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Ant Colony System for Vehicle Routing Problem
with Time Window

Sang-Heon Lee* - Seung-Won Lee*

- Abstract m

This paper applies an ant colony system (ACS) for the vehicle routing problem with time window (VRPTW). The
VRPTW is a generalization of the VRP where the service of a customer can begin within the time windows defined
by the earliest and latest times when the customer will permit the start of service. The ACS has been applied effectively
in geographical environment such as TSP or VRP by meta-heuristic that imitate an ant's biologic special quality. In
route construction, a saving based ACS (SB-ACS) is introduced and its solution is improved by local search. Through
iterative processes, the SB-ACS is shown to drive the best solution. The algorithm has been tested on 56 Solomon
benchmarking problems and compared to the best-known solutions on literature. Experimental resuits shows that
SB-ACS algorithm could obtain good solution in total travel distance minimization.

Keyword : Vehicle Routing Problem, Time Window, Ant Colony System, Saving Algorithm,
Two-opt
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B R R T R A

(B 217 EIY 2H 244y (E 3 7 ER M 2ogy
Best-known | SB-ACS Best-known | SB-ACS
N : - oy | BX 0 &3
0. % 3% % 2 POD(%) 23 No. 2 A% % x| POD(%) o
37 =379 e89A7] | L8747 -
RIOL ) 16077 15801 | 060 1 D R201 12548 | 12453 | 241 | Ta
Ri02 1434 142438 067 D R202 108307 | 110266 | 134 RT
RI103 121362 1212.17 012 RT - o7 s09n | o6l RT
RI4 982.01 . :
102023 38 RT R204 8621 83789 | 203 CR
RI05 137711 1360.37 -1 RT
R205 10356 988317 | -457 CR
RI06 125203 122761 195 RT
R206 91297 946.863 371 RT
RI107 12472 1091.19 208 CR
RI8 850 0350 050 T R207 81478 88319 533 RT
X x s a
RI109 1013.16 1030.23 168 CR R208 7386 nwr | 37 RT
R110 1080.36 1093.39 121 RT R209 95867 0146 366 CR
RIII | 110483 106834 33 | Ta R210 %7.5 96984 | -212 | RT
R112 95363 988511 366 RT Rell 9238 843448 | 870 Ta
Average | 117598 11715 -0.38 Average 952.34 936.73 -164
C101 8273 828,937 020 D C201 591.56 591557 0.00 PB
C102 8273 829815 0.30 D C202 59156 591.557 0.00 PB
C103 828,06 8222 050 RT 203 59117 591.17 0.00 RT
Cl04 824718 830,652 071 RT Co04 590.6 590,627 0.00 PB
C106 82894 828.854 -0.01 PB C205 583.88 588.881 0.00 PB
ce &3 8884|019 D C06 | 58849 | 588493 | 000 | FPB
cio7 813 82881 019 D c07 5829 | 588286 | 000 RT
Clis - &3 88854 019 D C208 5832 | 58318 | 000 | RT
C109 894 828, -0/
& oo1 B Average 589.86 539.86 0.00
Average 82747 8204 0.25
RC201 141379 | 136584 | -339 Ta
RCI101 1642.82 16716 175 CR
RC202 116425 | 118449 174 Ta
RC102 154097 1501.25 -258 CR :
poi | 1m0 LB o - RC203 107873 989.12 -831 CR
RCI4 | 113583 11658 264 RT Re204 806.75 809615 036 RT
RCI6 | 164338 15605 653 Ta RC205 132821 12763 -391 Ta
RC107 123054 1270.1 391 Ta RC207 1082.32 1040.52 -3.86 Ta
RC108 113982 113253 -064 Ta RC208 83397 893.275 711 RT
Average | 137384 13579 116 Average | 110835 | 100813 | -092
) D : Desrochers et al., 1992[10]. %) D : Desrochers et al., 1992{10].
Ta : Taillard et al., 1997[21]. Ta : Taillard et al., 1997[21].
CR : Chiang and Russell, 1997(5]. CR : Chiang and Russell, 1997[5].
RT : Rochat and Taillard, 1995{19]. RT : Rochat and Taillard, 1995[19].

PB : Potvin and Bengio, 1996[17]. PB : Potvin and Bengio, 1996[17].
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ATE o £ S8 =%89 . R104, R109, gt R2 ¥efl= RI ele} wlarste] sjE3te] o
R110, R112+= s+ 259 7131 gtk Az 2 Ak #¥ PDE RL 89 03B8%RT & 164%=2
HE etk AQUE 2R o708 SR S99 2} ek R Jee A9A4E

ORIt AL aezte ﬂ717} Ww}% A ofv]  F3 SB-ACS ¢ it ﬂ7l7} Az
Wik RL ool AHATE SBACS FmeFel  weh $5u o) HAMES e & Atk
AF3to] F-E & FaFHo -r-r?l Aoz B [2% 62 C1 Fefoll oha vt éﬂrol‘:‘r. 7]
g 4 ok Z¢] Best-known 239} 05% °lWHi¢] PDE e}
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R1 Type B Best-Known
O sB-ACS
%;ji\ C1 Type ;:;S_:égown
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1,500 2u7i2)
850 o
1,200
900
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(29 5] R2 gejell vis) g Aafolt}. RAX, [ 6] SB-ACSS} Best-known Z2H[m(C1)

oF
F00, ROOT <l sk 93 394 A & g e o gele o) wma Asel, )
USSR AR SIAUT AR TR 2o pegknown 2 FLE 2w
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R2 Type .
sz P 0 SB-ACS Lt C2 Type B Best-Known
28712 22| [ SB-ACS
1,250 -
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C201 €202  C203 C204 C205 C206 C207 (208
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