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Machine learning-driven multi-agent pathfinding:
An overview

WANG Xiangfeng1,† LI Wenhao2

Abstract The Multi-agent Path Finding (MAPF) problem is a core fundamental
issue in multi-agent systems and has been widely applied in practical scenarios such as
automated intelligent warehousing, autonomous driving, and swarm robotics. From the
perspective of problem attributes, the key difficulty lies in enabling multiple intelligent
agents to travel along paths simultaneously while ensuring no collisions occur, making
it an NP-hard combinatorial optimization problem. However, the aforementioned real-
world applications require algorithms to find high-quality, collision-free paths for a large
number of intelligent agents within a short computation time. Shorter paths lead to
higher system throughput and lower operating costs, presenting significant challenges for
classical MAPF optimization algorithms. As a result, in recent years, numerous studies
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have begun focusing on using machine learning methods to empower MAPF research,
aiming to accelerate solution speed and improve solution quality. This paper presents
a comprehensive review in three parts, including the core concepts, optimization objec-
tives, and benchmark tasks of the MAPF problem. It also covers the problem modeling,
core ideas, and strengths and weaknesses of traditional MAPF algorithms. Additional-
ly and most importantly, this paper introduces a series of machine learning-empowered
MAPF algorithms with varying degrees of machine learning involvement, providing corre-
sponding schematic diagrams and pseudocode. This paper further summarizes the major
challenges currently faced by machine learning-driven MAPF algorithms and proposes
potential future research directions. This is intended to assist researchers in the field and
promote the development of machine learning methods in the classical MAPF domain.

Keywords machine learning, multi-agent pathfinding, multi-agent reinforcement
learning

Chinese Library Classification O221.2

2010 Mathematics Subject Classification 90C47, 90C26, 90C30

õ�UN´»|Ï (Multi-agent Path Finding, MAPF) ¯K´õ�UNXÚ¥�Ø

%Ä�¯K, Ù'�J:3uõ��UNU
Ó�÷X´»1¨, ��yØu)�UN

-E[1-3]"õ�UN´»|Ï�2�A^ugÄz�Uó;[4-6]!gÄf¨[7-9]!+NÅì

<[10-12] �¢SA^|µ"õ�UN´»|Ï¯K����;.�$ÊÆ¯K, Cc5É

�Æâ.Úó�.�2�'5, Ù´�aÏéõ��UNlå© ��8I ��ÃÀ

â��`´»8Ü�¯K"

3¯õA^|µ¥,�~��Ò´gÄz�Uó;XÚ,Ù¥õ�UN´»|Ï3�

¦Ô6+�¥yÑ�uªuÐª³"IS�kõ[>ûè�Ú�Eúi�Ñ-<Ê8�

¤J, ~XèjÃ<ó[13-15]!®À�ó[16]!Geekplus[17-19] �"ù
gÄz�Uó;XÚ

��þ´�¤zþZ��UNÓ��´»|Ï,3�yS�5�Ó�J¦��5,¦�U

Nq¯q­���8�/"�UN7L�Ì�ØÓ ��Ã-E´», ±�1ØÓ�?

Ö"¤Zþ��ó¥�UN®²U
¢y��gÌ�Ê, 3gÄzÁ1¥%­#½ ¥

�Lò, ½3©y¥%4x�K"

õ�UN´»|Ï�w�´½Â3ãþ�´»|Ï¯K[1,3], Ùd��ëÏÃ�ãÚ

�|�UN|¤,Ù¥ã�º:éAu�UN¤?� �,>KéAu�UN�±£Ä�

 ��m�ë�, Xã 1 ¤«"ã 1 ¥�Ú�¬L«æNÔ, �Ú�¬L«�UN�


:,8�/L«�UN�8I:,fÚ�¬9Ùþ�êiL«z��UNéA�ü�UN

5y"z��UN3z�lÑ��mÚÓâ��º:, ¿�D���å©º:Ú��8

Iº:"3ü�ëY��mÚ�m, z��UNÑ¬æ���Ä�, �o£Ä����º

:, �oÊ33�cº:��"I�5¿�´, XJü��UNÓ�£Ä�Ó��º:½

÷����BLÓ�^>, Ò¬u)-E"õ�UN´»|Ï�3��UNé�lå©

º:�8Iº:�Ã-E´»,�¯K8I´��z�ó�m (½Â�¤k�UN��8

Iº:����m) ½6Ä�m (½Â�d¤k�UN��Ù8Iº:��m�Ú)"

õ�UN´»|Ï��²;�$ÊÆ¯K, ®k�X�DÚ$ÊÆ�{�JÑ±p

�¦)õ�UN´»|Ï¯K"�Ä��5�õ�UN´»|Ï��`)¦)LuE,,

DÚ�{��Ú\õ«éuª�8B ­E|5J,´»|Ï�Ç"äN5`,²;�õ

�UN´»|Ï�{�±8B�Äu�{��{!Äu5K��{ÚÄu|¢��{[3],

{�0�Xeµ
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ã 1 ²; MAPF ¯K9éA)�«¿

• Äu�{�õ�UN´»|Ï�{µÄu�{�õ�UN´»|Ï�{òõ�UN
´»|Ï¯K{z�Ù¦®²ïÄ¿©�|Ü¯K, XÙ��÷v5[20]!�ê�5

5y[21] Ú�Y85y[22] �¶

• Äu5K�õ�UN´»|Ï�{µÄu5K�õ�UN´»|Ï�{¦^�|Ä
�5Kö�5)ûõ�UN´»|Ï¯K, 
ù
Ä�5Kö�5½
�UN3Ø

Ó�¹e�Ä�[23-25]¶

• Äu|¢�õ�UN´»|Ï�{µÄu|¢�õ�UN´»|Ï�{Ï~¦^
éuª|¢Eâ5)ûõ�UN´»|Ï¯K"^éuª|¢Eâ`z¦)õ�

UN´»|Ï¯K�Ì�]Ô3u, õ�UN´»|Ï¯K��UG��m5�

�X�UNêþO\¥�ê?O�"²;Äu|¢�õ�UN´»|Ï�{�)

A*[26]!M*[27]!ODrM*[28] �"

l¯Ká55w,õ�UN´»|Ïáu��E,�|Ü`z¯K,T¯K�G��

m�X¯K¥�UN�Oõ
�êO�, ®�y²´ NP-J¯K[29-30]"DÚ�{Ïéõ

�UN´»|Ï¯K��`)3O�þäk]Ô5, cÙ´éu�þ�UN
ó",
,

þãy¢­.�A^I��{3�á�O��mS��þ�UN|Ïp�þ�Ã-E´

»,Ï��á�´»ò¦�XÚä��p�óéþ9�$�ö�¤� (=I����UN

5¢y�Ó�óéþ)"Ïd, Cc5�þó�m©à�u¦^ÅìÆS�{DUõ�U

N´»|Ï¯K�ïÄ[31-40],±Ï\¯¦)�Ý!J,¦)�þ,·�ò3©Ù�YÜ©

�[0�"

�©�YSN|�Xe: 1 1 !ò�Ñ²; MAPF ¯K�ï��ª!'�Vg±9

`z8I, Ó�1 2 !ò�Ñ MAPF ¯K�8cIO�ÿÁ�¸9êâ8¶1 3 !�[

0�
�a²;� MAPF �{, Ó�ÅìÆSÚõ�UN´»|Ï��aKÜ�{ò3
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1 4 !0�, l{üKÜ��ÝKÜ©O0��X�ÅìÆSDU�õ�UN´»|Ï

�{"��1 5 !éyk�{�Û�5±9�5�U�ïÄ��?1©Û, ¿31 6 !

é�©?1o("

1 ¯Kï�

éu�¹ k ��UN (agent) �²; MAPF ¯K, ÙÑ\���n�| 〈G, s, t〉, Ù
¥ G = (V,E) ´��Ã�ã, s : [1, · · · , k] → V ò�UNN��
: (source vertex),

t : [1, · · · , k] → V ò�UNN��8I: (target vertex)"b��m´lÑ�, Kz��

mÚSz��UN uã¥���!:¥,�=U�1ü�Ä� (action)"3²; MAPF

¯K¥,��Ä�´��¼ê a : V → V ,Ù¥ a(v) = v′ ¿�XXJ���UN u!:

v ¿�1
Ä� a, K§ò3e���mÚ¥?u!: v′"z��UNkü«Ä�a.µ

�� (wait) Ú£Ä (move)"��L«�UNò3�c!:Ê3���mÚ, £ÄKL«

�UNl�c!: v £Ä�ã¥���!: v′, = (v, v′) ∈ E"
éu��Ä�S� π = (a1, · · · , an)Ú���UN i,·�^ πi[x]L«l�UN�


: s(i)m©,�1c x�Ä���UN� �"/ªþ, πi[x] = ax (ax−1 (· · · a1(s(i))))"�

�=��1S� π l
: s(i) m©, 5y(J�8I: t(i) �, =��=� πi[|π|] = t(i)

�, S� π âU�¡��UN i���ü�UN5y (single-agent plan)"éA/, ��²

; MAPF¯K�) (solution)K´�| (k �,b½�UN�ê8� k)ü�UN5y,Ù

¥z��UNk�=k��ü�UN5y[1]"

1.1 Àâa.

MAPF ¦)ì�oN8IK´é����±3�1�Øu)-E�), =é��

|ü�UN�pÃ-E�5y"�
¢yù�8I, MAPF ¦)ì35y�Ú\Àâ

(conflict) ù�Vg"��²; MAPF ¯K�)´k�� (valid), ��=�?¿ü�ü�

UN5y�mvkÀâ"��(½Â²;� MAPF ¯K, I��½)¥B�=
a.�

Àâ"�$�¦´=B�>Àâ (edge conflict)",
, â·�¤�, ¤k�c?n²;

MAPF �ó�Ó��B�
º:Àâ (vertex conflict)"Ïd, ·��Ñ
þãü«Àâ

�äN½Â[1]"b� πi Ú πj ´�éü�UN5y, @ok:

• º:Àâ"��éü�UN5y¥��UN�5y3Ó��mÚÓ^�Ó�º:�,

§��mòu)º:Àâ"/ªþ, ��3�mÚ x, ¦� πi[x] = πj [x] �, πi Ú πj
�m�3º:Àâ¶

• >Àâ"��éü�UN5y¥��UN�5y3Ó��mÚ±�Ó���ÏL�
Ó�>�, §��mòu)>Àâ"/ªþ, ��3�mÚ x, ¦� πi[x] = πj [x] �

πi[x+ 1] = πj [x+ 1] �, πi Ú πj �m�3>Àâ"

Ø
þãüaÀâ	,�kAa3©z¥�����Àâ½Â[1]"·��òÙ�ãX

e, øÖöë�"

• J�Àâµ����UNOyÓâ,���UN3þ���mÚ½¥Óâ�º:�,

Ò¬u)J�Àâ"ù´Ï��3���mÚ x ¦� πi[x+ 1] = πj [x]¶
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• Ì�Àâµù«Àâ�9�|�UN�5y, πi, πi+1, · · · , πj ,�z��UN3Ó��
mÚ½¥£Ä�kc�,���UNÓâ�º:�,��/^=Ì�0�ª"/ªþ,

XJ�3���mÚ x÷v πi(x+1) = πi+1(x)!πi+1(x+1) = πi+2(x)!· · ·!πj−1(x+

1) = πj(x) Ú πj(x+ 1) = πi(x), K�3Ì�Àâ¶

• ��Àâµ�ü��UN3���mÚSOy�� ��,Ò¬u)��Àâ"��

Àâu)�^�´�3���mÚ x ¦� πi[x + 1] = πj [x] Ú πj [x + 1] = πi[x]"3

MAPF ©z¥, ù�Àâk���8a�>Àâ"

A B

A

B

C A B C

A

B

D

C

A B

ã 2 ~�Àâa.«¿ã"l��m�g�µ>Àâ!º:Àâ!J�Àâ!Ì�Àâ±9��Àâ

þãÊ«Àâ�«¿ãXã 2 ¤«"I�5¿�´, ù
Àâ½Â¿Ø�L¤k�

UÀâ"�â§��/ªz½Â, ù
Àâ�m�3�¹���¹'Xµ(1) B�º:À

â��B�>�Àâ; (2) Ø#NJ�Àâ��B�Ì�ÀâÚ��Àâ; (3) B�Ì�

Àâ¿�XB���Àâ"��µ (1) #N>�Àâ¿�Xº:Àâ��#N; (2) #N

��Àâ#NÌ�Àâ; (3) #NÌ�Àâ#NJ�Àâ"

�
�(½Â��²;� MAPF ¯K, I��½=
a.�Àâ´#N�"�X

c¡·�J�, >Àâ±9º:Àâ´©z¥��~��üaÀâ"Ü©ïÄ'5äk

k�1Ö=£� MAPF ¯K, #N�3��Àâ[41]"�õêÄu|¢� MAPF �{ï

Ä[26,42] B���Àâ, �#NJ�Àâ"Ü©Äu?È� MAPF �{±9ò MAPF À

�Î�$Ä¯K�ïÄ�B�J�Àâ[43-44]"

1.2 �UN38I ��1�

3²; MAPF ¯K�)¥, �UNÏ~3ØÓ��mÚ��8�/"Ïd, ½Â�

UN3�����UN��8Iº:c, ��8Iº:��1�´�'­��"'u�

UN38Iº:�1�, kü�Ì�b�[1]µ

• Ê338Iº:µ3ù�b�e, �UN¬Ê338Iº:, ��¤kÙ¦�UN�

��g�8Iº:"Ïd, ��38I?��UN�U¬�3§��8I��²L

T8Iº:�?Ûü�UN5yu)º:Àâ"/ªþ, éudb�, XJ�3��

�mÚ t > |πi|, ¦� πj [t] = πi [|πi|], @oü�ü�UN5y πi Ú πj Ò¬u)º:

Àâ¶

• ��8Iº:���µ�âù�b�,�UN3��8I�á=��"ù��3�U

N��8I�, T�UN�5yØ2�U�Ù¦ü�UN5yu)?ÛÀâ"

¦+3²; MAPF ��Ü©ïÄ¥Ñ�Ì/Ê338Iº:0b�, ��C��


ïÄ�&?
/��8Iº:���0��¹[45]"



4 Ï ÅìÆS°Ä�õ�UN´»|Ï�{nã 111

1.3 `z8I

�±`, 3�õê¢S� MAPF A^¥, k
)'Ù¦)�Ð"�
µ�)��þ,

'u²; MAPF¯K�ïÄ¬Ú\��8I¼ê"�~��ü�8I¼ê´���ó�

m (makespan) Ú¤�Ú (sum of costs)[1]µ

• ���ó�m"4¤k�UN��8I:¤I��mÚê"/ªþ, éu��²;

MAPF �) π = {π1, · · · , πk}, π ����ó�m�½Â� max16i6k |πi|¶

• ¤�Ú"z��UN��8I¤I��mÚê�Ú"/ªþ, π �¤�Ú�½Â�∑
1<i<k |πi|"¤�Ú��¡�6Ä�m (flowtime)"

ØÓó�¬�â¢S¯KÀ�ùü�8I¼êÙ�?1`z"��5¿�´,e�Ä

��UN38Iº: ��1�, 8I¼êI��%?n"äN5`, �

)��UN

Ê338Iº:�,±98I¼ê�¤�Ú�,Ê338I ���UNéT8I¼ê�

K�, k7�½Âù«1�ò�)Û«�J"�«½Â´µ��UNÊ338I ��,

§¿Ø¬��¤�Ú�O\"± �ïÄÏ~@�,  u8I ���UN¬�1/�

�0Ä�, ��§Ø��2g£Älm8I �"

�Äù���|µµ�UN i 3�mÚ t ��8I �, ,�3�mÚ t′ lm8I

 �,3�mÚ t′′ �£8I �,¿Ê338I �,��¤k�UNÑ���g�8I

 �"T�UN�5yò�éA�)�zoþ� t′′ �¤�"

þãü«8I¼ê¿� MAPF �{���^�8I¼ê, ·���±½ÂÙ¦8I

¼ê"~X��8I¤I�o���Ä�ê (k�¡�-�oÚ)±9�UN� u8I

º:�¤s¤�o�m"Äu?È� MAPF �{Ï~æ^�ó�m, 
±|¢�Ä:�

MAPF �{�õæ^¤�Ú"�kÜ©ó�Ó��O
üa�{, ÏdÓ��Ä
ü«

8I¼ê[43]"d	,�kó�[46] �Ä3�½�ó�m��åe��z��8Iº:��

UNê8"

2 ÄOÿÁ

3d!¥, ·�ò�[0�XÛÏLÄOÿÁµ��� MAPF �{�5U"·�Ä

k3 2.1 !¥)���ÄO?Ö, éÙ¥�'��¬?10�¶��, ·�ò3 2.2 !¥

�Ñü��2�¦^�úmÿÁ�¸9êâ8�0�"

2.1 ÄO?Öe�

MAPF ¯Kd��ãÚ�|/
:-8Iº:0é|¤"Ïd, MAPF �ÄO�)�

|ã, z�ã�éõ�/
-8Iº:0|Ü"��rN�´, 3 MAPF ¯K¥, ãÌ�Ñ

±���/ª¥y, ù´du MAPF �A^Ì�´3��z�ó¥½Ù¦�.¿S�¸

¥"��¡, ~��ã, ½��a., �¹±eA«[1]µ

• 59C­Vµå
6 (DAO) /ãµ
g59C­Vµå
6iZ, ù
���O

 u Sturtevant � movingai.com �èó¥¥[47]"§��é�,�m�, º���

1 000× 1 000 9��;

• m�ª N ×N ��µ�Ý� N ×N ���, Ù¥ N �~^�� 8!16!32"ù
�

�#N?1�UN�Ýp�3k����Ó^�º:�¢�;
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• �ÅæN� N ×N ��µù
 N ×N ��¹k�Å���Ø�Ï1æNÔ[26];

• ó¥��µ�C� MAPF ïÄ¦^dy¢­.gÄó¥�Oéu���, äk©Ù

þ!�ÀeÚ�rI[48-49]"

,��¡, �UN/
:-8Iº:0é�)¤�ª�¹±eA«[1]:

• �Åµ�ÅÀJ
:±98Iº:, ¿(�§��m�3�1´»¶

• àaµ1���UN�
:Ú8Iº:ÏL�Å�ª)¤, 
�Y�UN�
:Ú

8Iº:©Ol1���UN�
:Ú8Iº:��»ål r ±SÀJ¶

• �½µéuz��UN,lý½Â��U/
:-8Iº:08Ü¥�ÅÀJ
:Ú8

Iº:"

�Å)¤´�ÊH��{, àa)¤KO\
 MAPF ¯K�JÝ"�½)¤�3�[g

Äzó¥ÚgÄf¨´�"3gÄzó¥¥,�K  3A½ �d<
?n[45,50-51]¶


3�gÄf¨´���½¥, �½
:Ú8Iº:�´�à:[52]"

2.2 úmÿÁ�¸9êâ8

��!ò0�ü��2�¦^�úmÿÁ�¸9êâ8, ©O´¡�Ï^��?Ö

� Grid-based MAPF[1] ±9¡�gÄzó¥� Asprilo[53]"

Grid-based MAPF�ÄO∗�)5gØÓ5
� 24 Ü/ãµ

• ý¢­.�¢½/ã¶

• 5g Dragon Age Origins Ú Dragon Age 2 ÀªiZ�/ã¶

• �kÚÃ�ÅæN�m���¶

• �û��¶

• �m��¶

ù
/ã
g MovingAI Ï´]
¥†[47]"ùÊa/ã�«~Xã 3 ¤«"

zÜ/ã�¹ 25�ÕA|µ,¤k|µÑd�|ÏL�Å)¤�{(½�
:Ú8

Iº:|¤"3/ã�����«�S�Å�é:,,�òc 1 000�)¤�¯K|¤|

µ"ÏLÀJ?¿f8�
:Ú8Iº:, �±lz�|µMï�X� MAPF ¯K"T

ÄOÿÁ6§XeµéuÀ½� MAPF �{!/ãa.Ú|µ, }ÁUìëY^S4|

µ¥¦�Uõ��UN��8Iº:"äN5`, l�¹À½|µ¥1�é
-8I�é

�ü��UN MAPF ¯Km©, $1À½� MAPF �{"XJ3����m��S¤

õ�¤, UY¦^cn�
-8I�é?1n��UN MAPF ¯K, ¿­Eù�L§, �

���¯KØU3����mS)û"éuz�|µ, µ���{5U½Â�3���

mSU
)û��¹���UNêþ�|µ"

∗https://movingai.com/benchmarks/mapf.html
†https://movingai.com/benchmarks/grids.html
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ã 3 Grid-based MAPF ÄO/ã«¿ã"l��m!lþ�e�g�µ¢½/ã!iZ/ã!�Å�

�!�û��±9�b��

ã 4 Asprilo ¥�ü�;.|µ"l��m�g�: ���ó¥|µ (�UN3£Ä�Ó��I�$

ÀÔ�) ±9=£Ä|µ (²; MAPF �½)

Ø
 Grid-based MAPF 	, Asprilo µe�´ MAPF ïÄ¥�2�¦^�ÄOÿÁ

²�"Asprilo´��ú�²�‡,��[gÄzó¥,¿�½Â!)¤!�yÚ�ÀzIO

ó¥5y¯K9Ù)û�YJøóä"Asprilo|±�5y¯KI��UN3ó¥¥òÀ

Ôl��/:$�,��/:, ©�ØÓ�|µ, z�|µ�L��ÕA�¯Ka."|

µ M Ä�þ�L MAPF ¯K, �±�� MAPF �{�ÄOÿÁ|µ"ã 4 Ð«
ü�

Asprilo |µµ�����ó¥|µ (�), �UN7L£ÄÀÔ�¶��=£Ä|µ (m),

§´��;.� MAPF ¯K"

3 ²;õ�UN´»|Ï�{

²;� MAPF �{�±©�naµÄu�{��{!Äu5K��{ÚÄu|¢�

�{"3�!¥, ·�òVãù
�{, ¿rN§�3��5Ú�`5�¡�A:"Ù¥,

��5�)�{3¤k MAPF ¯K¢~!äkA½A��¯K¢~þ���5, ½Ø�

�5",��¡, �`5L«�{´ÄU
���`), �)'u�«8I¼ê��`!

k.g`½g`5"éuA½aO�¯K¢~5`, XJ MAPF �{U
�yéaOS

�?Û�)¯K¢~é�)û�Y,½ö3k���mS�ä¤�¯K¢~´Ã),@o

ù«�{Ò�@�´���"

3.1 Äu�{��{

½Â 1 (õ�UN´»|Ï¯K�Ù��÷v5�?è[20]) �`z8I����ó

‡https://asprilo.github.io/
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�m�, 1 x �5K� (�mÚ) �¹±e�ê«mG�Cþµ

• éu¤k v ∈ V , k Avx ∈ {0, 1, 2, · · · , n}, ¦�� αx (aj) = v �k Avx = j;

• éu¤k v ∈ V , k T vi ∈ {0, 1, 2, · · · , 2 degG(v)}, ¦� T vx = 0 ��=� v ¥ÀJ


Ãö�¶T vx = σv(u) ��=�3 v ¥ÀJ
äk8I u ∈ V �lmö�¶T vx =

degG(v) + σv(u) ��=�3 v ¥ÀJ
äk u ∈ V ��
�?\ö�"

±9�åµ

• éu¤k v ∈ V , k T vx = 0⇒ Avx+1 = Avx (Ãö��¹)¶

• éu¤k v ∈ V (lm,�º:��UN�¹), k 0 < T vx 6 dgG(v) ⇒ Aux =

0 ∧ Aux+1 = Avx ∧ T ux = σu(v) + dgG(u), Ù¥ u = o−1v (T vx )¶

• éu¤k v ∈ V (?\,�º:��UN�¹), k degG(v) < T vx 6 2 dgG(v)⇒ T ux =

σu(v), Ù¥ u = σ−1v (J vx − dgG(v))"

½Â 2 (õ�UN´»|Ï¯K��ê�55yï�[21]) �`z8I����ó�

m�, õ�UN´»|Ï¯KéA��ê�55y¯K�8I¼ê�µ

max
∑

16i6n

xi,i,

Ù¥ x L«Tó�[21] �	Ú\����êCþ, i L«�UNSÒ, j L«º:SÒ"d

	, ��¹±e�åµ

∀ej ,
n∑
i=1

xi,j 6 1,

∀1 6 i, j 6 n, i 6= j, xi,j = 0,

∀v ∈ G′, 1 6 i 6 n,
∑

ej∈δ+(v)

xi,j =
∑

ej∈δ−(v)

xi,j"

½Â 3 (õ�UN´»|Ï¯K��Y8?§ï�[54]) �`z8I����ó�m

�, ·�òõ�UN´»|Ï¯KL«��Y8?§ (ASP) §S P , Ù�Y8éAu¯

K�)"·�^�|¯¢ FI £ãõ�UN´»|Ï¯K¢~�Ñ\ I = (G, k, h,O, g):

edge(v, u) L«> (v, u) ∈ E; start(i, v) Ú goal(i, u) L«z��UN i 6 k �
:Ú8I

º: (= h(i) = (v, u)); �� clear(v) L« v ∈ V \O"
õ�UN´»|Ï¯K�ÑÑ (Pi, fi) �z��UN i L��^´»5y, ¦�T�

UNlÙÐ© ���8I �¿;mæNÔ"·�^�f path(i, t, v) L«´»5y,

T�f�½3�mÚ� t�, �UN i uº: v, /ªþ fi(t) = v"ASP§S P 48/

½Â´»5y"�UN i 3�mÚ 0 ��¯�1��º:´ÙÐ© � vµ

path(i, 0, v)← start(i, v),

XJ�UN i3Ú½ t (0 6 t < li ,Ó�,k g(i) = li)�¯º: v,@o�UN�o3 v ?

��, �o÷X> (v, u) £Ä����º: uµ

1{path(i, t+ 1, v),path(i, t+ 1, u) : edge(v, u)}1← path (i, t, v)"
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Ó�(��UNØ²LæNÔµ

← path(i, t, v), not clear (v),

¿�z��UN i Ñ��Ù8I vµ

← goal(i, v), not visit (i, v),

visit(i, v)← path(i, t, v),

Ù¥, visit(i, v) L«�UN i �´»�¹ v"�I(��UN�mØu)-Eµ

← path(i, t, v),path (i′, t, v)

(v ∈ V, 1 6 i < i′ 6 k, 0 6 t 6 li, lj)"

Äu�{� MAPF �{ò MAPF ¯K=��Ù¦2�<��|Ü¯K, XÙ��

÷v5[20] (½Â 1) !�ê�55y[21] (½Â 2) ±9�Y8?§[23,54] (½Â 3) �"§�

3¤k MAPF ¯K¢~¥Ñ´���"'u���ó�mù�`z8I, ùa�{�±

�y�`5, Ó���±�d=��'uÙ¦`z8I��`5[21-22,55]"§���±N

��Jøk.g`[56] (���5y3^rJø�g`5Ïf±S) Úg`5y[57-59]"ù

a�{3?näk��/ã��, �äk�8���Åì<� MAPF ¯K¢~�¡Ly

ÑÚ"~X,�«±�ê�55y�Ä:� MAPF¦)ì�±3Ø� 15 s�$1�mS

±���ó�m�`z8I, ��� 24× 18 �����¥ 60 �Åì<O�Ñ���`

)[59]"

3.2 Äu5K��{

Äu5K��{��Ñvk/ªz�$ÊÆ½Â, ¦^�|�fö�5�«Åì<

3ØÓ�¹e�Ä�,Ï~=�ék��MAPF¯K¢~aOJø��5�y"�,ù


�{Uk�/�Ìý½Â��fö�,�§�ØU�y)��`"¦+ Push and Swap[23]

9Ù*Ð�{[60] �±3Ø� 10 s ��mS� 100 ��UNO�Ñ��), �3nØþ

¿vk��5�y"Push and Rotate[24] ´ù
�{�C«, §3��¥��kü�º

:vk��UNÓ^��¹eé MAPF ¯K¢~´���"TASS[61] 3)ûä (�«A

Ï�ã) þ� MAPF �{�Ä:þ[62], é/�)0�äþ� MAPF ¯K¢~äk��

5"BIBOX[63] ·^u��kü�º:���UNÓ^�Vë�ãþ� MAPF¯K¢~,


ÙCN[64] ·^u��kü�º:��Ó^�rëÏk�ã"��, SAG[25] 3/ëÏû

Ð0���þ´���, éu���ó�mù�`z8I, §U
3õ�ª�mSJø~

êÏf��`%C�y"ùa�{Ó�3?näk��/ã��, �äk�8���Å

ì<� MAPF ¯K¢~�¡LyÑÚ"

3.3 Äu|¢��{

Äu|¢��{Ó���/ªz�$ÊÆ½Â,Ì�æ^éuª|¢Eâ¦)MAPF

¯K[42]"�UN�ê8´Ta�{�Ì�´¶9Ø%]Ô, ù´Ï��X�UNêþ�

O\, MAPF ¯K¢~¥�U�3�G�êþ¥�êO�"e¡·�0�Aa;.�é

uª|¢�{"
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• Äu A* � MAPF �{[26,65-66] �3ÏL¦^éÜG�5y´», Ó�~�I�&

¢�G��m��5)ûTa�{�Ø%]Ô"ù
�{, Ó�·^uüa`z8

I, �éu¤k MAPF ¯K¢~Ñ´���"

• )ÍMAPF�{[67-71]Uìý½�½Ä���UNüS�g�ü��UN5y´»"

z��UN�´»5y3º:Ú�m�Ýþ¦^ A* |¢�{, ¿òÙ¦�UN®

5y�´»À�£ÄæN"¦+ùa�{  �~p�, �"y�`5$���5

��y"PIBT[72] Ú\
��Ä��Y5(½Ü©�UNüS,¿(�¤k�UN3

�ëÏãþ�k��mS�����g8Iº:, ��UØ�½Ó���"MAPF-

LNS[73] æ^���|¢[74] (�«ÛÜ|¢�{), ÏLØä/��|�UN�f8

­#5y´»5Uõg`)"T�{�CN, MAPF-LNS2[75], Ó�¦^���|¢

�E��UNf8­#5y´»±~�-E,l
Uõ�-E�),��¼�Ã-E

)"

• ©� MAPF �{3$�k�/�z��UN5y´», Ó�ÏL3p�¢yä|¢

5Ä��Üù
ü��UN�5y"ù«�{�y
é¤k MAPF¯K¢~���

5"O�¤�ä|¢�{[76] �8I´��z¤�Ú, ¿?1�Z`kä|¢, òØ

Ó�UN����m|Ü3p�"T�{µ�3$�´Ä�3ØÓ���m|Ü�

Ã-E5y"Àâ|¢ (CBS)[77] ´�É�H��` MAPF �{��, �`z?¿

ü�8I¼ê"Äk, CBSÕá(½z��UN��m�`´» (�Ñ�U�-E)"

,�, 3p�, CBS é���åä�1�Z`k|¢, z�©|Ñ)û
O�´»¥

���-E"3,
�mÚSB�A½�UNÓ^º:½>"3$�, CBS ¦^ A*

�{3º:Ú�m�Ý�m­#5y´», �Å¤�\��å"Cc5, �5�õ�

CBS U?�{�JÑ, ùpÛ��
�L5ó�µ

– Meta-Agent CBS[77]µTCN3p�Ä�/òõ��UN|Ü¤����UN,

¿¦^ A* �ù
�UN5y´», Ó�3$��Ä§��éÜG�¶

– ICBS[78]µICBS `k)û�)f|¢!:�-E, Tf|¢!:�¤�pu�

c!:, l
� CBS }{�p�|¢Jø
Å¬¶

– CBSH[79] 9ÙU?[80]µÏLæ^��É�éuª�{, CBS �p��Z`k|

¢��
U?¶

– Disjoint-Splitting CBS[81]µù« CBS CN±�«A½�ª*Ð!:, ¦�?Û

�1)Ñ�=3Ùf!:¥���!:�Ø3ü�Ñ��É�fäe�É, l


~�
 CBS p�­E|¢ó�¶

– IDCBS[82]µò CBS ¥�p��Z`k|¢O��S��z�Ý`k|¢¶

– é¡») CBS[83-84] Ú Mutex-Propagation CBS[85]µù
�{Ó��f!:V

\õ��å, ±B3 CBS �p�|¢¥»�é¡5"�Zé¡») CBS CN

®²3 256× 257 �����þ?1
�ý¢�, áu3A¦¨S¦)�¹ 100

��UN MAPF ¯K¢~��Z)û�Y¶

– ECBS[86] 9U?[87-88]µ3�åäþÚ\
k.g`|¢, l
�)
k.g`

CBS"�C�ïÄ[49] �� CBS mu
�åä�?¿�mk.g`|¢"
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• ·Ü MAPF �{ ò�«Äu|¢��{�Äu�~½Äu5K�Eâ�(Ü, ±

Jp5UÚ�Ç"SMT-CBS[89] ò�÷v5�nØ8¤� CBS �p�|¢¥, |^

Ù��÷v5¦)ì��z?¿ü�`z8I��¶Lazy CBS[90] æ^��å5y

¦)ì
�DÚ CBS�{?1p�|¢,�3��z���ó�m"BCP�{[91-92]

ò·Ü�ê5y¥�©{½.{��é MAPF �é¡»)Eâ�(Ü, �3��z

���ó�m"Äu`k?�|¢[45] ´�«�CJÑ�©�)Í��{, 3��`

k?äþ?1�Ý`k|¢, ±�Ä¤k�U��UNüS, T�{=é/5�û

Ð0� MAPF ¯K��, �®�y²U3= 30 s ��mSé�¹ 600 ��UN�

481 × 530 ��éÑCq�`)¶�k�
�{ò�fö� (Äu5K� MAPF E

â) Ú|¢�{(Üå5, ~X MAPP[93] &?
Ü¿ü�UN5y��«�{, ¿

3/�wÄ0�ãþ¦) MAPF ¯K¢~",�üÑ[94] |ÜãÄ�þ� A* |¢!

�fö�ÚÄu�~��{5¦) MAPF ¯K"

4 ÅìÆSDUõ�UN´»|Ï

ÅìÆS���«­�EâÃã®²�2�A^u¢S¯K�)û, 
ÅìÆSw

,��±DUõ�UN´»|Ï[3]"��5¿�´, �X�ÝrzÆS3õ�UNXÚ

¥�¯�uÐ, õ�UN�ÝrzÆS��þ��«¢SA^]ÔÚ)û�Y�32Ñ

Y¡"Ã-E�¸e�´»|ÏéuNõ�UN¯�p�/�¤?Ö�'­�, 
¦^

�ÝrzÆS�õ�UN´»|Ï´õ�UNXÚÚ<ó�U+����#ïÄ+�[2],

Ó��´ÅìÆSDUõ�UN´»|Ï+�¥���Þv�­�ïÄ��"�!Ì�

nãÅìÆSDU�õ�UN´»|Ï�{, lÅìÆSDU§Ýl���©O0�X

�ÅìÆSDUõ�UN´»|Ï�{�ªµ¦^²;�{¦)õ�UN´»|Ï¯K!

|^ÅìÆSO�DÚ�{¥�éuª5K!|^ÅìÆS�{ÀJ¯K°Ä�DÚ�

{!|^ÅìÆS9DÚ�{?1·Ü5y±9¦^=ÅìÆSÑÑà�à5y´»,Ù

¥¦^²;�{¦)õ�UN´»|Ï¯K®31 3 !?1
�[0�"

ã 5 ;.ÅìÆS�{DU²;õ�UN´»|Ï�{�ª
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ã 5 UìÅìÆSDU§Ýl����^S, òù
;.�ªUìl��m�^S

üS,�g�µ¦^²;�{¦)õ�UN´»|Ï¯K!|^ÅìÆSO�DÚ�{¥

�éuª5K!|^ÅìÆS�{ÀJ¯K°Ä�DÚ�{!|^ÅìÆS9DÚ�{

?1·Ü5y±9¦^=ÅìÆSÑÑà�à5y´»"

4.1 |^ÅìÆSO�DÚ�{¥�éuª5K

éuª5K´DÚõ�UN´»|Ï�{¥�~^Ä:, 
|^ÅìÆS5O�é

uª5K´�Ý|^ÅìÆSJ,DÚ�{�­�å»"é|¢!:ÀJ!­5y�U

Nf8ÀJ!?Ö©�üÑ±9`k?!êâ)¤��¡?1äNO�,Ò�±/¤Åì

ÆSDU�DÚõ�UN´»|Ï�{"ùa�{�`:´U
U«²;�{���5

½�`5^�, �Ó��¬�²;�{�Û�5¤�å"

• |¢!:ÀJµHuang �<[36] |^iÒÆS5ÆS|¢ä�!:ÀJüÑ, ±Or

DÚ|¢õ�UN´»|Ï�{�Ç"Tó�Äk¦^��ÆSÚ�§ÆS5lÔ

ö¢~¥S�ÆSØÓêþ��UN�!:ÀJüÑ, ¿?�ÚòÅìÆS�¬Ü

Ý�ÄuÀâ�|¢�{¥"äN5`, X�{ 1 ¤«, Huang �<[36] ¦^iÒÆ

S�ª5ÆS��g·A� d-�, l
é²;�{ ECBS[86] (©� MAPF �{) ?

1\�"3 ECBS ¥, Ï^!:ÀJ�{�z� CT !:©���/d-�0, ¿o´

l�:�L¥ÀJäk�� d-�� CT !:?1*Ð"±cïÄ¥~^�!:ÀJ

üÑÑ´Äuéuª5K, �)òÀâêþ (^ |NConf| L«) �� CT !: N �

d-�!òäk����Àâ��UNé�êþÚ���Ù¦�UNu)Àâ��U

Nêþ��O�� d-��[36]"

�{ 1 ÅìÆSDU� ECBS �{[36]

Ú 1 Ñ\µ�� MAPF ¢~9g`5Ïf w

Ú 2 )¤��Ð©)�� CT !: R

Ú 3 Ð©zm��L N ← {R}
Ú 4 LB ← RLb, ¿Ð©z�:�L F ← {R}
Ú 5 while N Ø�� do

Ú 6 N ← 3 F ¥ d-���� CT !:

Ú 7 if NConf = ∅
Ú 8 �£ Nsol

Ú 9 end if

Ú 10 lm��LÚ�:�L¥íØ N

Ú 11 if minN∈N NLB > LB

Ú 12 LB ← minN∈N NLB
Ú 13 F ← {N ∈ N : NLB 6 wLB}
Ú 14 end if

Ú 15 3 NConf ¥ÀJ��Àâ

Ú 16 � N )¤ü�f CT !: N1 Ú N2

Ú 17 N^$?|¢� N i O� N i
Sol, N

i
Cost Ú N i

Conf, Ù¥ i = 1, 2

Ú 18 ò N i V\� N , Ù¥ i = 1, 2

Ú 19 if N i
Cost 6 wLB

Ú 20 ò N i V\� F , Ù¥ i = 1, 2
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Ú 21 �£ Ã)

Ú 22 end while

Ú 23 �£ Ã)

• ­5y�UNf8ÀJµHuang �<[38] |^iÒÆSO�DÚ�.��|¢�{

LNS (Large Neiborhood Search) ¥�éuª5K"Tó�¦^iÒÆS5ÆSXÛ

lf88Ü¥ÀJ�UN�f8, ¿ÏL­#5yJp�.��|¢�{ (LNS) �

�þ"Ederer[95] |^iÒÆSO�DÚÄuÀâ�|¢�{ (Conflict-Based Search)

¥�éuª5K"ÄuÀâ�|¢�{�3ÏL3�Z`k|¢¥S�)ûÀâ5

`z)ûõ�UN´»|Ï¯K"Tó�Jø
3|¢L§�cé�k|©�±/

¤��UN�üÑ, =Ôö��ÅìÆS�.5ýÿkÃ�Ü¿ÿÀö"Huang �

<[36] Ó�|^iÒÆSO�DÚÄuÀâ�|¢�{¥�éuª5K"Tó�Ä

k|^�«^uÀâÀJ�ýÿì,¿JÑ
�«^uÀâÀJ�ÅìÆSµe,T

µe*	ýÿì¤�Ñ�ûü,¿ÆSd�5üS¼êL«�ÀâÀJüÑ,±O(

¯�/��ýÿì�ûü"�{ 2 Ð«
 Huang �<[38] XÛ|^iÒÆS�{D

U LNS �{���è, 7Ú1L«��u²; LNS �{#O��{6§"�±w

�, Huang �<[38] æ^iÒÆS�{ÆS
��éu¤k�UN�üSüÑ, l


O�éuª5K?1f8�À�"

�{ 2 ÅìÆSDU� LNS �{ MAPF-ML-LNS[38]

Ú 1 Ñ\: MAPF ¢~ I, ü¶¼ê π ±9�UN8��ê S

Ú 2 P = {pi : i ∈ [k]} ← runInitialSolver(I)

Ú 3 Ð©z�¤éuª��­ ω

Ú 4 while $1�m����L do

Ú 5 A ← ∅
Ú 6 for i = 1 � S �1 do

Ú 7 H ← selectDestroyHeuristic(ω)

Ú 8 A ← A∪ selectAgentSet(I,H)

Ú 9 end for

Ú 10 O�¤k A ∈ A � φ(A)

Ú 11 O�¤k A ∈ A � π(φ(A))

Ú 12 for A ∈ A Uì π(φ(A)) �üS�1 do

Ú 13 P− ← {pi : ai ∈ A}
Ú 14 P+ ← runReplanSolver(I, A, P\P−)

Ú 15 �#�¤éuª��­ ω

Ú 16 if
∑
p∈P+ l(p) <

∑
p∈P− l(p)

Ú 17 P ← (P\P−) ∪ P+

Ú 18 ¥ä, aÑÌ�

Ú 19 end if

Ú 20 end for

Ú 21 end while

Ú 22 �£ P = 0

• ?Ö©�üÑµLanglois[96] |^iÒÆS�{?1?Ö©��, 2¦^DÚ|¢�
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{?1´»5y"?Ö©�Ú´»5y´õ�UNXÚ�ü�¯K,Ù¥vk���

½�{3¤k�¸¥Jø�Z)û�Y"Tó��O
�«�ínüÑ, ¿|^i

ÒÆSl�J,TüÑ,�ínüÑû½Û�$1?Ö©��{,¿ûü¦^Û«�

{?1õ�UN´»|Ï"Xã 6 ¤«, éuz��UN, Ùò�cÛÜ&E (X 

��) D4�²;�üÑ, �üÑòT&E?è�D4�ÅìÆS�."ÅìÆS�

.�âG�?èýÿT´»�¤� (±9�U�)Àâ�), ¿òýÿ(J�£��

üÑ"�üÑ���â¤k&E?1?Ö©� (=ò
:�8Iº:?1��), ¿

æ^²; MAPF �{?1¦)"

ã 6 ÅìÆS°Ä�?Ö©�«¿ã[96]

• `k?ÆSµZhang �<[97] |^iÒÆS5ÆS/�`0�`k?, ¿?�Ú¦^

DÚÄu`k?�|¢õ�UN´»|Ï�{"̀ k?5y´�«¯�
61�)

ûõ�UN´»|Ïµe, �Ta)û�Y��þ3é�§Ýþ�ûu�UN�ý

ÿ`k?"Tó�JÑ
��ÅìÆS°Ä�`k?ÆSµe, ¿mu
ü�Åì

ÆS�{, ©O3o`k?ÚÜ©`k?üSþ?1Ôö"X�{ 3 ¤«, ¤k7Ú

1ÑI�$^��{ÆS���UN`k?'X"

�{ 3 PBS p?|¢[97] (Ð©`k?üS� �0)

Ú 1 �Root←�0

Ú 2 Root.plan← ∅
Ú 3 for z�� i ∈ E[M ] do

Ú 4 success←�#Oy(Root, ai); {XJ �0= ∅, Ko´¤õ}
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Ú 5 if not success then

Ú 6 �£/vk)û�Y0

Ú 7 end if

Ú 8 end for

Ú 9 Root.cost← 3 Root.plan ¥����m�Ú

Ú 10 STACK← {Root}
Ú 11 while STACK Ø�� do

Ú 12 N ← STACK �ºÜ!:

Ú 13 STACK ← STACK {N}
Ú 14 if N vkÀâ then

Ú 15 �£ N .plan

Ú 16 end if

Ú 17 C ← 3 N .plan ¥�1��º:½>�Àâ (ai, aj , · · · )
Ú 18 for z�� ai 3 C ¥ do

Ú 19 N ′ ← #!:
Ú 20 N ′.plan ← N .plan

Ú 21 N ′.constraints ← N .constraints ∪{(ai, · · · )}
Ú 22 N ′ ← {N ∪ {i} � i}
Ú 23 success←�#Oy(N ′, ai)

Ú 24 if success then

Ú 25 N ′.cost ← 3 N ′.plan ¥����m�Ú

Ú 26 end if

Ú 27 end for

Ú 28 3 N ′.cost ��4O^S¥ò#!: N ′ �\� STACK ¥

Ú 29 end while

Ú 30 �£/vk)û�Y0

Ú 31 �#Oy N, ai
Ú 32 LIST ← 3Ü©üS8 {(i′) ∪ {j|i′ � j},� N} þ�ÿÀüS
Ú 33 for z�� j ∈ LIST do

Ú 34 if j = i ½ ∃ ak : k � j, aj 3 N .plan ¥� ak Àâ

Ú 35 �# N .plan, ÏLN^� aj ?1�$?|¢, ;��¤k`k?�p�

ak (k � j) Àâ
Ú 36 if $?|¢vk�£´» then

Ú 37 �£ false

Ú 38 end if

Ú 39 end if

Ú 40 end for

Ú 41 �£ true

• êâ)¤µOkumura �<[98] |^iÒÆS�{ýÿ�UN�5;,, Xã 7 ±9

ã 8 ¤«, ±9ÏDÚ|¢�{ûü"ã 7 Ð«
ÅìÆS�.æ^iÒÆS�ª

5ýÿe�����UNAT£Ä� �"ã 8 Ð«
éu#�¯K¢~, T�{
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Äk¦^ÔöÐ�ÅìÆS�.�¤k�UN)¤õ�´», ��/¤¤k�UN

�´�ã, ^±�Ì~�²; MAPF �{�|¢�m"õ�UN´»|ÏX��{

¥,�«ékcå��{´�ïCq�m�ã (¡�´�ã),,�A^õ�UN´»

|Ï�{5ÑÑ�|ÃÀâ´», �XÛ�ïk�·^uõ�UN�´�ã3é�

§ÝþEk�&¢, ´�ã�±@�´DÚ�{¥�7�&E"TØ©JÑ
�«

#�´�ãVg,¡�Ü�½�´�ã,T´�ã¦z��UNU
;5uÙ3d3

)û�Y´»±��­� �, �ÄÙ¦�UN�1�, ±;��UNmÀâ, Ó�

3�m��þ?1*Ð,¦�Ñ/½�0)û�Y´»C�N´"�
�ïT´�ã,

TØ©mu
�«ÅìÆS�{, l�'¯K¢~ÚwqÜn�)û�Y8Ü¥Æ

S´�ã)¤�., l
A^TÅìÆS�.�#�!"�����¯K¢~"

ã 7 Okumura et al.[98] �{�Ôö�ã

ã 8 Okumura et al.[98] �{�íä�ã

4.2 |^ÅìÆS�{ÀJ¯K°Ä�DÚ�{

¦^ÅìÆS�.é²; MAPF �{¥�'��¬?1O�, ���´±²;�{

�Ì�"3�!¥, ·�ò0�ÅìÆSDU§Ý����a�ª, =|^ÅìÆS�{

ÀJ¯K°Ä�DÚ�{"ØÓ�DÚ�{·AuäkØÓ(�A��õ�UN´»|

Ï¯K,�vk��õ�UN´»|Ï�{UÌ�¤k�ÄOõ�UN´»|Ï¯K,�

vk²(�!�y²�����5(½Û�AT¦^=«�{"Ïd,XÛ|^ÅìÆS

�{5ÀJ¯K°Ä�DÚõ�UN´»|Ï�{, ´3���¡¦^ÅìÆSEâ¦

)õ�UN´»|Ï¯K�­��Æ¯K"ùa�{�`":�|^ÅìÆSO�DÚ

�{¥�éuª5Kaq,Ó�U
U«²;�{���5½�`5^�,�Ó�¬É�

²;�{�Û�5�å"�duùa�{U
Ó�|^�1²;�{, ÏdU
3ù


�{�Û�5þ?1pÖ"

Kaduri �<[100] |^iÒÆS�{éõ�UN´»|Ï¯K�©a, ¿ÏLk�é

5û½¤ÀJ¦^�DÚ�{"Tó�JÑ
Ä�õ�UN´»|Ï�{ÀJ�., ¿

JÑ
ü«ÆST�{ÀJ�.��{, =Äu<ó�OA��IOiÒÆS�{ÚÄ
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ã 9 ü«;.�ò MAPF ¯K¢~N��ã��m��{[99]

u�ÝòÈ ²�ä�©a�{ (òõ�UN´»|Ï¯KN��ã��m, Xã 9 ¤

«)"ã 9 ¥, �ãò MAPF ¢~N�� RGB �ª�ã��m¥, éu/ã¥�æNÔ,

T�� �W 1, �1Ä �KW 0; éu�UN�å© �, ������ÉÚ, 8I 

�K���7Ú, å© �Ú8I ��mØ�3éA'X[100-101]"mã¤k�½��

m��,��	\\
å© �Ú8I ��m�éA'X,=xÑz�éå© �Ú8

I ��m��á´»,Ø�ÄT´»´Ä�Ù¦´»Àâ,�´»¤²L������

ùÚ[99,102]"Tó�¥ÿÀ²; MAPF �{Ñ5guÄu|¢��{, �)Äu A* �

|¢�{[26,65] ±9©� MAPF �{[76-78,80]"Sigurdson �<[101] Ó�|^iÒÆSé

õ�UN´»|Ï¯K?1©a, ¿?�Úû½¤æ��DÚ�{"Tó�Äu�ÝÆ

Sl�½õ�UN´»|Ï¯K��{|Ü¥gÄÀJ�Zõ�UN´»|Ï�{, ÿ

À²; MAPF �{Ñ5guÄuéuª|¢��{¥�)Í MAPF �{[67,69,71]"Ren

�<[99,102] mu
Äu�ÝòÈ�ä� MAPFAST (Multi-Agent Path Finding Algorithm

SelecTor)�{"Ù3�c�{Ä:þ,ÏL��.�¢~i\ü�UN�á´»,±9|

^Ö¿��¼ê, 5Jp�.5U"T�{¤À��ÿÀ²; MAPF �{�)Äuéu

ª|¢��{¥�©� MAPF�{[77,79-80],±9Äu�{��{¥�Ù��÷v5ï�

�{[55] Ú�ê�55yï��{[91]"Alkazzi�<[103] 3 MAPFAST�Ä:þæ^Äu

|Ü��{ÀJÅ�,TÅ��±�ÏÀJ�·Ü�½?Ö��{,Ó�|^ÿÀ�{�

pÖ`³"Tó�JÑ
�«���O(�Äu�ÝÆS�e�, ¿�3òÙÜÝ3�

UNèÎ+nXÚ¥"T�{À��ÿÖ²; MAPF �{� Ren �<[99,102] ��"

L 1 ÀJ¯K°Ä�²; MAPF �{�ÅìÆS�{o(

�{ ÿÀ²;�{

Kaduri �<[100] Äu A* �|¢�{[26,65]!©� MAPF �{[76-78,80]

Sigurdson �<[101] )Í MAPF �{[67,69,71]

Ren �<[99,102] ©� MAPF �{[77,79-80]!Ù��÷v5ï��{[55]!�ê�55yï��{[91]

Alkazzi �<[103] ©� MAPF �{[77,79-80]!Ù��÷v5ï��{[55]!�ê�55yï��{[91]

|^ÅìÆSEâ5ÀJÜ·���õ�UN´»|Ï�{, ´ÏL�����ª

|^ÅìÆSDUõ�UN´»|Ï¯K�)û, ,���\�(Ü´|^ÅìÆS5

OrDÚ�{�Uå, 
Ø==´ÀJDÚ�{"
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4.3 |^ÅìÆS9DÚ�{?1·Ü5y

��|^ÅìÆSEâ/¤à�à�õ�UN´»|ÏüÑ, �,3¢y�ªþ{

ük�,�´¿�ý�òÅìÆSEâ�DÚõ�UN´»|Ï�{KÜ,��!ò­:

0�|^(ÜÅìÆS�DÚ�{?1·Ü5y"ùa�{�`:3u�±|^ÅìÆ

S�{â»²;�{3¯K5�±9¦)�mþ���, �Ó��Ã{�y�{���

5½�`5"��!òlDÚ�{Ú�5y!ü�ã5y!éuª5K°Ä��ÝÐm

0�"

• DÚ�{Ú�5yµ|^DÚ�{)¤´»5yÔöêâ½éuª5KÔöêâ,¿

?�Ú����¼ê½øy¼ê�O"Sartoretti �<[33] JÑ
�«#�õ�UN

´»|Ïµe PRIMAL, Ù(Ü
rzÆSÚ��ÆS5�Ç���¥%z��ü,

Ù¥�UN3��Ü©�*	�­.¥�A5/3�5y´», Ó�LyÑÛ¹�

�Ó"Tµe*Ð
�c3���ü�©ÙªÆS�¡�ó�, 3�ÔÏmÚ\


;[õ�UN´»|Ï5y��ü«, ±9c[�øy�EÚ�¸æ�"Damani �

<[104] 3 PRIMAL�{Ä:þ�O
#�©ÙªrzÆSµe,= PRIMAL2"T�

{¥��UNÆS���¥%z�üÑ, ±B3Ü©�*	�­.¥3��A5/

5y´», ?�ÚÏL£O1�Ú�½ò�c�ó�*Ð�pÝ(�zÚÉ��­

.,Tó�3$�ÝDÕÓ^�­.¥´k��,ù
1�Ú�½�±UõÛª�U

N�Ó, ¿ÏL�ï#�ÛÜ�UN*	Ú�«Ôö9Ïóä5¢y§��ÆS"

• ü�ã5yµSartoretti �<[31] (Üõ�UNrzÆS PRIMAL ÚDÚ|¢�{

ODrM*,Ùk^ÅìÆS�{ PRIMALO�,2^DÚ ODrM*5�N"Virmani�

<[105] |^iÒÆS (��ÆS) ÚDÚ|¢�{ M* /¤ü�ã5yµe"Tó�

ÏLæ^Ä�ÍÜüÑk�/7L
�Ýz¹µÄk±��)Í��ª5y�UN,

�Ñ
�UN�m�d3Àâ¶,��UN�o�Ì¦��g�Oy, �oÍÜ3

�å?1Oy±)û¦��m�Àâ"Tó��3ÏLU?z��UN��<Oy

5~�Àâ�êþ (l
Jp�N|¢�Ç)"ÏL|^ Visual Transformer, Tó�

mu
��ÄuÆS�ü�UN5yì,T5yì�ü��UN?15y,Ó�'5

N��(�Ú�Uu)Àâ�Ù¦�UN"

• DÚ�{éuª5K�ÅìÆS�{�ÝKÜµReijnen �<[34] JÑ
�«¡�

WHCA*S-RL��{,T�{ò�ÝrzÆS�éuª�{�(Ü,^u¦)õ�U

NrzÆS"Ù¥, �ÝrzÆS^u(½1?��, 
éuª�{KiÒÄu´ã

�ÙÛ¥�5y"Wang �<[106] Ú\
�«�ÛÚ��rzÆS�{, T�{(Ü


�«#�øy(�,�í2�?¿�¸,¿ò G2RLA^u±�©Ùª�A�ª)

ûõ�UN´»5y¯K"Chen�<[107] òõ�UNrzÆSµe�DÚ|¢�{

ODrM*�(Ü"TØ©JÑ
�«)ûõ�UN´»|Ï¯K�#�{"3ù«�

{¥, ÏLJÑ9iÒé'��, ò;[êâ=��iÒ&Ò, ¿òÙ�rzÆS�

(Ü, ±�Ç��©Ñ�üÑ"�UN3��Ü©�*	�­.¥�A5/3�5

y´», Ó�LyÑÛ¹��Ó, 
Ø�¦<�6"?�Ú3üÑ�ä¥Ú\
g5

¿Å�, Jp
üÑ�äl*ÿêâ¥J��UN�m��&E�Uå"Li �<[18]

Ó�òõ�UNrzÆSµe�DÚ|¢�{ ODrM* �(Ü"JÑ
�«©Ùª

Ï&ÆS�{,T�{3�¥%zõ�UNrzÆSµeS,òÛª5y`k?B\
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Ï&ÿÀ"Ûª`k?ÆS�¬�²;�ÍÜ5yì�(Ü, �±/¤Ä�Ï&ÿ

À, �ïá
k��Àâ;�Å�"Wang �<[108] JÑ
�« SCRIMP �{, Ù¥

�UNÏL�6uÄuU?�=�ì�pÝ�*Ð��Û/�/Ï&Å�,l$��

~�� FOV ¥ÆSü�üÑ"�
?�Ú��UN<��
ÄuG�d��²Û

�»üÑ, ±?�ÚJpé¡�¹e�1�, ¿Ú\S3øy5�y&¢, Ó��)

�Ï&^©�¯K"

ÅìÆSEâ��­�Ö¿, �±lõ��ÝJ,DÚõ�UN´»|Ï�{�5

y�Ç, þãSN�¡0�
ÅìÆSDU�õ�UN´»|Ï�{",
ÅìÆSE

â�¦^�,��?�ÚJ,, Ù�±�Ð/DUõ�UN´»|Ï�{"

4.4 ¦^ÅìÆSà�àÑÑ5y´»

ÅìÆSEâ�±A^�õ�UN´»|ÏDÚ�{ÀJ, ±9DÚõ�UN´»

|Ï�{¥éuª5KO�½7�&E)¤�, ,
�õ�ÅìÆS°Äõ�UN´»

|Ï�{�3ÏLÅìÆSEâ�à�àÆSUå, /¤à�à5y´»Uå"iÒÆ

S!rzÆS!üzÆS!üzÆ�Ø�þ�^u�ïÅìÆS°Ä�à�àõ�UN

´»|Ï�{"ùa�{áuX{�êâ°Ä�{, ÏdÙ`:3uU
ÏLêâþ�

�.���J,5¢y5U�J,,�":3uI�p�þ�Ôöêâ,Ó��"y��

5½�`5�y"

• iÒÆSµAbreu[39] |^iÒÆSÚ��ÆSEâïáà�àõ�UN´»|Ï�

{"õ�UN´»|Ï (MAPF)´�Óy¢­.¥��UNXÚ¤2�I��"#�

�{=��ÝÆS5)ûMAPF¢~,Ì�¦^äkpO�¤��rzÆS"·�J

Ñ
�«iÒÆS�{,¦^��!¤��$��.5)û MAPF¢~"Bignoli[109]

Ó�æ^iÒÆS(Ü��ÆS�µe, ÏL|^ã ²�äÆSd�UN��U

NÏ&�ÛÜüÑ5)ûõ�UN´»|Ï¯K"Li�<[110] JÑ
��|Ü�.,

gÄnÜ�UN3É�ó��m¥��/Ï&ÚûüüÑ"Tó��e�dòÈ 

²�ä (CNN)Úã ²�ä (GNN)|¤,cölÛÜ*ÿ¥J�v
�A�,�ö

3�UN�mD4ù
A�"ÏL��;[,¿3��9ÛÜÏ&ÚÛÜ*ÿ�©Ñ

5y¥3�¦^dd�)��."Li �<[111] òYæ^iÒÆS(Ü��ÆS�Å

ìÆSµe"3�5�õ�UNXÚ¥,é�©Ñ�´»5yÚ�Ó)û�Y´Jp

XÚ5U�'�"
ã ²�äduÙ3�¥%zõ�UNXÚ¥ÆSÏ&üÑ�

Uå
C�61å5"Tó�ÏLÚ\�«#��Ea�ã5¿åÅ�5#N�E

p��6,TÅ�(½l�«���UN�Â��E¥A���é­�5"Sinkar�

<[112] JÑ
�«)û�UN½æNÔÄ�V\��Àâ½´»­U¯K, Ù¦^

d A*�{���êâ8þÔö��ÝÆS�.,�±3$1��z��UN�Ñû

ü,Ó�(�§Ø¬�?ÛæNÔ½?ÛÙ¦�UN-E,¿3?Û�m:?n�¸

¥��«Ä�Cz, Ó�Ø�6uýO�"Chen �<[107] Ú\ã ²�äÚ�UN

�m�Ï&,Jp©ÙªüÑÚ���UN5y´»3E,�¸¥�5U,¿wÍü

$XÚ�°�5"Tó�ÏLÚ\ Transformer �.�O
�«#���rzÆS

µe, Tµe¦��{U
3E,�¸¥LyûÐ, 
Ø�6u�UN�m�Ï&"

• Ã�.õ�UNrzÆSµGuan �<[40] |^õ�UNrzÆSµe, ¿Ú\Ï&

ÆSEâ"�
JpÄ��¸e´»5yÆSL§�k�5Ú�Ç,Tó�3 Actor-
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CriticrzÆSµeeÚ\
�«Äu5¿åÚ BicNet�rzõ�UN´»|Ï�

{"Ma �<[113] Ó�|^õ�UNrzÆSµe, ¿Ú\Ï&ÆSEâ"Tó�J

Ñ
��°%�O��.,T�.|^NC�UNÚæNÔ�ÛÜG�,¿ÑÑz�

�UN�1��`Ä�, Ùdn�Ì�|¤Ü©µ1) *ÿ?èìµÙ¦^ CNN J�

ÛÜÜ©*ÿ, GRU ¿©|^{¤&E¶2) Ï&�¬µÙ¦^5¿åÅ�ò�UN

�Ü©*ÿ�Ù�Ø�(Ü¶3) ûü�¬µÙ8�´ÑÑ�ª�1ÄüÑ"Ma �

<[114] Ú\Ï&ÆS, ¿��Ý Q ÆS�(Ü, �õ�UN´»|ÏJø
�«#

�ÄuÆS��{, Ù¥�UNÏLãòÈ�ä¢y��"Ma �<[115] Ó�|^Ï

&ÆSïá¡�õ�UN´»|Ï�õ�UNrzÆSµe"ÏL�ÝrzÆS½

��ÆS?1Ï&ÆS�C�y²´)ûõ�UN´»|Ï�k��{"Tó�J

Ñ
���¦-A�|µ, ¿JÑ
{ük��ûüÏJÏ&�., ¦�UNU
À

J�Ø3ÔöÚ�1Ïm?1Ï&"äN/, �k��Ø��3��¥
�UNþ

�ûüN��, T�Øâ�(½��'�ÚkK�å�"ù«�ä=Äu�UN�

ÛÜ*	5ÆS, Ïd·Üu�¥%z�15?n�5�¯K"Ye �<[116] òrz

ÆS�Ï&ÆS�(Ü,Ù¥�UN�â`k?ÀJÙÏ&8I,¿¶-P{Ï&ó

´, ?�Ú¦^Äuã ²�ä�A��p�ä5¢y&EàÜ"Tó�Ú\
�

«�	�k£uÿÅ�, ±O\�UN<lk£��U5"Xu �<[117] �c¡Äu

Ï&ÆS�ó�ØÓ, ÙJÑ
�«#�Äu�ÝrzÆS��¥%zõ�UN´

»|Ï�{,Ù(Ü­���§ÆS,¿¦^ÛÜÚ�Û��Å�5�Ï�UN5y

�1�´»"Davydov �<[118] æ^�©)�õ�UNrzÆSµe5)ûõ�U

N´»|Ï¯K,�
Aé�ÆSÜ�1��']Ô,�UNI��p4ÚâU�¤

?Ö, Tó�¦^·Ü Q �ä5Ö¿ÆS�NüÑ"van Knippenberg �<[119] J

Ñ
�«ÄurzÆS�õ�UN´»|Ï�{5ÆS�UN��/´düÑ, l


~�
ÃÄ�OéuªÅ��I�",
T�{�6uãòÈ�ä5?n?¿ã,

Tó�JÑ
ü�UNÚõ�UNrzÆS�{, Ð«
õ�UN��XÛ|^�

UNã�ÚÛÜãÿÀ��q55~�Ôö�m��U5"

• k�.õ�UNrzÆSµSkrynnik �<[37] JÑ|^rzÆSCàüÑ`z�{

PPOÆS´»5yüÑ,¿|^Äu�.�rzÆS�Akâä|¢ (MCTS)�{

¢y;æ"Tó�JÑ
�«#µe,Ùò¯K©)�ü�f?Öµ��8IÚ;�

Àâ"�
�¤z��?Ö, ·�|^rzÆS�{, X�Ý�AkÛä|¢!Q ·

Ü�äÚüÑFÝ�{5�Oò�UN�*	N��1Ä�üÑ"�e5, ·�Ú

\üÑ·ÜÅ�,�ª/¤��ü��·ÜüÑ,#Nz��UNÐyü«a.�1

�——üÕ�1� (��8I)ÚÜ��1� (;��Ù¦�UN�Àâ)"·�?1


��2��¢yµ�, (JL², 3ùa¯Kþ, ¤JÑ�·ÜüÑwÍ`uÕá

�ykrzÆS�{"Zhang �<[13] JÑ
�«äkõÚc�ä|¢ (MATS) ü

Ñ��¥%zõ�UNrzÆS (MARL) µe, ±�Ñk��ûü"

• üzrzÆSµLiu �<[35] JÑ
�«äk?zrzÆS (MAPPER) �{��¥

%zÜ©�*ÿõ�UN´»|Ï,±ÆS·ÜÄ��¸¥k��ÛÜ5yüÑ"Ä

urzÆS��{3äk8I^�DÕøy��Ï?Ö¥Ï~¬Ñy5Ueü, Ï

d3�Û5yì���eò�§�Ê?Ö©)�Nõ�N´�f?Ö, ùJp
�

UN3�.�¸¥�5U"d	, �õêyk�õ�UN5y�{�ob�±��
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¸��{&E, �ob�NCÄ��UN�Ó�5, ù3¢�¥�UØ¤á"Tó�

¦^Äuã��L«5ï�Ä�æNÔ�1�, ¿3vkÓ�5b��·ÜÄ��

¸¥ÔöüÑ"�
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�{ 4 üzÆ�Ø�{¦) MAPF ¯K[32]

Ú 1 Ð©z: πrand(a|s)← 1
|A| , counter(s, a)← −L,∀s ∈ S, a ∈ A

Ú 2 for e = 1 to Number of Episodes

Ú 3 Ð©z;,: τ i = ()

Ú 4 Sample: si0, · · · , sil ∼ I
Ú 5 j ← 0

Ú 6 while j < T do

Ú 7 for i = 1 to N do

Ú 8 if sji 6∈ Φ then

Ú 9 aji ∼ πrand
Ú 10 τ i := τ i ⊕ (sji , a

j
i )

Ú 11 (sji , a
j
i , s

j+1
i ) ∼ ∆

Ú 12 end if

Ú 13 if sj+1
i ∈ Φ then

Ú 14 N^ UpdateFunction(τ ij+1)

Ú 15 end if

Ú 16 end for

Ú 17 j ← j + 1

Ú 18 end while

Ú 19 for i where s> 6∈ Φ do

Ú 20 N^ UpdateFunction(τ ij+1)

Ú 21 end for

Ú 22 end for

Ú 23 UpdateFunction (τ `)

Ú 24 u = d(s0, s`)

Ú 25 if s` ∈ G then

Ú 26 if u 6 η then
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Ú 27 update prob = 1− (1− u)α

Ú 28 else

Ú 29 update prob = 1
u

Ú 30 end if

Ú 31 if rand(0, 1) > update prob

Ú 32 counter(sk, ak) := counter(sk, ak) + ν

Ú 33 end if

Ú 34 else

Ú 35 if u > β then

Ú 36 counter(sk, ak) := counter(sk, ak)− µ
Ú 37 end if

Ú 38 end if
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