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Research Progress of Multi-agent Path Finding Based on Conflict-based Search Algorithms

WANG Zihan and TONG Xiangrong

School of Computer and Control Engineering, Yantai University, Yantai, Shandong 264005, China
Abstract Multi-agent path finding is a classic search problem in the field of artificial intelligence. Conflict-based search algorithm
is one of the best algorithms to solve this problem. This paper discusses the basic research of multi-agent path finding,and classi-
fies the research results based on conflict search algorithms and their variants in recent years. According to the improved ways,
the variants are divided into four categories,including segmentation strategy improvement, heuristic algorithm, bounded subopti-
mal algorithm and typical conflict processing. It also introduces the application of the conflict-based search algorithm to the ex-

tended problem of multi-agent path finding. Finally.according to the advantages and disadvantages of the current algorithm.the

existing challenges are pointed out. In view of these challenges,the possible research directions in the future are given.
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WF5E# W MAPF (1] BRI 24 i HG Al 4508 v nl 2 1) i) 230, 40 A3 2R
] ¥ R PR R L% (Boolean Satisfiability, SAT) | %% & 1
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PUTE S0k A7 7 (1 0] 4 i 45 b BT 09 MAPF SR i 0L AN
T B 40 Sharon 455 $ T 388 1 A A B 48 2% 8 7% (In-
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B R E R AR TR A . HJE X — DB T R
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Based-Search, CBS)#7,
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A BB Z RN X E BB T Agent ZH A X R, M
I VA I 24 T T 2SR R B AR 22 R i g ORAIE TR 9 58 £
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AT AF 2k MAPF AF 58470380 A9 385,
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PR B BT T 9 IR L IR X AT T 4 2GR

2 MAPF 8 @ )i R E Al
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MAPF [] 5 (1 28 #58 SCANF .
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Fig. 1 Diagram of edge conflict and vertex conflict
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composition, OD) F1 2f 57 # M (Independent Detection, ID),
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Fig. 2 Classification of research methods for MAPF
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PRy A2b TRV A B
3.1 ETHRMNBEERE
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(3) WA (Cost) o AN Jr & h iy kb 25 42 09 A B
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Fig. 3 Example of MAPF and MDD of all Agents
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Splitting, CBS-DS) , %S JIll 249 5 B} K 7] 151 43 ik A 3 A4~ AN 4 28 1 F
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EATH : Carvoat) il a FEIF R ¢ HHEHY 05 o,

AR Cay 00 K Ik, ERTAIE ¢ 539 2 o

CBS-DS B ik £ th B (a; va; v t) A Agent H1 ) —
Aan 47555 QIR TTA 737 250 I 5 IR Iy 5, — A 2y 5
Sl TR AL AL ¢ YR 00 B — DB ke, FEIF IR 0 3R
N5 o SXREAT B Y T A SRS AR B Y L BIAT: ] B £ e R
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3.2.2 o EA e A vk

M —41 Agent SBERA BT, BIZ 41 Agent Z[A] (9 P9 o
R LW 5B 2 H XX 88 Agent JE17 A 3 & — A 200
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Agent#i Ml A — 1~ 81 Agent 25 CBS i, I M & 5 ik
UL N Agent RYBPZE

Lee Z08 S H T 2 A LAY CBS 5 #% (Hierarchical
Composition CBS, HC-CBS) . i% % 1 ¥ 52 % () MAPF [i] 15 43
fiff Ay /N B F ) L 22 S o 3 e () S 4 ) M 4 B TR R Y
TR, BRI N R IR B9 MAPF 85, JF 3210 T BEHLA IF
oA I MR b g A IE 3 R A IFIEN] . BEALA I H Agent
BEBL 53 20 45 91 5 0l 5 G I AR A 7 170 R X =22 ] £y P 3 o 52
o HEP R G IHE IR T S Eb . SR G I MALE
oA A E, BEHL A I 08 T 85 de /N, 38 FH T 45 40 RVRRAE A B
BRRSE., EEEG ST WREEITE TN RNR,

Lee % [/ if $2 1 T HC-CBS B9 Wi F I 17 8 3=, B 9F 47
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(1) 2%k vl 28 & (Conflict Graph, CG) J& & 8 1 : Felner
SRR T Y AT A FE RO R B G L HE R B SR R T 4 R
it LI 00555 7 = U0 ] R, o S 45w % T Y O /N TS 3R



ETHE L AF BT R SR R A 2 B A i AR LR BT 5k

361

K /N (Minimum Vertex Cover, MVOME N h 18,
() #e# #l (Dependency Graph, DG) i & &5 1Y . DG
15 CG B LRl L K A B AR A Agent 35 0 81 8 oh 22 I/ o
a7 R %K B ] G (Pairwise Dependency Graph), DG J3
K b AB R B ok g B MVC B RN, A R R OR
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offo
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1 Si
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v
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5%

4T DG AT R IK O R, B 4 () & — A
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Mla 7EC, KA WoE . Bl 4(b) f&a, Fla: £ A 1 MDD, DG Jg &
A5 A I P MDD, B4 BB 4 (o) B BE A 2 76 A1 1 A i
B4 WA~ Agent MK B B 20 B AR R AT vhz, B
4 MDD £ B P4~ Agent B 1A w58 1Y 5 Ja A%

()

B4 —4 MAPF /&6l . Fi Agent i MDD FIFi 4~ MDD 954 B ClL T % BD
Fig. 4 MAPF example, MDD of two Agents and Joint graph of two MDDs

(3) i AL AR #i EHY (Weighted Pairwise Dependency
Graph, WD) Ji & K& X F WA R F) Agent a; Flla,; , ¥
TR /N TE WS AR I AR Z AN S EATHE N Y AR 1 A
ARZHEIEFRAA,; (A; =00, DGR KA HE Hagifdta, =
0 M fE B IR A, BURA ZRINEE . WDG g & {f
5 DG Jg &= AR R 1 & BN B A i 1AL AL 1
HA; . ¥ MVC [R) i ) S 300 A dee /) T 3 3 (Edge-

Weighted MVC,EWMVO) [7] 1, g [&] i (14 45— A4~ T o5 (B —
Ay R R (2) B /M

xtx = w, (2)
Hobw, 98 o, fl v, Z 1AL, WDG T3 8 & X
54

h=2x, 3

WDG Jg &R FEM DG Jg & A L, FEA X 5 7E
T WDG & ZHIMTEA; .

F 15 T scHk[41]rh 3 Fg R R ETEA R 5 TR
R A (B (50 AL SEI0 ST B R X L L A SR S G AR A U
EMTEARA 5 a0 BRI R R OB, B
& b Agent Z[R] A HEG BE A5, PR IE A 25 BB O 2R A 4
PSS JEARE N, WDG S 3R L T U 1 h 6. i R ME
F e B A AN T B B B T A R I B R Ah i T
HRAEARN 57 B % R R R I R BB AT

K1 EH CT B h R L A

Table 1  Average h-values and average h * -values of root
CT node on different instances

Type Agents CG DG WDG h*

Empty 30 0.2 1.0 1.2 1.7
Empty 10 0.5 1.6 2.0 3.3
Empty 50 0.5 2.2 2.6 07
Dense 16 3.9 3.9 11.5 18.6
Dense 20 4.7 4.7 14.0 23.2
Dense 24 6.5 6.5 18.9 28.5

EREy 3 AR ERBEERA B R T FET AP g HNE
e AE TR P A RN S 20 5P R
(BT RETF A 2B ¢ fHAYIE M4 K . Boyarski 5§24 T
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(RS RIS AR QUL SR | R SRR 5 QU I 3 i8R R
S G 3 — 25 /N CT B K/
F 2 T CERL42] P R b oA, Ho A Y g-cardinal
1 2E il semi-g-cardinal #1241 24 F ICBS 5 2 v (19 3k 45 b 58
IR 2% Sl
F 2 SemkL42]rh Ry e o 28 W (R S G B AR TR 3 8D
Table 2 Types of conflicts in reference [42](priority decreases

from top to bottom)

xS X RN
I FH A MVC,
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I FH A H MVC,
MVC A NF % HEH
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MDD # » R it 5] % %
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—ANFH R fEH A
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FH M g EAE

g-cardinal
—NFH B g B
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F A AR
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(D TR S & R SCHRC42 14 3 Fhvp 2 (Y
B — LR PIS In T35 T AL, 43 ) 3 58 T CG, DG,
WDG Jig & 05 B, 15 8] 7 3 TS AL % vh 58 &l (Near
Vertex-Weighted Cardinal Conflict Graph, NVWCG) . i Ti 5,
JBUK S (Near Vertex-Weighted DG, NVWDG) F13lE T 45
TR 4 343 00 AR 482 8] (Near Vertex-Weighted Edge-Weighted
Dependency Graph. NVWEWDG) Jig & 5B 35 . X 2631 AL &
&7 FOB ALK B TRy X N TR Agent 119 B% 48 SR A D 95 A
Agent Z [ (9 24 1] w28 BT 75 06 dec /N BRI AR . A8 4 3T T A
BT 0P B 2 S5 BEI e = Cop o) R 23 5 g e, Flle, 5
005 0, W AB s > 20 T 2

xize, N =e, 4

I TS AL TR e R 20 A (E i R TS 5 e, d/N AL
T 2R 3 B ) R S TR A R SR R AR A AR R R
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# 3 CBSJag kAT kmxt

Table 3 Comparison of CBS heuristic algorithms
4 hfE KhERFHFAHEE R R
CG Mg & H MVC K /b Mo REKMEE MVC KD HEH A RR LW E
X RA A RAFEGRB A R, WAERBE, .
. T—_— o A T
DG K3 B MVC 5 | FALE MVt o A N HERE
‘ o . H S R — A Agent [ AT 3 5 ) &

WDG & % @ 8 EVMVC Ay & B EVMVC AAFEHHA
NVWCG TR TE 3% W ik /N e ZE CG ey Bt TN E TR ) B 1A B K B 3 &
NVWDG W TR % o /N DG e Eit AT AR E TR 4 B 1B 8% K oy 3 B

AR N B TR R % AR P HAETERE, HEE
NVWEWDG AR AR D TR R EWDG e Pt ERTHARE, HEE o B b B

., 35 /s Ao

HOAL R & Agent & AR By & AL E & /N

3.4 JLFhER B A9 BRI

4 430 DA P RO AR — R R I R — 2 B AR Bl AR B
Z[B) B A P L 3 2 B AR B AR B B AR TR Y A 4G TS R E
P T A LA B AH [ 1) B AR AN s A Hh 3 U AN T

TR LB BT . A Agent BT AT 14 fe 58 3% 2 J2 00 AH w58
MY 3% FRTE 2 H A T T A Agent HEIH TR
T CBS B4, G R WA~ Agent & A e, 8 4 5 #0047 B
R R, E S F AR A T R8T 2R Hix ek )r £ 2
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Fig.5 Examples of rectangle conflict,target conflict and corridor

conflict
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Table 4 Summary of special types of conflicts
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(a) CBS-Replanner
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[l 6 CBS-Replanner il CBS-D* -lite B9 %8 5= i #2 &l
Fig. 6 Flow chart of CBS-Replanner and CBS-D* -litea algorithm
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Fig. 7 Schematic diagram of potential presence in a path from

s; to g
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