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�Ý@VABV§ @4�A4BO

EFG89AFF9D79 AO�F4?4A8ODG@9A B�OFG84�O (reinforcement learning) 9§ @4§O;8O µ�O@84D8O§ 5VDV 5B?OC E4A4?4FOA �4D>B6FO� L9LV@89D CDBF9EVAV§ (MDP) 
@ÝAVA, �µDO?O@OA :ÝA9 �B?84AG E4?4?4DOA F¯EVA8VDG.

�V?B Aí745@

�4D>B6FO� L9LV@89D CDBF9EV, >¯= (state), ÝD9>9F (action), µFOE (reward), E4OE4F (policy), BCF<@<;4F<O, �9??@4A �4�<84EO, 8<A4@<>4?O� 54�84D?4@4?4G.

�Ý@VA 6>A?4@O

�VDVEC9. �O�F4?4A8ODG@9A B�OFG :ÝA9 L9LV@ �45O?84G @B89?P89DV1.

�4D>B6 CDBF9EVAV§ A97V;7V <89OEO2.

�4D>B6FO� L9LV@89D CDBF9EVAV§ 4AO�F4@4EO :ÝA9 �µDO?O@O3.

MDP Q?9@9AFF9DV4.

%4OE4F :ÝA9 BAO§ F¯D?9DV5.

�¯FV?9FVA µFOE C9A �9??@4A �4�<84EO6.

�CF<@4?8O E4OE4F :ÝA9 BAO F45G :B?84DO7.

MDP-8V§ CD4>F<>4?O� �B?84AO?G E4?4?4DO8.

�BDOFOA8O9.

�4=84?4AO?�4A Ý895<9FF9D10.

1. �V@VA?5

�4;VD7V ;4@4A�O :4E4A8O <AF9??9>F (AI) :¯=9?9DVAV§ 9§ @4§O;8O 54�OFF4DOAO§ 5VDV 4 AO�F4?4A8ODG@9A B�OFG (reinforcement learning, RL). �µ? 54�OFFO§ 9D9>L9?V7V 4 479AF A4�FO BDF484 ÝD9>9F 
9FVC, EB? ÝD9>9FF9DVAV§ AÝF<:9EVA9A E454� 4?G 4D�O?O F<V@8V L9LV@ �45O?84G8O ¯=D9A98V. �79AFFV§ @4�E4FO 4 µ;4� @9D;V@8V µFOEFO (reward) 54DOAL4 4DFFODG. �µA84= CDBF9EF9D89 479AF C9A BDF4 
4D4EOA84�O 54=?4AOE íF9 >¯D89?V.



1. �4@>>6 ?@>F5AV=V§ 
=57V77V 845OAO

�0@:>2 ?@>F5AV=V§ 10ABO 845OAO 4 :5;5AV :¯94V§ 
B5: 0�O<40�O :¯935 BÝC5;4V 1>;CO. /�=8, 6¯95=V§ 
1>;0L0�B0�O 60�409O íB:5= :575§45@35 5<5A, 
B5: �07V@3V :¯935 109;0=OABO 0=O�B0;04O.

�4D>>6 �4E<5FV 4 >íCF979A EFBE4EF8>4?O� 
(O�F8@4?8O��4 A97V789?79A) @B89?P89D8V§ A97V7V 
5B?OC F45O?48O.



1. �4D>B6FO� L5LV@45D CDBF5EVAV§ 4AO�F4@4EO 6ÝA5 �µDO?O@O

�4D>B6FO� L9LV@89D CDBF9EV 4 5±? 479AFFV§ G4�OF 5B=OAL4 �45O?84=FOA L9LV@89DVA E<C4FF4=FOA @4F9@4F<>4?O� @B89?P. �? 479AFFV§ 
�BDL4�4A BDF4@9A í;4D4 ÝD9>9FF9EGVA :ÝA9 ÝD5VD ÝD9>9FFV§ AÝF<:9EVA89 4?OA4FOA ±FOEFO (reward) 59=A9?9=8V.

MDP 6¯=5EV 5VDA5L5 A57V77V M?5@5AFF5D45A FµD44O:

�¯=?5D
:¯=9AV§ >¯=?9DV (states)

ÜD5>5FF5D
479AFFV§ ÝD9>9FF9DV (actions)

/�F<@4?4O�F4D
>9?9EV >¯=79 íFG8V§ O�F<@4?8O�F4DO (transition 
probabilities)

°FOE
ÝD5VD ÝD9>9F ¯LVA 4?OA4FOA ±FOE (reward)

�<E>BAFF4G
G4�OF íF9 >9?9 ±FOEFO§ @4§O;OA í?L9=FVA 8<E>BAFF4G >BQHH<F<9AFV (discount factor)



1. MDP M?5@5AFF5DV

�4D>B6FO� L9LV@89D CDBF9EVA89 479AF >9?9EV �484@84D8O BDOA84=8O:

01

�4�O?4G
�BDL4�4A BDF4AO§ 4�O@84�O >¯=VA 54�O?4=8O.

02

&4§44G
�9?7V?V 5VD E4OE4F�4 EÝ=>9E ÝD9>9F F4§84=8O.

03

�DO=44G
&4§84?�4A ÝD9>9FFV BDOA84=8O :ÝA9 :4§4 >¯=79 íF98V.

04

°FOE 4?G
%B? ÝD9>9F ¯LVA BDF484A ±FOE (reward) 4?48O.

�75=FFV§ =57V77V <4�E4FO 4 µ74� @5@7V@4V ?5@A?5>B86444 64??O µBOABO 54@OAL4 4@BBO@C.



1. %4OE4F 6Ý=5 >=O§ F¯D?5DV

%4OE4F (policy) 4 479AFFV§ ÝD5VD >¯=89 �4A84= ÝD9>9F 
:4E4=FOAOA 4AO�F4=FOA 9D9:9.

�? 5>V F¯D?V 5>?44O:

�5F5D@<A<D?5A75A E4OE4F
ÝD >¯=89 A4�FO 5VD ÝD9>9F BDOA84?48O

%FBE4EF<>4?O� E4OE4F
ÝD9>9F >9;89=EB� F¯D89, O�F<@4?8O� A97V;VA89 F4§84?48O

%4OE4FFO§ E4?4EO BAO§ :<A4�F4=FOA µFOEOA4 �4D4= 54�4?4A48O.



1. �¯FV?5FVA µFOE ?5A �5??@4A �4�<44EO

�¯FV?5FVA µFOE
479AFFV§ 59?7V?V 5VD E4OE4FFO µEF4A�4A84 BDF484A 4?4FOA 
:4?CO C4=84EOAO§ í?L9@V.

�5??@4A �4�<44EO
5µ? L9LV@ �45O?84G CDBF9EVAV§ A97V;VA �µD4=FOA Fµ:ODO@.



1. �CF<@4?4O E4OE4F 6ÝA5 BAO F45G 6B?44DO

�?F<@4?4O E4OE4F 4 54D?O� @¯@>VA E4OE4FF4D8O§ VLVA9A 9§ ¯?>9A :4?CO µFOE�4 Ý>9?9FVA EFD4F97<O.

�=O F45G ¯LV= 5VD=5L5 Ý4VEF5D �>?44=O?44O:

�<A4@<>4?O� 54�44D?4@4?4G
Dynamic Programming

Value Iteration
Value Iteration 4?7BD<F@V

Policy Iteration
Policy Iteration Ý8VEV

Q-learning
Q-learning :ÝA9 54E�4 AO�F4?4A8ODG@9A B�OFG FÝEV?89DV

2. �>DOFO=4O

�4D>B6FO� L9LV@89D CDBF9EV 4 AO�F4?4A8ODG@9A B�OFG8O§ 9§ A97V;7V, ÝDV Ý@5954C @4F9@4F<>4?O� @B89?V 5B?OC F45O?48O. �AO§ 54EFO 
<89OEO 4 479AFFV§ >9; >9?79A ÝD9>9FV 5B?4L4�F4�O :4�84=�4 O�C4? 9F98V :ÝA9 5µ? O�C4? F9> 4�O@84�O >¯= @9A ÝD9>9F>9 54=?4AOEFO 
4AO�F4?48O. �µ? �4�<84 479AFFV§ @VA9;-�µ?�OA @B89?P89G79, EFD4F97<OAO (E4OE4FFO) F4§84G�4 :ÝA9 F<V@8V L9LV@ �45O?84G�4 @¯@>VA8V> 
59D98V.
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