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°mº®°�m�� ¹Sº«mã«��Ò²°«� m� mÒ�Ë� }mÈÓ�ºmº�SÈÏäËS�

�SË�°�ÈmãËÓ�°Ò°�ËäÓ©®�¹º�²º��}�ÒÓ��°�SÒÒ�ÓÈÓº°Ò�
°�Ëä�}È}�¹SÒºSÒ�Ë�Óºä��ÓÈ¹SÈmãËÓÒ��SÈÏmÒ�Ò«�ÓÈ�}Ò
Ò��Ë²ÓÒ}Ò�

iÈÓº�º¹SË�ËãËÓÒË�º°ÓºmÓ©²�¹ºÓ«�Ò®��Ò°¹ºã
Ï�Ëä©²�m
ÒÓ��°�SÒÒ�ÓÈÓº°Ò°�Ëä��Ò�º¹SË�ËãËÓ�ËË�ÓÈ��Óº�¹SºÒÏmº��
°�mËÓÓ©®�Ò�º­SÈÏºmÈ�Ëã
Ó©®�­ÈÏÒ°�°���Ë�ºä�ÒÓ�Ë�SÈ�ÒÒ
°�¹SÒºSÒ�Ë�Ó©äÒ�ÓÈ¹SÈmãËÓÒ«äÒ�SÈÏmÒ�Ò«�ÓÈ�}Ò���Ë²�
ÓÒ}Ò�Ò��Ë²Óºãº�ÒÒ�
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Ó©²�� °ÒÓËS�Ë�Ò�Ë°}Ò�}ºº¹ËSÈ�ÒmÓ©²�� ��Ò�ÈÓ�°}Ò²�
ªÁÁË}�ºm�Ò��S��Ò²�«mãËÓÒ®�Ò�¹Sº�Ë°°ºm��°m«ÏÈÓ�
Ó©²�°�¹Sº«mãËÓÒËä�ÓÈÓºäÈ°	�È­Ó©²�ÁÈ}�ºSºm�
sÈÓºäÈ�ËSÒÈã©�Û�mË�Ë°�mÈ�Ò�}ºä¹ºÏÒ�ÒÒ�mË�

�Ë°�m�� ¹SË�°�Èmã«��ÒË� °º­º®� Ò°}�°°�mËÓÓº� ÒãÒ
Ë°�Ë°�mËÓÓº��¹ºS«�º�ËÓÓ���ÒãÒ�ÓË�¹ºS«�º�ËÓÓ��
°Ò°�Ëä�� ­ÈÏºm©²� ªãËäËÓ�ºm� °� ÓÈÓºäË�SÒ�Ë°}ÒäÒ
²ÈSÈ}�ËSÒ°�Ò�Ë°}ÒäÒ�SÈÏäËSÈäÒ�Ò�º°º­©ä�¹Sº«m�
ãËÓÒËä�ÁÒÏÒ�Ë°}º�º�Ò��ÒãÒ��²ÒäÒ�Ë°}º�º�mÏÈÒäº�
�Ë®°�mÒ®�¹SÒ�}ºº¹ËSÈ�ÒÒ�ÓÈÓºSÈÏäËSÓ©²�ªãËäËÓ�
�ºm��º­Ë°¹Ë�ÒmÈ��Ò²�mºÏÓÒ}ÓºmËÓÒË���äÈ�ËSÒÈãºm
Ò�°Ò°�Ëä�°ºmº}�¹Óº°�Ò�SÈÓËË�ÓËÒÏmË°�Ó©²�äË²ÈÓÒ�
�Ë°}Ò²��²ÒäÒ�Ë°}Ò²��ªãË}�SºÁÒÏÒ�Ë°}Ò²��º¹�Ò�Ë�
°}Ò²���Ë¹ãºÁÒÏÒ�Ë°}Ò²�Ò��S��Ò²�°mº®°�m��º¹SË�Ë�
ã«Ëä©²�¹Sº«mãËÓÒËä�ÓÈÓºäÈ°	�È­Ó©²�ÁÈ}�ºSºm�
sÈÓº�Ë²Óºãº�Ò«�Û�°ºmº}�¹Óº°�
�äË�º�ºm�Ò�°¹º�

°º­ºm�°ÒÓ�ËÏÈ��°­ºS}Ò��°�S�}��Sº��Ò�ÁºSäºº­SÈÏº�
mÈÓÒ«��ÓÈÓË°ËÓÒ«�� ��ÈãËÓÒ«�Ò�äº�ÒÁÒ�ÒSºmÈÓÒ«
äÈ�ËSÒÈãºm�� m}ã��È«� °Ò°�Ëä�� ÏÓÈÓÒ®�� ÓÈm©}ºm�
�äËÓÒ®�� È¹¹ÈSÈ��SÓºË�� äÈ�ËSÒÈãºmË��Ë°}ºË�� äË��
Sºãº�Ò�Ë°}ºË��ÒÓÁºSäÈ�ÒºÓÓºË�º­Ë°¹Ë�ËÓÒË�¹Sº�
�Ë°°ºm� Ò� �Ë²Óºãº�Ò�Ë°}Ò²� º¹ËSÈ�Ò®�� ÓÈ¹SÈmãËÓ�
Ó©²�ÓÈ� °ºÏ�ÈÓÒË�äÈ�ËSÒÈãºm�Ò� °Ò°�Ëä� °�Óºm©äÒ
°mº®°�mÈäÒ��º­�°ãºmãËÓÓ©äÒ�¹Sº«mãËÓÒËä�ÓÈÓº�
äÈ°	�È­Ó©²�ÁÈ}�ºSºm�
sÈÓº�ÒÈ�Óº°�Ò}È�Û�°ºmº}�¹Óº°�
�°¹Ë�ÒÈãÒÏÒ�

SºmÈÓÓ©²�äË�º�ºm�Ò°°ãË�ºmÈÓÒ®��ÓÈ¹SÈmãËÓÓ©²�ÓÈ
ÒÏ��ËÓÒË� °�S�}��SÓ©²�� äºSÁºãº�º��º¹ºãº�Ò�Ë�
°}Ò²�� äË²ÈÓÒ�Ë°}Ò²�� ªãË}�SºÁÒÏÒ�Ë°}Ò²�� º¹�Ò�Ë�
°}Ò²��­Òºãº�Ò�Ë°}Ò²�²ÈSÈ}�ËSÒ°�Ò}�ÓÈÓºäÈ�ËSÒÈãºm
Ò�ÓÈÓº°Ò°�Ëä��ÈÓÈãÒÏ�ÓÈÓº}ºãÒ�Ë°�m�mË�Ë°�mÈ��ÒÏ�
äËSËÓÒË�äË�SÒ�Ë°}Ò²�¹ÈSÈäË�Sºm�°�ÓÈÓº�º�Óº°�
��
sÈÓº°Ò°�Ëäº�Ë²ÓÒ}È� Û� °ºmº}�¹Óº°�
� äË�º�ºm

äº�ËãÒSºmÈÓÒ«��¹SºË}�ÒSºmÈÓÒ«�Ò�}ºÓ°�S�ÒSºmÈ�
ÓÒ«�ÒÏ�ËãÒ®�SÈÏãÒ�Óº�º�Á�Ó}�ÒºÓÈã
Óº�º�ÓÈÏÓÈ�
�ËÓÒ«��m��ºä��Ò°ãË�ÓÈÓºäÈ�ËSÒÈãºm��äÒ}Sº��Ò�ÓÈ�
Óº°Ò°�Ëä� °�	ÒSº}Òä� Ò°¹ºã
ÏºmÈÓÒËä� }mÈÓ�ºmº�
SÈÏäËSÓ©²�� }ºº¹ËSÈ�ÒmÓº�°ÒÓËS�Ë�Ò�Ë°}Ò²�� �Ò�
�ÈÓ�°}Ò²�ªÁÁË}�ºm�Ò��S��Ò²�«mãËÓÒ®�Ò�¹Sº�Ë°°ºm�
¹Sº«mã«��Ò²°«�m��°ãºmÒ«²�äÈ�ËSÒÈã
Ó©²�º­�Ë}�ºm
°�ÓÈÓºäË�SÒ�Ë°}ÒäÒ�²ÈSÈ}�ËSÒ°�Ò�Ë°}ÒäÒ�SÈÏäË�
SÈäÒ�ªãËäËÓ�ºm�
sÈS«���°�º¹SË�ËãËÓÒËä�SÈÓËË��}ÈÏÈÓÓ©²�¹ºÓ«�

�Ò®��º°Óºmº®�}º�ºS©²��m�¹ËSm���º�ËSË�
��«mã«Ë�°«
Ë°�Ë°�mËÓÓº�ÓÈ��Ó©®� ­ÈÏÒ°�� °�ËãÈËä� ¹º¹©�}�
¹SË�°�ÈmÒ�
� 	ÒSº}º� Ò°¹ºã
Ï�Ëä©Ë� m� ãÒ�ËSÈ��SË
�ËSäÒÓ©�>�@��m©Ï©mÈ��ÒË�ÓËº�ÓºÏÓÈ�ÓºË�Ò²�mº°�
¹SÒ«�ÒË�
sÈÓºÓÈ�}È�Û�°Ò°�ËäÈ�ÏÓÈÓÒ®��º°ÓºmÈÓÓÈ«�ÓÈ

º¹Ò°ÈÓÒÒ�� º­�«°ÓËÓÒÒ� Ò� ¹SË�°}ÈÏÈÓÒÒ� °mº®°�m
äÈ�ËSÒÈã
Ó©²�º­�Ë}�ºm�°�ÓÈÓºäË�SÒ�Ë°}ÒäÒ�²È�
SÈ}�ËSÒ°�Ò�Ë°}ÒäÒ�SÈÏäËSÈäÒ�ÒãÒ�°Ò°�Ëä�­ºãËË
m©°º}º�º� äË�SÒ�Ë°}º�º� �SºmÓ«�� �¹ºS«�º�ËÓÓ©²
ÒãÒ� °Èäº�¹ºS«�º�ËÓÓ©²�ÓÈ� º°ÓºmË�ÓÈÓºSÈÏäËS�
Ó©²�ªãËäËÓ�ºm�
sÈÓº�Ë²ÓÒ}È�Û�äÈ	ÒÓ©��äË²ÈÓÒÏä©��¹SÒ­ºS©�

�°�Sº®°�mÈ�� äÈ�ËSÒÈã©�� °ºÏ�ÈÓÓ©Ë� °� Ò°¹ºã
ÏºmÈ�

ÓÒËä�Óºm©²�°mº®°�m�Ò�Á�Ó}�ÒºÓÈã
Ó©²�mºÏäºÎÓº�
°�Ë®�°Ò°�Ëä�¹SÒ�¹ËSË²º�Ë�}�ÓÈÓºäÈ°	�È­Èä�Ò�º­�
ãÈ�È��ÒË�SÈÓËË�ÓË�º°�ÒÎÒä©äÒ�äÈ°°º�È­ÈSÒ�Ó©�
äÒ�Ò�ªÓËS�Ë�Ò�Ë°}ÒäÒ�¹º}ÈÏÈ�Ëã«äÒ���Ë²ÓÒ}º�ª}º�
ÓºäÒ�Ë°}ÒäÒ� ¹ÈSÈäË�SÈäÒ� Ò� Á�Ó}�ÒºÓÈã
Ó©äÒ
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n�Ó�ÈäËÓ�Èã	Ó©Ë�º°Óºm©�ÒÓ��°�SÒÒ�ÓÈÓº°Ò°�Ëä

{�º°ÓºmË�°Ò°�Ëä©�ÏÓÈÓÒ®�º­�º­�Ë}�Ë�Ò°°ãË�º�
mÈÓÒ®�­ËÏ�°ãºmÓº�ãËÎÒ��ÈÓÈãÒÏ�Ë�º�mË�Ë°�mËÓÓº�
äÈ�ËSÒÈã
Óº�º�­ÈÏÒ°È��°�S�}��SÓº�º��¹ºS«�º�ËÓÒ«
Ò� �°�º®�Òmº°�Ò�� ¹Sº°�SÈÓ°�mËÓÓº�mSËäËÓÓº®� ºS�
�ÈÓÒÏÈ�ÒÒ��È��È}ÎË�}ºãÒ�Ë°�mËÓÓºË�Ò�}È�Ë°�mËÓÓºË
¹Sº«mãËÓÒË� �SÈ�Ò�ÒºÓÓ©²� Ò� SÈÓËË� ÓËÒÏmË°�Ó©²
°mº®°�m�m�ÏÈmÒ°Òäº°�Ò�º���°ãºmÒ®�°ÒÓ�ËÏÈ�Ò�Á�Ó}�
�ÒºÓÒSºmÈÓÒ«�
{�}È�Ë°�mË�º­�Ë}�È�Ò°°ãË�ºmÈÓÒ®�m�SÈä}È²��ÈÓ�

Óº®�°�È�
Ò�­©ãÈ�m©­SÈÓÈ�°ºmº}�¹Óº°�
�SÈÓËË�¹SË��
°�ÈmãËÓÓ©²�¹ºÓ«�Ò®��ÓÈÓºäÈ�ËSÒÈã©��ÓÈÓº�Ë²Óº�
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Ó©Ë
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����äËSÓ©Ë��}mÈÓ�ºm©Ë�ÓÒ�Ò��
ÓÈÓº�S�­}Ò��ÓÈÓºmºãº}ÓÈ��ãÒ�
ÓË®Ó©Ë�¹ºãÒäËS©
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°}ÒË�¹ºãÒäËS©
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��vÈäººS�ÈÓÒÏÈ�Ò«
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ÁË}�©
��vÒÓËS�Ë�Ò�Ë°}ÒË�ªÁÁË}�©
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ãº�Ò«�� ÓÈÓº�ÒÈ�Óº°�Ò}È�� ÓÈÓº°Ò°�Ëäº�Ë²ÓÒ}È�� Ò
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�Ò�ªÓËS�ÒÒ��ÏÈS«�È�Ò�}ºÓÁºSäÈ�ÒºÓÓ©²�ÒÏäË�
ÓËÓÒ®��º�ãÒ�È��Ò²°«�ÓÒÏ}Òä�ªÓËS�º¹º�SË­ãË�
ÓÒËä��m©°º}º®�°}ºSº°�
��Ò�Óº°«�Ò²�¹SÒÏÓÈ}Ò
}ºº¹ËSÈ�ÒmÓº�º�°ÒÓËS�Ë�Ò�Ë°}º�º�¹Sº�Ë°°È�

vãË��Ë��¹SË�¹ºãºÎÒ�
����º�¹SÒ�ÒÓº®�¹º«mãË�
ÓÒ«�m©	Ë�}ÈÏÈÓÓ©²�º°º­ËÓÓº°�Ë®�m��°ãºmÒ«²��ÓÈ�
ÓºäÒSÈ��«mã«Ë�°«�

z ÒÏäËÓËÓÒË� º�Óº	ËÓÒ«� ¹ãº�È�Ò� ¹ºmËS²Óº°�Ò
} º­�Ëä��¹SÒ�¹ËSË²º�Ë�}�ÓÈÓºSÈÏäËSÓ©ä�°Ò°�
�ËäÈä�

z ªÓËS�Ë�Ò�Ë°}È«��¹ºãËmÈ«�Ò� �mË�Ë°�mËÓÓÈ«��ÓË�
SÈmÓºmË°Óº°�
� ¹ºmËS²Óº°�Ò�� º²mÈ�©mÈ��È«
ÏÓÈ�Ò�Ëã
Ó©Ë�º­�Ëä©�ÓÈÓº�È°�Ò��

z �°ÒãËÓÒË�SºãÒ�SÈÏãÒ�Ó©²�mÒ�ºm�SÈÏäËSÓ©²�ªÁ�
ÁË}�ºm�m°ãË�°�mÒË�ÏÓÈ�Ò�Ëã
Óº®�¹ãº�È�Ò��SÈ�
ÓÒ��SÈÏ�ËãÈ�m��°ãºmÒ«²�ÓÈÓº}ºä¹ºÏÒ�Ò®�

z ¹Sº«mãËÓÒË� m� �°ãºmÒ«²� ­ºã
	Ò²� }ºããË}�Òmºm
ªÓËS�Ë�Ò�Ë°}Ò� È}�ÒmÓ©²� ÓÈÓº�È°�Ò�� ÓË�SÈ�Ò�

�ÒºÓÓ©²� äË²ÈÓÒÏäºm� �¹ºS«�º�ËÓÒ«�� ¹ËSËÓº°È
ªÓËS�ÒÒ�Ò�ÏÈS«�È�

z äÈã©Ë� ²ÈSÈ}�ËSÒ°�Ò�Ë°}ÒË� SÈÏäËS©� �È°�Ò�� Ò
º°º­©®� ²ÈSÈ}�ËS� Ò²� �¹ºS«�º�ËÓÒ«�� º­Ë°¹Ë�Ò�
mÈ��ÒË� ªÓËS�Ë�Ò�Ë°}��� Ò� ¹Sº°�SÈÓ°�mËÓÓ��
�º°��¹Óº°�
��SÈÓ°¹ºS�È�ÏÈS«�È��ªÓËS�ÒÒ�Ò�}ºÓ�
ÁºSäÈ�ÒºÓÓ©²�ÒÏäËÓËÓÒ®�
{°Ë�SÈÓËË�°}ÈÏÈÓÓºË�¹ºÏmºãÒãº�¹SË�ãºÎÒ�
�S«�

¹º°��ãÈ�ºm��º¹SË�Ëã«��Ò²�²ÈSÈ}�ËSÓ©Ë�¹SÒÏÓÈ}Ò
Ò�ÓÈ¹SÈmãËÓÒ«�SÈÏmÒ�Ò«�ÓÈÓºäÈ�ËSÒÈãºm��ÓÈÓº�Ë²�
Óºãº�Ò®�Ò�ÓÈÓº°Ò°�Ëä���È­ã�����
�È}Òä�º­SÈÏºä��Á�Ó�ÈäËÓ�Èã	Ó©ä�­ÈÏÒ°ºä�ÒÓ�

��°�SÒÒ�ÓÈÓº°Ò°�Ëä�«mã«
�°«�Óºm©Ë� SÈÓËË� ÓËÒÏ�
mË°�Ó©Ë�°mº®°�mÈ�äÈ�ËSÒÈãºm�Ò�}ºä¹ºÏÒ�Ò®��mºÏ�
ÓÒ}È
�ÒË�¹SÒ�¹ËSË²º�Ë�}�º­�Ë}�Èä��¹SË�°�Èmã«
�
�Òä�°º­º®�ÒÓ�Ë�SÈ�Ò
�Ò°}�°°�mËÓÓº�ÒãÒ�Ë°�Ë°��
mËÓÓº��¹ºS«�º�ËÓÓ©²�ÓÈÓº°Ò°�Ëä��w�º�º­�°ãºmãËÓº
º°º­©ä� ¹Sº«mãËÓÒËä� m� ÓÈÓº}ºä¹ºÏÒ�Ò«²� Ò� ÈÓ�
°Èä­ã«²� °�­äºãË}�ã«SÓ©²� }ºä¹ãË}°ºm� }ºº¹ËSÈ�
�ÒmÓº�°ÒÓËS�Ë�Ò�Ë°}Ò²� «mãËÓÒ®� Ò� ¹Sº�Ë°°ºm�
}mÈÓ�ºmº�SÈÏäËSÓ©²�Ò���Ò�ÈÓ�°}Ò²��ªÁÁË}�ºm�
{�ÓÈ°�º«�ËË�mSËä«��¹º�ÓÈ	Ëä��äÓËÓÒ���m�}È�

�Ë°�mË�Á�Ó�ÈäËÓ�Èã
Ó©²�¹Sº­ãËä�ÓÈÓºÒÓ��°�SÒÒ
äºÎÓº�m©�ËãÒ�
�°ãË����ÒË�ÓÈ¹SÈmãËÓÒ«�Ò°°ãË�
�ºmÈÓÒ®�
z äÈã©Ë� ÈÓ°Èä­ãÒ� äºãË}�ã�� äËÎäºãË}�ã«SÓ©Ë
mÏÈÒäº�Ë®°�mÒ«�Ò�äºãË}�ã«SÓÈ«��ÒÓÈäÒ}È�

z SÈÏäËSÓ©Ë�Ò�Á�Ó}�ÒºÓÈã
Ó©Ë�°mº®°�mÈ�ÓÈÓº�È�
°�Ò���}ºÓÁºSäÈ�ÒÒ��äËÎÁÈÏÓ©Ë��SÈÓÒ�©�

z ÓÈÓºäÈ°	�È­ÒSºmÈÓÒË� Ò� }mÈÓ�ºmº�SÈÏäËSÓ©Ë
ªÁÁË}�©�

z ÓËSÈmÓºmË°Ó©Ë�¹Sº�Ë°°©�Ò�°ÒÓËS�Ë�Ò�Ë°}ÒË�«m�
ãËÓÒ«�m�ÓÈÓº°�S�}��SÒSºmÈÓÓ©²�äÈ�ËSÒÈãÈ²�

z �ËºSÒÒ�äÈ�SÒ�Óº�º�°ÒÓ�ËÏÈ��°­ºS}Ò��°Èäº°­ºS�
}Ò�Ò�äºãË}�ã«SÓº�º��ÏÓÈmÈÓÒ«��ã«�mË�Ë°�m�ºS�
�ÈÓÒ�Ë°}º®�Ò�ÓËºS�ÈÓÒ�Ë°}º®�¹SÒSº�©�
{� }È�Ë°�mË� º�Óº�º� ÒÏ� mºÏäºÎÓ©²� ¹º�²º�ºm� }

ÁºSäÒSºmÈÓÒ�� }ºÓ�Ë¹�ÒÒ� SÈÏmÒ�Ò«� ÒÓ��°�SÒÒ
ÓÈÓº°Ò°�Ëä�m�3º°°ÒÒ��°���Ë�ºä�¹SÒºSÒ�Ë�Ó©²�ÓÈ�
¹SÈmãËÓÒ®�SÈÏmÒ�Ò«�ÓÈ�}Ò���Ë²Óºãº�Ò®�Ò��Ë²ÓÒ}Ò�
äºÎË��­©�
�¹SË�ãºÎËÓÈ�äÈ�SÒ�ÓÈ«�äº�Ëã
��º�SÈ�
ÎÈ��È«�}ã��Ëm©Ë�ÓÈ¹SÈmãËÓÒ«�SÈÏmÒ�Ò«�ÒÓ��°��
SÒÒ�ÓÈÓº°Ò°�Ëä��ÓÈÓºäÈ�ËSÒÈã©��ÓÈÓº�Ë²Óºãº�ÒÒ�

�È­ãÒ�È��
|°ÓºmÓ©Ë�¹º°��ãÈ�© �jÓ��°�SÒÒ�ÓÈÓº°Ò°�Ëä�

sÈÓºäÈ�ËSÒÈã©
lÈ}Sº��Ò�äÒ}Sºº­�Ë}�©�Û�ÒÓ�Ë�SÈ�Ò«�Ò°�
}�°°�mËÓÓº�ÒãÒ�Ë°�Ë°�mËÓÓº��¹ºS«�º�ËÓÓ©²�
�°Èäº�¹ºS«�º�ËÓÓ©²��ÓÈÓº°Ò°�Ëä

sÈÓº�Ë²Óºãº�ÒÒ
sÈÓº�º�Óº°�
��ÓÈÓºÒÏ­ÒSÈ�Ëã
Óº°�
�Ò�°È�
äººS�ÈÓÒÏÈ�Ò«�m��°ãºmÒ«²�°ÒÓ�ËÏÈ�äÈ}Sº��Ò�
äÒ}Sºº­�Ë}�ºm

sÈÓº°Ò°�Ëä©
lÈ}Sº°Ò°�ËäÓ©Ë�°mº®°�mÈ�Û�¹Sº«mãËÓÒË�
}ºº¹ËSÈ�ÒmÓº�º�mÏÈÒäº�Ë®°�mÒ«�Ò�ÒÏ­ÒSÈ�
�Ëã
Óº°�Ò��SÈÓÒ��SÈÏ�ËãÈ�ÓÈÓº°Ò°�Ëä

|��äÈ}Sº}SÒ°�Èããºm�}�}ºä¹ºÏÒ�Ò«ä�ÓÈ�
Óº}SÒ°�Èããºm�Ò�°�­äºãË}�ã«SÓ©ä�}ºä�
¹ãË}°Èä

|��äÒ}Sº��}�ÓÈÓº�º�Óº°�Ò��ÓÈÓºãº}ÈãÒ�
ÏÈ�ÒÒ��ÓÈÓº¹ºÏÒ�ÒºÓÒSºmÈÓÒ���ÓÈÓºÒÏ�
­ÒSÈ�Ëã
Óº°�Ò�

|��äÒ}Sº��}�ÓÈÓºäÈ°	�È­ÒSºmÈÓÒ�

|��Ò°}�°°�mËÓÓº��¹ºS«�º�ËÓÓ©²�°Ò°�Ëä�}�
°Èäº�¹ºS«�º�ËÓÓ©ä

|��ºS�ÈÓÒÏÈ�ÒÒ�}�°ÈäºÁºSäÒSºmÈÓÒ���
°Èäº°­ºS}Ë��°ÈäººS�ÈÓÒÏÈ�ÒÒ�

|��}ãÈ°°Ò�Ë°}Ò²�SÈÏäËSÓ©²�ªÁÁË}�ºm�}�
}mÈÓ�ºm©ä

|��°�È�Ò�Ë°}º�º��¹ºS«�º�ËÓÒ«�}��ÒÓÈ�
äÒ�Ë°}ºä���ÓËSÈmÓºmË°Óºä��

|��}mÈÏÒSÈmÓºmË°Ó©²�¹Sº�Ë°°ºm�}�ÓËSÈm�
ÓºmË°Ó©ä

|��ÒÏºãÒSºmÈÓÓ©²�}ºÓ°ËSmÈ�ÒmÓ©²�°Ò°�
�Ëä�}�º�}S©�©ä�}ºº¹ËSÈ�ÒmÓ©ä
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ÓÈÓº�ÒÈ�Óº°�Ò}È�� ÓÈÓº°Ò°�Ëäº�Ë²ÓÒ}È���ËSËÏ��Ë�
�ÈãÒÏÈ�Ò�� Ò� �°�ÈÓºmãËÓÒË� mÏÈÒäºmãÒ«ÓÒ«� �ÓÒ�
}Èã
Ó©²�°¹Ë�ÒÁÒ�Ë°}Ò²�°mº®°�m�Ò�º°º­ËÓÓº°�Ë®�
¹Sº«mã«��Ò²°«� ¹SÒ� ¹ËSË²º�Ë� }� ÓÈÓºäÈ°	�È­Èä
�°ä��SÒ°�Óº}��

iÈÓÓÈ«�äÈ�SÒ�ÓÈ«�ÁºSäÈ�äºÎË��­©�
�Ò°¹ºã
Ïº�
mÈÓÈ��ã«�¹Sº�ÓºÏÒSºmÈÓÒ«�}SÒ�Ò�Ë°}Ò²�ÓÈ¹SÈmãË�
ÓÒ®�SÈÏmÒ�Ò«�ÒÓ��°�SÒÒ�ÓÈÓº°Ò°�Ëä�°��Ëã
��¹º�
m©	ËÓÒ«�SËÏ�ã
�È�ÒmÓº°�Ò�Ò°°ãË�ºmÈÓÒ®�Ò�SÈÏSÈ�
­º�º}��È��È}ÎË�ÒÓ�Ë�SÈ�ÒÒ�Ò�}ººS�ÒÓÈ�ÒÒ�SÈ­º��m
ÓÈ��Óº®�Ò�¹SºÒÏmº�°�mËÓÓº®�°ÁËSÈ²�

sÈ��Óº�¹SºÒÏmº�°�mËÓÓ©®�­ÈÏÒ°�ÒÓ��°�SÒÒ
ÓÈÓº°Ò°�Ëä

jÓ��°�SÒ«� ÓÈÓº°Ò°�Ëä� Û� ÒÓ�Ë�SÒSºmÈÓÓ©®
}ºä¹ãË}°��m}ã
�È
�Ò®��º­ºS��ºmÈÓÒË��äÈ�ËSÒÈã©�
¹Sº�SÈääÓ©Ë�°SË�°�mÈ��°Ò°�Ëä��ÏÓÈÓÒ®���Ë²Óºãº�
�Ò�Ë°}�
��äË�Sºãº�Ò�Ë°}�
�� ÒÓÁºSäÈ�ÒºÓÓ�
�� ºS�
�ÈÓÒÏÈ�ÒºÓÓº�ª}ºÓºäÒ�Ë°}�
� }�ã	��S��Ò�}È�Sºm©®
¹º�ËÓ�ÒÈã��º­Ë°¹Ë�ÒmÈ
�ÒË�¹SºÒÏmº�°�mº�ÓÈ�}ºËä�
}º®�¹Sº��}�ÒÒ��º°ÓºmÈÓÓº®�ÓÈ�Ò°¹ºã	ÏºmÈÓÒÒ�Óºm©²
ÓË�SÈ�Ò�ÒºÓÓ©²�°mº®°�m�äÈ�ËSÒÈãºm�Ò�°Ò°�Ëä�¹SÒ
¹ËSË²º�Ë�}�ÓÈÓºäÈ°��È­Èä�

{��È­ã����¹SË�°�ÈmãËÓ�¹ËSË�ËÓ
�ÓÈÒ­ºãËË�È}���
Èã
Ó©²��¹º�ÓÈ	Ëä��äÓËÓÒ���ÓÈ��Óº��Ë²ÓÒ�Ë°}Ò²
¹SºË}�ºm��º¹SË�Ëã«��Ò²�°SË�ÓË°Sº�Ó©Ë�¹ËS°¹Ë}�
�Òm©�ÒÓ��°�SÒÒ�ÓÈÓº°Ò°�Ëä�m�SÈä}È²�SÈÓËË�SÈ°�
°äº�SËÓÓ©²�ÓÈ¹SÈmãËÓÒ®�ËË�SÈÏmÒ�Ò«��°ä���È­ã�����

3ËÈãÒÏÈ�Ò«�¹SË�°�ÈmãËÓÓº�º�m��È­ã����¹ËSË�Ó«
­ÈÏºm©²�ÓÈ��Óº��Ë²ÓÒ�Ë°}Ò²�¹SºË}�ºm�¹º�mÒ�Òäº�
ä��ÓË�SË	Ò��¹Sº­ãËä©�	ÒSº}º�º�¹Sºä©	ãËÓÓº�º
SÈÏmÒ�Ò«�ÒÓ��°�SÒÒ�ÓÈÓº°Ò°�Ëä��Óº�º­Ë°¹Ë�Ò���ã«
3º°°ÒÒ�
z °º²SÈÓËÓÒË�Ò�SÈÏmÒ�ÒË�º�Ë�Ë°�mËÓÓº�º�ÓÈ��Óº�º
Ò�¹Sºä©	ãËÓÓº�º�¹º�ËÓ�ÒÈãºm�m©°º}Ò²��Ë²Óº�
ãº�Ò®�

z °º²SÈÓËÓÒË� Ò� SÈÏmÒ�ÒË� }È�Sºmº�º� ¹º�ËÓ�ÒÈãÈ�
ÒÓ�Ë�SÈ�Ò��Ò�ªÁÁË}�ÒmÓºË�Ò°¹ºã
ÏºmÈÓÒË�m©�
°º}º}mÈãÒÁÒ�ÒSºmÈÓÓ©²�°¹Ë�ÒÈãÒ°�ºm�

z ÒÓ�ËÓ°ÒÁÒ}È�Ò�� äËÎ�Ò°�Ò¹ãÒÓÈSÓ©²� Ò°°ãË�
�ºmÈÓÒ®�Ò�SÈÏSÈ­º�º}�� º­Ë°¹Ë�ÒmÈ��Ò²�ÓÈ���
Óº��Ë²ÓÒ�Ë°}ÒË�¹SºS©m©�¹º�}ã��Ëm©ä�ÓÈ¹SÈm�
ãËÓÒ«ä�ÓÈ��Óº��Ë²ÓÒ�Ë°}º�º�¹Sº�SË°°È�

z °º²SÈÓËÓÒË�¹ÈSÒ�Ë�È�Sº°°Ò®°}º®�ÓÈ��Óº�º­SÈ�
ÏºmÈ�Ëã
Óº®�}�ã
��S©�m�º­ãÈ°�Ò�m©°º}Ò²��Ë²Óº�
ãº�Ò®�°�mË���ÒäÒ�ÏÈS�­ËÎÓ©äÒ�°�SÈÓÈäÒ�

|­SÈÏºmÈ�Ëã	Ó©®�­ÈÏÒ°�ÒÓ��°�SÒÒ�ÓÈÓº°Ò°�Ëä

�SÒ�ºS�ÈÓÒÏÈ�ÒÒ�Ò�SËÈãÒÏÈ�ÒÒ�SÈ­º��m�º­ãÈ°�Ò
ÒÓ��°�SÒÒ�ÓÈÓº°Ò°�Ëä��ÓÈS«���°�¹º°�ÈÓºm}º®��Ò°�
�º� ª}ºÓºäÒ�Ë°}º®� ÏÈ�È�Ò�Û� ¹ºm©	ËÓÒ«� ªÁÁË}�
�ÒmÓº°�Ò� ¹SºÒÏmº�°�mÈ� ÓÈ� º°ÓºmË� º¹ËSËÎÈ��Ë�º
SÈÏmÒ�Ò«�m©°º}º�Ë²Óºãº�Ò�Ó©²�º�SÈ°ãË®��ÓËº­²º�
�Òäº�SË	È�
�Ò�°º�ÒÈã
Ó���ÏÈ�È����w�º�°m«ÏÈÓº�°
º°º­º®�Sºã
��ÒÓ�ËããË}��Èã
Óº�º�ÁÈ}�ºSÈ�m��ºã�º�
°Sº�Óº®�¹ËS°¹Ë}�ÒmË�SÈÏmÒ�Ò«�3º°°ÒÒ�}È}�ÓËÏÈmÒ�
°Òäº�º��º°��ÈS°�mÈ�

jÓ�Ë�SÈ�Ò«�¹SÒºSÒ�Ë�Ó©²�ÓÈ¹SÈmãËÓÒ®�SÈÏmÒ�Ò«�ÓÈ�}Ò���Ë²Óºãº �Ò®�Ò��Ë²ÓÒ}Ò�°�ÓÈ¹SÈmãËÓÒËä��jÓ��°�SÒ«�ÓÈÓº°Ò°�Ëä�Ò�äÈ�ËSÒÈã©�
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�SË�°�Èmã«Ë�°«����º�m�¹Sº�SÈääË�SÈ­º���ºãÎËÓ
­©�
�°¹Ë�ÒÈã
Ó©®��²ºSº	º�¹Sº��äÈÓÓ©®��äË�º�Ò�
�Ë°}Ò�Ò�SËÈã
Óº�ª}ºÓºäÒ�Ë°}Ò�¹º��ËSÎÈÓÓ©®�­ãº}�
ÓÈ¹SÈmãËÓÓ©®�ÓÈ�°º²SÈÓËÓÒË�Ò�SÈÏmÒ�ÒË���ËãºmË�
�Ë°}º�º�}È¹Ò�ÈãÈ���}È}�º�Óº�º�ÒÏ�mÈÎÓË®	Ò²�ÁÈ}�
�ºSºm�º­Ë°¹Ë�ËÓÒ«�ª}ºÓºäÒ}Ò�°�SÈÓ©�}mÈãÒÁÒ�Ò�
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�� 3HWURSRXORV�3���0RQUR�7� 0���%HODU�
GL� :�� HW� DO�� �� 5� ÛUHJHQHUDWLYH� DOO�RSWLFDO
VZLWFK�EDVHG�RQ�D�KLJKO\�QRQOLQHDU�KROH\�IL�
EHU����2SWLFV�/HWWHUV��������9RO� ����,VVXH����
3� ����Û�����
�� <XVRII�=���/HH�-� +���%HODUGL�:��HW�DO�

5DPDQ�HIIHFWV�LQ�D�KLJKO\�QRQOLQHDU�KROH\�ILEHU�
$PSOLILFDWLRQ�DQG�PRGXODWLRQ����2SWLFV�/HW�
WHUV��������9RO� ����,VVXH����3� ���Û����
�� 5XVVHOO� 3� 6�� -�� 3KRWRQLF� &U\VWDO

)LEHUV����6FLHQFH��������9RO� �����3� ���Û
����
�� 1DVLORZVNL�7���/HVLDN�3���.RW\QVNL�5��HW

DO�� %LUHIULQJHQW� SKRWRQLF� FU\VWDO� ILEHU� DV� D
PXOWLSDUDPHWHU�VHQVRU����3URFHHGLQJV�6\P�
SRVLXP� ,(((� �� /(26� %HQHOX[� &KDSWHU�
������3� ��Û���
�� 7DUDVLVKLQ� $� 9��� 0DJQLWVNLL� 6� $��

6KXYDHY�9� $���=KHOWLNRY�$� 0��&RQVWUXFWLQJ
D�OLJKW�ILHOG�GLVWULEXWLRQ�IRU�WKH�ODVHU�JXLGLQJ�RI
DWRPV�LQ�SKRWRQLF�FU\VWDOV����2SWLFV�&RPPX�
QLFDWLRQV��������9RO� �����,VVXH��Û���3� ����
�� ,YDQRY�$� $���$OILPRY�0� 9���)HGRWRY

$� %��HW�DO��$Q�$OO�6ROLG�6WDWH�6XE����IV�6HOI�
6WDUWLQJ�&U���)RUVWHULWH�/DVHU�:LWK�+ROH\�
)LEHU�%HDP�'HOLYHU\�DQG�&KLUS�&RQWURO�IRU
&RKHUHQFH�'RPDLQ� DQG� 1RQOLQHDU�2SWLFDO
%LRPHGLFDO� $SSOLFDWLRQV� ��� /DVHU� 3K\VLFV�
������9RO� ����1XPEHU����3� ���Û����
�� 6XQ�-X��6KLODJDUG�7���%HOO�%��HW�DO��,Q

YLYR�PXOWLPRGDO�QRQOLQHDU�RSWLFDO�LPDJLQJ�RI
PXFRVDO� WLVVXH� ��� 2SWLFV� ([SUHVV�� �����
9RO� ����,VVXH�����3� ����Û�����
�� )HUUDULQL� '��� 9LQFHWWL� /��� =REROL�0�

/HDNDJH�SURSHUWLHV�RI�SKRWRQLF�FU\VWDO�ILEHUV���
2SWLFV� ([SUHVV�� ������ 9RO� ���� ,VVXH� ���
3� ����Û�����
�� +DVHJDZD�7���6DVDRND�(���2QLVKL�0��HW

DO�� +ROH�DVVLVWHG� OLJKWJXLGH� ILEHU� IRU� ODUJH
DQRPDORXV�GLVSHUVLRQ�DQG�ORZ�RSWLFDO�ORVV���
2SWLFV� ([SUHVV�� ������ 9RO� ��� ,VVXH� ���
3� ���Û����
��� &KRQJ�-� +��DQG�5DR�0� .��'HYHO�

RSPHQW�RI�D�V\VWHP�IRU�ODVHU�VSOLFLQJ�SKRWRQLF
FU\VWDO�ILEHU����2SWLFV�([SUHVV��������9RO� ���
,VVXH�����3� ����Û�����
��� %RXUOLDJXHW�%���3DUp�&���ePRQG�)�

0LFURVWUXFWXUHG�ILEHU�VSOLFLQJ����2SWLFV�([�
SUHVV��������9RO� ����,VVXH�����3� ����Û�����
��� GH� 0DWRV� &� -�� 6��� 3RSRY� 6� 9��

5XONRY�$� %��HW�DO��$OO�)LEHU�)RUPDW�&RP�
SUHVVLRQ�RI�)UHTXHQF\�&KLUSHG�3XOVHV�LQ�$LU�
*XLGLQJ�3KRWRQLF�&U\VWDO�)LEHUV����3K\VLFDO
UHYLHZ� OHWWHUV�� ������ 9RO� ���� 1XPEHU� ���
3� �Û��
��� 2KVRQR�.���1LVKLR�7���%LQJ�<��HW�DO�

+LJK� 3HUIRUPDQFH� 2SWLFDO� )LEHUV� IRU� 1H[W
*HQHUDWLRQ�7UDQVPLVVLRQ�6\VWHPV����+LWDFKL
&DEOH�5HYLHZ��������1� ����3� �Û��
��� :DQJ�;��DQG�:DQJ�/� 9��3URSDJDWLRQ

RI�SRODUL]HG�OLJKW�LQ�ELUHIULQJHQW�WXUELG�PHGLD�

WLPH�UHVROYHG�VLPXODWLRQV�ILEHUV����2SWLFV�([�
SUHVV��������9RO� ���,VVXH����3� ���Û����
��� )XRFKL�� 0��� +D\HV�� -� 5��

)XUXVDZD��.��HW�DO��3RODUL]DWLRQ�PRGH�GLV�
SHUVLRQ�UHGXFWLRQ�LQ�VSXQ�ODUJH�PRGH�DUHD�VL�
OLFD� KROH\� ILEUHV� ��� 2SWLFV� ([SUHVV�� �����
9RO� ����,VVXH����3� ����Û�����
��� /L�%���&KHQ�0��+LJKO\�ELUHIULQJHQW

SODVWLF�KROH\�ILEHUV����2SWLFDO�)LEHUV�DQG�3DV�
VLYH� &RPSRQHQWV�� ������ 3URFHHGLQJV� RI
63,(��9RO� ������3� ���Û����
��� &KHQ�;���/L�0���9HQNDWDUDPDQ�1��HW

DO��+LJKO\�ELUHIULQJHQW�KROORZ�FRUH�SKRWRQLF
EDQGJDS� ILEHU� ��� 2SWLFV� ([SUHVV�� �����
9RO� ����,VVXH������3� ����Û�����
��� 2UWLJRVD�%ODQFK� $��� .QLJKW� -� &��

:DGVZRUWK�:� -�� HW� DO��+LJKO\�ELUHIULQJHQW
SKRWRQLF� FU\VWDO� ILEUHV� ��� 2SWLFV� /HWWHUV�
������9RO� ����,VVXH�����3� ����Û�����
��� )XMLVDZD�7���.RVKLED�0��)LQLWH�HOH�

PHQW�FKDUDFWHUL]DWLRQ�RI�FKURPDWLF�GLVSHUVLRQ
LQ� QRQOLQHDU� KROH\� ILEHUV� ���2SWLFV� ([SUHVV�
������9RO� ����,VVXH������3� ����Û�����
��� +DQVHQ�.� 3���-HQVHQ�-� 5���-DFRE�

VHQ� &�� HW� DO�� +LJKO\� 1RQOLQHDU� 3KRWRQLF
&U\VWDO�)LEHU�ZLWK�=HUR�'LVSHUVLRQ� DW� ����
PP����&RQIHUHQFH�RQ�2SWLFDO�)LEHU�&RPPX�
QLFDWLRQ�Û�3RVW�'HDGOLQH� �$QDKHLP��&DOL�
IRUQLD��86$��������
��� +X� (� 6��� +VXHK� <��/��� 0DU�

KLF 0� (�� DQG� .D]RYVN\� /� *�� 'HVLJQ� RI
+LJKO\�1RQOLQHDU�7HOOXULWH�)LEHUV�ZLWK�=HUR
'LVSHUVLRQ�1HDU������QP����(XURSHDQ�&RQ�
IHUHQFH�RQ�2SWLFDO�&RPPXQLFDWLRQV��(&2&
�������&RSHQKDJHQ��'HQPDUN��3� �������6HS�
WHPEHU�������
��� 0RKDPPHG�:� 6���9DLVVLH�/���-RKQ�

VRQ�(� *��+\EULG�PRGH�FDOFXODWLRQV�IRU�QRYHO
SKRWRQLF�FU\VWDO�ILEHUV����2SWLFDO�(QJLQHHULQJ�
������9RO� ����1 ���3� ����Û�����
��� ,VVD�1� $��DQG�3DGGHQ�:� (��/LJKW

DFFHSWDQFH�SURSHUWLHV�RI�PXOWLPRGH�PLFUR�
VWUXFWXUHG�RSWLFDO�ILEHUV��,PSDFW�RI�PXOWLSOH
OD\HUV����2SWLFV�([SUHVV��������9RO� ����,VVXH�
����3� ����Û�����
��� ,VVD�1� $��+LJK�QXPHULFDO�DSHUWXUH�LQ

PXOWLPRGH� PLFURVWUXFWXUHG� RSWLFDO� ILEHUV� ��
$SSOLHG�2SWLFV��������9RO������1RYHPEHU����
3������Û�����
��� 0RUWHQVHQ�1� $���6WDFK�0���%UR�

HQJ�-��HW�DO��0XOWL�PRGH�SKRWRQLF�FU\VWDO�ILE�
HUV� IRU� 9&6(/� EDVHG� GDWD� WUDQVPLVVLRQ� ��
2SWLFV� ([SUHVV�� ������ 9RO� ���� ,VVXH�� ���
3� ����Û�����
��� 1LVKLRND�'���+DVHJDZD�7���6DLWR�7��HW

DO��'HYHORSPHQW�RI�+ROH\�)LEHU�6XSSRUWLQJ
([WUD�6PDOO�'LDPHWHU�%HQGLQJ����6(,�7HFK�
QLFDO�5HYLHZ��������1XPEHU�����3� ��Û���
��� &UHJDQ�5� )���0DQJDQ�%� -���.QLJKW

-� &��HW�DO��6LQJOH�0RGH�3KRWRQLF�%DQG�*DS
*XLGDQFH� RI� /LJKW� LQ�$LU� ��6FLHQFH�� �����
9RO� �����3� ����Û�����
��� / HJVJDDUG� -��� 0RUWHQVHQ� 1� $��

5LLVKHGH�-��DQG�%MDUNOHY�$��0DWHULDO�HIIHFWV�LQ
DLU�JXLGLQJ�SKRWRQLF�EDQGJDS�ILEHUV����-RXU�
QDO� RI� 2SWLF� 6RFLHW\� RI� $PHULFD� %�� �����
9RO� ����1RPEHU�����3� ����Û�����
��� =KHOWLNRY�$� 0���$OILPRY�0� 9���)H�

GRWRY�$� %��HW�DO��&RQWUROOHG�/LJKW�/RFDOL]D�
WLRQ� DQG�1RQOLQHDU�2SWLFDO� ,QWHUDFWLRQV� RI
8OWUDVKRUW�/DVHU�3XOVHV�LQ�0LFURDQG�1DQRV�
WUXFWXUHG� )LEHUV� ZLWK� D� 7XQDEOH� 3KRWRQLF
%DQG�*DS� ��� -RXUQDO� RI� H[SHULPHQWDO� DQG
WKHRUHWLFDO� SK\VLFV�� ������ 9RO� ���� 1 ��
3� ���Û����
��� 6ROMDFLF�0���/LGRULNLV�(���,EDQHVFX�0�

HW�DO��2SWLFDO�ELVWDELOLW\�DQG�FXWRII�VROLWRQV�LQ
SKRWRQLF� EDQGJDS� ILEHUV� ���2SWLFV�([SUHVV�
������9RO� ����1XPEHU�����3� ����Û�����
��� .QLJKW� -� &��� %LUNV� 7� $��� 5XV�

VHOO 3��6W��-��DQG�$WNLQ�'� 0��$OO�VLOLFD�VLQ�
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JOH�PRGH� ILEUH�ZLWK�SKRWRQLF�FU\VWDO�FODG�
GLQJ����2SWLFV�/HWWHUV��������9RO� ����,VVXH����
3� ���Û����
��� .QLJKW�-� &���%URHQJ�-���%LUNV�7� $�

DQG�5XVVHOO�3��6W��-��3KRWRQLF�EDQG�JDS�JXLG�
DQFH� LQ� RSWLFDO� ILEHUV� ��� 6FLHQFH�� �����
9RO� �����3� ����Û�����
��� 1LNLWRY� 6� $��� .RUVKXQRYD� (� 1��

&KDPRURYVNLL�<X� .���6KDWURY�$� '��0LFUR�
VWUXFWXUHG�2SWLFDO�ILEHUV��EDVLF�FKDUDFWHULVWLFV
DQG�SURVSHFWV����7KH�3KLVLFV�DQG�7HFKQRORJ\
$SSOLFDWLRQV�RI�:DYH�3URFHVVHV��9ROJRJUDG�
6HSWHPEHU��������3� �Û���
��� %LUNV�7� $�� HW� DO��(QGOHVVO\� VLQJOH�

PRGH�SKRWRQLF�FU\VWDO�ILEUH����2SWLFV�/HWWHUV�
������9RO� ����,VVXH������3� ���Û����
��� %DJJHWW�-� &���0RQUR�7� 0���)XUX�

VDZD�.��DQG�5LFKDUGVRQ�'� -��&RPSDUDWLYH
6WXG\�RI�ODUJH�PRGH�KROH\�DQG�FRQYHQWLRQDO
ILEHUV� ��� 2SWLFV� /HWWHUV�� ������ 9RO� ���
1XPEHU�����3� ����Û�����
��� 5XVVHOO� 3�� 6W�� -��� %LUNV� 7� $��

.QLJKW�-� &��HW�DO��6LOLFD�DLU�SKRWRQLF�FU\VWDO
ILEUHV� ��� -RXUQDO� RI�$SSOLHG�3K\VLFV�� �����
9RO� ����6XSSO����Û���3� ��Û���
��� .QLJKW� -� &��� %LUNV� 7� $��� &UH�

JDQ 5� )��HW�DO��3KRWRQLF�FU\VWDOV�DV�RSWLFDO
ILEUHV�Û�SK\VLFV�DQG�DSSOLFDWLRQV����2SWLFDO
0DWHULDOV�� ������ 9RO� ���� ,VVXHV� �Û��
3� ���Û����
��� .QLJKW�-� &���%LUNV�7� $���5XVVHOO�3�

6W��-��DQG�GH�6DQGUR�-��3��3URSHUWLHV�RI�SKR�
WRQLF� FU\VWDO� ILEHU� DQG� WKH� HIIHFWLYH� LQGH[
PRGHO����-RXUQDO�RI�2SWLF�6RFLHW\�RI�$PHULFD
$��������9RO� ����1RPEHU����3� ���Û����
��� 0RUWHQVHQ� 1� $�� DQG� )RONHQ�

EHUJ -� 5��0RGDO�FXWRII�DQG�WKH�9�SDUDPHWHU�LQ
SKRWRQLF�FU\VWDO�ILEHUV����2SWLFV�/HWWHUV�������
9RO� ����1XPEHU�����3� ����Û���
��� :DGVZRUWK� :� -��� .QLJKW� -� &��

%LUNV� 7� $�� DQG� 5XVVHOO� 3� 6�� -�� 5HFHQW
SURJUHVV�LQ�SKRWRQLF�FU\VWDO�ILEHUV����3URFHH�
GLQJV�RI�63,(��������9RO� ������3� ���Û����
��� *DQGHU� 0� -��� 0F%ULGH� 5��� -R�

QHV -� '��&��HW�DO��0HDVXUHPHQW�RI�WKH�ZDYH�
OHQJWK� GHSHQGHQFH� RI� EHDP� GLYHUJHQFH� IRU
SKRWRQLF� FU\VWDO� ILEHU� ��� 2SWLFDO� /HWWHUV�
������9RO� ����,VVXH������3� ����Û�����
��� .RVKLED�0��DQG�6DLWRK�.��6WUXFWXUDO

GHSHQGHQFH�RI�HIIHFWLYH�DUHD�DQG�PRGH�ILHOG
GLDPHWHU�IRU�KROH\�ILEHUV����2SWLFV�([SUHVV�
������9RO� ����1XPEHU�����3� ����Û�����
��� .QLJKW�7�-� &���%LUNV�$���&UHJD�5� )�

HW� DO�� 3KRWRQLF� FU\VWDOV� DV� RSWLFDO� ILEUHV�Û
SK\VLFV�DQG�DSSOLFDWLRQV����2SWLFDO�0DWHULDOV�
������9RO� ���,VVXHV��Û���3� ���Û����
��� %RXN�$� +���&XFLQRWWD�$���3ROL�)��

6HOOHUL�6��'LVSHUVLRQ�SURSHUWLHV�RI�VTXDUH�ODW�
WLFH�SKRWRQLF�FU\VWDO� ILEHUV� ��237,&6�(;�
35(66��������9RO� ����1XPEHU����3� ���Û
����
��� .QLJKW�-� &��3KRWRQLF�FU\VWDO�ILEUHV���

1DWXUH��������9RO� �����3� ���Û����
��� +DQVHQ� .� 3�� 'LVSHUVLRQ� IODWWHQHG

K\EULG�FRUH�QRQOLQHDU�SKRWRQLF�FU\VWDO�ILEHU���
2SWLFV�([SUHVV�� ������9RO� ����1XPEHU����
3� ����Û�����
��� 6DLWRK�.��.RVKLED�DQG�0��&KURPDWLF

GLVSHUVLRQ� FRQWURO� LQ�SKRWRQLF� FU\VWDO� ILEHUV�
DSSOLFDWLRQ�WR�XOWUD�IODWWHQHG�GLVSHUVLRQ����2S�
WLFV� ([SUHVV�� ������ 9RO� ���� 1XPEHU� ��
3� ���Û����
��� 5HHYHV�:� +���.QLJKW�-� &���5XV�

VHOO�3��6W��-��DQG�5REHUWV�3� -��'HPRQVWUD�
WLRQ�RI�XOWUD�IODWWHQHG�GLVSHUVLRQ�LQ�SKRWRQLF
FU\VWDO�ILEHUV����2SWLFV�([SUHVV��������9RO� ���
1XPEHU�����3� ���Û����
��� .QLJKW�-� &���%LUNV�7���0DQJDQ�%�

DQG�5XVVHOO�3��6W��-��1HZ�6ROXWLRQV�LQ�)LEHU
2SWLFV����2SWLFV�	�3KRWRQLFV�1HZV�������
3� ��Û���

��� 0HFKHOV� 6� (��� 6FKODJHU� -� %��
)UDQ]HQ�'� /��$FFXUDWH�0HDVXUHPHQWV�RI�WKH
=HUR�'LVSHUVLRQ�:DYHOHQJWK� LQ�2SWLFDO�)L�
EHUV����-RXUQDO�RI�5HVHDUFK�RI�WKH�1DWLRQDO
,QVWLWXWH�RI�6WDQGDUGV�DQG�7HFKQRORJ\�������
9RO� �����1XPEHU����3� ���Û����
��� )HUUDQGR�$���=DFDUHV�0���%LQRVL�'�

HW��DO��6SDWLDO�VROLWRQ�IRUPDWLRQ�LQ�SKRWRQLF
FU\VWDO�ILEHUV����2SWLFV�([SUHVV��������9RO� ���
1XPEHU����3� ���Û���
��� (QJHQHVV�7� '���,EDQHVFX�0���-RKQ�

VRQ� 6� *�� HW�� DO��'LVSHUVLRQ� WDLORULQJ� DQG
FRPSHQVDWLRQ�E\�PRGDO�LQWHUDFWLRQV�LQ�2P�
QL*XLGH� ILEHUV� ��� 2SWLFV� ([SUHVV�� �����
9RO� ����1XPEHU�����3� ����Û�����
��� 3RROH�&� '��DQG�:DJQHU�5� (��3KH�

QRPHQRORJLFDO� DSSURDFK� WR�SRODUL]DWLRQ�GLV�
SHUVLRQ�LQ�ORQJ�VLQJOH�PRGH�ILEHUV����(OHFWUR�
QLF� /HWWHUV�� ������ 9RO� ���� 1XPEHU� ���
3� ����Û�����
��� %DUFOD\� 3� (��� 6ULQLYDVDQ� .�� DQG

3DLQWHU� 2�� 1RQOLQHDU� UHVSRQVH� RI� VLOLFRQ
SKRWRQLF�FU\VWDO�PLFUHVRQDWRUV�H[FLWHG�YLD�DQ
LQWHJUDWHG�ZDYHJXLGH�DQG�ILEHU�WDSHU����2SWLFV
([SUHVV��������9RO� ����1XPEHU����3� ���Û
����
��� 6X]XNL�.���.XERWD�+��.DZDQLVKL�6��HW

DO��2SWLFDO�SURSHUWLHV�RI�D� ORZ�ORVV�SRODUL]D�
WLRQ�PDLQWDLQLQJ�SKRWRQLF�FU\VWDO�ILEHU����2S�
WLFV�([SUHVV��9RO� ���1XPEHU�����3� ���Û����
��� 1DVLORZVNL� 7��� .RW\QVNL� 5��

$QWNRZLDN�0��HW�DO��0RGH�DQDO\VLV�RI�ELUH�
IULQJHQW�GRSHG�FRUH�KROH\�ILEHUV���3URFHHG�
LQJV� 6\PSRVLXP� ,(((� �� /(26� %HQHOX[
&KDSWHU��������3� ���Û����
��� /HKWRQHQ� 0��� *HQW\� *��� /XGYLJ�

VHQ +���.DLYROD�0��6XSHUFRQWLQXXP�JHQH�
UDWLRQ� LQ� D� KLJKO\� ELUHIULQJHQW� PLFURVWUXF�
WXUHG�ILEHU����$SSOLHG�3K\VLFV�/HWWHUV�������
9RO� ����1XPEHU�����3� ����Û�����
��� 6DLWRK� .�� DQG� .RVKLED� 0��+LJKO\

QRQOLQHDU�GLVSHUVLRQ�IODWWHQHG�SKRWRQLF�FU\VWDO
ILEHUV�IRU�VXSHUFRQWLQXXP�JHQHUDWLRQ�LQ�D�WHOH�
FRPPXQLFDWLRQ� ZLQGRZ� ��� 2SWLFV� ([SUHVV�
������9RO� ����1XPEHU�����3� ����Û�����
��� /XDQ�)���.QLJKW�-� &���5XVVHOO�3��6W��-�

HW�DO��)HPWRVHFRQG�VROLWRQ�SXOVH�GHOLYHU\�DW
����QP�ZDYHOHQJWK�LQ�KROORZ�FRUH�SKRWRQLF
EDQGJDS� ILEHUV� ��� 2SWLFV� ([SUHVV�� �����
9RO� ����1XPEHU����3� ���Û����
��� /LPSHUW�-���/LHP�$���5HLFK�0��HW�DO�

/RZ�QRQOLQHDULW\�VLQJOH�WUDQVYHUVH�PRGH�\W�
WHUELXP�GRSHG�SKRWRQLF�FU\VWDO�ILEHU�DPSOL�
ILHU����2SWLFV�([SUHVV��������9RO� ����1����
3� ����Û�����
��� 3HWURSRXORV� 3��� (EHQGRUII�+HLGH�

SULHP�+���)LQD]]L�9��HW�DO��+LJKO\�QRQOLQHDU
DQG�DQRPDORXVO\�GLVSHUVLYH�OHDG�VLOLFDWH�JODVV
KROH\�ILEHUV����2SWLFV�([SUHVV��������9RO� ���
1XPEHU�����3� ����Û�����
��� <DPDPRWR� 7��� .XERWD� +��� .DZD�

QLVKL�6��HW�DO��6XSHUFRQWLQXXP�JHQHUDWLRQ�DW
�����PP�LQ�D�GLVSHUVLRQ�IODWWHQHG�SRODUL]DWLRQ�
PDLQWDLQLQJ�SKRWRQLF� FU\VWDO� ILEHU� ���2SWLFV
([SUHVV�� ������ 9RO� ���� 1XPEHU� ���
3� ����Û�����
��� &KDPSHUW�3��$���&RXGHUF�9���/HS�

URX[� 3�� HW� DO��:KLWH�OLJKW� VXSHUFRQWLQXXP
JHQHUDWLRQ�LQ�QRUPDOO\�GLVSHUVLYH�RSWLFDO�ILEHU
XVLQJ�RULJLQDO�PXOWL�ZDYHOHQJWK�SXPSLQJ�V\V�
WHP� ��� 2SWLFV� ([SUHVV�� ������ 9RO� ���
1XPEHU�����3� ����Û�����
��� +LOOLJV¡H� .� 0��� $QGHUVHQ� 7� 9��

3DXOVHQ�+� 1��HW�DO��6XSHUFRQWLQXXP�JHQHUD�
WLRQ�LQ�D�SKRWRQLF�FU\VWDO�ILEHU�ZLWK�WZR�]HUR
GLVSHUVLRQ� ZDYHOHQJWKV� ��� 2SWLFV� ([SUHVV�
������9RO� ����1XPEHU����3� ����Û�����
��� +DYHUNDPS� 1�� DQG� 7HOOH� +� 5�

&RPSOH[�LQWHQVLW\�PRGXODWLRQ�WUDQVIHU�IXQF�
WLRQ�IRU�VXSHUFRQWLQXXP�JHQHUDWLRQ�LQ�PLFUR�

VWUXFWXUH� ILEHUV� ��� 2SWLFV� ([SUHVV�� �����
9RO� ����1XPEHU����3� ���Û����
��� 3URXO[�$���0pQDUG�-���+{�1��HW�DO�

,QWHQVLW\�DQG�SRODUL]DWLRQ�GHSHQGHQFHV�RI�WKH
VXSHUFRQWLQXXP�JHQHUDWLRQ�LQ�ELUHIULQJHQW�DQG
KLJKO\�QRQOLQHDU�PLFURVWUXFWXUHG�ILEHUV����2S�
WLFV� ([SUHVV�� ������ 9RO� ���� 1XPEHU� ���
3� ����Û�����
��� *HQW\�*���/HKWRQHQ�0���/XGYLJVHQ�+�

(IIHFW�RI�FURVV�SKDVH�PRGXODWLRQ�RQ�VXSHU�
FRQWLQXXP�JHQHUDWHG�LQ�PLFURVWUXFWXUHG�IL�
EHUV�ZLWK�VXE����IV�SXOVHV����2SWLFV�([SUHVV�
������9RO� ����1XPEHU�����3� ����Û�����
��� =KX�=��DQG�%URZQ�7� *��([SHULPHQ�

WDO�VWXGLHV�RI�SRODUL]DWLRQ�SURSHUWLHV�RI�VXSHU�
FRQWLQXD�JHQHUDWHG�LQ�D�ELUHIULQJHQW�SKRWRQLF
FU\VWDO�ILEHU����2SWLFV�([SUHVV��������9RO� ���
1XPEHU����3� ���Û����
��� =KX�=��DQG�%URZQ�7� *��(IIHFW�RI�IUH�

TXHQF\�FKLUSLQJ�RQ�VXSHUFRQWLQXXP�JHQHUD�
WLRQ�LQ�SKRWRQLF�FU\VWDO� ILEHUV����2SWLFV�([�
SUHVV��������9RO� ����1XPEHU����3� ���Û����
��� *HQW\� *��� /HKWRQHQ� 0��� /XGYLJ�

VHQ +���.DLYROD�0��(QKDQFHG�EDQGZLGWK�RI
VXSHUFRQWLQXXP� JHQHUDWHG� LQ� PLFURVWUXF�
WXUHG�ILEHUV����2SWLFV�([SUHVV��������9RO� ���
1XPEHU�����3� ����Û�����
��� 1LFKROVRQ� -� :��� <DEORQ� $� '��

:HVWEURRN�3� 6��HW��DO��+LJK�SRZHU��VLQJOH
PRGH��DOO�ILEHU�VRXUFH�RI�IHPWRVHFRQG�SXOVHV
DW������QP�DQG� LWV�XVH� LQ� VXSHUFRQWLQXXP
JHQHUDWLRQ����2SWLFV�([SUHVV��������9RO� ���
1XPEHU�����3� ����Û�����
��� *X�;���.LPPHO�0���6KUHHQDWK�$� 3�

HW�DO��([SHULPHQWDO�VWXGLHV�RI�WKH�FRKHUHQFH
RI� PLFURVWUXFWXUH�ILEHU� VXSHUFRQWLQXXP� ��
2SWLFV�([SUHVV�� ������9RO� ����1XPEHU����
3� ����Û�����
��� *HQW\�*���/HKWRQHQ�0���/XGYLJVHQ�+�

HW� DO�� 6SHFWUDO� EURDGHQLQJ� RI� IHPWRVHFRQG
SXOVHV� LQWR� FRQWLQXXP� UDGLDWLRQ� LQ� PLFUR�
VWUXFWXUHG� ILEHUV� ��� 2SWLFV� ([SUHVV�� �����
9RO� ����1XPEHU�����3� ����Û�����
��� 'XGOH\�-� 0��DQG�&RHQ�6��)XQGD�

PHQWDO� OLPLWV� WR� IHZ�F\FOH�SXOVH�JHQHUDWLRQ
IURP�FRPSUHVVLRQ�RI�VXSHUFRQWLQXXP�VSHFWUD
JHQHUDWHG�LQ�SKRWRQLF�FU\VWDO�ILEHU����2SWLFV
([SUHVV�� ������ 9RO� ���� 1XPEHU� ���
3� ����Û�����
��� +DQVHQ� .� 3��� -HQVHQ� -� 5��

%LUNHGDO�'��HW�DO��3XPSLQJ�ZDYHOHQJWK�GH�
SHQGHQFH�RI�VXSHU�FRQWLQXXP�JHQHUDWLRQ�LQ
SKRWRQLF�FU\VWDO�ILEHUV����&RQIHUHQFH�RQ�2S�
WLFDO� )LEHU� &RPPXQLFDWLRQ� 2)&���� �$QD�
KHLP��&DOLIRUQLD��������
��� 8GHP�7K���+RO]ZDUWK�5���+lQVFK

7� :��2SWLFDO� IUHTXHQF\�PHWURORJ\� ���1D�
WXUH��������9RO� �����3� ���Û����
��� +DUWO�,���/L�;� '���&KXGRED�&��HW�DO�

8OWUDKLJK�UHVROXWLRQ�RSWLFDO�FRKHUHQFH�WRP�
RJUDSK\�XVLQJ�FRQWLQXXP�JHQHUDWLRQ�LQ�DQ�DLU�
VLOLFD�PLFURVWUXFWXUH�RSWLFDO� ILEHU� ���2SWLFDO
/HWWHUV��������9RO� ����,VVXH����3� ���Û����
��� .XPDU� 9� 5�� .��� *HRUJH� $� .��

5HHYHV�:� +��HW��DO��([WUXGHG�VRIW�JODVV�SKR�
WRQLF�FU\VWDO�ILEHU�IRU�XOWUDEURDG�VXSHUFRQWLQ�
XXP� JHQHUDWLRQ� ��� 2SWLFV� ([SUHVV�� �����
9RO� ����1XPEHU�����3� ����Û�����
��� +RUL� 7��� 7DND\DQDJL� -��� 1LVKL]D�

ZD 1��DQG�*RWR��7��)ODWO\�EURDGHQHG��ZLGH�
EDQG�DQG�ORZ�QRLVH�VXSHUFRQWLQXXP�JHQHUDWLRQ
LQ�KLJKO\�QRQOLQHDU� K\EULG� ILEHU� ���237,&6
(;35(66�� ������ 9RO� ���� 1XPEHU� ��
3� ���Û����
��� $JUDYDO�*��3��1RQOLQHDU�)LEHU�2S�

WLFV��/RQGRQ��$FDG��3UHVV��������
��� /DVUL�-���'HYJDQ�3���7DQJ�5��HW�DO��$

0LFURVWUXFWXUH�)LEHU�%DVHG� ���*+]� 6\Q�
FKURQL]HG�7XQDEOH�2SWLFDO�3DUDPHWULF�2VFLO�
ODWRU�LQ�WKH������QP�5HJLPH����,(((�3KR�
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WRQLFV� WHFKQRORJ\� OHWWHUV�� ������ 9RO� ���
1XPEHU����3� ����Û�����
��� /HH�-� +���<XVRII�=��%HODUGL�:��HW�DO�

$�WXQDEOH�:'0�ZDYHOHQJWK�FRQYHUWHU�EDVHG
RQ�FURVV�SKDVH�PRGXODWLRQ�HIIHFWV�LQ�QRUPDO
GLVSHUVLRQ�KROH\�ILEHU����3KRWRQLFV�7HFKQRORJ\
/HWWHUV��������9RO� ����,VVXH����3� ���Û����
��� /LP� +��� ,OGD\� )� 2��� :LVH� )� :�

)HPWRVHFRQG�\WWHUELXP�ILEHU�ODVHU�ZLWK�SKR�
WRQLF� FU\VWDO� ILEHU� IRU� GLVSHUVLRQ� FRQWURO� ��
2SWLFV�([SUHVV�� ������9RO� ����1XPEHU� ���
3� ����Û����
��� )XUXVDZD� .��� 0DOLQRZVNL� $� 1��

3ULFH�-� +��HW��DO��&ODGGLQJ�SXPSHG�<WWHUEL�
XP�GRSHG� ILEHU� ODVHU�ZLWK� KROH\� LQQHU� DQG
RXWHU� FODGGLQJ� ��� 2SWLFV� ([SUHVV�� �����
9RO� ���1XPEHU�����3� ���Û����
��� :DGVZRUWK� :� -��� 3HUFLYDO� 5� 0��

%RXZPDQV�*��HW�DO��+LJK�SRZHU�DLU�FODG�SKR�
WRQLF� FU\VWDO� ILEUH� ODVHU� ��� 2SWLFV� ([SUHVV�
������9RO� ����1XPEHU����3� ��Û���
��� .RQRURY� 6� 2��� 0LWURNKLQ� 9� 3��

)HGRWRY�$� %��HW�DO��+ROORZ�FRUH�SKRWRQLF�
FU\VWDO� ILEUHV� IRU� ODVHU� GHQWLVWU\� ��� 3K\VLFV
0HGLFDO�%LRORJ\��������9RO� ����1XPEHU����
3� ����Û�����
��� /LPSHUW�-���6FKUHLEHU�7���/LHP�$��HW

DO�� 7KHUPR�RSWLFDO� SURSHUWLHV� RI� DLU�FODG
SKRWRQLF� FU\VWDO� ILEHU� ODVHUV� LQ� KLJK� SRZHU
RSHUDWLRQ����2SWLFV�([SUHVV��������9RO� ���
1XPEHU�����3� ����Û�����
��� )XUXVDZD� .��� .RJXUH� 7��� 0RQ�

UR 7� 0��DQG�5LFKDUGVRQ�'� -��+LJK�JDLQ�HI�
ILFLHQF\�DPSOLILHU�EDVHG�RQ�DQ�HUELXP�GRSHG
DOXPLQRVLOLFDWH�KROH\�ILEHU����2SWLFV�([SUHVV�
������9RO� ����1XPEHU�����3� ����Û�����
��� 0F1HLOOLH�)� &���5LLV�(���%URHQJ�-��HW�

DO��+LJKO\�SRODUL]HG�SKRWRQLF�FU\VWDO�ILEHU�OD�
VHU����2SWLFV�([SUHVV��������9RO� ����1XPEHU
����3� ����Û�����
��� $YGRNKLQ� $� 9��� 3RSRY� 6� 9�� DQG

7D\ORU�-� 5��7RWDOO\�ILEHU�LQWHJUDWHG��ILJXUH�
RI�HLJKW�� IHPWRVHFRQG�VRXUFH�DW������QP���
2SWLFV�([SUHVV�� ������9RO� ����1XPEHU����
3� ���Û����

��� /LP� +��� ,OGD\� )� 2��� :LVH� )� :�
&RQWURO�RI�GLVSHUVLRQ�LQ�D�IHPWRVHFRQG�\WWHU�
ELXP� ODVHU� E\� XVH� RI� KROORZ�FRUH� SKRWRQLF
EDQGJDS� ILEHU� ��� 2SWLFV� ([SUHVV�� �����
9RO� ����1XPEHU�����3� ����Û�����
��� 0RHQVWHU�0���*ODV�3���6WHLQPH\HU�*�

0RGH�ORFNHG�1G�GRSHG�PLFURVWUXFWXUHG�ILE�
HU� ODVHU� ��� 2SWLFV� ([SUHVV�� ������ 9RO� ���
1XPEHU�����3� ����Û�����
��� &DQQLQJ�-���*URRWKRII�1���%XFNOH\�(�

HW�� DO��$OO�ILEUH� SKRWRQLF� FU\VWDO� GLVWULEXWHG
%UDJJUHIOHFWRU��3&�'%5��ILEUH�ODVHU����2S�
WLFV� ([SUHVV�� ������� 9RO� ���� 1XPEHU� ���
3� ����Û�����
��� %LUNV� 7� $��� 0RJLOHYWVHY� '��

.QLJKW -� &��HW�DO��7KH�DQDORJ\�EHWZHHQ�SKR�
WRQLF�FU\VWDO� ILEUHV�DQG� VWHS� LQGH[� ILEUHV� ��
2SWLFDO� )LEHU� &RPPXQLFDWLRQ� &RQIHUHQFH�
�2SWLFDO� 6RFLHW\� RI� $PHULFD�� :DVKLQJWRQ�
'� &����������)*���3� ���Û����
�� 6Q\GHU�$� :��DQG�/RYH�-� '��2SWLFDO

:DYHJXLGH� 7KHRU\�� /RQGRQ�� &KDSPDQ� 	
+DOO�������
��� 8QJHU�+��*�� 3ODQDU�2SWLFDO�:DYH�

JXLGHV�DQG�)LEHUV��&ODUHQGRQ��2[IRUG��������
��� *XR�6��DQG�$OELQ�6��6LPSOH�SODQH

ZDYH� LPSOHPHQWDWLRQ� IRU� SKRWRQLF� FU\VWDO
FDOFXODWLRQV����2SWLFV�([SUHVV��������9RO� ���
1XPEHU�����3� ���Û����
��� %DUNRX�6� (���%URHQJ�-��DQG�%MDU�

NOHY� $�� 'LVSHUVLRQ� SURSHUWLHV� RI� SKRWRQLF
EDQGJDS�JXLGLQJ�ILEHUV����2SWLFDO�)LEHU�&RP�
PXQLFDWLRQ�&RQIHUHQFH� �2SWLFDO�6RFLHW\�RI
$PHULFD�� :DVKLQJWRQ�� '� &��� ������� )*��
3� ���Û����
��� =KL�:���*XRELQ�5���6KXTLQ�/��DQG

6KXLVKHQJ� -�� 6XSHUFHOO� ODWWLFH� PHWKRG� IRU
SKRWRQLF� FU\VWDO� ILEHUV� ��� 2SWLFV� ([SUHVV�
������9RO� ����1XPEHU����3� ���Û����
���� 0RQUR� 7� 0��� 5LFKDUGVRQ� '� -��

%URGHULFN�1� *��5���%HQQHWW�3� -��+ROH\�RS�
WLFDO�ILEHUV��DQ�HIILFLHQW�PRGDO�PRGHO����-RXU�
QDO�RI�/LJKWZDYH�7HFKQRORJ\��������9RO� ���
1XPEHU�����3� ����Û����
���� 0RQUR� 7� 0��� 5LFKDUGVRQ� '� -��

%URGHULFN�1� *��5���%HQQHWW�3� -��0RGHOLQJ

ODUJH�DLU�IUDFWLRQ�KROH\�RSWLFDO�ILEHUV����-RXU�
QDO�RI�/LJKWZDYH�7HFKQRORJ\��������9RO� ���
1XPEHU�����3� ��Û���
���� .RVKLED� 0��� 6DLWRK� .�� 6WUXFWXUDO

GHSHQGHQFH�RI�HIIHFWLYH�DUHD�DQG�PRGH�ILHOG
GLDPHWHU�IRU�KROH\�ILEHUV����2SWLFV�([SUHVV�
������9RO� ����1XPEHU�����3� ����Û�����
���� /HH�-� +���.LP�6��DQG�.LP�<� 7��)L�

QLWH�HOHPHQW�PHWKRG�IRU�GLIIXVLYH�OLJKW�SURS�
DJDWLRQV�LQ�LQGH[�PLVPDWFKHG�PHGLD����2S�
WLFV� ([SUHVV�� ������ 9RO� ���� 1XPEHU� ��
3� ����Û�����
���� <X�&�3��DQG�&KDQJ�+��&��&RPSDFW

ILQLWH�GLIIHUHQFH� IUHTXHQF\�GRPDLQ� PHWKRG
IRU�WKH�DQDO\VLV�RI�WZR�GLPHQVLRQDO�SKRWRQLF
FU\VWDOV� ��� 2SWLFV� ([SUHVV�� ������ 9RO� ���
1XPEHU����3� ����Û�����
���� %DED�7���0DWVXPRWR�7��DQG�(FKL�

]HQ�0��)LQLWH�GLIIHUHQFH�WLPH�GRPDLQ�VWXG\�RI
KLJK�HIILFLHQF\�SKRWRQLF�FU\VWDO�VXSHUSULVPV���
2SWLFV�([SUHVV�� ������9RO� ����1XPEHU� ���
3� ����Û�����
���� <DQJ�+� <��'��)LQLWH�GLIIHUHQFH�DQDO�

\VLV�RI���'�SKRWRQLF�FU\VWDOV����,(((�WUDQVDF�
WLRQV� RQ� PLFURZDYH� WKHRU\� DQG� WHFKQLTXHV�
������9RO� ����1XPEHU�����3� ����Û�����
���� 6KHQ�/���+H�6��DQG�;LDR�$��$�ILQLWH�

GLIIHUHQFH�HLJHQYDOXH�DOJRULWKP�IRU�FDOFXOD�
WLQJ�WKH�EDQG�VWUXFWXUH�RI�D�SKRWRQLF�FU\VWDO���
&RPSXWHU� 3K\VLFV� &RPPXQLFDWLRQV�� �����
9RO� �����1XPEHU�����3� ���Û����
���� <HIHW�$��DQG�7XUNHO�(��)RXUWK�RUGHU

FRPSDFW� LPSOLFLW� PHWKRG� IRU� WKH� 0D[ZHOO
HTXDWLRQV�ZLWK�GLVFRQWLQXRXV�FRHIILFLHQWV���
$SSOLHG� 1XPHULFDO� 0DWKHPDWLFV�� �����
9RO� ����1XPEHU�����3� ���Û����
���� :KLWH� 7� 3��� .XKOPH\� %� 7��

0F3KHGUDQ�5� &�� HW� DO��0XOWLSROH�PHWKRG
IRU�PLFURVWUXFWXUHG�RSWLFDO�ILEHUV��,��)RUPXOD�
WLRQ����-RXUQDO�RI�2SWLFDO�6RFLHW\�RI�$PHULFD
%��������9RO� ����1XPEHU�����3� ���Û����
���� -RKQ� 0� )�� 3HUWXUEDWLYH� QXPHULFDO

PRGHOLQJ� RI� PLFURVWUXFWXUH� ILEHUV� ��� 2SWLFV
([SUHVV��������9RO� ����1XPEHU�����3� ����Û
�����
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SÈ}�ËSÓ©äÒ�SÈÏäËSÈäÒ�Á�Ó}�ÒºÓÈã
Ó©²�ªãËäËÓ�
�ºm� ¹ºS«�}È� ÓË°}ºã
}Ò²� ÓÈÓºäË�Sºm�� �SÒ� �È}Ò²
äÈ°	�È­È²��°SÈmÓÒä©²�°��ãÒÓº®�mºãÓ©�ªãË}�SºÓÈ
Ò�­ãÒÏ}Ò²�}�SÈÏäËSÈä�È�ºäºm��°mº®°�mÈ�º­�Ë}�ºm
º¹SË�Ëã«��°«�ÏÈ}ºÓÈäÒ�}mÈÓ�ºmº®�äË²ÈÓÒ}Ò�Ò�äº�
����°��Ë°�mËÓÓº�º�ãÒ�È�
°«�º��°mº®°�m�äÈ}Sº°}º�
¹Ò�Ë°}Ò²�°Ò°�Ëä����º��SË­�Ë��SÈÏSÈ­º�}Ò�¹SÒÓ�Ò�

&¨±²¥¬»�­ �ª°¨±² ««¥
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*�&¨±²¥¬»�­ �ª°¨±² ««¥� *

¹ÒÈã
Óº� Óºm©²� °²Ëäº�Ë²ÓÒ�Ë°}Ò²� ¹SÒÓ�Ò¹ºm� Ò
�Ë²Óºãº�Ò�Ë°}Ò²� äË�º�ºm� °ºÏ�ÈÓÒ«� ªãË}�SºÓÓ©²
}ºä¹ºÓËÓ�ºm��nÈ}�Ò�Ë°}Ò� ÓÈ� °�©}Ë�ÁÒÏÒ}Ò�� ²Ò�
äÒÒ�� ­Òºãº�ÒÒ�� äÈ�ËSÒÈãºmË�ËÓÒ«� °ÁºSäÒSºmÈ�
ãÒ°
� Óºm©Ë� ÓÈ��Óº��Ë²ÓÒ�Ë°}ÒË� ÓÈ¹SÈmãËÓÒ«� Û
ÓÈÓºªãË}�SºÓÒ}È��sw��Ò�ÓÈÓº�Ë²Óºãº�Ò«��s���

�ºã��ËÓÓ©Ë� SËÏ�ã
�È�©� �ÎË�ÓÈ²º�«��	ÒSº}ºË
¹SÒäËÓËÓÒË� m� SÈÏÓºº­SÈÏÓ©²� º­ãÈ°�«²� ÓÈ�}Ò� Ò
�Ë²ÓÒ}Ò��ÓÈ¹SÒäËS��ºÓÒ�SËÈãÒÏºmÈÓ©�¹SÒ�º°mºË�
ÓÒÒ� °�­äÒ}SºÓÓ©²� �SÈÓÏÒ°�ºSºm� �ã«� ªãËäËÓ�ºm
°mËS²­ºã
	Ò²� ÒÓ�Ë�SÈã
Ó©²� °²Ëä�� k}��Èã
Óº°�

¹Sº�ÓºÏÓ©²�Ò°°ãË�ºmÈÓÒ®�Ò�SÈÏSÈ­º�}Ò��Ë²Óºãº�
�Ò®�ÒÏ�º�ºmãËÓÒ«�º°mºËÓÒ«��º°mºËÓÒ«�°�­äÒ}SºÓ�
Ó©²��SÈÓÏÒ°�ºSºm��ã«�ÒÓ�Ë�SÈã
Ó©²�°²Ëä�º¹SË�Ë�
ã«Ë�°«��¹SËÎ�Ë�m°Ë�º���Ëä����º�m�º­ºÏSÒäºä�­����
�Ëä� ¹Sº�ÓºÏÒS���°«� °ºÏ�ÈÓÒË� Ò� Ò°¹ºã
ÏºmÈÓÒË
ÓºmË®	Ò²�ÒÓ�ËããË}��Èã
Ó©²�°Ò°�Ëä�

�º�äÓËÓÒ��ÏÈS�­ËÎÓ©²�Ò�º�Ë�Ë°�mËÓÓ©²�°¹Ë�
�ÒÈãÒ°�ºm��SÈÏmÒ�ÒË�äÒ}SºªãË}�SºÓÒ}Ò�­��Ë��¹Sº�
Ò°²º�Ò�
�m�ÓÈ¹SÈmãËÓÒÒ��Èã
ÓË®	Ë�º��äËÓ
	ËÓÒ«
�º¹ºãº�Ò�Ë°}Ò²�ÓºSä��º���Û���Óä�}���������{�ÓÈ�
°�º«�ËË� mSËä«� ÏÈS�­ËÎÓ©Ë�ÁÒSä©�º°mºÒãÒ�¹Sº�
ä©	ãËÓÓºË� ¹SºÒÏmº�°�mº� °mËS²­ºã
	Ò²� ÒÓ�Ë�
�SÈã
Ó©²�°²Ëä�°��º¹ºãº�Ò�Ë°}ÒäÒ�SÈÏäËSÈäÒ�ªãË�
äËÓ�ºm�����Û�����ä}ä��ã«�zl|���SÈÓÏÒ°�ºSºm�
Ò°¹ºã
Ï�Ëä©²�m�¹ËS°ºÓÈã
Ó©²�}ºä¹
��ËSÈ²��È�SÈÏ�
äËS� ªãËäËÓ�ºm� ����� ä}ä� «mã«Ë�°«� º°ÓºmÓ©ä� �ã«
¹SºÒÏmº�°�mÈ��ÒÁSºm©²�ÒÓ�Ë�SÈã
Ó©²�°²Ëä�

�ËSË²º�� º��äÒ}SºªãË}�SºÓÒ}Ò� }� °�­äÒ}Sº�� Ò
ÓÈÓºªãË}�SºÓÒ}Ë�¹SÒmËã�}�ÓËº­²º�Òäº°�Ò�¹ËSË²º�
�È�}��S��Òä�äË�º�Èä�¹SºË}�ÒSºmÈÓÒ«�vrjv��sÈ�
¹SÒäËS��ÏÈ�S�­ËÎºä�ÓÈ�¹ãÈ°�ÒÓË��ÒÈäË�Sºä�����ää
SÈÏäË�ÈË�°«��Û���©°��}SÒ°�Èããºm�SÈÏäËSºä�� � ��ää
Ò�°� �Û��äãÓ� �SÈÓÏÒ°�ºSºm�ÓÈ�}ÈÎ�ºä�}SÒ°�ÈããË
¹SÒ�äÒÓÒäÈã
Ó©²�SÈÏäËSÈ²������ä}ä��È�¹SÒ�ÏÈ¹�°�
}Ë��Ë�©SË²�¹ÈS�Ò®�¹º����¹ãÈ°�ÒÓ�m�°��}Ò�mºÏäºÎÓº
ÒÏ�º�ÈmãÒmÈ�
��º�����äãÓ�vrjv�m��ËÓ
��¹SÒ�m©²º�Ë
�º�Ó©²���Û�������vãË�ºmÈ�Ëã
Óº���ã«���ËSÎÈÓÒ«
S©Ó}È� °­©�È� }SÒ°�Èããºm��ËãË°ºº­SÈÏÓº� }ÈÎ�©Ë
�Û���Ó«�m©¹�°}È�
�Óºm���äÒ}Sº°²Ëä���Ò��ã«�ª�º�º
�SË­�Ë�°«�SÈÏmËSÓ��
��È}���°Ò°�Ëä��¹SºË}�ÒSºmÈ�
ÓÒ«�vrjv��}º�ºSÈ«�¹ºÏmºã«ãÈ�­©�m©�ÈmÈ�
�Óºm©Ë
¹SºË}�©�ÏÈ��Û��äË°��iã«�SË	ËÓÒ«�ª�º®�¹Sº­ãËä©
ÏÈ�S�­ËÎºä�¹SÒäËÓ«Ë�°«�¹SºË}�ÒSºmÈÓÒË��°Ò°�Ëä
ÓÈ�}SÒ°�ÈããË����6\VWHP�RQ�FKLS��Û�6R&��°�Ò°¹ºã
�
ÏºmÈÓÒËä�SÈÓËË�°ºÏ�ÈÓÓº®�ÒÓ�ËããË}��Èã
Óº®�°º­�
°�mËÓÓº°�Ò� �,QWHOOHFWXDO� SURSHUW\� Û� ,3��� }º�ºS©Ë
º­Ë°¹Ë�ÒmÈãÒ� ­©� �ÓÈ°�SÈÒmÈËäº°�
�� ¹SºË}�È� ÓÈ
«Ï©}È²�m©°º}º�º��SºmÓ«�Ò��Ë²Óºãº�Ò�Ë°}���ÓËÏÈ�
mÒ°Òäº°�
�� {� 3º°°ÒÒ� �È°�º� Ò°¹ºã
Ï�Ë�°«� �ËSäÒÓ
�°ãºÎÓ©Ë� Á�Ó}�ÒºÓÈã
Ó©Ë� ­ãº}Ò�� �vn�­ãº}Ò�
mäË°�º�,3�­ãº}Ò��D�6R&�ÏÈäËÓ«���ÓÈ�vÓz���SÈ}�
�Ò�Ë°}Ò�¹SºÒÏmº�Ò�Ëã
�vrjv�¹SËmSÈ�ÈË�°«�ÒÏ�ÒÏ�
�º�ºmÒ�Ëã«� �ÓÒmËS°Èã
Ó©²� °²Ëä� m� �º²º�ÓÒ}È� ÏÈ
¹SÒãºÎËÓÒ«äÒ����DSSOLFDWLRQ�KXQWHU������º�¹SÒmº�Ò�
}�ÁºSäÒSºmÈÓÒ��Óºmº�º�¹º�²º�È�¹SºË}�ÒSºmÈÓÒ«

�ã«� ªÁÁË}�ÒmÓº�º� °ºÏ�ÈÓÒ«� Óºmº�º� ¹º}ºãËÓÒ«
°SË�°�m�m©�Ò°ãÒ�Ëã
Óº®��Ë²ÓÒ}Ò��v{���Ò�SÈ�Òº�
ªãË}�SºÓÓº®�È¹¹ÈSÈ��S©��3wk��
{�°m«ÏÒ�°�ª�Òä�º�ÓÒä�ÒÏ�¹ËS°¹Ë}�ÒmÓ©²�ÓÈ¹SÈm�

ãËÓÒ®�m�äÒ}SºªãË}�SºÓÒ}Ë�Ò�ÓÈÓºªãË}�SºÓÒ}Ë�«m�
ã«Ë�°«�°ºÏ�ÈÓÒË�°Ò°�Ëä�ÓÈ�­ºã
	Ò²�ÏÈ}ÈÏÓ©²�Ò�¹º�
ã�ÏÈ}ÈÏÓ©²�}SÒ°�ÈããÈ²�Ò�¹ãÈ°�ÒÓÈ²��ã«�¹ºm©	Ë�
ÓÒ«� Á�Ó}�ÒºÓÈã
Ó©²� mºÏäºÎÓº°�Ë®� 3wk�� m� �ºä
�Ò°ãË�v{���|°Óºmº®�¹º°�SºËÓÒ«��È}Ò²�°Ò°�Ëä�«m�
ã«Ë�°«� Ò°¹ºã
ÏºmÈÓÒË� �Ë²Óºãº�ÒÒ� °ºÏ�ÈÓÒ«� vn�
­ãº}ºm�Ò�¹SºË}�ÒSºmÈÓÒ«�ÓÈ�Ò²� º°ÓºmË�vrjv�°
Á�Ó}�ÒºÓÈã
Óº®�°¹Ë�ÒÈãÒÏÈ�ÒË®�¹º��}ºÓ}SË�Óº�
�º�ÏÈ}ÈÏ�Ò}È��ÏÈ}ÈÏ�Ò}ºm��
3ÈÏSÈ­º�}È�	ÒSº}º�º�ÓÈ­ºSÈ�vn�­ãº}ºm��m��ºä

�Ò°ãË�Èã�ºSÒ�äºm��¹Sº�SÈää�Ò��º}�äËÓ�È�ÒÒ��°mË�
�ËÓÓ©²�m�­Ò­ãÒº�Ë}Ò��¹ºÏmºãÒ��¹ËSË®�Ò�}�°ºÏ�È�
ÓÒ�� 3wk� ¹º� ¹SÒÓ�Ò¹�� �}ºä¹ãË}°ÛÈ¹¹ÈSÈ��SÈÛ
ªãË}�SºÓÓ©Ë�}ºä¹ºÓËÓ�©����Ëä�°Èä©ä�º­Ë°¹Ë�Ò�
mÈË�°«�mºÏäºÎÓº°�
�SÈÏSÈ­º�}Ò�°�¹ºäº�
���ÓÒÁÒ�
�ÒSºmÈÓÓº®�ÓºäËÓ}ãÈ��S©�vn�­ãº}ºm�ªãË}�SºÓ�
Ó©²�äº��ãË®��º¹�ÒäÈã
Ó©²��ã«��ÈÓÓº�º��Ò¹È�È¹�
¹ÈSÈ��S©���ËSË²º��}�vn�­ãº}Èä�¹ºÏmºãÒ���È}ÎË�°
äÒÓÒäÈã
Ó©äÒ�ÁÒÓÈÓ°ºm©äÒ�ÏÈ�SÈ�ÈäÒ�Ò�m��°}º�
SËÓÓ©Ë� °Sº}Ò� SË	Ò�
� ¹Sº­ãËä�� mº°¹SºÒÏmº�°�mÈ
ªãË}�SºÓÓ©²�}ºä¹ºÓËÓ�ºm���Ë²Óºãº�Ò«�ÒÏ�º�ºmãË�
ÓÒ«�}º�ºS©²�­©ãÈ�¹º�ËS«ÓÈ�m����²��º�È²�
vãË��Ë�� º�äË�Ò�
�� ��º� m� ����� ��� ÒÏ�È�Ëã
°�mº

��Ë²Óº°ÁËSÈ��m©¹�°�Òãº�¹ËSm���}ÓÒ���ÓÈ�S�°°}ºä
«Ï©}Ë�¹º��ÈÓÓº®��ËäÈ�Ò}Ë���vÒ°�Ëä©�ÓÈ�}SÒ°�Èã�
ãË���SºË}�ÒSºmÈÓÒË�Ò�SÈÏmÒ�ÒË���Èm�ºS©�{��sËä���
Sºm�����lÈS�ÒÓ���{�}ÓÒ�Ë�SÈ°°äº�SËÓ©�SÈÏãÒ�Ó©Ë
È°¹Ë}�©�¹SºË}�ÒSºmÈÓÒ«�6R&�Ò�¹SÒmË�ËÓ�}ºÓ}SË��
Ó©®�¹SÒäËS��ã«�¹SÒ}ãÈ�Óº®�º­ãÈ°�Ò�­Ë°¹Sºmº��
Óº®�°m«ÏÒ��zSºäË��º�º��m�¹SÒãºÎËÓÒÒ�}�}ÓÒ�Ë�¹SÒ�
mË�ËÓ� �v¹Ò°º}� °º}SÈ�ËÓÒ®� Ò� º¹SË�ËãËÓÒ®�� �ã«
¹SºË}�ÒSºmÈÓÒ«�6R&��°ä��ÓÈ�°����Û���m��SÒãºÎË�
ÓÒÒ���w�º��äÈ�ËSÒÈã�äºÎË��­©�
�¹ºãËÏËÓ��ã«�°���
�ËÓ�ºm�Ò�°¹Ë�ÒÈãÒ°�ºm�
;;,�mË}�º­Ë�ÈË��­©�
�mË}ºä�m©°º}Ò²��Ë²Óºãº�

�Ò®��|�ÓÒä�ÒÏ�ÓÈÒ­ºãËË�«S}Ò²�¹SÒäËSºm�m©°º}Ò²
�Ë²Óºãº�Ò®�°�ÈãÈ�ÒÓ�Ë�SÈã
ÓÈ«�ªãË}�SºÓÒ}È��v�º��
Óº®�°�ºSºÓ©��m�ÓË®�Ò°¹ºã
Ï���°«�¹SË�Ëã
Ó©Ë�mºÏ�
äºÎÓº°�Ò�°ºmSËäËÓÓº®��Ë²ÓÒ}Ò�� È� °��S��º®��ºÓÈ
º}ÈÏ©mÈË��º¹SË�Ëã«��ËË�mãÒ«ÓÒË�ÓÈ�mË°
�ÓÈ��Óº�
�Ë²ÓÒ�Ë°}Ò®�¹Sº�SË°°�
{°Ë�º����ãË���ºä��ÓÈÏÈ��m�ªãË}�SºÓÒ}Ë�­ËÏSÈÏ�

�Ëã
Óº��º°¹º�°�mºmÈãÈ�ªãË}�SºÓÓÈ«�ãÈä¹È��º­�Ëä©
¹Sºä©	ãËÓÓº�º� m©¹�°}È� ªãË}�SºÓÓ©²� ãÈä¹� °º�
°�Èmã«ãÒ�º}ºãº���äãÓ�	������Ë��¹º�ãÈä¹Ë�ÓÈ���	��ÓÈ�
°ËãËÓÒ«�m��º����SÒ�ª�ºä�º}ºãº�¹ºãºmÒÓ©�SÈ�Òº�
ãÈä¹�m©¹�°}ÈãÒ°
��ã«�ÏÈäËÓ©�m©	Ë�	Ò²�ÒÏ�°�Sº«�
vË�º�Ó«�m�°º°�ÈmË�ÒÓ�Ë�SÈã
Ó©²�°²Ëä��jv��ÏÈ

�º�� ÓÈ� ��	�� ÓÈ°ËãËÓÒ«� m©¹�°}ÈË�°«� ­ºãËË� ¹ºã��
äÒããÒºÓÈ��SÈÓÏÒ°�ºSºm��{©°º}È«�ÓÈ�ËÎÓº°�
�¹SÒ�
mº�Ò��}��ÓÈ}º¹ãËÓÒ����Ò°ãÈ�ÓÈ²º�«�Ò²°«�m�ª}°�
¹ã�È�È�ÒÒ�jv��nÈ}�Ò�Ë°}Ò�ªãË}�SºÓÓÈ«�È¹¹ÈSÈ���
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SÈ�ÓÈ�jv�äºSÈã
Óº�°�ÈSËË��ÒãÒ�m©²º�Ò��ÒÏ�äº�©
SÈÓ
	Ë���Ëä�ÒÏ�°�Sº«��jÓ�Ë�SÈã
Óº®�ªãË}�SºÓÒ}Ë
ÓË�ÈmÓº�Ò°¹ºãÓÒãº°
����ãË���Ò�m°Ë�ª�º�mSËä«�ºÓÈ
­©°�Sº�¹Sº�mÒ�ÈãÈ°
�¹º�¹��Ò�Sº°�È�°�Ë¹ËÓÒ�ÒÓ�Ë�
�SÈ�ÒÒ�� jÏmË°�Ó©®� ÈäËSÒ}ÈÓ°}Ò®� SÈÏSÈ­º��Ò}�
º°ÓºmÈ�Ëã
�ÁÒSä©�,QWHO��ºS�ºÓ�p��l�S�°ÁºSä�ãÒ�
SºmÈã�m����Ë��º�©�ÏÈ}ºÓ�º��ºä����º���Ò°ãº��SÈÓÏÒ�
°�ºSºm�ÓÈ�¹ºã�¹Sºmº�ÓÒ}ºmºä�}SÒ°�ÈããË���mÈÒmÈ�
Ë�°«�¹SÒäËSÓº�}ÈÎ�©Ë����äË°«�È���j�ª�º�� ÏÈ}ºÓ
�Ë®°�m�Ë��Ò�¹ºÓ©ÓË��zºÓË�Óº��ÓÒ��º�ÓË�­Ë°}ºÓË��
Óº��Óº�¹SË�Ëã�äºÎÓº�º�º�mÒÓ��
��{�ª�ºä�ÏÈãºÎËÓ
¹SÒÓ�Ò¹� SÈÏmÒ�Ò«� äÒ}SºªãË}�SºÓÒ}Ò�� ªmºã��Ò�
ºÓÓ©®�¹ËSË²º��º��äÒ}SºªãË}�SºÓÒ}Ò�}�ÓÈÓºªãË}�
�SºÓÒ}Ë�Ò�����

�3j�|ypsjp

sÔÎÖÓ±�ÖÓ±SÇÝËÒÎÏ�Î�ÓÔSËÊËÐËÒÎÏ

�* 7KLUG�*HQHUDWLRQ�:LUH�
OHVV�6WDQGDUGV

s×ÇÒÊÇS×ß�ÈËÖÔSÓÉÓÊ�
ÒÓÏ�ÖÉÆÍÎ�×SË×àË�Ó�ÔÓ±Ó�
ÐËÒÎÆ

$%' $VVHUWLRQ�%DVHG�'HVLJQ qSÓË±×ÎSÓÉÇÒÎË�ÒÇ�ÓÖ�
ÒÓÉË�¾×ÉËSÌÊËÒÎÏ

$�' $QDORJXH�'LJLWDO�RU bÒÇÐÓ�Ó�ÚÎØSÓÉÓÏ
$+'/ $QDORJXH�+DUGZDUH�'H�

VFULSWLRQ�/DQJXDJH
�Íß±�ÓÔÎÖÇÒÎÆ�ÇÒÇÐÓ�Ó�
ÉßÙ�ÇÔÔÇSÇ×ÒßÙ�ÖSËÊÖ×É

$+% $0%$�+LJK�SHUIRUP�
DQFH�%XV

dßÖÓ±ÓÔSÓÎÍÉÓÊÎ×ËÐà�
ÒÇÆ�ÜÎÒÇ�$0%$

$0%$ $50�EXV�DUFKLWHFWXUH bSÙÎ×Ë±×¾SÇ�ÜÎÒß�Ó×�
±ÓÑÔÇÒÎÎ�$50��ÒË�ÖÓ�
±SÇÝËÒÎË�

$06 $QDORJXH�0L[HG�6LJQDO bÒÇÐÓ�ÓÉßÏ�ÖÑËÜÇÒ�
ÒßÏ�ÖÎ�ÒÇÐ

$3% $0%$�3HULSKHUDO�%XV qËSÎØËSÎÏÒÇÆ�ÜÎÒÇ�
$0%$

$6,& $SSOLFDWLRQ�6SHFLILF�,Q�
WHJUDWHG�&LUFXLW

sÔËÚÎÇÐÎÍÎSÓÉÇÒÒÇÆ�
ÎÒ×Ë�SÇÐàÒÇÆ�ÖÙËÑÇ

$663 $SSOLFDWLRQ�6SHFLILF�
6WDQGDUG�3DUW

sÔËÚÎÇÐÎÍÎSÓÉÇÒÒÇÆ�
Ö×ÇÒÊÇS×ÒÇÆ�ÎÒ×Ë�SÇÐà�
ÒÇÆ�ÖÙËÑÇ

$73* $XWRPDWLF�7HVW�3DWWHUQ�
*HQHUDWLRQ

bÉ×ÓÑÇ×ÎÛËÖ±ÇÆ��ËÒËSÇ�
ÚÎÆ�×ËÖ×ÓÉßÙ�ÔÓÖÐËÊÓÉÇ�
×ËÐàÒÓÖ×ËÏ

%%' %ORFN�%DVHG�'HVLJQ cÐÓÛÒÓË�ÔSÓË±×ÎSÓ�
ÉÇÒÎË

%(5 %LW�(UURU�5DWH yÇÖ×Ó×Ç�ÓÜÎÈÓ±�ÔÓ�
ÈÎ×ÇÑ

%,67 %XLOW�,Q�6HOI�7HVW dÖ×SÓËÒÒÓË�ÖÇÑÓ×ËÖ×Î�
SÓÉÇÒÎË

&'0$ &RGH�'LYLVLRQ�0XOWLSOH�
$FFHVV

nÒÓÌËÖ×ÉËÒÒßÏ�ÊÓÖ×¾Ô�
Ö�±ÓÊÓÉßÑ�SÇÍÊËÐËÒÎËÑ�
±ÇÒÇÐÓÉ

&27 &XVWRPHU�2ZQHG�
7RROLQJ

sSËÊÖ×ÉÇ�ÔSÓÎÍÉÓÊÖ×ÉÇ��
ÔSÎÒÇÊÐËÌÇÝÎË�ÍÇ±ÇÍ�
ÛÎ±¾

&38 &HQWUDO�3URFHVVLQJ�8QLW xËÒ×SÇÐàÒßÏ�ÔSÓÚËÖÖÓS
'�$ 'LJLWDO�$QDORJXH xÎØSÓÇÒÇÐÓ�ÓÉßÏ
')7 'HVLJQ�IRU�7HVW tËÖ×ÓÉÓË�ÔSÓË±×ÎSÓ�

ÉÇÒÎË
')9 'HVLJQ�IRU�YHULILFDWLRQ dËSÎØÎ±ÇÚÎÓÒÒÓË�ÔSÓ�

Ë±×ÎSÓÉÇÒÎË
'0$ 'LUHFW�0HPRU\�$FFHVV qSÆÑÓÏ�ÊÓÖ×¾Ô�±�ÔÇÑÆ×Î
'5& 'HVLJQ�5XOH�&KHFNLQJ lÓÒ×SÓÐà�ÔSÓË±×ÒßÙ�

ÒÓSÑ

'60 'HHS�6XE�0LFURQ eÐ¾ÈÓ±ÎÏ�Ö¾ÈÑÎ±SÓÒ
'63 'LJLWDO�6LJQDO�3URFHVVRU xÎØSÓÉÓÏ�ÔSÓÚËÖÖÓS�

ÖÎ�ÒÇÐÓÉ
'87 'HYLFH�8QGHU�7HVW tËÖ×ÎS¾ËÑÓË�¾Ö×SÓÏÖ×ÉÓ
'89 'HVLJQ�8QGHU�9HULILFD�

WLRQ
dËSÎØÎÚÎS¾ËÑßÏ�
ÔSÓË±×

(&6, (XURSHDQ�&KLSV�DQG�6\V�
WHP�GHVLJQ�,QLWLDWLYH

gÉSÓÔËÏÖ±ÇÆ�jÒÎÚÎÇ×Î�
ÉÇ�ÔÓ�ÛÎÔÇÑ�Î�ÖÎÖ×ËÑÒÓ�
Ñ¾�ÔSÓË±×ÎSÓÉÇÒÎâ

('$ (OHFWURQLF�'HVLJQ�$XWR�
PDWLRQ

bÉ×ÓÑÇ×ÎÍÇÚÎÆ�ÔSÓË±×Î�
SÓÉÇÒÎÆ�áÐË±×SÓÒÎ±Î�
�sbq3�áÐË±×SÓÒÎ±Î�

('$& (OHFWURQLF�'HVLJQ�$XWR�
PDWLRQ�&RPSDQLHV

lÓÑÔÇÒÎÎ�ÔÓ�ÇÉ×ÓÑÇ×Î�
ÍÇÚÎÎ�ÔSÓË±×ÎSÓÉÇÒÎÆ�
áÐË±×SÓÒÎ±Î

('*( (QKDQFHG�'DWDUDWH�*60 s×ÇÒÊÇS×�*60�Ö�SÇÖÜÎ�
SËÒÒßÑ�ÔÓ×Ó±ÓÑ�ÊÇÒÒßÙ

(0($ (XURSH��0LGGOH�(DVW�DQG�
$IULFD

gÉSÓÔÇ��cÐÎÌÒÎÏ�dÓÖ�
×Ó±�Î�bØSÎ±Ç

(6/ (OHFWURQLF�6\VWHP�/HYHO �ÐË±×SÓÒÒßÏ�ÖÎÖ×ËÑ�
ÒßÏ�¾SÓÉËÒà

(6: (PEHGGHG�6RIWZDUH dÖ×SÓËÒÒÓË�ÔSÓ�SÇÑÑ�
ÒÓË�ÓÈËÖÔËÛËÒÎË

),)2 )LUVW�,Q��)LUVW�2XW�FRP�
PXQLFDWLRQ�FKDQQHO

lÓÑÑ¾ÒÎ±ÇÚÎÓÒÒßÏ�±Ç�
ÒÇÐ�ÔÓ�ÔSÎÒÚÎÔ¾��ÔËS�
ÉßÏ�ÉÓÜËÐ�µ�ÔËSÉßÏ�
ÉßÜËÐ�

)3*$ )LHOG�3URJUDPPDEOH�
*DWH�$UUD\

qSÓ�SÇÑÑÎS¾ËÑÇÆ�ÔÓÐà�
ÍÓÉÇ×ËÐËÑ�ÉËÒ×ÎÐàÒÇÆ�
ÑÇ×SÎÚÇ

)60 )LQLWH�6WDWH�0DFKLQH lÓÒËÛÒßÏ�ÇÉ×ÓÑÇ×
)93 )XQFWLRQDO�9LUWXDO3URWR�

W\SH
dÎS×¾ÇÐàÒßÏ�Ø¾Ò±ÚÎÓ�
ÒÇÐàÒßÏ�ÔSÓ×Ó×ÎÔ

*'6�,, *UDSKLF�'DWD�6\VWHP�,,�µ�
VWDQGDUG�IRUPDW�IRU�SK\VL�
FDO�,&�GHVLJQ

sÎÖ×ËÑÇ�ÓÈSÇÈÓ×±Î��SÇ�
ØÎÛËÖ±ÎÙ�ÊÇÒÒßÙ�
,,�Ö×ÇÒÊÇS×ÒßÏ�ØÓSÑÇ×�
ÊÐÆ�ØÎÍÎÛËÖ±Ó�Ó�ÔSÓË±�
×ÎSÓÉÇÒÎÆ�js

*3,2 *HQHUDO�3XUSRVH�,2 ,2�µ�ÓÈÝË�Ó�ÒÇÍÒÇÛËÒÎÆ
*60 *URXS�6SHFLDO�0RELOH��

*OREDO�6\VWHP�IRU�0R�
ELOH�&RPPXQLFDWLRQV

s×ÇÒÊÇS×�ÖÓ×ÓÉÓÏ�ÖÉÆÍÎ�
É�gÉSÓÔË

*8, *UDSKLFDO�8VHU�,QWHUIDFH eSÇØÎÛËÖ±ÎÏ�ÎÒ×ËSØËÏÖ�
ÔÓÐàÍÓÉÇ×ËÐÆ

+'/ +DUGZDUH�'HVFULSWLRQ�
/DQJXDJH

�Íß±�ÓÔÎÖÇÒÎÆ�ÇÔÔÇSÇ×�
ÒÓÏ�ÛÇÖ×Î

+G6��
+'6

+DUGZDUH�GHSHQGHQW�
6RIWZDUH

bÔÔÇSÇ×ÒÓ�ÍÇÉÎÖÎÑÓË�
ÔSÓ�SÇÑÑÒÓË�ÓÈËÖÔËÛËÒÎË

+'9/ +DUGZDUH�'HVLJQ�DQG�
9HULILFDWLRQ�/DQJXDJH

�Íß±�ÇÔÔÇSÇ×ÒÓ�Ó�ÔÕÓ�
Ë±×ÎÕÓÉÇÒÎÆ�Î�ÉËÕÎØÎ�
±ÇÚÎÎ

+9/ +DUGZDUH�9HULILFDWLRQ�
/DQJXDJH

�Íß±�ÉËSÎØÎ±ÇÚÎÎ�ÇÔ�
ÔÇSÇ×ÒÓÏ�ÛÇÖ×Î

+: +DUGZDUH bÔÔÇSÇ×ÒÇÆ�ÛÇÖ×à
,%6 ,QWHUQDWLRQDO�%XVLQHVV�

6WUDWHJLHV
nËÌÊ¾ÒÇSÓÊÒßË�ÈÎÍÒËÖ�
Ö×SÇ×Ë�ÎÎ

,& ,QWHJUDWHG�&LUFXLW jÒ×Ë�SÇÐàÒÇÆ�ÖÙËÑÇ
,'( ,QWHJUDWHG�'HYHORSPHQW�

(QYLURQPHQW
jÒ×Ë�SÎSÓÉÇÒÒÇÆ�ÖSËÊÇ�
SÇÍSÇÈÓ×±Î

,'0 ,QWHJUDWHG�'HYLFH�0DQX�
IDFWXUHU

qSÓÎÍÉÓÊÎ×ËÐà�ÎÒ×Ë�SÎ�
SÓÉÇÒÒßÙ�¾Ö×SÓÏÖ×É

,((( ,QVWLWXWH�RI�(OHFWULFDO�DQG�
(OHFWURQLF�(QJLQHHUV

jÒÖ×Î×¾×�ÎÒÌËÒËSÓÉ�ÔÓ�
áÐË±×ÕÓ×ËÙÒÎ±Ë�Î�áÐË±�
×SÓÒÎ±Ë

,) ,QWHUPHGLDWH�)UHTXHQF\ qSÓÑËÌ¾×ÓÛÒÇÆ�ÛÇÖ×Ó×Ç
,2��,�2 ,QSXW�2XWSXW dÉÓÊ�ÉßÉÓÊ
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,3 ,QWHOOHFWXDO�3URSHUO\ jÒ×ËÐÐË±×¾ÇÐàÒÇÆ�ÖÓÈ�
Ö×ÉËÒÒÓÖ×à

,6$ ,QVWUXFWLRQ�6HW�$UFKLWHF�
WXUH

bSÙÎ×Ë±×¾SÇ�ÖÎÖ×ËÑß�
±ÓÑÇÒÊ

,6/, ,QVWLWXWH�IRU�6\VWHP�/HYHO�
,QWHJUDWLRQ

jÒÖ×Î×¾×�ÎÒ×Ë�SÇÚÎÎ�ÒÇ�
ÖÎÖ×ËÑÒÓÑ�¾SÓÉÒË

,66 ,QVWUXFWLRQ�6HW�6LPXODWRU sÎÑ¾ÐÆ×ÓS�ÖÎÖ×ËÑß�±Ó�
ÑÇÒÊ

-7$* -RLQW�7HVW�$FWLRQ�*URXS pÈÞËÊÎÒËÒÒÇÆ�SÇÈÓÛÇÆ�
�S¾ÔÔÇ�ÔÓ�ÇÉ×ÓÑÇ×ÎÍÇ�
ÚÎÎ�×ËÖ×ÎSÓÉÇÒÎÆ

/$1 /RFDO�$UHD�1HWZRUN mÓ±ÇÐàÒÇÆ�ÖË×à
/&' /LTXLG�&U\VWDO�'LVSOD\ hÎÊ±Ó±SÎÖ×ÇÐÐÎÛËÖ±ÎÏ�

ÊÎÖÔÐËÏ
0$& 0HGLD�$FFHVV�&RQWURO��

$OVR��0XOWLSO\�$FFXPX�
ODWRU

qSÓ×Ó±ÓÐ�¾ÔSÇÉÐËÒÎÆ�
ÊÓÖ×¾ÔÓÑ�±��ÔËSËÊÇâ�
ÝËÏ��ÖSËÊË��×Ç±ÌË�¾ÑÒÓ�
ÌÎ×ËÐà�Ç±±¾Ñ¾ÐÆ×ÓS

0(06 0LFUR�(OHFWURQLF�0H�
FKDQLFDO�6\VWHPV�

nÎ±SÓáÐË±×SÓÒÒßË�ÑË�
ÙÇÒÎÛËÖ±ÎË�ÖÎÖ×ËÑß

0R& 0RGHO�RI�&RPSXWDWLRQ nÓÊËÐà�ÉßÛÎÖÐËÒÎÏ
036R& 0XOWL�3URFHVVRU�6\VWHP�

RQ�&KLS
nÒÓ�ÓÔSÓÚËÖÖÓSÒÇÆ�
ÖÎÖ×ËÑÇ�ÒÇ�ÛÎÔË��±SÎ�
Ö×ÇÐÐË�

038 0LFURSURFHVVRU�8QLW cÐÓ±�ÑÎ±SÓÔSÓÚËÖÖÓSÇ
1R& 1HWZRUN�RQ�&KLS sË×à�ÒÇ�ÛÎÔË��±SÎÖ×ÇÐÐË�
2&% 2Q�&KLS�%XV zÎÒÇ�ÒÇ�ÛÎÔË��±SÎ�

Ö×ÇÐÐË�
ps3 2SHQ�&RUH�3URWRFRO p×±Sß×ßÏ�ÔSÓ×Ó±ÓÐ�

ÔSÓÚËÖÖÓSÓÉ
2&3,3 2SHQ�&RUH�3URWRFRO�,Q�

WHUQDWLRQDO�3DUWQHUVKLS
nËÌÊ¾ÒÇSÓÊÒÓË�ÔÇS×�
ÒËSÖ×ÉÓ�ps3

2)'0 2UWKRJRQDO�)UHTXHQF\�
'LYLVLRQ�0XOWLSOH[LQJ

pS×Ó�ÓÒÇÐàÒÓË�Ñ¾Ðà×ÎÔ�
ÐË±ÖÎSÓÉÇÒÎË�ÊËÐËÒÎÆ�
ÛÇÖ×Ó×ß

20$3, 2SHQ�0RELOH�$SSOLFD�
WLRQ�3URFHVVRU�,QWHUIDFH

p×±Sß×ßÏ�ÎÒ×ËSØËÏÖ�
ÔSÓÚËÖÖÓSÇ�ÑÓÈÎÐàÒÓÏ�
ÖÎÖ×ËÑß

20* 2EMHFW�0DQDJHPHQW�
*URXS

3ÇÈÓÛÇÆ��S¾ÔÔÇ�ÔÓ�SÇÍÉÎ�
×Îâ�Ö×ÇÒÊÇS×ÓÉ�ÓÈÞË±×ÒÓ�
�Ó�ÔSÓ�SÇÑÑÎSÓÉÇÒÎÆ

2SHQ�
025(

025(  �0HDVXUH�RI�5H�
XVH�([FHOOHQFH

s×ËÔËÒà�±ÇÛËÖ×ÉÇ�ÔÓ�
É×ÓSÒÓ�Ó�ÎÖÔÓÐàÍÓÉÇÒÎÆ

26 2SHUDWLQJ�6\VWHP pÔËSÇÚÎÓÒÒÇÆ�ÖÎÖ×ËÑÇ
26& 2SHQ�6\VWHP&�,QLWLDWLYH p×±Sß×ÇÆ�ÎÒÎÚÎÇ×ÎÉÇ�

ÔÓ�6\VWHP&
29$ 2SHQ�9HUD�$VVHUWLRQV u×ÉËSÌÊËÒÎÆ�2SHQ�9HUD
29/ 2SHQ�9HULILFDWLRQ�/LEUDU\ p×±Sß×ÇÆ�ÈÎÈÐÎÓ×Ë±Ç�

ÉËSÎØÎ±ÇÚÎÎ
3%' 3ODWIRUP�%DVHG�'HVLJQ qSÓË±×ÎSÓÉÇÒÎË�ÒÇ�ÓÖ�

ÒÓÉË�ÔÐÇ×ØÓSÑ
3sd 3ULQWHG�&LUFXLW�%RDUG qËÛÇ×ÒÇÆ�ÔÐÇ×Ç
3&, 3HUVRQDO�&RPSXWHU�,QWHU�

IDFH
���SÇÍSÆÊÒÇÆ�ÖÎÖ×ËÑÒÇÆ�
ÜÎÒÇ�Ö�ÉÓÍÑÓÌÒÓÖ×àâ�
SÇÖÜÎSËÒÎÆ�ÊÓ����SÇÍSÆ�
ÊÓÉ��ÉÍÇÎÑÓÊËÏÖ×ÉÎË�ÛË�
SËÍ�±Ó×ÓS¾â�ÔSÓÎÖÙÓÊÎ×�
ÈËÍ�¾ÛÇÖ×ÎÆ�&38

3&6 3HUVRQDO�&RPPXQLFD�
WLRQ�6\VWHP��8� 6��YHUVLRQ�
RI�*60�

bÑËSÎ±ÇÒÖ±ÇÆ�ÉËSÖÎÆ�
Ö×ÇÒÊÇS×Ç�*60

3/' 3URJUDPPDEOH�/RJLF�'H�
YLFH

qSÓ�SÇÑÑÎS¾ËÑÓË�ÐÓ�Î�
ÛËÖ±ÓË�¾Ö×SÓÏÖ×ÉÓ

36/ 3URSHUW\�6SHFLILFDWLRQ�
/DQJXDJH��$FFHOOHUD�

�Íß±�ÓÔÎÖÇÒÎÆ�ÖÉÓÏÖ×É�
�$FHHOOHUD�

4$0 4XDG�$GDSWLYH�0XOWL�
SOH[LQJ

lÉÇÊSÇ×¾SÒÇÆ�ÇÊÇÔ×ÎÉ�
ÒÇÆ�ÑÓÊ¾ÐÆÚÎÆ

4R6 4XDOLW\�RI�6HUYLFH lÇÛËÖ×ÉÓ�¾ÖÐ¾�
5) 5DGLR�)UHTXHQF\ 3ÇÊÎÓÛÇÖ×Ó×Ç
5,6& 5HGXFHG�,QVWUXFWLRQ�6HW�

&RPSXWHU
�dn�Ö�ÖÓ±SÇÝËÒÒÓÏ�
ÖÎÖ×ËÑÓÏ�±ÓÑÇÒÊ

500 5HXVH�0HWKRGRORJ\�
0DQXDO

3¾±ÓÉÓÊÖ×ÉÓ�ÔÓ�ÑË×ÓÊÓ�
ÐÓ�ÎÎ�ÔÓÉ×ÓSÒÓ�Ó�ÎÖ�
ÔÓÐàÍÓÉÇÒÎÆ

57/ 5HJLVWHU�7UDQVIHU�/HYHO uSÓÉËÒà�SË�ÎÖ×SÓÉßÙ�ÔË�
SËÊÇÛ

5726 5HDO�7LPH�2SHUDWLQJ�
6\VWHP

pÔËSÇÚÎÓÒÒÇÆ�ÖÎÖ×ËÑÇ�
SËÇÐàÒÓ�Ó�ÉSËÑËÒÎ

6&9 6\VWHP&�9HULILFDWLRQ�/L�
EUDU\

cÎÈÐÎÓ×Ë±Ç�ÉËSÎØÎ±Ç�
ÚÎÎ�6\VWHP&

6') 6WDWLFDOO\�6FKHGXOHG�
'DWD)ORZ��6\QFKURQRXV�
'DWDIORZ�

sÎÒÙSÓÒÒßÏ�ÔÓ×Ó±�
ÊÇÒÒßÙ

6'/ 6SHFLILFDWLRQ�DQG�'H�
VFULSWLRQ�/DQJXDJH

�Íß±�ÖÔËÚÎØÎ±ÇÚÎÏ�Î�
ÓÔÎÖÇÒÎÏ

6(5'(6 6HULDOL]HU�'HVHULDOL]HU�
�+LJK�VSHHG�VHULDO�LQWHU�
IDFH�

dßÖÓ±ÓÖ±ÓSÓÖ×ÒÓÏ�ÔÓ�
ÖÐËÊÓÉÇ×ËÐàÒßÏ�ÎÒ×ËS�
ØËÏÖ

6L3��6,3 6\VWHP�LQ�3DFNDJH sÎÖ×ËÑÇ�É�±ÓSÔ¾ÖË
6/' 6\VWHP�/HYHO�'HVLJQ qSÓË±×ÎSÓÉÇÒÎË�ÒÇ�ÖÎÖ�

×ËÑÒÓÑ�¾SÓÉÒË
6/, 6\VWHP�/HYHO�,QWHJUDWLRQ jÒ×Ë�SÇÚÎÆ�ÒÇ�ÖÎÖ×ËÑ�

ÒÓÑ�¾SÓÉÒË
6R& 6\VWHP�RQ�&KLS sÎÖ×ËÑÇ�ÒÇ�±SÎÖ×ÇÐÐË�

�ÛÎÔË�
6R3 6\VWHP�RQ�3DFNDJH sÎÖ×ËÑÇ�É�±ÓSÔ¾ÖË
623& 6\VWHP�RQ�3URJUDPPD�

EOH�&KLS
sÎÖ×ËÑÇ�ÒÇ�ÔSÓ�SÇÑÑÎ�
S¾ËÑÓÑ�±SÎÖ×ÇÐÐË��ÛÎÔË�

63: 6LJQDO�3URFHVVLQJ�:RUN�
V\VWHP

sÎÖ×ËÑÇ�ÓÈSÇÈÓ×±Î�ÖÎ��
ÒÇÐÓÉ

6: 6RIWZDUH qSÓ�SÇÑÑÒÓË�ÓÈËÖÔË�
ÛËÒÎË

7%' 7UDQVDFWLRQ�%DVHG�'H�
VLJQ

qSÓË±×ÎSÓÉÇÒÎË�ÒÇ�ÓÖ�
ÒÓÉË�×SÇÒÍÇ±ÚÎÏ

7'' 7RG�'RZQ�'HVLDQ��DOVR��
7LPLQJ�'ULYHQ�'HVLJQ

qSÓË±×ÎSÓÉÇÒÎË�ÖÉËSÙ¾�
ÉÒÎÍ�ÎÐÎ�ÔSÓË±×ÎSÓÉÇ�
ÒÎË�ÒÇ�ÓÖÒÓÉË�ÍÇÊËSÌË±

7/0 7UDQVDFWLRQ�/HYHO�0RGHO�
RU�0RGHOOLQJ

nÓÊËÐà�ÎÐÎ�ÑÓÊËÐÎSÓÉÇ�
ÒÎË�ÒÇ�¾SÓÉÒË�×SÇÒ�
ÍÇ±ÚÎÏ

80/ 8QLILHG�0RGHOOLQJ�/DQ�
JXDJH

uÒÎØÎÚÎSÓÉÇÒÒßÏ�ÆÍß±�
ÑÓÊËÐÎSÓÉÇÒÎÆ

8076 8QLYHUVDO�0RELOH�7HOH�
FRPPXQLFDWLRQ�6\VWHP

uÒÎÉËSÖÇÐàÒÇÆ�ÖÎÖ×ËÑÇ�
ÑÓÈÎÐàÒßÙ�×ËÐË±ÓÑÑ¾�
ÒÎ±ÇÚÎÏ

86% 8QLYHUVDO�6HULDO�%XV uÒÎÉËSÖÇÐàÒÇÆ�ÔÓÖÐËÊÓ�
ÉÇ×ËÐàÒÇÆ�ÜÎÒÇ

9& 9LUWXDO�&RPSRQHQW dÎS×¾ÇÐàÒßÏ�±ÓÑÔÓÒËÒ×
9&& 9LUWXDO�&RPSRQHQW�

&R'HVLJQ
sÓÉÑËÖ×ÎÑÓ�ÔSÓË±×ÎSÓ�
ÉÇÒÎË�ÉÎS×¾ÇÐàÒßÙ�±ÓÑ�
ÔÓÒËÒ×ÓÉ

9&, 9LUWXDO�&RPSRQHQW�,QWHU�
IDFH

jÒ×ËSØËÏÖ�ÉÎS×¾ÇÐàÒßÙ�
±ÓÑÔÓÒËÒ×ÓÉ

9&; 9LUWXDO�&RPSRQHQW�([�
FKDQJH

cÎSÌÇ�ÉÎS×¾ÇÐàÒßÙ�±ÓÑ�
ÔÓÒËÒ×ÓÉ

9+'/ 9+6,&�+DUGZDUH�'H�
VFULSWLRQ�/DQJXDJH

�Íß±�ÓÔÎÖÇÒÎÆ�ÇÔÔÇSÇ×�
ÒÓÏ�ÛÇÖ×Î

9+6,& 9HU\�+LJK�6SHHG�,QWH�
JUDWHG�&LUFXLW

sÉËSÙÈßÖ×SÓÊËÏÖ×É¾â�
ÝÇÆ�ÎÒ×Ë�SÇÐàÒÇÆ�ÖÙËÑÇ

96, 9LUWXDO�6RFNHW�,QWHUIDFH jÒ×ËSØËÏÖ�ÉÎS×¾ÇÐàÒÓ�
�Ó��eÒËÍÊÇ�

:/$1 :LUHOHVV�/RFDO�$UHD�1HW�
ZRUN

mÓ±ÇÐàÒÇÆ�SÇÊÎÓÖË×à�
�ÖË×à�Ö�ÈËÖÔSÓÉÓÊÒÓÏ�
ÖÉÆÍàâ�
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)'$�ÁÅSÅÒ�ÍÀÍÎ�ÏÎÄ�Ó×ÅÒ

käËSÒ}ÈÓ°}È«� È�äÒÓÒ°�SÈ�Ò«� ¹Ò�Ëm©²� ¹Sº�
��}�ºm�Ò�ãË}ÈS°�m��)'$��ÏÈÓÒäÈË�°«�ãÒ�ËÓÏÒSºmÈ�
ÓÒËä�	ÒSº}º�º�°¹Ë}�SÈ��ºmÈSºm��¹Ò�Ëm©Ë�¹Sº��}�
�©��}º°äË�Ò}È��ãË}ÈS°�mÈ��È¹¹ÈSÈ��SÈ�Ò�mË�ËSÒÓÈ�
SÒ«���È��Ë¹ËS
�ÏÈ®äË�°«�Ò�ÓÈÓºäÈ�ËSÒÈãÈäÒ�
)'$� º¹SË�ËãÒãº� ÓÈÓº�Ë²Óºãº�ÒÒ� }È}� º�SÈ°ã


SÈÏSÈ­º�º}�Ò�Ò°°ãË�ºmÈÓÒ®��SË��ãÒS�Ëä���¹º�°ãË�
����Òä�¹SÒ�ÒÓÈä�
z °��Ë°�m���ÒË�äÈ�ËSÒÈã©�ÒäË���È�ºäÓ©®��äº�
ãË}�ã«SÓ©®�Ò�äÈ}SºäºãË}�ã«SÓ©®��SºmÓÒ��}º�
�ºS©Ë�SÈÏäËSºä�Ò�Á�Ó}�ÒË®�ãË}ÈS°�m��°�Sº®°�m
�}ãÈ�©mÈ��°«�m�	}Èã��º�����º�����Óä�

z ÒÏº­SË�ËÓÒ«�Ò�Ò°¹ºã
Ï�Ëä©Ë��°�Sº®°�mÈ��È¹¹È�
SÈ�©�Ò�°Ò°�Ëä©�º­ãÈ�È���Óºm©äÒ�°mº®°�mÈäÒ
mmÒ���Ò²�äÈã©²�SÈÏäËSºm�

z ÓÈÓº°Ò°�Ëä©�Ò�ÓÈÓºäÈ�ËSÒÈã©�º­ãÈ�È��� °¹º�
°º­Óº°�
�� }ºÓ�SºãÒSºmÈ�
� Ò� äÈÓÒ¹�ãÒSºmÈ�

äÈ�ËSÒË®�ÓÈ�È�ºäÈSÓºä��SºmÓË�
v��ã��	ËÓÒËä��ËSÈ¹Ëm�Ò�Ë°}Ò²�°SË�°�m�°�¹ºäº�

�
�� ÓÈÓº�Ë²Óºãº�ÒÒ� °�ÈÓË�� mºÏäºÎÓº®�� ÓÈ¹SÒ�
äËS���º°�Èm}È�ãË}ÈS°�mËÓÓ©²�°SË�°�m�}�º��Ëã
Ó©ä
}ãË�}Èä�ºS�ÈÓÒÏäÈ��{� ª�º®� °Ò��È�ÒÒ�º�mË�°�mËÓ�
Óº°�
�ÏÈ�ÓÈ�ÏºSºä�ÓÈ���È}ÒäÒ�¹Sº��}�ÈäÒ�­ËSË��ÓÈ
°Ë­«�2IILFH�RI�&RPELQDWLRQ�3URGXFWV��vº�Ë®°�mºmÈ�

SË��ã«�ÒÒ�¹Sº��}�ºm�ÓÈÓº�Ë²Óºãº�ÒÒ�­��Ë��È�ËÓ��
°�mº�� °ÁºSäÒSºmÈÓÓºË� ÒÏ� 1DQR7HFKQRORJ\� ,QWHUHVW
*URXS� �17,*��� pÎË}mÈS�Èã
Ó©Ë� }ºÓÁËSËÓ�ÒÒ
17,*� °�ÈÓ��� ªÁÁË}�ÒmÓ©ä� °SË�°�mºä� º­�ËÓÒ«
äËÎ���¡ËÓ�SÈäÒ�
rºã
	ÒÓ°�mº� ¡ËÓ�Sºm� �È}ÎË� ÒäË��� SÈ­º�ÒË

�S�¹¹©��}º�ºS©Ë��}SË¹ã«���°m«ÏÒ�äËÎ���SÈÏãÒ��
Ó©äÒ�¹º�SÈÏ�ËãËÓÒ«äÒ��|ÓÒ�SÈ°	ÒS«���}S���¹Sº�
��}�ÒÒ��°m«ÏÈÓÓº®�°�ÓÈÓº�Ë²Óºãº�Ò«äÒ��}º�ºS©Ë
SË��ãÒS����ÁË�ËSÈã
Ó©Ë�È�ËÓ�°�mÈ��bÒSº���°¹Ë}�
�SÈ��ÈÓÓº®�¹Sº��}�ÒÒ��}º�ºS���°º­ÒSÈË�°«�SË���
ãÒSºmÈ�
�)'$��¹º}ÈÎË��­����ËË�
iã«��º�º���º­©�¹ºÓ«�
��}È}�°º­ÒSÈË�°«�)'$�SË�

��ãÒSºmÈ�
�S©Óº}�ÓÈÓº¹Sº��}�ºm��¹Sº��Ò�Ë�ª�º���º�
}�äËÓ���)'$�UHJXODWLRQ�RI�1DQRWHFKQRORJ\�3URGXFWV�

j°�º�ÓÒ}
��� 1DWLRQDO� 1DQRWHFKQRORJ\� ,QLWLDWLYH�� )'$� UHJXODWLRQ� RI

1DQRWHFKQRORJ\�3URGXFWV

®ÒÊSÛÒÛÅ�ÌÈÊSÎÆÈÄÊÎÑÒÍÛÅ�
È ÍÀÍÎÆÈÄÊÎÑÒÍÛÅ�ÑÈÑÒÅÌÛ

�ÎË�ÓË� °Ë}SË�����º� ²ÒäÒ�Ë°}ÒË�Ò� ­Òº²ÒäÒ�Ë�
°}ÒË�ª}°¹SË°°�ãÈ­ºSÈ�ºSÒÒ�­����Ë�º��äËÓ
	È�°«
�º�SÈÏäËSºm�}ºä¹
��ËSÓº�º��Ò¹È��SË�
�Ò�Ë��º��È}

ÓÈÏ©mÈËä©²�ãÈ­ºSÈ�ºSÒ«²�ÓÈ��Ò¹Ë���w�º�¹ºÏmºãÒ�
°�ËãÈ�
�ÈÓÈãÒÏ©�²ÒäÒ�Ë°}Ò²�Ò�­Òºãº�Ò�Ë°}Ò²�º­��
Ë}�ºm�­ºãËË�­©°�S©äÒ�Ò��º�Ó©äÒ���SÒÓ�Ò¹��Ë®�
°�mÒ«�ãÈ­ºSÈ�ºSÒÒ�ÓÈ��Ò¹Ë�°º°�ºÒ��m��ºä����º�ºÓÈ
°ºS�ÒS�Ë��mË�Ë°�mÈ�°�¹ºäº�
��S«�È�}ÈÓÈãºm���ÒÈ�
äË�Sºä�m�ÓË°}ºã
}º��Ë°«�}ºm�ÓÈÓºäË�Sºm��sÈ�º°�
ÓºmË� ãÈ­ºSÈ�ºSÒ®�ÓÈ��Ò¹Ë� äºÎÓº� °ºÏ�È�
� ¹Sº�
°�©Ë��ªÁÁË}�ÒmÓ©Ë�Ò�­©°�Sº�Ë®°�m���ÒË�ÈÓÈãÒ�
ÏÈ�ºS©� }SºmÒ�� p°ãÒ� °Ë�º�Ó«� ¹Sº�Ë��SÈ� ÈÓÈãÒÏÈ
}SºmÒ�ÏÈÓÒäÈË��º}ºãº��SË²��ÓË®���º�°�Ò°¹ºã
ÏºmÈ�
ÓÒËä�ÓÈÓºÎÒ�}º°�Ó©²��°�Sº®°�m�ª�º��°Sº}�äºÎË�
°º}SÈ�Ò�
°«��º�¹ºã��È°È���SÒ�ª�ºä�ÈÓÈãÒÏ�­��Ë�
m©¹ºãÓËÓ�°�m©°º}º®�°�Ë¹ËÓ
���º�Óº°�Ò�

|�ÓÈ}º�äÈ°°ºmºË�ÒÏ�º�ºmãËÓÒË�ÏÈ}S©�©²�äÒ}�
SºÎÒ�}º°�Ó©²�°Ò°�Ëä�°º¹S«ÎËÓº�°�º¹SË�ËãËÓÓ©�
äÒ��S��Óº°�«äÒ��|�}S©�©Ë�äÒ}Sº��Ò�ÓÈÓºÎÒ�}º�
°�Ó©Ë�°Ò°�Ëä©��¹ºÏmºã«��ÒË�º°��Ë°�mã«�
��SÈÓ°�
¹ºS��mË�Ë°�m���º�°Ò²�¹ºS�ÓË�äº�ãÒ�°}ºÓ°�S�ÒSºmÈ�

ÒÏ�ÏÈ��º�º����º�º¹�ÒäÈã
ÓÈ«��ËºäË�SÒ«�}ÈÓÈãºm��È�
}Ò²��°�Sº®°�m�ÓË�­©ãÈ�SÈÏSÈ­º�ÈÓÈ�

|°ÓºmÈ�º�}S©�©²�äÒ}SºÎÒ�}º°�Ó©²�°Ò°�Ëä�Û
°Ë�
�}ÈÓÈãºm��m©�SÈmãËÓÓ©²�ÓÈ�¹º�ãºÎ}Ë��}È}�¹SÈ�
mÒãº��ª�º�}SËäÓÒ®���lÈ�SÒ�©�°�º�}S©�©äÒ�}ÈÓÈ�
ãÈäÒ� �º°�È�º�Óº� ¹Sº°�º� ¹SºÒÏmº�Ò�
� m� ­ºã
	Ò²
}ºãÒ�Ë°�mÈ²�°�¹ºäº�
��²ºSº	º�SÈÏmÒ�º®�ÓÈ�°Ë�º�
�Ó«	ÓÒ®��ËÓ
�Áº�ºãÒ�º�SÈÁÒÒ��sË�ÈmÓº�°ºmäË°��
Ó©äÒ� �°ÒãÒ«äÒ� ��ËÓ©²� ÒÏ� ÒÓ°�Ò���È� Òä��lÈ}°È
�ãÈÓ}È���ËSäÈÓÒ«��Ò�Ò²�}ºããË��ÒÏ�zÈãÒÁºSÓÒ®�
°}º�º� �ÓÒmËS°Ò�Ë�È� ­©ãÈ� SÈÏSÈ­º�ÈÓÈ� �ËºSÒ«� º��
}S©�©²�ÓÈÓº��Ò�äÒ}SºÎÒ�}º°�Ó©²�°�S�}��S���SÒ�
äËÓËÓÒË�ª�º®��ËºSÒÒ�m�ÒÏ�º�ºmãËÓÒÒ�ãÈ­ºSÈ�ºSÒ®�
ÓÈ��Ò¹Ë�¹ºÏmºãÒ��ÓÈãÈ�Ò�
�Ò²�äÈ°°ºm©®�m©¹�°}�

|°ÓºmÈ��ËºSÒÒ�SÈ°�Ë�È�}È¹Òãã«Sºm�ÏÈ}ã��ÈË�°«
m�º¹SË�ËãËÓÒÒ�Ò²��ËºäË�SÒÒ�m�ÏÈmÒ°Òäº°�Ò�º��°äÈ�
�ÒmÈËäº°�Ò��SÈÓ°¹ºS�ÒS�Ëäº®�¹º�ÓÒä�ÎÒ�}º°�Ò�
�Sº°�Ë®	Ò®�mÒ���ËºäË�SÒÒ�}È¹Òãã«SÓ©²�}ÈÓÈãºm
äÒ}SºÎÒ�}º°�Ó©²� °Ò°�Ëä�Û�¹S«äº��ºã
Ó©®��sÈ
¹ËSm©®� mÏ�ã«�� }ÈÎË�°«� ÓËãË¹º°�
�� �ËãÈ�
� �È}ÒË
�°�Sº®°�mÈ�°�º�}S©�©äÒ�}ÈÓÈãÈäÒ��ã«��SÈÓ°¹ºS�È
ÎÒ�}º°�Ò��|�ÓÈ}º�ÓÈ�äÒ}Sº��Ò�ÓÈÓº�SºmÓË�ÎÒ�}º�
°�Ò�mË����°Ë­«�ÓË��È}��}È}�m°Ë�ä©�¹SÒm©}ãÒ�°�Ò�
�È�
��iËãº�m��ºä����º�m�äÒ}Sº��Ò�ÓÈÓºÎÒ�}º°�Ó©²
°Ò°�ËäÈ²�mÈÎÓ���Sºã
�Ò�SÈ���}È¹Òãã«SÓ©Ë�°Òã©�Ò
°Òã©�¹ºmËS²Óº°�Óº�º�ÓÈ�«ÎËÓÒ«�

j°°ãË�ºmÈ�ËãÒ� ¹º¹©�ÈãÒ°
� ÒÏ��Ò�
� äºSÁºãº�
�Ò��¹Sº�Ë}ÈÓÒ«�ÎÒ�}º°�Ò��ËSËÏ�º�}S©�©Ë�}ÈÓÈã©
°�SÈÏãÒ�Óº®��ËºäË�SÒË®��iã«�ª�º�º�ºÓÒ�Ò°¹ºã
Ïº�
mÈãÒ�­©°�Sº�ÏÈäËSÏÈ�����¹ºãÒäËSÓ���ÎÒ�}º°�
�
sÈ�SÒ°�����°ä���SË�
��°�ºSºÓ��º­ãºÎ}Ò��äºÎÓº�mÒ�
�Ë�
�äÒ}SºÁº�º�SÈÁÒÒ�Ò��'�°�S�}��S©��¹ºã��ËÓ�
Ó©Ë�°�¹ºäº�
��È�ºäÓº�°Òãºmº®�äÒ}Sº°}º¹ÒÒ�

�®¢®±²¨�­ ­®²¥µ­®«®£¨©
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zÈ}�ä©�mÒ�Òä��äºSÁºãº�Ò«��º°�È�º�Óº�SÈÏÓº�
º­SÈÏÓÈ�Û�ÎÒ�}º°�
��º�m©�«�ÒmÈË�°«�m�ºã
�}ÈÓÈãÈ�
�º�°º­ÒSÈË�°«�}È¹ã«äÒ�
sÈ�SÒ°�����°ä���SË�
��°�ºSºÓ��º­ãºÎ}Ò��°¹SÈmÈ

äºÎÓº��mÒ�Ë�
�}ÈÓÈã�	ÒSÒÓº®���ä}ä��ÏÈ¹ºãÓËÓ�
Ó©®�ÎÒ�}º°�
���k�m�}ÈÓÈãË�­ºã
	Ë®�	ÒSÒÓ©��}º�
�ºS©®�¹SË�°�ÈmãËÓ�°ãËmÈ��ÎÒ�}º°�
�º­SÈÏºmÈãÈ�}È�
¹ã����È}ÎË�m�¹Sº�Ë°°Ë�Ò°°ãË�ºmÈÓÒ®�­©ãº��°�È�
ÓºmãËÓº����º�ÓÈÒ­ºãËË�°Òã
Ó©Ë�}È¹Òãã«SÓ©Ë�°Òã©
º­SÈÏ���°«� m�}ÈÓÈãË�� }º�ºS©®�ÒäËË��¹º¹ËSË�ÓºË
°Ë�ËÓÒË�m�mÒ�Ë�SÈmÓº­Ë�SËÓÓº®��SÈ¹Ë�ÒÒ����ËÓ©Ë
�È}ÎË�º¹SË�ËãÒãÒ����º�ÏÈmÒ°Òäº°�
�}È¹Òãã«SÓ©²
°Òã�º����ãÈ�ÓÈ}ãºÓÈ�}ºÓ�È}�Ó©²�¹ºmËS²Óº°�Ë®�ÓË
°º�ãÈ°ºm©mÈË�°«�°�}ãÈ°°Ò�Ë°}Òä��SÈmÓËÓÒËä��Ó�
�È���ºª�ºä��Ò°°ãË�ºmÈ�ËãÒ�SÈÏSÈ­º�ÈãÒ�°º­°�mËÓ�
Ó����ËºSÒ��°äÈ�ÒmÈÓÒ«�m�ÓÈÓºSÈÏäËSÓºä��ÒÈ¹È�
ÏºÓË��|�ÓÒä�ÒÏ�ÒÓ�ËSË°Ó©²�°ãË�°�mÒ®�Óºmº®��Ëº�
SÒÒ�«mã«Ë�°«��º����º��ÈmãËÓÒË�ÎÒ�}º°�Ò�m�º�}S©�
�ºä�}ÈÓÈãË�	ÒSÒÓº®�����Óä�äºÎË���º°�Ò�È�
� ��
È�äº°ÁËS��p°ãÒ�ÎË�SÈ°	ÒSÒ�
�}ÈÓÈã��º���ää���º
m°��¹«�� m� °Òã�� }ãÈ°°Ò�Ë°}ÒË� ÏÈ}ºÓ©� Ò� �ÈmãËÓÒË
�¹È�Ë���º��©°«�Óº®��ºãÒ�È�äº°ÁËS©�
|�ÓÒä�ÒÏ�¹SÈ}�Ò�Ë°}Ò²�¹SÒäËÓËÓÒ®�Óºmº®��Ëº�

SÒÒ�­��Ë��ÒÏ�º�ºmãËÓÒË�º�}S©�©²�äÒ}SºÎÒ�}º°��
Ó©²�°Ò°�Ëä�°�ÒÏäËÓ«��Ë®°«��ËºäË�SÒË®�}ÈÓÈãºm�
�È}Òä�º­SÈÏºä��äºÎÓº�­��Ë���¹SÈmã«�
�Ò²�°äÈ�Ò�
mÈËäº°�
��Ò���ÈÎË��SË��ãÒSºmÈ�
�¹Sº�º}�ÎÒ�}º°�Ò
�ËSËÏ�ÓÒ²���È}ÎË�}ÈÓÈã©�äºÎÓº�°�ËãÈ�
�°äÈ�ÒmÈË�
ä©äÒ� �ºã
}º� �ã«� º¹SË�ËãËÓÓº�º� �Ò¹È� ÎÒ�}º°�Ò
�m©­SÈm�Ó�ÎÓ©®��Ò¹��ËºäË�SÒÒ�����º�¹ºÏmºãÒ��°�Ë�
ãÈ�
�¹Sº°�©Ë�°ËãË}�ºSÓ©Ë��Ò¹©�

j°�º�ÓÒ}
(XUHN�$OHUW��2SHQ�PLFURIOXLGLF�DQG�QDQRIOXLGLF�V\VWHPV

¢�²ÅÕÍÈÎÍÅ�ÑÎÇÄÀÍ�ÈÍÑÒÈÒÓÒ�
ÍÀÍÎÒÅÕÍÎËÎÃÈÉ

{�tÈ®Á°}ºä��Ë²ÓÒºÓË�°ºÏ�ÈÓ�sÈ��Óº�Ò°°ãË�º�
mÈ�Ëã
°}Ò®�ÒÓ°�Ò����ÓÈÓº�Ë²Óºãº�Ò®��{�ª�º��¹Sº�
Ë}��mãºÎËÓº����äãÓ��ºãã���ÒÏ�}º�ºS©²����äãÓ�¹º�
ÎËS�mºmÈÓº�nºÓ�ºä�3È°°ËãÈ�rËSÒ��s
��iÎËS°Ò�
vbk���{�}È�Ë°�mË�°º��SË�Ò�ËãË®�ÒÓ°�Ò���È�m©°���
¹È����È}ÎË�lÒÓÒ°�ËS°�mº�¹Sºä©	ãËÓÓº°�Ò�Ò��ºS�
�ºmãÒ��È��È}ÎË�äÒÓÒ°�ËS°�mÈ�ÁÒÓÈÓ°ºm�Ò�º­ºSºÓ©�
}º�ºS©Ë�mÓË°ãÒ��mË� �SË�Ò� �SË­�Ëäº®�°�ää©�Û���
äãÓ��ºãã��iËÓ
�Ò�­�����¹ËSËmº�Ò�
°«��Ë²ÓÒºÓ��ÓÈ
¹Sº�«ÎËÓÒÒ���ãË��
jÏ��¹SÈmãËÓÒ«��ãÈmÓº�º���ËÓº�º�lÒÓÒ°�ËS°�mÈ

¹Sºä©	ãËÓÓº°�Ò�Ò��ºS�ºmãÒ�°ºº­�È������º�SË	Ë�
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ÅÉÈÏÀSÀÈÑÃÃ��63,(��KWWS���ZZZ�VSLH�RUJ��ÊÎ¼ÆÃÅÎÀÍ�ÊÉÆÈÖÀ�ÍÀÅÌÍÖ
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¬�È»ÃÆÎÒÓÃÇÃ�ÊÉÁÀÆ»ÈÃÚÇÃ
©S¾ÅÉÇÃÍÀÍ�,&01(�t�����
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/XFKLQLQ�9� 9��,QWURGXFWLRQ�LQWR�WKH�,QGXVWU\�RI�1DQRV\VWHPV ��� �

3UHVHQWHG�WKH�V\VWHP�DSSURDFK�WR�WKH�LQGXVWU\�RI�QDQRV\VWHPV
DV�D�SULRULW\�OLQH�RI�GHYHORSPHQW�RI�VFLHQFH�DQG�HQJLQHHULQJ�

'HILQHG�WKH�IXQGDPHQWDO�FRQFHSWV�ZKLFK�DUH�XVHG�LQ�WKH�LQ�
GXVWU\� RI� QDQRV\VWHPV�� 'HILQHG� UHVHDUFK�DQG�SURGXFWLRQ� DQG
HGXFDWLRQDO�EDVLV�RI�WKH�LQGXVWU\�RI�QDQRV\VWHPV�DFFRUGLQJ�WR�WKH
IXVLRQ�ZLWK�WKH�SULRULW\�OLQHV�RI�GHYHORSPHQW�RI�VFLHQFH��HQJL�
QHHULQJ�DQG�WHFKQRORJ\�

0D[LPRY�*� $���1LNROLWFKHY�'� (���)LODWRY�'� 2�
/RFDO�$QDO\VLV�RI�*H6L�6L�1DQRFOXVWHUV�E\�6FDQQLQJ�$XJHU
0LFURVFRS\������������������������������������������������������������������������� �

$QDO\WLF�SRWHQWLDO�RI�6FDQQLQJ�$XJHU�0LFURVFRS\�IRU�VWXG\�RI
VHPLFRQGXFWLQJ� QDQRVWUDFWXUHV� FRPSRVLWLRQ� ZDV� LQYHVWLJDWHG�
7KH�REMHFW�RI�LQYHVWLJDWLRQ�ZDV�WKH�VHOI�DVVHPEOHG�*H6L�QDQR�
FOXVWHUV� JURZQ� RQ� VLOLFRQ� VXEVWUDWH� E\� PHWKRGV� RI�0ROHFXODU
%HDP�(SLWD[\��7KH�SUDFWLFDELOLW\�RI�ORFDO�FRPSRVLWLRQDO�DQDO\VLV
ZLWK� QDQRPHWHU� UHVROXWLRQ� RI� VLQJOH� *H6L� QDQRFOXVWHUV� ZDV
VKRZQ��7KH�VSDWLDO�UHVROXWLRQ�RI�WKH�DSSDUDWXV�ZDV�GHWHUPLQHG�IRU
GLIIHUHQW�VWUXFWXUHV�W\SHV��7KH�PHDVXUHPHQW�WHFKQLTXH�ZDV�GH�
YHORSHG�DQG�FRQFHQWUDWLRQ�RI�*H�DQG�6L�SURILOLQJ�LQ�QDQRFOXVWHUV
ZDV�GRQH�

'HGNRY�*� 9��2Q�WKH�0HFKDQLFDO�(QHUJ\�'LVVLSDWLRQ
LQ�'\QDPLF�)RUFH�6FDQQLQJ�3UREH�0LFURVFRS\�LQ�8+9 ����������� ��

7KLV�ZRUNV�DLPV�DW�FULWLFDO�GLVFXVVLRQ�RI�UHFHQW�REVHUYDWLRQV
RI�FRQVHUYDWLYH�DQG�GLVVLSDWLYH�LQWHUDFWLRQV�LQ�WLS�Û�VDPSOH�FRQ�
WDFWV�SURELQJ�E\�G\QDPLF�IRUFH�VSHFWURVFRS\�LQ�8+9��6SHFLIL�
FDOO\��ERWK�QRUPDO�DQG�ODWHUDO�WLS�PRWLRQ�RQ�GLIIHUHQW�PDWHULDOV
ZDV�UHDOL]HG��EXW�WR�GDWH��WKH�RULJLQ�RI�WKH�ORQJ�UDQJH�GDPSLQJ
IRUFHV�SURYHV�WR�EH�XQFOHDU��)RU�WKH�ILUVW�WLPH��ZH�SURSRVH�D�VLP�
SOH�JHQHUDO�UHODWLRQ�EHWZHHQ�FRQVHUYDWLYH�DQG�GLVVLSDWLYH�IRUFH�RI
DUELWUDU\�RULJLQ��DFWLQJ�RQ�WKH�WLS��ZKLFK�DOORZV�WR�H[SODLQ�WKH
PHDVXUHG�GDPSLQJ�LQWR�WKH�FRQWDFW��$�VLQJOH�SKHQRPHQRORJLFDO

SDUDPHWHU�LV�QHHGHG�Û�WKH�FKDUDFWHULVWLF�YHORFLW\�RU�WLPH�RI�WKH
GLVVLSDWLYH�PHFKDQLVP��$�UHDVRQDEOH�DJUHHPHQW�ZLWK�ERWK�W\SH�RI
WKH�H[SHULPHQWV�LV�DFKLHYHG��7KH�SK\VLFDO�RULJLQ�RI�WKH�GLVVLSDWLYH
PHFKDQLVP�LV�DVVXPHG�WR�EH�UHODWHG�ZLWK�SKRQRQ�GDPSLQJ�

<DNMPRY�$� ,���'YXUHFKHQVNLL�$� 9���1LNLIRURY�$� ,��*H�6L�

3KRWRGHWHFWRUV�ZLWK�(PEHGGHG�*H�4XDQWXP�'RWV�IRU�2SWLFDO�)LEUH�

&RPPXQLFDWLRQV������������������������������������������������������������������

:H�H[SRXQG�WKH�SK\VLFDO�IXQGDPHQWDOV�DQG�UHSRUW�RQ�WKH�GH�
YHORSPHQW�RI�*H�6L�SKRWRGHWHFWRUV�HPEHGGHG�ZLWK�*H�TXDQWXP
GRWV�DQG�GHVLJQHG�IRU�RSHUDWLRQ�DW�WKH�WHOHFRPPXQLFDWLRQ�ZDYH�
OHQJWKV�������������PP��

*DLNRYLFK�.� 3���'U\DNKOXVKLQ�9� )���1LNROLFKHY�'� (�
,PDJHV�'HFRQYROXWLRQ�LQ�WKH�6FDQQLQJ�$XJHU�0LFURVFRS\

LQ�WKH�6FDQQLQJ�(OHFWURQ�0LFURVFRS\� �������������������������������������

3RVVLELOLWLHV�DUH�GHPRQVWUDWHG�WR�LPSURYH�WKH�ODWHUDO�UHVROX�
WLRQ�LQ�WKH�VFDQQLQJ�$XJHU�PLFURVFRS\�WKDW�LV�LQ�XVH�IRU�WKH�FKH�
PLFDO�DQDO\VLV�RI�WKH�QDQRVWUXFWXUHV�DV�ZHOO�DV�LQ�WKH�VFDQQLQJ
HOHFWURQ�PLFURVFRS\�E\�WKH�LPDJHV�GHFRQYROXWLRQ�ZLWK�WDNLQJ�LQ�
WR�DFFRXQW�WKH�SUREH�WUDQVIHU�IXQFWLRQ��7KH�SUREOHP�RI�LPDJHV�UH�
WULHYDO� IURP� WKH� �'� FRQYROXWLRQ� HTXDWLRQ� DUH� VROYHG� XVLQJ� D
PHWKRG�EDVHG�RQ�WKH�7LNKRQRY�V�WKHRU\�RI�LOO�SRVHG�SUREOHPV�

5\DENR�0� 9���1LNLWRY�6� $���&KDPRURYVNLL�<X� .��
7KH�0LFUR�6WUXFWXUHG�2SWLFDO�)LEHU ���������������������������������������

7KH�FXUUHQW�LVVXH�VXUYH\V�WKH�UHVXOWV�RI�LQYHVWLJDWLRQV�RI�GLV�
SHUVLRQ��OLQHDU�SURSHUWLHV�DQG�ELUHIULQJHQF\�RI�WKH�PLFUR�VWUXF�
WXUHG�RSWLFDO�ILEHU�SURSHUWLHV��7KH�QRQ�OLQHDU�SURSHUWLHV�DUH�FRQ�
VLGHUHG�LQ�WKH�FRXUVH��7KH�FRPSXWLQJ�DQG�DQDO\WLFDO�PHWKRGV�IRU
WKH�FDOFXODWLRQV�RI�WKH�SURSHUWLHV�RI�PLFUR�VWUXFWXUHG�ILEHUV�DUH
FRQVLGHUHG��7KH�SURSHUWLHV�RI�WKH�SKRWRQLF�FU\VWDO�ILEHUV�DUH�UH�
YLHZHG�ZLWK�WKH�LGHD�RI�WKHLU�DSSOLFDWLRQV�
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