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åé�å���Y�Y��vºº� �ººº¬t¯�~�ºº�POçååZºº] ¶³ººº°³�zºº· {Y�

½Z·¶«º«�yu�¹ ¶d�Yuz]�b�À�¹z¨À¯�y¹v´�Y��µv��½yYx-�b¯È��
� ¶dºt¿yºv³v¹POíåå�Y�º� ±ºdºµv��uz�$FHWRQ�LFH� FROG�¶]

v¿uzº- ¶�Zº�Y�Zº¸³M�¾°§�yYv¤¯��l´º� yº�´º¯ ¶º] Zº·¶³ºº°³
yu�¾·ZÀ-�½Zº·ªÀ�¹zº¬§q&év³v��½yYu�¶.³��½yYu�¶.³�ª]Z£�¶§

µZ.d�u�{Y�µuZ d�Y�Z]�¶§�bº�Y�­{Ç�¹ µuº^º³ ¾º³Çº��avº¯ ¶º]
�¹zd¨�º�Y¶º³Yv.³y�±Y|ºÀ¯�½zd¯ºcºµyYv³Y�b£¹��z�Y�yu�Z·½zÀ-

v³º���`«º«�±¹yu�Yy�µv��iYztd�Y�_yZ���`À¤]POê¾¨Àd�È��
yYu�º�zº��%ºÀ ¿zd³Z��_&º¿¹�½¹y�¶³º°³�aZ�t�¯�¹ ¶dt¿y

vº� ¶dº�º³�±M�­Zl³Y�ªoYz¯�`À¬§�¶º§ bº�Y�nÀº�ºc�¶º] ­{Ç
b�z-�­Zl³Y�rº¿ ½¹y��¿Zº¯{M�Z]�Z·¶³º°³�~�� ¹{Y�µuZ d�Y�

%ºÀ ¿zd³Zº� Yzºd«¹Y�ææååå¶¤Àº£u�yu�y¹u��avº¯ ¶º]çè¶¤À£u�
v³v��%ºÀ ¿zd³Zº��z·�©º¬p¯�_v���Z��b°�£�¶¬oz¯�²¿Y�yu

¶«º«�POìåå�¹ ¶d�Yuz]b�z��¶]y|¿z��¶]�q&çå�v³v��ª¤d´¯�
�Õ��uyº�uYz]��¹y�¶]�Z·¶³º°³�²ÀXc¹z��¾°§�yYv¤¯�%UDGIRUG�

v��½zÀ-�µ{Yv³Y�è��®lo�®·�Z]�µv��iYztd�Y�½Z·�©º¬p¯�`À¤]
�ºº�t¯�zº�Z]�{Y�~¿zºc�v¿Yz¬§åëçê�åyÇº¯��í�ë�S+��

çºº©ºcZcYºd�Z§zº¯ê���Y�Y�}Y���½u�}Yç���Z�Y�©¹z�À¬-��
æå���Y�Y�ºº¬]�ª´º� º¯¹zº] ¹åæ�å���Z�Y��¹ µv���º¬t¯¶]

avº¯ç�ºk�[M�yu�¶¤Àº£u��q&ÎÍå�¶]�~���¹ v´d�z-�yYz£
avºº¯çåZºº] ¶¤Àºº£uéåååv³vºº� %ºÀ ¿zd³Zºº� y¹u��bºº¿Z¸³�yu

p¯º« ªsYu�aZ¿ºdº«ºº�£�¹u�¶]�Z·�¶º¹u�yu�¹ µv¿uz-�®À�¤c�b°
�y¹v´º�Y�POê�æ�y|¿z��yu�¹ ¶dºt¿yq&çå���\�Z´¯�±Z¯{�Zc

½{yº�¹zd¨«Y�¾�yz]�¹ ¾]Z¿{yY�b¸k�v³v��½yYu�¶.³�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

ææå

³YºÀ-µ{Yvº¯ ½zº¤º¿uZº§zº¬ºÀ�¹zº½Z·ªD�Ec¹yZ§�¹vÀWº´
�&DURWHQRLG�

¶]�²ÀXc¹z��iYztd�Y�­Z.´·�yu�¶º§ ¾º¿Z·¶³ºº°³�¶¬ozº¯ ²º¿Y�yu
¶³Yv.³y�¾°§�±Y|ºÀ¯��l´º� yº�´º¯Z·�vÀWº´c¹yZ§�¹ ªÀ�¹z¬§�

y¹u�yu��uºº] µvº� ¶dº�Yuz]USPææååå½Z¯u�¹q&éav¯�¶]�
æå¶«º«�¶]�¾¿ÇZ]�©º¬p¯�~��¹�µv¿uz-�%ºÀ ¿zd³Zº� ¶¤Àº£u�½Z·

ª¤dº´¯�vº¿vk�³vv�yu�yº³�[xk�yYv¤¯�¶¯YuY�yuèiº¯�©º��
éìå�ëéë¹ëëè½zd¯ºcº�¹zd¨�ºº�Y�µZ.dºº�u��ºº�ºc��zººd¯º³Z³�

µ{Yvºº³Y�ºº°k�{Y�~ºº� ¶ºº§ vºº� ½zººÀ-µuYu�½y¹Mzºº¿uZ¤¯��Zºº·
ªÀ�¹z¬§½Z·D�Ev¿uz-�¶^�Zp¯�z¿{�aÇuZ�¯�¢^��vÀWº´c¹yZ§�¹�

&KO�D ��J�PO���� � ê�æç $ëëè � êê�ç $ëéë

�FKO�D� �DªÀ�¹z¬§ � FKO�E� �EªÀ�¹z¬§� �
$� � �z�³�uyº¯�iº¯�©º��yu�yº³�[xk�±Y|À¯ >Î@

&KO�E���J�PO���� � çî�æí $ëéë � êí�ç $ëëè >Ï@

&DURWHQRLG���J�PO���� ��æååå $éìå � çì�è

FKOD æåé � FKO�E����ÏÏÖ >Ð@

²ÀXc¹z��¾°§�yYv¤¯��l´�
v��µuZ d�Y�uyº�uYz]��¹y�{Y�²ÀXc¹z��¾°§�yYv¤¯��l´��½Yz]

�è��²ÀXc¹z��¾°§�±Y|À¯�±uy¹M�b�u�¶] ½Yz]�uyº�uYz]��¹y�yu
¶³ºº°³}Z�Y�z]�µZ.d�u�`�º]z¯�uyYv³Zd�Y�¾´p´¯�Zc�b�Y�­{Ç�Z·

¾¯�¶^�Zp¯�ª]Z£�¶º§ ¾³ºÀº�z-y�`º�]Yy]uuz-�®À�zc��v�Z�½Yz]
²ÀXc¹z��yº�´¯�²¿Yb�¬��Z]�½uyYv³Zd�Y�½Z·½Z·êë�æ�æçê�è�

çê�ë�ê�æç�çê�êå�ëå¹�JPO��ìå±Y|ºººÀ¯ ¹ µvººº� ¶Àººº¸c�
¶³º°³�yu�yº³�[xºk¹ ½zd¯ºcº�¹zd¨��Y�µZ.d�u�{Y�µuZ d�Y�Z]�Z·

iºº¯ ©ºº� yuêîêb�z-�yYz£��l´��uyº¯�zd¯º³Z³��µuZ d�Y�Z]
µuYu�{YZº·¾³ºÀ�z-y��s�`«uZ�¯��¶¬oz¯�²¿Y�yu�µv¯M�b�u�¶] ½

v¿uz-�®À�zc�¶�º]z¯�¾º´p´¯�¹ ¶^º�Zp¯�±v���t�¯�{Y�v�]
¶³º°³�yu�²ÀXc¹z��b�¬���¾¿Z¸³�`º«uZ�¯½Z·yZ°Àc�{Y�ª�Zo�½Z·

¶³º°³��¬dt¯�½Z·�±Z¯{�yu�Y|¬§�v·Z��±Z·ZÀ-¹�bt¿yYzc½yYuz]
v��²ÀÀ�c�

²ÀXc¹z��{yº�¹zd¨«Y
c¹z��{yº�¹zd¨«Y}Y��¹y�{Y�µuZ d�Y�Z]�²ÀX�½u�}Y�©Z°�Y�Z]�jÀ�

v��­Zl³Y��¾cYzÀÀ�c�ÎÍ��_v´´§�Yvk�©%�yº�´¯�²¿Y�½Yz]æé�¹
_v´´§�®§Yzd¯é�v¿uz-�¶À¸c�v��¶À¸c�½|À¯M�,³y�©º¬p¯�~��

²ºº¿Y�½Yzºº] ¶ºº§yYvºº¤¯�yZºº§ê�åººº¬]�b³ZÀ«zºº] ¾ºº�Z¯º§�­zºº-
�&RPDV\�EUOLDQW�EOXH�yu�POêå¦Àd�Y�vÀº�Y�$FWLF DFLG�

¹ µv¿uzº- ªºoPOçåå©º³Zdº¯�0HWKDQRO��v��¶�Zº�Y�±M�¶º]
¶]�z�¤¯�[M�Z]�¾¿Z¸³�®lo�~�º�POêååv��µv³Z�y��©º¬p¯

yu���º�t¯�¾�Z��x�Z§�Z]�±v���Z��{Y�~º� ½|ºÀ¯M�,º³y
vº� ½yYu�¶º.³�µZ.º�¿Z¯{M�½Zº¯u�¶]Z�¯�|À³�½z]�,º³y�©ºº¬p¯

º¬p¯�yu�¶§�a¹Zº c�²º¿Y�Zº] vº� ¶Àº¸c�½|ºÀ¯M�,º³y�©ºº¬p¯©
v¿uz-��xo�b³ZÀ«zº] ¾º�Z¯º§�½zº],º³y�¶³º°³�¶¯YuY�yu½Z·

y|¿z��yu�¶§�¾º´ÀXc¹z�q&çå�yu�j¿yvc�¶]�v³uº]�µv��½yYu�¶.³�
b�¬��¶]�¶d�]��­Yvº§ zº· {Y�¹ µuºº°³�[¹w�µZ.º�¿Z¯{M�½Zº¯u

²À]��¶³º°³�yu�uºkº¯�²ÀXc¹z�çêZc�POéê¦·Z#�z·�±¹yu�yu�
v¿uz-�½yYx-yZ]�¾¯YyM�¶]�¨«Y�µZ.d�u±M�¶¿x�c��^´¯�¶]�{yº�¹zd

¹ µv¿uz-�ªº�d¯b�t³�b]Zg�%Zd«¹�½¹y�µZ.d�u�ëåyYz£�b«¹�
¾¿ÇZ]�©%�ªsYu�¶]�ª¯Z§�yº��¶]�Zº·¶³ºº°³�Zºc vº� µuYu�®§Yzd¯

µv´º´§�¶]�%Zd«¹�~����v´´§�wº ³æååv��µuYu��¿Y|�Y�b«¹��yu
©%�bº¿Z¸³,³y�~���¹ ½|À¯M�,³y�Yvd]Y�µv¯M�b�u�¶]�½Z·½z]
�]�¹ v�v¿uz-�¶À¸c�²¨�Y�¹ ~¨��Z¸³M�{Y�uyº¯�¶]�¶d�

²ÀXc¹z��¾«º¨«º¯�±{¹�²ÀÀ�cZ·
}Y�`�Zº�Y�¶º] ½vÀºd���¾º¬��½Zº·¶�ºº°l¯�½u�}Y�¶§��¶¬�Zo�

¾ºº ´¯�¾ºº¨¿zd¨«Y�yZºº] ½YyYuv´dºº�·vÀºº¯M�ª¿zºº§Y�¾ºº¬��©%�yu��
b^h¯�\�£�b°��¶]�¾ ´¯�\�£�{Y�uºs�¾«º¨«º¯�±{¹�}Z�Yz]

¾º¯ b§zºov´º´§�¾�¿Yz��²À´#�bpcµv��¾��¾^�³�b�Z�¯
Z¸³M�¾«º¨«º¯�±{¹�®d¿yZ.«�Z]�Z·�²ÀXc¹z����ºcuyYu�¾�s�¶�]Yy�

²À�¯�¾«º¨«º¯�±{¹�Z]�µv��¶dsZ´��²ÀXc¹z��{Y�µuZ d�Y�Z]�²¿Yz]Z´]
¾³{¹�½Z·�uyYv³Zd�Y�±Yº´º� ¶º]�0ROHFXODU�:HLJKW�0DUNHUV��

Z¸³M�}Z�Yz]�Yy�¶�«Z�¯�uyº¯�½Z·�²ÀXc¹z��¾«º¨«º¯�±{¹�±Yºc�¾¯
tc�¾«º¨«º¯�½Z·�z§yZ¯�±uº^³�}zd�u�yu�ªÀº«u�¶º] ¶º§ u{�²Àº°

·v³Z]�bÀº�£º¯�¹ ±{¹º�Y�z]�Z·�²ÀXc¹z��¾«º¨«º¯�½Zº¯Z��}Zºª
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aYzÀÀ�c�¾�yz]�øï�ªÀ�¹z¬§��²ÀXc¹z��±Y|À¯�¾ À§�¹½Y|¬§�yu�vÀWº´c¹yZ§�¹���

æææ

oºº³ b§zº^�ºZ¿�¾5I�5HOHWLYH�PRELOLW\�p¯�º�Zº- ¶^º¿uzºv�
�º�Zºº¾´ÀXc¹z��½Z·v³Z]�¶¬�v³Z]�z·�¾¿º¬k�¶^«�z.³Z�³�,³y�¹

µ{Yvº³Y�µv´º´§�Yvºk ©%�½Yvdº]Y�{YzºÀ-~����v��½5Iv³Z]�z·�
v¿uz-�¶^º�Zp¯�¹u�±M�®Àº�¤c�{Y�²ÀXc¹zº��aZ�È�Y�¶]�¶kºc�Z]

¹ ¾º«º¨«º¯�½Zº·±{¹�¶º] �º]zº¯5I�uyYv³Zdº�Y�½Zº·²ÀXc¹zº�
yºp¯�¶§��v��®�y�¾°d¿yZ.«�¶°À³�x�Z§�½¹y�uyYv³Zd�Y�¾º´p´¯

uyYu��Zºº�dsY�¾ºº«º¨«º¯�½Zºº·±{¹�¶ºº] xºº�Z§�¾ºº°d¿yZ.«�±{¹
º¯ ½Zº·²ÀXc¹zº� ¾º«º¨«º¯uyº¾�yz]uyYv³Zd�Y�¾´p´¯�½¹y�{Y�

v¿uz-�¶^�Zp¯�

fp]�¹ j¿Zd³
±Z·ZÀ-�yu�+z]�©º¬p¯�½Zº·²ÀXc¹zº� ¾º°§�±Y|ºÀ¯�`º�¿Z¤¯

v·Z��Z]�bt¿yYzc
�º°k�Zº]µuYu�½y¹M²ÀXc¹z��yYv¤¯�¾°§��l´��¶]��º]z¯�½Zº·

�¹y�¹ uYº¯��t]�yu�µvº� zº§w�½Zº·�¹y�¢^º�¹ ¶¿|lc��Z·
­Zºl³Y�Zº¸³M�¶º] �º]zº¯ ªÀº¬pcb�zº-�¶]�ª�Zo�j¿Zd³ayº�

ª¨º�½Zº·æ¹çb�Y�µvº� ¶ºWYyY��{Y�ª�Zo�j¿Zd³�¶]�¶kºc�Z]
²ÀXc¹z��zº¿uZ¤¯�¶º] �º]zº¯ ~³Zº¿yY¹�¶¿|ºlc+z]�©º¬p¯�½Z·

v·Z��¹ bt¿yYzc�±Z·ZÀº-�bt¿yYzc�zÀ���Y|¬§�ÈdsY�uºk¹
½Z·�²ÀXc¹z��±Y|À¯�z�³�{Y�½v�y��¬dt¯�ªoYz¯�²Àº] yYu�¾º´�¯

©ºº¬p¯�ªº§u ¾-z]©Z°doY�n���yæ�aZ^gY�¶]vÀ�y�¶]�½Yz]
�µv��µv·Z�¯�½yZ¯M��ÈdsY�{Y�zc�¢À£u�aZ�È�Y�±uy¹M�bº�u
­Zl³Y�½v�y��¬dt¯�ªoYz¯�½Z·�²Àº.³ZÀ¯�¶º�¿Z¤¯�Zºc uºº] ­{Ç

²¨³Yu��¹y�{Y�µuZ d�Y�Z]�yZ§�²¿Y�¶º§ �uºº��'XQFDQ�ayº��
yu�¶¬ºº�Zo�j¿Zdºº³ ¹ ¶d�zºº-ª¨ºº�æbºº�Y�µvºº� µuYu�±Zºº�³��

±Zº°·yºº�ª¨��yu�¶º§æ¾¯�¶�oÈ¯��uº�½Z·�²ÀXc¹z��±Y|À¯
j¿yvc�¶]�¹ µuº]�®§�½v�y�¶À«¹Y�ªoYz¯�yu�¾º-z]�©ºº¬p¯�ªº§

z��¹ �È��ªÀ¨º�c�¶¬ozº¯ ¶º] ±Z·ZÀº- ¶º§±v�¦¿u|³�Z·yx]�
±Y|À¯�z]��v³º��¾º¯uº��¾¯�µu¹|�Y�±M�±Y|À¯�zh§Yvo�¶§�½yº��¶]

¬oz¯�yu�¾-z]�©º¬p¯�ªº§ ½Zº·²ÀXc¹zº�ª-�{Y�v�]�`z��Z¿�¾·u
¶º³Yu�±vº���0*�µv·Z�¯�¾¯uº��½zÀ��b°��¶]�µZÀ-�¶#z·

¹ µv��¶d�Z§�ª§�½Z·�²ÀXc¹z��±Y|ºÀ¯�{Y��u¹y�¾º¯ �Àº�²¿zd°§

¬ozº¯ yu�±M�±Y|ºÀ¯`½zºÀ�����66b�Y�µvÀ�y�b^g�¶]��Zp«�{Y�
¾·u�ª-�ªoYz¯�½yZ¯M�0*���È��ªÀ¨�c�¹�0*��¦¿�yu�

a{¹y�ªoYzº¯ ¹ µ¹zº-�<*�½zÀ��¹�66�³½z.¿u�µ¹z-�yu�|À
v´d�zº- yYzº£�ª¨�æ��ª§�yuj¿Zd³µv¯M�b�u�¶]±Z�³�uYu¶§�

v]Z¿�¾¯��·Z§�½zÀ��`¬oz¯�yu�²ÀXc¹z��±Y|À¯�>ÇZ°doY�v´¿Mz��²¿Y
µv³{Z��½Z·voY¹�¶]�Zº·²ÀXc¹zº� ±vº� ¶dº�¨��ªÀº«u�¶º]�vÀ�Y

¶´ºÀ¯M�b�Z]�¶]�zÀ��½Z·�b�Z]�¹ Z·�+z]�{Y�Z¸³M�©Z¤dº³Y�½Yzº]½Z·
zºc±Yººkv�Z]�¾¯�±v��z��©Zo�yu�y¹x]�Z¿��ÎÒ��j¿Zd³�¾�z��{Y

yu�¾-z]�©º¬p¯�ª§�²ÀXc¹z��±Y|À¯�¶]��º]zº¯ ~³Zº¿yY¹�¶¿|ºlc
¶§�uYu�±Z�³��¬dt¯�½Z·yZ°Àºc¶�¿Z¤¯�uyº¯�¾�¿Z¯{M�½Z·yZ°Àc�

�ÈdsY�½YyYu�¾-z]�©ºº¬p¯�²ÀXc¹zº� ªº§ ±Y|ºÀ¯�zº�³�{Y�|ºÀ³
yYu�¾º´�¯©Z°doY�n�º� yu�½yZº¯M�æ�v´�Z]�¾¯��³Y�aZ�¿Z¤¯�­Zl

uYu�±Z�³��²¨³Yu��¹y�¶]�¾�¿Z¯{M�½Z·yZ°Àc�¶]��º]z¯�²Àº.³ZÀ¯
¶º§bt¿yYzºc yZ°ÀºcÏ$yZ°Àc�¹ yYvº¤¯�²¿zdº�À]�Ð$²¿zd°§�

dº�Yu�Yy�²ÀXc¹zº� yYvº¤¯¶v³Y�ª¨�ç��½v´]�µ¹z-�²¿Y�yuyZ¸#
yZ°ÀººcÎ$�Ï$�:7¹Ò$µ¹zºº- yuDa¹Zºº c�¹ ¶d�zºº- yYzºº£

¾´�¯�½yZ¯Md�Yv³�®·�Z]�½yYuv´�½Z·yZ°Àc�²À´#�®·Î$�:7�Ò
$¹Ð$µ¹z-�yu�E½Z·yZ°Àc�¹:7�Ò$��Ò$¹Ó$µ¹z-�yu�F

½Z·yZ°Àººc µzººsÈ]�¹Ò$�Ñ$�Ó$¹Ð$µ¹zºº- yu�|ººÀ³GyYzºº£
v´d�zºº-�yZ°Àººc yu�²ÀXc¹zºº� ±Y|ººÀ¯ \Àczººc ²¿vºº]Ï$ºº]¶yººº�

½Z·yZ°Àºººc {Y�½yYu�¾ººº´�¯Ñ$�Ó$¹Ð$yu�¹ µuºººº] zdººº�À]�
½Z·yZ°ÀºcÐ$¹Ó$|ºÀ³�º]¶¾´�¯�yº�zd°§�v·Z�yZ°Àc�{Y�½yYu

bº�Y�µuºº]�ª¨º� ¶º] ¾º¬§�µZº.³�¦º¿ yuçº¿u¶§�uº��¾¯�µv
yZ¸#yZ°ÀººººcÐ$��Ñ$��Ò$¹Ó$²Àºººº.³ZÀ¯�²dºººº�Yu�Zºººº] ��

yZ°Àc�¶ºººº] b^ºººº�³�zººººd°§½Z·yZ°Àººººc ¹ v·Zºººº�Î$¹Ï$
v·Zººº� {Y�zdººº�À]vººº³Y¶d�zººº- yYzººº£�¾ººº¯ ²¿zººº]Z´]�±Yººººc

bº -~´��¾d³M�¦À´¨c��·Z§�f�Z]Y|À¯����±ºÀ«Zº¾¬�Y�±%�b
¯ Zººº¿ ¹ºººº�£ºd«Z���±uºººº°³�ºººº¶ººº§ µv¿uzººº- ±%�ªººº¯Z§�bÀ

ªÀººº«u ¶ººº] zººº¯Y�²ººº¿YuZºººl¿Y�½Z·zºººÀl³{­Y�¾ºººd³M�yY�±Y�½Y
�$QWL�P51$�©Z�cY�Z]�¶º§ bº�Y�¶]�­Y�yY�±Y�½Y½Z·�P51$�
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ææë

½yYx-�¶³º°³v���²¿Yz]Z´]¾´ÀXc¹z��b�¬����¬dt¯�½Z·yZ°Àc�yu�
¹ µuºº] zº]Yz]¾º«¶³º°³�{Y�¾c¹Z d¯�½Zº·®ºlo�Z·¦·Z#�z·�yu
½yYxº-¶³ºº°³v¿uzº-�{yº�¹zd¨«Y�yu��t�¯�¹ n�Y¹�v³Z]�¹u
½Zº·²ÀXc¹zº�¾º-z]�·ZÀ-v·Z��¹ bt¿yYzc�±Z¶§�uº��¾¯�µv¿u�

½Z·vºoY¹�zº¿{�¶º] �º]zº¯¨�À]¹y�®¿|º³M�+y|º] ¹ ¦#ºº§º
�/DUJH�DQG�6PDOO�6DEXQLW�RI�5XELVFR�v´�Z]�¾º¯�voY¹�z¿{

+y|º]êå¦#º§�voY¹�z¿{�¹ ±ºd«Yu�º¬À§�æê±{¹�±ºd«Yu�º¬À§�
uyYu�>Z^¿z¤c�º¨�À]¹y�®¿|³Mêå��>Yu¹vo�¹ +z]�©º¬p¯�²ÀXc¹z�
èå��v·u�¾¯�ªÀ¨�c�Yy�¾·ZÀ-�²ÀXc¹z��ª§�ÎÓ��

¯{Mºº¿Zº�·º½Z�¹ººº] ±zdºaÈ��:HVWHUQ�EORWWLQJ�¹
}Y�½u�}Y�jÀº�¾d�È�¹z¬§�½Z·voY¹z¿{�¶§�b�Y�µuYu�±Z�³
�Î*6�yu�{Zdd´º� ²Àº¯Zcº¬-�®¿|º³M�§>Yu¹vo��Y|¬éè±ºd«Yu�º¬À§�

±{¹¶dº�Yu¹®¿|³M¾°�È�ºdÀ��{Zdd´��²À¯Zcº¬-��Î*6�>Z¯º°���
�¬dt¯�½Z·|¿Z��Z]�¦¿yZ]�¾´ÀXc¹z��v³Z]�¹u�í�éæ¹è�éæº¬À§�

±ºdº«Yu�±Zº�³�Yybº�Y�µuYu�ÎÔ��±zd�¹�­Zl³Y�bº�Y�¾º¸¿v]�
½Z·v³Z]�¾��£�yº�o�{Zdd´��²À¯Zcº¬-��«Zs�®¿|º³M�Zº] aÈº]

¾º´ÀXc¹z�±Z�³�±M�¢À£u�¾«º¨¬¯�±{¹�Z]�Yy�®¿|³M�²¿Y�¶]��º]zº¯
vº·u�¾º¯��ÎÒ��¶dº^«Y�®¿|³M�¶§�uyYu�uºk¹�©Z°doY�²¿Y�²À¯Zcº¬-�
{Zdd´º�zÀgPc�Z]�¹ Yºdp¯�½¹yyu�uºkº¯�½Z·�²ÀXc¹z��z¿Z��±Y|À¯�

yu��ÈdsY�{¹z]�\^��¹ µuz§�uZ¿{�Z¿�¹ ®§�Yy�Z¸³M�z¿uZ¤¯��µZÀº-
uuz-�¶¬�Zo�½Z·v³Z]�

`º¯YuY�yu�·¹&º�©º¬p¯�ª§�½Z·�²ÀXc¹z��½v³Z]�½ºº.«Y
yu�¾º-z]±Z·ZÀº-v·Zº� ¹ bt¿yYzºc§uyºº¯ Y|º¬¾�yz]yYz£�

¶º§ b�zº-yu�©¹Y�¶¬ozº¯±Z·ZÀ-�v�y�<*�ÈdsY�v´#�²À]��
bt¿yYzºc ¹ v·Zº� ½Z·vº³Z]v��µv¿u�ª¨�ê���¶�¿Z¤¯�²¿Y�yu�

½Z·yZ°Àc�yu�v³Z]�¦¿�±v��,³y�®§Ó$�Ò$�Ñ$¹Ð$��²À«¹Y
{Y��º¬�ª¨�ê�µv¿u��v·Z��yZ°Àc�{Y�ª�Zo�v³Z]�Z]�¶�¿Z¤¯�yu

vº��¾^¿z¤c�bÀ�£º¯�yu�vº³Z]�²º¿Yéæ±ºd«Yu�º¬À§�¹ b�Yu�yYz£�
±v��zc�yº�£�¹ ,³yz���²Àº´#�®º·½Z·yZ°Àc�yu�v³Z]�¦¿Î$¹

Ï$½Z·yZ°Àc�¶À¤]�¹ v·Z��yZ°Àc�yu�yº§x¯�vº³Z]�Zº] ¶º�¿Z¤¯�yu�
bt¿yYzc�ª¨��{Y��¬��²À¯¹uê�v¿uz-�µv·Z�¯�yu�zÀsY�v³Z]

¾^¿z¤c�bÀº�£º¯ë�çè±ºd«Yu�º¬À§�b�Yu�yYz£��½Z·v³Z]�z¿Z��yu

©%�²º¿Y�yu�µvº¯M�bº�u�¶º]�ª¨º�ê�¾�t�¯��ÈdsY¿uµv
vº�³�yu�yz]¾oz¯�yu�²ÀXc¹z��½v³Z]�½Z·º.«Y�½v�y�`¬­¹u�

�Î0*�{Y�ªºº�Zo�½Z·vºº³Z]�²Àºº] ½Y�¶ºº�oÈ¯�ªºº]Z£�a¹Zºº c�
�¬dºt¯�½Z·yZ°Àºcµvº¿u¶]Z�¯�>Z^¿z¤c�½v³Z]�½Z·ºº.«Y�¹ vº�³�

v³uºº]�¾º«¹­º��`¬oz¯�yu�²ÀXc¹z��½v³Z]�½Z·ºº.«Y�uyºº¯ yu�
½vº�y�Ï0*���ª¨º�ë�v¿uz-�µv·Z�¯��ÈdsY�v´#�|À³�{Y
�Z³�¶º¬°k¾³{¹�bÀ�£º¯�yu�¾´ÀXc¹z��v³Z]�¦¿�±v��v¿vêìº¬À§�
±ºdº«Yu�ª¨º� yu�¶�º]zº¯ �º¬�ë�bt¿yYzc�yZ°Àc�yu$�yu�

²À´#�®·�¹ bt¿yYzc�½Z·yZ°Àc�z¿Z��¹ v·Z��yZ°Àºc Zº] ¶º�¿Z¤¯
½Z·yZ°Àc�yu�v³Z]�²À°·�±v��zºcyº�£Î$�Ñ$¹Ó$¶]�b^�³�

v¿uzº- µv·Zº�¯�v·Zº� yZ°Àºc yu�±M�¶]Zº�¯�vº³Z]�Z]�²º¿Yyu�v³
½Z·yZ°ÀºcÏ$¹Ò$®·�vº³Z]�¶]Zº�¯�uº]�v·Z��yZ°Àcyu�±M�{Yzc�

j¿Zd³�½v´]��°k�yuµv¯M�b�u�¶]¶§�uz§�a¹Z�£�²À´#�±Yºc�¾¯�
½yYuz]�¶³º°³�©¹Y�¶¬ozº¯ yu�<*���ª¨�ê�uºk¹�ÈdsY�yu

bÀ�£º¯�yu�>Z^¿zº¤c�¶º§ ½vº³Z]¾³{¹�éæ±ºd«Yu�º¬À§�¶d�z-�yYz£�
�uº]]¶mº�¹¿uv��µv�Z]yu�>Z^¿z¤c�bÀ�£º¯�²¿Y�¶§�²¿Y�¶]�¶kºc

u¹vººp¯_{Zdd´ºº� ²Àºº¯Zcº¬-�½Z·voY¹zºº¿{�¾ºº³{¹�bÀºº�£º¯�
Y|¬§�¾°º�È�ºdÀ�bº��¹y�²¿Y�{Y�¶]�>ÇZ°doY�À«uª®¿|³M�bÀ«Z���

±Z·ZÀ-�+z]�yu�{Zdd´º� ²Àº¯Zcº¬-§Z¿�bÀ«Z���­v��¹ v·Z��½Y|¬
º«Z��Àbt¿yYzc�½Z·yZ°Àc�yu�±M�u¹vp¯�bÐ$�Ñ$�Ò$¹Ó$

½ºº.«Yb�Y�µv��uZl¿Y�Z¸³M�yu�¾c¹Z d¯�½v³Z]��®Àt��¾�z��{Y
z.¿u�v³Z]�±vº��ª¨��{Y�­¹u��¬�ê�½Z·yZ°Àc�yuÎ$¹Ï$

�bt¿yYzc�½Z·yZ°Àc�z¿Z��¹ v·Z��yZ°Àc�yu�v³Z]�±Z°·�¶]�b^º�³
±Y|À¯�½¹y�{Zdd´��²À¯Zcº¬-�±%�~´��¾d³M�zÀgPc�ªÀ«u�¶]�>ÇZ°dºoY

uººkº¯�½Zº·²ÀXc¹zº� z¿Zº� ±ZÀº]yuZÀ-µ�yu�¶§�¾´ÀXc¹z��>Èh¯
¾º³{¹�bÀº�£º¯ë�çèuyYu�yYzº£�Z·yZ°Àºc ²º¿Y�yub�Y�µuºº]�
¶º] bº�Y�¾º¸¿v]yu�¾�¿Z¯{M�±Z�¨¿��¿Yz��zh§Yvo�©Z°�Y�ªÀ«u

{¹z]���¿Z¯{M�uyº¯�½Z·yZ°Àc�¾º¯Z°c�uyºº¯¶kºc�ª]Z£��ÈdsY
�bt¿yYzc�¹ v·Z��½Z·yZ°Àc�²À]�²ÀXc¹zº� ½vº³Z]�½Z·ºº.«Y�yu

ªÀ«u�¶]�>ÇZ°doYµuº]�{Zdd´��²À¯Zcº¬-�±%�~´��¾d³M�yº�o�zÀgPc�
b�Y�²¿Yz]Z´]�ÈdsY�v´#z·�µv¿u½Z·yZ°Àc�yu�µv��Î$¹Ï$
¯ yuºozº©¹Y�¶¬�­¹u��¬�{Y�ª¨�ê�^�³ºº�v·Z��yZ°Àc�¶]�b
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ª¨�ë�bt¿yYzc�½Z·�yZ°Àc�yu�¾-z]�©º¬p¯�ª§�½Z·�²ÀXc¹z��{Y�ª�Zo�½v³Z]�½º.«Y��Ó�$Î$�v·Z��¹�:7�yu�¶�«Z�¯�uyº¯�½Y|¬§ ½yYuz]�¶³º°³�­º��`¬oz¯�Ï0*�}Y��¹y�¶]�½u�}Y�jÀ��dsY�v´#�uºk¹�b�Y�µv��µuYu�±Z�³�¶§�yº��±Z°·yu��£Y¹�v³Z]�yu��È bÀ�£º¯.'D�êìuº��¾¯�µv·Z�¯��

²À¯Zcº¬-�±%�¾�Z�dsY�bÀ�£º¯�yu{Zdd´�µuº^³�¾«¹²¿Y�{¹z]�
±%�~´��¾d³M�yº�o�zÀgPc�Z¿�bÀ«Z���{Y�¾�Z³�v³Yºc�¾¯��ÈdsY

¯Zcº¬-ºd´��²ÀºÀc�²¿Y�yu�{Zdºt¿yYzc�½Z·yZ°ºv�Z]�b�¯ yu�ºuyº

`¬oz¯� {Y� ª�Zo� ½v³Z]� ½º.«YÏ0*��ª¨�ë�²À°·� |À³
k¹�©Z°doYº�¶]�uyYu�uºº¯ ¾cyZ^º±Yºc�¾#º£ ²À´º³ a¹Z�ºuº°
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c {Y�¾�Z³� v³Yºc�¾¯� |À³P±%�~´��¾d³M� yº�o� ®À¤d�¯� zÀ�� zÀg
v·Z�� yZ°Àc� Z]� ¶§� ¾dt¿yYzc� ½Z·yZ°Àc� yu� {Zdd´��²À¯Zcº¬-

�v³Y�¶d�Yu��ÈdsYv�Z]��v´³Z¯�¾¬À°¨c�½Z·��¹y�Z]�b�Y�¾¸¿v]
j¿Zd³�±Yºc�¾¯�aÈ]�±zd�¹µv¯M�b�u� ¶]½Z·�a¹Z c� ¹¿uµv

²ÀXc¹z�� ¹ µuYu� yYz£� ¾]Z¿{yY� uyº¯� zc� ¢À£u� yº��¶]� Yy� µv�
²ÀÀ�c�Yy�±M�¾«º¨«º¯�¢À£u�±{¹�¹ v³Z]�z·�¶]��º]z¯�¾�Z�dsY

uº°³�

½yY|.�Z��
§ zd§u�±Z¿Z£M�{Y�bº�Y�­{Ç�±Zº¿Z��yu¾¨¿¹�zd§u�¹ ~¿yº¯�©yZ

¶³Z�°·��½{Z�Yvk�yu�¶§�±v´«�µZ.�³Yu�{Y�±ºd�«¹�±Z³Z§º]½{Z�
¶dº�Yu�½yZº¨°·�±%�©Z¤dº³Y�¹®�Z]�¶d�Yu�Yy�z¨º�c�©Zº°§�vº³Y�

®��Y��t]�¶§�}yv¯�bÀ]zc�µZ.�³Yu�{Y�²À´#�®º·²¿Y��·¹&�
�µv¿uzº- ­Zºl³Y�Zºl³M�yu¹º]¶±v��®·Yz��yu�av�Z�¯�zº�Zs

aY|À¸lc�¹ aZ³Z¨¯Y¶³Z°À°��­{Çuº��¾¯�¾³Yuyv£�¹ z¨�c�

�]Z´¯µuZ d�Y�uyº¯�
Î�­ �½v°oY�æèìí�b�Y�¶��ºc�¶]�¹y�±Yz¿Y�yu�Y|¬§�µZÀ-�b�§�±ºd¿{�`¬l¯æéæ�çí�çæ�

�� $ODRXL��6��(���-��'LH]��/��+XPDQHV��)��7RULELR��)��3DUWHQVN\��DQG�-��)��0DQXHO������� ,Q�YLYR UHJXODWLRQ�RI�JOXWDPLQH�
V\QWKHWDVH�DFWLYLW\�LQ�WKH�PDULQH�FKORURSK\OO�E� FRQWDLQLQJ�&\DQREDFWHULXP�SURFKORURFRFFXV VS��VWUUDLQ�SFF������
�R[\SKRWREDFWHULD���$SSO��DQG�(QYLURQ��0LFURELDO����������� ������

�� %UDGIRUG��0��0��������$�UDSLDG�DQG�VHQVLWLYH�PHWKRG�IRU�WKH�TXDQWLWDWLRQ�RI�PLFURJUDP�TXDQWLWLHV�RI�SURWHLQ�IRU�WKH�
XWLOL]LQJ�WKH�SULQFLSOH�RI�SURWHLQ� G\H�ELQGLQJ��$QDO��%LRFKHP���������� ����

�� &DOOLPRUH��-��9��DQG�%��-��0LIOLQ��������,PPXQRORJLFDO�VWXGLHG�RQ�JOXWDPLQH�V\QWKHWDVH�XVLQJ�DQWLVHUDUDLVHG�WR�WKH�
WZR�SODQW�IRUP�RI�WKH�LVR]\PH�IURP�3KDVHRORXV�URRW�QRGXOHV��-��([S��%RW�������������

�� *D\�� $�� 3��� 6�� +RUWHQVWHLQHU� DQG� +�� 7KRPDV�� ������ /HDI� GHYHORSPHQW� LQ�/ROLXP�WHPXOHQWXP� O�SKRWRV\QWKHVLV� LQ�
UHODWLRQ�WR�JURZWK�DQG�VHQHVFHQFH��1HZ�3K\VLRO���������������

�� *X\�� &�� /��� .�� -�� 1LHPL� DQG�5�� %UDPEO�� ������$OWHUG� JHQH� H[SUHVVLRQ� GXULQJ� FROG� DFFOLPDWLRQ� RI� VSLQDFK�� 3URF��
1DWLRQ��$FDG��6FL����������������

�� +DOO�� /�� 1��� *�� $�� 7XFNHU�� &�� -�� 6�� 6PLWK�� &�� )�� :DWVRQ�� *�� %�� 6H\PRXU� DQG� '�� *ULHUVRQ�� ������ $QWLVHQVH�
LQKLELWDWLRQ�RI�SHFWLQHVWHUDVH�JHQH�H[SUHVVLRQ�LQ�WUDQVJHQLF�WRPDWRHV��7KH�3ODQW�-�������������

�� +DPHV��%��'��DQG�'��5LFKZRRG��������*HO�(OHFWURSKRUHVLV�RI�3URWHLQV���QG HG���2[IRUG��,5/�3UHVV��86$�
�� -DODOL� -DYDUDQ��0���0��.DUO�DQG�9��%RXFKDQDQ�:ROODVWRQ��������%LRFKHPLFDO�DQG�PROHFXODU�DQDO\VLV�RI�JOXWDPLQH�

V\QWKHWDVH�JHQH�LQ�%UDVVLFD�QDSXV /��,UDQ�$JULF��5HV������������
��� /DHPPOL��8��.��������&OHDYDJH�RI�VWUXDWXUDO�SURWHLQV�GXULQJ�WKH�DVVHPEO\�RI�WKH�KHDG�RI�EDFWHULRSKDJH�7���1DWXUH�

������������
��� 0DNLQR��$��� 7�0DH� DQG�.�2KLUD�� ������ 3KRWRV\QWKHVLV� DQG� ULEXORVH� ���� ELVSKRVSKDWH� FDUER[\ODVH�� R[\JHQDVH� LQ�

ULFH� OHDYHV� IURP� HPHUJHQFH� WKURXJK� VHQHVFHQFH�� 4XDQWLWDWLYH� DQDO\VLV� E\� FDUER[\ODWLRQ�R[\JHQDWLRQ� DQG�
UHJHQHUDWLRQ�RI�ULEXORVH�����ELVSKRVSKDWH��3ODQWD�������������

��� 0DWLOH�� 3��� 6��+RUWHQVWHLQHU��+��7KRPDV�DQG�%��.UDXWOHU��������&KORURSK\OO�EUHDNGRZQ� LQ� VHQHVFHQW� OHDYHV��3ODQW�
3K\VLRO����������������

��� 0F1DOO\�� 6�� )��� %�+LUHO�� 3�*DGDO�� $�� )�0DQQ� DQG� *�� 5� 6WHZDUW�� ������ � *OXWDPLQH� V\QWKHWDVH� RI� KLJKHU� SODQWV���
(YLGHQFH� IRU� D� VSHFLILF� LVRIRUP� FRQWHQW� UHODWHG� WR� WKHLU� SRVVLEOH� SK\VLRORJLFDO� UROH� DQG� WKHLU� FRPSDUWPHQWDWLRQ�
ZLWKLQ�WKH�OHDI��3ODQW�3K\VLRO������������

��� 2FKV�� *��� *�� 6FKRFN� DQG�$�:LOG�� ������ 3XULILFDWLRQ� DQG� FKDUDFWHULVDWLRQ� RI� JOXWDPLQH� V\QWKHWDVH� LVRHQ]\PHV�� -��
3ODQW�3K\VLRO����������

��� 2FKV��*���*��6FKRFN��0�7ULVFKHU��.��.RVHPXQG� DQG�$��:LOG��������&RPSOH[LW\�DQG�H[SUHVVLRQ�RI� WKH�JOXWDPLQH�
V\QWKHWDVH�PXWLJHQH�IDPLO\�LQ�WKH�DPSKLGLSOLRG�FURS�%UDVVLFD�QDSXV���3ODQW��0ROHFXODU�%LRO���������� ����

��� 3HRSOHV��0��%���6��3��%HLOKXU]�:DWHUV��5��-��6LPSVRQ�DQG�0��-��GDOOLQJ��������1LWURJHQ�UHGLVWULEXWLRQ�GXULQJ�JUDLQ�
JURZWK� LQ� ZKHDW� �7ULWLFXP� DHVWLYXP�� /��� ,,�� &KORURSODVW� VHQHVFHQVH� DQG� WKH� GHJUDWLRQ� RI� ULEXORVH� ����
ELVSKRVSKDWH�FDUER[\ODVH���3ODQWD�������������

��� 3HWHUPDQ��7��.�DQG�+��0��*RRGPDQ������� 7KH�JOXWDPLQH�V\QWKHWDVH�JHQH�IDPLO\�H[SUHVVLRQ�LQ�OHDYHV���URRWV�DQG�
VHHGV��0ROJHQ�*HQHW����������� ����

��� 6KHHK\�� 5�� (��� -�� 3HDUVRQ�� &�� -�� %UDG\� DQG� :�� 5�� +LDWW�� ������ 0ROHFXODU� FKDUDFWHUL]DWLRQ� RI� WRPDWR� IUXLW�
SRO\JDODFWXURQDVH��0RO��*HQ��*HQHW������������

��� 6LQGHODU�� /��� 0� 6LQGHODURYD� DQG� /�� %XUNHWRYD�� ������ +H[RNLQDVHV� RI� WREDFFR� OHDYHV�� LQIOXHQFH� RI� SODQW� DJH� RQ�
SUDWLFXODWH�DQG�VROXEOH�LVR]\PH�FRPSRVLWLRQ���3ODQW�%LRO��������������
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��� 6WHZDUW��*��5���$��)��0DQQ� DQG�3��$��)HQWHP�� ������(Q]\PHV�RI� JORWDPDWH� IRUPDWLRQ��JORWDPDWH�GHK\GURJHQDVH��
JORWDPLQH�V\QWKDVH��DQG�JORWDPDWH�V\QWKDVH��,Q��%��-��PLIOLQ��HG����7KH�%LRFKHP��3ODQW������������

��� 9HUPHQGL��-���8��5RHVVQHU��$��5HQ]��/��:LOOPLW]HU�DQG�5��1��7UHWKHZH\��������$QWLVHQVH�UHSUHVVLRQ�RI�KH[RNLQDV���
OHDGV�WR DQ�RYHUDFFXPXODWLRQ�RI�VWDUFK�LQ�OHDYHV�RI�WUDQVJHQLF�SRWDWR�SODQW�EXW�QRW�WR�VLJQLILFDQW�FKDQJHV�LQ�WXEHU�
FDUERK\GUDWH�PHWDEROLVP��3ODQW�3K\VLRO���������������

��� :HLVV��(��$��������2LOVHHG�&URSV��&RQVROWDQW�LQ�7URSLFDO�$JULFXOWXUH��%ODFNZHOO�6FLHQFH�3XE��9LFWRULD��$XVWUDOLD�
��� :HQGHURWK��,��DQG�$��9��6FKDHZHQ��������,VRODWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�SODQW�1�$FHW\O�*OXFRVDPLQ\OWUDQVIHUDVH�

,�*QW,�� F'1$� VHTXHQFHV�� )XQFWLRQDO� DQDO\VHV� LQ� WKH� $UDELRGRSVLV� FJ�� PXWDQW� DQG� LQ� DQWLVHQVH� SODQWV�� 3ODQW�
3K\VLRO������������ �����
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