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LQ� YLWUR�DQG� LQ�YLYR��7KH\�KDYH�EHHQ�ZLGHO\�XVHG�DV�JHQH�GHOLYHU\�YHFWRUV� LQ� H[SHULPHQWV�

ERWK� ZLWK� FXUDWLYH� DQG� SUHYHQWLYH� SXUSRVHV�� $G9� YHFWRUV� KDYH� EHHQ� XVHG� LQ� WKH�

H[SHULPHQWDO� DQG� LQ� VRPH� H[WHQW� LQ� WKH� FOLQLFDO� JHQH� WKHUDS\� RI� D� YDULHW\� RI� FDQFHUV�� 7KH�
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WKHVH�OLPLWDWLRQV��
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$FNQRZOHGJHPHQWV��7KH� UHVHDUFK�SURJUDP�ZDV�VXSSRUWHG�E\� WKH�JUDQWV�1R����������������RI� WKH�

+XQJDULDQ�5HVHDUFK�)XQG��27.$��DQG�E\�WKH�+XQJDULDQ�$FDGHP\�RI�6FLHQFHV��7.,���

���������	

�
���5XVVHO�:�&���$GULDQ�7��� �%DUWKD�$���)XMLQDJD�.���*LQVEHUJ�+�6���+LHUKRO]HU�-�&���GH�-RQJ�-�&���/L�4�*���

0DXWQHU�9��� 1iV]�,��� :DGHOO�*��� $GHQRYLULGDH�� ,Q�� 9LUXV� WD[RQRP\�� 6L[WK� UHSRUW� RI� WKH� ,QWHUQDWLRQDO�

&RPPLWWHH�RQ�7D[RQRP\�RI�9LUXVHV��(GV���0XUSK\��)�$���)DXTXHW��&�0���%LVKRS��'�+�/���$UFK�9LURO�

6XSSO����������������

���+LWW�0�0���*UDKDP�)�/���$GHQRYLUXV�YHFWRUV�IRU�KXPDQ�JHQH�WKHUDS\��$GY�9LUXV�5HV����������������

���.XOFViU�*���&VDWD�6���1iV]�,���,VRODWLRQ�RI�DQ�LQIHFWLRXV�RQFRJHQLF�DGHQRYLUXV�VWUDLQ�IURP�WKH�VWLPXODWHG�

O\PSKRF\WHV�RI�D�SDWLHQW�ZLWK�EODGGHU�WXPRU��$FWD�0LFURELRO�+XQJ���������������

���&VDWD�6��� .XOFViU�*��� 'iQ�3��� +RUYiWK�-��� 1iV]�,��� $GHQRYLUXV� DQWLERGLHV� LQ� WXPRURXV� GLVHDVHV� RI� WKH�

XURJHQLWDO�V\VWHP��$FWD�&KLUXUJ�$FDG�6FL�+XQJ���������������

���5DQGULDQDULVRQ�-HZWRXNRII�9���3HUULFDXGHW�0���5HFRPELQDQW�DGHQR�YLUXVHV�DV�YDFFLQHV��%LRORJLFDOV�����

�����������

���/HSSDUG�.�1���(��JHQH�IXQFWLRQ�LQ�DGHQRYLUXV��DGHQRYLUXV�YHFWRU�DQG�DGHQR�DVVRFLDWHG�YLUXV�LQIHFWLRQ��-�

*HQ�9LURO�����������������

���%HUNQHU�.�/��� 'HYHORSPHQW� RI� DGHQRYLUXV� YHFWRUV� IRU� WKH� H[SUHVVLRQ� RI� KHWHURORJRXV� JHQHV�� %LR�

7HFKQLTXHV���������������

���/HH�0�*���$ELQD�0�$���3HUULFDXGHW�0���7KH�FRQVWLWXWLYH� H[SUHVVLRQ�RI� WKH� LPPXQRPRGXODWRU\�JS���N�

SURWHLQ�LQ�(����(��DGHQRYLUDO�YHFWRUV�VWURQJO\�UHGXFHV�WKH�KRVW�7�FHOO�UHVSRQVH�DJDLQVW�WKH�YHFWRU��*HQH�

7KHU���������������

���*UDKDP�)�/��� 6PLOH\�-��� 5XVVHO�:�&��� 1DLUQ�5��� &KDUDFWHULVWLFV� RI� D� KXPDQ� FHOO� OLQH� WUDQVIRUPHG� E\�

'1$�IURP�KXPDQ�DGHQRYLUXV�W\SH����9LURORJ\����������������

����'DYLV�$�5���0H\HUV�.���:LOVRQ�-�0���+LJK� WKURXJKSXW�PHWKRG� IRU� FUHDWLQJ�DQG� VFUHHQLQJ� UHFRPELQDQW�

DGHQRYLUXVHV��*HQH�7KHU����������������

����+LWW�0�0��� $GGLVRQ�&�/��� *UDKDP�)�/��� +XPDQ� DGHQRYLUXV� YHFWRUV� IRU� JHQH� WUDQVIHU� LQWR�PDPPDOLDQ�

FHOOV��,Q��$GYDQFHV�LQ�3KDUPDFRORJ\��(G���$XJXVW�7�����������������

����*DEDJOLD�&�5���3HGHUVHQ�%���+LWW�0���%XUGLQ�1���6HUFDU]�(�(���*UDKDP�)�/���*DXOGLH�-���%UDFLDN�7�$���$�

VLQJOH� LQWUDPXVFXODU� LQMHFWLRQ� ZLWK� DQ� DGHQRYLUXV�H[SUHVVLQJ� ,/���� SURWHFWV� %$/%�F� PLFH� DJDLQVW�

/HLVKPDQLD� PDMRU� LQIHFWLRQ�� ZKLOH� WUHDWPHQW� ZLWK� DQ� ,/���H[SUHVVLQJ� YHFWRU� LQFUHDVHV� GLVHDVH�

VXVFHSWLELOLW\�LQ�%��'��PLFH��-�,PPXQRO�����������������

����2OG�-�/���,PPXQRWKHUDS\�IRU�FDQFHU��6FL�$P�����������������

����6WHZDUW�$.��� /DVVDP�1�-��� 4XLUW�,�&��� %DLOH\�'�-��� 5RWVWHLQ�/�(��� .UDMGHQ�0��� 'HVVXUHDXOW�6���

*DOOLQJHU�6��� &DSSH�'��� :DQ�<��� $GGLVRQ�&�/��� 0RHQ�5�&��� *DXOGLH�-��� *UDKDP�)�/��� $GHQRYLUDO�

PHGLDWHG�JHQH�GHOLYHU\�RI�LQWHUOHXNLQ���LQ�PHWDVWDWLF�EUHDWK�FDQFHU�DQG�PHODQRPD��UHVXOWV�RI�D�SKDVH� ,�

FOLQLFDO�WULDO��*HQH�7KHU���������������
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����:LOVRQ�-�0���*HQH� WKHUDS\� IRU�F\VWLF� ILEURVLV��FKDOOHQJHV�DQG� IXWXUH�GLUHFWLRQV�� -�&OLQ� ,QYHVW����������

�������

����+DELE�1�$���+RGJVRQ�+�-���/HPRLQH�1���3LJQDWHOOL�0���$�SKDVH�,�,,�VWXG\�RI�KHSDWLF�DUWHU\�LQIXVLRQ�ZLWK�

ZWS���&09�$G�PHWDVWDWLF�PDOLJQDQW�OLYHU�WXPRXUV��+XP�*HQH�7KHU�����������������

����=ZDFND�5�0���'XQORS�0�*��� *HQH� WKHUDS\� IRU� FRORQ� FDQFHU��+HPDWRO�2QFRO� &OLQ�1RUWK�$P� ���� ����

�������

����(DVWKDP�-�$��� +DOO�6�-��� 6HJKDO�,��� :DQJ�-��� 7LPPH�7�/��� <DQJ�*��� &RQQHOO�&URZOH\�/��� (OOHGJH�6�-���

=KDQJ�:�:���+DUSHU�-�:���,Q�YLYR�JHQH�WKHUDS\�ZLWK�S���RU�S���DGHQRYLUXV�IRU�SURVWDWH�FDQFHU��&DQFHU�

5HV�����������������

����$OYDUH]�5�'��� *RPH]�1DYDUUR�-��� :DQG�0��� %DUQHV�0�1��� 6WURQJ�7�9��� $UDQL�� 5�%��� $UDIDW�� :���

+XJKHV�-�9��� 6LHJDO�*�3��� &XULHO�'�7��� $GHQRYLUDO�PHGLDWHG� VXLFLGH� JHQH� WKHUDS\� IRU� RYDULDQ� FDQFHU��

0RO�7KHU���������������

����+DVHQEXUJ�$��� 7RQJ�;�:��� 5RMDV�0DUWLQH]�$��� 1\EHUJ�+RIIPDQ�&��� .LHEDFN�&�&��� .DSODQ�$���

.DXIPDQ�5�+��� 5DP]\�,��� $XJLODU�&RUGRYD�(��� .LHEDFN�'�*��� 7K\PLGLQH� NLQDVH� JHQH� WKHUDS\� ZLWK�

FRQFRPLWDQW�WRSRWHFDQ�FKHPRWKHUDS\�IRU�UHFXUUHQW�RYDULDQ�FDQFHU��&DQFHU�*HQH�7KHU���������������

����6DQGPDLU�$�0��� /RLPDV�6��� 3XUDQHQ�3��� ,PPRQHQ�$��� .RVVLOD�0��� 3XUDQHQ�0��� +XUVNDLQHQ�+���

7\\QHOD�.��� 7XUXQHQ�0��� 9DQQLQHQ�5��� /HKWRODLQHQ�3��� 3DOMDUYL�/��� -RKDQVRQ�5��� 9DSDODKWL�0��� <OD�

+HUWWXDOD��6���7K\PLGLQH�NLQDVH�JHQH� WKHUDS\� IRU�KXPDQ�PDOLJQDQW�JOLRPD��XVLQJ� UHSOLFDWLRQ�GHILFLHQW�

UHWURYLUXVHV�RU�DGHQRYLUXVHV��+XP�*HQH�7KHU�����������������

����7UDVN�7�:��� 7UDVN�5�3��� $XJLODU�&RUGRYD�(��� 6KLQH�+�'��� :\GH�3�5��� *RRGPDQ�-�&��� +DPLOWRQ�:�-���

5RMDV�0DUWLQH]�$���&KHQ�6�+���:RR��6�/���*URVVPDQ�5�*���3KDVH� ,� VWXG\�RI�DGHQRYLUDO�GHOLYHU\�RI� WKH�

+69�WN�JHQH�DQG�JDQFLFORYLU�DGPLQLVWUDWLRQ�LQ�SDWLHQWV�ZLWK�FXUUHQW�PDOLJQDQW�EUDLQ�WXPRUV��0RO�7KHU����

�����������

����.RQJ�+�/���+HFKW�'���6RQJ�:���.RYHVGL�,���+DFNHWW�1�5���<D\RQ�$���&U\VWDO�5�*���5HJLRQDO�VXSSUHVVLRQ�

RI�WXPRU�JURZWK�E\�LQ�YLYR�WUDQVIHU�RI�D�F'1$�HQFRGLQJ�D�VHFUHWHG�IRUP�RI�WKH�H[WUDFHOOXODU�GRPDLQ�RI�

WKH�IOW���YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU�UHFHSWRU��+XP�*HQH�7KHU���������������

����/LQ�3��� %X[WRQ�-�$��� $FKHVRQ�$��� 5DG]LHMHZVNL�&��� 0DLVRQSLHUUD�� 3�&��� <DQFRSRXORV�*�'���

&KDQQRQ�.�0��� +DOH�/�3��� 'HZKLUVW�0�:��� *HRUJH�6�(��� 3HWHUV�.�*��� $QWLDQJLRJHQLF� JHQH� WKHUDS\�

WDUJHWLQJ�WKH�HQGRWKHOLXP�VSHFLILF�W\URVLQH�NLQDVH�7LH���3URF�1DWO�$FDG�6FL�86$�����������������

����:LYHO�1�$���*DR�*�3���:LOVRQ�-�0���$GHQRYLUXV�YHFWRUV�� ,Q��7KH�GHYHORSPHQW�RI�KXPDQ�JHQH� WKHUDS\�

(G��)ULHGPDQ��7������&ROG�6SULQJ�+DUERU�/DE�3UHVV��6DQ�'LHJR��&$��������

����.DIUL�7��� 0RUJDQ�'��� .UDKO�7��� 6DUYHWQLFN�1��� 6KHUPDQ�/��� 9HUPD�,��� &HOOXODU� LPPXQH� UHVSRQVH� WR�

DGHQRYLUDO�YHFWRU�LQIHFWHG�FHOOV�GRHV�QRW�UHTXLUH�GH�QRYR�YLUDO�JHQH�H[SUHVVLRQ��3UR�1DWO�$FDG�6FL�86$�

�����������������

����6PLWK�7�$��� :KLWH�%�'��� *DUGQHU�-�0��� .DOHNR�0��� 0F&OHOODQG�$��� 7UDQVLHQW� LPPXQRVXSSUHVVLRQ�

SHUPLWV� VXFFHVVIXO� UHSHWLWLYH� LQWUDYHQRXV� DGPLQLVWUDWLRQ� RI� DQ� DGHQRYLUXV� YHFWRU�� *HQH� 7KHU� ��� ����

�������

����<DQJ�<���7ULQFKLHUL�*���:LOVRQ�-�0���5HFRPELQDQW�,/����SUHYHQWV�IRUPDWLRQ�RI�EORFNLQJ�,J$�DQWLERGLHV�

WR�UHFRPELQDQW�DGHQRYLUXV�DQG�DOORZV�UHSHDWHG�JHQH�WKHUDS\�WR�PRXVH�OXQJ��1DW�0HG���������������

����0DVWUDQJHOL�$��� +DUYH\�%�*��� <DR�-��� :ROII�*��� .RYHVGL�,��� &U\VWDO�� 5�*��� )DOFN�3HGHUVHQ�(��� ³6HUR�

VZLWFK´�DGHQRYLUXV�PHGLDWHG� LQ�YLYR�JHQH� WUDQVIHU��FLUFXPYHQWLRQ�RI�DQWL�DGHQRYLUXV�KXPRUDO� LPPXQH�

GHIHQVH�DJDLQVW�UHSHDW�DGHQRYLUXV�YHFWRU�DGPLQLVWUDWLRQ�E\�FKDQJLQJ�WKH�DGHQRYLUXV�VHURW\SH��+XP�*HQH�

7KHU��������������
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����0DFN�&�$��� 6RQJ�:�5��� &DUSHQWHU�+��� :LFNKDP�7�-��� .RYHVGL�,��� +DUYH\�%�*��� 0DJRYHUQ�&�-���

,VRP�2�:��� 5RVHQJDUW�7��� )DOFN�3HGHUVHQ�� (��� +DFNHWW�1�5��� &U\VWDO�5�*��� 0DVWUDQJHOL�$���

&LUFXPYHQWLRQ�RI�DQWL�DGHQRYLUXV�QHXWUDOLVLQJ�LPPXQLW\�E\�DGPLQLVWUDWLRQ�RI�DQ�DGHQRYLUDO�YHFWRU�RI�DQ�

DOWHUQDWH�VHURW\SH��+XP�*HQH�7KHU��������������

����ÈGiP�e���1iV]�,���/HQJ\HO�$���&KDUDFWHUL]DWLRQ�RI�DGHQRYLUXV�KH[RQV�E\�WKHLU�HSLWRSH�FRPSRVLWLRQ��$UFK�

9LURO������������������ � �

����ÈGiP�e��� 1iV]�,��� +XGHF]�)��� /HQJ\HO�$��� 0H] �*��� 'RED\�2��� &KDUDFWHUL]DWLRQ� RI� LQWHUW\SH� VSHFLILF�

HSLWRSHV�RQ�DGHQRYLUXV�KH[RQV��$UFK�9LURO�����������������

����1iV]�,��� ÈGiP�e��� /HQJ\HO�$��� $OWHUQDWH� DGHQRYLUXV� W\SH�SDLUV� IRU� D� SRVVLEOH� FLUFXPYHQWLRQ� RI� KRVW�

LPPXQH�UHVSRQVH�WR�UHFRPELQDQW�DGHQRYLUXV�YHFWRUV��$FWD�0LFURELRO�,PPXQRO�+XQJ����������������

���� ,POHU�-�/���&KDUWLHU�&���'UH\HU�'���'LHWHUOp�$���6DLQWHPDULH�0���)DXUH�7���3DYLUDQL�$���0HKWDOL�0���1RYHO�

FRPSOHPHQWDWLRQ�FHOO� OLQHV�GHULYHG�IURP�KXPDQ�OXQJ�FDUFLQRPD�$����FHOOV�VXSSRUW� WKH�JURZWK�RI�(��

GHOHWHG�DGHQRYLUXV�YHFWRUV��*HQH�7KHU��������������

����.URXJOLDN�9���*UDKDP�)�/���'HYHORSPHQW�RI�FHOO�OLQHV�FDSDEOH�RI�FRPSOHPHQWLQJ�(���(���DQG�SURWHLQ�,;�

GHIHFWLYH�DGHQRYLUXV�W\SH���PXWDQWV��+XP�*HQH�7KHU����������������

����<HK�3��� 3HUULFDXGHW�0��� $GYDQFHV� LQ� DGHQRYLUDO� YHFWRUV�� IURP� JHQHWLF� HQJLQHHULQJ� WR� WKHLU� ELRORJ\��

)$6(%�-����������������

����(QJHOKDUGW�-�)���<H�;���'RUDQ]�%���:LOVRQ�-�0���$EODWLRQ�RI�(�$�LQ�UHFRPELQDQW�DGHQRYLUXVHV�LPSURYHV�

WUDQVJHQH�SHUVLVWHQFH�DQG�GHFUHDVHV�LQIODPPDWRU\�UHVSRQVH�LQ�PRXVH�OLYHU���3URF�1DWO�$FDG�6FL�86$�����

������������

����*DR�*�3��� <DQJ�<���:LOVRQ�-�0��� %LRORJ\� RI� DGHQRYLUXV� YHFWRUV� ZLWK� (�� DQG� (�� GHOHWLRQV� IRU� OLYHU�

GLUHFWHG�JHQH�WKHUDS\��-�9LURO�����������������

����&KLUPXOH�1���+XJKHV�-�9���*DR�*�3���5DSHU�6�(���:LOVRQ�-�0���5ROH�RI�(��LQ�HOLFLWLQJ�&'��7�FHOO�DQG�%�

FHOO�UHVSRQVHV�WR�DGHQRYLUXV�YHFWRUV�GHOLYHUHG�WR�PXULQH�DQG�QRQKXPDQ�SULPDWH�OXQJV��-�9LURO����������

�������

����%URXJK�'�(��� +VX�&��� .XOHVD�9�$��� /HH�*�0��� &DQWROXSR�/�-��� /L]RQRYD�$��� .RYHVGL�,��� $FWLYDWLRQ� RI�

WUDQVJHQH�H[SUHVVLRQ�E\�HDUO\�UHJLRQ���LV�UHVSRQVLEOH�IRU�D�KLJK�OHYHO�RI�SHUVLVWHQW�WUDQVJHQH�H[SUHVVLRQ�

IURP�DGHQRYLUXV�YHFWRUV�LQ�YLYR��-�9LURO�����������������

����.RFKDQHN�6��� &OHPHQV�3��� 0LWDQL�.��� &KHQ�+�+��� &KDQ�6��� &DVNH\�� &�7��� $� QHZ� DGHQRYLUDO� YHFWRU��

UHSODFHPHQW�RI�DOO�YLUDO�FRGLQJ�VHTXHQFHV�ZLWK����NE�RI�'1$�LQGHSHQGHQWO\�H[SUHVVLQJ�ERWK�IXOO�OHQJWK�

G\VWURSKLQ�DQG�b�JDODFWRVLGDVH��3URF�1DWO�$FDG�6FL�86$�����������������

����/LHEHU�$��� +H�&�<��� .D\�0�$��� $GHQRYLUDO� SUHWHUPLQDO� SURWHLQ� VWDELOL]HV�PLQL�DGHQRYLUDO� JHQRPHV� LQ�

YLWUR�DQG�LQ�YLYR��1DW�%LRWHFKQRO�����������������

����+DUG\�6��� .LWDPXUD�0��� +DUULV�6WDQVLO�7��� 'DL�<��� 3KLSSV�0�/��� &RQVWUXFWLRQ� RI� DGHQRYLUXV� YHFWRUV�

WKURXJK�&UH�OR[�UHFRPELQDWLRQ��-�9LURO�����������������

����+LWW�0�0���3DUNV�5�-���*UDKDP�)�/��� 6WUXFWXUH� DQG�JHQHWLF�RUJDQL]DWLRQ�RI� DGHQRYLUXV�YHFWRUV�� ,Q��7KH�

GHYHORSPHQW�RI�KXPDQ�JHQH�WKHUDS\�(G��)ULHGPDQ��7������&ROG�6SULQJ�+DUERU�/DE�3UHVV��&ROG�6SULQJ�

+DUERU��1�<���������

����0RUUDO�1���2ë1HDO�:���5LFH�.���/HODQG�0���.DSODQ�-���3LHGUD�3�$���=KRX�+���3DUNV�5���9HOML�5���$JXLODU�

&RUGRYD�(��� :DGVZRUWK�6��� *UDKDP�)��� .RFKDQHN�6��� &DUH\�.�'��� %HDXGHW�$�/��� $GPLQLVWUDWLRQ� RI�

KHOSHU�GHSHQGHQW� DGHQRYLUDO� YHFWRUV� DQG� VHTXHQWLDO�GHOLYHU\�RI�GLIIHUHQW�YHFWRU� VHURW\SH� IRU� ORQJ�WHUP�

OLYHU�GLUHFWHG�JHQH�WUDQVIHU�LQ�EDERRQV��3URF�1DWO�$FDG�6FL�86$������������������
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����3DUNV�5�-���(YHOHJK�&���*UDKDP�)�/���8VH�RI�KHOSHU�GHSHQGHQW�DGHQRYLUDO�YHFWRUV�RI�DOWHUQDWLYH�VHURW\SHV�

SHUPLWV�UHSHDW�YHFWRU�DGPLQLVWUDWLRQ��*HQH�7KHU����������������

����%LOEDR�*���)HQJ�0���5DQFRXUW�&��� -DFNVRQ�:�+���&XULHO�'�7���$GHQRYLUDO�UHWURYLUDO� YHFWRU� FKLPHUDV��$�

QRYHO�VWUDWHJ\�WR�DFKLHYH�KLJK�HIILFLHQF\�VWDEOH�WUDQVGXFWLRQ�LQ�YLYR��)$6(%�-����������������

����5HFFKLD�$��� 3DUNV�5�-��� /DPDUWLQD�6��� 7RQLDWWL�&��� 3LHURQL�/��� 3DORPER�)��� &LOLEHUWR�*��� *UDKDP�)�/���

&RUWHVH�5���/D�0RQLFD�1���&ROORFD�6���6LWH�VSHFLILF�LQWHJUDWLRQ�PHGLDWHG�E\�D�K\EULG�DGHQRYLUXV�DGHQR�

DVVRFLDWHG�YLUXV�YHFWRU��3URF�1DWO�$FDG�6FL�86$�����������������

����)LVKHU�.�-���.HOOH\�:�0���%XUGD�-�)���:LOVRQ�-�0��� �$�QRYHO� DGHQRYLUXV�DGHQR�DVVRFLDWHG�YLUXV�K\EULG�

YHFWRU�WKDW�GLVSOD\V�HIILFLHQW�UHVFXH�DQG�GHOLYHU\�RI�WKH�$$9�JHQRPH��+XP�*HQH�7KHU����������������

����6DPXOVNL�5�-��� =KX�;��� ;LDV�;��� 7DUJHWHG� LQWHJUDWLRQ� RI� DGHQR�DVVRFLDWHG� YLUXV� �$$9�� LQWR� KXPDQ�

FKURPRVRPH�����3XEOLVKHG�HUUDWXP�DSSHDUV�LQ�(0%2�-������������������(0%2�-�����������������

����.UDVQ\NK�9�1��� 0LNKHHYD�*�9��� 'RXJODV�-�7��� *HQHUDWLRQ� RI� UHFRPELQDQW� DGHQRYLUXV� YHFWRUV� ZLWK�

PRGLILHG�ILEHUV�IRU�DOWHULQJ�YLUDO�WURSLVP��-�9LURO�����������������

����5RGULJXHV�(�*���=DYDOD�)���1XVVHQ]ZHLJ�5�6���:LOVRQ�-�0���7VXML��0���(IILFLHQW�LQGXFWLRQ�RI�SURWHFWLYH�

DQWL�PDODULD�LPPXQLW\�E\�UHFRPELQDQW�DGHQRYLUXV��9DFFLQH�����������������

����0LFKDHO�6���+RQJ�-���&XULHO�'���(QJOHU��-�$���$GGLWLRQ�RI�D�VKRUW�SHSWLGH�OLJDQG�WR�WKH�DGHQRYLUXV�ILEHU�

SURWHLQ��*HQH�7KHU���������������

����'RXJODV�-�7���&XULHO�'�7���$GHQRYLUXVHV�DV�YHFWRUV�IRU�JHQH�WKHUDS\��6FLHQFH�DQG�0HGLFLQH��������������

����'RXJODV�-�7��� 5RJHUV�%�(��� 5RVHQIHOG�0�(��� 7DUJHWHG� JHQH� GHOLYHU\� E\� WURSLVP�PRGLILHG� DGHQRYLUDO�

YHFWRU��1DW�%LRWHFKQ�����������������

����5DQFRXUW�&���5RJHUV�%�(���6RVQRZVNL�%�$���:DQJ�0���3LFKH�$���)ULQFNH�-���&XULHO�'�7���%DVLF�ILEUREODVW�

JURZWK� IDFWRU�HQKDQFHPHQW�RI�DGHQRYLUXV�PHGLDWHG�GHOLYHU\�RI�KHUSHV�VLPSOH[�YLUXV� WK\PLGLQH�NLQDVH��

JHQH�UHVXOWV�LQ�DXJPHQWHG�WKHUDSHXWLF�EHQHILW�LQ�D�PXULQH�PRGHO�RI�RYDULDQ�FDQFHU��&OLQ�&DQFHU�5HV����

������������

����.UDVQ\NK�9���'PLWULHY�,���0LNKHHYD�*���0LOOHU�&�5���%HORXVRYD�1���&XULHO�'�7���&KDUDFWHUL]DWLRQ�RI�DQ�

DGHQRYLUXV�YHFWRU�FRQWDLQLQJ�D�KHWHURORJRXV�SHSWLGH�LQ�WKH�+,�ORRS�RI�WKH�ILEHU�NQRE��-�9LURO�����������

�������

����:LFNKDP�7�-���&DUULRQ�0�(���.RYHVGL�,���7DUJHWLQJ�RI�DGHQRYLUXV�SHQWRQ�EDVH�WR�QHZ�UHFHSWRUV�WKURXJK�

UHSODFHPHQW�RI�LWV�*5'�PRWLI�ZLWK�RWKHU�UHFHSWRU�VSHFLILF�PRWLIV��*HQH�7KHU���������������

����:LFNKDP�7�-���6HJDO�'�0���5RHOYLQN�3�:���7DUJHWHG�DGHQRYLUXV�JHQH�WUDQVIHU�WR�HQGRWKHOLDO�DQG�VPRRWK�

PXVFOH�FHOOV�E\�XVLQJ�ELVSHFLILF�DQWLERGLHV��-�9LURO�����������������

����:LFNKDP�7�-���+DVNDUG�'���6HJDO�'���.RYHVGL�,���7DUJHWLQJ�HQGRWKHOLXP�IRU�JHQH�WKHUDS\�YLD�UHFHSWRUV�

XS�UHJXODWHG�GXULQJ�DQJLRJHQHVLV�DQG�LQIODPPDWLRQ��&DQFHU�,PPXQRO�,PPXQRWKHU����������������

����1iV]�,���ÈGiP�e����1HZ�GHYHORSPHQWV�DQG�WUHQGV�LQ�WKH�DGHQRYLUXV�UHVHDUFK��LQ�+XQJDULDQ�ZLWK�(QJOLVK�

VXPPDU\���2UY�+HWLO����������������

����7RXUQLHU�/DVVHUYH�(���*HQH�WKHUDS\�DQG�EH\RQG��/DQFHW����������������

����5RPDQR�*��� 0LFKHOO�3��� 3DFLOLR�&��� *LRUGDQR�$��� /DWHVW� GHYHORSPHQWV� LQ� JHQH� WUDQVIHU� WHFKQRORJ\��

DFKLHYHPHQWV��SHUVSHFWLYHV��DQG�FRQWURYHUVLHV�RYHU�WKHUDSHXWLF�DSSOLFDWLRQV��6WHP�&HOOV���������������

����5RVHQIHOG�0�$��� <RVKLPXUD�.��� 7UDSQHOO�%�&��� <RQH\DPD�.��� 5RVHQWKDO�(�5��� 'DOHPDQV�:���

)XND\DPD�0��� %DUJRQ�-��� 6WLHU�/�(��� 6WUDWIRUG�3HUULFDXGHW�/��� ,Q� YLYR� WUDQVIHU� RI� WKH� KXPDQ� F\VWLF�

ILEURVLV�WUDQVPHPEUDQH�FRQGXFWDQFH�UHJXODWRU�JHQH�WR�WKH�DLUZD\�HSLWKHOLXP��&HOO����������������

����&U\VWDO�5�*��� -DIIH�$���%URG\�6���0DVWUDQJHOL�$���0F(OYDQH\�1�*���5RVHQIHOG�0���&KX�&�6���'DQHO��&���

+D\�-���(LVVD�7���$�SKDVH�,�VWXG\�LQ�F\WLF�ILEURVLV�SDWLHQWV��RI�WKH�VDIHW\��WR[LFLW\��DQG�ELRORJLFDO�HIILFDF\�
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RI�D�VLQJOH�DGPLQLVWUDWLRQ�RI�D�UHSOLFDWLRQ�GHILFLHQW��UHFRPELQDQW�DGHQRYLUXV�FDUU\LQJ�WKH�F'1$�RI�WKH�

QRUPDO�F\VWLF� ILEURVLV� WUDQVPHPEUDQH�FRQGXFWDQFH� UHJXODWRU�JHQH� LQ� WKH�OXQJ��+XP�*HQH�7KHU��������

�������

����:LOVRQ�-���(QJHOKDUGW�-���*URVVPDQ�0���6LPRQ�5���<DQJ�<���*HQH�WKHUDS\�RI�F\VWLF�ILEURVLV�OXQJ�GLVHDVH�

XVLQJ�(��GHOHWHG�DGHQRYLUXVHV��SKDVH���WULDO��+XP�*HQH�7KHU���������������

����%RXFKHU�5��� .QRZOHV�0��� -RKQVRQ�/��� 2OVHQ�-��� 3LFNOHV�5��� :LOVRQ�-��� (QJHOKDUGW�-��� <DQJ�<���

*URVVPDQ�0���*HQH�WKHUDS\�IRU�F\VWLF�ILEURVLV�XVLQJ�(��GHOHWHG�DGHQRYLUXV��D�SKDVH���WULDO�LQ�WKH�QDVDO�

FDYLW\��+XP�*HQH�7KHU���������������

����:LORWW�5�:��� :KLWVHWW�-��� 7UDSQHOO�%��� $� SKDVH� ,� VWXG\� RI� JHQH� WKHUDS\� RI� F\VWLF� ILEURVLV� XWLOL]LQJ� D�

UHSOLFDWLRQ�GHILFLHQW�UHFRPELQDQW�DGHQRYLUXV�YHFWRU�WR�GHOLYHU�WKH�KXPDQ�F\VWLF�ILEURVLV�WUDQVPHPEUDQH�

FRQGXFWDQFH�UHJXODWRU�F'1$�WR�WKH�DLUZD\V��,Q��)HGHUDO�5HJLVWHU������������������

����3HUULFRQH��0�$���5HHV��'�'���6DFNV��&�5���6PLWK�.�$���.DSODQ�-�0���6W�*HRUJH��-�$���,QKLELWRU\�HIIHFW�RI�

F\VWLF� ILEURVLV� VSXWXP�RQ�$GHQRYLUXV�0HGLDWHG� JHQH� WUDQVIHUH� LQ� FXOWXUHG� HSLWKHOLDO� FHOOV��+XP�*HQH�

7KHU�����������������

����0DUFKDQG�3LQDWHO�6��� 3ODQHOOV�5��� 0HUWHQ�0�'��� .DPPRXQL�:��� )LJDUHOOD�&��� $� TXDQWLWDWLYH�

PXOWLVWDQGDUG�UHYHUVH�WUDQVFULSWDVH�SRO\PHUDVH�FKDLQ�UHDFWLRQ�DVVD\�RI�WKH�F\VWLF�ILEURVLV�WUDQVPHPEUDQH�

FRQGXFWDQFH� UHJXODWH�� LWV� XVHIXOQHVV� LQ� VWXG\LQJ� HIILFLHQF\� RI� JHQH� WUDQVIHUH�� $QDO�%LRFKHP������ ����

�������

����+DUYH\�%�*��� /HRSROG�3�/��� +DFNHWW�1�5��� *UDVVR�7�0��� :LOOLDPV�� 3�0��� 7XFNHU�$�/��� .DQHU�5�-���

)HUULV�%���*RQGD�,���6ZHHQH\�7�'���5DPDOLQJDP�5���.RYHVGL�,���6KDN�6���&U\VWDO�5�*���$LUZD\�HSLWKHOLDO�

&)75�P51$� H[SUHVVLRQ� LQ� F\VWLF� ILEURVLV� � SDWLHQWV� DIWHU� UHSHWLWLYH� DGPLQLVWUDWLRQ� RI� D� UHFRPELQDQW�

DGHQRYLUXV��-�&OLQ�,QYHVW�����������������

����&KULPXOH�1���3URSHUW�.���0DJRVLQ�6���4LDQ�<���4LDQ�5���:LOVRQ�-���,PPXQH�UHVSRQVHV�WR�DGHQRYLUXV�DQG�

DGHQR�DVVRFLDWHG�YLUXV�LQ�KXPDQV��*HQH�7KHU����������������

����5RFKDW�7���6RPDWLF�JHQH� WKHUDS\� RI�PXFRYLVFLGRVLV�XVLQJ� UHFRPELQDQW� DGHQRYLUXV�� WKH� VWDUW� RI� D� ORQJ�

FRXUVH��6FKZHL]�0HG�:RFKHQVFKU�����������������

����0DUFKLVRQH�&��� 3IHIIHU�8��� 'HO� *URVVR�)��� 1RRQDQ�'�0��� 6DQWL�/��� $OELQL�$��� 3URJUHVV� WRZDUGV� JHQH�

WKHUDS\�IRU�FDQFHU��-�([S�&OLQ�&DQFHU�5HV����������������

����'DFKV�*�8��� 'RXJKHUW\�*�-��� 6WUDWIRUG�,�-��� &KDSOLQ�'�-��� 7DUJHWLQJ� JHQH� WKHUDS\� WR� FDQFHU�� D� UHYLHZ��

2QFRO�5HV���������������

����&U\VWDO�5�*���,Q�YLYR�DQG�H[�YLYR�JHQH�WKHUDS\�VWUDWHJLHV�WR�WUHDW�WXPRUV�XVLQJ�DGQRYLUXV�JHQH�WUDQVIHUH�

YHFWRUV��&DQFHU�&KHPRWKHU����6XSSO��6����������

����$OHPDQ\�5��� *RPH]�0DQ]DQR�&��� %DODJXH�&��� <XQJ�:�.��� &XULHO�'�7��� .\ULWVLV�$�3��� )XH\R�-��� *HQH�

WKHUDS\� IRU� JOLRPDV��PROHFXODU� WDUJHWV�� DGHQRYLUDO� YHFWRUV�� DQG� RQFRO\WLF� DGHQRYLUXVHV�� ([S�&HOO� 5HV�

��������������

����&OD\PDQ�*�/���'UHLOLQJ�/���/RFDO�GHOLYHU\�IRU�JHQH�WKHUDS\��&XUU�2QFRO�5HS���������������

����2ë0DOOH\�%�:�-U��� &RXFK�0�(��� *HQH� WKHUDS\� DQG� VWUDWHJLHV� IRU� KHDG� DQG� QHFN� FDQFHU�� $GY�

2WRUKLQRODU\QJRO����������������

����&OD\PDQ�*�/���)UDQN�'�.���%UXVR�3�$���*RSIHUW�+���$GHQRYLUXV�PHGLDWHG�ZLOG�W\SH�S���JHQH�WUDQIHU�DV�

D�VXUJLFDO�DGMXYDQW�LQ�DGYDQFHG�KHDG�DQG�QHFN�FDQFHUV��&OLQ�&DQFHU�5HV����������������

����.KXUL�)�5��� 1HPXQDLWLV�-��� *DQO\�,��� $UVHQHDX�-��� 7DQQRFN�,�)��� 5RPHO�/��� *RUH�0��� ,URQVLGH�-���

0DF'RXJDOO�5�+���+HLVH�&���5DQGOHY�%���*LOOHQZDWHU�$�0���%UXVR�3���.D\H�6�%���+RQJ�:�.���.LUQ�'�+���
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$�FRQWUROOHG�WULDO�RI�LQWUDWXPRUDO�21<;������D�VHOHFWLYHO\�UHSOLFDWLQJ�DGHQRYLUXV��LQ�FRPELQDWLRQ�ZLWK�

FLVSODWLQ�DQG���IOXRURXUDFLO�LQ�SDWLHQWV�ZLWK�UHFXUUHQW�KHDG�DQG�QHFN�FDQFHU��1DW�0HG���������������

����0RUULV�-�&���5DPVH\�:�-���:LOGQHU�2���0XVORZ�+�$���$JXLODU�&RUGRYD�(���%OHDVH�5�0���$�SKDVH�,�VWXG\�

RI� LQWUDOHVLRQDO� DGPLQLVWUDWLRQ� RI� DQ� DGHQRYLUXV� YHFWRU� H[SUHVVLQJ� WKH� +6��� WK\PLGLQH� NLQDVH� JHQH�

�$G9�569�7.�� LQ� FRPELQDWLRQ� ZLWK� HVFDODWLQJ� GRVHV� RI� JDQFLFORYLU� LQ� SDWLHQWV� ZLWK� FXWDQHRXV�

PHWDVWDWLF�PDOLJQDQW�PHODQRPD��+XP�*HQH�7KHU����������������

����6ZLVKHU�6�*���5RWK�-�$���1HPXQDLWLV�-��� /DZUHQFH�'�'���.HPS�%�/���&DUUDVFR�&�+���&RQQRUV�'�*���(O�

1DJJDU�$�.���)RVVHOOD�)���*OLVVRQ��%�6���+RQJ�:�.���.KXUL�)�5���.XULH�-�0���/HH�-�-���/HH�-�6���0DFN�0���

0HUULWW�-�$��� 1JX\HQ�'�0��� 1HVELWW�-�&��� 3HUH]�6ROHU�5��� 3LVWHUV�.�0��� 3XWQDP�-�%��� 5LFKOL�:�5���

6DYLQ�0���:DXJK�0�.���$GHQRYLUXV�PHGLDWHG�S���JHQH�WUDQVIHU�LQ�DGYDQFHG�QRQ�VPDOO�FHOO�OXQJ�FDQFHU��

-�1DWO�&DQFHU�,QVW����������������

����6FKXOHU�0��� 5RFKOLW]�&��� +RURZLW]�-�$��� 6FKOHJHO�-��� 3HUUXFKRXG�� $�3��� .RPPRVV�)��� %ROOLQJHU�&�7���

.DXF]RU�+�8��� 'DOTXHQ�3��� )ULW]�� 0�$��� 6ZDQVRQ�6��� +HUUPDQQ�5��� +XEHU�&��� $� SKDVH� ,� VWXG\� RI�

DGHQRYLUXV�PHGLDWHG�ZLOG�W\SH�S���JHQH�WUDQVIHUH�LQ�SDWLHQWV�ZLWK�DGYDQFHG�QRQ�VPDOO�FHOO�OXQJ�FDQFHU��
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