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¾º¿ZÀ�Yz�kêç¹ ¶kyu�éë¶¤À£u�¾¿ZÀ�Yz�k��z��¹ ¾£z��çî
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¶¬ozº¯�çåå�Z§�±Z¯{�­z-º¬À§�º¹ bçåå¶¬oz¯�yu�­z-º¬À§�

í�ë¾-z]��v��µuYu�¶�y|¯�¶]�b�Z§�{Y�ª^£�Z·yx]�§�!yZ£�Z]�
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ººº�cY¹º±º�çç�Àººº°·Y�Zººº] �Z^ºººcyY�yuºsZººº� bº½Zººº·�
À�º¿%º«º¿|º¦b�Y�

±Zº°·¶§yºº�¿u¾¯�µvº�b¯È��u1$5��sZ��²¿Y�yu�
uz¨¬°����«Zs�ªÀ¬pc�¹ [xk�yYv¤¯��¿Y|�Y�Z]�¶§�b�Y�b^h¯

µZÀº-vº]Z¿�¾º¯ �¿Y|º�Y�|ºÀ³�²¿Y�±uz§�uyY¹�bÀ°·Y��º�º¯�²¿Y
®º· ¹ b º�Z·��sZ��yu�zº.¿u�¦¿%º«º¿|ºÀ��aZ º� ²Àº´#

¶]v³Z�y�¾¯�Yy�ÇZ]�uz¨¬°��Z]�­Z£yY�[Ztd³Y�yº�´¯�
¾.dº�]�®º·�º³�²¿Y�yu�[Ztd³Y��sZ��¹ ¾gyY��{yY�½Zº·

�Zºº�dsY�bÀºº°·Y�zºº.³ZÀ]�¶ºº§ v´ºº�Z]�¾ºº¯ ÇZºº] |ººÀ³ �sZºº�
bº¯È�¹Z dº¯ ½Zº·b�Y�½uZ�d£Y�½Z·��{yY�¶º] a�¹ bÀ°�Y
±YyZº¨°·�çæ�¶]�Yy�aZ º� ½zº¿x��bºgYy¹�uzº]yZ§�|ºÀ³±Yº´�

v³uz§�¶À�ºc�Z·��sZ��\¿Yzº��®·�sZ���º³�²¿Y�yu�²À´#
¶]��º]z¯�[Ztdº³Y��sZº� ¹ ¾ºgyY��{yY�¾.dº�]�®º· yYvº¤¯

_yZ°º� �sZº�çìuy¹Mz]�¦¿�{Y�zd�À]�µv�©º^£�ª]Z£zÀ��¶§�
bº�Y�º³ ²º¿Y�j¿Zdº³aZ ��bÀ°·Y�z.³ZÀ]�¶§�|ºÀ³��sZº� �º

�uz¨¬°�1$5���1$5���/$,�¹11�v�Z]�¾¯��k yu�º©¹v
èb�Y�µv��¶WYyY��

±Zº°·©¹Yvk�yu�µv��¶WYyY�j¿Zdº³ ¶º§ yºº�ç¹èµuYu�±Z�³�
b�Y�ÇZ]�yZÀ�]�¾gyY��{yY�Z]�Z·��sZ��²¿Y�¾.d�]�®·�b�¶§�

²ÀººÀ�c�yu�aZ ºº� ½zºº¿x��bººgYy¹�±uzºº§ uyY¹�bÀºº°·Y�zºº.³ZÀ]
v�Z]�¾¯�Z¸³M�\¿Yz��¹ Z·��sZº��uyY¹�aZ ��uº°³�b£u�v¿Z]

¾¿ÇZ]�½zº¿x��bºgYy¹�½YyYu�Zº·�sZº� yu�µvº��{Y�zcÇZ]êå
v�yu�] aZ ��²¿Y�¹ v´�Z]¶®·�av�v´�Z^³�¶d�]�
¶º]{Y�¹ uyYv³�uºk¹�Z·��sZ���Yº³Y�¶�¿Z¤¯�±Z¨¯Y�¾¬§�yº�

¾§È¯�½yºXc�µZ-vº¿u¶�¿Z¤¯�½Yz]³ uºk¹�Z·��sZ��uyYv��¤�
[Ztd³Y�¶¯Z³z]�¦¿�yu�Z·��sZ��²¿Y�uz]yZ§�Z]�¾º¬°���Zºp«�{Y

¾�yz]�Yy�Z¸³M�¾¿YyZ§�±Y|À¯�±Yºc�¾¯�­Z£yYuz§¶À�ºc�z¯Y�²¿Y�¶§�
}zd�u�yu�¾¤À£u�¾^�³�½uZ�d£Y�½Z·��{yY�z-Y�¾«¹�uºº�¾º¯
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��®d ·�©Z��µyZ°�­yZ¸#��±Zd�¯{æèíç

íå

©¹vkÐ�­¹u��º³��sZ��yu��º]z¯�\¿Yz��¹ aZ ���¬dt¯�aZ^À§zc
�¿uy �sZ� U+, ¶^cy
æ éçêí�å [æ íæ�å æé
ç åëåë�ç [æ �� åèéë�å [é æ æ
è çëçî�æ [æ �� ëèêí�å [ê îê�å é
é éçèë�å [æ ± æéèë�æ [ë îç�å ì
ê éæèî�å [æ ± åíìì�æ [ì îè�å ë
ë êåëí�å [æ ± êéîí�å [í î�å î
ì éìèê�å [æ ± ëìæë�å [æå îæ�å í
í í�å [æ ± åëèê�å [ææ ëê�å æí
î æèéé�å� [æ �� éîíë�å [æç íè�å æè
æå åéçè�å [ç ± îëæé�é [æå �� éæåç�å [æç íë�å ææ
ææ æèèè�å [è ± éæêç�æí [ì �� éçèê�å [ææ �� éçîî�å [æç îî�å ç
æç çéìæ�å [è ± ìíìë�å [ì ± ëççë�å [æå îç�å ì
æè íèê�å� [ì �� åæåî�å [î îç�å ì
æé íìæè�å [ê ± íåìè�ç [í �� éëë�å [æç îæ�å í
æê ìèçç�å� [ë ± èêåè�å [æå íê�å æç
æë åîèê�å [é �� éìçé�å [ì ± æéæî�æ [æå ëî�å æì
æì ììëî�å� [í ± æííë�æ [æå ± æååé�å [ææ ìê�å æê
æí êêí�å� [ì ± èçé�å [í ± åëíë�å [î ìê�å æê
æî èèåæ�å [è ± êììç�å [í îç�å ì
çå åèéí�å� [ç �� ííè�å [ê �� ìëæç�è [ë ± îìîé�å [í î�å î
çæ èììë�å� [í ± çìåë�å [æå ìé�å æë
çç çèêç�å [è ± ëæëê�å [æå íí�å æå
çè åæìè�å� [ç �� íîìæ�å [ê �� ìëææ�è [ë î�å î
çé éíîé�å [æ ± åæìî�æ [ë ± ëæéé�å [æå îé�å ê
çê êî�å [æ ± éëåë�å [í ± éììê�å [æå îæ�å í
çë çèì�å [æ �� îæí�å [ê ± îçìí�ç [í �� éëî�å [æç îæ�å í
çì êìíç�ë [æ ± îçî�å [é �� èèíê�æå [ì �� ìçìî�å [í ± èèæë�ë [æå _êç�æ �
çí ííèç�æ [æ �� êíåî�å [ê �� èèçê�ç [ë�� ççèæ�å [í îí�å è

©º^£�ª]Z£�zÀ�U+���[Ztd³Y��sZ��Z]�¾gyY��{yY�¾.d�]�®·[�Zc�[�uz¨¬°��\Àczc�¶]��yZd¨·�yu�²c��&*5��©È]�©º���1$5��1$5��/$,��/$,��
b�Y�®l´��¶¬oz¯�yu���º��Z]�©È]�±{¹��­º��¶¬oz¯�yu�µZÀ-��Z cyY��µz-�yZ°���­º��¶¬oz¯�yu�µz-�±ZÀ¯�©º���©È]�yu��¿uy�yZ°��

Z]v��uº��¾¯�¶À�ºc�®°Àd�Y�[Ztd³Y��sZ��{Y�µuZ d�Y��
¶§�b�Y�z§w�¶º] ­{ÇyZ°�Z·��sZ��yu�µv��uyY¹�aZ ��

¶§�¾�sZ��>Z¯¹|«�¹ uyYv³�bÀº°·YyZ°�uºs�yu�½zd�À]�b ��
v�Z]�¶dº�Yu�\�Z´¯�¶§�b�Y�²¿Y�v�Z]�¾¯�®¸¯�¶$³M�¹ b�À³�zc

c �½z¿x��bgYy¹�½ÇZº] ±Y|ºÀ¯�½YyYu�µvº� [Ztdº³Y�aZ º��º´
v�Z]�uz¨¬°��Z]�¾�Àcº³%�¾.d�]�®·�¹ ¾¨Àd³%�b�z�À���¾º�Àcº³%

�sZ��¦¿�yu�µvº� uyY¹�aZ º� ¹�®·�Z]�½v¿v��¾.d�]�®·�

v´�Z]�¶dº�Yv³�[Ztd³Y��sZ���º³�¹uz·�{Y�µv¯M�b�u�¶] j¿Zd³
v´§�¾¯�vÀ¿Pc�Yy�z¯Y�²º¿Y�|ºÀ³�b£u�v¿Z]�z.¿u��z��{Yz§voZc�u

´¯�²¿Y�¶]�µvº� ­Zºl³Y��¿Zº¯{M�²º¨°¯¹ ®£y�¾�Z§��º´c�{Y�yº�
�À��yu��¿Z¯{M�­Zl³Y�Z]�¶§�Yzº# vº�Z]�yYuyºszº] |ºÀ³��Àºp¯

�Àºp¯�{Y�¾�Àº�¹½Z·��sZ��b£u��¿Y|�Y�fº�Z]�®º£y�¹ Zº·
uº��¾¯�µv¯M�b�u�¶]�

[Ztdº³Y�½Zº·�sZº� {Y�±Yººc¾º¯yº�´º¯¶º]¹ zd¸]�­Zl³Y
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ayw�­Z£yY�yu�[Ztd³Y�½Z·��sZ��²ÀÀ�c�=HD�PD\V�/��yº�´¯�¶]����

íæ

¢º�º¯|À³�½zÀ-�+y¹u�½Zº·¶¯Z³zº] zºcuz§�½zÀ-�µz¸]�ayº��²¿Y�¶]�
¶º§�b�Y�zd�À]�Zº¸³M��sZº� µvº¯M�bº�u�¶º] yYvº¤¯�¶º§ ¾º´¿v«Y¹

¾cyºº�yu±M�uº^¸]�v�£�¶§�z�³�uyº¯�b ��¾º�¿Y|�Y�~³Zº¿yY¹�¶º§
®º¿yYu�Yy�¶]�Z¿�v�Z]�b º� ±M�¶º] �º]zº¯ ~³Zº¿yY¹�®º��Y�b°º�£�

Yy�v�Z]�®§�b ��±M�½¹y�¾�¿Y|�Y�zÀ��ª¯Yºº� ®¸º� zº.¿u�ayZ^º�

iZd³�¶§�u¹y�¾º¯ yZ�dº³Y�¹ µuYu�¾º£Èc�®º· Zº]±M�z�³�{Y�µv¯M�b�u�¶]
v´º�Z]�\º�Z´¯�b º��yu�aZ ��½z¿x��bgYy¹�¶§�b�Y�z�³�²¿Y�{Y

®¸¯�yZÀ�]��sZ��yu�µv��uyY¹�aZ ��[Ztd³Yb�Y��

uº��¾º¯ ¶Àº�ºc�bº¿Z¸³�yu½Yz]b�u�¶]�½Z·��sZ��¾¿YyZ§�¾�yz]�
¾]Z¿{yY�¾oÈ�Y�¶¯Z³z]�¦¿�yu�Z·��sZ��²¿Y��µv¯Muº��

µuZ d�Y�uyº¯��]Z´¯
Î�º#y �±Z§�æèíå�Y|kY�¹ uz¨¬°��¾]Z¿{yY½¾£Èc�{Y�µuZ d�Y�Z]�ayw�¶³Yu�uz¨¬°��ª«M�½u�½Z·�±Yz¿Y�¾�Yy{�­º¬��¶¬l¯��Ð�Ð��Õ�Î�
Ï�� �¾¿Z�y�æèìè�aZcZ^³ mÈ�Y�yu�[Ztd³Y�½Z·��sZ��aZcZ^³�mÈ�Y�¹ b�Yy{�­º¬��µz.´§�²À¯yZ¸#�|¿z^c�µZ.�³Yu�aYyZ�d³Y��
Ð�� �¾¿Z�y�­�Y ¹�Z�¬�¾³�æèìì�½uz]yZ§�±ºÀ�z-y�ªÀ¬pc�z]�½Y�¶¯v¤¯�±Z¸ �Y�¾d�´��µZ.�³Yu�z�³�|§z¯��©¹Y��Z#�
Ñ�º�À­ ��º�·Z�y�æèìí�Y|ºkY�¾º]Z¿{yY½±Z³�­v´-�­Z£yY�yu�[Ztd³Y�½Z·��sZ��²ÀÀ�c�¹ uz¨¬°���7ULWLFXP� DHVWLYXP�¶]�yº�´¯

¶³Yu�uz¨¬°���¿Y|�Y�aZcZ^³�mÈ�Y�v�yY�¾�Z´�yZ§�¶¯Z³�±Z¿Z�{YzÀ��µZ.�³Yu��½{y¹Z�§�µv¨�³Yu���ÕÑ¶p ���
Ò�]Yº³ºº� �¾�æèìê�º� ¾º�yz]º¸¯�aZ º�Yy{�®ºcº]�yu�¾º¶½Z·)�´-�º­v�7ULWLFXP�DHVWLYXP�´��¶]º²¿Ç�[Ztd³Y�yZÀ�¯�±Yº½Z·

uz¨¬°�z��¯È�Y�uY{M�µZ.�³Yu�v�yY�¾�Z´�yZ§�¶¯Z³�±Z¿Z��±Yz¸c��¾ÕÒ¶p ���
Ó�¡ �½v°p¯yº³�} ����auZÀ�� ¹�¾³Z�Z§�æèìë�b�Yy{�aÈ���©¹Y�v¬k�±Yz°#�vÀ¸��µZ.�³Yu�aYyZ�d³Y��{Yº·Y�

�� %DNHU��5� -��������6HOHFWLRQ�,QGLFHV�LQ�3ODQW�%UHHGLQJ��&5&�3UHVV��,QF����S��
�� %DQ]LJHU��0�� DQG�+��5��/DIILWOH��������(IILFLHQF\�RI� VHFRQGDU\� WUDLWV� IRU� LPSURYLQJ�PDL]H� IRU� ORZ�QLWURJHQ� WDUJHW�

HQYLURQPHQWV��&URS�VFL�����������������
�� )DNRUHGH�� 0�� $�� %�� DQG� -�� -�� 0RFN�� ������ &KDQJHV� LQ� PRUSKRORJLFDO� DQG� SK\VLRORJLFDO� WUDLWV� DVVRFLDWHG� ZLWK�

UHFXUUHQW�VHOHFWLRQ�IRU�JUDLQ�\LHOG�LQ�PDL]H��(XSK\WLFD��������������
��� )DOFRQHU��'��6��������,QWURGXFWLRQ�WR�4XDQWLWDWLYH�*HQHWLFV���UG HG� /RQJPDQ��1HZ�\RUN��
��� *DVWRUR��$�� DQG�*��$�� 6ODIHU�� ������*HQHWLF� ,PSURYHPHQW� RI�)LHOG�&URSV��6FKRRO� RI�$JULFXOWXUH� DQG�)RUHVWU\� RI�

0HOERUQH��3RUNXLWOH��9LFWRULD��$XVWUDOLD�
��� *LOPRUH�� (�� &�� -U�� DQG� -�� 6�� 5RJHUV�� ������ +HDW� XQLWV� DV� D� PHWKRG� RI� PHDVXULQJ� PDWXULW\� LQ� FRUQ�� $JURQ��-�

��������������
��� *UDILXV��-��(��������0XOWLSOH�FKDUDFWHUV�DQG�FRUUHODWHG�UHVSRQVH��&URS�6FL�������������
��� -DWLPOLDQVN\�� -�� 5���0�� ,��8UUXWLD� DQG�0�� -��$UWXUL�� ������5HODWLRQVKLS� EHWZHHQ� SKRWRV\QWKHVLV�� FDQRS\� WUDLWV� DQG�

\LHOG�LQ�IOLQW�W\SH�FRUQ��3ODQW�%UHHG��$EVW��������������
��� -RKQVRQ��+��:���+��)��5RELQVRQ�DQG�5��(��&RPVWRFN��������(VWLPDWHV�RI�JHQHWLF�DQG�HQYLURQPHQWDO�YDULDELOLW\� LQ�

VR\EHDQV��$JURQ��-���������������
���0DOKRWUD��9��9�� DQG�$��6��.KKUD�� ������*HQRW\SLF� YDULDWLRQ� DQG� FRYDULDWLRQ� LQ� LQGLJHQRXV� JHUPSODVP� RI�PDL]H��

,QGLDQ�-��$JULF��6FL���������������
��� 3HDUFH��5��%���-��-��0RFN�DQG�7��%���%DLOH\��������5DSLG�PHWKRG�IRU�HVWLPDWLQJ�OHDI�DUHD�SHU�SODQW�LQ�PDL]H��&URS�VFL��

������������
��� 5LWKLH��6��:���-��-��+DQZD\�DQG�*��2��%HQVRQ��������+RZ�D�&RUQ�3ODQW�'HYHORSV��6SHFLDO�UHSRUW��1R������,RZD�6WDWH�

8QLY��3UHVV��$PHV��,RZD�
��� 5RELQVRQ��+��)���5��(��&RPVWRFN�DQG�3��+��+DUYH\��������*HQRW\SLF�DQG�SKHQRW\SLF�FRUUHODWLRQ�LQ�FRUQ�DQG�WKHLU�

LPSOLFDWLRQV�LQ�VHOHFWLRQ��$JURQ��-���������������
��� 6KDO\JLQD�� 2��0�� ������ &RUUHODWLRQ� RI� \LHOG� LQ�PDL]H� SODQWV�ZLWK� LWV� \LHOG� FRPSRQHQWV� DQG� ELRORJLFDO� FKDUDFWHUV�

XQGHU�LUULJDWLRQ�LQ�WKH�ORZHU�YROJD�DUHD��6ERUQLF�1DXFKQ\NK�7UXGRY�3R�3ULNODGQRL�%RWDQLNH��*HQHWLNHL�6HOHNWVLL��
3ODQW�%UHHG��$EVW�������������

��� 6PLWK��2�� 6���$��5��+DOODXHU� DQG�:��$��5XVVHOO�� ������8VH� RI� LQGH[� VHOHFWLRQ� LQ� UHFXUUHQW� VHOHFWLRQ�SURJUDPV� LQ�
PDL]H��(XSK\WLFD���������������

���:DWVRQ��'��-��������7KH�SK\VLRORJLFDO�EDVLV�RI�YDULDWLRQ�LQ�\LHOG��$GY��$JURQ�������������
���:LOOLDPV�� :�� $��� 0�� %�� -RQHV� DQG� 0�� :�� 'HPPHQW�� ������ $� FRQFLVH� WDEOH� IRU� SDWK� DQDO\VLV� VWDWLVWLFV�

$JURQ��-����������������
��� <RVDI��0��������7KH�XVHV�RI�VHOHFWLRQ�LQGLFHV�LQ�PDL]H��=HD�PD\V /�������SS��,Q��$��0XKDPPHG��5��$NVHO�DQG�5� &��

9RQ�%RUVWHO��(GV����*HQHWLF�'LYHUVLW\�LQ�3ODQWV��3OHQXP�3UHVV��1HZ�\RUN�
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