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	ÐiÓ_ØŸÆ­Ë®Æ­ÈæÌ²ÓŸÏ’Æ

ØŸÆ�Ø_ÓŸÆiÊñÆiÊ8Í¯Ï’Æ|Ø_Æ7ÇHÐ�Ì²Ø§Ð�Î¦Ø§ÇHà8Î¦Ó[Ç›É6Ê6Í`Æ�.:Æ�ÐRÍ’Î¦ß�Ç¥Ì²Î�Ê«Ó_Þ6Æ�Ì²Î�ØŸÉ®ÐiÌ²Ø©åæÌ=Î�Ê¦Ó_Þ6Æ�Ì=Î�Ë®Æ"Ð„Ù«Ì6à6Î«Æ

Ý¦Ï’É®Ð�Æ�Ç’Ç¯ÆiÎ¦Ï°ßiØŸÆiÔ�Æ�Ê6Í„Ì²ÓŸÏ¯ÆWé­Æ�Í`Ì=Î€Ê¦ÓŸÞ=Æ7Ì²Î$ð=ØŸÉ=â«Ì=Ø�åæÌ=Î$Ê«Ó_Þ6Æ�Ì²Î�Ë®Î�Ï’ß�Ç¯Æ�Ì=ÎcéRí�/“ØkÆ7ÇyÍgÔ10�Ô+Æ

Ç¯É=Î¦Þ6ÆiÊ8Í�ÆiÊ«ÐiÉ=Ï’Æ©Ý«Ø_Î«Ç­Ë®Ó2
TÐiÓ_ØŸÆHË®Æ°ÈæÌ=Ó_Ï’ÆgÐ�Æ�ØŸÓŸÆiÊTØŸÉ=Ï„Ç¯à8Î¦Æ°ØŸÆ�Ç�Ð�Ì²Ø§Ð�Î¦Ø§Ç�ØŸÉIÐ�Ì²Î®Ò¡Ê¦ÆHÇ¯É=Ê8Í�Ý«Ì=Ç

Ç¯ã8ÊcÐ„Ù¦Ï¯É6Ê¦Ó§Ç›ß7Ç¥åæÝ«Ì²Ï�Î«Ê¦Æ|Ù¦É=Ï’ØŸÉ=ð=Æ¥ð=ß�Ê¦ßiÏ„Ì²ØŸÆ¥Ý«Ì²Ï�ÆiÒIÆ�Ô�Ý¦Ø_ÆWéRíD×­ÆiÍ›Í’Æ�Ç›Æ7ÐRÍ¯ÓŸÉ=Ê$Ï„Ì²Ý¦ÝDÆiØŸØ_Æ|Î«Ê

Ï’ß�Ç¯Î¦Ø¢Í„Ì4ÍHË®Æ"ØŸÌ�ØŸÓ¢Í¯Í¯ß�Ï’Ì²Í¯Î¦Ï’Æ|Ý«Ì²Ï„Ì²ØŸØŸßiØŸÓŸÇ¯Ô�Æ=Õ«ÐiÉ=Ê«ÐiÆiÏ’Ê«Ì²Ê8Í�Ø_Æ¡ÐiÌ²Ø§Ð�Î«Ø�ËVá Î¦Ê�ÝcÉ6Ó_Ê8Ígò«ÒIÆ¡ËVá Î«Ê

É=ÝDßiÏ„Ì4Í’ÆiÎ¦Ï�Ð�É6Ê8Í¯Ï„Ì=ÐRÍ’Ó_É6Ê	å¶Û����|×°éRÕ²à8Î¦ÓIÝDÆiÏ’Ô+ÆiÍ[ÝDÉ=Î«Ï[Î«Ê¦Æ�Ð�ÆiÏ¯Í’Ì=Ó_Ê«Æ­Ð�Ø§Ì=Ç’Ç¯Æ­Ë®Æ°ÐiÌ=ØŸÐiÎ¦ØYÕ4Ë®Æ

ÈæÌ²ÓŸÏ’ÆHØŸÆHØŸÓ_Æ�ÊèÆiÊ8Í’Ï¯ÆgØŸÉ®ÐiÌ=ØcÆiÍ©ð6Ø_É6â«Ì²ØUíI×­Æ¥Ï¯ß7Ç›Î«Ø¢Í„Ì4Í­Ç¯ÆiÏ„Ì|È¶É6Ê«Ë¦Ì²Ô�Æ�Ê6Í„Ì²ØDË¦Ì²Ê«Ç­ØŸÆ¥Ç¯ÆiÊ«Ç­É43èÓ_Ø

Ï’ÆiÝ¦Ï’ß�Ç¯ÆiÊ8Í¯Æ�Ï’ÌgÎ¦Ê¦Æ°â«Ì=Ç¯Æ�Ë®Æ�Ð�É6Ê«ÇyÍ’Ï¯ÎcÐRÍ¯ÓŸÉ=Ê¡ÝcÉ6Î¦Ï�ØYá ÆiÊcÇ›Æ�Ô"â¦ØŸÆ�Ë®Æ�Ç�Ì=Ø_ð6É=Ï’Ó¢Í’Ù¦Ô�Æ�Ç2Ý¦Ï¯ß7Ç›Æ�Ê8Í¯ß�Ç

Ë¦Ì=Ê«Ç°Ð�Æ(Ý«Ì²Ý«Ó_Æ�Ï(åYÇ›Æ7ÐRÍ’Ó_É6Ê«Ç5
"ÆiÍ6�6é7�IÍ¯É=Î¦ÍHÐiÌ²Ø§Ð�Î«Ø:à8Î¦ÓVÝDÆiÎ¦Í80iÍ¯Ï’Æ|ÐiÌ²Ï„Ì=Ð�Í¯ß�Ï¯Ó§Ç›ß¥Ð�É6Ô+Ô�Æ¥Ø_Æ

Û����|× Ì=Ë¦Ô+ÆiÍ›Í’Ï’Ì+Î¦Ê¦Æ�Ç¯É=ØŸÎ®Í’Ó_É6Ê$ÐiÉ=Ê¦Ê¦ÆiÒ®Ó_É6Ê¦Ê¦Ó§ÇyÍ’Æ=í

×­É=Ê«Ç¯Ó§Ë®ßiÏ’É=Ê«Ç"Î¦ÊêÆ�Ê«Ç›Æ�Ô"â¦ØŸÆ	òcÊ¦Ó

X
Õ2Î¦Ê«ÆèÊ¦É6Ï¯Ô�Æ

k:k
Ç¯Î¦Ï9/ : X Õ[Æ�Í+Î¦ÊêÉ=ÝDßiÏ„Ì4Í’ÆiÎ¦Ï

Ð�É6Ê8Í¯Ï„Ì=ÐRÍ’Ó_É6Ê

M :
/ : X 7�!

/ : X Õ�Ë¦Ì²Ê«Ç�ØŸÆ�Ç¯ÆiÊ«ÇTà8Îká Ó_Ø�Þ6ßiÏ’Ó¢òcÆ

kM (f 0) � M (f )k �

 :kf 0 � f k

ÌWÞ6Æ�Ð


 2 [0; 1)
í;/“Ø�Æ�Ç›Í¥Ì²ØŸÉ=Ï„Ç¥Ð�É=Ê«Ê8Î à6Î«Æ

M
Ì	Î«ÊñÆ�Í|Î¦Ê\Ç›Æ�Î¦Ø[ÝcÉ6Ó_Ê8Í¥ò¦Ò®Æ

f � ÕcÐ²á Æ�Ç›Í<�“ä=�“Ë®Ó_Ï’Æ(à6Î�á ÓŸØkÆ�Ò®Ó§ÇyÍ’Æ(Î¦Ê¦Æ|Æ�ÍgÎ«Ê¦Æ�Ç›Æ�Î¦ØŸÆ`È¶É6Ê«ÐRÍ’Ó_É6Ê

f � Ë®Æ+/ : X à6Î«ÓkÞ=ß�Ï¯Ó_ò«Æ

f � = M (f � )

,�ÊGÓŸÊ®È¶É=Ï’ÔTÌ4Í¯Ó§à8Î¦Æ+Í¯Ï„Ì=Ë®Ó_Í¯ÓŸÉ=Ê«Ê¦ÆiØŸØ_Æ=>4Ç¯ß�à8Î¦Æ�Ê6Í’Ó_Æ�Ø_ØŸÆ=ÕVÎ«Ê¦Æ�Í¯Æ7Ð„Ù¦Ê¦Ó§à6Î«ÆTÝcÉ6Î¦Ï�ÐiÌ=ØŸÐiÎ¦Ø_Æ�Ï|Ø_Æ

ÝDÉ=ÓŸÊ6Í°ò¦Ò®Æ

f � ÐiÉ=Ê«Ç¯ÓŸÇ›Í¯Æ|ä+Ó_Í¯ßiÏ’ÆiÏ�ØŸÆ|Ý¦Ï’É®Ð�Æ�Ç’Ç¯Î«Ç°Ç›Î¦ÓŸÞ4Ì²Ê8Í?�

8x 2 X ; f t +1 (x) = M (f t )(x)
å

ø

é

�`Ê�ÌHÌ=Ø_É6Ï’ÇkØŸÌ�Ý«Ï¯É6Ý¦Ï¯ÓŸß�Í’ß�Ç¯Î¦Ó_Þ4Ì=Ê6Í’Æ@�

f t t !1� ! f � ÌWÞ6Æ�Ð�Î¦Ê�Í’Ì²Î¦Ò|Ë¦Æ­Ð�É6ÊIÞ=ÆiÏ’ð=Æ�Ê«Ð�Æ�ØŸÓ_Ê«ß�Ì²ÓŸÏ’Æ






ä¡Í’Ì=Î®Ò



�

kf t +1 � f � k � 
 :kf t � f � k � 
 t +1 :kf 0 � f � k
Å�Ì(ÐiÉ=Ô�Ý¦ØŸÆ�Ò®Ó¢Í’ß©Í¯ÆiÔ�ÝDÉ=Ï’ÆiØŸØ_Æ�Ë®Æ�ÐiÆ©Ý«Ï¯É®Ð�Æ7Ç¯Ç¯Î«Ç[Ó_Í¯ßiÏ„Ì4Í’Ó¢ÈDÆ�Ç›Í�Ø_Æ°Ý¦Ï’É®Ë®Î¦Ó_Í�Ë®Æ�Ë®ÆiÎ¦Ò�Í¯Æ�Ï¯Ô�Æ�Ç �

ï t1
�«Ø_Æ(Í’ÆiÔ�Ý«Ç°Ï’Æ�à8Î¦Ó§Ç°ÝcÉ6Î¦Ï°ÈæÌ²ÓŸÏ¯Æ(Î¦Ê«Æ|Ó¢Í’ßiÏ„Ì4Í¯ÓŸÉ=Ê�Ð�É6Ê®È¶É=Ï’Ô�ßiÔ�ÆiÊ8Ígä+ØYá ß�à8Î«Ì²Í¯ÓŸÉ=Ê

ø

ï t2
�2ØŸÆ	Ê¦É6Ô"â¦Ï’ÆèËVá Ó_Í¯ßiÏ„Ì4Í’Ó_É6Ê«Ç|ÝDÉ=Î¦Ï+Ì²Ý¦Ý«Ï¯ÉWÒ®ÓŸÔ+Æ�Ï

f � ÌWÞ6Æ�Ð�Î¦Ê«ÆèÝ¦Ï’ß�ÐiÓŸÇ¯Ó_É6ÊGÇ›Î�
1�

Ç’Ì²Ê8Í’Æ=í

õ`Ì=Ê«Ç��

ø��

ÕiØŸÆ�Ç2Ì²Î®Í’ÆiÎ¦Ï„ÇkÔ�É6Ê6Í’Ï¯Æ�Ê8Í2à8Î¦Æ

f � ÝDÆiÎ¦Í 0�Í’Ï¯Æ­ÐiÌ²Ø§Ð�Î«Ø_ß�Ë¦Æ�ÔTÌ²Ê¦ÓŸçiÏ’Æ�Ð�É6Ê¦Ê¦Æ�Ò®ÓŸÉ=Ê��

Ê¦Ó§ÇyÍ’Æ=í¦Û�Ï¯ß7Ð�Ó§Ç›ß�Ô+Æ�Ê8Í�Õ®ÓŸØŸÇ°Ô�É=Ê8Í’Ï¯Æ�Ê6Ígà8Î¦Æ|ØŸÆ(Ý¦Ï¯É®ÐiÆ�Ç’Ç›Î«Ç�Ç¯Î¦ÓŸÞ4Ì²Ê8Í �

f (x)  M (f )(x)

ÝDÆiÎ®Í�0�Í’Ï¯Æ�Ë®Ó§ÇyÍ’Ï¯ÓŸâ¦Î¦ß�Ç¯Î¦ÏTÐ„Ù«Ì=ÐiÎ¦Ê0Ë®Æ7Ç

x 2 X
Æ�ÍTà8Î¦Æ

f
Ð�É=ÊIÞ6ÆiÏ’ð=ÆiÏ„Ì$Í¯É6Î

�

É=Î«Ï’Ç¡Þ=Æ�Ï’Ç

f � í /“Ø�Æ�Ç›Í`ÓŸÔ�ÝcÉ6Ï›Í„Ì²Ê8Í|Ë®Æ¡Ç¯É=Î¦ØŸÓŸð=Ê¦Æ�Ï`à8Î¦Æ�Ð�Æ�Ç¥ÐiÌ=ØŸÐiÎ¦Ø§ÇHÊká É=Ê8Í¥Ô90�Ô�Æ¡Ý«Ì6ÇHâDÆ�Ç¯É=ÓŸÊñËVá 0�Í’Ï¯Æ

Ç¯ã8ÊcÐ„Ù¦Ï¯É6Ê¦Ó§Ç›ß7Ç?�cØŸÆ�Ç`Ô�ÓŸÇ¯Æ�Ç¥ä

�

É6Î¦Ï¥Ë¦Æ

f (x)
ÝDÉ=Î¦Ï`Í¯É6Î®Í

x 2 X
ÝDÆiÎ¦Þ6ÆiÊ8Í¥Ç¯Æ�ÈæÌ=Ó_Ï’Æ¡Ë«Ì²Ê«Ç

Êká Ó_Ô�ÝDÉ=Ï¯Í¯Æ|à8Î¦ÆiØ�É=Ï„Ë®Ï¯Æ6ÕIÆ�ÍgÔ10iÔ�Æ�ä�Ë®Æ�Ç©È¶Ï’ß�à8Î¦Æ�Ê«Ð�Æ7Ç�Ë®Ó2.Dß�Ï¯Æ�Ê6Í’Æ�Ç�í

�

ÓUÕ«ÝDÉ=Î¦ÏgÇ¯Ó_Ô�Ý¦ØŸÓ_ò«ÆiÏ7Õ¦Ê¦É6Î«Ç°Ê¦ßið6Ø_ÓŸð=Æ�É=Ê«Ç°ØŸÆ�Ç�Í¯ÆiÔ�Ý«ÇHË®Æ�Ð�É6Ô+Ô¡Î¦Ê¦Ó§ÐiÌ²Í¯ÓŸÉ=Ê«Ç°Æ�Ê6Í’Ï¯Æ(Ý¦Ï’É��

Ð�Æ7Ç¯Ç¯ÆiÎ«Ï’Ç�ßiØŸßiÔ�ÆiÊ8Í’Ì=Ó_Ï’Æ�Ç�Õ8Ý«Ì²Ï„Ì²ØŸØ_ß�Ø_Ó§Ç¯ÆiÏ­Ë¦Æ(ÐiÆ�Í¯Í¯Æ¥Ô�Ì=Ê¦ÓŸçiÏ’Æ`Ë®Æ�Þ8Ï„Ì²Ó_Í°ÝcÆ�Ï¯Ô�Æ�Í¯Í¯Ï’Æ¥Ë¦Æ¥Ë®ÓŸÞIÓŸÇ¯ÆiÏ

ØŸÆ­Í’ÆiÔ�Ý«Ç

t1
å¶ÆiÍ�Ë®É=Ê«Ð°Ì=Î«Ç¯Ç¯ÓIØŸÌ¥Ð�É6Ô�Ý¦Ø_ÆiÒ®Ó¢Í’ß©ð6Ø_É6â«Ì²ØŸÆ�ÝDÉ=Î«Ï�Ì²Ý¦Ý¦Ï’É®Ð„Ù¦ÆiÏ[ØŸÆ©ÝDÉ=ÓŸÊ8Í�ò¦Ò®Æ7é2Ý«Ì²Ï

Ø§ÌTÍ’Ì=Ó_ØŸØŸÆ

jX j
Ë®Æ

X
í:Û�É=Î«Ï`Ý¦ØŸÎ«Ç¥Ë®Æ�Ë®ß�Í„Ì²ÓŸØŸÇ¥äèÝ«Ï¯É6ÝcÉ8ÇHË®Æ+ØŸÌ€Ð�É6Ô+Ý«Ø_ÆiÒIÓ_Í¯ß+Ç›Î«Ï(Ë¦Ó_Þ6ÆiÏ„Ç›Æ7Ç

Ì²Ï„Ð„Ù¦Ó_Í¯Æ7ÐRÍ¯Î«Ï¯Æ7Ç­ÝcÌ²Ï„Ì²ØŸØ_ç�Ø_Æ7ÇiÕIÞ=É6Ó_Ï �

ø��

í

ÅkÆêÐ�Ì²Ø§Ð�Î¦Ø�ËVá Î¦Ê Û����|×�Ç¯Î¦Ï�Î¦Ê÷Ë®É6ÔTÌ²ÓŸÊ¦Æ\ò«Ê¦Ó

X
ÝcÆ�Î®Í 0iÍ¯Ï’Æ ÈæÌ=Ó¢ÍñË¦ÆGÔ�Ì=Ê¦ÓŸçiÏ’Æ

Ð�É6Ê¦Ê¦ÆiÒIÓŸÉ=Ê«Ê¦ÓŸÇ›Í¯Æ6ÕkÐ�Æ	à8Î¦Ó�ÝDÆiÎ¦Í%0�Í¯Ï’Æ	Ç¯Ó_ð6Ê¦Ó¢òDÐiÌ4Í’Ó_Þ6ÆiÔ�ÆiÊ8Í|Ý¦ØŸÎ«Ç|Ï„Ì²Ý¦Ó§Ë®Æ�åæä�ÝDÆiÎÑÝ¦Ï’ç�Ç

jX j
È¶É=Ó§Ç¥Ý¦ØŸÎ«Ç¥Ï’Ì=Ý¦ÓŸË¦Æ7é`à6Î«Æ+ØŸÆ+Ý¦Ï¯É®ÐiÆ�Ç’Ç›Î«Ç¥Ç¯ß�à8Î¦ÆiÊ8Í’Ó_Æ�Ø�Ë¦ß�Ð�Ï’Ó_Í(ÝcÌ²Ï¥ØYá ß�à8Î«Ì²Í¯ÓŸÉ=Ê

ø

í ,�Ê\ÐiÉ=Ê«Ç¯ß��

à8Î¦ÆiÊcÐ�Æ=Õ«Í¯É6Î®Í`Ý¦Ï’É=â«Ø_ç�Ô+Æ¡Ë®É=Ê8ÍHØ§Ì	Ç¯É=ØŸÎ®Í¯ÓŸÉ=Ê�ÝDÆiÎ®Í 0�Í’Ï¯Æ¡ÐiÌ²Ï„Ì=Ð�Í¯ß�Ï¯Ó§Ç›ß�Æ|Ð�É=Ô�Ô�Æ"ØŸÆ�Û����|×

ÝDÆiÎ®Í60iÍ¯Ï’Æ¥Ï’ß�Ç¯É=ØŸÎ�Ë®Æ(Ô�Ì=Ê¦ÓŸçiÏ’Æ(Ì6ÐiÐißiØŸßiÏ’ßiÆ¥Ý«Ì²Ï�Î¦Ê�Ì=Ø_ð6É=Ï’Ó¢Í’Ù¦Ô�Æ¥ÐiÉ=Ê¦Ê¦ÆiÒ®Ó_É6Ê¦Ê¦Ó§ÇyÍ’Æ=í

� �

À"½"¾2¿��%�  À��€¾2Ä
	 #)�  ©¾ #����€¿� �½¡¾2Ä
��� #%'% ���#|¿ ¿� �½��4À|¿��

Ã  �	  �½¡¾

õ`Ì=Ê«ÇHÐiÆ�Í¯Í¯Æ¡Ç¯Æ�Ð�Í¯ÓŸÉ=Ê�Ê¦É6Î«ÇHÐiÉ=Ê«Ç¯Ó§Ë®ßiÏ’É=Ê«Ç�Ë¦ÆiÎ®Ò�Ý¦Ï’É=â¦ØŸçiÔ�Æ�Ç�Õ«ØŸÆ"ÐiÉ=Ê8Í¯Ï��=ØŸÆ|É=Ý®Í’Ó_ÔTÌ=Ø�Æ�Í

ØUá Ì=Ý¦Ý¦Ï’ÆiÊ8Í¯Ó§Ç¯Ç’Ì²ð6Æ�Ý«Ì=Ï|Ï¯Æ�Ê®È¶É=Ï„Ð�Æ�Ô+Æ�Ê8Í�Õ:à6Î«Ó�Ç›Æ+È¶É=Ï’ÔTÌ²ØŸÓŸÇ¯ÆiÊ8Í|Ë¦Ì²ÊcÇ`Î«Ê Ô10iÔ�ÆTÐiÌ6Ë®Ï’Æ �VØŸÆ�Ç

Ý¦Ï’É®Ð�Æ�Ç’Ç¯Î«Ç�Ë®ß�ÐiÓŸÇ¯ÓŸÉ=Ê¦Ê¦Æ�ØŸÇHË®Æ"Ö�Ì=Ï¯ö6É4Þ�åæÖ�õ`Û­éRí ,�Ê�Ê«É=Î«ÇgÌ=Ý¦Ý¦Î¦ã8Ì²Ê8ÍHÇ¯Î¦ÏgØ§ÌTÝ¦Ï’ß�Ð�ß7Ë®ÆiÊ8Í’Æ

Ç¯Æ�ÐRÍ’Ó_É6ÊkÕIÊ¦É=ÎcÇ�ÆiÒIÝ«Ø_Ó§à8Î¦É=Ê«Ç°à8Îká Ó_Ø§Ç°Ì=Ë®Ô�ÆiÍ›Í¯Æ�Ê8Í©Í’É=Î«Ç°Ë®Æ�Î®Ò	Î¦Ê¦Æ|Ç¯É=ØŸÎ®Í¯ÓŸÉ=ÊèÊ«Ì4Í’Î¦Ï¯Æ�Ø_ØŸÆiÔ�Æ�Ê6Í

Ð�É6Ê¦Ê¦ÆiÒIÓŸÉ=Ê«Ê¦ÓŸÇ›Í¯Æ6í

�gÊ Ý¦Ï¯É®ÐiÆ�Ç’Ç›Î«Ç`Ë®ß�ÐiÓŸÇ¯ÓŸÉ=Ê¦Ê¦Æ�Ø2Ë®Æ+Ö�Ì²Ï’ö=É4Þ€Æ�Ç›Í`Î¦Ê Ý¦Ï’ÉIÐiÆ�Ç’Ç›ÎcÇgÇyÍ’É®Ð„Ù«Ì=Ç›Í¯Ó§à8Î¦Æ¡ÐiÉ=Ê8Í¯Ï��=ØŸß

Þ=ß�Ï¯Ó_òcÌ=Ê6Í­ØŸÌ"Ý¦Ï¯É6Ý¦Ï’Ó_ßiÍ¯ßHË®Æ(Ö�Ì=Ï¯ö6É4Þ"Æ�Í�ÌWã6Ì=Ê8Í�Ë®Æ�Ç©Ï’ß�Ð�É6Ô�ÝcÆ�Ê«Ç›Æ7ÇHåæÞWÌ=Ø_Æ�Î¦Ï„Ç�ÊIÎ¦Ô�ßiÏ’Ó§à6Î«Æ�Ç„é

Ì4Í¯Í¯Ï’Ó_â«Î¦ßiÆ7Ç�ä Ð„Ù«Ì=à8Î¦ÆÑÝ«Ì=Ó_Ï’ÆGß�Í„Ì4Í��EÌ6ÐRÍ¯ÓŸÉ=Ê�í7�¦É6Ï¯Ô�ÆiØŸØŸÆiÔ�ÆiÊ8Í�ÕHÎ¦Ê÷Ö�õ`Û Æ�Ç›ÍñÎ¦Ê Í¯Î«Ý¦Ø_Æ

hS;A; T; Ri
�

S
Æ�Ç›Í+ØUá Æ7Ç›ÝcÌ=Ð�Æ�ËVá ß�Í„Ì4Í�Õ

A
Æ�Ç›ÍTØYá Æ�Ç¯Ý«Ì6Ð�Æ€Ë¦Æ�ÇTÌ=Ð�Í¯ÓŸÉ=Ê«Ç�Õ

T
Æ�Ç›Í�ØŸÌñÈ¶É=Ê«Ð��

Í¯ÓŸÉ=Ê�Ë¦Æ|Í¯Ï„Ì²Ê«Ç¯Ó_Í¯ÓŸÉ=Ê�Æ�Í

R
Æ�Í`ØŸÌ�È¶É6Ê«ÐRÍ’Ó_É6Ê�Ë®Æ�Ï’ß�ÐiÉ=Ô�ÝcÆ�Ê«Ç¯Æ=í

T
Ð�É®Ë®Æ�Ø§Ì	Ë®Ó§Ç›Í¯Ï’Ó_â¦Î¦Í¯ÓŸÉ=Ê�Ë®Æ

Ý¦Ï’É=â«Ì=â¦ÓŸØ_Ó_Í¯ß|Ë®Æ¥Í¯Ï„Ì²ÊcÇ›Ó_Í¯ÓŸÉ=Ê«Ç°Æ�Ê8Í¯Ï’Æ¥ßiÍ’Ì²Í’Ç�Ð�É6Ê«Ë®Ó_Í¯ÓŸÉ=Ê¦Ê«ÆiØŸØ_Æ�Ô+Æ�Ê8ÍHä¡ØUá Ì=ÐRÍ’Ó_É6Ê �

8(s; s0) 2 S2; 8a 2 A; T(s;a; s0)
def
=

Û�Ï

(st +1 = s0jst = s;at = a)

R(s;a) 2
/ : Æ7ÇyÍ(Ø§Ì€Ï’ß�ÐiÉ=Ô�ÝDÆiÊ«Ç¯Æ¡ÓŸÊ«Ç›Í’Ì=Ê6Í„Ì²Ê¦ß�Æ+Ì6Ç¯Ç¯É®Ð�ÓŸßiÆ+Ì²Î ÈæÌ²Ó_Í|Ëká Æ .DÆ7ÐRÍ¯Î«ÆiÏ|ØUá Ì6ÐRÍ¯ÓŸÉ=Ê

a 2 A
í

�



ÅkÆ$Ý¦Ï’É=â¦ØŸçiÔ�Æ�Ë®Ó¢Í	Ë®ÆTó¯Ð�É=Ê8Í’Ï��6Ø_Æ	É6Ý®Í¯ÓŸÔTÌ²Ø¢ô$Ð�É6Ê«Ç¯ÓŸÇ›Í¯Æ6Õ[ä Ý«Ì²Ï¯Í¯ÓŸÏ�Ë®Æ�ØŸÌ Ë®É=Ê¦Ê«ßiÆ�Ë®Æ�Ç

Ý«Ì=Ï’Ì=Ô+çiÍ¯Ï’Æ�Ç

hS;A; T; Ri
Õ[ä�Ð�Ì²Ø§Ð�Î¦ØŸÆiÏ¡Î¦Ê¦Æ€ÝcÉ6Ø_Ó_Í¯Ó§à8Î¦Æ=Õ�Ð²á Æ�Ç›Í<�“ä=�“Ë®ÓŸÏ¯ÆTÎ¦Ê«ÆèÈ¶É6Ê«ÐRÍ’Ó_É6Ê

� :
S ! A

à6Î«ÓVÔ�Ì²Ò®Ó_Ô�Ó§Ç›Æ¥Ø_Æ7Ç°Ï¯ß7Ð�É6Ô+ÝDÆiÊcÇ›Æ7Ç­Ï’Æ��iÎ¦Æ�Ç©Ý«Ì=Ï°Ø_Æ(Ý¦Ï’É®Ð�Æ�Ç’Ç¯Î«Ç­Ç¯Î¦Ï°ØŸÆ¥ØŸÉ=Ê«ð��UÍ¯ÆiÏ’Ô�Æ=Õ

Ð�Æ¥à8Îká É6Ê�È¶É=Ï’ÔTÌ²ØŸÓŸÇ¯ÆgÝ«Ì=Ï�Æ�Ò®Æ�Ô+Ý«Ø_Æ¥ä�ØUá Ì=ÓŸË®Æ`Ë®Î€ÐiÏ¯Ó_Í¯ç�Ï¯ÆHÇ¯Î¦ÓŸÞ4Ì²Ê8Í­Ð�É6Ô�Ô"Î¦Ê¦ß�Ô�ÆiÊ8Í©Ì=Ý¦ÝcÆ�Ø_ß

óyÈ¶É=Ê«Ð�Í¯ÓŸÉ=Ê�Ë®Æ|Þ4Ì²ØŸÆiÎ¦Ï�Ë®Æ|Ø§Ì+ÝcÉ6Ø_Ó_Í¯Ó§à8Î¦Æ

�
ô1�

V � (s) =
,

"
1X

t =0


 t :R(st ; � (st )) js0 = s

#

õ`Ì=Ê«Ç%���

�

å¶Ý«Ì=ÏHÆiÒIÆ�Ô�Ý¦Ø_ÆWéRÕcÉ=Ê�Ô�É=Ê8Í¯Ï’Æ"à8Îká Ó_Ø2Æ�Ò®Ó§ÇyÍ’Æ�Î¦Ê¦Æ�ÆiÍ`Î¦Ê«Æ"Ç›Æ�Î¦ØŸÆ|È¶É=Ê«Ð�Í¯ÓŸÉ=Ê�Ë®Æ

Þ4Ì²ØŸÆiÎ¦Ï"É=Ý®Í’Ó_ÔTÌ²ØŸÆ

V � à8Î¦Ó©Ç›ÆTÍ’Ï¯É6Î¦Þ=Æ�0iÍ¯Ï’Æ	ØŸÆèÝDÉ=ÓŸÊ6Í"ò¦Ò®ÆèË®ÆèØUá É=ÝDßiÏ„Ì4Í¯Æ�Î¦Ï"ÐiÉ=Ê8Í¯Ï„Ì=Ð�Í¯ÓŸÉ=Ê

Ç¯Î¦Ó_Þ4Ì=Ê6Í7Õ¦Ð�É6Ô+Ô¡Î¦Ê¦ß�Ô+Æ�Ê8Í�Ì=Ý¦ÝDÆiØŸß|É=ÝDßiÏ„Ì4Í¯Æ�Î¦Ï�Ë®Æ��©ÆiØŸØ_ÔTÌ=Ê �

[B � :f ] (s) = max
a

 

R(s;a) + 
 :
X

s0

T(s;a; s0):f (s0)

!
å 
=é

�gÊ«Æ�È¶É=Ó§Ç�Ø§Ì(È¶É=ÊcÐRÍ¯ÓŸÉ=ÊTË®Æ`Þ4Ì²ØŸÆiÎ¦Ï�É6Ý®Í¯ÓŸÔTÌ²ØŸÆ

V � ÐiÌ=ØŸÐiÎ¦Ø_ß�Æ=Õ²Î«Ê¦ÆgÝDÉ=ØŸÓ¢Í’ÓŸà8Î¦Æ`É=Ý®Í’Ó_ÔTÌ²ØŸÆ�ÝDÆiÎ®Í

ÓŸÔ+Ô�ß7Ë®ÓŸÌ²Í¯Æ�Ô+Æ�Ê8Í60�Í¯Ï’Æ|Ë®ß�Ë¦Î¦Ó¢Í’Æ�Ð�É6Ô+Ô�Æ|Ç¯Î¦Ó¢Í&�

� � (s) =
Ì²Ï’ð

max
a

 

R(s;a) + 
 :
X

s0

T(s;a; s0):V � (s0)

!

Å�Ì¡Ð�É=Ô�Ý¦ØŸÆ�Ò®Ó_Í¯ßHÍ¯ÆiÔ�ÝDÉ=Ï’ÆiØŸØ_Æ`Ï¯Æ7à8Î¦ÓŸÇ¯ÆgÝDÉ=Î¦Ï©Ï’ß�Ç¯É=Î«Ë®Ï’Æ�Î¦Ê€Ý¦Ï¯É6â¦ØŸçiÔ�ÆHË®Æ¥Ð�É=Ê8Í’Ï��6Ø_ÆgÆ7ÇyÍ

Ì²ÓŸÊ«Ç¯ÓgÐ�Æ�Ø_ØŸÆ�Ï¯Æ7à8Î¦ÓŸÇ¯Æ�ÝcÉ6Î¦ÏèÐ�Ì²Ø§Ð�Î¦ØŸÆiÏ�Ø§Ì\È¶É=Ê«Ð�Í¯ÓŸÉ=Ê Ë®Æ�Þ4Ì²ØŸÆiÎ¦ÏTÉ6Ý®Í¯ÓŸÔTÌ²ØŸÆ=í�Å�Æ�Ý¦Ï¯É®ÐiÆ�Ç’Ç›Î«Ç

Ó_Í¯ßiÏ„Ì4Í’Ó¢È°Ç›ß7à8Î¦ÆiÊ8Í¯ÓŸÆiØ­Ì²Ê«Ì=Ø_É6ð=Î¦Æ�ä$ØYá ß�à8Î«Ì²Í¯ÓŸÉ=Ê

ø

Æ7ÇyÍ"ÐiÉ=Ê¦ÊIÎÑÇ›É6Î«Ç(ØŸÆTÊ¦É=Ô Ëká Ì=Ø_ð6É=Ï’Ó¢Í’Ù¦Ô�Æ

���
	���
�����
������������cí²õ`Ì=Ê«Ç[ØŸÌ¥Ç›Æ7ÐRÍ’Ó_É6Ê�Ý¦Ï’ß�Ð�ß7Ë®ÆiÊ8Í’Æ=ÕWÊ¦É=ÎcÇ[ÌWÞ6É=Ê«Ç�Æ�Ò®Ý¦ØŸÓŸà8Î¦ß°à8Î¦Æ©ØYá Î®Í¯ÓŸØŸÓŸÇ’Ì4Í’Ó_É6Ê

ËVá Î¦Ê¦Æ¥Ì²Ý¦Ý¦Ï’É®Ð„Ù¦Æ`ÐiÉ=Ê¦Ê«Æ�Ò®Ó_É6Ê¦Ê¦Ó§ÇyÍ’ÆgÝDÉ=Î¦Ï­Í¯Ï’É=Î¦Þ6ÆiÏ­Ø_Æ`ÝcÉ6Ó_Ê8Í©ò¦Ò®ÆHÝDÆiÏ’Ô+ÆiÍ›Í„Ì²Ó_Í°ËVá Ì=Ð�Ð�ß�Ø_ß�Ï¯Æ�Ï

Ç¯Ó_ð6Ê¦Ó¢òDÐiÌ4Í’Ó_Þ6ÆiÔ�ÆiÊ8Í|ØŸÆ�Ç"Ð�Ì²Ø§Ð�Î¦Ø§Ç�íkÛ�Ì²Ï"ÐiÉ=Ê«Ç¯ß�à8Î¦Æ�Ê6Í7ÕkØŸÆTÝ¦Ï¯É6â¦ØŸçiÔ�Æ	Ë®ÎêÐ�É6Ê8Í¯Ï��=ØŸÆ+É6Ý®Í¯ÓŸÔTÌ²Ø

Ì=Ë¦Ô+ÆiÍ°Í¯Ï’Ó_ÞIÓ§Ì²ØŸÆiÔ�ÆiÊ8Í�Î¦Ê¦Æ�Ç¯É=ØŸÎ®Í¯ÓŸÉ=Ê�Ð�É6Ê¦Ê¦ÆiÒIÓŸÉ=Ê«Ê¦ÓŸÇ›Í¯Æ6í

�gÊ¦Æ+Þ4Ì²Ï’ÓŸÌ=Ê8Í¯Æ¡Ë¦Î$ó¯Ð�É=Ê8Í’Ï��6Ø_Æ�É6Ý®Í¯ÓŸÔTÌ²Ø¢ô"ÝcÉ6Î¦Ï(ØŸÌ6à8Î¦ÆiØŸØ_Æ¡Ø_Æ7ÇHÝcÌ²Ï„Ì²Ô�ç�Í’Ï¯Æ7Ç

R
Æ�Í

T
Ê¦Æ

Ç¯É=Ê8Í|Ý«Ì=Ç|ÐiÉ=Ê¦ÊIÎ«Ç(Ì$Ý¦Ï’Ó_É6Ï¯Ó�ÔTÌ²Ó§Ç|Ë®É6Ó_Þ6ÆiÊ8Í 0iÍ¯Ï’ÆTÆ�Ç›Í¯ÓŸÔ�ß�Ç|ä$ØYá Ì²Ó§Ë®ÆTËVá ß�Ð„Ù«Ì=Ê8Í¯ÓŸØ_ØŸÉ=Ê«ÇTåæÝ«Ì²Ï

Æ�Ò®Æ�Ô+Ý«Ø_Æ¡È¶É=Î¦Ï’Ê¦Ó§ÇHÝcÌ²Ï¥Î¦Ê¦Æ+âcÉ
�ŸÍ’Æ+Ê«É=ÓŸÏ¯ÆWé�Æ�Ç›Í|Ð�É=Ê«Ê8Î«Æ¡Ç¯É=Î«Ç¥ØŸÆ¡Ê¦É6Ô ËVá«ó›Ì=Ý¦Ý¦Ï’ÆiÊ8Í¯Ó§Ç’Ç¯Ì=ð=Æ

Ý«Ì=Ï`Ï’ÆiÊ®È¶É6Ï’ÐiÆiÔ�ÆiÊ8Í›ô„í

�

Ó�Ø_ÆTÐiÉ=Ê8Í¯Ï��=ØŸÆ�É=Ý¦Í¯ÓŸÔ�Ì=Ø�ÝcÆ�Î®Í+0�Í¯Ï’Æ+Þ8Î\Ð�É6Ô+Ô�Æ+Î¦ÊñÝ«Ï¯É6â¦Ø_ç�Ô�Æ+Ë®Æ

Ý¦Ø§Ì²Ê¦Ó_òcÐ�Ì4Í¯ÓŸÉ=Ê�Õ8ØUá Ì²Ý¦Ý¦Ï’ÆiÊ8Í’ÓŸÇ’Ç¯Ì=ð=ÆgÝcÌ²Ï°Ï¯Æ�Ê®È¶É=Ï„Ð�Æ�Ô�ÆiÊ8Í­Æ7ÇyÍ�Î¦Ê€Ý¦Ï¯É6â¦ØŸçiÔ�Æ¥Ëká Ì=Ý¦Ý¦Ï’ÆiÊ8Í¯Ó§Ç¯Ç’Ì²ð6Æ

Ð�É6Î¦Ý¦ØŸß+ä$Î¦Ê\Ý¦Ï’É=â¦ØŸçiÔ�Æ�Ë®Æ�Ý¦Ø§Ì²Ê¦Ó_òcÐiÌ²Í¯ÓŸÉ=ÊkÕ:ÆiÍ(Æ7ÇyÍ|Ý«Ì=Ï|Ð�É=ÊcÇ›ß7à6Î«ÆiÊ8Í(Ç¯ÓŸð=Ê¦Ó_òcÐiÌ²Í¯ÓŸÞ=Æ�Ô+Æ�Ê8Í

Ý¦ØŸÎ«Ç�Ë®Ó2
	Ð�ÓŸØ_Æ6í �gÊ«Æ°Í¯Æ�Ð„Ù«Ê¦ÓŸà8Î¦Æ�ÊcÌ4Í¯Î«Ï¯Æ�Ø_ØŸÆ|åæÇ¯É=Î¦Þ6ÆiÊ8Í�Ì²Ý¦ÝDÆiØŸßiÆgÌ=Ý¦Ý¦Ï’ÉIÐ„Ù«Æ­ÓŸÊ«Ë®ÓŸÏ¯Æ7ÐRÍ’Æ7é[ÝDÉ=Î¦Ï

Ï’ßiÝDÉ=Ê«Ë®Ï’Æ�äèÐiÆ�Ý¦Ï’É=â¦ØŸçiÔ�Æ"ÐiÉ=Ê«Ç¯Ó§ÇyÍ’Æ"ä	Ð�É6Ê«Ç›Í¯Ï’Î¦Ó_Ï’Æ"Ë®Æ7ÇgÆ7ÇyÍ’Ó_ÔTÌ4Í’Ó_É6Ê«Ç

R̂
ÆiÍ

T̂
Ë®Æ�Ç`Ý«Ì=Ï’Ì��

Ô�ç�Í’Ï¯Æ7Ç`ÓŸÊ«ÐiÉ=Ê¦ÊIÎ«Ç(ÆiÍ|ä�Ç¯Æ¡Ï„Ì²Ô�Æ�Ê¦ÆiÏ|Ì²Î\Ý¦Ï’É=â¦ØŸçiÔ�Æ�Ë®ÎGÐiÌ=ØŸÐiÎ¦Ø�ËVá Î«ÊÑÐiÉ=Ê8Í¯Ï��=ØŸÆ"É6Ý®Í¯ÓŸÔTÌ²Ø

Ë¦Ì=Ê«Ç©Ø_Æ(Ô�É®Ë®çiØŸÆ¥Ì=Ý¦Ý¦Ï’É®Ð„Ù¦ß¥Ë¦Î$Ö�õ`Û

hS;A; T̂ ; R̂i
í

�

Ó:Ø§Ì¡ÝcÌ²Ï¯Í¯ÓŸÆ�� 	!����� "$#%���������ñÐiÉ=Ï’Ï¯Æ7Ç �

ÝDÉ=Ê«Ë	Ì=Ø_É6Ï’Ç�Æ�Ò¦Ì=Ð�Í¯ÆiÔ�Æ�Ê6Í©Ì²Î	Ý¦Ï’É=â«Ø_ç�Ô+Æ`Ë®ÎèÐ�É6Ê8Í¯Ï��=ØŸÆ�É=Ý®Í’Ó_ÔTÌ²Ø�åæÐiÆ`à8Î¦ÓDÊ¦É=ÎcÇ�ÝDÆiÏ’Ô+ÆiÍ©Ë®Æ

âDßiÊ¦ßiòcÐ�ÓŸÆiÏ(Ë®Æ+ØYá Ì²Ý¦Ý«Ï¯É®Ð„Ù¦Æ"ÐiÉ=Ê¦Ê«Æ�Ò®Ó_É6Ê¦Ê¦Ó§ÇyÍ’Æ"ÆiÍ(Ë®Æ¡ØYá Ì=Ð�Ð�ß�Ø_ß�Ï’Ì²Í¯ÓŸÉ=Ê�à8Îká ÆiØŸØ_Æ+Ý¦Ï’ÉIÐiÎ¦Ï’Æ7éRÕcØŸÌ

Ý«Ì=Ï›Í’Ó_Æ�
'&%���)(*���������èÝDÆiÎ¦Í­Ì²ØŸÉ=Ï„Ç�0�Í’Ï¯Æ�ÞIÎ¦ÆgÐiÉ=Ô�Ô�ÆgË®Æ�Ç�ØŸÉ=Ó§Ç�ËVá Ì²Ý¦Ý«Ï¯Æ�Ê6Í’ÓŸÇ’Ç’Ì²ð=Æ7Ç�Ë®Æ�Ç�Î«Ê¦Ó¢Í’ß�Ç

Æ�Í©Ë®Æ�Ç­Ð�É=Ê«Ê¦Æ�Ò®ÓŸÉ=Ê«Ç�Ë®ÎTÏ’ß�Ç¯Æ�Ì=Îkí=ìHÉ=Î«Ç�Ï¯Æ�Ê8Þ6É4ã=É6Ê«Ç�ØŸÆgØŸÆ�Ð�Í¯ÆiÎ«Ï­ä1� +

�

ÝDÉ=Î«Ï�Ý¦ØŸÎ«Ç�Ë®Æ`Ë®ß�Í„Ì²ÓŸØŸÇ

Ç¯Î¦Ï|Ð�Æ�Ç¥ØŸÉ=Ó§Ç|ËVá Ì²Ý¦Ý¦Ï’ÆiÊ8Í’ÓŸÇ’Ç¯Ì=ð=Æ6Õ«ÆiÊ\Ý«Ì=Ï›Í’ÓŸÐiÎ¦Ø_ÓŸÆiÏ|Ç¯Î¦Ï|ØUá ÓŸÊ8Í¯ÆiÏ’Ý¦Ï’ß�Í„Ì4Í¯ÓŸÉ=ÊñÙ¦Æiâ¦â«Ó_Æ�Ê¦Ê¦Æ	Ë®Æ+ØŸÌ

ØŸÉ=ÓkËVá Ì²Ý¦Ý«Ï¯Æ�Ê6Í’ÓŸÇ’Ç’Ì²ð=Æ¥Ë®Æ�ÇHÐ�É=Ê«Ê¦Æ�Ò®ÓŸÉ=Ê«Ç�í

�



� �

���€¿� �½¡¾2Ä
��� #%'% Á  ¿	 �$¿�� �  �½¡¾ #(¾2Ä�À"½

Ö@0iÔ�Æ�Ç›Ó©ØUá Ì=Ý¦Ý¦Ï’ÉIÐ„Ù«Æ€Ð�É6Ê¦Ê¦ÆiÒIÓŸÉ=Ê«Ê¦ÓŸÇ›Í¯ÆèÝcÆ�Î®Í�Ç¯ÓŸð=Ê¦Ó_òcÐiÌ²Í¯ÓŸÞ=Æ�Ô+Æ�Ê8Í+Ì=Ð�Ð�ß�Ø_ß�Ï¯Æ�Ï�Ø_Æ�ÐiÌ=Ø��

Ð�Î«Ø�Ëká Î¦Ê«Æ"È¶É6Ê«ÐRÍ’Ó_É6ÊñË®Æ+ÞWÌ=Ø_Æ�Î¦Ï¥É=Ý®Í’Ó_ÔTÌ²ØŸÆ

V � Ë¦Ì²Ê«Ç¥Î¦Ê\Ö�õ`Û[ÕkÐiÆiØ§Ì	ÝDÆiÎ®Í(Ê¦Æ+Ý«Ì=Ç 0�Í’Ï¯Æ

Ç¯Î�
	Ç¯Ì=Ê6Í�à8Î«Ì=Ê«Ë\ØYá Æ�Ç¯Ý«Ì=ÐiÆ	ËVá ß�Í’Ì²Í’Ç

S
Æ7ÇyÍ|Í’Ï¯ç7Ç|ð=Ï„Ì²Ê«Ëîå¶Þ6É=ÓŸÏ¯ÆTË®Æ	Í’Ì²ÓŸØŸØ_ÆTÓŸÊ®ò«Ê¦ÓŸÆ7é�í��2É=Î®Í

ËVá Ì²âDÉ=Ï„ËVÕ4ØŸÆ©Ê«É=Ô"â«Ï¯Æ©Í¯Ù«ßiÉ=Ï’Ó§à6Î«Æ°Ëká Ó_Í¯ß�Ï’Ì²Í¯ÓŸÉ=Ê«Ç

t2
ÝDÉ=Î¦Ï�É6â®Í¯Æ�Ê¦ÓŸÏ�Î¦Ê¦Æ�ÝDÉ=ØŸÓ¢Í’ÓŸà8Î¦Æ°É=Ý¦Í¯ÓŸÔ�Ì=Ø_Æ

ÝDÆiÎ®Í(Ð�Ï’É��§Í¯Ï’Æ�Ë®Ï’Ì=ÔTÌ4Í¯Ó§à8Î¦ÆiÔ�Æ�Ê6ÍHÌWÞ6Æ�Ð(Ø§Ì�Í’Ì=Ó_ØŸØŸÆ"Ë®Æ"ØUá Æ�Ç¯Ý«Ì=ÐiÆ�ËVá ßiÍ’Ì²Í’Ç

S
� �

�

�cØŸÆ�Ç`ÐiÌ=ØŸÐiÎ¦ØŸÇ

Ð�É6Ê¦Ê¦ÆiÒIÓŸÉ=Ê«Ê¦ÓŸÇ›Í¯Æ7Ç°ÝcÆ�Î¦Þ=Æ�Ê8Í`Ç›Æ�Î¦ØŸÆiÔ�ÆiÊ8ÍHË®ÓŸÔ�Ó_ÊIÎ¦Æ�ÏHØ§Ì�Ý«Ì²Ï¯Í¯ÓŸÆ

t1
Ë®Æ|Ø§Ì	Ð�É6Ô�Ý¦Ø_ÆiÒ®Ó¢Í’ß(Í¯ÆiÔ9�

ÝDÉ=Ï’ÆiØŸØ_Æ¥Æ�ÍgÐ�Æ�ØŸÌ+ÝDÆiÎ®Í�Ê¦Æ|ÝcÌ=Ç 0�Í’Ï¯Æ|Ç¯Î�
	Ç¯Ì=Ê6Í�Ë¦Ì=Ê«Ç°Î¦Ê$ð=Ï„Ì²Ê«Ë€Ë®É=ÔTÌ²ÓŸÊ¦Æ6íIõ`Æ(Ý¦ØŸÎ«ÇiÕ«Ê¦É=Î«Ç

ÌWÞ=É6Ê«Ç©ÞIÎ�à8Îká ÓŸØVÈæÌ²Î®ÍHÌ=Î®Í’Ì=Ê8Í�Ëká Î¦Ê«Ó¢Í’ß�ÇHË¦Æ�ÐiÌ²Ø§Ð�Î«ØkË®Æ(ÍyãIÝcÆHó›Ê¦ÆiÎ«Ï¯É6Ê¦Æ¥È¶É=Ï’Ô+Æ�Øxô|à8Îká ÓŸØkãèÌ

ËVá ß�Í„Ì4Í’Ç2Æ�Í�Ð�Æ�ØŸÌ`ÝDÆiÎ®Í�Ê¦Æ©Ý«Ì=Ç 0�Í’Ï¯Æ­Ï’Ì=ÓŸÇ¯É=Ê¦ÊcÌ²â¦ØŸÆ�ÆiÊ"Í¯Æ�Ï¯Ô�Æ°Ë®Æ­Ï’Æ�Ç’Ç¯É=Î¦Ï„Ð�Æ7Ç�å¶Æ�Ê"Ý«Ì=Ï›Í’ÓŸÐiÎ¦Ø_ÓŸÆiÏ

Ô�ßiÔ�É=ÓŸÏ’Æ�Ç„é­Ç¯ÓVØŸÆ|Ê¦É=Ô¡â¦Ï¯Æ(ËVá ß�Í„Ì4Í’ÇgÆ�Ç›Í©Í’Ï¯É6Ý€ð6Ï’Ì=Ê«ËVí

õ`Ì=Ê«Ç$Ð�Æ�Í¯Í¯ÆñÇ¯Æ�Ð�Í¯ÓŸÉ=ÊkÕ©Ê¦É6Î«Ç	ÓŸÊ8Í¯Ï’ÉIË¦Î¦ÓŸÇ¯É=ÊcÇTÎ¦Ê Ç’Ð„Ù¦ßiÔTÌGËVá Ì²Ý«Ý¦Ï¯ÉWÒ®ÓŸÔTÌ4Í¯ÓŸÉ=Ê Ì=Ý¦ÝcÆ�Ø_ß

ó¯Ì²ð=Ï’ßið8Ì4Í’Ó_É6ÊêËVá ßiÍ’Ì²ÍyôRÕ�à6Î«Ó�ÞWÌÑÊ«É=Î«Ç+ÝDÆiÏ’Ô+ÆiÍ›Í’Ï¯Æ�Ë®Æ�ÐiÉ=Ê8Í¯ÓŸÊIÎ¦ÆiÏTä\Î®Í¯ÓŸØŸÓŸÇ¯ÆiÏ	Ë®Æ7ÇTÐiÌ=ØŸÐiÎ¦ØŸÇ

Ð�É6Ê¦Ê¦ÆiÒIÓŸÉ=Ê«Ê¦ÓŸÇ›Í¯Æ7Ç�ÝDÉ=Î¦Ï¡Ø_Æ7Ç"Ý«Ï¯É6â¦Ø_ç�Ô�Æ�Ç"ÌWã8Ì²Ê8Í�Î¦Êêð6Ï’Ì=Ê«ËÑÆ�Ç¯Ý«Ì6Ð�ÆèËVá ß�Í„Ì4Í7í[ìHÉ=Î«Ç+Ð�É6Ô �

Ô�ÆiÊ��iÉ=Ê«Ç(ÝcÌ²Ï|Ï„Ì²Ý¦ÝDÆiØŸÆiÏ�à8Î¦Æ�ØŸà8Î¦Æ7Ç(Ï¯ß7Ç›Î¦Ø_Í’Ì²Í’Ç(Ï’ß�ÐiÆiÊ8Í’Ç|Ë®Æ@� �

�

Ç¯Î¦Ï|ØUá Ì=Ý¦Ý¦Ï’ÉWÒ®Ó_ÔTÌ4Í’Ó_É6Ê Ë®Æ

Ö�õ`Û Ë®Æ|ð=Ï„Ì²Ê«Ë¦ÆHÍ„Ì²ÓŸØ_ØŸÆ=í¦ìHÉ=Î«Ç°ØŸÆ�Ç�Ì=Ý¦Ý¦ØŸÓŸà8Î¦É6Ê«Ç°ÆiÊ«Ç¯Î¦Ó_Í¯Æ|Ì²Î�Ç’Ð„Ù¦ßiÔTÌ�ËVá Ì²Ý¦Ý¦Ï’ÉWÒ®Ó_ÔTÌ²Í¯ÓŸÉ=Ê

ËVá Ì²ð6Ï¯ß�ð6Ì4Í’Ó_É6ÊñËVá ß�Í„Ì4Í’Ç(ÆiÍ�Ó_Ê8Í’Ï¯É®Ë®Î¦Ó§Ç¯É=Ê«Ç¥Î¦ÊGÌ²ØŸð=É6Ï¯Ó_Í¯Ù«Ô+Æ+ð=ß�Ê¦ßiÏ„Ì²ØUÕVà8Î¦Æ�Ê¦É=Î«Ç(ÓŸÊ8Í¯Æ�Ï¯Ý¦Ï’ß��

Í¯É6Ê«Ç�Ð�É6Ô�Ô+Æ(Î¦Ê�Ì=Ý¦Ý¦Ï’ÆiÊ8Í¯Ó§Ç¯Ç’Ì²ð6Æ¥Ë¦Æ¥Ï’ÆiÝ«Ï¯ß7Ç›Æ�Ê6Í„Ì4Í’Ó_É6Êkí

���
	 �
�������������������
���������� "!
#$ &%'�(������ ")+*-,. 

×­É=Ê«Ç¯Ó§Ë®ßiÏ’É=Ê«Ç:Î«Ê�Ö�õHÛ

M = hS;A; T; Ri
ÆiÍkÎ¦Ê¦Æ�Ì=Ý¦Ý¦Ï’ÉWÒ®Ó_ÔTÌ4Í’Ó_É6Ê cM = hS;A; bT; bRi

Ë®Æ�ÐiÆ(ÖñõHÛ�í

�

É=Ó_Í

B � ØUá É6Ýcß�Ï’Ì²Í¯Æ�Î¦Ï�Ë®Æ��©ÆiØŸØ_ÔTÌ²Ê$Æ�Ò¦Ì6ÐRÍgË®Æ

M
å¶Þ=É6Ó_Ï°Æ7àcí;
=é­Æ�ÍHÇ¯É=Ó_Í bB �

ØUá É6Ýcß�Ï’Ì²Í¯ÆiÎ«Ï°Ë¦Æ��­Æ�Ø_ØŸÔTÌ²Ê�Ì²Ý¦Ý«Ï¯É®Ð„Ù¦ß9�

h
bB � :f

i
(s) = max

a

 

bR(s;a) + 
 :
X

s0

bT(s;a; s0):f (s0)

!

�

É6Ó_Æ�Ê6Í

V � Æ�Í bV � ØŸÆiÎ¦Ï„Ç�ÝDÉ=ÓŸÊ8Í’Ç�ò¦Ò®Æ�Ç�í4,�Ê€Ý¦Ï„Ì4Í¯Ó§à8Î¦Æ=Õ6Ê¦É=ÎcÇ�Þ=É6Î«Ë®Ï’Ó_É6Ê«Ç�Ð�Ì²Ø§Ð�Î¦ØŸÆiÏ�Ø§Ì(È¶É6Ê«Ð �

Í¯ÓŸÉ=Ê\Ë®Æ+ÞWÌ=Ø_Æ�Î¦Ï(Æ�Ò¦Ì=Ð�Í¯Æ

V � ÔTÌ²Ó§Ç¥Ê¦É=Î«Ç¥ÝDÉ=Î¦Þ6É=Ê«Ç¥Ç¯ÆiÎ¦ØŸÆiÔ�ÆiÊ8Í|ÐiÌ=ØŸÐiÎ¦Ø_Æ�Ï¥Ç’Ì€Þ=ÆiÏ„Ç¯Ó_É6ÊñÌ²Ý��

Ý¦Ï’É®Ð„Ù¦ßiÆ bV � íV×­Æ�Ð�Ó�ß�Í’Ì=Ê8Í`Ë®Ó_Í�ÕDÓ_Ø2Ý«Ì²Ï„Ì �§ÍgÆ�Ç’Ç›Æ�Ê8Í¯ÓŸÆiØ�Ë®Æ"Ô+Æ7Ç›Î«Ï¯Æ�ÏgØŸÌTË¦Ó�.:ßiÏ’ÆiÊ«ÐiÆ�ÆiÊ8Í’Ï¯Æ|ØŸÆ�Ç

Ë®Æ�Î®ÒVÕ¦Ì²Î®Í’Ï¯Æ�Ô+Æ�Ê8Í�Ë¦Ó¢Í`Ë¦Æ¥Ô�Æ7Ç›Î¦Ï’ÆiÏ�ØUá ÆiÏ’Ï¯Æ�Î¦Ï�ËVá Ì=Ý¦Ý¦Ï’ÉWÒ®Ó_ÔTÌ4Í’Ó_É6Ê �

Eapp (s)
def
= jV � (s) � bV � (s)j

õ¥Ì²Ê«Ç8� �

�

Õ²ØŸÆ�Ç�Ì²Î¦Í¯ÆiÎ«Ï’Ç�Ô�É=Ê8Í’Ï¯Æ�Ê6Í�à8Î¦Æ°ØUá Æ�Ï¯Ï’ÆiÎ¦Ï�Ëká Ì=Ý¦Ý¦Ï’ÉWÒIÓŸÔTÌ4Í’Ó_É6Ê¡Ë®ß�ÝcÆ�Ê«Ë�ËVá Î«Ê¦Ægà8Î«Ì²Ê��

Í¯Ó_Í¯ß�à8Îká ÓŸØŸÇ�Ì=Ý¦ÝcÆ�Ø_ØŸÆiÊ8ÍgÆ�Ï¯Ï’ÆiÎ¦Ï�ËVá ÓŸÊ6Í’ÆiÏ’ÝcÉ6ØŸÌ²Í¯ÓŸÉ=Ê �

E int (s)
def
= j bB � :V � (s) � B � :V � (s)j = j bB � :V � (s) � V � (s)j

Å�á ÆiÏ’Ï’ÆiÎ¦Ï[ËVá ÓŸÊ8Í¯Æ�Ï¯ÝDÉ=Ø§Ì4Í’Ó_É6Ê"Æ�Ç›Í�ØYá ÆiÏ’Ï¯Æ�Î¦Ï�Ë0/¦Æ°ä � � 
°Ì²Ý¦Ý¦ØŸÓ§ÐiÌ4Í’Ó_É6Ê"Ë®Æ©ØYá É=ÝDßiÏ„Ì4Í’ÆiÎ¦Ï�Ë®Æ �©ÆiØŸØ��

ÔTÌ²Ê	Ì=Ý¦Ý¦Ï’ÉIÐ„Ù«ß bB � Ç›Î¦Ï­ØŸÌ|È¶É=Ê«Ð�Í¯ÓŸÉ=ÊèË®ÆHÞWÌ=Ø_Æ�Î¦Ï�ÆiÒ¦Ì=ÐRÍ’Æ

V � �6Ë®Æ`ÔTÌ²Ê¦ÓŸçiÏ’Æ�Ó_Ê8Í’Î¦Ó¢Í’Ó_Þ6Æ=Õ8ÆiØŸØ_Æ

Ô�Æ�Ç¯Î¦Ï’Æ€Ð�É6Ô"â¦ÓŸÆiÊLØ_Æ7Ç"Ý«Ì=Ï’Ì=Ô�ç�Í¯Ï’Æ�Ç¡Ì²Ý¦Ý«Ï¯É®Ð„Ù¦ß7Ç

( bR(s;a); bT(s;a; :))
Ë®Ó2.Dç�Ï¯Æ�Ê6Í+Ø_É®Ð�Ì²ØŸÆ��

Ô�ÆiÊ8Í�Ë®Æ7Ç�Ý«Ì=Ï’Ì=Ô+çiÍ¯Ï’Æ�Ç[Æ�Ò¦Ì6ÐRÍ’Ç

(R(s;a); T (s;a; :))
í�,�Ê	Æ .DÆiÍ�Õ=É6Ê�ÝcÆ�Î®Í�Ô�É=Ê8Í¯Ï’ÆiÏgåæÞ=É6Ó_Ï’Æ

�



Ì²Ê«Ê¦Æ�Ò®Æ7é©à8Îká Ó_Ø�Æ�Ò®ÓŸÇ›Í¯Æ(Î¦Ê«Æ�Ð�É=ÊcÇyÍ„Ì²Ê8Í¯Æ

K
Í¯Æ�Ø_ØŸÆ|à6Î«Æ

E int (s) � max
a

�
�
�R(s;a) � bR(s;a)

�
�
� + K : max

a

 
X

s02 S

�
�
�T (s;a; s0) � bT(s;a; s0)

�
�
�

!
å �6é

ÅkÆ7ÇHÌ=Î®Í¯Æ�Î¦Ï’ÇHË®Æ � �

�

Ô�É6Ê6Í’Ï¯Æ�Ê8Í`à8Î¦Æ"Ç¯Ó

E int (s)
Æ7ÇyÍ`Î¦Ê¦Æ�âDÉ=Ï’Ê¦Æ"Ç¯Î¦ÝDßiÏ’Ó_Æ�Î¦Ï¯Æ�Ë¦Æ

E int (s)
å¶ÝcÌ²ÏTÆ�Ò®Æ�Ô+Ý«Ø_Æ�É6ÊîÝDÆiÎ¦ÍèÝ¦Ï’ÆiÊ«Ë®Ï’Æ�Ø§Ì âDÉ=Ï’Ê¦Æ�Ç¯Î¦ÝDßiÏ’Ó_Æ�Î¦Ï¯Æ�Ë®É6Ê¦Ê¦ß�Æ�Ý«Ì²Ï	ØUá ß�à8Î«Ì4Í’Ó_É6Ê��8éRÕ

Ì²ØŸÉ=Ï„Ç¥Î¦Ê¦Æ	âDÉ=Ï’Ê¦Æ	Ç¯Î¦ÝDßiÏ’Ó_Æ�Î¦Ï¯Æ

Eapp (s)
Ë¦Æ

Eapp (s)
Æ�Ç›Í"ØŸÆTÝcÉ6Ó_Ê8Í�ò«ÒIÆ	Ë¦ÆTØYá É=ÝDßiÏ„Ì4Í’ÆiÎ¦Ï

Ð�É6Ê8Í¯Ï„Ì=ÐRÍ’Ó_É6Ê€Ç¯Î¦ÓŸÞWÌ=Ê8Í �

[E :f ] (s) = E int (s) + max
a

 


 :
X

s0

bT(s;a; s0):f (s0)

!
å �8é

ÅkÆ7Ç©Ì=Î®Í¯Æ�Î¦Ï„Ç­Ë®Æ9� �

�

Æ�Ò®Ý¦ØŸÓŸà8Î¦Æ�Ê8Í©ß�ð6Ì²ØŸÆiÔ�Æ�Ê6Í°Ð�É6Ô+Ô�Æ�Ê6Í�Ì²Ô�ß�Ø_ÓŸÉ=Ï’ÆiÏ­Î¦Ê¦Æ(Ì²Ý¦Ý¦Ï’ÉWÒ®Ó_ÔTÌ��

Í¯ÓŸÉ=Ê�Õ«Ð²á Æ�Ç›Í<�“ä=�“Ë®ÓŸÏ¯Æ|Ð�É6Ô�Ô+Æ�Ê8Í`Ë®Ó§ÇyÍ’Ï¯ÓŸâ¦Î¦Æ�ÏgØ_Æ7Ç�Ï’Æ�Ç’Ç›É6Î¦Ï’ÐiÆ�Ç©ÝDÉ=Î¦ÏHË¦ß�Ð�Ï’ÓŸÏ¯Æ|ØŸÆ�Ç�ÝcÌ²Ï„Ì²Ô�ç�Í’Ï¯Æ7Ç

R
Æ�Í

T
ä�Í’Ï’ÌWÞ6ÆiÏ„Ç�Í¯É6Î®Í°ØYá Æ�Ç¯Ý«Ì=ÐiÆ`ËVá ß�Í„Ì4Í„Ç

S
í8Û�É6Î¦Ï©ÐiÆHÈæÌ=Ó_Ï’Æ=Õ8ÓŸØŸÇ©ÓŸÊ6Í’Ï¯É®Ë®Î«ÓŸÇ¯ÆiÊ8Í­Ø§Ì�Ê«É²Í¯ÓŸÉ=Ê

ËVá Ó_Ê��«Î¦ÆiÊcÐ�Æ

I S0 (s)
Ë®Æ�ØYá ÆiÏ’Ï¯Æ�Î¦Ï|ËVá Ó_Ê8Í¯Æ�Ï¯ÝDÉ=Ø§Ì4Í’Ó_É6Ê Æ�Ê ØUá ß�Í’Ì²Í

s
Ç›Î«Ï|ØYá ÆiÏ’Ï¯Æ�Î¦Ï|ËVá Ì²Ý¦Ý¦Ï’ÉWÒ®Ó��

ÔTÌ4Í’Ó_É6Ê$Ç¯Î¦Ï�Î¦Ê�Ç¯É=Î«Ç<�UÆ�Ê«Ç¯ÆiÔ"â«Ø_Æ

S0 � S
Ë®Æ|ØUá Æ7Ç›ÝcÌ=Ð�Æ|ËVá ß�Í„Ì4Í7í

I S0 (s)
def
=

@
P

s02 S0
Eapp (s0)

@E int (s)
�

Î¦Ý«ÝcÉ8Ç›É6Ê«Ç�à8Îká É=Ê	Ì

�

É=Î®Í’Æ�É=Î	Æ�Ê¦Ø_ç�Þ=ÆgË®Æ7Ç�Ï’Æ�Ç’Ç¯É=Î¦Ï„Ð�Æ7Ç�Ý¦Ï¯ç7Ç�ËVá Î¦Ê	ßiÍ’Ì4Í

s
íI×­ÆiØ§Ì|ÝDÉ=Î¦Ï’Ï„Ì²Ó_Í

Ð„Ù«Ì=Ê¦ð=Æ�Ï©ØUá ÆiÏ’Ï¯Æ�Î¦Ï�ËVá ÓŸÊ8Í¯Æ�Ï¯ÝDÉ=Ø§Ì4Í’Ó_É6Ê$Ë®Æ|Ø§Ì�à8Î«Ì²Ê8Í¯Ó_Í¯ß

� E int (s)
í��gØŸÉ=Ï„Ç°Î¦Ê�Ì²Ï’ð=Î¦Ô�Æ�Ê6Í�Ë®Æ

ÍyãIÝcÆ°óyð6Ï’Ì6Ë®ÓŸÆiÊ8Íyô�Ô�É=Ê8Í¯Ï’ÆgØUá Æ .DÆiÍ©à8Î¦Æ`ÐiÆiØ§Ì�ÝDÆiÎ®Í°ÌWÞ=É6Ó_Ï�Ç¯Î¦Ï­ØYá ÆiÏ’Ï¯Æ�Î¦Ï­Ëká Ì=Ý¦Ý¦Ï’ÉWÒIÓŸÔTÌ4Í’Ó_É6Ê �

�

 
X

s02 S0

Eapp (s)

!

' I S0 (s):� E int (s)
å��=é

Û�ØŸÎ«Ç¡Ý¦Ï¯ß7Ð�Ó§Ç›ß�Ô�ÆiÊ8Í�Õ�Ð�Æ�ØŸÌ�Ç¯Î¦ð6ð=çiÏ’Æ	ËVá ÆiÊ¦ØŸÆiÞ6ÆiÏ+Ë®Æ�Ç¡Ï¯Æ7Ç¯Ç¯É=Î«Ï’ÐiÆ�Ç|ÝDÉ=Î¦Ï¡Ø_Æ7Ç"ßiÍ’Ì²Í’Ç

s
É 3GØŸÌ

à8Î«Ì²Ê8Í’Ó¢Í’ß(ÐiÓ��“Ë®Æ7Ç¯Ç¯Î«Ç°Æ�Ç›Í�ÝcÆiÍ¯Ó_Í¯Æ�ÆiÍHËVá ÆiÊ$Ï’Ì

�

É=Î®Í’ÆiÏ°É43�ÆiØŸØŸÆ¥Æ7ÇyÍgð6Ï’Ì=Ê«Ë®Æ6í

ÅkÆ7Ç+Ì=Î®Í¯Æ�Î¦Ï„Ç"Ý¦Ï’É=Î«Þ=ÆiÊ8Í�Ì²ØŸÉ=Ï„Ç"à8Î¦Æ$ØYá Ó_Ê��«Î¦ÆiÊcÐ�Æ

I S0

Æ�Ç›Í�Õ�ÆiØŸØŸÆ$Ì=Î«Ç¯Ç¯ÓUÕ2ØŸÆ€ÝDÉ=ÓŸÊ8Í¡ò«ÒIÆ

ËVá Î¦Ê�É=ÝDßiÏ„Ì4Í’ÆiÎ¦Ï�Ð�É6Ê8Í¯Ï„Ì=ÐRÍ’Ó_É6Ê �

[D :f ] (s) =
�

1
Ó2.

s 2 S0

0
Ó2.

s =2 S0
+ 
 :

X

s0

bT(s0; � er r (s0); s):f (s0)

É43

� er r (s) =
Ì=Ï¯ð

maxa
P

s0
bT(s;a; s0):Eapp (s0)

åæÞ=É=ÓŸÏ � �

�

ÝcÉ6Î¦ÏgÝ¦ØŸÎ«Ç�Ë®Æ�Ë¦ß�Í’Ì=Ó_Ø§Ç„éRí

Å�á ÆiÏ’Ï¯Æ�Î¦Ï"ËVá Ì²Ý«Ý¦Ï¯ÉWÒ®ÓŸÔTÌ4Í¯ÓŸÉ=Ê

Eapp
ÆiÍ¡ØUá ÓŸÊ��«Î¦Æ�Ê«Ð�Æ

I S0

Ç¯É=Ê8Í¡Ð�Ì²Ï„Ì=Ð�Í¯ßiÏ’Ó§Ç›ß�Æ�Ç|Ð�É6Ô�Ô+Æ

Ë®Æ7ÇkÛ����|×ñÇ¯Î¦Ï2ØYá Æ�Ç¯Ý«Ì=ÐiÆ�ËVá ß�Í’Ì²Í’Ç

S
íW×­Æ�ØŸÌgÇ¯ÓŸð=Ê¦Ó_ò«Æ�à8Îká Ó_Ø§Ç�Ç¯É=Ê8Í�Æ�Ê(Í¯Ù¦ß�É=Ï’Ó_Æ­Ì²Î«Ç’Ç›Ó6Ë®Ó�
	ÐiÓ_ØŸÆ�Ç

ä$ÐiÌ²Ø§Ð�Î«Ø_Æ�Ï¥à8Î¦Æ�Ø§Ì	È¶É6Ê«ÐRÍ’Ó_É6Ê Ë®Æ�Þ4Ì²ØŸÆiÎ¦Ï¥É=Ý¦Í¯ÓŸÔ�Ì=Ø_ÆTË®Î\Ö�õ`Û

M
íVÅ2ÌèÝ¦Ï’É®Ð„Ù«Ì²ÓŸÊ¦Æ+Ç›É6Î«Ç �

Ç¯Æ�ÐRÍ’Ó_É6Ê€Ý«Ï¯É6ÝcÉ8Ç›Æ¥Î¦Ê¦Æ�Ç¯É=ØŸÎ®Í¯ÓŸÉ=Ê$Ý¦Ï„Ì4Í’ÓŸà8Î¦Æ|ä�Ð�Æ|Ý¦Ï’É=â«Ø_ç�Ô+Æ6í

����� �
�������������������
��� �����
��%'���$%'���0�
��� �	�
� � ���

õ`Ì=Ê«Ç(Ð�ÆiÍ›Í¯ÆTÇ¯É=Î«Ç<�“Ç›Æ7ÐRÍ¯ÓŸÉ=Ê�ÕcÊ¦É6Î«Ç¥Ó_Ê8Í’Ï¯É®Ë®Î¦Ó§Ç¯É=Ê«Ç`Ø_Æ�Ç’Ð„Ù¦ßiÔTÌ$ËVá Ì=Ý¦Ý¦Ï’ÉWÒ®Ó_ÔTÌ4Í’Ó_É6ÊkÕcà8Î¦Æ

Ê¦É6Î«ÇHÌ=Ý¦ÝcÆ�Ø_É6Ê«ÇHÌ=Ý¦Ý¦Ï’ÉWÒ®Ó_ÔTÌ4Í’Ó_É6Ê€ÝcÌ²Ï`Ì=ð=Ï’ßið8Ì4Í¯ÓŸÉ=Ê�ËVá ß�Í„Ì4Í�í:ìgÉ6Î«ÇHÌ=Ý¦Ý¦ØŸÓŸà8Î¦É6Ê«ÇgØUá Ì²Ê«Ì=Ø_ã®Ç¯Æ

+



Ë®Æ|Ø§Ì+Ý«Ì²Ï¯Í¯ÓŸÆ|Ý¦Ï’ß�Ð�ß7Ë®ÆiÊ8Í’Æ¥ÆiÍHÔ�É=Ê8Í¯Ï’É=ÊcÇ©à8Î¦Æ|ØŸÆ�ÇHÐiÌ²Ø§Ð�Î«ØŸÇ�Ë®Æ|ØUá ÆiÏ’Ï¯Æ�Î¦ÏgËVá Ì²Ý¦Ý¦Ï’ÉWÒ®Ó_ÔTÌ²Í¯ÓŸÉ=Ê

Æ�ÍHË¦Æ¥ØUá Ó_Ê��cÎ¦ÆiÊ«ÐiÆ�Ë®ÆiÞIÓŸÆiÊ¦Ê«ÆiÊ8ÍgÝcÉ8Ç¯Ç¯ÓŸâ¦Ø_Æ7Çií

,�Í’Ì=Ê8Í$Ë®É6Ê¦Ê¦ßñÎ«Ê Ö�õHÛ

M = hS;A; T; Ri
Õ�ØUá Ì²Ý¦Ý¦Ï’ÉWÒ®Ó_ÔTÌ²Í¯ÓŸÉ=Ê Ý«Ì²Ï$Ì²ð6Ï¯ß�ð6Ì4Í’Ó_É6Ê

ËVá ß�Í„Ì4Í’Ç­Ð�É6Ê«Ç›Ó§Ç›Í¯Æ`ä�Ó_Ê8Í¯Ï’É®Ë®Î¦ÓŸÏ¯ÆHØ_Æ¥Ö�õHÛîÌ²Ý¦Ý«Ï¯ÉWÒ®ÓŸÔ�Ì²Í¯Ó_È cM = hbS; A; bT; bRi
É43	ØUá Æ7Ç›ÝcÌ=Ð�Æ

ËVá ß�Í„Ì4Í’Ç bS
Æ7ÇyÍ�Î¦Ê¦Æ|ÝcÌ²Ï¯Í¯Ó_Í¯ÓŸÉ=Ê�Ë®Æ|ØYá Æ�Ç¯Ý«Ì6Ð�Æ(ËVá ßiÍ’Ì²Í

S
íD×­Ù«Ì6à6Î«Æ¥ß�Ø_ß�Ô�ÆiÊ8ÍgË®Æ bS

Õ¦à8Îká Ó_ØkÆ7ÇyÍ

Ê«Ì²Í¯Î¦Ï’ÆiØ�ËVá Ì²Ý¦ÝDÆiØŸÆiÏ(ÔTÌ=ÐiÏ¯É4�UßiÍ’Ì²Í�ÕDÆ�Ç›Í¥Î¦ÊÑÇ¯É=Î«Ç<�UÆ�Ê«Ç¯ÆiÔ"â«Ø_Æ+Ë®Æ

S
Æ�Í�Ð„Ù«Ì6à6Î«Æ¡ßiÍ’Ì4Í

s 2 S
Ì²Ý«Ý«Ì²Ï¯Í¯ÓŸÆiÊ8ÍTä Î«Ê0ÆiÍ�Î«Ê Ç¯ÆiÎ«Ø�Ô�Ì6Ð�Ï’É��Eß�Í„Ì4Í�í�õ`Æ�Ý¦Ø_ÎcÇiÕ�Í’É=Î®Í’Æ€È¶É6Ê«ÐRÍ’Ó_É6ÊîË¦ß�ò«Ê¦ÓŸÆ�Ç¯Î¦Ï bS
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bs1 2 bS
�

8s1 2 bs1; E int (s1) � E int ( bs1) = � R( bs1) + K :
X

bs2 2 bS

� T( bs1; bs2)

ÌWÞ=Æ�Ð

(
� R(bs) = max(s;s 0)2bs jR(s;a) � R(s0; a)j

� T( bs1; bs2) = max(s1 ;s0
1 )2 bs1

j
P

s2 2 bs2
T(s1; a; s2) � T (s0

1; a; s2)j
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