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Dynamic Conflict-Prediction Based Algorithm for Multi-agent Path Finding

ZHANG Mengxi, HAN Jianjun and XIAO Yan

College of Computer Science and Technology, Huazhong University of Science and Technology, Wuhan 430074, China
Abstract Multi-agent path finding(MAPF) is the problem of searching for collision-free paths for a group of agents. Currently,
flexible explicit estimation conflict-based search algorithm(FEECBS) is deemed as one of the most effective bounded suboptimal
algorithms to solve the MAPF problem, but it has several disadvantages concerning the frequent invocation of the low-level algo-
rithm and slow reduction in the number of conflicts during iterations. To address such issues, This paper proposes a dynamic con-
flict-prediction based algorithm for multi-agent path finding(DCPB-MAPF). The DCPB-MAPF algorithm operates on a two-layer
framework. On the low level,it investigates an optimized dynamic obstacle avoidance method based on critical intervals and a new
iterative method based on path cost prediction for improving its efficiency. On the high level. it develops a conflict-prediction
based search method together with the low-level algorithm. Firstly,the conflict selection technique is improved by quickly predic-
ting the number of potential collisions. Further,a new method is proposed to accelerate reducing the number of conflicts by con-
structing a heuristic function. The extensively empirical experiment results demonstrate that DCPB-MAPF can effectively im-

prove both efficiency and success rate on MAPF instances when compared to the existing algorithms.

Keywords Multi-agent path finding.Bounded suboptimal algorithms, Heuristic search,Path cost prediction,Conflict prediction
T AL R A B (nan’) €EE BARBREIR — KB 3, &
A

NERRWHEA WAL E s € s MI— D BARLE, €0, 1E

TES AT A i A X2 AR R G0 o il B% A 4R )
REENMR T MZ —, ARG H TRAEBE .
FEAR SO0 S A AUAT LU 2 R 48 09 92 I PR B2 oK i fE — o R
S R G R AR AR AR R B R TE 2 R S
(Multi-Agent Path Finding, MAPF) 838 A & I [ /) v FH A
o A ETMAXRRREW ZEERIT BB LT EE Z N
MTgaesca’ Az pgaim T AN o,

MAPF [ 5 (1) 56 5 2 52 2 A4 fe 1k [8] B 5 5 #0300
BRATHEMAN 23 KA vh o, B HR N T

kA RE AR MAPF [ 80] B L — A T8 (G s, 0)
Hrp G=(V.E)R——ATEm B B P A o€ VIR R fE

Ff H.2024-10-21 iR 1& H#].2025-02-24
WAEVEHE . H 2 (yanx@hust. edu. cn)

MAPF [l {8 v, i (8] 8 85 #50k i o] 25 K 76 B A4S B TRl 45 K
o AN RE IR TT LLIAT — A sh A, — AT 9 Al S A 3 £
0 ST RO = 1 S I A I S N 17 SO 1 S 1 3
Rfo — A B BEAR Y S BE 2 M s 10 8 B B AR LB 1 — R 5
IEMAE S 7= (@) vay » o a,) ok DB EIR B B8 TR0 2 £
SRS T = (my vy s oo om) » FOHP S & AN B 10 B8 42
X R, o BRI AT 0 BT A R BR AR R AT B AR 19 4R G S8 MAPF [A]
FOUA £ 5 24 ELAN 2 e A A 22 A CRPAT R I ) i /N kL R 25 5]
) MAPF [5] 8000 i O doc £ A . XY B AR AR 2 FLAE T P 46
B Pk A X 8 2 AT (RNC, <A+ o) C. Hib o AR R E
B SRS H0 FRAS 2R MAPE 0] 85 it e A S A it



22

Com puter Science FEME Vol.52,No. 4, Apr. 2025

F AT MAPF [R]8 1 A0 S5 4 2 A2 v UL R 3
H R AR . Hob R rp A A s s T s g S
fifp ) oA 34 08 T o0 A U B k. AR UL B R 0 O 4
FiEET AT R ET R R A (Conllict-Based
Search,CBS) UM I KB R T MR HAR
SR 1 A,
F1 AR I B R

Table 1  Advantages and disadvantages of centralized planning
algorithms
3 = e
. X . =R
* - 6] i}
A REHE 5 T %A R
o kM ER L CER TEEE. .

"BS & & 7] 53 i

CBS FE AL 7R s

% 44 & & (8] SEHLfE ] ] .
R KR E S R AR E T 5 k%
LR KA A2 3E I A

1 PRI LUA H . CBS 553k 02 48 b 2CH Sl 55 12 v e o
MAPF [a] 8 550 6 fe i 3 FH 0 BBl e ) B9 3, B CBS Al 5%
DT TR AT 7 A0 8 FH R J2 33 2 R B 22 D B3 A o S 5 it i
/> o 08 A T) L, oAy i e b O TR) R, AR SCHEAT AR 3 T T A
Ligii

DM T =M B BTN ES R Rk
7% B2 w5 W 59 £ 8 K54 % (Dynamic Conflict-Predic-
tion Based Algorithm for Multi-Agent Path Finding, DCPB-
MAPE) , % CBS 53 i T )2 K Ji€ J2 50 9k 3 A7 U 1k, DAAR 7
MAPF [7] 1135 17 505

DA AA FRE A" 53 (Dynamic Bounded Subop-
timal A" ,DBSA ™) IH N A FIRES . ke A |
TR IR AR R kA R R B A ol R O i HE— 2L
AT TR B A R 2 SR A %

30 FE 02 B i 3 1 o 2 e B T RO I R R KRB
P 7o v o B A R A B L T e g Y A s PR AO AR L
PR30 A At e 5 B U/ 1 R R 4R T R I B AT RO

2 MXIE

CBS % 317 2 H B % Pe MAPF 7] B8 (9 i A 5 e 22—
AT R R RS A R M ST R — SR R AR
I T2 fife e 80 BE A 1] 9 BR AR vh ok . — BL7E TR & B A2 o
58 M A BT A4 32 AN 43 30 S H v — A R AR i b 28 24
B LIRS — &R e rh e AR . H RTER X CBS Bk A4 1k
FARE 200 T B T NP O [ T
A BRI IR T MAPF [a] AR SR B f . aX — 3 52
3k 3h T i ) A B R AR R LUK IR R e Sk i
&

Hom R L F b € $8 % 55 1% (Enhanced Conflict- Based
Search, ECBS) J& CBS J5ik (A FL R AR AR . % 58 26 %
FEE5WZM A R %8 £ 8 # R (Focal Search,
FS) P2 SR AR UE H AT F U AR b 1 sl /0 vk 38 AT i R) . i B
ERZIENAERFRER R ESRIEEEAZNEL R o
5 72 T BR 4 fif R SR A3 e 2 TR A A

A Y T b 98 19 48 R 5 % (Explicit Estimation
Conflict-Based Search, EECBS)™ | £ %F ECBS i3 % 3% ok %k
S OUMT DG T S B M e BRE L A 204 T R (Explicit Es-
timation Search, EES)"V R 02 (9 £ S RE %, EESE
T 7E B A i e 58 I B AR BUA SR L — AT IR LB T
PR Z &S RALRE RN EERATRE S, [
A 5 B CBS H Y Bl R vk 28 5 nl 28 S g L WDG i
SRR AR TR A BT B 4k Skl R A AL B R
JEFFIMAR] EECBS 8k b, i — 25l b 1 53k 1Y 48 17 1
] o R A T Y BT b 52 1 48 R B 1% (Flexible Explicit
Estimation Conflict-Based Search, FEECBS)* 7 EECBS
20 A 3E— 25 R AR B SR DA KRR B o BRk
PETR B SR it 88 A FLUR A, DT B S35 b 43 e 458 18 1A
AR B[] o () B S8 8 0ok o 5% S g T 4 11 ¥ 5 EECBS %%, LA
I IT IR,

TR FE TR 8 K 48 R Bk (Greedy Priority-Based
Search, GPBS)™% ) J& 55 —Fi sk fig MAPF [n) {8 ) 75 5 £ A8
K. GPBS ikl i Sy fr 28 18 B 43 e A 5 20 9 7 48 & o e o
TR AT AR R e a2 5 WD G R e R S
BE A9  MAPE [n] 852 4], 51 A 2735 5w, 3 43 /MG
22 18] B il 488 U BOR AR TH S B AT AR T T AR Y P
842 £ 58 1k T ¥ 5 3 (Fast Repairing for Multi-Agent Path
Finding via Large Neighborhood Search, MAPF-LNS2)7 i
I — 20 5 A5 o 28 1 B AR T R L I O ok B o R RE AR W B 3
BRI AT A B A DAk g B B T R R B G vh g
AT AR . 5 GPBS 5k 2 B, MAPF-LNS2 # i i JC 1 17
TIE SR 75 A4 J5 2 (35 Ok PR BE M T T AR 58 AT AR

Bk B %A U B AR 2R A, A X B AR AR h
R 5sh A R R ae ik — 205, Jin 3T D Lite &
B T CBS-D” P B g, LU o BB A 1 X BR B B A5 AR
e 4 B A2 R ) BT, 2 B9 LB AT P S Ry O & o e B
Vo1 i R E N 1 AR R B 3 AR, R B T R A il
$ 04 TS T LA LA 3 — 25 4R T sh IS ke B AR . b Ah iR
$EH T — R AL AT AE i AR b 0 A AR AT (RS S O 2 T
T T H B R D T R OB B TR AR

I Y S A AR O SR AR A DL B A (] A

DIJE 2 EH TR S B 5 T AT B2, % 1 5
T2 B 0 OB T I Y TR AR 2 B, 5 808 B A
WL AR A BRBFBHER TR A HkL.

2) T00 )2 550 vt 20 Xof 1vb 58 300 T AR S ) o O ik L
BUH TR AR B R Z SR BT HCR IR )8, A SO
5 BB 0T U ) R, 4R BT b 28 e B O v AR N i R 2R B,

3 S K DCPB-MAPF & % HEZE

S EO0 A SC B AT 5 BE AT 2B 4y i DCPB-
MAPF 5735 i) R HESL
3.1 S
2 BT AR SR BT A A5 SO



R A A T B A e R B B 2 M Tk

23

w2 S RHEME

Table 2 Symbols and its description

5 H
ARk A S H
g(v) JE B A4 H e AR R B R v By B E
c(v.v) KB E v 5% Eo o AR A
va; KEEZP AR WEELS WA REKEEEHXHY A
o KEEEP AXRBR) BT IHLTERAEEE
! HEM XY A
vy YA RN AR R
Vgoal ERIE-R R T S
T KRBT R 1A ey sty B &
d(v) FKEFE o 5B ERENER
dy (v REF R o5 ERBEEEBRERYESY
dy (o) REHH oG BaENES
dy (o) dy o) =dy (o) —d (0)
S, FHRBEARREAMNR DO ARRET R RN E S
S, HHABARXRAENRDARXBET ARTARNE S
v, FH AR RS WA A
v/ FHARLHY EVHE ST A
C; B Ra; B R R AR
S; 8B R a, TN B 43 R A
R; B HERa, 55 A T B R R AR
Jmin B Ra; K B R R AR
NumNode, - RBETAABREFERL T AR
NumNode % — ok kR R
he (N MEHF A NWHRKE
pritN) TR A N k&%
Ceon TR ¥ AR
Ceon.1 FEHRH AR
Ceon,2 REHRF ERM
Ceon,3 TEERZF ERMN
A, () MEFREEY A jARFENHKE
g(N) ilfmm,,(m
h(N) MEFHY AWK ANBEERNE g(NI £

3.2 HIREMEFEZR

Sy it —2 4k MAPF [a] 819 41 56 5. 32: . 7 EECBS 3.3k
R AL b H T2 R % 2 5 i AT BUOL Ak OF 48 i DCPB-
MAPF 8 (G 1 i),

o - """ "-""-""-""-—""7"""="—-"= RS
[ #zwa Lht] St gt | #xwse ||
(L B HE BAABY ||
———————————  —
( AZTAN. BiARE . KEER @) |

T |

I |

| 1

! ( shtamntine

v t
C EABEHEER T i
o — i ______ N
[ vems ] p. |EE[ FRRRE |
(LB A art |,

B 1 DCPB-MAPF % R & &
Fig. 1 Schematic diagram of DCPB-MAPF

AL BT

DTEJR R b O e G 5 52 T B0 A ) 2 i Y I AR
FUH 552 5 W 1Y 5 v AR, R o R T 0 2 2 TG I ) Y R
Ry AR s (UL 4L 1) 5 S R B O s 2 R i
A U 5 31 1 S T B AR A B B0 A R I R AU R
Tk L AL 2 7)) DUR ARS8 056 B AT SO s Jee ) A £ i
R Wk (4.3 75) , DU g 2 BRI 5 30
R N QLIPS

DTETUZ Bk v, 412 A v 28 1 8 R (IL 5.1 745 U
DA R I 7 5 I T P R 4 A 35 Bl 08 S0 2k 45 ) i
2 B B0 2 B e R R SRR E L 5. 2 ) L B 2w 5%
ok TR T ALY R DR TR R s 7 R

4 REE® MEERRMA Eix

AR EARARFE PR EREAEA %, RER LI
F— 51T B A2 B X BB IR A R sh B AR b R Rkt &
BB AR SEAT LT 3 24k,

B ETEh A A TS5 X ) 52 B b e 3 E R
%, MTACEES D Lite!® L K CBS-D” 12 45 840 3k f kb
B B[R], B0 5 32 B A D B 3 29 A S e AR A
7] R, T A SCTHT W 199 21y 745 24 SR AR Ak g © 018 B0 BB e A 25 B
PS8 VU ER DG BT AT AR A DG B X IR L O B G g IXC 1] i
TR AR SR R B, DU TH R L 8 ATl

B¥R 2 ATAHRARRSEERFETEMRBE, AL 58
VU0 A I A 1 26 A 7 s, 70 e e o M 1 Sk Bl 1 E — 2 4R T
R U S B

BB 3 ER SR IE ., A BT AN R AR A S
W1 J B UR 2 TTRE SRy A) S L I A 0 b 4R TR R AR R
FI7 W LA T BE A Sk (¥ AR S B ] 45 A
4.1 EFHHFARIEREMNRERDEMNL A X

FE MAPF [a] v, 2 50 B0 AS 43 Ry 19 01 B0 < 5 — Al 2
BT 2B 24 TR B S At R A R R R AR L S Y
T 2R8I A TG 125 3 2o B 43 0 A PR UM T 0 A T 2 o 58 R
Ul 2B TR S O A e A R AR B AT
B 18] 25 S5 0 48 24 RIS 2K o 2 i & BB A 7T L I R S A 4
SRR B, TR B T R 24 R SCOGT A J G
X 25T,

TE X1 GHr 38 29 55 H 45 450
B2 R Rva; o

T LA PEAS A5 1R 19 D

ZAF 1 W AR TR B HE A AR R S B A
B
ZRF 2 T AR TR RE AR A T AT BEAR L

H X TS S5 PR TT 0L BT B 9 ROC T O — E A R
MH A AT B AR A U T A, R ORI OB B Y ARG T
R SUBTS 2 O IXA],

TEX 20H AR R BT A B 3 2 o S 4
I EE G Lvar s+ s va, JFR 0BT 1S 29 005G 5 X [H]

558 1R, 3 X 2 HROC T AT AT E L

EX 3QRLAR KT A WHELIF 4 DEKFR N
DAY HRAETT S or,



Com puter Science FEME Vol.52,No. 4, Apr. 2025

ZRAE L W A T AR AR B AR EE R T B 2 R
W

S 20 ZT A1 AR PN Y R A B R e T 20, <36,

A3 AT AT RS dCor) € [d(va) sd(vay) ] s
Horh dCor) A% 55 7 S o, IHE B d Coa,) S 318 20 8 %
BT va, 5 S I ES [ d(vay) »d Coay) ] R 35T 386 25 8 56
X ] 5 7 A5 R R B Y

Uk 4 PR RS WA R R R RS ) (0, .
T Y T R R R I BE S o) o P B %
dy Co,) B LR ST L | ds (o) | > | ds (o) |

BT RS ULIE 3 4 ANFAFR LB, & L3
SR 1 G ST AR 1 20, S O A A A T G S AR
. At 2 W LR UE D D 4 RGN SRR T R s O,
B 2Ca) AN 2(c) ¥R T Il A B SEAEST . W 2(b) fr
TR 1 ARI P R B 1 A BRI F T REAE A T
Pefbs 8] A FHAE 4.2 17 %A R ik ok vk e i
Ak o DAL I b A O 2 R S A B T T S E R T .
B 2Cd) iR W9 A 1 4R8N B 7 A AR, BRI R
JE B R A — AN O, DR R R A5 B T AT 4R R AT R 5 X
W A 3 ARIE T U 2 OGN S AN AR A RO B X
V] H L 3R G T B R A (AN 2 Ce) i D A R S TR
RGO X ) WO SR D AR T D . IR AR
il A 2 97 b G e X IR] A A SR W R 0 i SC RO SR I 1 R R
YRR . AR 4 TSR ek /0 24 SR S AR YT R AR T AT B AR
B L3 3 32T A R T AR AR TR 2D BRIV SROBT B AT AT
A A R 1 T R (I PR 2D R BB R T A .

A AS

7 N
e N
7

“a

-

(a) (b)

() (d

(e) H
| EREECELUEEN PUTEET TR

— EHEE R R

D
- > BRI RERE
B2 Wb 2 BT R W R R R

Fig. 2 Judge of constraint-reduction key nodes

Lr b SCT M SC3 BT 1 3 %% A I AR KT,

AESCLMSRE 2 5 U3 M ARIE 2 RSk 4 BT T i A
SR B AR YT R E 3 B SR 3 M F e S E A
P Hod R X3 B4 3 S B b ) O X 1A 5
8 249 TS B DX ) 0 s U I AN TR U2 24 SO i X )l
240 SR Gl DX ) T FS T A /N DX R A R T 48 2 o G A X 1) iy
H X AN S, HJF B X E] S S, A W E S

TE X A/ A HROCHE X TE])D 8 /D 29 BROCHE Y S5 AR Y
EELS,, 0, S IR AR KX E L, KPS, =[or
vri JoS.=Lvriyi sy or, o S, T B KHoa, 04K S ZHT
B9 5 S A Nva, 54T S Z R B LS, IS, ]

TE 58 O HE X 0] 1) 8 5 .51 A RHS(0) BL K G (o) A
T At B B AR B AR A R I Y AR v B2 R0 o B R AR AR
Jr 5 22 IR X[ Ab PO R . kb TR U0 B B AN 1 3R R N,
RHS(v) Rz i 845 i (8, B SEi 5 T G (o) e 5% Z 11
B R RO AR RHS (o) B HEAT BB . RHS (o) 1931585
WO FFR .G W RHS (o) 78 A 3 A MU E A 2],

0, UV 1S Ugoal

RHS(v) = D

v/rg\i(r})(g(‘v/)ﬂLL'(‘v,v,)), else

F2 T ok L [ A T A S Sl X Ti) 194 Ak B G S

Mg 1 HIE AR IX AT, S e X1 SR
B RO it B B E R T T AN RHES B, 43
H B0 A S va, I, BB AT AR S0, AR S0
AT Hoa, B RA 2 (W o, ) =c(W yu,/)="Foco, TEHE
BTG 2 A S X 8] [va & oo sva, 1R DU 58 3T AT AT 6 42
1A 397 38 24 SR S BT R oa TR 4K T 250, S AR AL, DA IR B S T
AT B AR 28 A5 3 24 TR S BT 1 va, Y S5 RIS A0, 2
BATRUE A° SR R O R o WA AN G E,
SE BTG 29 0 B X 6] [way s oo s va, RO BRI R L G,
TR AT S B IS AT B AT S X )N TR D 2
AT B AN AR E 3 R A 1 3 LAk A
SR T

KW 2 P AR X R AR EL, S BR A S 4,0k 4R
S DX [R] 43Ry Sy RS, AN DX T8 X6 T A X [] 433 3247 4k 2L -
o DX [0 P AT A7 6 A 5 Fy 8 X i) A G e — 3, A1 O AS A U0
B e/ 24 o R A R AT SR N R L 20 5 i I
BRI B X ARG . L, 3R E R A 23R
ST for B A Roor T E B — A S o 7Y 0T R
b RIE RHSCo) A foor B4R 89 RHS {8 6 XL
A" FIRAR IR T3 2 ST S B AR sol Cory s ory ) 5 o0
solCory—y sor) FF B X R 8 RHS ., 5%, S0 &R
or A JE 4T A BB R — A Ao, 7 Y 0T AR L R
RHS o) BT s o J5 41 50 RHS {H, B2 5 3 58 1)
RHS(v,) . BBt 250 2 2 (2) ) 53 4% o i > 29 B IXC Ji)
PALJIT A T B AR T I G TR 5 5 ANl 2 L DU e D R A

RHS(v,) +1<<G(v,) (2)

TEEL R AR 58 4 P SC K 2 i 2 oSG e X R] 1) A 3R O s
Jei s AN FEAEME 3 LAl A ST BN R

WS 3 PR S AL BB R 24 RO X IR] (R 1), P AL 3



R A A T B A e R B B 2 M Tk

25

2 R S B X [R] R 2D,

Hy T 4 T 8 24 TR DG i X JE] A5 3 g T AT AR AR (S
HRSE X1 M4 2) o3 717 a5 B0 /0 L7 3 D7 aod A2 P & T
530 IX (0] P9 1 B AR B AR (S IR 1), T 5 vl 2 24 R DG
X ) 5 15 T T R RO A (S RE L3 A& 3D,
PR I B 4 A L 34 24 B9 Bk X T) 194 A 9 1] 8, T AR G 22 3
AN S 4 i W 2 24 o G A X [R) FE AR i SR s 2 A5 30 ek b 24
S IX (1] PN A T AT AR
4.2 ETHRERATRUNERRRERTE

i 2 5 o A B 24 SR B0 S AR A L T R B 1k
TR A SRR A Bk, B AR 4 24 AT A T AT AR R A AR
SRIEAT AR 2 AR DL FRAT 1] 50 AR A O R IE SR A SRR
k. UTHECARED 3 EZMEAR I s,

BRI ARIEAHRRKKESE Vo, >0, =1 BT
I HEAT AL 8 RER A RRESE R, .

wRTE 2 KWEARRA C,LLC,=c0>->ChF
AT A o 8 kR B AR LA G

BRI 3 IRIF B AR AS, S ARC =S, | —e,
S,1—e

min

Hor e Sy —/NEE W, =
.

AT 1A SR W S B R AT IR 2 Ha AR
P BETE TR AR e A R AT I 3 TR IR 2 4R
B Ar e T AT 1A 2 B A B RO AR T B — )
A LETR /S B0 AR Sk SO B TR s 1L
WEEAER T 1M 3 B H N ER T L 4,

BT IR 4 B IR LIOE B0 AR BUAS R, 1 A A i

s LAC, = 00> >C, A 75

b

AT

148, AR, =min(S, -, —¢,w, * fmm),w,:min(w,,]f?%)s

PAR, =+ 00> >R, NP H AT 24K,

B3 A —F oL R A T 4 AR AT . B 3 ik
B 1 BB T BERER L ES 2 Wk QR H ™ 4% %
Ul TG TRIE 5 2640 2 N 3Ch) B ) i Ae B30k JE 48
FRBEF AR 1 1,88 — U ARSI B R R eI 5 2% 4% 3k
3CUNEE 3Co) BT 7 ) filg R I 32 4 1 386 s M, AR F 3k AR 5 3% 2,
T T BRSO B F S8 — R AR A A S B A AT AR
Tk LA W R, WA TR A R AR 3(D R
R HAHE TR TTE 33— R T TSI .

Saia O fin Sin G
I I
Souin Dy foia S G,

L T 1 I
Soin O foin S s
LT 1 LT 1
(a) (b)

o S, e, Jain S1 O

1, Oy foin Sy | Jain S, @21y
f, | of, S 1 0
1

(o) (d)

B3 4 R B R B

Fig. 3 Schematic diagram of 4 iterative methods

4.3 BEEABRERAE

b 38 T 35 7 S92 B 00 B 7 A 9 A ] A

I 1 MAPE [ 850 v i 249 o ol 738 4 4 400 6 T 3 A5 24
IR 22 VKBS A — AR T B B AR A K U A

WA 2 U R i R A RO A 7 2 AR U B i 3 AR
B AR 30 1% OB Z2 6 B 1) 20 TR 4 K T A1

)RS 1 SR 00 A A5 B AR G R L B 2 A Ak A5 B 2
PR 3 A o 7 A Y )

MBS T 41 T TR A X
W) £y 30 25 6 Ak 7 1 2 B 007 0 6 B 5 L X RE LSRR R T
R T R A AT ORI B
075 2 30 4 6 5 55 2 5 B0 R A 4 SO A 1
PEPE T R . T 4 R T He b — A 1A 14 I 4 155 0 el o
1 9 /> 9 S S R A 41 P 3 U 2 G
Wi 20 ACLds (o) | =45 < | dy (o) | = J/T0) , AT AS 2 0
W) S L RPN (SR 3 [ U N PO NI R Ry R
JRAS Ky 6442 5 T4 4 AR SOk L U B AR A S AE L Ry 4+
6/2 25 TR UG A AR L R L A 5 1 B ok b B R
A 2 S R B B AR A T A A ) R L A J
AT AT RO O A R T P A SRR AR X
W) L 19050 938 47 IF i R R R R R B A1 2,
A 2 £ o A 7 T A O X ]

B

—> EibR Gt EE

WAL R HE —— BEHA

—> LREE — > W

B4 EAR AR s 2
Fig. 4 Schematic diagram of increase of path costs
[ R 2 %) A R O G )2 vk ik A R it & B, S 3T
Rk A9 Dy, T X R AR B R RS . R 3 A T —
i 50 % 30 (25 L & 1B 4T FS B8k B AR SCE kW 3 Dy YT
3 ARRMSEBEIN FS B LS DSBA * 51 i [ 19 s %
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L. if Path(a;) is not in N then/ * T J3 2SI R&ME 1+ /
2. FS(N,w);
3. end if
/R L RO IX () b B %/
4. if FindAddConstraint(N) then/ = #7420t S 4T 4 * /
5. UpdateC(v) s/ * BT 5 o] A2 A% » /
6.  BiAStar(vy ', va') s/ * WA A % B3k « /

7. UpadateG(v);

8. end if

/s PR LY SR X E] Ak 2R+ /

9. if FindReduceConstraint(N) then

10.  for v in ALSEARCH and Getlndex(v) > Getlndex (vry) do
[ AR B vri 5 AT IR AR ] A AR

11. UpdateRHS(v) ;

12. CalD(vri) ;

13.  end for

14.  for viin [vrg.++,vrjr1 ] do

15. BiAstar(vi,vit1);

16. end for

17. Findpath(vri+1) 5/ * T8 BR824 dE G5 IX ) b 2 5 13 15 2
I — BRI ] Y AR« /

18. if RHS(v,) +t<<G(v,)

19. UpdateRoad () 5/ * #7742 WA AR 3T B A2 > /

20.  end if

21. end if

/x BIRERMRIER 2/

W] Wy

22.1f ’7 —‘ « NumNode; > NumNode; then

23. FS(N,w);

24. else

25.  NewARA(R);/ * AKHEZEAC T2 4 ZRIEN * /
26. end if

27. return Path(a;)
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paris_1_256 256 * 256 47240 1100
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empty-16-16 16 % 16 256 128
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Table 5 Runtime of three algorithms
(s)
paris maze empty
Bk 600 1000 60 100 90 100
Ak Bk HRKR ERK FRK Far
FS 4.7 13.7 0.3 4.2 0. 60 22.4
DBSA”* 4.4 14.1 0.4 60. 0 0.14 60. 0
DESA- 1.6 12.3 0.3 3.5 0.20  21.3
(FSR)
6 3FERMIBITRIIE
Table 6 Success rate of three algorithms
%
paris maze empty
Bk 600 1000 60 100 90 100
Ak Bk HRE BRiK BRK Far
FS 100. 0 83.7 100 95.3 100 46.6
DBSA”* 91.4 60. 3 100 74.8 100 14.7
DESA- 100.0 943 100.0 100 100 49.2
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Table 7 Number of expanded nodes of two algorithms
paris maze empty
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Table 8 Parameters of selected maps

o KN TEERKE RAEREHRE
warehouse-20-40-10-2-1 321 %123 22599 1000
berlin_1_256 256 % 256 47540 1000
empty-32-32 32 %32 1024 512
random-32-32-20 32 %32 819 409
room-32-32-4 32 %32 682 341
maze-32-32-2 32 %32 666 333
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Table 9 Effects of bounded suboptimal parameters on runtime and
solution optimality

RS e A 1.05 1.1 1.15 1.2 1.25
i AT B ] — - 0.48 0.33 0.31

EECBS
R — — 7508 7701 7726
EAT I — 3.53 0.24 0.23 0.23

FEECBS
R E — 7104 7345 7444 7423
EAT #EE — 1.82 0.26 0.21 0.19

DCPB-MAPF

iy R - 6990 7323 7336 7325

T — FR B AR 10s A EIZE R,

&9 AT, YA R KIS HN 1. 05 BHRAE 1. 25
Ff, 3 SR R B G 0 1 R AR Ak A . B K 19 B AT B ) R
WL iR BT T R (R AR AR Z FE G D . K
9 WPLBATH ) /NTF 10s MR /N FER A 2 5008 S w1
#LF L EECBS Bk A F RIS HE W E K 1. 15, FEECBS
A DCPB-MAPF B3k E R 1.1,

A AR IR S B ER T X225, b 4 Fh B i
Fiik, LA A5 R R 7 TR, A S 3k DCPB-MAPF 5
FEECBS A7 6 ik i &l [ 35 3R 90 B 4r M6k, W5 4R T EE-
CBS H3& , Kiw T GPBS 5.3, JU H 78 i Bl “empty-32-32”
H*random-32-32-20" ", DCPB-MAPF % ¥ # It T GPBS &
B ORAR B B 1R B R AS I /D 10 A2 47 . T A H B “ maze-32-
32-2”"1,DCPB-MAPF 8% 5 GPBS 5 7% 3K 45 1 1 1) J5i & A
. &4 6 ok Hb B B 25 K HF 5 DCPB-MAPF 8 3 76 A X 25
W i b ] ep SRAS 9 B AR RS BRI, T 7E Maze b v, d5 2 i
1) 5 2 AR K 2 30T, T 22 2 T B Adh LR RS 1Y o 5%, Bk DCPB-
MAPF & kit RE &£ 31 5 FEECBS Ml GPBS & ¥ %3 .

£ I ,DCPB-MAPF 5 ¥k 78 fif () i3 it I & ¥ fk + GPBS
Hk, BT GPBS Bk Tovk R B A SR A, B e xE L
A ] A SR DX ) o A o G 5 55 A 3 R ARk A2 B K
RWOJE S K A 3 Fb IR 2% A B 3k DCPB-MAPF,
FEECBS, EECBS iz 8 80% ,



30

Computer Science FHEMLFI2: Vol. 52,No. 4, Apr. 2025

[ —w—EEcBS —@— FEECBS

GPBS  ==dle= DCPB-MAPF |

240><103 &1><103
210 78 i
s 5w 5
1 150 w1 k
o o W 69
® EO ®
66
0 63
60 60
500 600 700 800 900 1000 500 600 700 800 900 1000 250 255 260 265 270 275 280
&R/ 2 R/ 3 % AR/ 4
(a)berlin( K H#b &) (b) warehouse (K 1 [) (c)empty (/N E)
+
=
B
©
®

105 110 115

120 : % 100

B R/ & iR/ & AR/ 4
(d)maze(/Nb [E)D (e)random (/)N ) (D room/ b D)

&7 7E 6 skHLIE & 4 Fp A A% 1Y BT i

Fig. 7

6.3 HEEZITHE
B 8 JR/RT 6 ik Mol I 3 Fh & 3k B9 32 47 1 Al L 3 A Bk
HIAE RS EE R 1.2, 15 RKHIE “berlin_1_256” F1“ ware-
house-20-40-10-2-1" |, A& X 5 ¥ 5 FEECBS 8 ¥ 19 i3 17

Solution optimality of four algorithms in six maps

T AT 5 T AR /N M B B AR SCH VA AR 4T FEECBS il EE-
CBSH ik, T A W Wi & . 754 A6 E i, DCPB-
MAPF 557k B fif Y 57 22 58 6 1 (19 5 8% 7] 41, HL A b 181 room-
32-32-4" U S A, TR D BRAR ALY K T 21 %,

[ —#—EECBS —@— FEECBS —d— DCPB-MAPF|

20

60

16 50
R 2 é" 1
= £ Ew
© T 4
W W W 20

4 10

0 N . N . .

500 600 700 800 900 1000 700 750 800 850 900 950 1000 0250 255 260 265 270 275 280
B e/ % iR/ 4 % AR/ A
(a)berlin (b) warehouse (c)empty

60 60 60

50 50 50
<L 40 < 40 <L 40
= = =
= 30 = 30 = 30
R T T
W 20 w20 w20

10 10 10

0 . s 0 0 e A

40 45 50 55 60 65 5 120 125 130 135 140 145 50 55 60 65 70 75 80 8 90 95
R/ % iR/ 4R % R/ 4R
(d)maze (e)random (D room
K 8 DCPB-MAPF,FEECBS,EECBS $9A7E 6 5K 3 [&] ()32 47 B i)

Fig.8 Runtime of DCPB-MAPF,FEECBS and EECBS in six maps

AR 8 FRR] AL, K LA X TN b TR S S 1, i g A A
AHXTE b, Rt DCPB-MAPF 8k gk F o 58 $i i 0 58 19 1t 1k
JiEAE K EROCR AW FE/ N BN BT,
/N B “ room-32-32-47 " DCPB-MAPF 8 3% 19 11 b 5% 5 £ B
B, FEE R AE T H AR IR R 454, H b 24~/ pr (R 28 i B3 A
AN A Z2 AT AR A B AL, 3 B Bl T W) — P )
R AU S 3 S A QUL EERU L W b

PR T, B AN 23 B R ML A gy, ]l DCPB-MAPF 5 i
1A RS J2 P Ak ok AT DAt 2 el Sk a8 A et el
6.4 HEREBITHINE

AT MR ILIBAT T %, L F R S Bl e
1.2, WA 9 PR, KK F, FEECBS & % 5 4 3 DCPB-
MAPF 555 1832 17 1585 2y 58 30T 5 10 7 /N Hb BT b, A S5 ik A
#F FEECBS X EECBS ¥ fEiafT o R EA W B4R,



oK BT A A« B T 3 A b RO A 22 1k T Ok 31
F10FIH T 4 3k 1 3 FORER TR T DCPB-MAPE  BAKS5H . “room” 15 “ maze™ T JE 25 4% B it e /)y OB BE 1K 2%

BILAE T FEECBS Bk LfL IR B2 . 76 “room-32-32-4" 5
“maze-32-32-2” 1, DCPB-MAPF 8. 3% AL g B fe K, i 76
“empty-32-32” 1 ,DCPB-MAPF W] 5 FEECBS & v fiE fift vt 1y

BBER IR . S5 G 3 8 T A (W i 18 S 5 L e b (BT (¥

AR KD HL4 7 RO PRl T8, 3 4 B U AR A e S AR
HRHR B R T S L o A B A I S B S 1 SR M I v
T ) % B 1) SR W A AR B O A AT 4 DCPB-MAPF 59 1 T
2 R JZ AL e B R RUR

I 4~ EECBS -~ FEECBS  ==flr— DCPB-MAPFI

R %/%

750 800 850 900 950 1000 750 800 850 900 950 1000 270 275 280 285 290 295 300 305 310
B AR/ % R/ 5 % Bk /A
(a)berlin (b) warehouse (¢)empty

130

45 50 55 60 65

40

140 150 70 %

35 70 75 80 120 160 60 8 90
% B AR/ 4 % AR/ 4 & B/
(d)maze (e)random (Droom
& 9 DCPB-MAPF,FEECBS,EECBS %3k 7E 6 skt 8] b 1955 k3847 B2 %
Fig. 9 Success rate of DCPB-MAPF,FEECBS and EECBS in six maps
#10 DCPB-MAPF Hl FEECBS A &b 315 g {45 i i 18 K 22 3 % 2 X0 55

W ‘

Table 10 Compare of growth rate of agents handled by % X

DCPB-MAPF and FEECBS [1] BAO X Y. Application practice of general cooperative vehicle in-

(ZD)
W B FE 100% etk mohFE 800 iR R T FE 602 4 fktk
HKiEE HKiEE HKiEE

Room 14.3 18.1 13.7

Empty 1.8 2.5 1.1

Maze 28.6 13.9 5.5
Random 12.5 7.5 8.8

G LRSI AR TR AR AR W A R B 1Y

M I, DCPB-MAPF 5338 173 B, D 30 .

GHRIE AR EB T — A A R R MAPF 5k
DCPB-MAPF, SRR 22 T 8 87 Rk A Sk R
o PR BT 1 30 25 28 ARG B0 DL SR BL A S B0k AR T S s
BRI ER R TR T R e B AR AEH TR T
h S B e S 1 S S X R R A T b 5 AR (/L . g i
1hbﬂw,DCPB—J\/IAPF FETE AR B m AFAE R K

B B F B A RE AR A T H A S SE  A Lk Ak
FEECBS A T B &5 .

KM TAEEAELLT 3 J7 M -

1) 2Ry Jic J22 B0k i T A0 B0 S O

2)¥ T £ CBS 5k 48 ¢ 1 WF 58 77 36 i Ak o 58 £ 58 19
KTk, JM“H%@J DCPB-MAPF 8kt , DLk — 25 i e
SRR D Y

3) ¥ DCPB-MAPF 573k 5 SCBR 09 I 1 37 St AR 45 & an i

frastructure in the field of transportation[]]. Information and
Communications Technology and Policy,2024,50(3) :53-59.
[3] LIJ,LINE,VU H L,et al. Intersection coordination with priori-
ty-based search for autonomous vehicles[ C] // Proceedings of
the AAAI Conference on Artificial Intelligence. Menlo Park,
CA:AAAT,2023:11578-11585.

[4] LIJ,CHEN Z,ZHENG Y,et al. Scalable rail planning and re-
planning: Winning the 2020 flatland challenge[ C] // Proceedings
of the International Conference on Automated Planning and
Scheduling. Menlo Park,CA: AAAT,2021:477-485.

HU D,GAN V ] L,WANG T

(MARS) for UAV-UGYV path planning and automatic sensory

,et al. Multi-agent robotic system

data collection in cluttered environments[ ] ]. Building and Envi-
ronment,2022,221:109349.
[6] LIU Z F,CAO L, LAI J, et al. Overview of multi-agent path
finding [ ] ]. Computer Engineering and Applications, 2022,
58(20) :43-62.
FERGUSON D, LIKHACHEV M,STENTZ A. A guide to heu-
ristic-based path planning[ C] // Proceedings of the International
Workshop on Planning under Uncertainty for Autonomous Sys-
tems, International Conference on Automated Planning and
Scheduling. Menlo Park,CA:AAAI,2005:9-18.
[8] SHARONG,STERN R,FELNER A,et al. Conflict-based search

for optimal multi-agent pathfinding[ J]. Artificial Intelligence,



32

Com puter Science FEME Vol.52,No. 4, Apr. 2025

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(191

[20]

[21]

[23]

2015,219:40-66.

WALKER T T,STURTEVANT N R,FELNER A, et al. Con-
flict-based increasing cost search[ C]// Proceedings of the Inter-
national Conference on Automated Planning and Scheduling.
Menlo Park,CA:AAAT,2021.385-395.

BARTAK R,ZHOU N F, STERN R, et al. Modeling and sol-
ving the multi-agent pathfinding problem in picat[ C] // 2017
IEEE 29th International Conference on Tools with Artificial In-
telligence. Piscataway, NJ : IEEE,2017:959-966.
BOYARSKIE.FELNER A.SHARON G,et al. Don’t split, try
to work it out: Bypassing conflicts in multi-agent pathfinding
[C]//Proceedings of the International Conference on Automa-
ted Planning and Scheduling. Menlo Park,CA:AAAI,2015:47-51.
BOYARSKIE,FELNER A,STERN R.et al. Icbs: The improved
conflict-based search algorithm for multi-agent pathfinding
[C]// Proceedings of the International Symposium on Combina-
torial Search. New York: ACM,2015.:223-225.
BOYARSKIE,HARABOR D,STUCKEY P,et al. F-cardinal
conflicts in conflict-based search[ C] // Proceedings of the Inter-
national Symposium on Combinatorial Search. New York:
ACM,2020:123-124.

BOYARSKIE,FELNER A,HARABOR D,et al. Iterative-
deepening conflict-based search[ C] // Proceedings of the Twen-
ty-Ninth International Conference on International Joint Confe-
rences on Artificial Intelligence. San Francisco, CA: Morgan
Kaufmann,2021:4084-4090.

FELNERA,LI J,BOYARSKI E,et al. Adding heuristics to con-
flict-based search for multi-agent path finding[ C]// Proceedings
of the International Conference on Automated Planning and
Scheduling. Menlo Park,CA:AAAI,2018.:83-87.

GANGEG, HARABOR D, STUCKEY P J. Lazy CBS: implicit
conflict-based search using lazy clause generation[ C]// Proceed-
ings of the International Conference on Automated Planning and
Scheduling. Menlo Park,CA: AAAI,2019:155-162.

LI J,FELNER A,BOYARSKI E,et al. Improved Heuristics for
Multi-Agent Path Finding with Conflict-Based Search[ C]// Pro-
ceedings of the International Conference on International Joint
Conferences on Artificial Intelligence. San Francisco, CA: Mor-
gan Kaufmann,2019:442-449.

LI J,HARABOR D,STUCKEY P J,et al. Disjoint splitting for
multi-agent path finding with conflict-based search[ C]J // Pro-
ceedings of the International Conference on Automated Planning
and Scheduling. Menlo Park,CA: AAAI,2019.:279-283.

LI J,HARABOR D,STUCKEY P J,et al. Symmetry-breaking
constraints for grid-based multi-agent path finding[ C] // Pro-
ceedings of the AAAI Conference on Artificial Intelligence.
Menlo Park,CA: AAAT,2019:6087-6095.

LI J.GANGE G,HARABOR D,et al. New techniques for pair-
wise symmetry breaking in multi-agent path finding[ C] // Pro-
ceedings of the International Conference on Automated Planning
and Scheduling. Menlo Park,CA:AAAI,2020:193-201.

YU J,LAVALLE S. Structure and intractability of optimal
multi-robot path planning on graphs[ C] // Proceedings of the
AAAT Conference on Artificial Intelligence. Menlo Park, CA:
AAAT,2013:1443-1449.

BARER M,SHARON G, STERN R, et al. Suboptimal variants

of the conflict-based search algorithm for the multi-agent path-

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

finding problem[ C] // Proceedings of the International Sympo-
sium on Combinatorial Search. New York: ACM,2014:19-27.
PEARL J,KIM ] H. Studies in semi-admissible heuristics[J].
IEEE Transactions on Pattern Analysis and Machine Intelli-
gence, 1982(4) :392-399.

LI J,RUML W,KOENIG S.EECBS:A bounded-suboptimal
search for multi-agent path finding[ C] // Proceedings of the
AAAI Conference on Artificial Intelligence. Menlo Park, CA:
AAAT,2021:12353-12362.

THAYER J T.RUML W. Bounded suboptimal search: A direct
approach using inadmissible estimates[ C]// Proceedings of the
International Conference on International Joint Conferences on
Artificial Intelligence. San Francisco, CA: Morgan Kaufmann,
2011:674-679.

CHAN S H,LI J,GANGE G, et al. Flex Distribution for Bounded
Suboptimal Multi-Agent Path Finding [ C] // Proceedings of the
AAAI Conference on Artificial Intelligence. Menlo Park,CA: AAAI,
2022:9313-9322.

CHAN S H.STERN R,FELNER A,et al. Greedy priority-
based search for suboptimal multi-agent path finding[ C] / Proceed-
ings of the International Symposium on Combinatorial Search. New
York: ACM,2023:11-19.

LIJ,CHEN Z,HARABOR D, et al. MAPF-LNS2 : Fast repairing for
multi-agent path finding via large neighborhood search[ C] // Pro-
ceedings of the AAAI Conference on Artificial Intelligence. Menlo
Park,CA: AAAI,2022:10256-10265.

KOENIG S.LIKHACHEV M.D* lite [C]//Eighteenth National
Conference on Artificial Intelligence. Menlo Park,CA: AAAI, 2002
476-483.

JIN J Z,ZHANG Y.ZHOU Z P, et al. Conflict-based search with
D* lite algorithm for robot path planning in unknown dynamic envi-
ronments[ J J. Computers and Electrical Engineering, 2023, 105
108473.

LIKHACHEV M,GORDON G J, THRUN S. ARA* : Anytime A”*
with provable bounds on sub-optimality[ C]// Advances in Neural In-
formation Processing Systems. San Francisco, CA: Morgan Kauf-
mann, 2003.

STERN R, STURTEVANT N, FELNER A, et al. Multi- agent
pathfinding : Definitions, variants, and benchmarks[ C] // Proceedings
of the International Symposium on Combinatorial Search. New

York: ACM,2019:151-158.

ZHANG Mengxi, born in 2000, postgra-
duate,is a member of CCF(No. V1352G).
His main research interests include Al al-

gorithm and multi-agent path finding.

XIAO Yan.born in 1995, Ph.D. Her main
research interests include Al algorithm,
privacy preserving,and information securi-

ty technology.

(BT 4 - )



