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�ºÀp¯�Zºº] ÎÍÍ ¶]�Î b^�³�¶]�Äzd§Z]�¶³Z^��b�§�°Z§�²¿¦�Ä¦z]
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ÄvÀ°�È��'1$ «¦ztd�¦�Â�¾³º¬§¦c�b�§
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¶ºº] �¿Z¯�©±¦�°®��Z¸³¡�¶]�vÀ°�È��'1$ À®Â|�¦�±¦�~���v³¦Á®z§
¶º¤À£®�j´��©v¯�¶]�ÐÔ R& °ºcZ]º¨³¦�°®�~���Â��v°l´¯�b�z�

�v¿®z-�Äzd§Z]Âz-¡�®°¦Â�vÀ°�È��\Àczc�²¿v]��v³v��§Â¯
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²À¿º¯�ÄZ·¶�¿°

¿º¿zd§Z]Âz-¡ ÄZ·¾º¬� Z]�áz]¿®�ÄZ·b�§¦vk��¶¬oz¯�²¿¦ °®
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nºÀ¤¬c�ªº°���vº´d�°�°Zº§ ¶º] zº¿±�¬zº� ¶º] ª¤dºº�¯ ¾dt¿°¦zc
©vº¯ ¶ºº] \À§zcº³�ÄZ·Äzd§Z]Âz-¡�¶³Z^��b�§�Z]�Z·b�§¦vk
�Ñ��%� �ºÀp¯�¶º] Z·bº�§¦vk�~�º� �bºº�z-�¿Zl³¦�¶¤À£®�j´�
�Á°Â®�²ºº¿¦�°®��v��¿Zl³¦�¿¢ºc�b�§�±Â°�Â®�©v¯�Ä¦z]�Â�ª¤d´¯

�v¿®z-�®·¦z��¾·ZÀ-�ÄZ·¾º¬��¶]�Äzd§Z]�±¦�ÀÞ�¾Z¤d³¦�ÀZ¨¯¦

3&5 ¿Zl³¦�Â�*86 ®¿|³¡�bÀ«Z����l´�
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°®�*86 Ä|À¯¡,ººº³°�³Â°�±¦��vººº³®ºººº] ��6�*86� JHQH
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*86 ÀÞ�¶]�¶º]z¯�z-±Z�¡�Z]�3&5 ³Â°��v´d�¦®�°¦z£ +V�SUR��

�b�°�°Z§�¶]
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bº�t³ �¾ºdt¿°¦zºc Äz��¶��z·�±¦�¶dt¿°¦zc�²À¿º¯�ÄZ·¶�¿°
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ÄZ·¶º�¿°�©°ÂZºl¯�°® �ÎÏ��À¦°Zºº¨°·�Â�¾ºWZ��³Â°�¢^��z]

±¦�¾¿Zºº·ÀÞ�v£Z��²À¿º¯�ÄZ·¶�¿°��²À´#®·��v¿®z-�nÀ¤¬c ²À¿º¯
vcZº°³�Z]�nÀ¤¬c��¿Z¯±¡�°®�¾ ´¯�¾zd´§�À¦º´��¶]�¶³Z-Â®�vÀ°�È�

�v´d�°�°Z§�¶]

fp]�Â�j¿Zd³
S*(07�HDV\ ÄZ·vÀ°�È��¾°¿|³¡�®�·

Ä¦zº] (FR5, ®ºº¿|³¡ ¶d�°�°Z§�¶]��¬dt¯�ÄZ·b�¬��¶]�¶kºc�Z]
Zº] �9$3 Zº¿ Â�2)� ª¯Zº§ ÀÞ�Ä±Zºº� ¦vk�Â�Z·vÀ°�È��®�·
ÀZ¿®¦z-�b«Zo��¾°¿|³¡�vo¦Â�ÎÏ ¶]�Î�Ò ±¦�®¿|³¡�b�¬���¿¦|�¦
±¦�Z·vÀ°ºº�È��vÀ¿Pc�¶³Z�³�¶§��v��®Zl¿¦�¾³Þ��¬dt¯�©Z��£�°®
®º¿|³¡�\º�Z´¯�bºº�¬���²À´#®·��®º]�Áv��¶³Z�°·�ÄZ·ÀÞ�z�³
ÄZº·ÀÞ�ª¯Zº§ ¶º��£�ÀZº°·�¶º§ �°Zº�d³¦�®°ººº¯ °¦º³�®Zl¿¦�Ä¦z]

�v¿®z-�²ÀÀ�c��b�¦�Áv��¶³Z�°·
zdºÀ«Âz¨À¯�ÏÍ °®�¾ºº°¿|³¡�vo¦Â�¶��b�¬����¿Z¯±¡�²¿¦�°®
°®�¾ºº°¿|³¡�vo¦Â�ÎÒ ±¦�Á®Z d�¦�Z]�Â��§Ztd³¦��´§¦Â�¾¬§�®lo
ª¯Zº§ ¶º��£�±¦�Ä®Zº¿±�¾ººº�p¯���´§¦Â�®lo�zdÀ«Âz¨À¯�ÎÍÍ
Zº¿ Â�2)� ÄZº·ÀÞ�¾ºº°¿|³¡�®�·�®°º¯�°® �v¯¡�b�®�¶]�Z·ÀÞ
¶ºÀoZ³�¦º¿ ®ºººkÂ�b¬��¶]��(FR5, ®¿|³¡�ª¯Z§�b�¬��Z]�9$3
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Â��®ºº^³�¾Þ�n�ºº� ±¦�´Zs�°¦º³�¦¿�Ä±Z��¦vk�¶]�Ä±ZÀ³�³z]
�º´§¦Â�¶ºº¬t¯�Áv³Zº¯¾£Z]�°®�>Z°À¤dº�¯�À®zºº§ ¶¬¿z ��®�ª°�
Ä¦zº] ÄvÀ°º�È��ª£Zº³ À®zº§ ¶¬¿z ºº��® �b�z-�¿Zl³¦�¾°¿|³¡
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�b�¦�¶³Z�°·�®°º¯�ÄZ·ÀÞ
F'1$ v¿Zº] bº�t³��¶ºd�Z¿�zÀººÀ�c�S%LQ��� ª£Z³�®°º¯�°®
�vºº�¾¯ «°Zs�À¡�±¦�;ED, ®¿|³¡�¦°§�¶]�+V�SUR��ÀÞ�¶]�¶º]z¯
»zº�¯�¶º§ �±Zº]º¬À§�Î�Ï ¦º#ººº§ ¶��£�¦¿�±°Z-¡�¾Þ�ÄÂ°�Â
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ª£Zºº³ À¦ºººº´��¶º] �vº� ¶¬¿z º��®�Â��«Zºs �¦vºk ¾Þ�±¦�¶º§
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�v¿®z-
\À§zcº³�ÄZ·vÀ°�È��3&5 j¿Zd³
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vÀ¿Pºc ÄZ·vÀ°º�È��Ä¦zºº] �v´d�¦®�°¦z£�9$3 Z¿�Â�2)� ÄZ·ÀÞ
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vcZ°³�Â°Ç Z]�nÀ¤¬c�±Z�¡ ±¦

ª¤d�¯�¶dt¿°¦zc� ²À¿º¯�ÄZ·¶�¿°�°Z°�ÄÂ°�vcZ°³�b�À��°Z°��²À.³ZÀ¯
²À¿º¯�ÄZ·¶�¿°

¶]�Áv��ªÀ¨�c�ÄZ·b�À��v�°®
Áv��nÀ¤¬c�ÄZ·Â°Ç

�¾ ´¯�v·Z� � 9$3ÀÞ�v£Z�Ô�ÔÏ�ÒÔ
ÕÔ�ÒÏ�Ò
ÎÑÒÎ�ÓÔ
ÎÒÔ�ÒÏ�Ò
ÎÔÐ�ÔÎ�ÏÐ
ÏÓÓ�ÏÏ�ÍÔ
ÏÔÖÏ�ÓÐ
ÏÕÒÎ�ÓÔ
ÐÍÒ�ÐÎ�ÔÔ
ÑÑÔ�ÏÏ�Ñ
ÒÍÓÏ

v´d�Zºº¿°®�ÀZ�¿¦��v³®z°��¦°�¶�¿°�ÄÂ°�Áv��ªÀ¨�c�ÄZ·b�À�
¶º] Zº·Â°Ç vº�°®�¦º¿ Z¸º´c�¿ÂZºº¤¯�¦À¯Â±º¬cº´¯�²¿Ç�°®�¶§

¶ºd¿°¦Â�°®�À¦|Àº¯ ²º¿¦�¶º§ ¾«Zººo °®��v³®º]�Áv��ª¿v^c�b�À�
�®º]�v�°®�ÎÒ�Õ ®Âvo�°®�v´£°v´�#�²Z�o
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vcZ°³�¶]�b¯ÂZ¤¯�¾�°z]�Ä¦z]�|³ÞÂ|¿°�¿º¿zd§Z]Âz-¡�¦°§�Z]�v´£°v´�# ¶]�9$3 Â�2)� ÄZ·ÀÞ�¾Z¤d³¦

ÏÏÎ

Ä±Zº� ¶³Z�°·�³Â°�Z]�¦°�+V�SUR�� ÀÞ��Ï��À¦°Z¨°·�Â�ÄZ§
%HWD ¾ºººº�oÂ�¶ºº³º-�±¦��3RVLWLRQDO� FORQLQJ� ¾ºº��º¯

�²Zºº�o�vº´£°v´�#�¶º] ¾Zº¤d³¦�±¦�~º� Â��¦vºk SURFXPEHQV
ÄZº·Â°Ç �vºº³®z§�®Zl¿¦�¾d�À��vcZ°³�¶]�¿ÂZ¤¯�²À¿º¯�ÄZ·¶�¿°
�vº´´§¾¯�¶ºº¬°o�°v´�#�²Z�o�Â�¿ÂZ¤¯�ÄZ·¶�¿°�¶]�vcZ°³�²¿¦
¶ºsz#�ªºÀ°¨c�¶º] °®Zº£ ¿ÂZº¤¯�ÀZºº·ZÀ-�°®�Á®Z¯�ÄZ·Â°Ç ¾«Â

��Ï��v´d�À³�®tc�ÄÂZo�b�À��ªÀ¨�c�Â�®ºs�¾-v³±
¼ºº� ÄZºº·�¿Z¯±¡�j¿Zd³�Z] z�Zo�ÄZ·¾�°z]�j¿Zd³�¶�¿Z¤¯
Áºººp³��¶dt¿°¦zc�²À¿º¯�ÄZ·�¶�¿°�±¦�¾��]�°®�¶§�v·®¾¯�ÀZ�³
¾d¯ÂZº¤¯�¶º] zºl´¯�¶º§ bºº�¦�Ä¦¶³º-�¶]�2)� ÀÞ�ÀZÀ]�À¦|À¯�Â
�bº�¦�Ávº� vº´£°v´�#�¾dº�À��vcZºº°³�ÄZ·Â°Ç z]¦z]�°®�ª¯Z§
°®�Ávº� ªÀ¨º�c�ÄZ·bºº�À��v�°®�¶§�®º�¾¯�Áv¿®��²À´#®·
®°¦Â�ÄZºº·ÀÞ�±¦�¦¿�z·�Ä¦z]�ª¤d�¯�¶dt¿°¦zc�²À¿º¯�ÄZ·¶�¿°
²º¿¦�¾«Zº°do¦�ªº¿Ç®�±¦�¾º¨¿��v´dºº�·�z.¿v¨¿�±¦�©ÂZ d¯�Áv�
°®�Ávºº� ®°¦Â�ÀÞ��3RVLWLRQ�HIIHFW� ¾³Z¨¯�bÀ�£º¯�zg¦�¶]��¸º´c

�b�¦�¶º]z¯�ÁZÀ-

¾d¯ÂZº¤¯�®Zººl¿¦��vcZ°³�¶]�b¯ÂZ¤¯�¦Àd³Þ�¾�v´¸¯�±¦�»v·
¾·ZÀ-�ª.³¦�ÄZ·vcZ°³�±¦�Ä¦Á®zd�-�¶´¯¦®�¶§�b�¦�zgR¯�Â�°¦v¿Z�
ÁZºÀ-�¶º�¿°�b�Zºº] ¶]�vcZ°³�¶¬°o�±¦�¶¬oz¯�z·�°®��v´§�¾zd´§�¦°
¦°�zºgR¯�ÄZº·ÀÞ�Â�¾ººo¦z��¾ ¬dt¯�¾�Z�®�ÄZ·®d�À��À¦ºc¾¯
¦º°§�¶º] ¾«Zº¤d³¦�ÄZº·ÀÞ�²ºÀ´#��®zºº§ ®°¦Â�ÀZ]|À¯�ÁZÀ-�ÀÂ°®
¦º¿Þº«º¿|Àº� ÄZº·v´¿¦z��¿Zººl³¦��³Z¯�¶§�¾°¿|³¡�ÄZ·Áv´´§°Z¸¯
Zº¿ �v´º�z]�vcZº°³�»zºº�¯�¶]�¶§�¾°��©Z^À§zc�Z¿ �v³º��vcZ°³
¾¿Z·®¿|³¡�Z¿��v³º��ª�d¯�ÀZ�°¿ZÀ��ÄZ·¾º¨«º¯�¶]�¶§�¾cZ^À§zc
°®�¾Èºds¦�\^º� ¶º§ Ä®¦ººº¯ Z¿�Â��v´·®��´§®·z]�vcZ°³�Z]�¶§

��Ó��v´´§¾¯�ª°���v³®z-�vcZ°³�Á&¿Â�Ä¦¶¿x�c�ÄZ·°ZdsZ�
`º´À¯±�°®�z�Zººo �·Â&��±¦�Áv¯¡�b�®�¶]�j¿Zd³�¶]�¶kºc�Z]
À¦ººc¾¯��¾d�À��vcZ°³�¾^�³�¾zd´§�°®�9$3 Â�2)� ÄZ·ÀÞ�zg¦
¶ººd^«¦ �b�³¦®�b¯ÂZ¤¯�®Zl¿¦�¾ºX�¯�¦°�¼º��ÄZ·¿|À³Z¨¯�±¦�¾¨¿
Â �Zºº·ÀÞ�²¿¦�¾��£�zg¦�²ÀÀ�c�Ä¦z]�Äzd�À]�¾¬À°¨c�ÄZ·�¿Z¯±¡

�b�¦�±ZÀ³�®°º¯�Z¸³¡�ª°��¿|À³Z¨¯�²À´#®·

Á®Z d�¦�®°º¯��]Z´¯
�� %DOOYRUD�� $��� -�� +HVVHOEDFK�� -��1HZRKQHU��'��/HLVWHU��)��6DODPLQL�DQG�&��*HEKDUGW��������0DUNHU�HQULFKPHQW�DQG

KLJK� UHVROXWLRQ PDS� RI�WKH�VHJPHQW�RI�SRWDWR�FKURPRVRPH�9,,�KDUERXULQJ�WKH�QHPDWRGH�UHVLVWDQFH�JHQH�*UR��
0RO��*HQ��*HQHW�������������

�� &DL�� '���0��.OHLQH��6��.LIOH��+��-��+DUORII��1��1��6DQGDO��.��$��0DUFNHU��5��.OHLQ�/DQNKRUVW��(��0��-��6DOHQWLMQ��:�
/DQJH�� :��6WLHNHPD��8��:\VV��)��0��:��*UXQGOHU�DQG�&��-XQJ��������3RVLWLRQDO�FORQLQJ�RI�D�JHQH�IRU�QHPDWRGH
UHVLVWDQFH�LQ�VXJDU�EHHW��6FL���������������

�� &RQFLELGR�� 9��&���'��/DXJH��5��'HQQ\��-��2UI�DQG�1��'��<RXQJ��������*HQRPH�PDSSLQJ�RI�VR\EHDQ�F\VW�QHPDWRGH
UHVLVWDQFH�JHQHV�LQ��3HNLQJ���3,��������DQG�3,������ XVLQJ�'1$�PDUNHUV��&URS�6FL��������������

�� *DPERUJ�� 2�� /��� 5�� $�� 0LOOHU� DQG�.��2MLPD��������1XWULHQW�UHTXLUHPHQWV�RI�VXVSHQVLRQ�FXOWXUHV�RI�VR\EHDQ�URRW
FHOOV��([S��&HOO�5HV�����������������

�� *DQDO�� 0�� :�� DQG� 6�� '�� 7DQNVOH\�� ������ 5HFRPELQDWLRQ� DURXQG�WKH�7P�D DQG 0L�UHVLVWDQFH�JHQHV�LQ�GLIIHUHQW
FURVVHV�RI�/\FRSHUVLFRQ�SHUXYLDQXP��7KHRU��$SSO��*HQHW��������������

�� *KH\VHQ�� *��� :�� 9DQ� 'HU� (\FNHQ�� 1�� %DUWKHOV�� 0�� .DULPL� DQG� 0�� 9DQ� 0RQWDJX��������7KH�H[SORLWDWLRQ�RI
QHPDWRGH�UHVSRQVLYH�SODQW�JHQHV�LQ�QRYHO�QHPDWRGH�FRQWURO�PHWKRGV��3HVWLF��6FL�������������

�� -DFREV�� -�� 0�� (�� ������ 0DSSLQJ�RI�UHVLVWDQFH�WR�WKH�SRWDWR�F\VW�QHPDWRGH�*ORERGHUD�URVWRFKLHQVLV IURP�WKH�ZLOG
SRWDWR�VSHFLHV�6RODQXP�YHUQHL��0ROHFXODU�%UHHG�����������

�� -HIIHUVRQ�� 5�� $��� 7�� $�� .DYDQDJK� DQG� 0�� :�� %HYDQ�� ������ *86� IXVLRQV�� �±JOXFXURQLGDVH�DV�D�VHQVLWLYH�DQG
YHUVDWLOH�JHQH�IXVLRQ�PDUNHU�LQ�KLJKHU�SODQWV��(0%2�-���������������

�� -XQJ��&���'��&DL DQG�0��.OHLQH��������(QJLQHHULQJ�QHPDWRGH�UHVLVWDQFH�LQ�FURS�VSHFLHV��7UHQGV�LQ�3ODQW�6FL���������
����
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ÎÐÕÏ |À¿Z����¿º��Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÏÏÏ

��� .OHLQH�� 0���+��9RVV��'��&DL DQG�&��-XQJ��������(YDOXDWLRQ�RI�QHPDWRGH�UHVLVWDQW�VXJDU�EHHW��%HWD�YXOJDULV /���OLQHV
E\�PROHFXODU�DQDO\VLV��7KHRU��$SSO��*HQHW��������������

��� 0DQLDWLV�� 7��� (�� )��)ULWVFK�DQG�-��6DPEURRN��������0ROHFXODU�&ORQLQJ��$�/DERUDWRU\�0DQXDO��&ROG�6SULQJ�+DUERU
/DE���&ROG�6SULQJ�+DUERU��1<�

��� 3DXO�� +��� -�� (�� 0�� 'HHOHQ� %�� +HQNHQ�� 6�� 0�� %RFN�� :�� /DQJH� DQG� )�� $�� .UHQV��������([SUHVVLRQ�,Q�YLWUR RI
UHVLVWDQFH� WR� +HWHURGHUD� VFKDFKWLL LQ� KDLU\� URRWV� RI� DQ�DOLHQ�PRQRWHORVRPLF�DGGLWLRQ�SODQW�RI�%HWD�YXOJDULV�
WUDQVIRUPHG�E\�$JUREDFWHULXP�UKL]RJHQHV��(XSK\WLFD�������������

��� 6DQGDO�� 1�� 1��� (�� 0�� -�� 6DOHQWLMQ�� 0�� .OHLQH�DQG�'��&DL��������%DFNFURVVLQJ�RI�QHPDWRGH�UHVLVWDQW�VXJDUEHHW��D
VHFRQG�QHPDWRGH�UHVLVWDQFH�JHQH�DW�WKH�ORFXV�FRQWDLQLJ�+V�3UR����0ROHFXODU�%UHHG�������������

��� 6DVVHU��-��1��DQG�'��:��)UHFNPDQQ�������9LVWDV�RQ�1HPDWRORJ\��6RFLHW\�RI�1HPDWRORJLVWV��+\DWWVYLOOH��86$�
��� :KLWQH\�� (�� '��DQG�(��'XIIXV��������&RPSHQGLXP�RI�%HHW�'LVHDVHV�DQG�,QVHFWV��7KH�$PHULFDQ�3K\WRSDWKRORJLFDO

6RFLHW\�3UHVV��86$�
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