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B-IHCA®, a Bargaining Game Based Multi-agent Path Finding Algorithm

ZHANG Kai-Xiang' MAQO Jian-Lin*> XIANG Feng-Hong® XUAN Zhi-Wei®

Abstract Large-scale conflict of paths is a reason which can hugely reduce the success rate for multi-agent path
finding (MAPF) in dense scenarios. For this problem, a bargaining game based improving hierarchical cooperation
A" (B-IHCA") algorithm is proposed by introducing bargaining game mechanism and taking hierarchical coopera-
tion A" (HCA") algorithm as the core. Firstly, based on the HCA™ algorithm, the bargaining game is performed
between the two or more parties that leads to conflicts and the unsolved state. The high-priority agent finds a path
and bids first. If the low-priority agent cannot get a path with constraint of the bid, it will does not accept the bid
and counter-offer another path by reducing the constraint. And then the other conflicting parties will make further
counter-offers until all conflicting parties can coordinate to obtain an acceptable path scheme. Secondly, in order to
avoid the state of too long or repeated invalid search of HCA" algorithm due to the obstruction of high-priority
agent, a fusing mechanism is added to its bottom A" algorithm. Accordingly, by the cooperation of bargaining game
and fusing mechanism, the success rate of the paths finding can be improved while taking into account the path
costs. The results show that, compared with the existing algorithms, the proposed algorithm has higher success rate,
shorter time consumption and ameliorative path costs for large-scale MAPF problem in dense scenarios, which veri-
fies the effectiveness of the algorithm.
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HTEE T py o MATHERRAS, RIHAE B 1 SC R AT
ax TR T — 2 AT BNIAIBRA. 76 py 1 ZEAth b, ap f3LA
FHHHRIIEIRE S o) T R L KR L po, 1. HH
b, R BT BRI SRR AR pi, g BISRAE, 3K
LR (p1,1, p2,1), TR 1 FTR.

R 1 RUREIERA AR RIS
Table 1  Solution of the single-site and single-blocking
GIRCIN g BT R
a1 P11 ((3,2),(3,2), (3, 1), (3,2), (4, 2)]
az P21 [(1,2),(2,2), 3, 2), (4,2), (5, 2)]
2) B 1 2 S 4 )

B 22 S ) SULE WU SR AR ol e AR % 4%
WLy AR, W 7 R, B AR AT, ST
T 2R (R LR A% {Vp,; € PY U PR < i} INIIAE
S5 B SRR AR A% p o BOZO SR, ph T 0 e
IR SR A 1) AR A A AR LB B A7 o, DR T 3R
A EL TE 5% R R LTRBR AR (Y 0, DY o, DY o).

TETHISEMIRT, a1 LA (9 o, P 0, DY o) HLIH

Fig.7  Solving process of the single-site

and multi-blocking

HUHTRLR, B H HATT R py, 1 R RE BN S SN AR
N EEAR I 5 B v L, B L AH N (0 B T ) 23 DA
R, G, 7E pr o ZEAE B RS RRIDRE AN 3 B
fﬂ?ﬁ, HEM AT A R A L4 Wik 1% (pl, 1, P2,1, P31,
P4, 1), k2 Fw.

W RARFKIRINBTEARKR, B E 2 H
35 ) 50 e 0 B R T BSARE ) TG v R B 24 R
AT R, LA N — A S B — 1 R 5 T
JSONS SL, A4S ] AT DL ATy B B s i 2R T
M43 ASK .

3) % iR 2 E 4 R

% 12 B A AR R AR R AR pY, B2
HERAE p, (0 < k) FOPRRBLR . BRI, BHoxh i el
R R LR I N B BT A R AR HEAT — ORI LA
REVKERAE pyt, MFLIHRERAE py, PHIRT .

TURRIE N — AL AT AR SRR
RPN SR R — R B A IE 2 e R g
EZIHIC NI, JFRCE ORI e kM
FLWRE. b, IR LR R Gk AR 31k
SRIFIATT AT IR LR AR 2. — IRDRE AT 5
FHIRAAESS, SRR A PR L RAME o; 55
FEER B & LA 0 HAD T A PR L R B AR I 2001, BI7E
TR AR LR R S R ATALES N LU T
P20 R 12 {Vp; € PYUP"|j # 4}, IR FELIR

® 2 PR EHERAEAAN LR
Table 2 Solution of the single-site and multi-blocking
LIRZIN HA HARTT %
ai P11 ((3,3), (3,2), (3,3), (3,2), (3,3), (3,3), (3, 3), (3,3), (3, 4), (3, 3), (4, 3)]
as P21 [(2,3), (3,3), (4,3), (5, 3), (5, 4), (6, 4]
as P31 [(1,2), (1,3),(2,3), (3,3), (4,3), (5,3), (5, 2), (5, 1)]
aq P41 [(5,2), (5,3), (5,3), (5,2), (5, 3), (5,4), (5, 3), (4, 3), (3, 3), (3, 2), (3, 1), (2, 1]
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AMRHEAT SRR, FAER AR SE M P15 45 S Ak
S SR ARG L PO A A 04 5

W 8 i, B % 15 % B 0 RETE NG SR A
B 7 28 (0 7 T 240 SR B A IR 4 R R
(P o0 %o, P o) B 72 BT — MR % 2%,
0 IR S5 BVBR A it o, TE (0 . o) HIZOSR F K
FRARIE IR py o 1E IR B

1
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v

TR etk | | SRR HME
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Fig.8 Replanning of reduced constraint individuals for
the multi-site and multi-blocking

T py o BEE T BRAE (08 o, 13 o) B FTREAEERY
B, 15 5 B R, GRS (o,
DI o) PRV EEL T MR R NP5 S T B 85 o R, AT 345
TErh R B LR BRI (py o, PY. 0, PE o). FIX AR
G X LI (3 o, D5 0, P o) BEAT BN, SERARE %
PSR AT 6 240 SRR 1 P T A RO AR 7, T R R
B A pe, HORG . ZESLEERE b I 1R IE AR,
PR TTRINK 3 FoR.

ST R, TR R 24 SR A2 o 9 A
BN B R 2 B R, T3 A5 0 9 O 240 3R
B BEGR T S, TR ULIERE BB, (8% M %
S S 24 T A0 Ay 2 B B, O A R

2.4  HCA™ R IRHTHLH

FEJR 6 HCA™ ki il R R R A
WAL, DAt DR I SR 1 3 AR B A2 B A4
380 LA 5% 0 SEAIE 24 110 3¢ A8 10 SRR 280 1 o <5
i) 3.

Wk 9(a) iR, BT RILELIT a1, ap BIEZ

®3 ZRAZEHEIA R IRIEER

Table 3  Solution of the multi-site and multi-blocking
Hlas N B HART5 %

a1 pia1 [(3,3),(3,3),(3,4),(3,4), (3,4), (3,4), (3, 3), (4, 3)]
az P21 [(17 2)7 (17 3)7 (27 3)7 (3’ 3)> (37 2)7 (37 3)7 (47 3)7 (5’ 3)]
as P31 [(17 3)7 (27 3)7 (3~, 3)’ (4’ 3)7 (57 3)7 (57 2)]

e ey 1000,0,2),0,3),2,3),3,9),

T (4,3),(5,3), (5, 4), (6, 4)]
> G:}

(a) K2Ei
(a) Long detours

(b) CABEAEH

(b) Search loop at the pass

K9 HCAJRZEFIKEAL RIS
Fig.9 Inefficient searching in underlying of HCA"

RIFIAG ag BIEIE, KL ag 7 5818 /230 52 AT
FEARKAE R X 1 g A2 A, St —2, HIERK
K 9(b) M4z I, W as BT EiREE %R H,
Kl [0 2 Wi 18 20 PR A7 B AR 18] 25 9 X 733047
SERMY R, BRICIERE. W, & 25
HCA" 535 10 S LA I3 7 v B2 A 2 R A I L
ORI SEE, JUH A SEAE P K L i i) IR
FFHENR T — A AHURRINESS .

iR AR E B AT AR O R
H(N,) AR KR HOHE R o RRA FA O %
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(N, N HCA™ Fykk B RALE].
Hh BRI E A I S AT Sk, TR R AR RR AL
B AT EEY IR RPN X 2 A KR
O EM RRA™ RG2S (A1 4E RS, A A AL B 11 8
ANEGY . T HRVRE A" FE R HE X
e RRA™ DLIRZ AR AR AL B 1 )5 K R EE,
PRI, BRI A™ R B9 71T AT (close-sp) & Hi
RRA" ¥ B 1 (close-rra) BT84 LARS [A]25
Ve yXAEmE. FIEFREHENELT,
N, BUNTN,; MERBERAESRTIEEABLT,
N B N TR 4E Y R, s, @ Xt N,
AN, BIEE < /108 HCA™ Bk i B sh 15 Wil

i, AP
True,
Fi= {

False,

Ng > wN,
(7)
Ny < wN,

X, Fy N True B, FRoR BIABN A& G BT BE, A
FVEAF \EAR R RS IFHNT —AMESS; Fy
N False i, A" B4 4k B2 AR IR R AT 25 B 2 R
SEEE B BA BN S IEWTIE. w AIE R R A H
T2z PR I VR A A DL/ R AT RE R w RTAR 4
i s B 2R FE AL S N AT W B A B A TR
BN 2 ~ 12 208
FESGHER b 30 e R A I T L ) R PR A
FURRIE A" 2R 0 s, DA 3038 I W /L ol gk
ITabge, IS HIEACE BERR. AT FIRAEER
IR R B R AW AT Y SR, IR TR R
1T 72 15 5 HABHLEE N B AR LE i R A 25 A
HEKEH AR A8 Open FNZE. B, PLiZid
AT AT AT RO B W E R R
i), A HOH I B KPR Ry B, J00Bk AR ORAT 55k
AN F—HLas NRIE S, B
True, R > Rp,
r-{ ®)
False, R < Rp,

b, Fy T PR IR 8 20 R 2 15 315 i 25 15 1T 1)
fH, R ARKBNUES A FIEH R EIEI ATk
ITHIREL, Ry N RECHUR S, ATARIE I 5t S A
FE 55 BB A7 % B R %, — & 6 000 ~
15000 2 [].
ETF NS M EZAHIA B-IHCA™ EiE

g B, S B IS0 1 ZE AL AL 3 SR
FRHEZEFE IO B L) R 2502 HCA™ BEAE NN
%, TE R T E M 2RI ) 20 HCA™ (Bar-
gaining game based improving HCA", B-THCA")
Z LA NBAS IR, ik 1 s,

2.5

3% 1. B-IHCA" B3k

BN WLEEANES A, HE M
WM. NS ABETREP

1: ¥Ighdk: P, Fr, Fo < 0;b=0
2: while b < By, do

3 WIEA: U, Ue, Ay < 0

4 for a; in A do

5 pi + W AR (ai, M, F, Fo)
6: if p; =0 then

T pi < VAT A" R (s, M, Uy, Ue)
8 if p;, =0 then

9: pi — HHIERT AR (a5, M, 0, 0)
10: end if

11: LA R BRI Uy, Us < pi; Ar < a;
12: end if

13: LYRASBRIIN: P, Fr, Fo < p;

14: if 6>1 and i < Nygpot

15: P, Fr, F. BB pip B R

16: end if

17:  end for

18: for a; in A; do

19: Uy, Uc ¥ 5 pi (5 2

20: pi < HHENT A" R (ai, M, Uy, Ue)

21: if p, =0 then

22: pi — AW AR (ai, M, 0, 0)

23: end if

24: W ORRIER: U, Ue « ps

25 HEHELWER: P, F, Fo«p;

26: end for

27: P, Fy, F. Bl po 5 R

28: b=b+1

29:  return P, #5477 P P& AN ELIR R

30: end while
31: return P = 0, #7 b 2ik IR

F% 1 BARHANZE RIS EFE R IR E 2
AN B IE W LE ) AT SRR (R 2) Mk FE
1o, SR NS AT &L R (P3R4 F12P
B 5), #HLIENRM, HEATHRARKRM CPEK 6 ~
10), IR R AR KM AL AR AT P 11 ~
13). fESEREE 1 R B FEARGIA T 5, AT =k
K CPER 18 ~ 26), XI3RAF 1 B 29 o 26 A2 30 AT 7 A
#BqOHA p VLN a; BRI, P NERERITER,
Ay NSRBI FE R B LR ANMELE; B H TR 2
ZIRRBHEHARAMBREE, FHTREESAR
R HHBARILEE D, A LR R AL R E;
U, 1 U, FEFIRI R 2I R R
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BR 2 (FIRR). Al falr AT R
BN WL a;, B M, BBL R IN,, IN,
Hith. SHLERAE ps
s WIUEAk: close-sp + 0, R=1, Ny =0
0 S, G« PHRELEEE (a:)
s AR close-rra : RRA™ (S, G, M)
¢ Ny« Gt 55 (close-rra)
ST AT open « S
: while open #0 and Ns <wN, and R < Ry do
FREL open RN /DT A C
WIN: close-sp «+ C
if C = G then
WA 2 (C), return p;
end if
Q ¥ BTSN (C, M)
HEHT close-rra F: RRA" (Q, G, M)
NI H: open «— Q, H Q5 IN,, IN, o
RKHAMNTE close-sp
15:  Ns, N» < G0iF 15 52 (close-sp, close-rra)
16: R=R+1
17: end while
18: return p; = 0, #IEBEW S AFEL open 7.

3 {nESWER

3.1 SCIRE

R0 BT SRS AN () 2 £ P () SR A e, SR
FH 2225 SCHR A 1 i 89 b P S 400 30 AT 05 LS 58 ) 49 )
N8 x 8 MM 20 x 20 Hu 10 F132 x 32 Hh 1P,
X L R b P J T AN [R] ) 25 SR B AR T AR AL
R B B I AA I b ] R LR SR A5 R R, R E
NGB AR TR AL o AL B B AT 2L 5, & L=k (9) A
X (10) A, KA, Nigra LB 2L, Nopstacte
HNIBERIME L, Noono AVLEF N EEL
Nobstacle
“= Niotal ©)
_ Nrobot
~ Niotal — Nobstacle
HHtb, B ISSLN, SEIe T oA e AR5, #ill
B Noopor [ 78 FLAC . &5 B AN AR E; L
I NBENUESS, 2 AAE % S ieth B F ik 6 204N [
Nyobot AL SS, HAE mi 2 s 3 REATLAE BR.
2y H%F CBS!M, CBS-DS!', HCA™ 1, Wd-
SIPP™ By 5 A ) B-IHCA™ g R 1] 3
1T3RfR. Hodr, PR A ) R 5 R il &, Wd-
SIPP BIERMMNE R KB N w= 175, FKE

— = = =
= 2o

(10)

w = 1.01{E AR B2 IR, T 895347 AMD
Ryzen 4800 4b¥E 4%, WA7H 16 GB 1 PC HL ELL
Python F2FIE1T. £ XHESS Noovor FIAS RIS, ¥
BB A SR AR BIR ) TR 26 4 BT, BT SR TR AR R
VST ] P 56 BSOS ) R %) S i, 7R 4 B o B 1) D4 Ay
KA.

i% 4 Z:Ia Nrobnt %m*ﬁﬁmﬁ/‘Jj‘zﬁEKEfﬁu Hﬂ- I‘Eﬂ

Table 4 Time limits for different sizes of Nyohot

HLE A BRI 8] (s)
0 < Nighot < 50 150
50 < Nigbor < 100 300
Niobor > 100 500

3.2 UL MAEEIEESZ MR

KH 8 x 8 M FRBEE 10 ML N B 46
MR S 10 fros, HABAH G368 S 5k B K
HABPR IR 5 Frox. A EH, TTRLURIL (2, 5) N
— N B an 788, BHAS TARM K as, ay 1B
. FIRE, as, aro BRSSP —ANEIE, £
Bl SR E T (4, 2), (7, 1) ZAE RN
Hby P P 18 D, R 25 IR 58 1 Rt — 20 (1 4 ZE A0
P .

10 8 x SHuEM RARS R E

Fig.10 8 x 8 map!"! and its tasks

£5 LK ISHKE

Table 5  Parameters for Experiment I
i3 RY Niohot o (%) B (%) w Ry
8 x 8 grid 10 23.4375 20.4082 3 6000

FHEETE 10 ER MR S5 R Wk 6 Fror.
22 6 H, A5 TR AT B A B R] P T8V 5 Akt A )
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Table 6  Results of Experiment I
Sk BB () SRARISA] ()
HCA" NA NA
CBS NA NA
CBS-DS 62 132.0
WASIPP (w = 1.01) NA NA
WASIPP (w = 1.75) NA NA
B-THCA® 73 0.1

KA, NS5 L NA LR, 1 BRI TA] P 58 Bk
AT 55, MIHE 5% SE BRI B AR S AR FR A,

M 6 ATN, M ZEAIMMTESIE T 2430
KR, BN E R4, 245 CBS-DS
5 B-THCA™ HyEAERR @ I TR N 52 B T SR AR(E S5, A
iR E, B-IHCA' T CBS-DS HIE{EEE 5
AR A BT EE 0, AELE SR Ag B () B AT B AR 3
UbAk, B-THCA™ SEXTZAT 55 KR ik R AL 28 1
B, ZU BRI RE GL I RAS B 7 B,

® 7 BIHCA KRR IE 5 mRAE R
Table 7 Path and conflict information during the

solving process of B-THCA®

KRB ERERA 5 EME
ELREE P10, P2,05 P5, 0, P6, 0, P7,05 P9,05 P10,0
- REPR BRI PYo, Phos Pho
TR 0
MRHLANA (a2, a3), (a2, as), (as, ag)
Sy P Pob Bsb b, oo
Pe,1, P7,1, P8,1, P9,1, P10,1
WANIES  RAHERE 0
B BARHS 0
RN 0

:
"
u

1

H:H I W [T

(a) 20 x 20 blocked-10 1 (b) 20 x 20 random-15 Hh[&]
(a) 20 x 20 blocked-10 map!'®  (b) 20 x 20 random-15 map

(c) 32 x 32 blocked-20 Hb %63
(c) 32 x 32 blocked-20 map*

(d) 32 x 32 room H[&]B3
(d) 32 x 32 room map!

K11 R HLAE 55 e et A

Fig.11  Maps for large scale randomized tasks

Ak, FEWAFTEATTIA &, WAL S, % &
FIFRE 2488 o 5 B-IHCA™ 59k R, ZH0K B 0
8 Fin, HABHEMA W E L N A S5
Wk 9 fion.

*8 LB SHNHE (1)

iR BE ], B-THCA™ B8 Hofth B3 5 A
BRCRER SR A FB b 8 A I 8] B2 R
T RMLAR N PIR S LIN T, A 83em T SRR
RIS, SiER T IRRSKRARE AR TR, 7E)R 4G
HCA™ Xt a3, ay FIERAUALR] BN FEIGIRRT, AL
BIEWHLH] R AT T AR TR, JRREN TR —
AMRINT S, A %08 G 7 v T IRRTI (] 7R %%
3.3 SCIE II. KEUEREALES MR

KHH 20 x 20 32 x 32 ZEN R AR HLIR 55 2% 4
FEAR RGN 4 2R 11 Fros, A28 B %
WHE 6 ANLgs N, SN AR 20 REEHLT
. Horp ) B 11(b) ARSI EAR YR BEATLHL S A BX.

Table 8 The parameters for Experiment II (1)
Hi PR o (%) Rp
20 x 20 blocked-10 Hfi [ 9.7500 10000
20 x 20 random-15 Hh & 15.0000 15000
32 x 32 blocked-20 /] 19.9219 15000
32 x 32 room Hh& 33.3984 15000
1) Kfgee 130

SV SR AR L Th 2R DA B SR g B [ 1) 5 5 2 A
Guit s R 12 fros. Ho 2 5450 78 BR ) )
TeiFSRAA, W) CAPR S (B4 Ry Ge vt g a). [FE, e
TERTHE VORI M, B 12 7ER R Ih %
IR AN B-THCA™ B3R ANAs — VORI B e )
RS F: B-THCA" (NR).

M 12 AT PAE 1, B-THCA™ Hg A8 T 46}
b VAT SR i T R R e M R R,
Wi, CBS 5 CBS-DS Btk FEEEY s, L2
AR R R S BRI, SR AR AR 71 BRI 7E
50 NLAP. HCA™ 593K A R D 28 ) A X B i, aX
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Table 9

The parameters for Experiment II (2)

20 x 20 blocked-10 MK 20 x 20 random-15 Hi&]

32 x 32 blocked-20 Hi [ 32 x 32 room MK

Nrobot B (%) w Niobot B (%) w Niobot B (%) w Nuvot B (%) w
20 5.5402 2 15 4.4118 2 30 3.6585 4 10 1.4663 4
40 11.0803 4 30 8.8235 5 50 6.0976 5 20 2.9326 5
60 16.6205 6 45 13.2353 6 70 8.5366 6 30 4.3988 6
80 22.1607 6 60 17.6471 6 90 10.9756 6 40 5.8651 8
100 27.7008 7 75 22.0588 8 110 13.4146 8 50 7.3314 10
120 33.2410 8 90 26.4706 10 130 15.8537 10 60 8.7977 12
T HCA™ Bk DI R B AR i 2 AE AR, SKAg HRIN.

A8 113 20158, (HEEE HLAs A BRI 3] 80 /LA
B, HCA™ BVERR AR L) 2 LB 2 R . Wd-
SIPP BiLfE HCA™ Wtht LA B — B oE, &
X LR RIASE ) 50 LA B Sy vy 250 RV P i 2 AT R
ZHEST, (E 2 ) AR I 2 b E S HLER R,
T WL N R4 ZE RN B MR 2R (138 o, LR At il Th %
WFEH] 60% LA, A B-IHCA™ BHik@ il )&
MY PN T E 2 = TP Sl s = R b K- P NS
R AR 22 RERSARALE 80% LA LSRR Th 2.
[, A B-IHCA™ (NR) 5 B-THCA™ fxf e rp
ATRUE I, AN ORI B-THCA™ (NR) 7£
12(c) FE 12(d) B mEE B, SRR HE
B-THCA" tHIL T F%. KLE o {55 KH) blocked-20
5 room G IR ST, BE 5 MW £ p 22 5 ()
T R B T i3k — PR R Mg Re S (1 A
Ak, CBS Ail CBS-DS Skt ML 4% % H 5 S5
B B NEUR, BIAE 8 BRI blocked-10 5 random-
15 B Rt 2H -, CBS 1 CBS-DS &2 1 3K fig
BTN ET PR TR, X A BT T R AR A R S 4
B bE g FTEL. 1 HCA” . WASIPP Al B-IHCA”
FOIETE B BRI E T B AP, NPT
BRI RARNRS g A2 HICR, Bz
SR A Yy R i B S (R AR R AT
FESR AR A B R 12 AT AR B, B-IHCA”
SEOVEAE A AT EE AN R 8 2 7 T CBS A CBS-
DS HiEHA B RIR L, K B-THCA™ k7K T
HCOA™ 5035 3 s 5. RS0 B b, B-THCA®
5 HCA™ 5L (R 3 A B A — 8, JRfE i3 b
B SR R CR B WASIPP (1.75) 5k, /3
B, B-IHCA Bk #dE /N T WASIPP (1.01)
A1 WASIPP (1.75) &k, RN LLE H, B-IHCA”
()R DU AL Fl R il 2l HCA Bk, HEE R
B BEAR T HCA™ 5%, 1 IR A R L o) K
I G838 I im) U AT T S AR BE ) $R R T SRR ISR A
Rz, F B B-IHCA™ 75 KRR ] #5 H ELAG BB 4 (1) 3L

K 13 B/n T B-THCA™ HIETE 4 ot i %
R AP ANEFI RS R. B 13, A
— I N B AR N, NS R AR T A AL,
FEAHLES N R AR TEME P9 XA T B AN B 2 (1)
EonALE . WK 13 Fra] DUR B, 35043 4% 18 18 55 ¢ G
A B R AR R G AR, O PR HCA™ kKR g
PERER EEZ R R, I SIS RS, B-IHCA”
P ZENL S N B e R BEAT V2 1520 W
Y, SR TATRE, R T ixEEX B 5th
A MAPF (5] 85 SR iAo 25

2) RARJT & 7 AT

TE ML EEA b HE— 2006 8 BRI O R
BN AT A, BTSRRI RN ZE R, P
BN TR A ILEB L MG b, AE
il A [F] — 2 B 20 AR B, 220 2 e
RRESLFR I E B, Gt &5 Rk 10 fiw, &
L O“NA” FRoR iz H T gt sy 0, “— Ko
ZIH W g B /AN T 5 A, AN, X B-IHCA™ 3R
fREE B ST 0 NS — N FTR EE A L
SR8 SR A K, 5 — T R AR AT X b HoAT R
ARSI EIR SO e

HH# 10 AJ 40, B-IHCA™ 7E 5B B LA
X7 3 S AR AT HCA™ L WASIPP (1.75)
HEAA — ARG, Hg s It T WASIPP (1.01)
Jriaas B, 0] B-THCA™ i g W Fl i figg, A R
etk 7 B AR K I 808 i) /. /£ 5 CBS. CBS-DS
Wi B A xS e, B-IHCA™ IS ARAR
5 HZEREITE 2.2% L.

M B-THCA™ B RIR A Fob nT ORI, A3
FAP I 1R B 18 25 B AT 58 R A
T T H A 5 A LR AR 3E A JL 5461, B-THCA®
N B8 2 BRI ZE 5, [F T3R5
SRAR. 2R BH A ST TR ZEML I 7E 5 FE 0 2 1 2% AR PR 15
o, BAERE R R, FIR, B AR
5RBFECRE IEM K, KR E 2, B
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o 500 F —mca* 06 (1| - °
——CBS 0.4
801 400 || cBsps A
WASIPP (1.01) 02l
60 —e—TCAr § 300 - — binca S S,
R —5— CBS = KA 0,
= —+ *_%SS’I‘;% Lo1) ST 900 | LRI i T
—e— WASIPP (1.75) = o of oo
—9— B-THCA*
L - = - BIHCA* (NR 100 f
20 o Pz
0 - E__e. —— —_ sy, é o L
0 L + + -+ L L L ST L L
20 40 60 80 100 120 20 40 60 80 100 120
Bl N B A%
(a) 20 x 20 blocked-10 I3 R )4 5 5RAR I (] T2 ]
(a) Success rate and solution time box-plot of the tested algorithms on 20 x 20 blocked-10 map
%
100y — 300 F [——THCA* n~—ntT n~-nn ~~-—" o
== ——CBS !
80l 250 F |— CBS-DS | 0.4 |T|
WASIPP (1.01) I 0.2
n ——— WASIPP (1.75) I :
5 60 ; 200 F |— pHCA* : |
3 OUr —e—HCA* Iy
= —&—CBS = 150+ oo 0--00 0--000 T Al T
—— CBS-DS I
= 4o} - % - WASIPP (1.01) E‘mﬁ 1ol °
—#— WdSIPP (1.75) o~
—O— B-THCA*
20+ - 4 - B-IHCA* (NR) 50 S 8 I H
0 . . ok eéa___ e __@ao __8¢ e ¥ (_g_;é 8 ool
15 30 45 60 75 90 15 30 45 60 75 90
HLES AL Hlas A%
(b) 20 x 20 random-15 HbEI G R 5 SR AR [E] 2L
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Table 10  Path cost statistics of the tested algorithms
, ol RRCICUNINED) IR I
i [ Niovot A FEFLHIEL : :
CBS CBS-DS HCA"™ WAdSIPP (1.01) WdJSIPP (1.75) B-IHCA NILER JEA LS
20 13 263.1 267.1 273.0 275.8 281.5 267.2 1.54 1.43
40 17 NA NA 603.8 604.9 622.1 591.9 1.41 1.67
20 x 20 blocked-10 60 19 NA NA 933.2 928.2 969.5 926.3 1.32 2.00
80 10 NA NA 1340.9 1347.7 1392.3 1327.8 1.40 2.00
100 6 NA NA 1731.3 1744.2 1820.7 1731.3 1.00 2.62
15 18 209.1 211.1 219.1 220.1 224.4 213.7 1.50 1.00
30 18 NA NA 473.0 472.8 488.2 470.2 1.33 2.50
20 x 20 random-15 45 15 NA NA 745.2 745.1 771.3 737.5 1.27 2.25
60 11 NA NA 1076.8 1072.3 1115.2 1055.9 1.91 2.22
75 9 NA NA 1391.2 1390.4 1437.4 1386.7 1.33 2.09
30 6 — 618.3 626.2 630.0 655.7 623.7 1.17 1.29
50 18 NA NA 1237.2 1342.9 1311.6 1234.0 1.11 1.50
70 17 NA NA 1781.5 1778.6 1881.8 1763.0 1.41 2.50
32 x 32 blocked-20
90 14 NA NA 2396.9 2383.5 2538.5 2368.1 1.64 2.80
110 9 NA NA 3010.3 3008.6 3190.3 2981.8 1.89 2.33
130 6 NA NA 3596.3 3555.5 3757.7 3558.5 1.67 2.70
10 17 248.7 249.9 253.1 254.6 264.2 252.5 1.06 1.67
20 6 — 550.5 566.5 563.7 585.8 558.2 1.50 1.62
30 15 NA NA 841.1 838.5 874.7 830.8 1.40 2.00
32 X 32 room
40 14 NA NA 1188.3 1174.5 1208.9 1175.6 1.43 1.83
50 11 NA NA 1536.3 1528.3 1573.7 15124 1.91 2.43
60 6 NA NA 1891.5 1892.8 1949.7 1881.2 1.67 2.83
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