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�¹y�²¿YZ·�µyZ]¹u�zÀ-�yYz£�¾]Z¿{yY�uyº¯³v� «Z�¯�yu�½v�z¯�zd§u�¶�ª]Z¤¯�yu�Y|¿ÇY�b^h¯�uyYº¯�±Y|À¯� ¾ ´¯� ±ºÀ�Z´Àcº¬-M�Ï�ÏÏv�yu�v¯M�b�v]¶°·� yu� ¹ ½Z·�ª¨�½yZ°À]�uZo�bpc� �²¯|¯� �uZo��ÈdsY�²¿Y b�Yuuºk¹�ÎÕ��yu�²¿Yu ¶�«Z�¯½yZ°À]uZouyYº¯y¾�ÈdsY Yv³�uºk¹��¹y�¹u�²À]b��uºk¹�yu�¾«¹�,J*���bpc uZo¹²¯|¯�Y|¿ÇY�Î�ÐÖ¥º¨�¯� uYz�Y� {Y� v�� yu�¹ ±ºÀ�Z´Àcº¬-M�ÎÑ{Yv�yu�²¿YuYu��Àt�c�b^h¯�Yy�uyYº¯� ±YyZ¨°·� ¹ ±YyuYz]� zd§u� ¶�«Z�¯� yu�½Z·��¿Z¯{M ±Yºc�±ºÀ�Z´Àcº¬-Mc�Àt�¶°·uZo�bpc�uyYº¯�½yZ°À] v´d�Yv³� Yy¶d -uº��¾¯¶§�ÎÍÍ{º¬�¹z]� uyYº¯� v�yu� uZo�bpc�¹y� Z]b�Y��Àt�c�ª]Z£� Y|¿ÇY�ÎÎ�²¿Y�¹ ¾«Zo� yub�Y�¶�«Z�¯� ¶§�¿Z¯{M� ÇZ]�Àt�cJROG� VWDQGDUG�¹ b�Yv³¶�«Z�¯�v´³Z¯�Z¯b�³Yºd³ZcbÀ�Z�o ¾]Z¿{yY� Yy� Y|¿ÇY��¿Z¯{M�¾-&¿¹�¹v´§�¶�«Z�¯�yu*DG� yu{Y�±Zd�]z�ÎÐÒ¥º¨�¯�yZ°À]��ÏÒ±ºÀ�Z´Àcº¬-M�uyº¯� ¾ ´¯�¾«¹��¹y� Z]uº]�b^h¯� Y|¿ÇY�ÎÐ��yu� ±Y|À¯�²¿Y� ¶�«Z�¯Z¯ÓÐuº]�uyº¯��b�Y�²¨°¯] �¿Y|�Y�²¿Y¶ªÀ«u bÀ§�{Y� µuZ d�Yv¿vk�½Z·v�Z]½zd�À]�bÀ�Z�o�{Y�¶§ v³yYuyºsz]�¶�«Z�¯� yu½Y�®·� z.¿u��Y|¿ÇY��¹y�½Yz] �Àt�c{º¬�¹z]¶]�b^�³�¹y6$7�¶dsZ´��nkyY� b�Y�µv��ÎÏ�ÎÐ�ÎÑ�ÎÖ¹ÏÍ�� ²¿Y� ©Z^³u� ¶]�«Z�¯� ¶³º-Z·�¶yu� Y|¿ÇY��¹y�½zÀ-yZ¨]� ¹ ©Z���td¯� �½yZ°À]��Àt�c�½Yz]�zÀsY�½Z·±Z¾³º ��

�¿Z¯{M� Z]½Z·�v�� ¶kYº¯� ½uZ¿{� [wZ§� b^h¯Yµyu� �v³ ¶lÀd³½Z·�¾�yz]²�¹y� ½Yz]� ½v¿vk±uz§�{yY �c�¹y�¾�Àtb�Y�µv���¹z��½%º«¹z��½Z·� ¦¿�¶�«Z�¯�¦¿�yu¶«Z�0HPLVK�­z���±Zd�]z��yu�ÓÕ ¶§� Yy {º¬�¹z]� ¶]�Èd^¯� yZ°À]¾.°·b^h¯�±ºs�b�§ �v´d�Yu¾�yz]��¹y�¹u�z·�Z]uz§Z]�Yy�±M�j¿Zd³�¹Ôz ³� Yv·Y�®«Z��uYz�Y�{Y¶�¿Z¤¯�±ºs�µv´´§uz§¶§¹ bÀ�Z�o ¾-&¿¹6$7�c ¶] Yy�\ÀczÓ�ÖÒ�¹ÎÍÍ��yY|-uz§ ¾«ZoyuY|¿ÇY�½Yz]�¶§�J�*,�z¿uZ¤¯�²¿YÓ�ÑÒ��¹Î�ÖÔ� µuº]�ÎÓ�� yu²¿Y¶]� ¶�«Z�¯b¬�¾�zd�u²d�Yv³�¹y�¦¿� ¶] JROG�VWDQGDUG�¾�Àt�c��¾-&¿¹�¹ bÀ�Z�o�®Àd�³Yºd³� t�c� yu� Yy��¹y� ¹uÀ²¯|¯� ¹ uZo� uyYº¯��½yZ°À] ®À´§�¶^�Zp¯�³ j¿Zd³�¾«¹�¾¯�±Z�®·�uºk¹�¶§�v·u±Z¯{ ,J*�¹,J0�±YyZ°À]� ­z�� yu��uZo�½yZ°À]�¹u� z·� Z] �Àt�c�ª]Z£��¹yb�Y¶§�½uyYº¯��Àt�c�½Yz]�¾«¹ ¹u�{Y�¾¨¿��¤�²cuZ�,J*���²¯|¯�¹ uZo�bpc�Z¿,J0� �yZ°À]�Z¿�½yZ°À]��¹z�½¶d�Z¿�uº^¸]��uyYu�uºk¹�­z��yu� b^h¯�uyYº¯(/,6$�{Y�zd�À]�¾¬Às�6$7�uº]²¨°¯�¶§ [wZ§�b^h¯� uyYº¯� {Y�¾�Z³�a¹Z c�²¿Y�b�Y�bÀ�Z�o ²À¿Z�� ¾-&¿¹� ¹ ÇZ]�v�Z]� Y|¿ÇY� �¿Z¯{M�uZ¸´�À�� Yx« ¾¯¦°§�Z]�¶§�uº�3&5��±Yº´��¶]JROG�VWDQGDUG�� ¹ Y|¿ÇY�¾�Àt�c��{yY�uyº¯�yu�¾¬¯Z§�¶�«Z�¯6$7yu ª¨�­Zl³Y�½yZ°À]��¬dt¯uº��
�]Z´Î̄��¾^WZ�ªÀ�Z°�Y�±Yz¿Y� yu� ¾³º �� ½Z¸¿yZ°À]� ©Z¿zd§Z]�½Z¸¿yZ°À]�±Yz¸c��¾.´·z��¹ ¾°¬�ÎÐÔÏ� Ï�½|¿|��±¹v¿z����¿Z��½Z¸¿yZ°À]�½%º«ºÀ¯vÀ�Y�±Yz¿Yyu� ©¹Y�©Z��¹ b]º³�±Zd�¯{ÎÐÔÍ�

��<DJXSVN\� 3�� 'HWHFWLRQ� RI� %UXFHOODH� LQ� %ORRG�&XOWXUHV��-�&OLQ�0LFURELRO����������� ����������0DQGHOO�*/��'RXJODV��5*��%HQQHWW�7(��'ROLQ�5��0DQGHOO�� 'RJODV� DQG� %HQQHWW¶V� 3ULQFLSOHV� DQG�

3UDFWLFH� RI� ,QIHFWLRXV� 'LVHDVH�� �WK� HGLWLRQ��3KLODGHOSKLD���&KXUFKLOO�/LYLQJVWRQH����������0HPLVK� =�� 0DK� 0:�� 0DKPRXG� � 6$�� 6KDDODQ��00�� .KDQ� <�� %UXFHOOD� %DFWHUHPLD�� &OLQLFDO� DQG�/DERUDWRU\� 2EVHUYDWLRQV� LQ� ���� 3DWLHQWV�� -� ,QIHFW������������������� Ó�¾$]Yyºk��¾¬���¾´¯º¯��z^§Y�¾¬��½v°p¯��v°p¯�¶]� yuZ£� uyYv³Zd�Y��¹y� Z]�b¿Yy�½Y� ¶«º«� ±ºÀ�Z´Àcº¬-Mv�Z]�¾°³�{º¬�¹z]�uyYº¯�nÀp��¾]Z¿{yY��³Yu�uy¹M�µy� ÎÐÔÓ�����­º��µyZ°����ÏÐ�ÎÖ�
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��&RUEHO� 0-�� 7KH� 5HODWLRVKLS� %HWZHHQ� WKH�3URWHFWLYH�DQG�&URVV�5HFWLQJ�$QWLJHQV��RI��%UXFHOOD�VSS�� (UVLQLD� (QWHURFROLWLFD� ���� DQG� 6DOPRQHOOD�6HURW\SHV� RI� .DXIIPDQQ� ±:KLWH� *URXS� 1��&RQWULEXWLRQV� WR� 0LFURELRORJ\� DQG� ,PPXQRORJ\��������������������� &REHO� 0M�� 5HFHQW� $GYDQFHV� LQ� WKH� 6WXG\� RI�%UXFHOOD� $QWLJHQV� DQG� 7KHLU� 6HURORJLFDO� &URVV±5HDFWLRQV�9HWHULQDU\�%XOOHWLQ���������������������&RUEHO� 0-�� 0LFURELRORJLFDO� $VSHFWV� RI�%UXFHOORVLV� �� 6DXGL�0HGLFDO� -RXUQDO� -RXUQDO� ������������������������-RKQ� /�� &DUSHQWHU� 0'�� (GPXQG� &�� 7UDPRQW�0'���:LOOLDP�%���)DLOXUH�RI�5RXWLQH�0HWKRGV�LQ�WKH�'LDJQRVLV�RI�&URQLF�%UXFHOORVLV��6RXWKHUQ��0HGLFDO�-RXUQDO����������������� ÎÎ�±YyuYz]��²�o�uº��¯��¾ ¤g��¾·Z´���uº°p¯��bpc�¹ uZo�{º¬�¹z]��Àt�c�yu� Y|¿ÇY�±º¯{M�¾]ZÀ�{yYuZo�µyZ°��®·u�©Z���±Z¯yu�¹ ¹yYuÎÎÎ����ÎÕ�
���0DJHH�-7�$Q�(Q]\PH±/DEHOOHG�,PPXQRVRUEHQW�$VVD\� IRU� %UXFHOOD� $ERUWXVµ� $QWLERGLHV�� -� 0HG�0LFURELRO��������������������������*DG�(O��5DE�02���.DPEDO�$�0��(YDOXDWLRQ�RI�D�%UXFHOOD� (Q]\PH� ,PPXQRDVVD\� 7HVW� �(/,=$�� LQ�&RPSDULVRQ� ZLWK� %DFWHULRORJLFDO� &XOWXUH� DQG�$JJOXWLQDWLRQ��-�,QIHFW�����������������������

���� 6LSSOH� -(�� (/� 0DVU\�� 1.$/�� )DULG� =��'LDJQRVLV� RI� KXPDQ� %UXFHOORVLV� ZLWK� (/,6$�� 7KH�/DQFHW���������������2VRED�$2��%DONK\�+��0HPLVK�]��.KDQ�0�<��HW�DO���'LDJQRVWLF�9DOXH�RI�%UXFHOOD�(OLVD�,J�*�DQG�,J�0�LQ�%DFWHUHPLF�DQG�1RQ�%DFWHUHPLF�C$WLHQWV�ZLWK�EUXFHOORVLV���-�&KHPRWKHU��������6XSSOH��������������0HPLVK� =$�� $OPXQHH� 0�� 0DK� 0�:�� 4DVVHP�/$�� 2VRED� $2�� &RPSDULVRQ� RI� WKH� %UXFHOOD�6WDQGDUG�$JJOXWLQDWLRQ� 7HVW�ZLWK� WKH� (/,6$� ,J�*�DQG� ,J� 0� LQ� 3DWLHQWV� ZLWK� %UXFHOOD� %DFWHUHPLD�'LDJQ�0LFURELRO�,QIHFW�'LV������������������������$OWRQ�&�*-��-RQHV�/��/DERUDWRU\�7HFKQLTXHV�LQ�%UXFHOORVLV���QG HGLWLRQ��*HQHYD��:+2� ÎÕ�½v�z¯��v°oY��½Z¸³º¯{M� Z]� Y|¿ÇY� ±º¯{M� ¶�¿Z¤¯�±Z�³Y� yu� {º¬�¹z]��Àt�c� yu� uyYv³Zd�Y�¦¿%º«¹z�� ±Yz¿Y� yu� {º¬�¹z]� ½z�Yz�� µz.´§� ²À«¹Y��uz§z¸� uz§�z¸��¾¨�|��­º¬��µZ.�³Yu�ÎÐÔÎ� ���ÐÐÐ�
���&DUOVVRQ�+(��+XUYHOO�%��/LQGEHUJ�$$��(Q]\PH�,PPXQRVRUEHQW� � $VVD\� IRU 7LWUDWLRQ� RI�$QWLERGLHV�$JDLQVW� %UXFHOOD� $ERUWXV� DQG� <HUVLQLD�(QWHURFROLWLFD�� $FWDSDWK� 0LFURELRO� 6FDQG� 6HFW�������������������������&RODN� +�� HW� DO�� &RPSDULVRQ� RI� WKH� :ULJKW��,QGLUHFW� &RREV� DQG� (Q]\PH� ,PPXQRDVVD\� ,J� *�0HWKRGV� IRU� 'LDJQRVLV� RI� &KURQLF� %UXFHOORVLV��0LFURELRO�%XO�������������������������
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&RPSDULVRQ�RI�6HURORJLFDO�0HWKRGV�IRU�'LDJQRVLV�RI�%UXFHOORVLV
$MDPL�$�3K�'����1DVURODKL�0�3K�'����6KDULI�0�3K�'�$EVWUDFW�,QWURGXFWLRQ� %UXFHOORVLV�LV�RQH�RI�WKH�PRVW�SUHYDOHQW�LQIHFWLRXV�GLVHDVHV�LQ�,UDQ��&OLQLFDO�VLJQV�DUH�QRW�VSHFLILF�DQG�ODERUDWRU\�PHWKRGV�DUH�QHFHVVDU\�IRU�GHILQLWH�GLDJQRVLV��,VRODWLRQ�RI�PLFURRUJDQLVP�IURP�FOLQLFDO�VDPSOHV�LV�WKH� PRVW� GHILQLWLYH� PHWKRGV�� EXW� LWV� VXFFHVVLRQ� GHSHQGV� RQ� PDQ\� IDFWRUV� WKDW� FDQ� QRW� EH� XVHG� LQ� DOO� FDVHV��6WDQGDUG� DJJOXWLQDWLRQ� WHVW� �6$7�� DQG� UHFHQWO\� (Q]\PH� /LQNHG� ,PPXQRVRUEDQW� $VVD\� �(/,6$�� DUH� WKH�PRVW�LPSRUWDQW�VHURORJLFDO�WHVWV�IRU�GLDJQRVLV�RI�EUXFHOORVLV��2EMHFWLYH��,Q�WKLV�VWXG\�ZH�FRPSDUHG�WKHVH�WZR�GLDJKRVWLF�PHWKRGV�LQ�SDWLHQWV�VXVSHFWHG�RI EUXFHOORVLV�LQ�6DUL�LQ������0DWHULDOV�DQG�0HWKRGV� ,Q� WKLV�GHVFULSWLYH� VWXG\�� DOO�SDWLHQWV� VXVSHFWHG�RI�EUXFHOORVLV�ZKR�UHIHUUHG� WR�KHDOWK�FHQWHUV�RI�6DUL�FLW\�IURP����������WR����������ZHUH�FKRVHQ�UHJDUGOHVV�RI�DJH��VH[�DQG�FRQGLWLRQ��7KHLU�VHUD�ZHUH�FROOHFWHG� DQG� WHVWHG� E\� 6$7�� �0(� �DFFRUGLQJ� WR�:+2� VWDQGDUG�PHWKRGV� ZLWK� 3DVWHXU� LQVWLWXWH� DQWLJHQ�� DQG�(OLVD� �,%/�+DPERUJ�������� WLWHU� LQ�6$7�FRQVLGHU�DV�SRVLWLYH�DQG���GLOXWLRQ�GLIIHUHQFH�EHWZHHQ��0(�DQG�6$7�FRQVLGHU�DV�SRVLWLYH�,J0�5HVXOWV��2YHUDOO� WKH� VHUD� RI� ���� SDWLHQWV� ����� IHPDOH� DQG� ���PDOH��ZHUH� WHVWHG� IRU� ,J*� DQG� ,J0� DQWLERGLHV�DJDLQVW�EUXFHOOD�����VDPSOHV�ZHUH�SRVLWLYH�IRU�,J*���,J0�ZLWK�ERWK�6$7�DQG�(OLVD�PHWKRGV��,J*�GHWHFWHG�LQ����VDPSOHV�E\�(OLVD�PHWKRG�ZKLOH����VDPSOHV�ZHUH�SRVLWLYH�IRU�,J*�E\�6$7��(OLVD�GHWHFWHG�,J0�LQ���VDPSOHV�ZKLOH�6$7�DQG��0(�ZHUH�QHJDWLYH�DQG�6$7�DQG��0(�GHWHFWHG�,J0�LQ���VDPSOHV�ZKLOH�(OLVD�ZDV�QHJDWLYH�&RQFOXVLRQ��,Q�GLDJQRVLV�RI� DFXWH�EUXFHOORVLV� �,J0��� ,J*� ��ERWK� WHFKQLTXH�ZHUH� WKH� VDPH�EXW� LQ�GLDJQRVLV�RI�VXEDFXWH DQG�FKURQLF�GLVHDVH���,J*�ZLWKRXW�,J0�RU�YLVHYHUD���WZR�PHWKRGV�ZHUH�YHU\�GLIIHUHQW�

.H\�:RUGV��$JJOXWLQDWLRQ��%UXFHOORVLV��(Q]\PH�/LQNHG�,PPXQRVRUEHQ�
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