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DUUD\�RI�PHFKDQLVPV�DQG�V\VWHPV�UHVSRQVLEOH�IRU�JHQH�H[SUHVVLRQ�FRQWURO��DQG
XOWLPDWHO\��RUJDQLVP�GHYHORSPHQW�DQG�VXUYLYDO���2QH�KLJKO\�LQIOXHQWLDO�IDFWRU�DIIHFWLQJ�WKH
UHJXODWLRQ�RI�JHQH�H[SUHVVLRQ�LV�WKH�ULERVRPH���7UDGLWLRQDOO\�YLHZHG�VLPSO\�DV�DQ
LQYDULDQW�FRPSRQHQW�RI�WKH�WUDQVODWLRQ�PDFKLQHU\��LW�LV�QRZ�XQGHUVWRRG�WKDW�ULERVRPHV
LQIOXHQFH�JHQH�H[SUHVVLRQ�LQ�D�YDULHW\�RI�ZD\V�EH\RQG�VLPSO\�FRQYHUWLQJ�P51$�WR
SURWHLQ���,Q�WKLV�FKDSWHU��,�UHYLHZ�WKH�HVVHQWLDO�HYHQWV�LQ�ULERVRPH�ELRJHQHVLV��WKH�VWDWH�RI
NQRZOHGJH�UHJDUGLQJ�GLIIHUHQWLDO�ULERVRPH�ELRJHQHVLV�DQG�WUDQVODWLRQ�DFWLYLW\��LQWURGXFH
WKH 'URVRSKLOD QHUYRXV�V\VWHP�DV�D�XVHIXO�PRGHO�IRU VWXG\LQJ�ULERVRPH�ELRJHQHVLV�LQ
SURJHQLWRUV�YHUVXV�GLIIHUHQWLDWHG�FHOOV��VXPPDUL]H�SRWHQWLDO�PHFKDQLVWLF�LPSOLFDWLRQV�RI
DOWHUHG�ULERVRPH�FRQFHQWUDWLRQ��DQG�ILQDOO\��SODFH�ULERVRPH�ELRJHQHVLV�LQ�WKH�FRQWH[W�RI
KXPDQ�GLVHDVH���7KLV�UHYLHZ�DQG�V\QWKHVLV�LV�PHDQW�WR�SURYLGH�WKH�EDFNJURXQG�DQG
UDWLRQDOH�IRU�WKH�VWXG\�GHVFULEHG�LQ�&KDSWHU���

�����5LERVRPH�ELRJHQHVLV�DQG�WUDQVODWLRQ�DFWLYLW\

5LERVRPHV�DUH�FRPSRVHG�RI�SURWHLQ��ULERVRPDO�SURWHLQ��RU�³53´��DQG�U51$��ULERVRPDO
51$��FRPSRQHQWV���,Q�HXNDU\RWHV��ULERVRPHV�DUH�FRPSRVHG�RI�URXJKO\�����U51$�DQG
����53���%HFDXVH�RI�WKLV�K\EULG�QDWXUH��ULERVRPHV�WKHUHIRUH�GHSHQG�RQ�SDWKZD\V
UHODWHG�WR�ERWK�SURWHLQ�V\QWKHVLV�DQG�U51$�V\QWKHVLV�IRU�IRUPDWLRQ���$�FKDQJH�WR�HLWKHU�RI
WKHVH�SURFHVVHV�ZLOO�OLNHO\�GLVUXSW�ULERVRPH�FUHDWLRQ�DQG�DVVHPEO\���7KH�DPRXQW�RI
ULERVRPHV�SUHVHQW�LQ�D�FHOO�W\SLFDOO\�FRUUHODWHV�ZLWK�LWV�SUROLIHUDWLYH�VWDWH���,Q�HXNDU\RWHV�
DQ�DFWLYHO\�GLYLGLQJ�FHOO�PD\�KDYH�XS�WR����PLOOLRQ�ULERVRPHV���0DWXUH�ULERVRPHV�H[LVW�DV
ERWK�IUHH�IORDWLQJ�FRPSOH[HV�DQG�DV�FRPSOH[HV�WHWKHUHG�WR�WKH�HQGRSODVPLF�UHWLFXOXP�
ZKHUH�WKH\�V\QWKHVL]H�SURWHLQV�HQWHULQJ�WKH�VHFUHWRU\�SDWKZD\V���5LERVRPHV�DUH
FRPSRVHG�RI�WZR�VXEXQLWV��FRPPRQO\�UHIHUUHG�WR�DV�WKH�ODUJH�DQG�VPDOO�VXEXQLW���7KH
VXEXQLWV�DUH�FODVVLILHG�E\�WKHLU�VHGLPHQWDWLRQ�UDWHV��ZKLFK�LV�PHDVXUHG�XVLQJ�6YHGEHUJ
XQLWV��DEEUHYLDWHG�³6´���,Q�ERWK�SURNDU\RWHV�DQG�HXNDU\RWHV��WKH�VXEXQLWV�GLIIHU�E\���6�
,Q�SURNDU\RWHV��WKH�ULERVRPH�LV�PDGH�RI�WKH�VPDOO���6�VXEXQLW�DQG�WKH�ODUJH���6
VXEXQLW���)RU�HXNDU\RWHV��VXEXQLWV�DUH�VOLJKWO\�ODUJHU��DW���6�DQG���6���7KH���6�VXEXQLW
LV�FRPSRVHG�RI����53V�DQG�DQ���6�U51$���7KH���6�VXEXQLW�LQFOXGHV����53V�DORQJ�ZLWK
WKUHH�VHSDUDWH�U51$V��QDPHG�WKH���6���6��DQG����6�U51$V���5LERVRPH�ELRJHQHVLV��
ERWK�U51$�WUDQVFULSWLRQ�DQG�DVVHPEO\�RI�53V�DQG�U51$V�LQWR�ODUJH�DQG�VPDOO�VXEXQLWV��
RFFXUV�LQ�WKH�QXFOHROXV��D�VXEFRPSDUWPHQW�RI�WKH�QXFOHXV��)R[��������:LOVRQ��������DQG
%D�OHU�DQG�+XUW����������&RUUHVSRQGLQJO\��D�ODUJH QXFOHROXV�LV�D�KDOOPDUN�RI�FHOOV
XQGHUJRLQJ�KLJK�OHYHOV�RI�ULERVRPH�ELRJHQHVLV�

5LERVRPH�ELRJHQHVLV�LQ�HXNDU\RWHV�RFFXUV�RYHU�PXOWLSOH�VWHSV�LQ�D�KLJKO\�UHJXODWHG
SURFHVV�JXLGHG�E\�D�KRVW�RI�ULERVRPH�DVVHPEO\�IDFWRUV��$)V��DQG�VPDOO�QXFOHRODU�51$V
�VQR51$V����,QLWLDOO\��SUH�U51$V�DUH�V\QWKHVL]HG�LQ�D�VXEFRPSDUWPHQW�RI�WKH�QXFOHROXV
QDPHG�WKH�ILEULOODU�FRPSDUWPHQW��ZKLFK�KRXVHV�PXOWLSOH�³ILEULOODU�FHQWHUV�´��7KHVH
SUH�U51$V�DUH�QDPHG�DFFRUGLQJ�WR�WKH�VDPH�FRQYHQWLRQ�DV�WKHLU�ILQDO�ULERVRPDO�VXEXQLW
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FRXQWHUSDUWV��WKH\�DUH�WKH���6����6��DQG���6�SUH�U51$V���7KHVH�VDPH���6����6��DQG
��6�SUH�U51$V�DUH�IRXQG�LQ�HXNDU\RWHV�IURP�\HDVW�WR�KXPDQV��GHPRQVWUDWLQJ�WKDW
ULERVRPH�DVVHPEO\�LV�D�KLJKO\�FRQVHUYHG�SURFHVV��7DPDRNL� ������:DUQHU�DQG�6RHLUR�
������DQG�%D�OHU�DQG�+XUW����������7KHVH�SUH�U51$V XQGHUJR�HQGR��DQG�H[RQXFOHRO\WLF
FOHDYDJHV�IDFLOLWDWHG�E\�VQR51$V�DQG�DUH�MRLQHG�ZLWK�UHOHYDQW�53V��ZKLFK�DUH�LPSRUWHG
LQWR�WKH�QXFOHXV�DIWHU�WUDQVODWLRQ��WR�FUHDWH�ULERVRPDO�³SUHFXUVRU�SDUWLFOHV�´��7KLV�SURFHVV
RI�SUHFXUVRU�SDUWLFOH�DVVHPEO\�WDNHV�SODFH�LQ�WKH�JUDQXODU�FRPSDUWPHQW�RI�WKH�QXFOHROXV
ZLWK�WKH�KHOS�RI�$)V���,W�LV�LPSRUWDQW�WR�QRWH�WKDW�ULERVRPHV�DUH�DVVHPEOHG�LQ�D
KLHUDUFKLFDO�PDQQHU���ERWK�$)V�DQG�53V�DUH�LQFRUSRUDWHG�LQWR�WKH�QDVFHQW�ULERVRPDO
SUHFXUVRU�SDUWLFOHV�LQ�D�VSHFLILF�RUGHU���7KH�SUH���6�DQG�SUH���6�ULERVRPDO�VXEXQLWV�DUH
WKHQ�H[SRUWHG�IURP�WKH�QXFOHXV�WR�DOORZ�PDWXUDWLRQ�DQG�HYHQWXDO�HQ]\PDWLF�IXQFWLRQ�LQ
WKH�F\WRVRO��:DWNLQV�������DQG�%D�OHU�DQG�+XUW��������

7KH�SULPDU\�DFWLYLW\�RI�WKH�ULERVRPH�LV�WR�FDUU\�RXW�WUDQVODWLRQ���WKH�SURFHVV�RI
³WUDQVODWLQJ´�WKH�PHVVDJH�HQFRGHG�LQ�PHVVHQJHU�51$��P51$��WR�WKDW�RI�WKH�DPLQR
DFLGV�RI�SURWHLQ���5LERVRPHV�FRPSOH[�ZLWK�P51$�DQG�WUDQVIHU�51$V��W51$V��WR�FDUU\
RXW�WKLV�SURFHVV���7KH�ULERVRPH�IDFLOLWDWHV�FRQQHFWLRQ�RI�WKHVH�WZR�PROHFXOHV�E\�ILWWLQJ
HDFK�LQWR�GLIIHUHQW�SRFNHWV��OLNH�PRVW�HQ]\PHV���5LERVRPHV�KDYH�WKUHH�SRFNHWV�LQWR
ZKLFK�W51$V�FDQ�ILW���WKH�DFFHSWRU�³$´�VLWH��WKH�SHSWLG\O�³3´�VLWH��DQG�WKH�H[LW�³(´�VLWH�
P51$�LV�UHDG�LQ�D�WULSOLFDWH�SDWWHUQ��DQG�HDFK�QXFOHRWLGH�WULSOLFDWH�LV�NQRZQ�DV�D�³FRGRQ�´
(DFK�FRGRQ�SDLUV�ZLWK�WKH�DQWLFRGRQ�ORRS�RI�D�GLVWLQFW�W51$��ZKLFK�LV�ORDGHG�ZLWK�WKH
FRUUHVSRQGLQJ�DPLQR�DFLG�WKDW�FRGRQ�HQFRGHV���)RU�H[DPSOH��WKH�VWDUW�FRGRQ�³$8*´�RQ
WKH�P51$�LV�UHFRJQL]HG�E\�D�W51$�ZLWK�WKH�UHYHUVH�FRPSOHPHQW�VHTXHQFH³&$8´�LQ�LWV
DQWLFRGRQ�SRVLWLRQ���7KLV�VDPH�W51$�LV�FKDUJHG�ZLWK�WKH�DPLQR�DFLG�PHWKLRQLQH��VR�$8*
LQ�WKH�P51$�³WUDQVODWHV´�WR�PHWKLRQLQH�LQ�WKH�QDVFHQW�SURWHLQ���W51$V�DUH�QDPHG�E\�WKH
DPLQR�DFLGV�WKH\�DUH�FKDUJHG�ZLWK��VXFK�DV�W51$0HW�

7KH�ULERVRPH�VFDQV�DQ�P51$�XQWLO�LW�ILQGV�WKH�VWDUW�FRGRQ��DW�ZKLFK�WLPH�LW�LV�DEOH�WR
EHJLQ�WUDQVODWLQJ�ZLWK�WKH�DVVLVWDQFH�RI�W51$0HW� $V�WUDQVODWLRQ�FRQWLQXHV��W51$V�DUH
VKXIIOHG�WKURXJK�WKH�$��3��DQG�(�VLWHV�DV�WKH\�HQWHU�DQG�H[LW�WKH�WUDQVODWLRQ�SURFHVV���7KH
FDWDO\WLF�DVSHFW�RI�WUDQVODWLRQ�LV�WKH�IRUPDWLRQ�RI�D�QHZ�SHSWLGH�ERQG�EHWZHHQ�DPLQR
DFLGV�RQ�WKH�JURZLQJ�SHSWLGH�FKDLQ���7KLV�IRUPDWLRQ�RI�WKLV�ERQG�LV�FDWDO\]HG�E\�U51$�LQ
WKH�ULERVRPH��UDWKHU�WKDQ�E\�DQ�53���,Q�DQ\�JLYHQ�VQDSVKRW�RI�WKH�PLGGOH�RI�WKH
WUDQVODWLRQ�SURFHVV��W51$V�RFFXS\�DOO�WKUHH�SRFNHWV�LQ�WKH�ULERVRPH���7KH�(�VLWH�FRQWDLQV
WKH�HPSW\�W51$�ZKLFK�KDV�DOUHDG\�GRQDWHG�LWV�DPLQR�DFLG�WR�WKH�JURZLQJ�FKDLQ�DQG�LV
DERXW�WR�H[LW�WKH�ULERVRPH���7KH�3�VLWH�FRQWDLQV�WKH�W51$�ZLWK�PRVW�UHFHQWO\�DGGHG
DPLQR�DFLG���7KH�QDVFHQW�SRO\SHSWLGH�FKDLQ�LV�DWWDFKHG�WR�WKLV�W51$���7KH�$�VLWH�FRQWDLQV
WKH�QHZHVW�W51$�ZLWK�WKH�QH[W�UHTXLUHG�DPLQR�DFLG���7KH�U51$�FDWDO\]HV�SHSWLGH�ERQG
IRUPDWLRQ�EHWZHHQ�WKH�WZR�QHZHVW�DPLQR�DFLGV��LQ�WKH�3�VLWH�DQG�$�VLWH����$V�WKH�ERQG
IRUPV��WKH�JURZLQJ�SHSWLGH�FKDLQ�LV�WUDQVIHUUHG�WR�WKH�W51$�ORFDWHG�LQ�WKH�$�VLWH��YLD
DWWDFKPHQW�WR�LWV�DPLQR�DFLG���7KH�ODUJH�DQG�VPDOO�VXEXQLWV�RI�WKH�ULERVRPH�WKHQ�DFW�DV�D
UDWFKHW��VKLIWLQJ�DOO�W51$V�IRUZDUG�RQH�SRVLWLRQ���(YHQWXDOO\��ZKHQ�D�VWRS�FRGRQ�LV
HQFRXQWHUHG�LQ�WKH�P51$��D�WHUPLQDWLRQ�IDFWRU�ZLWK�QR�DPLQR�DFLG�DWWDFKHG�ZLOO�HQWHU�WKH
ULERVRPH��DQG�WUDQVODWLRQ�LV�WHUPLQDWHG��UHVXOWLQJ�LQ�D�IUHH��QDVFHQW�SURWHLQ�

�����'LIIHUHQWLDO�ULERVRPH�DEXQGDQFH�DQG�FHOO�IDWH�GHWHUPLQDWLRQ

,W�LV�JHQHUDOO\�XQGHUVWRRG�WKDW�ULERVRPH�ELRJHQHVLV�SURPRWHV�FHOO�SUROLIHUDWLRQ�DQG�FHOO
JURZWK��=KDQJ����������:KLOH�DOO�OLYLQJ�FHOOV�PXVW XQGHUJR�VRPH�OHYHO�RI�JHQH
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WUDQVFULSWLRQ�DQG�WUDQVODWLRQ��WKH\�DUH�QRW�HTXDO�LQ�WKHVH�DELOLWLHV���)RU�H[DPSOH��FDQFHU
FHOOV�PD\�LQFUHDVH�WUDQVODWLRQ�LQLWLDWLRQ�WR�LQFUHDVH�SURWHLQ�RXWSXW�DQG�VXVWDLQ
SUROLIHUDWLRQ��5XJJHUR����������$GGLWLRQDOO\��FKDQJHV WR�WRWDO�WUDQVODWLRQ�FDQ�LPSDLU�+6&
�KHPDWRSRLHWLF VWHP FHOO��KRPHRVWDVLV��6LJQHU�������� -XVW�DV�ULERVRPH�ELRJHQHVLV�LV
DVVRFLDWHG�ZLWK�FHOO�SUROLIHUDWLRQ��GHFUHDVHV�LQ�ULERVRPH�ELRJHQHVLV�DQG�FRQFHQWUDWLRQ�LV
LQFUHDVLQJO\�EHLQJ�UHFRJQL]HG�DV�D�PHFKDQLVP�GULYLQJ�FHOO�IDWH�GHFLVLRQV�DQG
GLIIHUHQWLDWLRQ���&KDQJLQJ�WKH�ULERVRPH�FRQFHQWUDWLRQ�RI�D�FHOO�FRQVHTXHQWO\�LQIOXHQFHV
LWV�WUDQVODWLRQ�RXWSXW��WKRXJK�QRW�DOZD\V�LQ�D�VWUDLJKWIRUZDUG�PDQQHU���5LERVRPH
FRQFHQWUDWLRQ�FDQ�EH�FKDQJHG�LQ�D�FHOO�YLD�WKUHH�PHFKDQLVPV��E\�FKDQJHV�LQ�U51$
WUDQVFULSWLRQ��E\�FKDQJHV�LQ�53�WUDQVFULSWLRQ�DQG�RU�WUDQVODWLRQ��RU�E\�FKDQJHV�LQ
ULERVRPH�GHJUDGDWLRQ�RU�DVVHPEO\�GLVDVVHPEO\�DQG�UHSDLU���3RVVLEO\�WKH�EHVW
GRFXPHQWHG�H[DPSOH�RI�WKHVH�WKUHH�PHFKDQLVPV�GLUHFWLQJ�GLIIHUHQWLDWLRQ�LV�D�GHFUHDVH
LQ�U51$�V\QWKHVLV���U51$�WUDQVFULSWLRQ�E\�51$�3RO�,�LV�D�WLJKWO\�FRQWUROOHG�SURFHVV�LQ�DOO
RUJDQLVPV��UHTXLULQJ�PXOWLSOH�IDFWRUV�IRU�LQLWLDWLRQ��LQFOXGLQJ�7,)�,$��7UDQVFULSWLRQ
,QLWLDWLRQ�)DFWRU�,$��LQ�ERWK 'URVRSKLOD DQG�PDPPDOV� 7,)�,$�DFWLYLW\�LQIOXHQFHV�WKH�UDWH
RI�U51$�WUDQVFULSWLRQ�DQG�LV�UHJXODWHG�E\�SKRVSKRU\ODWLRQ�DV�SDUW�RI�WKH�725��WDUJHW RI
UDSDP\FLQ��NLQDVH�SDWKZD\��*UHZDO����������2IWHQ� UHGXFWLRQ�LQ�U51$�WUDQVFULSWLRQ
FRPHV�LQ�UHVSRQVH�WR�D�FHOO�H[WHUQDO�VLJQDO�DQG�VLPXOWDQHRXVO\�ZLWK�FHOO�F\FOH�DUUHVW���,W
KDV�WKHUHIRUH�EHHQ�GLIILFXOW�WR�GHWHUPLQH�WKH�H[WHQW�WR�ZKLFK�FHOO�F\FOH�DUUHVW�YHUVXV
U51$�WUDQVFULSWLRQ�UHGXFWLRQ�GLUHFWO\�SURPRWHV�GLIIHUHQWLDWLRQ�

7KLV�PHFKDQLVP�RI�GHFUHDVLQJ�U51$�WUDQVFULSWLRQ�WR�GULYH�GLIIHUHQWLDWLRQ�KDV�EHHQ
GHVFULEHG�GXULQJ�GHYHORSPHQW�RI�WKH�IHPDOH 'URVRSKLOD JHUPOLQH��=KDQJ��������DQG�WKH
PDPPDOLDQ�IRUHEUDLQ��&KDX����������7KH�SKHQRPHQRQ KDV�DOVR�EHHQ�GHPRQVWUDWHG�LQ
PDPPDOLDQ�WLVVXH�FXOWXUH�RI�+/����DQG�7+3���FHOO�OLQHV��OLQHDJHV�FRPPRQO\�XVHG�WR
VWXG\�KHPDWRSRLHWLF�GLIIHUHQWLDWLRQ��DQG�PRXVH�KHPDWRSRLHWLF�VWHP�FHOOV��+6&V�
�+D\DVKL����������,Q�WKLV�FDVH��GRZQUHJXODWLRQ�RI U51$�WUDQVFULSWLRQ�E\�DGGLWLRQ�RI
DFWLQRP\FLQ�'��$FW�'��DQG�E\�VL51$��VPDOO�LQWHUIHULQJ�51$��GRZQUHJXODWLRQ�RI�7,)�,$
H[SUHVVLRQ�ERWK�UHVXOWHG�LQ�LQFUHDVHG�H[SUHVVLRQ�RI�WKH�PDMRU�SUR�GLIIHUHQWLDWLRQ�PDUNHU
&'��E���7,)�,$�NQRFNGRZQ�LQ��QRQ�FDQFHURXV��PRXVH�+6&V�VLPLODUO\�UHVXOWHG�LQ�D
KLJKHU�SURSRUWLRQ�RI�GLIIHUHQWLDWHG�FHOOV�LQ�WKH�FXOWXUH���3RVVLEO\�WKH�PRVW�VLJQLILFDQW
ILQGLQJ�SURYLGHG�E\�WKLV�VWXG\�LV�WKDW�WKH�GLIIHUHQWLDWLRQ�HIIHFW�OLQNHG�WR�GHFUHDVHV�LQ�U51$
WUDQVFULSWLRQ�DUH�QRW�LQ�IDFW�D�VLPSOH�E\SURGXFW�RI�FHOO�F\FOH�DUUHVW���7+3���FHOOV�ZHUH
WUHDWHG�ZLWK�$FW�'�RU�URVFRYLWLQH��D�FHOO�F\FOH�LQKLELWRU�WKDW�IXQFWLRQV�WKURXJK�&'.��F\FOLQ
GHSHQGHQW�NLQDVH��LQKLELWLRQ���,QKLELWLRQ�RI�WKH�FHOO�F\FOH�ZLWKRXW�UHSUHVVLRQ�RI�U51$
WUDQVFULSWLRQ�ZDV�LQVXIILFLHQW�WR�LQGXFH�&'��E�H[SUHVVLRQ�LQ�WKHVH�FHOOV��LQGLFDWLQJ�WKDW
GLIIHUHQWLDWLRQ�LV�D�GLUHFW�UHVXOW�RI�FKDQJHV�WR�U51$�WUDQVFULSWLRQ�OHYHOV�LQGHSHQGHQW�RI
FHOO�F\FOH�DUUHVW��+D\DVKL��������

,QWHUHVWLQJO\��DOWKRXJK�LW�VHHPV�ORJLFDO�WKDW�D�JOREDO�GHFUHDVH�LQ�WUDQVODWLRQ�ZRXOG�EH
GULYHQ�E\�D�GHFUHDVH�LQ�ULERVRPH�DEXQGDQFH��WKHVH�WZR�PHDVXUHV�DUH�RIWHQ�LQYHUVHO\
FRUUHODWHG���,Q�VRPH�FDVHV��ULERVRPH�DEXQGDQFH�GHFUHDVHV�ZKLOH�JOREDO�WUDQVODWLRQ
LQFUHDVHV��VSHFLILFDOO\�GXULQJ�FHOO�GLIIHUHQWLDWLRQ���5LERVRPH�FRQFHQWUDWLRQ�LQ�PRXVH
(6&V��HPEU\RQLF VWHP FHOOV��GHFUHDVHV�GXULQJ�GLIIHUHQWLDWLRQ WR�HPEU\RLG�ERGLHV
�,QJROLD���������GHVSLWH�DQ�LQFUHDVH�LQ�WUDQVODWLRQ� 6LPLODUO\��U51$�DQG�53�SURGXFWLRQ
GHFUHDVHV�LQ�WKH 'URVRSKLOD IHPDOH�JHUPOLQH�DV�GLIIHUHQWLDWLRQ RFFXUV��EXW�RYHUDOO
WUDQVODWLRQ�LQFUHDVHV��=KDQJ�������DQG�6DQFKH]�������� 7KH�IHPDOH 'URVRSKLOD
JHUPOLQH�LV�FRPSRVHG�RI�RYDULDQ�JHUPOLQH�VWHP�FHOOV��*6&V����7KLV�VWHP�FHOO�SRSXODWLRQ
XQGHUJRHV�DV\PPHWULF�GLYLVLRQV�LQ�RUGHU�WR�PDLQWDLQ�WKHLU�VWHP�FHOO�SRSXODWLRQ�ZKLOH�DOVR



�

SURGXFLQJ�FHOOV�WKDW�HQWHU�WKH�GLIIHUHQWLDWLRQ�SDWKZD\�WR�EHFRPH�F\VWREODVWV��)XOOHU�DQG
6SUDGOLQJ����������3RO�,�DFWLYLW\��UHVSRQVLEOH�IRU WUDQVFULELQJ�U51$�JHQHV��LV�UHJXODWHG�LQ
SDUW�E\�D�WKUHH�VXEXQLW�6/��OLNH�FRPSOH[�ZKLFK�LQFOXGHV�WKH�SURWHLQ�XQGHUGHYHORSHG��RU
8GG��=KDQJ����������:KHQ�8GG�LV�GLVUXSWHG��WKH�*6& SRSXODWLRQ�EHFRPHV�OHVV
SUROLIHUDWLYH��DQG�HYHQWXDOO\�GLHV�RXW���(VVHQWLDOO\��ZKHQ�3RO�,�DFWLYLW\�LV�UHGXFHG��WKH�FHOOV
DUH�GULYHQ�WRZDUGV�GLIIHUHQWLDWLRQ�LQWR�F\VWV���/LNHZLVH��ZKHQ�3RO�,�DFWLYLW\�LV�LQFUHDVHG�LQ
QHZO\�ERUQ�GDXJKWHU�FHOOV�RQ�WKH�GLIIHUHQWLDWLRQ�SDWKZD\��PDWXUDWLRQ�LQWR�F\VWV�LV
GHOD\HG���7KLV�GHPRQVWUDWHV�WKDW�U51$�V\QWKHVLV�LV�D�GLUHFW�FRQWULEXWRU�WR�WKH
GLIIHUHQWLDWLRQ�VWDWXV�RI�WKHVH�JHUPOLQH�VWHP�FHOOV��=KDQJ� ��������7KH�WDNHDZD\�IURP
WKHVH�H[SHULPHQWV�LV�QRW�QHFHVVDULO\�WKDW�WKH�WZR�SURFHVVHV�DUH�XQUHODWHG��EXW�UDWKHU
WKDW�D�GHFUHDVH�LQ�ULERVRPH�DEXQGDQFH�LV�VXIILFLHQW�WR�GULYH�FHOO�GLIIHUHQWLDWLRQ�WKURXJK
VHOHFWLRQ�IRU�VSHFLILF�WUDQVODWLRQ�SURJUDPV�

1HXUDO�GLIIHUHQWLDWLRQ�DSSHDUV�WR�EH�VWURQJO\�LQIOXHQFHG�E\�FKDQJHV�LQ�ULERVRPH
DEXQGDQFH���&RPSDUHG�WR�SURJHQLWRUV��53�DQG�U51$�SURGXFWLRQ�DUH�GHFUHDVHG�LQ
SRVWPLWRWLF�QHXURQV��6ORPQLFNL�������DQG�4LDQ�������� DQG�LW�LV�WKRXJKW�WKDW�WKLV
GHFUHDVH�GULYHV�SURJHQLWRUV�WRZDUGV�GLIIHUHQWLDWLRQ���&RPSDUWPHQW�VSHFLILF�FKDQJHV�LQ
ULERVRPH�FRQFHQWUDWLRQ�DUH�DOVR�DVVRFLDWHG�ZLWK�QHXUDO�GLIIHUHQWLDWLRQ���0DWXUH�QHXURQV
GR�QRW�FRQWDLQ�ULERVRPHV�LQ�WKHLU�D[RQV��DQG�WKH�SURFHVV�RI�FOHDULQJ�WKHVH�ULERVRPHV�LV
KLJKO\�UHJXODWHG�YLD�D�XELTXLWLQ�SURWHDVRPH�PHFKDQLVP��.OHLPDQ�������DQG�&RVWD�
��������$GGLWLRQDOO\��WKHUH�LV�HYLGHQFH�WKDW�ULERVRPH LQKHULWDQFH�LV�VXIILFLHQW�WR�VXVWDLQ
GLIIHUHQWLDWHG�QHXURQV��+HWPDQ���������LPSO\LQJ�WKDW QRYHO�ULERVRPH�ELRJHQHVLV�LV�QRW�D
FRQVWDQW�SURFHVV�LQ�SRVW�PLWRWLF�QHXURQV�

��� 'URVRSKLOD�PHODQRJDVWHU DV�D�PRGHO�IRU�XQGHUVWDQGLQJ FHOO�IDWH�VSHFLILFDWLRQ�DQG
DV\PPHWULF�FHOO�GLYLVLRQV�GXULQJ�QHXURJHQHVLV

:KLOH�EUDLQ�GHYHORSPHQW�SUHVHQWV�DQ�DWWUDFWLYH�V\VWHP�LQ�ZKLFK�WR�DGGUHVV�TXHVWLRQV�RI
ULERVRPDO�UHJXODWLRQ�RI�FHOO�IDWH��PXOWLSOH�DVSHFWV�RI�PDPPDOLDQ�EUDLQ�GHYHORSPHQW�FDQ
KLQGHU�UHVHDUFK�SURJUHVV���3UREDEO\�WKH�PRVW�REYLRXV�H[DPSOH�LV�WKDW�PXFK�RI
PDPPDOLDQ�QHXURJHQHVLV�RFFXUV LQ�XWHUR���%HFDXVH�RI WKLV��DFFHVV�WR�GHYHORSLQJ�PLFH
RU�RWKHU�PDPPDOLDQ�EUDLQV�FRPHV�ZLWK�WKH�WHFKQLFDO�FKDOOHQJH�DQG�VLGH�HIIHFW�SURQH
VWHS�RI�H[WUDFWLQJ�HPEU\RV�IURP�WKH�XWHUXV���0DPPDOV�DUH�DOVR�UHODWLYHO\�H[SHQVLYH�WR
NHHS�LQ�D�ODE�DQG�UHTXLUH�FRPSOH[�SURWRFROV�IRU�KXVEDQGU\�DQG�KDQGOLQJ���0DPPDOV�DOVR
WHQG�WR�GHYHORS�VORZO\�FRPSDUHG�WR�RWKHU�DQLPDOV�DQG�WDNH�WLPH�WR�UHDFK�VH[XDO
PDWXULW\���,W�FDQ�EH�XVHIXO��WKHUHIRUH��WR�FKRRVH�D�PRUH�DSSURSULDWH�PRGHO�RUJDQLVP�IRU
VWXG\LQJ�WKH�HDUO\�GHYHORSLQJ�EUDLQ� 'URVRSKLOD GHYHORS TXLFNO\��DUH�UHODWLYHO\
FRVW�HIIHFWLYH��DQG��SHUKDSV�PRVW�VLJQLILFDQWO\��GHYHORS�H[WHUQDO�WR�WKHLU�PRWKHUV���7KHLU
EUDLQV�DOVR�KDYH�SURYHQ�WR�EH�TXLWH�XVHIXO�LQ�VWXG\LQJ�EUDLQ�GHYHORSPHQW�DW�ODUJH���7KH\
VKDUH�PDQ\�KRPRORJRXV�EUDLQ�VWUXFWXUHV��JHQHV��DQG�PHFKDQLVPV�ZLWK�KXPDQV��PDNLQJ
WKHP�DQ�H[FHOOHQW�FDQGLGDWH�IRU�UHVHDUFK�LQ�QHXURGHYHORSPHQW��)RUWLQL��������
$GGLWLRQDOO\��ODUYDO 'URVRSKLOD EUDLQV�DUH�HDVLO\ H[WUDFWHG�DQG�PDQLSXODWHG�LQ�WKH�ODE�
6WXGLHV�RI�WKH�GHYHORSLQJ 'URVRSKLOD QHUYRXV�V\VWHP WHQG�WR�IRFXV�ODUJHO\�RQ�WKH�ODUYDO
VWDJHV�RI�GHYHORSPHQW��ZKHQ�WKH�EUDLQ�H[LVWV�DV�DQ�HDVLO\�GLVVHFWHG�DQG�YLVXDOL]HG
RUJDQ�

7KH 'URVRSKLOD EUDLQ�FRQVLVWV�RI�WZR�KHPLVSKHUHV�DQG D�YHQWUDO�QHUYH�FRUG��ZLWK�HDFK
KHPLVSKHUH�FRQWDLQLQJ�ERWK�D�FHQWUDO�EUDLQ�UHJLRQ�DQG�DQ�RSWLF�OREH���7KH�ODUYDO�EUDLQ
FRQWDLQV�URXJKO\�����QHXUREODVWV�SHU�KHPLVSKHUH���7KHUH�DUH�WZR�W\SHV�RI�QHXUREODVWV�LQ
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WKH 'URVRSKLOD EUDLQ���7\SH�,�DQG�7\SH�,,��%RZPDQ��������%HOOR��������DQG�%RRQH�
��������7\SH�,�QHXUREODVWV�GLYLGH�DV\PPHWULFDOO\�WR SURGXFH�RQH�QHXUREODVW�GDXJKWHU
DQG�RQH�JDQJOLRQ�PRWKHU�FHOO��RU�*0&���$�*0&�RQO\�H[SHULHQFHV�RQH�PRUH�GLYLVLRQ�
UHVXOWLQJ�LQ�WZR�SRVWPLWRWLF�QHXURQV�RU�JOLDO�FHOOV��.RKZL����������7\SH�,,�QHXUREODVWV�DOVR
GLYLGH�DV\PPHWULFDOO\��JLYLQJ�ULVH�WR�D�QHXUREODVW�GDXJKWHU�DQG�DQ�LQWHUPHGLDWH�QHXUDO
SURJHQLWRU��RU�,13���8QOLNH�*0&V��,13V�H[SHULHQFH�PXOWLSOH�URXQGV�RI�DV\PPHWULF
GLYLVLRQV��HDFK�WLPH�UHVXOWLQJ�LQ�RQH�,13�DQG�RQH�*0&��ZKLFK�JRHV�RQ�WR�GLYLGH�VLPLODUO\
WR�*0&V�RI�7\SH�,�OLQHDJHV���,GHQWLW\�LV�ODUJHO\�FRQIHUUHG�WR�WKHVH�LQWHUPHGLDWH
SURJHQLWRUV�WKURXJK�GLIIHUHQWLDO�H[SUHVVLRQ�RI�WKH�SURWHLQV�$VH��DVHQVH���D�WUDQVFULSWLRQ
IDFWRU�WKDW�SURPRWHV�WKH�SURJHQLWRU�IDWH��DQG�3URV��SURVSHUR���D�WUDQVFULSWLRQ�IDFWRU�WKDW
SURPRWHV�GLIIHUHQWLDWLRQ��-DUPDQ��������+LUDWD������� DQG�/L����������2I�WKH����
QHXUREODVWV�SHU�KHPLVSKHUH��RQO\�HLJKW�DUH�7\SH�,,�QHXUREODVWV���+RZHYHU��GXH�WR�WKHLU
SUROLIHUDWLYH�QDWXUH��PRVW�PDWXUH�QHXURQV�DUH�RI�7\SH�,,�QHXUREODVW�GHVFHQW���7\SH�,,
QHXUREODVW�GLIIHUHQWLDWLRQ�LV�DOVR�VLPLODU�WR�WKDW�RI�PDPPDOLDQ�QHXUDO�VWHP�FHOOV��ZKRVH
GLIIHUHQWLDWLRQ�SDWKZD\�LQFOXGHV�LQWHUPHGLDWH�SURJHQLWRUV�FDOOHG�WUDQVLW�DPSOLI\LQJ�FHOOV
�%UDQG�DQG�/LYHVH\��������+HQULTXH�DQG�%DOO\�&XLI� ������DQG�/L��������

1HXUREODVWV�JURZ�DQG�GLYLGH�EDVHG�RQ�H[WHUQDO��VRPHWLPHV�V\VWHP�ZLGH�VLJQDOV��VXFK
DV�FKDQJHV�LQ�LQVXOLQ�OHYHOV���$W�WKH�VDPH�WLPH��QHXUREODVWV�H[SHULHQFH�VRPH
KHWHURJHQHLW\�LQ�WKHLU�VL]H�DQG�GLYLVLRQ�UDWHV���7KHVH�FKDUDFWHULVWLFV�VHHP�WR�EH
FRQWUROOHG�ODUJHO\�E\�FHOO�DXWRQRPRXV�IDFWRUV��LQFOXGLQJ�WZR�51$�ELQGLQJ�SURWHLQV��,PS
�,*)�%3��DQG�6\S��6\QFULS�KQ5134���/LX����������7KHVH SURWHLQV�ZRUN�LQ�DQ
DQWDJRQLVWLF�V\VWHP�WR�HQVXUH�WLJKW�WHPSRUDO�FRQWURO�RYHU�QHXUREODVW�JURZWK�DQG
SUROLIHUDWLRQ��ZKHQ�,PS�OHYHOV�DUH�KLJK��6\S�OHYHOV�DUH�ORZ��DQG�YLFH�YHUVD����,Q�7\SH�,
QHXUREODVWV��,PS�KDV�EHHQ�VKRZQ�WR�ELQG�PXOWLSOH�51$V��DPRQJ�WKH�PRVW�LPSDFWIXO�RI
ZKLFK�LV�WKH�ZHOO�VWXGLHG�WUDQVFULSWLRQ�IDFWRU�0\F��6DPXHOV����������0\F�LV�FRQVLGHUHG�DQ
RQFRJHQH�DQG�LV�NQRZQ�IRU�LWV�SURPLQHQW�UROHV�LQ�FHOO�SUROLIHUDWLRQ�DQG�JURZWK��SDUWO\
WKURXJK�LWV�DFWLYDWLRQ�RI�ULERVRPDO�SURWHLQ�WUDQVFULSWLRQ�DQG�51$�SRO\PHUDVH�,
FRPSRQHQW�WUDQVFULSWLRQ��'DQJ��������*DOODQW������� YDQ�5LJJHOHQ��������DQG�*UHZDO�
��������7KH�QXPEHU�RI�P\F�P51$�WUDQVFULSWV�LQ�WKH FHOO�LQFUHDVHV�DV�,PS�LQFUHDVHV�
0\F�LV�WKHUHIRUH�OLNHO\�VWDELOL]HG�E\�,PS�ELQGLQJ��SUHVHUYLQJ�WKH�WUDQVFULSW�IRU�D�ORQJHU
SHULRG�RI�WLPH�LQ�WKH�FHOO�DQG�DOORZLQJ�LW�WR�EH�WUDQVODWHG�PRUH�WLPHV�EHIRUH�GHJUDGDWLRQ�
,QFUHDVHG�,PS�WKHUHIRUH�UHVXOWV�LQ�FRUUHVSRQGLQJO\�KLJK�0\F�SURWHLQ�OHYHOV�DQG�VWURQJHU
0\F�DVVRFLDWHG�HIIHFWV��LQFOXGLQJ�FHOO�JURZWK�DQG�SUROLIHUDWLRQ���7\SH�,�QHXUREODVWV�ZLWK
KLJK�OHYHOV�RI�,PS�DUH�FRPSDUDWLYHO\�ODUJHU�DQG�H[SHULHQFH�KLJKHU�UDWHV�RI�GLYLVLRQ�WKDQ
WKHLU�ZLOGW\SH�FRXQWHUSDUWV���6\S�DSSHDUV�WR�DLG�WKLV�V\VWHP�LQGLUHFWO\�YLD�LWV�QHJDWLYH
UHJXODWLRQ�RI�,PS���,PSRUWDQWO\��ZKLOH�0\F�SURWHLQ�LV�QRW�IRXQG�GRZQVWUHDP�RI�WKH�7\SH�,
QHXUREODVW�LQ�WKH�OLQHDJH��P\F�WUDQVFULSW�LV�SUHVHQW��WUDQVODWLRQ�RI�P\F�P51$�LV�UHVWULFWHG
WR�QHXUREODVWV���7KLV�LPSOLHV�WKDW�0\F�WUDQVODWLRQ�LV�QRW�GHSHQGHQW�RQ�WKH�,PS�6\S
V\VWHP���5DWKHU��0\F�SURWHLQ�OHYHOV�LQ�7\SH�,�QHXUREODVWV�DUH�HOHYDWHG�GXH�WR�WUDQVFULSW
VWDELOL]DWLRQ�SURYLGHG�E\�,PS�ELQGLQJ���7UDQVODWLRQDO�UHJXODWLRQ�RI�0\F�GRHV�RFFXU�LQ
SURJHQ\�RI�WKH�7\SH�,,�QHXUREODVW�OLQHDJH�WKURXJK�WKH�51$�ELQGLQJ�SURWHLQ�%UDW��%UDLQ
7XPRU����+RZHYHU��%UDW�KDV�QRW�EHHQ�LPSOLFDWHG�LQ�7\SH�,�QHXUREODVW�OLQHDJH��6DPXHOV�
��������,W�LV�OLNHO\�WKDW�VLPLODU�WUDQVODWLRQDO�FRQWUROV H[LVW�LQ�WKH�7\SH�,�QHXUREODVW�OLQHDJH�
WKRXJK�QRQH�KDYH�EHHQ�UHYHDOHG�WR�GDWH�

1HXUREODVW�VL]H�PXVW�EH�WLJKWO\�UHJXODWHG�GXULQJ�GHYHORSPHQW�WR�PDLQWDLQ�WKH�EDODQFH
EHWZHHQ�SUROLIHUDWLRQ�DQG�GLIIHUHQWLDWLRQ���&HOOV�PXVW�PDLQWDLQ�D�ODUJH�HQRXJK�VL]H�WR
FRQWLQXH�GLYLGLQJ��DQ�RWKHUZLVH�KHDOWK\�FHOO�WKDW�LV�WRR�VPDOO�VLPSO\�ZLOO�QRW�GLYLGH���0RVW
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QHXUREODVWV�LQ�WKH�HPEU\RQLF 'URVRSKLOD EUDLQ�VKULQN�LQ�VL]H�ZLWK�HDFK�GLYLVLRQ�XQWLO
HQWHULQJ�D�TXLHVFHQW�VWDWH�MXVW�SULRU�WR�WKH�ODUYDO�VWDJH���8SRQ�H[LWLQJ�TXLHVFHQFH�DIWHU
ODUYDO�KDWFKLQJ��WKH�QHXUREODVWV�HQWHU�D�FHOO�JURZWK�SHULRG�EHIRUH�UHVXPLQJ�SUROLIHUDWLRQ
DQG�PDLQWDLQ�WKHLU�VL]H�WKURXJKRXW�WKLV�SHULRG�XQWLO�WKH\�HYHQWXDOO\�HQWHU�D�VPDOOHU�
SHUPDQHQWO\�SRVW�SUROLIHUDWLYH�VWDWH�DW�WKH�HQG�RI�ODUYDO�QHXURJHQHVLV��7UXPDQ�DQG�%DWH�
��������0EP��0XVKURRP�%RG\�0LQLDWXUH��LV�D�QXFOHRODU SURWHLQ�WKDW�KDV�EHHQ�VKRZQ�WR
LQIOXHQFH�QHXUREODVW�VL]H���0EP�LV�UHTXLUHG�IRU�QHXUREODVW�SUROLIHUDWLRQ�DQG�DSSHDUV�WR
DIIHFW�WKLV�SURFHVV�YLD�LWV�UHJXODWLRQ�RI�FHOO�VL]H�DQG�JURZWK��0EP�ORVV�RI�IXQFWLRQ
PXWDQWV�DUH�VLJQLILFDQWO\�VPDOOHU�WKDQ�ZLOGW\SH�FHOOV����0EP�LV�DOVR�UHTXLUHG�IRU�SURSHU
51$�SURFHVVLQJ�DQG�VPDOO�ULERVRPDO�VXEXQLW�ELRJHQHVLV��ZKLFK�LQ�WXUQ�DIIHFWV�ZKROH
ULERVRPH�ELRJHQHVLV�DQG�WRWDO�SURWHLQ�RXWSXW�ZLWKLQ�WKH�FHOO���0EP�LV�NQRZQ�WR�EH
WUDQVFULSWLRQDOO\�DFWLYDWHG�E\�WKH�JURZWK�SURPRWLQJ�WUDQVFULSWLRQ�IDFWRU�0\F���:KLOH�PXFK
RI�D�QHXUREODVW¶V�GHFLVLRQ�EHWZHHQ�ZKHWKHU�WR�SUROLIHUDWH�RU�QRW�GHSHQGV�RQ�0EP
DFWLYLW\��FHOO�IDWH�VSHFLILFDWLRQ�IXQFWLRQV�LQGHSHQGHQWO\�RI�0EP��+RYKDQ\DQ��������DQG
UHOLHV�PRUH�RQ�WKH�DV\PPHWULF�FHOO�GLYLVLRQ�PHFKDQLVPV�

$V\PPHWULF�FHOO�GLYLVLRQ��$&'��LV�HVVHQWLDO�WR�PDLQWDLQLQJ�D�VWHP�FHOO�SRSXODWLRQ��LQ�WKH
EUDLQ��QHXUREODVWV��ZKLOH�DOVR�VHQGLQJ�FHOOV�GRZQ�WKH�GLIIHUHQWLDWLRQ�SDWK��JDQJOLRQ
PRWKHU�FHOOV��RU�*0&V����7KLV�SURFHVV�LV�WLJKWO\�UHJXODWHG�E\�D�VL]DEOH�QHWZRUN�RI
SURWHLQV���'LVUXSWLRQ�WR�WKLV�QHWZRUN�WHQGV�WR�UHVXOW�LQ�WXPRU�IRUPDWLRQ��GXH�ODUJHO\�WR�WKH
IDFW�WKDW�VWHP�FHOO�SRSXODWLRQV�DUH�SULPHG�WR�PDLQWDLQ�WKHLU�SUROLIHUDWLYH�DELOLWLHV�ZLWK
HYHU\�GLYLVLRQ�LQ�RUGHU�WR�SUHYHQW�GHSOHWLRQ�RI�WKH�VWHP�FHOO�UHVHUYH���7KH�VHOI�UHQHZLQJ
FDSDELOLWLHV�RI�WKHVH�FHOOV�HDVLO\�WXUQ�WXPRURXV�ZKHQ�G\VUHJXODWHG���7KH�IDWH�RI�D
QHXUREODVW¶V�GDXJKWHU�FHOOV�LV�GHWHUPLQHG�E\�WZR�LQGHSHQGHQW�SURWHLQ�QHWZRUNV��HDFK
ORFDOL]HG�WR�HLWKHU�WKH�DSLFDO�RU�EDVDO�VLGH�RI�WKH�FHOO��/L����������7KH�DSLFDO�SURWHLQV
HQVXUH�WKDW�WKH�DSLFDO�GDXJKWHU�FHOO�UHPDLQV�D�QHXUREODVW��ZKLOH�WKH�EDVDO�SURWHLQV
HQVXUH�WKH�GDXJKWHU�DGRSWV�*0&�IDWH���7KH�DSLFDO�SURWHLQ�QHWZRUN�GHSHQGV�ODUJHO\�RQ
WKH�FRRSHUDWLYH�HIIRUWV�RI�WKUHH�SURWHLQV�NQRZQ�FROOHFWLYHO\�DV�WKH�3DU�FRPSOH[���%D]
�%D]RRND���3DU���SDUWLWLRQLQJ�GHIHFWLYH�����DQG�D3.&��SURWHLQ�NLQDVH�&���6PLWK�������
:LUW]�3HLW]��������$WZRRG��������/L����������7KHUH DUH�WZR�EDVDO�QHWZRUNV���RQH�SURWHLQ
FRPSOH[�LQFOXGHV�%UDW��%UDLQ�7XPRU���0LUD��0LUDQGD���DQG�3URV��3URVSHUR���ZKLOH�WKH
RWKHU�FRQVLVWV�RI�1XPE�DQG�3RQ��3DUWQHU�RI�1XPE���%HWVFKLQJHU� ������+LUDWD�������
.QREOLFK��������6SDQD��������,NHVKLPD�.DWDRND��������)XHUVWHQEHUJ��������/HH�������
/X��������/L����������7RJHWKHU��WKH�GLVSDUDWH�IDFWRUV ORFDOL]HG�DW�WKH�DSLFDO�DQG�EDVDO
VLGHV�RI�WKH�FHOO�IXQFWLRQ�WR�HVWDEOLVK�HVVHQWLDOO\�RSSRVLWH�FHOO�IDWHV�EHWZHHQ�QHXUREODVW
GDXJKWHU�FHOOV��/L��������

&HOO�F\FOH�UHJXODWRUV�DOVR�SOD\�D�UROH�LQ�PRQLWRULQJ�$&'�LQ�QHXUREODVWV���7ZR�NLQDVHV�
$XU�$�DQG�3ROR��DUH�ERWK�UHTXLUHG�IRU�WKH�SURSHU�RULHQWDWLRQ�RI�QHXUREODVW�GLYLVLRQV�DQG
IRU�ORFDOL]DWLRQ�RI�DV\PPHWULF�SURWHLQV��:LUW]�3HLW]� �����DQG�:DQJ��������/L��������
$XU�$�GULYHV�DV\PPHWU\�WKURXJK�LQWHUDFWLRQ�ZLWK�DSLFDO�GHVWLQHG�SURWHLQV��ZKLOH�3ROR�DFWV
SUHGRPLQDQWO\�RQ�EDVDO�ORFDOL]DWLRQ����$XU�$�SKRVSKRU\ODWHV�3DU��GXULQJ�LQWHUSKDVH�
7KLV�SKRVSKRU\ODWLRQ�LV�UHTXLUHG�IRU�IRUPDWLRQ�RI�WKH�3DU�FRPSOH[��:LUW]�3HLW]��������
0XG�LV�DOVR�VXVSHFWHG�WR�EH�UHJXODWHG�E\�$XU�$��VLQFH�VWXGLHV�LQ�$XU�$�PXWDQWV�VKRZ
GHORFDOL]DWLRQ�RI�0XG�LQ�QHXUREODVWV��:DQJ�������� 6LPLODUO\��3ROR�SKRVSKRU\ODWHV�3RQ
ZKLFK�LQ�WXUQ�GULYHV�EDVDO�ORFDOL]DWLRQ�RI�ERWK�3RQ�DQG�1XPE��:DQJ����������%RWK�$XU�$
DQG�3ROR�DUH�UHTXLUHG�IRU�SURSHU�VSLQGOH�RULHQWDWLRQ�DQG�ERWK�KHOS�WR�ORFDOL]H�D3.&�
7KHVH�NLQDVH�UHDFWLRQV�DUH�PRGXODWHG�E\�D�VHULHV�RI�SKRVSKDWDVHV��LQFOXGLQJ�33�$
�SURWHLQ�SKRVSKDWDVH��$��DQG�33���SURWHLQ�SKRVSKDWDVH������/RVV�RI�HLWKHU�RI�WKHVH
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SKRVSKDWDVHV�UHVXOWV�LQ�LUUHJXODU�QHXUREODVW�PDLQWHQDQFH��6RXVD�1XQHV��������&KDEX�
������2JDZD�������DQG�/L��������

$QRWKHU�HTXDOO\�HVVHQWLDO�FRPSRQHQW�RI�VXFFHVVIXO�$&'�LV�VSLQGOH�RULHQWDWLRQ���7KH
VSLQGOH�ILEHU�RULHQWDWLRQ�GHWHUPLQHV�WKH�D[LV�RI�LPSHQGLQJ�FOHDYDJH�EHWZHHQ�QDVFHQW
GDXJKWHU�FHOOV���%HFDXVH�WKH�DSLFDO�DQG�EDVDO�UHJLRQV�RI�WKH�PRWKHU�FHOO�DUH�GLVWLQFW��LW�LV
FUXFLDO�WKDW�DQ�$&'�RFFXUV�DORQJ�WKH�D[LV�SHUSHQGLFXODU�WR�WKH�DSLFDO�EDVDO�D[LV���,QVF
�,QVFXWHDEOH��LV�D�SULPDU\�UHJXODWRU�RI�VSLQGOH�SRVLWLRQLQJ�LQ�WKH�PLWRWLF�QHXUREODVW���,QVF
ELQGV�ZLWK�3LQV��3DUWQHU�RI�,QVFXWHDEOH��WR�WKHQ�DVVRFLDWH�ZLWK�WKH�SURWHLQV�0XG
�0XVKURRP�%RG\�'HIHFW��D�KRPRORJ�RI�PDPPDOLDQ�1X0$��QXFOHDU�PLWRWLF�DSSDUDWXV��
ZKLFK�LV�LPSRUWDQW�LQ�PLFURWXEXOH�VWDELOLW\��DQG�'OJ��'LVFV�/DUJH��DQG�ZLWK�WKH�*༾L�/RFR
FRPSOH[��.UDXW��������6FKDHIHU��������<X��������'X� ������1LSSHU��������6LOOHU��������/L�
��������7KHVH�SURWHLQV�GULYH�VSLQGOH�IRUPDWLRQ���,QVF DFWV�DV�D�EULGJH�EHWZHHQ�WKHVH
VSLQGOH�IRUPLQJ�SURWHLQV�DQG�WKH�DSLFDO�GHWHUPLQLQJ�3DU�FRPSOH[��LPSDUWLQJ�RULHQWDWLRQ�WR
WKH�GHYHORSPHQW�RI�WKH�VSLQGOH�ILEHUV��/L��������

7KH�FHQWULROHV�DUH�DOVR�FULWLFDOO\�LPSRUWDQW�WR�$&'���$�PLWRWLF�QHXUREODVW�GXSOLFDWHV�LWV
FHQWULROHV�GXULQJ�LQWHUSKDVH��DQG�WKH�UHVXOWLQJ�WZR�FHQWULROHV�KDYH�GLVWLQFW�IHDWXUHV���WKH
GDXJKWHU�FHQWULROH�EHFRPHV�D�072&��PLFURWXEXOH��RUJDQL]LQJ�FHQWHU��E\�DVVRFLDWLQJ
ZLWK�WKH�FKDUDFWHULVWLF�JURXS�RI�FHQWURVRPH�SURWHLQV�NQRZQ�DV�SHULFHQWULRODU�PDWHULDO��RU
3&0��5LHGHU�������DQG�/L����������7KH�PRWKHU�FHQWULROH� E\�FRPSDULVRQ��ORVHV�WKH�3&0
DQG�LV�XQDEOH�WR�WR�VHUYH�DV�D�072&���7KH�GDXJKWHU�FHQWULROH�VHJUHJDWHV�WR�WKH�DSLFDO
VLGH�RI�WKH�QHXUREODVW��ZKLOH�WKH�PRWKHU�FHQWULROH�PRYHV�WR�WKH�EDVDO�VLGH���7KLV
VHJUHJDWLRQ�LV�FULWLFDO�WR�PDLQWDLQLQJ�WKH�VLWH�RI�*0&�EXGGLQJ�LQ�IXWXUH�URXQGV�RI
QHXUREODVW�$&'��5HEROOR��������5XVDQ��������&RQGXLW� ������/L����������'HIHFWV�LQ
VSLQGOH�RULHQWDWLRQ�WHQG�WR�UHVXOW�LQ�V\PPHWULF�FHOO�GLYLVLRQV��ZKHUH�ERWK�DSLFDO�DQG�EDVDO
SURWHLQV�DUH�GLVWULEXWHG�WR�ERWK�GDXJKWHUV���7KLV�FDQ�LQ�WXUQ�OHDG�WR�DQ�H[FHVV�RI
VHOI�UHQHZLQJ�QHXUREODVWV��/HH��������/L��������

�����0HFKDQLVWLF�LPSOLFDWLRQV�RI�GLIIHUHQWLDO�ULERVRPH�DEXQGDQFH

7KH�ZHOO�GHILQHG�PHFKDQLVPV�FRQWUROOLQJ�DV\PPHWULF�FHOO�GLYLVLRQV�DQG�FHOO�IDWH
GHFLVLRQV�LQ 'URVRSKLOD QHXUREODVW�OLQHDJHV�PDNH�WKLV DQ�DWWUDFWLYH�PRGHO�IRU�VWXG\LQJ
KRZ�GLIIHUHQWLDO�ULERVRPH�DEXQGDQFH�PLJKW�EH�HVWDEOLVKHG�EHWZHHQ�D�SURJHQLWRU�FHOO�DQG
LWV�GLIIHUHQWLDWHG�SURJHQ\���)RU�H[DPSOH��DUH�SUH�U51$V�RU�ULERVRPH�FRPSRQHQWV
DV\PPHWULFDOO\�ORFDOL]HG�DQG�GRHV�ULERVRPH�ELRJHQHVLV�DFWLYLW\�GLIIHU�EHWZHHQ
SURJHQLWRUV�DQG�GLIIHUHQWLDWHG�SURJHQ\"��7KH�WRROV�DYDLODEOH�IRU�JHQHWLF�PDQLSXODWLRQ�LQ
'URVRSKLOD DOVR�PDNH�WKLV�D�SURPLVLQJ�V\VWHP�IRU�LQYHVWLJDWLQJ WKH�PHFKDQLVWLF
LPSOLFDWLRQV�RI�HOHYDWHG�RU�GHFUHDVHG�ULERVRPH�DEXQGDQFH���7KHUH�DUH�VHYHUDO�SUHGLFWHG
RXWFRPHV��DW�WKH�PROHFXODU�DQG�FHOOXODU�OHYHO��RI�FKDQJHV�WR�ULERVRPH�FRQFHQWUDWLRQ�
VXPPDUL]HG�EHORZ�

*URXSV�RI�P51$V�UHVSRQG�GLIIHUHQWO\�WR�FKDQJHV�LQ�ULERVRPH�FRQFHQWUDWLRQV���,Q
JHQHUDO��WUDQVFULSWV�ZLWK�LQHIILFLHQW�WUDQVODWLRQ�LQLWLDWLRQ�DUH�IXQFWLRQDOO\�GHSULRULWL]HG�E\�D
OLPLWHG�ULERVRPH�SRRO���6LPLODUO\��VWXGLHV�LQ�WKH�EUDLQ�KDYH�GHPRQVWUDWHG�WKDW�GHILFLHQFLHV
LQ�D�QHXURQDO�VSHFLILF�W51$�FDQ�UHVXOW�LQ�SKHQRW\SLF�GHIHFWV��,VKLPXUD�������DQG�0LOOV
��������7RJHWKHU��WKLV�LQGLFDWHV�D�OLQN�EHWZHHQ�WUDQVODWLRQ HIILFLHQF\�DQG�WKH
WUDQVFULSWRPH�RI�D�FHOO���7KH�PRUH HIILFLHQWO\ D�WUDQVFULSW FDQ�EH�WUDQVODWHG��WKH�PRUH
OLNHO\�LW ZLOO EH�WUDQVODWHG�ZKHQ�ULERVRPH�VXSSO\ LV�OLPLWHG�
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$�FRPSOH[�UHODWLRQVKLS�EHWZHHQ�ULERVRPH�FRQFHQWUDWLRQ�DQG�VSHFLILF�P51$�WUDQVODWLRQ
FDSDFLW\�ZDV�ORQJ�VXVSHFWHG�GXH�WR�WKH�QRQOLQHDU�UHODWLRQVKLS�EHWZHHQ�ULERVRPH
DEXQGDQFH�DQG�WUDQVODWLRQ�LQLWLDWLRQ�DFURVV�WUDQVFULSWV��/RGLVK����������7KLV
SKHQRPHQRQ�LV�OLQNHG�WR�WUDQVODWLRQ�LQLWLDWLRQ�HIILFLHQF\�GLIIHUHQFHV�EHWZHHQ�WUDQVFULSWV�
(DFK�WUDQVFULSW�KDV�DQ�DVVRFLDWHG�PD[LPXP�FDSDFLW\�ZLWK�ZKLFK�LW�FDQ�EH�ORDGHG�ZLWK
ULERVRPHV���2QFH�WKLV�PD[LPXP�LV�UHDFKHG��WUDQVODWLRQ�DFWXDOO\�GHFUHDVHV�ZLWK
LQFUHDVHG�ULERVRPH�FRQFHQWUDWLRQ���7KLV�LV�GXH�WR�³FURZGLQJ´�RI�WKH�WUDQVFULSW�E\
HORQJDWLQJ�ULERVRPHV��ZKLFK�HVVHQWLDOO\�FDXVH�D�WUDIILF�MDP�DQG�VORZ�WUDQVODWLRQ
HIILFLHQF\���8QGHU�QRUPDO�FRQGLWLRQV��WUDQVFULSWV�WHQG�WR�QRW�EH�ORDGHG�WR�WKHLU�IXOO
FDSDFLW\�ZLWK�ULERVRPHV�WR�DOORZ�PRUH�HIILFLHQW�WUDQVODWLRQ��/DFNQHU����������&KDQJHV�WR
ULERVRPH�FRQFHQWUDWLRQ�LQIOXHQFH�SURWHLQ�FRQWHQW�RI�WKH�FHOO�DFFRUGLQJ�WR�WKH�WUDQVODWLRQ
LQLWLDWLRQ�NLQHWLFV�RI�LQGLYLGXDO�WUDQVFULSWV��7UDQVODWLRQ�RI�WUDQVFULSWV�ZLWK�VKRUW��KLJKO\
HIILFLHQW�WUDQVODWLRQ�LQLWLDWLRQ�WLPHV�LQFUHDVHV�ZLWK�GHFUHDVLQJ�ULERVRPH�FRQFHQWUDWLRQ
LQLWLDOO\��GXH�WR�WKH�DYRLGDQFH�RI�RYHUFURZGLQJ���&RQYHUVHO\��WUDQVFULSWV�ZLWK�VORZ
WUDQVODWLRQ�LQLWLDWLRQ�NLQHWLFV�H[SHULHQFH�UHGXFHG�SURWHLQ�RXWSXW���7KLV�LV�OLNHO\�GXH�WR
VRPHZKDW�VWDEOH�VHFRQGDU\�VWUXFWXUHV�LQ�WKH��¶875�DQG�RU�RWKHU�REVWDFOHV�WR�WUDQVODWLRQ
LQLWLDWLRQ��LQFOXGLQJ�XSVWUHDP�RSHQ�UHDGLQJ�IUDPHV��X25)V��DQG�LQWHUQDO�ULERVRPH�HQWU\
VLWHV��,5(6����:KHQ�PDQ\�ULERVRPHV�DUH�SUHVHQW��WKHVH��¶875�VHFRQGDU\�VWUXFWXUHV�DUH
NHSW�LQ�D�UHOD[HG�VWDWH�GXH�WR�QHDU�FRQVWDQW�RFFXSDWLRQ�RI�WKH�VLWH�E\�QHZ�ULERVRPHV�
6LPLODUO\��RWKHU�REVWDFOHV�DUH�VXEGXHG�GXH�WR�KHDY\�RFFXSDWLRQ�E\�PXOWLSOH�ULERVRPHV�
+RZHYHU��LQ�WKH�DEVHQFH�RI�WKLV�FRQVWDQW�IORZ��WKHVH�VWUXFWXUHV�FDQ�HDVLO\�UHIRUP
EHWZHHQ�LQFLGHQWV�RI�ULERVRPH�RFFXSDWLRQ��FUHDWLQJ�D�ODJ�ZKLOH�WKLV�VWUXFWXUH�LV�XQIROGHG
WR�DOORZ�DQRWKHU�URXQG�RI�WUDQVODWLRQ���$EVHQFH�RI�FRQVWDQW�RFFXSDWLRQ�DOVR�UHPRYHV�WKH
³VKRUWFXW´�WR�WUDQVODWLRQ�SURYLGHG�E\�WKH�SUHVHQFH�RI�RWKHU�ULERVRPHV��=DUDL�������DQG
0LOOV�DQG�*UHHQ����������,W�LV�FOHDU�WR�VHH�KRZ�FHOOV FRXOG�XVH�WKLV�V\VWHP�RI�WUDQVODWLRQ
HIILFLHQF\�WR�UDSLGO\�VZLWFK�WUDQVFULSWRPH�SURJUDPV���%\�FOXVWHULQJ�WUDQVODWLRQ�LQLWLDWLRQ
NLQHWLFV�RI�WUDQVFULSWV�QHHGHG�IRU�D�FHUWDLQ�SURJUDP��L�H��GLIIHUHQWLDWLRQ�YV�SUROLIHUDWLRQ��
WKH�FHOO�FDQ�WXUQ�DQ�HQWLUH�SURJUDP�RI�WUDQVODWLRQ�RQ�RU�RII�VLPSO\�E\�FKDQJLQJ�LWV
ULERVRPH�FRQFHQWUDWLRQ�

2QH�TXHVWLRQ�VXUURXQGLQJ�WKH�ULERVRPH¶V�UROH�LQ�OLQHDJH�FRPPLWPHQW�LV�ZKHWKHU�WKH
FRPSRVLWLRQ�RI�WKH�ULERVRPHV�KDV�PRUH��OHVV��RU�HTXDO�LQIOXHQFH�RYHU�WUDQVODWLRQ�WKDQ�WKH
QXPEHU�RI�IXQFWLRQDO�ULERVRPHV�LQ�WKH�FHOO���5HFHQW�HYLGHQFH�VKRZV�WKDW��ZKHQ�RQH�53
LV�PXWDWHG��WKH�ULERVRPH�FRPSRVLWLRQ�PD\�FKDQJH��6KL� ��������,PSRUWDQWO\��LW�KDV�EHHQ
VKRZQ�WKDW�LW�LV�WKH TXDQWLW\ RI�ULERVRPHV�WKDW�DIIHFW OLQHDJH�FRPPLWPHQW�LQ�+6&V��DV
RSSRVHG�WR�ULERVRPH�FRPSRVLWLRQ��.KDMXULD�������� OLNHO\�GXH�WR�WKH�PHFKDQLVPV
GHVFULEHG�DERYH�

,Q�DGGLWLRQ�WR�WKH�UHODWLRQVKLS�EHWZHHQ�ULERVRPH�FRQFHQWUDWLRQ�DQG�HIILFLHQW�WUDQVODWLRQ
LQLWLDWLRQ��WKH�UDWH�DW�ZKLFK�ULERVRPHV�WUDQVORFDWH�DORQJ�WKHLU�P51$�WHPSODWH��WKH
HORQJDWLRQ�UDWH��LV�DQRWKHU�LPSRUWDQW�IDFWRU�WKDW�GHWHUPLQHV�WUDQVODWLRQ�RXWSXW��
(ORQJDWLRQ�UDWH�GHSHQGV�RQ�KRZ�TXLFNO\�D�ULERVRPH�FDQ�GHFRGH�D�SDUWLFXODU�FRGRQ�
5HFHQW�ZRUN�KDV�VKRZQ�WKDW�LQHIILFLHQWO\�GHFRGHG�FRGRQV�FDQ�SURPRWH�GHJUDGDWLRQ�RI
WKH�P51$�DQG�WKLV�PHFKDQLVP�LV�D�ZLGHVSUHDG�GHWHUPLQDQW�RI�P51$�VWDELOLW\�LQ�FHOOV�
7KH�WHUP�³FRGRQ�RSWLPDOLW\´�UHIHUV�WR�WKH�FRUUHODWLRQ�EHWZHHQ�XVDJH�RI�D�JLYHQ�FRGRQ
DQG�WKH�DYDLODELOLW\�RI�WKH�FRUUHVSRQGLQJ��FKDUJHG�W51$�QHHGHG�WR�³GHFRGH´�WKDW�FRGRQ
�3UHVQ\DN���������,PSRUWDQWO\��DQ�DEXQGDQFH�RI�FKDUJHG W51$V�FRUUHVSRQGV�WR�D�IDVWHU
GHFRGLQJ�WLPH�E\�WKH�ULERVRPH���&RQYHUVHO\��D�GHILFLW�RI�UHOHYDQW�W51$V�OHDGV�WKH
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ULERVRPH�WR�VWDOO�RQ�WKH�WUDQVFULSW�DW�³QRQ�RSWLPDO´�FRGRQV���7KLV�VWDOOLQJ�SOD\V�D�GLUHFW
UROH�LQ�UHFUXLWLQJ�WKH�P51$�GHFDSSLQJ�PDFKLQHU\�DQG�LQ�VXEVHTXHQW�GHFD\
�5DGKDNULVKQDQ�������

2XU�ODE�GHWHUPLQHG�WKDW�WKLV�UROH�RI�WKH�ULERVRPH�LQ�UHJXODWLQJ�P51$�GHFD\�LV
DWWHQXDWHG�LQ�WKH�GHYHORSLQJ 'URVRSKLOD QHUYRXV�V\VWHP �%XURZ���������$OWKRXJK�LW�LV
FOHDU�WKDW�FRGRQ�RSWLPDOLW\�LV�D�PDLQ�GULYHU�RI�P51$�GHFD\�LQ�WKH�ZKROH�HPEU\R��WKLV
UHODWLRQVKLS�IDOOV�DSDUW�LQ�WKH�QHUYRXV�V\VWHP���,�GHPRQVWUDWHG�WKDW�WKLV�GLVFUHSDQF\�LV
QRW��LQ�IDFW��GXH�WR�D�GLIIHUHQFH�LQ�WKH�UHODWLYH�DEXQGDQFH�RI�FKDUJHG�W51$V��WKRVH�W51$V
ZKLFK�DUH�ORDGHG�ZLWK�WKHLU�FRUUHVSRQGLQJ�DPLQR�DFLG��LQ�QHXUREODVWV�YHUVXV�WKH�ZKROH
HPEU\R���&KDUJHG�W51$�OHYHOV�EHWZHHQ�WKHVH�WLVVXHV�DUH�HVVHQWLDOO\�HTXLYDOHQW�
7KHUHIRUH��D�VHSDUDWH�PHFKDQLVP�OLNHO\�LQIOXHQFHV�WKH�UHODWLRQVKLS�EHWZHHQ�FRGRQ
FRQWHQW�DQG�P51$�KDOI�OLIH�LQ�WKH�GHYHORSLQJ�QHUYRXV�V\VWHP���,W�LV�SRVVLEOH�WKDW�WKH
FRGRQ�RSWLPDOLW\�±�P51$�GHFD\�OLQN�LV�VHQVLWLYH�WR�WKH�FRPELQHG�HIIHFWV�RI�ULERVRPH
GHQVLW\�DORQJ�D�WUDQVFULSW��GHWHUPLQHG�E\�LQLWLDWLRQ�UDWHV��DQG�WKH�VWDOOLQJ�LQGXFHG
FROOLVLRQ�RI�ULERVRPHV�³EDFNHG�XS´�DW�QRQ�RSWLPDO�FRGRQV�

)LQDOO\��LQFUHDVLQJ�HYLGHQFH�VXJJHVWV�WKDW�GHILFLHQFLHV�LQ�ULERVRPH�FRQFHQWUDWLRQV�WULJJHU
³ULERVRPH�VWUHVV´�VLJQDOV�LQ�FHOOV��ZKLFK�WRJHWKHU�DFWLYDWH�WKH�S���VLJQDOLQJ�SDWKZD\�
7KLV�SDWKZD\�OHDGV�WR�FHOO�F\FOH�DUUHVW�DQG�HYHQWXDO�DSRSWRVLV��*HQWLOHOOD�������
/LQGVWU|P����������7KH�IDFW�WKDW�DEQRUPDO�ULERVRPH OHYHOV�FDQ�WULJJHU�WKLV�SDWKZD\
GHPRQVWUDWHV�WKH�QHHG�IRU�WKH�OHYHOV�RI�ULERVRPHV�LQ�FHOOV�WR�EH�WLJKWO\�FRQWUROOHG��0LOOV�
��������7KH�/DUS�SURWHLQ��/DUS��LQ�KXPDQV��SK\VLFDOO\ DVVRFLDWHV�ZLWK�ERWK�WKH�ODUJH
ULERVRPDO�VXEXQLW�DQG�WKH��¶�HQG�RI�FHUWDLQ�51$V���7KHVH�51$V�DUH�NQRZQ�DV�³�¶�723´
51$V��DQG�LQFOXGH�PRVW�53�WUDQVFULSWV�LQ�PRVW�PRGHO�V\VWHPV���7KH�DVVRFLDWLRQ�RI�/DUS
ZLWK�ERWK�WKH�WUDQVFULSW�DQG�WKH�ODUJH�VXEXQLW�DFWV�WR�VWDELOL]H�WKH�WUDQVFULSW�LQ�QRUPDO
VLWXDWLRQV���/RVV�RI�/DUS�FDXVHV�FRUUHVSRQGLQJ�ORVV�RI�WUDQVFULSW�VWDELOLW\���,Q�WKHVH
PXWDQWV���¶�723�51$V��LQFOXGLQJ�53�WUDQVFULSWV��DUH�GHVWDELOL]HG�DQG�GHJUDGHG�PRUH
UDSLGO\���7KH�UHVXOW�LV�D�GHFUHDVH�LQ�WKH�RYHUDOO�ULERVRPH�FRQFHQWUDWLRQ�LQ�WKH�FHOO��VLQFH
WKHUH�LV�D�GHILFLW�RI�53�FRPSRQHQWV���7KHVH�FHOOV�DUH�WKHUHIRUH�XQGHU�ULERVRPH�VWUHVV�
7KH�VLWXDWLRQ�OHDGV�WR�DFWLYDWLRQ�RI�WKH�S���SDWKZD\�DQG�HYHQWXDO�FHOO�F\FOH�DUUHVW�
GHPRQVWUDWLQJ�DJDLQ�WKH�UHODWLRQVKLS�EHWZHHQ�DFWLYH�IXQFWLRQDO�ULERVRPH�OHYHO�DQG
FULWLFDO�FHOO�IDWH�GHFLVLRQV��*HQWLOHOOD��������

�����'HIHFWV�LQ�ULERVRPH�DEXQGDQFH�DUH�UHOHYDQW�WR�KXPDQ�GLVHDVH

1HXURJHQHVLV�LV�FOHDUO\�D�FRPSOH[�DQG��WKHUHIRUH��WLJKWO\�UHJXODWHG�SURFHVV���7KH
LQIOXHQFH�RI�ULERVRPHV�LQ�GLUHFWLQJ�DQG�PDLQWDLQLQJ�QHXURJHQHVLV�KDV�RQO\�UHFHQWO\
VWDUWHG�WR�FRPH�WR�OLJKW���$�YDULHW\�RI�ERWK�QHXURGHJHQHUDWLYH�DQG�QHXURGHYHORSPHQWDO
V\QGURPHV��LQFOXGLQJ�DXWLVP��KDYH�QRZ�EHHQ�VKRZQ�WR�KDYH�WLHV�WR�GLVUXSWLRQ�RI
ULERVRPHV�DW�VRPH�OHYHO���6RPH�H[WHUQDO�IDFWRUV�NQRZQ�WR�KDUP�QHXURGHYHORSPHQW��IRU
H[DPSOH��WKH�=LND�YLUXV���KDYH�DOVR�EHHQ�OLQNHG�WR�GLVUXSWLRQ�RI�ULERVRPH�ELRJHQHVLV�
:KLOH�WKH�SUHFLVH�PHFKDQLVPV�XQGHUO\LQJ�HDFK�PDODG\�LQ�WKLV�JURXS�RI�GLVHDVHV�PD\�EH
XQLTXH��WKH�UHVXOWV�RI�HDFK�IRUP�D�FRQVWHOODWLRQ�RI�SDWKRORJLHV��DEHUUDQW�ULERVRPH
ELRJHQHVLV�DQG�RU�IXQFWLRQ�LV�GLUHFWO\�OLQNHG�WR�QHXURORJLFDO�GHIHFWV��+HWPDQ��������

5LERVRPRSDWKLHV�DUH�GLVHDVHV�DIIHFWLQJ�VSHFLILF�FHOO�RU�WLVVXH�W\SHV�DQG�FDXVHG
SULPDULO\�E\�HLWKHU�53�KDSORLQVXIILFLHQF\�RU�GHIHFW�LQ�ULERVRPH�ELRJHQHVLV���7KH�XQHTXDO
GLVWULEXWLRQ�RI�GHIHFWV�WKURXJKRXW�WKH�ERG\�LQ�WKHVH�FDVHV�GHPRQVWUDWHV�WKH�QHHG�WR
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WLJKWO\�DQG�GLIIHUHQWLDOO\�FRQWURO�WKH�SURGXFWLRQ�RI�ULERVRPHV�DFURVV�FHOO�W\SHV��0LOOV�
��������$V�GHVFULEHG�DERYH��FHUWDLQ�51$V�DUH�JLYHQ WUDQVODWLRQDO�SUHIHUHQFH�ZKHQ�WKH
ULERVRPH�VXSSO\�LV�OLPLWHG��LQIOXHQFLQJ�ZKLFK�JHQHV�DUH�H[SUHVVHG�DQG�XOWLPDWHO\
GHFLGLQJ�WKH�IDWH�RI�WKH�SURJHQLWRU�FHOOV��0LOOV� �����DQG�.KDMXULD����������&HOO�W\SHV�ZLWK
GLIIHUHQWLDO�ULERVRPH�FRQFHQWUDWLRQV�DUH�WKHUHIRUH�SULPHG�WR�H[SUHVV�GLIIHUHQW�FRKRUWV�RI
JHQHV�WR�HVWDEOLVK�FHOO�W\SH�VSHFLILF�JHQH�H[SUHVVLRQ�SDWWHUQV�

7KLV�UHJXODWRU\�UROH�RI�ULERVRPHV�LQ�GHWHUPLQLQJ�FHOO�OLQHDJH�GHFLVLRQV�ZDV�LOOXPLQDWHG�E\
VWXG\LQJ�WKH�KXPDQ�JHQHWLF�EORRG�GLVRUGHU�'LDPRQG�%ODFNIDQ�DQHPLD��'%$����,Q�WKLV
GLVHDVH��WKH�HU\WKURLG�OLQHDJH�LV�VHYHUHO\�UHGXFHG��SURJHQLWRUV�DQG�SUHFXUVRUV�RI�WKLV
OLQHDJH�DUH�ODFNLQJ��ZKHUH�DOO�RWKHU�+6&�OLQHDJHV�UHPDLQ�XQDIIHFWHG���0RVW�PXWDWLRQV�LQ
WKLV�GLVHDVH�GLVUXSW�ULERVRPH�SURGXFWLRQ�WKURXJK�KDSORLQVXIILFLHQF\�RI�RQH�RI�WKH�53
JHQHV���7KLV�OLPLWV�WKH�VXSSO\�RI�IXQFWLRQDO�ULERVRPHV�LQ�WKH�SDWLHQW¶V�+6&V��.KDMXULD�
��������2QH�QRWDEOH�ILQG�IURP�WKLV�VWXG\�LV�WKDW� LQ�WKHVH�53�PXWDQWV��WUDQVFULSWLRQ�DQG
WUDQVODWLRQ�HIILFLHQF\�RI�WKH�53�WUDQVFULSWV�DSSHDU�WR�EH�XQUHODWHG���7UDQVODWLRQ�RI�WKH
DIIHFWHG�WUDQVFULSWV�ZDV�GHFUHDVHG��ZKLOH�WUDQVFULSWLRQ�UHPDLQHG�ODUJHO\�XQDIIHFWHG�
7KLV�VXJJHVWV�WKDW�WKH�GHILFLHQF\�RI�ULERVRPHV�LQ�WKHVH�PXWDQWV�LV�UHDOL]HG�DW�WKH�OHYHO�RI
WUDQVODWLRQ��QRW�WUDQVFULSWLRQ��.KDMXULD�������� ,Q�D�'%$�EDFNJURXQG��WKH�JURXS�RI
WUDQVFULSWV�PRVW�VHQVLWLYH�WR�ULERVRPH�LQVXIILFLHQFLHV�LQFOXGHV�ULERVRPDO�SURWHLQV
WKHPVHOYHV��DV�ZHOO�DV�WUDQVFULSWV�WKDW�DUH�QRUPDOO\�XSUHJXODWHG�LQ�HDUO\�HU\WKURSRLHVLV�
LQFOXGLQJ�WKH�NH\�WUDQVFULSWLRQ�IDFWRU�*$7$����,QWHUHVWLQJO\��WKHVH�WUDQVFULSWV�WHQGHG�WR�EH
UHODWLYHO\�VKRUW�DQG�HIILFLHQWO\�WUDQVODWHG�XQGHU�QRUPDO�FRQGLWLRQV��.KDMXULD��������

�����$LPV�RI�P\�GLVVHUWDWLRQ�UHVHDUFK

*LYHQ�WKH�PXOWLSOH�OLQHV�RI�HYLGHQFH�VXJJHVWLQJ�WKDW�GLIIHUHQWLDO�U51$�V\QWKHVLV
FRQWULEXWHV�WR�FHOO�IDWH�GHFLVLRQV�LQ�WKH�QHUYRXV�V\VWHP�DQG�WKH�WHFKQLFDO�OLPLWDWLRQV�RI
VWXG\LQJ�WKLV�SURFHVV�LQ�PDPPDOLDQ�PRGHO�V\VWHPV��P\�GLVVHUWDWLRQ�ZRUN�IRFXVHG�RQ�WKH
IROORZLQJ�DLPV�

$LP�����,GHQWLI\�SDWWHUQV�RI�GLIIHUHQWLDO�U51$�V\QWKHVLV�DPRQJ�SURJHQLWRUV�DQG�QHXURQV�LQ
WKH 'URVRSKLOD ODUYDO�EUDLQ

$LP�����'HWHUPLQH�LI�U51$�LQKHULWDQFH�FRQWULEXWHV�WR�SURWHLQ�V\QWKHVLV�LQ 'URVRSKLOD
QHXURQV

7KH�H[SHULPHQWDO�DSSURDFKHV�XVHG�WR�DGGUHVV�WKHVH�DLPV�DQG�WKH�FRQFOXVLRQV
VXSSRUWHG�E\�P\�UHVHDUFK�ILQGLQJV�DUH�SUHVHQWHG�LQ�&KDSWHU�����0\�GLVVHUWDWLRQ�ZRUN
HVWDEOLVKHV�WKH�GHYHORSLQJ 'URVRSKLOD QHUYRXV�V\VWHP DV�D�SRZHUIXO�PRGHO�IRU
LQYHVWLJDWLQJ�WKH�UROH�RI�GLIIHUHQWLDO�ULERVRPH�DEXQGDQFH�LQ�FHOO�IDWH�GHWHUPLQDWLRQ�
3RWHQWLDO�IXWXUH�GLUHFWLRQV�IRU�WKLV�ZRUN�DUH�EULHIO\�VXPPDUL]HG�LQ�&KDSWHU���



&KDSWHU��

3URJHQLWRU�GHULYHG�ULERVRPDO�51$�VXSSRUWV�SURWHLQ�V\QWKHVLV�LQ 'URVRSKLOD
QHXURQV
7KLV�FKDSWHU�LV�UHSURGXFHG�IURP�WKH�IROORZLQJ�SXEOLFDWLRQ�
-DGH�)HH��0RKDPHG�$ERXNLOLOD��0LFKDHO�'��&OHDU\��3URJHQLWRU�GHULYHG�ULERVRPDO�51$
VXSSRUWV�SURWHLQ�V\QWKHVLV�LQ 'URVRSKLOD QHXURQV� 1DWXUDO�6FLHQFHV��9ROXPH����,VVXH���
H�����������)LUVW�SXEOLVKHG�2FWREHU������������GRL�RUJ���������QWOV���������

$EVWUDFW� *OREDO�P51$�WUDQVODWLRQ�PD\�GLIIHU�GUDPDWLFDOO\ EHWZHHQ�SURJHQLWRU�FHOOV�DQG
WKHLU�GLIIHUHQWLDWHG�SURJHQ\���2QH�ZD\�FHOO�W\SH�VSHFLILF�WUDQVODWLRQ�LV�HVWDEOLVKHG�LV
WKURXJK�ULERVRPH�FRQFHQWUDWLRQ���,Q�DGGLWLRQ�WR�DGGUHVVLQJ�XQLTXH�PHWDEROLF�QHHGV�
FKDQJHV�LQ�ULERVRPH�FRQFHQWUDWLRQ�PD\�LQIOXHQFH�FHOO�IDWH���7KH�PHFKDQLVPV�WKDW
GHWHUPLQH�ULERVRPH�DEXQGDQFH�LQ�SURJHQLWRUV�YHUVXV�GLIIHUHQWLDWHG�SURJHQ\�DUH�QRW�IXOO\
XQGHUVWRRG���+HUH�ZH�LQYHVWLJDWHG�WKLV�SURFHVV�E\�IRFXVLQJ�RQ�ULERVRPDO�51$��U51$�
V\QWKHVLV�LQ 'URVRSKLOD QHXUDO�SURJHQLWRUV�DQG�QHXURQV� :H�IRXQG�WKDW�U51$�V\QWKHVLV
LV�UREXVW�LQ�QHXUDO�SURJHQLWRUV�EXW�LV�OLPLWHG�LQ�SRVW�PLWRWLF�QHXURQV���1HZO\�ERUQ�QHXURQV
LQKHULW�U51$�IURP�WKHLU�SURJHQLWRU�SDUHQW�DQG�WKLV�LQKHULWHG�U51$�LV�VXIILFLHQW�IRU�SURWHLQ
V\QWKHVLV�LQ�QHXURQV���2XU�ILQGLQJV�VXSSRUW�D�PRGHO�LQ�ZKLFK�QHXURQ�VSHFLILF�WUDQVODWLRQ
SURJUDPV�DUH�HVWDEOLVKHG�E\�U51$�LQKHULWDQFH�

.H\�3RLQWV�
Ɣ 7KLV�ZRUN�OLQNV�FKDQJHV�LQ�ULERVRPDO�51$��U51$��V\QWKHVLV��RIWHQ�DVVXPHG�WR�EH�DQ

LQYDULDQW�IHDWXUH�RI�FHOOV��WR�QHXUDO�GLIIHUHQWLDWLRQ�
Ɣ :H�GHVFULEH�D�SURFHVV�RI�U51$�LQKHULWDQFH��ZKHUH�U51$�PDGH�LQ�QHXUDO�SURJHQLWRUV

LV�SDVVHG�WR�WKHLU�SURJHQ\�
Ɣ :H�VKRZ�WKDW�U51$�LQKHULWDQFH�LV�VXIILFLHQW�IRU�QHXUDO�GHYHORSPHQW�DQG�SURWHLQ

V\QWKHVLV�LQ�QHXURQV�

,QWURGXFWLRQ

$OO�FHOOV�UHTXLUH�HIILFLHQW�P51$�WUDQVODWLRQ��EXW�SURWHLQ�V\QWKHVLV�FDSDFLW\�YDULHV�E\�FHOO
W\SH��%XV]F]DN����������&HOO�W\SH�VSHFLILF�WUDQVODWLRQ NLQHWLFV�GHWHUPLQH�SUROLIHUDWLRQ
SRWHQWLDO�DQG�PDLQWDLQ�XQLTXH�FHOOXODU�SURSHUWLHV���&DQFHU�FHOOV�PD\�DOWHU�WUDQVODWLRQ
LQLWLDWLRQ�WR�JOREDOO\�LQFUHDVH�SURWHLQ�V\QWKHVLV�DQG�VXVWDLQ�SUROLIHUDWLRQ��5XJJHUR��������
$�GHOLFDWH�EDODQFH�RI�WUDQVODWLRQ�DFWLYLW\�LV�DOVR�FULWLFDO�IRU�KHPDWRSRLHWLF�VWHP�FHOO��+6&�
KRPHRVWDVLV��ZLWK�LQFUHDVHG�RU�GHFUHDVHG�JOREDO�WUDQVODWLRQ�LPSDLULQJ�+6&�IXQFWLRQ
�6LJQHU�����������9DULDWLRQ�LQ�ULERVRPH�FRQFHQWUDWLRQ LV�RQH�PHFKDQLVP�FHOOV�XVH�WR
FRQWURO�WUDQVODWLRQ�RXWSXW��0LOOV�DQG�*UHHQ�������� ,Q�DGGLWLRQ�WR�LQIOXHQFLQJ�JURZWK�DQG
SUROLIHUDWLYH�FDSDFLW\��ULERVRPH�FRQFHQWUDWLRQ�FDQ�DIIHFW�FHOO�IDWH�WKURXJK�ELDVHG
WUDQVODWLRQ�RI�FHUWDLQ�P51$V��0LOOV�DQG�*UHHQ������ DQG�.KDMXULD����������&DOLEUDWLRQ�RI
ULERVRPH�DEXQGDQFH�DQG�DOWHUHG�SURWHLQ�V\QWKHVLV�KDV�EHHQ�GHVFULEHG�LQ�VHYHUDO
GHYHORSPHQWDO�FRQWH[WV���5LERVRPDO�SURWHLQ�OHYHOV�GHFUHDVH�ZKHQ�PRXVH�HPEU\RQLF
VWHP�FHOOV�GLIIHUHQWLDWH�WR�HPEU\RLG�ERGLHV�ZKLOH�JOREDO�WUDQVODWLRQ�HIILFLHQF\�LQFUHDVHV
�,QJROLD����������6LPLODUO\��LQ�WKH 'URVRSKLOD IHPDOH JHUPOLQH�SURGXFWLRQ�RI�ULERVRPDO
51$��U51$��DQG�ULERVRPH�DVVHPEO\�IDFWRUV�GHFUHDVHV�DORQJ�WKH�GLIIHUHQWLDWLRQ�SDWKZD\
�=KDQJ�������DQG�6DQFKH]��������\HW�JHUPOLQH�VWHP FHOO�GLIIHUHQWLDWLRQ�LV�DVVRFLDWHG
ZLWK�LQFUHDVHG�JOREDO�SURWHLQ�V\QWKHVLV��6DQFKH]� ��������7KHVH�VWXGLHV�VXJJHVW�WKDW�WKH
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UHODWLRQVKLS�EHWZHHQ�ULERVRPH�DEXQGDQFH�DQG�FHOO�IDWH�LV�PRUH�FRPSOH[�WKDQ�VLPSO\
PHHWLQJ�WKH�PHWDEROLF�QHHGV�RI�SURJHQLWRUV�YHUVXV�GLIIHUHQWLDWHG�SURJHQ\�

5HJXODWLRQ�RI�ULERVRPDO�51$�V\QWKHVLV�LV�RQH�ZD\�RI�WXQLQJ�JOREDO�WUDQVODWLRQ�FDSDFLW\�
'HFUHDVHG�U51$�V\QWKHVLV�FDQ�DIIHFW�GHYHORSPHQWDO�WUDQVLWLRQV�LQ�WKH 'URVRSKLOD IHPDOH
JHUPOLQH��=KDQJ��������DQG�PDPPDOLDQ�WLVVXH�FXOWXUH FHOOV��+D\DVKL�����������,Q
HXNDU\RWHV��U51$�LV�WUDQVFULEHG�E\�51$�SRO\PHUDVH�,�IURP�WDQGHP�UHSHDWV�RI�D�JHQH
HQFRGLQJ�SUHFXUVRU�U51$��SUH�U51$����3UH�U51$�LV�SURFHVVHG�LQWR�LQGLYLGXDO���6����6�
DQG����6�U51$V�ZKLOH�D�IRXUWK�U51$���6�U51$��LV�WUDQVFULEHG�E\�51$�SRO\PHUDVH�,,,�
5LERVRPDO�51$�WUDQVFULSWLRQ�RFFXUV�DW�D�VSHFLDOL]HG�VLWH�LQ�WKH�QXFOHXV�FDOOHG�WKH
QXFOHROXV���'LIIHUHQFHV�LQ�U51$�WUDQVFULSWLRQ�FDQ�EH�UHFRJQL]HG�YLD�FKDQJHV�LQ�QXFOHROXV
VL]H��D�ODUJHU�QXFOHROXV�XVXDOO\�LQGLFDWHV�PRUH�U51$�WUDQVFULSWLRQ��DQG�YLD�GLUHFW
GHWHFWLRQ�RI�QDVFHQW�U51$���)RU�H[DPSOH� 'URVRSKLOD IHPDOH�JHUPOLQH�VWHP�FHOOV�KDYH
ODUJH�QXFOHROL�DQG�KLJK�UDWHV�RI�U51$�WUDQVFULSWLRQ�EXW�WKHLU�GLIIHUHQWLDWHG�SURJHQ\�KDYH
VPDOOHU�QXFOHROL�DQG�UHGXFHG�U51$�V\QWKHVLV��=KDQJ� ��������'RZQUHJXODWLRQ�RI�U51$
V\QWKHVLV�DOVR�RFFXUV�GXULQJ�GLIIHUHQWLDWLRQ�LQ�WKH�PDPPDOLDQ�IRUHEUDLQ��&KDX��������
'HFUHDVHG�ULERVRPH�DEXQGDQFH�DSSHDUV�WR�EH�D�FRPPRQ�IHDWXUH�RI�QHXUDO
GLIIHUHQWLDWLRQ��DGGLWLRQDO�VWXGLHV�KDYH�VKRZQ�WKDW�ULERVRPDO�SURWHLQ�SURGXFWLRQ
�6ORPQLFNL��������DQG�U51$�V\QWKHVLV��4LDQ������� GHFUHDVHV�LQ�SRVW�PLWRWLF�QHXURQV�
&RPSDUWPHQW�VSHFLILF�FKDQJHV��VXFK�DV�ORVV�RI�ULERVRPHV�IURP�PDWXUH�D[RQV��DOVR
RFFXUV�GXULQJ�QHXUDO�GHYHORSPHQW��.OHLPDQ�������DQG &RVWD����������7KHVH�ILQGLQJV
UDLVH�LQWHUHVWLQJ�TXHVWLRQV�UHJDUGLQJ�KRZ�ULERVRPH�ELRJHQHVLV�LV�UHJXODWHG�WR�PHHW�WKH
P51$�WUDQVODWLRQ�QHHGV�RI�QHXURQV���2QH�SRVVLELOLW\�LV�WKDW�FRPSRQHQWV�RI�WKH
WUDQVODWLRQ�PDFKLQHU\��LQFOXGLQJ�U51$V��DUH�SULPDULO\�V\QWKHVL]HG�LQ�SURJHQLWRUV�WKHQ
SDVVHG�WR�QHXURQV�GXULQJ�GLIIHUHQWLDWLQJ�GLYLVLRQV���7KH�DEVHQFH�RI�F\WRNLQHVLV�LQ
QHXURQV�DQG�WKH�ORQJ�KDOI�OLIH�RI�ULERVRPHV��GD\V�WR�ZHHNV��FRXOG�HVWDEOLVK�D�SRRO�RI
ULERVRPHV�VXIILFLHQW�WR�PHHW�WKH�SURWHLQ�V\QWKHVLV�QHHGV�RI�QHXURQV�LQ�WKH�DEVHQFH�RI
DQ\�DXWRQRPRXV�ULERVRPH�SURGXFWLRQ��+HWPDQ��������

'URVRSKLOD QHXUDO�VWHP�FHOOV��FDOOHG�QHXUREODVWV� XQGHUJR�PXOWLSOH�URXQGV�RI�DV\PPHWULF
VHOI�UHQHZLQJ�GLYLVLRQV�WR�XOWLPDWHO\�SURGXFH�QHXURQV�DQG�JOLD���7KHUH�DUH�WZR�PDLQ
W\SHV�RI�QHXUREODVW�LQ�WKH�ODUYDO�EUDLQ��W\SH�,�QHXUREODVWV�SURGXFH�D�WUDQVLHQW�SURJHQLWRU�
WKH�JDQJOLRQ�PRWKHU�FHOO��*0&���DW�HDFK�GLYLVLRQ�ZKLOH�W\SH�,,�QHXUREODVWV�SURGXFH
LQWHUPHGLDWH�QHXUDO�SURJHQLWRUV��,13V��WKDW�XQGHUJR�PXOWLSOH�URXQGV�RI�DV\PPHWULF
GLYLVLRQV��VHOI�UHQHZLQJ�DQG�SURGXFLQJ�D�*0&��+RPHP� ��������,Q�ERWK�OLQHDJHV�WKH
*0&�GLYLGHV�RQFH�WR�SURGXFH�SRVW�PLWRWLF�SURJHQ\���3UHYLRXV�ZRUN�KDV�VKRZQ�WKDW�WKH
QXFOHROXV�LV�VPDOOHU�LQ�GLIIHUHQWLDWHG�FHOOV��,13V��*0&V��QHXURQV��FRPSDUHG�WR
QHXUREODVWV��%HWVFKLQJHU�������DQG�6RQJ���������VXJJHVWLQJ WKDW�U51$�V\QWKHVLV�LV
UHVWULFWHG�XSRQ�GLIIHUHQWLDWLRQ���7KH�WUDQVFULSWLRQ�IDFWRU�0\F�LV�OLNHO\�D�FUXFLDO�UHJXODWRU�RI
WKLV�UHVWULFWLRQ���0\F�LV�H[SUHVVHG�DW�KLJK�OHYHOV�LQ�QHXUREODVWV�EXW�LV�DEVHQW�IURP�,13V�
*0&V�DQG�QHXURQV��6RQJ����������0\F�SURPRWHV�FHOO JURZWK�DQG�SUROLIHUDWLRQ�YLD
VHYHUDO�SDWKZD\V��LQFOXGLQJ�WUDQVFULSWLRQDO�DFWLYDWLRQ�RI�JHQHV�HQFRGLQJ�51$
SRO\PHUDVH�,�VXEXQLWV��*UHZDO��������

:KLOH�GHFUHDVHG�QXFOHROXV�VL]H�VXJJHVWV�U51$�V\QWKHVLV�LV�UHVWULFWHG�XSRQ�QHXUDO
GLIIHUHQWLDWLRQ�LQ 'URVRSKLOD��PXOWLSOH�TXHVWLRQV UHPDLQ���)LUVW��GRHV�GLUHFW�PHDVXUHPHQW
RI�U51$�V\QWKHVLV�FRQILUP�WKLV�SUHGLFWLRQ"��6HFRQG��WR�ZKDW�GHJUHH�LV�U51$�V\QWKHVLV
UHVWULFWHG�DORQJ�WKH�GLIIHUHQWLDWLRQ�SDWKZD\"��7KLUG��VLQFH�WKH�DEVHQFH�RI�0\F�LV
SUHGLFWHG�WR�OLPLW�U51$�V\QWKHVLV��KRZ�GR�GLIIHUHQWLDWHG�SURJHQLWRUV�DQG�QHXURQV�REWDLQ
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WKH�QHFHVVDU\�DPRXQW�RI�U51$�WR�VXSSRUW�WKHLU�WUDQVODWLRQ�QHHGV"��+HUH�ZH�VKRZ�WKDW
KLJK�OHYHOV�RI�QDVFHQW�U51$V�DUH�SUHVHQW�LQ�QHXUREODVWV��,13V�DQG�*0&V�EXW�U51$
V\QWKHVLV�LV�VHYHUHO\�UHVWULFWHG�LQ�QHXURQV���2XU�GDWD�UHYHDO�WKDW�QHXUDO�SURJHQLWRUV�SDVV
U51$�WR�WKHLU�SURJHQ\�GXULQJ�F\WRNLQHVLV�DQG�VXJJHVW�WKDW�WKH�U51$�LQ�,13V�DQG�*0&V
LV�DW�OHDVW�SDUWO\�GHULYHG�IURP�WKHLU�QHXUREODVW�SDUHQW���8OWLPDWHO\��WKH�U51$�LQ�*0&V�LV
LQKHULWHG�E\�QHXURQV�DW�F\WRNLQHVLV���)LQDOO\��ZH�VKRZ�WKDW�SURJHQLWRU�GHULYHG�U51$V�DUH
VXIILFLHQW�WR�VXSSRUW�EUDLQ�GHYHORSPHQW�DQG�QRUPDO�SURWHLQ�V\QWKHVLV�LQ�QHXURQV����7KLV
ZRUN�VXSSRUWV�D�PRGHO�LQ�ZKLFK�U51$�LQKHULWDQFH�HVWDEOLVKHV�FHOO�W\SH�VSHFLILF
WUDQVODWLRQ�SURJUDPV�DORQJ�WKH�QHXUDO�GLIIHUHQWLDWLRQ�SDWKZD\�

5HVXOWV

51$�WDJJLQJ�UHYHDOV�GLIIHUHQWLDO�U51$�V\QWKHVLV�LQ�QHXUDO�SURJHQLWRUV�DQG�QHXURQV�
:H�UHFHQWO\�GHVFULEHG�D�FHOO�W\SH�VSHFLILF�ELRV\QWKHWLF�51$�WDJJLQJ�PHWKRG�FDOOHG
(&�WDJJLQJ��+LGD����������(&�WDJJLQJ�DOORZV�FHOO�W\SH�VSHFLILF ODEHOLQJ�RI�QDVFHQW�51$V
YLD�FRQYHUVLRQ�RI���HWK\Q\OF\WRVLQH��(&��WR���HWK\Q\OXULGLQH��(8��PRQRSKRVSKDWH�LQ
FHOOV�WKDW�H[SUHVV�D�F\WRVLQH�GHDPLQDVH�±�XUDFLO�SKRVSKRULERV\OWUDQVIHUDVH�IXVLRQ
�&'�8357���7KH�ODEHOHG�51$�FDQ�EH�VXEVHTXHQWO\�LQWHUURJDWHG�XVLQJ�³FOLFN�FKHPLVWU\´�
2QH�SRVVLEOH�DSSOLFDWLRQ�LV�YLVXDOL]DWLRQ�RI�51$�YLD�DWWDFKPHQW�RI�DQ�D]LGH�FRXSOHG
IOXRURSKRUH���7KLV�DSSURDFK�KDV�EHHQ�XVHG�IRU�JHQHUDO�51$�LPDJLQJ��QRW�FHOO
W\SH�VSHFLILF��YLD�GLUHFW�DSSOLFDWLRQ�RI�(8��-DR� ��������7R�WHVW�(&�WDJJLQJ�EDVHG�51$
LPDJLQJ��ZH�XVHG�WKH�*DO��8$6�WUDQVJHQH�H[SUHVVLRQ�V\VWHP��%UDQG��������WR�H[SUHVV
&'�8357�LQ�SURJHQLWRUV�RU�QHXURQV���:H�XVHG LQVF�*DO� IRU�SURJHQLWRU�WDJJLQJ�VLQFH
WKLV�OLQH�H[SUHVVHV�*DO��LQ�W\SH�,�QHXUREODVWV��W\SH�,,�QHXUREODVWV��DQG�,13V��1HXP�OOHU�
��������,Q�DGGLWLRQ��VRPH�DPRXQW�RI�*DO��DQG�&'�8357 OLNHO\�SHUGXUHV�LQ�*0&V�DQG��WR
D�OHVVHU�H[WHQW��QHXURQV�RI LQVF�*DO� [ 8$6�&'�8357 EUDLQV��DV�SUHYLRXVO\�GHVFULEHG
IRU�8357�H[SUHVVLRQ�LQ�QHXUREODVWV�DQG�78�WDJJLQJ�ODUYDO�EUDLQV��/DL������������:H�XVHG
Q6\E�*DO� IRU�QHXURQ�WDJJLQJ�VLQFH�WKLV�OLQH�H[SUHVVHV *DO��RQO\�LQ�QHXURQV��3DXOL�
��������)RU�DOO�(&�WDJJLQJ�H[SHULPHQWV��ODUYDH�ZHUH IHG�(&�IRU����KRXUV�EHJLQQLQJ�DW
HDUO\�/��VWDJH���:H�GHWHFWHG�IOXRUHVFHQW�51$�ZKHQ�WDJJLQJ�ZDV�WDUJHWHG�WR�QHXUDO
SURJHQLWRUV�EXW�QHYHU�GHWHFWHG�IOXRUHVFHQW�51$�ZKHQ�WDJJLQJ�ZDV�WDUJHWHG�WR�QHXURQV
�)LJXUH��$��

6LQFH�UHODWHG�(8�ODEHOLQJ�H[SHULPHQWV�KDYH�VKRZQ�(8�LQFRUSRUDWLRQ�LQWR�U51$�DQG
P51$��-DR��������DQG�U51$�DFFRXQWV�IRU�DW�OHDVW���� RI�WKH�51$�LQ�HXNDU\RWLF�FHOOV�
ZH�SUHGLFWHG�WKDW�WKH�WDJJHG�51$�LQ 'URVRSKLOD EUDLQV LV�SUHGRPLQDWHO\�U51$���7R
PHDVXUH�UHODWLYH�U51$�V\QWKHVLV�LQ�QHXUREODVWV�DQG�QHXURQV�XVLQJ�DQ
LPDJLQJ�LQGHSHQGHQW�DSSURDFK��ZH�SXULILHG�(&�WDJJHG�51$�IURP LQVF�!�&'�8357 DQG
Q6\E�!�&'�8357 EUDLQV�IROORZLQJ�D����KRXU�(&�IHHGLQJ� 1DVFHQW�U51$�ZDV�TXDQWLILHG
E\�57�T3&5�XVLQJ�SULPHUV�VSHFLILF�IRU�SUHFXUVRU�U51$��/DUVRQ����������:H�DOVR
PHDVXUHG�OHYHOV�RI�D�QHXURQ�VSHFLILF�WUDQVFULSW� 6\QDSWRWDJPLQ � �6\W����DQG�FRQILUPHG
WKDW 6\W� ZDV�HQULFKHG�E\ Q6\E�!�&'�8357 WDJJLQJ�HYHQ WKRXJK�VRPH�QHXURQDO
WDJJLQJ�RFFXUV�LQ LQVF�!�&'�8357 EUDLQV�GXH�WR�&'�8357 SHUGXUDQFH��)LJXUH��%��
6LPLODU�WR�WKH�(&�WDJJLQJ�51$�LPDJLQJ�UHVXOWV��SUH�U51$�OHYHOV�ZHUH�KLJKO\�UHGXFHG�LQ
QHXURQV�FRPSDUHG�WR�QHXUREODVWV��)LJXUH��%��

7R�GHWHUPLQH�LI�WKH�IOXRUHVFHQW�VLJQDO�GHWHFWHG�E\�51$�WDJJLQJ�LV�SULPDULO\�U51$��P51$�
RU�ERWK��ZH�SHUIRUPHG�(8�EDVHG�51$�WDJJLQJ�RI�GLVVHFWHG�EUDLQV�LQ�WKH�SUHVHQFH�RU
DEVHQFH�RI�SKDUPDFRORJLF�LQKLELWRUV�RI�51$�SRO\PHUDVHV��WULSWROLGH�WR�LQKLELW�51$
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SRO\PHUDVH�,,��EORFNLQJ�P51$�V\QWKHVLV���+HQULTXHV��������DQG�DFWLQRP\FLQ�'�WR�LQKLELW
51$�SRO\PHUDVH�,�DQG�,,��EORFNLQJ�U51$�DQG�P51$�V\QWKHVLV��� -DR����������7ULSWROLGH
WUHDWHG�EUDLQV�ZHUH�LQGLVWLQJXLVKDEOH�IURP�FRQWUROV��ZKLOH�DFWLQRP\FLQ�'�DEROLVKHG�WKH
(8�WDJJHG�51$�VLJQDO��)LJXUH��&����7KHVH�UHVXOWV�FRQILUP WKDW�WKH�WDJJHG�51$�LV
SUHGRPLQDWHO\�ULERVRPDO�51$���:H�DOVR�LPDJHG�(8�WDJJHG�51$�LQ�FRPELQDWLRQ�ZLWK
DQWLERG\�VWDLQLQJ�IRU�8GG��D�QXFOHROXV�SURWHLQ���=KDQJ� ������DQG�3&1$��D�PDUNHU�RI
SUROLIHUDWLQJ�FHOOV����$V�H[SHFWHG�IRU�U51$��WKH�(8�51$�VLJQDO�LV�ORFDOL]HG�WR�WKH
QXFOHROXV�DQG�DV�SUHGLFWHG�E\�RXU�(&�WDJJLQJ�GDWD��WKH�VLJQDO�LV�UHVWULFWHG�WR�SUROLIHUDWLQJ
QHXUREODVWV��)LJXUH��'����$OWRJHWKHU��WKHVH�(&�WDJJLQJ DQG�(8�WDJJLQJ�GDWD�VXJJHVW
WKDW�U51$�V\QWKHVLV�LV�OLPLWHG�LQ�QHXURQV�

%LRV\QWKHWLFDOO\�WDJJHG�U51$V�DUH�UHVWULFWHG�WR�UHFHQWO\�ERUQ�QHXURQV�
:H�SUHYLRXVO\�IRXQG�WKDW�(8�IHHGLQJ�UHVXOWV�LQ�PRUH�UREXVW�51$�WDJJLQJ�WKDQ�(&
IHHGLQJ��+LGD��������DQG�WKHUHIRUH�VRXJKW�WR�WHVW LI�WKLV�DSSURDFK�PLJKW�LGHQWLI\�QHXURQDO
U51$�V\QWKHVLV�WKDW�LV�EHORZ�WKH�GHWHFWLRQ�OLPLW�IRU�(&�WDJJLQJ���:H�LQLWLDOO\�DWWHPSWHG
VKRUW�(8�IHHGLQJV�DQG�IRXQG�WKDW�IHHGLQJ�IRU�D�PLQLPXP�RI�IRXU�KRXUV�ZDV�QHFHVVDU\�WR
UHOLDEO\�GHWHFW�WDJJHG�U51$���7KLV�FRQVWUDLQW�OLNHO\�UHIOHFWV�WKH�WLPH�LW�WDNHV�IRU�LQJHVWHG
(8�WR�DFFXPXODWH�ZLWKLQ�WKH�QXFOHRVLGH�SRRO�RI�EUDLQ�FHOOV�DQG�IRU�D�YLVLEOH�WKUHVKROG�RI
WDJJHG�U51$�PROHFXOHV�WR�EH�SURGXFHG���)ROORZLQJ�IRXU�KRXUV�RI�(8�IHHGLQJ��WDJJHG
U51$�ZDV�FRQVLVWHQWO\�GHWHFWHG�LQ�QHXUREODVWV�DQG�GLIIHUHQWLDWHG�SURJHQLWRUV��,13V�DQG
*0&V����,Q�WKHVH�H[SHULPHQWV��WDJJHG�U51$�ZDV�QHYHU�GHWHFWHG�LQ�QHXURQV �)LJXUH��$
DQG�%��

7KH�DEVHQFH�RI�WDJJHG�U51$�LQ�QHXURQV�FRXOG�EH�GXH�WR�D�ORZ�UDWH�RI�U51$�V\QWKHVLV
DQG�D�VLJQDO�EHORZ�WKH�OLPLW�RI�GHWHFWLRQ���:H�WKHUHIRUH�WHVWHG�ORQJHU�(8�IHHGLQJ�SHULRGV
RI���DQG����KRXUV���$IWHU���KRXUV��ZH�GHWHFWHG�WDJJHG�U51$�LQ�QHXURQV�EXW�RQO\�LQ�D
VPDOO�QXPEHU�RI�UHFHQWO\�ERUQ�QHXURQV��ORFDWHG�QHDU�*0&V��DQG�QHYHU�PDWXUH�QHXURQV
ORFDWHG�IXUWKHU�IURP�SURJHQLWRUV��)LJXUHV��%�DQG��&�� $IWHU����KRXUV�WKH�QXPEHU�RI
QHXURQV�FRQWDLQLQJ�WDJJHG�U51$�LQFUHDVHG�EXW�WKH�VLJQDO�ZDV�VWLOO�UHVWULFWHG�WR�UHFHQWO\
ERUQ�QHXURQV��)LJXUHV��&�DQG�'����2QH�LQWHUSUHWDWLRQ RI�WKHVH�UHVXOWV�LV�WKDW�UHFHQWO\
ERUQ�QHXURQV�KDYH�D�ORZ�UDWH�RI�U51$�V\QWKHVLV��UHYHDOHG�RQO\�E\�WKH�ORQJHU�ODEHOLQJ
SHULRGV��ZKLOH�PDWXUH�QHXURQV�SURGXFH�OLWWOH�RU�QR�U51$�DQG�WDJJHG�51$V�UHPDLQ�EHORZ
WKH�GHWHFWLRQ�OLPLW���$QRWKHU�SRVVLELOLW\�LV�WKDW�D�SHULRG�RI���KRXUV�DOORZV�WLPH�IRU�*0&
GLYLVLRQV�WR�JHQHUDWH�QHXURQV�FRQWDLQLQJ�LQKHULWHG�U51$���7KH�DYHUDJH�*0&�FHOO�F\FOH�LV
����KRXUV��+RPHP����������*LYHQ�WKLV�WLPLQJ�DQG�WKH ODJ�EHWZHHQ�LQLWLDWLRQ�RI�(8�IHHGLQJ
DQG�GHWHFWLRQ�RI�WDJJHG�U51$��YHU\�IHZ�*0&V�DUH�H[SHFWHG�WR�GLYLGH�DQG�SDVV�WDJJHG
U51$�WR�QHXURQDO�SURJHQ\�GXULQJ�D���KRXU�IHHGLQJ���+RZHYHU��GXULQJ�D���KRXU�IHHGLQJ
DQG�HYHQ�PRUH�VR�D����KRXU�IHHGLQJ��WKHUH�LV�WLPH�IRU�PXOWLSOH�*0&V�WR�GLYLGH�DQG
JHQHUDWH�QHXURQV�ZLWK�LQKHULWHG�U51$���7KH�UHVXOWV�RI�WKHVH�H[SHULPHQWV�GR�QRW�UXOH�RXW
HLWKHU�H[SODQDWLRQ��ORZ�UDWH�RI�U51$�V\QWKHVLV�RU�U51$�LQKHULWDQFH��DQG�ERWK
PHFKDQLVPV�PD\�FRQWULEXWH�WR�WKH�U51$�SRSXODWLRQ�LQ�QHXURQV���1HXURQ�VSHFLILF
PHDVXUHPHQW�RI�SUH�U51$�E\�(&�WDJJLQJ�DQG�57�T3&5��)LJXUH��%��DOUHDG\�UHYHDOHG
WKDW�VRPH�ORZ�OHYHO�U51$�WUDQVFULSWLRQ�RFFXUV�LQ�QHXURQV���:H�QH[W�VRXJKW�WR�LQYHVWLJDWH
WKH�SRVVLELOLW\�WKDW�U51$�V\QWKHVL]HG�LQ�SURJHQLWRUV�LV�SDVVHG�WR�QHXURQV�

5LERVRPDO�51$�DVVRFLDWHV�ZLWK�PLWRWLF�FKURPRVRPHV�DQG�LV�SDVVHG�WR�SURJHQ\�
3UHYLRXV�ZRUN�LQ�+H/D�FHOOV�UHYHDOHG�WKDW�SUH�U51$�DVVRFLDWHV�ZLWK�FKURPRVRPHV
GXULQJ�PLWRVLV�DQG�VHJUHJDWHV�WR�HDFK�GDXJKWHU�FHOO�GXULQJ�F\WRNLQHVLV��6LUUL����������:H
UHDVRQHG�WKDW�D�VLPLODU�PHFKDQLVP�FRXOG�PHGLDWH�U51$�WUDQVIHU�IURP 'URVRSKLOD QHXUDO
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SURJHQLWRUV�WR�WKHLU�SURJHQ\���7R�WHVW�WKLV�SRVVLELOLW\��ZH�IHG�(8�IRU����KRXUV�DQG�LPDJHG
WDJJHG�U51$�DORQJ�ZLWK�SKRVSKRU\ODWHG�KLVWRQH�+���D�PDUNHU�RI�PLWRWLF�FKURPRVRPHV�
DQG�0LUDQGD��DQ�DV\PPHWULFDOO\�ORFDOL]HG�SURWHLQ�WKDW�LV�EULHIO\�SUHVHQW�LQ�QHZO\�IRUPHG
*0&V��,NHVKLPD�.DWDRND����������$V�GHVFULEHG�IRU�+H/D FHOOV��WDJJHG�U51$�RYHUODSSHG
FORVHO\�ZLWK�PLWRWLF�FKURPRVRPHV��LQFOXGLQJ�FKURPRVRPHV�DW�WKH�PHWDSKDVH�SODWH
�)LJXUH��$��DQG�FKURPRVRPHV�LQKHULWHG�E\�QHZO\�IRUPHG *0&V��)LJXUH��%��

7R�IXUWKHU�WHVW�LI�U51$�LV�SDVVHG�IURP�SURJHQLWRUV�WR�QHXURQV��ZH�SHUIRUPHG�D���KRXU�(8
³SXOVH´�IROORZHG�E\�DQ����KRXU�³FKDVH´�ZLWK�D�WZHQW\�IROG�H[FHVV�RI�XQPRGLILHG�XULGLQH�WR
EORFN�DQ\�IXUWKHU�SURGXFWLRQ�RI�WDJJHG�51$��DV�SUHYLRXVO\�GHVFULEHG��%XURZ����������$V
GHVFULEHG�DERYH��WKH�PDMRULW\�RI�WDJJHG�U51$�ZDV�FRQFHQWUDWHG�LQ�SURJHQLWRU�FHOOV�DW�WKH
HQG�RI�WKH���KRXU�IHHGLQJ��EXW�VRPH�QHZO\�ERUQ�QHXURQV��DGMDFHQW�WR�SURJHQLWRUV��ZHUH
SRVLWLYHO\�ODEHOHG��)LJXUH��&����)ROORZLQJ�WKH����KRXU FKDVH��WKH�U51$�VLJQDO�ZDV
WUDQVIHUUHG�IURP�SURJHQLWRUV�WR�UHFHQWO\�ERUQ�QHXURQV���7KH�WUDQVIHUUHG�U51$�VLJQDO�ZDV
VWURQJ�WKURXJKRXW�WKH�FHOO��LQGLFDWLQJ�ORFDOL]DWLRQ�WR�WKH�QXFOHXV��VLWH�RI�LQLWLDO�ULERVRPH
DVVHPEO\��DQG�F\WRSODVP��VLWH�RI�ILQDO�ULERVRPH�PDWXUDWLRQ�DQG�PDWXUH�ULERVRPHV��
7KHVH�UHVXOWV�VXSSRUW�WKH�U51$�LQKHULWDQFH�PRGHO���9HU\�OLWWOH��LI�DQ\��U51$�GHFD\�LV
H[SHFWHG�GXULQJ�WKH����KRXU�FKDVH���:H�XVHG�ODUYDO�QHXUREODVW�VSHFLILF�(&�WDJJLQJ
SXOVH�FKDVH�H[SHULPHQWV�WR�PHDVXUH�51$�KDOI�OLYHV�DQG�GHWHFWHG�QR�U51$�GHFD\�GXULQJ
D����KRXU�FKDVH��6XSSRUWLQJ�,QIRUPDWLRQ�)LJXUH������3UHYLRXV�ZRUN�KDV�DOVR�VKRZQ�WKDW
'URVRSKLOD U51$�LV�H[WUHPHO\�VWDEOH��U51$�SURGXFHG LQ�HPEU\RV�ODVWV�LQWR�ODUYDO�VWDJHV
ZLWK�D�KDOI�OLIH�EHWZHHQ����DQG�����KRXUV�GHSHQGLQJ�RQ�JURZWK�FRQGLWLRQV��:LQNOHV�
��������7KH�KLJK�VWDELOLW\�RI�U51$�VXSSRUWV�RXU�FRQFOXVLRQ WKDW�WKH�WDJJHG�51$�GHWHFWHG
LQ�QHXURQV�DW�WKH�HQG�RI�WKH�FKDVH�LV�LQWDFW�LQKHULWHG�U51$�

U51$�LQKHULWDQFH�LQ�QHXURQV�LV�VXIILFLHQW�IRU�QHXURGHYHORSPHQW�DQG�SURWHLQ�V\QWKHVLV�
:H�QH[W�DVNHG�LI�LQKLELWLRQ�RI�U51$�V\QWKHVLV�ZRXOG�GLIIHUHQWLDOO\�DIIHFW�QHXUDO
SURJHQLWRUV�DQG�QHXURQV���7R�DFKLHYH�FHOO�W\SH�VSHFLILF�LQKLELWLRQ�RI�U51$�V\QWKHVLV��ZH
XVHG�D�SUHYLRXVO\�FKDUDFWHUL]HG�51$�LQWHUIHUHQFH�OLQH��=KDQJ��������WR�NQRFNGRZQ 51$
SRO\PHUDVH�,�VXEXQLW�% �3ROU�%��LQ�SURJHQLWRUV��LQVF�*DO� [�8$6�3ROU�%^51$L`��RU
QHXURQV��Q6\E�*DO��[�8$6��3ROU�%^51$L`�� 3ROU�% NQRFNGRZQ XVLQJ LQVF�*DO� OLPLWV
U51$�LQKHULWDQFH�LQ�QHXURQV�EXW�GRHV�QRW�DIIHFW�U51$�V\QWKHVLV�LQ�QHXURQV��)LJXUH��$��
3ROU�% NQRFNGRZQ�XVLQJ Q6\E�*DO� OLPLWV�U51$�V\QWKHVLV LQ�QHXURQV�EXW�GRHV�QRW�DIIHFW
U51$�LQKHULWDQFH��)LJXUH��$����3ROU�%�NQRFNGRZQ�LQ QHXUREODVWV�KDV�SUHYLRXVO\�EHHQ
VKRZQ�WR�OLPLW�QHXURJHQHVLV��1HXP�OOHU��������DQG ZH�IRXQG�WKDW 3ROU�% NQRFNGRZQ
GULYHQ�E\ LQVF�*DO� FDXVHV�QHDUO\������IDLOXUH�RI DGXOW�IOLHV�WR�HFORVH�IURP�WKHLU�SXSDO
FDVH��)LJXUH��%����,Q�FRQWUDVW� 3ROU�% NQRFNGRZQ�LQ QHXURQV�KDG�QR�HIIHFW�RQ
GHYHORSPHQW��IOLHV�HFORVHG������RI�WKH�WLPH��)LJXUH �%��

1H[W�ZH�WHVWHG�LI�LQKHULWHG�U51$�LV�VXIILFLHQW�WR�VXSSRUW�EXON�SURWHLQ�V\QWKHVLV�LQ�QHXURQV�
:H�XVHG�D�IOXRURSKRUH�³FOLFNDEOH´�DPLQR�DFLG�DQDORJ��KRPRSURSDUJ\OJO\FLQH��+3*��
�+RYKDQ\DQ��������WR�TXDQWLI\�SURWHLQ�V\QWKHVLV�LQ QHXURQV�RI�ZLOGW\SH� LQVF�*DO��[
8$6��3ROU�%^51$L`� DQG Q6\E�*DO��[�8$6��3ROU�%^51$L` IOLHV���'LVVHFWHG�EUDLQV�ZHUH
VRDNHG�LQ�+3*�IRU�WKUHH�KRXUV�WR�DOORZ�VXIILFLHQW�ODEHOLQJ�ZKLOH�OLPLWLQJ�WKH�OLNHOLKRRG�RI
SURWHLQV�SDVVLQJ�IURP�*0&V�WR�QHXURQV�DW�F\WRNLQHVLV��EDVHG�RQ�WKH�����KRXU�DYHUDJH
*0&�FHOO�F\FOH����$V�SUHYLRXVO\�VKRZQ��1HXP�OOHU� ������ 3ROU�% NQRFNGRZQ�XVLQJ
LQVF�*DO� GHFUHDVHV�SURJHQLWRU�SUROLIHUDWLRQ��UHVXOWLQJ LQ�VPDOOHU�EUDLQ�VL]H��EXW�QHXURQV
DUH�VWLOO�SURGXFHG��)LJXUH��&�����7KHVH�QHXURQV��ZLWK LQWDFW�DXWRQRPRXV�U51$�V\QWKHVLV
EXW�OLPLWHG�U51$�LQKHULWDQFH��KDG�VLJQLILFDQWO\�UHGXFHG�OHYHOV�RI�SURWHLQ�V\QWKHVLV
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�)LJXUHV��&�DQG�'���1HXURQV�ZLWK�LQWDFW�U51$�LQKHULWDQFH�EXW�OLPLWHG�DXWRQRPRXV�U51$
V\QWKHVLV�KDG�ZLOGW\SH�OHYHOV�RI�SURWHLQ�V\QWKHVLV��)LJXUHV��&�DQG�'����:H�LQWHUSUHW
WKHVH�GDWD�DV�HYLGHQFH�WKDW�LQKHULWHG�U51$V�VLJQLILFDQWO\�FRQWULEXWH�WR�SURWHLQ�V\QWKHVLV
LQ�QHXURQV�

'LVFXVVLRQ

:H�VHW�RXW�WR�LQYHVWLJDWH�WKH�SRVVLELOLW\�WKDW�ULERVRPDO�U51$�LQKHULWDQFH�LV�D�PDMRU
FRQWULEXWLQJ�IDFWRU�WR�HVWDEOLVKLQJ�QHXURQ�VSHFLILF�WUDQVODWLRQ�FDSDFLW\���8VLQJ�FHOO
W\SH�VSHFLILF�(&�WDJJLQJ�DQG�VWDQGDUG�(8�WDJJLQJ��ZH�IRXQG�WKDW�QDVFHQW�U51$
V\QWKHVLV�LV�YHU\�OLPLWHG�LQ�QHXURQV���:H�DOVR�IRXQG�WKDW�SURJHQLWRU�U51$��PRVW�OLNHO\�LQ
SUH�U51$�IRUP��DVVRFLDWHV�ZLWK�PLWRWLF�FKURPRVRPHV�DQG�LV�SDVVHG�WR�SURJHQ\�DW
F\WRNLQHVLV���7KH�IXQFWLRQDO�LPSRUWDQFH�RI�U51$�LQKHULWDQFH�ZDV�UHYHDOHG�E\�51$L
H[SHULPHQWV�WDUJHWLQJ�51$�SRO\PHUDVH�,�LQ�HLWKHU�SURJHQLWRUV�RU�QHXURQV���.QRFNGRZQ�RI
51$�SRO\PHUDVH�,�LQ�QHXURQV�KDG�QR�HIIHFW�RQ�QHXURGHYHORSPHQW�RU�SURWHLQ�V\QWKHVLV
ZKLOH�NQRFNGRZQ�LQ�SURJHQLWRUV�FDXVHG�D�VHYHUH�QHXURGHYHORSPHQW�GHIHFW�DQG
VLJQLILFDQWO\�UHGXFHG�SURWHLQ�V\QWKHVLV�LQ�QHXURQV���2XU�UHVXOWV�VXSSRUW�D�PRGHO�LQ�ZKLFK
QHXURQV�XWLOL]H�LQKHULWHG�U51$�WR�PHHW�WKHLU�SURWHLQ�V\QWKHVLV�QHHGV�

:KLOH�ZH�SULPDULO\�IRFXVHG�RQ�U51$�LQKHULWDQFH�LQ�QHXURQV��RXU�GDWD�DOVR�VXJJHVW�WKDW
U51$�LV�SDVVHG�IURP�QHXUREODVWV�WR�,13V�DQG�*0&V���,Q���KRXU�(8�ODEHOLQJ
H[SHULPHQWV��WDJJHG�U51$�LV�VWURQJO\�GHWHFWHG�LQ�WKHVH�GLIIHUHQWLDWHG�SURJHQLWRUV�DQG
WKLV�VLJQDO�PD\�UHIOHFW�ERWK�QDVFHQW�DQG�LQKHULWHG�U51$���7KH�DYHUDJH�QHXUREODVW�FHOO
F\FOH�LV�DERXW�����KRXUV��+RPHP��������VR�PXOWLSOH ,13V�DQG�*0&V�DUH�SURGXFHG
GXULQJ�D���KRXU�(8�IHHGLQJ���6LQFH�ZH�FRXOG�QRW�UHOLDEO\�GHWHFW�WDJJHG�51$�XVLQJ
VKRUWHU�ODEHOLQJ�WLPHV��LW�LV�XQOLNHO\�WKDW�WKH�VWURQJ�VLJQDO�LQ�,13V�DQG�*0&V�LV�VROHO\
GHULYHG�IURP�U51$�V\QWKHVL]HG�LQ�QHXUREODVWV�GXULQJ�LQWHUSKDVH��QR�U51$�V\QWKHVLV
RFFXUV�GXULQJ�PLWRVLV��6LUUL�����������%DVHG�RQ�WKLV UHODWLRQVKLS�EHWZHHQ�ODEHOLQJ�WLPH
DQG�QHXUREODVW�FHOO�F\FOH�OHQJWK��ZH�SUHGLFW�WKDW�DW�OHDVW�VRPH�QDVFHQW�U51$�V\QWKHVLV
RFFXUV�LQ�,13V�DQG�*0&V���7KLV�UDLVHV�WKH�TXHVWLRQ�RI�KRZ�U51$�WUDQVFULSWLRQ�LV
DFWLYDWHG�LQ�SURJHQLWRUV�WKDW�GR�QRW�H[SUHVV�0\F���2QH�SRVVLELOLW\�LV�WKDW�VXIILFLHQW�U51$
SRO\PHUDVH�,�FRPSRQHQWV��FRIDFWRUV��DQG�U51$�SURFHVVLQJ�HQ]\PHV�DUH�LQKHULWHG�IURP
WKH�QHXUREODVW����7KHVH�LQKHULWHG�IDFWRUV�PD\�VXSSRUW�QXFOHROXV�DVVHPEO\�DQG�U51$
V\QWKHVLV�LQ�,13V�DQG�*0&V���1XFOHRODU�SURWHLQV�DQG�SUH�U51$�DVVRFLDWH�ZLWK�PLWRWLF
FKURPRVRPHV�LQ�PDPPDOLDQ�FHOOV�DQG�DUH�WKRXJKW�WR�GLUHFW�QXFOHROXV�IRUPDWLRQ�LQ
GDXJKWHU�FHOOV��6LUUL����������$�VLPLODU�PHFKDQLVP FRXOG�GLUHFW�QXFOHROXV�IRUPDWLRQ�DQG
DFWLYLW\�LQ�QHXUREODVW�SURJHQ\���,Q�WKLV�PRGHO��WKH�DEVHQFH�RI�0\F�LQ�*0&V�ZRXOG�OLPLW
SURGXFWLRQ�RI�QXFOHRODU�IDFWRUV�DQG�51$�SRO\PHUDVH�,�FRPSRQHQWV�VR�WKDW�OLWWOH�LI�DQ\�RI
WKH�PDFKLQHU\�QHFHVVDU\�WR�WULJJHU�U51$�V\QWKHVLV�LV�LQKHULWHG�E\�QHXURQV�

7KLV�ZRUN�FRQWULEXWHV�WR�D�JURZLQJ�ERG\�RI�HYLGHQFH�WKDW�WKH�SURWHLQ�V\QWKHVLV�ODQGVFDSH
RI�QHXURQV�LV�GLVWLQFW�IURP�QHXUDO�SURJHQLWRUV���:KLOH�SUROLIHUDWLQJ�FHOOV�KDYH�D�KLJK
GHPDQG�IRU�JURZWK�VXSSRUWLQJ�WUDQVODWLRQ��WKH�ULERVRPDO�SURSHUWLHV�RI�QHXURQV�PLJKW
GLIIHU�IRU�UHDVRQV�EH\RQG�WKHLU�SRVW�PLWRWLF�VWDWXV���2QH�SRVVLELOLW\�LV�WKDW�GHFUHDVHG
ULERVRPH�FRQFHQWUDWLRQ�HVWDEOLVKHV�QHXURQ�VSHFLILF�WUDQVODWLRQ�SURJUDPV���)RU�H[DPSOH�
D�GHFUHDVH�LQ�ULERVRPH�FRQFHQWUDWLRQ�FDQ�VHOHFWLYHO\�OLPLW�WUDQVODWLRQ�RI�P51$V�ZKRVH
WUDQVODWLRQ�LV�GLIILFXOW�WR�LQLWLDWH��0LOOV�DQG�*UHHQ� ��������2XU�ILQGLQJV�PD\�DOVR�UHODWH�WR
FKDQJHV�LQ�ULERVRPH�UHTXLUHPHQWV�WKDW�RFFXU�WKURXJKRXW�WKH�OLIHWLPH�RI�D�QHXURQ�
,PPDWXUH�QHXURQV�UHTXLUH�ULERVRPHV�LQ�WKHLU�D[RQ�JURZWK�FRQHV�WR�VXSSRUW�SDWKILQGLQJ
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DQG�V\QDSVH�IRUPDWLRQ��EXW�ULERVRPHV�DUH�HVVHQWLDOO\�DEVHQW�IURP�WKH�D[RQV�RI�PDWXUH
QHXURQV���$�XELTXLWLQ�SURWHRVRPH�PHFKDQLVP�UHPRYHV�ULERVRPHV�IURP�PDWXUH�D[RQ
WHUPLQDOV��&RVWD��������EXW�WKLV�V\VWHP�FRXOG�EH�RYHUZKHOPHG LI�PDWXUH�QHXURQV
SURGXFHG�ODUJH�DPRXQWV�RI�ULERVRPHV���,QKHULWHG�U51$�LQ�QHZO\�ERUQ�QHXURQV�PD\�KHOS
HVWDEOLVK�ULERVRPH�OHYHOV�DSSURSULDWH�IRU�JURZWK�DQG�V\QDSVH�IRUPDWLRQ�ZKLOH�ZHDN
U51$�V\QWKHVLV�LQ�PDWXUH�QHXURQV�PD\�KHOS�HQVXUH�ULERVRPHV�GR�QRW�DFFXPXODWH
RXWVLGH�RI�GHQGULWHV�DQG�WKH�VRPD���6LPLODU�HYLGHQFH�RI�G\QDPLF�FKDQJHV�LQ�U51$�OHYHOV
FRPHV�IURP�(8�LPDJLQJ�LQ�FXOWXUHG�KLSSRFDPSDO�QHXURQV�DQG�ODUYDO�]HEUDILVK�EUDLQV
�$NEDOLN����������7KLV�VWXG\�LGHQWLILHG�D�JHQHUDO GHFUHDVH�LQ�51$�V\QWKHVLV�XSRQ
QHXURQDO�GHSRODUL]DWLRQ�DQG�D�UHVWULFWLRQ�RI�51$�V\QWKHVLV�WR�WKH�QHXURJHQLF�UHJLRQV�RI
WKH�EUDLQ���)LQDOO\��UHGXFHG�ULERVRPH�DEXQGDQFH�PD\�VHUYH�D�SURWHFWLYH�IXQFWLRQ��ORZHU
OHYHOV�RI�SURWHLQ�V\QWKHVLV�GHFUHDVH�WKH�OLNHOLKRRG�RI�JHQHUDWLQJ�PLVIROGHG�SURWHLQV
�%XV]F]DN��������WKDW�PD\�EH�WR[LF�WR�QHXURQV�

+HUH�ZH�VKRZ�WKDW�U51$�V\QWKHVLV�LV�UHVWULFWHG�DORQJ�WKH�GLIIHUHQWLDWLRQ�D[LV�DQG�WKDW
LQKHULWHG�U51$V�DUH�VXIILFLHQW�IRU�QHXURGHYHORSPHQW�DQG�SURWHLQ�V\QWKHVLV���,QKHULWDQFH
RI�ULERVRPDO�SURWHLQV�UHPDLQV�WR�EH�LQYHVWLJDWHG���:H�KDYH�SUHYLRXVO\�VKRZQ�WKDW
ULERVRPDO�SURWHLQ�P51$V�KDYH�GHFUHDVHG�VWDELOLW\�LQ�QHXURQV�FRPSDUHG�WR�RWKHU
VRPDWLF�FHOOV��%XURZ����������5LERVRPDO�SURWHLQ�DEXQGDQFH LQ�SURJHQLWRUV�DQG�QHXURQV
PD\�DOVR�EH�UHJXODWHG�YLD�P51$�GHFD\�DQG�FRRUGLQDWLRQ�RI�U51$�DQG�ULERVRPDO�SURWHLQ
OHYHOV�GXULQJ�GLIIHUHQWLDWLRQ�LV�DQ�LPSRUWDQW�DYHQXH�IRU�IXWXUH�VWXGLHV���,W�ZLOO�DOVR�EH
LQWHUHVWLQJ�WR�LQYHVWLJDWH�GLIIHUHQFHV�LQ�ULERVRPH�SURGXFWLRQ�DPRQJ�LQGLYLGXDO�QHXUREODVW
OLQHDJHV���$�UHFHQW�VWXG\�RQ�WKH�HIIHFWV�RI�QXFOHRODU�VWUHVV�IRXQG�WKDW�QHXUREODVWV�WKDW
SURGXFH�PXVKURRP�ERG\�QHXURQV�DUH�OHVV�VHQVLWLYH�WR�QXFOHRODU�VWUHVV�DQG�KDYH�JUHDWHU
UHVHUYHV�RI�QXFOHRODU�SURWHLQV�WKDQ�RWKHU�QHXUREODVWV��%DUDO����������6WXGLHV�RI�ULERVRPH
V\QWKHVLV�DQG�LQKHULWDQFH�LQ 'URVRSKLOD ZLOO�KHOS LGHQWLI\�FRQVHUYHG�PHFKDQLVPV�RI
QHXUDO�WUDQVODWLRQ�DQG�PD\�FRQWULEXWH�WR�RXU�XQGHUVWDQGLQJ�RI�ULERVRPRSDWKLHV�WKDW
FDXVH�PXOWLSOH�KXPDQ�GLVHDVHV��)DUOH\�%DUQHV��������

0DWHULDOV�DQG�0HWKRGV

'URVRSKLOD�JHQHWLFV
7KH�IROORZLQJ�OLQHV�ZHUH�REWDLQHG�IURP�WKH�%ORRPLQJWRQ 'URVRSKLOD 6WRFN�&HQWHU�
2UHJRQ�5�3���ZLOGW\SH���VWRFN��������� LQVF�*DO� �VWRFN �������� Q6\E�*DO� �VWRFN
�������� ZRU�*DO� � 'U���70���8E[�ODF= �VWRFN��������� DQG 8$6�P\U��WG7RPDWR �VWRFN
���������)RU�(&�WDJJLQJ��*DO��OLQHV�ZHUH�FURVVHG�ZLWK 8$6�&'�8357 RQ�WKH��UG
FKURPRVRPH��VWRFN������������7KH 8$6�3ROU�%^51$L` IOLHV��FRQVWUXFWHG�XVLQJ�WKH
9$/,80���YHFWRU��1L���������ZHUH�D�JLIW�IURP�0LFKDHO %XV]F]DN�

(&�WDJJLQJ�IRU�51$�SXULILFDWLRQ�DQG�57�T3&5
��HWK\Q\OF\WRVLQH�ZDV�V\QWKHVL]HG�DV�SUHYLRXVO\�GHVFULEHG��+LGD����������/DUYDH�ZHUH
VWDJHG�XVLQJ�D���KRXU�HPEU\R�FROOHFWLRQ���1HZO\�KDWFKHG�ODUYDH�ZHUH�UHDUHG�DW����&
DQG�IHG���P0��(&�EHJLQQLQJ�DW����±����KRXUV�DIWHU�ODUYDO�KDWFKLQJ��$/+��DQG�HQGLQJ�DW
���±����KRXUV�$/+���7RWDO�51$�ZDV�H[WUDFWHG�IURP�FUXGHO\�GLVVHFWHG�FHQWUDO�QHUYRXV
V\VWHP�WLVVXH�XVLQJ�7UL]RO������ȝJ�RI�51$�ZDV�ELRWLQ\ODWHG�XVLQJ�&OLFN�L7�1DVFHQW�51$
&DSWXUH�UHDJHQWV��7KHUPR)LVKHU��DQG�SXULILHG�RQ�'\QDEHDGV�0\2QH�6WUHSWDYLGLQ�7�
PDJQHWLF�EHDGV��7KHUPR)LVKHU��DV�SUHYLRXVO\�GHVFULEHG��+LGD����������$IWHU�WKH�ILQDO
ZDVK��EHDGV�FRQWDLQLQJ�FDSWXUHG�51$�ZHUH�XVHG�WR�PDNH�ILUVW�VWUDQG�F'1$�ZLWK�WKH
6XSHU6FULSW�9,/2�F'1$�6\QWKHVLV�.LW��,QYLWURJHQ���DV�SUHYLRXVO\�GHVFULEHG��+LGD��������
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5HDO�WLPH�3&5�TXDQWLWDWLRQ�ZDV�SHUIRUPHG�RQ�D�5RWRU�*HQH�4��4LDJHQ��LQ����ȝ/
UHDFWLRQV�XVLQJ�6<%5�JUHHQ�GHWHFWLRQ���3UH�GHVLJQHG�4XDQWL7HFW�SULPHUV��4LDJHQ��ZHUH
XVHG�IRU 6\W� 3&5���51$�SRO\PHUDVH�,,�VXEXQLW�%��3ROU�%� SULPHUV��XVHG�IRU
QRUPDOL]DWLRQ��ZHUH�)RUZDUG�SULPHU��7&$*&*7&77$$*&$&$7**�DQG�5HYHUVH
SULPHU��7&**$*$&&7&*$$7$$$&*���3UHYLRXVO\�GHVFULEHG�VHTXHQFHV�ZHUH�XVHG�IRU
SUH�U51$�VSHFLILF�SULPHUV��/DUVRQ���������V\QWKHVL]HG E\�,QWHJUDWHG�'1$�7HFKQRORJLHV�
3UH�U51$�DQG 6\W� &W�YDOXHV�ZHUH�QRUPDOL]HG�WR 3ROU�% DQG�UHODWLYH�DEXQGDQFH
FDOFXODWHG�E\�WKH�HTXDWLRQ��IROG�FKDQJHௗ ௗ��ǻ�ǻ&W�� 'XSOLFDWH�57�T3&5�UHDFWLRQV��VWDUWLQJ
DW�WKH�UHYHUVH�WUDQVFULSWLRQ�VWHS��ZHUH�SHUIRUPHG�IRU�DOO�WDUJHW�WUDQVFULSWV�XVLQJ�WZR
ELRORJLFDO�UHSOLFDWHV�RI�HDFK�JHQRW\SH��Q� ���LQGHSHQGHQW�57�T3&5�PHDVXUHPHQWV�IRU
HDFK�WUDQVFULSW��

(&�WDJJLQJ�DQG�(8�WDJJLQJ�IRU�51$�LPDJLQJ
/DUYDH�ZHUH�IHG���P0�(&�RU�����P0�(8�IRU�WKH�LQGLFDWHG�WLPHV��WLPH�DQG
GHYHORSPHQWDO�VWDJH�LQGLFDWHG�LQ�ILJXUH�OHJHQGV����)RU�SXOVH�FKDVH�H[SHULPHQWV��ODUYDH
ZHUH�IHG�����P0�(8�GXULQJ�WKH���KRXU�SXOVH�WKHQ�WUDQVIHUUHG�WR�PHGLD�FRQWDLQLQJ����P0
XQPRGLILHG�XULGLQH�IRU�WKH����KRXU�FKDVH���)RU�(8�WDJJLQJ�LQ�WKH�SUHVHQFH�RI�51$
SRO\PHUDVH�LQKLELWRUV��GLVVHFWHG�PLGGOH�/��VWDJH�EUDLQV�ZHUH�LQFXEDWHG�LQ�'���PHGLD
FRQWDLQLQJ�����P0�(8�IRU�IRXU�KRXUV���'UXJ�WUHDWHG�EUDLQV�ZHUH�SUH�LQFXEDWHG�LQ�WKH
SUHVHQFH�RI�WKH�LQKLELWRU�IRU�WZR�KRXUV�SULRU�WR�DGGLWLRQ�RI�(8��FRQWURO�EUDLQV�ZHUH
SUH�LQFXEDWHG�LQ�PHGLD�DORQH���7ULSWROLGH��7KHUPR)LVKHU��ZDV�XVHG�DW�D�ILQDO
FRQFHQWUDWLRQ�RI�����ȝ0�����IROG�KLJKHU�WKDQ�WKH�FRQFHQWUDWLRQ�NQRZQ�WR�LQKLELW�51$
SRO\PHUDVH�,,�LQ 'URVRSKLOD WLVVXH�FXOWXUH�FHOOV��+HQULTXHV� ��������$FWLQRP\FLQ�'
�0LOOLSRUH�6LJPD��ZDV�XVHG�DW�D�ILQDO�FRQFHQWUDWLRQ�RI�����ȝ0��D�FRQFHQWUDWLRQ�WKDW�LV
H[SHFWHG�WR�DIIHFW�51$�SRO\PHUDVH�,�DQG�,,��-DR�������� )RU�DOO�LPDJLQJ�H[SHULPHQWV�
EUDLQV�ZHUH�IL[HG�LQ����SDUDIRUPDOGHK\GH�SULRU�WR�$OH[D�)OXRU�����DGGLWLRQ�XVLQJ�WKH
&OLFN�L7�51$�,PDJLQJ�.LW��7KHUPR)LVKHU��DV�SUHYLRXVO\�GHVFULEHG�IRU�&OLFN�L7�NLW�EDVHG
GHWHFWLRQ�RI�'1$�ODEHOHG�ZLWK���HWK\Q\O��¶�GHR[\XULGLQH�LQ 'URVRSKLOD ODUYDO�EUDLQV��'DXO�
��������7KH�&OLFN�L7�UHDFWLRQ�ZDV�IROORZHG�E\�DQWLERG\ VWDLQLQJ�DFFRUGLQJ�WR�VWDQGDUG
PHWKRGV��:X����������,PDJLQJ�ZDV�SHUIRUPHG�XVLQJ�D =HLVV�/60�����FRQIRFDO
PLFURVFRSH�

$QWLERGLHV
7KH�IROORZLQJ�DQWLERGLHV�ZHUH�XVHG�LQ�FRPELQDWLRQ�ZLWK�(8�WDJJLQJ�RU�+3*�SURWHLQ
ODEHOLQJ��UDW�DQWL�(ODY��'HYHORSPHQWDO�6WXGLHV�+\EULGRPD�%DQN��'6+%���DW�������PRXVH
DQWL�3URV��'6+%��DW�������JXLQHD�SLJ�DQWL�0LUDQGD��JLIW�RI�&�4��'RH��DW��������JXLQHD�SLJ
DQWL�8GG��JLIW�RI�0��%XV]F]DN��DW���������PRXVH�DQWL�3&1$��6DQWD�&UX]�%LRWHFKQRORJ\�
DW��������DQG�UDEELW�DQWL�SKRVSKRU\ODWHG�KLVWRQH�+���0LOOLSRUH�6LJPD��DW��������
$OH[D�IOXRU�FRQMXJDWHG�VHFRQGDU\�DQWLERGLHV��7KHUPR)LVKHU��ZHUH�XVHG�

+3*�ELRV\QWKHWLF�SURWHLQ�ODEHOLQJ�DQG�TXDQWLWDWLRQ
'LVVHFWHG�ODUYDO�EUDLQV�ZHUH�LQFXEDWHG�LQ�3%6�FRQWDLQLQJ����ȝ0�+3*�IRU�WKUHH�KRXUV�
7KH�&OLFN�L7�+3*�$OH[D�)OXRU�����3URWHLQ�6\QWKHVLV�$VVD\�.LW��7KHUPR)LVKHU��ZDV�XVHG
WR�IOXRUHVFHQWO\�ODEHO�+3*�FRQWDLQLQJ�SURWHLQV���7KH�+3*�ODEHOLQJ�UHDFWLRQ�ZDV�IROORZHG
E\�VWDQGDUG�DQWLERG\�VWDLQLQJ�WR�GHWHFW�(ODY�SURWHLQ���3L[HO�LQWHQVLW\�PHDVXUHPHQWV�RI�WKH
+3*�$OH[D�)OXRU�����VLJQDO�ZHUH�PDGH�XVLQJ�,PDJH-�DQG�WKH�µµPHDVXUH¶¶�WRRO�DSSOLHG�WR
DQ�LGHQWLFDO�VL]H�DUHD�HQFRPSDVVLQJ�PXOWLSOH�QHXURQV�SHU�EUDLQ��ZLWK�DOO�VWDLQLQJ
SURFHGXUHV�DQG�FRQIRFDO�VHWWLQJV�LGHQWLFDO�DFURVV�DOO�VDPSOHV�
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$FNQRZOHGJHPHQWV
:H�WKDQN�PHPEHUV�RI�WKH�&OHDU\�ODE�IRU�IHHGEDFN�DQG�VXSSRUW��SDUWLFXODUO\�(GJDU
0DUTXH]�IRU�WHFKQLFDO�DVVLVWDQFH�ZLWK�(8�LPDJLQJ�DQG�-RVHSKLQH�6DPL�IRU�SXOVH�FKDVH
51$�VHT�GDWD�XVHG�WR�REWDLQ�U51$�VWDELOLW\�PHDVXUHPHQWV�SUHVHQWHG�LQ�VXSSRUWLQJ
LQIRUPDWLRQ�ILJXUH�����:H�WKDQN�0LFKDHO�%XV]F]DN�IRU�VKDULQJ�UHDJHQWV���6WRFNV�REWDLQHG
IURP�WKH�%ORRPLQJWRQ 'URVRSKLOD 6WRFN�&HQWHU��1,+ 3��2'��������ZHUH�XVHG�LQ�WKLV
VWXG\����0RQRFORQDO�DQWLERGLHV�ZHUH�REWDLQHG�IURP�WKH�'HYHORSPHQWDO�6WXGLHV
+\EULGRPD�%DQN��FUHDWHG�E\�WKH�1,&+'�RI�WKH�1,+�DQG�PDLQWDLQHG�DW�7KH�8QLYHUVLW\�RI
,RZD��'HSDUWPHQW�RI�%LRORJ\���,PDJLQJ�GDWD�ZHUH�FROOHFWHG�ZLWK�D�FRQIRFDO�PLFURVFRSH
DFTXLUHG�WKURXJK�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�05,�$ZDUG�1XPEHU�'05���������
7KH�DXWKRUV�DFNQRZOHGJH�IXQGLQJ�IURP�WKH�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��5��0+������
DQG�5��+'�������WR�0�'�&���
7KH�DXWKRUV�GHFODUH�QR�FRPSHWLQJ�ILQDQFLDO�LQWHUHVWV�



��

&KDSWHU���)LJXUHV�DQG�)LJXUH�/HJHQGV

)LJXUH�����&HOO�W\SH�VSHFLILF�ELRV\QWKHWLF�51$�WDJJLQJ�UHYHDOV�OLPLWHG�U51$
V\QWKHVLV�LQ�QHXURQV���$� )OXRUHVFHQW�51$�VLJQDO �JUHHQ��LQ�D�VLQJOH�/��VWDJH�EUDLQ
OREH�IROORZLQJ����KRXUV�RI�(&�WDJJLQJ�WDUJHWHG�WR�QHXUDO�SURJHQLWRUV��LQVF ! &'�8357�
RU�QHXURQV��Q6\E ! &'�8357����6FDOH�EDU�LV����ȝP� $�VLQJOH�FRQIRFDO�VOLFH
HQFRPSDVVLQJ�WKH�HQWLUH�EUDLQ�OREH�LV�VKRZQ���,PDJHV�DUH�UHSUHVHQWDWLYH�RI�UHSOLFDWH
H[SHULPHQWV�LQ�ZKLFK�D�PLQLPXP�RI���EUDLQ�OREHV�ZHUH�DQDO\]HG�SHU�FRQGLWLRQ� %�
5HODWLYH�SUHFXUVRU�U51$��SUH�U51$��DQG 6\W� WUDQVFULSW DEXQGDQFH�IROORZLQJ����KRXUV�RI
(&�WDJJLQJ��VWDUWLQJ�DW����±����KRXUV�DIWHU�ODUYDO�KDWFKLQJ��$/+��DQG�HQGLQJ�DW����±���
KRXUV�$/+��LQ�QHXURQV��Q6\E�WDJ��RU�QHXUDO�SURJHQLWRUV �LQVF�WDJ���DV�PHDVXUHG�E\
57�T3&5����)ROG�FKDQJH�LQ�UHODWLYH�DEXQGDQFH��Q6\E�WDJ � LQVF�WDJ���DIWHU�QRUPDOL]DWLRQ
WR�D�51$�SRO\PHUDVH�,,�VXEXQLW��LV�VKRZQ���'DWD�DUH�WKH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ
IURP�GXSOLFDWH�57�T3&5�UHDFWLRQV�SHUIRUPHG�RQ�ELRORJLFDO�UHSOLFDWH�(&�WDJJLQJ
H[SHULPHQWV���
� �S�YDOXH���������


� �S�YDOXH����������6WXGHQW¶V�W�WHVW� &� 7KH
IOXRUHVFHQW�VLJQDO�LV�SUHGRPLQDWHO\�ULERVRPDO�51$���%UDLQV�GLVVHFWHG�IURP�PLGGOH
/��VWDJH�ODUYDH�ZHUH�VRDNHG�LQ�(8�DORQH��OHIW�SDQHO���(8�SOXV�WKH�P51$�V\QWKHVLV
LQKLELWRU�WULSWROLGH��PLGGOH�SDQHO���RU�(8�SOXV�WKH�P51$�DQG�U51$�V\QWKHVLV�LQKLELWRU
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DFWLQRP\FLQ�'��ULJKW�SDQHO����$Q�HTXLYDOHQW�UHJLRQ�RI�FHQWUDO�EUDLQ��H[FOXGLQJ�WKH�RSWLF
OREH��LV�VKRZQ�LQ�HDFK�FRQIRFDO�VWDFN���6FDOH�EDU�LV����ȝP� ,PDJHV�DUH�UHSUHVHQWDWLYH�RI
UHSOLFDWH�H[SHULPHQWV�LQ�ZKLFK�D�PLQLPXP�RI���EUDLQ�OREHV�ZHUH�DQDO\]HG�SHU�FRQGLWLRQ�
'� 7KH�(8�51$�VLJQDO�ORFDOL]HV�WR�WKH�QXFOHROXV�RI QHXUREODVWV���(8�51$�VLJQDO�DORQH
�OHIW�SDQHO���RYHUOD\�RI�(8�51$�DQG�WKH�QXFOHROXV�PDUNHU�8GG��PLGGOH�SDQHO���RYHUOD\�RI
(8�51$�DQG�WKH�SUROLIHUDWLQJ�FHOO�PDUNHU�3&1$��ULJKW�SDQHO����$OO�SDQHOV�DUH�IURP�WKH
VDPH�FRQIRFDO�VWDFN���7KH�ODUJH�3&1$�SRVLWLYH�FHOOV�DUH�QHXUREODVWV���$�FRQIRFDO
SURMHFWLRQ�IURP�WKH�GRUVDO�UHJLRQ�RI�D�VLQJOH�EUDLQ�OREH�LV�VKRZQ���6FDOH�EDU�LV����ȝP�
7KH�LPDJH�LV�UHSUHVHQWDWLYH�RI�UHVXOWV�REWDLQHG�IURP�UHSOLFDWH�H[SHULPHQWV�LQ�ZKLFK��
EUDLQ�OREHV�ZHUH�DQDO\]HG�



��

)LJXUH�����%LRV\QWKHWLFDOO\�WDJJHG�U51$�LV�RQO\�GHWHFWHG�LQ�QHZO\�ERUQ�QHXURQV�
$� )OXRUHVFHQW�51$�VLJQDO��JUHHQ��LQ�D�VLQJOH�PLGGOH /��VWDJH�EUDLQ�OREH�IROORZLQJ
��KRXUV�RI�(8�IHHGLQJ� :RU�JDO� GULYHQ�H[SUHVVLRQ RI 8$6�PWG�7RPDWR �ZRU�!
PWG�7RPDWR��UHVXOWV�LQ�7RPDWR�VLJQDO�LQ�WKH�SODVPD PHPEUDQH�RI�QHXUREODVWV�DQG�WKHLU
SURJHQ\��LQFOXGLQJ�QHXURQV�PDGH�EHIRUH�WKH���KRXU�(8�IHHGLQJ��PWG�7RPDWR�LQ�PDJHQWD�
OHIW�SDQHO����$QWLERG\�VWDLQ�IRU�WKH�QHXURQ�VSHFLILF�SURWHLQ�(ODY�LV�VKRZQ�LQ�PDJHQWD�LQ
WKH�ULJKW�SDQHO��WKH�WZR�SDQHOV�DUH�IURP�WKH�VDPH�VLQJOH�FRQIRFDO�LPDJH����,Q�WKH�OHIW
SDQHO��D�VLQJOH�(8�SRVLWLYH�QHXUREODVW�LV�LQGLFDWHG�E\�DQ�DUURZ�DQG�DVVRFLDWHG
(8�SRVLWLYH�*0&V�DUH�LQGLFDWHG�E\�DVWHULVNV���7KHUH�DUH�QR�(8�SRVLWLYH�QHXURQV�LQ�WKLV
LPDJH���6FDOH�EDU�LV����ȝP���7KH�LPDJH�LV�UHSUHVHQWDWLYH�RI�UHSOLFDWH�H[SHULPHQWV�LQ
ZKLFK���EUDLQ�OREHV�ZHUH�DQDO\]HG� %� 3ORW�VKRZLQJ WKH�UHODWLRQVKLS�EHWZHHQ�(8
IHHGLQJ�WLPH�DQG�WKH�WRWDO�QXPEHU�RI�(8�SRVLWLYH�QHXURQV�SHU�EUDLQ�OREH���'DWD�DUH�WKH
PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�IRU�PXOWLSOH�EUDLQ�OREHV����KRXU�IHHGLQJ�Q� ������KRXU
IHHGLQJ�Q� �������KRXU�IHHGLQJ�Q� ���� &� )OXRUHVFHQW 51$�VLJQDO��JUHHQ��LQ�SURJHQLWRUV
DQG�QHXURQV�IROORZLQJ����KRXUV�RI�(8�IHHGLQJ��VSDQQLQJ����WR����KRXUV�$/+����$�VLQJOH
FRQIRFDO�LPDJH�LV�VKRZQ��ZLWK�3URV�DQG�(ODY�VLJQDO�VHSDUDWHG���3URV�LV�H[SUHVVHG�LQ
,13V��*0&V�DQG�QHXURQV�ZKLOH�(ODY�LV�RQO\�H[SUHVVHG�LQ�QHXURQV���0XOWLSOH�(8�SRVLWLYH
QHXURQV�DUH�YLVLEOH�DQG�DOO�DUH�ORFDWHG�DGMDFHQW�WR�SURJHQLWRUV��SURJHQLWRUV�DUH
3URV�SRVLWLYH��(ODY�QHJDWLYH����6FDOH�EDU�LV����ȝP� '� )OXRUHVFHQW�51$�VLJQDO��JUHHQ�
LQ�D�FURVV�VHFWLRQ�RI�ODUYDO�FHQWUDO�EUDLQ�IROORZLQJ����KRXUV�RI�(8�IHHGLQJ���5HFHQWO\�ERUQ
QHXURQV�DUH�ORFDWHG�QHDU�WKH�SHULSKHU\�ZKLOH�ROGHU�QHXURQV�DUH�ORFDWHG�GHHSHU��QHDU�WKH
QHXURSLO��DVWHULVN����6FDOH�EDU�LV����ȝP���,PDJHV�LQ�&�DQG�'�DUH�UHSUHVHQWDWLYH�RI
UHSOLFDWH�H[SHULPHQWV�LQ�ZKLFK���EUDLQ�OREHV�ZHUH�DQDO\]HG�
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)LJXUH�����3URJHQLWRU�U51$�DVVRFLDWHV�ZLWK�PLWRWLF�FKURPRVRPHV�DQG�LV�SDVVHG�WR
SURJHQ\�FHOOV���$� )OXRUHVFHQW�51$�VLJQDO��JUHHQ� IROORZLQJ�D����KRXU�(8�IHHGLQJ
EHJLQQLQJ�LQ�HDUO\�/��VWDJH��FR�VWDLQHG�ZLWK�DQWLERGLHV�IRU�3++���PLWRWLF�FKURPRVRPHV�
DQG�0LUDQGD��FRUWH[�RI�PLWRWLF�QHXUREODVWV��,13V��DQG�QHZO\�IRUPHG�*0&V����$�VLQJOH
FRQIRFDO�LPDJH�LV�VKRZQ��ZLWK�RQH�QHXUREODVW��RXWOLQHG�E\�ZKLWH�OLQH��UHSRVLWLRQHG�IRU
FODULW\����7ZR�PLWRWLF�QHXUREODVWV�ZLWK�D�EDVDO�0LUDQGD�FUHVFHQW�DQG�FKURPRVRPHV�DW�WKH
PHWDSKDVH�SODWH�DUH�VKRZQ���6FDOH�EDU�LV����ȝP� %� 6DPH�H[SHULPHQWDO�FRQGLWLRQV�DV
SDUW�$���7ZR�DGMDFHQW�QHXUREODVWV�DQG�UHFHQWO\�SURGXFHG�*0&V��LQGLFDWHG�E\�DUURZV�
DUH�VKRZQ���6FDOH�EDU�LV����ȝP���,PDJHV�LQ�$�DQG�%�DUH�UHSUHVHQWDWLYH�RI�UHSOLFDWH
H[SHULPHQWV�LQ�ZKLFK����EUDLQ�OREHV�ZHUH�DQDO\]HG� &� )OXRUHVFHQW�51$�VLJQDO��JUHHQ�
IROORZLQJ�D���KRXU�(8�IHHGLQJ��SXOVH��DQG�D���KRXU�(8�IHHGLQJ�IROORZHG�E\����KRXUV�RI
IHHGLQJ�LQ�WKH�DEVHQFH�RI�(8�DQG�DQ�H[FHVV�RI�XQPRGLILHG�XULGLQH��FKDVH����3XOVH�DQG
SXOVH�FKDVH�H[SHULPHQWV�ZHUH�VWDUWHG�DW���������KRXUV�$/+���7RS�LPDJHV�VKRZ�GRUVDO
EUDLQ�OREH�UHJLRQV�IROORZLQJ�WKH�SXOVH��OHIW�SDQHO��DQG�FKDVH��ULJKW�SDQHO����%RWWRP
LPDJHV�VKRZ�GHHSHU�EUDLQ�OREH�UHJLRQV�IROORZLQJ�WKH�SXOVH��OHIW�SDQHO��DQG�FKDVH��ULJKW
SDQHO����1HXURQV�ZHUH�LGHQWLILHG�E\�DQWLERG\�VWDLQLQJ�IRU�(ODY��PDJHQWD����6FDOH�EDU�LV���
ȝP����,PDJHV�DUH�UHSUHVHQWDWLYH�RI�UHSOLFDWH�H[SHULPHQWV�LQ�ZKLFK���EUDLQ�OREHV�ZHUH
DQDO\]HG�SHU�FRQGLWLRQ��SXOVH�DQG�FKDVH��



��

)LJXUH�����,QKLELWLRQ�RI�U51$�LQKHULWDQFH�FDXVHV�QHXURGHYHORSPHQW�DQG�SURWHLQ
V\QWKHVLV�GHIHFWV���$� 6XPPDU\�RI�U51$�VRXUFHV�LQ 51$�3RO\PHUDVH�,�NQRFNGRZQ
H[SHULPHQWV��SURJHQLWRU�GHULYHG� �JUHHQ��QHXURQ�GHULYHG� �EOXH�� %� (FORVLRQ�IDLOXUH�LQ
FRQWURO��8$6�3ROU�%^51$L` ZLWK�QR�*DO��DFWLYDWLRQ� DQG 3ROU�% NQRFNGRZQ�IOLHV���(DFK
FRQGLWLRQ�ZDV�WHVWHG�LQ�WULSOLFDWH���$OO�SXSDH�DQG�DGXOWV�ZHUH�FRXQWHG�IRXUWHHQ�GD\V�$/+
DQG�UDQJHG�IURP����±����LQGLYLGXDOV�SHU�H[SHULPHQW� &� +3*�EDVHG�LPDJLQJ�RI�SURWHLQ
V\QWKHVLV�LQ�FRQWURO�DQG 3ROU�% NQRFNGRZQ�PLGGOH�/��VWDJH ODUYDO�EUDLQ�OREHV�
+3*�WDJJHG�SURWHLQV�DUH�ODEHOHG�JUHHQ��(ODY�LV�ODEHOHG�PDJHQWD���6FDOH�EDU�LV����ȝP�
,PDJHV�DUH�UHSUHVHQWDWLYH�RI�UHSOLFDWH�H[SHULPHQWV�LQ�ZKLFK���EUDLQ�OREHV�ZHUH�DQDO\]HG
SHU�JHQRW\SH� '� 4XDQWLILFDWLRQ�RI�SURWHLQ�V\QWKHVLV� IOXRUHVFHQFH�LQWHQVLW\��DUELWUDU\
XQLWV��D�X����ZDV�PHDVXUHG�LQ�D�IL[HG�VL]H�DUHD�RI�QHXURQV��(ODY�SRVLWLYH��DFURVV�DOO�WKUHH
JHQRW\SHV���7KUHH�UHJLRQV�ZHUH�PHDVXUHG�SHU�EUDLQ�OREH�DQG�VL[�EUDLQ�OREHV�ZHUH
DQDO\]HG�SHU�JHQRW\SH���

� �S�YDOXH�����[�������6WXGHQW¶V W�WHVW�FRPSDUHG�WR�ZLOGW\SH�



&KDSWHU��

&RQFOXVLRQV�DQG�)XWXUH�'LUHFWLRQV

&HOOXODU�GLIIHUHQWLDWLRQ�LV�RQH�RI�WKH�PRVW�XQLYHUVDO�SURFHVVHV�LQ�ELRORJ\���$OO�PHWD]RDQV
EHJLQ�DV�D�VLQJOH�FHOO�DQG�UHTXLUH�D�SUHFLVH�SURJUDP�RI�GLIIHUHQWLDWLRQ�DQG�IDWH
VSHFLILFDWLRQ�WR�GHYHORS�WR�WKHLU�DGXOW�IRUP���8QGHUVWDQGLQJ�WKH�SURFHVVHV�RI�FHOOXODU
GLIIHUHQWLDWLRQ�WKDW�GULYH�GHYHORSPHQW�RI�WKH�QHUYRXV�V\VWHP�LV�QHFHVVDU\�WR�VXSSRUW
DGYDQFHV�LQ�PHGLFLQH��ZLWK�WKH�SURPLVH�RI�WUHDWLQJ�QHXURGHYHORSPHQWDO�DQG
QHXURGHJHQHUDWLYH�GLVRUGHUV��LQ�DGGLWLRQ�WR�HOHYDWLQJ�RXU�FROOHFWLYH�XQGHUVWDQGLQJ�RI
IXQGDPHQWDO�ELRORJLFDO�SURFHVVHV�

0\�GLVVHUWDWLRQ�ZRUN�DGGV�WR�D�JURZLQJ�ERG\�RI�HYLGHQFH�WKDW�ULERVRPH�OHYHOV�SOD\�D
GLUHFW�UROH�LQ�FRQWUROOLQJ�FHOO�GLIIHUHQWLDWLRQ���8VLQJ�WKH 'URVRSKLOD ODUYDO�QHUYRXV�V\VWHP
DV�D�PRGHO��,�GHPRQVWUDWHG�WKDW�ULERVRPDO�51$��U51$��LV�DFWLYHO\�V\QWKHVL]HG�LQ
QHXUREODVWV�EXW�LV�ZHDNO\��LI�DW�DOO��V\QWKHVL]HG�LQ�SRVW�PLWRWLF�QHXURQV���,�ZDV�DEOH�WR
WUDFH�WKLV�QDVFHQW�U51$�WKURXJK�FHOO�GLYLVLRQ�LQWR�QHZO\�ERUQ�QHXURQV��VKRZLQJ�WKDW
QDVFHQW�U51$�LV�LQKHULWHG�E\�QHXUREODVW�SURJHQ\���,�REWDLQHG�LPSRUWDQW�FOXHV�WR
XQGHUO\LQJ�PHFKDQLVPV�RI�LQKHULWDQFH�E\�VKRZLQJ�WKDW�QDVFHQW�U51$�DVVRFLDWHV�ZLWK
PLWRWLF�FKURPRVRPHV�DW�WKH�PHWDSKDVH�SODWH���)LQDOO\��,�GHPRQVWUDWHG�WKDW�LQKHULWHG
U51$�LV�VXIILFLHQW�WR�VXSSRUW�QRUPDO�OHYHOV�RI�SURWHLQ�V\QWKHVLV�LQ�QHXURQV�

0\�GLVVHUWDWLRQ�ZRUN�HVWDEOLVKHV�WKH�GHYHORSLQJ 'URVRSKLOD QHUYRXV�V\VWHP�DV�D
SURPLVLQJ�PRGHO�IRU�LQYHVWLJDWLQJ�GLIIHUHQWLDO�ULERVRPH�ELRJHQHVLV�DORQJ�D�ZHOO�GHILQHG
FHOOXODU�GLIIHUHQWLDWLRQ�D[LV���:KLOH�WKHUH�DUH�VHYHUDO�SRWHQWLDO�IXWXUH�GLUHFWLRQV��,
VXPPDUL]H�WZR�RI�WKH�PRVW�SURPLVLQJ�EHORZ�

����,GHQWLI\�PHFKDQLVPV�WKDW�FRRUGLQDWH�U51$�DQG�ULERVRPDO�SURWHLQ�OHYHOV�GXULQJ�QHXUDO
GLIIHUHQWLDWLRQ�

,W�ZLOO�EH�LQWHUHVWLQJ�WR�LQYHVWLJDWH�ZKHWKHU�ULERVRPDO�SURWHLQV��53V��IROORZ�WKH�VDPH
SDWWHUQ�RI�LQKHULWDQFH�DV�WKHLU�U51$�FRXQWHUSDUWV���2XU�ODE�GHPRQVWUDWHG�WKDW��¶723
�7HUPLQDO�2OLJR�3\ULPLGLQH�VHTXHQFH��P51$V�DUH�GHVWDELOL]HG�LQ�WKH 'URVRSKLOD QHUYRXV
V\VWHP�ZKHQ�FRPSDUHG�WR�WKHLU�VWDELOLW\�LQ�WKH�ZKROH�HPEU\R��%XURZ���������$OO
'URVRSKLOD 53�WUDQVFULSWV�IDOO�LQWR�WKLV��¶723�FDWHJRU\� ,W�LV�QRW�\HW�NQRZQ�ZKHWKHU�WKHVH
WUDQVFULSWV�DQG�RU�SURWHLQV�DUH�V\QWKHVL]HG�LQ 'URVRSKLOD QHXUREODVWV�DQG�LQKHULWHG�E\
WKHLU�SURJHQ\�RU�LI�WKH\�DUH�LQGHSHQGHQWO\�V\QWKHVL]HG�LQ�WKH�SURJHQ\�

7KH�P51$�ELQGLQJ�SURWHLQ�/$53���³/D�UHODWHG�SURWHLQ´��KRPRORJ�RI 'URVRSKLOD /DUS�
KDV�EHHQ�VKRZQ�WR�LQIOXHQFH�VWDELOLW\�RI��¶723�P51$V���/$53��SK\VLFDOO\�DVVRFLDWHV
ZLWK�ERWK�WKH���6�ULERVRPH�DQG��WKH��¶HQG�RI�WKHVH��¶723�P51$V�WR�LQFUHDVH�WKH
KDOIOLYHV�RI�WKHVH�WUDQVFULSWV���/RVV�RI�/$53��FDXVHV�FRUUHVSRQGLQJ�ORVV�RI�WUDQVFULSW
VWDELOLW\���,Q�/$53��PXWDQWV���¶�723�P51$V��LQFOXGLQJ�53�WUDQVFULSWV��DUH�GHVWDELOL]HG
DQG�GHJUDGHG�PRUH�UDSLGO\���7KH�UHVXOW�LV�D�GHFUHDVH�LQ�WKH�RYHUDOO�ULERVRPH
FRQFHQWUDWLRQ�LQ�WKH�FHOO��VLQFH�WKHUH�LV�D�GHILFLW�RI�53�FRPSRQHQWV���7KHVH�FHOOV�DUH
WKHUHIRUH�XQGHU�ULERVRPH�VWUHVV���&HOOV�XQGHU�ULERVRPH�VWUHVV�ZLOO�QRW�SURJUHVV�WKURXJK
WKH�FHOO�F\FOH�GXH�WR�FHOO�F\FOH�DUUHVW�DV�D�UHVXOW�RI�WKH�,5%6��,PSDLUHG�5LERVRPH
%LRJHQHVLV��FKHFNSRLQW���5HFHQWO\��/$53��KDV�EHHQ�VKRZQ�WR�EH�LQYROYHG�LQ�PHGLDWLQJ
WKH�,5%6�FKHFNSRLQW�LQ�FHOOV���7KLV�FKHFNSRLQW�VHQVHV�WKH�OHYHOV�RI�DYDLODEOH�ULERVRPHV

��
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LQ�WKH�FHOO�WKURXJK�D�ULERVRPDO�SUHFXUVRU�FRPSOH[�FRQVLVWLQJ�RI�53/���53/����DQG��6
U51$���,Q�QRUPDO�JURZWK�FRQGLWLRQV��WKLV�FRPSOH[�EHFRPHV�LQFRUSRUDWHG�LQ�WKH�PDWXUH
��6�ULERVRPH���8QGHU�FRQGLWLRQV�RI�LQVXIILFLHQW�ULERVRPH�ELRJHQHVLV��WKH�FRPSOH[
LQVWHDG�ELQGV�DQG�LQKLELWV�WKH�S���(��OLJDVH�+GP����S���ELQGLQJ�E\�+GP��SURPRWHV
GHJUDGDWLRQ�RI�S���ZKLFK�LQ�WXUQ�DOORZV�IRU�SURJUHVVLRQ�WKURXJK�WKH�FHOO�F\FOH��%XUVDF�
�����DQG�'RQDWL����������,W�ZDV�GHPRQVWUDWHG�WKDW WKH�,5%6�FKHFNSRLQW�LV�DFWLYDWHG�LQ
FHOOV�GHILFLHQW�LQ�HLWKHU�/$53��RU�WKH���6�ULERVRPH���S���LV�VWDELOL]HG�LQ�WKH�DEVHQFH��RU
LQKLELWLRQ��RI�+GP���ZKLFK�OHDGV�WR�S���DFFXPXODWLRQ�LQ�WKH�FHOO�DQG�FHOO�F\FOH�DUUHVW
�*HQWLOHOOD����������/DUS�KDV�EHHQ�VKRZQ�WR�EH�SUHVHQW DW�KLJK�OHYHOV�LQ�WKH�F\WRSODVP
'URVRSKLOD QHXUREODVWV���+RZHYHU��LW�LV�QHDUO\�FRPSOHWHO\ DEVHQW�IURP�WKH�VXUURXQGLQJ
JDQJOLRQ�FHOOV��%ODJGHQ��������

,W�VHHPV�UHDVRQDEOH�WKDW�/DUS�LV�ODUJHO\�UHVSRQVLEOH�IRU�WKH�XQH[SHFWHGO\�XQVWDEOH
KDOIOLYHV�RI��¶723�P51$V�RXU�ODE�IRXQG�LQ 'URVRSKLOD �%XURZ��������DQG�LV�OLNHO\
LQYROYHG�LQ�FKDQJLQJ�WKH�SUROLIHUDWLYH�VWDWH�RI�QHXUREODVWV�WKURXJK�WKH�GLIIHUHQWLDWLRQ
SDWKZD\���$V�ULERVRPH�ELRJHQHVLV�GHFUHDVHV�LQ�QHXUREODVW�SURJHQ\��GHFUHDVHV�LQ���6
DYDLODELOLW\�PD\�OHDG�WR�GHVWDELOL]DWLRQ�RI��¶723�WUDQVFULSWV�DQG�DFWLYDWLRQ�RI�WKH�,5%6
FKHFNSRLQW��OHDGLQJ�WR�WKH�HYHQWXDO�H[LW�IURP�WKH�FHOO�F\FOH�WKDW�FRPHV�ZLWK�GLIIHUHQWLDWLRQ�

����,GHQWLI\�QHXUREODVW��DQG�QHXURQ�VSHFLILF�WUDQVFULSWV�ZKRVH�WUDQVODWLRQ�LV�VHQVLWLYH�WR
ULERVRPH�FRQFHQWUDWLRQ�

0\�ZRUN�VXJJHVWV�WKDW�QHXUREODVW�YHUVXV�QHXURQ�IDWHV�PD\�EH�GHWHUPLQHG�E\�WUDQVFULSWV
WKDW�DUH�GLIIHUHQWLDOO\�DIIHFWHG��LQ�D�FHOO�W\SH�VSHFLILF�PDQQHU��E\�ULERVRPH�FRQFHQWUDWLRQ�
7KLV�K\SRWKHVLV�LV�EDVHG�RQ�WKH�PRGHO�WKDW�D�FHOO�FDQ�HIILFLHQWO\�DOWHU�LWV�SURWHRPH�E\
ELDVLQJ�WUDQVODWLRQ�SURJUDPV�WRZDUG�FRKRUWV�RI�P51$V�ZLWK�HIILFLHQW�RU�LQHIILFLHQW
WUDQVODWLRQ�LQLWLDWLRQ�NLQHWLFV���7UDQVODWLRQ�LQLWLDWLRQ�NLQHWLFV�DUH�D�NH\�GHWHUPLQDQW�RI
SURWHLQ�V\QWKHVLV�OHYHOV���$V�WKH�QXPEHU�RI�ULERVRPHV�RQ�D�WUDQVFULSW�DSSURDFKHV�WKH
PD[LPXP��WUDQVODWLRQ�HIILFLHQF\�GHFUHDVHV��PRGHOV�SUHGLFW�WKDW�RSWLPXP�WUDQVODWLRQ
RFFXUV�DW�DERXW�����WUDQVFULSW�RFFXSDQF\�E\�ULERVRPHV��=DUDL����������7UDQVFULSWV�WKDW
KDYH�LQHIILFLHQW�WUDQVODWLRQ�LQLWLDWLRQ�NLQHWLFV�VKDUH�VLPLODULWLHV�LQ�WKDW�WKH\�WHQG�WR�FRQWDLQ
REVWDFOHV�WR�ULERVRPH�RFFXSDQF\��LQFOXGLQJ�VWUXFWXUHG��¶875V��XSVWUHDP�RSHQ�UHDGLQJ
IUDPHV��X25)V���RU�LQWHUQDO�ULERVRPH�HQWU\�VLWHV��,5(6���0DUVKDOO��������'H�9RV�������
DQG�5DYHK����������:KHQ�ULERVRPH�FRQFHQWUDWLRQ�LV UHODWLYHO\�KLJK��WKHVH�WUDQVFULSWV
H[SHULHQFH�VWHDG\�ULERVRPH�RFFXSDQF\��ZKLFK�LV�EHQHILFLDO�WR�SURWHLQ�RXWSXW���+RZHYHU�
ZKHQ�WKH�ULERVRPH�FRQFHQWUDWLRQ�GHFUHDVHV��WKHVH�REVWDFOHV�EHFRPH�VLJQLILFDQW
EDUULHUV�WR�WUDQVODWLRQ�LQLWLDWLRQ��0LOOV�DQG�*UHHQ� ��������0\�ZRUN�VXJJHVWV�WKDW
QHXUREODVWV�KDYH�D�KLJKHU�FRQFHQWUDWLRQ�RI�ULERVRPHV�WKDQ�WKHLU�GLIIHUHQWLDWHG�SURJHQ\�
2QH�SRVVLELOLW\�LV�WKDW�GLIIHUHQWLDWLRQ�SURPRWLQJ�WUDQVFULSWV�KDYH�KLJKO\�HIILFLHQW
WUDQVODWLRQ�LQLWLDWLRQ�UDWHV��WKLV�ZRXOG�GHFUHDVH�SURWHLQ�V\QWKHVLV�LQ�QHXUREODVWV�DQG
LQFUHDVH�SURWHLQ�V\QWKHVLV�DV�ULERVRPH�OHYHOV�GHFOLQH�LQ�GLIIHUHQWLDWLQJ�SURJHQ\�
&RQYHUVHO\��WUDQVFULSWV�WKDW�HQFRGH�SURWHLQV�VXSSRUWLQJ�FHOO�SUROLIHUDWLRQ�DQG�WKH
PXOWLSRWHQW�VWDWH�PLJKW�KDYH�UHODWLYHO\�SRRU�WUDQVODWLRQ�LQLWLDWLRQ�NLQHWLFV���6XFK
WUDQVFULSWV�ZRXOG�EH�WUDQVODWHG�DW�KLJK�OHYHOV�LQ�QHXUREODVWV�EXW�SRRUO\�WUDQVODWHG�LQ
GLIIHUHQWLDWLQJ�SURJHQ\���7HVWLQJ�WKHVH�K\SRWKHVHV�ZLOO�UHTXLUH�ELRLQIRUPDWLF�LQWHUURJDWLRQ
RI�WKH�QHXUDO�WUDQVFULSWRPH��VXFK�DV�SUHGLFWLRQ�RI�UHOHYDQW��¶875�HOHPHQWV��DV�ZHOO�DV
TXDQWLWDWLYH�PHDVXUHPHQWV�RI�P51$�WUDQVODWLRQ�LQ�QHXUREODVWV�DQG�QHXURQV��SRWHQWLDOO\
WKURXJK�ULERVRPH�SURILOLQJ�WDUJHWHG�WR�HDFK�FHOO�W\SH�



��

8QGHUVWDQGLQJ�KRZ�GLIIHUHQWLDO�ULERVRPH�ELRJHQHVLV�DIIHFWV�WUDQVODWLRQ�SURJUDPV�ZLOO
FHUWDLQO\�KHOS�DGYDQFH�WKH�ILHOG�RI�QHXUDO�GHYHORSPHQW�DQG�KDV�SRWHQWLDO�LPSOLFDWLRQV�IRU
WUHDWLQJ�ULERVRPRSDWKLHV�DV�ZHOO�DV�QHXURGHYHORSPHQWDO�GLVRUGHUV���0\�GLVVHUWDWLRQ�ZRUN
SURYLGHV�DQ�LPSRUWDQW�IRXQGDWLRQ�IRU�WKH�IXWXUH�GLUHFWLRQV�VXPPDUL]HG�DERYH���,�ORRN
IRUZDUG�WR�VHHLQJ�WKH�GLVFRYHULHV�WKDW�EXLOG�XSRQ�P\�ZRUN�
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DQG�VHOI�UHQHZDO� 'HY�%LRO�������-XQ�������������������

Ɣ &KDX�.)��6KDQQRQ�0/��)DPH�50��HW�DO��'RZQUHJXODWLRQ�RI�ULERVRPH�ELRJHQHVLV
GXULQJ�HDUO\�IRUHEUDLQ�GHYHORSPHQW� (OLIH���������H������

��



��

Ɣ &RQGXLW�37��5DII�-:��&QQ�G\QDPLFV�GULYH�FHQWURVRPH�VL]H�DV\PPHWU\�WR�HQVXUH
GDXJKWHU�FHQWULROH�UHWHQWLRQ�LQ 'URVRSKLOD QHXUREODVWV� &XUU�%LRO�������'HF
������������������

Ɣ &RVWD�52��0DUWLQV�+��0DUWLQV�/)��HW�DO��6\QDSWRJHQHVLV�VWLPXODWHV�D
SURWHDVRPH�PHGLDWHG�ULERVRPH�UHGXFWLRQ�LQ�D[RQV� &HOO 5HS�
�������������������

Ɣ &UHZV�67� 'URVRSKLOD (PEU\RQLF�&16�'HYHORSPHQW��1HXURJHQHVLV� *OLRJHQHVLV�
&HOO�)DWH��DQG�'LIIHUHQWLDWLRQ� *HQHWLFV�������'HF������������������

Ɣ 'DQJ�&9��0<&��PHWDEROLVP��FHOO�JURZWK��DQG�WXPRULJHQHVLV� &ROG�6SULQJ�+DUE
3HUVSHFW�0HG�������$XJ��������D�������

Ɣ 'DXO�$/��.RPRUL�+��/HH�&<��(G8����HWK\Q\O��
�GHR[\XULGLQH��ODEHOLQJ�RI
'URVRSKLOD PLWRWLF�QHXUREODVWV� &ROG�6SULQJ�+DUE�3URWRF�
�������������SGE�SURW�����

Ɣ 'H�9RV�'��%UXJJHPDQ�)-��:HVWHUKRII�+9��%DNNHU�%0��+RZ�PROHFXODU
FRPSHWLWLRQ�LQIOXHQFHV�IOX[HV�LQ�JHQH�H[SUHVVLRQ�QHWZRUNV� 3/R6�2QH�
�����������H������

Ɣ 'RQDWL�*��3HGGLJDUL�6��0HUFHU�&$��7KRPDV�*���6�ULERVRPDO�51$�LV�DQ�HVVHQWLDO
FRPSRQHQW�RI�D�QDVFHQW�ULERVRPDO�SUHFXUVRU�FRPSOH[�WKDW�UHJXODWHV�WKH
+GP��S���FKHFNSRLQW� &HOO�5HS�������-XO���������������

Ɣ 'X�4��6WXNHQEHUJ�37��0DFDUD�,*��$�PDPPDOLDQ�3DUWQHU�RI�LQVFXWHDEOH�ELQGV
1X0$�DQG�UHJXODWHV�PLWRWLF�VSLQGOH�RUJDQL]DWLRQ��1DW�&HOO�%LRO������
'HF���������������

Ɣ )DUOH\�%DUQHV�.,��2JDZD�/0��%DVHUJD�6-��5LERVRPRSDWKLHV��ROG�FRQFHSWV��QHZ
FRQWURYHUVLHV� 7UHQGV�*HQHW����������������������

Ɣ )RUWLQL�0(��6NXSVNL�03��%RJXVNL�06��+DULKDUDQ�,.��$�VXUYH\�RI�KXPDQ�GLVHDVH
JHQH�FRXQWHUSDUWV�LQ�WKH 'URVRSKLOD JHQRPH� -�&HOO %LRO�������-XO
����������)������

Ɣ )R[�*(��2ULJLQ�DQG�HYROXWLRQ�RI�WKH�ULERVRPH� &ROG 6SULQJ�+DUE�3HUVSHFW�%LRO�
�����6HS������D�������

Ɣ )XHUVWHQEHUJ��6���3HQJ��&��<���$OYDUH]�2UWL]��3���+RU��7��DQG�'RH��&��4�
,GHQWLILFDWLRQ�RI�0LUDQGD�SURWHLQ�GRPDLQV�UHJXODWLQJ�DV\PPHWULF�FRUWLFDO
ORFDOL]DWLRQ��FDUJR�ELQGLQJ��DQG�FRUWLFDO�UHOHDVH� 0RO��&HOO��1HXURVFL����������
���±����

Ɣ )XOOHU�07��6SUDGOLQJ�$&��0DOH�DQG�IHPDOH 'URVRSKLOD JHUPOLQH�VWHP�FHOOV��WZR
YHUVLRQV�RI�LPPRUWDOLW\� 6FLHQFH�������$SU��������������������

Ɣ *DOODQW�3��0\F�IXQFWLRQ�LQ�'URVRSKLOD� &ROG�6SULQJ +DUE�3HUVSHFW�0HG�������2FW
��������D�������

Ɣ *HQWLOHOOD�$��0RUyQ�'XUDQ�)'��)XHQWHV�3��=ZHLJ�5RFKD�*��5LDxR�&DQDOLDV�)�
3HOOHWLHU�-��5XL]�0��7XUyQ�*��&DVWDxR�-��7DXOHU�$��%XHQR�&��0HQpQGH]�3��.R]PD
6&��7KRPDV�*��$XWRJHQRXV�&RQWURO�RI��ƍ723�P51$�6WDELOLW\�E\���6
5LERVRPHV� 0RO�&HOO�������-XO���������������H��

Ɣ *UHZDO�66��(YDQV�-5��(GJDU�%$� 'URVRSKLOD 7,)�,$�LV UHTXLUHG�IRU�ULERVRPH
V\QWKHVLV�DQG�FHOO�JURZWK�DQG�LV�UHJXODWHG�E\�WKH�725�SDWKZD\� -�&HOO�%LRO������
'HF�������������������

Ɣ *UHZDO�66��/L�/��2ULDQ�$��HW�DO��0\F�GHSHQGHQW�UHJXODWLRQ�RI�ULERVRPDO�51$
V\QWKHVLV�GXULQJ 'URVRSKLOD GHYHORSPHQW� 1DW�&HOO %LRO��������������������

Ɣ +D\DVKL�<��.XURGD�7��.LVKLPRWR�+��HW�DO��'RZQUHJXODWLRQ�RI�U51$�WUDQVFULSWLRQ
WULJJHUV�FHOO�GLIIHUHQWLDWLRQ� 3/R6�2QH������������H������



��

Ɣ +HQULTXH�'��%DOO\�&XLI�/��$�FURVV�GLVFLSOLQDU\�DSSURDFK�WR�XQGHUVWDQGLQJ�QHXUDO
VWHP�FHOOV�LQ�GHYHORSPHQW�DQG�GLVHDVH� 'HYHORSPHQW� �����-XQ����������������

Ɣ +HQULTXHV�7��*LOFKULVW�'$��1HFKDHY�6��HW�DO��6WDEOH�SDXVLQJ�E\�51$�SRO\PHUDVH
,,�SURYLGHV�DQ�RSSRUWXQLW\�WR�WDUJHW�DQG�LQWHJUDWH�UHJXODWRU\�VLJQDOV� 0RO�&HOO�
�������������������

Ɣ +HWPDQ�0��6ORPQLFNL�/3��5LERVRPDO�ELRJHQHVLV�DV�DQ�HPHUJLQJ�WDUJHW�RI
QHXURGHYHORSPHQWDO�SDWKRORJLHV� -�1HXURFKHP����������������������

Ɣ +LGD�1��$ERXNLOLOD�0<��%XURZ�'$��HW�DO��(&�WDJJLQJ�DOORZV�FHOO�W\SH�VSHFLILF�51$
DQDO\VLV� 1XFOHLF�$FLGV�5HV��������������H����

Ɣ +LUDWD��-���1DNDJRVKL��+���1DEHVKLPD��<L��HW�DO��$V\PPHWULF�VHJUHJDWLRQ�RI�WKH
KRPHRGRPDLQ�SURWHLQ�3URVSHUR�GXULQJ 'URVRSKLOD GHYHORSPHQW� 1DWXUH�
�������������±����

Ɣ +RPHP�&&��.QREOLFK�-$� 'URVRSKLOD QHXUREODVWV��D�PRGHO IRU�VWHP�FHOO�ELRORJ\�
'HYHORSPHQW�������������������������

Ɣ +RPHP�&&��5HLFKDUGW�,��%HUJHU�&��HW�DO��/RQJ�WHUP�OLYH�FHOO�LPDJLQJ�DQG
DXWRPDWHG��'�DQDO\VLV�RI�,�QHXUREODVW�OLQHDJHV� 3/R6 2QH�������������H������

Ɣ +RYKDQ\DQ�$��+HUWHU�(.��3IDQQVWLHO�-��HW�DO� 'URVRSKLOD PEP�LV�D�QXFOHRODU�P\F
DQG�FDVHLQ�NLQDVH���WDUJHW�UHTXLUHG�IRU�ULERVRPH�ELRJHQHVLV�DQG�FHOO�JURZWK�RI
FHQWUDO�EUDLQ�QHXUREODVWV� 0RO�&HOO�%LRO������������������������

Ɣ ,NHVKLPD�.DWDRND�+��6NHDWK�-%��1DEHVKLPD�<��HW�DO��0LUDQGD�GLUHFWV�3URVSHUR�WR
D�GDXJKWHU�FHOO�GXULQJ 'URVRSKLOD DV\PPHWULF�GLYLVLRQV� 1DWXUH�
�����������������������

Ɣ ,QJROLD�17��/DUHDX�/)��:HLVVPDQ�-6��5LERVRPH�SURILOLQJ�RI�PRXVH�HPEU\RQLF
VWHP�FHOOV�UHYHDOV�WKH�FRPSOH[LW\�DQG�G\QDPLFV�RI�PDPPDOLDQ�SURWHRPHV� &HOO�
��������������������

Ɣ ,VKLPXUD�5��1DJ\�*��'RWX�,��=KRX�+��<DQJ�;/��6FKLPPHO�3��6HQMX�6��1LVKLPXUD
<��&KXDQJ�-+��$FNHUPDQ�6/��51$�IXQFWLRQ��5LERVRPH�VWDOOLQJ�LQGXFHG�E\
PXWDWLRQ�RI�D�&16�VSHFLILF�W51$�FDXVHV�QHXURGHJHQHUDWLRQ� 6FLHQFH�������-XO
�������������������

Ɣ -DR�&<��6DOLF�$��([SORULQJ�51$�WUDQVFULSWLRQ�DQG�WXUQRYHU�LQ�YLYR�E\�XVLQJ�FOLFN
FKHPLVWU\� 3URF�1DWO�$FDG�6FL�86$���������������������������

Ɣ -DUPDQ�$3��%UDQG�0��-DQ�/<��-DQ�<1��7KH�UHJXODWLRQ�DQG�IXQFWLRQ�RI�WKH
KHOL[�ORRS�KHOL[�JHQH��DVHQVH��LQ�'URVRSKLOD�QHXUDO�SUHFXUVRUV��'HYHORSPHQW�
�����6HS��������������

Ɣ -REH�$��/LX�=��*XWLHUUH]�9DUJDV�&��)UDQN�-��1HZ�,QVLJKWV�LQWR�5LERVRPH
6WUXFWXUH�DQG�)XQFWLRQ� &ROG�6SULQJ�+DUE�3HUVSHFW %LRO�������-DQ
��������D�������

Ɣ .KDMXULD�5.��0XQVFKDXHU�0��8OLUVFK�-&��HW�DO��5LERVRPH�OHYHOV�VHOHFWLYHO\
UHJXODWH�WUDQVODWLRQ�DQG�OLQHDJH�FRPPLWPHQW�LQ�KXPDQ�KHPDWRSRLHVLV� &HOO�
�������������������

Ɣ .OHLPDQ�5��%DQNHU�*��6WHZDUG�2��'HYHORSPHQW�RI�VXEFHOOXODU�P51$
FRPSDUWPHQWDWLRQ�LQ�KLSSRFDPSDO�QHXURQV�LQ�FXOWXUH� -�1HXURVFL�
������������������

Ɣ .QREOLFK��-��$���-DQ��/��<��DQG�-DQ��<��1��$V\PPHWULF�VHJUHJDWLRQ�RI�1XPE�DQG
3URVSHUR�GXULQJ�FHOO�GLYLVLRQ� 1DWXUH���������������±����

Ɣ .RKZL�0��'RH�&4��7HPSRUDO�IDWH�VSHFLILFDWLRQ�DQG�QHXUDO�SURJHQLWRU�FRPSHWHQFH
GXULQJ�GHYHORSPHQW� 1DW�5HY�1HXURVFL�������'HF���������������

Ɣ .UDXW�5��&KLD�:��-DQ�/<��-DQ�<1��.QREOLFK�-$��5ROH�RI�LQVFXWHDEOH�LQ�RULHQWLQJ
DV\PPHWULF�FHOO�GLYLVLRQV�LQ 'URVRSKLOD� 1DWXUH������ 6HS������������������



��

Ɣ /DFNQHU�'+��%HLOKDU]�7+��0DUJXHUDW�6��0DWD�-��:DWW�6��6FKXEHUW�)��3UHLVV�7�
%lKOHU�-��$�QHWZRUN�RI�PXOWLSOH�UHJXODWRU\�OD\HUV�VKDSHV�JHQH�H[SUHVVLRQ�LQ
ILVVLRQ�\HDVW��0RO�&HOO�������$SU�����������������

Ɣ /DL�6/��0LOOHU�05��5RELQVRQ�.-��'RH�&4��7KH�6QDLO�IDPLO\�PHPEHU�:RUQLX�LV
FRQWLQXRXVO\�UHTXLUHG�LQ�QHXUREODVWV�WR�SUHYHQW�(ODY�LQGXFHG�SUHPDWXUH
GLIIHUHQWLDWLRQ� 'HY�&HOO���������������������

Ɣ /DUVRQ�.��<DQ�6-��7VXUXPL�$��HW�DO��+HWHURFKURPDWLQ�IRUPDWLRQ�SURPRWHV
ORQJHYLW\�DQG�UHSUHVVHV�ULERVRPDO�51$�V\QWKHVLV� 3/R6 *HQHW�
����������H��������

Ɣ /HH��&��<���:LONLQVRQ��%��'���6LHJULVW��6��(���:KDUWRQ��5��3��DQG�'RH��&��4��%UDW�LV
D�0LUDQGD�FDUJR�SURWHLQ�WKDW�SURPRWHV�QHXURQDO�GLIIHUHQWLDWLRQ�DQG�LQKLELWV
QHXUREODVW�VHOI�UHQHZDO� 'HY��&HOO��������������±����

Ɣ /L�6��:DQJ�+��*URWK�&� 'URVRSKLOD QHXUREODVWV�DV�D QHZ�PRGHO�IRU�WKH�VWXG\�RI
VWHP�FHOO�VHOI�UHQHZDO�DQG�WXPRXU�IRUPDWLRQ� %LRVFL 5HS�������-XO
���������H������

Ɣ /LQGVWU|P��0�6���%DUWHN��-��	�0D\D�0HQGR]D��$��S���DW�WKH�FURVVURDG�RI�'1$
UHSOLFDWLRQ�DQG�ULERVRPH�ELRJHQHVLV�VWUHVV�SDWKZD\V��&HOO�'HDWK�'LIIHU��������

Ɣ /LX�=��<DQJ�&3��6XJLQR�.��)X�&&��/LX�/<��<DR�;��/HH�/3��/HH�7��2SSRVLQJ
LQWULQVLF�WHPSRUDO�JUDGLHQWV�JXLGH�QHXUDO�VWHP�FHOO�SURGXFWLRQ�RI�YDULHG�QHXURQDO
IDWHV� 6FLHQFH�������2FW���������������������

Ɣ /RGLVK�+)��0RGHO�IRU�WKH�UHJXODWLRQ�RI�P51$�WUDQVODWLRQ�DSSOLHG�WR�KDHPRJORELQ
V\QWKHVLV� 1DWXUH�������2FW�������������������

Ɣ /X�%��5RWKHQEHUJ�0��-DQ�/<��-DQ�<1��3DUWQHU�RI�1XPE�FRORFDOL]HV�ZLWK�1XPE
GXULQJ�PLWRVLV�DQG�GLUHFWV�1XPE�DV\PPHWULF�ORFDOL]DWLRQ�LQ�'URVRSKLOD�QHXUDO�DQG
PXVFOH�SURJHQLWRUV� &HOO�������2FW�����������������

Ɣ 0DUVKDOO�(��6WDQVILHOG�,��5RPDQR�0&��5LERVRPH�UHF\FOLQJ�LQGXFHV�RSWLPDO
WUDQVODWLRQ�UDWH�DW�ORZ�ULERVRPDO�DYDLODELOLW\� - 5�6RF�,QWHUIDFH�������6HS
������������������

Ɣ 0LOOV�(:��*UHHQ�5��5LERVRPRSDWKLHV��WKHUH
V�VWUHQJWK�LQ�QXPEHUV� 6FLHQFH�
���������������HDDQ�����

Ɣ 1HXP�OOHU�5$��5LFKWHU�&��)LVFKHU�$��HW�DO��*HQRPH�ZLGH�DQDO\VLV�RI�VHOI�UHQHZDO
LQ 'URVRSKLOD QHXUDO�VWHP�FHOOV�E\�WUDQVJHQLF�51$L� &HOO�6WHP�&HOO�
������������������

Ɣ 1L�-4��=KRX�5��&]HFK�%��HW�DO��$�JHQRPH�VFDOH�VK51$�UHVRXUFH�IRU�WUDQVJHQLF
51$L�LQ 'URVRSKLOD� 1DW�0HWKRGV��������������������

Ɣ 1LSSHU�5:��6LOOHU�.+��6PLWK�15��'RH�&4��3UHKRGD�.(��*DOSKDL�JHQHUDWHV
PXOWLSOH�3LQV�DFWLYDWLRQ�VWDWHV�WR�OLQN�FRUWLFDO�SRODULW\�DQG�VSLQGOH�RULHQWDWLRQ�LQ
'URVRSKLOD QHXUREODVWV� 3URF�1DWO�$FDG�6FL�8�6�$� �����6HS
�������������������

Ɣ 2JDZD�+��2KWD�1��0RRQ�:��0DWVX]DNL�)��3URWHLQ�SKRVSKDWDVH��$�QHJDWLYHO\
UHJXODWHV�D3.&�VLJQDOLQJ�E\�PRGXODWLQJ�SKRVSKRU\ODWLRQ�RI�3DU���LQ�'URVRSKLOD
QHXUREODVW�DV\PPHWULF�GLYLVLRQV��-�&HOO�6FL�������6HS��������3W������������

Ɣ 3DXOL�$��$OWKRII�)��2OLYHLUD�5$��HW�DO��&HOO�W\SH�VSHFLILF�7(9�SURWHDVH�FOHDYDJH
UHYHDOV�FRKHVLRQ�IXQFWLRQV�LQ 'URVRSKLOD QHXURQV� 'HY�&HOO���������������������

Ɣ 3UHVQ\DN�9��$OKXVDLQL�1��&KHQ�<+��0DUWLQ�6��0RUULV�1��.OLQH�1��2OVRQ�6�
:HLQEHUJ�'��%DNHU�.(��*UDYHOH\�%5��&ROOHU�-��&RGRQ�RSWLPDOLW\�LV�D�PDMRU
GHWHUPLQDQW�RI�P51$�VWDELOLW\��&HOO�������0DU�������������������

Ɣ 4LDQ�-��/DYNHU�50��7VHQJ�+��0DSSLQJ�ULERVRPDO�51$�WUDQVFULSWLRQ�DFWLYLW\�LQ�WKH
PRXVH�H\H� 'HY�'\Q������������������������



��

Ɣ 5DGKDNULVKQDQ�$��&KHQ�<+��0DUWLQ�6��$OKXVDLQL�1��*UHHQ�5��&ROOHU�-��7KH
'($'�%R[�3URWHLQ�'KK�S�&RXSOHV�P51$�'HFD\�DQG�7UDQVODWLRQ�E\�0RQLWRULQJ
&RGRQ�2SWLPDOLW\� &HOO�������6HS�������������������H��

Ɣ 5DYHK�$��0DUJDOLRW�0��6RQWDJ�('��7XOOHU�7��$�PRGHO�IRU�FRPSHWLWLRQ�IRU
ULERVRPHV�LQ�WKH�FHOO� -�5�6RF�,QWHUIDFH�������0DU������������������

Ɣ 5HEROOR�(��6DPSDLR�3��-DQXVFKNH�-��/ODPD]DUHV�6��9DUPDUN�+��*RQ]iOH]�&�
)XQFWLRQDOO\�XQHTXDO�FHQWURVRPHV�GULYH�VSLQGOH�RULHQWDWLRQ�LQ�DV\PPHWULFDOO\
GLYLGLQJ 'URVRSKLOD QHXUDO�VWHP�FHOOV��'HY�&HOO������ 0DU��������������

Ɣ 5LHGHU�&/��)DUXNL�6��.KRGMDNRY�$��7KH�FHQWURVRPH�LQ�YHUWHEUDWHV��PRUH�WKDQ�D
PLFURWXEXOH�RUJDQL]LQJ�FHQWHU� 7UHQGV�&HOO�%LRO������ 2FW��������������

Ɣ 5XJJHUR�'��7UDQVODWLRQDO�FRQWURO�LQ�FDQFHU�HWLRORJ\��&ROG�6SULQJ�+DUE�3HUVSHFW
%LRO������������D�������

Ɣ 5XVDQ�10��3HLIHU�0��$�UROH�IRU�D�QRYHO�FHQWURVRPH�F\FOH�LQ�DV\PPHWULF�FHOO
GLYLVLRQ� -�&HOO�%LRO�������$SU����������������

Ɣ 6DPXHOV�7-��-lUYHOLQ�$,��,VK�+RURZLF]�'��'DYLV�,��,PS�,*)�%3�OHYHOV�PRGXODWH
LQGLYLGXDO�QHXUDO�VWHP�FHOO�JURZWK�DQG�GLYLVLRQ�WKURXJK�P\F�P51$�VWDELOLW\� (OLIH�
�����-DQ������H������

Ɣ 6DQFKH]�&*��7HL[HLUD�).��&]HFK�%��HW�DO��5HJXODWLRQ�RI�ULERVRPH�ELRJHQHVLV�DQG
SURWHLQ�V\QWKHVLV�FRQWUROV�JHUPOLQH�VWHP�FHOO�GLIIHUHQWLDWLRQ� &HOO�6WHP�&HOO�
�������������������

Ɣ 6FKDHIHU�0��6KHYFKHQNR�$��6KHYFKHQNR�$��.QREOLFK�-$��$�SURWHLQ�FRPSOH[
FRQWDLQLQJ�,QVFXWHDEOH�DQG�WKH�*DOSKD�ELQGLQJ�SURWHLQ�3LQV�RULHQWV�DV\PPHWULF
FHOO�GLYLVLRQV�LQ 'URVRSKLOD� &XUU�%LRO�������$SU ���������������

Ɣ 6KL�=��)XMLL�.��.RYDU\�.0��*HQXWK�15��5|VW�+/��7HUXHO�01��%DUQD�0�
+HWHURJHQHRXV�5LERVRPHV�3UHIHUHQWLDOO\�7UDQVODWH�'LVWLQFW�6XESRROV�RI�P51$V
*HQRPH�ZLGH� 0RO�&HOO�������-XO���������������H��

Ɣ 6LJQHU�5$��0DJHH�-$��6DOLF�$��0RUULVRQ�6-��+DHPDWRSRLHWLF�VWHP�FHOOV�UHTXLUH�D
KLJKO\�UHJXODWHG�SURWHLQ�V\QWKHVLV�UDWH� 1DWXUH�����������������������

Ɣ 6LOOHU�.+��&DEHUQDUG�&��'RH�&4��7KH�1X0$�UHODWHG�0XG�SURWHLQ�ELQGV�3LQV�DQG
UHJXODWHV�VSLQGOH�RULHQWDWLRQ�LQ 'URVRSKLOD QHXUREODVWV� 1DW�&HOO�%LRO������
-XQ��������������

Ɣ 6LUUL�9��-RXUGDQ�1��+HUQDQGH]�9HUGXQ�'��5RXVVHO�3��6KDULQJ�RI�PLWRWLF
SUH�ULERVRPDO�SDUWLFOHV�EHWZHHQ�GDXJKWHU�FHOOV� - &HOO�6FL�
����������������������

Ɣ 6ORPQLFNL�/3��3LHWU]DN�0��9DVKLVKWD�$��HW�DO��5HTXLUHPHQW�RI�QHXURQDO�ULERVRPH
V\QWKHVLV�IRU�JURZWK�DQG�PDLQWHQDQFH�RI�WKH�GHQGULWLF�WUHH� -�%LRO�&KHP�
�����������������������

Ɣ 6RQJ�<��/X�%��5HJXODWLRQ�RI�FHOO�JURZWK�E\�1RWFK�VLJQDOLQJ�DQG�LWV�GLIIHUHQWLDO
UHTXLUHPHQW�LQ�QRUPDO�YV��WXPRU�IRUPLQJ�VWHP�FHOOV�LQ 'URVRSKLOD� *HQHV�'HY�
����������������������

Ɣ 6RXVD�1XQHV�5��&KLD�:��6RPHUV�:*��3URWHLQ�SKRVSKDWDVH���PHGLDWHV
ORFDOL]DWLRQ�RI�WKH�0LUDQGD�FRPSOH[�GXULQJ�'URVRSKLOD�QHXUREODVW�DV\PPHWULF
GLYLVLRQV� *HQHV�'HY�������)HE����������������

Ɣ 6SDQD��(�3���.RSF]\QVNL��&���*RRGPDQ��&�6��DQG�'RH��&�4��$V\PPHWULF
ORFDOL]DWLRQ�RI�QXPE�DXWRQRPRXVO\�GHWHUPLQHV�VLEOLQJ�QHXURQ�LGHQWLW\�LQ�WKH
'URVRSKLOD�&16� 'HYHORSPHQW����������������±�����

Ɣ 6SLQGOHU��6�5���+DUWHQVWHLQ��9��7KH 'URVRSKLOD QHXUDO OLQHDJHV��D�PRGHO�V\VWHP�WR
VWXG\�EUDLQ�GHYHORSPHQW�DQG�FLUFXLWU\� 'HY�*HQHV�(YRO ������±����������



��

Ɣ 7DPDRNL��7��7KH�SDUWLFXODWH�IUDFWLRQ�FRQWDLQLQJ���V�51$�LQ�/�FHOO�QXFOHL�
-�0RO�%LRO�������������±��

Ɣ 7UXPDQ�-:��%DWH�0��6SDWLDO�DQG�WHPSRUDO�SDWWHUQV�RI�QHXURJHQHVLV�LQ�WKH�FHQWUDO
QHUYRXV�V\VWHP�RI�'URVRSKLOD�PHODQRJDVWHU� 'HY�%LRO� �����-DQ���������������

Ɣ YDQ�5LJJHOHQ�-��<HWLO�$��)HOVKHU�':��0<&�DV�D�UHJXODWRU�RI�ULERVRPH�ELRJHQHVLV
DQG�SURWHLQ�V\QWKHVLV� 1DW�5HY�&DQFHU�������$SU�������������

Ɣ :DQJ�+��2X\DQJ�<��6RPHUV�:*��&KLD�:��/X�%��3ROR�LQKLELWV�SURJHQLWRU
VHOI�UHQHZDO�DQG�UHJXODWHV�1XPE�DV\PPHWU\�E\�SKRVSKRU\ODWLQJ�3RQ� 1DWXUH�
�����6HS��������������������

Ɣ :DQJ�+��6RPHUV�*:��%DVKLUXOODK�$��+HEHUOHLQ�8��<X�)��&KLD�:��$XURUD�$�DFWV
DV�D�WXPRU�VXSSUHVVRU�DQG�UHJXODWHV�VHOI�UHQHZDO�RI�'URVRSKLOD�QHXUREODVWV�
*HQHV�'HY�������'HF�������������������

Ɣ :DUQHU��-5��6RHLUR��5��1DVFHQW�ULERVRPHV�IURP�+H/D�FHOOV� 31$6�������
�������±��

Ɣ :DWNLQV�1-��%RKQVDFN�07��7KH�ER[�&�'�DQG�+�$&$�VQR513V��NH\�SOD\HUV�LQ�WKH
PRGLILFDWLRQ��SURFHVVLQJ�DQG�WKH�G\QDPLF�IROGLQJ�RI�ULERVRPDO�51$� :LOH\
,QWHUGLVFLS�5HY�51$�������0D\�-XQ��������������

Ɣ :LOVRQ�'1��'RXGQD�&DWH�-+��7KH�VWUXFWXUH�DQG�IXQFWLRQ�RI�WKH�HXNDU\RWLF
ULERVRPH� &ROG�6SULQJ�+DUE�3HUVSHFW�%LRO�������0D\ �������D�������

Ɣ :LQNOHV�-$��3KLOOLSV�:+��*UDLQJHU�50� 'URVRSKLOD ULERVRPDO 51$�VWDELOLW\
LQFUHDVHV�GXULQJ�VORZ�JURZWK�FRQGLWLRQV� -�%LRO�&KHP� �����������������������

Ɣ :LUW]�3HLW]�)��1LVKLPXUD�7��.QREOLFK�-$��/LQNLQJ�FHOO�F\FOH�WR�DV\PPHWULF�GLYLVLRQ�
$XURUD�$�SKRVSKRU\ODWHV�WKH�3DU�FRPSOH[�WR�UHJXODWH�1XPE�ORFDOL]DWLRQ��&HOO�
�����2FW�����������������

Ɣ :X�-6��/XR�/��$�SURWRFRO�IRU�GLVVHFWLQJ 'URVRSKLOD PHODQRJDVWHU�EUDLQV�IRU�OLYH
LPDJLQJ�RU�LPPXQRVWDLQLQJ� 1DW�3URWRF����������������������

Ɣ <X�)��0RULQ�;��&DL�<��<DQJ�;��&KLD�:��$QDO\VLV�RI�SDUWQHU�RI�LQVFXWHDEOH��D�QRYHO
SOD\HU�RI 'URVRSKLOD DV\PPHWULF�GLYLVLRQV��UHYHDOV WZR�GLVWLQFW�VWHSV�LQ
LQVFXWHDEOH�DSLFDO�ORFDOL]DWLRQ� &HOO�������)HE�������������������

Ɣ =DUDL�<��0DUJDOLRW�0��7XOOHU�7��2Q�WKH�5LERVRPDO�'HQVLW\�WKDW�0D[LPL]HV�3URWHLQ
7UDQVODWLRQ�5DWH� 3/R6�2QH�������1RY�����������H��������

Ɣ =KDQJ�4��6KDODE\�1$��%XV]F]DN�0��&KDQJHV�LQ�U51$�WUDQVFULSWLRQ�LQIOXHQFH
SUROLIHUDWLRQ�DQG�FHOO�IDWH�ZLWKLQ�D�VWHP�FHOO�OLQHDJH� 6FLHQFH�
�����������������������




