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z ¹ºãº°���È°�º��°�SÈÏSË	ËÓÒËä���Ò��
�«�
�ÒÏäËÓ«Ëä©²�ÈÓÈãº�ºm©²�¹ÈSÈäË�SÈ�¹ã�°

�SÒ�¹Sº�SÈääÒS�Ëä©²�¹ºSº�È�¹SËmSÈ�È���¹SËº�
SÈÏºmÈ�Ëã
�;(����� m�ÒÓ°�S�äËÓ���ã«�¹º°�SºËÓÒ«
	ÒSº}º�º�}S��È�¹SÒºSºm��SÈº�È��Ò²�m��º°�È�º��
Óº�°ãºÎÓ©²�}ãÒäÈ�Ò�Ë°}Ò²��°ãºmÒ«²�
sº� �Ò}º°�
� SÈÏSÈÈ�©mÈËäº�º� �È��Ò}È� ¹ºm©�

	ÈË�°«�Ë�Ë�Ò�°�¹ºäº�
���ÓÒ}Èã
Ó©²�mºÏäºÎÓº�
°�Ë®� k¡��äÒ}Sº}ºÓ�SºããËSÈ� ;(��/&����|°Óºm�
Ó©Ë�Ë�º�º°ºËÓÓº°�Ò�
z ���Ò�Ó©®�°Ò�äÈ��Ëã
�È�k¡��°�mºÏäºÎÓº°�
�
¹Sº�SÈääÓº�º� ÒÏäËÓËÓÒ«� SÈÏS«�Óº°�Ò� °� �� �º
�� Ò��¹SÒ�°ºº�mË�°�m���Ëä�ÒÏäËÓËÓÒÒ��È°�º�
�©�ºÓºmãËÓÒ«�m©²º�Ó©²��ÈÓÓ©²�

z �Ë�©SË��ÒÁÁËSËÓ�ÒÈã
Ó©²�}ÈÓÈãÈ�mmº�È�°Ò�ÓÈ�
ãÈ�ÒãÒ�mº°Ëä
��ÓÒ¹ºã«SÓ©²�

z �mÈ��ÒÁÁËSËÓ�ÒÈã
Ó©²�}ÈÓÈãÈ�mmº�È�SËÁËSËÓ��
Óº�º�ÓÈ¹S«ÎËÓÒ«�3Ò°�����v�S�}��SÓÈ«�°²ËäÈ��È��Ò}È

��
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325
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3Ò°�����v�S�}��SÈ�Ëä}º°�Óº�º�¹SËºSÈÏºmÈ�Ëã«�;(����
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z ¹ãÈmÓºË� ÒÏäËÓËÓÒË� }ºªÁÁÒ�ÒËÓ�È� �°ÒãËÓÒ«
¹SË��°ÒãÒ�Ëã«�m��ÒÈ¹ÈÏºÓË�º�������º������

z ¹ãÈmÓÈ«� }ºä¹ËÓ°È�Ò«� ¹º°�º«ÓÓ©²� °äË�ËÓÒ®
�SºmÓ«�m�	ÒSº}ºä��ÒÈ¹ÈÏºÓË�°äË�ËÓÒ®�

z ¹º°ãË�ºmÈ�Ëã
Ó©®�ÒÓ�ËSÁË®°�
z SËÎÒä�ªÓËS�º°ËSËÎËÓÒ«�
v�S�}��SÓÈ«� °²ËäÈ�k¡��¹SÒmË�ËÓÈ�ÓÈ�SÒ°�� ��

|°Óºm��Ë�º�°º°�Èmã«Ë�����Ò�Ó©®�k¡���¹ËSË��}º�
�ºS©ä�m}ã��ËÓ©��SÒ��°ÒãÒ�Ëã«�°�¹Sº�SÈääÒS�Ë�
ä©ä�}ºªÁÁÒ�ÒËÓ�ºä��°ÒãËÓÒ«��*'�Û*'����¹SÒ�
�Ëä��mÈ�ÒÏ�ÓÒ²��*'��Ò�*'���°ÓÈÎËÓ©�ÒÓ�ÒmÒ���
Èã
Ó©äÒ�°²ËäÈäÒ�}ºä¹ËÓ°È�ÒÒ�°äË�ËÓÒ«��2))��Ò
2))� ����È}Òä�ºSÈÏºä��ª�º��ÈÓÈãº�ºm©®�¹Sº�Ë°°ºS
ÒäËË��¹«�
��ÒÁSºm©²�SË��ãÒSºmº}�ÈÓÈãº�ºm©²�¹È�
SÈäË�Sºm���ÒÁSºmºË��¹SÈmãËÓÒË��È°�º�º®��Ò°}SË�
�ÒÏÈ�ÒÒ�Ò�}ºää��È�ÒË®�}ÈÓÈãºm��{°Ë�ª�º�¹ºÏmºã«Ë�
SËÈãÒÏºm©mÈ�
�mË°
äÈ�¹SÒ²º�ãÒm©Ë�°²Ëä©�ÒÏäËSË�
ÓÒ«�}È}�¹º°�º«ÓÓ©²���È}�Ò�¹ËSËäËÓÓ©²�ÓÈ¹S«ÎË�
ÓÒ®�°�}ºä¹ËÓ°È�ÒË®�mºÏäºÎÓ©²�°äË�ËÓÒ®��tº�Ë�
ãº°
�©�º�äË�Ò�
����º�SË}ºÓÁÒ��SÈ�Ò«�ÈÓÈãº�ºmº®
°²Ëä©�ºSÈº�}Ò�°Ò�ÓÈãÈ�¹SºÒ°²º�Ò��mº�mSËä«�SÈ�
º�©�¹º���¹SÈmãËÓÒËä�äÒ}Sº}ºÓ�SºããËSÈ�
�ËSm©®��°ÒãÒ�Ëã
�Ò°¹ºã
Ï�Ë�°«��ã«��S�º®��°�

�ÈÓºm}Ò��°ÒãËÓÒ«��m�ºSº®��°ÒãÒ�Ëã
�Û��ã«�ºãËË
�º�Óº®�ÓÈ°�Sº®}Ò�}ºªÁÁÒ�ÒËÓ�È��°ÒãËÓÒ«�Ò��S��
º®�}ºSSË}�ÒÒ�°äË�ËÓÒ«��È� �SË�Ò®��°ÒãÒ�Ëã
�Û
�ã«�¹SË�ÒÏÒºÓÓº®�¹º�°�Sº®}Ò�}ºªÁÁÒ�ÒËÓ�È��°Ò�
ãËÓÒ«� Ò� �º�Óº®� }ºä¹ËÓ°È�ÒÒ� °äË�ËÓÒ«�� |�ËÓ

mÈÎÓº�ÓÈ°�Sº®}��}ºªÁÁÒ�ÒËÓ�È��°ÒãËÓÒ«�Ò�}ºä�
¹ËÓ°È�Ò�� °�mÒ�È� ¹Sºmº�Ò�
� ÒäËÓÓº� m� ª�ºä� ¹º�
S«�}Ë�
{�SÈÏSÈÈ�©mÈËäºä��È��Ò}Ë�¹SÒ�¹ãº�È�Ò�¹ãÈ�

°�ÒÓ���°ä��Ò�ÏÈÏºSË�����ää�Ëä}º°�
�}ÈÎ�º�º�}ºÓ�
�ËÓ°È�ºSÈ�°º°�Èmã«Ë��¹SÒäËSÓº����¹n��lÒ}Sº°²Ë�
äÈ�¹SËºSÈÏºmÈ�Ëã«�ÓÈ�m©²º�Ë�m©�ÈË��ÓÈ¹S«ÎËÓÒË�

¹Sº¹ºS�ÒºÓÈã
ÓºË�º�Óº	ËÓÒ��Ëä}º°�Ë®��¹ºª�ºä�
ÓËÒÏËÎÓÈ�¹º°�º«ÓÓÈ«�°º°�Èmã«��È«�ÒÏ�ÏÈ�SÈÏÈ�
ãÈÓ°È� Ëä}º°�Ë®� }ºÓ�ËÓ°È�ºSÈ�� �SÒ� �È}Ò²� äÈã©²
Ëä}º°�«²�ª�º��SÈÏÈãÈÓ°�äºÎË���º°�Ò�È�
���Û�����
zÈÏÈãº°
�©��¹SË�ÒÏÒºÓÓ©Ë�ÒÏäËSËÓÒ«�¹SÒ��È}Ò²
SÈÏãÒ�Ò«²� m� Ëä}º°�«²� }ºÓ�ËÓ°È�ºSºm� m©¹ºãÓ«�

ÓËmºÏäºÎÓº��sº�mº��Ï�Ë°
�Ò�°}ÈÏ©mÈ��°«�¹SËÒä��
�Ë°�mÈ�º¹Ò°ÈÓÓ©²�m©	Ë�äÒ}Sº°²Ëä�
sÈ°�Sº®}º®�äÒ}Sº°²Ëä©�¹SËºSÈÏºmÈ�Ëã«�}ºä�

¹ËÓ°ÒS�Ëä� °�mÒ�� �SºmÓ«� m�ÓÈ�Èã
Óº®� �º�}Ë� �¹SÒ
º�°��°�mÒÒ�°Ò�ÓÈãÈ���~È�Ëä��}ºSSË}�ÒS�«�¹ÈSÈäË�S
ÓÈ°�Sº®}Ò� �ãÒÓË®Óº°�
��� �ºÒmÈËä°«� äÈ}°ÒäÈã
�
Óº®�ãÒÓË®Óº°�Ò�Èä¹ãÒ���Óº®�²ÈSÈ}�ËSÒ°�Ò}Ò��È��
�Ò}È��j�¹º°ãË�m°Ë�º�ª�º�º�¹º°ãË�ºmÈ�Ëã
Ó©äÒ�ÓÈ�
°�Sº®}ÈäÒ��¹SÈmã«Ëä©²��°ÒãÒ�ËãË®�k¡��äÒ}Sº�
}ºÓ�SºããËSÈ��m�ºÓ«Ëä��°Ò�ÓÈã��È��Ò}È�m�È¹ËS��S�
���Ò��ËÏ�°�mÒ�È���Sº�Ë°°�ª�º��Û�Ò�ËSÈ�ÒºÓÓ©®�
Óº�SËÏ�ã
�È�©��ºmºS«��°ÈäÒ�ÏÈ�°Ë«��äºÎÓº�¹ºã��
�Ò�
���Ò°�©²�����Ò��¹SÒ�¹ºãº°Ë��È°�º��°Ò�ÓÈãÈ��º
��}���
{°�SºËÓÓºË�¹Sº�SÈääÓºË�ºË°¹Ë�ËÓÒË��È��Ò}È

SÈº�ÈË��m��SË²�SËÎÒäÈ²�
z ÓÈ�Èã
ÓÈ«� �°�ÈÓºm}È� Ò� äºÓÒ�ºSÓ©®� SËÎÒä� °

�ÒÈãº�ºä�¹º�56�����
z SËÎÒä�°ãËÎËÓÒ«�ÏÈ�°º©�Ò«äÒ�Ò�ÁÒ}°È�Ò«�Ò²
m ªÓËS�ºÓËÏÈmÒ°Òäº®�¹Èä«�Ò�

z SËÎÒä�¹ËSË�È�Ò�ÓÈ}º¹ãËÓÓ©²��ÈÓÓ©²�
{� SËÎÒäË� °ãËÎËÓÒ«� �È��Ò}� ¹º�SËã«Ë�� m°Ë�º

���� äk�� �Sº�SÈää©� m°�SºËÓÓº�º� ¹Sº�SÈääÓº�º
ºË°¹Ë�ËÓÒ«��È��Ò}È�ÓÈ¹Ò°ÈÓ©�ÓÈ�«Ï©}Ë�&�Ò�º��
ãÈÎËÓ©�°�Ò°¹ºã
ÏºmÈÓÒËä�ººãº�}Ò�5,'(�ÁÒSä©
;(0,&6�
3Èº�È� °� ªÓËS�ºÓËÏÈmÒ°Òäº®� ¹Èä«�
�� ÁÒSä©

5$07521� º°ºËÓÓº°�Ë®� ÓË� ÒäËË��� �SÈ}�Ò�Ë°}Ò
¹º�²º�«��Èã�ºSÒ�ä©�SÈº�©�°�ã�º®�°ºmSËäËÓÓº®
¹º°ãË�ºmÈ�Ëã
Óº®� ¹Èä«�
�� �ÓÈ¹SÒäËS�� $WPHO� °Ë�
SÒÒ�$W�����wÓËS�º¹º�SËãËÓÒË��È��Ò}È�mºÏSÈ°�ÈË�
�º��Û��äk��ºã
}º�m�¹ËSmºä�Ò��SË�
Ëä�SËÎÒäÈ²��Óº
ª�º� }SÈ�}ºmSËäËÓÓ©Ë� SËÎÒä©� �ã«� ÓÈ°�Sº®}Ò� Ò
¹SÒËäÈ� SËÏ�ã
�È�ºm�� }º��È� �È��Ò}� SÈº�ÈË�� º�
mÓË	ÓÒ²�Ò°�º�ÓÒ}ºm�¹Ò�ÈÓÒ«�
�È}Òä�ºSÈÏºä��¹SÒäËÓËÓÒË�°¹Ë�ÒÈãÒÏÒSºmÈÓ�

Óº®� äÒ}Sº°²Ëä©� ¹SËºSÈÏºmÈ�Ëã«� Ëä}º°�
ÛÓÈ�
¹S«ÎËÓÒË��äÒ}Sº}ºÓ�SºããËSÈ�°�SÈÏmÒ�©ä��¹SÈmãË�
ÓÒËä��SÈ}�ºä�¹SË�mÈSÒ�Ëã
Óº�º��°ÒãËÓÒ«�Ò�ªÓËS�
�ºÓËÏÈmÒ°Òäº®� ¹Èä«�
�� Óºmº�º� �Ò¹È� ¹ºÏmºãÒãº
SËÈãÒÏºmÈ�
�ÒÓ�ËããË}��Èã
Ó©®��È��Ò}�°�º�ËÓ
�äÈ�
ã©ä�ªÓËS�º¹º�SËãËÓÒËä�Ò�äÈã©äÒ��ÈÈSÒ�Ó©äÒ
SÈÏäËSÈäÒ��kÓÈãÒÏ� ÏÈ�S�ÎËÓÓº°�Ò�SË°�S°ºm�äÒ}�
Sº}ºÓ�SºããËSÈ�¹º}ÈÏÈã����º�m�SËÎÒäË�°ãËÎËÓÒ«�Ò°�
¹ºã
Ï�Ë�°«�m°Ë�º�ãÒ	
�����SË°�S°ºm��w�º�¹ºÏmºã«Ë�
SÈ°	ÒSÒ�
�¹ºãº°��°Ò�ÓÈãÈ��º����}����¹SÒ�°ºº�mË��
°�m���Ëä��mËãÒ�ËÓÒÒ�Ëä}º°�Ò�¹Èä«�Ò�ÒãÒ��äËÓ
�
	ËÓÒÒ�ÏÈ¹Ò°©mÈËäº®�ª¹º²Ò��

3Ò°�����v�S�}��SÓÈ«�°²ËäÈ�k¡��äÒ}Sº}ºÓ�SºããËSÈ�;(��/&��
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|�Ë°�mº� °� º�SÈÓÒ�ËÓÓº®� º�mË�°�mËÓÓº°�
�
�lÒ}Sº�wi�ws{|��m�°º°�ÈmË�nË�ËSÈã
Óº�º�ÓÈ��Óº�
¹SºÒÏmº�°�mËÓÓº�º��ËÓ�SÈ�Û�~È}S©�º�º�k}�ÒºÓËS�
Óº�º�|�Ë°�mÈ��sÈ��Óº�¹SºÒÏmº�°�mËÓÓ©®�}ºÓ�ËSÓ
�º�Ë�ÒÓËÓÒË���wÓËS�Ò«��«mã«Ë�°«�°�ÈSË®	Òä�¹Sº�
ÒÏmº�Ò�ËãËä� äÒ}SºäÒÓÒÈ��SÓ©²� ªãË}�Sº�mÒ�È�Ë�
ãË®�¹º°�º«ÓÓº�º��º}È�}ºããË}�ºSÓº�º��Ò¹È��Ë°}ºÓ�
�È}�Ó©²� ªãË}�Sº�mÒ�È�ËãË®�� äÒ}SºäÒÓÒÈ��SÓ©²
°ÒÓ²SºÓÓ©²�º�ÓºÁÈÏÓ©²��ËÓËSÈ�ºSºm�Ò��S��Ò²��°��
Sº®°�m��º�Óº®�ªãË}�SºäË²ÈÓÒ}Ò�
{�¹SÒmË�ËÓÓ©²�ÓÒÎË��ÈãÒ�È²���Èã��������¹SË��

°�ÈmãËÓÈ�ÓºäËÓ}ãÈ��SÈ�äÒ}SºäÒÓÒÈ��SÓ©²�ªãË}�
�Sº�mÒ�È�ËãË®�¹º°�º«ÓÓº�º��º}È��ÒãÒÓ�SÒ�Ë°}Ò²�
	ÒSº}º�º� Á�Ó}�ÒºÓÈã
Óº�º� ÓÈÏÓÈ�ËÓÒ«�� m}ã��
�È«� ªãË}�Sº�mÒ�È�ËãÒ� °� m°�SºËÓÓ©ä� äË²ÈÓÒ�Ë�
°}Òä�SË��}�ºSºä��{�ÓÈ°�º«�ËË�mSËä«��}ÈÏÈÓÓ©Ë
ÒÏ�ËãÒ«� °º°�Èmã«��� ��� �� º�ËäÈ� m©¹�°}ÈËäº®
¹Sº��}�ÒÒ�
zºÓ°�S�}�ÒmÓ©Ë� º°ºËÓÓº°�Ò� ªãË}�Sº�mÒ�È�Ë�

ãË®�
z ¹ºã©®��ºÓ}º°�ËÓÓ©®�«}ºS
�
z ¹º°�º«ÓÓ©®�äÈ�ÓÒ��ÓÈ�º°ÓºmË�m©°º}ºªÓËS�Ë�Ò�

�Ë°}º®�}ºä¹ºÏÒ�ÒÒ��ÓÒº�ÒäÛÎËãËÏºÛºS��
z �Ë�º�Óº�}ºããË}�ºSÓ©®� �ÏËã� ÒÏ� �SÈ�º�ËÓÓ©²
äË�Èããºm�Ò�°¹ãÈmºm�ÓÈ�Ò²�º°ÓºmË�

z ¹º�	Ò¹ÓÒ}ºm©Ë��Ïã©�ÓÈ�º°ÓºmË�¹SË�ÒÏÒºÓÓ©²
¹º�	Ò¹ÓÒ}ºm�°}ºã
ÎËÓÒ«�Ò�}È�ËÓÒ«�
{� ªãË}�Sº�mÒ�È�Ëã«²� °� m°�SºËÓÓ©ä� äË²ÈÓÒ�Ë�

°}Òä�SË��}�ºSºä�¹SÒäËÓËÓº�äÒ}Sºäº��ã
ÓºË�Ï��
�ºmºË�ÏÈ�Ë¹ãËÓÒË�°�Ò°¹ºã
ÏºmÈÓÒËä�°Ò°�Ëä©�¹ãÈ�
ÓË�ÈSÓº®�¹ËSË�È�Ò���Ë²ÓÒ}º�ª}°¹ã�È�È�ÒºÓÓ©äÒ
º°ºËÓÓº°�«äÒ�ªãË}�Sº�mÒ�È�ËãË®�«mã«��°«�
z ÓÒÏ}ºË�ÓÈ¹S«ÎËÓÒË�¹Ò�ÈÓÒ«��º�����º����{��
z ÓÒÏ}ºË�ÓÈ¹S«ÎËÓÒË��Sº�ÈÓÒ«��º�������º�����{��
z äÈã©Ë��ÈÈSÒ�Ó©Ë�SÈÏäËS©�Ò�äÈ°°È�
z äÈãºË�ªÓËS�º¹º�SËãËÓÒË��äÈãºË�ÏÓÈ�ËÓÒË�¹º�
�SËã«Ëäº�º��º}È��

z ÓÒÏ}Ò®��SºmËÓ
�Ïm�}È���ã«�ªãË}�Sº�mÒ�È�ËãË®�ËÏ
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.RVWVRY�(� *���%DJLQVN\�,� /���%XNKDQHWV�'� ,���.DVKHHY�(� /��
(OHFWURVWDWLF�PRWRU�IRU�+LJK�6SHHG�0LFURPHFKDQLFV�'HYLFHV �������������

7KH�LQYHVWLJDWLRQ�RI�D�SODQDU�VWHS�SHWDO�PLFURPRWRU�ZDV�FDUULHG
RXW�DLPHG�WR�LWV�SRVVLEOH�DSSOLFDWLRQV�LQ�KLJK�VSHHG�PLFURPHFKDQLFDO
GHYLFHV��PLFURVHFRQG�UDQJH���,W�ZDV�VKRZQ�WKDW�WKH�FKDUDFWHULVWLFV
UHDFKHG�IRU�WKLV�PRWRU��KLJK�VSHHG�DFWLRQ�Û�XS�WR�WHQV�PLFURVHFRQGV�
ORZ�FRQWURO�YROWDJHV�Û�WHQV�YROW��KLJK�VSDWLDO�UHVROXWLRQ�Û�WKH�VWHSV
XS�WR����QP�DOORZ�RQH�WR�DSSO\�WKHP�LQ�SUHFLVLRQ�PLFURPHFKDQLFDO
GHYLFHV��LQFOXGLQJ�SRVLWLRQHUV�
6NDORQ�$� ,��'HYHORSPHQW�3ULQFLSOHV�RI�&RQVWUXFWLRQ�0LFURPHFKDQLFDO�
6HQVRUV�RI�3LPDU\�,QIRUPDWLRQ�DQ�,QWHJUDO�%DODQFLQJ�
ZLWK�8VDJH�2SWRHOHFWURQLF�DQG�(OHFWURPDJQHWLF�(OHPHQWV������������������

7KH�SUREOHPV�RI�GHYHORSPHQW�QHZ�W\SH�PLFURPLQLDWXUH�DQG�PL�
FURPHFKDQLFDO� VHQVRUV�RI�SULPDU\� LQIRUPDWLRQ� �63,�� IRU�PHDVXUH�
PHQW�RI�PHFKDQLFDO�YDOXHV�DUH�HVWHHPHG��63,�DUH�ZRUN�LQ�D�G\QDPLF
EHKDYLRXU�DQG�FRQVWUXFWHG�RQ�WKH�EDVLV�RI�HOHFWURPHFKDQLFDO�V\VWHPV
RI�D�FRPSHQVDWRU\�W\SH��7KH�HQJLQHHULQJ�VROXWLRQV�PLUURU�WKH�FRQFHSW
RI�FRQVWUXFWLRQ�63,��ZRUNLQJ�LQ�D�PRGH�RI�VHOI�RVFLOODWLRQV��$�IHDWXUH
RI�WKHVH�VROXWLRQV�LV�XVDJH�QHZ�IRU�PLFURPHFKDQLFDO�DQG�PLFURPLQLD�
WXUH�63,�RI�RSWRHOHFWURQLF�DQG�HOHFWURPDJQHWLF�HOHPHQWV��7KH�SK\VLFDO
DQDORJV��VNHOHWRQ�GLDJUDPV�DQG�PDWKHPDWLFDO�PRGHOV�DUH�GHVLJQHG��7KH
GHVLJQ�WHFKQLTXHV�DQG�PDQXIDFWXULQJ�RI�HOHPHQWV�VHQVRUV�ZLWK�DOORZ�
DQFH�IRU�IHDWXUHV�RI�PDVWHU�VFKHGXOHV�DUH�UHYLHZHG��ZKLFK�RQH�ZLOO�EH
XVHG�DW�FUHDWLRQ�PLFURPHFKDQLFDO�DQG�PLFURPLQLDWXUH�63,�
6KDXWVXNRY�$� *���=DJLGXOLQ�<X� 6��7KH�0RGHOLQJ�RI�WKH�7UDQVLHQW�
(QKDQFHG�'LIIXVLRQ�3URFHVV�LQ�,RQ�,PSODQWHG�/D\HUV ������������������� ��

,Q�LRQ�LPSODQWHG�OD\HUV�XQGHU�SRVW�LPSODQWDWLRQ�DQQHDOLQJ�WKH
UHGLVWULEXWLRQ�RI�LQWURGXFHG�DGPL[WXUH�RFFXUV�DV�D�UHVXOW�RI�WUDQVLHQW
HQKDQFHG�GLIIXVLRQV��7('���7KH�WKHRUHWLFDO�PRGHO�RI�7('�IDFWRUV
KDV�EHHQ�SUHVHQWHG�RI�SULRU�LPSODQWDWLRQ�DGPL[WXUH�WDNLQJ�LQWR�DF�
FRXQW�XQHTXDO�GLVWULEXWLRQ�RI�UDGLDWLRQ�GHIHFWV�DQG�WKHLU�UHFRPELQD�
WLRQ�DFFRUGLQJ�WKH�WLPH�IRU�WKHUPDO�DQG�SKRWRQ�DQQHDOLQJ��7KH�PHWK�
RG�RI�FDOFXODWLRQ�RI�DGPL[WXUH�UHGLVWULEXWLRQ�KDV�EHHQ�SUHVHQWHG�LQ
WKH�FDVH�RI�FRRUGLQDWLRQ�WLPH�GHSHQGHQF\�RI�GLIIXVLRQ�IDFWRU��7KH
SURFHVV�7('�KDV�EHHQ�PRGXODWHG�E\�RI�WKH�H[DPSOH�RI�IRUPDWLRQ�RI
UHDO�DOOR\HG�OD\HUV��KDYLQJ�EHHQ�XVHG�LQ�WKH�SURGXFWLRQ�RI�HOHFWURQLF
WHFKQLTXHV�GHYLFHV��7KH�JRRG�DFFRUGDQFH�RI�DFFRXQWLQJ�DQG�H[SHUL�
PHQWDO�GDWD�KDV�EHHQ�VKRZQ�
$IDQDV�HY�$� 0���&KXHY�0� $���0HGYHGHY�3� *���3XVWRYRLW�9� ,��
2Q�/LPLWLQJ�5HVROXWLRQ�RI�$SRGL]HG�'LIIUDFWLRQ�)LOWHUV ������������������ ��

7KH�ZD\�RI�DEUXSW�HQKDQFHPHQW�RI�UHVROXWLRQ�RI�RSWLFDO�DQG�XO�
WUD�VRXQG�GLIIUDFWLRQ�ILOWHUV�LV�IRXQG��$�UHDOL]DWLRQ�RI�WKH�PHWKRG�LV
EDVHG�RQ�FKRRVLQJ�WKH�FRUUHVSRQGLQJ�DSRGL]LQJ�IXQFWLRQV��7KH�UHVXOWV
VXSSOLHV�ZLGH�SHUVSHFWLYHV�IRU�VXEVWDQWLDO�LQFUHDVLQJ�LQ�WKH�UHVROXWLRQ
RI�RSWLFDO�VSHFWURPHWHUV��LPSURYHPHQW�RI�FKDUDFWHULVWLFV�RI�PRELOH
GHYLFHV�DQG�GHQVHQHVV�RI�FRQQHFWLRQ�FKDQQHOV��DV�ZHOO�DV�WKH\�VKRXOG
EH�WDNHQ�LQWR�DFFRXQW�LQ�WKH�SURJQRVWLFDWLRQ�RI�GHYHORSPHQWV�LQ�WKH
FRUUHVSRQGLQJ�WHFKQLFDO�ILHOGV�
6LQMXWLQ�6� $��7KH�,QWHOOHFWXDO�*HQHUDWRU�IRU�5HJLVWUDWLRQ�
RI�WKH�,QIUHTXHQW�(YHQWV ���������������������������������������������������������� ��

7KH�GLIIHUHQW�YDULDQWV�RI�WKH�JHQHUDWRUV�ZLWK�WKH�EXLOW�LQ�HOHFWURQ�
LFV�IRU�WKH�IL[LQJ�RI�WKH�LQIUHTXHQW�HYHQWV�Û�LPSXOVH�VSHHGLQJ�XS��LP�
SDFWV��DUH�FRQVLGHUHG�
%DNKWL]LQ�5� =���:X�.��+���;XH�4��=���;XH�4��.���1DJDR�7���
6DNXUDL�7��6FDQQLQJ�7XQQHOLQJ�0LFURVFRS\�6WXG\�RI�$J�)LOP�,QLWLDO�
6WDJHV�*URZWK�RQ�D�*D1�������6XUIDFH ���������������������������������������

$J�DGVRUSWLRQ�DQG�WKH�LQLWLDO�VWDJHV�RI�$J�ILOP�JURZWK�RQ�D�JDO�
OLXP�ULFK�*D1�������VXUIDFH�KDYH�EHHQ�VWXGLHG�XVLQJ�670�XQGHU�XO�
WUD�KLJK�YDFXXP�FRQGLWLRQ��,W�KDV�EHHQ�VKRZQ�D�GUDVWLF�FKDQJH�RI�WKH
$J�JURZWK�PRGH�RQ�WKH�EXON�WHUPLQDWHG�*D1�������VXUIDFH��IURP�D
6WUDQVNL�.UDVWDQRY�JURZWK�DW�ORZ�IOX[������0/�PLQ���WR�D�QRYHO�OD\�
HU�E\�OD\HU�JURZWK�DW�D�KLJKHU�IOX[����0/�VHF���%DVHG�RQ�WKLV�ILQGLQJ
ZH�VKRZ�D�QHZ�DSSURDFK�IRU�REWDLQLQJ�IODW�HSLWD[LDO�$J�ILOP�RQ�WKH
*D1�������VXUIDFH�DW�URRP�WHPSHUDWXUH��E\�DSSO\LQJ�KLJK�$J�IOX[
UDWH�WR�VXSSUHVV�WKH�DWRP�GLIIXVLRQ��:H�DOVR�UHSRUW�WKH�ILUVW�REVHUYD�
WLRQ� RI� D� QRYHO� XQUHFRQVWUXFWHG� $J�WHUPLQDWHG�*D1�������� � �
DQG�H[SODLQ�LWV�VWUXFWXUDO�PRGHO�
9DOLHY�.��$���%RFKDURY�/��-X���0DOWVHY�3��3���7URLWVN\�,��,��
4XDQWXP 7HFKQRORJ\�LV�WKH�1HZ�$VSHFWV�RI�1DQRWHFKQRORJ\ ������������

7KH�EDVLV�IRUHLJQ�SODQV�LQ�WKH�DUHD�RI�TXDQWXP�WHFKQRORJ\�ZKLFK
RQH�PD\�WR�HVWLPDWH�DV�WKH�QHZ�VWHS�RI�WKH�QDQRWHFKQRORJ\�GHYHORS�
PHQW�DUH�FRQVLGHUHG�DQG�VRPH�DFKLHYHPHQWV�LQ�WKLV�DUHD�UHGXFHG��DQG
DOVR�WKH�H[DPSOHV�RI�WKH�TXDQWXP�FU\SWRJUDSK\�DUH�GHVFULEHG�
)URORY�9� '���=DYHGHHY�(� 9���3LPHQRY�6� 0���.RQRY�9� ,��
0LFURVFRSLF�3URSHUWLHV�RI�7KLQ�)LOPV�RQ�WKH�%DVH�RI�1LÛ&�
QDQRFRPSRVLWHV �������������������������������������������������������������������������

7KH�ZRUN�UHSRUWV�RQ�6FDQQLQJ�3UREH�0LFURVFRS\��630��RI�HOHF�
WULFDO�DQG�PDJQHWLF�SURSHUWLHV�RI�WKLQ��∼���QP�LQ�WKLFNQHVV��1LÛ&
QDQRFRPSRVLWH�ILOPV��7KH�ILOPV�ZHUH�SUHSDUHG�RQ�6L�VXEVWUDWHV�E\
FRVSXWWHULQJ�1L�DQG�JUDSKLWH��DQG�VXEVHTXHQW�WKHUPDO�DQQHDOLQJ�LQ
YDFXXP�DW�����Å&�WKDW�OHG�WR�D�VHOI�DVVHPEO\�RI�1L�ILOOHG�FDUERQ�QD�
QRFDSVXOHV��∼��QP�LQ�VL]H��XQLIRUPO\�GLVSHUVHG�LQ�WKH�ILOP�
$OWVKXOOHU�*� 0���9DNV�9� /���*DLNRYLFK�.� 3��0LFURZDYH
6XEVXUIDFH�,PDJLQJ�RI�6XEVXUIDFH�6WUXFWXUH�RI�/LYLQJ�7LVVXHV�����������

7KH�PLFURZDYH��'�LPDJHV�RI�WKH�VXEVXUIDFH�VWUXFWXUH�RI�OLYLQJ�WLV�
VXHV��RI�WKH�KXPDQ�WKRUD[��KDYH�EHHQ�REWDLQHG�XVLQJ�D�QHDU�ILHOG�VPDOO�
DSHUWXUH�DQWHQQD�DV�D�SUREH��7KH�PLFURZDYH�UHIOHFWLRQ�DW�WKH�IUHTXHQF\
�����0+]�KDV�EHHQ�PHDVXUHG�E\��'�VFDQQLQJ�RYHU�WKH�ERG\�VXUIDFH
E\�D�UHJLVWHULQJ�GHYLFH��VWRUHG�LQ�D�FRPSXWHU�DQG�XVHG�WR�SURGXFH�DQ�LP�
DJH��ZKHUH�VXEVXUIDFH�GLHOHFWULF�LQKRPRJHQHLWLHV�DUH�FOHDUO\�VHHQ�
5H]QLN�$��1���<XUDVRYD�1��9��6XEVXUIDFH�7KHUPRPHWU\�RI�
%LRORJLFDO�7LVVXHV�E\�0HDQV�RI�1HDU�)LHOG�0LFURZDYH�6RXQGLQJ ������

:H�KDYH�VWXGLHG�SURVSHFWV�RI�PLFURZDYH�QHDU�ILHOG�VRXQGLQJ�DV
DSSOLHG�WR�VXEVXUIDFH�WHPSHUDWXUH�GLDJQRVWLFV�RI�ELRORJLFDO�WLVVXHV��$Q
LQWHJUDO�UHODWLRQ�KDV�EHHQ�REWDLQHG�ZKLFK�LV�D�EDVLV�IRU�LQYHUVH�SURE�
OHP��0HDVXULQJ�IUHTXHQF\�UHVSRQVH�RI�WKH�QHDU�ILHOG�V\VWHP�DOORZV�UH�
WULHYDO�RI�WKH�LQQHU�WHPSHUDWXUH�SURILOHV��$Q�DQWHQQD�FRPSOH[�SUR�
YLGLQJ�WKH�WHPSHUDWXUH�GLDJQRVWLFV�WR�ZLWKLQ�����Å&�DW�D�GHSWK�RI���FP
LQVLGH�WKH�WLVVXH�KDV�EHHQ�GHYHORSHG�
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