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J§rzÆS�±ÏLÚ^r�p§�O�@ÅìÚå^r5¿§?
Ú�

^r?12w:Â�üÑ"

3��+�§rzÆS^5é�¬ÿÁ�Y?1�O§XA?1=
ÿ

Á�8§A�=
<+uÑÿÁ��"rzÆS�^5�O¾nu��YÚ

���Y§3ù
A^p§rzÆSØ5­z����Ú½�äN�J§


´'5�Y��ª(J§¿ÏL�OÜn�&¢�Y£X#�¦^¤§l�

NþJp���£�È\"

rzÆS�,��A^+�´<ÅéÔiZ"¯¢þ§{¤þ1��

ÅìÆS§S§Samuel�Ü�ÚiZ§=´ÄurzÆS"3T§S¥§

SamuelJÑ
�5uÐ��S�©�{£Temporal Difference, TD¤�rzÆ

S�{§(Üéuª|¢§��
Ô��{ÀÃ�Úå"8U§ÅìÆS$

���<ó�U�9�§é��Ü©��8Ïu±AlphaGo��L�<Åé

ÔiZ§Sé<aºkÀÃ��Ñ"3ù
�|��§rzÆSØõ��"

ÏLrzÆS§ÅìØ�Äz��iZÄ�½z�ÚÚ�`�§�I�Äæ

��üÑ��UÄ¼�"k��´§ù«�­(JØ­L§�ÆS�{4Å

ìPk����ú1§Ø2Å����/���§=
'5��ÂÃÚ�Û

ÂÃ§�ª±���VÇÔ�éÃ"

nÜþ¡�~f§·��±w�rzÆS�Uu��^�/�´XÚE

,!êâJ±I5!�mÚ�m�'5r�E,?Ö"<a3ÆSù
E,

?Ö��ÿ^�´Øä}Á§Åì¼�²�§ìgJp?nUå�üÑ§


ù�´rzÆS�Ä�g´"

10.2 rzÆS�Ä���

�!érzÆS?Ö?1/ªz½Â§�Y�!¤ãäN�{ò±ù


½Â�Ä:"·�ò½ÂG�!Ä�ÚÂÃn�Ä���§dd½Â�¼

ê!�`�¼ê9Ù�üÑ`z�m�'X"��·�0�rzÆS�{�

Ä�©a"
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10.2.1 rrrzzzÆÆÆSSSnnn������

rzÆS´/¡�8I0��/�¸0/ÌÄ�p0ÆS�{"ù�½

ÂV)
rzÆS�n�Ä���µ�LÆS8I�øy½ÂÃ£Reward¤

Rt ∈ R§�L�¸�G�£Status¤St ∈S ,�L�p�Ä�£Action¤At ∈A§

Ù¥SÚA©O�G�ÚÄ��8Ü"5¿�¯KØÓ§ùü�8Ü�U´

k��§��U´Ã��§k�U´lÑ�§��U´ëY�"�£ã�B§

y�ã6�b½G�ÚÄ�8ÜÑ´lÑk��§�Yò0�?nÃ�ëY

G�ÚÄ��m��{"

½Â
G�!Ä�ÚÂÃ�§·�½ÂüÑπ�3,�G�e�Ä�À

J�Y§±VÇL«�µ

π(a|s) = P[At = a|St = s],

Ù¥StÚAt©OL«3t��¤?�G�Úæ��Ä�"þª¿�XTüÑ´

�ØC�§=3?Û��§��XÚ?3sG�§Ùæ��Ä�ÎÜÓ�©

Ùπ(a|s)"rzÆS�8�´ÆS,�üÑπ∗§¦��TüÑ?1�p¼�

��ÏÂÃ��z"�d§·�I�½Â�ÏÂÃ£Return¤§¿�d(½ü

Ñm� S'X"

10.2.2 ���ÏÏÏÂÂÂÃÃÃ

��,�üÑπ$1�,��pL§Xeµ

S0,A0,R1,S1,A1,R2,S2,A2, ...

éu?���t,�½ÂTS���ÏÂÃ£Return¤�t���¤k�p�Â

Ã�Ú§=µ

Gt = Rt+1 +Rt+1 + ...+RT , (10.1)

Ù¥T��p�¤���"þª¡�\ÜÂÃ£Sum Return¤"T�ÏÂÃ�

½Â·^u3k�Ú½S²(�(å�?Ö§Xe��Ú§��ÛiZ§r

�g�û�"ù«?Ö·�¡�‘õÓ?Ö(Episode Task)’§Ù¥z�g�p
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S�¡�‘�Ó’"3ù«?Ö¥§z��pS�Ñk��²(�(åG�§

zÓ(å��­#m©§ØÓÓ�mvk�'5"

þã\ÜÂÃévk²((å�m�?Ö¿Ø·^§X�¦ïñ§ö�

zU?1§�¿vk²((å��m§��·��¿§�±��ö�e�"

ùa?Ö¡�‘ëY?Ö’§éù«?Ö§T�´Ã¡��§Ïdª 10.1¤½Â

�\ÜÂÃ�U´Ã.�"�«)û�{é�5ÂÃ?1ò�§���ÂÃ

ò��õ§=µ

Gt = Rt+1 + γRt+2 + γ
2Rt+3 + ... (10.2)

Ù¥γ´ò�Ïf"T�{¡�ò�ÂÃ£Discount Return¤§´�~^�Â

ÃO��{§Ù¥ò�Ïf�±n)�éCÏÂÃ�­À§��n)��Ï

ÂÃ�òyºx"

,�«¦ëY?ÖoNÂÃ��{´¦é�5²þÂÃ�4��§¡�

²þÂÃ£Average Return¤§=µ

Gt = lim
T→∞

1
T
(Rt+1 +Rt+2 + ...+RT ), (10.3)

T�{33ëY?Ö�üÑFÝ`z�{¥²~^�"

10.2.3 ���¼¼¼êêê���üüüÑÑÑ`̀̀zzz

Äu�ÏÂÃGt§�½Â���pXÚ?3G�s��/d�0§

Vπ(s)�µ

Vπ(s) = Eπ [Gt |St = s], (10.4)

=�XÚ?3G�se�§ÄuüÑπ?1�pö�§3�5����ÏÂÃ

�Ï""aq§�±½ÂXÚ?3G�s§¿æ�Ä�a¤U�)�d�:

Qπ(s,a) = Eπ [Gt |St = s,At = a]. (10.5)

w,,G��¼êVπ(s)�Ä��¼êQπ(s,a)äkXe{ü'Xµ

Vπ(s) = ∑
a

π(a|s)Qπ(s,a).
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5¿ùü��¼êÑ´üÑπ�¼ê"rzÆS¥��­�?Ö´�

½,�üÑπ§O�VπÚQπ§ù�?ÖÏ~¡�/üÑµd0(Policy Evalua-

tion)"�úª10.4Úúª10.5§ù�?Öq�¿ØE,§�¯¢þ¿�Xd"

1��(J´·����z��Ä��)�=�ÂÃRt§O��ÏÂÃGtI

���¸?1�Ï�p¶1��(J´éGt¦Ï"§ùI�é�«�U��

p´»?1}Á"�)ûþãü�(J§½´éXÚ�Ä�5k²(
)§

Ï
�ÏLæ��ª?1´»�[§½´�¢SXÚ?1y¢�p§l¥�

�¢S�£"ØØ=«�{§O��¼êÑ´ØN´�¯"·��¡ò0�

�«`zO��{"

rzÆS��ª8�´ÆS�`üÑ§¦��TüÑ����ÏÂÃ�

�z"�
½Â�`üÑ§·�ÄkI�½ÂüÑ� S'XXeµ

π > π
′ i f ∀s Vπ(s)≥V ′π(s).

þª¿�X§e�,�üÑπ`u,�üÑπ ′§KI�üÑπ3¤kG�þ�

�ÏÂÃÏ"Ñ�uπ ′"½Â`z�¼êXeµ

V∗(s) = max
π

Vπ(s),

Ú

Q∗(s,a) = max
π

Qπ(s,a).

þãüª¿�X��`z�¼êI3¤kG�þ`uÙ§�¼ê"(Ü

`züÑ�½Â§XJ·�Uuy��`züÑ§KTüÑéA��¼ê7

,´`z�¼ê"�L5§XJ,�üÑéA��¼ê´�`�¼ê§KT

üÑ7,´�`üÑ"¯K´§ù���üÑ´Ä�3º3$�´§3�½

^�e£Xe!?Ø�ê��ÅûüL§¤§�±y²é��rzÆS?Ö§

ù�üÑ´�3�§¿�±ÏL�`�¼ê�EÑ5"

b�®²��
��`z�Q¼ê§�±3z�G�sÀJQ(s,a)���

Ä�a§=µ

π∗(a|s) =

1 if a = argmaxa∈A Q∗(s,a)

0 otherwise
(10.6)

þãüÑ¡��%üÑ£Greedy Policy¤§�±y²TüÑ´`z�"

��5¿�´§3þãüÑ`zL§¥§·�¿vk��éüÑ?1`

z§
´ÏLÚ\���¼ê5�)�AüÑ"3�Ù�YÙ!¥§·�w
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��õêrzÆS�{Ñ´Äu�¼ê�"¯¢þÄu�¼ê?1üÑ`z

�´rzÆS«OuüzÆS�Ì�A:µÏLéL§¥z�G�?1�

�§¿ÏLG�m�'Xé��?1?�£X�¡�0��TD�{¤§2Ä

u?�����`züÑ§rzÆS�±¿©|^�pL§¥�G�=£'

X"�'rzÆS§üzÆS=ÏLüÑ¤�)�(J5�äüÑ�`�§

ù«ÀJ.`zØ�Ä�pL§¥z�G����§�Ç�$éõ"

10.2.4 ÏÏÏ^̂̂üüüÑÑÑSSS���

�±y² [11]§�½��üÑπ��¼êQπ(s,a)§Xe�%üÑò`

uπµ

π
′(a|s) =

1 if a = argmaxa∈A Qπ(s,a)

0 otherwise
(10.7)

Ó�§XJ��Vπ(s)§��±��aqÄu�%�K�`züÑ"

�Q¼êØÓ�´§ùp·�I����¸�Ä�A�§X3G�m�=£

VÇP(s′|s,a)ÚÄ��=�ÂÃP(r|s,a)µ

π
′(a|s) =

1 if a = argmaxa∈A π(a|s)P(r|s,a)+∑s′ P(s′|s,a)Vπ(s′)

0 otherwise
(10.8)

I�5¿�´§Ä��¼êÚG��¼ê`züÑ�ØÓ��þ
uG

�ÚÄ�ùü����ØÓ5�"Ä�´üÑ�±11�§Ï
Ä��¼ê

�`zLy��`Ä��ÀJ¶
G�´üÑ±1�(J§Ï
éG��¼

ê�`zA�Ä�±1L§�[!§XG�«1�Ä�§G���¸��p

��"l,«§Ýþ5`§G��¼ê'Ä��¼ê¿Â�\2�"

±þüª¿�X·��±ÏL��S�L§éüÑ?1`zµÄk�½

���ÅüÑ§ÄuTüÑ(½�¼êV½Q§2Äuù
¼ê|^�%�

KéüÑ?1U?"ù«�¼êÚüÑ��`z¿S�U?�L§¡�Ï^

üÑS��{£General Policy Iteration§GPI¤"�±y²§ù�L§�¢y

�¼êÚüÑ��`z§Xã 10.4¤«"GPI´éõrzÆS�{�Ä�µ

e"
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策略改进

策略估值

.

.

.

.

.

.

Fig. 10.4 Ï^üÑS�£GPI¤�{"±�ÅüÑπ0m©§31tgS��Äu,«üÑ�

��{¦V t ≈V t−1
π §2Äu�%üÑU?��πt ≈ Greedy(V t)"ù�L§�y�¼ê�J

p£V t−1 ≤V t¤ÚüÑ�U?£π t−1 ≤ π t¤§���öÓ����`z"

10.2.5 rrrzzzÆÆÆSSS���{{{©©©aaa

rzÆS´��
��[x§�)¯õ�{§z�«�{kÙAká

5§^u)ûØÓ|µe�AO¯K"��5`§3m©��rzÆS?Ö

�§·�Ï~��ÄXe¯Kµ

• �p´�Ó�Ó?1£XeÚ¤�´ëY?1£�ÅgÄ��¤º
• G�´���£XeÚ¤�´Ü©���£X�À�¤?

• G�´lÑ�£Xr�û¤�´ëY�£X�¦½|¤º
• Ä�´lÑ�£XeÚ¥�áf¤�´ëY�£Åì<��¥�åÝ�
�¤º

• Ä��K�´=��£X�þ�¦ö�¤�´���£X�þ�¦ö
�¤º

• �¸Ä�5´®��£X�û¤�´���£X�½¤º
• ÂÃ&Ò´=��£�¦Fö�ÂÃ¤�´UÓ�Ñ�£eÚ½�iZ¥
��K¤º
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éù
¯K�£�û½
AÀJÛ«ÆS�{"·�Äk�ÄG�ÚÄ

��mlÑ�k�§Ï
V (s)ÚQ(s,a)�±^lÑ/ªL«��¹§2ò?

Øí2�ëYG�ÚëYÄ���¹"

=¦´{ü�lÑ�¸§é�«ÆS�{k��ß�©a�ØN´"Ä

k·�l÷*þérzÆS?Ök�oN@£"Xc¤ã§��rzÆSL

§�dÏ^üÑS�£GPI¤�{L«§Ù¥�)é,�A½üÑ?1��

£Evaluation¤ÚÄu�c��éüÑ?1U?£Policy Improvement¤§ùü�

L§S�?1��Âñ§=��¤üÑ`z£Policy Optimization¤"üÑ`

z?Ö�²~�¡���?Ö£Control¤"dGPI�{��§XJ)û
��

?Ö§=�ÏL�%�KéüÑ?1U?§üÑ`z?Ö��±3é�§Ý

)û"Ïd§·�?ØäNÆS�{�§��¬­:�Ä��?Ö"

lÆS��£
�Ý§rzÆS�±Äu��®��.?1ÆS§�

�±Äu¢S²�ÆS§cö��¡�‘5y?Ö£Planning¤.§�ö��¡

�‘ÆS?Ö£Learning¤’"~X3r�û?Ö¥§�?3�û�,� �

�§e�� ��±�=p§z���U�����õ�=�ÂÃ´�±(

½�§ù�Óu�O
��£ã�¸Ä�A5��.§ÄuT�.�±Ï

LGPI�{���`üÑ§ù�L§ØI��¢S�¸���§Ïd´5y

?Ö"2X'u�¦ö�?Ö§¯k¿vk��®��.§�UÏLÚý¢

�½���§¢Sö�§l
¼��½�Ä�A5§?
éö�üÑ?1U

?Ú`z"ù�?Ö=´ÆS?Ö"l�Nþw§5y?ÖÄu�.§ÆS

?ÖÄuæ�§�,3äN�{þØØ´�.�´æ�35y?ÖÚÆS

?Ö¥Ñk2�A^§�ù��KÄ�´ÎÜ�"��5¿�´§ØØ´5

y�´ÆS§ÑI�éüÑ?1��Ú`z"ã 10.5¥�(a)L«5y?Ö§

(b)-(e)L«ÆS?Ö"

éuÆS?Ö§�ÆSé��)n«µ�¸�.!�¼êÚüÑ"5¿

rzÆS�8�´üÑ`z§ÏdüÑÆS´����ÆS§�¼êÆSg

�§�¸�.ÆS�m�"ÆSé����§ÆSL§�{'²
§�Ï"

�(�z�£§�zUå�f§I��²�êâ��õ",	§?Ûm�Æ

SÑI��	�.5)¤üÑ§X�ÆS�¼ê�§I���üÑ)¤�{

�)`züÑ§�ÆS�¸�.�§I���5y�{d�.)¤`z�¼

êÚüÑ"

é�¸�.?1ÆS��{¡��.�{£Model-based Method)"5¿

ùp��.¿�5y?Ö¥��½�.§
´Äu,«ÆS(�§|^Ú�

¸�p���²�ÆS���",
§���.ÆS�¤§K)¤`züÑ
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Ò¤
5y?Ö§�A���Ú`z�{=Ó�·^"ã 10.5¥�(b)�Ñ


�.�{�ÆSµe"

é�¼ê?1ÆS��{��¡�Ã�.�{(Model-free Method)"ù

«�{Øé�¸Ä�5?1ï�§ÏL²���5ÆS�¼ê¿±Äud�

�`züÑ"ù��{�Ä�g´´��²�êâv
õ§=�ÏLæ�5

�L�¸�."��.�{�'§Ã�.�{�;�ï�þ�Ø°(5§�

du"�(�z�£§3ÆS¥I��õ²�êâ"ã 10.5¥�(c)�Ñ
Ã

�.�{�ÆSµe"

üÑÆS£Policy Learning¤´����rzÆS�{"üÑÆS¥vk

G���Vg§dG���N��1�ûü"{ü�üÑÆS�±ÚO3z

�G�þ�ûüÀJ¿��²�©Ù§,
§ý�õêrzÆS?Ö¥ù�

²(�ûüIO¿Ø�3§¯¢þù�´rzÆS«OuiÒÆS�Ì��

¡"��)û�{´éz�Ä��±�½øy§ÄuTøyÆSG��Ä�

�N�¼ê"ÏdüÑÆSõ^3Äu¼êCq�ÆS�{¥"Cc5�X

�ÝÆS�uÐ§¼êCq�{���X�­�?Ð§�A�üÑÆS�{

��5�É�­À"ã 10.5¥�(d)�Ñ
üÑÆS�{�ÆSµe"5¿ü

ÑÆS�´Ã�.�§�3J�Ã�.�{�§�õê�¹e=��¼êÆ

S"

þãn«ÆS�{�(Üå5§��·ÜÆS�{"·ÜÆS�ÀJ?

ü«½n«ÆS�{(Ü§²ïØÓÆS�{��­§u�¦��g`³"

X�¡·��ù��Dyna�{§=´(Ü
�.ÆSÚ�¼êÆS§|^�

.�{��*Ð5ÚÃ�.�{�ÆSUå"

3�Ù�YA!¥§·�ò0�n«;.�{µ��Äu�.�Ä�

5y£Dynamic Programming, DP¤�{§��Äuæ���Akâ£Monte

Carlo, MC¤�{§0uüö�m��S�©£Temporal Difference, TD¤�

{"

10.3 �£��Ä�5y�{

·�Äk�ÄÄu®��¸�.?1üÑ��Ú`z,=5y?Ö"¤

¢�¸�.§Ì��)üÜ©µ�´�¸�Ä�uÐ5Æ§�´�¸éÄ�

��"5Æ"du�¸�.®�§nØþ`züÑ´�O��",
§XJ

�.LuE,§üÑ¦)�5�O�m��,J±N="�d§<�  �

é�¸?1�
{üb�§ÄuTb��±í��Ç�p��{"rzÆ
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环境

V/Q 策略

V/Q 策略模型

(a) 模型规划

(c) 值函数学习

环境

策略模型

(e) 混合学习

环境

V/Q 策略模型

(b) 模型学习

环境

策略

(d) 策略学习

V/Q

Fig. 10.5 rzÆS�;.�{"(a)�.5yµ���¸Ã�p�§Äu,�®��.?1

üÑ`z" (b)�.ÆSµ��¸�p§ÆS�¸�.§Äu�.?15y¶(c)�¼êÆ

Sµ��¸?1�p§ÆS�¼ê§Äud`züÑ"(d)üÑÆSµ��¸�p§��Æ

SüÑ"(e)·ÜÆSµ(Üõ«ÆS�{§ÆS�.!�¼ê!üÑ¥�?¿|Ü"

S¥§·�  b��¸äkê��Å5£Markovian¤§�A��pL§�

L����ê��ÅûüL§£Markov Decision Process, MDP¤"ÄuMDP§

XÚ��5G�Ú=�ÂÃ���cG��'§ù4�{z
é�pL§�

êÆL�"ÄuT�.§�±í�Ñ�«ÄuÄ�5y��¼êÆS�{"

10.3.1 êêê������ÅÅÅûûûüüüLLL§§§

ê��ÅûüL§£MDP¤´ê��ÅL§�*Ð§3ê��ÅL§Ä

:þ\\Ä�ÚÄ��=�ÂÃ"MDP��£ãG��mlÑ�����!

Ä��mlÑ��pL§§²L*Ð���£ãÜ©����pL§§=
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Ü©��MDP£Partially Observable MDP, POMDP¤§½ëYÄ��m��p

L§§=ëYMDP£Continuous MDP¤"e¡·�½ÂlÑG�!lÑÄ�

�MDP"

��MDP½Â�3��lÑG��mþ��pL§§3�p¥zgö�

¤Úå�G�=£VÇÚ¼��=�ÂÃVÇ=��cG�9¤ÀJ�Ä�

�'§
�{¤�pL§Ã'"“�{¤L§Ã'”ù�A5¡�ê��Å5§

�/ªzL«�µ

P(St+1|S0,A0,R1,S1,A1,R2, ...) = P(St+1|St ,At),

P(Rt+1|S0,A0,R1,S1,A1,R2, ...) = P(Rt+1|St ,At),

Ù¥St ∈S�t��G�§At ∈A�t��¤ÀJ�Ä�§Rt+1�1t��æ�

Ä�At��=�ÂÃ"5¿ê��Å5XÛ{z
�pL§�êÆL�"

MDP�±L«¤��k�G�gÄÅ£Finite State Machine, FSM¤§Ù

¥z��!:L«��G�§z^>L«G�m=£§>þIP�Ä�Ú=

�ÂÃ"ã 10.6�Ñ��L«]7nã?Ö�{üMDP"

10.3.2 MDP¥¥¥���üüüÑÑÑ999���¼¼¼êêê

þ!¤½Â�ê��ÅL§=½Â
�¸�Ä�5§�)G�=£A

5P(St+1|St ,At)Ú�"A5P(Rt+1|St ,At)"�
(½���pL§§�I½Â

üÑπ§=3,�G�eXÛÀJÄ���Y"ÄuTüÑ§=�½ÂTL

§�G��¼êVπ(s)ÚÄ��¼êQπ(s,a)Xeµ

Vπ(s) = Eπ [Gt |St = s],

Qπ(s,a) = Eπ [Gt |St = s,At = a],

Ù¥Gt �þ!½Â��ÏÂÃ"·�í���·^uMDP��¼êO��

{"5¿3MDP¥§Äu{¤Ã'b�§z�G���¼ê´�½�"��

y­E?\,�G���¼ê��§��ÀJò�ÂÃ���ÏÂÃ"

±G��¼ê�~§�í�Ñe¡�'Xµ
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持有

股市银行

灭失

外债

投资

外借

消费

赎回

存款取款

回款

0.3/-999

0.7/0.0

1.0/N(0,1)

0.9/0.0

0.1/-999

1.0/0.8

1.0/0.3

1.0/0.0

1.0/0.5

Fig. 10.6 ��L«]7ö��MDP§Ù¥��L«G�§�µL«ö�§>þ��L«

VÇ/ÂÃ"5¿3�¤ö�¥§0.8�ÂÃL«�¤¼��÷v§Ý]×£�¼��ÂÃ

´��pd©Ù"

Vπ(s) = Eπ [Gt |St = s]

= Eπ [Rt+1 + γRt+2 + ...|St = s]

= Eπ [Rt+1|St = s]+ γEπ [Rt+2 + γRt+3 + ...|St = s]

= ∑
a

π(s,a)∑
r

rP(r|s,a)+ γ ∑
a

π(s,a)∑
s′

P(s′|s,a)Eπ [Rt+2 + γRt+3 + ...|St+1 = s′]

= ∑
a

π(s,a)∑
r

rP(r|s,a)+ γ ∑
a

π(s,a)∑
s′

P(s′|s,a)Vπ(s′). (10.9)

þª¿�Xéu��A½�MDP£=G�=£VÇÚ=�ÂÃVÇ®²

(½¤§é��®��üÑπ§Ù�A��¼ê3ØÓG�þ���I÷v�

½���'X"ù
��'X�±L«�±G�V (s)�Cþ��5�ª§X

ª 10.9¤«§¡���ùúª"Ï�z�G�Ñk��Õá���§\å5

�Õá�5�§�oêÚG�ê|S |´���"¤±lnØþù§Äuù

�§�±(½)Ñz�V (s)��"

�A�§Ä��¼ê�kaq���ù/ªµ
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Qπ(s,a) = Eπ [Gt |St = s,At = a]

= Eπ [Rt+1 + γRt+2 + ...|St = s,At = a]

= Eπ [Rt+1|St = s,At = a]+ γEπ [Rt+2 + γRt+3 + ...|St = s,At = a]

= ∑
r

rP(r|s,a)+ γ ∑
s′

P(s′|s,a)∑
a′

π(s′,a′)Eπ [Rt+2 + γRt+3 + ...|St+1 = s′,At+1 = a′]

= ∑
r

rP(r|s,a)+ γ ∑
s′

P(s′|s,a)∑
a′

π(s′,a′)Qπ(s′,a′) (10.10)

ÓG��¼êaq§þãÄ��¼ê���ùúª��±�Ñ��

±Q(s,a)�Cþ��5�§|§Ù¥Cþ�ê��§ê��§ÏdÏL

)�5�§|��¦�Q(s,a)��"

5¿�´G��¼êÚÄ��¼ê�'X�äkaq��ù�/ª§$

��{'"ÄkwG��¼êµ

Vπ(s) = Eπ [Gt |St = s]

= Eπ π(s,a)[Rt+1 + γRt+2 + ...|St = s,At = a]

= ∑
a

π(s,a)Q(s,a). (10.11)

þªL²V (s)�L«¤Äus�¤kQ(s,a)�\�²þ§z�Ä�éA

�Q(s,a)��­d�AÄ�3üÑπ(s,a)¥�VÇû½"Ä��¼êQ(s,a)k

aq/ªµ

Qπ(s,a) = ∑
r

rP(r|s,a)+ γ ∑
s′

P(s′|s,a)∑
a′

π(s′,a′)Qπ(s′,a′)

= ∑
r

rP(r|s,a)+ γ ∑
s′

P(s′|s,a)V (s′),

Ù¥1�Úí�A^
ª 10.11"

Ø�ÄO�]
���§Äuþã��ùúª�±é?Û�½�MDPÚ

�½üÑπO��¼ê§�¤üÑ��?Ö"Ó�§ÄuGPI�{§�±Äu

�%�KéüÑπ?1U?"Ïd§·��±l���ÅüÑm©§S��

#�¼êÚüÑ§�ª���`üÑ"
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10.3.3 üüüÑÑÑ������µµµÄÄÄ���555yyy���{{{

|^��ùúª§·��±^)�5�§|��{(½�¼êV (s)½Q(s,a)"

,
3¢SA^¥§XJG�ê��½�ÀÄ��õ§)ù��§|¬��

O�þ�(J"�«)û�{´Äu��ùúª�485�§|^S�{é

�¼ê?1¦)"

±G��¼ê�~§�úª10.9§XJ·�®���G�s�¤kfG

�s′��¼êV (s′)§K���¦�V (s)"(J3u°(�V (s′)´���§Ï

d¦��V (s)´Ø°(�§¦+Xd§ÏLúª10.9­#O��V (s)�'�

5°("ùéu·�^�«S�¦)��{§ké�¼ê��Ð©�O§2

|^úª10.9¤«G��m�48'X?1ÅÚ¦°§¦°úª�L«�µ

V (s)←∑
a

π(s,a)∑
r

rP(r|s,a)+ γ ∑
a

π(s,a)∑
s′

P(s′|s,a)Vπ(s′). (10.9)

þªL²O�G�s��ÿ§Äu¤k�'G�s′��c�§¿\\�cÄ

��)�=�ÂÃ§¯¢þ´�«Ä�5y£Dynamic Programming, DP¤�

{"�±y²ù�S�L§Âñu¢SG��¼êVπ(s)"

þãDP�{äkXe5�µÄk§é�cG�s�O�´Äue��G

�s′�&E§Ïd´�«&E�48ª��D4§ù3rzÆS¥��¡�

£�£Backup¤§úª 10.3.3½¡�£�úª"

aq�§Ä��¼êQ(s,a)��|^DP�{?1S�¦)§Ù£�úª

�µ

Q(s,a)←∑
r

rP(r|s,a)+ γ ∑
s′

P(s′|s,a)∑
a′

π(s′,a′)Qπ(s′,a′).

£�´rzÆS�Ä�Vg§£��{þ�ØÓ´�«ÆS�{�Ì

�«O"��^ã5/�zL«£�L§§¡�£�ã"3ã¥§�x�

�L«G�s§çÚ¢%�L«G�-Ä�é(s,a)§�%�¬L«(åG�§

ë�L«�6'X"ã 10.7 �ÑÄuDPé�¼ê�£�ã"lãþ��§

DP�{�£�äkXe5�µ£1¤DP�?1�Ú£�§Ïd�¡�fÝ£

�£Shallow Backup¤"�A�§�¡·��0���Akâ£MC¤��{

?1õÚ£�§��¡��Ý£�£Deep Backup¤¶£2¤ù�£�´Äu�

cØ°(�V (s′)éV (s)?1�O"ù«ÄuØ°(&E?1S��O��{

¡�Booststraping¶£3¤£�¥�Ä¤k�U��YG�ÚÄ�§ù«£�
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¡��£�£Full Backup¤§�A�§�¡�0��MC�{ÚTD�{3£�

�=�Äæ�Ñ�Ä�ÚG�§Ï
¡�æ�£�£Sampling Backup¤"

V(s)

Q(s,a)

V(s')

Q(s,a)

V(s')

Q(s',a')

Fig. 10.7 DP�{é£�¤G��¼êÚ£m¤Ä��¼ê�£�ã"

10.3.4 üüüÑÑÑ`̀̀zzzµµµüüüÑÑÑSSS���ÚÚÚ���SSS���

c¡J�L§ÄuÏ^üÑS�£GPI¤µe§ÏLüÑ��ÚüÑU

?§�ª�±��3�cMDPe��`üÑ"�{ 1�ÑüÑS�L§"
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1 Initialize V (s), π(s,a) ∀s,a;

2 while True do
3 Policy Evaluation:

4 while True do
5 ∆ = 0;

6 for s ∈S do
7 v =V (s);

8 V (s) = ∑s′,r P(s′,r|s,π(s))[r+ γV (s′)];

9 ∆ = max(∆ , |v−V (s)|);
10 end
11 if ∆ < δ then
12 Break while;

13 end

14 end
15 Policy Improvement:

16 Conv = True;

17 for s ∈S do
18 Act = π(s);

19 π(s) = argmaxa ∑s′,r P(s′,r|s,a)[r+ γV (s′)];

20 if Act 6= π(s) then
21 Conv = False;

22 end

23 end
24 if Conv=True then
25 Break while;

26 end

27 end

Algorithm 1:ÄuDP�üÑS��{§Ù¥δ´��üÑ��°Ý��

þ"

5¿3þãüÑS��{¥§z�güÑ���¹���Âñ��¼ê

¦°L§§¬�Ñ�þO�"¯¢þ´��¼êS�eZg�§üÑ��Ï

~ÒCzØ�
"ù¿�X·��±éüÑ��?1{z§��3�êAg

S�"�GPIµe§ù�{zL�S��,¬Âñ��`üÑ"XJ·�ò

üÑ���S�~���Ó§Ké¤kG��#�g�=?1üÑU?§ù
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��{¡��S��{£Value Iteration¤"±G��¼ê�~£Ä��¼ê

kaq/ª¤§£�úª�µ

V (s)←∑
a

π(s,a)∑
r

rP(r|s,a)+ γ ∑
a

π(s,a)∑
s′

P(s′|s,a)V (s′) (10.10)

= max
a ∑

r
rP(r|s,a)+ γ max

a ∑
s′

P(s′|s,a)V (s′)

= max
a ∑

r,s′
P(r,s′|s,a)[r+ γV (s′)].

Ù¥1�Úí�A^
�%�K"5¿3ù��{¥§üÑJ,¿vkw«

Ñy§
´Û¹3�¼ê��#úª¥"�{ 2�Ñ�S��{���è"

����üÑS�§�S��@|^�¼ê��#(J§Ïd���Ç�

p",
§üÑS�´�Ï^�ÆSµe§�ÏLÀJÜn���Ú`z�

{§÷võ«`z?Ö"

Output: π(s,a)

1 Initialize V (s) ∀s;

2 Value Iteration:

3 while True do
4 ∆ = 0;

5 for s ∈S do
6 v =V (s);

7 V (s) = maxa ∑s′,r P(s′,r|s,a)[r+ γV (s′)];

8 ∆ = max(∆ , |v−V (s)|);
9 end

10 if ∆ < δ then
11 Break while;

12 end

13 end
14 Policy Generation:

15 π(s,a) =

1 i f a = argmaxa ∑s′,r P(s′,r|s,a)[r+ γV (s′)]

0 otherwise

Algorithm 2:ÄuDP��S��{§Ù¥δ´��üÑ��°Ý��þ"

üÑS�Ú�S�Q�±´ÓÚ�§��±´ÉÚ�"ÓÚS��{^

�����m�3¤k®�#L�G�§�¤kG��#��§2^���
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m���G��Ú��#V (s)½Q(s,a)"XJG�ê�~�§K���#�

gI�é��m§3¤kG��#�cÃ{|^�ÓS�¥®²�#L�G

�"ÉÚ�#�{#N=��#§=��G����#�§ù��#á�)

�§¿�3�ÓS�¥^u�#Ù§G�"

ÉÚ�#�G��ÀJ^S�'§�±^SÀJ§��±�ÅÀJ"

�«'�p��ÀJ�{´�â��ùúªþ�Ø�§Ø����G�Ù

cªG��ÀJ�VÇ��§ù��{¡�Prioritised Sweeping"XJ´¢

SXÚ§���¢S�p¥�G�^S?1�#§��¡�¢�Ä�5y

£Real-Time DP¤"

10.4 �Akâ�{

10.4.1 ÆÆÆSSS???ÖÖÖ���æææ������{{{

c�!?Ø�Ä�5y£DP¤�{´�«�£��¼êO��{"ù�

�{�¤±�?1�£�§´Ï��¸Ä��.®�"Ïd§DP�{�U^

35y?Ö¥§��¸�.�MDP"y¢¥��õê¯K´ÆS?Ö§3ù

«?Ö¥�¸Ä�5��§Ïd`züÑ7LÏLÚ�¸�p5ÅìÆS"

c¡®²`L§ÆS�3�.!�¼ê!üÑn��¡?1§½ÂX

eµ

• �.ÆSµÏL��¸�pÆS��MDP§2�c!¤ã�Ä�5y�

{5��`züÑ¶

• �¼êÆSµØïá�¸�.§ÏL�p��ÆS�¼êV (s)½Q(s,a)§

�d��`züÑ"

• üÑÆSµ��ÆSüÑπ(s,a)§��Äu¼êCq�{"

��¸�p�ÆS?Ö7LÏLæ�5�¤§=ÏLÚ�¸ÌÄ�p§

)¤õ��pL§§ÏLù
L§é�.!�¼ê½üÑ?1ÆS"XJæ

�þv
�§CXv
�¡§�����©Ù=��[�¸�Ä�5"Ï

d§æ��±@�´�«éE,�¸?1�[��{§3rzÆS?Ö¥ä

k­�¿Â"�7æ�L§û)Ñ�X�¯K§AO´&¢5Ú¢^5��

ï£Exploration-Exploitation Trade-Off¤"

��5¿�´§æ��{´�«Ï^�{§Ø=3�¸�.���ÆS

?Ö¥´7L�§3�.®��5y?Ö¥�²~^�§AO´��.'�
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E,�§ÄuDP¦)I��Ä¤kG�§ÆS�Ç$"|^æ��{�±ò

*5:8¥3­�G�þ§Ï
�Jp�{�Ç"ù«�ÇJp��d´�

æ�Ñy ��§k�U¬ l�`üÑ"

�!0���Akâ�{£Monte Carlo, MC¤=´�«{ü��¼êæ

�ÆS�{§T�{Øé�¸�?Û�.b�§üX��æ�5ÆS"�

�`²�´§æ�{3�.ÆS!üÑÆS!`z|¢�½k2�A^§�

!·�­:'5ÄuMC��¼êÆS§Ó�{ü?ØÄuæ��ûü|¢§

¡�MC|¢"

10.4.2 ���AAAkkkâââüüüÑÑÑ������

·�Äk�ÄÄuMC�üÑ��?Ö£Ø�ÄüÑ�#¤§=�½ü

Ñπ§¦�¼êVπ(s) (Ä��¼êQπ(s,a)��Oò3��?Ø)"£�G��

¼ê½Âµ

Vπ(s) = Eπ [Rt+1 + γRt+2 + ..γT−t−1RT |St = s],

Ù¥Eπ(·)é¤kÄuüÑπ)¤��pL§¦Ï"§�)¤k±s�å©G�

�S�"þ!·�ÄuDPéVπ(s)?1S�¦)§¯¢þ�{ü��{´�

VÇæ�¤k�U��pS�§¿�þª¦¤k´»�ÏÂÃ�þ�=��

�Vπ(s)"ù��{¡��Akâ£MC¤�{"ã 10.8�ÑMCÚDP�£�

ã"lã¥�±w�§MCÚDP�£�L§Ì�kü:«Oµ�´DP´��

.��£�§
MC´�æ��ü´»£�;�´MC´lå©G��(åG

���´»£�§
DP´�Ú£�§�Ú���´»ÂÃde�G���¼

êV (St+1)��§=Bootstraping�{"

�'DP�{§MC�{Ø�6���¸�.§Ïd�±ÆS���¸

£XJ�¸�.®�§��±Äu�¸�.?1æ�§|^�����?

1MCÆS¤"Ó�§MC�{Øé�¸�?Ûb�§Ïd·ÜÆS�MDP�

�pL§",	§MC�{éG���O´Õá�§ùÚDP�{±9�¡�

0��TD�{²wØÓ§�öÄuBootstraping§ÏdØÓG����´p

�K��"ù�A53G��mAO
��¯KþAOkd�§Ï�·��

±3�kd��G�:þ)¤�õæ�§
Ø7�ÄÙ§G���O°(

Ý"
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MCDP

V(s)

Q(s,a)

V(s')

Fig. 10.8 DPÚMCG��¼ê��L§£�ã"DP´�Ú�£�§´Bootstrapping�{¶

MC´�Ýæ�£�§�Bootstrapping�{"

MC�{�k�½Û�5"Äk§MC�{Äu������pL§§Ï

d�·^u3k��mS²((å�õÓ?Ö"Ùg§MC�{��äk�

r�Ø­½5§Ï���æ�L§I�éõ�ÅÚ½§\\å5O\
Ø(

½5"n´G�Õá�O�,�±;�'5,
Ø­��G�§�G��m

Ã{��ÆS§���Çeü"e!�0���S�©£TD¤�{ò�.Ú

æ�(Üå5§�Ü©)ûØ(½5�¯K§��±?nëY?Ö"

�,MC´�´»£�§éG��¼ê?1£����æ^Oþ{§=

3���pL§¥�z���tÑéV (St)?1�½þ�#"5¿V (St)´¤k

ÂÃ�²þ�§Ïd£�úª��¤Xe/ªµ

V (St)←V (St)+
1

N(St)
(Gt −V (St)),

Ù¥N(St)��8c��§�)¤k�pL§¥G�s��¯gê"dþª�

�§V (St)�OþÜ©´¢SÂÃGt��céTÂÃ��£=�cV (St)¤�

m� �"T ��X\È�¯gêN(St)�O\�5��§éV (St)�N�

�z�A~�§�ªªCu"§���V (St) =´Gt�Ï""OþMC�±

9����¸Ä�A5�Ü©&E§ùéuJpæ��Ç§\¯üÑ`z

�'­�"Ó�§OþMC�±9��N�¸Cz§éu�CXÚ�ÆSé

kd�"5¿3þãúª¥§XJ���pL§�æ�é,�G�s­E�

¯§Kzg�¯���ÂÃÑ¬�^5�#V (s)"ù«£��ª¡�‘õg

�¯MC’"XJé���pL§��Ä,�G�31�gÑy��ÂÃ§¡

�‘Äg�¯MC’"
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10.4.3 ���AAAkkkâââüüüÑÑÑ`̀̀zzz

ÄuÏ^üÑS�£GPI¤µe�¢yÄuMC�üÑ`z§Ù¥üÑ�

�ÄuMC§üÑU?Äu�%�K"XJ�¸�.®�§üÑU?�±Ä

u�¼êVπ(s)§XJ�¸�.��§K�UÄuÄ��¼êQπ(s,a)"3ý

�õê¢S?Ö¥§�¸�.´���§ÏdéQπ(s,a)�æ��Ow�c�

­�"

ÄuMCéÄ��¼ê?1��I��Äæ�CXÝ¯K"�
�

OQπ(s,a)§I�é¤k(s,a)|Ü?1æ�"ÄuGPIµe§�éüÑ?1�

���ÿI�ÄuTüÑ?1æ�§)¤�pS�"
üÑ`z?Ö¥�ü

ÑÑ´Äu�%�K�(½5üÑ§=é?Û��G��k,��Ä��

À§Ù(J´Qπ(s,a)¥�k��Ä�´�±�CX�§Ù{Ä��VÇ�0§

ù¿�XÄ��¼êÃ{��k���§üÑ�ÒÃ{U?"

)ûù�¯K���{ü�{´æ���Ä¤k�U�G�-Ä�

é(s,a)��å©G�"ù��{��yCX5§��U��Ã{gdÀJå

©G���¹",���U��{´��¸�pL§¥Ú\�Å5§Ø=À

JQπ(s,a)���Ä�§�#NÙ§Ä�±,�VÇε�ªÑy§ù¡�ε-�

%üÑ§/ªzL«Xeµ

π(a|s) =

1− ε + ε

|A (∫)| if a = argmaxa∈A Qπ(s,a)
ε

|A (∫)| otherwise
(10.8)

Ù¥A (s)�3G�se�UÀJ�Ä�8Ü"�±y²§Äuε-�%üÑ

�GPI�{òÂñ�ε�Å^�e��`üÑπ"��5¿�´§ε��§ε-�

%üÑ��Cu�%üÑ§ù¿�XXJ·�3`zL§¥Åì~�ε§ò

�5�ªC��Û�`üÑ"þãÂñ5±�¼êQπ(s,a)�¿©�O�c

J§Ïd3¢SA^¥I��þæ�±�yz�G�-Ä�é�¿©�¯"

,�«O\CXÝ��{´ò�`z�üÑ£¡�8IüÑ, Target

Policy¤Ú)¤Ä��üÑ£¡�Ä�üÑ, Action Policy¤©m§|^��

Å�Ä�üÑ��¸�p§Äu)¤��pL§é8IüÑ?1`z"ù«

�{¡�Off-Policy�{"

Off-Policy ù��{�ÄuImportance Sampling¢y"�ü�VÇ©

ÙπÚµ§,�¼ê f (x)Äuùü�©Ù�Ï"kXe'Xµ

Eπ f (x) = Eµ

π(x)
µ(x)

f (x). (10.8)
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þªL²Äu©Ùπ�Ï"�dÄu,�©Ùµ�Ï"��§�Ié�¼

ê¦±��­�5Ïf π(x)
µ(x)"XJ^æ�þ��OÏ"§·��±^Äu

,�©Ùµ�æ�5�OÄu,�©Ùπ�Ï""ù«�{¡�Importance

Sampling"

3ÄuImportance-sampling�MC�{¥§�π�8IüÑ§µ�Ä�ü

Ñ"PüÑµ)¤����pL§Xe:

λ = St ,At ,Rt+1,St+1, ...,ST .

5¿TL§dt��m©§±(åG�ST�¤§´,�����pL§�f

S�"�πÚµO�ù��pL§�VÇ§©O�µ

Pπ(λ ) =
T

∏
k=t

π(Ak|Sk)p(Sk+1|Sk,Ak),

Pµ(λ ) =
T

∏
k=t

µ(Ak|Sk)p(Sk+1|Sk,Ak).

Ù¥p(Sk+1|Sk,Ak)�XÚ�.û½�G�=£VÇ"éüÑπ�Ä��¼ê

���µ

Qπ(s,a) = Eπ Gt s.t. St = s,At = a (10.9)

= Eµ

Pπ(λ )

Pµ(λ )
Gt s.t. St = s,At = a (10.10)

= Eµ ρ
T
t (λ )Gt s.t. St = s,At = a (10.11)

Ù¥1�Úí�|^
Importance-sampling�úª 10.4.3§1nÚí�¥

�ρT
t ½Â
ÄuπÚµ��p´»VÇ'§Xeµ

ρ
T
t (λ ) =

∏
T
k=t π(Ak|Sk)p(Sk+1|Sk,Ak)

∏
T
k=t µ(Ak|Sk)p(Sk+1|Sk,Ak)

(10.12)

=
T

∏
k=t

π(Ak|Sk)

µ(Ak|Sk)
. (10.13)

��T'���ùü�üÑ�Ä�©Ù¼êk'§�G�=£VÇÃ'§¿

�XT�{ØÉ�¸^����",	5¿�¦ρT
t k¿Â§3©fØ�"�

�ÿ©1ØU�"§ù¿�Xé8IüÑπ#N�Ä�§Ä�üÑµ 7L3
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TÄ�þkVÇ©Ù"¯¢þ§Ú\µ�Ì�8�´)ûéπ?1����G

�-Ä�CXÝ¯K§¤±µ��Å5��Ñ��uπ§CXπ�G�-Ä��

m�´Ä��¦"

¢SXÚ¥§éÄ��¼ê��#��æ^Oþ�ª§�¤£�úªX

eµ

Q(St ,At)← Q(St ,At)+
ρT

t

C(s)
(Gt −Q(St ,At)) (10.14)

Ù¥C(s)´G�s�\��¯þ§Xeµ

C(s) = ∑
λ

ρ
T
t (λ ) s.t. St(λ ) = s

Ù¥St(λ )�Ñ�pL§λ�Ð©G�"

þãOff-policy���{�A^3GPI�{¥¢yéüÑπ�`z"äN

L§´µ3z�gS�¥§Äu,�®�üÑµ?1æ�§�úª 10.11�

O�cüÑπ��¼ê§2��%�KéüÑπ?1U?"5¿§3ú

ª10.13¥§π(Ak|Sk)���´�%�§=µ

π(Ak|Sk) =

1 if Ak = argmaxa∈A Qπ(Sk,a)

0 otherwise
(10.14)
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Output: π(s,a)

1 ; Initialize Q(s,a);π(s,a) = Greedy(Q);C(s,a) = 0;

2 for Each Iteration do
3 Sample S0,A0,R1, ...,Rt ,ST by µ;

4 W = 1;

5 G = 0;

6 for t:=T-1 to 0 do
7 G← Rt+1 + γG;

8 C(St ,At)←C(St ,At)+W ;

9 Q(St ,At)← Q(St ,At)+
W

C(St ,At )
[G−Q(St ,At)];

10 π(St ,a) =

1 a = argmaxa Q(St ,a)

0 otherwise

11 if π(St ,a) 6= 1 then
12 Break;

13 end
14 W ←W 1

µ(At |St )
;

15 end

16 end

Algorithm 3:ÄuMC�Off-PolicyüÑ`z�{"
¢S�{¢y�§�Jpéz��æ�L§�|^Ç§�æ�læ�

�(åG�m© c£�§éæ�´»þ�¤kG��g�#§��Ñy

¦π(Ak|Sk)�"�AkÀJ"�{ 3�ÑOþOff-policyüÑ`zL§"���

�g��¯K´µd�{ 3��§�k÷vπ�´»â¬3�#Q(s,a)��)

�z§@oÀJ,��üÑµ�k�o¿Âíº¯¢þ§ÀJ�ä&¢5�

üÑµ�±�)�õkd��´»"b�å©G��½§KÄuπ�¤kæ�

�)�´»Ñ´���§�Äuµ�±�)Ù§f´»§ù
´»�π´k�

�£Ïd3�{¥�¬ë��#�¼ê¤§�XJØÚ\�Åzò[�Ã{

��¯�"Ïd§Ú\µ�¿Â3uJpG��¯�CX5§l
���Ð

��¼ê�O§^±U?üÑ",
§�UÀJÎÜπ�´»��é��Ü

©�µ)¤�´»¢Sþvkk�|^§��ÆS�Çeü"�¡�0��

�S�©£TD¤�{�±é�§Ýþ�Ñù�¯K"

l,«¿Âþù§ε-�%�{��±@�´�«Off-Policy�{§Ï�)

¤Ä��üÑ£ε-�%üÑ¤Ú�`z�8IüÑ£�%üÑ¤´ØÓ�ü

Ñ"�IOOff-PolicyØÓ�´§ε-�%�{3O��¼ê�¿vk�ρT
t éÂ
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Ã?1\�§Ïd�UÂñ��`ε-�%üÑ
�ý���Û�`üÑ"Ø

ØXÛ§ùü«�{3g´þ´aq�§=ÏL3Ä�ÀJþO\�Å55

JpMCæ��G�-Ä�CX5§±���°(��¼ê�O"

10.4.4 ���AAAkkkâââ|||¢¢¢

c�·�0�
ÄuMC��¼êÆS§¯¢þT�{Úéuª|¢k

é���'X"éuª|¢´<ó�U+��Ä��{"�Ä��´»`z

?Ö§�?Ö�1�,�G�s�£X�á´»|¢¥�,��(:¤§�û

½e�Úr�§é¤k�U��Y �s′§ÏL¡Þª|¢��ª:§=�

���`�s′"w,§ù«¡Þ|¢éO�m�é�§3E,¯KþÃ{A

^"éuª|¢éz�G�<�½Â��éu¼êh(s)L«lG�s�ª:�

��´»§�|¢���G�s�§ds²ds′��ª:�´»�Ý=�^e

ªL«µ

f (s,s′, s̃) = g(s,s′, s̃)+h(s̃)

Ù¥g(s,s′, s̃)L«ds²Ls′��s̃��á´»"ÀJ f (s,s′, s̃)��s′=��e�

Ú�`zr�"5¿h(s)´��<��½��á´»�O�§Ïd�þª

O���� f´¢S��´»�Ý�Cq�"���¹e§ s̃��Cª:§

h(s̃)��O�°(§ f�O(Ý�p"ù¿�X3éuª|¢¥§|¢�Ý�

�§���Û�`��U5��"

XJ·�^ÄuMC�rzÆS�{5)ûþã�á´»¯K§^G�

�¼êV (s)�LlG�s�ª:��á´»§ÄuMCé�pL§?1æ�§

�±G�s�å©G��,^æ�´»'V (s)��§K�#V (s)�T´»��

Ý"²Lõgæ�§V (s)=��C�`�O"5¿ùpÓ��3æ��CX

5¯K§�^c¡¤ã�ε-�%üÑ½Off-Policy�{)û"���`�¼

êV (s)��§�æ^�%üÑ���`´»"

'�MC�{Úéuª|¢§�±w�cöÏLæ��Oéu¼ê§�

öÏL<��½"3E,?Ö¥§ÏLÆS��éu¼êw,�k`³§�

O�þ��",��¡§MC�{¥3´»ûü¥¤æ^��%üÑ��u

±V (s)�éu¼ê��Úéuª|¢"

nØþ§�V (s)��Ov
`z�§MC��Ú|¢®²�`üÑ§Ï

dØIé���´»?1|¢"�´§�V (s)��OØO�§�%üÑØU

�y�`"ùaq3éuª|¢¥§éu¼êh(s)Ø°(�§�%üÑk�
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U�Ø��`´»"�)ûù�¯K§�±|^éuª|¢¥O\|¢�Ý

��{§Äuæ�|¢�cG�e�U�´»"|¢��Ý��§V (s̃)�O

�O(Ý�p§��`z´»��U5��"ù«|¢¡��Akâ|¢

£MC Search¤"

3rzÆS�{¥§é�¼ê��OÚé´»��Ý|¢Ñ¡�MC�

{§�cö´MC�¼êÆS§�ö´MC´»|¢"MC|¢��@�´�

£���cG�(:�MC�¼êÆS§�ù«ÆS´��5�§��û½


XÛÄ�§KTÆS������¼êṼ (s′),Ù¥s′��c(:�¤kf(

:,ò���¿3e�Ú|¢�­#ÆS"

3XÚ¢yþ§ÆSÚ|¢½���©m§X|^�S�©£TD¤{é

�¼ê?1ÆS§2ÄuMC?1´»|¢"AlphaGo=æ^
ù��{§3

�.Ôö�ãÄuTD�O�¼ê§3é��ãÄuMC�E|¢ä£¡��

Akâä§MCT¤§ÀJ�kd��áf�ª"

10.5 �S�©{

þ!?Ø��Akâ�{�Kþ�ÆS?ÛE,�¸§�Ùæ�I��

�����pL§§��ÆS�Ç�$§Ø(½5��"�!0���S�

©£TD¤�{´�«Ü©æ��{§Q�3
æ��{�(¹5§�|^


�.�£§äkp�!­½�A:§´rzÆS¥A^�2���{"TD�

{å
uXeÄ�g´µXJØÓ��é,�G�����3�É§KT�

É���ÆS&ÒéTG�Ú�'G�?1­�"lù�¿Âþ`§TD´Ä

uæ��Bootstrapping�{§Ïd�@�´DP£Bootstrapping�¤ÚMC£æ

��¤ü«�{�(Ü"¯¢þ§TDäk����@�ÆÚ)nÆÄ:µ�

#@�ÆïÄL²§ÄÔÚ<a�éõÆS�ªÑ´ÄuTD�§ ²ÆïÄ

�L²§<a�Mp?n&E��ªé�§Ýþ´TD�."�!Äk0��

ÚTD�{§��òÙ*Ð�N-step TD�{ÚTD(λ )�{§ù
�{ÚMC�

��q"5¿�´§�!·��'5ÄuTD��¼êÆS§éu�.ÆSÚ

üÑÆS§=¦A^
TD�,
g´§�Ø´·��?Ø�TD�{"
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10.5.1 ÄÄÄuuuTD���üüüÑÑÑ������

Äk�ÄüÑ��?Ö§���ÄG��¼êV (s)£Ä��¼

êQ(s,a)ò3`z?Ö¥?Ø¤"£�G��¼ê�½Â§éüÑπ��

�ÄuXeÄ:úªµ

Vπ(s) = Eπ [Gt |St = s], (10.14)

Ù¥Eπé±üÑπ?1�p�¤k�UG�S�¦Ï"§Gt�±St�å©G

��,��pS���ÏÂÃ"��Äò�ÂÃ§éuDP�{§GtO�X

eµ

Gt = Rt+1 + γVπ(St+1).

þª¿�Xé��G���#|^
Ù¦G���£§Ïd´Bootstrapping�"

ù«G�m��ÓÆS�4�JpÆS�Ç"DP�{�":´I��6®�

��¸�.5O���úª 10.5.1¥�Ï"§ÏdÃ{3¢S�p?Ö¥A

^"

MC�{Äuæ�5O�úª 10.5.1¥�Ï"§ÏdØÉ�¸�.��

�§�3¢S�p?Ö¥A^"MC��ÏÂÃGt�O�Xeµ

Gt = Rt+1 + γRt+2 + γ
2Rt+3 + ...γT−1RT ,

Ù¥T´�Óæ���(åG���m"��§MCæ�7L´�����p

L§§Ïd�UA^3õÓ?Ö¥§éëY?ÖÃ{A^¶,	§MCéz

�G�´ÕáÆS�§p�vk/�§ÆS�ÇØp"

TD�{Äuúª 10.5.1éüÑ?1��§�æ^aqMC�æ��{5

O�Ï""lDP�{�Ýw§TD�{^æ���
�¸�.§d�£�

C¤æ�£�¶lMC�Ýw§TD �{^�Úæ��O�L§æ�§¿Ä

uBootstrapping�{�O�cG���¼ê"ù�«O�lã 10.9¤«�£

�ãþ�Ùw�"

/ªþ§TD��ÏÂÃGtO�ÚDP�O��{��§Ñ´Bootstrapping�

{µ

Vπ(s) = Eπ [Rt+1 + γVπ(St+1)|St = s].

�DPØÓ�´§3DP¥§Ï"Eπd�¸�.��O���§
TDÄuæ�

¢y§æ��¼ê©Ù�üÑπ(s,a)"Äuæ��{§TD�^u¢S�p?
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MCDP DT

V(s)

Q(s,a)

V(s')

Fig. 10.9 DP, MCÚTDn«üÑ���{�£�ã"DP�{´�Ú�£�§MC´�Ýæ

�£�§TD´�Úæ�£�"DPÚTD´Bootstrapping�{"

Ö§��?13�ÆS"§S¢y�§éz�æ�(St ,At ,Rt+1,St+1)�£��

æ^Oþ�ª§£�úªXeµ

V (St)←V (St)+α(Rt+1 + γVπ(St+1)−V (St)), (10.14)

Ù¥α�ÆSÇ, Rt+1+γVπ(St+1)�Äu�cæ�éSt��O§Rt+1+γV (St+1)−
V (St)¡�TDØ�"þª¿�X�´�cæ�Ú± ²�Ñy ���

ÿ§T&EòlSt+1�St£�§l
ÚåSt�¼ê�UC"5¿þªÚMC�

Oþ¢yúªéaq§�ØL3MC¥éVπ(St)��O�Gt§Ï
MCØ�

�Gt −Vπ(St)"

�{ 4�Ñ��õÓ?Ö¥�TD¢yL§"nØy²§é?¿���½

�üÑπ§�α v
��§TD�{òÂñ�π��¼ê"
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Input: π

Output: V (s)

1 Initialize V (s);

2 for Each Episode do
3 Init S;

4 while S not terminal do
5 Sample A by π for S;

6 Take A, observe S′, R;

7 V (S)←V (S)+α[R+ γV (S′)−V (S)];

8 S = S’;

9 end

10 end

Algorithm 4:õÓ?Ö¥�TDüÑ���{"
TDÚMCÑ´Äuæ���O�{§�TD�?1�Úæ�§é{eÚ½

^Bootstrapping�{?1�O"3üÑ��?Ö¥§ùü«�{Ñ�Âñ�

8IüÑ��¼ê§¢S¥TDÂñ�Ý���¯",	§TD�6MDPb�§

3k�æ�êâ^�e§�*Ð5�r§
MCvkù�b�§3�MDPL

§¥�U¬Ly�Ð"

10.5.2 ÄÄÄuuuTD���üüüÑÑÑ`̀̀zzz

c¡·�?Ø
ÄuTD�üÑ���{§(ÜÏ^üÑS�£GPI¤µ

e§��¤üÑ`z"�MC�{aq§TD�{Ø�6�¸�.§ÏdI�

ÄuÄ��¼êQ(s,a)?1üÑ�OÚüÑ`z"

�Ä���pL§Xeµ

St ,At ,Rt+1,St+1,At+1,Rt+2....

�z�(St ,At)����Q¼ê�æ��§���Xe£�úªµ

Q(St ,At)← Q(St ,At)+α[Rt+1 + γQ(St+1,At+1)−Q(St ,At)]

þª¥§Rt+1+γQ(St+1,At+1)´��c²�éQ(St ,At)�O§ù��O��Q

 ²���OQ(St ,At)ØÓ�§=�)TDØ�&Ò§�déQ(St ,At)?1£
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�"ù�£�úª¥�)XeÊ�ëêµSt , At , Rt , St+1, At+1,Ïd¡�Sarsa�

{"

XJ�±üÑπØC§Sarsa�^uéTüÑ?1��"XJF"éüÑ

?1`z§KIÄuQ(s,a)A^�%�K?1üÑU?"ùp·�¡�MC¥

Ó��G��mCXÝ¯K"ÚMC�)û�{aq§�Äu�cQ(s,a)�ε-

�%üÑ��Ä�üÑ)¤�pL§§2ÄuSarsa?1£��#"�εÅ

ì~��§�¢yüÑ`z"ù�L§¥§Ä�üÑÚ8IüÑ´��

�£Ñ´Äu�cQ(s,a)�ε-�%üÑ¤§ÏdSarsa´On-Policy�{"��

±�OOff-Policy�Sarsa�{§�IÀJÙ§Ä�üÑ§¿ÄuImportance

Samplingúª?1�­?�=�"

Sarsa��«U?´3£���Ä�cæ�G�St+1e¤k�UÄ�

�Q(s,a)§ÄuÙÏ"£
�æ�Ä�At+1éA�Q(St+1,At+1)¤5O�TDØ

�§£�úªXeµ

Q(St ,At)← Q(St ,At)+α[Rt+1 + γ ∑
a

π(a|St+1)Q(St+1,a)−Q(St ,At)],

Ù¥π(s,a)3üÑ��?Ö¥´���üÑ§3üÑ`z?Ö¥´Äu�

cQ(s,a)�ε-�%üÑ"ù��{¡�Expected-Sarsa�{"ÄuQ(St ,a)�

Ï"¯¢þ~�
éÄ�æ���6§éTDØ���O��Ün"

ÚSarsa��§Expected-Sarsa�´On-Polilcy�{§¿�ÿÐ�Off-Policy�

{"5¿Expected Sarsa�éÄ��£�§
DP¥éG�ÚÄ�Ñ?1�

£�"ù´Ï�G�=£5Æd�¸û½§
Expected Sarsa¥�¸��§Ï

dÃ{éG�¦Ï"¶��Uæ��Ä�düÑû½§Ïd�¦ÙÏ""

éüÑ`z?Ö§XJ·�^ε-�%üÑ��Ä�üÑ§�ò8IüÑ

U��%üÑ§K���«2�A^�TD`z�{§¡�Q-learning§Ù£

�úªXeµ

Q(St ,At)← Q(St ,At)+α[Rt+1 + γ max
a

Q(St+1,a)−Q(St ,At)].

þª¥���zö�¯¢þ´Äu�cQ(s,a)��%üÑ"ÓSarsa��§�

Ä�üÑ�εÅì~��§Q-learningÂñ��`üÑ"5¿3Q-learning¥§

Ä�üÑÚ8IüÑØ��§Ïd´�«Off-Policy�{§��εÅì~��§

Ä�üÑªC8IüÑ§Ïd�Âñ��`"���J2�´§Q-learning´

�«üÑ`z�{§ØU^�üÑ��§ù´Ï�£�úª¥���zö�
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®²û½
8IüÑ"ùÚSarsa9Expected SarsaQ�^uüÑ��§��^

uüÑ`zØÓ"

ã 10.10�ÑSarsa!Expected SarsaÚQ-learning�£�ã"�±w�nö

£3üÑ`z?Ö¥¤�ØÓµSarsa�Äæ�Ä�§Expected Sarsa�Ä¤k

�U�Ä�§
Q-learning�Ä��ÂÃÄ�"

 Sarsa Expected Sarsa Q-learning

Fig. 10.10 A«;.TDüÑ`z�{£�ã" Sarsa£�¤Äu�cæ�´»£�¶

Expected Sarsa£¥¤3£���Ä�cæ�(:�Y¤k�U�Ä�¶Q-learning£m¤

�Ä�cæ�(:�Y���ÂÃÄ�£^�����L«��zö�¤"

10.5.3 N-step TD���TD(λ )

3�Akâ|¢�!¥·�?ØL§duMCéüÑ��´Ø°(�§

3¢SüÑ�1L§¥XJU 8Iàõ|¢AÚ§K�U���Ð�Ä�

ÀJ§Ï���C8I§G����O("

Äuaqg´§XJ·�4TD cõwAÚ§Ké�cÂÃ��O¬�

O(§éG��£���Ün"�!?ØÄuõÚæ��TD�{"�{²å

�§·���ÄüÑ���{§üÑ`z�{�d�A���{(ÜGPIµ

e9þ!¤0��eZ�{��"

�?1nÚæ�§K���ÏÂÃ��O�µ

G(n)
t = Rt+1 + γRt+2 + ...+ γ

n−1Rt+n + γ
nV (St+n)

5¿����´nÚ��éAG���¼ê�O"XJn = 1§KTÂÃ{z

�DÚTD�O¶XJn�Ã¡���(åG�§KTÂÃ�ÓuMCÂÃ"

ÄuNÚÂÃ�TD�{¡�N-step TD§Ù�¼ê£�úªXeµ
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V (St)←V (St)+α(Gn
t −V (St))

5¿n = 1�§N-step TD{z�DÚTD�{§n = ∞�§{z�DÚMC�{"

��§DÚTDÚMCÑ�±w�N-step TD�A~§´æ���ÚÚÃ¡Ú

£��(åG�¤�AÏ�¹"

3N-step TD¥�ÄØÓ�n3ò�ÂÃþ��É§-n���5�ò�

ÂÃ��§K�����ò�oÂÃ§½Â�Gλ
t µ

Gλ
t = (1−λ )

∞

∑
n=1

λ
n−1Gn

t

þªλ´ò�Ïf"5¿λ�ò�ÂÃ¥�γØÓ§λ´éGn
t�ò�§γ´é=

�ÂÃRt�ò�"Äuò�oÂÃ�TD�{¡�TD(λ )�{§ÙG��¼ê

�£�úª�µ

V (St)←V (St)+α(Gλ
t −V (St)).

5¿�λ�0§�n�1�§TD(λ ){z�DÚTD�{§ÏdDÚTD�{½�

¡�TD(0)"

þãéG��¼ê?1����{Ó��^uéÄ��¼êQ(s,a)�

�, aqTD(0)¥�SarsaÚExpected-Sarsa"N-step Sarsa�ìæ�?1ü´»

£�;éuExpected-Sarsa§�3æ�(å�¦Q(s,a)é¤kÄ�a�Ï"¿÷

æ�´»£�§��3z�æ�:¦TÏ"¿÷æ�´»£�"c�«�

{¡�N-step Expected Sarsa§�ö¡�Tree Sarsa"ùü«£���±·Üå

5§3,
æ�:þæ^Sarsa�ª§,
æ�:þæ^Expected-Sarsa�ª"

XJÚ\���ÅCþσ5��z�Ú£��ª�ÀJ§Kzg£�´�Å

�§ù«�{¡�Q(σ )"é²w§Q(σ)´SarsaÚExpected Sarsa�*Ð"ã

10.11�ÑùA«���{�£�ã"

ÄuÄ��¼êQ(s,a)§(Üε-�%üÑ§�±¢yüÑ`z"ÚTD(0)¥

aq§Q�±ÀJOn-policy�ª§��ÀJOff-policy�ª"�u�Ì§ùp

Ø2Kã§k,��Öö�ë� [11]"
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N-step Sarsa Expected Sarsa Tree Sarsa

Fig. 10.11 A«õÚæ�Ä��¼ê���{£�ã"N-step Sarsa÷æ�´»£�¶

Expected Sarsa3£���Ä���gæ���¤k�UÄ�¶Tree Sarsa3z�æ�:Ñ

�Ä¤k�UÄ�¶Q(σ)3z�æ�:�ÅÀJ£��ª"

10.5.4 nnn«««rrrzzzÆÆÆSSS���{{{ooo(((

�8c��§·�®²?Ø
n«Ì��rzÆS�{§DP, MCÚTD"

ùn«�{Äu�b�ØÓ§A5ØÓ§A^�|µØÓ"ã 10.12l£

���ÝÚ£�°Ýü�¡'�
ùn«ÆS�{"l£��Ýþw§

DPÚTDÑ´�Ú£�§N-step TDÚTD(λ )´õÚ£�§MC9¡Þ|¢´�

´»£�"l£�°Ýþ§MCÚTD!N-step TD!TD(λ )ùn«�{Äuæ

�£�§DP!¡Þ|¢3Ñ��Ä¤k�U�YG�§Ïdáu�£�"�

��J�´§Q(σ )3£�°ÝÚ�ÝþÑäk���(¹5§´���Ï^

�ÆS�{"I�5¿�´§þã�ÉÌ�Ly3üÑ��?Ö¥"éüÑ

`z?Ö§ù
�{�IÚGPIµe(Ü§3üÑU?�{þ¿vk���

É"

lA^|µþw§MCÚTDùü«�{Ø�6�¸�.§Ïd��¡�

Ã�.�{§~^3�¢S�¸�p�3�ÆS?Ö¥",
§ùü«Ã�

.�{�,�±^3�.®��5y?Ö¥"�DP�Äu�.��{ØÓ�

´§MCÚTD¿Ø¬��|^�.&E§
´ÄuT�.?1æ�§?
�

O�¼êÚ`züÑ"¤±MCÚTD�,�¡�Ã�.�{§�Ù���A

:´Ùæ��{§
�A^|µ¥´Äk�."'�MCÚTD§ùü«�{

Ø
æ��Ý��É§����«O3uµTD�6MDPb�§Ïdk�r�

(�zk��£§Ù`zª���q,�O£Maximum Likelihood¤¶MCØ



10.5 �S�©{ lxiii

回溯深度

回溯宽度 DP 穷举搜索

DT MC

采

样

回

溯

全

回

溯

单步 多步 全路径

混

合

回

溯

Fig. 10.12 A«�ÝÆS�{3£��ªþ�'�"TD, TD(λ )ÚMCÑÄuæ�§£�

L§��Äæ�´»¶DPÚ¡Þ3£���Ä¤k�YG�½Ä�§Ïd¡��£

�"Q(σ ) £�´»�gdÀJ§Ïd��(¹"l,���Ý§DPÚTD´�Ú£�§

ÄuBootstrapping ?1G���§MCÚ¡Þ|¢Ñ´�Ý£�§ØÄuBootstraping"

TD(λ )ÚQ(σ)�gdÀJæ��Ý§Ïd�(¹§·^���2"

é�¸�?Ûb�§Ù`zª�3Ôö8þ���þ�Ø��O£Minimum

Mean Square Error¤"Ïd§�¸�CqMDP§TD�b��ª�Ün§TD�

{��k`³"

,��¡§�,3ÆS?Ö¥~^MCÚTD§�ù¿Ø¿�XDP3Æ

S?Ö¥vkd�"¯¢þ§rzÆS²~ÏLÚ¢S�¸�pÆS�

�MDP�.§2ÄuTMDPA^DP!MC!TD��«�{?1üÑ�O�

`z"ù«Äu�.ÆS��{ò3e!?Ø"�.ÆSØØ3nØ�´¢

�þÑäk­�d�§�kïáå��S3�.§âUé�¸k����n

)§���üÑâk�r��zUå"�.ÆS¯¢þ´<a{ø�ú§þ

,�n5Ä��­��ª"

ã 10.13én«ÆS�{�A^|µ?1
o("��§rzÆS�?

Ö|µª�E,§I�Äu?Ö8I!ÆS&Ò!E,5�õ«Ï�ÀJ�

Ü·�ÆS�{"

L 10.1?�Úo(
DP!MCÚTDùn«;.�{�A:ÚÌ�A^+

�"5¿L¥·�^‘�Akâ’=��¼êÆS¥�MC�{"3�.ÆSÚ
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实际交互

（学习）

模型已知

（规划）

无模型学习

模型学习

不采样

全路径采样 单步采样

DP

采样

MC DT(0)

多轮任务 连续任务

单步采样

DT(0)N-step DT

DT(   )

N步采样

N-step DT

DT(   )

N步采样

Fig. 10.13 DT!MC!DPn«ÆS�{�A^|µ"

DP MC TD

5y?Ö ´ ´ ´

ÆS?Ö ´ ´ ´

õÓÆS ´ ´ ´

ëYÆS ´ Ä ´

ê��Åb� ´ Ä ´

æ� Ä ´ ´

£��Ý �Ú �´» �Ú½õÚ

£�°Ý �£� æ�£� æ�£�

Bootstrapping ´ Ä ´

Table 10.1 n«;.rzÆS�{�A:"

üÑÆS¥§²~^�æ��{§ù
�{�²~�¡��Akâ�{¶2

¿��Akâ�{£XTruncated MC¤�²~^3ëY?Ö¥"¯¢þ§3

õÚæ�¥§MCÚTD�«O®²�é�

"
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10.6 �.ÆS

·�J�3rzÆS?Ö¥§�3�.!�¼êÚüÑn��g?1Æ

S"c¡A!0��MCÚTD�{�Ì��é�¼ê?1ÆS"�!·�?

Ø�.ÆS§¿0��«�.Ú�¼ê·ÜÆS�{§=Dyna"

10.6.1 ���¼¼¼êêêÆÆÆSSS������...ÆÆÆSSS

�*þ`§�¼êÆS��
é�¸?1ï��æ�§Ø={'`{§


�;�
�¸�. �E¤�kU�³"~X3DP¥§XJ�.Ú¢S�

¸ØÎÜ§K2Ð�ÆS�{�Ã{��Ð�üÑ"nØþ§XJæ�v


´L§Ã�.�{£AO´é�¸vk?Ûb��MC�{¤o�±%C�

`üÑ"ùÒXÓ��¯f²Lv
õ�âõ§o�±Æ¬r´!`{�ý

�õê)�EU§�,¦/¨¿vk¿£�?Ûr´!`{�.��3"Q,

Xd§��o��ÆS�.Qº

ù´Ï�“²�v
´L”�´n��¹"3ý�õê?Ö¥�#N�þ

�}Á§��ù
k�²�éJÆS�������¼ê"~X3�½Ý]

?Ö¥§(¢�±ÏL}ÁÈ\Ý]E|§��Ä�]7ºx§ö�¤�§

Ø�U#N·��þ}Á"3ù«�¹e§�êAg}Áé�U�)é,|

�¦d�@£þ� �§���YÝ]��þ��"�¼êÆS�¤±¬¡

�ù�¯K§´Ï�ù«ÆS�{¿vkÚ\�r�(�z&E§Ïd"�

k��£§N´L[Ü"

�.ÆS�3�½§Ýþ)ûù�¯K"ù´Ï��.�3�½�(�

zb�§ÆSL§=´éëê��O§Ïd�Äu�þêâ¢y�Ð�Æ

S"XJ�.b��¢S�¸�Î§�.ÆS��¬'�¼êÆSp��

õ"���.ÆS�¤§K�ÄuDP!MC!TD�?Û�«�{éüÑ?1

��Ú`z"

�.ÆS´<aÆS�;.�ª"~X3�¦ö��§<���Ø¬k

PM�=|�¦L��d�£��u�¼ê¤§
´3ö�L§¥ÆS3Ø

Ó½|�¸e�ÂÃÚ½|r�§cö��uÂÃ�.P(r|s,a)§�ö��u
G�=£�.p(s′|s,a)"ÏLïáù
�.§<�3ö��¦�â�k��
5§��#�¦�âU�Ñ�kd��ûü"XJr�¼êÆS'��úP
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Á§�.ÆS��´@�ÆS§é<a5`§�U´·�{ø�ú§þ,�

n5g��­��ª"

10.6.2 ���...ÆÆÆSSS���{{{

�.ÆSÄk½Â��VÇ�.§2ÏL��¸�p5ÆS�.ëê"

���.±�§��ÄuT�.?1æ�5é�¼ê?1`z§����`

züÑ"TL§Xã 10.14¤«"

模型学习 采样 值函数优化

环境

策略优化

Fig. 10.14 Äu�.ÆS�rzÆS�{"ÏLÚ�¸�pÆS���¸�.§ÄuT�
.?1æ�5`z�¼êÚüÑ"

XJG�ÚÄ�Ñ´k�lÑ�§��æ^MDP�."é��MDP§Ù

ëê�)G�=£VÇP(s′|s,a)ÚÂÃVÇP(r|s,a)"ÏLÚ�¸?1�p�
Â8ù
ëê�ÚOþ§¿ÏLù
ÚOþéëê?1�O"�{ 5�Ñ3

ëY?Ö¥?1�.3�ÆS�6§§·�®²b�ÂÃ�pd©Ù"
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Output: P(s′|s,a), P(r|s,a)
1 T (s,a,s′) = 0;R(s,a) = 0;V (s,a) = 0;N(s,a) = 0 ∀s,s′,a;

2 Initialize s;

3 for Each Step do
4 Sample a∼ π(s,a) ;

5 Sample s′, R by Acting a;

6 T (s,a,s′)← T (s,a,s′)+1;

7 R(s,a)←V (s,a)+R;V (s,a)←V (s,a)+R;

8 N(s,a)← N(s,a)+1;

9 P(s′|s,a) = T (s,a,s′)
∑s′ T (s,a,s

′) ;

10 P(r|s,a) = N(r; µ,σ); µ = R(s,a)/N(s,a);σ2 =V (s,a)/N(s,a)−µ2;

11 s← s′;

12 end

Algorithm 5:ëY?Ö¥�MDPÆS�{"b�ÂÃ�pd©Ù"

10.6.3 Dyna:···ÜÜÜÆÆÆSSS���{{{

�.ÆSäk�r��zUå§���¸�E,§�.b������

��§����.¬Ú¢S�¹�)�� �§��üÑÃ{`z"�¼ê

ÆSvk�.b�§ÏdAO·ÜE,�¸§AO´�êâþ���§  

äk�Ð�J"·ÜÆSòùü«ÆS�{�`³(Üå5§Q�Ä��z

Uå§��·A�E,��¸"

模型学习 采样 值函数优化

环境

策略优化

Fig. 10.15 ·ÜÆS�{"ÆS���¸�.§�¼ê`zÄulý¢�¸Ú�.ü�¡
���æ�êâ"
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Dyna-Q=´�«·ÜÆS�{"3T�{¥§�.Ú�¼êÓ�?1

3�ÆS§3é�¼ê?1ÆS�§ÄkÄuý¢�¸æ�éQ¼ê?1£

�§2Äu�.�eZgæ�éQ¼ê�?�ÚÆS"�{ 6�ÑëY?Ö

¥�Dyna-Q��{6§§Ù¥P(s′,r|s,a)��ÆS��¸�."5¿T�{
¥�£�úªÄuTD�{¥�Q-learning§Ïd�Dyna-Q"

Output: Q(s,a)

1 Initialize Q(s,a), P(s′,r|s,a)
2 for Each step do
3 s← Current State

4 a← ε-Greedy(Q,S)

5 Act a, Observe s’, obtain R

6 Q(s,a)← Q(s,a)+α[R+ γ maxa Q(s′,a)−Q(s,a)]

7 Update P(s′,r|s,a) using (S,A,R,S’)

8 for t:=0 to N do
9 s← random from S

10 a← ε-Greedy(Q,s)

11 Sample s′,R from P(s′,r|s,a)
12 Q(s,a)← Q(s,a)+α[R+ γ maxa Q(s′,a)−Q(s,a)]

13 end

14 end

Algorithm 6:ëY?Ö¥�Dyna-QÆS�{"Ù¥é�.P(s′,r|s,a)��
#�d�{ 5¢y"

10.7 ¼êCq

c¡·�Ì�?Ø
ÄulÑG�!lÑÄ��rzÆS�{§3ù


�{p§�¸�.æ^L�5P¹G�ÚÄ�þVÇ©Ù"ù«lÑ�.k

Ïu·�n)rzÆS�Ä�VgÚÄ��{§�·Ü,
�.¯K",


§3¢S¯K¥§lÑ�{�3é�Û�5§�)µ

• G��mÚÄ��mé��§lÑL«Ø=I��þS��m§3ÆSL
§¥�¬��î­�êâD"¯K"~X3�Úé�¥§G��m´10

�172g�§¥I�Ú!IS�Ú©O´10�48g�!46g�"Xd
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��G��m§ë�G�=£VÇLÑØ�U§�O`éÙ?1k�ÆS


"

• lÑ�{��*Ð5�"lÑG�ÚÄ�´Ñ´a.Cþ£Categorzied

Variable¤§Cþ���mØäk?Öål$�^S'X§��éØÓG�

ÚÄ�ï��Øäk�'5§Ã{3ÆS�p�r?§é#Ñy�G�Ú

Ä�Ã{?n"

• y¢?Ö¥õêvk²w�lÑG�ÚÄ�"X3�¦Ý]!Ã<Å�
1!Å�:8��¯õÅìÆS?Ö¥§O�Å����´�X�ëY�

*ÿ�§
�²(�lÑG�§ÙÄ��ª�´�X���&Ò£XÝ]

CÄ!Å�ÛÝ�¤§¿�lÑö�"

þãù
Û�5¦�IOlÑ�.�{3¢SA^¥é�^�"¼êC

q´)ûù
Û�5�~^�{§�´rzÆSU3¢S?Ö¥��ã�¤

õ�­��Ï"

10.7.1 ���¼¼¼êêêCCCqqq

·��ÄrzÆS���8�§´ÏLÚ�¸�p��ÆS��`zü

Ñπ(s,a)§½m�ÆS��G��¼êV (s)½Ä��¼êQ(s,a)§2Äu,«

ûü�{��`züÑπ(s,a)"ØØ´π(s,a)§V (s)§�´Q(s,a)§��þÑ

´��±(s,a)�Cþ�¼ê"�!�Ä�¼êCq§éüÑCqò3�¡?

Ø"

lÑ�.�±@�´�«‘°(¼ê’§=éz�G�ÚÄ�|ÜÑk�

�²(��"ù«‘°(5’�5
cã��«¯K§¯¢þ�
�Ø°(µ

~X§�þG�-Ä��mvk��¿©Ôö§�U�"��¶éëYÑ\Ú

ÑÑ?Ö§I�kòù
Ñ\=z¤lÑG�§òÑÑ=z¤lÑÄ�§�

�é�Ø�¶,�Ôöêâ�éA��G�-Ä��m§Ã{JpéÙ§G

�ÚÄ��ÆS�þ§=¦§��~�q"¼êCq´òlÑ°(��¼ê

½üÑ¼ê^��Äuëêθθθ�ëY¼ê5[ÜÚCq§=π(s,a)≈ πθθθ (s,a)§

V (s)≈Vθθθ (s)§½Q(s,a)≈ Qθθθ (s,a)"

±G��¼ê�~§Ù¼êCq�{Xã 10.16¤«"éA½G

�{S0,S1,S2}§ÙG���°(�O�{V (S0),V (S1),V (S2)}¶¼êCq
^Vθθθ (S)5%CV (S)"lã¥��§3�lÑ�.�A½G�{Si}þ§­
�Vθθθ (s)�ClÑ�.�G��"
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ã 10.16¤«�¼êCq�{�5��­�Cz§=��lÑ�G�SiC

¤
ål�Ýþ�ëYG�"ù«�Ýþ5��)�©�ü«�¹µ1�«

´�ÆS?Ö�G���Ò´�Ýþ�§éù«�¹§¼êCq�IÄu�

?Ö��ÝþÑ\��¼êVθθθ (s)�G�Ñ\=�"1�«�¹´�ÆS?Ö

�G���Ò´lÑ�§X3�Ú?Ö¥�Ú�G�"éù«�¹§�él

ÑG�?1ëY�mi\£State Embedding¤§XAlphaGoÄuCNNòÚ�G

�i\�ëY$�f�m¥§3T�m¥G�=äkÝþ5"

G���Ýþ5ÚëY5äk­�¿Â"Äk§G��mål��Ýþ

5¦�ØÓG��ÆSp�r?§Ï���Ôö���±ÏL�#¼êëê

5ÆS¤kG�"1�§G��ëY5¿�X?Û#G�Ñ�±��O§4

�Jp
XÚ��*Ð5"1n§¼êCqÄuëê`z§ëê�êþ��

��u�lÑXÚ�G�ê§¿�XXÚ�zUå�Jp"

s0

V(S0)

s1

V(S1)

V(S2)

s2
Fig. 10.16 G��¼êCq"­��Äuëêθθθ�¼êVθθθ (s)§{S1,S2,S3}��lÑ�.�G
�:"

þãéG��¼ê�Cq�{éÄ��¼êQ(s,a)Ó�·^§�kØÓ

�´Cq¼êI��ÄG�ÚÄ�ü�Ï�"�æ^ã 10.17¤«�ü«C

q�{"w,§1�«Cq�{�Ï^5�r§1�«�{=·^ulÑG

�§�G�êØõ��¹"

�±æ^�«ëê�.5¢yVθθθ (s)½Qθθθ (s,a)§~^��)�5�.Ú

 ²�ä�."·��¡ò?ØÄuù
�.�ëê�#�{§y34

·�b�T�#�{®�§=é���pæ�(St ,At ,Rt+1,St+1)§�ÏL�
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s a

Q(s,a)

s

Q(s,a1) Q(s,a2) Q(s,a3)

Fig. 10.17 Ä��¼êü«Cq�{"

#θθθ�����`z�Qθθθ§KÄuGPI§üÑ`z�±Äuε-�%�KÏL

S�¢y"ã 10.18�Ñ��3�GPIüÑ`zL§"3zg�#�θθθ±�§

Äuε-�%�K§dQθθθ (s,a) ��üÑπ§Äuπ)¤e�g�p...XdS�

�#§��`z�Qθθθ (s,a)"5¿3�ÆS¥z�ÚS�=�6�c*	�

éθθθ?1�#§Ïd´�«�Å�#§���Q¼ê�Ø´Äu�cπ�ý�

Ä��¼ê"=+Xd§GPIµe�,�yé`züÑ�ÆS"

0 1
2

Fig. 10.18 ÄuQ¼êCq�üÑ`z"
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10.7.2 ÄÄÄuuuFFFÝÝÝ���ëëëêêê`̀̀zzz

·�±Ä��¼êQ(s,a)Cq�~§0�XÛéëê?1�#`z"o

N5`§T`z�8�´Äuz���pæ�(St ,At ,RT ,St+1)�#ëêθθθ§¦

�Qθθθ3æ�:(St ,At)�ª�Ù�ÏÂÃGt"

�`z8I´Qθθθ (St ,At)�Gt�þ��£Mean Square Value Error, MSVE¤§

=:

L(θθθ) = ∑
s,a

dπ(s,a)(Qθθθ (s,a)−Qπ(s,a))2,

Ù¥d(s,a)L«G�-Ä�é(s,a)��¯�'~"Äuæ��{§T8I��

¤µ

L(θθθ) = ∑
t
(Qθθθ (St ,At)−Gt)

2.

æ^�ÅFÝeü{£SGD¤§éz�æ�:��gëê�#§k:

θθθ t = θθθ t−1−α
∂L(θθθ)

∂θθθ

= θθθ t−1−α(Qθθθ (St ,At)−Gt)
∂Qθθθ

∂θθθ
, (10.14)

Ù¥α�SGD�ÆSÚ�§����mtO�
eü"þª¥�Gt�ÆS�{

�ØÓ
kØÓ/ª"éuMC�{§k:

Gt = Rt+1 + γRt+2 + ...γT−1RT .

éuTD(0)£Sarsa�ª¤§kµ

Gt = Rt+1 + γQθθθ (St+1,At+1),

Ù¥At+1�egæ�ÀJ�Ä�"5¿þª¥�BootstrappingÜ©Qθθθ (St+1,At+1)�

´θθθ¼ê§�3FÝO��¿��Ä§ÏdþãTD(0)úª¿�(�¿Âþ

�SGD§Ï
k��¡�Semi-SGD"

úª 10.14¥�FÝ ∂Qθθθ

∂θθθ
�ûu¼êQθθθ�äN/ª"~X§XJæ^�

5�.§KTFÝ{z�Ñ\A��þ§XJæ^ ²�ä�.§��

�æ^BP�{éFÝ?1��D4"��`²�´§XJÄuBootstrap�

{¦�¼ê§K3GPI¥^Off-PolicyüÑ`z�{�U¬��ÆSØ­½§

�On-Policy�{��´­½�"
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10.7.3 ÄÄÄuuu¼¼¼êêêCCCqqq���üüüÑÑÑÆÆÆSSS

c¡·�®²?Ø
3ÆS?Ö¥é�¼êÚ�.?1ÆS"k
¼ê

Cq�{§y3·��±?ØéüÑ?1ÆS
"¤¢üÑÆS§=´ÆS

3G�seÀJÄ�a�VÇ¼êπ(a|s)"Ó�¼êÆSaq§·�F"��
��Äuëêw�VÇ¼êπw(a|s)§¦�3,�OKη(·)e5U�Ð"Ú�
¼êÆS�'§üÑÆSkXeÐ?µ

• ØÓ�¼ê�UéA�Ó�üÑ§ÏdüÑÆS�U'�¼êÆS�N´
Âñ"

• Äu�¼êÆS��æ^�%�K��üÑ§ØN´?n�)�ÅÄ��
üÑ"

• üÑÆS3?nëYÄ�þ�k`³"

CqüÑ¼ê�±´?Û/ª§X�5�.! ²�ä�"éüÑÆS


ó§ù
¼ê��Ñ�)��Soft-max�§±��Ä����VÇ"éu

OKη(·)§3õÓ?Ö¥§�ÀJå©G��G��¼êµ

η1(π) =Vπ(S0).

3ëY?Ö¥§�ÀJ²þ�ÂÃµ

ηv(π) = ∑
s

dπ(s)Vπ(s),

½²þ�ÚÂÃµ

ηr(π) = ∑
s

dπ(s)∑
a

π(a|s)Rs,a,

Ù¥dπ(s) ´Äuπ�MDPL§3G�sþ�©Ù, Rs,a = ∑r rP(r|s,a)�3G
�sÀJÄ�a���ÂÃÏ""

·�±²þ�ÂÃ�~§í�CqüÑ¼ê�FÝeüúª"�πw�π

�¼êCq¿�Ù�ëY���§Kkµ

Jv(w) = ηv(πw) = ∑
s

d(s)∑
a

πw(a|s)Qπw(s,a).

�éw� �§��µ
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∂Jv(w)

∂w
= ∑

s
d(s)∑

a
πw(a|s)

∂ log(πw(a|s)
∂w

Qπw(s,a) (10.15)

= Eπw
∂ log(πw(a|s))

∂w
Qπw(s,a). (10.16)

�±y²§þª¤L��FÝ/ªÓ�·^uå©G��¼êÂÃη1Ú²þ

�ÚÂÃ� 1
1−γ

ηr§¡�‘üÑFÝ½n’"ÄuT½n§=�éëêw?1Æ
S"±õÓ?Ö�~§ÄuMCæ��üÑÆS�{X�{ 7¤«§Ù¥±

�Ó��ÏÂÃGt5CqQ(St ,At)"T�{¡�REINFORCE"5¿Ù¥ �

©Ü©�¦)�ûu¤ÀJ¼ê�äN/ª"

Input: I: Max episodes

Output: πw(a|s)
1 Initialize w;

2 for i:=0 to I do
3 Sample episode [S0,A0,R1,S1,A1, ...,RTi ,STi ] by πw;

4 for t:=0 to Ti-1 do
5 Gt = Rt+1 + ...RT ;

6 w← w+β
∂ log(πw(At |St ))

∂w Gt ;

7 end

8 end

Algorithm 7:õÓ?Ö¥�REINFORCE�{§^�ÏÂÃGt�æ��O

�ÏÂÃ�Ï"Q(s,a)§β�ÆSÇ"

10.7.4 Actor-Critic���{{{

�âüÑFÝ½n§üÑÆSI��OG��¼êQπw(s,a)"3REINFORCE�

{¥§·�^�g�pL§¥�Gt5éÙ�Cq§�Ð��{´^,��¼

ê5Cq§=µ

Qπw(s,a)≈ Qθθθ (s,a).

T�¼ê�±^c¡0�L�¼êCq�{ÆS"ù«Ó�ÆS�¼êÚ

üÑ��{¡�Actor-Critic�{§Ù¥ActorÆSüÑπw, CriticÆSTüÑ�

Cq�¼êQθθθ (s,a)"ã 10.19�Ñ
TÆS�{�«¿ã"lã¥�±w�§

Actor-Critic¯¢þ´�«é�¼êÚüÑÓ��¼êCqÚ`z�·ÜÆS
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�{"�{ 8�Ñ��ëY?Ö¥^TD(0)?1�¼êÆS£Critic¤§^FÝ

eü?1üÑÆS£Actor¤��{6§"

环境

Fig. 10.19 Actor-CriticÆS"Actor´��üÑÆSì§¿�üÑ)¤Ä�Ú�¸?1�

p"Critic´���¼êÆSì§^5éüÑ?1µ�§¿òµ�(J��üÑÆSì?

1e�ÚU?"5¿§éActor£üÑ¤ÆS5`§ÙÆS&Ò��dCritic£�¼ê¤�

Ñ§¿ØI��Âl�¸����""

Output: πw(a|s)
1 Initialize w, θθθ , s;

2 Sample a∼ πw(a|s) for Each Step do
3 Sample s′, R by perform a

4 Sample a′ ∼ πw(a|s)
5 δ = R+ γQθθθ (s′,a′)−Qθθθ (s,a);

6 θθθ ← θθθ +αδ
∂Qθθθ

∂θθθ

7 w← w+β
∂ log(πw(a|s))

∂w Qθθθ (s,a);

8 s← s′;

9 a← a′;

10 end

Algorithm 8: ëY?ÖActor-CriticÆS�{" CriticÆSÄuTD(0)§

ActorÆSÄuüÑFÝ½n"
Actor-Critic�±^5ÆSëYÄ�§X3Å�:ö�¥�ÛÝ"3ëY

Ä�?Ö¥§·���b�Ä�ÎÜ,«©Ù§ÏLÆST©Ù�ëê5(



lxxvi 10 rzÆS

½ëYÄ��5Æ"±pd©Ù�~§Ùëê�þ�µÚ��σ§KéüÑ

�¼êCq�{�=z�éµÚσ�¼êCq:

πw(a|s) =
1√

2σ(s;w)
exp{ (a−µ(s;w))2

σ(s;w)2 }

Ù¥µ(s;w)Úσ(s;w)Ñ´±w�ëê§±s�Ñ\�ëY��¼ê§Ïπw�´

ëY���§÷vüÑFÝ½n¥éFÝO���¦",	§�OQθθθ (s,a)�

±θθθ �ëê§±(s,a)�Ñ\�ëY¼ê£�ã 10.17¥�1�«(�¤§K�

ã 10.19¤«(�Ú�{ 8§�)ûëYÄ��üÑÆS¯K"

10.8 �ÝrzÆS�{

þ!¤ã�¼êCq{äk­�¿Â"ÏL¼êCq§�±ré	.�

*	£ØØ´ëY��´lÑ�¤N��,«G��m§3T�mþ�ä�

¼ê���£�¼êÆS¤½Ä��ÀJ£üÑÆS¤"ù«�mN��´

�ÝÆS�Ä�g´"3�ÝÆS¥§ÏLé�©&Ò�Å�?n§�ÆS

�?Ö�·A�A�§Ï
�k�JpXÚ5U"XJ^�Ý�.£X�Ý

 ²�ä¤é�¼ê½üÑ?1Cq§K���ÝrzÆS�{"�Ýrz

ÆS´�cÅìÆSD���<ó�U+�ïÄ�9:��§��
�X�

4<¯ç�¤J§¯¢þ��íÄ
Cc5<ó�U�9�"

�ÝrzÆS�)ü�Ü©§�´�ÝÆS�.§|^DNN£½Ù§�

Ý�ä¤é�¼ê½üÑ�Cq§1�Ü©´rzÆS�¡§|^rzÆS

�{éDNN�ëê?1�#"æ^DNN��Cq¼ê�¿©|^Ùr��

A�ÆSSUå§æ^rzÆS�{éDNN?1Ôö���äkr�8I°

Ä��ä"�ÝrzÆS3ÔöÚín�¤^�Ä��{Ú·�þ!?Ø�

¼êCq�{¿vk��ØÓ§�´3¦Cq¼ê�FÝ�ó�þ���


"·�òØ2­Eù
�{§=ÏLA�~f5?Ø�ÝrzÆS�r�

ÆSUå"

10.8.1 AtariiiiZZZ

iZ��´rzÆSò��+�§l�ÐSamuel [8]�Ü�Ú�Tesauro�TD-

Gammon [13]",
§32016c±c§�ùv<��Åì
�åiZ5Xd
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r�§Ø=�±3{üiZ¥Ô�<a�{ÀÃ§$��U34�E,�?

Ö¥Ô�<aºkéÃ"

â»lDeep Mindúi|^�ÝQ-learning�ä£DQN¤�¬Åì


�AtariiZm© [6]"Atari²��)49�iZ§ÆS�{é{üµriZ

x¡D�O�Å§4§ÏL*	ù
x¡��iZöp\§�<��ö�i

Z"ÄuÆS&Ò�E,5Ú�p5§ù´��;.�rzÆS?Ö§Ù¥

*	��¤w��iZx¡§Ä��éiZ\�öp§ÂÃ��iZL§¥

���øy"3ù�?Ö¥§���(J´Ñ\�*	��L�©£iZx

¡¤§ù�*	�����G�Ñ\éJ�Åìn)"�d§Deep Mind�ï

Ä
�^���¹õ�CNN��Ý ²�ä�5CqÄ��¼êQ(s,a)§¿

ÄuQ-learning�{éT�ä?1ÆS"²Lõ�CNN§�©iZx¡¥'

uiZG��&E�Å�Ä�Ñ5§Äuù�G�§Å�=��ä3,�G

�eAæ��ö�§=Q¼ê"ã 10.20�Ñù��ÝQ�ä£DQN¤�(�§

�)ü�òÈ ²�ä§ü��ë��ä§ÑÑ�z�Ä�éA�Q�"

Fig. 10.20 ÄuDQN�AtariiZÆSµe"ã¡5g [6]"

AtariiZ´õÓ?Ö§�ÏLMCæ���Ôö��§��Ù¤0��

£��{?1Ôö"Mnih [6]�<3¢y�æ^
�«¡�‘Replay’��{§

zgæ������±o�|(s,a,r,s′)�/ª�\²�³D§Ôö�l¥�

ÅÀÑeZ��|¤��Mini Batch?1£�",	§�JpÔö­½5§

8I�ä£=^u)¤Ä��DQN¤z�êg£��â?1�#"o(å

5§DQN�£�úªXeµ
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θθθ ← θθθ −α ∑
(s,a,r,s′)∼D

[r+ γ max
a′

Q(s′,a′;θθθ−)−Q(s,a;θθθ)]
∂Q(s,a;θθθ)

∂θθθ
.

Ôö¥æ^ε-�%üÑ§Ù¥εd1.0�5~��0.1"5¿þª¥maxÎÒe

�Q¼ê±c�ÓÔö(Jθθθ
−�ëê§
��cëêθθθ"

��	DQN�ÆSUå§�±ò����Ûõ��-u�^t-SNE [5]N

����²¡þ"(JXã 10.21§Ù¥ôÚL«TG�����¼ê£7

Ú<ùÚ¤§�
:þ��ãL«T:¤�L��©iZx¡"�±w�§

DQN�Nþ��¼ê�©êòiZx¡N��ØÓ«�"ù¿�XDQN�

±ÏL�ÝÆS���ciZG���Naú"

Fig. 10.21 ÄuDQNÆSAtariiZÆS"éDQN����Ûõ��-u�þ^t-SNEL�

3���m§Ù¥ôÚL«G��¼ê���§.¡�ãL«,�G�:éA�iZx

¡"ã¡5g [6]"

10.8.2 AlphaGo

AlphaGo´ò�ÝÆSÚrzÆS�{(Ü�,��;. [10]"

ÚAtariÆSØÓ�´§AlphaGo¿Ø��´àéà�rzÆS§��)
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�þiÒÆS§Ø=¦^
üÑ�ä§�¦^
��ä§Ø=Äu�%ü

Ñ§��þ¦^
MC|¢"

AlphaGoÔö
n�üÑ�äÚ����ä"Äk§Äu{¤þ�ÚÛ

Ôö��{ü�üÑ�äpπ ^uMC|¢§��E,�üÑ�äpσ^u?1

´»*Ð"ùü��äÑÄuiÒÆS§Ù¥pπÄu{ü�ÛÜ�ªA�Ú

�5�.§pσÄu13�CNNÆS�¡�©A�"Äupσ§òiÒÆS8I

£ýÿz�ÚÚáf�O(5¤C¤rzÆS8I£áf�k|u�ªI�

�|¤§ÏLg·é��ª?1rzÆS§��ÄurzÆS�üÑ�äpρ"

��§ÏLÄupρ�g·é�)¤�þÚÛ§ÄuTêâ^rzÆS�{Æ

SG���ävθ"ã 10.22�Ñ
ù�ÔöL§"

Fig. 10.22 AlaphGo�DQN�ä"ã¡5g [10].

3¢Sé�¥§AlphaGo¿©|^üÑ�ä!G���äÚMC|¢5

JprÚ°Ý"nØþ§ùn«�{Ñ�±)¤áfûü§�duÔöê

â�Û�§üÑ�äÚ��ä¿ØU�y`z§
MC|¢I��þO�§

ònö(Üå5�±¿©|^�g�`:§Jp�Ç"äN5`§3é�

�§AlphaGoÄuæ�)¤���Akâä£MCT¤§äþ�z�(:séA

�«ÚÛ�ª£G�¤§z^>éA�ÚrÚ£Ä�¤§�A�Ä��¼ê

�Q(s,a)"|¢L§ÄuÉÚæ�§Ó�uåõ��§?1MC´»�[Ú£

�§¤k�[�¤�ÚOz�>¤éA�Q(s,a)±û½áfÀJ"��cG

�s0���(:§äN|¢Ú£�L§Xe¤«µ

• ´»ÀJµm©��#�æ�§ls0����f(:sL"3z�Út < L,´

»�ÀJÄu�cMCT¥z^>éA�Q(s,a)ÚdüÑ�äpσO�Ñ�

k�VÇPσ (a|s):
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at = argmax
a

(Q(st ,a)+u(st ,a)),

Ù¥

u(s,a) = cP(a|s)
√

∑b N(s,b)
N(s,a)

.

þª¥c�~ê§N(s,a)�T^>�®²�¯�gê"w,§AlphaGo��

uÀJdüÑ�ä(½���VÇ>§��T>�ÀJõg�§=
��

ÀJ���¯�>§±O\´»CX5"z��^>(s,a)��¯�§\\

Ù�¯gêN(s,a)"

• MC�[æ�µ�{üüÑ�äpπ�[�^é�´»��ªÛ"�ªÛ�

(J(½T´»�MCÂÃzt£zt =+1�IÚ§zt =−1�ÑÚ¤"

• ÂÃ\\µé�cæ�´»þ�äSG�st ; t ≤ L,�#ÂÃXeµ

W (st ,at) =W (st ,at)+(1−λ )(zt)+λvθ (sL)

Ù¥λN�MCÂÃÚ�¼ê�O��é�­§vθ (sL)�T´»��f(

:sL�G��¼ê§dG���ä�Ñ"

• ´»*Ðµ3|¢L§¥§�uy�f(:�,�^>(sL,a)�\ÈÂ

ÃW (s,a)�u,�K��£5¿æ�´õ�§¿1?1�§Ïd�,�

�§|¢�,��f(:�§�U¬uy,
�*Ð´»�\ÈÂÃ®

²��K�¤§KéT>?1*Ð§òÙ�Y(:sL+1\\MCT¥§¿Ð

©zÙ�¯gê!\ÈÂÃ§O�ÙÄ�VÇ©ÙPσ (a|sL+1)ÚG��¼

êvθ (sL+1)"

• Ä��¼êO��rÚûüµ¤kæ�(å�§éz^>(s,a)O�Ä��

¼êQ(s,a) = W (s,a)
N(s,a)"rÚûü��(:�Ä��¼êQ(s0,a)�Ñ"

dþã�{��§AlphaGoÌ�æ^Xen«EâJp|¢�ÇÚ°

Ýµ£1¤���¼ê�ävθÚMC|¢érÚûü?1d��ä; £2¤�

�{üüÑ�äpπ)¤MCæ�§±O\d��ä°Ý¶£3¤��üÑ�

äpσ��MC|¢�°Ý"Ød�	§Google�ïÄö�3ó§z�¡�Ñ


�X�ãå§X¿1O�!ÉÚ|¢!GPU\��§ù
Ñ´AlphaGoU

��¤õ�­�Ï�"
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10.9 �Ù�(

�Ù·�o(
rzÆS�Ä�VgÚeZ�{"·�?Ø�rzÆS

Q�±ÆS�.§��±ÆS�¼êÚüÑ"�é
ó§�¼êÆSQ�±

|^�.b�£MDP¤�(�z�£§�äkÃ�.�{�(¹5§ÏdA

^��2�"·�?Ø
Ä�5y�{£DP¤!�Akâ�{£MC¤Ú�S

�©�{£TD¤�eZ�¼êÆS�{§¿?z
òÙ��.ÆS(Üå

5�·ÜÆS�{§XDyna�{"�?nE,ëYG�ÚÄ�§·�?Ø


¼êCq�{§�)�¼êCqÚüÑCq§±9�ö(Ü�Actor-Critic�

."·�AO?Ø
Äu�Ý ²�ä��ÝrzÆS�{"8Ïu�ÝÆ

Sr��A�L�Uå§�ÝrzÆSCc53eZI�5?Ö¥��â»

5?Ð§ÚåïÄö�2�'5"

·�@�rzÆS´'iÒÆS�p?�ÆS�{§�±Aé�E,�

�"&EÚ�E,��pL§§Ïd·Üéõ¢S?Ö"��rzÆS§·

��±3Ø7éêâ?1AOI5�¹e§��6,��'�"=�ÆS�

��Ð��.§ù��<a�ÆS�{µÏLØ°(�&Ò�"§=Bvk

AOn5�n)§��±Æ�v
Ün�1��ª"AOk¿g�´§�ù

«�{Ú�ÝÆS(Ü3�å�§��
-<Ê8�¤Ò"ù´Ï��ÝÆ

Säkr��A�Ä�Uå§�¿Ø´�«k��L§ï��{§rzÆS

�Ð�Ö
ù�Øv"�±��§�ÝrzÆSò3ØÈ�ò5���\4

<�¯�¤J§�<ó�UïÄ�5��C�"
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