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UHJXODU W\SH��WKHUH�LV�D�JRRG�PDWFK�EHWZHHQ�ORQJLWXGLQDO�IRUFH�SUHVHQWHG�E\�WKLV�ZRUN�DQG�WKH�RQH�FDOFXODWHG�WKURXJK
0RUULVRQ¶V� HTXDWLRQ�� %XW�IRU�LUUHJXODU�IORZV�ZKHUH�WKH�IORZ�SDWWHUQ�FKDQJHV�LQ�HDFK�F\FOH��WKHUH�LV�OHVV�RYHUODS�DQG
WKH� DFFXUDF\� RI� 0RUULVRQ¶V� HTXDWLRQ�LV�UHGXFHG��6WXG\LQJ�WKH�WLPH�YDULDWLRQ�RI�WKH�WUDQVYHUVDO�IRUFH�JLYHV�DFFXUDWH
LQIRUPDWLRQ� DERXW� WKH� YRUWH[� VKHGGLQJ� DQG� LWV� IUHTXHQF\� LQ�HDFK�F\FOH�DQG�PRGH�FKDQJLQJ��6LQFH�WKH�IORZ�PRGH
FKDQJHV� FRQWLQXRXVO\� ZLWK� WLPH�� WKH� DYHUDJH� RI� WUDQVYHUVDO�DQG�ORQJLWXGLQDO�IRUFHV�RQ�FRQVHFXWLYH�F\FOHV�LV�QRW�D
JRRG� UHSUHVHQWDWLRQ� RI�WKH�IRUFH�H[HUWHG�RQ�WKH�F\OLQGHU��2Q�WKH�RWKHU�KDQG��WKH�PRGHO�KDV�VDWLVIDFWRULO\�UHSURGXFHG
WKH�WLPH�YDULDWLRQ�RI�WKH�WUDQYHUVDO�DQG�ORQJLWXGLQDO�IRUFHV�RI�D�SXUH�PRGH��PDWFKLQJ�WKH�H[SHULPHQWDO�UHVXOWV�
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ÀZ�³�¦°�Z·�¶]¦®z-�³|¿°�Â�ÄzÀ-�ª¨��Áºp³�¶§ �§��Â����«¦�
ÀZº¿zk�°®�Zº· ¶ºº]¦®z-�¶§�b�¦�²�Â°��b�¦��t�¯�v´·®�¾¯
¶³¦ºd�¦�¾ºo�ÄZ·�¶]¦®z-�Z]����«¦��²§Z��¶³¦ºd�¦��¾ºo�¾³Z�º³
°®�Z¸ºº³¡�²À]�z�Z´c�¾«Â�v³¦�©ÂZ d¯��§��²§Z��¾ZÀ��°®�¾³Z�º³
°ºº� ²ººÀ°·�Â��§��Â����«¦��ª¨��¶d�®�Â®z·�±¦��ÄzÀ-�ª¨�
ÀZºº�³�ª¨À��¦¿�°®�¦°�¾dÀ�Àc°Â�¶º�s�¶§ �«��ÄZ¸¬¨��¶d�®
ªºp¯�¾º]ºs�¶] �«��Ñ��ÄZ¸¬¨��¶d�®��b�¦��t�¯�v·®�¾¯
bº¯È���vº´·®�¾º¯ ÀZº�³�¶¬X�¯�Â®�z·�°®�¦°�Z·�¶]¦®z-�bÀ«Z��
bºº�®°Â®�ÀZ¿zk�b¸k��«��Â����«¦��ÄZ¸¬¨��¶d�®�°®�ÀZ¨À�
¦°�¶³¦ºd�¦�b§zo�b¸k��§��ÄZ¸¬¨��¶d�®�°®�Â�²§Z��¶³¦ºd�¦
®º�´¯�ÀZº¿zk�²ºº¿¦�ÄZ¸À-&¿Â�±¦���v·®�¾¯�ÀZ�³�²§Z��¾ZÀ��°®
¾dÀº�Àc°Â�Â�ÀZº¿zk�¶ºº�s�±¦�¶º§°º��ÀZºº°·��b�¦�À¡�À®º]
¿Â®�ª¨À��®À³�¶]�b^�³�¾Â¦�ª¨À��®À³�ÀZ¿zk��b�¦��t�¯
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ÎÐÕÍ °º¿z¸� �Î ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ÎÓÐ

®ººkÂ�ÀZº¿zk�°®�¾¬¨Àºº� ¶]�ª¨À� ©¦zÀÀ�c�Â�b�¦�À°Z¤d¯�®Z�
®º¿Þ°�ÀZº¿zk�bºº�¦�²¨°¯�¶#�z-¦���.& �¿¦|�¦�Z]�¶d^«¦��®°¦v³
©¦zÀºÀ�c�Â�¾°�´¯Zº³ °Zº#®�jºº¿°vc�¶]�¾«Â�v�Z]�¶d�¦®�¾¸]Z�¯

�®º��¾¯�ª¨À��¶]�ª¨À�
ÀZº�³� ��� E Â� �.&  Ä¦z]�¦°�ÀZ¿zk ¶º�s �Ò��ª¨�
ÄZ¸¬¨º� ¶dº�®�°®�´ººº�s�¶]�ÀZ¿zk�¶º�s�¶]�z-¦��v·®�¾¯
b°ºº� ±¦�¦°�¶]¦®z-�b k�¦¿³|¿°�¬º�Â�¶]�®º��b£®��§�
ÀZº°·�¾³Zº¿zk�®º¿Þ°�²ºº¿¦��®z§�¶�oÈ¯�À¦ºc�¾¯�¶³¦ºd�¦�ÄÇZ]
�vº³¦�Á®zº§ ¾º�z�¯�À¦°Zºº¨°·�Â�ºkZ�Z]Â¦�¶§�b�¦�¾�z��®¿Þ°
¶dºº�®�°®�¶³¦ºdº�¦�ÄÇZº] ±¦�Zº· ¶º]¦®z-�bº k�²º¿¦�Àvº� °Â®
¶º�oÈ¯�ª]Zº£ �Ó��Â��Ò�����Ñ��bºÀ��Â�°®��§��Ò��ÄZ¸¬¨º�
°®�Z¸º³¡�±¦�¾ºº¨¿��¤���Õ��Â��Ô��bÀ��Â�°®�¶§�Ä°º��¶]�b�¦
¶º$t¿°Zc�¶º§ ª¨ºº� ¶d�®�Â®�²¿¦�¦°§�¶]��®º��¾¯�Áv¿®�°®Z§
Â�ÄzºÀ-�ª¨º� ¨ººp³�vºº´·®�¾¯�ÀZ�³�ª¨À��¦¿�°®�¦°�ÀZ¿zk
Â���º«¦��ª¨º� ¶dºº�®�z·�°®��®º��¾¯�²�Â°�Z·�¶]¦®z-�³|¿°
¾¿Z¸º³ bºº§zo�Â��¿¦vk�¶�p«��Ó��Â��Ò�����Ñ��bÀ��Â��§�
¶º§ °ººº� ÀZ°·��v´·®�¾¯�ÀZ�³�ÇZ]�b°��¶]�¦°�Z·�¶]¦®z-�b k
¶ºº] Â�¶k°®�ÑÒ ¾^¿z¤c�¶¿Â¦±�Z]�Z·�¶]¦®z-�b§zo�b�¦��t�¯
®º¿Þ°�²º¿¦�¶º§ bº�¦�²ºº�Â°��b�¦�¶³¦ºd�¦�b�¦°�Â�ÇZ]�b°�
vº³¦ººc ¾¯�v¯�°Zº¸#�Z·�¶º]¦®z-��¿¦vk�b°��¶]�¶d�]�¾³Z¿zk
Ä¦zº] ¦°�¾º�z��Â�¾ºº«º��ÄÂzÀ³�\¿z���Ó��ª¨���v�Z]�¶d�¦®
�bº�¦�Á®zº§ ®º�°�ª¨Àº� ¦º¿ °®�zº§x«¦�¼ººº� ¾³Z¿zk�®¿Þ°
ÀZº¿zk�~³Zºº§z��z]¦z]�Â® \& ¾�z��ÄÂzÀ³�\¿z��~³Z§z�
¶ºº§ bºº�¦�¾ººº�z��ÀZº¿zk�®º¿Þ°�ÄZ¸ºÀ-&º¿Â�±¦�¶º§ bº�¦

�b�¦�Á®z§�Á°Z�¦�À¡�¶]�|À³ >Ö@Àº�¯ZÀ¬¿Â
��� E Â� ��.&  Ä¦zººº] ¦°�ÀZº¿zk�¶ºº�s��Ô��ª¨º�

¦º¿ Àv��°Â®��Ð��Â��Ï��bÀ��Â�Z¸¬¨��²¿¦�°®��v·®�¾¯�ÀZ�³
b°ºº� ¶]��Õ��Â��Ô� bÀ��Â�°®�Â�²À¿Z��b°��¶]�¶]¦®z-�b k
°Zºº§ °®�À¦°Z¨°·�Â�ºkZ�Z]Â¦�¦°�®¿Þ°�²¿¦��v´·®�¾¯�ÀZ�³�¦°�ÇZ]
ª¿Zº¯ ¶ºº¿Â¦±��v³�¦�ÁvÀ¯Z³�Äz�£�®¿Þ°�Â��t�¯��¿ºs�¾]zlc
¶dº�®�±¦��Ð��Â��Ï��bººÀ��Â�¶�¿Z¤¯�Z]�Z·�¶]¦®z-�b§zo�b¸k
±¦�Zº· ¶]¦®z-�b k�²¿¦�«Âzs��b�¦��t�¯��§�Ô��ÄZ¸¬¨�

W�7��� ��� ���
��

��

��

�

�

�

�

&[
&\
X�XP

E ��� � .& �

ª¨À��¦¿ °®�ÂzÀ³ \¿¦z� ©¦zÀÀ�c± Ó ª¨�

Ä¯Zºº§ �Ö��Â��Ð��ÄZ¸ºdÀ��Â�°®�Ávº� Á®¦®�ÀZº�³�°®Zº§ ¶º�º-
®º¿Þ°�¾º�z��Â�¾º«º��ÄÂzÀºº³ \¿¦z���Õ��ª¨���b�¦�n�¦Â
\º¿z��~³Zº§z���vº·®�¾ºº¯ ÀZ�³�ª¨À��¦¿�°®�¦°�ÇZ]�¾³Z¿zk
±¦��¶º§ bº�¦��ÀZº¿zk�~³Zº§z��zº]¦z]�¶ºº� \& ¾�z��ÄÂzÀ³
Á®z§�Á°Z�¦�À¡�¶]�>Ö@Àº�¯ZÀ¬¿Â�Â�b�¦�Äz�£�ÀZ¿zk�ÄZ¸À-&¿Â

�b�¦

ÀZº¿zk�¦À¯Zºº´¿®�¾�°z]�± «
¶º] j¿Zººd³�¾.d�]¦Â�¿v��±¦�ÀZ´À°�¦�°º�´¯�¶] �t]�²¿¦�°®
ÒÍZºc ªº£¦vo ¶º¯Z³z]�Z¸ºd«Zo�¾¯Zº°c�°®��¶ººÀ«Â¦��¿¦z��§Ztd³¦
bº�®�¶ºº] zs¡�ÄZ¸¬¨À��²À]�¾]ZÀ³ZÀ¯�Z]�j¿Zd³�Â�Áv��ªo�ª¨À�

�v³¦Áv¯¡
¿Z-�zºººº· °®�¦°���)[ �¶³¦ºdºº�¦�zºº] ®°¦Â�¾ºº«º��ÄÂzÀºº³
ÄzÀ.³ZºÀ¯�Â��Î��`º«®Z�¯�¶º] ¶ºkºc�Zº] ~�º� Â�¶^ºº�Zp¯�¾³Z¯±
bºº�®�¶ººº] ª¨Àº� zº· °® 0& Â '& \º¿¦z���À¡�±¦�¶º¿°º�
¾ºº«¦ºd¯�ÄZ¸¬¨Àºº� ¾ººº� °®�\º¿¦z� ²º¿¦��º�ºd¯��vº´¿¡¾¯
j¿Zººd³ Zºº] Â�Ávºº� Á®°Â¡��ÎÍ��¾ºº«¦��Ö��ÄZ¸¬¨ººº� °®��zºs¡
Â��Ö��ÄZ¸¬¨ººº� �v³¦Ávº� ¶º�¿Z¤¯�Ä®vº� Â�¾º]zlc��¾º¬À¬pc
¶ººº]z¯��ÎÏ��Â��ÎÎ��ÄZ¸¬¨ºº� Â �� E ¶ººº] ¶ºº]z¯��ÎÍ�
¶ºº§ Ävºo b«Zºo °®�®ºº�¾¯�¶ºº�oÈ¯��v´d�·� ��� E ¶]
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ÎÐÕÍ °º¿z¸� �Î ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ÎÓÒ

W�7��� ��� ���
��

��

��

�

�

�

�

�
&[
&\
X�XP

E ��� � .& ��

ª¨À� ¦¿ °®�ÂzÀ³�\¿¦z� ©¦zÀÀ�c± Õ ª¨�

.&� ��

&'

�

�

�
�
� 3UHVHQW :RUN

'XWVFK HW DO �QXP��
'XWVFK HW DO �H[S��

E ��

���

:DQJ �WKHRU\�

.& ®v��Z] á°®�\¿z��©¦zÀÀ�c �Ö ª¨�

��>Ð@�,º³Â��¾º¬À¬pc�ªººo ¶] j¿Zd³ ®º�¾¯�¾¨#º§�®v��.&
Zº] ¶º«Z¤¯�²ºº¿¦�j¿Zd³ §ºs ¼Z^�³¦��v³º��¾¯�¦¿®|³ ��Ï��`«®Z�¯
©Z^ºº�Zp¯�b£®�¶¨´¿¦z] ÁÂÈ��>ÎÑ@�ÝÂ®�¾]zlc Â�Ä®v��j¿Zd³
¾vº¯ ¾º´À]��ºÀ��¶º§ bº�¦�\º¬�¯�²ºº¿¦�v¿R¯�v·®¾¯ ÀZ�³�¦°
°¦®°ººsz]�¾º]ºs�bº£®�±¦�Ävºº�]�¶��ÄZ¸³Z¿zk�Ä¦z]�Äv�]Â®
°®�ÀZºº¿zk�Äº.«¦�¶§�b�¦�²¿¦�v��z§xd¯�v¿Z]�¶§�Ä¦¶d¨³��b�¦
Â���.&�����Ávº¯¡��ÎÍ��Â��Ö��ÄZ·ª¨º� °®�¶ºº§ Ä¦Á®Âvp¯
Â��ÎÎ��ÄZ¸¬¨ºº� ¨®Âvºp¯�°®�ÀZ¿zk�Äº.«¦�¶]�b^�³�� �� E
ªº¨À��©¦zºÀÀ�c�Â�Á®º]�zc�®�´¯��% ��� Â���.&������ÎÏ�

.&� ��

&0

���

���

���

���

3UHVHQW :RUN
'XWVFK HW DO �QXP��
'XWVFK HW DO �H[S��

E ��

� ��

:DQJ

.& ®v��Z] Ä±Zl¯�ÄÂzÀ³�\¿z��©¦zÀÀ�c��ÎÍª¨�

.&� ��

&'

�

�

�

�
3UHVHQW :RUNE ���
2EDVDMX HW DO �H[S��

���

:DQJ �WKHRU\�

%HDUPDQ HW DO �H[S�

-XVWHVHQ �QXP��
*UDKDP HW DO �QXP��

.& ®v��Z]�á°®�\¿z��©¦zÀÀ�c��ÎÎ ª¨�

.&� ��

&0

���

���

���

���

���

���
3UHVHQW :RUN

E ���

2EDVDMX HW DO �H[S��

��

%HDUPDQ HW DO �H[S��

:DQJ �WKHRU\�
-XVWHVHQ �QXP��

.& ®v��Z]�Ä±Zl¯�ÄÂzÀ³�\¿z��©¦zÀÀ�c��ÎÏª¨�
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ÎÐÕÍ °º¿z¸���Î ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ ÎÓÓ

vº³¦ºc¾¯�zºs¡�ÄZ¸¬¨Àºº� ¾����ºd¯�¦x« �b�¦�zd°§�ª¨À��¶]
b¤]Zºº�¯��¿Z¯±¡�j¿Zd³�Z]�Â�Á®º]�zc�¾�£¦Â���ºd¯ ¦¿ »z�¯
vº³¦Áv¯¡�bº�®�¶º] ¾ºº]zlc�j¿Zd³�±¦�¶§�&0 Â� &' z¿®Z¤¯��v´§
�vº�Z]¾¯�ª¨Àº� Äzdº�À]�°ZÀº�]�®¦vº�c�j¿Zºd³ ±¦�Áv��¶d�z-z]
j¿Zºd³��ÎÏ��Â��ÎÎ��ÄZ¸¬¨º� °®�®ººº�¾¯�¶�oÈ¯�¶§�°º�³Z°·
°®�²º¨À«�Á®ººº] °¦®°ºsz]�Äzd�À]�¾-v´§¦z��±¦��Ä®v��Â�¾]zlc
¶º] ª¨Àº� ©¦zÀºÀ�c�Â�zdº°�´¯�ÀZººº¿zºk ¶º§ zºd°§�ÄZº· .&
©°ºº�z·°®��bºº�¦�Áv��zd�À]�Â®�²¿¦�¼Z^�³¦�b�¦zd°§�ª¨À�
²º¿¦z]���Î `º«®Z�¯��Àººº�¿°º¯�`«®Z�¯ ²¿¦�Ä®v��j¿Zd³�»Èds¦
Â�b�zº� ±¦�¶³¦ºdº�¦�zºº] ®°¦Â�ÄÂzÀ³�¶§�b�¦�¶d�z-�°¦z£ Z´^¯
Â�®°¦vº³ ª¨Àº� ¶ºº] ª¨À��©¦zÀÀ�c�Â�Á®z§�bÀ�^c�ÀZ¿zk�§Zd�
µzº� Z¸¬¨Àº� ¿Zº°c�°®�¾ºd]Zg z¿®Zºº¤¯� &0 Â�&�'� \¿¦z��¦x«
�bº�À³�°Z-±Zºº� bÀ�£¦Â�Z]�©ÇZo�`°·�°®�µz��²¿¦��v³º�¾¯
¾º«¦ºd¯�ª¨À��j´��Ä¦z]� [& ¾«º��ÄÂzÀ³�\¿z���ÎÐ��ª¨��°®
®ºº�°�ÀZ¯±�\�oz]�b�¦� �� E Â� ��.&  ¶§�¾d«Zo�Ä¦z]
³Â°�Â [& \¿z��Â�Àº�¿°º¯ `«®Z�¯�¦°§�¶]��b�¦�Áv�
bº�®�¶ºº] &0 Â�&' \¿¦z��©Z�]z¯�®°À´À¯�Z¿�¶¿°º��ÄzÀ.³ZÀ¯
³±¦z]�¾�º³��£¦Â�°®�¶§�¦°�Àº�¿°º¯�`«®Z�¯�À¡�¦°§�¶]�Â�Áv¯¡
¶º�oÈ¯�¶º§ °ºº� ÀZº°·���bº�¦�Ávºº� ®�°�b�¦ [& ¾´p´¯
b^º�³�ª¨Àºº� z·�b�¦�À°Z¤d¯�Â�®�´¯ >È¯Z§�&[ °Zd�°�®º�¾¯
¶º§ Àºº�¿°º¯�`º«®Z�¯�¦xº« �bº�¦�zÀºÀ�c�ÀÂvºº] Äv�]�ª¨À��¶]
ÀZº¯±�\�oz]�¾]ºs�¶]�¦°�°Zd�°�Áv��¶W¦°¦�µz��²À°· ²Z�¦z]
jº¿°vc�¶º] �� E Ä¦zºº] v�]�¶] ��.&  ±¦�Z¯¦��v´§¾¯�¾Z^³®
²ºº¿¦��®º�¾¯�ª¨À��¶]�ª¨À��©¦zÀÀ�c�Z]�Á¦z°·�Â�®�´¯Z³�ÀZ¿zk
bº�¦ ��.&  Ä¦±¦�¶º] ¶º§ �ÎÑ��ª¨º� °®�¾º]ºs�¶ºº] Áv¿v�
¶^º�Zp¯�j¿Zººd³�»Èds¦�Z�´¯�ª¬��±¦�¾¨¿�Zl´¿¦°®��b�¦�®º¸�¯
�®ºº� ¾º¯ �tº�¯�®ººkº¯�j¿Zºd³�Zºº] 0& Â� '& Ä¦z]�Áv�
±¦��º¤��Â�v´dº�À³�¾cZ^º�Zp¯�b«Zºº�¦�Ä¦°¦®� 0& Â� '& Çº�¦
vº´¿¡�¾º¯ b�®�¶]�Àº�¿°º¯�¶«®Z�¯�¦°§�¶]� [& ¾´p´¯�³±¦z]
¶ºº] ¾^�Z´¯�¶�¿Z¤¯�°ZÀ�¯�®�´¯Z³�ÄZ¸³Z¿zk °®�´º�t]�²¿¦z]Z´]
ª¨Àºº�z·°®�¦°� [& ²À.³ZÀ¯�ÀºÀ�°º¯ `«®Z�¯��v´¿¡�¾°³�§Z�o
²ºÀ´#�bº�¦�²¨°¯�¶§�¾c°º�°®�vº´§�¾¯�®°Â¡z]�z ��zº]¦z]
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&[

��
��
��
�
�
�
�
�
�

0RULVRQ
V (T�
3UHVHQW :RUN

E ���.& ��

ÀZ¯±�\�o�z]� [& \¿z��©¦zÀÀ�c��ÎÐª¨�

W�7� � � � � �

&\

��
��
��
�
�
�
�
�
�

.& �E ��

.& ��

ÀZ¯±�\�o�z]� [& \¿z��©¦zÀÀ�c��ÎÑ ª¨�

bº�¦� ��.&  ��� E ¶º§ ¾d«Zºo°®��ÎÒ��ª¨ºº� °®��v�Z^³
`º«®Z�¯ �º�ºc Ávº� ¶ºW¦°¦�� [& °¦vº¤¯ Zºº] Áv��¶^�Zp¯� [&
`ºº«®Z�¯� 0& Â� '& \ººº¿¦z���bº�¦�Ávº� ¶º�¿Z¤¯�Àºº�¿°º¯
¶ºW¦°¦� [& Â�z�Zºo °Zºº§ ±¦�ª�Zo [& ±¦�Á®Z d�¦�Z]�Àº�¿°º¯
°Zº§ 0& Â� '& ¶#z-¦��v³¦�Áv��¶^�Zp¯�>Ó@���kz¯°®�Áv�
�vº³°¦®�¾¸ºkºc�ª]Zºº£ »Èds¦�>Ó @ �kz¯� 0& Â� '& Z]��z�Zo
®ººs±¦�¦°�¾¸]Zº�¯�¾º¬§�°Zººd�°�Â®z·�¶§�b�¦�²¿¦�\«Zk�¶lÀd³
z.ºº¿v¨¿�¾�º³�¶] 0& Â� '& »Èds¦��£¦Â�°®�Â�v´·®¾¯�ÀZ�³

'& ¶º§ b�¦�¶d¨³�²¿¦�v¿º¯�¾´p´¯�²¿¦��v´´§�¾¯�À¦zººº^k�¦°
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ÎÐÕÍ °º¿z¸���Î ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ÎÓÔ

W�7� � �
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�
3UHVHQW ZRUN
0RULVRQ
V HT� �SUHVHQW ZRUN�
0RULVRQ
V HT� �2EDVDMX�

E ��� � .& ��

ÀZ¯±�\�o�z]� [& \¿z��©¦zÀÀ�c��ÎÒ ª¨�

¾dº�°®�¶ºº�¿Z¤¯�°ZÀ�¯�À¦v´#�Àº�¿°º¯�`«®Z�¯�±¦�ª�Zo 0& Â
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zººº] ®°¦Â�ÄZºº·ÂzÀ³�¶ºº�p«�¶ºº] ¶ºº�p«�©ZººÀ¿|k�vºº³¦ºc¾¯
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®ºººº¯ ¦º¿ Ä¦zº] Ávº� ÄzÀ.³ZºÀ¯�&\ Â [& Ä®vº� ©°ºº�
Ávºº� §Zºtd³¦�¾º«¦ºd¯�ª¨Àº� ÒÍ±¦��ºÀ]�²ºÀ]�±¦�¶º§ �«Zºs
²¯zÀºº] Â�º³ººº�cZc�°Zºº§ Zººº] j¿Zºd³�Â�Ávº¯¡�bº�®�¶º] bº�¦
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¶º� Äzº�£�®º¿Þ°�°®�Â�ÀZº�º³�~³Zº§z��zº]¦z]�Â®�À°Zºº¤d¯�®Z�

'0 &�&� ©¦zÀººººÀ�c��ÏÍ��ª¨ººººº� °®��bººº�¦�À¡�zººº]¦z]
�º�ºd¯�¢º¬�¯�°vº£ »zº�¯�\ºÀczc�¶ºº] ¶§ PHDQ<& Â�� PHDQ;&
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°®��bºº�¦�Ávºº� ®ººº�°�.& � Â� �� E b«Zºo °®�¾º«¦ºd¯
¾º¯ ¶ºW¦°¦�zº ��¦°� [& ²À.³ZºÀ¯�Àºº�¿°º¯�`º«®Z�¯�b«Zººo ²¿¦
©°ºº� ¶º] Zº· ¶º]¦®z-�³|º¿°�bº¬��¶º] �º£¦Â�°®�¾ºº«Â��v´§
b°º� ¦º¿ ±¦�Z¸º³¡�³|º¿°�Zº¿ Â�¾ºº¬�¦�ÀZ¿zk�¶]�b^�³�ª¿Z¯

\& Â� [& ²À.³ZººººÀ¯�ÀZºº�º³�b¸ººk ¶ºº] b^ºº�³ ¶³¦ºdºº�¦
°®��vººº�Z]�zºº ��±¦�zÀºº� Ä®vºº� vºº³¦ºc�¾ºº¯ ª¨Àºº�z·°®
Zºº¿ \& Â� [& ²À.³ZººÀ¯�z¿®Zºº¤¯�®ºº�´¯�¾³Zººº¿zk�ÄZºº¸°¿Þ°
zººÀÀ�c ÀZº¨¯¦�ÀZº¯±�bº�x-�¾ºº� �º¤��Â�¾ ´¯�Z¿�Â�v³¦b^h¯
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�>Ô�Ò@�vººº�Z]�¶dº�¦®�¾³Zº¿zk�®ºº¯ vº´#�vº³¦ºc�¾º¯ ¾³Zº¿zk
ª¨Àºº� ¶ºº] ª¨Àººº�z·±¦� \& Â� [& ®�´¯Zº³ ÄZ¸º³Z¿zk�°®�Zº¯¦
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�vº·®�¾º¯ ÀZº�³�®�´¯Zºº³ ÀZ¿zk°®�¦°�À¡�v¿v�
°®�¾cZººº�È�¦�vº³¦ºc¾¯�ª¨Àº� zº· °®�&\ ¾º´p´¯�`º�«Z�¯
°®�>Zcv�Z£��v´§�¶W¦°¦�ª¨À��À¡�¾��°®�Z·¶]¦®z-�³|¿°�´º�s
¾º¿¦vk�bº�¦�¾º ´¯�Zº¿ bº^h¯�`ºº¬£�Ä¦°¦®�¾´p´¯�²¿¦�¶§�¾¿Zk
Zº¿ Â�ÇZº] °Zºº����¿±ºc�À®±�®·z] Z]�¶§�¶d�z-�©°º��Ä¦¶]¦®z-
®º°À´À¯�Zºº¿ ®°¿|§Z¯�Ä¦°¦®���&\ �¶�p«�À¡°®�¶³¦ºd�¦�n���²À¿Z�
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²À´$°·��b�¦ �Q�����ª¨À��®À³�À¡�°®�Áv��³|¿°�ÄZ·¶]¦®z-
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®vº� vºº�°®�j´��»Èds¦�Z]���X �¶]¦®z-�b§zo���ºd¯�b�z�
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f�Zº] vº�Z]�Áv��³|¿°�¶³¦ºd�¦�ÄÇZ]�°®�®º�¾¯�³|¿°�ª¨À�

¶ºº] ¦z]�ÄÂzÀ³�¦¿�®Zl¿¦�¶lÀd³�°®�Â�b°��À¡�°®�°Z���À®z]�ÇZ]
b�zºº� ¶]¦®z-�²¿zs¡�Àv�¦vk�Z]�Á¦z°·��®º��¾¯�²À¿Z��b°�
®¦±¡�`º]¦®z-�ÄÂ°�¶³¦ºdº�¦�zÀgZººc �b�¦�Àv��®§�¾Zo�°®�ÀZ¿zk
¶º] ¦°�¶º]¦®z-�vºº·¦ºs�¾¯�¶§�®º��¾¯�¾d�z��®Zl¿¦�f�Z]�Áv�
¦°�À¡�vº·¦ºs�¾ºº¯ ÀZ¿zk�zÀgZc�Â�v³Z�¨]�¶k°®�ÖÍ ¶¿Â¦±�b°�
Zºc ¶º]¦®z-�¶ºº§ ®º��¾¯�f�Z]�Â®�²¿¦��°k�¾Zoz·�¶]��v´§�°Â®
fºp]�¶º] ¶ºkºc�Zºº] �®º��°Â®�¶³¦ºd�¦�±¦�v³¦ºd³�ª¨À��®À³�ÀZ¿Z�
°Â®�¶³¦ºdºº�¦�|§z¯�±¦�z�£z]¦z]�Â®�±¦��À]�v³¦ºc�¾°³�¶]¦®z-�¾¬^£
Àºº# �Ävº�]�ª¨Àº� ®ºÀ³ ¸Âzºº� Â�ÀZ¿zk�b¸k�zÀÀ�c�Z]��®º�
b�z��¶³¦ºd�¦�°º�o�zÀgZc�b�¦�¦¿®|³�¶³¦ºd�¦�¶]�±º´·�¶]¦®z-
ÖÍ ¶º¿Â¦±�b°º� ¶º] ¦°�À¡�Â�Ávºº� f�Z]�¦°�¶]¦®z-�ÄÂ°�¾¿Z¤«¦
|Àºº³ ¾¬�¦�ÀZ¿zk�b§zo�b¸k�z.¿®�»z��±¦��v³Z�§�¾¯�¶k°®
¶]¦®z-�b§zo�f�Z]�Â®�²¿¦�¸º°l¯�Â�b�º�°·�b§zo�²¿¦�Z]
¾¿ººº�°·�Â�»z��¦¿�±¦�b§zo�²¿¦��®º��¾¯�¶³¦ºd�¦�b°��¶]
f�Zº] ¶³¦ºdº�¦�n���ÄÂ°�¶]¦®z-�¾¿Z¤«¦�b�z��Â�ÀZ¿zk�b¸k
°®�¶ºº§ ¾�£º¯�»Ès�z]��¶³¦ºd�¦�¾¿ÇZ]�¶°À³�°®�b�z��®º��¾¯
Â�®ººº� ¾´À¿Z��¶°À³�±¦�zd�À]��v��¾¯�¦vk�¶]¦®z-�ª^£�ª¨À��®À³
Zº] �®ºº� ¾º¯ ®°¦Â�¶³¦ºdº�¦�zº] ÇZº] b°ºº� ¶]�¾¿¦z]�ÄÂzÀ³�¦x«
Z]��Á°Z]Â®�Â�Áv��®Z¿±�ÂzÀ³�²¿¦���¶³¦ºd�¦�b°��¶]�¶]¦®z-�b§zo
¶]¦®z-�¾¿Z¤«¦�b�z��zg¦�Àv��,³°�®§�Â�ÀZ¿zk�b�z���¿¦|�¦
zºg¦�¶ºº§ v¿vk�`]¦®z-�ÄzÀ-�ª¨��z.¿®�»z��±¦�Â�»z��¦¿�±¦
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ÎÐÕÍ °º¿z¸���Î ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ÎÔÎ

°®�¾�Z�¦�`¬£�¦¿�©°º��¶]�¶lÀd³��®º��¾¯�®§��b�¦�zd¿º£�À¡
ÄZ·�¶¬£�®¦v�c�®º��¾¯�f�Z]�Â�®º��¾¯�z·Z��¦z]�ÄÂzÀ³�¾´p´¯
®¦vº�c�¨ÂÈº� ¶º] ¦º¿ ÄÂZº�¯�ª¨Àº� ®ºÀ³�zºº· °®�¦z]�¾´p´¯

�®º��ª¨À��®À³�À¡�°®�Áv��³|¿°�ÄZ·¶]¦®z-

Ävºº´^�°k��Ñ
¦º°§�¶ºº] Â�®Âvp¯�®lo�³Â°�±¦�Á®Z d�¦�Z]�¶«Z¤¯�²¿¦�°®
ÀZº¿zk�Ä¦zº] ~§ºdº�¦�zºº¿º³�ÄZ·�¶«®Z�¯�¾��ª�°À��®d¿°º.«¦

2 ¸ºº³ `¨^º� ¦ºº¿ °®�¶³¦ºd�¦�¦¿�¾ºo�Äv�]�Â®�¾³Z�º³�¿¦°¡
Ä±Zºº� ¶À^��Z]��b�¦�Áv��ªo�ÀZ¨¯�®·�¸º³�±¦�Â�¶³v]�z]�¢^�´¯
¾º�z��Â�¾º«º��ÄÂzÀº³ \¿¦z��`^�Zp¯�Â�¾ZÀ��ÀZ¿zk�Ä®v�
¿Zººl³¦�ÄZ·°Z§�Ä®v��Â�¾]zlc�j¿Zd³�Z]�¶�¿Z¤¯�Â�¶³¦ºd�¦z]�®°¦Â
ªºÀ¬pc�°®�Ávº� ¶ºd�z-�°Zº§ ¶º] Ävºº�]�Â®�¾v¯�Äv¯¦°Z§��Áv�
¶º� Zº¯º°��¶º§ ¾º¯¦°¡�ÄZ¸ºº³Z¿zk�²À´#�¦À¯Z´¿®��Â�¦ÀcZ°´À�

b�¦�Áv��Á®¦®�ÀZ�³�v³¦�Äv�]

¶¯Z³ ÁÞ¦Â
�� DWWDFKHG
�� DV\PPHWULF
�� WUDQVYHUVH
�� GLDJRQDO

�� WKLUG�YRUWH[
�� 6PDJRULQVN\
�� FRQYHFWLYH
�� 6,03/(&

�� ERG\�ILWWHG
��� FROORFDWHG
��� 48,&.
��� &UDQN�1LFROVRQ

�k¦z¯
�� 0RULVRQ�� '�� -��� 2¶%ULHQ�� 0�� 3��� -RKQVRQ��-��:��	

6FKDI�� 6�� $��³7KH�IRUFH�H[HUWHG�E\�VXUIDFH�ZDYH�RQ
SLOHV�´�3HWURO��7UDQV��9RO����� SS��������������

�� 6WRNHV�� *�� *�� ³2Q�WKH�HIIHFW�RI�WKH�LQWHUQDO�IULFWLRQ
RI� IOXLGV� RQ� WKH� PRWLRQ� RI� SHQGXOXPV�´� 7UDQV�
&FDPE��3KLO��6RF��9RO����SS��������������

�� :DQJ��&��<��³2Q�KLJK�IUHTXHQF\�RVFLOODWLQJ�YLVFRXV
IORZV�´��-��)OXLG�0HFK� 9RO������SS��������������

�� .XOHJDQ�� *�� +�� 	� &DUSHQWHU�� /�� +�� ³)RUFHV� RQ
F\OLQGHUV� DQG� SODWHV� LQ�DQ�RVFLOODWLQJ�IOXLG�´�-��5HV�
1DW��%XU��6WDQGDUGV�9RO� ����SS����������������

�� +RQML�� +�� ³6WUHDNHG� IORZ� DURXQG� DQ� RVFLOODWLQJ
FLUFXODU� F\OLQGHU�´�-��IOXLG�0HFK� 9RO���������������
�����

�� 2EDVDMX�� (�� '��� %HDUPDQ�� 3��:��	�*UDKDP��0��5�
³$� VWXG\� RI� IRUFHV�� FLUFXODWLRQ�DQG�YRUWH[�SDWWHUQV
DURXQG� D� FLUFXODU� F\OLQGHU� LQ� RVFLOODWLQJ� IORZ�´�-�
)OXLG�0HFK��9RO�������SS����������������

�� 7DWVXQR�� 0�� 	� %HDUPDQ�� 3��:��³$�YLVXDO�VWXG\�RI
WKH� IORZ� DURXQG� DQ� RVFLOODWLQJ� FLUFXODU�F\OLQGHU�DW
ORZ� .HXOHJDQ�&DUSHQWHU� QXPEHUV� DQG� ORZ� VWRNHV
QXPEHUV�´� -�� )OXLG� 0HFK� 9RO�� ����� SS����������
�����

�� 6DUSND\D��7��³)RUFH�RQ�D�FLUFXODU�F\OLQGHU�LQ�YLVFRXV
RVFLOODWRU\� IORZ� DW� ORZ� .HXOHJDQ�&DUSHQWHU
QXPEHUV�´�-��)OXLG�0HFK��9RO�������SS��������������

�� :LOOLDPVRQ�&�+�.�� ³6LQXVRLGDO� ORZ� UHODWLYH� WR
FLUFXODU� F\OLQGHUV�´�-�)OXLG�0HFK� 9RO�������SS�����
����������

��� -XVWHVHQ�� 3�� ³$� QXPHULFDO�VWXG\�RI�RVFLOODWLQJ�IORZ
DURXQG� D� FLUFXODU�F\OLQGHU�´�-��IOXLG�PHFK� 9RO������
SS����������������

��� %DGU�+�� 0��� 'HQLV�� 6�� &�� 5��.RFDEL\LN�� 6�� 	
1JX\HQ�� 3� ³9LVFRXV� RVFLOODWRU\� IORZ� DERXW� D
FLUFXODU� F\OLQGHU� DW� VPDOO� WR� PRGHUDWH� 6WURXKDO
QXPEHU�´� � -�� IOXLG� 0HFK�� 9RO�� ����� SS���������
�����

��� =KDQJ�� -�� 	� 'DOWRQ�� &�� ³7KH� RQVHW� RI� D� WKUHH�
GLPHQVLRQDO� ZDNH� LQ� WZR�GLPHQVLRQDO� RVFLOODWRU\
IORZ� SDVW� D� FLUFXODU� F\OLQGHU�´� 3URFHHGLQJV�RI WKH
6L[WK� $VLDQ� &RQJUHVV� RI� )OXLG� 0HFKDQLFV�
6LQJDSXUH� ����������������

��� /X�� ;��� 'DOWRQ�� &�� 	� =KDQJ�� -�� ³� $SSOLFDWLRQ�RI
ODUJH� HGG\� VLPXODWLRQ� WR� DQ�RVFLOODWLQJ�IORZ�SDVW�D
FLUFXODU� F\OLQGHU�´�-RXUQDO RI�)OXLG�(QJQJ� 9RO������
SS����������������

��� 'XWVFK�� +��� 'XUVW�� )��� %HFNHU�� 6�� 	� /LHQKDUW�� +�
³/RZ� 5H\QROGV�QXPEHU�IORZ�DURXQG�DQG�RVFLOODWLQJ
FLUFXODU� F\OLQGHU� DW� ORZ� .HZOHJDQ�&DUSHQWHU
QXPEHUV�´� -�� )OXLG� 0HFK�� 9RO�� ����� SS����������
�����

��� +DOO�� 3��³2Q�WKH�VWDELOLW\�RI�XQVWHDG\�ERXQGDU\�OD\HU
RQ� D� F\OLQGHU� RVFLOODWLQJ� WUDQVYHUVHO\� LQ�D�YLVFRXV
IOXLG�´�-��)OXLG�0HFK��9RO�������SS����������������

��� %DGUL�� 0RONL��6DLGL��´1XPHULFDO�VROXWLRQ�RI�ODPLQDU
ORZ� 5H\QROGV� QXPEHU� RYHU� D� FLUFXODU� F\OLQGHU´�
3URFHHGLQJV� RI WKH 7KLUG� &RQIHUHQFH� RI� )OXLG
'\QDPLFV� 7HKUDQ��,UDQ��-DQ������

��� 2UODQVNL�� ,��� ³$� VLPSOH� ERXQGDU\� FRQGLWLRQ� IRU
XQERXQGHG� K\SHUEROLF� IORZV�´� -�� &RPS�� 3K\VLFV�
9RO�����SS��������������
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