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Â��Ï b«Zºo��bÀº�Z�o�ªºÀ¬pc�³Â°�Â®�°®�°¦v¿Zºº� ¶]��À��
Z]�Äº£�°ZÀ�]�¶Z^c°¦�¶§�Ó ²Z]�>ZÀ³Zg�Â�b�¦�©ÂZ d¯�¾¦v¯�ªÀ¬pc
³Â°�°®�Â�®°¦®��®ººd�À���º�Â�Àv��¾³¦zp]�ª¯Z���ÎÎ ²Z]

Ð Zc Î ÄZ¸d«Zo�Ä¦z] ¾¦v¯ ªÀ¬pc�j¿Zd³��Î¾Âvk
\Àczc�¶]��À���ÄZ¸�Z]�Á°Z°�

Î b«ZoÏ b«ZoÐ b«Zo
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°®�bº�¦�¶ººd�z-�°¦z£�ÎÍ Â�ÎÎ ²Z]�°Z´§�°®�¶«Z¤¯�²¿¦�Ä®Z¸´�À�
z.º¿®�»zº� ±¦�Â�bºº�À³�Z¸�Z]�²¿zd À���Â|k�z.¿®�³Â°�Â®
°Zº´§�°®��v´dº�·��ºÀ���¶ººÀoZ³�ÄZ·±z¯�°®�¶§�Ñ Â�Õ ÄZ¸�Z]
ªºÀ¬pc��º£¦Â�°®��v³¦¶ºd�z-�°¦zº£ �ººÀ���¶ÀoZ³�Ä|§z¯�ÄZ¸�Z]
Á®Z d�¦Z]��À���¶ÀoZ³�²ÀÀ�c�¾^¿z¤c�³Â°�Â®�¾¦v¯Â�bÀ�Z�o
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ÎÐÕÍ v´ �¦��Ï ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ ÐÓ

Ï b«Zo�°®��À���¶ÀoZ³��Ð ª¨�

Ð b«Zo�°®�À¡�Z]��^cz¯�¶ÀoZ³�Â��À���¶ÀoZ³��Ñ ª¨�

Ñ b«Zo�°®�À¡�Z]��^cz¯�¶ÀoZ³�Â��À���¶ÀoZ³��Ò ª¨�

Z¸º³¡�±¦�ª�Zºo j¿Zºd³�»Èººds¦�²¿¦z]Z´]��v´d�·�®d�À��¾v¯�±¦
3� Â�3� ÄZ¸�sZºº� ÄZ´^¯�z]�Äv´]¶d�®�³Â°�Z¯¦��b�¦�¾�À^�
Áv��ÄzÀ-Á±¦v³¦�ÄZ¸dÀ°§�Â�ÞZd«Â�¾zd´§�¾o¦º³�¾�Z�¦�¿º¸ ¯�±¦

�v´§¾¯�Á®Z d�¦
¶ºº] ¶lÀd³�Z]�¢]Z�¯�>Z¤À£®��>Õ@�°®�Áv¯¡�b�®�¶]��À���¶ÀoZ³��Ï
¶ººd^«¦��b�¦�Ð b«Zo�°®�¶«Z¤¯�²¿¦�Ä®Z¸´�À��³Â°�±¦�Áv¯¡�b�®
²Zº]ºÀd§¦°�»zºº�¯��Z´^¯�b«Zo�°®�¶ÀoZ³�²¿¦��°º§x¯��kz¯�°®
v´´§¾¯�Á°Z�¦�ÀZ «R¯�Â�b�¦�Áv¯¡�b�®�¶]��b�¦�z ��z]¦z]�ÎÎ
�¿¦zº� ¶ºº] ®d�À��ªÀ¯�Z]��Z´^¯�b«Zo�°®�Áv¯¡�b�®�¶]�`ÀoZ³�¶§
°®�¶º¨´¿¦�¾Â¦��®°¦®�¾Z¨º�¦�Â®�Zºº�®¦�²¿¦��b�¦�ÀZ�¨¿��¾³¦zp]
�ºÀ���`ººÀoZ³�>Z�£¦Â��Ä°¦v¿Z�Z³�`�¤³�±¦�®d�À��À®º]�°Â®�b«Zo
¾º�Z�Âzº� ¶º] ¾º¨¿®|³�b«Zºo Zº] �°¦v¿Zºº� `ÀoZ³�Z]�À¡�¶Z^c°¦�Â
²ºº�Â°�Ð Â�Ï �Î ÄZ¸d«Zo�j¿Zd³�±¦�¶§�¶³º-�ÀZ°·��b�À³�ÀZ�¨¿
¾Èºds¦��Zº´^¯�b«Zºo ¶º] b^ºº�³�¶¨^��zÀÀ�c�Z]�¶¨´¿¦�¿Â®��b�¦
Ä¦¶º�oÈº¯ ªº]Z£�zÀÀ�c�v³¦ºc¾¯��À���¶ÀoZ³�ÄZ·±z¯���á°|]
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ÎÐÕÍ v´ �¦��Ï ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ÐÔ

�®º�¾¯�Áv·Z�¯�Ñ b«Zo�°®�®°º¯�²¿¦�¶§�v�Z]�¶d�¦®
�ºs Zº´^¯�b«Zºo °®�¶ºº§ ®º�¾¯�µz��b«Zo�²¿¦�°® �Ñ b«Zo
�¿¦|�¦����09$U ¶]�z ��±¦�ÎÎ ²Z]�°®�°Z]�Â�b�¦���£�Ð�Ñ
¶º§ ¾«zdº´§�`ººÀoZ³�Â��Î ¶ÀoZ³���À���¶ÀoZ³��Ò��ª¨���v]Z¿¾¯
Î b«Zººo ¶]�b^�³��v´§¾¯��t�¯�¦°�®°¦®�À¡�Z]�Äzd¿º£�¶Z^c°¦

¶§�®º�¾¯�Áv·Z�¯���b�¦�°¦v¯�°®�Ð�Ñ �s�¶§�
Â�ÎÍ �Ó���¶dº�®�ÀZº°·�b«Zººo Â®�z·�°®��¶d�®�²¿zd À�� �Î

�b�¦��ÎÎ
Äºº£ ¶Zº^c°¦��bºº�¦�ª�d¯�Ñ ¶]�Ð ²Z]�Àº#��Î b«Zo�°® �Ï
®°¦®�®ºººkÂ��Ò `ÀoZ³��ÎÕ Â�ÎÔ �ÎÓ �ÎÒ �Ò �Ñ ÄZ¸�Z]�²À]
�v´·®¾¯�ªÀ¨�c�¦°�ÞZd«Â�¾zd´§�`ÀoZ³�¦¿�Z¸´¿¦��£¦Â�°®�Â

�Õ �Ô �Ò ÄZ¸º�Z]�ª¯Z��`d�®���Ð�Ñ �s���£��Ñ b«Zo�°® �Ð
�v´·®¾¯�ªÀ¨�c�¦°�ÞZd«Â�¾zd´§�¶ÀoZ³�¦¿�ÎÑ Â�ÎÐ �ÎÏ �Ñ
®ºº· Z]�Äº£�¶Z^c°¦�°º§x¯�ÄZ¸�Z] b«Zo�²¿¦�°®�¾c°Z^��¶]
¶ºº�s�¾ºº´�¿��Î b«Zo��À���ÄZ·±z¯�¶lÀd³�°®��v³¦¶d�Z¿
Ñ b«Zºo °®�Â�vºº³¦Á®z§�zÀÀ�c�Ñ�ÎÑ Â�Ô�Ó �ÎÒ�ÎÑ �Ñ�Ò

�v´d�·�Ö�Õ Â�ÎÒ�ÎÑ ¶º�s���À���ÄZ·±z¯
¾º^���`¨^º� °®�¶º§ ®ºº�¾¯�Á°Zº�¦�fººp]�²¿¦�¶°cZs�°®
¦¿��¾kÂzs�¶¿Ç �ÇZ]�©Z�«Z�¯�Ä¦z]�Áv��¶d�z-�z�³�°®�²´·º§
¶ºÀ«Â¦�°¦vºº¤¯��v��¶d�z-�z�³�°®���ÀÂz³�ÑÏ��Ó�Ô Äv�]Â®�n��
Â��Áv³z]�ÀÂz³�¾ºo��»z��z·�±¦�ÀÂz³�Ð Zc��Ð ¾.¿Z�°·�¸Z��
°®� ���W�H�5 � ©°ºº� ¶º] ¾.¿Zº�°·�¸Z�ºº� �·Z§�¨ºp³
°ºº� ¶º] D ÄzºÀ-®Zºº¿ ­z³��b�¦�°¦z¨c�®¦v�c�W �v��¶d�z-�z�³
©°ºººº� ¶ºººº] ¾ºº´�¿�°¦zºº¨c�®¦vºº�c��ºº¿¦|�¦�Zºº] ¾ºº�s
ÄZ¸�Z]�Äv´]¶d�®�°º�´¯�¶]��v]Z¿¾¯��·Z§� ¸̧¹

·¨̈©
§ �D D ���

W��

Zºº] ��b«Zo�Ñ��Á°Z�¦�®°º¯�ÄZ¸d«Zo�±¦�¦¿�z·�°®�©°v£�®d�À�
°ºº� ¶º] ¶¨^º� ÄZ¸º³±Â�¦vººd]¦��²´·º§�¾^���¶¨^��±¦�Á®Z d�¦
Ä¦z]�¶§��Ä®Â°Â�ÄZ·°¦®z]�¶À¬§�~����®º�¾¯�§Ztd³¦�¾�®Z�c
Z¸º³±Â�v¿vlc�°º�´¯�¶]��v³°¦®z]�ÐÍ Z]�z]¦z]�²Z]�ÐÍ ®d�À��¦¿
­zºº³ Â�¾.¿Z�°·�¸Z���Äv�]�°¦z¨c�°®��v³º�¾¯�®°¦Â�¶¨^��¶]
¶º] Ä®Â°Â�ÄZº·°¦®z]�Å¦®vºl¯�Â�v³ººº�¾¯�Á®¦®��·Z§�ÄzÀ-®Z¿
Zºc ©ZºÀ¬°��²ºº¿¦��v³º�¾¯�v¿vlc�¾³±Â�\¿¦z��Â�¾Z°�¦�¶¨^�

Zº] �ÄzºÀ-®Zºº¿ `¬oz¯�¿Z°c¦�±¦�~���v]Z¿¾¯�¶¯¦®¦�¾¿Z¸³�¾¿¦z.°·
®ºº�¾¯��tºº�¯�¶¨^��¶]�Ä®Â°Â�ÄZ·°¦®z]�®vl¯�À®z§�®°¦Â
ÄZ¸º³Âz³�¶º] ¶º§ ¾¿Zºº·°¦®z]��v³¦¢¬�d¯�ÀÂz³�¿¦v§�¶]�¦¿�z·�¶§
�vº´·®¾¯�ªÀ¨ºº�c�¦°�zd�È§�Z¿�¶d�®�¦¿�v´d�·�¢¬�d¯�¶¿Z�°·
°ºº� ¶º] ©°vºº£ ®d�À��Ä°Z§�b«Zo�z·�Ä¦z]�z§x«¦¼º��ªo¦z¯

�®z¿x��¿Zl³¦�v¿Z]�z.¿®�ÄZ¸d«Zo�±¦�ª¤d�¯

Ä¦zº] Ä±Zº� &�0HDQV� ®ººd¿°º.«¦�ÄzÀ-°Z§�¶]�j¿Zd³��Ï�Ñ
Î b«Zo

zº§x«¦¼º��Î b«Zººo °®�®d�À��ÄZ¸�Z]�Äv´]¶d�®�°º�´¯�¶]
¶ºº] °®�¶ºd^«¦��vº� Á®Z dº�¦�|Àº³ Ä±Zº� &�0HDQV� ®ºd¿°º.«¦�±¦
�À]�Z]�Ä®Â°Â�ÄZ·°¦®z]�Ä¦z]�´º�s�¶]��³Â°�²¿¦�ÄzÀ-°Z§
®¦vº�c�§Zºtd³¦��®°¦®�®ººkÂ�Ä®Zº¿± ©È¨º�¯��zºº�´��¦¿�±¦
Àvºº� ¦z.º°·�ÄÂ°�Ä®Zº¿±�zÀg>Zºc ��P §Zºtd³¦�Â���&� Z·¶dº�®
Â�Zº�s�Â�¾�ºº� Z]�¾Zo�z·�¶]��®°¦®�Äv´]¶d�®�`lÀd³�Â�®d¿°º.«¦
¶º] ©È¨º�¯�zº] ¶º§ ®º¿®z§��º�º§�P Â�&� °zºº¨¯�zÀÀ�c�Z]
²º¿¦�±¦�Á®Z dº�¦�Zº] Ävºº´]�¶d�®�j¿Zd³��®À¿¡�¢WZ��³Â°�ÄzÀ-°Z§
¶ººW¦°¦��Ï��¾Âvºk °®�Î b«Zºo Ä¦zº] P ��� Â�& � Zº]³Â°
¦°�¶dº�®�zº· ¶ºº]²Z]�z·�b¿º���`k°®��¾Âvk�®¦v�¦��®º�¾¯

�v´·®¾¯�ÀZ�³
Z¸ººd¿º���`k°®�²¿zd-°|]�¶§�®º�¾¯�Áv·Z�¯��Ï��¾Âvk�±¦
`ºk°®�Zºº] \Àczc�¶]��ÎÎ Â�ÎÍ Â�Ó ÄZ¸�Z]�¶]�¶º]z¯�Î `d�®�°®

�v´d�·�Í�ÏÕÖÑ �Í�ÐÍÏÐ �Í�ÐÍÕÑ ÄZ¸d¿º��
�Î ÄZ¸º�Z]�¶ºº] ¶º]z¯�Z¸d¿º���`k°®�²¿zd-°|]��Ï `d�® °®
�ÏÐ �ÏÏ �ÏÎ �ÏÍ �ÎÖ �ÎÕ �ÎÔ �ÎÓ �ÎÒ �Ö �Õ �Ô �Ò �Ñ �Ð �Ï
²º¿zd-°|º] Ð `dºº�®�°®��v´d�·�ÐÍ Â�ÏÖ �ÏÕ �ÏÔ �ÏÓ �ÏÒ �ÏÑ
ÄZ¸ºd¿º���`ºk°®�Zº] ÎÑ Â�ÎÐ ²Zºº] ¶]�¶º]z¯�b¿º���`k°®
`ººk°®�²ºº¿zd-°|ººº] �Ñ `dº�®�°®�Â�v´dº�·�Í�ÑÔÓÎ Â�Í�ÕÐÕ

�b�¦�ÎÏ ²Z]�¶]�¶º]z¯�b¿º��
&�0HDQV Â�²ºº´·º§�³Â°�Z]�Äv´]¶d�®�j¿Zd³�À¦Â¦z��¶]Z�c
�ºÀ���¶ºÀoZ³�¶ºº§ ®º�¾¯�Áv¿®�¾�z��±¦��b�¦��t�¯�Ä±Z�
Zºº] ÎÏ ²Z]�`�]¦°��®°¦®�Äzd¿º£�`�]¦°�ÎÏ ²Z]�Z]��ÎÎ �ÎÍ �Ó�
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ÎÐÕÍ v´ �¦��Ï ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ ÐÕ

Î b«Zo�Ä¦z] Ä±Z� &�0HDQV ±¦�Á®Z d�¦�Z] Äv´]¶d�®�j¿Zd³��Ï ¾Âvk
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®ººº�¾¯�¶lÀd³�²¿¦z]Z´]��®°¦®�°¦v¿Z��¶ÀoZ³�ÄZ¸�Z]�Z]�Äº£�¶Z^c°¦
²Zº] ��ÎÎ �ÎÍ �Ó��¶dº�®�Äººº£ ¶]��À���±¦�¾«¦ºd¯�¾o¦º³�¶§

Á®Z dºº�¦�Z]�¾¬§�°º��¶]��v´d�·�Z¸�Z]�¶À¤]�Â��ÎÐ �ÎÑ��¶d�®��ÎÏ
�tº�¯�¶dº�®�zº· ¶ºº]²Z]�z·�b¿º���`k°®���Ï��¾Âvk�±¦
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ÎÐÕÍ v´ �¦��Ï ¨°Z°���ÏÍ ¾Z���¾È¤d�¦ÐÖ

>Zd^º�³�¶Zº^c°¦�®ºº· Z]��¬dt¯�ÞZd«Â�¾zd´§�¾o¦º³�¶§�¾¯Z.´·
Ä°¦v¿Zº�Z³�`�¤³�±¦�®d�À��°Z§�`�¤³�¶§�¾¯Z.´·�¾´�¿��v³°¦®�Äº£
®ººd¿°º.«¦�²¿¦�±¦�Á®Z d�¦��¶�«Z�¯�®°º¯�Î b«Zo�v´³Z¯��b�¦�°Â®
��º¬dt¯�ÞZºd«Â�¾zdºº´§�¾o¦º³�¶]�Z¸�Z]�b¿º���`k°®�²ÀÀ�c�Â
¶ºÀoZ³�Â®�¶]�®d�À��>Z�£¦Â�¾³¦zp]�°ZÀ�]��¿¦z��°®��b�¦�zd^�Z´¯
®Àº�¤c�vº³°¦®�¾º À���¶Zº^c°¦�z.º¿v¨¿�Zºº] ¶§�°¦v¿Z��Â��À��

�®º�¾¯
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8QVXSHUYLVHG�DQG�6XSHUYLVHG�/HDUQLQJ�IRU�'\QDPLF
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3URF��2Q�*HQHUDWLRQ��7UDQPLVVLRQ�DQG�'LVWULEXWLRQ�
9RO�������1R�����SS����������������
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