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Chapter 2

µµµ���ªªª���"""

2.1 111���������{{{

·�m©�	�
{ü�^u�O1��¿�±d5?11�ÀJ��{"3ùÙ

¥§·�^Q∗(a) L«1�a�ý¢�§3tÛ���O��Qt(a) "£��e1��

ý�L«�1��ÀJ�¼��²þ£�"��g,��{´ÏL1��ÀJ�

¼��£��²þ�5�O1��"�é{`tÛ�c1�a�ÀJ
kα g§�)


r1, r2, . . . , rkα�£�§@o1����O�µ

Qt(a) =
r1 + r2 + · · ·+ rkα

kα
(2.1)

XJkα = 0,½ÂQt(a)´�
%@�§'XQ0(a) = 0 "�kα →∞�§k�ê½
Æ��Qt(a)Âñ�Q∗(a)"·�¡��Ä�þ��{"�,ù�´�O�¼ê��

«{ü�{§¿Ø�½´�Ð�"¦+Xd§4·���Ê33ù��{§¿�=

�XÛ|^��O?11�ÀJ�¯K"

�{ü�ÀJ5K´ÀJ@�äk�p�1���O�1�§�=´31tÛ

¥ÀJ���81�a∗§¦�Qt(a
∗) = maxaQt(a)"ù«�{o´|^�c�£5

��zá=£�¶
Ø�Ä@
L¡þg`�1�´Ä�U¬�Ð"��{ü�O

�üÑ´�Ü©�mUì�8�{ÀJ1�§�´ó�§'X±����VÇεÀ

J��þ!�!Õáu�O1����Å1�"·�¡ù«Cq1�üÑÀJ5K

�µε − greedy �{"ù«�{�`:´§�ÛêÃ�O��§z��1�Ñ¬�
Ä�Ã�g§l
�yéu¤k�aÑkQt(a)Âñ�Q∗(a)"ù�,¿�XÀJ�`

1��VÇÂñ�'1− ε���§�=´Ä�­½"�´ù�´ì?��y§éu
�{�¢S�J��$�"

�
oÑ�µ��8�{Úε− greedy�{��ék�5§·�ÏL�X�ÿÁ

2



2.2. µ�Ú�-�é' 3

ã 2.1: greedyÚε− greedy�Ly

¯K?1ê�þ�'�"ù´��2000g��Å�)�10�:�ÙÆ¯K"éuz

�Ä�a§£��5gu��þ��Q∗(a)���1�pd©Ù¼ê"2000�ÙÆ?Ö

dQ∗(a)­#ÀJ2000g�)§zg�)��ÑÑlIOpd©Ù"é?Ö¦þ�§

·��±xÑ�X1000Û²�È\�ØÓ�{�Ly§Xã2.1¤«§·�¡ù�@

ÿÁ?Ö�10-:ÿÁ²�"

ã2.1'�
�«�8�{Ú2«ε − greedy�{§Xþ¤«"2«�{Ñæ^þ

�æ�Eâ¢y1���O"þãÐ«
Ï"£��X²�O\"fm©��ÿ�

8�{�J,�JÑ�ÐuÙ¦�{§�´��­½3��$�Y²"§z�Ú�

ÂÃ==´1§�'u�Ð�1.55"�8�{��ÏLyé<s§Ï�¦¬�\g`

)"eãÐ«
�8�{3�Vn©���?Ö¥é�
�`1�"Ù¦n©��

?Öp§3fm©�`1��ÀJþ´-<�"�§�ª�vU_="ε− greedy�
{�ªLy�ÐÏ�§±Y&¢§Jø
£O�`1���U"ε = 0.1��{&¢

�VÇ�§ÏdÏ~¬�@�é��`�§�´E,k9%�VÇvké��`1

�"ε = 0.01�{Uõ��Ýú§�´�ªLy�J'c¡Ð"

2.2 µµµ���ÚÚÚ���---���ééé'''

þ¡�Ä�n-:ÙÆ¯K´X{�µ��"���~f"æ�z�Ä����£�

�w�
·�1�Ð��&E§�´éù�1�´Ä�(§§vk�Ñ?Û&E§
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�=´ù�1��.´Ø´���`�1�"3ùp§�(5´1�����éá

5§�kÏLÅ��&¢z�1�¿'�¼��£��âUû½�`1�"\Ø�

Ø¢��
ÿÁ�{§³/§�)Ä�!1�Ú(J§¿�kÀJ5��3@
�

k��1�"ù´ÏLÀJ5ÆS§�ÏL����ª�Ð��§¤k�OrÆS

�{Ñ7L±�«½,«�ª¦^§"

ùÚiÒªÆS�,ØÓ§iÒÆSl�¸¼���"²(�L«
@�1�

´�(�"3ù«�¹ev7�?1|¢µÃØ\}Á@«1�§\Ñ¬�w��

(�1�AT´�o"\v7�}ÁéõÄ�¶��ª��"´;.�Õáu1�

ÀJ�£¤±¯¢þ§ØAT�´�"¤"3iÒÆSXÚ¥§I�3ëê�m|

¢£~Xµ ²�ä��­¤§�´ØI�31��m|¢"

�,§3,«§Ýþ§iÒÆSÏ~A^3'n−:ÙÆ¯K�\E,�¯K
p"3iÒÆSpØ´��|µe�Ä�ÀJ§
´�þ�ØÓ��µ§z���

µÑ��Ñ�(�A"iÒÆS�¯K´�E��l|µ�1��N�§ù�N�

U
��äN�¸e���(1�§¿�é#�|µ�U�Ñ�(�A£�z¤"

��iÒªÆSXÚØU�¡�ÆS��§��¸§Ï�§�´ÏL���Â��

��&Ò§
ØK�ù���&Ò"§Ø´}Á4�¸±,«�ªCz§
´4g

CUì�¸��«�ÑÄ�"

;5u­E�¡�ü�|µ�AÏ�¹kÏu{²�£ãµ�Ú���«O"

b�k100 ��U�Ä�§\ÀJ
32 ÒÄ�"µ�ª�"�éÀJ�Ä��\�

�©ê§'X7.2§,
��ªÔö&E¬Ù¦=��Ä�¬´�(�§'X67ÒÄ

�"�öw,¹k�´L�Ôö&E"=¦��&Ò¹kD(§§E,'µ�ª�

"&Eþ�"ü���&Òo´¬���ÀJÄ�����k�G�§,
µ�ª

�"7L�ÚÙ¦Ä�?1'�âU�ÑöJ"

�"ªÆSÚ��ª�"��Oé�§=¦��Ä2�1�Ú2��U�£�"

éuù
���ÙÆ¯K§·�¡2�£��¤õÚ�}"XJ\¼�¤õ§@o\

�UéÜn�íäÑ\¤ÀJ�üÑ´�(�§XJ\Â����}�&Ò§@o

\�UíäÑ?Û\vkÀJ�üÑ´�(�"\�±ÚOz�íä��(Ä��

ªÇ¿�ÀJ@
Ï~�¹e�(�1�"·�¡��iÒª�{§Ï�§éÎÜ

iÒÆS¥éuü�Ñ\�ª�?n�ª"XJ£�´(½5�§@oiÒ�{�

íäo´�(�¿�LyûÐ"XJ£�´�Å�§@o�¹ÒE,õ
"

3�Å��¹e§��AÏ���ÙÆ¯K�½Â¤2�ê§éAuz��U�

1�¤õ�VÇ"@o?Ö�mÒ´��ü ��/§Xeã¤«§�þÚme�

�L«�éN´�?Ö§ù«�¹iÒª�{ÒULy�éÐ"éu@
�Ð�1

�¤õ�VÇ�u0.5§<s�1�¤õ�VÇ�u0.5"éuù
?Ö§@
�íä

��(�1�¢Sþ�L����mÑ´�(�"



2.2. µ�Ú�-�é' 5

ã 2.2: ��ÙÆ¯KN´ÚE,?Ö��«�

�´§3ã2.2 Ù¦ü������ÙÆ¯K�\(J§^iÒ�{ØU��k

��)û"bX§�Ä��?Ö¤õ�VÇ´0.1½0.2§éAuã2.2 �e�(J�

��"Ï�ü�1�Ñ¬���)80%��Ø§?Û��±�}��«§�A�,

���(��{Ñ¬3ü�1��m�)��§Ø¬Âñ���Ð�ûü"y3�

Ä��¤õÇ�0.8½0.9�?Ö§éAu:B uã2.2mþ����"3ù«�¹e

ü�1�o´¬¤õ"?Û±¤õ���(5µ���{éN´�\�Ø1�ÀJ

�k«"

ã2.3Ð«
iÒ�{ÚÙ¦A«�{3��ÙÆ¯Kþ�²þ1�"�
'

�§Ó�^
2.2!�ε− �81���{£ε = 0.1¤"�±wÑ§3ü�?Ö¥§

iÒ�{����mUÀJ�Ð�1�"

ã2.3�Ð«
2«�{�²þ1�§�¡�LR−IÚLR−P "ù
�{Ñ´5gu

gÌÆS+��²;�{§Ñ�ÌÚiÒ�{�q�Ü6"2¥�{Ñ´�Å��#

ÀJ1��VÇ§L«�πt(1) Úπt(2)"LR−P �{íä�(1��g´ÚiÒ�{

�Ó§,�UìXeN�VÇ"XJ31tÛ¥dt�íä��(�§@oπt(dt) O\

�Ü©α §L«�c��1�ålµ

πt+1(dt) = πt(dt) + α[1− πt(dt)] (2.2)

,��1��VÇUì���ª³N�§�y2VÇÚ�1"ã2.3¥α ��

�0.1"LR−PÚiÒ�{�g�´���§�´¦´�Å�"¦Ø´�N�é1�µ

�§LR−PÅì�O\¦�VÇ"
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ã 2.3: ÀJ�{3��ÙÆ¯Kþ�Ly§éAuã2.2�AÚB



2.3. Oþª¢y 7

LR−P L«�5�§øy¨v§¿�Xª2.2�VÇ´�5�§¿�Ó�éuÑ

I�Û?1�#"LR−I L«�5�£�ò´£inaction¤"ù��{ÚLR−P�ÓØ


§�|^I�Û�#VÇ§Ñ�Û�Ü��Ñ"ã2.3 L²LR−P3��ÙÆ¯K

þLy'iÒ�{��Ð�:§ÃØ´A�´B"LR−I3A:LyéÐ§�´3Bþ

LyØÐ§¿�3ü«�¹eÆS�ÝÑéú"

��ÙÆ¯K´��éké«5�~f§·Ü
iÒÆSÚOrÆS¯K�A

5"Ï�£�´���§¦��ÏLü��£�5íä�(�1�¤��U"3�


aq¯K�¢~¥§ù
íä��Ün¿�û)Ñk���{"�´3Ù¦�

¹e§ù«íäÒØÜ·¿�Ly<s"éuØ´��£��ÙÆ¯K§'X�

�10-:�ÿÁ�§ù
íä�g�XÛ�^u�)k���{Ø�©�Ù"¤kù


¯KÑ´é{ü�~f§�´·�®²w�
éuiÒÆS�{�	�I¦"

2.3 OOOþþþªªª¢¢¢yyy

8c��·�?Ø�1���{§éu���OÑ´ÏL*ÿ£��²þ�¢y

�"éuz�Ä�a §�{ü�¢y´P¹ÀJa ����£��",�§t ��a

1���¼ê�±ÏLª2.3 O�µ

Qt(a) =
r1 + r2 + · · ·+ rkα

kα
(2.3)

r1, . . . , rkα ´ct ÛiZ¥ÀJ1�a�¼��£��"��ÏLù«����

ª¢y�XÚ§§�S�ÚO�I¦¬�X�mÃ�O�"�=´ÀJa �z��

N\�£��ÑI�S�5�;¿��
û½Qt(a) I��õ�O�"

�N\¬~¦§ù¿Ø´7��"�OOþª�!~ê��O�þ��#ú

ªO�zg#£���²þ�´éN´¢y�"é,�1�§Qk L«k g£��

²þ�£Ø�ÚQk(a) · §¦L«ckÛ¥Ä�a�²þ�¤"�uù�½Â§

1k + 1g�£���rk+1,@o¤kk + 1g£��²þ��±O��µ
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Qk+1 =
1

k + 1

k+1∑
i=1

ri

=
1

k + 1

(
rk+1 +

k∑
i=1

ri

)
=

1

k + 1
(rk+1 + kQk +Qk −Qk)

=
1

k + 1
(rk+1 + (k + 1)Qk −Qk)

= Qk +
1

k + 1

[
rk+1 −Qk

]

(2.4)

�k = 0�§éu?¿�Q0ÑkQ1 = r1"ù«¢y�I�S�P¹QkÚk,éu

ª2.4z��#�£��O�þÑé�"

ª2.4��#5K´�Ö¥ª�Ñy��«/ª"Ï^/ª´µ

NewEstimate←− OldEstimate+ StepSize
[
Target−OldEstimate

]
(2.5)

L�ª[Target−OldEstimate] ´�O¥�Ø�"§ÏLª�u8I
~�"8
IL«��b½�n��£Ä��§¦+§�U¹kD("~Xéuþ¡�~f§

8IÒ´1k + 1g�£�"

5¿þãOþ�{¥�Ú�ëêz�Ú�ØÓ�"3?nÄ�a�1Kg£�

¥§Ú�ëê´ 1
k
"3ù�Ö¥^ÎÒαL«Ú�§½ö�����¹^αk(a)"~

X§þãÄ�þ��{¥Oþ¢y�Ú�L«�αk(a) = 1
kα
"�A�§k�·�{�

�α = 1
k
§Ä��±ÏLÛ¹�íÑ"

2.4 JJJlll���������­­­������¯̄̄KKK

8c��?Ø�²þ��{·^u��­���¸§�´XJÙÆ��mCzQ"

�Xc¡¤ã§Ï~·�¡��OrÆS¯K´�­��"3ù«�¹e§��C

�£�������´k¿Â�")ûù�¯K�k¶��ª´^��~ê�Ú�

ëê"~X§ª2.4^uéL�kg£�þ�?1�#�Oþª�#üÑ�?��µ

Qk+1 = Qk + α
[
rk+1 −Qk

]
(2.6)

Ù¥Ú�ëê´��~ê§0 < α ≤ "ù��Qk ¤�L�£����­�þ
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�§Ð©G��Q0 µ

Qk = Qk−1 + α
[
rk −Qk−1

]
= αrk + (1− α)Qk−1

= αrk + (1− α)αrk−1 + (1− α)2Qk−2

= αrk + (1− α)αrk−1 + (1− α)2αrk−2+

· · ·+ (1− α)k−1αr1 + (1− α)kQ0

= (1− α)kQ0 +
k∑
i=1

α(1− α)k−iri

(2.7)

·�¡����­�²þ�§Ï�ù
���Ú´µ(1 − α)k +
∑k

i=1 α(1 −
α)k−i = 1 §\�±gC��"5¿=
�­§α(1 − α)k−i,�u£�ri�6uõÈ�

c£��*ÿ�"ê�1 − α �u1§Ïd�Xm�£��ê�O\§éA�ri �

��~�"¢Sþ§���â1 − α ±�ê?P~"�A�§k¯¡���ê�#
C-�­þ�"

k�ÿz�ÚÑUCÚ�ëê´�B�"^αk(a) L«3²Lk gÀJa�?n

£��Ú�ëê"�X·�`L§éuþ�Ä��{αk(a) = 1
k
§ÏL�ê½ÆU

�yT�{UÂñ�ý��1��"�,éu?¿�{αk(a)}S�Âñ5´Ã{�y
�"3�ÅCqnØ¥��Í¶�(Ø�y
±VÇ1Âñ�7�^�µ

∞∑
k=1

αk(a) =∞ and
∞∑
k=1

α2
k(a) <∞ (2.8)

1��^�^5�yÚêv
�§±�u�ªU�Ñ?Û�Ð©^�Ú�ÅÅ

Ä"1��^�^5�y�ª�Ú�v
�±�Âñ"

�Ä�þ�æ���¹Ó�÷vü�^�§�´éu~êÚ��αk(a) = αØ

´"�öØ÷v1��^�§¿�X�O�Ø¬��Âñ§
´�X�#�É�£

��±YCz"�X·�þ¡J��§ù3�­��¸¥´���§¿�¢Sþ�

­�¯K´OrÆSp�5�"Ød�	§÷vª2.8 ^��Ú�ëêS�Ï~Âñ

�Ýéú§Ø�?1����N�âU����÷¿�Âñ�Ç"¦+3nØó�

¥¬�ÄÚ�ëê�Âñ^�§�´é�^3¢SA^Ú¢�ïÄp"

2.5 ÐÐÐ©©©���`̀̀zzz

8c��·�?Ø�¤k�{,«§ÝþÑ�6uÐ©1��Q0(a)�ÀJ"^ÚO
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��ó5`Ò´ù
�{·k �"éuþ�æ��{§�¤k1����ÀJ�

g��ÿ �¬��§�´éuÚ��~êα��¹§ �©ª�3§=¦X2.7�

Ñ� �¬�X�mÅì~�"3¢S¥§ù« �Ï~Ø´��¯K§��k�

ÿ�~kÃ"ØÐ�/�´Ð©��OC¤
��ëê8§ù
ëêd^r5�

½§XJ�r¦��Ü��0"Ð?´§Jø
��{ü��ª§¦·�U|^k�

�£û½Ï"£�U��,�Y²"

Ð©1��Ó��Jø
�«&¢�{ü�ª"'Xéu10-:�Á��§·

�O��5�Ð©�0§r¦��Ü��+5. £�3ù�¯K¥§Q∗(a) ÀJ�þ

��0���1���©Ù"+5�Ð©�ÏdLyûÐ"ù«`z�y1���{&

¢"ÃØ=�1��Ð©ÀJ§£�o´�um©��O¶ÆSìC��,��1

�§Ï�éu§Â��£�a�/�"0"(J´Âñ�c¤k�1��}ÁeZ

g"XÚ�
��êþ�&¢§=¦o´ÀJ�8�1�"

ã 2.4: 10-armed testbed�`Ð©��O��J

ã2.4Ð«
éu��10�:�ÙÆ¯K^Ð©�Q0(a) = +5 ����8�{"

�
'�§Ó�¦^
ε − greedy �{Ð©�Q0(a) = 0"ü«�{Ñ·^�½Ú

�α = 0.1.fm©§`z�{Ly<sÏ��õ�&¢§�ª§�Ly�ÐÏ��X

�mí£&¢~�"·�¡ù«�y&¢�Eâ��µ�`Ð©�"·�¡§��

«{ü�U
k�?n·�¯K�E|§�´§�Ø´�«Ï^�k���y&¢

��{"~X§§Ø·Üu·�¯KÏ�°Ä§&¢�Äå��þ´6�5�"X

J?ÖC
§k
#�&¢I¦§ù«�{Ò��
"¢Sþ§?Û±A«�ª;

5uÐ©���{ÑØ��U·^uÏ^��·��¸"m©��m�k�g§Ï

d·ØATL©;5u§"ù��¾�·^uþ�Ä��{§T�{�òÐ©�m

À���AÏ¯�§,�±����²þ�Y�£�"¦+Xd§�´¤kù
�

{��{ü§¦��¥���½öA«{ü�{�8Ü3¢S¥�v

"3�e

�SN¥·�òª�¦^ùA«{ü�&¢Eâ"
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2.6 OOOrrr'''���

OrÆS���Ø%��{´µ@
¼���£��1�AT�D����­EV

Ç§��£���1�Ñy�VÇ��"�´ÆSìNo��´�o�¤
���

�½ö��£�ºXJ��Ä��ÀJ
§�¸�£�����5�£��§ù�.

´��´�º�
�ù����ä§^r7Lrù�£�Ú,�IO½öë�Y²

'�§ù�ë����ë�£�"��g,�ÀJ´ë�£���c��£��²

þ�"�é{`§��£���@�´��XJ§pu²þ�§���XJ$u²

þ�"Äuù«g��ÆS�{��Or'��{"ù��{k�ÿ'1���{

�\k�"¦�´1�−−µ��{�c�§ù´·��¡¬ù��)û¤kOrÆ
S¯K��a�{"

OrÆSÏ~ØP¹1����O§
´�o��oN�£�Y²"�
31

��¥?1ÀJ§XÚ¬�o���éz�1�� ÐÝ"·�^pt(a)L«3t¥é

1�a� Ð"�âsofrmax'X§ Ð�±^5û½1�ÀJ�VÇ§~Xµ

πt(a) = Pr{at = a} =
ept(a)∑n
b=1 e

pt(b)
(2.9)

πt(a)L«3tÛ¥ÀJ1�a�VÇ"Or'�g��^5�#1� Ð"zÛ

��§3�cÛ¥�ÀJ�1�atUì£�rtÚë�£�r̄t���?1�#µ

pt+1(at) = pt(at) + β
[
rt − r̄t

]
(2.10)

β ´����Ú�ëê"ù��§V¹
p£�1��ÀJVÇAT�O\§

$£�1�ÀJVÇ~��g�"ë�£�´¤k�C�É£��Oþ²þ§ÃØ

=�Ä�"²L2.10�#�§ë�£���#�µ

r̄t+1 = r̄t + α
[
rt − r̄t

]
(2.11)

ùp§�±c��α, 0 < α ≤´�Ú�ëê"ë�£�r̄0�Ð©��±����

��W*��±�y&¢§½ö�âk��£"Ð©1�ë���±���0.Ï�

£�©Ù�X1�ÀJ�Uõ
Cz§¤±~êα´��Ð�ÀJ"·�ùp�	¢

Sþ�·��ÆS¯K§¦+d3�¯K´·��"

Or'��{ék�J§k�'1���{Ly�Ð"
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ã 2.5: 10-armed testbedþOr'��{Ú1���{é'

2.7 JJJ`̀̀���{{{

éun−:ÙÆ¯K§,�ak��ÆS�{·J`ÆS�{"T�{Ó�?�1�
��OÚ1� Ð§1� Ð±Y/J`0�81�§�â8c�1��O�"3

ù��{ü�J`�{¥§1� Ð´VÇπt(a)§ÏL?11tÛ�1�ÀJ"zÛ

L�§VÇ���#±¦��81��\�U�ÀJ"^a∗t+1 = argmaxaQt+1(a)L

«t + 1Û��81�£½ö�ÅÄ���1��§��3ÐA�1����¤",

�ÀJat+1 = a∗t+1�O\Ú1���Ü©µ

πt+1

(
a∗t+1

)
= πt(a

∗
t+1) + β

[
1− πt(a∗t+1)

]
(2.12)

��Ù¦�1�ÀJVÇ�~�§Xeªµ

πt+1 (a) = πt(a) + β
[
0− πt(a)

]
, for all a 6= a∗t+1 (2.13)

�¼êQt+1(a)��#�±^c¡?ØL��{§'X*ÿ£��Ä�²þ§

ª2.1¤«"

ã2.6Ð«
þãJ`�{�Ly§�1���Oæ^þ�æ���¹£α =
1
k
¤.ù
(J¥§¤k1�aÐ©VÇ��π0(a) = 1

n
, β = 0.01 "

2.8 ééé���|||¢¢¢

8c�Ù!¥·���Ä
�éX�?Ö§ù«�¹ev7�éXØÓ�µe�Ø

Ó1�"3ù
?Ö¥§�?Ö�·���ÿ§ÆSì�oÆS���`1�§�

o�?Ö´�·���ÿ§ÆSìJl����mCz��`1�"�´3Ï~�
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ã 2.6: J`�{ÚÙ¦A��{�'�

OrÆS¯K¥Ø���|µ§¿�8I´ÆS��üÑµ��lG���`1�

�N�"�
���Ä¯K§·�{'�?Ø����{ü��{U
r�éX?

Ö*Ð�éX��¹"

����~f§b�kA�ØÓ�n:ÙÆ¯K§3z�Û¥�Å�?n�¥

���"ÏdÙÆ¯K3vÛ�m�ÅCz"\ò¡���ü��!�·��ÙÆ

¯K§T?Ö¥ý��ÅCz"\�±¦^�Ù¥c¡?ØU
?n�­�¯K¥

�,«�{§�´Ø�ý�Cz�ú§ÄKù
�{�JÑØÐ"�´b�\ÀJ


��ÙÆ?Ö§\¬���
ù�?Ö�wÍ5�A5"½N\�¡���Pm

Å§ù�PmÅU
�X1���CzUC¦�LyôÚ"y3\�±ÏLôÚ&

Ò5ÆS��éXz�?Ö�üÑ"�¡�@�?Ö�§~XXJ´ùÚ§^1Ò

:§XJ´ÉÚ§^2Ò:"¦^�(�üÑ§3vk&EE@ØÓÙÆ?Ö��¹

e§Ï~\¬��éÐ"

ù´��éX|¢?Ö�~f§�¤±ùo`´Ï�§�9
3�`1�|¢

�Á�ÆSÚ�éG���`1��éX"éX|¢?Ö0un-:ÙÆ¯KÚOr

ÆS¯K�m"§�´OrÆS¯KÏ�§Ú\
üÑÆS§�´�uz�1��

K�á=£�§ù�:��ÙÆ¯K"XJ1�¬K�e��G�Ú£�§@Ò´

��OrÆS¯K"·�3e�Ù¥?Øù�¯K§¿�ÏL�{�Ù!?Ø¦�

©|"

2.9 ooo(((

3�Ù¥·�Ð«
�
²ï&¢Ú|^�{ü�{"|^ε− greedy�{3Ü©�
m?1�ÅÄ�§softmax�{ÏL�c��O1���1�u)VÇ©�?§J`

�{�±z�Ú�Äcª�u�c��81�"éu¢Sk^��{
óù
{ü
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��{ý´·�U���ÐÀJíº8c��§�Yq�´/Yes0"¦+¦�é{

'§�´3·�*gpù
�{ÑU¡���c�Ð�"k�
Ù¦��p?��

{§�´¦��E,5Úb�¦�¦�3·�¢S'5���OrÆS¯K¥Ø¢

^"15Ùm©·�Ð«�
Ü©�^�Ù{ü��{)û�OrÆS¯K"

¦+�Ù&¢��{´8c���Ð�§�´¦��Ø´)û&¢Ú|^²ï

¯K�÷¿�{"·�{'�o(�e�Ù8c��
g�§�,�Ø�©¢^§

�´§¬Ú�·�é�ºCù�)û�Y"

��ék^��{´|^1���O�Ø(½5��Ú�y&¢"~Xb�

k2�1�§¦���O�Ñ�u@��8�1���O�§�´¦��Ø(½Ý�

Éé�"���O�C(½¶½N´@�1�®²�}Á
éõg,�*ÿ�
é

õ�£�"ù�1��O��Ø(½5Xd�$§±�u¦�ý�Ø��Upu�

81���",��1�
)�¿Øõ§��OØ(½"ù�1��ý�ék�U

¬Ðu�81�"w,�§&¢1��1�'1���k¿Â"

ù«g���
«m�O�{"ù
�{�z��1���O���&«

m"�=´`·�ØÆS`��1���C10§��¦�±95%��&Ý`§ 

u9Ú11�m",�@�äk�p�&þ��1��ÀJ"ù«�{�y@
Ø

(½�´kÅ¬¤��Z1��1��&¢"�
�¹�±�y�`�1�AT

395%�&«m�S"Ø3�´du�^u«m�O�ÚO�{�E,5¦�T�

{3¢S¥�3¯K"Ød�	§ù
�{d3�ÚOb�Ï~�ØU÷v"¦+

Xd§^�&«m�g�§½öÙ¦Ø(½ÝÝþ�{5�yAÏ1��&¢�´

éÜn¿�Ú<\��"

�k¯¤±��|^��d`z5²ï&¢Ú|^��{"¢S�å5ù��

{�O�é5Ã§�´�U¬kp���{5�C§"ù��{¥·�b�·�®

�¯K¢~�©Ù§�Ò´ý´1��8Ü�VÇ"�½?Û�1�ÀJ§·��

±O�Ñz��Uá=£��VÇÚ1���éÜ��VÇ©Ù"üz���©Ù

C�¯K�&EG�"�½����§'X`1000Û"·��±�Ä¤k�U�1

�§¤k�U�£�§¤k�U�e�ÚÄ�§¤ke�Ú�£���"Äub

�§£�Úz��U�1�ó�VÇ�±�(½§·��I�]Ñ�Ð�"�´V

ÇäO����¯¶=¦�k2�Ä�2�£�§ò¬k22000��f!:"ù��{

ék��òÙÆ¯KC¤
��OrÆS¯K"��§·��U¬^OrÆS�{

5Cqù��`)"�´ù´�c���{K¿��Ñ
ù�Ö���"

²;�²ïn-:ÙÆÅ¥&¢Ú|^��{´O���AÏ�¼ê��Gittins

indices"ùJø
ÙÆ¯K�Ï^��«)û�Y§�´§b�¯K�k�©Ù´

®��"Ø3�´§ÃØ´ù�nØ�´¦�O�·^5ÑvU�z�·��¡ò

�?Ø�OrÆS¯K"



Chapter 3

OOOrrrÆÆÆSSS¯̄̄KKK

3.1 ���UUUNNN-���¸̧̧������

OrÆS�{£ã
±��¸�p¼�8I�2����µe"·�rÆSÅìÚ

ûüö�����UN"�¦�p�ÀÜ§�)¤k�UN�	�ÀÜ���¸"

OrÆS¯K�£ã§lÑ�mS�t = 0, 1, 2, 3, . . .§3z��mÚ�t,�UN

¼��¸G��L«§st ∈ S§SL«¤k�UG��8Ü§Äuù�G�ÀJ�
�1�§at ∈ A(st) ´�cG�st�À1��8Ü"���mÚ���§,«§Ý

þ��1���J§�UN�Â���êi�£� rt+1 ∈ R§,�����#�G

� st+1.ã3.1Lã
ù«�pµ

ã 3.1: OrÆS¥��UN–�¸�p

rlG��ÀJ1�VÇ�N�¡��UN�policy=üÑ½ö�ü§^πtL

«"OrÆS�{�ã
�UNXÛ�â¦�²�UCüÑ"8I´��z£�

þ"

ù�µeäkV)5Ú(¹5U
±ØÓ��{A^�éõØÓ�¯K"'

X§�mØ�Ø7�´�m�m����½�«m¶¦��±�?¿�ëY�ûü

Ú1��ã"1��±´$�g���§'XA^�Å�:�ê��>Ø§½öp

15
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�g�ûü§'X´Ä¯Ìê½ö�Æ�"�q�§G�½�±´�~2��/

ª"¦��±��d$�g�a�û½§'X���DaìÖê§½ö��±´p

�g�!Ä��§'X¿SÔN���5£ã"G��|¤�±´L�a��P

Á§��±��´° þ�!Ì*�"~X���UN�±?uØ(½ÔN ��

G�§½ö��
�Ù½Â�aú¯ç"�q�§�
1��U��´° þ�½

öO��"~X�
1�U
���UNÀJg��SN§½ö§AT;5�/

�"Ï~¿Âþ§1��±¦?Û·���ÆS¤��û½§
1��±´?··

���3�û½��Uk^�ÀÜ"

AO�§�UNÚ�¸�.�Ï~ÚÅì<½öÄÔ®N�Ôn.�ØÓ"Ï

~.��\�C�UN"~XÅì<�ê�!Å�ë\±9¦�M�DaìAT�

���¸��Ü©
Ø´�UN��Ü©"�q�§XJ·�rù�µe^3<½

öÄÔ�þ§*S!��ÚDaì(AT�@�´�¸��Ü©"Ó��§£�b

½´g,N½ö<óÆSXÚSÜO��§�´�����UN�	Ü�¸"

Ï~�5K´?ÛØU��UN?¿UC�ÀÜ�¡�´	Ü�§Ïd´�¸

��Ü©"·�Øb��¸¥¤k�ÀÜé�UNÑ´���"~X�UNÏ~¬

��£�¼ê��ÀJ�1�Ú�cG��¼ê§ATXÛ�O�"�´£��O

��@�´	Ü�Ï�§½Â
�UN¡��?Ö§Ïd�¿UC§�Ñ
�UN

�Uå�	"¢Sþ§k�ÿ�UN
)
§±��¸Å�����´E,¡�(

J�OrÆS?Ö§�X·�����©ãiZ~X°'� ��ó�Ån§�´

E,v�{ú�§"�UN-�¸.�L«
�UNýé���4�§
Ø´¦��

£"

,,

OrÆS�@�´ÏL�pÆS�8I��¯K��*�ÆSµe"ÃØäN

�¯K´�o§¯KÑ�±�{z��UNÚ�¸�mn�&Ò�5£D4µ1¤�

UN��ûü£action¤§2¤ûü�½Äu�&E£state¤§3¤½Â�UN�8I

£reward¤.

• )))ÔÔÔ���AAAìììµµµ1�´D4�.���XÚ�8I§ÝÚ��Ç¶G��U´9
>óÚÙ¦�DaìÖê¶£�´�Aì�)�k^�zÆÔ���Ç"

• ������������ÅÅÅììì<<<µµµ1�´\3z�'!�ê��>Ø¶G�´�C�'!�Ý
Ú�Ý�Öê¶£�´1XJ¤õ�¤��Ú��"

• ]]]


£££ÂÂÂÅÅÅììì<<<:1��)ÌÄ|¢-f§�±·���,<�5-f§½ö

£�¿>¶G�´�c���>þ¶£��õ�ÿ´0§�¼�-fC��

�"
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3.2 888IIIÚÚÚ£££���

OrÆS�8Id�¸D4�£�&Ò�¤"z��mÚ�§£�´��ê

itt ∈ R ,Ø��ª�`{Ò´�UN�8I´��z¼��o£�"ù¿�Ø´�

�zá=£�§
´��m�\È£�"

3.3 £££���

b��mÚ�t���UN¼��S�£�L«�µ rt+1, rt+2, rt+3, . . .§@oXÛ°

(�½Â£�Q§�=´·����z�@�ÀÜ§Ï~£�Rt½Â�£�S��

��äN¼ê"�{ü��ª´£��Úµ

Rt = rt+1 + rt+2 + rt+3 + · · ·+ rT (3.1)

T´ª��mÚ�"ª��mÚ�k��ég,�)º§�Ò´·�r�U

N-�¸�p©¤A�fX�§�����!§'X��iZ��Û§r�û½ö?

Û­E/ª��p"ù«äk�!�?Ö���{ª?Ö"¤kG�\þª�G�

L«� mathcarS+.

���?Ö�Ã��½öØU©¤¡ã��ÿ§·���ëY?Ö.

,	��Vg´ò�"�UNÀJÄ�¦�ò�£���z"'Xµ

Rt = rt+1 + γrt+2 + γ2rt+3 + · · · =
∞∑
k=0

γkrt+k+1 (3.2)

γ´�ëê§0 <= γ <= 1,��ò�Ç½öò�Xê"

ëêγ�N
�UN�Ä�´Ä��"�γ = 0��ÿ§£��Úrt+1k'§�Ò

´á=£�"ù«�¹e·�`�UN´81áf�"�´��UN�z�Ä��

K�e��Ä���ÿ§·��±ÏL��zá=£�5��zª3.2.�γ�C1��

ÿ§`²
8Ié�5�Ä��õ§�k��"

3.4 ¡¡¡ãããªªªÚÚÚëëëYYYªªª???ÖÖÖ���ÚÚÚ���£££ããã

Xc¡¤ã§OrÆSküaØÓ�?Ö"Ù¥�«�±©¤õ�¡ã§
,�«

´ëY�"¢S¥k��Ä1�«§k��Ä1�«§�´Ï~�¹e´�ö�

k"Ïdïá��Ú��U
Ó�·^u2«?Ö�£ã´k7��"

·�3ª3.1½Â
��k���Ú5L«£�§3ª3.2½Â
��Ã���Ú
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ã 3.2: �á{¯K

5L«ëY?Ö"Nolk��Ã�§·��±��k���ª�G�´?\
�

�AO�áÂG�§ù�G��ULÞ�gC��§¿���)0�£�"�ÄXe

�G�=zãµ

Xþã§�µL«áÂG�"ls0m©@o£�S�L«� +1,+1,+1, 0, 0, 0, . . ."

@ok��S�Ò�±w¤´�¡kÃ��0�Ã�S�§@oÒ�±Ú�¤Ã��

/ª§Xe¤«µ

Rt =
T∑
k=0

γkrt+k+1 (3.3)

�T = ∞Ò´ª3.2,�γ = 1Ò´ª3.1,�§Ú�öÑØÓ"�eÖ�¥Ñ^ù�L

«"

3.5 êêê������ÅÅÅ555

3OrÆSµe¥§�UN�âG�æ�ûü"ù!?ØG�&ÒI��o§·�

ATF"ÚØF"G�Jø=
&E"AO�·��ÄG����5��ê��Å

5"

ù�Ö¥G�����UNU
¼��&E"�,G�&ÒAT�)á=a�

'XDa�ÿþ§�´Ø=ù
"G�L«´�©&Òp??n�(J§½ö¦�

´la�S�ïá�E,(�"'X<úwÔN�I��]m§�´%ïá
|µ

´L�[�£ã"o�§G��ïá�±Äuá=a�§Ó��kkc�G�½ö
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L���
a��PÁ"

,��¡§·�ØATÏ"G�U
w�·��¸�¤k&E§$�´¤k�

éûük^�&E"

n��¹e§·�I��G�&Ò´U
{0�V)L��a�§±B¤k

�'&EU
��3"ùÏ~I��Ø==´á=�a�§�ýØ´¤kL�a

����{¤"��U
¤õ�3¤k�'&E�G�&Ò�¡�´ê��Å�

£Markov¤"'XÜ�Ú� �))�cÚÛþ¤kÚf� �))´ê��Å�

Ï�§V)¤k��TÛ¡�­�� �S�"�õS�&E¿�
§�´éu�

5­��&E�3
e5"�q�����5�Ê1�Ú�c� �Ú�Ýk'"

ù«A5k�ÿ�¡�/´»Ã'0"ùp�path�&Ò�{¤&E"

^êÆ£ãù�5�"{üå�§�Äk��G���/"ù�Ò�±^¦Ú

ÚVÇ
Ø´È©ÚVÇ�Ý5©Û"�,´�±*Ð�ëY��¹�"�Ä��

Ï~�¸¥�UNXÛ3t + 1��ét��æ��1��Ñ�A"�ÄÏJ'X§g

,��{´ù��AØ=�â�c1�§��)kc®²u)�1�"Xeµ

Pr
{
st+1 = s′, rt+1 = r | st, at, rt, st−1, at−1, . . . , r1, s0, a0

}
(3.4)

�éþª§XJ`��G�&Òäkê��Å5§�é{`�Ò´�UN

3t+ 1����A��ûu3td�1�§3ù«�¹e�¸�Ä�5�±Lã�µ

Pr
{
st+1 = s′, rt+1 = r | st, at

}
(3.5)

þªéu¤k�s′, r, st, atÑ¤á"��G�&Òäkê��Å5§���ê�

�ÅG���=�3.4Úª3.5��"

• ²²²ïïï\\\GGG���µµµ3T¯K¥��G�´ê��Å�XJG�&ÒU
°(�¼
�§ù
G��)��� �Ú�Ý±9\�éu����ÝÚ��Ý"n�

�¹eù´��ê��Å&Ò"¢SþduDaì�ý!ò´§½öÙ¦�K

�§'X\��­!�Ó§Ý!\�¶«±9�«/ª��À§Ñ¬K�XÚ

�1�"ù
Ï���
ê��Å5"

�´ �Ú�ÝG�Ï~LyûÐ"$�^��o÷�G�rG� �©��

¥mn�"ù«�¹ew,´�ê��Å�§�´¯K�,�JûÐ"¢Sþ

k�U´o÷�L«¦G���r?
ÆSÅ�ÆS�ÝÚ�ÑÃ^�&E"

• ÄÄÄýýý§§§VVVÀÀÀ���µµµIn draw poker, each player is dealt a hand of five cards. There

is a round of betting, in which each player exchanges some of his cards for new

ones, and then there is a final round of betting. At each round, each player must
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match or exceed the highest bets of the other players, or else drop out (fold).

After the second round of betting, the player with the best hand who has not

folded is the winner and collects all the bets.

3.6 êêê������ÅÅÅûûûüüüLLL§§§

��OrÆS?ÖXJ÷vê��Å5K�¡�ê��ÅûüL§§½öMDP"X

JG�Ú1�´k��§��k�ê��Åûüfinite MDP. Finete MDPs3OrÆ

SnØ¥��­�"ÏL§\�±n)y3OrÆS¥90% �ÀÜ"

�½?Û�G�sÚ1�a§e�Ú�U�G�s′�VÇ�µ

Pass′ = Pr
{
st+1 = s′ | st = s, at = a

}
(3.6)

ù
êi�¡�=£VÇ.�q�§�½?Û�G�sÚ1�a§e�Ú�U�G

�s′§e�g�Ï"£���µ

Ra
ss′ = E

{
rt+1 | st = s, at = a, st+1 = s′

}
(3.7)

£££ÂÂÂÅÅÅììì<<<���~~~fff

G�´>³�>þ§kè�G�§S =
{
high, low

}
.

1�actionk3�§©O´ÌÄ||!��Ú£�¿>"éAz�G���À1

�Xeµ

A(high) =
{
search, wait

}
A(low) =

{
search, wait, recharge

}
���>þp��ÿ£�¿>w,´ØÜn�§¤±ù�G�evk¿>�1�"

�ÑG�=£L±9e�Ú�Ï"£�Xãµ
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G�=£L

ã 3.3: G�=£ã�~f

5¿ùpl,�G�Ñ�æ�Ó�1��=£�ØÓG��VÇ�ÚAT

´1.ùÎÜVÇ�5�"

3.7 ���¼¼¼êêê

A�¤k�OrÆS�{ÑÄu�¼ê))G��¼ê£G�Ä�é�¼ê¤))

��O"�¼êL«
�UN3±�½G�eU
LyõÐ§½ö�½G�eæ�

,�1��Ð�"ùp�Ð�^�5�Ï"£�L«"
£�Úæ��üÑk'§

¤k�¼ê�½ÂÚäN�üÑk'"
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£Áe§üÑπ L«éuz�G�ÚÄ��æ�,�1��VÇπ(s, a)�N

�§�Ò´rG�1�éN�¤��ê�§ù�ê�L«3G�seæ�a�VÇ"

��ª�§,�üÑ πeG�s��¼êL«�V π(s), ¦´lG�s����Ï"£

�§L«�µ

V π(s) = Eπ {Rt | st = s} = Eπ

{
∞∑
k=0

γkrt+k+1

∣∣∣∣st = s

}
(3.8)

V π(s)��üÑπ�G��¼ê"

�q�§½Â3G� sæ�Ä� a�d�L«�Qπ(s, a),lG�sm©§�¡��

lüÑπ¼��Ï"d�µ

Qπ(s, a) = Eπ {Rt | st = s, at = a} = Eπ

{
∞∑
k=0

γkrt+k+1

∣∣∣∣st = s, at = a

}
(3.9)

Qπ ��üÑπ�1��¼ê" V πÚQπÑ�±ÏL²��O"ù�ö�«O´

cö´�G��cJ§lù��G�Ñ��Ukõ�1�§z�1�À½�q�U

��õ�G�"�ö�½
se�Ä�a��U��G��\È£�§�G�Ñyg

êÃ����ÿ§£��²þ�ÂñuÏ""¤k·��±^Ä���{�O�¼

ê§¡��AkÛ�{"1ÊÙ¬ù�"G�Ã���ÿ§O�ù
²þ�ØÎÜ

¢S�§¤k^ëê�§L«§¤¢��¼ê%C§318Ùù�"

�¼ê���Ä�5�´÷vS�µ

V π(s) =Eπ {Rt | st = s}

=Eπ

{
∞∑
k=0

γkrt+k+1

∣∣∣∣st = s

}

=Eπ

{
rt+1 + γ

∞∑
k=0

γkrt+k+2

∣∣∣∣st = s

}

=
∑
a

π(s, a)
∑
s′

Pass′

[
Ra
ss′ + γEπ

{
∞∑
k=0

γkrt+k+2

∣∣∣∣st+1 = s′

}]
=
∑
a

π(s, a)
∑
s′

Pass′ [Ra
ss′ + γV π(s′)]

(3.10)

þªV¹XÄ�a5g8ÜA(s),e��Ä�s′5guG�8ÜS§½ö´éu¡
ãª¯K´8ÜS+. �§3.10��V π���ù�§.§L�
G��Ú§�UG�
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ã 3.4: (a) V π Ú£b¤Qπ ��°ã

ã 3.5: ��~f(a) Ä�£�Ú£b¤�VÇ�ÅüÑ�G��¼ê

��'X"�Ä�eã3.4aL«G��m�'X"z���%��L��G�§z

��¢%��L��G�-1�é"lG� sm©§�!:3ºÜ§�UN�±Ä�

8¥�?Û��))ã3.4k3�"éuz��Ä�Ñ�U��e�ÚA�ØÓ�G

� s′§��X��®�r.��ù�§3.10é¤k��Uu)�G�?1\�²þ"

�¼ê´��ù�§���)"ã3.4���°ã"§L«
�#�L§±9�

°ö�"ØÓuG�ã�´�°ã�!:v7�ØÓ§'X��(:�U´§g�

��U(:"

ã3.5^Ý/5L«z�G�"z���L«��G�§3z���?kÀÜH

�o�1�ÀJ"éuz�ÀJkØÓ�£�"

lã£b¤wÑ>��G����§´Ï��UÑ.§¤±�5Kê�¦

{"�Ð�G�´G�A=8.8§�±w�lAÑu�á=£�´10§��1��(

¢8.8¡10,ù´Ï�A��UG� u>�§�5
K�£�"

3.8 ���`̀̀���¼¼¼êêê

)ûOrÆS?Ö¿�Xé���üÑU
¼����£�"�¼ê´½Â3üÑ

þ��� S"��üÑπ'üÑπ′Ð��=� V π(s) >= V π′(s) for alls ∈ S.�`

üÑéA�G��¼ê���`G��¼ê§L«�V ∗§½Â�µ
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V ∗(s) = max
π

V π(s) for alls ∈ S (3.11)

�`üÑÏ~�k�Ó��`1��¼ê§L«�Q∗§½Â�µ

Q∗(s, a) = max
π

Qπ(s, a) for alls ∈ S a ∈ A(s) (3.12)

�`1��¼êÚ�`G��¼ê�'Xµ

Q∗(s, a) = E
{
rt+1 + γV ∗(st+1)

∣∣st = s, at = a
}

(3.13)

Ï�V ∗´üÑ��¼ê§7L÷v��ù�§�g£^�"�´Ï�¦´�`

�¼ê§V ∗�g£^��±��¤��¨AÏ�/ª
Ø^ë�äN�üÑ"ùÒ

´��ù�`�§"�úþ§��ù�`�§L�
ù���¯¢µ�`üÑe�

G��7L�ulTG�m©��`�Ï"Ä�¼��£�µ

V ∗(s) = max
a∈A(s)

Qπ∗(s, a)

= max
a
Eπ∗

{
Rt

∣∣∣∣st = s, at = a

}
= max

a
Eπ∗

{
∞∑
k=0

γkrt+k+1

∣∣∣∣st = s, at = a

}

= max
a
Eπ∗

{
rt+1 + γ

∞∑
k=0

γkrt+k+2

∣∣∣∣st = s, at = a

}
= max

a
E
{
rt+1 + γV ∗(st+1)

∣∣st = s, at = a
}

(3.14)

= max
a∈A(s)

∑
s′

Pass′ [Ra
ss′ + γV ∗(s′)] (3.15)

þ¡�ü��§´éuV ∗��ù�`�§�ü«/ª"éuQ∗���ù`z�

§´µ

Q∗(s, a) =E

{
rt1 + γmax

a′
Q∗(st+1,a′)

∣∣∣∣st = s, at = a

}
=
∑
s′

Pass′
[
Ra
ss′ + γmax

a′
Q∗(s′, a′)

]

ã3.6ã/z�L«
�5G�Ú1��ªÝ§Äu�`��ù�§"ù
Ú�
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ã 3.6: V ∗ÚQ∗��°ã

éV πÚQπ��°ã�ÓØ
3�UNÀJ:õ\��l§^5L«ÀJ����


Ø´�½,�üÑ�Ï"�"

éuk��MDPs§��ù�§äkÕáuüÑ���)"��ù�`�§¢S

þ´�XÚ�§|§kN�G�N���ê"XJ�¸�Ä�5´®��§�=´3

G�sÀJ1�a¼��£��ÚLÞ�e��G�s′ Ñ´®��"@o�±^�«

^u)��5�§��{¦)ÑV ∗.��±¦)�'�Q∗"

��·�k
V ∗§¦)�`ûüC��éN´"éuz�G�s§ò¬k��½

õ�1�£������±ÏL��ù`z�§¦Ñ"?Û�ù
1�©��0VÇ

�ûüÑ´���`ûü"\�±w¤´�Ú|¢"XJ\k
�`�¼êV ∗§@

o3�Ú|¢��Ñy��`1�ò¬´�`�",�«`{´?Û��é�`�

¼êæ^�8üÑ�üÑ´�`�"�8ù�c�^3O�Å+�§^5£ã¤k

���ÄÛÜ�½öá=£��|¢½ûüL§§
Ø�Äù����ÀJ�U¬

{�§S¦��k�O�)"(J´¦£ã
�ÄuáÏ(J
ÀJ1��ûü"

¦^V ∗�{©�?3uXJ\¦^
§��O��áÏ�(J))äN5`§Ò´

�Ú|¢�(J)),����8�üÑ¢Sþ3�Ï5w�´�`�§ù´Ï�

·�a,��V ∗®²�Ä
ò5�U1��£�(J"

^Q∗Ó�´��`1��ÀJC�N´"¦^Q∗§^rv7�Jc��Ú|

¢µéu?¿�G�s§§ÑUé���1���zQ∗(s, a)"æ�G�-Ä�é�L

«'�kG��¼ê�E,§�´ÏL1��¼ê��`ûü��ÿv7��Ä�

UG�±9¦���§�Ò´Ø^�Ä�¸�Ä�5"

3.9 `̀̀zzzÚÚÚCCCqqq

·�½Â
�`�¼êÚ�`üÑ"Uìc¡��{�I�¦)��ù�§ÒU�

����`üÑ§�¢Sþù«�¹é�u)"Ï��G�éõ�§O���ù�

§I�GÑ����O��d",	S�����´��¯K"ù
¯K½¦·�

Ïé��Cq�)û�{"~Xk
G�éu�UN5`é�Ñy§½öéu£�
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��z�é$§ù�·�Ò�±�Ñù
G�";5u3ª�Ñy�G��ûü§

�ÑØ�Ñy�G�"ù´«©OrÆS�{ÚÙ¦Cq¦)MDP¯K�{�'�

A5"
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3ù�Ü©·�£ãnaÄ��¦)OrÆS¯K��{µÄ�5y§�Ak

Û�{Ú�m�©ÆS"¤kù
�{¦)��¯K§�)ò�£�"

z�a�{k§�`":"Ä�5y�{äkéÐ�êÆÄ:§�´I���

�!°(���¸�."�AkÛ�{ØI��.¿�Vg{ü§�´Ø·Ü�Ú

�Ú�OþªO�"��§�m�©�{ØI��.¿���Oþª§�´©Û(

J"ù
�{3�ÇÚÂñ�Ýþ�k«O"31nÜ©·�&¢XÛ(Üù
�

{±B¼��g��ÐA5"
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ÄÄÄ���555yyy

Ä�5yù�c��´^u3ê��ÅûüL§¥�é(½�.¦)�`üÑ��

a�{"²;�DP�{dué�¸��{b�Ú�þ�O��d¦�§3OrÆS

¥^åk�§�´¦��,k­��nØ¿Â"

DP�{½öÏ~�OrÆS�{�Ø%g�´^�¼ê5��Ú�ï�ZüÑ

�|¢"�Ùò?ØDP�{XÛ�^uO�313Ù?Ø��¼ê"�Xùp?Ø

�§XJ·���
�`�¼êV ∗ or Q∗ ÒUé�´�¼��`üÑ§V ∗ or Q∗÷

ve¡��§µ

V ∗(s) = max
a
E
{
rt+1 + γV ∗(st+1)

∣∣st = s, at = a
}

= max
a∈A(s)

∑
s′

Pass′ [Ra
ss′ + γV ∗(s′)]

(4.1)

Q∗(s, a) =E

{
rt1 + γmax

a′
Q∗(st+1,a′)

∣∣∣∣st = s, at = a

}
=
∑
s′

Pass′
[
Ra
ss′ + γmax

a′
Q∗(s′, a′)

] (4.2)

4.1 ������OOO

Äk·��ÄXÛéu?¿�üÑπO�G��¼ê"3DPp��üÑ�O"�²

~�¡�ýÿ¯K"£�1nÙ§éu¤k�s ∈ S

29
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V π(s) =Eπ
{
rt+1 + γrt+2 + γ2rt+3 + · · · | st = s

}
=Eπ {rt+1 + γV π(st+1 | st = s} (4.3)

=
∑
a

π(s, a)
∑
s′

Pass′ [Ra
ss′ + γV π(s′)] (4.4)

π(s, a)´éuüÑpi?uG�s�æ�Ä�a�VÇ"

XJ�¸�Ä�A5´��®��§@oª4.4Ò´��äk|S|���ê(V π(s), s ∈
∫),|S| éá��5�§.�Kþ§ù�)´���"�´·��8�´^S���

{"�Ä��Cq�¼êS�V0, V1, V2, · · · , z��Ñ´lS+�R�N�"Ð©�C

q�V0?¿ÀJ£Ø
ª�G�§XJk�{7L�0¤§z���U�Cq)Ï

L3.10��#5K¼�"

Vk+1(s) =Eπ {rt+1 + γVk(st+1 | st = s}

=
∑
a

π(s, a)
∑
s′

Pass′ [Ra
ss′ + γVk(s

′)] (4.5)

¢Sþ3,
^�e�yV π�3§@o�k →∞�S�{Vk}Âñ�V π"ù«�

{��S�üÑ�O"

�
¼�Vk+1·�I�,�G�s�¤k�UG�§¤kÏ"á=£�§�Ú=

��VÇ"ù«�{·�����°"�¤±����°´Ï�§´Äu¤k�U

�e��G�
Ø´e��G��Ä�"ã3.4Ò´��°�~f"

·�3?§¢yù��{�§X4.5�Ñ§�±ïáü�ê|§��^u�Î�

�§��´#��"�#�kü«g´§�´�##�§Î�ÑØC",�«´�

#
��#��Ò/O��5�Î��§ù��I���ê|§¿�ù«�ª  

Âñ��Ý�¯§Ï�§o´¦¯�¦^�#��5?1�#"

~~~4.1�Ä��4 × 4��ä­.Xe¤«µz�G�k4�Ä�§ÀÜH�"�

ÚL«�´ª�G�§z�g1�}ÁÑ¼�-1�á=£�"XJG�?u>.§

¿�1�½¦G�ølL��§b�ù�1�q£�gC��"
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Algorithm 1 üÑ�OS��{.

Input: üÑπ§��O�üÑ¶
Output: ÑÑ�`G��§V ≈ V π ;
1: Ð©z V (s) = 0,éu¤k�s ∈ S+;
2: repeat
3: 4← 0
4: for each s ∈ S: do
5: v ← V (s)
6: V (s)←

∑
a π(s, a)

∑
s′ Pass′ [Ra

ss′ + γVk(s
′)]

7: 4← max(4, |v − V (s)|)
8: end for
9: until 4 < θ£��é���ê¤
10: return V π

æ^c¡�üÑ�OS��{é�¼ê�#,¦)L§�ã4.1

4.2 üüüÑÑÑUUUõõõ

·�O��¼ê�8I´�
é��Ð/üÑ"b�éu?¿�üÑπ·�®²

(½
�¼êV π.y3·����éu,
G�s·�´ÄATUCüÑ
ÀJ1

�a 6= π(s)"·�®²��
æ��cG��Ly�Ð�§�´XJ´��#�üÑ

(J¬�Ð�´��º�«�Äù�¯K��ª´ÀJ��1�a,��Ì�3�ü

Ñπ"ù«�ªe��L«�µ

Qπ(s, a) = Eπ {rt+1 + γV π(st+1)|st = s, at = a}

=
∑
s′

Pass′ [Ra
ss′ + γV π(s′)]

(4.6)

µd�'�´ù��´Ä�u½ö�uV π(s)"XJ��))�Ò´`3G

�sÀJa,�3�âüÑπÀJ'©ª�âüÑπÀJ�Ð§@o^r�±Ï"�z
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ã 4.1: ~4.1�üÑS�L§
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g¡�s�aÑ´�Ð�ÀJ§@o#üÑ�Nþ¬�Ð"

ù´��(J���A~��üÑJ,nØ.-πÚπ′©OL«?¿é(½5ûü

÷vµ

Qπ(s, π′(s)) >= V π(s) (4.7)

@o·�`π′�Ðuπ′§½ö����Ð"þªéu?¿��s ∈ S¤á"

V π′(s) >= V π(s) (4.8)

�?�Ú§XJ4.7éu?ÛG�î�Ø�§@okª4.8��éu��G�î�

�u"ù�(ØAO��^3·��c?Ø�ü�üÑ§���©�üÑπÚUC�

üÑπ′))ÚüÑπ���ÓØ
π′(s) = a 6= π(s)"w,ª4.7éu¤k�G�¤á§

Ø
s.

üÑJ,nØ���g�é{�§·�lª4.7m©±YÐmQπ§2|^4.7�

�·���V π′(s)"

V π(s) ≤ Qπ(s, π′(s))

= Eπ′ {rr+1 + γV π(st+1) | st = s}

≤ Eπ′ {rr+1 + γQπ(st+1, π
′(st+1)) | st = s}

= Eπ′ {rr+1 + γEπ′ {rr+2 + γV π(st+2) | st = s}}

= Eπ′
{
rr+1 + γrt+2 + γ2V π(st+2) | st = s

}
≤ Eπ′

{
rr+1 + γrt+2 + γ2rt+3 + γ3V π(st+3) | st = s

}
...

≤ Eπ′
{
rr+1 + γrt+2 + γ2rt+3 + γ3rt+4 + . . . |st = s

}
= V π′(s)

�d��§�½����üÑ·�éN´ÏLUC,�G��1�¢y��#

�üÑ"ég,��{´UC¤kG���U1�§ÀJQπ(s, a)���1�"�é

{`§�Ä���8üÑπ′§ÏLeª�½µ
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π′(s) = arg max
a

Qπ(s, a)

= arg max
a

E{rt+1 + γV π(st+1)|st = s, at = a}

= arg max
a

∑
s′

Pass′ [Ra
ss′ + γV π(s′)]

(4.9)

ÏLüÑJ,½n4.7·���þª�EÑ�üÑ�LyØ¬'�5��"ù«

ÏLé�¼êæ��8üÑ
¦�üÑ��U?�L§��üÑJ,"

4.3 üüüÑÑÑSSS���

����üÑπ ÏL¦^V π��
Uõ§��
üÑπ′,,�·��±O�V π′U

õπ′
¼�π′′"ÏdXd­E·�ÒU¼��X�gÄUõ�üÑÚ�¼êµ

E−→L«üÑ�O I−→ L«üÑUõ"z�g�S�Ñ��
�k�üÑ"éuk
��MDP¯K§üÑ8Ü´k��§¤koUÏLk�gS�Âñ��`�"ù«

Ïé�`���{��üÑS�.

4.4 ���SSS���

üÑS����":´z�gS�Ñ¬�9üÑ�O§�Ò´�c�¹e��¼ê

O�§ù��UI�õg��#G�Å��
öòS�O�",�:´k��ÿ¦

+��OvkÂñ�´®²���`§L¤
O�"

¢Sþ§zgüÑS��üÑ�OU
� á§¿�ØK�Âñ5"��­�

�AÏ��¹´üÑ�O3�g�#�Ê�"ù��{���S�.

Vk+1(s) = max
a
E{rt+1 + γVk(st+1)|st = s, at = a} = max

a

∑
s′

Pass′ [Ra
ss′ + γV π(s′)]

(4.10)

ùp5¿üÑS�Ú�S��«O"üÑS�¥üÑ�#O��´3z�G

�se��1��Ï"�§,�^ù��CXK�5�§
�S�^�´^,�1�

�����#�5��"

�S��{�Ú½Xeµ
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Algorithm 2 üÑS�.

1.Ð©z
V (s) ∈ R,π(s) ∈ A(s) éu¤k�s ∈ S+;

2.üÑ�O
repeat
4← 0
for each s ∈ S: do
v ← V (s)
V (s)←

∑
a π(s, a)

∑
s′ Pass′ [Ra

ss′ + γVk(s
′)]

4← max(4, |v − V (s)|)
end for

until 4 < θ£��é���ê¤

3.üÑS�
policy − stable← true
for each s ∈ S do
b← π(s)
π(s)← arg maxa

∑
s′ Pass′ [Ra

ss′ + γV π(s′)]
if b 6= π(s) then
policy − stable← false

end if
end for
XJüÑ­½§Ê�§ÄK=�Ú½2

~4.3µÙÆ¯K ��Ùä���M1Ùa§XJ�¡�þ¦ò¬¼�Úe

5Êè���£�§XJ��§§ò¬ÑKe5�a"�ÙäI
100{�§½ö

Ñ1¦�a§iZ(å"ù�¯K�±�w¤¡ãª�MDP¯K£z�ge5Ò

´��¡ã¤"G�´¦Ãþyk�]�§s ∈ {1, 2, 4, . . . , 99};1�Ò´Ù5��
�§a ∈ {0, 1, 2, 4, . . . ,min(s, 100− s)} "Ø
Ùä��
8Iøy�1�	§Ù¦�

LÞG�øyÑ´0"üÑÒ´�â]�û½Ù5��"^pL«M1�¡�þ�V

Ç"^�S���{�±¦Ñ�`üÑ§Xã4.2¤«µ

4.5 ÉÉÉÚÚÚÄÄÄ���555yyy

8c��?Ø�DP�{���Ì�":´¦�ÑI�éMDP¯K���G�8?

1ö�"�G�8é���ÿ§üÚ�M#��U�dØ�"

ÉÚ�DP�{Ø´éG�8æ�XÚ�M#§
´3��S�"�{±?¿�

gS�#G�§¦^?Û�^�Ù¦G��"�
G��U®²M#
éõg§


Ù¦G����U��#
�g"�´�
�(Âñ§��ÉÚ�{7L±Y�°
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ã 4.2: ÙÆ¯K�)§p = 0.4.þã´�¼ê"eã´�ª�üÑ
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Algorithm 3 �S�.

1.Ð©z
V (s) ∈ R,�±�?¿�§'XV (s) = 0, éu¤k�s ∈ S+;

repeat
4← 0
for each s ∈ S: do
v ← V (s)
V (s)← maxa

∑
s′ Pass′ [Ra

ss′ + γVk(s
′)]

4← max(4, |v − V (s)|)
end for

until 4 < θ£��é���ê¤

return ��(½�üÑπ§÷vµ
π(s) = arg maxa

∑
s′ Pass′ [Ra

ss′ + γVk(s
′)]

¤kG��"ÉÚDP�{éuI��#�G��ÀJäké��(¹5"k
ù«

(¹5§·��±ÏLÀJ�#G�5Jp�{�Uõ�Ý"·��±üSM#�

gS5´G��m��D4�\p�"·�$��±aL,
G���°§XJT

G�Ú�`1�'éé�"19Ù¬?Ø�'g�"

ÉÚ�{�¦�O�Ú¢��p�KÜ�\N´"

4.6 222ÂÂÂ���üüüÑÑÑSSS���

üÑS��)ü�Ó�§�pL§µ¦��¼ê��cüÑ��£policy evalua-

tion¤§,	�:´�é�c��¼ê�½�8üÑ£policy improvement¤"3ü

ÑS�¥§ùü�L§�p?1§��m©,��(å§�´¢Sþù�´vk7

��"'X�S�§zügüÑ�#�m�k�güÚ�üÑ�O"3ÉÚDP�{

¥§µ�ÚUõL§�m��\°[z"3,
�¹l��L§�,��L§�m

�k��G���#"��ü�L§±Y��#¤k�G�§�ª�(JÑ´�Ó

�"

·�¦^2Â�üÑS�£GPI¤L«����g�µ4üÑ�OÚUõ?1

�p§�Õáum�ÚÙ¦�ö�[!"GPI��N�YXeã4.3L«µ

�±wÑµ�ÚUõ�O?1§�pr?§�´�oÂñ����`�)"d

�T�¼êe�üÑ´���"��±^eã5n)ù�¯Kµ
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ã 4.3: 2ÂüÑS�µ�¼êÚüÑ¼ê�p���`¿��p¬Ü

4.7 ooo(((

3�Ù·�éuÄ�5y�{��)ûk�MDP¯K�Ä�Vgk

)"üÑ�

O��´�½üÑe�¼ê�S�O�"üÑUõ��´3�½�¼êe��Uõ

�üÑ"rù�ö�3�å§¼�
üÑS�Ú�S��{§ù´DP�{¥�61

�ü«�{"3�½MDPs���k��£��¹e§?Û�«�{ÑU���¦)

Ñ�`üÑÚ�¼ê"

²;�DP�{3��G�8þM#§éz��G�Ñ���°ö�"z��

�°ÏLÙ�UG���±9Ñy�VÇ�#g���"��°Ú��ù�§;�

�'µ¦�ÑkØÓ�Ò´��°´�«©��£ã"��°Ø2����Cz

�§ÒÂñ
"�X·�ko�Ì���¼ê(vπ, v∗, QπQ∗),�A�k4���ù�

§Ú4��A���°"�°ö��±ÏL�°ã�*�@£"

�\w�DP�{§¢Sþ§A�¤k�OrÆS�{Ñ�±�w��2Â�ü

ÑS�¼��"GPI´�7CqüÑS�ÚCq�¼ê�pL§���5g�"�

�L§±�½üÑ�Ä:?1üÑ�O§UC�¼ê��¦���CTüÑ�ý¢

�",��L§´�â�¼ê?1üÑUõ§UCüÑ¦�C��Ð"
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���AAAkkkÛÛÛ���{{{

ù�Ù·oÄg�Ä�¼ê�OÚ�`)�÷�ÆS�{"Úc¡Ù!ØÓ§ùp

·�b�é�¸�£�Ã¤�"�AkÛ�{�I�3��½ö�[��¸��p

5Ä�G�!Ä�!£��S�"3��²�ÆS´-<�¯�Ï�¦ØI�?Û

�¸�Ä�k��£§,
�,U
¼��`1�"�[�²�ÆS´r��"¦

+�I����.§�´ù��.�I��)ª��LÞVÇ§ØI�éuÄ�5

y�{�¤k�ULÞ���VÇ©Ù"-<¯ç�´éõÙó¹e§�âÏ"V

Ç©ÙÄ��)²�´N´�§�´ØU¼�©Ù�w«/ª"

�AkÛ�{)ûOrÆS¯K��{ÄuÄ�£��þ�"�
�y½ÂÐ

�£�´�¼��§·���é¡ãª?Ö½Â�AkÛ�{"�=·�b�²�

�©¤éõ�¡ã§ÃØÀ�Û«ÀJ¡ã�ªÑ¬ª�"�k�¤
��¡ã�

¼êÚüÑâ¬UC"Ïdl¡ã�Vgþ�AkÛ�{´Oþª�§�´Ø´Å

ÚOþª"/�AkÛ0ù�c²~�2��^3äké��Å5��O¯Kþ"

ùp·�¦^§Ì�´Äu���£�þ�"

¦+�AkÛ�{ÚDP�{ké�ØÓ§�´¦��Ø%g�´�ó�«�"

Ø=´éu�¼ê�O�§��)ÏL�p¼��`)"3DP@�Ù§·�Äk�

ÄüÑ�O§V π ÚQπ �O�éu���½�?¿üÑ§,�üÑUõ§��2Â

�üÑS�"ù
ÑU*Ð��AkÛ�{"

5.1 ���AAAkkkÛÛÛüüüÑÑÑµµµ���

éu���½�üÑ§Äk�Ä^�AkÛ�{ÆSG��¼ê"£��e��G

����¦�Ï"£�))Ï"��5ò�\È£�"��w,��{´ÏL²�

�O§,�{ü�²þ*ÿ�@�G����£�"��õ�£��*ÿ��§²

þ�ATÂñ�Ï"�"ù´¤k�AkÛ�{V¹�g�"
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AO�§b�·����OV π(s)))üÑπeG�s�£�§Äu�X��Ì

üÑπ¿�²LG�s�¡ã"3z�¡ã¥zgs�u)���g�¯"every-visit

MC�{´²þ@
²Ls�¡ã�£�5�OV π(s)"first-visit MC�{�´²þ1

�g�¯s��£��²þ"ùü«�{é�q�´nØA5þÑkØÓ"First-

visit MCïÄ�é2�§£��1940s§�´·��Ù¥X­ùã��{"1ÔÙ�

Äevery-visit MC�{"every-visit MC�{�Ú½Xeµ

ã 5.1: First-visit MC�{

~~~5.1���:´èWÜk¶��ýiZ"8I¼��ý�:ê�Ú¦þ��Ø

�L21:"sý�:ê�10§ace�:ê�±´1½ö11.·��Äz��
[ÚB[

Õá�¿�"iZm©B[Ú
[�u2Üý"B[�ý�Ü�þ�Ü�e"XJ


[�:êfÐ´21:£�ÜaceÚ10:¤§¡�ç#�(natural)"ù«�¹e
[

IØ�B[�´21:§/¤²Û"XJ
[vk21:§¦�±�¦�õ�ý(hits)§

�Ü�Ü���Êý(natural)½ö�L21 :(goes bust)"XJ�L21 :§
[ÒÑ


¶XJ
[ÀJÊý§@oÓ�B["B[�¦�ý½öÊý�â�½�üÑ)

):ê�Ú�u14Êý§ÄKUY�ý"XJB[�L21 :§@o
[I¶ÄK(

J�ÑI½ö²Û�ûu��X�:ê��Cu21"

éuù�iZz�Û´��¡ã"Ñ!I!²ÛéA�£�©O´-1!+1Ú0.


[�1��)�ý½öÊý§G��6u
[�ýÚB[�m�ý"
[�ûüÄ

u3�Cþµ8cýê8Ú£12-21¤§B[�m�ý±9´Äk10:�ace"o��

¤
200�G�"

5¿3ù�¯K¥�first-visit Úevery-visit MC´���§Ï�3�ÛiZ¥Ø

�UÑyü��Ó�G�"ã5.2Ð«G��¼ê��O"éuace��11:���¹

�\Ø(½Úvk5Æù´Ï�ù
G�Ø´éÊH"²L500.000Û��¼��¼
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ê�Cq)"

ã 5.2: 320:Ú21:âÊý�üÑeç#�¯K�CqG��¼ê

�AkÛÚDP�'�µ1¤l�°ãþ5`§DP�)¤k��U�=£VÇ§

�AkÛ��¹Ä���game¥�G�¶2¤�AkÛ{G����O´�pÕá

�"�é{`T�{Ø´”booststrap”))ÏL�OÙ¦�5¼�g���O"ù�

k:¦�·��±��OÑ��G�f8��¶3¤ÏLÄ���
�¡�DPp�

O�"

5.2 ���AAAkkkÛÛÛ111������¼¼¼êêê������OOO

XJ�.Ã{¼�§@o�O1��'G���\k^"k
�.§==G��O

Òv
5�ûü§�´éuMC�{Ø´ù�"7L²(��Oz��1���±B

�Ñk^�ûü"ÏdMC�{Ä��8I´�OQ∗"�
¢yù�8�§Äk�

Ä,��üÑ�O¯K"

é1��üÑ�O¯K´�OQπ(s, a).æ^MC�{�´��§éz�ÑyG

�s§,�ÀJ
1�a�/�ÚOÙ£�§,�¦²þ"

æ�¬Ñy���¯K´k
G�-1�é�Ul5vk��¯�"@oéuù


G�1�Òvk£�§Òv{¦^MC�{�¤Ù�¼ê��O"ùÏ~´��

�o&¢�¯K"�
�yüÑS�éu¤k1��k�§·�7L�y±Y�&

¢"�«)û��{´²(z��¡ã3��A½�G�1�é§ù�ÒU�yz

�G�-1�éäk�0�VÇ�ÀJ"·�¡��&¢Ð�b½"
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ù«b½k��k��§�´w,Ø´Ï~¿Âþ�±�6��{§cÙ´

�¡�¢S��¸�p�"�«~^�O�üÑ´b�üÑ´�Å�±�0�VÇ

ÀJ¤kÄ�"�¡ò¬?Ø2«~^�T�{�C«"6�k^&¢Ð�b½�

¤MC���{�Lã"

5.3 ���AAAkkkÛÛÛ������

y3·�m©�ÄMC�{XÛ�^u��§�Ò´Cq�`üÑ"�Nþ�g��

´�ÌGPIµe§Xeã

m©�c§4·k�Ä��MC���üÑS�"3ù��{¥§·��O�¢

yüÑµ�ÚüÑUõ§å©u?¿�üÑπ0,Xe¤«µ

üÑUõÏLÀJÎÜ�c�¼ê��8üÑ¼�"3ù«�¹e·�k
1

��¼ê§ÏdØI��.5�E�8üÑ"éu?Û�1��¼êQ,�A��8

üÑÒ´�ÀJ����Q¼êµ

π(s) = arg max
a

Q(s, a) (5.1)

�
¼�MC�{�Âñ�y·��
ü�Ø��U�b�"��´Ð©&¢b

½§,��´äkÃ��¡ã"�
¼�¢S�^��{·�7L�Kù
b�"

k�Ä1��b�"

k2�)û�{"1��´;;rºCq�g�"�ÑÿþÚb�5¼��OØ

��Ì�ÚVÇ§3zgüÑµ�æ�v
�Úê5�yù
.�v
�"ù��

{�U3�y�(Âñ�,«Y²�Cq�þ´��-<÷¿�"�´§¢S¥E

,I�Nõ�¡ã"

1��;�Ã�¡ãµ���{´3üÑUõ�c�ï���üÑµd"3z

�Úª��¼êQπk�§·�ØÏ"��v
�C�¢S�"��4à�/ªÒ´�
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S�§3ù��{¥zügüÑUõ�m�?1�güÑµd�S�"3��#�

�S����4à"

Äu¡ã�µdÚUõ´MC�{üÑµ�ég,��{"3z��¡ã�§

*ÿ�£��^uüÑ�#§,�3¤kT¡ã�¯L�!:??1üÑUõ"�

����{ü��{Xã5.3¤«"·�¡ù«�{�Monte carlo ES,��´Monte

carlo ES with Exploring Starts.

ã 5.3: Monte carlo ES

~~~5.3µµµSolving Blackjackã5.4Ð«^Monte carlo ES�{¼���`üÑ

ÚQ�µ

5.4 333���üüüÑÑÑMC������

·�ATXÛ;�Ø��U�&¢Ð©b�Qº����ª�k�UNØä�ÀJ

@
1�âU�y¤k�Ä��ÀJÃ�g"kü«�{5�yù�¯¢§Ò´·

�¤`�on-policy�{Úoff-policy�{"on-policy�{}ÁµdÚUõgC�ûü

�üÑ"ù�Ü©·�Ð«on-policy Monto Carlo�{"

3on-policy���{¥üÑÏ~´^�§¿�Xπ(a, a) > 0"éuon-policy�

{kéõ�U�C«"�«�U��ª´ÅìUCüÑ�ª���(½�ü

Ñ"12Ù¥?Ø�éõ�{Jø
ù�Å�"ùÜ©·�Ð«�on-policy�{¦

^ε − greedyüÑ§±�3�Ü©��m·�ÀJäk��1��O��1�§�
´±ε�VÇ�Å�ÀJ�1�"�Ò´¤k��8�üÑk����ÀJVÇ
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ã 5.4: Monte carlo ES

3 ε
A(s)

,�e��Ü©VÇ§1 − ε + ε
A(s)

,�
�81�"ε − greedyüÑ´ε − softü
Ñ�~f))½Â�éu¤kG�Ú1�π(s, a) ≥ ε

A(s)
�üÑ"3¤k�ε − softü

Ñ¥ε− greedy´��C�8üÑ�"

Monto Carlo on-policy���{��Ng��´GPI"�´vk&¢Ð�b½�

^�§·�ØU==ÏL¦�üÑC��85UõüÑ§Ï�ù�¬{�éu��

8üÑ�?�Ú&¢"3$�´§GPIØI�üÑ��ª��8üÑ§�I���

8üÑc?Ò1"3·��on-policy�{¥·��4¦ª�ε− greedyüÑ"éu?
Û�ε− greedyüÑπ,ε− greedy�Qπ��y��5�Ð"

?ÛéAQπ�ε − greedyüÑ´ε − softüÑπ�Uõ��±düÑJ,nØ�
y"^π′L«ε− greedyüÑ§üÑJ,nØ¤áÏ�µ
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Qπ(s, π′(s)) =
∑
a

π′(s, a)Qπ(s, a)

=
ε

A(s)

∑
a

Qπ(s, a) + (1− ε) max
a
Qπ(s, a)

≥ ε

A(s)

∑
a

Qπ(s, a) + (1− ε)
∑
a

π(s, a)− ε
A(s)

1− ε
Qπ(s, a)

=
ε

A(s)

∑
a

Qπ(s, a)− ε

A(s)

∑
a

Qπ(s, a) +
∑
a

π(s, a)Qπ(s, a)

= V π(s)

(5.2)

o(�e�
;�Ð©G�b½§·�Ú\
�ÅüÑ"�Ò´3·�ûü�

�ÿ±�½�VÇÀJ@
Ø´��£��1��"ù�Jø
&¢��U5§�

y
¤kG�U��¯�",	²Lþ¡�y²`²
ù�¤�8�ÀJ�ª�¬

ØäU?üÑ�5U"ù�·����´���ÅüÑ§�´ε− softüÑ�Ð�À
J"�¤��{dã5.5�Ñµ

ã 5.5: ε-soft Monte carlo�{



46 CHAPTER 5. �AkÛ�{

5.5 ^̂̂������üüüÑÑÑ���²²²���µµµddd,,,������üüüÑÑÑ

8c��·�¦^VÇ�{�g�´k�\��üÑ§^ù�üÑ�)�
¡ã§

éù�¡ã?1üÑµd§���¼ê§,�2�#üÑ"o�5`üÑ��#

Äu�¼ê§�¼ê�¼�ÄuÄ��¡ã"@o��é��üÑπ·�vk§�

)�¡ã§%k,��üÑπ′�)�¡ã§ù«�¹e·�´Ä�,U�OV π½

öQπQº

�Y´�½�"�
¦^π′�Oπ§·�I�3πeæ��z�Ä�3π′e�u

)L§�Ò´π(s, a) > 0¿�Xπ′(s, a) > 0.^pi(s)Úp
′
i(s)©OL«ü�üÑe3G

�s�Ñy�ÓS��VÇ"ù�Ò�±ÏL�é��½�O�é�£��"@o3

G�s*ÿ�ns£�������MOnto Carlo�O´µ

V (s) =

∑ns
i=1

pi(s)
p′i
Ri(s)∑ns

i=1
pi(s)
p′i

(5.3)

w,ùp�pi(s)Úp
′
i(s)´���"3$�´·�I���¦��'Ç§
Ø

I����g��§¤k·��±3vk�¸Ä�5�£��¹e¼�ù��"

^Ti(s)L«1i�¡ã¥�9G�s�ª��m§@o

pi(st) =

Ti(s)−1∏
k=t

π(sk, ak)Paksk sk+1

,�µ

pi(st)

p′i(st)
=

∏Ti(s)−1
k=t π(sk, ak)Paksk sk+1∏Ti(s)−1
k=t π′(sk, ak)Paksk sk+1

=

Ti(s)−1∏
k=t

π(sk, ak)

π′(sk, ak)

ùÒ´5.3¥�I��'�§§��6uü�üÑÚ�¸Ä�5Ã'"

5.6 ÃÃÃüüüÑÑÑ������AAAkkkÛÛÛ������

y3·�5?ØÃüÑ�{"£�3�üÑ�{�wÍA�´§3¦^���Ó�

?1��O"3off-policy¥ùü�L§�©m
"^5�)1��üÑ��1�ü
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J@
�OüÑ�UÀJ�1�"�
&¢¤k�U§·�I�1�üÑ´^�"

ã 5.6: off-policy Monte carlo���{

5.7 OOOþþþªªª¢¢¢yyy

�AkÛ�{�±ÏL12Ù¥�£ã�*Ð�{¢yOþªO�"¦^OþªO�

�±Oþª�?nz�g#�£�§
ØI�O�ÚS��O\"

�AkÛ�{ÚÙÆ¯Kk2:ØÓ"1�MCÏ~�9õ�|µ§�Ò´z�

�G��²þ?n�{ØÓ"1�µMC�£�©ÙªØ­½�§Ï�£�Äuü

Ñ§
üÑ��3Cz"

32.5!¥·��Ä�²þªX{��â²þ§�Ò´z�£���­Ñ�Ó"

b�·��¢y��k�­�²þ§�Ò´z��£�RnäkØÓ��­wn§·�

�O�µ

Vn =

∑n
k=1wkRk∑n
k=1wk

(5.4)

'X35.5!¥¦^��{§�­wn(s) = pn(s)
p′n(s)

.�­²þ�k��{ü�Oþª
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�#5K"WnL«cn g�­�Ú"

Vn+1 = Vn +
wn+1

Wn+1

[Rn+1 − Vn] (5.5)

3ùpWn+1 = Wn + wn+1,W0 = 0.

5.8 ooo(((

�Ùùã�MC�{¦^ÏLÄ��¡ã¼��²�5�O�¼ê��`üÑ"ù

��kn�`:"Äk§§�±��ÏLÚ�¸�pÆS��`1�§ØI��¸

�&E"1�§¦��±ÏL�ý½öÄ��.¦^"1n§éu�AkÛ�{5

`§��éG�8�gC��O�´k�Ú�B�"1o�`:´§Éê��Å5

�K��"

3�OMC���{´·�E,�Ì14Ù0��GPIüÑ"GPI�9üÑµdÚ

üÑUõ��pL§"MC�{Jø
üÑµdL§�O��{"Ø´^���.5

O�z��G���§�´{ü�²þlù�G�m©�£��"Ï�G����

Ï"�§²þ�¬´ý´��éÐ�Cq"MC�{�±Äu¡ã¢yüÑµdÚü

ÑUõ�·Ü§Ó��UÄu¡ã�Oþ¢y"

�±¿©�&¢´MC�{���Ì�ÆK"==ÀJ�c�O�Ð���Ø


�§Ï�,�vkO�1��£�§¦�$��Ul5ØUÆS�=¦¦�¢Sþ

´�Ð�"�«)û��{´b�¡ã�m©¬�Å�C¤k�G�-1�é",	

ü«�{´on -policyÚoff -policy�{"

¤k^uOrÆS�MC�{�Câ�²(½Â"¦��ÂñA5�Ø²w§¦

�3¢S¥��J�ÿÁØõ"8c§¦�Ä��¿Â´¦��{05±9ÚÙ¦

�{�'X"

MC�{ÚDP�{k2:ØÓ"Äk§§ÄuÄ�²�§ÏdØI��.��

ÆS"1�§¦Ø´boostrap�§�Ò´¦Ø´ÄuÙ¦G����O5�#��

O"
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���mmm���©©©ÆÆÆSSS

XJ�(½OrÆS+���Ø%Ú#L�g�§ÎÃ¦¯´�m�©temporal-

difference(TD)ÆS"TDÆS´�AkÛg�ÚÄ�5yg��(Ü"�MC �

{§TD �{�±��l²�ÆS
ØI��¸��."�DP�{§TD�{Ü©�

ÄuÙ¦�ÆS��O5�#�O§
Ø^�����(J"MC!DP ÚTD �{

�'X´OrÆSnØpP)~!�{K"ùÙ·�m©?ØTD�{"3·�m©

�c§·�¬w�ù
g�Ú�{U
·Ü3�å¿�±õ«�{(Ü"AO�§

317Ù·�?ØTD(λ) �{§§Ã¿�8¤
TDÚMC�{"

6.1 TDýýýÿÿÿ

TD�{ÚMC�{Ñ¦^²�5)ûýÿ¯K"�½���ÌüÑπ�²�§ü��

{Ñ�#¦���OVÚV π"VÑ�5`§MC�{����,�G����£�C

¤®�§,�^£���V (st)"��{üevery-visit MC �{·^u���·��

�¸´µ

V (st)← V (st) + α
[
Rt − V (st)

]
(6.1)

¡ù��{�constant− α MC.�´MC �{7L����¡ã(å
âUû½

OþV (st)£Ï�@��ÿRtâ®�¤§TDI���e��Ú��m"3�mt+ 1§

á�/¤��8I¿�|^*ÿ�£�rt+1Ú�OVt+15�kÃ��#"�{ü

�TD�{§�Ò´TD(0) Xeµ

V (st)← V (st) + α
[
Rt+1 + γVt+1 − V (st)

]
(6.2)
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¢SþMC�8I�#´Rt§�´TD�{��#´µRt+1 + γVt+1"313Ù·

���µ

V π(s) =Eπ {Rt | st = s} (6.3)

=Eπ

{
∞∑
k=0

γkrt+k+1

∣∣∣∣st = s

}

=Eπ

{
rt+1 + γ

∞∑
k=0

γkrt+k+2

∣∣∣∣st = s

}

=Eπ

{
rt+1 + γV π(st+1)

∣∣∣∣st = s

}
(6.4)

V)�`Ò´MC�{^�´6.3��8I��O§
DP�{^6.4��8I��

O"MC�{´���OÏ�36.3¥Ï"�´���¶��Ä��£�^5O�ý

¢�Ï"£�"DP�8I´���OØ´Ï�Ï"�))ATk�¸�.��J

ø§
´Ï�V π(st+1)´���§^�c��OVt(st+1)5O�"TD�8I´�OÏ

�ü��ÏµÏLÄ�¼�Ï"�Ú^�c��OVtO�ý¢�V
π"Ïd§TD�{

(Ü
MC�{�Ä�ÚDP�{�boostraping.

ã6.1L«
TD(0)�{���Ú½§6.2L«
§��°ã"·�rTDÚMC�

{��#��Ä��°Ï�¦�Jc�Ú�Ä�UÄ��G�§¦^�UG���

±9£�O��°�§,��A�UC�©G���"Ä��°Ú��°ØÓ3u

cöÄuü��Ä��U��XØ´¤k�U�UG�����©Ù"

ã 6.1: �OV π�L��TD(0)�{

~~~6.1µµµmmm���£££[[[zU\ó��m�£[§\}Áýÿ£[´þ�s¤õ��

m"�\lm�ú¿�§\Pe�m!(ÏAÚ���'�ÀÜ"'X\3(ÏÊ

8:lm�ú¿§\�O�U£�[�s¤30©¨�m"�\�\�þ�´6:05§
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ã 6.2: TD(0)��°ã

\5¿�m©e�
"Ï~e��Ï¬ú§Ïd\­#�O�U�I�35©¨§�

Ò´o�40©¨"15©¨�\mL
p�´ã§��ûÐ"�\lm�1�^ú´

�\r\��O�m ~�35©¨"Ø3�´d�\E��m�éú�k�×3


�¡§�´�Äv�{��"\Ø�Ø��kX��6:40\C�ý>��"3©¨�

\£[
"G�!�mÚ\�ýÿS�XeLµ

ù�¯K¥£�´��´§s¤��m"Ïdéuz�G��£�Ò´l=�

G�m©¢SI���m"G���z�G�Ï"��r��m"�=´þL¥�

1��"

¦^MC�{���¯K´�k�\r�
�§££�[¤\â��¢S�£

�§�Ò´l���¹"���ª(J®�âUm©ÆSíºb�,�U\q�

O\I�30©¨âU£["�´\�Ñ�Ò�\�Ï×l"25©¨L�
\E,3

p�´��c1"\y3�O�U2I�25©¨âU�[§o�50©¨"\7L�

[��âUO\\��O�í§�Ò´`7L£[��\â��G��Cz"é

uMC�{Ò´Xd§Ï�\Ø��\¢SI�õ��m£[§�Ò´\Ø��£�

´õ�§Ïd\v�{��#"

��éuTD�{§\�±á=ÆS§UC\�Ð©�O�50©¨"�Äþ¡�

¯K§ã6.4´Ú6.3Ó��ýÿ§Ø
§�UCüÑ´^TD5K"z���ØÚý

ÿCz¤'~§ùÒ´TDýÿ"
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ã 6.3: MC�{�ïÆ?U�m

ã 6.4: TD�{�ïÆ?U�m

6.2 TDýýýÿÿÿ���{{{���`̀̀³³³

TD�{ÆS��O�Ü©��6uÙ¦��O�"¦�lßÿÆSßÿ)

)bootstap"ù´��Ð¯íºTD�{�éuMCÚDPk�o`:ºùÜ©{�

�&?�e"

w,�'uDP�{TD�{ØI��¸�.§�Ò´£�±9e�G��VÇ

©Ù"

e��TD�{�éuMC�{�wÍ`:´TD�{�¢yU,þ´3��§O

þª�"éuMC�{^r7L��¡ã�(å§Ï��kd�£��âU®�§,


æ^TD�{�I�����mÚ�"Ñ<¿	�ùÏ~�y²´'���Ï"�


A^äké��¡ã§±�u��¡ã(åâÆSw��ú
"Ù¦�A^´ë

Y�?Ö��Òvk¡ã"��§�X·�c¡¤`²�§�
MC�{éuæ�¢
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�51��¡ã7L�À½�ò�§ù4�/ü$
ÆS�Ý"TD�{KØN´É

ù
¯K�K�Ï�§lzgLÞÆS
Ø+æ��o�YüÑ"

TD�{Üníº�,le��ÆS��ßÿ
ØI���¢S�(�´�B

�§�´·�E,U�yÂñ��(��Yíº-<34�´§�Y´�½�"é

u?Û�½�üÑπ§þã£ã��{®�y²�÷v�½�^��Âñ�V π§¿

�Xéu��v
��~êÚ�ëê§½ö�Ú�ëê�â�ÅCq^�£2.8¤~

��§±VÇ1Âñ"�õ�Âñy²�^uÄuL�/ª��{§�´�·^u�

��5¼ê%C�~f"ù
(J3�üÜ?Ø"

TDÚMCÑÂñu�(�ýÿ§@o¯K´=���¯Qºù´��m��¯

K§vkêÆþ�y²=��Âñ��¯"¢Sþéu�
�ÅüÑ�¯KTD�{

'constant-α MC�{Âñ��¯"Xe¡�~f"

~~~6.2 µµµ���ÅÅÅ111rrrb�����ê��ÅL§Xã6.5¤«"G�Ñl¥m

m©§,�±��VÇ��½ö�m"�¡ã3m>(å��+1�£�§Ù

¦�Ñ�0.Ï�ù�üÑ´vkò��¿�´¡ãª�§G�ý¯��¼êÒ

´lTG�m©3�m>ª��VÇ"Ïdý¢�G��¼ê´§lA�E)

)1/6,2/6,3/6,4/6,5/6.6.6Ð«
TD(0)�{��J"6.7Ð«
TD�{ÚMC�{�

g�Ø�"Ð©�V (s) = 0.5.

ã 6.5: �)�Å1r�ê��ÅL§

ã 6.6: TD�{ÆS��G��
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ã 6.7: ØÓÚ�ØÓ�{�Ø�'�

6.3 TD(0)���`̀̀zzz

b��U¼�k�êþ�²�§'X`10�¡ã½ö100��mÚ�"3ù«�¹

e§��Ï^�OþªÆS�{�üÑ´´­E�ÆSù
²����{Âñ��

��Y"�½��Cq�¼êV§3z���mÚ�t§����ª�G���¯

�§Oþd6.1Ú6.2�Ñ"�´�¼ê��#�g§^¤kOþ�Ú",�­E��

Âñ"·�¡��1�#Ï��#u)3?n�z�1Ôöêâ��"

31�#e§TD(0)(½�Âñ����Y¿�ÕáuÚ�ëêα,��αv


�"MC�{�Âñ���(½��Y§�´´��ØÓ�)"n)ùü�)�ØÓ

òkÏu·�n)ùü«�{�ØÓ"

6.4 Sarsa:333���üüüÑÑÑTD������

·�y3y3?Ø¦^TDýÿ�{)û��¯K"� ~��§·��ÌGPI�µ

e§�´ùg3ýÿ�Ü©æ^TD�{"�XMC�{��§·�¡�&¢Ú|^

�²ï¯K§2�gÓ��)û�{k2¥µ3�üÑÚl�üÑ�#"3ù�Ü©

·�?Ø3�üÑ���{"

1�Ú´ÆS��1��¼ê
Ø´G��¼ê"AO�§éu��3�üÑ

�{·�éu8c1�üÑπe�¤kG�¤k1��OQπ(s, a)"ù��±ÏLÚ

þ¡£ã�ÆSV π�TD�{5¢y"£����¹�O�G�ÚG�-1�é�S

�µ

c¡·��ÄlG��G��LÞ¿O�
G���¼ê"y3·�lG�-1
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�é�G�-1�é�LÞ§¿�ÆSG�-1�é��¼ê"/ªþù
�¹´�Ó

�µ¦�Ñ´�k£�L§�ê��Åó"TD(0)�{e�yG��Âñ�nØ�

·^u1���éA�{µ

Q(st, at)← Q(st, at) + α
[
rt+1 + γQ(st+1, at+1)−Q(st, at)

]
(6.5)

ù��#3zg�ª���LÞ��#"XJst+1´ª��§@oQ(st+1, at+1)�½

Â�0.ù�5K¦^��¯��Ê�|�z����(st, at, rt+1, st+1, at+1) ,ù¦��

�G�-Ä�éLÞ�e��G�Ä�é"ù�Ê�|�)
ù��{�¶iSarsa"

�O��ÄuSarsaýÿ�{�3���üÑ´é���"3¤k�3�üÑ�

{¥§·�éuz�1�üÑπ±Y�OQπ§,�Ó�UCπ¦��éuQpi´�8

�"Sarsa�����ãXã6.8¤«µ

ã 6.8: Sarsaµ��3�üÑTD���{

Sarsa�{�Âñ5�6uüÑéQ��65"'X§�±¦^ε − greedy½

öε− softüÑ"�âÚSatinder Singh�he�6§Sarsa�VÇ1Âñ��`üÑÚ

1��¼ê��G�éU�Ã�g�¯§Âñ5É�u�8üÑ§�´ù�(Ø�

v3©Ù¥uLÑ5"

ã6.9L«��IO���­.§�´k�:ØÓµ���¥mk���þ�ý

º"IO�Ä�´þe�m§�´3¥m«�Üå�^�(J´e��G�� þ

£Ä§ÌÝ����X��ØÓ
ØÓ"ºå��d�e¡���Ñ§L«� þ

£Ä�ü�ê"

3ã6.9¥§SL«m©G�§GL«8I"ºå�K�`²Xeµ'X�c 

uGmý�ü��§Ä�´��§duºå�^§¤±�ª���/�´G�þ�"

Xã¥ùÚ�Þ¤«"ã6.9L«
Sarsa�ÆS(J§��­��Ç�5��§`²

ü ¡ã�Ú�~�
§�é{`ÆS��Ý�5�¯
"'XZfm©���¡

ã§lS�G�U�60�Ú�§²LÆSÚüÑ�Uõ¦�ûü�k�
§g,
,
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ã 6.9: kºåK����­.¯K

ã 6.10: A^Sarsa�{�(J

I��Ú½Ò�
"�ã¥L«�´^�8üÑ��`)"ùp�`²�´ØU¦

^MC�{§Ï�MC�{�¦z�gÑ�k£�§
éuT¯K�,�¡ã�Ud

uûü¯K
[��Ø
8I§@oe��¡ã�ÆSÒÃ{UY"

6.5 Q-ÆÆÆSSSµµµlll���üüüÑÑÑTD������

3OrÆS+���­��â»Ò´l�üÑTD�{�Ò´Q-ÆS�Ñy

£Watkins,1989¤"§�{ü�/ª§�ÚQÆS§½Â�µ

Q(st, at)← Q(st, at) + α
[
rt+1 + γmax

a
Q(st+1, a)−Q(st, at)

]
(6.6)

3ù«�¹e§ÆS�1��¼êQ��Cq�Q∗))�`��1��¼ê§

Õáuæ��üÑ"ù4��{z
�{�©Û¿�r¦
@Ï�Âñy²"ù�

üÑ�,k�3u§û½
@�G�-1�é��¯Ú�#"�´�(�Âñ¤I�

�´¤k�é±Y��#"ù´¤k�{Âñ���7�^�"Q-ÆS�{�Ú½
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Xeµ

ã 6.11: Q-ÆSµ��l�üÑTD���{

Q-ÆS��°ã´�oº5K6.6�#G�-Ä�é§Ïd�þ¡�!:§�°ã

��!:7Lé��äk1�!:"1�!:��°�,5gu1�!:§��z

e��G��U�1��"Ù�°ã�ã6.13.

~~~6.6µµµ]]]ááá111rrr��­.�~f'�
SarsaÚQ-ÆS�{§âÑ
�ö�«

O"�Äã6.12�~f"ù´��IO�vkò�§¡ãª§äkÐ©Ú(åG

�§Ï~�1��)þe�m�£Ä"zgLÞ�£�Ñ´-1Ø
úÜ?\IP�

/]á0«��LÞ"?\ù�«�¼�-100�£�¿�r�UN.£å©:"e

¡�ãÐ«
^ε − greedy�{�1�ÀJ�Q-ÆSÚSarsa�Ly5U§ε = 0.1"

²L�gLÞ§QÆSÆS�
�`üÑ§��÷X]á�>��mr"Ø3�

´§ù�(J¬ó,�K?]áÏ�ε − greedyÀJ��Å5",��¡§Sarsa�

Ä
1�ÀJÆS�
þ¡�f��«�m���´�S��´»"¦+Q-ÆSÆ

S�
�`üÑ§¦�3�5UØXSarsa))ÆS���V�üÑ"�,§�εÅ

ì~��ü«�{ÑUì?Âñ��`üÑ"

6.6 111���-µµµ������{{{

1�-µ��{´TD�{§§äk��Õá�S�(�5²(�L«üÑ
Õá

u�¼ê"üÑ�(��¡�actor§Ï�§�^�ÀJ1�§�O��¼ê�¡

�critic§Ï�§µd5guactor�1�"ÆS[�´ÄuüÑ�µµ��ÆS5

gu�cactoræ��?¿üÑ"1µæ��«TDØ��/ª"ù�Iþ�&Ò�

�critic���ÑÑ§Ó�^5��criticÚactor�ÆS§ã6.14¤«µ

critic-actor�{´Or'��{£section 2.8)g��TDÆSÚ¤kOrÆS¯

K�g,*Ð";.�§critic´��G��¼ê"3z�g1�ÀJ��§criticµ

�#�G�5û½�¹´Ä'ý��Ð½ö�"ù�µ�Ò´TDØ�µ
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ã 6.12: ]á1r¯K§(J5guüÓÔö

ã 6.13: Q-ÆS��°ã
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ã 6.14: critic-actore�

δt = rt+1 + γV (st+1)− V (st)

V ´dµ�ì����c�¼ê"TDØ��^5UõÀJ�1�§st��ÀJ

�1�at.XJTD Ø�´��§¿�XÀJ1�at�ª³�\r§,
XJTDØ�

´K�§¿�Xª³AT~f"b�1�^Gibbs softmax �{�)µ

πt(s, a) = Prat = a|st = s =
eP (s,a)∑
b e

p(s,b)

p(s, a)L«t��actor��?��üÑëê§�«
3z�G�sÀJ1�a�ª

³",�þ¡£ã�\r½~f�±ÏLO\½~�p(st, at)¢y§'XÏLµ

p(st, at)← p(st, at) + βδt

β´,����Ú�ëê"

ù�´critic-actor�{���~f"Ù¦�C«¦^ØÓ��ªÀJ1�§½

ö|^e�Ù£ã�]�,�a��{",�a~^�C«§XOr'��{§�

¹�	�Ïf5UC©��æ�Ä��&�Ý"~X§Ù¥���~^�ÏfÚÀ

J1�at�VÇK�'"�)Xe��#5Kµ

p(st, at)← p(st, at) + βδt
[
1− πt(st, at)

]
ù
¯K@Ï�&¢§Ì�^uá=£��~f¿�vk���#"
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éõ@Ï¦^TD�{�ÆSXÚ´critic-actor�{"l@�m©§�õ�5¿

å8¥3ÆS�¼ê��{Ú�â�O����û½üÑ"ù
©ÜÑ´{¤¯

�
"~X§\�±��3��¥mµe¥�¼êÚÕá�üÑ�ÆS"ÃØ�

o§critic-actor�{E´y3�,�9:Ì�Äue¡ü�`:µ

• ÀJ1�I��O��"

• §�±ÆS��²(��ÅüÑ"

In addition, the separate actor in actor-critic methods makes them more appealing

in some respects as psychological and biological models. In some cases it may also make

it easier to impose domainspecific constraints on the set of allowed policies.

6.7 éééuuu���òòò���ëëëYYY???ÖÖÖ���R-ÆÆÆSSS

R-ÆS´�«l�üÑ���{§^uvkò�ÚØU©¤¡ãª?Ö�p?Or

ÆS�{"3ù�~fp^r�±3z��mÚ�¼���£�"��üÑπ��¼

ê½Â�3TüÑez�Ú�Ï"£��þ�§L«�µ

ρπ = lim
n→∞

1

n

n∑
t=1

Eπ{rt}

b�L§´��{²�£3?ÛüÑeU
±�"VÇ��?ÛG�¤Ï

dρπØ�6uÙ¢G�"l?ÛG�m©§l��5w£��þ�´���§�´

k��LÞ"�
G�6�Ðuþ�£�§Ù¦�É�£�'þ��"ù�LÞ½

Â
G��µ

Ṽ π(s) =
∞∑
k=1

Eπ{rt+k − ρπ|st = s}

1�G�é��¼ê½ÂXeµ

Ṽ π(s, a) =
∞∑
k=1

Eπ{rt+k − ρπ|st = s, at = a}

·�¡ù
��é�Ï�¦�´�éu²þ�"

3vkò���¹e§ØÓ�`z�{�m«OØ�"�´§éuõê¢S�

�¹{ü�âz�Ú��þ�£�ûü®²v

§�é{`§�âρπ"y34·

��Ä¤k�3���ρπ��`�üÑ"
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Ø
|^�é�§R-ÆS´Äul�GPI���IO�TD���{§��Q-Æ

S"§�oü�üÑ§��1�üÑÚ���OüÑ§\þ��1��¼êÚ��

�O²þ£�"1�üÑ^u�)²�¶§�U´'u1��¼ê�ε − greedyü
Ñ"�OüÑ�9GPI"¦´1��¼ê��8üÑ"XJπ´�OüÑ§@o1�

�¼êQ´Q̃π�Cq§²þ£�ρ´ρπ�Cq"����{dã6.15�Ñ"

ã 6.15: RÆS

6.8 iiiZZZ§§§���UUUGGG���§§§ÚÚÚÙÙÙ¦¦¦���AAAÏÏÏ~~~fff
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AO�~fAT^AÏ��ª�Ð�)û"~X§·�Ï^��{¢S1�
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ã 7.1: n− step�°ã
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·���3MC �°¥V π(st)��OVt(st)´d��£��#�µ

Rt = rt+1 + γrt+2 + γ2rt+3 + · · ·+ γT−t−1rT
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o´LÞ�gC¿�£��0"|^ù�E|§¤knÚ£�±Y�ª�G�½ö�

Lª�G�Ú���£�Ñ´���"
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]
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�V (s)§@o3e��¡ã§�#��V (s) +
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�Ø��y�u�uγn¦±3Ve���Ø�µ
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s

∣∣∣Eπ{R(n)
t

∣∣st = s
}
− V π(s)

∣∣∣ ≤ γn max
s

∣∣∣V (s)− V π(s)
∣∣∣ (7.2)
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ã7.3�²
�­S�"�Ú£�������­1 − λ¶üÚ£��Ñg�
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t §�Ú£�"Ïd�λ = 0�§

�âλ−£���°Ú�ÚTD�{��°´���"

ã 7.3: λ−£�¥z�nÚ£����

·�½Â�λ−£��{´�«^λ − return�1�°��{"3z�Ú§§O
���3=�ÚÑy�G��Oþ∆Vt(st)µ
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γλet−1(s) if s 6= st;
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(7.5)
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δt = rt+1 + γVt(st+1)− Vt(st) (7.6)
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∆Vt(s) = αδtet(s) for all s ∈ S (7.7)
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Äk5¿\È�]�,�±²(��¤£�S��¤µ

et(s) =
t∑

k=0

(γλ)t−kIssk

Ïdª7.8��>�±�¤µ
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T−1∑
t=0

∆V TD
t (s) =

T−1∑
t=0

αδt

t∑
k=0

(γλ)t−kIssk (7.9)

=
T−1∑
k=0

α

k∑
t=0

(γλ)k−tIsstδk (7.10)

=
T−1∑
t=0

α

T−1∑
k=t

(γλ)k−tIsstδk (7.11)

=
T−1∑
t=0

αIsst
T−1∑
k=t

(γλ)k−tδk (7.12)

y3·�O�ª7.8�m>"�Äλ−£��{���üÕ��#µ

1

α
∆V λ

t (st) =Rλ
t − Vt(st)

=− Vt(st) +(1− λ)λ0
[
rt+1 + γVt(st+1)

]
+(1− λ)λ1

[
rt+1 + γrt+2 + γ2Vt(st+2)

]
+(1− λ)λ2

[
rt+1 + γrt+2 + +γ2rt+3 + γ3Vt(st+3)

]

u�)Òp¡�1��))¤k�rt+1¦���­Ïf´1− λ¦±�­�êλ"
(J´¤k�­Ïf�Ú�1.Ïd·��±ÄÑ¤k1����Ã�­��rt+1"�

q�E|^uÄ�)Òp�1��§l1�1m©Ú�γλrt+2"éz��­E§�

�µ
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1

α
∆V λ

t (st) =− Vt(st)

+ (γλ)0
[
rt+1 + γVt(st+1)− γλVt(st+1)

]
+ (γλ)1

[
rt+2 + γVt(st+2)− γλVt(st+2)

]
+ (γλ)2

[
rt+3 + γVt(st+3)− γλVt(st+3)

]
...

=(γλ)0
[
rt+1 + γVt(st+1)− Vt(st)

]
+ (γλ)1

[
rt+2 + γVt(st+2)− Vt(st+1)

]
+ (γλ)2

[
rt+3 + γVt(st+3)− Vt(st+3)

]
...

≈
∞∑
k=t

(γλ)k−tδk

≈
T−1∑
k=t

(γλ)k−tδk

�þ¡��¹�l��#��¹�Cq´°(�§d�éu¤kt ,VtÑ´��

�"���Ú´°(�§Ï�¤k�Ñ��δk�)
¤k�ª�G����J[�

G�"¤kù
Úäk"£�Ú"�¶Ïdª�G����δ�´0.Ïd§·�y²


3l��¹eª7.8m>�±�¤µ

T−1∑
t=0

∆V λ
t (st)Isst =

T−1∑
t=0

αIsst
T−1∑
k=t

(γλ)k−tδk

TªÚª7.9��§ùÒy²
ª7.8"

3l��#��¹e§��αv
�þ¡�CqÒé�C§ÏdVt3¡ã�S

Czé�"$�´33���¹e·��±Ï"TD(λ)��#Úλ−£��{´�q
�"

y34·�b�3¡ã�SOþv
�§±�u3��¡ãþTD(λ)��#

Úλ−£��{��#Ä�þ´���"E,3kk��¯K))�r¡ã�Su)

�o"�Ä��¡ã�m�mt+ k�#�G�st"33�TD(λ)e§3t+ k�K�

��u·��
��λ−£�§r*	��G���ª�G�§�´�k���0 �

£���u�c��O�"ù«'X�Ú�Ú��±e5"

^̂̂TD(λ)¦¦¦)))���ÅÅÅ111rrrÏ�l��TD(λ)�duλ−£��{§·�®²�Ll
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��TD(λ)319�G���R1r¯K¶Xã7.5¤«"ã7.8L«
3�TD(λ)�é

'(J"5¿�3�2��ëê8þ3���{Ly��Ð"3��{��Ñkù

�5Æ"

ã 7.8: 3�TD(λ)¦)1r¯K

7.5 Sarsa(λ)

XÛ]�,Ø==´�^uýÿ§XTD(λ)§
´��Qº� ~��§��Ì

6��¯��{´{ü�ÆS1��¼êQt(s, a)§
Ø´G��¼êVt(s)"3ù

Ü©·�0�]�,XÛ±�«����ªÚSarsa�{(Ü5�)��3�üÑ

�TD���{"]�,���Sarsa��Sarsa(λ)§c¡��©���·�ld��

���ÚSarsa"

Sarsa(λ)�g�´A^TD(λ)ýÿ�{�G�-Ä�é
Ø´G�",�w,·

�Ø=I���z��G��,§
´éuz��G�-Ä�é"^et(s, a)L«G�

Ä�é(s,a)�,"Ù¦�¡ù��{Ò�TD(λ)§^G�-Ä�éO�G�Cþ§�

Ò´Q(s, a)O�V (s)§et(s, a)O�et(s)µ

Qt+1(s, a) = Qt(s, a) + αδtet(s, a), for alls, a

ùp:

δt = rt+1 + γQt(st+1, at+1)−Qt(s, a)

et(s, a) =

γλet−1(s, a) + 1 ifs = st and a = at;

γλet−1(s, a) 0therwise
(7.13)

ã7.9Ð«
Sarsa(λ)��°ã"5¿§ÚTD(λ)�{��q5£ã7.2¤"1�
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ã 7.9: Sarsa(λ)��°ã

��° cw��Ú�e��G�-Ä�é§1�� cwüÚ��"�����°

Äu���£�"z�Ú£���°ÚTD(λ)Úλ−£��{���"
�ÚSarsaÚSarsa(λ)Ñ´3�üÑ�{§¿�XÄkCqQπ(s, a)))�Ïü

Ñπ�1��¼ê§,��â�cüÑ�Cq�¼êÅÚ�UõüÑ"üÑU?�±

kéõ«�ª§��Öp�±w�"'X§�{ü��ª´¦^�é�c1���

O�ε− greedyüÑ"ã7.10Ð«
���Sarda(λ)�{"

ã 7.10: L�ªSarsa(λ)

������­­­...���,,,]�,�¦^U
4�/O\���{��Ç"�Ï�±l
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ã7.11¥wÑ"1��¡�Ð«
3��¡ãp�UNÀJ�´»§3��p£�

�/�(å§L«�*"3ù�~f¥§¤k�Ð©�0§¤k�£��0Ø
��

�* �k���"���£�"Ù¦�üÌãÐ«
�Ú�SarsaÚSarsa(λ)�{

¥=��1���\r"�Ú��{�\rS�¥������p£��1��§

,�,�{\r
S�¥�éõ1�"\r�§Ý£L«��Þ���¤�XÚx

P~"3ù�~f¥γ = 1, λ = 0.9"

ã 7.11: ��­.�~f¥du¦^
]�,\¯
ÆS��Ý

7.6 Q(λ)

JÑ
ü«(Ü]�,ÚQ-ÆS��{¶·�¡��Watkins’s Q(λ)ÚPeng’s Q(λ)§

�âJÑ¦��ïÄö"Äk·�0�Watkins’s Q(λ)"

£�Q -ÆS´�«l�üÑ�{§¿�XÆS�üÑÚ^uÀJ1��üÑØ

I���"AO�§Q-ÆSÆS�´�8üÑ�´;.��¹e§�l���9&

¢1��üÑ))�ÅÀJ���éuQt5`´g`�1�"Ï�ù�§]�,�

Ú\I��	c["

b�·��3�°�mt�G�1�ést, at"b�eü��mÚ��UNÀJ�

8üÑ§�´1n�ÀJ��&¢���8�üÑ"3ÆS�8üÑ3st, at���

�ÿ�±¦^�Y�²�§���Y�´�8üÑ"Ïd·��±¦^�Ú½öü

Ú�£�§�´nÚ£�Ø�±"¤kn ≥ 3�n−Ú£�®²Ú�8üÑvk7�
�éX"

Ïd§Ø�´TD(λ)½öSarsa(λ)§Watkins’s Q(λ)3�°¥ØJcw��¡ã

�(å"§��Ä��C�&¢1�"�´Ø
ù�«O§Watkins’sQ(λ)ÚTD(λ)½

öSarsa(λ)é�"¦� cw��¡ã(å§,
Q(λ) cw��1��&¢1�

u)§XJ¡ãSvk&¢1�§@oÒw�¡ã(å"¢Sþ§°(5`§�

Ú�Q-ÆSÚWatkins’s Q(λ)Ñw�1�g&¢�c�Ú§|^1����£"'

X§b�1��1�at+1´&¢�"Watkins’s Q(λ)E,¬éQt(st, at)��Ú�#
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�rt+1 +γmaxaQt(st+1,a)"Ï~§XJat+n´1��&¢1�§@o����°´µ

rt+1 + γrt+2 + · · ·+ γn−1rt+n + γn max
a
Qt(st+n, a)

b��l��#§ã7.12Ð«
Watkins’s Q(λ)�{c�*:��°ã§Ð«


¤k|���°"

ã 7.12: Watkins’s Q(λ)��°ã§|���°S��o(åu¡ã�"�§�o´
1����81�§�ûu=��kÑy

Watkins’s Q(λ)��À*:�é{ü"]�,ÚSarsa(λ)�¦^��§Ø
�

��81��ÀJ���0",�#�Ð�@�u)3üÚ�S"Äk§¤k�G

�-1�é�oUìγλP~§�o���0�&¢1�u)"1�§�cG�Ú1�

�,�O\1"�Nþ�(J´µ

et(s, a) = Isst · Iaat +

γλet−1(s, a) if Qt−1(st, at) = maxaQt−1(st, a);

0 otherwise,

�{�Ù{Ü©

Qt+1(s, a) = Qt(s, a) + αδtet(s, a)

Ù¥§

δt = rt+1 + γmax
a′

Qt(st+1, a
′)−Qt(st, at)
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ã7.13±��è�/ªÐ«
����{

ã 7.13: L�/ª�Watkins’s Q(λ)�{

Ø3�´§zg��&¢1��vK,��
éõ¢^]�,�`³"XJ&

¢1��ku)§3N´@Ù��¹e§�L�Ú½öüÚ��°é�Ñy§d�

�ÆSò¬'�Ú�Q-ÆS¯�::"Peng’s Q(λ)´Q(λ)���O���§Áã�

Øù�6à"Peng’s Q(λ)�±w�´Sarsa(λ)ÚWatkins’s Q(λ)���·ÜN"

Vgþ§Peng’s Q(λ)¦^ã7.14�°�·Ü�ª"Ø�Q-ÆS§&¢1�Ú�

81�vk«O"z��f�°�¹éõÚ�¢S²�§�´�k����31

�þ���z?n",�f�°�o´3�üÑ�o´l�üÑ"@Ï�LÞ�

3�üÑ�§,
���LÞ¦^�8üÑ"(J´§éu���½���8ü

Ñ§3Peng’s Q(λ)eQtQØÂñ�Q
π§�ØÂñ�Q∗§
´0u�ö�m"�´§

XJüÑìì�C��8§@o�{�¬Âñ�Q∗"ù
Ñ�vky²"¦+X

d§¢Sþ�{Ly�éÐ"éõïÄL²§�Ly²w'Watkins’s Q(λ)�{Ð§

ÚSarsa(λ)Ly�Øõ"

,��¡§Peng’s Q(λ)¢yå5'Watkins’s Q(λ)E,"�����¼�¢y

�£ã§wPeng and Willians(1994,1996)"^r�±b�1n���§4·�¤

�naiveQ(λ)§§ÚWatkins’s Q(λ)��Ø
�&¢1�u)�,Ø­#��0.ù�

�{'åPeng’s Q(λ)�U�k,
Ð?§�´¢y{ü"·�éuù�{vk²

�§�N¦vk���@oÈ�"
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ã 7.14: Peng’s Q(λ)�{��°ã

7.7 Actor-Critic���{{{���]]]���,,,

ù�!·�0�XÛr6.6!0��Actor-Critic*Ð�¦^]�,"ù�é²

("Actor-Critic�{�criticÜ©�´{ü�3�üÑÆSV π"TD(λ)U
^uù

:§z�G���]�,"Actor�Ü©I�¦^G�-1�é�]�,"ÏdActor-

Critic�{I�ü�,�8Ü§��^uG�§,��^uz��Actor-Criticé"

£��Ú�Actor-Critic�{ÏLeª�#µ

pt+1(s, a) =

pt(s, a) + αδt ifa = at and s+ st

pt(s, a) otherwise

δt´TD(λ)Ø�£7.6¤§pt(s, a)´�mtG�sæ�Ä�a� Ð"'X ÐÏ

Lsoftmax�{(½üÑ£2.3!¤"·�rþ¡��§�z¤]�,�/ªXeµ

pt+1(s, a) = pt(s, a) + αδtet(s, a) (7.14)

et(s, a)L«
��G�-Ä�é�,"�uþ¡J���{ü��ª§,�±U

ìSarsa(λ)��ª�#"
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36.6!·��?Ø
���k?�Actor-Critic¦^�#µ

pt+1(s, a) =

pt(s, a) + αδt[1− πt(s, a)] ifa = at and s+ st

pt(s, a) otherwise

�
�zù�úª�]�,·��±¦^Úª7.14��ØÓ�,�#"���G

�-Ä�éu)�Ø´r,O\1§
´^1− πt(st, at)�#µ

et(s, a) =

γλet−1(s, a) + 1− πt(st, at) if s = st and a = at;

γλet−1(s, a) otherwise
(7.15)

7.8 ������,,,

�
�¹e�±ÏL¦^����?��,5���Uõ5U§ù�,��O

�,"b�����¯�G�3,��P~�0�c2g��¯"XJ¦^\È

,(7.5)§2g�¯��,?�ÚO\§¦¦�u1§,�¦^O�,§,�­#�

�1"ã7.15é'
ùü«," �ª�§����,�½Â�µ

ã 7.15: \È,Ú��,

et(s) =

γλet−1(s) if s 6= st

1 ifs = st
(7.16)

ýÿ½ö��¦^��,��{Ï~����,�{"¦+��,Ú\È,�

´Ñ�ØÓ§�´3ÆS�Çþ�)é��Jp"ã7.16'�
319�G���Å

1r¯KþDÚ�Ú��,���TD(λ)�{�5U"Ù¦��2��~f3e�

Ùã8.9�Ñ"
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ã 7.16: ü«,�'�

7.9 ¢¢¢yyy¯̄̄KKK

¾�w¦^]�,��{q�'�Ú�{�E,"��È��¢yI�3z���

mÚ��#z��G����OÚ]�,"ùéuü�-§õ­êâ¿1�>M½

ömqkn� ²¢yvk?Û¯K§�´éuDÚ�G1>M¢y´��¯K"

3$�´§éu;.�λÚγ �¤kG��]�,A�o´�C0¶�k@
CÏ�

�¯�G��,o´²w��u0"�kù
G�¢SI���#§Ï�Ù¦��#

A�vk�J"

¢Sþ§DÚ>Mþ�¢yP¹Ú�#�êØõ�A�äk�0,�G�"

¦^ù�E|§¦^,�O��dÄ�þ�´�Ú�{�A�"°(�A��6

uλÚγÚÙ¦�O�Ñ¤"Cichosz (1995)Ð«
������¢yEâ§?�Ú�

~�
éu��~þ�6�λ Úγ�E,Ý"��§I�5¿�´éuL�ª�,�

O�E,Ý�<s3�
�¹eª�<s�"�¦^
�¼êCq§Ø¢^,�O

�`³Ï~~�
"'X§XJ<ó ²�äÚ��DÂ�¦^
§@o,Ï~�

¬ÚåV��S�I¦ÚO��d"

7.10 CCCþþþλ

λ−£��±C�Ú·�8c£ã��{�Ø�Ó��·�4λ3z�Úu)Cz§
­#½Â,�#�µ

et(s) =

γλtet−1(s) if s 6= st

γλtet−1(s) + 1 ifs = st
(7.17)
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λtL«t���λ�"ù´��p?�ÆKÏ��O\��zUål��^u¢

SA^§�´§nØþ´k��
�y²´k^�"'X§UCλ��G�¼ê�

g�µλt = λ(st)"XJ��G����Oäkép��U5���§@o¿©�¦

^@��O´k�n�§�Ñ?Û3§���G�Ú£�"ù¿�XvK¤k�T

G��'�,��ù�G�2g��¯§�Ò´éu,�A½G��λÀ�0½öé

���"�q�§@
�éØ(½�G�§�NÏ�@�G���OØ��§�±

4λ�C1.ù��¦���O�3?Û�#eK�é�"¦��aL�����
)

�G�Ñy"dSutton and Singh (1994)�ª�&¢
�
�'�g�"

þ¡�]�,�§´Cþλ���À�*:"�A�c�*:3λ−£�¥k�
���½Âµ

Rλ
t =

∞∑
n=1

R
(n)
t (1− λt+n)

t+n−1∏
i=t+1

λi

=
T−1∑
k=t+1

Rk−t
t (1− λk)

k−1∏
i=t+1

λi +Rt

T−1∏
i=t+1

λi

7.11 ooo(((

]�,ÚTDØ��åJø
�«k��§Oþ�3MD�{ÚTD�{�m£ÄÚÀ

J��ª",�±ØÚTDØ��å¦^5¼��«�{'��J§�´==ÃE|

�"�«'XTD(λ)��{�±ÏLÜ©²�¢yýÿ§Ó�I�é�S�Úé�

Ã¿Â�C«"
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���zzzÚÚÚ¼¼¼êêêCCCqqq

8c��·�b��¼ê��O�±^��L�L«§z��¥z�G�½öG

�-1�ék��^8"ù´��AÏ��ß�kÙé«5�~f§�´�,§�Û

�uäkG�êÚ1�ê'���~f"¯KØ=Ñy3�L�¤I��S�§�

rêâ°(�W¿��I��m"�é{`§'��¯K´�z"No¦���k

��G�f�m�f8�²�éÐ��z����éõ�f8§l
�)��Ð�

Cq"

ù´��î­�¯K"3éõ��A^OrÆS�?Ö¥§�õê���G�

ýØ¬JcÒ²{L"3�¹ëYCþ½öE,¿Â�|µ¥²~��ù«�¹§

'X�Üã�"3ù
?ÖþÆS¤kÀÜ����ªÒ´rkc�²�G��z

�lv²{L�G�"

¤3�´§lÄ���z®²k
2��\�ïÄ§·�v7���&¢#�

�{^3OrÆS¥"é�§Ýþ§·��I�(ÜOrÆS�{Ú�c�3��

z�{"·�I��ù«�z��¼êCq§Ï�§l������¼ê£�¼

ê¤Ä�§Áã�z¦�5�ï�����¼ê�Cq"¼êCq´iÒÆS��

�~f§�´3ÅìÆS§<ó ²�ä§�ª£OÚÚO­�[Ü¥Ä�ïÄ�

ÌK"�Kþ§¤k3ù
+�ïÄ��{Ñ�±�^�OrÆS"

8.1 ������OOOÚÚÚ¼¼¼êêêCCCqqq

� ~��§·�±lüÑπ�)²�5ÆSG��¼êV π��O¯Km©"�Ù

�#L53uCq�¼êVt�L�Ø´��L
´^ëê�þ~θtëêz���¼ê"

ù¿�X�¼êVt���6u~θt§�Xz��mÚ�~θt�Cz
Cz"'X�¼ê�

±ÏL ²�äO�§ëê´ ²��ó��­"½ö�±ÏLûüäO�§ëê

½Â�©|:½ö�f��"���¹e§ëê�êþ���uG��êþ§UC
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��ëê¬UCéõG����O"(J´���G���°�§l@�G��)

�Cz¬K�éõÙ¦�G���"

¤k�Ö¥�9�ýÿ�{Ñ�£ã��°§�Ò´��#����O�¼

ê�duUCAÏG������/�°�0"4·�^ÎÒs 7→ v§s´�°

�G�§v´�°�½ö8I§s��O�c£Ä"'X§DP�°��¼êýÿ

´µs 7→ Eπ{rt+1 + γVt(st+1) | st = s}§MC�{��°´st 7→ Rt§TD£0¤��°

´µst 7→ rt+1 + γVt(st+1)§Ï^�TD(λ)�°´µst 7→ Rλ
t"3DP�¹e§?¿�

G�s Ñ�°§3Ù¦��¹3²�¥���G�st��°"

rz��°äNz��O�¼êÑ\ÑÑ1����~f´ég,�n)"3

,«¿Âþ§�°s 7→ v¿�XG�s��O�AT��v"

±ù«�ªrz���°w���DÚ¿Âþ�Ôö��¦·�U
¦^yk

�2��3�¼êCq�{"�Kþ¤k�iÒÆS�'�{Ñ�±^"�´Ø´

¤k�¼êCq�{ÑÓ��·Ü3OrÆS¥¦^"�k?� ²�äÚÚO�

{Ñb���·��Ôö8§Äu§�
õg?n",
3OrÆS¥§3��¸

��p¥½ö�¸�.¥§U
3�ÆS´é­��§�
¢yù�8II�lO

þª¼��êâ¥p��ÆS"Ød�	§OrÆSÏ~I�¼êCq�{U
?

n�·��8I¼ê£8I¼ê��mCz¤"'X§3GPI���{¥·�²~

Á¦ÆSQπ�π´Cz�"=¦üÑ�±ØC§XJ8I�´kgÞ�{�)�§

�¼ê�,´�·��"ØUéÐ?nù«�·�5��{ÑØ·ÜuOrÆS"

�o5Uëê·Üµ��¼êCq�{Qº�õ�iÒÆS�{Áã��zÑ

\P©Ùþ�þ��Ø�£MSE¤"3·���ýÿ¯K¥§Ñ\´G�§8I¼

ê´�¼êV π�ý¢�§ÏdéuCqVt�MSEØ�^ëêL«�µ

MSE(~θt) =
∑
s∈S

P (s)
[
V π(s)− Vt(s)

]2
(8.1)

P´ØÓG��Ø�©Ù�­"ù�©Ùé­�Ï�Ï~¤kØ�~�0´Ø�

U�".¾§'å©þ~θtÏ~k�õ�G�"�¼êCqì�(¹5´k7��"

�
G��Ð�Cq�U±Ù¦G��<s�Cq��d"¤±©ÙP�½XÛ�ï

��G�"

©ÙPÓ��´Ôö��¥G�ÀJ��â§�´éù
G���°"XJ·�

���z,�G�©Ù�Ø�§@or¼êCqìw�5gÓ�©Ù�~f´k�

n�"y3·�b��
�°�G��©ÙÚØ��­©ÙP´���"

��AO'5�©Ù´£ã�UN3��¸�pL§¥�âüÑπÀJ1��

²{G��ªÇ§TüÑ��¼ê�´·��Cq�"·�¡��3�üÑ©Ù§

Ü©´Ï�¦´3�üÑ���{�°�©Ù"��z3�üÑ�Ø�;5u@
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¢Su)�G��¼êCq§�Ñ@
l�u)�"3�üÑ©Ù�´^MC½

öTD�{�N´¼�Ôö��"ù
�{^5güÑπ�Ä�²��)�°"Ï�

Ï~3z��²{¥Ñy�G�Ñ¬�)�°§�^�Ôö���©Ùg,´�â

3�üÑ©Ù"·���¬?Ø�§3�üÑ©O'åÙ¦©ÙU�y�Ð�Âñ

5"

·�I�'5��zMSE�Ø���Ù"�¼êýÿ�d38IØÓ§Ï�·

��ª�8I´^ýÿ59Ïé��Ð�üÑ"@�8�e��ÐýÿØ��Ò

´���MSE"�´§�Ø�Ù���k^�O�8I´�o"y3·�UY;5

uMSE"

MSE�n�8I´é����Û�`)§3¤k�U�~θ,���þ~θ∗÷vMSE(~θ∗)

≤ MSE(~θ)"éu�5�Cq¦ù��)´�U�§�´éuE,�Cq¼ê¦)

(J§¤±k�ÿÏ¦��ÛÜ�`�)"¦+ù��y4<Ø�%§�´éu�

�5¼êCq5`ù�U´�Ð�(J
"

8.2 FFFÝÝÝeeeüüü���{{{

y3·��[�&?�a�¼êýÿ¥�¼êCqÆS�{§ù
�{ÄuFÝe

ü"

3FÝeü{¥§ëê�þ´����þäk�½ê8�¢�©þ§~θt =

(θt(1), θt(2), . . . , θt(n))T§Vt(s)´éu¤kG��~θt���²w����¼ê"y3

·�b�z�Út§¼���#����st 7→ V π(st)"

b���Ñy�G�k�Ó�©ÙP§Äu§·�ÏLª8.1Áã��zMSE"

��Ð�üÑ´Äu*ÿ������z"FÝeü{ÏLz����÷XØ�e

ü�¯���N�ëê�þµ

~θt+1 =~θt −
1

2
α∇~θt

[V π(st)− Vt(st)]2

=~θt + α
[
V π(st)− Vt(st)

]
∇~θt

Vt(st) (8.2)

α´��Ú�ëê§∇~θt
f(~θt)L«¼êf� �©"

y3�U�Ø²w��o�ÀJ��é��Ú�"��oØ��÷XFÝ��

£Ä���Ø¤k�Ø�Qº¢SþFÝeü{�Âñ5ÏLÚ�ëê�~��

y"XJ~�÷vIO��ÅCq^�£2.7¤§FÝeü�{�y¬Âñ���Û

Ü�`�"

y3·�?Ø1t�Ôö���8IÑÑvt§st 7→ vt§Ø´V
π(st)�ý¢�§
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´§�Cq"'X§vt�U´V
π(st) �D(��§½ö¦´c¡Ü©J�L��°

�"3ù«�¹e·�ØUO(��18.2§Ï�V π(st)´���§�´·��±Ï

LvtO�V
π(st)5Cq§"ù�)
Ï^�^uG��ýÿ�FÝeü{µ

~θt+1 = ~θt + α
[
vt − Vt(st)

]
∇~θt

Vt(st) (8.3)

XJvt´��Ã �O§�Ò´E{vt} = V π(st)§éuz�t§@o~θt3�ÅCq

^�e£Âñ�ÛÜ�`"'X§��¥�G�´ÏLüÑπÚ�¸�p�)�G

�"^RtL«z�G�St���£�"Ï���G�ý¢�G��´��¦�Ï"

£��§�â½ÂMC�{8Ivt = Rt´V
π(st)�Ã �O"|^ù�ÀJ§Ï^�

FÝeü{Âñ�ÛÜ�`�"

�q�§·��±^nÚTD£��²þ��vt"TD(λ)�FÝeü^λ−£
�vt = Rλ

t§r§��V
π(st)Cq�)c�*:��#µ

~θt+1 = ~θt + α
[
Rλ
t − Vt(st)

]
∇~θt

Vt(st) (8.4)

Ø3�´§éuλ < 1, Rλ
tØ´V

π(st)�Ã �O§Ïdù��{ØÂñ�ÛÜ

�`"�DP8I´vt = Eπ{rt+1 + γVt(st+1 | st)�¹�´���"¦+Xd§ù
g
Þ�{�´��k��§éu­��AO�~f�±Jø5U�y§�Ù�¡·�

¬&?"y3·�rNù
�{ÚÏ^FÝeü�'X£ª8.3¤"¦+ª8.4�Oþ

��Ø´FÝ§r§w¤´FÝeü�{´kÃ�"

FÝeüTD(λ)����*:´µ

~θt+1 = ~θt + αδt~et (8.5)

δt´TDØ�§

δt = rt+1 + γVt(st+1)− Vt(st) (8.6)

~et´]�,���þ§z�éA~θt�©þ§�#�µ

~et = γλ~et−1 +∇~θt
Vt(st) (8.7)

�~e0 = ~0§�����3�FÝeüTD(λ)dã8.1�Ñµ

ü«ÄuFÝ�¼êCq�{3OrÆS¥k2��A^"��´õ�<ó 

²�ä^Ø���DÂ�{"1��61��{´�5/ª"
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ã 8.1: 3�FÝeüTD(λ)^uV π�O

8.3 ���555���...

FÝeü¼êCq���­�AÏ�~f´Cq�¼êVt´ëê�þ�~θt��5�¼

ê"éuz�G�s§�A�k���A��þ ~φs = (φs(1), φs(2), φs(2), . . . , φs(n))T§

Ú~θtäkÓ��©þ�ê"A��±lG�¥^éõ«ØÓ��ª�E§·�Û�

�
�U��{"��A�ïÐ
§CqG��¼êL«�µ

Vt(s) = ~θTt
~φs =

n∑
i=1

θt(i)φs(i) (8.8)

3ù«�¹eCq�¼ê�¡�´ëê�5�§½ö{ü��5�"

éu�5�Cq�¼ê^FÝeü´g,�"FÝO�úª�µ

∇~θt
Vt(s) = ~φs

¦^�5Cq�ª8.3{z
éõ§¿�éu�5��§§�k���Û�`§

¤±?ÛÂñ�ÛÜ�`��{Ñ¬Âñ�Cq��Û�`:"éuc¡?Ø

�TD(λ)�{§÷v�?Cq^�ÚÚ�~�^��¬Âñ§�´ù�ÂñØ´�

�Ø��þ~θ∗§
´��NC�ëê�þ~θ∞§§�Ø���3µ

MSE(~θ∞) ≤ 1− γλ
1− γ

MSE(~θ∗) (8.9)

�Ò´`ì?�Ø�Ø�L��Ø��1−γλ
1−γ �"�λª�u1§.�ªC��Ø

�"

Ø
nØ�(J§�5�.�{Úå�[�,�´Ï�¢S¥ÒêâÚO�
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ó§Ñ´�~p��"´Ä´ù�'��/��ûuÒA�
óXÛL«ù
G

�"ÀJÜ·�A��L§Ù¢´��\\k��£�L§"�úþ§A�ATÚ

?Ö�g,A��'§'X£ÄÅì<� �§�{>þ±9CÏ�(>Öê�

�"

Ï~§A�´g,A5�(Ü"ù´Ï��5�/ªvkL�A��m'é�

Uå§'XA�i�k3A�jØÑy��¹eâ´Ð�"'X�á{¯K¥���

���Ý´Ð´��6u� �"éuù
k�p��¹·�I�Ú\�
ÍÜA

�"

8.3.1 ooo÷÷÷???èèè

b���?Ö�G�8´ëY����"ù«�¹e�G�´��:§k2�©þ

��þ"ù«�¹e��«A�´'uG��mp����§Xã8.2¤«"XJ

��G�3�S§@o�A�A���1¿�¡��Ñy¶ÄK�0L«vÑy"ù

«0-1��A�����A�"�½��G�§=���?�A�Ñy�«
G�3

=���S§Ïd�±o÷�?è§� �"^ù«­U�A�L«G���ª�

�o÷?è"

ã 8.2: o÷?è

b��5�FÝeü¼êCq§�Ä��Ú�Ý�K�"�z���'é�´

ü�ëê£~θt���©þ¤§ÏLÆS�#"XJ·�Ôö
��:X§,�¤k

ÚXk�8�ëêÑ¬É�K�"ÏdÏLª8.8�¼ê3¤k�¿8�:¬É�K

�§ÚXk�õ�Ó��:É����K�§Xã8.2"XJ�é�§@o�z¬3

��ålþ?1§Xã8.3a¤«§XJé�§ò¬K������ål§Xã8.3b¤
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«"�õ�A��/Gû½
�z�5�"'XXJ@
�Ø´î���±§
´

3����k.�§�z�¬�q��K�§Xã8.3c¤«"

ã 8.3: ��Ú/Gé�z5U�K�

8.3.2 Tile Coding

Tile Coding´o÷?è��«§cÙ·ÜëY�êi>M^up��3�ÆS"

3Tile Coding¥�B�A�«�©|�[�CX
Ñ\�m"z��iy©���

�b¡§z�y©�������tile"z��tile ´����A���B«�"

Tile coding������Ð?´3���mÑy�¤k�A��ê8�î��

��¿�Ñ\G��m�pÕá"��A�Ñy3��b¡¥§ÏdÑy�A�

�oêo´Úb¡�ê8�Ó"ù#N·�±�«{ü��ú�g���Ú�ë

êα"'XÀJα = 1
m
§mL«b¡�ê8§ù��
°(��g}ÁÆS"XJ�

�st 7→ vt��Â§,�ÃØkc��´�o§#��Vt+1 = vt"Ï~�¹e^rF

"Cz��ú�
§#N38IÑÑ¥k�zÚ�ÅCz"~X�±ÀJα = 1
10m
§

ù«�¹e�g�#¬�8Ic?�©��"

Ï�tile?è����¦^��A�§�­Ú���Cq�¼ê�O�´¡�

�"Ø´�1ng¦{Ú\{§�I�{ü�O�m � nÑy�A��¢Ú,�

rm��'�ëê�þ�©þ\å5"]�,�O�£8.7¤��{z§Ï�FÝ

£∇~θVt(st)¤�©þÏ~´0§Ø
1"

XJ¦^
aq���b¡§ÑyA��¢Ú��O�cÙN´"b�·�)

û��äkü�ëYG�Cþ�¯K"@o�{ü��mb¡z��{´^þ!�

����µ

�½�m¥��:��Ix, y§O�þN´û½tile¤3 ��¢Ú"�^
õ

­b¡§z��Ñ £ØÓ�ê§±Bz��U±ØÓ��ª�©�m"3ã8.4Ð

«�~f§�	�O\
�1Ú��§±BCX¤k�:"ü�âÑw«�tile^@

L«§�L
@
Ñy�G�"ØÓ�b¡£tilings¤�Å� £��þ§½öÏL
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°%�O�(½5üÑ"ã8.3Úã??L«éu�zÚì?°(Ý�K��·^uù

p"tile�°ÝÚ/GATÀJU
��^rÏ"�Ü·��z�2Ý"b¡ê�À

JK�tile��Ý"b¡�È�§Cq¼ê�°Ý�p§�´O��d���"

ã 8.4: õ?�§­U�gridtilings

5¿�b¡�±´?¿�§vk7�´þ!���"tileØ=�±´Û%�/

G§Xã8.5a§
�¦��±¤�?¿�/GÚ©Ù5¢yAÏ��z"'X8.5b�

^/b¡U
r?R��Ý��z§OrY²�Ý�EOå§cÙ´�>"n�/

^«�b¡�±r?é�����z§Xã8.5c"p���¹§�I¶éà�^«�

A��Àb¡¥��
�Ý§�Ò´�²¡�¡"

ã 8.5: Tilings

,��~�S�I¦�E|´MF))a consistent pseudo-random collapsing

of a large tiling into a much smaller set of tiles. Hashing produces tiles consisting of

noncontiguous, disjoint regions randomly spread throughout the state space, but that
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still form an exhaustive tiling. For example, one tile might consist of the four subtiles

shown below: ÏLMF§S�I¦Uì��Ïf~�
5UÄ�Ø¿�"ù´Ï

�3G��m�k��Ü©I�p�©EÇ"3S�I¦Ø´�Ýê�ê?�¿

Âþ§MF)û
�Ý/J§�´I���¢S?Ö�I¦"Ð�ú�+��tile

coding§�)MF�¢yÑ�±¼�"

8.3.3 »»»���ÄÄÄ¼¼¼êêê

»�Ä¼ê´o÷8?è�ëY�A��g,��z"Ø´z�A�7L´0½1§

§�±´[0,1]«m�?Ûê§A��±LyØÓ�Ý"��;.�RBFA�iäk�

�pd�Aφs(i)§==�6uG�sÚA��.½öG�¥%ci�ål§ÚA�°

Ýσi��é�µ

φs(i) = exp

(
−‖s− ci‖

2

2σ2
i

)
L§�ÄO½öålÿÝ�±�âÃÞ�?Ö±?Û�ªÀJ§��´Ü·

�"ã8.6Ð«
���îAp�ÿÝ�~fµ

ã 8.6: ���»�Ä¼ê

RBF�ä´¦^RBF��¦�A���5¼ê%Cì"ÆSk�§8.3Ú8.8½

Â§ÚÙ¦�¼ê%Cì��"RBF�éu��A��Ä�`:´§�)�¼ê%

Cì´1w�¿���"Ød�	§±��éRBF�ä�ÆS�{�UC¥%ÚA

��°Ý"ù
��5��{�U¬�\°(�[Ü8I¼ê"RBF�ä�":§
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cÙ´��5�RBF�ä§´ã��O�E,Ý§
����¹eI�<��N�

âU�y�ÇÚ°�5"

8.3.4 Kanerva Coding

8.4 ¼¼¼êêêCCCqqq���������

·�y3*Ð¦^¼êCqýÿ�¼ê�{����{§�ÌGPI��ª"Äk·

�*ÐG��¼êýÿ¯K�1��¼êýÿ�{§,�(ÜüÑU?Ú1�ÀJ

Eâ"�±c��§�y&¢�¯Kd3�üÑ½öl�üÑ�{)û"

1��¼ê�*Ð´���"3ùpQt ≈ Qπ^��ëêz��þ~θ L«"Ø

Óu�c�Ä�Ôö���/ªst 7→ vt§y3·��Ä��st, at 7→ vt"8IÑÑ

�±´?ÛQπ(st, at)�Cq§�)Ï~��°�'X����AkÛ£�Rt§½ö

�ÚSarsa/ª�£�rt+1 + γQt(st+1, at+1)"Ï^�^u1��ýÿFÝeü�#X

eµ

~θt+1 = ~θt + α
[
vt −Qt(st, at)

]
∇~θt

Qt(st, at)

'X§1���{���*:a'uTD(λ)´µ

~θt+1 = ~θt + αδt~et

ùp�δ�Lµ

δt = rt+1 + γQt(st+1, at+1)−Qt(st, at) ~et = γλ~et−1 +∇~θt
Qt(st, at)

~et = ~0"·�¡ù«�{�FÝeüSarsa(λ)"�üÑ�½�§ù«�{±

ÚTD(λ)Ó���ªÂñ§Ó��Ø��d8.9�Ñ"

�
/¤���{§·�I�r1��ýÿ�{ÚüÑU?Ú1�ÀJE

âÍÜå5"·^uëY�1�§½ö5g�5��lÑ8�1��A^Eâ

´�cïÄ���ÌK¿��vk�ß�)û�Y",��¡§XJ1�8

Ü´lÑ�qØ��§@o·��±¦^c¡Ù!®²mu�Eâ"�Ò´

éuz���U�1�a§�cG�s§·��±O�Qt(s, a)§,�é��8ü

Ña∗t = arg maxaQt(st, a)"üÑU?ÏLUCüÑ�O¤��8üÑ£l�üÑ�

{¤½ö´��^�CqüÑ~Xε− greedyüÑ£3�üÑ�{¤"33�üÑ�
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�¹e§1�ÀJ�âÓ��üÑ§XJ´l�üÑ�{§1�ÀJ�´?¿�ü

Ñ"

ã 8.7: �5�§¦^��A�Úε− greedyüÑ�Sarsa(λ)FÝeü"äN�ã
\
È,Ú��,ü«�#�ª§�)�Ø�ÀJ1��,

ã8.7Úã8.8Ð«
¦^¼êCq�3�üÑ(Sarsa(λ))Úl�üÑ(Watkins’s

Q(λ))���{"ü«�{Ñ¦^
��A��FÝeüCq§'Xtile coding

ÚKanerva coding"ü«�{Ñ¦^ε − greedy�1�ÀJ"ÑO�
ÑyA�

9Fa§éAu�cG�Ú¤k�U�1�s"XJz��1���¼êÑ´�ÓA�
�üÕ��5¼ê§@oz��1��Fa¢ÚÑ´�Ó�§���{z
O�"
¤kþ¡?Ø��{Ñ¦^
\È]�,"¦+��,�éuL�ª�{äk

�
`³§��,vk��*Ð��¼êCq"£���,´zg­#�¯��G

��Òr¦�,­#��1§
Ø´^1\\"�´éuùp�¼êCq��G�v

kéA���,§��,éA~θt���©þ§��©þéAéõG�"�«éu�
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ã 8.8: �5�§¦^��A�Úε − greedyüÑ�Watkin′sQ(λ)FÝeü§¦^\
È,
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5�§¦^��A��FÝeü¼êCq�{k���{´rA�w�¤G�§�


�¤��,�8�"�Ò´z�g�¯���kA� i�G��§éuA� i�,

���1
Ø´O\1.

�?nG�-Ä�,´§�Ù=
vk�ÀJ�1��´kÃ�"ù�g��±

*Ð���A��5¼êCq�~f"éuz���¯�G�§·�Äk�Ø@


vkÀJ�G�Ú1��A��,§,�rÀJ�G�Ú1��A��,��1.�

X3L��{¥`��§ù��UØ·Ü^��,��ª"ü«,§�)�ÀJÄ

��ÀJ5�Ø�äN�{Ú½�ã8.7"

~~~8.2µµµLLLììì����Ä?Ö��ÄåØv�ð�mL��Í��ì´§Xã8.9�

þ¤«"(J�?3u­å�u���Äå§=¦m���êå���ØU\�m

L�·"���)û�{´�l8Im�8I,�>��·",�§,�/Ï.5

�Lì·"ù´��{ü�ëY���?Ö§¯�7LkC���,�âUCÐ"

éõ���{ÑJ±)ûda¯K§Ø�<��9Ï�O"

ã 8.9: Lì�¯K

ù�¯K¥¤k�mÚ��£�Ñ´-1§�����Lì¸ºÜ�8I �§

d�¡ã(å"kn��U�1�µ����c?£+1¤§����£-1¤Ú0"�

�£Ä�â{ü�Ôn�£"§� �xtÚ�ÝẋtÏLe¡5Æ�#µ

xt+1 = bound[xt + ẋt+1]



8.5. l�üÑgÞ 99

ẋt+1 = bound[ẋt + 0.001at − 0.0025 cos(3xt)]

bound¼êL«r�����§Ù¥−1.2 ≤ xt+1 ≤ 0.5,−0.07 ≤ ẋt+1 ≤ 0.07"

�xt+1��
�>.§ẋt+1�0"�§��
m>>.§8I��§¡ã(å"z�

¡ãl��þ!�lù
��SÀJ���Å �Ú�Å�Ý"�
rùü�ëY

�G�CþC¤��A�§·�¦^ã8.4¥�gridtilings"·�¦^��9@9�b

¡§z��ÏLtile°Ý�Ü© £"

ã8.7¥�Sarsa�{éN´�)û
ù�¯K§3100�¡ãSÆS�
���

C�`�üÑ"ã8.9Ð«
�ÓÆS¥�¼ê���ê§¦^ëêλ = 0.9, ε =

0, α = 0.05(0.1/m)"Ð©1���0§ù´'�W*�£T?Ö¥ý¢�¼êÑ´

K�¤§Ï��
�þ�&¢§=¦&¢ëêε = 0"ù��±ÏL/step 4280w

Ñ"d���¡ã�vk�¤§�´��m©3ì�¥5£��§3G��mLy

Ñ�.�;,"¤kª�&¢�G���'�&¢��<s§ù´Ï�¢S�£�

'Ï"���"ùª³��lm¦3�/�§�&¢#�G�§��é���)"

ã8.10�[�ïÄ
ëêα, λ�ÀJ!,«a�ÀJéÆS�Ç�K�"

ã 8.10: ØÓ«a,±9ëêα, λéÆS�Ç�K�

8.5 lll���üüüÑÑÑgggÞÞÞ

y3·��£ýÿ¯Kc[wwgÞ!¼êCq!Ú3�üÑ©Ù�éX"gÞ

�¿g´��G����#/Ïu,���O�"TD�{�9gÞ§�DP�{�

�§,
MC�{ØgÞ"TD(λ)´��gÞ�{=�uλ < 1§�λ = 1�·�Ø@

�¦´��gÞ�{"¦+TD£1¤3��¡ã�SkgÞ§�´3�����¡

ãþ§��JÚÃgÞ��AkÛ�#´���"
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'å�gÞ��{§gÞ��{�JÚ¼êCq(Ü"'X§�Ä�5�§F

Ýeü�¼êCq�~f"3ù�~f¥§éu?Û�Ôö���©ÙP�gÞ�

�{ÑUé���þ�Ø�)£8.1¤",
gÞ��{==é�Cq���Ø�

)£8.9¤§
�==´3�üÑ©Ù"�<s�´§MSE.��5�¬C��<

�λ�l1§�Ò´`��{ l�gÞ�/ª"

éu3�üÑ©Ù�gÞ�{Âñ(J�����
¿©��Ä"ùéuÃ

XSarsaÚactor-critic�3�üÑ�{5`Ø´¯K§�´éul�üÑ�Q-ÆS

ÚDP�{´��¯K"l�üÑ��¥G��°�©ÙÚ�â�OüÑ�)G��

©Ù����"éõ�DP�{§'XÚ���°¤kG�"QÆS�±�â?¿�
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