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µ@¶�·`¸¢¹¦ºZ»)¸l¹¦¼�½Zº�·¦·¾¼�¹¦»!¿�À�·¦Á¾º�ÂÄÃOº�·ÆÅ"Ç�È1Å�¿$Èº�É�º�ÊË»,Ì�Ít¶�ÊÎ¼�¹UÏÐÂPº�Á¾º�¹¾»)Ç1¹,ÏÎÑ�Ñ�º�¹,·3ÒUÓÔ	Õ ¹¦ÁÖº�ÏÐ×Oº�Ø�¼�Â`»Ù ÊÎºZÚ�º"Û"º�¹U¶j¹¦ÜSº�ÏÎÁ Ô ×OÑ�É�¼�×3¶�×	¶�ÊÎ¼�Ñ�º�×Æ¿�ÏÐÑ�×6¶�ÊÎº�×�ÃOº�·Ýº�ÊÎº�Ø�Á¾¹¦¼�Â£¶jÑ�×6º�Á¦ÏÐ·¦½ Õ º�× Ô ×6Ã Õ ¶�ÃO¹¦¼�×6ÏÐ·,½ Õ º�×ÖÍt¶�ÊÐ¼j»¹UÏÐÂPº�Á¾º�¹,·ÖÃ Ô ¹,½ ÕÝÞ µ@º�¹3ß�¶ Ô6Ù Á¾Á¾º�ÏÐÊ"ÃOº�¹;¿�ÏÐÑ�×6¶�ÊÎÉ�º�¹,¶j¹¦ÜSº�ÏÎÁ Ô ×OÑàÃOº�·t¸¢¹¦ºZ»)¸l¹,¼�½Zº�·¦·¦¼�¹¾»!¿�À�·¾Á¾º�Â£·�º�¹¦Ò¨¼�ÊÎÑ�ÁÏá×ãâ Ô ÊÎÁ¦ÏÎ»!ä Õ Ï Ù âå¼�Ã Ô ÊÎº�×Kæçâ+ä�â+è Þ µ@º�¹Öº�¹,·¾Á¾ºPÇ1º�ÏÐÊ�Ã6ÏÎº�·¾º�¹�Å�¹¦ÜSº�ÏÎÁJÜSº�·¦½ Õ ¹¦º�ÏÎÜ6Á�Ã6ÏÎºÆé¢×�Á)êJÏá½¦Ø�Ê Ô ×OÑÉ�¼�×ìë Ô ¶�ÊÐÏÐÁ�Ó¶jÁ¦· Ù ¹�ÓÔ Ò Ô ×OÑ�º�×�ÒUÓÔ ¹àÃ6ÏÐºåâ+ä(â$í¢Ï Õ ¹¦º�Å�×�êîº�×6Ã Ô ×OÑ>ÏÐ×MÃOº�¹�âãä(âï¿�º�¹,ÏÎº�× Ù ¹¦¼�Ã Ô Ø�Á¦ÏÐ¼�×Ô ×6Ã�Ã6ÏÎºÖº�¹¦ð�ÏÐº�ÊÎÁ¾º�×�él¹¦Ñ�º�Ü�×6ÏÐ·¦·¾º Þñ!Âòð�êîº�ÏÎÁ¾º�×�Ç1º�ÏÐÊSÃ6ÏÎº�·¾º�¹(Å�¹¦ÜSº�ÏÎÁîê Ô ¹,ÃOº�×�Ûl¶�ÊÐÏÐÃ	ÏÎº�¹ Ô ×OÑ�·,·¾Á Ô Ã6ÏÎº�×àÒUÓÔ ¹îº�Ïá×�âå¼�ÃOº�ÊÐÊSÃOº�¹J¿�½ Õ ¶ Ô º�¹¾»¸�¶j¹,¶�Â£º�Á¾¹,ÏÐ·¦ÏÎº�¹ Ô ×OÑPÏÐÂóÅ"Ç�È1Å�¿�»)¸l¹¦¼�Ñ�¹,¶�ÂàÂ9ÒUÓÔ ¹�·¦½ Õ ×6º�ÊÐÊÎºÖµ@º�Á¾º�Ø�Á¾¼�¹,·,ÏÐÂ Ô ÊÐ¶jÁ¦ÏÎ¼�×Oº�×�Å"ÇJÈ0ô�Å�¿OÇ�º�¹¾»Ò¨¼�ÊÎÑ�Á Þ ñõ×�Ã6º�×�¶ Ô Ò·¦ÏÐÂ Ô ÊÐÏÎº�¹¦Á¾º�×�ëtä�µ�»)µ�Ï öõº�Áõ»)é¢¹¦º�ÏÎÑ�×6Ïá·¦·¾º�×�Ü	¶�·¦ÏÎº�¹¦Á¾º�×�¿�Á Ô Ã	ÏÎº�×Pê Ô ¹UÃOº�×àÃOº�Á¦¶�ÏáÊÐÊÐÏÎº�¹¦Á¾ºÛ"º�¹,Ñ�ÊÎº�ÏÐ½ Õ º�ÃOº�·;µ@º�Á¾º�Ø�Á¾¼�¹¾»)Å@×6· Ù ¹¦º�½ Õ É�º�¹ Õ ¶�ÊÎÁ¾º�×	· Ô ×6Ã$ÃOº�¹Æé¢×Oº�¹,Ñ�ÏÎº�¶ ÔO÷ Ó¼�· Ô ×OÑ�ÒUÓÔ ¹;ø�º�Á¦·;ð�êJÏÐ·¦½ Õ º�×Ã6º�¹J·¦½ Õ ×Oº�ÊÐÊÎº�× Ô ×	Ã�ÃOº�¹�É�¼�ÊÐÊÎº�×å¿OÏÐÂ Ô ÊÐ¶jÁ¦ÏÎ¼�×�ÃOº�·�µ@º�Á¾º�Ø�Á¾¼�¹,·�Ã Ô ¹,½ Õ Ñ�º�ÒUÓÔ	Õ ¹¦Á Þµ@ÏÐº�ßJ¼�ÂP¼�Ñ�º�×	ÏÎÁ�Ó¶jÁ4ÃOº�·¢Ít¶�ÊÎ¼�¹,ÏÐÂ£º�Á¾º�¹¾»)Å�×	· Ù ¹¦º�½ Õ É�º�¹ Õ ¶�ÊÎÁ¾º�×6·�ÓÔ ÜSº�¹lÃOº�×`Ñ�º�·¦¶�Â;Á¾º�×�ù�¶ Ô Â;êJÏÐ×OØ�º�ÊÏá·¾Á4º�Ïá×àº�×�Á¦·¦½ Õ º�ÏÐÃOº�×6ÃOº�¹�ë Ô ¶�ÊáÏÎÁ�Ó¶jÁ¦·¾Òú¶jØ�Á¾¼�¹�ÒUÓÔ ¹îÃ	ÏÎº@âåº�·¦· Ô ×6ÑÆÃOº�¹�ø�º�Á¾º�×Oº�¹¦Ñ�ÏÎº Þ é4ÏÐ×Oº�¿�Á Ô Ã6ÏÎº�ð Ô ¹4ñõ×�»Á¾º�¹,ØW¶�ÊÐÏÐÜ6¹,¶jÁ¦ÏÎ¼�×tÃ6º�·Ít¶�ÊÎ¼�¹,ÏáÂPº�Á¾º�¹,·Â£ÏÐÁß�ÏÐÊÐÒgº"É�¼�×Æµ�Ï öõº�Áõ»)é¢¹¦º�ÏÎÑ�×6Ïá·¦·¾º�×ÖÏÐ·¾ÁÏáÂûÊÎº�Á¾ð�Á¾º�×ÆÇ0º�ÏÐÊ�Ã6ÏÎº�·¾º�¹0Å�¹¾»ÜSº�ÏÎÁ(Ã6¶j¹,Ñ�º�·¾Á¾º�ÊÐÊÎÁ Þ µ�ÏÎº�ñõ×�Á¾º�¹¦Øj¶�ÊÐÏÎÜ	¹,¶jÁ¦ÏÎ¼�×�êJÏÎ¹,Ã�ÏÐÂòÅ�ð�ÏÐÂ Ô Á)êJÏÐ×6Ø�º�ÊÝü Ô ×	Ã�Ïá×�Ã6º�¹�¸4·¾º Ô ÃO¼�¹U¶ Ù ÏÐÃ6ÏÎÁ�Ó¶jÁý Ã Ô ¹,½ Õ Ñ�º�ÒUÓÔ6Õ ¹¦Á Þ µ�ÏÎº>Èº�ÏÐ·¦Á Ô ×OÑ�·¾Ò¾Ó¶ Õ ÏÎÑ�Ø�º�ÏÎÁ�ÃOº�¹�Ít¶�ÊÐÏÐÜ6¹,¶jÁ¦ÏÎ¼�×6·,ÂPº�Á Õ ¼�ÃOº�×Ýí(ÏÐ×OØ�Ê Ô ·¦ÏÐÉ�ºåÂåÓ¼�Ñ�ÊÐÏÐ½ Õ º�¹·¦Á¦¶jÁ¦ÏÐ·¾Á¦ÏÐ·¦½ Õ º�¹ Ô ×6Ã�·¾À�·¦Á¾º�Â£¶jÁ¦ÏÐ·¦½ Õ º�¹�élþ5º�Ø�Á¾º�í	êJÏÐ¹,Ã�Ã6ÏÐ·¾Ø Ô Á¦ÏÎº�¹¦Á Þ
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Ç Õ º¢¸¢¹¦ºZ»)¸l¹¦¼�½Zº�·¦·¾¼�¹&·¾À�·¾Á¾º�Â ¼�Ò�Á Õ º4Å"Ç�È0ÅÖ¿ÖÈ0º�É�º�ÊË»,Ìîä�¶�ÊÐ¼�¹,ÏÐÂPº�Á¾º�¹0Ç1¹,ÏÎÑ�Ñ�º�¹ Ù º�¹¦Òg¼�¹UÂ£·½Z¼�Â Ù ÊÐºZÚÙ ¹¦¼�½Zº�·,·¦ÏÐ×OÑÖ¼�ÒÝ¶�×6¶�ÊÎ¼�Ñ3Á¾¹,ÏÎÑ�Ñ�º�¹¢Á¾¼Eê4º�¹(·¦ÏÐÑ�×6¶�ÊÐ·�Ò¨¹¦¼�Â:º�ÊÎº�½ZÁ¾¹¦¼�Âà¶jÑ�×Oº�Á¦ÏÐ½@¶�×6Ã Õ ¶�ÃO¹,¼�×6ÏÐ½(½�¶�ÊÎ¼�¹,ÏáÂPº�Á¾º�¹,· ÞÇ Õ º(Â£¶�ÏÐ× Ù ¹¦¼�½Zº�·¦·¦ÏÐ×OÑ@Ü	ÊÎ¼�½¦Ø3¼�Ò	Á Õ º(¸l¹,ºZ»)¸l¹¦¼�½Zº�·¦·¾¼�¹4¿�À�·¾Á¾º�Â�ÏÐ·&Á Õ º�â Ô ÊÎÁ¦ÏË»!ä Õ Ï Ù âå¼�Ã Ô ÊÎº@æçâãä(âãè ÞÇ Õ º
	6¹,·¦Á Ù ¶j¹¦Á�¼�Ò�Á Õ ÏÐ·�Á Õ º�·,ÏÐ·�ÃOº�·¦½Z¹UÏÎÜSº�·�â+ä(â�� Ô ¶�ÊÐÏÎÁ�À�¶�·,· Ô ¹,¶�×6½Zº3Á¾º�·¾Á¦·�Á Õ ¶jÁ Õ ¶�É�º;Ü5º�º�×åÃOº�É�º�ÊË»¼ Ù º�ÃÝíjÁ Õ º�ÏÐ¹ Ô ·¦º4ÏÐ×3Á Õ º�âãä(âòÊÐ¶j¹,Ñ�ºî·¦½�¶�ÊÐº Ù ¹,¼�Ã Ô ½ZÁ¦ÏÎ¼�×t¶�×6Ã;Á Õ ºî¹¦º�· Ô ÊÎÁ¦·0Á Õ ¶jÁ Õ ¶�É�º�ÜSº�º�×3¼�Ü	Á¦¶�ÏÐ×Oº�Ã Þñ!×�Á Õ º�·¾º�½Z¼�×6Ã Ù ¶j¹¦Á4¼�ÒÁ Õ º@Á Õ º�·¦ÏÐ·î¶3Éj¶�ÊÐÏÐÃ	¶jÁ¦ÏÎ¼�×£¼�Ò0¶Æ· Õ ¼Eê4º�¹ Ù ¶j¹U¶�ÂPº�Á¾¹,ÏÐ·¦¶jÁ¦ÏÐ¼�×àÂP¼�ÃOº�Ê�Òg¼�¹îÁ Õ ºÅ"ÇJÈ0ÅÖ¿ãÒú¶�·¾Á3·¦ÏÐÂ Ô ÊÐ¶jÁ¦ÏÐ¼�× Ù ¶�½¦Øj¶jÑ�º�Å"ÇJÈ0ô�Å�¿OÇ�Ü	¶�·¾º�Ã.¼�×�ëtä�µ9Ã	Ï öõº�ÁÖº�É�º�×�Á¦·ÆÏÐ· Ù º�¹¦Ò¨¼�¹,ÂPº�Ã Þ ÅÃ6º�Á¦¶�ÏÐÊÎº�Ãà½Z¼�Â Ù ¶j¹,ÏÐ·¾¼�×à¼�Ò�öõº�Á4¹¦º�· Ù ¼�×6·¾º�¶�×6Ã�ö¾º�Á¢º�×Oº�¹,Ñ�ÀP¹¦º�·¾¼�Ê Ô Á¦ÏÐ¼�×PÜSº�Á)êîº�º�×�Á Õ ºJÒú¶�·¾Á4¶�×6ÃàÁ Õ ºJÒ Ô ÊÐÊ·,ÏÐÂ Ô ÊÐ¶jÁ¦ÏÎ¼�×�ÏÐ· Ù ¹,º�·¾º�×�Á¾º�Ã ÞÇ Õ º Ô ×6ÏÎÒ¨¼�¹,Â£ÏÎÁ�À;¼�ÒÁ Õ º�½�¶�ÊÎ¼�¹,ÏáÂPº�Á¾º�¹4¹,º�· Ù ¼�×6·¾º Õ ¶�·4¶;·¦ÏÎÑ�×6Ï	�½�¶�×�Á¢ÏáÂ Ù ¶�½ZÁ¢¼�×�Á Õ º@¶�½�½ Ô ¹,¶�½ZÀ£¼�ÒÁ Õ º�öõº�Á(º�×6º�¹¦Ñ�À�Â£º�¶�· Ô ¹¦º�ÂPº�×�Á Þ Å�·¾Á Ô Ã6Àà¼�Ò&Á Õ ºt½�¶�ÊÎ¼�¹,ÏÐÂ£º�Á¾º�¹JÏÐ×�Á¾º�¹,½�¶�ÊÐÏÎÜ6¹U¶jÁ¦ÏÎ¼�× Ô ·¦ÏÐ×OÑàëtä(µ Ã6Ï öõº�Áº�É�º�×�Á¦·�ÏÐ· Ù ¹,º�·¾º�×�Á¾º�Ã+ÏÐ×�Á Õ º3ÊÐ¶�·¾Á Ù ¶j¹¦Á�¼�Ò"Á Õ ºtÁ Õ º�·¦ÏÐ· Þ Ç Õ º3Ïá×�Á¾º�¹,½�¶�ÊáÏÎÜ6¹,¶jÁ¦ÏÎ¼�×�·¦Á Ô ÃOÀ�ÏÐ· Ù º�¹¦Ò¨¼�¹,ÂPº�ÃÏá×�¶jð�ÏÐÂ Ô Á Õ ¶�×OÑ�ÊÎº;üL¶�×6Ã�ÏÐ× Ù ·¾º Ô ÃO¼�¹,¶ Ù ÏÐÃ	ÏÎÁ)À ý5Þ Ç Õ º Ù º�¹¦Ò¨¼�¹,Â£¶�×6½Zº�¼�Ò&Á Õ ºt½�¶�ÊÐÏÎÜ	¹,¶jÁ¦ÏÎ¼�×�ÂPº�Á Õ ¼�Ã6·Ïá×6½�Ê Ô Ã6Ïá×OÑ Ù ¼�·¦·¦ÏÐÜ	ÊÎº�·¾À�·¦Á¾º�Â£¶jÁ¦ÏÐ½t¶�×6Ãå·¾Á¦¶jÁ¦ÏÐ·¾Á¦ÏÐ½�¶�ÊºZþ5º�½ZÁ¦·@ÏÐ·(ÃOº�·¦½Z¹UÏÎÜSº�Ã Þ
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k lnm8o®&j/��®�¯��p��m1±�q�rFs tÌ Þ Ì Ç Õ º;¿�Á¦¶�×6Ã	¶j¹,Ã�â�¼�ÃOº�ÊÝ¼�Ò Ù ¶j¹¦Á¦Ïá½�ÊÎº Ù	Õ À�·¦Ïá½�· ÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ uÌ Þ Ì Þ Ì Ç Õ º;¿�Á¦¶�×	Ã6¶j¹,Ã�âå¼�ÃOº�Ê ÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ uÌ Þ Ì Þwv ë Ô ¶�×�Á Ô Â8ä Õ ¹,¼�ÂP¼�Ã6À�×6¶�ÂàÏÐ½�· ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ xÌ Þwv ¸ Õ À�·¦Ïá½�· Ù ¹¦¼�Ñ�¹,¶�Â£Â£ºtêJÏÎÁ Õ Á Õ ºtÅ"ÇJÈ0ÅÖ¿�ÃOº�Á¾º�½ZÁ¾¼�¹ Þ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ yÌ Þwu ø�º�Á Ù	Õ À�·¦ÏÐ½�· ÞÖÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ Ì vÌ Þwu�Þ Ì ø�º�Á Ù ¹,¼�Ã Ô ½ZÁ¦ÏÎ¼�×�¶jÁJÈ0ßÖä ÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ Ì vÌ Þwu�Þwv ø�º�Á�¶�ÊÎÑ�¼�¹UÏÎÁ Õ Â£·�¶�×	ÃA		×6Ã6ÏÐ×6Ñ Ù ¹¦¼�½Zº�Ã Ô ¹¦º�· Þ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ Ì4zÌ Þwu�Þwu Ç Õ ºt½Z¼�×Oº;¶�ÊÎÑ�¼�¹,ÏÎÁ Õ Â ÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ Ì xÌ Þwu�Þ z Ç Õ º
{p|$¶�ÊÎÑ�¼�¹,ÏÎÁ Õ Â ÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ Ì*}Ì Þwu�Þwx äî¼�Â Ù ¶j¹UÏÐ·¾¼�×�¼�Ò~{ | ¶�×6Ã�½Z¼�×6º3¶�ÊÎÑ�¼�¹,ÏÎÁ Õ Â£· ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ Ì&�Ì Þwu�Þ } ñ!×	½�Ê Ô ·¦ÏÎÉ�º¢ö¾º�ÁJ½Z¹¦¼�·¦·õ»)·¦º�½ZÁ¦ÏÎ¼�× Þ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ Ì*�
� � m1± ÿ � q ÿ�� ±����l±��:jú°$±�²8� � k
v�Þ Ì Ç Õ ºtÈ0ßÖäì·¾Á¾¼�¹U¶jÑ�ºt¹,ÏÐ×OÑ ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ�v Ì
v�Þwv Ç Õ ºtÅ"Ç�È1Å�¿�Ã6º�Á¾º�½ZÁ¾¼�¹ Þ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ�v1u

v�Þwv�Þ Ì ñ!×	×Oº�¹�ÃOº�Á¾º�½ZÁ¾¼�¹ Þ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ�v1x
v�Þwv�Þwv ä�¶�ÊÎ¼�¹,ÏáÂPº�Á¾¹¦À ÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ�v }
v�Þwv�Þwu â Ô ¼�×�· Ù º�½ZÁ¾¹¦¼�ÂPº�Á¾º�¹ ÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ�u1v
v�Þwv�Þ z âå¶jÑ�×6º�ÁJ·¾À�·¾Á¾º�Â ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ�u1u

v�Þwu Ç Õ ºtÇ1¹,ÏÎÑ�Ñ�º�¹J·¾À�·¾Á¾º�Â ÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ�u1u
v�Þwu�Þ Ì Èº�É�º�ÊË»,ÌtÁ¾¹,ÏÎÑ�Ñ�º�¹ ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞtÞÖÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞtÞtÞÖÞtÞtÞ3ÞÖÞ�u z
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Å"ÇJÈ0ÅÖ¿.æúÅ:Ç1¼�¹¦¼�ÏÐÃ6¶�ÊÈ1ß�ä�Å Ù6Ù ¶j¹,¶jÁ Ô ¿6è�Ïá·�¶PÑ�º�×Oº�¹,¶�Ê Ù	Ô ¹ Ù ¼�·¾ºÆÅ�ÅLÃOº�Á¾º�½ZÁ¾¼�¹�ê Õ ÏÐ½ Õ ÏÐ·�Ã6º�·¦ÏÎÑ�×Oº�ÃÁ¾¼�ºZÚ Ù ÊÎ¼�ÏÎÁ�Á Õ º`Ò Ô ÊÐÊ0Ã6Ïá·¦½Z¼�É�º�¹¦À Ù ¼�Á¾º�×�Á¦ÏÐ¶�Ê&¼�ÒlÁ Õ º`È0ßÖä Þ Ç Õ º`Â£¶�ÏÐ×+ÏÐ×�Á¾º�¹¦º�·¾Á¦·@¼�Ò¢Å"Ç�È1Å�¿L¶j¹¦ºÆÁ Õ ºÃ	ÏÐ·¦½Z¼�É�º�¹,À�¼�Ò�Á Õ º;ß�ÏÎÑ�Ñ�·JÜS¼�·¾¼�×�¶�×6Ã�·¦º�¶j¹,½ Õ º�·�Ò¨¼�¹�Á Õ ºtºZÚ Ù º�¹,ÏÐÂPº�×�Á¦¶�Ê·¦ÏÎÑ�×	¶jÁ Ô ¹¦º�·(¼�Ò"×Oº�ê Ù�Õ À�·¦ÏÐ½�·ÜSº�À�¼�×6Ã�Á Õ ºÆ¿�Á¦¶�×6Ã	¶j¹,Ã�â�¼�ÃOº�ÊÝ¼�Ò Ù ¶j¹¦Á¦Ïá½�ÊÎº Ù	Õ À�·¦Ïá½�· ÞÛ"º�¹¦À�·¦Âà¶�ÊÐÊ�½Z¹,¼�·¦·õ»)·¾º�½ZÁ¦ÏÎ¼�×	·4¼�Ò1º�É�º�×�Á¦·�ê�ÏÎÁ Õ Ïá×�Á¾º�¹¦º�·¦Á¦ÏÐ×OÑ Ù�Õ À�·¦ÏÐ½�·î·¦ÏÎÑ�×6¶jÁ Ô ¹¦º�·�í�¶�·(½Z¼�Â Ù ¶j¹¦º�Ã�Á¾¼Á Õ º�Ü	¶�½¦Ø�Ñ�¹¦¼ Ô ×	Ã Ù ¹¦¼�½Zº�·¦·¾º�·lÏá×`Á Õ º(ºZÚ�¶�ÂàÏÐ×Oº�ÃPº�×Oº�¹,Ñ�À;¹,¶�×6Ñ�º�í�·¾º�Á¢·¦Á¾¹,ÏÐ×OÑ�º�×�Á"¹¦º*� Ô ÏÎ¹¦º�ÂPº�×�Á¦·�Ò¨¼�¹lÁ Õ ºÅ"ÇJÈ0ÅÖ¿+Á¾¹,ÏÎÑ�Ñ�º�¹Æ¶�×6Ã.µ�¶jÁ¦¶åÅ@½�� Ô ÏÐ·¦ÏÎÁ¦ÏÎ¼�×�æúµ�ÅJë3èÖ·¾À�·¾Á¾º�Â Þ Ç&¶jØ�ÏÐ×OÑ�ÏÐ×�Á¾¼å¶�½�½Z¼ Ô ×�Á3Á Õ ºPºZÚ Ù º�½ZÁ¾º�Ãº�É�º�×�Á�¹,¶jÁ¾º3¼�ÒîÌ ¢1Ç ß�ðÖÁ Õ ºÖÁ¾¹,ÏÎÑ�Ñ�º�¹J·¦À�·¾Á¾º�Â Õ ¶�·�Á¾¼ Ù ¹¦¼EÉ�ÏÐÃ6º�¶`Á¾¼�Á¦¶�Ê¹¦º�Ã Ô ½ZÁ¦ÏÎ¼�×�¹U¶jÁ¾ºÖ¼�ÒîÌ ¢�È ê Õ ÏÐ½ Õ½Z¼�¹,¹¦º�· Ù ¼�×6Ã6·ÖÁ¾¼+¶�×ÊÉ�æõÌ ¢1¢ è3ß�ðàº�É�º�×�Á;¹,¶jÁ¾º�Òg¼�¹Æ·¾Á¾¼�¹,¶jÑ�º Þ ô Ô ¹¦Á Õ º�¹,Â£¼�¹¦º£Á Õ º£Á¾¹UÏÎÑ�Ñ�º�¹ Õ ¶�·tÁ¾¼åÜSºÕ ÏÎÑ Õ ÊÎÀ�º�Ëà½�ÏÐº�×�ÁtÏÐ×ã·¾º�ÊÐº�½ZÁ¦ÏÐ×OÑ�¹,¶j¹¦º`º�É�º�×�Á¦· Þ Ç0¼�ÂPº�º�ÁÖÁ Õ º�·¾º`¹¦º*� Ô ÏÎ¹¦º�ÂPº�×�Á¦·@Á Õ º£Å"Ç�È0ÅÖ¿+Ç1¹,ÏÎÑ�Ñ�º�¹Ïá·JÜ Ô ÏÐÊÎÁJ¶�·�¶�·¾À�·¦Á¾º�Â ê Õ ÏÐ½ ÕLÕ ¶�·�Á Õ ¹¦º�º`ÊÎº�É�º�ÊÐ·@¼�Òlº�É�º�×�Á�·¦º�ÊÎº�½ZÁ¦ÏÎ¼�×�Ì�È0º�É�º�ÊË»,ÌjíÈº�É�º�ÊË» v ¶�×6ÃãélÉ�º�×�Áô�ÏÐÊÐÁ¾º�¹ ÞÇ Õ º
	6¹U·¾Á Ù ¶j¹¦Á�¼�Ò�Á Õ º3Á Õ º�·,ÏÐ·JÏÐ·JÃOº�Ã6ÏÐ½�¶jÁ¾º�ÃåÁ¾¼�Á Õ º;½Z¼�Â£Â£ÏÐ·¦·,ÏÎ¼�×6ÏÐ×OÑ£¶�×	Ã Ù ¹¦¼�Ã Ô ½ZÁ¦ÏÐ¼�×�Á¾º�·¾Á¦·J¼�ÒÁ Õ ºPâ Ô ÊÎÁ¦ÏÎ»!ä Õ Ï Ù âå¼�Ã Ô ÊÎº�æçâãä(âãèJê Õ ÏÐ½ Õ ÏÐ·�Á Õ ºPÂ£¶�ÏÐ× Ù ¹¦¼�½Zº�·¦·¦Ïá×OÑ£Ü	ÊÎ¼�½¦Øå¼�ÒlÁ Õ º`¸l¹¦ºZ»)¸¢¹¦¼�½Zº�·,·¾¼�¹¿�À�·¾Á¾º�Â ÏÐ×åÁ Õ º`Å"Ç�È0ÅÖ¿LÈº�É�º�ÊË»,ÌPä�¶�ÊÎ¼�¹,ÏáÂPº�Á¾º�¹@Ç1¹,ÏÎÑ�Ñ�º�¹ Þ · º�ÏÐ×OÑ�¶�½Z¼�Â Ù ÊÎºZÚåº�ÊÎº�½ZÁ¾¹,¼�×6ÏÐ½3Ã6º�É�ÏÐ½Zº`ÏÎÁÕ ¼�ÊÐÃ6·ÖÁ Õ º�Â£¶�ÏÐ×>Ò Ô ×6½ZÁ¦ÏÎ¼�×	¶�ÊÐÏÎÁ)À+¼�Ò�Á Õ ºà¸¢¹¦ºZ»)¸l¹¦¼�½Zº�·¦·¾¼�¹£¿�À�·¾Á¾º�Â�í&×6¶�ÂPº�ÊÎÀ+Á Õ º�Ã	ÏÎÑ�ÏÎÁ¦ÏÎð�¶jÁ¦ÏÎ¼�×í0½�¶�ÊÐÏË»Ü	¹,¶jÁ¦ÏÎ¼�×�¶�×6Ã�Ü Ô ×6½ Õ »)½Z¹¦¼�·¦·¦Ïá×OÑ;ÏÐÃ6º�×�Á¦Ï	�½�¶jÁ¦ÏÎ¼�×à¼�Ò1½�¶�ÊÎ¼�¹,ÏÐÂPº�Á¾º�¹(·¦ÏÐÑ�×6¶�ÊÐ· Þ ñ�Á Õ ¶�·îÁ¾¼`ÜSº�·¾Á¾¹,º�·¦·¾º�Ã�Á Õ ¶jÁÁ Õ º;½Z¼�¹¦¹¦º�½ZÁ@Ò Ô ×6½ZÁ¦ÏÎ¼�×6¶�ÊáÏÎÁ)À�¼�Ò�Á Õ ºÆâãä(â�ÏÐ·(¼�Òl½Z¹ Ô ½�ÏÐ¶�ÊÏÐÂ Ù ¼�¹,Á¦¶�×6½ZºtÒ¨¼�¹JÁ Õ º Ù º�¹,Òg¼�¹,Âà¶�×6½Zºt¼�Ò�Á Õ ºê Õ ¼�ÊÎºtÅ"Ç�È1Å�¿�Á¾¹UÏÎÑ�Ñ�º�¹J·¾À�·¾Á¾º�Â ÞÅû½Z¼�Â Ù ÊÎº�Á¾º Ô ×6Ã6º�¹,·¾Á¦¶�×6Ã6Ïá×OÑt¼�ÒÝÁ Õ º�Å"Ç�È0ÅÖ¿�ÃOº�Á¾º�½ZÁ¾¼�¹�¶�×6Ã�Ü	¶�½¦Ø�Ñ�¹¦¼ Ô ×	Ã Ù ¹,¼�½Zº�·¦·¦º�·îÏá·4¶�×�ÏÐÂ`»Ù ¼�¹¦Á¦¶�×�Á&Á¦¶�·¾ØtÒ¨¼�¹1Á Õ º�ÏÐ×6ÏÐÁ¦ÏÐ¶�Ê Ù º�¹,ÏÎ¼�Ãt¼�Ò6Ã6¶jÁ¦¶�Á¦¶jØ�Ïá×OÑ Þ ÅM½Z¼�Â Ù ¶j¹,ÏÐ·¦¼�×3ÜSº�Á)êîº�º�×ÆºZÚ Ù º�¹,ÏáÂPº�×�Á¦¶�Ê�Ã6¶jÁ¦¶¶�×	Ãàâ�¼�×�Á¾º�ä(¶j¹,ÊÎ¼t·¦ÏÐÂ Ô ÊÐ¶jÁ¦ÏÐ¼�×6·�¶�ÊÐÊÎ¼�ê�· Ô ·"Á¾¼3·¦Á Ô ÃOÀÆÁ Õ º�ÃOº�Á¾º�½ZÁ¾¼�¹ Ù º�¹,Òg¼�¹,Âà¶�×6½Zº�¶�×6ÃPÜ	¶�½,Ø�Ñ�¹,¼ Ô ×6ÃÙ ¹¦¼�½Zº�·,·¾º�· Þ Ç Õ º�Å"Ç�È1Å�¿àÒ Ô ÊÐÊ6·¦ÏáÂ Ô Êá¶jÁ¦ÏÎ¼�× Ù ¹¦¼�É�ÏÐÃOº�·î¶;Ã6º�Á¦¶�ÏÐÊÎº�Ã�ÃOº�·¦½Z¹,Ï Ù Á¦ÏÎ¼�×£¼�Ò1Á Õ º@Ã6º�Á¾º�½ZÁ¾¼�¹�íOÜ Ô ÁÏá·tÉ�º�¹¦À/ä�¸�ÍòÁ¦ÏÐÂPºà½Z¼�×	· Ô Â£ÏÐ×6Ñ Þ ÅòÒú¶�·¾Á;·,ÏÐÂ Ô ÊÐ¶jÁ¦ÏÎ¼�×.ÏÐ·;¶�×/ÏáÂ Ù ¼�¹¦Á¦¶�×�ÁÖÁ¾¼�¼�Ê4Òg¼�¹ Õ ÏÎÑ Õ »)·¦Á¦¶jÁ¦ÏÐ·¾Á¦ÏÐ½�··¦Á Ô Ã6ÏÎº�·�íOº�·¦Á¦ÏÐÂ£¶jÁ¦ÏÎ¼�×�¼�Ò�·¦ÏÎÑ�×	¶�ÊÝ¶�×6Ã�Ü	¶�½,Ø�Ñ�¹¦¼ Ô ×6Ã�¹,¶jÁ¾º�· ÞÇ Õ ºP·¾Á Ô Ã6ÏÐº�·J¼�Ò4Á Õ º Ù º�¹,Òg¼�¹,Âà¶�×6½Zº;¼�Ò4Á Õ ºP½�¶�ÊÎ¼�¹,ÏÐÂ£º�Á¾º�¹t· Õ ¼�êîº�¹ Ù ¶j¹,¶�Â£º�Á¾¹,ÏÐ·¦¶jÁ¦ÏÎ¼�×ãÂP¼�ÃOº�Ê&ÏÐÂ`»Ù ÊÎº�ÂPº�×�Á¾º�ÃàÏÐ×PÁ Õ ºJÒú¶�·¾Á4·¦ÏáÂ Ô Êá¶jÁ¦ÏÎ¼�×P¶j¹¦º�Ã6º�·¦½Z¹,ÏÎÜSº�ÃPÏÐ×àÁ Õ ºJ·¾º�½Z¼�×6Ã Ù ¶j¹¦Á¢¼�ÒÝÁ Õ º�Á Õ º�·¦Ïá· Þ Ç Õ ºJÂP¼�ÃOº�ÊÙ ¹¦¼�É�ÏÐÃOº�·�¶�×�ÏÐÂ Ù ¹¦¼�É�º�Ã�ÃOº�·¦½Z¹UÏ Ù Á¦ÏÎ¼�×�¼�Ò1Á Õ º�½�¶�ÊÐ¼�¹,ÏÐÂPº�Á¾º�¹(Ñ�º�¼�ÂPº�Á¾¹,À�¶�×6Ã�· Õ ¼�êîº�¹JÃOº�É�º�ÊÎ¼ Ù Â£º�×�Á(ÏÐ×Á Õ º3Å"Ç�È0ÅÖ¿�½�¶�ÊÎ¼�¹UÏÐÂPº�Á¾º�¹�í6½Z¼�Â Ù ¶j¹¦º�Ã�Á¾¼£Á Õ º Ù ¹¦º�É�ÏÎ¼ Ô ·îÒú¶�·¾ÁJ·¦ÏÐÂ Ô ÊÐ¶jÁ¦ÏÐ¼�×�É�º�¹,·¦ÏÎ¼�× ÞÇ Õ º�Å"Ç�È1Å�¿Æ½�¶�ÊÎ¼�¹UÏÐÂPº�Á¾¹¦À`·¾À�·¾Á¾º�Â�ÏÐ·�ºZÚ Ù º�½ZÁ¾º�ÃPÁ¾¼ Ù ÊÐ¶�ÀÆ¶ÖÊÎº�¶�Ã	ÏÐ×OÑ�¹¦¼�ÊÎº(ÏÐ×`Á Õ º�Âà¶�×�À`·¾º�¶j¹,½ Õ º�·Ïá×�Á Õ º Õ ÏÎÑ Õ º�×Oº�¹¦Ñ�À�ÃO¼�Âà¶�ÏÐ×�¶�·�ê4º�ÊÐÊ0¶�·JÏÐ× Ù ¹¦º�½�ÏÐ·¦ÏÎ¼�×åÂPº�¶�· Ô ¹¦º�Â£º�×�Á¦·J¼�Ò Ù ¶j¹¦Á¦ÏÐ½�ÊÎºÖº�×6º�¹¦Ñ�ÏÎº�· Þ Ç Õ º¶�½�½ Ô ¹,¶�½ZÀ.Ò¨¼�¹ÆÂP¼�·¦Á;¼�Ò(Á Õ º�ÂPº�¶�· Ô ¹,º�ÂPº�×�Á¦· Ù ÊÐ¶�×	×Oº�Ã.ÏÐ×$Á Õ º�Å"Ç�È1Å�¿.ºZÚ Ù º�¹UÏÐÂPº�×�Á3¶jÁ;Á Õ º�È0ßÖäÃ6º Ù º�×	Ã6·t¼�×�öõº�Á;º�×Oº�¹¦Ñ�À.ÂPº�¶�· Ô ¹¦º�ÂPº�×�Á¦·Æê Õ ÏÐ½ Õ êJÏÐÊáÊ�Ü5º�½�¶j¹¦¹,ÏÎº�Ã$¼ Ô Á;Ïá×.Á Õ º�½�¶�ÊÎ¼�¹,ÏÐÂPº�Á¾¹,À Þ Ç Õ ºÔ ×6ÏÎÒ¨¼�¹,Â£ÏÎÁ�À/¼�ÒÖÁ Õ º+½�¶�ÊÎ¼�¹,ÏÐÂ£º�Á¾º�¹�¹¦º�· Ù ¼�×	·¾ºåÏÐ·�ÏÐÂ Ù ¼�¹¦Á¦¶�×�Á£Òg¼�¹�ÏÐÂ Ù ¹,¼�É�ÏÐ×OÑ>Á Õ º Ù ¹¦º�½�ÏÐ·¦ÏÐ¼�×�¼�ÒÖÁ Õ ºº�×6º�¹¦Ñ�ÀÆÂ£º�¶�· Ô ¹¦º�ÂPº�×�Á¦· Þ Ç Õ º(ÊÐ¶�·¦Á Ù ¶j¹¦Á�¼�Ò�Á Õ º(Á Õ º�·¦ÏÐ·�ÏÐ·"ÃOº�É�¼�Á¾º�ÃPÁ¾¼t½�¶�ÊÐ¼�¹,ÏÐÂPº�Á¾º�¹¢Ïá×�Á¾º�¹,½�¶�ÊáÏÎÜ6¹,¶jÁ¦ÏÎ¼�×·¦Á Ô Ã6ÏÎº�·�Ü	¶�·¦º�Ã�¼�×+ëtä(µNö¾º�Á¦· Þñ!×àÁ Õ º§	6¹U·¾Á¢½ Õ ¶ Ù Á¾º�¹(¶ Ù	Õ À�·,ÏÐ½�·"¼�É�º�¹,É�ÏÎº�ê�ÏÐ·¢Ñ�ÏÎÉ�º�× Þ Ç Õ º�Â£¶�ÏÐ×à½Z¼�Â Ù ¼�×6º�×�Á¦·4¼�ÒÝÁ Õ º�¿�Á¦¶�×6Ã6¶j¹,Ãâå¼�ÃOº�Ê�¼�Ò Ù ¶j¹,Á¦ÏÐ½�ÊÎº Ù	Õ À�·¦ÏÐ½�·�¶�×6Ã`Á Õ º Ù�Õ À�·¦ÏÐ½�· Ù ¹¦¼�Ñ�¹U¶�Â£ÂPº�¼�Ò�Å"Ç�È1Å�¿Æ¶j¹,ºî¼ Ô Á¦ÊÐÏÐ×Oº�Ã Þ Å�×`¼EÉ�º�¹¦É�ÏÎº�ê
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¼�Ò�Á Õ ºtöõº�Á Ù	Õ À�·,ÏÐ½�·tÒ¨¹¦¼�ÂÄÁ Õ º�ºZÚ Ù º�¹,ÏÐÂPº�×�Á¦¶�Ê Ù ¼�ÏÐ×�Á3¼�Ò(É�ÏÎº�êòÏÐ·Æ¶�ÊÐ·¾¼ Ù ¹¦º�·¾º�×�Á¾º�Ã Þ ñõ×$Á Õ º�·¾º�½Z¼�×6Ã½ Õ ¶ Ù Á¾º�¹4Á Õ º�¶�½�½Zº�ÊÎº�¹,¶jÁ¾¼�¹�Òú¶�½�ÏÐÊÐÏÎÁ¦ÏÐº�·"¶�·¢êîº�ÊÐÊ6¶�·4Á Õ º�Å"ÇJÈ0ÅÖ¿PÃOº�Á¾º�½ZÁ¾¼�¹�¶�×6Ã£Á Õ ºJÁ¾¹,ÏÎÑ�Ñ�º�¹î·¾À�·¾Á¾º�Â ¶j¹,ºÃOº�·¦½Z¹UÏÎÜSº�Ã Þ Ç Õ º3Á Õ ÏÎ¹,Ãå½ Õ ¶ Ù Á¾º�¹�ÏÐ·@ÃOº�Ã6ÏÐ½�¶jÁ¾º�ÃLÁ¾¼�Á Õ º;Å"Ç�È1Å�¿åÈº�É�º�ÊË»,ÌPä�¶�ÊÎ¼�¹UÏÐÂPº�Á¾º�¹�Ç0¹,ÏÐÑ�Ñ�º�¹ Þ ÅÃOº�Á¦¶�ÏÐÊÐº�ÃtÃOº�·¦½Z¹,Ï Ù Á¦ÏÎ¼�×�¼�Ò�Á Õ º¢Á¦¶�·¦Ø�·1¶�×6Ãt¶�ÊÎÑ�¼�¹,ÏÐÁ Õ Â£·¶�·1ê4º�ÊáÊ�¶�·Á Õ º4¶j¹,½ Õ ÏÐÁ¾º�½ZÁ Ô ¹¦º¢¼�Ò�Á Õ º¢Á Õ ¹¦º�º¢Â£¶�Ïá×Ù ¹¦¼�½Zº�·¦·¾¼�¹U·¢¼�ÒÁ Õ º@È0º�É�º�ÊË»,Ìtä�¶�ÊÎ¼�¹,ÏÐÂ£º�Á¾º�¹îÇ1¹,ÏÎÑ�Ñ�º�¹(ÏÐ·4Ñ�ÏÎÉ�º�× Þ Ç Õ º�×OºZÚ�Á4Á�ê4¼£½ Õ ¶ Ù Á¾º�¹,·�¶j¹¦º�ÃOº�É�¼�Á¾º�ÃÁ¾¼Mâ Ô ÊÎÁ¦ÏË»!ä Õ Ï Ù âå¼�Ã Ô ÊÎº Þ Ç Õ ºã½ Õ ¶ Ù Á¾º�¹�Ò¨¼ Ô ¹�ÃOº�·,½Z¹,ÏÎÜSº�·àÁ Õ ºãÃ6º�É�º�ÊÎ¼ Ù ÂPº�×�Á�¼�Ò`âãä(â � Ô ¶�ÊáÏÎÁ)À¶�·¦· Ô ¹,¶�×6½ZºãÁ¾º�·¾Á¦· Þ Ç Õ ºãâãä(â ÊÐ¶j¹¦Ñ�º>·¦½�¶�ÊÎºãÁ¾º�·¾Á¦·�¶�×	Ã Ù ¹¦¼�Ã Ô ½ZÁ¦ÏÎ¼�×M¶j¹,º.ÃOº�·¦½Z¹,ÏÎÜSº�Ã=ÏÐ×ì½ Õ ¶ Ù Á¾º�¹	6É�º Þ ñ!×MÁ Õ ºå·¾º�½Z¼�×6Ã Ù ¶j¹¦ÁP¼�Ò�Á Õ º�Á Õ º�·¦ÏÐ·�í�ÏÐ×N½ Õ ¶ Ù Á¾º�¹�·,ÏËÚ5í�¶.· Õ ¼�êîº�¹ Ù ¶j¹,¶�Â£º�Á¾¹,ÏÐ·¦¶jÁ¦ÏÎ¼�×MÂP¼�Ã6º�ÊÏÐÂ Ù ÊÎº�ÂPº�×�Á¾º�Ã$ÏÐ×$Ò¨¶�·¾ÁÆÁ Õ º�ÃOº�Á¾º�½ZÁ¾¼�¹£·¦ÏÐÂ Ô ÊÐ¶jÁ¦ÏÐ¼�×.ÏÐ·Æ·¾Á Ô Ã6ÏÎº�Ã Þ Ç Õ ºà¹,º�· Ô ÊÎÁ¦·;¼�Ò(Á Õ º Ù º�¹,Òg¼�¹,Âà¶�×6½ZºÁ¾º�·¾Á¦·�¼�Ò�Á Õ ÏÐ·�ÂP¼�ÃOº�ÊÝÜ�¶�·¾º�Ã�¼�×�Ã	Ï öõº�ÁJº�É�º�×�Á¦·@¶j¹¦º Ù ¹¦º�·¾º�×�Á¾º�Ã Þ Ç Õ º3·¾º�É�º�×�Á Õ ½ Õ ¶ Ù Á¾º�¹�Ïá·JÃOº�Ã6Ïá½�¶jÁ¾º�ÃÁ¾¼£Á Õ º;½�¶�ÊÎ¼�¹,ÏÐÂPº�Á¾º�¹�ÏÐ×�Á¾º�¹U½�¶�ÊÐÏÎÜ6¹,¶jÁ¦ÏÐ¼�×�·¦Á Ô Ã6ÏÎº�· Þ Å · Ô ÂàÂ£¶j¹¦À�Ïá·(Ñ�ÏÎÉ�º�×�¶jÁ�Á Õ ºtº�×6Ã�¼�Ò&Á Õ ºtÁ Õ º�·,ÏÐ· Þ
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Ç Õ º�Ò Ô ×6Ã6¶�ÂPº�×�Á¦¶�ÊN� Ô ¶�×�Á Ô Â 		º�ÊÐÃ6·`¼�Ò�Â£¶jÁ¾Á¾º�¹�¶�×6ÃNÁ Õ º�Òg¼�¹U½Zº�·PÜSº�Á)êîº�º�×NÁ Õ º�Â ¶j¹,ºåÃOº�·¦½Z¹,ÏÐÜ5º�ÃÏá×MÁ Õ º+Á Õ º�¼�¹¦º�Á¦Ïá½�¶�Ê�Òg¹,¶�Â£º�ê4¼�¹¦ØMØ�×O¼EêJ× ¶�·å¿�Á¦¶�×6Ã6¶j¹,Ãìâå¼�ÃOº�Ê�¼�Ò3ô Ô ×6Ã6¶�ÂPº�×�Á¦¶�Ê�¸&¶j¹,Á¦ÏÐ½�ÊÎº�·�¶�×6Ãñõ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×6· Þ Ç Õ ÏÐ·ÆÒ¨¹,¶�ÂPº�êî¼�¹¦Ø$ê�¶�·`Ü	¶�·¦Ïá½�¶�ÊÐÊÎÀ$ÃOº�É�º�ÊÐ¼ Ù º�ÃKÏÐ×�Á Õ º�·¾º�É�º�×�Á¦ÏÎº�·P¼�Ò�Á Õ º�Á)êîº�×�Á¦ÏÐº�Á Õ½Zº�×�Á Ô ¹¦À Þ ¸4ÊÎº�×�Á)À�¼�ÒtÃ6¶jÁ¦¶/¶�½�½ Ô Â Ô ÊÐ¶jÁ¾º�Ã=Ïá×M¶�½�½Zº�ÊÎº�¹,¶jÁ¾¼�¹�ºZÚ Ù º�¹,ÏÐÂPº�×�Á¦·à¶�×6Ã=¶�×6¶�ÊÎÀ�·¾º�Ã�Ü�À�Á Õ ¶jÁÁ¦ÏáÂPºP¶�ÊÐÊÎ¼�êîº�Ã>Á Õ ºP¶ Ù6Ù º�¶j¹,¶�×	½ZºP¼�Òî¶�Á Õ º�¼�¹¦À+¼�ÒîÒ Ô ×	Ã6¶�ÂPº�×�Á¦¶�Ê Ù ¶j¹¦Á¦ÏÐ½�ÊÎº�· Þ Ç Õ ºà¿�Á¦¶�×6Ã	¶j¹,Ã>â�¼�ÃOº�Êæ�¿6â+è�Ã6º�·¦½Z¹,ÏÎÜSº�·"·¾Á¾¹¦¼�×6ÑOí�º�ÊÎº�½ZÁ¾¹¦¼�Âà¶jÑ�×Oº�Á¦ÏÐ½J¶�×	ÃPê4º�¶jØPÏÐ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×	· Þ Ç Õ º(Ñ�¹,¶�É�ÏÎÁ�À£ÏÐ·l×O¼�ÁlÏá×6½�Ê Ô ÃOº�ÃÏá×�Á Õ ºÆ¿Oâ$í6¶�· ÔOÙ Á¾¼�×O¼�ê Á Õ º�¹¦ºtÏÐ·�×6¼ Ù ¹¦¼�É�º�×åÁ Õ º�¼�¹¦À�¼�Ò~� Ô ¶�×�Á Ô Â9Ñ�¹U¶�É�ÏÎÁ)À ÞÅ�½�½Z¼�¹,Ã	ÏÐ×OÑ`Á¾¼PÁ Õ º;¿Oâ$í�Ò Ô ×	Ã6¶�ÂPº�×�Á¦¶�Ê5Âà¶jÁ¾Á¾º�¹�ÏÐ·îÜ Ô ÏáÊÎÁ¢¼�Ò&·¦ÏËÚ�ÊÐº Ù Á¾¼�×6·�¶�×6Ã�·¦ÏËÚ�� Ô ¶j¹,Ø�·�ê Õ ÏÐ½ Õ¶j¹,º@· Ù ÏÐ×�»	�
 Ò¨º�¹,Â£ÏÐ¼�×6· Þ�� Õ ÏáÊÎºJÁ Õ º@ÊÎº Ù Á¾¼�×6·î½�¶j¹¦¹¦À�ÏÐ×�Á¾º�Ñ�¹U¶�Ê	º�ÊÎº�½ZÁ¾¹UÏÐ½�¶�ÊS½ Õ ¶j¹¦Ñ�º�·�í�� Ô ¶j¹¦Ø�·î½�¶j¹¦¹¦À£Ò¨¹,¶�½o»Á¦ÏÐ¼�×6¶�Ê6½ Õ ¶j¹¦Ñ�º�· Þ Ç Õ º�Ò Ô ×6Ã6¶�Â£º�×�Á¦¶�Ê�Ò¨º�¹,Â£ÏÎ¼�×	·"¶j¹¦º�Ñ�¹¦¼ ÔOÙ º�ÃPÏÐ×�Á¾¼ÖÁ Õ ¹¦º�º(Òú¶�Â£ÏÐÊáÏÎº�·&¼�¹�õÑ�º�×Oº�¹,¶jÁ¦ÏÎ¼�×	·��¼�Ò�Â£¶jÁ¾Á¾º�¹l½Z¼�×6·¦ÏÐ·¦Á¦ÏÐ×OÑ�¼�Ò	ÊÐº Ù Á¾¼�×;¶�×	Ã�� Ô ¶j¹¦Ø3Ã6¼ Ô Ü	ÊÎº�Á¦·1¶�·&· Õ ¼�êJ×ÆÏÐ×Æô�ÏÎÑ Ô ¹¦º@Ì Þ Ì Þ é4¶�½ Õ Ò¨º�¹,Â£ÏÎ¼�× Õ ¶�·¶;½Z¼�¹¦¹¦º�· Ù ¼�×6Ã	ÏÐ×OÑt¶�×�Á¦Ï Ù ¶j¹¦Á¦ÏÐ½�ÊÐº Ù ¶j¹¦Á¦×Oº�¹4ê Õ ÏÐ½ Õ£Õ ¶�·îÏÐÃOº�×�Á¦ÏÐ½�¶�Ê6Â£¶�·¦·4¶�×6Ãà· Ù ÏÐ×PÉj¶�Ê Ô º�¶�×6Ãà¼ Ù6Ù ¼�·¦ÏÎÁ¾ºÉj¶�Ê Ô º�·�Òg¼�¹J¶�ÊáÊS¼�Á Õ º�¹�� Ô ¶�×�Á Ô Âó× Ô Â3ÜSº�¹,· Þ � ±�²0±��W¯���j/h�²1®

g g=g g�g=g
q4±��"��h�²1® �������� ����	��� ����! 	�
¬à0¯$��ºÝ® "$# %'& ")(*+& "),- &

ô�ÏÎÑ Ô ¹,º£Ì Þ Ì:Ì=Ç Õ ºtô6º�¹,Â£ÏÎ¼�×�ô	¶�Â£ÏÐÊÐÏÎº�·(Ïá×�Á Õ ºÆ¿�Á¦¶�×6Ã	¶j¹,Ã�â�¼�ÃOº�Ê Þ
Ç Õ ºà·¾Á¦¶jÜ�ÊÎº�Â£¶jÁ¾Á¾º�¹Æ¼�Ü	·¾º�¹,É�º�Ã$Á¦ÏÐÊáÊ"×O¼�êòÏÐ×>Á Õ º�Í�×	ÏÎÉ�º�¹,·¾ºàÏá·3Â£¶�ÃOºà¼�Ò(Ògº�¹,ÂàÏÎ¼�×6·Ö¼�Ò(Á Õ ºR	6¹,·¾ÁÑ�º�×6º�¹,¶jÁ¦ÏÎ¼�× Þ.�ìÕ ÏÐÊÎº�ÊÎº Ù Á¾¼�×6·£ºZÚOÏÐ·¾Áà¶�·àÒg¹,º�º Ù ¶j¹¦Á¦ÏÐ½�ÊÐº�·�í(ÏÐ·¾¼�ÊÐ¶jÁ¾º�Ã�Ò¨¹¦º�ºD� Ô ¶j¹,Ø�· Õ ¶�É�ºã×Oº�É�º�¹àÜSº�º�×¼�Ü�·¾º�¹¦É�º�Ã+ºZÚ Ù º�¹,ÏáÂPº�×�Á¦¶�ÊáÊÎÀ ÞJ· ¼ Ô ×6Ã+·¾Á¦¶jÁ¾º�·�¼�Ò"Á Õ ¹¦º�ºL� Ô ¶j¹¦Ø�·JÒg¼�¹UÂ8Ü	¶j¹,À�¼�×6·�íS· Ô ½ Õ ¶�·@Á Õ º Ù ¹¦¼�Á¾¼�×¼�¹îÁ Õ ºJ×6º Ô Á¾¹¦¼�×Ýí�ê Õ ÏÐ½ Õ ½Z¼�×6·¦ÏÐ·¦Á¢¼�ÒSÁ Õ º�ÊáÏÎÑ Õ Á¾º�·¦Á Ô ¶�×6Ã�ÃR� Ô ¶j¹¦Ø�· Þ äî¼�Â;Ü	ÏÐ×6¶jÁ¦ÏÎ¼�×	·"¼�ÒÝ¶n� Ô ¶j¹¦ØP¶�×6Ã¶�×L¶�×�Á¦ÏC� Ô ¶j¹,ØàÀ�ÏÎº�ÊÐÃ�¶£ÂPº�·¦¼�×Ýí6· Ô ½ Õ ¶�·0/!1 2�1	Á Õ º Ù ÏÎ¼�×�¼�¹JÁ Õ ºÖØj¶j¼�× ÞÇ Õ º3ÏÐ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×	·JÜSº�Á)êîº�º�×LÒgº�¹,ÂàÏÎ¼�×6·�¶j¹¦ºÆÂPº�Ã6ÏÐ¶jÁ¾º�ÃåÜ�À�Ñ�¶ Ô Ñ�ºÆÜS¼�·¾¼�×6·�í�×6¶�ÂPº�ÊÎÀ�Ñ�Ê Ô ¼�×	·3æ¨Ñ�èUíÙ�Õ ¼�Á¾¼�×6·£æ43Ýè@¶�·tê4º�ÊÐÊ�¶�·�57698 ²;:=<?> ÜS¼�·¾¼�×6· Þ Ç1¶jÜ�ÊÎº�Ì Þ ÌP· Ô Â£Â£¶j¹UÏÐ·¾º�·@Á Õ ºPÂ£¶�ÏÐ× Ù ¹,¼ Ù º�¹,Á¦ÏÎº�·J¼�Ò
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Ç1¶jÜ	ÊÐº£Ì Þ Ì:Ì�ô Ô ×	Ã6¶�ÂPº�×�Á¦¶�ÊÝÒg¼�¹U½Zº�·�êJÏÎÁ Õ ½Z¼ Ô6Ù ÊÐÏÐ×OÑP·¾Á¾¹,º�×OÑ�Á Õ@ þ�ü1úA��ýCB�ü!DE�"þ �°úOÿFD?ý8ü	�;� GEý�þIH�úKJML NO�KPIQR�SDSþIH
û�ü	�!�"þFH v�a¨sSm�X&qSv ZàwTERUT _ ZV �Qú�B�ü	�!�KL£ýWH"þ,ú�ü	DXB Q5eSm�YZm�X�qWY Z Zjz�[ 
\ ú�ýW] ^�6R_a` > Z�z�[ �Sb Zjz�[ ÈH;��ýdcID(üfe g v�RZhji _ Yom�X;h Z Zjz�[�i Ç

Á Õ ºtØ�×O¼EêJ×�Ò Ô ×6Ã6¶�ÂPº�×�Á¦¶�ÊÏÐ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×6·�jËÌlk ÞÇ Õ º�¿�Á¦¶�×	Ã6¶j¹,Ã�â�¼�ÃOº�Ê�ÏÐ·ÆÃOº�·¦½Z¹,ÏÐÜ5º�Ã/Ü�À.Á Õ ºnmpo`æ u èrqsmpoPæ v ètquoPæõÌ�è;Ñ�¶ Ô Ñ�º�Ñ�¹¦¼ ÔOÙÞ Ç Õ ºÑ�¹¦¼ ÔOÙ mRo`æ u èîÏÐ·îÁ Õ ºÖ·¾À�Â£ÂPº�Á¾¹¦À�Ñ�¶ Ô Ñ�ºÖÑ�¹¦¼ ÔOÙ ¼�Ò1Á Õ ºÖÁ Õ º�¼�¹¦À�¼�Ò0Á Õ ºt·¦Á¾¹¦¼�×OÑPÏÐ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×6·�Ø�×O¼�ê�×¶�·�ë Ô ¶�×�Á Ô Â�ä Õ ¹¦¼�ÂP¼�ÃOÀ�×6¶�Â£ÏÐ½�·Jæ�ë3ä�µtè Þ ¿�Á¾¹,¼�×OÑ;ÏÐ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×	·4¶j¹¦º@¹¦º�· Ù ¼�×6·,ÏÎÜ	ÊÎº(Ò¨¼�¹4Ü�ÏÐ×6Ã6ÏÐ×6Ñ@Á Õ º� Ô ¶j¹¦Ø�·�Ïá×=Á Õ ºã×6º Ô Á¾¹¦¼�×ì¶�×6Ã Ù ¹¦¼�Á¾¼�×Ýí@¶�×6Ã Á Õ º>×Oº Ô Á¾¹¦¼�×	·�¶�×	Ã Ù ¹¦¼�Á¾¼�×6·�êJÏÎÁ Õ ÏÐ×M× Ô ½�ÊÎº�Ï Þ Ç Õ ºÁ Õ ¹¦º�ºÆ½Z¼�ÊÎ¼ Ô ¹@½ Õ ¶j¹¦Ñ�º�·@¼�Ò"Á Õ º�� Ô ¶j¹¦Ø�·�í�ù9æ¨¹¦º�Ã�èUíCv8æ¨Ñ�¹¦º�º�×5èUíS¶�×	Ã · æ¨Ü	Ê Ô ºEèîÒ¨¼�¹,Â8¶àÒ Ô ×	Ã6¶�ÂPº�×�Á¦¶�Ê¹¦º Ù ¹,º�·¾º�×�Á¦¶jÁ¦ÏÐ¼�×L¼�Ò¢Á Õ º�mRo`æ u è�·¾À�Â£ÂPº�Á¾¹¦À�Ñ�¹¦¼ Ô6Ù í�ê Õ ÏÐ½ Õ ÏÐ·@¶àÁ¾¹UÏ Ù ÊÎº�Á Þ Å@ÊÐÊI� Ô ¶j¹¦Ø�·@¶j¹¦º`¶�·¦·¦ÏÎÑ�×6º�ÃÁ¾¼3Á Õ ÏÐ·lÁ¾¹,Ï Ù ÊÎº�Á Þ Ç Õ º�Ñ�Ê Ô ¼�×6·"ê Õ Ïá½ Õ Â£º�Ã6ÏÐ¶jÁ¾ºJÏÐ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×	·¢ÜSº�Á)êîº�º�×�� Ô ¶j¹,Ø�·¢Ü5º�ÊÐ¼�×OÑÖÁ¾¼Æ¶�×wmpo`æ u è½Z¼�ÊÎ¼�¹î¼�½ZÁ¾º�Á Þ Å�ÊÐÊ Õ ¶�ÃO¹¦¼�×	·l¶j¹¦º�½Z¼�ÊÎ¼ Ô ¹,ÊÎº�·,·¢¶�×6ÃàÜ5º�ÊÐ¼�×OÑtÁ¾¼`¶3·¦ÏÐ×6Ñ�ÊÎº�Ál¹¦º Ù ¹,º�·¾º�×�Á¦¶jÁ¦ÏÐ¼�×à¼�ÒÝÁ Õ ºtmpo`æ u è½Z¼�ÊÎ¼ Ô ¹JÑ�¹¦¼ ÔOÙÞé4ÊÎº�½ZÁ¾¹¦¼�Â£¶jÑ�×Oº�Á¦Ïá½ÖÏÐ×�Á¾º�¹U¶�½ZÁ¦ÏÎ¼�×6·�¶j¹¦º�¼�Ü	·¦º�¹¦É�º�Ã�ÜSº�Á)êîº�º�×�½ Õ ¶j¹¦Ñ�º�Ã Ù ¶j¹¦Á¦Ïá½�ÊÎº�·(¶�×6Ã�ÂPº�Ã6ÏÐ¶jÁ¾º�Ã�Ü�ÀÁ Õ º Ù�Õ ¼�Á¾¼�× Þ Ç Õ º�·¾º�ÏÐ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×	·¢¶j¹¦º�ÃOº�·,½Z¹,ÏÎÜSº�Ã`Ü�À£ë Ô ¶�×�Á Ô Â:é4ÊÎº�½ZÁ¾¹¦¼�ÃOÀ�×	¶�Â£ÏÐ½�·�æ�ë�é4µÖèUí�ê Õ ÏÐ½ ÕÏÐ·�¶$Ñ�¶ Ô Ñ�º+Á Õ º�¼�¹¦ÀNêJÏÎÁ Õ ¼�×6ÊÎÀ�¼�×6ºLÑ�¶ Ô Ñ�º Ù ¶j¹,Á¦ÏÐ½�ÊÎº�í�Á Õ º Ù	Õ ¼�Á¾¼�× Þ ñ!Á Õ ¶�·�Á¾¼�ÜSºLÂPº�×�Á¦ÏÎ¼�×Oº�ÃíÁ Õ ¶jÁ Ù º�¹¦Á Ô ¹¦Ü	¶jÁ¦ÏÎÉ�ºP½�¶�ÊÐ½ Ô Êá¶jÁ¦ÏÎ¼�×6·Ö¼�Ò�Á Õ º£·¦½�¶jÁ¾Á¾º�¹UÏÐ×OÑå¶�Â Ù ÊÐÏÎÁ Ô ÃOºPÏÐ×F� Ô ¶�×�Á Ô ÂÜ	6º�ÊáÃãÁ Õ º�¼�¹,ÏÎº�·tÊáÏÎØ�ºë�é4µ Òú¶�½Zº+¶�× º�·¦·¾º�×�Á¦ÏÐ¶�Ê@Ã6ÏËà½ Ô ÊÎÁ¦ÏÎº�·�í�×6¶�ÂPº�ÊÎÀNÃ	ÏÎÉ�º�¹¦Ñ�º�×�Á�Á¾º�¹,Âà·�¶�·,·¾¼�½�Ïá¶jÁ¾º�Ã=ê�ÏÎÁ Õ ÂP¼�Â£º�×�Á Ô Â½�¶�ÊÐ½ Ô Êá¶jÁ¦ÏÎ¼�×6·�ÏÐ×�Á Õ ºÖÏÐ×�Á¾º�Ñ�¹U¶�ÊÐ·�¼�É�º�¹JÏá×�Á¾º�¹,Â£º�Ã6ÏÐ¶jÁ¾º�·¾Á¦¶jÁ¾º�·�í	ÊÐÏÐØ�º�Éj¶�½ Ô6Ô Â Ù ¼�ÊÐ¶j¹,ÏÐ·,¶jÁ¦ÏÎ¼�×�ÊÐ¼�¼ Ù · Þ Ç Õ ºÙ ¹¦¼�½Zº�Ã Ô ¹,º�ê Õ ÏÐ½ Õ ¶jÜ	·¾¼�¹,Ü	·ÆÁ Õ º�·¾º�Ã6ÏÎÉ�º�¹,Ñ�º�×�Á Ù ¶j¹¦Á¦·`Ü�À$¹,º�ÃOº�		×6ÏÎÁ¦ÏÐ¼�×$¼�ÒwõÜ	¶j¹¦ºx�>ÊÎº Ù Á¾¼�×�½ Õ ¶j¹¦Ñ�º�·¶�×6ÃNÂà¶�·¦·¾º�·£ÏÐ×KÁ¾º�¹UÂ£·P¼�Ò�Á Õ º�ÏÎ¹PºZÚ Ù º�¹,ÏÐÂPº�×�Á¦¶�ÊÐÊÎÀ/¼�Ü	·¾º�¹¦É�º�Ã�Éj¶�Ê Ô º�·à¶�×6ÃNÂ£¶jØ�º�·àÁ Õ º�¶�Â Ù ÊÐÏÐÁ Ô ÃOº¼�ÒlÁ Õ º Ù ¹¦¼�½Zº�·¦·�		×6ÏÎÁ¾º;ÏÐ·�½�¶�ÊáÊÎº�Ãå¹,º�×O¼�¹,Â£¶�ÊÐÏá·¦¶jÁ¦ÏÎ¼�× Þ Ç Õ º3Á Õ º�¼�¹,ÏÐº�·�Á¾¼�ê Õ Ïá½ Õ Á Õ º;¹¦º�×6¼�¹,Â£¶�ÊÐÏÐ·,¶jÁ¦ÏÎ¼�×Ù ¹¦¼�½Zº�Ã Ô ¹,º�½�¶�×åÜSºt¶ Ù6Ù ÊÐÏÎº�Ã�¶j¹¦º3¹¦º�×O¼�¹,Â£¶�ÊáÏÐ·¦¶jÜ	ÊÎº ÞÇ Õ ºàº�ÊÎº�½ZÁ¾¹¦¼�Âà¶jÑ�×Oº�Á¦ÏÐ½�ÏÐ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×�ÏÐ· Ô ×6Ï	6º�Ã>Á¾¼�Ñ�º�Á Õ º�¹PêJÏÎÁ Õ Á Õ ºàêîº�¶jØ/ÏÐ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×�ÏÐ×.Á Õ ºÒ¨¹,¶�ÂPº�êî¼�¹¦Ø�¼�Òlº�ÊÎº�½ZÁ¾¹,¼�êîº�¶jØLÁ Õ º�¼�¹,À Þ Ç Õ ÏÐ·�Á Õ º�¼�¹¦À�ê�¶�·@Ã6º�É�º�ÊÎ¼ Ù º�ÃåÜ�À=v�ÊÐ¶�· Õ ¼�êtí � º�ÏÐ×�ÜSº�¹¦Ñ�¶�×	Ã¿�¶�ÊÐ¶�Â Ü	¶�·¾º�Ã.¼�×zy¢¶�×OÑj»�âLÏÐÊÐÊÐ·3Ñ�¶ Ô Ñ�ºàÁ Õ º�¼�¹UÏÎº�· Þ Ç Õ ºPº�ÊÎº�½ZÁ¾¹¦¼Eê4º�¶jØ/Á Õ º�¼�¹¦À>ÏÐ·t½Z¼�×	·¾Á¾¹ Ô ½ZÁ¾º�Ã/Òg¹,¼�Â¶�Ñ�¶ Ô Ñ�º;Á Õ º�¼�¹¦À�êJÏÎÁ Õ Òg¼ Ô ¹@Ñ�¶ Ô Ñ�º�	6º�ÊÐÃ6·�¶�×6ÃLÒg¼ Ô ¹�Ñ�¶ Ô Ñ�º`ÜS¼�·¾¼�×6·�í5¶j¹¦¹,¶�×OÑ�º�Ã+ÏÐ×å¶àÁ¾¹,Ï Ù ÊÐº�ÁJ¶�×6Ã+¶·¦ÏÐ×6Ñ�ÊÎº�Á¢¶�·¢Â£º�Â3ÜSº�¹,·¢¼�ÒÂ Ô ÊÐÁ¦Ï Ù ÊÎº�Á¦·�¼�Ò$õêîº�¶jØàÏÐ·¾¼�· Ù ÏÐ×A� ± ¶�×6Ã{õêîº�¶jØ Õ À Ù º�¹,½ Õ ¶j¹¦Ñ�ºx��| Þ Ç Õ ¹¦º�º�¼�ÒÁ Õ º�Ü5¼�·¦¼�×6·�í�Ã6º�×O¼�Á¾º�Ã}5 ��~ 5�� �X���� 5�� 
 ���� 5�� i �� í�¶j¹¦ºJÁ Õ º�½Z¼�Â Ù ¼�×Oº�×�Á¦·î¼�Ò¶�× ± ~ ÌJÁ¾¹UÏ Ù ÊÎº�Ál¼�ÒÝÁ Õ ºÑ�¹¦¼ ÔOÙ mpo`æ v èUí�ê Õ ÏÐÊÎº@Á Õ ºtÒ¨¼ Ô ¹¦Á Õ íA� � í	ÏÐ·�¶�×�Ïá·¾¼�·¦½�¶�ÊÐ¶j¹;æ ± ~ ¢ èî¼�¹@·¦ÏÐ×OÑ�ÊÐº@É�º�½ZÁ¾¼�¹ 	6º�ÊÐÃ�ÜSº�ÊÎ¼�×6Ñ�ÏÐ×OÑÁ¾¼£Á Õ º�o`æõÌ�èîÑ�¹¦¼ Ô6Ù ¼�Ò1êîº�¶jØ Õ À Ù º�¹,½ Õ ¶j¹¦Ñ�º � ÞÇ Õ º6	6º�ÊÐÃ6· 5 6� ~�� Ì
v æE5 ���� ´ 5 
� è æõÌ Þ Ì�è

ÃOº�·¦½Z¹UÏÎÜSº�½ Õ ¶j¹¦Ñ�º�ÃåÉ�º�½ZÁ¾¼�¹JÜS¼�·¾¼�×6·0576¢í6Á Õ ¶jÁ�ÂPº�Ã	ÏÐ¶jÁ¾ºtÁ Õ ºt½ Õ ¶j¹¦Ñ�º�Ãå½ Ô ¹¦¹¦º�×�Á�ÏÐ×�Á¾º�¹U¶�½ZÁ¦ÏÎ¼�×6·�íOê Õ ÏÐÊÎº�S�����������r�������l�����E�����	�; ¡���S ��E��¢£���E���E�¤�E ¡�I�l�����E���9���S���¡�¥¢£���E¦$���E�§������¢W�¤¨¡�����E����©��Rª«�¬«�X�9�E «�'®�¯p°M±U²;³��E��ª¡¨r��¢�����U��¨«�§��´Aµ9�I�������l�����E���A�¥�S���E�+�§�A�C���E��¨¡©����d�¥�S���E�+�;�¶�E p�E���S��©a�����U��¨«���0·U¸U��ª¡¨	���E���X�E�§¨f�E��·U�l±x�U¹;�§�¡¬«�������E���E ¡�����U¦¤¨	���¡���a�E�����º �����U��¨¡���)��¨¡������º§´�»W ¡����ª«¼¡�����E��¨f�C½�����³U�«�¶¾���;�E ¡�¿��¨¡�����XÀM�E��¦¤�¿���U¦¤¨	�U�«���a�E�C��¢��RÁ�ÀM�l�����E���I°Â½rÃ=·UÄS±aÄS¹fÄ�Ál²X´
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Á Õ º Ù	Õ ¼�Á¾¼�×�Æ � ¶�×6ÃÖÁ Õ º4×Oº Ô Á¾¹,¶�Ê�É�º�½ZÁ¾¼�¹�ÜS¼�·¾¼�× <0>� ¶j¹,º¢½Z¼�Â3Ü�ÏÐ×6¶jÁ¦ÏÎ¼�×6·¼�Ò�Á Õ º4·¾Á¦¶jÁ¾º�·�5 � i �� ¶�×	Ã�� � ÌÆ � ~ � � ½Z¼�·+Ç¡È�ÉÊ5 i� ·¦Ïá×¤Ç¡È � æõÌ Þwv è< ��~ÌË � � ·,ÏÐ×¤Ç È ÉÊ5 i� ½Z¼�·+Ç È � æõÌ Þwu è
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Âà¶�·¦·¾º�·�Á Õ ºÖÒg¼ Ô ¹¦»)ÂP¼�ÂPº�×�Á¦¶P¼�Ò�Á Õ º3ÏÐ×6½Z¼�ÂàÏÐ×OÑ Õ ¶�ÃO¹¦¼�×6·J¶j¹¦º1Ìá � � ~ æ_Ñ � ¢ � ¢ � ÑÆè � á � � ~ æ_Ñ � ¢ � ¢ � Ë Ñ`è � æõÌ Þ Ì v è
ê Õ º�¹¦º�Ñ�ÏÐ·�Á Õ ºtÜSº�¶�Â9º�×Oº�¹,Ñ�À Þ Ç Õ ºÖÁ¾¼�Á¦¶�Ê1½�Â£·�º�×Oº�¹,Ñ�À�·@� Ô ¶j¹¦º�Ã�Òg¼�¹�Á Õ º Õ ¶�ÃO¹¦¼�×�·¦À�·¾Á¾º�Â8ÏÐ·�Ì

³ ~ æ á � � É á � � è 
 ~ z"Ñ 
 � æõÌ Þ Ì u è
Ç Õ ºt½�Â£·(º�×Oº�¹,Ñ�À�·@� Ô ¶j¹¦º�Ã�Ò¨¼�¹�Á Õ º Õ ¶j¹,Ã�· Ô Ü Ù ¹¦¼�½Zº�·,·îÏá·�¹¦º�ÊÐ¶jÁ¾º�Ã�Á¾¼£Á Õ ºt½Z¼�¹¦¹¦º�· Ù ¼�×6Ã6Ïá×OÑ Õ ¶�ÃO¹¦¼�×6ÏÐ½� Ô ¶�×�Á¦ÏÎÁ)À�Ü�ÀÒ 
 ~ �³ ~ æ à � á � � É à 
 á � � è 
 ~ æ¾æ à � É à 
 è´Ñ � ¢ � ¢ � æ à � Ë à 
 è´ÑÆè ~ à � à 
 ³ � æõÌ Þ Ì4z�è
Ç Õ ºPÃ6ÏËþSº�¹¦º�×6½ZºPÏÐ×+Á Õ ºPÂP¼�ÂPº�×�Á Ô Â Ò¨¹,¶�½ZÁ¦ÏÎ¼�×6· à � ¶�×	Ã à 
 ÊÎº�¶�Ã6·�Á¾¼�¶�ÊÎ¼�×OÑ�ÏÐÁ Ô Ã6ÏÐ×6¶�Ê1ÂP¼�ÂPº�×�Á Ô ÂÏáÂ3Ü	¶�Êá¶�×6½Zº�í6Á Õ�Ô ·�Á Õ º�		×6¶�Ê·¦Á¦¶jÁ¾º3êJÏÐÊáÊSÜ5º3Ü5¼�¼�·¾Á¾º�ÃL¶�ÊÎ¼�×OÑ£Á Õ º;Ã6ÏÎ¹¦º�½ZÁ¦ÏÎ¼�×�¼�Ò"Á Õ ºtÜSº�¶�Â8¶WÚOÏÐ· Þ Ç Õ ºÒ¨¼ Ô ¹¾»)Â£¼�ÂPº�×�Á Ô Â9¼�Ò�Á Õ ºÖÜS¼�¼�·¾Á¾º�Ã�		×6¶�ÊÝ·¾Á¦¶jÁ¾ºÆ½�¶�×�ÜSº�ê�¹,ÏÎÁ¾Á¾º�×�¶�·*Ìá�î �£Ó ÿ&Ô ~ æ¼Ò ½Z¼�· Õ`Õ � Å0Ö � Å0× � ÒÄ·¦ÏÐ× ÕZÕ è � æõÌ Þ Ì x è
ê Õ º�¹¦º Õ ÏÐ·"Á Õ ºJ¹,¶ Ù ÏÐÃ6ÏÐÁ)À;¶�·4ÃOº�		×Oº�ÃàÏÐ×PÅ Ù	Ù º�×	Ã6ÏËÚ;Å Þ äî¼�Â Ù ¶j¹,ÏÐ×OÑ�Á Õ ºJº*� Þ æõÌ Þ Ì4z�è¢¶�×6ÃPº*� Þ æõÌ Þ Ì x è¼�×6º3½�¶�×�ê�¹UÏÎÁ¾º1Ì ø �1³ ô Õ ~ à � É à 
v"Ø à � à 
 ~ Ì

v
Ù � à �à 
 É � à 
à �"Ú 1 æõÌ Þ Ì*}�è

Í@·¦ÏÐ×6Ñ£º*� Þ æõÌ Þ Ì*}�è�¶�×6Ã�º*� Þ æõÌ Þ Ì4z�è�Á Õ º3Â£¶�·¦·�¶�×6Ã�¹,¶ Ù ÏÐÃ6ÏÎÁ�Àà¼�Ò"Á Õ º
	�×6¶�Ê·¾Á¦¶jÁ¾º`½�¶�×�ÜSºt¹¦º�Êá¶jÁ¾º�Ã�Á¾¼Á Õ º3ÂP¼�ÂPº�×�Á Ô Â9Ò¨¹,¶�½ZÁ¦ÏÎ¼�×�¼�Ò�Á Õ ºtÏá×6½Z¼�Â£ÏÐ×OÑ Ù ¶j¹,Á¾¼�×6·�Ìà � ~ ÒØ ³ / × � à 
 ~ ÒØ ³ / [ × 1 æõÌ Þ Ì&��è
ô�ÏÎÑ Ô ¹¦ºàÌ Þ z�· Õ ¼�êJ·�¶ à »�Ú 
 Â£¶ Ù Òg¼�¹�Á Õ º Ù ¹¦¼�Ã Ô ½ZÁ¦ÏÐ¼�×�¼�Ò�¶ Ù ¶j¹¦Á¦ÏÐ½�ÊÎº3¼�Ò�Âà¶�·¦·2Ò ¶jÁJ¹U¶ Ù ÏÐÃ6ÏÎÁ�À Õ ¶jÁÁ Õ ºtÈ0ßÖä ¶�×6Ã�¶jÁJß@é¢ùJÅ ¶�·(êîº�ÊÐÊÝ¶�·�¶jÁN	OÚ�º�Ã�Á¦¶j¹¦Ñ�º�Á�ºZÚ Ù º�¹,ÏÐÂPº�×�Á¦· Þ ôO¼�¹J¶`Ñ�ÏÐÉ�º�×�¹,¶ Ù ÏÐÃ	ÏÎÁ)À£À�¶�×6ÃÂà¶�·¦·Öâ�Á Õ º`ÏÐ×�Á¾º�¹U·¾º�½ZÁ¦ÏÎ¼�×6·�¼�ÒlÁ)êî¼�ÏÐ×6½�ÊÐÏá×Oº�Ã�ÊÐÏÐ×6º�·(ê Õ ÏÐ½ Õ Ã6º�		×Oº3Á Õ º;¹,¶ Ù ÏÐÃ6ÏÎÁ�À�¶�×	ÃL¶ Õ ¼�¹,ÏÎð�¼�×�Á¦¶�ÊÊáÏÐ×Oº�½Z¼�¹,¹¦º�· Ù ¼�×6Ã�Á¾¼`Á Õ º�¹¦º*� Ô ÏÎ¹¦º�Ã à � ¶�×6Ã à 
 ÉW¶�Ê Ô º�· Þ Ç Õ º�¸¢µ�ô/ÉW¶�Ê Ô º�·�Òg¼�¹�Á Õ ºÖÈ0ßÖäMØ�Ïá×Oº�Â£¶jÁ¦ÏÐ½¹U¶�×OÑ�ºÆ¶j¹,º3¼�Ü6Á¦¶�ÏÐ×6º�Ã�Ò¨¹¦¼�Â8Á Õ ¼�·¾º;ÂPº�¶�· Ô ¹¦º�Ã+¶jÁ@ß@é¢ù�Å:¶jÁJÁ Õ º`·¦¶�ÂPº à Éj¶�Ê Ô º�·JÉ�Ïá¶£Á Õ ºÆµtvÖÈ0Å@¸º�É�¼�Ê Ô Á¦ÏÎ¼�×�ÏÐ×nÚ 
 ÞÅ × Ô Â3ÜSº�¹à¼�Ò Ù ¶j¹¦Á¾¼�×6· Ù ¹¦¼�Ã Ô ½Zº�Ã=ÏÐ× Õ ¶j¹UÃM·¦½�¶jÁ¾Á¾º�¹,Ïá×OÑ Ù ¹¦¼�½Zº�·,· Ô ×	ÃOº�¹¦Ñ�¼$Ñ�Ê Ô ¼�×M¹U¶�Ã6ÏÐ¶jÁ¦ÏÎ¼�×¹,º�· Ô ÊÎÁ¦ÏÐ×6Ñ£ÏÐ×å· Õ ¼�êîº�¹,·J¼�Òl·¦¼�ÒgÁ Ù ¶j¹¦Á¾¼�×6·Jê Õ ÏÐ½ Õ 		×	¶�ÊÐÊÎÀ Õ ¶�ÃO¹¦¼�×6Ïá·¾º Þ Ç Õ º Ù ¹,¼�½Zº�·¦·�¼�Ò"Ò¨¹,¶jÑ�ÂPº�×�Á¦¶jÁ¦ÏÎ¼�×¼�¹ Õ ¶�ÃO¹¦¼�×	ÏÐ·¦¶jÁ¦ÏÎ¼�×Ýí4ÏÐ·PÁ Õ º Ù ¹,¼�½Zº�·¦·�íîÏÐ×Kê Õ ÏÐ½ Õ Á Õ º�� Ô ¶j¹¦Ø�·à¶�×6Ã�Ñ�Ê Ô ¼�×	·`¼�Ò Ù º�¹¦Á Ô ¹¦Ü	¶jÁ¦ÏÎÉ�ºåëtä�µ¶j¹,º$½Z¼�×�É�º�¹,Á¾º�Ã ÏÐ×�Á¾¼NÁ Õ º Õ ¶�ÃO¹¦¼�×6·�Á Õ ¶jÁå¶j¹¦º$·¾º�º�× ÏÐ×ìÁ Õ º$ÃOº�Á¾º�½ZÁ¾¼�¹U· Þ Ç Õ º>Òg¹,¶jÑ�Â£º�×�Á¦¶jÁ¦ÏÎ¼�× ÏÐ·Ïá×�Á¾¹,Ïá×6·¦ÏÐ½�¶�ÊÐÊÐÀ;×O¼�×�» Ù º�¹¦Á Ô ¹¦Ü	¶jÁ¦ÏÎÉ�º Ù ¹¦¼�½Zº�·,·4¶�×6Ã Ù	Õ º�×6¼�ÂPº�×O¼�ÊÎ¼�Ñ�ÏÐ½�¶�ÊáÊÎÀÆÃ6º�·¦½Z¹,ÏÎÜSº�ÃPÜ�À Õ ¶�ÃO¹¦¼�×	ÏÐ·¦¶jÁ¦ÏÎ¼�×Â£¼�ÃOº�Êá·(ÏÐÂ Ù ÊÎº�Â£º�×�Á¾º�Ã�ÏÐ×�Á Õ º;â�¼�×�Á¾º`ä(¶j¹,ÊÎ¼`Ñ�º�×Oº�¹,¶jÁ¾¼�¹,·ÎjËÌ&�«k Þ
ß�à�Û Ücãôó�õ8ñáò~õ�ðLê�í2Ý§ê�çbÞßÞ ä�à�ñ7æYã`æ�ãLäâáâäã�á°å é;ä¸æYä,òIæ8í�ê
Ç Õ º;	6¹,·¾Á Ù ¹¦¼�Á¾¼�×�» Ù ¹¦¼�Á¾¼�×$½Z¼�ÊÐÊÐÏÐ·¦ÏÐ¼�×6·@êJÏÐÊÐÊ�¶�ÊÐÊÎ¼Eê:¼�×Oº£Á¾¼�¼�Ü�·¾º�¹¦É�ºà¶�×6Ã$ÂPº�¶�· Ô ¹¦ºPÁ Õ º£ê4º�ÊáÊË»�Ø�×6¼�êJ×¿�Á¦¶�×6Ã6¶j¹,Ã�â�¼�ÃOº�Ê5·¦ÏÎÑ�×6¶�ÊÐ·¢¶�×6Ã�Ã6¼3·¾º�¶j¹,½ Õ º�·îÒg¼�¹ Ù ¹¦¼�½Zº�·¦·¾º�·4ÜSº�À�¼�×6Ã£Á Õ ºÖ¿Oâ ¶jÁ�¶3½Z¼�Â Ù ÊÐº�Á¾º�ÊÎÀ£×Oº�êº�×6º�¹¦Ñ�À Þ Ç Õ ºÖÜ6¹¦¼�¶�Ã�Å"Ç�È1Å�¿ Ù	Õ À�·¦ÏÐ½�· Ù ¹¦¼�Ñ�¹,¶�Â£ÂPºt½�¶�×åÜSº�· Ô Â£Â£¶j¹,Ïá·¾º�Ã�¶�·(Ò¨¼�ÊÐÊÎ¼�ê�·�Ìå ¿Oâ ß@ÏÎÑ�Ñ�·ÆÜS¼�·¾¼�×$·¾º�¶j¹U½ Õ º�· Þ Ç Õ º�Ã6ÏÐ·¦½Z¼EÉ�º�¹¦À.¼�Ò�Á Õ º�ß@ÏÎÑ�Ñ�·;Ü5¼�·¦¼�×$êJÏáÊÐÊ"ÜSº�¶LÒ Ô ×6Ã6¶�ÂPº�×�»Á¦¶�Ê�Á¾º�·¾ÁtÒ¨¼�¹ÖÁ Õ º£ÂPº�½ Õ ¶�×6ÏÐ·,Â ¼�Ò4º�ÊÎº�½ZÁ¾¹,¼�êîº�¶jØ.·¾À�ÂàÂPº�Á¾¹¦À�»�Ü6¹¦º�¶jØ�ÏÐ×OÑ Ù ¹¦º�Ã6Ïá½ZÁ¾º�ÃLê�ÏÎÁ Õ ÏÐ×LÁ Õ º¿�Á¦¶�×6Ã	¶j¹,Ã�â�¼�ÃOº�Ê Þ
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ô�ÏÎÑ Ô ¹¦º>Ì Þ z�Ì5¸&¶j¹,Á¾¼�×�Ø�Ïá×Oº�Â£¶jÁ¦ÏÐ½�·P¶jÁ£È1ß�ä Þ ä�¼�É�º�¹,¶jÑ�ºL¼�ÒJÁ Õ º$ægÚSí Ú 
 è;Ø�ÏÐ×Oº�Â£¶jÁ¦Ïá½ Ù ÊÐ¶�×Oº�Òg¼�¹PÁ Õ ºÙ ¹¦¼�Ã Ô ½ZÁ¦ÏÐ¼�×�¼�Ò"¶ Ù ¶j¹¦Á¦ÏÐ½�ÊÎº�¼�Ò"Â£¶�·¦·JâÄÜ�À�ß@é¢ù�Å ¶�×	Ã�È0ßÖä�jËÌ*}¡k Þ
å âåº�¶�· Ô ¹,º�ÂPº�×�Á¦·£¼�Ò)5 Ü5¼�·¦¼�×�¶�×	ÃKÁ¾¼ Ù � Ô ¶j¹,Ø/Â£¶�·¦· Þ Ç Õ ºn5 ¶�×6Ã�Á¾¼ Ù Â£¶�·¦·¾º�·£¶j¹,º�Á Õ ºÏáÂ Ù ¼�¹¦Á¦¶�×�Á Ù ¶j¹,¶�Â£º�Á¾º�¹,·�ÏÐ×åÁ Õ ºP¿�Á¦¶�×	Ã6¶j¹,Ããâ�¼�ÃOº�Ê Þ Ç Õ º�·¾º`ÂPº�¶�· Ô ¹¦º�ÂPº�×�Á¦·�ê�ÏÐÊÐÊÝÜSº`ÏÐÂ Ù ¼�¹¾»Á¦¶�×�Á@Òg¼�¹@½Z¼�×6·¦ÏÐ·¾Á¾º�×	½ZÀ�½ Õ º�½,Ø�·@¼�Ò�Á Õ º`¿�Á¦¶�×6Ã6¶j¹,Ã+â�¼�ÃOº�Ê Þ Ç Õ º Õ ÏÎÑ Õ ·¾Á¦¶jÁ¦Ïá·¾Á¦ÏÐ½�· Ù ¹¦¼�É�ÏÐÃOº�Ã�Ü�ÀÁ Õ º�È1ß�ä · Õ ¼ Ô ÊÐÃ$¶�ÊáÊÎ¼�êò¼�×Oº�Á¾¼>ÂPº�¶�· Ô ¹,º�Á Õ ºn5 Â£¶�·¦·ÆêJÏÎÁ Õ ¶�×K¶�½�½ Ô ¹,¶�½ZÀ�Ü5º�Á¾Á¾º�¹`Á Õ ¶�×æ�ç Èâè Ì x â�º�Û�¶�×6Ã�Á¾¼ Ù Â£¶�·,·4ê�ÏÎÁ Õ ¶�½�½ Ô ¹,¶�½ZÀ�Ü5º�Á¾Á¾º�¹(Á Õ ¶�× æXçeé è Ìrv@º�Û j u1v kÝÏá×�¼�×6ºÀ�º�¶j¹�¼�Ò�¹ Ô ×6×6Ïá×OÑÆ¶jÁ�ÊÎ¼�ê Ê Ô Â£ÏÐ×O¼�·,ÏÎÁ)ÀLæ¨Ò¨¼�¹3Ì ¢ � ö [ � è ÞåÊ· »)¸ Õ À�·¦ÏÐ½�· Þ Ç Õ º Ù ¹¦¼�Ñ�¹,¶�ÂàÂPº`Òg¼�¹ · » Ù	Õ À�·¦Ïá½�·�êJÏÐÊÐÊ1ÏÐ×6½�Ê Ô Ã6º Ù ¹¦º�½�Ïá·¾ºÆÂ£º�¶�· Ô ¹¦º�ÂPº�×�Á¦·�¼�Ò¢Á Õ ºê á É�ÏÎ¼�ÊÐ¶jÁ¦ÏÐ¼�×LÏÐ× · »)ÂPº�·¾¼�×ãÃOº�½�¶�À�·�íÂPº�¶�· Ô ¹¦º�ÂPº�×�Á¦·@¼�Ò"Á Õ º ÷ ¶�É�¼ Ô ¹�¼�·¦½�ÏÐÊáÊÐ¶jÁ¦ÏÎ¼�×6·�ÏÐ×n� >ë ¶�·êîº�ÊÐÊ¶�·?� >� ÂPº�·¦¼�×6· Þå ¿�º�¶j¹,½ Õ º�·@Ò¨¼�¹ Ù�Õ À�·¦ÏÐ½�·JÜ5º�À�¼�×	ÃåÁ Õ º£¿Oâ Þ Ç Õ º3ºZÚ Ù º�¹UÏÐÂPº�×�Á¦¶�Ê0·¦ÏÎÑ�×	¶jÁ Ô ¹¦º�· Ù ¹¦º�Ã6ÏÐ½ZÁ¾º�ÃåÜ�À�Á Õ ºÙ�Õ À�·¦ÏÐ½�·�ÜSº�À�¼�×6Ã�Á Õ º£¿Oâ êJÏáÊÐÊÝÜSº;ÏÐ×�Á¾º�×6·¦ÏÐÉ�º�ÊÎÀ�ÏÐ×�É�º�·¦Á¦ÏÎÑ�¶jÁ¾º�ÃãÏÐ×LÅ"ÇJÈ0ÅÖ¿ Þ ñõÂ Ù ¼�¹¦Á¦¶�×�Á�·¦ÏÎÑ�×	·Ò¨¼�¹�Á Õ º�×Oº�ê Ù	Õ À�·¦ÏÐ½�·¢êJÏÐÊÐÊ	ÜSºJÁ Õ º�ÊÐ¶j¹¦Ñ�º�Â£ÏÐ·¦·,ÏÐ×OÑtÁ¾¹,¶�×	·¾É�º�¹,·¾º@º�×Oº�¹¦Ñ�ÀxÑ�ë � ë�ë| æ�/	1 2�1OÏÐ×�½�¶�·¾º�¼�ÒÁ Õ º Ù ¹¦º�·¾º�×	½ZºP¼�Ò4ºZÚ�Á¾¹,¶�Ã6ÏáÂPº�×6·¦ÏÎ¼�×	·J¼�¹Æ¿�Í�¿úy3è@¶�×6Ã>Ã6ÏÎþ5º�¹¦º�×�Áîö¾º�ÁÖÁ¾¼ Ù ¼�ÊÐ¼�Ñ�ÀãÏá×LÁ Õ º£º�É�º�×�Áæ�/!1 2�1�½Z¼�Â Ù ¼�·¦ÏÐÁ¦×Oº�·¦·�í�Â£Ïá×6ÏË»�Ü	ÊÐ¶�½,Ø Õ ¼�ÊÎº�·Uè Þ Ç Õ ºîÂ£¶�Ïá× Ù ¹¦¼�Ü	ÊÎº�Â£·�¶j¹¦º�ºZÚ Ù º�½ZÁ¾º�Ã£ÏÐ×Æ·¾º Ù ¶j¹,¶jÁ¦ÏÎ¼�×¼�Ò4Á Õ ºÆºZþ5º�½ZÁ¦·t½Z¼�ÂàÏÐ×OÑ�Òg¹¦¼�Â Á Õ ºP×Oº�ê Ù	Õ À�·¦Ïá½�·�¶�×6Ã+Á Õ º�ÏÐ¹@¶�·¦·,ÏÎÑ�×6ÂPº�×�Á�Á¾¼�¼�×Oº`¼�¹Ö¶�×O¼�Á Õ º�¹



k�Å � Å lnm8o®�j���®»�I��h�´$�W¯	°�°$±M¨�jC�=m��m1± ÿ � q ÿ�� i&±���±��1�&hO� kOk

0.1 1 10
10-7

10-5

10-3

10-1

101

103

105

107

109

10-6

10-4

10-2

100

102

104

10

106

8

σjet(ET
jet > √s/4)

LHCTevatron

σt

σHiggs(MH = 500 GeV)

σZ

σjet(ET
jet > 100 GeV)

σHiggs(MH = 150 GeV)

σW

σjet(ET
jet > √s/20)

σb

σtot

proton - (anti)proton cross sections

σ 
 (n

b)

√s   (TeV)

ev
en

ts/
se

c 
 fo

r  
L 

= 
10

34
 c

m
-2  s

-1
 

ô�ÏÎÑ Ô ¹¦º£Ì Þwx ÌSäî¹,¼�·¦·õ»)·¾º�½ZÁ¦ÏÎ¼�×	·(Òg¼�¹JÉW¶j¹,ÏÐ¼ Ô · Ù ¹¦¼�½Zº�·¦·¾º�·�¶�·�¶PÒ Ô ×6½ZÁ¦ÏÎ¼�×�¼�Ò�Á Õ ºt½�Â£·�º�×Oº�¹¦Ñ�Àzj u z	k Þ
Á Õ º�¼�¹¦À Þ Å@×O¼�Á Õ º�¹l·¾¼ Ô ¹,½Zº(¼�Ò Ù ¹¦¼�Ü	ÊÎº�Â£·�½Z¼ Ô ÊáÃ;ÜSº�Á Õ º�ÏÐ×	·¾Á¾¹ Ô ÂPº�×�Á¦¶�Ê�ºZþ5º�½ZÁ¦·l¼�Ò�Á Õ º�Ã6º�Á¾º�½ZÁ¾¼�¹ Þ

Ç Õ ºÖÁ¾¼�Á¦¶�Ê$Å�Åå½Z¹¦¼�·¦·õ»)·¦º�½ZÁ¦ÏÎ¼�×å¶jÁJÈ1ß�ä�½�¶�×�ÜSºÖê�¹,ÏÎÁ¾Á¾º�×�¶�·*Ìû éAì´é ~ û � Ô É û �£Ó � Ô � æõÌ Þ Ì*��è
ê Õ º�¹¦º û � Ô ÏÐ·�Á Õ º�½Z¹¦¼�·¦·õ»)·¾º�½ZÁ¦ÏÐ¼�×P¼�Ò�Á Õ º(º�ÊÐ¶�·¾Á¦ÏÐ½ Ù ¹,¼�½Zº�·¦·¦º�·l¶�×6Ã û �£Ó � Ô ÏÐ·�Á Õ º�ÏÐ×Oº�Êá¶�·¾Á¦ÏÐ½�½Z¹¦¼�·¦·õ»)·¦º�½ZÁ¦ÏÎ¼�× ÞÇ Õ º;ºZÚ Ù º�½ZÁ¾º�ÃãÉW¶�Ê Ô º3Ò¨¼�¹�Á¾¼�Á¦¶�Ê"½Z¹¦¼�·¦·õ»)·¾º�½ZÁ¦ÏÐ¼�×>¶jÁ Ø ³ ~ Ì4z�Ç1º�Û ÏÐ· û éAì´é è Ì ¢ ��Â;Ü j u Ìlk�¶�×	ÃLÒ¨¼�¹Ïá×Oº�ÊÐ¶�·¾Á¦ÏÐ½�½Z¹¦¼�·,·õ»)·¾º�½ZÁ¦ÏÎ¼�× û �£Ó � Ô è � ¢ Â3Ü ÞÇ Õ º Ù ¹¦¼�Ã Ô ½ZÁ¦ÏÎ¼�×�º�É�º�×�Á�¹,¶jÁ¾ºÆ¼�Ò Ù	Õ À�·¦Ïá½�· Ù ¹¦¼�½Zº�·¦·¾º�·�¶jÁ�¶àÑ�ÏÎÉ�º�×åº�×6º�¹¦Ñ�À�ÏÐ·�ÃOº Ù º�×6Ã6º�×�Á�¼�×åÁ Õ ºÁ�ê4¼PÒú¶�½ZÁ¾¼�¹,·�Ì¢Á Õ ºÖ½Z¹¦¼�·¦·õ»)·¾º�½ZÁ¦ÏÐ¼�×�¼�Ò0Á Õ º Ù	Õ À�·,ÏÐ½�· Ù ¹¦¼�½Zº�·,·(¶jÁ�¶ÆÑ�ÏÎÉ�º�×�º�×6º�¹¦Ñ�À�¶�×6Ã�Á Õ ºÖÊ Ô Â£ÏÐ×O¼�·¦ÏÐÁ)À8Ìí ~ û q>î � æõÌ Þ Ì y è
ê Õ º�¹¦º�í�ÏÐ· Ù ¹¦¼�Ã Ô ½ZÁ¦ÏÎ¼�×�º�É�º�×�Á1¹U¶jÁ¾º�í û ÏÐ· Ù ¹¦¼�Ã Ô ½ZÁ¦ÏÐ¼�×Ö½Z¹¦¼�·¦·õ»)·¾º�½ZÁ¦ÏÐ¼�× Ô · Ô ¶�ÊÐÊÎÀJºZÚ Ù ¹¦º�·,·¾º�ÃtÏÐ×ÖÜ�¶j¹,×6· i íî ÏÐ·�Ê Ô Â£ÏÐ×O¼�·,ÏÎÁ)À Ù º�¹(Ü Ô ×6½ Õ »)½Z¹,¼�·¦·¦ÏÐ×OÑ Þô&ÏÐÑ Ô ¹¦º�Ì Þwx · Õ ¼EêJ·@Á Õ º`ºZÚ Ù º�½ZÁ¾º�Ã.½Z¹¦¼�·,·õ»)·¾º�½ZÁ¦ÏÎ¼�×6·Ö¶�×	ÃL¹U¶jÁ¾º�·�Òg¼�¹ÖÉj¶j¹,ÏÎ¼ Ô ·t¿Oâ Ù ¹¦¼�½Zº�·¦·¾º�·Ö¶�·Ö¶Ò Ô ×6½ZÁ¦ÏÐ¼�×$¼�Ò(Á Õ º�½Zº�×�Á¾º�¹¾»�¼�Òá»)Âà¶�·¦·Pº�×Oº�¹¦Ñ�À/½�¶�ÊÐ½ Ô ÊÐ¶jÁ¾º�Ã�¶jÁ}ï@ÈI�8¼�¹,Ã6º�¹ Þ ß@ÏÎÑ Õ/Ù ¹¦¼�Ã Ô ½ZÁ¦ÏÎ¼�×.½Z¹,¼�·¦·õ»·¦º�½ZÁ¦ÏÎ¼�×6·"Ò¨¼�¹¢Â£¶�×�ÀPÏÐÂ Ù ¼�¹¦Á¦¶�×�Á Ù ¹¦¼�½Zº�·,·¾º�·"êJÏÐÊáÊ�¶�ÊÐÊÐ¼�êNÁ¾¼3Ïá×6½Z¹¦º�¶�·¾º�Á Õ ºJ¶�½�½ Ô ¹,¶�½ZÀ`¼�Ò5ÂPº�¶�· Ô ¹¦º�ÂPº�×�Á¦·ð ·�¼���E�	Ãp·�ñWò �_ó�ôÉõ^�



ö�� lnm8o®�j���®à¯��p�=m0±�q�r�s

ô�ÏÎÑ Ô ¹¦º£Ì Þ }�Ì�È0º�¶�Ã6ÏÐ×OÑ`¼�¹,ÃOº�¹ v Ö v Ã6Ïá¶jÑ�¹,¶�Â£·�Ò¨¼�¹�ÉW¶j¹UÏÎ¼ Ô ·�ëtä(µNö¾º�Á Ù ¹,¼�Ã Ô ½ZÁ¦ÏÎ¼�× Ù ¹¦¼�½Zº�·¦·¾º�· Þ
¶�×6Ã$Á¾¼åÁ¾º�·¾Á;Á Õ º�¿Oâ�ÂP¼�¹¦º Ù ¹¦º�½�ÏÐ·¾º�ÊÐÀ Þ ôO¼�¹ÆºZÚ�¶�Â Ù ÊÎº£¼�×Oº�ºZÚ Ù º�½ZÁ¦·3Á Õ º Ù ¹,¼�Ã Ô ½ZÁ¦ÏÎ¼�×ã¼�ÒÖÌ ¢ � i ö � öEí�tq�Ì ¢4÷ µ �µ"Ù ¶�ÏÎ¹,·�í5Ì ¢*ø ö¾º�Á¦·�êJÏÎÁ Õ ÑN| Õ ÏÎÑ Õ º�¹îÁ Õ ¶�×+Ì�Ç1º�Û Ù º�¹îÀ�º�¶j¹(¶jÁ�ÊÐ¼�ê�Ê Ô Â£Ïá×O¼�·¦ÏÎÁ�À�æõÌ ¢ � ö [ � è ÞÇ Õ º�·¦Á¦¶jÁ¦ÏÐ·¾Á¦ÏÐ½�·¢êJÏÐÊÐÊ�ÜSºJÊÐÏÐÂàÏÎÁ¾º�ÃÆ¼�×6ÊÎÀÆÜ�À`Á Õ º�¹U¶jÁ¾º�¶jÁlê Õ ÏÐ½ Õ Ã	¶jÁ¦¶t½�¶�×àÜSº(¹¦º�½Z¼�¹UÃOº�Ã Þ~· º�Òg¼�¹¦º�ÜSº�ÏÐ×OÑ¹¦º�½Z¼�¹,Ã6º�Ã/Á Õ º�Ã6¶jÁ¦¶ Õ ¶�·ÆÁ¾¼ãÜSº�·¦º�ÊÎº�½ZÁ¾º�ÃKÜ�À$Á Õ º�Á¾¹UÏÎÑ�Ñ�º�¹Pê Õ ÏÐ½ Õ.Ù º�¹¦Ò¨¼�¹,Â£·;Á Õ º�·¾º�ÊÎº�½ZÁ¦ÏÎ¼�×�Ü	¶�·¦º�Ã¼�×.Á Õ º£ÏÐ×OÒ¨¼�¹,Â£¶jÁ¦ÏÎ¼�×>½Z¼�Â£Ïá×OÑ�Ò¨¹¦¼�Â Á Õ ºàÅ"ÇJÈ0ÅÖ¿ãÃOº�Á¾º�½ZÁ¾¼�¹ Þ Ç Õ º£Ã6ÏÎþ5º�¹¦º�×	½ZºPÜ5º�Á�ê4º�º�×/Á Õ ºPÁ¾¼�Á¦¶�Ê½Z¹¦¼�·¦·¾»)·¾º�½ZÁ¦ÏÎ¼�×�¶�×6Ã�Á Õ ºÖ½Z¹¦¼�·¦·õ»)·¦º�½ZÁ¦ÏÎ¼�×�¼�ÒÁ Õ ºÖÏÐ×�Á¾º�¹¦º�·¾Á¦ÏÐ×OÑ Ù	Õ À�·¦Ïá½�·4ÏÐ·îÏÐ×�Â£¶�×�Àà½�¶�·¾º�·�Ñ�¹¦º�¶jÁ¾º�¹(Á Õ ¶�×Á¾º�×�¼�¹UÃOº�¹,·�¼�Ò"Â£¶jÑ�×6ÏÎÁ Ô ÃOºÖ¶�×6Ã�¹¦º*� Ô ÏÎ¹¦º�· Õ ÏÎÑ Õ ÊÎÀ£º�Ë�½�ÏÎº�×�Á�¶�×6Ã�·¾º�ÊÎº�½ZÁ¦ÏÐÉ�ºtÁ¾¹,ÏÎÑ�Ñ�º�¹ ÞÇ Õ�Ô ·�í�Á Õ º Ù ¹,ÏáÂ£¶j¹¦À3Á¦¶�·¦Ø�·¢êJÏÐÊÐÊ�ÜSº(Á Õ º Ô ×	ÃOº�¹,·¾Á¦¶�×6Ã	ÏÐ×OÑ�¼�ÒSÁ¾¹,ÏÎÑ�Ñ�º�¹¢¶�×6Ã�ÃOº�Á¾º�½ZÁ¾¼�¹ Ù º�¹,Òg¼�¹,Âà¶�×6½Zº¶�·`êîº�ÊÐÊ�¶�·`Á Õ º�Ü	¶�½¦Ø�Ñ�¹¦¼ Ô ×6ÃKºZÚ Ù º�½ZÁ¾º�Ã�ÏÐ×�Á Õ º÷¾Ã6ÏÐ·¦½Z¼EÉ�º�¹¦À��>½ Õ ¶�×6×6º�ÊÐ·`¶�×6Ã�¹¦º�Ã6ÏÐ·¦½Z¼EÉ�º�¹¦À$¼�ÒÖ¿OâÙ ¹¦¼�½Zº�·¦·¾º�· Þ
ß§à�ù ú6ä¸æ ð;ãôónõYñ@ò~õ
ë Ô ¶j¹,Ø�·î¶�×6Ã�Ñ�Ê Ô ¼�×6· Ù ¹¦¼�Ã Ô ½Zº�Ã£Ü�À Õ ¶j¹UÃà·¦½�¶jÁ¾Á¾º�¹,Ïá×OÑ`º�É�º�×�Á(½�¶�×�×O¼�Á¢ÜSº�¼�Ü	·¾º�¹¦É�º�Ã�Ã6ÏÎ¹,º�½ZÁ¦ÊÎÀ£Ã Ô º�Á¾¼½Z¼�ÊÎ¼ Ô ¹;½Z¼�×�		×Oº�ÂPº�×�Á Þ��ìÕ ¶jÁtÏÐ·�¼�Ü	·¾º�¹,É�º�Ã.ÏÐ·t¶;ö¾º�ÁÖ¼�Ò Õ ¶�ÃO¹¦¼�×6Ïá½ Ù ¶j¹,Á¦ÏÐ½�ÊÎº�·�ê Õ ¼�·¦º£Ã6ÏÎ¹¦º�½ZÁ¦ÏÎ¼�×>¶�×	ÃÁ¾¼�Á¦¶�Ê(º�×Oº�¹,Ñ�À/½Z¼�¹¦¹¦º�Êá¶jÁ¾º�êJÏÎÁ Õ Á Õ ¶jÁP¼�ÒJÁ Õ º Ù ¹¦¼�Ã Ô ½Zº�ÃÊ� Ô ¶j¹,Ø$¼�¹PÑ�Ê Ô ¼�× Þ ø�º�ÁP·¦ÏÎÑ�×	¶jÁ Ô ¹¦º�·P¶j¹¦º�¼�ÒÃOº�½�ÏÐ·,ÏÎÉ�ºÖÏÐÂ Ù ¼�¹¦Á¦¶�×6½Zº�Ò¨¼�¹JÂ£¶�×�À�·¾Á Ô Ã6ÏÎº�·�ÏÐ×�Á Õ ºtÅ"Ç�È1Å�¿ Ù�Õ À�·¦ÏÐ½�· Ù ¹¦¼�Ñ�¹U¶�Â£ÂPº Þ ñõ×�Á Õ ºÖÒ¨¼�ÊÐÊÎ¼�ê�ÏÐ×OÑ·¾º�½ZÁ¦ÏÎ¼�×	·(Á Õ ºtÜ	¶�·,ÏÐ½�·(¼�Ò	öõº�Á Ù ¹¦¼�Ã Ô ½ZÁ¦ÏÎ¼�×�êJÏÐÊÐÊ5ÜSºtÃ6ÏÐ·,½ Ô ·¦·¾º�Ã Þ
ö�÷Fû~÷Qö üIú�ünQp�!�~ÿFPpB�ü	DS�"þ�ý8üvý ñ N
ñõ×�·¦º�½ZÁ¦ÏÎ¼�×>Ì Þ Ì Þwv Á Õ º Õ ¶j¹UÃ�½Z¼�Â Ù ¼�×6º�×�Á�¼�Ò0Á Õ º Õ ¶�ÃO¹¦¼�×�» Õ ¶�Ã6¹¦¼�×�½Z¼�ÊÐÊÐÏÐ·¦ÏÐ¼�×£ê�¶�·�Ã6ÏÐ·¦½ Ô ·¦·¾º�Ã Þ ñ!×�Á Õ Ïá··¾º�½ZÁ¦ÏÎ¼�×åÁ Õ ºtÑ�º�×Oº�¹U¶�Ê Õ ¶j¹,Ãå·¦½�¶jÁ¾Á¾º�¹,ÏÐ×OÑàº�É�º�×�Á�Á¾¼ Ù ¼�ÊÐ¼�Ñ�À�ÏÐ·�¼ Ô Á¦ÊÐÏÐ×6º�Ã�ÏÐ×6½�Ê Ô Ã	ÏÐ×OÑÆÁ Õ º3½Z¼�×�Á¾¹,ÏÎÜ Ô Á¦ÏÐ¼�×6·½Z¼�Â£ÏÐ×6Ñ�Òg¹¦¼�Â ÃO¼�Â£ÏÐ×6¶jÁ¦Ïá×OÑ�·¦¼�ÒgÁ Ù ¹¦¼�½Zº�·,·¾º�·t¶�×6ÃãÁ Õ º�ÏÐ¹3ÏÐ× ÷	Ô º�×6½Zº;¼�×.Á Õ º�ö¾º�Á6		×6Ã6ÏÐ×6Ñ Ù ¹,¼�½Zº�Ã Ô ¹¦º Þ� º;½Z¼�×	·¦ÏÐÃOº�¹(Á Õ ºtÏá×6½�Ê Ô ·¦ÏÐÉ�º�Ã	Ï öõº�Á Ù ¹,¼�Ã Ô ½ZÁ¦ÏÎ¼�× Ù ¹¦¼�½Zº�·¦·�ÏÐ·(Ã6º�		×Oº�Ã�Ü�À�Á Õ º3¹¦º�¶�½ZÁ¦ÏÎ¼�×�Ìô � É ô 
 Öÿþ�/ µ Éyþ�/ µ ÉÙØ � æõÌ Þwv:¢ è
ê Õ º�¹,ºIØ9¹¦º Ù ¹¦º�·¦º�×�Á¦·1º�É�º�¹¦À�Á Õ ÏÐ×OÑ�º�ÊÐ·¾º Ù ¹,¼�Ã Ô ½Zº�Ã Þ ¿�¼�Â£º v »�Á¾¼j» v ÊÎº�¶�Ã6ÏÐ×6Ñ�¼�¹,ÃOº�¹�æúÈI�tèÃ6ÏÐ¶jÑ�¹,¶�Â£·0Òg¼�¹Éj¶j¹,ÏÎ¼ Ô ·î·¦½�¶jÁ¾Á¾º�¹,ÏÐ×6Ñ�·4ÜSº�Á�ê4º�º�×A� Ô ¶j¹¦Ø�·4¶�×6ÃàÑ�Ê Ô ¼�×6·î¶j¹¦º�· Õ ¼EêJ×�Ïá×àô�ÏÎÑ Ô ¹¦ºÆÌ Þ } Þ Ç Õ º@ÈI� Ã6ÏÐ¶jÑ�¹,¶�Âà·Â£¶jØ�ºP¶�ÃO¼�Â£ÏÐ×	¶�×�Á�½Z¼�×�Á¾¹UÏÎÜ Ô Á¦ÏÎ¼�×LÁ¾¼�Á Õ ºJöõº�Á Ù ¹¦¼�Ã Ô ½ZÁ¦ÏÐ¼�×åê Õ º�×åÁ Õ º�ö¾º�Á�Á¾¹,¶�×6·¾É�º�¹,·¦ºÆÂP¼�Â£º�×�Á Ô ÂÏÐ·�ÊÐ¶j¹¦Ñ�º Þ Ç Õ º Ù ¹¦¼�½Zº�·,·�¼�ÒîÃ6Ï ö¾º�Á Ù ¹¦¼�Ã Ô ½ZÁ¦ÏÎ¼�×åÏá·@·¦Ø�º�Á¦½ Õ º�Ã.Ïá×Lô�ÏÎÑ Ô ¹,º�Ì Þ � Þ Ç Õ º Õ ¶j¹,Ãã½Z¼�ÊÐÊÐÏÐ·¦ÏÐ¼�×�¼�ÒÁ)êî¼`ÏÐ×6½Z¼�Â£ÏÐ×6Ñ Ù ¶j¹¦Á¾¼�×6·4ÏÐ·lÁ Õ º Ù ¹¦¼�½Zº�·¦·4¼�Ò Ù ¶j¹¦Á¦ÏÐ½ Ô ÊÐ¶j¹¢ÏÐ×�Á¾º�¹¦º�·¾Á�í�ê Õ º�¹¦ºJ¼�×Oº Õ ¶�·4Á Õ º Ù ¼�·,·¦ÏÎÜ	ÏÐÊáÏÎÁ)ÀtÁ¾¼
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ô�ÏÎÑ Ô ¹¦º.Ì Þ ��Ì6ñõ×6½�Ê Ô ·¦ÏÐÉ�ºtö¾º�Á Ù ¹¦¼�Ã Ô ½ZÁ¦ÏÐ¼�×/ÏÐ×KÁ Õ º Ù ¹¦¼�½Zº�·¦· ô � É ô 
 Ö þ�/ µ É¦þ�/ µ É.Ø/í4ê Õ º�¹¦ºwØ¹,º Ù ¹¦º�·¾º�×�Á¦·�º�É�º�¹¦À�Á Õ ÏÐ×6ÑPº�ÊÐ·¾º Ù ¹¦¼�Ã Ô ½Zº�Ã Þ
·¦Á Ô ÃOÀ�Â£¶jÁ¾Á¾º�¹@¶jÁ�¶£É�º�¹¦À�· Õ ¼�¹,Á�Ã6ÏÐ·¾Á¦¶�×6½Zº�· Þ ñõ×�Á Õ ÏÐ· Ù ¹,¼�½Zº�·¦·JÁ)êî¼ Ù ¶j¹,Á¾¼�×6·�¶j¹¦º3·,½�¶jÁ¾Á¾º�¹¦º�ÃL¶jÁ�êJÏÐÃOº¶�×6Ñ�ÊÎº�·;¶jÒ¨Á¾º�¹ Ù ¶�·¦·¦ÏÐ×6Ñ�É�º�¹¦À.½�ÊÎ¼�·¾º�Á¾¼Lº�¶�½ Õ ¼�Á Õ º�¹ Þ Å@·;¶å¹¦º�· Ô ÊÎÁ Õ ÏÎÑ Õ Å�| ¼ Ô Á¾Ñ�¼�ÏÐ×OÑ Ù ¶j¹¦Á¾¼�×6·;¶j¹¦ºÙ ¹¦¼�Ã Ô ½Zº�ÃÝí�ê Õ ÏÐ½ Õ�Õ ¶�ÃO¹,¼�×6ÏÐ·¾º�íO¶�×6Ã�¶j¹,ºÖ¼�Ü	·¾º�¹¦É�º�ÃL¶�·�ö¾º�Á¦·�¼�Ò&Á Õ º Ù ¶j¹¦Á¦Ïá½�ÊÎº�·(ÊÐ¶jÁ¾º�¹J¼�× Þ Å�ÊÐ¼�×OÑPêJÏÎÁ ÕÕ ¶j¹,Ã Ù ¹¦¼�Ã Ô ½ZÁ¦ÏÐ¼�×Ýí�Á Õ ºt¹¦º�·¾ÁJ¼�Ò&Á Õ º Ù ¶j¹¦Á¦ÏÐ½�ÊÐº�·�ÏÐ×�Á Õ º3º�É�º�×�Á@ÏÐ· Ù ¹¦¼�Ã Ô ½Zº�Ã�Ü�À�·¾¼�Ò¨Á Ù ¹¦¼�½Zº�·¦·¾º�· Þ Ç Õ º·¦¼�ÒgÁ Ù ¶j¹¦Á¦·(¼�Ò�Á Õ º Õ ¶�ÃO¹,¼�×�» Õ ¶�ÃO¹¦¼�×�½Z¼�ÊáÊÐÏÐ·¦ÏÎ¼�×�½�¶�×åÜ5ºÖ· Ô ÜSÃ	ÏÎÉ�ÏáÃOº�ÃàÏÐ×�¶£Ògº�ê Âà¶�ÏÐ×�½�¶jÁ¾º�Ñ�¼�¹,ÏÎº�·*Ìå g�²IjC�=jg¯O�6®���¯���±n�W¯�i¸jg¯���j/h�²��@g ����� Å�Å@×�À�¼�Ò�Á Õ º4Ïá×6½Z¼�Â£ÏÐ×OÑ Ù ¶j¹¦Á¾¼�×6·0½�¶�×;·¾Á¦¶j¹¦Á1¼jþà¶�·¾º*� Ô º�×6½Zº¼�Ò&Ü6¹,¶�×6½ Õ ÏÐ×OÑ�·(· Ô ½ Õ ¶�· â Ö â 2�í6ê Õ ÏÐ½ Õ�Ù ¹¦¼�Ã Ô ½Zº�·(¶�×�Ïá×6ÏÎÁ¦ÏÐ¶�ÊË»)·¦Á¦¶jÁ¾ºÖ¹,¶�Ã6ÏÐ¶jÁ¦ÏÎ¼�×�· Õ ¼�êîº�¹ Þå	� jú²1¯$�l®��E¯���±M�W¯�iIj¨¯��=j�h5²
� � ����� Å5Å ·¦ÏÐÂ£ÏáÊÐ¶j¹ Ù ¹,¼�½Zº�·¦·�Á¾¼`ñ¦¿�ùtí�ê Õ ÏÐ½ Õ Á¦¶jØ�º�· Ù Êá¶�½Zº@Ò¨¼�¹�Á Õ º¼ Ô Á¾Ñ�¼�ÏÐ×6Ñ Ù ¶j¹¦Á¾¼�×6·(ÜSº�Ò¨¼�¹¦ºÖÁ Õ º�À Õ ¶�ÃO¹,¼�×6ÏÐ·¾º Þå	� ²�i1±��=��o"jú²1´�±���±�²8�!Å�Ç Õ º Ù ¶j¹¦Á¾¼�×6·J×6¼�Á�ÏÐ×�É�¼�ÊÎÉ�º�ÃåÏá×�Á Õ º Õ ¶j¹,Ã�ÏÐ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×+·¦½�¶jÁ¾Á¾º�¹�êJÏÎÁ Õ·¦Â£¶�ÊáÊ5¶�×6Ñ�ÊÎº�·(¹¦º�· Ù º�½ZÁ¦ÏÎÉ�º�ÊÐÀàêJÏÎÁ Õ ·,Â£¶�ÊÐÊ�Å�| Þ Ç Õ º�·¾º Ù ¶j¹¦Á¾¼�×6·�¶j¹,ºt¶�·¦·¾¼�½�ÏÐ¶jÁ¾º�Ã�Á¾¼£Á Õ º Ô ×6ÃOº�¹¾»ÊÎÀ�ÏÐ×OÑLº�É�º�×�Áåæ�Í@éîè Þ Ç Õ º Ô ×	ÃOº�¹,ÊÎÀ�ÏÐ×OÑ�º�É�º�×�Á Ù Ê Ô ·tÁ Õ º�ñ¦¿�ù Ù ¹¦¼�Ã Ô ½Zº�Á Õ º�·¾¼j»)½�¶�ÊÐÊÎº�ÃKÜSº�¶�Â¹¦º�Â£×	¶�×�Á¦· Þå �������j/�¸�¨±»jú²8��±��E¯�����j/h�²1®	ÅîÇ Õ º�·¾º�¶j¹¦ºJ·¦¼�ÒgÁlÏÐ×6º�ÊÐ¶�·¾Á¦ÏÐ½�ÏÐ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×6·¢¼�Ò�Á Õ º�ÜSº�¶�Â�¹¦º�Â£×6¶�×�Á¦· Þâ Ô ÊÎÁ¦Ï Ù ÊÐº@ÏÐ×�Á¾º�¹,¶�½ZÁ¦ÏÎ¼�×	·�½Z¼�×�Á¾¹UÏÎÜ Ô Á¾ºÖÁ¾¼£Á Õ º Ô ×6ÃOº�¹UÊÎÀ�Ïá×OÑ3º�É�º�×�Á Þå ��jú²�jú°>&° � j¨¯6®K±���±�²8��® ø Þ âLÏÐ×6ÏÐÂ Ô Â Ü�ÏÐ¶�·£º�É�º�×�Á¦·�ÃO¼/×O¼�Á�½Z¼�×�Á¦¶�Ïá× Õ ¶j¹,ÃM·¦½�¶jÁ¾Á¾º�¹UÏÐ×OÑÙ ¹¦¼�½Zº�·¦·î¶�×6Ã�¶j¹¦º@½ Õ ¶j¹,¶�½ZÁ¾º�¹,Ïá·¾º�Ã�Ü�ÀàÊÐ¼�ê Å�|+¼�Ò0Á Õ º Ù ¹,¼�Ã Ô ½Zº�Ã Ù ¶j¹,Á¦ÏÐ½�ÊÎº�· Þ ñ!×�Á Õ º Õ ÏÎÑ Õ Ê Ô Â£ÏÎ»×O¼�·¦ÏÐÁ)À+¹ Ô ×6×6Ïá×OÑ�¹,º�Ñ�ÏÐÂPº£¶�×�À Õ ¶j¹,Ã>·¦½�¶jÁ¾Á¾º�¹,ÏÐ×6ÑL½Z¼�ÊÐÊÐÏá·¦ÏÎ¼�×ã¶jÁ3È0ßÖä�¶jÁ3×6¼�Â£ÏÐ×6¶�Ê"Ê Ô Â£ÏÐ×O¼�·¦ÏÐÁ)ÀÏÐ·;ºZÚ Ù º�½ZÁ¾º�ÃKÁ¾¼ãÜSº�¶�½�½Z¼�Â Ù ¶�×6ÏÎº�Ã�Ü�À� v1u ¶�Ã6Ã6ÏÎÁ¦ÏÎ¼�×	¶�Ê¢·¾¼�Ò¨ÁPÏÐ×Oº�ÊÐ¶�·¾Á¦Ïá½à½Z¼�ÊÐÊÐÏá·¦ÏÎ¼�×6·;½Z¼�Â£ÏÐ×OÑêJÏÎÁ Õ ÏÐ×K¼�×Oº�Ü Ô ×6½ Õ »)½Z¹,¼�·¦·¦ÏÐ×OÑ Þ Ç Õ º�·¦ºå¶�Ã6Ã6ÏÎÁ¦ÏÐ¼�×6¶�Ê�½Z¼�ÊÐÊÐÏá·¦ÏÎ¼�×6·P¶j¹¦º+Â£ÏÐ×6ÏáÂ Ô Â Ü	Ïá¶�·£º�É�º�×�Á¦· ÞÇ Õ º�À�¶j¹¦ºn Ù ÏáÊÎº�Ã ÔOÙ �PÏÐ×�º�¶�½ Õ Ü Ô ×6½ Õ »)½Z¹,¼�·¦·¦ÏÐ×OÑOí�Á Õ Ïá·(ºZþ5º�½ZÁ@ÏÐ·�Ø�×O¼�êJ×å¶�·(º�É�º�×�Á Ù ÏÐÊÎºZ» Ô6ÙÞ
Ç Õ ºt½�ÊÎº�¶j¹ Ô ×	ÃOº�¹,·¾Á¦¶�×6Ã	ÏÐ×OÑ3¼�Ò&Á Õ º�·¾ºt·¦¼�ÒgÁ Ù ¹¦¼�½Zº�·,·¾º�·(ÏÐ·(ÏÐÂ Ù ¼�¹¦Á¦¶�×�Á�Òg¼�¹JÁ Õ ºt½Z¼�¹¦¹¦º�½ZÁJÂ£º�¶�· Ô ¹¦º�ÂPº�×�Á¼�ÒîÁ Õ º Õ ÏÐÑ Õ Å�| Õ ¶j¹,Ã>·¦½�¶jÁ¾Á¾º�¹,Ïá×OÑ Ù ¶j¹¦Á¾¼�×6· Þ ß�¼�êîº�É�º�¹�í&Á Õ º Ù ¹¦º�·¦º�×6½ZºP¼�Ò4Á Õ º£·¾¼�ÒgÁ¾º�¹;ÏÐ×�Á¾º�¹U¶�½ZÁ¦ÏÎ¼�×6·¶�×	Ã©		×	¶�Ê Õ ¶�ÃO¹,¼�×6ÏÐ·¦¶jÁ¦ÏÎ¼�×.¼�Ò�¶�ÊÐÊ¢½Z¼�ÊÎ¼�¹¦»)½Z¼�×6×Oº�½ZÁ¾º�ÃK½Z¼�×6·¾Á¦ÏÎÁ Ô º�×�Á¦·Æ¼�Ò(Á Õ º�º�É�º�×�Á Ù ¹¦º�É�º�×�Á Ô ·tÒ¨¹¦¼�ÂÃ	ÏÎ¹¦º�½ZÁà¶�×6ÃMºZÚ�¶�½ZÁ�ÂPº�¶�· Ô ¹¦º�ÂPº�×�Áà¼�ÒÖÁ Õ º;Å$| ¼�ÒÖÁ Õ ºå¼ Ô Á¾Ñ�¼�ÏÐ×OÑ Ù ¶j¹,Á¾¼�×6·àÒ¨¹¦¼�Â Õ ¶j¹,ÃN·¦½�¶jÁ¾Á¾º�¹UÏÐ×OÑó������¡��¦Rª«¦÷¼¡�§���K���l���a�E�;�E���E¦ ���U¦¤���K¢ �E�U¦÷�E ¡��¢ �������	�E ���;�E ¡�����I���l���x�E�9���E�F��������¨f�E��¬��;�¶�E r�E���S��©�©��)���¡��©§ª«�����l����E�§³�³U���F�f�;���E «�Uªf�������0��ª«�E�;���K¼¡�§�������K��¨¡¨«©��§��¬�´



ö�� lnm8o®�j���®à¯��p�=m0±�q�r�s

Ù ¹¦¼�½Zº�·¦· Þ��ìÕ ¶jÁ(ÏÐ·�¶�½�½Zº�·¦·¦ÏÐÜ	ÊÎº�Òg¼�¹(ÂPº�¶�· Ô ¹¦º�ÂPº�×�Á�ÏÐ·îÁ Õ ºÖ½Z¼�ÊÐÊÐÏÐÂà¶jÁ¾º�ÃàÜ Ô ×6Ã6ÊÎº�¼�Ò Ù ¶j¹¦Á¦Ïá½�ÊÎº�·ÖæúÂ£¶�ÏÐ×6ÊÎÀÕ ¶�ÃO¹,¼�×6·Uèî½�¶�ÊÐÊÎº�Ã;ö¾º�Á�í6ê Õ ÏÐ½ Õ�Õ ¶�·J		×6¶�ÊÐÊÎÀ�¹¦º�¶�½ Õ º�Ã�Á Õ ºtÃOº�Á¾º�½ZÁ¾¼�¹ ÞÛl¶j¹,ÏÐ¼ Ô ·`¶�ÊÎÑ�¼�¹,ÏÎÁ Õ Âà·Æ½�¶�×KÜSº�¶ Ù6Ù ÊÐÏÐº�Ã.Á¾¼>Á Õ º�ÂPº�¶�· Ô ¹,º�Ã/¼�ÜOöõº�½ZÁ¦·P¼�¹`Á¾¼>Á Õ º�		×6¶�Ê�·¾Á¦¶jÁ¾º�·àÏÐ×Á Õ º�¼�¹¦º�Á¦Ïá½�¶�ÊÝ½�¶�ÊÐ½ Ô ÊÐ¶jÁ¦ÏÎ¼�×	·4ÏÐ×�¼�¹,ÃOº�¹�Á¾¼£ÏÐÃ6º�×�Á¦ÏÎÒ¨ÀP¶Jöõº�Á(¶�×6Ã�¶�·¦·¾¼�½�ÏÐ¶jÁ¾ºÖÏÎÁ Ô ×6Ï�� Ô º�ÊÎÀ`Á¾¼`Á Õ º�¼ Ô Á¾Ñ�¼�ÏÐ×6ÑÙ ¶j¹¦Á¾¼�× Þ ø�º�Á�¶�ÊÎÑ�¼�¹UÏÎÁ Õ Â£·�¶j¹,ºtÃ6ÏÎÉ�ÏÐÃOº�Ã�ÏÐ×�Á¾¼PÁ)êî¼�Â£¶�ÏÐ×�½�¶jÁ¾º�Ñ�¼�¹UÏÎº�·�Ìå Ç Õ º
{;|/¶�ÊÐÑ�¼�¹,ÏÎÁ Õ Â Þå Ç Õ ºt½Z¼�×Oº3¶�ÊÎÑ�¼�¹UÏÎÁ Õ Â Þ
ö�÷Fû~÷4Ï üIú�ü�ýC�SH;�;��D?ü1ùpL.ÒAýYþ�ÿ���þ�ÿFDQþFH.QF�!��B�ú$ÿpPI��ú�Ò
Ç Õ ºàÁ¦¶�·¾Ø>¼�Ò(¶`ö¾º�Á;¶�ÊÎÑ�¼�¹,ÏÐÁ Õ Â ÏÐ·ÖÁ¾¼+½Z¼�Â3Ü�ÏÐ×Oº£Á Õ º»		×6¶�Êl·¦Á¦¶jÁ¾ºà¼�Ü�ö¾º�½ZÁ¦·;Ïá×�Á¾¼£öõº�Á¦·;· Ô ½ Õ Á Õ ¶jÁ3Á Õ ºØ�ÏÐ×Oº�Â£¶jÁ¦ÏÐ½ Ù ¹¦¼ Ù º�¹¦Á¦ÏÐº�·l¼�Ò0Á Õ º¢ö¾º�Á¦·Öæ�/	1 2�16Â£¼�ÂPº�×�Á¦¶�èî½�¶�×�ÜSº@¹¦º�ÊÐ¶jÁ¾º�Ã�Á¾¼`Á Õ ºÖ½Z¼�¹¦¹¦º�· Ù ¼�×6Ã	ÏÐ×OÑ Ù ¹,¼ Ù »º�¹¦Á¦ÏÎº�·î¼�Ò1Á Õ º�º�×Oº�¹¦Ñ�º�Á¦ÏÐ½ Ù ¶j¹¦Á¾¼�×	· Ù ¹¦¼�Ã Ô ½Zº�Ã�ÏÐ×àÁ Õ º Õ ¶j¹,Ã�·,½�¶jÁ¾Á¾º�¹,ÏÐ×OÑ Ù ¹¦¼�½Zº�·¦· Þ Ç Õ ºlö¾º�Á(¶�ÊÎÑ�¼�¹,ÏÎÁ Õ Â½�¶�×ãÜSºP¶ Ù6Ù ÊÐÏÎº�ÃLÁ¾¼�Ã6ÏËþSº�¹¦º�×�Á�¼�ÜOöõº�½ZÁ¦·tÃ6º Ù º�×	Ã6ÏÐ×OÑ�¼�×ãÁ Õ ºPÊÎº�É�º�Ê�¼�Ò4½Z¼�×6·,ÏÐÃOº�¹,¶jÁ¦ÏÎ¼�× Þ Ç Õ º�·¾ºPÊÎº�É�º�Êá·½�¶�×�ÜSºÖ· Ô ÂàÂ£¶j¹,ÏÐ·¾º�Ã�¶�·�Òg¼�ÊÐÊÐ¼�êJ·�Ìå ®�±���±��1�&hO�Ê�¨±���±����7i&¯���¯Äh$�Ö��h�²8�E± sÆ¯��=�/h¤¨»j���m¡i1±���±��1�&h$��®&jú°>I�g¯���j/h�² ��� é4×Oº�¹¦Ñ�ÀÃ6º Ù ¼�·,ÏÎÁ¦·(ÏÐ×�Á Õ º3½�¶�ÊÐ¼�¹,ÏÐÂPº�Á¾º�¹J½Zº�ÊáÊÐ·�Á)À Ù ÏÐ½�¶�ÊÐÊÐÀ�· Ô ÂàÂPº�Ã ÔOÙ êJÏÐÁ Õ ÏÐ×�Á Õ º3½�¶�ÊÎ¼�¹,ÏáÂPº�Á¾º�¹�Á¾¼�êîº�¹,·ê Õ ÏÐ½ Õ ¶j¹,º Ô ·¾º�Ã�¶�·�Á Õ ºtÜ	¶�·¦Ïá½�º�ÊÎº�ÂPº�×�Á¦·(¼�Ò�Á Õ ºt½�Ê Ô ·¾Á¾º�¹UÏÐ×OÑ Þå l@¯�����j/���¨±RhO��m1¯�i��=h�² �¨±��5±����@��h�²8��±�s;¯��:�/h ��� ¿�Á¦¶jÜ	ÊÎº Ù ¶j¹¦Á¦ÏÐ½�ÊÐº�·Jæ¨º Þ Ñ Þ í Õ ¶�Ã6¹¦¼�×6·Uè&¶j¹¦º(Á Õ ºÜ�¶�·¦ÏÐ½�º�ÊÎº�ÂPº�×�Á¦·�Á¾¼àÜ5ºt½�Ê Ô ·¾Á¾º�¹¦º�Ã Þå l@¯����&h�²F�¨±���±����@��h�²8�E±RsÆ¯��=�/h ��� ¸�¶j¹¦Á¾¼�×6·�ÜSº�Òg¼�¹,º Õ ¶�Ã6¹¦¼�×6ÏÐ·¦¶jÁ¦ÏÐ¼�×3¶j¹¦º�½�Ê Ô ·¾Á¾º�¹,º�ÃÆÏá×�Á¾¼¢öõº�Á¦· Þô6¼�¹�â�¼�×�Á¾º+ä�¶j¹UÊÎ¼ Ù ¹¦¼�Ñ�¹,¶�Â£·P· Ô ½ Õ ¶�·Pß@é¢ù � ñ�v ¼�¹£¸�yÖÇ�ß�ñ!Å8Á Õ ÏÐ·ÆêJÏÐÊÐÊ4ÏÐ×6½�Ê Ô ÃOº�Â£¶�×�À� Ô ¶j¹¦Ø�·�¶�×6Ã�Ñ�Ê Ô ¼�×6·�Ò¨¹¦¼�Â9Á Õ º Ù ¶j¹¦Á¾¼�×�· Õ ¼�êîº�¹J¶�×6Ã�Á Õ º;Â Ô ÊÐÁ¦Ï Ù ÊÎº Ù ¶j¹¦Á¾¼�×�Ïá×�Á¾º�¹,¶�½ZÁ¦ÏÐ¼�×6· Þ

Ç Õ ºJº�·¦·¾º�×�Á¦ÏÐ¶�Ê5¶jÁ¾Á¾¹,ÏÎÜ Ô Á¾ºJ¼�ÒÝÁ Õ ºlöõº�Á�¶�ÊÎÑ�¼�¹,ÏÎÁ Õ Â ÏÐ·4¶ Ù6Ù ÊÐÏÐ½�¶jÜ�ÏÐÊÐÏÎÁ�À;¶�×6Ã�º*� Ô ¶�Ê6ÜSº Õ ¶�É�ÏÎ¼ Ô ¹î¶jÁî¶�×�ÀÊÎº�É�º�ÊÝ¼�Ò"½Z¼�×6·,ÏÐÃOº�¹,¶jÁ¦ÏÎ¼�×�Ìå Ç Õ º�¼�¹¦º�Á¦ÏÐ½�¶�Ê½�¶�Êá½ Ô ÊÐ¶jÁ¦ÏÎ¼�×6·;æI		×6¶�ÊÝ·¾Á¦¶jÁ¾º Ù ¶j¹¦Á¦ÏÐ½�ÊÎº�·�í Ù ¶j¹¦Á¾¼�×6·Uè Þå élÚ Ù º�¹,ÏáÂPº�×�Á¦¶�ÊÝÃ	¶jÁ¦¶åæú·¦ÏÎÑ�×6¶�Êá·(ÏÐ×�½�¶�ÊÎ¼�¹,ÏÐÂ£º�Á¾º�¹�½Zº�ÊÐÊÐ·oè Þ
Ç Õ Ïá·4¶jÁ¾Á¾¹,ÏÐÜ Ô Á¾º�ÂPº�¶�×6·îÁ Õ ¶jÁ�Á Õ º�¶�ÊÎÑ�¼�¹,ÏÎÁ Õ Âò· Õ ¼ Ô ÊÐÃp	�×6ÃàÁ Õ º@·¦¶�Â£º¢ö¾º�Á¦·�¶jÁ(Á Õ º Ù ¶j¹¦Á¾¼�×Ýí Ù ¶j¹¦Á¦Ïá½�ÊÎº�í¶�×6ÃNÃ6º�Á¾º�½ZÁ¾¼�¹�ÊÎº�É�º�Ê Þ Ç Õ º�¹¦º�Ò¨¼�¹¦º�ÏÎÁ�Â Ô ·¦Á£×O¼�ÁàÏÐ×�Á¾¹¦¼�Ã Ô ½Zº�¶�×�ÀKÜ	Ïá¶�·£ÏÐ×KÁ Õ ºå¶�×	¶�ÊÎÀ�·,ÏÐ·`Ü	¶�·¾º�Ã�¼�×½Z¼�Â Ù ¶j¹UÏÐ·¾¼�×=¼�ÒtºZÚ Ù º�¹,ÏáÂPº�×�Á¦¶�Ê�Ã6¶jÁ¦¶/Á¾¼�Á Õ ºLÁ Õ º�¼�¹,º�Á¦ÏÐ½�¶�Ê Ù ¹¦º�Ã6ÏÐ½ZÁ¦ÏÐ¼�×6·P¼�¹�·¦ÏÐÂ Ô ÊÐ¶jÁ¦ÏÎ¼�×	· Þ · º�Òg¼�¹¦º½Z¼�Â£ÏÐ×6Ñ.Á¾¼$Á Õ ºLÁ¾º�½ Õ ×	ÏÐ½�¶�ÊJÏÐÂ Ù ÊÎº�ÂPº�×�Á¦¶jÁ¦ÏÎ¼�×NÏÎÁ�ÏÐ·àÏÐÂ Ù ¼�¹,Á¦¶�×�ÁPÁ¾¼K· Ô Â£Âà¶j¹,ÏÐ·¾º�¼�Á Õ º�¹�ÏÐÂ Ù ¼�¹¦Á¦¶�×�Á½ Õ ¶j¹,¶�½ZÁ¾º�¹,ÏÐ·¾Á¦Ïá½�·�¼�Ò&Á Õ º�ö¾º�ÁJ¶�ÊÎÑ�¼�¹,ÏÎÁ Õ Â Þ Ç Õ º Ù º�¹¦Ò¨º�½ZÁ&öõº�Á�¶�ÊÎÑ�¼�¹,ÏÎÁ Õ Â9· Õ ¼ Ô ÊÐÃ�ÜSº j v z	k?Ìå ô Ô ÊÐÊÎÀ`· Ù º�½�Ï	6º�Ã�Ì&Ç Õ º�ö¾º�Á¢·¾º�ÊÐº�½ZÁ¦ÏÎ¼�× Ù ¹,¼�½Zº�·¦·�í�Á Õ º�ö¾º�Á¢Ø�ÏÐ×Oº�Âà¶jÁ¦ÏÐ½(Éj¶j¹,ÏÐ¶jÜ	ÊÎº�·"¶�×	Ã£Á Õ º�Éj¶j¹,ÏÎ¼ Ô ·½Z¼�¹,¹¦º�½ZÁ¦ÏÎ¼�×6·�· Õ ¼ Ô ÊÐÃ�ÜSºt½�ÊÎº�¶j¹,ÊÐÀ�¶�×6Ã�½Z¼�Â Ù ÊÎº�Á¾º�ÊÎÀ�ÃOº�		×Oº�Ã Þå Ç Õ º�¼�¹¦º�Á¦ÏÐ½�¶�ÊÐÊÐÀLêîº�ÊÐÊ"ÜSº Õ ¶�É�º�Ã�ÌtÁ Õ ºà¶�ÊÐÑ�¼�¹,ÏÎÁ Õ Â · Õ ¼ Ô ÊÐÃ+ÜSº£ÏÐ×OÒ¨¹,¶j¹¦º�Ã>¶�×6Ã$½Z¼�ÊÐÊÐÏÐ×Oº�¶j¹t·,¶jÒgºà¶jÁ¶�ÊáÊÝ¼�¹,ÃOº�¹,·�¼�Ò Ù º�¹¦Á Ô ¹,Ü	¶jÁ¦ÏÎÉ�ºÖ½�¶�ÊÐ½ Ô ÊÐ¶jÁ¦ÏÐ¼�×6· Þå ñõ×�ÉW¶j¹,Ïá¶�×�Á Ô ×6ÃOº�¹&ÜS¼�¼�·¦Á¦·�Ì1Ç Õ ÏÐ·0ÏÐ·&ÏÐÂ Ù ¼�¹¦Á¦¶�×�Á&Òg¼�¹ Õ ¶�ÃO¹,¼�×�» Õ ¶�ÃO¹¦¼�×;½Z¼�ÊÐÊÐÏÐÃ6º�¹,·ê Õ º�¹¦º4Á Õ º�½ Þ Â ÞÒ¨¹,¶�ÂPº3¼�Ò1Á Õ º;ÏÐ×6Ã6ÏÎÉ�ÏÐÃ Ô ¶�Ê Ù ¶j¹¦Á¾¼�×O» Ù ¶j¹¦Á¾¼�×å½Z¼�ÊáÊÐÏÐ·¦ÏÎ¼�×	·îÏá·�Á)À Ù ÏÐ½�¶�ÊÐÊÎÀ�ÜS¼�¼�·¦Á¾º�Ã�êJÏÎÁ Õ ¹¦º�· Ù º�½ZÁ(Á¾¼Á Õ º Õ ¶�ÃO¹¦¼�×O» Õ ¶�ÃO¹¦¼�×�½�Â£·�Òg¹,¶�Â£º Þ



ö Å�tCÅ��Ý±��R�Im8o®�j���® ö �
å µ@º�Á¾º�½ZÁ¾¼�¹�ñõ×6ÃOº Ù º�×6Ã6º�×�Á�Ì"Ç Õ º�¹,ºt· Õ ¼ Ô ÊÐÃ�ÜSºÖ×O¼àÃ6º Ù º�×	ÃOº�×6½Zº�¼�×�½Zº�ÊÐÊÝÁ�À Ù ºÖ¼�¹@·¦ÏÎð�º Þå é¢¶�·¦À�Á¾¼à½�¶�ÊáÏÎÜ6¹,¶jÁ¾º Þå ¿ ÔOÙ	Ù ¹¦º�·¦·¦ÏÐ¼�×>¼�Ò�·¾¼�Ò¨Á Ù ¹¦¼�½Zº�·¦·¾º�·�Ìw/	1 2 Þ Á Õ º Ù ¹¦¼�½Zº�·¦·¾º�·`ê Õ ÏÐ½ Õ ¶j¹¦º�¹¦º�ÊÐ¶jÁ¾º�ÃKÁ¾¼ãÜSº�¶�Â�¹¦º�Â`»×6¶�×�Á¦·(º�Á¦½ Þ

Ç Õ º»		¹,·¾Á;ÏÐÁ¾º�ÂÄÏÐ×/Á Õ º�ÊÐÏÐ·¾Á3¹¦º*� Ô ÏÎ¹¦º�·tÁ Õ º�ºZÚO¶�½ZÁ£· Ù º�½�Ï		½�¶jÁ¦ÏÎ¼�×$¼�Ò�Á Õ º3öõº�Á`¶�ÊÎÑ�¼�¹,ÏÐÁ Õ ÂÄ¶jÁP¶�ÊÐÊ¢¼ Ù »º�¹U¶jÁ¦ÏÎ¼�×6¶�Ê�·¾Á¦¶jÑ�º�· Þ Ç Õ º�·¾º�½Z¼�×	Ã�ÏÐÁ¾º�Â ÏáÂ Ù ÊÐÏÎº�·tÁ Õ ¶jÁÆ¶�×K¶�ÊÎÑ�¼�¹UÏÎÁ Õ Â�ÏÐ·ÆÏÐ×OÒ¨¹,¶j¹¦º�Ã$·,¶jÒgº�ÏÎÒ!í&Ò¨¼�¹P¶�×�À×O» Ù ¶j¹¦Á¾¼�×ã½Z¼�×�	6Ñ Ô ¹U¶jÁ¦ÏÎ¼�×ÝíÝ¶�Ã6Ã6ÏÐ×6Ñà¶�×ãÏÐ×�		×6ÏÐÁ¾º�ÊÎÀ�·¦¼�ÒgÁ Ù ¶j¹¦Á¾¼�×ãÃO¼�º�·�×O¼�Á�¶Wþ5º�½ZÁÖÁ Õ ºJö¾º�Á�¶�ÊÐÑ�¼�¹,ÏÎÁ Õ Â¹,º�· Ô ÊÎÁ¦·î¶jÁ(¶�ÊÐÊ Þ Å�×	Ã�¶�×�¶�ÊÎÑ�¼�¹,ÏÐÁ Õ Â Ïá·4½Z¼�ÊÐÊáÏÐ×Oº�¶j¹4·,¶jÒgºÖÏÎÒ!í�Ò¨¼�¹(¶�×�Àà×O» Ù ¶j¹¦Á¾¼�×�½Z¼�×�	6Ñ Ô ¹U¶jÁ¦ÏÎ¼�×Ýí�¶�Ã6Ã6ÏÐ×OÑ¶�×	Ã>¹¦º Ù ÊÐ¶�½�Ïá×OÑ�¶�×�ÀãÂ£¶�·¦·,ÊÎº�·¦· Ù ¶j¹,Á¾¼�×.Ü�À+¶�×>ºZÚO¶�½ZÁ¦ÊÎÀ.½Z¼�ÊÐÊáÏÐ×Oº�¶j¹ Ù ¶�ÏÎ¹Ö¼�Ò(Â£¶�·,·¦ÊÎº�·¦· Ù ¶j¹¦Á¾¼�×6·tÃO¼�º�·×6¼�Á;¶WþSº�½ZÁ;Á Õ º�¶�ÊÎÑ�¼�¹,ÏÎÁ Õ Â ¹¦º�· Ô ÊÎÁ¦·t¶jÁ;¶�ÊáÊ Þ Ç Õ ºàÊÐ¶�·¾Á;Á Õ ¹¦º�º�ÏÎÁ¾º�Â£·3¶j¹,ºàÜ	¶�·¦Ïá½�¶�ÊÐÊÎÀ+¹¦º�ÊÐ¶jÁ¾º�Ã.Á¾¼LÁ Õ ººZÚ Ù º�¹,ÏÐÂPº�×�Á¦¶�Ê Ù ¹¦¼ Ù º�¹¦Á¦ÏÐº�·1¼�Ò5Á Õ º�¶�ÊÎÑ�¼�¹UÏÎÁ Õ Â Þ Ç Õ º�ÀÆ½�¶�×PÜSº(Ò Ô ÊáÊÎÀt¶�×6¶�ÊÎÀ�·¾º�ÃP¶�×6Ã Ô ×	ÃOº�¹,·¾Á¾¼�¼�ÃÆ¼�×6ÊÐÀÜ�À�½Zº�¹¦Á¦¶�ÏÐ×�¹ Ô ×6×6ÏÐ×6ÑÆ½Z¼�×6Ã	ÏÎÁ¦ÏÎ¼�×6· ÞÛl¶j¹,ÏÎ¼ Ô ·(öõº�ÁÆ¶�ÊÎÑ�¼�¹,ÏÎÁ Õ Âà·Ö¶j¹¦º�ÏÐÂ Ù ÊÎº�ÂPº�×�Á¾º�Ã>ÏÐ×>Á Õ º�Å"Ç�È0ÅÖ¿ãºZÚ Ù º�¹,ÏÐÂPº�×�Á Þ ñõ×>Á Õ º£Ò¨¼�ÊÐÊÎ¼EêJÏÐ×OÑ· Ô Ü	·¾º�½ZÁ¦ÏÎ¼�×	·¢Á Õ º@Á)êî¼�öõº�Á�¶�ÊÎÑ�¼�¹,ÏÐÁ Õ Â£·îÂP¼�·¾Á¦ÊÎÀ Ô ·¦º�Ã�ÏÐ×�Å"Ç�È0ÅÖ¿ Ù	Õ À�·¦Ïá½�·¢¶�×6¶�ÊÎÀ�·¦ÏÐ·4¶�×6Ã�Á Õ º�ÏÎ¹îÜ	¶�·¦ÏÐ½Ù ¹¦¼ Ù º�¹¦Á¦ÏÎº�·�êJÏÐÊáÊJÜSº>Ã6ÏÐ·¦½ Ô ·¦·¾º�Ã Þ Ç Õ º�·¾º.¶�ÊÐÑ�¼�¹,ÏÎÁ Õ Â£·�¶j¹¦º/ÏÎÁ¾º�¹,¶jÁ¦ÏÎÉ�º.·¾º�º�Ã6º�Ãû½Z¼�×Oº$¶�×6ÃìÁ Õ º�{ |¶�ÊÐÑ�¼�¹,ÏÎÁ Õ Â Þ
ö�÷Fû¸÷Fû ø�ù,ú÷B��"þ,ú ýC�EH;�K��D(ü�ùFL
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T=pµNLO pQCD EKS CTEQ 6.1M, (

=1.3Sep=0.75, Rmerge=0.7, fconeMidpoint R

Data corrected to parton level

0.1<|y|<0.7 -1 L = 385 pb∫

6% luminosity  uncertainty not included 

Systematic uncertainty.
Systematic uncertainty including
hadronization and underlying event.
NLO pQCD PDF uncertainty.
Data/NLO pQCD(EKS) 
MRST2004/CTEQ 6.1M 
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u Ô �]�.� Ö�Õ ×��dv Ü �]��� ����� Õxw � Ö �� b¢�PHRbe_?I]b¶�PH¢�5^<I.�{Y��a^� f_�¥¦§�� Ã á�� µ á3�¥M�^zy¾ÄfY¿�|{¬�¦ j^:�© ¹���,R^�© ¹ ¹�5^�_� z_s{�n.M.â����%��{�¨§��¨¥k j^�MNR^�*I]{¢�¦ f_�¥
¥�����¥��.`¢�AR^��_s{¬§0�cnx_��ä  ^ M�Yd^�Mx¥k�����¹���P¬Mhd^��PR^���� j^:��b¬§��d{SIJK M�^À fb¢�ò¥`bR�a^�I��P`�Y��a^� f_�¥¦§�������{S`_Y���_2^}Yd^<M*O`¬�¬¥k f_0M]{�K M�^ä fb¢�_Yeb�M� 5M]{R�¨� ¡  ��a^� f_s{�I§K�^�MNR  fb¢��_s{¬¥5_0`¢�|{´ \Y��a^� f_�¥¦§��¼ fb¢��{´�SR}h¯�5^UM.K6Y��a^� f_�¥¦§����}_��
_s{¬¥k^®�����f_s{�I:~ ^ bd_�§��É fb¬�(�|n��5^1�*I��È�|{¢�5^�I.�VM.K¾ fb¢�%�fb�M ^ �5^vY��a^� f_�¥¦§����»`¢�¨¥k^®�����¹���¦� � be_���R¤�¬§� f_?Y«§�_�¥��© f_?M]{Yd^�Mx¥k�����Á¥QM]{´ f_s{��¢���Á�d{´ f_�§  fb¢�Ñ�|{¢�5^�I.��Y¿�5^ZY��a^� f_�¥¦§��<h¯�¨¥QMNRÁ���Á�Pè��R��§Ï 5M  fb¢�Ñ¥k^g_� f_�¥���§Ï�|{¬�5^�I.���g�k�� b¢�½¥k^g_� f_�¥���§Ê�|{¢�5^�I.�µ¥���{�h¯�y`¢��ze{¢�P`¡���ô fb¬�¸�|{¢�5^<I.���©  ^ bd_�¥gbÐ fb¢�½�|{¢�5^�I.�Ð§?M��:�¹���»K�^�MNR,^:�.`d_��© f_0M]{
Ã hd^��PR����¹ j^:��b¬§��d{�I´Äô�Pè��R��§  fb�M����\K�^�MNR�_?M]{e_����© f_?M]{¾� |  ½ fbd_��}Y�M]_s{´ Æ fb¢���fb�M ^ �5^E^�����¥gb¢����_� ��LR^��t:_jOR¤�SRl��{S`½�¹ ��a^� ��¸ 5Mr`¢�¨¥¦§s_�{¢��� � b¬�sYd^�M.z«§��&M.KI��{º�¨§��¨¥k j^�MNR��*I]{¢�¦ f_�¥ �gb�M ^ �5^E_��Æ�R���R��§�§?�r`¢���®¥k^g_2h¯�P`
hq�µ  ^ M�n��a^g_��ah«§�����¬

Í W �SÚ$� ����� Õ>Ü Ô�� Ü vS���Z�c� K�M�^ §?M]{�I]_� ��S`e_s{R��§�`¢�5n��¨§?M.Y2RÁ�|{´ ¦� � b¢�p^:�.`e_��© f_?M]{È§��|{�I� fb}_���`¢��ze{¬�P`�����ZRÁ����{�`d_��¹ ���{«¥k�yMXn��5^ ^ be_�¥gb��Lbd_?I]b¼�|{¢�5^<I.�µ�¨§��¨¥k j^<M]{_M�^fY�M��f_� j^�M]{Ç§?M��¹���p�ah�M��¢  b ~��ÀpN¢M�^ Ã � O«á��>«kÄ}M.KC_� ��À�|{¬�5^�I.�Zhq�Zhd^��PR^�:�¹ j^:��b¬§��e{�I¢� � b¢�}^:�.`d_��© f_0M]{§��|{´ fb(_��(�*Y2Y«§s_��P`Z_�{�M�^<`¬�5^
 5Mr`¢����¥k^g_2h¯�#�fb�M ^ �5^LY��a^:�.RÁ�¦ ¹�5^1��_s{S`¬��Y¿�|{2`¢�|{° �§0�ZKP^�MNR R^�© ¹�5^g_���§¾ «�]Y¯���

Í?> Õ Ô ���á�Ö � Ö �SÚ$� @ � ®m� K M�^¶ fb¢�³§��© ¹�5^1��§s`¢�5n��¨§?M.Y2RË�|{° ¦� ß M�§s_ �á|^��0^:�.`d_��R��_���^��¨§��© ¹�P`  5M
^1�.`d_��© f_?M]{Ñ§��|{d�� fb~��{S`¶¥k^g_� f_�¥���§¯�|{¢�5^f�.�Z�f�p���P¬

®�� �
px�*åÀpc�äáU�,Q �c�� � Ã p��Àp�Ä
|z�d� ^f��t�_s���© ¹�¨§?�¸� ñ ma¢����½ fb¢�£�fb:�X�ô�5^Ë�|{¬�5^f�.��_��¤¥k�]{´ ���_s{¢�|���z_� fbd_s{¤� ¥k�]{¢����_� fb�^:���e_��R� ®m��a^f���d{e�Ç fb¢� �fb:�X�ô�5^H��t�_��¦�
���2Ú Ö�Õ>Ü � �{��� Õ�w � Ö �� b¢��_s{«¥5_s�¢�|{´ lbR���d^f�]{£�¹ j^f�]{:��§0��_s{´ ¹�5^:��¥k �����_� fbµ fb¬���Á�|�d_��d� � ^f���¬�¬¥5_�{:�!�L{��d�}h¿�5^*���qbR���:^f�]{��5~��{d�¹�j���]{ � � b¢�¤¥gbR�a^f���|�	bR���:^g�]{R��_2�]{e_��¹�ò fb¢���Á�|�d_��d���]{º fb¢� � �© fbº f_�§�§  fb¢����d{d�¬�5^f�����¹ j^f�]{d�
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 _2���d^�������¶�¬ àM� ��� � §��������cb����:^f�]{d_�¥%�fbd��� �5^Aó ¶¬� ô �
_�{° ¹�5^:��¥k f_s�]{R�z_� fb�{��¬¥¦§��|_ � | �H��^������¬§� z���Â�¨§��¨¥k j^f�]���a�]{¢�¦ f_�¥{��{d�¹�¹ j^f�]{:��_s{´ ¹�5^:��¥k f_2�]{R�E_s{	bR���:^f�]{�gb:��� �5^:���Ð§��a^f����{��d�oh¯�5^����M�d_��¯�5^��|{´  � �a^� f_�¥¦§�� Ã �¨§��¨¥k j^f�]{R�5~ � ���f_� j^f�]{R�5~ � b:�� j�]{��5~d{¢�¨�¢ j^f�]{��5~ � ^f�a�
 j�]{��é�¦ �¥©�-Ä��^���0h¿� � ^f�x�«�¬¥k�|� �¬�:^`_s{:�Ç fb¢���fbd��� �5^��¢�5n��¨§s� � �Á�|{´ ¦� � b��R�È fb¬���¹ j^®�¬¥k ��d^��c���Ï fb¢�
b����:^f�]{d_�¥(�fb:�X�ô�5^�_��l�Î�«¥gb��L��^��²¥k�]� � §�_�¥��© ¹�|�¼ fbR��{Ð fb¬�%�� j^®�¬¥k ��:^��z���  fb¢�²�¨§��¨¥k j^f�]���a�]{¢�¦ f_�¥E�]{¢���
¡ {Ñ� � ��� � §������¡ fb¢��b����:^f�]{d_�¥%�fbd��� �5^z_��7�d^:�|��{�_�{  _s���:^��o����¶¢�

¢ b¢��bR���:^g�]{d_�¥%�fb:�X�ô�5^½¥���{Zh¯���d_2n�_s�¢�|�<n��5^���^f���:�]b¬§0��_s{Ç fb¢�o�P��§�§s����_s{d�¤¥k�]� � �]{¢�|{´ ���¬
Í ;�£�¤�£�¥]¤�¦d§ Ô £(£ Ô £�¥�¤�Ö�Õ × ¦ v Ü¨£�¤X©�¥�¥aÕ ×«ª Õ>Ü.£qÜm¤ Ã¬ Ã¯®a°²± Ä¹ÄÅ� ¢ b¢�o����_s{¥k�]{´ j^g_2h«�¬ f_2�]{Ñ j�
 fbd_��É¥k�]� � �]{¬�|{° À¥k�]�Ë���7��^f�]�!³ � �¢�¨¥���´��E³ �7µ yKy �

Í ;�£�¤�£�¥]¤�¦d§ Ô £çÜ Õ>ÜF¶g£ Ô £x¥�¤�Ö�Õ × ¦ v Ü.£²¤U©P¥·¥NÕ ×«ª Õ>Ü.£wÜm¤ ¬ Ã � ®]± ÄÅ�,¸3�]{d_����© f_s�]{ §s�����¹����hx´
¥gb��a^f���|��bR���d^f�]{R� Ã � ~d³F¹�V �¦ �¥©�-ÄÅ�

Í�º Ü Ú £�¤�£x¥�¤�¦d§ Ô £ùÜ Õ>ÜF¶g£ Ô £x¥�¤�Ö�Õ × ¦ v Ü¨£�¤X©�¥,¥aÕ ×«ª Õ>Ü.£qÜm¤ Ã¬ Ã � ®]± Ä¹ÄÅ�»¸3{¢�¨§����¹ f_�¥?{��¬¥¦§����a^
¥k��§�§s_��f_2�]{R�Î¥k�]{° j^g_sh«�¢ ¹�Ç j�  fb¢�Z{:�]{�� �¨§��¨¥k j^f�]�^�a�]{¢�¦ f_�¥Ñ¥k�]� � �]{¬�|{° ¦� ¢ bd_��ä¥k�]� � �]{¢�|{´ Á¥���{
{:�� �h¯���Á�������d^��|�Z_s{Ç fb¢�ò¥���§s��^g_s�Á�¦ ¹�5^H��{d��^��|�^��_s{��Æ�d{d�¢�¦ ¹�¨¥k ��ahÊ§����

Í u�¼ ¥]¦ ª £ Ú £qÜ.£qÖ ve½ Ã¬ Ã � ± Ä¹ÄÅ�Ï£*�]{° j^g_sh«�¢ f_2�]{<��^f�]�!{¢�¨�¢ j^`_s{:���¦�
¢ b¢� � ^����¹�|{¬¥k�����Â fb¢�L{:�]{�� �¨§��¨¥k j^f�]�^�a�]{¢�¦ f_�¥�_s{�n�_��f_2h«§��ò¥k�]� � �]{¢�|{° �_s{	bR���:^f�]{e_�¥ �fb:�X�ô�5^1���^�*â����
 fb¬�µ¥���§2��^g_��Á�¦ ¹�5^}^®��� � �]{R�¹�Ë j�º fb¢��bR���d^f�]{R� �g�^��§�§��5^ò fb���{  j�·�¨§��¨¥k j^f�]{R�¨��¸3{ � ^:��¥k f_�¥k�µ fbd_����K��¥k 
¥���{�h¯�È� � � ^®�����¹�|�~��������§�§2�X���5¾ áX¿aÀ ¾ � µ Ã ���ÂÁ�Ä
�zb¢�5^��Aá�_��À fb¢�Î¥���§s��^g_s�Á�¦ ¹�5^½�¨§��¨¥k j^f�]�^�a�]{¬�¦ f_�¥�^���� � �]{R�¹� ��{e�RÀ	_��¸ fb¢�}bR���d^f�]{d_�¥�^���� � �]{��¹��� ¢ b¢�
�¬�5Ãe{d_� f_2�]{<����^¸¥���§2��^`_s�Á�¦ ¹�5^7^���� � �]{��¹����bd_�¥`b�_��Æ�R�¹�|��b¬�5^�� ��{d�¶§��© ¹�5^E_��5¾

Í�Ä ¦ Ô Õ>ÖU© × £²¤�£qÖVÖU£ ¼ ª Õ>Ü ¼ £�_��Ï fb¢��^:�© f_s�c���  fb¬� �|n��5^:�a���ä¥���§2��^g_��Á�¦ ¹�5^��f_2�]{���§¯ j�Ë fb¢�È�|{¢�5^f��´
���  fb¢� � �a^� f_�¥¦§���~���bd_�¥`bZ_s{d_� f_��© ¹���Ï fbd_��p�f_2�]{���§ �

¢ b¢�ô¥���§2��^`_s�Á�¦ ¹�5^:�  j�z�zbd_�¥gbé fb¢�Ï¥k^g_� ¹�5^g_��LáX¿aÀ ¾ �à¥���{�h¯��� �e� §s_��|� �a^®� ¥���§�§��|�o{:�]{��»¥k�]� � �|{����© f_s{:�¢�
¢ b¢� ¡ ¢7Å ¡�Æ ¥���§2��^g_s�Ë�¦ j^f´L_��'{:�]{:�»¥k�]� � �|{R���© f_s{:�oh�´L�¢���f_s�]{¾� ¢ b¢���¢�5��^®�¦�z���I{:�]{��»¥k�]� � �|{����© f_2�]{
_��}�¢�5ÃK{¢�|� hx´  fb¢�<n���§��¬�láX¿aÀ � àp� � �5^g_��Á�|{° ���§�§2´º fb¬��n���§��¢�_áX¿aÀ ¥���{�{:�� �h¿�<�Á�������:^®�|����{d��_��



PSð º�Ç £ »#º}È�»½¼ £ ¾Fª £qÖa© × £wÜm¤

Éq_2���:^��o��� ® ¾ ¡  �§����À¥���§2��^g_��Á�¦ j^f´�ó»Á ñ�ô �
�¢�5^g_sn��|���P^f�]�  fb¢�o�Á�������d^��|��áX¿U³¸�f_2�]{R��§�^:�© f_s���¦�'�l´<³N_��Ï fb¢�é¥���§2��^`_s�Á�¦ ¹�5^7^���� � �]{��¹�² j� � _2�]{R��_��
_s� � §s_��|�¾�

Ä ¦ Ô Õ>ÖU© × £²¤�£qÖ Ô ¦ ½ Õ @ ¤
¢ b¢����n��5^:��§�§ ¡ ¢7Å ¡�Æ ¥���§2��^g_��Á�¦ ¹�5^¤§��|´����¢ �_����]_sn��|{«�]{�Éq_2���:^��<��� ® � ¢ b¬� ¡ ¢7Å ¡�Æ ¥���§2��^g_s�Á�¦ ¹�5^
¥k�]{R�f_��¹ ������  Ê�l� � �a^� ��|¾Â fb¢�È�¨§��¨¥k j^f�]���a�]{¢�¦ f_�¥ Ã �|�¼Ä���{d�ZbR���d^f�]{d_�¥²¥���§2��^g_��Á�¦ ¹�5^¨�

Í º�Ç £c£ Ô £x¥�¤�Ö�Õ × ¦ v Ü.£�¤X©�¥È¥���§2��^g_s�Á�¦ ¹�5^Â¥k�Xn��5^:�Â fb¬��^:� � _s�d_� Ê´�^��5�]_s�]{�D 6ID�Ë�ÁqåÂ�#��{d��_s{¬¥¦§��e�¢���5¾
=  fb¬��h��a^f^��¨§¯�|� ¥���§2��^g_s�Á�¦ ¹�5^7Ì(D 6IDdË �*å»Í�Î ®
=  fb¬�ò�|{d�¬¥�� � �|� ¥���§2��^g_s�Á�¦ ¹�5^7Ìº�*åÂÁ]Î ® ËÏD 6ID�Ë�ÁqåÂ�

Í º�Ç £ Ç ¦ Ú Ö�ÕhÜ.©�¥Ð¥���§s��^g_s�Á�¦ ¹�5^À¥k�Xn��5^:�¸ fb¢��^:� � _��d_� Ê´�^��5�]_2�]{ND 6FD:Ë?Í�å ñ ��{d�¶¥k�]� � ^`_��¹���5¾
=  fb¬��h��a^f^��¨§>��{e�Ñ� �  ¹�|{e�¢�|�ZbR���:^g�]{d_�¥²¥���§2��^g_s�Ë�¦ ¹�5^:�lÌ0D 6FD�Ë �*åÐÎ
=  fb¬�ò�|{d���»¥�� � b����:^f�]{d_�¥²¥���§2��^`_s�Á�¦ ¹�5^:�lÌ±�*å ® ËÑD 6FD:ËrÁqåÂ�
=  fb¬���P��^g���a^g�¥���§2��^g_s�Á�¦ ¹�5^1�lÌ�Áqå���ËÑD 6FD�Ë?Í�å ñ

¢ b¬�oh��a^f^®�¨§¾�|� ¥���§s��^g_s�Á�¦ ¹�5^�_��À¥k�]{´ ���_s{¢�|�	_s{ fb¢�oh��a^g^��¨§æ¥k^f´����� ��© ¸ j�����¦ fb¢�5^��z_� fbÑ fb¢�}¸3{d{¬�5^
B½�¦ ¹�¨¥k j��^|~À fb¬���j��§��|{d�]_s� ¥k�]_�§(��{d�  fb¢� � ^�������� � §��5^��¢�¦ ¹�¨¥k j��^v� ¢ b¢�Zh��a^f^��¨§À¥k^g´����¹ ��© <_���Ò��ÂÓ«�
§2�]{:�:~M�z_� fb¶��{«���¬ ¹�5^L^:���d_��R�}���z���Â� ® �Z~���{d�¶��{?_s{d{¢�5^¤¥��|n�_� Ê´�^:���d_����o���¤�©��� ® �Ñ� ¢ �l�·�|{e���
¥�� � ¥k^f´����¹ ��© �� �¹� � �a^:�© ¹�|�(hx´ ñ � ® ¥5�Ô_s{¹� � ��¥k����^f�]�  fb¢��h��a^f^��¨§ ¥k^f´����¹ ��© é¥k�]{´ ���_s{· fb¢�ä�|{d���»¥�� �
Å ¡ ^ò�¨§��¨¥k j^g�]�^�a�]{¢�¦ f_�¥^��{e� Å ¡ ^obR���:^g�]{d_�¥ä¥���§2��^g_s�Ë�¦ ¹�5^:�5~9����� �¨§�§����ò fb¢�L�P��^g���a^g� ¥���§2��^g_s�Á�¦ ¹�5^v�
Õ����e_���§�§2´�~ ¡ ¢7Å ¡�Æ ¥���§s��^g_s�Á�¦ ¹�5^Æ�|{e�R�É� � ��_� fbÇ fb¬� ¢ _�§��é£���§2��^`_s�Á�¦ ¹�5^���bd_�¥gb�_��7�¬���f_2�]{¢�|�£�����]{¬�
h��a^f^®�¨§C��{d�¶ Ö�C�µ� �  ¹�|{e�¢�|��h��a^f^��¨§FbR���d^f�]{ � �a^� �����_� fbZ_�{d{¢�5^7^:���e_��R�*���p���ÂÁ��X��{d�Z���¬ ¹�5^�^:���d_��R�
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∆ϕ = 0.0245

∆η = 0.025
37.5mm/8 = 4.69 mm∆η = 0.0031

∆ϕ=0.0245x436.8mmx4=147.3mm

Trigger Tower

TriggerTower∆ϕ = 0.0982

∆η = 0.1

16X0

4.3X0

2X0
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Strip towers in Sampling 1

Square towers in 
Sampling 2

1.7X0

Towers in Sampling 3
∆ϕ×�∆η = 0.0245×�0.05

Éq_2���:^��o���ÂÒx¾ Þ �5^:� � �¨¥k f_2n���n�_��5�Ø���¡ fb¢� ��¥¦¥k��^g�d_s�]{½�¹ j^®�«¥k ��:^������¡ fb¢�ò�|� ¥���§2��^`_s�Á�¦ ¹�5^Jó ® Á ô �
���¨Í¢�Â�}�Z~�^���� � �¨¥k f_sn��¨§2´�� ¢ b¢�zh��a^f^��¨§ � �a^� *bR����� ® �ÂÒ}� §��|{:�� fb���§2�]{:�¤ fb¢��h¯����� � � _��5~��zbd_�§��É����¥`b���¡ fb¢�È� �  ¹�|{d�¢�|��h��a^f^��¨§ � �a^� ��7_��7ÁL� §2�]{:�¢�

¡ §�§ ¡ ¢7Å ¡�Æ ¥���§s��^g_s�Á�¦ ¹�5^:���a^��R���È fb¢������� � §s_s{:�  Ö´ � ��� ¡  Ö´ � _�¥���§������ � §s_s{:�³¥���§2��^`_s�Á�¦ ¹�5^
¥k�]{��f_��¹ ������M�d_2�¿�5^��|{´ 7�^�© ¹�5^g_���§��*��_� fb��d_2�¿�5^��|{´ ����d{¬¥k f_2�]{R�|¾

Í�Ù ¦ ¼|¼ © Ù £ × ¦:¤�£qÖU©�¦ ÔÖ× ¢ b¢�o�}�d{«¥k f_2�]{����¡ fb¢� � �����g_2n��o�^�© ¹�5^g_���§F_����ah��f��^ �  f_2�]{����¡ fb¢� � �a^� f_��
¥¦§����¦� ¡ bd_s�]bc�¢�|{R�f_� Ê´L�^�© ¹�5^g_���§m_��ô�R���R��§�§s´Î�R�¹�|��_s{��ah��j��^ �  f_2�]{Ð§��|´��5^:� Ã §������F~�_2^f�]{F~´¥k� �d� �5^|~
�:^:��{e_��d�µÄÅ�

Í » ¥�¤X© Ù £ × ¦:¤�£qÖU©�¦ ÔÖ× ¸3{  fb¢�£��¥k f_2n��Z���© ¹�5^g_���§  fb¢�£�f_2�]{R��§l���|{¢�5^1�© f_2�]{  ��*â���� � §���¥k��� ¢ b¢�
�^��_s{£�g_2�]{R��§>�j���:^Å¥k���7_s{£��¥k f_2n����^�© ¹�5^g_���§C�a^®�o_2�]{d_��:�© f_2�]{���{d�~��¥5_s{´ f_�§�§��© f_2�]{ � ^f�x¥k�����¹���¦�

¸3{± fb¢�L����§�§2�X��_s{:���¹�¨¥k f_2�]{�� ���¢�¦ ���_�§��|�(�¢���®¥k^g_ �  f_2�]{	��_�§�§¨h¯���]_2n��|{± j�Ñ fb¢�c�e_��¿�5^®�|{°  � �a^� ������
 fb¬� ¡ ¢7Å ¡�Æ ¥���§2��^`_s�Á�¦ j^f´��
u Ô £x¥�¤�Ö�Õ × ¦ v Ü.£²¤U©P¥�¥]¦ Ô Õ2Öa© × £�¤�Ö ½
¢ b¢�À ¹�¨¥`bd{:��§2����´Ð���¹�|��_s{Ð fb¢� ¡ ¢�Å ¡�Æ �|� ¥���§2��^g_s�Ë�¦ j^f´L_��ph������|���]{ Å ¡ ^����  fb¢�H��¥k f_2n��E���© ¹�5^g_���§��{e�µ§������<����^��ah��j��^fh¯�5^:�C��n��5^7_� ��C�}�«§�§¬¥k��n��5^1�a����� ¢ b¬�rÿ/��¥¦¥k��^g�d_s�]{����5�]�Á�¦ j^f´��}����^p�ah��j��^fh¯�5^:����{d�
�¨§��¨¥k j^f�x�¬�����fb:�X��{�_�{ZÉq_2���:^��o���ÂÒ � ^f��n�_s�¢����bd_2�]b���^:��{��¬§��a^`_� Ê´£��{d��n��5^g´<���x����b¢�5^g�Ë�¦ f_�¥5_� Ê´��*B²�¢�
 j�Ñ fb¬����¥¦¥k��^g�e_2�]{(���5�]�Á�¦ j^f´�~  fb¢�Î�|� ¥���§s��^g_s�Á�¦ ¹�5^��:�����f{IÚ� �bR��n��^��{²´¹�aÛ|_s�Î�¬ fbR��§¡¥k^:��¥�â�� ��{d�(_���f´x�c�Ë�¦ j^g_�¥�_s{�8Z��bd_�¥`b�bR���p��{Z_s� � ��^� ���{´ �_s� � ��¥k *�]{Ñ fb¬�%��¥¦¥¦�d^:��¥k´���� �|{¢�5^g��´<�Á�����®�:^��|�Á�|{´ ��¦�

¡ �¹�¦ ����.^��Pè´�e_2^��|�Á�|{´ ��'����^É fb¢�²�|�Ì¥���§2��^g_��Á�¦ ¹�5^ � �5^f�P��^`�^��{¬¥k�²¥���{�h¿�E����^g�Î�«§��© ¹�|�<h����¹�|���]{
 fb¬�ä�e{d�¢�5^®§2´�_s{:� � b²´��f_�¥�� � ^f�x¥k�����¹���½ j��h¿�{�¹ ��d�e_��|�½��{d�º fb¢� Å ü £ � � � �5^g_s�Ë�|{° ���§ ¥k�]{d�d_� f_s�]{R�¦� ¡�®�d�c�^�a^f´<��� �|� ¥���§2��^g_��Á�¦ ¹�5^7^��Pè��d_2^��|�Ë�|{° ��É¥���{�h¿����^g_� ¹ ¹�|{£���7����§�§2�X���5¾



Ü�Q º�Ç £ »#º}È�»½¼ £ ¾Fª £qÖa© × £wÜm¤
Í u ¾ ¥]£ ÔõÔ £qÜm¤(£qÜ.£qÖ ve½ ¦2Ü Ú ¦2Ü v @ Ô ¦SÖ�ÖX£ ¼ Õ Ô @ ¤X© Õ>Ü × ¢ b¢�Ë� � � �¨¥k ¹�|� �|{¬�5^f��´0^����j��§��¬ f_2�]{0���
 fb¬�ò�|� ¥���§2��^g_��Á�¦ ¹�5^z_��|¾ Ý /

/ � � °²±
Þ / Ãß áU�ÁÄ�à � ± Ã ���»Í´Ä

¢ b¢�É�|� ¥���§2��^g_s�Ë�¦ ¹�5^p��_�§�§ � ^f�Xnx_��¢�Ï fb¢�7_s� � ��^� ���{´ M�f_2�]{R�© ��:^®���q�P��^ ü _2�����������a^®¥gb¢���'_s{Á¥gbR��{:�
{¬�¨§��5¾�á µ yey`��{d� á µ -�- µ Íaá�� � _� fb  fb¢�L�]_2n��|{ �|{¢�5^f��´	^����j��§��¬ f_2�]{0_� ��l���¬§s�(h¯�� �����g_2h«§��ä j����¥`bd_��5n���� ü _2�����o�^���:��^����j��§��¢ f_2�]{0���È� ± � ¢ b¢����{d���¬§��a^�^����f��§��¢ f_2�]{0����^é fb¬�
^®�¨¥k�]{R�¹ j^®�¬¥k f_s�]{���� � b:�� j�]{R���gb:���¬§s�<h¯� ®a° �L^:���Kâ � /Ð�

Í È ©äã¨£x¦dåa©P¤ ½Hæeç åU£ ¼ ª'æ ã ¼ £ §p£�¤|¤�£xå�¤ Ç ¦eã QI×�Jmè ¦Kã¨éê£�ã¨£xå vd½ ¼ ¥]¦eë�£ ª åX£x¥²© ¼ © æ ã QI×¯ì:è�×
¢ b¢�E{d�]{��»§s_s{¢���a^`_� Ê´^��{d����¥¦¥¦�:^1��¥k´����  fb¬�½�|{¬�5^f��´¡��¥���§��E�z_�§�§¬¥k�]{´ j^g_2h«�¬ ¹�½ j�ä fb¢�#�j´��¹ ¹�|�^�© f_�¥
�5^g^f��^:����� ü _2�����7�^�������Á�������:^��|�Ë�|{° ��¦�

Í u ¾ ¥]£�ëäë�£xãm¤Ly.íkî�£²¤]ïM£�ë�£�¥�¤Xå æ ãMí5î|£�¤]ïMðmíkî|£�¤�¦eã.éryI¿U³ �L¼ £ ª ¦dåU¦:¤X© æ ã × ¢ bd_���_���_s� � ��^� ���{´ 
 j�¤��� �d� ^������¤ fb¢�§òò£�B,iª�¦ ch���¥�âx��^f���d{d�¾� ¢ b¢��i¹�¦ c^:�© ¹�R_��ä� � � �¨¥k ¹�|�  j� h¯��Ãdn��Z��^g�¢�5^1�
be_2�]b¢�5^  fbR��{Ð fb¬�z^:�© ¹�E���¨_��f��§��© ¹�|�Ð�¨§��¨¥k j^f�]{R�l��_� fb�ñdòNór� ° ¢½��S¤� ¢ b¢�zbd_s�]b��¹�5�]�Á�|{´ ��© f_2�]{
��� �|� ¥���§s��^g_s�Á�¦ ¹�5^ ��{e�0_s{:����^g�^�© f_2�]{	��^f�]�  fb¢�c_s{e{¢�5^È j^:��¥�â��5^��Î���¹  � ^f�Xnx_s�¬�{�Z�������<i¹�¦ 
h���¥�âx��^f���d{d��^®�3iª�¨¥k f_2�]{ �

Í Èlæ wôã æ © ¼ £�ë�£�õK£�ë × ¢ b¢���^��_s{�{:�]_��¹�Ç¥k�]{´ j^g_2h«�¢ f_s�]{R�ò j�± fb¢�Ç�|{¢�5^f��´N^����j��§��¢ f_s�]{)¥k�]�Á�
��^f�]� � _�§��k�»� � �5n��|{° p��{d�Ð�¨§��¨¥k j^f�]{d_�¥z{:�]_��¹�����¾ fb¢��^������d���¢ ô¥`bR��_s{¾�MÉR���¹ ��¢�¦ ¹�¨¥k j��^*^���� � �]{��¹��~��{e�N�K���¹ é�¨§��¨¥k j^f�]{d_�¥�����{d��bd_2�]b ��^1��{´�¬§��a^g_� Ê´·�a^��<^��Pè��d_2^��|�³ j�¹��� �d� ^������é fb¢� � _�§��k�»� � ��{e�
�¨§��¨¥k j^f�]{d_�¥�{d�]_��¹���

u ë�£�¥�¤Xå æmö ¦ v ã¨£�¤X©�¥�¥]¦eë æ åU© ö £²¤�£xå ¼
¢ b¢�Á�|� ¥���§2��^g_s�Ë�¦ ¹�5^é¥k�]{R�f_��� ������  fb¢�ch��a^f^®�¨§ � �a^�  Ã D 6FDqË �*å»Í�Î ® Ä ��{e�³ Ê�l��|{e���»¥�� � � Ã �*åÂÁ]Î ® Ë
D 6FD�ËrÁqåÂ��ÄÅ� ¢ b¢�zh��a^f^��¨§¯¥���§2��^g_s�Ë�¦ ¹�5^7bR���Ï Ê�l��_s�¢�|{´ f_�¥���§�bR��§2�P�h��a^f^®�¨§��5~-��� � �a^:�© ¹�|��hx´¡�{�f�^��§�§K��� �
Ã Òa�c�µÄH�© �Y£� ° ��¸÷{º fb¬�Ë¥k�|{° j^:��§q^®�5�]_2�]{(�P��^�D 6FD¨ËÑ�qå ®  fb¢�Á�|� ¥���§2��^`_s�Á�¦ ¹�5^ò¥k�]{R�f_��¹ ������à fb:^®�¦�
§2�]{:�]_� ��d�d_s{R��§ �:��� � §s_s{d�ò§��|´��5^:�C��_� fb��d_��¯�5^��|{´ '��^:��{��¬§��a^g_� f_����¦�qÉ:��^oD 6ID�ó��qå ® ~� fb¬�À�|� ¥���§2��^g_s�Á�¦ ¹�5^
_������5�]�Á�|{° ¹�|�	_s{Ñ Ö�C�Ç§2�]{:�]_� ��d�d_s{R��§��¹�¨¥k f_2�]{��(��{d��bR�����Ë¥k���a^1�¹�5^½§��© ¹�5^:��§F��^:��{��¬§��a^`_� Ê´�� ¢ b¢�È j�� ���§
{��d�oh¯�5^�����^®�����:���¢ Ë¥gb���{d{¢�¨§���_�� � � ñ °�°�°�° � ¢ b¢�Ç j�� ���§Ï fbd_�¥fø�{¢���������½ fb¢�Ç�|� ¥���§2��^g_s�Á�¦ ¹�5^c_���ah���n����UÍ �c� _s{Ç fb¢��h��a^g^��¨§C��{d�£�ah���n�����Ò �c� _s{Ç fb¢�é�|{d���»¥�� � �¦�
Ù åU£ ¼ ¦ öNª ë�£�å
¢ b¢�Î j�� ���§M�^�© ¹�5^g_���§ Ã ¥k^f´����¹ ��© �����§�§��|~��j��§��|{d�]_s�¥k�]_�§~m_s{e{¢�5^z�¢�¦ ¹�¨¥k j��^È�¦ �¥©�-Ä��¹�¦�|{	hx´~��{(_s{¬¥5_s�¢�|{´ � �a^� f_�¥¦§���h¯�5����^��¼ fb¢�Ñ¥���§2��^g_s�Á�¦ ¹�5^���^f�]{´ ��K��¥k�Z_����ah����¢ c���ÂÁ �c� �© �6¶� ° ~���{d��_s{¬¥k^������¹�����z_� fb� �¹�¨�e�:��^:� � _s�e_� Ê´o_�{Á fb¢�7h��a^g^��¨§:h¯�¨¥����R�¹�����¯ fb¢� � �a^� f_�¥¦§�����{d��§����q¸3{Á fb¬�7^��5�]_2�]{L�zb¢�5^��Æ fb¢�(���L���d{´ 
���'�^�© ¹�5^`_���§ � � ¥k�¦�|�R� � � � � Ã ����_��¸ fb¢�ä¥����¹���P��^�D 6FD�Ë �*åÂÓ�Ä`~C� � ^�������� � §��5^z_��¸�R���|� j�Ñ¥k��^f^��¨¥k 
����^ô fb¢�½�|{¢�5^f��´µ§2���¹ 'hx´Ë�¨§��¨¥k j^g�]{R����{d� � b:�� j�]{R� � � �¹ j^������,���¾ fb¢�²¥���§2��^g_s�Ë�¦ ¹�5^¨� ¢ b¢� � ^�������� � §��5^
¥k�]{R�f_��¹ ��'���C��{���¥k f_2n�� Å ¡ ^Ï§��|´��5^*���  fbd_�¥fø�{¢�����½�©���¸¥5� Ãä° � ® ¥5�µÄM_�{Ð fb¢�zh��a^f^��¨§ Ã �|{d���»¥�� � Äp^��5�]_2�]{ �
¸÷{± fb¢�ä j^:��{R�f_� f_s�]{R^®�5�]_2�]{(h¯�¦ Ê� �¦�|{0h��a^f^��¨§I��{d�±�|{e���»¥�� � ~C�a^f���d{e�(6�� �*å»Í:~9�£�®¥5_s{° f_�§�§��© j��^È§��|´��5^
h¯�¦ Ê� �¦�|{³ fb¢�Ð Ê�l�º¥k^f´����¹ ��© ���_��È�R���|�  j�¥k�]� � �|{R���© ¹�Ð fb¢�Ë�|{¢�5^f��´ §2���:�¹����_s{± fb¢���¢����� �^�© ¹�5^g_���§
��bd_�¥gb�^�����¥`b¢���(�L��� � _s�¤�d�����pÎ � � �
ù�¦eé.å æ ãú©�¥Z¥]¦eë æ åa© ö £�¤�å ½
¢ b¢���^��_s{R��h�i¹�¨¥k f_2n����E�P��^�bR���:^g�]{d_�¥ò¥���§2��^`_s�Á�¦ j^f´Z_��H��¥¦¥¦�:^:�© ¹�L�¢�¦ ¹�5^`�c_s{R�© f_2�]{����'/�û ±s1Ö1ò ��{d�ci¹�¦ 
^��¨¥k�]{R�� j^®�¬¥k f_2�]{¾� ¢ b¢��^��Pè��d_2^��|�Á�|{´ �������^g�¤�¬§��© ¹�|��_s{�ó Í²� ô ¥���{Zh¯� ���d�c���a^g_��¹�|�����7����§�§2�X���5¾



PI×�P�×Xº�Ç £ »#º}È�»½¼ é.£�¤�£x¥�¤ æ å Ü¨ì

Í W<¦ ª ©�éq©P¤ ½ ¥ æ õm£�åU¦ v £ × ¢ b¢� � ^��¨¥5_��f_2�]{(���É fb¬���Á�������:^®�|�Á�|{° ��o���7/ û ±2131ò ��{d��i¹�¦ ò�|{¢�5^f��´
��bd_�¥gb±¥���{ � ^f�Xnx_��¢����{0_s� � ��^� ���{´ %�g_2�]{R�© ��:^�������^o{¢�5� � b�´��f_�¥���^��Pè��d_2^����%��^:� � _s�d_� Ö´¥k��n��
�5^:�a���Ç� �  j�?D 6FDpË ® � ¢ b¢�µ¥k^g_� f_�¥���§p^��5�]_s�]{R�o����^�/ û ±s131ò ��{d�Ziª�¦ ��Á�������:^®�|�Á�|{° ��{�a^��µ fb¢�
 j^:��{R�g_� f_2�]{<��^¸¥k^:��¥gø�^��5�]_2�]{R�7_�{Ç fb¢�é¥���§2��^g_��Á�¦ ¹�5^|~:��bd_�¥gbZ{¢�¦�|���L��^��ò¥��a^��5���¬§¾ j^����© f�Ë�|{° ¦�

Í u ã¨£xå vd½ ëä©äã¨£x¦dåa©�¤ ½·çÖæ å�î|£�¤ ¼ × ¢ b¢�^�¹ ��e�:´����Ï fb¢�Vè��R�a^fø±¥k�]� � ���f_� ¹�|{¢���:� �f_2�]{R�© ��d^�����^��k�è��d_2^����Ï fb¢�li¹�¦ Æ�|{¢�5^g��´��®¥���§�� ��¥¦¥¦�:^:��¥k´Ñ j�ch¯����_� fbd_s{·� ± Ì�� ± � �  j�Ë fb¢��ü ò ���úÍ ¢ ��S¤�
Í u ã¨£xå vd½ åX£ ¼ æ ë @ ¤X© æ ã × ¸÷{	��^g�¢�5^È j�����¬§2Ã«§�§¾ fb¢� � b�´��g_�¥��E^��Pè´�e_2^��|�Á�|{´ ��E�P��^ � ^®�¨¥5_��¹��iª�¦ ÷��i¹�¦ �^�����C^��¨¥k�]{R�� j^®�¬¥k f_2�]{<_s{<) µÔý�þ5ÿ���ý²þ5ÿ �¢�¨¥��|´���{d�µ j� � è��R�a^føL�^���:�l�Ë�������:^��|�Á�|{´ ��5~� fb¢�
i¹�¦ É�|{¢�5^f��´�^����j��§��¬ f_2�]{R��bR��n��ò j��h¯��¾

Ý /
/ � ®a°²±� / à Á ± �P��^LD 6ID:ËrÁ Ã ��� ® Ä

Ý /
/ � � °�°²±� / à Î ± �P��^�Á�ËÑD 6FD�Ë ® Ã ���ÂÒ�Ä

Í ºlæ ¤�¦Kë�¤ Ç ©P¥ T ã.£ ¼|¼ × ¢ b¢�Ï j�� ���§¬¥���§2��^g_s�Ë�¦ ¹�5^ Ã �|� ��{d�LbR���:^g�]{d_�¥vÄæ fbd_�¥gøx{¢���:�q�����ah����¢ É� ° _s{��
 ¹�5^:��¥k f_2�]{¼§��|{:�� fb��À� °�� ±A²�´ _�{L��^g�¢�5^  j� � ^g��n�_s�¢����{¡���¢�Pè´���© ¹�EbR���d^f�]{��fbd��� �5^ ¥k�]{´ ���_s{d�Á�|{´ ��{d�(h���¥gø���^g���d{d� ^®�|�¬�¬¥k f_2�]{(����^ò fb¢���¤�:�]{��f´��¹ ¹�|�¶� ¢ b¢�c_s{´ ¹�5^:��¥k f_2�]{ §��|{:�� fb _��o�¢�5Ãe{¢�|����ò fb¬�¡�|n��5^1�a�����e_��¹ ���{¬¥k����bR���:^f�]{ b����é j�º j^:�|n��¨§l_s{  fb¢�µ¥���§2��^g_s�Á�¦ ¹�5^}h¯�5�P��^��¡��{��¬¥¦§����a^
_s{´ ¹�5^:��¥k f_2�]{Ñ ��aø���� � §���¥k���

º ©äë�£ Ä ¦Kë æ åU© ö £²¤X£�å
¡ §��a^f������¥5_s{´ f_�§�§��© f_s{:�² f_�§��7bR���d^f�]{d_�¥*h��a^g^��¨§¬¥���§2��^g_��Á�¦ ¹�5^ Ã ¢ ¸ Å ü £ ¡ Å Äú_���� ����� � §s_s{:�ò¥���§2��^`_s�Á�¦ ¹�5^
�zbd_�¥gb �R�¹���c_2^g�]{`���Ë fb¢�~�ah��f��^fh¯�5^��^�© ¹�5^g_���§���{d� ��¥5_s{´ f_�§�§��© f_s{:�· f_�§���� Ã Á ���  fbd_�¥gø¢Ä{������¥k f_2n��
���© ¹�5^g_���§ � ¢ b¢�¶ f_�§������a^�� � §���¥k�|�r_�{ � §���{¢��� � �5^ � �|{e�d_�¥¦�¬§��a^ä j�) fb¢�¥k��§�§s_��d_s{:�(h¯�����^�^��{d� �a^���� ��a�����5^��|�r_s{?�¬� �  fb¾� ¢ b¢�5´��a^���^®���������¢ Lh�´����|n��¨§��|{:�� fb �fbd_2�} ¹�5^LÃdh¯�5^:� Ã � Å Æ Äo��^g_��|{´ ¹�|�t_s{
 fb¬�������Ë�<�d_s^��¨¥k f_2�]{¸���Î fb¢�¼ f_�§����¦� ¢ b¢���¹��Ãdh¯�5^:� �a^��Ç¥k�]{d{¢�¨¥k ¹�|�  j���'b:�� j�]�¤�¬§� f_ � §s_��5^������¬�¬§����
Ã ��� ¢ �ÅÄÅ� ¡ �f_s{:��§�� ¢ ¸ Å ü £ ¡ Å �L���¬�¬§���_���_�§�§��R�¹ j^1�© ¹�|�<_�{�Éú_s���:^��o���ÐÎ´�

¢ b¢� � Å Æ �ah��j��^fh³ fb¢�¡��¥5_s{´ f_�§�§��© f_2�]{±§s_s�]b° 5~  j^1��{R�f�c_� �_�  ��§2�]{:�¶ fb¢��Ãdh¯�5^ ��{d�0^��k� �|�c_� o_�  �© �Ñ§s��� �5^È�|{¢�5^f��´
	�� þ � §2�]{:���5^����|n��¨§��|{d�� fb¾� ¢ b¬���¬�5n��¨§2� � �Á�|{´ ����à fb¢� � Å Æ ��_� fb � �5^ � �|{d�d_�¥¦�«§��a^
 f_�§����*��^g_��|{´ ��© f_2�]{Ñ j�Ë fb¬���d_2^��¨¥k f_2�]{<���  fb¢��_s{¬¥k�]��_s{:� � �a^� f_�¥¦§����������¢��_�  � �����f_2h«§��¸ fb¢��_�{d{:��n��© f_2n��
���5�]�Ë�¦ j^f´L���¯ fb¢� ¢ ¸ Å ü £ ¡ Å � ¢ bd_��ú���5�]�Á�¦ j^f´ � ^f��n�_s�¢���M��b¬�5^g�Á�¦ f_�¥É¥k�Xn��5^:�a���H��{e��8¼�d{d_2����^g�c_� Ê´
_�{Ë fb¢�²¥���§2��^g_s�Ë�¦ ¹�5^C^���� � �]{��¹��� ¢ b¢� ¢ ¸ Å üÏ£ ¡ Å ¥k�]{´ ���_s{R�  fb:^��¦�H����� � §�_s{:�ò§���´��5^:�*_s{Ð§2�]{d�]_� ��d�d_s{���§
�e_2^��¨¥k f_2�]{o��_� fb���^1��{´�¬§��a^g_� Ê´ ° ����Q ° ���C_s{ Ý 6CQ Ý 8���_� fb!�j�]�Á�à� � ¥k� �  f_2�]{��ú_�{È fb¢�  fbd_2^g�ò§��|´��5^q��_� fb
¥k���a^1�¹�5^}��^1��{´�¬§��a^g_� Ê´ Ãä° �Â��Q ° ���vÄÅ� ¡ Û|_s�¤�¢ fbR��§�§2´�~æ fb¢��h��a^g^��¨§M��{d� � �  ¹�|{d�¢�|�Nh��a^f^��¨§�� �a^����d_2n�_s�¢�|�_�{° j��ÒUÍ��L�x�«�¬§����¦�F¸÷{}6K~� fb¢�l^������:���¬  ¥k�¨§�§��5~ah«�d_�§� Ihx´���^f��� � _s{:�zÃdh¯�5^:�¨_s{´ j�%� � bd�� j�]�Î�¬§� f_ � §s_��5^�~��a^��� ^f�Uiª�¨¥k f_sn��¤ j�Ç fb¢��_s{´ ¹�5^:��¥k f_2�]{ � �]_s{´ ¦� ¢ b¬�¤¥���§2��^`_s�Á�¦ ¹�5^�_�� � §���¥k�|�	h¯�|bd_s{d�Ñ fb¬�Î�|� ¥���§2��^`_s�Á�¦ ¹�5^
Ã � ��Â� � ±³²�´ ÄÅ� ¢ b¢�È j�� ���§.{´�e�oh¯�5^����q^������:���¢ ¸¥gbR��{d{¬�¨§���_����ah����¢  � � °�°�°�° �
È�» å�ùR¦déúå æ ã.©�¥ u ã.éF¶g¥²¦ ª Ä ¦eë æ åa© ö £�¤�£�å
¢ b¢�}bR���d^f�]{d_�¥È�|{e���»¥�� � ¥���§s��^g_s�Á�¦ ¹�5^ Ã ü üÏ£ÆÄp�gbR�a^����¸ fb¢�Î¥k^f´����� ��© �����_� fb¶ fb¬�é�|� �|{d���»¥�� � ¥���§2�a�
^`_s�Á�¦ ¹�5^!��{e�  fb¢�c����^f���a^g�³¥���§2��^g_��Á�¦ ¹�5^¨� ¢ b¢� ü ü £A_�� � Å ¡ ^ ����� � §s_s{:�Ñ¥���§2��^`_s�Á�¦ ¹�5^o�z_� fb·�ah:��f��^fh¯�5^ � §��© ¹���E�����¢�}��� ¥k� �d� �5^¨�E¸m �_��E�¢���f_2�]{¢�|�º j� � ^f�Xnx_s�¬�Î¥k��n��5^1�a���c�P��^�bR���d^f�]{d_�¥!�fb:��� �5^:��_s{
 fb¬��^:��{:���³�� ® Ë D 6FD*Ë�Á��Â��� ¢ b¬� ü ü £ ¥k�]{��f_��¹ ������½ fb¢���P���d^L��b¢�¦�¨§��5~à Ê�l�N_s{ ����¥gb �|{d���»¥�� �
¥k^g´����¹ ��© ¦�



Ü�P º�Ç £ »#º}È�»½¼ £ ¾Fª £xåa© ö £�ãm¤

Éq_2���:^������ÐÎ�¾ Æ ¥`b¢�|�^�© f_�¥}nx_��5�Ñ�������f_s{:��§�� ¢ _�§��ò¥���§s��^g_s�Á�¦ ¹�5^��L���¬�¬§���� ¢ b¬�on��a^g_2���R�¸¥k�]� � �]{¢�|{° ��
���¡ fb¢���L���¬�¬§��zÌ��®¥5_s{° f_�§�§��© j��^Ï f_�§����5~:Ãeh¿�5^1�5~���� ¢ ���a^�� �gb:����{�ó ® Í ô �
È�» å�� æ å�w�¦dåUé Ä ¦eë æ åa© ö £�¤�£�å
¢ b¢�}�^��_s{���h�i¹�¨¥k f_2n����P��^¸ fb¢�oÉ £ ¡ Å _��À j� � ^f�Xnx_��¢� ��{���¥¦¥k� �  ���{¬¥k�}^®�5�]_2�]{Z����^À fb¢�}�P��^g���a^g�Liª�¦ ��
��bd_�¥gb ¥���{�h¯���f_s�]{R�© ��:^��������Eb¢���|nx´ ü _2����� � ^g�x�¬�«¥k f_2�]{N_s{  fb¢��n��¨¥k j��^�hm���f�]{«���R�f_s�]{ � ^g��¥k�����¨�
¡ {:�� fb¢�5^7���d{¬¥k f_2�]{����¡ fb¢��É £ ¡ Å _��É j���c_s{d_s��_��¹�À fb¬��h���¥føx��^f���d{e���P��^À fb¢�o�¤�:�]{~�j´��¹ ¹�|�Ñ�

¢ b¬�}É £ ¡ Å ¥k��n��5^:�½ fb¢�}^:��{:���LÁ�����ËAD 6FDKËrÍ�� ñ �EB½�¬�é j�¼ fb¢�}bd_s�]b�^:���d_��© f_s�]{§��5n��¨§ú_s{Ñ fbd_��76
^��5�]_2�]{· fb¢�LÉ £ ¡ Å _��z�^���¬�����'^:���d_��© f_2�]{:�^����f_��¹ ���{´ ��^�© ¹�5^g_���§��¨� ¢ b¢��É £ ¡ Å �������¢���g_2�]{¢�|�¹���#�
bd_2�]b��¢�|{R�f_� Ö´L�¢�¦ ¹�¨¥k j��^|~:_s{L��^g�¬�5^à j�!��¥`bd_��5n�� ñ � ®�� ±³²�´ _s{�� �fb:��^® à§2�]{:�]_� ��e�d_s{R��§ � � ��¥k�(��{d� � ^��5n��|{´ 
�|{¢�5^f��´ §����aø��a�����r¸p Ë¥k�]{R�f_��� ��L���¸ fbd^��¦�§2�]{:�]_� ��d�d_s{R��§��¹�¨¥k f_2�]{��¦� ¢ b¢��Ãd^1�¹ ��¹�¨¥k f_2�]{r_��L�^���¢�����
¥k� �d� �5^|~x��bd_�§��À fb¢���� fb¢�5^É Ö�C���a^����^���¢�����  ��d{:���¹ ¹�|{¾�M¸÷{¼����¥gb£�¹�¨¥k f_s�]{Ç fb¢�5^���_������Ë�¦ ���§I�^�© j^g_ ���_� fb ^��5���¬§��a^®§s´�� � ��¥k�|�  ��:h¯������bd_�¥gb��a^�� � �a^:��§�§��¨§¡ j�º fb¢�ch¯����� §�_s{¢��� ¢ b¢��^������:���¢ ò�¨§��¨¥k j^f�x�¬�
�^���¢�����Â¥k� �d� �5^²¥k�]{R�f_��¹ ��z������^f���R_s{��¹�5^� ¹�|��_�{½�µ ��:h¯��� ¢ b¢���d_��¹ ���{«¥k�oh¯�¦ Ê� �¦�|{	^f�x�¹��{d�º ��:h¯�
_���Ã«§�§��|�rh�´ Å ¡ ^���{d���P��^g� Å ¡ ^���� � ��_� fb  fbd_�¥gøx{¬����� ° �Â���c�¶� ¢ b¢�	É £ ¡ Å ��^:��{´�«§��a^g_� Ö´�_��� ° �Â�LQ ° �Â�c_s{�6�QR8æ� ¢ b¢�È j�� ���§.{´�e�oh¯�5^�����¥gbR��{e{¢�¨§���_���Á ® ÓUÍ¢�
O��PO���� �l����� 	 Ò Í�������� ÓöÍ �*Í!�
¢ b¢�ò¥k�]{«¥k� �  ����  fb¢�o�¤�:�]{~� � �¨¥k j^f�]�Ë�¦ ¹�5^z_���h����¹�|���]{¶ fb¬���^�a�]{¢�¦ f_�¥}�¢�#"¬�¨¥k f_2�]{����M�¤�:�]{R�7_�{£��j´��¹ ¹�|�A���« fbd^��¦� §��a^f���p��� � �5^®¥k�]{d�¬�«¥k f_s{:����_2^f�»¥k��^��Ï j��^f�]_s�L�^�a�]{¢�¦ ��¨�ú¸÷{¤ fb¢�Ï¥k�|{° j^:��§ � �¹�¨�d�:��^:� � _s���
_� Ö´L^:��{:����D 6FD�G �a~��^�a�]{¢�¦ f_�¥7h¯�|{d�d_s{d��_�� � ^f�Xnx_��¢�|�Lhx´{�Î§��a^f���zh��a^f^��¨§d���a�]{¢�¦  ¥k�]{��¹ j^®�¬¥k ¹�|���P^g�]�
�|_2�]b´ Î¥k�]_�§�� ���:^f^g���d{d�d_s{d�µ fb¢�<bR���:^f�]{ ¥���§2��^g_s�Á�¦ ¹�5^v�<¸÷{0��^g�¬�5^é j����¥`bd_��5n����Z�¤�:�]{N�L�]�Ë�|{° ��d�
^����j��§��¢ f_2�]{ Ý ñdò.¿gñdò�Ë ��Q � ° �R¦ Q�ñeòöó5¢½��S ô ��{~��¥¦¥¦�:^:��¥k´�h¯�¦ ¹ ¹�5^À fb���{ ®a° VF�!_��*^®�%$´�d_s^��|�¾�

É:��^é fb¢��^:��{:���¶��»ÍRG#D 6IDFGÏ���ÐÎ�~.�Î�:�]{± j^1��¥fø�� �a^���h¯�|{° �_s{· Ê�l�~�f�^��§�§��5^¸�|{e���»¥�� � �^�a�]{¢�¦ ��
_s{R���5^� ¹�|�«_�{° j�	h��� fb)�|{e�R�o���À fb¢��h��a^f^��¨§ô j��^f�]_s�¾� ¢ b¬��^:��{:��� �(G D 6IDCG ��»Í0_���^��5�}�5^f^��|�) j�©���
 j^:��{R�g_� f_2�]{�^��5�]_2�]{F~'��b¢�5^®�Z�¢�#"¬�¨¥k f_2�]{t_�� � ^f�Xnx_s�¬�|��h�´¶� ¥k�]�ohK_s{R�© f_2�]{?���Eh��a^f^®�¨§���{d� �|{d���»¥�� �



PI×sÜI×Xº�Ç £ º åU© vKv £xå ¼ ½ ¼ ¤�£ ö ÜKÜ

���a�]{¢�¦ f_�¥�Ã¬�¨§��R�¦�
É:���:^*�d_��¯�5^��|{° à Ê´ � ���C���¯ j^:��¥fø�_s{:�¤¥gbR���}h¯�5^:���a^��¸�R���|�Á j� � �5^f����^g� � ^��¨¥5_��¹���Ë�������:^��|�Á�|{´ ��p���

�¤�:�]{ j^:��¥fø��(��{e�¶ j^g_2�����5^`_s{:�Ë�R�f_�{:�ä fb¢�!�f_s�]{R��§��*��^f�]�  fb¢�}�Î�:�]{��j´��¹ ¹�|�Ñ�l¸3{Ñ fb¬��h��a^f^��¨§F^��5�]_2�]{
 fb¬�¤¥`bR���oh¯�5^:�H�a^����L���d{´ ¹�|�(_s{¶ fb:^®�¦�¤¥k´x§s_s{d�d^g_�¥���§¾§���´��5^:�%�a^f���d{d� fb¢�}h¯�����r� � _��5~K�zbd_�§���_s{ fb¢�
 j^1��{R�f_� f_2�]{©��{d�·�|{d�:�»¥�� � ^��5�]_2�]{R�½ fb¢�Ë¥`bR���oh¯�5^:�%�a^��c_�{R�¹ ���§�§��|��n��5^� f_�¥���§�§s´�~C��§��j��_s{· fb:^��¦�Á§���´��5^:�¦�
¢ b¢�È j�� ���§¨{��d�}h¿�5^����q^������d���¢ À¥gb���{d{¢�¨§���_s{��¤�:�]{~� � �¨¥k j^g�]�Á�¦ ¹�5^z_����ahm���¬ ò� ° S �

> æ ã.©P¤ æ åX£xéê;�åa© ç ¤ º @ §p£ ¼ Ã ��B ¢ � Ä � ^g��n�_s�¢� � ^��¨¥5_��f_2�]{Z�Á�����®�:^��|�Á�|{´ 7���p�¤�:�]{¶ j^:��¥gø¶¥k�a���^`�d_s{R�© ¹���z��n��5^��L���� z���� fb¢��6��^:��{:����� ¢ b¢�&�RB ¢ �%�a^��!��§��d�c_s{��d�Ì ��:h¯���z���'Á ° �c� �e_����Á�¦ ¹�5^|~
®a° VF� �d_����Á�¦ ¹�5^ô¥k�|{° j^:��§d��_2^����M��{d�Ð§��|{:�� fb���^f�]�,Î ° ¥5�  j��Ò�Á ° ¥5�Ñ� ¢ b¢���f_�{:��§��k���_2^®�C^����f��§��¢ f_2�]{
_����ah����¢ �Ó ° VF�Ñ�

Ä ¦:¤ Ç.æ é.£ ¼ ¤�åa© ª Ä Ç ¦ ö §'£�å ¼ Ã £ Æ £p�ÅÄH�a^��µ���¹�|���© Î§��a^f��� � �¹�¨�e�:��^:� � _s�e_� f_����%��{d�³¥¦§2�����Ð j�
 fb¬�z_s{´ ¹�5^:��¥k f_2�]{ � �]_�{° ¦� ¢ b¢�5´LbR��n��(�obe_2�]b¢�5^p��^:��{��¬§��a^`_� Ê´¤ fbR��{Ë fb¬�'�RB ¢ ����{d�¡�a^��(� �d� ^f� � ^g_��© ¹�
����^c�¢�|�^��{e�d_s{:�R^:�© ¹�£��{d��h���¥føx��^f���d{d� ¥k�]{d�e_� f_2�]{R�¦� ¢ b¬�Ñ£ Æ £��!�a^®���¤�¬§� f_2���_2^�� � ^f� � ��^� f_2�]{R��§
¥`bR���}h¿�5^1�7��_� fbÑ¥��© fbd�x�¢�!�¹ j^g_ � ^������:���¬ ¦�

W�£ ¼ © ¼ ¤X©PõK£ Ù ë�¦:¤X£ Ä Ç ¦ ö §p£xå ¼ Ã Õ(� £��ÅÄ!��{d� º�Ç ©äã*)<¦ ª Ä Ç ¦ ö §p£xå ¼ Ã ¢ ¢ò£�� Ä � ^f��n�_s�¢�
 fb¬�Ë j^g_2�����5^}�}�d{«¥k f_2�]{(���ô fb¬���Î�d�]{��j´��¹ ¹�|� _s{± fb¬�ch��a^f^��¨§M��{e� �|{d���»¥�� � ^®�5�]_2�]{R�5~.^���� � �¨¥k f_2n��¨§2´��
¢ b¢�5´³¥k��n��5^ä fb¢� � �¹�¨�d�:��^1� � _s�d_� Ö´R^1��{:���(D 6FDMG ���»Í¢� ¢ b¢��Õ(� £��!�a^��<n��5^f´0�ä���� ohx´ �¢���f_2�]{I~  fb¢�
 Ö´ � _�¥���§« f_��Á�7^����j��§��¢ f_2�]{Á fb¢�5´ � ^f��n�_s�¢��_��À��{��¦�MÕ+� £t_����o�����¹�5���R�*�¢�¦ ¹�¨¥k j��^*��_� fbd���¢ M��_2^����'��_� fb�{�f����§�§e�����*��� � Ã � ���c�µÄph¯�¦ Ê� �¦�|{Ç Ê�l�L^����f_��¹ f_sn�� � §��© ¹���¨� ¢ b¢� ¢ ¢ò£ �a^��%�f_s�c_�§��a^C_s{<�¢���f_2�]{µ j�
�¤�¬§� f_2���_2^�� � ^f� � ��^� f_2�]{R��§ ¥gbR���}h¯�5^:����_� fb¹�<��������� � ���l���ÂÓ��c� ��{d�©��{:���¢����_2^®�}�d_����Ë�¦ ¹�5^E���
®a° VF�Ñ�

¢ b¢�Æ j^g_s�����5^ ¥`bR���oh¯�5^:� � ^f�Xnx_s�¬��h«�d{¬¥`b��»¥k^f�����f_�{:��_s�¢�|{´ f_2Ã«¥��© f_2�]{F~¿�ò j^g_s�����5^'��_� fbc�ô�¨§�§2�Ê�¢�5Ãe{¢�|�
ñ ò  fb:^����gb:��§s�R����{e���Á�����®�:^��|�Á�|{´ ��'���¾ fb¬�(�¹�¨¥k�]{d�¼¥k�x��^g�d_s{R�© ¹�E_s{��}�d_2^��¨¥k f_s�]{c��^� fb:�����]{���§Ê j�Î fb¢�
�]{¬�o�Á�������:^®�|�Z_s{Ç fb¢� � ^®�¨¥5_��f_2�]{Ñ¥`bR���oh¯�5^:�¨�

¸3{(��^g�¬�5^½ j� � ^f��n�_s�¢��bd_2�]b	�L�]�Á�|{´ ��d� ^����j��§��¢ f_2�]{	���à fb¢��� � �¨¥k j^f�]�Ë�¦ ¹�5^|~¾ fb¢�Á¥gbR���}h¯�5^��¢�k�
����^g�^�© f_s�]{R����{e� � ���f_� f_s�]{R���a^��²¥k�]{R�¹ ���{´ �§2´��c�]{d_� j��^��|��h�´��Á����{R�C���F� �  f_�¥���§ ��§s_2�]{e�Á�|{° ��j´��¹ ¹�|�^�
Ã � ®a°�°�° � �  f_�¥���§C�¹�|{R�j��^1�ÅÄC��_� fb£��{~��¥¦¥¦�d^:��¥k´���� � ° VF�#��^�h¯�¦ ¹ ¹�5^¨�
O��PO��-, �*.0/��»Í��¹	X\�	1�*ÍÊÓ
¢ b¢� ¡ ¢7Å ¡�Æ �^�a�]{¢�¦ ��j´��¹ ¹�|� _������j´��� ¹�|� ���������:^¼§��a^f�����®� � �5^®¥k�]{d�¬�¬¥k f_�{:� �^�a�]{¢�¦ ��¦� ¢ bd_��
���a�]{¢�¦ f_�¥ �j´��¹ ¹�|� _��7���L�!_s{��e_����Á�¦ ¹�5^(��{e�Z��ÒL��_s{Ñ§��|{:�� fb¾�M¸p Æ¥k�]{R�f_��¹ ��7���Ö¾

Í  fb¢�%�j��§��|{:�]_�����be_�¥gb<_�����§s_2�]{¢�|����_� fbµ fb¢��h¯����� � � _�� � ^f�Xnx_��¢������� ¢ � � _���§m���a�]{¢�¦ f_�¥EÃ¬�¨§s�����^Æ fb¢��_s{d{¬�5^7�¢�¦ ¹�¨¥k j��^¨�
Í  fb¢��h��a^f^��¨§� j��^g�]_s����{e�³ fb¢�µ Ê�l�º�|{d�:�»¥�� �  j��^f�]_��R� � ^g��n�_s�¢��� j��^f�]_s�R��§l�^�a�]{¢�¦ f_�¥�Ã¬�¨§s�0���� �d� ^g� � _s�^�© ¹�¨§2´ ° � ® ¢ ��{d� � ¢ ����^Ð fb¢���¤�:�]{t�¬�¦ ¹�¨¥k j��^:��_�{  fb¢�¥k�|{´ j^:��§���{d� �|{d���»¥�� �
^��5�]_2�]{��5~:^���� � �¨¥k f_2n��¨§2´��

u#v32 xZy{z x½�C�:����z�� �!4 ����z�5
¡  Á fb¬� Å ü £,�¢���g_2�]{ §��d�c_s{d���f_� Ê´(���¤� ° ¥+¦�§J¨©��ª<���>«���{d��h«�d{¬¥`b��»¥k^f�����f_�{:�R^1�© ¹�<���zÍ ° � ü ÛÇ fb¢�
� � � �¨¥k ¹�|�±�5n��|{° o^:�© ¹�L_��ä� °�6 ü Û�~I��bd_�§��é fb¢�ä�5n��|{´ ��R�© ��<^��¨¥k��^g�d_�{:�<_��z^®���¹ j^g_�¥k ¹�|�· j�~�<���5� b��d{��
�d^��|� ü Û}�¬�¢�È j�µ fb¢�é§s_��c_� ��© f_2�]{R���¹�¦ zh�´ � ^g��¥k�����g_s{:�ä f_s�Á� ��{e�~�¹ j��^:�a���ä¥�� � ��¥5_� Ö´�� ¢ b¢� � ^g_s���a^f´
������§'�P��^È fb¬� ¡ ¢7Å ¡�Æ  j^g_2�����5^!��{d�0B%�© �� ¡ ¥#$��d_��g_� f_2�]{ Ã B ¡ òòÄ �j´��� ¹�|�Ô_��² j�Z^��|�¬�«¥k�¤ fb¬�c_s{d_� f_���§
�5n��|{´ �^:�© ¹�Á j�£��{·��¥¦¥k� �  ��ahÊ§��L^:�© ¹�L����^ � �5^`�^��{¢�|{´ H�¹ j��^1�a���ch�´ � ^��k�L�¹�¨§��¨¥k f_s{:�<^:�a^��ä�5n��|{° ��o��_� fb
_�{° ¹�5^����� f_s{:� � b²´��f_�¥����f_2�]{��© ��:^����¦� ¢ b¢�¼ j�� ���§*^:�© ¹�<^��|�¬�¬¥k f_2�]{��K��¥k j��^ � ^f�Xnx_s�¬�|� hx´  fb¢� ¡ ¢7Å ¡�Æ
 j^`_2�����5^��j´��¹ ¹�|�!_��Ï� � � �¨¥k ¹�|�Ñ j�Lh¯� � � °  E��bd_�¥`bÑ¥k��^f^���� � �]{d���ô j�¡��{ ¬ÇÃ � °�° Ä ü Û�^��|�¬�¬¥k�|�Ç�5n��|{´ 
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Muon Trigger / CTP
Interface

Central Trigger Processor

TTC

Muon Trigger
(RPC based)

Muon Trigger
(TGC based)

Front-end Preprocessor

Cluster Processor
(electron/photon and
hadron/tau triggers)

Jet/Energy-sum
Processor

Calorimeter Trigger Muon Trigger

Endcap Barrel

Éq_2���:^®�����ÂÓx¾m�Ï§2��¥gø��d_��a��^:�������  fb¢� Å �5n��¨§��®�È j^g_s�����5^(�j´��¹ ¹�|� ó Í²Á ô �
^:�© ¹���P��^H�¹ j��^:�a����� ¢ b¢�ò j�� ���§ �5n��|{´ H�f_sÛ¦�o��� � �©� ® �R�ê�]_2n����H�¡�¹ j��^1�a���¤¥�� � ��¥5_� Ê´Z���'Á °�° ���7â��¦�
¸÷{����|{¢�5^:��§._� Æ ��aø����H�ahm���¬  � � ���P��^Æ fb¬�ò j^g_2�����5^H��{d��B ¡ ò �j´��¹ ¹�|�  j� � ^f�x¥k�����É fb¢�é�5n��|{° ²�d{´ f_�§
_� *_�� � �5^g�^��{¢�|{´ �§2´^�¹ j��^��|� � ¢ b¢�²§2�]{:� � ^f�x¥k�����f_s{d�é f_s�Á��_s{¼ fb¢�%��¥#$´�e_��f_� f_2�]{��j´��¹ ¹�|�Ì¥k�]� � �a^®�|�µ j�
 fb¢� Å ü £ h«�d{¬¥`b��»¥k^f�����f_�{:�}^®�%$´�d_s^���� � _ � �¨§s_s{¬�|��h«�:�¿�5^:�*����^Æ ¹�|� � ��^:�a^g´µ�5n��|{´ (�¹ j��^1�a�����

¢ b¬� ¡ ¢7Å ¡�Æ  j^g_2�����5^Ð¥k�]{��f_��¹ ��L���½ fb:^��¦�¶§��5n��¨§��L���½�5n��|{° ����¨§��¨¥k f_2�]{I¾ Å �5n��¨§��®�a~ Å �5n��¨§��Ö�·��{e�
üpn��|{´ �Éq_�§� ¹�5^¨� ¢ b¢� Å �5n��¨§��Ö�¼ j^`_2�����5^ ��{d�0üpn��|{´ �Éq_�§� ¹�5^#�a^��Ë�R�®�R��§�§2´�^��5�}�5^f^��|�· j�~��� ü _2�]b Å �5n��¨§
¢ ^g_2�����5^ Ã ü Å�¢ ÄÅ�'¸÷{  fb¢���P��§�§s����_s{d�  Ê�l���¹�¨¥k f_2�]{��Ë fb¢���¬����¥k^g_ �  f_s�]{����½ fb¬�½�a^®¥gbe_� ¹�¨¥k ��:^��R���½ fb¬�
¡ ¢7Å ¡�Æ  j^g_2�����5^��f´��¹ ¹�|� ��{d��B ¡ ò ���F� �¨§�§����.�R�© ��7"e���N��^f�]�  fb¬�'�¢�¦ ¹�¨¥k j��^q�P^g�]{° ÷� �|{d�ò�¨§��¨¥k j^f�]{d_�¥��
 j���¹ j��^1�a���}_��*�]_2n��|{ �
O������98 :6Í �DÍ!;�8<���¿
=/�/�Í �
¢ b¢� Å �5n��¨§��®� ¢ ^g_2�����5^�¥k�]{R�f_��¹ ��ú���¬ fb:^��¦� � �a^� ��5¾  fb¢�Æ£���§2��^g_s�Ë�¦ ¹�5^ ¢ ^g_2�����5^|~© fb¢�>�º�:�]{ ¢ ^g_s�����5^I��{e�
 fb¢�¤£Ï�|{° j^:��§ ¢ ^`_2�����5^(�'^f��¥k���:�j��^ Ã £ ¢ �ÏÄÅ� ¢ b¢�oh«§2�x¥fø��d_��a��^:�������  fb¬� Å �5n��¨§��®� ¢ ^`_2�����5^z_����fb:���z{
_s{cÉq_2���d^������ÂÓ ¢ b¢� Å �5n��¨§��®�À j^g_2�����5^*_��p_s� � §��|�Á�|{´ ¹�|������� � _ � �¨§s_s{¢�|� � �a^1��§�§��¨§¢¥¦�R�¹ j�]�L� �¨§��¨¥k j^f�]{d_�¥���j´��¹ ¹�|��~�^®�d{e{d_s{:���f´x{¬¥`b:^f�]{:������§2´���_� fbº fb¢� Å ü £·h«�d{¬¥`b��»¥k^f�����f_�{:�c��^��%$´�¬�|{¬¥k´Z���pÍ ° � ü Û�� ¢ b¢�
^������j�]{�����^����¬¥`b���{�_s� � §��|�Ë�|{° ��© f_2�]{�_��� j�}��_s{d_s�c_��¹�Ï fb¢�À§��© ¹�|{¬¥k´ « ����^à fb¢� Å �5n��¨§��®�À j^g_2�����5^¨� ¢ b¢�
�¢���f_s�]{����  fb¢���¢�¦ ¹�¨¥k j��^7��^f�]{´ ÷� �|{d�Ç�¨§��¨¥k j^f�]{e_�¥��p��{d�¼ j^g_2�����5^�^��%$��d_2^®���ô fb¬�²§��© ¹�|{¬¥k´����  fb¢� Å �5n��¨§��®�
 j^g_2�����5^½ j��h¯� �g�^��§�§��5^Æ fb���{R��� ® VC�¦� ¢ b¢��ÿjbR�a^`�����_2^�������§2����^g_� fbd��� � �5^f����^g���K���¹  � ^g��¥k�����g_s{:�L���
 fb¢�����© ��¥k�]�c_s{d�Z�P^g�]� ¥���§2��^g_��Á�¦ ¹�5^:� ��{e�N�¤�:�]{N�¢�¦ ¹�¨¥k j��^{��{d� � ^f��n�_s�¢�Á fb¬��Ãe{R��§'�¢�¨¥5_��f_2�]{± j���¥¦¥k� �  ���^�^��3i¹�¨¥k ���{ �5n��|{´ ��z_� fbd_s{��RÃ � �|�  f_��Á�����z��VC�¦�	É¬�:^� fb¢�5^`�L��^���~� fb¢� Å �5n��¨§��®�µ j^g_2�����5^
^��|�¬�«¥k���É fb¢�ò�5n��|{´ 7^:�© ¹�}�P^f�]�#Í ° � ü Ûò j� � � °�° ø ü Ûró Í²Á ô �
È £²õm£xë�¶ ì ¥²¦eë æ åa© ö £�¤�£�å�¤�åa© vKv £xå
¢ b¢� Å �5n��¨§��®�ò¥���§2��^`_s�Á�¦ ¹�5^À j^`_2�����5^À¥k�]{R�f_��¹ ������  fb:^��¦� ���dh��j´��¹ ¹�|�^�5¾

Í�Ù åX£²¶ Ù å æ ¥]£ ¼�¼ æ å@? ÙoÙ å�A
B *-.:7?,+41C3D7Ep7?2GFp,�7L.IH<,84(7?D�@AD1==F .14�0H0�2 BK7=?2GJ1K37?,I7=?256J61,8=I0�,LC+25B25DJ4 O
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¢ b¢�¼¥���§s��^g_s�Á�¦ ¹�5^ä j^g_2�����5^�^��¨¥k�|_sn������ahm���¬  � Îa� °�° ��{R��§2���©�f_2�]{���§��o��^f�]� �¨§��¨¥k j^f�]���a�]{¢�¦ f_�¥���{d�
b����:^f�]{d_�¥Á¥���§s��^g_s�Á�¦ ¹�5^:�|~F��bd_�¥`b��a^����e_2�]_� f_��¹�|�©��{d�¸�����f_2�]{¢�|�³ j�¶ fb¢�Ð¥k��^f^®�¨¥k oh«�d{«¥gb��»¥k^f���:�f_s{:��_s{
 fb¬�O�p^®�k�9�p^f�x¥k�����j��^����:h��j´��� ¹�|�Ñ� ¢ b¢���e_2�]_� ���§�§2´ � ^f�x¥k�����¹�|���R�© ��½�a^®�µ fb¢�|{  j^:��{R�f��_� ¹ ¹�|�  j�º fb¢�
£>����{d�^$]ü������:h��j´��� ¹�|�^�¦� ¢ b¢�À£P�����:h��j´��� ¹�|�Ï_��¢�|{° f_sÃ¬��� � ���:�f_2h«§��l_��j��§��© ¹�|�ä�¨§��¨¥k j^f�]{R�5~ � b:�� j�]{R���{e��bR���:^g�]{d_�¥�ðc�¢�¨¥���´��¨� ¢ b¢�($²üQ�����:h��j´��¹ ¹�|�,_s�¢�|{´ f_2Ã¬���Ki¹�¦ '��h�i¹�¨¥k �����{e�Ð¥���§�¥¦�¬§��© ¹���à fb¢����§2��h���§�®�d�^�p����^  fb¢�z/ û ±s1Ö1ò ��{e��R /7òº j^g_2�����5^1�¦� ¢ b¢��_��¢�|{° f_sÃ¬�|�chx´Ð£P�¶��{d�¡$²üQ�¶���:h��f´��¹ ¹�|���p��h�i¹�¨¥k ���a^®�z^��5�}�5^f^��|�µ j�{���ô j^`_2�����5^C��h:iª�¨¥k ��¦� ¢ b¢� � ^f��¥k���:�f_s{:��^®�����¬§� ����a^��H���|{°   j�ä fb¢�²£ ¢ �¤��{e��ÕÀ�5�]_2�]{R�
����¸÷{´ ¹�5^����¹ �� Ã Õ���¸¹Ä8ª¡�a^����¹�|{´ é j�º fb¢� Å �5n��¨§��Ö�¶ j^`_2�����5^!�j´��¹ ¹�|�Ñ� ¡ �¢�¦ ���_�§��|� �¢����¥k^g_ �  f_2�]{(���Ï fb¢�
§��5n��¨§��®�ò¥���§2��^g_��Á�¦ ¹�5^Æ j^g_2�����5^z��_�§�§mh¯���]_2n��|{�_�{Ç fb¢��{¢� �  À¥gbR� �  ¹�5^¨�
È £�õK£�ës¶ ì	ö @ æ ãt¤XåU© vev £�å
¢ b¢�Ð§��5n��¨§��®���Î�d�]{  j^g_s�����5^}_��oh����¹�|� �]{) fb¢�Ë j^`_2�����5^¤¥`bR���}h¿�5^1�oÕ+�Ï£ ��{d� ¢ ¢ò£ ���É fb¢���¤�:�]{� � �¨¥k j^g�]�Á�¦ ¹�5^¨� ¡ �fbd��^� <�¬����¥k^g_ �  f_s�]{t���ò fb¢�· j^g_2�����5^Ñ¥`bR���oh¯�5^:�<�������]_2n��|{ _s{ ���¨¥k f_2�]{Ø���Â���ÂÁ��
¢ b¢���¤�:�]{  j^g_2�����5^ � ^f�x¥k�����¹���é fb¢��bd_� �_�{:�P��^`�^�© f_2�]{ ¥k�]�c_s{d�Z�P^g�]� Õ+�Ï£��o_s{± fb¬�ch��a^f^��¨§p^��5�]_2�]{��{e� ¢ ¢ò£��l_s{Ð fb¬�¸�|{d�:�»¥�� � �¦� ¢ b¢�¸ j^g_2�����5^�^��¨¥k�]{��¹ j^®�¬¥k ��  fb¢���Î�d�]{ � �© fbµ�R�g_s{:�é fb¬�½¥k�]_s{«¥5_s�¢�|{¬¥k�
h¯�¦ Ö�ô�¦�|{�bd_� ��._s{o�e_��¿�5^®�|{° ú�Î�:�]{��¢�¦ ¹�¨¥k j��^�§���´��5^:�¦�M�����¹�|���]{é fbd_��¨_s{:����^g�^�© f_s�]{�_� ._��¢�|{° f_sÃ¬���¨�¤�:�]{
 j^1��¥fø ¥���{d�e_s�R�© ¹��� �ah���n��µ fb¢� � ^f����^:���c�^�ahÊ§���ñdò  fb:^®���fb:��§s�·��{d�¸�����f_2�]{R�é fb¢�|�  j� fb¢�Ð�d{d_S$´�¢�
hÊ�d{¬¥gb:�»¥k^f�����f_s{d�¢� ¢ b¢�µ j^g_2�����5^LbR���Î j�	� � �5^:�© ¹�<��_� fbN��_� fb¤�cñ ò  fb:^����gb:��§s�N_�{³ fb¢�<^:��{:����ÒX�ÖÁ ®¢²��SÎ� ¢ b¬�}�¤�:�]{· j^g_2�����5^#�¹�|{d�R�¸ fb¢�L_s{:����^g�^�© f_s�]{¶ j�Ç fb¢�T��:�]{:�  j�a�p£ �|{° j^1��§�� ¢ ^`_2�����5^j�9�p^g��¥k�����f��^
¸÷{´ ¹�5^f�ä��¥k� Ã �VU²£ ¢ �p¸�Ä`~��zbd_�¥gbµ¥���§�¥¦�¬§��© ¹���  fb¢���¤�¬§� f_ � §�_�¥5_� Ê´}n���§��¢���'����^��Î�d�]{µ¥���{d�e_s�R�© ¹���C�P��^  fb¢��g_ � � ^f����^:���c�^�ahÊ§��*ñdò³ fb:^����gb:��§s�R�5~�^��|�c��n����E�:���:h«§2´¼¥k���d{´ ¹�|�¶ j^:��¥gø��(��{d� � ^f�Xnx_��¢���É fb¢��^®�����¬§� ��
 j�ä fb¢�È£ ¢ � � ¢ b¢�'�VUÈ£ ¢ �p¸���§��j�}�d_��¹ j^g_2h«�¬ ¹���� fb¢��Õ7��¸p_s{:����^g�^�© f_s�]{Ë j�¤ fb¢� Å �5n��¨§��Ö�Î j^g_2�����5^���{d�
 j�Ð fb¢�oB ¡ ò �j´��¹ ¹�|�Ñ�

¡ §��a^f���l�P^1��¥k f_2�]{����e�Î�d�]{Î j^`_2�����5^¡�¨§��¨¥k j^f�]{d_�¥��ú_��ú�d_��¹ j^`_2h«�¢ ¹�|���]{¤ fb¢�*�¢�¦ ¹�¨¥k j��^p_s{Î fb¢� ¡ ¢7Å ¡�Æ
¥���n��5^g{t_s{«��^g�¢�5^ä j� � ^f�Xnx_��¢����{¶��¥¦¥¦�:^1�© ¹�Ñ f_s�c_s{:�R���z�¢�¦ ¹�¨¥k j��^¡�f_2�]{R��§���_s{´ j�º j^`_2�����5^Ë§2���]_�¥���{d�
 j�«^��|�¬�¬¥k�Ñ fb¬�¥��ah«§s_s{d�	��^f�]� � Ó °�° ø ¥gbR��{d{¬�¨§��¦� ¢ b¬�Z�R�© ��0��^f�]�  fb¢�Z�]{:�Ê�¢�¦ ¹�¨¥k j��^¼§s���]_�¥£�a^��
 j^1��{R�f�c_� ¹ ¹�|���a�} ¹�5^ � ^f��¥k���:�f_s{:�}nx_�� � � °�°�° � �  f_�¥���§¿§s_s{:ø��� j�¤ fb¢�E�a�K�Ê�¢�¦ ¹�¨¥k j��^À�¨§��¨¥k j^f�]{d_�¥�� §2�x¥��© ¹�|�
_�{ ¡ ¢7Å ¡�Æ �¹�5^fn�_�¥k�é¥���n��5^g{
U Æ�¡ � ® �

�������|���]{Ñ fb¬�é¥���§2��^g_s�Ë�¦ ¹�5^���{d�Z�¤�:�]{Ñ j^g_s�����5^z�R�© ���~¬ fb¬�¤£ ¢ �r���|{¢�5^:�© ¹���¸ fb¢��Ãe{R��§ Å �5n��¨§��®�ÿ÷´�����âU{:�����¬�¨¥5_��f_2�]{Ñ j�¡��¥¦¥k� �  ���^z^��3iª�¨¥k ¸ fb¢�ò�5n��|{´ ¦� ¢ bd_����¢�¨¥5_��f_2�]{�_���h����¹�|�Z�]{Ñ fb¬�ò fb¢� Å �5n��¨§��®�
 j^`_2�����5^��Á�|{��¾� ¢ b¢� Å �5n��¨§2�®�È j^g_2�����5^7�Á�|{��Ñ¥���{�h¯���¢�5Ãe{¢�|�����p���¹�¦ ���� §2���]_�¥���§¾¥k�]�}he_s{R�© f_2�]{��C���
^®�����¬§� ��l��^f�]�  fb¢� Å �5n��¨§��®�é£���§2��^`_s�Á�¦ ¹�5^p��{d�W��:�]{ ¢ ^g_2�����5^1�¦� ¢ b¢���¢�¨¥5_��f_2�]{<���|{¢�5^1�© ¹�|��h�´¼£ ¢ �
_����¹�|{´ Æ j�Ë fb¢� ¢ _��c_s{:�:~ ¢ ^g_2�����5^���{d�·£l�]{° j^g��§ Ã ¢7¢ £ÆÄ��f´��¹ ¹�|�¶�

�������|���]{µ fb¬�z� �  f_�¥���§��hd^f�����¬¥����� ��j´��¹ ¹�|��~x fb¢� ¢7¢ £r�d_��� j^g_2h«�¢ ¹���à fb¢� Å �5n��¨§��®� ¡ ¥¦¥k� �  p�f_2�]{R��§
 j�����¦ fb¬�5^R��_� fb  fb¢� Å ü £ ¥¦§2�x¥fø Ã h«�e{¬¥gb��»¥k^g�����f_s{:�´Ä`~E�� fb¢�5^º j^g_2�����5^R_�{:�P��^`�^�© f_2�]{I~H��{d� ¥k�]{´ j^f��§
¥k�]���^��{d�R�È j��^������:���¢ È�¨§��¨¥k j^g�]{d_�¥������  fb¢�c�¢�¦ ¹�¨¥k j��^{���:h��f´��¹ ¹�|���¦�TX�{ �5n��5^f´ Å � ¡ ¥¦¥k� �  5~¡£ ¢ ���§��j� � ^f�Xnx_��¢��� Å �5n��¨§2�®�Æ j^g_2�����5^����d�c���a^f´�_�{:�P��^`�^�© f_2�]{ä j�é fb¬��B ¡ ò¤�x¸3{Ð¥����¹�À fb¢�À�5n��|{° *_��MÃe{���§�§2´��¥¦¥k� �  ¹�|�'��{e� �¹ j��^®�|�I~É fb¢���¹�	�R�© �� ¥���{�h¯�º�R�¹�|�r�P��^���Y�_s{¢� j^g_2�����5^��L�]{d_� j��^g_�{:����{d�  j^`_2�����5^� �5^f����^g�^��{«¥k� �¹ ��d�d_����¨�
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RoIs

Calorim eter
trigger 

Mu on
trigger

Level-1 2 .5µs FE FEFE

C alorim eter
M u on T rig g er C h .

Oth er d etectors

~ 1 PB/s

ROD RODROD

Front-end Pipelines
2�s

ROBROBROB

EB

Detec tor R /O

Read-O u t Drivers

DFM

ROS

SFI
SFI

SFI

T RIG G ER S YS T EM  DAQ S YS T EM  

Read-O u t B u ffers

Read -Ou t S y stem

Ev ent Bu ild er
DataFlow  M anag er
Su b -Farm  Inpu t

Storag e

Read-O u t B u ffers
Level-2  

RoIB

L2 PU
L2 PUL2 PU

E F
EFP

EFP
EFP

~ 1s

10 m s

L 2SV

L1Accep t

~ 3 0 0  M B/s

~ 12 0 G B/s

RoI B u ilder

L 2 Su perVisor

L 2 Proc  Units 

Event Filter
Event Filter
Proc essors

4 0 M Hz

75  kHz

3  kHz

 20 0  Hz

RoIs  req u ests

Ev ent d ata ~ 2 %

L2 Decision

Fu ll ev ent d ata, 4 G B/s

EF Decision ~ 3 0 0  M B/s

HLT

EFN

Event Filter Netw ork

Éú_s���:^��o���utx¾K�Ï§2�x¥fø��d_��a��^:�������  fb¢�ò j^g_2�����5^(��{d�ZB ¡ ò �j´��� ¹�|�Ñ�
O������PO v¤
=/kwI�x;ªÍ �DÍ!;+���¿
=/�/�Í �
.y��z|{V}�~
¢ b¢�Ñ¥k�]� � §��¦ ¹� ü _s�]b��»§��5n��¨§Ï j^g_2�����5^^�f´��¹ ¹�|� ¥k�]{R�f_��¹ ������H�j���} Ê���a^��½� �d� §�_�¥��© f_2�]{R�5~M�zbd_�¥gb�^®�e{«�]{�¹ ���{d���a^g� Å _s{´� � �Ï£��Ë¥k�]{d{¢�¨¥k ¹�|�  j�¤�¹ ���{d�R�a^g��üÂ fb¢�5^`{¢�¦ �{¢�¦ Ö�C��^fø��¦� ¢ b¬�Zh«§2�x¥fø?�d_��a��^1��� ���
 fb¢� ¡ ¢7Å ¡�Æ  j^g_2�����5^�âUB ¡ ò\�j´��� ¹�|�X��{d�	�R�© ��"d�X� _��H�fb:���z{R_s{�Ãd���:^������ut���U � �]{½� Å � ¡ ¥¦¥k� �  5~
 fb¢�<�R�© ��½�a^�� � �R�fb¬�|�0�P^g�]� �¢�¦ ¹�¨¥k j��^���^f�]{° ÷� �|{e� h«���¯�5^:�é j� fb¢�<ÕÆ������X²�¬  Æ ´��¹ ¹�|� Ã Õ7X Æ Ä�n�_��
ÕÆ������X²�¢ CBE^g_sn��5^:� Ã Õ7X�B%�ÅÄÅ�M¸÷{<Õ>X�BH�ô fb¢���R�© ����a^�������^g�^�© ¹ ¹�|��_s{Ð�5n��|{° *��^:�a�]�Á�|{´ ��¦� ¢ b¢�EÕ>X Æ
_��l^���� � �]{R�g_2h«§��7����^�^��¨¥k�|_2n�_s{:���R�© �����^f�]�  fb¢���¢�¦ ¹�¨¥k j��^���{e�£�¹ j��^g_s{:�¤ fb¢�|�\���Æ§s�]{:������_� l^®�%$´�d_s^��|�
hx´Ð fb¢� Å �5n��¨§��Ö�¤ j^g_2�����5^¨�'¸m Æ¥k�]{R�g_��¹ ��l��� � � ®a° Õ>X Æ � £��¦��U � �]{£��^��%$��¢���¹ Ï fb¢��Õ7X Æ �^�aø����É fb¬�
�R�© ��©�|n���_�§��ahÊ§��Ð j�± fb¢�����:^� fb¢�5^{�j´��¹ ¹�|�^��nx_�� fb¢�~¢�_2���ahK_� �üà fb¢�5^g{¢�¦ �{¢�¦ Ö�C��^fø¿� ¢ b¢��_s{¬¥k�]��_s{:�
h���{d�d��_s�¢ fbµ j�Á fb¢��Õ7X Æ _�� � � � �¨¥k ¹�|�¶ j�Lh¯�Á�|� ° ¢��7â��¦� ¡ §�§¿�5n��|{´ ��7��^:�a�]�Á�|{´ ��Æ j^:��{R�g�c_� ¹ ¹�|��n�_��� �|Ò °�° ^������:���¢ M� �  f_�¥���§¬§s_s{:ø��ú�P��^à fb¢���¹�¨§��¨¥k ¹�|��h«�d{¬¥`b��»¥k^f�����f_�{:�#�a^����¹ j��^��|��_s{LÕÆ������XÈ�¢ p�Ï���¿�5^1�
Ã Õ7X����ÅÄÏ�d{´ f_�§¯ fb¢� Å �5n��¨§��Ö�����|{¬�5^:�© ¹���(�L�¬�¨¥5_��f_2�]{�ó Í�Í ô �

¸÷{· fb¢� � ^��5nx_s���R� � �a^:�a��^:� � bº fb¢��"d���A���ô fb¢���¬�¦ ¹�¨¥k j��^o�R�© ���bR���Eh¯�¦�|{R�d_���¥¦�R���¹�|�º� � �]{ fb¬�
Å ����¥¦¥k� �  .���|{¢�5^1�© f_2�]{¾���¶����{���bd_�§��Â fb¢� � ���f_� f_sn��'�¢�¨¥5_��f_s�]{��^���¢�phx´² fb¢� Å �5n��¨§��®�Â j^`_2�����5^���¥k f_sn��© ¹���
 fb¢� Å �5n��¨§��Ö�ä j^g_2�����5^H��§2����^g_� fbe�^�*��bd_�¥`b£�a^�� �ah«§��È j�µ§2����ø<�L��^�� � ^��¨¥5_��¹�¨§2´¡�© ���{Ñ�5n��|{´ (��¥¦¥k� �  ¹�|�
hx´ Å �5n��¨§��®�©� ¢ b¢� Å �5n��¨§��Ö�µ j^g_s�����5^%��§s����^g_� fbd�^�(�a^���_s{¬¥¦§��d�¬�|�Z_s{¶ fb¬� ü Å�¢ �f���� Ö���a^�����^:���Á�5�l��^føm~
��bd_�¥gb � �5^g�P��^g���Â fb¢�²�5n��|{´ l^®�¨¥k�]{R�¹ j^®�¬¥k f_s�]{���{e�����¨§��¨¥k f_2�]{�� �d� §2´�_s{:�!�!�¹�%$��¢�|{¬¥k�����9�� ¹� � �  j�¤ fb¬�
 j^g_2�����5^²¥���{d�d_��R�© ¹����_s{���^g�¢�5^¸ j��_s�¢�|{´ f_2��´�Ãe{R��§ � b�´��f_�¥��7��h:iª�¨¥k ��½§s_2ø��ò�¨§��¨¥k j^f�]{R�5~ � b:�� j�]{R�À�¦ �¥©� ¡
�¢�¦ ���_�§��|���¢����¥k^g_ �  f_2�]{���� ü Å�¢ ��§2����^`_� fbd�^�É¥���{�h¿�������d{d��_s{�ó Í ® ô �

¢ b¬� Å �5n��¨§��®�· j^g_2�����5^~��� �e� §s_���� Å �5n��¨§��Ö�) j^g_2�����5^���_� fb�Õ���¸�_s{:����^g�^�© f_2�]{�n�_��«Õ7X�B%�¦� ¢ b¢�
ÕÆ�5�]_s�]{�������¸÷{´ ¹�5^����¹ ��Ï�d_�§s�¬�5^����© fb¢�5^:�² fb¬��Õ���¸z_s{:����^g�^�© f_s�]{Z��^f�]� n��a^g_s���R� � �a^� ��E���à fb¢� Å �5n��¨§��®�
 j^g_2�����5^(��{d�~�¹�|{d���7_� É j�Ë fb¢� Å �5n��¨§��Ö� Æ � � �5^�SE_��j��^ Ã Å � Æ SòÄÅ�



PI×sÜI×Xº�Ç £ º åU© vKv £xå ¼ ½ ¼ ¤�£ ö Üy�

¢ b¢��ÕÆ�5�]_s�]{�������¸÷{´ ¹�5^����¹ �� �e_�§s�¢�5^ Ã Õ7��¸÷�ÆÄ�_s{Ç fb¬� ü _s�]b Å �5n��¨§ ¢ ^g_2�����5^ Ã ü Å�¢ Ä�_��p��S���ü'h«�R�
h����¹�|� �j´��¹ ¹�|� ��be_�¥gb ¥k�]{R�g_��¹ ������TtU S��Rü!h����a^g�R�¦�#¸p Z_����¢���f_s�]{¢�|�  j� ¥k��§�§��¨¥k Z^1�|� �5n��|{´ 
��^:�a�]�Á�|{´ ��.�P^f�]�  fb¢� Å �5n��¨§��®�Â j^g_s�����5^��j���:^Å¥k���9��{d� ���:�¹�|�ohÊ§��Â fb¢�'���© ��7��^:�a�]�Á�|{´ ��._s{´ j���Æ¥k�]� � §��¦ ¹�
Õ���¸*^��¨¥k��^g����� Å �5n��¨§2�®��ó Í²Ò ô �

¢ b¢� Å �5n��¨§��Ö� Æ � � �5^�SE_��j��^ Ã Å � Æ SòÄq^®�¨¥k�|_2n����à fb¬��Õ7��¸p_s{d�P��^g���© f_2�]{L��^f�]� Õ���¸3� ��{e�^�����f_2�]{��'_� 
 j�Î fb¢�À§������� à§2�����¢�|� Å �5n��¨§��Ö���'^f�x¥k�����f_s{:��UE{d_�  Ã Å ��QUÈÄq����^'���:^� fb¢�5^���{R��§s´��f_��¦� ¢ b¢� Å ���UH_�� � �a^� 
���É fb¬� Å �5n��¨§��Ö� Æ � � �5^�S�_��j��^��K�a^g� ��be_�¥gb³¥k�]{��f_��¹ ��������� ���{d�R�a^g�@�Ï£��ò¥k�]{d{¬�¨¥k ¹�|�  j�º fb¢��Õ7��¸÷���
n�_�� Æ �»§�_s{:ø��,ó Í�Î ô ��{d�Ñ j�Ë fb¬� ü Å�¢ n�_��Lüà fb¢�5^g{¢�¦ ¦�

¢ b¢�¶ j^g_s�����5^���§2����^`_� fbd�^��^®�d{d{d_�{:�R�]{  fb¢�½���:�f_2�]{¢�|� Å ��QUÔ���aø��¹�0^®�%$´�¢���� Ð j�  fb¬�RÕ7X Æ�f´��¹ ¹�|�  j�E^��¦ j^g_��5n��ô fb¢�'���¬§�§a��^:��{��¬§��a^`_� Ê´²�5n��|{´ ú�R�© ��z��_� fbe_s{#�7�]_2n��|{�Õ7��¸C��{e�����|{¢�5^:�© ¹�����¬�¨¥5_��f_2�]{��¥¦¥k��^`�d_s{:�Ç j�Ñ fb¢�ä j^g_2�����5^��Ë�|{´�¾�}¸3{· fbd_��z���|´· fb¢� Å �5n��¨§2�Ö���j´��� ¹�|� �R�¹���½ fb¢�LÕ7��¸%���#�¹�¦�|�R������^
_�{:�P��^`�^�© f_2�]{¼ j�Lh¯� � ^g��¥k�������|�I~:��bd_�¥`b¡�g_2�]{d_2Ã«¥���{´ �§2´c^®�|�¬�¬¥k���Ï fb¢���R�© ��ä j^:��{��j���5^v� ¢ bd_���� �d� ^f����¥`b
^®�|�¬�¬¥k���Ï fb¢�%���L���d{´ ���� �5n��|{´ ��R�© ���^��%$��d_2^��|���P��^Ï fb¢� Å �5n��¨§��Ö�¤ j^g_2�����5^É j�����|{¢�5^:�© ¹�È fb¬���¬�¨¥5_��f_2�]{
 j��n���§��¢����� � � ± ��^f�]�Ì fb¢�����¬§�§¿�5n��|{´ (�f_sÛ¦��� ¢ b¢� Å � Æ SÑ^®�¨¥k�|_2n����À fb¬��^������¬§� ��7���  fb¬� � ^f�x¥¦¥k���f_s{:�
��^f�]� Å ��QUZ��{d�L����^f���a^g�R�p_� � j�é fb¢��B%�© ���É¡§2�X������{R�a���5^ Ã BEÉ��±ÄÅ� ¢ b¬� Å �5n��¨§��Ö�È j^g_2�����5^'^®�|�¬�¬¥k���
^1�© ¹�ò j� � Á�ø ü Û���_� fb£��n��5^:�a���¤§��© ¹�|{¬¥k´ � ° �^�¦�

¢ b¢��B%�© ���É §s��������{R�a���5^À¥k�]{´ j^f��§��Ï fb¬�½�5n��|{´ ÷�h«�d_�§s�d_s{:�}�]{Ç fb¢��üpn��|{´ 7�Ï�d_�§s�¢�5^ Ã ü'�ÆÄl{:���¢���¦�
¢ b¢�}�^��_�{Ñ ����jø�������^EB�É��%_��Æ j��^��¨¥k�|_sn��é fb¢� Å �5n��¨§��Ö���¢�¨¥5_��f_s�]{~��{d�½��§�§2��¥��© ¹�{�c��^��¦� Ã ü'�ÆÄ�{:���¢���{e� ¥k�]{´ j^f��§Æ�5n��|{��hÊ�d_�§s�d_�{:� � ^f�x¥k�����¦��B�É�� _��^�«�Î�«§� f_��  fb:^������¬�|�`� �d� §s_�¥��© f_s�]{?^®�d{d{e_s{:�	�]{ ��g_s{:��§���� £ �%$´�d_ �d� �|���z_� fbÇ Ê�l�Ç£P��U(�¨�U � �]{Ç fb¢� Å �5n��¨§2�Ö� � ���g_� f_2n����¢�¨¥5_��f_2�]{µ fb¢�È�5n��|{´ 7�R�© �����^:�a�]�Á�|{´ ��p�a^��ò¥k��§�§��¨¥k ¹�|��hx´�üC��{:���¢�
¥���§�§��|� Æ �dheÉR�a^g� ¸÷{ � �¬  Ã Æ Éú¸¹Ä`~�h«�d_�§� M��{d�c�P��^g���© ¹ ¹�|��_s{´ j� �Î¥k�]� � §��¦ ¹�¸�5n��|{° ¦� ¢ b¬�Æ�5n��|{° ��l��be_�¥gb�a^®��^��3i¹�¨¥k ¹�|�Zhx´ Å �5n��¨§��Ö���a^��}�¢�¨§��¦ ¹�|����^f�]�Ì fb¢�ò¥k��^g^���� � �]{d�d_s{d��Õ7X��������¡ fb¢��Õ7X Æ �

¡ �} ¹�5^^��{ �5n��|{° c_��o���¬§�§2´����:�¹�|�ohÊ§��|��h�´³ fb¬��üC�,_� �_����¹�|{´ ä j�  fb¢�<ü'n��|{° cÉq_�§� ¹�5^ Ã üCÉÂÄ�n�_��
 fb¬��üpn��|{´ oÉq_�§� ¹�5^ T �¦ Ê�l��^fø Ã üCÉ T ÄE��be_�¥gb³¥k�]{e{¢�¨¥k ��oüC�z~.ü'É {:���¢��� ��{d� � �5^g����{¢�|{°  �� j��^:�a�����
¢ b¢�<ü'n��|{° cÉq_�§� ¹�5^�_��{�±¥k�]�}he_s{R�© f_2�]{«���zb��a^g�:���a^�����{e�¤�f���� Ö���a^����zbd_�¥gb � ^f�x¥k�����¹���¤ fb¢�Ç�5n��|{´ 
_�{  fb¢�§����¹ ^�� ��a�������½ fb¢�½�¹�¨§��¨¥k f_s�]{¾� ¢ b¢�Zü'n��|{° �Éq_�§� ¹�5^c�ä�a^`� ¥k�]�ohK_s{¢��� � �%t °�° {:�x�¬����ó Í²Ó ô �
¡  ½ fbd_��(�¹ ��a���¤ fb¢�o���¬§�§¯�5n��|{´ �^��¨¥k�]{R�¹ j^®�«¥k f_2�]{½��{d���¹�¨§��¨¥k f_2�]{·�R�f_�{:�^��§s_2�]{d�Ë�|{° 5~¿¥���§s_2hd^:�© f_s�]{~��{d�
���a�]{¢�¦ f_�¥<�R�© ��R_��o�:�]{¢��� ¢ b¢�c^��¨¥k�]{R�� j^®�¬¥k f_2�]{�_�� � �5^f����^g�Á�|�)�R�f_s{d�Ñ fb¢�µ¥k�]� � §�� � ��Y�_s{¢�¡�¹ Ê´x§����§s����^g_� fbd�^�|~d�¢�5n��¨§2� � �|��_s{Ñ fb¢� ¡ ¢�Å ¡�Æ ��Y�_s{¢� �f���� Ö���a^��o�P^:���Ë�5�C��^fø ¡  fb¢�|{���ó Í�t ô � ¢ b¬�È Ê´ � _�¥���§
üCÉ � ^g��¥k�����g_s{:�Ë f_s�Ë�}_��Î���Ö�¡�¨� ¢ b¢��ü'Ét_��H��§��j���¹�¦�|{©���(��{	_s� � ��^� ���{´ (�� ��a�������M�]{«§s_s{¢� � b²´��f_�¥����{e���¢�¦ ¹�¨¥k j��^7�c�]{d_� j��^g_s{d�¢� ¢ b¢�À�5n��|{´ p��¥¦¥k� �  ¹�|��h�´Á fb¬�EüCÉN_��'Ãe{R��§�§2´��¹�|{´   j� � �5^g�^��{¬�|{° ��¹ j��^���© (�LÃe{R��§�^:�© ¹�o��� � � °�° ü Û��
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¢ b¢� Å �5n��¨§��®�É£���§2��^`_s�Á�¦ ¹�5^ ¢ ^g_s�����5^ú_���� � _ � �¨§s_s{¢�|���d_s�]_� ���§¿�j´��¹ ¹�|�Ïh«�d_�§� I���«¥¦�R�¹ j�]�L� ��{d�¤¥k�]�c�Á�5^f�
¥5_���§¾�¨§��¨¥k j^f�]{d_�¥��Æ¥k�]� � �]{¬�|{° ��¦� ¢ b¢�é£���§2��^g_��Á�¦ ¹�5^ ¢ ^g_2�����5^Æ�¨§��¨¥k j^g�]{d_�¥��7_��É§s��¥��© ¹�|�R_s{Ç fb¢��U Æ�¡ � ®
¥��|n��5^`{ ��{d� ¥k�]� � §��¦ ¹�¨§2´ ��� � �a^:�© ¹�|� ��^f�]�  fb¬�	�]{:�Ê�¢�¦ ¹�¨¥k j��^Ñ�¨§��¨¥k j^f�]{d_�¥���hx´ �) fbd_�¥gø �fbd_��¨§��d_s{:�
����§�§ Ã � �a�µÄÅ� ¢ b¬�ò£p��§2��^g_s�Á�¦ ¹�5^ ¢ ^g_2�����5^¸¥k�]{R�f_��¹ ��*���  fb¢�È fb:^��¦�����Xi÷��^ � ^f��¥k���:�f_s{:�{���:h��f´��¹ ¹�|���5¾�p^®�k�9�p^f�x¥k�����j��^ Ã �Q�p^kÄ`~Ê£Ï§��R�¹ ¹�5^7�'^f�x¥k�����j��^ Ã £P�ÏÄ���{d�½$��¦ `âUü'{¢�5^g��´²�L���e���p^f�x¥k�����j��^ Ã $]ü�� ÄÅ�

¢ b¬��_�{ � �¢ ¤ j�  fb¢�º£���§2��^`_s�Á�¦ ¹�5^ ¢ ^g_2�����5^c_�������^g�Á�|��hx´ � Îa� °�° ��{R��§2�����f_2�]{���§����P^f�]�  fb¬�
�¨§��¨¥k j^f�]���a�]{¢�¦ f_�¥½��{e�tbR���:^f�]{e_�¥Ç¥���§2��^g_s�Á�¦ ¹�5^1�5~��®�d�c�Á�|�?_s{ � ^f�Uiª�¨¥k f_sn�� ¢ ^`_2�����5^ ¢ ��� �5^:� Ã ¢7¢ Ä
��_� fb£�c��^:��{´�«§��a^g_� Ö´<_s{�6�QR8R��� ° ����Q ° ���©�

¢ b¬�@�p^��k�9�'^f��¥k���:�j��^Z^��¨¥k�|_2n�������{R��§2���r_�{ � �¢ ��f_2�]{R��§����P^f�]� ��§�§ ¡ ¢7Å ¡�Æ ¥���§2��^`_s�Á�¦ ¹�5^:�~��{e�
�d_2�]_� f_��¹���^��{d� �j´�{¬¥gb:^g�]{d_��¹���Ð fb¢�|� _s{ � �a^:��§�§��¨§���_s{ ���e�d_� f_2�]{t_�  � �5^f�P��^`�^�Ë fb¢�Rh«�d{¬¥`b��»¥k^f�����g_s{:�
_s�¢�|{´ f_2Ã«¥��© f_s�]{ Ã �Æ£l¸3BòÄ`~x�R�¹����� Å �x��ø��»� � � ¢ �ah«§�� Ã Å U ¢ Ä¡ j�Î¥���§s_2he^:�© ¹�À fb¢�À j^:��{R�jn��5^:���À�|{¢�5^f��´^��{e�� �5^f����^g�  fb¬� � �|�¢���¹ ���§H���:h« j^:��¥k f_2�]{H_s{r��^`�¢�5^µ j�`��� �d� ^�������{:�]_��¹��� ¢ b¢�º�|_2�]b´ ÷�he_� �/�òAn���§��¬���
��_� fb½��¥¦¥¦�:^:��¥k´Z��� � ��¢½��S �a^®�é fb¢�}���¢  � �¢ ����© ���~K��be_�¥gb��a^��é j^:��{��f�c_� ¹ ¹�|� j�Ð fb¢�����:h��¹�%$��¢�|{´ � ^f�x¥k�����j��^1�¦� ¢ b¢���'^��k�9�p^f�x¥k�����j��^H�j´��¹ ¹�|���x¥¦¥¦� � _����É�|_s�]b° +tU S���ü ¥k^:�© ¹���¦�

¢ b¬�¼£Ï§��R�� ¹�5^ � ^f�x¥k�����j��^}^��¨¥k�|_2n����Î fb¢���e_2�]_� ���§�§2´ � ^f�x¥k�����¹�|�«�R�© �����^f�]�  fb¢�O���p^¨� ¢ b¢� Å ���SM��§� ��a���NB�_��¯�5^��|{´ f_���§ Æ _2�]{���§s_s{:� Ã Å SEB Æ Äµ ¹�¨¥`bd{:��§2����´ _��Ç�R�¹�|�  j� � ^f��n�_s�¢�(bd_2�]b��L� � �¦�|�  j^:��{R�j�
�c_��:�f_2�]{(���Ï fb¢���R�© ��R�:���z{R�¹ j^������Ñ� ¢ b¢�c����_s{  ����jø��o���Ï fb¢�Ç£P�Ñ_���_s�¢�|{´ f_2Ã«¥��© f_2�]{(��� � �����g_2h«§��
_��j��§��© ¹�|�ä�¨§��¨¥k j^f�]{R�5~ � b:�� j�]{R�M��{d��bR���d^f�]{d_�¥lðL�¢�¨¥��|´��¦� ¢ b¢� ® Òò£P�<�Z���¬�¬§���� Ã £P���·Ä��a^®�Æ§2��¥��© ¹�|�
_s{(�����:^�tU ¥k^:�© ¹���¦� ¢ b¢�L^®�����¬§� �����^f�]� ��§�§ £P����� �a^��Ð¥k��§�§��¨¥k ¹�|�¸��{d�¸���d�c�Á�|�(hx´ Ó£l�]�c�c�]{��5^f���5^+�Z���¬�¬§���� Ã £>���±ÄÅ� ¢ b¢�zÃK{R��§K�¤�¬§� f_ � §s_�¥5_� f_����q���¨��h�i¹�¨¥k ��*��bd_�¥`b � �����  fb¢� � ^f����^:���c�^�ahÊ§��
 fb:^����gb:��§s�Ñ¥k�]{d�d_� f_2�]{R�*�]{Ñ fb¢�È j^1��{R�jn��5^:�¹�é�|{¢�5^f��´£�a^�� �¹�|{´ Æ j�Ë fb¬�Î£ ¢ � �

¢ b¬��$]ü��©���:h��j´��¹ ¹�|�Ñ_��.bd���¹ ¹�|�}_�{ò Ê�l��tU`S���ü ¥k^:�© ¹���I��{d�¤¥k�]{R�f_��¹ ��¨���mÁ��($��¦ `âUü'{¢�5^f��´��L���d����x�¬�«§���� Ã $²ü����ÅÄÅ� ¢ b¢�!$²üQ�'��{d�·£>� �j´��¹ ¹�|�^�½�R�¹�Î fb¢�!�:���Á�Î¥¦�R�� j�]� ¥k^:�© ¹��h���¥gø � §���{¢���5~« fb��© 
_s� � ^f��n����é fb¢�Ð�d{d_s�P��^g��_� Ê´R���  fb¬�Ë j^g_2�����5^��j´��� ¹�|�Ñ��$²üQ�Ñ_s�¢�|{´ f_2Ã¬���Ci¹�¦ o��h�i¹�¨¥k ��!��{e�³¥���§�¥¦�¬§��© ¹���
 fb¢�L��§2��h���§M���d�^�E����^ò fb¢�L/�û ±2131ò ��{e� R /�ò  j^g_s�����5^:�¦� ¢ b¢�LÍº£>���½���Ë�5^f���Ë fb¢��^������«§� ����P^g�]���§�§Ê fb¢���L���¬�¬§�������{d�¼ j^:��{R�f�c_� à fb¢�|�  j�ä fb¢�é£ ¢ � ���������|���]{µ fb¬�E�R�© �����^f�]� h��� fb��f´��¹ ¹�|���ô fb¬�
£ ¢ �·�^�aø����!���¬�¨¥5_��f_2�]{± j�½��¥¦¥k� �  o��^�^��3i¹�¨¥k !��{³�5n��|{° ���{d�0�d_��¹ j^`_2h«�¢ ¹����_� È j�¶ fb¬�Á j^g_2�����5^!��{e�
B ¡ ò �j´��¹ ¹�|�Ñ�
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 fb¢�é£���§2��^`_s�Á�¦ ¹�5^  j^g_2�����5^7_����ä§��a^f����{´�d�}h¯�5^C���ú_s{´ ¹�5^®¥k�]{d{¢�¨¥k f_2�]{��Ch¯�¦ Ö�ô�¦�|{��L���¬�¬§�������{d�Ç¥k^:�© ¹���
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Custom 9U Modules
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^®� � ^����¹�|{´ Á fb¢�~��� � _�§s_��a^g´ _s{° ¹�5^`�Á�|�d_��© ¹�Z�R�© ��(����^Ë����¥`bt�L���¬�¬§��£����� �¨§�§p���L���¢  � �¬ {��{e�t_s{ � �¬ ���© �� Ã �a�} ¹�5^��d_2�]_� f_��:�© f_2�]{��P��^P�Q�'^ ÄÅ� ¢ b¢�z^������:���¢ l�R�© �� �a^��H�¹�|{´ Cn�_���bd_s�]b��L� � �¦�|� Ã � Ó °�° �Zhe_� `â��ÅÄ
� �  f_�¥���§x§s_s{:ø�� ���f_s{:�¸ fb¢� ¡ �]_�§��|{° �¢z�»§s_s{døÈ ¹�¨¥gbd{:��§s����´Î j�² fb¢��ÕÆ������X²�¢ qBz^`_2n��5^:� Ã Õ7X�B%�ÅÄ���{d�¤ fb¢�|{
 j�È fb¬�*Õ7X Æ �U¸p M_��M_s{´ ¹�|{d�¢�|�¤ j��h¯�Ï���¹�|���P��^p�L�]{e_� j��^g_s{:� � �:^ � �������¨���Ê fb¢�Ï j^g_2�����5^ � �5^f����^g�^��{¬¥k��_s{
�]{«§s_s{¢���R�© ��Ð ��aøx_�{:�c��^z_�{���Y�_s{¢�!��{R��§2´��f_��¦�>X½ fb¢�5^zÕ7X�B%�(�a^��Î�R���|���P��^�Õ7��¸��R�© ��Ð j^:��{R�f��_����f_2�]{
 j�º fb¢� Å �5n��¨§��Ö� j^g_2�����5^¨� ¢ b¢�5^��¡�a^��<� ° Õ>X�BH��_s{  fb¬�¡�j´��¹ ¹�|�Ñ� �kÍRÕ7X�B%� � ^f�x¥k�������]{«§2´	B ¡ ò
���© ���~C��be_�§��¼ fb¢��^��|�^��_s{e_s{:�0Ò � ^f�x¥k�������]{¬§2´�Õ7��¸}���© ��x� ¡ �f_s� � §s_2Ã¬�|�Nh«§2�x¥fø��d_��a��^:���%���¸ fb¢�
Å �5n��¨§��®�¤£p��§2��^g_s�Á�¦ ¹�5^ ¢ ^g_2�����5^z_����]_2n��|{Z_�{�Éú_s���:^��oÁ����©�
2 v+u ¢ �>z¤£¥¢ �>��&Mz������(�
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¢ b¢����{R��§2���º j^g_2�����5^Î j��� �5^{�g_2�]{R��§�� �a^®�Ë fb¢��_�{ � �¢ ² j� fb¬�O�Q�'^ �j´��¹ ¹�|�Ñ� ¢ b¢�5´©�a^����P��^g�Ë�|� hx´�®�d�c�^�© f_2�]{ ���Æ¥���§2��^g_s�Á�¦ ¹�5^}^������:���¢ ¤¥k�¨§�§��¦� ¢ b¢� � ^f��Ã«§��L���É fb¢� � �¬§��¹���é¥k�]�c_s{:�Z��^f�]�  fb¢� Å ¡ ^
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Å ¡ ^z�¬�¦ ¹�¨¥k j��^½§2�x��ø��À§s_2ø�� �Ë j^g_���{:��§��o��_� fb£���d^g_2�}   f_��Á�����qÍ °�° {��¦�'¸÷{���^g�¢�5^¸ j���^�aø��¤ fb¢� � �«§��¹�
�K���¹ ¹�5^¸ j���c_s{e_s�c_��¹�² fb¢� � _�§��k�»� � �k�¿�¨¥k 5~F_� �_��H�fbR� � �|��hx´�he_ � ��§��a^��fb�� � �5^1�7��_� fb½�¡�fb�� � _s{:�Ë f_��Á�
��� � ®a° {R�¦�M¸p 7_��l�C��^® fbZ�Á�|{´ f_2�]{d_s{:�ä fbR�© 7�«�¢�² j�Ë fbd_����fbR� � _s{:�¤ fb¢� � �¬§����E_��p�:��� � §��|����_� fbd_s{ ®
h«�d{«¥gb��»¥k^f���:�f_s{:���Mh¯�5����^��À¥k^f���:�f_s{:�ò fb¬��Û¦�5^f�}h����¹�¨§s_s{¬��� ¢ b¬����¥¦¥k�]�c�L���R�© f_2�]{����¾ fb¢� � �¬§��¹����_� fbd_s{® ����� � §s_�{:� � �]_s{´ ��obR���{��{�_s� � ��^� ���{´ }_s� � ��¥k o�]{  fb¢�¼ j^g_2�����5^��a^®¥gbe_� ¹�¨¥k ��:^�����{d�¤��§2����^g_� fbd���¦�
¢ b¢� � �¬§��¹��h¯�5�P��^®� ��{d�£�a�� ¹�5^H�fbR� � _�{:�L_����fb:�X��{�_s{�Éq_2���:^®�oÁ��Â���

¢ b¬�¡�f_2�]{���§��é¥k�]�c_�{:����^f�]� ¢ ¸ Å ü £ ¡ Å ~ � ^f���¬�¬¥k�|�Nh�´@��� ¢ �}h����¹�|���]{¤��¥5_s{´ f_�§�§��© f_s�]{³§s_2�]b´ �a^��±$��d_� ¹�L�K���¹ ��z_� fb(^���� � �¨¥k ò j�¶ fb¬� Å ¡ ^ �f_2�]{���§��¦� ¢ b¢�|_s^�É � �h�·«on���§��¢�c_�� � � ® {��¦�c� �5�P��^��
h¯�|_s{:�¼ j^:��{R�f��_� ¹ ¹�|�± j�Ñ fb¢�ä j^g_2�����5^ �f´��¹ ¹�|�Z~  fb¢� ¢ ¸ Å ü £ ¡ Å �f_s�]{R��§M_��%��§��j�£�fbR� � �|�(_s{(��^g�¬�5^½ j�
h¯���g_s�c_�§��a^¸ j�Ñ fb¢� Å ¡ ^�����n��5�P��^g�¶� ¡  Ö´ � _�¥���§ � �¬§��¹�¤¥k�]�c_s{:����^f�]�  fb¢� ¢ ¸ Å ü £ ¡ Å �¢�¦ ¹�¨¥k j��^o_��
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 j��� �5^}_����P��^g�Ë�|�(h�´©��{R��§2���~���e�c�^�© f_2�]{(������n��a^`_��ah«§���{´�e�oh¯�5^:�����Ï¥���§2��^g_s�Ë�¦ ¹�5^ò¥k�¨§�§���n��a^f´x_�{:�
��^f�]� �����5� � �  j� �g_ �  Ö´�~²�¢� � �|{d�d_�{:���]{ä fb¢�Æ¥���§s��^g_s�Á�¦ ¹�5^� Ö´ � �p��{d��^��5�]_2�]{ � ¢ be_��I��{R��§2��� ���d���^�U�
 f_2�]{(_��E�:�]{¢�{�¹� � �a^:�© ¹�¨§s´Z�P��^²�¨§��¨¥k j^g�]�^�a�]{¢�¦ f_�¥{��{d�(bR���:^g�]{d_�¥ò¥���§2��^`_s�Á�¦ ¹�5^:�Ehx´¶ fb¢���]{��Ê�¢�¦ ¹�¨¥k j��^
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 fb¢��É £ ¡ Å ^��5�]_2�]{ � ¢ b¢�(��{���§2�����f_2�]{R��§����a�} ¹�5^����d�c�^�© f_s�]{¡�a^��#�¹�|{´   j�¤ fb¬�ò£p��§2��^g_s�Á�¦ ¹�5^  j^g_2�����5^
n�_��± Ê��_��¹ ¹�|��� � ��_2^µ¥��ah«§����L��_� fb�n��a^g_s���R�Ë§��|{:�� fbt�P^f�]� Í ° �  j��Î ° �Ñ�rü���¥`b ¥��ah«§��¶¥��a^f^g_����¶�|Ò
�d_��¯�5^��|{´ f_���§>�f_2�]{���§��¦�

� �5����^���^�����¥`bd_s{:�Ñ fb¬�±�p^��k�9�'^f�x¥k�����j��^o_s{ � �¢ ��½ fb¢����{R��§s�����d_��¯�5^��|{´ f_���§M�f_2�]{R��§��#�a^f^g_2n��^�© ò fb¬�
ÕÆ�¨¥k�|_sn��5^ Æ ´��¹ ¹�|�²  ® �¡²��bd_�¥`b�_�� � b²´��f_�¥���§�§s´¸§2�x¥��© ¹�|�o_s{�U Æ�¡ � ® ¥���n��5^g{!���¨�ô�¨§�§����  fb¢�Ï£���§2��^g_s�Ë�¦ ¹�5^
¢ ^g_2�����5^¨� ¡  ¤ fbd_��!�¹ ��a���Ç fb¢������_�{)¥���{�h¯�����Ui��R�¹ ¹�|��_s{0��^g�¬�5^Î j�±¥���§s_2hd^1�© ¹�Ð fb¢���f_2�]{R��§��é j�º fb¬�
¥k��^f^��¨¥k �/�ò'��¥���§��¡��{e� ����^��© ¹ ¹�|{��R�© f_2�]{�_s{  fb¢�¼¥��ah«§����¦� ¢ b¬���^��_s{N�}�d{«¥k f_2�]{R�����É fb¢��ÕÆ�¨¥k�|_2n��5^
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ÜF×�P�× Ù åU£²¶ Ù å æ ¥²£ ¼|¼ æ å 9.ì

Æ ´��¹ ¹�|� ¥���{Zh¯� ���d�c���a^g_��¹�|�����7����§�§2�X���5¾
Í Æ _2�]{���§ � ^f��¥k���:�f_s{:�¢�¡¢%��_�{0Ãe{¢�����Ui��R�¹ f�Á�|{´ ����  fb¢����{R��§s���½�f_2�]{R��§M_�{± fb¢�Ë¥���§s_2hd^1�© f_2�]{·�¹�k�$��¢�|{¬¥k�L_s{	��^g�¢�5^È j��hd^`_s{:��_� ² j�Ñ fb¢�^� � �¨¥5_2Ã¬�|�·§��5n��¨§M�]{± fb¢�Ln���§� ��a������¥���§���¾���� ® S ¥k��^f^��k�� � �]{d�R�ò j�	/7ò���� ®a° ¢²��SÎ� ¢ b¢������_s{����ai¹�R�� f�Á�|{° �_��o_�� � §��|�Á�|{´ ¹�|�³�R�g_s{:�Zn��a^g_��ah«§��c����_s{��� � §�_2Ã¬�5^:� Ã S(¢ ¡ �ÅÄ7_�{Ç fb¢� �j´��¹ ¹�|�Ñ�
Í Æ _2�]{���§e��^g�¬�5^g_s{:�¢� ¢ b¬�H�f_s�]{R��§��Ï¥k�]�Á�ò j�Á fb¢��^®�¨¥k�|_2n��5^��¢� � �|{d�d_�{:�o�]{Ç fb¢��b��a^g�:���a^��#�¹ j^®�¬¥��
 ��:^��(���¤ fb¢�³¥���§2��^g_��Á�¦ ¹�5^:�¦� ¢ b¢�·�f_2�]{���§z��^`�¢�5^g_s{:��_s� � §s_����¼¥gbR��{:�]_�{:�  fb¢�0��^g�¢�5^����Î fb¢�
_s{¬¥k�]��_s{:�{�f_2�]{R��§��p��¥¦¥k��^`�d_s{:�Ë j�Ð fb¢��^��%$��d_2^��|�Á�|{´ �������^Æ j^g_2�����5^(�a^®¥gbd_� ¹�¨¥k ��:^����

Í ���]{d_� j��^g_s{d�o���d{¬¥k f_2�]{¾�q¸p  � ^f��n�_s�¢���ô fb¢�E���¢  � �¢ ��l����^*�c�]{d_� j��^g_s{d�ò fb¢�È¥���§2��^g_s�Ë�¦ ¹�5^��g_2�]{R��§��¦�
¢ b¢�CÕÀ�¨¥k�|_2n��5^M�j´��� ¹�|� ¥k�]{R�g_��¹ F���KÓÀ¥k^:�© ¹���5~²Ò7�P��^  fb¢� Å ¡ ^¡¥���§2��^g_��Á�¦ ¹�5^:����{d�}���P��^  fb¢� ¢ ¸ Å ü £ ¡ Å �
ü���¥gb±¥k^:�© ¹����_�� � � � �¬§��© ¹�|��h�´³�|Ò�^��¨¥k�|_2n��5^�h����a^g�R�¦�7ü���¥gb	���Â fb¢�}^��¨¥k�|_2n��5^��L���¬�¬§��}_��(tU S��Rü
h����a^g�µ¥��a^f^f´�_s{:�}ÒUÍ¤¥gbR��{e{¢�¨§��C��^f����{d_��¹�|��_s{LÍ}h«§2�x¥fø��p���Â�|ÒÎ¥gbR��{d{¬�¨§�� Ãä° �»Í�Q ° �»Í�_�{L6oQc8¯ÄÅ� ¢ b¢���¹�
¥`bR��{d{¢�¨§�� �a^��c^®�k���^g�¢�5^��|�«_s{(Í���{R��§s���Z���¢  � �¢ Î¥��ah«§����5~ú��bd_�¥`b·�a^����¬�|�d_�¥��© ¹�|�����Î fb¢��_s{ � �¢ ��² j�
 fb¬�°�p^��k�9�'^f��¥k���:�j��^O���x�¬�«§�� Ã �����±Ä`~p��bd_�¥gb�_��ä fb¢���^��_s{ �¨§��¨¥k j^f�]{d_�¥Ç¥k�]� � �]{¢�|{´ L���¸ fb¬�W�'^��k��'^f�x¥k�����j��^(�f´��¹ ¹�|�¶�

¢ b¢����� � §s_� ��d�¬�������È fb¢� ¢7¢ �f_2�]{R��§����fb:���¬§s�th¿�º§s_s{¢���a^Ð� �  j�  fb¬�R�^� � _s�¤�d�  j^:��{R�fn��5^:�¹�
�|{¬�5^f��´c��� � � ® Ò�¢½��S}~���be_�¥gbµ¥���{�h¯�E�d_2�]_� f_����|�chx´Á fb¢�'���p^��j´��¹ ¹�|�Ñ� ¢ b��R�5~´ fb¢�H��{���§2�����g_2�]{R��§��
¥k�]��_s{:�Á j�Ð fb¬���Q�p^¸¥���{�h¯� ���:hI�d_2n�_s�¢�|��_s{Ç Ê�l�µ¥��© ¹�5����^g_����5¾

Í§¹ æ ãI¶ ¼ ¦:¤ @ åX¦:¤X£�é ¼ © v ã.¦eë ¼ × ¢ b¬�¹�f_s�]{R��§��<��b:���¹�©��� � §�_� ��d�¢�	_��<h¿�¨§s��� � ® Ò ¢½��S¤� ¢ b¢�
 j^g_2�����5^¸§s_s{¢���a^g_� Ê´�_�{Ç fbd_��Ï�|{¢�5^f��´�^:��{d���o_��p��{Z_s� � ��^® ���{° �^��%$��d_2^®�|�Á�|{° ¦�

Í ¼ ¦:¤ @ åX¦:¤X£�é ¼ © v ã¨¦Kë ¼ × ¢ b¬���f_s�]{R��§��}��b:���¹����� � §s_� ��d�¢���ò� � ¥k�¦�|�  fb¢�Ñ� �d� �5^¤§��5n��¨§l���Æ fb¢��Q�'^7É ¡ Bò£ ª �z_s{d�:�X�Z�a^®�é¥¦�¢ ÷��a���© À fbd_��p���© ��:^:�© f_2�]{§��5n��¨§ �
���PO��PO º±�aÍ��_ºO����»wÍ!1���
��.y®¼�
¢ b¢�'�'^��k�9�p^g��¥k�����f��^*_��Â fb¢�EÃd^:�¹  � ^f�x¥k�����f_s{d�!�¹ ��a�������  fb¢�ò£���§2��^`_s�Á�¦ ¹�5^  j^g_2�����5^¨� ¢ b¬�z�^��_s{µ ����jø��
���¡ fb¢���'^��k�9�p^g��¥k�����f��^(�j´��¹ ¹�|� ¥���{�h¿������^g�¤�¬§��© ¹�|�~���7�P��§�§s�����5¾

Í » ã¨¦Kë æKv ¼ © v ã¨¦eë�åU£x¥]£ ª ¤X© æ ã	¦eã.é	¥ æ ã.éú©P¤X© æ ã.©äã vF× ¢ b¢����{���§2���¸§s_�{¢���a^.�d_2�¿�5^��|{´ f_���§��g_2�]{R��§��
��_� fb£��� � §s_� ��d�¬���C��� & �©�Â� ® SÑ^��¨¥k�|_sn��|��h�´Ç fb¢�����p^��¤�R�¹ �h¯�È¥k�]{�n��5^� ¹�|� j�Ð fb¢�é�d{d_ � ��§��a^
�]{¢���¦� ¢ b¢�|{Î fb¢�*����_s{{��{d�¤ fb¢�l�a� ���¦ M���¬ fb¢�É�d{d_ � ��§��a^��f_2�]{R��§��fb:���¬§���h¯�����ai¹�R�� ¹�|�Î j���^�© �¥`b
 fb¢��_s{ � �¢ ÷�n���§� ��a�����z_s{d�:�X�ê���q�}Ì�Á�SÏ���  fb¢�oÉ ¡ Bò£½�

Í ;Z© v ©P¤X© ¼ ¦:¤U© æ ãH¦eã¨é º © ö ©äã vF× ¡ �} ¹�5^½ fb¢�!�f_s�]{R��§����a^��¤¥k�]{d�d_� f_s�]{¢�|�Ñ fb¢�5´~�a^����d_2�]_� f_��¹�|�~�© �}Í ° �V��Û#����� � §s_s{:�o�P^��%$��¢�|{¬¥k´Lhx´cÉ ¡ Bò£��l��_� fbº� ° �he_� C^����f��§��¢ f_2�]{¾� ¢ b¢� � ^f����^:�����^�ah«§��
�¢�¨§���´(��_� fb �c{���^����j��§��¢ f_2�]{ _�� � �d� §s_��|�± j�º fb¢��É ¡ BÈ£ ¥¦§2�x¥fø � b����¹��_s{0��^`�¢�5^ò j���:��� � §���© À fb¬����{R��§s��� � �¬§��¹� � ���aøÊ� ¢ b¢�é¥k���a^:���5^��¬�¨§��|´���_� fbR� ® {R��^®���j��§��¢ f_2�]{�_��(� �e� §s_��|�Ç j�¼ fb¢��f_2�]{���§��Ï j���j´�{¬¥gbd^f�]{d_��¹�² fb¢�|_s^ � ^f� � �a���© f_2�]{¶ f_s�Á�o_s{Ñ¥��ahÊ§�������_� fb��e_��¿�5^®�|{° Æ§��|{d�� fb¾�

Í§½L@ ã.¥ Ç ¶ Ä å æ ¼�¼ ©äã v<¾ é.£�ãm¤X©�¿ú¥²¦:¤X© æ ãÀ? ½�Ä ¾ ;�A × ¢ b¢���É£*¸3BÏ_��p�L�^�Xij��^É ����jø<���æ fb¢�����p^¨�
¸p 7_s� � §s_����ô fb¬�o�¢�¦ ¹�5^g�c_�{R�© f_2�]{����¡ fb¢� � ���f_� f_s�]{����¡ fb¢�!�f_2�]{R��§I�^� � _s�¤�d� ��{d�½�����f_2�]{d�Ë�|{° 
 j��_� µ fb¬�·¥k��^f^®��� � �]{d�d_s{:�«/�òÑn���§��¢��� ¢ b¢��"¬� � _2h«§��R�É£*¸3B §2���]_�¥�_�� � §��|�Á�|{´ ¹�|�H_s{Á���p^� ^f�Xnx_��¢���� fb:^��¦�z�d_��¯�5^��|{° C�É£*¸3B ��§2����^`_� fbd�^�p_�{L��^g�¢�5^ô j�o���R�a^:��{´ ¹�¦�À�54µ¥5_��|{° l�Æ£l¸3B·_s{ä fb¢�
��_s�¬�À�|{¢�5^f��´�^:��{:������� ° �Ö� ® Ò¡¢½��S ��{e������^����© ��:^1�© ¹�|�£�f_2�]{R��§��¨� ¢ b¢���¹�%��§2����^g_� fbd���C�z_�§�§dh¯�
�¢����¥k^`_2h¯�|�<_�{��L��^����¢�¦ ���_�§¨_s{Ç fb¢�o{¢� �  Æ¥gb�� �  ¹�5^¨�
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9�P º�Ç £ È £�õK£�ë�¶ ì Ä ¦eë æ åU© ö £²¤�£xå º åa© vev £xå
Í º åU¦eã ¼ õK£xå ¼ £R£�ã¨£xå vd½ ¥]¦eëä©�§úåX¦:¤U© æ ã × ¢ b¢� Å �x��ø²�»� � �  ��ah«§�� Ã Å U ¢ Äl�^� � �Ï fb¢�Ë� ° �he_� ����© ��
_�{° j��ÓX�he_� 7�R�© ��L��_� fb ��¢½��SA^����j��§��¢ f_s�]{����z_� 5Ú5�*^��%$��d_2^��|��hx´¼ fb¢� ���:h����%$´�¢�|{´  � ^f�x¥k�����j��^1�¦�
¸÷{����d�d_� f_2�]{¤ fb¢� Å U ¢ � �5^g�P��^g���ú/7òZÃe{¢�Ï¥���§s_2hd^1�© f_2�]{{��{d� � �|�¢���¹ ���§ ���:h« j^:��¥k f_2�]{I~� fb¢�É§��© ¹�5^
¥���{�h¯�ò�R�¹�|�Ç j����� �d� ^�������{d�]_��¹���

Í�Ù åX£²¶ ¼ @ ö«ö ©äã vêæKç ¤ Ç £Rî|£�¤(£�ë�£ ö £�ãm¤ ¼ × ¡ ¥¦¥k��^g�d_s{:�º j�± fb¢��$²üQ� ��§2����^g_� fbd�^��^®�%$´�d_s^��k�
�Ë�|{° ��5~ô fb¢�°�Q�'^LbR���Á j� � ^f�Xnx_��¢� � ^��k�L���d�c�Ë�|� ¥¦§��R�¹ ¹�5^:����_� fb���^:��{��¬§��a^`_� Ê´ ° �Â�ZQ ° �Â� _s{
6�Q�8¥���§�§��|�}i¹�¦ Ï�¨§��|�Á�|{´ ��¦� ¢ b¢�%���d���^�© f_2�]{<���æ fb¢� ¢7¢ �g_2�]{R��§��l_s{oiª�¦ Ï�¨§��|�Ë�|{° ��7�d�]{¢�zhx´
 fb¬�h���p^p��§��j��^��|�«�¬¥k���Ï fb¢��{´�e�oh¯�5^l��� §s_s{dø��ô j�Á fb¢� $]ü�� �:É:���d^�ÓX�he_� */ ò n���§��¢���*�P^g�]�  fb¬�
¢�¢ �a^��#���d�c�Á�|�¼ j�L����^g� �ziª�¦ Ï�¨§��|�Ë�|{° ¦� ¢ b¢�Á� ° �he_� p���d�#_��  j^®�d{«¥��© ¹�|�Ñ j���ÅtX�he_� *n���§��¢�
�z_� fb£�L^����j��§��¢ f_2�]{����É� ¢½��S¤�

Í ¼ £xåU©�¦eëqéú¦:¤�¦�¤XåX¦eã ¼ ö © ¼|¼ © æ ãN¤ æ ¤ Ç £ ¼ @ § ¼ £¥Æ @ £xãm¤ ª å æ ¥]£ ¼|¼ æ å ¼ × ¢ b¢�(���p^C�¬�¨§s_2n��5^:�� fb¬�� ^f��¥k���:�f_s{:��^������«§� ���nx_��£�¹�5^g_���§ Å SEB Æ §s_�{:ø��%�©  �Z^:�© ¹�c���lÍ²Ó ° ��he_� `â��È j�¶ fb¬�^���:h��¹�%$��¢�|{´ 
 j^`_2�����5^ � ^g��¥k�����f��^:�¦�

Í W<£x¦dé æ @ ¤L¦eã.é ö«æ ãú©�¤ æ åa©�ã vF× ¢ b¬�(�Q�'^p�j´��� ¹�|� � ^f��n�_s�¢�����o^®�����:���¢ ��R�© ����¹ j^������Ñ� ¢ b¢�
^1�|� �R�© �����{d�R�Æ£l¸÷B ^®�����¬§� ��(�a^����� j��^��|�(_s{ � _ � �¨§�_s{¢���Á�|�L��^g_���������_� f_s{:���P��^½ fb¢� Å �5n��¨§��®�
¡ ¥¦¥k� �   �g_2�]{R��§ ��U � �]{ Å � ¡ ¥¦¥k� �  �^��¨¥k� �  f_2�]{± fb¢���¹�L^������d���¢ ��R�© ��£�a^��^�¹�|{´ È j�Ñ fb¢�cB ¡ ò¤�
¢ b¢�(���p^��j´��� ¹�|� §����|n����Ï fb¢� � �����f_2he_�§s_� Ê´Î j���c�]{d_� j��^ ����¥gbÇ j^g_2�����5^  j��� �5^�hx´Ð¥k���d{´ f_s{:�é fb¬�
�5n��|{´ *^:�© ¹���l_s{^�}�]_2n��|{Ð¥`bR��{d{¢�¨§mbd_2�]b¢�5^à fbR��{Ð fb¬�z/�òº fb:^����fb:��§��I~¿��{d�<bd_��¹ j����^1���c�c_s{:�È fb¬�
/ ò � � �¨¥k j^:�}����^��o�]_2n��|{�hÊ�d{¬¥gb:�»¥k^f�����f_s{d����_s{d�d���ò���Z�]{e_� j��^g_s{:�o���¾ fb¢�zh���¥føx��^f���d{d����¥k f_2n��
_� Ê´o�¬�d^g_s{:�7�R�© ��¸ ��aø�_s{:�%��{d�o_s{}h¯�¦ Ê� �¦�|{{���¨� �¨§�§���� ¥���§s��^g_s�Á�¦ ¹�5^ � �5^f�P��^`�^��{¬¥k�ô¥���{�h¯�'�:�]{¬�
���f_s{:�Ç�Q�'^o�L�]{d_� j��^g_s{:�Z�R�© ��x� ¢ b¢���¹���L�]{d_� j��^g_�{:���R�© ��¶¥���{ h¯�L^������d���¢ o_s{d�¬� � �|{e�¢�|{° �§s´
���¡ fb¢� Å � ¡ �f_2�]{R��§ �

���PO���� Èú\�n�.Í«Ó ª»Ó Ò ;ªÍ«ÓÛÍ!�k��.���ª9���
¢ b¢���p^®�k�9�p^f�x¥k�����j��^ò¥k�Xn��5^:�È fb¢�¤�|{° f_s^�� ¡ ¢7Å ¡�Æ ¥���§2��^g_s�Á�¦ j^g´½��¥¦¥k� �  ���{¬¥k�c^1��{:�������ED 6ID�Ë Í��ut��
¢ b¢�l�^��_s{}h«�d_�§��d_s{:�*h«§2�x¥fø����« fb¢�����p^I�j´��� ¹�|�Ï_��k�'^��k�9�p^f�x¥k�����j��^����x�«�¬§���� ¢ b¢��������_��.�¢���f_2�]{¬�|�
 j� � ^��k� � ^f�x¥k������ÒUÍ·��{R��§2���(_s{ � �¢  �g_2�]{R��§��}�P^g�]�  fb¢� ¡ ¢7Å ¡�Æ ¥���§2��^g_s�Ë�¦ ¹�5^:�¦� ¢ b¢�O���p^�_���h«�e_�§� ���%��{·�|_2�]b° ²¥k^:�© ¹�{�j´��¹ ¹�|�Ñ��ü���¥gb ¥k^1�© ¹��bd���¹ ��Î�|Ò��������¦��¸p H�gb:���¬§s��h¿�Î�|� � bR���g_��¹�|��b¬�5^��Î fb��© 
 fb¢�����p^|~Ê£P� ��{d�½$²üQ� �j´��¹ ¹�|�^���a^�� �¹ j^®�«¥k ��:^��|��_s{Ç$��R���:^:��{´ ��7_s{£�aÛ|_��Î�¢ fb½����^��%$��d_2^��|��hx´µ fb¬�
 j^g_2�����5^���§2����^g_� fbe�^�¦��Éd��^Ð fb¢���Q�p^¡�j´��� ¹�|� ����¥gb©�Q��� ¥k��n��5^:�<�]{¢�
$��R���:^1��{°  Ãä° �¯t °�É ÄL��bd_�¥`b
¥k��^f^���� � �]{e�R�à j��ÍFQÆ�|Ò�_�{�6cQ�8Ç j^g_2�����5^�� � ��¥k��_s{Ð fb¬� � �¹�¨�d�:��^:� � _s�d_� Ö´�^1��{:����D 6ID�Ë���� ® � ¢ b��R�à j�
¥k��n��5^² fb¢�o�}�¬§�§>�aÛ|_s�Î�¬ fb½��{:��§��o�P���:^'�Q���½�(�a^���^��%$��d_2^��|� � ¢ bd_���_��7{:�� ¸ fb¢�é¥����¹�}�P��^¸ fb¢�é�|{d�«¥�� ���{d������^f���a^g�Z^®�5�]_2�]{���_� fb ¢7¢ Ú5������¥k���a^:�¹�5^z��^:��{��¬§��a^g_� Ö´�~d��b¢�5^®���]{¢�o{¢�¦�|���É Ê�l����{e���]{¢�������N~
^���� � �¨¥k f_2n��¨§s´�~¢ j�Ð¥k��n��5^² fb¢�����¬§�§ �aÛ|_s�¤�¢ fb�^:��{d�����

¢ b¬�@�Q��� � �5^f����^g�^�Ç¥k�]� � §�� � � ^f�x¥k�����f_�{:�����Î fb¢����{R��§2���  j^g_2�����5^ j��� �5^¹�f_s�]{R��§��5~E��bd_�¥`b
¥���{Hh¯�½���:hI�d_2n�_s�¢�|��_s{  fb¢����{���§2��� � ^f��¥k���:�f_s{:�¸��{e���d_s�]_� ���§ � ^f�x¥k�����f_�{:�¢� ¡ �� ¹�5^<^��¨¥k� �  f_2�]{����
�d_��¯�5^��|{´ f_���§���{R��§2��� �f_2�]{���§��5~ ¡ {���§2����¸3{ � �¢  Ã ¡ {��¸÷{ÊÄ¨h����a^g�R�.���« fb¢�7�'^��k�9�p^f�x¥k�����j��^Â¥k�]{�n��5^� � fb¢�|�
_s{´ j�³�d{d_ � ��§��a^{�f_2�]{���§�����{d�`���Ui��R�¹ ^�(Û¦�5^f�Nh����¹�¨§s_s{¬�<����^Ë����¥`br_s{ � �¢ ��g_2�]{R��§ � ¢ b¢��^®���¹ L���¸ fb¬��f_2�]{���§ � ^g��¥k�����g_s{:�Ð ��aø���� � §���¥k��_s{ fb¬���º�¬§� f_��p£�bd_ � �����¬�¬§�� Ã �·£>�±ÄÅ� ¡ �} ¹�5^��d_2�]_� ���§ � ^f�x¥k�����f_�{:��f_2�]{���§��¡�a^®�©���|{° Ç j�  fb¢� Å S�B Æ £p�ah«§��RBE^g_sn��5^ Ã Å £*BòÄµ¥��a^g�H��b¢�5^��· fb¢�5´ �a^®�	^g���¢ ¹�|�  j�  fb¬����:h��¹�%$´�¬�|{° ����:h��j´��¹ ¹�|�^�¨� ¢ b¬��^������d���¢ �_��}�:�]{¬��hx´N�Á����{R�����EÕ�ü�� É���¢ ¡ ��be_�¥gb � ^�� � �a^®���
�R�© ��<����^¸ j^:��{��f�c_����g_2�]{Zn�_���ÕÀ���a^ ¢z� Å _s{dø ¢ ^:��{��f�c_����g_2�]{
���x�¬�«§���� Ã Õ�¢ ¢ �½�ÅÄÀ j�¼ fb¢��ÕÆ������X²�¬ 
BE^g_2n��5^:� Ã Õ7X�B%�ÅÄÅ� ¢ �|� � �5^:�© ��:^®���C������§�§¯�d{d_� ��C�]{¼ fb¢�'�����N~ ���*�ô�¨§�§����*h����a^g�<_s{° ¹�5^`{R��§��®� �d� §2´��
n���§� ��a�������a^��p^����������¢ Fhx´H�¸£ ¡ T �»¥k�]{° j^g��§�§��5^¨� ¢ b¢�¡�|{´ f_2^��'�R�© ���� � ��¥k�p���x fb¢�p�L���¬�¬§��q_��C��¥¦¥k�����f_2hÊ§��
 fb:^f���d�]b£Sh�RüÆ�
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Éq_2���:^��oÁ��»Í:¾��p^��k�9�'^f��¥k���:�j��^(���x�¬�«§����
¢ b¢�zÒUÍa�»¥`bR��{d{¢�¨§��Q��� _��p^�����§s_��¹�|��������tUZS���ü Ã �¹ ���{d���a^g��Á�Ò]Î � Í °�° ���µÄ��p^`_s{° ¹�|�¼£*_2^®¥¦�d_� �l���a^g� ��ü���¥`bØ�Q��� ¥��a^g^g_����o��Á������:�]b° ¹�5^ohm���a^`�R�5~F��b¬�5^��ä fb¢����¥k ��R��§��g_2�]{R��§ � ^f�x¥k�����f_�{:�Ç ��aø����� §���¥k��� ¢ b¢�h�Q���  j�����¦ fb¢�5^���_� fb<_� ��C�R���d�]b° ¹�5^�h����a^g�R�l_����fb:�X��{<_s{�Éq_2���d^���Á��»Í¢� ¢ b¢�²§s_��¹ Ch¿�¨§s���

�]_sn����Æ fb¢�o�¬����¥k^g_ �  f_s�]{����¡ fb¢������_s{��}�e{¬¥k f_2�]{R��§�h«§s��¥gø����]{¶ fb¢���Q��� ¾
Í º�Ç £ 9 » ã¨¦Kë æKv�¾ ã ª @ ¤ ½ æ ¦dåUé�? » ã ¾ ã�A × ü���¥gb ¡ {:¸÷{ ^��¨¥k�|_2n����)�|Ò`��{R��§2��� �g_2�]{R��§��
��_� fb£��� � §s_� ��d�¬�E��� ° �ÖÁ^SA�e_2^��¨¥k �§2´<^f���¢ ¹�|����^f�]�  fb¢���Q��� ¥k�]{d{¢�¨¥k j��^:�¦�l¸p  � �5^f�P��^`�^�Ï fb¢���{R��§2���%�f_2�]{���§ � ^f�x¥k�����f_�{:�¢� ¢ b¬�'� � �5^:�© f_2�]{R��§���� � §�_2Ã¬�5^¨�]{}h����a^g�¤¥k�]{²n��5^� ��¡ fb¬�l�d_2�¿�5^��|{´ f_���§
_s{ � �¢ !�f_s�]{R��§  j�  fb¢�£�f_s{:��§��k� �|{e�¢�|�¶��{d�¶���Ui¹���¹ ��ä fb¢������_s{����À fb¬�~�f_2�]{R��§lhx´N�K��¥k j��^ ° �»Í²Á
 j� Ã¬ Ð fb¢��_s{ � �¢ ÷�n���§� ��a���Z��_�{d�:�������Á�½S ���È fb¢�RÉ ¡ Bò£#�]{  fb¢�V�º�¬§� f_��p£*be_ � �����¬�¬§����
¢ b¢� � ^g����^:���c�^�ah«§���ÓX�hK_� LBE_s�]_� ���§��  j�a� ¡ {R��§2��� £l�]{�n��5^� ¹�5^ Ã B ¡ £ÆÄ��z_� fb¶� ���»ÍN��S�â��¹ ¹� �
^����j��§��¢ f_2�]{^���Ui��R�¹ ��Â fb¢�z_s{«¥k�]�c_s{:�#�f_2�]{���§d�a�>�¹�¦ 'hx´����d�d_s{:�È fb¬�zBò£C�»§��5n��¨§e�a� �¹�¦ l_s{^�o^:��{:���
���Ï�©�ÂÒ ® Ì����Â��Ò^SÎ�
¡ �d�d_� f_2�]{���§ ¥k�]� � �a^:�© j��^j�h����¹�|���f_2�]{R��§M��{���§2´��g_s{:�Ç§2���]_�¥���{d�·��{:�� fb¬�5^}ÓX�he_� �B ¡ £ ��_� fb©�
^����j��§��¢ f_2�]{�����Í?��S _���_s� � §��|�Á�|{´ ¹�|�t�]{ ¡ {:¸3{ � ¢ b¬�Rhe_�{R�a^f´ �¹ ��© ¹�0���ò fb¬�±¥k�]� � �a^:�U�
 j��^c���¢  � �¢ L_s{d�d_�¥��© ¹�����zb¢�¦ fb¢�5^Á fb¢��^g_��f_s{:�·�|�:�������½ fb¢�~��{R��§2�����f_s�]{R��§�bR���Ë¥k^f���:�¹�|�  fb¢�� ^f����^1���c�^�ah«§��½ fb:^����gb:��§s� � ^f�Xnx_s�¬�|��hx´�B ¡ £½� ¢ b��R�Ï fb¢�È¥k�]� � �a^1�© j��^z�^�a^fø��Ï fb¢��h«�d{«¥gb��
¥k^f�����g_s{:�L��b¢�|{Ç fb¬� �f_2�]{R��§ � � ¥k�¦�|�R�À fb¢�ò fb:^®���fb:��§s��hx´£�¹�|{d�d_s{d�¤ fb¬��he_s{R�a^g´����¢  � �¬ É j�Ë fb¢��±£>�³� ¢ bd_��o�^�a^fø³¥���{«h¿�µ�R�¹�|� §��© ¹�5^}hx´  fb¢���Æ£l¸÷B §2���]_�¥���{d�«_���^��5�}�5^f^��|�  j�¹����Ùjü � �
 ¹�5^g{R��§.�Æ£l¸3BhÚ���§2����^g_� fbe�Ñ� ¢ b¢� Æ �p¸p¥��Ï�R�E_��À���¹�|� j� � ^f����^1��� B ¡ £·�a�>�¹�¦ ��%��{d��B ¡ £
 fb:^����gb:��§s�R�¦�

ÛÌÜ ,8=?2 .�d�Ý�,8=?2Gm3E�,8=L.�d�\ä4�7?,8=@³.IC+,�Þ�K�B



9e9 º�Ç £ È £�õK£�ë�¶ ì Ä ¦eë æ åU© ö £²¤�£xå º åa© vev £xå
Í º�Ç £ ì�s >A@ ëP¤X©�¶ Ä Ç © ª > æ é @ ë�£W? > Ä�> A × ¢ b¢���·£>�#_��9�7ø��5´ò¥k�]� � �]{¬�|{° .���¢ fb¢������� �
¸p pb:��§s���¡ fb¢�7�^��_s{����d{¬¥k f_2�]{���§s_� Ê´o���Ê fb¢�(�p^��k�9�'^f��¥k���:�j��^ Æ ´��¹ ¹�|��~²{����Á�¨§2´é fb¬�7�d_2�]_� f_��:�© f_2�]{I~
¥���§�_2hd^:�© f_2�]{ ��{d�r�Ï�d{¬¥`b��p£l^f���:�f_s{:�(¸÷�¢�|{° f_sÃ«¥��© f_2�]{t���È¥���§2��^`_s�Á�¦ ¹�5^¡�g_2�]{R��§��¦�Hü���¥`b©�±£>�� ^f��n�_s�¢���lÁ����¢  � �¬ ��¹�5^g_���§e�R�© ��!�¹ j^������^�¦� ¢ b¢�(�±£>� �a^®¥`bd_� ¹�¨¥k ��:^��H��{d���}�d{«¥k f_2�]{R��§s_� Ö´}�z_�§�§
h¯���¢���®¥k^g_2h¯�|��_s{Ç fb¢�o{¢� �  Æ¥gb�� �  ¹�5^¨�

Í º�Ç £ È�ß ; ¼ Ä ¦d§qëP£�;�åa©PõK£xå�? È Ä ;�A × ¢ b¢� Å £*B#h����a^g�0^��¨¥k�|_sn����oÍ²Ó½�¹�5^g_���§��f_2�]{R��§��#�© 
Í °�° �R�l_� `â��c��^f�]� �|Ò<�·£>���¦� ¢ b¢� Å £*BÔÉ���¢ ¡ � � �5^f����^g�%^g���¢ f_s{:����{d���¬� � §�_�¥��© f_2�]{
���¸ fb¢�£�f_2�]{R��§��!����^��%$��d_2^®�|�Nhx´³ fb¢�£��§2����^g_� fbd�^��_s{ £P� ��{d�`$]ü�� �ú¸÷{«��^`�¢�5^ä j�(_�� � ^f�Xn��
 fb¬��$´����§s_� Ê´����  fb¬� �f_2�]{R��§��5~x fb¢�5´��a^®� � ^��k�»¥k�]� � �|{R���© ¹�|�Zh¿�5����^�� �¹�|{e�d_s{:��hx´µ fb¢�ò¥5_s^®¥¦�d_� j^f´
_�� � §��|�Á�|{´ ¹�|�©�© È fb¢�L���¢  � �¬ E���  fb¢� Å £�BÎ� ¢ b¢���¹�5^g_���§I�f_2�]{���§��%�a^��Á j^:��{R�f��_� ¹ ¹�|�(��n��5^Ð���
� §2�]{d�¤�fbe_��¨§s�¢�|� � �a^:��§�§��¨§�Ía� � ��_2^Ñ¥��ah«§��©�����¹�|�}h«§s_��������ò Ö´ � � ¡ �V�  j�  fb¢�©���:h��¹�%$��¢�|{´ �®�:h��j´��¹ ¹�|�^�¦�

Í º�Ç £ZW�£ > � Ù ) »R× ¢ b¢��ÕÆ�n� É¤��¢ ¡ _��  fb¢���^���¹ ¹�5^7É���¢ ¡ �]{Ç fb¢������� � ¢ b¢�½�|{° f_2^®�
¥k�]{dÃd���:^:�© f_2�]{Z���  fb¬���Q��� ��{d�����© ��L^������:���¢ z_��É¥k�]{° j^g��§�§��|��hx´�ÕÆ�n� É���¢ ¡ �
X�{¢�*���« fb¢���^�Xij��^� ����jø��q���« fb¢��ÕÆ�n� É���¢ ¡ _��  j� � ^f��n�_s�¢���HSh�Rü0¸÷{° ¹�5^g�ä��¥k�É j�È fb¢�>������ �5^g_ � b¢�5^f´�_s{���^`�¢�5^¡ j� � �5^f����^g�Ø^®�5�]_��¹ ¹�5^�¥k�]{:Ãd���:^1�© f_2�]{I~U^������:���¢ ú���¬ fb¢�Ï¥k�]{:Ãd���:^1�© f_2�]{!��{e�
�5n��|{´ ��R�© �����^f�]�à�·£>���¦�M¸p ô¥k�]�c�¤�d{d_�¥��© ¹���'��_� fb ¡ {:¸3{�nx_��È fb¢� Æ �p¸M�Ï�R�5~²�z_� fb ¢7¢ £�n�_��
¸+ªv£'��{d���z_� fbÇ fb¢���±£>� nx_���¸8ª¨£ �Ï�R����{e� Æ �5^g_���§m¸÷{° ¹�5^g�ä��¥k���
¡ {:�� fb¢�5^È ����føZ���à fb¢�LÕÀ�n� É���¢ ¡ _��À j�Ñ¥k��§�§��¨¥k 5~F�Á�5^f������{d�	�P��^`�^�© ² fb¢�Î�5n��|{´ �^������:���¬ 
���© ��L�P^g�]���·£>���7_s{<��^g�¬�5^Æ j� � ^�� � �a^®�½ fb¬�|���P��^À j^:��{R�f�c_����f_2�]{µ j�^�cÕ7X�BÏnx_�����¢E�»§s_s{:ø¿�

Í º�Ç £ Ä æ ãm¤�å æ ëäë�£�å » åU£x¦ ¹ £�¤`w æ å T ? Ä » ¹ A × ¢ b¢���R�© �� ¥k��^f^®��� � �]{d�d_s{:�º j�± fb¢��� � �5^j��© f_s�]{R��§É¥k�]{d�d_� f_s�]{R�5~à§s_sø��µ ¹�|� � �5^:�© ��d^����c�Á�������d^��|��h�´��d_2���¢�����]{  fb¢�
�±£>�½�|~'n���§� ��a�������{e�Ñ¥¦�:^f^��|{´ ��*��� � �X�ô�5^j�L�®� �d� §s_����'����^7�d_��¯�5^��|{´ Ï¥k�]� � �]{¬�|{° ����]{Ç�����N~R�a^��ò¥k��§�§��¨¥k ¹�|��hx´��
£*�]{° j^f��§�§��5^���{d�Ç j^:��{��f�c_� ¹ ¹�|��n�_��Ð£ ¡ T � ���É j�Ë fb¢�oB½�¦ ¹�¨¥k j��^é£l�]{´ j^f��§ Æ ´��¹ ¹�|� Ã Bò£ Æ ÄÅ�

Í º�º Ä ;�£�¥ æ é.£xå�? º�º Ä é.£x¥áA × ¢ b¢� ¢7¢ £��¢�¨¥�^��¨¥k�|_2n����Ð fb¢����§2��h���§��g_2�]{R��§��Á§s_sø��§Ù Å �²£
£É§2��¥gø�Ú�~�Ù Å � ¡ ¥¦¥k� �  �Ú�~�Ùj� �e{¬¥gb��p£*���d{° ¹�5^lÕÆ���¹�¦ ÌÚÎ�¦ �¥©�p�d_��� j^g_2h«�¢ ¹�|��_s{��¹�5^g_���§:����^g�^�© C�P^g�]�
 fb¬� ¢7¢ £'��{d�Z^��|�d_��¹ j^`_2h«�¢ ¹���  fb¢�|�Ì j�Ð fb¢��n��a^g_2���R�É¥k�]� � �]{¢�|{´ ��7�]{¶ fb¢���Q���³�

2#vL2 �ãâ�ä{����z��«¢ �>��&Mz������(�
�������98 [W; ¬ 1�.Í ��º±����»wÍ!®�]��.y;=/]�]�¥ª���wàÓ�
¸÷{���^g�¬�5^  j� � �5^f����^g�,_��¢�|{° f_sÃ«¥��© f_2�]{c������{<_��j��§��© ¹�|� þ ¿�yZ��^�bR���:^g�]{d_�¥�ð<�¢�¨¥���´��p���l� �¨§�§����*�¢�5ÃK{¢�
 fb¢�ô j^:��{R�jn��5^:���à�|{¢�5^f�]_����F���¢ fb¢���¹�ô j^g_2�����5^ ¥���{d�d_s�R�© ¹���|~��À j^g_2�����5^I��§2����^g_� fbd�Øh����¹�|�}�]{ò fb¢�C��_s{d�:�X�
���:ÍFQMÍ½ j^g_2�����5^  j��� �5^:�q_s{�h��� fbÎ�|� ��{d�}bR���:^f�]{e_�¥�¥���§2��^g_s�Ë�¦ ¹�5^:�._��9� �d� §�_��|�¾� ¢ b¬����§2����^g_� fbe�n��¥���{R�
 fb¢�}�}�¬§�§¾ j^g_2�����5^%� � ��¥k���z¸m H��§s_s�¢���À fb¢�o�z_s{d�:�X�Ñ_s{Ñ fb¬�}6~��{d�08(�d_s^��¨¥k f_2�]{R��h�´��]{¢�Î j��� �5^¨��ü���¥gb
��_s{e�:��� ¥���{0h¯�L�d_2n�_s�¢�|�	_s{· Ê�l���^��_s{ � �a^® ��5¾È¥k��^�����{d�0_��f��§��© f_2�]{	^g_s{:�¢� ¡  È����¥gb��¹ ¹� � �¹�5n��5^:��§���d���*���  j�X�ô�5^�/�ò n���§��¢�����a^��ò¥���§�¥¦�¬§��© ¹�|����_� fbd_�{����z_s{d�:�X��¾

Í Éd���:^��|�Ñ�¡¥¦§��R�¹ ¹�5^:�.��_� fbe_s{È fb¢�7�qQ��½¥k��^��*���¬ j^g_s�����5^  j�X�ô�5^1�¦�Mü���¥gbÁ¥¦§��R�¹ ¹�5^q_����®�d�c�Á�|�}��n��5^
 Ö�C�º j��� �5^:��n��5^® f_�¥���§�§2´R��^ob:��^g_2Û5�]{´ ���§�§2´��LÉ:��^é fb¢�cð·��§2����^g_� fbe� �P���:^ò¥¦§��R�¹ ¹�5^:�#�a^����P��^g�Ë�|�
hx´£���d�c��_s{:�¤����¥gb¶�|�  Ê�l�a�  j��� �5^È¥¦§��R�¹ ¹�5^7�z_� fbÇ fb¢�obR���d^f�]{d_�¥²¥k��^����

Í ¡ ���e�#���Ï�|�Á�|�Ì j��� �5^:�E_s{Ç fb¢�ò�|�!_��j��§��© f_2�]{�^g_�{:���a^f���d{d�Ñ fb¬�È�|� ¥k��^����
Í ¡ ���e�A��� �|�obR���:^f�]{d_�¥ô j�X�ô�5^1�'_s{ä fb¢�zbR���:^f�]{d_�¥C_��f��§��© f_2�]{�^g_s{d� �a^f���d{d�ä fb¢�7b����:^f�]{d_�¥Ï¥k��^����
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use of six basic elements, each formed by summing E  over a group of towers: 

Vertical Sums

Horizontal Sums

Electromagnetic
isolation ring

ring and core
Hadronic isolation

Electromagnetic
calorimeter

Hadronic
calorimeter

Trigger towers ( × = 0.1 × 0.1)
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Éq_2���d^�� Á�� ® ¾¾£Ï§��R�¹ ¹�5^ � ^f�x¥k�����f_s{d� ��§2����^g_� fbd�
h����¹�|�ê�]{ ����_�{d�:��� ����ÍFQMÍ  j�X�ô�5^:�R_s{ h��� fb
�|�X��{d�ZbR���d^f�]{d_�¥²¥���§2��^g_��Á�¦ ¹�5^:��  ® Ò®¡ �

0.2

RoI cluster  
(em + had)  

8 neighbouring 
RoI clusters   

Éq_2���d^���Á��ÂÒx¾ Å �x¥���§./ ò �^� � _s�¤�d�  ¹���� H� � �� §s_��|�  j�  fb¢�HÕ7��¸³¥¦§��R�� ¹�5^«���~� ° �Â��Q ° �Â�
¥���{e�d_s�R�© ¹�©��{d�r{¬�|_2�]b²h���^g_�{:� ¥¦§��R�� ¹�5^µ¥���{��
�e_s�R�© ¹����  ® Î1¡ �

Í ¡ ���d� ���p�����:^½ j��� �5^:��_s{¶ fb¬��bR���d^f�]{d_�¥ò¥k��^®��_��½�R�¹�|�¹���%���d�d_� f_s�]{R��§F_��j��§��© f_2�]{�^®�5�]_2�]{�����^
 fb¢� þ ¿�y· j^g_s�����5^

Í ¡ Õ���¸Î¥¦§��R�� ¹�5^�_��é fb¢�£���e� �Xn��5^L�P���d^¤�|�¶�³ j��� �5^:�L_s{  fb¢�¼�|� ¥k��^��£��{d���P���d^�b����:^f�]{d_�¥
 j��� �5^:�z_s{Ç fb¢�obR���d^f�]{d_�¥²¥k��^����

¢ b¢���¹�!�®�d�^���a^����fb:�X��{�_s{RÉq_2���:^��}Á�� ® � ¢ b¢�ò j^g_s�����5^���h�i¹�¨¥k E_��7�����d{d����_� fbd_s{£�c�z_s{d�:�X��~e_2�  fb¢�
����§�§2�X��_s{:�ä j^g_s�����5^¸¥k�]{d�d_� f_2�]{R���a^��o�Á�¦ 5¾

Í �© À§������� ��]{¢�����¡ fb¢�È j^g_2�����5^½¥¦§��R�¹ ¹�5^7�¤�R�¹ �h¯� �ah���n�� � ^��|�¢�5ÃK{¢�|�¼ j^g_2�����5^À fbd^����fb:��§s� �
Í ¢ b¢�¼�|� ��{d��bR���d^f�]{d_�¥<_��j��§��© f_s�]{¤�®�d�^���Î���¹ �h¿��h¯�¨§2�X�  fb¬�|_2^Ë¥k��^f^���� � �]{d�e_s{:�R_��j��§��© f_2�]{
^g_s{d�¤ fbd^����fb:��§s� �

Í É:��^¸ fb¢� þ ¿�y± j^g_2�����5^7�]{«§2´�~¢ fb¢� ���e�#�P��^Æ fb¬�obR���:^f�]{e_�¥¸¥k��^®�o�Î���¹ �h¯��h¿�¨§s���  fb¢��b����:^f�]{d_�¥
¥k��^��o_��j��§��© f_2�]{Ç fb:^®���fb:��§s�¾�

Í ¢ b¢�²¥k�|{´ j^:��§FÕ7��¸ ¥¦§��R�¹ ¹�5^7�¤�R�¹ *h¯���L��^��²�|{¢�5^f���¦ f_�¥² fb���{Ç fb¢�oÓ�{¢�|_2�]b�hm��^`_s{:�}Õ���¸ô¥¦§����¹ ¹�5^:�
Ã �¹�¦��Éq_2���d^���Á��ÂÒ�Ä`~¡ fbR�© é¥���{ h¯�L����^g�Á�|�0�z_� fbd_s{· fb¢���:���Á�c��_s{e�:���ò�L¸3�  fbd_��È¥k�]{d�d_� f_2�]{ _��
�Á�¦ É fb¢�|{¶ fb¢�é¥k�|{´ j^:��§¨Õ���¸ ¥¦§����¹ ¹�5^�_��p�Ë§s��¥���§F/7òN�^� � _s�Î�e�Ñ�

¢ b¢�Á§����¹ È¥k�]{d�d_� f_s�]{R_��%��{0_s� � ��^® ���{° E�]{¢��� ¢ b¢����§s����^g_� fbd� �¹ ¹� � ��hx´��]{¬�¤ j�X�ô�5^����#�<^������¬§� �_� � ^f�x�«�¬¥k���Æ fb¢�}��n��5^®§�� �d� _s{:�<{¢�|_2�]b�h���^g_s{:�L��_�{d�:���(�5~d��bd_�¥gb����|´Z_s{ � ^g_s{¬¥5_ � §��#���© f_��j��´£��§�§æ¥¦§��R�¹ ¹�5^��{e��_��j��§��© f_2�]{¶¥k^g_� ¹�5^`_��x�'¸÷{���^g�¢�5^¸ j� � ^®�5n��|{° E�Î�¬§� f_ � §��k�»¥k���d{´ f_s{:�����q��_s{e�:�����|~¢ fb¢��^��%$��d_2^��|�Ë�|{° 
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Éq_2���:^��7Á��ÐÎ�¾�ò²�R���:^:��{´ �¥k^:�© ¹���a^®¥`bd_� ¹�¨¥k ��:^®�7���Ê fb¬�¸£P���j´��¹ ¹�|� Ã §��5�} ÅÄI��{d����^g����{d_����© f_2�]{����¿ j^g_2�����5^
 j��� �5^:�E_s{��]{¢�Î£P��É���¢ ¡ Ã ^g_2�]b´ ÅÄ�  ® Î1¡ �

 j�Á fb¢��Õ���¸à j�Lh¯�#�Á§2��¥���§I/7ò �^� � _��Î�d� �����gb:����{�_�{<Éq_2���d^���Á��ÂÒ�_���_s� � §��|�Á�|{° ¹�|� � ¢ b¢��Õ7��¸C_���¹�¦ ¸ j��h¯� �µ§2��¥���§./�ò��^� � _��Î�d�Z~e_2�q_� z_����L��^��é�|{¬�5^f���¦ f_�¥ Ã ó¸ÄÏ fbR��{R_� ��7�����:^E{¢�|_2�]b�hm��^1���]{��]{¬�
�|�:��� ��{e�Ñ fb¢� �����Á�é�|{¢�5^f���¦ f_�¥���^E�L��^�� ÃLå Ä*�]{Ñ fb¢���� fb¢�5^À�|�:�����

¢ b¬�5^����a^®�³�|Ò����¦ ��L���À j^g_s�����5^¤ fbd^����fb:��§s���!��n���_�§��ah«§����NüC_2�]b° ä fb:^®���fb:��§s�R���a^��Ñ�R�¹�|������^ þ ¿�y
 j^g_2�����5^*�]{¬§s´�~²��bd_�§��Æ fb¢�E�� fb¢�5^ �|_2�]b° ��a^��²�R�¹�|��h�´Lh��� fb þ ¿�y½��{d�<ðµ j^g_2�����5^:�¦� ¢ b¬����h�i¹�¨¥k ��*��bd_�¥`b
bR��n�� � �����¹�|�ä fb¬�7�d_��¯�5^��|{° M�¹�¦ ��p���Ê fb:^®���fb:��§s�R�I�a^��Æ¥k���e{° ¹�|�Ë� �  j� ���^� � _��Î�d� {��d�}h¯�5^pÎ�~���bd_�¥`b
¥k��^f^���� � �]{e�R�Ï j��Á�he_� ��*���q�¤�¬§� f_ � §s_�¥5_� Ö´Ln���§��¢���pÉq_s{R��§�§2´µ fb¢���¤�¬§� f_ � §�_�¥5_� f_������a^�� �¹�|{´ Æ j�¼£ ¢ � �
�������PO Èú\�n�.Í«Ó ª»Ó Ò ;ªÍ«ÓÛÍ!�k��.���ª9���
¢ b¢�Î£É§��R�¹ ¹�5^+�'^f�x¥k�����j��^À¥k�Xn��5^:�E�]{¬§2´¼ fb¢� � �¹�¨�e�:��^:� � _s�e_� Ê´c^1��{:��������D 6IDdË���� ® � ¢ b¢����^:��{��¬§��a^`_� Ê´
���¾ fb¢�½ j^g_2�����5^  j��� �5^:��_s{Ð fbd_��p^1��{:���E_�� ° ���:Q ° ����_s{�6}Q�8¨~��zbd_�¥gbµ¥k��^f^���� � �]{d���Â j�{� ®a° Q'ÒUÍ��a^f^1�|´
���¡ j^g_2�����5^Æ j�X�ô�5^1�À j�ch¯� � ^f�x¥k�����¹�|�Zh�´¶£P� �f´��¹ ¹�|�¶�

¢ b¬�ô£P�½�j´��¹ ¹�|� ¥k�]{��f_��¹ ��I����ÍÆ¥k^:�© ¹���¨�qü���¥gbÎ¥k^:�© ¹�à¥k��n��5^1�¨�]{¢��$´�R���d^:��{° F_�{o8 ��§s�]{:�Æ fb¢�M��bd��§��
6�^:��{:���p�����fb:�X��{�_s{�Éq_2���:^��7Á��ÐÎ´�pü���¥`bË¥k^:�© ¹�7b:���� ��É�kÍÎ£Ï§��R�¹ ¹�5^��'^f��¥k���:�j��^Q�Z���¬�¬§����¦��X�{¢�É£>���
¥���{ � ^f�x¥k�����7ÍFQÆ�|Ò��a^f^:��´����� j^g_2�����5^À j�X�ô�5^1�¦� ¢ b¢�ò j^`_2�����5^H��§s����^g_� fbd�^���a^��}_s� � §��|�Á�|{´ ¹�|�Z_s{Ñ fb¬�
�^��_s{ � ^f�x¥k�����f_s{d�À�d{d_� ��¨���¬ fb¢�É£P��� ¥���§�§��|�ä£P�(É���¢ ¡ �¦� ¢ b¢�5^®���a^���Ó½£>�	É���¢ ¡ �.�]{¤ fb¢�Ï£>��� �
ü���¥`b¼£P��É���¢ ¡ � ^g��¥k���������CÓ² j�X�ô�5^:�C��bd_�¥gbÁ¥k��^f^���� � �]{e�R�� j�}Ó��Xn��5^®§�� �d� _s{:����_s{e�:�����¨� ¢ b��R�5~� j�� ^f�x¥k�����7Ó¤ j�X�ô�5^:�(��{d������^g�!Ó���n��5^®§�� �d� _s{:����_�{d�:���(�5~´ fb¬�Î£P�tÉ���¢ ¡ �7{¢�¦�|��_�{:�P��^`�^�© f_2�]{<�P^g�]�
 fb¢�c{¢�|_s�]b²h���^g_s{d� ® QCÎÇ j��� �5^:�o�zbd_�¥gb	����^g�  fb¢�Ç£P�ØÉ���¢ ¡ �|{�nx_s^f�]{d�Á�|{´  ��� �fb:�X��{ _s{0Éq_2���d^��
Á��ÐÎ´� ¡ ���Á¥k�]{��¹�%$´�¬�|{¬¥k��~«����¥`b±£P��É���¢ ¡ bR���É j�¡�fbR�a^��È j^g_s�����5^À j��� �5^��R�© ��L��_� fb£���ai/��¥k�|{´ ²£P�
É���¢ ¡ �C�]{Ë fb¢�½£>��� � ¢ b¢�½£>��� �Î���¹ ��fbR�a^®�Æ fb¢���R�© ��o��_� fbL�� fb¬�5^Ï£P���½�'��bd_�¥`b � ^f�x¥k�����'���© ��
_s{R^��5�]_2�]{R�%���Ui���¥k�|{´ �_�{�6R��_� fbd_s{ fb¢�{�����Á�Á¥k^:�© ¹�L��^#�© ² fb¢�T$´�R���d^:��{° ½�|�:�����² fb¢���R�© ��Ç¥���{(h¯�
^��%$��d_2^��|� �P^f�]� �� fb¢�5^Ë£P� ¥k^:�© ¹��� ¢ bd_����R�© ��¹�fbR�a^g_s{d�Z_��o�:�]{¬�ch�´ �«� � §s_�¥��© f_�{:��_s{:����^g�^�© f_2�]{��© �p^®�k�9�p^f�x¥k�����j��^À§��5n��¨§C��{d�£�¹�|{d�e_s{:�L_� Ï j�Ë fb¢�Î£P���½��_�{�hm�� fbÑ¥k^1�© ¹���7��^7n�_��Ð£P� ¥k^1�© ¹��h���¥fø � §���{¬�
_s{Ñ¥����¹�}�R�© ����fb��a^g_s{:��h¯�¦ Ê� �¦�|{ Ö�C�¼£>�����¦�

¢ b¬�½£P��� _�����tU�� £*�½� ¢ b¬�z�^��_s{c�}�d{«¥k f_2�]{R��§s_� Ö´����¾ fb¢�²£P��� _�� � ^g��n�_s�¢�|�chx´ä Ê�l�LÉ¤��¢ ¡
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Éq_2���:^��oÁ��ÂÓx¾¾£Ï§��R�¹ ¹�5^>�'^f��¥k���:�j��^'���x�«�¬§����
 Ö´ � ���E�]{Rhm���a^`�I¾ Æ �5^g_���§s_����5^���{d� £P� É¤��¢ ¡ � ¢ b¬�ä£P����hm���a^`�Z��_� fbR{:�� ��© f_2�]{R�E����^¸�¨§��¨¥k j^f�]{d_�¥
¥k�]� � �]{¬�|{° ���_����fb:�X��{<_s{�Éq_2���d^���Á��ÂÓ��Cü���¥gb£>��� ^��¨¥k�|_sn������R�© ��o��^f�]��Ó ° �|� ��{d��Ó ° b����:^f�]{d_�¥
 j�X�ô�5^1�H�© %�cÍ °�° ��he_� `â��E^:�© ¹����n��5^�Ó ° �¹�5^g_���§ §s_s{:ø��*��^f�]�  fb¬���p^®�k�9�p^f�x¥k�����j��^¨� ¢ b¢�!�f_s�]{R��§�����^f�]����5^g_���§ §s_s{:ø�� �a^����¢���¹�5^`_���§s_��¹�|����{d�) fb¢�|{�^����¹�5^g_���§�_��¹�|�³ j� �|Ò ° ��he_� `â���hx´«� ° Æ �5^g_���§�_��¹�5^:������^L�d_��÷�
 j^`_2h«�¢ f_2�]{· j�¶ fb¬�µ£P�ØÉ���¢ ¡ � ��{d� �P��^��K��{:���¢ È j�¶ fb¬�c{¢�|_2�]b�hm��^`_s{:���L�x�«�¬§����%��¥k^f�����È fb¬�Ë¥k^:�© ¹�
h���¥fø � §���{¢��� ¢ b¢�¼£>�·É���¢ ¡ � � ^f�x¥k�����ò fb¢���R�© ��½��{d�¸�¹�|{d�³ fb¬��bd_�  ¦ ^������«§� ��È j� fb¬��bd_� ÷�»¥k���e{° 
É���¢ ¡ �}��bd_�¥gb����e�  fb¢��be_� �����^f�]� ��§�§ô£>�ÑÉ���¢ ¡ �}�P��^Î����¥gb) fb:^����fbd��§s���¹�¦  Ã ÁX�hK_� Î¥k���d{´  � �5^
 fbd^����fb:��§s�£���¦ ÅÄl�]{¶ fb¢�Î£>��� ��{d�~�¹�|{d�¶ fb¢�|�Ì j�Ë fb¢�ä£>�V� �

¢ b¢� £P�RÉ���¢ ¡ �9��{d� Æ �5^g_���§s_��¹�5^:� ��{d��bd_� ÷�»¥k���d{° .É¤��¢ ¡ �9�a^�����§��j�Æ fb¢���f���:^®¥k���F���� fb¢�p^®�����:���¢ 
���© ��x� ¢ b¢�c^®�����:���¢ }���© ����a^����¹�|{´ é j�· fb¢��^������d���¢ é¥k�]{´ j^f��§�§��5^ä§2���]_�¥ Ã Õ7Xò£ÀÄ�_s� � §��|�Á�|{´ ¹�|� _s{
 Ö�C��É���¢ ¡ �úÌ}�]{¢������^'B ¡ òØ�R�© �� ��{d�c�]{¢���P��^CÕ7��¸q�R�© ��x� ¢ b¢��^������d���¢ Â¥k�]{° j^g��§�§��5^:�p_�{d_� f_��© ¹�  fb¢�
^®�����:���¢ À� � �]{Ç fb¢� Å � ¡ ¥¦¥k� �  (�f_2�]{���§>��{d�Ñ j^:��{R�g�c_� Ï fb¢�o�R�© ��cnx_������5^g_���§9¢z�»§s_�{:ø��Ï j�Ð fb¢�oÕ7X�B%�¦�
2 v=ú û#zI��üPý¤�{z��>�+4h£-�0äT5 ¢ �>��&Mz������(�
���-,��98 þuÍ���ÿ��T��Í ��/F\��# ¬ Ó .y;=/��]��ª���wôÓ©
¢ b¢���^��_s{Ñ ����fø����P��^Æ fb¬�!$��¦ `âUüC{¢�5^f��´��L���d� � ^f��¥k���:�j��^��a^���¾l_s�¢�|{´ f_2Ã«¥��© f_2�]{����MbR���:^g�]{d_�¥'iª�¦ ��(��{d�
�¬�¦ ¹�5^g�c_s{R�© f_s�]{����¢ fb¢�|_2^¨/7òp~��c_����f_�{:��/�ò¡��{d�é j�� ���§�/7ò¼¥���§�¥¦�«§��© f_2�]{¾� ¢ b¢���¹�Â ����fø����a^�� � �5^f����^g�Á�|�
hx´¼ Ê�l�¡��§2����^g_� fbd�^�5¾Ki¹�¦ ���§2����^g_� fbe�\��{d�Ç�|{¢�5^f��´dâ����d� ��§s����^g_� fbd�Ñ� ¢ b¢�liª�¦ É j^`_2�����5^���§2����^g_� fbd�!_��
h����¹�|�c�]{�����_s{e�:���t���F��Q'�
ÙPiª�¦  �¨§��|�Á�|{´ ��ÌÚo��bd_�¥`bcbR�|n��H����^:��{��¬§��a^`_� Ê´���� ° �Â��Q ° �Â�}_s{L6oQL8���{d��a^®� ���d�c�Ë�|��_s{��¢� �  fb�h¯�¦ Ö�ô�¦�|{�|� ��{d�ZbR���d^f�]{d_�¥²¥���§2��^g_��Á�¦ ¹�5^:�¦�
�ÏÂVCLdGK3BK7?,8=�J�,+254�6Pm�.1BB,/0%.�m�.:=7?2GCLK1d .:=C7?E3=?,+BE3D_d 0H25B>=?,8@³,�==?,/0(7?Dp.:B�E3257 O
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quad 0 | quad 2

quad 1 | quad 3
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Éq_2���d^��oÁ��utx¾�$²üQ� ¥`bR��{d{¢�¨§I��� �   ® Ó¡ �
¢ b¬�liª�¦ ���§s����^g_� fbd��bR���Æ Ê�l�µ¥k�]� � �]{¢�|{´ ��5¾
Í ¡ ��Q'�Eiª�¦ �Õ���¸ Ãä° �»ÍFQ ° �»Í´ÄÅ�
Í ¡  j^g_2�����5^Æ¥¦§����¹ ¹�5^*��bd_�¥`b�_������e�c�Á�|����n��5^7��_�{d�:���(�'���q��Q'�x~eÁ�Q'Á���{d�<ÍFQMÍziª�¦ É�¨§��|�Á�|{° ��¨�

¢ b¢� Ê�l�N^��%$��d_2^��|�Ë�|{° ��¡�fb:���¬§s��h¯���Ë�¦ �_s{?��^`�¢�5^Ë j�¶��¥¦¥k� �  Ð fb¢�º j^g_2�����5^���h�iª�¨¥k ��P��^��0�]_2n��|{
 fb:^����gb:��§s�£�¹�¦ 5¾

Í ¢ b¢��Õ7��¸É¥¦§��R�� ¹�5^7_����Ë§2�x¥���§I/ ò �^� � _��Î�d�\���7�����z�¢�5Ãe{¢�|��_s{£���¨¥k f_2�]{RÁ��ÂÁ����
Í ¢ b¢�Ë j^g_2�����5^ä¥¦§��R�� ¹�5^o/�òZ�fb:���¬§s� � �����é fb¬��iª�¦ Î fb:^����fbd��§s�¾� ¢ b¢�Ð¥gbd�]_�¥k�����Ï fb¢�µ fb:^����fbd��§s�
�¬� � �|{e�R�*�]{Ñ fb¢���z_s{d�:�X�Z�g_2Û¦���

¢ b¢��i¹�¦ H��§2����^`_� fbd� ��� �d� ��^� ��À�|_2�]b´ pi¹�¦ ² fb:^����fb:��§����¹�¦ ��¨��ü���¥gb± fb:^®���fb:��§s���¹�¦ �_��(�Ç¥k�]�}he_s{R�© f_s�]{
���  fb¢�c/ ò  fb:^®���fb:��§s�·��{d�(�z_s{d�:�X� �f_2Û¦�ä j�Zh¯�Ë�R�¹�|�± j�¥���§�¥¦�¬§��© ¹�^�Ç j^g_2�����5^Î¥¦§��R�¹ ¹�5^¨�LÉ:��^Î����¥gb
 fb:^����gb:��§s�¹�¹�¦  ���Î�¬§� f_ � §s_�¥5_� Ê´����à fb¢����h�i¹�¨¥k �� � ���:�¹�|�(_��²¥���§�¥¦�¬§��© ¹�|� � �  j�Ñ§s_s��_� �����Î�~C��{d�·�¹�|{´ 
 j�ä fb¢�é£ ¢ � � ¢ b¢�½�|{¢�5^f��´dâ����d� ��§2����^g_� fbe� ¥���§�¥¦�¬§��© ¹���Ï fb¢�½ j�� ���§¯ j^:��{R�jn��5^1�¹�²�|{¢�5^f��´ R /�ò0�P^g�]�
 fb¢�����d�Ô�Xn��5^{��§�§miª�¦ Î�¨§��|�Á�|{´ ��¦� ¢ b¢����_����f_s{d�¼ j^1��{R�jn��5^:�¹�µ�|{¢�5^f��´ /oû ±s1Ö1ò _��}�¢�¦ ¹�5^g�c_s{¬�|�0�P^g�]���n��¨¥k j��^����d�¶��ü���¥`b�i¹�¦ é�¨§��|�Ë�|{° o_�{²n���§2n��|�«_s{± fb¢��/ û ±s131ò ¥���§�¥¦�¬§��© f_2�]{ _��ò¥k�]{²n��5^® ¹�|�  j� � ��{e�´ � ^f�Uiª�¨¥k f_s�]{R��h�´��Î�«§� f_ � §s_�¥��© f_2�]{ ��_� fb)¥k����8 ��{d� �n	��.8¨~p^���� � �¨¥k f_sn��¨§2´�� ¢ b¢��n��¨¥k j��^�^������¬§� �� ���{d��´��a^��È j^:��{R�f��_� ¹ ¹�|�Ç j�Ë fb¢���Á�5^f�]_�{:�Á§2���]_�¥E�]{º£>���½����§2�]{:����_� fb���¥���§��a^À j^:��{R�jn��5^:���È�|{¢�5^f��´
����^����d�c���© f_2�]{¾� ¢ b¢�Z�c_����f_s{:�(/�ò·_��Á¥���§�¥¦�¬§��© ¹�|�r��_� fb¶� � ^��¨¥5_��f_2�]{���� ° �Â� ® ¢½��S�~���{d�  j�� ���§
 j^:��{R�fn��5^:�¹�ò�|{¢�5^g��´���_� fb~� � ^��¨¥5_��g_2�]{���� ��¢½��SÎ�
���-,Q�PO Èú\�n�.Í«Ó ª»Ó Ò ;ªÍ«ÓÛÍ!�k��.���ª9���
¢ b¢��$]ü�� ¥k�]{R�f_��� ��z���lÁ��£$]ü����E��bd_�¥`b��a^®�ä§s��¥��© ¹�|�0_s{º Ê�l�~$]ü�� ¥k^:�© ¹���¦�oü���¥gb ¥k^:�© ¹�cb:���� ��¤�|Ò$]ü��½�H��{d� � ^f�x¥k�����¹���¸ Ê�l�<� �e� ���g_s{:�Å$��R���:^:��{´ ��z_�{½�aÛ|_s�¤�¢ fb½���%�fbd����{R_s{�Éq_2���:^®�}Á��ut�� ¢ b¬��i¹�¦ ��§2����^g_� fbd� ¥k��n��5^:�Ð fb¢��^:��{:���¶� �  j��D 6FDlË�Á��Â�	��bd_�¥`b�_��¤ fb¢�Ç�|{d�����À fb¢�Ñ�|{e�¬¥�� � ¥���§2��^g_s�Á�¦ ¹�5^��¥¦¥k� �  ���{¬¥k��� ¢ b¢������^f���a^g�?^��5�]_2�]{t����Á��Â��Ë�D 6FD7Ë�Í��ut(��_�§�§Ch¯�Ñ¥k��n��5^®�|�rhx´«Í¤$]ü����L��_� fb`�
�L���d_2Ã¬�|��É £ ¡ Å i¹�¦ ���§2����^g_� fbd�¶�úü���¥gb£$]ü�� �}�¬§�§2´ � ^f��¥k���:�¹���'ÍFQCÓò¥k��^��%�a^f^:��´L����iª�¦ ô�¨§��|�Á�|{´ ��*_s{
 fb¢�76�QL8�� � ��¥k���p�Ï�¢ ��a����_s{I~����'_s{Á fb¬�À¥����¹�����¾ fb¬�½£P���N~� fb¢�H$]ü�� � ^g��¥k�����f��^'^��%$��d_2^����p��n��5^®§�� �
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DAQ dataDAQ data

RoIRoI datadata

InputInput
from PPrfrom PPr

Éú_s���:^��oÁ���� ° ¾43²ü ¢ âUüC{¢�5^f��´��L���d� �����¬�¬§����
���© ��Z��^f�]�  fb¢��{¬�|_2�]b²h���^g_�{:��Í ® i¹�¦ ò�¨§��|�Á�|{´ ��ò j� � �5^g�P��^g�  fb¬�ØÙj�¢�¨¥¦§��R�� ¹�5^g_s{:��Ú � ^g��¥k�|�¬�d^��^��{d�
�e{d_-$��¢�¨§2´ �¢�5Ãe{¬�µ fb¢�ZÕ���¸Å� ¢ b¬�53²ü�� hm���a^`��_����gb:����{?_�{�Éq_2���d^���Á���� ° � ¢ b¬�5^��£�a^��ZÓ�Ó0_s{ � �¬ 
¥`bR��{d{¢�¨§����]{º����¥gb63]ü�� _s{���^g�¬�5^¸ j�<^��¨¥k�|_2n����R�© ��µ¥k�]��_s{:���Xn��5^#�¹�5^g_���§ §s_s{:ø����© EÍ °�° �Zhmâ��E��^f�]�
 fb¬�¼�¨§��¨¥k j^f�]�^�a�]{¢�¦ f_�¥£��{e�?bR���:^f�]{d_�¥±�Q���½�¨� ¢ b¢�<�P���d^�_�{ � �¢ ��R���:�]b´ ¹�5^�h����a^g��� � �5^f����^g�  fb¢�
�¬���¹�5^g_���§s_����© f_2�]{����æ fb¢��_s{ � �¢ C�R�© ��{��{d�£�®�d�  fb¬�È�|�i��{e��bR���:^f�]{d_�¥7n���§��¢���*_s{<��^g�¢�5^Ï j� � ^f���¬�¬¥k�
� ° �hK_� Mi¹�¦ Æ�¨§��|�Á�|{´ ��¦� ¡ §�§I�R�© �� � ^g��¥k�����g_s{:�^��§2����^g_� fbd�^�p�a^���_s� � §��|�Ë�|{° ¹�|��_s{¶ Ê�l��É���¢ ¡ �¦� ¢ b¢�
i¹�¦ ���§2����^`_� fbd��_�� � �5^f����^g�Á�|��_s{Ç fb¢�li¹�¦  � ^f�x¥k�����j��^zÉ¤��¢ ¡ ~R��{d�Ñ fb¢� ���e�\��§2����^g_� fbd��_�{µ fb¬� ���d�� ^f��¥k���:�j��^CÉ���¢ ¡ � ¢ b¢���R�© ����P^f�]�,{¢�|_2�]b�h���^g_s{:�Ci¹�¦ Â�¨§��|�Á�|{´ ����a^®�À¥k� � _��|���P^f�]�  fb¢�z{¢�|_s�]b²h���^g_s{d�
3²ü����pn�_����K��{c_s{KâX���¢  Ã Éú¸ÌXòÄ¡§s_�{:ø��I�© *Ó ° �Zhe_� `â��p�]{Á fb¢�¸¥k^:�© ¹��h���¥gø � §���{¢��� ¢ b¢�����¢  � �¢ M^������¬§� ú���
 fb¬�'i¹�¦  � ^f�x¥k�����j��^7_������R�© ��{�¹ j^������#�zbd_�¥gbÇ¥k�]{R�g_��¹ ��l���æ�|_2�]b´ 7ÁX�he_� *�Î�«§� f_ � §s_�¥5_� f_�������{d�<�]{¢�����d���� �a^g_� Ê´	he_� 5~I�zbd_�¥gb(�^�aø����!�Z� ® �he_� �^����®�¬§� ��R�© ����l��^g�  j��h¯�Á j^:��{R�f��_� ¹ ¹�|�(nx_���h���¥fø � §���{¢�Ë§s_�{:ø��
 j�Ñ fb¬�µ£>�V� � ¢ b¢�����e� � ^f��¥k���:�j��^ � ^f�Xnx_s�¬���² fb:^��¦�ä�|{¢�5^f��´©���d�^��Ì)�|�X�he_� È j^:��{R�jn��5^:���Á�|{¢�5^f��´�~
�|�X�hK_� 87:9{��{d�;78<�n��¨¥k j��^En���§��¬���5~���bd_�¥`b£�a^�� ��§�§¯¥k�]� � ^®�����¹�|�Ñ j��ÓX�hK_� �n���§��¢���p��{d�Ç j^:��{R�g�c_� ¹ ¹�|����(��� ® �he_� 7���© ��L�C��^`�Ñ j�Ð fb¢�Î£7�V� �

¢ b¢�l^������:���¢ M�R�© ����d_2n�_s�¢�|�o_s{é fb¬�*Õ���¸9��{d��B ¡ òZ�� j^������^�I�a^��p�¹�|{´ ún�_��H��^®�����:���¢ �¥k�]{° j^g��§�§��5^
Õ7Xò£�~ §2�x¥��© ¹�|���]{¶��^������d���¢ ������:�]b° ¹�5^L�L���¬�¬§�� Ã Õ(�±Ä!�© �Ó °�° ��hmâ��L�Xn��5^^�¹�5^g_���§ô§s_s{:ø��ò j�· fb¢�
Õ7X�B%�¦�
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¢ b¢�°�º�¬§� f_��p£�bd_ � �����¬�¬§���_��ä fb¢�£�f�^��§�§����¹ ä� � ¥`bR��{:�����ah«§��¶�d{d_� ����¸ fb¬�W�'^��k�9�p^g��¥k�����f��^¨��� �|_s{d��¼¥k�]� � §�� � �¨§��¨¥k j^f�]{d_�¥��¢�5n�_�¥k��_� Eb:��§��R�À fb¬���^��_�{����d{¬¥k f_2�]{���§s_� Ê´����ô fb¢�&�'^��k�9�p^g��¥k�����f��^ Æ ´��¹ ¹�|�Z~{R���Á�¨§s´· fb¬���d_2�]_� f_����© f_2�]{I~ ¥���§s_2hd^1�© f_2�]{���{d�«h«�d{¬¥`b��»¥k^f�����g_s{:�Z_s�¢�|{´ f_2Ã«¥��© f_s�]{ ���Æ¥���§2��^g_��Á�¦ ¹�5^!�f_s�a�
{R��§��¨� ¢ b¢�½¥k��^g^��¨¥k *�}�d{«¥k f_2�]{R��§s_� Ö´L���æ fb¢���±£>� bR�������:^:�����© f_�¥z_�� � ��¥k l�]{µ fb¬� � �5^f����^g�^��{¬¥k�E���
 fb¢���zb:��§�� ¡ ¢7Å ¡�Æ  j^g_s�����5^(�j´��¹ ¹�|�Ñ�

¡ �¹�5^g_����l���æ fbd��^f���:�]b<�}�e{¬¥k f_2�]{R��§Ê ¹���¹ ��7bR��n���h¿�¦�|{Ç¥��a^f^`_��|�<���¢ *�]{£�}�}�5� �·£7�½�p�������|�oh«§��|�
����^Æ ¹���¹  � �d^ � ���¹���¦� ¢ b¢� ��_s�!���  fb¢�����ò ¹���¹ ��À¥���{�h¯� ���d�c�^�a^`_��¹�|�����7����§�§2�X���5¾

Í £�b¢�¨¥føÇ fb¢�é¥k��^g^��¨¥k 7���d{¬¥k f_2�]{R��§�_� Ê´���{d��^��¨§s_��ahe_�§s_� Ö´L���¡ fb¢���·£7�³�

Í B½�5n��¨§2� �  fb¢�² ¹���¹ f_s{:�^�j���} Ê���a^�����be_�¥gb�_s{¬¥¦§��d�¢������§�§Ê fb¬�È ¹���¹  � ^f�x¥k�|�¬�:^����l_s{��{�f_s{:��§�� � ��¥gø²��a�����
Í B½�5n��¨§2� �  fb¢� �¹ j^1�© ¹�5��´��P��^Æ ¹���� f_s{:�Ë§��a^f���!��¥���§����±£>� � ^f���¬�¬¥k f_2�]{¾�

¢ b¢�É ¹����  � ^f�x¥k�|�¬�:^®���M���¯ fb¢�7���d{¬¥k f_2�]{R��§dh«§2�x¥fø��M���¯ fb¢�(�±£>� ��_�§�§�h¯�7�¢����¥k^`_2h¯�|�L_s{ä fbd_��Â¥`bR� �  ¹�5^|~��{d��^®�����¬§� ��*���  fb¢���¹�ò ¹���� ��7��_�§�§Kh¯� � ^®���¹�|{° ¹�|� �
ú!v1w xZy{z�¢ �>z¤£¥¢ �>��&Mz��������NM äTâ+�>�3£R�Zy��$OPM �o$ÅäTâ�z
¢ b¢�'�·£>� _��à fb¢���^��_�{L�}�e{¬¥k f_2�]{R��§:hÊ§2��¥gø����¿ fb¬�+�Q���³� ¡ §s�c���¹ ���§�§R�g_2�]{R��§ � ^g��¥k�����g_s{:�È ����jø����a^®�� �5^f����^g�Á�|�	_s{R�f_s�¬�ò fb¢�Å�·£7�³�Iü���¥`b@�·£7� � ^f�x¥k�����¹���������:^½ j^g_2�����5^È j�X�ô�5^ �g_2�]{R��§��¦� ¢ b¬���±£>�
_��l�¢���f_2�]{¬�|�¡���p�¤¥k�]� � ��¥k É�¨§��¨¥k j^g�]{d_�¥½¥k�]� � �]{¢�|{° *��be_�¥gb<b:��§s�R��t¤¥gbd_ � �C_s{<{:�]{�� � ��¥fø��a���|���P��^g�¶�
¢ b¢�'�·£>� � ^g�x�¬�«¥k f_2�]{Á ¹�¨¥gbe{d_-$��¢�7��_�§�§�h¿�7�¬����¥k^g_2h¯�|�Ë§��© ¹�5^v���¸�5^��E_� ��fb:���«§s��h¯���Á�|{´ f_2�]{¢�|�Ë fb��© 
 fb¢�L{:�]{�� � ��¥fø��a���|� ¥gbe_ � �E�]{± fb¢��Ãe{R��§��±£>� �R���|�0_s{ fb¬�Á� � � �5^g_s�Ë�|{° %�a^��L^��¨§s_��ah«§2´ � ^f�� ¹�¨¥k ¹�|�hx´ÁÙ÷��§2��h:�  j� � Ú�«é¥k�Xn��5^:�a�����a����_s{��¹ ��R���^�a����� ¡ �}�¬§�§2´~�����¹�|�}h«§��|���±£>� ���:h��¹ j^:�© ¹�L_��%�fb:�X��{(_s{
Éq_2���:^��}Í¢���©� ¢ b¬�Î¥gbe_ � �7�]{º fb¢�T�·£7� ��{d� fb¬�|_2^¸¥k��^f^®��� � �]{d�d_s{:�Á ����fø��²¥���{Rh¿�����d�c���a^g_��¹�|�~���
����§�§2���(�5¾

Í Éd���:^zÉ¡§����fb ¡ Bò£�� Ã ¡ B�t ° Í²�x~ ¡ {R��§2����B¸�5n�_�¥k���ÅÄ
B�Q d)RIJ1e�7�R_mTS)UWV%7lDnmYX:R$Z[XLd)XLC�7=�RJ4\SGC(m]VIC9H$V16�S5436^Z_R1=�m3=�R17�X3C87�S)RJ4TR$ZC7�`\X+CaRIF>mYR�b\Xcb�d�UeVgfhV$S)biU�djXab�k�S)l�R$b®FjXabmd�V�d-bFjXLC�`]Vgb\SGC
VIdnV$b\opXLd)XLCdql�SuCaVIdroiVIF:Vgf�X�s!\tdul�X3mil�XaUqXabmd�U[V$bvXab®C
V�m\U�K1dwV�d�XxoiXLmYR$UqSyd�X
ovR�khXcl]C�`\SGmzVgb]opSyd�Uu{|Syl�X�JYR�b]o}Uas
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4 x RC-Filter 4 x FAD C

1  x P re-P roc essor  ASIC 3  x LV D S Ser ia liser  Ch ip1  x P h os4

Éq_2���:^���Í¢���a¾ ¢ b¢���p^®�k�9�p^f�x¥k�����j��^h��¬§� f_��p£*bd_ � ���x�¬�«§����

=  fb¢���¹��É ¡ Bò£��o�e_2�]_� f_��¹�Á fb¬��_s{ � �¬ %�g_2�]{R��§�����_� fb � ° �he_� �^®���j��§��¢ f_2�]{¸��{d���½�:��� � §s_s{d�
��^��%$´�¬�|{¬¥k´o���mÍ ° �
�zÛ�� ¢ b¢��_s{ � �¢ I�f_2�]{R��§x¥k�]�c_s{d�E��^f�]�  fb¬� ¡ {:¸÷{�h����a^g�L_��I���Ui��R�¹ ¹�|�
 j�<Ã¬ À fb¢��É ¡ Bò£Ñ�d_2�]_� f_����© f_2�]{�^:��{d���}���Æ�D� ��^��p�
�a��� ° � ® �}~m��b¢�5^®���v�a�a������� ® � _��
 fb¢��É ¡ Bò£,^��5�}�5^��|{¬¥k��n���§� ��a����� ¡ ���fb:�X��{?_s{�Éq_2���:^��<Í¢���Ç fb¢�°�·£7�ôb:��§��R�!� §s���� �����7Ã«§� ¹�5^��zbd_�¥gb�_���_s� � §��|�Á�|{´ ¹�|�Ç j��^��|�¬�«¥k�obd_2�]b���^��%$��¢�|{¬¥k´�{:�]_��¹�!��{d�¶ j�Ð¥k��^g^��¨¥k 
����^ � �����f_sh«§��cÉ ¡ Bò£ ����_s{��¢�5n�_��© f_2�]{R�¦� ¢ b´�R�|~  ��aø�_s{:�	_s{´ j����¥¦¥k���d{´ ä fbR�© Î fbe_��é§2�X���� �����<Ã«§� ¹�5^�^��|�«�¬¥k���¼ fb¢�(n���§� ��a���0���é fb¢�0_s{«¥k�]�c_s{:�¤�f_2�]{R��§zh�´H� °²± ~¸ fb¬�	^1��{:���R���
 fb¢��_s{¬¥k�]��_s{:�©�f_2�]{R��§*_����^� �d� �|�  j�·� �©�Â��� �z_s{d�:�X�  j�³¥k�]� � �|{R�:�© ¹���P��^Ë§2���:�}������ � §�_� ��d�¢��_s{Ç fb¢��ÃÊ§� ¹�5^¨�

Í ¢ _s��_s{:�ä¥gbd_ � Ã ���hX Æ Í:~¿£*üCÕ8� ��_�¥k^g�´�¨§��¨¥k j^g�]{d_�¥��(¢E^g��� � Ä
=  fb¢�h�Q��X Æ Í��¢�¨§��|´��  fb¢��É ¡ Bò£ ¥¦§2��¥gø���_� fbc^���� � �¨¥k   j�ä fb¢�H�f´��¹ ¹�|� ¥¦§2�x¥fø�_s{¡�� ¹� � �'���
��{R���z_� fbd_s{�� Å �²£ ¥¦§s��¥gø¼¥k´x¥¦§����

Í �p^®�k�9�p^f�x¥k�����j��^ ¡�Æ ¸�£�ª Ã �Q�'^ ¡�Æ ¸¹£ÆÄ
= ü���¥`b@�Q�'^ ¡�Æ ¸¹£ � ^g��¥k�����������P���:^��e_2�]_� ���§¡¥gbR��{e{¢�¨§��#��{d� � ^g��n�_s�¢���E^������:���¢ ¦�LÉ¬�d^� fb¢�5^
 ����jø�� �a^���¾�^®����§��  f_s�Á�Lh«�e{¬¥gb��»¥k^g�����f_s{:��_s�¬�|{° f_2ÃÊ¥��© f_2�]{I~ ¥gb���{d{¢�¨§��j´�{¬¥`b:^f�]{d_��:�© f_2�]{I~IÃ:�
{R��§  j^:��{R�jn��5^1�¹�k� �|{¢�5^f��´·¥���§s_2hd^:�© f_s�]{I~ � �|�¢���¹ ���§����:h« j^:��¥k f_2�]{I~ � ^��k�L���e�c�c_s{:�L���Iiª�¦ ²�¨§��
�|�Á�|{´ ��5~dh«�e{¬¥gb��»¥k^g�����f_s{:�L�¤�¬§� f_ � §�� � _�{:�:~-�¹�5^`_���§I�R�© ��Ë j^1��{R�f�c_��:�f_2�]{y�

Í ¢ b:^®�¦� Å �EB Æ �¹�5^g_���§s_��¹�5^É¥gbd_ � � Ã B Æ t��X� Å �ä� ° �x�a~��H�© f_2�]{R��§ Æ �|�c_�¥k�]{d�«�¬¥k j��^ Ä
= ¢ b¢� Å �EB Æ �¹�5^g_���§s_��¹�5^ò¥gbd_ � �È j^:��{R�g�c_� Ë� ° �he_� ��R�© ��Z�l��^g�R�ò j� fb¢���®�:h��¹�%$��¢�|{´  � ^f�a�
¥k�����j��^1���© ��L^:�© ¹�o���úÍ °�° �ZhK_� `â��#�

ú�v+u xZy{z*¢ �>z¤£¥¢ �>��&Mz������(�  #"����
¡ �L�]{:�  fb¬�¥gbd_ � ���]{  fb¢�
�±£>� ~à fb¢�°�p^��k�9�'^f�x¥k�����j��^ ¡�Æ ¸�£ _��ä fb¢�¶¥k�|{´ j^:��§Æ¥k�]� � �]{¢�|{´ 5~Ch¯�k�
¥������¹�o_�  � �5^f����^g�^�Ï fb¢� ¡ ¢�Å ¡�Æ �L� � �¨¥5_2Ã«¥��d_2�]_� ���§I�R�© �� � ^f�x¥k�����f_�{:���P��^7�����:^Æ j^`_2�����5^Æ j��� �5^:�¦� ¢ b¢��'^��k�9�p^g��¥k�����f��^ ¡�Æ ¸�£Ñ_��%�Ç¥¦�R�¹ j�]���Ê�¢���g_2�]{¢�|�±¥gbd_ � ~I�¢���f_2�]{¢�|�¹�© ^��¸L� ��{d�	�ä�ahe^g_�¥��© ¹�|�	h�´ ¡ � Æ
Ã ¡ �R�¹ j^`_��Å��_�¥k^f� Æ ´��¹ ¹�|�^�ÅÄÅ�

¢ b¢�W�Q�p^ ¡�Æ ¸�£ _��!�fbd����{�_s{�Éq_2���:^���Í¢�Â��� ¢ b¢� � b²´��f_�¥���§ � ^f� � �5^� f_����o���À fb¢�W�Q�'^ ¡�Æ ¸¹£ �a^��
he^g_��#"d´����d�c�^�a^`_��¹�|�����7����§�§2�X���5¾
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Í ¢ b¢� �f_2Û¦�����M�Á fb¢�����p^ ¡�Æ ¸�£H_��7Ó��ÂÁ]Î ° QrÓ��ÂÁ]Î ® �c��ªÚ�
Í ¢ b¢���¢���f_2�]{�_���^�����§s_����|�£����� ° �ÂÒLVF� £>��X Æ ¥ � ^f��¥k���:�¦�
Í ü���¥gb����p^ ¡�Æ ¸�£ ¥k�]{´ ���_s{R�²§2���]_�¥!��{d�R�Ë�|�L��^g_����²¥k��n��5^`_s{:�<�P���:^%�f_2�]{���§��»¥gbR��{e{¢�¨§�� Ã t ®a°<°�°�°
 j^1��{R�f_��¹ j��^1�É�%$´�e_2n���§��|{° ÅÄÅ�

Í ¢ b¢��{´�e�oh¯�5^������Q�'^ ¡�Æ ¸¹£�� � �5^7���a���5^z_��ò�%t����
Í ¢ b¢�È j�� ���§¨�Á�|�c��^f´ � �5^7���p^ ¡�Æ ¸�£H_��7Óx�|� ® hx´� ¹���¦�

Éq_2���:^®��Í¢�Â�x¾ ¢ b¢���'^��k�9�p^f�x¥k�����j��^ ¡�Æ ¸¹£H�d_����
¢ b¬�oh«§2�x¥fø��d_��a��^:���!���� fb¢���Q�'^ ¡�Æ ¸¹£ �P��^E�]{¢�Î¥`bR��{d{¢�¨§¨��_� fbR{:�� ��© f_2�]{R�z�P��^½ fb¢���^��_s{¥k�]{:�

Ãd���:^1�© f_2�]{�^��5�]_��� ¹�5^:��_����fb:���z{�_s{ZÉq_2���d^���Í¢�ÂÁ ¡ hd^`_��5�.�Xn��5^fn�_��5�·���� fb¢���Q�p^ ¡�Æ ¸�£H���d{¬¥k f_2�]{���§s_� Ê´
_��*�]_2n��|{�h¯�¨§2����~:�zb¢�5^������É����¥`bZ���d{¬¥k f_2�]{R��§�hÊ§2��¥gø��z_�§�§mh¯���¬����¥k^g_2h¯�|��_s{��¢�¦ ���_�§I_s{£�¹�¨¥k f_2�]{�Í¢�»Í¢�

¢ b¬��h«§s��¥gø�����b¢�5^®�µ fb¢����¥k ��R��§*^�����§2�  f_s�Á���R�© �� � ^f�x¥k�����f_s{:�º ��aø���� � §���¥k���a^��Ñ¥k��§2��^��|��h«§��¢���
¢ b¢�µ§2���]_�¥c^®��� � �]{R�f_2h«§�������^}���© ��R�L�]{e_� j��^g_s{:�~��{e� ^������:���¬ }�¬�:^`_s{:� � ^f�x¥k�����f_�{:�Z_��o�¬� � _�¥k ¹�|� hx´
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§��© �¥`b¢�|���R�© �� ��{d�µ� �  ¹�5^g{R��§m�É£*¸3B·he_� ��a^��%�¹�|{´ à j�¤ fb¢�h�Q�p^ ¡�Æ ¸�£�Éú¸÷ÉkX·h«§2�x¥føm~���b¬�5^��À fb¢�5´Ë¥���{
h¯���¢�¨§���´��|�Z����^��L�}�5�Øh«�d{¬¥`b��»¥k^f�����g_s{:���*����^��j´�{¬¥gb:^g�]{d_����© f_2�]{��z_� fbÇ fb¢�o�R�© ���_s{��� fb¢�5^¸¥`bR��{d{¢�¨§��¦�
¡ �� ¹�5^Ñ fb¢�(�R�© ��¶�a^��·�j´�{¬¥gbd^f�]{d_��¹�|�H_s{  fb¢�(É.¸÷ÉkX�~Ï fb¢�5´'�a^�� � ^f� � �a���© ¹�|�  j�  fb¢�±¥k��^��0���ò fb¬��Q�'^ ¡�Æ ¸¹£Ø���d{¬¥k f_2�]{R��§�_� Ê´�� ¢ bd_��½¥k��^��Á¥k�]{R�f_��¹ ��E���Â fb¢���}�e{¬¥k f_2�]{R��§¨h«§2�x¥fø��5~���bd_�¥`b��a^��������f��¥5_��© ¹�|�
��_� fb fb¢���É£*¸3B §2���]_�¥©� ¢ b¢�µ� ° �he_� E�R�© ��µ�|{´ ¹�5^È fb¢�oÃe{e_� ¹�k�Ê_s� � �«§��¹��^���� � �]{R���oÃ«§� ¹�5^ Ã Éú¸3Õ²ÄÅ� ¢ b¢�
Éú¸3Õ Ã«§� ¹�5^ò¥k��^f^®�¨¥k ��È fb¢� � �¬§��¹���fbR� � _s{d�<�d_��¹ j��^� ¹�|�(hx´	{:�]_��¹����{d�0_s� � ^g��n����È fb¢�^�g_2�]{R��§��  j�a�Ê{:�]_��¹�
^:�© f_2�¢� ¢ b¢��Éú¸3Õ Ã«§� ¹�5^�_��%���d_2�]_� ���§ � _ � �¨§s_�{¢����_� fb	Ãdn���^��5�]_��� ¹�5^:�¦� ¢ b¢���¹��^��5�]_��¹ ¹�5^1�È¥k�]{° ���_s{± fb¬�
¥k���54Ð¥5_��|{´ �����be_�¥gb~�a^®� � �d� §s_��|�Ç j�Ð fb¢� �:��� � §����Æ¥k�]��_s{:��_s{´ j�Ë fb¢�}É.¸÷ÕÏÃ«§� ¹�5^¨���Z�Xnx_s{d�Ð fb:^f���d�]b
 fb¢�LÉú¸3Õ � _ � �¨§s_s{¢�È fb¬�{�:��� � §����H�a^��L�Î�«§� f_ � §s_��|��h�´º fb¢�Á¥k�´�54µ¥5_��|{° ��#��{e�¹�®�d�c�Á�|�º j���P��^`�  fb¬�
Éú¸3Õ�Ã«§� ¹�5^¸�|ÒX�he_� p���¢  � �¢ ¦� ¢ b¢�ò�|ÒX�he_� C�C��^`�R���a^��Æ j^Å�d{¬¥��© ¹�|�Ë j�¼� ° �he_� p�l��^g�R�C_s{���^g�¢�5^ô j��Ã¬ Â fb¬�
Å �x��ø��»� � � ¢ �ah«§�� Ã Å U ¢ ÄÅ� ¢ b¢��he_� ��½ j��h¿�¤ j^®�d{«¥��© ¹�|�·�a^��L�¢�5Ãe{¢�|�	�¢� � �|{d�d_s{d�c�]{± fb¢�LÉú¸3ÕAÃ«§� ¹�5^�¹�¦ ¹ f_s{d���¦� ¢ b¢� � ^g��¥k�����g_s{:�����¡ fb¢�Ë� ° �he_� 7�R�© ���_s{Ç fb¢� Å U ¢ _s{«¥¦§��d�¢���  fb¢� � �|�¢���¹ ���§9���:h¬ j^:��¥k f_s�]{I~
¥k�]{�n��5^:�f_2�]{���� � ° �he_� 7�C��^`�R�É j��ÓX�he_� ��C��^g���5~R���7� �¨§�§>���Æ j^1��{R�jn��5^:�¹�È�|{¬�5^f��´Ñ¥���§s_2hd^:�© f_s�]{¾�

¸÷{ � �a^:��§�§��¨§  j�Ç fb¢�L�¢����¥k^g_sh¿�|�	�R�© ���"d�X�  fb¢�L�R�© ����a^�����{R��§2´��¹�|�	h�´º fb¢���Æ£l¸÷Bi��§2����^g_� fbd���
_s{Ç fb¢��� ���aøZÉq_s{e�¢�5^�h«§2�x¥fø<�P��^H�c{:�]{��L�:�© ��:^:�© ¹�|� � �¬§��¹�#��{d�Z_�{£���© f�Æ£l¸3B h«§2�x¥fø<�P��^H�^���© ��:^:�© ¹�|�
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 fb¢��{´�e�oh¯�5^'��� ¥k�]{e{¢�¨¥k f_2�]{R�Ch¯�¦ Ê� �¦�|{��'^��k�9�p^g��¥k�����f��^���{e�¼£Ï§����¹ ¹�5^��'^f��¥k���:�j��^¨�M¸÷{¡���d�e_� f_2�]{I~� fb¬�
�R�© ����P^g�]� �����:^h�Q�'^ ¡�Æ ¸¹£ ¥gbR��{d{¬�¨§�� � ^��k�L���d�c�Ë�|�¶ j�����¦ fb¢�5^�_s{ fb¢�Ç� ° �he_� z3��¦ �üà§��|�Á�|{´ ��E�P��^`�
 fb¢�ò fbe_2^g���¹ j^������  j�Ë fb¢�D3��¦ 7�p^f�x¥k�����j��^¨�

¢ b¬�V�Q�'^ ¡�Æ ¸¹£!b:��§s�R�¡��§��j�«^������:���¢ <h«§2�x¥fø��5~É fbR�© <���¦ �¥`b  fb¢�R�R�© ��¤�© ��d_��¯�5^��|{´ ��¹ ��a���������� ^f�x¥k�����f_�{:�~��{d�) j^:��{R�f�c_� È fb¢�|�  j�º fb¢��B ¡ òl�f´��¹ ¹�|� ��^¤ j� fb¢�¼§2��¥���§e�h�RüM�h����¹�|�N�K��¥5_�§s_� f_����¦�
¢ b¢�5^®�(�a^��¸ Ê�l� � _ � �¨§�_s{¢���Á�|�L��^g_����'_s� � §��|�Á�|{´ ¹�|��_s{Á fb¬�'���p^ ¡�Æ ¸�£��P��^l^������:���¬  � �:^ � �������¦� ¢ b¢�
É ¡ Bò£ � _ � �¨§s_s{¢�l�Á�|�L��^f´Á¥k�]{´ ���_s{¢�|��_s{ä fb¢�7h«§s��¥gø&�C_ � �n�¶�|�Ñ� � ¡ Bò£�_s{cÉq_2���d^���Í¢�ÂÁÈ¥k�]{´ f_s{´�d���R��§2´��¥¦¥k� �  �����{e�£�¹ j��^�����^:��� � ° �he_� �É ¡ Bò£ ���© ���~:��bd_�§��¸ fb¢� Å U ¢ �Á�|�L��^f´��'_ � �n��|�Ñ� � Å U ¢ �¹ j��^����
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¯�ÄÐÄ�Ë�Ò æ º�«ÅºÊª÷«Å¬��®�¯�ÄTð´±�á6¸Yº�»Ûð´±�ð�«Åº�Ä
¯�ÍhÇ�«�Ò�º½ð´±�á´±�À@®g«ÅÄ
¯�Ç�«ÅÆT¯íÒYÔ
éG²]ÜÎº�Ä�Ô�ÒY®ÐÇ�Ë�¯�Á��ÃÅÄ
¯�ÄD¬Y¯�º�¯m®g¸]Ç
¯�»ÛÈnÉ�¬Y®$¸]Á�Ë�«ÅÍmÄÐÍm¸]®g»�ÄÐÄ�Ë�Ò æ ºÊ«ÅºÊª�«�¬��®�¯í°�±�²�«ÅÄÐÍmÃ�Ò�Ä
¯�Ç
ÒÎÇ�Ë�¯¯hàrÁ�¯�ÍhÇ
¯�»Î®g«ÅÄ
¯DÇ�«ÅÆ�¯�ÒYÔxÇ�Ë�¯ÐÍm¸YÃ�ÒY®g«ÅÆT¯mÇ
¯m®vÁ��ÃÅÄ
¯�Äm±v¼:Ë�¯�Ä�«ÅÆT«ÅÃ�¸]®g«�Ç�É�È�¯mÇ æ ¯m¯�º�ÒY®g«�¬�«Åº�¸YÃ�Ím¸YÃ�ÒY®$«ÅÆ�¯mÇ
¯m®Á��ÃÅÄ
¯�Äv¸Yº�»ÎÄ�«ÅÆ��ÃÅ¸]Ç
¯�»�Ò�º�¯�Äv¬�«�ÝY¯�Äz¸í¬YÒ´Ò´»Î®�¯�¸YÄ�Ò�ºÎÇ
Ò��Ä
¯DÇ�Ë�¯�¬Y®$¸]Á�Ë�«ÅÍ�Ím¸]®g»6¸YÄvÁ�®�ÒY¬Y®g¸YÆçÆT¸]È�Ã�¯
Á��ÃÅÄ
¯¡¬Y¯�º�¯m®g¸]Ç
ÒY®�ÔtÒY®eâ6·Wâ Ç
¯�Ä
Ç�«Åº�¬�±èÀ�»�¯mÇ�¸Y«ÅÃ�¯�»�Ä
Ç��»�É^ÒYÔ4Ç�Ë�¯jÁ��ÃÅÄ�¯�Ä�¬Y¯�º�¯m®g¸]Ç
¯�»�È´ÉDÇ�Ë�¯j¬Y®$¸]Á�Ë�«ÅÍmÄ
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ª�«�¬��®�¯ß°�±��´³�¼:Ë�¯í¸]®�Ç�«Åó�Ím«Å¸YÃxÇ
®$«Å¸Yº�¬��ÃÅ¸]®DÁ��ÃÅÄ�¯ æ «�Ç�ËÓÁ�¯�¸]Þ´«Åº�¬ãÇ�«ÅÆ�¯íÒYÔp²]Ü�º�ÄÐ¸nÏz¸Yº�»ô¸Ì®g¸YÆ�ÁôÒYÔÇ�Ë�¯�Ä
¯�Á��ÃÅÄ
¯�ÄWÈuÏg±

Ím¸]®g»;Ím¸YºãÈ�¯zÔtÒ��º�»5«Åº����]Ü	��±
ùW¸YÄ
¯�»DÒ�ºzÇ�Ë�¯e¸Yº�¸YÃ�É´Äg«ÅÄuÒYÔrÇ�Ë�¯eÄ�Ë�¸]Á4¯�Ä�ÒYÔ�µv¶W·6¸Yº�»^¼j¾a¿[¶j·¡Àp¿çÁ��ÃÅÄ�¯�Äu¸Yº�¸]®�Ç�«�ó�Ím«Å¸YÃ]Ç
®g«Å¸Yº�¬��ÃÅ¸]®

Á��Ã�Ä
¯;Ë�¸YÄTÈ�¯m¯�ºÛÍhÒ�º�Ä
Ç
®g�ÍhÇ
¯�»u±ý¼:Ë�«ÅÄÐÁ��ÃÅÄ�¯;Ë�¸YÄTÇ�Ë�¯ÌÄ�¸YÆ�¯ãÁ�¯�¸]Þr«Åº�¬6Ç�«ÅÆT¯;ÒYÔDéø²]ÜÓº�Äç¸YÄTÇ�Ë�¯
ÒY®g«�¬�«�º�¸YÃjÍm¸YÃ�ÒY®g«ÅÆT¯mÇ
¯m®çÁ��Ã�Ä
¯�Äm±Û¾aº�ÒY®g»�¯m®ßÇ
ÒÓÄ
Ç��»�ÉìÇ�Ë�¯�îeîe®gÀzü´¾�· Á�¯m®�Ô�ÒY®gÆT¸Yº�Íh¯;«�º�Ç�Ë�¯ æ Ë�Ò�Ã�¯»�Érº�¸YÆT«ÅÍv®g¸Yº�¬Y¯zÒYÔ[Ç
®g«�¬Y¬Y¯m®8Ç
Ò æ ¯m®pÄ�«�¬�º�¸YÃÅÄj�Á�Ç
ÒçÄ�¸]Ç��®$¸]Ç�«�Ò�º5Ã�¯mÝY¯�ÃuÇ�Ë�«�Ä¡¸]®gÇ�«�ó�Ím«Å¸YÃ4Á��Ã�Ä
¯zË�¸YÄWÈ�¯m¯�ºÃÅ«Åº�¯�¸]®gÃ�É�Ä�Ím¸YÃ�¯�»u±8À Ä�«Åº�¬�Ã�¯�Ç
®g«Å¸Yº�¬��Ã�¸]®8Á��Ã�Ä
¯^¸Yº�»ÌÇ�Ë�¯D®$¸YÆ�ÁãÒYÔxÇ�Ë�¯DÄ�Ím¸YÃ�¯�»ÌÁ��Ã�Ä
¯�Ä8¸]®�¯ÐÄ�Ë�Ò æ º�«Åºª�«�¬��®�¯z°�±��´±
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¼:Ë�¯íÍhÒ�º×Ç
¯�ºnÇÐÒYÔjÇ�Ë�¯�îeîx®$Àzün¾g·£Á�«ÅÁ4¯�Ã�«Åº�¯�Æ�¯�Æ�ÒY®g«Å¯�ÄDÍm¸YºìÈ�¯ç®�¯�¸Y»ìÒ��Ç�Ò�º�Ã�É6�Á�Ò�º�Ç�Ë�¯í¿|¯mÝY¯�Ã�ëgÕ
ÀvÍmÍh¯mÁ�ÇDÄ�«Å¬�º�¸YÃ�®�¯�Íh¯�«�Á�Çm±T¼8Ë�¯T¿eÕmÀvÍmÍh¯mÁ�ÇDÄg«�¬�º�¸YÃ�¬Y¯�º�¯m®g¸]Ç�«ÅÒ�ºÓ«ÅÄz«ÅÆTÁ�Ã�¯�Æ�¯�ºnÇ
¯�»6«ÅºÎÇ�Ë�¯TË�¸]®$» æ ¸]®g¯Y±¼:Ë�¯ãÁ4¯m®$«�Ò´»ÊÒYÔ^¿�ÕmÀpÍmÍh¯mÁ�Çß¬Y¯�º�¯m®$¸]Ç�«�Ò�ºÛ¯�ò´�¸YÃÅÄçÇ
ÒôÖ´±�ðìÆTÄmåj¸Yº�»ÛÇ�Ë�¯ã¿eÕmÀvÍmÍh¯mÁ�Ç�Ä�«�¬�º�¸YÃ:Ím¸YºúÈ�¯
¸YÄ�Ä
ÒrÍm«Å¸]Ç
¯�»�Ç
Ò�¸Yº×É^ÍmÃ�ÒrÍ�Þ�Ç�«ÅÍ�Þ æ «�Ç�Ë�«Åº�Ç�Ë�«�Ä|Á�¯m®g«�Òr»u±[¼:Ë�¯e®�¯�¸YÃ�ë�Ç�«�Æ�¯�»�¸]Ç�¸ æ ®g«ÅÇ�«Åº�¬jÁ�®�ÒrÍh¯�»��®g¯xÇ
ÒpÇ�Ë�¯Õ�âÌù�ÆT¯�Æ�ÒY®�ÉTÒ�ºíÇ�Ë�¯D·Wâ6·½Ím¸]®g»�«ÅÄWÄ
É´º�ÍgË�®�Ò�º�«ÅÄ
¯�» æ «�Ç�ËßÇ�Ë�¯z¿eÕmÀvÍmÍh¯mÁ�Çm±e¼:Ë�«�Ä�Ä
Érº�Í$Ë�®�Ò�º�«ÅÄg¸]Ç�«�Ò�º¬�«�ÝY¯�Äè¸YºÐ«ÅÆ�Á�ÒY®�Ç�¸YºnÇ[Á�Ò�Ä�Äg«�È�«ÅÃÅ«ÅÇ�ÉvÇ
Ò�Æç¸]ÞY¯W¸vÍhÒ�Æ�Á�¸]®$«ÅÄ
Ò�º�È�¯mÇ æ ¯m¯�ºÐ®�¯�¸Y»�Ò��Ç÷Ò��Ç
Á��Ç�¸Yº�»�®�¯�¸YÃ�ë�Ç�«�Æ�¯Ò��Ç
Á��Ç��Ä�«�º�¬^Ç�Ë�¯v«Å»�¯�ºnÇ�«ÅÍm¸YÃ�»�¸]Ç�¸r±eâÌ¸YºnÉç»�¯mÝY¯�Ã�ÒYÁ�¯�»�âÎ·WâGÇ
¯�Ä�Ç�Ä¡�Ä
¯8Ç�Ë�«�ÄeÍhÒ�Æ�Á�¸]®$«ÅÄ
Ò�ºí«ÅºTÒY®g»�¯m®
Ç
ÒçÃ�ÒrÍm¸YÃÅ«ÅÄ�¯�¸TÁ4Ò�ÄgÄ�«�È�Ã�ÉßÆT¸YÃ�Ô��º�ÍhÇ�«�Ò�º�«�º�¬�È�ÃÅÒ´ÍgÞßÒ�º5Ç�Ë�¯DâÎ·jâ�±
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#�E� FHG��JIK�MLN);'#OQP9��IRLNO�S�'�);TU,E��(V)W'#$&�
¼:Ë�¯�Ç
¯�Ä�Ç�ÄD»�¯�ÄgÍh®g«�È�¯�»Î«Åº6Ç�Ë�«ÅÄzÄ�¯�ÍhÇ�«�Ò�ºÓË�¸}ÝY¯çÈ�¯m¯�º�Ím¸]®�®$«�¯�»6Ò��Ç�«�ºÎÒY®g»�¯m®^Ç
Ò�ÍgË�¯�ÍgÞ6Ç�Ë�¯çÃÅ«Åº�¯�¸]®g«�Ç�É
¸Yº�»5Æ�¯�¸YÄg�®�¯�Ç�Ë�¯z»�Érº�¸YÆT«ÅÍp®g¸Yº�¬Y¯zÒYÔ�Ç�Ë�¯^Àpº�¾cºíÈ�Ò�¸]®g»�ñ:Àp·¡Äp¸Yº�»5âÎ·WâöªrÀpñ�·¡Ä�±x¼:Ë�¯�Ä
¯�Ç
¯�Ä
Ç�Ä
«Åº�ÍmÃ��»�¯:¸Ðºn�Æ�È�¯m®eÒYÔ�¸Yº�¸YÃ�ÒY¬Ð¸Yº�»ß»�«�¬�«�Ç�¸YÃ�ÆT¯�¸YÄ��®�¯�Æ�¯�ºnÇ�ÄWÃÅ«�ÞY¯pÝYÒ�Ã�Ç�¸]¬Y¯^Ä�Ím¸Yºuårñ:Àp·úÄ�Ím¸Yºuå�ªrÀvñ^·
Ä�Ím¸Yºã¯mÇ�Í]±eÀpÃ�Ã�ÝYÒ�Ã�Ç�¸]¬Y¯�ÄpË�¸�ÝY¯�È�¯m¯�º;ÆT¯�¸YÄ��®�¯�» æ «ÅÇ�Ë5¸T»�«�¬�«�Ç�¸YÃ�ÝYÒ�ÃÅÇ�Æ�¯mÇ
¯m®�±¼:Ë�¯pÖië�È�«�Ç¡ñ:Àp·ÊÒ�ºßÇ�Ë�¯vÀpº�¾aº�È�Ò�¸]®g»ßÍm¸YºçÈ�¯jÁ�®�ÒY¬Y®$¸YÆTÆ�¯�» æ «�Ç�Ëç¸�á´±y°DÆ�ÙYXiÄ
Ç
¯mÁí®�¯�Ä
Ò�ÃÅ�Ç�«ÅÒ�ºu±¾aºíª�«�¬��®�¯�°�±[Z�Ç�Ë�¯^Àpº�¾cºíÒ��Ç
Á��Ç¡ÝYÒ�ÃÅÇ�¸]¬Y¯�«ÅÄW»�¯mÁ�«ÅÍhÇ
¯�»�¸YÄ:¸�Ô��º�ÍhÇ�«�Ò�ºíÒYÔ�Ç�Ë�¯^ñ:Àp·úÒ	\uÄ
¯mÇ:¸]Á�Á�Ã�«�¯�»
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DAC counts

Éq_2�*bd^=ctÍ�dÐÎ�¾ ¢ b�c ¡ {:¸3{ �*b�e � b�e n��*fDe=ga�hcighjRg
�kbd{!lme=ns�]{����oe=p�crq ¡�s �a�Wj=cte�g �d� fDnDc|�uej�6e=p!cvnDw��
lk�]�xnDw�y4q s j=nDy*w!ghf�d

Entries  160

Mean    2.501

RMS    0.004836
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FADC reference voltage, V
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Entries  160

Mean    2.501

RMS    0.004836

É�n^y*b!z=c Í�dÂÓx¾KÉ ¡ q s z=c5��ctz=c{w!lmc}|��*fDe=g	yhc,�!nDjj�
e~z�n^��b�e=n2�*w<���hz7Í!��� s ��jtd

ej��e=p�crnDw�lk�]�4nDw�y1q s |��*f^e=g	yhchdlÉ�n^y*b�z=cEÍ�dÐÎ1j=p:�X��j�e=p�c>q ¡�s fDnDw�c{g	z�n^eÊ´4nDwHn^e=j*�:´�w!g��4nDl�z�ghw�yhc�n�d�chd
��n^e=p!nDwM�	dÂÒ ® Ì���dÂ��Ò��1d

¢ p�c�É ¡ q s |��*fDe=g	yhc�z=c5��ctz�c{w!lmcß�v�
�c�%nDj1ghw�ns� � �hz�e=ghwVe�É ¡ q s l�p!g	z�ghlme~ctz�nDj~e=nDltjt�M��p!nDl�p�ltghw
gU�Wc{lme#e=p!c7É ¡ q s y*ghnDw�ctz=zg�hz#ghwd���a�;j~cte�ctz=zf�hz�d ¢ p!c�|��*f^e=g	yhc�z=c5��ctz=c{w!lmc����hz��|Ò ° É ¡ q s j�nDj�j=p:�X��w
n�wZÉ�n^y*b�z=c�Í�dÂÓ�d ¢ p�c � fs�he�j=p:����j�e=p!g	e:�v�
�c�4nDj���d ® �Qghwd��p�ghj�ghw�ctz�zf�hz�f^c{j=j�e=p!ghw ° d»Í ± d*É�n^y*b�z=c
Í�dut	gV����c � n�lme=j�e=p�c�É ¡ q s lk�*b!wVe=j�|hctz�j=b!j(� s ��nDw � b�e�|��*f^e=g	yhchd7X�w�cvp!ghj�ej�xe=gaøhc1nDw�ej�4ghltlk�*b!w�e
e=p�g	e1e=p!cHnDw � b�ev|��*f^e=g	yhc�ej�Me=p�cÇ� s ��nDj�j~cte1ej�M�+c�� °²± g	����|hcAe=p�c�É ¡ q s ��nDwd�d��� ���Y�ç�1�
�Wc{ltghb!j=c����oe=p!c � z=c{j~c{w�lmc����9fs����� � ghj�j�Ã�f^e~ctz7�*w�e=p�c�� s ����ghfDlk�*w�´hdp¸�e�nDj�j~ctc{wZ��zf�]��e=p!c � f2�helÌ
��p!nDf^c�e=p�coÉ ¡ q s |��*f^e=g	yhc�z�ghw�yhcYnDjz�}Ì�ÁÐ�1�!e=p�c�� s ��nDw � b!e�|��*fDe=g	yhco��nDwe�:����nDjY�	dut�Ì�Á�dD�z�1d

FADC input voltage, V
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Vx`
FADC input voltage, V
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J�`
É�n^y*b�z=c�Í�dutx¾�gV�3É ¡ q s lk�*b�wVe=j�|�jtdQ� s ��nDw � b�e�|��*f^e=g	yhchd#�+�lÕ�c{j=ns�!b�ghfDjl��zf�]��g4fDnDw�c{g	z�Ã�etd
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Entries  37
Mean    871.4
RMS      3.12

ADC gain, FADC counts/V
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Entries  37

Mean      871

RMS     4.126

ADC gain, FADC counts/V
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J` Ä4`\V$bib\XLd�¡
É�n^y*b�z=c�Í�dD� ° ¾mÉ ¡ q s y*ghnDw��!nDj~e~z�nD��b�e=n2�*w!j|¾ogV�l���hz(� s ��l�p!ghw!w!c{f���!�+�C���hz(� s ��l�p!ghw!w!c{fFÁ�d

É�n^y*b�z=c�Í�dut¢�W��j=p:�X��j�e=p�cvz�c{j=ns�!b!ghf�jC��zf�]�£gxfDnDw�c{g	z*Ã!etd
¢ p!c�É ¡ q s y*ghnDw¤p�ghjY�Wctc{wN�4c{ghj=b�z=c|�N�P�hz}Ã!z�j~eYghwe�¤e=p!nDzg��l�p�ghw!w�c{fDj�nDwNÁ]ÎV� s ��jtd�¥�ghn�w

�!nDj=e~z�n^��b�e=ns�*w!j�g	z=c�j=pd����winDwtÉ�n^y*b�z�c�Í�dD� ° d ¢ p�c�y*ghnDw¦ctz=zf�hzHnDjxjf�xghfDf^ctzxe=p�ghw§� ± nDwJe=p�c	�kb!fDf
�:´�w!g��4nDl>z�ghw!yhc��P�hz��m�he=p%l�p!ghw!w!c{fDjtd

,��-,Q��¨ ¦�w�Í§º�vJ©�È¤,
¢ p�c��4ghnDw0�kb!w!lme=n2�*w(����e=p!c±�Q��X Æ Í%n�jrej�%j=p!ns��ere=p�c<É ¡ q s ��n^y*n^e=nDj=g	e=ns�*w�j~e~zf�h�WcxnDwJ�uw!jvj~e~c � j
��n^e=p�nDwN�*w!c���b!w!l�p��Elmzf�*j=j=n�w�y���nDw��he=p�ctzc�l�hzg�!j�ej� � ctzf���hzg��Ã�w�ck�.e=b!w�nDw�y����>e=ns�4n�w�y�d ¢ p!n�j}Ã�w�ck�
e=b!w!n�w�y���nDfDf�ghfDfs���ªe=p!c�É ¡ q s ej�1j=g�� � fDc�e=p�c � b�fDj~c�g	e«n^e=jC�4g � ns��be��d ¡ j#gYlk�*w!j~c%$�b�c{w!lmc����We=p!n�j
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PHOS4 delay, ns
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J`
É�n^y*b�z=c�Í�dD�h�a¾0�Q��X Æ Í4j�ltghwI¾«gV�*É ¡ q s �!g	e=gxfDg	e=l�p�c|����n^e=p � �*j=nDe=n^|hc��Q�#z ¡�Æ ¸ s c|��yhc����+�*É ¡ q s
�!g	e=g4f�g	e=l�p�c|����n^e=p�w�cty*g	e=n^|hc��Q��z ¡�Æ ¸ s c|��yhchd
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e=b�w!nDw�y�e=p�cvj=g�� � f^c|���!n^y*nDe=ghfI�!g	e=g4lk�*b!fs�A�WcvfDg	e=l�p�c|���x´ue=p!c��Q��z ¡�Æ ¸ s g	e�e=p�cre=n��6c���p�c{wAe=p�c5´
g	z�c�n�w�e~z�ghw!j�n^e=n2�*wR��zf�]� ° ej���	d�q�b�z�nDw�y4e=p�c1e~z�ghw!j�n^e=n2�*w�e=p�c���g	e=g<�d�*wIÚ�e>p�g{|hc6ghw²´RÃ � c|�%|	ghfDb�ch�n�w��he=p�ctz��l�hzg�!j«e=p�c5´Hg	z=c>b�w!j~e=g	��f^chdq¸¬w<�hzg��ctz�ej���|hctz�lk�]�6cve=p�nDj � zf�h��f^c|�®e=p�ch�Q��z ¡�Æ ¸ s ltghwu�Wc
lk�*wdÃ!y*b�z=c|�Mej�%f�g	e=l�p�e=p�cc��g	e=g�g	eve=p�c6z�nDj�nDw�yxc|�!yhc�¯�°W±*j=n^e=n^|hc�c{²�yhc�>±hzvp�ghf^³«gAe=nDlgøKf�g	e~ctzYg	ere=p�c
³kghfDfDn�w�y6c{²�yhc�¯kw�cty*g	e=n^|hc�c{²�yhc��d ¡ j=j=b�´4nDw�y4e=p�g	ezÉ ¡ q s j�p!g�|hc�e=p!c1g�Ã�µ�c{²�e=nD´6c1²�c{fDg�´h��±*w�c1ltghw
²!cte~ctz�´4nDw�cue=p�cHz=cty*n^±*w�±h³�b!w!j~e=g	��f^cu²!g	e=gKghw!²Rg	°!°�f2´Me=p�cAlm±*´���nDw!g	e=n^±*w�±h³+����z ¡�Æ ¸ s fDg	e=l�p!nDw�y
c{²!yhc�ghw!²O�Q��X Æ ÍY²�c{f�g|´4nDw6±hz�²�ctz#e~±1g{|h±*nD²ue=p!nDj#z=cty*n^±*w;d ¢ p�c�ghnD´¶±h³We=p�c'�Q��X Æ Íve~c{j~e�nDj�e~±}Ã�w!²
e=p�nDj�lm±*´���nDw!g	e=n^±*w&d

¢ p�c6g	°!°!z=±h°�z�nDg	e~c�nDw�°�b�e�j=n^y*w�ghf�³�±hzre=p�cÅ�Q��X Æ ÍAe~c{j~evn�j>g�q s ±	·;j~ctevnDwKe=p�c6´4nD²�²!f^cY±h³«e=p�c
É ¡ q s z�ghw�yhch�&n�d�chd�e=p�c6j=n^y*w�ghf�¸�p�nDl�pKlm±hz=z=c{j~°W±*w!²�j�e~± ® �h�LÉ ¡ q s lm±*b!w�e=jtd ¢ p�c1°!z=±h��g	��nDfDn^eÖ´u±h³
e=p!ch� Æ�¹ ��n^e«l�p!ghw�y*nDw�y�nDwxe=p�c�°�z=c{j~c{w!lmc>±h³�j=´4ghf�f�w�±*n�j~c�nDj�p!n^y*p!ctz#e=p!ghwH³�±hz�f^±¸«ctz�±hz�p!n^y*p!ctz�q s
|	ghfDb�c{j{d ¢ p�b!j{��e=p�cYl�p�±*nDlmc1±h³�e=p�c�j�n^y*w!ghf;cmµ�ghlme=f2´�nDw%e=p�c�´4n�²!²!f^c�±h³�e=p�c�É ¡ q s z�ghw�yhc�nDw�lmz=c{ghj~c{j
e=p!cYj~c{w!j=nDe=n^|�nDeÊ´x±h³9e=p�cve~c{j=etd

¢ p�c7�Q��X Æ Ívj�ltghwxnDj�°Wctz=³�±hz�´6c{²�³�±hz�°W±*j=n^e=n^|hc�ghw!²xw�cty*g	e=n^|hc�fDg	e=l�p!nDw�yrc{²!yhc�±h³�e=p!c+�Q�#z ¡�Æ ¸ s d
¢ p�c4z=c{j=b�f^e=jYg	z=cHj=p�±¸�w¤nDwNÉ9nDy*b�z=ccÍ�dD�h�	d ¢ g	��f^c�Í�dD�xj=b�´4´4g	z�nDj=c{jre=p�cO���hX Æ Í�°W±*j=n^e=n^±*w�jr¸�n^e=p
e~z�ghw!j=n^e~±hzf´A²!g	e=g�¾
¢ g	��f^c�Í�dD�a¾��Q��X Æ Í�²�c{fDg|´�j�¸�p!nDl�px°!z=±�²!b!lmc�b!w�j~e=g	��f^c�²!g	e=gY³�±hz«°W±*j=n^e=n^|hc�ghw�²4w�cty*g	e=n^|hch�Q�#z ¡�Æ ¸ s
f�g	e=l�p!nDw!y6c{²�yhchd

º éo»K£ Ù ù�¼H½ ]R¾ £xë�¦ ½ ¼ ï ½�Ä
�9±*j=n^e=n^|hc �	��¿��ÂÁ
��cty*g	e=n^|hc �|Á��D�kÍ��D� ®

,Q�-,���� ¦�w�ÍJÀk}�{�Á
¢ p�c6yh±*ghf�±h³�e=p�ccÉ�Â�q s e~c{j=eYnDj�e~±%l�p�c{lfø�e=p!g	evghf�f�e=p�c6��n^e=jrnDw�g�� °¢Ã ��n^eY²!g	e=gAz=ct°�z=c{j~c{w�eYnDw�°�b!e
|h±*fDe=g	yhcHlm±hz=z�c{lme=f2´hduÂÄj~ct|hctz=cuj=n^y*w!ghf�lm±hz�z�b�°!e=n^±*w�ltghw�p!g	°!°Wc{w�n^³«±*w�c4±hz�g�³�ct¸¶��n^e=jt�&c{j~°Wc{ltnDghf�f2´� Æ�¹ jt��²�±�w!±he�"�n^°¤ghw�²¤j~e=nDlgø�g	e1g�Ã!µ�c{² ° ±hzu�uj~e=g	e~chd ¢ p�cxe~c{j~e�²�c{j�lmz�n^�Wc{²��Wc{f^±�¸®p!ghjv�Wctc{w
²!ct|hc{f^±h°Wc{²�nDwA±hz�²�ctz�e~±xnD²�c{w�e=n^³�´xe=p�c{j~cVÙ~j~e=b!lføáÚ4��n^e=j�ghw!²�e~±xj=±hz=e�±*b�e�³kghb!f^eÖ´<É�Â>q s jtd

¢ p�cre~c{j~e�°!z=±�lmc{²!b�z=crlm±*w!j=n�j~e=j�±h³9eE¸�±uj~e~ct°�j|¾
Å Â>ltltb!´�b�fDg	e=n^±*wA±h³�e=p�coÉ�Â>q s ²!g	e=g�d
Å Â>w!ghf2´�j=nDj>±h³«e=p!c4²!g	e=g�¾vltghfDltb!fDg	e=nD±*w�±h³«e=p!cT"�n^°�j>³�±hzrc{ghl�p¤j�nDw�y*f^c���n^erghw!²�lm±*´4°�g	z�nDj~±*wM±h³e=p�crz=c{j�b!f^e=j�¸�n^e=pAcmµ�°Wc{lme~c{²�|	ghfDb�c{jtd

¢ p�c>ghw�ghf^±hy�°�b!fDj~c>b!j~c{²AnDwue=p�c�É�Â>q s e~c{j~e�nDj�j=p�±¸�wAnDw�É�n^y*b!z=czÍ�dD�{¿�d ¢ p�c�l�p�±*nDlmcr±h³�e=p!nDj�nDw�°�b!e
j�n^y*w!ghf�´4gaøhc{j�e=p�cue~c{j~eY°!z�±�lmc{²!b!z=cÅ$�b�n^e~c4j=nD´6°�f^c6ghw!²¤ltghw¤�+cub!w!²�ctz�j=e~±�±�²M³�z�±*´Æe=p�c4³�±*fDf^±¸�nDw�y
lm±*w�j=nD²�ctz�g	e=nD±*w!jtd ¢ p�c�¸�g{|hct³�±hz�´£lm±*w!j=n�j~e=j�±h³�e�¸«±6°�g	z�e=j5¾�e~±h°Ç"�g	e�q s ±	·Wj~cte�n�wue=p!c�´xnD²!²!f^ch��ghw!²
e�¸«±x�+±he~e~±*´�"�g	e�q s ±	·;j~cte=j�±*wHe=p�crj=nD²!c{jtd ¢ p�c�°�b!fDj=c�nDj�yhc{w�ctz�g	e~c{²�z=ct°Wcte=n^e=n^|hc{f2´hd ¹ ´Hj�gh´6°�fDnDw!y
e=p!c�²!g	e=gvg	e�e=p!c�e~±h°4±	·;j~cte#e=p�c7É�Â>q s °!z=±�²!b!lmc{j�e=p!c�´4g¢µ�nD´�b�´Q²!n^y*n^e=ghf�±*b�e~°�b�e�lm±�²!c�±h³9� ° ¿�ÁY±hz
�h���h�h�h�6�h�h�h�rnDwu��nDw�g	zf´6³�±hz�´4g	etd ¹ ´uj=gh´6°�fDnDw�yYg	e�e=p�c>�W±he~e~±*´Äe=p�c�É�Â>q s °!z=±�²!b!lmc{j ° ±*b�e~°�b�etd
¢ p�b!j{�	ghf�fV��nDe=jog	z=c�³�±hz�lmc{²1e~±h"�n^°&d s ±*´6°�g	z�nDw!y�e=p�c�w�b!´Y�Wctzo±h³!"�n^°�j&³�±hz�j=±*´6c«°�z=c{²�c5Ã�w�c{²1w�b!´Y�Wctz
±h³�j=gh´4°�f^c{j�¸�n^e=pAcmµ�°Wc{lme~c{²�|	ghfDb�c{j�±*w!cvltghw%²�cte~ctz�´xnDw�cre=p�cvp!ghw!y*nDw�y6��n^e�°W±*j=n^e=nD±*w;d

¢ p�cr²�cte~c{lme=n^±*wA±h³qÉ�Â�q s ³kghnDfDb�z=c{j�ltghwA�Wcr²�±*w�c>��´H´6±*w!n^e~±hz�n�w�y�e=p!ch����z�Â Æ ¸ s ±*b!e~°�b�e�²!g	e=g
j=e~z=c{gh´4j5¾Kz=c{gh²�±*b�eughw!²Jz=c{ghf Ã e=n�´6chdiÂ>j4¸�ghjx²!c{j=lmz�n^�Wc{²JnDwÇj=c{lme=n^±*wtÍ�d�¿�e=p�cV����z�Â Æ ¸ s É�Â>q s
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É�n^y*b�z�c�Í�dD�{¿x¾�Â>w!ghf^±hy6°�b!f�j~c�³�±hz�É�Â>q s e~c{j~etd

°�n^°Wc{fDn�w�cu´6c{´4±hz�n^c{j4lm±*w�e=ghnDwJe=p�c�� °¢Ã ��n^e�É�Â>q s ²!g	e=g�¸�p�nDl�pJltghwJ�Wc�z=c{gh²Ç±*b�e4|�nDgMe=p�c�j~ctz�n�ghf
nDw�e~ctz=³kghlmchd�¸¬w�±hz�²�ctz1e~±%yhcte�� °¢Ã ��nDe}É�Â�q s ²!g	e=g�nDw�z=c{ghf Ã e=nD´6cx°�g	e=p¤±*w�cHp!ghj�e~±Klm±*w:Ã�y*b�z=cxe=p!c�Q�#z�Â Æ ¸ s e~±Yz�b!w6nDw�e~z�ghw�j~°�g	z=c{w�e�¯���´�°�ghj=jÈ��´6±�²�chdq¸Éw�e=p!n�j�´6±�²!c�e=p�c+�Q�#z�Â Æ ¸ s ²!c{fDn^|hctz�jMÉ�Â>q s
� °¢Ã ��n^e�²!g	e=g4nDw!j=e~c{gh²A±h³MÓ Ã ��n^e ¹�s ¸Éq z�c{j=b!f^e=jtd

¢ p!c1lm±*´6°�g	z�nDj~±*w��WcteE¸�ctc{wMe=p�c�z=c{gh²�±*b�e�²!g	e=gAghw!²Kz=c{ghf Ã e=nD´4c1²!g	e=gAghfDj=±uy*n^|hc{jrgH°W±*j=j=nD��nDfDn^eÖ´
e~±�cmµ�ltf�b!²�c>e=p�c�É�Â>q s ghj�g1³�ghb!fDeÊ´4��fD±�lgøxnDwue=p�c�°!z=±�lmc{j=j=nDw�y1l�p!ghn�wHghw�²ue~±�°W±*nDw�e�ghw!±he=p�ctz���f^±�lfø
ghj�g6³kghb!f^eÖ´u±*w!chd'É�±hz�cmµ�gh´6°�fDch�!g6j=n^e=b!g	e=n^±*w�ltghw�p!g	°!°Wc{wH¸�p�ctz=cre=p!crz=c{gh²�±*b�e�²!g	e=gxg	z=cYlm±hz=z=c{lmet�
��b�e�e=p�cAz=c{ghf Ã e=nD´4cH²!g	e=gMg	z=cAnDw!lm±hz�z=c{lmetd(¸�e6nDj�±h��|�n^±*b!j�nDw¤e=p!nDj�ltghj~cAe=p!g	e�e=p�c�É�Â�q s ²�c{fDnD|hctz�j
lm±hz=z=c{lme1²!g	e=g�ghw!²�e=p�c4³kghb!f^eÊ´M³kb!w!lme=n^±*w�ghf���f^±�lføK¸�p!nDl�p�lm±hz=z�b�°!e=jve=p�c4z=c{ghf Ã e=n�´6cx²!g	e=g�lm±*b�fD²��Wc
e=p�c6j~ctz�n�ghfDnDj~ctz�l�p!nD°�±*wMe=p�cÅ� s �¤d ¢ p�c6lm±*w:Ã�z�´4g	e=n^±*wK±h³#e=p�nDj�ghj=j=b!´6°�e=n^±*wMp!ghj�e~±��Wc1²�±*w!c1�x´
e=p�cv±he=p!ctz�e~c{j~e=j�¸�p!nDl�p�g	z�cY²�c{²!nDltg	e~c{²�³�±hz�e=p!cY²�cte=ghnDf^c{²Ae~c{j=e=nDw�y4±h³9e=p�cvz=c{ghf Ã e=nD´6cr±*b�e~°�b!e�²!g	e=g�d

,��-,Q�-, ¦�w�Í È$Í ��ª=.y;¯ª9�Í ��
¢ p�c�°Wctz=³�±hz�´4ghw!lmcYghw!²�$�b!ghfDn^eÖ´H±h³�� s �Êj=ctz�nDghfDnDj=ctz�ltg	��f^c1²�z�n^|hctz�j�p!g{|hc��Wctc{w�e~c{j=e~c{²Kb�j=nDw�y4e=p!c
lm±*´4´6±*wN$�b!ghwVe=nDe=g	e=n^|hcuc{j=e=nD´4g	e=n^±*wR´6cte=p�±�²�ltghf�f^c{² ¹ n^e�ü�z=z=±hz�Õ�g	e~c ¢ c{j~e=nDw�y�¯ ¹ üCÕ ¢ ��d ¹ üCÕ ¢
nDj4g	°�°�fDn^c{²Çn�wJ±hz�²�ctz4e~±�lm±*b!w�exe=p�c�w�b!´��Wctz4±h³rctz=z=±*w!ct±*b!j4��nDe=j6z=c{lmc{n^|hc{²i²!b�z�n�w�y�²!n^y*n^e=ghf�²�g	e=g
e~z�ghw!j�´4nDj=j=nD±*w;d ¢ p�c ¹ n^e�ü�z=z=±hz�Õ�g	e~c%¯ ¹ üCÕ>�>nDjr²!c5Ã�w�c{²Kghjre=p�c�z�g	e=n^±A±h³#ctz�z=±*w�ct±*b!j���nDe=j�e~±�e=p!c
e~±he=ghf�w�b!´��Wctz�±h³9��n^e=j�e~z�ghw!j=´xn^e~e~c{²I¾

ËÐ7YÌÎÍÄÏ ���a�~Ðc��ÑkÒ[Ó�Ô
Ï ÑkÒ[Ó�Ô

¯�Í�dD���
Õ p!cvlm±*´4´6±*w%f�nD´4n^e=j�³�±hz�e=p�c ¹ ü'ÕÖ´6c{ghj=b�z�c{´6c{wVe=j�g	z=cvj~cte�e~±xe=p�cv³�±*fDf^±�¸�nDw�y�|¢ghf�b�c{j� »Ò��#¡¾
Å Xrw�cr±hz�f^c{j�j�ctz=z=±hz�j�°Wctzv�v×¤� °*ØoÙEÚ ��n^e=j�j~c{w�etd
Å Xrw�cr±hz�f^c{j�j�ctz=z=±hz�j�°Wctzv�v×¤� ° ØoÙ.Û ��n^e=j�j~c{w�etd

Æ nDw�lmcYe=p�c ¹ ü'ÕQnDj�guj~e=g	e=n�j~e=nDltghf�$�b�ghwVe=n^eÖ´h�We=p�c�cmµ�ghlme ¹ ü'Õ |	ghfDb�c�ltghwK�Wc�´6c{ghj=b�z=c{²�±*w!f2´�¸�n^e=p
nDw:Ã�w!n^e~c�w�b!´��+ctz«±h³&��n^e=j«e~z�ghw!j�´4n^e~e~c{²;dq¸¬wxz=c{ghf�n^eÊ´4±*w�f2´6c{j~e=nD´4g	e=nD±*wx±h³ ¹ üCÕÜltghwu�Wc�²�±*w�c�¸�n^e=pHg
y*n^|hc{w s ÅoÝ de¸Ée�nDj�±h��|�n^±*b!j�e=p!g	e�e=p!cY´6±hz=c���n^e=j�e~z�ghw�j=´4n^e~e~c{²%e=p�c�p!nDy*p�ctz�ghltltb�z�ghlk´�³�±hz>e=p�c ¹ ü'Õ
c{j~e=nD´xg	e=n^±*w�ltghw��WcYz=c{ghl�p�c{²;d>Â�ltlm±hz�²�nDw�yxe~±� »Òh¿®¡�e=p�c�´4c{ghj=b�z=c{´6c{w�e>e=nD´6c�w!ctc{²�c{²%e~±Hz=c{ghl�p�e=p!c
²�c{j=nDz=c{² s Å ltghw��+cvltghf�ltb!fDg	e~c{²�ghj�³�±*fDfD±�¸�j5¾

ÿ Í Þ ¯¬��ÞRßrà��ñ�Ì á ¯�Í�d�¿*�
¸�p�ctz�cve=p�cYe>nDj�e=p!cYe=nD´6cY±h³�´6c{ghj=b�z=c{´4c{wVet�+°�nDj�e=p�c�f�nD´4n^e�±h³�´6c{ghj=b!z=c{´6c{w�e=j�e~±u�+cYz=c{ghl�p�c{²&�mÕ
nDj�e=p�cYe~z�ghw!j=´4n�j=j=n^±*wH��n^e�z�g	e~chd
âLÄ4R$b1c	ãiXab1CaX�änXak�XLd
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''Stress'' 
pattern

''Stress''
 pattern

External clock

Address 
counter

Address 
counter

comparator

Personal
computer

1MB SRAM 1MB SRAM

Error 
counter

15 m 40 bits 

10 bits

VME

transmitter receiver

É9nDy*b�z=c�Í�dD�|Áx¾ Õ p�c Å ��q Æ lm±*´6°�g	z�n�j~±*w�j=l�p!c{´6chd

Õ p�c1e~c{j~ep���Rü�nDw�³�z�ghj~e~z�b�lme=b�z=cvb!j~c{²�³�±hz Å �>q Æ e~c{j~e=j�nDj>j=nD´4n�fDg	z�e~±Ae=p�cT� s �Ne~c{j~e=nDw�yAj~cte Ã
b!°Ü¸�n^e=pUj~ct|hctz�ghfv²�nDj~e=nDw!lme=nD±*w!jtd ¸Ée�lm±*w!j=nDj~e=jA±h³�eE¸�±Çyhc{w�ctz�ghf�°�b�z=°W±*j~cM´6±he=p�ctz=�W±*g	z�²!j{d,ü#ghl�p
´4±he=p�ctz=�W±*g	z�²ªltg	z�z�n^c{j6e�¸«± s � s ²!ghb�y*p�e~ctzx�W±*g	z�²�jtd Õ p!c s � s ltg	z�²ª±*wÇ±*w�c%´4±he=p�ctz=�W±*g	z�²
ghlme=jYghj>g Å �>q Æ e~z�ghw!j=´xn^e~e~ctz{d�¸�e�ltg	z=z�nDc{j�³�±*b�z�j~ctz�nDghf�nDj~ctz�l�p!n^°�j{�Wgu°!z=c Ã c{´4°�p!ghj=nDj>ltn^z�ltb�n^e�¸�p�nDl�p
n�´6°!z=±|hc{j�e=p�c�²!g	e=gvnDw�e~ctyhz�n^eÖ´�ghw!²LÉ���¥�ÂÖ¯   s ��ê	ë�ü���¸�p!n�l�p1³�ghw!±*b�e=j�e=p�c�³�±*b�z�nDw!lm±*´4n�w�y>j�n^y*w!ghfDj
n�w¤e=p�c��|Ò�±*b�e~yh±*nDw!yK±*w!c{j6ghlme=nDw�y�ghj�g�°�z=±he~±heEì�°WcH±h³�e=p�c Å s qíltg	z�²;d Õ p!cHj~ctz�nDghf«j�n^y*w!ghfDj1g	z=c
e~z�ghw!j=´4n^e~e~c{²¦|�nDgª�{êR´îf^±*w�y�j�p!n^c{fD²�c{²Ç°�g	z�ghfDf^c{f�Í�e�¸�nDw Ã °�ghn^z�jxltg	��f^c�ghj=j=c{´Y��f�n^c{jtd Õ p�c Å �>q Æ
z�c{lmc{n^|hctzv�W±*g	z�²�b!j=n�w�yu³�±*b�zv²�c{j=ctz�nDghfDnDj=ctz>l�p!n^°�j4¯kq Æ th¿ Å �1�të*¿UÍ��rz=c{lmc{n^|hc{jve=p!c Å �>q Æ j=ctz�nDghf�²!g	e=g
j=e~z=c{gh´®ghw�²6e~z�ghw!j~³�±hz�´4j#n^e���ghlgø4nDwVe~±Y°�g	z�ghfDf^c{f�²�g	e=g�d Õ p�ctz=c�nDj#gx�+� ¹�Æ Õ�Â'�í±*w4�W±he=p6z�c{lmc{n^|hctz
ghw�²�e~z�ghw!j=´xn^e~e~ctz�j=nD²!c>¸�p!nDl�p�n�j�Ã�fDf^c{²H¸�nDe=pAe~c{j~e�°�g	e~e~ctz�w�jtd

Õ p�cYe~c{j=e�°!z�±�lmc{²!b!z=cYnDj���ghj~c{²%±*wKgup!g	z�²�¸�g	z=c1lm±*´6°�g	z�nDj=±*w�±h³#j~c{w�e�ghw�²%z=c{lmc{nD|hc{²K²�g	e=g�d�Â�e
e=p!cK�Wcty*nDw�w!nDw�y�e�¸«± Æ Õ�Â'��jAg	z=c	Ã�fDf^c{²¦¸�n^e=p¦e=p�cMj=gh´6cãÙ~j~e~z=c{j=j�Ú�°�g	e~e~ctz�wiyhc{w�ctz�g	e~c{²U��ìÇe=p�c
j=±h³�e�¸�g	z=c�z�b�w!w!nDw�y�±*wKgx°Wctz�j=±*w!ghf&lm±*´6°�b!e~ctz{d Õ p!n�j±Ù~j~e~z=c{j�jÌÚx°�g	e~e~ctz�w�lm±*w�j=nDj~e=j�±h³�e=p�cY³�±*fDf^±¸�nDw�y
¸�±hz�²!j�nDw�p�cmµ�gh²�c{ltnD´4ghf;³�±hz�´4g	e5¾

Å ë¢µ�Â�Â>Â�Â>Â>Â�Â>Â

Å ë¢µ!êhêhêhêhêhêhêhê

Å ë¢µ:ÉúÉqÉqÉqÉqÉúÉqÉ
Å ë¢µ�ëhëhëhëhëhëhëhë

Å �#j=c{b!²�± Ã z�ghw!²!±*´Ä°�g	e~e~ctz�w



s!] �}Ç é ç _.ãoåhæç æ ã�èeë«æ�é ¼ æ ¼ æeç æ Ç é Ù�Ù å�� _.ë�æç�ï Ä Ç ç�ði� æ é�_.ë�é

É�n^y*b�z�c�Í�dD�kÍ�ñ ¹ ü'ÕÎ³�±hz7Í Ã ³�±*fD²�³kghw�±*b�etd

Â�³�e~ctz�e=p�cWÙ~f^±�lføáÚ�±h³oe=p�c Å ��q Æ fDnDwdø�n�j#c{j~e=g	��fDnDj=p�c{²Hghw!²H´6c{´6±hz�nDc{j«g	z=crf^±*gh²!c{²;��e=p!c1�të Ã ��nDe�²�g	e=g
g	z=cre~z�ghw�j=´4n^e~e~c{²A|�nDg�g��{ê�´�f^±*w�y6ltg	��f^chd Õ p�c Æ Õ�Âh�òp�ghj�gcÁh¿ Ã ��n^e�¸�nD²!e=p;��e=p�g	e�nDj�¸�pVìu±*w!f^ìHg
Á	ë Ã ��n^e�lm±*´6°�g	z�nDj~±*wYn�j�°W±*j=j=nD��f^chd Õ p�c�j=l�p!c{´6c«±h³�²!g	e=g�lm±*´4°�g	z�nDj~±*w�nDj9j=p�±�¸�wYnDw}É9nDy*b�z=c'Í�dD�|Á�d Õ p�c
e~z�ghw!j�´4n^e~e~ctzryhc{w�ctz�g	e~c{j�gAltf^±�lgøKj�n^y*w!ghf�b!j=nDw!yHghw�cmµ�e~ctz�w!ghf�ltfD±�lgøKghjrz�ct³�ctz=c{w�lmchd Õ p!c1³�z=c%$�b�c{w!lmì
z�ghw�yhcY³�z=±*´ Á�t±�V��Ûve~±�Í�tÅ�V��Û�e~±4�Wcvj~e=b!²!n^c{²�n�wAe=p�cve~c{j~e>nDj�²�c5Ã�w�c{²���ìHe=p!nDj�cmµ�e~ctz�w!ghfoltf^±�lfø+d
Õ p�c�n�w!lm±*´4nDw�y�Í*ë Ã ��n^e#²!g	e=g�g	z=c�²�c{j~ctz�nDghfDnDj~c{²6ghw�²4lm±*´6°�g	z=c{²x¸�n^e=p4²�g	e=gvnDw6e=p�c�z=c{lmc{n^|hctz«´4c{´6±hz=ì
��ìHg6lm±*´6°�g	z�g	e~±hz{d�ó¬w�ltghj~cYghw�ctz�z=±hz�±�ltltb!z�jt��e=p�crctz=z�±hz�lm±*b!w�e~ctz�nDj�nDw!lmz�c{´6c{wVe~c{²&d Õ ¸«±4j=ctz�n^c{j�±h³
´6c{ghj=b!z=c{´6c{w�e=j�±h³ ¹ ü'ÕQg	y*ghnDw�j~e�³�z=c%$�b�c{w!lmì�p!g{|hc6�Wctc{wMltg	z=z�n^c{²K±*b�e�¸�nDe=p�g�¿ Ã ³�±*fD²K³�ghw�±*b!e�ghw�²
g�Í Ã ³�±*fD²�³kghw�±*b�etd Õ p�c�nDw�e~c{w�e=n^±*w%¸�ghj�e~±�Ã�w�²�e=p�c�lmz�n^e=nDltghf�°W±*nDwVe�±*w%e=p!c1ltf^±�lfø�j�ltghf^c�¸�p�ctz=cYe=p!c
¹ ü'ÕUj~e=g	z=e=j�e~±�nDw!lmz=c{ghj=c�ghw!²xe~±1´4gaøhc�j=b�z�c�e=p!g	e�g	e«e=p�c Å � s ¸�±hzfø�nDw�y�³�z=c%$�b�c{w!lmì%¯�Í*ë�dôë]Ó��V��Û�
e=p�c ¹ üCÕÎnDj�j=b!õxltn^c{w�e=f^ìHj�´4ghfDf�d

Õ p!cY²!b�z�g	e=nD±*w�±h³�´6c{ghj=b!z=c{´6c{w�e=j�p!ghj��Wctc{w�ltghfDltb�fDg	e~c{²�e=gaø�nDw�yHnDwVe~±Hghltlm±*b!w�e�e=p!g	e>³�±hz ¹ ü'Õ
¸�cup!g�|hcHe~±�z=c{ghl�pRe=p�cHfDnD´4nDer±h³�f^c{j=jve=p�ghw¦��×��të�ö Ù.Û ¸�n^e=p�nDw s�÷ Í�thê*øHd Õ p�cuz=c{j=b!f^eY³�±hz�Í Ã ³�±*f�²
³kghw�±*b�e�nDj�j�p�±�¸�w%nDw�ù�n^y*b�z=c�ú�dD�mú�dX�w!c�ltghwuj=ctc�e=p!g	e�e=p�c�´6c{ghj�b�z=c{² ¹ üCÕ¦z�c{´4ghnDw!j�fD±�¸�ctz«e=p!ghwue=p�c�f�nD´4n^e�±h³��të�ö Ù.Û g	e#e=p�c ÷ � s
³�z=c%$�b!c{w!lmìughw!²A�Wctìh±*w!²&d�ÂÎz�g	°�nD²AnDw!lmz=c{ghj~c�±h³ ¹ ü'ÕÎj=e=g	z=e=nDw�y6g	e�ltf^±�lføA³�z=c%$�b!c{w!ltn^c{j�p!n^y*p�ctz�e=p!ghw
ú²ÒÅ�V��Û�nDj�±h��j~ctz�|hc{²;d
,��-,Q��û ¦�w�Í§ºOº±��}<È�ühÁ
ý æ�þ éxå
Õ p�c7� s �ínDj�j=b�°!°�fDn^c{²�¸�n^e=p1e=p�z=ctc�²!n^·+ctz=c{w�e�°W±�¸�ctz#f^ct|hc{fDj�³�±hz#²!n^·+ctz=c{w�e�c{f^c{lme~z=±*w!n�l�lm±*´6°W±*w�c{wVe=j{ñ

Å ¾ ç�»+ç�æèeë&ð æ�þ é�årÿ_�ð9ðúë�����q>nDy*n^e=ghfr�����~Í ��� d � ��d��9±�¸�ctz�nDw�yre=p!cP����z�Â
	�ó s �¢e=p�c�j~ctz�nDghfDn�j~ctz
l�p!n^°�j{� �Q��X�	�ú�d

Å�� ãoèeë æ »Rð æ�þ éxåxÿ_�ð9ðúë�����Â>w!ghf^±hy����Í � ê�dôë��1d!�9±�¸�ctz�nDw�y4e=p!cYù�Â�q s jtd
Å�� ãoèeë æ »Rð æ�þ éxåxÿ_�ð9ðúë�����Â>w!ghf^±hy�������Í ��� d � ��d��o±¸«ctz�nDw�y6e=p�cYj=ctz�nDghfDnDj=ctz�l�p!n^°�j{d
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Â ²!n^±�²�cA±*wÇe=p�c��Q�#z�Â�	�ó s °!z�±�|�nD²�c{j6e~c{´6°Wctz�g	e=b!z=c%´6c{ghj=b!z=c{´6c{w�e=jtd Õ p�c�e=p�z=ctc�� s �
|h±*f^e=g	yhc1ghw!²�ltb�z=z�c{wVe�|	ghfDb�c{j�ghj�¸�c{fDf;ghj�e=p�cYe~c{´6°Wctz�g	e=b�z=cv±h³�e=p�c��Q��z�Â�	�ó s g	z=cY²�n^y*n^e=nDj~c{²
��ìHÂ>q s ¯��%Â   �{¿��*��±*w�e=p�cre~c{j~e��W±*g	z�²�ghw�²�ltghw��Wcrz=c{gh²�±*b�e�|�nDg6ghw�ó Ú s ��b!jtd
Õ p�c�°W±�¸�ctz>e~c{j=e�l�p�c{lfø�j�e=p!g	e>e=p�c�|h±*f^e=g	yhc6ghw!²Mltb�z=z=c{w�e�|	ghfDb�c{j>g	z=c�¸�n^e=p�nDw�e=p�c1z=ct³�ctz=c{w!lmc
�W±*b!w!²!g	z�n^c{jtdYù�±hz�e=p�c4ltb�z=z�c{wVer|	ghfDb�c{j�e=p�c{j=c4�W±*b!w!²!g	z�nDc{j�g	z=c4²!c���w�c{²Me~±��Wcç���{ê*ø ³�z=±*´
e=p�crw�±*´4n�w!ghfWltb�z=z=c{w�e�|¢ghfDb!c{jtd Õ p�c�°W±�¸�ctz�e~c{j~e�nDj�e=p�c��!z�j~e�e~c{j~e�ltg	z=z�n^c{²A±*b!e�nDwHe=p�c�� s �
j~ctz�n�ghf�e~c{j=e=nDw�yr°!z=±�lmc{²!b�z�chd Õ p!c�cmµ�nDj~e=ghw�lmc�±h³+j=±*´6c�j~ctz�n^±*b�j�c{f^c{lme~z�nDltghf�°!z�±h��f^c{´4jt�*f�n2øhc�j=p�±hz=e
ltn^z�ltb�n^e�±*w�e=p�c�� s ��nDj�nDw!²�nDltg	e~c{²H��ìAe=p�cr°W±�¸�ctz�e~c{j=etd

�Hé�»�ç�ÿtæ�éxåÿuèeã.éi�Öé öNæ å¢ç�é�ÿ
Â>fDf&lm±*w��!y*b�z�g	e=n^±*w�²!g	e=gxg	z�cY¸�z�nDe~e~c{w�nDw�e~±4e=p�c�����z�Â
	�ó s z=cty*nDj~e~ctz�jtd Õ p�crz=cty*nDj=e~ctz�j�ltghw��Wcvz=c{gh²
ghw�²�¸�z�n^e~e~c{wA|�nDg1e=p�cYj=ctz�nDghfWnDw�e~ctz=³�ghlmchdlü#ghl�p°�Q�#z�Â�	�ó s l�p!ghw!w�c{f;nDj�lm±*w��!y*b�z=c{²�j=ct°�g	z�g	e~c{f^ìH¸�n^e=p
g%j~ctev±h³�ê���l�p�ghw!w�c{f�z=cty*n�j~e~ctz�jtd4ó¬w�gh²!²�n^e=n^±*wKe~±%e=p�c6³�±*b�zYj=cte=jv±h³�l�p!ghw�w�c{f�z=cty*nDj=e~ctz�jt�&e=p�ctz�cxg	z=c
e�¸«±x��f^±�lfø�j�±h³oy*f^±h��ghfWz=cty*nDj~e~ctz�j��x±*w!cr��f^±�lføx°Wctz�±*w�cvj~ctz�nDghf;nDw�e~ctz=³�ghlmchd Õ p�ctz=crg	z=c��1z=cty*n�j~e~ctz�j�nDw
c{ghl�p%��f^±�lgø�d

Õ p�crz=cty*nDj=e~ctz�e~c{j~e�nDw!ltf�b!²�c{j�j~ct|hctz�ghf;°!z�±�lmc{²!b!z=c{jtd�Â�f�f+l�p�c{lfø�nDw�yx°!z=±�lmc{²!b�z=c{j�³�±*fDf^±�¸�g6j�nD´4nDfDg	z
ghlme=nD±*w%fDnDj=etñ

Å ÷ ±*gh²�e~c{j~e�°�g	e~e~ctz�w%e~±4e=p�cYghf�fWz=cty*nDj~e~ctz�j{d
Å�� c{gh²���ghlføAe=p�cvz�cty*nDj~e~ctz�jtd
Å �9ctz=³�±hz�´£g4lm±*´6°�g	z�nDj~±*wA�WcteE¸�ctc{w%ltg	°�e=b�z=c{²�z=cty*n�j~e~ctz�|	ghfDb�c{j�ghw!²�cmµ�°Wc{lme~c{²�±*w!c{jtd
Å ó¬w!lmz=c{´6c{w�e�ctz=z=±hz�lm±*b�wVe~ctz>n^³oghw%ctz=z=±hz�nDj�³�±*b!w!²&d

Â fDn�j~e�±h³oe~c{j~e=j�°Wctz=³�±hz�´6c{²A±*w�c{ghl�p�z=cty*nDj=e~ctz{ñ
Å s p�c{lgø�n�w�y6e=p�cv²�ct³kghb!f^e�z=cty*n�j~e~ctz�j~cte~e=nDw!y*jtd
Å�� c{gh²mâ¸�z�n^e~cre~c{j~e Ã °�g	e~e~ctz�w%y*nD|hc{w�nDw�p�cmµ�gh²�c{ltnD´4ghf&³�±hz�´xg	e�ghj�ë¢µ�·�·�d
Å�� c{gh²mâ¸�z�n^e~cre~c{j~e Ã °�g	e~e~ctz�w%y*nD|hc{w�nDw�p�cmµ�gh²�c{ltnD´4ghf&³�±hz�´xg	e�ghj�ë¢µ!êhêhêhê�d
Å�� c{gh²mâ¸�z�n^e~cre~c{j~e Ã °�g	e~e~ctz�w%y*nD|hc{w�nDw�p�cmµ�gh²�c{ltnD´4ghf&³�±hz�´xg	e�ghj�ë¢µ�Â�Â>Â�Â�d
Å�� c{gh²mâ¸�z�n^e~c
�tctz=±xe~c{j~e Ã °�g	e~e~ctz�w;d

Õ p�crz=cty*nDj~e~ctz�e~c{j~e�nDj�°�ghj=j~c{²�n^³9ghfDf;z=cty*n�j~e~ctz�|	ghfDb�c{j�´4g	e=l�p�e=p�crcmµ�°Wc{lme~c{²�±*w�c{j�nDw�ghfDfWe~c{j~e=n�w�y�d
Õ p�c��Q�#z�Â�	�ó s lm±*w�e=ghnDw!jA³�±*b�z�²!n ·Wctz=c{w�eA´4c{´6±hz=ìª��f^±�lgø�jA°Wctz�l�p�ghw!w�c{f�d Õ p�c{j~c�´6c{´6±hz�ì

��f^±�lgø�j�ltghw��Wcrj=b!´4´4g	z�nDj~c{²�ghj�³�±*fDf^±¸�jtñ
Å� æIæ"! _oð � è�#úë�é ö é öNæ å$��d Õ p�c ÷ U Õ nDj�g��të*¿¢ú&×%�1��nDe�´6c{´4±hz=ìx³�±hz&��w�c�ltghfDn^�!z�g	e=n^±*wx±h³²!g	e=g4ghw�²�´4g	°!°�nDw!y1±h³��të Ã ��nDe�¸«±hz�²�j�e~±'� Ã ��n^e�¸�±hz�²!j{d
Å ýoë�è(��#oè!å ! íxùKç�ÿtæ æ »Kåè ö«ö çäã�» ö é ö«æ å)��d Õ p!nDjv¿hê�*W× �h�6��n^ev´4c{´6±hz=ìMnDjvb!j~c{²���ìKe=p�c�>nDj~e~±hyhz�gh´4´xnDw�y ¹ f^±�lføM³�±hz1j~e~±hz�nDw!y�e=p�cxghltltb!´1b!fDg	e~c{²R²!g	e=g�d Õ p�c4´6c{´6±hz�ìMltghw�ghfDj~±��Wc
b!j~c{²%nDwA°�fDg�ì���ghlgø�´6±�²!ch�!¸�p�c{w�w!±x²!g	e=g4ghl#$�b!nDj=nDe=n^±*wAe=gaøhc{j>°�fDghlmcr³�±hz�°�fDg�ì���ghlføA±h³��të Ã ��n^e
²!n^y*nDe=ghf+²�g	e=g4ghw!²�ghw%cmµ�e~ctz�w�ghf ¹�s óÉqÖ��nDetd

Å ýYç�ð�é�ëkç�ãoé ö é öNæ å$� çÊæ å�å¢è þ éoè!æ�è;d Õ p�c6�{¿��W×Ö�h�r��n^e�´6c{´4±hz=ì�nDj�b!j~c{²�ghj�j~e~±hz�g	yhcY³�±hz
ù�Â�q s ²�g	e=g6¸�p!nDl�p�ltghw��Wcrz=c{gh²�±*b!e�|�n�g6g4j~ctz�nDghf;n�wVe~ctz=³kghlmchd
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Å ý�ç�ð#éxëkçäã�é ö é ö«æ å)� çÖæ å ½ - ¾t¾ å¢é�ÿ�_úë�æ�ÿhd Õ p�cH�{¿��W×Q�h����n^e>´4c{´6±hz=ì%nDj�b!j=c{²Kghjrlm±*w Ã
e=n�w�b�±*b�j�j~e~±hz�g	yhcY³�±hz ¹�s ó¬qÖz=c{j=b!fDe=j�¸�p!nDl�p�ltghw��Wcrz=c{gh²�±*b�e�|�nDg6j=ctz�nDghf;nDw�e~ctz=³kghlmchd

Å �Hè�æ�é��ÖéVæé�å ö é ö«æ å)�.#që æ å ! d Õ p�nDjHz=c{gh² Ã ±*w!f^ìi´6c{´6±hz=ìUnDj/��f�f^c{²i¸�n^e=p � g	e~cn�%cte~ctz±*b!e~°�b�e�²!g	e=g�d
Õ p�c ÷ U Õ ghw!²<�«fDg{ì���ghlgø�´6c{´6±hz�n^c{j�g	z�cue~c{j~e~c{²�¸�n^e=p¤³�±*b�z1e~c{j~e Ã °�g	e~e~ctz�w�jtd Õ p�cx°�z=±�lmc{²�b�z=cun�j
j=nD´xnDfDg	z�e~±%e=p!g	e1nDw�e=p�cxz=cty*nDj~e~ctz�e~c{j~etd�Â�j�g0�!z�j=evj~e~ct°¤e=p�cxe~c{j~e Ã °�g	e~e~ctz�w!j�g	z=cuf^±*gh²�c{²¤n�wVe~±�e=p!c
´6c{´6±hz�n^c{jt�We=p�c{wMe=p�c6´6c{´6±hz�n^c{jrg	z=c�z=c{gh²M±*b�erghw!²Ke=p�c6lm±*w�e~c{wVeYn�j>lm±*´4°�g	z=c{²Me~±�e=p�c�cmµ�°+c{lme~c{²
±*w�chd Õ p�cr°!z=±�lmc{²!b�z=c{j�g	z�cvy*n^|hc{w��Wc{f^±¸vñ

Å Ù21�ghfsø�nDw!y Ã ±*w�c{jÌÚ�e~c{j=etd Õ p�c6e~c{j=eYj~e=g	z=e=jY��ì�j~cte~e=nDw!y�e=p�c ÷ 	 ¹ ±h³�e=p�cuj=nDw�y*f^c�¸�±hz�²�nDwMe=p!c
´4c{´6±hz=ìHe~±��	�!¸�p�nDf^c�p�±*fD²!nDw!y�±he=p�ctz���n^e=j�g	e3�tctz�±�d#ù�±hz�c{ghl�p�j=e~ct°%nDw�g4lmì�ltf^cve=p�c4�Y´6±�|hc{j
e~±xe=p�cYw�cmµ�e�p!n^y*p�ctz���n^e�nDwAe=p�cv¸�±hz�²;d

Å Ù21�ghfsø�nDw!y Ã �tctz=±*jÌÚ�e~c{j~etd Õ p�c�j=gh´4c�ghj�e=p!c�g	�W±�|hcOÙ¬¸�ghf2ø�nDw�y Ã ±*w�c{j�Úre~c{j~et����b�e�p�ctz=ch��e=p�c3�tctz=±Ù¬¸�ghf2ø�jÌÚ�d
Å �«j~c{b!²�± Ã z�ghw!²�±*´Ä°�g	e~e~ctz�w�e~c{j~etd«ù�±hz�e=p�cr°�j~c{b!²!± Ã z�ghw!²�±*´Ä°�g	e~e~ctz�w�yhc{w�ctz�g	e=n^±*w�e=p�c ÷ nDw!c{g	z
ù!ctc{²���ghlfø4	�p!n^³�e � cty*nDj~e~ctz�¯ ÷ ù5	 � �«e~c{l�p!w!n-$�b�cvnDj�nD´6°�f^c{´4c{wVe~c{²�nDw�j=±h³�e�¸�g	z=chd

Å s p�c{lføhctz=c{²�e~c{j~etd Õ p�c4´6c{´6±hz�n^c{jvnDwMe=p!n�j�e~c{j~e�g	z=cuf^±*gh²�c{²�¸�nDe=pMe=p�cxl�p!c{lføhctz=c{²�°�g	e~e~ctz�w!jf�n2øhcvë��të��të��të��të�d
Õ p�c1z=c{gh²�±*b!e>°W±*nDw�e~ctz�nDw%°�n^°Wc{fDnDw�cY´4c{´6±hz=ì�±h³«e=p�c&����z�Â
	�ó s ´4±�|hc{jvg	e�ct|hctz=ìK��b!w!l�p Ã lmz=±*j=j�nDw�y
³�z=±*´Q±*w�c�°W±*j=n^e=nD±*w6nDw1e=p�c�´6c{´6±hz�ì�e~±ve=p!c�w�cmµ�etd�ó¬w6e=p�c�²�ct��b�yhy*nDw�yr´6±�²�c�e=p�c�°�n^°Wc{fDnDw�c#´4c{´6±hz=ì
ltghw��+c�lm±*´6°�f^cte~c{f^ìAz=c{gh²�±*b�etd ¹ ct³�±hz=cYz=c{gh²�nDw�y4e=p�c�¸�p�±*f^c�lm±*wVe~c{w�e�±h³�e=p!cY°�n^°Wc{fDn�w�c>´4c{´6±hz=ìh�Wn^e
p!ghj�e~±Y�+c�j=e~±h°!°Wc{²6�!z�j~etdMü�|hctz�ì�e=nD´4c�e=p�c�z=c{gh²�±*b!e�°+±*n�wVe~ctz#j=e~±h°�j�g	e#gv²�n ·+ctz�c{wVe�°W±*j=n^e=nD±*w;�h¸�p!nDl�p
ltghwHw�±he#�Wc�°!z�c Ã ²�c���w�c{²;d Õ gaø�nDw!y�nDw6e~±�ghltlm±*b!w�e«e=p�nDj�lm±*w!²!nDe=n^±*w4e=p�c�³�±*f�f^±�¸�n�w�yre~c{j~e Ã °�g	e~e~ctz�w�j�g	z�c
b!j~c{²�e~±4e~c{j~e�°�nD°+c{f�nDw�c�´4c{´6±hz�n^c{jtñ

Å s p�c{lføhctz=c{²%e~c{j~e Ã °�g	e~e~ctz�w&d
Å Â>²!²�z�c{j=j�e~c{j~e Ã °�g	e~e~ctz�wR�	d^dD�{¿���d
Å87 ctz=±xghw!²��h�h�h�h�h�h�h�h�h�h�6e~c{j=e Ã °�g	e~e~ctz�w!jtd

�9+ é�� ¾ ��¼
Õ p�cMù9óÉù¤X�:�n�jugR²!g	e=gR��b�·Wctz�nDw�y���f^±�lføÇnD´4°�f^c{´6c{w�e~c{²¦n�wªe=p�c��Q�#z�Â
	�ó s e~±R°+ctz�³�±hz�´îlm±*g	z�j~c
ghfDn^y*w�´6c{wVe�n�wAe=nD´6cr±h³9e=p�cvnDw!lm±*´4n�w�y6²!g	e=g�d Õ p!c>e~z�n^yhyhctz�ghf^yh±hz�n^e=p!´4j�z=c%$�b!n^z�c>e=p�g	e�ghfDf;nDw!lm±*´xnDw�y
Õ�Õ j=n^y*w�ghfDj#±hz�n^y*nDw!g	e=nDw!yY³�z=±*´Äe=p�crj=gh´6c���b!w�l�p Ã lmz=±*j�j=nDw�y1´�b!j=e«�Wc�j~ì�w�l�p�z=±*w�nDj~c{²ue~±6c{ghl�p�±he=p�ctz��
nDwM±he=p�ctzY¸«±hz�²�jre=p�ctìMj=p�±*b!fD²�lm±*´4cxg	eve=p�c4j=gh´4c4e=nD´6c6e~±�e=p!c6e~z�n^yhyhctzYj~e=g	yhchd Õ p�c4²!n^·+ctz=c{w�lmc{j
nDw�ltg	��fDcvf^c{w�yhe=p!j�n�j�e=p�cY´4ghnDwA³kghlme~±hz�e=p�g	e�´4gaøhc{j�e=p!cYnDw!lm±*´4n�w�y1j�n^y*w!ghfDj�ghj~ì�w!l�p�z=±*w�±*b!j�e~±4c{ghl�p
±he=p�ctz{d Õ p�cvù9óÉù¤X c%$�b!ghfDnDj~c{j�e=p!cYj=n^y*w!ghfW°�z=±h°�g	y*g	e=n^±*w�n�wAe=nD´6chd

Õ p!cHù9ó¬ùkXí²�ct°!e=pRnDju�;*Kltf^±�lfø¤e=nDlfø�jtd�q>ct°+c{w�²!nDw�y�±*wRe=p�cHz=cty*nDj=e~ctz6�Hé�èdé æ _&æ*½ æ _¨å¢å*é�e=p!c
nDw�°�b�e�²!g	e=g4e~±ue=p�c�ù9ó¬ùkX¶ltghw%�Wcx�të Ã ��n^e>ù�Â>q s ²!g	e=gughw!²%ghw%cmµ�e~ctz�w!ghf ¹�s ó¬q ��n^e�±hz�°�fDg�ì���ghlfø
´6c{´6±hz�ìM²�g	e=g�d Õ p�cxù9óÉù¤X£²�c{f�g{ìM³�±hz�e=p�c{j~cHnDw�°�b�er²!g	e=g�nDjv°�z=±hyhz�gh´4´4g	��f^c6¸�n^e=p�g%z=c{j~±*fDb!e=n^±*w
±h³�±*w�cx��b!w!l�p Ã lmz=±*j=j=nDw!y�d ¹ ì�²�ct³kghb!f^ere=p�cxù9ó¬ùkX�p!ghjYg%±*w�cx��b�w!l�p Ã lmz�±*j=j=nDw�y�²�c{f�g{ì�³�±hz�ghw�ìMn�w Ã
°�b�e4²�g	e=g�d Õ p�c�ù9ó¬ùkX ltghwª�Wc���ì�°�ghj=j~c{²Ç��ì�j~cte~e=nDw�y¤e=p�c�z=cty*nDj=e~ctz�jA½<�¨ã�å ½ �&ð9è!ÿ{ÿ ¾ è!æ�è¦ghw�²½<�¨ã�å ½ �&ð9è!ÿ{ÿ ½ åVç�é«d

Õ p!cvùoó¬ùkXQe~c{j~e�j~c%$�b�c{w!lmcYlm±*w�j=nDj~e=j�±h³�j~ct|hctz�ghfoj~e~ct°�j�ghw�²�ltghw��Wcv²�c{j=lmz�n^�Wc{²Hghj�³�±*f�f^±�¸�j{ñ
=L³ \ ³ �
E ³ Syl�U�d�eS\�bne ³ S)l�U�d�e��¤K}d
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ù�n^y*b!z=c4ú�dD�{ê�ñ�ù9ó¬ùkX�²�ct°!e=p;ñYgV��ü�µ�e~ctz�w!ghf ¹�s ó¬qÄ��n^ev²!c{fDg{ì�ghjYg%³�b�w!lme=n^±*wM±h³�ù9óÉùkX�²�ct°!e=p&dx�+�
�të Ã ��n^e�²!g	e=g4²!c{fDg{ìAghj�g6³kb!w!lme=nD±*wA±h³9ù9ó¬ùkXQ²�ct°�e=p;d

Å ÷ ±*gh²�e=p�cv°�fDg�ì���ghlføA´6c{´6±hz=ìA¸�n^e=p�g4e~c{j~e�°�g	e~e~ctz�w�¸�p!nDl�p�lm±*w!j=nDj~e=j�±h³�ñ
> eE¸�±��të Ã ��n^e�²!g	e=g%¸�±hz�²!j{�o¸�p�nDl�p�lm±�|hctz4ghfDf#°+±*j�j=n^��f^c6��n^e�"�n^°�jtd Õ p�c{j~cu¸«±hz�²!jYg	z=cAnDw��nDw�g	z=ì4³�±hz�´4g	eY�të��h�h�të��h�h�tëxghw!²%ë��vëhëhë��Yëhëhë��	d
> ghw��h� Ã ��nDe�²!g	e=g4¸�±hz�²�nDwA±hz�²�ctz�e~±ul�p�c{lfø�e=p�crcmµ�e~ctz�w!ghf ¹�s óÉq ��nDetñ��tëhë4ëhëhëhëuëhëhëhë�d

Å ��z�±hyhz�gh´Qe=p�c�ù9ó¬ùkXÎ²�ct°!e=p4ghw!²xl�p�c{lgø6³�±hz�²�c{fDg{ìhc{²u²!g	e=gvghw!²xe=p�c�²�c{f�g{ìhc{²4cmµ�e~ctz�w!ghf ¹�s óÉq
��n^e�³�±hz�c{ghl�pKj~e~ct°&d

Õ p�c4z=c{j=b�f^e=jv±h³�e=p!nDj�ù9óÉùkX�j=ltghw�³�±hzH�të Ã ��n^e1²!g	e=g%ghw!²¤cmµ�e~ctz�w!ghf ¹�s ó¬qÄ��n^e�g	z=cuj=p!±�¸�w�nDw�ù�n^y Ã
b!z=cÇú�dD�{ê�d Õ p!c�z=c{²6°W±*nDw�e�²�c{w�±he~c{j#w!±v²�c{fDg{ì6ghw!²xlm±hz=z=c{j~°W±*w!²!j�e~±�e=p�c�ù9ó¬ùkXU��ì�°�ghj=j�´6±�²�chd Õ p�c
°�f^±he=j�j=p�±¸�e=p!g	e�ù9ó¬ùkX ¸�±hzfø�j�°!z�±h°+ctz�f^ìhd
�9+ éV� ¾ � ¿Më�æé�åuèeã¨é ¾ å æ ð�ï?#9ç�æ�ÿ ö«æ é�_.ë�é
Õ p�c4´4ghnDwMe=ghjjøK³�±hzve=p�c4ù9ó � ��f^e~ctzvnDj�e~±%°!z=ct°�g	z=c6w�±*w Ã j=g	e=b�z�g	e~c{²¤°�b!fDj~c{j>³�±hzve=p�cÅ�9c{gaø�ù�nDw!²�ctz
¹�s ó¬q ghf^yh±hz�n^e=p�´®��ìx¸�c{n^y*p�e=nDw�y�e=p�crj=gh´6°�f^c{jtd�ù�±hz�c{ghl�p���b!w�l�p Ã lmz=±*j�j=nDw�y�e=p�cvù�Â�q s ²!g	e=g�³�z=±*´
e�¸«±x³�±*fDfD±�¸�nDw!y1ghw!²He=p�cre�¸«±x°!z=ct|�n^±*b!j«��b!w!l�p Ã lmz=±*j=j=n�w�y*j�g	z=cvp�c{fD²Aghw!²A´1b!f^e=n^°�f�n^c{²4¸�nDe=pu¸�c{n^y*p�e=jt�
e=p�g	e>g	z=c�j~e~±hz=c{²MnDw@�!|hcYz�cty*nDj~e~ctz�jtd>Â�f�f��!|hc1z=cty*nDj~e~ctz�j�g	z=c1ú Ã ��n^e�¸�nD²�chdA1ip!n�f^cve=p�c1´4nD²!²!fDcre=p�z=ctc
z�cty*nDj~e~ctz�j�ltghwulm±*wVe=ghn�w6|¢ghf�b�c{j�±h³+e=p�c�lm±�ctõultn^c{wVe=j«nDw6grz�ghw!yhc�³�z=±*´}ëre~±x�{ê��Ve=p!c&�!z�j~e�ghw!²�e=p!c�fDghj~e
z�cty*nDj~e~ctz�jrlm±|hctzYe=p�c�z�ghw�yhc�³�z=±*´ ÃCB e~± � B �;e=p�b!j>e=p�ctìMltghw�lm±*wVe=ghnDw�ghf�j~±�w�cty*g	e=n^|hcxlm±�ctõxltn^c{w�e=jtd
Â ²�cte=ghn�f^c{²�²�c{j=lmz�n^°!e=n^±*wH±h³�e=p�cYù9ó � ��f^e~ctz�ghw!²�n^e=j�n�´6°�f^c{´6c{w�e=g	e=n^±*w�nDwAe=p!c��Q�#z�j~ì�j~e~c{´£ltghw��Wc
³�±*b!w!²�n�w� �ê�t��D* � ¡.d Õ p�c6�!|hc4¸�c{n^y*pVe~c{²�j=gh´6°�fDc{jrg	z=cxj=b!´x´6c{²�ghw!²�j~e~±hz=c{²�nDw�g��;* Ã ��n^eY±*b�e~°�b�e
¸�±hz�²;d Õ p�cx�;* Ã ��n^e�±*b!e~°�b�e�²�g	e=gug	z=c1°!z=±h°�g	y*g	e~c{²�e~±He=p�c&�oc{gaøKù�nDw!²�ctz���f^±�lgø�ghw!²�e~±ue=p�c�q>z=±h°
¹ n^e=j���f^±�lfø+d Õ p�cuq�z�±h° ¹ n^e=j���f^±�lfø�²�c���w!c{jve=p�cK�të Ã ��n^eY¸�±hz�²�±*b�eY±h³�e=p!c��;* Ã ��n^e1²!g	e=gKlm±*´4nDw�y
³�z=±*´�ù9ó � ù�nDf^e~ctz{d Õ p!cxj~e=g	z=e�°+±*j�n^e=n^±*w�±h³�e=p!n�jx�të Ã ��n^e�¸«±hz�²�ltghw��Wcxgh²FE=b!j~e~c{²���ì�ltb�e~e=nDw!y�e=p�c
÷ 	 ¹ j>±h³�e=p�c��;* Ã ��n^e>¸«±hz�²;d Õ p�c�w�b!´��Wctz�¯kë)�G**��±h³ ÷ 	 ¹ j�e~±H�Wc�ltb�e�nDj�²!c���w�c{²���ì�e=p!c1z�cty*nDj~e~ctz
½Wæ�èdåæ ½ ç�æ*d
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Õ p!c�ù9ó � ù�nDf^e~ctz�ghw!²Aq>z=±h° ¹ n^e=j���f^±�lfø�j�g	z=c�e~c{j~e~c{²�¸�nDe=pxe�¸«±4°�b!fDj~c{j«¸�p!nDl�pAg	z=crf^±*gh²�c{²AnDw�e~±e=p�cv°�fDg{ì���ghlføA´6c{´6±hz�ì�ñ
Å Â j=n�´6°�f^c�j~ì�´4´6cte~z�nDl�°�b!fDj~crnDw�²�c{ltn�´4ghfW³�±hz�´4g	etñ��4�të��tëhë��të��	d
Å Â>w�ghj~ì�´4´6cte~z�nDl�°�b!fDj=c�lm±|hctz�j>ghfDfW��n^e=j>"�n^°�j�nDw�²�c{ltnD´xghf;³�±hz�´4g	etñ B ê � ú!�4�të*¿ � *��h¿4¿�*�t�d

Õ p�cAlm±*´���nDw!g	e=n^±*w�j�±h³�e=p�cA°�b!fDj=c{jt��lm±�ctõultn^c{wVe=j6ghw�²Jq�z�±h° ¹ n^e=j�|	ghfDb�cAl�p!c{lføhc{²ªn�w¤e=p�cAe~c{j~e4n�j
y*n^|hc{w�nDwRe=p�c Õ g	��f^cuú�d�¿�dRù�±hz6c{ghl�pªlm±*´Y��n�w!g	e=n^±*w�e=p�cÇ�Q��z�Â�	�ó s ±*b�e~°�b�e�²!g	e=gMg	z=c�lm±*´6°�g	z=c{²
¸�n^e=pAe=p!cvcmµ�°Wc{lme~c{²�|	ghfDb�c{j{d

Õ g	��fDcrú�d�¿�ñ Õ p�crlm±*´���nDw!g	e=nD±*w!j�±h³9e=p�cv°�b!f�j~ch��lm±�ctõxltnDc{wVe=j�ghw!²�q>z=±h° ¹ n^e=j�|	ghfDb�cre~c{j=e~c{²;d

ýY_úë�ÿ�é � ¾ �H- æ éJIRåVç�éxã+æÿ ¾ å æ ð ½ ç�æ�ÿ

�x�të��tëhë%�të��

ëhë��tëhë ë
�x�4�4�6� ë
�Yëx¿6ë�� ë
��¿ � ¿A� ë
ë%� � �rë ë
Ã �x�4�4� Ã � ë
Ã � ¿4ê4¿ Ã � ë
ÃCB ë��{ê6ë ÃCB �
B �{ê��{ê��{ê B ¿
B �{ê��{ê��{ê B �
B �{ê��{ê��{ê B ú
B �{ê��{ê��{ê B ê
B �{ê��{ê��{ê B *

B ê � ú!�u�të*¿ � *��h¿u¿�*�t
B �{ê��{ê��{ê B *
ú�tA�mú��{¿ � ê
Ã *K��� � * Ã ú ê

½ _.ãoå + ï�å]å æ ÿ�ÿ�çäã�» ¾ é9éxã+æ¢çS¿�å*è�æ¢ç æ ã  æ »+ç�å
¹ ct³�±hz�c�e=p�c�²�c{j=lmz�nD°!e=n^±*w1±h³�e=p!c�e~c{j=e=jt��grj=p!±hz=e�nDwVe~z�±�²!b�lme=n^±*w1e~±re=p�c ¹�s óÉqUghf^yh±hz�n^e=p!´4j�ghw!² ¹�s ó¬q
f^±hy*nDlrn�j�y*n^|hc{w��Wc{f^±¸vd

Õ p!cveEì�°�nDltghf ÷ Â�z�ghw!² Õ ó ÷ ü s Â ÷ °�b!fDj~c{j�p�g{|hc�g4°Wc{gaø�n�w�y6e=nD´6c�±h³9ú*ë Ã ê	ëAw!j{�!¸�p!nDl�p�´6c{ghw!j
e=p!g	e�ltghf^±hz�n�´6cte~ctz�°�b!fDj=c{j«g	z=crj~ct|hctz�ghfWe=nD´6c{j�f^±*w�yhctz{��e�ì�°�n�ltghfDf^ì%�tëhë6w!j{��lm±*´6°�g	z=c{²Ae~±�e=p�c���b!w!l�p Ã
lmz=±*j=j�nDw�y6°Wctz�n^±�²H±h³�¿hêxw!jtd�ó¬w�±hz�²!ctz�e~±x´4gaøhc1g4²�c{ltnDj=nD±*wA³�±hz�ct|hctz=ìA��b!w!l�p Ã lmz=±*j=j=n�w�y�e=p�cve~z�n^yhyhctz
w�ctc{²!j�e~±
Ù÷ø�w!±�¸+ÚYe=p�c�e~z�ghw!j~|hctz�j~c�c{w�ctz=yhì6nDw�c{ghl�p4e~z�nDyhyhctz#e~±�¸�ctz�b!w!n-$�b�c{f^ìvghj=j=±�ltnDg	e~c{²xe~±Ygry*n^|hc{w
��b!w�l�p Ã lmz=±*j�j=nDw�y�d Õ p!nDj�nDj�ghl�p!nDct|hc{²%��ìAe=p�c ¹�s ó¬q¶f^±hy*nDlvn�´6°�f^c{´6c{w�e=g	e=n^±*w�n�w�e=p�c��#z=c Ã ��z=±�lmc{j=j~±hz
j~ì�j~e~c{´�d

Õ p!cx´4ghnDw�e=ghjføK±h³�e=p�c ¹�s óÉq�fD±hy*nDl4nDjre~±�z=c{lm±hy*w!nDj=c4e=p�c4°�b�fDj~c4ghw!²�ghj�j=n^y*w¤nDevb!w!n-$�b�c{f^ì�e~±
e=p�c���b�w!l�p Ã lmz�±*j=j=nDw�y�g	e�¸�p�nDl�p1e=p�c�nDw�e~ctz�ghlme=n^±*w�±�ltltb�z=z�c{²4ghw!²�cmµ�e~z�ghlme�e=p�c�ghj=j=±�ltnDg	e~c{²4e~z�ghw!j~|hctz�j=c
c{w�ctz=yhìhd Õ p�nDj�e=ghjfø�nDj9g	��j~±*fDb!e~c{f^ìvw�±*w Ã e~z�nD|�nDghf.�e=gaø�nDw�yrnDw�e~±>ghltlm±*b�wVe�e=p�c�²�c{´4ghw�²!nDw�y�z=c%$�b�n^z=c{´6c{w�e
e~±�e=p�c ¹�s óÉq�f^±hy*nDl�e~±��Wc%ctõultn^c{wVeAnDw¦e=p�cKc{wVe=n^z�c�c{w�ctz�yhìÇz�ghw�yhch��°�z=±�|�nD²�c{²¦��ìªe=p�cKÂ Õ ÷ Â
	
ltghf^±hz�n�´6cte~z=ìhd

Õ p!c�°�b!fDj~c�j=p�g	°+c{j�g	z�c+$�b�n^e~c�²!n ·Wctz=c{w�e�³�±hz#w!±*w Ã j=g	e=b�z�g	e~c{²x°�b!fDj=c{jo¸�n^e=p4j=´4ghf�f�gh´6°�fDn^e=b�²�c�ghw�²
³�±hzYj=g	e=b�z�g	e~c{²�°�b!fDj~c{j{d Õ p!c�´xghnDw�²!nDj~e~±hz�e=n^±*wKcm·+c{lme�³�±hzYfD±�¸Qc{w�ctz=yhcte=n�l6°�b!fDj=c{j>n�jrw�±*nDj~c6lm±*´4nDw!y
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³�z=±*´ò°�nDf^c Ã b�°Mct|hc{w�e=j�ghw!²�c{f^c{lme~z=±*w�nDltjt��¸�p!nDf^c�e=p�c4°�b!fDj~c{jvlm±hz�z=c{j~°W±*w!²!nDw!yHe~±�p!n^y*p�77ò¦²�ct°W±*j=n^e=j
g	z�c�g¢·Wc{lme~c{²u��ì6j=g	e=b�z�g	e=nD±*w;d%	�g	e=b�z�g	e=n^±*wxltghwup!g	°�°+c{wxg	e#ghwVì4j=e=g	yhc�±h³;ghw!ghf^±hy1j=n^y*w!ghf!°!z=±�lmc{j=j=nDw�y
n�w�³�z=±*w�e Ã c{w!²�c{f^c{lme~z=±*w�nDltjtd�Â�e�e=p�c7�Q�#z�j~e=g	yhc�e=p�c�ghw!ghf^±hyr°�b!fDj~c�nDj�ltb�e�±	·H²�n^y*n^e=ghfDf^ìr��ì1e=p�c�ù�Â>q s
¸�nDw!²�±¸ÖfDn�´4n^et�!¸�p�nDl�pKlm±hz=z=c{j~°W±*w!²�j�e~±0L ¿hê	ë�¥�cm��d Õ p�c�e=ghjjø%±h³#e=p�c ¹�s ó¬q}n�w%e=p!n�j�ltghj~c6nDj�e~±
z�c{j~e~±hz=cAe=p�cA°Wc{gaø�°W±*j=n^e=n^±*w¤±h³�e=p�cAe~z�b!w!ltg	e~c{²R°�b�fDj~chdKóÉw�±hz�²�ctz�e~±�p!ghw!²!fDcxe=p�cAw�±*w Ã j=g	e=b!z�g	e~c{²
ghw�²�j=g	e=b!z�g	e~c{²R°�b!fDj~c{jYj~ct°�g	z�g	e~c{f^ìh��e�¸«±�²!n^·+ctz=c{w�e ¹�s ó¬q�ghf^yh±hz�n^e=p!´4j�g	z=cHn�´6°�f^c{´6c{w�e~c{²�nDw¤e=p�c����z�Â
	�ó s d

Õ p�c�w�±*w Ã j=g	e=b�z�g	e~c{² ¹�s ó¬q}ghfDyh±hz�n^e=p!´ílm±*´Y��n�w�c{j�ùoó � ù�nDf^e~ctz>ghw!²��oc{gaø�ù9n�w!²�ctz>°!z=±�lmc{j=j=nDw�y
j=e=g	yhc{jtd Õ p�c�¸«c{n^y*p�e~c{²¤j�gh´6°�f^c{jvg	³�e~ctzYe=p!c4ùoó � ù9n�f^e~ctzvlm±*´6cxe~±%e=p�c±�9c{gaø�ù9n�w!²�ctz{d Õ p!c��9c{gaø
ù�nDw�²�ctz#ghf^yh±hz�nDe=p!´}ghw!ghfDì�j~c{j#e=p�z=ctc>j=b!ltlmc{j=j=nD|hc�²!g	e=g�j=gh´6°�f^c{j#ghw!²4y*n^|hc{j�gv°W±*j=nDe=n^|hc�z=c{j=b�f^e�³�±hz«e=p�c
j�gh´6°�f^c,MONHn^³�e=p!cv³�±*f�f^±�¸�n�w�y6lm±*w!²!n^e=n^±*w�n�j�j=g	e=nDjP�!c{²&ñ

MON ö Ù3Q MON å MON ØoÙ á ¯�ú�d � �
¸�p�ctz=c,MON ö Ù ghw!²4MON ØoÙ g	z=cve=p�cYj�gh´6°�f^c{j�nDwAe=p!cv°!z=ct|�n^±*b!j�ghw!²Ae=p!cv³�±*f�f^±�¸�n�w�y���b!w!l�p Ã lmz=±*j=j=n�w�y*jtdÕ p�c«j�g	e=b�z�g	e~c{² ¹�s óÉqJghf^yh±hz�n^e=p!´În�j�nD´6°�f^c{´6c{w�e~c{²vnDwre=p�c&	�g	e ¹�s ó¬qJ³�b�w!lme=n^±*w!ghfh��f^±�l?R�d ¹ ghj~c{²
±*w%e=p�cY³kghlme�e=p�g	e�fDg	z=yhctz>j=g	e=b�z�g	e~c{²�°�b!fDj=c{j�z=c{ghl�p�e=p�c�j�g	e=b�z�g	e=n^±*w�fDct|hc{f&³kghj~e~ctz�e=p�ghw�e=p�cYj�´4ghfDf^ctz
±*w!c{jt��e=p!c�ghf^yh±hz�nDe=p!´}ghw!ghfDì�j~c{j«e=p�c>j=f^±h°Wc�±h³;e=p�c�°�b!fDj~c�z�nDj=nDw!yrc{²�yhch��ghj�j=b!´4nDw!yve=p!g	e#e=p!c�j=p!g	°Wc�±h³
e=p!crz�nDj=nDw!y�c{²�yhcvn�j�w�±he�²!nDj~e~±hz�e~c{²A��ìHe=p�crj=n^y*w!ghf;j�g	e=b�z�g	e=n^±*w;d Õ p�crghf^yh±hz�n^e=p!´�n�j�ghlme=n^|¢g	e~c{²%¸�p�c{w
e=p!c�j=g	e=b�z�g	e=n^±*w�f^ct|hc{f�n�j�z�c{ghl�p�c{²J��ì�ghw�ì�j=gh´6°�f^chd¤ó�e�e=gSRhc{j4e�¸«±�j�gh´6°�f^c{j1³�z=±*´Êe=p�cA°!z=ct|�n^±*b!j
��b!w!l�p Ã lmz=±*j=j=nDw!y*j�e~±6e=p�cv��b!w�l�p Ã lmz=±*j�j=nDw�y���¸�p�ctz=cre=p!cvj=g	e=b�z�g	e=n^±*w%p!ghj��Wctc{w�²�cte~c{lme~c{²;��ghw�²�lm±*´ Ã
°�g	z=c{jre=p�c{´ e~±%e=p�z=c{j=p�±*f�²�|	ghfDb�c{j{d�Â>jrg�z=c{j�b!f^e�e=p�c4ghf^yh±hz�nDe=p!´ °!z=±�²!b!lmc{j�� Ã ��n^er±*b!e~°�b�et�&¸�p�nDl�p
j�p�±�¸�j�e=p�cxlm±hz�z=c{lme���b!w!l�p Ã lmz=±*j=j=nDw!y�d Õ p!cxj=nD´6°�f^c6f^±hy*nDl4±h³�e=p�cHj=g	e=b�z�g	e~c{² ¹�s ó¬q£ghf^yh±hz�n^e=p�´ònDj
j�p�±�¸�w�n�w Õ g	��f^c�ú�d � d Õ p�c Õ g	��f^c�ú�d � j=p�±¸�j�e=p�c6nD²�c{w�e=nT�!c{² ¹�s ó¬q}��b�w!l�p Ã lmz�±*j=j=nDw�y�¯�eE¸�±�z�nDy*pVe
´4±*j~e�lm±*fDb�´4w!j���²!ct°+c{w�²!nDw�y�±*w�e=p�cY³kb!fT��f�f^c{²Aj=g	e=b�z�g	e=n^±*w�ghw!²�e=p!z=c{j=p�±*fD²%lm±*w!²!n^e=n^±*w�jY¯U�!z�j~e�e=p�z=ctc
lm±*f�b!´4w!j���d Õ p�c6M ÔWV=Ó nDj�e=p!c�j=gh´6°�f^cY¸�p!ctz=cve=p�c�j=g	e=b�z�g	e=nD±*w%³�±*b!w!²;��ghw!²XM Ô�V�Ó ö Ú á M Ô�V�Ó ö Ù g	z=c�eE¸�±°�z=ct|�nD±*b!j�j=gh´6°�fDc{jt�h¸�p!nDl�p6g	z=c�lm±*´6°�g	z�c{²4e~±re=p�c�e�¸«±�f^±�¸ªghw�²6p!n^y*p�e=p�z=c{j�p�±*fD²!j��6Y)Z�ÐC[%ghw!²KY)\tÒ^]?\�d
Õ p�cxnD²�c{w�e=nT�!c{²M��b!w!l�p Ã lmz=±*j=j=nDw!y`_ ÔWV=Ó lm±hz=z�c{j~°W±*w!²!j�e~±%e=p!c`M ÔWV=Ó j=gh´6°�f^ch��¸�p!nDfDc1e=p!cK_ ÔWV=Ó ØoÙ n�jre=p�cw!cmµ�e���b!w!l�p Ã lmz=±*j=j=n�w�y�dxÂÄ²�cte=ghnDf^c{²¤²�c{j=lmz�n^°�e=n^±*wM±h³�e=p�cxj=g	e=b!z�g	e~c{² ¹�s ó¬q£nD´6°�f^c{´6c{w�e=g	e=n^±*w�ltghw
�Wcr³�±*b!w!²�nDw@ a*�*¡.d
Õ g	��f^c�ú�d � ñ ÷ ±hy*nDl�±h³�e=p�c�j=g	e=b�z�g	e~c{² ¹�s ó¬qÜghf^yh±hz�nDe=p!´�d Õ p�z=ctc&�!z�j~e�lm±*fDb!´4w!j�n�w!²!nDltg	e~c�j=g	e=b!z�g	e=n^±*w
fDct|hc{f>ghw�²ªe=p�z�c{j=p�±*fD²¦lm±*w!²!n^e=n^±*w�j4¸�p!n�l�pªp�g{|hcM�Wctc{wª³kb!fT��f�f^c{²�¯xÙt�#ÚV�u±hz�w�±heu³kb!fT��fDf^c{²�¯xÙ~ë�ÚV�u±hz
nDy*w�±hz=c{²¤¯xÙ   ÚV��d Õ p�creE¸�±x´6±*j~e�z�n^y*p�e�lm±*fDb!´4w!j�j=p�±�¸Îe=p�cYnD²�c{w�e=nT�!c{²A��b!w!l�p Ã lmz=±*j=j=nDw!y�¯xÙt�#ÚV��ghw!²
w!± ¹�s óÉqÖz=c{j�b!f^ev¯xÙ~ë�ÚV�� a*�*¡.d

M ÔWV=Ó å ÿ�è�æ ��b éJc+é b M ÔWV=Ó ö Ú
d Y$Z ÐW[ M Ô�V�Ó ö ÙAd Y)\tÒ^]?\ _ ÔWV=Ó _ ÔWV=Ó ØoÙ
ë     ë ë
� � � � ë
� ë � ë �
�   ë ë �

Õ p�c>|¢ghfDb!c{j«±h³�e=p�c>j�g	e=b�z�g	e=n^±*wAf^ct|hc{fWghj�¸«c{f�f+ghj�f^±¸Üghw!²Ap!n^y*p4e=p!z=c{j=p�±*fD²Hg	z=c>°!z=±hyhz�gh´x´4g	��f^c
|�nDg,e%e�z�Â�	�ó s z=cty*n�j~e~ctz�jtd Õ p�c�j~cte~e=nDw�y*j«±h³;e=p�c{j~c�z=cty*nDj~e~ctz�j�g	z=c>gY´4g	e~e~ctz�±h³;e=p�c�j�g	e=b�z�g	e~c{² ¹�s óÉq
ghfDyh±hz�n^e=p!´£ltghf�n^�!z�g	e=n^±*w�ghw�²�ltghw%²!n ·Wctz�²�ct°Wc{w!²!n�w�y�±*w�e=p�cYltghf^±hz�n�´6cte~ctz�eEì�°WcYghw!²Az=cty*nD±*w;d

Õ p�cxghnD´ò±h³�e=p�cxj=g	e=b!z�g	e~c{² ¹�s ó¬q�e~c{j~e1nDjre~±K²�cte~ctz�´4nDw!c4e=p�cxlm±hz=z�c{lme�³kb!w!lme=n^±*w�ghfDn^eEìK±h³�e=p�c
fD±hy*nDlxnD´4°�f^c{´6c{w�e~c{²�ghltlm±hz�²!n�w�y�e~± Õ g	��fDc4ú�d � d�ó¬w�±hz�²�ctz�e~±�l�p�c{l�R¤ghf�f#lm±*w!²!nDe=n^±*w!jvnDw Õ g	��fDc4ú�d �
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ù�n^y*b�z=cHú�dD�;*�ñ�Â>wRcmµ�gh´4°�f^cH±h³�j=g	e=b�z�g	e~c{²�°�b!fDj~c{j1b!j~c{²R³�±hz1e~c{j=e=nDw�yKe=p�c�j=g	e=b�z�g	e~c{² ¹�s ó¬q�ghf^yh± Ã
z�n^e=p�´�d

¸�n^e=pR²!n ·Wctz=c{w�e6j=g	e=b�z�g	e=n^±*w�f^ct|hc{f�ghw�²�e=p!z=c{j=p�±*fD²�jY|	ghfDb�c{jt���të�²�n ·+ctz�c{wVe�j=g	e=b�z�g	e~c{²�°�b!fDj~c{j1p!g{|hc
�Wctc{wAf^±*gh²�c{²AnDw�e~±1e=p!c>°�fDg{ì���ghl�RH´6c{´6±hz=ìhd�Â>wAcmµ�gh´6°�f^c>±h³�°�b�fDj~c{j�b!j~c{²AnDwue=p�c�e~c{j~e�nDj�j=p�±�¸�w�nDw
ù�n^y*b�z=crú�dD�;*�d

ó¬w�e=p�cue~c{j~e=nDw�y�°�z=±�lmc{²�b�z=c�e=p�cxz�c{j=b!f^er±h³�e=p�cxj�g	e=b�z�g	e~c{² ¹�s ó¬q�ghf^yh±hz�nDe=p!´ÆnDjvlm±*´4°�g	z=c{²�e~±
e=p�cvcmµ�°Wc{lme~c{²�±*w�chd Õ p�cre~c{j~e=j�p�g{|hc�j�p�±�¸�w�e=p�cvlm±hz=z=c{lme�³�b!w�lme=n^±*w!ghfDn^e�ìx±h³9e=p�cYghf^yh±hz�n^e=p!´�d

Õ p!c«e=p�z�ctc�Ù ¹�s�n g	z�R�jÌÚ�nDw!²!n�ltg	e=nDw�y�e=p!c���b!w!l�p Ã lmz=±*j=j=nDw!y*j�³�±*b!w!²���ì ¹�s óÉqighf^yh±hz�nDe=p!´4j9c{wVe~ctz
e=p�c ¹�s óÉq§q>c{ltnDj=n^±*w ÷ ±hy*nDl���f^±�l?R�d Õ p!c ¹�s ó¬q�f^±hy*nDl>²!n^|�nD²�c{j�e=p�c�¸�p�±*f^c�c{w!ctz=yhì4z�ghw�yhc>nDw�e~±�e=p�z�ctc
j~c{lme=n^±*w�jtñ

Å �>n^y*p Ã c{w!ctz=yhìAz�ghw�yhchd
Å n nD²!²�f^c Ã c{w�ctz=yhìuz�ghw�yhchd
Å ÷ ±�¸ Ã c{w!ctz=yhì�z�ghw�yhchd

Õ p�c6�W±hz�²!ctz�j��WcteE¸�ctc{w�e=p�c{j~cHj~c{lme=n^±*w!jYltghw��Wc4gh²FE=b!j~e~c{²���ì�j~cte~e=nDw�y�e�¸«±R�të Ã ��n^evz=cty*n�j~e~ctz�j º g&ï
éGj»"� b é(c�é b  h þ ghw�² º goéGj»"� b é(c�é bUo ç�» + d#ù�±hz�c{ghl�p�j~c{lme=n^±*w�ghw@� Ã ��nDe�z=cty*nDj~e~ctz ½ åVçUl ¾ é�åVç�ÿ�çUhOgj~cte=j�g1lm±*´Y��n�w!g	e=n^±*wu±h³&e=p�c ¹�s óÉqÎz=c{j=b!f^e=j«¸�p!n�l�px²!c���w�c{j�gY°W±*j=n^e=nD|hc ¹�s ó¬qÎ²�c{ltnDj�n^±*wx³�±hz�gYy*n^|hc{w
��b!w�l�p Ã lmz=±*j�j=nDw�y�d Õ p�c1lm±*´Y��nDw!g	e=n^±*w!j�±h³ � Ã ��n^e�z=c{j=b!f^e=j1¯xÙ ¹�s óÉq®´4g	z�R�jÌÚV��³�z=±*´íe=p�c ¹�s ó¬q¶ghf^yh± Ã
z�n^e=p�´4jt��¸�p!nDl�pAnDj�b!j~c{²A³�±hz�lm±*w!j~e~z�b!lme=n^±*w�±h³9e=p�c�� Ã ��n^e�|	ghfDb�c�³�±hz�e=p�c ½ åVçUl ¾ é�åVç�ÿ�çUhOgRz=cty*nDj~e~ctz�n�jj=p�±¸�w�nDw Õ g	��f^crú�d�ú�d

Õ p!c«lm±*w!j~e~z�b!lme=n^±*w�±h³!e=p�cp� Ã ��n^eo²�c{ltn�j=n^±*wv¸�±hz�²1nDj9²�±*w�c#��ìvj~cte~e=nDw!y�e=p�c«��n^e=j�¸�p!nDl�pYlm±hz=z=c{j=°+±*w�²
e~±xe=p!cvz=c;q�b!n^z=c{² ¹�s ó¬q z=c{j=b!fDe�lm±*´Y��n�w!g	e=n^±*w;d Õ p�cv��n^e=j�n�w�e=p�c � Ã ��nDe�¸«±hz�²!j�g	z=cYÂv�>q,r�c{²&d Õ p�g	e
´6c{ghw!j�³�±hz«cmµ�gh´6°�fDc�e=p!g	e�e=p�c�j~c{lm±*w!²Alm±*´���nDw!g	e=n^±*wHë1ëu�>nDj&Ù Õ z�b!c%ÚY±*w!fDì4n^³We=p�c�cmµ�e~ctz�w!ghf ¹�s ó¬q
ghf^yh±hz�nDe=p!´¶²�c{fDnD|hctz�j�e=p�c�z=c{j�b!f^et�Vghw!²xn^e�nDj�Ù~ù!ghf�j~c%ÚYnDwxghwVì�±he=p�ctz�ltghj~chd Õ p�c{j~c � Ã ��n^e�lm±*´���nDw!g	e=n^±*w�j
g	z=c7X � r�c{²1nDw�ghw9� Ã ��nDe�¸�±hz�²;d9ó�³!ghw�ìr±h³!e=p�c�lm±*´Y��n�w!g	e=n^±*w!j9lm±*wVe=ghn�w�c{²�n�wYghw6� Ã ��n^e9¸«±hz�²�nDj'Ù Õ z�b!c%Úe=p�c ¹�s óÉq f^±hy*nDlx°!z=±�²!b!lmc{j1gK°+±*j�n^e=n^|hcu²!c{ltnDj=n^±*wRghw!²Rghj=j=n^y*w!j�e=p�c ÷�s Õ z=c{j=b!f^e�e~±Me=p�cHltb!z=z=c{w�e
��b!w�l�p Ã lmz=±*j�j=nDw�y�d�ù�±hz�cmµ�gh´4°�f^ch��j~cte~e=n�w�y4e=p�cv²�c{ltn�j=n^±*w�¸�±hz�²�e~±4|	ghfDb�c4�h�tëhë��h�tëhëulm±*w��!y*b�z=c{j�e=p!c
¹�s ó¬qíf^±hy*n�lxe~±�y*n^|hc�gK°W±*j=n^e=n^|hcH²�c{ltnDj=nD±*w�ghj�³kg	z6ghj�e=p�c�j=g	e=b�z�g	e~c{² ¹�s ó¬qíghfDyh±hz�n^e=p!´Ê²�c{fDnD|hctz�j
g�z=c{j�b!f^er¸�n^e=p¤ghwVì�lm±*´���nDw!g	e=n^±*w�±h³�z�c{j=b!f^e=jr³�z=±*´ ±he=p!ctz1ghf^yh±hz�n^e=p!´4jtdxó�³�e=p�c'� Ã ��nDev¸«±hz�²¤nDjvj=cte
e~±%ëhëhëhëKëhëhë��	��e=p�c ¹�s óÉq�fD±hy*nDl�¸�nDfDf9yhc{w�ctz�g	e~cug�°W±*j=n^e=nD|hc4²�c{ltnDj=n^±*wM¸�p�c{w�e=p�ctz=cug	z=cxw�± ¹�s ó¬q
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Õ g	��f^cMú�d�ú�ñ+Âòlm±*´���nDw!g	e=n^±*wU±h³ � Ã ��n^eAz=c{j=b�f^e=jH³�z=±*´îe=p�c ¹�s ó¬q�ghf^yh±hz�n^e=p!´î¸�p�nDl�pUnDjAb!j~c{²U³�±hz
lm±*w�j~e~z�b!lme=n^±*w¦±h³ve=p�cy� Ã ��n^eH²�c{ltnDj=nD±*wÇ¸�±hz�²;d Õ p!c@�!z�j=eulm±*fDb!´xwªlm±*w�e=ghnDw!jH��n^eHw�b!´��Wctz�jxn�wªghw
� Ã ��n^e6²�c{ltnDj=n^±*w�¸�±hz�²;��ÙPe«ù¤Ú�²!c{w�±he~c{j�e=p�cze9c{gSRRù�nDw!²!ctz{��Ù?	 ¹ Ú�²�c{w�±he~c{j�e=p�c�j=g	e=b�z�g	e~c{² ¹�s óÉq
ghfDyh±hz�n^e=p!´���ÙP{ ¹ Ú4j~e=ghw!²!j�³�±hz�e=p!cvcmµ�e~ctz�w!ghf ¹�s ó¬qQghf^yh±hz�n^e=p!´�d

½ ç�æ�ÿ ý t ½ ½ º ½

|/} �

ë ë ë ë
� ë ë �
¿ ë � ë
� ë � �
ú � ë ë
ê � ë �
* � � ë
B � � �

Âv��q
Þ"~

z�c{j=b!f^e=j�³�z=±*´Qe=p!c�ghf^yh±hz�n^e=p�´4j�g	e«ghf�f�d Õ p!nDj�cmµ�gh´6°�f^c�j=p!±�¸�j#e=p!g	e�e=p�c ¹�s ó¬q�f^±hy*n�l�nDj�|hctz=ì6�!cmµ�n^��f^c
ghw�²�p!ghj�e~±4�Wcvlm±*w���y*b�z=c{²�¸�nDe=p�ltg	z=chd

Õ p�c ¹�s ó¬q£f^±hy*n�l4p!ghj��+ctc{w¤e~c{j~e~c{²Rb!j=nDw�y%e=p�c � ë�´6±*j~eY°�z=±h��g	��f^culm±*w��!y*b�z�g	e=nD±*w!jv³�±hzYc{ghl�p
c{w!ctz=yhìMz�ghw�yhc4ghw!²�¿��4²�n ·+ctz�c{wVer°�b�fDj~c1eEì�°+c{j{dK{#ghl�p¤lm±*w��!y*b�z�g	e=nD±*w�nDjrg�j~ctev±h³ ¹�s ó¬q ²!c{ltnDj=n^±*w
¸�±hz�²;�;cmµ�e~ctz�w!ghf�ghw�²Kj�g	e=b�z�g	e~c{²�²�c{fDg�ì�w�b!´��+ctz��W²!c{ltnDj=n^±*wKj~±*b�z�lmc�e�ì�°WchdYq�n^y*n^e=ghf�°�fDg{ì���ghl�RK²!g	e=g
ghw�²xghw!ghf^±hy1j~±*b�z�lmc>p!g{|hc>�Wctc{wxb!j=c{²;d Õ p�c ¹�s ó¬qÜf^±hy*nDl�e~c{j~e#°!z�±�|�nD²�c{j#gYyh±�±�²4°W±*j=j�n^��nDfDnDeEìve~±1e~c{j~e
ghf�j~±4e=p�z=ctc ¹�s ó¬qQghf^yh±hz�nDe=p!´4j�ghj�e=p!ctìH²�c{f�n^|hctz�e=p�cYnDw!°�b�e�²!g	e=g4e~±4e=p!c ¹�s óÉqQf^±hy*n�l���f^±�l�R+d

Õ p�c�e=p�±hz=±*b�y*p1e~c{j~e=j�±h³�e=p�c ¹�s óÉqighf^yh±hz�nDe=p!´4j9ghw!² ¹�s óÉq¦f^±hy*nDl�p!g�|hc�°!z=±�|�nD²�c{²�e=p�c�ct|�nD²�c{w!lmc
±h³�e=p�c{nDz�lm±hz=z=c{lme�³�b!w�lme=n^±*w!ghfDn^e�ìhd ÷ g	e~ctz�±*w;��e=p!c ¹�s óÉqQfD±hy*nDl�e~c{j~e�p�ghj��Wctc{w%nD´6°�f^c{´6c{w�e~c{²�nDwAe=p�c
nMs&n °!z=±�²!b!lme=nD±*wue~c{j=e�°�ghl?R¢g	yhchd

¹ ghj=c{²�±*w�e=p�c ¹�s ó¬q e~c{j~ev°!z�±�lmc{²!b!z=c6²�c{j=lmz�n^�Wc{²Kg	�W±�|hcxghw�±he=p!ctz ¹�s ó¬q®e~c{j=eYp!ghj��Wctc{w�²�c Ã
|hc{fD±h°+c{²&d Õ p!cYnDw�°�b!e�³�±hz�e=p!c,e%e#z�Â
	�ó s n�w�e=p!nDj�e~c{j=e�nDj�°!z=±�|�nD²�c{²���ìAe=p�cYghw�ghf^±hyuj~±*b!z�lmch��¸�p�nDl�p
yhc{w!ctz�g	e~c{jrg4z�gh´4°�j=n^y*w�ghf&ghj�j=p�±�¸�w%nDw�ù�n^y*b!z=cYú�d�*¢�+��d�Â��W±*b�eY�	d�ú&×��të���ghw!ghfD±hyx°�b!f�j~c{j�g	z=c�°!z=± Ã
lmc{j�j~c{²M²!b�z�nDw!y1e=p!c�e~c{j~et�Wghw!² ¹�s óÉq}z=c{j=b!f^e=j�³�z=±*´íc{ghl�pK°�b�fDj~cYg	z=c�e~c{j~e~c{²Mb!j=nDw!y6z=c{ghf Ã e=nD´6c1²!g	e=g
°�g	e=p;d

�9+ é@�;é�æ4ðDj¢é*ï�ÿ_D����ç�go»�è"gDl ½ _�g�å + ï�å�j)h�ÿ{ÿ�ç�go»�� _ b æç�ð b é(��çUgo»
Õ p�c4e=ghjPR�±h³�e=p!cß3hcte�	�b�´Æ��f^±�l�R�nDjYe~±%³�±hz�´�e=p�c�E~cte�c{f^c{´4c{wVe=jtd�ù�±*b!z6� Ã ��nDe ¹�s ó¬q�z=c{j=b!fDe=jvg	z=c
j�b!´4´6c{²6e~±hyhcte=p!ctz�nDw6j=±*´6ct¸�p!g	e#²�n ·+ctz�c{wVe�¸�g{ì�jt��²�ct°Wc{w!²!nDw�y>±*w6e=p�c�l�p�±*j~c{wu´6±�²�chd Õ p�c�³�±hz�´4g	e
±h³�e=p�c4�të Ã ��n^e�²!g	e=g6¸�±hz�²!j�°!z=±�²!b!lmc{²�nDwAe=p�c{j=cY´6±�²�c{j�nDj�y*n^|hc{w%nDw Õ g	��f^crú�d�ê�d

Â�fDf&°!z=c Ã j=b!´x´4nDw�y4´6±�²�c{j�p!g{|hc��+ctc{w%e~c{j~e~c{²Kb!j=nDw�y6e=p!cY°�b!f�j~c�z�gh´6°�j�p�±�¸�w�nDw�ù�n^y*b�z�cvú�dD� B d
Õ p�c>p!c{n^y*pVe«±h³&e=p�c>°�b!fDj=c{j«p!g�|hc��+ctc{wHj~cte�e~±�°!z=c{²�c���w!c{²4|	ghfDb�c{j�nDwx±hz�²�ctz«e~±�l�p!c{l�RHct|hctz=ì4��n^e���n^°
n�w�g��të Ã ��n^e�¸�±hz�²;d�ù!±hz�c{ghl�p�°!z=c Ã j�b!´4´4nDw!y�z=c{j�b!f^e�ghfDj~±4e=p!cr°�g	z�n^e�ìu��nDe3�>n�j�l�p�c{l?Rhc{²;d
�P� `\X%�]V�l�S)d����\Syd�S��&�)��XC�jXabmd�X~ã�S)b^d�`iX�Ý!Ý�l9Â Ü$� ÄÌS)UèV$b�R{ã¢ã�d��)�YX$s � `\S)U��iS)d�S�U÷UqXcd�d�R
��Z_R$l5�aXl�R>ãiVgd�V}s � d�S)UUqXcd|d�R��èSyZrd�`\Xèb;�)�p�YXcl4R$Z�R�biXaU|S)b9�P�����iSydu{�R$lEãpS�U[XakhXcb�V$b¢ã8d�R&��S)Zrb$�)�p�YXcl�R$Z�R$b\XaU|S)U�R{ãã×s
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Õ g	��fDcrú�d�ê�ñ43hcte�°!z=c Ã j=b!´x´4nDw�y�´6±�²�c{jtd

��hml9é ¹ hOg;ï�ÿ�è�æ_Djè�æé(l¦ÿ�_D� � æ b é�è!ÿ{æKhvgoéKå + è"gDgoé b ÿ�è�æ_Djè�æé(l

�
j=b!´ Q ê��h� j=b!´ å ê��h�
� Ã ��n^e j=b�´ �
°�g	z�nDeEìH��n^e

� ��n^e=j�g	z=cvj~cte�e~±
���Ö°�g	z�n^e�ìu��n^e

e�g	z�nDeEìA��n^e�nDj�ë���±he=p�ctz � ��nDe=j�g	z=c4�

x Õ z�b!w!ltg	e=nD±*w ÷ 	 ¹ �!gh²!²�°�g	z�n^eEìH��n^e e�g	z�nDeEìA��n^e�nDj�ë���±he=p�ctz � ��nDe=j�g	z=c4�
~ �të Ã ��nDe�j=b!´�����±4e~z�b!w�ltg	e=n^±*w Â>fDf��të6��n^e=j�g	z=cx�

Õ p!c���b�w!l�p Ã lmz�±*j=j=nDw�y�´1b!f^e=n^°�fDcmµ�nDw!yv´6c{l�p!ghw�nDj=´ÄnD´6°�fDc{´6c{wVe~c{²HnDwHe=p�c ¹�s&n b�µx��f^±�l�Ru´�b!fDe=n Ã
°�f^cmµ�c{j�e=p�ci� Ã ��nDe ¹�s ó¬q z=c{j=b!fDe=j�³�±hzre�¸«±%l�p!ghw!w�c{f�j�±*wVe~±�±*w!c6±*b�e~°�b�etd Õ p�b!jt�;±*w!fDì%eE¸�±�±*b�e~°�b�e
²!g	e=g4j=e~z=c{gh´4j�g	z=c�b!j~c{²�³�±hz�³�±*b�z�l�p!ghw�w�c{fDjtd Õ p!cr³�±hz�´xg	e�±h³oe=p!cY²!g	e=g6¸�±hz�²A³�±hz�g4j=nDw!y*f^c���b!w!l�p Ã
lmz=±*j=j�nDw�y4nDj�y*n^|hc{w%nDw�ù�n^y*b�z=c�ú�dD�;��d

Õ p!c4¸«±hz�²¤lm±*´6°!z�nDj~c{jre=p�c`� Ã ��n^e ¹�s ó¬q�z=c{j=b�f^evghltlm±*´6°�ghw!nDc{²���ìKe=p!c ¹�s&n b�µX��g	y�ghw!²�ghw
±�²!²6°�g	z�nDeEì1��n^e�ghj ÷ 	 ¹ d Õ p�c�´1b!f^e=nD°�f^cmµ�nDw�y�lmì�ltf^c�j~e=g	z=e=j�¸�p�c{w6e=p�c ¹�s ó¬qUz=c{j=b�f^e�g	°!°Wc{g	z�j�nDw4ghw�ì
±h³We=p�c�e�¸«±1l�p!ghw!w!c{fDjtd Õ p�c�±*b�e~°�b!e�z=c{j=b!f^e=j�±h³W´1b!f^e=nD°�f^cmµ�nDw�y�g	z�c�j~c{w�e#nDw6e�¸«±1lm±*w!j~c{ltb�e=n^|hc���b!w!l�p Ã
lmz=±*j=j�nDw�y*jtd Õ p�c ¹�s&n b�µ,��g	yrb!w�gh´Y��nDy*b�±*b!j=f^ìvn�w!²!nDltg	e~c{j9e=p�c�l�p!ghw!w�c{f�¸�p!n�l�p�lm±hz=z=c{j~°W±*w!²�joe~±re=p!c
��b!w�l�p Ã lmz=±*j�j=nDw�y�lm±*w�e=ghnDw!nDw�yAe=p�c ¹�s óÉq z=c{j=b�f^etd Õ p�c6e=p�z=ctc4lm±*´���nDw�g	e=n^±*w!j�±h³�e=p�c ¹�s&n b�µ���g	y
¸�p!n�l�p�g	z=cYj=cte�nDwAeE¸�±ulm±*w�j~c{ltb�e=n^|hcv¸�±hz�²!j�lm±�|hctz>e=p�cre=p�z=ctcv°W±*j=j�n^��f^c�ltghj~c{j�¸�p!nDl�p�ltghw�p!g	°!°Wc{w;ñ

�	d Õ p�c ¹�s óÉqÖz=c{j�b!f^e�nDw�l�p�ghw!w�c{f��vnDj�±*w!cre=nDl�RAc{g	z�fDnDctz�e=p!ghw�e=p�c ¹�s ó¬qÖz=c{j=b!f^e�nDw�l�p!ghw!w�c{fo¿�d

¿�d Õ p�c ¹�s óÉq z�c{j=b!f^e�nDw�l�p!ghw!w�c{f��Yghw!²�l�p!ghw�w�c{f�¿6g	z=c�nDwAe=p�cvj=gh´6cY��b!w!l�p Ã lmz=±*j=j=n�w�y�d

� d Õ p�c ¹�s óÉqÖz=c{j�b!f^e�nDw�l�p�ghw!w�c{f&¿6nDj�±*w!cre=nDl�RAc{g	z�fDnDctz�e=p!ghw�e=p�c ¹�s ó¬qÖz=c{j=b!f^e�nDw�l�p!ghw!w�c{f#�	d

Õ p!c{j~cre=p�z=ctcYltghj=c{j�ghw!²�e=p!cvlm±hz=z=c{j~°W±*w!²!n�w�y ¹�s&n b�µ/��g	yxlm±*´���nDw!g	e=nD±*w!j�g	z=cvj=p!±�¸�w�n�w�ù9nDy Ã
b�z=c1ú�dD� � d Õ p!c{j~c1ltghj=c{jvp!g{|hc��Wctc{wMj=nD´1b!fDg	e~c{²Kb!j=nDw!yxe=p�c1°�fDg�ì���ghl?R�´6c{´4±hz=ì�±h³#e=p!c6e�e�z�Â
	�ó s d
Õ p�cre~c{j=e=j�p!g�|hc�j=p�±¸�wAe=p�cYlm±hz�z=c{lme�±*b�e~°�b!e�e~±xe=p�c s f�b!j~e~ctz3e�z�±�lmc{j=j=±hz�³�±hz>ghfDfWe=p�z=ctcvltghj=c{jtd
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ù�n^y*b�z=c�ú�dD� B ñve«b!fDj~c�z�gh´6°ÖfD±*gh²�c{²ÎnDw�e~±ie=p�c¤°�f�g{ì���ghl�RÎ´4c{´6±hz=ìÜ¸�p!n�l�pÎn�j�b!j=c{²ÎnDwÎe=p�c¤°!z�c Ã
j=b!´x´4nDw�y1e~c{j~e�³�±hz�ghfDf nMs&n l�p�ghw!w�c{fDjtd
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��������	
������� ����������

Parity bit

ù�n^y*b!z=crú�dD�;��ñ�ù�±hz�´4g	e�±h³�²!g	e=g6¸�±hz�²�nDwAe=p!cv±*b�e~°�b�e�e~± s fDb!j~e~ctz3e#z=±�lmc{j=j~±hz{d

1) 

BCID result
Ch 1

Ch 2
BCMux flag 0 1

2) 

BCID result
Ch 1

Ch 2
BCMux flag 0 0

3) 

BCID result
Ch 1

Ch 2
BCMux flag 1 1

BC0 1

ù�n^y*b!z=c�ú�dD� � ñ Õ p�z=ctc#lm±*´���nDw�g	e=n^±*w!j&±h³�e=p�c ¹�s&n b�µ���g	y���n^eonDwreE¸�±�lm±*w!j~c{ltb�e=n^|hc���b!w�l�p Ã lmz=±*j�j=nDw�y*jt�
²!ct°+c{w�²!nDw�y1±*w�e=p�c ¹�s ó¬q z=c{j=b�f^e�e=nD´6cr°W±*j=n^e=n^±*wH³�±hz�e�¸«±xl�p!ghw!w�c{f�jtd
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10-bit counter 16-bit counter

20-bit counterThreshold
register

Time
register

10-bit ADC/

8-bit BCID 

40 MHz 8 bits

8 bits

10 bits

10 bits

Output data
block: 
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²³¥�¯P¥�¤?¡á´�¢6¶"·T¸«¹�º/»�¡µS¢�¤?�²ã¡µÖ&Ö Î ¸$àA´z¡á´` �¡T¢�£�¤�¥�¦�§�¨S©«§�Ñ�Ö3ÖP¸G¸�´z�Ö&¯ Î ¥�¬AS¯P¥±°�²K¥�¯P¥�¤?¡µ´�¢i²K¸G»�£"·T¥�¡áÖ
�¹±¯�¡TäSS¯P¥;»X¶(å@¯ Î ¥9¼`½�¾$¿Gæ
Å�½"ç�èU¿z¤�¥�¢�¡áÖP¯P¥�¤;éO¯ Î ¥³»�S¯�ià Î ¡µ¹ Î ¥±ê�¹±¥�¥;»X¯ Î ¥,¯ Î ¤�¥;Ö Î ¸�·µ»�ÖP¥�¯P¯�¡µ´�¢�Ö�S¤?¥
¹±¸�£�´(¯P¥;»`¶(åi³¨S©F°�¶"¡µ¯�¥�ä�¥;´(¯&¹±¸�£�´J¯P¥�¤$§ Í3Î ¥�´(£�²,¶<¥�¤�¸�Ï�¶"£�´�¹ Î °�¹±¤�¸�Ö�Ö�¡á´�¢�Ö%¡µÖp¹±¸�£�´(¯P¥;»/¶(å³¯Wà�¸³¯�¡á²6°
¡µ´�¢6¹±¸�£�´(¯P¥�¤?Ö�§ ÍAÎ ¥9ë�©F°�¶v¡T¯3¹±¸�£�´(¯P¥�¤3¡µ´�¹±¤�¥;²³¥;´(¯�ÖÛ¥�ä�¥�¤�å`¶"£�´�¹ Î °�¹±¤�¸�Ö�Ö?¡µ´�¢�§�Ñ®Ö&¡µ¯�¤�¥;�¹ Î ¥;Ö&¯ Î ¥
·µ¡á²K¡T¯
¸�Ï�ë�©/¶"¡T¯�Ö�¯ Î ¥0ë;ì)°�¶"¡µ¯�¹±¸�£�´J¯P¥�¤,¡µÖ
¡µ´�¹±¤�¥;²K¥;´J¯P¥;»m§ Í3Î ¥³¬®S¯P¥±°�²³¥�¯P¥�¤?¡µ´�¢@¶"·T¸«¹�º4»�¸(¥;Ö�´�ía¯ Î ;ä�¥i�´(å
»�¥;�»`¯�¡µ²³¥�é�ÖP¸6¥�ä�¥�¤�å'¶"£�´�¹ Î °�¹±¤�¸�Ö�Ö?¡µ´�¢,¡áÖ�¹±¸�£�´(¯P¥;»m§ ÍAÎ ¥�¬®S¯P¥±°�²³¥�¯P¥�¤?¡µ´�¢6²K¸G»�£"·T¥®ÖP¯P¸�îvÖp¹±¸�£"´J¯�¡µ´�¢
�´�»zî"¤�¸$ä«¡µ»�¥;Ö&¡T¯�ÖA»�S¯�³¯P¸K¶<¥
¤�¥;�»«°�¶v�¹�ºz¡µ´/¯�àp¸'¹��Ö�¥;Ö�ª

ï ÍAÎ ¥
¥�ä�¥;´J¯�¹±¸�£�´(¯P¥�¤A¤�¥;�¹ Î ¥;Ö3¸)ä�¥�¤�ð�¸$à�§

ï ÍAÎ ¥Kë;ì)°�¶"¡T¯3¯�¡á²³¥�¹±¸�£�´(¯P¥�¤A¤�¥;�¹ Î ¥;Ö3¯ Î ¥�äF�·µ£�¥�ÖP¥�¯A¡µ´/¯ Î ¥
¯�¡á²K¡µ´�¢6¤�¥�¢�¡µÖ�¯P¥�¤;§
Ññë;ì)°�¶"¡T¯
¯ Î ¤?¥;Ö Î ¸�·µ»y¹��´Â¶O¥KÖ�¥�¯�¡µ´X¯ Î ¥K¯�¡á²K¡µ´�¢/¤�¥�¢�¡µÖ�¯P¥�¤;§ Í3Î ¡áÖ�¯ Î ¤�¥;Ö Î ¸�·á»�»�¥�ò"´�¥;Ö
¯ Î ¥'·µ¡µ²K¡T¯�¸�Ï
¯ Î ¥'¯�¡µ²K¡µ´�¢4¡µ´J¯P¥�¤?äF�·%àA¡T¯ Î �´��¹�¹�£�¤?�¹±åÇ¸�Ï�¨�óGô�ìFõ�ö�§ ÍAÎ ¥Kð"S¢�ÖX÷P¬AS¯P¥±°WØ@¥�¯P¥�¤?¡µ´�¢X$äF�¡á·µS¶"·T¥;ø4¡µ´
¯ Î ¥@ÒG¯�S¯�£�Ö6àp¸�¤?»�¡µ´�»"¡µ¹�S¯P¥'¯ Î S¯³¯ Î ¥z»�S¯�y¹��´�¶<¥'¤�¥;�»�§ Í3Î ¥/ÏU¸�¤?²KS¯6¸�ÏA¯ Î ¥z¬®S¯P¥±°�²³¥�¯P¥�¤?¡µ´�¢
¸�£�¯Pî"£�¯�»�S¯�0¹±¸�´�Ö�¡áÖP¯�¡µ´�¢z¸�ÏÛÏU¸�£�¤
à�¸�¤�»�Ö�¡µÖ��·áÖP¸@Ö Î ¸)àA´Ç¡µ´y �¡T¢�£�¤�¥³¦�§�¨S©«§'ÓC¯�¡µ´�¹�·á£�»�¥;Ö�¯�àp¸4ù)°�¶"¡µ¯
»�S¯�ià�¸�¤?»"Ö®¹±¸�´(¯��¡µ´�¡µ´�¢K¯�¡µ²³¥�¡á´J¯P¥�¤�äS�·�äS�·µ£�¥9�´�»0¯Wà�¸Xë�©F°�¶"¡T¯®à�¸�¤�»�ÖA¹±¸�¤�¤?¥;ÖPî<¸�´�»�¡µ´�¢³¯P¸'¯ Î ¥9¨S©F°
¶"¡T¯
¥�ä�¥;´(¯,´G£�²,¶<¥�¤;§ Í3Î ¥K¬®S¯P¥±°�²³¥�¯P¥�¤?¡µ´�¢@¶"·T¸«¹�º Î �Ö�¶<¥�¥;´y¯P¥;ÖP¯P¥;»â¡µ´y�·µ·5²K¸G»�¥;Ö�àA¡T¯ Î »�¡^ú<¥�¤�¥;´(¯
¤�¥�¢�¡µÖ�¯P¥�¤iÖP¥�¯P¯�¡µ´�¢�Ö;§�Ñ�´�¥±ê��²³î"·T¥z¸�Ï�¸�´�¥z¯P¥;ÖP¯�¡µ´�¢Ç²³¥;�Ö�£�¤�¥;²K¥;´J¯K¡µÖ³Ö Î ¸$àA´�¡á´ Í S¶"·T¥z¦�§�ìG§ ÍAÎ ¥
 «Ñ®Ù�ÔÊ»�S¯� Î ;ä�¥�¶<¥�¥;´'£"ÖP¥;»'�Öp¡µ´�îv£�¯%ÖP¸�£�¤�¹±¥�§5 �¸�¤Û¯ Î ¥® «Ñ�Ù
ÔÊÖP¸�£�¤?¹±¥�,Ù�Ôû·µ¥�ä�¥;·"¯P¥;ÖP¯pî"S¯P¯P¥�¤?´
Î ¡T¢ Î ¥�¤,¯ Î �´�4¯ Î ¤�¥;Ö Î ¸�·µ» Î �Ö,¶<¥�¥;´�£�ÖP¥;»m§ Í3Î ¥`¥±ê«îO¥;¹±¯P¥;»�¸�£�¯Pî"£�¯�ÏU¸�¤6¯ Î ¥/¥�ä�¥;´J¯³�´�»�¯�¡µ²i¡µ´�¢

Í S¶"·T¥9¦�§�ìGªv¬AS¯P¥±°�²K¥�¯P¥�¤?¡µ´�¢z¤�¥�¢�¡áÖP¯P¥�¤
ÖP¥�¯P¯�¡µ´�¢�Ö
�´�»�¥±ê«î<¥;¹±¯P¥;»y�´�»X²³¥;�Ö�£�¤�¥;»�¸�£�¯Pîv£�¯®¤?¥;Ö�£�·T¯�Ö®Ï�¸�¤
 «Ñ®Ù�Ô�»"S¯��¡µ´³¹��ÖP¥;Ö�ª�©®ü,¯�¡á²³¥�¸�£�¯5¹±¸�´�»�¡µ¯�¡T¸�´9¤�¥;�¹ Î ¥;»i¶(å9¯ Î ¥�ë;ì)°�¶"¡µ¯�¯�¡µ²K¡µ´�¢
¹±¸�£�´(¯P¥�¤;éOë�ü,¥�ä�¥;´J¯
¹±¸�£�´(¯P¥�¤A¸)ä�¥�¤�ð�¸$à

ý ½�Ë$¿ þ9ÄUÁâ¿ Ã)¿GÆvÄUË�¾)¿(Ã
Ë;¿(¾;¾)Ä�ÅDÆ"Ë

þ,Ä�Áâ¿ Ä�ÅmÀ
¾$¿GÃ$ÿ�½"è��
ÁÂË

æ�ÿv¿«ÅO¾ ß�ÌOÞDÅO¾)¿(Ã
ÌOÞ�¾���Þ�¾
�����
	����������	

þ,Ä�Áâ¿ ß�ÌvÞ�ÅO¾$¿GÃ
ÌvÞ�¾���Þ�¾
������	����������	
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ù�n^y*b!z=crú�d�¿��	ñ � g	e~c Ã ´6cte~ctz�nDw�yuct|hc{wVe�±*b�e~°�b�e�|�jtd�e=nD´xnDw�y6nDw�e~ctz=|¢ghf�j�³�±hz�ù�Â>q s ²!g	e=g4j=±*b�z�lmchd

lm±*b�wVe~ctz�jup!ghj4�Wctc{wÇltghf�ltb!fDg	e~c{²�R�w�±�¸�nDw�y�e=p�c%n�w�°�b�e�e~c{j~e4°�g	e~e~ctz�w!jxfD±*gh²�c{²ÇnDw�e~±�e=p�c�yhz�g	°�p!nDltj
ltg	z�²;d#ù�±hz�e=p�cre=n�´6ct±*b�e�ltghj~cre=p�crj=gh´6°�fDnDw�y�z�g	e~cvj~ctc{wA��ìxe=p�c � g	e~c Ã ´4cte~ctz�nDw�y4´6±�²!b!fDc�p!ghj��Wctc{w�{¿�"¢´xj�ghw!²A³�±hz�e=p!cr±�|hctz��!±¸Öltghj=c�¿ � � � "¢´4jtd

Õ p�cvct|hc{w�e=j�´6c{ghj=b�z=c{²%��ìAe=p�c � g	e~c Ã ´6cte~ctz�nDw�yAnDw�e=p�z=ctc�²!n ·Wctz=c{wVe�e=nD´6cYnDw�e~ctz=|	ghfDj�n�w�ltghj~cY±h³e=n�´6ct±*b�e6lm±*w!²!n^e=nD±*wRg	z�cAj�p�±�¸�wJn�w�ù�n^y*b�z�cHú�d�¿��	d } w�c�ltghwJj~ctc�gM°!z�±h°+ctz�fDnDw!c{g	z1�Wc{p!g�|�nD±*b�z�±h³
e=p!cvz�g	e~c Ã ´6cte~ctz�n�w�yx´6±�²!b!f^chd�ù�±hz>e~c{j~e=j�±h³ � g	e~c Ã ´6cte~ctz�nDw�yu¸�n^e=p ¹�s ó¬q z=c{j=b!fDe=j�ghj�nDw�°�b�e�j=±*b�z�lmch�g�z�gh´6°�±h³�e~z�nDghw!y*b!fDg	zv°�b�fDj~c{jYp�ghjY�Wctc{w¤b�j~c{²;d Õ p!c4z=c{j=b!fDe=jYj=p�±¸ lm±hz�z=c{lme�³�b!w�lme=n^±*w!ghfDn^e�ìh�oe~±�±�d
Õ p�c � g	e~c Ã ´4cte~ctz�nDw�yA´6±�²!b!f^cvp!ghj�ghfDj~±u�+ctc{w%j=b!ltlmc{j=j~³kb!fDfDìue~c{j~e~c{²Kb!j=n�w�y6e=p�cY°�fDg{ì���ghl�R�´4c{´6±hz=ìh�fD±*gh²�c{²A��ìHe=p�crz�gh´4°Aghw�²�q s f^ct|hc{fWe~c{j~e=nDw�y6°�g	e~e~ctz�w!jtd Õ p!c>z�c{j=b!f^e=j�g	z=cvn�wHg	yhz�ctc{´6c{wVe�¸�n^e=pHe=p�c
cmµ�°Wc{lme=g	e=n^±*w!jtd

Õ p�c�#>nDj~e~±hyhz�gh´4´xnDw�y�´6±�²!b!f^c�ghj6¸�c{fDf�ghj � g	e~c Ã ´6cte~ctz�nDw�y�ltghwJ�Wc�³�c{²���ì�e�¸«±�j~±*b�z�lmc{j6±h³²�g	e=gy�Ü�të Ã ��n^eAù�Â>q s ²�g	e=g¤±hzz� Ã ��n^e ¹�s ó¬qÆz�c{j=b!f^e=jtd Õ p!c¤�të Ã ��n^eAù�Â�q s ²!g	e=g�g	z�c�´4g	°!°Wc{²
±*w�e~±Y¿hê�*>f^±�ltg	e=n^±*w!j�nDwve=p!c�´4c{´6±hz=ìv��ìve~z�b!w�ltg	e=n^±*w;d Õ p�c«e=p!z=ctc«e~z�b!w!ltg	e=n^±*w�´6±�²�c{j9nD´6°�f^c{´4c{wVe~c{²
n�wÇe=p�c�e%e�z�Â�	�ó s g	z=c�y*n^|hc{winDw Õ g	��f^c%ú�d B d�Â>ltlm±hz�²!n�w�y¤e~±�e=p!nDj4e=g	��f^c%e=p�cKp!n^y*p�ctzxe=p�c�´6±�²�c
w�b!´��Wctz�n�jt��e=p�cvj=´4ghfDfDctz�e=p!c>c{w!ctz=yhìuz�ghw�yhcre=p�cvp!nDj=e~±hyhz�gh´�lm±�|hctz�j�¸�n^e=pAnDw!lmz�c{ghj=nDw�y�ghltltb�z�ghlmìAghj
e=p!cYw�b�´Y�Wctz�±h³9��nDw!j�z=c{´xghnDw!j�e=p�cYj�gh´6chd

óÉwHltghj~c>e=p�c�� Ã ��nDe ¹�s ó¬q�²!g	e=g1g	z=c�b!j=c{²;��w�±�e~z�b!w!ltg	e=nD±*wxnDj«g	°!°�fDn^c{²&d ¹ c{nDw�y�ghlme=n^|¢g	e~c{²A��ì�e=p�c
e�¸«±%z=cty*nDj~e~ctz�j�� o ç�ÿ º g�è"# b é��&ý b èJ��#9è!å ! º goè�# b é��oe=p�c$#�n�j~e~±hyhz�gh´4´4n�w�y�´6±�²�b!f^c�ghltltb!´�b�fDg	e~c{j

Õ g	��f^crú�d B ñ%#>nDj~e~±hyhz�gh´4´4nDw�y4´4±�²�c{j{d
�khmloé � j¢_�g�åVè�æçUhvg �Hè"go»�é%&('Hé*) �Hé�ÿ;h b _�æçUhvg+&,'Hé*)
� ¿ ÷ 	 ¹ ë Ã ¿hê�* �
x � n 	 ¹ ��� ÷ 	 ¹ ë Ã �{¿�� ë�d�ê
- ¿ n 	 ¹ ë Ã *¢ú ë�d�¿hê
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b)a)

ù�n^y*b�z=c�ú�d�¿h¿�ñ�Â>w!ghf^±hyv°�b�fDj~c�j=p!g	°Wc{j�b�j~c{²4nDw6e~c{j=e=j#±h³We=p�c0#>nDj~e~±hyhz�gh´4´4nDw�y�´6±�²�b!f^c�nDw6e�¸«±1²!n ·Wctz Ã
c{w�e�´6±�²�c{jtñ�gV��p!n�j~e~±hyhz�gh´4´4n�w�y�±h³9e=p!cvù�Â>q s ²!g	e=g/1��+��p!nDj=e~±hyhz�gh´4´4nDw!y1±h³9e=p�c ¹�s ó¬qÖz=c{j=b!fDe=jtd
e=p�c�²�g	e=gvb!j=nDw!y>e=p!c�j=gh´6c�´4c{´6±hz=ì6ghj�³�±hz�°�fDg�ì���ghl�R4²!g	e=g�d Õ p�c�f^±�¸�ctz«fDn�´4n^e9³�±hz«e=p�c�°�b!fDj=c{j�e~±Y�Wc
p!nDj=e~±hyhz�gh´4´6c{²�n�j�j~cte���ìHg4°!z=±hyhz�gh´4´xg	��f^cre=p�z=c{j�p�±*fD²A¸�z�nDe~e~c{w�nDwAe=p�cvz=cty*n�j~e~ctz o ç�ÿ º æ �,+ jé�ÿ + d
Õ p�c6e=n�´6c6nDwVe~ctz�|¢ghf�²!b!z�nDw�yH¸�p!nDl�pMe=p�c4p!nDj=e~±hyhz�gh´4´4nDw!yAn�j�°+ctz�³�±hz�´4c{²Kn�jr²�c���w�c{²M��ì�³�±*b�z�* Ã ��nDe
z=cty*nDj=e~ctz�jtd Õ ¸�±�±h³>e=p�c{´ ²�c{j�n^y*w!g	e~c�e=p�c¤�{¿ Ã ��n^e6|¢ghf�b�c�±h³�e=p�c�f^±�¸�ctzuf�nD´4n^et�#ghw�²Jghw�±he=p�ctzxe�¸«±
²�c{j=nDy*w!g	e~c6e=p�c��{¿ Ã ��n^er|	ghfDb�c�±h³�e=p�c4b�°!°WctzrfDnD´xn^e�±h³�e=p�c6e=nD´4n�w�yu¸�nDw!²�±¸vd Õ p�c�|¢ghfDb!c{j�±h³«e=p�c{j=c
z=cty*nDj=e~ctz�jrg	z=c4lm±*´6°�g	z�c{²�e~±�e=p�c��{¿ Ã ��n^er��b!w!l�p Ã lmz=±*j=j=nDw!yHlm±*b!w�e~ctzYz�b!w!w!nDw!y4°Wctz�´4ghw�c{w�e=f^ì�n�w�e=p!c
e%e#z�Â
	�ó s d Õ p�c2#>nDj~e~±hyhz�gh´x´4nDw�yxn�j�ghlme=n^|hc�n^³9e=p�cY��b�w!l�p Ã lmz�±*j=j=nDw�y4lm±*b�wVe~ctz>|¢ghf�b�cYnDj�¸�n^e=p!nDwAe=p!c
fDnD´xn^e=j�²!c���w�c{²K��ìKe=p�c{j~c�z=cty*n�j~e~ctz�jtd Õ p�c6nDw�°�b�e�j=nDy*w!ghf�nDjrp!nDj~e~±hyhz�gh´4´6c{²M��ì�nDw!lmz�c{´6c{wVe=n�w�yue=p!c
lm±hz=z=c{j=°+±*w�²!nDw�yA��nDw&d6ó�³�e=p�cxù�Â>q s ²!g	e=g�g	z�cx±*b�e=j=n�²�c6±h³�e=p�cxp!nDj=e~±hyhz�gh´4´4nDw!yHz�ghw�yhch�oe=p!c4|hctz=ì
fDghj~er��nDw�nDjrnDw!lmz�c{´6c{wVe~c{²¤nDw�e=p!nDjrltghj=chduÂ>jre=p�c4°�f�g{ì���ghl�R�´6c{´6±hz�ìKp!ghjve=p�c%�h� Ã ��n^eY¸�nD²�e=p;�;e=p!c
´4g¢µ�nD´1b!´Êw�b!´��Wctz�±h³>lm±*b!w�e=j6nDw�g�j=nDw!y*f^cu��nDwR¸�p!nDl�pRltghw��WcAz=c{ghl�p�c{²ÇnDj6¿	ë	ú B dÇÂ>j6j~±�±*wJghj
±�|hctz?�!±�¸�n�jYz=c{ghl�p�c{²JnDwRghwVì�±h³�e=p�cA��nDw�jt�oe=p!cAp�nDj~e~±hyhz�gh´4´xnDw�y�j=e~±h°�j�ghw!²¤e=p!cAp�nDj~e~±hyhz�gh´4´4c{²
²!g	e=gMg	z=cAz=c{gh²�ì¤³�±hz6z=c{gh²!±*b�etd Õ p�c�3547698;:=<?>�@�ACBED�@�47F�@�GHF�I���nDe1nDw�e=p�cAz=c{gh² Ã ��ghl�R�	�e=g	e=b!j�¸«±hz�²
nDw!²�nDltg	e~c{jve=p�cAj~e=g	e~cH±h³�e=p�cAp!nDj~e~±hyhz�gh´x´4nDw�y���f^±�l?R�d�#>nDj~e~±hyhz�gh´4´4nDw�y�¸�nDfDf��WcHghlme=n^|¢g	e~c{²�g	y*ghnDw
±*w!f^ìHg	³�e~ctz�e=p�cY´6c{´4±hz=ìHn�j�z=c{gh²���ghl?R�ghw!²�ltf^c{g	z=c{²&d

ù�n^y*b!z=crú�d�¿ � ñv{«w�ctz=yhìAp!nDj~e~±hyhz�gh´£±h³9g4j�nDw�y*f^crj~e~ct°�¸�n^e=p�nDw�e~ctyhz�ghf;|	ghfDb�cr±h³��tëhëxlm±*b!w�e=jtd
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JLK � K
ù�n^y*b�z�crú�d�¿¢ú�ñve%e#z�Â
	�ó s p�nDj~e~±hyhz�gh´4´xnDw�y6nDw�gV��´6±�²�cvë4ghw�²��+��nDw�´6±�²�c4�	d

Õ p�c�#>nDj~e~±hyhz�gh´4´xnDw�y�´6±�²!b!f^cAp!ghj��Wctc{w�e~c{j~e~c{²Ç¸�n^e=pR�+±he=pJj=±*b�z�lmc{j6±h³>²!g	e=g�ñ�z�g{¸��të Ã ��n^e
ù�Â>q s ²!g	e=g�ghw!²û� Ã ��nDe ¹�s óÉqÆz=c{j=b!f^e=j{dÇóÉwªe=p�c%ù�Â>q s ´6±�²�c�e=p�cKj~e~ct°ª¸�g{|hct³�±hz�´îp!ghj4�Wctc{w
e=gSRhc{w�ghj�nDw�°�b�evj=n^y*w!ghf#ghj1nDeYnDjYj�p�±�¸�wRnDw�ù�n^y*b!z=cxú�d�¿h¿	gV��d Õ p!nDjv³�±hz�´ò±h³�e=p�cHj=n^y*w!ghf«p!ghjv�Wctc{w
l�p�±*j~c{w��Wc{ltghb!j~cx±h³�e=p!c4³�ghlme1e=p!g	e�e=p�cM#>nDj~e~±hyhz�gh´4´xnDw�y%´6±�²!b!fDc4p!ghjYg��të%±h³���b!w�l�p Ã lmz=±*j�j=nDw�y*j
²!c{gh²xe=nD´4chd�	�cte~e=nDw�y�e=p�c�j~e~ct°Aj=nT�tc�e~±H�të���b!w�l�p Ã lmz=±*j�j=nDw�y*j#±*w�c�ltghwucmµ�°Wc{lme�e~±1p�g{|hc�g�p!n�j~e~±hyhz�gh´
c{w�e~z=ìu³�±hz�ct|hctz=ìHj~e~ct°�nDwue=p�crj=n^y*w!ghf.d Õ p�c>ghw�ghf^±hy�°�b!fDj~c�z�gh´6°�p!ghj��Wctc{wAb!j~c{²Aghj�g�j=n^y*w!ghf+nDwue=p�c
¹�s ó¬qÎ´4±�²�ch��nDj�j=p�±�¸�wxnDwuù9nDy*b�z=c�ú�d�¿h¿¢�W��d�ó�e�p!ghj«�+ctc{wHl�p!±*j~c{wxe~±1°!z=±|�n�²�c ¹�s ó¬q�z=c{j=b�f^e=j�¸�p�nDl�p
g	z�cx�të6��b!w�l�p Ã lmz=±*j�j=nDw�y*j�g	°�g	z�e�³�z�±*´�c{ghl�p%±he=p�ctz{d

Õ p�c�p!nDj=e~±hyhz�gh´4´4nDw!y>z�c{j=b!f^e�³�±hz#grj=nDw�y*fDc�j=e~ct°xnDw�e=p�c�j=e~ct°4³�b�w!lme=n^±*w6nDj�j=p!±�¸�w6nDw6ù�n^y*b!z=c�ú�d�¿ � d
Õ p�c6w�b!´��Wctzr±h³�ghw�ghf^±hy�j=n^y*w!ghf�j�yhc{w!ctz�g	e~c{²¤nDj>c;q�b!ghf�e~±�e=p�c4n�wVe~ctyhz�ghf�|	ghfDb�c�±h³�e=p!nDjrp!n�j~e~±hyhz�gh´�d
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´xnDw�y�´6±�²�b!f^c���ì1l�p�c{l?R�nDw!yre=p�c���nDw�°+±*j�n^e=n^±*w1³�±hz�c{ghl�p4j~e~ct°4nDw1e=p�c�¸�g{|hct³�±hz�´}ghw�²�e=p!c�w�b!´��Wctzo±h³
lm±*b�wVe=j>³�±hz�e=p!n�j�j~e~ct°&d Õ p!nDj�g	°�°!z=±*ghl�p�e~±He=p�cN#>nDj~e~±hyhz�gh´x´4nDw�yue~c{j~e=nDw�yHp!ghj��Wctc{w�nD´6°�f^c{´4c{wVe~c{²
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Â�fDf�´6±�²�c{j�±h³�e=p�cO#�n�j~e~±hyhz�gh´4´4n�w�y�´6±�²�b!f^c�p�g{|hc4�Wctc{wMj=b!ltlmc{j=j=³�b!f�f^ì�e~c{j~e~c{²;d6{�µ�gh´6°�fDc{j�±h³
p�nDj~e~±hyhz�gh´4´xnDw�y�±*b�e~°�b�e=j�n�w�´6±�²�c{j1ë�ghw�²ª�Hg	z=cHn�w�g	yhz=ctc{´4c{wVe�¸�n^e=p¤cmµ�°Wc{lme=g	e=n^±*w�j1j�p�±�¸�wRnDw
ù�n^y*b!z=c�ú�d�¿¢ú�dvÂ>wMghb�e~±*´4g	e=nDl1e~c{j~er²�ct|hc{fD±h°+c{²Kghw!²KnD´6°�fDc{´6c{wVe~c{²KfDg	e~ctzrnDw�e=p�c1e~c{j~e=nDw�yAj~±h³�eE¸�g	z=c
°�ghl�R	g	yhc�ghw!ghf^ì�j~c{j9e=p�c�lm±*wVe~c{w�e�±h³!��nDw�jt�c{j=e=nD´4g	e~c{j9e=p�c�lm±hz=z=c{lme�°W±*j=n^e=n^±*wY±h³�e=p�c�p!nDj=e~±hyhz�gh´Ö°+c{gSR�jt�
l�p�c{l�R�j�e=p�c�e=p�z�c{j=p�±*fD²Hj~cte~e=nDw�y*j�ghw!²AfDn�´4n^e=j«±h³&��b!w!l�p Ã lmz=±*j=j�nDw�yY¸�nDw!²�±¸inDwHghfDf+±h°Wctz�g	e=nDw�y�´6±�²�c{jtd

PRQTS UWVYX[ZO\T]^X`_badcfehgiadeY\jZdX^k=giadX
Â£e=p�±hz=±*b�y*p�e~c{j~e=nDw�yK±h³�ghfDf#³�b�w!lme=n^±*w!ghf nKs&n ��f^±�l�R�j�p!ghj1�Wctc{w�°+ctz�³�±hz�´4c{²;d%Â>fDf#f^±hy*n�l4��f^±�l�R�j
n�w¤e=p�c/e%e#z�Â
	�ó s p!g{|hc��Wctc{w�cmµ�gh´xnDw�c{²�¸�n^e=p¤²�n ·+ctz�c{wVe1e~c{j~e Ã °�g	e~e~ctz�w�j6nDw�ghf�f�°W±*j=j=n^��f^cx´6±�²�c{jtd
Õ p�cY³kb!w!lme=n^±*w�ghf&e~c{j~e=j�p!g�|hc�lm±*w��!z�´6c{²%e=p�c1lm±hz�z=c{lme nMs&n ³kb!w!lme=nD±*w!ghfDn^e�ìhd�óÉw�±hz�²�ctz>e~±u°Wctz=³�±hz�´
°�z=±�²�b!lme=n^±*w�e~c{j~e=n�w�y�±h³®L�ú*ëhëhë nMs&n jt��ghfDf#²!ct|hc{f^±h°Wc{²�e~c{j~e=nDw!y%°!z=±�lmc{²!b�z�c{jv¸�ctz=cHlm±*´���nDw!c{²¤nDw
e=p!cve~c{j~e=nDw�y4j=±h³�e�¸�g	z=c�°�ghl�R	g	yhchd
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CaloCells
em scale

Jet Based Hadronic Calibration
(“H1-style” cell weighting in jets etc)

Physics Jets
(calibrated to particle level )

Refined Physics Jet
(calibrated to parton level)

Tower Building

Noise, pile-up, algorithm effects,

In-situ Calibration
(Underlying event,

physics environment, etc)

 Jet Finding

(cone R=0.7,0.4; kt)

Em scale

hadronic
scale

Method I Method II

CaloClusters
locally calibrated had scale

CaloClusters
em scale

Topological   Clustering

(apply cell signal weighting 
dead material corrections)

Hadronic cluster calibration 

�Jet Finding
(Cone R=0.4, 07, Kt)

Jet Based Hadronic Calibration
(“H1-style” cell weighting in jets etc)

ToTT wer Building

Jet Finding
(Cone R=0.4, 07, Kt)

Jet Energy Scale Corrections

Calorimeter Jets
fully calibrated had scale

Calorimeter Jets
em scale

CaloTowers
em scale
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 / ndf 2χ   0.67 / 1
p0        1.566± -6.441 
p1        1.407± 3.279 
p2        0.2913± -0.3348 

 bins TP
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 / ndf 2χ  0.1063 / 1
p0        2.309± 4.056 
p1        2.241± -1.775 
p2        0.48808± 0.08317 

 binsTP
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 / ndf 2χ  0.1063 / 1

p0        2.309± 4.056 
p1        2.241± -1.775 
p2        0.48808± 0.08317 
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