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Ç¡Ô�Ñ-Ë�Î-Ä¯Ç¡Î*) C � +²â)àJÃ-Ä6Ð�Ä¯ÅãÎ-Ë�ÎcÈSÇ¡Î-Ä�Å]ÐØ×cÐ�Ë¥Ï¥Ð�Å¥Ö Í:Ë¥Ð�ÖsÓcÈ¡Å]É�ÇË�ÎäÅ¥ÑcÅ]×�ÉÄ�ÑäÍWÐ�Ë�Ö ) C 7 +�Ç¡ÔKÒ6ÈÄ6Û¥Ä6Ð�ÈÊ
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E-àJÃ�Ç¡ÈÄJÉ�ÃcÄKÈ¡Ëqà�Ä6Ð Æ2Ë�Ó�ÎcÑ�Ë¥Í
Ä�Å¥Ò�Ã§Ñ-Ä�Ò6Å]×ßàÁÇ¡Ñ-É�ÃãÇ¡Ô è Ä6Ð�Ë-Ú

:tu4ÓcÅ]É�Ç¡Ë�Î � ' �ÁÐ�Ä6×cÐ�Ä�ÔÄ�Î4É�Ô�ÅÞÈ¡Ç¡Î-Ä�Å]Ð�È¡ÊßÒBË�ÎcÔÉÐ�Å¥Ç¡ÎcÄ�Ñ§ÎcË�ÎcÈ¡Ç¡Î-Ä�Å]ÐØË¥×cÉ�Ç¡Ö�Ç è Å]É�ÇË�Î§×cÐ�Ë¥Æ�È¡Ä�ÖãÚtÂ�Ã-ÄsË¥Æ\ýÄ�ÒBÉ�ÇÛ¥Ä
ÍÝÓcÎcÒBÉ�ÇË�Î

 
Ò6Å¥ÎÌÆ8ÄJË¥ÆcÉ�Å¥Ç¡ÎcÄ�ÑÕÅ]Í:ÉÄ6Ð®É�Ã-ÄÁÉÐvÅ¥ÎcÔ�ÇÄ�Î4É�Å¥Î�Å¥ÈÊ@Ô�Ç¡Ô�Ë¥ÍPÉ�ÃcÄÁ×8Ëqà�Ä6Ð�Ï¥Ð�Ç¡ÑÌÒ6ÇÐ�Ò6ÓcÇÉ6â@Å¥ÎcÑÌÇÉ�Ô�Ô�Ä�ÎcÔ�ÇÉ�ÇÛ\ÇÉ�Ê

àJÇÉ�ÃÌÐ�Ä�Ô�×2Ä�ÒBÉ ÉË¢Å¥ÈSÈ8É�Ã-Ä�ÛMÅ]ÐvÇ¡Å]Æ�ÈÄ�Ô�	 � Ò6Å¥ÎãÆ8Ä�Ò6Å¥È¡Ò6ÓcÈSÅ]ÉÄ�ÑßÓcÔ�Ç¡ÎcÏQÉ�Ã-ÄtÅ¥Ñ]ý�Ë�Ç¡Î4É Ö¯Ä6É�Ã-Ë\Ñ )��@â�C ' +²Ú1�+ÔÉ�Å¥Î�ÑcÅ]Ð�Ñ
u@ÓcÅ¥Ñ-Ð�Å]É�Ç¡ÒQ×cÐ�Ë¥Ï¥ÐvÅ¥Ö¢Ö¢Ç¡Î-Ï�� 2�<4�JÔ�Ë�ÈÛ¥Ä6Ð ) 27?�+�Í:Ë¥ÐtÔË�ÈÛ\Ç¡Î-ÏÕÈSÅ]Ð�Ï¥Ä¯Î-Ë�ÎcÈ¡Ç¡ÎcÄ�Å]ÐÁË¥×cÉ�ÇSÖ¢Ç è Å]É�ÇË�Î§×cÐ�Ë¥Æ�ÈÄ�Ö¢ÔØÇ¡ÔKÄ�Ö�ë
×�ÈËEÊ¥Ä�Ñmâ�Ô�É�Å]Ð�É�Ç¡Î-Ï¯É�Ã-ÄQË¥×cÉ�Ç¡Ö¢Ç è Å]É�ÇË�ÎãàJÇÉ�ÃhÅ¥ÎhÇ¡ÎcÇ¡É�Ç¡Å¥È2Ï�Ó-Ä�Ô�Ô�É�Ã�Å]ÉÁÓcÎcÇ¡ÍWË¥Ð�Ö�ÈÊ�ÑcÇ¡Ô�ÉÐ�ÇÆ�Ó-ÉÄ�Ô�É�Ã-ÄQÛMÅ¥Ò6Å¥Î4ÉÁÔ�×�Å¥ÒBÄ
Ç¡Î�Ä�Å¥ÒvÃáÐ�ËEà,ÉË#Ä�Å¥Ò�ÃáÑcÄ�ÒBË�Ó-×�È¡Ç¡ÎcÏÞÒ6Å]×�Å¥Ò6ÇÉË¥ÐsÇSÎ�Ä�Å¥Ò�Ã"Ð�ËqàtÚ �®É
É�Ã-Ä�Ä�ÎcÑäË¥Í®É�Ã-Ä¯×cÐ�Ë\ÒBÄ�ÑcÓ-Ð�Ä¥â=Ñ-Ä�Ò6Å]×�ÔtÉ�ÃcÅ]É
Æ8Ä�ÒBË�Ö¯Ä
Ô�Ö�Å¥È¡ÈÄ6Ð É�ÃcÅ¥ÎßÅ¢Ï�ÇÛ¥Ä�ÎãÉ�Ã-Ð�Ä�Ô�Ã-Ë�È¡ÑãÖ¢ÅqÊÌÆ8ÄKÐ�Ä�Ö¯ËEÛ¥Ä�ÑmÚ
� � ¼t½QRqN8À��Ø¹�¼(O N8¾QPQPQK�M�� N2À��Á¹JILK I�¹�½�¿qK�¼t¿`T ¹JR%º&S'¼J»UTVN
�qX[Z � ]54qohs"i -lk ]`n�s7c > >te @ fUk.4 s7i -lkqfUe�kqo/g � ]`_��Ys
Â�Ã-Ä®Î-Ä6Ä�ÑQÍWË¥Ð%Ñ-Ä�Î�ÔÄ�×8ËEà�Ä6ÐiÏ¥Ð�Ç¡Ñ�Ô>àJÇ¡É�Ã
àJÇSÑ-Ä�Î-Ä�ÑtàÁÇÐ�Ä�Ô)Ç¡Ö¯×�È¡Ç¡Ä�ÔmÉ�ÃcÅ]É%ÅÁÖ�ÅEý�Ë¥Ð�ÒBË�ÎcÔ�ÓcÖ¯Ä6Ð)Ë¥ÍcÉ�Ã-Ä�ÔÄ®Ð�Ä�ÔË�ÓcÐ�ÒBÄ�Ô
Ç¡ÔØÉ�Ã-Ä¯Ô�Ó-×�×�ÈÊßÎ-Ä6É�à�Ë¥Ð��2Ú+6 ÇÉ�Ã§É�Ã-Ä¯Ð�Ë�ÈÄ�Ë¥Í�Ç¡Î4ÉÄ6Ð�ÒBË�ÎcÎ-Ä�ÒBÉKÆ8Ä�ÒBË�Ö¢Ç¡ÎcÏÞÇSÎcÒBÐ�Ä�Å¥Ô�Ç¡ÎcÏ�ÈÊßÒBÐ�ÇÉ�Ç¡Ò6Å¥ÈiÇ¡Î�ÎcÅ¥ÎcË�Ö¯Ä6ÉÄ6Ð
Ñ-Ä�Ô�Ç¡Ï�ÎcÔ6â8É�Ã-Ä¯Î-Ä6Ä�Ñ�ÉËßÖ¯Ä6Ä6ÉtÔÉÐvÇ¡Î-Ï¥Ä�Î4ÉÁ×8Ä6Ð�Í:Ë¥Ð�Ö¢Å¥ÎcÒBÄ¯ÒBË�ÎcÔ�ÉÐ�Å¥Ç¡Î4É�Ô�ÃcÅ¥ÔØÐ�Ä�Ô�ÓcÈÉÄ�Ñ�Ç¡Î�ÔÉÐ�Ë�Î-ÏãÒBË�ÎFÉÄ�Î4É�ÇË�ÎäÍ:Ë¥Ð
Ô�Ò6Å¥Î4ÉKÐ�Ë�Ó-É�Ç¡Î-ÏÌÐ�Ä�ÔË�ÓcÐ�ÒBÄ�Ô6Ú KÈË¥Æ�Å¥È=Ô�Ç¡Ï�ÎcÅ¥È>àÁÇÐ�Ä�ÔØÅ¥È¡ÔËãÒBË�Ö¯×8Ä6ÉÄ�ÍWË¥ÐKÉ�Ã-Ä�Ô�Å¥Ö¯Ä�Ð�Ë�Ó-É�ÇSÎ-ÏÕÐ�Ä�ÔË�Ó-Ð�ÒBÄ�Ô6âmÅ¥ÔKÉ�Ã-Ä6Ê
Ë¥Í:ÉÄ�Î'Ð�Ä�u4Ó�ÇÐ�Ä�Ô�Ã-Ë¥Ð�ÉÄ�ÔÉ�ë²×�Å]É�Ã'Ð�Ë�Ó-ÉÄ�ÔãÉË Ö¯Ä6Ä6ÉãÉ�Ã-Ä�Ç¡ÐÌËEàJÎ'×8Ä6Ð�Í:Ë¥Ð�Ö¢Å¥ÎcÒBÄ§Ð�Ä�u@ÓcÇÐ�Ä�Ö¯Ä�Î4É�Ô6Ú,Â=Ð�Å¥ÑcÇ¡É�ÇË�ÎcÅ¥È¡ÈÊ¥â
Ô�Ó-×�×�ÈÊ"Å¥Î�Ñ Ô�ÇÏ�Î�Å¥È�Î-Ä6É�ÔÌÃcÅ�Û¥Ä§Æ8Ä6Ä�Î Ñ-Ä�Ô�ÇÏ�ÎcÄ�Ñ Ç¡ÎcÑcÄ6×2Ä�Î�Ñ-Ä�ÎFÉ�È¡Ê¥â�àJÇÉ�Ã É�Ã-ÄhÐ�Ë�ÓcÉ�Ç¡Î-ÏÙÎ-Ä6Ä�ÑcÔ�ÍWË¥ÐÞÅÙÐ�Ä6Ï�ÓcÈ¡Å]Ð
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×8Ëqà�Ä6ÐQÏ¥ÐvÇ¡ÑäÆ8Ä�Ç¡Î-ÏßÑ-Ä6ÉÄ6ÐvÖ¢Ç¡Î-Ä�Ñäû�Ð�ÔÉ6âiÅ]ÍWÉÄ6ÐsàJÃcÇ¡ÒvÃÙÉ�Ã-Ä�Ð�Ä�Ö¢Å¥Ç¡ÎcÇSÎ-ÏãÐ�Ä�ÔË�Ó-ÐvÒBÄ�ÔQÅ]Ð�ÄÌÒ6Å¥È¡Ò6ÓcÈ¡Å]ÉÄ�ÑáÉË#×�Ð�ËqÛ\Ç¡Ñ-Ä
Ð�Ë�Ó-É�ÇSÎ-Ï�Ð�Ä�ÔË�Ó-Ð�ÒBÄ
Æ�ÓcÑ-Ï¥Ä6É�Ô Í:Ë¥Ð�É�Ã-ÄQÔ�ÇÏ�ÎcÅ¥ÈmÎ-Ä6É�Ô�Ú

Signal

Power Wire Removal

Power
Grid or Cells

Macros
Netlist

Global
Router

Congestion Map

+ Power Grid Sizing

ø)Ç¡Ï�Ó-Ð�Ä (-í1/�Ë�ÎcÏ¥Ä�ÔÉ�ÇË�Î\ë¦Ñ-ÐvÇÛ¥Ä�ÎÞ×8Ëqà�Ä6Ð�Ï¥Ð�Ç¡ÑãÑ-Ä�Ô�ÇÏ�ÎßÅ¥ÎcÑÞÏ�ÈË¥Æ�Å¥ÈmÐ�Ë�Ó-É�Ç¡ÎcÏ-Ú

�ØÔ>É�ÃcÄ�Î4Ó�Ö
Æ8Ä6Ð>Å¥ÎcÑQÒBÐ�ÇÉ�Ç¡Ò6Å¥ÈSÇÉ¦ÊØË¥Í-Ï�ÈË¥Æ�Å¥È4Ô�ÇÏ�ÎcÅ¥È¥àÁÇÐ�Ä�ÔmÆ8Ä�ÒBË�Ö¯Ä�Ô)Ö¯Ë¥Ð�Ä�ÑcË�Ö¢Ç¡ÎcÅ¥Î4É6âMÔ�ÓcÒ�ÃQÅJÖ¯Ä6É�Ã-Ë\Ñ-Ë�ÈË¥Ï¥Ê
Æ8Ä�ÒBË�Ö¯Ä�Ô¯ÓcÎcÔ�ÓcÔÉ�Å¥Ç¡ÎcÅ]Æ�ÈÄÕÅ¥Ô�É�Ã-ÄãÇ¡Î�ÇÉ�Ç¡Å¥È�Æ�ÓcÑ-Ï¥Ä6É�Ô¯Ö¢ÅqÊ"Ë¥Í:ÉÄ�ÎçÆ8ÄÕÄ�Î4É�ÇÐ�Ä�ÈÊ;ÓcÎ-Ð�Ä�Å¥Ô�Ë�ÎcÅ]Æ�ÈÄ¥ÚÙÂ�ÃcÄ6Ð�Ä6ÍWË¥Ð�Ä¥â�Ç¡Î
ÎcÅ¥Î-Ë�Ö¢Ä6ÉÄ6ÐØÑ-Ä�Ô�ÇÏ�ÎcÔ6â�É�Ã-Ä6Ð�ÄQÇSÔJÅÌÔÉÐ�Ë�Î-ÏÌÎ-Ä6Ä�ÑhÍ:Ë¥ÐÁÅÌÓcÎcÇ¡ûcÄ�ÑßÅ]×c×cÐ�Ë�Å¥Ò�Ã#ÉËÕÉ�Ã-ÄsÑ-Ä�Ô�ÇÏ�ÎhË¥Í�Ô�ÇÏ�ÎcÅ¥È>àJÇÐ�Ä�ÔÁÅ¥ÎcÑ
×8Ëqà�Ä6Ð�Ï¥Ð�Ç¡Ñ�Ô6â-àJÇÉ�ÃãÅ¥ÎßÇSÎFÉÄ6Ï¥Ð�Å]ÉÄ�Ñ#Å]×c×cÐ�Ë�Å¥ÒvÃßÉË¢Ð�Ë�Ó-É�Ç¡Î-Ï�Ð�Ä�ÔË�ÓcÐ�ÒBÄ
Ö¢Å¥ÎcÅ]Ï¥Ä�Ö¢Ä�ÎFÉ6Ú

6'ÃcÇ¡ÈÄ�ÇÉ=Ç¡Ô=ÒBË�ÎFÛ¥Ä�Î�ÇÄ�ÎFÉiÉËØÆ�ÓcÇ¡ÈSÑ�Å�Ð�Ä6Ï�ÓcÈSÅ]Ð=×8Ëqà�Ä6Ð)Ï¥Ð�Ç¡ÑtàÁÇÉ�Ã
ÅØÒBË�ÎcÔÉ�Å¥Î4É=×�ÇÉ�Ò�Ã �ÝÑ-Ä6û�Î-Ä�ÑQÅ¥Ô)É�Ã-Ä�ÑcÇSÔÉ�Å¥ÎcÒBÄ
Æ8Ä6É¦à�Ä6Ä�ÎhÅ¥ÑMý�Å¥ÒBÄ�Î4É�àJÇÐ�Ä�Ô ÇSÎÞÉ�Ã-Ä�Ï¥Ð�Ç¡Ñh�vâcÔ�Ë�Ö¯Ä
Ñ-Ä6Ï¥Ð�Ä6Ä�Ô�Ë¥Í)Í:Ð�Ä6Ä�Ñ-Ë�ÖùÄBú\Ç¡Ô�É�Å¥ÎcÑãÇÉ�Ç¡Ô Ñ-Ä�Ô�ÇÐ�Å]Æ�ÈÄØÉ�ÃcÅ]É�É�ÃcÄ6ÊÌÆ8Ä
ÄBú\×�ÈË�ÇÉÄ�ÑmÚ%ø-Ë¥Ð®Ç¡ÎcÔ�É�Å¥ÎcÒBÄ¥â@ÇSÎ¯Ð�Ä6Ï�ÇË�ÎcÔ�àJÃ-Ä6Ð�Ä�É�Ã-ÄÁÑcÄ�Ö¢Å¥ÎcÑ¢Í:Ë¥Ð�Ð�Ë�Ó-É�Ç¡Î-Ï
Ð�Ä�ÔË�Ó-Ð�ÒBÄ�Ô�Í:Ð�Ë�Ö,Ô�Ç¡Ï�ÎcÅ¥È�Î-Ä6É�Ô�Ç¡Ô�ÃcÇÏ�Ãmâ
Å
Ô�×�Å]Ð�ÔÄ6Ð�×8Ëqà�Ä6Ð�Ï¥Ð�ÇSÑ�Ö¢ÅqÊ¢Æ8ÄJÓcÔÄ�ÑÕÅ¥Ô�È¡Ë�Î-Ï
Å¥Ô�É�Ã-ÄJ×8Ä6Ð�Í:Ë¥Ð�Ö¢Å¥Î�ÒBÄJÒBË�ÎcÔÉÐ�Å¥ÇSÎFÉ�Ô�Ë�ÎÕÉ�Ã-ÄÁÔ�Óc×c×�ÈÊsÅ¥ÎcÑ�Ï¥Ð�Ë�ÓcÎcÑ
È¡Ç¡ÎcÄ�Ô�Ò6Å¥ÎÌÆ2ÄØÖ¯Ä6É8E-È¡Ç��¥Ä6àJÇSÔÄ¥âFÔ�ÇÏ�Î�Å¥È�Î-Ä6É�Ô®Å]Ð�ÄÁà�Ä�È¡È2Å¥Ñ-Û\Ç¡ÔÄ�Ñ�ÉËsÅqÛ¥Ë�Ç¡ÑÌÉ�Ã-ÄÁÃ-Ë¥É®Ô×8Ë¥É�Ô�Ë¥ÍmÉ�Ã-ÄØÒvÃcÇ×ÌÇÍ8×2Ë�Ô�Ô�ÇÆ�ÈÄ¥â
Ô�Ç¡Î�ÒBÄ�É�Ã-Ä�ÔÄ
Ö¢ÅqÊãÎ-Ä6Ä�ÑßÅ¯ÈË\Ò6Å¥È¡ÈÊÌÑ-Ä�ÎcÔÄ�×8Ëqà�Ä6ÐJÏ¥ÐvÇ¡ÑmÚ

Â�ÃcÄQ×cÐ�Ë@ÒBÄ�ÑcÓcÐ�ÄQÇ¡Î ) C�F +%×cÐ�Ä�ÔÄ�Î4É�ÔKÅÞÖ¯Ä6É�Ã-Ë\ÑhÍ:Ë¥ÐKÉ�Ã-Ä¯ÒBË@Ñ-Ä�Ô�ÇÏ�ÎhË¥Í�Ô�Ó-×c×�È¡ÊÞÅ¥Î�Ñ§Ô�ÇÏ�ÎcÅ¥È)Î-Ä6É¦à�Ë¥Ð��\Ô6Ú�Â�Ã-Ä
ËqÛ¥Ä6ÐvÅ¥È¡È�öcËEà,Ç¡Ô�Ç¡ÈSÈ¡ÓcÔÉÐ�Å]ÉÄ�Ñ�Ç¡ÎäøiÇÏ�ÓcÐ�Ä¥Ú (-Ú �ØÔtÇ¡Î�Ï�ÈË¥Æ�Å¥ÈiÐ�Ë�Ó-É�Ç¡Î-Ï-âPÉ�ÃcÄ¢Ä�ÎFÉ�Ç¡Ð�Ä¢Ò�ÃcÇ¡×ÙÇ¡Ô�ÉÄ�Ô�ÔÄ�ÈSÈ¡Å]ÉÄ�ÑÙÇ¡Î4ÉËßÅ¥Î
Å]Ð�Ð�ÅqÊ"Ë¥ÍÁÏ¥Ð�Ç¡ÑçÒBÄ�È¡È¡Ô�ÚáÂ�Ã-ÄÌàJÇ¡Ñ-É�Ã;Ë¥ÍØÅ#Æ8Ë�ÓcÎ�ÑcÅ]Ð�ÊÙÆ8Ä6É¦à�Ä6Ä�ÎçÉ¦à�ËáÎ-Ä�Ç¡Ï�ÃFÆ8Ë¥Ð�Ç¡ÎcÏhÏ¥Ð�Ç¡ÑçÒBÄ�È¡ÈSÔQÐ�Ä6×cÐ�Ä�ÔÄ�Î4É�Ô�É�Ã-Ä
È¡Ç¡Ö�ÇÉÄ�ÑhÐ�Ä�ÔË�Ó-Ð�ÒBÄ�Ô�É�Ã�Å]ÉtÖQÓcÔ�ÉØÆ8Ä¯Ô�ÃcÅ]Ð�Ä�Ñ�Ë�Î�Ä�Å¥Ò�ÃÙÈ¡ÅqÊ¥Ä6ÐtÆ@Ê#É�Ã-Ä¯Ô�Óc×c×�ÈÊßÈ¡ÇSÎ-Ä�ÔKÅ¥ÎcÑ�É�Ã-Ä¢Ô�ÇÏ�Î�Å¥È)ÈSÇ¡Î-Ä�ÔÁÉ�ÃcÅ]É
ÉÐ�ÅqÛ¥Ä6Ð�ÔÄ
É�ÃcÄ�Æ2Ë�Ó�ÎcÑcÅ]Ð�Ê¥Ú�Â�ÃcÄØ×�Ð�Ë@ÒBÄ�Ñ�Ó-Ð�ÄtÒBË�ÎcÔ�ÇSÔÉ�Ô Ë¥Í)É�Ã-ÄtÍ:Ë�È¡ÈËqàÁÇ¡Î-Ï�ÔÉÄ6×�Ô6í
î#! � ��� � � ��� � � �:ó ! �ÁÎ¢ÇSÎcÇÉ�Ç¡Å¥È@ÓcÎcÇÍ:Ë¥Ð�Ö àJÇ¡ÑcÉ�Ã�×2ËEà�Ä6Ð�Ï¥Ð�Ç¡Ñ¯Ç¡ÔiÆ�Ó�Ç¡ÈÉ)Æ4Ê�Ò�Ã-Ë@Ë�Ô�Ç¡ÎcÏtÔ�Ó ��Ò6ÇÄ�Î4É�ÈÊQàJÇ¡Ñ-Ä�àJÇÐ�Ä�Ô�âFÅ¥ÎcÑ

É�Ã�Ç¡Ô�ÒBË¥Ð�Ð�Ä�Ô�×2Ë�Î�ÑcÔ%ÉË
Å�Í:Ä�Å¥Ô�ÇÆ�ÈÄ�ÔË�È¡Ó-É�Ç¡Ë�Î¯É�ÃcÅ]É�Ô�Å]É�ÇSÔûcÄ�Ô%É�Ã-ÄÁÔ�Ó-×c×�È¡ÊQÎ-Ä6É�à�Ë¥Ð��¢ÒBË�Î�ÔÉÐ�Å¥Ç¡Î4É�Ô6Ú �ÁÈ¡É�Ã-Ë�Ó-Ï�Ã
É�Ã�Ç¡Ô ÔË�È¡Ó-É�Ç¡Ë�ÎãÒ6Å¥ÎßÆ8ÄKÍWË�ÓcÎ�Ñ u4ÓcÇSÒ��\ÈÊ¥âcÇÉ Ç¡Ô�È¡Ç �¥Ä�ÈÊ¢ÉË�Ó-É�ÇSÈ¡Ç è Ä�Ö¯Ë¥Ð�Ä�Ð�Ä�Ô�Ë�Ó-Ð�ÒBÄ�Ô É�ÃcÅ¥ÎhÅ¢Ö¯Ë¥Ð�ÄtÒ6Å]Ð�Ä6ÍÝÓcÈ¡È¡Ê
Ô�Ç è Ä�ÑhÔË�ÈSÓ-É�ÇË�ÎmÚ��ØÔ�Ç¡ÎcÏ¯É�Ã-ÄtÐ�Ä�Ö¢Å¥ÇSÎcÇ¡Î-Ï�Ð�Ë�Ó-É�ÇSÎ-Ï¯Ð�Ä�ÔË�Ó-ÐvÒBÄ�Ô6âcÉ�Ã-ÄtÏ�È¡Ë¥Æ�Å¥È>Ô�Ç¡Ï�ÎcÅ¥ÈmÎ-Ä6É�ÔJÅ]Ð�Ä
É�Ã-Ä�ÎãÐ�Ë�Ó-ÉÄ�Ñ
àÁÃcÇ¡ÈÄ�Å]ÉÉÄ�Ö¯×�É�Ç¡Î-ÏtÉËsÔ�Å]É�Ç¡ÔÍ:Ê¯Å¥È¡È-Æ8Ë�ÓcÎcÑcÅ]Ð�ÊQÒ6Å]×�Å¥Ò6ÇÉ�Ç¡Ä�Ô6Ú ê Î¢Ï¥Ä�Î-Ä6Ð�Å¥Èéâ\ÇÉ�Ç¡Ô�È¡Ç��¥Ä�ÈÊQÉ�ÃcÅ]É�É�ÃcÇSÔ%àJÇ¡È¡È\Ð�Ä�Ô�ÓcÈÉ
ÇSÎÞËqÛ¥Ä6Ð�öcËEàJÔØÅ]ÉJÔÄ6Û¥Ä6Ð�Å¥È>Æ2Ë�Ó�ÎcÑcÅ]Ð�ÇÄ�Ô�â4àJÃ�Ç¡Ò�ÃãÈÄ�Å¥Ñ�Ô ÉË¢É�Ã-Ä
ÎcÄBú@É�ÇÉÄ6ÐvÅ]É�ÇÛ¥Ä
ÔÉÄ6×�Ô�Ú
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* 4 ô)ô � ? ! 	 �Õò 	��cð�� 4 õ � ��	�!�� � !=ð õ � ����! � Â�Ã-Ä�Å¥ÑMý�ÓcÔÉ�Ö¯Ä�Î4É�Ô�Ö¢Å¥ÑcÄ�ÉË¢É�Ã-Ä�×8Ëqà�Ä6Ð�Ï¥Ð�Ç¡ÑÞÒBË�ÎcÔ�Ç¡ÔÉ Ë¥Í)àJÇÐ�Ä
Ð�Ä�Ö¯ËqÛ]Å¥È%Í:Ð�Ë�Ö É�Ã-Ä¯Ï¥Ð�Ç¡ÑäÇSÎ§ÒBË�ÎcÏ¥Ä�ÔÉÄ�ÑÙÐ�Ä6Ï�Ç¡Ë�ÎcÔ6âPÅ¥ÎcÑäÔ�Ç è Ç¡Î-ÏÞË¥Í�É�ÃcÄs×8ËEà�Ä6ÐtÏ¥ÐvÇ¡Ñ�ÉËßÒBË�Ö¯×8Ä�ÎcÔ�Å]ÉÄ¯Í:Ë¥Ð
É�Ã�Ç¡ÔKÐ�Ä�Ö¯ËEÛMÅ¥ÈéÚ¢ÂJÃ-Ä¯àJÇÐ�ÄsÐ�Ä�Ö¯ËEÛMÅ¥È�Ã-Ä�Ó-Ð�ÇSÔÉ�Ç¡ÒsÇ¡Ñ-Ä�Î4É�ÇûcÄ�ÔKÅßÔÄ6É�Ë¥Í®ÒBÐ�ÇÉ�Ç¡Ò6Å¥ÈiàÁÇÐ�Ä�ÔKÉ�ÃcÅ]ÉtÉÐvÅ�Û¥Ä6Ð�ÔÄ�Ã-Ë¥É
Ô�×2Ë¥É�Ô3	
Ë¥ÍmÉ�Ã-ÄKÒ�Ã�Ç×ÕàÁÇÉ�Ã�ÃcÇ¡Ï�Ã¢Û¥Ë�ÈÉ�Å]Ï¥Ä�Ñ-Ð�Ë¥×�Ô6â@Å¥Î�Ñ�ÒBË�ÎcÔ�ÇSÑ-Ä6Ð�Ô�Ë�ÎcÈÊ¯Î-Ë�ÎcÒBÐ�Ç¡É�Ç¡Ò6Å¥ÈcàJÇ¡Ð�Ä�Ô�Å¥Ô�Ò6Å¥ÎcÑcÇSÑcÅ]ÉÄ�Ô
Í:Ë¥Ð�Ð�Ä�Ö¯ËqÛ]Å¥ÈéÚ�Â�Ã-ÄhÐ�Ä�Ö¯ËqÛ]Å¥È�Ë¥Í�Ä�Å¥ÒvÃ Ô�ÓcÒ�Ã àJÇÐ�Äã×�Ð�Ä�ÔÄ�Î4É�Ô�Î-Ä6à Ë¥×c×8Ë¥Ð�É�ÓcÎcÇÉ�Ç¡Ä�Ô�ÍWË¥ÐÕÐ�Ä6Ð�Ë�Ó-É�Ç¡ÎcÏÙÉ�Ã-Ä
Ë¥É�ÃcÄ6ÐJàJÇÐ�Ä�Ô6âcÇ¡ÎcÒ6È¡Ó�ÑcÇ¡Î-ÏsÉ�Ã-Ë�ÔÄtÉ�Ã�Å]ÉÁÒBÐ�Ë�Ô�ÔÁÒBË�Î-Ï¥Ä�ÔÉÄ�Ñ#Æ8Ë�ÓcÎcÑcÅ]Ð�Ç¡Ä�Ô�É�Ã�Å]ÉJÉ�Ã-ÄtÐ�Ä�Ö¯ËqÛ¥Ä�Ñ#àJÇÐ�Ä�Ö¢ÅqÊßÎ-Ë¥É
ÉÐvÅ�Û¥Ä6Ð�ÔÄ¥âcÅ¥Î�ÑÕÃ-Ä�Î�ÒBÄJÉ�Ã-ÄØ×cÐ�Ë\ÒBÄ�ÑcÓ-Ð�ÄJÐ�Ä�Ö¯ËqÛ¥Ä�Ô ÅsÈ¡Ç¡Ö�ÇÉÄ�Ñ¢Î@ÓcÖ
Æ8Ä6Ð�Ë¥ÍP×8Ëqà�Ä6Ð�àJÇ¡Ð�Ä�Ô�Ç¡ÎÕÄ�Å¥Ò�ÃÞÇÉÄ6ÐvÅ]É�ÇË�ÎmÚ
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