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¯ �Àcº³%�Z]�¾d�-z]�¾º£Èc¾¯�­Zl³Y�z�³�uyº¶]�¶kºc�Z]�¹ uzÀ-
b�u�¶] ¹ z§º§�²¿Ç��|¿yYzc�¶º§²º¿Y¹Mbt¿yYzc�±Z·ZÀ-�±uy

>Yu¹vºoæå¾º«Y�æë¾¯�©º��¶]�©Zº�¾¿Y{�²À´k��¹y��v¯Zºl³Y
bº£¹�yZÀº�]�¾¨ÀcZ¯ºº�¾¯�zÀ-vºº�Z]�ì�{Y�½v�yu�²À´#�®·��
²À´k�{Y�ª�Zo�±Z·ZÀº-¾¯�®À¤���£Yº¯�¾��]�¾³v]�½Z·¹ v´�Z]
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²À´k��¹y�²¿|.¿Zk�¾¿Z¸d³Y�®d�¿z¯�b�§�>YzºÀsY�¾º«¹�bº�Y
b�Y�µv��¾¨ÀcZ¯ºº� ¾º¿Y{�ç�Ó�ì¹æì��®d�¿z¯�b�§��¹y
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¾¯�µuZ d�Y�|À³�¶£Z��®À¤dº�¯�¾º¿Y{{Z]��¹y�±Yº´º� bºpcuº��

�yY|º- ²Àº«¹YZº·¾¿Z¸d³Y�®d�¿z¯��¹y�¶]�¶^´��¾º¿Y{{Z]�½Yzº]
bÀ°�Y�¹ vº¬-��º�ºc©Z��¶]æîíí¾¯�z]�uuz-�é��"À·�¾«¹

µvºº� Y{{Zºº] µZÀºº-½Yvºº�³��yY|ºº-�±YyZºº¨°·�¹ vºº¬-�æîîæ�
Yy�¾¨ÀcZ¯º��¾¿Y{�²À´k�¢¿z��{Y�¶^´��¾¿Y{{Z]�ª¨º�¯�v´dº�³Yºc

v´´§���y�¶^´��®d�¿z¯�b�§�Z]��uº]��Àcº³%�¶]�¶dº�]Y¹�¶º§�ê��
�Zp«�{Y�¾¿Z¸d³Y�®d�¿z¯�¢¿z��{Y�¶£Zº� ®À¤dº�¯�¾º¿Y{{Z]��¹y

cº§�yZÀ�]�¾³Z¯{Zµ²À´k��¹y�{Y�zc¾¨ÀcZ¯º��¾¿Y{b�Yz¿{�yu�Y
¾¯��xo�¾·u�}ºº«Z§�¶¬ozº¯ ±M¹ ¶£Z��vÀ«ºc�>Z°À¤d�¯�¹ uº�

¾º¯ ¶º�¿y�~�º�v¿Z°³�çè��Àcº³%�¶]�¾.d�]Y¹�­v��z�³�{Y�¹
zºd¸]²À´k��¹y�{Y¾¨ÀcZ¯º��¾¿Y{b�Y�çæ��¾³Y¹Yz��²À´#�®·

¾¯�²Àº¿Z��yZÀº�]�±M�yu�±ºÀº�Zcº¯�¹ ¾³º¬§Z¯ºº� �º´ºc¶§�v�Z]
�c�¶¬oz¯�uººk¹�­vº� ±M�ªº¿Çu�{Y�¾º¨¿b�§�¹ }º«Z§�ªÀ¨

²Àº´kb�Y�¾º³v]�½Zº·�ì�b�u�¶] ½Yz]�¾^�Z´¯�yZÀ�]��¹y�¹
¾º¯ }¹zº¿¹�{Y�½yZº� ±Z·ZÀº- ±uy¹Mvº�Z]�æè�²À´#�ªÀ«u�¶º] ¹

½zcz]�½YyYu�¾¨ÀcZ¯º��¾¿Y{�²À´k��¹y�¶]�b^�³�¾¿Z¿Y|¯b�Y�
²¿Y�¶^´��µZÀ-�yu�®d�¿z¯�bº�§�bÀº°·Y�¶º] ¶kººc Zº] ²¿Yzº]Z´]
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½Z·yx]²À¯Yy¹� ¹ ªoZ�� ®£y� ¹u��·¹&��²¿Y� {ZÀ³� uyº¯� �{Y�
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Z·yx]� �¾³{�¶³Yºkav¯�¶]ÏµºÀk�v¿z¬§�©º¬p¯�yu�¶¤À£u�ÎÒ�Í
~���¹ ¾p���¾¿Yu{v´-�zdÀ«� yu� ­z-�¾¬À¯ÏZc�Ð[M� Z]� yZ]�

v³v�� µuYu�º�d���ª¿zd�Y�z�¤¯�Z]� Z·yx]�¾³º �v��¶¯YuY�yu
¦À¬ÀcY�ª¨«YÖÍv�yu�av¯�¶]æå¶À³Zg�>Yuvl¯�¹ yZ°ÀcÏZc�Ð

v³v��º�d���ª¿zd�Y�z�¤¯�[M�Z]�yZ]�yx]��º�d���{Y�~�Z]�Z·
x�Z§v³v��¦�s�ª¿zd�Y�²°cY¹�Z·��¿Z¯{M�½v�]�ªoYz¯�yu�¹

v´d�z-�yYz£�µuZ d�Y�uyº¯�
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¶¿Z���Àºp¯�zºdÀ«�¾º¬À¯06¾³{�¶³Yºk��æé�av¯�½Yz]éZc�ê

½Zºº¯u�¹ ¢ºº¬�¯�¾ºº¨¿yZc�yu�¹ {¹y&RçíµuYu�yYzºº£v³vºº�
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yu+z]�ª^£��¹y�¶]Z�¯�®·��¹y�²¿Y¶�«�½Z·v�]�¹ �xo�½Y{Y

¶À«¹Y�+z]�¹u�{Y�¾¨¿�±M�Z¿uyº°¿z��¶]�®d�¿z¯�¹ v¿uz-��xo
Yvk�Z¿uyº°¿z��¦¿�µYz°·v�z¿{�µv´´§�®À�´c�Z¿uyº°¿z��Y¹ Z·v�y

¾¯�®·Yz��Yy�®d�¿z¯�¶��ºc¹�v�y�yu�zgR¯�ª¯Yº��z.¿u�Z¿v´§�æí��

®dº�¿z¯�Àp¯�yu��¹y�¹u�z·�¶]�µvº� ½{Zº� Yvºk ½Zº·
¾º·u�¶£Zº��Î06����¶¿Z���Àp¯06µYz°·�¶]�æååyu�­z-�¾¬À¯�

©ºdºº¿{º´¿Yº¿Z¯�zººdÀ«�0\R�,QRVLWRO��ê�å¾ºº¬À¯�zººdÀ«�yu�­zºº-
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�3\URGR[LQ��ê�å¾º¬À¯�²À¯ZÀc�zdÀ«�yu�­z-�7KLDPLQ�{yZ§Z���
è©%ZdºÀ��¹ vº�yu�ê�çZ]�vº�yu�ì�êS+�av¯�¶]ê�æ�çµZ¯�

ayYzººo ¶ººkyu�yuR&ç�çê¾¿Z´ºº�¹y�µy¹u�yu�æë¹ ¶d�Zºº�
b]º�yèì¶.³�v�yu�v��½yYu�çæ��

¶´À¸]¶�¿y�½{Z�¾¿Y{
¯®dº�¿z{Y�v�]�¶º§ ¾º¿Z·çºê�æv³uº°³�+z]�¹ ¶£Z��vÀ«ºc�µZ¯�

½Yz]>È¯Z§�mz��¦¿�yu�¾¿Y{�¶�¿y�Z]�¾�uZ�c�é¾¿Y{�¶�¿y�yZ°Àc�
yu�zº¿{�mzº� ¶º]éav¯�¶]�yYz¨c�ç�ê�æv³v��µuYu�yYz£�µZ¯�

�ª¨�Ñ©¹vk��æ��
æ�06®À�´c�±¹v]�¶d�Z¿�zÀÀ�c�v�y�µv´´§�Î06�

ç�06�
�

�µYz°·�¶]�æ�åv�y� µv´´§�®À�´c�­z-�¾¬À¯�,%$�è
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b�Yv³�¾¿Y{�¶�¿y�yu�½zºÀgPc�Z¸´ºc ¶º³ ²Àº¯Yy¹�¹ ªoZº��¶¨¬]�

·ZÀº- uZºl¿Y�fº�Z]$¶¾¯�¾�À^��zºÀ��½Zº·v��¶]�²¿Yz]Z´]z�³
¾º¯b�§��Àp¯�²À¯Yy¹�¹ ªoZ��®£y�¹u�¾¿Y{�¶�¿y�½Yz]�vº�y

½¹Zºoæ�åv�y�µv´´§�®Àº�´c�zºdÀ«�yu�­zº-¾º¬À¯�,%$[º¬�¯�
b�Y�

b�z-�ayº��±%�©Z¤d³Y��v·�Zº] ¾º�yz]�²º¿Y�¶]�¶kºc�Z]
²À¿Z��>Zd^�³�±%�©Z¤dº³Y�¾º³Y¹Yz��¶º§²º¿Yb�Y¾³Y¹Yz��±uº]�ÇZ]��

y¹zº� [ºº¬�¯�¹ ¾º�À^��µvº�Y{{Z]�±Z·ZÀº-¾º¯ ayu�Zc�vº]Z¿
±Yºd]��z�³�uyº¯�­Z£yY�½Z·�®d�¿z¯�¶]�±%�©Z¤d³Y�bÀ¤�º¯�ayº�
ÇZ]�¾³Y¹Yz��Z]�¾�À^��¹ [º¬�¯�¶dt¿yYzºc ½Zº·¶$·ZÀº- Zº¸³M�{Y

uzº§ Y{{Zº]�¾cyZlc�­Z£yY�¾¿Y{{Z]�½{Z��¶´À¸]�{Y�ªº�Zo�j¿Zdº³
²ºº¿Y yu�¾ºº¿Z¸d³Y�®dº�¿z¯�¢¿zºº� {Y�²Àºº¯Yy¹�¹ ªoZº��·¹&ºº�

¾º¯v³Yººc½Yzº]dº³Y�yu�¢�º¯�±%�©Z¤½Z·��·¹&�µuZ d�Y�½v�]�
uº��

�]Z´¯µuZ d�Y�uyº¯�
Î�� �½z�Z³�¶^´��æèìé�v¸�¯��½º�y�}v£�±Zd�M�yZ�d³Y¹��Z#�¶��R¯��

��$JUDZDO��'��&���$��.��%DQHUMHH��5��5��.RODOD��$��%��'KDJH��$��9��.XONDUQL��6��0��1DODZDGH��6��+D]UD�DQG�.��9��
.ULVKQDPXUWK\��������,Q�YLWUR LQGXFWLRQ�RI�PXOWLSOH�VKRRWV�DQG�SODQW�UHJHQHUDWLRQ�LQ�FRWWRQ��*RVV\SLXP�KLUVXWXP�
/����3ODQW�&HOO�5HS��������������

��)LUR]DEDG\�� (��� '�� /�� 'H%RHU�� ������ 3ODQW� UHJHQHUDWLRQ� YLD� VRPDWLF� HPEU\RJHQHVLVLQ� PDQ\� FXOWLYDUV� RI� FRWWRQ�
�*RVV\SLXP�KLUVXUXP�/��� ,Q�9LWUR�&HOO�'HY��%LRO�������������

��*RXOG��-��DQG��5��+��6PLWK��������6KRRW�WLS�FXOWXUH�DV�D�SRWHQWLDO�WUDQVIRUPDWLRQ�V\VWHP��3URF�%HOW:LGH�&RWWRQ�3URG��
&RQI�1DWO��&RWWRQ�&RXQFLO�1HZ�RUOHDQV��/$����3�

��*RXOG��-���6��%DQLVWHU��2��+DVHJZD��0��)DKLPD�DQG 5��+��6PLWK��������5HJHQHUDWLRQ�RI�*RVV\SLXP�KLUVXWXP DQG�*��
EDUEDGHQVH�IURP�VKRRW�DSH[�WLVVXHV�IRU�WUDQVIRUPDWLRQ��3ODQW�&HOO�5HS������������

��*RXOG�� -� DQG�0��0DJDOODQHV� &H'HQR�� ������$�GDSWDWLRQ�RI� FRWWRQ� VKRRW� DSH[�FXOWXUH� WR�$JUREDFWHULXP�PHGLDWHG
WUDQVIRUPDWLRQ��3ODQW�0ROHFXODU�%LRO��5HS����������

��+HPSKLOO�� -��.���&��*��$��0DLHU�DQG�.��'��&KDSPDQ��������5DSLG�LQ�YLWUR SODQW�UHJHQHUDWLRQ�RI�FRWWRQ��*RVV\SLXP�
KLUVXWXP�/����3ODQW�&HOO�5HS�������������

��+LURFKLND��+��������$FWLYDWLRQ�RI�WDEDFFR�UHJWURWUDQVSRVRQV�GXULQJ�WLVVXH�FXOWXUH��(0%2��-�������������
��.XPDU��6���3��6KDUPD�DQG�'��3HQWHU��������$�JHQHWLF� DSSURDFK� WR�,Q�YLWUR� UHJHQHUDWLRQ�RI�QRQ�UHJHQHUDWLRQ�FRWWRQ�

�*RVV\SLXP�KLUVXWXP�/���FXOWLYDU��3ODQW�&HOO�5HS������������
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¾¿Z¸d³Y�®�d¿z¯�¢¿z��{Y�¶^´��µZÀ-�¾¿Y{{Z]�½{Z��¶´À¸]

���

��� .RRQFR�� /��� -�� 'HYHU�� 7�� %XUQV�� 1�/�� 7UROLQGHU�� ������ 3URJUHVV� WRZDUGV� JHQRW\SH� LQGHSHQGHQW� WUDQVIRUPDWLRQ��
1DWLRQDO�&RWWRQ�&RXQLFO�RI�$PHULFD��7HQQ�������-DQ��S�����

���0F&DEH�� '(�� DQG� %-�� 0DUWLQHOO�� ������ 7UDQVIRUPDWLRQ� RI� HOLWH� FRWWRQ� FXOWLYDUV� YLD� SDUWLFOH� ERPEDUGPHQW� RI�
PHULVWHPV��%LRWHFKQRO���������������

��� 0F6WHZDUW��-��DQG�&��+VX��������,Q�RYXOR�HPEU\R�FXOWXU�DQG�VHHGOLQJ�GHYHORSPHQW�RI�FRWWRQ���*RVVLSLXP�KLUVXWXP�
/���3ODQWD��������������

��� 0RUHO��*�� DQG�&��0DUWLQ�� ������*XHULVRQ�GH�'DKOLDG� DWWHLQWV� G�XQH�PDODGLV� D�YLUXV��&�5� � VpDQFH�$FDG�6FL��3DULV�
��������������

��� 0XUDVKLJH��7��DQG�)��6NRRJ��������$�UHYLVHG�PHGLXP�IRU�UDSLG�JURZWK�DQG�ELRDVVD\V��ZLWK�WDEDFFR�WLVVXH�FXOWXUHV��
3K\VLRO��3ODQW�������������

��� 1LFN��-���*DZDO�DQG�'��5REDFNHU��������6RPDWLF�HPEU\RJHQHVLV�LQ�WZR�*RVV\SLXP�KLUVXWXP JHQRW\SH�RQ�VHPL�VROLG�
YHUVXV�OLTXLG�SUROLIHUDWLQ�PHGLD��3ODQW�&HOO�7LVVXH�DQG�2UJDQ�&XOWXUH�������������

��� 1RUPD�� /��� 7UROLQGHU� DQG� ;KO[ODQ�� ������ *HQRW\SH� VSHFLILFLW\� RI� WKH� VRPDWLF� HPEU\RJHQHVLV� UHVSRQH� RQ� FRWWRQ��
3ODQW�&HOO�5HSRUWV�������������

��� 6DW\DYDWKL��9��9���9��3DUVVDG��%��*LWD�/DNVKPL�DQG�*��/DNVKPL�6LWD��������+LJK��HIIFLHQF\�WUDQVIRUPDWLRQ�SURWRFRO�
IRU�WKUHH�,QGLDQ�FRWWRQ�YDULHWLHV�YLD�$JUREDFWHULXP�WXPHIDFLHQV��3ODQW�6FL����������������

��� 6WHOO\�� '�� 0��� '�:�� .RKQHO�� 7�� 6�� 5DQJDQ� DQG� (�� &RPPLVNH\�� ������ &\WRJHQHWLF� DERQRUPDOLWLHV� RI� FRWWRQ�
VRPDFORQHV�IURP�FDOOXV�FXOWXUHV��*HQRPH��������������

��� 7UROLQGHU�� 1�� /�� DQG� -�� 5��*RRGLQ�� ������ 6RPDWLF� HPEU\RJHQHVLV� LQ� FRWWRQ� �*RVV\SLXP��� �� (IIHFWV� RI� VRXUFH� RI�
H[SODQW�DQG�KRUPRQH�UHJLP��3ODQW�&HOO�7LVVXH�DQG�2UJDQ�&XOWXUH�����������

��� 8OLDQ��(���5��6PLWK��-��*RXOG�DQG�7��0F.QLJKW��������7UDQVIRUPDWLRQ�RI�SODQWV�YLD�WKH�VKRRW�DSH[��,Q�YLWUR &HOO�'HY��
%LRO��������������

��� =DSDWD�� &��� 6�� +�� 3DUN�� .�� 0�� (O�]LN� DQG� 5�� +�� 6PLWK�� ������ 7UDQVIRUPDWLRQ� RI� WH[DV� FRWWRQ� FXOWLYDU� E\� XVLQJ�
$JUREDFWHULXP�DQG�WKH�VKRRW�DSH[��7KHRU��$SSO��*HQHW��������������

��� =KDQJ��%��+���5��)HQJ��)��/LX�DQG�4��:DQJ��������+LJK�IUHTXHQF\�VRPDWLF�HPEU\RJHQHVLV�DQG�SODQW�UHJHQHUDWLRQ�RI�
DQ�HOLWH�&KLQHVH�FRWWRQ�YDULHW\��%RW��%XOO��$FDG��6LQ�����������

��� =KDQJ��%��+���5��)HQJ��������/LVW�RI�FRWWRQ�WLVVXH�FXOWXUH��3ODQW�3K\VLRO��&RPPXQ��������������
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