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�ÝDVEFV§ <4�E4FO

%FG45AFF5D4V AO�F4?4A4ODOC 
B�OFG µ�O@O@5A F4AOEFODG
%FG89AFF9D8V AO�F4?4A8ODOC B�OFG (Reinforcement Learning, RL) µ�O@O@9A, BAO§ A97V;7V 
CD<AF<CF9DV@9A, >B@CBA9AFF9DV@9A :ÝA9 �B?84AG E4?4?4DO@9A F4AOEFODG. RL-8V§ >?4EE<>4?O� 
@4L<A4?O� B�OFG84A 4=OD@4LO?O�OA F¯EVA8VDG, 479AF C9A BDF4AO§ í;4D4 ÝD9>9FF9EG CDBF9EVA 
E<C4FF4G, EBA84=-4� A97V;7V 4?7BD<F@89D @9A B?4D8O§ �B?84AO?GOA F4?84G.



�V?F Eí745D

�57V77V µ�O@44D
�O�F4?4A8ODG@9A B�OFG, 479AF, 
BDF4, >¯FV?9FVA @4D4C4F (reward), 
>¯L9=F>VL E<7A4?

�?7>D8F@45D
Q-learning, SARSA, E4OE4F (policy), 
�µA8O?O� HGA>F<OEO (value function)

�>45?L45D
�¯= (state), ÝD9>9F (action), �4D>B6 
L9LV@ CDBF9EV (MDP)



�Ý@VA 6>A?4@O
01

�O�F4?4A4ODG@5A B�OFG 
µ�O@O 6ÝA5 BAO§ 
5D5>L5?V7V

02

RL 6¯95EVAV§ A57V77V 
>B@CBA5AFF5DV: 475AF 6ÝA5 
BDF4

03

�4D4C4F C5A EFD4F578O 
(reward 6ÝA5 policy)

04

�4D>B6 L5LV@ CDBF5EV 
(MDP) 6ÝA5 >¯9?5D @5A 
ÝD5>5FF5D @B45?V

05

�57V77V RL 4?7BD8F@45DV: Q-
learning, SARSA

06

�B?44AG E4?4?4DO: 
B9OA44D, DB5BFBF5EA8>4, 
54E�4DG 6¯95?5DV

07

�BDOFOA4O 6ÝA5 44@G C5DEC5>F864?4DO



�V@VA?5
XXI �4EOD8O§ @4§O;8O 54�OFF4DOAO§ 5VDV 3 
<AF9??9>FG4?8O 479AFF9D8V �µDG. �µA84= 479AFF9D í; 
ÝD9>9FF9DVA9A ¯=D9AVC, �BDL4�4A BDF4@9A í;4D4 
ÝD9>9FF9EG 4D�O?O @4�E4F�4 :9FG8V ¯=D9A98V. �µ? FÝEV? 
AO�F4?4A4ODG@5A B�OFG (Reinforcement Learning) 89C 
4F4?48O.

�4L8=4?O� >�OBC4O§ ¯L =57V77V B¯@V 54@:

�4�O?4A4FOA B�OFG (Supervised learning) 3 84=OA :4G4CF4DO 54D 
89D9>F9D@9A B�OFG.

1.

�4�O?4A54=FOA B�OFG (Unsupervised learning) 3 �µDO?O@O 59?7VEV; 
89D9>F9D89A ;4§8O?O�F4D8O F45G.

2.

�O�F4?4A4ODG@5A B�OFG (Reinforcement learning) 3 479AF í; 
ÝD9>9FF9DVA BDF4@9A ÝD9>9FF9EG 4D�O?O, @4D4C4F A9 :4;4?4G 
E<7A4?84DOA 4?4 BFODOC ¯=D9A98V.

3.

RL 4 5µ? FÝ:VD<59 4D�O?O ¯=D9AG, O�A< 479AF í; ÝD9>9FF9DVAV§ E4?84DOA 
54=�4C, 9§ C4=84?O EFD4F97<OAO F4548O. �? A4�FO «8µDOE :4G45O» :B� 
:4�84=?4D84 �B?84AO?48O: @OE4?O, B=OA84D84, DB5BFFO§ 
�B;�4?OEOA84 A9@9E9 <A69EF<F<O?O� L9LV@89D �45O?84G84.



�O�F4?4A4ODG@5A B�OFG4O§ A57V77V 
>B@CBA5AFF5DV
RL :¯=9AV >9?9AV A97V;7V M?9@9ABB9@89A Bµ@48O:

�><?>=5=F %<?4FF4<4EO

�75=B (Agent) ,9LV@ �45O?84=BOA :ÝA9 Ý@9>9B :4A4=BOA <AB9??9>BC4?8O :¯=9.

�@B4 (Environment) �79AB Ý@9>9B 9B9BVA :¯=9 A9@9A9 Ý?9@.

�¯= (State) ��O@84�O :4�84=8O A<?4BB4=BOA 4�?4@4B.

Ü@5>5B (Action) �79ABBV§ 59?7V?V 5V@ >¯=89 :4A4= 4?4BOA �484@O.

�4@4?4B (Reward) Ü@9>9B AÝB<:9AVA89 4?OA�4A >9@V 54=?4AOA A<7A4?O.

%4OA4B (Policy) �¯=79 54=?4AOABO 479ABBV§ �4A84= Ý@9>9B :4A4=BOAOA 4AO�B4=BOA AB@4B97<O.



�75=B ?5= >@B4 4@4AO=44�O í74@4 Ý@5>5B
�79AF C9A BDF4 4D4EOA84�O í;4D4 ÝD9>9F ¯;8V>EV; F<>? F¯DVA89 :¯D98V:

�4�E4F 3 µ74� <5@7V<4V 68O=FO� <4@4?4FFO (cumulative reward) 54@O=L4 4@FFO@G.

�4@4?4B 6Ý=5 AB@4B578O (Reward & Policy)

Reward (R)

�79AF>9 BAO§ ÝD9>9FVAV§ �4AL4?O�FO C4=84?O 9>9AVA 
>íDE9F9FVA E<7A4?. �OE4?O: 8µDOE ÝD9>9F ³ +1, �4F9 ÝD9>9F 
³ 31.

Policy (Ã)

�79AFFV§ EFD4F97<OEO. �? 4�O@84�O >¯=79 �4D4= �4A84= 
ÝD9>9F F4§84=FOAOA 4AO�F4=8O.

RL :¯=9EVAV§ A97V;7V @4�E4FO 3 9§ F<V@8V E4OE4FFO F45G, O�A< 9§ ¯?>9A :<OAFO� @4D4C4F 59D9FVA EFD4F97<OAO 4AO�F4G:



�4@>>6 L5LV< ?@>F5AV (MDP)
�O�F4?4A8ODG@9A B�OFG >í5VA9E9 �4@>>6 L5LV< ?@>F5AV (Markov Decision Process, MDP) A97V;VA89 
E<C4FF4?48O.

MDP <O=4 >><?>=5=BB5@45= Bµ@44O:

S
>¯=?9D :<OAO (states)

A
ÝD9>9FF9D :<OAO (actions)

P(s'|s,a)
>¯= 4GOEG O�F<@4?8O�O

R(s,a)
@4D4C4F HGA>F<OEO

�79AF >9?9EV 9D9:9@9A ÝD9>9F 9F98V: 4�O@84�O >¯= @9A O�F<@4? ÝD9>9FF9D A97V;VA89 5B?4L4�F4�O 9§ 
:B�4DO >¯FV?9FVA @4D4C4FFO �4@F4@4EO; 9F9FVA ÝD9>9FFV F4§84=8O.



�57V77V 4?7>D8F@45D
Q-learning

Q-learning 3 @B89?PEV; AO�F4?4A8ODG 4?7BD<F@V. �? ÝD 
>¯= @9A ÝD9>9F :µ5OA4 Q-@ÝAVA (value) ¯=D9A98V:



Q-learning 6Ý=5 SARSA

Q-learning <4�E4FO
Q-HGA>F<OAO§ B§F4=?O @ÝAVA 
¯=D9AG :ÝA9 9§ :B�4DO >¯FV?9FVA 
EO=4�O 59D9FVA ÝD9>9FF9D8V 
F4§84G.

SARSA
Q-learning->9 µ�E4E, 5VD4� >9?9EV 
ÝD9>9FFV 479AFFV§ A4�FO F4§84�4A 
ÝD9>9FVA9 A97V;89C :4§4DF48O:



�>?44=G E4?4?4DO
�O�F4?4A8ODG@9A B�OFG �4;VD >íCF979A E4?4?4D84 F45OEFO �B?84AO?G84:

$B5BFBF5EA<>4
$B5BFFO§ �B;�4?OEOA ¯=D9FG, 
>989D7V?9D89A 4=A4?OC íFG.

�B@CLNF5D?V> 
B=OA44D
AlphaGo, Chess AI 4 484@A4A 
:B�4DO AÝF<:9 >íDE9F>9A 
:¯=9?9D.

�4D6O 6ÝA5 
M>BAB@<>4
�A69EF<F<O?O� CBDFH9?P8V 
54E�4DG.

-A5D75F<>4 6ÝA5 
íA4VDVE
$9EGDEF4D8O B§F4=?O 5í?G.

�6FBAB@4O >í?V>
�6FBC<?BF :¯=9?9DV.



�O�F4?4A4ODG@5A B�OFG @5A 54E�4 
FÝEV?45D4V§ 4=OD@4LO?O�O

�D<F5D<= �4�O?4A4FOA B�OFG �4�O?4A54=FOA B�OFG �O�F4?4A4ODG@5A B�OFG

�Ý?V@5F �9?7V?9=79= :4C4?B4@ 54@ &9> >V@VA 89@9>B9@ �@B4=O§ >9@V 54=?4=OAO

�4�E4F �4B9 4;4=BC ®?7V B45C �4@4?4BBO 4@BBO@C

�B?44AG @OE4?O %C@9B B4=C �?4AB9@<;4F<O $>5>BBO 54A�4@C



�>DOFO=4O
�O�F4?4A8ODG@9A B�OFG 3 5µ? 484@AO§ FÝ:VD<59 4D�O?O ¯=D9AG CDBF9EVA @B89?P89=FVA :4E4A8O 
<AF9??9>FFV§ �G4FFO 54�OFO. �? 479AF C9A BDF4AO§ í;4D4 54=?4AOEO 4D�O?O ¯=D9AG79 @¯@>VA8V> 
59D98V :ÝA9 L9LV@ �45O?84G, 54E�4DG :ÝA9 EFD4F97<O �µDG @VA89FF9DVA89 9D9>L9 F<V@8V.

�47VD7V F4§44 RL:

B=OA84D84 484@A4A @O�FO :¯=9?9D :4E4G�4 (AlphaGo, Dota2 AI),

íA8VDVEFV> :ÝA9 DB5BFFO� CDBF9EF9D8V 46FB@4FF4A8ODG�4,

<AF9??9>FG4?8O L9LV@ �45O?84G :¯=9?9DVA 84@OFG�4 @¯@>VA8V> 59DVC BFOD.

�B?4L4�F4 RL :4E4A8O <AF9??9>FFV§ A97V;7V >B@CBA9AFF9DVAV§ 5VDV D9FVA89 4�O?8O, í;VA-í;V 
:9FV?8VD9FVA :¯=9?9D8V§ 84@GOA4 A97V; 5B?48O.
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