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��³ø^VbT`ilVUXYiQTUzh�Otpg`iQaSkh�lkWò¶ `iWT^]`cYiU�\soXoX�C��³9ð�jñÂºf\_ba`me�`ioXo{WTwVUXQa`il7QThMWaUXQaw]\_QaUXhjOkW�UXOeISVUXY[StQTSV`9^]\sQTQa`ibTOVWZ\sbT`Z��`iOV`ib[\sQT`il7n~�t\mlV�~O]\_prUXY'^Vbah~Yi`cWaWH�-NPOtQTS]\sQ'YH\_Wa`jd·WT`[u|~wV`iOVYc`iWMhsv@QT`ipr^�hjb[\soXoX�t^kba`iWT`iO~Qa`il¡^]\sQTQa`ibTOVWrYchjO~Q�\_UzO1UXpr^�hjbTQ�\_O�Q3UzOµvxhjbTpC\sQTUXhjOQaS�\sQ�UXW}Uz��OVhjbT`ilMn~��\-YihjO~y�`iO~QaUXhjO]\_o·WawV^�`ibTy�UXWT`il7pr`iQTSVh~lMWawVY[S7\sW�QTSV`q��UXlVbThse�u2�h_ù bTwVoX`j�q´~wVQTQah�O¦¶�´~wVQTQah�O�d· H¸�¹j¹~d�^]\s��`C .¸.º?�jUXyj`iW'\sO�UXO~Qa`cba`iWTQaUXOV�M`i£V\spg^VoX`qUXO~uyjh�oXy�UXOV�r\gb[\sOVlVh�p e!\_oX�ûd�eISVUXY[S	ef`9ba`i^�`H\_QqSV`ibT`j�mNPO7¢�UX���m ��V�X �d]WT`i|~wV`iOVYc`iWmhsvyj`cYiQah�baWHd?�	d{\_ba`m��`iOV`ib[\sQa`cl¦\sW+vxhjoXoXhseIW��'�7`9WaQ[\sbaQ9eIUXQaS	yj`iYcQahjb9�!°L�?QTSV`mOV`i£~Qyj`cYiQah�bIUzOgQaSV`3Wa`i|~wV`iOkYi`qUXWI`i|~w]\soXoX�9ozUX��`ioX�mQah9n]`'hjOk`@h_v{QTSV`q\sl�±i\_Yi`iO~QIyj`cYiQah�baWIUXOQaSk`ZlVU�\_�jb�\_pt�»NÂvfQaSV`3OV`i£~Q'yj`iYiQThjb'UXW��F²ð�h�b��!³�ñid�QaSV`9OV`i£~Q}hjOV`m\.vxQT`ib�QTS]\sQ}UXW`i|~w]\_ozoX�moXUX�j`ioX�9Qahmn�`'hjOV`'hsv?QaSV`'y�`iYiQah�baW'\sl�±i\_Yi`iO~Q�Qahm�´²¡ðúhjb��!³fñc�;��SV`cOr�!µUXWZUXO7QTSV`MWa`i|~wV`iOkYi`jd�UXQZUXW9`i|~w]\soXoX�toXUX�j`coz�§QaS]\_QZQTSV`MWa`i|~wV`iOkYi`�Qa`cbaprUXO]\_Qa`iW3eIUzQTS�q�z�+hjb?QaS]\_Q;QaSk`�OV`i£~Q;y�`iYiQThjb;UXW;�F²I�{´µUzpgUXo¼\_baoX�jdceISV`iOm�!¶	UXW;UXOZQTSV`IWa`c|�wk`iOVYi`jdUXQ;UXW;`i|~w]\_ozoX�qoXUX�j`coz�3QaS]\_Q;QaSV`}Wa`i|~wV`cOVYi`'Qa`ibTprUXO]\_Qa`iW;eIUXQTSr�q� Ih�b;QaS]\_QfQTSV`IOV`i£~Qyj`cYiQah�b�UXW�� ³ ���IS�wkWIQaSV`qWT`i|~wV`iOVYc`iWZ\sbT`qb�\_OVlVh�ptd~nVwVQ}QaSV`c��\_oXe!\.�~W�WaQ�\_baQ}eIUzQTS� ° �;´µhjpr`}W�\_pr^VoX`IWa`c|�wk`iOVYi`iWq\_ba`'WaSVhseIOMUXOrQTSV`��]�jwkba`j�»�ISVUXWfb[\sOVlVh�p�eI\soX�mUXW\sO	`i£V\spg^VoX`qhsvI\´·	ü�Ç�¸jÉ]�'Å·ÇaÉ.È�ªcÄ[Ä&�·Qab[\sOVWTUzQTUXhjOVW}vxbThjpJWTQ�\_Qa`m�IQahMWTQ�\sQT`L¹Mh~YiYiwVbeIUXQaSM^VbThjn]\_nVUXozUXQTUz`cW;QaS]\_QIlV`i^�`iOVl	hjOVoX�mh�OC�;\_OVlD¹µ�
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XB XC XD XE XF

Typical Sequences:

XDXCXDXEXF  1

XDXCXBXCXDXEXDXEXF  1

XDXEXDXCXB  0

¢�Uz��wVba`m ��V�X �� ï5º \sba��hsy!»?bah~Yi`cWaW
¼ UXyj`iOM\qWT`iQIhsv?Wa`i|~wV`cOVYi`iW'�j`cOV`ib�\_Qa`il§n��mQTSVUXWI^Vbah~Yi`cWaW@\_W!\3Qab[\sUXOVUXOV�9Wa`iQ.dVe�`eI\sO~QfQThqn�`+\_nVoX`�QThq^Vba`clVUXYiQIQaSV`'yj\_ozwk`Ihsv{�+vxhjb�`H\sY[Sg��UXOC\+Qa`iWTQIWa`i|~wV`iOkYi`j���7`
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¢Vh�bqSVUXW'`i£~^]`cbaUXpr`iO~QTWqeIUXQaS	QaSVUXWq^VbTh~Yi`iWaW.df´~wkQaQah�OtwkWa`il1\roXUXOV`H\_bq^VbT`ilVUXYiQah�bHdQaS�\sQ;UXWfö�ð��	¯��Jñ��1�z4*�ê���ISV`}oX`H\sbTOVUXOV�q^VbThjnVoX`ip®UzW�QahÁ�]OVlr\'e�`iUX�jS~Q;y�`iYiQah�bHd�$d�QTS]\sQ9prUXOVUXprU��i`iW'QaSk`rpr`.\sO~uPWa|~w]\_ba`il7`ibTbah�bmn]`iQPe�`i`iO��	\sOVl7QTSV`M^Vba`clVUXYiQa`ilyj\soXwV`Ih_vÂ�j� ¼ Uzy�`iOmQaSk`v��yj`�lkUôù·`ibT`iO~QIyj\soXwV`iW�QaS]\_Qf� YH\_OrQ�\_�j`}hjO�d�ef`'S]\.y�`IQaSV`vxh�ozoXhseIUXOV�9^Vba`clVUXYiQaUXhjOkW���ö�ð��Dµ�ñI�Ã- � dûö�ð��F²fñI�Ä- � d·ö�ð��D°@ñ��Å-�Æjd·ö�ðú�!³�ñI�-�ÇjdIö�ð��!¶�ñr�È-�É�d;eISk`iba`�- � UXW9QaSV`t�¼uPQaSRYchjpr^�hjOk`iO~QZh_v@QaSk`Ce�`iUX�jS~Qmy�`iYiQah�bH�ð�°}hjQT`CQTS]\sQ9QaSk`ryj\soXwV`cWZh_v@QaSk`r^VbT`ilVUXYiQaUXh�OVWr\sbT`rOVh�QZoXUXprUXQa`cltQTh¦ ghjb���w�`iy�`iOQaSkhjwV��S¦�§YH\sO¥hjOVoX�	S]\.yj`mh�OV`rh_v@QaSkhjWa`gyj\soXwV`iWxw�n]`iY.\swVWT`Ce�`C\_ba`gprUXOVUXprU��iUXOV�pr`.\sO~uPWa|~w]\_ba`il¥`ibabThjbH��ñ ï vxQa`cbmQab�\_UXOVUXOV�]d?QTSV`iWa`§^Vba`ilkUzYcQaUXhjOVWmeIUXoXo�n]`MYih�pr^]\_ba`ileIUXQaSMQaSk`@h�^VQaUXpM\soVh�OV`iW_w���Uzy�`iOMQaSV`'QTb�\sOkWaUXQaUXhjOM^VbThjn]\_nVUXoXUzQTUX`iWH�
�ISV`	`i£~^]`ibTUXpr`iO~Q�\_o'Wa`iQTwV^�eI\sW�\_Wmvxh�ozoXhseIW��tQT`iO¡b�\sOklVhjp�WT`i|~wV`iOVYi`cWte�`iba`�j`cOV`ib�\_Qa`il¥wVWaUXOV�MQTSV`ZQTb�\_OVWaUXQaUXh�Ot^VbThjn]\_nVUXoXUzQTUX`iWH��Ê;\sY[S7hsvIQaSk`iWa`mWT`i|~wV`iOVYi`cWme!\_W^VbT`iWa`iO~QT`il�UXO�QTwVbaO¡Qah�\7��³9ð | ñgpr`cQaSVh~l1vxh�bMyj\sbaUXh�wVWryj\_ozwk`iWrh_v | ���7`iUX�jS~Qyj`cYiQah�b�UXOVYibT`ipr`iO~QTWHd·ð����JñÆ��d~e�`ibT`qYihjpg^VwVQT`ilC\�vxQa`ibI`.\sY[SM^]\sQTQa`ibTO�^Vba`cWa`iO~Q�\_QaUXhjOnVwVQ3OVhMef`iUX��S�Q'Y[S]\_OV�j`iW9e�`iba`mpM\slV`qwkO�QTUXof\soXo;QT`iO7Wa`i|~wV`cOVYi`iWme�`iba`m^kba`iWT`iO~Qa`il���ISV`Me�`iUX�jS~Qqyj`cYiQah�bmUzOkYiba`ipg`iO~QaW9ef`cba`MWawVpgpr`ilR\�vxQa`cbò\_ozo�Qa`cORWa`c|�wk`iOVYi`iWMe�`iba`^VbT`iWa`iO~QT`il�d;\sOkl�QaSVUXW'WawkpJeI\sW'wVWa`cltQThCY[S]\_OV�j`9QaSk`Ze�`iUX�jS~Q'yj`iYcQahjb'QThCn�`9wVWa`ilvxh�bZQTSV`rOV`c£�Q9^]\_WaWmQaSkbahjwk�jSRQTSV`rQT`iO1Wa`i|~wV`cOVYi`iW.�R�ISVUXW9^Vbah~Yi`cWaWmeI\sW9ba`i^�`H\sQT`ilhsyj`cbZ\sOVl	hsyj`cbòðúwVWaUXOV�§QaSV`mW[\spr`3Qab�\_UXOVUXOV�MWa`i|~wV`iOkYi`iW�ñ9wkO�QTUXo�ð�|~wVh�QaUXOV��´~wVQTQahjO�ñ¦ QTSV`r^kbah~Yi`ilVwkba`MOVh�oXhjOk�j`ibq^kbah~lVwVYi`cl \_O~�tWTUz��OVU��]YH\_O�Q3Y�S�\sOV��`iWZUXO	QaSV`gef`cUz��S~Qyj`cYiQah�bH�M¢Vh�bqWapM\soXoÂ�sd�QaSk`mef`iUX��S�Q3yj`iYiQThjbZ\_oXe!\.�~W'YihjO~y�`iba��`il7UXO7QaSVUXW'e!\.�~d�\_OVl\soXeI\.�~W{QThZQTSV`�W[\spg`	�]O�\so�yj\soXwV`q¶ vxhjbI ����'lVUËù·`iba`cO�Q�Qab[\sUXOVUXOV�qWT`iQaWIh_vûQT`iOMb�\_OVlVhjpWa`c|�wk`iOVYi`iWÆºad]UXOVlk`i^]`cOVlV`iO~QIhsv�UXQTWfUXOVUXQaU�\_oVyj\soXwV`j� ¨RðÊ?yj`cOrQaSkhjwV��S�d�vxhjbË�]£~`il�d~WapM\soXo�sd�QaSV`Ie�`iUX�jS~Q?yj`cYiQah�b!\_ozeI\.�~W�Yih�O~yj`ibT�j`ilgQahqQTSV`IW�\_pr`�yj`iYiQThjb.djUXQ;pgUz��S~Q·YihjO~yj`cba�j`Qahr\3Wah�pr`ieIS�\sQ�lVUËùû`ibT`iO~Q�y�`iYiQah�bIvxh�bflkUôù·`ibT`iO~Q�yj\soXwV`cWIhsvË�_� ñ
ï vxQT`ib'YihjO~y�`iba��`iOVYi`jdÞQaSV`9^Vba`clVUXYiQaUXhjOkW�pC\_lV`'n~�CQTSV`j�]O�\so�e�`iUX�jS~Q}yj`iYiQThjbq\sbT`Yih�pr^]\_ba`ilmeIUXQaSmQTSV`�h�^VQaUXpM\soj^kba`ilVUXYiQTUXhjOVW�pC\_lV`fwkWaUXOV�qQTSV`�QTb�\sOkWaUXQaUXhjOm^kbahjn�\snVUXoËuUXQaUX`iW.�'�ISV`iWa`mh�^VQaUXpM\so·^VbT`ilVUXYiQaUXh�OVWq\sba`mWTUXpr^VoX�LÌ�ðÂ�r�& tÍ �Mñi�}�7`ZYH\_O�Yih�pr^VwVQT`QaSk`iWa`�^kbahjn�\snVUXoXUXQaUX`iW9Qah7n�`  �ÎjÎkd� �Î]ÏVdI �Î�ÐVd�Ð�Î]ÏVdf\_OVl¦Í]ÎjÎ�vxhjbm�Dµ�d��´²Id»�!°qd� ³ dj� ¶ d�ba`cWa^�`iYiQaUXy�`ioX���?�ISV`IbTh~hjQPuPpr`.\sO~uPWa|~w]\_ba`ilmlVUËù·`iba`cOVYi`iW�n]`cQPef`i`cOCQTSV`In�`iWaQoX`H\sbTOV`il	^Vba`clVUXYiQaUXhjOkWòðúhsyj`ib'\soXo	�iñ�\_OVl�QTSV`iWa`mh�^VQaUXpM\so·hjOk`iWq\sba`9^VoXhjQTQa`il§UzO	¢�UX��� ��k�YÐ�vxh�b{WT`iyj`cOmlVUËùû`ibT`iO~Q;yj\soXwV`cW{h_v | ��ðx¢khjb?`H\sY[Sml]\_Q�\}^�hjUXO~QHdsQTSV`fWTQ�\_OVl]\sbTlm`ibabThjbUXW�\s^V^kbahs£~UXpC\sQT`ioX�ÒÑM���k�Y�V j��ñ
°�h�QaUXYi`	QaS]\_QmQaSV`	��UXlVbahse�u_2�h_ù�^VbTh�Yc`ilVwVbT`tlVh~`iWMOVh�Qr^�`ibPvÂhjbap \_Wre�`ioXo@\_WhjQTSV`ib}yj`ibTWaUXhjOVWIh_v{��³9ð | ñ»vxh�b | �  ]Ó ¥ wkhjQaUXOV�M¶�´~wVQTQahjO�d� H¸�¹j¹~d~^]\_�j`LÐV æº��¦ �ISVUXWIba`cWawVoXQ�YchjO~Qab[\slVUXYiQTW�Yih�O�y�`iO~QaUXhjO�\so·eIUXWalVh�pt��NPQIUXWIef`ioXo���OkhseIOQaS]\_QHd�wVOVlV`ib�ba`c^]`H\_Qa`ilM^VbT`iWa`cO�Q[\sQTUzh�OVWHdkQaSV`}��UXlVbahse�u_2�h_ùr^Vbah~Yi`clVwVba`prUXOVUXpmUI�i`iW�QTSV`Ô¢ º ´	`cbabah�bmn]`cQPef`i`cO¦UXQTWq^Vba`clVUXYiQaUXhjOkWò\_OVlRQTSV`C\_Y[uQaw]\_ofh�wVQaYih�pr`iW'UXO7QaSk`rQab[\sUXOVUXOV��WT`iQMða¶ ��UXlVbahsezÕø´~QT`H\sbTOVWHd� H¸j¹�Ícºxñi�
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λ

Error using
best c

Widrow-Hoff
TD(1)

TD(0)

(Adapted from Sutton, p. 20, 1988)

¢�Uz��wVba`m ��V�YÐM�q»?ba`clVUXYiQaUXhjOÔÊ?bTbah�baWIvÂhjbI��³9ð | ñ
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. . . p3 = pr(black wins)

p4 = pr(black gammons)

p1 = pr(white wins)

p2 = pr(white gammons)

estimated payoff:
d = p1 + 2p2 − p3 − 2p4

no. of white
on cell 1

no. on bar,
off board,
and who
moves

198 inputs

1

2

3

# > 3

. . .

up to 40 hidden units

2 x 24
cells

4 output units

hidden and output units are sigmoids
learning rate:  c = 0.1; initial weights chosen
randomly between −0.5 and +0.5.

estimated probabilities:

¢�Uz��wVba`m ��V�YÏM���ISV`'��³Ûuà�~\sprpmh�OZ°}`iQPe�hjba�
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