
7 3 �ÝDVE. �¯= @ÝAV 6ÝA5 ÝD5>5F @ÝAV (State 
Value 6ÝA5 Action Value)
�ÝDVE>5D: �4D>5A5456 �.�. PhD, �4GO@44EFODO?�4A 
CDBD5EEBD



�ÝDVEFV§ <4�E4FO

�µ? 4ÝDVEFV§ @4�E4FO 3 
AO�4=FO?�4A B�OFG44�O 
(reinforcement learning) A57V77V 
µ�O@44D4O§ 5VDV 5B?OC 
E4A4?4FOA >¯= <Ý=V (state value) 
6ÝA5 ÝD5>5F <Ý=V (action value) 
F¯EVAV>F5DVA >5§VA5A �4D4EFODG.
%FG89AFF9D 5µ? µ�O@84D8O§ @4§O7OA, B?4D8O§ 479AFFV§ @VA97-�µ?�OA 54E�4DG84�O Dí?VA, EBAO@9A �4F4D 
L9LV@ �45O?84G EFD4F978O?4DOA �µDG84�O BDAOA F¯EVAGV F8VE.



�V?F Eí745D

�O�F4?4A4ODG@5A B�OFG �75AF

�DF4 �¯= (state)

ÜD5>5F (action) %O=4�O (reward) �¯= @ÝAV (value function)

ÜD5>5F @ÝAV (action-value 
function)

%4OE4F (policy) ®=D5AG EFD4F57<OEO



�Ý@VA 6>A?4@O
01

�O�F4?4A4ODG@5A B�OFG44 >¯9 
@5A ÝD5>5FFV§ Dí?V

02

�¯9 @ÝAVAV§ F¯EVAV7V 6ÝA5 BAO§ 
@4§O7O

03

ÜD5>5F @ÝAVAV§ 4AO�F4@4EO 6ÝA5 
5D5>L5?V>F5DV

04

�¯9 @ÝAV @5A ÝD5>5F @ÝAV 
4D4EOA44�O 549?4AOE

05

�B?44AO?G E4?4?4DO @5A 
CD4>F8>4?O� @OE4?44D

06

�BDOFOA4O



1. �V@VA?5
�O�F4?4A8ODG@9A B�OFG (RL 3 Reinforcement Learning) 3 
:4E4A8O <AF9??9>FVAV§ @4§O;8O E4?4?4DOAO§ 5VDV. �µ? 
FÝEV?89 479AF �BDL4�4A BDF4@9A í;4D4 ÝD9>9FF9EVC, FÝ:VD<59 
4D�O?O ¯=D9A98V. ÜD5VD >¯= @9A ÝD9>9F AÝF<:9EVA89 479AF 
EO=4�O (reward) 4?48O :ÝA9 BEO 4�C4D4F A97V;VA89 5B?4L4�F4 
F<V@8V L9LV@ �45O?84G�4 ¯=D9A98V.

RL-8V§ 54EFO @4�E4FO 3 G4�OF íF9 >9?9 9§ :B�4DO :<OAFO� 
EO=4�O 4?G�4 @¯@>VA8V> 59D9FVA @VA9;-�µ?O� EFD4F97<OEOA 
(policy) ¯=D9AG. �µ? EFD4F97<OAO �4?OCF4EFODG84 9>V @4§O;8O 
µ�O@ 4 >¯= <Ý=V (state value) :ÝA9 ÝD5>5F <Ý=V (action value) 
9D9>L9 BDOA 4?48O.

�¯= @ÝAV @9A ÝD9>9F @ÝAV 4 479AFFV§ L9LV@ �45O?84G CDBF9EVA 
E4A8O� FµD�O84 54�4?4G�4 4DA4?�4A �µD4?84D. �?4D 4D�O?O 
479AF ÝD5VD :4�84=8O§ A9@9E9 ÝD9>9FFV§ �4AL4?O�FO 
C4=84?O 9>9AVA 5B?:4= 4?48O. �EO?4=L4 479AF <AFG<F<6FV 
F¯D89 «:4�EO» :ÝA9 «:4@4A» F4§84G?4D8O 4:OD4F4 
54EF4=8O.



1. �¯= @5A ÝD5>5FFV§ Dí?V

�O�F4?4A8ODG@9A B�OFG :¯=9EVA89 479AF 
59?7V?V 5VD >¯=89 (state) 5B?48O :ÝA9 B? >¯=79 
54=?4AOEFO ÝD9>9F (action) F4§84=8O. �DF4 EB? 
ÝD9>9F>9 :4G4C D9FVA89 479AF>9 EO=4�O (reward) 
59D98V :ÝA9 BAO :4§4 >¯=79 4GOEFOD48O.

�µ? ¯89DVE �4=F4?4AOC BFOD48O, :ÝA9 479AF 
G4�OF íF9 >9?9 ÝD5VD >¯= @9A ÝD9>9FFV§ µ;4� 
@9D;V@8V AÝF<:9EVA 54�4?4G�4 FODOE48O. �EO 
54�4?4G CDBF9EVA89 >¯= @ÝAV @9A ÝD9>9F @ÝAV 
µ�O@84DO �B?84AO?48O.



1. �¯= <Ý=V (State 
Value)
�¯= <Ý=V 4 1µ? 079AFFV§ 19?7V?V 1VD >¯=89 1B?�0A80 
�0AL0?O�FO :0�EO :0�80=80 FµD�0AOA >íDE9F9FVA >íDE9F>VL. 
/�A<, 979D 079AF BEO >¯=89A 10EF0C 1B?0L0�F0 9§ :0�EO 
L9LV@89D �01O?80=FOA 1B?E0, BA80 B? �0AL0?O�FO ¯?>9A 
EO=0�O 0?08O 8979A EµD0��0 :0G0C 19D98V.

�4E�4L4 4=F�4A84, >¯= @ÝAV 3 5µ? «BEO 65D45A 
54EF4E4@, �4AL4?O�FO 64�EO 5B?44O?» 8979A 
í?L9@.

�OE0?O, 979D L0I@0F B=OAOA80 079AFFV§ H<7GD0?0DO 
�0DEO?0EOA0 �0D0�0A80 F<V@8V BDA0?0E�0A 1B?E0, B? >¯=8V§ 
@ÝAV :B�0DO 1B?08O. �? >9DVEVAL9 :0�80=80 >¯= @ÝAV 
Fí@9A89=8V.

�¯= @ÝAVA 1V?G 079AF>9 ÝD F¯D?V :0�80=?0D80 9§ F<V@8V 
ÝD9>9FFV F0§80G�0 @¯@>VA8V> 19D98V. �µ? µ;0� @9D;V@8V 
EFD0F97<O �µDG80 @0§O;8O Dí? 0F�0D08O.



1. ÜD5>5F <Ý=V (Action Value)
ÜD5>5F <Ý=V A9@9E9 Q-<Ý=V (action-value) 3 1µ? 079AFFV§ 19?7V?V 1VD >¯=89 A0�FO 1VD ÝD9>9F :0E0�0A80 �0AL0?O�FO F<V@8V 
AÝF<:9 0?0FOAOA E<C0FF0=8O. /�A<, 979D 079AF A0�FO 1VD >¯=89 FµD :ÝA9 19?7V?V 1VD ÝD9>9F :0E0E0, EB? ÝD9>9FF9A >9=VA 
>¯FV?9FVA :0?CO EO=0�O �0A80= 1B?08O 8979A EµD0��0 :0G0C 19D98V.

�¯= @ÝAV F9> >¯=8V§ E0C0EOA 10�0?0E0, ÝD9>9F 
@ÝAV 3 >¯= @9A ÝD9>9FFV 1VD79 �0D0EFOD08O. �µ? 
079AF>9 A0�FO L9LV@ �01O?80G�0 >í@9>F9E98V.

�OE0?O, DB1BF :B? 0=ODO�OA80 FµD 89?V>. �? EB?�0 1µDO?GO A9@9E9 B§�0 1µDO?GO @¯@>VA. �¯= @ÝAV 1µ? :0�80=8O§ :0?CO 
F<V@8V?V7VA E<C0FF0=8O, 0? ÝD9>9F @ÝAV ÝD 10�OFFO§ O�F<@0? AÝF<:9EVA E0?OEFOD08O. �EO?0=L0 079AF 9§ F<V@8V 10�OFFO 
F0§80=8O.



1. �¯= @ÝAV @5A ÝD5>5F @ÝAV 4D4EOA44�O 
54=?4AOE

ì74@4 BO�O7 54=?4AOA
�¯= @ÝAV @9A ÝD9>9F @ÝAV í;4D4 FO�O; 
54=?4AOEFO. ÜD9>9F @ÝAV 4D�O?O >¯= 
@ÝAVA 4AO�F4G�4 5B?48O :ÝA9 
>9DVEVAL9.

�¯= @ÝAVAV§ 5A5?B5?CV
�¯= @ÝAV 3 5µ? 59?7V?V 5VD >¯=897V 
54D?O� @¯@>VA ÝD9>9FF9D8V§ 
@ÝA89DVAV§ BDF4L4 A9@9E9 9§ :4�EO 
L4@4EO.

Ü@5>5B @ÝAVAV§ @4�OA4AO
�? ÝD9>9F @ÝAV 3 5µ? 59?7V?V 5VD >¯=89 
A4�FO ÝD9>9FFV BDOA84�4A84 
4?OA4FOA AÝF<:9AV 54�4?4G.

�µ? 54=?4AOE 479AF>9 ¯=D9AG CDBF9EVA :9§V?89F98V. �OE4?O, 479AF ÝD9>9F @ÝA89DVA ¯=D9AG 4D�O?O 
46FB@4FFO F¯D89 >¯= @ÝA89DVA 89 :4�E4DF48O.



1. �B?44AO?G E4?4?4DO @5A @OE4?44D
�¯= :ÝA9 ÝD9>9F @ÝA89DV F¯D?V E4?4?4D84 �B?84AO?48O:

$>5>B>B5E=<>444
DB5BF í; �<@O?84DOAO§ AÝF<:9EVA 54�4?4=8O.

�4@6O44
479AF <A69EF<F<O?O� L9LV@89D8V§ F<V@8V?V7VA ¯=D9A98V.

�=O= <=4CAB@<OAO=44
479AF :9§VE>9 :9FG O�F<@4?8O�OA 4DFFOD48O.

&@4=A?>@BBO� 6¯=5?5@45
479AF �B;�4?OE 54�OFOA A9@9E9 G4�OFOA B§F4=?4A8OD48O.

�OE4?O, 46FBC<?BF :¯=9EV :B?84�O :4�84=�4 (>¯=79) �4D4=, 9§ F<V@8V 5µDO?OE A9@9E9 :O?84@8O� 
(ÝD9>9F) F4§84=8O.



1. �>DOFO=4O
�¯= @ÝAV @9A ÝD9>9F @ÝAV 4 AO�4=FO?�4A B�OFG F9BD<OEOAO§ A97V;VA �µD4=FOA @4§O;8O µ�O@84D. 
�?4D 479AFFV§ L9LV@ �45O?84G �45V?9FVA �4?OCF4EFOD48O :ÝA9 µ;4� @9D;V@8V @4�E4FF4D�4 :9FG ¯LVA 
EFD4F97<O �µDG�4 >í@9>F9E98V.

�¯= <Ý=V

59?7V?V 5VD :4�84=8O§ :4?CO F<V@8V?V7VA 54�4?4E4

ÜD5>5F <Ý=V

A4�FO �484@AO§ AÝF<:9EVA 5B?:4=8O

�EO 9>V HGA>F<OAO 8µDOE F¯EVAVC �B?84AG 4D�O?O >¯D89?V :¯=9?9D8V 54E�4DG, D9EGDEF4D8O B§F4=?4A8ODG :ÝA9 
<AF9??9>FG4?8O L9LV@ �45O?84G CDBF9EF9DVA 46FB@4FF4A8ODG�4 5B?48O.

�O�4=FO?�4A B�OFG8O§ 84@GO@9A >¯= :ÝA9 ÝD9>9F @ÝA89DVA 9E9CF9G @9A :4�E4DFG Ý8VEF9DV 89 :9FV?VC >9?98V. �µ? 5B?4L4�F4 
:4E4A8O <AF9??9>FFV§ B84A ÝDV <AF9??9>FG4?84AGOA4 :ÝA9 89D59E L9LV@ �45O?84G @¯@>VA8V>F9DVAV§ >9§9NVA9 :B? 4L48O.



�4�O?4G EµD4�F4DO

1. �O�F4?4A4ODG@5A B�OFG 
(reinforcement learning) 4575AV@V7 A5?

2. �75AF C5A BDF4 4D4EOA44�O í74D4 
ÝD5>5F �4?4= 6¯D54V?

3. �¯= (state) µ�O@O A5AV 5V?4VD54V?

4. ÜD5>5F (action) 4575AV@V7 A5 6ÝA5 B? 475AFFV§ L5LV@ 
�45O?44GOA44 �4A44= Dí? 4F�4D44O?

5. �¯= @ÝAV (state value) 4575AV@V7 A5?

6. �¯= @ÝAV A5?V>F5A @4§O74O 6ÝA5 
B? 475AF>5 �4A44= 4�C4D4F 55D54V?

7. ÜD5>5F @ÝAV (action value A5@5E5 Q-
value) 4575AV@V7 A5?

8. �¯= @ÝAV @5A ÝD5>5F @ÝAV 
4D4EOA44�O 4=OD@4LO?O� A545?

9. �¯= @ÝAV @5A ÝD5>5F @ÝAV �4?4= í74D4 54=?4AOEFO? 10. �75AFFV§ E4OE4F (policy) µ�O@O A5AV 5V?4VD54V 6ÝA5 B? 
>¯= @5A ÝD5>5F @ÝAVA5 �4?4= ÝE5D 5F54V?

11. �¯= @ÝAV @5A ÝD5>5F @ÝAV �4?4=L4 
475AFFV§ ¯=D5AG CDBF5EVA 
54E�4D44O?

12. Q-@ÝA75 A57V745?75A Ý4VEF5D �4= 
E4?4?4D44 �B?44AO?44O?

13. �¯= 6ÝA5 ÝD5>5F @ÝA45DVA 5E5CF5G 
�4A44= 4DFO�LO?O�F4D 55D54V?

14. �¯= @ÝAV @5A ÝD5>5F @ÝAV F¯EVAV>F5DVA �B?44AG 4D�O?O 
475AFFV§ @VA57-�µ?�OA �4?4= 65FV?4VDG75 5B?44O?

15. �µ? µ�O@44D A4�FO í@VD457V �4A44= @OE4?44D44 
(@OE4?O, B=OA44D, DB5BFF4D, �4D6O 6¯=5EV, >í?V> 
�B7�4?OEO) >íDVAVE F4544O?
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