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��Á�»ÖÀ2ÂZÊu·u»ÖÔ�À�ÂuÄUÄBÍ�´¿Ì�´iµnÂ{ºT»¾·uÌ]Çb¶xÇ¿ÄU´8Àè·uÎ\ÄU´iÌ�Í{ºnÁ*º6Õ%·Ó{ »@× ´u×

Çb¶xÇ¿ÄU´8ÀÅÄ¾»|�´1ê.\}"�$ÄÛbìÂ× ê:Û�"!$F\xì;× ê.\}"!$mÛbìJ×1ã�·pÕ%´¿Êu´iµºTÁ`´Å»U¼~¹�µn·pÊu´i¼~´¿Ìºc»¾ÀcÊ�´¿µn¶ÆÀT¼~ÂuÄUÄ?ÓxÎÏ·�µO~ÚµT´iÄ¾Â{ºT»¾·uÌ`À%ºnÁ�´Å»¾¼¡Ð¹�µn·pÊu´i¼Ú´iÌºB»ÖÀ±Ä¾´iÀnÀVºTÁ`ÂuÌ � ùÆ×mù�Á`´¿Ì�Íu´iÌ�´¿µÈÂpºn»UÌ`Í2ÂuÄUÄxÑ`³`ÀÉÁ-¶ºTµn´¿´8À~³`ÀT»UÌ�Í'ºnÁ�´*Ì`Â{»¾Êu´OÀT´bº�·{Î2µT³`ÄU´8À¿Ó%Çb¶xÇbÄ¾´iÀ~·uÎ�Ä¾´¿Ì�ÍuºTÁ �Õ%´¿µn´2ÂZÊ�·u»ÖÔx´iÔg×
�V»UÍ�³�µn´B~"ÀTÁ�·pÕ�À�ºnÁ�´1ê@ÀTÇiÂ{Ä¾´iÔ`ì�ºT»¾¼~´�µn´iä³�»¾µT´8Ô'ºT·1Íu´¿Ì�Ð´¿µÈÂpºn´�Â{Ä¾ÄgÑ�³`ÀTÁ-¶RºTµn´¿´8À%ÎÏ·uµèÇ¿·u¼~¹�Ä¾´bºn´¿Ä¾¶�Çb·�Ì�Ì�´8ÇJºT´8ÔOä�³`´¿µn»U´8ÀÎÏµn·u¼�ßèºT·J~�µT´iÄ¾Â{ºT»¾·uÌ`Ài×>��Á�´cÀnÇ¿ÂuÄU»¾Ì�Í(·{Î`ºnÁ�´�ÍuµÈÂ{¹�ÁDÀm»ÖÀBÔx·uÌ`´³`ÀT»UÌ`Í�ºTÁ�´ÅºT»¾¼Ú´ÅºT·RÍ�´¿Ì�´iµnÂ{ºT´ÅÂ{Ä¾ÄgÑ�³DÀÉÁ-¶�ºTµn´¿´iÀcÎÏ·uµèÂRä³�´iµT¶·{ÎVºTµn´¿´2µn´¿ÄÖÂpºn»U·�Ì`À¿ÓxÂ�ÀcÂ¡µn´bÎÏ´iµT´iÌ`Çb´�×
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Bushy join trees

naive rules
duplicate free rules

�V»UÍ�³�µn´ ~a�-U±ÃxÁ`Â{³DÀ6ºn»UÊ�´1Í�´¿Ì�´iµnÂ{ºT»¾·uÌ<·uÎÚÑ`³`ÀÉÁ-¶�ºnµT´i´iÀ¸ÎÏ·�µÇb·�¼~¹�ÄU´¿ºT´iÄU¶ÆÇ¿·uÌ�Ì`´iÇJºn´iÔOä³�´¿µn»¾´iÀi×
��Á�´�´bÃx¹D´iµT»¾¼~´¿ÌºnÀÚÀTÁ�·pÕ ºTÁ`Â{º~Ô�³�¹�Ä¾»¾ÇiÂpºT´�ÎÏµn´¿´ÆÍ�´¿Ì�´iµnÂ{ÐºT»¾·uÌ~·uÎ�ý6·�»UÌ~·uµÈÔx´iµnÀB»ÖÀMÂ{Ä¾Õ�ÂZ¶-ÀmÎ¨Â�À6ºn´¿µBºTÁDÂ{Ì�Íu´iÌ�´¿µÈÂpºn»UÌ`Í(ÂuÌ`ÔÔx»ÖÀTÇiÂ{µÈÔx»¾Ì�Í�Ôx³�¹�Ä¾»¾ÇiÂpºn´iÀi×1��Á`´c¹D´iµÉÎÏ·�µT¼�Â{ÌDÇb´cÍ�Âu»UÌ~»¾Ì`Çbµn´iÂ�ÀÉ´8ÀÎÏµn·u¼ ÂÆÎ¨ÂuÇJºn·uµL¾�ã �T� ÎÏ·uµ(ºTÁ`µT´i´¡µn´¿ÄÖÂpºn»U·�Ì`À�ºn·*ÂRÎ¨Â�ÇJºT·�µ!}wã �e�ÎÏ·uµ2´i»UÍ�Á�º�µn´¿ÄÖÂpºn»U·�Ì`À¿×ý��ÂuÀT´iÔ]·�Ì"ºnÁ�´�Çb·�¼Ú¹`ÄU´¿Ã-»Uº6¶]Â{ÌDÂ{Ä¾¶-ÀT»ÖÀ·{ÎcºnÁ�´ÆÍ�´¿Ì�´iµnÂ{ºT»¾·uÌÒÂuÄUÍ�·uµn»jºnÁ�¼�À2ºTÁ�´�»U¼~¹�µn·pÊu´i¼~´¿ÌºÅÎ¨ÂuÇbºT·�µÕc»¾ÄUÄg»¾Ì`Ç¿µT´8ÂuÀT´èÎÏ³�µTºTÁ`´¿µèÂ�Àcä�³`´¿µn»U´8ÀáÍ�´bº�ÄÖÂ{µnÍu´iµi×

9 ÷&ï>óeSFõ3®(ña÷.ïôò(õ/óDó K û
��Á�´�Ì`Âu»UÊ�´�¼~´bºTÁ`·-Ô1ÎÏ·�µÅÍu´iÌ�´¿µÈÂpºn»UÌ�Í¸ºnÁ�´ÆÇb·�¼~¹�ÄU´¿ºT´RÀT¹`ÂuÇ¿´·{Î�Ä¾»¾Ì�´iÂuµcý6·u»¾ÌËºTµn´¿´8ÀÅ³`ÀT´iÀý�-Õ�Â{¼~»! ÀÆÛ �w�!~W~pà�À?�-Õ�Â{¹�ÁOµn³�Ä¾´
{�»?× ´�×�ê. -"�$0%¡ì'"�$&(/× ê! -"!$)(�ì'"�$0%ÿ{�ÂuÌ`Ô�ºnÁ�´ÅÇb·�¼ÚÐ¼!³�ºnÂpºn»UÊ-»Uº6¶]µn³�ÄU´�×�ØèÀ�»¾Ì'ºTÁ�´~Ì`Âu»UÊ�´ÚÍ�´¿Ì�´iµnÂ{ºT»¾·uÌ1·{ÎáÑ`³`ÀÉÁ-¶ý6·u»¾Ì¸ºTµn´¿´8À%ºTÁ�´!Ç¿·u¼~¼!³�ºnÂpºn»UÊ-»Uº6¶Rµn³�ÄU´2»ÖÀ�Â{¹`¹�ÄU»¾´iÔ¸·�Ì�ÄU¶�·uÌ`Ç¿´ºT·�ÂZÊ�·u»ÖÔ�Ç¿¶-Ç¿ÄU´8À�·{ÎVÄU´iÌ�Í{ºnÁ � ×
�V»UÍ�³�µn´ÚÞ¸ÀÉÁ`·pÕ�ÀèºnÁ�´~´bÃx¹:´¿µn»U¼~´¿ÌºÈÂ{ÄBµT´8ÀÉ³`ÄjºÈÀèÎÏ·�µ2Íu´¿Ì`´¿µTÐÂpºn»UÌ`Í¡Â{Ä¾Ä ÄU»¾Ì�´8Â{µáºTµn´¿´iÀá³`ÀT»UÌ`ÍÅºTÁ`´�Ì`Âu»UÊ�´è¼~´bºnÁ�·xÔeÓx»¾ÌÆÕcÁ�»ÖÇÈÁÔx³�¹`ÄU»ÖÇ¿Â{ºT´iÀVÂ{µn´\Í�´¿Ì�´iµnÂ{ºT´8ÔeÓpÂ{Ì`Ô2ºnÁ�´%´bâRÇb»¾´¿ÌºB¼Ú´¿ºTÁ�·xÔÅºTÁ`Â{ºÂZÊu·�»¾Ô`ÀMºnÁ�´�Í�´¿Ì�´iµnÂ{ºT»¾·uÌR·uÎmÔx³�¹`ÄU»ÖÇ¿Â{ºT´iÀi×6��Á�´�ºT»¾¼~´�ÎÏ·�µ�Íu´¿Ì�Ð´¿µÈÂpºn»UÌ`Í�Â{Ä¾ÄxÄ¾»UÌ�´8Â{µDý6·u»¾Ì!ºnµT´i´iÀmÎÏ·uµ±Â(ä³�´¿µn¶�·{Î�ºnµT´i´áµn´¿ÄÖÂpºn»U·�Ì`ÀiÓ³`ÀT»UÌ`ÍèºnÁ�´%Ô�³�¹�Ä¾»¾ÇiÂpºT´¿Ð@ÎÏµn´¿´%µn³�ÄU´8À¿ÓpÕ�ÂuÀm³`ÀT´iÔ¡ÂuÀmµT´¿ÎÏ´¿µn´¿Ì`Ç¿´\ÎÏ·�µÀnÇ¿Â{Ä¾»¾Ì�Í�ºTÁ�´\ÍuµÈÂ{¹�Á`Ài×��`·uµgÄ¾»UÌ`´iÂ{µgºTµn´¿´iÀiÓZÂZÊu·u»ÖÔx»¾Ì�Í%ºTÁ�´\Íu´¿Ì`´¿µTÐÂpºn»U·�Ì�·uÎVÔx³`¹�ÄU»ÖÇ¿Â{ºT´8ÀcÀÉÁ�·pÕ�À�Â¡¹D´iµÉÎÏ·�µT¼�ÂuÌ`Çb´(»U¼~¹�µn·pÊu´i¼~´¿Ìº·{Î±Â¡Î¨ÂuÇbºT·uµJ¾Wã ß�ßÅºn·Rßwã ���ÅÎÏ·uµ�ä³�´iµT»¾´iÀ%ÎÏµn·u¼ ºTÁ�µn´¿´2ºn·Ú´i»UÍ�Áº

½ ÂuÍu´T~
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�V»UÍ�³�µn´ÒÞæ�ÀUMÃxÁ`Â{³`ÀÉºT»¾Êu´�Í�´¿Ì�´iµnÂ{ºT»¾·uÌr·{Î�ÄU»¾Ì�´8Â{µ*ºnµT´i´iÀOÎÏ·�µÇb·�¼~¹�ÄU´¿ºT´iÄU¶ÆÇ¿·uÌ�Ì`´iÇJºn´iÔOä³�´¿µn»¾´iÀi×
µn´¿ÄÖÂpºT»¾·uÌDÀ¿×cØ�ÍÂ{»¾ÌOºTÁ�´¡»U¼~¹�µn·pÊu´i¼~´¿ÌºcÎ¨ÂuÇbºT·uµ�Õc»UÄ¾Ä�|�´¿´i¹*»UÌxÐÇbµn´iÂ�ÀÉ»¾Ì�ÍÚÕc»jºnÁ¸ºTÁ�´�Ì-³�¼¡ÑD´iµc·{ÎBµT´iÄ¾Â{ºT»¾·uÌ`Ài×
û ü � � °�¥,�è¬f�<� �
æGÌ�ºnÁ�»¾Àm¹`Âu¹D´iµmÕ%´\ÀTÁ�·pÕá´8Ô(ºTÁ`Â{º¢ºnÁ�´gý6·�»UÌÅ´iÌ-³�¼~´¿µÈÂpºT»¾·uÌ�¹`µT·uÐÇb´8ÀTÀ2·uÎáºnµnÂuÌ`ÀÉÎÏ·uµn¼~Â{ºT»¾·uÌxÐfÑ`Â�ÀÉ´8Ô*·u¹xºn»U¼~»¾½¿´iµnÀ�ÇiÂ{Ì'ÑD´�¼�ÂuÔ�´ÂuÀè´bâRÇb»¾´¿Ìº�ÂuÀ�ºTÁ�´ÚÄU·pÕ%´¿µèÑD·�³�Ì`Ô]·uÎáé~ê¨ß�ë�ì�Í�»UÊ�´¿ÌOÎÏ·uµ�ºTÁ`´¹�µn·uÑ�Ä¾´¿¼�Ñ-¶	í�Ì�·1ÂuÌ`ÔÒï¢·uÁ�¼�Â{Ì0Ûîí(ï¢Þ�ðZàfÓMÂuÀ¡ÄU·�Ì�Í1Â�ÀÅÕ%´ÂZÊu·�»¾ÔÅÍu´¿Ì`´¿µÈÂpºT»¾Ì�Í(Ôx³�¹�Ä¾»¾ÇiÂpºn´iÀi×mù'´%ÀTÁ�·pÕ%´iÔÅºTÁ`Â{ºmºnÁ�´�Ì³`¼¡ÐÑ:´¿µ�·uÎBÔx³`¹�ÄU»ÖÇ¿Â{ºT´8À�»ÖÀèé~êÏÿë�ìJÓDÂuÌ`Ô¸»jº�´bÃ�Çb´i´iÔ�À�ºnÁ�´�Ì-³�¼!Ñ:´¿µ·{ÎBÌ�´iÕ<´¿Ä¾´¿¼~´iÌ�ºÈÀc´¿Ê�´¿Ì�ÎÏ·uµ�ÀT¼�Â{Ä¾Ägä�³`´¿µn»U´8À¿×í�³�µ�Â{¹�¹`µT·ÂuÇÈÁ~ºT·~Â{Ì�´bâRÇb»¾´¿Ìº�ÀT´iÂ{µÈÇÈÁ�»ÖÀ\ºn·L|u´¿´i¹�ºTµÈÂuÇ?|·{Î�ºTÁ�´OºnµnÂuÌ`ÀÉÎÏ·uµn¼~Â{ºT»¾·uÌ�µT³�Ä¾´iÀ¡ºnÁ`ÂpºÆÇiÂ{Ì«À6ºn»UÄ¾ÄcÑD´]Âu¹�¹�Ä¾»U´8ÔÕc»UºTÁ�·�³xºMÍu´iÌ�´¿µÈÂpºn»UÌ�Í�Ôx³`¹�ÄU»ÖÇ¿Â{ºT´8À¿×Vù1´�Ô�´iÀnÇb»¾ÑD´8Ô!ºnÁ�´�¼~´iÇÈÁ�ÐÂ{Ì`»¾ÀT¼ »UÌ¸Ôx´bºÈÂ{»¾Ä@Ó-ÎÏ·�µ\ºnÁ�´�Í�´¿Ì�´iµnÂ{ºT»¾·uÌ�·uÎ¢Ñ�³`ÀTÁ-¶~ÂuÌ`ÔRÄ¾»¾Ì�´iÂuµý6·u»¾ÌÅºnµT´i´iÀi×Ví�³�µV´bÃx¹:´¿µn»U¼~´¿ÌºÈÀmÔx´i¼~·uÌ`ÀÉºTµÈÂpºn´iÔÅÂ�ÀÉ»¾ÍuÌ�»Z�DÇiÂ{Ìº»¾¼Ú¹`µT·pÊ�´¿¼~´¿ÌºM»¾Ì�·u¹xºn»U¼~»¾½iÂpºn»U·�Ì~ºT»¾¼~´uÓ-ÂuÀ±ÄÖÂ{µnÍu´�Â�ÀMÂ2Î¨ÂuÇbºT·�µ·{Î6}!ÎÏ·uµs~{Ð@ºÈÂ{Ñ�Ä¾´%ý6·u»¾Ì`À¿×
��Á�´þ»U¼~¹�Ä¾´¿¼~´¿ÌºÈÂpºT»¾·uÌô·{ÎÒ·u³`µrÂu¹�¹�µn·�ÂuÇÈÁ Õ�ÂuÀ<µT´iÄ¾Â{ÐºT»¾Êu´iÄU¶OÀT»U¼~¹�Ä¾´uÓDµT´8ä�³`»Uµn»UÌ`Í�·uÌ�Ä¾¶�Â�¼~»¾Ì�·uµè´bÃ-ºT´iÌ`ÀÉ»¾·uÌOºn·�ºTÁ`´ºTµÈÂ{ÌDÀ6ÎÏ·�µT¼�Âpºn»U·�ÌxÐfµT³�Ä¾´�´¿Ì�Í�»UÌ`´ {,ºnÁ�´	ÂuÑ�»UÄ¾»Uº6¶<ºn·�ºT³�µnÌ�·{óºTµÈÂ{ÌDÀ6ÎÏ·�µT¼�Âpºn»U·�Ì<µn³�Ä¾´iÀi× íèÎ~Ç¿·u³�µÈÀÉ´�Ó2¼Ú·À6º*·uÎ¡ºnÁ�´ËÕá·�µ,|Õ%´¿Ìº(»¾ÌºT·OÔx´¿Ê-»ÖÀÉ»¾Ì�ÍÆºTÁ�´�Â{¹`¹�µT·�¹�µn»¾Â{ºT´!ÀT´bº2·{ÎMºnµnÂuÌ`ÀÉÎÏ·uµn¼~Â{ÐºT»¾·uÌÆµT³�Ä¾´iÀiÓ-ÕcÁ�»ÖÇÈÁR»¾À%ÂÅÊ�´¿µn¶¡»¾¼~¹D·�µÉºÈÂ{Ìº\ºÈÂuÀ,| ÓÀT´¿ÄÖÔx·u¼ ´i¼¡Ð¹�Á`Â�ÀÉ»¾½¿´8ÔÆ»¾Ì¸ºTÁ�´�µn³�Ä¾´bÐfÑ`ÂuÀT´(·u¹xºn»U¼~»¾½iÂpºn»U·�ÌOÄU»UºT´iµnÂ{ºT³�µn´u×
��Á�´iµT´c»ÖÀMÇb·�Ì`ÀT»¾Ôx´iµnÂuÑ�Ä¾´cÕá·�µ,|ÅÄ¾´bÎñºá·uÌ~ºTÁ`´�Íu´iÌ�´¿µÈÂ{Äx¹�µn·uÑ�ÐÄ¾´¿¼ ·{ÎMÔx³�¹`ÄU»ÖÇ¿Â{ºT´iÀ(Â{ÌDÔOÁ�·pÕrºT·ÆÂZÊ�·u»ÖÔÆºnÁ�´¿¼OÓeÂ{ÌDÔOÕá´ÅÑ:´bÐÄ¾»U´iÊu´(ºTÁ�»ÖÀc»ÖÀcÂÚ¹�µT·�¼~»¾ÀT»UÌ`Í~ÂuµT´8Â!·uÎmµn´iÀT´iÂuµnÇÈÁg×1��·�µ�Â{ÌOÂ{µnÑ�»UÐºTµÈÂ{µn¶OÀÉ´¿º(·uÎ±ºTµÈÂ{Ì`ÀÉÎÏ·uµn¼�ÂpºT»¾·uÌ*µn³�Ä¾´iÀiÓD»Uº2¼Ú»¾ÍuÁº2ÑD´¡Á`Â{µÈÔOºn·ºTµÈÂ{ÌDÀ6ÎÏ·�µT¼ »Uº�»UÌºT·�Â{Ì,´bâRÇ¿»U´iÌ�º8ÓáÔx³`¹�ÄU»ÖÇ¿Â{ºT´¿ÐfÂZÊ�·u»ÖÔx»UÌ`Í1ÀT´bºi×

�%³xº�Õ%´2ÀT³`ÀT¹D´8ÇJºcºnÁ�´¿µn´�Â{µn´(³DÀÉ´¿ÎÏ³�Ä@Ó�ºTµÈÂuÇJºÈÂ{Ñ�Ä¾´�ÇbÄÖÂuÀnÀÉ´8À¿×

îzNPý#ï7ñeþÓø.óeÒ>ùaóföéófï�ò K
�%´¿Ì�Ì`´bº�ÒMÂ{ÌDÇb´ËÇb·�Ì`ÀÉ»ÖÔx´iµT´8Ô�ºTÁ`´Ë¹�µT·�Ñ�Ä¾´¿¼û·uÎÚÔx³�¹`ÄU»ÖÇ¿Â{ºT´iÀÂ{ÌDÔ	Â{µnµn»UÊ�´iÔËÂpºÚºTÁ`´�UMÃxÇÈÁDÂ{Ì�Í�´�ºTµÈÂ{Ì`ÀÉÎÏ·uµn¼�Âpºn»U·�ÌÒµT³`ÄU´�»UÌxÐÔx´i¹D´iÌ`Ôx´¿ÌºnÄU¶]·uÎ\³`ÀiÓe³`ÀT»UÌ�Í�»jº�»¾Ì1Â¸ÀÉÄ¾»¾ÍuÁºTÄ¾¶*Ôx»jó ´¿µn´¿Ìº2Õ%ÂZ¶Û ÒMÂ{Ì`ÞW�{Ñ-àf×±ù1´2Â{µn´�ÍuµÈÂpºn´bÎÏ³�ÄDºT·ÚÁ�»¾¼ ÎÏ·uµ%´iÀÉºT»¾¼!³�ÄÖÂpºn»UÌ`Í¡Ôx»ÖÀ6ÐÇb³DÀTÀT»U·�Ì`ÀiÓiÀTÁ`Â{µn»UÌ`Í%·uÎxÁ�»¾ÀgµT´8ÀÉ³�ÄUºnÀ\Û ÒMÂuÌ`Þ���ÂZà?ÓZÂ{ÌDÔ(Ç¿·u¼~¼~´¿ÌºnÀ·uÌ�ºTÁ`»¾Àc¹DÂ{¹:´¿µ8×
ÿ ��ÎX� ® ��� ° � ¬
Û �%Ü³�2ÞußpàÑn`× ØÅ×��áÄÖÂ2|�´¿Ä¾´¿¶�Óôù�×înD×�Ü]ÇiÝ2´¿Ì�Ì`Â`Ó ÂuÌ`Ô

�Ú×1�(µÈÂ{´¿ÎÏ´u×¡U±Ãx¹D´iµT»¾´¿ÌDÇb´iÀ!Ñ�³�ÄÖÔx»¾Ì�Í]ºnÁ�´�·�¹D´iÌ·-·-Ô�Ñ	ä³�´¿µn¶1·�¹xºT»¾¼~»U½i´¿µ8×��=Î,Ç(Ð?Æ?Æ?Ö/È�ÊfË/Ì�Ç�ìBÍYíwÆ
��� w����
	Yw�|�� � Ç/Ê�ìmÇ2ÊÀwÄÔ2ÊaÔ8ËDÆ8ÅLÆ8Ê�ÍjÇ�ì
��Ô2Í�ÔM�� Ô/Ì,ífÈ�ÊDË�Í�Ç/Ê�� � ÓN¾iÞ�Þuß`×

Û��=�xÞ��{à � ×T�áÁ`Âu³`ÔxÁ-³�µn»ÅÂ{Ì`ÔrÝ~×O�-Á�»¾¼O× í�¹xºT»¾¼~»U½i»UÌ`Íä³�´¿µn»U´8À*Õc»UºTÁ�ÂuÍuÍuµn´¿ÍÂpºn´'Ê-»¾´¿³-Õ�Ài×��*Ê�Í�Æ*Î�Ê�Ô/Ñ
Í&È.Ç2ÊaÔ2Ø � Ç/Ê�ì*Æ*Î,Æ8ÊaÐ?ÆçÇ2Ê-y9ÙWÍ�Æ*Ê�Ö/È�ÊfË��ýÔ/Í�Ô�ü?ÔPÌ8Æu�Æ?Ð?ífÊ�Ç/ØÇ4ËAfp� � Õ(È
Ë�ÊaÇ2Êæ� ë Î4Ô/ÊaÐ?Æ¿Ó�¹`ÂuÍu´iÀÄ¾(�e���
¾(~ � Ó�¾iÞ�Þ���×

Û �!Ã'~e�8à �Ú×��(µnÂu´bÎÏ´~Â{Ì`Ô³Ã!×tn`×NÃ�´¿ù�»UºÉºi×Ó��Á�´Ú´bÃx·xÔx³`À·u¹xºn»U¼~»¾½¿´iµ¸Í�´¿Ì�´iµnÂ{ºT·�µi×���Î,Ç�ÐP��Ç�ìÄÍYíwÆ ��� wKÑ
���
	Yw�|�� � Ç2Ê(ì*Æ8Î,Æ*Ê�Ð?ÆÝÇ2Ê5wÄÔ/Ê�Ô8ËDÆ*ÅÓÆ*Ê5Í Ç�ì
��Ô2Í�Ô{Ó�¹`ÂuÍu´iÀT¾��uð���¾p� � Ó�¾8Þ�~e�-×

Û �2ï ½ Ý�ÞD}Zà���×gØÅ×>�2ÂuÄU»¾Ì`Ôx·uÐfï¢´¿ÍÂ{µn»¾Â`Ó:Ø!× ½ ´¿Ä¾ÄU´iÌw|u·uÎñºiÓgÂuÌ`ÔÜË×`ï\×`Ý2´¿µÈÀ6ºn´¿Ìg×§¿èÌ�»UÎÏ·uµn¼ÚÄ¾¶ÐfÔ�»¾ÀÉºTµn»UÑ`³xºT´8Ô�µÈÂ{Ì�ÐÔx·u¼ Í�´¿Ì�´iµnÂ{ºT»¾·uÌ�·uÎÅý6·u»¾Ì�·�µnÔx´iµnÀi× æGÌ���Î4Ç/Ñ
Ð?Æ4Æ?Ö2È�ÊDË2Ì=Ç<ì$ÍYíwÆ��*Ê�Í�Æ*Î�Ê�Ô/Í:È.Ç/ÊaÔ2Ø � Ç2Ê(ì*Æ8Î,Æ8ÊaÐ?ÆOÇ2Ê
��Ô2Í�ÔWü?ÔPÌ8Æ¯u�íwÆ?Ç/Î^fp����Î,Ô(Ë2Ï�Æ¿Ó\¹`ÂuÍu´8À � ~uð�� � Þ�ß�Ó
¾iÞ�ÞW}x× Ø�ÄÖÀT·��áù�æm�m´iÇÈÁ�Ì`»¾ÇiÂ{ÄÚ�c´i¹D·�µÉºH�=�Ð
��Þ{ÿßw¾�×

Û �2ï���ÞW�pà ��×±ØÅ×%�2Â{Ä¾»¾Ì`Ôx·{ÐGïg´iÍ�ÂuµT»ÖÂ*Â{Ì`Ô�Ø�µnÌ�·uÌH�c·�ÀT´¿Ì�ÐºTÁ`ÂuÄ@×áí�³�ºT´¿µ@ý6·u»¾Ì*ÀÉ»¾¼~¹�Ä¾»��DÇiÂpºn»U·�ÌOÂuÌ`Ô�µT´i·uµÈÔx´¿µTÐ»UÌ`Í"ÎÏ·�µÚä³�´iµT¶Ë·�¹xºT»¾¼~»U½8ÂpºT»¾·uÌ¢×su�ÇçÔ?×�×�Æ4Ô2Î È�Ê
��� w>uwÎ,Ô2ÊwÌ8Ô�Ð8Í&È.Ç2ÊwÌ³Ç2Ê��ýÔ/Í�Ô�ü?ÔPÌ8Æ��dfPÌ�Í�Æ8Å�ÌÈÓ
¾iÞ�Þ���×

Û �2Ü]Þuß{à �Ú× �(µÈÂ{´¿ÎÏ´�Â{ÌDÔõù�×�nD×OÜ]Ç¿Ý2´iÌ�Ì`Â�× ��Á`´
Ò±·uÄÖÇ¿ÂuÌ�·�·u¹xºn»U¼~»¾½¿´iµ]Íu´iÌ�´¿µÈÂpºn·uµP�1U±Ã-ºT´iÌ`ÀT»UÑ�»¾ÄUÐ»jº6¶�Â{ÌDÔ1´¿âRÇb»¾´¿Ìº¡ÀT´iÂ{µÈÇÈÁg×���Î,Ç�Ð4Æ?Ö2È�ÊDË2ÌjÇ<ìÚÍYíwÆ
� ÍYí���Ê�Í�Æ8Î�ÊaÔ/Í:È.Ç/Ê�Ô/Ø � Ç/Ê(ì*Æ8Î,Æ8ÊaÐ?ÆÓÇ/Ê��ýÔ/Í�ÔÂy=Ê�Ñ
Ë2È�Ê�Æ?Æ*Î�È�ÊfËM����È.Æ8Ê�ÊaÔM� � ÏfÌ�Í&Î�È.Ô{Ó{¹`ÂuÍu´iÀ � ðuÞ�� � ¾�~�Ó
¾iÞ�Þuß�×

Û ãO�èÞW�pà n`× ÜË×pã�´iÄUÄ¾´¿µÈÀÉºT´¿»¾Ì¡ÂuÌ`Ô=nD× �á×/��Â{³�Í�Á�ºn·uÌg×`²�³�´iµT¶´bÃx´iÇ¿³xºT»¾·uÌ�ºT´8ÇÈÁ�»Öä�³`´iÀÚÎÏ·uµ�ÇiÂuÇÈÁ�»¾Ì�Í�´bÃx¹:´¿Ì`ÀT»UÊ�´¼~´bºTÁ`·-Ô`À¿×���Î,Ç�Ð?Æ?Æ4Ö2È�ÊDË2Ì Ç<ìmÍ�í�Æ ��� w���� 	=Ñw�|!� � Ç/Ê�ìOÇ/Ê8wÄÔ/ÊaÔ(ËWÆ8ÅÓÆ*Ê5Í9Ç�ì"�ýÔ/Í�Ôp�
wÄÇ2Ê�Ñ
Í&Î4Æ4Ô2Ø Óx¹`ÂuÍu´iÀ�ÿ � ß��Rÿ�ß{ÿDÓN¾iÞ�Þ���×

Û æ6Ý�Þw¾bà #¡×3U�×èæG·Â{Ì�Ì`»¾Ôx»ÖÀ"ÂuÌ`Ô$#¡×M��×�Ý�ÂuÌ�Í`× ï¢´bÎñºÉÐÔx´¿´i¹OÊ-Ài×�Ñ�³DÀÉÁ-¶�ºTµn´¿´iÀ��\ØèÌOÂuÌ`Â{Ä¾¶xÀÉ»ÖÀc·uÎBÀÉºTµÈÂpºTÐ´¿Í�¶	ÀÉ¹DÂuÇb´8À�Â{Ì`Ô,»UºnÀ�»¾¼~¹�Ä¾»¾ÇiÂpºT»¾·uÌDÀ~ÎÏ·uµÆä³�´iµT¶

½ ÂuÍu´(Þ



·u¹xºn»U¼~»¾½iÂ{ºT»¾·uÌg×%�=Î,Ç(ÐP�6Ç�ìMÍYíwÆ ��� wKÑ&��� 	{w�|!�
� Ç/Ê(ì*Æ8Î,Æ8ÊaÐ?Æ!Ç/Êzw�Ô2ÊaÔ(ËWÆ8ÅLÆ8Ê�Í6Ç�ì"��Ô2Í�Ô{Óu¹`ÂuÍu´8À
¾(�W~��a¾M�T�xÓ�¾iÞ�Þw¾�×

Û æGùÂ~��8à #¡×OU�×¢æG·Â{Ì�Ì`»¾Ôx»ÖÀ!ÂuÌ`Ô�U�×mù1·�Ì�Í`×"²�³�´iµT¶'·u¹�ÐºT»¾¼~»U½8ÂpºT»¾·uÌ,Ñ-¶	ÀT»U¼¡³�Ä¾Â{ºT´8Ô�ÂuÌ�Ì�´iÂuÄU»¾Ì�ÍD×'��Î4Ç(ÐP�
Ç<ì�ÍYíwÆ ��� wKÑ&���
	Yw�|�� � Ç/Ê�ì*Æ*Î4Æ*Ê�Ð4Æ'Ç/Ê�wÄÔ2Ê�Ñ
Ô8ËDÆ*ÅÓÆ8Ê�Í)Ç<ì(�ýÔ/Í�ÔpÓ�¹`ÂuÍu´8ÀcÞ�� �o� Óa¾iÞW~��-×

Û Ý�Â{Ì`Þ�¾bà #¡×)��×\Ý�Â{Ì�ÍD×*)OÔ2ÊaÖWÇ/ÅýÈÉ(Æ?Ö � Ø ËDÇ/Î�È�ÍYífÅ�ÌJì*Ç2Î
+=Ï�Æ*Î^f�|>×aÍ:È�ÅýÈÉ(Ô2Í&È.Ç2Ê`× ½ Á�Ã ºnÁ�´iÀT»ÖÀ¿Ó2¿�Ì`»UÊ�´¿µTÐÀÉ»Uº6¶2·{Î`ù�»ÖÀnÇb·uÌDÀÉ»¾ÌxÐGÜ]ÂuÔx»ÖÀT·uÌgÓD¾iÞ�Þw¾u×D�¢´8ÇÈÁ�Ì�»ÖÇ¿ÂuÄµT´i¹D·�µÉº-,B¾iðD}{ß`×

Û ï�Ò0m Þuß{à ��×B� ×j�Ú×RïmÂ{Ì�½i´¿Ä¾·{ºTºT´uÓ ½ ×ÓÒMÂ{ÄÖÔx³�µn»U´i½uÓ"ÂuÌ`ÔÜË×�m Â�. /Uºi×2í�Ì*ºTÁ�´Ú´bó ´iÇbºT»¾Êu´iÌ�´iÀnÀè·uÎM·u¹xºn»U¼~»¾½iÂ{ÐºT»¾·uÌRÀT´iÂuµnÇÈÁ~À6ºnµnÂ{ºT´iÍu»¾´iÀBÎÏ·�µ\¹`ÂuµnÂuÄUÄ¾´¿Äx´¿Ã-´8Çb³xºn»U·�ÌÀÉ¹DÂuÇb´8À¿×0��Î,Ç�ÐP�TÇ�ì Í�í�Æ21 � ÍYí��435��6 � Ç2Ê(ì*Æ8Î�Ñ
Æ*Ê�Ð?Æ^�7��Ï�ü*Ø
È�Êæ�7��Î4Æ*ØÔ2ÊaÖ{Óu¹`ÂuÍu´iÀmÿ�Þ�ß��w}{ð{ÿDÓ�¾8ÞuÞuß`×

Û Ü]Ç¿Ý�Þ�ßpà ù�×An`×{Ü"Ç¿Ý2´¿Ì`Ì`Â�×:y98HÐ8È.Æ*Ê5Í5�NÆ?Ô/Î,Ð?íLÈ�Ê�y9ÙWÍ�Æ8Ê�Ñ
Ì�È.ü*ØÆ:�ýÔ/Í�Ô�ü?ÔPÌ8Æ*+=Ï�Æ*Î^f¾|>×aÍ:È�Å�ÈÉ�Ô2Í&È.Ç2Ê:² u�íwÆ
�5Ç/ØIÐ4Ô2ÊaÇ�|>×aÍ:È�ÅýÈÉ(Æ8Î;	sÆ*Ê�Æ*Î,Ô2Í�Ç2ÎJ× ½ Á�Ã�ºTÁ�´8ÀÉ»ÖÀ¿Ó¿�Ì�»¾Êu´iµnÀT»Uº6¶�·{Î%�á·uÄ¾·uµÈÂuÔx·DÓD�%·u³`Ä¾Ôx´iµiÓN¾8ÞuÞ�ß�×

Ûîí(ï¢Þuð{à Ý~×í�Ì�·�Â{ÌDÔL�Ú×�ÜË×�ï¢·uÁ�¼�Â{Ì¢×DÜ*´8ÂuÀT³�µT»¾Ì�Í(ºTÁ`´Çb·�¼Ú¹`ÄU´¿Ã-»Uº6¶<·uÎ�ý6·u»¾Ì�´¿Ì-³�¼~´¿µÈÂpºn»U·�Ì�»UÌ�ä³�´iµT¶·u¹xºn»U¼~»¾½iÂ{ºT»¾·uÌg×<��Î,Ç�ÐP�5Ç�ì6ÍYíwÆ=1?>/Í�í��93@�A6 � Ç2Ê�Ñ
ì*Æ*Î4Æ*Ê�Ð4Æ`��6)Î�È+Ì8ü?Ô/Ê�Æ^� � ÏfÌ�Í:Î,Ô/Ø
È.ÔpÓÆ¹DÂ{Íu´8ÀËßw¾iÿ �ß � }xÓ�¾iÞ�Þuð�×

Û ½ �2ï¢Ý�ÞW�pà�ØÅ× ½ ´iÄUÄ¾´¿Ì�|u·{Îñº8Ó=�Ú× ØÅ×=�2Â{Ä¾»UÌDÔx·{ÐGïg´iÍ�Â{µn»ÖÂ�Ó\ÂuÌ`ÔÜË× ïM×¢Ý2´iµnÀÉºT´iÌg× �á·�¼Ú¹`ÄU´¿Ã-»Uº6¶"·uÎáºnµnÂuÌ`ÀÉÎÏ·uµn¼~Â{ÐºT»¾·uÌ�Ñ`Â�ÀÉ´8Ô�·u¹xºn»U¼~»¾½¿´iµnÀ1Â{Ì`ÔúÔ�³�¹�Ä¾»¾ÇiÂpºT´ÒÎÏµT´i´Íu´iÌ�´¿µÈÂpºn»U·�Ì�·uÎ2ÂuÄjºn´¿µnÌ`Âpºn»UÊ�´iÀi×å�¢´8ÇÈÁ�Ì�»ÖÇ¿ÂuÄO�c´bÐ¹D·�µÉº'�=�Ð���ÞW�ußuÞ`Ó��áù�æJÓ#¾iÞ�Þ���×
Û �w�!~�~{à ØÅ×��!×a�-Õ�Â{¼~»¢ÂuÌ`ÔOØÅ×5�(³`¹xºnÂ`×�í�¹xºn»U¼~»¾½iÂpºn»U·�Ì·{Î2Ä¾ÂuµTÍ�´!ý6·�»UÌ�ä³�´iµT»¾´iÀi×*��Î,Ç�Ð��JÇ�ì Í�í�Æ ��� wKÑ

���
	Yw�|�� � Ç2Ê(ì*Æ8Î,Æ*Ê�Ð?ÆÝÇ2Ê5wÄÔ/Ê�Ô8ËDÆ*ÅÓÆ*Ê5Í Ç�ì
��Ô2Í�Ô{Ó�¹`ÂuÍu´iÀ=~ �a¾p�xÓ�¾iÞ�~W~�×

Û �xã ½ ¿ Þ��pà ½ ×5�-´8ÀÉÁ`Â�Ôxµn»@ÓanD× ÜË×`ã�´iÄUÄ¾´¿µÈÀÉºT´¿»¾ÌgÓ:ãÅ× ½ »UµÈÂ{Á�´8ÀÉÁ¢Ó
�2× #Ú×���×áïg´¿³`Ì�Í`Ó)��×%�èÂ{¼�Â2|-µn»¾ÀTÁ�Ì`ÂuÌgÓ$Ã¡×��-µn»UÐÊpÂuÀÉºnÂZÊpÂ�Ó ½ × nD×=�ºn³`Ç?|u´i¶uÓ(Â{Ì`Ô�� ×s�-³`Ô�ÂuµnÀTÁ`Â{Ì¢×
�á·�ÀÉºÉÐfÑ`ÂuÀT´iÔ�·�¹xºT»¾¼~»U½8Âpºn»U·�ÌÒÎÏ·uµÚ¼�Â{Í�»¾ÇT�ÆØ�Ä¾Íu´¿ÐÑ�µÈÂ�Â{Ì`ÔÅ»U¼~¹�Ä¾´¿¼~´¿ÌºÈÂpºT»¾·uÌ¢×���Î,Ç�Ð?Æ?Æ4Ö2È�ÊDË2Ì=Ç�ì$ÍYíwÆ
��� w����
	Yw�|�� � Ç/Ê�ìmÇ2ÊÀwÄÔ2ÊaÔ8ËDÆ8ÅLÆ8Ê�ÍjÇ�ì
��Ô2Í�ÔM�2wÄÇ/Ê�Í:Î,Æ?Ô/ØjÓ�¹`Â{Í�´iÀ�ÿßW}B�-ÿuÿD��Ó�¾8ÞuÞW��×

Û ÒMÂ{Ì`ÞW�uÂpà �(×wÒMÂ{Ì`Ç¿´u×$�á·�¼Ú¹`ÄU´¿Ã-»Uº6¶R·uÎDý6·�»UÌO´¿Ì-³�¼~´iµnÂ{ºT»¾·uÌ»UÌ*ÀÉºnÂuµTÑ�³`µnÀÉºiÓ�¾iÞ�Þ��`×VÜ]ÂuÌ-³`ÀTÇ¿µT»¾¹xº8×
Û ÒMÂ{Ì`ÞW�{Ñxà �(×FÒMÂ{Ì`Ç¿´u× ½ ´¿µÈÀT·uÌ`ÂuÄ:Ç¿·u¼~¼!³�Ì`»¾ÇiÂpºT»¾·uÌ¢ÓN¾iÞuÞW��×
Û Ò�Ü]ÞW�pà �(×DÒMÂuÌ`Çb´�ÂuÌ`ÔBÃ¡×�Ü]Â{»¾´¿µ8×>�èÂ{¹�»ÖÔÆÑ`³`ÀÉÁ-¶2ý6·�»UÌxÐ·uµÈÔx´¿µ�·�¹xºT»¾¼~»U½8Âpºn»U·�Ì÷Õc»UºTÁ ÇiÂ{µTºT´8ÀÉ»ÖÂ{Ì÷¹�µn·-ÔxÐ³`ÇJºÈÀ¿×eæGÌ���Î,Ç�Ð?Æ4Æ?Ö2È�ÊDË2Ì!Ç<ì'ÍYíwÆ ��� wC��� 	{w�|!�

� Ç/Ê(ì³Ç/ÊÀw�Ô2ÊaÔ(ËWÆ8ÅLÆ8Ê�ÍÚÇ�ìD��Ô2Í�ÔM�;wÄÇ2Ê�Í:Î,Æ?Ô/Ø Ó¹`Â{Í�´iÀ�ßW}��ÿD��Ó�¾iÞ�Þ���×
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