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·e¸S¹%·0º »�¼ ¹�½0¾�º ¿-¸S¿-À�·0¼�¿-Á3ÂeÃN¹�Á3Ä4¹%¹�Å�Á�Æ�¹+·)Ç�Ç�¼ ½GÈZ¿#¸S·)Á ¹]¹%ºgÁ�¿#¸S·)Á ¹�·0Å�É^Á�Æ�¹v½0Ç�Á�¿-¸(·0ÀN¹%ºgÁ�¿-¸(·)Á ¹0Ê
Ë Æ6»�º%ÌxÃN¹%¿#Å�Í�·0Ç�Ç�À#¿#Î%·)Á�¿-½�ÅZÏÐÉ�¹%ÇN¹%Å�É�¹%ÅfÁGÌ\Á Æ�¹�Í�¹�Å�¹%¼ ·0À�¸'¹�Á Æ�½AÉ�½�À#½0Í0Â«É�½A¹%º(Å�½0Á^·0É�É�¼ ¹�º º�Ñ	Ò
É�¿-¼ ¹%ÎÁ�À�Â�Ê

Ó ¹'Äs¿#À-À�É�¹%º Î�¼ ¿-Ãh¹'Á�Æ�¹'Á�Æ�¼�¹%¹�Î�½�¸SÇN½�Å�¹�ÅfÁ�ºR½)¾\Á�Æ�¹(¸S¹Á�Æ�½AÉ�½�À-½�Í0Â�¸'¹%ÅfÁ�¿-½�Å�¹�É�·0ÃN½uÔ�¹�¿-Å
¸'½�¼ ¹+É�¹�Á�·0¿#À�¿#ÅUÕZ¹%ÎÁ�¿#½0ÅYÒ�Ê×Ö�·)¾EÁ�¹�¼iÄ4¹`Æ�·GÔ�¹eÇ�¼�¹%º�¹%ÅfÁ�¹�É9Á Æ�¹`Ø6¿#Å�É�º]½0¾mÇ�¼�½�Ã�À#¹�¸SºsÄsÆ�¿-ÎLÆ�¸S½)Ï
Á�¿�Ô)·)Á�¹�É1Á Æ�¹+¸'¹�Á Æ�½AÉ�½�À#½0Í0Â�Ê�Ù�¹�Ái»�ºxÎ%½�Å�º�¿#É�¹�¼iº�½�¸'¹vÇ�·0¼�Á ¿#Î%»�À�·0¼	º�Î%¹%Å�·0¼ ¿-½�º�·)Å�É�Á Æ�¹vÁ3ÂAÇN¹%ºx½0¾
¿#ÅZ¾�¹%¼ ¹�Å�Î%¹iÁL·0º�ØAº\Ä4¹]Äs¿#º�Æ^·`º ¹�Å�º ½0¼\Å�¹�Á3Ä4½�¼�Ø(Á�½`ÇN¹%¼g¾�½�¼ ¸Ú¾�½�¼4Á�Æ�¹�·)Ç�Ç�À#¿-ÎG·)Á ¿#½�ÅoÁ�½RÃ�·)Á Á À#¹Û�¹%À-É
º ¿�Á�»�·{Á�¿#½0Å�·0Àc·GÄn·0¼ ¹�Å�¹%º�º%Ê

ÜoÝLÞ ßáà`âUã'â�äGåsà`æ/ç�åsè�âUà`émä%ã'êìë�ã'éîí�à+ï�ï_æ%è�ðVè]æGñ òôóõà`é_è�âUè�ê�ê

Ë Æ�¹	Ç�»�¼ ÇN½�º ¹	½0¾NÉ�¹�Ç�À#½uÂA¿#Å�Ía·]º ¹%Å�º ½�¼mÅ�¹Á3Än½�¼�ØR¾�½�¼�Á Æ�¹	·0Ç�Ç�À#¿-ÎG·)Á ¿#½�Å+½0¾NÃ�·)Á Á À#¹Û�¹%À-Éo·uÄn·0¼�¹%Å�¹�º º
¿#º�Á�½]Í�·0¿#Å`¿-ÅfÁ�¹%À-À#¿-Í�¹%Å�Î�¹n·)Ãh½�»ZÁ�¾�¼ ¿-¹%Å�É�À-Â+·0Å�É`Æ�½�º�Á ¿#À#¹�ÁL·0¼�Í�¹�Á º�¿#Å`·�º ÇN¹%Î�¿-Û�¹�É'¼�¹%Í�¿-½�ÅcÌ{ÄsÆ�¿#ÎLÆ`Ä4¹
Äs¿#À-Àf¼ ¹¾�¹%¼�Á�½�Í0¹%Å�¹�¼ ¿#Î%·0À#À�Â�·0º�Á�Æ�¹�ö\÷ø�ù0Ê Ë Æ�¹%º�¹nÁL·0¼�Í�¹�Á º�¿-Å�Î%À-»�É�¹mÔ�¹�Æ�¿#Î�À#¹%º�À#¿-Ø0¹mÆ6»�¸RÔ�¹�¹%º�Ì�ÁL·0Å�Ø6º�Ì
·0Å�É	ú�¹�Á º%Ì�·)º�Ä4¹%À-ÀZ·)º�Æ6»�¸S·0ÅvÁ ¼ ½A½�Ç�º�·0Å�É+½0Á�Æ�¹�¼�½0ÃAú�¹%ÎÁ�º�½)¾�¿#ÅfÁ�¹�¼ ¹�º�ÁGÊ Ë ÂAÇ�¿-ÎG·0À6¿-Å�¾�¹%¼�¹%Å�Î�¹4ÁL·)º Ø6º
Á�½oÃN¹aÇh¹�¼�¾�½�¼�¸S¹�É1½0Å1Á Æ�¹%º�¹vº�¹%Å�º�½�¼xÅ�¹�Á3Ä4½�¼ Ø6ºi¼ ¹%Í�·0¼ É�¿-Å�Í`ÁL·)¼ Í�¹Á�ºs¿#Å^Á�Æ�¹aÛ�¹%À#É�¿-Å�Î%À-»�É�¹

û À-½ZÎ%·0À#¿-üG·)Á ¿#½�Å'½0¾�Á Æ�¹aÇh½0º ¿-Á ¿#½�Å(½0¾�Á�·0¼ Í0¹�Á�º�Ì
û Á ¼�·0ÎLØ6¿#Å�ÍoÁ Æ�¹a¸S½uÔ0¹%¸'¹%ÅfÁx½0¾�Á�·0¼ Í0¹�Á�ºs½uÔ�¹�¼xÁ ¿#¸'¹0Ì
û Ç�¼�¹%É�¿-Î�Á ¿#Å�ÍoÇN½�º º�¿#Ã�À-¹]¸(·)Å�¹%»�Ô0¹%¼�ºi½0¾�Á�Æ�¹%º ¹aÁL·)¼ Í�¹Á�º%Ì
û Î�À�·0º�º ¿-Û�ÎG·)Á ¿#½�Å^½0¾�Á�Æ�¹aÁ3ÂAÇN¹+½)¾�Á�·0¼ Í�¹ÁGÌ�·)Å�É
û ½0Á Æ�¹%¼_¿-Å�¾�¹%¼�¹%Å�Î�¹xÁ�·0º Ø6ºm¿#É�¹%ÅfÁ�¿�¾EÂZ¿-Å�Í�ÎLÆ�·0¼ ·0Î�Á ¹%¼�¿#º�Á ¿#Î�º�½)¾hÁ�·0¼ Í�¹Á�ºm·0Å�ÉSÍ�¼�½�»�Ç�ºm½0¾NÁL·)¼ Í�¹Á�º%Ê

ý Å�Á Æ�¿#ºvº ¹�Î�Á�¿-½�ÅcÌ�Än¹�Ç�¼ ¹%º�¹%ÅfÁeº�½�¸S¹'ÎG·)Å�½�Å�¿-ÎG·0Àmº Î�¹%Å�·)¼ ¿#½0ºR½0¾\Á�·0¼ Í0¹�Á�º+¸S½uÔA¿#Å�Í1Á Æ�¼ ½�»�Í�Æ�Á�Æ�¹
Û�¹�À#ÉcÌfÁ�Æ�¹iØ6¿#Å�É�ºm½0¾c¿-Å�¾�½�¼ ¸S·)Á ¿#½�ÅRÄ4¹sÄs¿#º ÆoÁ�½v¹ÈAÁ ¼�·0ÎÁ\·0ÃN½�»�ÁmÁ Æ�¹	ÁL·0¼�Í�¹�Á º%ÌZ·0Å�ÉoÁ�Æ�¹xÇh½)Á�¹%ÅfÁ ¿�·0À
É�¿�þSÎ�»�À-Á ¿#¹�ºiÁ�Æ�·)Á�¸`»�ºgÁ�ÃN¹`É�¹G·)À-Á�Äs¿�Á�ÆUÃfÂ�Á�Æ�¹eº�¹%Å�º�½�¼�Å�¹�Á3Ä4½�¼�ØNÊ Ë Æ�¹eÇ�¼�¹%º�¹%ÅfÁL·)Á ¿#½�Å�½)¾_Á�Æ�¿-º
º ¹�Î�Á ¿#½�ÅU¿-ºiÆ�¿#Í�ÆZÏÐÀ#¹Ô�¹%À�ÌN·0Å�É�Ä4¹R¼�¹%º ¹�¼�Ô0¹`Á�Æ�¹R¾�½0¼ ¸S·0Àc¾�½�¼ ¸R»�À�·)Á ¿#½�Å�½0¾�Á�Æ�¹+¿#Å�¾�¹�¼ ¹%Å�Î%¹+Á�·0º Ø6º�Á ½
ÃN¹v¿-¸SÇ�À#¹%¸'¹%ÅfÁ ¹%É^½�Å^Á�Æ�¹vº�¹%Å�º�½�¼xÅ�¹�Á3Ä4½�¼ Ø�¾�½0¼	Ã�·)Á Á À#¹Û�¹%À-É�·GÄn·0¼ ¹�Å�¹%º�ºi¾�½�¼xÿnÆ�·0Ç�Á�¹�¼ µ Ê

Ë Æ�¹%º�¹S¿-Å�¾�¹%¼�¹%Å�Î�¹eÁL·0º�ØAºa¸`»�º�ÁvÃh¹o·)Î%Î%½0¸SÇ�À-¿#º�Æ�¹%É�Á�Æ�¼ ½�»�Í0ÆVÁ Æ�¹eÎ%½0À#À�·)Ãh½�¼ ·)Á�¿-½�Å�½)¾nº�¹%Å�º�½�¼
Å�½AÉ�¹%º'ÄsÆ�¿#ÎLÆX·)¼ ¹1¼�·0Å�É�½�¸SÀ�Â«É�¹%Ç�À#½uÂ�¹�É/¿#Å�Á Æ�¹�Û�¹%À#É�Ã�·0º�¹%É/½�Å�¸S¹%·0º »�¼�¹%¸'¹%ÅfÁ�ºS¾�¼ ½�¸ Á�Æ�¹
¹ � »�¿-Ç�ÇN¹%É�Æ�¹�Á�¹�¼ ½�Í0¹%Å�¹�½�»�º'º ¹%Å�º ½�¼�º(½�Å«Á�Æ�¹�º ¹�º ¹%Å�º ½�¼'Å�½AÉ�¹%ºeÄsÆ�¿-ÎLÆ�ÎG·)Å�¿-Å�Î%À-»�É�¹1·0Î%½0»�º�Á ¿#Î0Ì
º ¹�¿#º�¸S¿-Î0Ì_¸S·0Í�Å�¹Á�¿#Î)Ì�Á�Æ�¹%¼ ¸S·0À�Ì�¿#Å�¾�¼ ·0¼ ¹�ÉcÌm·0Å�ÉYÔA¿#º�»�·0À4º ¹%Å�º ½�¼�º%Ê Ë Æ�¹�º ¹�º ¹�Å�º ½0¼ ºeÔ)·0¼�Â�¿#Å�¹¾�Ï
¾�¹%ÎÁ�¿�Ô�¹e¼�·)Å�Í�¹e½0¾4É�¹�Á ¹%ÎÁ�¿#½0ÅV¾�½0¼�·�ÁL·0¼�Í�¹�Á%Ê���½�¼�¹IÈ�·)¸SÇ�À-¹0Ìc¸S·0Í�Å�¹�Á�¿-Î`º ¹�Å�º ½0¼ ºv·0¼ ¹eÍ0¹%Å�¹�¼�·0À-À-Â
º Æ�½�¼�ÁgÏ3¼�·)Å�Í�¹�º�¹%Å�º�½�¼ º\ÄsÆ�¿#ÎLÆ�Î%·0Å�É�¹Á�¹%ÎÁ	¸'¹�ÁL·)À#À#¿-Î\ÁL·0¼�Í�¹�Á º\¿#Å(·R¼ ¹�À�·)Á ¿-Ô0¹%À-Â`º ¸S·0À#À�¼ ¹�Í�¿#½0ÅcÊ��]Å
Á�Æ�¹1½)Á�Æ�¹�¼SÆ�·)Å�ÉcÌ\·)Î%½�»�ºgÁ�¿-Î0Ì�¿#Å�¾�¼ ·0¼ ¹�ÉcÌn·)Å�É�ÔA¿#º�»�·0À	º�¹%Å�º�½�¼ º'ÎG·0Å�É�¹�Á ¹%ÎÁSÁ�·0¼ Í�¹Á�º'·)Á'À#½0Å�Í�¹%¼
¼�·)Å�Í�¹0Ê

� ¸'½�Å�Í�Á�Æ�¹sÁ3ÂAÇ�¿-ÎG·0À�¿-Å�¾�¹%¼�¹%Å�Î�¹	ÁL·0º�ØAºmÁ�½aÃN¹s¿#¸'Ç�À#¹�¸S¹�Å6Á ¹%Ée½�ÅS·�º ¹�Å�º ½�¼�Å�¹Á3Än½�¼�Ø�ÌZÄ4¹sÄs¿-À#À
¾�½AÎ%»�º4½�Å(Á�Æ�¹�ÁL·0º�Øo½0¾�ÁL·0¼�Í�¹�Á4Á�¼ ·0ÎLØ6¿#Å�Í�Ê Ó ¹]Å�½0Á�¹)Ì�Æ�½uÄ4¹�Ô�¹�¼%Ì�Á Æ�·)Á4Î%½�Å�ºgÁ�¼�»�Î�Á ¿#Å�Íe¹þSÎ�¿#¹�Å6Á	·0À�Ï
Í�½�¼�¿-Á Æ�¸Sº�¾�½�¼�Á�·0¼ Í�¹Á_Á�¼ ·0ÎLØ6¿#Å�Í�¼�¹ � »�¿#¼�¹%ºmÎ%½0Å�º�Á ¼ »�ÎÁ�¿#Å�Ív¹þ'Î%¿#¹�ÅfÁn·)À#Í�½�¼�¿-Á Æ�¸Sº�¾�½�¼�À-½ZÎ%·0À#¿-üG·)Á ¿#½�ÅKÌ
Î%À#·0º º�¿-Û�Î%·)Á�¿-½�ÅS·0Å�É(ÇN½�º�º ¿#Ã�À-Âe½0Á Æ�¹%¼�¿#ÅZ¾�¹%¼ ¹�Å�Î%¹xÁL·0º�Ø6ºnº ¿-Å�Î%¹sÁ�Æ�¹%º ¹�½0Á�Æ�¹�¼4¿-Å�¾�¹%¼�¹%Å�Î�¹iÁ�·0º Ø6ºnÆ�·uÔ0¹



�	� 
�������������	�����������! #"$
��%�&�!�

M

initiate classification routines
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Target 1 is non-metallic
Target 2 is metallic

1

1

?

12

2

?
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t

Non-metallic target originated from top left

M

Hypothesis
Metallic target originated from bottom left
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ÆDÇNÈ�ÉAÊ;ÉjÆDÉAË�Ì�ÍYÆDË�ÎYÆ�ÉAÊ;ÏkÐbÑ*É�Ê~Æ#ÒLÑ*ÎYÎ�ÈEÍ�ÐbÑ*Ê;Ó;Í!Æ�ÑkÆDÇ;È�Æ�Ñ*ÐwÌ\Ë]Ô�ÈLÎ!ÎYÈLÐ;ÎYÈLÍ�ÈEÊ�Æ�Ë�Æ�ÉAÑ*Ê;ÍEÕTÖ3Ç;È/×gÑ�Æ�ÆDÑ�ØXÙ
Ú ÐzÐ;Î�ÑsÒLÈEÍ�Í�ÉAÍVË/Í�ÈLË�Î�Ò�ÇzÛVÇ;ÈLÎYÈ�Æ�Ç;ÈTÉAÊ;ÉjÆDÉAË�ÌgÍ�Æ�Ë�Î�ÆDÉ�Ê;ÏXÐgÑ*É�Ê�Æ3ÒLÑ*ÎYÎ�ÈEÍ�ÐbÑ*Ê;Ó;ÍVÆDÑ/ÆDÇNÈ�Ï�É�Ü*ÈEÊeÓ;Ë�Æ�ËNÕ
Ý Ñ�Æ�ÇrÐ;ÎYÑmÒEÈLÍ�ÍYÈLÍTÍ�ÈLË�Î�Ò�ÇrÆ�Ç;Î�Ñ Ú Ï*ÇrÆDÇNÈ�ÉAÊmÞ|Ñ*Î�ØBË�ÆDÉ�Ñ*ÊzÍ�Ð`Ë�ÒEÈ�ßIÐbÑ*ÍYÍ�ÉA×NÌ�ÔzÉAÊ�ËxÎDË�ÊNÓ;Ñ*ØàÞQË�Í�Ç;É�Ñ*ÊIß
ÛVÇ;É�ÌAÈTÌAÈLËuÜsÉ�Ê;ÏB×bÈLÇNÉAÊ;Ó�ËfÐ;ÎYÉAØfÈLÓ�ÆDÎ�Ë�ÉAÌ�Ñ�Þ
ÆDÇ;È�Í�È7Æ!Ñ�Þ�ÐgÑ�ÉAÊ�ÆDÍ�É�Æ�Ç`Ë�Í�Í�ÈLË�Î�Ò�ÇNÈLÓIÕVÖ3Ç;ÈEÊIßpÉjÞ�ÆDÇNÈ
ÆtÛ[ÑxÐ;ÎYÑmÒEÈLÍ�ÍYÈLÍhÈLÊ;Ó Ú ÐzØBÈEÈEÆDÉ�Ê;ÏfË�Æ�Í�Ñ*ØfÈ1ÐbÑ*ÉAÊ�Æ]ßáË/ØBË�ÆDÒ�ÇzÉAÍ3ÓNÈLÒLÌAË�Î�ÈEÓIÕ Ý ÈLÒLË Ú Í�ÈyËXÐ;Î�É�ØBÈEÓ
ÆDÎ�Ë�ÉAÌ�Û5Ë�Í#Ì�ÈEÞâÆh×gÈEÇ;ÉAÊNÓIßpÉjÆ#É�ÍhÐbÑ*Í�ÍYÉA×;Ì�È�Æ�ÑkÓ;È7ÆDÈLÎYØBÉ�Ê;ÈTÆDÇ;ÈyÐ`Ë�ÆDÇeÞ|Î�Ñ*ØàÑ*×sãYÈEÒEÆhÆDÑkÓ`ËiÆ�ËfÛVÇNÉAÒ�Ç
ÌAÈEÓ�ÆDÑkÆ�Ç;È�ØBË�ÆDÒ�ÇpÕ Ý Ô�Í�ÆDÎYÈLÊ;Ï�Æ�Ç;ÈLÊNÉAÊ;ÏkÆ�Ç;È�Ð;ÎYÑ*×`Ë�×;É�ÌAÉjÆtÔ�Ñ�Þ�Þ|Ñ*ÌAÌ�ÑuÛVÉAÊ;ÏXÆDÇ;É�Í!Ð`Ë�Æ�ÇrÉAÊeÆDÇ;È�Þ Ú Ù
Æ Ú Î�ÈkÞ|Ñ*Î/×bÑ�ÆDÇ�ÐNÎ�ÑsÒLÈLÍYÍ�ÈEÍLß5Æ�Ç;ÈoÉAÓ;ÈLËwÉAÍ�Æ�Ç`Ë�ÆXÑ*Ê�Þ Ú Æ Ú Î�ÈoÑsÒLÒ Ú Î�ÎYÈLÊ;ÒEÈLÍfÑ�ÞVÆDÇ;È�ÍDË�ØBÈoÉ�ØxË�Ï�È�ß
ÆDÇNÈBØBË�ÆDÒ�Ç�×gÈ7ÆtÛ5ÈEÈLÊ�Ñ*×~ãYÈLÒEÆ�Ë�Ê;Ó�Ó`Ë�Æ�Ë�ÛVÉAÌ�Ì�×gÈfØBÑ�Î�ÈXÈEäfÒLÉ�ÈLÊ�Æ]Õ�Ö6Ñ�×bÈBØfÑ*ÎYÈfÒEÑ*Ê;ÒEÎ�ÈEÆ�È�ß�ÉjÞ
ÆDÇNÈhÎYÈLÐ;ÎYÈLÍ�ÈEÊ�Æ�Ë�Æ�ÉAÑ*Ê;Í[Ñ�ÞpÆ�Ç;ÈVÆDÑ*ÐBÌ\Ë]Ô*ÈEÎ5Ë�ÎYÈ#å�ÙtÓ;É�ØBÈEÊ;Í�É�Ñ*Ê`Ë�ÌmØBÑsÓ;ÈLÌ�Í�Ë�Ê;ÓBÆ�Ç;È�Î�ÈLÐNÎ�ÈLÍYÈLÊ�Æ�ËiÆDÉAÑ�Ê;Í
Ñ�Þ&ÆDÇNÈ/×gÑ�ÆYÆDÑ*ØàÌAËuÔ�ÈLÎTË�ÎYÈ�ÉAØBË�Ï*ÈEÍLßbÆDÇ;È/ÍYÈ]Ë�ÎYÒ�Ç�ÍYÐ`Ë�ÒLÈ/É�Í#ÆDÇNÈ/Í�ÈEÆTÑ�Þ&Í�ÈLæ Ú ÈEÊ;ÒLÈEÍ�Ñ�Þ&Æ�ÎDË�Ê;Í�Þ|Ñ*Î�Ù
ØBË�ÆDÉ�Ñ*Ê;ÍyÞ|ÎYÑ*ØçåiÙtÓ;É�ØBÈEÊ;Í�É�Ñ*Ê`Ë�Ì&ØfÑmÓNÈLÌAÍ�ÆDÑwÉ�ØxË�Ï�ÈLÍLÕ�èdÞhËrÍ�ÈEæ Ú ÈLÊ;ÒEÈeÑ�Þ�Æ�ÎDË�ÊNÍYÞ|Ñ*ÎYØxË�Æ�ÉAÑ*ÊNÍyÉ�Í
Þ|Ñ Ú ÊNÓW×bÈEÆtÛ[ÈLÈLÊ�ËzÐ`Ë�Î�ÆDÉAÒ Ú Ì\Ë�ÎTåiÙtÓ;É�ØBÈEÊ;Í�É�Ñ*Ê`Ë�Ì�ØBÑsÓ;ÈLÌ�ÛVÉjÆDÇvÍ�ÐbÈLÒLÉjé`ÈLÓWÐ`Ë�ÎDË�ØBÈ7ÆDÈLÎYÍ�Ë�Ê;ÓWÆDÇNÈ
Ï*ÉjÜ*ÈLÊ�ÉAÊ;Ð Ú Æ�ÉAØBË�Ï*È�ßIÆ�Ç;ÈLÊWËzØBË�Æ�Ò�Ç�É�Í�ÓNÈLÒLÌAË�Î�ÈEÓW×bÈEÆtÛ[ÈLÈEÊ�ÆDÇ;È/ÆtÛ[ÑrÎ�ÈEÐ;Î�ÈEÍ�ÈLÊ�ÆDË�ÆDÉ�Ñ*Ê;ÍLÕxÖ3Ç;È
ØfÑ�ÆDÉjÜ�ËiÆDÉAÊNÏzÎYÈ]Ë�ÍYÑ*Ê�Þ|Ñ*ÎyÍYÆ�Ë�ÎYÆDÉ�Ê;ÏeÆ�Ç;ÈkÍYÈ]Ë�ÎYÒ�Ç�Þ|Ñ*Î�Ë�ØBË�Æ�Ò�ÇWÞ|Î�Ñ*Øê×bÑ�ÆDÇ�ÆDÇ;ÈxÆ�Ñ*Ð�ÌAËuÔ�ÈLÎ/Ë�Ê;Ó
ÆDÇNÈe×bÑ�Æ�Æ�Ñ*ØëÌAËuÔ�ÈLÎfÉAÍX×bÈLÒ]Ë Ú Í�ÈzÍ�Ñ*ØfÈ�ÆDÎDË�Ê;ÍYÞ|Ñ*ÎYØxËiÆDÉAÑ�Ê;ÍXË�Î�È�ÈLË�Í�É�ÈLÎXÆDÑvÒLÑ*ØfÐ Ú Æ�È�Þ|ÎYÑ*ØëÆDÇNÈ
ÆDÑ�Ð�ÌAË]Ô*ÈLÎ/ÎYÈLÐ;ÎYÈLÍYÈLÊ�Æ�Ë�Æ�ÉAÑ*Ê�Ë�ÊNÓ�ÍYÑ*ØfÈkÆDÎDË�Ê;ÍYÞ|Ñ*ÎYØxËiÆDÉAÑ�Ê;Í�Ë�ÎYÈoÈ]Ë�ÍYÉAÈEÎ�ÆDÑwÒLÑ�ØBÐ Ú ÆDÈkÞ|Î�Ñ�ØçÆDÇNÈ
×bÑ�Æ�Æ�Ñ*Ø(Ì\Ë]Ô*ÈEÎnÎ�ÈEÐ;Î�ÈEÍ�ÈLÊ�ÆDË�ÆDÉ�Ñ*ÊIÕ�ì`Ñ*Î5È�í;Ë�ØBÐ;Ì�È�ß~ÆDÇ;È#ÈEîgÈLÒEÆVÑ�Þ6Ë/åiÙtÓkÎYÑ�Æ�ËiÆDÉAÑ�ÊBÆDÑ�Ë�åiÙtÓoØfÑsÓ;ÈLÌ
Ñ�ÞhË�Ê�Ñ*×sãYÈEÒEÆfÉAÍXËrÌ�ÉAÊ;ÈLË�Î�Æ�ÎDË�Ê;Í�Þ|Ñ*Î�ØBË�Æ�ÉAÑ*Ê�Ñ*Ê�ÆDÇ;ÈzåiÙdÓ�ØBÑsÓ;ÈLÌ�ÛVÇ;ÈLÎYÈ]Ë�ÍXÆDÇNÈoÈEîgÈLÒEÆfÑ�Þ�ÆDÇNÈ
åiÙdÓeÎYÑ�Æ�Ë�Æ�ÉAÑ*ÊoÑ�ÊzÆ�Ç;ÈyÉ�ØxË�Ï*ÈLÍ3Ñ�Þ�Ë�ÊzÑ*×sãYÈEÒEÆhÉAÍ�ËfÊNÑ*ÊmÙtÌ�ÉAÊ;ÈLË�Î5Æ�ÎDË�Ê;Í�Þ|Ñ*Î�ØBË�Æ�ÉAÑ*ÊoÑ*Ê�ÆDÇNÈyÉ�ØxË�Ï�È�Õ
ï ÐgÈEÎDË�Æ�ÉAÑ*ÊNÍhÌ�ÉAð�È�Í�ÒLË�ÌAÉ�Ê;Ï;ßá×;ÎYÉAÏ*Ç�ÆDÊNÈLÍ�ÍhÊ;Ñ*ÎYØxË�Ì�ÉAñLË�ÆDÉ�Ñ*ÊIß;ÍYð�ÈEÛTßIË�Ê;ÓrÈEÓ;Ï*È�ÓNÈEÆDÈEÒEÆ�ÉAÑ*ÊwË�Î�È�ÈLË�ÍYÔ
Ñ*ÐbÈLÎ�Ë�ÆDÉ�Ñ*Ê;Í5Æ�Ñ/ÐgÈEÎYÞ|Ñ*ÎYØòÑ*Ê�Ë�Ê�É�ØxË�Ï�ÈhÍYÑXÆ�Ç`Ë�Æ3Æ�Ç;È1ÈEîgÈLÒ7ÆVÑ�Þ¢ÆDÇ;ÈEÍ�È1ÆDÎ�Ë�Ê;ÍYÞ|Ñ�Î�ØBË�ÆDÉ�Ñ*Ê;Í5ÍYÇ;Ñ Ú Ì�Ó
Ñ*ÎYÉAÏ*É�Ê`Ë�ÆDÈ�Þ|Î�Ñ*ØóÆDÇ;ÈTÉAØBË�Ï*È�Õ

ô Ì�ÌAØBË�ÊXÇ`Ë�Í�Ð;Î�Ñ*ÐbÑ*ÍYÈLÓkËTÛnË]ÔfÑ�ÞpÒLÑ*Ø�×NÉAÊ;É�Ê;Ï1ÆDÑ*ÐmÙdÓ;ÑuÛVÊkË�ÊNÓx×bÑ�Æ�Æ�Ñ*ØXÙ Ú ÐXÐ;Î�ÑsÒLÈEÍ�ÍYÈLÍLÕ&õ�È
ÛVÉAÌ�ÌáÐ;Î�ÈEÍ�ÈLÊ�ÆVËyØBÈ7ÆDÇ;ÑsÓxÞ|Ñ*Î�Ó;ÈLÍYÉAÏ*ÊNÉAÊ;Ï�Ë�ÊkÉAÊ�Æ�ÈLÎDË�ÒEÆDÉjÜ*È#ö;Ñ�Û�Ñ�Þ¢ÒLÑ*ØfÐ Ú ÆDË�ÆDÉ�Ñ*Ê;Í�Ï*Ñ*ÉAÊNÏ Ú Ð�Ë�Ê;Ó
Ó;ÑuÛVÊ,Ë�ÌAË]Ô*ÈLÎYÈLÓ�ÉAÊmÞ|Ñ*Î�ØBË�ÆDÉ�Ñ*ÊWÐNÎ�ÑsÒLÈLÍYÍ�É�Ê;ÏWË�Î�Ò�Ç;ÉjÆDÈLÒ7Æ Ú ÎYÈ�Õ ï Ú Î/É�Ó;È]ËwÉ�Í�ÆDÑ�Ó;ÈEÍ�ÉAÏ�Ê�ÍYÐgÈEÒLÉjé`Ò
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(Hypothesis Generation)
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computations from
below
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above
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Lower Layer

Bottom-up Spawning
(Hypothesis Generation)

Top-down Priming
(Queries)

Higher Layer
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` !ba�c�dfe2gT!� Wh�!7i ` !�jLc�c"kle=cnm�a!ok!�eTph�pm2qnarc"k!odsePg�!b "!bpteT ` k��c"! ` cA� W!ueTavpwc"k!omTcAkv!� nk!Pe=ph
�jwcAk!odfe2gT!� W!�pxeT ` k�RcA! ` cA�v "!o "!bh"jy! ` c"��zT!�d�gT{

|Xk!��fa�c"!� ?%}dsePg�!b _�fa�c"!� Ae ` cA��m�a~m=��c"k!	dfe2gT!� WhXj "m�jym�hW!�pweT�ym2z�!� "!bh"�dRcAh_��aweupvgKaleT�U� ` j "m=%
` !bh"h�mT� ` m��Uj�vcAe=cA��m�a��fawdfmKm�jhX�y!bc5qQ!�!ba�dsePgT!� "hXqnk� ` k ` eT�hW!�hncAk! ` mT�]j�Lc&e=c"�fm�ah_qn�RcAk��awe
dsePgT!� �cAmwj Wm ` !�!�p��� "mT����!�av!� "� ` �fav��mT "�]e=cA��m�a�!�iKc" Ae ` cA�fmTa�c"mwh"jy! ` �R� ` �fav��mT "�]e=cA��m�a�!�iKc" Ae ` %
cA��m�a�{��l� ?cAk!b "�Um� "!=��c"k!~d�mLmTjho��!�c5q^!b!�a$!Pe ` k9dsePg�!b ` eTa)��a��c"�se=c"! ` m��Uj�vcAe=cA��m�ah ` m�a ` � 1%
 "!ba�cAd�gT{����f���v "!I#b%A#�#�h"km2qnhncAk!od�mLm�jvhXmT� ` m��Uj�vc&e�cA�fmTa�m `b` � W "�fav�U�y!bc5qQ!�!ba�dsePgT!� "hb{���!�c��h
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�farcAk!uk�f��kv!� �dsePg�!b �{�|Xkv!��fav��mT "�]e=cA��m�aw!�iKcA "e ` c"!�p��� "mT��c"k! ` m��Uj�vc&e�cA�fmTah���axc"k!uk����k!b 
dsePgT!� nqn�fdfd�j "���]!�cAkv!Md�m4qQ!� �dsePgT!� ncAm ` m��Uj�vc"!���m� n�Um� "!ohWj�! ` ��� ` �faL��m� "�]e=cA��m�a�{\��mTcA!ocAkle�c
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�U!�a�c&eTd�d�gx�]mT "!Ih"jy! ` ��� ` {I��h�cAkv�fh�j Wm ` !�h"h��fh��RcA!b Ae=c"!�p���c"k!S�fav��m� W�~e�cA�fmTaxcAmw�y!S!�iKcA "e ` c"!�p
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µ��Å�/²_��»o��½yº��_»/����´jºÆÃ�º ± ·³�³´j�ÅÇ#ÈÉ�Yº4�-��½/²_´j¼4½/Ã��dÊ�¼d¹X´j���-�]Ë4¼dÂ��U¼d´s��½/�!Ìo¼4½/»oÍ3ÊF´j¾³�
�_��²s�³Â�´j²Iº4¹B´j¾/��²s�¸�]Ëd¼4Â��U¼P´j��º4½/²I¼4�s��¹N��»¿��½¬´jº7´j¾/��Ã�º ± ·/�(´g¼d´s��º�½2º4¹BÎ;´jºÏ�s��²_�/Â�´���½2´j¾³�
º'Ë����j¼4Â�ÂV��Ëd¼4Â��U¼d´j��º�½2º4¹�Ç#È¸Ð�º4´j��´j¾/¼d´Ä´j¾/���s��ÃW¼4½Ñ�]Ò(��²�´§²_��Ë4���j¼dÂ�½³��´3ÀBº��sÓT²¶º4¹Ô²s� ± ·/Â����
Ã�º ± ·³�³´g¼d´s��º�½³²�ÀÕ¾/��Ãg¾��s��·/�s��²s��½T´�´j¾³��²s¼ ± �FÃ�º ± ·/Â��fÒ�Ã�º ± ·³�³´g¼d´s��º�½HÊ4²sºÄ´j¾/¼d´V´j¾/���s��¼4�_�
²_��Ë����j¼4Â%·�º�²s²_��µ/Â���� ± ·/Â�� ± ��½¬´g¼d´s��º�½/²�¹Nº���´j¾³�I²s¼ ± ��Ã�º ± ·/�³´j¼d´j��º�½�Ç#È
ÖZ¹�¼�Ã�º�²�´Õ��²Õ¼4²_²s���4½/��»�´jº���¼4Ãg¾�Ã�º ± ·/�³´j¼d´j��º�½×Ê(Î�Ê/ÌØÊY¼d½/»�Í|Ê(´j¾/��½�ÀB�ÄÃW¼4½ ± �W¼4²_�/�s��´j¾³�
Ã�º�²_´?º4¹�´s¾/��²Õ·U¼d�_´j��Ã��/Â�¼4�F� ± ·/Â�� ± ��½¬´g¼d´s��º�½�ºd¹KÇ#ÈBÙF¾/���_�¶¼4�_�§¼4Â�²sº�¹N�/��´j¾/���?�_��ÚU½/� ± ��½¬´j²
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´sº�´j�s¼4½/²_Âü¼d´s�C¼4½-��½³¹Nº4� ± ¼d´j��º�½�·/�sºOÃ���²s²Ô��½¬´jº¶¼d½�¼4Â��4º��s�¯´j¾ ± Ê4´j¾³�C��»³�W¼���²�´sº§�_��·/�_��²s��½¬´Õ¼
Ã�º ± ·³Â��]ÒÏÃ�º ± ·³�³´g¼d´s��º�½Å¼4²�¼�½/�]´3ÀÔº4�sÓÅºd¹B²_� ± ·/Â����?Ã�º ± ·/�³´g¼P´j��º4½/²?ÀÕ¾/��Ãg¾àÃ�º��_�s��²s·�º�½/»
ÀÕ�¯´j¾Ï´s¾/�IµU¼4²s��Ã�º4·R���j¼d´s��º�½/²Õº4¹�´j¾/��²_ýO²_´s� ± ¼4�sÃg¾/�¯´j��Ã�´j�³�s�4ÈFÙF¾³��½×Ê�´j¾/���s��²_�/Â�´s��½/��¾/�������
¼4�_Ãg¾¬ýàÃW¼4½àµ���Ã�º4½/²s��»/���_��»Ñ¼ ± �]´g¼P�Z�s��·/�s��²s��½¬´j¼d´j��º�½2º4¹B¼4½2¼4Â��4º��s�¯´j¾ ± ¹Nº��?´j¾/��²�ý(²�´j� ±
¼4�_Ãg¾/��´s��Ã]´j�/�_�4È
Ö3½¿·U¼4�_´s��Ã��/Âü¼4��Ê×¹Nº���´j¾/��·/�_º�µ/Â�� ± º4¹Ô»/��²�´j�s��µ/�³´s��½/�7¼7Ã�º ± ·/�³´j¼d´j��º�½2º'Ë����I²s�]Ë����j¼4ÂB·/�sºd�
Ã���²s²_º��s²�Ê�´s¾/����»/�W¼;��²�´j¾/¼d´�º�½/Ã���´j¾/�¸Ã�º ± ·/�³´j¼d´j��º�½Æ��²§»/��Ã�º ± ·�º�²_��»Ü��½¬´sº2¼Å½/��´3ÀBº��_Ó
º4¹Õ²_� ± ·/Â�����Ã�º ± ·/�³´g¼P´j��º4½/²�Ê�´s¾/��²_� ± ·/Â�����Ã�º ± ·³�³´g¼d´s��º�½³²�Ã�¼4½ÜµR��¼4²s²_����½/��»Æ´jº;»³��þR�����
��½T´�·/�_º(Ã���²s²_º��s²�È7ÙF¾O�³²�Ê�ÀB�¸²_��·U¼4�s¼d´j��´j¾/��·/�_º�µ/Â�� ± º4¹�»³��²_´s�s��µ/�³´j��½/��¼�Ã�º ± ·/�³´g¼P´j��º4½
��½T´sº�´3ÀBº�·U¼4��´j²�È?�#���s²�´WÊUÀB�§»/��Ã�º ± ·Rº4²s�¶¼�Ã�º ± ·/Â��]Ò�Ã�º ± ·/�(´g¼d´s��º�½���½¬´jº-¼-½³��´3ÀBº��sÓ�º4¹
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¯�°J±,² ���;� ±�³�¯Z´!²@³ ��µ ²@± � ¯;¶ ��· ±,¯9´
¯;¶�¸ ��� ± ·�� ¶ · ¯ �H¹l� ² ·��F�.��¹l� ¶�± · ´
¯;³�³ � ´
± ��º ²8± · ¯ ¹l� ± ��¹l�L»G� ¶�±�¯
²�¶ �
· ± �	¹ ²8± � ²@¼0¯ � ±D±a² ���;� ±Y³�¯Z´!²@± � ¯;¶B½¿¾NÀ � ´ �	Á ´�²�³�³&Â;ÃHÄ � Ä � ³�³\°Å¯ �.¹9� ³Æ²8± � ±,Ç � À � ¯;¼F³ ��¹ ¯�°
ÈKÉËÊZÌ�Í�Î ±,² ����� ±=³�¯Z´!²�³ ��µ ²@± � ¯;¶ � ¶ ·�� ¶ · ¯ � ¶ � ±�ÄV¯ �.Ï�· Ã�²�¶ º��;� ¶ ��� ²�³ �	µ�� ±,Ç �	· °Å¯ ��¹9� ³Æ²@± � ¯;¶/±�¯Ð±,Ç �
À � ¯;¼F³ �
¹ ¯@°BÀ£² � ² ¹l� ± ���O�
· ± �	¹ ²8± � ¯�¶ � ¶ ·.� ¶ · ¯ � ¶ � ±�Ä�¯ �.ÏZ· ½�Ñ �F� ±,¯-±�Ç ��ºF�	· ± �.� ¼ � ± ��º ¶F²@± �F�.� ¯�°� ¶N°Å¯ ��¹ ²@± � ¯;¶ � ¶ º ²@±a²R²�¶ º ±�Ç � °6²�´K±�±�Ç£²@±V´�¯;³	³ � ´K± � ¶ �Rº ²@±a² �KÒ À � ¶ ºF· ² ·.��� ¶ �	Á ´�²�¶�±H² ¹ ¯ � ¶�±�¯�°� ¶ ����� Â � ¶ ·�� ¶ · ¯ � ¶ � ±�Ä�¯ ��Ï�· ÃF°Å¯ ��¹9� ³Æ²@± � ¶ � ±,Ç � À � ¯�¼F³ �
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± � ¯;¶ � ¶�±,¯Ð±�Ä�¯ ·�� ¼ ·�� ´
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² ºFºA� ¶ � ² º ²@±a²´�¯�³�³ � ´
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track frequency content

generic: amplitude, TDOA
specific: frequency content

subtract other track contributions

generic: Gaussian diffusion motion
specific: target specific motion models

(e.g. constant velocity)

generic: general classes of targets

specific: specific targets
(e.g. aerial, land)

(e.g. F-16, humvee, tank)spawn: classification
routines

Classification

Tracking

Localization

generic computations

High-level Behavior

specific computations
to

current tracks

track histories labels identifying target type

prime: specific motion models

spawn: initiate new
tracks

localize for specific track
prime: specific filters for signals

estimate of target positions
signal frequency content
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KMLJN<O<PQKMRTSJO�UWVXN�YMZ[P<Z\VMZC]6VXL^Y0_�UJK�ZCPQL^Oa`bYMZCcdN<Z\O<]\eQ]\L^O�VXZCO�VCfg7h Z[RTO�VXZ\YXUJ]6VXRiL^Oj_kZ\VmlnZCZCOQV h ZVMYXUJ]podRiO<SqUJO<ParTL=]sUWrTRTtCUWVXRiL^OurvUse^Z\YMK7]sUWOQY�ZCP<N�]CZAV h ZA]CUJKMZ\K
LJ`%l h ZCOxw?N�riVXRiy<rTZ.VpUJY�S^Z\V.rTL=]sUJriRTtCUWVXRiL^OjRTK	O<Z\ZCP<Z\Pzf7{|Z}K h UJrir"KMZ\Z~V h U�V.R�`�VXUJYMS^Z6VXK	ZCO�VXZ\Y4V h Z� Z\rTPuKMy�UJ]\ZCP�`�UWY'Z\O<L^N<S h UJy�UWY�Vs��lnZ4]CUJO�VMYXUJ]po�w?N�riVXRiy<rTZnVpUJY�S^Z\VMKnN<K�RTO<S:L^O<r�eqU}K�RTO<SJrTZ�VpUWYMS^Z6V
rTL=]sUWrTRTtCUWVXRiL^O�Y�L^N�VMRTO<ZWf

�����7��� ���,�������,�[�"���<�,������������"���n��
g7h Z�VXUJKMo:LJ`�]CrTUJKMK�R � ]CUWVXRiL^O~RiK�VXL4]CL^wuy<N�VMZ�V h Z�RTP<Z\OdVMRiVme:LJ`�VpUWYMS^Z6VXK�RiO~V h Z7KMZCO�KML^Y%O�Z\VmlnL^YMo�UWK
`bL^Y�w?N<rvU�VXZCP�RiO2 ¡ZC]6VXRTLJO£¢=f¥¤¡f'¦AZCO�ZCYMRi]VXLqKMykZC]\R � ][]\L^w�y�N�VpUWVMRTL^O�K7YXUJO<SJZ`bYML^w�]CrvUWKMKMR � ]sU�VXRTLJO
LJ`5S^Z\O<ZCY�RT]A]CrTUJKMK�ZCK7LJ`§VXUJYMS^Z6VXK�VML�]CrvUWKMKMR � ]sU�VXRTLJOjLJ`5KMykZC]\R � ]Vme=ykZCK0LJ`§VpUJY�S^Z\VMKCf'¨�L^Y�Zª©�UJw�y�rTZJ�
S^Z\O<ZCY�RT]�]\rvUJK�KMZ\K~LJ`�VXUJYMSJZ\VXK}]sUJO«_¬ZuVXY�L¡L^y�KC��SJYML^N<O�P|^Z h RT]\rTZCK\�%L^Y}UJZCY�RvUJr%JZ h Ri]CriZCK}l h ZCYMZCUJK
wuL^YMZAK�y¬Z\]CR � ][Vme=ykZCK	LJ`5VpUJY�S^Z\VMK	]CUJOQ_¬Z:UqU�KMO<Riy¬Z\YC� h N<w�®�^Z\ZJ��L^Y0UWO£¨5® FH¯ � S h VMZCY�°�Z\VCfg7h Z�Riw�wuZCP�RvUWVMZ?rvUse^Z\Y}_kZCriLHl±RTKAV h ZuVMYXUJ]podRTO�S£rvUseJZCYCf g7h Z�RiO�`bL^YMw�UWVMRTL^O²y�UWKMKMZ\P³P<LHl0O
VXL?V h Z4VMYXUJ]podRTO�S?rvUse^Z\Y�RTK�RTO�`bL^Y�w�U�VXRTLJO�UW_¬L^N¡V�V h Z4RTP<Z\OdVMRiVme�LJ`"V h Z4VXYMUJ]po�f g7h RTK�RiO�`bL^YMw�UWVMRTL^Oh UJK}V h Z�Z6´µZ\]\V�LJ`	y<Y�RTwuRTO<SaV h Z�w�LJVMRTL^O«w�L=P<Z\rnLJ`7VMYXUJ]podKqUJO�P�y<YMLH=RTP<RiO<SxP<RiKM]\YMRTwuRTO<UWVXL^Y¶e
RTO¡`bL^YMw�UWVXRiL^OuKML?V h UWV7]CZ\Y�VXUJRTO�]CUJKMZ\K7LJ`§V h ZAP�U�VpU?UJK�KML=]CRTUWVXRiL^Ojy<Y�L^_<rTZ\w�]CUJO�_kZKML^r�^Z\Pzf g7h Z
Z\´¬ZC]6V7LJ`§y<Y�RTwuRTO<S[V h Zw�LWVXRTLJO�wuL¡P�ZCr�l0RTrTr�_kZ4VXL~YMZCP�N<]CZV h Z4]\L^w�y�N�VpUWVMRTL^O<UJr�YMZCcdN<RiYMZ\w�Z\OdVMK
`bL^Y'VXYXUW]po=RiO<S<f�·mOay�UJY¶VXRi]CN<rTUJYC��lnZAYMZ\`bZ\Y�VXL~V h ZAYMZ\KMN<r�V�V h UWV�riZCKMK7y<UJY�VMRT]CriZCKnRTO�U?y�UWY�VXRi]CriZ � r�VXZ\Y
UJY�Z�O<Z\ZCP<Z\P?`bL^YDVMYXUJ]podRTO�S.l h Z\O?V h Z�wuLJVMRTL^O:w�L=P<Z\rTK5UJYMZnw�LJYMZ�P�Z\VpUWRTrTZ\Pz�¸l h RT] h RiK�]\L^O<KMRiK�VMZCO�V
l0RiV h V h Z?YMZ\KMN<r�VXKRiO�¹ FHºW» f¼4riKML<�k_�e£y<Y�LH¡RiP<RTO�SjP<RTK�]CY�RTwuRTO�UWVML^Y�ejRTO�`bL^Y�w�U�VXRTLJO2UW_¬L^N¡V4VXYMUJ]podK
l h Z\O�V h Z\e�UJY�ZaUsJUWRTrvUW_<rTZW�%V h Z�OdN<w?_kZCYqLJ`	VXYMUJ]podK�RiO³V h Z h e=y¬LWV h Z\KMRTKu]CLJw�y<N¡VXZCP�_�e�V h Z
VXYMUJ]podRTO<SuUJriS^L^Y�RiV h w�]CUJO2_kZAoJZ\y�V4UJK0KMw�UJrTrµUJK0y¬L^K�KMRi_<rTZWfg7h ZxrTUHeJZCY�KjUJ_kLH^Z£]CUJO½N<K�Z£V h Z£RTO¡`bL^YMw�UWVXRiL^O�]CLJw�y<N¡VXZCP RTO�V h RTKu]CrTUJKMK�R � ]CUWVXRiL^O¾rvUse^Z\Y
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¨ ° ·[Ø}·�¨7¶Ê·�À,¶7¬�ÅNû�ü!¬�º,¬u«<¨ ¿ ·�º,¹ ° ½Ì¬ ¿ ¨7Õ ¿C¿�³ ¼C½,ª µ · µ ¨ ³ º ° ¨lº µ_² ¨ ° ¶Ê·[¸9¬u« ¿u³ «<«X¬ ° ½ ³ ºx¹ µ_³ ·
¿j²,³ ¨ ¿ ¬ ³ »�¼ ³}µ ¨ ³ º÷¼ ³ ¹,¬u¶1» ³ « µ «<· ¿jÁg¿u³ º µ ¨7º�ª,· µ ¨ ³ º�Å�Ç�¶ °<³ Éî¨7»v· µ «_· ¿jÁ ¨ ° º,¬[·�«�¬�º ³ ªx© ²
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Æ�Ç�È�Ç�É�Ê�Ë�Ì�Í Î	Ï"Ê�Ð%Ñ&É Ò�ÓzÔ
ÕYÖ�×¶Ø�Ù±×ÛÚXÜ2×qÝ2Þqß[à4á.â0ÝãjÕ4Ü2Ù4×iäjØ,×ÛãzÞ_ÖNÕYãzÙ4â0×�Õfá¹à

å æèç é êë Ò�ììì
íîðïòñ Òfó éõô êë ìÒ�ìì

íî

å ö÷ç ñ Òfó éõô êë Ò�ììì
íî ï é êë ìÒ�ìì

íî

ø ×Ûãzà4Ü2Ù±á¹Ý2âsÕYÖ�×pà±á¹ùUá¹ú¹ãzÙ4áaÕPßsäzØ�Õ4Ö2×iÕPûüäsØ�Ù4×qÚXÜ2×ÛÝ2Þ�ß[à4á¹âzÝãjÕYÜ�Ù4×ÛàfýJß�Õ4Ö2×pþuÜ�ÞÛú¹á.ÿ2×cãjÝ[Ý�ä0Ù4ù��
� å æ ó å ö ���

ÕYÖ�× Ø�Ù±×ÛÚXÜ2×qÝ2Þqßmà4á.â0ÝãjÕ4Ü2Ù4×qàUãzÙ4× ùUä0à±Õsÿ2á�� ×qÙ4×qÝXÕsûfÖ2×qÝ é ç ì ãzÝ2ÿ ãzÙ4× ×��2ãjÞqÕYúaß ÕYÖ�×[à4ãzùU×ûfÖ2×qÝ éRç
	����� ×^ûfá¹ú.ú�ùU×cãzà±Ü2Ù4×bÕYÖ2×~ùU×cãjÝDÕYÙ4ãzÞ��D×qÙ4Ù4äzÙ�� Õ4Ö2×^ÕYÙ4ãzÞ��[ú¹×ÛÝ�âzÕYÖ�� ãzÝ2ÿRÕ4Ö2×<ù�á.à��ÞÛú¹ãzà4à±á��ÞÛãjÕYá.ä0Ý^×qÙ4Ù±ä0Ù,ä��0×qÙ�� ì Ù±Ü2Ý2à,Ø�ä0Ù�ÿ2á��>×ÛÙ±×ÛÝJÕ��jãzú.Ü2×Ûà�äzØ é��! ì � 	"�$#%'& ×ÛÝ2à±ä0ÙwùU×cãzà±Ü2Ù4×qù�×qÝXÕ4àû�×ÛÙ4×pà4á.ù~Ü2ú¹ãjÕY×qÿ ãzÞÛÞqä0Ù4ÿ2á.Ý2âsÕYä<ÕYÖ2×¶Ý2äzù�á.Ýãzú)(2ãzÙYãzùU×qÕ4×ÛÙ±àfØ�äzÙ ÕYÖ2×¶ùU×cãzà±Ü2Ù4×qù�×qÝXÕvùUä)ÿ�×Ûú¹àfãjàÿ2×qà4ÞÛÙ±á¹ýõ×Ûÿeá¹Ý & ×qÞqÕYá.ä0Ý Ô "*+ Ò -, ÙYãjÞ���à¶û�×ÛÙ4×�ãzÙ�ÕYá��2ÞÛáWãjú¹ú.ß á.Ý2á.Õ4áWãjÕ4×Ûÿ³ã7ÕpÕ4Ö2×<ÕYÙ±Ü2×sú¹ä�ÞcãjÕ4á¹ä0Ý2àhäzØÕYÖ�×hÕ_ãjÙ4â0×�ÕYà���ãzÝ2ÿUÕYÖ2×&á.Ý�Ø�×ÛÙ±×ÛÝ2Þq×	à�ß)à�ÕY×qù ûüãzà ãzú.ú¹ä�û�×Ûÿ�Õ4ä~Ù4Ü�Ý �. ØÅÕ4×ÛÙ � á.Õ4×ÛÙYã7ÕYá¹äzÝ2à��JÕYÖ�×	ÞÛú¹ãzà��à4á��Þcã7ÕYá¹äzÝ Ø�ä0ÙüÕ4Ö2×	Ø�Ù4×qÚXÜ2×ÛÝ2Þ�ß à4á.â0ÝãjÕ4Ü2Ù4×	ÕYãzà/�Uû ãjà%á¹Ý2áaÕYáWã7ÕY×Ûÿ ãzÝ2ÿ�Õ4ÙYãzÞ��XàfÞÛú¹ãzà4à±á��×qÿ�Ø�ä0Ù�Õ4Ö2×Ûá.ÙØ�Ù4×qÚXÜ2×ÛÝ2Þ�ß³à4á.â0ÝãjÕ4Ü2Ù4× 10 Ü2×^Õ4ä�ÕYÖ2×~Ý�ä0á¹à±×~á¹ÝDÕ4Ö2×~à±á¹ù~Ü2ú¹ãjÕY×qÿRùU×cãzà±Ü2Ù4×qù�×qÝXÕ4à�� áaÕ&á.à�(>äzà4à4á.ý2ú¹×Ø�ä0Ù,Õ4Ö2× ÞqúWãzà±à4á��2ÞcãjÕ4á¹ä0Ý~Ù±ä0Ü�Õ4á¹Ý2×¼ÕYä¶ãzà±à4á¹âzÝ~ÕYÖ2× á.Ý2ÞÛäzÙ4Ù4×qÞqÕwØ�Ù±×ÛÚXÜ2×qÝ2Þqßsà±á¹â0Ýã7ÕYÜ2Ù±×�ÕYä&Õ4Ö2× Õ_ãjÙ4â0×�ÕYà 
2 á¹âzÜ2Ù4× Ô � Ò * (2ú¹äzÕ4à~ÕYÖ2×qà4×Nà±Õ_ã7ÕYá¹à�ÕYá.ÞÛàsä��0×ÛÙ3�jãzú¹Ü�×ÛàUäzØ é�4, Ö2× ÕYÙ4ãzÝ2à4áaÕYá.ä0Ý ý>×�ÕPûü×q×ÛÝ�ÕYÖ�×ãzý2á.ú¹áaÕPßiÕYä¶Ü2à4× Ø�Ù±×ÛÚXÜ2×qÝ2Þqßsà±á¹â0Ýã7ÕYÜ2Ù±× á¹Ý�Ø�äzÙ4ù�ãjÕYá.ä0ÝpÕ4äiÿ2á¹à4ãzù~ý2á.â0ÜãjÕ4×�Õ4ÙYãzÞ��XàtûfÖ2×ÛÝsÕYÖ�×qß~ÞqÙ4ä0à±àä�ÞÛÞÛÜ�Ù4à&ýõ×qÕPû�×Û×qÝ éRç
	65 ãzÝ2ÿ éRç
	657���, ÖXÜ2à8� Ü2à4á.Ý2â�Ø�Ù4×qÚ�Ü�×ÛÝ2Þ�ßRà4á.â0ÝãjÕ4Ü2Ù4×^á¹Ý�Ø�ä0Ù±ù ã7ÕYá¹äzÝ Õ4äÿ2á.àYãzù~ý�á¹â0Üã7ÕY×¶ÕYÙYãjÞ���à&ûfÖ�á¹Þ_Ö ãzÙ±×~Ý2×cãjÙ&×cãzÞ_Ö³äjÕYÖ2×qÙ&à4Ö2äzÜ2ú¹ÿRäzÝ2ú.ßNý>×bÜ2à4×qÿ á.ØtÕYÖ�×^Ø�Ù4×qÚ�Ü�×ÛÝ2Þ�ßà4á.â0ÝãjÕ4Ü2Ù4×qàwäzØÕ4Ö2×üÕYÙ4ãzÞ��XàuãzÙ4×�ÿ2á¹à±à4á.ù�á.úWãzÙ ×qÝ2ä0Ü2â0Ö :9 ÕYÖ2×qÙ±ûfá¹à±×;�zÕ4Ö2× á.Ý�Ø�×ÛÙ±×ÛÝ2Þq×%à±ß�à±Õ4×Ûùoà±Ö2ä0Ü2ú.ÿÞÛäzÝ2à4á.ÿ2×ÛÙvÕYÖ2×qà4×bÕ4ÙYãzÞ��Xà	ãzà	Öã<��á¹Ý�â Ý2ä�ÿ2á¹à±ÞÛÙ4á.ù�á.ÝãjÕ4ä0Ù±ß á¹Ý�Ø�ä0Ù±ù ã7ÕYá¹äzÝ¾à4ä�Õ4ÖãjÕvÕYÖ2×pÕYÙ4ãzÞ��Xà&ãzÙ±×ÕY×qÙ4ùUá¹Ýã7ÕY×Ûÿ)�,ãzÝ ãzÿ$=±ä0á.Ýãzý2ú.×~ÕYÙ4ãzÞ�� ÖXß+(õäzÕYÖ�×Ûà4á.à^á.àbÞqÙ4×cã7ÕY×Ûÿ)�tãzÝ2ÿðÝ2×qû Õ4ÙYãzÞ��Xà~ãjÙ4×Uá¹Ý2áaÕYáWã7ÕY×ÛÿãzÝ2ÿNãjÕ±Õ_ãzÞ_Ö2×qÿ[ûfáaÕYÖ¾ÕYÖ�×bãjÿ$=±ä0á¹Ý2ãzý2ú¹×hÕYÙYãjÞ���ÖJß�(õäzÕ4Ö2×Ûà±á¹à 
, Ö2×iùUá¹à4ÞqúWãzà±à4á��ÞcãjÕ4á¹ä0ÝsäzØ Õ4Ö2×	Ø�Ù±×ÛÚXÜ2×ÛÝ�Þqß�à±á¹â0Ý2ãjÕYÜ2Ù±×	á.àüÞÛäzù>(2Ü)ÕY×Ûÿ ýXßUÕYÖ�×�(>×qÙ4Þq×ÛÝJÕ_ãzâz×&äzØÙ4Ü�Ý2à%Ø�ä0Ù ûfÖ2á¹Þ_Ö ÕYÖ�×&Ø�Ù4×ÛÚXÜ2×qÝ2Þqß[à±á¹â0Ýã7ÕYÜ2Ù±×iÞÛä0ù?(2Ü�Õ4×Ûÿ¾Ø�ä0Ùfã~ÕYÙ4ãzÞ���á¹à%ùUá¹à±ù ã7ÕYÞ_Ö2×qÿ ûfáaÕYÖ¾ÕYÖ�×ÕYÙ±Ü2×�Ø�Ù4×qÚXÜ2×ÛÝ2Þ�ß à4á.â0ÝãjÕ4Ü2Ù4× äzØfÕYÖ2×¾ãjà4à4ä�ÞÛá¹ãjÕY×qÿ Õ_ãzÙ±â0×qÕ @� Ö�×ÛÝ éBAC	657� �uù�á.à4ÞqúWãzà±à4á��2ÞcãjÕ4á¹ä0Ý×ÛÙ±Ù4ä0Ù±à&ýõ×Ûâ0á.ÝDÕYä�ä�ÞÛÞqÜ2Ù 1D äzÕY×pÕYÖã7Õ&Ø�ä0Ù éRçE	�� � Õ4Ö2×ÛÙ±×~á¹àhÝ2ä�ùUá¹à±ÞÛúWãjà4à4á��Þcã7ÕYá¹äzÝN×qÙ4Ù4äzÙ F, Ö2á.àÖã;(G(>×qÝ2àiý>×qÞcãzÜ�à4×<á¹ÝNÕYÖ2á.à&Þcãzà±×~ÕYÖ2×qÙ4×<á.à	ä0Ý2úaß[ä0Ý2×~Ø�Ù4×qÚXÜ2×ÛÝ2Þ�ß³à4á.â0ÝãjÕ4Ü2Ù4×pÕYÖã7Õiý>äjÕYÖRÕYÙ4ãzÞ��XàÞcãjÝNýõ×¶ÞÛúWãjà4à4á��×Ûÿ)�2ÝãzùU×Ûúaß êë �

�ì
íî
	

, ä�ÖãzÝ2ÿ�ú¹×¶ÕYÖ2×H(õä0à±à4á¹ý�á¹ú¹áaÕPß�äzØwù�á.à4ÞÛú¹ãzà4à±á��ÞÛãjÕYá.ä0Ý[×ÛÙ4Ù±ä0Ù��>ã�ùUä0Ù±×^Ù4äzý2Ü2à±Õ	ù�×�ÕYÖ2ä�ÿNØ�äzÙhÞqúWãzà±à4á��ØÅß�á¹Ý2â<Ø�Ù±×ÛÚXÜ2×ÛÝ�Þqß[à4á.â0ÝãjÕ4Ü2Ù4×qà%à4Ö2ä0Ü�ú¹ÿ[ý>×iÕYä3(õ×ÛÙ±á¹ä�ÿ2á¹ÞÛãzú¹úaßsÜI(>ÿ2ãjÕY×iÕYÖ�×¶Ø�Ù±×ÛÚXÜ2×qÝ2Þqß[à4á.â0ÝãjÕ4Ü2Ù4× 
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km|¦v�obrTv'^bo`c=�£v'obaTkne6|�gFd \Tl�_ykmr~lmcs_�v�^bp6cW_slmeF�!v�lmkm��v�_ykne6|©|Tc�c�}�e6|Tl�x�u�c=��e6|T��c�^b|~c�}¥hGkn_baf_ya~c=�!v'o`c
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»2¾�±6¢¯½�º2¢h±�¨×®�¿#���H 4¡h¢N§Í¨«ÂI¬jjª�°^�0±,²d Ð³4´�µH�H �¶Ý·�²d¦2¢h a£�Ü¹±6¢¯ �¥4±g¨«Â,£O»N²d¦2¢h a£ ��¸ ¤4¢¯ Y²d¦2¢h a£
Üx»2¾4±A¢¯½�º2¢¯±�¨«ÂI¿

�6ç������H 4¡h¢È§Á¯®U¬6¨«ª�°q�0±Ð²Ø¥4» ¸  4µ0�H 4¶«·K²d¦2¢¯ a£ �Å¸ �0µHµ�ÃE³4¢¯½�Äè²d¦2¢h E£ � ¼Í»2½v¨«ª ¸ ¤4¢¯ ]²d¦2¢h a£ �
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`Pacbed V[fgfih'HSCkjQXlTmCnVGH�o�pnZGVGqPCnTmr'fgN
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.�/�. 02143�576�8�9;:=<>6?3�9A@B876DCFEG0H3�CJILKM376NIOEQP
RBSUT�V+TXW;Y[ZB\�]UV ^�_`\a_UYcb[YedgfihUYcZ d+V+Y[_?j?dkYc^�l"^�lnm�\�lUh

oqpr,stsvu m4w�x$y r w�z|{~} � pw�x�y r w�z��
� SUT�l�dkSUT�]?V+^�_`\�_UY[bcYcdgf�^a� o pr�sts YcZ7�?��dkSUTXY[l?��T�V+T�lU��T�dk\aZ+��V+T��)jUY[V T���T�l�dkZA\�V+T�Z+\�dkYcZ �`T�h�RBYcd+S]UV ^�_`\a_UYcb[Yedgf���� � T�RBY[Z S�dk^q��SU^�^aZ+Tvd+SUT|]U\aVk\a��T�d+T�VN��Z+^qdkS`\�dNRvT|�\�l��i\��aT�dkSUYcZ�]UV ^�_`\a_?Y[b[Yedgf_�TnT��=jU\abQdk^��?���q^�RvT��aT�V��QYe�7RvTn��\al d+^�b[T�Vk\�d+T¡lU^ad�Zk\�d+Y[ZL�&f�YclU¢£dkSUT�V+T��=j?Y[V+T��¤T�l�dkZ�^a��dkS?TY[l���T�V+T�lU��TAdk\aZ+�"j?]�d+^¤\¥]UV ^�_`\a_UYcb[Yedgf¤^���¦¨§ª©��?«���¬-��dkSUT�lnRvT��\al���SU^�^aZ+T�"\a����^�V hUY[lU¢�d+^

� u \aV ¢ w$®O¯)°U± ²M³�´=µ¶[·�·t¸&¹�º ��Y[l¼»
RBSUT�V+TG½|¾DY[Z¿d+SUTG]�^aZ+Ycd+Yc�aTAV+T\�b[Z��À lD��^�lU��b[jUZ Y[^�lM��d+SUT�¢�T�lUT�V+\abQY[hUT�\���^�V���SU^=^�Z Y[lU¢¨dkS?T�Z+]`\a��Y[lU¢£�ÁY[Z�d+^£��SU^�^aZ+T�Ycd�Z+�¤\ab[bT�l?^�jU¢�S�Z ^�dkS`\�d|dkSUT�V T�Z jUbcd+Y[lU¢¤� pw�x�y r w�z ��^���T�V ZQdkSUT�Z T�dB^a�ÂbcY[��T�bcf���T\aZ jUV+T��¤T�l�dkZBmBw�x$y r w�zÃ�ÅÄQSUT��SU^�Yc��T�^a�7�£hUT�]�T�lUh?Z¤^�l*d+SUT¡��SU^�Yc��T�^a�BdkS?T�h?Y[Z+��V+TOdkY[Æ�\�dkYc^�l*]`\�Vk\a��T�d+T�V¥Ç�� À �AÇ*Y[Z�bÈ\aV ¢�Ta�dkS?T�liRvT7��j?Z dv�i\a��T���Z �i\abcb`Y[l�^�V+h?T�V�dk^�T�lUZ+j?V+T7d+S`\�dB� pw�x$y r w�z ��^��aT�V+Z¿m4w�x$y r w�z���É�l¤d+SUT7^�dkSUT�VS`\al?hÊ�JYc�vÇ�YcZ�Z+�¤\ab[b,��d+SUT�lÁ�¡�\al£_�T�bÈ\�V+¢�T�V�_�T��\aj?Z+T�dkS?T�V+T¥\�V+T���T�RvT�VAT��)jUYc��\abcT�lU��T���bÈ\�Z+Z+T�ZY[l�m"�
Ë�Ì�Í ÎDÏÐ Ñ¼Ò�Ó�Ô Õ¨Ö�×
� TBRBYcb[b���^�lUZ Y[hUT�VF\GZ Y[��]Ub[T|Z+T�l?Z+^�VFlUT�dgRv^�V �¥\alUh¤\GZ Y[��]Ub[T|Y[l?��T�V+T�l?��TBd�\aZ ��RBSUY[��S¥RBY[bcb?_�T4\alTOØ?\a��]UbcTF^��UdkSUTF��T�dkS?^�h��^�VÂ��^�lUZLdkV jU��d+Y[lU¢q��^�����jUlUYc�\�d+Y[^�l\abc¢�^�V YcdkS?�¤ZM��^aVNhU\�d�\4��^�bcb[T��OdkYc^�lÊ�ÄQSUT4hUY[Z ��jUZ Z+Yc^�li^a��SU^�RÙd+SUTqS?Y[T�V+\aV+��S�f¥YcZ�\V T�]UV T�Z+T�l�d�\�d+Y[^�l�RBSUY[��S¤T�lU��^�hUT�Z|\�l¤Ycl?��^�V+�¤\�d+Y[^�l��^ab[b[T���d+Y[^�l¥��T���S`\al?Y[Z+�ÚS`\�Z|_�T�T�li]UV+T�Z+T�l�d+T�h¡Y[liÛ�T��OdkYc^�liÜU�e���ÅÝ`jUVLdkSUT�V+��^�V+T��=d+SUT7��^�l���T�V+Z+Yc^�l^a�N\al¤Y[l?��T�V+T�lU��T7dk\aZ+��Y[l�d+^�\XZ T�dQ^��Â��^���]Uj?dk\�dkYc^�lUZ�RBYcdkSi\aZ+Z ^���YÈ\�d+T�hid+V+Yc¢�¢�T�V ZFR|\aZ¿h?Y[Z+��jUZ+Z T�hY[l�Û=T���d+Y[^�l�Ü?� . � À l�d+SUY[Z¿Z T��OdkY[^alÊ�UR|TAZ SU^�RÞd+SUTA��^���]UbcT�dkT7Z dkT�]UZQ��V+^��	Y[l���T�V+T�lU��TAdk\aZ+��dk^�Z+TOd^a����^��¤]?j?d�\�d+Y[^�l?Z�\alUh�d+V+Yc¢�¢�T�V Zqd+^�SUY[T�Vk\aV ��S)fndk^U���`l`\abcbcfa��dkS?T���^�����jUl?Y[�\�dkY[^al�\abc¢�^�V+YedkSU��ZRBSUYc��SªZ+^�be��T�Z�d+SUT�Z+YclU¢�bcT�dk\aV+¢�TOd�b[^=�\�b[Y[Æ�\�dkYc^�l£]UV+^a_Ub[T��ß��^�V ��jUb[\�dkT�hàY[lªÛ�T��OdkY[^al . �âá��¨ÄQSUTlU^���T�bÂ�i\�d+T�V YÈ\ab�Y[l�dkSUYcZQZ+T���dkYc^�l�Y[lU��b[jUhUT�d+SUTA��^�b[bc^�RBY[lU¢U�

���Bãql�\�b[¢�^�V Ycd+SU�¤Yc�G��^�lUZLdkV jU��d+Y[^�l£^a��dkS?T�¢�Vk\a]?S£d+^�]�^�b[^�¢�fn^��|\�SUYcT�V+\aV+��S�f�YcZA]UV+T�Z+T�l)d+T�hjUZ Y[lU¢¡\�SUT�jUV+YcZ d+Y[��dk^�¢ajUY[hUT�d+SUT���^alUZ d+V+jU�OdkY[^alÊ��ÄQSUT¥lUT�T�h£��^�V7dkS?Y[ZASUT�jUV+YcZ dkYc�\ab���^�l=äZLdkV+j?��dkYc^�l¡Y[ZQ_�T���\ajUZ+TAd+SUTGZ+T�d4^a�H\abcbM¢�V+\a]US�dk^�]�^�bc^�¢�Y[T�Z|��\alUlU^adB_�TGT�l)jU��T�V+\�dkT�hÊ��ÄQSUTSU^a]�T�Y[ZJd+S`\�dÂRBYcd+S�\alX\a]U]?V+^�]UV YÈ\�d+T�bef���SU^�Z T�l�S?T�jUV Y[Z d+Y[����d+SUT�V+T�Z jUbcd+Y[lU¢B¢�V+\a]USGdk^�]�^�bc^�¢afRBYcb[bÊ\�hU�¤Yed¿dk^�\al�T�å���Y[T�l�d4��^a�¤��j?lUY[��\�dkYc^�l�\abc¢�^�V+YedkSU���
. � � TÅZ+SU^�R�dkS`\�dJd+SUTF\ab[bæägYc�¤]�^�V dk\al�d`dkV Y[¢�¢�T�V+ZM��^aVJT\a��S��^���]Uj?dk\�dkYc^�l���\alG_�TÅV T�]UV T�Z+T�l�dkT�hYclÙdkSUT£ç|^=^�bcT\alÙh?^��i\�Y[lÊ�>ÄQSUT¨TOèMT���d¡^a�X�¤^��=Y[l?¢àdk^*d+SUT£ç|^=^�b[T�\alÙhU^��¤\aYclÙY[Zid+^Z Y[��]Ub[Ye�&f�d+SUT\ab[¢a^�V+YedkSU��Y[�4��^�l?Z dkV jU��d+Y[^�l�^a�NdkSUTGSUYcT�V+\aV+��S�f��
á?�BÄQSUT¨Ycl?��^�V �i\�d+Y[^�lD��^�b[bcT���d+Y[^�l �¤T���S`\alUYcZ+� T�lU��^�h?T�héY[lêd+SUT¨SUYcT�Vk\�V+��S�fêYcZ"TOØ�]UbcY[��Ycdkbef��^�l���T�VLdkT�hëYcl�dk^*\�Z+T�d"^a�A��^a�¤��j?lUY[��\�dkYc^�lê\�b[¢�^�V Ycd+SU�¤Z��v^alUTn��^�V¤T\a��S�l?^�hUTn^a�AdkS?T
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}��K��v��� ¢¡�t_u;vm}o�L�£w�vN�`�,�$�;y,�Eu;vF��vF���,vF�*vF��y,};y��E��}���y�w���¤,vmvFy,{�u¥vF}o�;��vN��y���vF�¦}��K��v~§�w�x�y,{E|W}��K��v�¨
��};�L��{Ny���vF�¥�Eu�vI{q�����W��};y,xz���!©ªu�vF�����z���E��{�¡¬«�vuLyF¤,vI����������vF�ª�Eu�����vI}��K��vF�¯®o°±I�mu;�z{�uª��vN�EvI}��,�
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µ�¶ j¸·WjF¹�e�·�º¦·�h�»N¼:½
¾  À¿�Á jÂ½ µ�µ ½IÃ ¶�µ j Á ezºq¼ µ�¶ Á Ã µ j¸f0ikj¸j a Á egºk¼Äº Á ¶ »N¼�egÅ µ i�j¸ÃÇÆ °±
½0Ã µ Æ °EÈ± È º ¶ ºq¼<j�j¸Ã;h�É²j¸iq½.ºqe ¶ ÃÊ·�j�ºÂËÍÌªÎ�¼<ji�j¸·�h�Ågº ¶0Ï ºk¼�e�·¯j�ÃLh<ÉÂj�iq½oºke ¶ ÃÐi�j¸·kh<Ågºq·>egÃ
ËÑ» ¶ Ã�ºN½0egÃ�e�Ã�f]p�l�Ã ¶Lµ j¸·�½0·Wi�j¸Ò�i�j¸·�j¸Ã�ºqj µ:Ó�Ô ºk¼�j Ó ÅÕ½o»NÖ�Ã ¶Lµ j�·We�Ã?d�egfKh�ikj&lonNp�r<Ì�Î�¼�j
egÃ;ºkj¸i�Ò�ikj�ºN½oºke ¶ Ã ¶0Ï ºq¼<j¥·kj�º ¶0Ï j¸Ã;h�É²j¸iq½.ºqj µ Ã ¶�µ j�·�Ë×eg·£ºk¼�j¥·�j�º ¶oÏ Ò ¶ ·k·ke Ó Å�j ¶ Ã�j&·�ºkj¸Ò
µ ½.ºN½&» ¶ Å�Ågj¸»�ºqe ¶ Ã�· Á ¼�e�»N¼
eg·�h<·kj Ï h<Å Ï2¶ i_ºq¼<j�j�Øo½0Ågh$½oºke ¶ Ã ¶0Ï ½.º�Ågj�½0·�º ¶ Ã<j ¶0Ï ºk¼�j~ºkikegfKfKj¸i�·¸Ì
Ù j�i�ºN½oe�Ã�Å Ô ¿ · ¶ É²j ¶0Ï ºk¼�j µ ½oºq½¯» ¶ ÅgÅ�j¸»�ºqe ¶ Ã�·�i�j¸Ò�i�j¸·�j¸Ã�ºqj µÚÓ�Ô ºq¼�jWÃ ¶�µ j�·7e�ÃIËÛ½0ikjWÉ ¶ ikj
h�·�j Ï h�Å�ºk¼$½0Ã ¶ ºq¼<j¸ik· Á ¼�eg»N¼�eg·�ºq¼�j�Ò ¶ e�Ã�º ¶0Ï ºq¼<j¦Ã<j�¹Lº�·�ºqj�Ò�Ì

a Ì�Ü&Ý Þ:ß�à`á,â³ã�âLà*ä.å!æ�á�å!çWè$é�êÄë
è�é*ì
Î�¼<e�·�·�ºqj�Ò¯e�·`ºq¼�j�»¸ikezºqeg»�½0Å�·�ºqj¸Ò Á ¼<e�»N¼ µ j�ºqj�ikÉ²e�Ã�j�·
Á ¼�eg»N¼
fKik½0Ò�¼Âº ¶ Ò ¶ Å ¶ f Ô Á e�ÅgÅ Ó j£» ¶ Ã�·�ºkikh�»�ºqj µ Ì�d ¶ imj�½o»N¼ ¶0Ï ºk¼�j�j�Ã;h�ÉÂj�iq½oºkj µ Ã ¶�µ j�·�egÃ
Ë ¿�Á j7É³h�·�ºm» ¶ ÉÂÒ<h<ºqj7½W·k» ¶ ikj Ó ½0·�j µ²¶ ÃÂ½�¼<j¸h�i�e�·�ºke�»¸½0Å�É²j�½0·�h�ikj ¶0Ï egºk·�ikj¸Å�½oºqezØKj Á ¶ i�ºq¼
í j0Ìîf�Ì�· ¶ ÉÂj�É²j�½0·�h�ikj ¶0Ï e�Ã Ï2¶ ikÉÂ½oºqe ¶ ÃÍºq¼�½oº£egº7Ò�i ¶ ØLe µ j¸·qï Á j¸egfK¼�j µ�Ó�Ô ºq¼�j¦» ¶ ·�º ¶oÏ ºq¼<j
» ¶ ÉÂÒ<h<ºN½oºke ¶ Ã�½0ÅKikj�· ¶ h<ik»¸j�·�j�¹�Ò j¸Ã µ j µ Ì�ðÊÉ ¶ ikj_fKj�Ã�j¸ik½0Å µ e�·k»�h�·k·�e ¶ Ã ¶0Ï f ¶�¶Lµ ¼<j¸h�i�e�·�ºke�»�·
º ¶ h�·kj Á e�ÅgÅ Ó jWÒ�i�j¸·kj�Ã�ºqj µ e�ÃñLj¸»�ºke ¶ ÃIl�Ìîl�Ì�Î ¶ e�ÅgÅ�h�·�ºqiq½.ºqj7ºq¼�jW¼�egj¸ik½0ik»N¼ Ô » ¶ Ã�·�ºkikh�»�ºqe ¶ Ã
Ò�i ¶ »�j¸·�·�e�Ã&ºk¼�e�·*º ¶,Ô j�¹<½0É²Ò�Å�j ¿ Å�j�º�h�·�h<·kj�ºk¼�j&òNó.ô¯ôÍó.õ ö0÷�øúù!û~ü$ý�þ�ÿFø���ù!ø ò�½0·�½�É²j�½0·�h�ikj ¶0Ï
Á ¶ i�ºk¼�ÌWÎ�¼�j³» ¶ É²É ¶ Ã�½0Å�ezº Ô ¼�j¸h<ike�·�ºqeg»¥É²j�½0·�h�ikj�· Ï2¶ i�j¸½0»N¼?j¸Ã;h�É²j¸ik½oºqj µ Ã ¶�µ j����ÐË ¿
ºk¼�j~Ã;h�É Ó j�i ¶0Ï Ã ¶Lµ j¸·�½ Ó(¶ Ø0j Á ¼�eg»N¼
»�½oÃ Ó j£i�j Á i�egºkºkj¸Ã Á egºq¼²ºq¼�eg·_Ã ¶�µ j0Ì��Wiq½0Ò<¼�e�»¸½0Å�Å Ô ¿
ºk¼�e�·¦¼�j¸h<ike�·�ºqeg»²» ¶ iki�j¸·�Ò ¶ Ã µ ·¥º ¶ ºq¼�j²Ã;h�É Ó j¸i ¶0Ï´µ ½o·k¼�j µ j µ fKj�·¥j�ÉÍ½0Ã�½oºqegÃ�fIh�Ò Á ½0i µ ·
Ï i ¶ É j�½0»N¼ ¶oÏ ºq¼�j Ó ÅÕ½o»NÖÇÃ ¶�µ j�·¥egÃªd�egfKh�ikj²lonqp,r<Ì	�`½ Ó j¸Å�Åge�Ã�f�ºk¼�j Ó Å�½0»NÖ?Ã ¶Lµ j¸· Ï i ¶ É� � ½oºWºq¼�j Ï ½0iWÅgj Ï ºW·�e µ j¯º ¶ � �2� ½oºWºq¼�j Ï ½oiWike�f0¼;º�·�e µ j ¿�Á j>j�¹�Ò�i�j¸·�·&ºq¼<j²» ¶ É²É ¶ Ã�½0Å�ezº Ô
¼�j�h�ikeg·�ºke�» Ï2¶ i�ÉÍ½0ÅgÅ Ô²Ó�Ô ºq¼<j Ï h<Ã�»�ºke ¶ Ã

çKÝ(Þ:Þ:Ý é í ��ï�
� a � ��������� � ��� � � ����� � �����
p � ¶ ºq¼<j¸i Á eg·kj �
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ÒÈÓ>ÔXÕ ÑuÖ6×Ø³�ÙÍÚÃ³�´�µ ¶l· ���AÛ Ñ U Õ » Ä µXÙFÖGÜÝÑ�·xÞ
ß ²	²Z¤¬ªE¨¬°±°sÙÍÚ ÒÈÓ>ÔXÕ ÑuÖ�¿

à �{��� ÕâáãÕ » Ä ÖnÖäÜ à �<� � ÕâáãÕ ÙFÖnÖ µ
©X£�§ «�» Ä ¹±¥ä¨F°Â¤�º�¨¬°±°Âå�¤ Æ ©X¹±®F¨¬° Æ ¤¦¹±«f©�¿(¨¬«( ¸ §A¨[ªX§0(¤¦«�§¬½Gæ ©X£�§�ª ¸ ¹±¥n§¬¿�º�¤¦® Æ<É ©n§

» Ä±Ë � ×ç¨[ªXÀ�è�é�êGë Ôíì]îKï ®F¹�« à �<��� ÕâáãÕ Ù@ÖnÖ
¨¬«(�¹±©n§�ªK¨[©n§¬½
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 \�� �� é������ eg^Zh!������ � V! R\ Y"�#��%$ V! >\�Y"�#�î � V& >\ Y"���î $ V! R\��('
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 V! >\�Y 
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 V! >\�Y 
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 V! >\�Y 
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ýAþ!ÿ������� ¡ È ¸&�zR�������âË
	 ³ �XÈ� s�� �4�y� � Ë	 È ´X´X´ ��� �ýAþ!ÿ���� ¡ s ¸&�zR�����ÕÇÂË
	�� �����"©K�������������� �ýAþ!ÿ���� ¡ u ¸&�zR�����ÕÇÂË
	 ���%��������� �����"!X���"#����"$ � ´
¾ÆxºvR~����è¶"wy����?x&%£���^��xTµy�y~Á¸&�z?¹ ���xEz#x���x�¹�x��ê�?�#��¸(' ß ª*) øùß	ú �?�Â�?wK�4�+% � Å Ç ¡ ÈEÉÒ  ¸&�z,xE��¶"wÇÂË\Ì;~��}�~���xE�7�O�Â��wyx#¸&�������vR~��°�5�"���°��x�½

Ç % � Å Ç ¡ðÈ�É!  Ç % � ÅPÇ ¡ðÈEÉÒ , �� s.- � � s.- �, �� u/- � � s.- �, �� È - � © s.- �, �� s.- � � s.- �, �� s.- � ��� È - �, �� u/- � ��� È - �, �! s.- � ��� È - �, �! u/- � �"� È - �, �# s.- � ��! È - �, �� u/- � ��# È - �, � � È - � ��� È - �, �$ È - � ��$ È - �
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hjiVk ��ý hjiVkml ú$þm� i ýon i ÿ~ÿ�ü�niþp� i ýrq(s�ü k üVüwú-n9sutZüwý�t iVk ý i[v ü l ú-�$ü�t^ÿ i n2ú$ÿ v ü�nw�xt]� i ý�tyt i þms�ú$þ^þpsLü
û�ÿ i ,�ú�ÿ>þRú-t]� i-h ÿ i nwú�ÿx��z2ú$þm� i ý{�xtåú-n9s��~üY|�ü v .4} üwn2ú�ÿ�ÿ hjk]iVl þps�ü hjiVk]l�~ ÿ~ú$þp� i ý igh þms�ü'tm��ý�û�ÿ�ü�þRú k û�üiþ
ÿ i n2ú$ÿx�xzwú$þp� i ý�� k]i ,�ÿ�ü l ��ýN�(üwnEþm� i ý æ1./� þps�ú\þ�ú�n iVl�l�~ ý
�xn2ú\þp� i ý"ú�ÿ~û i-k ��þms l nwú�ýW,�ü(|1��üwq�ü v úgt
ú�tZüEþ igh n iVl�l�~ ý
�xn2ú\þp� i ý k]~ ÿ~üwt;q(s���n9sN�xt�ú*þ k �x�Lÿ~ü����W�p���9�)� i-h ú*ÿ i n2ú�ÿ��>ý i qSÿ~ü v û�ü�t:þRú$þ ü��W�
ú�t üEþ i-h ý i[v ü�t�� þ i tZüwý v þps���t�ÿ i n2ú�ÿ��aý i qSÿ�ü v û�ü�t:þRú$þ ü-�¦ú�ý v ú�tZüEþ i-h ý i1v ü�t�� þ i��[~ ü k]�hjkmi-l .u� t]t üEý>þm�ºú�ÿ�ÿ � ��þms�ü´ÿ i n2ú�ÿ;�>ý i qSÿ~ü v û�ü�tZþRú\þ&ü�� k ü�� k ü�tZüwý.þpt�ú�ýõüw|�üwý.þVþms�ú$þ�þ k �~û�û�ü k t�ú� � ~ tms��]þ � ��ü�n iVl�l�~ ý
�xn2ú\þp� i ý¹þ i t üEý�t iVk ý i1v ü�t i-h � ú$ý v ú � � ~ ÿ~ÿx�"þ � ��ü)n iVl�l�~ ý���n2ú$þm� i ý
q(��þmsPt üEý�t iVk ý i1v üwt i-h � .�� ��ÿ��~ý��Ft�n iVkmk ü�tm� i ý v þ i þps�ü(��ú�ý v ����ú k þpt i-h ú�n iVl�l�~ ý���n2ú$þm� i ýkm~ ÿ~ü-��ú�ý v�v�i qSý�ÿx��ý��Ft�n iVkmk ü�t]� i ý v þ i � ú�ý v ����ú k þpt i-h ú�n iVl�l�~ ý���n2ú$þm� i ý km~ ÿ�ü .+ úg,�ÿ~ü ��./� t ~�l�l ú k �xzwüwtdþps�ü�n iVl�l�~ ý���n2ú$þm� i ý k]~ ÿ~üwt�û�üwý�ü k ú$þ ü v , � ü2úgn9s ~ ��ÿ��~ý�� ú$ý vv�i qSý�ÿ��~ý��Ft(�~ýdþpsLü�s
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rWset Xvu sxwzy�{ X}| ~`| s U8u�S s R r SxX t S&XB��� y�rWt u w X�V�X���XBR r S�| ~`| s U8u��WU�u rWset XB��� s VYV�X���� s&rWt R r Su s X y � w}t R��ku�R r ��u�XB�TXB��X r u s�� ~���� w UW����u w X��WV y�r � w R r Sx�WV s S&V y ��R�� y VYXB�WVYXB�YX r u y u�R s&r�s��
� U r ��u�R s&r ���5RTu w�y ��XB� wzy�r R��Y��� w R�� w�� UWXBVYR�X��*� s �Y��R��8�T� s�r �T� y �YUW�W��X�u s�� u w X {�y V�R y �W��X��B�����X��eu�X rWt R r S�u w X � UWXBVk� {�y V�R y �W��X��0u s � s VYV�X���� s&rWt u s�� U8XBVY�eR r S�u w X s U8u��8U8u s�� � s ��X
� U r ��u�R s&r X {�y ��U y u�R s&r �&�<X�� y�r � s&r �YR t X�V�� s&r �Yu�V�UW��u�R r S y �8V y�r � w R r S��WV s S�V y � ��s V�u�V y�{ X�V���R r S
y ��R�VY�BUWR%u�� w XBV�X�u w X � UWXBVk� {�y VYR y �8��XB�J� s V�VYXB��� s&rWt u s u w X {�y ��UWX�� y �Y��RTS r X t u s X t S&X�� s��Fy�BRTV���UWRTuB� Q s V�X¡� y �v�8��X ��s V�u w Xx��R�VY�BUWR%u s�� Q?R�S�UWV�X�Z\[:¢��<��Xx� y�r R�� y S&R r X£� s&r �Yu�VYUW��u�R r S y�WV y�r � w R r Sv�8V s S&V y �¤� w R�� w � s ���WU8u�XB�5¥�¦5�5RTu w u w X�§ � UWX�VY�e¨ {�y VYR y �W�TXB�
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� w UW�B�¶RTu·� y �¸��X�XB�¹u wzy uGu w X��WV y�r � w R r Sº�WV s S&V y �»� y �}��X y S seset � y�r8t R tzy u�X ��s V�� s&r [�Yu�V�UW��u�R r S y u�V y�{ XBV�� y �¶�vX�� wzy�r RT��� ��s V y ��R�V���UWRTuB��¼ s ��X { X�VB��� wzy u·RT���TR���RTu�R r S y � s U8u�u w X�WV y�r � w R r S·�WV s S&V y �½R���u wzy u¶u w X5u�V yP{ XBVY� y � s�� u w X*�WV y�r � w R r S��WV s S&V y �>R��,��X � U8X r u�R y ����� wzy uR���� ��s V y�r ��S&R { X r�y �Y��R�S r �vX r u s�� u w X � UWXBVk� {�y VYR y �W�TXB���&�<X*u�V y�{ XBV��YXCX�� y ��u��%� s�r X�� y u w�� V s �u w X��ku y Vku rWset X s�� u w X£�WV y�r � w R r S��8V s S&V y �¾u s�s&r X s�� u w X s U�u��WU8u rWset X��B��� w RT��� s UW� t��X y�r u�V y�{ XBVY� y � s�� u w X r8s�t X�� s�� u w XJ�BRTV��BU8RTu5R����YX � UWX r u�R y �¿�� w X w R�XBV y V�� w ��RT�*� s&r �YR t X�V�X t u s �±X y S&X r X�V y �TR�À y u�R s&r£s���y �WV y�r � w R r SÁ�WV s S&V y �ÂR r u w X��X r ��X�u wWy u�§ku�V y�{ XBVY� y �T¨W�¶���}� w R�� w �<X���X y�r u w X�X����W��RT�BR%uGX {�y �TU y u�R s&r � s�� u w X � U r ��u�R s&r �
y �Y� s �BR y u�X t �5RTu wºr8s�t X�� s�� u w XGS&V y � w u s � s � s S���� y�rºs �B�BU8VCR r � y V y �T��X����*Ã*X�� y �T� � V s �ÅÄ�XB�¡[
u�R s&r�Æ � M � Æ u wzy u y�� u�XBV�� s�r �Yu�V�UW��u�R r S¸u w X�S�V y � w u s � s � s S�� s�� u w X w RTXBV y V�� w �&���<X�� wWs ��X y��U8�W��X�u s�� X t S&XB��u s ��XJUW�W��R rWÇ � y�rWt�tWs � r �TR rWÇ �B�¶QzUWVku w X�V�� s V�X�����X�� wWs ��X y u�V�RTS&S&X�VF��X�u ��s V
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WYX[Z]\_^)` U�abV�c�d�egf,hjik;lnmbh�opil=m1qsr�fst�u�vYqsk�twtbxjh�o=r;hjqsl=uzy{fst}|~r;l�fst}��t}y�qb����vYl�qNkhji;i_t}y�t}��q+u2�_t.qsk;hjq�� l=�Lh����sk�u#�Ly2lny�qsk�t/�;�zr�fst���qsk�t}y2v�u�fgqsk�t/�zl=x�t}y2���qsk�tDtbx4h�onr;hjqsl�uzy�f,t}|�r;l=fst}��t}y�qLfst}|~r;l�fst}�0qsk;hjq�Ytgt1�]io=lnmbl�q�tbxjh�o=r;hjq+t �������� v�u�f5qsk�uz�+t � �Lk;l=m�k�hjf,t�kl��zk;o=l��zk�q+t}��uzy�qsk;tg���h4�]ln�Pu�v�qsk�t���f,hjik�����u�q+tqsk;hjq �������� l=�D�;l �_tbfst}y¡q/v[u�f.�;l �_tbfst}y�q%xjh�o=r�t}�/u�v0qsk�t¢l=y�ir�q%£ ¤¦¥N§�©¨Lk�r;�}�ªqsk�t	�sr����+tbq%u�vL«�v�u�f�Lk;lnm,k	�YtNt1�~i�o=l=mbl�qso�¬�tbx4h�o=rhjq+t �� l=�0�l ��tbf,t}y¡qv�u�f��;l �_tbfst}y�q£ �

®N¯ `#^)` °
±2²�³µ´0¶¸·%²�¹ º1³+´,±�²'³+´

»'¼ ^�½ ¼]¾ `¢Z]X[¿~`4ÀÁX�À_Â_\�Ã�¹ Ä�Å�§Æ	Ç ¯ `2Â�^)X ¼ ^.È_X�½,Ã1^�X�É_\�Ã)X ¼ ÀSÉ_XËÊ~½�`4½�Ã ¯ `Ì`#¿X�È_`#À_Í4` ® `2^�`4Í#`4X[¿~`» ^ ¼~¾ Ã ¯ `�È_Ê�ÃbÊ ® X[Ã ¯ ¼ \_^IÂ_^)X ¼ ^IÉ�`4Î�X[` » ½ ®N¯ X�Í ¯ ^)`4½�\_Î[Ã)½NX�À{Ã ¯ `wÂ ¼ ½�Ã)`4^�X ¼ ^IÈ_X[½�Ã)^)X�É�\�Ã1X ¼ ÀpÆÏ ¯ Ê�Ã ® ` ® X�Î[Î�½ ¯ ¼ ® X�½DÃ ¯ Ê�ÃDÃ ¯ `	^ ¼ Î�` ¼~» Ã ¯ `¢Ã ¯ ^)`#½ ¯ ¼ Î�È_½DÐ;Ñ5X[ÀSÃ ¯ `¢Ã+ÒÂ_X�Í4Ê~ÎY`G¿~Ê�Î�\�Ê�Ã)X ¼ À^)`#Ó;\_X�^�` ¾ `4À�Ã ¼�» Ã ¯ ` ¯ X[`4^)Ê~^)Í ¯ ÒwX�½�`#½)½)`#À�Ã1XËÊ�Î�Î[Ò�Ê~É ¼ \�ÃPÊ%Â�Ê�^�Ã1X�Ê~Î�`#¿�Ê~Î[\�Ê�Ã)X ¼ À ¼~» Ã ¯ `¢Ô�Â ¼ ½�Ã)`4^�X ¼ ^�Õ°
±2²�³µ´GÆ0Ö+À�Â_Ê~^�Ã)X�Í4\�ÎËÊ~^#× ¼ \_^I^�`4Ó;\_X[^)` ¾ `4À�Ã%X�À{Ã ¯ `wÂ�Ê~^�Ã)XËÊ~Îª`#¿�Ê~Î[\�Ê�Ã1X ¼ À ¼~»

°
±�²'³+´gX[½�Ã ¯ Ê�Ã

Ø Z]Xn¿]`#ÀSÊ~À�Ò{¹ ÄÙÅ�§�×�Ã ¯ `SÔ,Â_^)X ¼ ^)Õ�±�×ÚÊ~À_ÈÛ½ ¼~¾ `�Ã ¯ ^)`4½ ¯ ¼ Î[ÈÝÜ©ÄßÞ c º V4à ×
Ø ® ` ¾ \_½�Ã%`G¿~Ê�Î�\�Ê�Ã)`

°
± ® X[Ã ¯ X�À_Â_\�Ã/³5Äâá©X » X[ÃNX[½�Ã1^�\_`�Ã ¯ Ê�Ã

°
±©²�³µ´�ãäÜ�Æ

WYX[Z]\_^)` U�abV�c ½ ¯ ¼ ® ½DÊÌÂ_X[Í#Ã1\�^)` ¼~» Ã ¯ `w`#¿�Ê~Î[\�Ê�Ã)X ¼ À{^�`4Ó;\_X�^�` ¾ `4À�ÃjÆ0Ç ¯ `wÍ ¼ À_È_XnÃ1X ¼ À°
±�²'³+´0¶å·%²�¹ º1³µ´�±©²�³µ´gãäÜ

X�½I`#Ó;\_X[¿�Ê~Î[`4À�ÃIÃ ¼
·%²�¹ º1³+´�ã Ü

±©²�³µ´ º
®N¯ X[Í ¯ ×�½)X[À_Í4` ·%²'¹ º1³µ´5¶çæzÑ+²éè�´
¾ `jÊ~À_½LÃ ¯ Ê¡ÃgÃ ¯ `/Ã ¯ ^)`4½ ¯ ¼ Î[È_½�X�À2Ã ¯ `/Ã+Ò�Â�X�ÍjÊ�Îª`G¿~Ê�Î�\�Ê�Ã)X ¼ À2^)`#Ó;\_X�^�` ¾ `4À�Ã1½ ¼�» Ã ¯ ` ¯ X�`#^1Ê~^�Í ¯ Ò�Ê~^�`

ÐÑê¶ Ü
±�²'³+´�ë
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