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Ë ÌÍ/Î�ÏÑÐ ÌÍ
Ò Æ�È?ÇKÓwº�ÉjÆ�Ô?¼�º�Ô�Õ×ÖaÈ§Ç�Ø?Ç�ÙjÚºgÛ0º}½¿È®ÙXºj¼�Æ�ÉOÙÜ½ÞÝ9Ô?º�Éjß�È?Ç�à

ÙX¼ÜÖ?ÉOÙÜ½wß"ÈoÔ?º�Û0ß�Ô9Úº²ÓwºjÇáÙX¼�½wÔd½wÛºgÈ?ÇÜ½wß�È?Èaº²ÓwÇgÃ ÚÆmâaÆ�¼�ÙÜ½w¼
Ô?º�Ôd½Þã ¹ºj¼ÜºgÈ�ÙXºgÇ9»LÖ?ºjÇ9Ô�Õ×ÖaÈ?º�ÇXÉ�ÚºgÈaº}¼ ¹ºgº²Ó�Ówº�Ã$È?ß�Ö?Ç|Æg»�ß�ÈaÇ
Ô ¹º²»�º²Ówß�âaâ ¹º�Ö?È?º�Û ¹ºOÙXä?ß�Ô?ºåÔ?º�ÉjÆ$Ó�½wæ?¼�Æ$Ù�½wß�È'ÇÜ½wÛâdÓwº�Ã
ÙDÆ�È®ÙmÔ?Öçâ ß�½wÈ�Ù°Ô?ºV»LÖaºVÔ?ºjÇ¯ÉBÆ$ÓwÉjÖdÓwÇ°è�Ö?ºkÔ?º
Égº²à
ÓwÖd½rÔ?ºgÇ§Ô?ß�ÈaÈ ¹ºgºjÇåÚÆåÝéß�Öa¼ÜÈd½w¼OÊ�ê�º²Ù�ÙXºÛ ¹º²ÙDä?ß�Ô?ºâÅºg¼ëà
Û0º²ÙìÔ?º+Égß"Ûìæd½wÈ?ºj¼§Ôd½í»�ºg¼�Ç�ºjÇ§â?¼¾½wÛp½íÙÜ½í»�ºgÇìÙD¼¾½wÔd½wÛºgÈ�à
Ç�½wß"È?È?º²Ó�ÓwºgÇ�º²Ù6Ô9Õ×ÖdÙ�½íÓí½wÇXºj¼²ÃdÔaÆ�È?Ç6Ö?È?º�Û!îºgÛº6âaäaÆ�ÇXº�Ôaº
ÉjÆ$Óí½wæa¼�Æ$ÙÜ½¿ß�È�ÃLÔaºgÇ�ÇXº²ï®ÛºgÈ®ÙDÇOÃ$Ô?ºjÇ}ÙX¼¾½¿Æ�Èdï�ÓwºjÇOÃ�Ô?ºjÇ[¼�ºgÉ²à
ÙDÆ�Èdï�ÓwºjÇgÃ®ºgÈ�ÙX¼ÜºIÆ�ÖdÙD¼ÜºgÇgÊ"ð|ºgÇ[Ô?ß�È?È ¹ºjºgÇrÚÆrÝéß�Ö?¼�Èd½w¼7ÇXß�È�Ù
ÓwºgÇ ÙDÆ$½�ÓíÓwºgÇáº²Ù�ÓwºgÇ1ß�¼¾½¿ºgÈ®ÙñÆ$ÙÜ½wß�ÈaÇWÔaÆ�È?Ç�Ö?È�Û!îºjÛ0ºW¼Üº²à
â�Úºg¼�º6ÔaºgÇ|Ç�ºOï®Û0ºjÈ®ÙXÇKè�Öd½�Égß�È?ÇÜÙ�½íÙXÖ?ºjÈ®Ù|ÓwºgÇ[â?¼�½wÛ�½íÙÜ½�»�ºjÇOÊò Èì¼�º²»�Æ�ÈaÉñä?º�Ã$½íÓ È�Õ×ºjÇÜÙ�âaÆ�Ç�È ¹ºgÉjºgÇXÇDÆ$½w¼Üº�Ôaº�Éjß�È?ÈaÆBîóíÙD¼Üº
ÓwºgÇåâ ß�ÇÜ½íÙÜ½wß�ÈaÇå¼�º²Ó¿Æ�ÙÜ½í»�ºgÇ�Ôaº¯ÉjºgÇ.â?¼¾½¿Û�½íÙÜ½�»�ºjÇOÊ Ò Æ�È?Ç
Ó¿Æ.â?¼�Æ$Ù�½wè�ÖaºWÓ¿ºgÇ ß"¼¾½wºgÈ�ÙDÆ$Ù�½wß�È?ÇWÇXß�È�Ù É²ä?ß�½wÇÜ½wºjÇ ß�¼�ÙXä?ß$à
ï®ß�ÈaÆ$ÓwºjÇOÃ}Æ$½wÈ?ÇÜ½�ÔaºìÇÜ½wÛ0âdÓ¿ºgÇ1Û0ºgÇXÖ?¼�ºgÇ ÔaºáÓwß�Èdï�Ö?ºgÖ?¼�Ç
Ç�ÖdôÇXºjÈ®ÙgÊ
õ�ö"÷¶øñù�újû$üýñøjþ ÿ?ö$ø � ÷ � ö����Åý²õpý���÷��	� 
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õ�ý��?ø � ö���� ýjû¶ûíý��

�  Î"!$#$%'&(!) È.ÙXäaº Ýé¼XÆ�Û0º�*Iß�¼,+.ß$Ý7Æ�Èå½wÈ�ÙXºj¼�Æ�É²Ù�½í»�ºWÇ�Ø?ÇÜÙXºgÛ ÙDß
æaÖd½íÓwÔ.- Ò à¾Û0ß�Ô?ºOÓMß$Ý�Æ.ÇXÉjºgÈ?º ÝT¼Üß�Û ½íÙDÇ�â ºj¼ÜÇXâ ºgÉOÙÜ½í»�º
»d½wº�*]â ß�½wÈ�ÙXÇgÃ/*�º6äaÆg»�º7Égß�Ûâ?ÖdÙXºjÔ/ÆIÇÜ½wÛâdÓwº�ÉjÆ$Ó�½wæ?¼�ÆBà
Ù�½wß�È�Û0ºOÙXä?ß�Ô9Ê10 Ö?¼rÉBÆ$Óí½wæ?¼XÆ$ÙÜ½wß�È°Ûº²ÙXäaß�Ô+½¿Ç ÇÜ½wÛ0âdÓwº*I½�ÙXäp¼ÜºOï�Æ�¼ÜÔ?Ç�ÙXßWÉjß�Û0â?ÖdÙñÆ$ÙÜ½wß"ÈpÆ�ÈaÔ�¼�ºgèdÖd½w¼ÜºjÔìÔaÆ$ÙñÆ�Ê2 äL½wÇ}Ûº²ÙXäaß�ÔìÆ$ÓíÓwß3*yÇ�Ôd½íã9ºg¼ÜºjÈ®Ù[ÙX¼�½wÔd½wÛ0ºjÈ?ÇÜ½wß�ÈaÆ$Ó�âa¼¾½Þà
Ûp½íÙÜ½í»�ºgÇyÇXÖ?Éñä�Æ�ÇrÇXºOï®Û0ºgÈ�ÙXÇgÃ�ÙX¼�½¿Æ�Èdï�ÓwºjÇ�Æ�È?Ô¯¼ÜºjÉ²ÙDÆ�Èdà
ï"ÓwºgÇrÙXßæ º/Éjß�Ûìæd½¿È?ºgÔ�Æ�È?Ô!Ö?ÇXºjÔ�½wÈåÙXäaº/ÇDÆ�Û0º1ÉjÆ$Ó�½Þà
æa¼�Æ$ÙÜ½¿ß�È�Ê 2 ä?ºpÔaÆ$ÙñÆ�ÙDß!æ º0â?¼�ßj»�½wÔaºgÔkÆ�¼ÜºÆ�æ?ÇXß�ÓwÖLÙXº
ß"¼¾½wºjÈ®ÙDÆ$Ù�½wß�È?Ç�Æ�È?Ô�â?¼¾½wÛp½íÙÜ½í»�ºgÇgÕÅÔd½wÛ0ºjÈ?ÇÜ½wß�È?ÇgÊ54°º/Ô?ß
Èaß�Ù�äaÆg»�ºrÙXß6+�È?ß3*'¼ÜºOÓ¿Æ$ÙÜ½í»�ºWâ ß�ÇÜ½íÙ�½wß�È�æ º²Ù7*�ºgºjÈâa¼¾½Þà
Ûp½íÙÜ½í»�ºgÇgÊ ) È]â?¼XÆ�É²Ù�½wÉgº�Ã�½ÞÝ1ß�¼¾½wºjÈ®ÙDÆ�ÙÜ½wß�È?Ç+Æ�¼�º�É²ä?ß�ÇXºgÈ
ÙDßpæ ºWß�¼¾ÙDä?ß�ï®ß�ÈaÆ$ÓTÃÅÙXäaºgÈ�ÇÜ½wÛ0âdÓ¿º�Û0ºBÆ�ÇXÖ?¼ÜºjÛ0ºgÈ�ÙXÇ�ß$Ý
Ó¿ºgÈdï�ÙDä!Æ�¼ÜºWÇXÖ�ô.É²½¿ºgÈ®ÙjÊ8 ý�9�:�ö�����øgþ;�Xö���ö"÷ ÿ?ö$ø � ÷ � ö�� � ������ú���õpý����pú��"û � ������÷ � ö��5�
ÿ?ý��ñøGÿ?ýDúj÷ ��� ý<��ýDö�õpýj÷���9/�§÷�� � � � õpý��Lø � ö��=�"ûyõpö��®ýgû ��> ��ù
÷ � ö��=�
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? @BA !$#$CEDmÏ.&(!GF�C A) Ó9º�Hd½wÇÜÙXº�Ô?º�Èaß�Ûìæ?¼�ºgÖIHpÓí½wºjÈ?ÇrºjÈ®ÙX¼�ºyÓwºWâ?¼�ß�ædÓéÚºjÛ0º
Ô?º�â ß�ÇÜ½íÙ�½wß�È?È?ºjÛ0ºjÈ®Ù6Ô�Õ Ö?Èìß�æ5J�ºOÙ�âaÆ�¼�¼XÆ�â?â ß�¼¾Ù�ÚÆ�Ö?È?º
ÉjÆ�Û ¹ºj¼�Æ�Ã�ÉgºOÓwÖd½ÅÔ?Ö.ÉjÆ$ÓwÉjÖdÓ�Ô?Ö0Ûß�Öd»�ºjÛ0ºgÈ�Ù[Ô?ºrÓ¿Æ/ÉjÆBà
Û ¹ºg¼XÆ+º²ÙìÔ?º0ÇDÆåÉjÆ�Óí½wæ?¼XÆ$ÙÜ½wß�È�Ê�ê�ºgÇWÙX¼Üß�½¿Çáâa¼Üß�ædÓTÚºgÛ0ºjÇ
È?º�â ºjÖd»�ºgÈ®ÙIÔ?ß�È?ÉWâaÆ�ÇWîº²ÙX¼�ºWÉgß�ÈaÇ�½¿Ô ¹ºg¼ ¹ºgÇIÉjß�Û0Û0ºr½wÈ�à
Ô ¹ºgâ ºjÈ?ÔaÆ�È�ÙXÇgÊ�Ä[Æ�¼1º�H?ºgÛâdÓwº�Ã�Ó¿ÆåÉBÆ$Óí½wæ?¼XÆ$ÙÜ½wß�Èk¼ ¹ºjÇ�ß�ÖLÙ
Ówº�â?¼Üß"ædÓéÚºgÛº6ÔaÖ§â ß�Ç�½�ÙÜ½wß�È?ÈaºgÛ0ºjÈ®Ù}Ô?º7Ó¿Æ ÉBÆ�Û ¹ºj¼�ÆIâ�Æ�¼
¼�Æ�â?â ß�¼�Ù]ÚÆ Ö?È<ß�æ�JÜº²Ù¯âaÆ�¼�ÙÜ½wÉjÖdÓí½wºj¼LKéÓ¿Æ Û�½w¼�º/MÙXß�ÖLÙ
ºgÈ
Ô ¹º²ÙDºg¼�Û�½wÈaÆ�È�Ù§ÓwºgÇ�âaÆ�¼�Æ�Û�Úº²ÙX¼�ºgÇ/½wÈ�ÙX¼¾½¿È?ÇgÚºgè�ÖaºgÇìÔaº
Égº²Ó�Ówºñà¾É²½TÊ5N ÖdÙX¼�º º�H?ºjÛ0âdÓwºPO"Ç�½ ÓTÕ×ß�È+Ô ¹ºOÙXºj¼ÜÛ�½wÈaº�Ówº â ß$à
Ç�½íÙ�½wß�È?ÈaºgÛ0ºjÈ®Ù�Ô�Õ Ö?È?º ÉjÆ�Û ¹ºg¼�Æ.ÚÆáÔd½Þã ¹ºj¼ÜºjÈ®ÙXÇ�½wÈ?ÇÜÙDÆ�È�ÙXÇ
âaÆ�¼ ¼�Æ�â?â ß"¼¾ÙWÆ�ÖiÛ!îºjÛ0ºWß�æ�JÜº²ÙjÃa½íÓ7ºgÇÜÙ�ÇÜ½wÛ0âdÓ¿º/Ô�Õ ß�æ�à
ÙXºgÈL½w¼/Ówº�Ûß�Öd»�ºjÛ0ºgÈ�Ù1Ô?º.ÉgºOÙÜÙDºÉBÆ�Û ¹ºg¼XÆ�Ê7ê�ºgÇáâ?¼Üß$à
ædÓéÚºgÛºgÇ�Ýéß�È�Ù�ÙXß�ÖaÇ�½wÈ�ÙXºj¼¾»�ºjÈd½w¼6ÙD¼Üß�½wÇ�ï®¼�ß�Ö?â ºgÇ�Ô?º âaÆBà
¼�Æ�ÛåÚºOÙX¼ÜºjÇgÊ
Q ð|ºjÇ ÿ�������õSRýj÷��Xý²ø � ��÷�� � �LøTRý�U�
aý²ø è�Öd½ÅÛ0ß�Ô ¹ºOÓí½wÇXºgÈ�ÙÓ¿ºgÇìÉBÆ�¼�Æ�ÉOÙ ¹ºj¼¾½wÇÜÙÜ½wèdÖ?ºgÇì½wÈ�ÙXºj¼ÜÈ?ºjÇ§Ô?ºÓ¿ÆiÉBÆ�Û ¹ºg¼XÆ�Ê
Ä[ß�Ö?¼�ÓwºWÛ0ß�Ô9Úº²Ówº ÇÜÙ ¹ºgÈ?ß�â ¹º�Ã�Ó¿º�âdÓ¿Ö?ÇIÇÜ½wÛ0âdÓwº�ÃaÉgºjÇ
ÉBÆ�¼�Æ�ÉOÙ ¹ºj¼¾½wÇÜÙÜ½wèdÖ?ºgÇ|ÇXß�È®Ù|Æ�Ö/È?ß�Ûìæ?¼�º}ÔaºMÂ(OgÓ¿ÆIâ ß$à
ÇÜ½íÙ�½wß�ÈáÔ?Ö�ÉjºgÈ�ÙX¼Üº�ÔaºMÓTÕ ½wÛ.Æ$ï®º�Ã$º²ÙKÔ?ºjÖIH1É�V ô.É²½wºjÈ®ÙDÇ
Ô9Õ ¹ºjÉñäaÆ�È®ÙÜ½íÓ�Ówß�È?ÈaÆ$ï�º�ÇXÖ?¼ÅÓwºgÇ5ÔaºgÖIHWÆ�HaºgÇ9Ô?º}ÓéÕ ½wÛÆBà
ï�º�ÊQ ð|ºjÇ ÿ�������õSRýj÷��Xý²ø�ý�W®÷�� � �LøTRý�U�
?ý²øYX É�Õ×ºjÇÜÙ�àOÚÆBàëÔL½w¼Üº�Ó¿Æâ ß"Ç�½íÙ�½wß�È º²ÙìÓTÕ×ß�¼�½wºgÈ�ÙDÆ$ÙÜ½¿ß�È Ô?º+Ó¿ÆÑÉjÆ�Û ¹ºg¼XÆ!â�Æ�¼
¼XÆ�â?â ß�¼�ÙrÚÆyÖ?Èá¼ ¹ºñÝ ¹ºg¼�ºgÈ�ÙÜ½wºOÓ�Z�H?º�Ê\[�Öd½í»"Æ�È®ÙMÓwº�â?¼Üß$à
æLÓéÚºgÛ0ºIÉjºI¼ ¹º²Ý ¹ºj¼ÜºgÈ�ÙÜ½wºOÓ â ºjÖdÙ îºOÙX¼�º�Óí½ ¹º�ÚÆ1ÖaÈ�ß�æ5J�ºOÙ
»?Ö�Ã"ß�Ö!ÚÆyÓ¶Æ ÉBÆ�Û ¹ºg¼XÆ ÔaÆ�ÈaÇ�Ö?È?ºIÆ�ÖdÙX¼�ºIâ ß�ÇÜ½íÙÜ½wß�È9Ã
ß"ÖåºjÈIZ È°ÚÆìÖaÈ?ºWÆ�ÖdÙX¼�º�ÉBÆ�Û ¹ºj¼�Æ�ÊQ ðMÆ �IüýDö�õ üýg÷]� � ý^�®ý²ø1öI�`_gýj÷¶ø ß�æ?ÇXºg¼�» ¹ºgÇ�âaÆ�¼�Ó¿ÆìÉjÆBàÛ ¹ºg¼�ÆdÊ

ð|ºgÇ1âaÆ�¼XÆ�ÛåÚº²ÙD¼ÜºjÇ�º�HdÙX¼�½wÈ?ÇgÚºgèdÖ?ºgÇ1ÇXß�È®Ù.ÚÆ�Ô ¹º²ÙDºg¼ÜÛp½Þà
È?ºg¼OÃBÔaÆ�ÈaÇ9ÓwºjÇ5ÙX¼Üß�½¿ÇMÉjÆ�Ç|â?¼ ¹ºgÉ²½¿Ç ¹ºjÇgÃ$Æ$Ówß�¼�ÇMè�ÖaºMÓ¿ºgÇMÔ?ºjÖIH
Æ�ÖdÙX¼�ºgÇ7ï®¼Üß�Öaâ ºgÇ�Ô?ºrâ�Æ�¼�Æ�Û�ÚºOÙX¼�ºgÇ7â ºjÖd»�ºgÈ®Ùrîº²ÙD¼ÜºyÇ�Öaâ�à
â ß�Ç ¹ºjÇIÉgß�ÈaÈ�Ö?ÇgÊ5Nr½¿È?Ç�½aO
Q ð|ºÑâ?¼Üß�æLÓéÚºgÛ0ºÑÔ?ºÑâ ß�ÇÜ½íÙÜ½wß�ÈaÈ?ºgÛ0ºjÈ®Ù!Ô�Õ×ÖaÈ'ß�æ�àJÜº²Ùåâ�Æ�¼+¼�Æ�â?â ß�¼�Ù°ÚÆ°Ó¿Æ
ÉBÆ�Û ¹ºg¼XÆÑÇ�Öaâ?â ß�ÇXº¯èdÖ?º
Ó¿ºgÇìâ�Æ�¼�Æ�Û�ÚºOÙX¼�ºgÇW½wÈ®ÙX¼�½wÈ?ÇgÚºgèdÖ?ºgÇ§ÇXß�½wºjÈ®ÙìÉgß�È?ÈdÖ?ÇgÃ
Æ�½wÈ?ÇÜ½?èdÖ?º7ÙXß�ÖdÙ7ß�Ö§Ö?È?º�âaÆ�¼¾Ù�½wº�Ôaº6Ó¿Ærï ¹ºjß�Û ¹ºOÙX¼¾½¿º
Ôaº¯ÓéÕ ºgÈ®»d½w¼Üß�ÈaÈ?ºgÛ0ºjÈ®Ù.â ºj¼�bÉjÖ�Ã�ÇXÖd½í»"Æ�È®Ù+Ó¿Æ
Û ¹ºñà
ÙDä?ß�Ô?º Ôaºy¼ ¹ºgÇXß�ÓwÖLÙÜ½wß�È!Æ�Ô?ß�âLÙ ¹ºgº�Êdð|ºgÇ�Û ¹ºOÙXä?ß�ÔaºgÇ
ÚÆ/æaÆ�ÇXºrÔaºrâ ß�½wÈ�ÙXÇ�ß�Öâ?¼Üß�æLÓéÚºgÛ0ºyâ ºg¼�Ç�â ºjÉ²Ù�½í»�º§ÚÆc â ß�½wÈ®ÙDÇ�dfe Æ�¼,g\h�ijdke ß�¼lg�Á�imdfnon¯ÁdÀ�ijd 2 Ä7Ä7Á\-/i
È ¹ºgÉgºjÇXÇ�½�ÙXºgÈ�ÙìÆ�Ö�Û0ß�½wÈ?Ç6-¯â ß�½wÈ®ÙDÇ6- Ò Égß�È?ÈdÖ?ÇgÊÒ ºgÇ.Û ¹º²ÙDä?ß�Ô?ºjÇ¯ÚÆ°æaÆ�ÇXº¯Ô?ºåÓí½íï®ÈaºgÇpKGÆ�Ö Û�½wÈd½Þà
Û�Ö?Û - Óí½íï®È?ºjÇ�M'ß�È®Ù Æ�Ö?ÇXÇ�½ ¹º²Ù ¹º â?¼�ß�â ß�Ç ¹ºgºjÇdqn Òsr g\g/i'd ðteug�Á/i'd ê 2 Ávh�idÆ$½¿È?ÇÜ½�èdÖ?º�Ô�Õ Æ�ÖdÙX¼�ºgÇ
ÚÆ æaÆ�ÇXº�Ôaº�â?¼¾½¿Û�½íÙÜ½í»�ºgÇ�âLÓwÖ?Ç7Éjß�Û0âdÓwº�H?ºjÇMÉgß�ÛÛ0º

ÓwºjÇyÆ�ÈLï�ÓwºgÇwdkxWÆ�È�g�y�iRÃLÓwºjÇ�ÙD¼¾½éÚºjÔ?¼ÜºjÇzd ê 2 g|{/i}ß�Ö
ÓwºjÇrºOÓíÓí½wâaÇ�ºjÇ}d ê rr¸ Á\~�iRÊQ ð|ºgÇ§Û ¹º²ÙXäaß�Ô?ºgÇáè�Öd½�â ºj¼ÜÛ0ºOÙÜÙXºjÈ®ÙáÔ?º+¼ ¹ºgÇXß�Ö?Ôa¼ÜºÓwº âa¼Üß�ædÓTÚºjÛ0ºIÔ?ÖpÉBÆ$ÓwÉgÖdÓÅÔ?Ö0Ûß�Öd»�ºgÛ0ºjÈ®Ù}Ô�Õ×ÖaÈ?º
ÉBÆ�Û ¹ºj¼�ÆWÇXÖ?âaâ ß�Ç�ºjÈ®Ù�è�Öaº Ç�ºjÖdÓwÇ�ÓwºgÇ�âaÆ�¼XÆ�ÛåÚº²ÙD¼ÜºjÇ
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ÔaºgÇ ¹ºgèdÖaÆ$ÙÜ½wß�ÈaÇ�Óí½¿È ¹ºjÆ$½¿¼ÜºgÇ Ô?ÖÙ¾ØLâ º�Ô?ºmK�À�hvMXÃ;KÜÀ�~�M�ß�ÖK�À3-�MXÊò ÈiÖdÙ�½íÓí½wÇDÆ�È�Ù�ÓwºjÇ Û�ÖdÓíÙÜ½wâLÓí½wÉjÆ�ÙXºgÖa¼ÜÇWÔ?º§ðMÆ$ï®¼�Æ�Èdï®º�Ã
ß"ÈåÔ ¹ºgÔ?Öd½�ÙIÓ¿Æ�Ç�ß�ÓwÖdÙÜ½wß"ÈiÆ�È�Æ$ÓíØ�Ù�½wè�Ö?ºáÇXÖd½í»�Æ�È�ÙXº»O

¨"!"©$#m�ñê º %'& ¡(�)�( * (�) £ ¨ £ !"©$#¨ £ !"©+# í KÜÀOÂ�M
ßÅÚÖ¨ £ !"©$# ºjÇ�Ù¯Ówºk»�ºgÉOÙXºgÖa¼!â?¼Üß"â?¼Üº�Æ�ÇXÇXß�É²½ ¹º'ÚÆoÓ¿Æ»"Æ$ÓwºgÖa¼0â?¼Üß"â?¼ÜºåÛ�½wÈd½wÛ�Ö?Û Ô?º.Ó¶ÆÑÛÆ$ÙX¼�½wÉgº-, £ ) £sº*/.£ )�( %'& ¡(�)�(0* £ )�( ÃÅÆg»�ºjÉ

� . �·� ê % (�)�( * £ )�(* .£ )�( , £ ) £ íê�ºOÙÜÙXº�Û ¹º²ÙXäaß�Ô?º�Ô?ºÑ¼ ¹ºgÇXß�ÓwÖLÙÜ½wß�È<â?¼ ¹ºgÇXºgÈ�ÙXº�Ô?ºjÖIH
Æj»�Æ�È®ÙñÆ$ï®ºgÇÀOQ Ó¿Ær¼ ¹ºjÇXß�ÓwÖdÙÜ½¿ß�È/ºjÇ�Ù|Æ�È�Æ$ÓíØ�Ù�½wè�Ö?º�Ã�ÚÆ�â�Æ�¼¾ÙÜ½¿¼KÔ�Õ ¹ºgèdÖaÆBàÙ�½wß�È?ÇrÓí½wÈ ¹ºjÆ$½w¼�ºgÇgÃQ ºOÓíÓwº â ºgÖLÙ7ÙX¼XÆ$½íÙXºj¼7ÓwºgÇ�ÉjÆ�Ç7ßÅÚÖpÓéÕ ½wÈ�ÝTß�¼ÜÛ.Æ$ÙÜ½wß�ÈåºgÇÜÙ¼�ºgÔ?ß�ÈaÔaÆ�È®ÙDº�Ã�Éjº�è�Öd½Wâ ºg¼�Û0º²Ù�Ô�Õ Æ�Û ¹º²Ó�½wß�¼Üºj¼.Ó¿Æ

âa¼ ¹ºgÉO½wÇÜ½wß�È'Ô?Ö ¼ ¹ºgÇXÖdÓíÙñÆ$Ù�ºjÈ ÖdÙÜ½íÓí½¿ÇXÆ�È®ÙiâdÓ¿Ö?Ç�Ô?º
âa¼¾½wÛ�½íÙ�½í»�ºjÇ/èdÖ?ºìÓwº.È?ß�Ûìæa¼ÜºìÛ�½¿Èd½wÛìÖaÛ È ¹ºgÉjºgÇ�à
ÇDÆ$½w¼�ºÚÆ§ÓéÕ Æ�Óíï®ß�¼¾½íÙDä?Û0º�Ê

�



ò È�¼�º²»�Æ�È?Éñäaº�Ã"Égß�ÛÛ0º�â ß�Ö?¼�Ô?ºjÇ�¼�Æ$½wÇXß�ÈaÇ6ÔaºIÇ�½¿Ûìà
âdÓí½wÉO½íÙ ¹º1ß�È+È?ºyÛÆ�Èd½wâ?ÖLÓwº èdÖ?ºrÔ?ºjÇ ¹ºgè�Ö�Æ$ÙÜ½wß�ÈaÇ�Óí½¿È ¹ºjÆ$½Þà
¼ÜºgÇgÃ$Ó¿º�È?ß"Ûìæ?¼�º7Û�½wÈd½¿ÛÆ$ÓLÔ9Õ ½wÈdÝéß�¼ÜÛ.Æ$ÙÜ½wß�ÈaÇ7â ß�Ö?¼KÓTÕ Æ$ÓÞà
ï®ß�¼¾½íÙDä?Û0ºåºgÇÜÙ�Ö?È
â ºgÖ
ÇXÖ?â ¹ºj¼¾½wºjÖ?¼�Æ�Ö]Èaß�Ûìæ?¼�ºÛp½Þà
Èd½wÛÆ$Ó�ÙDä ¹ºgß"¼¾½wè�Öaº�Ê7Ä[Æ�¼§º�H?ºjÛ0âdÓwº�ÃMÖLÙÜ½íÓí½wÇ ¹º!Æg»�ºgÉ.Ô?ºjÇ
Ç�ºOï®Û0ºjÈ®ÙXÇgÃ7ÉgºOÙÆ$Ó�ï®ß�¼¾½íÙDä?Û0º�¼�ºgè�ÖL½wºg¼�Ù.ÁVÇXº²ï®ÛºgÈ�ÙXÇgÃ
Æ$Ówß�¼ÜÇ1è�Öaº1ÙXä ¹ºgß�¼�½wè�Ö?ºjÛ0ºgÈ�ÙgÃTy�ß"ÖEg.ÇXº²ï®Û0ºjÈ®ÙDÇrâ ºjÖ�à
»�ºjÈ®Ù�ÇXÖ�ô.¼Üº�Ê
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) ÓMº�Hd½wÇÜÙDº/Ô?ºjÇrÉjß�ÈIZaï®Ö?¼XÆ$ÙÜ½wß"È?Ç�ÇXâaÆ$Ù�½¿Æ$ÓwºjÇ�èdÖd½}¼ÜºjÈ�à

Ô?ºgÈ�ÙåÓ¶Æo¼ ¹ºjÇXß�ÓwÖdÙÜ½¿ß�È<½¿Û0â ß�ÇXÇ�½¿ædÓwº
âaÆ�¼�Ó¿Æ Û ¹º²ÙDä?ß�Ô?º
â?¼ ¹ºjÇ�ºjÈ®Ù ¹ºjº�Ê ) ÓrÇ�ºj¼�Æ$½�Ù.Ô?ß�È?É+½wÈ®Ù ¹ºg¼ÜºjÇXÇXÆ�È®ÙpÔ?º�Ó¿ºgÇpÉjÆBà
¼�Æ�É²Ù ¹ºg¼�½wÇXºg¼¯Æ�ZÅÈ Ô?ºmÓwºjÇ ¹ºO»�½íÙXºj¼²ÊsNr½wÈ?ÇÜ½/½íÓ�ºjÇÜÙiæd½wºjÈ
Égß�È?ÈdÖ!è�Öaº�Ó¿Æ.ÉjÆ$Ó�½wæ?¼�Æ$Ù�½wß�È°Æg»�ºjÉWÔ?ºjÇ â ß�½wÈ®ÙDÇ È ¹ºgÉjºgÇ�à
Ç�½íÙDºiÖ?È?º�Ôd½wÇÜÙX¼�½wæ?ÖdÙ�½wß�È'Ô?º¯â ß�½wÈ®ÙDÇ�- Ò Èaß�ÈoÉgß�âLÓ¿ÆBà
ÈaÆ$½w¼ÜºjÇgÊ Ò ºáÛ!îºgÛ0º�ÃLâ ß�Öa¼rÓ¿Æ0ÉBÆ$Óí½wæ?¼XÆ$ÙÜ½wß"È ÚÆ0æaÆ�ÇXºWÔaº
â?¼¾½wÛ�½�ÙÜ½í»�ºgÇyÙD¼¾½wÔL½wÛ0ºgÈaÇ�½¿ß�È?È?º²Ó�ÓwºgÇgÃKÉgºjÇ Ô?ºg¼�Èd½éÚºj¼ÜºgÇgÃÅ¼�ÆBà
Û0ºgÈ ¹ºjºgÇ ÚÆ§ÖaÈ?º1Û!îºgÛ0ºyß�¼¾½�ï�½wÈ?ºáÈ?º Ô?ß�½�»�ºgÈ�ÙIâ�Æ�Ç1îºOÙX¼�º
Égß�âdÓ¿Æ�ÈaÆ$½w¼ÜºjÇgÊ�Ä[ÓwÖ?Ç0ï ¹ºgÈ ¹ºg¼�Æ�ÓwºgÛ0ºjÈ®ÙjÃ}ÙDß�ÖdÙXº!Éjß�ÈIZaï�Ö�à
¼�Æ$ÙÜ½¿ß�È�è�Öd½5ÝTÆ$½íÙ�Ô?º % Ö?È?ºáÛÆ$ÙX¼�½wÉgºWÈaß�Èå½wÈ®»�ºg¼�ÇÜ½wædÓwº
â?¼Üßj»�ß�è�Ö?ºiÓ¿Æ]Ô ¹º²ï ¹ºjÈ ¹ºg¼�ºgÇXÉgºjÈ?ÉgºiÔ?Ö ÇÜØLÇÜÙgÚºjÛ0º�ÊåniÆ$ÓÞà
ä?ºgÖ?¼�ºgÖ?ÇXºjÛ0ºgÈ�ÙgÃ�ÉjºgÇWÉjß�ÈIZaï®Ö?¼XÆ$ÙÜ½wß�ÈaÇìÇXß�È®Ù/Ôd½Þô.ÉO½íÓwºgÇ
ÚÆ�ÉjÆ�¼XÆ�É²Ù ¹ºg¼¾½¿Ç�ºj¼§ß�Ö ÚÆ ¹ºgÈ�ÖaÛ ¹ºg¼�ºg¼1Ô?ºìÝRÆ=bÉgß�È
º�HaäaÆ�Ö?Ç�à
ÙÜ½í»�º�Ã�ºOÙIÉjº²Ó¿Æ�¼�ºgÇÜÙXº1ºgÈåÇXß�½KÖ?È�Ç�Ö�J�º²ÙáÚÆ ¹ºOÙXÖ?ÔL½wºg¼OÊ� ß�Ö?Ç0Æg»�ß�È?Ç§ÙXß�ÖdÙDºñÝTß�½wÇß"æ?ÇXºg¼¾» ¹º+Ö?È�Æ�ÖdÙD¼Üº�Ù¾ØLâ º
Ô?ºpÉgß�ÈIZaï�Ö?¼�Æ$Ù�½wß�ÈVèdÖd½6â?¼Üß�Ô?ÖL½íÙ/Ó¶Æ�Ô ¹ºOï ¹ºgÈ ¹ºj¼ÜºjÇ�ÉjºgÈ?Éjº
Ô?Ö�Ç�Ø?ÇÜÙgÚºgÛº�Ã�½wÉO½KÓ�½ ¹ºgº�ÚÆ§Ó¿ÆÛ ¹º²ÙDä?ß�Ô?º ÔaºW¼ ¹ºgÇXß�Ó¿ÖdÙÜ½wß�È9Êò È�âaÆ�¼�ÙÜ½wÉjÖdÓí½wºj¼²Ã|Éjº²Ù�ÙXº§ÇÜ½íÙXÖaÆ�ÙÜ½wß�ÈVÆ�â?â�Æ�¼�Æ$îóíÙ/Ówß�¼ÜÇXè�Öaº
ÓwºgÇ6â?¼¾½wÛ�½�ÙÜ½í»�ºgÇ ÚÆ æaÆ�Ç�º�Ô?ºIÇXº²ï®ÛºgÈ�ÙXÇ"- Ò Ã�¼�Æ�Û0ºjÈ ¹ºgÇIÚÆ
Ö?È?ºrÛ¯îºgÛ0º�ß�¼¾½�ï�½wÈ?º�ÃaÇXß�È�Ù7½wÈ?ÉOÓwÖ?ÇXºgÇ�ÔaÆ�È?Ç�Ö?È�ÙD¼¾½éÚºjÔ?¼Üº
ß�¼¾ÙXäaß�ï®ß�ÈaÆ$ÓéÊ Ò º�ÝTÆYbÉgß�È�Æ�ÈaÆ�Ówß�ï®Ö?º�Ã�Ó¿ÆáÛ ¹ºOÙXä?ß�Ôaº�Ýéß�È�à
Ô ¹ºgºyÇ�Öa¼[ÓwºjÇ�â ß�½wÈ®ÙDÇ�Æg»�ºgÉIÓ¿ÆáÉgß�È�ÙX¼XÆ$½wÈ®ÙDº6Ç�¨ £ !"©$# Ç¾� ÀÔ ¹º²ï ¹ºjÈ�Úºg¼�ºåÆg»�ºgÉÓTÕ Æ$Ó�ï®ß�¼¾½íÙDä?Û0ºiÔ?º�¼ ¹ºgÇXß�ÓwÖdÙ�½wß�È Ô?º.Ó¿Æ
âaÆ�¼¾Ù�½wºWâ?¼ ¹ºjÉ ¹ºjÔ?ºgÈ�ÙXº�ÃdÇ�½9ÓwºjÇIâ ß�½wÈ�ÙXÇrÇXß�È�ÙIâ ß�ÇÜ½íÙ�½wß�È?È ¹ºjÇ
Ç�Öa¼7Ö?È�ÙD¼¾½éÚºjÔ?¼Üº�Êaê�º�Ù¾ØLâ ºyÔ?ºrÔ ¹ºOï ¹ºgÈ ¹ºg¼ÜºjÇXÉgºgÈaÉgº�ºgÇÜÙ7Ó¿Æ
Égß�È?Ç ¹ºgèdÖ?ºgÈaÉgºáÔ?Ö!ÝTÆ�½íÙWèdÖ�Õ Ö?È?º§Ô?ºjÇ Égß�È�ÙX¼XÆ$½wÈ®ÙDºgÇ1Ç�Öa¼
Ó¿Æ�ÙD¼�Æ�È?Ç�Ýéß"¼ÜÛÆ$Ù�½wß�È0â ºj¼ÜÇXâ ºgÉOÙÜ½í»�ºIÈ�Õ ºgÇÜÙ�âaÆ�Ç7ÖdÙ�½íÓí½wÇ ¹ºgºPO
ÓwºgÇ ¹ºOÓ ¹ºgÛºgÈ®ÙDÇ9Ô?º[Ó¿ÆyÛÆ�ÙX¼¾½wÉjº7â ºj¼ÜÇXâ ºgÉOÙÜ½í»�ºG� È?º7ÇXß�È�Ù
âdÓwÖ?ÇáÉgß�È�ÙX¼�Æ$½¿È®ÙXÇgÊ|Ä[ß�Ö?¼Wâ�Æ$ÓíÓí½wºj¼ìÉjº²Ó¿Æ�ÃMß�È°â ºgÖdÙáºjÛìà
âdÓwßjØ�ºg¼5ÖaÈ?º�Égß�È�ÙX¼�Æ�½wÈ®ÙXº�ÃBâ ß"Ç ¹ºjº6Æ�â?¼�½wß�¼¾½TÃ�è�Öd½�Æ$ï�½íÙ}Ç�Öa¼
ÓéÕ×ºjÈ?ÇXºgÛ�ædÓwº�Ô?º�Ó¿Æ°Û.Æ$ÙX¼¾½¿Égº�Ã6Égß�Û0Ûº�âaÆ�¼º�H?ºjÛ0âdÓwºÇ�� Ç(� À�Ê� È?ºpÝéß�½¿Ç�Ó¿ÆiÉBÆ$Óí½wæ?¼XÆ$ÙÜ½wß�È ¼ ¹ºBÆ$Óí½wÇ ¹ºgºåÇXÖ?¼/âdÓ¿Ö?ÇÜ½wºgÖ?¼�Ç
»LÖ?ºjÇOÃ ÚÆÑâ�Æ�¼¾ÙÜ½¿¼Ô?º¯è�Ö?ºOÓwè�Ö?ºjÇ0ß�æ�JÜº²ÙDÇ0Ô?º�Ó¿ÆVÇ�É�ÚºgÈ?º�Ã
½íÓIºjÇÜÙ§â ß�ÇXÇÜ½wædÓwºåÔ?º.Égß�È?ÇÜÙD¼ÜÖd½w¼�º.½wÈ�ÙXºg¼XÆ�É²Ù�½í»�ºjÛ0ºgÈ�ÙWÓwº
Û0ß�Ô�Úº²Ó¿º.ï ¹ºjß�Û ¹º²ÙD¼¾½wèdÖ?º�Ô?º+ÓéÕ ºgÈ?ÇXºgÛ�ædÓwº+Ô?º�Ó¶Æ�ÇXÉ�ÚºjÈ?º
âaÆ�¼IÇXÖ?â ºg¼�â ß�ÇÜ½íÙÜ½wß�È¯Ç�Öa¼�É²äaÆ�èdÖ?ºy½wÛÆ�ï®º�Ê
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=?>A@ BDC�EGFIHKJMLON�HQP�CRESPTEUHKV�JQWXN�HKPTYXV) Ó[ÇOÕ Æ$ï�½íÙ/Ô?º�Égß�ÈaÇ�ÙD¼ÜÖd½w¼�ºìÔ?º§ÛÆ�Èd½éÚºg¼�º/½wÈ®ÙDºg¼�Æ�É²ÙÜ½�»�º
ÖaÈìß�æ�JÜº²Ù7Ô�Õ Ö?È?º�Ç�É�ÚºgÈ?º ÚÆ�âaÆ�¼�ÙÜ½w¼6Ô?º�ÔL½Þã ¹ºg¼�ºgÈ®ÙDºgÇM½wÛÆBà
ï�ºgÇrÔaº/Éjº²ÙÜÙDºWÇXÉ�ÚºjÈ?º d[Z"Ä7Á\~�iRÊYN â?¼OÚºjÇ�Ó¶Æ0Ô ¹ºOÙXºj¼ÜÛ�½wÈ�ÆBà
Ù�½wß�È§Ô?º�Ó¿ÆyÛÆ$ÙX¼�½wÉgº�Ô?º�ÙX¼�Æ�È?Ç¾ÝTß�¼ÜÛ.Æ$ÙÜ½wß�È§â ºj¼ÜÇXâ ºgÉOÙÜ½í»�º
Ôaº�Ó¿Æ�ÉBÆ�Û ¹ºj¼�Æ+â�Æ�¼/ÉBÆ$Óí½wæ?¼XÆ$ÙÜ½wß�È9Ã}ÓéÕ ÖdÙ�½íÓí½wÇDÆ$ÙÜ½¿ß�ÈoÔ�Õ×ÖaÈ
Ûß�Ô?º²ÓwºjÖ?¼ Éjß�Û0Û0ºáß�ÖdÙ�½íÓ�Ô?º�Û0ß�Ô ¹º²Ó�½wÇDÆ$ÙÜ½wß�È°ï ¹ºgß�Û ¹ºñà
ÙD¼¾½wèdÖ?º�Ã}ÚÆáÙD¼�Æg»�ºg¼�Ç�ÖaÈ?º »?Ö?º ½wÔ?ºjÈ®ÙÜ½wèdÖ?º0ÚÆìÉjº²Ó�Ówº/Ô?º Ó¿Æ
ÉBÆ�Û ¹ºj¼�Æ�Ã[Èaß�Ö?Çpâ ºg¼ÜÛº²ÙìÔ?º�ÇXÖ?â ºj¼Üâ ß�ÇXºg¼§Ó¿Æmâ?¼Üß�JÜºgÉ²à
Ù�½wß�È�Ô?ºWÓéÕ ß�æ�JÜº²Ù ÙX¼�½wÔd½wÛ0ºjÈ?ÇÜ½wß�È?È?ºOÓrÚÆ0Égß�È?ÇÜÙD¼ÜÖd½w¼�º§Ç�Öa¼
ÇXß�È+½wÛÆ$ï®º�ÊaðKº�Û0ß�Ô?ºOÓwºgÖ?¼�ºgÇÜÙyÆ$½wÈ?ÇÜ½KÖdÙÜ½�Óí½wÇ ¹º§Égß�Û0Ûº
ÖaÈkÉBÆ$ÓwèdÖ?º�ÇXÖ?¼/ÓéÕ ½wÛÆ$ï�ºåèdÖd½�ºjÇ�Ù�âLÓ¿Æ�É ¹ºjº�ÔaÆ�ÈaÇ�ÖaÈ?º
»?Ö?º1Ôd½íÙXº/ÉjÆ�Û ¹ºj¼�Æ�Ê� ß�Ö?ÇKÔd½wÇXâ ß�ÇXß�È?ÇgÃjÉgß�ÛÛ0ºMÉjÆ�âLÙXºgÖa¼9Ô�Õ ½wÛ.Æ$ï®ºgÇgÃjÔ�Õ Ö�à
Èaº+ÉjÆ�Û ¹ºj¼�Æ Òs2 ê Égß�ÖdÓwºjÖ?¼ÜÇ<[�ß"È®Ø"ÊP�yß"Ö?ÇìÖdÙ�½íÓí½wÇXß�È?Ç
Éjß�Û0Û0º�Û0ß�Ô?ºOÓwºgÖ?¼�ï ¹ºjß�Û ¹ºOÙX¼¾½¿è�Ö?º�Ã N É²Ù�½wß�Èo- Ò ÃÅÉg¼ ¹º ¹º
ºjÈ Éjß�ÓíÓ¿Æ�æ ß"¼�Æ$ÙÜ½¿ß�È Æg»�ºgÉåÓ¶ÆVÇXß�É²½ ¹º²Ù ¹ºô[�ß�ï�½íÙDºgÉ�ÊIÄ}ß�Öa¼
Ó¿º§Û0ß�Û0ºjÈ®ÙgÃaÈ?ß�ÖaÇ È?ß�Ö?Ç ÇXß�Û0Û0ºjÇ�½wÈ�Ù ¹ºj¼ÜºgÇXÇ ¹ºgÇ§ÚÆ0ÖaÈ?º
ÇXÉ�ÚºgÈ?º�Ô?º�æ?Ö?¼�ºjÆ�Ö�Ã�è�Öd½?ºgÇÜÙ�ÖaÈ§Ö?Èd½í»�ºg¼ÜÇ[â ß�ÓíØ ¹ºgÔ?¼�½wè�Ö?º�Ê
ê�º�Û0ß�Ô?ºOÓwºjÖ?¼Mâ ºg¼�Û0º²ÙjÃ�â ß�Ö?¼�Èaß�ÙX¼ÜºIÆ�â?âdÓ�½wÉjÆ$Ù�½wß�È�ÃdÔ?º
Éj¼ ¹ºjºg¼9Ô?ºjÇ5Û0ß�Ô�ÚºOÓwºgÇKºgÈuZaÓ®Ô?º[Ýéºj¼9Æj»�ºjÉ�Ô?ºgÇ5âa¼¾½wÛ�½�ÙÜ½í»�ºgÇ
ÚÆ¯Ô ¹º²Ýéß�¼�Û0ºg¼6KGÉgÖ?æÅº�Ã}ÇXâ?ä�Úºg¼�º�ÃMÉ�îß�È?ºjÇ/âaÆ�¼§º�H?ºjÛ0âdÓwº�MXÊ0 Èkâ ºgÖdÙ1ÝRÆ$½w¼Üº+ÇXÖ?æL½w¼1ÙD¼Üß�½wÇ/Ù¾ØLâ ºjÇ/Ô?ºpÙX¼�Æ�ÈaÇ¾ÝTß�¼ÜÛ.ÆBà
Ù�½wß�È?Ç�ÚÆ�ÖaÈ?º�âa¼¾½wÛ�½íÙ�½í»�ºBO7ÙD¼�Æ�È?ÇÜÓ¿Æ$Ù�½wß�È�Ã�¼Üß�ÙDÆ$ÙÜ½¿ß�È ºOÙ
Æ$ôÈL½íÙ ¹º�Ã5ÇXÖ?¼rÓ¿ºgÇ ÙX¼Üß�½¿Ç/Æ�H?ºjÇ;O H9Ã Ø"Ã=�®Ê9ð7Õ ÖdÙÜ½íÓ�½wÇDÆ$ÙXºjÖ?¼
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â ß�½wÈ®ÙXÇ.ÇXÖ?¼ìÖaÈ?º�½wÛÆ$ï®º�Ê$� ß�Ö?Ç0Æg»�ß�È?Ç0Æ$½wÈ?ÇÜ½ É²ä?ß�½¿Ç�½
Ó¿ºgÇ�âaÆ�¼¾Ù�½wºgÇ�»�½wÇÜ½wæLÓwºgÇIÔaÖæ?Öa¼ÜºjÆ�Ö+Éjß�Û0Û0ºIâa¼¾½wÛ�½�ÙÜ½í»�ºgÇKGÉgß�½¿È?ÇgÃ Æ�¼gîºOÙXºgÇgÃaâdÓ¶Æ$ÙXºjÆ�Ö!º²ÙDÉ�ÊÅê7Ý¾Ê�Zaï�Ö?¼ÜºÃ~vMXÊ
ð|ºgÇW¼ ¹ºgÇXÖdÓíÙñÆ$ÙXÇ§ß�ædÙDºgÈdÖ?ÇáÆj»�ºjÉ�ÔL½Þã ¹ºg¼�ºgÈ®ÙDºgÇ§â?¼�½wÛ�½Þà

Ù�½í»�ºgÇ ÇXß�È®Ù�¼�º²Ó¿Æ$Ù�½í»�ºgÛ0ºjÈ®Ù�ÇÜ½wÛ�½íÓ¿Æ$½¿¼ÜºgÇ'K¾ê7Ý¾ÊÅÙDÆ�ædÓwºBÆ�ÖIH~yºOÙB-�MXÊ�ðKº�É²ä?ß�½�H§Ô9Õ×Ö?Èaº6âa¼¾½wÛ�½�ÙÜ½í»�º�ÚÆIÓ¿Æ âdÓ¶Æ�Égº�Ô�Õ×ÖaÈ?º
Æ�ÖdÙX¼Üº1Ô ¹ºjâ ºgÈ?ÔåÖ?Èd½¿è�Ö?ºjÛ0ºgÈ�Ù�Ô?ºgÇ�½wÈ�ÝTß�¼ÜÛÆ�ÙÜ½wß�È?Ç èdÖ?º
ÓTÕ×ß�Èpâ ºjÖdÙ�Æg»�ß�½w¼�Ô?º�Ó¿Æ1â?¼¾½¿Û�½íÙÜ½�»�ºBO"ÇXºgÇ�â ß�½¿È®ÙXÇ�àG½wÛÆ$ï®º
ºOÙ[ÇXºgÇMÛºgÇXÖ?¼ÜºjÇ�ÙX¼�½wÔd½wÛºgÈ?ÇÜ½wß�È?Èaº²ÓíÓwºjÇgÊ ò È§º²ã9º²ÙgÃ�½íÓaºgÇÜÙ
âLÓwÖ?Ç�ÇÜ½wÛâdÓwº�Ô?º�ÛºgÇXÖ?¼Üºj¼�Ó¿ÆkÓwß�Èdï®Ö?ºjÖ?¼�Ô9Õ×Ö?È ÇXºOï�à
ÛºgÈ®ÙìÔ?ºåÔd½w¼ÜºjÉ²Ù�½wß�ÈoâaÆ�¼�ÙÜ½wÉjÖdÓí½éÚºj¼Üºiè�Ö?º+Ô?ºåÛ0ºjÇ�Öa¼Üºg¼
ÔaºgÇ�â ß�½¿È®ÙXÇIÇÜ½íÙDÖ ¹ºgÇ�ÇXÖ?¼�Ô?ºjÇ�ß�æ�JÜº²ÙDÇ�Ô?ß"È®Ù�ÓwºjÇ�¼�ºgâ�Úºj¼ÜºjÇ
Ó¿ß�ÉjÆ�ÖIHÑÇXß�È®Ù�Ôd½íã ¹ºg¼ÜºjÈ®ÙDÇOÊKê�ºjâ ºgÈaÔaÆ�È®ÙjÃ ½íÓ[ÝTÆ�ÖLÙWÆ�Ö?ÇXÇÜ½
ÇgÕ Æ�ÇXÇ�Öa¼Üºg¼åÔ?º�ÓéÕ×º�Hd½wÇÜÙDºgÈ?ÉjºmÔ?ºmÓ¿ºgÖ?¼�Éjß�¼Ü¼ÜºjÇXâ ß�È?ÔaÆ�È�Ù
ÇXÖ?¼�ÓTÕ ½wÛ.Æ$ï®º�Ê Ò ºWâdÓwÖaÇOÃ È?ß�Ö?Ç Æg»�ß�ÈaÇIß�æ?ÇXºg¼�» ¹º Ówº ÝTÆ�½íÙ
ÇXÖd½�»�Æ�È®Ù3OyÇÜ½�ÓwºjÇ!â?¼�½wÛ�½íÙ�½í»�ºjÇ!É²ä?ß�½wÇÜ½wºjÇ¯ÈaºmÇXß�È®Ù!âaÆ�Ç
æL½wºgÈ.¼ ¹ºjâaÆ�¼¾Ù�½wºgÇ�Ç�Öa¼�ÓéÕ ½wÛÆ�ï®º�Ã�Ó¿ÆáÛ ¹º²ÙXäaß®ÔaºrÈ?ºyÔ?ß�È?È?º
â�Æ�Ç[ÙXß"Ö�J�ß�Öa¼ÜÇ7Ô?ºI¼ ¹ºgÇXÖdÓíÙñÆ$ÙXÇgÊ®ð7Õ ºgÇÜÙÜ½wÛÆ�ÙÜ½wß�È0ºjÇÜÙ�Û0ºO½íÓÞà
Ó¿ºgÖ?¼�ºVÆg»�ºjÉ�Ö?È?ºÑæ ß�È?È?º°¼ ¹ºgâaÆ�¼¾ÙÜ½íÙ�½wß�ÈçÇ�Öa¼.ÓéÕ ½wÛÆ$ï®º�Ã
ÔaºgÇ�â?¼�½wÛ�½íÙ�½í»�ºjÇsK¾ê7Ý¾Ê ¸ ½�ï®Ö?¼ÜºjÇ�g�º²Ù�Á�MXÊ?Ä[Æ�¼IÆ$½íÓ�ÓwºgÖ?¼�ÇOÃ
ÇÜ½rÈ?ß�Ö?Ç0Æ�Ödï�Û0ºgÈ�ÙXß�È?ÇìÓwºjÖ?¼pÈ?ß�Ûìæa¼Üº�Ã}ÓwºgÇ0¼ ¹ºgÇXÖdÓíÙñÆ$ÙXÇ
ÇgÕ Æ�Û ¹ºOÓí½wß�¼ÜºjÈ®ÙjK¾ê7Ý�Ê ¸ ½íï®Ö?¼ÜºjÇ Â+ºOÙ§À�hvMXÊ ò È¯¼�ºgâ ¹ºj¼�Æ�È�Ù

y



+

+

Observateur

δ2

δ1

δ3 = δ1 + δ2

(u1,v1)

(u2,v2)

(u3,v3)

(u4,v4)

plan image

pUqsrXn À7à ð|ºjÇKÔ?ß"È?È ¹ºgºjÇ|Ô�Õ×ÖaÈ/¼ÜºjÉ²ÙñÆ�Èdï�Ówº�È ¹ºgÉjºgÇXÇDÆ$½w¼ÜºjÇ
ÚÆáÓ¶ÆpÉjÆ$Óí½¿æ?¼�Æ$Ù�½wß�È

pUqtrun ~Ñà ò È æLÓ¿Æ�È?É¯ÓwºmÛ0ß�Ô�Úº²Ó¿º¯¼�ºgÉgß"È®ÙX¼�Öd½íÙgÃ�ºjÈ
Èaß�½w¼áÓwºjÇpâ?¼¾½wÛp½íÙÜ½í»�ºgÇ�ÖdÙÜ½íÓ�½wÇ ¹ºgºgÇìÓwß"¼ÜÇpÔ?ºgÇ§ÔL½Þã ¹ºg¼�ºgÈ®ÙDºgÇ
ÉBÆ$Óí½wæa¼�Æ$ÙÜ½¿ß�È?ÇgÊdðKºjÇ}âa¼¾½wÛ�½íÙ�½í»�ºgÇåKGâ ß�½wÈ®ÙDÇgÃ®Ç�ºOï®Û0ºjÈ®ÙXÇ|ºOÙ
¼�ºgÉOÙDÆ�Èdï�Ó¿ºgÇ�M�ÇXß�È�Ù.ºgÇXÇXºgÈ�ÙÜ½wºOÓíÓwºjÛ0ºgÈ�Ù�ÓwºjÇ+âaÆ�¼�ÙÜ½wºjÇ»�½Þà
ÇÜ½wæLÓwºgÇ�Ô?Ö0æ?Öa¼ÜºjÆ�ÖºOÙ6Ó¿ºgÇ�~áÆ�¼gîºOÙXºgÇ�»�ºj¼¾ÙÜ½¿ÉjÆ$ÓwºjÇ�Ô?Ö0ÙDÆBà
æLÓwºjÆ�ÖpÖdÙ�½íÓí½wÇ ¹ºgÇ6â ß�Ö?¼}ÓwºjÇ�ÉjÆ$Óí½¿æ?¼�Æ$Ù�½wß�È?Ç�Ûp½�HdÙXº�º²Ù6Æg»�ºjÉ
ÇXºOï®Û0ºgÈ�ÙXÇ�M

pUqtrun -�à ê�Æ�Û ¹ºg¼XÆ�ÉBÆ$Óí½wæ?¼ ¹ºgºmÆj»�ºjÉ�{VâÅß�½wÈ®ÙDÇOÊ�ð|º
Ûß�Ô�Úº²Ówº¹- Ò ¼�ºgÉjß�È?ÇÜÙX¼ÜÖL½íÙIºjÇÜÙ�â?¼Üß�J�º²Ù ¹º ÇXÖ?¼6ÓéÕ ½wÛÆ�ï®ºÚÆ
ÙD¼�Æg»�ºg¼�Ç�Ó¶Æì»LÖ?º1ÉjÆ�Û ¹ºg¼XÆ�Ê

g



pUqsrXn ÂÑà ê�Æ�Û ¹ºj¼�Æ�ÉBÆ$Óí½wæa¼ ¹ºgºmÆj»�ºjÉ�gkâ ß�½wÈ®ÙDÇOÊ�ð|º
Û0ß�Ô�Úº²Ó¿ºs- Ò ¼�ºgÉjß�È?ÇÜÙX¼ÜÖL½íÙIºjÇÜÙ�â?¼Üß�J�ºOÙ ¹º ÇXÖ?¼6ÓTÕ ½wÛ.Æ$ï®ºÚÆ
ÙX¼�Æj»�ºg¼�Ç�Ó¶Æì»LÖ?º1ÉBÆ�Û ¹ºg¼XÆ�Ê

pUqsrXn �áà ê�Æ�Û ¹ºg¼XÆáÉjÆ$Óí½wæa¼ ¹ºgº§Æg»�ºgÉ1ÁpÇXº²ï®Û0ºjÈ®ÙXÇgÊdð|º
Û0ß�Ô�Úº²Ó¿ºs- Ò ¼�ºgÉjß�È?ÇÜÙX¼ÜÖL½íÙIºjÇÜÙ�â?¼Üß�J�ºOÙ ¹º ÇXÖ?¼6ÓTÕ ½wÛ.Æ$ï®ºÚÆ
ÙX¼�Æj»�ºg¼�Ç�Ó¶Æì»LÖ?º1ÉBÆ�Û ¹ºg¼XÆ�Ê

pUqsrXn {!à ê�Æ�Û ¹ºj¼�Æ¯ÉjÆ$Óí½¿æ?¼ ¹ºjºåÆg»�ºgÉ�~i¼ÜºjÉ²ÙñÆ�Èdï�ÓwºjÇ;O
ÓwºpâdÓ¿Æ$ÙXºBÆ�ÖmºOÙ Ó¿ÆÝTÆ�Éjº�Æg»"Æ�È®ÙWÔ?Ö�æ?Ö?¼�ºjÆ�ÖLKGÄ7¼ÜºjÛ�½wºj¼Z ÉñäL½wºg¼T~ Ò MDÊBð|º�Û0ß�Ô�ÚºOÓwºP- Ò ¼�ºgÉgß"È?ÇÜÙX¼ÜÖd½�Ù|ºgÇÜÙ5â?¼Üß�JÜº²Ù ¹º
Ç�Öa¼�ÓéÕ ½wÛÆ$ï�º.ÚÆ/ÙD¼�Æg»�ºg¼�Ç�Ó¿Æì»?Ö?º ÉjÆ�Û ¹ºg¼XÆ�Ê

pUqtrun y�à ê�Æ�Û ¹ºg¼XÆÑÉjÆ$Óí½¿æ?¼ ¹ºjºÑÆg»�ºgÉo~V¼�ºgÉOÙDÆ�Èdï"ÓwºgÇ
Æj»�ºjÉ�ÖaÈ!Ô?ºjÖIHd½éÚºjÛ0º¾Z É²äd½wºj¼�~ Ò Ê ð|ºWÛ0ß�Ô9Úº²ÓwºÃ- Ò ¼Üº²à
Éjß�È?ÇÜÙX¼�Öd½íÙ6ºgÇÜÙ[âa¼Üß�JÜº²Ù ¹º�ÇXÖ?¼|ÓTÕ ½wÛ.Æ$ï®º/ÚÆrÙD¼�Æg»�ºg¼ÜÇMÓ¿Æ »?Ö?º
ÉBÆ�Û ¹ºj¼�Æ�Ê

pUqtrun grà ê�Æ�Û ¹ºj¼�ÆyÉjÆ$Ó�½wæ?¼ ¹ºjºrÆg»�ºgÉrÀ�¼ÜºjÉ²ÙñÆ�Èdï�ÓwºsKRâLÓ¿ÆBà
ÙDºjÆ�ÖYM5º²ÙMÂ�ÇXº²ï®ÛºgÈ®ÙDÇBKGÆ�â?âaÆ�¼¾ÙDºgÈaÆ�È®ÙIÚÆIÓ¿ÆIÝRÆ�Égº�Æg»�Æ�È�Ù
ÔaÖ�æ?Ö?¼�ºjÆ�Ö=MDÊ9ð|ºìÛ0ß�Ô9Úº²Ówº6- Ò ¼�ºgÉjß�È?ÇÜÙX¼ÜÖL½íÙ1ºgÇÜÙWâ?¼Üß$àJÜº²Ù ¹º�ÇXÖ?¼�ÓéÕ ½wÛÆ$ï®º+ÚÆ§ÙX¼�Æj»�ºj¼ÜÇ�Ó¿Æì»LÖaº�ÉBÆ�Û ¹ºj¼�Æ�Ê

pUqtrun Árà ê�Æ�Û ¹ºj¼�ÆyÉjÆ$Ó�½wæ?¼ ¹ºjºrÆg»�ºgÉrÀ�¼ÜºjÉ²ÙñÆ�Èdï�ÓwºsKRâLÓ¿ÆBà
ÙDºjÆ�ÖYMKºOÙMÂ1ÇXº²ï®Û0ºjÈ®ÙDÇPKGÔ?ß�È®Ù$~ ÇXß�È®Ù}ÓwºgÇ7Æ�¼jîº²ÙXºjÇ|»�ºg¼�ÙÜ½Þà
ÉBÆ�ÖIH.Ô?ÖÙñÆ�ædÓwºBÆ�Ö=MIÊ ð|º Û0ß�Ô�Úº²Ó¿º�- Ò ¼ÜºjÉgß�È?ÇÜÙX¼�Öd½íÙrºgÇÜÙ
âa¼Üß�JÜº²Ù ¹º1ÇXÖ?¼�ÓéÕ ½wÛÆ$ï®º+ÚÆáÙD¼�Æg»�ºg¼�Ç�Ó¶Æì»LÖ?º1ÉjÆ�Û ¹ºg¼XÆ0Ê

Á



pUqsrXn À/h/à ê�Æ�Û ¹ºg¼XÆáÉjÆ$Óí½¿æ?¼ ¹ºjºáÆg»�ºgÉìÀ/¼ÜºjÉ²ÙDÆ�Èdï�ÓwºWºOÙ� ÇXº²ï®Û0ºjÈ®ÙDÇMÔ?ß�È®Ù[Â/Ç�ß�È�ÙM»�ºj¼¾Ù�½wÉjÆ�Ö�H�Ê"ðKº�Û0ß�Ô9ÚºOÓwºå- Ò
¼ÜºgÉjß�È?ÇÜÙX¼�Öd½íÙ§ºjÇÜÙáâ?¼Üß�J�º²Ù ¹º0ÇXÖ?¼�ÓéÕ ½wÛÆ$ï®ºÑÚÆ.ÙD¼�Æg»�ºg¼�Ç1Ó¿Æ
»LÖ?º1ÉjÆ�Û ¹ºg¼�Æ�Ê

pUqsrXn À"À.à ê�Æ�Û ¹ºg¼�Æ!ÉjÆ$Óí½¿æ?¼ ¹ºjºåÆg»�ºgÉ�~¯¼ÜºgÉOÙDÆ�Èdï"ÓwºgÇ
º²ÙrÀ ÇXº²ï®Û0ºjÈ®Ù[»�ºj¼¾ÙÜ½¿ÉjÆ$ÓéÊ?ð|ºrÛ0ß�Ô�ÚºOÓwº¾- Ò ¼�ºgÉgß"È?ÇÜÙX¼ÜÖd½�Ù
ºgÇÜÙIâa¼Üß�JÜº²Ù ¹º1ÇXÖ?¼�ÓéÕ ½¿ÛÆ$ï®ºÚÆ§ÙX¼XÆg»�ºj¼ÜÇ�Ó¿Æì»?Ö?º ÉBÆ�Û ¹ºg¼XÆ�Ê
ÔaÆ�È?Ç}ÓéÕ ½wÛÆ$ï®ºIÔaºgÖIH§¼�ºgÉOÙDÆ�Èdï�Ó¿ºgÇMÝéß"¼ÜÛÆ�È�Ù�Ö?È/ÙD¼¾½éÚºjÔ?¼Üº
ß�¼¾ÙXäaß�ï®ß�ÈaÆ$Ó5ÔaÆ�È?Ç7ÓéÕ ºgÇXâaÆ�Éjº¾- Ò Ã�È?ß�ÖaÇ6É²ä?ß�½¿Ç�½w¼�ß�È?Ç�Ôaº
â?¼ ¹º²Ý ¹ºg¼�ºgÈ?ÉjºìÓ¿Æ�ÉBÆ$Óí½wæ?¼XÆ$ÙÜ½wß�È�Û�½�HdÙDº�ÉBÆ�¼WºOÓíÓwº.ß$ã9¼Üº�Ó¿Æ
â ß�Ç�ÇÜ½wæL½íÓí½íÙ ¹º�Ô?º6¼�Æ/JÜß�ÖdÙXºj¼KÔaºgÇ|ÇXº²ï®Û0ºjÈ®ÙDÇÅÔ?º6Û!îºgÛ0º[Ôd½Þà
¼ÜºgÉOÙÜ½wß�È9Ã�âaÆ�¼[º�H?ºjÛ0âdÓwº�»�ºg¼�ÙÜ½wÉBÆ�ÖIH�Ã®Æ�Û ¹º²Óí½wß"¼�Æ�È®Ù�Æ$½wÈ?ÇÜ½
ÓéÕ×ºjÇÜÙÜ½wÛÆ$Ù�½wß�È!ÔaºgÇIâaÆ�¼XÆ�ÛåÚº²ÙD¼ÜºjÇ�Ô?º Ó¿Æ0ÉjÆ�Û ¹ºj¼�Æ�Ê

À�h



âaÆ�¼�Æ�ÛåÚº²ÙD¼ÜºgÇ ¼ ¹º²Ý ¹ºj¼ÜºjÈ?Égº {pâ ß�½wÈ®ÙDÇ ÁpÇ�ºOï®Û0ºjÈ®ÙXÇ ~�¼�ºgÉOÙDÆ�Èdï�ÓwºjÇ À/¼ÜºjÉ²ÙDÆ�Èdï�ÓwºK ¸ ½íï®Ö?¼�ºÃ-�M K ¸ ½íï®Ö?¼Üºm�vM K ¸ ½íï?ÊÏ{dÃ 2 Æ�æ�Ê�À ¸ ½wÉ²ä�Ê�À�M ÂÇXº²ï®ÛºgÈ®ÙDÇ�K ¸ ½íï?Ê Á�MK¯® Á °l± Á M�KGâd½�Haº²ÓwÇ�M K�-dÀ3gdÃ�~�-|g�M Kæ-\~|��Ã�~�{|{�M K�-�Â�ÂaÃÏ~vy/gIM K�-|{|-dÃ�~|~|�vM K�-dÀ�~�Ã�~|��{�MKæÂ|Ä�°�Â|Å/M K�g�y®À�ÃÏg�yjÂ�M Kæg�y�~�ÃÏg|g|-�M KRÁvh|h�Ã×Á\h|-�M KRÁ\�|h�Ã Á|-�Á�M K�g|g|{LÃ g�y|y
Ù×HpKRÔ?Û�M Â®ÁdÊq-�Â ÂvgdÊÏ-\� Â®ÁLÊq{|g ��À�ÊÏ�vy Â�gdÊqg|-
ÙëØoKRÔ?Û�M -dÀ�ÊÏ~\� -\-dÀ�ÊÏh�g -dÀ"ÊÏ��g -dÀ�Ê�y�~ -LÀ�Êq-�y
Ù,�'KRÔ?Û�M À�~�ÊÏg À�~�Ê���{ À�~dÊ×Á\~ À3-dÊÏ~vy À/~�Êqg|{
¼èHpKRÔ?ºOï®¼ ¹ºjÇ�M à7h�ÊÏ{�Â à7h�Ê���{ àDÀ�ÊwÀ�� àDÀ�ÊÏ��y à×h�Ê���Á
¼¾ØoKRÔ?ºOï®¼ ¹ºjÇ�M {dÊÏ-dÀ y®Ê×Á�Á gdÊ Á|- ��Ê�y y®ÊÏ-|{
¼7�'KRÔ?ºOï®¼ ¹ºjÇ�M àDÀ3{\h�Ê��|� àXÀ3{\hdÊ�y®À àDÀ3{dÀ�Ê Á�Â àDÀ3{|-dÊ��|h àDÀ���{dÊ�y�À

kXl�m�n ~Wà Ä[Æ�¼XÆ�ÛåÚº²ÙD¼ÜºgÇ�Ô?º Ó¿ÆpÉjÆ�Û ¹ºg¼XÆ/ß"ædÙXºjÈ�Ö?Ç�âaÆ�¼�ÉjÆ$Óí½¿æ?¼�Æ$Ù�½wß�ÈmÆg»�ºgÉ ÓwºWÈ?ß�Û�æ?¼Üº Û�½wÈL½wÛìÖ?Û Ô?º1â?¼¾½¿Û�½íÙÜ½�»�ºjÇ�O
ÉgºgÈ�ÙX¼Üº�Ô?º�ÓéÕ ½wÛÆ$ï®º'K¯® Á °,± Á MXÃLÝRÆ�É²ÙDºgÖ?¼�ÇIÔ�Õ ¹ºjÉ²ä?º²ÓíÓ¿ºgÇ¹KæÂ|Ä�°�Â|Å/MXÃLÙX¼XÆ�È?ÇÜÓ¿Æ$ÙÜ½wß"È?ÇmKéÙ,H�ÃLÙëØ®ÃLÙ,�|MXÃa¼Üß�ÙñÆ$ÙÜ½wß�ÈôKR¼7H�Ãa¼¾Ø®Ã�¼7�|M
âaÆ�¼XÆ�ÛåÚº²ÙD¼ÜºjÇ ¼ ¹º²Ý ¹ºg¼�ºgÈ?Éjº gpâ ß�½wÈ�ÙXÇ ~�¼ÜºgÉOÙDÆ�Èdï"ÓwºgÇ À/¼ÜºjÉ²ÙDÆ�Èdï�Ówº À/¼�ºgÉ²ÙñÆ�Èdï�Ówº ~�¼ÜºgÉOÙDÆ�ÈLï�ÓwºgÇK ¸ ½íï�Ö?¼Üºm-�M K ¸ ½íï®Ö?¼Üº^y|M ÂÇXº²ï®Û0ºjÈ®ÙDÇ �§ÇXº²ï�Û0ºgÈ�ÙXÇ ÀWÇXºOï®Û0ºgÈ�ÙK 2 Æ�æ9Ê�À ¸ ½wÉñä9ÊÏ~vM K ¸ ½íï®Ö?¼�º�g�M K ¸ ½íï®Ö?¼�º�À�hvM K ¸ ½íï®Ö?¼�ºWÁ�MK¯® Á °l± Á M�KGâd½�H?ºOÓwÇ�M Kæ-dÀ3gdÃ�~�-|g�M K�-\~\h�ÃÏ~|��Â�M K�-dÀ"À�ÃÏ~�g|gIM K�-|-dÀ�ÃÏ-\~|~vM Kæ~�ÁIy®ÃÏ~$Â�h�M K�-\{\~�ÃÏ~�-"Á�MKæÂ|Ä�°�Â|Å/M Kæg�y®À�ÃÏg�yjÂ�M K�g�y\y®Ãqg|g"Á�M K�g|gLÀ�Ãqg�Á|gIM KRÁ\~$Â?Ã Á\h�Á�M K�g\�\h�Ãqg\��{IM KRÁ�Â®ÁdÃ×Á�ÂIhvM
Ù×HpKRÔaÛ�M Â®ÁdÊÏ-�Â Â�gdÊ�yjÂ ÂvgdÊÏ{|g �|h�Ê Â�h Â5y®Ê Âvg ��À�Ê Â®Á
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