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HEAT R, B E A TR ARRE RN
BB L (ne), 371531@ 45 M LR ILBR1E,
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R 10 FHHEREEAER, KAL)
HRKEAE EAERR,IERK r, BN LR EH
MNH T EE RN RER;

FR 11 HW e BEFTFHRRERRE
NC s 02, WL L B L7 B, net, 5%
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3 KBRS
3.1 RHIHE
WA 20 ME BRIV TR A 10 TRAY
IEFTE RS . BLik 00 F ISR e, AR
$(0,0). FF P MT KRB B ITEYE &, &
AR N oM. BABIEIR 1 s,
F1 ZREMME
Table 1 Description of a VRP
BEP RS 0| 1(|2{3,4|5]|6|7|81]9
MAAR /km | 0] 0| 0 |-2[-3] 3 |-4[-4] 1|1
YAFR /km | 0 |-1| 3 |-2{-3|-1| 0 |-1}-2|-1
Bt E /t 0 |1.5/1.8(2.0/0.8/1.5/1.0|2.5|3.0|1.7
EPgES (10111213 14|15]16] 17|18 19
BABFR km | 1 {3 |-3] 21 |2]2]|1]|-3-1
HPWFF/km [ 3| 4| 0] 0 |-3-1;1[-42]|-1
Fiit& 2t |0.6,0.2{2.4/1.9/2.0/0.7|0.5(2.2]3.1|0.1
KARBITEEN M = 60, nepa = 50,7 =
10,MAX = 100,MIN = 2,a = 1,8 = 1,7 = 0.5,
o1 =0.85,0, = 0.95,0Q, = 10,Q, = 50,03 =

100, ry = 1.3247 10 K, R 2 Fis.

®2 XBRHHZER
Table 2 Computing results of ACA

HERE 1 2 3 4 5 6 7 8 9 10 ¥y
B/NEIREBEES /km | 43.37 | 41.86 | 43.1 | 41.99 | 41.86 | 43.21 | 41.94 | 43.1 | 44.32 | 42.58 | 42.73
i F 23 4 4 4 4 4 4 4 4 4 4 4
BRERERBAE 26 39 26 32 35 28 41 37 19 39 32.3
HHERTE] /s 1.99 2.2 1.99 | 2.14 | 2.15 2.07 2.23 2.16 1.3 2.19 2.14
S8/ EME /km | 1.51 0 1.24 | 0.13 0 1.35 | 0.08 1.24 | 246 | 0.72 | 0.87

M2 AT LIE H , RSB R 10 YRR
AR R T RERE M. BRIy 41.86
km , X N A BC L BRAE A < R 2R 1:0 — 18 — 0; BR£R 2:
0-1-17-14-8-0;%%3:0-12-6-7-4
~3_-19-0;%%4:0-2-10-11-16-7-5
—15-9 - 0. WUBHBEMITE L RIUERE, 10K
RgEH, EMNE R BRI RTHEE 5.8%.
MITERFRTE , 10 ORI T 21 e E] D 2. 14
s, TR SRK R, AR T 18 5 [E < 5 [5]
B AT IL X F VRP, FI) SO Bk T BRUAR LA
RMER, BitRSEROERE. :

HTEFHE, R AL BEREE E

PR KB EXHZEBIKAE T 10 IR, FERHE RIK
BUER R 15 000 IR RTIR T 4 FREILAIIT R E R
% 3.

53 MLk GRS E SRR A SE RN A B

Table 3 Performance comparison between

the ACA, GA, SA and 2 - opt

; e LR R

R Mehky R e
-1k BEEE /km 50.64 | 56.62 | 46.15|42.73

R RIbRIERE 7.48 | 3.25 | 2.67 | 0.87

W0 R 43 | 45 | 4 4
BB RIRLMBIERIRE | 4905 |12 810) 9 080 | 9 690
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MR 3AEE N, NI MERE , BB EN
BRFHE 3FEE ATHERER, WRFE LK
FRRILEEREILR KEE AR TRERE; L
BENRENTE, BRI E SRR EEH
BRFHE 3 HEE.

3.2 BITSEMERREX MBE RN
N 43 47

1) BT ST B R R R MR R IR

BREENET SR ERR GBS M EA
RERE o, HBRANZHENEELESH (.6,
7 A RERMIFAE (o1 02) URTEILE (.
02, 03) % . FSEARNRES N B ERE R
BEF= A — RE MR, IR TR E , A4S ST 4 IR
M R EERIEREAIR .

Xt ERSCH, S Al B S M = 30.,40,50,
60.70.80.90.100, HEZH ncww = 50,7 = 20,
MAX = 80,MIN = 2,a =2,8=1,7 = 0.5, =
0.2,0, = 0.85,0, =0.95,Q, = 5,0, = 50,05 =
100, 7o = 1,317 50 IR, BEHRINFE 4 FiR.

4RI M XTI AT R

Table 4 Impact analysis of the number
of ant for performance of ACA

. EHEE | FHER | BRI | FEIHE
RER /km | T R | B /s
30 62.83 4 29.7 0.15
40 55.54 4 28.7 0.28
50 46.49 4 439 0.47
60 44 .48 4 43.6 0.71
70 44.31 4 42.9 1.87
80 43.14 4 41.8 2.14
90 42.74 4 32.8 2.52
100 42.65 4 30.5 3.86

B 4 T LLE R 4 Mg BT, B E
PR RIRE T E AR ER LKA R, i 66.83
TREE] 44.48, R TR BRI, X5 30%, &
BH A B 0. 15 s HEINE] 0.71 s. BAKE,
LTSRN IR TR BB S 4 D
BT, BENEREFAK, B 4.31 THEE
42.65,40F 3.5%, Wit B RIZEM T 1 f%. 49
BB KT, 3 R B LB, (B BEE 15 OB A
WS, LA T R PR R SR ARASBR B T TR B
() 0 A B 3 . PR AR e & L SR A 60 ~

80 MIBICER FT LA T . AT B, 3R A BURE SR R A% VRP
R, WD BCECE X B R RER S R LU
i, ot BB O B AR TS BT R AR,
i 1 25 (85 OB R 2 R SIREERA /D
W BE Y B2, (B AN AR R i BB ).

2) R SRS X R R A R M BR AR

X B E M A AT AR AR BRI 0 K AR VRP
R BRI MR RR BN  TESER P R B, A AR
(AT RY AT AR AR ISR W, 5 R AILASE R LBy B SR
FARRIART WIATHE , BB RO AT R et W5
Rk 5 AT B ST AW | 55 JR A 05 A 6 R L B AT
AR P AT RIS 4 MRS LI R ENZ AR A G
HEATSER L.

BRI 6 PR L. Horp 28 1 M R EUD
IBICH(M = 40) FII AR IS LS 1 3 5] SR G, 58 2
FREBRBAISE (M = 80) FIXIAR I IS} A
PSRN 55 3 LTRSS 1 FREOERN b 38N S
JE RS I 2 A B , 5 4 FRERTESS 1 FhAYERA
b B IE AR P AT AL 5 5 AR RRAESS 2 F
ROBER b, IR AT AT LSRN, 5 6 MR FE
55 4 R ERRL b, B0 2 8 0 AE 4 SR G . 1 5]
X TRTLBR A , B IE K ECH 20, £321T 20
W EERINZE S F7R.

R ERRMBE A RN R

Table 5 Impact analysis of the four techniques
for performance of ACA

pp— TR | RABME | FHET | PHHE
BER Am | HAK fifmgx | B /s

1 64.61 13 18.6 0.16

2 56.43 0 11.9 2.08

3 57.83 0 14.7 0.51

4 48.03 0 0 0.36

5 43.13 0 0 2.86

6 46.26 0 0 0.72

B _EFRARHER H, FEAUE R B0 46 15 B35 51 4y
TR, PR B BB AR, 5% 64.61 km,
B FIg R E B, 7E 20 BT, A 13 IR
BT, H BB RBOAR 7 BT, R E
18.6 YOEMR KR IRBUEMT FI17/F, BV A 1.4 K&
RIREN T WIATHE . FE M R RIS BRI /5, E OUA
BARMM, RETENRARKER, K3
2.08 s, BRI REEESE]T 56.43 km, B2
FERE TR, I A WEB TP R REE 1T
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RIRBCIRRE] T 11.9 R .55 3 FE BN 1
M E , MRS RKE, BRTER A — ST
K EHRERBEABKER, WA 2 Fim
B, HITE L R APE R TR B B,
T EREISERERBENTE. G 3HEEH
T TR TR e, B AL ATAT
R IR, BRI AN B g 13 B SE 2 B W 47
BOXPITIE N 0. 58 4 MR R E 4 R R ERHT
3FBHERAIRE, i 56.43 km FE{LF] 48.03 km, T
BT 14.9% EEMELRS, HEEREITFHHN
S RE R T HITESE RN 43.13 km, EAIE
B 41.86 km A 43R, RIFF AT EBRA
T RIS RS, SR A T IR AT AT AL SR, R
R ERK.

S22 LA ESERTT UGB Y, 8 1 4 A 18 %
B 5 B R EH WL LA K A% 2 18] 5 B R Bl
i, WO B B RSB R BRI MR 9 RE S 3R AL
AT AL BT ALE LAR Bh A B

2 % 3 Wk:

(Mt — kit , Bl TR LR AR 1 403%% , BERE A 2K
R AR ERR BRI B

4 & it

WEE SRR B KB RMBEIEERIMN
i, RAEYROBERD R, RE RSN AT
HAEMA NTERES SN BRI NIER
B AEEEETTA TR RS, RENIE
i EE BA BRI RIBE . AU EE
P51 AZE VRP k. @344 VRP 5 TSP B X
B, MI%E T IE TR % VRP BB Y . 3 B oI
SR E R ] BB B AL
il EFTHLH A R UMANLEIE T #E—B 35T, - Al
BTIRILEURTAEEN . LRGERERAL
SRR B E MR A U R R AME R A RIR I
MBI MmN B AR MITERR, ITE
HERMNRE.
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Design and realization of a hybrid ant colony algorithm for vehicle routing problem

LIU Zhi-shuo , SHEN Jin-sheng , GUAN Wei
Insititute of System Engineering of Beijing Jiaotong University, Beijing 100044, China

Abstract: Ant Colony Algorithm( ACA) is a novel simulated evolutionary algorithm which shows many promising
properties and can solve Traveling Salesman Problem(TSP) efficiently. On the basis of analyzing the difference be-
tween VRP and TSP, an Adaptive Hybrid Ant Colony Algorithm( AHACA) is proposed to solve VRP, which is im-
proved from basic ACA by improving the basic rules and integrating 2-opt local search method and C-W algorithm in
order to decrease computing time and avoid stagnation behavior of basic ACA. Moreover, the problem of acquiring
feasible solution is also discussed, and four resolutions such as Mass Ant, Feasibility Process of Approximate Solu-
tions etc. are also introduced. Simulation results show that the AHACA is feasible and valid for VRP.

Key words: vehicle routing problem; traveling salesman problem; ant colony algorithm; 2-opt; feasibility process

of approximate solutions
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