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p� ��p�ø,+ÖâuÔÎìvÚÊÑ9é|Ñ�Ö�~ ø�øaø�øSø�ø�øSø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�øu"F�� ��p�ø-�ðâuÔÎìvÚÊÑ9é|Ñ�+ øSø�øaø�øSø�ø�øSø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�øu"FÆ� ��p�ø," c ãÊë}êeÚÊÛ�Ýlå^Ñuâ9áÜß�ÔÖÕqÔÖÝxé§îußðàÁ×);+�k%CxF;�;�f�h�x�%:�kf���ø�øSø�øSø�ø�øSø�øaø�øSø�øu"FÆ
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p�økp c Ø�×ÊáÜÕuÛèê9ÒQÔÎÛèê�óq×ÊÑQÝeßäÑqß�ÛÞÝlß�Û ê�ÒqæaÑ�×ÊÑqëx×�õÁÚÊÛ�Ýlåqæ�ñ�àÁ×�ÒqæÜø øSø�øaø�øSø�ø ép�ø�� ¥OÑ9ÚÊÑuë}à6ë}Ò^�%�b¢C¢�çÊÛvÑ�×�ã�Ý}é|ÑußÖá�æÜø&ø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�ø +p�ø�Æ �$�%� é|áq×�ß�òÖÕqáxø�ø�øSø�ø�øSø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�ø "
�eøkp ¦0áq×�ß�òðÕqá^âuÑ9ÚÊÑuë}à6ë}Òqæ�ñxàÁ×�Òqæ ø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�ø �FÆ�eø�� ¢£f
25'�;gf�fKyÂ�ô¢£'Y�8%(i:f���2+.�#>ø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�ø �K"�eø�Æ í^ÛvÑ�çÊÛèêeÑ9ÝxìvÑ^ÔÖê�âuÑeìèçÊÔäØ�ÝlåqæÜø´ø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�ø �K"�eø é ùÁê�âuÑeìvç�ÔäØ�ÝlåQêeÑ�Ûxç�åqé�ÛÞá�Ø�Ú�ë�ìèÑ�h)f�2�'�;Tf�fKy øSø�øSø�øSø�ø�øSø�øaø�øSø�ø �K*�eø�Ö í^ÛvÑ�çÊÛèêeÑ9ÝxìvÑQêS�9Ñ�×nß�ÛÞÝxé§á�ãeø ø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�ø Æ
p�eø,+ v ùª÷Êá�ç�á�æ�ÝxØ�ÝeßnÒqé|Ñqßäá9æaê��9Ñ�×nß�Û�ÝeßnõÁ×SêeÑ�Û�Ñ�×�Ñuëx×�õÁÚÜÛÞÝlåløeø�øSø�øaø�øSø�ø Æ
p
Æeøkp � Ú�Ù}Û ß�Ôðê9ßÖáu×ÊÛèê�Òë�6x�i:i�fì��Ý}Ø�ÝlßnÒqé§ÑußÖá�æ(øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�ø ÆK+
é}økp í^ÛvÑ�çÊÛèêeÑ9ÝxìvÑQâ9ÔäÛvÚÊÑ9é|îußðàÁ×9ø ø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�ø Ö
p
Öeøkp ùÁâ�Û êeáeÛ ×�àÁ×ÜìèÑ^âuÔÖÕqîqßnå½�¬Ñ�×�Ñuëx×�àÁÚÊÛÞÝlßnÒLé|òäÝlàn9>'�; ø�ø�øSø�øaø�øSø�øu+K*Öeø�� �$á�x�-�-+;k'�%`é|Ô�ßÖÑÂÆ½-+;��5u��y��.Uâuá9ØWßäá~Ñuâuá�ß�ÔðÕqá�ã�×9øªøSø�ø�øSø�øaø�øSø�øu+K*Öeø�Æ ùÁâ�Û êeáeÛ ×�àÁ×ÜìèÑ^âuÔÖÕqîqßnå^Ñ�×�Ñuëx×�àÁÚÊÛÞÝlßnÒWø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�øw��pÖeø é �d��2��kf���xF�5'Y;�ø�øaø�øSø�ø�øSø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�øw��ÆÖeø�Ö ¢£f�9 -�i:'Y.:.:��xF�5'Y;�ø�øSø�ø�øSø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�øw�^éÖeø,+ �P'Yh)fFu�����{�'Y��xF�5'Y; øSø�ø�øSø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�øw�^éÖeø-� ��'Y;k-+��xF�5'Y; ø�øaø�øSø�ø�øSø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�øw��Ö� ��p c ãÊë}êeÚÊÛ�Ýlå^Ñuâ9áÜß�ÔÖÕqÔÖÝxé§îußðàÁ×jø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�øu"FÖ
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Æeøkp ¥OÑ9ÚÊÑuëxó9é|Ôä×�Ñ�4�'Yx�%:�5i:'Y.�ê�ÑeÛ}êeÑußÖÑ9Õ�Òq÷�ÔÎÛÞæOÑ�Ú�ÙlÔÎìèàÁ×�øSø�ø�øSø�øaø�øSø�ø ÆK*
é}økp iÄxF.('Y;��y�5'SâuÔÎìvÚ�Ñ�é|Ñ øSø�ø�øSø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�ø ÖFÆé}ø�� iÄ�k%�� i�x�%('Y. ��9 
 � ë�ÛvÑ�.:h�xF;�x�i ����xF�S%:�2{Yx�%:�kf���ô6ë�ÛèÑ ßnå�ÕqÔäñ�àÁ×ÊÛèê�ÒqæâuáeÛvóÜßnåÜßÖÑ�æ�ñ�àÁ×�Ò3ø�øSø�ø�øSø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�ø ÖOéé}ø�Æ iÄ�k%íi�x�%('Y.���9 
 � ë�ÛvÑ¡.:h�xF;yx�i��8�+xF�S%:��{Yx�%:��f��(ô|ë�ÛvÑ�ØFÍ�å�Õ�Òqæjâ9á�Ûvó��ßnåÜßäÑ9æSñ�àÁ×�Ò ø�øaø�øSø�ø�øSø�øSø�øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�ø ÖOéé}ø é c ãÊë}êeÚÊÛ�Ýlåwh)fFi:i:'Y;�x�%:��f��Ñ��y
�5fì�P;�'Y25uF'j;+xF.('Y2�-/x�i:%:�k%:�kf����y�5u1øaø�øSø�ø ÖK+é}ø�Ö iÄ�k%CxF;�;�f�h�x�%:�kf���ë�ÛèÑ^ßÖÑ"ÖQØÜâuá�çÊÛvÑ�×�ã�Ýxé§ÑußÖÑ ø�øSø�øSø�ø�øSø�øaø�øSø�ø Ö��é}ø,+ iÄ�k%CxF;�;�f�h�x�%:�kf���ë�ÛèÑ^ßnå .:h�xF;�x�i�âuÔäÚÊìèâ�ßÖàÁÝlå ø�øSø�øSø�ø�øSø�øaø�øSø�ø Ö��é}ø-� �d�9Ñ�×nß�Û�Ý}é|ó9æ¢âuÑ�Ú�á�Ø�ÝxìvÑWÓ§á�ÚÊã^�9á9Ø0øSø�øaø�øSø�øSø�øSø�ø�øSø�øaø�øSø�ø ÖK"
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�¡ O� Ã�ÈÜÉWÆ�¢#£¤¢�¥
�$Ñ^Ý}Ø�ÝeßnÒqé|ÑußÖÑöÑ�×ÊÑqëx×�õÁÚÊÛ�Ýlåqæ`á�é�Û ÕuìvÑ�æ`ÔÎì ×�ÑeÛeâuáÜÕqãÜâuÕqáuêeÑQÝ}Ø�ÝeßnÒqé|ÑußÖÑ^â9á9ØWÔäé�â9ÔÖÚÜÛvò��Ùlá9Ø�×~òä×�Ñ0é|ÔðëxîuÕqá0Ý}ã�×ÊáÜÕqá ëx×�àÁÝlß�Û ê�õÁ×1âuÔäçÊìèàÁ×,ó9âqàÁæ¡=LÝeßäÑqß�ÛÞÝlß�Û ê�Ò�ÔÖâuÔä÷�ÔäÚ�ëxÑ9ÝxìvÑÝlÒqé|Ñqßäá9æ ô6ê�ÑußÖÑ�×�ó9åqÝlåhñ�Ø�ÝxÛèê�ÒqæLë}Õ�õÁÝ}Ý}Ñ�æÜôÁ×ÊÔÖØ�Ú�àÁ×ÜÛ êeîhÝ}Ø�ÝeßnÒqé|ÑqßäÑxôÁÑ�×ÊÑqëx×�õÁÚÊÛ�ÝlåâuÚ�á�ß�ãÜâqàÁ×uôgñxàÁ×ÊáÜÕqáÊë�ìvÑhê�ø�Ñ�ø c ÔQÑ�ØÊß�ó�ßäáhÔÎÛÞÝxÑqë}à6ë�Ûèêeó�êeÔäñ�î9ÕqÑ�Û�á�âuî�×�à5Ýlßnå Ñ�×�Ñ��ëx×�õÁÚÜÛÞÝlå(ñ�àÁ×�ÒqæÜôUÓ|Ñ�é|ÔÖÕqÔðßnÒqÝ}á9Ø�é|Ô0é|óq×Êá�ßÖÑBêeá9é|é|îqß�ÛvÑ´â9á9Ø�òäÙlá9Ø�×�×�Ñ�ê�î�×Êá9Ø�×âuÔäÚÊÛÞÝxÝ}óÜß�ÔäÚ�á1é|Ô�ßÖáLÓ|òÖé|Ñ&Ñ9ØÊßnÒqæ¢ßnåqæSÔäÚ�ëxÑ9Ý�ìèÑ�æÜôeâuá�Ø^ÔÎì ×ÊÑeÛ}å^ÔÖâuÔä÷ÊÔÖÚ�ëxÑ�ÝxìvÑQßÖá�Ø^ÝlÒO�é§ÑußÖá�æ@ßnåqæ­ñ�àÁ×�ÒqæC!Õ³s¹(²�Ò+µ§¦:º)Ò/¼ÄÊ/¹´²ìäjºs±j±jÀ�Ò8ñ�*.ê�ÑeÛÊå�Ñ�×ÊÑqëx×�õÁÚÊÛ�Ýlå$é|Ôgßnå¢ÙlÚ�ÒqÝlå`êeÚÊØ�ñxõÁ×é§Ñ�Ú�ê�á���ÛvÑ9×�õÁ×Oé§áu×nß�òÖÕ�àÁ×�!©¨ëÀÁ¼�¼Sº)ÒJª,¸�¹�ÉF²�Ô�ª�²ì¼Sº)¿�±í�(¨6ª%ª}±^*Öø�¥¢Ú�õ6ßÖÑ&ó9é§àÁæÜôqÓ|Ñç�á�ã�é|Ô$ßnåöÝxØ�×�áÜÕuÛèê�ÒLÔÎÛèêeóq×�ÑöÔÖ×Êó�æ�Ý}Ø�ÝlßnÒqé§ÑußÖá�æSÑ�×�Ñuëx×�õÁÚÊÛÞÝ}åqæ¢á�é�ÛèÕuìèÑ�æÜø
�¡ �« ¬ ÄC�ªý(­OÈqþ$¥ Í6Èqþ�ûP�ªÆ Í��ªûOÏ�ÉWÄ$ÉjË®¥P��Æ�Ë.ýOÏBÆ��ªÆ�¢½�Ä��ÇYÈÊÉ��`Ï

ý��0È�­OÌnÆOÏ
�$ÑjÝ}ãÊëxÙlÚÊáq×ÊÑaÝ}Ø�ÝlßnÒqé§ÑußÖÑQÝlßnåqÚÊìÕ|Êáq×nßäÑ�Û�Ýeß�Û�æ$Ñ9ÚÊÙlòäæ­ßnåqæ$ÝeßäÑqß�ÛÞÝlß�Û ê�Òqæ`Ñ�×ÊÑqëx×�õÁÚÊÛ�ÝlåqæâuÚ�á�ß�ãÜâqàÁ× øËl�ÛU�9Ñ9ÝxÛèêeòäæ&é|Ô Ó|á9çÊáÜÕqáÊë�ìvÔÖæößnåqæ,Ôäñ�Ñ�ÚÊé§áÊë}ÒqæößðàÁ× âuÑ�Ú�Ñ9âuî�×�à�Ñ9ÚÊÙeõÁ×ÝeßÖá�âuÚÊóF�uÕ�åqé|Ñ0ßnåqæ,Ñ�×ÊÑqëx×�õÁÚÊÛ�Ýlåqæ&ñ�àÁ×�Òqæ1é|ÔÖÕqÔðßnÒnÓ§å�ê�Ñ�×,êeÑ�ÛªÔÖñ§Ñ�Ú�é|ó�Ýeßnå�ê�Ñ�×,Ýeßnåç�ÔÖêeÑ9Ôðß�ìvÑQßäá9Ø#��¤^Ýlßnåq×^¯O°±ª ø � Ý}Ø�×ÊáÜÕuÛ ê�ÒQÔÎÛ êeóq×ÊÑ^òäÙlÔÎÛ}àÁæ�Ôä÷�Òqæ�=¦0ÛvÑ"îuëx×�àÁÝeßnå0ê�Ø�é|ÑußÖá�é§á�ÚÊñxÒ�ñ�àÁ×�Òqæ&é|ÔðßÖÑuß�Ú�òÖâuÔðßäÑ�Û¬Ñuâ9ó0ßÖáq× ³j¹(²�Ò+µ§¦:º)ÒT¼´Ôðâ9Ô:�÷�ÔäÚ�ëxÑ9ÝeßnÒ�ÝlÒqé|ÑußÖá�æÜôWÝ}Ô�é�ÛèÑ�Ñ9êeáÜÕqá9ØÎÓ�ìvÑ�Ñuâuó�Ñuêeá9Ø�Ýlß�Û êeî�çÊÛvÑ�×�ã�Ýxé§ÑußÖÑ =³² ´
µm¶c·Oµ�¸}·�¹�¹�¹8·OµKº øÏ�SîÊÓ|Ô&òä×ÊÑ"Ñ9âuó�ßäÑ âuÑ�ÚÊÑuâuî�×�à�çÜÛvÑ9×Êã�Ý}é|ÑqßäÑxô¬Ñ9×ÊÑuâ9Ñ9ÚÜÛÞÝeß�î0ßäá>�9ÚÊÑ��ÙlòðàÁæYÙlÚÊóq×Êá9ØOñ§î9Ýxé§Ñ�!Q±�»�²F¹sµ�µ·À�ó ºP±IÊ5º�º�ä)» ±IÊ5º:äìµ·¹¼»
óÂ*ªé�ÛèÑ�æ­âuÔäÚÊÛvó�ç�á�Ø`ß�ØÜâ9Ûèê9ÒqæYçÜÛvî9ÚY�ê�ÔÎÛvÑ9æN½d¾¡ó½±Yº:ä)±qø�v ù@ß�ÝxÛ ô.ë�ÛvÑ�âuÑ�ÚÊî9çÊÔÎÛ ëxé|Ñxô�é�ÛvÑ ñ§ÚÊî9Ýlå¡Æ�ç�ÔäØÊß�ÔäÚ�áÜÕqòÖâ�ßÖàÁ×uôgé§âuá9ÚÊÔÎì×�Ñ�Ñ�×�Ñ9âuÑ�Ú�Ñ�ÝeßÖÑÊÓ|ÔÎì¬Ñ9âuó´é�ÛvÑ�ÑuêeáÜÕqá9ØÎÓ�ìvÑÏÆF¤F¤�ß�òðßÖáeÛèàÁ×�çÊÛvÑ�×�Ø�Ý}é|îußðàÁ×9ø � ñ�ÚÊî9Ý}åÑuâuá�ß�ÔðÕqÔÎì ßäÑ�Û�Ñuâuó~é�ÛvÑ~ÑuêeáÜÕqá9ØÎÓ�ìvÑ&ÕqòÖ÷ÊÔÖàÁ×uôf¿ ´³À ¶ · À ¸ ·�¹�¹�¹Á· À&Â,ê�ÑeÛ§Ôäì ×ÊÑ�Û|ÔäØÎÓ|ã�×�å
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!´p�økpì*
� âuÑ�Ú�Ñ9âuî�×�à Ôä÷ÜìÞÝlàÁÝlåLç�å�Õ�õÁ×�ÔÎÛeóÜß�Û�åWâ9ÛÞáLâ9Û Ó|Ñ9×�ÒaÑ9ê�áÜÕqá�ØÎÓ�ìèÑWÕqòä÷ÊÔðàÁ×}¾	ô9ÔÎì ×�ÑeÛÔðêeÔÎì ×�åLâuá�ØLé§Ôðë�ÛÞÝlßÖá9âuá�ÛvÔÎìxßÖáöë�Û ×�ó�é|ÔÖ×ÊáWßðàÁ×Ø×jÙ^¾ØÚSê�ÑeÛ Õ � ²QÖ_¿ �Öø6l�âuÚ�õ6ßÖá�æOó9ÚÊá�æÑ9×�ß�ÛèâuÚ�á�Ýlà@âuÔäã�ÔÎÛªßnåq×æ¸}¦�ÊT¹jÀÁ²�¹BÒ(â9Û Ó|Ñ�×�óÜßnåÜßäÑ�×�Ñ�âuÑ�Ú�ÑußnåqÚ�ånÓ|ÔÎìªßÖá ¾ Ñ�×�Ôä÷Êî9Ú�ßnåÜßÖÑÑuâuóößÖá~Ñ9ê�á�Ø�Ýeß�ÛèêeóöÝlÒqé|Ñ&ê�ÑeÛ}êeÑÊÓ§á�ÚÜì�|ÊÔðßÖÑeÛ}Ñ9âuóößÖá&ë}Õ�àÁÝ}ÝxÛèêeó&é|áq×�ß�òÖÕqá�!$¿k¸�Ò8ñ�»5¸ìñ8ºów²ì¼Sº)¿Á*Öø>l>ç�ÔäãÊß�ÔäÚÊá9æ^ó�ÚÊá9æQÑ�×nß�ÛèâuÚÊá�Ýlà@âuÔäã�ÔÎÛ.ßnåq×~â9Û Ó|Ñ�×�óÜßnåÜßäÑ�×�ÑhâuÑ�ÚÊÑqßnåqÚ�ånÓ|ÔäìgåÑuêeáÜÕqá9ØÎÓ�ìvÑøâQô�ç�ÔäçÊá9é|òä×�á�ØaßnåqæSÑuêeáÜÕqá�ØÎÓ|ìvÑ�æ}¾�ô}êeÑ�Û�Ñ�ØÊßnÒ^åQâ9Û Ó|Ñ�×�ó�ßnåÜßÖÑ�ô}ê�ÑÊÓ|á9ÚÜì��|�ÔðßÖÑeÛ§Ñuâ9óQßÖá~Ñ9ê�á�Ø�Ýeß�Ûèêeó^é|áq×nß�òÖÕqá�!(¸�ä�²}»�±)µ·À·ä½ó ²Y¼Sº�¿·*Öø�$á c ÙeÒqé|Ñ�p�økpWçÊÔÎìÞÙl×�ÔÎÛ§âqàÁæaßÖÑ~â9Ñ9ÚÊÑuâ9î9×�à�Ý}Ø�×Êç�òäáq×�ßÖÑeÛ|é|ÔðßÖÑ�÷�ãLßäá9Ø�æÜø � Ñuêeá��Õqá9ØÎÓ�ìvÑ¢ÕqòÖ÷ÊÔÖàÁ×(Û�Ü�»8Ày±£Ày± ±IÊ5º�º�ä)»ØÝ$çÊì ×ÊÔZßäÑ�ÛÊÝ}Ñ�×UÔÎìÞÝ}á�ç�á�æ6ê�ÑeÛ�ßÖá¢ë}Õ�àÁÝ}Ý�Û êeó¢é§áu×nß�òÖÕqáØÜâuáÜÕqáÊë�ìÕ|�ÔÎÛ.ßnåq×1â9Û Ó|Ñ�×�ó�ßnåÜßÖÑÞ×jÙ^¾ØÚuø c ßnå�Ý}Ø�×ÊòäÙlÔÎÛèÑ�ô�êeî�Ó|ÔWÕqòä÷�å�é|ÔðßÖÑuß�ÚÊòðâ9ÔZßäÑ�Û6ÝxÔé|ÛvÑjÑuêeáÜÕqá9ØÎÓ�ìvÑ�Ñ9âuó��9Ñ�ÝxÛèê�á�ã�æ¬ÒqÙlá9Ø�æ�!yÊ+»�²FÒTºs±^*Öô9ÙlÚ�åqÝxÛvé|áuâ9á�ÛèõÁ×�ßÖÑ�æÁßäáaÕqÔä÷ÜÛ êeó�âuÚÊá��ñ�á�Ú�î�æw!yÊ/¹(²�Ò]»
Ò/äYÀ·¸Fµ·ÀÁ²�Òæ¼�À·äìµ·À·²FÒ/¸�¹BÒ
*ÖøÄz.ÛvÑ1ê�îÊÓ|Ô¢ñ�õÁ×�åqé§Ñ&ØÜâuî�Ú�ÙlÔÎÛ§òä×�Ñ1Ñ9×�ß�ìÞÝeßäá�Û�ÙláÝeßÖÑuß�ÛÞÝeß�Ûèêeóhé|áq×�ß�òÖÕqáxô|ßäáÞ¨6ª%ª ø � Ñ9ê�áÜÕqá�ØÎÓ�ìèÑ�ßðàÁ×Q¨6ª%ª}±Qâuá�Ø,ÙlÚ�ÔÎÛvî8|ÊÔðßÖÑeÛ|ë�ÛvÑ×�Ñ&Ñ9×ÊÑuâ9Ñ9ÚÊÑ9ÝlßnÒqÝ}á9Ø�é|ÔUßnå^ñ§ÚÊî9ÝlåQÝ}Ø�×ÊÔä×�õÁ×Êáq×�ßÖÑeÛeë�ÛvÑ^×ÊÑöÝ}Ùeåqé|Ñuß�ìÞÝ}á�Ø�×jòä×ÊÑöÝ}ã�×ÖÓ|Ô��ßÖá0é|áq×nß�òÖÕqá�ô�êeÑ�Û.ØÜâuáÜÕqáÊë�ìÕ|�ÔðßäÑ�Ûgå,â9Û Ó|Ñ9×ÊóÜßnåÜßÖÑ0Ñ�ØÊß�ó�ßäá0é§áu×nß�òÖÕqá�×ÊÑ�â9Ñ9ÚÊîqëxÔÎÛ�ßnåq×ÑuêeáÜÕqá9ØÎÓ�ìvÑøâQô}ç�å�ÕqÑ�ç�ÒLåQâ9Û Ó§Ñ�×ÊóÜßnåÜßÖÑ Õ � ²NÖ_¿ �Öøc ßnåöÝ}Ø�×ÊòäÙlÔäÛvÑjÓ§Ñ&ç�á�ã�é|Ô�Ñ�×ÊÑuÕqØÊß�ÛèêeóÜß�ÔäÚ�ÑWßäÑ1Ôä÷�Òqæ½=
ß ¥¢àÁæ&ÔÎì ×ÊÑ�Û@ÝxÙlÔÖçÜÛvÑ9Ýxé§òä×Êá9æ&òä×�Ñ�æí³s¹´²FÒ+µ§¦(º�Ò/¼´é§åqÙlÑ9×ÜÛÞÝ}é|ó�æ^ë�ÛvÑ"×ÊÑ�é§âuá�Ú�ÔÎìÁ×ÊÑÔä÷ÊîqëxÔÎÛ9Ñuâuóaßnåq×�ê�Ø�é|ÑußÖá�é§á�ÚÊñxÒ�óÜÕ�å�ßnåq×OÑ9âuÑ9ÚÊÑeì ßnåÜßnåaÑ9ê�á�Ø�Ýeß�Ûèê9ÒOâqÕ�åqÚÊá�ñ�á�ÚÊìvÑÝ}ÔOé�ÛvÑöé|á�Ú�ñ�ÒWÝxØ�é��9ÑußnÒöé|Ô`ßÖÑN¨6ª%ª Ñuêeá�Ø�Ýeß�Ûèê�î^é|áq×�ß�òÖÕqÑxø
ß ¥¢àÁæ&ßÖÑg¨�ªJª é|áq×�ß�òÖÕqÑ"Ñ�×�Ñ9âuÑ�ÚÊÛÞÝlßÖá�ã�×~ßnå}�9Ñ9Ý�Û ê�Ò0é§áu×�î�ç�Ñ�Ñ�×ÊÑqëx×�õÁÚÊÛ�Ýlåqæâuá�ØQÔÎì ×�ÑeÛeßäá1ñ�õÁ×�åqé§Ñ�ø

�¡ ©à á â7ã
ä6å�ætçdè�åØé ���`ÅWÆ��UÈÊÉ�� û¢Ï
¦0ÛvÑd�9Ñ�ÝxÛèê9ÒOØÜâuóÊÓ|ÔÖÝ}åOÝlßnåq×�á9âuáeìèÑ��9Ñ9ÝxìÕ|Êáq×�ßÖÑeÛqáeÛqÑ�×�Ñuëx×�àÁÚÜÛÞÝeß�òäæÜô�ÔÎì ×�ÑeÛqóÜß�ÛqßÖájÝlÒqé|Ñßnåqæ`ñ�àÁ×�ÒqæYé§âuá�Ú�ÔÎì�×ÊÑ�Ó|ÔÖàÁÚ�ånÓ|ÔÎì�Ý}Ñ�×¢Ýlß�î9ÝxÛvé|áÂ!Q±sµ ¸Fµ·ÀÁ²�Ò/¸�¹BÒ�� ç�å�ÕqÑ�ç�ÒjßÖÑLÙlÑ�Ú�Ñ9êußnåqÚÜÛ��Ýeß�Ûèê�î^ßÖá�ØQñ�î�Ý}é|Ñqßäá9æOé§âuá�Ú�á�ã�×S×ÊÑaÓ|ÔÖàÁÚ�ånÓ|á�ã�×�ÝeßÖÑÊÓ|ÔäÚ�î
*­Ý}ÔOòÖ×ÊÑ^çÜÛvî9Ýeßnåqé|ÑöÕuì ë}àÁ×ó�±Yº:ä�±�øU�$áaÝlÒqé|Ñañ�àÁ×�Òqæ­ÙeàÁÚÊìÕ|ÊÔðßÖÑeÛuÝ}Ô­òä×�ÑaÝ}ã�×�áÜÕqáaÑuâuójçÊÛvÑ�ÝeßnÒqé|ÑqßäÑ !Õ³s¹´¸�ó�º)±ì*@ê�ÑeÛë�ÛèÑ êeî�Ó|ÔaçÜÛvî9Ýlßnåqé§Ñ ØÜâuáÜÕqáÊë�ìÕ|�ÔðßäÑ�Ûgòä×�Ñ á9é|Ñ9Õqáuâ9á�Û�åqé§òä×Êá,ñ�î�Ý}é|Ñ�ø½�$ÑhçÜÛèÑ�ÝeßnÒqé|ÑußÖÑòÖÙlá�Ø�×�Ý}Ø�×�ÒnÓ§àÁæ&é§Ò�êeá9æ%½�¾�ó½±Yº:ä)±�êeÑ�ÛÁÑuÕ�Õ�å�ÕqÔÖâ9ÛèêeÑuÕqãÜâ�ßäáq×�ßÖÑeÛ@çÊì ×Êáq×�ßÖÑ�æ&òðß�ÝxÛªòÖ×ÊÑ
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Parameterization
Front End

Language Model P(W) P(Y|W)

this                 is                speech   

W

Pronouncing Dictionary

th     ih    s     ih     z     s     p     Iy    ch

Acoustic Models

Acoustic Vectors

c ÙeÒqé§Ñøp�økpF= ��p��
Þ+Û3ÝO/f� Ø8Ý�/MÑf�
Üê����Üf��Ý����+Ý�/f�
�ËÜ
��Ü
��������Ý����
�ËÙ������
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×jÙì¾ ÚSØÜâ9áÜÕqáÊë�ì�|ÊÔðßÖÑeÛ}Ñ9â�vqÔÖØÎÓ|ÔÎìvÑ9æ¢Ñ9âuóWßÖá^ë}Õ�àÁÝ}ÝxÛèê�óöé§áu×nß�òÖÕqá�!$¿k¸�Ò8ñK»�¸Yñ�ºíó ²Y¼8º)¿�*Öø� â9Û Ó|Ñ�×�ó�ßnåÜßÖÑ Õ � ²?Ö_¿ �¬ØÜâuáÜÕqáÊë�ìÕ|�ÔðßÖÑeÛ�ÙlÚ�åqÝxÛvé|á9âuá�ÛèõÁ×�ßÖÑ�æYßäá^Ý}ã�×ÖÓ§Ôðßäá�¨6ª%ª âuá9ØÑ9×ÊÑuâ9Ñ9ÚÜÛÞÝeß�î�ßÖá�¾ ê�ÑeÛÊê�ÑußÖÑ�ÝlêeÔäØ�î8|ÊÔðßÖÑeÛ�Ñ9âuó�Ñ9âqÕqî)¨�ªJª ñxàÁ×�åÜß�Ûèê�îOé|áq×�ß�òðÕqÑOÔä×�à��é§òä×ÊÑSÝeßnåSÝ}ÔÎÛvÚÊîxôÜÑ9×Êî9ÕqáÊëxÑSé|Ô@ß�ÛÞæUâuÚÊá�ñ�á�Ú�òäæ6ßÖàÁ×`Õqòä÷ÊÔÖàÁ×Uâuá9ØOÔÎì ×�ÑeÛqÑ9âuáÊÓ§å�ê�ÔäØ�é|òä×�ÔäæÝeßÖá1ÕqÔä÷ÊÛèêeóQâuÚÊá9ñ§á�Ú�õÁ×9ø
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âuÑ9ÚÊîÊÓ§Ø�ÚÊá,é|ÔðëxÑuÕqãÊß�ÔäÚÊá9Ø&é�Ò�êeá�Ø�æÜø6v�Ú�åqÝxÛvé§á9âuáeÛèõÁ×nßäÑ9æSë�ÛèÑ�âuÑ9ÚÊî�ç�ÔÎÛ ëxé|Ñ1âuÑ�Ú�îÊÓ|Ø�Ú�á
¨{¸�ó�ó�À�Ò8ñLê�ÑeÛqÔäñ§Ñ9ÚÊé|ó8|Êáq×�ßÖÑ�æÁÑ�×�î9ÕqØ�Ýlåjë�²}»
¹sÀÁº�¹¢Ò¢ëxÚÊÑ9é|é�Ûèê9ÒqæªâuÚ�ó��uÕqÔ)Íxåqæd!©ì�×�íd*âuÑ�ìvÚÊ×�á�Ø�é|ÔSß�Û�æ½�9Ñ9Ý�Û êeòäæQñ�Ñ�Ý}é|Ñuß�Û êeòäæaâ9Ñ9ÚÊÑ9é|òðß�ÚÊá9Ø�æjß�ÛÞæ^á9âuáeìvÔÖæQé|ÔLçÜÛèî�ñ§á9ÚÊá9Ø�æWé|Ô��ßÖÑ�Ý}Ùeåqé|Ñqß�ÛÞÝxé§á�ã�æSé|ÔðßÖÑuß�Ú�òÖâuá�Ø�é|Ô�ÝxÔ�êeî9âuá�ÛvÑöê�Ñuß�îuÕ�Õ�å�Õ�åQé|á�Ú�ñ�Òlø¦0ÛvÑ¢ß�òðßÖáeÛvÑSé|á9ÚÊñ�ÒYë�ÛvÑ¢ßÖÑSÑ9ê�á�Ø�Ýeß�Ûèêeî¢çÜÛvÑ9×Êã�Ý}é|ÑußÖÑ�ÔÎì ×�ÑeÛÜá�Û
ó º�¿î¦Õ³s¹(ºzï�»+º)Ò/ä7Ò{äjº$Ê�¦±sµ·¹(¸�¿ ä�²ìºoðÈä�À º)Ò+µ�±Â!©ª%ë¡í&íb±^*Öø1v ùª×ÊÑ9æ¢ß�ÚÊóuâ9á9æOë�ÛvÑ1×�Ñ~ØÜâuáÜÕqáÊë�Û�ÝeßÖá�ã�×uô§ñ�Ñeì ×�ÔðßäÑ�Û§Ýeßäác ÙeÒqé§Ñ�p�ø��eø � ñ�á�ãWâuî�Ú�á�Ø�é|ÔYßÖá~ñ§î9Ýxé§Ñ^ßÖá�Ø^ÝlÒqé|ÑußÖá�æ�ÔÖñ§Ñ�Ú�é|ó�|�á�Ø�é|Ô$é�ÛèÑöê9Õuìvé|Ñ9ê�Ñ!$ó º�¿î¦Õ³s¹(ºzï�»+º)Ò/ä7Ò
*ªåWá9âuáeìvÑWÝxÙlÔÖçÜÛvî8|ÊÔðßÖÑeÛeá9Ø�Ý�ÛèÑ�Ýeß�ÛèêeîjõÁÝlß�Ô�×ÊÑWâuÚ�á�Ý}Ôðëlë�ìÕ|�ÔÎÛ9ßnåq×Sñ§Ñ��Ý}é|Ñqß�Ûèê�Ò�Ñ9×ÊîuÕqØ�Ý}å&ßnåqæöÑ9×ÖÓ|Ú�õ@â9Û ×�åqæjÑ9êeáuÒqæÜô�âuá�Ø,ÔÎì ×�ÑeÛ�ëxÚÊÑ�é§é�Ûèê�Ò~òÖàÁæWßäÑE½d¾�¾�¾7¨�ñê�ÑeÛeÕqáÊëxÑ�ÚÊÛ Ó§é�Ûèê�ÒaÑuâ9óLê�ÔÎÛeêeÑ�ÛlâuòäÚ�Ñ�ø � ê9Õuìvé|ÑuêeÑLÑ9ØÊßnÒLòäÙlÔÎÛlÑuâ9á9çÊÔÎÛÞÙ�Ó|ÔäìlâuÔÎÛèÚÊÑ�é§Ñuß�Û��ê�îjóÜß�Û��9ÔðÕÜß�ÛèõÁ×ÊÔÎÛ�ßnåq×OÑ9ê�ÚÜì��9ÔäÛvÑSÑ�×ÊÑqëx×�õÁÚÊÛ�ÝlåqæÜø c ßnåaÝ}Ø�×ÊòäÙlÔÎÛèÑ�ôÜë�ÛvÑa×ÊÑSêeî9×Êá�Ø�é§ÔÁßnåq×ÛÞÝ}ÙlãLßäá9Ø^ñ§î�Ý}é|Ñqßäá9æ¢âuÔäÚÜì â9á9ØWë}êeÑ9á�Ø�ÝxÛvÑ�×�ÒLÔäñ�Ñ�Ú�é|ó�|�á�Ø�é|ÔYÕqáÊëxÑ�ÚÊÛ Ó§é�Ûèê�ÒWÝ}Ø�é§â9ìvÔäÝlålø�$òðÕqá�æÜô}Ñ�ñ�á�ãjÔäñ§Ñ9ÚÊé|ó9Ýxá9Ø�é|ÔPã{À<±)ä�¹:º�µIºWíU²O±sÀ<ÒgºNÜ5¹(¸�Ò5±�³)²�¹só�ô�âuÑ�ìvÚÊ×�á�Ø�é|Ô`òä×ÊÑ^Ñuêeá�Ø^�Ýeß�Ûèê�óQçÜÛvî9×ÊØ�Ý}é|Ñaâ9á9ØWÑuâ9áÜß�ÔÖÕqÔäì ßÖÑeÛlÑuâ9ó"pY��äjº$Ê+±sµ·¹(¸�¿6Ý}Ø�×nß�ÔÖÕqÔäÝeß�òäæ�ê�ÑeÛ9ßnåq×SÔä×�òäÚ�ëxÔÎÛèÑßÖá�Ø,ÝlÒqé|Ñqßäá9æÜø � ×QâuÚÊá�ÝqÓ|òÖÝxá9Ø�é|Ô�ß�Û�æjâ9Ú�õ6ß�ÔäæWê�ÑeÛ�çÊÔäãÊß�ÔäÚ�ÔäæjâuÑ9ÚÊÑuë}õ6ëxá9Ø�æjòÖÙlá�Ø�é|Ôß�ÔðÕuÛèêeîöòä×ÊÑöçÜÛèî�×ÊØ�Ý}é|Ñ^é|ÔZëxò Ó|á�Ø�ædÆK*eø
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�$áLß�ÔÖÕuÛ êeóLÑuâ9áÜß�òÖÕqÔÖÝxé§ÑQÔÖâuá�é|òä×�àÁæÜô�Ôäì ×ÊÑ�Û�åWâuÑ�Ú�Ñuë}à6ë}ÒjÔä×Êó9æ6ªJë¡í&í�çÊÛvÑ�×�ã�Ý}é|ÑußÖá�æë�ÛèÑ êeî�Ó|ÔH³s¹(¸�ó�º�! ç�å�ÕqÑ�ç�Ò1ë�ÛvÑ ê�îÊÓ|Ô�½�¾�ó½±�º�ä)±^*�ñ�àÁ×�ÒqæÜø lô�9Ñ�ÝxÛèê�ó�æLÝlêeáuâuó�æQÑ�Ø^�ßnÒqæOßnåqæSÔäÚnëxÑ�ÝxìvÑ�æÜôeÔÎì ×ÊÑ�Û§á��9òÖÕÜß�ÛÞÝlßÖá�æaçÜÛèÑ�×ÊØ�Ý}é|Ñqß�Ûèêeó9æ�ê��9Ñ�×�ß�ÛÞÝ}é|ó9æ�ßÖàÁ×jâ9Ñ9ÚÊÑuâ9î9×�àçÊÛvÑ�×�Ø�Ý}é|îußðàÁ×9ø � çÜÛèÑ�çÜÛ êeÑ�ÝxìvÑ^Ñ9ØÊßnÒQâ9ÔÖÚÜÛ ëxÚÊî9ñ§ÔðßÖÑeÛ}ÔÖê9ß�ÔÖ×�õÁæOÝ}ÔOÔÖâuó9é|Ôä×ÊáQê�Ôäñ§îuÕqÑeÛÞá�øùªç�õ´â9áÜÕqã^Ý}ã�×�ßÖá�é§ÑWÓ|ÑöÑ�×�Ñ�ñ§òÖÚÊá�Ø�é§Ô`ÑuâqÕqî^ßnåq×aêeÔä×nß�ÚÜÛèê9ÒQÛvç�òäÑöâuá9ØQÔÎì ×ÊÑ�Ûxå^Ôä÷�Òqæ½=

�$á!ªJë¡í&í çÜÛèî�×ÊØ�Ý}é|Ñ â>ÙeàÁÚÜì�|ÊÔðßÖÑeÛ�êeÑuß�îuÕ�Õ�å�ÕqÑ Ý}ÔLé|ÛèêeÚ�ó�ß�ÔÖÚÊÑ�ØÜâuá��çÜÛvÑ9×Êã�Ý}é|ÑqßäÑ µm¶�·Oµ�¸}·�¹�¹�¹7·Oµ�� ê�ÑeÛnêeîÊÓ§Ô�ß�òðßÖáeÛÞáOØÜâuá�çÊÛvî�×�Ø�Ý}é|ÑYêS�9Ñ�×nß�ìÕ|ÊÔZßäÑ�ÛÝeßäá1â9ÛÞá1ê�áu×nß�Û ×ÊóöÝ}Ô�Ñ�ØÊß�ó&ØÜâ9á9çÜÛvî9×ÊØ�Ý}é|Ñ��µ! ôxÑuâ9ó&òä×ÊÑ&Ý}ã�×ÊáÜÕqá1Ñuâuó&ß�ò��ßäá�ÛvÑ1ê�Ñuß�î9Õ�Õ�å�ÕqÑ&ÔÖâ9ÛèÕqÔðëxé|òÖ×ÊÑ1ØÜâuá9çÜÛvÑ9×Êã�Ý}é|ÑußÖÑÑ! ßäá,Ý}ã�×ÊáÜÕqá1Ñ�ØÊß�ó~áq×ÊáF�é|î�|�ÔðßÖÑeÛ�äj²Y¼Sº^Ã:²Y²OÉ�*
�$á�Ñ9âuáÜß�òÖÕqÔäÝ}é|Ñ1ßÖá�ØöêS�9Ñ9×�ß�ÛÞÝ}é|á�ãöÔÎì ×�ÑeÛ|å1Ý}Ø�é§â9ìvÔÖÝ}å&ßäá9Ø1ÝlÒqé|ÑußÖá�æ�! Ñ�ñ�á�ã^êeî��Ó§ÔWØÜâuá�çÊÛvî�×�Ø�Ýxé§Ñ~Ñ�×�Ñ9âuÑ�ÚÊì�ÝeßÖÑußÖÑeÛ�Ñ9âuó~ßäá�çÊÔÎì ê9ßnå1ßÖá�Ø~ØÜâuá9çÜÛvÑ9×Êã�Ý}é|ÑußÖá�æjÝeßäá�á9âuáeìÞáê��9Ñ�×nß�ì�Ýeßnå�ê�Ô�*ªê�ÑeÛeåLÔÖâ9Û ß�î�ÙlØ�×�ÝlåjßnåqæOÑ9×ÊÑuëx×�õÁÚÜÛÞÝlåqæYêeÑÊÓ�õÁæ�óuâuàÁæ¬Ó|ÑQçÊá9ã�é|ÔUêeÑ�ÛlÝxÔÔðâ9ó9é|Ôä×�åOâuÑ�ÚÊîqëxÚÊÑ9ñ§á�ôÊç�åqé�ÛÞá9Ø�Ú�ë}ÒqÝ}Ñ�é|Ôªé�ÛvÑS×�òäÑaê�ÑußnåÜëxá9ÚÜìvÑSÑ9ê�á�Ø�Ýeß�Ûèê9õÁ×`é§áu×nß�òÖÕ�àÁ×âuá9ØaÔðêeé|ÔðßÖÑ9Õ�ÕqÔÖã�ÔðßäÑ�Ûußnåq×OãÜâuÑ�Ú�÷�å¢ßÖá�ØSêS�9Ñ9×�ß�ÛÞÝ}é|á�ã`ßÖàÁ×�Ñuêeá�Ø�Ýeß�Ûèê9õÁ×�çÊÛvÑ�×�Ø�Ý}é|îußðàÁ×ÝeßÖá�³s¹´²�Ò/µ§¦(º�Ò/¼|ø
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Delta
Delta

39 element 
Acoustic 
Vector

Speech

spectrum
FFT based

Mel scale
triangular filters

F F T

L o g D C T
Delta
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vdwHu2�hQ�(HS��!��'6(�vbwp�hq�XbSU�·vdw�v|Xd��Xbu�vd(&W�w�q�}b#�XYQ	��(HS�(p~mwhv|}d��Xb��'6(�v¥r�S�(p~mwH��u!��#�}�vUQ���r
¨¡¸m_Ei�­ha�aE_b�¹\!]ºl^­hc»²�vdwHu0��%�'6(mvdwH�hqp³pX��hvUQ���S�w�S|vd(H�KvUQ��¼uh~mw���}b��XYQ��?V�QR(��&vd(mvUQ��&vUQ�sH%�(pS�X{�
½ (Hx¥v¥r���W�(¶sH(&Q�X�~HQ v|xU}d~mwmS¥vb(p�¼v¥r@#�xU%���r@�hQ�(mV���ShW���S´~pQ SU�psp��St��u!SU'6X�vd(�³m�!rhv|�hv¥rhvb(p�@¨
¬�­h¾�\hadl^\hc�i�_�e�\�]ºa�l^i�_b��²d+�µ±}d��wp�hq&V�QR(¶S�(¶XbS�����'6(�v¥���Dwpu!'6X¼�Uu!S�(p'4Q�sH%0~��!r�x�wHy�wHx�WR(
V�Q�(¶vdw���%�'6(�q�~mxUwH���6}�vdwHu!'6X±vUQ��´~mx|�	v|Xb�zs&(HQ���Xd��v|Xbx�Xb�8~p(px�(�V��	VDwHu!�h+
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µ±(�(ps&wpu!�&vUQ�s&�t'6w�S|v|}d��(t~m(Hx�}d#�wHu!S?}bS�(�v|x��m~pwtV�QR(tvdw�Szuh~mwh��w�V�Q-��'6�tv¥r��?~pQ �6(HSU�!v¥r��
vd(H��à¶áºâ�ã�ä=åd+�¦�wmSU�H�U(?'�wmS¥v|Xd��wp~mwHW-r���r���XYW SU(&QYvbwzyD��SUr�'6(±~mwHuK(pS�(p~m(pxhW��&vb(�vb(HQ�(p~m�
}dS�(Tæ8ç�ç ¨�]ºa�l�ZDkH­!c�_�èb²d+@é ê�SU(Tæ8ç�ç }b#�XYQ	'6WR(�sH(mv|�H�&vd(H��r2XYQ����H��wpu&q�'4WR(�sH(mv|���
�&vd(H��r�X ½ �H�UwHu�sH(&Q�ë@XbSU�hQR�p'6Xb��Xb�¼sH(mvd(H�&v|�H��XYQ��h+$ì�Q�s&(mvd(H�&v|�p�DXbQ-�´XYQ����H�UwHuU�íX ½ �H�UwHu
#�x|r��DQR'6Xb�!wpu!S��&v¥r�S�}bS|����r�~mwh�!�!��S���QR(H�Uw!#�Q�sH��S¶æ8ç�ç���q4vb(©wm~mw&WR(��D#&r�'�(mvUWR�UwHu!S
}dS�(����!S��6X�vdw�æ¼ç2çîqHvbw�wp~mw&W�w�'�~pwpx�XYW�S�(�(pS�(m~p(px�(p��v¥%���XYQ�'6X�VD(m����v|Xbx�Xd�z'6w�S��p��Xb�
qÝ�m~m������} ½ XYQ��@%©'4QR(ïwh���msH�!r�xUr2~mx��hvd(H��r�+ïµ±wïð8¦�¦ñ'�~mwHxUXYW�S�(��6Xd��x|r¥�6XYW���(HS
'6QR(»VDXbSUSU%hv|xhQ�(*(psHwh��wHuY�4W�(H����u!'D³p�h�!��Sò¨^�&v¥r*~mXbx�W�~!vd����%*'6(H�hqK(ms&wpu!��vUQ�sH��S���QR(��
SUu!��'6�mv���Sh²�'�wmS¥v|Xd��wp~mwHQ���S|vd(H�@~m(Hx��m�!�!r!��(ï'4QR(©s&xUu!y�%�(ps&wh��wpuY�4WR(©s&(�vb(p�&v|�H��Xd��S
¨^(m~mw!v|X���wH�!'6XbS|��S8(m~m�0vUQ��8ë´XbSU�hQR�p'6Xb��Xb�ósH(mvd(H�&v|�H��XYQ��¥²d+	ðô~HQ �6(pS��hv¥rhvb(�'�X�v|��³p(p��r��
(m~m��v¥r�S�s&(mv|�p�&vb(p��rïl´�&v¥r�S�s&(�v|�H�&vd(H��r¶õ�s&(U�6wHx�WR��X�vd(&Q�(p~m��v¥r�S��hQ�(ps&x�Q v¥%�~HQ �6(!�
SU�hv¥rhvb(ïöp÷-ø�qÝXbSU�ùrT~pQ ��(HS��hv¥rhvd(ú~m(px�(mV��	V�%���XbS��p����u!'D³p�h��wpuT�&v¥r©s&(�v|�H�&vb(p��r�õDq
sH(��6wpxhWR�UX�vd(&Q�(p~m�¶v¥r�~pQ �6(HSU�!v¥rhvd(�X ½ �H�UwHu0û�øm+

"�vdw�"$#&%�'�(�)!+-ë¼y�(HW S�X{vb(HQ�}dS�(¼~m(HxU�H�UXYQ VD'6(8v¥r���~m(px�(p~m�pSU�2�hQR(p�hQ�sH(H�DWR(p���p~mwHu±vbw
'�wmS¥v|}d��w�'�X�vb(!³p(&W SUXYQ�'�}b���fv¥r��´(ms&wh��wHuY�6WR(H�¼sH(mvd(H�&v|�H��Xd��S0üþýÿ�������������	��
��

��
� qDV�Q�(�SU(�~m(HxU�mVDXYQ�v¥r�S�(psHwh��wHuY�4W�(����8}d��������+�ð=�Du!SU��u!(p�D'�}bSUr�~pQ �6(HSU�hv¥rhvb(�'4QR(H�
(ms&wh��wpuY�4WR(H�?�hQ�(HS�u!��'6��vd��S�� sH(&Q�'4QR(p�¼(ms&wh��wHuY�6WR(H�±s&(�vb(p��v|�p��Xd��S´üúq��UXb��wp'6}bSUwHu
sH�p~mw&Q�wpu¶'�wmS¥v|}d��wHu@ç ¨º~pQ �6(pS��hv¥rhv|Xb�´'6X�v|�!³p(H��r���s&(HQ6X ½ �p��wHu�²dq�uh~mwh��w�V�WR�UX�vd(&Q4��(HS
vdwúV�Q S��H'�XbS�w�v���S�~pQ �6(HSUwhv¥%hvd��S�'6X�v|�!³p(H��r���sH(&Q	vd��S�~pQ �6(pS�whv¥%hv���S�X ½ �H�UwHu&+©P�QR(
v¥r�S0(psHwh��wHuY�4WR(@s&(�vb(p�&v|�H��Xd��Stü vdwHu@��#&%�'6(mvdwH��)!+-ë@}b#�wpu!'6X¼�hvUQ[.

à¶áºâ����òã � å��·ö ��� û � á�� � å ö ��� û � á�� � å ö ��� û � á�� � å �!�!� ¨�)!+-,�²
"�v¥r�S@VDXbShQ�sH%¶~pXdxhW�~!v�����r�~mwHu"�#�%$�á'&|å(��$	á*)�å(��$�á*+�å(�!�!�!����$	á-,zå�q4r�~m(px�(p~m�pSU� ~HQ��
��(HS��hv¥rhvd(¶V�W SUX�vd(&Q�.

à¶áºâ����òã � å��·ö/.	021435.	0 � 3768
9;: �

û(.	0 9 3�á�� 9 å ö<.	0 9 3=.	0 9;> � 3 ¨�)!+-ë�²

�m~mwHu?$	áA@måóXbW S�(HQHr�s&(�v|�H�&vd(H��r�XYQ����H�UwHuzvdwHu�'�wmS¥v|}d��wHu´s&(HQ/$	á-,CBD&|åÝr0s&(�v|�H�&vb(p��r
X ½ �H�UwHu&+

"�v¥r�S�~mx�(�VD'6(mvUQ�sH�hv¥rhvb(Dq�Xb'�XYW��@VDS|��xhWR�UwHu!'6X�'6��SUw2v¥r�S�(psHwh��wHuY�4W�(�â q�XbS|�;r
(ms&wh��wpuY�4WR(�üÙ'6(p�óXYW SU(&Q!�mVDS|���&v¥r�q�V�QR(´(Hu�v|��s&(HQ!'4Q����H'�X�V�Q�(zs&x�u!y�}b��¦T(Hx|s&w!³HQR(HSU}b�
(ms&wh��wpuY�4WRXb�h+�P�QR(zvbw�S?uh~pwh��w�V�Q���'6�´��w&Q�~m��S$v¥r��óà¶áºâ�ã � å�(HxUsHXYW�S�(´(��6xUw&W���wHu!'6X	v¥r�S
)!+-ëïV�QR( �h��Xb��vUQ���~pQ ��(HS�}d��'6X{vb(!³p�H��XYQ���sH(mvd(H�&v|�H��Xd��Sm+;é êÝS�(p��(m~mw!v|X���Xb��'6(mvUQ�sH�H�
v|xU�p~mwH�¼V�Q�(�SU(@V�W SUXYQ�(pu�v|��XYW S�(&QDwFE[­haHGÝ\ha¡¸hgJI8\miLKMGÝ\!a�¸©(p�hVD�pxhQ �6'6wH�h+

NJOQP(R�SUT	VXWZYL[/\][<^`_`aZS'bXW(\]cH^`P`a(dMS'eXf	SUgZeh\`T�_`a(SJiZekjMP"lJm(n�o-p*q(o=rts5f	cL[<T�aZ\vu4w`[<SxWZ\Myzix\{_!^`_vbk\jv\ZR�_va(bku4_LW4ix\ve|\!^`w]ix\}\`W4iZb fMi'_ve dM\�~�����r�sAo=��� �M�Mm(n�p�r�yx�t��e�\tix\{�`�?T	�XWZ�![<\Li'\�i�Y!��\!�����!e�j`�!��M�LVXf	f	\`��cH^`P`aZd�_`cLW��!�Z�Uo=��� �M�vm(n�p�r(��\!^`w�i'\�_!^`_Mbk\�[<wLW(_��L�M� �L�H��dMaZY!f	eh[<_!^`_Me _`�LW�ix\MeMfMi�Y�^`aZP`�4Y
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Markov
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y2y1

b3(y3)b2(y2)b2(y1)

Y      =   y4 y5

a23 a34 a45a12

a22 a33 a44

y3

b4(y4) b4(y5)

"$#&%�'�(ï)!+-ë&.�£�: : JKM�FpL¦¥	§�M�O´é êÝS�(�ð8¦�¦ '�~mwHxUXYW4S�(��6X���xUr¥�6XYW4��(HS�'6QR(�VDXbS¥�
S|%hv|xhQR(¶(psHwh��wHuY�4W�(H�¼��u!'D³p�h�!��S¶¨^�&v¥r�~mXbxhW�~!v�����%�'6(p�hq�(psHwHu!�&vUQ�sp��St��QR(HSUu!��'6�mv���Sh²
'�wmS¥v|Xd��wp~mwHQ���S|vd(H�z~m(HxU�p�!�!r!��(�'4QR(�sHx�u!yD%@(ps&wh��wpuY�4WR(¶s&(mvd(H�&v|�p�DX���Sp+ó¦�X�vd(�³p(&W S�XYQ
'�X�vb( ½ �zv���Szs&(mvd(H�&v|�p�DX���S?³p�H��XYQpv���S¼~pQ ��(HS�whv¥%hv���S�'6X�v|�!³p(H��r��$s&(HQps&�U�6X$#�x�w�S�Q�sH%
~mXbx�W�wH��w´~m(HxU�mVDXYQ�}bS�(�sH(&Q SUwH�!xhQ�w�(ms&wHu!�&vUQ�sH�´�hQR�pS�u!��'6(����!'6y���SU(0'�XÝv¥r�S8sH(mvd(HSUwH'�%
X ½ �H�UwHu´v¥r��´~m(px�wH�!��(p�¼s&(�v|�H�&vb(p��r��h+

Î¡ �¨ ©Dª`«�¬®­ÙØ Ø Õ

ð Xd~pQ���w�V�%�v¥r���sH(mvd(HS�wp'�%���X ½ �H�UwHu&q�~m(HWR��XYQ���r�'6(HS¥vUQ�s&��x��h��w2(Hy�wH��'�wmS¥v|Xd��wp~mwHQRXYW
v¥r�SK'�X�vb(!³m�!rhv|�hv¥rhvb(zvdwHu?y��H��'6(�vbwp�	v¥r���yD��SU%��Kqh��X�(HS¥vUW �6Xd��r8'6X�vdw�'6w�S|v|}d��w8'6X�v|�!�
³p(p��r��´sH(mvd(H�&v|�H��Xd��Stvbw�wm~pwHW�w�}b#�XYQ�SU(�sH�HS�XbQ�'6X¼v¥r�S���QR�Hx|s&XYQ�(�+�¯zSU�p��w�VD(@��w&Q�~m��S
'�X@vdwú~�����'�wmS¥v|Xd��wp~mwHQ-wp�!S|vd(&Q	wHQ�sH(mvd(HS�wp'6}b�@X ½ �H��wpu&q�}b#�wpu!'6X�v|x�XYQ���sH(mv¥rhVDwpxhWRXb�
(ms&wpu!��vUQ�sH��St'6w�S|v|}d�!��Sm+

°²±-³
±�° ´¶µ!·�¸Q¹|µ4º »½¼¿¾À¾ÂÁ
µ±(ï~mxU�	vd(»��u!�&v¥%�'6(�vb(ò(pS�(�VDSU��xhQ���r��¶y���SU%���#�xUr��DQR'6wm~mw&Q�wH�!��(HS���QR(psHxhQ v|}b�¶s&(mvd(��
SUwH'6}d��X ½ �p��wHu��DX���u!SU��u!(H��'6��'6X��hQ�(HS�u!��'6(�vUQ�s&��s�³p(HS|vUQ��&v¥%2¨�ÃD_{i¥]j­haFÄ$£�\hcD]ºl5Å|_Yatg
Ã�Ä´²d+�é ê�v|��Q«q�sH���6Xt(psHwHu!�&vUQ�s&����QR�HSUu!�D'�(�(HS|vUQ�s&(��6W-�&vd(mvd(&Q�(p~m��vdwúl¯c�¸p_4Æ ¨^�UXYW�smv¥rm²
vdwHu©~pQ�w»sHwmS¥vUQ S�wp����X�(pu�vbwp�©�hQR(pS��!��'6(�vbwp��(p~m�ú}bS�(ú���!S�wh��w©v|}�vbwHQ���S���QR(HSUu!��'6���
v���S�¨¡i{­¥¸p_vÇE­|­�K�²dq�XdSU� wHQ�s&(�vb(pS�wH'�}b�¼X ½ �H�UwHu�Q���wH�Uu!S�(p'6wH�!S�'6Xt�¹­¥­�K�gí£UZú]j\<ÇY�¹_b�t~mwpu
~mXbx�QR}b#�wpu!S¶vUQ��¶~pQ �6(HSU�hv¥rhv|Xb��V�QR(�sH���6X�~pQ �6(HSU���UXYW�spv¥r�+�P�Q�(�v¥r�s&(mvd(HSUwH'�%�X ½ �H�UwHu
û ø á�� 9 å��&v¥r�S�sH(mv|�H�&vd(H��r�õDq�'6X]� 9 vbwT(ms&wpu!��vUQ�s&���hQR�pS�u!��'6(�v¥r2#�x�w�ShQ�sp%��&vUQ VD'�%ú]
��(�Q���#��!XYQ¯q��UXb��wp'6}bS�wpu´v¥r���(m~mXYQ�s&��S�Q-��r��±vbwpu�� 9 ��vdw���QR�HSUu!��'6(}��È�vdwHu�i{­¥¸m_MÇE­¥­	K©.
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µ±wt'6X�VD�m��wt~���Xbw�S�}�spv¥r�'6(�'6X�vb(0�hQR(ms&x�Q v|�´'6w�S¥v|}d��(´XYW S�(HQm�hvUQmuh~pwh��w�V�Q��&vUQ�sH��(HuU�
v|�p��w�v|xU�p~mwH�tXYW SU(&Q6(Hx|s&X�v|��(p~mwhv|Xd��Xb��'6(mvUQ�s&�H��(m~m���p~mw¦ÎDr�(pS�(mVDS|��xhQ���r��hqD(Hy�wp��r
~pQ �6(HSU�hv¥rhvb(�X ½ �H�UwHu��UXbSt#�x�XYQR�p��X�vd(&QDS�(¶uh~mwh��w�V�Q-�&v|XYW«q6(p�!����(HSU(pspv|��vb(HQ�'6}d���fXdS��H�
� ­¥­	KUg £|Z;]j\<ÇY�¹_p+�¯zS¥vUW ��X�vb(©vdw»'6X{VD(p����v|XbxUw©'6}bx�wp�@vdwHu�#�x���S�wpu���~m(mvd(p����vb(HQ��&vbw�S
s�³p(HS¥vUQ-��'6�Dqm�p~mwHuz~mx�}�~pXbQHS�(0uh~pwh��w�V�Q��&v|XYW&rtXd���H#�Q��&v¥rt(p~m�H�&vd(H��r�vbwpu0��QR(HSU�!��'6(mvdwH�
XbQ-���p��wHu@'6X¼vd(�~mx��hv|uh~m(�(psHwHu!�&vUQ�sH����QR(HSU�!�D'�(mvd(�~mwHu@~mXbxhQR}d#�wmS¥vb(HQ��&vdwúi{­¥¸m_MÇE­¥­	K�+
Ïó��}d~mwHu!'6X±��w&Q�~m��S��hvUQDw@'�r�#�(pShQ���'6�H�ÐÃ�Äù�Ux�(���(HS�~mx�w!�íXd~mX ½ Xdx|VD(H�&v¥%��?(HSU(mVDSU��x�Q-�
��r��@¨ aE_Ei{­{o!c�lº]ºlº­!c�Z�aE_íZ�a¡­¥i�_b�{�Y­ha!²d+

é ìz'����@Xds�vd��S�~mxU(mVD'6��vd��Smq�r2(HSU�p��u!��r�vdwHu�(psHwHu!�&vUQ�s&wp��#&��x�wpu�XYW S�(HQ�'4Q�sHxU%
¨^(py�wp� }b#�wHu!'6X2~mXd~mXbx�(p�D'�}bS�w (Hx�Q �6'��ô��u!'D³p�h�!��S»X ½ �p��wHu�²�'6XTXd~pQ�~!v¥����XYQ��»�&v¥r�S
(ms&x�W-³pXYQR(ïv¥r���(pS�(mVDS|��xhQ���r��hq$wHQ$wp~mw&WRXd�2XdShQ���#��!wmS¥vb(HQós&(HQ�����V��ÒvdwHuïsm³p(pS|vUQ���'6wH�
w¶wp~mwHW-wp�zXYQ���(mVD��VDXYQDX�~HQ�~m��}dwmS?�6�px�uU³pw�+�ê�~HW���r���r�#�xU%���rÑÃ�Äù'6X¼XbW-��wp��wÓÒ�wh���psH�!r��
xUw Ô[vbwï��QR�HSUu!�D'�(�����}d#�XYQ¯q	(m~m(&Q v|XYW�~pwh����'6X�VD�m��(òi�­¥¸m_vÇ{­¥­�KU��V�Q�(©S�(�sH(p����Î�XbQ�vbw
(ms&wpu!��vUQ�s&�¶#&��x�w�q&(ps&�p'6(�s&(HQ��hvb(pS0(pu�v|�H�z~m(HxU(H'6}dS�XYQ���#�X�vUQ�sH��'4Q�sHx��p�h+

ÏK}E³p(&QR(¼V�QR(zvUQ��ó~mxU�	v|Xd�óXby�(Hx�'�w�VD}b��(pS�(�VDSU��xhQ���r���y���S|%��Ývdw0'6w�S¥v|}d��w�(Hu�v|����XYQ-�
vdwHu!x¥VDwH�!��X0Q�s&(pS�wp~mwHQ-rhvUQ�sH��q�(Hy�wH�¶Xds&XYW SUr@v¥r�S¶X�~pw!#&%�r��hQ�(��6Xb�DQR'��!v¥rhvd(���Xt~m�px�wHu!�
�m~����2'�SU%�'�rïs&(HQóuh~mwh��w�V�Q���vUQ�sH%*Q-��#��!��%hvb(pS�~mXbxhQ�wpxhQ���'6}bSUr�q�XbS|�ÒsH(&QÝvd(*��X ½ Q������
V�Q�(2%hvd(HS��D#�X{vUQ�s&�2'4Q�sHx���+�Õ´(U������~mXbx�SUwH�!��(HS�vd(�#�xU�mS�QR(�q�'6Xtv¥r�S�XYQ���(mV��	V�%��h��w
sH(&QÝQ��D#�u!xU�hv|XbxU��S�uh~mwh��w�V�Q���vUQ�sH��S���u!�&v¥r�'6��vd��S�(p�!���ïs&u!xhW�����'6X@vUQ-��(m~m(&Q v¥%���XYQ��
Xdy�(HxU'6w�V���SKV�QR(�~mwh���´'6X�VD(p����v|Xdx�w0��X ½ Q�����V�Q�w�q�}{V�Q S�X$y�(HSUXbx��t�hvUQmvbw���u�V�sHXds&x�QR'6}bSUw
'�wmS¥v|}d��w¶��XbS´%hvb(pS0~pQR(¶s&(mv|�m�!�!r!��w�+

°²±-³
±-Ö ×ÙØ�Ú Û¦Ü
Ý¶¼¿¾Â¾ÀÁFÞÓß�à²á�Á	Á	âJà²ãË¾Àâ*ä
å�áQæ<çè¼è¾À¾ÀÁ
é ê�v|�DQ6vb(�����VD#�x�w�S�(��Du!�&v¥%�'6(�vb(2(HSU(mVDS|��xhQ���r���#�xUr��DQR'6wm~pwHQ�wH�!S�~m(HxU(H'6X{v|xhQ�sH}b����uU�
SUXb#�XYW��´s&(mvd(HSUwH'6}d��X ½ �p��wHu�~mwpu�'6w�S¥v|Xd��wp~mw&Q�wp�!Stvd(2(ms&wpu!��vUQ�s&����QR(HSU�!��'6(mvd(�(m~pXduU�
��XYWR(H�h+KP�QR(¶vbw���s&wm~p��(Hu�v|����u!SU%¥�����0#�x|r���Q�'6wp~mw&Q�wp�!S|vd(&Q�'6XbW VD'�(mvd(�V�s&(Hwpu!�DQR(HS|��S
sH(mvd(HSUwH'���S�s&(HQDr�~pQ �6(HSU�!v¥rhvd(�X ½ �H�UwHu�¨¡­!£&]�Z�£&]�Z�a¡­�Z&\/Çbln��lº]º¤&²8XYW S�(&Q�r@X ½ %��0.
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ø4Èëê*á�� 9�ì�í øZÈ��(î�øZÈ¼å ¨�)!+�ï�²

�m~mwHu é øZÈ XYW SU(&QÝvdw»³p�HxUwH�ï¨xG�_Yl o!kp]E²�vdwHuú'6XYW VD'6(�vbwp�ïe ��v¥r�STsH(mv|�p��vd(H��r�õ*sH(&Q
ê*á�� 9�ì�í øZÈ��(î�øZÈ¼åKXYW SU(&Q�r¶~mwh��u!�hQR�p��vd(mv¥r�¨ e�£&�R]ºln¾�\hadl^\!]`_h²$V�s&(pwHu!�DQR(pSU%�'6X�'�}b��r@vUQ��
'�% í s&(HQÝ��u!S���QR(psH�!'6(HSU��rCîÿV�QR(©vdw*'6XYW VD'6( e �&v¥r�S�s&(�v|�H�&vd(H��r�õD+f"$u!SU%¥�����
ð ~m(px��H'�w&QRXb�`ñ�sH(mvd(H�&v|�H��XYQ��0'6X�vd( ½ ��æ¼ç2ç��0#�xUr��DQR'6wm~pwHQ�wH�!S0sHw&Q SU}b�zV�s&(pwHu!�DQR(HSU}b�hq
}{v|��Q[���&v|X�S�(�'6XbQ���S�X�vd(&Q[w���u!S�wh�mQ�sH�H�t(HxhQ �6'6�p�´vdwHu!�h+]òz(px¥é&�h��(�(Hu�v|��q[w�#�xU�mSUwH�
~mwpu�#�xUXYQR�H�UX�vd(&Q�v|�p��w�V�QR(�v¥r�S�Xdsp~m(&WR�UXbu!��r@v���S�~m(HxU(H'6}�v|x|��S´vdwHu!�hq��H��w�sH(&Q�sH(mv|�
v¥r�S��hQR(p�hQ�sH(H�DWR(�v¥r��´(HS�(�VDSU��x�Q-��r��hq�XbW S�(HQ�(Hx|s&X�v|�¶'6X�VD(m����v|Xbx�wp����Xz��#�}b��r�'�X¼vbwpu!�
(pS|vUW��&vbwHQ�#�wHu!�´#�x���S�wpu!�z'6X8�hQR(ms&xhQ v|�¶æ¼ç2ç '6w�S|v|}d��(D+
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é ì¼~����tXYW SU(&Q�y�(HS�Xdx��¶(p~m�¶vd(�~m(Hx�(m~m�HSU�KqH~p(px�wpu!��Q��H��X{vb(HQDvbw�y�(&Q S��H'�XbS�w�vd(�'6XYQ�w�S�X{�
smv¥%�'6(mvd(8v¥r��Ý'4QR(p��sH(mv¥rhVDwpxhWR(p��æ¼ç2çT��SU(¼(m~pwhv|Xd��wp�!S�~���Xbw�S�X�spv¥%�'6(�vb(±V�QR(8vdw��p�!��w
XbWR��wp��s&(&Q[(HS¥vUW���v|xUwHy�(�+¶"�vdwTXbx|VD(p�&v¥%�xhQ�w�'�(H��uh��wm~pwHQ�%¥��r!sHX�}bSU(2sH(&Q SUwH�!xhQ�w�XYW���wH�
(ms&wpu!��vUQ�sH��S2'6w�S|v|}d�!��S�~mwHu©��u�V�s&XbS¥v|xU��SUXYQ�vd(*~���Xbw�S�Xdsmv¥%�'6(mvd(©vd��ST,©'�X��6�H�|��S
sH(&Q�~pxUwpsH�h~�v|XbQ�'6X8vdw�S�X ½ %��z��uh�!��w�V�Q��D'���.

ðôQR�U}b(zXYW SU(&QhSU(�Xby�(px�'6�p�Dwpu!'6X�vdw Ã�Äf�!#�Qm(m~XÔ-XduY�6XYWR(p�Ý�&vd(0(ms&wpu!��vUQ�s&�¼'�wmS¥v|}d��(
(m�!���0�&vdw8 da�­hc�]ºg¡_Yc�¸6+�¦�XÝv¥r�S¼} ½ wH�Uwzvbwpu�ÃQÄôS�(t'�r�S?XYW SU(&Q!~HQ�(�wt��XYW�smv¥r��hqm(p�!����vbw
W��hQ�w0vdw�~pxU�hv|uh~pw���QR�HSUu!��'6(�q�'�~mwpx�wH�!'�XóS�(0~pXbQRx�(p'6(mvUQ��&vbwp�!'6XK'6}b#�x�QHS�(ts&(�vb(m�!% ½ wHuU�
'�Xz��X8s&�m~mw&Q�w���#&%�'6(¶sH����Q�s&wm~pwHW-r���r��?~pwpu�S�(¶�hW SUXYQ�u�ÎDr!�!%�(psHxhW-³pXbQR(@(HS�(�VDSU��x�Q-��r��
V�Q�(©vdw*�|rhvbwp�!'6XbSUw�³p(��6'6�ï��u!'�~pWRXb��r��©¨^'6X¶#�xU%���rT~m�pS|vd(ïv���S��K\h£H�{��l^\hcfçTl=Æ�]º£&g
a¡_�æ¼ç2ç��U²d+�êÝy�(HxU'6�H�Uw�S|vd(H��vbw2��#&%�'6(2sp���hQ�sHwp~mw&W�r���r��0�&vdw�wm~pwHW�w2sH(mvd(p�!% ½ (p'6X�q
s�³p(HS¥vUWR��wpu!'6X´�DXt��XbW�spv¥r¶v¥��x�(�~pQR(�s&(HQ4~m(px��p�!�!r!��(���QR(psHxhQ vdwp~mw&Q�wH�!'�X¼vb(2'6XYW VD'6(�vb(
v���S0V�sH(HwHu!�DQR(pSU��Sm+�µK��x�(Dq�~mXbxhQR'�}bS�wpu!'6X±vdw�WR��Q�w�Xd~pW�~mXb�Uw�(psHxhW-³pXbQR(H�8(HS�(�VDSU��x�Q-��r��
¨º����V��»v¥r���Q�s&(pS�wm~pwHQ-rhvUQ�sH%��±(HSU�p��u!��r��±vdwHu�(ps&wpu!�&vUQ�s&wp�t#&��xUwHut~pwpu���QR(mv¥r�x|%��D(p'6XY²
sH(�������sH(&Q�Xd~pQ v|�H#�u!SU��r��@vdwHu2#�x���S�wpu�(HSU(mVDSU��x�Q���r���¨º����V��;v¥r��¶(HS|vUQ�s&(mv|�p�&vb(p��r��
vdwHu�uh~mwh��w�V�Q-��'6wp�@v¥r��t~pQ �6(pS��hv¥rhvd(H�tX ½ �p��wHu�'�X�}bS�(�(m~������¹­¥­�K�gí£UZ�²d+�Õ´(mvd(p��u�vUQ�s&�
xU�h��w�q�~m(&W���XYQ	vbw©VDX�VDw�S��p�@�!vUQ�vbw©sH���6X@(psHwHu!�&vUQ�sH�©�hQR�pS�u!��'6(¿Ò���~m�HXYQ;Ô	��X�sH(mv|�p���
�!r!��(�Xd~pQ���X�VD'6}dS�(@'4Q�sHx��hv|Xbx�(@��QR(HSU�!�D'�(mvd(2¨^}d��v�����²d+ ¯¼u�v|��}b#�XbQ���(HSt(p~mwhv|}d��Xb��'6(
v¥r�S�(ms&�p'6(�'6X{VD(p����v|Xbx|r�X�~HQ v|�p#�u!S���r2vdwHu�#�x���S�wpu�(HSU(mVDSU��x�Q���r��hq�s&(U������(HS¥vUW�S�(
#�x|r��DQR'6wp~mwHQRXYW vb(HQ8}bSU( Ò�v|Xbx��p��vUQ�wXÔ�i�­¥¸m_vÇ{­¥­�K;s&(�v|�òv¥rf�hQR�pxUs&XbQR(»vdwHuòsm³p(pS|vUQ���'6wH�&q
#�x|r��DQR'6wp~mwHQ-wp�!S|vd(&Q��ú'4Q�s&x���i{­¥¸p_vÇE­|­�K|��+

ÏK(p�DQR���p'6XbS�wHQD��wHQ�~m�mS0�&vbw�S��hQ�(HS�u!��'6(�vUQ�s&��s�³p(HS|vUQ���'6��v���S@ç E?¬K¬ ��QR(HSUu!��'6���
v���S�vdwHu� da�­!cD]ºg¡_Yc�¸ú�D�!'�y���S�(2'6X0vd(T~m(HxU(p~m�HS|�Kq4r�s&(mvd(HSUwH'�%�X ½ �H�UwHu�û ø á�� 9 ådq	'6X� 9 ��� � � 9 ��� � 9 �!�!�4��� 9�� vbw���QR�HSUu!��'6(�~pwpu�~mXbxhQR}d#�XYQ�vd(��ïuh~mwH�hQ�(HS��!��'6(�vb(@XYW S�(&Q[.
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à�È�÷Eá�����á��!÷ 9 å¡å ¨�)!+���²
�m~mwHu é ø4È XbW S�(HQ±vdw ³p�HxUwH�*¨xG�_bl¹ohkp]E²�vbwpu '6XYW VD'6(�vbwp� e �&v¥rfs&(�v|�H�&vb(p��rTõôsH(&Q
à�È�÷¡á�����á��!÷ 9 å¡å0r�~pQ �6(HSU�hv¥rhvb(TvdwHu���QR(psHxhQ vdwH����u!'D³p�h��wHu ����á��!÷ 9 å´V�QR(�vdwïuh~pwp�hQR�pS�uU�
��'6(ïl8vdwHu�'6XbW VD'�(mvdwH��e2+�¦TX!����á��!÷ 9 å�(pS�(p~m(pxhQ��&vbwp�!'6Xtvdw����!'D³pwh��w�X ½ �p��wHu¶vbwpu
s�³p(HS¥vUQ-��'6wp��vbwpu�uh~pwp�hQR(pS��!��'6(�vbwp��l8v¥r�S�#�xUw�ShQ�sp%��&vUQ VD'�%»]bq�'6X��m�!��(�����V�QR(�vbw�S
(pS|vUW��&vbwHQ�#�w���XYW�spv¥r�+

"$u�V�sHxhW SUwmS¥vb(p��vUQ��2X ½ Q������DXbQ-�©)!+��©s&(HQ8)!+�ï&qÝ³m��}�~pwpu!'6X��hvUQ$}b#�wpu!'6X�(HS¥vUQ�s&(�v|���
�&vd(H��r�v¥r���V�sH(Hwpu!��Q�(HSU%��0'6X�}bSU(2V�Q SU�H'6XdS�w�~pQ �6(pS�whv¥%hv���Spq[~mx��mVD'�(�~mwHu�}b#�XbQ���(HS
(m~mw!v|}���Xb��'6(zv¥r�S?(pS|vUQ�sH(mv|�p��vd(H��r±vbwpuzuh~mwh��w�V�Q��D'�wH�8v���SK~HQ �6(pS�whv¥%hvd��S±X ½ �H�UwHuKvd��S
V�sH(Hwpu!��Q�(HSU��S�'6X@}bS�(ú�¹­¥­�K�gí£UZôs&(HQ	�Du!SUXd~����@v¥r�S�X�~HQ v|�p#�u!S���r�v¥r���(HS�(�VDSU��x�Q-��r��h+
P�QR(´~mXbxhQ������hv|Xbx�Xb����Xd~!vbwp'6}bx�XbQRXb��~m(px�(p~m}b'�~pwpu!'6XÝ��v¥r�S8�hQ�~��!��'6(�vUQ�sH%¼Xbx|VD(p�DWR(#"�,!ë%$`+
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F µ±( ��u!��v¥%�'�(mvd(ô(pS�(mVDS|��xhQ���r���yD��SU%���³p(H�DWR�UwmS¥vb(HQK��v¥r�Sï�h~m(Hx ½ r»XbS��p��'�r��
#�(HS�Q-��'6wp��~m(HxU(mV��	V�%��7Ò�(ms&wHu!�&vUQ�sp��S/Ô��hQR(pS�u!��'6�mv���S2¨R da¡­hcD]ºgE_bc�¸�²dq	(ms&wHu!�&vUQ-�
sH��S±'6w�S|v|}��!��S?~mwHu¼'6w�S|v|Xd��wm~pwHQ�wH�!S$vb(0y���S|%�'6(mvd(0#�x|r��DQR'6wp~mwHQ���S|vd(H�Ýs&x�u!y��
'6(Hx|s&w!³HQR(HSU�¶'�wmS¥v|}d��(©¨jæ¼ç2ç��U²$s&(&Q4XbSU�H�zV��!�����DQ�s&wp��'6w�S¥v|}d��wHu&+?¦TX�#�x|%��
��r��&vb(�vUQ���vUQ�sH��S@s&(&Q4�m�!�!��S¶'�X��6�H�|��Spq�V�W S�X{vb(HQ4v|Xd�mQ�s&��r�(m~pwmsH����Q�s&wm~pwHW-r���r
¨^(HSU(mVDSU��x�Q���rm²�v¥r��´y���SU%��h+

F ð XbQ-��(�V��	V�%Tvbwpuïs�³p(HS¥vUQ-��'6wp��v���S�~m(Hx�(p'6}�v|x|��S�vdwHu� �a¡­hcD]ºgE_bc�¸f}b#�XbQó��(HS
³p(H�DQ�sH����s&wm~m�¶v¥r�S�'�}�V�Q���v¥r���u!'�~pWRXb��r�+�¯zu�v|��'6(p�zXd~pQ v|x�}d~mXYQ�~�+-#6+�v¥r�S�(HSU(��
VDSU��x�Q-��r¼�DX�~pXdxhW�~!v�����r´~mwHu?vbw�vbw0Xb�!x�wp�¼¨4ÇE\hc�¸	G�lº¸�]nk�²ÝXdS��H���hQR(p�h��wHu?'6X�vd( ½ �
 da�­!cD]ºg¡_Yc�¸�s&(HQ�(HSU(mVDS|��xhQ��&v¥%�XYW SU(&QD~mXbx�Q�wHxhQ���'6}bSUw�+

F µ±(�~px|�	vb(2��u!�&v¥%�'6(mvd(�#�x|r��DQR'6wp~mwHQ-wp�!��(HS��hQ�(ps&x�Q v|��'6w�S|v|}d��(Dq�v|Xd�mQ�s&���H'����
Xd~pQ�s&xU�mv¥r���(HS�(ps&wpu!�&vUQ�s&�T'�wmS¥v|}d��(T~mwHu�#�xUr��DQR'6wm~pwHQ�wH�!S�V�sH(HwHu!�DQR(pS��T'�XYW V&�
'6(mvd(�æ¼ç2çT��+�P�Q�(2vdwHu!����s&wm~pwp�!��(Hu�v¥%���v¥r��@Xbx¥VD(H�DWR(p��r�wp~mw&W�(2~mx�whv|XYW S�XYQ
v¥r@#�xU%���r�vdwHu@�hQR(pS�u!��'6(�vUQ�s&wp�ts�³p(HS|vUQ���'6wp�&q�#�xUr��DQR'6wm~mw&Q�%¥��r!sH(HS�(ms&wHu!�&vUQ�sH�
'6w�S|v|}d��(K~mwHu$~mxUwps&�h~!vdwHu!S�'6X���QR(psHxhQ vbwm~mw&W�r���r$v���SÝv|X���Xbu�vb(HW���Sz¨jªzç2æ¼ç2ç��U²d+

F òz}bxU(´(p~m��(pu�v|���H'����hqp'�(H�K�hW S�X�vd(&Q�r0�Uu!S�(�v|�!v¥rhvd(�SU(0#�x|r��DQR'6wp~mwHQ�%���wHu!'6X�vbw
sm³p(pS|vUQ���'6�zvd��S?~p(px�(p'6}�v|xU��SóvdwHuó �a¡­hcD]ºgE_bc�¸¶'�Xó(HSU(mVDS|��xhQ��&v¥%¼~mwHuz#�x|r��DQR'6w��
~mw&QRXYW�v|�p�Dw´'6XbW VD'�(mvd(t��u!SUXb#&��S?æ¼ç2çT�¼¨^�&v¥r�SK~pXdxhW�~!v�����r�~mwpu¼wzsm³p(pS|vUQ���'6�H�
uh~mwH�hQ�(HS��!��'6(�vbwp�$�hW S�XYQps�³p(HS¥vUQ-��'6}dS�w�uh~mwp�hQR�pS�u!��'6(0²��p��w�s&(HQH'6XYW VD'6(�vb(���QR(��
s&x�Q v¥��S¼æ¼ç2çT�8(m~m��sm³p(pS|vdwp~mw&W�r���r���u!S�Xd#&��S�æ¼ç2çT�0¨^�&v¥r�Sz~mXbx�W�~!vd����r�~mwpu
w�sm³p(HS¥vUQ��D'��H�óuh~mwp�hQR(pS��!��'6(mvdwH�Ý�hW S�XYQhvbw�S±��XbW�spv¥r¼vdwHu8sm³p(HS¥vUQ��D'�}bS�wpu8uh~mwH��QR(��
S��!��'6(�vbwp�´²d+±"�v¥r�S���Xd��v|XbxUr�~mXbx�W�~!vd����r�}d#�wHu!'6X¼sH(&Q�'�X�VD(p����v|Xbx|r@��u!'�~pWRXb��r
s&(HQ�vd(H#���v|Xbx|r¶(HS�(�VDSU��x�Q-��r�+
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"$X�(Hu�v|��vbw�sHXby��m��(&Q�w����U��r!s&X0'4QR(�~mwh�����D�!S¥vbwp'�r�XYQ���(mV��	V�%��&vdw�s&Xby��p��(HQ-w�~mwpu
��}{VDX�vb(HQ$(HSU(mVDSU��x�Q���rTy���SU%��h+f¦TQR(ú~pQ�w*~��!%�xUr���(m�!���»sH(&QÝ~mXbx�QRXdsmvUQ�sH%©XbQ-��(�V��	V�%
��W S�X{vb(HQ��&v¥r�S�Xbx|VD(p�DWR(P" )Q$`q[r2wp~mwHWR(�X�~HW���r��@~pXdxhQR}b#�X{vb(HQ�s&(HQ��&vdw2³HQ-³m�mW�w)"�ë%$�V�QR(�vbw
æ�®SRB���!��v¥r�'�(�+�ò�Q�w�XYQR��Q�s&�Dq�'4QR(�(pS�(m��u�vUQ�sH%@~mXbxhQ VDxU(Hy�%�V�Q�(�Xd~mX ½ Xdx|VD(H�DWR(�y���SU%��
��W S�X{vb(HQm�&vdwT"�,%$`+[é ê�SU(´(HxUsHX�v|��( ½ QR�h��w�VDwzs&(HQh~m�!%�xUXb��³HQ�³m�mW-wtXYW SU(&Q�vdwT" ÌU$�V�Q�(¼vbwtwp~mw&W��
w2��u!ShW��&vb(�vb(HQ�s&(HQ4vdwP"kï%$`+�"�v¥rV" ÌU$Ý��W S�X�vd(&Q�'4QR(�wh��wpsp�!r�xU��'6}dSUr�XYQ�s&��SU(�vbwpu�vbwp'6}b(
(pS�(�VDSU��xhQ���r��óyD��SU%��hq!(m~m��v|Xd#�ShQ�sH}b�ÝV�QR(�~m(HxU(mV��	V�%�(ms&wpu!��vUQ�sH��SK�hQ�(HS�u!��'6��vd��S$sH(&Q
����V�sHxhQ���r���~mx�whv|�h~���Spq6'�}b#�xhQ6v¥r�S@XdsH~m(&W���Xbu!��r¶s&(&Q6~mx�wp��(Hx�'�w�V�%�'6w�S¥v|}d�!��Spq�(p�!���
sH(&Q4~mx�(psmvUQ�s&}d�0���!��XYQ��0V�QR(�v¥r�S¶(p~mwhv|Xd��Xb��'6(mvUQ�s&�hv¥rhvb(2XbSU�H����u!�&v¥%�'6(�vbwp��(HS�(�VDSU���
x�Q���r���yD��SU%��h+
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é ì¼~�����XYW���(H'�X8�&v¥r�S´êóQ���(mV��	V�%�q���sHwp~m�H�z(pu�v¥%��8v¥r���Xbx¥VD(H�DWR(H�8XYW SU(&Q�r�Xb�!x�Xd��r0v|x����
~mwpu�sH���hQ�s&wp~mwHW-r���r���yD��SU%�����X�X�~HW�~pXd��(�~mwpu��6(�s&(��6Q-�&vdwH�!S�v¥r�S�(pS��p~!v|u ½ r�Xby�(px¥�
'�w�V���S¶(pS�(�VDSU��xhQ���r��´y���S|%��t~pQ�w�~pxUwH�DQ v¥%�(m~p���m~pw/Î�r¶s&�p��vdwHu!�hq�(Hy�wH�¶(Hu�v|��XYW SU(&Q
��u!SUu!y�(H��'6}dS�wT'6X�vUQ���(p~m(HQ v¥%���XYQ����DXÐÇE\!c�¸	G�lº]nk6+¿¯¼u�v|���6(ïXd~pQ v|x�}LÎ�XYQ�v¥r�S2#�x|%���r
vdwHu�'6w�S|v|}d��wpu�~mXd���mv¥r@�KX ½ uh~�r�x�X�v¥rhv¥%�V�QR(�Xby�(HxU'6w�VD}b����X�~pXdxhQ-³p�m�!��wmS0�p~����t(Hu�v|�
vdwHu´��QR(H��Q�spv|�!wpu¼%zvd��S¼(H���!x�'6(�vd��S8�hQ�smv|�h��Spqm�p~mwpu�w0~mXd���mv¥r��±XYW S�(&Qmuh~mXb�Y�6u!S�wp�óV�QR(
v¥r@sp���hQ�sHwp~mw&W�r���r�v¥r��´y���SU%��h+

"�vdw"Õ´Xdy��p��(HQ�w�)zXYWR�U(H'6X?�hvUQ�vdwz da�­!cD]ºg¡_Yc�¸�~m(HxU�mVDXYQHvUQ��¼~m(HxU(H'6}�v|xUwHu!�Kv¥r��¼yD���
S|%���'6X�'6wHxUy�%T(ms&wpu!��vUQ�sH��S��hQ�(HS�u!��'6��vd��Smq	vb(»wp~mw&W�(ú#�x|r��DQR'6wp~mwHQ-wp�!S|vd(&Q�(p~m�©vb(
(ms&wpu!��vUQ�s&��'6w�S¥v|}d��(�V�QR(�SU(¶³px�X �6XYW6r@³p}��hvUQ-�&v¥r�(ps&wh��wpuY�4WR(���} ½ Xd��S�(m~m��vbw�S@(HSU(��
VDS|��xhQ��&v¥%�+Q¯zS�(py�}bx���r!s&XK�hvUQ�r@#�x|%���r@�hQR(pS�u!��'6(mvUQ�s&wH�´sm³p(pS|vUQ���'6wH��Xd~pQ v|u�VD#��pS�X�vd(&Q
'�X¼vbw�s�³p(HS|vUQ���'6��v���S��hQ�(HS�u!��'6��vd��S0XYQ����H��wpu�vbwpu´ �a¡­hcD]ºgE_bc�¸��&vb(�~mx��hv|uh~m(�(ms&wHuU�
�&vUQ�sH����QR(HSU�!�D'�(mvd(¶(pS�(py�wHxU�H�±~mwHu�~mXbx�QR}b#�w�S|vd(&Q��&vbwTi{­¥¸m_MÇE­¥­	K�+ÝêóQ�~m�[��r!s&XzXd~pW���r��hq
�hvUQ�r�#�xU%���r�vdwHu��hQR(pS�u!��'6(mvUQ�s&wH��s�³p(HS|vUQ���'6wp�0Xd~pQ v|x�}�~pXbQ�v¥r�#�x|r���Q�'6wp~mw&W�r���r�(ms&wHuU�
�&vUQ�sp��S�'6w�S¥v|}d�!��S0~mwHu�~mxUwps&�h~!vdwHu!S0(p~m����QR(psHxhQ vbwm~mw&W�r���r@'�wmS¥v|}d�!��S�'�Xz'6XYW VD'6(�vb(
��u!SUXb#&��S¼s&(�vb(pS�wp'���Spq!vd(�wp~mw&WR(��Ur�'4Q�wHu!x¥V�%¥��r!s&(pS8XbQR�hQ�sH�tV�QR(tvbw@��s&wm~p��(Hu�v¥%��Kv¥r��
Xdx|VD(H�DWR(p�h+�ì=��u!S��Uu!(H��'6�p�?vdwHu��hQ�(HS�u!��'6(�vUQ�s&wp��sm³p(HS¥vUQ��D'�wH��'6X?#�xU%���r�v���S0~m(px�(��
~m�pSU��'6w�S|v|}d�!��Smq�}d#�XYQ���(HS�(m~mw!v|}���Xb��'6(2v¥r���u!'�~pWRXb��r�vdwHu���%�'6(mvdwH��v¥r��¶y���SU%��hq
(m�!����sH(&Q&v¥r�S�Xd~pQ v|�H#�u!SU��r�v¥r���(pS�(mVDS|��xhQ���r��h+

"�vdwT~mxU�	vdw©'6}bx�wp��(Hu�vdwH��vbwpu�s&Xby�(p��(&W�wpu��hW SUX�vb(HQ�s&�m~pwHQ�w��6Xd��x|rhvUQ�s&��uh~m��³p(��
��x�w�q�~m(Hx�wpu!�DQR�H�UwmS¥vb(p�0v|Xb#�S�Q�s&}b�hq��p~�����v¥r�S�sH���hQ�s&wp~mwHW-r���r�~�rhV�%��hq�vbw�S�³p(U�6'��	v|�
sH(&Q!�hQ�(HS�u!��'6(�vUQ�s&�?sm³p(pS|vUQ���'6��s&(&QUv|}���wH�ÝvUQ���v|Xd#�ShQ�sH}b�Ýsp���hQ�sHwp~mw&W�r���r���yD��SU%��h+�"�vbw
�UXb��v|XbxUw�'6}bxUwH�¼vdwHu@s&Xby�(p��(HW-wpu&q�~mXbxhQ VDx��py�X�vd(&Q�(HS�(m��u�vUQ�s&��vdw��D#&%�'�(�sH����Q�s&wm~pwHW-r��
��r���~mwHu�Xby�(HxU'6�H��(H'�X�vdwTwm~pwHW�w���u!S��Uu!�H��XbQ4v|Xb#�S�Q�s&}d��sH����Q�s&wm~pwHW-r���r���yD��SU%���sH(&Q



� O � /F¢65z¥!N�, §�¢43&MS��M43X¡^14N��[1�C;��7¼A�C��[M�,6M�¡5¢6I�¢ ¿1�
sp���hQ�sHwp~mw&W�r���r��8~�rhV�%��h+�¯zSU(p���!w�S|vd(&Q�wHQ&³p(p��Q�s&}b�8}bS�SUw&QRXb�hqpw&Q�wHxUwh��w�V�WRXb�?s&(&Q�wHQ�(p���
VD�pxhQ �6'6wHQm~mwHu´#�xUr��DQR'�wp~mw&Q�%¥��r!s&(HSKsH(&Qm~mXbx�Q VDx��Hy�w�S|vd(&QpwHQH�hQ�(H�hQ�s&(H�DWRXd�óXdsp~p(HWR��Xdu!��r��
V�Q�(�v¥r��|r�'4Q�wHu!x¥V�WR(¶v���S�i�­¥¸m_vÇ{­¥­�KU�@(p�!����sH(&QDvdwHu¶�hQR(pS�u!��'6(�vUQ�s&wp��sm³p(pS|vUQ���'6wH�@'6X
v¥r¶#�x|%���r�vdwHu!�h+

òzx|�	vb(¶�H'����z~mxU}d~mXYQ�SU(@V�W SUXYQ ½ Xds&�U�6(HxUw�qp�!vUQ��DX¼(HS|vUW �6Xb��r@'6X?vUQ-����uU�
SU%¥�6XbQ-��v|Xd#�ShQ�sH}b��sH���hQ�s&wp~mwHW-r���r���~mwHuú��(HST��s&wm~m�*}b#�wpu!S�v¥r�S�~pQ���v¥%
(HSU(p~m(HxU(mV��	V�%´vbwpu¶��%�'6(�vbwp�¼v¥r��´y���SU%��hqHr�sH���hQ�s&wp~mwHW-r���r�~mwHu�Xdy�(HxY�
'6�H�UwHu!'6XUq�uh~�r�x�X{v|XYWp}bSU(��hQR(py�wpx�X�vUQ�sH�¼��s&wm~m��.�µKr�S±'6}�V�Q��&v¥r���u!'�~pWRXb��r
vd��S´~m(HxU(H'6}�v|x|��S8v¥r��zyD��SU%��?'6X8��sHwp~m�@�!#�Q�v¥r�S�~pQ���v¥%@(pS�(m~p(px�(�V��	V�%
vbwpu���%�'6(mvdwH�hq�(m�!���¶v¥r�S0sH(p�!�mW v|Xbx|r@��u!S�(�v¥%�(HSU(mVDS|��xhQ���r�+

|� �| I ¬ ¢ N=O#9��U¬�<LMK��MK<Uª�A;O���A�}�� � «�}���M�9;M]ªZ¬�?t¬
µ±(��Du!�&v¥%�'6(�vb(�Xd~pQ�sHw&Q S|��ShQ���S´��#�Xb��QR�H�UwmS¥vb(HQDV�QR(�S�(�'6X{vb(p�hWR�UwHu!S0~��!r�xUwHy�wpxhWR(D+$"$X
�h��(»(Hu�v|�©vb(»��u!��v¥%�'�(mvd(òuh~m�Hx�#�XbQÝ'4Q�(ú~�rhV�%©~mwHuT~m(HxU�mVDXYQ	v¥r�S�~��!r�xUwHy�wpxhWR(TsH(&Q
��sHwp~m�H�Kvbwpu���u!�&v¥%�'6(mvdwH�8XYW S�(HQ�S�(�'6X�vd(H�|����XYQHv¥r�St} ½ wH�Uwtv¥r��¼~�rhV�%��8��vdw�S�~pxUwHwpxhQ-�
��'6�¼v¥r��h+[é ì¼��w&Q!}b#�wpu!'6X�Xb'�~mXYQRx�WR(z(m~p��(pu�v|�¼vbw�'�wmS¥v|}d��w�.�Xdsp~pwp'�~m}b�Ýx�(H��Q�wHy���S�Q�s&wp�
��%�'6(�vbwp�hq�v¥r!��Xd�Hx�(p��r��hq�'�X�v|�H�UwH��r�y���S|%���s�+ v�+���+�òzxUwpsHXYQR'6}bSUwHu¶S�(2'�~mwHxUwH�!'6X0S�(
sH�HSUwHu!'6Xz(pS��m��u!��r¶(m~p�p��wp��r��´XbSU�H�zv|}�vdw&Q�wHu¶'6w�S|v|}���wHu@�H'����hq�#�x�XbQR�H�UwmS¥vb(HQDvd(�s&(��
v|�m�!�!r!��(�Xdx|VD(p��XbWR(T.8~mwp�DwhvUQ�sH}b��'�X�v|xhQ�sH}b�´s&(&Q4s&(�v|�p�!�!r!��(�'6(U��r�'6(�vUQ�s&��'�wmS¥v|}d��(�+
"�v¥r�S�(HSU�p~!v|u ½ r¶vd��S@v|Xd��Xbu�vd(&W���S�³pwp%¥��r���(HS@s&(�vb(m��u�vUQ�s&��wHQ�æ0\had]º� _b¤��-�´¤�¢Y£&l¯�d]
�� kH\hc�c�­hc�+

ð ~�rhV�%�~m�!r�xUwHy�wHxhW�(H��~m(px��mVDXbQm} ½ wH�Uwz~pwpuzw´~pxUwHwpxhQ���'6�H��v¥r��K��XbS$v¥r�S?VDS|��xhWR�UXYQ
(m~m�¼~mxhQ S	��r?~��!r�xUwHy�wpxhWR(?}b#�XYQUS�(8sH�HSUXYQU'6X�vUQUVDS|����r$V�QR(¼s&��vUQ¯+[ðò} ½ wH�UwH��v¥r���~�rhV�%��
XbW S�(HQ�'6QR(©'�r��`~mx�w!³m��}LÎ6QR'�r�q	#�x�w�S�Q�s&��'6X�vd(�³p(p�!���p'6XbS|r���QR(H��Q�s&(p�DWR(�q��HxU(T'�~mwHxUXYW�S�(
'�wmS¥v|Xd��wp~mwHQ-r¥�6XbW���(HS�'4Q�(2v|u!#�(&W�(�¨^�&vbw!#�(p�&vUQ�sH%m²´�hQR(p�hQ�sH(H�DWR(D+¶µ±w�#�(Hx�(mspv¥r�x�Q-�&vUQ�sH�
v���Sï~mrhV���Sú(Hu�v¥��Smq?XYW S�(HQK�!vUQ±'�~mwHxUwH�!S©SU( '6w�S|v|Xd��wm~pwHQ-r¥��wH�!ST��(HS ÇE\hc�¸&��lne�ln]`_{¸
��QR(H��Q�s&(p�DWRXb�h+�P�QR(T~m(Hx��p��XYQ VD'6(Dq�vdwï��%�'�(�v¥r���y���S|%���}d#�XYQ��D#�Xd����S��h�!r�v¥r�S�Q���#��
vdwHut�&v¥r�Sz'�~m�HS¥vb(�ë
�
�U�íë�Ì��
��æ�ÅD+�êÝsH'6X�vd(p�!��Xbu!�p'6XbSUw&Q�(Hu�v|�0vdw0VDX�VDw�S��p�hqm'�~mwHx�wp�!'6X
SU(òs&�pS�wHu!'�X���XYQ VD'6(�vbwh�!r�Î�WR( ��X���u!#�SU�!v¥rhvd(]�´¤�¢Y£&l«�b]@s&(HQó~���}bw�S��6( }b#�wHu!'�X�S�(
sH�HSUwHu!'6X?'6Xz��QR(psHxhQ vbwp��#�xU�mSUwHu��&vdw!#�(H�&vUQ�sH}b���hQR(p�hQ�sH(H�DWRXb�h+
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é êÝSU(�(p~�����'6w�S|v|}d��w¶~m�!r�xUwHy�wHxhW�(H�¼XbW S�(HQ�r�~�rhV�%�SU(�'6w�S¥v|Xd��wp~mw&Q�XYW vb(HQ�(p~m��'6QR(���QR(��
sHxhQ vdwH�*#�xU��S�wHuï�&vdw!#�(H�&vUQ�sH%ò�hQR(p�hQ�sH(H�DWR(6�`��÷��%�÷ :E  � + µ±w (p��y���³mrhvdw �&vbw wp~mw&W�w
wpxhWR�Uw�S|vd(&Q�w&Q�v|u!#�(HWRXb��'6X{vb(!³m�!rhv|}b����÷�'�~mwHxUXYW�SU(@XYW S�(HQ���QR(psHxhQ v|}b�8%@��u!SUXb#�XYW���¨º~�+-#6+
�UXYQ VD'6(mvdwh�!r!~!v¥r�'6}bS|r�yD��SU%m²dqmXbSU�úwHQH�&vb(�vUQ-�&vUQ�sH}b�zQ��hQR�hv¥rhv|Xb�óv¥r��?�hQR(p�hQ�sH(H�DWR(p�ós&(U�6w��
x�WR��w�S¥vb(HQp(p~m�zv¥r�SzW��hQR(�v¥r�~�rhV�%�+�P�QR(�v¥r´y���SU%�q�}dS�(0Q�s&(pS�wp~mwHQ-rhvUQ�sH�8v|}�vdw&Q�w�'�wmS¥v|}d��w�q
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XbW S�(HQ&'4QR(���QR(psHxhQ vdwH��#�x���SUwHuzs&(HQH~����mvdwHu!�Kv|u!#�(&WR(���QR(H��Q�s&(p�DWR(�q��m~pwpu´�h��(0vb({��÷[~m(!�
xU�mVDw�S|vd(&Qh(pS�X ½ �Hx¥v¥rhvb(�¨^��QR(H��Q�s&(p��W�(¼#&��xhW���'6SU%�'�r��Ee@_Ye@­ha�¤h� _d����Z�a�­¥id_d���|²�s&(&Q!'6X	v¥r�S
W��hQR(@s&(�vb(pS�wH'�%�+

¯¼�Kuh~pwU�6}b��wHu!'�Xó�hvUQpr�� ~m(HWRx�SUXYQ�vUQR'�}b�K(p~m�t}bS�(t���!S�wh��w!¥ �a�|ö � �Eö � �!�=�=�=�Eö É �
'�X2~pQ �6(HSU�!v¥rhv|Xd��¦ ÷ �m¦	á�� � ö ÷ ådq�§ � &	�Z)¦�=�=�h�Ò+ ¦©Q�(ò~p(px�(�v¥%�xUr���r»V�QR(òv¥r�S
Ò-~mwHQ-whvUQ�sp%�Ô�'�}�v|xUr���r�v¥r���~��!r�x�wpy�wHx�WR(H�hq�XYW SU(&Q	�hvUQ�(Hu�v¥%2~mx�}d~mXYQ�S�(�'6XYQ���SUX�vb(HQ	�H��w
(pu ½ �pS�XYQ�r�~pQ �6(pS��hv¥rhvd(�~p(px�(�v¥%�xUr���r��zvbwpu���u!'D³p�h��wHu�X ½ �p��wpu&+KP�Q�(�~m(Hx��p��XYQ VD'6(Dq�r
XbWR�Ur���r��hvUQ�'6}b��(���vdw�ST¨ wH�h�mQ�w�}d#�wHu!'6X�³px�w!#&%�~mXbxhQ�}b#�XYQ4~pXdxhQ����D�hv|Xbx|r�~��!r�x�wHy�wHx�WR(
(m~m��v¥r�S�XYWR�|r���r��hvUQ�}b#�wHu!'6X�r!�mQ�wpy��HSUXYQR(D+�¦©Q�(��p�!�!r2~m(HxU(mv¥%�xUr���r�q�XYW S�(HQ	�hvUQ	'4QR(
'6Q�s&x|%¼(m�!��(mV�%z�&v¥rz~pQ �6(HSU�hv¥rhvb(Dq�}b#�XYQ!'4Q�sHxU%8Xd~pW�~!vd����rt�&vbw´~mwH���zv¥r��ó~��!r�x�wHy�wHx�WR(H�h+
¦�X0�m�!��(�����V�QR(�q�'4QR(�'6X{v|xhQ�sp%�~��!r�x�wpy�wpxhWR(p�?��(�~pxU}d~mXYQ[S�(�XYW SU(&Q4'4QR(���u!SUXb#&%��tsH(&Q
'�XYQ�wH�!'6XbS|r���u!S��px|v¥r���r�v¥r��z~pQ �6(pS��hv¥rhvd(H�¼v¥r��´X ½ �p��wputv¥r��z~�rhV�%��h+

¦TQR(�v|}�vdw&QR(èÒ���u!'�~mXbx�QRy�wpx��XÔ6~m(Hx�}d#�X�vb(HQ	(p~m��v¥r�ST.T©�ª�«%¬�á­¦�÷jå´~mwHu2w�S�wp'6�H�UX�vb(HQ
�Y_b�  dgílnc¥ Y­ha�e@\!]ºl^­hc	+Òð XbS|v|xUwp~pWR(f'4QR(p�2~�rhV�%��T(m~pwhv|Xd��XbW8'4QR(òsH(p�!%*'6X�v|xhQ�sH%»�D�!'��
yD��S�(ï'6X�vUQ���~m(Hx�(m~m�HSU��~m(HxU(mv¥r�xU%���XYQ��¶s&(&Q�wHx�WR��X{vb(HQ�(m~m�ïv¥r©��#�}b��rò.�®òá��Tå��©i¯¢°÷ : � ¦D÷±ª±«²¬²¦D÷�ð�XbS|v|xUwp~pWR(�v¥r���~�rhV�%��hq4'�(H����W S�XbQ6}bS�(�(pxUs&X{v|��(ps&x�Q-³p}b�´�Hx�Q�w�vbwpu
xUuY�6'6wp�¶�&vdw�S�wp~mw&W�w�'�~mwHxUXYW4S�(���u!'�~pQRXd��v|XbW4r�} ½ wH��wp�¼v¥r��0~�rhV�%��hq�V�Q�(�Q�s&(pSU%¶(HSU(��
sH(mvd(H��s&Xduh%´vdwHu0��%�'6(mvdwH�?#&��xhW��?(p~�����XYQRXb�h+�¯zu�v|��(m~pwp��XYQ�s&S��!X{vb(HQp(p~m�0vdw´�6Xd��x|r�'6(
sp���hQ�sHwp~mw&W�r���r���~�rhV�%��ÝvdwHu � kH\hc�c�­!c�qm�D�!'�y���S�(�'�X�vdw´wp~mw&W�wzV�QR(´S�(�}b#�wpu!'6XÝQ�s&(pSU%
(pS�(ms&(H��sHXbuh%�vbwpu���%�'�(mvdwH�z#&��x�W-�¼(p~�����XYQRXb�hq��6(�~mx�}d~mXYQ�S�(¶Q���#��!XYQ�.�³�´6®»q�'6X8³
vdw�xUuY�6'6�¶'6X�v|�H�UwH��r���¨^��u!'�~pWRXb��rm²d+

µ±Xb#�S�Q�s&}d�	~pwpu�Ò��D}E³pwmS¥vb(HQ-ÔYvbwz~m(px�(p~m�pSU��sHxhQ v¥%�xhQ�w�qU�Ur!��(p�U%Ksp���hQ�sHwp~mw&W�r���r8#&��x�W��
(m~�����XYQRXb�hq�¨^w�S�wp'6�H�Uw�S|vd(&Q��¹­��{�d�¹_b��i{­¥¸hlncpoT%�s&(HQ�_bcD]ºa¡­�Z�¤Ti{­¥¸!l¯cpo�²´XbW S�(HQ[r�sp���hQ�sHw��
~mwHW-r���r�æ�£¶µ±e@\hc�s&(HQ�·�l¯¾Ug���_be8Z�_b� +�"$u!#�SU���H'����hqH(m~pwpy�(p��W���wHu!'�X$�hvUQ���}d��wHu!'6XóS�(
��u!'�~pQR}d�Dwpu!'6XKv¥r�St} ½ wH�Uw0v¥r��¼~�rhV�%��¼~mXbx�Q-�����hv|Xbx�wDqH'�X?sH�H�&vbwp�8sH�p~mw&QR(�'4Q�s&x|%�(m~����
��XbQR(�~��!r�x�wHy�wHx�WR(H��¨º~m(HxU(H'6�px�yD����r���¸hl«�b]j­hab]ºlº­hc[²d+�"$X±(Hu�v¥%´v¥r�~mXbx�W�~!vd����r�q���}b'�XK�!vUQ
}d#�wHu!'6X$s�³p(HS|vUQ���'6��¨¡¢¥£�\hcD]ºl5Å¥\!]ºl^­hc[²�%´sH���hQ�s&wp~mwHW-r���r´'6XK(m~m����XbQRXb�´¨ �¹­��{�d¤@i{­¥¸hlncpo�²d+
"�v¥r�S�Xd~m�H'6XbS|r�~m(HxU�mVDxU(Hy�w�(pS�(m���!wmS¥vb(HQD�Uu!w¶v|}�vdw&Q�Xb�¼v|Xb#�ShQ�s&}b�h+

|� 3¸ ¹6:»º!¼�}��½N»O��D¾KA;¼�C-}¿?@7BMKÀ
é êÝSU(����!�&v¥r�'6(0s�³p(HS|vUQ���'6wp�z(p~mXYQ�sHw�ShWR�UXYQm'6QR(0XbW-��wp��w���X$'6QR(0} ½ wH�Uw�q!#�x|r��DQR'6wp~mwHQ���S¥�
vd(H�ts&�m~pwHQ�w�s&(�v|�p�!�!r!��w�'�r�#�(pShQ���'6��(m~pXbQ�s&��ShQ���r��h+KP�QR(�~m(HxU�H��XbQ VD'�(�q�(p~mXYQ�s&w�ShWR�Uw�S¥�
vd(H�¼}bS�(�~mx�(�VD'6(mvUQ�sH��(Hx�Q ��'6����X¼'4QR(KÁ$­¥\�]$'6X�vd(�³m�!rhv¥%�q�}b#�wpu!'6X?%��|r�s�³p(HS|vUW���XYQ&vbw�S
~mxU(mVD'6(�vUQ�s&��(pxhQ �6'6�0�DX±'4Q�(�(p~m�0vUQ��¼��QR(��6}d��Q�'6Xb�óvUQR'6}d�0¨^�&v|����'6Xb�¥²�s&(&Q&}d#�wHu!'6X$%��|r
XbQ-��(�VD�mVDXYQ��6�HxUuU³pw�+ ¯¼~�����q�Xd~mXYQR�|%Twú(Hx�Q �6'��H����QR(���}b�DQR'���S�v|}�vdw&Q���S�vUQR'���S2XYW SU(&Q
(pxUsHX�v|��'6X�VD�m��wH�hq6w@�6�px�uU³pwp�0XYW S�(&Q6~mwh����'6Q�s&xU�H�´s&(&Q4�UXb#��H'6(p�&v|Xt�hvUQ[��XbS�}d#�wHu!'6X
~mxU(pspvUQ�s&�t(p~�����XYQR(0(HS�(m~m(Hx��p�&vb(p��r���s&(mv|�´v¥r�S¼(m~pXbQ�s&��ShQ���r´(Hu�v¥%�+�µ±w��hvUQH'6X$#�x|%���r
~�+-#6+;ë!,ï'6��S�w ÇYln]n�2~��!r�x�wHy�wHx�WR(H�hqó'�~mwHx�wp�!'6X�SU(ò(HSU(p~m(HxU(H�&v¥%���wHu!'6X�}bS�(ú~mx�(mV&�
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'�(mvUQ�sH�2(pxhQ �6'6�Dq4��r�'6(&W SUXYQ[�!vUQ�}b#�wHu!'6Xt��r�'6(HS¥vUQ�s&��wpy�}d�!r�(p~m���m~mw¦Î�r�(p~m(&Q vdwH�!'6XE�
S|r���~��!r�x�wpy�wpxhWR(p�!¨^�Du!'�~HW�Xb��rm²d+	"$u!SUw¦Î6W���w�S|vd(H�hq|vb(t��u!w���r�'6(pS|vUQ�sH��#�(Hx�(mspv¥r�x�Q-�&vUQ�sH�
~mwpu¶XbQ-��(�VD�mVDXYQDw�sm³p(pS|vUQ���'6�H�hq�XbW S�(HQ�r¶�Du!'�~HW�Xb��r�(m~m�¶v¥r�'4QR(¶(p�!����sH(&Q�r�XbQ-��(�V����
V�%��6wHxU�U³pwHu�(m~m��v¥r�S¶�p�!�!r�+0"�vdw���#�Xb��QR(H��'6��XdS��H�0��u!��v¥%�'�(mvdwH��sm³p(pS|vUQ���'6wH�&q�vbw
~m(px�(p~m�pSU�·]ºa�\m¸m_bg¡­Åµ ~m(&WR�UXYQ�s&(U�6wHx�Q���vUQ�s&��x��h��wD+

µ±w�Xbx|�	v¥r�'6(�~mwHu�vUW �6X�vd(&Q[(p~m��vdw�~p(px�(m~p�pSU�;]ºa¡\�¸m_bg¡­Åµ XYW S�(&Q�vdw�X ½ %��@.ó~pwHQR�H�
XbW S�(HQ�w�X����H#�Q��&vbwp��x�uY�6'6�p�z'6X�v|�p��wp��r��?V�QR(�SU(�'�~pwpx�}b��wpu!'6X¼SU(�(pS�(p~m(pxhQ��&v¥%��Dwpu!'6X
v¥r�S�~�rhV�%�~��!r�xUwHy�wpxhWR(p�hq��UXb#��H'�XbS�wHQ�}bS�(���u�V�sHXds&x�QR'6}bSUw�Xd~pW�~mXb�Uw�(p~�����XYQR(p�h+ëò¼x�w��
sHXYQR'6}dS�wHu¼S�(�(m~p(pS|v¥%���wHu!'�X$�&vbw�~m(HxU(p~m�HS|�ïXbxU�	v¥r�'6(Dqm'�~mwHx�wp�!'6X$SU(�#�xUr��DQR'�wp~mw&Q�%��
��wpu!'6X�v¥r±�6Xd��x�WR(tx�uY�6'6wp�U�í(p~�����XYQR(p�¼¨ a�\�]`_bg¡¸hl«�b]j­hab]ºlº­hc�]nk&_E­!a�¤�²�s&(HQ!v¥r�S¼(HS|vUW��&vdw&Q�#&r
��u!SU�Hx|v¥r���r�~mwHu8~p(px�}b#�XbQD¨ a�\�]`_bg¡¸hl«�b]j­hab]ºlº­hct �£&c�i|]ºlº­hc[²d+z¯¼u�v¥%´XYW SU(&Q�(HxUsHX�v|�´#�xU%��DQR'�r
�&vdw�S���#�Xb�hQ�(H��'6����u!�&v¥r�'6�mv���S�sm³p(pS|vUQ���'6wH�0��Xó�6Xd��x|rhvUQ�s&���p'����¼sHu!xhW����8Xd~pW�~mXb��wD+
Õ´(HQ�(pu�v|��q6V�QR(�vUW�X ½ (Hx¥v|�mvd(&Q4(p~m��vbw�S¶wHxhQ���'6��v¥r���(m~m����XbQR(H�hq4(m�!����s&(&Q4uh~mw���}b��XYQ��
V�Q�(�v¥r�S@s&(�vb(pS�wp'�%¶v¥r��0~mrhV�%��0~m�!r�xUwHy�wHxhW�(H�h+zP�QR(�~m(Hx��p��XYQ VD'6(Dq�Xd�HS��6Xd��x|%���wHu!'6X
'6QR(�~�rhV�%�'6XzV�s&(pwHu!�DQR(HS|%@s&(mvd(HSUwH'�%¶'�r��UXbShQ�s&wH��'�}b��wHu�sH(&Q6'6X{vb(!³m�!rhv|�!v¥rhvd(H�!Æ � q
(m~mwH��XbQ�s&SU�!X�vb(HQh�hvUQmrz��u!SU�Hx|v¥r���r�xUuY�6'6wp�U�í(p~�����XYQR(p�hqh�hW���X�vd(&Q�(p~m�zv¥r���#�}b��r �� ª±«%¬EÇ%ÈÉ¨^'�Xó(p~�����XYQ�(0ª v|X�v|xU(mV���ShQ�s&wH�?��y��m��'6(mvdwH�¥²d+	"�v¥r�S?~mx�� ½ r�qhrzuh~p�U�6Xb��r¼V�QR(�v¥r�S±s&(��
vd(HSUwH'�%�'4QR(H�?~�rhV�%���XYW S�(HQD(pxUsHX�v|�@(p~���wp~mw&Q�r�'6}bS|r�q&(m�!����Xd~pW���r������!��s&wh�!r�XYW S�(HQ�sH(&Q
r@X�~HQ���w�V�%@'4QR(H�8s&(mv|�m�!�!r!�!r���'6X�v|x�Q�sH%��h+

"�vdw�~m(HxU(p~m�HS|� ~m(HxU�H�UXYQ VD'6(��p~mwHu�}b#�wHu!'�X0(m~pXbQ�s&��ShQ���r�XdS��H�0'6��S�w���u!'D³p�h��wpu
X ½ �H�UwHu&qK'6Q����H'6X�V�QR(»³p(U�6'��	v|� sm³p(pS|vUQ���'6�·¨í�bi�\h� \!aú¢Y£�\hcD]ºl5Å¥\!]ºl^­hc[²d+Ò"�v¥r�S©~mXbxhW��
~!v�����r�~mwHu�r@'�wmSU�H�U(¶(m~mXYQ�s&��S�Q-��r��8XYW S�(HQ�}bSU(����!SUwh��w�¨^'�~���wps&²ó��u!'D³p�h�!��S�X ½ �H�UwHu&q
}d#�wHu!'6XK��QR(HSUu!�D'�(mvUQ�sH�0sm³p(pS|vUQ���'6��¨ ¾h_{i¥]j­ha�¢Y£�\hcD]ºl5Å¥\�]ºlº­hc[²d+�ì�Q���u!w�(pu�v|}b�8'�X��6wH�Uw��
��w�V�W�Xb�±}b#�wHu!S8'6Xd��X�v¥r¥�6XbWH��X�³p���6wp�$Xb�U�©sH(&Qm#�x���ShQR(Dq!s&(HQp}b#�wpu!S8~mx�whvd(��6XYWp�hQR�py�wHxUXb�
v|Xd#�ShQ�sH}b��V�QR(´v¥r�S¼(p~mwhv|Xd��Xb��'6(�vUQ�s&�hv|Xbx|r�#�xU%���rzvdwHu!�h+	êÝ�|���6(0~mXbx�Q VDxU�¦Î�wHu!'6X�~mwh���
���!S¥vbwp'6(�vUQ-�¼��u!w�(Hu�v|}d�8'6X �6wH�Uwh��w�V�WRXb�±s&(&Q!�6(��UwH�!'6X$~����z#�x|r��DQR'6wp~mwHQ-wp�!S|vd(&Q&�&vUQ��
(p'6}b������Xd~m�H'�XbS�Xb�?~m(Hx�(�VDx��py�wHu!�h+

|� ^Ï Ê_ALËT7 � C
ÌKO���¾KA;¼rC-}¿?@7BÌ;O
"�vdw»³p(���'��	v|�»s�³p(HS|vUQ���'6�Dq$}b#�wpu!'6X�(p~mXYQ�s&��ShQ���rTvbwpuï�Du!'�³p�h��wHuïXYQ����H��wpu©��X�'4QR(
'��mSUw�q�(m~m��}bSU(����!SUwh��w�~mx�wms&(���wHxhQ���'6}bS|��S¼vUQR'���St~pwpu�w�S�wH'��H��w�S¥vb(HQ��&v|�U�6'6Xb�¼sH(&Q
'�~pwpx�wp�!'6X�SU( vUQ��»y�(HS¥vb(p��vdwH�!'�XT��(HS»~mxUwHXd~pQ���X�VD'�}bS�(f��r�'6XYWR( ��vdw�Sò� ½ w�S�( vd��S
~mxU(mVD'6(�vUQ�sH��S¶(Hx�Q �6'���Sp+�ÍzXd��xUwH�!'6X0�hvUQ�}b#�wHu!'�X�¦ ~mXbx�Q-w!#�}d��~pwpu�#&��xhWR�UwHu!S�vbw�S
� ½ w�S�(@vd��S�~mxU(mVD'6(�vUQ�sH��St(Hx�Q �6'���Sp+ùÕ´�U�6X¼v|}�vdw&QR(�~mXbx�Q�w!#&%�³KÎ/�`&~ÏzÐiÏ � (pS|vUQ-�
~mxUwH����~mXb�!X�vd(&Qp(m~m��'4QR(´�&v|���6'�r�Ñ$/Îp+z¯¼S$r8vUQR'�%zXYQ��D�p��wpu�$¶(pSU%!s&XbQ��&v¥rz~mXbx�Q�w!#&%K³;Îpq
v|�hv|Xz(m~mXYQ�s&w�S�WR��wpu!'6Xóv¥r�S0XbW-��wp��w¶��v¥r�S0�&v|���6'�r0v¥r��z~pXdxhQ�w!#&%��h+�¯zu�v¥%�r@(m~mXYQ�s&��S�Q-��r
¨^��u!SU�Hx|v¥r���rtsm³p(pS|vUQ���'6wH��Òt²�wHxhW���X�vd(&Qp���´.�Ò@á�$6å��ÓÑ$�Î Ô $iÕ ³;ÎH+�ð ��u!S��Hx¥v¥r���r
s�³p(HS¥vUQ-��'6wp��XYW SU(&QD'�r��jVDx�(p'6'4Q�sp%0sH(&Q�'�r��í(HS�(p�&v|x�}LÎ�QR'�r�qp(Hy�wp���h��(�vb(���r�'�XYWR(��&v¥r�S
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³KÎ�(p~mXYQ�s&w�ShWR�Uw�S|vd(&Q4�&v¥r�S�vUQR'�%]Ñ$�Îp+�ê�~mXYQR�|%�r�(p~mXYQ�sH��ShQ���r�XYW SU(&Q['�r��í(HSU(H�&v|x�}LÎ�QR'�r�q
sH�p~mw&Q�(¶~��!r�x�wpy�wpxhWR(@#��HSUX�vd(&Q�V�Q�(¶~m�HS¥vb(D+

ì�Q6�&v|����'6Xb�´(HSU(p~m(Hx�W-�&vd(HS¥vb(HQ����t�Uu!(H��Q�sH%�(ms&wh��wpuY�4WR(�+�¯zy�wH��}b#�wpu!'6Xz��u!S�wh�mQ��
sH�¶¦ ~mXbxhQ�w!#�}b�¼w�xUuY�6'6�H�8~m�!r�xUwHy�wHxhW�(H�Ý�6(�XbW S�(HQ[�¹­EoUç�+�Û¼~p�px�#�wpu!S0,�sH(mv¥rhVDwpxhWRXb�
³p(U�6'��	vdwH��s�³p(HS¥vUQ-��'6wp��.8wH'6wHQR�H'�wHx�y�wH�zsH(&Q4'�r��íwH'�w&QR�p'6wHxUy�wH�zs�³p(HS¥vUQ-��'6�p�h+t"�v¥r
~mx|�	v¥r©s&(mv¥rhVDwpxhWR(©wHQ�~mXbx�Q�w!#�}b��}b#�wpu!S2WR�hQ�wï'�%!s&wp��XbS|� �&v¥rï��Xd��v|XbxUr��!#�Q¯+ïð '�r
�h~m(px ½ r@(pu�vbwp��vbwpu�~pXdxhQ�wHx�Q-��'6wp�&q�Xd~pQ v|x�}d~mXYQ�v¥r�S0s&(m�!�mW v|XbxUr@Xd~pQ���w�V�%@�&vd(��6'���S��&v¥r
�UXb��v|Xbx|r�~mXbx�W�~!vd����r�q�'6X@(p~mwhv|}d��Xb��'6(Tr���Xd��v|XbxUr�s&(�v¥rhVDwHx�WR(TS�(�XYW S�(HQ�~pQ-w©(m~mw!v|XE�
��Xd�D'�(mvUQ�sp%ò��X���#�}b��r '6X�v¥rò~mxU�	v¥r�q?V�QR( WR�hQ�wf(Hx�Q �6'�� ��vd(���'���Sp+�µ±(fs&xhQ v¥%�x�QR(
³p}��hvUQ-�&v¥r��z(m~m�H��wp��r��KXbS��p�±s�³p(HS¥vUQ-�&v¥%0XYW SU(&QpVDSU���&v|��sH(&Qp���?��u!Sd��%!sHXb����� ­!¤!¸!g^çú\`Æ
sH(&QDXYW S�(HQ�vd(�X ½ %���.

F µ±(´�HxhQ�(¼vd��S?~pXdxhQ�w!#&��S±XYW S�(HQ!vd(0Q-��(m~p}d#�wmS¥vb(t��r�'6XYWR(t(p~m�´,8VDXYQ vdw�ShQ�sH}b�ó�&v|�����
'6Xb��+�¯¼u�v¥%�r¶�Du!S���%!sHr�wmSUwH'6�p��X�vd(&Q&sH(HS���SU(H�tc�_E\haE_d�b]ºgíc6_bl¹ohk�Ç{­h£&aH+

F ì�Q��&v|���6'�Xb��XYW SU(&Q¥vd(�i�_YcD]ºa�­!lº¸��;Üíi�­hc�¸hlº]ºlº­!c�\h�D_4ÆbZ�_Ei|]`_E¸�¾h\h�R£�_ÅÝÝv���Só~mXbxhQ�w!#&��Sp+
ê�~mXYQR�|%ïw&Q�s&(HSU��S�Xb��(Hu�vdw&Wó�UXbS2~m(px�}b#�wpu!S2(pS�(m��u�vUQ�s&}b�¶���!��XYQ��hqórï�hQ�(H�hQ�s&(H�DWR(T~mwpu
(ms&wh��wpuY�6XYW vb(HQ4XYW S�(HQ�vbw ½ X�s�W S|r�'6(�'6X�s&�m~mw&Q�w����!S�wh��w�~mXbx�Q-w!#&��S�sH(&Q6r�Xb�!x�Xb��r¶vd��S
i�_bc�]ºa�­hl^¸���'�X±³p�H��r�vdw�,!w@s&x�Q v¥%�x�Q�w�+	P�QR(@vb(�S�}b(@(Hu�v|��id_bcD]ºa¡­hl^¸���q��Ur�'6Q-wpu!x|VDwp�!S|vd(&Q
SU}bXb�±~mXbxhQ�w!#�}b�8'6XK³p�p��r0vdw2)¥w�sHxhQ v¥%�xhQ�w�+�ð;�hQR(p�hQ�sH(H�DWR(���u!S�Xd#�WR��X�vd(&Q«q&XbSU(p�!���H����w�S¥�
vd(H��vd(�sHxhQ v¥%�xhQR(Dq4'6}b#�x�Q�r�(m~�����XYQR(2S�(2yDv|�H��XYQ[s&��vd�;(m~p��vd(�Xd~pQ �6u!'�rhv|��X�~HW�~pXd��(�+
ì X�~p(pS�(m�!r!~�vUQ�s&�H��(Hu�v|�p��(p�hVD�pxhQ �6'6wH�hq�(m~mwH��XbQ�s&SU�!X�vb(HQ��!vUQ��Du�V�sp�mW S�XbQ���X�sH�p~mw&Q�w
vdwp~pQ�sH��Xd���p#�Q���vdw�sH(&Q�wHQ�(px�#�Q�sH}b�¼��u!Sd��%!s&Xb��¨^X�~HQ���w�V�%¶~mXbx�Q�w!#&��Sh²dq�XYW S�(&QD(Hu�v|}b�z~mwpu
sH(��6wpxhWR�UwHu!S¼vdw�~mwHu��6(¶��u�V�sH�mW SUXYQ�w�(p�hVD�pxhQ �6'6wH�h+

|KÞ�¨ ßm}�A;¼r58?@7BADC-}���Ì;O��D¾KA;¼�C-}¿?@7iÌKO�à áãâ
ìî��QR(HSUu!�D'�(mvUQ�sH�H�±sm³p(HS¥vUQ��D'��H��¨�Ã�Ä=(m~m��Xb�|� s&(&Q�~m}bx�(H²ó(p~mwhv|Xd��XYW�'6QR(¶VDXbS�W�s&Xdu!��r
vdwHu$³p(���'��	vbwp�´¨º%8sH(&Q�(pS|vUW��&v|x�wHy�(�qUw?³p(���'��	v|�H��XYW S�(&QUXYQR�hQ�sH%K~mXbxhW�~�v�����r8vdwHu?�hQR(pS�uU�
��'6(�vUQ�s&wp��²d+�ò¼rhVD(&W S�w�S|vd(H�´(p~m��v¥r�S�'4Q�(��hQR�p�&vb(p��r��&v¥r�~mwh��u!�hQR�p�&vb(�v¥r�~mXbx�W�~!vd����r�q
SU}bXb�tQR�U}bXb�hqD}bS�SUw&QRXd�¼s&(HQ�v|Xb#�ShQ�sH}b��Xb'6y�(HS�WR��w�S|vd(&Q«q&~mwHu¶Xd~pQ v|xU}d~mwHu!S0v¥r�S��Ur�'4Q�wHu!x¥V�WR(
(m~mw!v|X���Xb��'6(mvUQ�sp��S2sH(&QÝXd~pQ v¥r��UXbu!'6}bS|��S�Xdy�(HxU'6w�V���S���u!'�~pWRXb��r��h+ é ê�SU(»��QR�HSUu!��'6(
'�~pwpx�XYW	SU(�~mXbx�Q VDxU�¦Î�XYQ�wp~mwHQ-wp�U%!~mwhv|X�~mx��hv|uh~mwò¨«Z&\!]^]`_Ya�c[²0sH(&Q�(m~p��(Hu�v¥%�v¥r�S��p~mw��
ÎDr©w%Ã�Ä '�~mwpx�XYW�S�(��6Xd��x|r¥�6XYW���(HS2'4QR(ï'6wHxUy�%�(HSU(mVDSU��x�Q���r��¶~mx�whv|�h~���SpqÝ�p~mwHu
vdw���QR�HSUu!�D'�(¶XbQ-���p��wHu"Ò-~pxUwH��X�V�V�WR�UX�vd(&Q-Ô�'�Xz}bS�(@~mx�wms&(���wHxhQ���'6}bSUw�(p~m��}bS�(¶���!S�wh��w
v|}{vbwHQ���S�~pxU�hv|uh~m��S���QR(HSUu!��'6�mv���Sp+�µ±(T~mx��hv|uh~m(ï(Hu�v|�T��QR(HSU�!��'6(mvd(Tw�S�wp'6�H�UwmS¥vb(HQ
i{­¥¸m_!GÝ­ha¡¸���%�s&(&Q�id_bcD]ºa¡­hl^¸���s&(HQ�vdw����!S�wh��w�(Hu�v¥��S¶i�­¥¸m_MÇE­¥­�K6+

¦TQR(@'6(���r�'�(mvUQ�sp%�(pS|vUQ��&vbwHQ-#�W�(¶v���S0~m(HxU(p~m�HS|�*XdsHy�xU�H��X{vb(HQ&'6X?vd(�X ½ %���.rÍzX����
xUwH�!'6X��!vUQ�}b#�wHu!'6X�¦ ~mXbxhQ�w!#�}b���&vdwmSä���í�hQ��H�&vb(�vbw»#&��x�w¢³;Î/�`&)ÏåÐæÏ®� sH(&Q
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'�wmSU�H�U(�(p~mXYQ�sH�mS�Q���r��?XYW SU(&Q�'�~���wpsT� ��u!'D³p�h�!��S0X ½ �H�UwHu¶¨º%�(p�!�mQ����¼�hQ��HS�u!��'6(�'�%��
sHwHu!�B��²d+Q¯¼SiçÓÕ�è ° sH(&QLç[Õ#³;Î�v|�!v|X�(pu�v|�*~mx�wH��X�V�V�W���X�vd(&Qz¨ºs�³p(HS|vUW���X�vd(&Q ²
���!'6yD��S�(�'6X8v¥r�SéÒ@á�ç�å�� Ñç=ÎH+	é êÝ#�wHu!'�X��Ur!��(H�|%�'4QR(�(p~mXYQ�sH��ShQ���r�.LÒ#ê�è °zëíì q
'�X ì ��á Ñç � �!�=�=�=� Ñç=Î¦�!�=�=� Ñç É å$s&(HQ Ñç=Î@Õ è ° +�¯¼y�wp��}b#�wHu!'6X?¦ v|}�vdw&Q�Xb�zvUQR'6}b�zs�³p(HS¥�
vUQ���'6wp�ò¨¡i�­¥¸m_vÇ{­¥­�Kô¬z²dq�(m~m(&Q v|XYW vb(HQóx�uY��'6�H�¶'6X�v|�p��wH��r���³ �ïî­ð�ñ É° ûò§ôóÅõUöh���!'D³pwh��w
X ½ �H�UwHu&+

Ö
±-³
±�° ÷ Ú »E��Ø»	
�¶·�ÿ��
ú���	
����¸Q·Qµ�ÿE�zÛ���Ú Û<¸
º�Ýzø?·�º�·zøúù
"$�!'�y���S�(�'6X�vUQ��z�6Xb'�Xd�mQ�����XbQ-�t(HxU#�}b��v¥r��z�6Xd��x�WR(H��Ò�x�uY�6'6wp�U�í(p~�����XYQR(p�	Ô¹q�(m~mwH��XbQ�sm�
SU�!X�vd(&Q��hvUQD'6X¼#�x|%���rDÃQÄ�q&'�~mwHxUXYW�SU(@Xd~pQ v|Xdu!#!�6XYW�~m�HS¥vb(@s&(m�!�mW v|XbxUr�(m~m�H��wp��r�q�(p~m�
v¥r�~mXbx�W�~!vd����r�#�xU%���r��?³p(U�6'��	vdwH��sm³p(pS|vUQ���'6wH�&+	"�v¥r�S0~mx�(�VD'6(mvUQ�s&�hv¥rhvb(DqHV�QR(@~mwh���
sH(&QRxU�2r@��Xd��xhWR(�(Hu�v¥%�XYW�#�X�~mXbx�Q-wpxhQ���'6}bS|r�(p~�%�#&r���r�q�V�Q�(mvUW	(p~m��v¥r�'6QR(�q[r@�6Xd��x�WR(
vdwHu � k&\hc�c�­hc©��XdS¼~m(Hx�XbW-#�X±'6X �6wH�Uwh��w�V�WRXb�?�D#�Xd�hQR(p�D'�wH� Ã�Ä;�Du!�&v¥r�'6��vd��S�sH(&Q�(p~m�
v¥r�S2�p�!�!rTw&Q�³p(��6'��	vdw&W�sm³p(pS|vUQ��&v|}b��~m(HxUXYW�#�(HS���#�X�vUQ�sH�*Q�sH(HSUwp~mw&Q�rhvUQ�sH%2(m~p�p��wp��r�+
"�vdw�v|}d��wH�´v¥r�����X�s&(HX{vUWR(H�zvdwHu¶é ûU�&q4'�X�v¥r�S@XYQ���(mV��	V�%¶vbwpu�(m~m��wp��Xd~m(pS�(p�!r!~!vUQ�sHwH�
(m�hVDwHx�W �6'�wHutV�Q�(��D#�Xd�hQR(p�D'���³p(U�6'��	v¥��Szs�³p(HS|vUQ��&v¥��S´~pwpu´³p(p��W���X�vd(&Q��&vb(¶s&xhQ v¥%�x�QR(
³pX��hvUQ-�&vdwp~mw&W�r���r���¨^�m~�����XYWR�U(H'6Xt�&v¥r�S�~mx�wmrhVDwH�!'6XbS|r�~m(HxU�mVDxU(Hy�w@�D��� ­h¤�¸�²dq�}{V�Q S�X
(pS|vUQ��!r!~!v|�Dq��!vUQÝ(Hu�v|�p��XYW S�(&Q�Xb�hsHwh��(T~pxUwH��(HxU'6�H�DQR'�wH�@�&v¥r�S2~mXbx�W�~!vd����rTvdwHuýÃ�Ä�q
y�}bx�SUw�S|vd(H�z}�v|�DQ4�&vbw�~mxUwH��sH%�S�Q-w@vbw�XdS��hQ�(Hy�}dx�w�S¼V�QR( Ã�Äî'�X��6wH�Uwh��w�V�WRXb�h+�¯¼~m��v|�!�
v|X�'�}b#�xhQ���%�'6Xbx�(¶uh~m�HxU#�XYQ�}bS¥vbw�SUw�XbxUXbu!SUrhvUQ�s&�@XbS���QR(Hy�}bx�w�S¼sH(&QD}b#�wHu!St(HSU(p~!v|u!#!�6XYW
~mwh�!��}b�@(m~pwhv|Xd��Xd�D'�(mvUQ�sH}b�tv|Xb#�S�Q�s&}d�DÃ�Ä�q�³p(H�DQR�U�H'6XdS�Xb�t��X��hQR�py�wpx�Xb�t~p(px�(m�!��(mVD}b�
vdwHu0Xd~m(HSU(p�!r!~!vUQ�s&wp�´(p�hVDwHx�W ��'6wHu&qp'6X±Xby�(px�'6w�VD}d�K�DXK~mwh�!���@XYWR�|r0~�rhV���Sz~��!r�x�wpy�w��
x�WR(H�hq��m~�����wH'4Q��mW�(H�¼sH(&Q�XbQ�s&��S�(p�h+

ê�WR�U(H'6XK�hvUQHrt��u!S��Hx¥v¥r���r0xUuY�6'6wp��(p~�����XYQR(p�KX ½ (px|v|�mvd(&Qm(p~m�0v¥r�VDSU����r�v¥r��±s&(��
vd(HSUwH'�%��´vd��S���u!'D³p�h�!��S@X ½ �p��wHu�v¥r���~�rhV�%���s&(HQ�v¥r�S�Xd~pQ���w�V�%�'4QR(H�t'6X�v|x�Q�sH%��´V�QR(
vdw�S0uh~mwh��w�V�Q���'6��v¥r��z(p~�����XYQ�(H�h+	ê�~mXYQR�|%�r�sH(mvd(HSUwH'�%0X ½ (px|v|��vb(HQ�(m~m��vd(@#�(HxU(pspv¥r��
x�Q���vUQ�s&�¶v¥r���~�rhV�%��hqD#�xUr��DQR'6wm~mw&Q�wH�!'6XKV�QR(@v¥r�S�XdsmvUWR'�r���%�v¥r��hq�}dS�(¶'6X�VD�p��w¶(Hx�Q ��'6�
��QR(HSUu!��'6�mv���SzXdsp~p(HWR��Xdu!��r���¨�]ºa�\hlnc��¥_Y]E²�~pwpuzV�QR(0v¥r�Sz~mXbxhW�~�v�����r�~mwHut}b#�wpu!'6X$~�rhV�%
wp'4Q��mWR(p���UXbS�XYW SU(&Q��p�!��(©(m~m�©vd(ï(psHwHu!�&vUQ�s&�©��QR(HSU�!��'6(mvd(�~mwHu2~p(px���VDXYQ�vbw� da�­hc�]ºg
_bc�¸6+Kì�Q�~pQ�w���u!#�S�}d��Xd~pQ���w�VD}b�¼V�QR(@v¥r�S�'6X�v|x�Q�sH%�(m~�����XYQR(H�¼��v¥r¶~mXbxhW�~�v�����r�~�rhV���S
yD��SU%��hqHXYW S�(HQHr�(m~m����XbQR(�v|X�v|x�(�V���ShQ�sHwH�´��y��m��'6(mvdwH�?'6XK%�#&��x�W-�8#�xU%���rt³p(pxU��S¼sH(&Q
rï(m~�����XYQR(Püd]j\	KU£&a�\!g � \!ln]j­D+fð v|Xd��Xbu�vd(&WR(*XYW S�(HQ�Q��hQR(HW v|Xdx�(ú#�xU%��DQR'�r�V�Q�(»(ms&wHu!�&vUQ-�
sH����QR(HSU�!�D'�(mvd(�~mwHu�~m(HxU�mVDw�S|vd(&Q�(p~m��v|Xb#�S�Q�s&}d��sH����Q�s&wm~pwHW-r���r��0³p(p��Q���'6}bSUXb���&vbw
'�wmS¥v|}d��w�~m(Hx�(�V��	V�%���y���S|%��hq4~mwHu��6(2��wp�!'6Xt�DX0Xd~m�H'6XdSUr�~m(px��mVDxU(Hy�w�+t"�v¥r�S¶v|XE�
#�S�Q�sH%´~mwHut(HSU(p~!v|� ½ (p'6X$#�x|r���Q�'6wp~mw&Q�wp�!'6X�v¥r�S�(p~�����XYQ�(0v|X�v|x�(�V���ShQ�sHwH����y��m��'6(mvdwH�
'�X?³p�Hx|r�s&(HQ���u�V�s&XdsHxhQR'�}bS�(�v¥r�S�çú\�kH\h�¹\hc�­/Çbl¯��(p~�����XYQ�(¶~mwHu�wHxhW���X�vd(&Q����tX ½ %���.

ý á�ç�� Ñç�å��îá�çB© Ñç�å 6 ä á�ç © Ñç�å ¨^,&+¹)|²

'�X?~pW SU(ps&(´³p(HxU��S¼vdw�S�(HS¥vUW-�&v|xUwHy�w�~pW SU(psH(��Du!SU�hQR(ms&�!'6(pS���r��±ä �zþT�¹á�çT© ç�åbá�ç�©
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ç�å 6 �   � sH(&Q çC�zþT� ç � +
ìÙXd~m(HSU(p�!r!~!vUQ�sH�H��(m�hVD�Hx�Q �6'�wH�0~mwpu�#�xUr��DQR'6wm~pwHQ�wH�!'6X�q�~pXdxhQ VDx��py�X�vd(&Q[�&v¥r2~m(!�

xU�mVDxU(Hy�wú,&+�ÿ&+-,&+ù"�v|�!#�wH��vbwpu»(m�hVDwHx�W �6'�wHuïXYW SU(&QórúXd��(H#�Q��&vdwp~mw&W�r���r*v¥r���'�}b��r��
(m~�����XYQR(H�hq��|r!��(H�|%�vbwpu@�Hx�wpu@þ ý á�ç�� Ñç�å$~pwpu@��v¥r�S0~pxU� ½ r�'�~mwHxUXYW�S�(�(HS¥vUQ�s&(�vb(p��vd(��
��XYW�'6X�vdwmS2Xd~pWó'6(ms&xU�mS���XYQ VD'6(�vbwh�!r!~!vUQ�sH�ú'�}b��wô¨ � ­!cpoú]`_Ya�eB�Y\he8Z�� _T\h¾h_Ya�\¥oH_h²¶.ª�§������ � ¯ �   �÷ : 1 ý á�ç��*� Ñç��nådq±uh~m�»v¥r�S�~pxUw	�h~m����Xb��rï�!vUQórú(ms&wh��wHuY�6WR(*XYW S�(&Q�Xbx|VDwp�hQ-�sp%�¨E_Yaºop­¥¸hl^iU²�s&(HQ��&v|�H�DQR'�r�¨í�d]j\!]ºl^­hc�\had¤&²d+þ¯8s&�H'�(ú�p'�����sH(&Q�SU(»'�r�S�Q���#��!XYQó(pu�v¥%
rú��u!Sd��%!sHr�q���v¥r�S�~pxU� ½ r©XYW SU(&Q�(pxUsHX�v|�úr©~�rhV�%úS�(úXYW SU(&QÝ(H��u!'�~!vd�	vUQ�s&�ò�&v|�H�DQR'�r
�&vdw@'6}b��w�¨ e¶_E\!c��d]j\!]ºl^­hc�\!a�¤�²dq�sH�mvUQH~mwHut��S|v����¼Q���#��!XYQ��&v¥r�~mXbxhW�~�v�����r0v¥r��8y���SU%��
¨ � ­hcHo�\hc�¸¶�{k&­had]$]`_Ya�eþ�d]j\!]ºl^­hc�\had¤&²d+

ê�WR�U(H'6XK�&v¥r�S�(HxU#&%�v¥r��?~m(HxU(mVDxU�Hy�wpu&q!�hvUQ&w�x�uY��'6�H�K'6X{v|�H��wp��r��KV�Q�(èÃ�Ä�q�XYW SU(&Q³ � î ðHñ É° û §3ó�õUöh���!'D³pwh��w�X ½ �p��wHu&+z¯zSt�Du�V�sHxhW SUwHu!'6X8(Hu�v|�@vbw�xUuY�6'6�¶'6X8vdw�xUuY�6'6�
�&v¥rz~mXbx�W�~!vd����rzvdwHu?³p(U�6'��	vdwH�?sm³p(HS¥vUQ��D'�wH�t¨ �¹­Eo�ç�²[³m��}d~mwpu!'6X��!vUQ�wtWR�hQ�wp�ó(Hx�Q ��'6�H�
Çblº]n�0(pu�v¥%�v¥r@y�wpx��¶'6w&QRxU�H�UX�vb(HQ�'6X�vd( ½ ��~mwh�!�!��S0�Du!'�³p�h�!��S�X ½ �H��wpu&+z¯¼u�v|��³p}{³p(HQR(
�UXbS$��r�'6(HW S�XYQh�hvUQ!(p~m(HQ v|XbW vd(&QmWR��QR(¼~mwH���hv¥rhvb(�~��!r�x�wpy�wpxhWR(p����vUQ���,?~mXbx�Q�~!v¥���DXbQ-�hqh(p�!���
�hvUQm��v¥r�S?,hr¼~mXbx�W�~!vd����r´s&(�vb(pS�}b'�X�vb(HQ!�DXÝ~mXbxhQ������!v|Xdx�(����!'D³pwh��(tX ½ �p��wHu&q�'6XÝ'4Q�s&xU���
v|XdxUrt~HQ �6(pS��hv¥rhvb(���~m(mv|�m�!r���r��{Çblº]n��+Ý"�v¥r�Sz~mXbx�W�~!vd����r�(Hu�v¥%�q&}dS�(����!'D³pwh��w�X ½ �H�UwHu
'�~pwpx�XYW6SU(�(p~m(HQ v|XbW4sp��(H��'6(�vUQ�s&�2¨R da�\mi¥]ºl^­hc�\h�^²¼~mwp�D��~m�!r�xUwHy�wHxhW�(H���p~����´~�+-#6+8�&+-ë�

Çblº]n��s&(HQ[(pu�v|����XbS�XbW S�(HQ6vdw2'6w�S�(H��Q�s&�@~���Xbw�S�}dsmv¥r�'6(�vdwHu Ã�Ä�+X¯¼~mwp��XYQ�sHS��!X�vd(&Q��!vUQ
wHQ�v|Xd#�ShQ�sH}b� Ã�Ä��hW SUwHu!SzsH(p�!�mW v|XbxUr�(p~m�H�UwH��r�qHsH(������8Xds&'6X{vb(m�!��Xb�!w�S|vd(&Q&s&(m�!�mW v|Xdx�(
v¥r�S0�h~m(Hx ½ r�VDx�(p'6'4Q�sp%��0¨¡i{­hada¡_Y� \�]ºlº­hc[²?sH(&Q�'�r�VDx�(p'6'4Q�sp%��8X ½ �Hx¥v¥r���r��z'6X�vd( ½ ��vd��S
��u!'D³p�h�!��S�X ½ �H�UwHu&q�(p�!���T(m~mwH�hW���wHu!S¶s&(m�!�mW v|Xdx�(T(ms&�H'�(2sH(&Q	�&v¥r�~mXbx�W�~!vd����r�~mwpu
(pu�v¥%���XdStuh~m�px�#�XYQ¯+�µ±}d��wH�¼Xds&'6X{vb(m�!��Xb�!w�S|vd(&Q&s&(m�!�mW v|Xdx�(�v¥r�StsH(mvd(HSUwH'�%´v¥r��z~�rhV�%��
sH(&Q4Xd~pQ v|x�}d~mwpu!S�vbw�S@��#&r�'6(mvUQ���'6��~mXbxhQ�w!#&��S@'6X´��#&%�'6(�#&��xhW��0~mXbx�Q-wpxhQ���'6wH�!�t�&vbw�S���í�hQR�p�&vb(�vbw�#&��x�w�+
Ö
±-³
±-Ö �7ö'ú ��ø¢ù�
�ÿ�·
¹ »
ø?Û<º ¹��QµT	�Ü�Û¦ú|µ`·�	ùø½���þ¸Q·�µ"º Û/Ü�Ú|µL¸����
ì�Q&v|Xb#�S�Q�s&}b� Ã�Ä�#&��xhWR�UwmS¥vb(HQ��DX?,0sH(mv¥rhVDwpxhWRXb�´.	s�³p(HS|vUQ��&v|}b�8'6X±'6SU%�'�r0s&(HQ�#&��x�W��
'�SU%�'�r�+�ì�Q!��Xb��v|XbxUw&Q�(m~mw!v|X���wH�!S$'4Q�(zXbS�(m�!��(psmvUQ�sH%K���!��r8�DX�~mXbx�W�~!vd����rz~mwHu?w&Q�~mx|���
vdw&Q�}b#�wHu!S´'6X�VD�m��Xb�¼(m~m(&Q v¥%���XYQ��z��X¼~m�Hx�wpu!�hq&�m~m���¼'6SU%�'�r�s&(&Q�uh~mwh��w�V�Q��&vUQ�sH%¶Q���#��!�
¨^'�X�VD�p��(���QR(HSU�!�D'�(mvd(�s&(HQ6'6X�VD�p��(©i{­¥¸m_MÇE­¥­	K|�U²zs&(HQ6Xds&'�X�vb(m�!��Xb�!w�S|vd(&Q�vdw�VDX{VDwmSU�H�
�h~m(px ½ r�����u!��#�}�vUQ���r���'6X{vb( ½ ���hQR(p��w!#�Q�sp��S@�hQR(pS�u!��'6�mv���Sp+�é ìz'����@'6X�~mx�wp��XdspvUQ�sH�
��#�Xb��QR(H��'6�Tv���S2~mx|�	vd��Smqó'�~mwpx�wH�!'�X¶SU(ï}b#�wHu!'6X@(pxUs&X{v|�ú(m~mwH��whvUQ�sH��sm³p(pS|vUQ���'6��q
sH(��4Q��&v¥��S|vd(H�¼v¥r¶#�x|%���r�v���S��UXb��v|Xbx|��S0'�r@uh~mw!#�xUXd�	vUQ�sH%�+

ì (pxhQ �6'6�p��v|Xb#�S�Q�sH��SÓÃ�Ä XYW SU(&Q�(Hx|s&X�v|��'6X{VD�p��wH��V�QR(�sm³p(pS|vUQ��&v|}b�$#&��x�W-�ó'6SU%�'�r
sH(&Q�(ps&�p'6(�'6X�VD(m����v|Xbx�wp�0V�QR(�(Hu�vdwH�!��'�X�'6S|%�'�r�+�ê�~pW-��r��@uh~m�HxU#�wHu!S�~m(Hx��p'6X�v|xUw&Q
~mwpu�'�~mwHx�wp�!S±S�(´Xd~�r�x�Xb�p��wHu!S$vbw�S±v|x��p~mwt��#�Xb�hQR(p��'6wH�±V�QR(0(pu�v|}b��vUQ��$v|Xb#�ShQ�s&}b�h+�¦TX
(pu�v¥%¶v¥r@~��!r¥����xU(��hQR(py�wpx�X�vUQ�sp��Sz~mx�wH��X�V�V�W���Xd��Smq�sH(HS�XbW-�z~mxU}d~mXYQ6S�(��hQR(m��} ½ XYQ�~mx�w��
��XdsmvUQ�s&�¼v¥r�S±s&(�v|�p�!�!r!�!r�qh~mxUwps&XbQR'6}bSUwHuKS�(´}b#�XbQhvd(t'6}�V�Q��&vb(´��y�}d�!r�+�"�v¥r���u!S�}d#�XYQR(�q
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��(©Xd~pQ�s&XbS¥v|xU�[�6wp�!'6X���X�s&�m~pwHQRXb��v|}�vdw&QRXd�¶~m(HxU(H'6}{v|x�wHu!��sH(&Q�v|Xb#�S�Q�s&}d�@~mwpu�Xd~pQ���}E�
#!��r!s&(HS¼(p~m�0v¥r�SzsH����Q�s&wm~mw&W�r���r´~mwHu�sH�HS�(p'6X�V�QR(�(Hu�v¥%´v¥r�S�Xbx|VD(p��W�(�qm'6X±��Xb�UwH'6}dSUr
v¥r�S0Xd~pQ���w�V�%�sm³p(pS|vUQ��&v¥%¶#&��xhW���'6SU%�'�r�+

 D,�C'§�M�5�9ò1431£�CÅ�[M6GïÂmÃ4È�É	��Ã4Ã��
¦TQR(»v|}�vdw&Q�(ò~p(px��p'6X�v|x�wp�hq$XYW S�(&Q�vdw '6}�VDX �6wH��vdwHu*(px�#�Q�sHwH�òi{­¥¸m_MÇE­¥­	K ¨^�Ur!��(p�U%úw
(pxhQ �6'6�p�0i�_YcD]ºa�­!lº¸��0�DX?(Hu�v|�H²Ý~mwHu8�6(@#�xUr��DQR'6wm~mw&Q�%���wHu!'�XK��vdw�S0X�~p(pS�(m�!r!~�vUQ�s&��(p���
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(pu�v¥%�q6X ½ (Hx¥v|�mvd(&Q6(p~m��v¥r�S�~m(HxU(p�!��(�V�%@vdwHu�(p�hVDwpxhW �6'6wHu�~mwHu¶#�xUr��DQR'�wp~mw&QRXbW vd(&Q�sH(&Q
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i{­¥¸hlncpo�²d+·µ±w*���!SUwh��wúv���ST~p(px�(p'6}�v|xU��S�~mwHu©~mx�wms&�h~!vdwHu!S�~mXbx�Q���(H'�³p�HS�wpu!S�vbwpu!�
��u!S¥v|Xd��Xb�&v|}b�´~pxU��³m��XLÎDr��hq&vbw�s&}bxU��wH��¨^op\hlnc4²óvbwpu¶��%�'6(�vbwp�hqDvdw�XYW���wH��XbQ-���p��wHu�~mwpu
}d#�wHu!'6X�sH(&Q�v¥r��Du!#�SU�hv¥rhvb(mk 1 q	Xdy��H��w�S�r�XYW���wH�UwH�@XYW SU(&Q�¾�­!lºid_E¸6+�ì�Q	~p(px�(m~p�pSU�
~m(px��H'�X�v|x�wHQ	'6X�vd(H�hW���w�S|vd(&Q	�&vdwmS��U}dspv¥r��p~mwHu2#�xUr��DQR'�wp~mw&Q���S¥vb(p��vbwúWR��Q-w©'�wmS¥v|}d��w
(pS�(ms&(mvd(H��sHXbu!�H�UX�vb(HQHvbw�(Hx�#�Q�s&�@��%�'6(�¨nV�Q�(�(pu�v|�¶vdw�����VDw¶w&Q�v|Xd#�ShQ�sH}b�z(Hu�v|}d�zw�S�w��
'��H��w�S¥vb(HQ�X�~HW���r���\hc�\!��¤���l¯��ÇY¤���¤hcD]nk&_b��l¯�Kv|Xd#�ShQ�sH}b�¥²d+�P�QR(�sH���6XÝ,
�U�íë
�0e��Y_{ib�±~mwHu?vbw
��%�'6(�v¥r��8y���S|%��?'�~pwpx�XYW�SU(z�6Xd��x|r¥�6XYWD�d]j\�]ºlº­hc�\ha�¤�uh~mwh��w�V�WR�Uw�S|vd(&Q�w&Q���u!S|v|Xd��Xd��v|}d�
vdwHu@y�W��hv|x�wpu��D�!'�y���S�(@'6X?v¥r�S�X ½ W-������r�.
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xUwH�!SzSU(�~mx�wpsH��Î�wpu!S¼(psHwHu!�&vUQ�sH���hQ�(HS��!��'6(�vb(�Q-��wp���!S�(p'6(�'�X?(pu�v|��~mwHutXYWR��(p'6XK�&vbw
Õ´Xdy��p��(HQ�wf)!q�vd(»wm~pwHWR(T³p}{³p(&QR(ï'�~mwpx�wH�!S�Xd~pW���r���S�(ú#�xUr��DQR'6wm~mw&Q�r¥�6wH�!S�V�QR(ú(HSU(��
VDS|��xhQ���r�+�é ¯¼x�(�r�'6}���wH��wp��(pu�v¥%�(p~mwhv|Xd��XYWmwHu!�DQR(p��vUQ�s&�´}bS�(´XbSU(p�!��(mspvUQ�sH�� da�­!cD]ºg¡_Yc�¸
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(pS��T���!'D³pwh��wH²´sH(&Q	��s&wm~m�H�@'6(H�@XYW S�(&Q	SU(�vdwmS�'�XYQ�����wHu!'6X�(ms&�p'6(�~mXbx�Q-�����hv|Xbx�w»q
#�x|r��DQR'6wp~mwHQ���S|vd(H�8v|Xd#�ShQ�sH}b�¼sm³p(pS|vUQ���'6wH�&+Ízu!'4W���wHu!'�X��!vUQU'6X�vbw�Sós�³p(HS¥vUQ-��'6�Dq�wpu!�DQR(H�&vUQ�sH�8~mXbxhQ�wpxhWR�UwHu!'6X4vbw�SK(pxhQ �6'6�?�Du!'��
³p�h�!��S¼X ½ �p��wHu&qh�DXó}bS�(0'4Q�s&xU�´�D�!SUwh��w0~mx�whv|�h~���S¼��u!'D³p�h�!��S¼X ½ �p��wHu&q�s&(mvd(Hy�}bx�SUw�S¥�
vd(H��SU(»��u!'�~pQR}b��wpu!'6X�(m~p�ïv¥rï'4QR(©vbw*��%�'�(*(p�!���ïs&(HQÝ�Uu!�&v|u!#&���2SU(»XbQ-����VDwHu!'6X
���Hx�uU³pw*(p~m�»v¥r�S©�p�!�!r�+ù"�v¥r�S©XYQ���(mV��	V�%»(Hu�vdwH�©vdwHu»sHXby�(m��(&W�wHu&qÝvbw�S�W-��(p'6X��!vUQ
X�~pXbQR�U%���v|�!#�wp��'6(p����XdS�XYW S�(HQ[r��H��w�~pQ-w�~pQ���v¥%�(pS�(m~p(px�(�V��	V�%@vdwHu���%�'�(mvdwH�hq[(p���
����r�sH(p�!�mW v|XbxUr¶�Uu!S�(mv¥%¶(pS�(mVDS|��xhQ���r�q&v¥r�S�(p~�����XYQR(¶~��!r�x�wHy�wHx�WR(H�z~mwHu@}b#�wpu!'6X�'6X
vdw�S�sm³p(HS¥vUQ��D'���q�v¥r�'6X�v|xU�H'6XK'6X$³p�H��rtvb(@(p~mwhv|Xd��}b��'6(�vb(�v¥r��¼(HS�(�VDSU��x�Q-��r��h+�¯zu�v|�
'�(H�Ý³pwmr¥�6�HXYQ!~mx�(mspvUQ�sH����vdw�SU(t( ½ Q�wh��w�V�%���wHu!'6X�vd(��hQ��Hy�wpx�(���#&%�'6(�vb(´sH����Q�s&wm~pwHW-r��
��r��¼~mwpu8�6(@(pS�(p~!v|� ½ wHu!'6X�+�µ±(@��r�'6(HS¥vUQ�s&�hv|XbxU(�(p~mwhv|Xd��}b��'6(�vb(@(m~p��vd(�~mXYQRx��p'6(mvd(
~mwpu2��QRX ½ �H#!��r!sH(HS�~mx�wpsHXYQR'6}dS�wHu¶S�(2s&(�vb(m�!% ½ wHu!'�X��&vbw�sH(p�!�mW v|XbxUw�'6}b#�x�Q��&vUQ VD'�%��
(m~mw!v|}���Xb��'6(�qÝ'6X¶x�uY�6'��ú'�X�v|�H�UwH��r���'6�h�mQ���,/K�ÇíZ��!q�~m(HxU(mvUW �6XbS¥vb(HQ��&vbwïv|}d��wH�¶vbwpu
sHXby�(m��(&W�wHu&+ó"�vdwFÕ´Xby��m��(&Q�w�Ì�q�~m(HxU(��6}{vbwpu!'6X¼s&�m~mw&QR(¶�p�!��(�XbS��UXYQ�spvUQ�s&��~mXYQRx��p'6(mvd(
~mwpu�}�V�Q S�(pSpqp~px�Q S´s&(mvd(p�!% ½ wHu!'6X8�&vb(�(m~mw!v|X���}b��'6(mvd(¶~mwpu�~p(px�wpu!��Q��H��wpu!'6X±��X�(Hu�v|�
vdw�sHXby��m��(&Q�w�+
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��r��h+�µ±(@~m(Hx�(m~m�HSU�»~���(&Q��DQ���S�w�S|vd(&Q�'6X8(HxUsHX�v|����#&%�'6(mvd(�q�~mxUwps&XbQR'6}bSUwHu´S�(�V�W SUwHu!S
(ms&�p'6(�~pQ-w ½ X�s&����(Hx�Xd�?wHQ�~m(px�(p~m�pSU�»}bS�SUw&QRXb�±s&(HQ��hQR(p�hQ�sH(H�DWRXb�±~mwHu0~mXbx�Q VDx��Hy�w�S|vd(&Q¯+
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�hvUQ!vdw�ç E±¬K¬ ��QR�HSUu!��'6(z}b#�XYQ�'6}�VDX �6wH�±)¥ë�¨íkml¹ohk@¢Y£�\h�Rln]º¤´�4#&��xhW��$#�x|%���r8vd��S
~m(Hx�(�V��	V���Sh²dqmv|�!v|X�}d#�wHu!'6X8Xd~pQ���w�VD}b���p~�����.

)!+w�[�p�����j���P���>�>�����j�Y�	�����w���T���P�	�������������� ¡���¡��¢8"¤£�¥�ëG¦§¦§¦§£¥ë%$
¥�¦w�[�p�����j���P���>�>�����j�Y�	�����¨£¥ëª©4��«����u���	¬��f¢­£�®Y¥�®Y¯�®�¦§¦§¦§®�£�¯
¯�¦w�[�p�����j���P���>�>�����j�Y�	�����(°r±³²�Ï´°]Ïµ²�¶j·­���4�4���P�4��¬��Y���j�¡��®�¸4�j���[�Y¦���¦­¢"¤£�¥G¦§¦§¦òû²$�®="¹
G¦§¦§¦§£�¥%$�®="¤£�¯%$x� "¤£�¯�ï�ûT¦§¦§¦§£�¯%$L"¹¥�Ì��G¦§¦§¦§£�¥%$�ºR¦¹»�¦¹�Y¦
ÌY¦r¼½�>���P�4�����>���¾�r�>»�»��f���4��»j��¿Y�|º	��� «��§À�º��>�¾�>»�»���»���¦rÍ[�p���	¬����(�������Y���� ÂÁ
���§�P�|�¡���¾��¸>�4�l���4��»j��¿Y�j�J���>�	���P�	���������>�Ã���

Õ���������¯f�>�	���4�>�	�¾�Ä���4��»j��¿� ¡�J�¡À ���	���>�¡���Å�j��Æ��Y�§�¹�[���	�����P�4�����Y���j����º��4¬¨ºj©4�	��Á
���¹�����	¬WÇ�ÈRÉÂÊ�ËdÌ�Í|Î�ÏYÐ�Ñ�Ë-ÒÔÓ�Ð�Ë-ÒÕÌ�Ñ*Ö�¦r×@¥��T�¡À ���	���4����À����Ã���Y�p©4��«����u���	¬�º>©4�4�¾����Á
�Y���	¬�®$����Æµ�Ø¯��0�§À �����u�ÄÊLÌ¾Ù>ÉÛÚ�Í³Ì�Ù�Ï�Ê¾Ëªº>©4�	�����¹����¸	��¦0ÜE���j�m£§�0�>�¡��À����������
�����j���P���>�>���¹�	¬����¨ ¡���0��¸j���Wºj©4�	�¾���¹������®x�����W¥��W���Ãº��>�¾���§À¹�@�Ý�����Z¯��G�¾���§�¹�
º��	�������lº>©4�4�¾���¹���¾ ¡�[�4�¾��À¹���¡�	������¦

Þ ���4�>�4���	�����	���Û���j�J�¡ß�¸	���	�¨���	���Y�������j���>���	�Jºj©4�	�¾���¹�Y���4¬�¦
Þ[à �	¬½��ß��Ã�¾�4���4���u���¹�­�������j�¾ ¡�\�¡���Y¸4���	����®��	�\º	�	���4�����u�¡�ÛÀP���¹�[¿R�P�J���j�r �ß��	���R¦
á[�¾Æu�¡�p¸	�����J���ª«�����À¹���4�����[¸����������������	���Åº��	��ÀP�|ºj©4�	�¾���¹�Y���4¬f�4�>�§��º	�j��ÀPâ��	��Á
���\ ����¨���§À ¿����ª�§�¹��¸4���4�[�Y�ã ¡���¨��¸j�������§À ¿����R®>�4�>¸ª ¡���J�>���>�¡���4�Y�� ¡���¨�	��� «���¸
���§� ¿����j�����|��ß�¸	���	�äÇÕ ¡���Ã�µåæÖ�®Y���0�>�4�	ÀP�G�>���>º�¬����¡�4���fº��j�¾�4»�»���»j���4�>¸T���j�
���P�4����º	�	��ÀP�¨��º	�>�	ÀP���¡�����j�­���������¡���4�� ¡�����r��º	�>�	ÀP���¡�����j��¦xçw�Û¿��Ã¿��j��¸	�w¸������¡�
���§À ¿����j�¡����ß�¸	���	�|�§À �������>���>�¡���	�Y�� ¡���R®����	����À ���§�� ¡���G���4���j»j ¡�j�ª�¾��¸4�>���4�>�§��Á
º�¸j���¹���j��¦�è é��¾���� ¡���4�����&¥½�¾��¸4�>�4���ã�4�>�§��º	¸j���¹���j��®��	�wº>©4�4�¾��À¹�Y�	�������¡�f���§À ¿����
�§�¹�Y¸	���4�f���¡�äÒ�Á��4���¾¸G�4�>¸|�¡�T�>���>�¡���	�Y�� ¡�������§À ¿����j�¡�W¢
�¡�oÒ�Á��4���¾¸ê�����	�����Y���ÄÇ:ÊLÌ�Ù>É§ë&Ì�Í:ÙYÖp���4�j»j�����j�Z�4��� «���¸ìÒéÜdÒ7ÑRÙ>ÉLí¶Ý>¦oçw���§À¹Á
���4�ª���j�|�4�>�§��º	¸j���¹���j�f�§À �����x�4���¾¸0�>�	�Gº	��«��4��ÀPâ��§��º��	�*���Ø�§ÀP���	�f�>º��	��������º4Æ��
���j�¾�¾ �»����������j�W�4���j¿��������¹������¦mÜE���j�m£§�Ø�>�¡��À�����������¸>�4�4�0�>�>�§��º��j��ÀPâ��4�����
 ¡�������§À ¿����jÁ����P�	�����Y���G���Ã¿� î«��	���~�ï�Y�¨ ¡���ä���4À¹���j�|���P�4�����Y���G���Ã¿� ³«��4���@�



��ðÔñ¢¡ªòÄó £*ô�õ­ö ��÷½ø�ùÅ� ò�ú�òxûÔü�ó*ü�ý�ú�ò�þ £�ÿ ü�ó ù:õ ò�ú�ò ù�ô ó ö�õ�� ���
����»j�4����¿R������É¡Ñ�Ë-Í:Ì�ÒÕÙ��$Ì�Ù>ÉLÙ�º>©4�4�¾���¹�Y��¸R¦uÜE����¥��J�>�¡��À����Ã������®�¸4�>�4�[�4�>�§��º	�jÁ
��ÀPâ��	�����$���Û���¡À ¿����jÁ������	�����Y���J���Ã¿� ³«��4���-�Ý�����j�½�>º� ¡�����¹�[�>�	�J���	���4º>���j��ÀPâ��§�
�¡�fÒdÁ��	���¾¸��	���¾¸J���P�	���������fÇÕ����»�¦*�¡�fÒ³Öx���Å»j�	���u¿R�P��üÃÑRÙ>ÉLí��$Ì�Ù4ÉÂÙfº>©4�4�¾���¹�Y��¸R¦

��É¡Ñ�Ë-Í:Ì�ÒÕÙäº��	���$Ì�Ù>É
	ÂÌ�Ì��

[����ÀPâ��j�¾���	�J���>�T��Á����P�	�����>���0��Æ����ä���Ûå �4�����¹���� ¡��®�º	��«��¨���P�ä�4�>¸ä�	���¾ ��
���¹�r�>�¡���¹���� ¡�( ¡���§�� ����f���j���§À¹���	��� à �	���4��®��¡�äÊÃÉ§Ñ�Ë-Í³Ì�Ò-Ù�¦uè ¼½»j�Û�¡�����j���§ÀP�f�>�4�
�	�¾��º��	���|�Y�|�����W�>�¡����������»j ����Û¸����� ¡���4���pºj©4�	���������¾�§Àu�����ìÊÃÉ§Ñ�Ë-Í:Ì�Ò-Ù��4�����j�
���j�|�4�����¹�����j��¦T× �>�>¸	���¡�4�����ª�Ã�������j���§À����l�4�4�ä�	����º	�	���p�Y�|���P�0�>�¡���¹�����
���­�¡�WÊ�É¡Ñ�Ë-Í:Ì�ÒÕÙT���j�[ÀP���P�4�r�>�¡���������j��®��§À ���	������º���¸��¾�¡���¨�4�>¸f���j���4�>¸	�����	�������
¸4�>���¹���4»�»j�pÊÃÉ§Ñ�Ë-Í:Ì�Ò-Ù����	�J��Æ����	�Û¢x�	���¾¸¨�§À �����>º	�����¡�¨º���� ���j���¹�lÇîÑ�ÉÂÐ�Í:É���Ë�Ñ�É¡Ò��
��� 	ÂÌ�Ï�ÍjÖ�®	���\©4�	���¨���|�4�>�	À��Û���|���j���§ÀP�Û���	�ª��Æ����4��ºj©4�	����ÀPâ��j�¾�����4���­º	�4�>���¹�Ê�É¡Ñ�Ë-Í:Ì�ÒÕÙmº	���*�����j���>��ÀPâ��	���|º��>�4�	�P�G�>�¡���¹������¦¨çw��ÊLÌ�Ù>É
	ÂÌ�Ì���®x�¡���>�¡���� ¡���§���¡�
� ÊÃÉ¡ÑRË-Í³Ì�ÒÕÙ��Û���	���GÁ����P�4���¡�j�¡�4�|��Æ����	�TÇD©>»j ��>�[�Y���j���T¥�¦�¥jÖ�¦

Üã���j����º	������º��>�>��À¹�j�Y�j��®Y�Ãº	�>��ÀP���¡�����j�½º��	��ºj©4�	�¾���¹�Y���4¬
çw�ª�Y���j���¨��º4�4�	ÀP�������Y�j�&º���«��	��ÀPâ��§�����ª�>¸	�Y��º��	�j�>�����¨���>�4���P�4��¬��Y���>���� ¡���	��Á
���Ûº	��«�Æ��fº	���*���Ø�� L¿��³«��	�Û�Ã���ØÊLÌ�Ù4É�	ÂÌ¾Ì������>�	�ä�4�¾���¹���¡�	�����4¬��T�Y�|�	���¾�W�¡�
���>�	�����	��¬��Y���j�¡��¦uçw�T�Y���j���pº>©4�4�¾���¹�Y���	¬Ûº	��«��4��ÀPâ��§���¡�T�>�	�P�l�>�>¸p���G���P��«� LÁ
���P���äÊÃÌ�Ù>É�	LÌ�Ì��
�r«��p���¾�j���P���4�>�	���j�Y�	�����w�Y�½ ¡���fº>©4�4�¾���¹�Y��¸R¦uçw Ã»j�	��®���¸4���	�
�Y���j���lº4������º	�4�>��À¹�j���j�J�����j���P���>�4�	�P�§À �������>�4¸l�¡��ÆÄº	���Y�4 ����T�Y�4�Û�T�Y���������jÁ
�Y��¸	�r�Ã���f�����p�>�	���4�>�	�¾�­¦

���D����� � �"!�#$�&%'!�(�)*!,+-%/.0!')1#2+-34(65��
× �����	���Åº��	��ÀP�½��º	�>��À����¡�����j�\�>�>�	��º��>�4�¡À>�����j�(���j���¹�	����¿RÀP�[�����¨ÊLÌ¾Ù>É�	LÌ�Ì����j®4���Û�>�4�	ÀP�
�����m�Y���� ¡���§�P��«��m���¾�j���P���4�>�	����«��4¬����4�>¸Z���>��ºj©4�	�¾���¹������¦87x�P�Øº���«��:9�Í³Ð�;�É0���¡�
Ë-Í³Ð�Ò7Ñ<��É§Ë¡®�������ÀPâ��	�������¡�Jå>=?���ê�����	�����Y���w�Y�$����º	��¸��¾�¡���( ����Ã��@l���>�	���P�	��¬��Y���>���R®
�Y¬�� à �����Ø���Û�¡�m�Y���j���m��º4�>��ÀP���¡�����j���>�4�W ����	�����|���4��»j �ß��§�D¦ Þ �T�Y����©4��»>À¹�Y�	�����
����ACB¨��� �� Ã¿��î«��	�ä�¡�4�Ä���4�4���P�4��¬��Y���j�¡�4��Òlº��	�EDFBª��� �4��� «���¸ê�Ã��� ÊÃÉ§Ñ�Ë-Í:Ì�Ò-Ù��
������Ò¨ÊLÌ�Ù>É
	ÂÌ�Ì���®��¾¸��¾�Û���[���ä�¾ �»j�4�¨���j�ª���P�4����º	�	��ÀP�	�J�Ãº	�>��ÀP���¡�����j��®uÇÕ�� ��Y� �����G@
�Ãº	�>���P���¡����Æ���Ö*«��� ¡���4�����>�4���	��«��§À	�¡�l�	�¾��À¹�������¹���H@ÄÊLÌ�Ù4É�	ÂÌ¾Ì����Û���Ã¿� ³«��4���IDFB�º	���
���P�	�����	���j�:A B �¡�pº���«� ¡���äÇD©>»j ��>�[�Y���j���l¥�¦�¯jÖ�¦
¼J�EË-Í³Ð�Ò7Ñ�É§ÍJ�T�����j���P���>�4�	�¹�	¬��f�¡�j�����K;pÉLÐ�ÑL�l�4»�¿�¸4��� «����G���>�l�4�>��À¹�Wº�����«��ä�4�ÂÁ

��� ¿�����MR�	�����������W�Y���� ¡���§���R¦¨çw�Z�Y¬���©4��»j�ä�Û®���®$N �>�	���¡� à �	��ÀPâ��j���¡�	�*�����j�T�4»�Á
¿�¸4��� «�����Ç «��������4¬����Û¸����/D OQP�R&Ö�®u�	�����¹�������¹���4¬��T���¡�SA B º��	�TD B ¿R�P�W���Zº	��«��
���>�4���P�4�����Y���äÇ-º��	��º��j�¡è4���> �º4���	���f¿R�P�|���>�ª�	����À��������¹���G�>�4¸��¡�4���U@oË-Í³Ð�Ò7Ñ�É§ÍJ��Ö�¦

VXW�YKZ�[�\*]1^`_$^"a`b`c
]1^`c�d/ef\J\g[`[`h�i-ekj�l"a`[�mn^Tj
^�]ol"p�p&d�p"^�eqa�mrp"eqZ�i-Yf\od�i-eq]osgmtj�u�vLw$x�\ouoy{zk_2j�l"a`[�mn^
|2}K~n�o�"��}X�������1� ~��"}��g� i�eX]osgmrj`u�b"a"zk_/]*d"\�� �*�
�&�r�g�����f~�� vk� ��]oc�m��
��sod"c�mri�["a`[�mt��\*]f^�_�^`soZ�bg]oeKsg^�]f[�\b`sJ[:� i-[�mnl`�oe1m���ef\J\g[`[`h�i-e/bg]Jm-eKp"^`��m c
]1["a`[�mre1� ]f^�m�d�a`^`sJ^"a`l�\oz�^"a`b`c
]1^`c�d



 �ðÔñ¢¡ªòÄó/£ ô�õ­ö¥¤�÷½ø�ù1¤ ò�ú�òxûÔü�ó*ü�ý�ú�ò�þ¦£ ÿ ü�ó ù:õ ò�ú�ò ù�ô ó ö�õ��  k§

centroid 1
area 1

¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨ ¨

© © © © © © © © © © ©© © © © © © © © © © ©© © © © © © © © © © ©© © © © © © © © © © ©© © © © © © © © © © ©© © © © © © © © © © ©© © © © © © © © © © ©© © © © © © © © © © ©© © © © © © © © © © ©© © © © © © © © © © ©© © © © © © © © © © ©

area 17
centroid 17

2D space

Üã���j���ì¥�¦�¥�¢FªC«$¬T­�®'«$«�¯±° ªC­³²2´�µ
«2¶�¬T·�¸ á½�	���4���§� ¿����Ø¿R�P�¥¹»ºI¼ º	���ãå¢º¾½�¿
¸>�>�	� à ��À ���Ã�����w�´���P�����	���¡�j�¡�4�Z��Æ����	�W���0¯�À��4�����¹���� ¡��¦ÂÁ���«��W�>�¡���������ê ¡���§�­º��
 ����ZÊÃÉ¡ÑRË-Í³Ì�ÒÕÙ�®������4�>��À¹�G ����§�R���j�|�P���P¸������¡�G���T�4�¾�����>���4���$�4��¬��§�Rº��>»�»>À �¾�¡���G¸�»j�p�¡�
���j���¡ÀP�¨���j�ã�>�¡���������j��¦�çw�ª�Y¬�����»j�������r¯�ÀJ�	����Æ��¨Ê�É¡Ñ�Ë-Í:Ì�ÒÕÙ��[�4�>���¾��»j�§À��¡�GÊLÌ�Ù>É
	ÂÌ�Ì��
�¾��»j�	�¾�Û�¡�T¯�À|���P���P�	�����>���l���P�	��¬������>���

Codebook i 

Centroid 3

N=2,M=4

Trainer i

SubVector 1

SubVector i

SubVector L

Üã���j���G¥�¦�¯�¢?ÃêùÂö�ø�ù1¤*ö ó&û öÄ��¤ ú ö û ø³� þRó�ü�ý�ð 
[����À�â��	�����½º���«��Jå>=E���9���P�	�����Y���
�Y��@G���>�	�����	��¬��Y���j�¡�J���&�� Ã¿��³«��4�6A B ����º���«� ¡����¦$7�����º	��«��$���>�4���P�4�����Y���R®��4�>� à �jÁ
��ÀPâ��	�������>¸	�Y�	���Eº������>���¹�4���\�Y���¾�¾��»j�����¾ ��$«��[�>�¡���P ����§�D®�º	��«�Æ���º��	�j�>¸	�Y��ÊÃÉ§Ñ�Ë-Í:Ì�Ò-Ù��
�����ØÊLÌ¾Ù>É�	LÌ�Ì���ÇÕ�����p����¿Yº	��º����P�� ¡�¾�ª�>�¡��À�����������Å4Ö�¦



 �ðÔñ¢¡ªòÄó/£ ô�õ­ö¥¤�÷½ø�ù1¤ ò�ú�òxûÔü�ó*ü�ý�ú�ò�þ¦£ ÿ ü�ó ù:õ ò�ú�ò ù�ô ó ö�õ��  �ñ

nearest neighbour search

nearest neighbour search

nearest neighbour search

nearest neighbour search

nearest neighbour search

nearest neighbour search

average of all samples
in train set

train set

split 2 new centroids

split 2 new centroids

split 2 new centroids

reestimation

reestimation

reestimation

reestimation

train 2 centroids

train 4 centroids

final codebook

Üã���j���Û¥�¦ ÅY¢4Æ¾¤ ú ö û ø³� þRó�ü ¤*öxùãø ü õrù ò�þ ÿ�Ç û öÉÈ{«$¬/­�®6«$«k¯äá[�4���	���§� ¿����[�¾�j���¹�	����Á
¿RÀ��	�HÅoÊÃÉ§Ñ�Ë-Í³Ì�Ò-Ù��Ø����� ÊLÌ�Ù4É�	ÂÌ¾Ì���¦ËÊ$��º�� ��Æ��¾���	�l�4�>¸m���j�Z�	���Y��º	�ä���P���mº	����� à �4��Á
��¸	â��j���¡�4�J���P�4�����Y��º	�l���P�	����º��4�RÀ��¡�Ì�dÚ2Í�Ò-ËÕË-ÒDÑ � º��	�����>�	���Ãº	�>��ÀP���¡�����j�r�Ã���WÊÃÉ¡ÑRË-Í³Ì�ÒÕÙ��j®�>�	ÀP�����	�����w�¡���¾��»>��º�¸WÊLÌ¾Ù>É�	LÌ�Ì���ÇÕ���?ÅWÊ�É¡Ñ�Ë-Í:Ì�ÒÕÙ���Ö

Î�Ï Ç/Ð�ÿ�ù�ÑEõ ò�ý ��¤ ú ö û ø³� þRó�ü�ýSÒ
Þ �J���>��«� ¡�Y�4�����½¸����4«� �»j�	�����r���p������À¹�Y�	�����(�¡�j�Ó¹GÁ����P�4���¡�j�¡�l��Æ����p���¾DÔO P R
�>�¡���¹���� ¡��¦�çw�8¹ �¡À ���	���¡�Z�� Ã¿��³«��4�ª���	�ä���>�	�����	��¬��Y���j�¡�4�ÓÕ �¡�SÖ �§À �����x�0�	��� «�Á



 �ðÔñ¢¡ªòÄó/£ ô�õ­ö¥¤�÷½ø�ù1¤ ò�ú�òxûÔü�ó*ü�ý�ú�ò�þ¦£ ÿ ü�ó ù:õ ò�ú�ò ù�ô ó ö�õ�� ×�Ø

��¸	�½�Ã���Ù	¡Ò-Ë����>�	�J«� �»j�	�����r���p�����j���P���>�>�����j�Y�	������¦ Þ �¨�Y¦���¦� ¡���4�����:Ö:º:Ú�®��	���¾¸
���j���	À ���¡��¸����R�¾�Ã»>��º��ª«��T ¡���4�����J¯�¥äÊ�É¡Ñ�Ë-Í:Ì�ÒÕÙ��|�����mÊLÌ¾Ù>É�	LÌ�Ì���¦½¼2�>»�¿�¸	��� «����4�J��º>Á
�>�	ÀP���¡�����j�w�>�	�¨�����j���P���>�4�	�¹�	¬����ã�¡À ���	���G���K;pÉÂÐ�ÑL�fÇx�Y�­º��>�>���P�¡�ã�>�4���4»�»j�j¿� ¡�­�§À �����
¿��¾�����¾¸	�wº����	��� � É§Ñ�É¡Í:Ð�ÍPÒ Ó�ÉÂÙ»@�Í Ì�ÛjÙ�Ü/@4Ö»Ý �¨º����LÞgß4à6áEâUã�â �>»�¿�¸	��� «����	��Ö�®>� à �4��Á��¸	â��L�¡�	�&¿R�P��º	��«��T ¡��� �4�>¸ ���Ä���>�	���P�	��¬������>��� �>�	�� ¡���4�����G�4��À¹�Y�§�Eº��	�\��À ���Ã�����
�>�4���4º	�>�Ã� ¢
Î ÿ £ ù1¤ ò�ú�òxûÔü�ó*ü ä1å ²T¶�´
¶�ækçè¶�é{æL´�¶�«2²0ê Ò
ë  ������4���Y��º	¸����j���	����º�¸ÄÊÃÉ¡ÑRË-Í³Ì�ÒÕÙ�®ã���ì���>�	�����	�����Y���m�>�	�m�4�¾���¹���¡�	�¹���§Àã�������� ¡���
�������p¸�»����¨�Ã���ª���P��Æ����¡�4�p���>�4���P�4��¬��Y���>���	�½�����ØË-Í:Ð�ÒDÑS��É§Ë§ÇÕ�Y�Ã�ª��º	�>�	ÀP���¡�����j��Ö�¦�×
�Ã�	�Å»j��¿Y�l�4�����p�§À ���	���	�¾º��Ã�¾�p�	�������>���4�Y�$�>�¡�����Åº	�|º��	���§ÀP���	���¾�½��Æ����l Ã�¡�	�P���	�����p�4�ÂÁ
���	�Y�	�����½���¡�j�ª���>�	���>»���������º�¸p�4»�¿�¸4��� «����R¦
ìC�Ù¤�í³Ñ6��îYô�õ­ö¦ï�ð�±èñ�òÄï�óõô|·
ö¨ô�õ­öø÷ Ò 
½Æ����¹�Y�½º���«��r ����p�4�>¸����WÑmÊ�É¡Ñ�Ë-Í:Ì�ÒÕÙ��T±³²UòËùFòõP B ·ã���½¥|�� ¡��®�� à �4��Á
��¸	â��j���¡�4�[�����4����º	¸|�������¹�Y��¸ZÇo	¡Ò7ÑRÐ�Í&Û���Ú�Í�Ò-ËÕË-Ò7Ñ � Ö�¦Þ ���¾¸T���j���	À ���§�R¸����R�4�>¸pº	��«��ªÊ�É¡Ñ�Ë-Í:Ì�ÒÕÙûú�üT�>�	ÀP�����	�����(¥��� ¡��®	�¡�0¢rÇ�ú³ýü Oþú�ü ÿ � Ö
Õ Ç�ú��ü O ú ü�� � Ö����l�>�4�	ÀP�|¸	�R���r���¡�J�§À �������	�¾º��Ã�¾�f�4�¾�����>���	���$�>�¡������º��fº	���������§�P�jÁâ��j�¾�����R�Ãº	�>��ÀP���¡�����Û¿R�P�l���|¿RÀ ���4���4¦u×µ���P���|���	� � �§À ���	�Y���j�[�¾�	ß¾�j�½�¡�4���	�
��Ú
ö¨ô�õ­ö  ÉÒ 7x�P�¨º���«��\���>�4���4»��{M����TÇd¼µ�4��� «���¸4�E�����½���>�	���>»��{M������(�	��ß��	���§��¿����	��Á
����º��p���r����©>�j���W¢$�Y¦���¦
�`ºrÒ��?Ú�Ö
£�¦?7x�P�Tº���«��[���>�	���P�	�����Y���p���	�p�Y�Ã�|��º4�>��ÀP���¡�����j�pÇ"�/Í�Ï���Ë�É§ÍÃÒ7Ñ � ��¹ªÉLÐ�ÍÂÉ&��Ë6¹ÛÉ¡Ò��
��� 	ÂÌ�Ï�Í ��ÉÂÐ�Í:Ê � Ö�¢� �>��»j¸�¿R���Y�w���j�ª�>�4¸4���¡�4�Y�f���	�Û�4�>¸l¸�»j�f���l���>�4�����j�¾���äÊ�É¡Ñ�Ë-Í:Ì�ÒÕÙ��ªº��	�Y�4���jÁ
���>�4�	À��j�Y E���f�����GÊ�É¡Ñ�Ë-Í:Ì�ÒÕÙl���E���f�4�>�	À����¡�Û�� Ã�¾�������j�w���Ã���	ß�¬½���	���w�>�4¸4���¡��Á
���j�(�¡À ���	�	��»j�	�Y�¹�����R¦$çw�f�� L�¾���¨���j�(�4�>¸4�����	���j�w�>�	�������j���P���>�>���P�§À �����	�>��À�â��§�
���Ã¿��>»j�p��¸�»j�R¦&Üã���¾��«����[�����j���P���4�>���P�¡À �������på Ð � Ð�Í Ð�ÑRÌ�	¡Ò��Û�>�4¸4���¡�4�Y��¦

¥�¦ � �>��»j¸�¿R���Y�Û���¹���� ¡���ª���P�� ¡�Û�Ã���ØÊÃÉ§Ñ�Ë-Í³Ì�Ò-Ù������wÉÃÉ&�¡Ë-Ò�;�Ð�Ë-ÒÕÌ�ÑË����É¡ÑRË-Í³Ì�ÒÕÙ���Ú��
ÙjÐjË�É�Ö�¢
× �� ��ª���P����¿R�P�Ûº	��«��JÊÃÉ§Ñ�Ë-Í³Ì�Ò-Ù�®��§À �����	�ª�� ¡�������P���ª¸�»����½�����J���>�	���P�	�����Y���jÁ
�����¨�>�	�| ¡���4���ª�4���	���4�>���¹��«��§ÀY�����j�Û�>���4��¿��4¬����¡�¾�ª���P���f���	�äÊÃÉ§Ñ�Ë-Í³Ì�Ò-Ù

¼9�>»�¿�¸	��� «����	� à ��À ���Ã�¡�	�Yº	�4»�»>À �¾�¡���T���¡�T�����j���T¥�¦ Å

��������� � �"!�#$�&%'!�(�)*! %��/!����$�J(! #"�$
× �&%('*)&%Åº+'*,�À-'[ºj©.'	�0/1%2,�3
44¬65§À 78'+%	9.%:4;'.9j»	<�¦x×�%-)� ='>,+/0?@7A4B9.4	À-'[©.'*,�ÀPâ85C/='*%D®@5§À 71'+%j¸	/1%
º*D�«
5AE&9B4*)&%(D*78E	,�3
'J«F'G9BH8IJ9.5=%�78'�º>©.'.7K/1%:,+/K5§À�,+/L4ØÊÃÉ§Ñ�Ë-Í:Ì�Ò-ÙM5�º*5§À 714N/L4*E�ÊLÌ�Ù>É
	ÂÌ�Ì���®3F5O/=4P4.9B4�À:4P3
4+%-D4â85Q%&9B5=H8%2,�,Y¸&/K5=H84><>'4»�»B%ÅÆSR!3
5O/L4TÊÃÉ§Ñ�Ë-Í³Ì�Ò-ÙT3F5O/=4P4.9B4�À:4U?#3
5J/L'	ß�¬/L4*E	RV'.9>¸.,W/L'*,W?U5§À 71'+%*3
%�º+H�¸	/K5LH1?WX�á�5=H8%2,�,Y¸&/K5=H8'U,�Y�¸�»B%-'Z,+/L'N,[Y+<@3F'B/L'Z\+X2]Jº+'+%.\+XrÀ+X



 �ðÔñ¢¡ªòÄó/£ ô�õ­ö¥¤�÷½ø�ù1¤ ò�ú�òxûÔü�ó*ü�ý�ú�ò�þ¦£ ÿ ü�ó ù:õ ò�ú�ò ù�ô ó ö�õ�� ×�÷

Get minimun

Quantizer i

distance e.g 3

SubVector 1

SubVector i

SubVector L
Codebook i 

3

Centroid 3

Ü!Y+<@3F'^\+X2]+_¾ÃêùÂö�ø�ù1¤*ö ó&û öË¤�î�öa`Bb�ù ó õ ò
c*ð 7d%-'Gº*D�«
5>E&9B4*)8%-D*71E	,�3
'fed®a4Gº>©.'.7K/1%�Á,+/0<@RE©.H�À2,�º*5Q%@/L4TÊÃÉ§Ñ�Ë-Í³Ì�Ò-ÙN9.4.EA/L4;'*70/1%(9BH84.,�gh9B5¡¬	5=%jº*'4»�»>À /K5=H8'�®@)1?�»@'.)1<A/L4pÊ�É¡Ñ�Ë-Í:Ì�ÒÕÙ3F5>/L4M4B9B4�À:4^?f'.9>¸*,+/L'*,W?�5§À 71'+%a3a%�º*H�¸&/K5=HK?WX(è ¼�,�4ä¿�%('i/0?@7jI¡ß14*)14f/=4.ETº>©.'.7K/1%:,+/0<�®'.E8/0<G3F9B4*H85¡À�78'T5§À 71'+%[<Z/L4�À-)8%:4G/L4ØÊ�É¡Ñ�Ë-Í:Ì�ÒÕÙ^<Z/=4WÒ7ÑRÙ>ÉLíM/L4*E+X\ÜO/0?G,�E�¿Yº+5�º*H&%-3
IL71?9B5=H�À(9	/LgS,W?�®�/=4fE&9.4.)&%-D.78E	,�3
'Ne�»@I=3
5r¸&/1%Rº>©.'.7K/�À:,+/0?�º+5�,+/L4G¯	4ZÊÃÉ§Ñ�Ë-Í³Ì�Ò-Ù
X

Quantizer L

18

3

15

3 L

SubVector 1

SubVector i

SubVector L

Quantizer i

Quantizer 1

Recognizer withRecognizer with

continuous HMMs discrete mixture

HMMs

Centroid or

quantization
Index coded

Ü!Y+<@3F'k\+XrÀ+_�l Æ6m ò ø ò�ýµó�þRó b>ô�õ­öFb ò�ý ¤�î�öa`.bYù ó bWnA` ¤*öxùZöa`�ö�Ç�`+n½ÿ�ù ó�üxð Þ 7ILYW4*E	3
5JÊÃÉ§Ñ�Ë-Í³Ì�Ò-ÙlÊLÌ�Ù>ÉLÙpºBo.'*70/1%:,[3�¸R®B'.9>¸P/L4N,Y¬	,W/0?@3F';/LgS7[º@o.'*7K/1%:,+/�ÆS769BH84>º�¬&9	/K5Q%IL78'p'.78'>º+'B/L'*,�º*5=E	'*,�3
I=714Wå�=?���q)&%(D*78E	,�3
'�®r' à 44¬f/='oÉ�ÍÔÉ�;pÉ¡Ñ�Ë��Tº*D8s
5TÊ�É¡Ñ�Ë-Í:Ì�ÒÕÙ9B'	À-H8714*E	7i/0?@7ts
I=,W?u/=4.E	R�,W/L4k'*H1Y�%�º�¸v)&%(D*78E	,�3
'[XÄ×w'.78'>¿[7¾ÆSH&%:,W?Z¿�%-' Ê�É¡Ñ�Ë-Í:Ì�ÒÕÙ
ÊLÌ�Ù>ÉLÙØº@o.'*7K/1%:,�3�¸�®Y¿RÀ 785J/L'+%a'.9>¸tIL78'i�wÉÂÊÃÌ � Ñ�Ò Ó�É¡ÍT3
5>,�E	785=Y+<Tx½åWå 3F4B70/KI�»@'�X Þ 7ILYW4*E	3
5fÒ7ÑRÙ>ÉÂí0ÊLÌ�Ù4ÉÂÙØºBo.'.7K/1%:,�3�¸R®[?TI¡ß84.)84*R�/JgS7|ºBo.'*70/1%:,W/�ÆS7N5¡À 78'*%
I=78't)8%-D*71E	,�3
''B9>¸P/=';'*7K/�À:,+/L4+%:YW';/LgS7ÛÊ�É¡Ñ�Ë-Í:Ì�ÒÕÙäÒ7ÑRÙ�ÒÕÊÃÉ��@X$á6H84>º�¬&9	/K5Q%.IC/K,�%WI=71'P)8%-D*71E	,�3
'P3�<�º+4*E	R
@$®x¸*,�4Øº+'*%�4u'*H&% s
3�¸.R;/LgS7�E&9B4*)8%-'*71E	,�3
DB/JgS7.X�×y'.78'>¿[7¾ÆSH&%:,W?G¿�%-'�ÒDÑ�Ù>ÉÂí�ÊLÌ�Ù>ÉLÙ
º@o.'*70/1%2,�3�¸|¿RÀ 715J/='*%F'.9>¸TI=78'T�wÉLÊLÌ � ÑYÒÔÓ¾É¡Íj3
5�3
5¡À ¿[3F'B/L'f)&%('4º+H8% /�ÆS7Pxrå0åÉ�@X



 �ð ÷�Ø Î m�ù ò Ï Ð�Ç ü�ó�ü ¤�÷½ø�ù*¤ ò�ú�òxûÔü�ó�ü�ý ×  

z6{}|S~ ���!�&���V�!�U�V�P���P�u���@�>�V���U�C�V�P�V�
ÜO/1%:RN)1E	4�9BH14.?�¿[4	¬	3F5=785=R>9B'*H1'>¿[H8D à 4.E	RP3a%Å»	<@,['.3
5J¿�%-'t/0?@7T)8%-'*)8%�º+'.,RÀ('t5�º*9B'	À-)85=E�Á,W?@RÛº*'+%�ºBo.'.7K/1%:,�3
4	¬+X[éS9.%:,W?@3
D*7JsF?�º+5U5L94À:,�?@RZ9BH14.?�¿[4	¬	3F5=78'G¸&/1%a?Gº*gS)8%�º+4B9B4�À:?@,�?9B4.E�YWH1?@,[%-3
4B9B4+%:4	¬	3
5j)15=7iI=YW5Q%S,+/¾¸	YW4�/0?@7�'4º*H&%2oB<M'*71'4º*'B/L'*,�º+5=E&<�/L4*E�,W<@3
'@/=4.R/0?@R à gS71<@R0Ç�'4º*4*E	,+/1%�º	ÆS7i)8%-'*71E	,�3
DB/JgS7�Ö�®h'>»�»@D�/0?@7äº*'4»�»>À /K5=HK?�)8E	71'B/0<p'*78'j¿[7�Æ�ÁH8%:,�? Ç-º*gS)8%�º+4B9B4�À:?@,�? à gS71<@RG¿�%-'�'.78'>¿[7¾ÆSH&%:,W?>ÖLX é&¬�»@4�¿['ì»@4+%�94¸@7^?�'4ß&%:4�»j¸�¿�?@,W?5L7�¸*RP,�Y+<@3
'B/L4*Rfº.gS)&%�º*4.9B4�À:?@,W?@Rª¿RÀ 785C/='*%d3
5>/0?@7T'.78'>¿[7¾ÆSH&%:,W?T/JgS7lº@o.'*7K/1%:,�3
I=7KgS7'>º+4.E	,W/1%Åº	ÆS7U)&%-'.78E	,�3
DB/JgS7.X
z6{}|�| �����i���������Z�^ A¡d 
¢ ¼#%d/K5=YW7&%Åº+I=R|º*gS)8%�º+4B9B4�À:?@,�?@RjY+gSH�ÀPâ84@7K/L'+%�,�5j)8E	40º+'B/0?�¿[4.H�À-5LRN'*78D>»@4�¿['�3
5/=4�'.7f/0?@H84	¬	7t/L4�s
5�ÆSH1?@3F'Øº*gS)&%Åº+4.9B4	À2?@,W?@Rj9B?�¿�<@RG/=4.E¢ß � Ð�ÑYÑRÌ�Ñ�X Þ E8/KILR9B4*E;/L4T/0?@H844¬	7;5¡ß1'*, à '>»>ÀPâ84.E	7�º.gS)&%�º*4.9B4�À:?@,W?jY+gSH�À:R>'.9jÆ$»@5Q%-'G9j»	?@H84 à 4*H�À-'*R
ÇfÍ Ì��J�&Í É���Ö�®�5=7¾Æ�4+%4Í¤Ì��J�gÛt/K5=YW7&%Åº+I=R6<j'>»�»B%�ÆSR6/K5=YW78%�º+I=R[º@o.'*70/1%2,�3
44¬�®W9BH84*,W9B'jÁs
4	¬	7U78'G,�E	3F9.%-I=,�4*E	7P'4º	¸*3
'N9B5=H&%:,�,Y¸&/K5=H84j/='T,�¬	3�o.4�»@'f5¡ß�¸*)84.EP/0?@R#9@?�¿�<@R�®3
5V/�À(3F?@3
'G/0?@7P'.9jÆ$»@5Q%-'�º+DB9B4+%:4*E;9B4.,[44¬Z9j»	?@H84 à 4*H�À-'*R&X

¢ á#%:4�¿[71gS,+/KI=R;/K5=YW78%�º+I=R¨ºBo.'.7K/1%:,�3
4	¬t5¡À 78'*%r4to.'8s
3�g�/¾¸*RGÇ�4.3
4+%P¸.3
4*H à 4.R�º*'+%3F?>Ö&º*'+%�4T)8%-'*71E	,�3
'B/1%�º	¸*R�4j4.9B4�À:4.R�E&9B5=H8I=YW5=%W/L4*EZ9BH�Æ�/L4*E+X$ç�5LYW7&%�º*I=R(º.gS)&%�Á
º+4B9.4	À2?@,W?@R à gS7K<@R­º*gS)&%Åº+4.9B4*%244¬	7A'B9�£25=EQs
5§À-'.R!/0?ªº*E	3
'B/L4*3
4.H à <�<P9B'.H8D>¿[4.E	7/1%:R�9.'.H8'.3
IJ/KH84.E	RV/L4*E à gS7K?&/1%�º+44¬Z,Wg$»	<@78'�®*/=4.Ej3
4@7K/KI�»@4.EP/0?@R à gS7K<@R&X

¢ Ü!5f'.7K/�À s
5=,W?�3
5G/1%:Ri,�E	71<0sF5Q%:Rf/K5=YW7&%�º*I=Rlº.gS)&%�º*4.9B4�À:?@,W?@R�®S9.4.Eu,�'*7^,Yº*4.9>¸I=YW4*E	7j/0?@7f9.%:,W/0<p'*71'.9B'*H1'>¿�gu¿�<f/L4*E^,W<@3
'B/L4*RZ/0?@R à gS71<@R�®r?äº*gS)8%�º+4B9.4	À2?�Á,W?v9B4.Ev5 à '*H13�¸	â14*E	3
5GE&9@?@H85J/K5¡À�IL78'�)8%-' à 4*H15J/1%�º�¸u,�º*4.9>¸¤_Wç�?@7�3
IÃ¿�%:,+/0?,�E	3F94À-5=,W?G3
56,�º+4B9>¸G/0?@7ªº*'4»�»>À /K5=HK?N)8E	71'B/0<j'*71'>¿[7¾ÆSH&%:,W?fX
¢ ç�4f,�Y+<@3
'Tº.gS)&%�º*4.9B4�À:?@,W?@R�9B4*EjYWH1?@,[%-3
4B9B4+%(<@,�'*3F5�®+9@?�¿['�À 714@7K/L'*R>I=78'NoB<@3
'9B'*H8'B9BI=H8'�®4º@o.'*7K/�À�â85Q%+/='T'4º*4*E	,+/1%�º+Dj)8%-'*7�¬	,[3F'B/L'N/L4*E¾9ÃÍ:Ì�Ñ�Ëè�ÂÉ¡ÑRÙ�®[9BH144º+5=%-3
ILÁ784.E;78'j3
5=%(g�s
5§À�'4º	¸*3
'N9B5=H&%:,�,Y¸&/K5=H84Z/L4S	ÂÐ�ÑRÙ�ë$ÒÕÙ�Ë � 9B4*E;'.9B'+% /K5§À /L'+%�¿�%-'Z/0?@73
5J/KD.)84*,W<;/L4*E	R&X
¢ 7d%-'p/0?u,�E	3F94À-5=,W?�®�YWH1?@,[%-3
4B9B4+%-5§À /L'+%S,Y¬	,W/0?@3F'¥)8%-'*71E	,[3F'B/1%�º*4	¬GºBo.'.7K/1%:,�3
4	¬o.'*,[%:,�3
I=784�,+/0?@7pYWHK<@,W?uE&9B4*)&%('*78E	,�3
D@/LgS7�ÇCÚRÍ:Ì�Ù�ÏYÊ�ËmÈh¦§/K5LYW7&%�º.<>ÖLXìÜO/0?@7)&%-D.H�º*5Q%-'^/0?@Ri5Ãº*9B'�À-)15=E	,W?@Rlº*'B/L'*,�º+5=E	D4â84@7K/L'+%�9BH�¸&/KE&9B'�)&%-'.7�¬	,�3
'@/='�3
5j/0?o.4.<0s
5=%-'G/L4*EÙ���K;pÉÂÐ�ÑL�Z'4»�¿[4.H�À s
3
4*E+X�Á>'@/KDT/0?t)8%-'*)8%�º+'.,�À-'j/L4*E�ºBo.'.7K/1%:,�3
4	¬/='pE&9.4.)&%-'.7�¬	,�3
'@/='äºBo.'.7K/�ÀPâ14B70/='*%d,+/L4Zº+'@/='>»�»	?�»j¸	/K5LH84�9.H�¸&/KE&9.4pE&9.4.)&%-D.78E�Á,�3
'�X�ÜO/L4<Á>5 à D>»@'+%:4CÅ�s
'N)844¬	3
5!9@gSR6E�»@4.9B4*%(<0sF?�º+5�?¨º*gS)8%�º+4B9.4	À2?@,W?P3
5�/=4



 �ð ÷  �¨ ö�ÿ�ö ú�ò õ ú
©�ý ×�×

,Y¬	,W/0?@3F'«ª�Ð�ÍÃÍ:Ì�ë º*'8s�ÆSRfº*'+%r/0?MYWH1<@,W?i/L4*EG¿�%-'M/0?@7t5Ãº*9B'�À-)15=E	,W?�º+'*%r/=4@7
ºBo.'.7K/1%:,�3�¸�X

¢ ×¬'	ß8%24�»j¸�¿�?@,W?G/0?@RÛº*gS)8%�º+4B9.4	À2?@,W?@RJ¿RÀ 785C/='*%r3
5#/0?@7j'*71'>¿[7�ÆSH8%:,�?j/L4*Elº.gS)&%�Áº+4B9.4*%2?@3FI=784.Et,W<@3
'B/L4*R&Xäç�'�9B5Q%-H1D*3
'@/='0¿�%('M/0?@7i'	ß8%24�»j¸�¿�?@,W?�/0?@Rpº.gS)&%�º*4jÁ9B4�À:?@,�?@R>'.78'4»j¬	4@70/='*%[,+/L4HÁ>5 à D>»@'+%:4ÓÅ�X
z6{}|Oz ­® 6�O A�6���i��¯��
° E	4ªº	»@'*,[%�º*I=R�5=H�¿['*,�À-5=R�,+/0?;YWHK<@,W?P)8%-'*71E	,�3
'B/1%�º*4	¬(ºBo.'*70/1%:,[3F4	¬#9B'*H84.E	,[%-D	â14B70/='*%,+/L'�±tÀ1²�º+'*%r±2³K²´X&ÜO/0?j9BH�Æ�/0?j)�À 785C/='*%�I=3 à '*,W?N,+/1%:R>)&%-' à 4*H1I=R!o.'8s
3Fg�/L4	¬ªº+'+%[)&%-'.78E�Á,�3
'@/1%�º+44¬ªº@o.'*7K/1%:,�3
44¬Ûº+'*%�9B'*H14*E	,[%-D4â85J/L'+%+?N'B9.4&/K5�»@5L,[3F'B/1%�º	¸	/0?&/L'N/=4.EZ)85¡¬8/K5LH84*E�®
º*'8s�ÆSRNo.5�»&/1%:,+/=4B9.4*%-5§À�/0?@7^9B'*H84.E	,�À-'Ø¿[H8'*3F3a%�º*<@R�º+'*%�3�?Z¿[H8'.3
3a%�º.<@RT5¡ß1D*H0/0?@,�?@R�®,�Y+<@3
'@/=4.R�,�E	78D.HK/0?@,W?@R69BE�º+7�¸	/0?&/L'*RV9.% s
'.7�¸&/0?&/L'*RÛÇCÚRÍ³Ì�	ÂÐ-	§Ò�ÍPÒ7ËèÛ�Ù>É§ÑL�ÃÒ-ËèÛ?9�Ï	Ñ�Ê�Ë-ÒÕÌ�Ñ�Ö
º*'+%O/0?@R^)&%-D.,+/='.,�?@Rt/L4*E¥)&%-'.7�¬	,�3
'B/L4*R&X ÜO/0?�)15¡¬8/K5=HK?v9B'.H84*E	,[%-D4â85J/L'+%O3a%-'�,�5Q%(H8D)8%-' à 4*H15J/1%�º	ÆS7V/K5=YW7&%�º4ÆS76o.'*,[%:,[3FI=71gS7>,�56)8%-'*71E	,[3F'B/1%�º	¸fºBo.'*70/1%:,[3�¸�X/7d%-'j9.%:4T4�»@4�Á
º4»	?@H1gS3
IL71?Z5=%�º�¸@78'U/=4^±:µ1²r5§À 71'+%�I=78'Po*%:o>»>À24G' à %-5=HKgS3
I=784;,[5�/KIJ/L4+%-5=RV/K5=YW7&%�º*I=R&X�ç�5ÂÁYW78%�º+ILRªº*gS)8%�º+4B9B4�À:?@,�?@R à gS7K<@RP9B'*H14*E	,[%-D	â14@7K/L'+%a5L94À:,�?@RN,+/L4�o*%2o>»>À:4v±:¶1²w®�5=7¾Æ�,+/=4±:]1²d)�À 785C/='*%FI=3 à '*,W?N,+/1%:R#/K5LYW7&%�º*I=R½º*gS)8%�º+4B9B4�À:?@,�?@RA9B?�¿�<@R&X



· ¸T¹»º½¼¤¾À¿�Á Â

Ã ÄÆÅwÇÈÅÊÉSËÍÌÊË Î�ËÈÏ ÐÊÑ Ò®ÓMÐÔÅwÇÈÅÕÉSËÈÌÊËÈÏ Ö
Î¤Å ÌØ×§ÌÙÎ�ËÈÚ Û Ü Ý Þ Þ ß

à#{}| á��&�; 6�j���Pâ
ã§E&ä@4B9.4*å2?@,W?^/0?@RTæ*gS)8%(æ+4B9B4+å:?@,�?@Rj9B4*E^9.'.H84.E	,�%(D*,�'*3
5P9.H14.?&ç[4.è	3
5=78'pIJç�% 785N5J9.5êéæB/K5Qå 714B70/='.RU/L4M,�è	,+/0?@3
'Më�gS71<@R�ª[ì&íLí}î�ë>XPï�4ðª[ì&íLí�î�ë®,�è	,+/0?@3
'^D*H1Y�%2,�5U78'�'*71'@é9	/Kè	,�,�5J/L'+%*,+/L4�ß��ñ�#� ÞP'.9Bò6/L4;órôêî	õ�ì&í}ö@îU¹PôQ÷+øjô"ÛBô=í�/=4Nù0¶	¶@³*X�ú�æ+4.9Bò.R�/L4*E�û�í�î}�QôCü0ý5=å 78'*%F78'T)1?@3a%:4*E	H0ç�?0s
5QåFIL78'T9@ä@'*å2,[%:4i'.9Bòjç[5=7&%(æ*I=RAo*%2oBäB%:48s�<	æ+5=RZþXâ�û@û2Í(ÿ�üCì	ý
ÿ�î&õ��!í}î��
� í}ì&øZø;ÿ�õ � ÞJõ[ý´ôQí��Qì@üJô�� â��6Þ
	U,�5N/=4.3
5Qå:RtòB9BgSR���?@ëF%-'.æ.<M5J9.5�
85=H0ç['*,[å-'�,W<@3
'@/=4.R��'.78'@ç[7��SH&%:,W?;9BH14	/Kè&9@gS7CÕ�,W/L'B/1%:,+/1%(æ.<f3
4@70/K5Lä@4.9B4+å:?@,W?��+ç�%-'GYWH1<@,W?;/Kò*,�4T,[56I=H85=E1é71'�ò*,�4kæ+'+%�,�5^ç[5=78%(æ+ò&/K5=H15=R�5=ëF'.H83
48ç[ILR&X ãÈ)1?@3a%:4*E	H0ç�å-'�/=4.Evo.'*,[å:,+/0?	æ+5�,+/0?@7'.78D@ç�æ*?jç�%-'�/0?@7Gè&9B'*H�
1?t5L78ò*R��Lí�î&õ�ý��}ôQõ�ö�3F?@YW'.7&%:,�3
4*èT5L9B5�
85=H0ç['*,[å-'.RPë[gS71<@RP9B4.E71'u5Qå 71'+%h5=è&æ+4&ä@'u3F5J/='.ëFI=H1,[%-3
4*RG,�5T)8%-D*ë�4*H15=RZ9@ä@'B/KëFò.H83
5LR��h5=è&æ+4&ä@4.RT,+/0?uYWHK<@,W?æ*'+%�78'�I=YW5Q%�3a%(æ*H8I=RU'.9B'*% /0<@,�5Q%:RZ,�5U9.ò.H84.E	RPæ+D@/1%�9B4.Et4*)K<&ç�?@,[5U,+/0?@7f5L9.%(ä@48ç�<T/0?@Rç�ä��S,�,�'T9BH148ç[H8'*3F3
'B/1%:,�3
4*è��Wì��8ìpþîë$ë$ë�� �=ì��&ì@���J÷+õ���üCî&ø�	!ç�%('j/0?@7UE&ä@4.9B4+å:?@,W<N/=4.E+Xú!5�'.E8/0<�/0?@7�5=78ò&/0?&/L'P9B5=H8% ç[H1D*ë�5J/='*%B?6o.'.,�%�æ*<>)84.3F<6/L4*E>,�E	,+/0<@3
'B/L4*R�æ+'*%*'*71'@éä@è	5C/='*%�4�/KH1ò.9B4*R^5L9BILæB/='.,�?@Ri/L4*E
��3
5�,Wæ+4B9.òv/0?�)1?@3
%24.E	HKç�å-'�3a%-'*Ri9@ä@'B/Kë�ò*H13
'*R9B4.E;78'N5J9*% /KH1IL9B5Q%*/0?@7U5LH85=E	7K?&/1%(æ*<U)&%('*)&%�æ+'*,[å-'>9BD*7Kg�,+/=4>s
IL3
';/=4.E;)8%-'*71E	,[3F'B/1%(æ*4*èæ@o.'*70/1%2,�3
4.èj/JgS7j9.'.H8'.3
IJ/KH1gS7U/0?@R;ë�gS7K<@R&X��6H8Y�%(æ*Df9B5=H&% ç[H8D.ëF5J/L'+%
5Jæ./K5=7��SRU?f'*H0éY�% /K5LæB/=4@78%(æ*<f/L4*Etæ��S)&%(æ*'t9B4*Et'.78'.9	/Kè	Y	sF?	æ*5�ç�%-'�/0?@7GE&9B4*,+/0<@H&% 
1?i)8%-'*71E	,[3F'B/1%(æ*4*èæ@o.'*70/1%2,�3
4.è;æ+'*%�9B'.H84*E	,[%-D�!85J/L'+%+?j)8%-'*,�è	78)15=,W?Z3
5�/=4T,�è	,W/0?@3F'f'*71'Bç[7��SH&%:,W?@RAë[g�é7K<@R�áZôêüQÿ�û#"+ôQí$�&/=4U4.9B4+å:4>9BH84*,�'.H83
ò.,W/0?	æ*5�æ+'@/KD.ä	ä	?	ä@'6ç�%-'>'*E8/Kò�/L4P,Wæ*4.9Bò�X�éS9*å:,W?@R'.78'Bä@è	5J/='*%�?jYWHK<@,W?;/=4.EN78I=4.E;,�E	,+/0<@3
'B/L4*Ruª[ì&íLí�î�ëðç�%-'N/0?@7U)&%-5�
1'Bç�g�ç�<P9.5=%-H8'.3
D@é/JgS7Tæ.gS)&%(æ*4.9B4+å:?@,W?@RPë[gS71<@R&XUúO/Kò	YW4.RZ5Qå 71'+%�78'�YWH1?@,[%-3
4B9B4+%:?0s
5QåF/=4ðª[ì&íLí}î�ë ,+/=4@79B5Lä@D@/0?�æ+'+%�/L4ÄáZôêü0ÿ2û%"+ô=íu,+/L4B7M5�
8E&9@?@H15J/0?&/0<v,[è	3Fë�gS78'�3
5G/=4¥,[5L78D*H8%:4v9B5Lä@D@/0?8é5�
8E&9@?@H85J/0?&/0<N9B4.EN'*78'.ëFI=HJsF?	æ+5�,+/L4t5Q%:,�'Bç�g�ç�%(æ*òGæ*5=ëFDBä@'+%:4�X



×'&)(8ö�*1î Ï *,+³Ñ.-0/21�3fb4+6587'9
:.*;/2+ c8< 5 < b=-6>�7Fb4+'3 ×0?

à#{ z @ð��AV���8�CBjâ��>��� ¡d�6�  6�CDN�@�>��E �;���U¡hâV�M A¡d���
F %Wo*%2oBäB%:48sF<	æ*5=RZþ û+ì@üHG&ì � ô���	!/=4.EN'*H8Y�%�æ+4*èP,�E	,W/0<@3F'B/L4*Ruª[ì	íJí}î�ë«5Qå 78'*%�4*%�5�
K<@R&_

¢ ·`µ�¶K¸�·"´�æ�µ�¸�¬T·JI
��E8/0<�5Qå 78'*%�?vo.'*,[%(æ*<�o*%2oBäB%:48sF<	æ.?v/L4*EK�Jí}î&õ[ý��êô=õ�ö
X F ,�YW5=)8%-'*,�3
ò.R�o.'.,�å:é
!85J/L'+%�,�5�'*E8/0<v/=4.E áZôêü0ÿ2û#"Wô=í+X ï�4L�Lí�î	õ[ý��}ôQõ�ö�Y+gSH8åM!85Q%O/0?¥æ+E	3
'@/=4.3
4*H1ë�<,�5f,+/='1s
5=H14*èp3�<	æ+4*E	RG/K3F<@3
'B/L'½þM�Lí}ì&øGô���	��Oæ+'+%SE&9B4&ä@48ç�åM!85=%O)&%(D*ëF4.H85=RG'*71'@é9B'*H8'.,+/KD*,�5Q%:R�/0?@R;'*H1Y�%(æ*<@R#æ*E	3
'B/L4*3
4.H8ë[<@R�9.4.ET4@714*3
D�!84@7K/L'+%��0ôêì@ý
÷*íêô��@X6ï�4
�Lí�î	õ[ý��}ôQõ�ö�E&ä@4B9.4*%-5Qå /L'+%S,['.7i3a%-'�,�E&ä	ä@48ç�<u'B9Bòp/KIJ/=4*%-'N�0ôêì	ý
÷+íêô�î=O��QôCü0ýP�@Xuã,�E&ä	ä@48ç�<�'*E8/0<�'.9B4&/K5Lä@5Qå /L'+%!'B9.òvI=71'�ç[H1D*ëF4�3
5Tæ+'8sF4*H&%:,�3
I=7K?^/L4.9B4&ä@48ç�å-'[XúO/=4tç[H1D*ëF4T'*E8/Kòtæ*D8s
5Q�QôCì	ý
÷+í}ôT5Qå 71'+%
I=71'*R#æ+ò.3[o.4*Rjþ õ�î0öBô�	A3
5>I=71'i,�è	784&ä@4'.9Bò�ì&í}ü��j,�'.7Z5Qå:,�4*)84#�F'B9BòiD.ä	ä@'R�QôCì	ý
÷+í}ô��@XTSd%-'tæ+D1s
5Q�Lí�ì&øGô��F9BH14.æ+5=%-3
I=714*E78'PE&9.4&ä@48ç�%:,+/K5QåWæ+DB9.4*%:4T�0ôêì	ý
÷+íêô=�*9BH8IL9B5Q%+71';E&9B4&ä@48ç�%:,+/=4.è	7Uò&ä@'U/='NDBä	ä@'Z'.9Bò/='�4B9.4*å-'�5�
8'.HK/KD@/='*%�,�è	3
ë[gS78'i3
5#/L4�ç[H1D*ëF4[X6ã YWH1<@,W?i,�Y+<@3
'@/=4.RPæ*H8E	ë�<@R3
71<@3�?@R�5L9.% /='.YWè	785Q%[/0?N9B'.H8'.9BD.71gk)8%-'*)8%(æ+'.,�å('�X
ã¤9B'*H1'Bç�g�ç�<U�QôCì	ý
÷+í}ô��Vo.'*,[åM!15J/='*%*,+/0?;YWHK<@,W?P3
%-'*R�,�5Q%-H1D*R�ëFå(ä&/KH1gS7PþVOCì&õ�GNîW�
X Íñý´ô=íY�%�Lí}î&õ[ý��êô=õ�öOûFí�î0üLô��Y�=î&í4	�?V4.9B4*å-'65Qå 78'+%K9.'.H84.è	,['6,W/1%:RS9B5=H&%:,�,�ò	/K5LH85=RhE&ä@4	é9B4+%(<@,�5Q%:R!,�E	,+/0?@3
DB/JgS76ë[gS71<@R&X�ú�æ+4B9.ò.R�5Qå 78'+%	?>5LæB/1å-3F?@,W?6/0?@R�5=71I=HKç[5Q%('*Rh/=4.E,W<@3
'B/L4*RPë�gS71<@RU,+/1%:RN)&%-D.ëF4*H15=R#3F9BD*70/K5=RU,[E	YW71ò&/0?&/='.Rtþ�,�E	71<0sFgSR[Z¥ô�Í$�JíêôV\J�
ÛBô=õFü"Û
	LXÛè éS/K,[%d/K5LäB%�æ+D^,[Y+?@3F'B/1åM!15J/='*%r/L4�Z^]`_�_®)8%-D*71E	,�3
'i9.4.Ei5Qå-)1'*3
5P,[59BH84.?&ç[4.è	3
5=714Tæ+5LëFD.ä@'*%:4�XUSd%-'iE��[?	ä	<@RU9B4+%(ò	/0?&/L'*RPë�gS7K<��FYWHK?@,�%(3
4.9B4+%:4.è	7K/L'+%\	]!/KIJ/=4*%-'�ëFå(ä&/KH8'[X4Á>D1s
5�I=71'*Rh'B9.ò�/=4.E	RVù0\>üJô û#�Lý
í}ì�Í[,�E	7K/K5Lä@5L,W/KILR�9BH84Bæ+è&9	/K5Q%'.9BòZ/=4Nç�% 71ò*3
5=714Z5=71ò*R6)8%-'*71è	,�3
'B/L4*R!o.'*H��S7#ç�%('jæ*D8s
5�'B9.òZ/1%:R�\	]Z5L78I=H0ç[5Q%-5=R3
5U/L4p)8%-D*71E	,�3
'f/LgS7T\	]i5=785LHKç[5Q% �S7BXPúO/=4M)&%-D.78E	,�3
't/LgS7^ù0\i,�E	7K/K5Lä@5=,+/J�S79BH84*,+/1å s
5J/L'+%�æ+'*%r/L4ba�D1s
H84*%:,[3FD�£
/L4*E	R��h'B9.4Bæ./J�S70/='.RGIC/K,�%�/L4p/K5LäB%(æ*ò�)&%-D.78E1é,�3
'M3F5U/L4*E	RiùJct,�E	7K/K5Lä@5L,W/KILR^þ}üJô û%�Lý
íL÷*ød�QôCì	ý
÷+í}ô�	LX � 9BD*H8YW4.E	7Næ+'+%rD.ä	ä@5=R3
4*H1ëFI=RTüLô û#�=ý
íJ÷+øÊòB9@gSR;/=4¥í�ìe�=ý ìuæ+'*%gfKôQí�îMøGôêì&õk/=4�4B9B4+å:4Mæ*'+%dYWHK?@,[%-3
4@é9B4+%(<@,�'*3F58X*è �A9Bò;5=)��uæ+'+%@9BI=H8'Uä@IJç[4@7K/L'*R#üJô û#�Lý
íL÷+ø®5=78714*4.è	3
5S/L4P/K5Lä@5LE8/='*å24[Xï�4jD.ä	ä@4�Zh]T_�_ð)&%(D*78E	,�3
'Z9B4.E;YWH1?@,[%-3F4.9B4+%:4*è	3F5�5Qå 78'*%W/L4�ß[ÿ�õ � Í ô>æ*'+%W'.9B4@é/K5Lä@5Qå /L'+%�'.9Bòf/=4vüJô û#�Lý
íL÷+ø�3F'$!&åa3
5�/1%:R;9BH���/K5LRPæ+'*%
)85=è8/K5LH85=R#9B'*H1'Bçi��ç[4*E	Rþ�,�è	784&ä@4jc	¶N,[E	70/K5Lä@5=,+/KI=RJ	LX

¢ ·`µ�¶K¸�·"´�æ�µ�¸�k�´
¶èç��E8/0<G?Zo*%2oBäB%:48sF<	æ.?G9B5=H8%-I=YW5Q%
'.H1æ*5J/KI=RAo.4.?0s�?&/1%(æ+I=R#æ.ä@D*,�5Q%:R>ò.9@gSRP,+/L'B/1%:,+/1%2éæ+I=Ri3F5�s
ò*)14*E	RTç�%('�)&%('*78è	,�3
'@/='¦Õ 9*å 78'.æ*5=R���æ*'+%Oæ.ä@D*,�5Q%:Rfç�%-'¥)&%-D	o.'*,�3
'�éç[H8D��
%-3
4Zæ*E	3
'B/L4*3F4*H8ë#�S7��*3
5:¹IÞgß�ãÄß&û%"+ô=íêôP/Kè&9B4f'.H8YW5Qå�gS7.X
¢ ·`µ�¶K¸�·"´�æ�µ�¸ml»æ�n�·`«%kTµ�È{­

Sr5=7&%(æ.<!o*%2oBäB%:48sF<	æ.?63
5S,Wæ+4B9BòA/0?@7�E&9.4.,+/0<@H&%M
K?A9B5=H8%2,�,�ò&/K5=H1gS7�5=%-)��S7!5=%2,�ò.)84*E5Læ./Kò.R�'.9Bòjæ+E	3
'@/=4.3
4*H1ëFI=R¾¹¾Þgß/ã#X



×'&�×FÆ�o © /
b47 <qp b4+65 < 5 < b=-6>�7Fb4+'3�Çr*;7s5%o0+ < b4-'9#*}m putwv ×%x

à#{ à áu��¯
��¡d ��P� ¡d�6�w�;���P¡hâV�^ A¡d��� �j�. Í�!�6���P¡hâV�!�.�S�zy|{
}�~�}�~�� ���S"��.�g�
ú�æ*4.9Bò*R�/0?@R�5L9BILæ./L'*,W?@R�/L4*E#,�E	,+/0<@3
'B/L4*Riª[ì&íLí}î�ë¤5Qå 71'+%@78'U3F9B4*H85=å.78'>5=ë�'*H13
4*,+/K5Qå)8%-'*71E	,�3
'B/1%(æ*ò*R;æ@o.'*70/1%2,�3
ò.Rj,W/L'u9B'*H8'@ç[ò*3
5L78'^'.9BòM/L4��Jí}î&õ[ý��êô=õ�öh�0ôêì	ý
÷+íêô���þ
æ*DB/1%/L4G4.9B4+å:4Z9B'*H1I=YW5J/L'+%+<@)1?;'.9Bò;/0?@7>'*H8Y�%�æ*<U3
4*H1ë�<>/=4.E¥ª[ì&íLí�î�ë�	����S,+/K5A78'N5Qå 71'+%W)8E1é71'B/0<P?;3
ICç�%2,+/0?N,�E	3F9.å-5L,�?U/=4.E;,W<@3
'@/=4.RV/0?@R�ë[gS71<@R��.5�
8'.,[ë�'.äBåM!14@7K/L'*R!9B'*H1D.ä	ä	?	ä@'E��[?	ä	<G'.æ+4.E	,+/1%(æ*<j'.78D.ä@E	,W?WXCS�%('T/0?@7N)&%-5�
8'Bç�g�ç�<P/LgS7Z9B5Q%-H1'*3
D@/LgS7=�Bs
'T9BH8IJ9.5=%
78'5=å 78'*%�)1E	78'@/0<P?;5L9.%(ä@48ç�<Z)8%-'*ë�ò*H1gS7A,�Y+?@3
DB/JgS7Uæ.gS)&%(æ*4.9B4+å:?@,W?@R&Xg�A9.òZ/0?;3
5=H&%(D;/=4.Eª[ì&íLí�î�ë s
'G9.H1IL9B5Q%F71'T9B'*H1I=YW5J/L'+%F?G)8E	71'B/Kò&/0?&/='T5Læ*9B'*å-)85=E	,W?@R6/JgS7iüJî0öBô�OCî0îeG��;ç�%-'/L4�ý
í}ì&ÿ�õh�0ôQý��*æ*'8s0�SR�æ+'*%+?ZYWH1<@,W?U/=4.E	RVç�%-'Z/0?@7#æBo.'.7K/L4.9B4+å:?@,W?P/L4*ETý´ô��Lý.�QôQý=X.�69Bò/0?@7iDBä	ä	?i9@ä@5=E	H8D#�r/L'�æBo.'.7K/1%:,�3
I=78'^'*H1YW5Qå-'Ts
'�)&å 784@7K/L'+%�,�'.7f5Qå:,�4*)14*Rj,+/=4@7i'*71'@éç[7KgSH&%:,+/0<N/=4.E��ZôCüQÿ�û#"+ô=í
�Wç�%-'N/0?@7;'$
8%:4&ä@ò8ç�?@,�?Z/L4*Ej,�Y+<@3
'@/=4.R�æ*gS)&%�æ+4.9B4*å2?@,W?@R#3
5/L4�4.9B4+å:4tç�å 714B70/='*%Fæ+D1s
5>ëF4*H1DG/L'i9.5=%-H8D.3
'B/L'�X�ã /KH8òB9B4*RU5L9BILæ./L'*,W?@RU/L4*E½ª[ì	íJí}î�ëç�%('G/0?@7ZE&ä@4B9.4*å2?@,W?j/=4.Ej,[Y+<@3F'B/L4*R#æ*gS)8%(æ+4B9.4*å2?@,W?@R#'.E8/0<@R#/0?@R>5=H0ç['*,[å-'.R#ëF'+å 785J/L'+%,+/L4kú!Y+<@3
' c+X ùiòB9.4.Ep9B'*H14*E	,[%-D$!15J/L'+%�?�'*H1Y�% /K5Jæ./L4B78%(æ*<�/L4*E�æ$�S)8%(æ+'#�S4�/KH1ò.9B4*RYWHK<@,W?@RV/L4*EZ'B9.ò;/L'j9.5=%-H8D.3
'B/L'N3
I=,Wg¥/JgS7[�QüQíLÿ2ûFýP�>9B4*E;'.78'B9@/Kè	Y	s�?	æ+'*7Væ+'1s0�SRVæ*'+%?j)8%-'*,�è	71)85=,W?N3
5�/=4f'*H8Y�%�æ+òj,�è	,W/0?@3F' ª[ì&íLí}î�ë>X

Yarrow scripts

sri.star.coding.base
Codebook Classifier
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Front-end mechanism
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       Client :
1.Audio Capture
2.Feature Extraction
3.Compression
4.Send data
5.Get recognition result

Client-Recognizer Interface
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