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,QWURGXFWLRQ
RWDYLUXVHV� DUH� PHPEHUV� RI� IDPLO\�5HRYLULGDH��7KH�PDWXUH� URWDYLULRQ� LV�DQ�LFRVDKHGURQ�FRQVLVWLQJ�RI� WKUHH�FRQFHQ�WULF� VKHOOV� RI� SURWHLQ� WKDW� VXUURXQG� D� JHQRPH� RI�HOHYHQ� VHJPHQWV� RI� GRXEOH�VWUDQGHG� 51$� �GV�51$��� 7KLV� JHQRPH� FRGHV� IRU� VL[� VWUXFWXUDO�SURWHLQV� �93��93��� 93�� DQG� 93��� DQG� VL[�QRQVWUXFWXUDO�SURWHLQV��163��163���������������93��LV�DQ�XQJO\FRV\ODWHG�SURWHLQ�DQG�IRUPV�

GLPHULF� VSLNHV� ZKLFK� LQ� FRPELQDWLRQ� ZLWK� 93��FRQVWLWXWH�RXWHU�OD\HU�RI�YLUDO�FDSVLG�SURWHLQ��0RUHRYHU�� 93�� KDV� EHHQ� VKRZQ� WR� EH� DGHWHUPLQDQW�RI�VHYHUDO�LPSRUWDQW�IXQFWLRQV��VXFK�DV�FHOO� DWWDFKPHQW�� HQWU\� WR� FHOOV�� KHPDJJOXWLQDWLRQ��DQG� QHXWUDOL]DWLRQ� ���� ��� ��� ����� (SLWRSLF�VSHFLILF�DQWLERGLHV� WR� 93�� DQG� 93�� FRUUHODWH� ZLWK�SURWHFWLQJ� IURP� LQIHFWLRQ�� KRZHYHU�� WKHUH� LV�FRQIOLFWLQJ� DUJXPHQWV� DERXW� WKH� UROH� WKHVH�DQWLERGLHV�LQ�SURWHFWLRQ�������������������5RWDYLUXVHV� DUH� FDXVDWLYH� DJHQWV� RI� GLDUUKHDO�GLVHDVHV� LQ�D�ZLGH�YDULHW\�RI�PDPPDOLDQ�DQLPDOV��,Q� KXPDQV� WKH�JURXS�$� URWDYLUXVHV�DUH� DVVRFLDWHG�ZLWK�HQGHPLF�GLDUUKHD�LQ�FKLOGUHQ�XQGHU�WKH�DJH�RI��� \HDU� ���� ���� ����� %HFDXVH� RI� WKH� VLJQLILFDQW�EXUGHQ� RI� URWDYLUXV� GLVHDVH� DPRQJ� FKLOGUHQ� DQG�
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DQLPDOV�ZRUOGZLGH��FRQVLGHUDEOH�HIIRUWV�KDYH�EHHQ�GHYRWHG� WRZDUGV� WKH� GHYHORSPHQW� RI� YDFFLQHV� IRU�GLVHDVH� SUHYHQWLRQ� DQG� FRQWURO� ���� ��� �����1HYHUWKHOHVV�� KRVW� VXVFHSWLELOLW\� DQG� LPPXQLW\� WR�VHYHUH� URWDYLUXV�LQGXFHG� GLDUUKHD� DUH� QRW� IXOO\�XQGHUVWRRG��7KH�UROH�RI�KRPRW\SLF�DQG�KHWHURW\SLF�LPPXQH�UHVSRQVHV� LQ�SURWHFWLRQ�DJDLQVW�GLVHDVH� LV�VWLOO� FRQWURYHUVLDO� GHVSLWH� LWV� UHOHYDQFH� WR� YDFFLQH�GHYHORSPHQW� ���� ��� ���� ,QWURGXFWLRQ� RI� URWDYLUXV�YDFFLQHV� LQWR� FKLOGKRRG� LPPXQL]DWLRQ� SURJUDPV�FDQ�FRQWULEXWH�WR�VXEVWDQWLDO�UHGXFWLRQ�LQ�PRUWDOLW\�IURP�URWDYLUXV�JDVWURHQWHULWLV�����������$� UHDVVRUWDQW� UKHVXV�KXPDQ� URWDYLUXV� YDFFLQH��5RWDVKLHOG� ZDV� PDQXIDFWXUHG� DQG� OLFHQVHG� E\�:\HWK� /HGHUOH� DQG�ZHQW� LQWR� QDWLRQDO� XVH� LQ� WKH�8QLWHG�6WDWHV� LQ� ������1LQH�PRQWKV� ODWHU� D� VPDOO�QXPEHU� RI� FDVHV� RI� LQWXVVXVFHSWLRQV� ZHUH�LGHQWLILHG�� OHDGLQJ� WR� WKH� ZLWKGUDZDO� RI� YDFFLQH�������2WKHU�PDQXIDFWXUHUV�KDYH�JRQH�RQ�WR�GHYHORS�DOWHUQDWLYH�OLYH�RUDO�YDFFLQHV�������������'HYHORSPHQW� RI� VHFRQG� JHQHUDWLRQ� RI� QRQ�UHSOLFDWLQJ�URWDYLUXV�YDFFLQH�LV�EHLQJ�FRQVLGHUHG�DV�DQ�DOWHUQDWLYH�WR�OLYH�YDFFLQHV��9LUXV�OLNH�SDUWLFOHV��FRQVWLWXWHV�D�SRWHQWLDO�DOWHUQDWLYH�DSSURDFK����������5HJDUGLQJ� WKHVH�FRQFHSWV�ZH�FORQHG�93��JHQH�RI�6$��� URWDYLUXV� LQWR� S*(0� YHFWRU� IRU� IXWXUH�H[SUHVVLRQ� LQ� VXLWDEOH� KRVW� ������ 7KH� SURWHLQ�REWDLQHG� LQ� ODUJH� VFDOH� FDQ� EH� WHVWHG� IRU� YDFFLQH�GHYHORSPHQWV�0DWHULDO�DQG�0HWKRGV
&HOO�DQG�YLUXV�FXOWXUH$IULFDQ�JUHHQ�PRQNH\�NLGQH\�ILEUREODVWLF�FHOO�OLQH��%6&���� ZDV� JURZQ� DV� PRQROD\HU� LQ� 'XOEHFFR�PRGLILHG� (DJOH� PHGLXP� VXSSOHPHQWHG� ZLWK� ����IHWDO� FDOI� VHUXP�� �P0� /�JOXWDPLQH�� ���� 8� RI�SHQLFLOOLQ� DQG� ���� �J� RI� VWUHSWRP\FLQ� SHU� PO��6LPLDQ�URWDYLUXV�6$���ZDV� WUHDWHG�ZLWK�����J�PO�WU\SVLQ�IRU����PLQ�DW�URRP�WHPSHUDWXUH�WR�DFWLYDWH�YLUXV� LQIHFWLYLW\�� WKHQ�� SURSDJDWHG� LQ� %6&��� FHOOV�XVLQJ� VHUXP� IUHH� PHGLXP� VXSSOHPHQWHG� ZLWK� �����J�PO WU\SVLQ�� :KHQ� LQIHFWHG� FHOOV� VKRZHG� ����URWDYLUXV F\WRSDWKLF� HIIHFW�� FXOWXUHG� IODVNV� ZHUH�KDUYHVWHG� E\� IUHH]H�WKDZLQJ� WKUHH� WLPHV� DQG�FODULILHG� E\� ORZ� VSHHG� FHQWULIXJDWLRQ�� 7KH� YLUXV�ZDV� FRQFHQWUDWHG� E\� XOWUD�FHQWULIXJDWLRQ� RQ� ����VXFURVH�FXVKLRQ��DW�������USP�IRU���K�
(OHFWURQH�PLFURVFRSH$� JULG� SUHSDUHG� IURP� FRQFHQWUDWHG� YLUXV� ZDV�VWDLQHG� ZLWK� ��� SKRVSKRWXQJHVWLF� DFLG�� WKHQ��H[DPLQHG�LQ�HOHFWURQ�PLFURVFRSH�

51$�H[WUDFWLRQ51$�ZDV� H[WUDFWHG� IURP�YLUDO� SHOOHW� E\�51$IDVW�51$�H[WUDFWLRQ�UHDJHQW��PDQXIDFWXUHG LQ�1DWLRQDO�5HVHDUFK� &HQWHU� IRU� *HQHWLF� (QJLQHHULQJ� DQG�%LRWHFKQRORJ\� �15&*(%��� DFFRUGLQJ� WR� PDQXDO��([WUDFWHG� 51$� ZDV� HOHFWURSKRUHVHG� RQ� ����SRO\DFULODPLGH�3$*(��51$�EDQGV�ZHUH�LGHQWLILHG�E\�VWDLQLQJ�ZLWK�HWKLGXP�EURPLGH�
3ULPHU�GHVLJQLQJ2OLJRQXFOHRWLGH SULPHUV� VSHFLILF� IRU� JHQRPH�VHJPHQW�QR����ZKLFK�HQFRGHV�93���ZHUH�GHVLJQHG�DQG� V\QWKHVL]HG� IURP� VLPLDQ� URWDYLUXV� 6$���VHTXHQFH� GDWD� DW� 1&%,� *HQH%DQN� �DFFHVVLRQ�QXPEHU�.������������IRUZDUG��IURP�QXFOHRWLGH�QR����WR�����DQG�UHYHUVH��IURP�QXFOHRWLGH�QR������WR�������� 7KH� QXFOHRWLGH� VHTXHQFHV� RI� WKH� SULPHUV�ZHUH�DV�IROORZ�93��)RUZDUG�SULPHU��93��)����
��7$$7*7$7**7$77*$$7$7$&&$&$� �
��DQG�93��UHYHUVH�SULPHU��93��5����
��*&$*&$7777$77$&$*$*7*7$*� �

F'1$�V\QWKHVLV5RWDYLUXV� GV�51$� ZDV� XVHG� DV WHPSODWH� WR�V\QWKHVL]H� F'1$� FRSLHV� IURP� ERWK� YLUDO� VWUDQGV��5HYHUVH� WUDQVFULSWLRQ� UHDFWLRQ� ZDV� FDUULHG� RXW�XVLQJ�D�PL[WXUH�RI�����O�GV51$�WHPSODWH�����O�RI������0�RI�HDFK�RI�WKH�SULPHUV��7KH�UHDFWLRQ�WXEHV�ZHUH�KHDWHG�DW�����&�IRU���PLQ�DQG�TXLFNO\�FRROHGDW� �� �&�� WKHQ� WKH� UHYHUVH� WUDQVFULSWLRQ� PL[WXUH�FRQVLVWLQJ�RI��;�LQFXEDWLRQ�EXIIHU�����O�RI�����P0�G173V�PL[���8��O�RI�51DVH�LQKLELWRU��)HUPHQWDV��DQG� ��� 8� RI� 0�0X/9LUXV� UHYHUVH� WUDQVFULSWDVH��5RFKH��ZHUH� DGGHG� WR� WRWDO�YROXPH�RI�����O�DQG�WKH�WXEHV�ZHUH�LQFXEDWHG�LQ�D�WKHUPRF\FOHU�DW�����&�IRU����PLQXWHV�
3&5�DPSOLILFDWLRQ3&5�UHDFWLRQ�ZDV�FDUULHG�RXW�LQ�WRWDO�YROXPH�RI�����O�FRQWDLQLQJ�����O�RI�F'1$�V\QWKHVLV�UHDFWLRQ�����O�RI���;�3&5�EXIIHU�����O�RI����0�RI�SULPHUV�����O� RI� ��P0�G173V�PL[�� DQG� ����8�RI� SIX�'1$�SRO\PHUDVH� �)HUPHQWDV��� ,QFXEDWLRQ� SURJUDP�ZDV�DQ�LQLWLDO�GHQDWXUDWLRQ�DW�����&�IRU���PLQ��IROORZHG�E\�����&�IRU����VHF������&�IRU����VHF�DQG�����&�IRU���PLQ� IRU� WRWDO� RI� ��� F\FOHV� ZLWK� ILQDO� H[WHQVLRQ�WLPH� DW� ��� �&� IRU� ��� PLQ�� )LQDO� SURGXFW� ZDV�HOHFWURSKRUHVHG�LQ����DJDURVH�JHO��
9HULILFDWLRQ�RI�57�3&5�SURGXFW7KH�DPSOLFRQ�REWDLQHG�ZDV�YHULILHG�E\�DJDURVH�JHO�HOHFWURSKRUHVLV� DQG� SXULILHG� E\� 3&5� SURGXFW�
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&ORQLQJ�RI�5RWDYLUXV�2XWHU�&DSVLG�3URWHLQ��93���JHQH�LQWR�WKH�S*(0�YHFWRU
SXULILFDWLRQ� NLW� �5RFKH��� 3&5� SURGXFW� RI� JHQRPH� VHJPHQW� �� ZDV� YHULILHG� SULPDULO\� E\� PROHFXODU� ZHLJKW� DQG� UHVWULFWLRQ� HQ]\PH� 'GH,� GLJHVWLRQ� RI� DPSOLFRQ��5RFKH���
/LJDWLRQ3&5�SURGXFW�ZDV� LQWURGXFHG� LQWR� WKH�(FR5�9�FXW� S*(0���=I�±�� YHFWRU� �3URPHJD�� E\� GLUHFW� EOXQW� HQG� OLJDWLRQ� RYHUQLJKW� DW� URRP� WHPSHUDWXUH� DFFRUGLQJ� WR� PDQXDO� RI� 7�� '1$� OLJDVH� �5RFKH��� 5HVXOWLQJ�SODVPLG��QDPHG�93�V�S*(0��ZDV� XVHG� WR�WUDQVIRUP�FRPSHWHQW�'+��.��(�FROL�FHOOV��
3UHSDUDWLRQ� RI� FRPSHWHQW� FHOOV� 	� 7UDQVIRUPDWLRQ7UDQVIRUPDWLRQ� RI� FRPSHWHQW� '+��. FHOOV� ZDV� SHUIRUPHG� DFFRUGLQJ� WR� WKH� PHWKRG� RI� 0DQGHO� 	� +LJD� ������ %ULHIO\�� WZR� �O� RI� SODVPLG� RU� OLJDWLRQ� UHDFWLRQ�ZDV�DGGHG�WR������O�IUHVK�FRPSHWHQW�FHOOV� DQG� LQFXEDWHG� LQ� LFH� IRU� ��� PLQ�� 7KH� FHOOV� ZHUH� LQFXEDWHG�DW�����&�IRU���PLQ�DQG�LPPHGLDWHO\�NHSW� LQ�LFH�IRU����PLQ��7KH�FHOOV�ZHUH�VXVSHQGHG�LQ����� �O�RI�/%�EURWK�DQG�DJLWDWHG�IRU���K�DW�����&��7KHQ� ��� �O� RI� WKH� VXVSHQVLRQ� ZDV� VSUHDG� RQ� DJDU� SODWH� FRQWDLQLQJ�DPSLFLOOLQ�
&RORQ\�VFUHHQLQJ7KH� FORQHV� ZHUH� VHOHFWHG� LQ� /%� DJDU� SODWHV�� VXSSOHPHQWHG� ZLWK� ��� �J�PO� DPSLFLOOLQ�� ��� �O� RI� ��� [�JDO� DQG� �� �O� RI� ���� ,37*� )LQDO� VFUHHQLQJ� ZDV�FDUULHG�RXW�E\�GLJHVWLRQ�RI�0LQLSUHS�SODVPLGV� �3ODVPLG� H[WUDFWLRQ� NLW�� 5RFKH�� ZLWK� (FR59� �5RFKH��DQG�1FR,��)HUPHQWDV��UHVWULFWLRQ�HQ]\PHV�� &RQILUPHG� FORQHV� ZHUH� VHTXHQFHG� LQ� WKH� DXWRPDWHG� $%,� ����;/� JHQHWLF� DQDO\]HU� WR� FRQILUP�WKH�FRQVWUXFWLRQ�VHTXHQFH�E\�XQLYHUVDO�7�� DQG� 63�� SULPHUV� �%LJ'\H� 7HUPLQDWRU� 9���� F\FOH� 6HTXHQFLQJ� .LW��� 6HTXHQFLQJ� UHVXOW� ZDV� DQDO\]HG� E\�%/$67�VRIWZDUH� 5HVXOW
$QDO\VLV�RI�URWDYLUXV�51$�VHJPHQWV5RWDYLUXV� ZDV� FRQFHQWUDWHG� DQG� SDUWLDOO\� SXULILHG� E\�XOWUD�FHQWULIXJDWLRQ�RQ�����VXFURVH�FXVKLRQ�DW� �������USP�IRU���K��)LJ���VKRZV�SDUWLDOO\�SXULILHG� URWDYLUXV�ZKLFK�ZDV�XVHG�IRU�51$�H[WUDFWLRQ��7KH� YLUXV�ZDV�GLVUXSWHG�E\�HLWKHU�GLUHFW�WUHDWPHQW�ZLWK� O\VLV� PL[� �ORDGLQJ� EXIIHU�� DQG� EULHIO\� KHDWLQJ� DW� ����� &� RU� LQ� VRPH� FDVHV� 51$� ZDV� H[WUDFWHG� E\� SKHQRO� FKORURIRUP� H[WUDFWLRQ� PHWKRG�� ,Q� ERWK� FDVHV� 51$� ZDV� HOHFWURSKRUHVHG� RQ� ���� 3$*(�
36           ,-9��9ROXPH�2��1XPEHU�1&2��July����8

DQG�LW� LV�VKRZQ�LQ�)LJ�������EDQGV�RI�GV51$�ZDV�REVHUYLQJ�W\SLFDO�RI�URWDYLUXV�51$�SDWWHUQ�

)LJXUH� � 3DUWLDOO\�SXULILHG� URWDYLUXV�SUHSDUHG E\�QHJDWLYH� VWDLQLQJ�WHFKQLTXH��[�����

)LJXUH���(OHFWURSKRUHVLV�SDWWHUQ�RI�URWDYLUXV�6$���GV51$V�LQ�����3$*(��GV51$�VHJPHQWV�ZHUH�VKRZQ�E\�QXPEHUV�
57�3&57KH� SURGXFW� RI� 57�3&5� LV� VKRZQ� LQ� )LJ�� ��� $�'1$� EDQG� RI� ���� ES� ZDV� REVHUYHG� DIWHU�HOHFWURSKRUHVLV�RQ����DJDURVH�JHO��7KH�LGHQWLW\�RI�WKLV� EDQG� ZDV� FRQILUPHG� E\� 'GH� ,� HQ]\PH�GLJHVWLRQ� ZKLFK� FOHDYHV� DW� QXFOHRWLGHV� ���� DQG������ 7KUHH� VHJPHQWV� RI� ����� ���� DQG� ���� ES� RI�'1$�DIWHU�HQ]\PH�GLJHVWLRQ�ZHUH�REWDLQHG��)LJ�����ODQH�����%HFDXVH�RI� ORZ�DPRXQW RI�'1$�SURGXFW��ORZ�FRQFHQWUDWLRQ�RI�DJDURVH��WKHVH�EDQGV�DSSHDUHG�YHU\�IDLQW�
93�V�FORQLQJF'1$�SURGXFW�RI�URWDYLUXV�JHQRPH�VHJPHQW���ZDV�FORQHG� LQWR�S*(0���=I����YHFWRU�E\�GLUHFW�EOXQW�HQG�OLJDWLRQ��UHVXOWLQJ�SODVPLG�FDOOHG�93�V�S*(0������� ES�� )LJ� ��� DQG� FRQILUPHG� E\� UHVWULFWLRQ�HQ]\PHV�� (FR5� 9� KDV� WZR� UHVWULFWLRQ� VLWHV� DW�QXFOHRWLGHV� ��� DQG� ���� RI� 93�� JHQH�� WKHUHIRUH�GLJHVWLRQ�E\� WKLV�HQ]\PH�D�����ES�DQG�D������ESIUDJPHQW� ZHUH� REWDLQHG� �)LJXUH� ��� ODQH� ���� 7KH�1FR� ,� HQ]\PH� KDV� WZR� UHVWULFWLRQ� VLWHV� DW�UHFRPELQDQW� 93�V�S*(0�� RQH� DW� QXFOHRWLGH� ����
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RI� 93��� DQG� RQH� DW� QXFOHRWLGH� ��� RI� S*(0��7KHUHIRUH�D�����ES� �YHU\�SDOH� WR�VHH��DQG�D������ES�IUDJPHQWV�UHVXOWHG�IURP�93�V�S*(0�E\�1FR�,�GLJHVWLRQ��)LJXUH����ODQH����

)LJXUH�� 0DS�RI�5FRPELQDQW�93�V�S*(0�SODVPLG�DQG�LW
V�5(�GLJHVWLRQ�VLWHV�

)LJXUH� � &ORQLQJ� RI� 93�� LQWR� WKH� S*(0� WR�FRQVWUXFW� 93�V�S*(0�� ��� DJDURVH� JHO� HOHFWUR�SKRUHVLV� DW� ���� Y�� �� KRXU�� DQG� JHO� VWDLQHG� LQ� ���J�PO� HWKLGLXP� EURPLGH�� /DQHV� �� DQG� ��� '1$�PROHFXODU�ZHLJKW�PDUNHU���NE��)HUPHQWDV���/DQH����93�� 57�3&5� SURGXFW� ����� ES��� /DQH� �� 93�� 57�3&5� SURGXFW� GLJHVWHG� E\� 'GH� ,� �WKUHH� IUDJPHQWV������ ���� � YHU\� SDOH� WR� VHH� DQG� ���� ES��� /DQH� ���S*(0�SODVPLG�XQGLJHVWHG��/DQH����S*(0�SODVPLG�GLJHVWHG� E\� (FR59� �D� OLQHDU� ����� ES� IUDJPHQW���/DQH����93�V�S*(0 SODVPLG�XQGLJHVWHG��/DQH����93�V�S*(0� GLJHVWHG� E\� (FR59� �WZR� IUDJPHQWV������ 	� ���� ES� UHVXOWHG��� /DQH� ��� 93�V�S*(0�GLJHVWHG�E\�1FR,��WZR�IUDJPHQW�UHVXOWHG��D������ESEDQG�	�D�����ES�EDQG�

6HTXHQFLQJ7KH� FORQH� LGHQWLILHG� E\� UHVWULFWLRQ� GLJHVWLRQ�ZDV�VXEMHFWHG� WR� '1$� VHTXHQFLQJ� LQ� WKH� DXWRPDWHG�$%,� ����;/� JHQHWLF� DQDO\]HU� WR� FRQILUP� WKH�VHTXHQFH� ILGHOLW\� RI� 93��S*(0� E\� XQLYHUVDO� 7��DQG� 63�� SULPHUV� �%LJ'\H�7HUPLQDWRU�9���� F\FOH�6HTXHQFLQJ�.LW��� 6HTXHQFLQJ� UHVXOW�ZDV� DQDO\]HG�E\� %/$67� WKDW� KDG� DERXW� ����� KRPRORJ\� ZLWK�6$��� URWDYLUXV� JHQRPH� VHJPHQW� �� LQ� 1&%,�*HQH%DQN�����
'LVFXVVLRQ

7KH�LPSRUWDQFH�RI�URWDYLUXV�DV�FDXVDWLYH�DJHQWV�RI�JDVWURHQWHULWLV�LQ�ERWK�\RXQJ�KXPDQ�DQG�DQLPDOV�LV�ZHOO� GRFXPHQWHG� ������$WWHPSWV� KDYH� EHHQ�PDGH�WR� FRQWURO� DQG� SHUKDSV� HOLPLQDWH�PRUWDOLW\� GXH� WR�URWDYLUXV� LQIHFWLRQ� E\� GHYHORSLQJ� DQG� LPSOHPHQ�WLQJ�DQ�HIIHFWLYH�YDFFLQH������7KHVH�GHYHORSPHQWV�LQFOXGH� PDNLQJ� OLYH� YLUXV� YDFFLQH� ������ VXEXQLWV�DQG� RWKHU� NLQG� RI� YDFFLQHV� ����� +RZHYHU�� WKHUH�KDYH�EHHQ�PDMRU�SUREOHPV�LQ�XVLQJ�WKHVH�YDFFLQHV�IRU�SUHYHQWLRQ�RI�URWDYLUXV�JDVWURHQWHULWLV������7KH�LGHDO� JRDO� ZRXOG� EH� WR� XVH� D� YDFFLQH� ZKLFK� LV�HIIHFWLYH� IRU� SURWHFWLRQ� DQG� KDV� QR� RU� PLQLPXP�VLGH� HIIHFWV� ������ :H� KDYH� WULHG� WR� SUHSDUH�URWDYLUXV� SURWHLQV� ZKLFK� DUH� LQYROYHG� LQ� YLUXV�DWWDFKPHQW� DQG� QHXWUDOL]DWLRQ�� QDPHO\� 93�� DQG�93��2XU� FORQLQJ� PHWKRG� ZDV� VLPSOHU� WKDQ� ROGHU�VWUDWHJLHV� ZLWK� WKH� VDPH� UHVXOW�� VXFK� DV� LQ� YLWUR�P51$�V\QWKHVLV�XVLQJ�HQGRJHQRXV�WUDQVFULSWDVH�LQ�YLUDO� FRUH� RU� XVLQJ� WHUPLQDO� ULERDGHQ\ODWH�WUDQVIHUDVH�IRU�V\QWKHVLV�RI WHPSODWH�IRU�IXOO�OHQJWK�F'1$�V\QWKHVLV�������� DQG�WKLV�LV�EHFDXVH�RI�QHZ�SURJUHVV� LQ� PHWKRGRORJ\� VXFK� DV� 57�3&5� WRGD\��2XU�ZRUN�FRQILUPV�QXFOHRWLGH�VHTXHQFHV�RI�JHQH���DIWHU� ORQJ� DQG� FRQWLQXRXV� SDVVDJH� RI� 6$���URWDYLUXV� LQ� RXU� ODERUDWRU\�� KRZHYHU�� FRPSDULVRQ�RI� RXU� REWDLQHG� VHTXHQFH� UHYHDOV� WKDW� LW� KDV� EHHQ�KLJKO\� FRQVHUYHG�� :H� RPLWWHG� ��� DQG� ��� QRQ�FRGLQJ�QXFOHRWLGHV� IURP�FORQHG�JHQH��EHFDXVH�ZH�ZDQW�WKH�93��JHQH�WR�EH�FORVHU�WR�WKH�SURPRWHU�RI�DSSURSULDWH�H[SUHVVLRQ�YHFWRU�LQ�IXWXUH�7KLV� ZRUN� ZLOO� EH� FRQWLQXHG� WR� H[SUHVV� 93�� LQ�IXWXUH� DQG�ZLOO� EH� VWXGLHG�93���:LWK� ODUJH� VFDOH�H[SUHVVLRQ�DQG�SXULILFDWLRQ�RI�93��SURWHLQ��LW�ZLOO�EH� FRQYHQLHQW� WR� VWXG\� 93�� DQWLJHQLF�� LPPXQR�JHQLF� DQG�ELRORJLF� IXQFWLRQV��ZKLFK�PD\� KHOS� IRU�GHYHORSPHQW�RI�DQ�HIIHFWLYH�YDFFLQH��
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$FNQRZOHGJPHQWV
:H� ZRXOG� OLNH� WR� WKDQN� YLURORJ\� GHSDUWPHQW� RI�,UDQ� 8QLYHUVLW\� RI� PHGLFDO� VFLHQFHV� IRU� WKHLU�ILQDQFLDO� VXSSRUW� DQG� QDWLRQDO� UHVHDUFK� FHQWHU� RI�JHQHWLF� HQJLQHHULQJ� DQG� ELRWHFKQRORJ\� IRU� WKHLU�WHFKQLFDO�DVVLVWDQFH�5HIHUHQFHV
� $ULDV�� &�� )��� 7�� %DOODGR�� DQG� 0�� 3OHEDQVNL�� ������V\QWKHVLV� RI� WKH� RXWHU�FDSVLG� JO\FRSURWHLQ�RI� WKH� VLPLDQ�URWDYLUXV�6$���LQ�(VFKHULFKLD�FROL��*HQH������������� $ULDV��&��)���6��/RSH]��-��5��%HOO��DQG�-��+��6WUDXVV��������3ULPDU\�VWUXFWXUH�RI�WKH�QHXWUDOL]DWLRQ�DQWLJHQ�RI�VLPLDQ�URWDYLUXV� 6$��� DV� GHGXFHG� IURP� F'1$� VHTXHQFH�� -��9LURO������������� %OXWW��6��(���6��(��&UDZIRUG��.��/��:DUILHOG��'��(��/HZLV��0�� .�� (VWHV�� DQG�0�� (�� &RQQHU�� ������ 7KH� 93�� RXWHU�FDSVLG� SURWHLQ� RI� URWDYLUXV� LQGXFHV� SRO\FORQDO� %�FHOO�DFWLYDWLRQ��-��RI�9LURORJ\��������������� %RWK�� *�� :��� -�� 6�� 0DWWLFN�� DQG� $�� 5�� %HOODP\�� ������6HURW\SH� VSHFLILF� JO\FRSURWHLQ� RI� 6LPLDQ� ��� URWDYLUXV��FRGLQJ�DVVLJQPHQW�DQG�JHQH�VHTXHQFH��3URF��1DWO��$FDG��6FL��86$��������������� &RQQHU�� 0�� (��� &�� '�� =DUOH\�� %�� +X�� DQG� 6�� 3DUVRQV��������9LUXV�OLNH�SDUWLFOHV�DV�D�URWDYLUXV�VXEXQLW�YDFFLQH��7KH�MRXUQDO�RI�LQIHFWLRXV�GLVHDVHV�����6������� (VWHV��0��.�� ������5RWDYLUXVHV�DQG� WKHLU� UHSOLFDWLRQ�� S�������������,Q '��0��.QLSH��HG����)LHOGV�YLURORJ\���WK�HG��YRO�����/LSSLQFRWW�:LOOLDP�DQG�:LONLQV��3KLODGHOSKLD�� )DYDFKR��$��5��0���(��.XUWHQEDFK��6��,��6LOYD��DQG�9��6��*RXYHD�� ������ &ORQLQJ�� H[SUHVVLRQ� DQG� SXULILFDWLRQ� RI�UHFRPELQDQW� ERYLQH� URWDYLUXV� KHPDJJOXWHQLQ�� 93�
�� LQ�(VFKHULFKLD� FROL�� 3URWHLQ� ([SUHVVLRQ� 	� 3XULILFDWLRQ������������� )LRUH�� /��� 6�� -�� 'XQQ�� %�� 5LGROIL�� )��0��5XJJHUL�� (��5��0DFNRZ�� DQG� +�� %�� *UHHQEHUJ�� ������ $QWLJHQLFLW\��LPPXQRJHQLFLW\� DQG� SDVVLYH� SURWHFWLRQ� LQGXFHG� E\�LPPXQL]DWLRQ� RI� PLFH� ZLWK� EDFXORYLUXV�H[SUHVVHG� 93��SURWHLQ� IURP� UKHVXV� URWDYLUXV�� -� *HQ� 9LURO� ��� �3W������������ -RKQVRQ��0��$���5��0��0LVUD��0��/DUGHOOL��0��0HVVLQD��&��(SKUDPXV��3��5��5HHYHV��=��%ROFHYLF��-��6��1RHO��&��3��+XP��+��9DQ�0DL��0��/��'\DOO�6PLWK��DQG�,��+��+ROPHV�������� 6\QWKHVLV� LQ� (VFKHULFKLD� FROL� RI� WKH� PDMRU�JO\FRSURWHLQ� RI� KXPDQ� URWDYLUXV�� DQDO\VLV� RI� WKH�DQWLJHQLF�UHJLRQV��*HQH������������ .DSLNLDQ��$��=���<��+RVKLQR��DQG�5��0��&KDQRN��������5RWDYLUXVHV��S�������������,Q '��0��.QLSH��HG����)LHOGV�YLURORJ\�� �WK� HG� HG�� YRO�� ��� /LSSLQFRWW� :LOOLDP� DQG�:LONLQV��3KLODGHOSKLD��� 0DQGHO�� 0��� DQG� $�� +LJD� ������ &DOFLXP�GHSHQGHQW�EDFWHURLRSKDJH�'1$�LQIHFWLRQ��-��0RO��%LRO�������������� 0F*RQLJDO��7�� 3���0��&��7XURQ��.��.RPDU�+DUWQHWW�� 6��(��.LVWHU��DQG�5��(��6PLWK��������([SUHVVLRQ�RI�WKH�JHQH�FRGLQJ� IRU� WKH� PDMRU� RXWHU� FDSVLG� SURWHLQ� RI� 6$����URWDYLUXV�LQ�D�EDFXORYLUXV�V\VWHP��9LUXV�5HV������������� 3DUDVKDU�� 8�� '��� -�� 6�� %DUHVHH�� -�� 5�� *HQWFK�� DQG� 5�� ,��*ODVV�� ������ 5RWDYLUXV�� (PHUJLQJ� LQIHFWLRXV� GLVHDVH�����������

�� 3HL[RWR�� &��� 0�� )�� 4�� 6RXVXV�� $�� &�� 6LOYD�� 0�� -�� 7��&DUURQGR�� DQG� 3�� 0�� $OYHV�� ������ 'RZQVWUHDP�SURFHVVLQJ� RI� WULSOH� OD\HUHG� URWDYLUXV� OLNH� SDUWLFOHV��-RXUQDO�RI�%LRWHFKQRORJ\��������������� 3URPHJD��������7HFKQLFDO�EXOOHWLQ�QR�����
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