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�íC 479AFFV AO�F4?4A8ODG@9A B�OFG :¯=9?9DVAV§ (Multi-Agent Reinforcement Learning, MARL) A97V;7V 
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F¯EVA8VDG.
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�V@VA?5
�íC 479AFFV AO�F4?4A8ODG@9A B�OFG (MARL) 4 5VDA9L9 
<AF9??9>FG4?8O 479AFF9D8V§ BDF484 í;4D4 ÝD9>9FF9EG 
4D�O?O FÝ:VD<59 :<A4C, @VA9;-�µ?O� EFD4F97<O?4DOA ¯=D9AG 
CDBF9EV.

ÜD5VD 479AF BDF484A 4�C4D4F 4?OC, L9LV@ �45O?84=8O :ÝA9 
EBAO§ A97V;VA89 @4D4C4F A9@9E9 :4;4 4?48O. �µA84= :¯=9?9D 
5VD 479AFFV AO�F4?4A8ODG@9A B�OFG84A Ý?89�4=84 >¯D89?V, 
E9595V ÝD 479AFFV§ ÝD9>9FV BDF4 8<A4@<>4EOA4 �4A4 9@9E, 
54E�4 479AFF9D8V§ L9LV@89DVA9 89 FÝG9?8V.

�µ? :4�84= «>DF4 FµD4�EO74O�O» 89C 4F4?4FOA �µ5O?OEFO 
FG8OD48O, O�A< ÝD 479AFFV§ B�G CDBF9EV 54E�4 479AFF9D8V§ 
@VA9;-�µ?�OA4 54=?4AOEFO í;79DVC BFOD48O.
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MARL :¯=9?9DVA89 479AFF9D 5VD G4�OFF4 BDF484 
ÝD9>9F 9F98V. ÜD�4=EOEOAO§ í; @4�E4FO @9A 
EFD4F97<OEO 5B?48O.

�79AFF9D8V§ 5VD?9E>9A ÝD9>9FV >9=89 BDF4� @4�E4F�4 :9FG8V 
:9§V?89FE9, >9=89 >9DVEVAL9 4 5ÝE9>9?9EFV> FG8OD48O.

�íC 479AFFV :¯=9?9D F45<�< BDF484�O >íCF979A 
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@VA9;-�µ?�O, A4DO�FO� Q>BAB@<>4?O� 
479AFF9D8V§ L9LV@89DV :ÝA9 46FBAB@8O 
>í?V>F9D8V§ �B;�4?OEOA ¯=?9EFVDG E<O�FO 
>¯D89?V EF9A4D<=?9D8V @B89?P89G79 @¯@>VA8V> 
59D98V.



 �VD 475AFFV 6ÝA5 >íC 475AFFV B�OFG4O§
4=OD@4LO?O�O

�VD 475=FFV 6¯=5
 �79AF F9> BDF4@9A ÝD9>9FF9E98V :ÝA9 BDF4 @VA9;-�µ?�O

.FµD4�FO 5B?OC E4A4?48O

MARL 6¯=5EV
�DF4 8<A4@<>4EO 54E�4 479AFF9D8V§ ÝD9>9FF9DVA9 
54=?4AOEFO í;79DVC BFOD48O.

�µ? B�OFG8O Ý?89�4=84 >¯D89?V 9F98V, E9595V 479AF>9 F9> BDF4 9@9E, í;79 479AFF9D8V§ @VA9;-�µ?�OA 84 
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�75=FF5@ (Agents)
ì; 59FV@9A L9LV@ �45O?84=FOA 
5VD?V>F9D.

�@F4 (Environment)
�79AFF9D8V§ ÝD9>9F 9F9FVA >9§VEFV7V.

�¯=?5@ (States)
�DF4 @9A 479AFF9D8V§ 4�O@84�O 
:4�84=O.

Ü@5>5FF5@ (Actions)
�79AFF9D8V§ �45O?84= 4?4FOA 
L9LV@89DV.

�4@4?4F (Reward)
ÜD 479AFFV§ ÝD9>9FVAV§ F<V@8V?V7VA 
54�4?4=FOA E<7A4?.
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1
�ÝE5>5?5EFV> (Competitive)
ÜD 479AF í; C4=84EOA 54DOAL4 4DFFODG�4 FODOE48O.

2
/AFO@4�F4EFO� (Cooperative)
�4D?O� 479AFF9D BDF4� @4�E4F�4 :µ@OE VEF9=8V.

3
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�9=5VD 479AFF9D 5VDV7VC ÝD9>9F 9F98V, 4? 54E�4?4DO í; @¯889EVA >í;89=8V.
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F45OEO :4?CO AÝF<:979 54=?4AOEFO. �µA84 
¯=?9EFVDG (>BBD8<A4F<O) @4§O;8O Dí? 4F�4D48O.
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�79AFF9D8V§ @4�E4FO �4D4@4-�4=LO, O�A< 5VD 
479AFFV§ µFOEO 9>VALVEVAV§ µFO?GO 4D�O?O 
4AO�F4?48O. �µA84= :4�84=?4D84 479AF 
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�DF4?O�F4A8ODO?�4A B�OFG (Centralized Training): 54D?O� 
479AFF9D8V§ 4�C4D4FF4DO 5VDV>FVDV?VC, :4?CO E4OE4F 
¯=D9FV?98V.

�9F9AFD4?<;89A79A B�OFG (Decentralized Learning): ÝD 
479AF í; FÝ:VD<59EV A97V;VA89 ¯=D9A98V.

�9=5VD ;4@4A4G< Ý8VEF9D 5µ? FÝEV?89D8V 5VDV>FVD98V, O�A< 
B�OFG BDF4?O�F4A8ODO?�4A F¯D89 :¯D7V;V?VC, 4? �B?84AG 
(policy execution) 89F9AFD4?<;89A79A F¯D89 VE>9 4E48O.
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$B5BFBF9EA<>4: 5VDA9L9 DB5BFFO§ ¯=?9EFVDV?79A 
�B;�4?OEOA 54E�4DG.

-A9D79F<>4: M?9>FD :9?VEVA B§F4=?4A8ODG :ÝA9 
:¯>F9@9AV 5í?G.

&D4AECBDF: 46FBAB@8O >í?V>F9D8V§ �B;�4?OEOA 
¯=?9EFVDG.

->BAB@<>4 :ÝA9 A4DO�FO� @B89?P89G: 479AFF9D8V§ 
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�E9CF9G �<OA8O�O (>¯= @9A ÝD9>9F >9§VEFV7V íF9 ¯?>9A).

/AFO@4�F4EFO�F4�O EFD4F97<O?4D8O ¯=?9EFVDG8V§ �<OA8O�O.
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�4�FO í@VD?V> :¯=9?9D8V 54E�4DG84 MARL @4§O;8O �µD4?�4 4=A4?G84.

�B?4L4�F4 >íC 479AFFV :¯=9?9D <AF9??9>FG4?8O �4?4?4D84, ÝE>9D< EFD4F97<O?4D84, 
?B7<EF<>484 :ÝA9 46FBAB@8O >í?V>F9D :9?VEVA89 >9§VA9A �B?84AO?@4�.
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�íC 479AFFV AO�F4?4A8ODG@9A B�OFG 4 :4E4A8O <AF9??9>FFV§ 9§ >¯D89?V ÝDV 5B?4L4�O ;BD 54�OFF4DOAO§ 5VDV. �µ? Ý8VE 5VD-5VDV@9A í;4D4 ÝD9>9FF9E9FVA 
5VDA9L9 479AFFV§ BDF484 ¯=D9AG CDBF9EVA @B89?P89=8V. /AFO@4�F4EFO� C9A 5ÝE9>9?9EFV> E<O�FO >¯D89?V @VA9;-�µ?O� ¯?7V?9DVA ¯=D9FG 4D�O?O MARL 
:¯=9?9DV LOA4=O í@VD897V >íC>B@CBA9AFFV CDBF9EF9D8V F<V@8V 54E�4DG�4 @¯@>VA8V> 59D98V.

�4�O?4G EµD4�F4DO:

�íC 479AFFV AO�F4?4A8ODG@9A B�OFG 5VD 479AFFV RL-89A A9EV@9A 9D9>L9?9A98V?1.

�79AFF9D8V§ í;4D4 ÝD9>9FF9EG F¯D?9DVA 4F4§O;.2.

/AFO@4�F4EFO� :ÝA9 5ÝE9>9?9EFV> EF9A4D<=?9D8V§ 4=OD@4LO?O�O A989?3.
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