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u�lbk��{y?gzy���kwu��sos�{g�n��~�di&oBy��Kl|y~t)�~��k��x���~�xos�-u�l|��i7��os�|�:uzoDos��gzy��5oByUn���l�own{�~l7�]i{gz}~ls��n{l|imnIy�l����~�xos�?uzl|�di���g�n���i�n)kwyR�
}?k��{}��xl|gjy~pvos�{t7l|�Il|yBn�uzlbk��{y~gjy���kwu��sos�{g�n��~�di|�d�6��l�t|u�lbk���ixl7�-k���k�n�g�oBy?i��Kl�n���l7l|y�k��sl|ysn�i|��u�l�k��{y~gzy~��kwu��sos�{g�n{�?�di7����os�{uj}
}�l|i{t��{g��~n{gzoBy �:k�y?}�l7�-gzimo�}�lbi���kwy?k��Bgjy��?��n{os�wl7n{�~l7����g�n���qDk7rwk�¡ i�gjy~��l|�{g�n)kwy~t�l�t�oBy~t�l|��n]��k��sl|i�g�n&lbkwim�5n{o�p�o�t7�~i�oBy?u��
oBy�n���l�gjysn{l7�xl|imn�gzy��I�-k��mn.oBp n���l�gz�I�-u�l|�dl|ysn)k�n�g�oBy���pvos�.l�¢~kw�d�?u�l�t�o�}~gjy��dkwy~}4n{l|imn�gzy���k&y�l��£�~�xos�-u�l|���Dn{l|i�n�gjy��dk&y~l��
kwu��sos�{g�n��?�!��os�#t)�?kwy��sl��-k���kw�Il�n{l7�#iml7nmn�gjy��Bi6p�ow�¤k]�Ry~ob��y�kwuz�sow��g�n��~���
¥ y&os�{}�l7��nxo'�Kl6k��?uzlfnxo��~y~}~l7�{i�n)kwy~}����?k�n¦�?kwi��Kl7l|y]uzlbk��{y�lb} �

Q(s, a)
n)k��?u�lbi�t|kwy&�Kl.i{k7rBl|}]gjyd§s¨D©D©�p�os�{��k�nb��lby?k��?uzgjy��

n{�~l��xlbimlbk��{t)��l7��n{o��~ixldª?«w¬?§��4kwt��~gjy�l�u�lbk��{y?gzy���n{oDoBuji�n{o�gjysn{l7�x�~�{l�n&os��n{o��?�~gjuz}�k��doR}~l|u¦p��xoB�n)k��-�~ujk�n{l|}M®I¯Wi|�°kB±
rwkwuj��l|i|�?�~i{gzy���p�os�6l�¢?k��d�?uzl�}�l|t|gzi{g�oBy0n{�xl7l|i6os�#y�l|����kwu�y~l�n���os�x�Ri|�
² os�#�~�xos�?uzl|�di����~l7�xl'n��~l�i�n)k�n{l|i6t|kwy!�Kl�lbyD�~�dl7��k�n{l|} ��³�k�uj��l ¥ nxl|��k�n{gzoBy!´¤u��sos�{g�n��~��t|kwy�kwuzimod�Kl&k��~�?ujg�l|}��
² os��n���l]�IoB�Il|yBnb�K_�`ba�cYe�}�oRl|i�y~own'�?kwy~}?u�l]t7osyBn�gzyR��oB�~i��~�{os�?u�l|��i7�K�?�Rn�gzi'k��?uzl�n{o�n{�xlbk�n'}~gjixt��xl7n�g�µ7l|}�rBl7�{i{g�oBy~i¤osp
t�oBysn�gjyD��oB�~i6�?�xos�?u�lb�di�¯Zuzgz�sl�n{�~l�¶�oB�~yBn)kwgzy�·.k��6�~�xos�?uzl|�4±)�
_�`badcfe¸t|kwyUn{�xlbk�nIosy~l��?uvk7�sl|�]�Dkw�Il|i&os�&�-��µ7µ|uzl|idkwy~}Un���o5�?uvk7�Bl7�{i&�Dkw�Ilbi7��¹�¢Rn{l|y~ixgzoBy~i]t7oB�~uz}��Kl0pvos�xlbiml7lby�p�os�
�&�~u�n�g���k��sl|yBn¤im��imnxlb�di7�~���~l7�xl�lbkwt���k��sl|yBn¤t7os�?uz}��?iml]kd}?g�ºKl7�{l|ysn'»#¼Mkwu��sos�{g�n��~�!�-ow�¤}~gzºKl7�xlbysn'iml�nxn�gzy~�Bi6oBp�ixos�dl�»�¼
kwu��sos�{g�n��?�!�
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_�`badcfeÎgzi'}~g�r�gj}�l|}�gzyBn{o�Ï~rslI�4k�gjy�pWkw�dgjuzgzl|i¤oBp¦t7ujkwi{iml|i|�Kl�kwt���oBp�n���l|�Ðt�oB�d�]�~y~gjt|k�n�gzy~����g�n���osy~l]ow���Ios�xl]oBp�n��~l
own{�~l7�#pOkw�dgjuzgzl|i|Ñ
Ò�Ó�Ô�ÕvÖbÓ�×DØ ÑI·foByBnx�{osu:n{�~l�l�¢R�Kl|�{gz�dl|ysn�i�ixl�nxn{gjy��Bi4¯Zuzl|y��wn���oBpfl7�?gjimo�}�lbi�±)��kwim��n���l�k��sl|yBn�i�n{o�kwt)nb��t�oBuju�l|t)n]imn)kbn�gji�n�gzt|i
¯Zu�l|y~�wn{�!oBp�l7�-gzixoR}~l|i7��n{own)kwu��xl��6k��{}��7�|��±)�~�IoBy~g�n{os�.n{�~l�oB�Rn{�?��n&¯Onxl7¢Dn#os�6�s��k��?�~gjt7i�±)�

Ò�ÙK×RÚ-Ö�Ø Ñ ¥ ysn{l7�{pWkwt�l¤�Kl7n���l7l|y�l|ysr~g��xoBy?�Il|yBn�¯�n���l'�~�xos�?uzl|�!¡ i�gj�I�?uzl|�Il|yBn)k�n{gzoBy-±fk�y?}�uzlbk��{y~gjy��dkwu��sos�{g�n��~�di|���^o]lbkwt)�
k��sl|ysn�gjifkwixixo�t7gjk�n{l|}4kwy5ÛsÜ ÝBÞwß)àWáOâDãä���~gjt��d��gzuju?�Bg�rBl¤g�n.kw}Rr~gzt�lbi¦oBydn���l#�Klbi�n.kwt)n�g�oBydnxo��Kl|�{pvos�{�!�Yå¤y�l¤t|kwyIr~g�l7�
g�n#kwi6kIÝwæRß)æ���´¤y0k��sl|yBnb�R�Ry~ob��gzy~�Ig�n�i.t7���x�xl|yBn6i�n)k�n{l�kwy~}4n{�~l'ujgzimn.osp��KoBixi{g��-u�l�kwt�n{gzoBy~i7�?kwim�Ri.g�n�i6kwu��sos�{g�n��?�hp�os�
n���l��Kl|i�n'kwt)n�g�oBy0n{od�Kl7�{p�os�{�!� ¥ n6n{�~l|y�gzy?pvos�{�di#g�n�i6l|yBr�gz�xoBy~�Ilbysn�osp�n��~gji�kwt)n�g�oBy�� ¥ y!�{l�n����{y�g�n#�{l|t�l|g�rslbi�kIy~l��
i�n)k�n{ls�Kkwy?}�kI�xl��#k��{} �.�6�~oBiml&gzy?pvos�{��k�n�g�oBy?i�k��xl�n���lby�iml|yBn#n{o�n���l]kwu��sos�{g�n��?�����~gjt���t|kwy��~ixl�n���l|��n{o4uzlbk��{y �
´¤y�k��sl|yBn�tbk�y�k�ujimo4t�oB�d�]�~y~gjt|k�n{l���g�n���g�n�i�kwi{imo�t7gjk�n{l|}!çR¨wè À�ÇR¨�«~�?nxo4gjy~pvos�{��g�n�oBp�g�n�i6t|���x�xl|yBn�imn)k�nxl&kwy~}�uvkwi�n
�Kl7�{p�ow���Il|}�kwt)n�g�oBy �då¤yUk��dos�xl]�~��kwt�n{gjt|kwu���osgjysn�oBp:r~g�l���� ��ldt|kwy�i�k7rsldçDé~«�ê�Ç-ë��^kwy~}��~ixl]n���l|�ì¯íkwy~}����?k�n
n���l��!�?k7rBl�uzlbk��{y�lb} î�±]gzy!own���l7�6�?�xos�s��kw�di7�

Ò0ïOÙKð-Ó�ÕvÖ�ñ^òU×DØ Ñ ¥ y!n��~gzi�pWkw�dgzu���k��xl��Dk�n���l|�xl|}�kwuju n���l�¯Wuzlbk��{y~gjy��R±#k�uz�sos�{g�n��~��i.���~gjt���t|kwy��?�Bg�rBl|y�kdimn)k�nxl]kwy~}�kwuzgji�n
oBp�kwt)n�gzoBy~i7�B�xl7n����{yI���?k�n¦n{�~l��]n��~gjy��&n{o��Kl6n���l#�Kl|i�nfy~l�¢Dn.kwt)n�g�oBy �:ó#l|�xl6oBy~l.��gjuzu~Ï-y~}�t7uvkwixixgjt|kwu~�xl|gjy~p�ow��t�l|�Ilbysn
u�l�k���y~gzy~��kwu��sos�{g�n{�?�did¯Zixl7lI�Kl|uzob�'±)��os��t|kwy�gz�d�?u�lb�Il|yBn�l7¢R�Kl7��gz�Ilbysn)kwu�osy~l|i7�I´¤yUkwu��sos�{g�n{�?�Ð�xl|t�l|g�rBl|i�k0i�n)k�n{l
kwy~}Uk!ujgzi�n&oBp�kwt)n�gzosy?i7��kwy~}Ut���oRoBiml�kw�IoBy��!n{�?gzi�uzgji�nb�0·�ujkwi{iml|i�k��xl�}~l7Ï?y�lb}�gjyUix�~t)�Uk��6k7�5n��?k�n]kwu��sos�{g�n{�?�di
}�oUy~own4�-k7rsl�nxoU�Ry�o���n���l�kwt�n{�-kwu6�Ilbkwy?gzy��UoBp¤i�n)k�n{l|i�kwy?}3kwt)n�g�oBy~i|�.kwiIn���l��MoBy?u��G�?k7rBl!n{oUimnxos�xl�ô��õ���?uzl|i
(s, a,Q(s, a))

���6�R�~i�k��{l'n{�~l��!t�oB�I�-u�l�n{l|u��0�~�xos�?uzl|�]��gzy~}~l7�Kl|y~}~l|ysnb�
e ÚKö^ÕOÓ�ðKÚ^Ú^×RòU×RÚKÖ Ñ�´��sl|y�l7��gzt��Kkwt{�wk��sl:�Bg�r�gzy~�.n���lY}�l7Ï-y~g�n�gzoBy'oBp-ë�Ç~§wÇ~«~ëR�w§~Ä�Ç-ÀsÅ�ê�ë��wk�y?}¤½?Ås¨~¿sÃ]¯Wy-kw�Il|}�÷�Å�ê�ÇR¨�§�À|ê~Ç~«�ë
gzyUn���l4�?�xos�s��kw�4±)� ² os�&l�rBl7�m�U�?�xos�?u�lb�!�^n��~l��~ixl7�]�&�?i�nI}�l|ixt7�{g��Kl4���?k�nIgziIk�ë�Ç~§wÇ~«?�¦kwyM§�Ä�Ç-ÀsÅ�ê �Ykwy~}��~ob�
n{o�Ï-y~}�kwuju��KoBixi{g��?uzl]kwt)n�gzosy?i¤k7rskwgzuvk��?u�l]p��xoB�økd�Bg�rBl|y�i�n)k�nxlB�6�6��l�½?Ås¨�¿sÃ�kwujimo4�Bg�rBl|i��xl��6k��{}?i7�?n{l|uzuji#����l|y!n��~l
l7�?gjimo�}�l�gzi6obrsl|�|�-kwy~}����~oI��oBy�¯Zgjp�n��~gji#y�own�g�oBy!�-kwi6imoB�dl��Ilbkwy~gjy���pvos�.n���l�t�o�}�l|}!�~�xos�-u�l|��±��

ù�ð�ú^×Rúüû^Ó�ðKÔ�ïO×�ò�Ø Ñ'¹fk�t)�5�~�xos�?uzl|�gzi�kwy5gjy~imn�kwy?t7gjk�n�gzosy5oBp:n���l4«�ê�ýKÀ�¨�Å�êDê-«�ÆK«�ê�Ç5t|ujkwixixl|i7�I·fo�}~gjy��5ë�Ç~§sÇ~«�ë0kwy?}
§�Ä�Ç-ÀsÅ�ê�ëd}�l7Ï?y~l|i#��ob�\n���l&k��sl|ysn��Kl7�{t�lbg�rBl|i#g�n�i.��os�{uj}�ÑY}?g�ºKl7�{l|ysn¤t�o�}~gjy���p�os�6n{�~l�i�kw�Il��~�xos�?uzl|��t|kwy!gjy~}?�~t�l
}~gzºKl7�xl|yBn���l|�?k7r~g�oB���{i|�-l�¢~kwt)n�u���ujg��sl]t��?kwy��Bgjy���n���l&imlby~imos�{i#oBy�kd�xos�Kown]¯Ziml7l�n���l&�4k�µ7l�rwk��{gvk�n�g�oBy~i¤gzy��-kwt��wk��sl
¿D§�è�þR¨-À|ê�Çsÿ-«D±)� ¥ y?t�oB�I�?uzl�n{l|u��0}~l7Ï?y~gjy���ë�Ç~§wÇ~«�ëdu�lbkw}?i�n{oIn���l�imn��~}R�0oBp���å¤¶����G�~�xos�?uzl|�di|�
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_ l��?k7rBl�gz�d�?u�lb�Il|yBnxlb} ��n{l|i�n{l|}��?kwy~}0rBl7�{g�Ï?l|}0n���l�p�oBuzuzob��gzy���kwu��sos�{g�n��~�di|Ñ
` ×RÚ�awñ^òcb~Ó�deb?ïOÙKð-Ó�ÕvÖ�ñ�ò�Ø Ñ]n���o5kwuz�sow��g�n��~��i�ixl7�mrBl0kwi&u�ob�.l7�&�KoB�~y?}~i4Ñdk���kwy~}~oB�¸kwuz�sos�{g�n��~���^���~gzt)���xl�n����{y�k
�KoBixi{g��?uzl�kwt)n�g�oBy!kbn.��kwy~}�oB� gjy�n���l'ujgzimnb�~kwy~}0kgf:àih@h0j�ß)�B���?gzt)�4�?uvk7��i6k�n���kwy?}�oB�!�Dl7¢�t�l|��n6gzp�g�n6iml|l|i�g�n.tbkwy���gzy
y�ob���

k ×RÕWÚ�líðKÓ�aB×RòU×RÚKÖ�ïO×mb?Ó�Ú^ÕWÚ^Ù ÑcnBn)kwy~}-k��{}ä®��õ¼�lbk��{y?gzy��?� _ kbn{��gzy~i|¡ i�kwy~}o��l|y~�~¡ i
Q(λ)
�6gjy n��~l|g��4n)k��?�~uvk�nxlb}3p�os�{�

kwy~}��?ixgzy~�0y�l|����kwu�y�l7n���os�x�0n{o0�Ilb�Ios�{g�µ|l
Q(s, a)

rsk�uj��l|i|�'´�uju�n���l&�-k���kw�dl�n{l7�{i�oBp�n���oBimlIkwuz�sow��g�n��~��i¤t|kwy��Kl
t��?kwy~�sl|}!�~i{gzy~��ix�?g�n)k��?uzl��dl�n���o�}~i7�R���?gzt)��kwuzuzob��i�n���l��~iml|�.n{o]n��?y�l'n��~l|�!�~l|g�n���l|�6�D�0�-kwy~} �~os�6�B�0�?�xos�s��kw�!�

e"p û¦×DÓ�ÕWòU×RÚKÖ�b-ïqb-ïOÙ-ð-Ó�ÕvÖ�ñ^òUØ Ñ�n���l�i�n{�{�?t)n����xl�oBp�_�`�adcfe kwuju�ob��i6nxoI�#��g�n{l�y�l�� k�uz�sos�{g�n��~��i#kwy~}0n���l|y0n{l|i�n6n��~l|�
oBy�kwuz�xlbkw}R�dgj�I�?uzl|�Ilbysn{l|}d�~�xos�?uzl|�di|�s��g�n���oB��nf�?k7r~gzy���n{o�t)�?kwy��sl¤kwys�Dn��?gzy��&gzydn{�~l#t�o�}~gjy���oBp-n{�~oBiml6�?�xos�?u�lb�di7�
����o�ix�~t)��kwu��sos�{g�n��~�di�k��{l�gzy~t|uz�~}~l|}�gjy�n��~l�}~gji�n{�{gz�?�Rn�g�oBy�Ñ

• ´¤yIk��~�~�xob¢~gz�4k�n{gzoBy&oBpK®#�õ¼�lbk��{y~gjy����~i{gzy��'oBy?u��]ix��os�mn¦gzyBnxl|�sl7�¦k��{g�n��?�Il�n�gzt�t|kwujt7�~uvk�n{gzoBy~i|�spvos�:�~ixl.gzyI�dgjt��xow��xos�Kown�i.l|�&�Kl|}~}�lb}0�~�xos�s��kw��i7�
• ´ �xl|gjy~pvos�{t�lb�Il|yBn�u�lbk���y~gzy~�Gixt)��l|�Il����~gjt��£�~ixl��4k�t)�~gjy�l�uzlbk��{y~gjy��Mn{l|t)�~y~gj�D�~l|i0n{oGu�l�k���yün���l Q(s, a)rskwuz��lbi7�¦l|g�n{�~l7�I�B���?ixgjy���oB���]ob��yMgj�I�?uzl|�Ilbysn)k�n�g�oBy�oBp#pvl7l|}��õpvos�m�6k��{}My~l|����kwu�y~l�n���os�x��i7�¦ow�I�B��tbkwuzujgzy��
ª?«�¬?§0t7ujkwi{ixg�Ï?l7�{i7�"r¤i{gzy��4ª?«�¬?§��sg�rBl|i'kwt7t�l|i{i6n{o!kI��gz}~l&��kwy��sl�oBp��xos�?�?i�n'gj�I�?uzl|�Ilbysn)k�n�g�oBy�oBp:t|ujkwixi{g�Ï?l7�{i7�
pvos��i{���Kl7�mr~gzixl|}�os���?y~ix�~�Kl7�mr�gjimlb}&uzlbk��{y~gjy��?�skwy?}�n���l�imn{�{�~t)n����xlfoBp?_�`ba�cYe\k�uju�ob��i^n{o't���oRoBimlfn{�~l�u�l�k���y~gzy~�
kwu��sos�{g�n��~�1gzyts��?i�n�oBy�l�gjy~i�n{�{�?t)n�g�oBy ��¶�os�xlB�#ª-«�¬?§ �w�)k��-�~gjt|kwu�n{oRoBuzi!t|kwy+�Kl�tbk�uju�lb}£pv�xoB�1gzy~i{gz}~l5n��~l
�~�xos�s��kw�di|�¦�Bg�r~gzy~��n{o5n���l��?iml7�In���l!�KoBi{ixgz�?gzujg�n��MoBp#l�¢��?uzow��gzy���n��~l

Q(s, a)
}?k�n)k5t7oBuzuzl|t)n{l|} �B��n{�~l�»#¼

kwu��sos�{g�n��~�!�

u �wv�"xv*�0���zy�)"#�18

�6��l&Ï?�{i�n'�soDkwu�oBp¦_�`ba�cYe��6kwi�nxo��xlb}�o0t7uvkwixi{gzt|kwu^�xl|gjy~pvos�{t7l|�Il|yBn�u�lbk��{y?gzy��0l�¢��Kl7�{gz�dl|ysn�i|��ixo4��l]gj�I�?uzl|�Il|yBn{l|}�n��~l
{ kw���-u�l7�|¡ i��¦�xos�?u�lb�!��qBkwt{��¡ i�·.k��'»6lbysn)kwuW��»�kwy~}~os� _ kwu���� ¶�oB�?ysn)kwgzy�·.k��|� ´6t7�xos�Kown|� _ l�k�ujimo!gz�d�?u�lb�Il|yBnxlb}�n��~l
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