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1XPHURXV�VWXGLHV�LQ�WKH�SDVW�KDYH�FRQVLGHUHG�D�VPDOO�UDQJH�RI�JDLQ�YDULDWLRQV�RI�WKH�FDUGLRYDVFXODU�V\VWHP��,Q�PRVW�FDVHV��
WKH� FRQWUROOHU� ZDV� GHVLJQHG� EDVHG� RQ� YDULDWLRQV� LQ� HLWKHU� WLPH� GHOD\� RU� SODQW� JDLQV�� 0DQ\� RI� WKHVH� ZRUNHUV� WUHDWHG� WKH�
FDUGLRYDVFXODU� V\VWHP� DV� D� VLQJOH�LQSXW� VLQJOH� RXWSXW� �6,6R�� SODQW� LQ� ZKLFK� WKH� FRQWURO� RXWSXW� ZDV�0HDQ� $UWHULDO� 3UHVVXUH�
�0$2���:H�WUHDWHG�WKH�FDUGLRYDVFXODU�V\VWHP�DV�D�PXOWL�LQSXW�PXOWL�RXWSXW��0,02��SODQW�LQ�ZKLFK�ERWK�WKH�0$3�DQG�&DUGLDF�
2XWSXW��&2��DUH�VLPXOWDQHRXVO\�FRQWUROOHG�

,Q�WKLV�VWXG\��D�QHZ�OLQHDU�PRGHO�LV�SUHVHQWHG�WKDW�SURYLGHV�D�EHWWHU�DSSUR[LPDWLRQ WKDQWKH�RQH�WKH�RULJLQDO�OLQHDU�PRGHO�GRHV��
%\� GRLQJ� VR� DQG� XWLOL]LQJ� WKH� '05$&� DOJRULWKP�� ZH� FRXOG� VDWLVI\� WKH� VWDELOLW\� FRQGLWLRQV� IRU� WKH� QRQOLQHDU� PRGHO� ZKLOH�
VDWLVIDFWRU\�UHVSRQVHV�REWDLQHG�XQGHU�HYHU\�SRVVLEOH�FRQGLWLRQ�IRU�WKH�FDUGLRYDVFXODU�QRQOLQHDU�PRGHO��
.H\ZRUGV� $GDSWLYH�FRQWURO��&DUGLRYDVFXODU�V\VWHP��%ORRG�SUHVVXUH��&DUGLDF�RXWSXW�

Î�¶¯v¤¯
¾]u�¾k¹zs�b�Y�²¨°¯��¾oYzk�½Z¸¬°��²°��yuÔ�&2�

±ºs�yZ��� ��ºd¯� ¹Õ�0$3�iyZs� ¾�À^�� u¹vo� {Y� yZ°À]�
v³º��¢¿y|c�yZ°À]�¶]�¶]zlc� Z]�ª´�z����ºc�¾¿Z·¹yYu� >Çº°�¯

Zc�v³º��¾¯&2¹0$3uyY¹�²X°�¯�½Y�µu¹vp¯� ¶]� Yy� yZ°À]�
v³{Z��±uz§�yYv¿Z���¹y�²¿Y&2¹0$3Yz]�yZ°À]�ª´�z��½

¶]�bÀ�Z�o�µ¹È��¶]�uyYu�{ZÀ³�yZÀ�]�ayZ�³�¶]�¹ µuº]�yYº�u
v]Z¿�zÀÀ�c�±Z¯{�©º��yu�b�Y�²¨°¯�¹yYu�¾-v³{�¶§� Zl³M�{Y

¶§� ¹yYu�¢¿y|c�®d�À�� �b�Y� z�s� yu�¾oYzk�©º�� yu� yZ°À]
uº��¾¯�}Z�oY� yZÀ�]� v]Z¿�¢À^�c� yZ°À]� {ZÀ³� Z]� v³Yºd]�uz]yZ§

½Yz]�>Çº°�¯�¾¤À^�c�©zd´§¶§�¡¹z�¹�\¬£�½Z¸°d�À��¶³º-�²¿Y
b�Y�\�Z´¯�>È¯Z§�v³YzÀÀ�d¯�¦À¯Z´¿u�½YyYu�

²À�¯�Z³�½Z¸�Àp¯� Z¿� Z¸°d�À��½Yz]� >Çº°�¯�¾¤À^�c� ©zd´§�
u¹y�¾¯ yZ§�¶]@ÎÏ>�bÀ�Z�o�yu�¾cYzÀÀ�c�v³Yºc¾¯�Z¸´À�¯Z³�²¿Y

ª¿v^c��]Zc�yu�¾³Z¯{�zÀsPc�±Z°«Y� �µv�³�©v¯�¦À¯Z´¿u� �®d�À�
d�À�v�Z]�®d�À��¾k¹zs�¶]�µv��¶�Z�Y�|¿º³�Z¿�¹ �®��¹y�¹u

�¾´À�¯Z³� Z]�½Z¸°d�À��½Yz]�¾¤À^�c�½Z·�µv´´§� ©zd´§��¹z�¯
v´d�·�®À¤d�¯�zÀ��¹ ®À¤d�¯�½Z¸�¹y���®À¤d�¯�©zd´§��¹y�yu

u¹y�¾¯� yZ§�¶]� Z·zd¯YyZ�� ²À°tc���²À°tc� ²¿Y� }Z�Y� z]
Z·�µz¸]�Zc�¶d�y�yZ§�¶]�¾¤À^�c�½Z¸°d¿yº.«Yv´§�®À�´c�Yy�©zd´§�½�

¶]�®d�À��½Z¸Àk¹zs�¶§�uº��¾¯�®À�´c�½Y�¶³º-�¶]�©zd´§�±º³Z£
uº��¦¿u|³�[º¬�¯� _u¹vp¯��]Yºc� �®À¤d�¯�©zd´§��¹y� yu

v³º��¾¯�\À§zc�voY¹�ª¨��¦¿�yu��²À°tc�¹ ©zd´§��¶lÀd³�yu
®d�À�� ½Z·zd¯YyZ�� ²À°tc� ±¹v]� ¹ >Z°À¤d�¯� ©zd´§� ½Z·�µz¸]

v³º��¾¯� ²ÀÀ�c�¿zÀ���¹y� z]� ®À¤d�¯��¹y� ½Z¿Y|¯� {Y� ¾¨
b�À³�®d�À��½Z·zd¯YyZ��²À°tc�¶]�½{ZÀ³�¶§�b�Y�±M�®À¤d�¯�

¶lÀd³�yu�¹ µv��zd°§�aZ^�Zp¯�¶§�uº��¾¯�\^���º�º¯�²¿Y
®À]Z¿�b�u�½zd¸]�b�z�� ¶]�\¿Z�¯� {Y� ¾¨¿� �uºk¹� ²¿Y� Z]

¾¤À¤o�b^h¯�>Z^¿z¤c��z��¶§�b�Y�±M�®À¤d�¯�½Z¸�¹y�{Y�¾��]
�p¯Ö�$635�b�YyYu�Yy�@ÎÏ>�®d�À��½Yz]�¶§�¾´�¯�²¿Y�¶]

yYv¯�®d�À��¶§�v�Z]�¶d�Yu�uºk¹�½yºs�~��¾d�¿Z]�¾¯�yº§x¯
�p¯�¾¤À¤o�b^h¯�¶d�]ÎÍ�$63�uº���

©zd´§� ¦À´¨c� �®À¤d�¯� ¾¤À^�c� ©zd´§� ½Z¸�¹y� ²À]� yu
®À¤d�¯� �kz¯� ©v¯� ¾¤À^�cÎÎ�'05$&�{Y� ½yZÀ�]� ¶kºc�

¬k�zÀsY�½Z·�¶·u�yu� Yy�±Z¤¤p¯b�Y�µuz§�\��¦À´¨c�²¿Y�yu
�v·� ¹ v´§�¾¯� ²À�¯� Yy� [º¬�¯� b«Zo� �kz¯� ©v¯� ¦¿
¶§�v]ZÀ]�½Y�¶³º-�¶]�Yy�©zd´§�±º³Z£�¶§�b�Y�±M�¾¤À^�c�®d¿yº.«Y

v´§ \À¤�c�Yy��kz¯�©v¯�¾k¹zs��®d�À��¾k¹zs�
}Zºº�Y�zººº] ¾¤À^�c�_v´´§�©zd´§�½Z¸°d¿yº.«Y&RPPDQG�

*HQHUDWRU�7UDFNHU�&*7�½YyYu�¶]�b^�³�z¿{�zcz]�½Z¸À-&¿¹
b�Y�®À¤d�¯�zÀ��Z¿�®À¤d�¯�½Z¸�¹y�z.¿u�

Î�b�À³�®d�À��½Z·zd¯YyZ��²À°tc�¶]�½{ZÀ³�
Ï�v´#�½Z¸°d�À��¶]�®À¤d�¯�uz]yZ§�v´#�½u¹y¹��¾k¹zs�

b�YyYu�Yy�
Ð�v³Y�ª¤d�¯�®d�À��uZ�]Y�{Y�¶§�¾�Z§��¿Yz��
Ñ�z]�¾¤À^�c�_v´´§�µv·Z�¯�`^�Zp¯�¶]�¾kZÀdoYµv´´§�©zd´§�½Y

b�À³�
Ò�b�YyYu�Yy�uz]yZ§�b«º¸��
Ó�b�YyYu�Yy�¢�º¯�¾¬°��yZ^d�Y�

¾¤À^�c�½Z¸°d¿yº.«Y��¢À¤pc�²¿Y�yu'05$&�}Z�Y�z]�Yy
½yºXc�&*7®À´§�¾¯�¾oYz��¡¹z��¹ \¬£�½Z¸«v¯�½Yz]� Yy��

uyYu�®d�À��½Z¸«v¯�b£u�¶]�¾.d�]�Z·�µv´´§�©zd´§�¾oYz��¹u
zÀ��¹ ¾�s�[ºs�©v¯¡¹z��¹ \¬£�½Z¸°d�À��½Yz]�¾�s
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b�Y�µv��¶WYyY�v¿Z�¹z�¹zd¿Z³�®¿v���Z¸«v¯�²¿Y�yuÎÏ�613�¹
²À¯Z�¹uÎÐ�'3�¹ �®d�À��½Z¸¿u¹y¹�±Yº´��¶]�0$3ì¹&2¶]�

v³Y�µv��¶d�z-�z�³�yu�®d�À��½Z¸Àk¹zs�±Yº´���¾�s�©v¯�yu
±M�±Z°«Y�z·�¶§�µuº]�¾k¹zs�¹u�½u¹y¹�¹u�¾�]Zc�ª¿v^c��]Zc

¦¿b�Y� ¾³Z¯{� |À«Z³M� zÀ�d¯� ½Z·�µz¸]� Z]� ©¹Y� ¶kyu� �]Zc�
b�Y� ¹yYu� ¶]� yZ°À]�bÀ�Z�o� z.³Z¿Z°³� zÀÀ�d¯�½Z·�µz¸]�b]Zg

Z·¹yYu� ®�À«º]Zd¯� ¹ �©Z¤d³Y� �[xk� z.³Z¿Z°³� |À³� zÀ�d¯� ¾³Z¯{
b�Y�zÀsPc�z.³Z¿Z°³�¾³Z¯{�aYzÀsPc¹ ¹yYu�¢¿y|c�±Z¯{�²À]

�¹z�� ±Z¯{b�Y� r�Z���uºk¹� ²¿Y� Z]�À�>Z¤À£u� ¾�s� ®d
¹ \¬£�®d�À��¾³Z¯{�aYzÀÀ�c�¹ ¾�s�zÀ��aZ�t�¯�z.³Z¿Z°³

b�À³� ¡¹z��>Z¤À£u� ©v¯� ²¿Y�}Z�Y� z]� ©zd´§� ½Z¸oz�� Yx«
u¹y�yZ§�¶]�ª°��yu�v³Yºc�¾°³�¡¹z�¹�\¬£�®d�À��zd¤À£u�©v¯

yu�b�Y�¾�s�zÀ���Yºs�ª¯Z��¶§@ÎÎ>b�Y�µv��¶WYyY��yu
ª¯Z��¡¹z��¹ \¬£�®d�À���©v¯�²¿Y��«Y�±ºs��uz-�®d�À�

©zd´§�½Z·�zÀ�d¯�½¹y�±v]�½Z·zd¯YyZ�� {Y�¾��]� zgY�ª¯Z�� ¶§
&2¹ �0$3�b�Y��[�zgY� ¶§� yZ��� [Zc{Z]� yºs�~�

av¯� µZcº§� ®À�´c� yu� Yy� yZ���½Z·�µv´´§�b�Z¿yu0$3±Z�³�
¹ �v·u�¾¯�i�aYzgY�½Yz]�¾oz�� ¶§� �¹yYu� zgY� ©v¯'3¹

613b�Y�±v]�½Z·zd¯YyZ��yu��

Ï��º�º¯�aZÀ]uY�y¹z¯�
Ï�Î¦ÀcZ¯ºcY�©zd´§�&2¹0$3

¶§�v³Y�µuz§��Èc�±Z¤¤p¯�zÀsY�½Z¸«Z��yu0$3¹&2Yy�
v´´§�©zd´§�¦ÀcZ¯ºcY�yº��¶]�µuZ d�Y�Z]�±Z¤¤p¯�²¿Y�{Y�½yZÀ�]

¾¤À^�c�½Z·�µv´´§�©zd´§�{Y0$3{Y�µuZ d�Y�Z]�Yy�613ayº��¶]�
d´§�Z¸.��z]�aZ�¿Z¯{M�Z¿�Z¸¿{Z��¶À^�v³uz§�©z���@Î��Ð�ÎÑ�ÎÓ

¹ÎÍ>�¹@ÏÒ�ÏÕ>�½u¹y¹�¦¿�¶§�µv��[Ztd³Y�©v¯�¶#�z-Y
±Z¤¤p¯�²¿Y� yZ§�j¿Zd³� �b�Y�½Y�µuZ��¾«v¯� µuº]�¾k¹zs�¦¿

b�À³��t]�b¿Z�y�Yv¨$À·�Z]�Z¸t�Z��aZ�«Z�¯�²¿Y�zh§Y�yu
b�Y�µYz°·�¾cZ³Z�º³�Z¿��Z¸À-u{�ÇZ]��µ¹È��¶]�r�Z��±Z¯{�½v´§�

ZÀ�]�yuuº�¾¯�µv¿u�±Z³M�{Y�½y�
±Z¯|°·�©zd´§0$3¹&2½Z·¹yYu�¢¿y|c� {Y� µuZ d�Y� Z]�

613í'3¶]�zÀsY�½Z·�¶·u�yu�b�Y�µv��¶d�z-�yZ§��@Ñ�Ó>¹
@ÎÎ�ÎÐ�ÎÖ�ÏÍ¹ÎÒ>��¹yYu�\À§zc�{Y�µuZ d�Y�½Z¿Y|¯�{Y�¾¨¿

b¿º¤c� Yy�¹yYu�z.¿u�zgY�b�Y�²¨°¯�¹yYu�¦¿�¶§�b�Y�±M� Z¿
«Zo� yu� µuz§v·Z¨]� Yy�¶d�Yºs�Z³�aYzgY�¶§�¾�©v¯�±v�� µvÀ$À�

Z¿�¶§�b�Y�¶dsZ��ªdt¯�½ºp³�¶]� Yy�©zd´§� yZ§�¡¹z��¹ \¬£
{Y�¶¨³M�Z¿�¹ �v³Y�µuz§��Yzd�Y�u¹vp¯�½Y�¶ÀoZ³�©zd´§�¶]�±ZoYz�

v³Y�µv¿{y¹�½yYu�uºs�µu¹vp¯�Z°c�yu�©zd´§�½Z¸¿yYº�u�z§w�yu
³ ½yv£�¶]�aZ¤À¤pc�²¿Y�j¿Zd³�ayº��z·¶§�b�Y� µuº]�¢�º¯Z

©zd´§� >È°�0$3¹ �&2µuZÀ��ª°�� yu�b�Y�¶d�³Yºd³�|-z·�
uº��±¹v]�¹ ���td¯�ª´�z��ayZ�³�Z]�¹u�²¿Y�©zd´§�¶lÀd³�yu

uz¿x��¾¯�Zl³Y�¦ÀcZ¯ºcY�©zd´§�̀ ¤¬o�
¾�s� ©v¯� Yvd]Y� �®À¿M� ¢WZ�� ª¨�¯� ²¿Y� z]� ¶¨³M� ½Yz]� Z¯

®¿uz§�nÀp�c�Yy�½uZ¸´�À��YyY�¶§�½v¿vk�©v¯½YyYu�®¿uz§�¶W
¾�s�zÀ��¾¨¿|À��©v¯�z]�¢^�´¯�¶§�b�Y�½Y�¾¨À¯Z´¿u�½Z·yZd�y

b�Y�_v´´§�©zd´§�½yYv¿Z�� �v¿vk�¾�s�©v¯�²¿Y�{Y� µuZ d�Y� Z]
®¿uz§�²À°�c�Yy�uºs�¾¤À^�c��µuZ d�Y�Z·�µv´´§�©zd´§�¶§�Zl³M�{Y

\^�� v£� ²¿Y� �v³º��¾¯� ¾oYz�� ¾�s� ½Z¸«v¯� ½Yz]� µv�
®À³Yºd]� ¶§� uº��¾¯zÀ�� ®d�À��½Yz]� ¶§� ®À·u� ¶WYyY� Yy�¾«zd´§

u¹y�yZ§�¶]�¡¹z��¹ \¬£�¾�s�v³Yºc�¾¯� Z¸dc�¶³��¹y�²¿Y�¶lÀd³�yu
½Yz]�¾·Yy �v�Z]�¾�s�zÀ�� _vÀ$À��½Z¸«v¯�©zd´§�½Yz]�½uy¹Zd�u
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®d�À�� ¶§� v³º�� ¾oYz�� ¾d�¿Z]� Z·�µv´´§�±Yz^k� {Y� µ¹z-�¦¿�

¶ld´¯�µv´´§�±Yz^k�¹ ®d�À��$635uº���
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b�Y� ¡¹z�� ¹ \¬£� ®d�À�� ¾¨¿|À���Yºs� �©v¯� ²¿Y� yu

d�À�²À´$°·� ¹ �yºs�~�� |À³Z¨¯� v´³Z°]� ¡¹z�� ¹ \¬£� ®
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b�Y� µuz§�¾´À]��À��©v¯�¾¨¿|À���Yºs�²d�Yu� Z]� �¶lÀd³�yu
¾�s� ©v¯� {Y� ¾�s� zÀ�� ©v¯� �½zÀ-�µ{Yv³Y� b£u� ¹ ®d�À�

v�Z]� zdÀ�£Y¹� v³Yºc�¾¯�c¾¯� ¾�s� zÀ�� ©v¯� ²¿Y� µ¹È��¶]v³Yº
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¾¬^£�©v¯�¶]�b^�³� Yy�½zd¸]�\¿z¤c�v³Yºd]�¶§�®À·u�¾¯�¶��ºc
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v�Z]�¶d�ºÀ��ayº��¶]�ª¿v^c��]Yºc�z.¿u�¶]�b^�³�¶§�Zl³M�{Y

zÀÀ�c�¦¿� Z¯� ¶§�®¿yYv³�¾�£Y¹� ®d�À��¦¿�½Yz]� Yy�¾³Z¸-Z³
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«Zo�~¨��z]�¹ �µv��zd°§� Z¸^�£� {Y� Z·z ��zgY�b«Zo�²¿Y� yu½Z¸d
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v´§�¾¿º.�À�� Yy� Z¸À-u{�²À¿Z��{Z��~��¦¿�¾�s�¾¬^£�®d�À�

�ODJ�b�Y� µuz§�¾°³�¾¿º.�À�� Yy�®¸¯�²¿Y� ¶§� µuº]� µuZ���yu

ª¨�Ð�¡¹z��¹ \¬£�¾�s�zÀ��®d�À��`¬��¶]�r�Z�����s
vd°¯�µv��¶WYyY�¾�s�©v¯�¹�`«uZ�¯Ð¶d�ºÀ�Z³��s�����yu
Zl´¿Y�½u¹y¹�¶]'3 �����Z^¤³Y�\¿z��¹ÒÍ�'3 ��

uyYu�Yy�µv��¶WYyY�¾�s�©v¯�b£u�¹ yZ^d�Y�{Y�¾§Zo�

ª¨�Ñ�¡¹z��¹ \¬£�¾�s�zÀ��®d�À��̀ ¬��¶]�r�Z����s
vd°¯�µv��¶WYyY�¾�s�©v¯�¹�`«uZ�¯Ð�¶d�ºÀ�Z³��s���yu
Zl´¿Y�½u¹y¹�¶]�'3 ��Z^¤³Y�\¿z��¹ÒÍ��{Y�¾§Zo

uyYu�Yy�µv��¶WYyY�¾�s�©v¯�b£u�¹ yZ^d�Y�

¶lÀd³¾¿Z·�µv´´§�±Yz^k�±Yºc�¾¯��½{Z��©v¯�yu�ÇZ]�b£u�b¬��¶]
zÀ��®d�À��½yYv¿Z��¶§�uz§�¾oYz��YybsZ��²X°�¯�Yy�¾�s�

·zd¯YyZ��±Yºc�¾¯�¾doYy¶]��µ¹È��¶]Yy�¾¤À^�c�½Z·�µv´´§�©zd´§�½Z
uz§�¾oYz��¾�s� ©v¯�²¿Y�}Z�Y� z]�Z´X°�¯� Z·zd¯YyZ��²¿Y
v³¹y�yZ§�¶]�v´³Yºc�¾¯�¾�s�zÀ��©v¯�½Yz]�½Z¸¬¨��Ò���Ó�¹

�Ô�¹ �Z·�µz¸]� �Z·z �� �Z¸^�£� z¿uZ¤¯�½Z·�¶d�Z¿� {Y�¾¿Z·�¶³º°³� �
½Z·�µz¸]� ¶]�b^�³� Yy�¾³Z¯{�aYzÀsPcqz³'3¹613±Z�³�

¾¯v´·u�¶#�z-Y�b�Y�µv��µuYu�±Z�³� Z¸¬¨��²¿Y�yu�¶§�¶³º-�±Z°·
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¾�s�©v¯�²¿Y�\¿Yz��v³Y�¾�s�zÀ�� ��`À¬§� ¶³Zdt^�ºs�z¿uZ¤¯�²¿Y�
v´]Z¿�¾¯�zÀÀ�c�¾°d¿yZ.«��Zs�ª¨��¶]�²¿Y�zÀÀ�c�¶]�¶kºc� Z]�¦´¿Y

¹z�À�� _v´´§�©zd´§�½Yz]� Yy�®d�À��½yYv¿Z�� �Z·zd¯YyZ�Î�ÎÍ²À°�c�
®À´§�¾¯��¶]µuº]� ¾¤�´¯� ¹ ¦ÀcZ°d�À�� yZÀ�]� Z¯��¹y� ¶¨³M�b¬

zÀ��®d�À�� _v���¿z�c� _u¹vp¯�¾¯Z°c� yu�©zd´§� ¶]�¢�º¯� �b�Y
®¿Y�µv��¾�s�

¶#�z-Y� �b�Y� µv�� µuYu�±Z�³� Z¸¬¨��²¿Y� yu� ¶§� ¶³º.³Z°·
`À¬§� ¶³Zdt^�ºs� �v³Y�¾�s�zÀ�� �¾�s� ©v¯� ²¿Y� \¿Yz�²¿Y�

¾°d¿yZ.«��Zs�ª¨��¶]�z¿uZ¤¯v´]Z¿�¾¯�zÀÀ�c�±Yºc�¾¯�²¿Y�z]Z´]
¶]� ¾°d¿yZ.«� `«uZ�¯� ¦¿� ayº��¶]� Yy� ©v¯� ²¿Y� zd¯YyZ�� z·

b�z-�z�³�yu�z¿{�ayº��
�Ñ�� � �� X� OO <

�±Myu� ¶§<¾�s� ©v¯� ½Z·zd¯YyZ�� {Y� ¾¨¿��`«uZ�¯Ñ�
b�Y�¾³Z¯{�zÀsPc�Z¿��µz¸]��z �� �\�£�ayº��¶]�zd¯YyZ�Xyu

½uy¹y¹� �£Y¹�613Z¿�'3�b�Y�\¿Yz��O¹�O
�Z^¤³Y� \¿z�� z·� ½Yz]� ¶§� v³Y�¾�s� ©v¯� ½Z·zd¯YyZ�

�ÔÍ��ÒÍ��ÐÍ�¹ÎÒ��v´¿M�¾¯�b�u�¶]�¶³Z-Yvk�
©v¯�v³Yºd]�¶§�½Y�µv´´§�©zd´§� �¦´¿Y�¢À£u�yYv¿Z�� Yy�¾�s

Z£�½Z¸]Yºk�¹ �µuz§®À¿Z¯{M�¾¯� Yy� �v´§�¶WYyY�¾«º^£�ª]�©zd´§�Z¯
½Yz]� µuZ�� ¹u� ¶kyu�\¿z¤c� Z]� ¹ �¶d�z-� z�³� yu� Yy�¾¿Z·�µv´´§

®¿uz§� ¶^�Zp¯� Yy� yYv¿Z�� ¢�Z´¯� �¾³Z¯{� aYzÀsPc�©zd´§
¶§��¹z�À��½Z·�µv´´§�>Z°do��v´´§�¾¯�yYv¿Z��Yy�v¿vk�¾�s�©v¯

®¿uº¯{M� Yy�\¬£��Z^¤³Y�\¿Yz��½Yz]�±º¯{M�²¿Y{YÎÒ�Zc
ÔÍ���{Y� Yy�bÀ�Z�o� Z¸³M�¾¯Z°c� yu�¶§� �µuº]Î�ÍZc�ÎÍz]Yz]�

®¿Y�µuYu� zÀÀ�c� ¾�À^��¾�s� zÀ�� ©v¯� �¾oYz�� ²¿Y�}Z�Y� z]
ª¨��yu�¶§�b�Y�¾¿Z¸t�Z��½YyYu�Õ�b�Y�µv��µuYu��¿Z°³�
�¬dt¯�½Z¸t�Z�� �Z¸¬¨��²¿Y� yu&2¹ �0$3zÀ�� ®d�À��

Yy�\¬£��Z^¤³Y�\¿z��½Yz]� Yy�¾�s½µ¹vp¯�½Yz]�ÎÒ�Zc
ÔÍ���¾�À^��v·u¾¯�±Z�³� Yy�bÀ�Z�o�\¿z��ª¨��z·�yu

0$3¶]�613ayº��¶]�ÎÍ�Î¹ �Î��b�Y� ¶d�Z¿� zÀÀ�c�
©zd´§�bÀ¤�º¯'05$&�uºkº¯� ½Z·zd¯YyZ�� Z°c� z]Yz]� yu�

uº�� µuº¯{M�|À³��Z�d�Y z]Yz]� yu�¾d�¿Z]�¾¯�{Y��¿Z¯{M�²¿Y

ª¨�Ò�_z¸]�¶]�b^�³�µv��¶WYyY�¾�s�©v¯�½Z·zd¯YyZ��
v´´§�¾¯�zÀÀ�c�¾°d¿yZ.«�ª¨��¶] ¹ zÀÀ�d¯�½u¹y¹��Zl´¿Y�yu

�Z^¤³Y�\¿z�ÐÒ�½Yz]�¾�s�©v¯�\¿Yz��¹ µuº]0$3
�\�£�[z ���Rµz¸]���¾³Z¯{�zÀsZc�¹'�_z¸]�\�o�z]

½u¹y¹'3v³Yµv��®�y��

ª¨�Ó�v¯�½Z·�zd¯YyZ��_z¸]�¶]�b^�³�µv��¶WYyY�¾�s�©
v´´§�¾¯�zÀÀ�c�¾°d¿yZ.«�ª¨��¶] ¹ zÀÀ�d¯�½u¹y¹�Zl´¿Y�yu

�Z^¤³Y�\¿z�ÔÍ�½Yz]�¾�s�©v¯�\¿Yz��¹ µuº]&2
�\�£�[z ���R_z¸]��¾³Z¯{�zÀsZc�¹ �'�_z¸]�\�o�z]

½u¹y¹'3v³Y�µv��®�y��

yu�¶d�Yºs�Z³�©Z´.À��Çº°�¯�¶§�b�Y�®¸¯�z�³�²¿Yuºk¹�ª°�
b�Y� [Z´dkY� ª]Z£� zÀ�� ¹ �¶d�Yu�±uYu� |À°c� ½Yz]� ²¿Y�z]Z´]

Yy��Z�d�Y�yYv¤¯���Z�d�Y�¹ ¾�£Y¹�©Z´.À�ÎÍ�rzÀÀ�c�yYv¤¯�
®Àd�z-� z�³� yu�[º¬�¯� ©Z´.À��½Z¸Àk¹zs� yu� Yy� yYv¤¯�²¿Y

&2¹ �0$3®¿uz§� ¶�Z�Y� µv�� z§w�b^�³� ¶]��±uz§� ¶�Z�Y
v��\^��yYv¤¯�²¿Y�{Y��À]��Z�d�Y�Z�d�Y�zgY�½zÀ-�¶pÀd³

uº��¾¯�uº��¾¯�®-��Z�d�Y��z�¯�yu�¾�£Y¹�©Z´.À��±º#�Z]
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ª¨�Ô�_z¸]�¶]�b^�³�v��¶WYyY�¾�s�©v¯�½Z·zd¯YyZ��
v´´§�¾¯�zÀÀ�c�¾°d¿yZ.«�ª¨��¶]�¹ zÀÀ�d¯�½u¹y¹�Zl´¿Y�yu

�Z^¤³Y�\¿z�ÎÒ�½Yz]�¾�s�©v¯�\¿Yz��¹ µuº]&2
�\�£�[z ���Rz¸]��µ¾³Z¯{�zÀsZc�¹ �'�_z¸]�\�o�z]

½u¹y¹613v³Y�µv��®�y��

ª¨�� �uyº¯�²¿Y��À�ºc�Ö�yu� Yy��Z�d�Y� zgY� {Y�½Y�¶³º°³
v·u�¾¯� ±Z�³� Z¸Àk¹zs�uº��¾¯� µv¿u� ª¨�� ²¿Y� yu� ¶¨³Z´#

¹ �¶d�Yv³� Z¸t�Z��±u{�®·�¶]� yu�¾³Yv´#�zgY��Z�d�Y�©Z´.À�
v³Z�y�¾¯�aZ^gY�¶]�Yy�¢À¤pc�²¿Y��{yY�

Ò�fp]�
¾�s�©v¯@ÎÎ>¾¿º.�À��Yy�¾�s�zÀ��©v¯�¾¨À¯Z´¿u�yZd�y�

v´§�¾°³�{Y�¶§�®¿uz§�¶WYyY� Yy�¾«v¯� Z¯� �v��z§w�¶§�±Z´$³M� �Yx«
v¯M� b�u�¶]� ¾�s� zÀ�� ©v¯� ½Z¸t�Z�� ¶À¬§� ½¹y�¶#�z-Y

¾°¿yZ.«� ±Z�cYzÀÀ�c� �v³Y�¾�s� zÀ�� v¿vk� ©v¯�²¿Y�½Z·zd¯yZ�
b�Y��]Yy�²¿Y�±uy¹M�b�u�¶]�¶d^«YYy�¾¿ÇZ]�b£u�|À³�¾°d¿yZ.«�`

v^¬��¾¯�Z¿��¿z���¸k�½YyYu�¾�À^��½Z¸°d�À�� >Çº°�¯� �Yz¿{
¶d�ºÀ�� ¹ �¶d�Yv³� Yy��¿Yz�� zÀÀ�c�½Yz]� �¿z��¾¬Às�aYzÀÀ�c

uzÀ-�¾¯�ayº��aYzÀÀ�c�¶§� Yy�¾¿Z¸]Yºk�¾d�¿Z]��z�Zs�²¿Y�¶]
v�Z]� yZ�d³Y� vo� yu� ®¿zÀ-�¾¯� zcºÀ�¯Z§� {Y�¶§� ¾cyº�� yu

¯YyZ�v�Z]�¶d�Yu�¾³Z¸-Z³�zÀÀ�c�½zd�u{Yv³Y�¾¯�¦��²¿Y�¶]� Yy�Z¯
½Z¸t�Z��²À]�½Z�s�±uz§�¶´À°§��¹y�yu�uZ¿{�©Z°doY�¶]�¶§

®À�Z]�µuZd�Y�¾¬p¯�`«Z#�yu��¾�s�©v¯�¹ ¾�s�zÀ��®d�À��yu
b�Z¿�Yy�¾�£Y¹�`´À°§��¶À«¹Y��¿Yz���¿º�c�Z]�¾d�¿Z]�b«Zo�²¿Y�

½Z¸¬¨�� Z°c� �z�³�b£u�²¿Y� Z]µv¯M�b�u�¶]�±uy¹M�b�u�¶]� {Y

v¿vk� ¾�s� ©v¯�¹ �µuz§� bÀ�^c� ¾�Zs� ª¨�� ¦¿� {Y
v´¿Z°³�¾¯� zÀÀ�c� ¾°d¿yZ.«�ayº��¶]��£Yº¯� ¾��]yu� ¶#� z-Y

�Z´hd�Y��®Àd�·�¾°d¿yZ.«��Zs�ª¨��{Y�¾¿|k�¾cYzÀÀ�c�½YyYu
v�Z]�¾¯��Z°�Y�ª]Z£�¹ |À#Z³�aYzÀÀ�c�²¿Y�½Z¸t�Z��¶§�¾�£º¯

{Y�¾�s� zÀ��®d�À�b«Zo� ¶]� �¾-u{�²À¿Z�� ¹ ¾-u{�ÇZ]�b«Zo�
{Z��~��b«Zo� ¶¿�~��� ¹ �¾-u{ÇZ]�¾-u{ÇZ]�±¹v]�©Z¤d³Y

zÀÀ�c��Zs� ¾°d¿yº.«Y� Z]� ¹ �¶d�ºÀ�� aYzÀÀ�c� Z°c� �v]Z¿�¾¯
v´§�¾¯��uº��¾¯� µv¿u�¾�s�©v¯�½Z¸t�Z��`³º°³�yu�¶¨³Z´$³M

´§�¾¯�¾£Èc�®·�Z]�z ��¹ \�£��º�s�¶§�v�y�¾¯�¾³Z¯{v´�{Y
b«Zo� {Y� ¹ �µv�� �º�� r�Z�� ª¨�� �v�]� ¶]� ¶¬oz¯� ²¿Y

®¿Y�µvÀ�y�¾-u{ÇZ]�±¹v]�b«Zo�¶]�¾-u{�ÇZ]�vÀ�Z]�¶d�Yu�¶kºc
½YyYu�¶§�¾�s�¾«v¯� Z]� Yy�¾-u{ÇZ]�¦¿� Z]�¾«v¯�¦À¯Z´¿u�¶§

u{�\¿z¤c�±Yºc�¾¯� Yy�b�Y�ayº��yu�z ��¦¿�¾°d�À�� Z¯Y
¿ Z]�±Yºc�¾¯�Yy�b�Y�¾-u{ÇZ]�±¹v]�¶§Z¿�¹ �¾«º°�¯�{Z��~��¦

u{�\¿z¤c�b�Y�zc�zgY�®§��¿Z¸^�£�{Y�¶§�z ��¦¿�Z]�¾«v¯�Z¯
®¿uz]�yZ§�¶]�Yy�±M�¹ ¶d�³Yu�b�yu�Yy�¹u��¹y�¾¿º-���£Y¹�yu

µv�� ¶WYyY�¾�s�©v¯� ¶§�b«Zo� Z°c� yu�b]Zg�¾¬¨��½YyYu
uº��¾¯��º�� Z·z �� Z]��¿Z¸^�£�bÀ�£º¯�¹ �µuº]�¶§�±Z´$³M

Y �v�� ±ZÀ]Zl³Y� ¶d�ºÀ�� |À³�bÀ�£º¯��¿º�c� ²¿¹ �¶d�z¿x�
µZ-�"À·®¿yYv³�aYzÀÀ�c�²¿Y�yu�Yy�¾³Z¸-Z³�¾�¸k�½Yz]�¶#�z-Y

¾�s�©v¯�b¿Z¸³�¾]�±Yºc�¾¯�¾«º°�¯�{Z��~��®d�À��¦¿�¶§
v´d�·�ayº�yu�¾¿Z·z ��½YyYu�¾«v¯�±M� Z¯� �b�Yu�±ZÀ]� Yy

Z¸^�£�b§zo�¶§�®Àd�Yu�±ZÀ]�Yyº�¶]�Z·z º� ¹ ��¶d�ºÀº� ayº
b�Y� ¶d�z¿x�� ayº��¾�s� ©v¯� �¶d^«Y@ÎÎ>¶d¨³� ²¿Y� ¶]�

z�³� yu�®d�À��½Yz]� Yy�¾³Z¸-Z³��¸k�¦¿�¾¿º-� ¹ �¶dsYuz�³
b�Y�¶d�z-�b«Zo�{Y�zÀ��¾¿Z·yZd�y�©v¯�²¿Y�¶d^«Y|À³�Yy�{Z��~�

v´§�¾°³�¾´À]��À��½YyYu�v¿vk�©v¯�`WYyY�½Yz]�Z¯�`�«Z�¯��{yY
b�Y�½Y�µ&¿¹�bÀ°·Y�\¿z¤c�uyº¯�yu� Yy�¶³Z.¿�¾�¹y� Z¯� �>Ç¹Y

¶]Z�¯� uyYº¯� yu�v³Yºc�¾¯�¶§�®¿Y�µuz§�¶WYyY�¾�s�zÀ��©v¯�¦¿
u¹y� yZ§�¶]�aYzÀÀ�c� ¹ �¾.d�ºÀ�� ½Z´^¯� z]� ¶³Z.¿��¹y� ²¿Y

b�Y�¾�£Y¹�®d�À��¦¿�¾¤�´¯��\¿z¤c�²¿Y�{Y�µuZ d�Y�Z]� �>ZÀ³Zg
®¿v��¾�s�zÀ��©v¯�±uz§�yYv¿Z��¶]�yuZ£�Z¯�y yu½Yzd§u�`«Z�
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ª¨�Õ�½Z¸t�Z��&2¹0$3�Z^¤³Y�\¿z��½Yz]�¶§�¾�s�zÀ��©v¯�½Yz]���«Y�ÔÍ���¾�À^��b«Zo�[ ��ÒÍ�i ��ÐÒ�� u ¹�ÎÒ��b�Y�µv¯M�b�u�¶]��ª¨��z·�yubÀ�Z�o�\¿Yz��0$3¶]�613Î�����s����Î��vd°¯��s�¹ �ÎÍ���s����� zÀÀ�cb�Y�¶d�Z¿�v·u�¾¯�Zl³Y� Yy�©zd´§�ª°��¾]ºs�¶] ¾¤À^�c�®d¿yº.«Y��À�¹�_¹vp¯�²¿Y�®�y�¾¬��� �Zd^�³�¶§�¾]Yºk�²¿zd¸] b�Y�z¿{�aZ�t�¯�Z]�¹z�À��_v´´§©zd´§�®Àd�z-�
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º¿�Y½¹y�z]�±Z�¿Z·v´´§�©zd´§�¶#�z-Y�¶§�µv��µyZ�Y��º�º¯�²¿
¾¿Z¸t�Z��½YyYu�¾�s� zÀ��©v¯���ºd¯� Z¿�[ºs�{Y� �b�Y
v´d�À³�²X°�¯�®d�À��½yYv¿Z��yZd�y� uºkº¯�¾�s�©v¯� �Yz¿{

v´§�¾°³�¾´À]��À��Yy�¾�s�zÀ��©v¯�b�Y�bÀ°·Y�|WZo�¶d¨³�²¿Y
±º´§�Zc� ¶§�±Z¤¤p¯� `°·�½Z·�µv´´§�©zd´§¶WYyY�½ºp³�¶]� Yy�½Y�µ&¿¹
v³Y�µuz§�bÀ�Z�o�z¿uZ¤¯�{Y�¾��]� �uyYº¯�²¿Y�`°·� yu�\¿Yz�� Z¿
�Z^¤³Y�b�Y� µv�� µuº¯{M�|À³�uºs�®d�À��½yYv¿Z��{Y�¦¿�"À·� Z¯Y

v´d�À³� ²X°�¯�¾�s� ©v¯�\¿Yz�@ÎÎ>²¿Y� ¹ �v³Y�¾�s� `d�]Y¹�
b�À³� º¬�¯�±Z�cZ^cyY� ¹ �µv�³�±ZÀ]� |-z·�¾.d�]Y¹�¶]�Zp«�²¿Y

v³Yºc�¾°³� ½Y�µv´´§�©zd´§� "À·�¾.d�]Y¹� ²¿Y� ²d�z-� z�³� yu� ±¹v]�
d¯YyZ���¿Yz��`°·�½Yz]� Yy�©zd´§�ª°�Z·zv´§�¾oYz��z�Zs�²¿Y�¶]

±Z¤¤p¯�zh§Y�®Àd�·�±Z³M�ª¯Z��|À³� Z¯� ¶§�¶]� �©v¯�²¿Y�¾�yz]�yu
±M� ½Z·zd¯YyZ�� aYzÀÀ�c� {Y� ½Y�¶�º-�aYzÀsPc� Z¿� bÀ�Z�o� ªh¯

¾³Z¯{�v³Y�¶dsYuz��¾¯�¹ �¶d�Yv³� Yy��¤³� ²¿Y� v¿vk� ¾�s� ©v¯
½ºp³�¶]�®·�Z]�Z·zd¯YyZ���Z^cyYb�Y��t�¯��

_v´´§�©zd´§� Z¯� �ÇZ]�aZ À�ºc� Z]'05$&�½Y�¶³º-� ¶]� Yy�
v´§�yYv¿Z��Yy�¾�s�zÀ��®d�À��¶§�®¿uz§�¾oYz��{Y�¶¬oz¯�²¿Y

b�Y� µYz°·� ½uZ¿{� �¿Z�-� Z]� yZ§�½Z�z��b£Z�� �¹y� {Y
b�u�¶]yZ§�¶§�uZ¿{�z�³�b£u�¹ �¾�s�©v¯�½Z·zd¯YyZ��±uy¹M�

�>Z¤¬�¯�Zd^�³� ½Z¸t�Z�� ©Z^³u�¶]� ÇZo� �vd À³� zcºÀ�¯Z§�b�u�¶]
®Àd�-�¾¯�[º¬�¯�Z¿�¹ �Z¸À-u{ÇZ]� Z]�¾·Z-� Z¸t�Z��²¿Y�¶#�z-Y

��ºc�µv��Zl³Y�½Z·yZ§�Z]�¶�¿Z¤¯�Z]�Z¯Y��b�Y�µYz°·�¾cZ³Z�º³
�Yu�¶]� Yy�Z¯��±Z¤¤p¯�z.¿uv´§�¾¯�v�Z¤d¯�¾¿Z¸]Yºk�²À´#�²d�Z]

½Z¸Àk¹zs�z]�¶d�YºsZ³��Z�d�Y�½{Z��¶À^�&2¹ �0$3²¿Y�
uº��¾¯�zd�À]�±Z´À°�Y�z-Y� Z¯� ¶§�b�Y�bÀ°·Y�|WZo� ¶d¨³�²¿Y

¶d�Yu�¾¯z��±M� {Y� ¶¨³M�±¹v]� �®Àd�Yu�[º¬�¯Z³� Zd^�³�¾]Yºk
®Àd�Yu�¾¯�±ZÀ]�yZtd�Y�Z]� Yy�[º¬�¯Z³�[Yºk�±M� �®À�Z]�d�yu�¾
b�Y�¢¤p¯�¦¿�yZ§�©¹Y��z��aZ¤À¤pc�yu�¾d�Yy�¹�¶]� �¶d^«Y

�¿Yz��z§w�{Y�±Z¤¤p¯�{Y�½yZÀ�]�¶§�vÀ�Z]�¶d�Yu�¶kºc�¶d¨³�²¿Y
v³Yµuz§�¾¯�½yYuuºs� ±Z�oz����ºc�[º¬�¯Z³�aZ£¹Y�¾·Z-

yu��¤��±Z�¿�µv´´§�©zd´§�¶§�b�Y�µv��¾¯�±ZÀ]��º�º¯�²¿Y�|À³
v´§�¾¯� ª°�� ¾�Zs� _u¹vp¯�¶]�©Zh¯� ±Yº´��@ÎÒ>{Y� ¶§�

ª¨�Ö�Z¸t�Z����«Y�Z¸¿u¹y¹���[�¹ ��i��Z�d�Y
¾¤À^�c�½Z·�µv´´§�©zd´§�½Yz]�Z¸Àk¹zs�¶]�µuyY¹'05$&

�Z^¤³Y�\¿z��½Yz]�ÐÒ��bÀ�Z�o�\¿z��¹0$3¶]�
613uyYu�©zd´§�²¿Y�¾-v³{yY�{Y�±Z�³�¾�À^��z]Yz]�µu��yYv¤¯

z]Yz]��Z�d�YÎÍ�Z¸Àk¹zs�zÀÀ�c[º¬�¯�½�0$3Z¿�&2�
b�Y�µv��¶d�z-�z�³�yu�µuyY¹��Z�d�Y�yYv¤¯�±Yºc�¾¯�Z^¿z¤c

b�Yu�¾k¹zs�yu�Yy�

¶§�v´d�Yu�±ZÀ]�Yy�¶d¨³�²¿Y��v³uz§�µuZ d�Y�½{Z��_v´´§©zd´§�
b�Y�©zd´§�ª°�� ¶]� yuZ£�¾�Zs� _u¹vp¯�¶]� µu¹vp¯�²¿Y� {Y

½y|¿Y¹z�º�� ©zd´§� z§w� Z]� �v�]��VXSHUYLVHU\� FRQWUROZ]� ¹ �
½{Z��_v´´§�©zd´§�±uz§�iyZs�¹ µv´´§�©zd´§� _z¸]�v¿v���·Z§
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Y©Z���©È¤d�ÏÏ_yZ°���Ï�v´ �YÎÐÕÏÑÒ

Yy�®d�À��½yYv¿Z���\�Z´¯Z³�½Z¸t�Z���z¿x��Z]�È°���yYv¯�{Y
uYu�yYz£�¶kºc�uyº¯�¾¨¿�¡¹z��¹ \¬£�®d�À��©zd´§�¾-vÀ$À�

b�Y�¾¨�|��¾�v´¸¯�mz�¯�ªWZ�¯� {Y�½Z¸À�yz]� {Y� v�]� Z¯
mz��¹ �uZ¿{'05$&� yu�®¿v¯M�z]�¾-vÀ$À��²¿Y�ªo�uv�

Ó�½zÀ-�¶lÀd³�
_u¹vp¯�¶§�vÀ�Z]�¶d�Yu�¶kºc�¢À¤pc�²¿Y��{yY�²d�³Yu�½Yz]

bÀ�Z�o�\¿z��zÀÀ�c�µz¸]�b^�³Î�ÎÍÍ_u¹vp¯�¶§�b�Y�
b�Y�¾�À�¹� yZÀ�]�¶]�¢�º¯�¾¤À^�c� _v´´§�©zd´§� uºk¹�²¿Y� Z]

b�Y�µv��µ¹vp¯�²¿Y�½Yz]�\�Z´¯�¾«zd´§�`WYyY�o yu�²¿Y¾«Z
¦À�È§� ¹ ¾«º°�¯� ½Z·�µv´´§�©zd´§� ¶§� b�Y�¾do� Z¿� ¹

®À¤d�¯�zÀ��¾¤À^�c�½Z·�µv´´§�©zd´§@ÎÒ�Ö�¹ÎÐ>¶WYyY�¶]�¢�º¯�
v³Y�µv�³� �À�¹� _¹vp¯�²¿Y�½Yz]�\�Z´¯�¾«zd´§�z§w� ¶]� {Ç

uºk¹�¾�À�¹�¾³Z¯{�aYzÀsPc�¾�s� zÀ��®d�À�� yu� ¶§�b�Y
yYv¤¯�¶]�¾do� ¶§� uyYuÓ�Òv�y�¾¯� ¶¤À£u��¾do�aYzÀsPc�²¿Y

½Yz]� Yy� µv´´§� ©zd´§� ¾oYz�� Z¯� Yx«� �v´d�À³� ¾¿º.�À�� ª]Z£
¾�À^�� _u¹vp¯��Z^¤³Y� \¿z�ÔÍ��®¿Y�µuz§� ®À�´c

�ª¨�Õ��«Y��µ¹vp¯� ¶]� \¬£� �Z^¤³Y� \¿z�� ¶§�¾³Z¯{
ÎÒ�uº��¾¯� µv·Z�¯� u¹vp¯� ¹ ®§� ¾cZ³Z�º³� �v]Z¿�¾¯� zÀÀ�c
�ª¨�Õ�u��¬��¶]�Çº�Y�aZ³Z�º³�²¿Y¾³Z¯{�aYzÀsPc�uºk¹�b

v¿M�¾¯�uºk¹�¶]�®d�À��yu�uZ¿{�yu�Z¯�¾¤À¤pc�yZ§�`lÀd³�bÀ°·Y
®Àd�·�uºkº¯�_u¹vp¯�¾¯Z°c�yu�©zd´§�¶]�¢�º¯�¶§�b�Y�²¿Y�
¹ ¾�yz]�|À³� µu¹vp¯�²¿Y�½yYv¿Z��¶d^«Y�¶§�vÀ�Z]�¶d�Yu�¶kºc

b�Y�µv��²À°�c�¾do�¹ �µv�³�Zl³Y�Zk�"À·�yu�|-z·�yZ§�²¿Y
Z¤¤p¯±@ÎÏ¹ÎÒ>uºs�mz�� ±º¯{M�½Yz]� Yy�¾°§� _u¹vp¯�

v³Y�¶d�z-�yZ§�¶]�bÀ�Z�o�|-z·�±Z³M�²°��yu0$3¶]�613Yy�
b^�³�¶]Î¶]�ÎÍÍv³Y�µuº¯{ZÀ³���{yY�¥yu�½Yz]�µv´³Yºs�¶d^«Y

\¿z�� ¶§� uzÀ.]� z�³� yu� Yy�¾°d�À�� v³Yºc�¾¯� ¶«Z¤¯�¾¤À¤pc
bÀ�Z�o�µz¸]�b^�³�¶]�±MÎ¶]�ÎÍÍZ¿�zÀÀ�c�½Z¸t�Z��¹ �¶d�

ª¨���¾-u{ÇZ]�Z]�r�Z��¶]�¾«º°�¯�{Z��~��¦¿�{Y�¶¬��½u¹y¹�¶]�±M
�Ð�ª¨��¾-u{�²À¿Z��¹ ¾-u{ÇZ]�¹ ��Ñ�v]Z¿�¾¯�zÀÀ�c�²¿Y�²°�yu

{Y�¾³Z¯{�aYzÀsPc�½YyYu�®d�À�Ò��Zc�¶¤À£uÓ�Òb�Y�¶¤À£u��²¿Y
zd´§� `WYyY� yu� ±Z¤¤p¯� ¶§�b�Y� µv��\^�� ®d�À�� uZ¿{�¾-vÀ$À�©
v³º�� ¶kYº¯�ª¨�¯� Z]�®d�À��¾�£Y¹� _u¹vp¯�¾¯Z°c�½Yz]�\�Z´¯�
\�Z´¯� ¾�s� ©v¯� `WYyY� ¹ �®À¤d�¯� ¾¤À^�c� _v´´§�©zd´§� `WYyY� Z]� Z¯

®¿Y�µv�� \�Z´¯� ©zd´§� ¶]� ¢�º¯�¾�À^�� �¿Yz�� yu� ©zd´§� ²¿Y
��Z^¤³Y�\¿z�ÔÍ�� �ª¨�Õ��«Y�v´§�¾¯� ª°��\�Z´¯� yZÀ�]�

À�]� ½Z·�µu¹vp¯� ½Yz]� ²°�� yu\¬£� �Z^¤³Y� \¿z�� ²À¿Z�� yZ
�b�À³�\�Z´¯� ±uz§��°�� ª°�� ¶]� yuZ£�\¬£� ¶§� ¾¿Zk�ª°�� �

b�Yz¿x��Yy�¾cZ³Z�º³�¾«¹��¶d�z¿x��Zl³Y�©zd´§�
_v´´§�©zd´§�¶§�®À´§�¾º¯ ±Zº�³�zº�Zs�Yy�¶dº¨³�²º¿Y�¶º°cZs�yu

'05$&�uºs�{Y�Yy�½uZ¿{�¾¿Z³Yºc�uZ¿{�½Z·zÀÀ�d¯�±uº]�YyYu�Z]�
bº�Y�µuYu�±Zº�³�z-Y¶d�s�±ZoYz��½Yz]�±M�\¿Yz��®À�´c�¶#

b�Y�v´°�{yY�¾oYz��²¿Y�{Y�ª�Zo�j¿Zd³��b�Y�µv´´§�

¶¯Z³�µ%Y¹
�� 'LUHFW� 0RGHO� 5HIHUHQFH� $GDSWLYH�

&RQWUROOHU
�� $OPRVW�6WULFWO\�3RVLWLYH�5HDO�
�� 6WULFWO\�3RVLWLYH�5HDO��
�� 0HDQ�$UWHULDO�3UHVVXUH
�� 0XOWL�,QSXW�0XOWL�2XWSXW�
�� &DUGLDF�2XWSXW�

�� FDUGLDF�RXW�SXW
�� PHDQ�DUWHULDO�SUHVVXUH
�� DOPRVW�VWULFWO\�SRVLWLYH�UHDO�
��� VWULFWO\�SRVLWLY��UHDO
��� GLUHFW PRGHO� UHIHUHQF�

DGDSWLYH�FRQWUROOHU
��� VRGLXP�QLWURSUXVVLG

��� GRSDPLQH
��� VWURNH�YROXPH
��� FRQJHVWLYH�KHDUW�IDLOXUH
��� FDUGLDF�FRQWUDFWLOLW\
��� &KDPEHU

�kYz¯
�� ;X��;�� .DXIPDQ��+���DQG�5R\��5��ù0RGHO�5HIHUHQFH�

$GDSWLYH� &RQWURO� RI� 'UXJ� ,QIXVLRQ� 5DWH�ù �WK ,)$&�
6\PS�� 2Q� ,GHQWLILFDWLRQ��:DVKLQJWRQ� '&� SS� ����
�����-XQH������

�� 6REHO��.���DQG�.DXIPDQ��+��ø'LUHFW�0RGHO�5HIHUHQFH�
$GDSWLYH� &RQWURO� IRU� D� &ODVV� RI� 0,02� 6\VWHPVù��

$GYDQFHV� LQ� &RQWURO� DQG� '\QDPLF� 6\VWHPV��
/HRQGHV��&�7��HG���9RO������$FDGHPLF�3UHVV��SS� ����
����������

�� +H�� :�*��� .DXIPDQ�� +��� DQG� 5R\�� 5��� ³0XOWLSOH�
0RGHO� $GDSWLYH� &RQWURO� 3URFHGXUH� IRU� %ORRG�
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ÑÓY©Z���©È¤d�ÏÏ_yZ°���Ï�v´ �YÎÐÕÏ

3UHVVXUH� &RQWURO�´� ,(((� 7UDQV�� %LRPHG�� (QJ���
YRO�%0(�����SS� ������������

�� 9RVV��*�,���.DWRQD��3�*���DQG�&KL]HN��+�-���³$GDSWLYH�
0XOWLYDULDEOH� 'UXJ� 'HOLYHU\�� &RQWURO� RI� $UWHULDO�
3UHVVXUH� DQG�&DUGLDF�2XWSXW� LQ�$QHVWKHWL]HG�'RJV�ù
,(((�7UDQF�%LRPHG��(QJ���92/��%0(�����33������
���

�� %DUQH\�� (�0��� DQG� .DXIPDQ�� +��� ³0RGHO� 5HIHUHQFH�
$GDSWLY� &RQWURO� RI� &DUGLDF� 2XWSXW� DQG� %ORRG�
3UHVVXUH�7KURXJK�7ZR�'UXJ�,QIXVLRQ�� ù�WK ,(((�,QW��
6\PS�RQ� ,QWHOOLJHQW� &RQWURO�� 3KLODGHOSKLD�� SS� �����
6HSWHPEHU������

�� :HVWYROG��6�6��� ³0RGHO�5HIHUHQFH�$GDSWLYH�&RQWURO�
RI� &DUGLDF� 2XWSXW� DQG�0HDQ� $UWHULDO� 3UHVVXUH� LQ� D�
5HDOLVWLF� 0RGHO� RI� D� &LUFXODWRU\� 6\VWHP�ù 0DVWHU�
3URMHFW�� 5HQVVHODHU� 3RO\WHFKQLF� ,QVWLWXWH�� -DQXDU\�
�����

�� %DU�.DQD�� ,��� ³$GDSWLYH� &RQWURO�� $� 6LPSOLILHG�
$SSURDFK�� ùLQ� $FDGHPLF� 3UHVV�$GYDQFHV� LQ� &RQWURO�
DQG� '\QDPLF� 6\VWHPV�� /HRQGHV�� &�7� �HG�� 9RO�����
�����

�� .DXIPDQ�� +��� 1HDW�� *��� DQG� 6WHLQYRUWK�� 5���
³$V\PSWRWLFDOO\� 6WDEOH� 0,02� 'LUHFW� 0RGHO�
5HIHUHQFH� $GDSWLYH� &RWWUROOHU� IRU� 3URFHVVHV� QRW�
1HFHVVDULO\� 6DWLVI\LQJ� D� 3RVLWLYH� 5HDO� &RQVWUDLQW�� ù
(XURSHDQ�&RQI���*UHQREOH��SS������������

�� <X�� &��5R\�� 5�� DQG� .DXIPDQ�+��ø $� &LUFXODWRU\�
PRGHO� IRU� &RPELQG� 1LWURSUXVVLGH�'RSDPLQH�
7KHUDS\� LQ� $FXWH� +HDUW� IDLOXUHù� 0HGLFDO� 3URJUHVV�
7KURXJK 7HFKQRORJ\�� .OXZHU� $FDGHPLF� 3XEOLVKUV��
SS� �����������

��� &KHQ�&��7��� /LQ�:��/���.XR�7��6�� DQG�:DQJ�&��<���
³$GDSWLYH�&RQWURO�RI�$UWHULDO�%ORRG�3UHVVXUH�ZLWK�D�
/HDUQLQJ� &RQWUROOHU� %DVHG� RQ� 0XOLOD\HU� 1HXUDO�
1HWZRUNV�´� � ,(((� 7UDQVDFWLRQ� RQ� %LRPHGLFDO�
(QJLQHHULQJ� 9RO������1R�����SS� ���������-XO\������

��� <X�� &��� ³$GDSWLYH� &RQWURO� RI� &DUGLDF� 2XWSXW� DQG�
0HDQ� $UWHULDO� 3UHVVXUH� 8VLQJ� 0XOWLSOH� 'UXJ�
,QIXVLRQV�ù 'RFWRUDO� 7KHVLV�� 5HQVVHODHU� 3RO\WHFKQLF�
,QVWLWXWH��0$<������

��� .DXIPDQ�� +��� %DU�.DQD�,��� DQG� 6REHO�� .��� ³'LUHFW�
$GDSWLY� &RQWURO� $OJRULWKPV�´ 6SULQJHU� 9HUODJ��
�����

��� 6DQNH\�� -�5��� ³'HVLJQ� 6WXGLHV� IRU� 'LUHFW� 0RGHO�
5HIHUHQFH� $GDSWLYH� &RQWURO RI� &DUGLDF� 2XWSXW� DQG�
%ORRG�3UHVVXUH� LQ� D�&DUGLRYDVFXODU�6\VWHP�0RGHO�´�
0DVHUV� 3URMHFW�� 5HQVVHODHU� � 3RO\WHFKQLF� ,QVWLWXWH��
'HFHPEHU������

��� 6HEDG��$��9���6NKQXUHU��*���3DUWL��0���6PLWK��1��7���
DQG� 4XLQQ�� 0�/��� ³$� '\QDPLF� (PSLULFDO� 0RGHO� RI�
WKH� +XPDQ� 5HVSRQVH� WR� 6RGLXP� 1LWURSUXVVLGH�
'XULQJ�&DUGLDF�6XUJHU\�´�,((�3URF���1RY�����

��� +HOG�� &�0��� DQG� 5R\�� U�� ³0XOWLSOH� 'UXJ
+HPRG\QDPLF� &RQWURO� E\� 0HDQV� RI� D 6XSHUYLVRU\�
)X]]\� 5XOH�%DVHG� $GDSWLYH� &RQWURO� 6\VWHP��
9DOLGDWLRQ� RQ� D� 0RGHO�´� ,(((� 7UDQVDFWLRQ� RQ�
%LRPHGLFDO�(QJLQHHULQJ� 9RO������1R� ���SS� ���������
$SULO������

��� :RRGUXII�� (��$���0DUWLQ�� -�� )��� DQG�2PHQV��0��� ³$�
0RGHO� IRU� 'HVLJQ� DQG� (YOXDWLRQ� RI� $OJRULWKPV� IRU�
&ORVHG�/RRS� &DUGLRYDVFXODU� 7KHUDS\�´� 3/&� 0HG�
6��� 86$�� \VW�� ,QF��� 0LOIRUG�� 0�$%LRPHGLFDO�
(QJLQHHULQJ�� ,((( 7UDQDFWLRQV� RQ� ,((�� 9RO�� ����
,VVXH����$XJ��SS������������������

��� 6KHSSDUG��/�&���+ROGHIHU��:�)���.RXFFKRXNRV��1�7���
DQG� .LUOLQ�� -�:��� ³$QDO\VLV� RI� 0XOWLSOH� (IIHFW� RI�
9DVRDFWLYH� DQG� 3RVLWLYH� ,QWURSLF� $JHQWV� RQ�
&DUGLRYDVFXODU� 6\VWHP� 9DULDEOH�´� &DUGLRYDVFXODU
6\VWHP� '\QDPLFV�� 0RGHOV� DQG� 0HDVXUHPHQWV��
3OHQXP�3UHVV��1HZ�\RUN��SS����������

��� 5XELQ�� 6�$��� 0LVEDFK�� *��� /HNYHQ�� -��� 3DUPOH\��
:�:��� DQG� 7\EHUJ�� -�9��� ³5HVLVWDQFH� DQG� 9ROXPH�
&KDQJHV�&DXVHG�E\�1LWURSUXVVLGH�LQ�WKH�'RJ�´�$P��-��
3K\VLRORJ\�������SS��+���+���������

��� 6HUQD�� 9��� 5R\�� 5��� DQG� .DXIPDQ�� +��� ³$GDSWLYH�
&RQWURO�RI�0XOWLSOH�'UXJ�,QIXVLRQV�´�3URFHHGLQJV�RI�
WKH� $PHULFDQ� &RQWURO� &RQIHUHQFH�� 6DQ� )UDQFLVFR��
-XQH��������SS��������������

��� 0F,QQLV�� %�&��� DQG� 'HQJ�� /�=��� ³$XWRPDWLF� &RQWURO�
RI� %ORRG� 3UHVVXUH� ZLWK� 0XOWLSOH� 'UXJ� ,QSXW�´�$QQ��
%LRPHG�(QJ�� 9RO������SS����������������

��� 5RVV�� 5�� 6��� ³&RQJHVWLYH� +HDUW� )DLOXUH�´� LQ� WKH�
3ULQFLSOHV�DQG�3UDFWLF�RI�0HGLFLQH�´�+DUYH\��$��0���
-RKQV�5�� -��� 2ZHQV�� $�� +��� DQG� 5RVV�� 5�� 6�� �HGV���
1HZ� <RUN�� $SSOHWRQ�&HQWXU\�&URIWV� (GXFDWLRQDO�
'LYLVLRQ�� 0HUHGLWK� &R��� &KDSWHU� ���� SS�� ���������
�����

��� 6WHPSOH�'��5���.OHLQPDQ��-��+���DQG�+DUULVRQ��'��&���
³&RPELQHG� 1LWURSUXVVLGH�'RSDPLQH� 7KHUDS\� LQ�
6HYHUH� &KURQLF� &RQJHVWLYH� +HDUW� )DLOXUH�´� 7KH�
$PHULFDQ� -RXUQDO� RI� FDUGLRORJ\�� 9RO����� SS�� ����
�����$XJXVW������

��� 5R\��5�� -��� ³$GDSWLYH�&DUGLRYDVFXODU�&RQWURO�8VLQJ�
0XOWLSOH�'UXJ�,QIXVLRQV�´�3URFHHGLQJV�RI�WKH�,,(((�
(0%6� &RQIHUHQFH� RQ� )URQWLHUV� RI� (QJLQHHULQJ� LQ�
+HDOWK�&DUH��SS����������������

��� 5LJJV�� '�� 6��´� 7KH� 0DWKHPDWLFDO� $SSURDFK� WR�
SK\VLRORJ\�3UREOHPV�´�0,7�3UHVV��&DPELUGJH�������

��� -RKQVRQ�� &�/��� -DQQHWW�� 7�&��� DQG� 6KHSSDUG�� /�&���
³$GDSWLYH� )HHGEDFN� &RQWURO� RI� %ORRG� 3UHVVXUH��
0RGHO�%DVHG� 'HVLJQ� DQG� 7HVWLQJ�´� ,)$&� 0RGHOLQJ�
DQG�FRQWURO�LQ�%LRPHGLFDO�6\VWHPV��9HQLFH��,WDO\��SS��
��������������

��� 3DFNHU�� -�� 6��� 0DVRQ�� '�*��� &DGH�� -�� )��� DQG�
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