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�¯L5=FV?75A B�OFG44�O A57V77V Ý4VEF5D4V 
@5§75DG
�µ? 8ÝDVEFV§ @4�E4FO 4 >¯L9=FV?79A B�OFG84�O (Reinforcement Learning) 9§ >9§ F4D4?�4A 9>V Ý8VE 4 
SARSA 6Ý=5 Q-learning FGD4?O F¯EVAV> �4?OCF4EFODG, B?4D8O§ :µ@OE VEF9G �4�<84?4DOA, 
4=OD@4LO?O�F4DOA :ÝA9 �B?84AO?G E4?4?4DOA F4?84G.

%BAO@9A �4F4D EFG89AFF9D8V F5@?5@4FG@4?O� 4=O@@4LO?O��4 (Temporal Difference) A97V;89?79A 
¯=D9AG FÝEV?89DVAV§ CD4>F<>4?O� @ÝAV@9A F4AOEFODG.
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�V@VA?5
�¯L9=FV?79A B�OFG (Reinforcement Learning, RL) E4?4EOA84 479AF 
í; BDF4EO@9A í;4D4 ÝD9>9FF9EG 4D�O?O @4�E4F�4 :9FG8V§ 9§ 
F<V@8V :B?OA ¯=D9A98V. �µ? 54�OFFO§ A97V;7V @4�E4FO 3 
FÝ:VD<59 4D�O?O @VA9;-�µ?O�FO B§F4=?4A8ODG, O�A< 479AF 
µ;4� @9D;V@8V @4D4C4FFO 54DOAL4 4DFFODG�4 µ@FO?48O.

�EO CDBF9EF9 479AF ÝD9>9F 9FVC, AÝF<:9EVA 54�O?4=8O :ÝA9 
4?�4A EO=4�OEO 4D�O?O í; EFD4F97<OEOA :9FV?8VD98V. �µA84= 
:¯=9?9D8V§ 84@GOA4 SARSA 6Ý=5 Q-learning Ý8VEF9DV ;BD ¯?9E 
�BE�4A.

�µ? Ý8VEF9D &5@?5@4FG@4?O� 4=O@@4LO?O� (TD learning) 
�4�<84?4DOA4 A97V;89?98V :ÝA9 E4OE4FFO :9FV?8VDG8V§ F<V@8V 
FÝEV?89DVA µEOA48O.

SARSA 6Ý=5 Q-learning 4 >¯L9=FV?79A B�OFG 4?7BD<F@89DVAV§ 
9§ F4AO@4? :ÝA9 FÝ:VD<5989 >9§ �B?84AO?4FOA F¯D?9DV. 
�?4D DB5BFBF9EA<>484, B=OA84D84, �4D:O E4?4EOA84 :ÝA9 
<AF9??9>FG4?8O 54E�4DG :¯=9?9DVA89 >9§VA9A 
C4=84?4AO?48O.



SARSA Ý4VEV=V§ <Ý=V

SARSA 0F0GO 0�O?LOA FV?VA897V 19E M?9@9AFFV§ �OE�0DFO?�0A AµE�0EO:
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�0D0C0F
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�9?9EV ÝD9>9F

�µ? Ý8VE 079AFFV§ A0�FO F0§80�0A ÝD9>9FVA9 :ÝA9 E0OE0FOA0 FV>9?9= FÝG9?8V. /�A<, SARSA on-policy (E0OE0F�0 A97V;89?79A) FÝEV? 1B?OC F01O?08O.

SARSA Ý8VEV 079AFFV§ í;V F0§80�0A EFD0F97<OEOA 9E>9D9 BFODOC, >9?9EV ÝD9>9F AÝF<:9EVA9 �0D0= B�G8O :¯;979 0EOD08O. �OE0?O, 979D 079AF ;9DFF9G :ÝA9 C0=80?0AG F9C9-F9§8V7VA E0�F0= BFODOC 
ÝD9>9F 9FE9 (@OE0?O, ·-greedy EFD0F97<OEO), BA80 :0§0DFG 8Ý? BEO E0OE0F�0 EÝ=>9E :¯;979 0E08O.

SARSA-=O§ 54EFO 5D5>L5?V7V 3 079AFFV§ A0�FO FÝ:VD<19EVA A97V;79 0?GO. /�A<, B? í; ÝD9>9FVA9A FV>9?9= ¯=D9A98V :ÝA9 EB? E0OE0FFO :9FV?8VD98V. �µ? FÝEV? FµD0�FO :ÝA9 A0�FO 
:0�80=?0D80 �0GVCEV; ¯=D9AG8V �0@F0@0EO; 9F98V.



Q-learning Ý4VEV=V§ <Ý=V
Q-learning 4 :¯L59BV;35= >�OBC40�O 5§ :5§ B0@0;�0= 6Ý=5 B8V<4V 
Ý4VAB5@4V§ 1V@V. �; 40 B5<?5@0BC@0;O� 09O@<0LO;O� 845OAO=0 
=53V745;54V, 1V@0� SARSA-40= 09O@<0LO;O�O 3 off-policy BÝAV;4V 
�>;40=04O.

/�=8, 035=B >@B0=O 75@BB5C :57V=45 10A�0 A0OA0B 1>9O=L0 Ý@5:5B 5B5 0;04O, 1V@0� 
>�OBC ¯45@VAV 5§ 60�AO (>?B8<0;4O) A0OA0B�0 10�OBB0;04O.

Q-@ÝAVA 54�4?4G
Q-learning Ý4VAV=45 035=B 
1>;0L0�B0�O 5§ B8V<4V Ý@5:5BBV 
1>;60C�0 BO@OA04O. �; =0�BO 1V@ 
:¯9 <5= Ý@5:5B 6µ1O ¯LV= "Q-<Ý=V=" 
10�0;09 >BO@O?, <0:A8<0;4O 
1>;0L0� <0@0?0BBO 5A:5@V? L5LV< 
�01O;4094O.

�4EFO 4DFO�LO?O�O
Q-learning BÝAV;V=V§ 10ABO 
0@BO�LO;O�O 3 >; BV?BV 75@BB5C 
:57V=45 :57459A>� Ý@5:5BB5@ 60A0A0 
40, µ70� <5@7V<4V B8V<4V A0OA0BBO 
¯9@5=C35 �01V;5BBV.

�5§ �B?44AO?GO
�µ; >=O :í?B535= =0�BO �>;40=10;0@40 4 >9O=40@, 02B>=><4O :í;V: 
�µ@0;40@O, í=4V@VABV: ?@>F5AB5@4V 10A�0@C A8O�BO 10�OBB0@40 4 :5§V=5= 
�>;40=C�0 <¯<:V=4V: 15@54V.
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SARSA 6Ý=5 Q-learning Ý4VEF5DV=V§ 
�>?44=O?G E4?4?4DO

$B5BFBF5EA<>444
$B5BFF4D8O§ �B;�4?OEOA, F9C9-F9§8V> µEF4GOA :ÝA9 
A46<74F<SEOA ¯=D9FG.

�4D6O E4?4EOA44
�A69EF<F<S?O� L9LV@89D8V B§F4=?4A8ODG :ÝA9 
FÝG9>9?89D8V 4;4=FG.

�AF5??5>FG4?4O 54E�4DG 
6¯=5?5DVA45
ìA8VDVEFV> A9@9E9 QA9D79F<>4?O� CDBF9EF9D8V§ 
F<V@8V?V7VA 4DFFODG.

�=OA44D @5A E<@G?OF<O?4D
�B@CPRF9D?V> 479AFF9D8V í;VA8V> EFD4F97<S 4D�O?O 
B=A4G�4 ¯=D9FG.

�µ? Ý8VEF9D >¯D89?V BDF484 ¯;8V>EV; ¯=D9AG79 :ÝA9 59=V@89?G79 @¯@>VA8V> 59D98V.



SARSA 6ÝA5 Q-learning Ý4VEF5DVAV§ 
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�57V77V Dí?V
SARSA :ÝA9 Q-learning Ý8VEF9DV >¯L9=FV?79A B�OFG8O§ A97V;VA 
�µD4=8O :ÝA9 >íCF979A ;4@4A4G< 4?7BD<F@89D8V§ 
54EF4@4EO 5B?OC F45O?48O.

�4@GO
Q-learning Ý8VEV >9=VAVD9> Deep Q-Network (DQN) E9>V?8V F9D9§ 
B�OFG FÝEV?89DV@9A 5VDV>FVDV?VC, :4E4A8O <AF9??9>F 
84@GOAO§ :4§4 >9;9§VA 4LFO.

SARSA 5>;A4, Bµ@4�BO;O� ?5= �4CV?AV7 ¯9@5=C4V§ <4§O74O ?@8=F8?B5@V= :í@A5BV?, =4�BO 8=65=5@;V: 6¯95;5@ <5= 
D878:4;O� �µ@O;�O;4@4O >�OBC44 �>;44=O;44O.
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SARSA 6Ý=5 Q-learning 4 5VD-
5VDV= F>?O�FOD4FO= FÝEV?45D

SARSA
�4�FO E4OE4FFO :9FV?8VD98V :ÝA9 �4GVCEV; ¯=D9AG8V 
�4@F4@4EO; 9F98V

Q-learning
�CF<@4?8O E4OE4FFO V;89=8V :ÝA9 :O?84@ AÝF<:979 :9F98V

�>V Ý8VE F9 479AFFV§ FÝ:VD<59EV @9A BDF4AO§ D94>F<OEOA4 E¯=9A9 BFODOC, >¯D89?V :¯=9?9D8V í;8V7VA9A 
¯=D9FG79 @¯@>VA8V> 59D98V.

�¯7VA7V F4§84 5µ? Ý8VEF9D :4E4A8O <AF9??9>F, 46FB@4FF4A8ODG :ÝA9 DB5BFBF9EA<>4 E4?4?4DOA84 >9§VA9A 
�B?84AO?OC >9?98V.
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1 SARSA Ý4VEVAV§ A57V77V 845OEO A545?

2 SARSA @5A Q-learning Ý4VEF5DVAV§ 54EFO 49OD@4LO?O�O �4A449?

3 Q-learning A5?V>F5A off-policy Ý4VEV 45C 4F4?44O?

4 SARSA Ý4VEVA �4A449 64�449?4D44 �B?44AG F8V@4V?

5 Q-learning Ý4VEV �4A449 E4?4?4D44 >5§VA5A �B?44AO?44O?

6 �µ? Ý4VEF5D4V§ >¯L59FV?75A B�OFG4O§ 44@GOA44�O Dí?V �4A449?

7 SARSA @5A Q-learning Ý4VEF5DVA 5VDV>FVDG @¯@>VA 55?
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