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� Ê/f¿M�É|/��{�{�¾Ì·Â]Â¸³Á�Ìe�|/��É{Z/]�����{��¨¿� Ê/���]{Â]�¾Ì�Ìa�ÉZÅ��Å��³Y�Êf¿M��Â¿���¿��{�|ÌWÁ�Ìe
Ê/»�Äf/§�³�Y��f¼¯�Ê¸¯��ÂÌ��|/���Ê»��ËY�§Y�Á�d§ZË Êf¿M�|Àq�{ÂmÁ���Zz]�¾ËY{Â]�{�§�®Ë��{�É{Z]� Ê���]�ÄnÌf¿É{Z]�Êf¿M�½Y�Z¼Ì]��{�|ÌWÁ�Ìe|��ÉZÅ$,7' ��Âf»�½Y�Ì/»�Á�d/�Y�d/^j»76+�{�ÄmÂe�¶]Z«��Â��Ä]½M��Y��Ì]�É{Z]�Ê/f¿M�ÉY�Y{�½Y{�/»�Á�½Z/¿�Ä¯�d�Y�ÊËZÅ É{Z]�Êf¿M�¾/ËY|¿�Y|¿�Y��Z/Å�Á�Ê�Àm��/Ë�Âe�Ê/���]��{ ÊÀ�76+Ã|���z�»�½Y{�»��{�¾���ËY�§Y�Z]�Ä¯�d�Y
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»��{�Ê¼Æ»��Ì/Ì¤e�½Y�Ì76+Ê¼¿�w��{�Ä¯�Ê·Zu��{�,|Å{ ÉÓZ]�½Z¿���½M��Ì´¼�q��ËY�§Y�µZ��d�Y�{ÂÆ�»���� &RXFKPDQ�ZÌ///��Ê///¿YÁY�§�,|À///·�ÂÌ¿��{�½Y�Z///°¼Å�Á� Ê/f¿MÉ{Z/]��Y�³�º¯�½Y{�»��{�Y��Ê»Á�Á�°Ì»�Êf¿M�ÉZ/Å{Â]�Äf§ZÌ¿��ËY�§Y�ºÅ�¾��¾f§��ÓZ]�Z]�Ä¯�|¿{�/¯�Ê·Zu��{ ½M�Ê���]��{�Ä¯Êf¿M�¾ËY��ÂÌ��ZÅÉ{Z]½Z¿���{�ZÅ��Ä·Z�� ��Ze�Á�{Â]��Ä]�Ê´·Z�����Ê»|Ì������� �À/Ì¯ÁZÅ����½Z�¿�º·Z���ÅZ�]�dÌ ¼m�®/Ë�Ê/���]��{Êf¿M��ÂÌ��Ä/¯�{Y{É{Z]½Z¿���{�Ê»Á�Á�°Ì»�Êf¿M�ÉZÅ��� �¼��º���ÈÅ{�{�Ä¯{Â]���d�Y{��ËY�§Y�Ä]Z�»�Äf§ZË�¾ËY ��Y�/³��ËZ/�d�ZÅ���,��Á����½Âr¼Å�Z»�È ·Z�»��{ Ê���]��ËZ�ZÅ$QWL�732{Â]�d^j»�ÂeÂ¼Ì�ZÅ�½Y�Z¼Ì]��{��ÂÌ//��ZÌ//¿�¨Ì·Z¯�|À//¸¯ÁY��{�É�//´·Z]�£�È»Z¿�//]�®//Ë��{,½Z¿���{�Ã|��Ã{Y{��Ìz�e�Ã�Ze�É|ÌWÁ�ÌeÂbÌÅ��Y�Å��{� ½M�Ä¿ÓZ���Á�]�Á��{�����|����Y�³������È ·Z�»��{ )UDPLQJKDP�����WÁ�Ìe�{�/°¸¼�{Y�§Y��{�,|Ì��Á�Ä·Z�� ÊÀ Ë�É|ÌWÁ�ÌeÂbÌÅ�c�Â��Ä]��/eÓZ]76+�Y��f�Ì]PX�,

���½Z/»��½M��{76+d�Y|¿�{ÂmÁ�Z»�ËY��{�
��½Z¿� �{�Á�
��|»M�d�|]�½Y{�»���� �ÂÌ/��É|��{�$,7'�{�'0��Ë�Âe�Ä]�ÄmÂe�Z]ÊÀ� Ä�uÔ»�¶]Z«��Â��Ä]�½Y�Z¼Ì]�¾/ËYÄnÌf¿�Ä]Z�»�Á�d�ÓZ]�ÉY �»d�Y�{�Â/»�¾/ËY��{�Ê/¸^«�{| f/»�cZ/ ·Z��Á����¾ËY� �Â«Á��Z�f¿Y�{�Â»�½Y�Ì»��Y��Ì/]��ËY�/§Y$,7'dÌ ¼m d�Y�ÊÀ��Ç{Á|v»�¾ËY��{�È ·Z�»�½Â/r¼Å�Z/»�Ê/���]��{�|À/q��/Å�,Ä/¯�½M�ÄnÌ/f¿&KXEE½Y�Z//°¼Å�Á�����ÂÌ//�$,7'�{'0�¶]Z//« {Â/]�Ä/mÂe��
���Ê»��ËY�§Y�¾ËY�Z/»Y|¼���Â��Ä]�|¿YÂeÃ �ÂÌ/���Y�Ê/�Z¿�Ê/«Z¨eY$,7'¾�»�d/Ì ¼m�®/Ë��{�e |/�Z]��ËY�§Y�Ä »Zm�{Y�§Y�Z]�Ä�ËZ¬»��{�d�Y�¾°¼»�ÊÀ ËÃÁ�³��{��ÂÌ�'0�|�Z^¿��Ì´¼�q�d]ZË{�¥Ôy��]�Y~·�{�|ÌWÁ�Ìe�{�°¸¼��Ê]ZË��Y�Á�É�/´·Z]�£����Y�µÁY��Â/¿'0�{Â��¹Zn¿Y�|ËZ]�É{�YÂ»��{�ZÆÀe�Á�d�Y�|Ë{�e�{�Â/»�ËZ/��Ä/¯É�Z¼Ì/]�ÉZÅ�Âf/¯Z§�®/�Ë��ÊÀ¼ËY�{Â/y�ÉZ/Å |À�Z]�Äf�Y{�{ÂmÁ�|ÌWÁ�Ìe�
�]ZÀ»��9ROSH�5��$XWRLPPXQH�'LVHDVH�RI�WKH�(QGRFULQH�6\VWHP��&5&�3UHVV��%RFD�5DWRQ��������������

���3HUOPDQ�/9��)DPLOLDO�,QFLGHQFH�RI�'LDEHWHV�LQ�+\SHUWK\URLGLVP��$QQ�,QWHUQ�0HG��������������������
��7XUQEULGJH�:0*��(YHUHG�'&��+DOO�5��HW�DO��7KH�6SHFWUXP�RI�7K\URLG�'LVHDVH�LQ�D�&RPPXQLW\��7KH�:KLFNKDP�6XUYH\��&OLQ�(QGRFULQRO��2[I������������������
���*UD\�56��%RUVH\�'4��6HWK�-��+HUG�5��%URZQ�16��&ODUNH�%)��3UHYDOHQFH�RI�6XEFOLQLFDO�7K\URLG�)DLOXUH�LQ�,''0��-�&OLQ�(QGRFULQRO�0HWDE��������������������
��)LVKHU�'$��%HDOO�*'��+DVKLPRWR
V�7K\URLGLWLV��3KDUPDFRO�7KHU������������������
��/RHE�-1��0HWDEROLF�&KDQJHV�LQ�+\SRWK\URLGLVP��,Q��%UDYHUPDQ�/(��8WLJHU�5(��HGV���:HUQHU�DQG�,QJEDU
V��7KH�7K\URLG���WK�HG�3KLODGHOSKLD���-�3�/LSSLQFRWW������������������
��,UYLQH� :-�� 7RIW� $'�7KH� 'LDJQRVLV� DQG�7UHDWPHQW� RI�7K\URWR[LFRVLV��&OLQ�� (QGRFULQRO�0HWDE�����������������

��,UYLQH�:-��3RO\JODGXODU�$XWRLPPXQH�'LVHDVH��,Q��&XPPLQJ�,$��)XQGHQ�-:���0HQGHOVKRQ�)$2��HGV����&DQEHUUD��$XVWUDOLDQ�$FDGHP\�RI�6FLHQFHV���������SS�������
��)DULG�15��/DUVHQ�%��3D\QH�5��1RHO�(3��6DPSVRQ�-��,PPXQRJHQHWLFV�RI�3RO\JODQGXODU�$XWRLPPXQH�'LVHDVH��3URF����QG�0HHWLQJ��(QGRFULQH�6RFLHW\��:DVKLQJWRQ�'&��������-XQH��������$EVWUDFW����
���)LDONRZ�3-��=DYDOD�&��1LHOVHQ�5��7K\URLG�$XWRLPPXQLW\��,QFUHDVHG�)UHTXHQF\�LQ�5HODWLYHV�RI�,''0�SDWLHQWV��$QQ�,QWHUQ�0HG�������������������
����5LOH\�)&��0DFOHDUHQ�1.��5RJRWW�'(��6LOODU�.3��5RVHQEORRP�$/��7K\URLG�$QWLERGLHV�LQ�,QVXOLQ� 'HSHQGHQW 'LDEHWHV�0HOOLXWXV��7KH�&DVH�IRU�5RXWLQH�6FUHHQLQJ��-�3HGLDWU���������������������
����%ULJKW�*+��%OL]]DUG�51��.DL]HU�'/��&ODUNH�:/��2UJDQ�6SHFLILF�$XWRDQWLERGLHV�LQ
&KLOGUHQ�ZLWK�&RPPRQ�(QGRFULQH�'LVHDVH��-�3HGLDWU�����������������
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����/HVKLQ�0��3RO\JODQGXODU�$XWRLPPXQH�6\QGURPHV��$P�-�0HG��6FO������������������
���6DZLQ�&7��&KRSUD�'��$]L]L�)��0DQQL[�-(��%DFKDUDFK�3��7KH�$JLQJ�7K\URLG��,QFUHDVHG�3UHYDOHQFH�RI�(OHYDWHG�6HUXP�7K\URWURSLQ�/HYHOV�LQ�WKH�(OGHUO\��-$0$�����������������0FNHQQD�0-��+HUVNRZLW]�5��:ROIVGRUI�-,��6FUHHQLQJ�IRU�7K\URLG�'LVHDVH�LQ�&KLOGUHQ�ZLWK�,''0��'LDEHWHV�&DUH�����������������
���:DOILVK�3*��*U\IH�&,��7HVWLQJ�\RXU�2OGHU�SDWLHQW
V�7K\URLG�)XQFWLRQ��*HULDWULFV�����������������
���+RRSHU�%��:KLWWLQJKDP�6��0DWKHZV�-'��HW�DO��$XWRLPPXQLW\�LQ�D�5XUDO�&RPPXQLW\��&OLQ�([S�,PPXQRO���������������
����&RXFKPDQ�.*��:LJOH\�5'��3ULRU�,$0��$XWRDQWLERGLHV�LQ�WKH�&DUWHUWRQ�3RSXODWLRQ�6XUYH\��-�&KURQLF�'LV���������������
����+DZNLQV�%5��&KHDK�36��%XUJHU�+&��HW�DO��'LDJQRVWLF�6LJQLILFDQFH�RI�7K\URLG�0LFURVRPDO�$QWLERGLHV�LQ�D�5DQGRPO\�6HOHFWHG�3RSXODWLRQ��/DQFHW�����������������
���6HUDILQL�8��7RUULJLDQL�*��0DVDOD�&��7KH�,QFLGHQFH�RI�$XWRDQWLERGLHV�LQ�WKH�1RUPDO�3RSXODWLRQ��3URF���WK�,QW�&RQJU�$OOHUJRO��������������
����'RVUHPHGLRV�/9��:HEHU�30��)HOGPDQ�5��6FKXUU�'$��7VRL�7*��'HWHFWLQJ�8QVXVSHFWHG�7K\URLG�'\VIXQFWLRQ�E\�WKH�)UHH�7K\UR[LQ�,QGH[��$UFK�,QWHUQ�0HG��������������������

����6DZLQ�&7��&DVWHOOL�:3��+HUVKPDQQ�-0��7KH�$JDLQ�7K\URLG��7K\URLG�'HILFLHQF\�LQ�WKH�)UDPLQLJKDP�6WXG\��$UFK�,QWHUQ�0HG�������������������
���9RQGUD�.��9UELNRYD�-��'YRUDNRYD�.��7K\URLG�*ODQG�'LVHDVH�LQ�$GXOW�3DWLHQWV�ZLWK�'LDEHWHV�0HOOLWXV��0LQHUYD�(QGRFULQRO��������������������
���9DQGHUSXPS�03��7XQEULGJH�:0��(SLGHPLRORJ\�DQG�3UHYHQWLRQ�RI�&OLQLFDO�DQG�6XEFOLQLFDO�+\SRWK\URLGLVP��7K\URLG�����������������
���.RUGRQRXUL�2��+DUWPDQQ�5��'HLVV�'��HW�DO��1DWXUDO�&RXUVH��RI�$XWRLPPXH�7K\URLGLWLV�LQ�7\SH���'LDEHWHV��$VVRFLDWLRQ�ZLWK�*HQGHU��$JH��'LDEHWHV�'XUDWLRQ��DQG�3XEHUW\��$WFK�'LVFKLOG�����������������
���.RUGRQRXUL�2��'HLVV�'��'DQQH�7��HW�DO��3UHGLFLWLYLW\�RI�7K\URLG�$XWRDQWLERGLHV�IRU�WKH�'HYHORSPHQW�RI�7K\URLG�'LVRUGHUV�LQ�&KLOGUHQ�DQG�$GROHVFHQWV�ZLWK�7\SH���'LDEHWHV��'LDEHW�0HG�����������������
����&KXEE�6$3�'DYLV�:$�,QPDQ�=��'DYLV�70(�3UHYDOHQFH�DQG�3URJUHVVLRQ RI�6XEFOLQLFDO�+\SRWK\URLGLVP�LQ�:RPHQ�ZLWK�7\SH���'LDEHWHV��WKH�)UHPDQWOH�'LDEHWHV�6WXG\��&OLQ�(QGRFULQRO�������������������
����3HUURV�3��0F&ULPPRQ�5-�6KDZ�*���)ULHU�%0�)UHTXHQF\�RI�7K\URLG�'\VIXQFWLRQ�LQ�'LDEHWLF�3DWLHQWV��9DOXH�RI�$QQXDO�6FUHHQLQJ��'LDEHWLF�0HGLFLQH����������������
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7KH�3UHYDOHQFH�RI�$XWRLPPXQH�7K\URLG�'LVHDVH�LQ�'LDEHWLF�3DWLHQWV
.DODQWUL�6��0'�$EVWUDFW,QWURGXFWLRQ� 7KH�SUHYDOHQFH�RI�DXWRLPPXQH�WK\URLG�GLVHDVH��$,7'��KDG�EHHQ�VKRZQ�WR�EH�PDUNHGO\�LQFUHDVHG�'LDEHWHV�0HOOLWXV�7\SH�,��'0����6RPH�UHSRUW�KDYH�LQGLFDWHG�WKDW�$,7'�LV�WHQ�WLPHV�PRUH�FRPPRQO�LQ�'0� WKDQ�LQ�WKH�JHQHUDO�SRSXODWLRQ��DV�PLJKW�EH�H[SHFWHG�GXH�WR�WKH�DXWRLPPXQH�QDWXUH�RI�WKH�WZR�GLVHDVHV��+RZHYHU�LW�LV�GLIILFXOW�WR�ILQG�UHSRUW�UHJDUGLQJ�WKH�LQFLGHQFH�RI�$,7'�LQ�W\SH��'0���DOWKRXJK�WKLV�FRQGLWLRQ�DFFRXQWV�IRU�WKH�PDMRULW\�RI�WKH�SRSXODWLRQ�ZLWK�K\SHUJO\FHPLD�2EMHFWLYH��7KLV�VWXG\�DLPHG�WR�GHWHUPLQH�WKH�SUHYDOHQFH�RI�$,7'�LQ�GLDEHWLF�SDWLHQWV��0DWHULDOV�DQG�0HWKRGV� 7KLV�FURVV�VHFWLRQDO�VWXG\�ZDV�RQ����SHUIRUPHG�SDWLHQWV�ZLWK�'0���DQG�����'0���IRU�D�WRWDO�RI������7KH�VXEMHFWV�ZHUH�VHOHFWHG�UDQGRPO\�IURP�GLDEHWLF�RXW�SDWLHQWV�RI�DQ�HQGRFULQH�FOLQLF��7KHUH�ZHUH�����ZRPHQ�DQG�����PHQ�ZLWK�ERWK� W\SHV�RI�GLDEHWHV�ZLWK�DQ�DJH� UDQJH�RI������\HDUV�RQH� VFUHHQLQJ�EDVLV� DOO�SDWLHQWV�KDG�WK\URLG�IXQFWLRQ�WHVWLQJ��DW�OHDVW�D�VHQVLWLYH�76+��5HVXOWV� 2YHUDOO����SDWLHQWV��������KDG�$,7'��*UDYHV�GLVHDVH�DQG�+DVKLPRWRWRV�WK\URLGLWLV���7KH�LQFLGHQFH�RI�$,7'�ZDV����DQG������ LQ�'0� DQG�'0� UHVSHFWLYHO\��+RZHYHU� WKH� SUHYDOHQFH� RI�$,7'� LQ�'0� ZDV�PRUH�VWULNLQJ��%HFDXVH�WKHVH�SDWLHQWV�ZHUH�\RXQJHU��DQG�DW�DJH�ZKHQ�JHQHUDOO\�$,7'�LV�PRUH�XQXVXDO��WKH�LQFLGHQFH�RI�$,7'�LQ�'0� ZDV�VXUSULVLQJO\�KLJK��EXW�PD\�EH�DFFRXQWHG�IRU�E\�WKH�ROGHU�DJHV�RI�WKHVH�SDWLHQWV�&RQFOXVLRQ� 7KHUH�LV�GHILQLWHO\�DQ�LQFUHDVHG�SUHYDOHQFH�RI�$,7'�LQ�SDWLHQWV�ZLWK�'0� DV�ZHOO�DV�'0���:KLOH�LQ�FRQWUDVW�ZLWK�ODWWHU�WKLV�PD\�QRW�UHSUHVHQW�D�WUXH�GLVHDVH�DVVRFLDWLRQ��WKH�PHULW�RI�VFUHHQLQJ�IRU�WK\URLG�IXQFWLRQ�LQ�W\SH���GLDEHWHV�LV�TXHVWLRQDEOH�

.H\� ZRUGV� 'LEHWHV� 0HOOLWXV�� ,QVXOLQ±'HSHQGHQW�� 'LDEHWHV� 0HOOLWXV�� 1RQ±,QVXOLQ±'HSHQGHQW�� 7K\URLGLWV��$XWRLPPXQH��


