ZLWK�WZR�EDVLF�LQJUHGLHQWV��DQWLJHQV�DQG�DQ�

DGMXYDQW��7KH�DQWLJHQ�SURWHLQ�FRPHV�IURP�WKH�FDQFHU�FHOO�DQG�KHOS�WKH�LPPXQH�FHOOV�UHFRJQL]H�

DQG�DWWDFN�WKH�FDQFHU�FHOOV��$�WXPRU�DVVRFLDWHG�DQWLJHQ��7$$��LV�D�³SURWHLQ�H[SUHVVHG�E\�D�WXPRU�

WKDW�FDQ�EH�LPPXQRJHQLF´��%XWWHUILHOG���������$Q�DGMXYDQW�LV�GHILQHG�DV��³QRQ�DQWLJHQ�VSHFLILF�



*HQH�(GLWLQJ�LQ�2QFRORJ\ ���

WULJJHUV�RI�WKH�LPPXQH�V\VWHP�WKDW�LQFUHDVH�WKH�LPPXQH�UHVSRQVH�WR�DQ�DVVRFLDWHG�DQWLJHQ��

$GMXYDQWV�FDQ�LQFOXGH�FRPSRQHQWV�RI�LQIHFWLRXV�DJHQWV��LPPXQH�FHOO�JURZWK�IDFWRUV��DQG�WLVVXH�

GDPDJH�VLJQDOV´��%XWWHUILHOG���������7KH�DGMXYDQW�DFWV�DV�D�FKHPLFDO�³UHG�IODJ´�WKDW�ZLOO�DOHUW�WKH�

LPPXQH�V\VWHP�WKDW�D�7$$�LV�SUHVHQW��%\�H[SRVLQJ�WKH�ERG\�WR�WKH�LGHQWLILFDWLRQ�DQWLJHQV�WKDW�

DUH�DWWDFKHG�WR�WKH�WXPRU�FHOOV��WKH�LPPXQH�V\VWHP�ZLOO�EH�DEOH�WR�UHFRJQL]H�DQG�DWWDFN�PRUH�RI�

WKRVH�FHOOV�DW�D�PRUH�HIIHFWLYH�UDWH���

&XUUHQWO\��VLSXOHXFHO�7��DOVR�NQRZQ�DV�3URYHQJH��LV�D�FDQFHU�YDFFLQH�XVHG�WR�WUHDW�

PHWDVWDWLF�SURVWDWH�FDQFHU��0HWDVWDVLV�LV�WKH�SURFHVV�RI�³FDQFHU�FHOOV�EUHDN>LQJ@�DZD\�IURP�WKH�

SULPDU\�WXPRU��WUDYHO>LQJ@�WKURXJK�WKH�EORRG�RU�O\PSK�V\VWHP��DQG�IRUP>LQJ@�D�QHZ�WXPRU�LQ�

RWKHU�RUJDQV�RU�WLVVXHV�LQ�WKH�ERG\´��1DWLRQDO�&DQFHU�,QVWLWXWH��Q�G���0HWDVWDVLV�LV�FRPPRQ�LQ�

ODWHU�VWDJHV�DQG�PDNHV�WKH�FDQFHU�PRUH�GLIILFXOW�WR�WUHDW�DV�LW�VSUHDGV�WKURXJKRXW�WKH�ERG\��

UHTXLULQJ�PXOWLSOH�PRGDOLW\�DSSURDFKHV��7KLV�)'$�DSSURYHG�YDFFLQH��³UDOOLHV�WKH�LPPXQH�

V\VWHP¶V�GLVHDVH�ILJKWLQJ�IRUFHV�LQ�PHQ�ZKR�DOUHDG\�KDYH�SURVWDWH�FDQFHU��3URYHQJH�LV�FUHDWHG�E\�

UHPRYLQJ�VRPH�LPPXQH�FHOOV��H[SRVLQJ�WKHP�WR�D�PROHFXOH�IURP�SURVWDWH�FDQFHU�FHOOV��DQG�WKHQ�

LQIXVLQJ�WKHP�EDFN�LQWR�WKH�ERG\´��0HPRULDO�6ORDQ�.HWWHULQJ�&DQFHU�&HQWHU��Q�G���7KLV�YDFFLQH�

KDV�VKRZQ�WR�OHQJWKHQ�WKH�OLIH�H[SHFWDQF\�RI�PHQ�ZLWK�PHWDVWDWLF�SURVWDWH�FDQFHU��2WKHU�YDFFLQHV�

WKDW�DUH�OLVWHG�XQGHU�FDQFHU�YDFFLQHV�DUH�XVHG�DV�D�PHWKRG�RI�SULPDU\�SUHYHQWLRQ��'RFWRUV�ZDQW�WR�

DGPLQLVWHU�WKH�YDFFLQH�SULRU�WR�HYLGHQFH�RI�D�GLVHDVH�SURFHVV�LQ�RUGHU�WR�SUHYHQW�WKH�GLVHDVH�

SURFHVV�IURP�LQLWLDWLQJ��)RU�H[DPSOH��WKH�KHSDWLWLV�%�YDFFLQH�LV�DGPLQLVWHUHG�WR�GHFUHDVH�FKDQFHV�

RI�GHYHORSLQJ�OLYHU�FDQFHU��7KH�KXPDQ�SDSLOORPDYLUXV��+39��LV�JLYHQ�WR�SUHYHQW�RFFXUUHQFH�RI�

FHUYLFDO�FDQFHUV�DV�ZHOO�DV�KHDG�DQG�QHFN�FDQFHUV��SDUWLFXODUO\�LQ�ZRPHQ���
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,Q�RUGHU�WR�VSHFLI\�WKH�FDQFHU�YDFFLQH�WR�WDUJHW�WKH�WXPRU�FHOOV��VFLHQWLVWV�PXVW�SHUVRQDOL]H�

WKH�YDFFLQH��&DQFHU�IRUPDWLRQ�RFFXUV�ZKHQ�WKHUH�LV�D�PXWDWHG�JHQHWLF�FRPSRVLWLRQ�RI�FHOOV��,Q�WKH�

KXPDQ�JHQRPH��HDFK�SURWHLQ�LV�FRGHG�IRU�IURP�WKH�DPLQR�DFLG�VHTXHQFH��$�PXWDWLRQ�FDQ�RFFXU�LQ�

DQ\�SDUW�RI�WKLV�SURFHVV��FUHDWLQJ�D�PXWDWHG�DPLQR�DFLG�VHTXHQFH�DQG�WKHUHIRUH�SURGXFLQJ�DQ�

DEQRUPDO�DQWLJHQ�RQ�WKH�VXUIDFH�RI�FHOOV��7KH�³VHTXHQFH�DOWHUHG�SURWHLQV�DUH�WHUPHG�QHRDQWLJHQV��

DQG�WKHLU�PXWDWHG�HSLWRSHV�WKDW�DUH�UHFRJQL]HG�E\�7�FHOOV�DUH�FDOOHG�QHRHSLWRSHV��1HRHSLWRSHV�DUH�

DEVHQW�IURP�QRUPDO�WLVVXHV�DQG�QHZ�WR�D�JLYHQ�LQGLYLGXDO¶V�LPPXQH�V\VWHP´��6DKLQ�	�7XUHFL�

�������*HQHWLF�HQJLQHHULQJ�LV�WKH�EDVLV�IRU�FDQFHU�YDFFLQH�WKHUDS\�DV�LW�LV�VR�LQGLYLGXDOL]HG�IRU�

HDFK�SDWLHQW��(DFK�PXWDWLRQ�LQ�FDQFHU�LV�XQLTXH�DQG�QRW�WKH�VDPH�IRU�DOO�SDWLHQWV�UHJDUGOHVV�RI�

VLPLODU�FDQFHU�GLDJQRVHV��,Q�RUGHU�WR�GLVFRYHU�WKH�LQJUHGLHQWV�IRU�WKH�FDQFHU�YDFFLQH��WKH�

VSHFLILFLW\�RI�SURWHLQV�RI�WKH�WXPRU�FHOOV�PXVW�EH�GHWHUPLQHG��7KLV�RFFXUV�ZLWK�³QH[W�JHQHUDWLRQ�

VHTXHQFLQJ��1*6��>ZKLFK@�DOORZV�UDSLG�VHTXHQFLQJ�RI�JHQRPHV�DW�ORZ�FRVWV��7RJHWKHU�ZLWK�

ELRLQIRUPDWLFV�WRROV��1*6�HQDEOHV�FRPSUHKHQVLYH�PDSSLQJ�RI�DOO�PXWDWLRQV�LQ�D�FDQFHU�>���@�DQG�

SUHGLFWLRQ�RI�ELQGLQJ�QHRHSLWRSHV

��6DKLQ�	�7XUHFL���������7KURXJK�JHQHWLF�VHTXHQFLQJ��

VFLHQWLVWV�FDQ�GHWHUPLQH�WKH�H[DFW�DPLQR�DFLG�PXWDWLRQV�WKDW�KDYH�GHYHORSHG�LQ�WKH�FDQFHU�FHOOV�

E\�FRPSDULQJ�WKH�VHTXHQFHV�WR�KHDOWK\�WLVVXH�VHTXHQFHV�H[WUDFWHG�IURP�WKH�SDWLHQW��7KHUHIRUH��

WKH\�FDQ�FUHDWH�D�YDFFLQH�WKDW�WDUJHWV�WKH�H[DFW�QHRDQWLJHQV�RQ�WKRVH�WXPRU�FHOOV��'HWHUPLQLQJ�WKH�

WLPH�DQG�FLUFXPVWDQFHV�VXUURXQGLQJ�WKH�GHOLYHU\�RI�WKH�YDFFLQH�LV�DOVR�LPSRUWDQW�LQ�SUHGLFWLQJ�LWV�

VXFFHVV��)RU�H[DPSOH��³D�WKHUDSHXWLF�YDFFLQH�PRVW�OLNHO\�ZRUNV�SDUWLFXODUO\�ZHOO�LQ�WKH�DGMXYDQW�

RU�PLQLPDO�UHVLGXDO�GLVHDVH�VHWWLQJV��ZKHUH�WXPRU�ORDG�LV�ORZ�DQG�LPPXQH�VXSSUHVVLYH�

PHFKDQLVPV�DUH�QRW�ILUPO\�HVWDEOLVKHG��(IILFLHQW�FRQWURO�RI�D�ODUJHU�WXPRU�ORDG�PD\�UHTXLUH�

FRPELQDWLRQ�LPPXQRWKHUDSLHV´��6DKLQ�	�7XUHFL���������&RPELQDWLRQ�LPPXQRWKHUDS\�PD\�EH�
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EHQHILFLDO�WR�WKRVH�ZLWK�ODUJH�WXPRU�ORDGV�DV�WR�DWWDFN�WKH�WXPRU�LQ�YDULRXV�ZD\V�FUHDWLQJ�D�

VWURQJHU�DWWDFN���

7KHUH�DUH�VRPH�XQFHUWDLQWLHV�ZKHQ�GHYHORSLQJ�WKLV�WKHUDS\�WKDW�FDQ�DIIHFW�VXFFHVV��7KH�

H[WUDFWLRQ�RI�WKH�QXFOHLF�DFLG�LV�GRQH�ZLWK��³IUHVK��IUR]HQ�DQG�IRUPDOLQ�IL[HG�SDUDIILQ�HPEHGGHG�

WLVVXHV´��6DKLQ�	�7XUHFL���������+RZHYHU��WKLV�H[WUDFWLRQ�LV�RQO\�FROOHFWHG�IURP�D�VLQJOH�WXPRU�

LQ�D�VPDOO�ELRSV\��³WKHUHIRUH�VHTXHQFH�GDWD�PD\�QRW�EH�UHSUHVHQWDWLYH�RI�WKH�WXPRU¶V�IXOO�FORQDO�

VSHFWUXP´��6DKLQ�	�7XUHFL���������$QRWKHU�DVSHFW�WKDW�LV�VWLOO�FXUUHQWO\�XQGHU�LQYHVWLJDWLRQ��

UHODWHV�WR�WKH�SRVVLELOLW\�RI�HUURQHRXV�PXWDWLRQ�GHWHUPLQDWLRQ��$OWKRXJK�1*6�LV�FRQVLGHUHG�

PRVWO\�UHOLDEOH��WKHUH�LV�VWLOO�D�SRVVLELOLW\�RI�HUURU�ZKHQ�GHWHUPLQLQJ�VHTXHQFH�RI�QXFOHLF�DFLG�

PXWDWLRQV��UHVXOWLQJ�LQ�WKH�HUURQHRXV�IRUPDWLRQ�RI�DQWLJHQV�LQ�WKH�YDFFLQH�DQG�WKH�LQDELOLW\�RI�WKH�

QHZ�YDFFLQH�DQWLERGLHV�WR�UHFRJQL]H�WKH�FRUUHFW�VSHFLILF�WXPRU�DQWLJHQ���

&$5�7�&HOO�7KHUDS\���&KLPHULF�DQWLJHQ�UHFHSWRU��&$5��7�FHOO�WKHUDS\�LV�DW�WKH�IRUHIURQW�

RI�JHQHWLF�HQJLQHHULQJ�LQ�WKH�ILHOG�RI�LPPXQRWKHUDS\��*HQHWLFDOO\�HQJLQHHULQJ�&'���7�DQG�

&'���7�FHOOV�LV�D�SURPLVLQJ�WHFKQLTXH�WKDW�DOORZV�IRU�WKH�SURPSW�UHFRJQLWLRQ�RI�WXPRU�VSHFLILF�

DQWLERGLHV�DQG�WKH�DWWDFKPHQW�RI�WKHVH�FXVWRPL]HG�GRPDLQV�WR�WKH�7$$��7KURXJK�WKH�

HQJDJHPHQW�RI�WZR�GRPDLQV��7�FHOO�SUROLIHUDWLRQ�LV�LQLWLDWHG��SURPSWLQJ�D�IRUFHIXO�DWWDFN�RQ�WKH�

DEQRUPDO�FHOOV�GHWHFWHG��&$5�7�FHOOV�DUH�FUHDWHG�LQ�WKH�ODERUDWRU\�DQG�JLYH�LPPXQH�FHOOV�WKH�

DELOLW\�WR�UHFRJQL]H�FDQFHU�LQ�WKH�SDWLHQW�RQFH�WKH\�DUH�UHLQWURGXFHG�LQWR�WKH�EORRGVWUHDP��7KH�

LPPXQH�FHOOV��FRQVLVWLQJ�RI�PRVWO\�&'���DQG�&'���7��FHOOV��DUH�ILUVW�KDUYHVWHG�IURP�WKH�SDWLHQW�

LQ�D�SURFHVV�FDOOHG�OHXNDSKHUHVLV��ZKLFK�PLPLFV�D�EORRG�GRQDWLRQ��7KH\�DUH�WKHQ�EURXJKW�WR�WKH�

ODE�ZKHUH�FKLPHULF�DQWLJHQ�UHFHSWRUV�DUH�DGGHG�WR�WKH�VXUIDFH�LQ�HLWKHU�PXULQH�RU�KXPDQL]HG�

IRUPV��7KHVH�&$5V�JLYH�WKH�7�FHOO�WKH�DELOLW\�WR�ODWFK�RQWR�VSHFLILF�DQWLJHQV�RI�WKH�WXPRU�FHOOV�
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DQG�UHOHDVH�WKH�F\WRNLQHV�WR�GHVWUR\�WKHP��7KH\�DUH�DEOH�WR�GR�WKLV�ZLWK�WKH�DWWDFKPHQW�RI�

V\QWKHWLF�UHFHSWRUV�³FRPSRVHG�RI�VLQJOH�FKDLQ�YDULDEOH�IUDJPHQWV�WKDW�VHUYH�DV�WKH�WDUJHWLQJ�

PRLHW\´��1HZLFN��HW�DO����������7KHVH�PRGLILHG�LPPXQH�FHOOV�DUH�FDSDEOH�RI�UHFRJQL]LQJ�WKH�

WXPRU�VSHFLILF�DQWLJHQ�EDVHG�RII�RI�WKH�VSHFLILF�QXFOHLF�DFLG�VHTXHQFH�LGHQWLILHG�PXWDWLRQ�WKDW�KDV�

OHG�WR�WKH�IRUPDWLRQ�RI�WKH�DEQRUPDO�FHOOV��7KH�VSHFLILFLW\�RI�WKH�ELQGLQJ�FRPSOH[�EHWZHHQ�WKH�

&$5�7�FHOO�DQG�WXPRU�VSHFLILF�DQWLJHQ�KDV�OHG�WR�LQFUHDVHG�DYLGLW\�DQG�WKHUHIRUH��LQFUHDVHG�

HIIHFWLYHQHVV��$QRWKHU�DGYDQWDJH�LQYROYHV�7�FHOO�PHPRU\��ZKLFK�RFFXUV�ZKHQ�D�7�FHOO�

UHFRJQL]HV�DQ�DEQRUPDO�DQWLJHQ��NLOOV�LW�ZLWK�F\WRNLQHV�DQG�UHPHPEHUV�WKH�DQWLJHQ�VR�WKDW�LQ�WKH�

IXWXUH��LW�FDQ�UHFRJQL]H�DQG�DWWDFN�WKH�VDPH�FHOO�TXLFNHU�WR�DYRLG�UHODSVH�LQIHFWLRQ��7KLV�7��FHOO�

PHPRU\�KDV�WKH�FDSDELOLW\�RI�VXUYHLOODQFH��6XUYHLOODQFH�LV�WKH�DELOLW\�WR�PRQLWRU�RU�VXUYH\�IRU�WKH�

PHPRUL]HG�DQWLJHQ�VR�WKDW�LW�FDQQRW�EXLOG�XS�LQ�WKH�V\VWHP�EHIRUH�WKH�LPPXQH�FHOOV�KDYH�D�

FKDQFH�WR�DFW��7�FHOO�PHPRU\�DQG�VXUYHLOODQFH�SURYLGH�KRSH�WKDW�LPPXQRWKHUDS\�FDQ�SRWHQWLDOO\�

FUHDWH�DQ�LPPXQLW\�WR�FHUWDLQ�FDQFHUV��7KH�ERG\�ZLOO�EH�DEOH�WR�UHFRJQL]H�WKH�PDOLJQDQW�FHOO�DQG�

NLOO�LW��EHIRUH�LW�LV�DEOH�WR�PXOWLSO\�LQ�WKH�ERG\��7KLV�WKHUDS\�KDV�VKRZQ�VLJQLILFDQW�HIIHFWLYHQHVV�

LQ�%��FHOO�DFXWH�O\PSKREODVWLF�OHXNHPLD��%�$//���%�FHOO�1RQ�+RGJNLQ¶V�O\PSKRPD��%��1+/���

FKURQLF�O\PSKRF\WLF�OHXNHPLD��&//���DQG�+RGJNLQ¶V�/\PSKRPD��+/���6XFFHVVIXO�&$5�7�FHOO�

WKHUDS\�LV�GHSHQGHQW�XSRQ�IDFWRUV�UHODWLQJ�WR�WKH�7$$�W\SH�DQG�DPRXQW���

7KH�ILUVW�VWHS�LQ�VXFFHVVIXO�DGRSWLYH�7�FHOO�WKHUDS\�LV�VHOHFWLQJ�DQ�RSWLPDO�7$$�IRU�&$5�
7�FHOO�WDUJHWLQJ��7KH�LGHDO�WDUJHW�VKRXOG�PHHW�DW�OHDVW�WZR�FULWHULD��)LUVW��WKH�7$$�QHHGV�WR�
EH�VHOHFWLYHO\�H[SUHVVHG�RQ�WXPRU�FHOOV�DW�KLJK�OHYHOV�EXW�QRW�EH�H[SUHVVHG�RQ�WKH�VXUIDFH�
RI�LPSRUWDQW�QRUPDO�WLVVXHV��RU��LI�H[SUHVVHG��LW�VKRXOG�EH�DW�D�YHU\�ORZ�OHYHO���6HFRQG��WKH�
LGHDO�7$$�ZRXOG�EH�H[SUHVVHG�RQ������RI�WKH�WXPRU�FHOOV��%HFDXVH�WKH�&$5�FDQ�RQO\�
DWWDFN�FHOOV�KDYLQJ�WKH�WDUJHWHG�DQWLJHQ��VXFFHVV�ZRXOG�EH�XQOLNHO\�XQOHVV�DOPRVW�DOO�WKH�
WXPRU�FHOOV�H[SUHVVHG�WKH�7$$��1HZLFN����������

�
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7KH�DIRUHPHQWLRQHG�IDFWRUV�ZLOO�GHWHUPLQH�WKH�VXFFHVV�UDWHV��WXPRU�UHVSRQVH��DQG�LI�ERWK�FULWHULD�

DUH�SUHVHQW��WKH�UDWHV�RI�UHPLVVLRQ�ZLOO�LQFUHDVH�LQ�SDWLHQWV��%�FHOO�PDOLJQDQFLHV�DUH�WKH�SULPDU\�

FDQFHUV�DVVRFLDWHG�ZLWK�VXFFHVV�EHFDXVH�DOPRVW�DOO�%�FHOO�PDOLJQDQFLHV�FRQWDLQ�WKH�VDPH�7$$��

&'�����LQ�KLJK�DPRXQWV��2XW�RI�WKH�������FDVHV�GLDJQRVHG�RI�DFXWH�O\PSKREODVWLF�OHXNHPLD�

�$//��LQ�WKH�8QLWHG�6WDWHV��DERXW�������RI�WKRVH�DUH�IRXQG�LQ�FKLOGUHQ�DQG�DGROHVFHQWV��,Q�WKH�

WUHDWPHQW�RI�$//��%�FHOOV�ZRXOG�EH�WDUJHWHG�E\�WKH�V\QWKHWLF�&$5�7�FHOOV��,Q�WKLV�FDVH��&'����LV�

WDUJHWHG�DQG�ZLWK�WKLV�WKHUDS\��³&$57����FHOOV�DUH�FDSDEOH�RI�KLJK�SUROLIHUDWLYH�SRWHQWLDO�DQG�

FDQ�RYHUFRPH�ODUJH�WXPRU�EXUGHQV´��&DOODKDQ��HW�DO����������7KLV�LV�WKH�PDLQ�UHDVRQ�WKDW�&$5�

7�FHOO�WKHUDS\�KDV�SURYHQ�LWVHOI�KRSHIXO�LQ�WKH�WUHDWPHQW�RI�$//��&$5�7�FHOO�WKHUDS\�KDV�DOVR�

EHFRPH�D�KRSHIXO�RSWLRQ�IRU�PDQ\�SDWLHQWV�VXIIHULQJ�IURP�RWKHU�PDOLJQDQFLHV��SDUWLFXODUO\�RWKHU�

OHXNHPLDV�DQG�O\PSKRPD��7KLV�WKHUDS\���

KDV�\LHOGHG�XQSUHFHGHQWHG�HIILFDF\�LQ�%�FHOO�PDOLJQDQFLHV��PRVW�UHPDUNDEO\�LQ�DQWL�&'���
&$5�7�FHOOV�IRU�%�FHOO�DFXWH�O\PSKREODVWLF�OHXNHPLD��%�$//��ZLWK�XS�WR�D�����
FRPSOHWH�UHPLVVLRQ��+RZHYHU��WXPRU�DQWLJHQ�HVFDSH�KDV�HPHUJHG�DV�D�PDLQ�FKDOOHQJH�IRU�
WKH�ORQJ�WHUP�GLVHDVH�FRQWURO�RI�WKLV�SURPLVLQJ�LPPXQRWKHUDS\�LQ�%��FHOO�PDOLJQDQFLHV��
�:DQJ��HW�DO���������
�

:KLOH�WKLV�WKHUDS\�KDV�SURYHQ�WR�EH�HIIHFWLYH�LQ�FRQWURO�RYHU�VSHFLILF�FDQFHUV��WKHUH�LV�VLJQLILFDQW�

GLIILFXOW\�LQ�WUDQVODWLQJ�WKLV�WKHUDS\�WR�EH�HIIHFWLYH�DJDLQVW�VROLG�WXPRUV�DV�ZHOO���

5HVHDUFKHUV�DUH�DWWHPSWLQJ�WR�WUDQVODWH�WKLV�PRGDOLW\�IURP�KHPDWRORJLF�GLVRUGHUV�WR�ZRUN�

DJDLQVW�VROLG�WXPRUV��7KHUH�DUH�FHUWDLQ�GLIIHUHQFHV�EHWZHHQ�VROLG�WXPRUV�DQG�KHPDWRORJLFDO�

PDOLJQDQFLHV�WKDW�DUH�SURYLQJ�WR�EH�GLIILFXOW�LQ�RYHUFRPLQJ�WKLV�WUDQVLWLRQ��)RU�H[DPSOH��³ILQGLQJ�

VSHFLILF�WXPRU�DQWLJHQV�WKDW�DUH�KLJKO\�DQG�XQLIRUPO\�H[SUHVVHG�KDV�EHHQ�GLIILFXOW´��1HZLFN��

�������$QRWKHU�REVWDFOH�IDFLQJ�WKLV�WUDQVLWLRQ�LQFOXGHV�WKH�GLIILFXOW\�RI�KDYLQJ�WKH�QHZO\�LQIXVHG�

&$5�7�FHOOV�LQWURGXFHG�WKURXJK�WKH�EORRGVWUHDP��³LQILOWUDWH�WKH�VWURPDO�RI�VROLG�WXPRUV�LQ�RUGHU�
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WR�HOLFLW�7$$��VSHFLILF�F\WRWR[LFLW\´��1HZLFN���������$OWKRXJK�LW�LV�GLIILFXOW��RQH�RI�WKH�WDUJHWHG�

SURWHLQV�IRU�UHVHDUFK�LQ�&$5�7�FHOO�WKHUDS\�LQ�VROLG�WXPRUV�LV�PHVRWKHOLQ��0HVRWKHOLQ�LV�D�

³JO\FRSURWHLQ�ZKRVH�RYHUH[SUHVVLRQ�LQ�PHVRWKHOLRPD�DQG�LQ�RYDULDQ�DQG�SDQFUHDWLF�FDUFLQRPDV��

FRPELQHG�ZLWK�ORZ�H[SUHVVLRQ�RQ�SHULWRQHDO��SOHXUDO��DQG�SHULFDUGLDO�VXUIDFHV��KDV�PDGH�LW�DQ�

DWWUDFWLYH�WDUJHW�IRU�&$5�WKHUDS\´��1HZLFN���������$OWKRXJK�WKLV�VHHPV�SURPLVLQJ��RQH�RI�WKH�

PRUH�LPSRUWDQW�IDFWRUV�WR�FRQVLGHU�LV�DQ�³RQ�WDUJHW��RII�WXPRU´�UHDFWLRQ��7KLV�RFFXUV�ZKHQ�WKH�

SURWHLQ�WDUJHWHG�LV�SUHVHQW�LQ�ORZ�OHYHOV�RQ�VXUIDFHV�RWKHU�WKDQ�WKH�WXPRU�LWVHOI��7KLV�FDQ�UHVXOW�LQ�

FHOO�GHDWK�RI�KHDOWK\�WLVVXH��7KLV�KDV�WKH�SRWHQWLDO�WR�EHFRPH�D�IDWDO�HYHQW�ZKHQ�HQRXJK�&$5�

7�FHOOV�DUH�LQIXVHG�LQWR�WKH�SDWLHQW�DV�WKH\�FDQQRW�EH�VSHFLILFDOO\�UHPRYHG�LI�DQ�DGYHUVH�HYHQW�

RFFXUV��$QRWKHU�VLGH�HIIHFW�LV�%�FHOO�DSODVLD��&$5�7�FHOOV�GR�QRW�KDYH�WKH�DELOLW\�WR�GLVWLQJXLVK�

EHWZHHQ�OHXNHPLF�DQG�KHDOWK\�%�FHOOV��UHVXOWLQJ�LQ�GHVWUXFWLRQ�RI�DOO�%�FHOOV��7KLV�FRQGLWLRQ�LV�

HDVLO\�WUHDWDEOH�ZLWK�LPPXQRJOREXOLQ�UHSODFHPHQWV�DQG�FRXQWHUDFWV�QHJDWLYH�HIIHFWV�RI�WKLV�

VSHFLILF�WKHUDS\���

1XUVHV�UHTXLUH�FRQWLQXHG�HGXFDWLRQ�RQ�WKH�WRSLF�WR�NQRZ�ZKDW�WR�GR�LQ�HDFK�VLWXDWLRQ�WKH\�

ZLOO�IDFH�ZLWK�D�SDWLHQW�UHFHLYLQJ�WKLV�WUDQVIXVLRQ��'XULQJ�WKH�DGPLQLVWUDWLRQ�RI�&$5�7�FHOOV��

QXUVHV�DUH�UHVSRQVLEOH�IRU�DOO�DVSHFWV�RI�WKH�LQIXVLRQ�SURFHVV�DV�LW�GLUHFWO\�UHODWHV�WR�WKH�VWDWXV�RI�

WKH�SDWLHQW��1XUVHV�PXVW�EH�DFFRXQWDEOH�IRU��³DGPLQLVWHULQJ�SUHPHGLFDWLRQV��PRQLWRULQJ�YLWDO�

VLJQV�SUH�DQG�SRVW�&$5�7�FHOO�LQIXVLRQ��DQG�PRQLWRULQJ�IRU�DOOHUJLF�UHDFWLRQV´��%D\HU��HW�DO���

�������3DWLHQWV�VKRXOG�VWD\�ORFDO�IRU�WKH�VL[�ZHHNV�WKDW�WKH\�DUH�UHFHLYLQJ�WUHDWPHQW�VR�WKDW�WKH\�

FDQ�EH�FDUHIXOO\�PRQLWRUHG�E\�WKH�GRFWRUV�KHDGLQJ�WKH�LQIXVLRQ��7KLV�LQFOXGHV�WKH�ZHHN�RI�

FKHPRWKHUDS\�QHHGHG�WR�GHSOHWH�WKH�LPPXQH�FHOOV�DQG�SUHSDUH�IRU�WKH�&$5�7�FHOOV�LQIXVLRQ��WKHQ�

WKH�LQIXVLRQ�ZHHN��IROORZHG�E\�IRXU�ZHHNV�RI�PRQLWRULQJ��,Q�GHWHUPLQLQJ�UHVSRQVH�WR�WUHDWPHQW�
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DQG�ORQJHYLW\�RI�&$5�7�FHOOV��PXOWLSOH�SURFHGXUHV�DUH�FRPSOHWHG��7KH�UHVSRQVH�LV�HYDOXDWHG�DW�

GD\����DIWHU�LQIXVLRQ���

ZLWK�D�ERQH�PDUURZ�DVSLUDWH��ELRSV\��DQG�GLDJQRVWLF�OXPEDU�SXQFWXUH��7KRVH�SURFHGXUHV�
DUH�UHSHDWHG�HYHU\�WKUHH�PRQWKV�IRU�WKH�ILUVW�\HDU�WR�H[DPLQH�WKH�SUHVHQFH�RI�&$57����
FHOOV�DQG�GLVHDVH�UHPLVVLRQ��&$57����FHOOV�DUH�IRXQG�LQ�WKH�SHULSKHUDO�EORRG��ERQH�
PDUURZ��DQG�FHUHEUDO�VSLQDO�IOXLG��HYHQ�LQ�SDWLHQWV�ZLWKRXW�FHQWUDO�QHUYRXV�V\VWHP�
GLVHDVH����&DOODKDQ��HW�DO����������
�

,W�LV�LPSRUWDQW�WR�NHHS�WUDFN�RI�SDWLHQWV�ZHOO�EH\RQG�WKH�FRQFOXVLRQ�RI�WKHUDS\�LQ�RUGHU�WR�

H[DPLQH�ORQJ�WHUP�EHQHILWV�RI�WKH�WKHUDS\�DQG�WR�WHVW�KRZ�LW�DIIHFWV�UHPLVVLRQ�DQG�UHODSVH�UDWHV���

7KH�WHFKQLTXHV�RI�LPPXQRWKHUDS\�DUH�SURIRXQG�DQG�DUH�EHLQJ�WHVWHG�LQ�KXQGUHGV�RI�

FOLQLFDO�WULDOV��,Q�VRPH�FDVHV��LPPXQRWKHUDS\�DORQH�LV�QRW�VXIILFLHQW�LQ�WXPRU�VXSSUHVVLRQ��

$OWKRXJK�LW�DLGV�LQ�ILJKWLQJ�WXPRU�FHOOV��LW�LV�RIWHQ�FRPELQHG�ZLWK�FKHPRWKHUDS\�RU�UDGLRWKHUDS\�

WR�DFKLHYH�PD[LPXP�HIILFDF\��&KHPRWKHUDS\�LV�XVXDOO\�LQGXFHG�EHIRUH�LPPXQRWKHUDS\�WR�

GHSOHWH�WKH�LPPXQH�V\VWHP�RI�LW¶V�LPPXQH�FHOOV�LQ�DQ�DWWHPSW�WR�UHLQWURGXFH�PRUH�SRZHUIXO�

LPPXQH�FHOOV�WR�WKH�V\VWHP��,PPXQRWKHUDS\�FDQ�EH�XVHG�WR�ILJKW�RII�UHPDLQLQJ�FDQFHU�FHOOV�DQG�

SURYLGH�VXSSRUW�IRU�ORQJ�WHUP�UHPLVVLRQ�ZKLOH�FKHPRWKHUDS\�DQG�UDGLDWLRQ�DUH�XVHG�DV�LQLWLDO�

WUHDWPHQW�PHWKRGV��6XUJHU\�LV�DOVR�LQGLFDWHG�LQ�VRPH�FDVHV��ZLWK�DGMXYDQW�FKHPRWKHUDS\�DQG�RU�

UDGLDWLRQ�WR�IROORZ��LQ�RUGHU�WR�HQVXUH�WKDW�WKH�ERG\�LV��FRPSOHWHO\�ULG�RI�DOO�WKH�FDQFHU�FHOOV���

1XUVLQJ�&RQVLGHUDWLRQV� �

7KH�QXUVLQJ�SURIHVVLRQ�LV�FRQVWDQWO\�FKDQJLQJ�DQG�HYROYLQJ�DV�QHZ�WHFKQRORJLHV�DUH�

EURXJKW�WR�WKH�IRUHIURQW��1XUVHV�DUH�FRQVWDQWO\�EHLQJ�WDXJKW�QHZ�VNLOOV��JLYHQ�QHZ�GUXJV�WR�

DGPLQLVWHU��DQG�RUGHUHG�QHZ�LQWHUYHQWLRQV�IRU�WKHLU�SDWLHQWV��VSHFLILFDOO\�WKRVH�LQ�WKH�RQFRORJ\�

VHFWRU��:KLOH�PDQ\�KRVSLWDOV�SURYLGH�LQ�VHUYLFHV�WKDW�RIIHU�TXLFN�OHDUQLQJ�RSSRUWXQLWLHV�IRU�

DQ\WKLQJ�QHZ�UHTXLUHG�E\�WKH�QXUVH��LQ�WKH�HQG��LW�LV�WKH�QXUVH¶V�UHVSRQVLELOLW\�WR�UHPDLQ�
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FRPSHWHQW�LQ�DOO�DVSHFWV�RI�WKH�SURIHVVLRQ�DQG�WR�NHHS�XS�WR�GDWH�ZLWK�WKH�QHZ�WKHUDSLHV�EHLQJ�

RIIHUHG��,W�LV�LPSRUWDQW�WR�UHPDLQ�NQRZOHGJHDEOH�VR�WKDW�WKH�QXUVH�FDQ�FRPSHWHQWO\�DQG�

FRQILGHQWO\�FDUH�IRU�HDFK�LQGLYLGXDO�SDWLHQW��,Q�RQFRORJ\�QXUVLQJ��HDFK�SDWLHQW¶V�GLDJQRVLV�LV�YHU\�

VSHFLILF�WR�WKH�W\SH�DQG�VWDJH�RI�FDQFHU��GHPDQGLQJ�WUHDWPHQW�LQ�DQ�LQGLYLGXDOL]HG�PDQQHU��(DFK�

FRXUVH�RI�WUHDWPHQW�ZLOO�YDU\�GHSHQGLQJ�XSRQ�WKH�SURJUHVVLRQ�RI�GLVHDVH��SDWLHQW�WROHUDQFH�WR�

WUHDWPHQW��DQG�DGYHUVH�HIIHFWV�HQFRXQWHUHG��DV�ZHOO�DV�SDWLHQW�SUHIHUHQFH��$OWKRXJK�WKHUH�DUH�

PDQ\�RQJRLQJ�FOLQLFDO�WULDOV�DV�ZHOO�DV�HVWDEOLVKHG�LPPXQRWKHUDS\�WUHDWPHQW�SODQV��WKLV�WKHUDS\�

LV�VWLOO�LQ�WKH�EHJLQQLQJ�VWDJHV��$VLGH�IURP�QRW�NQRZLQJ�DOO�WKH�SRVVLEOH�DGYHUVH�HYHQWV�WKDW�FRXOG�

SRWHQWLDOO\�RFFXU�ZLWK�HDFK�VSHFLILF�WKHUDS\��HDFK�LQGLYLGXDO�ZLOO�WROHUDWH�DQG�UHDFW�GLIIHUHQWO\�WR�

WKH�WKHUDSLHV��7KH�LQGLYLGXDO¶V�UHDFWLRQ�ZLOO�EH�XQSUHGLFWDEOH�EHFDXVH��W\SLFDOO\��WKHLU�ERGLHV�

KDYH�QHYHU�H[SHULHQFHG�DQ\WKLQJ�UHPRWHO\�FORVH�WR�WKHVH�LQWHUYHQWLRQV���

7KH�UHFRPPHQGDWLRQV�DQG�JXLGHOLQHV�IRU�DGPLQLVWHULQJ�LPPXQRWKHUDSHXWLF�DJHQWV�DUH�

FRQVWDQWO\�HYROYLQJ�DV�QHZ�GHYHORSPHQWV�DUH�UHFRUGHG��7KH�2QFRORJ\�1XUVLQJ�6RFLHW\��216��LV�

DQ�RUJDQL]DWLRQ�FRQVLVWLQJ�RI�H[SHULHQFHG�RQFRORJ\�QXUVHV�WKDW�SXEOLVK�OLWHUDWXUH�RQ�YDULRXV�

DVSHFWV�RI�RQFRORJLF�QXUVLQJ��$FFRUGLQJ�WR�WKH�216��QXUVHV�VKRXOG��³KDYH�D�IXQGDPHQWDO�

NQRZOHGJH�RI�WKH�FODVV�RI�LPPXQRWKHUDS\�WKH�SDWLHQW�LV�UHFHLYLQJ��DV�ZHOO�DV�NQRZOHGJH�RI�

VSHFLILF�DJHQWV�DQG�SURWRFROV�WR�IROORZ��DQG�DSSO\�WKLV�NQRZOHGJH�WR�DGPLQLVWUDWLRQ�DQG�

PRQLWRULQJ�IRU�HIILFDF\�DQG�DGYHUVH�HYHQWV�GXULQJ�WKH�WUHDWPHQW�WUDMHFWRU\´��:LOH\��HW�DO����������

,W�LV�IXQGDPHQWDOO\�LPSRUWDQW�WR�KDYH�D�VROLG�NQRZOHGJH�RI�LPPXQRWKHUDSHXWLF�DJHQWV��DV�WKH\�

DUH�DVVRFLDWHG�ZLWK�YHU\�LQGLYLGXDOL]HG�DQG�SRWHQWLDOO\�OLIH�WKUHDWHQLQJ�FRPSOLFDWLRQV��7KH�216�

VXJJHVWV�WKDW�WKH�LPPXQRWKHUDSHXWLF�DJHQWV�EH�KDQGOHG�ZLWK�WKH�³VDPH�OHYHO�RI�FDUH�DQG�

YLJLODQFH�DV�RWKHU�QHRSODVWLF�DJHQWV´��:LOH\��HW�DO����������:KLOH�DGPLQLVWHULQJ�
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LPPXQRWKHUDSHXWLF�DJHQWV��MXVW�DV�ZLWK�FKHPRWKHUDS\�RU�EORRG�SURGXFWV��LW�LV�LPSRUWDQW�WR�

³HQVXUH�WKDW�LQGHSHQGHQW�FKHFNV�EHWZHHQ�WZR�SURIHVVLRQDOV�GHHPHG�FRPSHWHQW�LQ�

LPPXQRWKHUDS\�DGPLQLVWUDWLRQ�DUH�YHULI\LQJ�DQG�GRFXPHQWLQJ�FULWLFDO�FRPSRQHQWV�RI�

DGPLQLVWUDWLRQ�RUGHUV��VXFK�DV�SDWLHQW�LGHQWLILHUV��GUXJ�QDPH�DQG�GRVH��URXWH�DQG�UDWH�RI�

DGPLQLVWUDWLRQ��DQG�GRVLQJ�FDOFXODWLRQ�YDULDEOHV´��:LOH\��HW�DO�����������:LWK�DGYDQFLQJ�PHGLFLQH�

FRPHV�LQFUHDVHG�NQRZOHGJH�RQ�WKH�PRVW�HIIHFWLYH�FRXUVHV�RI�WUHDWPHQW�DJDLQVW�FDQFHU��,Q�

QXUVLQJ��LW�LV�FUXFLDO�WR�KDYH�WKH�³NQRZOHGJH�RI�DQWL�QHRSODVWLF�SULQFLSOHV�LQ�FRQMXQFWLRQ�ZLWK��

UDWKHU�WKDQ�LQ�LVRODWLRQ�RI��RQH�DQRWKHU´��*LQH[��HW�DO����������2QH�RI�WKHVH�WUHDWPHQW�FRXUVHV�

LQFOXGH�PXOWLPRGDOLW\�WUHDWPHQWV��DOVR�NQRZQ�DV�FRPELQDWLRQ�WKHUDS\��7KLV�WKHUDS\�LQFRUSRUDWHV�

PXOWLSOH�WKHUDSLHV�LQWR�RQH�SDWLHQW¶V�FDUH��)RU�H[DPSOH��FKHPRWKHUDS\��UDGLDWLRQ��DQG�

LPPXQRWKHUDS\�DJHQWV��XVHG�LQ�YDULRXV�FRPELQDWLRQV�ZLWK�HDFK�RWKHU�WR�LQFUHDVH�WKH�FKDQFH�RI�

VXFFHVV�LQ�VXSSUHVVLQJ�WKH�WXPRU���

1XUVHV�DUH�RQ�WKH�IURQWOLQHV�DQG�ORJ�WKH�PRVW�KRXUV�RI�GLUHFW�SDWLHQW�FDUH�FRPSDUHG�WR�DOO�

PHPEHUV�RI�WKH�FDUH�WHDP��7KHUHIRUH��LW�LV�FUXFLDO�WR�WKH�GHYHORSPHQW�RI�D�VXFFHVVIXO�FDUH�SODQ�

DQG��XOWLPDWHO\��D�SRVLWLYH�SDWLHQW�RXWFRPH�WKDW�QXUVHV�DVVHVV��GRFXPHQW��DQG�PDQDJH�V\PSWRPV�

RI�SDWLHQWV��1XUVH¶V�ILUVWKDQG�H[SHULHQFH�ZLWK�WKH�V\PSWRPV�DVVRFLDWHG�ZLWK�DQ\�WKHUDS\�DQG�DUH�

FUXFLDO�LQ�GHWHUPLQLQJ�KRZ�WR�SURSHUO\�PDQDJH�WKRVH�V\PSWRPV��6\PSWRP�PDQDJHPHQW�LV�RQH�RI�

WKH�PRVW�LPSRUWDQW�PHWKRGV�RI�LQFUHDVLQJ�TXDOLW\�RI�OLIH��QRW�RQO\�LQ�WKH�LQSDWLHQW�VHWWLQJ��EXW�DOVR�

SDWLHQW�HGXFDWLRQ�RI�KRZ�WR�PDQDJH�V\PSWRPV�DW�KRPH��4XDOLW\�DVVHVVPHQW�DQG�GRFXPHQWDWLRQ�

FDQ�KHOS�SUHGLFW�DQG�PDQDJH�V\PSWRPV�PRUH�HIIHFWLYHO\�LQ�WKH�FDQFHU�SDWLHQW�SRSXODWLRQ���

1XUVLQJ¶V�$GYRFDF\�5ROH��
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,W�LV�YHU\�LPSRUWDQW�WR�GHYHORS�WKH�VNLOO�RI�WKHUDSHXWLF�FRPPXQLFDWLRQ�WR�SURSHUO\�FDUH�IRU�

WKHVH�SDWLHQWV��&RPPXQLFDWLRQ�LV�UHTXLUHG�WR�FUHDWH�D�WUXVWLQJ�DQG�KRQHVW�UHODWLRQVKLS�ZLWK�WKH�

FOLHQW�DV�ZHOO�DV�WR�HIIHFWLYHO\�GHYHORS�D�FDUH�SODQ�ZLWK�WKH�FDUH�WHDP�FRQVLVWLQJ�RI�GRFWRUV��

WKHUDSLVWV��SV\FKLDWULVWV��SK\VLFDO�WKHUDSLVWV��DQG�RFFXSDWLRQDO�WKHUDSLVWV��%\�FRPPXQLFDWLQJ�

HIIHFWLYHO\��QXUVHV�FDQ�EHFRPH�DGYRFDWHV�IRU�WKHLU�SDWLHQWV�DQG�WKHLU�IDPLOLHV��1XUVHV�DUH�

RIWHQWLPHV�FRQVLGHUHG�WKH�H[WHQVLRQ�RI�WKH�SDWLHQW�WR�WKH�FDUH�WHDP�DQG�DGYRFDWHV�IRU�WKH�SDWLHQW¶V�

QHHGV��ZDQWV��ZLVKHV�DQG�SUHIHUHQFHV�WR�WKH�SK\VLFLDQV��,W�LV�LPSRUWDQW�WR�UHPDLQ�NQRZOHGJHDEOH�

DERXW�WKH�FXUUHQW�WKHUDSLHV�DYDLODEOH�VR�WKDW�WKH�QXUVH�FDQ�DFW�DSSURSULDWHO\�DQG�LQ�WKH�EHVW�

LQWHUHVW�RI�WKH�FOLHQW�ZKLOH�DGYRFDWLQJ���

1XUVHV�KDYH�PRUH�RI�DQ�DXWRQRPRXV�UROH�LQ�WKH�PHGLFDO�ILHOG�WRGD\�WKDQ�WKH\�GLG�\HDUV�

DJR��DQG�PHGLFDO�SURIHVVLRQDOV�DUH�PRUH�UHFHSWLYH�WR�QXUVH¶V�RSLQLRQV�WKDQ�HYHU�EHIRUH��

+RZHYHU��ZLWK�WKLV�LQFUHDVHG�UROH�FRPHV�JUHDWHU�UHVSRQVLELOLW\��1XUVHV�PXVW�XQGHUVWDQG�DQG�EH�

FRPIRUWDEOH�ZLWK�WKHLU�RZQ�YDOXHV��EHOLHIV��DQG�PRUDOV�EHIRUH�WKH\�FDQ�KHOS�JXLGH�RWKHUV�WKURXJK�

WKHLU�MRXUQH\��,W�LV�DOVR�H[WUHPHO\�LPSRUWDQW�IRU�QXUVHV�WR�EH�NQRZOHGJHDEOH�DERXW�

LPPXQRWKHUDS\�DV�LW�LV�EHFRPLQJ�LQFUHDVLQJO\�SRSXODU��,W�LV�LPSRUWDQW�IRU�QXUVHV�WR�EH�DZDUH�RI�

QHZ�WHFKQRORJ\�LQ�WKH�ILHOG�VR�WKH\�FDQ�IXOO\�DQG�DFFXUDWHO\�DQVZHU�TXHVWLRQV�IURP�SDWLHQWV��,Q�

RUGHU�WR�EH�ZHOO�LQIRUPHG�DGYRFDWHV�IRU�WKHLU�SDWLHQWV��QXUVHV�PXVW�EH�XSGDWHG�RQ�WKH�ODWHVW�

LPPXQRWKHUDSHXWLF�DJHQWV��,W�LV�LPSRUWDQW�WR�EH�DEOH�WR�KROG�FRQYHUVDWLRQV�DERXW�GLVHDVH�

WUHDWPHQW�RSWLRQV�DQG�IRU�RQFRORJ\�QXUVHV�LQ�SDUWLFXODU��FRQYHUVDWLRQV�DERXW�FKHPRWKHUDS\��

UDGLRWKHUDS\�DQG�LPPXQRWKHUDS\�DUH�H[WUHPHO\�FRPPRQ���

$GYRFDF\�DOVR�FRPHV�LQ�WKH�IRUP�RI�FDULQJ�IRU�\RXU�SDWLHQW�LQ�WKH�EHVW�SRVVLEOH�ZD\��

$FFRUGLQJ�WR�216��³XQGHUVWDQGLQJ�WKH�PHFKDQLVPV�RI�DFWLRQ�LV�HVVHQWLDO�LQ�GHWHUPLQLQJ�
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SRWHQWLDO�ULVNV�WR�WKH�SDWLHQW��WKHLU�IDPLO\�DQG�FDUHJLYHUV��DQG�KHDOWKFDUH�SURYLGHUV´��:LOH\��HW�DO���

�������1XUVHV�PXVW�EH�DZDUH�RI�WKHVH�SRWHQWLDO�VLGH�HIIHFWV��SRWHQWLDO�UHDVRQV�IRU�FRQWUDLQGLFDWLRQ�

RI�WKHUDSLHV�VR�WKH\�FDQ�FDUH�IRU�WKHLU�FOLHQWV�DSSURSULDWHO\�EHIRUH��GXULQJ��DQG�DIWHU�FKRVHQ�

WKHUDS\�LV�LQGXFHG��&RPSHWHQF\�LV�PDLQWDLQHG�WKURXJK�FRQVWDQW�OHDUQLQJ��UHVHDUFKLQJ��DQG�

GHYHORSLQJ��,W�LV�LPSHUDWLYH�WR�KROG�D�FHUWDLQ�FRPSHWHQF\�OHYHO�ZKLOH�FDULQJ�IRU�YXOQHUDEOH�

SRSXODWLRQV��*HQH�HGLWLQJ�LV�DQ�HIIHFWLYH�DQG�ZRUOG�FKDQJLQJ�WHFKQRORJ\�WKDW�FRXOG�FKDQJH�KRZ�

VRFLHW\�IXQFWLRQV��7KLV�WHFKQRORJ\�OHDSV�RXW�RI�WKH�PHGLFDO�ZRUOG�DQG�HQWHUV�ILHOGV�VXFK�DV�

SV\FKRORJ\��VRFLRORJ\��HWKLFV�DQG�JHQHDORJ\��,W�LV�LPSRUWDQW�WKDW�VFLHQWLVWV�DQWLFLSDWH�DV�PDQ\�

SRVVLEOH�HIIHFWV�RI�XVLQJ�WKLV�WHFKQRORJ\�DV�SRVVLEOH�VR�WKDW�ZH�FDQ�SUHSDUH�IRU�WKH�IXWXUH�

VFHQDULRV�WKDW�VFLHQFH�KDV�QRW�\HW�VHHQ��,Q�WHUPV�RI�HWKLFV��ZH�QHHG�WR�GHFLGH�LI�HDFK�DFWLRQ�ZH�

WDNH�LV�RI�KLJK�PRUDO�TXDOLW\�DQG�PHHWV�WKH�HWKLFDO�VWDQGDUGV�RI�JRRG�SUDFWLFH���

7KH�(WKLFV�EHKLQG�*HQH�(GLWLQJ�

7KH�ODUJHVW�GHEDWH�VXUURXQGLQJ�WKH�GLVFXVVLRQ�RI�JHQH�HGLWLQJ�DQG�HXJHQLFV�LQYROYHV�

HWKLFDO�SULQFLSOHV�DQG�ZKHWKHU�WKLV�WHFKQRORJ\�LQIULQJHV�XSRQ�WKHP�RU�XSKROGV�WKHP��:LWK�

UHJDUGV�WR�LPPXQRWKHUDS\��PRVW�SHRSOH�DUJXH�WKDW�JHQH�HGLWLQJ�KDV�EHHQ�XVHG�LQ�D�PDQQHU�WKDW�

ZLOO�KHOS�LQGLYLGXDOV�PDLQWDLQ�D�TXDOLW\�RI�OLIH��+RZHYHU��IURP�WKLV�JURZLQJ�WHFKQRORJ\�FRPHV�

WKH�RWKHU�WHFKQRORJLHV�WKDW�VSURXW�IURP�LW��)RU�H[DPSOH��RQH�RI�WKH�PDMRU�HWKLFDO�GLOHPPDV�

DVVRFLDWHG�ZLWK�JHQH�WKHUDS\�LV�WKH�DUJXPHQW�RI�GHVLJQHU�EDELHV��*HQH�HGLWLQJ�KDV�EHHQ�SURSRVHG�

WR�EH�XVHG�LQ�WKH�DELOLW\�WR�FKDQJH�WKH�JHQHWLF�PDNHXS�RI�RQH¶V�XQERUQ�EDE\�WR�FKRRVH�FHUWDLQ�

WUDLWV�\RX�ZRXOG�OLNH�WKH�EDE\�WR�SRVVHVV��,W�KDV�EHHQ�GLVFXVVHG�WKDW�LI�VFLHQFH�VWDUWV�XVLQJ�WKH�

JHQHWLF�HQJLQHHULQJ�WHFKQLTXHV�WR�WUHDW�FXUUHQW�GLVHDVH�DQG�SUHYHQW�RQVHW�RI�QHZ�GLVHDVH��D�GRRU�
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ZRXOG�EH�RSHQHG�WKDW�ZRXOG�DOORZ�VFLHQWLVWV�WR�SOD\�D�ODUJHU�UROH�LQ�HYROXWLRQ�WKDQ�WKH\�VKRXOG�EH�

DOORZHG���

7KH�HWKLFDO�SULQFLSOH�DW�WKH�IRUHIURQW�RI�WKLV�GLVFXVVLRQ�LV�DXWRQRP\��$XWRQRP\�LV�GHILQHG�

DV��³WKH�DELOLW\�WR�PDNH�\RXU�RZQ�GHFLVLRQV�ZLWKRXW�EHLQJ�FRQWUROOHG�E\�DQ\RQH�HOVH´�

�³$XWRQRP\´��Q�G���,W�LV�DQ�LQGLYLGXDO
V�ULJKW�WR�SUDFWLFH�DXWRQRP\�DQG�GHFLGH�ZKDW�WUHDWPHQWV�

WKH\�ZLOO�XQGHUJR�RU�UHIXVH��6SHFLILF�WR�WKH�FDQFHU�SRSXODWLRQ��WKH�ULJKW�WR�DXWRQRP\�DOVR�GHDOV�

ZLWK�WKH�ULJKW�WR�SDOOLDWLYH�FDUH�DQG�WKH�GHFLVLRQ�WR�GLH�ZLWK�GLJQLW\�LI�WKH�GHFLVLRQ�WR�IRUJR�

WUHDWPHQW�LV�PDGH��$OWKRXJK�LW�EHFRPHV�D�GLVFXVVLRQ�EHWZHHQ�WKH�FOLHQW�DQG�WKH�FDUH�WHDP��

XOWLPDWHO\�WKH�GHFLVLRQ�RI�ZKHWKHU�RU�QRW�WR�XQGHUJR�LPPXQRWKHUDS\�OLHV�ZLWK�WKH�FOLHQW��,W�LV�

ZLWKLQ�WKH�UROH�RI�WKH�QXUVH�WR�DGYRFDWH�IRU�DQG�KHOS�JXLGH�WKH�FOLHQW�WKURXJK�WKHLU�MRXUQH\���

$QRWKHU�HWKLFDO�FRQVLGHUDWLRQ�LQ�WKH�DUJXPHQW�LV�UHODWHG�WR�QRQPDOHILFHQFH�DQG�

EHQHILFHQFH��1RQPDOHILFHQFH�LV�WKH�EDVLF�³HWKLFDO�SULQFLSOH�RI�GRLQJ�QR�KDUP´�

�³1RQPDOHILFHQFH´��Q�G���1RQPDOHILFHQFH�LV�HYLGHQW�LQ�WKH�DUJXPHQW�RI��³ZKHWKHU�WKH�WHFKQRORJ\�

LV��RU�ZLOO�HYHU�EH��VXIILFLHQWO\�VDIH�IRU�FOLQLFDO�XVH��7KH�PRVW�REYLRXV�VDIHW\�KD]DUG�FXUUHQWO\�

UHODWHG�WR�&5,635�LV�WKH�ULVN�RI�XQLQWHQGHG�HGLWV´��*XPHU���������7KHUH�KDV�EHHQ�HYLGHQFH�WKDW�

WKLV�WKHUDS\�KDV�LQIOLFWHG�KDUP�XSRQ�SDWLHQWV��$OWKRXJK�WKLV�KDV�EHHQ�XQLQWHQWLRQDO��LW�LV�VWLOO�

SRWHQWLDOO\�GDQJHURXV��$FFRUGLQJ�WR�*XPHU���������³VFLHQWLVWV�DUH�ZRUNLQJ�WR�LPSURYH�WKH�

SUHFLVLRQ�RI�&5,635�VXFK�WKDW�WKH�ULVN�RI�RII�WDUJHW�HGLWV�LV�OLNHO\�WR�GHFUHDVH´���������,I�WKH�

SUHFLVLRQ�RI�JHQHWLF�HGLWLQJ�FDQ�EH�HQKDQFHG��WKH�UDWHV�RI�VXFFHVV�DPRQJ�LPPXQRWKHUDS\�

UHFLSLHQWV�PD\�LQFUHDVH���

$V�SUHYLRXVO\�PHQWLRQHG��DV�QXUVHV��ZH�QHHG�WR�HQVXUH�WKDW�ZH�DUH�DGYRFDWLQJ�IRU�SDWLHQW�

VDIHW\��1RQPDOHILFHQFH�IDOOV�LQ�FRQMXQFWLRQ�ZLWK�EHQHILFHQFH��7KH�GHVLUH�WR�GR�JRRG�LV�GLUHFWO\�
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UHODWHG�WR�GRLQJ�QR�KDUP��7KLV�WHFKQRORJ\�FKDOOHQJHV�WKLV�LGHD�EHFDXVH�ZKLOH�ZH�KDYH�WKH�DELOLW\�

WR�GR�JRRG�IRU�D�ORW�RI�SHRSOH��ZH�FRXOG�DOVR�SRWHQWLDOO\�GR�KDUP�GXH�WR�WKH�IDFW�WKDW�³PRVW�

GLVHDVHV�DQG�GLVDELOLWLHV�DUH�LQIOXHQFHG�E\�D�FRPSOH[�LQWHUSOD\�RI�QXPHURXV�JHQHV´��*XPHU��

��������7KLV�ZRXOG�PDNH�XVLQJ�WKH�WKHUDS\�PRUH�GLIILFXOW��EHFDXVH�WKH�OLNHOLKRRG�RI�HUURU�

LQFUHDVHV�ZKHQ�PXOWLSOH�JHQHV�DUH�LQYROYHG���

��/DVWO\��WKH�ELRHWKLFDO�SULQFLSOH�RI�MXVWLFH�LV�H[SODLQHG�LQ�UHODWLRQ�WR�JHQH�HGLWLQJ��,V�LW�

MXVWLILDEOH�WKDW�LPPXQRWKHUDS\�LV�XVHG�RQ�RQO\�FHUWDLQ�SRSXODWLRQV"�,V�LW�HWKLFDO�WR�HGLW�JHUPOLQH�

FHOOV�ZKHQ�IXWXUH�JHQHUDWLRQV�KDYH�QR�VD\"�,V�LW�MXVWLILDEOH�WR�DOORZ�WKH�HOLWH�DQG�ZHDOWK\�WR�XVH�

WKLV�WHFKQRORJ\�ZKLOH�WKH�OHVV�ZHDOWK\�FDQ¶W�DIIRUG�LW��WKHUHE\�FUHDWLQJ�JUHDWHU�GLVSDULW\�EHWZHHQ�

FODVVHV"�7KHVH�TXHVWLRQV�KLQGHU�WKH�SURJUHVVLRQ�DQG�DGYDQFHPHQWV�RI�&5,635�JHQH�HGLWLQJ��,Q�

WKH�DUJXPHQW�UHODWLQJ�WR�JHQRPH�HGLWLQJ�LQ�WKH�JHUPOLQH�FHOOV��LV�LW�MXVWLILDEOH�WKDW�SDUHQWV�FKRRVH�

WKH�WUDLWV�RI�WKHLU�FKLOG"�:KR�JHWV�WR�GHFLGH�ZKDW�WUDLWV�DUH�GHVLUDEOH�DQG�ZKLFK�WUDLWV�DUH�

XQGHVLUDEOH"�7KHVH�DUH�HWKLFDO�GLOHPPDV�UHODWHG�WR�SULQFLSOHV�XSRQ�ZKLFK�LQGLYLGXDOV�EDVH�WKHLU�

HYHU\GD\�GHFLVLRQV��,W�LV�H[WUHPHO\�LPSRUWDQW�IRU�QXUVHV�WR�XQGHUVWDQG�WKHLU�RZQ�EHOLHIV��DQG�

YDOXHV�DQG�WR�FRPH�WR�WHUPV�ZLWK�WKHLU�RSLQLRQV�RQ�JHQH�HGLWLQJ�EHIRUH�EHLQJ�DEOH�WR�

QRQ�MXGJPHQWDOO\�FDUH�IRU�RWKHUV���

0HWKRGRORJ\��

,Q�WKH�SURFHVV�RI�UHVHDUFKLQJ�WKH�FXUUHQW�PHWKRGV�RI�JHQH�HGLWLQJ�LQ�KHDOWKFDUH�DV�LW�

UHODWHV�WR�RQFRORJLFDO�SUDFWLFHV��D�PL[HG�PHWKRGV�UHYLHZ�ZDV�GRQH�WR�DQDO\]H�FXUUHQW�GDWD�LQ�WKH�

ILHOG��0RVW�RI�WKH�LQIRUPDWLRQ�VRXUFHG�LV�IURP�VFKRODUO\�MRXUQDOV��7KH�2QFRORJ\�1XUVLQJ�6RFLHW\��

DQG�LQIRUPDWLRQ�SURYLGHG�E\�0HPRULDO�6ORDQ�.HWWHULQJ�&DQFHU�&HQWHU�ZHEVLWH��7KH�MRXUQDOV�

ZHUH�IRXQG�WKURXJK�WKH�3DFH�/LEUDU\�'DWDEDVH�XVLQJ�3XE0HG�DQG�&,1$+/��7KURXJK�DQDO\VLV�RI�
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WKHVH�UHVRXUFHV��D�IXOO�DQG�FRPSOHWH�WKHVLV�ZDV�FUHDWHG�WR�H[SODLQ�WKH�YDU\LQJ�PHWKRGV�RI�JHQH�

HGLWLQJ�LQ�WRGD\¶V�PHGLFDO�ILHOG�DV�LW�UHODWHV�WR�RQFRORJ\��6HDUFK�ZRUGV�ZHUH�XVHG�WR�ILOWHU�UHVXOWV�

DQG�REWDLQ�WKH�PRVW�VSHFLILF�UHVRXUFHV�DYDLODEOH��6RPH�RI�WKH�VHDUFK�ZRUGV�XVHG�ZHUH��

LPPXQRWKHUDS\��JHQRPH�HGLWLQJ��HXJHQLFV��HWKLFV��FDQFHU�WUHDWPHQW��+RZHYHU�WKRXVDQGV�RI�

UHVXOWV�ZHUH�IRXQG��7R�IXUWKHU�VSHFLI\�WKH�VHDUFK��WKH�IROORZLQJ�ZRUGV�DQG�SKUDVHV�ZHUH�DGGHG��

FKLPHULF�DQWLJHQ�UHFHSWRUV��FDQFHU�YDFFLQHV��SDWLHQW�RXWFRPHV�UHODWHG�WR�FDQFHU�LPPXQRWKHUDS\��

JHQH�HGLWLQJ�DQG�LPPXQRWKHUDS\��LPPXQH�FKHFNSRLQW�LQKLELWRUV��DQG�FDQFHU�UHPLVVLRQ�UDWHV��7KH�

GDWD�ZDV�FROOHFWHG�IURP�FOLQLFDO�WULDOV��V\VWHPDWLF�UHYLHZV�DQG�ZLWKLQ�D�WLPH�SHULRG�RI�WHQ�\HDUV��

7KH�WLPH�SHULRG�ZDV�GHWHUPLQHG�EDVHG�RQ�WKH�IDFW�WKDW�WKLV�WKHUDS\�KDV�JUHDWO\�HYROYHG�RYHU�WKH�

SDVW����\HDUV�VR�HYLGHQFH�IURP�WKDW�WLPH�NHSW�LWV�UHOHYDQFH��:KLOH�LQFRUSRUDWLQJ�WKH�GDWD�LQWR�WKLV�

WKHVLV��FRQWHQW�DQDO\VLV�ZDV�SHUIRUPHG��7KH�SURFHVV�RI�GHILQLQJ�NH\�ZRUGV�DQG�SKUDVHV�WR�EHWWHU�

XQGHUVWDQG�DQG�H[SODLQ�WKH�WRSLF�ZDV�FUXFLDO��7KHPDWLF�DQDO\VLV�ZDV�DOVR�SHUIRUPHG�WR�

XQGHUVWDQG�KRZ�HDFK�WKHUDS\�UHODWHG�WR�RQH�DQRWKHU�DV�ZHOO�DV�KRZ�LW�ILW�LQWR�WKH�RYHUDUFKLQJ�

WKHPH�RI�FDQFHU�WKHUDSLHV�DQG�WKH�UROH�RI�QXUVLQJ�LQ�WKRVH�WKHUDSLHV���

&RQFOXVLRQ��

7KH�SURFHVV�RI�JHQH�HGLWLQJ�KDV�WDNHQ�WKH�PHGLFDO�ILHOG�E\�VWRUP�DQG�KDV�GUDVWLFDOO\�

LPSURYHG�FDQFHU�UHVHDUFK��,W�FRQWLQXHV�WR�JLYH�KRSH�WR�LQFUHDVLQJ�UHPLVVLRQ�UDWHV�ZLWK�WKH�

SRWHQWLDO�RI�FUHDWLQJ�DQ�LPPXQLW\�WR�FHUWDLQ�FDQFHUV��,PPXQRWKHUDSLHV�VXFK�DV�LPPXQH�

FKHFNSRLQW�LQKLELWRUV��FDQFHU�YDFFLQHV��DQG�FKLPHULF�DQWLJHQ�UHFHSWRU�7�FHOOV�KDYH�EHHQ�

WKRURXJKO\�H[SODLQHG��7KH�SDWKRSK\VLRORJ\�EHKLQG�HDFK�WKHUDS\�DV�ZHOO�DV�QXUVLQJ�

FRQVLGHUDWLRQV�DQG�SDWLHQW�RXWFRPHV�ZHUH�DQDO\]HG�DQG�LQWHUSUHWHG��1RQH�RI�WKHVH�WKHUDSLHV�

ZRXOG�EH�SRVVLEOH�ZLWKRXW�WKH�WHFKQRORJ\�RI�JHQRPH�HGLWLQJ��*HQH�HGLWLQJ�SURYLGHV�WKH�
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IRXQGDWLRQ�LQ�ZKLFK�RQH¶V�RZQ�LPPXQH�FHOOV�DUH�PDQLSXODWHG�DW�WKH�QXFOHLF�DFLG�OHYHO�WR�HQKDQFH�

WKH�LPPXQH�V\VWHP¶V�UHVSRQVH�DJDLQVW�IRUHLJQ�LQYDGHUV��$OWKRXJK�JHQH�HGLWLQJ�LV�LQ�WKH�

EHJLQQLQJ�VWDJHV�RI�WUHDWLQJ�QRQ�FDQFHURXV�GLVHDVH��WKH�W\SHV�RI�LPPXQRWKHUDS\�GLVFXVVHG�DUH�

VSHFLILF�WR�WKH�FDQFHU�SRSXODWLRQ��:KHQ�FDULQJ�IRU�SDWLHQWV�ZLWK�WKLV�FKURQLF�LOOQHVV��LW�LV�

LPSRUWDQW�WR�UHFRJQL]H�WKDW�³FDQFHU�LV�QRW�RQH�GLVHDVH�EXW�KXQGUHGV²HDFK�ZLWK�LWV�RZQ�XQLTXH�

IHDWXUHV��WUHDWPHQW�FKDOOHQJHV��DQG�YXOQHUDELOLWLHV´��*LQH[��HW�DO�����������7KHUHIRUH��FDUH�PXVW�EH�

LQGLYLGXDOL]HG�WR�PDLQWDLQ�WKH�KLJKHVW�TXDOLW\�RI�OLIH�DFKLHYDEOH�IRU�WKHVH�SDWLHQWV�DW�DOO�VWDJHV�RI�

WKH�GLVHDVH�SURFHVV��7KLV�LQGLYLGXDOL]HG�QDWXUH�RI�WKH�GLVHDVH�PDNHV�LPPXQRWKHUDS\�D�SULPH�

FKRLFH�GXH�WR�LWV�FDSDFLW\�WR�EH�VSHFLILHG�WR�WKH�51$�DQG�'1$�RI�HDFK�LQGLYLGXDO�FHOO��%\�

LPSURYLQJ�LPPXQRWKHUDS\��ILQGLQJ�QHZ�FDQFHU�ZHDNQHVVHV��DQG�XVLQJ�FRPELQHG�GUXJ�WKHUDS\��

WKLV�PHWKRG�FDQ�JUHDWO\�DOWHU�WKH�IXWXUH�RI�FDQFHU�UHVHDUFK��*HQH�HGLWLQJ�KDV�FKDQJHG�WKH�ZD\�WKDW�

VFLHQWLVWV�DQG�GRFWRUV�KDYH�WKRXJKW�DERXW�PHGLFLQH�DQG�ZLOO�FRQWLQXH�WR�SDYH�WKH�SDWKZD\�IRU�

IXWXUH�WUHDWPHQW�PRGDOLWLHV�DFURVV�DOO�PHGLFDO�ILHOGV���
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�

5HIHUHQFHV��
�

$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ����������3XEOLFDWLRQ�0DQXDO�RI�WKH�$PHULFDQ�3V\FKRORJLFDO�

$VVRFLDWLRQ���WK�HG���

$XWRQRP\��Q�G���5HWUHLYHG�IURP�

KWWSV���GLFWLRQDU\�FDPEULGJH�RUJ�XV�GLFWLRQDU\�HQJOLVK�DXWRQRP\�

%D\HU��9���$PD\D��%���%DQLHZLF]��'���&DOODKDQ��&���0DUVK��/���0F&R\��$����������&DQFHU�

,PPXQRWKHUDS\�� �&OLQLFDO�-RXUQDO�RI�2QFRORJ\�1XUVLQJ�������SS��������� �KWWSV����GRL�RUJ�

�����������&-21�V��������

%XWWHUILHOG�/��+����������&DQFHU�YDFFLQHV�� �%0-��&OLQLFDO�UHVHDUFK�HG�� ����������K������

KWWSV���GRL�RUJ���������EPM�K����

&DOODKDQ��&���%DQLHZLF]��'����(O\��%����������&DU�7�&HOO�7KHUDS\�� �&OLQLFDO�-RXUQDO�RI�2QFRORJ\�

1XUVLQJ�������SS���������KWWSV����GRL�RUJ�����������&-21�6���������

&DQFHU�9DFFLQHV���Q�G����5HWULHYHG�$SULO�����������IURP�

KWWSV���ZZZ�PVNFF�RUJ�FDQFHU�FDUH�GLDJQRVLV�WUHDWPHQW�FDQFHU�WUHDWPHQWV�LPPXQRWKHUDS

\�FDQFHU�YDFFLQHV�

&KHFNSRLQW�,QKLELWRUV���Q�G���5HWULHYHG�$SULO�����������IURP�

KWWSV���ZZZ�PVNFF�RUJ�FDQFHU�FDUH�GLDJQRVLV�WUHDWPHQW�FDQFHU�WUHDWPHQWV�LPPXQRWKHUDS

\�FKHFNSRLQW�LQKLELWRUV�

'DUYLQ��3���7RRU��6�0���6DVLGKDUDQ�1DLU��9��HW�DO�����������,PPXQH�FKHFNSRLQW�LQKLELWRUV��UHFHQW�

SURJUHVV�DQG�SRWHQWLDO�ELRPDUNHUV�� �([S�0RO�0HG����� ��±�� ���

KWWSV���GRL�RUJ���������V�����������������
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(XJHQLFV���Q�G���5HWULHYHG�IURP ��KWWSV���ZZZ�PHUULDP�ZHEVWHU�FRP�GLFWLQDU\�HXJHQLFV ���

)HUQDQGH]��&��5������������'LVHDVH�&5,635�WHFKQRORJ\�FRXOG�FXUH��5HWULHYHG�IURP�

KWWSV���ZZZ�ODELRWHFK�HX�WRSV�FULVSU�WHFKQRORJ\�FXUH�GLVHDVH��

*HQHWLFV�+RPH�5HIHUHQFH��������$SULO������ �:KDW�DUH�JHQRPH�HGLWLQJ�DQG�&5,635�&$6��"�

KWWSV���JKU�QOP�QLK�JRY�SULPHU�JHQRPLFUHVHDUFK�JHQRPHHGLWLQJ�

*LQH[��3����%UDVVLO�.���(O\��%����������,PPXQRWKHUDS\�� �&OLQLFDO�-RXUQDO�RI�2QFRORJ\�1XUVLQJ�

������SS�������� �KWWSV���GRL�RUJ �������������&-21�V�������

*RQ]DOH]��+���+DJHUOLQJ��&���	�:HUE��=����������5ROHV�RI�WKH�LPPXQH�V\VWHP�LQ�FDQFHU��IURP�

WXPRU�LQLWLDWLRQ�WR�PHWDVWDWLF�SURJUHVVLRQ��*HQHV�	�GHYHORSPHQW�����������������±������

KWWSV���GRL�RUJ���������JDG������������

*XPHU��-��0����������7KH�ZLVGRP�RI�JHUPOLQH�HGLWLQJ��DQ�HWKLFDO�DQDO\VLV�RI�WKH�XVH�RI�

&5,635�&DV��WR�HGLW�KXPDQ�HPEU\RV�� �7KH�1HZ�%LRHWKLFV ���������������±�����

KWWSV���GRL�������������������������������

1HZLFN��.���2
%ULHQ��6���0RRQ�(���DQG�$OEHOGD��6�0����������&$5�7�&HOO�WKHUDS\�IRU�VROLG�

WXPRUV�� �$QQXDO�5HYLHZ�RI�0HGLFLQH��������� ����������

KWWSV���GRL�RUJ���������DQQXUHY�PHG���������������

1DWLRQDO�&DQFHU�,QVWLWXWH��Q�G��� �0HWDVWDVLV��

KWWSV���ZZZ�FDQFHU�JRY�SXEOLFDWLRQV�GLFWLRQDULHV�FDQFHU�WHUPV�GHI�PHWDVWDVLV�

1DWLRQDO�+XPDQ�*HQRPH�5HVHDUFK�,QVWLWXWH��������2FWREHU������ �:KDW�LV�WKH�+XPDQ�*HQRPH�

3URMHFW"� �KWWSV���ZZZ�JHQRPH�JRY�KXPDQ�JHQRPH�SURMHFW�:KDW�

1RQPDOHILFHQFH��Q�G���5HWULHYHG�IURP�

J�KWWSV���PHGLFDO�GLFWLRQDU\�WKHIUHHGLFWLRQDU\�FRP�QRQPDOHILFHQFH�
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6DKLQ��8���	�7�UHFL��g����������3HUVRQDOL]HG�YDFFLQHV�IRU�FDQFHU�LPPXQRWKHUDS\�� �6FLHQFH ���

����������� �����±������KWWSV���GRL����������VFLHQFH�DDU�����

6WULPEX��.���	�7DYHO��-��$����������:KDW�DUH�ELRPDUNHUV"� �&XUUHQW�RSLQLRQ�LQ�+,9�DQG�$,'6��

���� ������±����� �KWWSV���GRL�RUJ���������&2+��E���H�����HG����

7X��<�)���&KLHQ��&�6���<DUDPLVK\Q��$��$���/LQ��<�<���/XR��<�+���/LQ��<�7���«�&KLRX��6�+��
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