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n6< st (state)

n����$!	0.t�2�6<
n,>at (action)

n����$!	0.t�2�,>
n@4 rt (reward) �3& Rt (return)

n@4: ����$!	,>���?�=
n3&: 0. t (��t+1)%-�?���@4�9E

n8//A/ π(s,a) (policy)
n6<s��
�,>a���)7

n'=)7 V(s)  (state-value function)
n6<s�5D?���@4�9E(=3&)�*;= (���B:=)

n,>'=)7Q(s,a) (action-value function)
n6<s�,>a�2��
5D?���@4�9E(=3&)�*;=

n(+" #
n6<s�,>a�2��
�1�����6<�,���@4�
�����������������$!�C��



n),#(Ef6g
n V`[/*&,

n!�% -'�Hh
n V` st��Hhat�Zb
n :@��NV`st+1�kRrt+1�i�
n (e) Hhat�kRrt+1 (B5T�������e.)

nP2
n ����i���kR�^t (t �T��)
n Uq�P2�9�1��G�� γ (91s)

nV`4dV(s) vs. Hh4dQ(s, a)
n (��V`s��4d)   vs.   (V`s�Hha�M�4d)

nYJπ����0�d���
n V`4d Vπ(s) vs.    Hh4d Qπ (s, a)  

n >_d�?���HhZb�LW��
n V`4d�K��Hh4d�K���+�$�Zb

n8Qlm (V`V(s)�HhQ(s,a)�8Q�2O)
n V(s)�8Q: TD 8Q (Temporal difference learning)

n 7V`s��4dV(s)�Xd���?��
n Q(s,a)�8Q(1):  lJ"-D8Q

n SARSA (lJπ�S��8Qm)
n Q(s,a)�8Q(2):  lJ"(D8Q

n Q-learning (lJ�<Co
4dIa�Hh����Ff) ;c�rp�	�

A38Q�=nu](���\j)
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!∗ # = max
(
!((#)

!( # ≥ !(,(#)

-∗ #, / = max( -((#, /)
-∗ #, / = 0 1234 + 6!∗ #234 |#2, /2 = /

!∗ # = max
8
-(∗(#, /)



Q(s,a) �������
nQ(s,a)	�#�!��

n$��� SARSA
n$������#�!

n$��� Q-learning
n�"�������#�!

! "#, %# ← 1 − ) ! "#, %# + ) +#,- + .max2 !("#,-, %)
← ! "#, %# + ) +#,- + .max2 ! "#,-, % − )!("#, %#)

nQ-learning
n��������#�����	�!��#�!�
 ����$��%�����

α
��&



Q(s,a) �������

! "#, %# ← ! "#, %# + ( )#*+ + ,! "#*+, % − !("#, %#)

nSARSA
n�� !����&���	���&�"
n)���&a��$
nst,at, rt, st+1,at+1�%(�

#�: ���
��� rt+1�������

��TD����	'�
V " ← V " + ( )#*+ + ,V "′ − V "


