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äÒ��È�º°º­ÈäÒ
ã��Ó
º�º�m�}�����«}Ò²��ºÏÈ�¹¯Ë¹È¯È���m�­È�È�
º²�mÒ¹È�}È²�mÈÎ}º�}ºÓ�¯ºã
ºmÈÓÈ��º°º­ãÒmº��Ë�È}��Èã
Óº
�ã«�°Èäº�Ó�²�ã��Ó�²�²mº¯Ò²�Ï�¯ºÏãÈ�ÈäÒ�¹°Ò²�}Ò���¹Èä�«�����|�ÓÈ}�Èm�º¯Ò�¹��¯��ÓÒ}È�ÓË���ã
}Ò�mÒÏÓÈ�ÒãÒ
}ã�Ó��Ó�� ¹¯º«mÒ� ¹Ë¯Ë�ºÏ�mÈÓÓ«� ¹¯Ë¹È¯È��m�� È� ®�� �º� º°º­ãÒmº� ��ÓÓº�� ÓÈmËãÒ� ÏÈ²º�Ò�� °¹¯«äºmÈÓ�� ÓÈ
Ó�mËã�mÈÓÓ«��È}Ò²�¹¯º«m�m���º­�º�mãÈ°ÓË�°²ËäÒ�ÈÓ�Ò�º�Óº���Ë¯È¹���

sºmº����¹��¯��ÓÒ}È²��È}º�º�¹ãÈÓ��¼�¯�­¯Ò}È�Ù|°º­ãÒm��m}ÈÏ�m}Òµ��m�«}�®�ÏmË¯Ó��È��mÈ�È�ÓÈ�º}¯Ëä�
º°º­ãÒmº°���¹¯Ò�mÒ}º¯Ò°�ÈÓÓ��}ºÎÓº�º�}ºÓ}¯Ë�Óº�º�äË�Ò}ÈäËÓ�ºÏÓº�º�ÏÈ°º­��

zºÎËÓ�¯ºÏ��ã�¹��¯��ÓÒ}È�Ùzã�Ó��ÓÈ�ÁÈ¯äÈ}ºãº��«µ�ÏÈ}�Ó��¼�
°«�¹Ò�ÈÓÓ«äÒ���ÏÈm�ÈÓÓ«äÒ��ã«�°Èäº}ºÓ�
�¯ºã����º��È¼�äºÎãÒm�°�
�}ºÓ�¯ºã�mÈ�Ò�º�¯ÒäÈÓ��ÏÓÈÓÓ«�

sËÏmÈÎÈ��Ò� ÓÈ� mËãÒ}Ò®� Èm�º¯°
}Ò®� }ºãË}�Òm�� «}Ò®� ­¯Èm� ��È°�
� �� ÓÈ¹Ò°ÈÓÓ�� ¹��¯��ÓÒ}È�� ¯º­º�È
mÒ}ºÓÈÓÈ� m� º�Óºä�� °�Òã��� ÓÈ¹Ò°ÈÓÈ� �º­¯º�� ã��Ë¯È��¯Óº�� äºmº��� �º� ÏÓÈ�Óº� ¹ºãË�	�¼� °¹¯Ò®Ó«��«
äÈ�Ë¯�Èã�����ºÏmºã«¼�mÒ}º¯Ò°�ºm�mÈ�Ò�¹��¯��ÓÒ}�ÓË���ã
}Ò�°���ËÓ�Èä�mÒ�Ò²�ÁÈ¯äÈ�Ëm�Ò�ÓÒ²���äË�Ò�ÓÒ²
ÓÈm�Èã
ÓÒ²�ÏÈ}ãÈ��m��ÈãË���¯Ë}ºäËÓ��mÈ�Ò�®º�º�m�¯º­º���äºãº�Òä�ÁÈ²�m�«ä�

Ð}���­��
�«}Ë�ÓÈm�Èã
ÓË�mÒ�ÈÓÓ«��Ò�äºÓº�¯ÈÁ�«���ÈÓÒ®�¹��¯��ÓÒ}��ÏmÒ�È®Óº��ÓË�äºÎË�mä�°�Ò�Ò�m�°Ë­Ë
m°��°��È°Ó���º°«�ÓËÓÓ«�}ã�Ó��Óº��ÁÈ¯äÈ}ºãº�����|�ÓÈ}�¹¯Ë�°�ÈmãËÓÒ®���Ó
ºä��äÈ�Ë¯�Èã��ºÏmºã«¼�º�Ë¯ÎÈ�Ò
��°Ò°�ËäÈ�ÒÏ�mÈ�Ò��º°Ò�
�mËãÒ}Ò®�º­°«��ÏÓÈÓ
���º���mÒÏÓÈ�È¼�È}��Èã
Ó�°�
���°mº¼�È°Ó�°�
�®º�º�mÒ�ÈÓÓ«�

~Èm��}ÈÁË�¯Ò�ÏÈ�Èã
Óº��¹¯È}�Ò}Ò�Û�

°�äË®Óº��äË�Ò�ÒÓÒ�tÈ¯}�m°
}º�º��Ë¯ÎÈmÓº�º�

äË�Ò�Óº�º��Ó�mË¯°Ò�Ë���

�º}�º¯�äË���ÓÈ�}��¹¯ºÁË°º¯����������������������������������������������������������������������������l��È°�¼	m�ã�

�� ¨©�«�µ«��²�®ª�´�½��x�������x�°�������
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�k��pcv�pz�j{j�{jz|cjv�kssÐ�{�|n�k�el|�|�´�

s�{�rËÏ���}º����k�rËÏ���}º


sÈ��ºÓÈã
ÓÒ®�ÁÈ¯äÈ�Ëm�Ò�ÓÒ®��Ó�mË¯°Ò�Ë�
tÈ¯}�m°
}Ò®��Ë¯ÎÈmÓÒ®�äË�Ò�ÓÒ®��Ó�mË¯°Ò�Ë�


zã��ºm��°ãºmÈ��ÁÈ¯äÈ}ºË}ºÓºä�}È��ºÁ�Èã
äºãº��«��º¹�Òä�ÏÈ��«�ã�}È¯°
}º���Ë¯È¹��

{ÒÏÓÈ�ËÓº�ÏÓÈ�ËÓÓ«�ÁÈ¯äÈ}ºË}ºÓºä��ÓÒ²��º°ã��ÎËÓ
���°��È°ÓÒ²��äºmÈ²�°�¯�ä}º�º�ÓÈ�}ºmº��Ë²Ó��Óº�º
¹¯º�¯Ë°�� m� �Èã�Ï�� º²º¯ºÓÒ� Ï�º¯ºm�«�� ¹º�º¯ºÎ�ÈÓÓ«� mÈ¯�º°��� äË�Ò�Óº�� �º¹ºäº�Ò� �È� º­äËÎËÓº°��
Á�ÓÈÓ°ºmÒ²�¯Ë°�¯°�m�m��°�²�}¯È�ÓÈ²�°m�����ã«�ÏäËÓ	ËÓÓ«�mÒ�¯È��¹¯Ò�º�Óº�È°Óºä��¹��mÒ�ËÓÓ��«}º°��
äË�Ò�Óº���º¹ºäº�Ò��sÈ�ÈÓÈ�²È¯È}�Ë¯Ò°�Ò}È��È�mÒ°m��ãËÓ��º°º­ãÒmº°���º°ÓºmÓÒ²�äË�º��m�ÁÈ¯äÈ}ºË}º�
Óºä��Óº�º� ÈÓÈã�Ï��� ÙÏÈ�Èã
ÓÈ� mÈ¯��°�
� ÏÈ²mº¯�mÈÓÓ«µ�� Ùä�Ó�ä�ÏÈ��«� mÒ�¯È�µ�� ÙmÒ�¯È�Ò� Û� ËÁË}�
�ÒmÓ�°�
µ�� ÙmÒ�¯È�Ò� Û� }º¯Ò°Ó�°�
� ���Òã��È¯Ó�°�
�µ�� ÙmÒ�¯È�Ò�Û� mÒ�º�È� �}º¯Ò°�
�µ�� sÈmË�ËÓ�
¹¯Ò}ãÈ�Ò�ÏÈ°�º°�mÈÓÓ«�}ºÎÓº�º�Ï�ÁÈ¯äÈ}ºË}ºÓºä��ÓÒ²�äË�º��m�¹¯Ò�¹º¯�mÓ«ã
Óºä��ÈÓÈã�Ï��°��È°ÓÒ²
�Ë²Óºãº��®� ã�}�mÈÓÓ«� ¯�ÏÓÒ²� ºÁ�Èã
äºãº���ÓÒ²� ÏÈ²mº¯�mÈÓ
�� ~¯º­ãËÓº� °�Ò°ãÒ®� ÈÓÈã�Ï� °�ÈÓ�� �È
¹Ë¯°¹Ë}�Òm�mÒ}º¯Ò°�ÈÓÓ«�äË�º��m�ÁÈ¯äÈ}ºË}ºÓºä�}Ò���°ÁË¯��ºÁ�Èã
äºãº����m�¹¯ºm��ÓÒ²�}¯È�ÓÈ²�°m���
�È� m� �}¯È�Ó��� ���}¯Ë°ãËÓÈ� mÈÎãÒm�°�
� ÁÈ¯äÈ}ºË}ºÓºä�}Ò� �ã«� ¹¯È}�Ò�Óº�� ��«ã
Óº°��� ã�}È¯�m�� ÓË�
º­²L�ÓL°�
�¹��mÒ�ËÓÓ«�¯�mÓ«�º­�ÏÓÈÓº°���ÁÈ²�m��m�äË�Ò�ÒÓÒ��È�ÁÈ¯äÈ����m���®�°ÁË¯��

lºÎÓÈ�¹¯º�Ò°�º«�Ò�È¯ä�����º�m�º¯�ãÈ°«�
ÈãË�ÓË�äºÎÓÈ�¹¯º�Ò°�º«�Ò���Ë����È°�«}º��ÓÈ°�Èm�

{�}�º¯����º

{°Ë°m��Ó«� º¯�ÈÓ�ÏÈ��«� º²º�
¯ºÓÒ�Ï�º¯ºm�«��{||~��º��

ÓÒä�Ï�ÓÈ®mÈÎãÒm�	Ò²�°�¯È�Ë����
ÓÒ²�ÓÈ¹¯«ä}�m�°mº¼����«ã
Óº°���ÓÈ
ÓÈ®­ãÒÎ���¯º}Ò�ÓÈÏÒmÈ¼�¯ºÏ¯º­�
}���È}Ò²�°Ò°�Ëä�º²º¯ºÓÒ�Ï�º¯º�
m�«��«}��°¹¯ºäºÎÓ��¹��mÒ�Ò�Ò�¯Ë�
Ï�ã
�È�ÒmÓ�°�
� Ï� ¹º�ã«��� Ï­Ë¯Ë�
ÎËÓÓ«� Ï�º¯ºm�«� ÓÈ� ¯�mÓº¹¯ÈmÓ�®
º°Óºm���m��¹ºm��È��
�ÏÈ}ºÓÓÒä�mÒ�
äº�Èä� ã��Ë®� �È� °¹¯ÈmË�ãÒm�� Ï
Á�ÓÈÓ°ºmº���º�}Ò�Ïº¯��>��@�����º®
ÎË��È°�°�¯�ä}Ò®�ÓÈ�}ºmº��Ë²Ó���
ÓÒ®�¹¯º�¯Ë°����Èã�Ï��º²º¯ºÓÒ�Ï�º�
¯ºm�«�� ¹º«mÈ� ¹¯ÒÓ�Ò¹ºmº� ÓºmÒ²
äË�Ò�ÓÒ²��Ë²Óºãº��®��È�ã�}È¯°
�
}Ò²�¹¯Ë¹È¯È��m�ÓËäÒÓ��Ë�¹¯ÒÏmº�
�«�
� �º� ¹º�º¯ºÎ�ÈÓÓ«�äË�Ò�Óº�
�º¹ºäº�Ò��È�ÏÈ}ºÓºä�¯Óº�º��ËÁ��
�Ò���Á�ÓÈÓ°ºmÒ²�̄ Ë°�¯°�m��ã«�¹º�
}¯Ò��«� ¹º°��®Óº� Ï¯º°�È��Ò²�¹º�
�¯Ë­� ÓÈ°ËãËÓÓ«� m� äË�Ò�ÓÒ²� ¹º�

°ã��È²�m��°�²�­ËÏ�mÒÓ«�}��}¯È�ÓÈ²
°m��ºmº�º�°¹�m�ºmÈ¯Ò°�mÈ��{Ò¯�	ËÓ�
Ó«���¼��ÏÈ�Èã
Óº°m��ºmº��¹¯º­ãËäÒ
äºÎãÒmË�¹¯ÒÓ�Ò¹ºmº��mºäÈ�	ã«�
²ÈäÒ�Û�È­º�ÏÈ�̄ È²�Óº}�Ï­�ã
	ËÓ�
Ó«� È°Ò�Ó�mÈÓ
�� È­º� ÏÈ� ¯È²�Óº}
º¹�Òä�ÏÈ����mÒ}º¯Ò°�ÈÓÓ«�ÓÈ«mÓÒ²
¯Ë°�¯°�m�>��������@��|°�ÈÓÓ�®�mÈ�
¯�ÈÓ��¹Ë¯Ë�­È�È¼�ÁÈ¯äÈ}ºË}ºÓº�
ä�}È��np��Û�°��È°ÓÈ�¹¯Ò}ãÈ�ÓÈ
ÓÈ�}È�� «}È� ¼� äË�º�ºãº��¼�� }ºä�
¹ãË}°Óº�� º��Ó}Ò� «}º°��� äË�Ò}È�
äËÓ�ºÏÓº�º� �È� ÓËäË�Ò}ÈäËÓ�ºÏ�
Óº�º� ã�}�mÈÓÓ«� ÓÈ� �¯�Ó��� mÏÈ¼�
äº¹º¼�ÓÈÓº�º� }ã�Ó�}º�Ë}ºÓºä��Óº�
�º� ÈÓÈã�Ï�� >��@�� ´ÓÈ}	Ë�}ÈÎ��Ò�
np�Û�ÓÈ�}È�¹¯º��Ë��«}�mÒ­¯È�Ò
º¹�ÒäÈã
Ó��äË�Ò�Ó�� �Ë²Óºãº���
�ã«�¹ËmÓº�º�²mº¯º�º�Ï��¯È²�mÈÓ�
Ó«ä� �ÈÓÒ²� �º}ÈÏºmº�� äË�Ò�ÒÓÒ�
vÈäË��¯È²�mÈÓÓ«�}�Ó�ËmÒ²�̄ ËÏ�ã
�
�È��m�ã�}�mÈÓÓ«��º}º¯�ÓÓº�m��¯�Ï�

Ó«¼�np�m���ÏmÒ�È®Óº��Ë}ºÓºä�}Ò
º²º¯ºÓÒ�Ï�º¯ºm�«��vã���º°º­ãÒmº
¹��}¯Ë°ãÒ�Ò���º� �ã«�¹¯È}�Ò�Óº�
äË�Ò�ÒÓÒ�np�ÓÈ�È¼�äºÎãÒm�°�

¹º¯�mÓ«ÓÓ«�«}�äË�Ò}ÈäËÓ�ºÏÓÒ²�
�È}���ÓËäË�Ò}ÈäËÓ�ºÏÓÒ²��²�¯�¯�
���ÓÒ²��Á�Ï�º�Ë¯È¹Ëm�Ò�ÓÒ²��È��Ó��
äË�º��m�ã�}�mÈÓÓ«�¹ËmÓº��²mº¯º­Ò
>�����@��zºÎÓºä��ã�}È¯��m��ºäº�
�º�¹ËmÓ��°��È°Ó��äË�º�Ò}Ò�ã�}��
mÈÓÓ«�� ÓÈ¹¯Ò}ãÈ��� Áº�º�ÒÓÈä���
ÓÈ��Ë¯È¹�«�m�}ºmº��äÈ}�ãº�Ò°�¯º�
Á��� �Ï� ÏÈ°�º°�mÈÓÓ«ä� ¹¯Ë¹È¯È��
Ù{�Ï��ÒÓµ��Ïºm°�ä�ÓË¹¯Ò®Ó«�Ó��Ï
Ë}ºÓºä��Óº�� �º�}Ò� Ïº¯��� ­º� mÈ¯�
��°�
�ã�}�mÈÓÓ«�º�Óº�º�²mº¯º�º�ÏÈ
��¼��äË�º�Ò}º��äºÎË�­��Ò��È}º�
mËãÒ}º����º��ã«��Ó	Ò²�����²mº�
¯Ò²� ÓË� mÒ°�È�Ò�
� }º	��m� ÓÈm��

ÓÈ� m��Èä�ÓÓ�� ¹¯Ë¹È¯È�Ò��np�m���
�ÏË¯}Èã�¼�°º��Èã
Ó��È°¹Ë}�Ò���«ã
�
Óº°���ã�}È¯«��°¹ºÓ�}È¼�®º�º�}ºÎ�
Óº�º� ¯ÈÏ�� °¹�m°�Èmã«�Ò� mÈ¯��°�

�È� ËÁË}�ÒmÓ�°�
� �Ë¯È¹���� iº°m���
ÓÈ­��Ò®� �� ¯ºÏmÒÓ��Ò²� }¯È�ÓÈ²�
°m���Ò�
���º�m¹¯ºmÈ�ÎËÓÓ«�äË�º�
�ºãº���� np� �ºÏmºã«¼� ÏäËÓ	Ò�Ò
mÒ�¯È�Ò� m� º²º¯ºÓ�� Ï�º¯ºm�«� ÓÈ

«� ��ÃÅÂ�ÐÈÌ�x�ÂÌÈÐÌÎ�ÊÃÂ��Ë¾ÑÈ��ÍÎÌÒÃÏÌÎ�È¾ÒÃÂÎÆ�Ò¾ÎÊ¾ÈÌÃÈÌËÌÊ�ÈÆ
«¾Ô�ÌË¾ÉÚËÌÁÌ�Ò¾ÎÊ¾ÔÃÀÐÆÕËÌÁÌ�ÑË�ÀÃÎÏÆÐÃÐÑ

­����ÃÅÂ�ÐÈÌ�x�ÂÌÈÐÌÎ�ÊÃÂ��Ë¾ÑÈ��ÍÎÌÒÃÏÌÎ��Å¾À�ÂÑÀ¾Õ�È¾ÒÃÂÎÆ�
ÌÒÐ¾ÉÚÊÌÉÌÁ���³¾ÎÈ�ÀÏÚÈÌÁÌ�ÂÃÎÄ¾ÀËÌÁÌ�ÊÃÂÆÕËÌÁÌ�ÑË�ÀÃÎÏÆÐÃÐÑ
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�������¹¯Ò�º�Óº�È°Óºä��¹��mÒ�
�ËÓÓ��«}º°���ã�}�mÈÓÓ«�>�����@��sÈ
ÎÈã
��¯ËÏ�ã
�È�Ò�ÁÈ¯äÈ}ºË}ºÓº�
ä��Óº��º��Ó}Ò�ÓËäºÎãÒmº�¹Ë¯ËÓË�
°�Ò�Ï�º�Ó�¼��}¯È�ÓÒ�m��Ó	���Ë¯ËÏ
ÏÓÈ�Ó��¯�ÏÓÒ�����mÈ¯�º°���ã�}�m�
Áº¯ä�� º¹ãÈ�Ò� äË�Ò�ÓÒ²� ¹º°ã���
º°ÓÈ�ËÓÓ�� ã�}�mÈã
ÓÒ²� ÏÈ}ãÈ��m
�º�º�

iã«�¹º¯�mÓ«ÓÓ«�¯�ÏÓÒ²�äË�Ò��
ÓÒ²� �Ë²Óºãº��®� �� °m��ºm�®� ¹¯È}�
�Ò���ÓÈ®�È°��	Ë�ÏÈ°�º°ºm���
��È�
}�� äË�º�Ò� ÁÈ¯äÈ}ºË}ºÓºä��Óº�º
ÈÓÈã�Ï��
� ÈÓÈã�Ï� ÙmÈ¯��°�
� ÏÈ²mº¯�mÈÓ�

Ó«µ�Û�FRVW�RI�LOOQHVV��&2,��
� ÈÓÈã�Ï�Ùä�Ó�ä�ÏÈ��«�mÒ�¯È�µ�Û

FRVW� Û� PLQLPL]DWLRQ� DQDO\VLV
�&0$��

� ÈÓÈã�Ï� ÙmÒ�¯È�Ò� Û� ËÁË}�Òm�
Ó�°�
µ�Û�FRVW�Û�HIIHFWLYHQHVV
DQDO\VLV��&($��

� ÈÓÈã�Ï�ÙmÒ�¯È�Ò�Û�}º¯Ò°Ó�°�

���Òã��È¯Ó�°�
�µ�Û�FRVW�Û�XWLO�
LW\�DQDO\VLV��&8$��

� ÈÓÈã�Ï�ÙmÒ�¯È�Ò�Û�mÒ�º�È��}º�
¯Ò°�
�µ�Û�FRVW�Û�EHQHILW�DQD�
O\VLV��&%$��
nº¯äÈã
Óº�º°ÓºmÓÒä�°Ë¯Ë��ÏÈ�

ÏÓÈ�ËÓÒ²�äË�º��m�¼�ÈÓÈã�Ï�ÙmÒ�¯È�
�Ò�Û�ËÁË}�ÒmÓ�°�
µ���º�º�Óº�È°�
Óº� º��Ó�¼� �� mÒ�¯È�Ò�� �� ËÁË}�Òm�
Ó�°�
�¹ËmÓÒ²�äË�Ò�ÓÒ²��Ë²Óºãº�
��®�� ´Ó	�� äË�º�Ò� ¼� ®º�º� äº�Ò�
Á�}È��«äÒ�Ï�¹ËmÓÒäÒ�º°º­ãÒmº°�«�
äÒ��È�°ÈäË�
� &2,�Û�ÓË�m¯È²ºm�¼�ËÁË}�Òm�

Ó�°�
� ã�}�mÈÓÓ«�� ¹º� °���� �Ë®
äË�º��¼�¹Ë¯	Òä�Ë�È¹ºä�¹¯ºmË�
�ËÓÓ«� np� ÈÓÈã�Ï�� ­��
�«}Òä
äË�º�ºä��ÈãË�äºÎË�mÒ}º¯Ò°�º�
m�mÈ�Ò°«���°Èäº°��®Óº�

� vlk�Û�mÒ}º¯Ò°�ºm�¼�
°«��}º�
ãÒ�äË�Ò�Ó���Ë²Óºãº������º�¹º�
¯�mÓ���
°«�� äÈ��
� º�ÓÈ}ºm�
ËÁË}�ÒmÓ�°�
�

� &8$�Û�¹º�¯Ë­�¼�º��Ó}Ò�ËÁË}�
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7KH�SUHVHQW�DUWLFOH�JLYHV�WKH�DQDWRPLF�DQG�SK\VLRORJL�
FDO� SHFXOLDULWLHV� RI� WKH� FKLOG�V� RUJDQLVP� DW� YDULRXV
VWDJHV�RI�RQWRJHQHWLF�GHYHORSPHQW��ZKLFK�VWLSXODWHV
VSHFLILFLW\�RI�DEVRUSWLRQ��ELQGLQJ�RI�PHGLFLQHV�DW�WKH
VWDJH� RI� WKHLU� ELRWUDQVSRUW�� GLVWULEXWLRQ�� DV� ZHOO� DV
GHWHUPLQHV� WKH� UDWH� RI�PHWDEROLVP� DQG� HOLPLQDWLRQ�
7KH� SULQFLSOHV� RI� WKH� UDWLRQDO� SKDUPDFRWKHUDS\� LQ
SHGLDWULF�SUDFWLFH�KDYH�EHHQ�JHQHUDOL]HG��WKH\�VKRXOG
FRQVLGHU� SKDUPDFRG\QDPLF� DQG�SKDUPDFRNLQHWLF� DV�
SHFWV�RI�WKH�GUXJ�HIIHFW�RQ�WKH�FKLOG�V�RUJDQLVP��7KH
PHWKRGV� RI� WKH� GUXJV�� GRVHV� FRUUHFWLRQ� KDYH� EHHQ
VKRZQ�DFFRUGLQJ�WKH�FKLOGKRRG�SHULRG��7KH�VDIHW\�RI
SKDUPDFRWKHUDS\� LQ� SHGLDWULFV� KDV� EHHQ� XQGHUOLQHG
DQG� WKH� GLUHFWLRQV� IRU� LQFUHDVLQJ� WKH� HIILFLHQF\� DQG
VDIHW\�RI�WKH�SKDUPDFRORJLFDO�FRUUHFWLRQ�LQ�WKH�PRVW
ZLGHVSUHDG�FKLOGKRRG�GLVHDVHV�KDYH�EHHQ�SODQQHG��7KH
LPSRUWDQFH�RI�WKH�SUHVHQFH�RI�YDULRXV�DVVRUWPHQW�RI
PHGLFLQDO�IRUPV��ZKLFK�FRUUHVSRQG�WR�WKH�WKHUDSHXWLF
FRQFHSWV� DFFHSWDEOH� LQ� SHGLDWULFV�� DW� WKH� GRPHVWLF
SKDUPDFHXWLFDO�PDUNHW�KDV�EHHQ�VKRZQ��

�iz� �����������������������������������������������
����������
�k�|�psp�j pvz|p�|r|vs|{ksjp��cjlpsp�
sjÐ��j�|n�k{|sk���r|�esht�v�ck~�j sh�
lj�n|clklj�ijkrp�j pvz|q�cp�js|�k�jj
s�{�jmÈÓºmÈ��s�k�Ð¯º	ËmÈ

¡Ëã
��Ò°°ãË�ºmÈÓÒ«�­©ãº�º¹¯Ë�ËãËÓÒË�mãÒ«ÓÒ«�ãÒ¹º�
ÁãÈmºÓÈ�ÓÈ��Ò°­ÈãÈÓ°��Ò�º}ÒÓºmº�º��ºäËº°�ÈÏÈ���­ºã
�
Ó©²�°�¯ÈÏãÒ�Ó©äÒ�Áº¯äÈäÒ��ÒÈ­Ë�Ò�Ë°}º®�¯Ë�ÒÓº¹È�
�ÒÒ��lÈ�Ë¯ÒÈãºä�Ò°°ãË�ºmÈÓÒ«��¹¯ºmË�ËÓÓº�º�LQ�YLWUR�
°ã�ÎÒãÈ�°©mº¯º�}È�}¯ºmÒ�­ºã
Ó©²�°È²È¯Ó©ä��ÒÈ­Ë�ºä
�vi���|­°ãË�ºmÈÓº�����­ºã
Ó©²�°��ÒÈ­Ë�Ò�Ë°}º®�¯Ë�Ò�
Óº¹È�ÒË®� �ic��� ¯ÈÏ�ËãËÓÓ©²� ÓÈ� �¯�¹¹©�� zºÓ�¯ºãËä
°ã�ÎÒãÒ����Ï�º¯ºm©²��ºÓº¯È�m�°ºº�mË�°�m���Ëä�mºÏ�
¯È°�Óºä��ÒÈ¹ÈÏºÓË����­ºã
Ó©²�°�ic�m©«mãËÓÓº�ÓÈ¯È�
°�ÈÓÒË�°ÒÓ�ËÏÈ�äºÓºÓ�}ãËÈ¯Ó©äÒ�ãË®}º�Ò�ÈäÒ�¹¯ºmº°�
¹ÈãÒ�Ëã
Ó©²��Ò�º}ÒÓºm�,/��E�Ò�71)�D�¹º�äË¯Ë�ÓÈ¯È°�È�
ÓÒ«� °�Ë¹ËÓÒ� �«ÎË°�Ò� ÈÓ�Òº¹È�ÒÒ�� ��º� äºÎË�� ­©�

¯È°�ËÓËÓº� }È}� mÈÎÓÈ«� ¹È�º�ËÓË�Ò�Ë°}È«� Ù°º°�Èmã«��
�È«µ�¹¯º�¯Ë°°Ò¯ºmÈÓÒ«�ÈÓ�Òº¹È�ÒÒ��v��Ë°�mËÓÓ©ä�äË�
²ÈÓÒÏäºä�¹¯º�¯Ë°°Ò¯ºmÈÓÒ«�ic�«mã«Ë�°«��Ò¹Ë¯�ãÒ}Ë�
äÒ«�Ò�ÒÓ°�ãÒÓºÏÈmÒ°Òä©®�ãË®}º�Ò�º��ãÒäÁº�Ò�º��º¹º�
°¯Ë�ºmÈÓÓ©®�äË²ÈÓÒÏä�Áº¯äÒ¯ºmÈÓÒ«��Ò�º}ÒÓºmº�º��Ò°�
­ÈãÈÓ°È���°�ÈÓºmãËÓº����º�¹¯Ò�ic�°��Ë°�m�Ë��°�È�Ò�
°�Ò�Ë°}Ò��º°�ºmË¯ÓºË�mãÒ«ÓÒË�ãÒ¹ºÁãÈmºÓÈ�ÓÈ�Á�Ó}�Òº�
ÓÈã
Ó���È}�ÒmÓº°�
�äºÓºÓ�}ãËÈ¯Ó©²�}ãË�º}����º�¹ºÏmº�
ã«Ë��¯Ë}ºäËÓ�ºmÈ�
�Ë�º��ã«�ãË�ËÓÒ«�ic�

8'&� �����������������������������������������������
����������
3$7+2*(1(7,&� %$6,1*� 2)� /,32)/$921� $3�
3/,&$7,21�,1�3$7,(176�:,7+�',))(5(17�)2506
2)�',$%(7,&�5(123$7+<�
1�9�,YDQRYD��1�k�<DURVKHYD

7KH�DLP�RI�WKH�UHVHDUFK�ZDV�WR�GHWHUPLQH�WKH�OLSRIOD�
YRQ�V� LQIOXHQFH�RQ�F\WRNLQH�KRPHRVWDVLV�PLVEDODQFH
LQ�SDWLHQWV�ZLWK�GLIIHUHQW�IRUPV�RI�GLDEHWLF�UHQRSDWK\�
7KH�PDWHULDO�RI�WKH�UHVHDUFK�FDUULHG�RXW�LQ�YLWUR�ZDV
WKH�EORRG�VHUXP�RI�GLDEHWLF�SDWLHQWV������SDWLHQWV�ZLWK
GLDEHWLF� UHQRSDWK\� �'5�� GLYLGHG� LQWR� JURXSV� ZHUH
H[DPLQHG�����KHDOWK\�GRQRUV�LQ�WKH�FRUUHVSRQGLQJ�DJH
UDQJH�ZHUH�WKH�FRQWURO�JURXS��,Q�SDWLHQWV�ZLWK�'5�WKH
LQFUHDVH�RI�WKH�DQWL�LQIODPPDWRU\�F\WRNLQHV�,/���V\Q�
WKHVLV�E�E\�PRQRQXFOHDU� OHXFRF\WHV�KDV�EHHQ�IRXQG
DQG�71)�D�DV�WKH�GHJUHH�RI�WKH�DQJLRSDWK\�V�VHYHULW\
LQFUHDVHV�� ,W� FDQ� EH� FRQVLGHUHG� DV� WKH� LPSRUWDQW
SDWKRJHQHWLF�ÙFRPSRQHQWµ�RI�DQJLRSDWK\�SURJUHVVLQJ�
7KH�HVVHQWLDO�PHFKDQLVP�RI�'5�SURJUHVVLQJ�LV�K\SHU�
JO\FHPLD� DQG� WKH� LQVXOLQ�GHSHQGHQW� OHXFRF\WH��O\P�
SKRF\WH��PHGLDWHG�PHFKDQLVP�RI�WKH�F\WRNLQH�GLVEDO�
DQFH�IRUPDWLRQ��,W�KDV�EHHQ�IRXQG�WKDW�LQ�'5�WKHUH�LV
D� VWDWLVWLFDOO\� UHOLDEOH� LQIOXHQFH�RI� OLSRIODYRQ�RQ� WKH
IXQFWLRQDO�DFWLYLW\�RI�PRQRQXFOHDU�FHOOV�DQG�LW�DOORZV
UHFRPPHQGLQJ�LW�IRU�WUHDWLQJ�'5�
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7KH�LPSRUWDQFH�RI�SKDUPDFRHFRQRPLF�UHVHDUFK�LQ�WKH
PRGHUQ�FRQGLWLRQV�RI�WKH�IDVW�VFLHQWLILF�SURJUHVV�LQ�WKH
VSKHUH�RI�WKH�KHDOWK�FDUH��WKH�LQFUHDVH�RI�WKH�PHGLFDO
DLG�FRVW�DQG�WKH�OLPLWDWLRQ�RI�ILQDQFLQJ�LQ�DOO�FRXQWULHV
RI� WKH� ZRUOG� IRU� GHFUHDVLQJ� WKH� H[SHQVHV� ZLWK� WKH
VLPXOWDQHRXV�LQFUHDVH�RI�WKH�PHGLFDO�FDUH�TXDOLW\�KDYH
EHHQ�GHWHUPLQHG��7KH�FKDUDFWHULVWLF�SHFXOLDULWLHV�RI�WKH
PDLQ� SKDUPDFRHFRQRPLF� DQDO\VLV� PHWKRGV� VXFK� DV
ÙWKH�WRWDO�FRVW�RI�GLVHDVHµ��ÙFRVW�PLQLPL]DWLRQ�DQDO\�
VLVµ��ÙFRVW�HIIHFWLYHQHVV�DQDO\VLVµ��ÙFRVW�XWLOLW\�DQDO\�
VLVµ��ÙFRVW�EHQHILW�DQDO\VLVµ�KDYH�EHHQ�GHVFULEHG��7KH
H[DPSOHV� RI� XVLQJ� HDFK� SKDUPDFRHFRQRPLF�PHWKRG
ZKLOH�FDUU\LQJ�RXW�WKH�FRPSDUDWLYH�DQDO\VLV�RI�PRGHUQ
WKHUDSHXWLFDO�WHFKQRORJLHV�RI�YDULRXV�RSKWKDOPRORJLF
GLVHDVHV�KDYH�EHHQ�JLYHQ��$�EULHI�DQDO\VLV�RI�WKH�VWDWH
DQG�SHUVSHFWLYHV�RI�XVLQJ�WKH�SKDUPDFRHFRQRPLF�PH�
WKRGV�LQ�WKH�VSKHUH�RI�RSKWKDOPRORJ\�LQ�WKH�OHDGLQJ
FRXQWULHV�RI�WKH�ZRUOG�DQG�LQ�8NUDLQH�KDV�EHHQ�JLYHQ�
7KH�LPSRUWDQFH�RI�SKDUPDFRHFRQRP\�IRU�WKH�SUDFWLFDO
ZRUN�RI�GRFWRUV�DQG�WKH�QHFHVVLW\�RI� LQFUHDVLQJ�WKH
OHYHO�RI�NQRZOHGJH�RI�WKH�PHGLFDO�DQG�SKDUPDFHXWLFDO
VSHFLDOLVWV�LQ�WKLV�ILHOG�KDYH�EHHQ�XQGHUOLQHG�
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2Q� WKH� EDVLV� RI� WKH� GDWD� RI� WKH� 8NUDLQLDQ� VHOHFWLYH
UHVHDUFK�RI�IDPLOLHV��OLIH�FRQGLWLRQV��KRXVHKROG���ZKLFK�LV
FRQGXFWHG�RQ�WKH�SHUPDQHQW�EDVLV�E\�WKH�8NUDLQLDQ�6WDWH
6WDWLVWLFV� &RPPLWWHH� LQ� DOO� UHJLRQV�� WKH� DQDO\VLV� RI
G\QDPLFV�IRU�WKH�DYHUDJH�OHYHO�RI�WKH�UHJLRQDO�PRUELGLW\
SHU� RQH� KDELWDQW� E\� UHJLRQV� KDV� EHHQ� FRQGXFWHG�� LWV
UHVXOWV�WHVWLI\�D�FRQVLGHUDEOH�LQGH[�YDULDWLRQ�IURP������
�LQ�������WR��������LQ��������7KH�VXP�RI�EHQHILWV�DQG
JUDQWV�KDV�EHHQ�FDOFXODWHG�E\�WKH�UHJLRQV�LQ�G\QDPLFV
IURP������WR�������LQ�RUGHU�WR�HVWDEOLVK�WKH�SUHVHQFH��RU
DEVHQFH��WKH�UHODWLRQVKLS�EHWZHHQ�WKH�PRUELGLW\�OHYHO�LQ
UHJLRQV�DQG�WKH�VXP�RI�JUDQWV�DQG�EHQHILWV�SHU�RQH�IDPLO\�
8VLQJ�WKH�PHWKRGV�RI�UHJLRQDO�FOXVWHUL]DWLRQ�RI�N�PHDQ
YDOXHV�DQG�WKH�FRUUHODWLRQ�DQDO\VLV�LW�KDV�EHHQ�IRXQG�WKDW
WKHUH� LV� D� SRVLWLYH� UHODWLRQVKLS� EHWZHHQ� WKH� VXP� RI
EHQHILWV�DQG�JUDQWV�RQ�WKH�RQH�KDQG�DQG�WKH�PRUELGLW\
RQ�WKH�RWKHU�KDQG�LQ�D�QXPEHU�RI�UHJLRQV��$W�WKH�VDPH
WLPH�WKHUH�DUH�VRPH�UHJLRQV�IRU�ZKLFK�VXFK�UHODWLRQVKLS
KDV�D�QHJDWLYH�FKDUDFWHU��$V�D�UHVXOW��WKH�DQDO\VLV�KDV
UHYHDOHG�WKDW�WKHUH�LV�WKH�PHDQLQJIXO�VWDWLVWLFDO�UHODWLRQ�
VKLS�RI�WKH�JLYHQ�LQGH[HV�RQO\�IRU�VL[�UHJLRQV�RI�8NUDLQH�
7KLV� WHQGHQF\� LV� D� UHVXOW� RI� DEVHQFH� RI� WKH� HIIHFWLYH
V\VWHP�RI�GUXJ�FRVW�FRPSHQVDWLRQ��
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7KH� DVVRUWPHQW� RI� GUXJV� ZLWK� WKH� DQWLKHOPLQWKLF
DFWLRQ��ZKLFK�DUH�DYDLODEOH�DW�WKH�8NUDLQLDQ�SKDUPD�
FHXWLFDO�PDUNHW��KDV�EHHQ�GHWHUPLQHG��7KH�DQDO\VLV�RI
G\QDPLFV�RI�DQWLKHOPLQWKLF�GUXJV�UHJLVWUDWLRQ�KDV�EHHQ
SHUIRUPHG��7KHRUHWLFDO�DSSURDFKHV�IRU�GHWHUPLQLQJ�WKH
FRQVXPHU�SRWHQWLDO�RI�WKH�DQWLKHOPLQWKLF�GUXJV�PDUNHW
KDYH�EHHQ�JLYHQ��7KH�PDUNHW�FDSDFLW\�RI�DQWLKHOPLQ�
WKLF�GUXJV�LQ�WKH�WRWDO�FDSDFLW\�RI�WKH�SKDUPDFHXWLFDO
PDUNHW�KDV�EHHQ�FDOFXODWHG��WHQGHQFLHV�RI�LWV�GHYHORS�
PHQW�KDYH�EHHQ�GHWHUPLQHG��7KH�DQDO\VLV�RI�FKDQJH�IRU
WKH�DYHUDJH�FRVW�IRU�DQWLKHOPLQWKLF�GUXJV�SDFNLQJ�KDV
EHHQ�FDUULHG�RXW��$�UDWLR�RI�G\QDPLFV�RI�WKH�VDOHV�YROXPHV
IRU� DQWLKHOPLQWKLF� GUXJV�ZLWK� WKH�SDUDPHWHUV�RI� WKHLU
HIILFLHQF\�KDV�EHHQ�DQDO\]HG��GUXJV�OHDGHUV�KDYH�EHHQ
GHWHUPLQHG��*URXSV�RI�WKH�IDFWRUV��ZKLFK�VWLSXODWH�WKH
ORVV�RI�WKH�SRWHQWLDO�PDUNHW�VKDUH�IRU�HQWHUSULVHV�PDQX�
IDFWXUHUV�DQG�WUDGLQJ�LQWHUPHGLDULHV�KDYH�EHHQ�FKRVHQ�
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7KH�GDWD�DERXW�PRUELGLW\�DQG�SDWKRJHQHVLV�RI�UKHX�
PDWLF�GLVHDVHV�RI�MRLQWV�KDYH�EHHQ�JLYHQ�LQ�WKH�DUWLFOH�
7KH�DVVRUWPHQW�V�DQDO\VLV�RI�VRIW�PHGLFLQDO�IRUPV�XVHG
LQ�WKH�GUXJ�WKHUDS\�RI�RVWHRDUWKURVLV�DW�WKH�8NUDLQLDQ
SKDUPDFHXWLFDO� PDUNHW� KDV� EHHQ� SHUIRUPHG�� ,W� KDV
EHHQ�IRXQG�WKDW�PDMRULW\�RI�WKHVH�GUXJV�DUH�16$,'V�
ZKLFK�KDYH�RQO\�WKH�V\PSWRPDWLF�LQIOXHQFH�LQ�WKH��7KH
PRGHUQ�DSSURDFKHV�WR�WKH�GUXJ�WKHUDS\�RI�WKLV�GLVHDVH
KDYH�EHHQ�FRQVLGHUHG��7KH�JUHDW�DWWHQWLRQ�LV�SDLG�WR
PHGLFLQDO�VXEVWDQFHV�ZLWK�WKH�FKRQGUR�SURWHFWLYH�DF�
WLYLW\��*OXFRVDPLQH�LV�RQH�RI�WKH�ZLGHVSUHDG�FKRQGUR�
SURWHFWLYH�VXEVWDQFHV��$FFRUGLQJ� WR� WKH�GDWD�RI� WKH
QXPHURXV� FOLQLFDO� WULDOV� LW� LV� D� VWUXFWXUH�PRGLI\LQJ
PHGLFLQH�� LWV� DSSOLFDWLRQ� LQ� UKHXPDWLF� GLVHDVHV� LV
VWLSXODWHG�SDWKRJHQHWLFDOO\��%HVLGHV��LW�VKRXOG�EH�PHQ�
WLRQHG�WKDW�JOXFRVDPLQH�GRHV�QRW�UHYHDO�WR[LF�DFWLRQ
RQ� WKH� JDVWUR�LQWHVWLQDO� WUDFW� DQG� KDV� DQ� H[FHOOHQW
VDIHW\�SURILOH��7KXV��JOXFRVDPLQH�LV�WKH�PRVW�SURPLV�
LQJ�VXEVWDQFH�IRU�FUHDWLQJ�D�QHZ�KLJKO\�HIIHFWLYH�VRIW
PHGLFLQDO�IRUP�LQ�GUXJ�WKHUDS\�RI�RVWHRDUWKURVLV��
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7KH�JUDYLWDWLRQDO�RYHUORDG��J�LQ�FUDQLR�FDXGDO�GLUHF�
WLRQ�LQ�PLFH�KDV�EHHQ�VXJJHVWHG�WR�XVH�IRU�PRGHOLQJ
WKH� FRPSOHWH� EUDLQ� LVFKHPLD�� 7KLV� H[SHULPHQWDO
PRGHO�LV�FRQYHQLHQW��GRHV�QRW�QHHG�WKH�QDUFRVLV�DQG
VXUJLFDO� LQWHUIHUHQFH�� LW� LV� FKDUDFWHUL]HG� E\� WKH
GHYHORSPHQW� RI� EUDLQ� HGHPD� DQG� WKH� SUHVHQFH� RI
QHXURORJLFDO� GHILFLHQFLHV� LQ� SRVW�� LVFKHPLF� SHULRG�
7KH�JUDYLWDWLRQDO�FHUHEUDO�LVFKHPLD�LQ�PLFH�PD\�EH
XVHG�IRU�VHDUFKLQJ�DQG�VWXG\LQJ�FHUHEURSURWHFWRUV�
7KH�ELODWHUDO�FDURWLG�RFFOXVLRQ�KDV�EHHQ�VKRZQ�WR�EH
D� YHU\� KDUG� PRGHO� RI� FHUHEUDO� LVFKHPLD� LQ� PLFH�
EHFDXVH�LW�FDXVHV�����SHU�FHQW�OHWKDOLW\��ZKLOH�WKH
PRQRODWHUDO�FDURWLG�RFFOXVLRQ�LV�LQVXIILFLHQWO\�KDUG
PRGHO� �VXUYLYDO� GXULQJ���ZHHNV� LV� ����SHU� FHQW��
7KH� PRQRODWHUDO� FDURWLG� RFFOXVLRQ� FRPELQHG� ZLWK
WKH�WHPSRUDU\����PLQXWHV��FRPSUHVVLRQ�RI�WKH�FRQ�
WUDODWHUDO� FDURWLG� DUWHU\� RFFXSLHV� WKH� LQWHUPLGLDWH
SRVLWLRQ��7KH�GUDZEDFNV�RI�WKH�PRGHOV�EDVHG�RQ�WKH
FDURWLG� DUWHULHV� RFFOXVLRQ� DUH� WUDXPDWLF� VXUJLFDO
LQWHUYHQWLRQ��WKH�XVH�RI�QDUFRWLFV��ZKLFK�FDQ�PDVN
WKH�HIIHFWV�RI�WKH�FHUHEURSURWHFWRUV�VWXGLHG��DQG�WKH
LQVXIILFLHQW� OLPLWDWLRQ�RI� WKH�FHUHEUDO� LVFKHPLD�GH�
JUHH��

�iz��������
jvv�pi|{ksjp�wnnpz�j{s|v�j�ks�jljz�
c|rs|�|�ipqv�{jÐ�lk~pq�rp�klp�k~|sk
�c|�j|sk�k�sk�{k~p�js|{|q�|vs|{p
p�{�i�ÓÈ®�� p���yËäË¯ºmÈ�� s�k��«¹�Óºm�� k���nÈ�
�Ë®}ÒÓÈ��|�k��«¹�ÓºmÈ

�¯ÒmË�ËÓ©� ¯ËÏ�ã
�È�©�ÒÏ��ËÓÒ«� °¹Ë�ÒÁÒ�Ë°}º®� ÈÓ�Ò�
äÒ}¯º­Óº®�È}�ÒmÓº°�Ò�Ò�ªÁÁË}�ÒmÓº°�Ò�ÈÓ�ÒäÒ}¯º­Óº�º
}ºÓ°Ë¯mÒ¯���Ë�º��Ë®°�mÒ«�äÈÏË®�­Ë�ÈäË�ÈÏºÓÈ��Ò¹¯º¹Ò�
ºÓÈ�È�ÓÈ�mÈÏËãÒÓºmº®�º°ÓºmË���º}ÈÏÈÓº����º�¹¯º¹Òã¹È¯È�
­ËÓ�m�}ºÓ�ËÓ�¯È�ÒÒ�������º­Ë°¹Ë�ÒmÈË��ªÁÁË}�ÒmÓºË
°ÓÒÎËÓÒË� �Ò°ãÈ� ÎÒÏÓË°¹º°º­Ó©²� }ãË�º}� ­È}�Ë¯Ò®� Ò
�¯Ò­ºm�m�ÒÓº}�ãÒ¯ºmÈÓÓ©²�º­¯ÈÏ�È²�ÓÈ��¯ºmÓË�}¯Ò�Ë¯Ò«
k���n�����������º��È�}È}�¹¯Ë¹È¯È�©�ÈÓÈãº�Ò��}º�º¯©Ë�ÓË
°º�Ë¯ÎÈ��ÈÓ�ÒäÒ}¯º­Ó©²�}ºÓ°Ë¯mÈÓ�ºm��m��Ëãºä�ÓË�°ºº��
mË�°�m���� ÁÈ¯äÈ}º¹Ë®Ó©ä� �¯Ë­ºmÈÓÒ«ä� º�Óº°Ò�Ëã
Óº
ªÁÁË}�ÒmÓº°�Ò�}ºÓ°Ë¯mÒ¯���Ë�º��Ë®°�mÒ«��{�º¹©�È²�LQ
YLWUR�¹º}ÈÏÈÓº����º�¯ÈÏ¯È­º�ÈÓÓ©Ë�¹¯Ë¹È¯È�©�ÓÈ��Ò�¯º�
Áº­Ó©²�äÈÏËm©²�º°ÓºmÈ²��}º�º¯©Ë�°º�Ë¯ÎÈ��}ºä­ÒÓÈ�ÒÒ
­Ë�ÈäË�ÈÏºÓÈ� �Ò¹¯º¹ÒºÓÈ�È� Ò� ãË}È¯°�mËÓÓ©²� mË�Ë°�m
ÈÓ�ÒäÒ}¯º­Óº�º��Ë®°�mÒ«��­ãÈ�º�È¯«�ÓÈãÒ�Ò��m�Ò²�°º°�È�
mË�ÈÓ�ÒäÒ}¯º­Óº�º�}ºÓ°Ë¯mÈÓ�È�¹¯º¹Òã¹È¯È­ËÓÈ�m�}ºÓ�
�ËÓ�¯È�ÒÒ�������º}ÈÏ©mÈ���­ºãËË�m©¯ÈÎËÓÓºË�ÈÓ�Ò­È}�
�Ë¯ÒÈã
ÓºË�Ò�ÈÓ�ÒÁ�Ó�Èã
ÓºË��Ë®°�mÒË�¹º�°¯ÈmÓËÓÒ��°
Òä¹º¯�Ó©äÒ�¹¯Ë¹È¯È�ÈäÒ�ÈÓÈãº�ÈäÒ�

8'&��������
7+(� 678'<�2)� 7+(� $17,0,&52%,$/� $&7,21
()),&,(1&<�2)�%(7$0(7+$621(�3523,21$7(
2,170(176�21�7+(�9$6(/,1(�%$6(�
<H�9�'XQD\��<H�*�=KHPHURYD��1�k�/\DSXQRY��k�*�)D�
GH\NLQD��|�k�/\DSXQRYD

7KH�UHVXOWV�RI�VWXG\LQJ�WKH�VSHFLILF�DQWLPLFURELDO�DFWLYLW\
DQG�HIILFLHQF\�RI�WKH�DQWLPLFURELDO�SUHVHUYLQJ�DFWLRQ�RI
EHWDPHWKDVRQH�GLSURSLRQDWH�RLQWPHQWV�RQ�WKH�YDVHOLQH
EDVH�DUH�JLYHQ��3URS\OSDUDEHQ�LQ�WKH�FRQFHQWUDWLRQ�RI
������KDV�EHHQ�VKRZQ�WR�SURYLGH�DQ�HIIHFWLYH�UHGXFWLRQ
RI�WKH�DPRXQW�RI�YLDEOH�EDFWHULD�DQG�IXQJL�FHOOV�LQ�WKH
LQRFXODWHG�RLQWPHQW�VDPSOHV�DW�WKH�OHYHO�RI�FULWHULRQ�$
�638���������ZKHUHDV�WKH�PHGLFLQHV�DQDORJXHV�ZLWKRXW
WKH� DQWLPLFURELDO� SUHVHUYDWLYHV� GR� QRW�PHHW� 3KDUPD�
FRSRHLDQ�UHTXLUHPHQWV�WR�HIILFLHQF\�RI�WKH�DQWLPLFURELDO
SUHVHUYLQJ�DFWLRQ��7KH�H[SHULPHQWV�LQ�YLWUR�KDYH�VKRZQ
WKDW�WKH�PHGLFLQHV�GHYHORSHG�RQ�WKH�K\GURSKRELF�RLQW�
PHQW�EDVHV��ZKLFK�FRQWDLQ�FRPELQDWLRQV�RI�EHWDPHWKD�
VRQH� GLSURSLRQDWH� DQG�PHGLFLQDO� VXEVWDQFHV�ZLWK� WKH
DQWLPLFURELDO�DFWLRQ��UHYHDO�WKH�PRUH�H[SUHVVHG�DQWLEDF�
WHULDO�DQG�DQWLIXQJDO�DFWLRQ�FRPSDUHG�ZLWK�WKHLU�LPSRUWHG
DQDORJXHV�GXH�WR�WKH�SUHVHQFH�RI�DQWLPLFURELDO�SUHVHUY�
DWLYH�SURS\OSDUDEHQ� LQ�WKH�FRQFHQWUDWLRQ�RI�������LQ
WKHLU�FRPSRVLWLRQ�
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7KH�UHVXOWV�RI�VWXG\LQJ�WKH�UHSDUDWLYH�DQG�KHPRVWDWLF
DFWLYLW\�RI�D�QHZ�GUXJ��Ù*\QDHFRSK\Wµ�FRPSOH[�WLQF�
WXUH��FUHDWHG�IRU�DSSOLFDWLRQ�LQ�WKH�WKHUDS\�RI�J\QDH�
FRORJLFDO�GLVRUGHUV��%\�LWV�UHSDUDWLYH�DFWLYLW\�RQ�WKH
PRGHO�RI�WKH�OLQHDU�FXWDQHRXV�ZRXQGV�RI�WKH�VH[XDOO\
PDWXUH�IHPDOH�UDWV�Ù*\QDHFRSK\Wµ�FRPSOH[�WLQFWXUH
GRHV�QRW�\LHOG�5HFXWDQ��ZKLFK�VWLSXODWHV�WKH�LQFUHDVH
RI� WKH�PD[LPXP� ORDG� RI� WUDXPDWLF� FLFDWULFH� EUHDFK
DSSUR[LPDWHO\�LQ������WLPHV��$FFRUGLQJ�WR�WKH�VWDQGDUG
PHWKRG�IRU�WKH�PRGHO�RI�WKH�SDUHQFK\PDWRXV�EOHHGLQJ
RI� WKH� VH[XDOO\� PDWXUH� IHPDOH�UDWV� Ù*\QDHFRSK\Wµ
VXUSDVVHG�LQ�LWV�KHPRVWDWLF�DFWLYLW\�WKH�UHIHUHQFH�GUXJ
5HFXWDQ� UHGXFLQJ� WKH� EOHHGLQJ� SHULRG� LQ� ������ DV
FRPSDUHG�ZLWK�WKH�DOFRKRO�FRQWURO��DQG�LQ��������DV
FRPSDUHG�ZLWK�WKH�LQWDFW�FRQWURO�
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7KH�DQWLPLFURELDO�DFWLYLW\�RI�WKH�ZDWHU�VROXEOH�SRO\�
VDFFKDULGH�FRPSOH[�IURP�URRWV��GU\�H[WUDFWV������IURP
URRWV�DQG�KHUE�RI�(FKLQDFHD�SDOOLGD�RI�Ù7KH�EHDXW\�RI
SUDLULHVµ�VSHFLHV�KDV�EHHQ�VWXGLHG��,W�KDV�EHHQ�VKRZQ
WKDW�WKH�FRUUHVSRQGLQJ�VROXWLRQV�RI�GU\�H[WUDFWV�DQG
WKH�ZDWHU�VROXEOH�SRO\VDFFKDULGH�FRPSOH[�IURP�(FKL�
QDFHD�URRW�DUH�FKDUDFWHUL]HG�ZLWK�EDFWHULRVWDWLF�DQG
EDFWHULFLGDO� SURSHUWLHV�� 7KH� H[WUDFWV� DQG� WKH� ZDWHU
VROXEOH� SRO\VDFFKDULGH� FRPSOH[� VWXGLHG� SRVVHVV� WKH
DQWLPLFURELDO�DFWLYLW\�DV�WR�JUDP��SRVLWLYH�PLFURRUJDQ�
LVPV�DQG�&��DOELFDQV��6R��WKH�GU\�DTXHRXV�H[WUDFW�����
IURP�WKH�KHUE�GLIIHUV�E\�WKH�PRUH�H[SUHVVHG�DQWLPLFUR�
ELDO� DFWLYLW\� DV� WR� UHIHUHQW� VWUDLQV� UHJXODWHG� E\� WKH
6WDWH� 3KDUPDFRSRHLD� RI� 8NUDLQH�� $FFRUGLQJ� WR� WKH
PLFURELRORJLFDO� UHVHDUFK� GDWD� WKH� GU\� H[WUDFWV� IURP
KHUEV�� URRWV� DQG� WKH� ZDWHU� VROXEOH� SRO\VDFFKDULGH
FRPSOH[�IURP�(FKLQDFHD�URRWV�DUH�SURPLVLQJ�IRU�RUDO
DGPLQLVWUDWLRQ�IRU�WUHDWLQJ�WKH�XSSHU�UHVSLUDWRU\�WUDFW
LQIHFWLRQV��LQIHFWLRQV�FDXVHG�E\�&DQGLGD�IXQJL��DV�ZHOO
DV�IRU�FUHDWLQJ�DSSURSULDWH�PHGLFLQDO�IRUPV�IRU�H[WHUQDO
DSSOLFDWLRQ� LQ� WKH� WUHDWPHQW� RI� ZRXQGV�� HF]HPDV�
WURSKLF�XOFHUV�DQG�EXUQV�
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&KURQLF�SURVWDWLWLV�LV�D�ZLGHVSUHDG�XURJHQLWDO�SDWKRO�
RJ\�FKDUDFWHUL]HG�E\�WKH�JURZWK�RI�PRUELGLW\�LQGLFHV
DPRQJ� SDWLHQWV� RI� WKH� \RXQJ� DQG� PLGGOH� DJH� WKDW
UHVXOWV� LQ� GHFUHDVH� RI� FRSXODWLYH� DQG� UHSURGXFWLYH
IXQFWLRQV��7KH�H[SHULPHQWV�LQ�UDWV�SURYHG�WKH�PDUNHG
SURVWDWH�SURWHFWLYH�SURSHUWLHV�RI�3URVWDWRSK\W��,Q�FOLQL�
FDO� WULDOV� WKH� XVH� RI� 3URVWDWRSK\W� LQ� WKH� FRPSOH[
WUHDWPHQW�RI�SDWLHQWV�ZLWK�FKURQLF�QRQ�EDFWHULDO�SUR�
VWDWLWLV�KDV�EHHQ�VKRZQ�WR�LPSURYH�ELRFKHPLFDO��QXP�
EHU�RI� OHXNRF\WHV� LQ�SURVWDWLF� VHFUHWLRQ��DQG�XURG\�
QDPLF� �PD[LPDO� DQG� DYHUDJH� UDWH� RI� XULQDWLRQ�� WKH
UHVLGXDO�XULQH�YROXPH��LQGLFHV��DV�ZHOO�DV�WR�SURPRWH
WKH�JHQHUDO�VWDWH�LPSURYHPHQW�DQG�WKH�OLIH�TXDOLW\�RI
SDWLHQWV��DFFRUGLQJ�WR�WKH�1,+�&36,�DQG�,366�VFDOHV
YDOXHV���
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7KH� GDWD� RI� WKH� H[SHULPHQWDO� LQYHVWLJDWLRQ� RI� WKH
FRPELQDWLRQ�RI�WKH�SURPLVLQJ�KRPH�DQWLR[LGDQW�7KLR�
WULD]ROLQ� DQG� D� UHSUHVHQWDWLYH� RI� QRQ�VWHURLG� DQWL�
LQIODPPDWRU\� GUXJV� Û� ,QGRPHWDFLQ� DUH� JLYHQ�� ,Q�
GRPHWDFLQ� KDV� D� GRVH�GHSHQGHQW� DQWL�LQIODPPDWRU\
DFWLYLW\�DQG�WKH�GUXJ�UHYHDOHG�WKH�ZHDNHVW�HIIHFW�LQ
WKH� GRVH� RI� �� PJ�NJ�� 7KH� VXE�WKUHVKROG� GRVH� RI
,QGRPHWDFLQ����PJ�NJ��LQ�WKH�FRPELQDWLRQ�ZLWK�WKH
DQWLR[LGDQW�VKRZV�PRUH�H[SUHVVHG�DQWL�LQIODPPDWRU\
HIIHFW�FRPSDULQJ�WR�WKH�RSWLPDO�DQWL�LQIODPPDWRU\�GRVH
�����PJ�NJ���,QGRPHWDFLQ�KDV�D�FRQVLGHUDEOH�XOFHUR�
JHQLF�DFWLYLW\��ZKLFK�LV�FRQILUPHG�E\�WKH�PDFUR��DQG
PLFURVFRSLF�DQDO\VLV��7KH�FRPELQHG�UHPHG\� LQYHVWL�
JDWHG� SURGXFHV� DQ� LQVLJQLILFDQW� LPSDLUPHQW� RI� WKH
JDVWURLQWHVWLQDO�WUDFW�PXFRXV�PHPEUDQH�DQG�LW�DOORZV
FRQVLGHULQJ� 7KLRWULD]ROLQ� WR� EH� D� JDVWUR�SURWHFWLYH
DJHQW��7KXV��WKH�HIIHFWLYH�DQG�VDIH�FRPELQDWLRQ�ZLWK
WKH� DQWL�LQIODPPDWRU\� SURSHUWLHV� KDV� EHHQ� REWDLQHG�
7KH�UHVXOWV�RI�WKLV�LQYHVWLJDWLRQ�DOORZ�ILQGLQJ�WKH�ZD\
IRU� LPSURYLQJ�WKH�DQWL�LQIODPPDWRU\�WKHUDS\�DQG�UH�
YLYLQJ�LWV�ÙJROGHQ�VWDQGDUGµ��LI�SRVVLEOH��
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7KH�RUJDQLVP�UHVSRQVHV�WR�WKH�DFWLRQ�RI�QXPHURXV
SDWKRJHQLF� VWLPXOL� RI� WKH� H[RJHQRXV� DQG� HQGR�
JHQRXV� RULJLQ� E\� WKH� UHDFWLRQ� RI� LQIODPPDWLRQ�
3UHYLRXVO\� WKH� DQWL�LQIODPPDWRU\� HIIHFW� RI� D� QHZ
[DQWLQ�GHULYDWLYH�RI�%XWD[DQ�KDV�EHHQ�GHWHUPLQHG�
7KH�DLP�RI�WKLV�ZRUN�LV�WKH�VWXG\�RI�WKH�EXWD[DQ�V
LQIOXHQFH� RQ� WKH� H[SHULPHQWDO� SHULWRQLWLV�� 7KH� H[�
SHULPHQWDO�PRGHO�RI�SHULWRQLWLV�ZDV�FDXVHG�E\�WKH
LQWURSHULWRQHDO�LQWURGXFWLRQ�RI���PO�RI�WKH����VLOYHU
QLWUDWH�VROXWLRQ�WR�UDWV��%XWD[DQ�UHGXFHG�WKH�YDVFX�
ODU�SHUPHDELOLW\�DQG�GHJUDQXODWLRQ�RI�PDVWRF\WHV�RQ
WKH�H[SHULPHQWDO�PRGHO�RI�SHULWRQLWLV��,QWURGXFWLRQ
RI�%XWD[DQ�WR�DQLPDOV�FDXVHG�GHFUHDVH�RI�WKH�DPR�
XQW�RI�WKH�LQWURSHULWRQHDO�IOXLG�LQ������PO�� LW� LV� LQ
�������S�������OHVV�WKDQ�LQ�WKH�FRQWURO��7KH�UHIHU�
HQFH�GUXJ�'LFORIHQDF�FDXVHG�GHFUHDVH�RI�WKH�LQWURS�
HULWRQHDO�IOXLG�LQ������PO��LW�LV�LQ��������S������
OHVV�WKDQ�LQ�WKH�DQLPDOV�RI�WKH�H[SHULPHQWDO�JURXS
DQG� LQ� ����� OHVV� FRPSDUHG� ZLWK� %XWD[DQ�� 7KXV�
%XWD[DQ� UHYHDOV� WKH� DQWL�H[XGDWLYH� HIIHFW� RQ� WKH
H[SHULPHQWDO�PRGHO�RI�SHULWRQLWLV��%XWD[DQ�H[FHHGHG
WKH� UHIHUHQFH�GUXJ�'LFORIHQDF� LQ� LWV� DQWLH[XGDWLYH
HIIHFW��7KH�PHFKDQLVP�RI�WKH�DQWLH[XGDWLYH�HIIHFW�RI
%XWD[DQ�FDQ�EH�H[SODLQHG�E\�WKH�PHPEUDQR�VWDEL�
OD]LQJ�SURSHUWLHV��
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