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�º�º��Â�Ävº´¬] Â�¾dº�� �]Zºc b°º�£�²ºº¿¦�°®�b]º�°�¾¬§
°®�¦°�¾-°|º] �ºt]�¾¿ÇZº] `ºÀoZ³��bº�¦�|Àººt]¡ Á±ºo ¾·ZÀ-
±¦ ¼z�czÀººt^c ¶$³Z´#�Â��v´§¾¯�b�Z¿°®�°Z^-° ¦¿�±Z�¡�¿Z.´·
¯º ³�Â��¾p���z¿±�¾p���ÀZ¿zk °®��®zÀ.³ ©°º��¶ÀoZ³�²¿¦
¯ººº ³�±¦�¦°�®ºs�b]º�°�½Zs�¾´À¿Z� ¶ÀoZ³��®º�¾¯�®°¦Â�¾¤°�
±¦�Ävº�°® �v¿Zº°³¾¯�b�Zº¿°®�¾ºº¤°��b�³Âz� Â�§¡��«Zs
bº]º�°�¶ºº] ¾.d�]�v�°¾¯�¾´À¯±z¿± §¡�À|t¯�¶]�¶§�b]º�°

�®°¦®�½Zs�®ºkº¯
zº¿±�¶º«®Z�¯ ±¦�vºº³Â°�²¿¦��¾v¯�°®��¶³Zs®Â° °®�ÀZ¿zk�¾]Z¿v³Â°

�v´§¾¯�ÄÂzÀ�
>Ñ@�2,�.6,2 ��� �u� 
�¶§

Áv��§Ztd³¦�¾³Z¯±�¶¬�Z��ÄZ¸d³¦�°®�¾kÂzs�ÀZ¿zk�©v�� 2�

�P��V�
Ávº� §Zºtd³¦�¾³Z¯±�`¬�Z��±Z�¡�°®�¾kÂzs�ÀZ¿zk�©v�� 2�

�P��V�
¾³Zºº¯±�`º¬�Z��¾Èºs °®�Ä®Â°Â�ÀZº¿zk�©vº� ²À.³ZºÀ¯  ,

�P��V��Áv��§Ztd³¦
ÄZºº·®º°´]¡ ªÀ¬pc�¢¿z��±¦�¶§�¾p���ÀZ¿zk�b�¦�ª¯Z�� .6�

�®º�¾¯�®°Â¡z]�¾°À�zc ³Â°�Z]�Â�|Àt]¡ Á±ºo §Z³¦Â°

Ñ±®°º ³Zd�¦ ¾v¯�Ä®Â°Â�ÄZ·Á®¦®
¾vºº¯ �|Àºt]¡ Á±ººo zº· ÄÞºº«Â°vÀ· vº³Â°�Ä±Zº�¶À^� Ä¦zº]

�b�¦�v´¯±ZÀ³ z¿±�ÄZ·¾-&¿Â Â�Z·zd¯¦°Z� ¶]�Ñ± ®°º ³Zd�¦
\À���Á±ºo boZ�¯�ª¯Z��Á±ºo ¾¨¿|À��ÄZ·¾-&¿Â ��«¦
Â��2YHUODQG�IORZ�OHQJWK��¾p���ÀZ¿zk�¾º���Á±ºo ��ºd¯

��0DQLQJ URXJKQHVV�FRHIILFLHQW��,´À³Z¯ Äz]± \¿z�
�¶d�Z��¦¿�¾³Z¯±�¿Â¦vc�Z]�¾-v³°Z]��§

¶º³¦±Â°�zÀºt^c�°¦vº¤¯�±¦�Á®Z dº�¦�Zºº]��Áº¤«Z] ¼z�czÀt^c �«
¦dº�c�\º¿z��§Zº�do¦�Zº] Â�zÀºt^c�¦dºº�c�±¦�Áv��¶^�Zp¯

��zÀt^c
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Ò

®°± ®Â° »z�¯�Á±ºo
¾º¬¬°«¦²À] ¶«Zº� Á®�`º¯Z³z] ¶º] ¶ºkºc�Zºº] ®°± ®Â° »z�¯�Á±ºo
ÀZ¯±Zº� �,QWHUQDWLRQDO� +\GURORJLFDO� 'HFDGH��ÄÞº«Â°vÀ·
Zº] �À¦zº¿¦�¶º¬°k�±¦��ººº���ÄZ·°º�§ zd�À]�°®�º¨�³º¿�¾³Z¸k
²º¿¦�±¦�Ávº� bº�¦®z]�ÄZºº·Á®¦®�±¦�Ä°¦®z]Áz¸]�Â�|À¸lc�»¦v·¦
°®�À¦ººc¾¯��²¿¦z]Zº´]���Ï Â�Î��bº�¦�Ávº� ®Zººl¿¦�|Àt]¡ Á±ºo
©Zº�È�¦�Â�°Zº¯¡�v£Zº� ¶º§ �|Àºt]¡ Á±ººo ²º¿¦�¦ºº¿®|³�¢�Z´¯
®Âvºp¯�Z¸ºº³¡�ÄZ·Á®¦®�¶§�²¿¦�Z¿��Á®º]�ÄÞº«Â°vÀ· Â�¾�Z´�¦º·
¾ºº]¡�ÄZ·ÁÞÂz� Ä¦zk¦ Ä¦z]�»z�¯�Á±ºo ²¿¦�©Z�È�¦�±¦��b�¦
Â��¾ºº�§Á± Â�Ä°ZººÀ]¡�ÄZ·¶¨^ººº� ª¦vºo¦��Ä±Zº�v� v´³Zº¯
¶º§ ¾¤�Zºº´¯�Z¿�Z·Á±ºo Ä¦z]��®º°³�Á®Z d�¦�§¡�¾Z¤d³¦�©Z�À�Pc
¾vºº¯ ¦°§�¶]�À¦ºc¾¯��v´�Z]¾¯�¾³Çº� ©Z�È�¦�Â�°Z¯¡�Ä¦°¦®
ÄZºº·¾v¯��Á®¦®�³zdº�-�¦°�¾º¬°��ÄZº·�·Â&� Ñ±®°º ³Zdº�¦
¦°�Z¸º³¡�®z]°Zº§ Â��®ºº°³�¾]Zºº¿±°¦�Â�¾l´�¦Â ¦°�Äz.¿®�¾�Z¿°

�®z§�¾�°z]
Zººc ÐÑÍ ®Âvo�¸Z c°¦�©¦zÀÀ�c�`´¯¦® Z]�®°± ®Â° »z�¯�Á±ºo
¶dº�°�zÀ�¯�°®�Â�À¦z¿¦�¾]z��§º´k�°®��Z¿°®�n���±¦�zd¯�ÐÎÍÍ
Â��ÒÍq ÒÈ�Zººc ÑÖqÏÒÈ�¾£zº� ÄZº·¾º� ²ºÀ]��²z-¦± ÄZº·Áº§
¶³Zs®Â° �b�¦�Áv���£¦Â�ÐÎq ÑÏÈ�Â�ÐÎq ÏÐÈ�¾«Z°��ÄZ·µz�
¶ºº§ �b�¦�¾o¦zk�¶³Zs®Â° ¾¬�¦�`sZ�z� ¶��±¦�¾¨¿�®°± ®Â°
¶ºº] �Á®¦®�¦°�¾o¦zk�¶³Zs®Â° ªÀ¨�c�ÀÂ°Z¯�Â�=¦�ÄZ·¶³Zs®Â° Z]
¶º] ¶ºkºc�Zº] �Á±ºººo ¾¨¿|À��ÄZ·¾-&¿Â �®|¿°¾¯ ²°Z��jÀ¬s

��Ï Â�Î��b�¦�z¿± ©°º��¶]��Ä¦¶³Zs®Â° ÀZ¿zk�zÀ�¯
�º�ºd¯�\Àº� Zºº] �°Zd¨·�ÕÓÖÕÍ��ÕÓÖ�Õ NP� Á±ºo n��

�Î�ÒÔ NP�NP� ¾�§Á± ®§¦zc�Â�Í�ÏÎ P�P
�ÎÎÔÒP Z]�z]¦z]�Z¿°®�n���±¦�Á±ºo ¸Z c°¦�²À.³ZÀ¯

�Í�ÍÐÓÒP�P ��ºd¯�\À��Z]�ÏÖÕP ¾p���ÀZ¿zk�¾º�
¶ºº] ¾´À¯±z¿±�§¡�Â��¾´À¯±z¿± �¾p���ÄZ·ÀZ¿zk b�¦�\¿¦z�

�Í�ÖÕÔ Â�Í�ÐÕ �Í�ÔÔ Z]�z]¦z]�\Àczc
®°± ®Â° Â�¦º¬¯ ¹Zº] ¾º�Z´�¦º·�ÁZ.dºº�¿¦�Â®�Á±ºo ²¿¦�°®
n�º� ±¦�Äzd¯�ÐÑÔ Â�Äzd¯�ÓÔÒ ¸Z c°¦�°®�\Àczc�¶]�¶§��²À�Z¯
�$ ¸ºº³ zÀºt^c�¦dº�c��°Z.³À¦°Zº] ¶º] |¸ºl¯��vºº³°¦®�°¦z£�Z¿°®

|º§z¯�°®�>Zº^¿z¤c�¦ºº¬¯�¹Z]�ÁZ.d�¿¦��v´�Z]¾¯�j´�®Z]�Â��j´�Z¯®
Á±ººo ¾ºkÂzs�`ºº³Z·® ¦¿®|³�²À�Z¯�®°± ®Â° ÁZ.d�¿¦�Â�Á±ºo

�b�¦�Áv���£¦Â
Ä¦ÁzÀºs¯�j´º�À¦°Z] ÁZ.d�¿¦�Á®±Z¿ �ÁZ.d�¿¦�Â®�²¿¦�z]�ÀÂ|�¦
Ä¦zº] ��ºº¬dt¯�©Z�Z c°¦�Z]�Á±ºo ¨v´§¦z� ¶Z¤³�°®�ÂzÀ³ ©°¦±Â
ÄzººÀ-Á±¦v³¦��b�¦�Áv¿®z- \�³�¶³ZÀ«Z� À¦°Z]�°¦v¤¯�ÄzÀ-Á±¦v³¦
©°ºº� Á±ººo ¾ºkÂzs�ªºp¯�°®�»¦z-ºº´°À« Â�ªºº�¦ Z]�¾]®
¹Zºº] ÄZ·ÁZ.d�¿¦ ªp¯��¾¿ZÀ�¦z�k�bÀ�£º¯�Ï ª¨����Î��®zÀ-¾¯
¦°�®°± ®Â° Á±ººo ÄZºº·¾-&¿Â z.¿®�Â��²À�Z¯�®°± ®Â° Â�¦¬¯
Â�¾dº�� Â�®°± ®Â° |Àºt]¡ Á±ºººo ®Z¿±�>Zd^�³�`´¸� �v·®¾¯�ÀZ�³
�¶³ZÀ«Z� ¾-v³°Z]�°¦v¤¯�°®�Ä®Z¿±�©¦zÀÀ�c�f�Z]�À¡�¸º´d¯�Äv´¬]

�b�¦�Áv¿®z- À¡�¾·ZÀ-���º��Â��¾c°¦zo ®¿Þ°
Ávºº¿® Â°®ºs ÀZ·ZÀ-�±¦�Ä¦Áv´§¦z� ÄZ·¶cº] Á±ºo Ä¦vd]¦�°®
À¡�©Zº�Z c°¦�Â�Á±ººo |º§z¯�zÀºº�¯�°®�¶§�¾c°º��°®��®º�¾¯
Â�¶ºº¬]�ÄZºº·ª.´k v�]�¶]�¦¬¯�¹Z]��t]�±¦�Â��¾�cz¯���º�
ÄZº·°Z¯¡ ±¦��º·Â&��²ºº¿¦�°®��b�¦�ÁvÀ¿Â° ®§¦zd¯�ÄZ·°¦±¶�À]
��ÎÐÒÒ�ÓÍ ÄZ·¾Zºº���¦¬¯�¹Z]�zÀt^c�¦d�c�Â�©Z^g�j´�À¦°Z]
²Àºº�Z¯�®°± ®Â° ÁZ.d�¿¦�°®�¶³¦±Â°���ºd¯�¾]®�¶]�¶º]z¯�°Z¯¡�Â

�b�¦�Áv��Á®Z d�¦

fp] Â�j¿Zd³
Ñ�®°º ³Zd�¦ ¾v¯�bÀ�Z�o j¿Zd³�ªÀ¬pc

ªºÀ¬pc��Ä±Zº�¶À^� Ä¦zºº] ¾�Z¿°�¾v¯�z·�ÄzÀ-°Z§ ¶]�±¦��À�
°®�zºgR¯�ªºº¯¦º��©¦zÀÀ�c�zg¦�°®�¾v¯�¾kÂzs�z¿®Z¤¯�bÀ�Z�o
zºcÁvÀ$À� Zº·¾v¯ ¶º#zº· �®zººÀ-¾¯�©°º��ÄÞº«Â°vÀ· v³Â°
ªºÀ¬pc���Ð��®®z-¾º¯ zcª¨º�¯�Z¸º³¡�bÀº�Z�o�ªººÀ¬pc v³º�
¾Zºº� ©Z�È�¦�Â�°Z¯¡�±¦�Á®Z d�¦�Z]�Ñ± ®°º ³Zd�¦ ¾v¯�bÀ�Z�o
¿Zºl³¦�zº¿±�®¸º¯ zd¯¦°Zº� Á®±¦Â® ¾]Zº¿±°¦�Ä¦zºº] ÎÐÒÒ�ÒÓ ¾]¡

�b�z¿x�
¾p���Äz¿x�¯º ³ �sZ���&%
¾p���z¿±�ÀZ¿zk��sZ���&&

½Zs ¾´À¿Z� `¿Ç ¾°�¦�ÁzÀs¯��/=61
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ÎÐÕÎ |À¿Z����¿º��Á°Z°����®�� v¬k���¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

Ó

��ÎÐÓÓ �¾³Z¸]±Â° Ä°º � ±¦�¶d�z-z]��®°± ®Â° zÀt]¡ ¨±ºo�ÄZ·j´�À¦°Z] ªp¯�Â��¾�¦z-º�ºc �¾¿ZÀ�¦z�k�bÀ�£º¯��Ï ª¨�
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Ñ�®°º ³Zd�¦ ¾v¯�Z]�®°± ®Â° »z�¯�zÀt]¡ ¨±ºo�¼z�czÀt^c Â�¾p���§Z³¦Â° Ä±Z�¶À^�

Ô

½Zs ¾¿ÇZ] `¿Ç ¾°�¦�¨zÀs¯��8=61
½Zs ¾´À¿Z� `¿Ç b]º�° ®ºkº¯�¨zÀs¯��/=6

¾´À¯±z¿± §¡�®ºkº¯�¨zÀs¯��6*:
¾´À¯±z¿± §¡�\À���sZ���*:6

zÀº� ¶ºÀ¬tc��sZº� �.9¾º´À¯±z¿± §¡�bºº�¦ \¿z� �..��
¾´À¯±z¿± §¡�¾�s

¾p���z¿±�ÀZ¿zk�b�¦�\¿z���,5&
¾¤À¤o�¼z�czÀt^c �sZ���.�

½Zs�¾d]º�°�b^�³�ÄZ°³ �32:(5
¾.º³º.#�Â�¼ºº� ÄZºº·zd¯¦°Z� bÀ�Z�o��Ô��¾«|´À« Â�®°º�¦z§
vºº³®º°³�ªÀ¬pc�Áv��®Z¸´�À��ÄZ·Á®Âvp¯ °®�¦°�Z¸³¡�°¦v¤¯�zÀÀ�c
Â�8=61 �/=61 ÄZºº·zd¯¦°Z� bÀººº�Z�o�ªºÀ¬pc�j¿Zºd³���Î�
zºgR¯�¾º]®�`³ZÀ«Zº� ®ºlo�zºº] Z¸³¡�©¦zÀÀ�c�¶§�®¦®�ÀZ�³�6*:
ÏÐÏ�Ô Zºc zº ��¾^º�³�»Èººds¦�/=61 zd¯¦°Z��®°º¯�°®��b�¦
»Èºds¦�©¦zÀºÀ�c�`ºº´¯¦® 8=61 ®°º¯�°®��v¯¡�b�®�¶]�v�°®
±¦ °ºº§x¯�»Èds¦�6*: Ä¦z]�Â��v�°®�Ô�Ï Zc��ÐÒ�Ö ±¦�¾^�³
�&% ÄZ·zd¯¦°Z� ©¦zÀÀ�c��v¿®z-�ª�Zo�v�°®�ÏÐÒÍ Zc��ÓÓ�Ñ
Â�¶ººº³ZÀ·Z¯ ÀZºººº¿zk��ºº¿±ºc�zºº] 32:(5 Â�..�� �*:6
¶³ZÀ«Zºº� ¾]®�®lo�z]�¾³¦v´#�zÀgPc�¾«Â�Á®º]�zgR¯�À¡�Ä±Z�¶À^�
Ä®Zº¿±�vººo Zc �Áº¤«Z] ¼z�czÀt^c��(7S nÀp��®°Â¡z]��v´d�¦v³

�b�¦�zgR¯�¶³ZÀ«Z� ÀZ¿zk�®lo�®°Â¡z]�b£®�°®

Ñ�®°º ³Zd�¦ ¾v¯�¾l´�¦Â
¾v¯�¾]Z¿±°¦�Â�¾l´�¦Â �¾v¯�bÀ�Z�o�ªÀ¬pc�j¿Zd³�¶]�¶kºc�Z]
ÎÐÓÍ Zººc ÎÐÒÒ ±¦�¾«¦ºd¯�¶«Z��j´��¨°Â®�¦¿�©Z�È�¦�Â�°Z¯¡�Z]
�§Z-zººº] Àºº$°·�¾¿Zº·zd¯¦°Z� `ºÀ«Â¦ z¿®Zº¤¯��bº�z¿x� ¿Zºl³¦
bº]º�°�z¿®Zº¤¯�Â�¾p�º� zºº¿±�b�¦v¸.³ �¾p���b�¦v¸.³
�vº� Á®¦®�¾vºº¯ ¶]�½Zs�¾´À¿Z� Â�¾¿ÇZ]�ÄZ·¶¿Ç °®�Áv��ÁzÀs¯
¾-v³°Zº] ²Àdº�t³�±¦��ºÀ��¶ººd ·�¦¿�Zc�Z·zd¯¦°Z� \¬�¦�z¿®Z¤¯
¾ºº]¡�¾Z��©Z�È�¦��¾v¯�¾l´�¦Â Ä¦z]��v��¶d�z-�z�³�°®�z �
Á®¦®�ÀZº�³�Î ¾Âvººk °®�¾l´�¦Â j¿Zd³��b�°�°Z§�¶]�ÎÐÒÒ�ÒÓ

�b�¦�Áv�

`³ZÀ«Zº� ¾ºkÂzs�®ººlo�z¿®Z¤¯�¶§�®¦®�ÀZ�³�¾l´�¦Â j¿Zd³
vº�°®�¦º¿ ²À.³ZºÀ¯�°ºº� ¶ºº] Â�Á®º]�¦¿®|³�®·�¶]�°ZÀ�]�¾]®
¾¿Zº³¦ºc ¨vº´·® ÀZº�³�Í�ÖÖ �5���²ººÀÀ^c�\¿z���v³°¦®�»Èds¦
z¿®Z¤¯��b�¦�®Z¿±�`´¸� Z]�|Àt]¡ ÄZ·Á±ºo ¾]®�¾´À]�À� °®�¾v¯
¾º´À]�À� Â�Áv��b^g�`³ZÀ«Z� «Â¦ Ä¦¶�p« Â�¶³¦±Â°���ºd¯�¾]®
¶º³ZÀ·Z¯ ®ºlo�²ÀÀ^c�\¿z���b�¦�Áv��Á®°Â¡ Ï ¾Âvk�°®�Áv�
Ó�Ó PP ²À]�®°Â¡z]�°ZÀ�¯�ÄZ�s�Â�Á®º]�zÀ�d¯�Í�ÕÓ Zc�Í�ÓÔ ±¦

�b�¦�Áv���£¦Â�ÎÔ PP Â

Ä±Z�¶À^�
«Â¦ ¾ºº]®�Â�¶º³¦±Â°�¾º]®�zhº§¦vo�Ä±Zº�¶À^� j¿Zºd³�Ð ¾Âvºk
�Ð ¾Âvºk z¿®Zº¤¯�¶ºº] ¶kºc�Z]��v·®¾¯�ÀZ�³�¦°�¶³ZÀ«Z� Ä¦¶�p«
�ÁZ¯Ä® ¾Â¦��ÎÐÒÒ�ÒÓ ¾]¡�¾Z��°®�¶³¦±Â°���ºd¯�¾]®�zh§¦vo
Ä±Zºº�¶À^� °¦v¤¯��b�¦�Á®º]�ÏÍÔ P��V À¡�°¦v¤¯�Â�Á®Zd�¦ ¼Z c¦
Áv��¾´À]�À� zd°§�v�°®�ÑÏ�Ñ ¶§��v�Z]¾¯�ÎÎÖ P��V À¡�¨v�
À¦ººc¾¯��&%��¾p�º� ¯ººº ³�\¿z��À®z§�®§�Z]�¶#z-¦ �b�¦
ÎÎ §ÈÀº� ¾º«Â��®ºº°³�¦º¿®|³�®ºº· ¶]�¦°�ªÀ��Â®�²¿¦�z¿®Z¤¯
�Ávº� ©¦zÀºÀ�c�²º¿¦�±¦�zgPººd¯�v�]�ÄZ·¾Z� Â�¾Z� ÀZ°·�ÁZ¯Ä®
Z·§ÈÀºº� Áv��b^g�Â�Áv��Ä±Z�¶À^� z¿®Z¤¯�»Èds¦�¿Zl³¦z�
z¿®Zº¤¯�²ºÀ]�Zº�s�zhº§¦vo�Â�ªºº£¦vo�¾Zo�z·�¶]��®®z-¾¯�®Z¿±
vºº�°®�ÒÒ�Ð Â��ÑÏ�Ñ z]¦z]�\Àczc�¶]�Áv��b^g�Â�Áv��Áv·Z�¯
Â�b�Zºº� Ï ¾v¯�`¬À�Â�¸º£Â�ÀZ¯±�b^g�°®�zÀsPc�ª£¦vo��b�¦
±¦�¾ººsz]��¾vº¯ �bº�¦�Ávº¯¡�bº�®�¶º] b�Zº� Õ À¡�zhº§¦vo
¶]�¶kºc�Z]��v¿Z°³ ¾´À]�À� b�¦�¶d�³¦ºd³ ¦°�¦#º§ ÄZ·§ÈÀ�

�v³°¦v³�®°± ®Â° ¾]®�z]�Ä®Z¿±�zÀgPc�Z¸³¡�z¿®Z¤¯�À®º]�®§
Â�¶ºº³¦±Â°���ºd¯�zh§¦vo�ÄZ·¾]® Ä¦z]�²ÀÀ^c�\¿z��°¦v¤¯
¶º] ÎÐÒÒ �ÎÐÓÍ ¾º«¦ºd¯�¾º]¡�¾Zº� jºº´��Áv��¾´À]�À� z¿®Z¤¯
¶^ºº�Zp¯�Í�ÓÎ Â�Í�ÑÑ �Í�ÒÒ �Í�ÕÎ �Í�ÔÍ Zºº] zººº]¦z]�\ºÀczc
zh§¦vo�z¿®Z¤¯�Ä¦z]�¶³¦±Â°���ºd¯�¾]®�Ä±Z�¶À^� j¿Zd³��v¿®z-

�b�¦�Áv��Á®¦®��¿Z°³�Ñ Â�Ð ÄZ·ª¨� °®�5� ª£¦vo�Â
®·�Z]�Áv��Áv·Z�¯�Â��Áv��¾´À]�À� ÄZ·§ÈÀ� ¸º£Â�ÀZ¯±
ª]Z£�vo�°®�Ä±Z�¶À^� j¿Zd³��¾Zo�z·�¶]��®°¦®�¾¨¿®|³�¼Z^�³¦
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Õ

�ÎÐÒÒ �ÓÍ ÄZ·¾Z� °®�®°± ®Â° ¶³Zs®Â° Áv��b^g�Â�Áv��¾´À]�À� `³ZÀ«Z� ®lo��Ï ¾Âvk
�PP��¾]®�¶³ZÀ«Z� ®lo ¾]¡�¾Z�Áv��b^gÁv��¾´À]�À�ÎZ�s�v�°®

ÎÐÒÒ�ÒÓÏÖÒ�ÔÏÕÖ�Ó�Ï
ÒÓ�ÒÔÏÔÖ�ÒÐÓÖ�Î�Ï�Ô
ÒÔ�ÒÕÏÔÒ�ÎÏÔÕ�ÑÎ�Ï
ÒÕ�ÒÖÒÎÓ�ÖÑÖÓ�Ð�Ñ�Í
ÒÖ�ÓÍÏÏÓ�ÐÏÑÏ�ÐÔ�Î
²À.³ZÀ¯ÐÐÕ�ÓÐÐÒ�Î�Î�Í

�Áv��¾´À]��À��°¦v¤¯�± Áv��Áv·Z�¯�°¦v¤¯��������������������������������������ÎÍÍ  �Z�s�v�°®��ÎÁv��Áv·Z�¯�°¦v¤¯
�®°± ®Â° |Àt]¡ Á±ºo °®�¾�°z]�®°º¯�ÄZ·¾Z� °®�Áv��Ä±Z�¶À^� Â�Áv��Áv·Z�¯�¶³ZÀ«Z� «Â¦ ��ºd¯�Â�Ä¦¶�p« «Â¦ ¾]®��Ð ¾Âvk

�P��V��¾]® ¾]¡�¾Z�b^g�Ä¦¶�p«
Áv�

¶³ZÀ«Z� «Â¦
Áv��Ä±Z�¶À^�

Z�s
���

b^g���ºd¯
Áv�

¶³ZÀ«Z� «Â¦
Áv��Ä±Z�¶À^�

v�°®
ÎZ�s

Z¿�Ä¦¶�p« ¾]®�zÀsPc�ÀZ¯±
�K��Áv��b^g

ÎÐÒÒ�ÒÓÒÎÑÑÍÏÏÎ�ÕÏÍÔÎÎÖ�ÑÏ�ÑÍ
ÒÓ�ÒÔÔÔÏÖÎÏÎÕ�ÎÐÏÑÐÑÏÒ�ÔÑ
ÒÔ�ÒÕÔÖÍÕÑÏÓ�ÓÐÐÓÐÎÑ�Ó�ÐÏ
ÒÕ�ÒÖÓÎÑÔÒÏÏÏ�ÒÒÐÐÑÔÓ�ÎÍ�ÔÍ
ÒÖ�ÓÍÏÓÑÑÑÐÓÕÎÎÐÎÔÒÒÒ�ÐÕ

�®º� ¶�k¦z¯�Î ¾Âvk�~¿º³ z¿±�¶]��Î

�ÎÐÒÓ�ÒÔ ¾]¡�¾Z� �®°± ®Â° Áv��Ä±Z�¶À^� Â�Áv��Áv·Z�¯�§Z³¦Â° z¿®Z¤¯��Ð ª¨�
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Ñ�®°º ³Zd�¦ ¾v¯�Z]�®°± ®Â° »z�¯�zÀt]¡ ¨±ºo�¼z�czÀt^c Â�¾p���§Z³¦Â° Ä±Z�¶À^�

Ö

�ÎÐÒÕ�ÒÖ ¾]¡�¾Z� �®°± ®Â° Áv��Ä±Z�¶À^� Â�Áv��Áv·Z�¯�§Z³¦Â° z¿®Z¤¯��Ñ ª¨�

§ÈÀºº� Ä±Z�¶À^� ¾¿Z³¦ºc ¾v¯�¶§ v·®¾¯ ÀZ�³�Â��b�¦ ¾«º^£
ÁZºl´���Ò ª¨º� ¶º] ¶ººkºc�Z] �®°¦® ¦° á°|]�|Àt]¡ ÄZ·Á±ºo ±¦
�v´ºº�Z]¾¯ ¢^�´¯�®·�z]�Áv��b^g�Â�Áv��¾´À]�À� �£¦º¯�v�°®
®Âvo�Â�b�¦ ÐÍ P��V Â�ÎÍ P��V ²À]�ÄZ·¾]® °®�¼Z^�³¦�¿v�

�®zÀ-¾¯ z]�°®�¦° Ó P��V Â�Ð P��V

¶³ZÀ«Z� §Z³¦Â° \¿z��Â�®°± ®Â° ÀZ¿zk�\«Z��` «R¯
®Â° |Àºt]¡ Á±ººo ÎÐÒÒ�ÓÍ ¾º]¡�ÄZ·¾Zºº� Ä¦¶³Zs®Â° ªÀ¬pc
zº¿±�ÀZºº¿zk��¾p���ÄZ·ÀZ¿zk ¶]�b^�³�¶§�v·®¾¯�ÀZ�³�®°±
¦°¦®�¦°�°¦vººº¤¯�²¿zdº�À]�¾º´À¯±z¿± ÀZº¿zk�Â�ªº£¦vo�¾p�º�
Â�Á°Zºº�¦�®°º¯�ÀZ¿zk�ªÀ¬pc�j¿Zd³�¶]�¶kºc�Z]��²¿¦z]Z´]��v´�Z]¾¯
§¡±zºº· \¿z��°¦v¤¯��¶³ZÀ«Z� ¾-v³°Z]�ª§�°¦v¤¯�Z]�Z¸³¡�`�¿Z¤¯
vº�°®�ÎÑ�Ô ²À.³ZÀ¯�Z]�v�°®�ÏÎ Zc�Ó�Ó ²À]�®°± ®Â° Á±ºo °®

�b�¦

¾¤À¤o�¼z�czÀt^c
¾º]¡�ÀÈÀ] ÄZ·¶ «R¯�²¿zc®¸¯ ±¦�¾¨¿��(7D��¾¤À¤o�¼z�czÀt^c
°¦vº¤¯��Ñ�®°º ³Zdº�¦ ¾vºº¯ ±¦�Á®Z d�¦�Z]��b�¦�|Àt]¡ Á±ºo ¦¿
¼z�czÀºt^c���33W� ¾-v³°Zºº] z¿®Z¤¯��b�¦�Ä±Z�¶À^� ª]Z£�(7D

Á®¦®�ÀZ�³�Ñ ¾Âvk�°®��(7D��Áº¤«Z] ¼z�czÀt^c Â��(7D��¾¤À¤o
�¶d�¦v³�¾³¦v´#�zÀÀ�c��(73��Áº¤«Z] ¼z�czÀt^c °¦v¤¯��b�¦�Áv�
�º¿±ºc�Â�¾-v³°Zº] �]Zººc �(7D��¾¤À¤o�¼z�czÀt^c ¶§�¾«Zo�°®

�b�¦�À¡�¾¬��
�¶³ZÀ«Zº� ¾-v³°Zºº] z¿®Z¤¯��33W Â�(7D b^�³�¶�]¦°�Ó ª¨�
¶�]¦°�²¿¦��®º�¾¯�Áv¿® ª¨��°®�¶§�¶³º-ÀZ°· �v·®¾¯�ÀZ�³�¦°
¢�Zºº´¯�Ä¦zº] ¾º¤À¤o�¼z�czÀºt^c °¦vº¤¯��®°¦®�¾º�·Z§ vº³Â°
ÕÕÖ PP�\U Zººc ÔÓÏ PP�\U \Àczc�¶]�§º�z¯�¶°À³�Â�§º�z¯
Ávº¯¡�bºº�®�¶]�z¿®Z¤¯���ÏÍ��b�¦�Áv��³°¦|-�ÔÎÎ PP�\U Â
Z]��ÏÐÎ PP�\U Zc�ÏÍÑ PP�\U z]¦z]�®°± ®Â° zÀt]¡ Á±ºo Ä¦z]
¶º§ ²º¿¦�ªºÀ«®�¶º] �bºº�¦�Áv��Ä±Z�¶À^� ÏÏÎ PP�\U ²À.³ZÀ¯
Z]�Â��®°¦®�°¦z£�À¦z¿¦�¦�s�¶°À³�¶¤�´¯�°®�®°± ®Â° |Àt]¡ Á±ºo
ª]Zº£ vºo °®�Ávº� ¾ºº´À]�À� °¦v¤¯��¶¤�´¯�²¿¦��¿¦z��¶]�¶kºc

�b�¦�¾º^£

ÄzÀ-¶lÀd³ Â�¶�Ès
�¶³ZÀ·Z¯��Ä¦¶�p« ��ºd¯�¾]®�Ä±Z�¶À^� Ä¦z]�Ñ�®°º ³Zd�¦ ¾v¯
�¾ºº´À¯±z¿± Â��¾p�º� zº¿±��¾p�º� ÄZº·ÀZ¿zk�Â��¶³ZÀ«Zº� Â
Á±ººo °®�¾ºp���§¡±z· \¿z��`^�Zp¯�Â�Áº¤«Z] ¼z�czÀt^c
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ÎÍ

�¾�°z] ®°º¯�|Àt]¡ Á±ºo °®�ÎÐÒÒ�ÓÍ ¾]¡�ÄZ·¾Z� °®�Áv��Ä±Z�¶À^� Â�¾¤À¤o�¼z�czÀt^c °¦v¤¯��Ñ ¾Âvk
¾]¡�¾Z�(73

�PP�
(WD
�PP�

33W
�PP�

(7D�3
�3W�

Î752
�PP�

Ï*:
�PP�

Ð,)
�PP�

Ñ52
�PP�

Ò5&
���

ÎÐÒÒ�ÒÓÕÓÔÏÏÓÒÎÔÍ�ÑÑÏÖÍÎÖÍÐÎ�ÒÓÖÎÐ�Ð
ÒÓ�ÒÔÔÕÒÏÐÎÓÑÕÍ�ÐÓÐÓÖÏÏÓÒÐÖÎÎÑ
ÒÔ�ÒÕÔÖÍÏÎÓÑÑÒÍ�ÑÕÏÔÕÎÖÕÏÐ�ÎÒÔÎÐ
ÒÕ�ÒÖÕÍÖÏÏÓÔÖÐÍ�ÏÕÑÖÓÏÐÍÖÕÎÓÕÎÏ�Ï
ÒÖ�ÓÍÔÔÕÏÍÑÐÕÏÍ�ÒÐÏÑÏÏÍÐÎÑ�ÏÏÒÓ�Ó
²À.³ZÀ¯ÕÍÓÏÏÎÒÒÔÍ�ÑÍÐÐÒÏÍÖÑÑÕÏÎÑ�Ô

§Z³¦Â° \¿z���Ò §Z³¦Â° °¦v¤¯��Ñ ¾p���z¿±�ÀZ¿zk��Ð ¾´À¯±z¿± §¡��Ï Ä¦¶³Zs®Â° ÀZ¿zk�ª§��Î

�ÎÐÒÒ�ÓÍ ¾]¡�¾Z���®°± ®Â° ¨v��Á®±�²À°tc�Â�Áv��Áv·Z�¯�`³¦±Â° ��ºd¯�¾]®�zh§¦vo�¼Z^�³¦��Ò ª¨�

�ÎÐÒÒ�ÓÍ ¾]¡�¾Z� �®°± ®Â° Á±ºo `³ZÀ«Z� ¾-v³°Z]�¶]�¾¤À¤o ¼z�czÀt^c b^�³�¾.d�]®· �Ó ª¨�
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ÎÎ

®¦® ÀZº�³�Ä±Zº�¶À^� j¿Zººd³ �b�°�°Z§�¶]�®°± ®Â° »z�¯�|Àt]¡
Ä®Zºº¿± ¾¿Z³¦ºc ¶³ZÀ·Z¯ Â�¶³ZÀ«Z� ¾]®�Ä±Z�¶À^� °®�¾v¯�²¿¦ ¶§
z¿®Zº¤¯�Ä¦¶º�p« Â�¶ºº³¦±Â° ��ºd¯�ÄZ·¾]® ®°º¯�°®�¾«Â��®°¦®
§¡±zº· \º¿z� ²À.³ZºÀ¯ °¦vº¤¯ �vº´§¾°³ vºÀ«ºc�¾ºº«º^£�ª]Z£
°¦v¤¯��v·®¾¯ ªÀ¨�c�¦° ¾-v³°Z] ª§�v�°® ÎÑ�Ô z]¦z] ¾p��
¶«Zº� jº´��¨°Â®�¦º¿ Ä¦zºº] ¾¤À¤o�¼z�czÀt^c ��ºd¯�²À.³ZÀ¯
ÀZºº¿zk��²ººÀ´#®ºº· �bººº�¦�Ä±Zº�¶À^� ÏÎÑ PP zººº]¦zº]

®ººs ¶º] ¾p�ºº� ÀZ¿zk�¶]�b^�³�¦°�°¦v¤¯�²¿zd�À]�¾p��z¿±
�v·®¾¯ ´Z�ds¦

Ä°¦|.�Z��
¨±ºo�¾]®�°Z¯¡�«¦ztd�¦�°®�¶§��À¦z°À� ²v´¸¯�®³Zs�°Z§z� ±¦
�vº³¦Á®º°³ Ä°Zº¨°· ¶ºº«Z¤¯�²¿¦�ÄZ·ª¨� ¶À¸c�Â�®°± ®Â° |Àt]¡

�®®z-¾¯�z¨�c

Á®Z d�¦�®°º¯��]Z´¯
vº�°¦�¾º�Z´�°Z§�¶º¯Z³ÀZ¿Z���®°± ®Â° �¿Zº¯±¡�Â�»zºº�¯�Á±ºo °®�ÄÞº«Â°vÀ· ª¨À��¾°£°�¶À^�c��ÎÐÓÓ �¿��¸��¾³Z¸]±Â° Ä°º � �Î

�±¦zÀ��ÁZ.�³¦®��Ä±°ÂZ�§�Áv¨�³¦®���Áv�³�z�d´¯��Ä°ZÀ]¡
¾ºº�¿Z¯±¡�Â�»z�¯�Á±ºo °®�ÄÞº«Â°vÀ· ª¨À��¾°£°�¶À^�c��ÎÐÓÖ �¾dsvÀ] \«Z���À�Â�¾³Z$À� ²À¯¦ �²���¿��¸��¾³Z¸]±Â° Ä°º � �Ï
�¾º�v´¸¯�Áv¨º�³¦®��bº�¸^¿®°¦ ÏÕ Zºc ÏÑ �À¦zº¿¦�ÀZ°dsZº� Â�Á¦°�¾º�v´¸¯�¾ºº¬¬°«¦²À] Áz.´§�²À¯º��©ÇZ¤¯�`�º°l¯��®°± ®Â°

�±¦zÀ��ÁZ.�³¦®
��� $PLQ�6LFKDQL�� 6�� ����� 0RGHOLQJ� RI� SKRVSKRUXV� WUDQVSRUW�LQ�VXUIDFH�UXQRII�IURP�DJULFXOWXUDO�ZDWHUVKHGV��3K��'�

7KHVLV�XQSXEOLKHG��3XUGXH 8QLY���:��/DI�� ,1���86$�
��� %DON� (�� /�� ������ $SSOLFDWLRQ� RI�6WDQIRUG�:DWHUVKHG�0RGHO�WR�WKH�&RVKWRQ K\GURORJLF�VWDWLRQ�GDWD��06F��7KHVLV�

'HSW��RI�&LYLO�(QJ���2KLR�6WDWH�8QLY���86$�
��� &KDULRW�� 6�� DQG� :�� 'HOOHXU� ������ ,QWHJUDWLQJ� D� SK\VLFDOO\� EDVHG�K\GURORJLFDO�PRGHO�ZLWK�*5$66��+\GUR*,6�

$SSOLFDWLRQ� RI� *HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHPV� LQ� +\GURORJ\�DQG�:DWHU�5HVRXUFHV��3URFHHGLQJ�RI�WKH�9LHQQD
&RQIHUHQFH��$SULO�������$XVWULD�

��� &ODUNH�� 5�� 7�� ����� 6WDWLVWLFDO� 0HWKRGV� IRU� WKH� ([WUDSRODWLRQ� RI�'DWD�IURP�5HVHDUFK�DQG�([SHULPHQWDO�%DVLQV�
7HFKQLFDO�'RFXPHQWV�LQ�+\GURORJ\��81(6&2��3DULV�

��� &UDZIRUG�� +�� DQG� 5�� .��/LQVOH\� ������'LJLWDO�VLPXODWLRQ�LQ�K\GURORJ\��6WDQIRUG�:DWHUVKHG�0RGHO�,9� 7HFKQLFDO
5HSRUW�1R������&LYLO�(QJ��'HSW���6WDQIRUG�8QLY���86$�

��� 'XDQ�� 4��� 6�� 6RURRVKLDQ DQG� 9�� *XSWD� ������(IIHFWLYH�DQG�HIILFLHQW�JOREDO�RSWLPL]DWLRQ�IRU�FRQFHSWXDO�UDLQIDOO��
UXQRII�PRGHOV� :DWHU�5HVRXU����������������

��� )HGRUD�� 0�� $�� DQG� 5�� /�� %HVFKWD� ������ 6WHUQ� UXQRII� VLPSOHWRQ�XVLQJ�DQG�DQWHFHGHQW�SUHFLSLWDWLRQ�LQGH[��$3,�
PRGHO��-��+\GURO� ������������

����)OHPLQJ��&������� 6LPXODWLRQ�RI�VWUHDP�IORZ�LQ�6FRWODQG��,��$��6��+��%XOOHWLQ�����������
����*DR��;���6��6RURRVKLDQ DQG�'��&��*RRGULFK� ������/LQNDJH�RI�D�*,6 WR�D�GLVWULEXWHG�UDLQIDOO�UXQRII�PRGHOV��33�����

�����,Q��0��)��*RGFKLOG��%��2��3DUNV�DQG�/��7��6WHZDUW��(GV����(QYLURQPHQWDO�0RGHOLQJ�ZLWK�*,6��86$�
���� *RUJRQ��$��+��0������� 5HOLDELOLW\�RI�FDOLEUDWLRQ�RI�PRQWKO\�UDLQIDOO�UXQRII�PRGHO��WKH�VHPLDULG�FDVH��+\GURO��6FL�

-������������������
���� +ROWDQ�� +�� 1��� *�� -�� 6WLOWQHU�� :�� +�� +HQVRQ DQG�1��&��/RSH]� ������86'$+/��� UHYLVHG�PRGHO�RI�ZDWHUVKHG

K\GURORJ\��$JULF��5HV��6HUYLFH��8��6��'HSW��RI�$JULF���7HFKQLFDO�%XOOHWLQ�1R�������
���� -DNHPDQ��$��-��DQG�'��$��3RVW� ������)URP�'DWD�DQG�7KHRU\�WR�(QYLURQPHQWDO�0RGHO��7KH�FDVH�RI�5DLQIDOO�5XQRII

,Q (QYLURQPHWULF��-RKQ�:LOH\�DQG�6RQV��1HZ�<RUN�
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ÎÏ

���� -DPHV�� /�� '������� +\GURORJLF�PRGHOLQJ��SDUDPHWHU�HVWLPDWLRQ�DQG�ZDWHUVKHG�FKDUDFWHULVWLFV��-��+\GURO����������
����

����-DPHV��/��'��DQG�6��-��%XUJHV� ������6HOHFWLRQ��FDOLEUDWLRQ��DQG�WHVLQJ RI�K\GURORJLF�PRGHOV� 33����������� ,Q��&��7�
+DQQ��+��3��-RKQVRQ�DQG�'��/��%UDNHQVLHN �(GV��� 0RGHOLQJ�RI�6PDOO�:DWHUVKHGV��$6$(��6W��-RVHSK��0LFKLJDQ�

���� .LUNE\��0��-���5��$EUDKDUW��0��'��0F0DKRQ��-��6KDR DQG�-��%��7KRUQHV� ������0('$/86�VRLO�HURVLRQ�PRGHOV�IRU
JOREDO�FKDQJH��*HRPRUSKRO������������

����5HQDUG��.��&���:��-��5DZOV DQG�0��0��)RJHO� ������&XUUHQWO\�DYDLODEOH�PRGHOV� 33������������,Q��&��7��+DQQ��+��3�
-RKQVRQ�DQG�'��/��%UDNHQVLHN �(GV����0RGHLOQJ RI�6PDOO�:DWHUVKHG��$6$(��6W��-RVHSK��0LFKLJDQ�

���� 6DODV�� -�� '�� ����� 6HDVRQDO� 0RGHOV� IRU� :DWHUVKHG� 6LPXODWLRQ��'HSW��RI�&LYLO�(QJ���&RORUDGR�6WDWH�8QLY���)RUW
&ROOLQV��&RORUDGR�

���� 6D[WRQ�� .��(��DQG�-��/��0F*XLQQHVV� ������(YDSRWUDQVSLUDWLRQ��33���������� ,Q��&��7��+DQQ��+��3��-RKQVRQ�DQG�'�
/��%UDNHQVLHN �(GV��� 0RGHOLQJ�RI�6PDOO�:DWHUVKHGV��$6$(��6W��-RVHSK��0LFKLJDQ�

���� 6KDKODHH�� $�� .�� ����� $VSHFWV�RI�K\GURORJ\�RI�%UZRQH\ EDVLQ��1RUWKHDVW�(QJODQG� 3K��'��7KHVLV��8QSXEOLVKHG��
8QLY��'XUKDP��(QJODQG�

���� 6KDQKROW]�� 9��&��DQG�-��+��/LOODUG� ������6LPXODWLRQ�RI�ZDWHUVKHG�K\GURORJ\�RQ�DJULFXOWXUDO�ZDWHUVKHG�LQ�9LUJLQLD
ZLWK�WKH�6WDQIRUG�0RGHO��5HVHDUFK�'LY���%XOOHWLQ�1R�������93,�DQG�68��86$�

���� 7ULPEOH�� *�� 5�� DQG� 6�� :HLW]PDQ� ������ (IIHFW�RI�D�KDUGZRRG�IRUHVW�FDQRS\�RQ�UDLQIDOO�LQWHUQVLWLHV��7UDQV��$P�
*HRSK\V� 8QLRQ����������������

����:HHNV��:��'��DQG�5��+��%��+HEEHUW� ������&RPSDULVRQ�RI�UDLQIDOO�UXQRII�PRGHOV��1RUG� +\GURO��������������
���� :KHDWHU�� +�� 6��� $�� -�� -DNHPDQ DQG� .�� -�� %HYHQ� ������ 3URJUHVV� DQG� GLUHFWLRQ� LQ� UDLQIDOO�UXQRII� PRGHOLQJ�

3URFHHGLQJ�RI�,QWHUQDWLRQDO�&RQJUHVV�RQ�0RGHOLQJ�DQG�6LPXODWLRQ��'HFHPEHU�������8QLY��:HVWHUQ�$XVWUDOLD�
���� :LJKDP�� -�� 0�� ����� ,QWHUFHSWLRQ�� ,Q�� '�� 0�� *UD\��(G����3ULQFLSOHV�RI�+\GURORJ\��1DWLRQDO�&RPPLWWHH�IRU�WKH

,QWHUQDWLRQDO�+\GURORJ\�'HFDGH��,+'�� 86$�
���� :LOOJRRVH�� *�� 5�� ����� $�SK\VLFDO�H[SODQDWLRQ�IRU�DQ�REVHUYHG�DUHD�VOHHS��HYDOXDWLRQ�UHODWLRQVKLS�IRU�FDWFKPHQWV

ZLWK�GHOLQLQJ UHOHLI� :DWHU�5HVRXU��5HV��������������
���� :RRG�� 0�� -�� DQG� $�� -�� 6XWKHUODQG�� ������(YDOXDWLRQ�RI�GLJLWDO�FDWFKPHQW PRGHO�RQ�1HZ�=HDODQG�FDWFKPHQW��-�

+\GURO�������������
���� =KDQJ�� /�� $�� /��2¶1HLOO�DQG�6��/DOH\� ������0RGHOLQJ�DSSURDFKHV�WR�WKH�SUHGLFWLRQ�RI�VRLO�HURVLRQ�LQ�&DWFKPHQWV

(QYLURQ��6RIWZHUH�������������������
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