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• Å?ª¨£±^¾`®zÑ%²¶ªfÕZª¬{ªÃÀyÁC²«¿`¾`¬{¨°¯�·%®zªÀ�ËS¨«¬{¹t®zª¨«¼l¯?¹%¨¶ª©§Cº^Ä#Ñ#¯&º^µ&·#¼{ªÀU¯{¬�º^À%¼�ÇL¾`¬{®\º�¯{¨¶¾`Àt¾:¹%ªÃ¬2ª¨«Àë~ªÄ%¬l¾`À»º^²«ª¼(ë©ªb¯�ÆbË2ªÃ¬{±y½`ªÃ¬lË?ªÀ%¹%ªb¯þÏ£õ�À�¹%ª¬SÁC¬lÂ�ªÃ¨«¯>½^¾`ÀdÖ~¾jËS²¶ªbìaÜÍÌ?Ç�ãLü%Î !�O`O�MSÏ ËS¨¶¬l¹�ÆÄ%®Å2ªÃ¨¶¼lÑ%¨¶ªÃ²4ª¨«Àqå;ª¼{¨«µ&·U¯�¼{ªÃ¬{±�ªÀ%À8Ä%À%¿^¼{¼lì:¼�¯�ª® Â»º^¼l¨¶ª¬lªÀ%¹qº�Ä#Ç�ª¨¶À#ª® ë©ªÄ#¬{¾`À»º�²¶ª¼.ë©ªÃ¯{ÆÃË?ª¬l±½^¾`¬{¿`ªÃ¼l¯{ª²¶²°¯þÏ»âJÂ£ªÀ%¼l¾W¼�¯�ª²«²¶ªÃÀd§~ª¨«¼{ª²«ª�ÜÍÌ±Ç�ãLü%Î Ý^Þ^Þ !UÏ ªÃ¨¶À%ªÃÀ�½^ª¬{Â£ª¼l¼{ªÃ¬l¯�ªÃÀmÁCÀ%¼{º�¯�ÆÈÆÄ#¬c�}ÂZäêlªÃ±8¯{ª¬l±^ªÀ#À:Ä#À%¿y®\¨°¯S§©¨«²«ÇLªC½^¾`ÀmÊ:Ä%Ñ%Ñ£¾`¬l¯Söãª±U¯{¾`¬}îdº^µ&·%¨¶À#ªÀd½^¾`¬SÄ%À%¹d¨¶À�¹%ª¬SÁ©¬{Â£ª¨«¯S½^¾`À
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ÐG��ø���ÒBùúÖg��×����cÓcÒNÕ��¨�n�����
õ�À%À#ª¼þÜÍÌ�Ç�ãLü=Î Ý^Þ^Þ�P Ï ËS¨«¬{¹y¿`ªÃÀ%ªÃ¯{¨¶¼lµ&·%ª¼~ÓJ¬{¾`¿^¬�º^®z®\¨«ª¬lªÀ\½^ª¬�Ë2ªÃÀ%¹%ªÃ¯©Ä%®"¹%¨¶ª}ÚÙªÃ·%²¶±8²¶º^¼{¼l¨�K#ä±éº�¯{¨¶¾`À%¼l¬�º�¯{ªÀ�ÆÄ�½`ªÃ¬{¬l¨¶À%¿`ªÃ¬{ÀOÏ

• Ð©¨¶ª¦²«ªÃ¯{ÆÃ¯�ª¦óvº�¯�ªÃ¿`¾`¬{¨«ª�Â£ª¨«À%·»º^²°¯�ªb¯C®zª¹%¨«ªÀ8Ò%Â£ª¬l¿`¬{ªÃ¨«ÇLªÀ#¹%ª¦Á©²¶¿`¾`¬l¨«¯{·%®\ªÃÀOÏÙÐC¨«ª¼{ª¦Â»º^¼{¨«ª¬lªÀ®zª¨«¼l¯ãº^ÄZÇOó~¾`ÀU¯�Ä%¬æäôÄ%À%¹\Ú£º�¬{Â£ª¬{±�ªÀ%À8Ä%À#¿%¸`ËS¨¶ªN¨«ÀÅÎ åvº^¬{µÃ¨´ºlÜÍÌ Ç�ãLü¶¸ !�O`O�OSÏ Ï`õ�À\¹#¨¶ª¼lª¬JÁ©¬{Â£ª¨«¯Ë?ª¬l¹%ªÀ�¹%¨¶ª}Å2¨¶²«¹%ª¬>ÆÃÄ%ª¬l¼l¯S¨«À�Ö~ªÃ¿`¨¶¾`À#ªÀy®z¨«¯N§©º^Ä#¯lÇKº^¬{Â£ªÀ�³^·%À#²¶¨¶µ&·#ªÀ�ÚÙº^¬{Â£ªÀyªÃ¨¶À%¿^ªÃ¯�ªÃ¨¶²°¯þ¸Ä%® ¹»º^À%À�º^À#·»º^À%¹ ª¨«À%ª¬tçÉºþ½`ªÃ²¶ªÃ¯{ÆªÃ¬{²¶ªÃ¿`Ä%À%¿ ¹%¨«ªqÚ»¾`¬{® ÆÄ Â£ª¼l¯{¨¶®z®\ªÃÀOÏ>âJ¼tËS¨«¬{¹ ª¨«ÀîdªÃ¬{±8®\º^²¶¼�½`ª±U¯{¾`¬©¿^ªÂ%¨«²¶¹%ªb¯SÄ%À%¹�¹%Ä%¬{µ&·ïª¨¶À#ª¦î�ªÃ¯�¬l¨¶±yº�Ä#Çãå;ª¼l¨¶µ&·U¯�¼æä2Ä#À%¹�ë~¨¶µ&·U¯läæåvªÃ¼{¨¶µ&·U¯{¼ÖSª¿`¨«¾`À%ªÃÀ�¿^ª¼{µ&·#²¶¾`¼l¼{ªÀ�Ï
õ�À�Ä%À#¼{ª¬lª® ÚÙº^²¶²N¼l¾`²¶²°¯�ª�¹»º^¼WÊ:ì:¼l¯{ª® ªÀU¯�¼lµ&·%ª¨«¹%ªÀ�¸>¾`Â�¼l¨¶µ&·.¨¶À�¹#ª¬tº�Ä#ÇL¿`ªÀ#¾`®\®zªÀ#ªÀ�ÊZÆªÃÀ%ªª¨«À�Â�ªÃ¼l¯�¨«®\®�¯�ª¼��;Â8êlª±U¯�Â�ªÍK»À%¹%ªb¯?Ä#À%¹\¹#¨¶ªDêlªÃË?ª¨«²¶¨«¿`ª2Á©À%Æþº^·#²»ª¬{±éº^À#À8¯{ª¬��}Â:êlª±U¯{ªCº^²«¼JâJ¬{¿`ªÃÂ%À%¨«¼²¶¨«ªÃÇLªÃ¬{ÀOÏç ¨«¬@·»º^Â£ªÀ�Ä%À%¼ô¹%ª¼l·»º^²¶ÂvÇLÒ%¬×ª¨«ÀÈöãªÃ¬lÇKº^·#¬{ªÀ�À»º^µ&·�¹%ª¬×õ�¹%ªÃª?½`¾^À�ö}¨«¾`²´º?Ä%À%¹�Ü^¾^À%ª¼�Î Ý�Þ`Þ !UÏªÀU¯{¼{µ&·%¨«ª¹%ªÃÀOÏ4âJ¼È²¶¨«ªÃÇLª¬�¯v¿`Ä#¯{ª\ó;²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À%¼l¬�º�¯{ªÀmÄ%À#¹É¨¶¼�¯È·%ªÄ#¯{ÆÄ#¯�º^¿`ªz¼{µ&·%¾^À�º^Ä#Ç2Ò%Â%²«¨¶µ&·%ªÃÀÖSªµ&·%À%ªÃ¬{Àd¨¶À�âJµ&·8¯{ÆªÃ¨«¯Cº^ÀUË2ªÃÀ%¹%Â»º^¬ÃÏ£Ð}º^¼~¨¶¼l¯NËS¨«µ&·U¯�¨¶¿#¸%¹»º�ËS¨¶¬>ÇLÒ%¬Sª¨«À%ª;¬{¾^Â%Ä%¼l¯{ª¦ó;²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À®zª·%¬lª¬{ªt�}Â:êlªÃ±U¯�ªy¨¶À]ªÃ¨¶À%ªÃ¬�ÖSÄ%À%¹%Ä%®z¼{¨«µ&·U¯þ¸TÂ£ª¼�¯�ª·#ªÀ%¹.º^Ä%¼�º�µ&·8¯\Å2¨«²¶¹%ªÃ¬¸ôª¬l±^ªÀ#À%ªÀp®�Ò%¼l¼{ªÀ�Ïõ�À�¹%ªÃ¬�ÁC¬lÂ�ªÃ¨«¯È½`¾`Àzi@¨«ªÀ%·»º�¬l¯\ÜÍÌ:Ç�ãLü~Î Ý^Þ^Þ ISÏ ËS¨¶¬l¹�¹»º^ÆÃÄ�ª¨«À�¬{¾`Â#Ä%¼l¯{ª¼¦öãªÃ¬lÇKº^·%¬lªÀ�½^¾`¬{¿`ªÃ¼l¯{ª²¶²°¯þ¸¹»º^¼�Â£ª¬lª¨°¯�¼�¨¶À]¹#ª¬®�}Ñ�ªÃÀ.ë2¾`®\Ñ#Ä#¯�ªÃ¬¦ö}¨«¼{¨¶¾^Àzi×¨«Â%¬�º�¬lì Î��}Ñ£ªÀÙë?ö¦¸ãÝ^Þ`Þ !BÏ ¨¶®zÑ%²«ª®zªÀU¯�¨«ª¬l¯�¨¶¼�¯þÏç ¨¶¬>½^ª¬�Ë2ªÃÀ%¹%ªÀï¹%¨¶ªÃ¼{ª¼NöãªÃ¬lÇKº^·%¬lªÀ�Ä%®�Â%¨«À»³^¬lª;ó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬lªÀy½`¾`À�½`ªÃ¬{¼lµ&·%¨¶ªÃ¹%ªÀ%ªÃÀX�}Â:êlª±U¯{ªÀÆÄm¯{¬�º^¨«À%¨¶ªÃ¬{ªÀ�¸�¹%¨«ª¦¯�ì:Ñ%¨¶¼lµ&·%ª¬�Ë2ªÃ¨¶¼lª\¨«À�¹%ªÀm½^ª¬{¼lµ&·%¨¶ªÃ¹%ªÀ#ªÀ�ó;²¶º^¼{¼lªÀqª¨«À%ª¬;Å?Ò%¬{¾`Ä#®\¿`ªÃÂ%Ä%À%¿yÆÃÄK»À%¹#ªÀï¼l¨¶À%¹�Ï
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õ�À]¹%¨«ª¼{ªÃ®
óvº^Ñ%¨°¯�ªÃ²�ËS¨«¬{¹�ÆÃÄ%ª¬l¼l¯�¹»º^¼�Å2¾Z¾^¼l¯�¨«À%¿�ªÃ¬{±8²´³^¬�¯þ¸ô¹»º^¼�¹#¨¶ª�å;¬{Ä%À#¹%¨¶¹%ªÃªt¹%ªÃ¼�ÁN¹»º`Å2¾:¾`¼�¯ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼~¹»º^¬{¼�¯�ªÃ²¶²«¯Ï£Ð}º^À»º^µ&·�ËS¨«¬{¹�¹#ª¬}ÁN¹»º^Å2¾Z¾^¼l¯;Á©²¶¿`¾`¬l¨«¯{·%®�Ä%¼S¼{ªÃ²¶Â%¼�¯}½`¾^¬{¿`ªÃ¼l¯�ªÃ²¶²°¯}¼{¾jËS¨«ªª¨«À%ÆªÃ²¶À%ªvó~¾`®zÑ�¾`À#ªÀU¯�ªÃÀd¹»ºþ½^¾`ÀOÏ�"�Ä%²«ªÃ¯�Æb¯NËS¨¶¬l¹dº�Ä#Ç4¹#¨¶ªvâJÀU¯�¼{µ&·#ª¨¶¹#Ä%À%¿`¼l²¶¨¶¼�¯�ªvª¨«À%¿`ªÃ¿Uº^À%¿`ªÃÀO¸%®z¨«¯¹%ªÃ¬J¹%¨¶ªNÂ%¨«À»³^¬lªÀ�ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀ�¹%ªÃ¼ãÁN¹»º`Å2¾:¾`¼l¯ãÁ©²¶¿`¾^¬{¨«¯{·%®�Ä%¼DÆÄ�ª¨«À%ª®èîdÄ%²«¯{¨°ä�óv²¶º^¼{¼lªÀ�ó;²¶º^¼�ä¼{¨LK»±éº�¯�¾^¬N±^¾`®�Â#¨¶À%¨«ª¬l¯2Ë2ªÃ¬{¹%ªÃÀOÏ
�X½�¼'½ � ¿ ¤3ç	��
��£¢�¤�¥ ¿ ¤ ���Wá Á?¿ ¤¦¥
Ð}º^¼È¿`ªÃÀ%ª¬lª²¶²«ªzÓã¬l¾`Â%²«ª®�Â£ª¨J¹%ªÃ¬¦ó;²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`Àm¨«¼l¯È¹%¨¶ª�öã¾`¬l·%ª¬l¼�º^¿^ªzªÃ¨¶À%ªÃ¬Èóv²¶º^¼{¼lª

y ∈ Y ÆÄª¨«À%ª®FÅ2ª¨«¼{Ñ%¨«ª²
x ∈ X ÏjÐ}º�Â�ªÃ¨UªÀU¯�¼lÑ%¬{¨«µ&·8¯ X ¹#ª®QÖ~º^Ä%®Fº^²¶²«ª¬OÅ?ª¨¶¼lÑ%¨¶ªÃ²¶ªJÄ%À#¹ Y ¹%ªÃÀ�®zÌ`¿`²«¨¶µ&·%ªÃÀó;²´º^¼l¼{ªÃÀOÏ

Ú4Ò%¬ã¹%¨«ª¼lª¼>ÓJ¬l¾`Â%²¶ªÃ®�¼l¯{ª²«²«¯~É.Ê�Ê�ËÍÌØÛ Ý��~ªÃ¨¶À%ªS¿`ªÃÀ%ª¬lª²¶²«ª©îdªÃ¯{·%¾Z¹#ª©Â£ª¬lª¨«¯¸8Ä%®�¹%¨«ªCÓJ¬�³�Æ¨¶¼l¨¶¾`À�ªÃ¨¶À%ªÃ¼¿`ªÃ¿`ªÂ£ªÀ%ªÃÀai@ªÃ¬{À»º^²«¿`¾`¬l¨«¯�·#®�Ä%¼CÆÃÄm½`ª¬lÂ�ªÃ¼{¼lª¬{À Î Ú»¬lªÄ%À%¹)Ä%À%¹�ÊZµ&·%º^Ñ%¨¶¬lª^¸ !NO`O`OSÏ Ï@ÐC¨«ªzåv¬lÄ%À%¹%¨«¹%ªª½`¾^À Å2¾Z¾^¼l¯�¨«À%¿�Â�ªÃ¼l¯�ªÃ·U¯�¹»º^¬l¨¶ÀO¸@½`ªÃ¬{¼lµ&·%¨¶ªÃ¹%ªÀ%ª�¼lµ&·8Ë2º^µ&·%ª�§SìZÑ£¾^¯{·%ª¼lªÀ {h1, h2, . . . , hS}
ÆÃÄ]ª¨°äÀ%ªÃ¬È¼�¯&º^¬l±^ªÃÀÉ§SìZÑ£¾^¯{·%ª¼lª

H
ÆÄ)±^¾^®�Â%¨¶À#¨¶ª¬lªÀOÏOâã¨«À%ª�§~ì:Ñ£¾^¯�·#ª¼{ªz¨¶® º^²«²¶¿`ªÃ®\ªÃ¨¶À%ªÃÀ�¼l¯{ª²¶²°¯;¹»º^Â£ª¨ª¨«À%ªyÚ»Ä%À%±U¯{¨¶¾`À

h : X → Y ¹»º^¬¸D¹%¨¶ªW¹%¨¶ªWóv²¶º^¼{¼lªÀ%ÆÃÄ%¿`ªÃ·%Ì`¬{¨«¿`±^ªÃ¨«¯�½^¾`ÀpÅ2ª¨«¼{Ñ%¨«ª²«ªÀ
x
½`¾`¬l·%ª¬æä¼�º�¿^¯þÏ:Ð}º^Â£ª¨£¼{ªÃ¨�½^¾`¬�º^Ä#¼{¿`ªÃ¼{ªÃ¯{ÆÃ¯¸#¹»º^¼l¼>¹%¨«ª©¼lµ&·8Ë2º^µ&·%ªÃÀï§Sì:Ñ�¾^¯{·%ª¼lªÀyªÃ¨¶À%ª~Â�ªÃ¼{¼lª¬{ª;åvÒ#¯{ª}º^²«¼?ªÃ¨¶À%ª"�Ä#ÇKº^²«²¶¼lªÀU¯�¼lµ&·%ª¨«¹%Ä%À%¿È·»º^Â£ªÀOÏ8Ð©Ä%¬{µ&·\¹%¨¶ªÃ¼{ª©ó©¾`®�Â#¨¶À»º�¯{¨¶¾`À¦¹%ª¬�¼{µ&·UË2º^µ&·%ªÀ�§Sì:Ñ�¾^¯{·%ª¼lªÀ\¼{¾`²«²»ª¬�ä¬{ªÃ¨¶µ&·U¯SË2ªÃ¬{¹%ªÃÀO¸£¹»º^¼{¼~¹%¨«ª�âú÷zÆ¨«ªÀ%ÆÈ¹%ªÃ¬©¼�¯&º^¬l±^ªÀï§~ì:Ñ£¾^¯�·%ªÃ¼{ª�Â�ªÃ¼{¼{ªÃ¬©¨«¼l¯©º^²«¼N¹%¨¶ªÈâú÷zÆ¨¶ªÃÀ%Æ>êlª¹%ªÃ¬ª¨«À%ÆªÃ²¶À%ªÃÀd¼lµ&·UË>º^µ&·#ªÀq§~ì:Ñ£¾^¯�·#ª¼{ª�Ï

õ�®
Á©²¶²¶¿^ª®zª¨¶À#ªÀ�²¶³^Ä#Ç�¯�Å2¾:¾`¼�¯�¨¶À#¿�ËS¨¶ªtÇL¾`²«¿^¯�º^Â�»JÐCª¬zÅ2¾:¾`¼�¯�¨¶À#¿mÁC²¶¿^¾`¬{¨°¯�·%®�Ä#¼¦Â£ªÀ%Ì^¯{¨¶¿^¯�ªÃ¨¶À%ªîdªÃÀ%¿`ª2½^¾`À�òô¬�º^¨«À%¨¶À%¿^¼{Â£ª¨¶¼lÑ%¨¶ªÃ²¶ªÃÀ
(x1, y1), . . . , (xN , yN)

Ï^ÐCº^Â�ªÃ¨ZªÃÀU¯�¼{Ñ#¬{¨¶µ&·U¯
xn
ª¨«À%ª® âJ²¶ªÃ®\ªÃÀ8¯º^Ä%¼?¹%ª®"Å2ªÃ¨¶¼lÑ%¨¶ªÃ²¶¬�º�Ä%® X Ä%À%¹

yn
ª¨«À%ª¬~"�Ä8Ë?ª¨«¼{Ä%À#¿�ÆÄtªÃ¨¶À%ªÃ¬2ó;²¶º^¼{¼lª}º^Ä%¼ Y Ï8õ�®"Â#¨¶À»³^¬lªÀWÚ£º�²¶²¼{ªb¯�ÆÃªÀ�ËS¨¶¬ Y = {+1,−1} ¸JªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ#¹�ÇLÒ%¬zÑ£¾`¼{¨°¯�¨«½^ª�Ä%À%¹�À%ªÃ¿Uº�¯{¨«½`ªdÅ2ªÃ¨¶¼{Ñ#¨¶ª²«ª^ÏJõ�À)êlªÃ¹%ª¬õH¯�ªÃ¬�º�¯{¨¶¾`À

t = 1, . . . , T
¬{Ä#Ç�¯È¹»º�¼¦Å2¾:¾`¼�¯�¨¶À#¿�ªÃ¨¶À%ªÃÀ�¿^ª¿`ªÃÂ�ªÃÀ%ªÀ�¼l¾`¿`ªÃÀ»º^À%ÀU¯�ªÃÀ#Ë������ Ç����6ÜÍÝ��%ÜÍà��Ý�ÜÍàNº^ÄZÇæÏ�âJ¨«Àd¼lµ&·8Ë2º^µ&·%ªÃ¬�i@ª¬{À#ª¬~ªÀU¯�¼lÑ%¬{¨«µ&·8¯C¹»º^Â£ª¨×ª¨«À%ª¬©ÓJ¬{¾`ÆÃª¹%Ä#¬¸Ù¹%¨¶ª�º^Ä%¼~¹%ªÃ¬}îdªÃÀ%¿`ª�º^²¶²«ª¬¼{µ&·UË2º^µ&·%ªÃÀm§~ì:Ñ£¾^¯�·%ªÃ¼{ªÃÀdªÃ¨¶À%ª;§Sì:Ñ�¾^¯{·%ª¼lª

ht
À%º^µ&·�ª¨¶À#ª®�Â£ª¼�¯�¨«®\®¦¯{ªÀyó;¬l¨«¯�ªÃ¬{¨«Ä%®�Â�ªÃ¼l¯�¨«®\®�¯þÏÁC²«²@¹%¨¶ªÃ¼{ªÈ¼{µ&·UË2º^µ&·%ªÀq§Sì:Ñ�¾^¯{·%ª¼lªÀ�Ë?ª¬l¹%ªÀ�²«ªÃ¯{ÆÃ¯�²«¨¶µ&·�ÆÄdª¨«À%ª¬S¼l¯�º^¬{±�ªÀm§Sì:Ñ�¾^¯{·%ª¼lª

H
±^¾`®¦Â%¨°äÀ%¨«ª¬l¯Ï`ÐCªÃ¬ãå;¬{Ä%À%¹#¿`ª¹»º�À%±^ªN¹%ªÃ¼ãÅ2¾:¾`¼l¯{¨¶À%¿}Â£ª¼�¯�ªÃ·8¯ãÀ8Ä%À�¹»º�¬{¨¶À�¸�ªÃ¨¶À%ª2öãªÃ¬l¯{ª¨¶²«Ä%À%¿C½^¾`À\åvªbËS¨¶µ&·U¯�ªÃÀÒ%Â£ª¬T¹#ªÀ�òD¬{º^¨¶À#¨¶À%¿`¼lÂ�ªÃ¨¶¼lÑ%¨¶ªÃ²¶ªÀ�ÆÄ�ªÃ¬{¼l¯{ª²«²¶ªÀ�Ï`Ð}º^¼�å;ªÃËS¨«µ&·U¯Jª¨«À%ª¼JÅ?ª¨¶¼lÑ%¨¶ªÃ²¶¼

xn
¨¶À�¹#ª¬TõH¯{ª¬�ºé¯�¨¶¾^À

t
¨¶¼�¯�¿`ªÃ¿`ªÂ£ªÀ]¹%Ä#¬{µ&·

Dt(n)
Ä%À%¹]¼l¾`²¶²�¹%ªÃÀ âã¨«ÀG�»Ä%¼l¼�¹%ª¼SêlªÃË?ª¨¶²«¨¶¿`ªÃÀ]Å2ªÃ¨¶¼{Ñ#¨¶ª²«¼�Â£ª¨?¹%ª¬�ç�º^·#²¹%ªÃ¬?¼lµ&·8Ë2º^µ&·%ªÃÀï§Sì:Ñ�¾^¯{·%ª¼lªCÂ£ª¼lµ&·%¬{ªÃ¨¶Â£ªÀOÏZÁCÀ#ÇKº^À#¿`¼�Ë?ª¬l¹%ªÀtº^²¶²«ªCå;ªÃËS¨«µ&·U¯�ª~¿`²¶ªÃ¨¶µ&·z¨¶À%¨°¯�¨´º�²¶¨¶¼l¨¶ªÃ¬l¯þÏ
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�8�(Ñ]�¨Ò;Óc×8Ö������eÙN�úÓ���¡ �eÒD�n�"!$#Z �Ù
õ�À�¹%ªÀ�ªÃ¨¶À%ÆÃª²¶À#ªÀ�õH¯�ªÃ¬�º�¯{¨¶¾`ÀtË?ª¬l¹%ªÀ�¼{¨«ª}¹%ª¬{º^¬l¯S®z¾:¹%¨�K»ÆÃ¨¶ªÃ¬l¯þ¸:¹»º^¼l¼N¹%ª¬N¼lµ&·UË>º^µ&·#ªCi@ª¬lÀ%ª¬N¼lª¨¶À#ªçÉº^·%²4ªÃ¨¶À%ªÃ¬C¼lµ&·8Ë2º^µ&·%ªÃÀ�§SìZÑ£¾^¯{·%ª¼lª�À»º^µ&·q¹%¨¶ªÃ¼{ªÃÀ)åvªbËS¨¶µ&·U¯�ªÃÀm¬{¨¶µ&·U¯{ªÃ¯þÏOÊZ¾tË?ª¬{¹#ªÀq¼{µ&·UË2º^µ&·%ªÀ§~ì:Ñ£¾^¯�·#ª¼{ªNÂ£ªÃ½^¾`¬{ÆÃÄ%¿^¯¸`¹%¨¶ª?¼{µ&·UËS¨¶ªÃ¬{¨«¿`ªN±^¾`¬l¬{ªÃ±8¯ãÆÃÄ�±8²´º^¼l¼{¨�K%Æ¨¶ªÃ¬{ªÃÀ%¹%ª>òô¬�º^¨«À%¨¶À#¿`¼{Â£ª¨«¼{Ñ%¨«ª²¶ª�¬{¨«µ&·U¯�¨¶¿Â£ªÃË?ª¬l¯{ªÀOÏ£ÐC¨«ª�åvÒ#¯{ª?êlª¹%ªÃ¬S¼{µ&·UË>º�µ&·%ªÀq§SìZÑ£¾^¯{·%ª¼lª

ht
ËS¨«¬{¹�¹%Ä%¬lµ&·dªÃ¨¶À%ªÃÀïÚ»ªÃ·%²¶ªÃ¬

εt =
∑

i∈{k|ht(xk)6=yk}
Dt(i)

¹»º^¬l¿`ª¼�¯�ªÃ²¶²«¯Ï#âJ¼N¼lª¨@º^À#¿`ª®zª¬l±8¯¸%¹»º^¼l¼N¹%ª¬>ÚÙªÃ·%²¶ªÃ¬
εt
·%¨«À%¼{¨«µ&·8¯{²¶¨«µ&·y¹%ª¬2öãªÃ¬l¯{ª¨¶²«Ä%À%¿

Dt

¹%ªÃ¬NòD¬{º^¨°äÀ%¨«À%¿`¼{Â£ª¨«¼{Ñ%¨«ª²«ªÈÂ£ª®zª¼l¼{ªÃÀïËS¨¶¬l¹OÏÙÁCÀ%·»º�À%¹�¹%¨«ª¼{ªÃ¼}Ú»ª·#²¶ª¬l¼~ËS¨«¬{¹d¼{µ&·%²«¨¶ªÍ^²¶¨¶µ&·yÇLÒ%¬Têlª¹#ª¦¼{µ&·UË2º^µ&·%ª§~ì:Ñ£¾^¯�·#ª¼{ª
ht
ª¨«À%ª�å;ªÃËS¨«µ&·8¯{Ä%À%¿

αt
Â�ªÃ¼l¯�¨«®\®�¯þÏ�i@ªÃ¯�Æb¯�²«¨¶µ&·�Ë?ª¬{¹#ªÀq¹%¨¶ª¦¼{µ&·UË>º�µ&·%ªÀÉ§~ì:Ñ�¾�¯�·%ªfä¼{ªÃÀ

ht
®\¨°¯z¹%ªÀ�¿^ª¬{¨«À%¿`¼�¯�ªÀ�ÚÙªÃ·%²¶ªÃ¬{À

εt
º^²¶²«ª¬�õH¯�ªÃ¬�º�¯{¨¶¾`À#ªÀ�ÆÃÄ�ª¨«À%ª¬\¼l¯�º^¬{±�ªÀ §~ì:Ñ£¾^¯�·#ª¼{ª

H±^¾^®�Â%¨¶À#¨¶ª¬�¯þÏZõ�®�Â%¨¶À%³^¬{ªÃÀïÚÙº^²«²�±éº^À%À�¹%¨«ª¼S¹%Ä%¬lµ&·dªÃ¨¶À%ªv¿`ªÃ®\¨«¼{µ&·U¯�ª�ÊZÄ%®z®zª

H(x) =
T∑

t=1

αtht(x)

ª¬�ÇL¾`²¶¿^ªÀOÏ
âJÂ�ªÃÀ%¼{¾\±éº^À%À�¿`ªÆÃª¨¶¿�¯NË2ªÃ¬{¹%ªÃÀO¸Ù¹»º^¼{¼Ã¸»ÇKº^²¶²«¼>¹%¨¶ª;¼lµ&·UË>º^µ&·#ªÀq§~ì:Ñ£¾^¯�·#ª¼{ªÃÀ�ª¨«À%ª;Â£ª¼{¼lª¬CåvÒZ¯�ªÈº^²¶¼ª¨«À%ª("�Ä#ÇKº�²¶²¶¼lªÀU¯�¼lµ&·%ª¨«¹%Ä%À%¿;·%º^Â�ªÃÀO¸`¹%ªÃ¬Tòô¬�º^¨«À%¨¶À%¿^¼lÇLª·#²¶ª¬DªbÕZÑ£¾`À%ªÀU¯{¨¶ª²«²#¼lµ&·%À%ª²«²%®z¨«¯T¹#ª¬^"Oº^·#²#¹%ªÃ¬õH¯�ªÃ¬�º�¯{¨¶¾`À#ªÀyÇK³^²¶²°¯ Î ÊZµ&·»º^Ñ#¨¶¬{ª�¸£Ý^Þ`Þ ! Ï Ï
�X½5ä�½ åûéïà���%Wá Á ày Ká è ¿ ¤�¡�� À �'&è Hà¦áTá ¿)( �>à Á ��
õ�Àp¹%¨¶ªÃ¼{ª® ÁCÂ%¼lµ&·%À%¨«¯l¯�Ë2¾`²«²¶ªÃÀ ËS¨«¬�Ä%À%¼�®z¨«¯�¹%ªÃ® Ä;ÆÈÇgÉ.Ê�Ê�ËÍÌ>ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼¦Â£ª¼lµ&·»³�Ç�¯{¨¶¿`ªÃÀOÏãâJ¬ËSÄ%¬l¹%ª�ª¬l¼l¯�®\º^²«¼C½`¾`À)Ú»¬{ªÃÄ%À%¹mÄ%À#¹ÉÊ:µ&·»º^Ñ%¨«¬{ªÅÎ !�O`O Û Ï ½`¾^¬{¿`ªÃ¼l¯�ªÃ²¶²°¯;Ä%À%¹q¨¶¼�¯;·%ªÃÄ#¯�ª�ªÃ¨¶À%ªÃ¬}¹%ª¬;Â£ªbä±éº^À%ÀU¯�ªÃ¼l¯{ªÀ Å2¾:¾`¼l¯{¨¶À%¿qÁ©²¶¿`¾`¬l¨«¯{·%®\ªÃÀOÏJÅ2ªÃÆ¾`¿^ªÀ º^ÄZÇ;¹»º^¼z¨¶®
½^¾`¬{·%ªÃ¬{¨«¿`ªÀ.ÁCÂ%¼lµ&·%À%¨«¯l¯ I Ï ! ½^¾`¬�ä¿`ªÃ¼l¯�ªÃ²¶²°¯�ª�Å?¾Z¾`¼�¯�¨«À%¿ÉªÃÀ8¯{¼{Ñ%¬lªµ&·%ªÃÀF¹%¨«ªï¨«® ÇL¾`²«¿`ªÀ#¹%ªÀ º�Ä#Ç�¯�¬lªÃ¯�ªÃÀ%¹%ªÃÀ�¼lµ&·UË>º^µ&·#ªÀFÄ#À%¹ ¼l¯�º^¬{±�ªÀó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀy¹%ªÃÀï¹%¾^¬l¯SÂ£ª¬{ªÃ¨«¯{¼Nª¬lË2³^·%ÀU¯{ªÀm§SìZÑ£¾^¯{·%ª¼lªÀOÏ
ëCº�µ&·�¹%ªÃ¬Dõ�¹#ªªã¹%ª¼DÅ2¾:¾`¼l¯{¨¶À%¿NË?ª¬l¹%ªÀ¦º^Ä%¼@½:¨¶ª²«ªÀ;½`ªÃ¬{¼lµ&·%¨¶ªÃ¹%ªÀ%ªÃÀ�¼{µ&·UË2º^µ&·%ªÀ�ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ

hjª¨«À%ªC¿^ª¬{¨«À%¿`ª~ÁCÀ%Æº^·%²�º^Ä%¼l¿`ªÃË2³^·%²°¯þ¸:Ä%®�¹»º^¬�º�Ä%¼2ªÃ¨¶À%ªÃÀt¼l¯�º^¬{±�ªÀ�ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬
H
ÆÃÄt¿`ªÃÀ%ª¬l¨¶ª¬lªÀOÏÐCªÃ¬zÁN¹%º`Å2¾:¾`¼l¯�Á©²¶¿`¾`¬l¨«¯{·%®�Ä%¼�Â£ªÀ#Ì^¯�¨«¿^¯�¹»º�ÇLÒ#¬�º^²¶¼�âJ¨¶À#¿Uº^Â£ªtª¨«À%ªdîdªÀ%¿^ª�½^¾`ÀpòD¬{º^¨¶À%¨«À%¿`¼lÂ�ªÃ¨°ä¼{Ñ#¨¶ª²«ªÀ

(xn, yn), n = 1, . . . , N
¸OË2¾`Â£ª¨�êlªÃ¹%ª¼

xn
º�Ä%¼v¹%ª® Å2ªÃ¨¶¼lÑ%¨¶ªÃ²¶¬�º�Ä%® X ±^¾`®z®¦¯ÈÄ%À%¹

yn¹»º^¼2Å2ª¨«¼{Ñ%¨«ª²
xn
®\¨°¯?ªÃ¨¶À%ªÃ¬2Å?ªÆªÃ¨¶µ&·%À8Ä%À#¿\º�Ä%¼ Y ±�ªÀ%À#Æª¨«µ&·%À%ªb¯þÏ»Ð}ºÈËS¨¶¬�Ä%À%¼2¨«®�ÇL¾`²¶¿^ªÀ%¹%ªÃÀW®z¨«¯Â%¨«À»³^¬{ªÃÀÉó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀmÂ�ªÃ¼{µ&·»³�Ç�¯{¨¶¿`ªÃÀO¸×¼{ªb¯�ÆªÃÀ�ËS¨«¬ Y = {+1,−1} ¸�ªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ%¹�ÇLÒ#¬ÈÑ£¾`¼l¨°ä¯�¨°½`ª�Ä%À%¹�À%ª¿`º�¯�¨°½`ª\Å2ª¨«¼{Ñ%¨«ª²¶ª�ÏOõ�À�êlªÃ¹%ª¬ÈõH¯�ªÃ¬�º�¯{¨¶¾`À

t = 1, . . . , T
½`ªÃ¬lË?ªÀ%¹%ªb¯�ÁN¹»º`Å?¾Z¾`¼�¯Èª¨¶À#ªÀ¼{µ&·UË2º^µ&·%ªÃÀ�i@ª¬lÀ%ª¬TÄ#®�¹%ªÃÀ©êlªÃË?ª¨«²¶¼TÂ£ª¼�¯�ªÀ�¼lµ&·UË>º^µ&·#ªÀtó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬DÆÃÄ�Â�ªÃ¼l¯{¨¶®z®\ªÃÀOÏ`å;ªÀ#ª¬{ªÃ²¶²·»º�¯vªÃ¨¶Àm¼lµ&·8Ë2º^µ&·%ªÃ¬�ó;²´º�¼{¼{¨LK»±éº�¯�¾^¬C¹%¨«ª�Ú»¾`¬{®

h : X → * Ï@Ð}º�Â�ªÃ¨TªÀU¯�¼lÑ%¬{¨«µ&·U¯�¹%º^¼;öã¾`¬{ÆÃª¨¶µ&·#ªÀ½`¾^À
h(x)

¹#ª¬]"�Ä%¾`¬l¹%À8Ä%À%¿�¹%ª¼ÈÅ2ªÃ¨¶¼lÑ%¨¶ªÃ²¶¼
x
ÆÄ)ª¨¶À#ª¬vó;²´º^¼l¼{ª�º^Ä#¼ Y = {+1,−1} Ä#À%¹ |h(x)|¹%ªÃ¬±õ©Â£ª¬lÆªÄ#¿`Ä%À%¿�¹%ªÃ¬Nó;²´º^¼l¼{¨LK»±éº�¯�¨«¾`ÀOÏUõ�Ày¹%¨«ª¼{ªÃ¬>ÁC¬lÂ�ªÃ¨«¯2·»º^Â£ªÀtËS¨¶¬�¹%¨«ª�"�¨¶ªÃ²¶®zªÀ%¿`ªN½^¾`À

h
º�Ä#Ç

!�M



�8�+�v�,�;��ÙU�,�-#.#Z ��q¡Å×G��Ò0/.�Nù��"12!����
αt

ª¨«À%ªÀ�Â£ª¼l¯{¨¶®z®¦¯�ªÃÀ�Å2ª¬lª¨¶µ&·
h : X → {−1,+1} Â�ªÃ¿`¬{ªÃÀ%ÆÃ¯Ï�Ð©¨¶ª;ç�º�·%²@¹%ª¼~Â£ª¼l¯{ªÀd¼{µ&·UË>º�µ&·%ªÀó;²´º^¼l¼{¨LK»±éº�¯�¾`¬l¼C¿`ªÃ¼{µ&·%¨«ª·U¯v®z¨«¯;§~¨¶²°ÇLª�¹%ªÃ¬;òD¬{º^¨¶À#¨¶À%¿`¼lÂ�ªÃ¨¶¼lÑ%¨¶ªÃ²¶ªÈÄ%À%¹qª¨«À%ª¬}¹%º^¬{Ò%Â£ª¬C¿`ªÃËS¨«µ&·8¯{ªÃ¯{ªÀöãª¬�¯�ªÃ¨¶²¶Ä#À%¿

Dt

Ï»ñ©®�¹%¨¶ª©öãª¬l¯{ª¨«²¶Ä%À%¿
Dt

Ò%Â£ª¬N¹#ªÀ�Å2ª¨«¼{Ñ%¨«ª²«ªÀy¨¶À�êlªÃ¹%ª¬NõH¯{ª¬{º�¯�¨«¾`À�º^À%ÆÃÄ%Ñ»º^¼l¼{ªÀ�¸¨¶¼�¯J¹%¨«ª>Å2ªÃ¬{ªµ&·#À:Ä#À%¿¦ªÃ¨¶À%ªÃ¼JÚ»ª·%²«ª¬{¼
εt
ª¨¶À�ËS¨«µ&·U¯�¨¶¿^ª¬JÅ2ªÃ¼l¯�º^À%¹#¯{ª¨¶²#¹%ª¼TöãªÃ¬lÇKº^·%¬lªÀ%¼ÃÏUâJ¼J¿`¨¶ÂZ¯T¹»º^ÆÃÄ½`ªÃ¬{¼lµ&·%¨¶ªÃ¹%ªÀ%ªzÁCÀ#¼�³�¯{Æª�Ä%À%¹m¨«À�¹%¨«ª¼{ªÃ¬}ÁC¬lÂ�ªÃ¨«¯©ËS¨¶¬{¹m±�ª¨«ÀqÚÙªÃ·%²¶ªÃ¬

εt
¸�¼{¾`À#¹%ª¬lÀ)ªÃ¨¶Àmº�²¶²¶¿^ª®zª¨¶À#ª¬ÚÙº^±U¯�¾`¬

αt
½`ªÃ¬lË?ªÀ%¹%ªb¯þÏJÐ©¨¶ª\º^²¶²«¿`ª®zª¨«À%ª�öãª¬l¼{¨¶¾^ÀÉ¹%ªÃ¼¦ÁN¹»º`Å?¾Z¾`¼�¯�Á©²¶¿`¾`¬l¨«¯{·%®�Ä%¼}½^¾`À ÊZµ&·»º�Ñ%¨¶¬lªÄ%À%¹ïÊZ¨«À%¿`ª¬�Î !�O`O�OSÏ ¨¶¼�¯S¨¶À�ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼ ! º^Â#¿`ªÂ%¨«²¶¹%ªb¯þÏ

ë©¾:µ&·�¾^Î�ªÀ#ª2Ú»¬�º�¿`ªÀ�¼{¨¶À#¹¦¹%¨«ª2Ú»Ä%À%±U¯{¨¶¾`À%¼�Ë2ªÃ¨¶¼lª2¹%ªÃ¼4¼{µ&·UË2º^µ&·%ªÃÀ'i@ª¬lÀ%ª¬l¼4ÆÃÄ%¬DçÉº^·%²8ª¨«À%ª¼D¼{µ&·UË2ºéäµ&·%ªÃÀqóv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{¼
hj
¨«ÀmÊZµ&·#¬{¨«¯l¯vÝ\Ä#À%¹�¹%¨«ª�Å2ªÃ¼l¯�¨«®\®¦Ä%À%¿W¹#ª¼;ÚÙº^±U¯�¾^¬{¼

αt
¨¶À�ÊZµ&·%¬l¨«¯{¯ I ¹%ªÃ¼ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼ ! Ï£Ð}º^¬{º^Ä#ÇJËS¨¶¬l¹�¨¶Àïóvº^Ñ%¨«¯{ª² I Ï I ªÃ¨¶À%¿`ªÃ¿Uº^À%¿^ªÀOÏ�ÐCª¼©çÉªÃ¨«¯�ªÃ¬{ªÃÀïË2ªÃ¬{¹%ªÃÀm¨¶ÀïóÈº�Ñ%¨°ä¯�ªÃ² I ÏQPz¹#¨¶ª}½`¾^ÀdÄ%À#¼~½^ª¬lË?ªÀ#¹%ªÃ¯{ªÀ�¼lµ&·8Ë2º^µ&·%ªÃÀqó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬lªÀ

hj
½`¾`¬l¿`ª¼�¯�ªÃ²¶²«¯Ï

ñ©®!²¶ªb¯�Æb¯�²¶¨«µ&·ÉªÃ¨¶À%ªt¬l¾`Â%Ä%¼�¯�ª�ó;²´º�¼{¼{¨LK»±éº�¯�¨«¾`À)ÆÄ]ª¬l·»º^²°¯�ªÀ�¸4¨¶¼�¯�ªÃ¼�®Wº^À#µ&·%®Wº�²ã½^¾`À]öã¾`¬l¯{ª¨«²�¸×ª¨«Àîïº^Í�ÇLÒ%¬~¹%¨¶ªÈó;²´º�¼{¼{¨LK»±éº�¯�¨«¾`ÀyÆÄdª¨«À%ª¬SÂ£ª¼l¯{¨¶®z®¦¯�ªÃÀ�óv²¶º^¼{¼lª�ÆÃÄï·»º�Â�ªÃÀOÏÙÐC¨¶ªÃ¼{ªÃ¼;îïº^Íz¼{¾^²¶²@¹»º^Â£ª¨ª¨«À%ªWÁ©¬l¯�ç�º^·#¬{¼{µ&·#ª¨¶À#²¶¨¶µ&·#±^ª¨°¯�¹»º�¬{¼l¯{ª²«²¶ªÀ�¸D®z¨«¯È¹%ªÃ¬�¹%¨¶ª\ó;²´º^¼l¼{¨LK»±éº�¯�¨«¾`À�¼l¨¶µ&·]¹%ªÃ¼�âJ¬{¿`ªÃÂ%À%¨«¼{¼{ªÃ¼¼{¨«µ&·%ª¬�¨¶¼�¯þÏôÐ}º^Â£ª¨�±éº^À%À�¼l¾0Ë?¾`·%²?ª¨«À]îïº^Í�ÇLÒ%¬¦¹#¨¶ªzÑ�¾`¼l¨«¯{¨«½`ª\º^²«¼�º�Ä%µ&·�ÇLÒ%¬È¹%¨¶ªzÀ%ª¿`º�¯�¨°½`ªtó;²¶º^¼�ä¼{¨LK»±éº�¯�¨«¾`Àm½`¾`À)õ�ÀU¯�ªÃ¬{ª¼l¼{ªt¼lª¨«ÀOÏ×Ú»¬{¨¶ªÃ¹%®\º^À ÜÍÌ.Ç�ãLü Î !NO`O`M Ï ·%º^Â�ªÃÀ�¹%º�ÇLÒ%¬vª¨«À%ª\îdªÃ¯{·%¾Z¹#ªzÇLÒ%¬v¹%ªÃÀÁN¹»º`Å?¾Z¾`¼�¯SªÀU¯�ËS¨¶µ&±�ª²°¯þ¸»Ä%®�¹%¨¶ª}çÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨«¯S¹#ª¬Só;²´º^¼l¼{¨LK»±éº�¯�¨«¾`ÀWÆÃÄd¼lµ&·»³�¯�ÆÃªÀOÏ»õ�®�ÚÙ¾^²°ä¿`ªÃÀ%¹%ªÀd¼{ªb¯�ÆªÃÀdËS¨«¬NÆÄ%¬N½`ªÃ¬{ªÃ¨¶À#ÇKº^µ&·U¯{ªÀmÊ:µ&·%¬{ªÃ¨¶ÂUË2ªÃ¨¶¼lª
g(x) =

T∑

t=1

αtht(x),
Ô I Ï ! Ø

Ë?¾Z¹%Ä#¬{µ&·�¼{¨«µ&·tÇLÒ%¬>¹%ªÃÀy¼l¯&º�¬{±^ªÃÀ�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬
H(x) = sign

(
g(x)

) ªÃ¬{¿`¨«Â#¯þÏG"�Äyª¨«À%ª®�Å2ª¨«¼{Ñ%¨«ª²
x
±éº^À#Àd¹%¨«ª}ç�º�·%¬{¼lµ&·%ª¨«À%²¶¨«µ&·%±^ªÃ¨«¯SÂ£ª¨@ª¨«À%ª¬NÑ£¾`¼l¨«¯�¨°½`ªÃÀïó;²´º�¼{¼{¨LK»±éº�¯�¨«¾`À

H(x) = 1
¹%Ä#¬{µ&·

P [H(x) = 1 | x] =
eg(x)

eg(x) + e−g(x)

Ô I Ï6Ý`Ø
¿`ªÃ¼{µ&·»³�¯{ÆÃ¯~Ë2ªÃ¬{¹%ªÃÀOÏ£âJÂ�ªÃÀ%¼{¾zÇLÒ%¬Nª¨«À%ªvÀ%ª¿Uºé¯�¨«½^ªvó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^À

H(x) = −1
¹%Ä#¬{µ&·

P [H(x) = −1 | x] =
e−g(x)

eg(x) + e−g(x)
.

Ô I Ï I Ø
�X½3��½ � À á Á?¿�4 4 ¢�¤�¥ é À �65 À87ó¿:9 
 ÁjÀ

αt
Ð}º^¼®"�¨«ª²?¹%ª¼�ÁN¹»º^Å2¾Z¾^¼l¯�Á©²¶¿`¾`¬l¨«¯{·%®�Ä%¼�Â�ªÃ¼l¯�ªÃ·U¯\¹%º^¬{¨«ÀO¸DªÃ¨¶À%ªÃÀ ¬{¾`Â%Ä#¼l¯�ªÃÀpóv²¶º^¼{¼l¨�K»±éº�¯{¾`¬

H
ÆÃÄª¬lÆªÃÄ%¿`ªÀ�¸U¹%ª¬T¹#¨¶ª>òô¬�º^¨«À%¨¶À#¿`¼{Â£ª¨«¼{Ñ%¨«ª²¶ª�Â£ª¼l¯{®\Ì^¿`²¶¨«µ&·%¼l¯4±:²¶º^¼{¼l¨�K»ÆÃ¨¶ªÃ¬l¯þÏ�õ�À�¹%ª¬T½^¾`¬{·#ª¬{¨«¿`ªÀ\ÊZªÃ±U¯�¨¶¾^ÀËSÄ%¬l¹%ªW¹%ªÃ¬�º^²«²¶¿`ªÃ®\ªÃ¨¶À%ª¦ÁN¹»º`Å2¾:¾`¼l¯¦ÁC²«¿`¾`¬{¨°¯�·%®¦Ä%¼}½`¾`¬l¿`ª¼�¯�ªÃ²¶²«¯�Ä%À%¹�¨¶® Ú»¾`²«¿`ªÀ%¹#ªÀ�Ë?¾`²«²¶ªÀqËS¨¶¬À8Ä%À�¹%ªÃÀ¦òô¬�º^¨«À%¨¶À#¿`¼lÇLªÃ·%²¶ªÃ¬@¹%ª¼4óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{¼

H
Â£ª¨8¹%ªÀ¦òD¬{º^¨¶À%¨«À%¿`¼lÂ�ªÃ¨¶¼{Ñ#¨¶ª²«ªÀvº^Â#¼{µ&·»³�¯{ÆªÃÀOÏ`Ð}º�¼"�¨¶ªÃ²@¹%¨¶ªÃ¼{ªÃ¼©öã¾`¬l¿`ª·%ªÃÀ%¼~²¶¨¶ªÃ¿^¯S¹»º^¬l¨¶ÀO¸»ªÃ¨¶À%ªÈ¿`ªÃª¨¶¿^À%ªÃ¯{ª¦Å2ªÃ¬{ªÃµ&·%À8Ä%À%¿y¹%ªÃ¼CÚÙº^±U¯�¾^¬{¼

αt
ÆÄ�ªÃ¬{·»º^²°¯�ªÃÀÄ%À%¹�ªÃ¨¶À�ó;¬{¨°¯�ª¬l¨¶Ä%®�ÇLÒ%¬>¹#¨¶ª;Â£ª¼l¯{ª}ç�º�·%²O¹%ªÃ¬N¼{µ&·UË>º�µ&·%ªÀmó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ

ht
¨«Ày¹%ªÀ�ª¨«À%ÆªÃ²¶À%ªÃÀõH¯�ªÃ¬�º�¯{¨¶¾`À#ªÀOÏ

!NO



�8�(Ñ]�¨Ò;Óc×8Ö������eÙN�úÓ���¡ �eÒD�n�"!$#Z �Ù

;=<)>@?BADCFEHGJILKNMPO Ð©ª¬~º^²¶²«¿`ª®zª¨«À%ªCÁN¹%º`Å2¾:¾`¼l¯~ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼
Q C"RN>BS$TVUBW îdªÃÀ%¿`ªv½`¾`À�òD¬{º^¨¶À#¨¶À%¿`¼lÂ�ªÃ¨¶¼lÑ%¨¶ªÃ²¶ªÀ

(x1, y1), . . . , (xN , yN)
¸

xn ∈ X
Ä%À%¹

yn ∈ {+1,−1} ¸ªÀU¯{¼{Ñ%¬lªµ&·%ªÃÀ%¹�ÇLÒ%¬Nª¨«À�Ñ�¾`¼l¨«¯{¨«½`ªÃ¼S¾Z¹%ªÃ¬NÀ%ª¿`º�¯�¨°½`ª¼~Å2ªÃ¨¶¼lÑ%¨¶ªÃ²�Ï
X RNC)EHC)SY<"C:MZC"U[ADKJR\> ¹%ª¬©å;ªÃËS¨«µ&·8¯{ª

D1(n) = 1
2l
, 1

2m

¸Ùº^Â%·»³�À%¿`¨¶¿�½^¾`®�ç�ª¬�¯
yn
ÏÐ}º^Â£ª¨@¼lª¨

l
Ä%À#¹

m
¹%¨¶ª;Á©À%Æþº^·#²@¹%ª¬SÑ£¾`¼{¨°¯�¨«½^ªÀ�Â%ÆbËvÏ£À#ª¿Uº�¯{¨«½^ªÀdÅ2ª¨«¼{Ñ%¨«ª²¶ª�Ï

] ?@A
t = 1, . . . , T ^ ?! Ï òô¬�º^¨«À%¨¶ªÃ¬{ªÃÀ�¹#ª¬S¼{µ&·UË2º^µ&·%ªÀ�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ

hjº^À#·»º^À%¹�¹%ª¬©å;ªÃËS¨«µ&·8¯{ª
Dt

Ï
ÝZÏ ç�³^·#²¶ª;ª¨«À%ªÀ�¼{µ&·UË2º^µ&·%ªÃÀqóv²¶º^¼{¼l¨�K»±éº�¯{¾`¬

hj
º^Ä#¼~Ä#À%¹d¼lªÃ¯{ÆÃ¯�ª

ht = hjI Ï Å2ªÃ¬{ªÃµ&·%À%ª
αt ∈ *P%Ï Á©±8¯{Ä»º^²«¨¶¼{¨«ª¬lÄ%À%¿�¹%ªÃ¬Cå;ªÃËS¨«µ&·U¯�ª

Dt+1(n)

Dt+1(n) =
Dt(n)e−αtynht(xn)

At
,

Ë?¾`Â£ª¨
At
ª¨«À%ª® ë©¾`¬l®Wº^²«¨¶¼l¨¶ª¬lÄ%À%¿`¼�ÇKº^±U¯�¾`¬

At =
N∑

i=0

Dt(i)e
−αtyiht(xi)

ªÃÀ8¯{¼{Ñ%¬l¨¶µ&·U¯þÏ
U�R ^ ] ?BA

;=KNMZ>BS$TVUBW Ð©ª¬S¼l¯�º^¬{±�ª¦ó;²´º�¼{¼{¨LK»±éº�¯�¾^¬>¨¶¼�¯S²¶ªÃ¯{ÆÃ¯{²¶¨¶µ&·y¿^ª¿`ªÃÂ�ªÃÀd¹%Ä#¬{µ&·

H(x) = sign

(
T∑

t=1

αtht(x)

)
.

Ý^Þ



�8�+�v�,�;��ÙU�,�-#.#Z ��q¡Å×G��Ò0/.�Nù��"12!����
αt

ÐCªÃ¬~òô¬�º�¨¶À%¨«À%¿`¼lÇLªÃ·%²¶ªÃ¬>±éº^À%À�¹%Ä%¬lµ&·
F (H)

N
≤

T∏

t=1

At
Ô I Ï�P8Ø

º^Â%¿^ª¼{µ&·%³�¯�Æb¯WË?ª¬{¹#ªÀO¸�Ë2¾`Â£ª¨
N
¹%ª¬zÁCÀ#Æþº^·%²~¹%ªÃ¬\òô¬�º^¨«À%¨¶À#¿`¼{Â£ª¨«¼{Ñ%¨«ª²¶ª�¸

At
¹%ª® ë©¾^¬{®\º^²¶¨«¼{¨¶ªfä¬{Ä#À%¿`¼lÇKº�±8¯{¾`¬~º^Ä%¼©ÊZµ&·%¬l¨«¯l¯(Pz¹#ª¼~ÁC²¶¿^¾`¬{¨°¯�·%®�Ä#¼ ! Ä%À%¹

F (H) = |{n | H(xn) 6= yn}|¹%ªÃ¬~Á©À%Æþº�·%²@¹%ª¬~Ú»ª·#²¶±8²´º^¼l¼{¨LK»±éº�¯�¨«¾`À%ªÀ�º�Ä#Ç4¹#ªÀ�òD¬{º^¨¶À%¨«À%¿`¼lÂ�ªÃ¨¶¼{Ñ#¨¶ª²«ªÀtªÃÀU¯�¼{Ñ#¬{¨¶µ&·U¯Ï
ÐC¨«ªCÅ2ªbË2ªÃ¨¶¼l¨¶¹%ªÃª©ËS¨¶¬l¹WÀ8Ä%À\±:Ä#¬{ÆCªÃ¬{±8²´³�¬l¯þ¸8¨«¼l¯?º^Â£ª¬?º^Ä%µ&·t¨«À2Î ÊZµ&·»º^Ñ%¨«¬{ª~Ä%À%¹tÊZ¨¶À%¿^ª¬¸ !�O�O`OSÏ À»º^µ&·:äÆÄ#²¶ª¼lªÀOÏÙõ�®$ÚÙº^²«²¶ªCªÃ¨¶À%ªÃ¬~ÚÙªÃ·%²¶±8²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À

H(xn) 6= yn
¿`¨¶²°¯

yng(xn) ≤ 0
Ï»Ð}º^Â£ª¨×ªÃÀ8¯{¼{Ñ%¬l¨¶µ&·U¯

g(x)
¹%ª¬ã¨¶Àzå;²¶ªÃ¨¶µ&·8Ä%À%¿ Ô I Ï ! ØD¿`ª¼lªÃ¯{ÆÃ¯�ªÃÀtó;Ä%¬lÆ¼{µ&·#¬{ª¨«ÂUË2ªÃ¨¶¼{ª�Ï:Ð}º^¬�º�Ä%¼TÇL¾`²¶¿�¯4ÇLÒ%¬J¼l¾`²¶µ&·�ª¨«À%ªÀzÚÙº^²«²�¸¹»º^¼l¼
1 ≤ e−yng(xn) Ï»ÐCº ez > 0 ∀z ∈ * ±éº^À%À�¹%¨¶ª;Á©À%Æþº�·%²×º^²¶²«ª¬NÚ»ªÃ·%²¶±8²´º�¼{¼{¨LK»±éº�¯�¨«¾`À%ªÃÀy¹%Ä%¬{µ&·

F (H) ≤
N∑

i=0

e−yig(xi)
Ô I Ï6Û`Ø

º^Â%¿^ª¼{µ&·%³�¯�Æb¯©Ë?ª¬l¹%ªÀOÏ£âJÂ£ªÀ#ÇKº^²«²¶¼N±éº^À%À�®\º^À
DT+1(n)

¬lª±8Ä%¬l¼{¨«½yº^ÄG�»Ì`¼lªÀdÄ%À%¹�ª¬{·%³^²«¯
DT+1(n) =

e−
P
t αtynht(xn)

N
∏

tAt
=
e−yng(xn)

N
∏

t At
.

Ô I Ï�RUØ
ÐCÄ%¬lµ&· âJ¨¶À%¼lªÃ¯�ÆÃªÀ�½^¾`À�åv²«ª¨«µ&·:Ä#À%¿ Ô I Ï�RUØ�¨¶À Ô I Ï Û`Ø�ª¬{·%³^²«¯\®Wº�À�¹%¨¶ª�ÁCÂ#¼{µ&·»³�¯{ÆÄ%À#¿.º�Ä%¼yå;²¶ªÃ¨°äµ&·8Ä%À%¿ Ô I ÏQP8ØbÏ
Ð}º^¬{º^Ä%¼OÇL¾`²«¿^¯@À8Ä%ÀO¸¹»º^¼{¼@ÇLÒ%¬@ªÃ¨¶À%ªÃÀvÂ�ªÃ¼l¯�®zÌ`¿`²«¨¶µ&·%ªÃÀvó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬

H
¹%ª¬%ë~¾`¬{®\º^²¶¨«¼{¨«ª¬{Ä#À%¿`¼lÇKº�±8¯{¾`¬

At
¨«ÀÈêlª¹#ª¬>õH¯{ª¬�ºé¯�¨¶¾^ÀWÆÄy®z¨¶À#¨¶®z¨¶ª¬lªÀ�¨¶¼�¯þÏ:ÁCÄ#Ç4å;¬{Ä%À#¹t¹%¨¶ªÃ¼{ªÃ¬Nó;ªÀ%ÀU¯�À#¨¶¼2ËS¨«¬{¹tÀ8Ä%Ày¹%ªÃ¬NÚÙº^±U¯�¾`¬

αt
Â£ª¬lªµ&·%À%ªb¯þÏ

õ�ÀqÁCÀ%²«ª·%À8Ä%À#¿ïº^À#Î ÊZµ&·»º^Ñ#¨¶¬{ª�Ä%À#¹ÉÊ:¨¶À%¿`ªÃ¬¸ !NO`O`OSÏ ËS¨¶¬{¹m½^ª¬{¼lÄ%µ&·U¯
At

º^²«¼;Ú»Ä%À%±U¯�¨«¾`À�½`¾^À
αt
ÆÃÄ®z¨¶À%¨«®\¨«ª¬{ªÃÀOÏjÊ:¨¶À%¹�¹%¨¶ª�¼{µ&·UË2º^µ&·%ªÀ\ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀ�º^Ä#Ç»¹#ªÀ�Å2ªÃ¬{ªÃ¨¶µ&·

h ∈ [−1,+1]
Â£ª¼lµ&·%¬�³�À%±U¯þ¸²´³�Í^¯N¼{¨«µ&·

At
ËS¨«ª;ÇL¾`²¶¿^¯2Ä%®�ÇL¾`¬{®zªÀ

At =
N∑

i=0

Dt(i)e
−αtyiht(xi)

≤
N∑

i=0

Dt(i)

(
1 + yiht(xi)

2
e−αt +

1− yiht(xi)
2

eαt
)
.

Ô I Ï J Ø

ÚÙº^²¶²«¼¸#ËS¨«ª¦¨«Àï¹%¨«ª¼{ªÃ¬©Á©¬{Â£ª¨°¯þ¸
h ∈ {−1,+1} ¸Ù¿`¨«²«¯S¼l¾`¿Uº^¬~¹%¨¶ª¦å;²¶ª¨«µ&·%·%ªÃ¨«¯þÏ%ç ¨«¬{¹dÀ:Ä#À�¹%ª¬~çÉªÃ¬l¯½`¾^À

αt
¸J¹%ª¬�¹%ªÃÀ.¬lªµ&·U¯�ªÃÀ�ÁCÄ#¼{¹%¬lÄ%µ&± ¨¶À.åv²«ª¨«µ&·:Ä#À%¿ Ô I Ï J Ø¦®\¨«À%¨¶®z¨¶ªÃ¬l¯¸Dº�À»º^²«ì8¯{¨¶¼{µ&·pª¬l®\¨°¯{¯{ª²«¯¸ª¬l¿`¨¶ÂZ¯S¼{¨¶µ&·

αt =
1

2
ln

(
1 + rt
1− rt

)
,

Ô I Ï M Ø

Ý !



�8�(Ñ]�¨Ò;Óc×8Ö������eÙN�úÓ���¡ �eÒD�n�"!$#Z �Ù
¹»º^Â£ª¨@ªÃÀU¯�¼{Ñ#¬{¨¶µ&·U¯

rt =
N∑

i=0

D(i)yiht(i).
Ô I Ï O Ø

ÐCÄ%¬lµ&·�âJ¨¶À#¼{ªÃ¯{ÆªÃÀï¨¶À�å;²¶ªÃ¨¶µ&·8Ä%À%¿ Ô I Ï J Ø2ªÃ¬{·»³^²°¯N®\º^À�ª¨¶À#ªÈ¾^Â�ªÃ¬{ªÈÊZµ&·%¬{º^À%±�ª
At ≤

√
1− r2

t .õ�À�öãª¬{Â#¨¶À%¹%Ä#À%¿�®\¨°¯~åv²«ª¨«µ&·:Ä#À%¿ Ô I ÏQP8Ø2ª¬l¿`¨¶Â#¯S¼l¨¶µ&·�¼{¾`®z¨«¯>ª¨¶À�òô¬�º^¨«À%¨¶À#¿`¼lÇLªÃ·%²¶ªÃ¬2½`¾`À
F (H)

N
≤

T∏

t=1

√
1− r2

t .
Ô I Ï ! ÞUØ

ÁC²«¼¦âJ¬l¿`ªÂ%À#¨¶¼È¹%¨¶ªÃ¼{ª¬3õ©Â£ª¬l²¶ªÃ¿`Ä%À%¿`ªÃÀ�ª¬l·»º^²°¯�ªÀqËS¨¶¬Èª¨«À�ó;¬{¨°¯�ªÃ¬{¨¶Ä#® ÇLÒ%¬È¹%¨¶ª�çÉº^·%²ã¹%ª¼�¼{µ&·UË2ºéäµ&·%ªÃÀïó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{¼
ht
¨¶À�êlªÃ¹%ª¬NõH¯{ª¬{º�¯�¨«¾`ÀyÄ%À%¹�ª¨«À%ªCöã¾`¬l¼{µ&·%¬l¨«Ç�¯SÆÃÄ%¬SÅ2ª¬lªµ&·%À8Ä%À#¿\¹%ªÃ¼~Ú£º�±8¯{¾`¬{¼

αt
ÏZç ¨¶¬?Â�ªÃ¬{ªÃµ&·%À%ªÀ

αt
À»º^µ&·dåv²«ª¨«µ&·:Ä#À%¿ Ô I Ï M Ø�Ä#®�ªÃ¨¶À%ªÃÀy®\Ì`¿^²¶¨¶µ&·#¼l¯?¿`ª¬l¨¶À%¿`ªÃÀyòD¬{º^¨¶À#¨¶À%¿`¼�ÇLª·%²«ª¬ÆÄ ªÃ¬{·»º�²«¯�ªÃÀOÏ?ÐCª¬tòô¬�º�¨¶À%¨«À%¿`¼lÇLªÃ·%²¶ªÃ¬�±�º�À%À ¹»º^À%À�¹%Ä%¬{µ&·�å;²¶ªÃ¨¶µ&·8Ä%À%¿ Ô I Ï ! ÞUØ\º�Â%¿`ª¼lµ&·»³�¯{ÆÃ¯tË?ª¬æä¹%ªÃÀOÏ4ñ~®hËS¨¶ª¹#ª¬{Ä#®!¹#¨¶ª¼lªWÁ©Â%¼{µ&·»³é¯�ÆÄ#À%¿mÆÄ�®z¨¶À#¨¶®z¨¶ª¬lªÀO¸�¨¶¼�¯ |rt| ÆÄ�®\ºéÕZ¨¶®z¨¶ªÃ¬{ªÀ�Ï×âã¼ÈËS¨¶¬l¹

|rt|
À»º^µ&·)å;²¶ªÃ¨¶µ&·8Ä%À%¿ Ô I Ï O Ø©Â£ª¬{ªÃµ&·%À%ªb¯vÄ%À%¹m¹%ªÃ¬;¼{µ&·UË>º�µ&·%ªWó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬

hj
¨¶À�¹#ªÀmª¨«À%ÆªÃ²¶À%ªÃÀõH¯�ªÃ¬�º�¯{¨¶¾`À#ªÀm¿`ªbË>³^·#²«¯þ¸�¹%ª¬ |rt| ®\ºéÕZ¨¶®z¨¶ªÃ¬l¯ÏÙÐ}º^¹%Ä%¬lµ&·)ËS¨«¬{¹m¹%ªÃ¬;Â�ªÃ¼l¯{®\Ì`¿^²¶¨¶µ&·#¼l¯�ª¦ó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬

H
Â£ªÆÃÒ%¿`²¶¨«µ&·]¹%ª¬¦òD¬{º^¨¶À%¨«À%¿`¼l®\ªÃÀ%¿`ªz¿`ªÂ%¨«²¶¹%ªb¯þÏDÐ}º^Â£ª¨>ªÃÀU¯�¼{Ñ#¬{¨¶µ&·U¯

rt
ªÃ¨¶À%ªÃ® À%º�¯�Ò%¬l²¶¨«µ&·%ªÀpîïº�Í¹%ªÃ¬2ó~¾`¬{¬lª²´ºé¯�¨¶¾^ÀzÆbËS¨¶¼lµ&·%ªÀy¹%ªÃ¬2âJÀU¯�¼lµ&·%ª¨«¹%Ä%À%¿�¹#ª¼>ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{¼

ht
Ä%À%¹\¹%ªÀtóvªÃÀ%À%ÆÃª¨¶µ&·#À:Ä#ÀZä¿`ªÃÀm¹%ª¬;Å?ª¨¶¼lÑ%¨¶ªÃ²¶ª

yn
¸�Â»º^¼l¨¶ªÃ¬{ªÀ#¹qº^Ä#Ç�¹%ª¬©öãª¬l¯{ª¨«²¶Ä%À%¿

Dt

ÏOÐCªÃ¬;¨¶À�¹%¨«ª¼lª¬}Á©¬{Â£ª¨«¯©½`ªÃ¬lË?ªÀ%¹%ªb¯�ªÁN¹»º`Å?¾Z¾`¼�¯~ÁC²¶¿^¾`¬{¨°¯�·%®�Ä#¼2¨¶¼�¯S¨¶À�ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼NÝ�º^Â%¿^ªÂ%¨«²¶¹%ªb¯þÏ

�X½`_ ½ � ¿  ,éÉ¢�¤�¥ é À �Fá 9 
 7 à 9 
 À ¤ &è Hà¦áTá ¿)( �>à Á �� À ¤
Å2¨«¼{·%ªÃ¬�ËSÄ#¬{¹%ªq¹%ªÃ¬�ÁN¹%º`Å2¾:¾`¼l¯�Á©²¶¿`¾`¬l¨«¯{·%®�Ä%¼W½^¾`¬{¿^ª¼l¯{ª²«²«¯þ¸>º^Ä#ÇÈË2ªÃ²¶µ&·%ªqçÉªÃ¨¶¼lª)¹#¨¶ª)å;ªÃËS¨¶µ&·U¯{ª
αt
Â�ªÃ¬{ªÃµ&·%À%ªÃ¯>Ä%À%¹WË?ª²«µ&·%ªC¼lµ&·8Ë2º^µ&·%ªÃÀïó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ\¨«ÀW¹%ªÃÀWª¨«À%ÆªÃ²¶À%ªÃÀtõH¯�ªÃ¬�º�¯{¨¶¾`À#ªÀW¿^ªÃË2³^·%²«¯Ë?ª¬{¹#ªÀOÏq"�Ä%¬TÁ©Ä%¼lÇLÒ#·%¬{Ä%À#¿�¹%ªÃ¼ãÁN¹»º`Å2¾:¾`¼l¯ãÁ©²¶¿`¾^¬{¨«¯{·%®�Ä%¼×ÇLª·#²¶ªÀ�Ä%À#¼Oêlªb¯�Æb¯ãÀ:Ä#¬JÀ%¾Zµ&·�¹%¨«ªN¼{µ&·UË2ºéäµ&·%ªÃÀ�ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀO¸#º^Ä#Ç4¹%¨¶ª}ËS¨«¬N¨¶Ày¹%¨«ª¼{ªÃ®$óvº^Ñ%¨«¯{ª²�ª¨¶À#¿`ª·%ªÃÀ�Ë?¾`²«²¶ªÀ�Ï

âJ¨¶Àp¼{µ&·UË2º^µ&·%ª¬tóv²¶º^¼{¼l¨�K»±éº�¯{¾`¬�¨«¼l¯z¹%Ä%¬lµ&·�ª¨«À%ª�Ú»Ä%À%±U¯�¨«¾`À
ht : X → Y ¿`ªÃ¿`ªÂ£ªÀ�¸�¹#¨¶ªyª¨«À%ª®Å2ªÃ¨¶¼{Ñ#¨¶ª²

x
ªÃ¨¶À%ªdó;²´º^¼l¼{ª�ÆÄ%¾^¬{¹%À%ªb¯þÏ2ñ©À%¼lª¬tó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬�¼{¾`²«²~º^À%·»º^À#¹.½`¾^Àÿi×º^¼{ªÃ¬�ä¦Ä%À%¹�óvºéä®zª¬�º�¹»º�¯�ªÃÀ.ªÃ¨¶À%ª�Å2ªÃ¾`Â»º^µ&·U¯{Ä%À%¿�ªÃ¨¶À%ªÃ¼WÖS¾`Â£¾^¯�ªÃ¬{¼�ª¨«À%ª¬zó;²´º^¼l¼{ª�ÆÄUË?ª¨«¼{ªÀ�Ï>Ð}º^·#ª¬�ËSÄ%¬{¹%ª�ÆÄ#¬Å2¨«²¶¹%Ä%À#¿m¹%ª¬�¼{µ&·UË2º^µ&·%ªÃÀ óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ

hj
¹%¨¶ªyõ�¹%ªÃªy½`¾`Àpö}¨¶¾^²´ºïÄ%À#¹�Ü^¾`À#ª¼tÎ Ý�Þ`Þ !UÏ º�Ä#ÇL¿`ªbä¿`¬l¨«Î�ªÀ�Ä%À%¹�¼l±�º�²´º^¬lª¦î�ª¬{±8®\º^²¶ª

fj
¹#ª¬�iôº�¼{ª¬æä>Ä#À%¹móvº^®zª¬�º�¹»º�¯�ªÃÀ�½^ª¬�Ë2ªÃÀ%¹%ªÃ¯Ï@âJ¨¶Àïîdª¬l±8®Wº^²Â£ª¼l¯{ª·U¯S¹»º^Â£ª¨�º^Ä%¼>ªÃ¨¶À%ªÃ¬>Ú»Ä%À%±U¯{¨¶¾`ÀO¸:¹%¨«ª}Â»º^¼l¨¶ª¬lªÀ%¹�º�Ä#Ç×¹%ªÀÅi×º^¼lª¬æäã¾Z¹#ª¬>óvº^®zª¬{º^¹»º�¯{ªÀtªÃ¨¶À%ªÃÀ¼{±éº^²¶º^¬{ªÃÀ ÚÙº^±U¯�¾`¬\²¶¨«ªÃÇLª¬�¯þÏ�ÐC¨«ª¼{ªmîdª¬l±:®\º^²«ª�Ë?ª¬l¹%ªÀ ¨¶® ªÃ¨¶À%ÆÃª²¶À#ªÀ ¨¶®
ÇL¾^²¶¿`ªÃÀ%¹%ªÀ�óÈº�Ñ%¨«¯{ª²;P½`¾^¬{¿`ªÃ¼l¯�ªÃ²¶²°¯þÏ

Ý`Ý



�8�ba8�c�?����×� ��G¡�×��¨Ò(Ùd12!*ùúÖe12!����Lf:� ÖgÙ5Ù5�hg$iSÖG�`��ÒÍ���

;=<)>@?BADCFEHGJILKNMkj Ð©ª¬N½`ªÃ¬lË?ªÀ%¹%ªb¯�ª�ÁN¹%º`Å2¾:¾`¼l¯~ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼
Q C"RN>BS$TVUBW îdªÃÀ%¿`ªv½`¾`À�òD¬{º^¨¶À#¨¶À%¿`¼lÂ�ªÃ¨¶¼lÑ%¨¶ªÃ²¶ªÀ

(x1, y1), . . . , (xN , yN)
¸

xn ∈ X
Ä%À%¹

yn ∈ {+1,−1} ¸ªÀU¯{¼{Ñ%¬lªµ&·%ªÃÀ%¹�ÇLÒ%¬Nª¨«À�Ñ�¾`¼l¨«¯{¨«½`ªÃ¼S¾Z¹%ªÃ¬NÀ%ª¿`º�¯�¨°½`ª¼~Å2ªÃ¨¶¼lÑ%¨¶ªÃ²�Ï
X RNC)EHC)SY<"C:MZC"U[ADKJR\> ¹%ª¬©å;ªÃËS¨«µ&·8¯{ª

D1(n) = 1
2l
, 1

2m

¸Ùº^Â%·»³�À%¿`¨¶¿�½^¾`®�ç�ª¬�¯
yn
ÏÐ}º^Â£ª¨@¼lª¨

l
Ä%À#¹

m
¹%¨¶ª;Á©À%Æþº^·#²@¹%ª¬SÑ£¾`¼{¨°¯�¨«½^ªÀ�Â%ÆbËvÏ£À#ª¿Uº�¯{¨«½^ªÀdÅ2ª¨«¼{Ñ%¨«ª²¶ª�Ï

] ?@A
t = 1, . . . , T ^ ?! Ï òô¬�º^¨«À%¨¶ªÃ¬{ªÃÀ�¹#ª¬S¼{µ&·UË2º^µ&·%ªÀ�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ

hjº^À#·»º^À%¹�¹%ª¬©å;ªÃËS¨«µ&·8¯{ª
Dt

Ï
ÝZÏ Å2ªÃ¬{ªÃµ&·%À%ªvÇLÒ%¬4êlª¹%ªÃÀd¼lµ&·8Ë2º^µ&·%ªÃÀqó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬

hj
»

rj =

N∑

i=0

Dt(i)yihj(xi),

Ë?¾`Â£ª¨
hj(xn) ∈ {−1,+1} Ï

I Ï ç�³^·#²¶ª;¹%ªÃÀd¼lµ&·8Ë2º^µ&·%ªÃÀqó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬
hj
º�Ä%¼¸»¹%ªÃ¬ |rj| ®\ºéÕZ¨¶®z¨¶ª¬�¯þ¸Ä%À#¹d¼lªÃ¯�ÆÃª

(ht, rt) = (hj, rj)
Ï

P%Ï Á©±8¯{Ä»º^²«¨¶¼{¨«ª¬lÄ%À%¿�¹%ªÃ¬Cå;ªÃËS¨«µ&·U¯�ª
Dt+1(n)

Dt+1(n) =
Dt(n)e−αtynht(xn)

At
,

Ë?¾`Â£ª¨
αt =

1

2
log

(
1 + rt
1− rt

)

Ä%À#¹
At
ªÃ¨¶À%ªÃ®�ë©¾`¬l®Wº�²¶¨¶¼l¨¶ªÃ¬{Ä%À%¿^¼lÇKº^±U¯�¾^¬

At =

N∑

i=0

Dt(i)e
−αtyiht(xi)

ªÃÀ8¯{¼{Ñ%¬l¨¶µ&·U¯þÏ
U�R ^ ] ?BA

;=KNMZ>BS$TVUBW Ð©ª¬S¼l¯�º^¬{±�ª¦ó;²´º�¼{¼{¨LK»±éº�¯�¾^¬>¨¶¼�¯S²¶ªÃ¯{ÆÃ¯{²¶¨¶µ&·y¿^ª¿`ªÃÂ�ªÃÀd¹%Ä#¬{µ&·

H(x) = sign

(
T∑

t=1

αtht(x)

)
.

Ý I
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Ú4Ò%¬©¹%ªÀmÁN¹%º`Å2¾:¾`¼l¯CÁC²¶¿^¾`¬{¨°¯�·%®�Ä#¼~ËSÄ%¬l¹%ªÀm¹%º^À%Àqº^Ä%¼C¹%¨¶ªÃ¼{ªÀ)î�ª¬{±8®\º^²¶ªÃÀ�ÆÃË?ª¨D½`ª¬l¼{µ&·%¨«ª¹%ªÃÀ%ªÁC¬�¯�ªÃÀW½`¾`À\¼{µ&·UË2º^µ&·%ªÀdó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀzª¬lÆªÄ#¿^¯þÏZÐCª¬?ª¬l¼l¯�ª©ò�ì:Ñt¹#ª¬2¼lµ&·UË>º^µ&·#ªÀdóv²¶º^¼{¼l¨�K»±éº�¯{¾�ä¬{ªÃÀyËS¨¶¬{¹y¨«Àt½`ªÃ¬{¼{µ&·#¨¶ª¹#ªÀ%ªÃÀ�ÁC¬lÂ�ªÃ¨«¯�ªÃÀt½`ªÃ¬lË?ªÀ%¹%ªb¯ Ô ½`ª¬l¿`²¶ªÃ¨¶µ&·%ª;¹%º^ÆÄ�Î ö}¨¶¾^²´º�Ä#À%¹�Ü^¾^À%ª¼Ã¸ÙÝ^Þ`Þ !BÏ ¸Î îïº^¬l¯{ð¶À%ªÃÆ�îd¾`Æ¾^¼�ÜÍÌ?Ç�ãLü¶¸ÙÝ^Þ^ÞUÛ Ï ¸%Î òô¬{ªÃÑ#¯�¾jË ÜÍÌ?Ç�ãLü¶¸ÙÝ^Þ^Þ ISÏ Ø2Ä%À%¹�·»º�¯~¹%¨«ªvÚÙ¾^¬{®

h1
j(x) =

{
+1

ÇKº�²¶²¶¼
pjfj(x) < pjθj

−1
¼l¾`À%¼�¯

,

Ô I Ï !`! Ø
Ë?¾`Â�ªÃ¨

θj
ªÃ¨¶ÀqÊ:µ&·8Ë?ª²«²«Ë?ª¬�¯v¹»º^¬{¼�¯�ªÃ²¶²«¯CÄ%À%¹

pj
®\¨°¯ −1

¾:¹%ª¬
+1

¹%¨¶ª�ÁCÄ%¼l¬{¨¶µ&·U¯{Ä%À%¿�¹%ª¬}ñ©À%¿`²«ª¨Mäµ&·8Ä%À%¿\Ñ%¬�³^¼lªÀU¯�¨«ª¬�¯þÏÙÐCªÃ¬~ÆbË2ªÃ¨«¯{ªÈòãì:Ñï¹%ªÃ¬S¼{µ&·UË>º�µ&·%ªÀqó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀy·%º�¯~¹%¨¶ªvÚ»¾`¬l®
h2
j(x) =

{
pj

ÇKº^²¶²«¼
θ1
j < fj(x) < θ2

j

−pj
¼{¾`À#¼l¯

,

Ô I Ï ! Ý`Ø
Ë?¾`Â�ªÃ¨

θ1
j

Ä%À%¹
θ2
j

º^²¶¼~Ê:µ&·8Ë?ª²«²«Ë?ª¬�¯�ªÈÆÄ%¬~Å2ªÃ¿`¬{ªÃÀ%ÆÄ%À#¿\ªÃ¨¶À%ªÃ¼~õ�ÀU¯{ª¬l½�º^²«²¶¼N¹%¨«ªÀ%ªÃÀdÄ#À%¹
pj
®\¨°¯ −1¾:¹%ª¬

+1
ÇLªÃ¼l¯{²¶ª¿�¯þ¸»¾`Â�ª¨«À%ª�Ñ£¾`¼l¨«¯�¨°½`ªÈó;²´º^¼l¼{¨LK»±éº�¯�¨«¾`À�º^Ä%Í`ªÃ¬{·»º�²¶Â�¾Z¹%ªÃ¬S¨¶À%À%ªÃ¬{·»º�²¶Â�¹%ª¼~õ�ÀU¯�ª¬�½�º^²¶²«¼ª¬�ÇL¾`²¶¿�¯þÏ

Ú4Ò%¬vÂ£ª¨«¹%ª�ò�ì:Ñ£ªÀÉ½^¾`ÀÉ¼lµ&·8Ë2º^µ&·%ªÃÀ ó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬lªÀ
h(x)

ªÀU¯�¼lÑ%¬{¨«µ&·U¯
+1

¾Z¹%ªÃ¬ −1
ª¨«À%ª¬vÑ£¾�ä¼{¨°¯�¨°½`ªÀ�Â�ªÃÆ¨«ª·8Ä%À%¿`¼�Ë2ªÃ¨¶¼lªyÀ%ª¿Uºé¯�¨«½^ªÀÉóv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`Àq¹%ªÃ¼�Å2ªÃ¨¶¼{Ñ#¨¶ª²«¼

x
ÏDÁ©Ä%¼�º^²«²¶ªÃÀ�îdªÃ¬{±8®\º^²¶ªÃÀ¹%ªÃ¬'i×º^¼lª¬�ä¦Ä%À%¹�óvº^®\ªÃ¬�º^¹%º�¯�ªÃÀ.ªÃ¬{¿`ªÃÂ�ªÃÀ�¼{¨«µ&·�¹»º�¹%Ä%¬{µ&·�ÆÃË?ª¨S½`ª¬l¼{µ&·%¨«ª¹%ªÃÀ%ª�¼lµ&·8Ë2º^µ&·%ªqó;²¶º^¼�ä¼{¨LK»±éº�¯�¾^¬{ªÀ�¸DªÃ¨¶À%ªÃÀ�¨¶À�¹%ª¬¦ÚÙ¾^¬{®h¹%ªÃ¼�ª¬l¼l¯�ªÃÀ]ò�ì:Ñ%¼�Ä#À%¹�ª¨«À%ªÀÉ¨¶ÀÉ¹#ª¬�Ú»¾`¬l®h¹%ª¼¦ÆÃË?ª¨«¯{ªÀOÏDõ�Àêlª¹#ª¬TõH¯{ª¬�ºé¯�¨¶¾^À

t
Ë2ªÃ¬{¹%ªÃÀ�ÇLÒ#¬T¹%¨¶ª?¼{µ&·UË2º^µ&·%ªÀWó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬lªÀ

h1
j(x)

Ä%À%¹
h2
j(x)

¹%¨¶ª>Ó4º^¬{º^®\ªb¯�ªÃ¬Ô
pj
¸
θj
ØS¾:¹%ª¬ Ô

pj
¸
θ1
j

¸
θ2
j

ØN¹%ªÃ¬�º^¬�¯CªÃ¬{®z¨«¯{¯{ª²°¯þ¸%¹»º�¼{¼CªÃ¨¶À%ªÈ®zÌ`¿`²¶¨«µ&·%¼l¯S¿^ª¬{¨«À%¿`ªvÁCÀ#Æþº^·%²Dº^ÀïÚÙªÃ·%²¶±8²¶º^¼�ä¼{¨LK»±éº�¯�¨«¾`À%ªÃÀ�¹#ª¬SòD¬{º^¨¶À#¨¶À%¿`¼lÂ�ªÃ¨¶¼lÑ%¨¶ªÃ²¶ªCÂ%º^¼{¨«ª¬{ªÃÀ%¹dº^Ä#ÇD¹%ª¬Nöãª¬�¯�ªÃ¨¶²¶Ä#À%¿
Dt

º^ÄZÇ�¯�¬{¨°¯{¯Ï
âJ¼2¼lª¨£¹»º^¬�º�Ä#Ç@·%¨«À%¿`ªÃËS¨«ª¼lªÀO¸8¹»º^¼l¼2¹%¨«ªCâJ¬lÆªÄ#¿`Ä%À%¿�¹#ª¬�¼{µ&·UË>º�µ&·%ªÀdó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬lªÀ

h2
j(x)

À»º^µ&·å;²¶ª¨«µ&·8Ä%À%¿ Ô I Ï ! Ý`Ø>ª¨¶À#ªÀïÀ#ªÄ%ªÃÀ�ÁCÀ%¼{º�¯�Æ�¹»º^¬l¼l¯�ªÃ²¶²°¯þ¸»¹%ªÃ¬©Â%¨«¼{·%ªÃ¬©¨«Àï±�ª¨¶À#ª¬~ÁC¬{Â£ª¨°¯©öãªÃ¬lË?ªÀ%¹#Ä%À%¿ÇKº^À%¹�Ï»ÐC¨¶ªÈâJ¬{ÆÃªÄ%¿^Ä%À%¿z¹%¨¶ªÃ¼{ª¼SË?ª¨«¯{ª¬lªÀ�ò�ì:Ñ%¼~Â»º^¼l¨¶ª¬�¯~º^Ä#ÇD¹%ª¬Sõ�¹%ªÃª^¸Ù¹»º^¼l¼SÂ�ªÃ¼l¯�¨«®\®�¯�ª;ó;²´º�¼{¼{ªÃÀº^À%·%º^À%¹�ª¨«À%ª¼Nõ�ÀU¯�ªÃ¬l½�º^²«²¶¼>Â£ª¼l¼{ª¬~Â£ª¼{µ&·#¬{¨¶ªÃÂ�ªÃÀ�Ë?ª¬l¹%ªÀ�±^Ì^À%À%ªÀ�Ï�Ê:¾�ËS¨¶¬{¹�ªÃ¬lË2º^¬l¯{ªÃ¯þ¸»¹%º^¼{¼N¨«À�ªÃ¨°äÀ%ªÃ®�Å2Ò#¬{¾�®zª·%¬>îd¾`À%¨°¯�¾`¬lª}º^²«¼2¨¶ÀWª¨¶À#ª¬>ó;Ò%µ&·#ª;ÆÄ�K»À%¹#ªÀ�¼{¨«À%¹O¸þêlª¹%¾:µ&·yË2ªÃÀ%¨¶¿`ªÃ¬Nº^²«¼?¨«Àtª¨«À%ª®å;¬{¾`Í`¬{º^Ä%®�Â#Ò%¬{¾%Ï#ÐC¨¶ªÃ¼{ª�âJ¨¶¿`ªÃÀ%¼{µ&·»ºéÇ�¯©±�Ì`À%ÀU¯�ªÈÀ%¨«µ&·8¯©º^Ä#¼{¼{µ&·#²¶¨¶ªÃÍ`²¶¨«µ&·�®\¨°¯N¼{µ&·UË2º^µ&·%ªÀqó;²¶º^¼{¼l¨�K»±éºéä¯�¾^¬{ªÀq¹%ªÃ¼vª¬{¼�¯�ªÃÀ�òãì:Ñ%¼
h1
j(x)

®z¾Z¹%ªÃ²¶²«¨¶ª¬�¯©Ë?ª¬l¹%ªÀ�Ï×Ð}º^ÆÄ)¼{ªÃ¨ãº^Ä#Ç�ÁCÂ#Â%¨¶²«¹%Ä%À%¿ I Ï ! ½`ªÃ¬lËS¨«ª¼{ªÃÀO¸¹%¨«ª¦¹%¨«ª¼{ª�âã¨«¿`ªÀ#¼{µ&·»º�Ç�¯}¿`¬�ºSK%¼{µ&·�½`ªÃ¬�º^À#¼{µ&·»º^Ä#²¶¨¶µ&·U¯ÏOÁCÀ%·%º^À%¹m¹%ªÃ¬}¾`Â£ª¬{ªÃÀmÂ�ªÃ¨¶¹%ªÃÀqå;¬�ºSK»±�ªÀqº^Ä#¼ÁCÂ#Â%¨¶²«¹%Ä%À%¿ I Ï ! ±^Ì`À%À#ªÀ�¹%¨¶ª2Ó4º^¬{º^®zªÃ¯�ªÃ¬ Ô
pj
¸
θj
ØôÄ%À#¹ Ô

pj
¸
θ1
j

¸
θ2
j

Øô¹#ª¬T¼lµ&·8Ë2º^µ&·%ªÃÀtó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀÂ£ªÆÒ#¿`²¶¨«µ&·�¹%ªÃ¬v¼{±éº^²´º�¬{ªÀÉîdªÃ¬{±8®Wº�²¶ª
fl(x)

Ä#À%¹
fm(x)

Â�ªÃ¼l¯�¨«®\®�¯;Ë2ªÃ¬{¹%ªÃÀOÏ4âJ¼;ËS¨¶¬l¹)ÇLÒ#¬È¹#¨¶ª¼lªîdªÃ¬{±8®Wº�²¶ª¦¹#ª¬}¼l±�º�²´º^¬lª¦çÉªÃ¬l¯}ÇLÒ#¬}º^²«²¶ªÈòD¬{º^¨¶À%¨«À%¿`¼l¹»º�¯�ªÃÀ�Â£ª¼l¯{¨¶®z®¦¯©Ä%À%¹q¨¶À�¼l¾`¬l¯{¨¶ªÃ¬l¯�ªÃ¬}ÖSª¨«·%ªÀZäÇL¾`²«¿`ª~º^Ä#ÇO¹#ª¬�Õ8äHÁNµ&·%¼{ª;º�À%¿`ªÆÃª¨«¿^¯þÏ8âJÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ%¹�ª¬l¿`¨¶ÂZ¯?¼l¨¶µ&·\¹%ª¬�¹»º^ÆÃÄ%¿`ª·#Ì`¬{¨«¿`ª~ç�ª¬�¯>º�Ä#Ç@¹%ªÃ¬ìUä�ÁNµ&·%¼lª�¹#Ä%¬{µ&·�¹%¨¶ª}óv²¶º^¼{¼lª
yn ∈ {−1,+1} ¹%ª¼~Å2ªÃ¨¶¼lÑ%¨¶ªÃ²¶¼ xn Ä%À%¹�¹%ªÃ¼{¼{ªÃÀmå;ªÃËS¨«µ&·8¯{Ä%À%¿ Dt(n)¹%ªÃ¬NªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ%¹#ªÀ�õH¯{ª¬�ºé¯�¨¶¾^ÀOÏ�ë~Ä%ÀyË2ªÃ¬{¹%ªÃÀï¹%¨«ª;Ó4º^¬{º^®zªÃ¯�ªÃ¬N¹%ª¬N¼lµ&·UË>º^µ&·#ªÀmó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀ

h1
l (x), h2

l (x), h1
m(x)

Ä%À%¹
h2
m(x)

¹#ª¬�º�¬l¯�¿`ªÃË2³^·%²°¯þ¸`¹%º^¼{¼�®\Ì^¿`²¶¨«µ&·%¼l¯D½Z¨«ª²«ªSÅ2ª¨«¼{Ñ%¨«ª²¶ªN¬l¨¶µ&·U¯�¨«¿;±8²´º^¼æä¼{¨LK»Æ¨«ª¬�¯TË2ªÃ¬{¹%ªÃÀOÏ:ÐC¨¶ª2±:²¶º^¼{¼l¨�K»ÆÃ¨¶ªÃ¬l¯�ªÃÀzÅ2ª¬lª¨¶µ&·#ª~¹#ª¬Jª¨«À%ÆªÃ²¶À%ªÃÀ�¼{µ&·UË>º�µ&·%ªÀyó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ�¼{¨¶À#¹êlªÃË?ª¨«²¶¼T¨«À�¹%ªÃÀ�¹»º^¬{Ä#À8¯{ª¬l²¶¨¶ªÃ¿`ªÀ#¹%ªÀzå;¬�ºSK%±^ªÀ�ÆÃÄ�¼{ª·#ªÀOÏ8Ð}º�Â�ªÃ¨#¼{ªÃ¨»º^À%¿^ª®zª¬{±U¯¸^¹»º^¼l¼T¹%¨«ª>¼{µ&·UË2ºéäµ&·%ªÃÀtó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀ
h2(x)

¨«® öãª¬l¿`²¶ªÃ¨¶µ&·�ÆÄ
h1(x)

êlªÃË?ª¨¶²«¼ãÀ:Ä#¬?ªÃ¨¶À�õ�ÀU¯�ª¬�½�º^²¶²Ùº^²«¼ãÑ�¾`¼l¨«¯{¨«½�¾:¹%ªÃ¬

ÝSP
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0

 40  60  80  100  120  140  160
fl(xn)

fm(xn)

y n
·D

1
(n

)

1
N

− 1
N

fl(x)
fm(x)
fl(x)
fm(x)
h1
l (x)
h2
l (x)

h1
m(x)
h2
m(x)

0

 40  60  80  100  120  140  160

fl(xn)

fm(xn)

y n
·D

1
(n

)

1
N

− 1
N

fl(x)
fm(x)
fl(x)
fm(x)
h1
l (x)
h2
l (x)

h1
m(x)
h2
m(x)

pos

neg

0

 40  60  80  100  120  140  160

fl(xn)
fm(xn)

yn ·D1(n)
1
N

− 1
N

fl(x)

fm(x)
fl(x)
fm(x)

h
1 l
(x

)

h2
l (x)

h1
m(x)
h2
m(x)

pos

neg

0

 40  60  80  100  120  140  160

fl(xn)
fm(xn)

yn ·D1(n)
1
N

− 1
N

fl(x)

fm(x)

fl(x)
fm(x)
h1
l (x)
h2
l (x)

h
1 m

(x
)

h2
m(x)

pos

neg

0

 40  60  80  100  120  140  160

fl(xn)
fm(xn)

yn ·D1(n)
1
N

− 1
N

fl(x)
fm(x)

fl(x)

fm(x)
h1
l (x) h

2 l
(x

)

h1
m(x)
h2
m(x)

pos

neg

0

 40  60  80  100  120  140  160

fl(xn)
fm(xn)

yn ·D1(n)
1
N

− 1
N

fl(x)
fm(x)
fl(x)

fm(x)

h1
l (x)
h2
l (x)

h1
m(x)

h
2 m

(x
)

ÁCÂ#Â%¨¶²«¹%Ä%À%¿ I Ï ! ÏL»»õ�À ¹%ª¬�¾`Â£ª¬lªÀu"�ª¨«²¶ªt¨«¼l¯©êlªyªÃ¨¶À%ª�å;¬�ºgK»±�ÆÃÄ%¬zÅ2ª¼�¯�¨«®\®�Ä#À%¿�¹%ªÃ¬\ÓDº^¬�º�®\ªb¯�ª¬¹%ª¬�¼{µ&·UË2º^µ&·%ªÀ.ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀ
hl(x)

Ä#À%¹
hm(x)

º�Â%¿`ªÂ#¨¶²¶¹#ªÃ¯þÏ×Á©Ä#ÇS¹%ª¬;Õ8äÁNµ&·%¼{ªÈ¼{¨«À%¹�¹%¨¶ª©çÉªÃ¬l¯�ªv¹%ªÃ¬N¼{±éº^²¶º^¬{ªÃÀ�îdª¬l±:®\º^²«ª
fl(xn)

Ä%À%¹
fm(xn)

ÇLÒ%¬Sº^²«²¶ªòD¬{º^¨¶À#¨¶À%¿`¼l¹»º�¯{ªÀ
xn
¨«À\¼l¾`¬l¯{¨¶ªÃ¬l¯�ªÃ¬2ÖSª¨«·%ªÀZÇL¾`²¶¿`ªN¹%º^¬{¿`ªÃ¼l¯{ª²¶²°¯þÏUÁ©Ä#Ç@¹%ªÃ¬�ìUä�ÁNµ&·#¼{ª¼{¨«À%¹�¹%¨«ª�ªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ%¹#ªÀóv²¶º^¼{¼lªÀ

yn
®�Ä%²°¯�¨«Ñ%²¶¨«Æ¨¶ªÃ¬l¯¦®\¨°¯�¹%ª¬WåvªbËS¨¶µ&·U¯�Ä#À%¿

D1(n)
º�Ä#ÇL¿`ªÆÃª¨«¿^¯þÏôÐ}º^Â£ª¨�ªÀU¯{¼{Ñ%¬lªµ&·%ªÃÀp¨«À�¹#¨¶ª¼lªÀ]Å?ª¨¶¼lÑ%¨¶ªÃ²¶ªÃÀÉº^²«²¶ª\å;ªÃËS¨¶µ&·:ä¯�ªz¹%ªÀ�çÉªÃ¬l¯�ªÃÀ 1

N

ÏDÐCº^¬{Ä%ÀU¯{ª¬¦¼l¨¶À%¹yêlªÃË?ª¨«²¶¼È¹%¨¶ª�¼{µ&·UË2º^µ&·%ªÃÀ�ó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀ
hl(x)

Ä#À%¹
hm(x)

®z¨«¯~¹%ªÃÀmÅ2ªÃ¬{ª¨«µ&·%ªÀ�¸�¨¶Àd¹%ªÀ#ªÀmª¨«À%ªÈÑ�¾`¼l¨«¯{¨«½`ªÈÄ%À%¹ïÀ%ª¿Uºé¯�¨°ä½`ª¦óv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`ÀtÇLÒ#¬©ªÃ¨¶À�òDªÃ¼l¯�Â£ª¨«¼{Ñ%¨«ª²
x
ªÃ¬lÇL¾`²«¿^¯þ¸»ÆÃÄï¼{ªÃ·%ªÀ�Ï�Ð}º�Â�ªÃ¨DªÃ¬{±^ªÃÀ%ÀU¯®Wº�Ày¹%ªÄ#¯{²¶¨«µ&·O¸%¹»º^¼l¼S¹%¨¶ª;¼lµ&·8Ë2º^µ&·%ªÃÀmó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀ

h2(x)
¨¶®�öãª¬{¿^²¶ª¨«µ&·�ÆÄ

h1(x)
êlªbË2ªÃ¨¶²¶¼SÀ8Ä%¬Sª¨«À�õ�À8¯{ª¬�½^º�²¶²@º^²«¼NÑ�¾^¼{¨«¯{¨«½\¾Z¹#ª¬SÀ%ª¿`º�¯�¨°½t±8²´º^¼l¼{¨LK»Æ¨«ª¬{ªÃÀOÏ

Ý^Û
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l <"S$MmMmCFnpoqS E�?BA rsS$AHSYItUeE�U[A uvUqGN<)U�A
h1
l (x) θl w 86 x pl w 1

Ý J ÏQP8Û`ì
h2
l (x) θ1

l w 86 θ2
l w 138 pl w 1

! P%Ï Jq! ì
h1
m(x) θm w 101 x pm w 1

!eJ Ï�RUÛ`ì
h2
m(x) θ1

m w 49 θ2
m w 101 pm w 1

!eJ Ï�RUÛ`ì
òDº^Â�ªÃ²¶²«ª I Ï ! Ï�»ÙÐ©¨¶ª�ÓDº^¬�º^®zªÃ¯{ª¬}¹#ª¬;¼{µ&·UË2º^µ&·%ªÃÀ]ó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬lªÀ�Ä%À#¹)¹#ª¬?êlªÃË?ª¨«²¶¨«¿`ª¦òô¬�º^¨«À%¨¶À#¿`¼�äÇLªÃ·%²¶ªÃ¬¸%Â£ª¼�¯�¨«®\®¦¯Nº^À%·»º^À#¹d¹%ªÃ¬S¾`Â�ªÃ¬{ªÃÀdÂ£ª¨«¹%ªÀdå;¬�ºSK»±�ªÀdº^Ä%¼SÁCÂ#Â%¨¶²«¹%Ä%À%¿ I Ï ! Ï
À%ªÃ¿Uº�¯�¨°½�±8²´º^¼l¼{¨�K%Æ¨¶ªÃ¬{ªÃÀOÏ:ÐC¨¶ª©Ó4º^¬{º^®zªÃ¯�ªÃ¬?¹#ª¬�ª¨¶À#Æª²«À%ªÀtóv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ\¼l¨¶À%¹\¨¶Àzò4º�Â�ªÃ²¶²¶ª I Ï ! ÆÃÄ¼{ªÃ·%ªÀ�Ï
§©¨«ª¬lÂ�ªÃ¨?¼lª¨>¹»º�¬�º^Ä#ÇS·#¨¶À%¿`ªbËS¨¶ªÃ¼{ªÀ�¸4¹»º^¼l¼�¹%ª¬�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬

h2
l (x)

¹#¨¶ªWòô¬�º�¨¶À%¨«À%¿`¼{¹%º�¯�ªÃÀ�Â�ªÃ¼{¼lª¬º^Ñ%Ñ#¬{¾þÕZ¨¶®z¨¶ª¬�¯Sº^²«¼
h1
l (x)

Ä%À%¹ï¹#¨¶ªvÑ�¾^¼{¨«¯{¨«½^ª;Ä%À%¹ïÀ#ª¿Uº�¯{¨«½^ª�ó;²¶º^¼{¼lª�ªfÕ%º�±8¯{ª¬~¬{ªÃÑ%¬�³^¼lªÀU¯�¨«ª¬�¯þÏ£ÐC¨¶ªÃ¼±éº^À%ÀpÂ�ªÃ¨S¹%ª¬\ó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^À�½`¾`À�Ö~¾`Â£¾^¯{ª¬{Ñ£¾`¼l¨«¯�¨«¾`À%ªÃÀ º^À%·»º^À#¹.½`¾^Àÿ�}Â:êlª±U¯{ªÀ�ÆÃÄ.Â£ª¼l¼{ª¬lªÀÖSª¼{Ä#²«¯&ºé¯�ªÀ]ÇLÒ%·#¬{ªÀ�¸J¹»ºmª¨¶À#¨¶¿`ª��;Â8êlª±U¯�ª�¨¶À�½^ª¬{¼lµ&·%¨¶ªÃ¹%ªÀ#ªÀ ó;²´º�¼{¼{ªÃÀ ¨¶À]Â£ª¼l¯{¨¶®z®¦¯�ªÃ¬�ÁCÀ#Æþº^·%²½`¾^¬{±^¾^®\®zªÀOÏôõ�À]ª¨«À%¨¶¿^ªÀ�Ú4³^²¶²«ªÀ)±�º�À%À]¹%¨¶ªÃ¼SêlªÃ¹%¾Zµ&·]ÆÃÄ#½:¨¶ªÃ²>º^À�õ�ÀZÇL¾`¬{®\º�¯�¨«¾`À)Â�ªÃ¨¶À%·»º�²«¯�ªÃÀOÏôÅ2ª¨ÁCÀUË?ªÀ%¹#Ä%À%¿Èº^Ä#Ç»Â£ª¿^¬{ªÀ#ÆÃ¯�ªNîdªÀ%¿^ªÀO¸0ËS¨¶ª?ª¼4Â£ª¨:¹%ªÃ¬Döãª¬�Ë2ªÃÀ%¹%Ä%À#¿;®\¨°¯DÁN¹%º`Å2¾:¾`¼l¯4¹%ª¬4Ú£º�²¶²U¨¶¼�¯þ¸¼l¯{ª²«²«¯}¹#ª¬;ª¬l¼l¯{ªzòãì:Ñ�À%º^µ&·�åv²«ª¨¶µ&·8Ä%À#¿ Ô I Ï !`! Ø©ªÃ¨¶À%ª�òôª¨«²¶®zªÀ%¿`ª�¹%ª¼;ÆbË2ªÃ¨«¯{ªÀ)ò�ì:Ñ%¼v¹»º^¬ÃÏ@Ð}º^ÆÃÄ¼{ªÃ¨Nº^Ä#ÇS¹#¨¶ªt¬lªµ&·U¯�ª�ÊZªÃ¨«¯{ªt¹%ª¬¦ÁCÂ%Â%¨«²¶¹%Ä#À%¿ I Ï ! ½`ªÃ¬lËS¨¶ªÃ¼{ªÃÀOÏJÅ2ªÃ¨¶¹%ªt¼lµ&·UË>º^µ&·#ªÀ ó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀÂ£ª¼{µ&·#¬{ª¨«Â�ªÃÀ�¹%¨¶ª�òô¬�º^¨«À%¨¶À%¿^¼{¹»º�¯{ªÀÈ¿`²¶ªÃ¨¶µ&·�Ä%À%¹¦ªÃ¬{ÆÃ¨¶ª²«ªÀ�¹%ªÀ%¼lª²«Â�ªÃÀ�óv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`ÀZÇLª·%²«ª¬ÏjÜ^ª¹%¾:µ&·ËSÒ%¬l¹%ªÈóv²¶º^¼{¼l¨�K»±éº�¯{¾`¬
h2
m(x)

ª¨¶Àyòôª¼�¯�Â£ª¨«¼{Ñ%¨«ª²
x′
®z¨«¯>¹#ª® î�ª¬{±8®\º^²

fm(x′) = 45
º^²¶¼2À%ª¿Uºé¯�¨«½ª¨«À%¼l¯{Ä#ÇLªÀ�Ï`ÊZµ&·%º^Ä#¯T®\º^ÀÈ¼{¨«µ&·�º^Â£ª¬ô¹%¨¶ª�¹»º^ÆÃÄ%¿`ªÃ·%Ì`¬{ªÃÀ%¹%ªÃÀ�çÉªÃ¬l¯�ª?¹%ª¬ôòô¬�º^¨«À%¨¶À%¿^¼{¹»º�¯{ªÀ�º^ÀO¸jËSÒ%¬l¹%ª®\º^À�¨¶ÀU¯{Ä%¨«¯{¨«½�ª¨«À%ª�¼l¾`²¶µ&·%ªÃ¼vÅ2ª¨«¼{Ñ%¨«ª²4º^²¶¼©Ñ�¾`¼l¨«¯{¨«½�ª¨«À%¼l¯{Ä#ÇLªÀ�Ï@ÐC¨¶ªÃ¼CËSÒ%¬l¹%ª�ó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬

h1
m(x)¨¶Àq¹%¨«ª¼lª®hÚÙº^²«²4º^Ä#µ&·)¯{Ä%À�Ä#À%¹�²«¨¶ªbÇLª¬l¯C¨¶Àq¼{¾^²¶µ&·%ªÃÀÉÚT³�²¶²¶ªÃÀ�ª¨«À%ª�¬{¾`Â#Ä%¼l¯{ª¬{ªzó;²´º�¼{¼{¨LK»±éº�¯�¨«¾`ÀOÏ�Å2ª¨¹%ªÃ¬�ÓJ¬{¾`¿^¬�º^®z®\¨«ª¬lÄ%À%¿�¼{¾`²«²«¯{ªz®\º^À�¹»º^¬�º�Ä#ÇSº^µ&·U¯�ªÃÀO¸4¹%º^¼{¼�¨¶ÀÉ¹#¨¶ª¼lªÀ]Ú4³^²¶²«ªÀq¹%ª¬¦ó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬

h1(x)
À»º�µ&· å;²¶ª¨«µ&·8Ä%À%¿ Ô I Ï !`! Ø�Â£ªÃ½`¾^¬{ÆÄ#¿^¯\½^ª¬�Ë2ªÃÀ%¹%ªÃ¯\Ë2ªÃ¬{¹%ªÃÀ�¼{¾^²¶²«¯{ª^ÏJÐ©ª¼�çÉªÃ¨«¯�ªÃ¬{ªÃÀ�¼{ªÃ¨~º^À¹%¨«ª¼{ªÃ¬NÊ:¯{ª²«²¶ª©º^Ä#Ç×¹»º^¼>âTÕZÑ£ª¬l¨¶®zªÀU¯±R#Ï I ½^ª¬lËS¨«ª¼lªÀO¸#Ë?¾�Ä%ÀU¯{ª¬2öãªÃ¬lË?ªÀ%¹%Ä#À%¿�¹%ª¬�½`ª¬l¼{µ&·%¨«ª¹%ªÃÀ%ªÀ¼{µ&·UË2º^µ&·%ªÃÀqóv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀy¹%¨¶ªvó;²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À%¼l¬�º�¯{ªÀy®z¨«¯{ª¨¶À%º^À%¹%ªÃ¬2½`ªÃ¬{¿`²«¨¶µ&·%ªÃÀ�Ë?ª¬l¹%ªÀOÏ

�X½`y ½ z ¢y  Á?¿F{ &è Hà¦áTá À ¤ &è Hà¦á4á ¿"( �>à Á ��
ÐCªÃ¬�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬¸ã¹%ªÃ¬yÂ%¨¶¼l·%ª¬W®\¨°¯W¹%ªÃ® ÁN¹»º^Å2¾Z¾^¼l¯yÁ©²¶¿`¾`¬l¨«¯{·%®�Ä%¼zª¬l·»º^²«¯{ªÀ�ËS¨«¬{¹O¸?¨¶¼l¯yº^Ä%¼�ä¼{µ&·#²¶¨¶ªÃÍ`²¶¨«µ&·d¨«Àï¹%ªÃ¬.i×º^¿`ª�¸�ÆbËS¨¶¼lµ&·%ªÀmÆbË2ªÃ¨D½`ªÃ¬{¼lµ&·%¨¶ªÃ¹%ªÀ%ªÃÀ)óv²¶º^¼{¼lªÀ�ÆÃÄ�Ä%ÀU¯�ªÃ¬{¼lµ&·%ª¨«¹%ªÀO¸�À»³^®z²¶¨¶µ&·Ñ£¾`¼{¨°¯�¨«½^ªÀ\Ä%À%¹yÀ%ªÃ¿Uº�¯�¨°½`ªÃÀyÅ2ª¨«¼{Ñ%¨«ª²«ªÀOÏ8õ�Àt¯�ì:Ñ%¨¶¼lµ&·%ªÀyõ�À#¹%¾Z¾^¬>ñ©®z¿`ªÃÂ%Ä%À%¿`ªÃÀt®�Ä%¼l¼>¹%ªÃ¬>ÖS¾`Â�¾�¯�ª¬êlª¹#¾Zµ&·�¨«À�¹%ªÃ¬�i×º^¿`ª�¼{ªÃ¨¶ÀO¸ã®zª·%¬\º^²«¼\À8Ä%¬\ÆÃË?ª¨}ó;²¶º^¼{¼lªÀ�ÆÃÄ�ª¬l±^ªÃÀ%À%ªÀ�Ï>ÁCÄ%¼\¹%¨¶ªÃ¼{ªÃ® å;¬{Ä#À%¹®�Ä%Í\ª¨«ÀqîdÄ%²°¯�¨°ä�ó;²´º^¼l¼{ªÀdó;²´º^¼l¼{¨LK»±éº�¯�¾`¬S±�¾`À%¼l¯{¬{Ä%¨«ª¬�¯CË?ª¬{¹#ªÀOÏ�õ�À�¹%ª¬©ÁC¬lÂ�ªÃ¨«¯~½`¾`ÀqÚ»¬{ªÃÄ%À%¹�Ä#À%¹ÊZµ&·»º�Ñ%¨¶¬lªCÎ !�O`OÈJgÏ ËS¨¶¬l¹WÆÃÄ%®�Å?ª¨¶¼lÑ%¨¶ªÃ²�ªÃ¨¶À%ªCâJ¬lË?ª¨«¯{ª¬lÄ%À%¿�¹%ªÃ¼>ÁN¹»º`Å2¾:¾`¼�¯>ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼ãÆÄ%¬?öãª¬�äº^¬lÂ�ªÃ¨«¯�Ä#À%¿�®zª·%¬lª¬{ªÃ¬Só;²´º^¼l¼{ªÀy½^¾`¬{¿`ªÃ¼l¯{ª²¶²°¯þÏ#ÐC¨¶ªÃ¼{ª¬NÁ©²¶¿`¾^¬{¨«¯{·%®�Ä%¼ãËS¨¶¬l¹tÄ�ÆÈÇgÉcÊ�Ê�ËÍÌnüLÞ�|v¿`ªÀ»º�À%ÀU¯

Ý�R



�8�+}v�c~a S�n�,�-��f:� ÖgÙ5ÙÍ�¨��f:� ÖSÙDÙ5�-g i�Öq�`�eÒ

C1 CK−1

H1(x) = 1

H1(x) = −1

HK−1(x) = 1

HK−1(x) = −1

ó;²´º^¼l¼{ª
1

ó;²´º^¼l¼{ª
K − 1

ó;²´º�¼{¼{ª
K. . .

ÁCÂ#Â%¨¶²«¹%Ä%À%¿ I Ï ÝZÏL»ÙâJ¨¶À%ªCâãÀU¯{¼{µ&·%ªÃ¨¶¹%Ä%À#¿`¼{²«¨¶¼l¯{ª
H
ÇLÒ%¬

K
ó;²´º�¼{¼{ªÃÀyÄ%ÀU¯�ªÃ¬2öãª¬�Ë2ªÃÀ%¹%Ä%À%¿�½`¾^À

K − 1Â%¨¶À%³^¬{ªÃÀmó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬lªÀ {C1, C2, . . . , CK−1}
ÏOÜ^ªÃ¹%ª¬}óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬

Ck
ªÀU¯�ä¼{Ñ%¬l¨¶µ&·U¯q¹»º^Â£ª¨¦ª¨¶À#ª® Â#¨¶À»³^¬lªÀQÁN¹»º^Å2¾Z¾^¼l¯)ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀOÏ©ÐC¨«ª]ÁCÄ%¼l¿Uº^Â£ª

� ó;²´º�¼{¼{ª k ��¬lªÑ%¬{³^¼{ªÃÀ8¯{¨¶ªÃ¬l¯z¹»º^Â£ª¨N¹%¨«ª�ÁCÄ%¼l¿Uº^Â£ª�ªÃÀU¯�¼{Ñ#¬{ªµ&·#ªÀ%¹�¹#ª¼\óv²¶º^¼{¼l¨�K#ä±éº�¯�¾`¬l¼
Ck
¸%¨«À�¹%¨¶ªÃ¼{ª¬SÁ©¬{Â£ª¨«¯S¼l¾`®z¨«¯N¹%ªÃ¬~Å2ªÆÃª¨¶µ&·#À:Ä#À%¿W¹%ªÃ¬~óv²¶º^¼{¼lª

k
Ï

Ä%À%¹�¯�¬{º^¨¶À#¨¶ª¬�¯TªÃ¨¶À%ªÃÀ\¼�¯&º^¬l±^ªÀ\ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬
H
¸`¹%ªÃ¬�¨«À�¹%ª¬ i×º^¿`ªN¨«¼l¯¸`ÆÃËS¨«¼{µ&·%ªÃÀW®zª·%¬lª¬{ªÃÀWó;²¶º^¼�ä¼{ªÃÀ Y = {1, 2, . . . , K} ÆÃÄ�Ä%ÀU¯�ª¬l¼{µ&·%ªÃ¨¶¹%ªÃÀOÏZâã¨«À�º^À%¹%ªÃ¬{ªÃ¬�Á©À%¼�ºé¯�ÆSÂ�ªÃ¼l¯{ª·U¯2¹%º^¬{¨«ÀO¸`º^Ä#¼Jª¨¶À#Æª²«À%ªÀÂ%¨«À»³^¬{ªÃÀïó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀyª¨¶À#ª�âJÀU¯�¼lµ&·%ª¨«¹%Ä%À%¿^¼{²¶¨«¼l¯{ª�ÆÃÄïª¬lÆªÃÄ%¿`ªÀ�¸£¹#¨¶ªk�@Ü3�Z�*ÜÍÝ6ÌØÛ_ÜÍã ã�ÜÍà±Ä;ÆÈÇgÉ.Ê�Ê�ËÍÌ¿`ªÃÀ»º^À%ÀU¯�ËS¨¶¬{¹�Ï#îdº^¬l¯{ð¶À%ªÃÆCî�¾`Æ¾`¼:ÜÍÌ^Ç�ãLü�Î Ý^Þ^ÞUÛ Ï ½`ªÃ¬{¿`²«ª¨«µ&·%ªÀ\Â�ªÃ¨£¹#ª¬?óv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À�½^¾`Àtõ�À%¹#¾Z¾`¬ñ©®z¿`ªÃÂ%Ä%À%¿`ªÃÀÉ¹%¨«ª¼lªzÂ£ª¨«¹%ªÀqöãª¬�ÇKº^·%¬lªÀÉ®z¨«¯{ª¨«À»º^À%¹%ªÃ¬;Ä%À%¹)±^¾`®z®zªÀ)ÆÄÉ¹#ª® âJ¬{¿`ªÃÂ%À%¨«¼¸×¹»º^¼l¼¹%ªÃ¬WÊ:ªUT8Ä%ªÀU¯{¨¶ª²«²¶ªyÁN¹»º^Å2¾Z¾^¼l¯�¹%¨«ªyÂ�ªÃ¼{¼{ªÃ¬{ªdó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^À%¼{¬{º�¯�ª\ª¬{¬lª¨«µ&·8¯ÏJÁCÄ%¼�¹%¨«ª¼lª®üå;¬{Ä#À%¹·»º^Â£ªÀzËS¨¶¬J¹%¨«ª¼lª¼ãöãª¬lÇKº�·%¬{ªÃÀW¿`ªbË>³^·#²«¯þÏUõ�®�ÇL¾`²¶¿`ªÃÀ%¹%ªÃÀWóvº^Ñ%¨°¯�ªÃ²%Ë2ªÃ¬{¹%ªÃÀt¹%¨¶ª~å;¬{Ä#À%¹%¨¶¹#ªªÀ\¹%¨¶ªÃ¼{ªÃ¼öãª¬�ÇKº^·%¬lªÀ%¼S±8Ä%¬{Æv½`¾^¬{¿`ªÃ¼l¯�ªÃ²¶²°¯þÏ

���F���`�����8�������������c�:�������������,�8 =¡¢¡¤£q¥§¦©¨-��£ £@�hª¬«�V¥[¡¤�����
âJ¨¶À%ªdîdÌ^¿`²¶¨«µ&·%±^ªÃ¨«¯zª¨«À%ªÀ�îdÄ%²°¯�¨°ä�ó;²´º^¼l¼{ªÀpó;²´º�¼{¼{¨LK»±éº�¯�¾^¬�ÆÄ�ªÃ¬{ÆÃªÄ%¿`ªÃÀ�Â£ª¼l¯{ª·U¯\¹»º^¬{¨«ÀO¸

K − 1Â%¨«À»³^¬{ªSó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ {C1, C2, . . . , CK−1}
ÆÃÄz½^ª¬�Ë2ªÃÀ%¹%ªÀ�¸ZÄ%® ¹»º^¬�º�Ä%¼ãª¨¶À#ª©âJÀU¯�¼lµ&·%ª¨«¹%Ä%À%¿^¼�ä²¶¨«¼l¯{ª

H
ÆÄ%¬zó;²´º�¼{¼{¨LK»±éº�¯�¨«¾`À�½^¾`À

K
ó;²´º�¼{¼{ªÃÀ ÆÄ ±^¾`À#¼l¯�¬lÄ%¨¶ªÃ¬{ªÃÀOÏãÐC¨¶ªÃ¼{ªti@¨¶¼�¯�ªyªÀU¯{¼{µ&·%ªÃ¨¶¹%ªb¯\ÇLÒ%¬ª¨«À%ª}Å?ª¾`Â»º�µ&·8¯{Ä%À%¿

x
¸:Ë2ªÃ²¶µ&·%ªÃ¬Nó;²´º^¼l¼{ª Y = {1, 2, . . . , K} ¹#¨¶ª¼lª}Å2ªÃ¾`Â»º^µ&·U¯{Ä%À%¿�º^À%¿^ª·%Ì`¬�¯þÏG"�Ä%¬ó;²´º^¼l¼{¨LK»±éº�¯�¨«¾`À�ªÃ¨¶À%ªÃ¬yÅ2ª¾^Â»º^µ&·U¯�Ä%À#¿p½^ª¬lË?ªÀ#¹%ªÀ¹%¨¶ª�ªÃ¨¶À%ÆÃª²«À%ªÀ Â%¨«À»³^¬lªÀ ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀ

Ckª¨«À%ªÀÉÂ%¨¶À»³�¬{ªÀ�¼l¯�º^¬{±�ªÀ ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬
Hk : X → Y = {−1,+1} ¸ô¹#ª¬È®\¨°¯�¹#ª® ÁN¹»º`Å2¾:¾`¼�¯ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼Sº^Ä%¼Cóvº^Ñ%¨«¯{ª² I Ï Ý�¯{¬�º^¨«À%¨¶ªÃ¬l¯SËSÄ%¬l¹%ª^Ï�"�Ä%® òô¬�º^¨«À%¨¶ªÃ¬{ªÀd¹%¨¶ªÃ¼{ªÃ¬©Â%¨«À»³^¬lªÀ�ó;²¶º^¼{¼l¨�K»±éºéä¯�¾^¬{ªÀ

Ck
ËSÄ%¬{¹#ªÀzÑ�¾`¼l¨«¯{¨«½`ª?òD¬{º^¨¶À#¨¶À%¿`¼lÂ�ªÃ¨¶¼lÑ%¨¶ªÃ²¶ª

(xp, yp)
®z¨«¯

yp = k
Ä%À#¹zÀ#ª¿Uº�¯{¨«½^ª

(xn, yn)
®z¨«¯

yn ∈ Y\{k}
½^ª¬lË?ªÀ#¹%ªÃ¯Ï�õ�À�ÁCÂ%Â#¨¶²¶¹#Ä%À%¿ I Ï Ý�¨«¼l¯SªÃ¨¶À%ª;¼l¾`²¶µ&·%ªÈâJÀU¯�¼lµ&·%ª¨«¹%Ä%À%¿`¼l²¶¨«¼l¯�ªÈ¹»º^¬l¿`ª¼�¯�ªÃ²¶²«¯Ï

ñ©®�¹%¨«ªCó;²¶º^¼{¼lª©ªÃ¨¶À%ªÃ¬>Å2ªÃ¾`Â»º^µ&·U¯�Ä#À%¿
x
¹%Ä%¬lµ&·yª¨«À%ª©¼l¾`²¶µ&·#ª}âJÀU¯�¼{µ&·#ª¨¶¹#Ä%À%¿`¼l²¶¨¶¼�¯�ª}ÆÃÄtÂ£ª¼l¯{¨¶®z®\ªÃÀO¸±^Ì^À%À%ªÀ)ÆÃË?ª¨Töã¾^¬{¿`ªÃ·%ªÀ%¼�Ë2ªÃ¨¶¼lªÀ�º�À%¿`ªÃË2º^À%¹Z¯ÈË?ª¬l¹%ªÀ�Ï "�Ä#® ªÃ¨¶À%ªÃÀ)±�Ì`À%ÀU¯�ª}êlª¹#ª¼vâJ²¶ªÃ®\ªÃÀ8¯

Ck¹%ªÃ¬¦âJÀU¯�¼lµ&·%ª¨«¹%Ä%À%¿`¼l²¶¨«¼l¯�ª\º^²«¼;Â%¨¶À»³�¬{ª¬Èó;²´º�¼{¼{¨LK»±éº�¯�¾^¬}ªÀU¯�¼lµ&·%ª¨«¹%ªÀ�¸D¾`Â)¹%¨«ª\Å?ª¾`Â»º�µ&·8¯{Ä%À%¿
x
ª¨«ÀÑ£¾`¼{¨°¯�¨«½^ª¼v¾:¹%ª¬;À%ªÃ¿Uº�¯{¨«½`ªÃ¼¦Å?ª¨¶¼lÑ%¨¶ªÃ²T¹%ªÃ¬¦ó;²´º�¼{¼{ª

k ∈ Y ¹»º�¬{¼l¯{ª²«²«¯þÏOÚ£º�²¶²¶¼C¹%ª¬Èó;²´º^¼l¼{¨LK»±éº�¯�¾`¬
Ckª¨«À%ªÈÅ2ª¾^Â»º^µ&·U¯�Ä%À#¿\ÇLÒ%¬NÑ£¾`¼{¨°¯�¨°½tÂ£ªBK»À%¹#ªÃ¯ Ô

Hk(x) = 1
Øf¸#ËS¨¶¬l¹�¹%¨¶ªÈó;²´º^¼l¼{¨LK»±éº�¯�¨«¾`ÀtÂ£ªªÀ#¹%ªÃ¯©Ä%À%¹¹%¨«ª�Å2ªÆÃª¨«µ&·%À8Ä%À%¿�¹%ª¬vó;²´º�¼{¼{ª

k
º^²¶¼;âJ¬l¿`ªÂ%À#¨¶¼}¿`ªÃ²¶¨«ªÃÇLª¬�¯þÏ�ÁCÀ%¹%ªÃ¬{À#ÇKº�²¶²¶¼~ËS¨¶¬l¹m¹%¨¶ª�Å?ª¾`Â»º�µ&·8¯{Ä%À%¿

x
º�À)¹%º^¼;À»³^µ&·%¼�¯�ª\âJ²¶ª®zªÀU¯

Ck+1

¨«À)¹#ª¬vâJÀU¯�¼{µ&·#ª¨¶¹#Ä%À%¿`¼l²¶¨¶¼�¯�ª�Ë2ªÃ¨«¯{ª¬{¿^ª¿`ªÃÂ�ªÃÀOÏ@õ�¼l¯È¹%ªÃ¬;²¶ªÃ¯{ÆÃ¯{ªÂ%¨«À»³^¬{ª�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬
CK−1

¹%ªÃ¬�i@¨¶¼l¯{ª�ª¬l¬{ªÃ¨¶µ&·U¯þ¸OËS¨«¬{¹mÂ£ª¨TªÃ¨¶À%ªÃ¬;Ñ�¾`¼l¨«¯{¨«½`ªÃÀqó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^À�¹%¨¶ª

Ý J



�8�(Ñ]�¨Ò;Óc×8Ö������eÙN�úÓ���¡ �eÒD�n�"!$#Z �Ù
;=<)>@?BADCFEHGJILKNM¯® ÐC¨¶ªvÓJ¬{¾^Æª¹#Ä%¬SÆÄ%¬~ó;²´º^¼l¼{¨LK»±éº�¯�¨«¾`ÀW¹%ªÃ¬~óv²¶º^¼{¼lª;ª¨«À%ª¬SÅ2ªÃ¾`Â»º^µ&·U¯{Ä%À%¿

x
¹%Ä#¬{µ&·ª¨«À%ªvâJÀU¯�¼{µ&·#ª¨¶¹#Ä%À%¿`¼l²¶¨¶¼�¯�ª

Q C"RN>BS$TVUBW ª¨«À�Å2ª¾`Â%º^µ&·U¯�Ä%À%¿
x
¸ª¨«À%ªÈÅ2ªÆÃª¨«µ&·%À8Ä%À%¿\ÇLÒ#¬Dêlª¹%ªÈó;²´º^¼l¼{ª

k ∈ Y = {1, 2, . . . , K} ¸Â%¨«À»³^¬{ªÃÀ�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ {C1, C2, . . . , CK−1}] ?@A
k = 1, . . . , K − 1 ^ ?C ]
Hk(x) = 1

E�GNU�R
AHUeEHK\ADR Å?ªÆªÃ¨¶µ&·%À8Ä%À#¿W¹%ªÃ¬©ó;²¶º^¼{¼lª

kU�R ^ C ]
U�R ^ ] ?BA
AHUeEHK\ADR Å?ªÆªÃ¨¶µ&·%À8Ä%À#¿W¹%ªÃ¬©ó;²¶º^¼{¼lª

K

Å2ªÃÆª¨«µ&·%À8Ä%À%¿�¹%ª¬vó;²¶º^¼{¼lª
K − 1

º�²¶¼;âJ¬{¿^ªÂ%À%¨«¼}¿`ªÃ²¶¨¶ªbÇLª¬�¯þ¸Oº�À%¹%ª¬lÀ#ÇKº^²«²¶¼C¹#¨¶ª�¹%ªÃ¬vó;²´º^¼l¼{ª
K
ÏOõ�®öãª¬l¿`²¶ªÃ¨¶µ&·�ÆÃÄ%¬¦öãªÃ¬lË?ªÀ%¹%Ä#À%¿m½`¾`À

K
Â%¨«À»³^¬{ªÃ¬�ó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀ�¸ô²«¨¶ªÃ¿^¯¦¹#ª¬�ñ~À8¯{ª¬l¼{µ&·%¨«ª¹ ¹»º^¬l¨¶ÀO¸¹»º^¼l¼JÂ�ªÃ¨%ª¨«À%ª¬JÀ#ª¿Uº�¯{¨«½^ªÀzó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^À�º^²«²¶ª¬4âJ²¶ª®zªÀU¯{ªN¹%¨¶ªNó;²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À�¹%ª¬ãÅ2ªÃ¾`Â»º^µ&·U¯{Ä%À%¿

x
À%¨«µ&·8¯>¨¶ÀW¹#¨¶ª©óv²¶º^¼{¼lªCÄ%À#±:À#¾0ËSÀyÇKº^²«²¶ªÃÀzËSÒ%¬l¹%ª^Ï#ÐCª¬2¿`¬{Ä%À#¹%²¶ªÃ¿`ªÀ%¹#ªCÁCÂ#²´º^Ä#ÇOÆÄ%¬Nó;²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`Àª¨«À%ª¬SÅ?ª¾`Â»º�µ&·8¯{Ä%À%¿

x
¨¶¼�¯S¨¶À�ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼ I ¹»º^¬l¿`ª¼�¯�ªÃ²¶²«¯Ï

âJÂ�ªÃÀ%¼{¾z±^Ì^À%ÀU¯�ªÈ®Wº^ÀyªÃ¨¶À%ªv¼l¾`²¶µ&·%ªvâJÀU¯�¼lµ&·%ª¨«¹%Ä%À%¿^¼{²¶¨«¼l¯{ªÈ½^ª¬lË?ªÀ#¹%ªÀO¸£Ä%®�ªÃ¨¶À%ª}çÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·Zä±^ªÃ¨«¯{¼l½`ªÃ¬l¯{ª¨¶²«Ä%À%¿vÒ%Â£ª¬ãº^²«²¶ª?ó;²´º^¼l¼{ªÀ�ÆÃÄzªÃ¬{®z¨«¯l¯�ª²«ÀOÏ�ÐCª¬ãñ~À8¯{ª¬l¼{µ&·%¨«ª¹zÆÄ%¬T½^¾`¬{·%ªÃ¬ãÂ�ªÃ¼{µ&·%¬l¨¶ªÂ£ªÀ#ªÀöã¾`¬l¿`ª·%ªÃÀ%¼lË?ª¨«¼{ª>²«¨¶ªÃ¿^¯×¹»º^¬l¨¶ÀO¸j¹»º�¼{¼4À#¨¶µ&·U¯4À8Ä%¬Dª¨«À%ª2ó;²¶º^¼{¼lª2º^²«¼ôâã¬l¿`ªÂ#À%¨¶¼ô¿`ª²«¨¶ªbÇLª¬l¯×ËS¨«¬{¹O¸j¼l¾`À%¹%ªÃ¬{Àª¨«Àmç�º^·#¬{¼{µ&·#ª¨¶À#²¶¨¶µ&·#±^ª¨°¯�¼�Ë2ªÃ¬l¯ÈÇLÒ%¬?êlª¹%ª�ªÃ¨¶À%ÆÃª²¶À#ª\ó;²¶º^¼{¼lª^Ï@ñ~À8¯{ª¬;öãª¬�Ë2ªÃÀ%¹%Ä%À#¿�¹%ª¬Èå;²¶ªÃ¨¶µ&·8Ä%ÀZä¿`ªÃÀ Ô I Ï Ý`Ø�Ä%À%¹ Ô I Ï I Ø�±^Ì^À%ÀU¯�ª�ÇLÒ%¬;êlª¹%ªÃÀ Â%¨¶À»³�¬{ªÀ�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬
Ck

¹%¨«ª�çÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨°¯¹%ªÃ¬�õ©Â£ª¬lÆªÃÄ%¿`Ä%À%¿]Â£ª¬lªµ&·%À#ªÃ¯tË?ª¬l¹%ªÀOÏ2Ð}º^À%À�·»³�¯{¯{ªï®\º^ÀqêlªÃ¹%¾:µ&·�À8Ä%¬WªÃ¨¶À%ÆÃª²¶À#ªdç�ª¬l¯{ªd½^¾`Àêlª¹#ª¬�óv²¶º^¼{¼lª^¸ôº^Â£ª¬È±^ªÃ¨¶À%ª\¿`²¶¾`Â%º^²¶ª�Á©Ä%¼{¼{º^¿`ªWÒ#Â�ªÃ¬¦º^²«²¶ª�ó;²´º�¼{¼{ªÃÀOÏ@öãª¬�Ë2ªÃÀ%¹%ªÃ¯�®Wº^Àtêlª¹#¾Zµ&·�ªÃ¨°äÀ%ª;âJÀU¯�¼lµ&·%ª¨«¹%Ä%À%¿^¼{²¶¨«¼l¯{ª^¸%ªÃ¬{·»³^²°¯2®\º^ÀtÂ%º^¼{¨«ª¬{ªÃÀ%¹�º^Ä#Ç×¹#ªÀtçÉº^·%¬{¼lµ&·%ª¨«À%²¶¨«µ&·%±^ªÃ¨«¯{ªÀy¹%ªÃ¬2ª¨«À%ÆªÃ²¶À%ªÃÀÂ%¨«À»³^¬{ªÃÀ�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀO¸%¹%Ä#¬{µ&·

P (k) = P (Ck) ·
k−1∏

i=0

(1− P (Ci))
Ô I Ï !�I Ø

ª¨«À%ªWçÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨«¯{¼l½^ª¬l¯{ª¨«²¶Ä%À%¿mÒ#Â�ªÃ¬�º^²¶²«ªWó;²¶º^¼{¼lªÀOÏ4Ð}º^Â£ª¨2ªÃÀU¯�¼{Ñ#¬{¨¶µ&·U¯
P (k)

¹%ª¬�óv²¶º^¼�ä¼{ªÃÀ%ÆÄ#¿`ª·%Ì^¬{¨¶¿^±^ª¨°¯2ÆÃÄ%¬>ó;²¶º^¼{¼lª
k
Ä%À%¹

P (Ck)
¹%ª¬�Ñ£¾`¼{¨°¯�¨«½^ªÀWóv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À#¼lË2º^·%¬{¼lµ&·%ª¨«À%²¶¨«µ&·%±^ªÃ¨«¯½`¾^Àïó;²´º�¼{¼{ª

k
¸%¹%¨¶ª;¼l¨¶µ&·�¹%Ä%¬lµ&·

P (Ck) =

{
P [Hk(x) = 1 | x]

ÇKº�²¶²¶¼
Hk(x) = 1

1− P [Hk(x) = −1 | x]
ÇKº�²¶²¶¼

Hk(x) = −1

ª¬l¿`¨¶ÂZ¯þÏ×Ð}º^Â£ª¨ãËS¨¶¬l¹
P [Hk(x) = 1 | x]

Ä#À%¹
P [Hk(x) = −1 | x]

ªÃÀU¯�¼{Ñ#¬{ªµ&·#ªÀ%¹ À»º^µ&·]åv²«ª¨°äµ&·8Ä%À%¿ Ô I Ï6Ý`ØO¾:¹%ª¬ Ô I Ï I Ø@Â£ª¬{ªÃµ&·%À%ªb¯þÏ^õ�À�¹%¨¶ªÃ¼{ªÃ®�ÚÙº^²«²^ËSÒ%¬l¹%ª2À»º�µ&·�ª¨«À%ª¬ôÑ�¾^¼{¨«¯{¨«½^ªÀ�ó;²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À¹%ªÃ¬¦Å2ªÃ¾`Â»º^µ&·U¯{Ä%À%¿
x
¹%¨«ªzóv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`ÀqÀ%¨«µ&·U¯¦Â£ªªÃÀ%¹%ªÃ¯�Ë2ªÃ¬{¹%ªÃÀO¸ô¼{¾`À%¹#ª¬{À�ËSÒ%¬{¹%ª\¨¶®z®\ªÃ¬;Â%¨¶¼

Ý M



�8�+}v�c~a S�n�,�-��f:� ÖgÙ5ÙÍ�¨��f:� ÖSÙDÙ5�-g i�Öq�`�eÒ
;=<)>@?BADCFEHGJILKNM¢° ÐC¨¶ªSÓJ¬{¾^Æª¹#Ä%¬?ÆÃÄ%¬�Å2ª¬lªµ&·%À8Ä%À#¿¦ª¨«À%ª¬TöãªÃ¬l¯{ª¨¶²«Ä%À%¿vÒ%Â£ª¬ãº^²«²¶ªNó;²¶º^¼{¼lªÀ�Â�ªÃÆÒ%¿éä²¶¨«µ&·�ª¨¶À#ª¬SÅ2ªÃ¾`Â»º^µ&·U¯�Ä#À%¿

x

Q C"RN>BS$TVUBW ª¨«À�Å2ª¾`Â%º^µ&·U¯�Ä%À%¿
x
¸Â%¨«À»³^¬{ªÃÀ�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ {C1, C2, . . . , CK−1}X RNC)EHC)SY<"C:MZC"U[ADKJR\> ¹%ª¬NöãªÃ¬l¯�ªÃ¨¶²«Ä%À%¿

D = {d1, d2, . . . , dK}
®z¨«¯

dk =
! ¸ Þ

] ?@A
k = 1, . . . , K − 1 ^ ?Å2ªÃ¬{ªµ&·#À%ª

Hk(x)ÊZªb¯�Æª
P (Ck) =

{
P [Hk(x) = 1 | x]

ÇKº^²¶²«¼
Hk(x) = 1

1− P [Hk(x) = −1 | x]
ÇKº^²¶²«¼

Hk(x) = −1

dk = dk · P (Ck)] ?BA
l = k + 1, . . . , K ^ ?

dl = dl ·
(
1− P (Ck)

)
U�R ^ ] ?@A

U�R ^ ] ?BA
;=KNMZ>BS$TVUBW öãªÃ¬l¯{ª¨¶²«Ä%À%¿

D

ÆÄ#® ²¶ªb¯�Æb¯�ªÀ âJ²«ª®zªÀU¯�Ë?ª¨«¯{ª¬l¿`ª·%ªÃÀOÏJÐCÄ#¬{µ&·.º^Ä#ÇL®�Ä%²°¯�¨«Ñ%²¶¨«Æ¨¶ªÃ¬{ªÃÀ)¹#ª¬~êlªbË2ªÃ¨¶²¶¨«¿`ªÀ�ç�º^·#¬{¼{µ&·#ª¨¶À:ä²¶¨«µ&·%±^ªÃ¨«¯{ªÀW¹#ª¬�ª¨¶À#Æª²«À%ªÀWó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬lªÀz¨¶¼l¯?º^Ä#µ&·t¿`ªÃË2³^·%¬l²¶ªÃ¨¶¼l¯{ªÃ¯¸U¹»º^¼{¼?ª¨«À%ª~çÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·Zä±^ªÃ¨«¯{¼l½`ªÃ¬l¯{ª¨¶²«Ä%À%¿©Ò%Â�ªÃ¬4º�²¶²¶ªTóv²¶º^¼{¼lªÀ�ª¬{·%º^²«¯{ªÀvËS¨¶¬{¹�Ï�Ð©ª¬ô¿`¬{Ä%À#¹%²¶ªÃ¿`ªÀ%¹#ª?Á©Â%²´º^ÄZÇ#ÆÃÄ%¬4Å?ª¬{ªÃµ&·%À8Ä%À%¿ª¨«À%ª¬>öãªÃ¬l¯{ª¨¶²«Ä%À%¿�½`¾^ÀdªÃ¨¶À%ªÃ¬SÅ2ª¾`Â%º^µ&·U¯�Ä%À%¿
x
¨«¼l¯S¨¶À�Á©²¶¿`¾`¬l¨«¯{·%®�Ä%¼�P\¹»º�¬{¿`ªÃ¼l¯�ªÃ²¶²°¯þÏ

õ�®�Ú»¾`²«¿`ªÀ#¹%ªÀ�±�Ì`À%À%ªÃÀ\À8Ä%ÀzÂ�ªÃ¨¶¹%ª?ö�º^¬{¨¶º^ÀU¯�ªÀ�¹#ª¼?îdÄ%²°¯�¨°ä�ó;²´º^¼l¼{ªÀ�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬
H
¸^½`ªÃ¬lË?ªÀ%¹#ªÃ¯Ë?ª¬{¹#ªÀO¸:Ä%®èª¨«À%ª¬�Å2ªÃ¾`Â»º^µ&·U¯{Ä%À%¿

x
ªÃ¨¶À%ª~ó;²´º�¼{¼{ª~º^Ä#¼ Y ÆÄ%ÆÃÄ%¾`¬{¹#À%ªÀOÏZÐ}º^Â£ª¨»ËS¨«¬{¹zÆÄ%¬?Å2ª¼�¯�¨«®�ä®�Ä%À#¿�¹%ª¬Só;²´º�¼{¼{ª;ªÃ¨¶À%ªÃ¼SÅ2ª¨«¼{Ñ%¨«ª²«¼>Â�ªÃ¨O¹%ªÃ¬Nª¬{¼�¯�ªÃÀ�ö�º^¬l¨´º^ÀU¯{ª}¹%¨¶ªCªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ%¹#ª�ó;²´º^¼l¼{ª;¹%¨«¬{ªÃ±8¯¿`ªÃ²¶¨¶ªbÇLª¬�¯þÏ%õ�À�¹%ª¬~ÆÃË?ª¨°¯�ªÃÀdö�º^¬l¨´º^ÀU¯�ª}ËS¨«¬{¹�¹%ªÃ®\ªÃÀ8¯{¼{Ñ%¬lªµ&·%ªÃÀ%¹mª¨«À%ª;öãª¬�¯�ª¨«²¶Ä%À#¿zÒ#Â�ªÃ¬Cº^²«²¶ª;ó;²¶º^¼�ä¼{ªÃÀdÂ£ª¬lªµ&·%À#ªÃ¯þ¸%Ë?¾j½`¾`À�¹»º^¼~îdºéÕZ¨¶®�Ä%®"ÆÄ�ó;²´º�¼{¼{¨LK»±éº�¯�¨«¾`ÀW¹#ª¼~Å2ª¨«¼{Ñ%¨«ª²«¼?½`ªÃ¬lË?ªÀ%¹#ªÃ¯CËS¨«¬{¹OÏ#Å2ª¨¹%ªÃ¬J¼{Ñ»³�¯{ª¬lªÀ�öãª¬lË?ªÀ#¹%Ä%À%¿�ª¨¶À#ª¼�îdÄ%²°¯�¨Mäæó;²´º^¼l¼{ªÃÀ�ó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬l¼DËS¨¶¬l¹zº^À�¹%ªÀzªÀU¯{¼{Ñ%¬lªµ&·%ªÃÀ%¹%ªÀÊ:¯{ª²¶²«ªÀ©êlªbË2ªÃ¨¶²¶¼Tº^À%¿`ªÃ¿`ªÂ£ªÀO¸^¾`Â�ª¨¶À#ªNó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬DÀ»º^µ&·�¹%ª®�ÁC²«¿`¾`¬{¨°¯�·%®¦Ä%¼ I º^À#¿`ªÃË2º^À%¹#¯�¾:¹%ª¬ª¨«À%ª}öãª¬�¯�ªÃ¨¶²¶Ä#À%¿�Ò%Â�ªÃ¬~º^²¶²«ª}ó;²´º^¼l¼{ªÃÀdÀ»º�µ&·dÁ©²¶¿`¾`¬l¨«¯{·%®�Ä%¼~P�Â£ª¬lªµ&·%À%ªb¯CËS¨«¬{¹OÏ

���F���:±��³²k���:´����VµZ¡8¨h¶¤���c���·¦©¨h��£ £¸�¹ª¯«¸�V¥[¡¤�Z���º���»���:�����½¼¯�V¥[£ ¾�´����¿���c��¶¤£¸¨"�-£�¥[�
âJ¨¶À%ªdËS¨¶µ&·U¯�¨«¿`ªqÚ»¬�º^¿`ªÃ¼l¯{ª²¶²«Ä%À%¿�¨¶® Å2ªÆÃÄ%¿pº^Ä#ÇÈª¨«À%ªm¼{¾`²«µ&·%ªqâJÀU¯�¼{µ&·#ª¨¶¹#Ä%À%¿`¼l²¶¨¶¼�¯�ª�¸>Â�ªb¯�¬l¨«Î£¯y¹%¨¶ªÖSª¨¶·#ªÀ#ÇL¾`²«¿`ªï¨«À ¹%ª¬�¹%¨«ª�ª¨«À%ÆªÃ²¶À%ªÃÀ Â%¨¶À»³�¬{ªÀ ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ {C1, C2, . . . , CK−1}

º^À%¿`ªÃ¾`¬{¹:äÀ%ªb¯~Ë?ª¬l¹%ªÀ�Ï�Ð©¨¶ª¼lªÈÖ~ªÃ¨¶·%ªÃÀ#ÇL¾`²¶¿^ª}±éº^À%À�ª¨«À%ªÀ�¿`¬{¾^Í`ªÀ�âJ¨¶ÀG�%Ä%Ízº^Ä#ÇD¹%¨¶ªvó;²´º�¼{¼{¨LK»±éº�¯�¨«¾`À%¼l¬�º�¯{ªC¹%ªÃ¬âJÀU¯�¼{µ&·#ª¨¶¹#Ä%À%¿`¼l²¶¨¶¼�¯�ªy·»º�Â�ªÃÀO¸T¹»º�¹%¨«ªyó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀ
Ck

¨¶À�¹%ªÃ¬�Ö~ªÃ¿`ª²?®\¨°¯�ªÃ¨¶À%ªÃ¬�Ú»ª·%²«ª¬{¬{º�¯�ªÂ£ª·»º�Ç�¯{ªÃ¯;¼l¨¶À%¹�ÏOÁCÀmªÃ¨¶À%ªÃ® ±8²¶ªÃ¨¶À%ªÃÀqÅ2ª¨«¼{Ñ%¨«ª²DÇLÒ#¬}¹%¨¶ª�óv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`Àdª¨«À%ª¬;ó;²¶º^¼{¼lª�À»º^µ&·qÁC²«¿`¾�ä¬{¨°¯�·%®¦Ä%¼ I ËS¨¶¬{¹�¹%¨«ª¼lª¼©Óã¬l¾`Â%²«ª®�À8Ä%Àd±8Ä%¬{Ævª¬l²´³^ÄZ¯�ª¬�¯þÏ»Å?ª¨@¹%ªÃ¬CÅ2ªÃ¬{ªÃµ&·%À8Ä%À%¿WªÃ¨¶À%ªÃ¬Nöãª¬l¯{ª¨«²¶Ä%À%¿À»º^µ&·�ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼~P�¨¶¼�¯S¹%¨¶ªÃ¼SªÂ£ªÀ#ÇKº^²«²¶¼>²«ª¨«µ&·8¯~ªÃ¬{¼{¨«µ&·U¯�²¶¨«µ&·O¸%¹»º�¹%¨«ª}ç�º^·#¬{¼{µ&·#ª¨¶À#²¶¨¶µ&·#±^ª¨°¯�ªÃÀ�½^¾`À

Ý O
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C1 C2

n1

n2 + n3

n2+n3

2

n2+n3

2

n1
n2+n3

2

n2+n3

2

ÁCÂ#Â%¨¶²«¹%Ä%À%¿ I Ï I ÏL»ÙâJÀ8¯{¼{µ&·%ªÃ¨¶¹%Ä#À%¿`¼{²«¨¶¼�¯�ª {C1, C2}
Ä%À%¹)¹%¨«ª�ÁCÀ%Æº^·%²J¹%ªÃ¬>êlªbË2ªÃ¨¶²«¨¶¿`ªÃÀmÑ�¾`¼l¨«¯{¨«½dÄ%À%¹À%ª¿`º�¯�¨°½t±8²´º^¼l¼{¨LK»Æ¨«ª¬l¯{ªÀ�Å2ªÃ¨¶¼{Ñ#¨¶ª²«ª^Ï

½`¾^¬�º^À%¿^ª¿Uº^À#¿`ªÀ%ªÃÀ]ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀ�¨¶À)¹%ª¬¦Å2ª¬lªµ&·%À8Ä%À%¿\êlªÃ¹%ª¼¦À»º^µ&·#ÇL¾`²«¿`ªÀ#¹%ªÀ]ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{¼®z¨«¯NªÃ¨¶À%¿`ªÃ·%ªÀ�Ï
ÁCÀ#¿`ªÀ%¾^®\®zªÀ�®\º^À�·%³�¯{¯{ª>¹%¬{ªÃ¨%ó;²´º�¼{¼{ªÃÀ

y1, y2

Ä%À%¹
y3

¸^ÆbË2ªÃ¨%¹»º^ÆÃÄ%¿`ªÃ·%Ì`¬{ªÃÀ%¹%ªÃÀWó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀ
C1

Ä#À%¹
C2

Ä%À%¹ïªÃÀU¯�¼{Ñ#¬{ªµ&·#ªÀ%¹%ª�Ú»ªÃ·%²¶±8²´º�¼{¼{¨LK»±éº�¯�¨«¾`À%¼l¬�º�¯{ªÀ
ε1 = 0%

Ä%À%¹
ε2 = 50%

ÏÙÅ2ªb¯�¬{º^µ&·Zä¯�ªÃÀ�ËS¨¶¬T¨«®�ªÃ¬{¼l¯{ªÀ\ÚÙº^²¶²:¹%¨¶ª>âãÀU¯{¼{µ&·%ªÃ¨¶¹%Ä%À#¿`¼{²«¨¶¼l¯{ª {C1, C2}
º^Ä#¼JÁCÂ%Â%¨«²¶¹%Ä#À%¿ I Ï I Ï�öãªÃ¬lË?ªÀ%¹%ªÃÀ\ËS¨«¬¹%¨«ª¼{ªli@¨¶¼�¯�ª�ÆÄ%¬�ó;²´º^¼l¼{¨LK»±éº�¯�¨«¾`Àqª¨¶À#ª¬�îdªÀ#¿`ª\½^¾`ÀÉòôª¼�¯�Â£ª¨¶¼lÑ%¨¶ªÃ²¶ªÃÀO¸×Â�ªÃ¼l¯�ªÃ·%ªÀ#¹]º^Ä%¼

n1

Å?ª¾`ÂZäº^µ&·U¯�Ä#À%¿\¹#ª¬~ó;²´º^¼l¼{ª
y1

Â%ÆbËvÏ
n2

Ä%À%¹
n3

¹%ª¬Só;²´º�¼{¼{ªÃÀ
y2

Ä%À%¹
y3

Ï»Ð©ª¬Sª¬l¼l¯�ª�ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬
C1ËSÒ%¬l¹%ª;º^²«²¶ª

n1

âJ²¶ªÃ®\ªÃÀ8¯{ªC¹%ªÃ¬Nó;²´º^¼l¼{ª
y1

º^²«¼2Ñ£¾`¼{¨°¯�¨°½�±:²¶º^¼{¼l¨�K»ÆÃ¨¶ªÃ¬{ªÀWÄ%À%¹y¹%¨«ªC¬{ªÃ¼l¯{²¶¨¶µ&·#ªÀ
n2 + n3âJ²¶ªÃ®\ªÃÀ8¯{ª~º^²¶¼JÀ%ªÃ¿Uº�¯{¨«½£ÏUÐCªÃ¬?Ú»ªÃ·%²¶ªÃ¬�¹#ª¼ãª¬l¼l¯�ªÃÀtó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{¼Jº^ÄZÇO¹%ªÃÀ\òôª¼�¯�Â£ª¨¶¼lÑ%¨¶ªÃ²¶ªÃÀ\Â£ªÃ¯{¬�³^¿^¯¼{¾^®\¨°¯

errorC1 =
ÞZ¸ Þ
.ÐC¨«ª>º^²«¼DÀ%ªÃ¿Uº�¯{¨«½v±8²´º^¼l¼{¨LK»Æ¨«ª¬l¯{ªÀ�Å?ª¨¶¼lÑ%¨¶ªÃ²¶ªJËSÒ%¬l¹%ªÀ�¹»º^À#À�º^À¦¹#ªÀ�ÆÃË?ª¨°¯�ªÃÀ�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬

C2

Ë?ª¨°ä¯�ªÃ¬{¿`ªÃ¿`ªÂ£ªÀ�Ë2ªÃ¬{¹%ªÃÀOÏUÐC¨«ª¼{ªÃ¬4·»ºé¯Tª¨«À%ª?ÚÙªÃ·%²¶±8²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À%¼l¬�º�¯{ªJ½`¾`À�Û�ÞÈì�Ä%À%¹¦ËSÒ%¬l¹%ª>¼�¯&º�¯{¨¶¼l¯{¨¶¼lµ&·¿`ªÃ¼{ª·#ªÀïªÃ¨¶À%ªÃÀïÚ»ªÃ·%²¶ªÃ¬>½`¾`À
errorC2 =

n2 + n3

2ª¬lÆªÃÄ%¿`ªÀ�Ï4âJ¼�ËSÒ#¬{¹%ªÃÀ
errorC2

½:¨«ª²¶ªzÅ2ªÃ¨¶¼lÑ%¨¶ªÃ²¶ªzº^²¶¼;Ñ£¾`¼l¨«¯�¨°½mÄ%À%¹�¿`ªÀ%º^ÄÉ¼l¾d½:¨¶ªÃ²¶ªzº^²¶¼vÀ%ªÃ¿Uº�¯{¨«½ª¬l±éº^À%ÀU¯�Ë2ªÃ¬{¹%ªÃÀOÏãÐ}º^Â£ª¨>Ë2³^¬{ªÃÀ n3

2

½Z¨«ª²«ªtÇK³^²¶¼lµ&·%²¶¨«µ&·%ª¬�Ë2ªÃ¨¶¼{ª�º�²¶¼�Ñ£¾`¼{¨°¯�¨°½ÉÄ%À#¹ n2

2

º�²¶¼�À%ªÃ¿Uº�¯{¨«½±8²´º^¼l¼{¨LK»Æ¨«ª¬l¯NË?¾`¬l¹%ªÀOÏÙÐ©ª¬CåvªÃ¼�º^®¦¯lÇLª·%²«ª¬>¹#¨¶ª¼lª¬~âJÀU¯�¼{µ&·#ª¨¶¹#Ä%À%¿`¼l²¶¨¶¼�¯�ªÈÂ�ªb¯�¬{³^¿^¯S¼{¾^®\¨°¯
error{C1,C2} =

n2 + n3

2
.

Å2ªb¯�¬�º�µ&·8¯{ªÀpËS¨¶¬�À8Ä%À.¨«® ÆbË2ªÃ¨«¯�ªÃÀ�ÚÙº^²«²2¹%¨«ªdâJÀU¯�¼lµ&·%ª¨«¹%Ä%À%¿^¼{²¶¨«¼l¯{ª {C2, C1}
®\¨°¯�¹%ªÀ.¿`²¶ªÃ¨¶µ&·%ªÃÀòôª¼l¯{Â�ªÃ¨¶¼lÑ%¨¶ªÃ²¶ªÀ�¸?¼l¨¶ª·#ªïÁCÂ#Â%¨¶²«¹%Ä%À%¿ I Ï�P#Ï2ÐCªÃ¬WªÃ¬{¼l¯{ªmó;²´º^¼l¼{¨LK»±éº�¯�¾`¬

C2

ËSÒ#¬{¹%ª�¼l¨¶µ&· ¼�¯&º�¯{¨¶¼l¯{¨¶¼lµ&·¿`ªÃ¼{ª·#ªÀï¨«À
50%

¹%ª¬~ÚT³^²«²¶ªCÇKº�²¶¼{µ&·�ªÃÀ8¯{¼{µ&·%ªÃ¨¶¹%ªÃÀ�Ä%À%¹�¹»º^·#ª¬Sª¨«À%ªÀ�Ú»ª·%²«ª¬>½^¾`À
error′C2

=
n1 + n2 + n3

2ª¬lÆªÃÄ%¿`ªÀ�Ï%âJ¼?ËSÒ%¬l¹%ªÀ
error′C2

½:¨¶ªÃ²¶ª©Å2ª¨«¼{Ñ%¨«ª²¶ª~º^²«¼?Ñ£¾`¼l¨«¯�¨°½�±8²´º^¼l¼{¨LK»Æ¨«ª¬l¯ãË?ª¬l¹%ªÀO¸:Ë2¾j½^¾`À n1+n3

2ª¨«À%ªvÚ»ª·%²«±8²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^Àt¹»º^¬l¼l¯�ªÃ²¶²«ªÀOÏ»âJÂ£ªÀ%¼l¾\ËSÒ%¬l¹%ªÀ
error′C2

½:¨¶ª²«ªvº^²¶¼NÀ#ª¿Uº�¯{¨«½Wª¬{±éº^À#À8¯SË?ª¬æä¹%ªÃÀO¸T½`¾`Àp¹%ªÃÀ%ªÀ n2

2

½:¨¶ª²«ªtÇKº^²¶¼lµ&· ±:²¶º^¼{¼l¨�K»ÆÃ¨¶ªÃ¬l¯�Ë2³^¬{ªÃÀOÏJÁC²«²¶ªtÀ#ª¿Uº�¯{¨«½�óv²¶º^¼{¼l¨�K»ÆÃ¨¶ªÃ¬l¯�ªÃÀ�ËSÒ%¬{¹#ªÀ

I Þ



�8�+}v�c~a S�n�,�-��f:� ÖgÙ5ÙÍ�¨��f:� ÖSÙDÙ5�-g i�Öq�`�eÒ

C2 C1

n1+n2+n3

2

n1+n2+n3

2

n1

2

n2+n3

2

n1+n2+n3

2
n2

2

n2+n3

2

ÁCÂ#Â%¨¶²«¹%Ä%À%¿ I ÏQP%ÏL»ÙâJÀ8¯{¼{µ&·%ªÃ¨¶¹%Ä#À%¿`¼{²«¨¶¼�¯�ª {C2, C1}
Ä%À%¹)¹%¨«ª�ÁCÀ%Æº^·%²J¹%ªÃ¬>êlªbË2ªÃ¨¶²«¨¶¿`ªÃÀmÑ�¾`¼l¨«¯{¨«½dÄ%À%¹À%ª¿`º�¯�¨°½t±8²´º^¼l¼{¨LK»Æ¨«ª¬l¯{ªÀ�Å2ªÃ¨¶¼{Ñ#¨¶ª²«ª^Ï

º^Àm¹%ªÃÀmÆÃË?ª¨°¯�ªÀqÂ%¨«À»³^¬lªÀmó;²´º�¼{¼{¨LK»±éº�¯�¾^¬
C1

Ë?ª¨°¯�ª¬l¿`ª¿^ªÂ£ªÀ�Ë?ª¬{¹#ªÀOÏ×ÐC¨«ª¼lª¬}¨«¼l¯}ªÃ¨¶À�Ñ£ª¬�ÇLª±U¯�ªÃ¬ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬2Ä%À%¹�ËSÒ%¬{¹%ªv¹»º�·%ª¬S±^ªÃ¨¶À%ªvË?ª¨«¯{ª¬lªÀdÚÙªÃ·%²¶±8²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À%ªÃÀ
error′C1

=
Þ#¸ Þ

ª¬lÆªÃÄ%¿`ªÀ�Ï�Ð©ª¬©åvªÃ¼�º^®�¯{ÇLª·#²¶ª¬N¹#¨¶ª¼lª¬~âJÀU¯�¼{µ&·#ª¨¶¹#Ä%À%¿`¼l²¶¨¶¼�¯�ªvËSÒ%¬{¹#ªÈ¼l¾`®z¨«¯
error{C2,C1} =

n1 + n2 + n3

2Â£ªÃ¯�¬{º^¿`ªÃÀO¸»¨¶®"öãª¬{¿^²¶ª¨«µ&·yÆÄ n2+n3

2

¹%ªÃ¬Sª¬{¼�¯�ªÃÀ�ÊZªBT8Ä%ªÀ%Æ�Ï
ÁCÀz¹%¨«ª¼{ªÃ®�Å2ª¨«¼{Ñ%¨«ª²%ªÃ¬{±�ªÀ%ÀU¯>®\º^ÀO¸^¹»º^¼{¼�¹%¨«ª8À}Ä»º�²¶¨«¯�³�¯TªÃ¨¶À%ªÃ¬�âãÀU¯{¼{µ&·%ªÃ¨¶¹%Ä%À#¿`¼{²«¨¶¼l¯{ª~½^¾`Àz¹%ª¬?Ö~ªÃ¨°ä·%ªÃÀ#ÇL¾`²¶¿^ª�¹#ª¬�Â%¨¶À%³^¬{ªÃÀ�ó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀpº^Â#·»³^À%¿^¯ÏãÐC¨¶ªÃ¼{ªÃ¼WÓJ¬{¾^Â%²¶ªÃ®
¨¶¼�¯;êlªÃ¹%¾:µ&·�¼{µ&·UËS¨«ª¬{¨«¿�ÆÃÄ²¶Ì^¼{ªÀ�¸T¹»ºmª¼�¨«À%¼{¿`ªÃ¼�º^®�¯

K!
½`ªÃ¬{¼{µ&·#¨¶ª¹#ªÀ%ªdÁCÀ%¾`¬l¹%À8Ä%À%¿`ªÃÀpÇLÒ#¬

K
ó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀ]¿^¨¶Â#¯ÏTñ©À#¼Ë2º^¬©±�ª¨«À%ª�Á©²¶¿`¾^¬{¨«¯{·%®�Ä%¼2Â�ªÃ±�º�À%ÀU¯þ¸Ù¹%ª¬S¹%¨«ªvÂ�ªÃ¼l¯�ª3i@Ì`¼{Ä#À%¿%¸ÙÂ�ªÃÆÒ%¿^²¶¨¶µ&·�ª¨«À%ª¬©îdªÃÀ%¿`ªv½`¾`ÀdòDªÃ¼l¯�ä¹»º�¯{ªÀO¸�¨¶À�Ñ£¾`²°ìZÀ#¾`®\¨«ª²«²¶ª¬±"�ª¨«¯CÂ�ªÃ¼l¯{¨¶®z®¦¯þÏ£Ð}º^·#ª¬}®�Ä#¼{¼l¯{ªÀ�ËS¨«¬©ÇLÒ%¬}¹#¨¶ª¼lª¦Â£ª¼�¯�ªzÊZªBT:Ä#ªÀ%Æ�º^²«²¶ªÓDªÃ¬{®�ÄZ¯&º�¯{¨¶¾`À%ªÃÀd¯{ª¼l¯{ªÀ�Ä#À%¹ï¹%ªÃÀmó;²´º^¼l¼{¨LK»±éº�¯�¨«¾`À%¼lÇLªÃ·%²¶ªÃ¬N®\¨«À%¨¶®z¨¶ªÃ¬{ªÃÀOÏ%Ð}ºz¨¶À�¹%¨¶ªÃ¼{ªÃ¬CÁC¬lÂ�ªÃ¨«¯Têlªbä¹%¾:µ&· ¹%¨¶ªtÁ©À%Æþº�·%²>¹%ªÃ¬�óv²¶º^¼{¼lªÀ Y = { ë2¾`¬{¬l¨¶¹%¾`¬b¸JÐC¾:¾`¬�Ë>ºþì£¸�i×º^Â£¾`¬�º�¯{¾`¬lìÙ¸Tóv¨°¯�µ&·%ªÃÀO¸^�c÷zµª�¸ÊZªÃ®\¨«À»º^¬{¬l¾Z¾^® } º^Ä#Ç@¼lªµ&·%¼>Â£ª¼lµ&·%¬�³�À%±U¯>¨¶¼�¯þ¸`ËSÄ%¬l¹%ªC¹#ª¬�ÁCÄ#Ç�Ë2º^À%¹WÇLÒ#¬�ªÃ¨¶À%ª~òô¬�º^¨«À%¨¶À%¿^¼{®zªÀ%¿`ªN¨«Àóvº^Ä#Ç@¿^ªÀ%¾`®z®zªÀOÏUÁ©À%·»º^À%¹W¹%ª¬?¼{¾¦ªÃ¬{®z¨«¯l¯�ª²°¯�ªÃÀWâJÀU¯�¼lµ&·%ª¨«¹%Ä%À%¿`¼l²¶¨«¼l¯�ª�¸:ËSÄ#¬{¹%ªÃÀy¹»º^À%À\¹%¨¶ª~¬{ªÃ¼l¯�²«¨°äµ&·%ªÃÀ�âTÕZÑ£ª¬l¨¶®zªÀU¯�ª>¹#Ä%¬{µ&·%¿^ªÃÇLÒ%·%¬�¯þÏ^Ú4Ò%¬4®zª·#¬Dõ�À#ÇL¾^¬{®\º�¯�¨«¾`À%ªÀÈ¼{ªÃ¨%º^ÄZÇ£óÈº�Ñ%¨«¯{ª²8R#Ï ! Ï6ÝN½`ªÃ¬lËS¨¶ªÃ¼{ªÃÀOÏ

âJÂ�ªÃÀ%¼{¾©·»º^Â£ªÀvËS¨¶¬×¹%¨«ª?ÖSª¨«·%ªÀZÇL¾`²¶¿`ªDÇLÒ%¬×¹%¨¶ª�âJÀU¯�¼{µ&·#ª¨¶¹#Ä%À%¿`¼l²¶¨¶¼�¯�ª�¸é¹#¨¶ªãª¨«À%ªJöãª¬l¯{ª¨«²¶Ä%À%¿SÒ%Â£ª¬ôº^²«²¶ªó;²´º^¼l¼{ªÃÀmÀ»º^µ&·qÁC²«¿`¾`¬{¨°¯�·%®¦Ä%¼�PyÂ£ª¼�¯�¨«®\®¦¯¸ÙÀ»º^µ&·q¹%ª® ¿`²¶ªÃ¨¶µ&·mó;¬l¨«¯�ªÃ¬{¨«Ä%®$Â�ªÃ¼l¯�¨«®\®�¯þÏ£Ð}º^¹%Ä#¬{µ&·¼{¾^²¶²2¿^ªÃË2³^·%¬{²«ª¨«¼l¯�ªb¯�¼{ªÃ¨¶ÀO¸T¹%º^¼{¼�ªÂ£ªÀZÇKº^²¶²«¼�¹%Ä%¬lµ&·.®zÌ`¿`²«¨¶µ&·%¼�¯¦Ë?ªÀ%¨«¿�Ú»ªÃ·%²¶±8²´º�¼{¼{¨LK»±éº�¯�¨«¾`À%ªÃÀO¸DªÃ¨¶À%ªª¨«À%¹%ªÃÄ#¯�¨«¿`ª}öãª¬�¯�ª¨«²¶Ä%À#¿�Â�ªÃÆÒ%¿`²«¨¶µ&·�¹%ªÃ¬~¬l¨¶µ&·U¯�¨«¿`ªÀ�ó;²´º�¼{¼{ªÃÀdÂ£ª¬lªµ&·%À#ªÃ¯~ËS¨¶¬{¹�Ï
ÐCªÃ¼Èç�ª¨°¯�ª¬lªÀ�¨¶¼l¯vªÃ¼�Ä#À%¼�¿^ª²¶Ä#À%¿`ªÀ�¸@ª¨¶À#ª\§~ªÄ%¬l¨¶¼�¯�¨¶±ïÆÄÉªÃ¬{®z¨«¯l¯�ª²«ÀO¸Oº�À%·»º^À%¹)¹%ªÃ¬{ª¬Èª¨«À%ª�¿`Ä#¯{ªÊZªBT:Ä#ªÀ%Æ2½^¾`À�ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ�¨«ÀÈ²«¨¶À%ªº^¬{ªÃ¬ "�ª¨«¯×ªÃ¬{®z¨«¯l¯�ª²°¯@Ë2ªÃ¬{¹%ªÃÀ�±éº^À%ÀOÏéÐC¨«ª¼lª>§©ªÃÄ%¬{¨«¼l¯{¨¶±}²«¨¶ªÃÇLªÃ¬l¯ÆÃË2º^¬>À#¨¶µ&·U¯>¹%¨«ªCÂ£ª¼�¯�ªvÊZªBT8Ä%ªÀ%Æ;Â£ªÆÃÒ%¿`²«¨¶µ&·WªÃ¨¶À%ªÃ¬NîdªÃÀ%¿`ªC½^¾`Àyòôª¼l¯{¹»º�¯{ªÀO¸éêlªÃ¹%¾:µ&·tÂ�ªÃ±éº^®\ªÃÀWËS¨¶¬¨¶À�Ä%À#¼{ª¬lªÀïâTÕZÑ£ª¬l¨¶®zªÀU¯�ªÃÀ�½^ª¬{¿^²¶ª¨«µ&·8Â»º^¬S¿`Ä#¯{ª�âJ¬l¿`ªÂ%À#¨¶¼{¼lª^Ï
Ú4Ò%¬N¹#¨¶ª¼lªv§©ªÃÄ%¬{¨«¼l¯�¨«±zË?ª¬l¹%ªÀdº^²«²¶ª}òôª¼�¯�Â£ª¨¶¼lÑ%¨¶ªÃ²¶ª}®z¨«¯>º^²¶²«ªÀyó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ {C1, C2, . . . , CK}±8²´º^¼l¼{¨LK»Æ¨«ª¬l¯?Ä%À%¹WªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ%¹�¨«À\½:¨¶ªÃ¬2ó;²´º�¼{¼{ªÃÀ@»:±^¾`¬l¬{ª±U¯NÑ£¾`¼l¨«¯�¨°½£¸`ÇKº^²¶¼lµ&·tÑ�¾^¼{¨«¯{¨«½£¸U±^¾^¬{¬{ªÃ±U¯>À%ªfä¿Uº�¯{¨«½yÄ#À%¹dÇKº^²«¼{µ&·�À%ª¿`º�¯�¨°½�Ä%ÀU¯�ª¬�¯�ªÃ¨¶²«¯ÏÙÅ>º^¼l¨¶ª¬lªÀ%¹ïº^Ä#Ç4¹%¨¶ªÃ¼{ªÀïó;²´º^¼l¼{ªÀ�ËS¨¶¬l¹dªÃ¨¶À%ª¦åvªbËS¨¶µ&·U¯�Ä#À%¿
Wk, k = 1, . . . , K

½`¾^ÀyêlªÃ¹%ª®hó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬CÂ£ª¬lªµ&·%À%ªb¯þÏj"�Ä)Å2ªÃ¿`¨¶À%À�Ë?ª¬l¹%ªÀ�¹%¨¶ªÃ¼{ª�®z¨«¯.ë©Ä%²«²

Iq!



�8�(Ñ]�¨Ò;Óc×8Ö������eÙN�úÓ���¡ �eÒD�n�"!$#Z �Ù
¨¶À#¨«¯�¨¶º^²¶¨«¼{¨«ª¬l¯TÄ%À%¹�¹»º^À%À�ªÃÀ8¯{¼{Ñ%¬lªµ&·%ªÃÀ%¹�¹%ªÃ¬Só;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^Àvêlª¹#ª¼SÅ2ªÃ¨¶¼{Ñ#¨¶ª²«¼>À»º^µ&·yÇL¾`²«¿`ªÀ#¹%ª¬NÖSªbä¿`ªÃ²@®\¾:¹%¨�K%Æ¨¶ªÃ¬l¯U»

l <)SYMmMmCFnJo S EHC)?@R Á�U�AHÂYR ^ U�ADKNRN>U�C:R\U�M.Ã¯U�C"MZÄJC"U�<"M ^ U�A�Å=UeÆÇC:ÈDG¸E�U
Wk±^¾`¬l¬{ªÃ±8¯©Ñ£¾`¼{¨°¯�¨«½

+
!ÇKº^²¶¼lµ&·dÑ£¾`¼l¨«¯�¨°½ − !±^¾`¬l¬{ªÃ±8¯©À%ªÃ¿Uº�¯�¨°½

+
!ÇKº^²¶¼lµ&·dÀ#ª¿Uº�¯{¨«½ − !

Ð}º^Â£ª¨£ËS¨¶¬l¹y¹%¨¶ª}õ�¹#ªª}½`ªÃ¬lÇL¾`²«¿^¯þ¸:¹»º^¼l¼Nª¨«Àyó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬Ã¸Z¹%ªÃ¬>ª¨«À�Å2ª¨«¼{Ñ%¨«ª²£±^¾`¬l¬{ªÃ±8¯S±8²¶º^¼{¼l¨�K»ÆÃ¨¶ª¬�¯þ¸Ë?ª¨«¯{ª¬ô½`¾`¬lÀ%ªN¨¶À�¹%ª¬4âãÀU¯{¼{µ&·%ªÃ¨¶¹%Ä%À#¿`¼{²«¨¶¼l¯{ª>½`ªÃ¬lË?ªÀ%¹%ªb¯ãË2ªÃ¬{¹%ªÃÀ�¼{¾`²«²«¯�ª�Ïéâã¼4¨¶¼l¯4¹»º^À%À�Ë>º^·#¬{¼{µ&·#ª¨¶À#²¶¨°äµ&·%ªÃ¬¸^¹%º^¼{¼T¹#¨¶ª¼lª¼4Å2ª¨«¼{Ñ%¨«ª²:Â%¨¶¼ôÆÄ�¹#¨¶ª¼lª®�ó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬×¿`ªÃ²´º^À%¿�¯4Ä%À#¹�¹%¾`¬�¯4±�¾`¬{¬lª±U¯J±8²´º^¼l¼{¨LK»Æ¨«ª¬l¯ËS¨¶¬l¹OÏ8âJÀU¯�¼{Ñ#¬{ªµ&·#ªÀ%¹yËS¨¶¬l¹\¹#ª¬>ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬T®z¨«¯ãª¨«À%ª¬ãÇKº^²«¼{µ&·%ªÃÀtó;²´º^¼l¼{¨LK»±éº�¯�¨«¾`À�Ë2ªÃ¨«¯{ª¬�·%¨¶ÀU¯�ªÃÀ½`ªÃ¬lË?ªÀ%¹#ªÃ¯þÏ`Ð}º^Â£ª¨:·%¾^Î£¯T®\º^ÀO¸0¹»º^¼l¼4¹%¨«ª¼{ªÃ¼TÅ2ªÃ¨¶¼lÑ%¨¶ªÃ²ZÀ%¨«µ&·U¯4Â%¨«¼4ÆÃÄ�¹%¨¶ªÃ¼{ªÃ®�ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬×¿`ª²¶º^À%¿^¯Ä%À%¹ÉÂ�ªÃ¬{ª¨°¯�¼v½`¾`¬l·%ª¬¦±^¾`¬l¬{ª±U¯¦Ñ�¾`¼l¨«¯{¨«½m±8²´º�¼{¼{¨LK»Æ¨«ª¬�¯�ËS¨«¬{¹ÉÄ#À%¹ÉÀ%¨«µ&·U¯�®zª·%¬ÈÆÄ�Â£ªÃ¯{¬�º^µ&·U¯{ªÀ]¨¶¼�¯þÏÐCÄ%¬lµ&·tª¨«À%ª©º^Â%¼l¯{ª¨«¿`ªÀ%¹#ª}ÊZ¾^¬l¯�¨«ª¬lÄ%À%¿È¹%ª¬2åvªbËS¨¶µ&·U¯�ª�¸8ª¬{¿^¨¶Â#¯�¼{¨«µ&·W²«ªÃ¯�Æb¯�²«¨¶µ&·�¹%¨¶ª~ÁCÀ#¾`¬{¹%À8Ä%À#¿¦¹%ªÃ¬ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀOÏ�ÐCªÃ¬�¿^ªÀ»º^Ä#ªNÁCÂ%²¶º^Ä#Ç£¹%¨¶ªÃ¼{ªÃ¬J§©ªÃÄ%¬{¨«¼l¯�¨«±¦ÆÃÄ%¬JÅ2ªÃ¼l¯�¨«®\®¦Ä%À%¿;¹%ªÃ¬ãÖ~ªÃ¨¶·%ªÃÀ#ÇL¾`²¶¿^ª2¹%ªÃ¬âJÀU¯�¼{µ&·#ª¨¶¹#Ä%À%¿`¼l²¶¨¶¼�¯�ªÈ¨¶¼�¯S¨¶ÀyÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼SÛ�ÆÄ�¼{ªÃ·%ªÀ�Ï

I Ý



�8�+}v�c~a S�n�,�-��f:� ÖgÙ5ÙÍ�¨��f:� ÖSÙDÙ5�-g i�Öq�`�eÒ

;=<)>@?BADCFEHGJILKNMÊÉ ÐCªÃ¬tÁC²«¿`¾`¬{¨°¯�·%®¦Ä%¼¸ã¹%ªÃ¬tÀ»º^µ&· ªÃ¨¶À%ªÃ¬t§©ªÃÄ%¬{¨«¼l¯{¨¶±]¨¶À�²¶¨¶À#ªþº^¬lª¬liôº�Ä#ÇLÆªÃ¨«¯tªÃ¨¶À%ªÖSª¨¶·#ªÀ#ÇL¾`²«¿`ªCÇLÒ%¬S¹%¨«ªvâJÀ8¯{¼{µ&·%ªÃ¨¶¹%Ä#À%¿`¼{²«¨¶¼�¯�ªvÂ�ªÃ¼l¯{¨¶®z®¦¯þÏ
Q C"RN>BS$TVUBW ª¨«À%ª�îdªÀ#¿`ª;½`¾`À�òD¬{º^¨¶À#¨¶À%¿`¼lÂ�ªÃ¨¶¼lÑ%¨¶ªÃ²¶ªÀ

(xn, yn), n = 1, . . . , NÂ%¨«À»³^¬{ªvó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ {C1, C2, . . . , CK}X RNC)EHC)SY<"C:MZC"U[ADKJR\> ¹%ª¬©å;ªÃËS¨«µ&·8¯{ª
Wi = 0, i = 1, . . . , K] ?@AÇSY<"< òô¬�º^¨«À%¨¶À%¿^¼{Â£ª¨¶¼lÑ%¨¶ªÃ²¶ªÃÀ

xn ^ ?] ?BAËS$<:< ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ
Ck ^ ?ó;²¶º^¼{¼l¨�K»ÆÃ¨¶ª¬lª

xn
®z¨«¯

CkC ] ó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^Àt¨¶¼�¯S±^¾`¬l¬{ª±U¯~Ñ£¾`¼{¨°¯�¨«½ EHGNU�R
Wk = Wk + 1U�<"MZUPC ] ó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^Àt¨¶¼�¯NÇKº^²¶¼lµ&·�Ñ£¾`¼l¨«¯�¨°½ EHG\U�R
Wk = Wk − 1U�<"MZUPC ] ó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^Àt¨¶¼�¯S±^¾`¬l¬{ª±U¯©À%ª¿`º�¯�¨°½ EHG\UqR
Wk = Wk + 1U�<"MZUPC ] ó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^Àt¨¶¼�¯NÇKº^²¶¼lµ&·�À#ª¿Uº�¯{¨«½ EHG\U�R
Wk = Wk − 1U�R ^ C ]

U�R ^ ] ?@A
U�R ^ ] ?BA

;=KNMZ>BS$TVUBW ÖSª¨«·%ªÀZÇL¾`²¶¿`ªCªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ%¹m¹#ª¬~º^Â%¼�¯�ª¨«¿`ªÀ#¹d¼l¾`¬l¯{¨¶ª¬�¯�ªÃÀ
Wk

I�I



�8�(Ñ]�¨Ò;Óc×8Ö������eÙN�úÓ���¡ �eÒD�n�"!$#Z �Ù
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Ì � Í ���=ÎÏ� úüûS� � � � � ����� � � � ø � ð ���
ÿö
�ù ï ú�
�ù �hø Ð û`ú ÿ�ÿû	DÑ Îú"ýL� ���hø

õ�Àp¹%¨¶ªÃ¼{ª®
óÈº�Ñ%¨«¯{ª²2Ë?ª¬l¹%ªÀ.¹%¨¶ªy¼l±�º�²´º^¬lªÀ.îdª¬l±8®Wº^²«ªyÂ�ªÃ¼{µ&·%¬l¨¶ªÃÂ�ªÃÀO¸ã¹%¨¶ªyÆÃÄ%¬zâã¬lÆªÃÄ%¿`Ä%À%¿)¹%ªÃ¬¼{µ&·UË2º^µ&·%ªÃÀÉó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀ�¹%ªÃ¼}ÁN¹»º`Å2¾:¾`¼�¯CÁ©²¶¿`¾`¬l¨«¯{·%®�Ä%¼~º^Ä%¼Cóvº^Ñ%¨«¯{ª² I ÏQPWÂ£ªÀ#Ì^¯�¨«¿^¯©Ë?ª¬l¹%ªÀ�ÏÐC¨«ªãóv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`ÀCª¨¶À#ª¬ôÅ2ª¾^Â»º^µ&·U¯�Ä%À#¿©¹%ªÃ¼4ÖS¾`Â£¾^¯�ªÃ¬{¼OËS¨«¬{¹vÂ»º^¼l¨¶ª¬lªÀ%¹�º^Ä#ÇZ¹%ªÃÀþi×º^¼lª¬�ä£Ä#À%¹¦óvºéä®zª¬�º�¹»º�¯�ªÃÀ�Â£ª¼�¯�¨«®\®¦¯ÏþÐ}º�·%ª¬×Ë2ªÃ¬{¹%ªÃÀ�ÆÄ#ª¬{¼�¯4¹#¨¶ª?îdª¬l±8®Wº^²«ªJ¹%ª¬ i×º^¼{ªÃ¬{¹»ºé¯�ªÀ�¨¶ÀvÁCÂ#¼{µ&·%À%¨°¯{¯ P%Ï !½`¾^¬{¿`ªÃ¼l¯�ªÃ²¶²°¯SÄ%À%¹�¹»º^À»º^µ&·�¹%¨«ª;¹%ª¬~óvº^®zª¬�º�¹»º�¯�ªÃÀ�¨¶À�ÁCÂ%¼lµ&·%À%¨°¯{¯;P%Ï ÝZÏ
ÐCªÃ¬S½^ª¬�Ë2ªÃÀ%¹%ªÃ¯{ªÃ¯}Ö~¾`Â£¾^¯{ª¬N¨¶¼�¯N®z¨«¯NªÃ¨¶À%ªÃ® i×º^¼{ªÃ¬{¼lªÀ%¼l¾`¬©Ä#À%¹dªÃ¨¶À%ªÃ¬Sóvº^®\ªÃ¬�º�º^Ä#¼{¿`ªÃ¬{Ò%¼�¯�ªÃ¯¸%Ë2¾éäÂ£ª¨;¹%ªÃ¬Åiôº�¼{ª¬l¼{ªÃÀ%¼{¾`¬dâJÀU¯{ÇLª¬lÀ8Ä%À%¿`¼l¹»º�¯�ªÃÀ�¬{Ä#À%¹Ä#® ¹%ªÃÀFÖS¾`Â£¾^¯�ªÃ¬y²¶¨¶ªbÇLª¬�¯þÏ>ÐCº^ÆÄ Ë2ªÃ¬{¹%ªÃÀ

Li×º^¼{ªÃ¬{¼�¯�¬�º�·%²¶ªÃÀ)¨«ÀqÄ%ÀU¯�ª¬l¼{µ&·%¨«ª¹%²«¨¶µ&·%ªzÖS¨¶µ&·U¯�Ä#À%¿`ªÀ�º^Â%¿^ª¼{ªÃÀ%¹%ªb¯�Ä#À%¹�¹#¨¶ªß"�ªÃ¨«¯;Â%¨«¼;ÆÄ%¬ÈÖSªB�»ªÃ±U¯�¨°ä¾`À�¿`ª®zª¼l¼{ªÃÀOÏÙÁCÀ%·»º�À%¹d¹#¨¶ª¼lª¬�"�ª¨°¯N±éº^À%Àdº^Ä#Ç4¹%¨¶ªvâJÀU¯{ÇLªÃ¬{À8Ä%À%¿\ÆÄ�ª¨¶À#ª®��}Â:êlªÃ±8¯©¿`ªÃ¼{µ&·%²«¾`¼{¼lªÀË?ª¬{¹#ªÀOÏ#ÐC¨¶ªCóÈº�®\ªÃ¬�º�¹#ª¼>ÖS¾`Â£¾^¯�ªÃ¬{¼?·»º�¯?ª¨¶À#ªC®\ºéÕZ¨¶®\º^²¶ª>Á©ÄG�»Ì`¼lÄ%À%¿�½^¾`ÀZR�PUÞ0ÕGP M Þ¦ÓJ¨°ÕZªÃ²�Ï:ñ©®ª¨«À%ªC±�¾`®zÑ%²¶ªb¯{¯�ªCñ©®z¿`ªÂ#Ä%À%¿`¼{º^Ä#ÇLÀ»º^·#®\ª©ÆÄyª¬l·»º^²°¯�ªÀ�¸:Ë?ª¬l¹%ªÀ
M
Å2¨¶²«¹%ª¬�¨¶À\Ä%ÀU¯�ªÃ¬{¼{µ&·#¨¶ª¹#²¶¨¶µ&·#ªÀ�}¬{¨«ªÀU¯�¨«ª¬{Ä#À%¿`ªÀ.¹%ª¼WÖ~¾^Â�¾^¯{ª¬l¼Wº^ÄZÇL¿`ªÀ%¾^®\®zªÀOÏãÐCº^®\¨°¯z¨¶¼l¯z¿`ªbË>³�·%¬{²«ª¨¶¼�¯�ªb¯þ¸ã¹»º^¼l¼tª¨«À%ªïÅ?ª¾`ÂZäº^µ&·U¯�Ä#À%¿�®z¨«¯z¹%ª¬Wóvº^®\ªÃ¬�º)¬{¾^¯�º�¯�¨«¾`À%¼{¨«ÀU½^º�¬{¨´º�À8¯�¨«¼l¯Ï?Ð©ª¬yå;¬{Ä#À%¹�¹»º�ÇLÒ#¬\¨«¼l¯\À»º^·%ªÃ²¶¨¶ªÃ¿`ªÀ#¹O¸?¹%º¹%¨«ª�ÓD¾^¼{¨«¯{¨¶¾`Àï¹%ª¼vÖS¾`Â£¾^¯�ªÃ¬{¼CÄ#À»º^Â%·»³�À%¿`¨¶¿\½`¾`Àq¼{ªÃ¨¶À%ªÃ¬��}¬{¨«ªÀU¯�¨«ª¬{Ä#À%¿t±8²´º^¼l¼{¨LK»Æ¨«ª¬l¯©Ë2ªÃ¬{¹%ªÃÀq¼{¾`²«²�ÏÐ}º^·#ª¬v®�Ä%¼l¼�º�Ä%µ&·ÉÂ£ª¨J¹%ªÃ¬}ç�º�·%²J¹%ª¬]i×º^¼lª¬{®zª¬l±8®Wº^²«ª�¹»º^¬{º^Ä#Ç?¿`ªþº^µ&·U¯{ªÃ¯vË2ªÃ¬{¹%ªÃÀO¸ô¹»º^¼{¼v¹%¨«ª¼lªªÂ£ªÀZÇKº^²¶²«¼N¬{¾^¯�º�¯�¨«¾`À%¼{¨«ÀU½^º�¬{¨´º�À8¯2¼{¨«À%¹OÏÙâJ¨¶À%ªÈÅ2ªÃ¾`Â»º^µ&·U¯{Ä%À%¿W¹#ª¼©Ö~¾`Â£¾^¯{ª¬{¼S±éº^À%À�¼{¾^®\¨°¯S¹%Ä%¬{µ&·dª¨«Àòô¬{¨¶Ñ£ª²

E = {(l, v, y) | y ∈ Y = { �c÷zµª , ë2¾`¬{¬l¨¶¹%¾^¬ , . . .}}
º^À%¿^ª¿`ªÃÂ�ªÃÀ�Ë?ª¬l¹%ªÀO¸NË?¾`Â£ª¨

l
¹%ªÃÀmi×º^¼lª¬l¹»º�¯�ªÃÀFÄ%À#¹

v
¹%ªÀóvº^®zª¬�º�¹»º�¯�ªÃÀ ªÀU¯�¼lÑ%¬{¨«µ&·8¯Ï~âã¨«ÀÅ2ªÃ¨¶¼{Ñ#¨¶ª²ÙªÃ¨¶À%ªÃ¬2¼{¾^²¶µ&·%ªÃÀyÅ2ª¾^Â»º^µ&·U¯�Ä%À#¿�º^Ä%¼2ªÃ¨¶À%ªÃ®�åv¬l¾`Í`¬�º�Ä%®�Â%Ò%¬l¾�¨«¼l¯?¨¶À\ÁCÂ%Â%¨«²¶¹%Ä#À%¿þP%Ï ! º�Â%¿`ªbäÂ%¨«²¶¹%ªb¯þÏ

õ�À¦¹#ªÀ�ÇL¾^²¶¿`ªÃÀ%¹%ªÀ�Â�ªÃ¨¶¹%ªÃÀ�óvº^Ñ%¨°¯�ªÃ²¶À;Ë2ªÃ¬{¹%ªÃÀ�¹%¨«ª�¼l±éº^²´º^¬lªÀ�îdª¬l±:®\º^²«ª�Â£ª¼lµ&·%¬{¨«ªÂ£ªÀO¸é¹%¨«ªã½^¾`À�¹%ªÃÀi×º^¼{ªÃ¬{¹»ºé¯�ªÀ�¸8ËS¨«ªCº�Ä%µ&·\½^¾`ÀW¹%ªÃÀtóvº^®zª¬{º^¹»º�¯{ªÀzªbÕ:¯�¬{º^·%¨¶ªÃ¬l¯ãË?ª¬{¹#ªÀOÏZÐC¨¶ªÃ¼{ª}îdª¬l±:®\º^²«ªSË?ª¬l¹%ªÀ�¸ËS¨¶ªNÂ£ª¬lª¨°¯�¼T¨«À\óvº^Ñ#¨«¯�ªÃ² I ÏQP;ª¬l±8²´³^¬�¯þ¸�½^ª¬�Ë2ªÃÀ%¹%ªÃ¯2Ä%® ÆbË2ªÃ¨%½`ªÃ¬{¼{µ&·#¨¶ª¹#ªÀ%ª©ò�ì:Ñ£ªÀ\½^¾`À�¼{µ&·UË2º^µ&·%ªÀó;²´º^¼l¼{¨LK»±éº�¯�¾`¬lªÀqÆÄ)ª¬lÆªÃÄ%¿`ªÀ�ÏDÁ©²¶²¶ª¦¨¶®hÚ»¾`²«¿`ªÀ%¹#ªÀqÂ�ªÃ¼{µ&·%¬l¨¶ªÃÂ�ªÃÀ%ªÀ î�ª¬{±8®\º^²¶ª�Ë?ª¬l¹%ªÀÉ¼{¾`®z¨«¯¹%¾`Ñ#Ñ�ªÃ²«¯�¿`ªÃÀ:ÄZ¯�ÆÃ¯Ï~âã¼yËS¨«¬{¹º^Ä%¼¦êlª¹%ªÃ® îdªÃ¬{±8®Wº�²;ª¨¶À�¼{µ&·UË2º^µ&·%ªÃ¬mó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬
h(x)

À»º^µ&·å;²¶ª¨«µ&·8Ä%À%¿ Ô I Ï !`! Ø2Ä%À#¹dªÃ¨¶À%ªÃ¬NÀ»º^µ&·må;²¶ªÃ¨¶µ&·8Ä%À%¿ Ô I Ï ! Ý^Ø>º^Ä%¼Sóvº^Ñ%¨°¯�ª² I Ï�P�ªÃ¬{ÆªÃÄ%¿^¯Ï

I Û



a8��~X�¨Ò3i[#�Ög�Ø��Ò` SÒ���ÒÓÒg�e g¡* ��G¡Å×���Ò(Ù�12!�ù Ö[12!��¨�Lf:� ÖSÙDÙ5�-g i�Öq�`�eÒ0���

Ô¹ÕZÖ
v0

Ô¹×ØÖ
v1

Ô¹ÙÓÖ
v2

Ô¹ÚDÖ
v3

ÔÜÛÝÖ
v4

ÔÜÞ�Ö
v5

ÔÜßmÖ
v6

ÔÜà�Ö
v7

ÔÜá+Ö
l

Ôãâ:Övä\å¤ßdÛÓ×HæHçHßZè"é�Õdê"ë�Û
ÁCÂ#Â%¨¶²«¹%Ä%À%¿�P%Ï ! ÏL»ÙÅ2ª¨«¼{Ñ%¨«ª²:ª¨«À%ª¬4Å2ª¾`Â%º^µ&·U¯�Ä%À%¿

E
¨¶À�ªÃ¨¶À%ªÃ® å;¬{¾^Í`¬�º^Ä#®�Â%Ò%¬l¾%ÏéÐC¨¶ª2Å2¨¶²«¹%ª¬jP%Ï ! Ô ºUØÂ%¨¶¼'P%Ï ! Ô ·ÙØ\ªÃÀU¯�¼{Ñ#¬{ªµ&·#ªÀFªÃ¨¶À%ªÃ¬�ñ©®z¿`ªÂ#Ä%À%¿`¼{º^Ä#ÇLÀ»º^·#®\ª

v
®z¨«¯t¹#ª¬�óvº^®zª¬{ºÄ%À%¹lP%Ï ! Ô ¨�ØT¹%ªÃÀZi×º^¼{ªÃ¬{¹»ºé¯�ªÀ

l
ÏvP%Ï ! Ô ê�ØJÆÃª¨«¿^¯2¹#¨¶ª~ÓD¾`¼�¯�¨«¾`ÀW¹%ªÃ¬>Å2ªÃ¾`Â»º^µ&·U¯{Ä%À%¿�¨«À¹%ª¬SªÃÀ8¯{¼{Ñ%¬lªµ&·%ªÃÀ%¹%ªÃÀqñ©®z¿`ªÂ%Ä#À%¿`¼{±éº^¬�¯�ª�Ï

I R



a8�L�`��~X�¨Ò3i[#�Ög�Ø�:×��¨Ò¢ìjÖSÙ0��Ò0×qÖG���¨�
_a½�¼'½ z À ��� 4 ày  À é À �ºíWà¦á À �Èédà ÁjÀ ¤
õ�À�¹%¨«ª¼{ªÃ® óÈº�Ñ%¨«¯{ª²8Ë2ªÃ¬{¹%ªÃÀz¹#¨¶ª�¼{±éº^²´º�¬{ªÀ�îdª¬l±:®\º^²«ª

f l(l)
¸�¹#¨¶ª?½^¾`À�¹%ªÃÀßiôº�¼{ª¬l¹»º�¯{ªÀ�¹%ªÃ¼JÖ~¾^Â�¾�ä¯�ªÃ¬{¼?ªbÕ:¯�¬{º^·%¨¶ªÃ¬l¯�Ë2ªÃ¬{¹%ªÃÀO¸#Â£ª¼lµ&·%¬{¨«ªÂ£ªÀOÏZÐCªÃ¬>ÖS¾`Â�¾�¯�ª¬ã¨«¼l¯?®\¨°¯ãª¨¶À#ª® i×º^¼{ªÃ¬{¼lªÀ%¼l¾`¬Nº^Ä%¼l¿`ª¬lÒ%¼l¯{ªÃ¯¸¹%ªÃ¬yª¨¶À#ª

360
åv¬{º^¹ Ä%®�ÇKº^¼{¼lªÀ%¹%ª�îdªÃ¼{¼lÄ%À%¿ ½`¾`À�âJÀU¯{ÇLª¬lÀ8Ä%À%¿`¼l¹»º�¯�ªÃÀF²«¨¶ªÃÇLªÃ¬l¯Ï>Ü^ªÃ¹%ª�îdª¼l¼{Ä%À%¿

l = {b0, . . . , bL−1}
ªÃÀU¯�·»³^²°¯

L
i×º^¼lª¬l¼l¯�¬{º^·%²«ªÀ

bi
ÏZÜ^ª¹#ª¬~i×º^¼lª¬l¼l¯�¬{º^·%²

bi
Â£ª¼l¯{ª·U¯Nº�Ä%¼?ªÃ¨¶À%ªÃ®èòDÄ:äÑ£ª²

(αi, di)
¸þË?¾`Â£ª¨

αi
¹%ªÃ®Fç ¨¶À#±^ª²8¹%ªÃ¼TÊ8¯�¬�º�·%²¶¼@¬lª²´ºé¯�¨«½©ÆÄ#¬ú�}¬{¨«ªÀU¯�¨«ª¬lÄ%À%¿S¹%ª¼DÖS¾`Â�¾�¯�ª¬l¼@Ä%À%¹

di¹%ªÃ¬JÐC¨¶¼�¯&º^À#Æ®zª¼{¼lÄ%À%¿v¹%ªÃ¼ãÊ:¯�¬{º^·%²«¼TªÀU¯�¼lÑ%¬{¨«µ&·U¯þÏ`õ�À�¹%¨«ª¼lª¬TÁ©¬{Â£ª¨«¯4Â�ªÃ¼l¯{ª·%ªÃÀWº^²«²¶ª�i×º^¼{ªÃ¬{¹»º�¯{ªÀ�º^Ä#¼
L = 360

i×º^¼lª¬{¼�¯�¬{º^·%²¶ªÃÀm®\¨°¯CªÃ¨¶À%ªÃ® Á©Â%¼l¯�º^À%¹m½`¾^À\êlª�ª¨«À%ª® åv¬{º^¹mÄ%ÀU¯�ªÃ¬{ªÃ¨¶À»º^À#¹%ª¬ÃÏOÅ2ªÃ¨¶¼{Ñ#¨¶ª²«ª½`¾^À2i×º^¼lª¬{¹%º�¯�ªÃÀïª¨«À%ª¬>¯�ì:Ñ%¨«¼{µ&·%ªÃÀïõ�À%¹#¾Z¾`¬Sñ~®\¿^ªÂ%Ä%À#¿\¼l¨¶À%¹�¨¶À�Á©Â%Â%¨¶²«¹%Ä%À%¿�P#Ï6Ý�º^Â%¿`ªÃÂ%¨¶²«¹%ªÃ¯Ï
õ�À�¹%ª¬4ÁC¬{Â£ª¨°¯T½`¾^ÀWîdº^¬l¯{ð¶À%ªÃÆSîd¾`ÆÃ¾`¼cÜÍÌ Ç�ãLü*Î Ý^Þ`Þ`Û Ï ËSÄ%¬l¹%ªNª¨«À�ÁCÀ%¼{º�¯�ÆNÑ#¬�³^¼lªÀU¯�¨«ª¬l¯¸`Ä%®�º^À%·»º�À%¹½`¾^ÀZi×º^¼{ªÃ¬{¹»º�¯{ªÀy¹%¨«ªCÓô¾`¼{¨°¯�¨«¾`ÀWªÃ¨¶À%ªÃ¼>ÖS¾`Â�¾�¯�ª¬l¼2ÆÃÄt±8²´º^¼l¼{¨�K%Æ¨¶ªÃ¬{ªÃÀOÏ#Ð©¾`¬l¯�ËSÄ%¬{¹#ªÀ�º^Ä%¼l¼{µ&·%²«¨¶ªÃÍ`²¶¨«µ&·i×º^¼{ªÃ¬{¹»ºé¯�ªÀ�½`ªÃ¬lË?ªÀ%¹%ªb¯þ¸Cº^Â�ªÃ¬yª¼�ËSÄ%¬{¹#ªÉº^Ä#µ&·F²¶ªÃ¹%¨¶¿^²¶¨¶µ&·�ÆÃËS¨¶¼lµ&·%ªÀF¹%ªÀó;²´º^¼l¼{ªÀFë2¾`¬l¬{¨¶¹#¾`¬¸ÐC¾:¾`¬lË2ºþì)Ä%À%¹]ÖS¾Z¾^®�Ä%ÀU¯�ªÃ¬{¼{µ&·#¨¶ª¹#ªÀOÏJÐ©¨¶ª\óv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`Àq¹%¨«ª¼lª¬È¹%¬{ªÃ¨2ó;²´º�¼{¼{ªÃÀÉªÃ¬{Æ¨«ª²°¯�ªz¼{ª·#¬¿`Ä#¯{ª~âã¬l¿`ªÂ#À%¨¶¼l¼{ªCÄ#À%¹zËS¨«¬ã±^Ì`À%À#ªÀW¹#¨¶ª©îdª¬l±8®Wº^²«ªS¹%ª¬ i×º^¼{ªÃ¬{¹»ºé¯�ªÀ\¹%¨¶¬lª±U¯ãÇLÒ%¬ãÄ%À%¼lª¬{ªÃÀtÁCÀ#¼�º�¯{ÆÒ%Â£ª¬lÀ%ª·%®zªÀ�Ï»õ�®�ÇL¾`²¶¿^ªÀ%¹%ªÃÀtË2ªÃ¬{¹%ªÃÀï¹%¨«ªÈîdª¬l±8®Wº^²«ª;¹%ª¬(i×º^¼lª¬l¹»º�¯�ªÃÀ�½^¾`¬{¿^ª¼l¯{ª²«²«¯þ¸#±^Ì`À%À#ªÀ�¨¶®ÐCªb¯&º^¨«²@º^Â£ª¬~º^Ä%µ&·�¨¶À Î îïº^¬l¯{ð¶À%ªÃÆÈîd¾`ÆÃ¾`¼¸�Ý^Þ`ÞSP Ï À»º�µ&·%¿`ª²«ª¼lªÀdË?ª¬l¹%ªÀ�Ï
Ú»¾`¬{®\º^²ã±éº^À%À]ªÃ¨¶À i×º^¼lª¬{®zª¬l±8®Wº^²

f l(l)
º^²¶¼�ª¨¶À#ªtÚ»Ä%À%±U¯�¨«¾`À]º^À#¿`ª¼lª·%ªÃÀ Ë?ª¬l¹%ªÀ�¸J¹%¨¶ª\¹%¨¶ª'iôº0ä¼{ªÃ¬{¹»ºé¯�ªÀ

l
ª¨¶À#ª¬\Å2ª¾`Â%º^µ&·U¯�Ä%À%¿

E
º^²«¼zÁ©¬{¿^Ä%®\ªÃÀU¯WÀ%¨«®\®�¯�Ä%À%¹�ªÃ¨¶À%ªÃÀ�¬{ªÃª²«²¶ªÀpçÉªÃ¬l¯\²¶¨«ªÃÇLª¬�¯N»

f l : Zl → * ¸@Ë?¾`Â�ªÃ¨ Zl ¹%ªÃ® Ö©º�Ä%® º^²¶²«ª¬;®zÌ`¿`²«¨¶µ&·%ªÃÀ i×º^¼lª¬l¹»º�¯�ªÃÀ�ªÀU¯{¼{Ñ%¬l¨¶µ&·U¯þÏDÐC¨¶ªz®zª¨¶¼�¯�ªÃÀîdªÃ¬{±8®Wº�²¶ª¦¼l¨¶À%¹ïª¨¶ÀZÇKº^µ&·%ª�¿`ªÃ¾`®zªÃ¯�¬l¨¶¼lµ&·%ª�âJ¨¶¿^ªÀ%¼lµ&·»º�Ç�¯�ªÃÀO¸�¹#¨¶ª¦¼lµ&·%À%ªÃ²¶²4Â£ª¬lªµ&·%À#ªÃ¯;Ë?ª¬{¹#ªÀq±^Ì`À:äÀ%ªÃÀ�Ä%À%¹d¾^Ç�¯~¨¶À�¹%ª¬©Ú»¾`¬{®\º^À»º^²°ì:¼{ª Ô ¼l¨¶ª·#ª¦º^Ä#µ&· Î å;¾`À%Æº^²¶ªÃÆvÄ%À%¹dç ¨«ÀU¯�Æ^¸ !�O�MÈJ Ï ¸ Î §©º^¬�º^²«¨¶µ&±tÄ#À%¹ÊZ·»º�Ñ%¨¶¬l¾%¸ !�O`O Ý Ï ¸ Î i@¾`À%µº^¬{¨«µ^¸ !�O�O`M Ï ¸ Î �¯î Ö~¾^Ä%¬{±�ª^¸ !�O`O`M Ï Ä%À%¹ Î ÖSÄ%¼l¼¸ !�O`O Ý Ï Ø2½^ª¬lË?ªÀ#¹%ªÃ¯}Ë?ª¬l¹%ªÀ�ÏÁCÂ#¿`ª¼lª·%ªÃÀï¹»ºþ½`¾^Àï¨¶¼�¯SÆÄ�Â�ªº^µ&·U¯�ªÃÀO¸Ù¹»º^¼{¼~º^²«²¶ªvî�ª¬{±8®\º^²¶ª;¬l¾^¯&ºé¯�¨¶¾^À%¼{¨«À8½�º^¬l¨´º^ÀU¯2¼{ª¨«Àd®¦Ò%¼{¼lªÀOÏ
âJ¼WË?ª¬{¹#ªÀ ÆÃË?ª¨~½`ªÃ¬{¼{µ&·#¨¶ª¹#ªÀ%ªqòãìZÑ£ªÀ ¼l±éº^²´º^¬lª¬Wîdª¬l±8®Wº^²«ª

f l(l)
½^¾`À ¹%ªÀýiôº�¼{ª¬l¹»º�¯{ªÀ ¿`ªfäÂ%¨«²¶¹%ªb¯þÏNÐCªÃ¬�ª¬{¼�¯�ªqòãìZÑ

B
½^ª¬�Ë2ªÃÀ%¹%ªÃ¯ï¹%¨¶¬lª±U¯�¹%¨¶ªmÄ#À:Â£ªþº�¬{Â£ª¨°¯�ªÃ¯{ªÀ�i×º^¼{ªÃ¬{¹»º�¯{ªÀO¸>ËS¨«ªq¼{¨¶ªm¨«ÀÁCÂ#Â%¨¶²«¹%Ä%À%¿]P%Ï ÝÈ¹»º^¬l¿`ª¼�¯�ªÃ²¶²«¯�¼l¨¶À%¹OÏ8õ�®èÇL¾`²«¿`ªÀ%¹#ªÀW¨«¼l¯�¹%¨«ªci@¨¶¼�¯�ª~¹%ª¬>îdª¬l±8®Wº^²«ª©ÆÃÄW¼lª·%ªÃÀO¸#¹%¨«ª©ÆÃÄ¹%¨«ª¼{ªÃ®�ª¬l¼l¯{ªÀïòãì:Ñ

B
¿`ªÃ·%Ì`¬{ªÃÀ@»

! Ï~ÐCÄ#¬{µ&·%¼lµ&·%À%¨«¯l¯�²«¨¶µ&·%ª�i×³^À%¿`ªÃÀ%¹%¨¶¼�¯&º^À#ÆJÆÃË?ª¨¶ªÃ¬ôº^Ä#ÇLª¨«À»º^À%¹#ª¬lÇL¾^²¶¿`ªÃÀ%¹%ª¬%i×º^¼lª¬l¼l¯�¬{º^·%²«ªÀOÏ0ÐCÄ#¬{µ&·Å2ªÃ¿`¬{ªÃÀ%ÆÄ#À%¿\¹#ª¬S®Wº0Õ#¨«®Wº�²¶ªÀ�iô³�À%¿`ª;Ë2ªÃ¬{¹%ªÃÀï®zª·%¬lª¬lª¦î�ª¬{±8®\º^²¶ª;ªÃ¬{ÆÃªÄ%¿^¯Ï
ÝZÏ©Ê:¯�º^À%¹»º�¬{¹»º^ÂUË?ª¨«µ&·:Ä#À%¿]¹%ª¬�iô³�À%¿`ªÀ#¹%¨¶¼�¯&º^À%ÆdÆÃË?ª¨«ª¬tº�Ä#ÇLª¨«À»º^À%¹%ªÃ¬lÇL¾`²«¿`ªÀ#¹%ª¬li×º^¼{ªÃ¬{¼l¯{¬�º^·:ä²«ªÀOÏ
I Ï~ÐCÄ#¬{µ&·%¼lµ&·%À%¨«¯l¯�²«¨¶µ&·%ª3i×³^À%¿`ª;¹%ªÃ¬©Ê:¯�¬{º^·%²¶ªÃÀOÏ
P%Ï©Ê:¯�º^À%¹»º�¬{¹»º^ÂUË?ª¨«µ&·:Ä#À%¿W¹%ªÃ¬;iô³�À%¿`ªv¹%ª¬©Ê:¯{¬�º^·#²¶ªÀ�Ï
ÛZÏSÁ©À%Æþº^·#²TÆÃË?ª¨«ª¬Èº^Ä#ÇLªÃ¨¶À»º^À#¹%ª¬�ÇL¾`²¶¿`ªÃÀ%¹%ªÃ¬vÊ:¯�¬{º^·%²«ªÀO¸�¹%ª¬lªÀ iô³�À%¿`ªÀ#¹%¨¶¼�¯&º^À%Æ�¿^¬{Ì`Í`ªÃ¬;º^²«¼}ª¨«À¿`ªÃ¿`ªÂ£ªÀ#ª¬�ÊZµ&·UË?ª²«²«Ë?ª¬l¯�¨«¼l¯ÏT§©¨«ª¬lÂ�ªÃ¨�Ë?ª¬l¹%ªÀ ®zª·%¬lª¬{ªyîdª¬l±:®\º^²«ªt®\¨°¯v½`ª¬l¼{µ&·%¨«ª¹%ªÃÀ%ªÀÊZµ&·UË?ª²«²«Ë?ª¬l¯{ªÀdª¬{ÆÃªÄ%¿�¯þÏ

I`J
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Ô¹ÕZÖÙ`ïdê�ê�áðÚ�ï�ê ÔÜ×ØÖ\Ú�ïmïdê�ñÕÝò

ÔhÙÓÖ	è:Û2å¤áðçDÕ�êvê�ïmïdå ÔhÚDÖ	óbÕ�×�ïdêôÕ�ë�ïdê�ò

ÔÜÛ3ÖïdõcÙ`Û ÔÜÞ�Ö	émáöë�ÙôàHÛÓç
ÁCÂ#Â%¨¶²«¹%Ä%À%¿�P%Ï ÝZÏL»ÙÅ2ª¨«¼{Ñ%¨«ª²«ªv½^¾`À�Ä%À8Â£ªþº^¬lÂ�ªÃ¨«¯{ªÃ¯�ªÃÀ�i×º^¼{ªÃ¬{¹»ºé¯�ªÀ�¸�Â£ª¼�¯�ª·#ªÀ%¹qº^Ä#¼

360
å;¬�º^¹dÄ%®�äÇKº^¼{¼lªÀ%¹#ªÀtÐ©¨¶¼l¯�º^À%ÆÃ®\ªÃ¼{¼{Ä#À%¿`ªÀ�ÏZÁ©Ä#ÇL¿`ªÀ#¾`®\®zªÀzº^À�½`ªÃ¬{¼lµ&·%¨¶ªÃ¹%ªÀ%ªÃÀÅ�}¬l¯{ªÀWªÃ¨°äÀ%ª¬N¯�ì:Ñ%¨«¼{µ&·%ªÃÀïõ�À%¹%¾:¾`¬Sñ~®\¿`ªÃÂ%Ä%À%¿#Ï

I`M



a8�L�`��~X�¨Ò3i[#�Ög�Ø�:×��¨Ò¢ìjÖSÙ0��Ò0×qÖG���¨�
R#ÏSÁ©À%Æþº^·#²@¹%ª¬©Ê:¯{¬�º^·%²«ªÀO¸#¹%¨¶ªvº^ÄZÇ4Â£ª¼�¯�¨¶®z®¦¯{ªÀti@¨¶À%¨«ªÀy²¶¨«ª¿`ªÃÀ Ô Â£ª¬lªµ&·%À%ªb¯CÀ%º^µ&·aÎ Ê#º^µ&±yÄ#À%¹Å2Ä#¬{¿Uº^¬l¹O¸ÙÝ^Þ^Þ�P Ï ØbÏ
J Ï~âJÄ%±8²¶¨«¹%¨¶¼lµ&·%ªvÐC¨«¼l¯&º�À%ÆvÆÃË?ª¨¶ªÃ¬Cº�Ä#ÇLª¨«À»º^À%¹%ªÃ¬lÇL¾`²«¿`ªÀ#¹%ª¬>²«¾`±éº^²¶ªÃÀ�îd¨¶À#¨¶®\º#Ï
M ÏNç ¨«À%±^ªÃ²@ÆÃËS¨¶¼lµ&·%ªÀd¹%ªÀ�²¶¾^±�º�²¶ªÀ�î�¨¶À%¨«®Wº�º^Ä#¼ J Ï

ÐCªÃ¬�ÆÃË?ª¨°¯�ªtòãì:Ñ
P
½^¾`Àzi×º^¼{ªÃ¬{®zª¬l±:®\º^²«ªÀ�ËS¨«¬{¹]º�Ä%¼¦¹%ªÃ¬�ÓD¾^²«ì:¿`¾`À»º�Ñ%Ñ%¬{¾þÕZ¨¶®\º�¯{¨¶¾`À

P(l)
¸ô¹%¨«ª¹%¨«ª.i×º^¼{ªÃ¬{¹»ºé¯�ªÀ

l
Ä%®z¿`¨«Â#¯þ¸8Â£ª¬{ªÃµ&·%À%ªb¯þÏ»ÐC¨«ª}ÓJÄ%À%±U¯{ª}¹%ª¼>ÓD¾`²°ìZ¿^¾`À%ÆÄ#¿`¼

P(l)
Ë?ª¬l¹%ªÀ�¹%Ä#¬{µ&·y¹%¨«ªâJÀ%¹%Ñ%Ä#À%±U¯�ª~¹%ª¬^i×º^¼lª¬{¼�¯�¬{º^·%²¶ªÃÀ

bi
ªÃÀU¯�¼{Ñ#¬{ªµ&·#ªÀ%¹t¹#ª¬ãÓD¾^¼{¨«¯{¨¶¾`À�¹#ª¼ãÖS¾`Â�¾�¯�ª¬l¼JÂ�ªÃ¬{ªÃµ&·%À%ªÃ¯�¹%Ä#¬{µ&·

P(l) = {(di cosαi, di sinαi) | i = 0, . . . ,M − 1}.
Å2ªÃ¨¶¼{Ñ#¨¶ª²«ªW¼l¾`²¶µ&·%ªÃ¬�ÓD¾`²°ì:¿`¾`À%ÆÃÒ%¿`ªt¼l¨¶À%¹]¨«À�ÁCÂ%Â#¨¶²¶¹#Ä%À%¿�P%Ï I ¹»º^¬l¿`ª¼�¯�ªÃ²¶²«¯ÏDõ�® Ú»¾`²¶¿`ªÃÀ%¹%ªÃÀ�¨¶¼�¯�¹%¨¶ªi@¨¶¼�¯�ª;¹%ªÃ¬Cî�ª¬{±8®\º^²¶ª;ÆÃÄd¼lª·%ªÃÀO¸Ù¹%¨¶ªvÆÃÄd¹%¨«ª¼lª®�ÆbË2ªÃ¨«¯�ªÃÀdòãì:Ñ

P
¿^ª·%Ì`¬lªÀ@»

! Ï~Ú4²¶³^µ&·%ª}½^¾`À
P(l)

Ï
ÝZÏ~ñ~®zÇKº^À#¿�½`¾`À

P(l)
Ï

I Ï~Ú4²¶³^µ&·%ª}½^¾`À
P(l)

¹#¨«½:¨¶¹%¨«ª¬�¯N¹%Ä%¬lµ&·ï¹%ªÃÀïñ~®zÇKº^À#¿�½^¾`À
P(l)

Ï
P%Ï~ÐCÄ#¬{µ&·%¼lµ&·%À%¨«¯l¯�²«¨¶µ&·%ªÃ¬JÁCÂ%¼�¯&º^À%¹�¹#ª¬ãÐC¨«¼l¯&º�À%Æ®zª¼l¼{Ä%À%¿^ªÀ�½`¾`® ÊZµ&·UË?ª¬{Ñ#Ä%À%±U¯2¹#ª¼ãÓD¾^²«ì:¿`¾`ÀZäÆÃÄ%¿`¼

P(l)
Ï

ÛZÏ©Ê:¯�º^À%¹»º�¬{¹»º^ÂUË?ª¨«µ&·:Ä#À%¿q¹%ª¬�ÁCÂ%¼�¯&³^À%¹#ªy¹%ª¬¦ÐC¨¶¼�¯&º^À%ÆÃ®\ªÃ¼{¼lÄ%À%¿`ªÃÀ ½^¾`® ÊZµ&·UË2ªÃ¬{Ñ%Ä%À#±8¯z¹%ªÃ¼Óô¾`²«ì:¿`¾`À#ÆÄ%¿`¼
P(l)

Ï
R#Ï

200
³^·%À%²«¨¶µ&·%±�ª¨°¯�¼{¨«ÀU½^º�¬{¨´º�À8¯{ª;ÐCªÃ¼{±8¬{¨«Ñ#¯�¾`¬lªÀ�¹%ª¬~Ú»¾`Ä%¬l¨¶ªÃ¬l¯�¬{º^À%¼�ÇL¾`¬{®\º�¯�¨«¾`ÀOÏ

J Ï~Å2ªb¯�¬{º^¿�¹%ª¬~§Cº�Ä%Ñ#¯&º�µ&·%¼{ªÈ¹%ª¬~âJ²¶²«¨¶Ñ%¼lª}¹%ªÃ¬~ªÃ¬{¼�¯�ªÀdÂ�ªÃ¨¶¹%ªÃÀïÚ»¾`Ä#¬{¨¶ªÃ¬{±�¾ZªÍ÷\ÆÃ¨¶ªÃÀ8¯{ªÀOÏ
M Ï~Å2ªb¯�¬{º^¿�¹%ª¬;ë©ªÃÂ�ªÃÀ»º^µ&·%¼lª¦¹%ªÃ¬~âã²«²¶¨«Ñ%¼{ª}¹#ª¬Sª¬l¼l¯�ªÃÀïÂ£ª¨«¹%ªÀ�Ú»¾`Ä%¬l¨¶ª¬l±^¾:ªB÷zÆ¨«ªÀU¯�ªÃÀOÏ
O Ï~Å2ªb¯�¬{º^¿�¹%ª¬~§Cº�Ä%Ñ#¯&º�µ&·%¼{ªÈ¹%¨«½:¨«¹%¨¶ªÃ¬l¯N¹%Ä#¬{µ&·�Å?ªÃ¯�¬{º^¿�¹%ª¬;ë~ªÂ£ªÀ»º^µ&·#¼{ª^Ï
! Þ#Ï©ÊZ¨«ªÂ£ªÀ�õ�ÀU½�º^¬{¨¶º^ÀU¯�ªÀ�Â£ª¬{ªÃµ&·%À%ªb¯}º^Ä#¼~¹#ªÀïÆÃªÀU¯�¬{º^²¶ªÃÀdîd¾`®zªÀU¯�ªÃÀOÏ
!`! Ï;ë~¾`¬{®\º^²¶¨«¼{¨«ª¬l¯{ª¼>îdª¬l±:®\º^²@¹%ªÃ¬~ó©¾`®zÑ»º^±U¯�·#ª¨«¯2½`¾`À

P(l)
Ï

! ÝZÏ;ë~¾`¬{®\º^²¶¨«¼{¨«ª¬l¯{ª¼>îdª¬l±:®\º^²@¹%ªÃ¬~âTÕZÆÃªÀU¯�¬l¨¶Æ¨°¯&³�¯N½^¾`À
P(l)

Ï
!�I Ï~Ú»¾`¬l®zÇKº^±U¯{¾`¬2½`¾^À

P(l)
Ï

I�O
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Ô¹ÕZÖÙ`ïdê�ê�áðÚ�ï�ê ÔÜ×ØÖ\Ú�ïmïdê�ñÕÝò

ÔhÙÓÖ	è:Û2å¤áðçDÕ�êvê�ïmïdå ÔhÚDÖ	óbÕ�×�ïdêôÕ�ë�ïdê�ò

ÔÜÛ3ÖïdõcÙ`Û ÔÜÞ�Ö	émáöë�ÙôàHÛÓç
ÁCÂ#Â%¨¶²«¹%Ä%À%¿�P%Ï I ÏL»ÙÓD¾`²°ì:¿`¾`À»º^Ñ#Ñ%¬{¾þÕZ¨¶®\º�¯�¨«¾`À%ªÃÀ

P(l)
¹%ª¬;i×º^¼lª¬{¹%º�¯�ªÃÀ�º^Ä%¼NÁ©Â%Â%¨«²¶¹%Ä%À#¿®P#Ï6ÝZÏ

PUÞ



av��ÐG�c~���Ò3i[#'ÖS�Ø�:×G��Ò�f]ÖØ#Å�¨Ò�Öv×8ÖG���¨�
Ú4Ò%¬�¹%¨¶ªzªbÕ#º^±U¯{ª�Å2ª¬lªµ&·%À8Ä%À%¿q¹%ªÃ¬�îdªÃ¬{±8®\º^²¶ª\¹%ª¬�ò�ì:Ñ£ªÀ

B
Ä%À#¹

P
¼lª¨2º^Ä#Ç]Î îdº^¬l¯{ð¶À%ªÃÆyîd¾�äÆ¾^¼¸©Ý^Þ`Þ�P Ï ½`ªÃ¬lËS¨¶ªÃ¼{ªÃÀOÏ©Á©Ä%¼�º^²¶²C¹%¨¶ªÃ¼{ªÀ¼{±éº^²¶º^¬{ªÃÀFî�ª¬{±8®\º^²¶ªÃÀ¹#ª¬ti×º^¼{ªÃ¬{¹»º�¯{ªÀ�Ë2ªÃ¬{¹%ªÃÀ�¹%¨¶ª¼{µ&·UË2º^µ&·%ªÃÀ ó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬lªÀ]º^Ä#¼�óÈº�Ñ%¨«¯{ª² I Ï�PmªÃ¬{ÆÃªÄ%¿^¯ÏãÐ}º^Â£ª¨>±éº^À#Àdêlª¹%ªÃ¼Wî�ª¬{±8®\º^²2¼l¾jË2¾`·#²¨¶Àdå;²¶ªÃ¨¶µ&·8Ä%À%¿ Ô I Ï !`! Ø?º^²¶¼Sº^Ä#µ&·d¨«Àïå;²¶ªÃ¨¶µ&·8Ä%À%¿ Ô I Ï ! Ý^Ø>º^Ä%¼~ÊZªÃ±8¯{¨¶¾`À I ÏQP�½`ª¬�Ë2ªÃÀ%¹%ªb¯CË?ª¬{¹#ªÀO¸ÙÄ%®ª¨«À%ªÀ�¼{µ&·UË2º^µ&·%ªÃÀqóv²¶º^¼{¼l¨�K»±éº�¯{¾`¬

h(x)
ÆÄ�Â%¨¶²«¹%ªÀOÏ

Å2ªÃ¨£¿^ªÀ»º^Ä#ª¬{ªÃ¬>Å2ªb¯�¬{º^µ&·U¯�Ä%À%¿¦¹%ª¬�i×º^¼{ªÃ¬{¹»º�¯{ªÀyº�Ä%¼?Á©Â%Â%¨«²¶¹%Ä%À#¿3P%Ï ÝvÇK³�²¶²«¯Jº^Ä#Çæ¸8¹»º^¼l¼2ª¼�¼{ªÃ²¶Â%¼�¯2ÇLÒ%¬¹%ªÃÀ�Å2ªÃ¯{¬�º^µ&·U¯�ªÃ¬J±^ªÃ¨¶À%ª>ªÃ¨¶À#ÇKº�µ&·%ª>ÁCÄZÇL¿Uº^Â£ª2¹»º^¬l¼l¯{ª²¶²°¯þ¸0¹%ªÃÀßiôº�¼{ª¬l¹»º�¯{ªÀ�ª¨«À%ª>ó;²¶º^¼{¼lª>ÆÄ%ÆÃÄ%¾`¬l¹%À%ªÀ�ÏçÉº^¼ãÆª¨«µ&·%À%ªb¯2Â£ª¨«¼{Ñ%¨«ª²¶¼�Ë2ªÃ¨¶¼lª~¹#¨¶ª;i×º^¼{ªÃ¬{¹»º�¯{ªÀ\¨¶À�ÁCÂ%Â#¨¶²¶¹#Ä%À%¿�P%Ï Ý Ô µþØãº�Ä%¼¸8¼{¨«ªS®\¨°¯J¹%ª¬�¼{ªÃ®Wº�À8¯{¨°ä¼{µ&·#ªÀzõ�À#ÇL¾`¬{®\º�¯{¨¶¾`À � ÊZªÃ®\¨«À»º^¬l¬�º^Ä%®C��¨«À�öãª¬{Â#¨¶À%¹%Ä#À%¿vÆÄ�¼{ªb¯�ÆªÃÀOÏ:îïº^¬�¯�ð«À%ªÆSî�¾`Æ¾`¼.ÜÍÌ Ç�ãLü6Î Ý�Þ`ÞUÛ Ï·»º^Â£ªÀW¿`ªÆÃª¨¶¿�¯þ¸:¹»º^¼{¼2Ä%ÀU¯�ª¬?¹%ª¬?öã¾`¬�º^Ä#¼{¼{ªb¯�ÆÃÄ%À%¿�½`¾^Àt¹%¬{ªÃ¨Oó;²´º�¼{¼{ªÃÀ Y = { ë2¾`¬l¬{¨¶¹#¾`¬Ã¸:ÐC¾:¾`¬�Ë>ºþì�¸ÖS¾Z¾`® } ¸Z¹%¨«ªci×º^¼lª¬l¹»º�¯�ªÃÀyÆÄ%¬2ó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^À\º�Ä%¼{¬lª¨¶µ&·#ªÀ%¹y¼l¨¶À%¹OÏZÐC¨«ª}Ð}º�¯{ªÀt¹#ª¬>ó;²¶º^¼{¼lª;ë2¾`¬l¬{¨°ä¹%¾`¬~ÆªÃ¨¶µ&·%À#ªÀm¼{¨«µ&·�¹%Ä%¬lµ&·mª¨«À%ª�¿^ª¬{¨«À%¿`ªÈÁCÂUË?ª¨¶µ&·8Ä%À#¿�¹#ª¬.i×³^À#¿`ªÀ�ÆbË2ªÃ¨¶ªÃ¬}ÐC¨«¼l¯&º�À%Æ®zª¼l¼{Ä%À%¿^ªÀº^Ä%¼Ã¸�¹#¨¶ª�¼{¨¶µ&·¦º^Ä#ÇL¿`¬lÄ%À%¹�¹#ª¬DÚÙ¾^¬{®Qª¨«À%ª¼4ó©¾`¬l¬{¨«¹%¾`¬{¼×Â%¨«²¶¹%ªÃÀOÏéÐC¨¶ª?ó;²´º^¼l¼{ª2ÐC¾Z¾^¬lË2ºjìÈ±éº^À%À¦º^À%·»º�À%¹¨¶·#¬{ª¬×Â£ª¨«¹%ªÀ�îd¨¶À%¨«®WºN®z¨«¯×ªÃ¨¶À%ªÃ¬ôç ¨«À%±^ªÃ²¶¹%¨°Î�ªÃ¬{ªÀ#Æ�½^¾`À
180◦

¸0¹%¨¶ªã¹%ªÃÀ�òNÒ%¬{ÑZÇL¾`¼l¯{ªÀ�ªÃÀ8¯{¼{Ñ%¬lªµ&·%ªÃÀO¸ª¬l±éº^À%ÀU¯JË2ªÃ¬{¹%ªÃÀOÏ8âJÂ�ªÃÀ%¼{¾vªÃÀ8¯{·»³^²°¯J¹%¨¶ª>óv²¶º^¼{¼lªNÖS¾Z¾`®Q½:¨¶ªÃ²¶ª>¼�¯&º^¬l±¦Ä%ÀU¯{ª¬{¼lµ&·%¨¶ªÃ¹%²¶¨«µ&·�²´º^À%¿^ªNÊ:¯{¬�º^·Zä²¶ªÃÀO¸%¹%¨«ª;¹%Ä%¬lµ&·mÊ:¯{Ò%·%²¶ª�¸%òN¨¶¼lµ&·%ªÈÄ%À%¹dº^À%¹%ªÃ¬{ªÈ§©¨«À%¹%ª¬lÀ%¨¶¼l¼{ªvªÀU¯{¼l¯�ªÃ·%ªÀ�Ï
õ�À ¹%¨«ª¼{ªÃ¬WÁ©¬{Â£ª¨«¯\ËSÄ%¬{¹#ª�¹%¨¶ªïó;²´º^¼l¼{ª�ÖS¾:¾`® êlª¹%¾:µ&·�¨¶À�¹%¨¶ªïóv²¶º^¼{¼lªÀÿi×º^Â£¾`¬{º�¯�¾`¬�ì£¸>ÊZªÃ®\¨«À»º^¬ÖS¾Z¾`®�¸��c÷zµª�Ä%À#¹.ó;¨°¯�µ&·%ªÃÀ.Ä%ÀU¯{ª¬l¯{ª¨«²«¯þÏ4Ð}º^Â£ª¨N¼lª¨Sº^À%¿^ª®zª¬{±U¯¸T¹»º^¼l¼\¹%¨«ªyó;²´º^¼l¼{ªÃÀ�ÊZªÃ®\¨«À»º^¬ÖS¾Z¾`®!Ä%À%¹zi×º^Â£¾`¬{º�¯�¾`¬�ìÉ¼l¾jËS¨¶ªÅ�c÷zµªyÄ%À#¹.ó;¨°¯�µ&·%ªÃÀ�êlªbË2ªÃ¨¶²«¼�ªÃ¯�Ë2ºmª¨¶À#ªt¿`²¶ªÃ¨¶µ&·%ªtÖ©º^Ä#®\¿`¬lÌ`Í`ªÄ%À%¹Ö~º^Ä%®z¼l¯�¬lÄ%±U¯�Ä%¬�º^ÄZÇ�Ë2ªÃ¨¶¼{ªÃÀÄ#À%¹F¹»º�·%ª¬�À%¨«µ&·8¯dº^Ä#¼{¼{µ&·#²¶¨¶ªÃÍ`²¶¨«µ&· º^À%·»º�À%¹�½^¾`Àûi×º^¼lª¬l¹»º�¯�ªÃÀ¬{¾^Â%Ä%¼l¯�Ä%ÀU¯�ª¬l¼{µ&·%¨«ª¹%ªÃÀ]Ë2ªÃ¬{¹%ªÃÀp±�Ì`À%À%ªÃÀOÏJñ~® ¹%¨«ª¼�¹%ªÀ%À#¾Zµ&·]ÆÃÄ]Â�ªbË2ªÃ¬{±8¼l¯{ª²¶²«¨¶¿`ªÃÀO¸ô·»º^Â£ªÀ�ËS¨¶¬ÆÄ#¼�³�¯{Æ²¶¨«µ&· óvº^®zª¬�º�¹»º�¯�ªÃÀ.½^ª¬lË?ªÀ#¹%ªÃ¯Ï~ÊZ¾�±éº^À%À�®\º^À.ÆÄ%® Å2ª¨«¼{Ñ%¨«ª²~¹%Ä%¬lµ&· ¹%¨¶ªdâJ¬{±^ªÃÀ%À8Ä%À%¿ª¨«À%ª¬Dóvº�Î�ªª®\º^¼lµ&·%¨¶À%ª2º^Ä#Ç»ªÃ¨¶À%ª2ó;Ò%µ&·%ª>Ä%À#¹�Â�ªÃ¨%î�¾`À%¨«¯{¾`¬{ªÃÀ�º^ÄZÇ»ª¨«À�å;¬{¾`Í`¬{º^Ä%®�Â#Ò%¬{¾~¼{µ&·%²«¨¶ªÃÍ`ªÀOÏå;ªÀ»º^Ä#ª¬{ªÃ¼>ÆÄy¹#ªÀW½^ª¬lË?ªÀ#¹%ªÃ¯{ªÀmî�ª¬{±8®\º^²¶ªÃÀt¹%ªÃ¬>óvº^®zª¬�º�¹»º�¯�ªÃÀ\ËS¨«¬{¹t¨«®�ÇL¾^²¶¿`ªÃÀ%¹%ªÀWóvº^Ñ%¨«¯{ª²Â£ª¼{µ&·#¬{¨¶ªÃÂ�ªÃÀOÏ

_a½5ä�½ z À ��� 4 ày  À é À �'&Qà 4 À �8àþéïà ÁjÀ ¤
õ�ÀÉ¹#¨¶ª¼lª® óvº^Ñ%¨°¯�ªÃ²TË2ªÃ¬{¹%ªÃÀ]¹%¨¶ª�¼{±éº^²¶º^¬{ªÃÀ�î�ª¬{±8®\º^²¶ª

f v(v)
¸@¹%¨«ªWº^Ä#¼�¹%ªÃÀ�óvº^®zª¬{º^¹»º�¯{ªÀ)ªbÕ8ä¯�¬{º^·%¨«ª¬l¯WË2ªÃ¬{¹%ªÃÀO¸NÂ�ªÃ¼{µ&·%¬l¨¶ªÃÂ�ªÃÀOÏSÐCª¬�ÖS¾`Â£¾^¯�ªÃ¬t¨¶¼�¯y®\¨°¯tªÃ¨¶À%ªÃ¬�óÈº�®\ªÃ¬�º�º^Ä#¼{¿`ªÃ¬{Ò%¼�¯�ªÃ¯¸N¹%¨¶ªmªÃ¨°äÀ%ª�®WºéÕZ¨«®Wº^²«ªmÁCÄG�%Ì`¼{Ä%À#¿�½`¾`À�R�P`ÞéÕqP M Þ�ÓJ¨MÕ#ªÃ²�·%º�¯þÏCÜ^ª¹%ª�Å2ª¾`Â%º^µ&·U¯�Ä%À%¿ ®z¨«¯�¹%ªÃ¬móvº^®zª¬�º

v = (v0, . . . , vM−1)
Â£ª¼�¯�ªÃ·8¯tº^Ä%¼

M
Å2¨«²¶¹%ªÃ¬{ÀO¸4¹%¨¶ª�êlªÃË?ª¨«²¶¼�¨¶Àpª¨«À%ª¬\º^À%¹%ªÃ¬{ªÃÀÿ�}¬{¨«ªÀU¯�¨«ª¬{Ä#À%¿¹%ªÃ¼©ÖS¾`Â£¾^¯�ªÃ¬{¼Nº�Ä#ÇL¿`ªÀ#¾`®\®zªÀtË?ª¬l¹%ªÀ�ÏÙÐ}º^®z¨«¯>¨«¼l¯N¿^ªÃË2³^·%¬{²«ª¨«¼l¯�ªb¯þ¸%¹%º^¼{¼N¹%¨«ªvó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^ÀW¹%ªÃ¬ÓD¾^¼{¨«¯{¨¶¾`Àd¹%ª¼CÖ~¾^Â�¾^¯{ª¬l¼©Ä%À%º^Â%·»³^À#¿`¨¶¿z½`¾`À�¹#ª¬:�}¬l¨¶ªÀU¯{¨¶ª¬lÄ%À%¿\¿`ª¼lµ&·%¨¶ªÃ·8¯Ï�õ�À�¹#¨¶ª¼lª¬©ÁC¬{Â£ª¨°¯CÂ£ªbä¼l¯{ª·%ªÃÀ�º^²¶²«ªïóvº^®zª¬{º^¹»º�¯{ªÀ º^Ä#¼

M = 8
Å2¨¶²«¹%ª¬ÃÏ2âJ¨«À Å2ª¨«¼{Ñ%¨«ª²~¹%ª¬tóÈº�®\ªÃ¬�º^¹»ºé¯�ªÀ

v
¨«¼l¯W¨¶ÀÁCÂ#Â%¨¶²«¹%Ä%À%¿�P%Ï ! ÆÄ�¼{ª·#ªÀOÏ

ÐC¨«ªÈÁ©Ä%¼lË2º^·%²D¹%ª¬CîdªÃ¬{±8®Wº�²¶ªÈº^Ä%¼~¹%ªÀïóvº^®\ªÃ¬�º^¹%º�¯�ªÃÀdÂ»º�¼{¨¶ªÃ¬l¯©º^Ä#Ç4¹%ª¬~õ�¹%ªÃª^¸£¹»º^¼{¼©Â�ªÃ¼l¯{¨¶®z®¦¯�ª�}Â:êlª±U¯{ª~¯�ì:Ñ%¨«¼{µ&·%ªÃ¬lË?ª¨¶¼lª©®z¨«¯TÄ%ÀU¯�ª¬l¼{µ&·%¨«ª¹%²«¨¶µ&·%ªÃÀzçÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨°¯�ªÀz¨¶À�¹%ªÃÀ�½`ª¬l¼{µ&·%¨«ª¹%ªÃÀ%ªÀó;²´º^¼l¼{ªÃÀFº^Ä#¼ Y ÆÄ K»À%¹#ªÀ�¼{¨¶À#¹OÏ~ÊZ¾ ¨¶¼�¯�ª¼�¼{ªÃ·%¬�½:¨«ª²CË2º^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%ªÃ¬�ªÃ¨¶À%ªÃÀ�î�¾`À%¨«¯{¾`¬t¨«À

P !
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f v : Zv → ÷ ¸Ë?¾`Â�ªÃ¨
Zv

¹%¨«ª�î�ªÀ%¿`ªïº^²¶²«ª¬�®zÌ`¿`²«¨¶µ&·%ªÃÀ.óvº^®zª¬{º^¹»º�¯{ªÀ
v
¹»º^¬l¼l¯�ªÃ²¶²°¯þÏJÁC²«¼WâJ¬l¿`ªÂ#À%¨¶¼�ËS¨¶¬l¹�¹%¨«ªÊZÄ%®z®zª

f v(v) =
M−1∑

i=0

f v(vi)

º^²«²¶ª¬?¹%ªÃ¯{ª±U¯�¨«ª¬�¯�ª¬��}Â:êlªÃ±8¯{ª�ªÃ¨¶À%ªÃ¼Sò�ì:Ñ%¼~¨¶À�º^²«²¶ªÃÀ�Å2¨¶²«¹%ª¬
vi, i = 0, . . . ,M − 1

º^Ä%¼
v
¿`ª²«¨¶ªÃÇLªÃ¬l¯Ï

âJ¼C¿`¨«Â#¯S½`ªÃ¬{¼{µ&·#¨¶ª¹#ªÀ%ª�Á©¬{Â£ª¨«¯{ªÀ Ô Î ö}¨¶¾^²´º�Ä%À%¹�Ü^¾`À%ª¼Ã¸OÝ�Þ`Þ ! Ï ¸ Î òô¬{ªÃÑ#¯�¾jË ÜÍÌ±Ç�ãLü¶¸�Ý^Þ^Þ I Ï ¸ Î ÊZµ&·#À%ª¨Mä¹%ªÃ¬{®\º^ÀïÄ%À#¹�óvº^À»º^¹#ª^¸�Ý^Þ`Þ`Þ Ï ØNÆÄ#¬.�}Â:êlªÃ±8¯{ª¬l±^ªÀ#À:Ä#À%¿�º^Ä%¼©Å2¨¶²«¹%ª¬lÀOÏÙâJ¨¶Àd½^ª¬lÂ%¬{ªÃ¨«¯�ªb¯�ªÃ¬CÁCÀ#¼�º�¯{ÆÂ»º^¼l¨¶ªÃ¬l¯¦º^Ä#ÇN¹%ªÃ® ¨¶À�óÈº�Ñ%¨«¯{ª² I Ï Ý�½^¾`¬{¿`ªÃ¼l¯{ª²¶²°¯�ªÃÀÉÁN¹»º`Å?¾Z¾`¼�¯¦Á©²¶¿`¾^¬{¨«¯{·%®�Ä%¼ÃÏôîdª¨«¼l¯ÈË2ªÃ¬{¹%ªÃÀ]¹%¨¶ª¼{µ&·UË2º^µ&·%ªÃÀ óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ º^Ä%¼�²¶ªÃ¨¶µ&·U¯�Â£ª¬{ªÃµ&·%ªÀ8Â»º�¬{ªÀ îdª¬l±:®\º^²«ªÀ ¿`ªÂ#¨¶²¶¹#ªÃ¯þÏJÊZ¾qÆÄ%®üÅ?ª¨°ä¼{Ñ#¨¶ª²JªÃ¨¶À%ªÃ¬�ÊZÄ%®z®\ª�½^¾`ÀÉÂ£ª¼�¯�¨¶®z®¦¯{ªÀ)ÓJ¨°ÕZª²«¬{ª¿^¨¶¾`À%ªÃÀO¸O¹%¨«ª�¨¶Àq¹%ªÃ¬�Á©¬{Â£ª¨«¯;½^¾`À�ÓDº^Ñ»º^¿^ª¾`¬l¿`¨¶¾`ÄÜÍÌ Ç�ãLü@Î !�O`O`MSÏ ª¬l¼l¯{®Wº^²«¼�½^¾`¬{¿^ª¼l¯{ª²«²«¯2ËSÄ#¬{¹%ªÃÀOÏ»Ð}º^Â£ª¨£Ë2ªÃ¬{¹%ªÃÀ�¹%¨¶ª}åv¬{º^ÄUË2ªÃ¬l¯�ªCÂ�ªÃ¼l¯�¨«®\®�¯�ª¬?ÓJ¨°ÕZª²½`¾^À)¹#ªÀ�ç�ª¬l¯{ªÀ)º^À%¹#ª¬{ªÃ¬vÓJ¨°ÕZª²4º^Â%¿`ªÃÆ¾`¿`ªÃÀO¸OÄ%®�ª¨«À%ªÀm¼l±éº^²´º^¬lªÀqÚÙº^±U¯�¾^¬CÆÄqªÃ¬{·»º^²°¯�ªÃÀOÏOÐC¨«ª¼lªõ�¹%ªÃªCËSÄ%¬{¹#ª}·%¨¶ªÃ¬2º�Ä#ÇL¿`ª¿^¬{¨«Î�ªÀ\Ä%À%¹WÇLÒ#¬?½`ªÃ¬{¼lµ&·%¨¶ªÃ¹%ªÀ%ª]�}Â:êlªÃ±U¯�ª}ªÃ¨¶À%ªÃÀyó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬ã®z¨«¯�ª¨«À%ª®Â£ª¬{ªÃ¨«¯{¼¦¨¶®zÑ%²«ª®zªÀU¯�¨«ª¬l¯{ªÀqÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼;½`¾`Àöi×¨«ªÀ%·%º^¬l¯ÅÜÍÌ:Ç�ãLü?Î Ý^Þ`Þ ISÏ ¯�¬�º�¨¶À%¨«ª¬l¯Ï×ÐC¨¶ªÃ¼{ªÃ¬¦ÁC²«¿`¾�ä¬{¨°¯�·%®¦Ä%¼T¨¶¼�¯J¨¶À�¹#ª¬ �}Ñ�ªÃÀzë2¾`®zÑ%Ä#¯�ªÃ¬Tö}¨«¼{¨¶¾^À�i@¨¶Â%¬{º^¬lì'Î��}Ñ£ªÀÙë?ö¦¸:Ý^Þ`Þ !BÏ ªÃÀ8¯{·»º^²°¯�ªÀ�Ä%À#¹�ËS¨«¬{¹�¨«Àóvº^Ñ%¨°¯�ª²6P#Ï I ±8Ä%¬{Æ~½`¾`¬l¿`ª¼�¯�ªÃ²¶²«¯ÏUâJ¨¶À\Å2ª¨«¼{Ñ%¨«ª²»ªÃ¨¶À%ªÃ¼?¹%ªb¯�ªÃ±8¯{¨¶ªÃ¬l¯�ªÃÀZ�}Â:êlªÃ±8¯{¼2¨«¼l¯�¨¶ÀzÁCÂ%Â#¨¶²¶¹#Ä%À%¿�P%ÏQPÆÄ]¼lª·%ªÃÀOÏ4õ�® ÇL¾`²«¿`ªÀ%¹#ªÀ�¼l¨¶À%¹�¹#¨¶ª'�;Â8êlª±U¯�ª�¸4½`¾`À]¹#ªÀ%ªÃÀ]ª¨¶À�óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬;¯�¬{º^¨¶À%¨«ª¬�¯ÈËSÄ#¬{¹%ª�¸º^Ä#ÇL¿^ª²¶¨«¼l¯{ªÃ¯N»
! Ï©îd¾^À%¨«¯{¾`¬Nº^Ä%¼l¿`ª¼lµ&·»º^²°¯�ªÃ¯
ÝZÏ©îd¾^À%¨«¯{¾`¬>ª¨«À%¿`ªÃ¼{µ&·»º^²°¯�ªb¯
I Ï~óvº�Î�ªªÃ®Wº^¼lµ&·%¨¶À#ª
P%Ï~Å2Ò#¬{¾`¼lµ&·%¬�º^À#±
ÛZÏ©ÊZªÃ¨«ÇLªÃÀ%¼{Ñ£ªÀ%¹#ª¬
R#Ï©å;ª¼l¨¶µ&·U¯SÇL¬{¾`ÀU¯&º�²
J Ï©å;ª¼l¨¶µ&·U¯~¨¶®�ÓJ¬l¾�K»²
M Ï��}Â£ª¬{±�Ì`¬{Ñ£ª¬SªÃ¨¶À%ªÃ¬SÓDª¬l¼{¾`À
O ÏS¿`ªÃ¼�º^®z®¦¯{ª¬Só©Ì^¬{Ñ£ª¬Nª¨«À%ª¬~Óôª¬{¼l¾`À

P8Ý
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_a½3��½ùø|À �`ç#à�
�� À ¤ Â ¢����.�Uá ÁjÀ  { &¢�¤�¥ é À � z À ��� 4 ày  À à�¢�á é À ¤
&Qà 4 À �8àþédà ÁjÀ ¤

õ�À�¹%¨«ª¼lª® óvº^Ñ%¨«¯{ª²NËS¨¶¬l¹�¹»º�¼zöãªÃ¬lÇKº^·%¬lªÀ�ÆÃÄ%® òD¬{º^¨¶À%¨«ª¬lªÀp¹%ª¬Wóv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀO¸ãº^Ä%¼\¹%ªÀ#ªÀ¹%¨«ªWî�ª¬{±8®\º^²¶ª�¹%ªÃ¬¦óvº^®zª¬{º^¹»º�¯{ªÀ)Â�ªÃ¬{ªÃµ&·%À%ªÃ¯¦Ë2ªÃ¬{¹%ªÃÀO¸ô½^¾`¬{¿^ª¼l¯{ª²«²«¯þÏ×ÐCº^Â�ªÃ¨ã¼{ª¨�¨¶® ÇL¾`²¶¿`ªÃÀ%¹%ªÃÀÆÃËS¨«¼{µ&·%ªÃÀm¹%ª® ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬
H
¸£¹#ª¬C¹#¨¶ª�Óô¾`¼{¨°¯�¨«¾`Àd¹#ª¼;ÖS¾`Â£¾^¯�ªÃ¬{¼~¼{µ&·»³�¯{ÆÃ¯¸�Ä%À%¹ï¹%ªÀmó;²¶º^¼{¼l¨�K#ä±éº�¯�¾^¬{ªÀ

H ′
ÆÃÄ%¬~âã¬l±^ªÃÀ%À8Ä%À%¿W¹#ª¬��}Â:êlª±U¯�ª�º^Ä%¼S¹%ªÃÀïóvº^®zª¬{º^¹»º�¯{ªÀ�Ä%ÀU¯�ªÃ¬{¼lµ&·%¨¶ªÃ¹%ªÀOÏ

âJ¨¶À î�ª¬{±8®\º^²
f v(v)

²¶¨¶ªbÇLª¬�¯¦¹%¨«ª\Á©À%Æþº�·%²2ªÃ¬{±éº^À%ÀU¯�ªÃ¬ß�}Â:êlª±U¯{ªtª¨«À%ª¼�òãì:Ñ%¼�º^Ä%¼¦º^²¶²«ªÀÉÅ2¨¶²«¹%ª¬lÀ
vi, i = 0, . . . ,M−1

ÏéÁCÀ%·»º�À%¹�¹%ª¬DÁCÀ%Æº^·%²:¹%ª¬ÙêlªÃË?ª¨¶²«¨¶¿`ªÃÀC�}Â:êlªÃ±U¯�ª^¸^±�º�À%À�¹%ªÃ¬Tó;²´º^¼l¼{¨LK»±éº�¯�¾`¬
Hº^Ä#Ç£ªÃ¨¶À%ª>Â£ª¼�¯�¨«®\®¦¯{ª2ó;²¶º^¼{¼lªNº^Ä%¼ Y ¼{µ&·#²¶¨¶ªÃÍ`ªÀ�Ï`Ú4Ò%¬»êlª¹%ªÃ¼��;Â8êlª±U¯JËS¨¶¬l¹�¹»º^·%ªÃ¬Jª¨«À�ó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬

H ′
Â�ªÃÀ%Ì^¯{¨¶¿^¯Ï@ñ©®hªÃ¨¶À%ªÃÀÉ¬{¾^Â%Ä%¼l¯{ªÀ]ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬

H
ÆÃÄ%¬�óv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`Àq¹%ªÃ¬¦ñ~®\¿^ªÂ%Ä%À#¿d¹%ªÃ¼ÖS¾`Â�¾�¯�ª¬l¼tÆÄ ªÃ¬{·»º�²«¯�ªÃÀO¸2¼l¨¶À%¹ ¿^Ä#¯�ªmó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ
H ′

ÆÃÄ%¬Å�}Â:êlª±U¯{ª¬{±�ªÀ%À8Ä%À#¿�À%Ì^¯{¨¶¿%Ï�"�Ä%®òô¬�º^¨«À%¨¶ªÃ¬{ªÀz¹%¨«ª¼{ªÃ¬2ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀ
H ′

·»º^Â£ªÀzËS¨¶¬�¹%ªÀ\½`¾`¬lÑ%¬{¾`¿^¬�º^®z®\¨«ª¬�¯�ªÀ�Á©²¶¿`¾`¬l¨«¯{·%®�Ä%¼T½^¾`Ài@¨¶ªÃÀ%·»º^¬�¯;ÜÍÌ%Ç�ãLüqÎ Ý^Þ^Þ ISÏ º^Ä%¼ô¹%ª¬ú�}Ñ�ªÃÀ�ë2¾`®zÑ%Ä#¯�ªÃ¬ôöC¨¶¼l¨¶¾`À3i@¨¶Â%¬{º^¬lì®Î��}Ñ�ªÃÀÙë?ö�¸^Ý^Þ`Þ !BÏ ½^ª¬�Ë2ªÃÀ%¹%ªÃ¯Ï
�}Ñ�ªÃÀÙë?ö ¨«¼l¯�ªÃ¨¶À%ª��}Ñ�ªÃÀZä�ÊZ¾^Ä%¬{µÃªyÅ2¨¶Â#²¶¨¶¾�¯�·%ªÃ±£¸×¹%¨«ª\½:¨¶ªÃ²¶ª\Ú»Ä%À%±U¯�¨«¾`À%ªÀ�ÇLÒ%¬�¹%ªÃÀ Å2ª¬lª¨¶µ&·]ë2¾`®�äÑ%Ä#¯{ª¬l¼{ª·#ªÀïÂ£ª¬lª¨°¯�¼l¯{ª²«²«¯þÏ#Ð}º^¼©ÊZ¾^Ç�¯�Ë2º^¬lªÑ»º^±�ªÃ¯©ËSÄ%¬{¹%ª;½^¾`Àdõ�ÀU¯{ª²@ÇLÒ%¬(i@¨¶À8ÄZÕtÄ%À%¹�ç ¨¶À%¹%¾jËS¼��vÊªÀU¯�ËS¨«µ&±^ª²°¯CÄ#À%¹d¨«® Ü`º^·#¬CÝ�Þ`Þ ! ½`ªÃ¬{Ì^Î�ªÀU¯�²«¨¶µ&·U¯þÏÙÐ©¨¶ªv®\ªÃ¨¶¼�¯�ªÀdÚ»Ä%À%±U¯�¨«¾`À%ªÃÀ�ËSÄ#¬{¹%ªÃÀdÇLÒ%¬~ÓJ¬{¾`ÆÃª¼æä¼{¾^¬{ªÀ�¹%ªÃ¬~õ�ÀU¯{ª²°äHÁC¬lµ&·%¨«¯{ª±U¯�Ä%¬S¾`ÑZ¯�¨¶®z¨¶ªÃ¬l¯2Ä%À%¹�¹%¨¶¬lª±U¯~º^Ä#Ç4ÁC¼{¼lª®�Â#²¶ª¬æäæâJÂ£ªÀ%ªvÑ%¬l¾`¿`¬�º�®\®z¨¶ªÃ¬l¯þÏ
õ�À�¹%¨«ª¼lª¬Å�}Ñ£ªÀÙë?ö Å?¨¶Â%²«¨¶¾^¯{·%ª±�¨«¼l¯Wª¨¶À.òD¬{º^¨¶À#¨¶À%¿`¼æä¦ËS¨«ª�º^Ä#µ&·�ª¨«À âJ¬{±^ªÃÀ%À8Ä%À%¿`¼{º^²¶¿^¾`¬{¨°¯�·%®�Ä#¼ÇLÒ%¬(�}Â:êlªÃ±U¯�ªv¨¶À�óvº^®zª¬{º^Â%¨¶²«¹%ª¬lÀWªÃÀ8¯{·»º^²°¯�ªÀ�Ï»âJ¬>ËSÄ%¬{¹%ª}½^¾`À\i×¨«ªÀ%·%º^¬l¯]ÜÍÌ?Ç�ãLü=Î Ý^Þ`Þ ISÏ ªÀU¯�ËS¨«µ&±^ª²°¯Ä%À%¹WÂ»º^¼{¨«ª¬�¯>º^ÄZÇ@¹%ª¬?õ�¹%ªª~½`¾`ÀtöC¨¶¾`²¶º;Ä%À%¹�Ü^¾`À#ª¼.Î Ý^Þ`Þ !UÏ Ï�"�Ä%®èòô¬�º�¨¶À%¨«ª¬{ªÃÀW¹%ªÃ¬>ó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀ
H ′

ËS¨«¬{¹ ª¨«À�Å2¾Z¾^¼l¯�¨«À%¿�Á©²¶¿`¾`¬l¨«¯{·%®�Ä%¼z½`ª¬�Ë2ªÃÀ%¹%ªb¯þ¸SË2¾`Â£ª¨;ÆbËS¨¶¼lµ&·%ªÀ ½`ªÃ¬{¼{µ&·#¨¶ª¹#ªÀ%ªÃÀFö�º^¬{¨¶º^ÀZä¯�ªÃÀq¿`ªÃË2³^·%²°¯;Ë2ªÃ¬{¹%ªÃÀÉ±éº^À%ÀOÏ�õ�À ÎQi@¨¶ªÀ#·»º^¬l¯lÜÍÌcÇ�ãLü¶¸@Ý^Þ`Þ ISÏ ËS¨¶¬l¹)¿^ªÆªÃ¨¶¿^¯¸O¹»º^¼l¼v®\¨°¯}¹%ªÃ® åvªÃÀU¯�²¶ªÁN¹»º`Å?¾Z¾`¼�¯v¹%¨¶ª�Â£ª¼�¯�ªÃÀÉâJ¬{¿^ªÂ%À%¨«¼{¼lªzÆÃÄ%¬�åvªÃ¼{¨«µ&·8¯{¼{ªÃ¬{±^ªÃÀ%À8Ä%À%¿�ªÃ¬{ÆÃ¨¶ª²°¯}Ë?ª¬{¹#ªÀO¸@Ë?¾`Â�ªÃ¨ãº^Ä%µ&·)ª¨«ÀÐC¨«¼{±8¬{ªb¯�ª¬~Ä%À%¹dª¨«ÀïÖSªþº^²@ÁN¹%º`Å2¾:¾`¼l¯~ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼2½^ª¬lÇLÒ#¿`Â»º^¬~¼{¨«À%¹OÏÙÐC¨«ª¼{ªÈ¼{¨«À%¹�º�²¶²¶ªÃ¼>¼{Ñ£ªÆÃ¨¶ªÃ²¶²¶ªöãª¬l¼{¨«¾`À%ªÀ ¹%ªÃ¼\ÁN¹%º`Å2¾:¾`¼l¯�Á©²¶¿`¾`¬l¨«¯{·%®�Ä%¼Ã¸ô½^ª¬lÇKº�·%¬{ªÃÀ�º^Â£ª¬�À»º�µ&·p¹#ª®
¿`²«ª¨«µ&·%ªÀpÓJ¬{¨«À%Æ¨«ÑO¸4ËS¨¶ªª¼;¨«Àmóvº^Ñ%¨°¯�ª² I Ï Ýz½`¾`¬l¿`ª¼�¯�ªÃ²¶²«¯CËS¨¶¬{¹�Ï�õ�À#ÇL¾^¬{®\º�¯�¨«¾`À%ªÀïÆÄq¹%ªÀmªÃ¨¶À%ÆÃª²«À%ªÀmÁ©²¶¿`¾`¬l¨«¯{·%®\ªÃÀï¼l¨¶À%¹m¨«À¹%ªÃ¬2ÁC¬lÂ�ªÃ¨«¯ã½`¾^ÀyÚ»¬{¨¶ªÃ¹%®\º^À�ÜÍÌ^Ç�ãLü Î !�O`O`M Ï ÆÃÄlK»À#¹%ªÀOÏ#ÐC¨¶ª~¼{µ&·UË2º^µ&·%ªÃÀdó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀWº^²«²»¹%¨¶ªÃ¼{ªÃ¬ÁC²«¿`¾`¬l¨«¯�·#®\ªÃÀWË2ªÃ¬{¹%ªÃÀ�êlªbË2ªÃ¨¶²¶¼SÀ»º�µ&·�å;²¶ªÃ¨¶µ&·8Ä%À%¿ Ô I Ï !`! Ø>º�Ä%¼~óÈº�Ñ%¨«¯{ª² I ÏQP�Â�ªÃ¬{ªÃµ&·%À%ªÃ¯Ï
ÁC²«¼SîdªÃ¬{±8®Wº�²¶ª}ÆÃÄ%¬(�}Â:êlª±U¯{ª¬{±�ªÀ%À8Ä%À#¿yº^Ä%¼NÅ?¨¶²¶¹#ª¬{À\Ë2ªÃ¬{¹%ªÃÀï§©º`º^¬�äHòD¬{º^À%¼�ÇL¾`¬{®\º�¯�¨«¾`À%¼?³^·%À%²«¨¶µ&·%ªîdªÃ¬{±8®Wº�²¶ª H ½^ª¬lË?ªÀ#¹%ªÃ¯Ï>ÐC¨«ª¼{ª�Â£ª¼l¯{ª·%ªÃÀ º^Ä%¼�¹%ªÃ¬tÊ:Ä%®\®zªt½`¾^À�ÓJ¨°ÕZª²°Ë2ªÃ¬l¯{ªÀ�Â£ª¼�¯�¨«®\®¦¯{ª¬Å2¨«²¶¹%Â£ª¬lª¨¶µ&·#ª©Ä%À#¹y¹%¨¶ªCåv¬lÄ%À%¹#¯�ì:Ñ£ªÀy¼l¨¶À%¹t¨«ÀWÁ©Â%Â%¨¶²«¹%Ä%À%¿3P%Ï Û Ô ºUØãÆÄt¼lª·%ªÃÀOÏ»Ð}º�Â�ªÃ¨�ªÃ¬{·»º^²°¯�ªÃÀt¹%¨¶ª

P I
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ÔhÕ�Ö
v0

Ô¹×ØÖ
v1

ÔhÙÓÖ
v2

Ô¹ÚØÖ
v3

ÔÜÛÝÖ
v4

Ô+Þ�Ö
v5

ÔÜßZÖ
v6

Ô¹àØÖ
v7

ÁCÂ#Â%¨¶²«¹%Ä%À%¿�P%ÏQP%ÏL»ÙÐCªÃ¯{ª±U¯�¨«¾`Àï¹#ª¼:�}Â:êlªÃ±U¯�ª¼ � îd¾^À%¨«¯{¾`¬~º^Ä%¼{¿^ª¼{µ&·%º^²«¯{ªÃ¯µ��¨«Àd¹#ª¬©Å2ª¾`Â%º^µ&·U¯�Ä%À%¿ Eº^Ä%¼ôÁCÂ%Â#¨¶²¶¹#Ä%À%¿;P%Ï ! Ï�ÐCº^¼4âJ¬l¿`ªÂ%À#¨¶¼4¹#¨¶ª¼lª¼4îdª¬l±8®Wº^²«¼ôÇLÒ#¬D¹%¨«ª¼lª2Å2ªÃ¾`Â»º^µ&·U¯{Ä%À%¿Ë>³�¬{ªv¹»º^®z¨«¯
f v(v) = 10

Ï

P`P



a8�+�v�Cø���Ò5ÔØÖD!�ÒÍ�¨�%Ò� �Ò;�^ÒDÙN�������_ ��G¡Z×��¨Ò8~���Ò3i[#'ÖS�Ø�cÖq �Ù.×����%f]ÖØ#Å�¨Ò�Öv×8ÖG���¨�

Ô¹Õ�Ö	úûÛ2ê�éZå,ÕdóöÛ H Ô¹×ØÖ	üÛ2ábè"ýHáðÛ2ó
xn

ÁCÂ#Â%¨¶²«¹%Ä%À%¿�P%Ï ÛZÏL»6P%Ï Û Ô ºUØ0»%ÐC¨«ªÈåv¬lÄ%À%¹#¯�ì:Ñ£ªÀ�¹%ªÃ¬Cî�ª¬{±8®\º^²¶ª H ÆÃÄ%¬SâJ¬{ÆªÃÄ%¿`Ä%À#¿\¹%ªÃ¬N¼{µ&·UË2º^µ&·%ªÀó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬lªÀ�¹%ª¼~ÁC²«¿`¾`¬{¨°¯�·%®¦Ä%¼>½`¾`À�i×¨«ªÀ%·%º^¬l¯�ÜÍÌ(Ç�ãLüjÎ Ý^Þ^Þ ISÏ Ï£ÐC¨¶ª¦ÊZÄ%®z®\ª¹%ª¬>Óã¨MÕZª²Oº�Ä%¼>¹%ªÃÀy¼{µ&·UË>º�¬{ÆªÃÀïÅ?ª¬{ªÃ¨¶µ&·%ªÃÀyËS¨¶¬{¹\½`¾`Ày¹%ªÃ¬SÊZÄ%®z®zªC¹%ªÃ¬2Ë2ªÃ¨¶Í`ªÃÀÅ2ª¬lª¨«µ&·%ª}º^Â#¿`ªÆÃ¾`¿`ªÀ�ÏGP%Ï Û Ô Â»ØÍ»:ÓD¾`¼l¨«¯{¨«½`ªÃ¼NÅ2ªÃ¨¶¼{Ñ#¨¶ª²ÙªÃ¨¶À%ªÃ¼Nîd¾`À#¨«¯�¾^¬{¼ã½`¾`À�ÝSPéÕ»ÝgPÓJ¨°ÕZª²@Ä%À#¹d¹»º�¬�º^Ä#Ç4º^À%¿^ªÃË2º^À%¹#¯{ª�îdªÃ¬{±8®\º^²¶ª�Ï

Å2¨«²¶¹%Ñ%Ä#À%±U¯�ªJ¨¶À;¹#ªÀÈ¼{µ&·UË>º�¬{ÆªÃÀ�Å2ªÃ¬{ª¨«µ&·%ªÀ�ª¨«À%ªJÀ%ª¿`º�¯�¨°½`ª�å;ªÃËS¨¶µ&·U¯{Ä%À%¿%Ï0ÐCªÃ¬@çÉªÃ¬l¯×ª¨«À%ª¼×¼l¾`²¶µ&·%ªÃÀîdªÃ¬{±8®Wº�²¶¼ã±éº^À%Àz®\¨°¯�§©¨¶²°ÇLª>ª¨«À%ª¼�õ�ÀU¯�ªÃ¿`¬�º^²«Â%¨¶²«¹%ª¼
II
¨¶Àz±8Ò%¬{ÆÃª¼l¯{ª¬~"�ª¨«¯ãÂ£ª¬lªµ&·%À#ªÃ¯2Ë?ª¬l¹%ªÀ�Ï#ÐCªÃ¬ç�ª¬l¯vªÃ¨¶À%ªÃ¼}õ�ÀU¯�ªÃ¿`¬�º^²«Â%¨¶²«¹%ª¼}º^ÀqÓD¾`¼l¨«¯{¨¶¾`À

(x, y)
Â£ª¼l¯{ª·U¯�º^Ä%¼}¹#ª¬ÈÊZÄ%®z®zª�¹%ª¬Èå;¬�º�Ä8Ë?ª¬�¯�ª�¹%ªÃ¬ÓJ¨°ÕZª²Oº^Ä%¼N¹%ªÃ® Å2ª¬lª¨«µ&·O¸%¹%ªÃ¬~¼l¨¶µ&·y½`¾^À�¹#ª¬N²¶¨«À%±^ªÃÀ�¾`Â�ªÃ¬{ªÃÀdâJµ&±�ª

(0, 0)
Â%¨¶¼2ÆÄ%¬~ÓD¾^¼{¨«¯{¨¶¾`À

(x, y)ª¬l¼l¯{¬{ªµ&±U¯¸�¼l¨¶ª·#ªÈ¹%º^ÆÄ�ÁCÂ#Â%¨¶²«¹%Ä%À%¿ßP%Ï�R Ô º`ØbÏ»ÐCªÃ¬NçÉªÃ¬l¯
II(x, y)

Â£ª¬lªµ&·%À%ªb¯}¼l¨¶µ&·�¼{¾`®z¨«¯>¹%Ä%¬{µ&·
II(x, y) =

∑

x′≤x,y′≤y
I(x′, y′),

Ë?¾`Â�ªÃ¨
I(x′, y′)

¹%ªÃ®�å;¬�º^ÄUË?ª¬�¯v¹%ª¼vÓJ¨°ÕZªÃ²¶¼
(x′, y′)

º�Ä%¼}¹%ªÃ®�Å2¨«²¶¹
I
ªÃÀ8¯{¼{Ñ%¬l¨¶µ&·U¯þÏ×ÐCº^¼vâJ¬{¼l¯{ª²Mä²¶ªÃÀ�ªÃ¨¶À%ªÃ¼�¼l¾`²¶µ&·#ªÀÉõ�ÀU¯{ª¿`¬{º^²¶Â%¨«²¶¹%ªÃ¼v¨¶¼l¯È¨«À�ªÃ¨¶À%ªÃ®hÐCÄ%¬lµ&·%²´º^ÄZÇN®\Ì^¿`²¶¨«µ&·OÏ×Ü^ª¹#ª¼�î�ª¬{±8®\º^²ãº^Ä%¼ H±éº^À%À�¹»º^®z¨«¯Nº^Ä%¼>Ë?ªÀ%¨«¿`ªÀ�çÉªÃ¬l¯{ªÀ�¹%ª¼Sõ�ÀU¯�ªÃ¿`¬�º^²«Â%¨¶²«¹%ª¼2Â�ªÃ¬{ªµ&·#À%ªÃ¯~Ë2ªÃ¬{¹%ªÃÀO¸Ù¼{¨«ª·%ªv¹»º^ÆÃÄ�ÁCÂ%Â%¨«²°ä¹%Ä%À#¿�P#Ï�R Ô ÂÙØbÏDõ�¼l¯�Â£ª¨«¼{Ñ%¨«ª²«Ë?ª¨«¼{ªt¹#¨¶ª�ÊZÄ#®\®zªt¹%ªÃ¬�ÓJ¨°ÕZª²°Ë2ªÃ¬l¯�ª�º�Ä%¼�¹%ª® Å2ª¬lª¨«µ&·

D
¿`ªÃ¼{Ä%µ&·U¯¸¹%ªÃ¬C¼{¨«µ&·�¹%Ä%¬lµ&·�¹%¨«ª�ÓJÄ%À%±U¯�ª

1, 2, 3,
Ä%À%¹

4
ª¬l¿`¨¶ÂZ¯þ¸Ù¼{¾t±éº^À#Àï¹%¨«ª¼{ªÃ¬C¹%Ä#¬{µ&·m¹%¨«ªÈ½:¨¶ªÃ¬~ç�ª¬�¯�ª�¹%ª¼õ�ÀU¯�ªÃ¿`¬�º^²«Â%¨¶²«¹%ª¼2®\¨°¯

D = II(4) + II(1)− II(2)− II(3)Â£ª¬{ªÃµ&·%À%ªb¯©Ë?ª¬l¹%ªÀOÏ
ÐCÄ%¬lµ&·�½`ªÃ¬{¼{µ&·#¨¶ª¹#ªÀ%ª)å;¬{Ì`Í^ªÀ�Ä#À%¹ ÓD¾^¼{¨«¯{¨¶¾`À#ªÀ�¹#ª¬yî�ª¬{±8®\º^²¶ª H ¸ã±éº^À%À�ªÃ¨¶À%ª�ö}¨«ª²¶Æº^·%²SÄ%ÀZä¯�ªÃ¬{¼lµ&·%¨¶ªÃ¹%²¶¨«µ&·%ª¬ÈîdªÃ¬{±8®\º^²¶ª�ªÃ¬{ÆÃªÄ%¿^¯;Ë?ª¬l¹%ªÀ�Ïj"�Ä%®�Å2ªÃ¨¶¼lÑ%¨¶ªÃ²4±^Ì^À%À%ªÀ)¨¶À#¼{¿`ªÃ¼�º^®¦¯ !`!eJ Ï O P ! ½^ª¬æä¼{µ&·#¨¶ª¹#ªÀ%ª�îdª¬l±:®\º^²«ª;¨¶À�ª¨¶À#ª® Å2¨«²¶¹%Â£ª¬lª¨«µ&·�½^¾`Àï²«ª¹%¨«¿`²¶¨«µ&·�ÝSP�Õ%ÝSP\ÓJ¨°ÕZª²@±�¾`À%¼�¯�¬{Ä#¨¶ª¬�¯©Ë?ª¬l¹%ªÀ�ÏÐC¨«ª¼ãªÀU¯�¼lÑ%¬{¨«µ&·U¯2ªb¯�Ë>ºv¹%ª®"Ý�Þ`ÞéäHÇKº�µ&·%ªÀ�¹%ªÃ¬�Á©À%Æþº�·%²»¹%ª¬�ÓJ¨°ÕZªÃ²»¨¶À�¹%¨¶ªÃ¼{ªÃ®èÅ2ª¬lª¨«µ&·OÏ8ñ©®�¹%º^¬�º^Ä#¼¹%ªÃÀ%À%¾:µ&·]ª¨¶À#ªÀÉ¬l¾`Â%Ä%¼�¯�ªÃÀ óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬;ÆÄÉ±^¾`À%¼�¯�¬lÄ%¨¶ªÃ¬{ªÀ�¸DË?ª¬{¹#ªÀ]®z¨«¯�§©¨«²«ÇLª�¹%ª¼�ÁN¹»º`Å2¾:¾`¼�¯

PUÛ
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(x, y)

Ô¹ÕZÖ

(x, y)

Ð
! Ý

I P

Ô¹×ØÖ
ÁCÂ#Â%¨¶²«¹%Ä%À%¿�P%Ï�R#ÏL»6P%Ï�R Ô ºUØ0»8ÐCª¬ãç�ª¬l¯�¹%ªÃ¼2õ�ÀU¯�ªÃ¿`¬�º�²¶Â%¨«²¶¹%ªÃ¼

II
º^ÀtÓô¾`¼{¨°¯�¨«¾`À

(x, y)
Â£ª¼l¯{ª·U¯Nº�Ä%¼?¹#ª¬ÊZÄ%®z®\ª2º^²¶²«ª¬DÓJ¨°ÕZª²#º^Ä%¼T¹%ªÃ® Å?ª¬{ªÃ¨¶µ&·�½`¾^À

(x, y)
Â#¨¶¼TÆÃÄ%¬T²¶¨«À%±^ªÃÀ�¾`Â£ª¬lªÀ�âJµ&±^ª

(0, 0)
ÏúP%Ï�R Ô ÂÙØ�âJ¨¶À�îdªÃ¬{±8®Wº�²N±�º�À%À.®z¨«¯z§~¨¶²°ÇLªtª¨«À%ª¼zõ�ÀU¯�ª¿^¬�º^²«Â%¨¶²«¹%ª¼�¼lµ&·%À%ªÃ²¶²º^Ä%¼2Ë?ªÀ#¨¶¿`ªÃÀtçÉªÃ¬l¯�ªÃÀyÂ�ªÃ¬{ªÃµ&·%À%ªÃ¯SË?ª¬l¹%ªÀOÏ»ÊZª¨

D
¹%¨¶ª}ÊZÄ%®z®\ª©¹%ª¼>¿^ª¼{Ä#µ&·8¯{ªÀÅ2¨¶²«¹%Â£ª¬{ªÃ¨¶µ&·%¼Ã¸%¼{¾�ªÃ¬{¿`¨«Â#¯S¼{¨«µ&·

D = II(4) + II(1)− II(2)− II(3)
Ï

ÁC²«¿`¾`¬l¨«¯�·#®�Ä%¼J¹%¨«ª~Â£ª¼�¯�ªÃÀt¼{µ&·UË2º^µ&·%ªÀ�ó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀ�Â£ª¼�¯�¨¶®z®¦¯�Ä%À%¹\ÆÄ\ª¨¶À#ª®è¼l¯�º^¬{±�ªÀyó;²¶º^¼�ä¼{¨LK»±éº�¯�¾^¬
H ′

±^¾`®¦Â%¨¶À%¨«ª¬�¯þÏ
"�Ä%® òô¬�º^¨«À%¨¶ªÃ¬{ªÃÀd¹%¨«ª¼lª¼C¼�¯&º^¬l±^ªÃÀqóv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{ªÃÀyËS¨¶¬{¹dª¨«À%ª�î�ªÀ%¿`ªÈ½`¾`ÀïòD¬{º^¨¶À%¨«À%¿`¼lÂ�ªÃ¨¶¼{Ñ#¨¶ª²«ªÀ
(xn, yn), n = 1, . . . , N

Â£ªÀ#Ì^¯�¨«¿^¯þÏ:Ð}º^Â£ª¨£ªÀU¯{¼{Ñ%¬l¨¶µ&·U¯Dêlª¹#ª¼
xn
ª¨¶À#ª®"Å2ª¨«¼{Ñ%¨«ª²£º^Ä%¼?¹%ª®"Ö~º^Ä%®

X º�²¶²¶ªÃ¬�®zÌ`¿`²¶¨«µ&·%ªÀ Å?¨¶²¶¹#ª¬�Ä%À#¹
yn
ª¨¶À#ª¬�ó;²´º^¼l¼{ª�º^Ä%¼ Y ÏJÐCºqËS¨«¬�À:Ä#¬zÂ#¨¶À»³^¬lª�óv²¶º^¼{¼l¨�K»±éº�¯{¾�ä¬{ªÃÀ�¯{¬�º^¨«À%¨¶ªÃ¬{ªÀ�¸@¼{ªÃ¯{ÆªÃÀÉËS¨¶¬ Y = (−1,+1)

¸@ªÀU¯{¼{Ñ%¬lªµ&·%ªÃÀ%¹ ª¨¶À#ª®�À%ªÃ¿Uº�¯{¨«½`ªÃÀÉ¾:¹%ª¬ÈÑ£¾`¼{¨°¯�¨«½^ªÀÅ2ªÃ¨¶¼{Ñ#¨¶ª²�Ï4õ�À ¹%ªÃ¬�Ö~ªÃ¿`ª²>Â£ª¼�¯�ªÃ·%ªÀp¹%¨¶ªÃ¼{ª�º^Ä#¼�ª¨¶À#ª® ±8²«ª¨¶À#ªÀpÅ2¨¶²«¹ÉË?ªÀ%¨«¿`ª¬�ÓJ¨°ÕZªÃ²�¸4ÆÃÄ%®
Å?ª¨°ä¼{Ñ#¨¶ª²@¹#ª¬©îd¾`À%¨°¯�¾`¬N¹#ª¬©åv¬lÌ`Í`ªÈÝSPéÕ»ÝgPWÓJ¨°ÕZªÃ²×º^Ä%¼SÁCÂ%Â#¨¶²¶¹#Ä%À%¿ßP%Ï Û Ô ÂÙØfÏ%õ�À�¹%¨¶ªÃ¼{ª®$Å?¨¶²¶¹y¨«¼l¯S¹»º�À%ÀªÀU¯{¼{Ñ%¬lªµ&·%ªÃÀ%¹
yn
ªÃÀ8¯�Ë?ª¹#ª¬CªÃ¨¶ÀdÅ2ª¨«¼{Ñ%¨«ª²OªÃ¨¶À%ªÃ¼©ÆÃÄd±8²¶º^¼{¼l¨�K»ÆÃ¨¶ª¬lªÀ%¹#ªÀ��}Â:êlªÃ±U¯�¼~ªÀU¯�·»º�²«¯�ªÃÀï¾:¹%ª¬±^ªÃ¨¶À%ªÃ¼Ï£ÐCªÃ¬~ÁN¹%º`Å2¾:¾`¼l¯N½^ª¬{¼lÄ%µ&·U¯}¹»º�À%À�¹%¨¶ª;Â£ª¼�¯�ªvòDªÃ¨¶²«®\ªÃÀ%¿`ª}¹%ªÃ¬S¼{µ&·UË>º�µ&·%ªÀqó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀº^Ä%¼lÆÄUË2³^·%²¶ªÃÀO¸T¹%¨«ªtº^²«²¶ª�òô¬�º^¨«À%¨¶À%¿^¼{Â£ª¨¶¼lÑ%¨¶ªÃ²¶ª�Â£ª¼l¯{®\Ì^¿`²¶¨«µ&·%¼l¯�±8²´º^¼l¼{¨�K%Æ¨¶ªÃ¬l¯Ï4ÐC¨«ªyå;¬{Ä%À#¹%¨¶¹%ªÃªW¹%ªÃ¼ÁN¹»º`Å?¾Z¾`¼�¯Söãª¬lÇKº�·%¬{ªÃÀd¨«¼l¯S¨¶À�óvº^ÑZ¯�¨«¯{ª² I Ï6Ý�Â£ª¬{ªÃ¨«¯{¼S½^¾`¬{¿^ª¼l¯{ª²«²«¯NË?¾`¬{¹%ªÃÀOÏ

ÐCªÃ¬>¯�¬�º�¨¶À%¨«ª¬l¯{ª}ó;²´º�¼{¼{¨LK»±éº�¯�¾^¬
H ′

¨«¼l¯2¹»º^À»º^µ&·�¨«Ày¹%ª¬(i×º^¿`ª�¸6�}Â:êlªÃ±8¯{ªv¨¶ÀtªÃ¨¶À%ªÃ®�Å2¨«²¶¹W¹#ª¬~å;¬{Ì`Í`ª¹%ªÃ¬¦¯�¬{º^¨¶À%¨«ª¬�¯�ªÀÉîïº^¼l±^ª�¸TÆÄ%® Å2ªÃ¨¶¼{Ñ#¨¶ª²2ÝSP�Õ%ÝSPïÓJ¨°ÕZª²�¸DÆÃÄ�ª¬l±^ªÀ#À%ªÀOÏãÐCºï¹%¨¶ªtåv¬lÌ`Í`ª�½`¾`À#�}ÂZäêlª±U¯{ªÀt¨«ÀWòôª¼l¯{Â%¨¶²«¹%ª¬lÀvêlªÃ¹%¾Zµ&·WÀ%¾`¬{®\º^²«ª¬lË?ª¨«¼{ª~À%¨¶µ&·U¯2¹%¨¶ªÃ¼{ª¬�ÁCÄq�»Ì`¼{Ä#À%¿�ªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ�¸#ËS¨¶¬l¹W¹%ªÃ¬ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬�®zª·%¬l®Wº�²¶¼�ÇLÒ%¬\½^ª¬l¼{µ&·%¨«ª¹%ªÃÀ%ª�ÊZ±éº^²¶¨«ª¬{Ä#À%¿`ªÀ�º^À%¿`ªbË>º�À%¹#¯þÏ2Ð}º^ÆÃÄ�ËS¨¶¬l¹�ª¨«À�ªÀU¯�ä¼{Ñ#¬{ªµ&·#ªÀ%¹%ªÃ¬~Å2¨¶²«¹»º^Ä%¼l¼{µ&·%À%¨°¯{¯>º^Ä#Ç×¹%¨«ª;å;¬{Ì`Í`ª©¹%ª¼>óv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{¼�¼{±éº^²«¨¶ªÃ¬l¯þÏ:Ð}º�¨«ÀW¹%¨«ª¼lª¬>Á©¬{Â£ª¨«¯óvº^®zª¬�º�Â%¨¶²«¹%ª¬T®z¨«¯ãªÃ¨¶À%ªÃ¬ãÁCÄG�»Ì^¼{Ä%À%¿È½`¾`À I Ý^ÞéÕ%ÝSP`Þ�ÓJ¨°ÕZªÃ²%½`ª¬�Ë2ªÃÀ%¹%ªb¯>Ë2ªÃ¬{¹%ªÃÀO¸:¨¶¼l¯�¹%ªÃ¬2ó;²¶º^¼{¼l¨�K#ä±éº�¯�¾^¬TªÂ£ªÀ%¼l¾¦º�²¶¼ãîïº�¼{±^ª~Ò%Â£ª¬J¹»º�¼J¿`ª¼{º^®¦¯�ªSÅ?¨¶²¶¹¦ÆÄ�ÇLÒ%·%¬lªÀOÏ8âJ¨¶À#ªSÖ~¾`ÄZ¯�¨¶À#ª>ÆÄ%¬ãó;²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À
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Ê:¯{Ä#ÇLª
1

Ý I Ê
hhhh

1− f1− f1− f1− f

hS

fS
. . .

ÁCÂ#Â%¨¶²«¹%Ä%À%¿�P%Ï J ÏL»Ùóvº^¼{±éº^¹%ª~½`¾`À
S
Ê:¯�Ä#ÇLªÃÀtÆÄ#¬>Å2ªÃ¼{µ&·%²«ªÄ%À%¨«¿`Ä%À%¿¦¹%ª¬2óv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`Àzª¨«À%ª¼2Å2¨¶²«¹Zäº^Ä%¼l¼{µ&·%À%¨°¯{¯{¼Ï»õ�À�êlª¹#ª¬~Ê:¯{Ä#ÇLª}ËS¨¶¬l¹yª¨¶À�ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬?®z¨«¯2ª¨«À%ª¬>òô¬{ªbÎ�ªÃ¬{¬{º�¯�ª

hÄ%À%¹�ª¨«À%ª¬>ÇKº^²«¼{µ&·%ªÃ® ÓD¾^¼{¨«¯{¨«½:¬�ºé¯�ª
f
¯�¬{º^¨¶À#¨¶ª¬�¯þÏ

¹%ªÃ¬þ�}Â:êlªÃ±U¯�ªz¨¶¼l¯}ªÂ£ªÀ#ÇKº^²«²¶¼;¨«Àm¹%ª¬3�}Ñ�ªÃÀÙë?ö�Å2¨¶Â#²¶¨¶¾�¯�·%ªÃ±dªÃÀ8¯{·»º^²°¯�ªÀ)Ä%À%¹)²¶¨«ªÃÇLªÃ¬l¯;º�²¶¼vâJ¬{¿`ªÃÂ%À%¨«¼¹%¨«ª�ÁCÀ%Æº^·%²JªÃ¬{±éº^À%ÀU¯�ªÃ¬]�}Â:êlª±U¯�ª�Ä%À#¹�¨«·%¬{ª~êlªbË2ªÃ¨¶²«¨¶¿`ªþiôº�¿`ª�¨¶Àm¹%ªÃ® òôª¼�¯�Â%¨«²¶¹OÏ@Ð©Ä%¬{µ&·)¹%¨¶ª¦À%¾^¯läË?ªÀ%¹%¨«¿`ª¦ÊZ±éº^²¶¨«ª¬{Ä#À%¿\Ä#À%¹döãªÃ¬{¼{µ&·#¨¶ªÂ#Ä%À%¿t¹%ªÃ¬Có;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{®\º^¼{±�ªv±^¾`®z®¦¯~ª¼Têlª¹%¾:µ&·ïÆÃÄ�ª¨«À%ª¬ö}¨«ª²«Æþº^·%²�½`¾`ÀdÅ2¨¶²«¹»º^Ä%¼l¼{µ&·%À#¨«¯{¯{ªÀO¸#¹%¨¶ª;À»º�µ&·ïª¨«À%ª® �}Â:êlª±U¯©¹%Ä%¬{µ&·#¼{Ä%µ&·U¯CË?ª¬l¹%ªÀd®�Ò%¼l¼{ªÀ�Ï
õ�Àq¹%¨¶ªÃ¼{ªÃ¬}ÁC¬lÂ�ªÃ¨«¯;Â£ª¼�¯�ª·U¯vªÃ¨¶À%ª�óvº^®zª¬{º^Â£ª¾`Â»º�µ&·8¯{Ä%À%¿�º^Ä%¼

M
Å?¨¶²¶¹#ª¬{À�¸�¹%¨«ª�ªÂ£ªÀZÇKº^²¶²«¼}º^²«²¶ª¦ÆÃÄ¹%Ä%¬lµ&·%¼{Ä#µ&·%ªÀ�¼{¨«À%¹OÏ?Ð}º^¼t±éº^À%À�¼{¾�ÆÃª¨«¯�º^Ä#Ç�Ë?ªÀ%¹#¨¶¿�Ë?ª¬l¹%ªÀ�¸>¹»º^¼l¼t±^ªÃ¨¶À%ªïâãµ&·U¯{Æª¨°¯�Â£ª¬lªµ&·%À8Ä%À%¿®zª·%¬�®zÌ`¿`²¶¨«µ&·]¨¶¼�¯þÏJñ~®ü¹%¨¶ª�å;ª¼lµ&·8ËS¨«À%¹%¨«¿`±^ªÃ¨«¯\¹%ª¼\ó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬l¼�¹%ªÀ#À%¾Zµ&·�ªÃ¯�Ë2º^¼\ÆÃÄ�ªÃ¬{·%Ì�ä·%ªÃÀO¸%ËS¨¶¬l¹�¹#¨¶ª¼lª¬SÂ£ª¨¶®"òô¬�º^¨«À%¨¶À%¿�º�Ä%¼Sª¨¶À#ª¬N¼{¾^¿`ªÀ»º�À%ÀU¯�ªÀÿþþÇgË�á�ÇÈÆ8Ü?ÆÄ%¼{º^®z®\ªÃÀ%¿`ª¼lªÃ¯{ÆÃ¯þÏ£ÐC¨«ª¼lªóvº^¼{±éº^¹#ª¦ªÀU¯{¼{Ñ%¬l¨¶µ&·U¯;¹»º^Â£ª¨×ªÃ¨¶À%ªÃ¬}âJÀU¯�¼{µ&·#ª¨¶¹#Ä%À%¿`¼l²¶¨¶¼�¯�ª�¸�Â£ª¼l¯{ª·%ªÃÀ%¹qº^Ä%¼©®\ªÃ·%¬{ªÃ¬{ªÃÀqÊ:¯�ÄZÇLªÀO¸£¹%¨¶ªÀ»º^µ&·#ª¨¶À%º^À%¹%ªÃ¬N¹%Ä%¬{µ&·#²´º^Ä#ÇLªÃÀyË2ªÃ¬{¹%ªÃÀOÏ%ç ¨¶¬l¹t¨¶ÀyªÃ¨¶À%ªÃ¬Nóvº^¼{±éº^¹%ªCª¨¶À�Å?¨¶²¶¹%º^Ä%¼{¼lµ&·%À%¨°¯{¯Nº�²¶¼>À%ªÃ¿Uº�¯{¨«½±8²´º^¼l¼{¨LK»Æ¨«ª¬l¯¸ZËS¨«¬{¹y¹%¨«ª¼{ªÃ¬SÁCÄ%¼l¼{µ&·%À%¨°¯{¯©º^²«¼>À%ª¿`º�¯�¨°½WÆÃÄ%¬{Ò%µ&±8¿`ªbËS¨¶ªÃ¼{ªÀ�Ï£õ�®�Ú£º�²¶²¶ª~ª¨«À%ª¬NÑ£¾`¼l¨«¯�¨°½`ªÃÀó;²´º^¼l¼{¨LK»±éº�¯�¨«¾`ÀO¸UËS¨¶¬l¹yª¬Nº^Ày¹#¨¶ª}À»³�µ&·%¼l¯{ª¦Ê8¯�Ä#ÇLªCË?ª¨°¯�ªÃ¬{¿`ªÃ¿`ªÂ£ªÀOÏ*i@¨«ªÃÇLª¬lÀyº^²«²¶ª;Ê8¯�Ä#ÇLªÃÀ�ªÃ¨¶À%ªCÑ�¾`¼l¨°ä¯�¨°½`ª�ó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^ÀO¸ZËS¨«¬{¹�ÇLÒ%¬©¹#¨¶ª¼lªÀdÁCÄ%¼l¼{µ&·%À%¨°¯{¯Cª¨¶À2�}Â:êlª±U¯}º^²¶¼S¹%ªb¯�ª±U¯{¨¶ª¬�¯CÆÃÄ%¬{Ò#µ&±:¿^ª²¶¨«ªÃÇLªÃ¬l¯þÏâJ¨¶À%ªy¼l¾`²¶µ&·#ªdóvº^¼l±éº^¹%ª�¨¶¼�¯�¨¶À]ÁCÂ#Â%¨¶²«¹%Ä%À%¿XP%Ï J º^Â%¿`ªÃÂ%¨¶²«¹%ªÃ¯ÏJÜ^ª¹#ª�ªÃ¨¶À%ÆÃª²«À%ªdÊ:¯�Ä#ÇLªyÂ£ª¼�¯�ªÃ·8¯\¹»ºéäÂ£ª¨£º^Ä%¼�ª¨«À%ª®�¯{¬�º^¨«À%¨¶ªÃ¬l¯�ªÃÀzóv²¶º^¼{¼l¨�K»±éº�¯{¾`¬¸^¹%ª¬�ª¨«À%ª~½^¾`¬{·#ª¬ãÇLª¼l¯{¿`ª²«ª¿^¯{ª©òô¬{ªbÎ�ªÃ¬{¬{º�¯�ª

h
Ä%À%¹tªÃ¨¶À%ªÇKº^²«¼{µ&·%ªNÓô¾`¼{¨°¯�¨°½Z¬{º�¯�ª

f
·»º�¯Ï^Ð©ª¬4öã¾^¬l¯�ªÃ¨¶²:¿`ª¿^ªÀ8Ò%Â£ª¬TªÃ¨¶À%ªÃ¼Tª¨«À%Æ¨«¿`ªÀ�ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬{¼ôÂ�ªÃ¼l¯{ª·U¯ã¹»º^¬æä¨¶À�¸»¹»º^¼{¼~¹%¨«ªÈÇKº^²«¼{µ&·%ª�ÓD¾^¼{¨«¯{¨«½:¬�ºé¯�ªvÀ%¨¶µ&·U¯©Â�ªÃ¼{¾`À#¹%ª¬l¼C·%¾:µ&·ï¼lª¨¶Àd®�Ä%Í%ÏÙÅ?ª¨×¹%ªÀd¨¶À�¹%¨¶ªÃ¼{ªÃ¬©Á©¬{Â£ª¨«¯½`ªÃ¬lË?ªÀ%¹#ªÃ¯�ªÃÀ�ó;²´º�¼{¼{¨LK»±éº�¯�¾^¬{ªÀdËSÄ%¬{¹%ªÃÀ�ÆÃÄ%® Å2ª¨«¼{Ñ%¨«ª²4ªÃ¨¶À%ª�ÇKº^²¶¼lµ&·%ª�ÓD¾^¼{¨«¯{¨«½:¬�ºé¯�ª¦½^¾`À

f =
ÞZ¸6Û8¸ª¨«À%ª}òô¬{ªbÎ�ªÃ¬{¬�ºé¯�ª}½`¾^À

h =
Þ#¸ O`O`O Ä%À%¹

S = 20
Ê:¯{Ä#ÇLªÀ�¿`ªbË>³^·#²«¯þÏ#ÐCÄ%¬lµ&·�¹#¨¶ªCöãªÃ¬lË?ªÀ%¹%Ä#À%¿\ªÃ¨¶À%ªÃ¬¼{¾^²¶µ&·%ªÃÀ�óvº^¼{±éº^¹#ª�ªÃÀ8¯{·»³^²°¯C®\º^À�º^Â£ª¬~¹%ªÀ%À#¾Zµ&·�ªÃ¨¶À%ªÃÀd¬l¾`Â%Ä%¼�¯�ªÃÀmó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬ÃÏ%õ�À�êlªÃ¹%ª¬CÊ:¯�ÄZÇLªË?ª¬{¹#ªÀmÀ8Ä%¬

f =
Þ#¸ Ûz¹%ªÃ¬CÀ%ªÃ¿Uº�¯�¨°½`ªÃÀ�ÁCÄ%¼l¼{µ&·%À#¨«¯{¯{ª�¹%Ä%¬lµ&·%¿`ª²¶º^¼{¼lªÀO¸£Ë>º�¼}ÆÄ�ªÃ¨¶À%ªÃ®$ª¬lË2º^¬�¯�ªÃ¯{ªÀå;ª¼�º�®¦¯{ÇLªÃ·%²¶ªÃ¬S½^¾`ÀmÞ#¸ Û 20 ≈ O ¸�R^ª − 07

ÇLÒ%·%¬�¯þÏ£ÐCªÀ#À%¾Zµ&·dËS¨¶¬{¹d¼{¨«µ&·ïª¨«À%ªÈª¬lË2º^¬�¯�ªÃ¯{ª¦òô¬{ªbÎ�ªÃ¬{¬�ºé¯�ª½`¾^À�Þ#¸ O`O Û 20 ≈ ÞZ¸ O`M ª¬l¿`ªÂ£ªÀ�ÏDÐ©¨¶ª�Â�ªÃ¼{µ&·%²«ªÄ%À#¨¶¿^¯{ª\ó;²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`ÀmªÃ¬{¿`¨«Â#¯È¼{¨¶µ&·)¹»º^¹#Ä%¬{µ&·O¸ô¹»º^¼l¼Â£ª¬{ªÃ¨«¯{¼}®Wº�À%µ&·%ª�Á©Ä%¼{¼lµ&·%À%¨«¯l¯�ª�¨¶Àï¹%ªÀqª¬l¼l¯{ªÀ�Ê:¯�ÄZÇLªÀ)º^²¶¼©À%ª¿`º�¯�¨°½dªÃ¬{±éº^À%ÀU¯;Ë?ª¬l¹%ªÀ)Ä%À%¹mÀ%¨«µ&·U¯®zª·%¬>Ë?ª¨°¯�ª¬SÂ£ªÃ¯{¬�º^µ&·U¯�ªb¯©Ë?ª¬l¹%ªÀd®�Ò%¼l¼{ªÀ�Ï

P J
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ÐCªÃ¬yÂ%¨¶¼l·%ª¬tÂ£ª¼lµ&·%¬{¨«ªÂ£ªÀ%ªqÁ©À%¼�º�¯{Æm¨¶¼�¯�º^Ä%¼l¼{µ&·%²«¨¶ªÍ^²¶¨¶µ&·�¨¶À ¹%ªÃ¬Zi×º^¿`ª^¸?ª¨«À%ªmª¨«À%Æ¨«¿`ª�Å2ªÃ¾`Â»º^µ&·:ä¯�Ä#À%¿�ÆÄy±8²´º�¼{¼{¨LK»Æ¨«ª¬lªÀyÄ%À%¹y¨«·%¬2ªÃ¨¶À%ª}óv²¶º^¼{¼lª;º^Ä%¼ Y ÆÃÄ%ÆÄUË?ª¨«¼{ªÀ�ÏÙâã¼N¨«¼l¯2Â%¨¶¼l·%ª¬>À#¨¶µ&·U¯S®\Ì^¿`²¶¨«µ&·O¸½`¾^¬�º^À%¿^ª¿Uº^À#¿`ªÀ%ªtóv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À#ªÀ)¨¶ÀÉ¹#ª¬�Å2ªÃ¬{ªÃµ&·%À8Ä%À%¿q¹%ª¬¦º^±U¯�Ä%ªÃ²¶²«ªÀ]Å2ªÃ¾`Â»º^µ&·U¯{Ä%À%¿mÆÄ]Â£ªbä¬{Ò#µ&±:¼l¨¶µ&·U¯�¨«¿`ªÀ�Ï`ÐC¨«ª¼T±éº^À%ÀSêlª¹%¾:µ&·�¨¶À¦½:¨«ª²¶ªÃÀ�ñ~®\¿`ªÃÂ%Ä%À%¿^ªÀ�ª¨«À%ªÀ�öã¾`¬l¯{ª¨¶²8Â%¬l¨¶À%¿^ªÀ�Ä%À#¹�ÆÄ�ª¨«À%ª¬¬{¾^Â%Ä%¼l¯{ª¬lªÀ�ó;²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`ÀtÇLÒ%·#¬{ªÀ�Ï�"�Ä%® Å2ªÃ¨¶¼{Ñ#¨¶ª²@¼l¨¶À%¹�¨¶À�õ�À%¹#¾Z¾`¬~ñ~®\¿`ªÃÂ%Ä%À%¿^ªÀ�¹%¨¶ªvó;²´º�¼{¼{ªÃÀ½`¾^ÀïÀ»º^·#ª�Â£ª¨«ª¨¶À%º^À%¹%ªÃ¬{²¶¨«ª¿`ªÃÀ%¹%ªÃÀdÅ?ª¾`Â»º�µ&·8¯{Ä%À%¿`ªÃÀ�®zª¨¶¼�¯~¨¶¹%ªÃÀ8¯{¨¶¼lµ&·OÏ£âãÂ£ªÀ#¼{¾W¼l¨¶À%¹\õ©Â£ª¬l¿U³^À%¿^ªÆÃËS¨«¼{µ&·%ªÃÀ Â�ªÃ¼l¯{¨¶®z®¦¯�ªÃÀ�ó;²´º^¼l¼{ªÃÀ�¼{ªÃ·%¬WÄ#À8Ë2º^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·OÏ>ÊZ¾�ËS¨«¬{¹.Â�ªÃ¨¶¼{Ñ#¨¶ª²«¼lË?ª¨«¼{ªïÂ£ª¨~ª¨«À%ª¬¹%ªÃ¬{ÆªÃ¨«¯{¨¶¿`ªÃÀÉÓô¾`¼{¨°¯�¨¶¾^À)¨«À�¹#ª¬�óv²¶º^¼{¼lªzóv¨°¯�µ&·%ªÃÀO¸×®\¨°¯vª¨«À%ª¬v¼{ªÃ·%¬È¿`ª¬l¨¶À%¿`ªÃÀ)çÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨°¯¹%¨«ª¦À»º^µ&·ZÇL¾`²¶¿`ªÃÀ%¹%ª�Å?ª¾`Â»º�µ&·8¯{Ä%À%¿�¨¶Àï¹%ª¬;ó;²¶º^¼{¼lª��c÷zµª�¼{ªÃ¨¶ÀO¸Ù½`¾^¬�º^Ä%¼l¿`ª¼lªÃ¯{ÆÃ¯È¹%ª¬}Ö~¾`Â£¾^¯{ª¬CÂ£ªbäË?ª¿^¯È¼{¨«µ&·q±^ª¨«À%ªzº^²¶²«ÆÄ%¿^¬{¾`Í`ª�Ê:¯�¬lªµ&±�ª^Ïôñ©® ½^¾`Àq¹%ª¬Èó;²´º�¼{¼{ª�ó;¨°¯�µ&·%ªÃÀ)¨«Àm¹%¨¶ª�ó;²¶º^¼{¼lª®�.÷zµÃªzÆÃÄ¿`ªÃ²´º^À%¿^ªÀO¸%®¦Ò%Í^¯�ª;¹#ª¬~Ö~¾^Â�¾^¯{ª¬NÆÃÄ%® Å2ªÃ¨¶¼{Ñ#¨¶ª²@ªÃ¬{¼�¯©¹#¨¶ªvó;²´º^¼l¼{ªvÐC¾:¾`¬�Ë>ºþì�¹%Ä%¬lµ&·#ÇKº^·%¬lªÀOÏ
ñ©® ª¨«À%ª2¼l¾`²¶µ&·#ª2ÁCÂ#·»³^À%¿`¨«¿`±^ªÃ¨«¯4ÆÃËS¨¶¼lµ&·%ªÀ�¹#ªÀ�½`ªÃ¬{¼lµ&·%¨¶ªÃ¹%ªÀ%ªÃÀtó;²´º�¼{¼{ªÃÀ�ÆÄ�¼l¨¶®�Ä#²¶¨¶ªÃ¬{ªÃÀO¸þËS¨¶¬l¹�ª¨«À¼{¾^¿`ªÀ»º�À%ÀU¯�ª¼ßÚ.ÛØÆÈÆ8ÜÍÝXÞXÇ�à¨áÈÊgâßÞ ÊUÆ8ÜÍã Ô §Cî�î�ØßÎ ÖSÄ%¼{¼lª²«²�Ä#À%¹öë~¾`¬l½:¨¶¿#¸ !�O`O Û Ï ½`ª¬�Ë2ªÃÀ%¹%ªb¯þÏTâJ¨«À§}îïî ¨¶¼l¯¦ª¨«ÀÉÆªÃ¨«¯{²¶¨¶µ&·#ª¼�çÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨°¯�¼{®z¾:¹%ª²«²�¸@¨¶À�¹%ª®!¹%¨«ªZ"�Ä%¼�¯&³^À%¹#ªt¹%ª¼�Óã¬l¾`ÆªÃ¼{¼lª¼¹%Ä%¬lµ&·�¼l±éº^²´º^¬lª�ö�º^¬{¨¶º^Â%²«ªÀ

ξt
Â£ª¼lµ&·%¬{¨«ªÂ£ªÀqË2ªÃ¬{¹%ªÃÀOÏ4Ð©¨¶ª¼lª�ö�º^¬{¨¶º^Â%²«ªÀmªÀU¯{¼{Ñ%¬lªµ&·%ªÃÀ�¹»º^Â£ª¨J¹%ªÃÀ®zÌ`¿`²¶¨«µ&·%ªÀ�çÉªÃ²«¯{ÆÄ%¼�¯&³^À%¹#ªÀO¸�¨¶À�Ä%À#¼{ª¬lª® Ú£º�²¶²×¹%ªÀqó;²¶º^¼{¼lªÀ

ξt ∈ Y
ÏOÐ}º^Â£ª¨ôËS¨¶¬l¹�ª¨«À%ª�çÉº^·%¬æä¼{µ&·#ª¨¶À#²¶¨¶µ&·#±^ª¨°¯

Bel(ξt)
ÇLÒ%¬N¹%ªÃÀ��~ãLÇ����ÍÜÍÝ»¸%¹%ªÃ¬SÖ~¾^Â�¾^¯{ª¬>Â£ªBK%À%¹%ªv¼{¨«µ&·�ÆÃÄ%®�"�ªÃ¨«¯{Ñ%Ä%À%±U¯

t
¨¶Ày¹%ªÃ¬ó;²´º^¼l¼{ª

ξt
¸%Â�ªÃ¬{ªÃµ&·%À%ªÃ¯C¹%Ä%¬lµ&·

Bel(ξt) = α · P (zt | ξt)
∑

ξt−1

P (ξt | ξt−1, ut−1)Bel(ξt−1).
Ô Û:Ï ! Ø

õ�ÀÉ¹#¨¶ª¼lª¬�å;²¶ª¨«µ&·8Ä%À%¿�ªÀU¯�¼lÑ%¬{¨«µ&·8¯
α
ª¨¶À#ª¬]ë©¾`¬l®Wº�²¶¨¶¼l¨¶ªÃ¬{Ä%À%¿^¼{±^¾^À%¼l¯�º^ÀU¯�ª^¸�¹%¨¶ª�¹»º�ÇLÒ#¬È¼l¾`¬{¿�¯þ¸×¹»º^¼l¼¹%¨«ªNÊZÄ%®z®zª2Ò%Â£ª¬4º^²¶²«ª2ó;²´º�¼{¼{ªÃÀ�¨¶®z®\ªÃ¬×ª¨¶À#¼Tª¬l¿`¨¶Â#¯Ïéñ©® ª¨¶À¦¼{¾`²«µ&·%ª¼ã§Cî�î�½`ªÃ¬lË?ªÀ%¹%ªÃÀ\ÆÃÄ�±^Ì`À:äÀ%ªÃÀO¸�¼l¨¶À%¹�¹#¬{ª¨4ó©¾`®zÑ£¾`À%ªÀU¯{ªÀmÀ%Ì^¯{¨¶¿%Ï�"�Ä%®�ª¨«À%ªÀdËS¨¶¬{¹ï¹»º^¼;Å2ªÃ¾`Â»º^µ&·U¯{Ä%À%¿`¼l®\¾:¹%ª²«²

P (zt | ξt)Â£ªÀ%Ì^¯{¨¶¿^¯¸ã¹»º^¼W¹#¨¶ª�ç�º^·#¬{¼{µ&·#ª¨¶À#²¶¨¶µ&·#±^ª¨°¯t¹%ªÃ¬tó;²´º�¼{¼{¨LK»±éº�¯�¨«¾`À ½`¾`À
zt ∈ Y

¸?¿^ª¿`ªÃÂ�ªÃÀ�¹%ª¬WÖ~¾éäÂ£¾^¯�ªÃ¬�Â£ªBK»À#¹%ªÃ¯¦¼{¨¶µ&·�¨¶À�ó;²´º^¼l¼{ª
ξt
¸@ËS¨¶ªÃ¹%ª¬l¿`¨¶ÂZ¯þÏôÐCª¼ÈçÉªÃ¨«¯{ª¬{ªÃÀÉ®�Ä#¼{¼¦¹%º^¼¦Å?ªÃË?ª¿`Ä%À#¿`¼{®z¾Z¹#ª²¶²

P (ξt | ξt−1, ut−1)
¹%ªÃ¼TÖS¾`Â£¾^¯�ªÃ¬{¼4Â£ª±éº^À#À8¯4¼{ªÃ¨¶ÀOÏ�Ð}º^Â£ª¨:ªÀU¯�¼lÑ%¬{¨«µ&·U¯

P (ξt | ξt−1, ut−1)
¹%ªÃ¬DçÉº^·%¬�ä¼{µ&·#ª¨¶À#²¶¨¶µ&·#±^ª¨°¯þ¸:¹»º^¼l¼2¹%ªÃ¬>ÖS¾`Â�¾�¯�ª¬ã¹%Ä#¬{µ&·yÁCÄ#¼lÇLÒ%·%¬lªÀy¹%ªÃ¬?Á©±U¯�¨¶¾^À

ut−1

½`¾^Àt¹%ª¬2ó;²´º^¼l¼{ª
ξt−1

¨«À¹%¨«ªCó;²´º�¼{¼{ª
ξt
¿^ª²´º�À%¿^¯þÏ8ñ~À%¹yÆÄ#²¶ªÃ¯{ÆÃ¯?®�Ä%¼l¼>¹%ª¬?õ�À%¨«¯{¨´º^²«¨¶¼l¨¶ª¬lÄ%À%¿^Ë?ª¬�¯ã¹%ª¬�ç�º�·%¬{¼lµ&·%ª¨«À%²¶¨«µ&·%±^ªÃ¨«¯�ªÃÀ

P O
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Bel(ξ0)
¿`ªbË>³^·#²«¯�Ë?ª¬l¹%ªÀOÏãÐ©Ä%¬{µ&·p¼{¾`²«µ&· ª¨¶À#ªÀ]ÁCÀ#¼�º�¯{Æy±�º�À%À ¹%ª¬zå;²´º^Ä#Â�ª

Bel(ξt)
Ò%Â�ªÃ¬�¹%¨¶ªÓD¾^¼{¨«¯{¨¶¾`ÀÉ¹%ª¼�ÖS¾`Â£¾^¯�ªÃ¬{¼¦ÇLÒ%¬Sêlª¹%ª�ó;²´º�¼{¼{ª

ξt
Â£ª¬{ªÃµ&·%À%ªb¯zË?ª¬l¹%ªÀ�Ïãâã¼�ËS¨«¬{¹�¹#ª®zªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ%¹¹%ªÃ¬©º�±8¯{Ä%ª²«²¶ªÃÀdÓô¾`¼{¨°¯�¨«¾`Ày¹%¨¶ªvó;²¶º^¼{¼lªÈ®z¨«¯>¹%ª®�¿^¬{Ì`Í^¯{ªÀdå;²´º^Ä%Â£ªÀ�ÆÃÄ%¿`ªÃËS¨«ª¼lªÀOÏ

õ�À�¹%¨¶ªÃ¼{ª¬SÁ©¬{Â£ª¨«¯S·%º^Â�ªÃÀyËS¨¶¬NÆÄ#¬~õ�À#¨«¯�¨¶º^²¶¨«¼{¨«ª¬{Ä#À%¿¦¹%ªÃ¬NçÉªÃ¬l¯�ªvªÃ¨¶À%ª�å;²¶ª¨«µ&·U½`ª¬�¯�ªÃ¨¶²¶Ä#À%¿
Bel(ξ0) =

1

|Y|
¿`ªbË>³^·#²«¯þ¸ZË2¾`Â£ª¨ |Y| ¹%ª¬SÁ©À%Æþº^·#²×½^ª¬l¼{µ&·%¨«ª¹%ªÃÀ%ª¬Cóv²¶º^¼{¼lªÀ�ªÀU¯{¼{Ñ%¬l¨¶µ&·U¯þÏ

ya½�¼'½ ß"à¦á � À87 À ¥m¢�¤¦¥\á 4 \é À  { 
P (ξt | ξt−1, ut−1)

é À á
	 �èP ÁjÀ �Uá

ñ©® ¹»º^¼vÅ2ªbË2ªÃ¿`Ä%À%¿^¼{®z¾Z¹%ªÃ²¶²
P (ξt | ξt−1, ut−1)

¹%ª¼vÖS¾`Â£¾^¯�ªÃ¬{¼;ÆÃÄ)ªÃ¬lÇKº^¼l¼{ªÃÀO¸�ËSÄ%¬l¹%ªÀ)²¶ªÃ¹%¨¶¿`²«¨¶µ&·¹%¨«ªÈÂ£ª¨«¹%ªÀdÁC±U¯�¨«¾`À%ªÃÀ
ut−1 ∈ { 
����������� , ����������� } Â£ª¬lÒ%µ&±8¼{¨¶µ&·U¯{¨¶¿^¯Ï�Ð©¨¶ªvç�º^·#¬{¼{µ&·#ª¨¶À#²¶¨¶µ&·:ä±^ªÃ¨«¯�½^¾`À]ª¨«À%ª¬�óv²¶º^¼{¼lªtÆÄ]ªÃ¨¶À%ªÃ¬�º^À%¹#ª¬{ªÃÀ ÆÄ]¿`ªÃ²´º^À%¿^ªÀO¸×ËSÄ%¬{¹#ªy¹»º^Â£ª¨2¹#Ä%¬{µ&· ¹%¨«ªW¼{¨«®�Ä%²«¨¶ª¬�¯�ªÅ2ªbË2ªÃ¿`Ä%À%¿�¹#ª¼�ÖS¾`Â£¾^¯�ªÃ¬{¼È¨¶À

1.000
â4Õ#Ñ£ª¬l¨¶®zªÀU¯�ªÃÀÉªÃ¬{®z¨«¯{¯{ª²°¯þÏ@Ð}º�ÆÄÉËSÄ%¬l¹%ªW¹#ª¬�ÖS¾`Â£¾^¯�ªÃ¬v¨¶À¹%ªÃ¬�ªÃÀU¯�¼{Ñ#¬{ªµ&·#ªÀ%¹%ªÃÀ óv²¶º^¼{¼lª

ξt−1

º^ÀªÃ¨¶À%ªÃÀÆÃÄ#ÇK³^²«²¶¨¶¿ÉÂ�ªÃ¼l¯�¨«®\®�¯�ªÀ��}¬l¯�¨«À�ªÃ¨¶À%ªÃ¬�ÆÄ#ÇK³^²«²¶¨«¿`ªÀ�}¬{¨«ªÀU¯�¨«ª¬{Ä#À%¿�Ñ£¾`¼{¨°¯�¨¶¾^À%¨¶ªÃ¬l¯þ¸8Ä%®�¹»º^À»º�µ&·�ªÃ¨¶À%ª}Å2ªÃË?ª¿`Ä#À%¿z½^¾`À
20− 50

µ®�À%º^µ&·y½`¾`¬lÀ%ªvº^Ä%¼lÆÄZäÇLÒ%·%¬lªÀOÏ:ÐC¨«ª¼�ªÀU¯�¼lÑ%¬{¨«µ&·U¯>ªÃ¯�Ë2º¦¹%ªÃ¬2Ð©¨¶¼l¯�º^À%Æ�¸:¹#¨¶ªS¹%ª¬?ÖS¾`Â�¾�¯�ª¬ã¨«À\¹%ªÃÀW¼lÑ»³�¯�ªÃ¬{ªÃÀyâ4Õ#Ñ£ª¬l¨¶®zªÀU¯�ªÃÀÆÃËS¨«¼{µ&·%ªÃÀt¹%ªÃÀ\ªÃ¨¶À%ÆÃª²¶À#ªÀtÅ?ª¾`Â»º�µ&·8¯{Ä%À%¿`ªÃÀWÆÃÄ%¬{Ò%µ&±8²«ª¿^¯{ª^ÏZÐC¨¶ª~ó;²´º^¼l¼{ªÃÀ\¹%ªÃ¬�êlªÃË?ª¨¶²«¨¶¿`ªÃÀzâãÀ#¹%Ñ�¾^¼{¨°ä¯�¨«¾`À%ªÃÀ�ËSÄ#¬{¹%ªÃÀW¹»º^À#À\¨«ÀzªÃ¨¶À%ª>çÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨°¯�¼l½^ª¬�¯�ª¨«²¶Ä%À#¿�®z¨«¯ãº�¹%¹%¨¶ªÃ¬l¯{ª®�Ð©¨¶¬{¨«µ&·%²¶ªb¯läHòDªÃ¬{®Ò%Â£ª¬�¯�¬�º�¿`ªÀOÏÙâJ¼NËS¨¶¬l¹¦êlªÃË?ª¨¶²«¼Sª¨¶À�ÐC¨«¬{¨«µ&·%²¶ªb¯lä�òôª¬l®
P (c) = δ

1

|Y| + (1− δ)P (c)

º^¹%¹#¨¶ª¬�¯þ¸£¹»º^®z¨«¯©¼{¨«µ&·�±^ªÃ¨¶À%ª�çÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨«¯©½`¾`ÀXë~Ä%²¶²ôª¬l¿`¨¶ÂZ¯þÏ�Ð}º^Â£ª¨4ªÃÀU¯�¼{Ñ#¬{¨¶µ&·U¯
δ
ª¨«À%ª®ÚÙº^±U¯�¾`¬Wº^Ä%¼y¹%ªÃ® õ�ÀU¯�ªÃ¬l½�º^²«²

δ ∈ [0, 1]
Ï?Ð}º^¼�âJ¬{¿^ªÂ%À%¨«¼y¹%ª¬Wª¨¶À#Æª²«À%ªÀ ó;²¶º^¼{¼lªÀ ¨¶¼�¯t¨¶À ªÃ¨¶À%ªÃ¬çÉº^·%¬{¼lµ&·%ª¨«À%²¶¨«µ&·%±^ªÃ¨«¯{¼{®\º�¯�¬l¨°ÕW¨¶À�ÁCÂ%Â#¨¶²¶¹#Ä%À%¿zÛZÏ ! ÇLÒ%¬N¹%¨¶ª;Á©±U¯�¨¶¾^À

ut−1 = 
����������� ÆÃÄd¼lª·%ªÃÀOÏÐ}º^Â£ª¨@ªÃÀU¯�¼{Ñ#¬{ªµ&·#ªÀm¹%Ä%À#±:²«ª¬lªvç�ª¬�¯�ªvª¨«À%ª¬N¿^ª¬{¨«À%¿`ªÃ¬{ªÀ\õ©Â£ª¬l¿Uº^À%¿^¼lË2º^·%¬{¼lµ&·%ª¨«À%²¶¨«µ&·%±^ªÃ¨«¯Ï
ÐCªÃ¼?ç�ª¨«¯{ª¬lªÀW¼lª¨Ù¹»º^¬{º^Ä#Ç@·#¨¶À%¿`ªbËS¨¶ªÃ¼{ªÀ�¸:¹%º^¼{¼�¹%¨¶ªSçÉº^·%¬{¼lµ&·%ª¨«À%²¶¨«µ&·%±^ªÃ¨«¯¸U¨¶Àz¹%ª¬�¿`²¶ªÃ¨¶µ&·%ªÃÀtó;²´º�¼{¼{ªÆÄ Â%²«ª¨«Â�ªÃÀO¸DÇLÒ%¬�º^²¶²«ªtó;²´º^¼l¼{ªÃÀ º^® ¿^¬{Ì`Í^¯{ªÀ ¨¶¼�¯þÏ4âãÂ£ªÀ#¼{¾q¨¶¼�¯�¹%¨¶ª\ç�º^·#¬{¼{µ&·#ª¨¶À#²¶¨¶µ&·#±^ª¨°¯þ¸D¨¶À]¹%ªÃ¬ó;²´º^¼l¼{ª�Ð©¾Z¾`¬�Ë>ºþìïÆÄqÂ%²¶ªÃ¨¶Â£ªÀO¸�ªÃ¯�Ë2º^¼v¿`ª¬l¨¶À%¿^ª¬}º�²¶¼}Â£ª¨D¹%ªÀ)º^À%¹#ª¬{ªÃÀÉó;²¶º^¼{¼lªÀOÏ�Ð}º^¼;¬{ªÃ¼{Ä%²°¯�¨«ª¬l¯¹»º^¬{º^Ä%¼Ã¸`¹»º^¼l¼J¹%¨¶ªNó;²¶º^¼{¼lªNÐC¾:¾`¬lË2ºþì�À%¾`¬l®Wº�²¶ª¬�Ë2ªÃ¨¶¼lª>ª¨«À%ª® ¼{ªÃ·%¬J±8²¶ª¨«À%ªÀ�Å?ª¬{ªÃ¨¶µ&·�ªÀU¯{¼{Ñ%¬l¨¶µ&·U¯þ¸U¨«À¹%ªÃ®�¼l¨¶µ&·�¹%ªÃ¬TÖS¾`Â£¾^¯�ªÃ¬D®zª¨«¼l¯DÀ:Ä#¬Tª¨«À%ª2±8Ä%¬lÆª("�ªÃ¨«¯Dº^Ä#ÇL·»³�²«¯þÏéÐCªÃ¼4ç�ª¨«¯{ª¬lªÀ�¨«¼l¯T¹#¨¶ªãç�º^·#¬{¼{µ&·#ª¨¶À:ä²¶¨«µ&·%±^ªÃ¨«¯@½^¾`À�ªÃ¨¶À%ªÃ¬×¹%ª¬ôó;²´º^¼l¼{ªÃÀ¦ÖS¾Z¾^®F¨¶Àv¹%¨«ª�óv²¶º^¼{¼lª�ÐC¾Z¾^¬lË2ºjì}ÆÄ¦¿^ª²´º�À%¿`ªÀ�¸Ë2ªÃ¼{ªÃÀ8¯{²¶¨«µ&·¦¿`¬lÌ`Í`ª¬º^²«¼�¨«À�ª¨¶À#ª©º�À%¹%ª¬lª}ó;²´º�¼{¼{ª�Ï8Ð}º^¼ãÇL¾`²¶¿�¯�º^Ä%¼ã¹%ª¬�òDº�¯�¼{º^µ&·%ª^¸:¹»º^¼l¼?®\º^ÀzÀ8Ä%¬?®z¨«¯JÐCÄ%¬{µ&·ZÇKº^·%¬{ªÃÀt¹%ªÃ¬ó;²´º^¼l¼{ª©ÐC¾:¾`¬lË2ºþìWªÃ¨¶À%ªÃÀyº^À%¹%ªÃ¬{ªÃÀyó;²´º^¼l¼{ªCªÃ¬{¬lª¨¶µ&·#ªÀt±éº^À%À�Ï#âJÂ£ªÀ%¼l¾�¨¶¼�¯2¹%¨«ª~çÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨°¯½`¾^À)¹#ª¬;ó;²´º�¼{¼{ªCiôº�Â�¾`¬{º�¯�¾^¬lìdÄ%À%¹)ÊZªÃ®\¨«À»º^¬}ÖS¾:¾`®$¹%¨¶ª�ó;²¶º^¼{¼lª�ÐC¾:¾`¬lË2ºþì�ÆÄqªÃ¬{¬{ªÃ¨¶µ&·%ªÃÀqªÃ¯�Ë2º^¼

Û^Þ



}È��ÐG�±Ñ.ÖSÙ��;�Z�qÕ�Ö[12!��5 ��G¡`Ù3#=�q×��! " 
P (zt | ξt)

×��¨Ù$#s�qÕ �8���¨Ò5Ù&% Õ`ÖSÙD�Ø��Ò0����×ZÖG �ÔJf' ÖSÙDÙ5�hg$iSÖG�,�)�e�����

officelabkitchenseminarcorridordoorway

office

lab

kitchen

seminar

corridor

doorway

ÁCÂ#Â%¨¶²«¹%Ä%À%¿zÛZÏ ! ÏL»ÙÐ}º^¼�Å2ªÃË?ª¿^Ä%À%¿`¼l®\¾:¹%ª²«²
P (ξt | ξt−1, ut−1)

¹%ª¼�Ö~¾^Â�¾^¯{ª¬l¼¸v¬{ªÃÑ%¬�³^¼lªÀU¯�¨«ª¬�¯¹%Ä%¬lµ&·)¹#¨¶ª�çÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨°¯�ªÀ)º^²«²¶ªÃ¬cõ~Â�ªÃ¬{¿U³^À#¿`ª�¹%ªÃ¬}ª¨«À%ÆªÃ²¶À%ªÃÀqóv²¶º^¼{¼lªÀOÏñ©® ¹%¨¶ªzÊZ¨«µ&·U¯�Â»º^¬l±^ªÃ¨«¯vÆÄqªÃ¬{·%Ì`·#ªÀO¸OËSÄ%¬l¹%ª�ª¨«À%ª�²¶¾`¿`º^¬{¨°¯�·%®z¨¶¼lµ&·%ª�ÊZ±éº^²«¨¶ªÃ¬{Ä%À%¿¿`ªÃË2³^·%²°¯þ¸UË?¾`Â�ªÃ¨�¹#Ä%À%±8²¶ªÃ¬{ªSçÉªÃ¬l¯�ª©ª¨«À%ª¬�¿`ª¬l¨¶À%¿^ª¬{ªÃÀ\çÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨«¯?ªÀU¯�ä¼{Ñ%¬lªµ&·%ªÃÀOÏ

¿`ªÃ¬{¨¶À#¿`ª¬ÃÏOÐ}º^¼vÂ£ª¬lÄ%·U¯v¹»º^¬�º�Ä#Çæ¸O¹»º^¼l¼;¹%¨¶ª�Ö~º^Ä%®z¿`¬lÌ`Í`ª¦¹#¨¶ª¼lª¬vó;²´º�¼{¼{ªÃÀq¿`¬{Ì`Í^ª¬;¨¶¼�¯þ¸�Ä%À%¹q¹»º^®z¨«¯¹%¨«ª}ç�º^·#¬{¼{µ&·#ª¨¶À#²¶¨¶µ&·#±^ª¨°¯~¨¶Ày¹%¨«ª�ó;²¶º^¼{¼lªvÐC¾Z¾^¬lË2ºjìtÆÄ�¿`ª²¶º^À%¿`ªÃÀ�ªb¯�Ë>º�¼©¿`ªÃ¬{¨«À%¿`ª¬ÃÏ
õ�®�ÚÙº^²«²¶ª�¹%ª¬vÁC±U¯{¨¶¾`À

ut−1 = ���(�)����� ËS¨«¬{¹m±^ªÃ¨¶À%ª�Á©±8¯{Ä»º^²«¨¶¼{¨«ª¬lÄ%À%¿t¹%ªÃ¬;çÉªÃ¬l¯�ª Bel(ξt) ¹%ªÃ¬ª¨«À%ÆªÃ²¶À%ªÃÀ)óv²¶º^¼{¼lªÀq½`¾`¬l¿`ªÀ#¾`®\®zªÀ�Ï×ÊZ¾`²¶º^À%¿`ª�¼l¨¶µ&·q¹%ªÃ¬�ÖS¾`Â£¾^¯�ªÃ¬;À%¨¶µ&·U¯vÂ£ªÃË?ª¿^¯¸OËS¨¶¬l¹)¼l¨¶µ&·)¹%¨¶ªÅ2ªÃ¾`Â»º^µ&·U¯�Ä#À%¿
E
À%¨¶µ&·U¯~½`ª¬{³^À%¹%ªÃ¬{ÀmÄ%À#¹ïª¼©ªÀU¯�¼�¯�ªÃ·%ªÀm¼l¾`®\¨°¯S±^ªÃ¨¶À%ª�À%ªÄ%ªÃÀ�õ�À#ÇL¾`¬l®Wºé¯�¨¶¾^À%ªÀ�ÆÄ#¬ó;²´º^¼l¼{¨LK»±éº�¯�¨«¾`Àt¹%ªÃ¬©º�±8¯{Ä%ª²«²¶ªÃÀdÓô¾`¼{¨°¯�¨«¾`ÀOÏ

ya½5ä�½ ß"à¦á � À Xè�à 9 
 Á ¢�¤¦¥Wá 4 2é À  � 
P (zt | ξt)

é À á 	 XèË ÁjÀ �Uá+*
è�à¦á ¿,À � À ¤Cé à�¢3çù&è Hà¦á4á ¿"( �>à Á?¿ m¤ À ¤

âJ¼t¿`¨«Â#¯WÆbË2ªÃ¨vîdÌ`¿^²¶¨¶µ&·#±^ª¨°¯�ªÃÀ�¹»º^¼yÅ?ª¾`Â»º�µ&·8¯{Ä%À%¿`¼l®\¾:¹%ªÃ²¶²C¹#ª¼yÖS¾`Â£¾^¯�ªÃ¬{¼W¹%º^¬{ÆÃÄ%¼l¯{ª²¶²«ªÀOÏ?"�Ä%®ª¨«À%ªÀ ±�Ì`À%ÀU¯�ªqÆÃÄ%¬�ó;²´º^¼l¼{¨�K%±�ºé¯�¨¶¾^À�ª¨«À%ª¼tÅ2ª¨«¼{Ñ%¨«ª²¶¼W¹%ª¬tÁ©²¶¿`¾^¬{¨«¯{·%®�Ä%¼ I ½`ªÃ¬lË?ªÀ%¹%ªb¯dË?ª¬l¹%ªÀ�ÏÐ}º�ÇLÒ#¬}ËS¨¶¬{¹q¹%ªÃ¬}çÉªÃ¬l¯v¹%ªÃ¼ÈÅ2ª¾`Â%º^µ&·U¯�Ä%À%¿^¼{®z¾Z¹%ªÃ²¶²«¼
P (zt | ξt)

¹%Ä%¬lµ&·�ªÃ¨¶À%ªzÊ:¯�º�¯�¨«¼l¯{¨¶±�Ò%Â�ªÃ¬;¹%¨¶ªÁCÄ#¼{¿Uº^Â£ª�¹%ª¼È¼{ªBT8Ä%ªÀU¯�¨«ª²«²¶ªÀÉîdÄ%²°¯�¨Mäæó;²´º^¼l¼{ªÃÀqóv²¶º^¼{¼l¨�K»±éº�¯{¾`¬{¼
H
¸O¿`ª¿^ªÂ£ªÀÉ¹#ª¬ÈÖ~¾^Â�¾^¯{ª¬;Â£ªBK»À:ä¹%ªb¯\¼l¨¶µ&·p¨¶À]¹%ªÃ¬�ªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ%¹#ªÀ ó;²´º^¼l¼{ª

ξt
¸TÂ�ªÃ¼{µ&·%¬l¨¶ªÃÂ�ªÃÀOÏ�Ð}º^ÆÄ Ë?ª¬{¹#ªÀ.½^¾`ÀqêlªÃ¹%ª¬zó;²´º�¼{¼{ª

50
Å2ª¾`Â%º^µ&·U¯�Ä%À%¿^ªÀ�±:²¶º^¼{¼l¨�K»ÆÃ¨¶ªÃ¬l¯tÄ#À%¹ ¹%¨¶ª�âã¬l¿`ªÂ#À%¨¶¼l¼{ª�¨«À�ª¨«À%ª¬WçÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨°¯�¼l½^ª¬�¯�ª¨Mä²¶Ä#À%¿¦¿`ªÃ¼{Ñ£ª¨«µ&·%ª¬�¯þÏG"�Ä%¼�³�¯{Æ²«¨¶µ&·\ËS¨«¬{¹WËS¨«ª¹%ªÃ¬{Ä%®�ªÃ¨¶ÀtÐ©¨¶¬{¨«µ&·%²¶ªb¯läHòDªÃ¬{®�º^¹%¹#¨¶ª¬�¯þ¸8¹»º^®z¨«¯�¼l¨¶µ&·t±�ª¨¶À#ªçÉº^·%¬{¼lµ&·%ª¨«À%²¶¨«µ&·%±^ªÃ¨«¯;½^¾`À�ë©Ä%²«²4ª¬l¿`¨¶ÂZ¯þÏOÐ©¨¶ª�âJ¬{¿`ªÃÂ%À%¨«¼{¼{ª�¹%ªÃ¬;ª¨«À%ÆªÃ²¶À%ªÃÀ�ó;²¶º^¼{¼lªÀq¼{¨«À%¹q¨¶Àmª¨«À%ª¬çÉº^·%¬{¼lµ&·%ª¨«À%²¶¨«µ&·%±^ªÃ¨«¯{¼{®\º�¯�¬l¨°ÕW¨¶À�ÁCÂ%Â#¨¶²¶¹#Ä%À%¿\ÛZÏ Ý�ÆÃÄd¼lª·%ªÃÀOÏ

Û !



}v���'ÖØ!�Ò5Ù�12!������� ��)12!$i8�¨�n�ØÙ�Õ`ÖSÙD�Ø�¨ÒN���8f' ÖgÙ5Ù5�hg$iSÖG�,�)�e�����e���(�Z�qÕ`Öe12!��D ��G¡G�¨�

officelabkitchenseminarcorridordoorway

office

lab

kitchen

seminar

corridor

doorway

ÁCÂ#Â%¨¶²«¹%Ä%À%¿zÛZÏ ÝZÏL»ÙÐ}º^¼CÅ2ª¾`Â%º^µ&·U¯�Ä%À%¿^¼{®z¾Z¹%ªÃ²¶²
P (zt | ξt)

¹%ª¼}Ö~¾`Â£¾^¯{ª¬{¼ÃÏ�ÚDÒ%¬ãêlªbË2ªÃ¨¶²¶¼CÛ^ÞtÅ?ª¾`ÂZäº^µ&·U¯�Ä%À#¿`ªÀ�ª¨«À%ª¬NÂ£ª¼�¯�¨¶®z®¦¯{ªÀ�ó;²´º^¼l¼{ª
ξt ∈ Y

ËSÄ%¬l¹%ªv¹%¨¶ªvó;²´º�¼{¼{¨LK»±éº�¯�¨«¾`ÀW¹#ª¼¼{ªBT:Ä#ªÀU¯�¨«ª²¶²«ªÀ�îdÄ#²«¯�¨Mäæó;²´º�¼{¼{ªÃÀ ó;²´º^¼l¼{¨LK»±éº�¯�¾`¬l¼
H(xn)

¸
yn = ξt

¹%Ä%¬lµ&·ªÃ¨¶À%ªç�º�·%¬{¼lµ&·%ª¨«À%²¶¨«µ&·%±^ªÃ¨«¯�¼�½`ªÃ¬l¯�ªÃ¨¶²«Ä%À%¿]¹»º^¬l¿`ª¼�¯�ªÃ²¶²«¯Ï2ÐCº^Â�ªÃ¨}ªÀU¯{¼{Ñ%¬lªµ&·%ªÃÀF¹%Ä%À#±:²«ª¬lªçÉªÃ¬l¯{ªÈªÃ¨¶À%ªÃ¬N¿`ª¬l¨¶À%¿^ª¬{ªÃÀ�çÉº^·%¬l¼{µ&·%ªÃ¨¶À%²«¨¶µ&·%±�ª¨°¯þÏ

ç ¨¶ªC¨¶Àt¹%¨«ª¼lª¬Sîïºé¯�¬{¨MÕtÆÃÄy¼{ªÃ·%ªÀ�¨¶¼�¯þ¸:²¶¨¶ªbÇLª¬�¯>¹%ªÃ¬Nó;²´º^¼l¼{¨�K%±�ºé¯�¾`¬�ÇLÒ%¬>¹%¨«ª©½`ªÃ¬{¼lµ&·%¨¶ªÃ¹%ªÀ%ªÃÀ�ó;²´º�¼{¼{ªÃÀÄ%ÀU¯�ªÃ¬{¼lµ&·%¨¶ªÃ¹%²¶¨«µ&·)¿^Ä#¯�ª�ó;²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À%¬{º�¯�ªÃÀOÏ£Ð}º^Â£ª¨ôË2ªÃ¬{¹%ªÃÀ)ÇLÒ%¬C¹%¨¶ª¦óv²¶º^¼{¼lªÀ)ë2¾`¬l¬{¨«¹%¾`¬¸�ÐC¾:¾`¬�äË2ºjì^¸~ÊZª®z¨¶À%º^¬yÖS¾Z¾`® Ä%À%¹ i×º^Â£¾`¬�ºé¯�¾`¬�ì�¹%¨«ª�¬{¾^Â%Ä%¼l¯{ª¼�¯�ªÀFâJÀ8¯{¼{µ&·%ªÃ¨¶¹%Ä#À%¿`ªÀ¿`ª²«¨¶ªbÇLª¬l¯Ï>ÐC¨«ª¼lªâJ¨¶¿`ªÃÀ%¼{µ&·%º�Ç�¯�Â£ª¬lÄ%·U¯¦ÆÃÄ%® ª¨¶À#ªÀÉ¹%º^¬�º^ÄZÇæ¸ô¹%º^¼{¼�ë2¾`¬{¬l¨¶¹%¾`¬vÄ%À#¹]ÐC¾:¾`¬lË2ºþì�Â£ª¬lª¨°¯�¼�º^À%·»º^À#¹É¹%ªÃ¬i×º^¼{ªÃ¬{¹»ºé¯�ªÀ�¼{ªÃ·%¬S¿`Ä#¯S±8²´º�¼{¼{¨LK»Æ¨«ª¬�¯NË2ªÃ¬{¹%ªÃÀd±�Ì`À%À%ªÃÀOÏ�"�Ä%®�º^À#¹%ª¬lªÀ�·»º^Â£ªÀ�¹%¨¶ªvó;²´º�¼{¼{ªÃÀdÊZª®z¨°äÀ»º^¬�Ö~¾:¾`®!Ä%À%¹#i×º^Â�¾^¬�º�¯{¾`¬lì)ª¨«À%ª�³^·%À#²¶¨¶µ&·#ªtÖ~º^Ä%®z¿`¬{Ì`Í^ªWÄ%À%¹.Ê:¯{¬{Ä%±U¯{Ä%¬�Ä%À%¹ Ä%ÀU¯�ªÃ¬{¼lµ&·%ª¨«¹%ªÀ¼{¨«µ&·�¼{¾^®\¨°¯¦º�À%·»º^À%¹É¹%ª¬�i×º^¼lª¬l¹»º�¯�ªÃÀÉ½`¾^À]¹%ªÀ]ó;²¶º^¼{¼lªÀ]ó;¨«¯{µ&·%ªÀÉÄ%À%¹z�c÷zµª�ÏTÐCªÃ¼¦çÉªÃ¨«¯{ª¬{ªÃÀË?ª¬{¹#ªÀW½^¾`ÀWÇKº^¼�¯@êlªÃ¹%ª¬2ÓD¾`¼l¨«¯{¨¶¾`À�¨¶Àzª¨«À%ª® i×º^Â£¾`¬{º�¯�¾`¬�ì�½:¨¶ªÃ²¶ª©îd¾`À%¨°¯�¾`¬lªSª¬{±éº^À#À8¯¸UË2¾:¹%Ä%¬lµ&·t¬{¾�äÂ%Ä%¼�¯CÆbËS¨¶¼lµ&·%ªÀ�¹#¨¶ª¼lªÀ�Â£ª¨«¹%ªÀdó;²´º^¼l¼{ªÃÀïÄ%ÀU¯�ªÃ¬{¼lµ&·%¨¶ªÃ¹%ªÀ�Ë?ª¬l¹%ªÀ�±éº^À#ÀOÏ£âãÂ£ªÀ#¼{¾\ÇK³�²¶²«¯Nº^Ä#Çæ¸Ù¹»º^¼l¼¹%¨«ª�óv²¶º^¼{¼l¨�K»±éº�¯{¨¶¾`À]ªÃ¨¶À%ªÃ¬�Å2ª¾^Â»º^µ&·U¯�Ä%À#¿�º^Ä%¼z¹%ªÃ¬\ó;²¶º^¼{¼lªdó;¨°¯�µ&·%ªÃÀ.¨«Àp¹#ª¬z§C³^²°Ç�¯�ª�º^²«²¶ªÃ¬�ÚT³^²«²¶ªº^²«¼CâJ¬{¿^ªÂ%À%¨«¼}¹%¨«ª�ó;²´º^¼l¼{ªC�.÷zµÃª�²¶¨«ªÃÇLª¬�¯þÏ£Ð}º^¼©Â»º^¼l¨¶ª¬�¯;º^ÄZÇã¹%ª¬;Ö~º^Ä%®\º^Ä#Ç�¯{ª¨«²¶Ä%À%¿�ªÃ¨¶À%ªÃ¬}ó;Ò%µ&·%ª�¸¹%ªÃÀ%À�ª¼S¨¶¼�¯NÀ%¨¶µ&·U¯N½^¾`À�º^²¶²«ªÀyÓô¾`¼{¨°¯�¨¶¾^À%ªÀyªÃ¨¶À%ª;óvº�Î�ªªÃ®Wº�¼{µ&·%¨«À%ª;ÆÄ�¼{ªÃ·%ªÀ�Ï»ÁCÄ%¼N¹%¨«ª¼lª® å;¬{Ä#À%¹Ë?ª¬{¹#ªÀï¹#¨¶ªv§C³�²«Ç�¯�ª;¹#ª¬~Å2ª¾^Â»º^µ&·U¯�Ä%À#¿`ªÀdª¨¶À#ª¬~ó;Ò%µ&·%ªv¹%ª¬~ó;²´º�¼{¼{ª3�c÷zµªvÆÄ#¿`ª¾`¬l¹%À%ªb¯þÏ

ya½3��½ ß"à¦á � À Xè�à 9 
 Á ¢�¤¦¥Wá 4 2é À  � 
P (zt | ξt)

é À á 	 XèË ÁjÀ �Uá+*
è�à¦á ¿,À � À ¤Cé à�¢3ç-, à�
��Uá 9 
 À®¿ ¤�  ¿:9 
�� À®¿�ÁjÀ ¤

"�Ä%®�º^À#¹%ª¬lªÀt¿`¨«Â#¯?ª¼2¹#¨¶ªCîdÌ`¿`²«¨¶µ&·%±�ª¨«¯¸8º^ÀW¹#¨¶ª¼lª¬>Ê:¯�ªÃ²¶²¶ªS¹%ªÃÀ�îdÄ%²°¯�¨Mäæó;²´º^¼l¼{ªÃÀ\ó;²¶º^¼{¼l¨�K»±éº�¯{¾`¬
HÄ%ÀU¯�ªÃ¬2öãª¬�Ë2ªÃÀ%¹%Ä%À#¿z½^¾`ÀyÁC²«¿`¾`¬{¨°¯�·%®¦Ä%¼�P¦ÆÄ�À8Ä#¯�ÆÃªÀO¸%Ä#®�ªÃ¨¶À%ª~ç�º^·#¬{¼{µ&·#ª¨¶À#²¶¨¶µ&·#±^ª¨°¯�¼�½`ª¬�¯�ªÃ¨¶²¶Ä#À%¿

Û`Ý
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P (zt | ξt)

×��¨Ù0#��qÕ �8����Ò5Ù&%8Õ`ÖgÙ5�Ø�¨ÒÍ�¨��×.ÖG �Ô0��ÖØ!GÒ5Ùd12!������� ��"12! i8���_���¨�
Ò%Â£ª¬�º^²«²¶ª�ó;²¶º^¼{¼lªÀ ÆÄ�ª¬l·»º^²«¯{ªÀOÏ>Ð}º^ÆÄ ËSÒ%¬l¹%ª�®\º^À�½^¾`À¹#ªÀ�ªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ%¹#ªÀ ó;²´º^¼l¼{ªÃÀ

ξtª¨«À%ªtöãª¬�¯�ªÃ¨¶²¶Ä#À%¿qÂ�ªÃ¼l¯�¨«®\®zªÀ�¸4¨¶À#¹%ª®
®\º^À]ËS¨¶ªÃ¹%ª¬lÄ%®
50

Å?ª¾`Â»º�µ&·8¯{Ä%À%¿`ªÃÀ�±8²´º�¼{¼{¨LK»Æ¨«ª¬�¯�Ä%À%¹¹%¨«ª}ª¬l·»º^²«¯{ªÀ%ªÃÀyöãª¬l¯{ª¨«²¶Ä%À%¿^ªÀyÆÄyªÃ¨¶À%ªÃ¬SÐCÄ%¬lµ&·%¼{µ&·%À#¨«¯{¯{¼l½^ª¬l¯{ª¨«²¶Ä%À%¿�½`ªÃ¬{ªÃ¨¶À%¨«¿^¯þÏ#âãÂ£ªÀZÇKº^²¶²«¼?ËSÒ%¬l¹%ª¹%ªÃ¬;îdÄ%²°¯�¨Mäæó;²´º^¼l¼{ªÃÀïó;²´º�¼{¼{¨LK»±éº�¯�¾^¬
H
½`¾`À�¹#ª¬}º�±8¯{Ä%ª²«²¶ªÃÀmÅ2ª¾^Â»º^µ&·U¯�Ä%À#¿yª¨¶À#ª�öãª¬�¯�ªÃ¨¶²¶Ä#À%¿\Ò#Â�ªÃ¬º^²«²¶ªdóv²¶º^¼{¼lªÀ�Â£ª¬lªµ&·%À#ªÀOÏSñ~® À8Ä%À ªÃ¨¶À%ªÃÀ�çÉªÃ¬l¯tÇLÒ#¬W¹»º^¼tÅ2ª¾`Â%º^µ&·U¯�Ä%À%¿^¼{®z¾Z¹%ªÃ²¶²

P (zt | ξt)
¸º^À%·%º^À%¹ï¹#¨¶ª¼lª¬~Â�ªÃ¨¶¹%ªÃÀ�öãªÃ¬l¯{ª¨¶²«Ä%À%¿`ªÃÀdÆÃÄïªÃ¬{·»º^²°¯�ªÃÀO¸»®�Ò%¼l¼l¯�ª�®Wº�À�¹#¨¶ª¼lª�²«ª¹%¨«¿`²¶¨«µ&·y®\¨°¯�ªÃ¨¶À»º^À#¹%ª¬½`ªÃ¬{¿`²«ª¨«µ&·%ªÀOÏÙÐCº^ÆÄd±�º�À%À�®Wº^À�¹»º�¼Cîdº^Í�¹%ª¬sþ��21�Û â�ÜÍà:�8ÜÍÝ)3

D(zt ‖ ξt) =

K∑

i=0

zt(i) log
zt(i)

ξt(i)
,

Ô Û:Ï6Ý`Ø
½`ªÃ¬lË?ªÀ%¹#ªÀXÎ ë2¾0½^ª¬?Ä%À%¹zòN·%¾`®\º^¼¸ !�O�OG!UÏ ¸`Ë2¾`Â£ª¨

zt(i)
Â£ªÆ¨«ª·8Ä%À%¿^¼lË?ª¨¶¼lª

ξt(i)
¹#¨¶ªNç�º�·%¬{¼lµ&·%ª¨«ÀZä²¶¨«µ&·%±^ªÃ¨«¯?¹%ª¬?Ñ�¾^¼{¨«¯{¨«½^ªÀtó;²¶º^¼{¼lªÀ%ÆÃÄ%¿`ª·#Ì`¬{¨«¿`±^ªÃ¨«¯>¹#ª¬>ó;²¶º^¼{¼lªÀ

i
º^Ä%¼2¹#ª¬2ªÃÀU¯�¼{Ñ#¬{ªµ&·#ªÀ%¹%ªÃÀ�öãªÃ¬l¯{ª¨°ä²¶Ä#À%¿~ËS¨«ª¹%ªÃ¬{¿`¨«Â#¯þÏéÐC¨«ª2ó�iyÐC¨°½`ªÃ¬{¿`ªÃÀ%Æ>¨¶¼�¯ô¹»º^Â£ª¨:ª¨¶À�À%¨¶µ&·U¯DÀ%ª¿`º�¯�¨°½`ª¼Tîïº^Í©Ä%À%¹�À8Ä%¬ô¨¶® ÚÙº^²«²¶ªJ¹%ªÃ¬å;²¶ª¨«µ&·%·%ªÃ¨«¯ ë©Ä%²«²�Ï�ÊZ¨«ª2¨¶¼�¯ÙêlªÃ¹%¾:µ&·�±^ª¨«À%ª2ªÃµ&·U¯�ÐC¨¶¼�¯&º^À%Æ?ÆÃËS¨«¼{µ&·%ªÃÀ�ÆÃË?ª¨#öãªÃ¬l¯�ªÃ¨¶²«Ä%À%¿`ªÃÀO¸0¹»ºC¼{¨«ª2À%¨«µ&·U¯¼lì:®z®\ªb¯�¬l¨¶¼{µ&·m¨«¼l¯CÄ%À%¹mÀ%¨«µ&·8¯}¹%¨¶ª¦ÐC¬{ªÃ¨¶ªµ&±8¼lÄ%À%¿`²«ª¨¶µ&·8Ä%À#¿�ªÃ¬lÇLÒ%²«²«¯Ï�âJÂ£ªÀ%¼l¾yËSÄ%¬{¹%ª¦ªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ%¹¹%ªÃÀdç�ª¬l¯{ªÀ

zt(k) = 0
¹»º^¼Cîïº^Í\º^Ä#Ç

D(zt ‖ ξt) = 0
Ä%À%¹dÇLÒ#¬

ξt(k) = 0
º^Ä#Ç

D(zt ‖ ξt) =∞¿`ªÃ¼{ªÃ¯{ÆÃ¯ÏZñ~®�¹»º^¬{º^Ä%¼JªÃ¨¶À%ªNöãª¬�¯�ªÃ¨¶²¶Ä#À%¿;ªÀU¯�¼lÑ%¬{ªÃµ&·%ªÀ#¹yª¨¶À#ª¬TçÉº^·%¬{¼lµ&·%ª¨«À%²¶¨«µ&·%±^ªÃ¨«¯�ÆÃËS¨«¼{µ&·%ªÃÀ�ë~Ä%²¶²Ä%À%¹dâJ¨¶À%¼SÆÃÄdªÃ¬{·»º^²°¯�ªÃÀO¸#ËSÄ%¬l¹%ª
P (zt | ξt) = e−D(zt‖ξt)2

¿`ªÃ¼{ªÃ¯{ÆÃ¯Ï

Û I
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Anzahl erkannter Kaffeemaschinen

innerhalb der Klasse Kitchen
ausserhalb der Klasse Kitchen
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ß0�!�Nªa{S���V�C�Vz/{¥�G��| ¿��G|a{q� ¿0��|V{q� ���G}u{S�!� ���G}u{S�!� ���"�G|V|az/�������Vz"�Cw�|V�!���!{qw× ¨�¨�z"�"y���w��

h1
j(x) h2

j(x) h1
j(x) h2

j(x) èfé�êÂ  ãæ X X X X ëCì » ëÂ  ãØ X X X X ë µC»ÙºÂ  ãæ X X ØG��»ÙØÂ  ãØ X X Ø ì »ÙºÂ  ãæ X X íCë » ëÂ  ãØ X X ë µC»Ùº
ß��G¨�{S�"�/{ Â  f�� /Ú�°�z"{����"�G|V|az/�������Vz"�Cw�|V�!���!{qw¢��w��!{S�I��{S�a�I{qw�y���w����C�Cwu�C{q�a|V�.��z/{qy�{Sw�{qw����G}�¨�z"w����!z/���w�{qwîy�{q��|V�.���>�G�.��{Sw´�'���G|a|Vz/�������!z"�Gw�|a�xÕ)��{qw£ _°$�G¨�{Sz+�>{S�Vy�{Sw

h1
j(x)

w��G�.� ² �"{Sz���.����w��¾³¹�� �µCµN¶à��w�y
h2
j(x)

w��G�.� ² �/{qz/�.�)��w���³Q�� �µNºC¶>�C{S¨�z"�/y�{S�q 

��{q�§�>{Sw�y���w��ä�C{S�V|V�.��z"{qy�{qw�{S�����C}�¨�z"w����Vz"�Cw�{qw©y�z/{q|V{S�u|a�.���R�G�.��{qwî�'���G|a|Vz/�������!�C�§�xÕ���{qw¦�C{S�V�C�/z���.��{Sw£ à°+�G®q���@���Vy�{qw;y�z"{��C�/{qz"�.��{qw¦ß��V�Gz"w�z"w��C|ay����V{qw©�@z"{�z"}ï�C�C�a��{q�az"�C{Sw;���G��z/�!{S�>�C{S�a�I{qw�y�{S���w�y�ªa{S�I{qz"�/|>¨�z/w�AG�a{$�'����|V|Vz��������!�G�V{qw¢}¢z/�ày�{qwu�C{q�a|V�.��z/{qy�{Sw�{qw����G}�¨�z"w����!z/�Cw�{qwÛ�C�GwÝ|V�.���>�G�.��{qw�'���G|a|Vz��������!�C�a{qw��!�V�Gz"w�z"{q�§�¯ �°+�Gw��G�.���@���Vy�{¥{q¨�{qw�¼Q�G�"�/|_y�z"{�¨�{q|a�V{  {qð���{qw�®Yy�{S�$~�w��!|a�.��{qz/y���w��C|c��"z/|a�V{�w��G�.��y�{q}Ó�G�"{qz/�.��{qw���{S�a¼Q�G���a{qw¾{q�a}uz��V�V{q�/�+��w�y�y�z"{��C�/{qz/�.��{qw¾ß0�!�Nªa{S���V�C�Vz/{qw¾®q���Þ�'�"�G|V|az/��������!z/�Cw±�G{q�a�I{qw�y�{S�q �°�z"{��'����|V|Vz��������!z/�Cw�|a�!���V{qw�y�{S�àªa{S�I{qz/�"z/�C{qw¾½«���/�Vz��c�'�"�G|V|a{qw��'����|V|Vz��������!�G�V{qwz"|§�@z"w�ß��G¨�{S�"�/{ Â  f�Û®S��|a{q��{Sw£ 
vxw�y�z/{q|V{S�]ß��G¨�{S�"�/{>|Vz/{q����}u�Gw�y�{S���!�/z"�.�£»�y��G|a|�y�z"{à��{q�a�I{qw�y���w����C�Cw�|a�.���R�G�.��{qw��'����|V|Vz��������!�G�V{qww��G�.�±y�{q� ² �/{qz/�.�)��w���³Q�� /µlºC¶R{qz"w�{qw����G�a�!{Sz"�£¼JH���y�z/{Þ�'�"�G|V|az/�������Vz"�Cw�|a�!���V{qw«¨��Vz/w��C{Sw£ �~�|��I{q�Vy�{qw¨�{q|V|a{q����y�{q�_}¢z"w�y�{S|a�V{qw�|@�C�/{qz"�.���C���!{¥�'���G|a|Vz/�������!z"�Gw�|V�V���!{SwÝ{q�a�V{qz/�.���¯ 
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vxw�y�{S� × �V¨�{qz/���C�Gw�½±�G�a�Vþ"w�{S®�½«�C®q�C|¢ÿ�������� è º ìCì æ ê �@���ay�{qw�y�z"{Þ���"�G|V|a{qw Ô �G�V�Vz/y��C�S»�°����C�§�R�¯Õ��w�y�á@�)�C}X�"{Sy�z"�C�/z"�.�u�Gw�����w�y·�C�Gw�¿0��|V{q�a}u{S�V��}u�G�"{SwÝ{q�a����w�w��¯ �vxw·y�z"{S|V{q} ~(����{S�Vz"}¢{qw��I�>�C�/�"{Sw�@z"�à®q{Sz"�C{Sw£»�y��G|a|>��w��!{S�I��{S�a�I{qw�y���w����C�CwÝ�¥��}u{S�!�Gy����!{qwu|V{S�"¨�|§�>y�z/{q|a{+�'���G|a|V{Sw·�V�G¨���|a�V{q�I�)�"�G|§�|Vz���®qz/{q�§�Þ�I{q�ay�{qw©�	�Cw�w�{Sw£ ]°+��®q�ä�I{q�ay�{qw©w���w2y�z"{¢¨�{Sz"y�{Sw × w�|VA��!®S{·}¢z/�V{qz"w��Gw�y�{S���G{q�a�C�"z/�.��{qw£»�I�C¨�{Sz�z"}ó{qz"w�{qw�
����"�W»�w����à¿��G|V{S�Vy����V{qw¢�C{q�§�>{Sw�y�{L�>�I{q�Vy�{qw£ ��}¸{Sz"wÛ�V{S���!A�|V{qw��!���!z��C{q|I~��V�C{S¨�w�z/|®q��{S�V�����/�!{Sw£»��@���Vy�{Sw��"{Sy�z"�C�/z"�.�«¨�z"w�AG�V{Y���"�G|V|az/�������V�C�V{Sw�¼JH���y�z"{Y�'���G|a|V{qw Ô �C�V�az"y��C�S»Å°����C�§�R�¯Õ��w�yuá@���C} �!�V�Gz"w�z"{q�§�¯ �°$z"{@�'�"�G|V|a{qw¢�'z/�!�.��{qw£» Ö�� �q{�»�¿��G¨��G�!���V�C�aÕÞ��w�y  {q}¢z"w��G���@���ay�{qwuy���¼JH��®q���@���"�G|V|a{�á��)�C} �C{S�V{qz/w��¯»�y���y�z/{q|a{¥|a�.���"{S�.���$��w����Gw�y�y�{S�@¿��G|V{S�V}¢{q�V��}u�G�"{$�)�"�G|V|az/��®Sz"{S�a�R�I{q�c�y�{Sw����Cw�w�{qw£ Å°+�Gw��G�.���@���Vy�{Sw�y�z"{Y���"�G|V|az/�������Vz"�Cw�|V�!���!{qw«¨�{qz"y�{q� × w�|!A��!®q{Þ¼JH��+�G�/�"{�}��C�C�"z/�.��{qw��{S�V}����.���Vz"�Cw�{Sw�y�{q�+~�w��!|a�.��{qz/y���w��G|V�"z/|a�V{¥�G{q�V�G�"z"�.��{qw£ �°$z/{Y~��V�G{q¨�w�z/|V|a{Y|Vz/w�y«z"w«ß(�G¨�{q�/�"{ Â  h¡u®S�|V{S��{qwÅ >½��Gw�|az"{S���¢y����!�Gw£»(y��G|V|Ûy�z/{����C}Y¨�z"w����!z"�Gwä�C�Cw�¿��G|V{S�§�Þ��w�y����G}¢{q�!��y����!{Sw©z"w��G�/�"{qw
]AG�/�"{Sw�{qz"w�{'¨�{S|V|V{S�V{¥��y�{q�_�>{Sw�z"�G|a�!{Sw�|�{qz"w�{'�C�"{Sz"�.���C���V{Þ�'�"�G|V|az/�������Vz"�Cw�|a�!���V{${S�V�V{Sz"�.���¯ 
~�¨�{Sw�|V�����Gw�wä}u�Gw¾®q{Sz"�C{Sw£»�y��G|a|Þy�z/{¢~��§�>{Sz/�V{q�V��w��±��} ���G}¢{q�V�Gz"w�¼J�C�V}u���!z/�Cw�{Sw±y�z/{u�'�"�G|V|az/���
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~�w��V|V�.��{Sz"y���w��C|V�/z"|§�!{ 
�{q���"{q� èféYê 
�{q���/{q� èfé�ê¿��G|a{q� ¿��G|a{q�.- ���G}¢{q�V��q�G�V�Vz/y��C�c�xy��)�C�a�>�¯Õ ��»ãº)µ µC» í Øy����C�§�R�¯Õ��x�a���G} ��»ãØ�¡ º�» Â Øy��)�C�a�>�¯Õ��x�q�G�V�Vz/y��C� ��»ãº)µ º�»�µ¯¡�a���C}��x�S�C�V�az"y��G� µC» Â ì µC»f�G¡�S�C�V�az"y��C�c�x�a���C} µC» Â ì µC»f�G¡�a���G}Û� y����G�a�>�lÕ µC» Â ì µC» Â ì°$���V�.��|V�.��w�z��V� º�»ãæ ì µC» í �

ß��G¨�{S�"�/{ Â  h¡� /Ú��'�"�G|V|az/�������Vz"�Cw�|§¼J{q���/{q�Û��w��!{S�Ý��{q�§�>{Sw�y���w��¦�C�Gw �G��|V|a�.���"z/{qBC�/z"�.� ¿��G|a{q�ay����!{Sw z"}��{S�V�C�/{qz/�.�«®S���R��{q�§�>{Sw�y���w��·�C�Cw�¿��G|V{S�§�à��w�y����G}¢{q�!��y����!{Sw£ 

�����!z/�Cw�|a�!���V{$�C�Cw��'���G|a|V{Sw£»�y�z/{��G�"�/{qz"wu}uz��@¿��G|V{S�Vy����!{qw�w����@|V�.���"{q�.����{q�a����w�w��_�>{S�Vy�{Sw±���Gw�w�{qwÅ»{L�)�V�V{q} �C{S�V¨�{q|a|V{q�§�¯ �~�z/w·�xÕ)��z"|a�.��{q|_ÜI{qz"|a��z"{S��y���¼JH��>|az"w�yuy�z"{$�'���G|a|V{qw  {q}¢z"w��G�>á@�)�C}X��w�y�¿����¨��C�!���V�C�aÕG   z/{����G¨�{qw�{S�x�>��{qz/w�{��C�/{qz"�.��{Ûá��G��}u|§�!�V�����V������w�y�{qw��!���G�/�V{qw�¨�{Sz"y�{�®S��}Ó�C�/�GBG�!{Swß0{qz"��ß_z/|V�.��{u��w�y  �!H����"{G �~�|��@���Vy�{�ªa{S�I{qz/�"|�{qz/wo¨�z"w�AG�a{q���'����|V|Vz��������!�G�+�!�!��z"w�z/{q�a�q»Å�I�C¨�{Sz�w)���ß0�!�Gz/w�z"w��G|Vy����V{qw©����|�y�z"{S|V{Sw�¨�{qz/y�{qw¦�'�"�G|V|a{qw©�C{S�a�I{qw�y�{L�Û�@���Vy�{Sw£ �~�z"w�{Ý~�w��V|V�.��{Sz"y���w��C|V�/z"|a�V{}���B��!{Ûw�z"�.���Þ¨�{S|a�Vz"}¢}Y�'�>{S�Vy�{Sw£»0y���{Sz"w�{Ûw�{S�����!z��C{u�'���G|a|Vz/�������!z"�Gw�y�{q�¥{qz/w�{qwo�'���G|a|V{G»�|a�G¼J�C�a�y�{S����w�y�{q�a{qwÞ�'���G|a|V{�®q���C{q�C�ay�w�{L�0�@z/�Vy£ q°$z"{0
�{S���"������|V|Vz��������!z/�Cw+y�{S�0���"�G|V|a{  {q}¢z"w��G�£á@���G}À¼QAG�/�/��C�GwÝ¡ Â » ë�é �G��¼ Â »f� é ¨�{Sz�®S��|!A��!®q�/z"�.��{S�à��{S�a�I{qw�y���w����C�Gw����G}u{S�!�Gy����!{Sw£ �~�w��V|V���a{q�.��{Sw�y�|Vz/w����y�z/{1
�{q���/�)�"�G|V|az/�������Vz"�Cw¥y�{S�����"�G|V|a{_¿��G¨��C�!���V�C�aÕ��G�Cw¢�G¡�»h¡ é ����¼���»/µ é  G°$z"{S|]z"|§��{qz/w�{R¨�{S�V�!AG�.���!�/z���.��{+��{S�V¨�{q|V|a{q�a��w���»��>�G|@�G��¼0y�{S�_ß(���!|!���.��{'¨�{S�V�����q»�y��G|a|_y�z"{S|V{'¨�{qz"y�{qw�á�AG��}¢{$���G�����!|VAG�.���"z/�.�y����a�.� Ö ¨)ªa{q���V{$�@z"{12§½��Gw�z/�V�C�43_��w��!{q�a|V�.��{Sz"y�¨��G�R|Vz/w�y£ )°$z/{q|V{S|_½�{S�V��}u�G��z"|a�>�G��|a|V�.���/z"{SBC�"z/�.�u}¢z/�{qz/w�{q}U¿��G|V{S�V|a�¯�Gw�w�{q�Ûw�z"�.����®S�¦{q�V��{qw�w�{qw£ �â�z"{q�Y�"z"{L¼J{q�§��{q¨�{qw�¼Q�G�"�/|Y{qz/wä�x�I���x|V�G}u���"{5�à�!{q|§�Û{qz/w¿d{S�G{q�d�C�Cw
α = ì » ì µ�»��R��|$�G��¼({Sz"w�{'|az"�Cw�z������Gw��!{+��{S�V¨�{q|V|a{q�a��w��·|a�.���"z/{qBC{Sw��"AGBG�q 
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vxwYy�z"{q|a{q}´~(����{q�Vz/}u{Sw����@z/�Vy¥{qz"w × w��I{qw�y���w��C|a¨�{Sz"|a��z"{S�����VAG|V{Sw��Vz"{S�a�¯»lz/wÞy�{q}´y�z/{I�'�"�G|V|az/�������Vz"�Cw�C�GwÁÜ>{S�C¨��G�.���V��w��C{SwÁy�{S|�á@�C¨��G�!{S�V|�{S�a¼J�C�/�C�V{Sz"�.� ��{q�§�>{Sw�y���w�����w�y�{qwî����w�w£ @~�|�|V�C�/�$y��G¨�{qzz"�/�"��|§�!�az"{q�§�>�I{q�ay�{qw£»��@z/{¥|a{q}u�Gw��!z/|V�.��{�vxw�¼J�C�a}·���!z"�Gw�{qw�y�{S��Ü>{q�C¨��G�.���!��w��G{qw�{Sz"w�{S|�á@�C¨��G�!{S�V|_z/wy�{S�(¿d�C���G�/z"|Vz/{q�a��w��_�C�CwY}u�C¨�z"�"{Sw¥á��C¨��G�V{q�Vw��C{S�a�I{qw�y�{S���I{q�Vy�{qw����Gw�w£ �°+��®q�Y�@z/�Vy¥y�z"{à¨�z"|a��{q�az"�C{���C�a�C{q��{Sw�|a�I{qz/|V{�»Cy�z"{I�G��¼�y�{q� Ö y��G}u{L�!�Vz/{I¨��G|Vz/{q�a�q»���} y�z"{R�'�"�G|V|az/�������Vz"�Cw'�C�GwÛÜ>{q�C¨��G�.���!��w��G{qw{q�§�>{Sz/�V{q�a�q �°+�G��{q�R�@z"�ay�z"}O
��G�"�C{Sw�y�{qw�{Sz"w�{$�)�/{qz/w�{'~�z"w�¼JH����V��w��¢z/wÝy�z/{�¿��G�����"z"|az"{S�V��w��Þ}u�G¨�z"�/{q�á@�C¨����!{q�_�G{q�C{S¨�{Sw£»���}¤y���w��G�.�«z"w�{qz/w�{q}=~(����{q�Vz/}u{Sw��@y�z"{'��{q�a¨�{S|V|a{q�V��w��·®S�����VAG|V{Sw��!z"{S�V{Sw£ 
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°+�G|����a�C¨��"{S}å¨�{qz£y�{q�@¿d�C���G�"z/|Vz/{q�V��w��Y}¢�C¨�z/�"{q�Iá@�C¨����!{q�>¨�{S|a�!{S����y��G�Vz/w£»�y�z/{'�G���!��{q�"�/{R���G|Vz/�Vz"�Cwy�{S|'á��G¨��G�V{q�a|$�V{S�����Vz/��z/w±|a{qz"w�{q�(��}u�G{q¨���w��Ý®q��|a�.��A��V®q{qw¾��w�y�|a�V{q�"���${Sz"w�{S|$y�{S�  �.���"H�|a|V{q�/���V���¨��/{q}¢{�y�{q�à}u�C¨�z"�"{Sw¢á��C¨��G�Vz"�Yy��G�q mÅ��} Ü>{Sz"|a��z"{S��|V��z/{q�/�ày�z/{q|a{q|=���a�C¨��"{S}Xz"w¢y�{qw × �a¨�{Sz/�!{Swu�G�Cw
Ô �¯����w�y5n z"��¼J�Cw�� è µ ëCëCì ê »Å¿d{S�Cw��G�ay�ÿ�������� è µ ëCë º ê �)y�{q�  z"}¢}¢�Cw�|�ÿ�������� è µ ëCë Ø ê {Sz"w�{Þ®q{qw��V�!�G�/{á@�C�"�/{G 
°$z/{�¿d�C���G�"z/|Vz/{q�V��w��o}¢�C¨�z/�"{S�Ûá��C¨��G�V{q�·���Gw�w z"w��C{q�a|V�.��z/{qy�{Sw�{¾ß�{Sz"�/���V�C¨��"{q}¢{«�G��¼J�C{L�!{Sz"�/�Û�I{q�c�y�{Sw è ß_���V��w ÿ��o�����"»àº ìCì µ ê  �°+��|¢�I�C���@{qz/w�¼Q�G�.��|§�!{«��w�y�¨�z"|a��{q�¢�G���.� �G}Ò}¢{qz/|a�V{qw�¨�{q�G�.���!{S�V{¿d�C���G�"z/|Vz/{q�V��w��C|V���V�C¨��/{q} z"|a�¥y�z/{Û|V�C�C{Sw��Gw�w��V{qp�r's�tT�Ht$rvu*s�wGÿ�xTyzrv�|{�}GuG{ è Ü>�C�a{qw�|§�!{Sz"wîÿ��(�����"»�µ ëCë Â ê  â�z/{q�a¨�{Sz�z"|§��y�z"{  �.�G�§�!���C|Vz��!z"�GwYy�{S|Iá@�C¨��G�!{S�V|�z/w�|V{qz/w�{q�Z��}u�C{S¨���w��'¨�{q���Gw�w��à��w�y¢y��G|Z���a�C¨��/{q}¨�{q|a�V{q���'y����Vz"wÅ»�y�z"{¥z"w����V{S}u{Sw��!{q�/�"{Sw5
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P (xt) = p(xt | d0...t)

�Gw����Gw�y�y�{S�(vxw�¼J�G�V}u���!z/�Cw�{qw�¹�¨�{q��y�z"{c��}¢�C{S¨���w�����w�y�y�{S�({Sz"�C{Sw�{qw�ÜI{S�I{q�C��w��'¨�{S|a�!z/}u}Þ�¯ N°+���¨�{qz�z"|§�
xt

{qz"w¥y��a{qz�� y�z"}¢{qw�|Vz"�Gw��G�"{S����{S���V�C�
xt = [x, y, θ]T

y�{q�+�0�C|Vz��!z/�Cw�y�{q|(á��C¨��G�V{q�V|S»l{qw��!|a���V{&��.��{Sw�y±y�{Sw±�����G�Vy�z/w����!{Sw
(x, y)

��w�y�y�{S� Ö �az"{Sw��Vz"{S�V��w�� θ »���w�y d0...t
|az"w�y�y�z/{'vxw�¼J�C�V}u���Vz"�Cw�{Sw£»y�z/{��G�C}åmÅ{qz��!����w����

0
¨�z/|

t
�C{S|!�G}¢}u{S�/�R�@���Vy�{Sw£ �vx}å{qz"w�®q{q�/w�{qw�¨�{S|a�V{q��{Sw±y�z/{¥vxw�¼J�C�V}u���!z/�Cw�{Sw

d0...t = (zt, ut−1, zt−1, ut−2, . . . , z0)
�G��|�y�{Sw  {Sw�|V�G�Vy����V{qw

z
��w�y�y�{qw Ö y��C}u{L�!�az"{qy����!{Sw u  °${S|¶nä{Sz/�!{S�V{Sw2�@z"�Vy2�Gw��C{Sw��C}¢}u{Sw£»�y��G|V|�y�z/{N�0�C|Vz��!z"�Gw�{qw

xt

{Sz"w�{S}Ò½±���V�G�l���4���a�C®q{S|V|¢{q�V|§�!{S�
Ö �Vy�w���w��«{Sw��!|V���V{q�.��{qwä��w�y¾w)���+�C�Cw¾y�{S�$�C�C�V�Gw��C{S���Gw��G{qw�{Sw«�0�C|Vz��!z"�Gw xt−1

��w�y¾y�{q�RÅ����!z"�Gw
ut−1

��¨���©Gw��G{qw£   �G}uz��_{q�a�Cz"¨��R|Vz"�.�«y�z/{+¼J�C�"�C{Sw�y�{ ² �"{Sz"�.����w��
P (xt) = p(xt | zt, ut−1, zt−1, ut−2, . . . , z0).
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°$z/{YÜ>{S�V{S�.��w���w���y�{S| ² ���G��¨�{Sw�|

P (xt)
ªa{Sy�{q�����C|az/�Vz"�Cw��@z"�ay��a{q�����V|az/�«®q��ªa{qy�{S}æmÅ{qz/�V����w����

t�G��|a�C{S¼,¹����a�q �°+�Gy����V�.�«{q�V�Gz"¨��_|az"�.���C�Gw«y�{qw�}��G�C�"z/�.��{qw¬�0�C|Vz��!z/�Cw�{qw�y�{q|@á@�C¨����!{q�a|_{qz/w�{�nä�G���§�|V�.��{qz"w��"z"�.���G{qz��!|§�C{q�§�!{Sz"�"��w���»¯y�z/{�z"}À¿��G��¼J{�y�{S�ämÅ{qz/�£®q�'�R�����V|a�.��{qz/w��"z/�.��{q�a{qwo���C|az/�!z/�Cw�{Sw+�!{qw�y�z"{S�a�¯ mÅ��}çmÅ{qz/�V����w����
t0
�@z"�Vy�y�{q� ² �"�G��¨�{

Bel(x0)
»�{qw��V|V���a{q�.��{Sw�y�y�{q}On z"|V|a{qw«¨�{Szdy�{q�_�G�"�C¨����"{qw¿d�C���G�"z/|Vz/{q�V��w���y����a�.�±{Sz"w�{ ² �"{Sz"�.���C{S�a�!{Sz"�/��w��Ûz"w�z��!z"�G�"z/|Vz"{S�a�q 

°$z/{ ² �/{qz"�.����w���³ Â  /µN¶>���Gw�w«}¢z/�_â�z"��¼J{+y�{S|�Ü>�lÕG{q|c�xß_��{S�C�V{S}ú��}u�C{L¼J�C�V}Þ�_�>{S�Vy�{Sw±®q�

P (xt) =
p(zt | xt, ut−1, zt−1, ut−2, . . . , z0)p(xt | ut−1, zt−1, ut−2, . . . , z0)

p(zt | ut−1, zt−1, ut−2, . . . , z0)

= η · p(zt | xt, ut−1, zt−1, ut−2, . . . , z0)p(xt | ut−1, zt−1, ut−2, . . . , z0)

= η · p(zt | xt)p(xt | ut−1, zt−1, ut−2, . . . , z0)

= η · p(zt | xt)

∫

xt−1

p(xt | xt−1, ut−1, . . . , z0)p(xt−1 | ut−1, . . . , z0) dxt−1

= η · p(zt | xt)

∫

xt−1

p(xt | xt−1, ut−1)P (xt−1) dxt−1,
³ Â  ãºC¶

�I�C¨�{Sz
η
{Sz"w�{S}è���C�a}·���"z"|az"{S�V��w��G|a¼Q�G���V�C��{Sw��!|V���Vz"�.���q dvxw�}u�Gw��.��{qwº��}Û¼J�C�V}���w��C{qw��@���Vy�{Ûy�z/{~�z"�C{Sw�|V�.����¼Î�'y�{S�R��w���¨���©Gw��Gz"�C��{qz/�${qz/w�®q{S�"w�{S���à�G�az��G¨��/{qw«�C�Cw¾�Gw�y�{q�a{qw��G��|a�C{qw����V®S�¯»Å¨�{Sz"|V��z"{q�/|§��I{qz"|a{Ry��G|a|

xt

{qz/w�{q}ó½±�G�a�G�l�����a�C®q{Ã·'{q�V|§�!{S� Ö �Vy�w���w��'{Sw��!|V���Vz"�.���q C°${L�.�Gz/�"z"{S�a�V{Ivxw�¼J�G�V}u���!z/�Cw�{qw®q�oy�{qwo{qz/w�®q{S�"w�{Sw«��}¢¼J�C�a}���w��G{qw�|Vz"w�yoz/w�ß_���V��wÀÿ�������� è º ìCì µ ê ®q����w�y�{Sw£ �°$z"{Û�"{L�!®L�!�"z/�.�¾�V{L�|V���/�!z/{q�a{qw�y�{ ² �"{qz/�.����w���³ Â  ÙºC¶R¨�{S|a�!{S���$®S��} {qz"w�{qw��G��|�y�{q}  {Sw�|V�C�a}u�)y�{S�"�
p(zt | xt)

»�y��G|�y�z"{nä�G���V|a�.��{qz/w��"z/�.���G{Sz/�Û��w��Cz"¨��¯»�y��G|a|�y�{q��á@�C¨��G�!{S�Yy�z/{  {Sw�|V�G�Vy����V{qw
zt
}uz/|V|§�¯»0�C{q�C{S¨�{Sw©{q��¨�{L���w�y�{S�@|Vz/�.���Gw����G|Vz/�Vz"�Cw

xt

 �mÅ��} �Gw�y�{S�V{qw�¨�{qz/w����G���!{S�>y�z"{ ² �/{qz/�.�)��w���y��G|_ÜI{S�I{q�C��w��C|V}¢��y�{q�"�
p(xt | xt−1, ut−1)

»�y��G|�y�z/{=n2�G���V|V�.��{qz"w��"z"�.���G{qz��à�Gw��Cz/¨��¯»�y��G|a|ày�{q�àá��G¨��G�V{q�(�G�Cw����C|az/�!z/�Cw
xt−1y����a�.�9Å$���!z/�Cw

ut−1

�Gw����C|az/�!z/�Cw
xt

�C{S���Gw����¯ �°$z"{S|V{_¨�{qz"y�{qw¢½��)y�{q�/�"{I|Vz"w�y�|a�.���!z"�Gw�©G�(��w�yÛ|V�C}¢z/�
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Å$¨�¨�z"�/y���w�� Â   ë  �Ú�°+�G|�Ü>{L�>{S�C��w��C|a}u�)y�{S�"� p(xt | xt−1, ut−1)
¼,¹���{Sz"w�{�Å����Vz"�Cw��G�Cw�º ì ½�{L�!{S�Vww��G�.�±�G�C�Vw�{G £°$�G¨�{Sz({Sw��V|V���a{q�.��{Sw�ªa{L�>{Sz"�/|�y���w����"{q�a{�Ü>{S�V{qz/�.��{�{Sz"w�{S�$�#�C��{q�V{Swn2�����V|a�.��{qz/w��"z/�.���G{Sz/�¯ 

��w���¨���©Gw��Gz"���C�Cwoy�{q�Þ�G���!��{S�"�/{qwºmÅ{qz��
t
 0°$z/{Û¨�{Sz"y�{Swo�C{S�a�I{qw�y�{S�!{Sw�½��)y�{q�/�"{��>{S�Vy�{Sw2z"}é
��G����C{Sw�y�{qwu�����V®_�C�G�V�C{S|a�!{S�"���¯»G�I{q�ay�{qw·�G¨�{S�à�G���.�¢z"wÛy�{q�0Å��V¨�{qz/���G�Cw�
��¯��ÿ�������� è µ ëGëCë ê �G��|a¼,¹����a�"z/�.�{q�a���ª©G�§�¯ 

°+�G|$Ü>{S�I{q�G��w��C|a}u�)y�{q�/�
p(xt | xt−1, ut−1)

z"|a��{qz/w�{¥�C{qw�{S�V{S�"�"{ÞÜ>{L�>{S�C��w��C|§�R�����V|a�.��{qz/w��"z/�.���G{Sz/�y�{S|�á@�C¨����!{q�a|q �°$z"{ Ö y��C}¢{S�V�Vz"{Sy����V{qw ut−1

¨�{q|a�.���V{Sz"¨�{qw2y��G¨�{SzIy�z"{u�G��|V�G{S¼,¹����§�!{�Å$���!z/�Cwäy�{S|á@�C¨����!{q�a|���w�y�|V�C}¢z/�'�@z/{¢|az"�.��y�z"{��0�C|Vz��!z"�Gw
xt

�V{S�����Vz/�±®q���'�C�G�V��{S�Vz"�G{qw
xt−1

�C{z©�w�y�{q�§�Y�����¯ °$z/{q|V{�Å$w����G¨�{qw�|Vz"w�yo�G¼Î�'¼J{S���"{S�V����¼Î�¯»dy���|Vz/{¢����Õ)|az"���G�"z/|V�.���C{q}¢{q|a|V{Swo�I{q�Vy�{qw£ �~�z"w�{����G|Vz/�Vz"�Cwy�{S|Þá@�C¨��G�!{S�V|+z/|a�'y����V�.��y�{qw¾y��a{qz �xy�z/}u{Sw�|Vz/�Cw��G�/{qw���{q���!�C�
xt

{qz/w�y�{S���!z/�Ý¨�{S|V�.���az"{S¨�{Sw£   �C}¢z/�¨�{q|a�V{q��{Sw y�z/{ Ö y��C}¢{S�V�Vz/{qy����V{qw��G��|¢y��V{Sz.�(�G�V�G}u{L�!{S�Vw£ à°+�G¨�{qz@¨�{q|a�.���V{Sz"¨�{qw y�z/{³���G�!��}u{L�!{q�®q��} {Sz"w�{SwÝy�z/{�°�z"|a�!�Gw�®�®S�@z"|a�.��{qw�y�{qwÝ¨�{qz/y�{qwM���C|az/�!z/�Cw�{Sw
xt

��w�y
xt−1

»)y�{qwMn z/w��G{S�W»�z"wuy�{q}|Vz/�.�³�0�C|Vz��!z/�Cw�{qw
xt

�V{S�����Vz/�u®q���@{S�V|a�V{qw
xt−1

¨�{S��w�y�{S�q»�|a�l�@z"{'y�z/{ Ö �az"{Sw��Vz"{S�V��w��Û��w�y�{S�_w�{q��{qw���G|Vz/�Vz"�CwÅ ��} y�z"{S|V{(��w�|Vz/�.��{q�a��{qz��Ry�{S�=���G�!�G}¢{S�V{q�à®q�Ý¨�{q|a�.���V{Sz"¨�{qw£»)�@z"�ayÝy�{q�k
�{q���/{q�ày����V�.��ªa{{qz/w�{R¨�{qz�����/��®S{qw��!�az"{q�§�!{ ² �G�#·��C{q�§�!{Sz"�"��w��C{qwY|Vz"}Y���"z/{q�a�q vêG{R{qz/w�{ ² �G�#·G�G{q�§�!{qz/�"��w��$z"|§�]y���¨�{Sz�{qw��§�|V���V{q�.��{qw�yuy�{q} ~�w��a¼J{q�Vw���w��G¼J{q���/{q����w�y¢{Sz"w�{_y�{q}¸á@�G�!���!z/�Cw�|a¼J{S���"{S�(����|V�C{S�Vz/�.���V{S�q �~�z/wÛÜ>{qz/|V��z/{q�{qz/w�{q|Þ|V�C�/�.��{qw¦ÜI{S�I{q�C��w��C|V}¢��y�{q�"�/|Þz/|a�Yz"w«Å�¨�¨�z/�"y���w�� Â   ë ®S�2|V{S��{qw£ (°+�G¨�{qzIz"|a�Þy�z/{N���G|Vz/�Vz"�Cw
xt−1

�"z/w���|Ý��w�y y�z/{�}��C�C�"z/�.��{qwJ���C|az/�Vz"�Cw�{Sw
xt

y����a�.�î{Sz"w�{~n2�G���V|V�.��{qz"w��"z"�.���G{qz��!|§�C{q�§�!{Sz"�"��w���V{S�.���!|�y��G�V�G{q|a�V{q�/�/�¯ �°+�G¨�{qzd{qw��V|V���a{q�.��{Sw�y���w����/{q�V{�no{q�a�V{�{qz"w�{q�_�#�C��{q�V{Sw~nä�G���a|V�.��{Sz"w��/z"�.����{qz/�q 
°+�G|  {qw�|a�C�V}¢��y�{q�"�

p(zt | xt)
y��G�C{S�C{qw©z/|a��{Sz"w�½±�	·±¼,¹���y�z/{�nä�G���a|V�.��{Sz"w��/z"�.����{qz/�q»(y���|V|�y�{S�á@�C¨����!{q�Yy�z"{  {qw�|a�C�Vy����!{Sw
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xt
 �°+���®q��}¶¹�|a|V{Swäw����/¹��V�/z"�.��y�z/{  {qw�|a�C�Vy����!{Sw

zxt

y�{q�U���G|Vz/�Vz"�Cw
xt
¨�{S���Gw�w��Y|a{qz/w£»£��}�|az"{Û}¢z/�'y�{Sw {Sw�|V�C�ay����V{qw

zt
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p(zt | ξt)
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H
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��w�y��@���Vy�{qw±z/}åÜI{q�C¨����.���V��w��C|a}u�)y�{S�"�dz"w«���G��z��!{S��æ� Ùº¨�{q�V{Sz/�V|@�G�C�V�G{q|a�V{q�/�/�¯ �vx}¤°${L�.�Gz/�d����w�w�y��G|  {qw�|V�C�a}u�)y�{q�/�£w���w��@z"{'¼J�C�"���@�Gw��C{S�C{q¨�{qw��I{q�Vy�{qw

p(zt | xt) = p(zt | ξt) = p(zt | m,xt) · p(xt | m).

°+�G¨�{qz'z/|a�
m
y�z"{;��}¢�C{S¨���w��C|a���G�a�V{G»_y��G}¢z/�·{qw��!|a���V{S�.��{qw�y´y�{q�q���G|Vz/�Vz"�Cw

xt

y�z"{��'����|V|V{
ξt¨�{q|a�Vz"}¢}Y���I{q�Vy�{qwÝ���Gw�wÅ �°�{q|cno{qz��!{S�V{qwu�Cz"¨���y�{q�àß�{S�V}

p(xt | m) ∈ {0, 1} �Gw£»��C¨u{q|à|Vz/�.�·¨�{qzy�{S�o�0�C|Vz��!z/�Cw
xt

��}Ó{Sz"w�{Û�V{S�C���P©G�V{9�0�C|Vz��!z"�Gw�z/w¾y�{q�U��}¢�C{S¨���w��C|a���G�a�V{
m
���Gw�y�{S�/�q   �«�k©G�a{y�z/{q|V{S�Þno{q�§�'¨�{Sz"|a��z"{S�"|a�I{qz/|V{ ì »�¼Q���"�"|@y�z/{¶�0�C|a�Vz"�Cw xt

}¢z/��{Sz"w�{S�Þnä�Gw�y��)y�{q��{qz"w�{q}úâ�z/w�y�{q�aw�z"|¹�¨�{q�a{qz"w�|a�!z/}u}Þ�¯ 
°$z/{����C|az/�!z/�Cw�|a|V�.��©��V®q��w��u�@z"�ay�|V�C}¢z/�_�/{S�V®S�!�/z"�.��y����V�.�±y�z"{�
��C�V}¢{q�

P (xt) = η · p(zt | m,xt) p(xt | m)

∫

xt−1

p(xt | xt−1, ut−1)P (xt−1) dxt−1
³ Â  Ù��¶

¨�{q�V{S�.��w�{L�¯ 
vx}ë
����"�"{�{Sz"w�{S|��G�Gw��Vz"w���z/{q�V�/z"�.��{Sw»mÅ��|§�.�Gw�y��!�G��}¢|q»��@z"{u¨�{SzIy�{q��}¢�C¨�z/�"{qwoá@�C¨����!{q�Þ¿d�C���G�"z/|Vz/{L��V��w���»_z"|§��{q|�ªa{qy��)�.�îw�z"�.���«�!�Vz��)z��G��{qz"w�{qwî{ � ®qz/{qw��!{SwìÅ$�/�C�C�az/�!��}���|·¼,¹���y�z"{q|a{q|~���V�C¨��/{q} ®S�z"}¢���/{q}¢{qw��!z/{q�V{Sw£ �Å$��|Yy�z/{q|V{S} ² �a��w�yä�@z/�Vyä¨�{qzày�{S�Û½ Ô ¿ y�{q� ² �"�G��¨�{ P (xt)

�/{qy�z/�C�"z/�.��¼,¹��{qz/w�{'¨�{q�C�a{qw�®L�!{Y½�{qw��G{¥�G�Cw
p
�G{S�@z"�.���V{S�!{Sw  �Vz"�.�����V�C¨�{qw
P (xt) ≈

{
x

(i)
t , w

(i)
t

}
i=1,...,p

,

|V�G�C{qw���w�w��!{qwLp=��x��HtP��ÿ���u�»�y��G�V�G{q|a�V{q�/�/�¯ �°+�G¨�{qzd{Sw��!|V���Vz"�.���
x(i) {qz"w�{q�  �Vz"�.�����V�C¨�{'��w�y��V{S����©�|V{qw)��!z/{q�§�>{Sz"w�{����C|az/�!z/�Cw·��w�y

w(i) {qz/w�{q�Iw�z"�.���>w�{q�����!z/�G{qw ² {S�@z/�.���!��w���»�y�z/{�|az"�.��z"w�|V�C{S|!�G}Y�I®q�·{qz"w�|�G��¼J|a��}¢}uz/{q�V{Sw£ �°$z"{S|V{q�(�G�§�!z/�G{q�I�>{S�Vy�{Sw�®S��ÜI{q�Cz/w�w©�C�"{Sz"�.��}�©�·Cz/�~¹�¨�{S��y�z"{Ý�G{q|!��}u}Y�V{����G�§��!{Þ�C{q�§�!{Sz"�/�$��w�y�|a�C�"�/{qw�|a�C}uz��$y�z"{Y}��C�C�/z"�.��{Sw5�0�C|Vz��!z"�Gw�{qw�y�{q|�á@�C¨����!{q�a|+�G�����V�¯��z"}¢z"{S�V{qwÅ Å°+��|mÅz"{S�>y���¨�{Sz>�"z/{q�G�Yy��G�az"w£»�y�z"{¬���G�a�Vz"��{q�Rz/}¬¿��G��¼J{�y�{q��mÅ{qz���{Sw��V|V���a{q�.��{Sw�y y�{S}  {Sw�|V�G�V}¢��y�{S�"�
p(zt | xt)

®S���G{S�@z"�.���V{qwä��w�y¾w��G�.�¾y�{q}�Ü>{S�I{q�C��w��C|V}¢�)y�{q�/�
p(xt | xt−1, ut−1)

®q���G{q�V|a�.��z"{&�¨�{qw£ �
�¹��]y�z/{q|a{q|(���C�a�C{q��{qw��@���Vy�{qwÛz"w�y�{q�(��{S�V���Gw��C{qw���{qz/�]¨�{S�V{qz��!|0�C{q�a|V�.��z/{qy�{Sw�{.Å$�"�G�C�Vz��!��}¢{qw�C�G�V�C{S|a�!{S�"���¯  ² {Sw�{q�a{q�"��z"|§�Ry�z/{q|a{�½�{S�V���)y�{àªa{qy����.���G�/|.p=��x��HtP�v�"ÿÞí0tT���xÿ�xà¨�{q���Gw�w��R��w�y�y��G®S�Ý�@z"�ayz"w è °$�C���S{S�q»0µ ëCëCí ê {qz"wqî�¨�{S�V¨��/z"�.�Ý�C{S�C{q¨�{qwÅ °+�G|����C�V�C{S��{qw±|Vz"{S���'z"} °${L�.�Gz/��w���w��@z/{Þ¼J�C�/�G���G��|SÚ£°$z/{¶�(���a�!z/�G{S�0�I{q�ay�{qw¾®q�¾ÜI{q�Cz/w�w��C{S}M©�·{qz/w�{q� ² �/{qz/�.���G{q�§�!{qz/�"��w��F¹�¨�{q�Iy�z"{��C{q|V�G}u}Þ�!{+���G�§�!{@�C{S�a�!{Sz"���¯ �°+�Gw��G�.�Ý�I{q�ay�{qw�|az"{$z/wMÅ�w��G�"�G�Cz"{®q��� ² �"{qz/�.����w��Û³ Â  Ù�C¶dw��G�.��y�{S}  {qw�|a�C�V}¢��y�{q�"�
w

(i)
t = p(zt | m,x(i)

t )
�G{S�@z"�.���V{S�]��w�y�w��G�.�Yy�{q}

Ü>{L�>{S�C��w��C|a}u�)y�{S�"�
p(x

(i)
t | x(i)

t−1, ut−1)
�G{q�V|a�.���C¨�{qw£ 0°+��}uz��'|Vz/�.��y�z"{9�(���a�!z/�G{S�]z"} ¿��G��¼J{�y�{S�mÅ{qz��I�G��¼£�>�G���a|V�.��{Sz"w��/z"�.��{S�V{+ÜI{q�V{Sz"�.��{��G�Cw�®q{qw��V�Vz"{S�V{Sw£»��I{q�ay�{qwÝ|az"{�w��G�.�Ýy�z"{q|a{qwÝ¨�{qz/y�{qw  �.���az/�a��!{Sw�w�{S�Þ�C{S�a�V{qz"���¯ �°+�G®S�Y�I{q�Vy�{qw

p
w�{q��{k�(�G�§�!z/�G{q���C{S}M©	·�y�{S� ² {S�@z/�.���V��w��

w
(i)
t

®S��¼&©G�/�"z"�@����|(y�{Sw�G���!{qw����G�a�Vz"��{q�"w��C{S®q�C�G{qw£ �°$���V�.�«y�z"{S|V{qw«z/�V{q�V���!z��C{qw�°����V�.���"�G��¼Õ¹�¨�{q�V�/{q¨�{qw��>�G���V|a�.��{qz/w��"z/�.��{q�a{�(���a�!z/�G{S��w����.��y�{q}æ���Vz"w�®qz"�ìï��Lÿ�x��"ÿ¸�Lÿ�uºð)ÿ�x~ñ���ò��G�&t�{vs��cÿ�uÝ��w�y���w��>�G���V|a�.��{qz/w��"z/�.��{q�a{9�(�G�§�!z/�G{q�|a�V{q�a¨�{Sw±z"} ¿��G��¼J{�y�{S��mÅ{Sz/�@����|q 
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óRQTSUQHôRQXõobÃf=acg.e1_P``*a
vxwäy�{q}��C�G�!�Gw��G{q���Gw��C{qw�{SwiÅ$¨�|V�.��w�z��V�¥�@���Vy�{u{Sz"w�{¢���"{qz/w�{¢~�z"w�¼,¹����V��w��«z"w�y�z/{u¿d�C���G�/z"|az"{q�a��w��}¢�C¨�z"�/{q�>á��C¨��G�V{q�R�C{S�C{q¨�{qwÅ �����w��@z"�ay�y�z"{S|V{q|_��{S�a¼Q�G���a{qw«�Gw��G{S�>�Gw�y��q»���}å{Sz"w«Ü>{qz/|V��z/{q�Å�Gw�®q�)��C{S¨�{Sw£»dz"w�y�{S}�y�z/{��'���G|a|Vz/�������!z"�Gw�y�{q��ÜI{q�C¨����.���V��w��C{Swo�G�Cwäá@�C¨��G�!{S�V���C|Vz��!z/�Cw�{qw±{q�a¼J�G�"�C�a{qz"�.��Gw��G{S�I{qw�y�{L���I{q�ay�{qw����Gw�w£ 
°+�G®S�o�@z/�Vy�y�{q��Å$w�|!���V®G»0y�{q���"{Sy�z"�G�"z"�.�¾����¼Ry�{Sw Ö y��C}¢{S�V�Vz/{qy����V{qw¾¨��G|az"{S�a�¯»d}¢z/��y�{q}èÅ$w�|!���V®��w��!{S����{q�a�I{qw�y���w��¾�C�Cw�|V{S}·��w��Vz"|a�.��{qw�vxw�¼J�C�a}·���Vz"�Cw�{qwä�G{q�V�G�"z"�.��{qw£ �°${S}u{Sw��!|V���V{q�.��{qw�y;�G{q�c�{qz/w�¼Q�G�.����|Vz/�.�«¼,¹��_y�{qw«{q�V|§�!{Sw³Å$w�|!���V®¥y��G|  {qw�|a�C�V}¢�)y�{q�/�d�G��| ² �"{qz/�.����w��±³ Â  f��¶>®q�

p(zt | xt) = p(xt | m).

°+����z/{q�a¨�{Sz�w����Ry�z"{ Ö y��G}u{L�!�Vz/{qy����!{qw¢�C{S�a�I{qw�y�{L�@�>{S�Vy�{Sw£»�z"|§�R�/{qy�z/�C�"z/�.�u®S�¬¹�¨�{S�V���%¹�¼J{qwÅ»��C¨�{S||Vz/�.����}={Sz"w�{¥�G�C�a�V{S���V{����G|Vz/�Vz"�Cw«z"w�y�{q�����G�a�V{Þ���Gw�y�{S�/�¯ �°$z/{ ² {S�@z/�.���V��w��uy�{q���(�G�§�!z"��{q���@z"�ay|V�G}uz��@�G��¼������/�£�C{S|V{S�V®S�q»�|V�C¨����"y�|Vz/{'|Vz"�.�«�C{S�C{qw�{qz/w�{Rn2��w�y���y�{S�_{qz/w�â�z"w�y�{q�Vw�z"|R�C{S�V|a�.��z"{S¨�{Sw£ ��w��V{q�(��{S�a�I{qw�y���w��Þy�{q�]|a{q}u�Gw��!z"|a�.��{qw�vxw�¼J�C�V}u���!z/�Cw�{SwÞ��¹��ay�{_y��G�C{S�C{qwÛ�����.��y�z"{ ² {L�@z"�.���!��w���C�GwM���G�a�Vz"�G{S�"w£»�y�z"{_|az"�.�Ûz"w���w��>�G���a|V�.��{Sz"w��/z"�.��{SwÝ�'����|V|V{SwÛ¨�{L��w�y�{Sw£»���{q�V�G¨��C{S|V{L�!®S�q �Ü>{qz�y�z"{q|a{q}~(����{S�Vz"}¢{qw��¥�@z"�ayo|a�C}uz���{q�§�R�G�§�!{L�¯»0y��G|V|¥y�{S�Þ®L�>{Sz/�!{�Å$w�|V���!®¢|V�.��w�{q�/�"{q�¥�C{S�C{qw��R�G���V|V�.��{qz"w��"z���.��{S�V{����G|Vz/�Vz"�Cw�{qw��G�Gw��G{q�a�Cz"{S�a�¯ �°+�G|@~��V�C{S¨�w�z/|Ry�{q|@~(����{q�Vz/}u{Sw��!|_�C��w�{+|V{S}·�Gw��Vz"|V�.��{'vxw�¼J�C�V}u����!z/�Cw�{SwÝz"|§�Rz"wMÅ$¨�¨�z/�"y���w�� Â  �µ ì ³Q��¶à��w�y�}uz��>|a{q}u�Gw��!z"|a�.��{q�_vxw�¼J�C�V}u���!z/�Cw¢z"wNÅ�¨�¨�z"�/y���w�� Â  /µ ì ³Q¨�¶®q�«|V{S��{qwÅ �°$�G¨�{SzÅ�C{S�V�P©G��¼Î��y�z"{$®q{qz��!�/z"�.��{�á@{qz/��{qw�¼J�G�"�C{$�G�Cw«�"z"w��)|>�C¨�{Sw�w��G�.���a{q�.���!|���w��!{Sw���w�yªa{S�I{qz/�"|_�C�/{qz/�.�����G|Vz/�Vz"�Cw�z"{q�§�!{$Ü>z"�/y�{q�Ry�{q��Å$¨�¨�z"�"y���w��C{Sw Â  /µ ì ³¹��¶>��w�y Â  �µ ì ³J¨�¶>{qw��V|V���a{q�.��{Sw��C�"{Sz���.��{Sw¾mÅ{qz/�V����w����V{qw£ �°+�G|�~(����{q�Vz/}u{Sw���y��G��{q�a�V{·z/w�|V�C{S|!�G}Þ�Y¡�º í  {q����w�y�{qw£»0�>�G¨�{Sz>{S�x�>�¢ªa{qy�{ {S�)��w�y�{�{qz"w�{q��v �!{S�!���Vz"�Cw�{Sw��V|V���az"�.���¯ )°$z/{@{qz"w�®q{q�/w�{qw¢Ü>z/�"y�{S�]�@���Vy�{qw+ªa{S�I{qz"�/|�w��G�.� ì »C¡�»)ºCØ)»�æ ì »µCµNæ)»£µ Â ì v �!{S�!���Vz"�Cw�{qw�{q�a|a�!{S�"���¯ vxwÝ¨�{qz/y�{qw¬
�©G�"�/{qw��>{S�Vy�{Sw¾µ ì   ìCìCì �(�G�§�!z"��{q���C{S�a�I{qw�y�{L�@��w�y�y�z/{ÞÅ���|V�C�Gw��C|a���C|az/�Vz"�Cw¢y�{q|Rá��C¨�����!{S�V|]z/|a��z"} ®S�I{qz��!{Sw�Ük¹��a�$�C�Cw��/z"w���|S»�w#�G�Vy��/z"�.�Yy�{q|����C�V�az"y��C�a|q �°$z/{q|V{>|V{q}u�Gw��!z/|V�.��{>vxw�¼J�C�V}u���Vz"�Cw¼,¹����§�]z/} ®L�>{Sz/�V{qwÛÜ>z/�"yÞ�G�Cw�Å$¨�¨�z"�/y���w�� Â  /µ ì ³Q¨�¶d¨�{S�V{Sz/�!|(w��G�.���I{qw�z/�C{qw�v �V{q�!���!z"�Gw�{qw�y��G®q�£»�y��G|a|y�z/{M���G�a�Vz"�G{S�Iz/wäy�{Sw©�'���G|a|V{Sw Ö�� �q{·�G{q�V}¢{q���a������¼Î�!�a{S�!{Sw£ �°${q|Unä{Sz/�!{S�V{Sw2z"|§�Y|a{q���Þ|V�.�#�Cw©®S�{q�a�G{Sw�w�{qwÅ»>y��G|a|·y�z/{����C�V�a{q���!{³���C|az/�Vz"�Cw�y�{q|·á��G¨��G�V{q�a|�³&��¼J{Sz"��¶Y}uz��·â�z"��¼J{�y�{q�¢|V{S}·�Gw��Vz"|V�.��{qwvxw�¼J�C�a}·���!z"�Gw¢z/wÝÜ>z/�"y·æ¥¨�{q�a{qz/�V|>|a{q���I�C���R�/�C���G�"z/|Vz/{q�a�(�@���Vy�{� �°$�G�C{q�G{qw�z"|§�>¨�{qz�y�{S} �)y��C}¢{S�V�Vz/{L�¨��G|az"{S�a�!{SwLÅ$w�|V���!®�y�z"{��0�C|Vz��!z"�Gw�®q��} �C�"{Sz"�.�±mÅ{Sz/�V����w����'w��)�.�¾�V{S�.������w��C{qw��G�£ d°${S|(nä{Sz/�V{q�V{Swz"|§��z"w2Ü>z"�/y Â ®q�¦|a{q��{Sw£»]y��G|a|Û�G��|a|V�.���/z"{¸·G�"z"�.�ä}uz���y�{Sw Ö y��C}u{L�!�az"{qy����!{Sw©y�z"{M���C|az/�!z/�Cw2w�z/�.���|V{S���@�V�C¨���|a���"�G�����"z"|az"{S�a�>�I{q�ay�{qw����Gw�w���w�y«z"w�y�z/{q|V{S}ö
��G�"��|V�C�C�G�_¼Q�G|a�@y�z��C{S�V�Cz/{q�a�q 
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Ç�È¸É]÷�ø¥Ü�Ó	È�ø¥Ú+ùGÜ�â�È�ø¥Ù�Î&Ù¥Ú!Ö$Ð�Ë�Íkú=Ù|Ñ�û�Ò'ÜÃú=Ú4ÑHÖ$Ù¥Ú%Ò�È�ÑHÚ!Ë

Ç�Ó�É�÷�ø£ÜÃÓvÈ�ø¥ÚàùlÜ�â�È�ø£Ù�Î&Ù¥Ú!Ö$Ð�Ë�Íkú=Ù|Ñ�û�Ò�Ü�ú=Ú4Ñ$ÖHÙ¥Ú%Ò�È�ÑHÚ%ËÞÐ�Ë	Ò�ÎHÚ!ú1È�ËÃÑ$Ù¥Î$×µØ�Ú%Ö]üTË�Ì�Ü�Ö$ú=È�ÑHÙ¥Ü�Ë

Å$¨�¨�z"�/y���w�� Â  �µ ì  �Ú ² �"�C¨����"{à¿d�C���G�"z/|Vz"{S�V��w�����w��V{q�(��{S�a�I{qw�y���w��'�C�Cw�|a{q}u�Gw��!z"|a�.��{qw�vxw�¼J�C�V}u���!z/���w�{Swu��w�y Ö y��C}¢{S�V�Vz/{qy����V{qw�z/}ó��{q�a�C�"{Sz"�.�Û®q������{S�a�I{qw�y���w��Þ�G�Cwu�G��|V|a�.���"z/{¸·���"z/�.� Ö y��C}¢{S�V�Vz/{qy����V{qw£ 	êG{L�>{Sz"�"|�{qw��!|a���V{S�.��{qw�y�{$ÜIz"�"y�{q���@���Vy�{Sw�®q���(�C�"{Sz"�.��{SwmÅ{qz��]����¼J�C{qw��C}u}¢{qwÅ �°�{q�à�]¼J{qz/��{Sw��!|V���Vz"�.���Åªa{L�>{Sz"�"|�y�{q���R�G���V{qw9�0�C|Vz��!z/�CwYy�{S|á@�C¨����!{q�a|q 
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��V{Sð���{qw��LÕ·vxy�{qw��!z����¯���Vz"�Cw±³¹á.
(vc°'¶& )°$z"{�á.
(vc°z"|§��{qz/w�y��!�����V�"�C|a{q|Zî�¨�{q�§�!�V�G�C��w��G|V|aÕ)|§�!{q} ®q����vxy�{Sw��Vz/�������Vz"�CwÞ�C�Cw���{S�V|V�Gw�{qw¢��y�{q� Ö ¨)ªa{q���V{qw£»�z/w
��C�V}={Sz"w�{S�${Sz"w�}u�G�"z/�C{qw�|a{q�Vz/{q�/�"{qw³����}¢}¢{q�q �°$z/{q|a{q|  Õ)|§�!{q} ��¹��ay�{�¨�{qz"|a��z"{S�"|§�>{Sz"|V{Þy�{qw�ÜR�G�§��q�)y�{+�G�Cwq���a��y������!{qw«z"w  ����{S�V}�©G�V���V{qw«�G¨����C|V{Sw£ �~�¨�{qw�|a�u�	�Cw�w��!{�y�z/{q|V{  Õ�|§�!{S}å¼,¹��_��w�|a{q�a{qwÅ$w�|!���V®$�C{S�a�I{qw�y�{L�_�>{S�Vy�{Sw£»���}X¼J{S|a�!®S��|a�V{q�/�"{qwÅ»)�I{q�/�.��{����V�)y������!{�|Vz"�.��z/w·��w�}uz��V�!{S�"¨����V{q�Z��}Û��C{S¨���w���y�{S|Ûá��G¨��G�V{q�Þ¨�{L��w�y�{Sw£ +Å$w����Gw�y©y�z/{q|a{q� Ö ¨)ªa{S���V{Ý�=©��V{�|V�G}uz��Yz/w2y�{q�Y�C�"{Sz"�.��{Sw Å$�a���w�y�no{qz"|a{¥�G��¼�{qz"w�{Þ�'�"�G|V|a{'®q�«|V�.���/z"{¸·G{qw£ 
~�z"w¾�Gw�y�{q�a{q|��Gw��I{qw�y���w��C|V¨��G|Vz/{q�a�V{q|ÞÜ>{qz/|V��z/{q���=©��V{�y�z/{Y��{q�§�>{Sw�y���w��«��w�|a{q�a{q|¥�'���G|a|Vz/�������!�C�a|q»
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��} �!�C���C�/�C�Cz"|a�.��{��¥���a�!{Sw·�C�Gw���}¢�C{q¨���w��C{qw·®q��{q�a|a�V{q�"�/{qw£ �°+�G®S�Ý�=©��V{+{Sz"w�{ ² �Vz/��½±���Ý¨��G|az"{L��V{Sw�yÛ�G��¼�y�{qwÛ¿��G|V{S�Vy����!{qw�®S��{q�a®q{q���C{qw£ Gvxw�y�{q} |V{S�"¨�{qw�°$���V�.���"�G��¼��=©��V{R{S|]{q¨�{qw�¼Q���"�"|�}��G�C�"z/�.�£»�C{S�V|a�.��z"{Sy�{qw�{Sw©á.©G��}¢{Û�Gw����Gw�y��G�Cwoß1¹��Vy����a�.����©Gw��C{qw��C�Cw�{Sz"w���w�y�{q��®S���V�V{qw�w�{qwo��w�y�|V�C}¢z/�{qz/w�{��!�C���C�/�C�Cz"|a�.��{����G�a�V{±����¼J®q��¨��G��{qwÅ I~�¨�{qw�|a�ä�k©G�V{«{q|¢}��G�C�"z/�.�©z"w�w�{S�V�����"¨�y�{q�Û{qz/w�®q{S�"w�{Swá.©G��}¢{_}uz�����w�|V{S�V{S} ���"�G|V|az/�������V�C��y�z/{@���"�G|V|a{@®q�·¨�{q|§�!z/}u}¢{qw£ C°$���V�.�uy�z"{S|V{S|à���C�a�C{q��{qwu�k©G�a{z"wÞ{qz/w�{q} °$���a�.��������¼��G��|�{qz"w�{q�(��w)¨�{q���Gw�w��V{qw9��}u�C{S¨���w��${qz"w�{I�!�G���C�/�C�Cz/|V�.��{Z��}¢�C{S¨���w��C|a���G�a�V{®q�«{q�a®q{S���C{qwÅ»�y�z"{'vxw�¼J�C�a}·���!z"�Gw�{qw¬¹�¨�{q�@{Sz"w�®S{q�"w�{�áÞ©G��}u{'¨�{qz/w����G���!{S�q 
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Ç�ÈÃÉ¡ÔÕÚ!Ö�ã�ÜÃÓ	Ü�ÑHÚ%Ö87:9<;>=>?A@

�CBG�DBFEHGS�IGS� n�GS�a�
ÅKJ�®LBG�NM PO JQBG�DRSGLJNR O �DGTJ

48ÅKJ�®LBG�NM8UVJ�¼J�DBG� O �IRDGTJNR O �DGLJ
24ÅKJ�®LBG�NM£�IBFW��IXYMZG\[PGTJNR O �SGLJ
56Ô �0� �]GLJ��IXZ^NEß��DBFJNRSM_B��DX O JNRS`aGLRSbdc��eXYJNfNXZ`aWFGTX/� E1B!gih
90 cm/sá O �dB��DX O JNRS`aGLRSbdc��eXYJNfNXZ`aWFGTX/� EjBkglh
167 o/sÅKJ��!�SXYGTm npocá�BFfq[)ÕrJNbdc�� O oVs$�DX�taG¿uBFfNGL`FGS�eXYbdc��

90 kgsK^��SbdcNE1GTRDRSGq�
52, 5 cmâÞ�acvG
106 cm² GL�eXYbdc��

122, 5 kgÇ�Ó�É�ÔäÙ¥Ú0Ô�È�ÑHÚ%Ë

ÅKmvmNXYMZfN^NJN`9Å�h�µah�ÚNw�xIy{z\|~}�����xe��|~}v|~��xIy{�����~�~���D�����!���D��� �~�T�K�u�����~���I���T�\���> !�!�~�~�K�k�I�e¡l�~���V�¢�~��� �~���>�
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Ç�È¸É ÔÕÚ!Ö ùÈ�ÎHÚ!Ö¹ÑÎ$×!È�ËvË�Ú!Ö³²?ùÛ Ò'Ú%Ö´ Ù£Ö$ú1È1Ûzü¶µl·
�¸BG�IBpE1GL�IGq� n±Gq�§�
Å¹mNEHGLRDRS^NJN`aGTJ

155mm× 185mm× 156mmÅ¹JNRV���DGLbdcvºLGLX��
80msÅ¹^v»��aRS^NJN`

70mm ¼ XYJ 4m ½ J��S¾¿Gq�DJÀ^NJv`ÀÁáeGLXZbdc��-GTX/�IG E1B!gih
50mÂKÃ JÀ^NJN`aR§�eXYJNWpGLM mNXYRÄºT^
180◦Å{GS�DR O �D`a^vJN`aRDRa�QBFJNJÀ^NJv`

24
Å�s/ÆÇ GS�eXZbdc�� b~Bvh
4.5 kgÇ�Ó�É�ÔäÙ¥Ú0Ô�È�ÑHÚ%Ë

È mvmNXYMZfN^NJN` È hÊÉPh�ËQw�xIy]ÌÎÍ~Ï�xIy�ÏÑÐ>ÍLÒ�ÒÀxIy¸ÓuÌiÔ\Õ�xIy]Öl��yVz×Í�ÔFØVÙCÚ/ÛkwÄÍL��xIÒÜÏV��ÒÀÕ/Ý�Ò�Þ!ÍL}vxIÒÜÕ�xdÏ]ß-xIy�ÏV��xI����xIy�Ï>Û
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Ç�ÈÃÉ¡ÔÕÙ£Ú�µ8µ]Ô]ö÷·àÈ�ú=Ú!ÖµÈcÒ�Ú!Ö ´ Ù£Ö$ú1È1ÛvûCø8ù
ú¸BG�IBpE1GL�IGq� [rûrE5m O M n±Gq�§�
[rGLJNR O �DGTMYGLEHGLJ���c O �SXYº O J��dBFM

ncx üFý à[rGLJNR O �DGTMYGLEHGLJ��etaGS�a�DXYW!BFM
ncy

n�þFnÿI�DGLX��IG/fNGTR¹ÆÄÆ�s�oÑ[PGTJNR O �DR
bs ý h�nHE1EHE�.�acNG\fNGTRKÆÄÆ�seoÑ[PGTJNR O �SR
hs

nNh à E1EÿI�DGLJvJ���GLX��IG×fNGq���8XYJvRDG
f ý h�� ü EHEÅ{GS�DºTGq�V�S^NJN`aRÑ¾æBFW�� O �
κ1

á���áaá üFý��aüc O �LhQÿ�XYMYfvcQBF^����V�N^NJNW��StaGq�SRDbdcNXZGLmN^vJN`
cx

ÉFþ�	Ph ý É
�\ú{X�gPGLMtFGq�§�~h ÿ-XZMYfNcQBp^����!�v^NJNW��DtFGq�DRSbdcNXYGTmN^NJN`
cy

ÉaÉpn � ý þ ü ú{X�gPGLMÇ�Ó�É�ÔäÙ¥Ú0Ô�È�ÑHÚ%Ë

È mNmNXZMYfN^vJN` È h�	vh�ËQw-��x�Ù ÙCw�æÚeÍLz\xIyÑÍ\Õ�xIy�Öi��yVz×ÍÜÔ������/Û�wÄÍL��xIÒHÏV��ÒÀÕ®Ý�Ò�Þ!ÍL}vxIÒ®Õ�xdÏ�ß�xIy�ÏV��xI����xIy�Ï�Û
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� �L%'��� � % � ���³����� ���F��� � �!�

 È `�BG�§��BpM8^NJNf"! O �Dc � É áFá É$#Ü[ih È `�BG�§��BpM-BFJvf�s�h%! O �Dc:h&�8G~BG�SJNXYJv` B Ra�QBG�DRSG��DGS���DGTRDGLJ��IB��IX O J¾ O � O m('SGLbS�-fNGS�DGLbL�IX O J:h8UVJqpcx�r'ò.ÿ.ÿ/ð�tTuG{vs�r4yÞ�T��ÿ.�k}Gx�r�)�ÿ/��u+*crvuzy¯ÿ�x!ÿ�u]ò.ÿRrvu,*cr$-.)�}G�cÿ�x0/�tPs�t$rvu �t O MY^vE1G/n � �QBF`aGTR1�2�3	546�3	 á�� Æ O �ÎGLJvcQBF`aGTJ � sKGLJNE1BG�SW �67 B�û3É áaá ÉPhQ[����DXZJN`aGS�Ño�Å{GS�DMYBF`Nh
 È M/�DcQBF^NRÄ^vJNf Æ-c��DXYR§�IGTJNRDGTJ � É áaá 	 # ú]h È M��IcQBF^vR¹BpJNf8�Üh UdhÎÆ-c��DXZRa�IGTJNRDGTJ:h�ÿ�GLcQB~trX O ^��Äb OrO �DfNXZJQB!o�DX O JéXZJ3Ra�!�S^NbS�D^��DGTf GTJÀtrX/� O JNEHGLJ��DRLh9Þð�wv��u]ò.ÿ/ð��.r���rv�&t$ò�s � � ü ¼ ü Á>Ë ý��Fü 4 ý�ü n � É áFá 	vh È JN`a^vGLM O täÿ��k����� � É áFá É # s�h È Jv`a^NGLM O t � !\hÀÿ-XYR§��BpR � s�h
: O MZMYGS� � ÿKh
�8XYEHWFGL�IW!BFX � [ihP[vBFJvJNGq� � BpJNf[Îh<;Äc��D^NJ:h=�8G~B��DJNXZJN`�cNXZGq�DBG�DbdcNXZb~BFM O m
'SGLbL� E1BG�NR O ¾/J O JroVRa�IB��IX O JQBG�Ñû GLJ�trX"� O JNEHGLJ��IR¢�eX/�DcE O mNXZMYG'� O m O �IRLh�UVJºpcx�r'ò¸�cr4yo�T��ÿ0*crvuzyÃ�krvu=>�u]ò.ÿ�x��µ��tTu��@?¬tTu"9�x��&t A=ò�t&���CB�u��xÿ��T��t�{)ÿ�u]ò.ÿED3>F9�BHG �É áaá ÉPh
 ÿ O �DGTJNRa�DGLXZJ¦ÿ��k����� � ��þaþ ý # êvhQÿ O �SGLJNR§�IGTXYJ � ÿ¹h ½ taGq�SGS�a� � BFJNf8� h�
QGLJN`vhI���w't�{����&tTuG{KJ;r��¸tT�"ÿ(��r$L��rv�TsNMPOQ?'s��cÿR-Fso��u�ð±ñ�ÿ�ò��Gu�t@S¸}�ÿ�s�h È hT:+h ú]GS�IGS�DR � �£�Df:h � n±GLMZMYGTRDMYG�û �Q7 È � ��þaþ ý h ÿ-^��D`aBG�Df2ÿ��k����� � ��þaþ à # n hÀÿ�^��D`�B��Df � È hÀs¹Gq�V� � sÜh
 O g � BFJNf È h�ÿKhPÆ>�DGLEHGq�SRLh:UVJ��DGL`C�DB��IXZJN`Ü`FM O omNBFM�� O RSX/�DX O JHGLR§�IXYE1B��DX O JHBFJNf·� O RSX/�DX O J��!�DBFbdWÀXYJN`Ü¾ O ��E O mNXZMYG_� O m O �IRLË(;ÄcNG¹fvûrJQBFEHXYb�EjB��DW O tM O bLBFMYXZº~B��DX O J5BG����� O BFbdc:h8UVJ~pcx�r'ò¸�Õr4y��T��ÿ�B��0�0�VU��WOTXYB�u��$�Z*crvuzyÃ��rvuEB�u��cÿ��T��t�{)ÿ�u����.r���rv�Ts(��u�ð
OQ?'s��xÿR-Fs[D\B��1]�O�G � ��þaþ à h

 ÿ-^NRDbdcvWpBH^NJNf [vB � O �a�IX � É áaá É # ú¸h�ÿ-^NRDbdcvWpB BpJNf È h-[vB � O �a�IX¶h È trX"�§�I^QBFMeRSGLJNR O �j¾ O �¢� OrO EfvGS�IGTbS�DX O J:h UVJJpcx�r'ò¸�Þr4y��,��ÿYB��0�0�VU���OTX&B�u��µ�^*crvuzyÃ�Þrvu+B�u��cÿ��T��t�{)ÿ�u�����r���rv�,s¬��u�ð_OQ?�s��xÿR-Fs
D\B��1]�O�G � �NBF`aGLR ý 	 ü 4 ý nÀÉ � É áaá ÉPh Æ O cNGLJ � �~þaþ � # ú¸BF^NMV!\h Æ O cNGTJ:h=��-.)�tTx�t$ò/���C-·ÿ��,��r¸ðvsàyzrvxo��x��&t A=ò�t&���¡tTu��cÿ��T��t�{)ÿ�u]ò.ÿ�h 7 UH; ú��DGTRDR �Æ�BpE5m��DXZfN`aG �Q7 È � �K[ È � �~þaþ � h Æ O tFGq��^NJNf8;Äc O E1BFR � �~þaþ�� # ;Äc O EjBFR 7 huÆ O taGS��BFJvf;ê O û È h`;Äc O EjBFRTh9�c�"ÿR-·ÿ�u��TsMr4y1B�uzyzrvxaL
-����&t$rvuJñ¡��ÿ�rvxa?!hZê O cNJ�n XYMYG�ûN- R O JNR � ��þaþ��Fh

 Æ O gq^vJNfqn XZMZ¾ O Jv` � �~þaþ á # Udh¥êvhNÆ O g BFJNf Ç hb;/hGn XZMZ¾ O Jv` � GLfvX/� O �DRLhP9�}G�4rvu]r$-Mrv}�s���r���rv�^/�ÿ��Gt$òRL�"ÿ�s�h�[)���DXZJN`aGq��Å{GS�DMYBF` � �~þaþ á h
 sKGLMZM_BFGS�a��ÿ��k����� � ��þaþ à # 
-h�sKGTMYM_BpGq�a� � s�hl
 O g � n hÀÿ-^��D`aBG�Df � BpJNf [Îh�;Äc��D^NJlh 7 O J��DG¹bLBG�DM O M O b~B!oMZXYºLB��IX O J5¾ O �{E O mNXYMZG_� O m O �IRTh:UVJqpcx�r'ò¸�Õr4y.�,��ÿ�B��0�0�cB�u��$��*crvuzyÃ�ÕrvuN��r���rv�Ht$ò�s1de9�}G�4r$-����&t$rvu
D\B$*Õ��9�G � �~þaþ à h

à 	



®8äf�Vådêdèg�ihFê¸°kådêkj!åIä&�! ��Näl�
 s O ^NbTGS� � ��þFþ à # È hus O ^NbLGL�~h8m J�RSGNnÀ^NGTJ��DX_BFM{RSXYE5^NMYB��IX O JPo�mQBFRDGTf E1GL�Ic O fNR\¾ O �\mQB~ûaGTRDX_BpJpoQM��IG�o�SXYJN`vhq;]GLbdcNJNXZb~BFM��SGq� O �a� � [PXY`FJQBFM�ú�� O bTGLRDRSXYJN` Ç � O ^�� � sKGq�NBG�a�DGLEHGLJ�� O ¾ ½ JN`FGLJNGTGq�DXZJN` � ��JNX�otFGq�SRDX/�Vû O ¾ Æ�BFE�m��DXZfN`aG � ��þaþ à h
 
 O g2ÿ��k����� � ��þFþaþr#×s�h�
 O g � n h¸ÿ-^��S`�BG�Sf � BFJvf�[ih%;Äc��D^NJ:h 7 BG�DW O t�M O b~BFMZXYºLB��IX O J ¾ O ��E O mNXZMYG� O m O �IRÄXZJéfvûrJQBFEHXYb GTJÀtrX/� O JNEHGLJ��DRLh�X�rv}x�u����Pr4y�9�x��&t A=ò�t&���TB�u��cÿ��T��t�{)ÿ�u]ò.ÿÞ��ÿ�slÿ/��x�ò�� � ��� � �~þaþaþvh
 
��SGL^NJvf ^NJvf [PbdcNBG�NX"�SG � ��þFþ � #ts hG
��DGT^NJNféBpJNfu!\h ½ hP[PbdcQBG�vX"�DGph È fNGTbLXZRDX O JPo �DcNG O �SGS�DXYb�`aGLJNGS�IB!oMZXYºLB��IX O J O ¾ O JroVMYXZJNG-MZG~BG�SJNXYJv`/BFJNf®BFJHBG���NMYXZb~B��DX O J¥� O m OPO R§�IXZJN`NhNUVJ,*cr$-.)�}G�µ���&t$rvu����G��ÿ/��x�u�tTuG{ñ¡��ÿ�rvxa?8DH�c}x�r'ò�rv���vG � ��þaþ � h
 
��SGL^NJvf ^NJvf [PbdcNBG�NX"�SG � ��þFþ ü #ts hG
��DGT^NJNféBpJNfu!\h ½ hP[PbdcQBG�vX"�DGph È fNGTbLXZRDX O JPo �DcNG O �SGS�DXYb�`aGLJNGS�IB!oMZXYºLB��IX O J O ¾ O JPo�MYXYJvG MYGLBG�DJNXZJN`®BFJNf BFJqBG���vMYXYbLB��IX O J·� O m OPO Ra�IXZJN`Nh�X�rv}Gx�u�����r4y[*cr$-.)�}�xÿ�xU��u�ð
OQ?'s��xÿR-wO¡ò�tWÿ�u]ò.ÿ�s � ��� ¼ �kÁ�Ë�����þ346�3	aþ � ��þaþ ü h

 
��SGL^NJvf ^NJvf [PbdcNBG�NX"�SG � ��þFþaþ #ts h]
��DGL^vJNfíBFJNfx!\h8[PbdcNBG�NX"�SGFh È RSc O �a� XYJ��!� O fN^vbS�IX O J�� O m OrO oR§�IXZJN` � ��þFþaþvh
 
��SXYGTfNEjBpJäÿ��=����� � �~þaþ à #oêvh�
��DXZGLfNE1BFJ � ;/hW�¹BFRa�DXYG � BFJNfy!×hz;ÄXZmNRDcNX/�IBFJvX¢h È fNfNX��IXZtFGíM O `aXZRa�DXYb�SGL`C�SGLRSRDX O J:Ë B+Ra�dB��IXYR§�IXZb~BFMÎtPXZGS� O ¾Cm OrO Ra�DXYJN` � ��þaþ à h
 Ç BG�SbLXYB�ÿ��=����� � �~þaþaþ # Æ-c��SXYR§� O �NcvG Ç BG�SbLX_B � Ç h�mlXYW O R � BFJNf Ç G O �S`aGY;¸ºTX"�SX/�dBpRLho
ÎBpbLG+fNGL�IGLbL�IX O JXZJ+b O M O ��XZEjBF`FGLRC^vRDXYJv`��-B~taGTMYGS�à�QBpbdWFGS��BFJNBFMZûrRDXZRLh UVJEBr*PJ{*%O�|W/�rv���`} � �NBF`aGLR ü á 	54 ü áFà�� �~þaþaþvh
 Ç\O Jvº~BFMZGLº/^NJNf�n XYJ��Dº � ��þ à ü # !×hAÆKh Ç/O JNºLBFMYGTº BFJNf ú¸hcn XYJ��Iºph�~�t�{�tT�$����Ba-��'{)ÿ~pcx�r'ò.ÿ�s�s�tTuG{FhÈ fvfNXYR O JPoµn±GLRSMYG�û3ú ^NmNMYXZRDcNXZJN`+UVJNbph � ��þ à ü h
 �KBG�DBFMYXZbdW1^NJvf [PcQB��NX"� O � ��þFþ�É # !\h 7 h��¹BG�IBpMYXYbdW BFJNf=� h Ç he[rcQBG�NX/� O h�*cr$-.)�}�xÿ�x±��u�ð ��r���rv�
/�tPs�t$rvuQh È fNfNXZR O Jroµn±GLRDMZGTû3ú ^NmvMYXYRScNXYJv`+UVJNbFh � ��þaþ�Érh

 �¹GLXZRDGTMYG·ÿ��k����� � É áaá � # ÿ¹hQ�¹GLXZRDGTMYG � ;/hi[PGS�V�DG � [ih 7 ^NWÀcNGq��'SGLG � BFJNf8;/hÎú O `F`aX O hc
QG~B��D^��DG¥�DGTfN^Nb>o�DX O J3BpJNf cvXYGq�DBG�Dbdc�û O ¾CbTM_BFRSRDXloNGq�DRÄ¾ O ��¾æBpRa� O m
'SGTbS��fNGS�DGLbL�IX O JqXZJétPXZfNG O XYE1BF`aGTR � É áaá �ah
 UVJNJNGLR�ÿ��k����� � É áaá nr# È JNf��SGS� UVJNJvGLR � Å XZbS� O ��Æ-XYGLRSXYGTMYRDWÀX � ê O cNJ 7 BFE5^��DXYM � BFJNf [vBFmN^Nê O cNJ:h�!eG�ofv^NbLXZJN` ¾æBFMYRSG5BFMYBG�DEHR�^NRDXZJN`é`aGLJvGS�IXZb���� O `C�IBpE1EHXYJN`HXYJ O m
'SGLbL�\fNGS�DGLbL�IX O J:h\UVJ,Br*�L@9�B � �QBF`aGTR
�pý þ54 �aü n � É áFá nNh

 : O GLJNXZ`H^vJNf [rXYEHE O JvR � ��þaþ à # [Îh�: O GLJvXY` BFJvfc!×h�[PXYEHE O JNRLh��/B~trXYGS�LË È � O m O ��JQB~trXY`�B��DX O JB��DbdcNX��IGLbL�I^��SGÄmQBFRSGLf O JÛ�QBG�a�DX_BFMZMZû O mvRDGq�ÑtpBFmNMYGÄE1BG�SW O t5fNGTbLXZRDX O J¢��� O bLGLRSR{E O fNGLMZRLhQUVJHs�h�: O �Ño�DGLJNW!BFE¢� � !\h ÿ O JNBFRDR O � BFJNf�!×h 7 ^��V�Nc�û � GTfNX/� O �DR � 9�x��&t A=ò�t&����B�u��cÿ��T��t�{)ÿ�u]ò.ÿE�Þ�vslÿ/ð&J;r��¸tT�"ÿ��r���rv�&t$ò�sNM�*0�vslÿ�O��&}#ð�tWÿ�s�r4y.O�}�ò�ò.ÿ�s�s,y�}G�]��r���rv��OQ?'s��xÿR-Fs � �QBF`aGTR¹þg�R46�kÉaÉrh 7 UH;-oVú��SGLRSR � ��þaþ à h
 :\^vX"�ÎGq�DRÄ^vJNf ÿ�GLGLR O J � É áaá É # ÿKhz:/^NX/�iGS�DRéBFJvf ú¸hÄÿ-GTGLR O J:h ÿ OPO �IRa�V�IBG� MZG~BG�SJNXYJv`�¾ O �Ý�NMYBFbLG�SGLb O `aJNX��IX O J:h�UVJLpkx�r'ò¸�0r4y��T��ÿ�IR���µ��*crvuzyÃ�0rvuu9�x��&t A=ò�t&���QB�u��cÿ��T��t�{)ÿ�u]ò.ÿ[D\9�9�9WBfG � É áaá ÉPh

à n



®8äf��åIêdè��khFêz°�ådêkj!ådä,�! ��Näl�
 �uG O JQBG�Sf¦ÿ��k����� � ��þFþ�É # êvh¥êvh`�8G O JNBG�Df � �Üh£
-hisK^��V�DBFJ��So$n cÀû��DG � BFJNf Udh�êvh:Æ O gih×s¹ûrJQBFEHXYbÜEjB��mv^NXYMZfNXYJN`�¾ O �{BFJ®BF^�� O J O E O ^vR E O mvXYMYGà� O m O �Lh6B�u��xÿ�x�u����Ht$rvu�����X�rv}Gx�u����?r4yk��r���rv�Ht$ò�sk��ÿ�slÿ/��x�ò�� �
�2� ¼ nÀÁ>Ë à þ54Pþ ý � ��þaþ�Érh

 �uXZGLJNcNBG�a��ÿ��k����� � É áaá 	r#1!×h6�8XYGTJNcQBG�§� � È hC:/^��DBFJ O t � BpJNf Å�hiú XZRIBG�SGTtrRDW�ûah ½ E¢�NX"�SXYb~BpM8BFJQBFM�ûrRDXYRO ¾8fNGS�DGLbL�IX O Jjb~BpRDb~BpfNGLR O ¾:m OPO R§�IGTfjbLMYBFRDRSXloQGS�DR�¾ O ���IBG�NXZf O m
'SGLbL��fNGL�IGLbL�IX O J:h8UVJ8~z9¶�J8|��
���T�p=���&�cÿ�x�u³�@ÿ�ò�r/{�u�tT�&t$rvu_OQ?r-.)�r's�tT}
- � É áFá 	vh
 � O JNb~BG�SXYb � ��þaþ à # [ih5� O JNb~B��DXYbph È RD^��ÑtaG�û O ¾NRScQBG�ÎG�BpJQBFMZûrRSXYR£�IGTbdcNJNXlnr^vGLRLh#p=���&�cÿ�x�u¶�@ÿ�ò�r/{�u�tT�Ht$rvu �
	g� ¼ à Á � ��þaþ à h

 7 BG�a�VþYJNGTº 7 O º O R�ÿ��k����� � É áFá � # m5h 7 BG�§�!þYJvGLº 7 O º O R � ÆKh¸[)�dBpbdcNJNXYRSR � BFJNf;n huÿ-^��S`�BG�Dflhé[P^Po�ÎGq�ÑtrXYRDGTf MZG~BG�SJNXYJv` O ¾��NM_BFbTGLR5¾J� O E¬�DBFJN`aGéfQB��dB ^NRSXYJN`'BFfQBpm OrO Ra�Lh�UVJÄpcx�r'ò¸��r4yN�T��ÿEB��0�0�
B�u��µ�*crvuzyÃ�0rvu³��r���rv�Ht$ò�sYdy9�}G� r$-����Ht$rvucD\B$*Õ��9�G � ÿ-BG�DbTGLM O JQB � [��NBFXYJ � È ���SXYMuÉ áFá � h

 7 BG�a�VþYJNGTº 7 O º O R � É áaá n # m5h 7 BG�a�VþYJNGTº 7 O º O RTh3[P^��ÎGq�ÑtrXYRDGTf"MYGLBG�DJvXYJN` O ¾>�NM_BFbTGLR\¾J� O E �IBFJN`FGfNB��dB+^NRSXYJN`HBFfQBpm OrO Ra�Lh 7 BFR§�IGq����R@�IcvGLRDXZR � ��JNXZtFGq�DRSX/�Vû O ¾+
��DGTXYmN^��D` � s¹GLbLGTE5mÎGq�¹É áaá nvh
 7 GLX/�Ä^NJNf"!Þ©��DRDbdc � É áFá 	r#1!\h 7 GTX"� BpJNf Ç hF!Þ©��IRDbdclh�9�u_B�u��&x�r¸ð�}�ò��&t$rvu«� r��(r'r's��&tTuG{q��u�ð¬��ÿRLwGÿ�x%�'{�tTuG{ � �QBF`aGTR1�2��þ546� à nNhà�¹^vE5miGS���ä� È U-É ý áaá h [����SXYJN`aGS� � êaBpJr^NBG�Sû É áFá 	vh
 7 O J��IGTE1GS�DM O ÿ��k����� � É áaá 	 # 7 h 7 O J��DGLEHGq�SM O � �Üh�! O û � BFJNfq[ihg;Äc��D^NJlh ú¸GS�DRV�ÎGLbL�IX�taGLR O JéR§�dBFJPofNBG�DfNXZº~B��DX O J XYJ E O mNXYMZGY� O m O �'��� O `C�IBFEHEHXYJN`Nh/UVJipcx�r'ò¸�1r4y��T��ÿ1B��0�Z�VU���OTX"B�u��$�W*crvuzyÃ�=rvu
B�u��cÿ��T��t�{)ÿ�u��+��r���rv�Tso��u�ðEOQ?�s��xÿR-Fs[D\B��1]�O�G � É áFá 	vh

 7 ^��V�vcÀû2ÿ��k����� � É áFá 	 # :+h 7 ^��V�vcÀû � È h�; O �V�IBpMYmQB � BFJNf�n hG
��DGTGLE1BFJ:h]�¹RDXZJN`��IcNGe¾ O �DGTRa��� O RDGTG�DcNG'�!�SGLGFË B+`C�DBG�NcNXZb~BFMlE O fNGLMÅ�DGLMYB��IXZJN`�¾¿GLB��I^��SGLR � O m
'SGLbL�IR¹BFJNf��IcNG\RSbLGLJvGLR � É áaá 	vh
 m O �DG·ÿ��1����� � ��þaþ ü # [ÎhQm O �DG � Ç h ½ hT�¹XZJ�� O J � BFJNf Ç hvsK^NfNGTW h È E O mNXZMYG�� O m O �R�DcQB��eMYGLBG�DJvRÄX/�IR�vM_BFbTGFh�I¥ÿ�}x%����*cr$-.)�}G�µ���&t$rvu � þ ¼ 	�Á�Ë ý à 	54 ý þaþ � ��þaþ ü h
 m'�ÎGLJQÆ�Å � É áaá � # m+�iGTJ Æ�Å5h m+�iGTJ b O E¢�N^��DGq� trXYRSX O J MZXYm��DBG�SûFh �W!W� � É áaá �ahc��a�!�:Ë����pR O ^��DbTGT¾ O �S`aGFh JNGL�a����� O 'SGLbL�IR�� O �ÎGLJNb�tPMZXYm��DBG�SûFh
 mY��! O ^��DWpG � ��þFþ à #oêvhrm���! O ^��SWFGFhP*cr$-.)�}G�µ���&t$rvu�������ÿ�r$-·ÿ��Hxa?(tTu"*�Df��u�ð(�=ð�tT�&t$rvu2G!hrÆ�BFE5m��SXYfN`aG��JNXZtFGq�SRDX/�Vûéú��SGLRSR � ��þaþ à h
 úCBG�QBp`aG O �S`aX O ^©ÿ��k����� � ��þFþ à # Æ O JNR§�dBFJ��DXYJNG'ú¸h�ú¸BG�QBF`aG O �D`FX O ^ �z7 XYbdcQBpGLM1m+�DGTJ � BFJNf=; O E1BFR Oú O `a`aX O h È `FGLJNGS�IBFM�¾J�DBFE1GL� O �DW ¾ O � O m
'SGLbL�×fNGS�DGLbS�DX O Jlh5UVJ{B$*z*^/�� ���(M0pcx�r'ò.ÿ.ÿ/ð�tTuG{vsMr4y¶�T��ÿ
O�t��Á�T�tB�u��xÿ�x�u����Ht$rvu����6*crvuzy¯ÿ�x!ÿ�u]ò.ÿ1rvu8*cr$-.)�}�xÿ�xY/�tPs�t$rvu � �QBF`aG ����� � n"BFRScNXYJv`G� O J � s/Æ � �K[ È ��~þaþ à hNU ½{½{½ Æ O E¢�N^��DGq�¹[ O bLXZGS�Vûah

 !Þ©��DRDbdc©ÿ��=����� � É áaá É # Ç h<!Þ©��DRDbdc � [ih 7 XYW!B � ÿKh�[Pbdc*�aMYW O �v¾ � BFJNf�:+h<o�!\h 7 ¹NMYMZGq�Lh Æ O JNRa�V�D^Nb>o�DXYJN`1m OrO R§�IXYJv`jBFMZ` O �SX/�IcvE1RÄ¾J� O E RStrE1RTË:BFJ BG���NMZXYb~B��IX O J�� O O JNG>oVbTM_BFRSRKbLMYBFRDRSXloQbLB��IX O J:hWB��0�0�ñ*x%��u*s¸�Gò��Ht$rvu*sorvu~p=���H�xÿ�x�u_9�u����v?'s�tPso��u�ðKJL�Gò��GtTuÅÿWB�u��cÿ��T��t�{)ÿ�u]ò.ÿ � Épn ¼ þaÁ�Ë���� à n$4Q����þaþ � É áaá ÉPh

à �
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 ! O �eMYG�ûäÿ��k����� � ��þaþ à # �¹GLJ��Sû È h�! O �eMYG�û � [PcÀ^NE1GTGS�3ÿ-BFMY^$'DB � BpJNf�;¸BFWFG O :\BFJNBFfNGFhì�¹GT^��IBFMJvGS�x� O �DWaoVmNBFRDGTfí¾æBpbLG5fNGL�IGTbS�IX O J:h^B��0�Z� ñ#x%��u*s¸�Gò��&t$rvu*s�rvuLp=���H�xÿ�x�u&9�u����v?'s�tPs¶��u�ð0JL�Gò��GtTuÅÿ
B�u��cÿ��T��t�{)ÿ�u]ò.ÿ � É á ¼ �kÁ�ËAÉ2	54g	 à�� �~þaþ à h

 !�^NRSR � ��þaþaÉ$#oêvhÊÆKhQ!e^NRSRLh�ñ¡��ÿWBR-��'{)ÿ�pkx�r'ò.ÿ�s�s�tTuG{�����u�ð���r'r'�!h�Æ�!ÄÆ ú��DGLRSR � ��þaþaÉPh
 !�^NRSRDGTMYM8^NJNf~� O �StrXY` � ��þaþ � #Ü[��I^QBG�§�Y!e^NRDRSGLMZMÄBFJNf�ú]GS�IGS��� O �StrXY`Nh,9�x��&t A=ò�t&���PB�u��xÿ��T��t�{)ÿ�u]ò.ÿNM<9J;r¸ð)ÿ�x�u�9�)�)�x�r¸�Gò��rh{ú��SGLJ��IXZbLG�oH�KBFMZM � ½ Jv`aMYGL� OrO f Æ-MZX Ã R � ��ê � ��þaþ � h [vBFbdWé^NJNf ÿ-^��S`�BG�Sf � É áaá n # s�h [PBFbdW"BFJvf«n h�ÿ-^��D`�BG�Sf:h È b O E¢�QBG�DXZR O J O ¾eEHGS�Ic O fNRÜ¾ O ��MZX�oJvGjG�g)�V�IBFbL�IX O J±¾J� O EÓ�IBFJN`FG1fQB��dBvhéUVJ pcx�r'ò¸�Þr4y��,��ÿ0���T�&B�íg9�*�OQ?$-.)�r's�tT}g- rvupB�u��xÿ��T��t�{)ÿ�u��
9�}G� rvu]r$-Mrv}ls"/�ÿ��Gt$ò��"ÿ�sKD\Bi91/�G � É áFá nNh

 [PbdcQBG�NX/�DG\^NJNf [PXZJN`aGq� � ��þaþFþ # ! O miGS�a� ½ h:[PbdcQBG�NX/�DG�BFJNf s O �DBFE [PXYJN`FGq�Lh¹UVEu��� O taGTf m OrO Ra�DXYJN`BpMY` O �SX/�DcNE1R�^NRDXZJN`®b O JgoQfNGLJvbLG�o �IB��DGLf����DGTfNXYbL�IX O JNRLh�JL�Gò��*����ÿ/��x�u�� � 	 ü ¼ 	�Á�ËAÉFþ ü 4
	�	 ý � ��þaþaþvh [PbdcQBG�NX/�DG � É áaá � # !\hP[PbdcQBG�vX"�DGph�;ÄcNGKm OrO Ra�DXYJN`×BG����� O BFbdcu� O E1BFbdcNXZJNGeMYGLBG�DJNXZJN`NË È J O taGS�StrXYGL� �É áaá �ah
 [PbdcNJNGTXYfNGS�DE1BFJ ^vJNf_:\BFJNBFfNG � É áaáaá #1�×h8[PbdcNJvGLXYfvGq�DE1BFJ'BFJNf&;/h`:×BpJQBFfNGph È R§�dB��DXYRa�DXYbLBFM¸EHG�o�Dc O fj¾ O ��	pf O m
'SGLbL�ÄfNGL�IGLbL�IX O JéBG���vMYXYGTf·� O ¾æBFbLGTRÄBFJNfébLBG�DRTh¸UVJ�*^/]p0�1��� � �QBF`FGLR�UdË ü n ý 4 ü2� � �É áaáaá h
 [PcÀ^NE1GTGS��^NJNf"! O �eMZGTû � É áaá � # ÿ¹hÄ[PcÀ^NEHGLGL�3BFJNf��×h�! O �eMYGTûFh ÿ OrO Ra�DXYJN`±RDG>g XYfvGLJ��IX�oQb~B��DX O J�ÎGq�Ñ¾ O �DE1BFJNbTGFh]UVJ³pcx�r'ò¸�+r4y(�T��ÿtO£ÿ�wGÿ�u��xÿ.ÿ�u��,�YB�u�u]rvwv���&tTwGÿz9�)�)���t$ò/���&t$rvu*sor4yz9�x��Ht A=ò�t&����B�u��xÿ��T��t�L{)ÿ�u]ò.ÿK*crvuzy¯ÿ�x.ÿ�u]ò.ÿYD\Bi9�9WBfG � ú X/�a�IRDmv^��D`ac � ú È � �K[ È � É áaá � h [PXYMYBG�QBFbdc O �IG·ÿ��k����� � É áaá n # ú¸h�[PXZM_BG�QBpbdc O �IG � s�h�!\h�:×B��D^����vX_BFc � BFJNf È h��KBpJNR O Jlh 
QG~B��I^��SGRSGLMZGLbS�DX O Jé^vRDXYJv`®BFfQBFm OPO Ra��¾ O ��¾æBFbLG/G>g����DGLRSRDX O J��SGLb O `aJNX��IX O J:hCUVJ5pcx�r'ò.ÿ.ÿ/ð�tTuG{vsor4yR�T��ÿ(íärv}x��T�
Bk9�Oàñ¡��~�B�u��xÿ�x�u����&t$rvu�����*crvuzy¯ÿ�x!ÿ�u]ò.ÿorvu /�tPs�}*����t�¡'���&t$rvu�|PBR-��'{�tTuG{$|0��u�ð�BR-��'{)ÿ(pcx�r'ò.ÿ�s�s�tTuG{ ��NBF`aGLR à n54 à þ ��7 BG�DmÎGLMZM_B � [��QBFXZJ � [PGS���IGTE5mÎGq�¹É áaá nvh

 [PXYEHE O JNRÞÿ��k����� � ��þaþ ü # !×h�[PXYEHE O JNR � !\h Ç\OrO f��eXYJ � :+h��¹BFXY`Fc � [ih�: O GTJNXY` � BpJNfêvh`m��Ê[P^vMYMYX�tpBFJ:h È M_B~ûaGS�DGTfíBG�DbdcNX��IGTbS�I^��DG5¾ O � O � bLG5fNGTMYX�taGq�Ñû±� O m O �IRTh/UVJ«pkx�r'ò¸�kr4y¶�T��ÿFí0tTx�s��B�u��µ�*crvuzyÃ�0rvu89�}� rvu]r$-Mrv}�sW9c{)ÿ�u��Ts � ��þaþ ü h ;Äc��D^NJ¦ÿ��=����� � É áaáaá # [Îh�;Äc��S^NJ ��7 h�ÿ-GLGL�Iº �z7 hÄÿ-GTJNJNGS�eX��Iº � n h�ÿ-^��D`�BG�Sf � È hAÿ¹heÆ>�DGTE1GS�DR �
�hvsKGTMYMYBFGq�§� � s�h#
 O g � ÆKh��KBFGTcNJNGLM � sÜhNBFJNf�! O RSGLJÀmÎGq�D` � �Üh�! O û � êvhN[PbdcÀ^NM/�DG � BpJNf3s�hv[PbdcÀ^NMYºphú�� O mQBFmNXZMYXZRa�IXZb�BFMY` O �DX/�DcNEHR�BpJNf·�IcvG/XYJ��IGS�IBFbL�IXZtFGKE5^vRDGL^vE � O ^��Ño�`a^NXYfvG�� O m O � 7 XZJNGq�ÑtFBPh]t O MY^PoEHGY��þ � É áaáaá h
 ;Äc��D^NJ¦ÿ��=����� � É áaá � # [Îh2;Äc��S^NJ � sÜhÁ
 O g � n haÿ-^��D`�BG�Sf � BFJNf®sKGTMYM_BpGq�a�Lh�
�h�! O mN^NR§� E O J��DG�b~B��DM OM O bLBFMYXZº~B��DX O J®¾ O �ÄE O mNXZMYG+� O m O �IRLh<9�x��&t A=ò�t&���QB�u��xÿ��T��t�{)ÿ�u]ò.ÿ � ��É à ¼ ��oÑÉaÁ � É áaá �ah
 ;ÄXYGL^q^NJNf3Å X O M_B � É áFáaá # :+hC;ÄXZGL^íBFJvf ú¸hÎÅ X O M_Bvh�ÿ OrO Ra�DXYJN`1XYE1BF`aG��DGL�!�SXYGTtpBFM¶h¹UVJ,B��0�Z�¢*crvuTLy¯ÿ�x!ÿ�u]ò.ÿ¶rvu{*cr$-.)�}�xÿ�x"/�tPs�t$rvu±��u�ð�p1���&�xÿ�x�u5�@ÿ�ò�r/{�u�tT�&t$rvu � �QBF`FGLR¹ÉaÉ à 4PÉ2	 � � É áaáaá h

à ý
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 ; O �a�IBFMZmQB�ÿ��k����� � É áaá 	 # È h`; O �V�DBFMYmNB � :®h 7 ^��a�Nc�û � n h]
��SGLGTEjBFJ � BFJNf 7 h`!e^NmNXYJlh×Æ O J��IG�g)�ÑomNBFRDGTf�trXYRDX O J'RSûrRa�DGLEª¾ O ���NM_BFbTGjBpJNf O m('SGLbS�Y�DGTb O `aJvX/�IX O J:h1UVJ¾pcx�r'ò¸�.r4y��T��ÿ�B�u��$�t*crvuzyÃ�.rvu
*cr$-.)�}G�xÿ�x8/�tPs�t$rvu�D\B$*z*^/�G � É áaá 	vh
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