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ª¯Yº��u{Z��¾¯�­|¬¯�Yy�µZÀ-�²¿Y�vÀ«ºc�±ZÀº«ºd¯��b�´º�yu�zgR¯�

v´¿Z°³�¾¿Z�Z´��Yy�vÀ«ºc��¿Y|�Y�
½z�Yz��bsYº³�¦º¿ ½Zº·�¿Zº¯{M�yu�¶«Zº� zº·yº�´¯�¶]
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vº�Z]�¾º¯��¿Yz��{Y�¾�À�¹�¶´¯Yu�yu��¬dt¯�­Z£yY�¶º§ Zºl³M�{Y
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¾cZoÈ�º�Y��¿YvÀº� ¶º] zºl´¯�Zº·�¹yv´º³Z¯¹ uz¨¬°��½yYvº¿Z��
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|º´À]�æí��º³�µyZ¯M�±Yº´��¶º] Yy�¾º³Z¨¯�±¹yu�~³Zº¿yY¹�µyZº¯M
­yZº¸#�,9�v³uºº°³�¶�Zº�Y�½v´º] ¶dº�u�²º¿Y�¶º]�ZcZdº§�æì�

¶^cy�²À.³ZÀ¯��sZ��5�¶^cy�yZÀ�¯��Yzp³Y�¹�6'5�,´§�¹
�æë�}Z�Yz]�Yy�½yYv¿Z��¹ uz¨¬°��½Yz]�±Z¯{�®·��´¿|-��¹y
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Z·��¹y�¹ uYº¯
º]±Y|À¯�z�³�{Y�¶^´��½Z·�¶-y¹u�¹ ­Zº£yY�²¿zºd¸]�²ÀºÀ�c�yº�´º¯ ¶

¾°À¬£Y��¿Yz��Z]�½yZ-{Z��²À´#�®º· ¹ �ZÀº«Y�bÀº À§��¾º·uyZ]
Z]�¾º¿Z·��¿Zº¯{Më¹ ®£y�ç©Z��{Y�²À¯Yy¹�v·Z��Z]�¶^´��¶-y¹u�

æèìëyu�©Z��¹u�av¯�¶º]ë¾cZ¤À¤pc�µZ.d�¿Y���±Z¸ �Y��±Z�¯
b]zc�¹ yº]Z�À³��²¿Yz º�Y��uyº´ºl]­Zk��­Zl³Yv��­Z£yY�²¿Y¹

¾�uZ�c�ª¯Z§�½Z·�¥º¬]�¶¿Z��mz��\º«Z£�yu�Zº·¶º-y¹u�5&%'�
v´d�z-�yYz£�¶�¿Z¤¯�uyº¯�¾]M��¿Yz��yu�¹ yYzº¨c�yZº¸#�yu�z·

boZ�¯�¶]�¾�¿Z¯{M�az§í�êçª¯Z���]z¯zd¯�ë�s�ææ½zd¯�
¶¬º�Z��Zº]íå¹ �º�s�²À]�zd¯�¾d³Zº�çåZ·�¶cº]�²À]�zd¯�¾d³Z��

uºº]�¶º]½yZ¯M�aZ^�Zp¯�¹ b�Yuz]��¶À�Zo�yZgM��·Z§�yº�´¯�
½Z¸d³Y�¹ Yvd]Y�{Y�zºd¯�®Àº³ �xºo Zº]é¹ ­Zl³Y�az§�z·�¾³ZÀ¯��s�

n���yu�½zºÀ-uyº§yèçb�z-�ayº���]z¯�zd¯��~³Z¿yY¹�¶¿|lc
©Zº� yu�¶¤�´º¯ zº· µuZº�©º�p¯�½¹y�¾�yz]�uyºº¯ ½Zº·�¹�

b�z¿x��ayº��aZ·Z^d�Y�¾dsYº³�¦¿�²ÀÀ�c�yº�´¯�¶]¾�¿Z¯{M
µuZ dº�Y�bº¬cyZ]�±ºº¯{M�{Y�v�j¿Zd³�}Z�Yz]µv¯M�b�u�¶]{Y�

�±Z¸ �Y��±Zº�¯�¢�Z´º¯ ½Zº·�¿Zº¯{M�bº¬cyZ]�±ºº¯{M�yº]Z�À³
©Z��yu�­Zk�b]zºc ¹ uyº´ºl]ìë¶¿|lc�¹ �xo�aZ^�Zp¯�{Y�

�Àcº³%�ª]Z¤d¯�yZgM�²ÀÀ�c�yº�´º¯ ¶º] \§zº¯ ~³Zº¿yY¹��Àp¯
�*(�Y ¢�Z´º¯ ¶Àº¤]�½Zº·µuYu�½¹y�zº]v¿uzº- ­Zºl³�±º¯{M)

vÀ¯Y�}Zº�Yz]yZ°Àc�±uº]�b]Zg��z��Z]�aZ�]z¯�²À.³ZÀ¯�¾�Z¿y
b�z-�­Zl³Y��Àp¯�±uº]�¾�uZ�c�¹�

½Yz]���Àp¯�¹ �Àcº³%�ª]Z¤d¯�zgY�±uº]�yYu�¾´�¯�¶]�¶kººc Zº]
µ¹z-�½Z·�µyZ¯M�{Y�½yYv¿Z��¶¿|ºlc&�%�$¹'¹ ²À«���ºc�¶§�

±YyZºº¨°·�æî��ººº³ ¶ºº� yu,,�,¹,,,¤c�vºº³Yµvºº� ½v´ºº] ®Àºº�
v¿uzº- µuZ dº�Y�uyº¯�½Z·�¶-y¹u�¹ ­Z£yY�½yYv¿Z��²ÀºÀ�c�½Yzº]

~³Zºº¿yY¹�½zººd¯YyZ��½Zºº·�sZºº� {Y�¾ºº�yz]�²ºº¿Y yu�µuZ dºº�Y
�Àºcº³%�zº· ¾º�Àp¯��L6G�z¯¹y���ºc�µv��¾º�z�¯�çæ�¹

¾�Àp¯�aYzÀÀ�c�\¿zº��&9L�¹ ~À�³Yz����ºc�µv��¾�z�¯
+z^´³Z§�æê��~³ÇY¹º§Y���LZ�¦¿y���ºc�µv��¾�z�¯�çè��

½yYvºº¿Z��~³Zºº¿yY¹��LV�È§ººº� �ºº�ºc�µvºº� ¾ºº�z�¯�çç��
±ºÀº�z-y�\¿zº��EL�±º�´À¨¬¿¹�¹ ¾¬´À����ºc�µv��¾�z�¯

�æé�±ºÀ�z-y�{Y��Yzp³Y����L6G�ayZ·z]Y���ºc�µv��¾�z�¯�
¹ªº�Yy�æè��Àºcº³%�zº· ²ÀºÀ^c�\¿zº� ���L5�µv��¾�z�¯�

}ºdº´À���º�ºc�çå�¦¿zd¯YyZ�Z³�½Z·��sZ��{Y�²Àº´#�®º· ¹
¶^ºcy�²Àº.³ZÀ¯�5�¶^cy�yZÀ�¯��Yzºp³Y�¹�6'5�µv��¾�z�¯
ZcZdº§ �º�ºc�æì�¹yu¿Z¸³byZÀ�¯�<VLyº�´¯�¶]ºc��´¿|-�O­

½Yzº],´º§ �º�ºc�¶º§ ½yYvº¿Z��¹ uzº¨¬°��æë�µv��¾�z�¯
µuZ d�Y�b�Y�µv�

yº�´º¯ ¶º]�¬dt¯�½Z·�²À#�©º�p¯�{Y��ZÀ«Y�bÀ À§�²ÀÀ�c�
©Zº� ¹ ¢�Z´º¯ ¶Àº¬§�yu�­Zº£yY½zÀ-�¶³º°³�¾º�yz]�uyºº¯ ½Zº·

½¹y�z]�¹ ¶À¸c�bsYº³�¦¿ê¾.°·�¶§�¶^´��½uZ�d£Y�®¸¯�b ��
aZ º� {Yº�øï��Àp¯�zºÀgPc�bºpc�¹ µuºº]d�·v´¾�yz]�½Z·

­Zºl³Y�¾·Z.º�¿Z¯{Mº�v�ayZ^��aZ ��²º¿YY{Y�v³�ªÀ§�v�yu
�/LQW� SHUFHQWDJH����¹�¶]��ZÀº«Y�¾º³{¹�vº�yu��ZÀ«Y�©º���
�6SDQ� OHQJWK� ��� �ººº�Yzº«Y�bººº�ZÀ��0LFURQDLUH� LQGH[��

À«Y�­Z¨pd�Yº�Z��)LEUH� VWUHQJKW� �J�WH[��sYº³�¦¿�¹º�ZÀ«Y�¾d
�8QLIRUPLW\�UDWLR�v´d�·�

yY|�Y�­z³�{Y�µuZ d�Y�Z]��½yZ¯M�ªÀ¬pc�¹ ¶¿|lc0VWDWF­Zl³Y��v�

fp]�¹ j¿Zd³
¶]�²À¯Yy¹�®£y���º��bpc�¢�Z´¯�yu�­Z£yY�©ºº�p¯�²Àº.³ZÀ¯
½yYv¿Z��½Z·�µyZ¯M�¹ ~³Z¿yY¹�\§z¯�¹ µuZ��¶¿|lc�j¿Zd³�µYzº°·

©¹Yvººk yu�æ�ç¹è�bºº�Y�µvºº� µuy¹M�±Zºº�³�j¿Zdºº³ ²ºº¿Y
¶§�v·u�¾¯�

�º«Y�¬°��²À]²À¯Yy¹�®£y�Z]�¶�¿Z¤¯�yu�¾�yz]�bpc�­Z£yY�uz¨
�v·Zºº��uºººk¹�vºº�yu�¦ºº¿ n�ºº� yu�yYu�¾ºº´�¯��ÈdººsY

uyYu�©¹vkè��
[�uyº¯�½Z·��Àp¯�uz¨¬°��²Àº] �ÈdºsY��\§zº¯ ¶¿|ºlc�yu�

¹ µuº]�yYu�¾´�¯�vº�yu�¦º¿ n�º�yu�½yZº¯M�zº�³�{Y��¿Zº¯{M
¾ºº�yz]�uyººº¯ ­Zºº£yY�½Yzºº] ¢�Z´ºº¯ ¾ºº°À¬£Y�a¹Zºº c�½Z¿ººº-

b�Y�©¹vkç��
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±º´��¹ ­º¬�¾�À^���]Z´¯�¹ ½{y¹Z�§�©Z�®d�·��µyZ°�­yZ¸#��±Zd�¯{æèíÐ

îç

i�­Z£yY�ª§�²Àº.³ZÀ¯�¶º�¿Z¤¯��©¹vkè�®£y�¶§�v·u�¾¯�±Z�³
zº§º§��¹�uz¨¬°��Z]�yZ�¬]èçëæ²¿zd�À]�yZd¨·�yu�­z-º¬À§�

Z£yY�z¿Z��¶]�b^�³�±M��ÈdsY�¹ ¶d�Yu�Yy�vÀº«ºc¾�yz]�bpc�­
b�Y�yYu�¾´�¯�v�yu�¦¿�n���yu�¹ v´¨�Zc�­Z£yYë�íçåéæZ]�

\Àczc�¶]�uzº¨¬°���º�ºd¯�èåìê¹èåçíyZd¨·�yu�­z-º¬À§��
zº§º§�{Y�vº�]�®£y�¶]�b^�³�v�yu�¦¿�yYu�¾´�¯�n���Z]�yZ�¬]

v·u�¾¯�±Z�³�yYu�¾´�¯��ÈdsY�²À¯Yy¹�
u�Yu�Z]�¾�yz]�bpc�­Z£yY�¶À¬§�²Àº] yu�ªoZº� ®º£y�±uº]�Yyçéåé

v·u�¾¯�±Z�³�Yy�©º�p¯�±Y|À¯�²¿zd°§�yZd¨·�yu�­z-º¬À§�
º·�Yz§Y�½Z��­Z£yY�±èçéÇZ§�¾� ��èèyZ�¬]��éèèZ]�\Àczc�¶]�

uz¨¬°��±Y|À¯���ºd¯çîìå�çîéê¹çîåéyZd¨·�yu�­z-º¬À§�
v³yYu�yYz£�}È§�¦¿�yu�

¹�yYu�¾´�¯�v�yu�¦¿�n���yu��Àp¯�yu��Àºcº³%�ª]Z¤dº¯ zºgY�
º¯vº�Z]�¾�©¹vºkç��v¿R¯��Àp¯�yu��Àcº³%�ª]Z¤d¯�zgY�uºk¹

¾c¹Z d¯�½Z·�ª°�«Y�~¨��¾º�yz]�uyºº¯ ­Zº£yY�¶º§ bº�Y�²º¿Y
½yº��¶] v³Y�µuYu�±Z�³�uºs�{Y�¾�Àp¯��¿Yzº� ¶º] b^º�³²¿Y�¶§

bº�Y�yYu�¾º´�¯�zºgY�­Yv§�®¸��¶§�b�Yu�z�³�yu�vº¿Z]�²¿Yzº]Z´]
yu�¶§�b�Y�zd°§�ª]Z¤d¯�zgY�ªÀ¨º�c�yu�¶dº¿yY¹v¿Z]�ayº��²¿Y�

uuz-��t�¯�Z·��Àcº³%�½yYv¿Z��
�¾ºº¬´À��½uZ¸´ºº�À��½Zºº·�¹y�}Zºº�Yz]�½yYvºº¿Z��¶¿|ººlc

©¹Yvºk yu�ªº�Yy�¹ ayZ·zº]Y�¹ ±ºº�´À¨¬¿¹�è¹é�¶WYyY�µv
�Àcº³%�ª]Z¤d¯�zgY�±uº^³�yYu�¾´�¯�b�Y�¾�s��Àp¯�©¹vké�

b�Z·��Àcº³%�¾³ºÀ�z-y�\¿z��±uºº] ~³Zldº¯ µv´º·u�±Zº�³�{Y
z��¾º�z�Z]�½yYu�¾´�¯��ÈdsY�|À³�Z·��Àcº³%�±ºÀ�z-y�\¿�æ E�
uYv³�±Zº�³�©¹vkè�¹ ®§�¾³ºÀ�z-y�\À��½Z¿º-�z¯Y�²¿Y�¶§

b�Y�­Z£yY�¶À¬§�½Yz]�±Z�¨¿��À]�
±ºÀ�z-y��s�{Y��Yzp³Y�zº¿uZ¤¯�¾º�yz]�yu�©¹vkè¹é�

n�ºº� yu�yZºº�¬]�yu�zºº§º§�¹ ²Àºº¯Yy¹�­Zºº£yYê�ÈdººsY�vºº�yu�
±ºÀ�z-y��s�{Y�yYu�¾º´�¯v³uYu�±Z�³��¾«Zo�yu¹ ­Z£yY�z¿Z��¶§

�ÈdsY�v�yu�¦¿�n���yu�¾.°·�¾�yz]�bpc�½Zº·¶º-y¹u
¾¯�±Zº�³�±ºÀº�z-y��ºs {Y�½yYu�¾º´�¯v³uYu�]¶z.¿u�ayZ^�

z§º§�¹ ²À¯Yy¹�­Zº£yY�½yYv¿Z��{Y�­Z£yY�z¿Z��Z]�¶�¿Z¤¯�yu�yZ�¬]

v³yYuyºszº] ½zdº�À]��Àc�¶]�¶§�¾�Z�Y�aÇZ¨�Y�{Y�¾¨¿,,¹
,,,²¿Y�uº��¾º¯ uyY¹�ªº�Yy�¹ ayZ·zº]Y�¹ ±ºº�´À¨¬¿¹��¾º¬´À��

¾.d�]��¿Z¯{M�yu�uºkº¯�½Z·�¶d¿yY¹�¶]�½yYv¿Z��yZÀ�¯�¶§�b�Y
b�À³�z¿x��bgYy¹�¾¨¿yºXc��Zp«�{Y�¹ ¶dº�Yu�yYu�¾´�¯�¾³Zg�yu

¶�]Yy�{Y�¾�Z³�b�Y�²º¨°¯�±ºÀº�z-y��ºs {Y��Yzºp³Y�±uºº]
¾cyZ^��¶]�Zº¿ ¹ vº�Z]�uzº¨¬°��¹ �Àºp¯�¾º�szÀ�¾-y|]�06

½yYv¿Z�Z³�{Y�¾�Z³�bº�Y�²º¨°¯�±ºÀº�z-y��ºs {Y�aZ�Yzºp³Y
¶d¿yY¹�uz¨¬°��Z]��Àp¯�¾�szÀ��¶�]Yy�uººk¹�¹ vº�Z^³�¶dº¿yY¹

¾º-y|]�\^º�06uuz-�±ºÀ�z-y��ºs {Y��Yzºp³Y��î��½Yz]
}ºd´À��Yy�½z.¿u�yZÀ�¯�\À��²¿Y���y�çå�]¶²ÀÀ^c�\¿z��­Z³

��5�p¯�¹ ±ZÀº]uºº°³�¶^º�Z� 665�66<�5�zº-Y�5¶^�Zp¯�
+y|º] µvº�¶]�b�Y�½º£�¾¬Às�¶�]Yy�¶§�b -�±Yºc�¾¯�v�Z]�zc

¾¬Às�¶�]Yy�¦¿��Àp¯�¹ Z·�¶d¿yY¹�uzº¨¬°��²Àº] zº.¿u�ayZ^º�
uyYu�uººk¹�½ºº£�©¹vºkèbpc�½Z·��Àcº³%�²ÀºÀ^c�\¿zº�

v·u�¾¯�±Zº�³�Yy��¿Zº¯{M�z§º§�­Z£yY��²À]�yu�²À¯Yy¹�¹ yZ�¬]
²ÀÀ^c�\¿z��Z]�¾�yz]�uyº¯�½Z·��Àºcº³%îé�å¹îæ�åv�yu�

º]¶v³v¿uz-�[Ztd³Y�yYv¿Z��½Zº·�Àºcº³%�±Yº´º��µyZ¯M�}Z�Yz]
��L:�¦º¿y�½uZ¸´º�À��çè�µyZº¯M�¹��LV�È§º��½uZ¸´�À�
�çç��²Àº¯Yy¹�­Zº£yYz§º§�¹ ªoZº��®¸��¶§�²¿Y�ªÀ«u�¶]�yZ�¬]

] Yy�ª]Z¤d¯�zgY�{Y�½zºd°§¶­Z£yY�±Yº´��¶]�v³Y�µuYu��Z�dsY�uºs
v³uz-�¾º¯ ¾º¤¬c�yYvº¿Z��¹ ÇZ]�yZÀ�]�|À³�­Z£yY�²¿Y�²ÀÀ^c�\¿z�

Z]�¾�yz]�uyº¯�½Z·��Àcº³%�¶Àº¬§�²Àº] yu�yZº�¬]�yu�zº§º§�®º£y
²d�Yu�îé�å 5��td³Y�yYv¿Z� ®£y�±Yº´��¶]v¿uz-�[Z�

¾�Àp¯�~³Z¿yY¹��¹y�Z]�Z·��Àcº³%�½yYvº¿Z��¶º�¿Z¤¯��L6�
ÇZ§�¾�º·�­Z£yY�¶§�v·u�¾º¯ ±Zº�³�eæçææ¹ ªoZ���v´¨�Zc��

L|k�\Àczºc ¶º] ²Àº¯Yy¹v´�Z]�¾¯�yYv¿Z��­Z£yY��©¹vkè��²¿Y�Z]
Yz§Y�½Z��®º£y�¶º] �º]zº¯ ¾º�Àp¯�±Zº�º³�²¿zdº�À]��sZº�

¾º¯vº�Z]�Y yuaYzÀÀ�c�¶§�©º�p¯�®§�­Z£yY�>Çº°�¯��¹y�²º¿
] v·u�¾¯�±Z�³�¾�Àp¯��¿Yzº� ¶º] b^º�³�½zºd°§¶®£y�±Yº´�

v³º��¾¯�¾�z�¯�yYv¿Z��
½yYvº¿Z��¶^º�Zp¯�}Zº�Yz]�&9L�±¹v]�¾°§�yZÀ�¯�¦¿�¶§

�]Yy�¹ µuº]�v�]º£ Yy�~³Z¿yY¹�¹ ²À.³ZÀ¯�²À]�¶º®£y�v¿Z°³�¾¯���
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±Z�Yzs�©Z°��yu�¶^´���t]�vÀ¯Y�½Z·�¶-y¹u�¹ ­Z£yY�uz¨¬°��½yYv¿Z��¾�yz]���

îè

©¹vké�½yYv¿Z��¶¿|lc�îcº³%�yu�¶^´���Àì�Àp¯��²À¯Yy¹�®£y���º��bpc���ª�Yy�¹ ayZ·z]Y�
aYzÀÀ�c��]Z´¯ ½uY{M�¶kyu aZ�]z¯�²À.³ZÀ¯ ±º¯{M

ª§ ëç
�Àcº³% í æ�éçééêì 

ëì�è

�Àp¯��¶d¿yY¹��Àp¯� êé
�Àp¯�¾�s� æ
�Àcº³%��Àp¯�¾�s� í èî�íîçëé QVìì�å

¾¬§��Yzp³Y éê êè�ææêêèè
²À¯Yy¹ ê 
æå�ëåèéæ

ë�íçåéæ ê 

èì�æíéæêì
Yz§Y�½Z��èçé ê 

îì�æìêëëé
ÇZ¨À��èè ê 

ëå�æèçéåè
ÇZ§�¾�º·�eæçææ ê 

ìí�îíåíç
z§º§�yZ�¬] ê 
îë�êíëêç
yZ�¬]éèè ê 

çæ�ææééêë

v´¨�Zc ê 

çæ�æéèìîì
ªoZ� ê 

êî�ìççéê

æëí ëêèç�æîîîå

QV¹

�� \Àczc�¶]©Z°doY�n���yu�yYu�¾´�¯�¹ yYu�¾´�¯zÀê�¹æ�

¶]�®§�¾�Àp¯�aYzÀÀ�c�\¿z��¹ ÇZ]�uz¨¬°��ªÀ«u�¶]�Yy�v´¨�Zc
uuz-¾¯�¾�z�¯�yYv¿Z��®£y�±Yº´��

Z·��Àcº³%�¶^ºcy�²Àº.³ZÀ¯�¶^º�Zp¯�j¿Zdº³ ¹ ªoYzº¯�5�¹
¶^ººcy�yZÀºº�¯��Yzººp³Y�6�'�5�ZcZdºº§ ½uZ¸´ºº�À���æì��¹y�¹

yu�,´§���ºc�¶§�½yYv¿Z��¹ uz¨¬°��½Yzº] ±Zº¯{�®º· �´¿|º-
©Zº�æîîè©¹Yvk�yu�µv¿uz-�¶ºWYyY��ê¹ë�b�Y�µv��µuy¹M�

©¹vºk aZ^º�Zp¯�}Zº�Yz]êz§º§�®£y��¶^cy�²À.³ZÀ¯�Z]�yZ�¬]
�éç�ç 5�¶^ººcy yZÀºº�¯��Yzººp³Y�êæ�æ�uzºº¨¬°��zººh§Yvo�¹
�èçëæ· yu�­zº-º¬À§�yZdº¨�uyº¯�½Zº·�Àºcº³%�¶Àº¬§�²Àº] yu

uuzºº-¾ºº¯ [Ztdºº³Y�yYvºº¿Z��®ºº£y�±Yº´ºº� ¶ºº] ¾ºº�yz]�­Zºº£yY
ë�íçåéæ½Z·�¶^cy�²À.³ZÀ¯�Z]�\Àczºc ¶º] v´¨º�Zc�¹�ìæ�è¹é���

¶^ºcy�yZÀº�¯��Yzºp³Y�èë�ç¹ìè�æ��uz¨¬°��¹èåçí¹èåìê
�ÈdsY�²d�Yu�Z]�v�yu�¦¿�½yZ¯M�n���yu�yZd¨·�yu�­z-º¬À§

yYu�¾º´�¯²À¯Yy¹�¾cyZlc�®£y�¶]�b^º�³�½�©¹vkè�z�³�{Y�yu
v´d�zºº- yYzºº£ ­ººº� ¹ ­¹u�½Zºº·¶^ººcy�yu�½yYvºº¿Z��}Zºº�Yz]

²Àºº.³ZÀ¯�Zºº] ²Àºº¯Yy¹�¾ººcyZlc�®ºº£y�ZcZdºº§ ½uZ¸´ºº�À���¹y
¶^ºcyçí�ê¹¶^ºcy�yZÀº�¯��Yzºp³Yéî�ç²À¿Z��uz¨¬°��ªÀ«u�¶]�

�çíêèyZdºº¨·�yu�­zºº-º¬À§���´¿|ºº- yu�¾ºº¤¬c�yYvºº¿Z�Z³�­Zºº£yY�
¯¾º�u�

¹ uz¨¬°��½Yz]�±Z¯{�®º· �´¿|º- µyZº¯M�¶^º�Zp¯��¹y�Zº]
½yYvº¿Z��<VL�z§º§�¶-y¹u�yYv¤¯�¹ uz¨¬°��zh§Yvo�Z]�yZ�¬]

�<VL�\Àczºc ¶º]èçëå¹ yZd¨·�yu�­zº-º¬À§�æç �<VL²À]�yu�
¹ ¾�z�¯�yYv¿Z���Àcº³%�±Yº´��¶]�¾�yz]�uyº¯�½Z·��Àcº³%�¶À¬§

uuzº-¾º¯ [Ztdº³Y�� �v´¨�Zc�­Z£yYYz§Y�½Z±èçé�ë�íçåéæ¹
yZº�¬]éèèz§º§�¶º-y¹u�{Y�vº�]�\Àczºc ¶º]�ªoYz¯�yu�yZ�¬]

v³zÀ-�¾¯�yYz£�[Ztd³Y�½v�]�©¹vkë��
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±º´��¹ ­º¬�¾�À^���]Z´¯�¹ ½{y¹Z�§�©Z�®d�·��µyZ°�­yZ¸#��±Zd�¯{æèíÐ

îé

©¹vkê�²À.³ZÀ¯�îyu�¶^´���Àcº³%�ì²À¯Yy¹�®£y���º��bpc�¢�Z´¯�yu�Z¸³M�½v´]�¶^cy�¹ �Àp¯�
³Yp¶^cy�uyYv³Zd�Y��Yz ¶^cy�²À.³ZÀ¯ ¶^cy ¨¬°��²À.³ZÀ¯uz ¶d¿yY¹ µyZ°�

éî�ç çí�ê ì çí�çíêè ²À¯Yy¹ æ

èë�ç ìæ�è è èåçí ë�íçåéæ ç

éè�ç êì�é é æé�çîìå Yz§Y�½Z��èçé è

ëç�ç ìæ�é ê íê�çîéê ÇZ¨À��èè é

åì�ç êì�ë í ìæ�çëëî ÇZ§�¾�º·�eæçææ ê

êæ�æ éç�ç æ çæ�èçëæ z§º§�yZ�¬] ë

èí�ç ê ë îç�çîåé yZ�¬]éèè ì

ìè�æ é ç ëì�èåìê v´¨�Zc í

îêæ�å ç�í î íî�çéåé ªoZ� î

îé�é

©¹vkë�uz¨¬°��µyZ¯M�¶^�Zp¯�ªoYz¯��½yYv¿Z���<6L�®·��´¿|-�½Yz]½yYv¿Z��¹ uz¨¬°��½Yz]�±Z¯{
uz¨¬°��aYz°³�
½yYv¿Z�

aYz°³
½yYv¿Z� ½yYv¿Z��~³Z¿yY¹ nÀp��¶^cy

µv� c¶^cy�nÀp� ¶^cy
uz¨¬°�

uz¨¬°��²À.³ZÀ¯
�yZd¨·�yu�­z-º¬À§�

¶d¿yY¹
ç� å QVîæ�éìëèé ç� æ� è Gçíêè ²À¯Yy¹
'ê� é� 
êæ�æîèåçí î� ç� ì EFèåçí ë�íçåéæ
è� é� 
éë�æíîåæí ì� æ� ë EFGçîìå Yz§Y�½Z��èçé
'ë� å QVçî�æçééåè ë� æ� ê EFGçîéê ÇZ¨À��èè
ç� ç� �æëçèéëèì å ç� ç Hì�çëëî ÇZ§�¾�º·�eæçææ
'æç� å QVéî�ëîíìå æç� è� î Dèçëæ z§º§�yZ�¬]
'ê� å QVæåîååì ê� æ� é FGçîåé yZ�¬]éèè
'í� ç� �íç�æêçèéé æå� ç� í Eèåìê v´¨�Zc
è� å åè�ëæåëì è� é� æ Içéåé ªoZ�

é� <VL�²À.³ZÀ¯ ìîîëå ¾�¿Z¯{M�µZ^d�Y�aZ�]z¯�²À.³ZÀ¯
æëí ¶kyuµZ^d�Y�½uY{MM�¿Z¯{

yZd¨·�yu�­z-º¬À§çîæå uz¨¬°����ºd¯
­z-º¬À§æçê n���yu�yYu�¾´�¯��ÈdsY�ª£Yvoê�

�¹
�n���yu�yYu�¾´�¯�\Àczc�¶]æå¹êv�yu�
'�µv��[Ztd³Y��Àcº³%�
QV�yYu�¾´�¯��ÈdsY�­v��
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îê

©¹vkì��¹y�Z]��´¿|-�j¿Zd³�¶�Ès�½yYv¿Z���¬dt¯�½Z·
À.³ZÀ¯�Àcº³%� uz¨¬°��²½Z·

¾]Ztd³Y�yZd¨·�yu�­z-º¬À§�
�Àcº³%¾]Ztd³Y�½Z· �´¿|-�yZÀ�¯ �Àc

çíìè ÇZ§�¾�º·�eæçææv´¨�Zc�� ¾�Àp¯�~³Z¿yY¹�¹ ¾�Àp¯�aYzÀÀ�c�\¿z� ,
çëçî ªoZ���²À¯Yy¹ ½yYv¿Z��~³Z¿yY¹�¹ ~³ÇY¹º§Y ,�,
èæëí z§º§�v´¨�Zc�¹ yZ�¬] À��±ºÀ�z-y�\¿z�±º�´À¨¬¿¹�¹ ¾¬´ ,�,
èåêì z§º§�²À¯Yy¹�yZ�¬] �²ÀÀ^c�\¿z�ª�Yy�¹ ayZ·z]Y�±ºÀ�z-y�{Y��Yzp³Y� ,�,�,

¦¿zd¯YyZ�

èæéé
çíèç
èæëí

z§º§�¹ yZ�¬]ë�íçåéæ
z§º§�ªoZ��¹ yZ�¬]
z§º§�v´¨�Zc��yZ�¬]

uz¨¬°��¶^cy�²À.³ZÀ¯
uz¨¬°��¶^cy�uyYv³Zd�Y��Yzp³Y

uz¨¬°��½yYv¿Z� ¿zd¯YyZ�Z³¦

©¹vkí��Àcº³%��ZÀ«Y�bÀ À§�²À¯Yy¹�®£y���º��bpc�¢�Z´¯�yu�¾�yz]�uyº¯�½Z·
���§ ­Z¨pd�Y

�ZÀ«Y
¾¬�z�
b¯¹Z¤¯

\¿z�
z³¹z¨À¯

¦¿¾dsYº³
�ZÀ«Y

�ZÀ«Y�©º� ªÀ§ ¾�yu¹{ uz¨¬°� �Àcº³%
ç�ì ç�çæ åî�ë é î�éë ì�çí ë�èê èé ç�çíêè ²À¯Yy¹
æ�ì î�çå êê�ë æé�é ì�éí î�çì ç�èì éì èåçí ë�íçåéæ
è�ì æ�çæ éç�ë èç�é ç�éí ê�çÔ ì�èí éæ æ�çîìå Yz§Y�½Z��èçé
ç�ì î�çå éé�ë æë�é è�éí ì�çí é�èê éæ í�çîéê ÇZ¨À��èè
ç�ì é�çå ëí�ë æè�é ë�éì è�çí è�èë êè ì�çëëî ÇZ§�¾�º·�eæçææ
è�ì ë�çå ëî�ë çë�é ì�éì í�çì æ�èì éç ç�èçëæ z§º§�yZ�¬]
æ�ì é�çå ëë�ë èì�é ê�éí è�çì ç�èè êì î�çîåé yZ�¬]éèè
è�ì çæ ìæ�ë è�é é�éî ì�çì æ�èê êë ë�èåìê v´¨�Zc
ë�ì æ�çæ íé�ë æè�é î�éì è�çí è�èç èë í�çéåé ªoZ�

¶�Ès�¹ ½yYv¿Z���¬dºt¯�½Zº·µyZº¯M�aZ^º�Zp¯�½v´º]�º°k
©¹vk�yu��¬dt¯�½Z·��¹y�Z]�­Z£yY��´¿|-ìb�Y�µv��¶WYyY��

c Zº]¹ µv��uZ¸´�À��½Z·��sZ��Z]�a¹Z d¯�­Z£yY��´¿|-�¶]�¶kº
¾�yz]�Z]�¶�¿Z¤¯�yu�±Z�¨¿�j¿Zd³�xºsY²À¤¤p¯�z¿Z��½Z·�æ�Ï�

è�ê��Ó�Õ¹ÎÏ�uuzºº-¾ºº¯ uZ¸´ºº�À��¶Àºº¬§�¶^ºº�Zp¯�{Y�~ºº�
½%º«º´¨c�¹ ¾�Yy{�½Z·�¾-&¿¹��Zp«�Z]�­Z£yY��´¿|-��Zº·µyZº¯M

uzºÀ-�­Zºl³Y�©º�p¯�²¿Y�,´ºcZ.´c��Z^ºcyY�¾kZ�³�b�´��Z]
¶]�¶kºc�ay¹z��¹ ¾�§�²�¹y�¹ ¾º´§�¥Zº� ¶^º´��aZºl³ZsyZ§
©º���ªÀ§��¾�yu¹{�¶¬°k�{Y�¾d�´��¹ ¾�Yy{�½Z·�¾-&¿¹�z¿Z�
b�Y�¾°¸¯�uyYº¯�{Y��ZÀ«Y�¾dsYº³�¦¿�¹ �ZÀ«Y�bº¯¹Z¤¯���ZÀº«Y

{Y�½Y�µyZº� yu�¶º§¹ µuYu�yYz£��Z��«Y�bpc�Yy�ª�Zo�j¿Zd³��º£Yº¯

¦ÀcZ°dº�À���zº.³�ay¹zº�uyº¯�­Z£yY��´¿|-�yu�Yy�z-�mÈ�Y
cPv·u�¾¯�yYz£�vÀ§�

©¹vºkí±Z�³�Yy�¾�yz]�uyº¯�½Z·��Àcº³%��ZÀº«Y�bÀº À§�
vº·u�¾º¯�¶§�uº��¾¯�b�Yuz]�²À´#�µv¯M�b�u�¶º] ½Zº·µuYu�{Y�

¾�yu¹{�aZ ��yu�½zcz]�ªÀ«u�¶]�yZ�¬]�yu�z§º§�¶-y¹u�b^�³
�¹�©º�p¯�ª§�¶º] ©¹Y�²Àº#�dsYº³�¦¿�v�yu��ªÀ§�v�yu¾

\Àczºc ¶º] ��ZÀº«Yí��ê�æ��Õ�Í�v·Z��¶]�b^�³�²À¯Yy¹�¹
j¿Zd³�¶]�¶kºc�Z]�¶§�²¿Y�¹ uz¨¬°��zº�³�{Y�±M�½zºcz]�²Àº´#�®º·
½zc�\�Z´¯�½yYv¿Z��µv��¶^�Zp¯�a¹Z d¯�½Z·�µyZº¯M�{Y�ªº�Zo

uyº¯�½Z·��Àcº³%�¶]�b^º�³¾�yz]®£y�±Yº´��¶]�v³Yºc�¾¯��uyYu�
®£y���º��bpc�¢�Z´º¯ yu�[ºº¬�¯¾�z�¯�¹ �´¿|-�²À¯Yy¹
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±º´��¹ ­º¬�¾�À^���]Z´¯�¹ ½{y¹Z�§�©Z�®d�·��µyZ°�­yZ¸#��±Zd�¯{æèíÐ

îë

ºº�u�¶¬°k�{Y��ZÀº«Y�½Zº·¾º-&¿¹�z¿Zº� zº�³�{Y�¶º-y¹u�²º¿Y
uyYu�yYz£�n���¦¿�yu�²À¯Yy¹�®£y�Z]��ZÀ«Y�b�Yz��¹ bº¯¹Z¤¯�
\^���²À¯Yy¹�Z]�¶�¿Z¤¯�yu�¶-y¹u�²¿Y�¾º�yu¹{�½ÇZº] vº�yu

½yZ°À]��aZ�M�ayZ�s��·Z§b�Yuz]�±Z¯{�yu�±YyZ]�¹ Z¯z���Z·
bºº�u�¶ºº] �ZÀºº«Y ¹ µvºº�¾ºº]º¬�¯�bÀºº À§�{Y�|ººÀ³ ±M�{Y�µvºº¯M

bÀ°·Y�|WZo�¶^´��½v´]�®£y�yu��º�º¯�²¿Y�¶º§ �µuºº] yYuyºszº]
bº�Y�b¸k�\�Z´¯��¿Yz��®£y�²º¿Y�¾º�yu¹{�±M�zº] µ¹Èº�

Z��aÈ���£º¯�¶º] bº�§¿µ|À�¾�Yy{�[¹Z´c�v¿Z°³�¾¯�®·Yz��Yy�yu
½%º«º´¨c�¹ ¾�Yy{�½Z·�¾-&¿¹�¶À¬§�¶]�¶kºc�Z]�¾º¿Z¸³�½v´º]�º°k

Àº«Y®£y�±Yºc�¾¯��ZÀ«Y�©º��b ��®À¯zc�¹ ±ºÀ�¨¬��­Zºl³Y�Zº] ��Z

zº§º§�¹ uz¨¬°��Z]�¶^º´��}yu¹{�®º£y�¦º¿ ±Yº´º� ¶º] Yy�yZº�¬]
uº°³�¾�z�¯�²À¯Yy¹�®£y���º��bpc�¢�Z´¯�½Yz]�ÇZ]�½yYv¿Z��

½yY|.�Z��
²¿vºº]¦ºº°§�¹ ½zººl¯�±Zºº¤¤p¯�¹ ±Zºº�Z´�yZ§�¶Àºº¬§ {Y�¶¬Àºº�¹

Yu�b^g�¹ YzkY�yu�¶º§ ¾³Zº�Z´�yZ§�¬dt¯�¢�Z´¯�yu�­Zs�½Z·�µu
{Y�uv�c�b¬��¶]�¹ ¶d�Yu�b§yZ�¯��ZÀ«Y�½%º«º´¨c�µZ.�¿Z¯{M�¹

¾¯�½yYuuºs�uYz�Y�­Z³�¦c�¦c�z§wº�u�®¿Z°³�¾¯�¾³Yuyv£�¹ z¨�c��

�]Z´¯µuZ d�Y�uyº¯�
Î�Y�½|¿z^c�½vÀ¯Y�m�­ ��y�­ �½v°oY�y�½yYº�¸��} ¹�¾°¿z§�æèìî�Yu�uz¨¬°��½yYv¿Z��¾�yz]yu�²�¹y�¹ ¶³²¿Ç�¹ ®£y�v´#

¶³Zd�¯{�,³z¬-�yx]�¹ ©Z¸³æë�ç��ÎÐÍ�ÎÑÒ�
Ï�a �¾WZ´]�æèìë�vÀ ��uºt³�®£y�µu{Y¹u�½yZ-{Z��¹ uz¨¬°��¾�yz]�yx]�¹ ©Z¸³æè�é��Î�ÎÎ�
Ð�y �±Z-ºº#�æèìí�½yYvº¿Z���¬dºt¯�½Z·yZÀº�¯�{Y�µuZ dº�Y�Zº] ½Y�¶º³Yu�ayw�½Z·v¿zº^À·�uzº¨¬°��½yYvº¿Z��¾º�yz]�©Z¸³yx]�¹

æê�è��æíé�çåë�
Ñ�± �µv´]Yvs�æèìè�¾d�´� ±Z·ZÀ-�b�Yy{�z¸���z�³�|§z¯�aYyZ�d³Y��®l´���Z#�±Yz¸c��
Ò�{ �yº�º³Z¤·u�¹��­vº¤¯�æèìí�ayw�}yu¹{�¾¬Às�¹ }yu¹{�½Z·v¿z^À·�½yYv¿Z��¹ uzº¨¬°��½Yzº] ±Zº¯{�®º· �´¿|º-�yx]�¹ ©Z¸³

æê�è��ÏÍÓ�ÏÎÔ�
Ó�� �½{Z^¸��yº��{Z^·Z��æèìë�Z¿º���¬dt¯�­Z£yY�uz¨¬°��½yYv¿Z��¾�yz]�yx]�¹ ©Z¸³æè�é��çæ�æç�
Ô�} �¾³Z�À¯v^��� ¹�Y�½z¸�º]�aZl³�æèìë�¾¬À°¨c�aZcZ^³�mÈ�Y�©¹Y�v¬k�©¹Y��Z#�±Yz¸c�µZ.�³Yu�aYyZ�d³Y�±Yz¸c�
Õ�� �z�uZ�z��æèìì�¦Àd³%�uz]yZ§�øï�aZcZ^³�mÈ�Y�yu��­¹u�v¬k�©¹Y��Z#�u aYyZ�d³Y½{Yy�µZ.�³YµZ�³Z¯z§���
Ö�­ �­v¤¯�æèìê�¾¬À°¨c�aZcZ^³�mÈ�Y�|¿z^c�µZ.�³Yu�aYyZ�d³Y�
ÎÍ�� �½z�Z³�æèìé�¶^´��½º�y�}v£�±Zd�M�¾.´·z��b³¹Z�¯�aYyZ�d³Y��©¹Y��Z#¯ �v¸��

ÎÎ�± �¾d°�³�æèìì��Yºs�¶�¿Z¤¯�¹ ¾�yz]�¾¿Z ³̧��yY|-�øï�¶^ �́��t]�vÀ Ȳ�­Z£yY�¾ À§�¹�¶^ �́�aZ¤À¤pc��t]¾ À«�±Z·ZÀ-¹�²À Ȳy¹���

ÎÏ�{ �uY&º³z´·��m�­ �¾dº�yu����¹ ¾p«Zº� vº°p¯��,³zºc�æèìë�¾�Àp¯��¿Yz��yu�j³z]�¹ ­Z£yY�½yZ-{Z��¹ ½yYvº¿Z��²ÀºÀ�c
�¬dt¯�©Z¸³¹yx]�æè�é��ÐÏ�ÑÐ�

���(EHUKDUW��6�$��DQG�:�$��5XVVHOO��������6WDELOLW\�SDUPHWHUV�IRU�FRPSDULQJ�YDULHWLHV��&URS�6FL� ��������
��� )LQOD\��.�:��DQG�*��1��:LONLQVRQ��������7KH�DQDO\VLV�RI�DGDSWDWLRQ�LQ�D�SODQW�EUHHGLQJ�SURJUDPH��$XVW��-��$JULF��

5HV�������������
��� )DUQFLV��7�5��DQG�/�:��.DQQHQEHUJ��������<LHOG�VWDELOLW\�VWXGLHV�LQ�VKRUW�VHDVRQ�PDL]D��,�$��GHVFULSWLYH�PHWKRG�IRU�

JURXSLQJ�JHQRW\SHV��&DQ��-��SODQW�6FL���������������
���.DQJ��0�6��������6LPXOWDQHXV�VHOHFWLRQ�IRU�\LHOG�DQG�VWDELOLW\�LQ�FURS�SHUIRUPDQFH�WUDLOV��FRQVHTXDQFH�IRU�JURZHU��

$JURQ��-�������������
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±Z�Yzs�©Z°��yu�¶^´���t]�vÀ¯Y�½Z·�¶-y¹u�¹ ­Z£yY�uz¨¬°��½yYv¿Z��¾�yz]���

îì

���.HWDWD�� +�� ������ *HQRW\SH�î HQYLURQPHQW� LQWHUDWLRQ�� 3URFHHGLQJ� RI�%LRPHWULFDO� WHFKQLTXHV� IRU� FHUHDO� %UHHGHUV��
,&$5'$��$OHSSR��6\ULD�

���/LQ�� &�6�� DQG�0�5�� %LQQV�� ������ $�PHWKRG� RI� DQDO\]LQJ� FXOWLYDU�î ORFDWLRQ� î \HDU� H[SHULPHQW��$� QHZ� VWDELOLW\�
SDUDPHWHU��7KHRU��$SSO��*HQHW�������������

���/LQ��&�6���0�5��%LQQHV�DQG�/�3��OHINRYLWK��������6WDELOLW\�DQDO\VLV��:KHUH�GR�ZH�VWDQG��&URS�6FL�������������
��� 3LQWXV��0�-��������(VWLPDWH�RI�JHQRW\SLF�YDOXF��$�SURSRVHG�0HWKRG��(XSK\WLFD������������
���5RPPHU��7��������6LQG�GLH�HUWUDJUHLFKHQ�VRUWHQ�HUWUDJVVLFKHUHU"�0LOO��'/*����������
��� 6KXNOD�� *�.�� ������ 6RPH� VWDWLVWLFDO� DVSHFWV� RI� SDUWLWLRQLQJ� JHQRW\SH� HQYLURQPHQWDO� FRPSRQHQWV� RI� YDULDELOLW\��

+HUHGLW\�������������
���:ULFNH��*��������8EHU�HLQH�PHWKRGV�=XU�(UIDVVXQJ�GHU�RNRORJLVFKHQ�VWHUXEUHLWH�LQ�)OHGYHUVXFKHQ��=��3IODQ]XHFKW�
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