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,QWURGXFWLRQ

HDVOHV�YLUXV� LV�D�PHPEHU�RI�WKH�RUGHU�0RQRQHJDYLUDOV��IDPLO\�3DUDP\[RYLULGDH�JHQXV� 0RUELOOLYLUXV� ZLWK� D� QRQ�VHJPHQWHG�QHJDWLYH�VWUDQG�51$��7KH����NE�OLQHDU�51$� HFRQGLQJ� VL[� VWUXFWXUDO� �1�3�/�+�)�0�� DQG�WZR� QRQ� VWUXFWXUDO� �&�9�� � SURWHLQV� >�@�� 7ZR�JO\FRSURWHLQV�RI�KHPDJJOXWLQLQ��+��DQG�IXVLRQ��)��DUH�SUHVHQW�DV�HQYHORSH�VSLNHV�DQG�SOD\�D�YLWDO�UROH�LQ�SURGXFWLRQ�RI�QHXWUDOL]LQJ�DQWLERG\��7KH�)��LV�D�W\SH� ,�PHPEUDQH� SURWHLQ� WKDW� LV� JO\FRV\ODWHG� DQG�LQLWLDOO\� V\QWKHVL]HG� DV� WKH� )�� SUHFXUVRU�)�� LV�WUDQVSRUWHG�WR��*ROJL�DSSDUDWXV�ZKHUH�LW�LV�FOHDYHG�E\� D� KRVW� SURWHDVH� LQWR� WZR� GLVXOILGH�OLQNHG�VXEXQLWV�)��DQG�)��7KLV�SURWHLQ� LV� UHVSRQVLEOH�IRU�YLUXV� SHQHWUDWLRQ� WKURXJK� IXVLRQ�RI�YLUDO� DQG�KRVW�FHOO� PHPEUDQH�� FHOO� IXVLRQ� DQG� KHPRO\VLV��,QGXFWLRQ� RI� DQWLERG\� UHVSRQVHV� WR� )� SURWHLQ� LV�HVVHQWLDO�IRU�SURWHFWLRQ>���@�7RGD\�� WKH� OLYH� DWWHQXDWHG� YDFFLQHV� LV� XVHG� WR�FRQWURO�PHDVOHV� LQ� WKH�ZRUOG�DQG�KDV�GUDPDWLFDOO\�

UHGXFHG� WKH� LQFLGHQFH� RI� WKLV� GLVHDVH�� 0DQ\�GHYHORSLQJ� FRXQWULHV� VWLOO� KDYH� LQWHQVH� 09�WUDQVPLVVLRQ��HVSHFLDOO\�LQ�FKLOGUHQ�OHVV�WKDQ���\HDU�RI�DJH��,Q�WKHVH�FRXQWULHV�PHDVOHV�FODLPV�WKH�OLYHV�RI�DQ�HVWLPDWHG���������LQIDQWV�DQG�\RXQJ�FKLOGUHQ�DQQXDOO\�>�@��7KH�PHDVOHV�YDFFLQH�VWUDLQ�$,.�&�LV�RQH� RI� WKH VDIHVW� YDFFLQH� YLUXV� ZKLFK� ZDV�GHYHORSHG� IURP� WKH� (GPRQVWRQ� VWUDLQ� WKURXJK�SODTXH� FORQLQJ� LQ� VKHHS� NLGQH\� FHOOV� DQG� FKLFN�HPEU\RQLF�FHOOV�DW���q&�>�@�DQG�LV�ZLGHO\�XVHG�IRU�SUHYHQWLRQ� RI� PHDVOHV� LQIHFWLRQ�� 'XH� WR� KLJK�HIIHFWLYHQHVV� DQG� KLJK� VHUR�FRQYHUVLRQ� LQ� \RXQJ�LQIDQWV�� YDFFLQH� PDQXIDFWXUHUV� KDYH� DWWHPSWHG� WR�SURGXFH�WKH�$,.�&�PHDVOHV�YDFFLQH�LQ�ODUJH�VFDOH�XVLQJ� 9HUR� FHOOV�7KH� VHTXHQWLDO� SDVVDJH� LQ� WKHVH�FHOOV� PD\� KDYH� FDXVHG� VRPH� FKDQJHV� LQ� JHQRPH�QXFOHRWLGHV�RI�WKH�YLUXV>�@��S'215�YHFWRUV� WKDW�ZHUH XVHG� LQ�RXU�H[SHULPHQW�ZHUH� DGDSWHG� YHFWRUV� GHVLJQHG� WR� JHQHUDWH� DWW/�IODQNHG�HQWU\� FORQHV� FRQWDLQLQJ�D�JHQH�RI� LQWHUHVW�IROORZLQJ� UHFRPELQDWLRQ� ZLWK� DQ� DWW%� 3&5�SURGXFW�7KLV� YHFWRU� ZDV� XVHG� IRU� JHQHUDWLQJ� WKH�H[SUHVVLRQ� FORQH� E\� SHUIRUPLQJ� DQ� /5� UHDFWLRQEHWZHHQ��WKH��HQWU\�FORQH�DQG�D�GHVWLQDWLRQ�YHFWRU�RI�FKRLFH�OLNH�WKH�EDFXORYLUXV���
 &RUUHVSRQGLQJ� $XWKRU� 0DKPRXG� 6KDPVL� 6KDKUDEDGL��9LURORJ\� 'HSDUWPHQW� RI� 0HGLFDO� 6FLHQFHV�� 5DVVXOH� $NUDP�+RVSLWDO�� 1\D\HVK� $YH�� 6DWWDUNKDQ� 6W�� 3RVW� &RGH� �����������7HKUDQ��,UDQ
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7KH�S'215�YHFWRUV�FRQWDLQ�WKH�IROORZLQJ�HOHPHQWVUUQ%� 7�� DQG� 7�� WUDQVFULSWLRQ� WHUPLQDWRUV�0���)RUZDUG� DQG� 0��� 5HYHUVH� SULPLQJ� VLWHV� IRU�VHTXHQFLQJ� RI� WKH� LQWHUHVW�� WKH� UHFRPELQDWLRQ�VLWHV�DWW3�� DQG� DWW3��� GHULYHG� IURP� '1$�UHFRPELQDWLRQ�VLWHV�RI�EDFWHULRSKDJH�O WKDW�DOORZV�UHFRPELQDWLRQDO� FORQLQJ� RI� WKH� JHQH� RI� LQWHUHVW�IURP� DWW%� 3&5� SURGXFW�� FFG%� DQG�&KORUDPSKHQLFRO�UHVLVWDQFH�JHQHV�ORFDWHG�EHWZHHQ�WZR� DWW3� VLWHV� IRU� QHJDWLYH� DQG� FRXQWHU� VHOHFWLRQ�UHVSHFWLYHO\�.DQDP\FLQ� UHVLVWDQFH� JHQH� IRU�VHOHFWLRQ� LQ�(�FROL� DQG�S8&�RULJLQ� IRU� UHSOLFDWLRQ�DQG�PDLQWHQDQFH�RI�WKH�SODVPLG�LQ�(�FROL�>�@�,Q�WKH�SUHVHQW�VWXG\�ZH�KDYH�FORQHG�DQG�DQDO\]HG�WKH�VHTXHQFH�RI�WKH�'1$�FRGLQJ�IRU�)�SURWHLQ�RI�$,.�&�VWUDLQ�RI�09�DIWHU�WKUHH�SDVVDJHV�LQ�9HUR�FHOOV�0DWHULDO�DQG�PHWKRGV
&HOOV�DQG�YLUXV9HUR� FHOOV� ZHUH� JURZQ� LQ� 'XOEHFFR¶V� PRGLILHG�(DJOH�0HGLXP� VXSSOHPHQWHG� ZLWK� ��� )HWDO� &DOI�6HUXP� DQG� DQWLELRWLFV� DQG� SURSDJDWHG� DW� ��q&��0RQROD\HU� RI� FHOOV�ZHUH� LQRFXODWHG�ZLWK�0HDVOHV�9LUXV� $,.�&� YDFFLQH� VWUDLQ� � SURYLGHG� E\� 'U��$EEDV�6KDI\L� �5D]L�9DFFLQH� DQG�6HUXP�5HVHDUFK�,QVWLWXWH��DQG� LQRFXODWHG� DW� ��q&�WHPSHUDWXUH�:KHQ�F\WRSDWKLF�HIIHFW�ZDV�REVHUYHG��LQIHFWHG�FHOOV�ZHUH�KDUYHVWHG�DQG�VWRUHG�DW����q&�
51$�([WUDFWLRQ�,QIHFWHG�FHOO�FXOWXUHV�ZHUH�FHQWULIXJHG�DW�ORZ�VSHHG�IRU���� PLQXWHV�7KH� FODULILHG� VXSHUQDWDQW� ZDV�XOWUDFHQWULIXJHG�DW�������U�S�P�IRU���KRXU���7KH�SHOOHW�FRQVLVWHG� RI� FRQFHQWUDWHG� YLUXV� ZDV� XVHG� IRU� 51$�H[WUDFWLRQ��51$�ZDV�H[WUDFWHG��XVLQJ��51$ H[WUDFWLRQ�NLW� �51$�)$67�PDQXIDFWXUHG� LQ�1DWLRQDO� ,QWLWXWH�RI�*HQHWLF� (QJLQHHULQJ� DQG� %LRWHFKQRORJ\��7KH�H[WUDFWHG�51$�ZDV�VWRUHG�DW����q&�
3ULPHUV3ULPHUV�XVHG�IRU�57�3&5�DQG�3&5�ZHUH�GHVLJQHG�EDVHG� RQ� SXEOLVKHG� 09� VHTXHQFHV� �*HQH%DQN�DFFHVVLRQ� 1R�� 6������� DQG� FRQWDLQ� UHFRPELQDQW�VLWHV� �DWW%�DQG� DWW%�� IRU� )RUZDUG� DQG� 5HYHUVH�SULPHUV� UHVSHFWLYHO\� VKRZQ� ZLWK� %ROGHG�QXFOHRWLGHV�� IRU� FORQLQJ� LQWR� S'215�YHFWRU��7KH�VHTXHQFH�RI�WKH�SULPHUV�ZHUH�DV�IROORZ�
)�)��� �cc****� $&$� $*7� 77*� 7$&� $$$�$$$� *&$� **&� 7&$� $7*� 7&&� $7*� $7*�**7�&7& �cc

)�5����cc****$&�&$&�777�*7$�&$$�*$$�$*&� 7**� *7$� *$*� &*$� &&7� 7$&� $7$�**$�77��cc:H�GHVLJQHG�DOVR�D�IRUZDUG�SULPHU�FRPSOHPHQWDU\�WKH� VHTXHQFH� IURP� ����� WR� ����� IRU� WKRURXJK�VHTXHQFLQJ�RI�WKH�)�JHQH�DV�IROORZ�)0����cc 7&&�$7*�*$&�&$$�&7$�7&7�7*� �cc$PSOLILFDWLRQ�RI�WKH�)�JHQH�([WUDFWHG� 51$�ZDV� XVHG� DV� WHPSODWH� IRU� UHYHUVH�WUDQVFULSWLRQ� UHDFWLRQ�� 7KH� 57�3&5� UHDFWLRQ� ZDV�SHUIRUPHG� LQ� D� WRWDO� ��PPO� ILQDO� YROXPH�XVLQJ����P0�RI� HDFK� G173V�� ���UUPRO� RI� HDFK� SULPHU��UHDFWLRQ� EXIIHU� �FRQWDLQLQJ� ���P0 7ULV� +&O�����P0� .&O�� ��P0� 0J&O��� ��P0� '77��� ��8�5QDVH� ,QKLELWRU�� ���� 8� 0�0XOY� 5HYHUVH�7UDQFULSWDVH� DQG� QXFOHDVH� IUHH� ZDWHU��7KHUHPRF\FOHU�ZDV� SURJUDPPHG� IRU� RQH� F\FOH� DW���q&IRU���PLQXWHV�IROORZHG�E\�RQH�F\FOH�DW���q&�IRU� �� PLQXWHV� DQG� RQH� F\FOH� DW� ��q&� IRU� ���PLQXWHV�7KH��UHDFWLRQ�ZDV�VWRSSHG�DW���q&�IRU����PLQXWHV��DQG�WKHQ�WKH�PLFURWXEH�ZDV�FKLOOHG�RQ�LFH�>���@�3&5� WHVW� ZDV� SHUIRUPHG� LQ� D� WRWDO� RI� ��PPO� ILQDO�YROXPH��XVLQJ���QJ�F'1$����UUPRO�RI�HDFK�SULPHU�����P0� RI� HDFK� G173V�� ���P0� 0J6R� DQG� ����XQLWV�RI�SIX '1$�SRO\PHUDVH>����@��7KHUPRF\FOHU�ZDV� SURJUDPPHG� IRU� RQH� F\FOH� DW� ��q&� IRU� ��PLQXWHV� IROORZHG� � E\� WKLUW\� F\FOHV� DW� ��q&� IRU� ��PLQXWHV����q&�IRU���PLQXWHV����q&�IRU�����PLQXWHV�DQG� RQH� F\FOH� DW� ��q&� IRU� ���PLQXWHV�� DV� D� ILQDO�H[WHQWLRQ�3&5� SURGXFW� ZDV� HOHFWURSKRUHVHG� RQ� ��� �Z�Y��DJDURVH�JHO�DQG��VWDLQHG�E\�HWKLGLXP�EURPLGH�DQG�YLVXDOL]HG�E\�89�WUDQVOXPLQDWRU�3ODVPLG�DQG�&RQVWUXFWLRQ�RI�)�JHQH�&ORQLQJ�YHFWRU�7KH� S'215���� SODVPLG� DQG� 2PQLPD[�FKHPLFDOO\� FRPSHWHQW� (�FROL� �,QYLWURJHQ�� ZHUH�XVHG�IRU�FORQLQJ�DQG�VHTXHQFLQJ�7KH�IXOO�FRGLQJ�UHJLRQ�VHTXHQFH�RI�)�SURWHLQ��$,.�&�6WDLQ��ZDV� LQVHUWHG� LQWR� S'215����� XVLQJ� WKH�%3� UHFRPELQDWLRQ� UHDFWLRQ� E\� %3� FORQDVH��,QYLWUURJHQ��>��@�
7UDQVIRUPDWLRQ2QH� YLDO� RI� 2PQLPD[� FKHPLFDOO\� FRPSHWHQW�(�&ROL� ZDV� WKDZHG� RQ� LFH�� WKHQ� �PPO� RI� %3�UHFRPELQDWLRQ� UHDFWLRQ� ZHUH� DGGHG� LQWR� WKH� YLDO�DQG� LQFXEDWHG� RQ� LFH� IRU� ��� PLQXWHV�� 7KH� FHOOV�ZHUH� LQFXORDWHG� IRU� ��� VHFRQGV� DW� ��q&� DQG� WKH�YLDO� UHPRYHG�DQG�NHSW� LQ� LFH� IRU���PLQXWHV��$IWHU�WKDW� ���PPO� RI� � 6�2�&� PHGLXP� NHSW� DW� URRP�WHPSHUDWXUH� ZDV� DGGHG� WR� WKH� YLDO�� 7KH� YLDO� ZDV�
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6HTXHQFH�YDULDWLRQ�LQ�PHDVOHV�YLUXV�)�JHQH�RI�$,.�&�YDFFLQH�«
VKDNHQ�KRUL]RQWDOO\�DW���q&�IRU���KRXU�� WKHQ���PPO�RI� WKH� WUDQVIRUPDWLRQ� PL[� ZDV� VSUHDG� RQ� D�SUHZDUPHG� VHOHFWLYH� SODWH� �/%�.DQDP\FLQ�� DQG�LQFXEDWHG�RYHUQLJKW�DW���q& >��@�6FUHHQLQJ�WKH�&RORQLHV�&ORQLHV� FDUU\LQJ� SODVPLG� ZHUH� SLFNHG� XS� DQG�VXVSHQGHG� LQ� �� PO� RI� /%� EURWK� ZLWK� DSSURSULDWH�NDQDP\FLQ� FRQFHQWUDWLRQ�� 3ODVPLGV� ZHUH� SXULILHG�IURP� WKH� EDFWHULD� XVLQJ� SODVPLG� SXULILFDWLRQ� NLW���5RFKH��� DQG� WKHQ� ZHUH� DQDO\]HG� E\� 5HVWULFWLRQ�(QGRQXFOHDVH� GLJHVWLRQ� �%VW;� ,�� DQG� VHTXHQFHG�ZLWK� 0��� SULPHUV� LQ� ERWK� GLUHFWLRQ� E\� D� G\H�WHUPLQDWRU� PHWKRG� �� XVLQJ� WKH� $%,� ����;/�VHTXHQFHU�� 7KH� 1HEFXWWHU� VRIWZDUH� ZDV� XVHG� IRU�DQDO\]LQJ�WKH�UHVWULFWLRQ�VLWHV�LQ�3&5�SURGXFW�DQG�SODVPLGV�� 7KH� VHTXHQFLQJ� UHVXOWV� ZHUH� FRPSDUHG�ZLWK� RWKHU� VHTXHQFHV� GHSRVLWHG� LQ� WKH� *HQH%DQN�XVLQJ�WKH�%/$67�VRIWZDUH>���@�5HVXOWV�3&5�DPSOLILFDWLRQ�RI�F'1$�IURP�0HDVOHV�9LUXV�)�JHQH� ZLWK� VSHFLILF� SULPHUV� JHQHUDWHG� D� IUDJPHQW�ZLWK� DSSUR[LPDWHO\� ����� ES� LQ� VL]H� �)LJ����7KLV�'1$�IUDJPHQW��SURGXFW�RI�)�JHQH�ZDV�DQDO\]HG�E\�(FR5�9�GLJHVWLRQ�7KLV�JHQH�KDV�RQH�UHVWULFWLRQ�VLWH�IRU� (FR59�� WKXV� DIWHU� GLJHVWLRQ� ZH� KDG� WZR�IUDJPHQWV�ZLWK�VL]HV�RI�DSSUR[LPDWHO\�����ES�DQG����ES��)LJ���/DQH���

)LJ��� $PSOLILFDWLRQ�RI�)�JHQH��0HDVOHV�YLUXV�$,.� &� VWUDLQ��� � � /DQH��� $PSOLILFDWLRQ� RI� � )� JHQH� ZLWK� VSHFLILF�SULPHUV� �����ES�� /DQH��� 1HJDWLYH� FRWUDO����� /DQH0�� '1$� 0ROHFXODU� ZHLJKW� 0DUNHU������ ����.ES��
23      ,-9��9ROXPH�2��1XPEHU�1&2��-XO\����8

)LJ��� 'LJHVWLRQ� DQDO\VLV� RI� )� JHQH� ZLWK� (FR59���/DQH��� 'LJHVWLRQ� DQDO\VLV� RI� 3&5� SURGXFW� RI� )�JHQH����ESDQG����ES��� /DQH� 0�� '1$� 0ROHFXODU�ZHLJKW�0DUNHU������������.ES�3&5� SURGXFW� RI� � WKH� )� JHQH� ZDV� FORQHG� LQWR� WKH�S'215����E\�%S�UHFRPELQDWLRQ�UHDFWLRQ��DQG�WKHVH�FRQVWUXFWV�ZHUH�XVHG�WR�WUDQVIRUP�2PQLPD[�(��FROL�7KH� SUHVHQFH� RI� UHFRPELQDQW� SODVPLGV� LQ� WKH�WUDQVIRUPHG� FRORQLHV�ZHUH� VFUHHQHG�E\� VHOHFWLRQ� RQ�/%� DJDU� PHGLXP� FRQWDLQLQJ� ��PJ�PO�.DQDP\FLQ�$IWHU� SODVPLG� SXULILFDWLRQ� � WKH\� ZHUH�DQDO\]HG�E\�%VW;� ,� UHVWULFWLRQ� HQ]\PH�7KLV� HQ]\PH�KDV���UHVWULFWLRQ�VLWHV�LQ�WKH�)�JHQH�DW�QXFOHRWLGHV����DQG� �����EXW� KDV� QR� UHVWULFWLRQ� VLWH� LQ� QRQ�UHFRPELQDQW� S'215����)LJ����� 7KHUHIRUH�� DIWHU�GLJHVWLRQ�ZH�KDG� WZR�IUDJPHQWV�ZLWK� DSSUR[LPDWHO\�����ES�DQG�����ES�LQ�VL]H��)LJ����/DQH��������

)LJ��� 6FKHPDWLF� SUHVHQWDWLRQ� RI� S'215������)�JHQH� RI� 0HDVOHV� 9LUXV� FRQVWUXFW� ZLWK� VRPH�UHVWULFWLRQ�VLWHV�
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)LJ��� &RQILUPDWLRQ� RI� FORQLQJ� RI� )� JHQH� LQWR�S'215� YLD� UHVWULFWLRQ� HQ]\PH� DQDO\VLV�� � /DQH���8QGLJHVWHG� S'215� �� )� SODVPLG� �� �� /DQH���GLJHVWLRQ� RI� S'215���� )� SODVPLG� �� ZLWK� %VW;�,�����ES� DQG� ����ES��� /DQH� ��� 8QGLJHVWHG�S'215� �� )� SODVPLG� ��� � /DQH� ��� GLJHVWLRQ� RI�S'215������)�SODVPLG���ZLWK�%VW;�,�����ES�DQG�����ES��� /DQH� 0�� '1$� 0ROHFXODU� ZHLJKW�PDUNHU����������.ES��7KH� UHFRPELQDQW� SODVPLGV� ZHUH� DQDO\]HG� E\�VHTXHQFLQJ�DQG�WKH�UHVXOWV�ZHUH�FRPSDUHG�ZLWK�WKH�VHTXHQFHV�RI�$,.�&�VWUDLQ�RI� �DWWHQXDWHG�0HDVOHV�9LUXV� LQ� WKH� *HQH%DQN� �6������� 0RUL� HW� DO������>��@� XVLQJ� WKH� %/$67� 6RIWZDUH� >��@��1XFOHRWLGH� FRPSDULVRQ� VKRZHG� �� GLIIHUHQFHV�EHWZHHQ�RULJLQDO�$,.�&�YDFFLQH�VWUDLQ�DQG�$,.�&�YDFFLQH� VWUDLQ� ZKLFK� SDVVDJHG� LQ� 9HUR� FHOOV��)LJ����

)LJ��� 6HTXHQFH�FRPSDULVRQ RI�PHDVOHV�YLUXV�$,.�&�YDFFLQH�VWUDLQ��VXEMHFW��DQG�$,.�&�YDFFLQH�VWUDLQ�ZKLFK� ZHUH� SDVVDJHG� �� WLPHV� LQ� 9HUR� FHOOV���4XHU\��

7KHVH�QXFOHVRWLGH�VXEVWLWXWLRQ�OHG�WR���DPLQR�DFLG�VXEVWLWXWLRQ� LQ� WKH� )� SURWHLQ� �/HXFLQ� WR�SKHQ\ODODQLQH�DW�SRVLWLRQ������)����3KH��6HULQH�WR�7\URVLQH� DW� SRVLWLRQ� ����� )����7\U�� +LVWLGLQH� WR�$VSDUDJLQH�DW�SRVLWLRQ�����)����$VQ�DQG�VHULQH�WR�/HXLFQH�DW�SRVLWLRQ������)����/HX��'LVFXVVLRQ
0RVW�51$�YLUXVHV�DUH�FRQVLGHUHG�WR�EH�D PL[WXUH�RI� KHWURJHQRXV� YLUXVHV� EHFXDVH� RI� WKHLU� KLJK�LQFLGHQFH� RI� PXWDWLRQ� LQ� WKH� 51$� JHQRPH� LQ�QDWXUH� >��@�� &HUWDLQ� YLUXVHV� VXFK� DV� PHDVOHV� DUH�DQWLJHQLFDOO\� VWDEOH�� ZKHUHDV� RWKHUV� UHDGLO\� JLYH�ULVH�WR�DQWLJHQLF�YDULDQWV�>��@��$QDO\VHV�RI�WKH�09�JHQHV�RI�D�ODUJH�QXPEHU�RI�VWUDLQV�KDYH�HVWDEOLVKHG�WKDW� WKH� )� JHQH� LV� KLJKO\� � VWDEOH�DQG� XS� WR� �����RQO\�WKUHH�DPLQR�DFLG�FKDQJHV�KDYH�EHHQ�REVHUYHG�LQ�WKH��(GPRQVWRQ�VWUDLQ�DQG�UHODWHG�LVRODWHV�>��@�7KH� PHDVOHV� YDFFLQH� VWUDLQ� $,.�&� ZKLFK� ZDV�GHYHORSHG� IURP� WKH� (GPRVWRQ� VWUDLQ� ZKLFK� KDV�EHHQ�DWWHQXDWHG�LQ�ODPE�NLGQH\�FHOOV�DQG�FORQHG�LQ�FKLFN� ILUREODVW�FHOOV� � DW���q&�>�@��DUH�ZLGHO\�XVHG�IRU� SUHYHQWLRQ� RI� PHDVOHV� LQIHFWLRQ� LQ� WKH� ZRUOG�>�@�� %HFDXVH� RI� WKH� KLJK� HIIHFWLYHQHVV� RI�YDFFLQDWLRQ�SURJUDP�DQG�ORZ�LQFLGHQFH�RI�DGYHUVH�UHDFWLRQ�DQG�KLJK�VHUR�FRQYHUVLRQ�LQ�\RXQJ�LQIDQWV��D� YDFFLQH� PDQXIDFWXUHU� GHFLGHG� WR� SURGXFH� WKH�$,.�&�PHDVOHV� YDFFLQH� LQ� ODUJH�VFDOH�XVLQJ�9HUR�FHOOV� >��@�� ,Q� WKLV� UHJDUGV�D�JURXS�RI� LQYHVWLJDWRUV�VWXGLHG� WKH� JHQHWLF� VWDELOLW\� RI� WKH� YLUXV� DQG�UHSRUWHG�WKDW�WKHUH�ZDV�WKUHH�DPLQR�DFLG�FKDQJHV�LQ�WKH )�JHQH�>��@��,Q�WKLV�VWXG\�$,.�&�YDFFLQH�VWUDLQ�ZDV� SDVVHDJHG� �� WLPHV� LQ� 9HUR� FHOOV� LQ� RUGHU� WR�DPSOLI\� WKH� )� JHQH�� :H� REVHUYHG� �� DPLQR� DFLG�VXEVWLWXWLRQ� ZKLFK� � ZHUH� GLIIHUHQW� � IURP� WKRVH�UHSRUWHG� E\� SUHYLRXV� VWXGLHV� >��@�$� OLNHO\�H[SODQDWLRQ�RI�WKHVH�GLIIHUHQFHV�OLHV�LQ�WKH�W\SHV�RI�WRROV� DQG� PHWKRGV� XVHG� WR� DQDO\]HG� WKH� YLUXV�JHQRPH� �� $QRWKHU� GLIIHUHQFH� OD\� LQ� WKH� SDVVDJH�KLVWRU\� RI� WKH� VHTXHQFHG� $,.�&� YLUXVHV�EHFDXVH�KHUH� WKH� YLUXV� ZDV� SDVVDJHG� WKUHH� WLPHV� LQ� 9HUR�FHOOV�� ZKHUHDV� 0RUL� HW� DO� XVHG� FKLFNHQ� HPEU\R�FHOOV>��@��&KDQJH�IURP�OHXFLQH�WR�SKHQ\ODODQLQH�DW�SRVLWLRQ�����RI�WKH�)�SURWHLQ�ZDV�WKH�ILUVW�PXWDWLRQ�RFFXUUHG� GXULQJ� WKH� YLUDO� SDVVDJH� LQ� 9HUR� FHOOV��7KH� H[WHQW� RI� WKHVH� JHQRPH� YDULDWLRQ� RQ� YLUDO�SURSHUWLHV�UHPDLQV�WR�EH�GHWHUPLQHG�
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6HTXHQFH�YDULDWLRQ�LQ�PHDVOHV�YLUXV�)�JHQH�RI�$,.�&�YDFFLQH�«

25      ,-9��9ROXPH�2��1XPEHU�1&2��-XO\����8

5HIHUHQFHV
� *ULIILQ��'�(��������0HDVOHV�YLUXV��S������������,Q�%�1��)LHOGV��2�0��.QLSH���3�0��+RZHO\��)LHOGV�YLURORJ\��WK HG�/LSSLQFRWW�:LOOLDPV�DQG�:LONLQV�SXEOLVKHUV�� $WDEDQL��6�)��2EHLG�2�(��&KDUJHOHJXH�'��$EED\�3��:KLWWOH�+���6WZDUG�� 0�:������� ,GHQWLILFDWLRQ� RI� DQ�,PPXQRGRPLQDQW� QHXWUDOL]LQJ� DQG� SURWHFWLYH� HSLWRSH�IURP�PHDVOHV� YLUXV� IXVLRQ� SURWHLQ� E\� XVLQJ� KXPDQ� VHUD�IURP�DFXWH�LQIHFWLRQ�-�YLURO��������������� 3UHPHQNR� ± /DQLHU�� +RGDJ�� *��5RWD�� 3��� 7DPLQ��$��%HOOLQL�:��0F&KHVQH\�0������� 0DWHUQDO� DQWLERG\�LQKLELWV�ERWK FHOOXODU�DQG�KXPRUDO�LPPXQLW\�LQ�UHVSRQVH�WR� PHDVOHV� YDFFLQDWLRQ� DW� ELUWK�� 9LURORJ\������ -XO������������������ 6DVVDNL��.������� VWXGLHV�RQ� WKH�PRGLILFDWLRQ�RI� WKH� OLYH�$,.� PHDVOHV� YDFFLQH� ,� DGDSWDWLRQ� RI� WKH� IXUWKHU�DWWHQXDWHG�$,.�PHDVOHV�YLUXV��7KH�VWUDLQ�RI�$,.�/����WR�FKLFN�HPEU\R�FHOOV��.LWDVDWR�$UFK��([S�0HG����������� .RPDVH�.��� 1DND\DPD�7��� ,LMLPD�0��� 0LNL�.���.DZDQLVKL�5��� 8HMLPD�+�� ������ 7KH� SKRVSKRSURWHLQ� RI�DWWHQXDWHG�PHDVOHV� $,.�&� YDFFLQH� VWUDLQ� FRQWULEXWHV� WR�LWV�WHPSHUDWXUH�VHQVLWLYH�SKHQRW\SH�9DFFLQH������������� *DWHZD\��S'215�YHFWRUV�9HUVLRQ�&�����-XO������� 3URWRFRO�IRU�)LUVW�6WUDQG�F'1$�6\QWKHVLV��3&5�WHPSODWH�JHQHUDWLRQ� ZLWK� 0�0X/9� 5HYHUVH� 7UDVFULSWDVH��)HUPHQWDV�� 9HUPD�,�0������5HYHUVH� WUDQVFULSWDVH�7KH� (Q]\PHV��%R\HU�3�'��HG���$FDGHPLF�3UHVV�,QF���9RO������������ 3URWRFRO�IRU�3&5�ZLWK�SIX '1$�SRO\PHUDVH�)HUPHQWDV�

�� /XQGEHUJ�� .�6��HW� DO������� +LJK� ILGHOLW\� DPSOLILFDWLRQ�XVLQJ� D� WKHUPRVWDEOH� '1$� SRO\PHUDVH� LVRODWHG� IURP�3\URFRFFXV�IXULRVXV�*HQH����������� *DWHZD\�7HFKQRORJ\�ZLWK�&ORQDVH�,,�9HUVLRQ�$�����-XQH������,QYLWURJHQ��� $WVFKXO�6�)��� 0DGGHQ�7�/��6FKDIIHU�� $�$���=KDQJ�-��=KDQJ�=��0LOOHU�:��/LSPDQ�'�� �����´*DSSHG�%/$67� DQG� 36,�%/$67�D� QHZ� JHQHUDWLRQ� RI� SURWHLQ�GDWDEDVH� VHDUFK� SURJUDPV´�1XFOHLF� $FLGV� 5HV���������������� 0RUL�7��� 6DVVDNL�.��+RKLPRWR�+��0DNLQR�6�� ������0ROHFXODU�FORQLQJ�DQG�FRPSOHWH�QXFOHRWLGH�VHTXHQFH�RI�WKH� JHQRPLF� 51$� RI� WKH� $,.�&� VWUDLQ� RI� DWWHQXDWHG�PHDVOHV�YLUXV�9LUXV�*HQHV����������� 'RPLQJR�(��� 5XL]�-DUDE�&0��� 6LHUUD�6��$ULDV�D���3DULHQWH�1��� %DUDQRZVNL�(�� ������ 0LQL� � 5HYLHZ��(PHUJHQFH�DQG�VHOHFWLRQ�RI�51$�YDULDQWV��PHPRU\�DQG�H[WLQFWLRQ��9LUXV�5HV������������ 5RWD�-�6��� 5RWD�3�$���5HGG�6�%��5HGG�V�F��3DWWDPDGLORN�6��%HOOLQL�:�-�������*HQHWLF�DQDO\VLV�RI�PHDVOHV�YLUXVHV�LVRODWHG�LQ�WKH�8QLWHG�6WDWHV�����������-�,QIHFW��'LV���������������� 5RWD�-�6��� +XPPHO�.�%��� 5RWD�3�$��� %HOOLQL�:�-�� ������*HQHWLF� YDULDELOLW\� RI� WKH� JO\FRSURWHLQ� JHQHV� RI� FXUUHQW�ZLOG�W\SH�PHDVOHV�LVRODWHV�9LURORJ\��������������� 8HMLPD�+��� 1DND\DPD�7��� .RPDVH�.�� ������ 3DVVDJH� LQ�9HUR� FHOOV� DOWHUV� WKH� FKDUDFWHULVWLFV� RI� PHDVOHV� $,.�&�YDFFLQH�VWUDLQ�9DFFLQH��������������� 3DUNV�&�/��/HUFK�5�$��:DOSLWD�3��:DQJ�+�3��6LGKX�0�6��8GHP�6�$�������&RPSDULVRQ�RI�SUHGLFWHG�DPLQR� DFLG� VHTXHQFHV� RI� 0HDVOHV� 9LUXV� 6WUDLQV� LQ� WKH�(GPRQVWRQ�9DFFLQH�/QHDJH�-�9LURO�������������
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