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$QWLERG\� &RQMXJDWH� 5DGLRLPPXQRWKHUDS\� RI� 6XSHUILFLDO�%ODGGHU�&DQFHU
$ODQ�3HUNLQV��0HODQLH�+RSSHU��$QGUHD�0XUUD\��0DOFROP�)ULHU�DQG�0LNH�%LVKRS'HSDUWPHQWV�RI�0HGLFDO�3K\VLFV�DQG�8URORJ\��8QLYHUVLW\�DQG�&LW\�+RVSLWDOV��1RWWLQJKDP��1*���8+��8.

$%675$&7
7KH� DGPLQLVWUDWLRQ� RI� DQWLERG\� FRQMXJDWHV� IRU� FDQFHU� WKHUDS\� LV� QRZ� SURYLQJ� WR� EH� RI� FOLQLFDO� YDOXH�� :H� DUH�FXUUHQWO\� XQGHUWDNLQJ�D� SURJUDPPH�RI� FOLQLFDO� VWXGLHV� XVLQJ� WKH�PRQRFORQDO� DQWLERG\�&���� �,J*���ZKLFK� UHDFWV�ZLWK� WKH� 08&�� JO\FRSURWHLQ� DQWLJHQ� WKDW� LV� DEHUUDQWO\� H[SUHVVHG� LQ� D� KLJK� SURSRUWLRQ� RI� EODGGHU� WXPRXUV��5DGLRLPPXQRFRQMXJDWHV� RI� WKH &���� DQWLERG\� KDYH� EHHQ� SURGXFHG� ZLWK� KLJK� UDGLRODEHOOLQJ� HIILFLHQF\� DQG�LPPXQRUHDFWLYLW\� XVLQJ� 7F���P� DQG� ,Q����� IRU� GLDJQRVWLF� LPDJLQJ�� DQG� GLVHDVH� VWDJLQJ� DQG� WKH� F\WRWR[LF�UDGLRQXFOLGHV�&X����DQG�5H�����IRU�WKHUDS\�RI�VXSHUILFLDO�EODGGHU�FDQFHU��$�3KDVH�,�,,�WKHUDSHXWLF�WUDLO�LQYROYLQJ�WKH�LQWUDYHVLFDO�DGPLQLVWUDWLRQ�RI�DQWLERG\�GLUHFWO\�LQWR�WKH�EODGGHU�KDV�QRZ�EHJXQ�
.H\�ZRUGV��$QWLERG\��UDGLRLPPXQRWKHUDS\��EODGGHU�FDQFHU

 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
7KH�ORQJ�DZDLWHG�DSSOLFDWLRQ�RI�WXPRXU�DVVRFLDWHG�DQWLERGLHV� IRU� WKH� WDUJHWHG� WKHUDS\� RI� FDQFHU� LV�QRZ�SURYLQJ�WR�EH�RI�FOLQLFDO�YDOXH��7KLV�KDV�EHHQ�HVSHFLDOO\�VXFFHVVIXO� LQ� WKH� WKHUDS\�RI�WKH�GLIIXVH�KDHPDWRORJLFDO� PDOLJQDQFLHV� ZKHUH� DQWLERG\� KDV�DGHTXDWH� DFFHVV� WR� DQWLJHQ�� 7KH�UDGLRLPPXQRWKHUDS\� RI� VROLG� WXPRXUV� UHPDLQV� D�PRUH� FKDOOHQJLQJ� JRDO�� 2XU� ZRUN� IRFXVHV� RQ� WKH�GLDJQRVLV� DQG� WUHDWPHQW� RI� EODGGHU� FDQFHU�� 2XU�WKHUDSHXWLF� VWUDWHJ\� LQYROYHV� WKH� GLUHFW�DGPLQLVWUDWLRQ� RI� DQWLERG\� LQWR� WKH� EODGGHU� YLD� D�XULQDU\� FDWKHWHU�� 7KLV� HOLPLQDWHV� WKH� SUREOHP� RI�V\VWHPLF�QRQ�VSHFLILF�XSWDNH�DQG�DOOHUJLF�UHDFWLRQV��H�J��+$0$��%ODGGHU�FDQFHU�LV�WKH�IRXUWK�PRVW�FRPPRQ�FDQFHU�LQ�PHQ� LQ� WKH�8QLWHG� 6WDWHV� DQG�ZDV� UHVSRQVLEOH�IRU� RYHU� ������� GHDWKV� LQ� ������ � 7KLV� IRUP� RI�FDQFHU� W\SLFDOO\� SUHVHQWV� DV� VXSHUILFLDO� GLVHDVH��

KRZHYHU� ��� RI� SDWLHQWV� SURJUHVV� WR� OLIH�WKUHDWHQLQJ� LQYDVLYH� GLVHDVH� UHTXLULQJ� UDGLFDO�WUHDWPHQW� VXFK� DV� F\VWHFWRP\� RU� UDGLRWKHUDS\��3DWLHQWV� ZLWK� SRRU� SURJQRVWLF� IDFWRUV� RU� PXVFOH �LQYDVLYH� GLVHDVH� UHTXLUH� PRUH� UDGLFDO� WUHDWPHQW��,QWUDYHVLFDO� FKHPRWKHUDS\� RU� LPPXQRW KHUDS\� LV�RQH� DSSURDFK�� KRZHYHU� FXUUHQW� WUHDWPHQW� UHVXOWV�KDYH�EHHQ�OLPLWHG�DQG�WKHUH�KDYH�EHHQ�VLJQLILFDQW�VLGH�HIIHFWV��7KHUH�LV�WKHUHIRUH�D�QHHG�IRU�LPSURYHG�PHWKRGV�RI� WUHDWPHQW� IRU� VXSHUILFLDO� QRQ �LQYDVLYH�GLVHDVH�� 0RUH� HIIHFWLYH� ORFDO� WUHDWPHQWV� ZRXO G�UHGXFH� WKH� UHFXUUHQFH� UDWH� RI� VXSHUILFLDO� WXPRXUV�DQG�GHFUHDVH� WKH�QXPEHU�RI�SDWLHQWV��5DGLDWLRQ� LV�NQRZQ� WR� EH� DQ� HIIHFWLYH� F\WRWR[LF� DJHQW� DJDLQVW�EODGGHU� WXPRXUV�� 7KH� WDUJHWHG� WKHUDS\� DSSURDFK�XVLQJ� WKH� LQWUDYHVLFDO� DGPLQLVWUDWLRQ� RI� D�PRQRFORQDO� DQWLERG\� RIIHUV� D� QRYHO� VWUDWHJ\� IRU�WKH�WUHDWPHQW�RI�VXSHUILFLDO�EODGGHU�FDQFHU
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7KH�PRQRFORQDO�DQWLERG\�&�����,J*���UHFRJQLVHV�WKH� SURWHLQ� FRUH� RI� 08&�� PXFLQ�� ZKLFK� LV�H[SUHVVHG� E\� WKH� PDMRULW\� RI� EODGGHU� WXPRXUV��08&�� LV� D� JO\FRSURWHLQ� SUHVHQW� RQ� QRUPDO�XURWKHOLXP�WKDW�LV�DEHUUDQWO\�H[SUHVVHG�LQ�EODGGHU�FDQFHU��7KH�WDUJHW�HSLWRSH�RI�WKH�&����DQWLERG\�LV�WKH� WHWUDPHULF� PRWLI� $UJ�3UR�$OD�3UR� WKDW� LV�UHSHDWHG� PDQ\� WLPHV� ZLWKLQ� WKH� 08&�� SURWHLQ�FRUH�� � 7KH� UHDFWLYLW\� RI� WKH� &���� DQWLERG\� Z LWK�V\QWKHWLF� SHSWLGH� FRQWDLQLQJ� WKLV� PRWLI� SHUPLWV�YHU\� HIILFLHQW� DQWLERG\� SXULILFDWLRQ� XVLQJ� SHSWLGH�HSLWRSH� DIILQLW\� FKURPDWRJUDSK\�� ZKLFK� XQOLNH�RWKHU� PHWKRGRORJLHV� HQDEOHV� UHFRYHU\� RI� RQO\�IXQFWLRQDOO\�DFWLYH�DQWLERG\�� ,Q ����� ODEHOOLQJ�ZDV�SHUIRUPHG� XVLQJ� D� '73$� DQK\GULGH�� 7F ���P�&���� ZDV� SURGXFHG� XVLQJ� D� UHGXFWLRQ �PHGLDWHG�WHFKQLTXH� ZLWK� PHUFDSWRHWKDQRO�� 7KHUDSHXWLF�&���� FRQMXJDWHV� KDYH� EHHQ� SURGXFHG� LQ�FROODERUDWLRQ� ZLWK� WKH� 3DXO� 6FKHUUHU� ,QVWLWXWH� LQ�6ZLW]HUODQG�XVLQJ�WKH�UDGLRQXFOLGHV�&X ����DQG�5H������&X����ODEHOOLQJ�ZDV�SHUIRUPHG�XVLQJ�D���1��PDFURF\FOH� DQG� 5H����� ODEHOOLQJ� KDV� EHHQ�DFKLHYHG� XVLQJ� ERWK� UHGXFWLRQ� PHGLDWHG� DQG�FDUERQ\O�PHWKRGRORJLHV�
5(68/76
7KH� ,Q�����'73$�&���� FRQMXJDWH�ZDV� SURGXFHG�ZLWK� D� ODEHOOLQJ� HIILFLHQF\� RI� �������� DQG�LPPXQRUHDFWLYLW\� RI� �������/DEHOOLQJ� HIILFLHQF\�DQG� LPPXQRUHDFWLYLW\� IRU� 7F ���P�&���� ZDV��������� DQG� �������� UHVSHFWLYHO\�� ,PDJLQJ�VWXGLHV� IROORZLQJ� LQWUDYHQRXV� LQMHFWLRQ� KDYH�VKRZQ�XSWDNH� LQ�SULPDU\�DQG�PHWDVWDWLF� WXPRXUV���6LPPV� HW� DO�� ������� FRQILUPLQJ� WKH� XSWDNH� LQ�WXPRXU� DQG� VXJJHVWLQJ� WKDW� LPPXQRVFLQWLJUDSK\�PD\� KDYH� D� YDOXDEOH� FOLQLFDO� UROH� LQ� VWDJLQJ� DQG�PRQLWRULQJ�WUHDWPHQW��)LJ�����%RWK� &X���� DQG�5H����� DUH� EHWD� HPLWWHUV� KDYLQJ�WKHUDSHXWLF� SRWHQWLDO� IRU� WKH� WUHDWPHQW� RI�VXSHUILFLDO� WXPRXUV�DQG�ERWK HPLW�JDPPD�UD\V�RI�VXLWDEOH� HQHUJ\� IRU� LPDJLQJ� WKXV� DOORZLQJ� WKH�DVVHVVPHQW� RI� WLVVXH� XSWDNH� DQG� UDGLDWLRQ�GRVLPHWU\� �+XJKHV� HW� DO�� ������ 0XUUD\� HW� DO���������&X����ODEHOOLQJ�ZDV�DFKLHYHG�ZLWK�ODEHOOLQJ�HIILFLHQFLHV� DQG� LPPXQRUHDFWLYLW\� YDOXHV� RI�������� DQG� ���������� UHGXFWLRQ� PHGLDWHG�ODEHOOLQJ� RI� 5H����� JDYH� UHVXOWV� RI� ������� DQG��������UHVSHFWLYHO\�

)LJXUH� � � $QWHULRU� �OHIW�� DQG� SRVWHULRU� ZKROH� ERG\�LPDJHV� RI� D� SDWLHQW� ZLWK� D� SULPDU\� EODGGHU� FDQFHU� ��KRXUV� IROORZLQJ� LQWUDYHQRXV�DGPLQLVWUDWLRQ�RI����0%T�7F���P�&����
,QWUDYHVLFDO� DGPLQLVWUDWLRQ� RI� WUDFHU� DPRXQWV� �RI�WKH�RUGHU�RI����0%T��KDYH�GHPRQVWUDWHG�VHOHFWLYH�XSWDNH� RI� WKHVH� WKHUDSHXWLF FRQMXJDWHV� LQ�EODGGHU�WXPRXUV�� 7KH� FRQMXJDWH� ZDV� DGPLQLVWHUHG� LQ� D�YROXPH� RI� ��PO� WKRXJK� DQ� LQGZHOOMQJ� XULQDU\�FDWKHUWHU��7ZR�KRXUV� IROORZLQJ� WKH�SURFHGXUH� WKH�WXPRXU�WR�QRUPDO� XURWKHOLXP� XSWDNH� RI� &X ����&���� ZDV� ������� �Q ��� DQG� 5H�����&���� ZDV�������� �Q ����� )URP� JDPPD� FDPHUD� LPDJHV� WKH�DEVROXWH�UHWHQWLRQ�RI�WKH�WUDFHU�KDV�EHHQ�OHVV�WKDQ����RI�WKH�DGPLQLVWHUHG�DFWLYLW\�
',6&866,21�$1'�&21&/86,21
7KHVH� VWXGLHV� KDYH� GHPRQVWUDWHG� WKH� SRWHQWLDO� RI�WKLV� DQWLERG\� IRU� WKH� GLDJQRVLV� DQG� WKHUDS\� RI�EODGGHU� FDQFHU�� 7KH� LQWUDYHVLFDO� DSSURDFK� LV� D�QRYHO� URXWH� IRU� UDGLRLPPXQRWKHUDS\� ZKLFK�GHPDQGV� IXUWKHU� LQYHVWLJDWLRQ�� (QFRXUDJHG� E\�WKHVH� LQLWLDO� UHVXOWV�ZH� KDYH� FRPPHQFHG� D�3KDVH�,�,,� GRVH� HVFDODWLRQ� VWXG\� ZLWK� WKH� LQWUDYHVLFDO�DGPLQLVWUDWLRQ�RI�EHWZHHQ�����DQG����*%T�&X ����&����� 3DWLHQWV� ZLWK� HQGRVFRSLF� HYLGHQFH� RI�VXSHUILFLDO� EODGGHU� FDQFHU� ZLOO� EH� WUHDWH G� DQG�IROORZHG� XS� IRU� DVVHVVPHQW� RI� VDIHW\��
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LQIODPPDWLRQ� DQG� QHFURVLV�� 7KHVH� VWXGLHV� DUH�LQWHQGHG� WR�GHPRQVWUDWH�SURRI�RI�SULQFLSOH�RI�WKLV�QRYHO� LQWUDFDYLWDU\� DSSURDFK� IRU� WKH� WDUJHWHG�WKHUDS\�RI�EODGGHU�FDQFHU�
5(6802
$�DGPLQLVWUDomR�GH�DQWLFRUSRV�FRQ MXJDGRV�SDUD�R�WUDWDPHQWR� GR� FkQFHU� HVWi� DJRUD� SURYDQGR� VHU� GH�YDORU� FOtQLFR��1yV� HVWDPRV� DWXDOPHQWH� UHDOL]DQGR�XP� SURJUDPD� GH� HVWXGRV� FOtQLFRV� XVDQGR� R�DQWLFRUSR�PRQRFORQDO�&�����,J*���TXH�UHDJH�FRP�D� JOLFRSURWHtQD� 08&�� TXH� HVWi� DEHUUDQWHPHQWH�H[SUHVVD� QXPD� DOWD� SURSRUomR� GH� WXPRUHV� GH�EH[LJD�� 7HP� VLGR� SURGX]LGRV�UDGLRLPXQRFRQMXJDGRV� GR� DQWLFRUSR� &����� FRP�DOWD� HILFLrQFLD� GH� UDGLRPDUFDomR� H� DLPXQRUHDWLYLGDGH�� XVDQGR�VH� R� 7F���P� H� ,Q������SDUD�R�GLDJQyVWLFR�SRU�LPDJHP�H��HVWDJLDPHQWR�GH�GRHQoDV�� 7HP� VLGR� SURGX]LGRV�� WDPEpP��UDGLRQXFOtGHRV� FLWRWy[LFRV� �&X����H�5H������SDUD�R�WUDWDPHQWR�GH�FkQFHUHV�VXSHUILFLDLV�GH�EH[LJD�� $�IDVH� WHUDSrXWLFD� ,�,,� Mi� VH� LQLFLRX�� HQYROYHQGR� D�DGPLQLVWUDomR� LQWUDYHVLFDO� GR� DQWLFRUSR�GLUHWDPHQWH�QD�EH[LJD�
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+XJKHV�� 2�� '�� 0��� %LVKRS�� 0�� &��� 3HUNLQV�� $�&���:DVWLH��0��/���'HQWRQ��*���3ULFH��0��5���)ULHU��0���'HQOH\�� +��� 5XWKHUIRUG�� 5�� DQG� 6FXELJHU�� 3�$���������� 7DUJHWLQJ� VXSHUILFLDO� EODGGHU� FDQFHU� E\� WKH�LQWUDYHVLFDO� DGPLQLVWUDWLRQ� RI� &X����ODEHOOHG� DQWL�08&��PXFLQ�PRQRFORQDO�DQWLERG\��-��&OLQ��2QFRO���������������0XUUD\��$��� 6LPPV��0�� 6��� 6FKROILHOG��'�� 3���9LQFHQW��5�� 0��� 'HQWRQ�� *��� %LVKRS�� 0�� &��� 3ULFH�� 0�� 5������DQG� 3HUNLQV�� $�� &�� �������� 3URGXFWLRQ� DQG�FKDUDFWHULVDWLRQ� RI� 5H�����&���� DQWLERG\� IRU�UHGLRLPPXQRWKHUDS\� RI WUDQVLWLRQDO� FHOO� EODGGHU�FDQFHU��-��1XFO��0HG���������������6LPPV�� 0��� 3HUNLQV�� $�� &��� 3ULFH�� 0�� 5����������6FKROILHOG�� '�� 3��� %LVKRS�� 0�� &�� �������� 7F���P�&���� UDGLRLPPXQRVFLQWLJUDSK\�� D� SRWHQWLDO� VWDJLQJ�WRRO� IRU� EODGGHU� FDQFHU��%�� -�� 8�� ,QWHUQDWLRQDO���������������
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