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Multi-agent evolutionary algorithm of VRP problem with

time window

LIU Xin-meng, HE Shi-wei, CHEN Sheng-bo, LU Chao
(School of Traffic and Transportation, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Based on the angle of practicality and rationality, the vehicle routing problem with time
window for single distribution center was studied. The shortest driving time and the minimum
customer waiting time were taken as objective functions, the service time window and vehicle load
were taken as constraint conditions, and the bi-objective optimization model was constructed.
The Multi-agent evolutionary algorithm based on number coding(NC-MAEA) was used to solve
the model, and the calculation result was compared with the calculation result solved by genetic
algorithm. Calculation result shows that when the number of customer demand point is 13, the
service time of demand point is 5 min, the maximum vehicle load is 3 t, the number of initial
agent is 49 and the maximum evolution iterations is 200, the worst value is 121. 8 min and the
optimal value is 110. 3 min calculated by using genetic algorithm after 30 calculation times. The
worst value is 113. 6 min and the optimal value is 103. 6 min calcuated by using the propsed
algorithm. It is clear that the higher quality optimal result can be gotten by using the multi-agent
evolutionary algorithm, the results change little after repeated tests. 3 tabs, 6 figs, 19 refs.

Key words: traffic planning; logistics distribution; vehicle routing; number coding; multi-agent

evolutionary algorithm; time window

Y8 EHH#9:2014-01-17

HETH EZK 973 i3 H (2012CB725403) ; F & A $k B} 2 5450 H (61374202)

PEZ B 0K (1990-) , 22, B P8 P 42 A, b it 2858 o2 T2 A 55 A S0 4 0 5 13k g 6 4 BLATF 9
S0 8 v A AR (1969, B R L Jb at s8R 2 AR .



106 X @ &

I £ ¥ W 2014

Author resumes: LIU Xin-meng(1990-), female, graduate student, +86-10-81687135, 13120872
bjtu. edu. cn; HE Shi-wei(1969-), male, professor, +86-10-81687135, shwhe@bjtu. edu. cn.

0 531 &

Y 37 T 2 35 e P 3T B R, A T % R0
PEAT A3 5% HC 5% E6 B 4 0 5 4 B B 36 SR M B Y
TERE . WU TG IR T G B A R (VR [a] D L 2
Wi 7 G PR 3% DG TR I — A A 0] L — R A
FANWFFE B P ), VRP o] 82 48 76 & P 75 5K
MESTREHEHMEI T L — MR %
1 Cln 2 4 38 5 PR o L 38 B IF [) 7 B 71 42 4 2 BB
il 55 1 AR AE 45 % P IR AT RR B 2K L (A B
e 2% o 0 B0 38 i AR B Ik, VRP i) B 4 4 IE
B JZ& —~ NP-hard [a] 80, 4 B RE 48 K B, AR A 75 2]
— A4 R A A O AR . O L B n) AR A Y
PR TSI K A 3 R DG AR 22 2% 3 X figt ok
VRP [a] #8552 647 TR 5T 16 BE A SCHR A T LK
SR 1) B B R KB RS Bk RN LR
%M, Kallehauge 76 € # (1) TSP [n] 5 1) # 455 F1 5k
AR B JE B b R T I I 7 A A R AR R R
R 5575 s Ralphs %5 3R FH 20 B0 59 A3 530 1% 5 2 4 2%
5 5 LA 114 4 I A ) R EA T T SR A s Kohl 45 3%
TRk B B A ot T 3 38 a4 A % 6 2 4 7 iR
55 0 29 SR S AT Bt o DTG X Al B[R] 7 B9 VRP [R]
BUHEAT SR MR s Tulien S50 45 I 1) 3 ) VRP [n) 81 4%
PR R SR A 7 35 ), O 3 2o 5 A= B ik x4k s it
Jiu) 0 A7 SR AR 5 5 B A R M TSR M I R) o 4R A
AR ) FL ) 22 B I AT R TR R 5 k) S A R
SR HB A Z Bk SRR T e R) A 3h 2 4 I A% )
BEL ) AR A AE 4y BT VRP [a] 8 5 TSP ] 351 X 5]
LR b A TR M VRP ) B 3 N R
W L A BT TSR A I R B 4 I A ) R
it 224 A 20 g & 2D s Banos 45 R 3 F R
P K2 1 AT 2 B bR 5 5 R A T A I IR B
VRP [a] 1 5 Gillett %5 2R F 4485 1% 5k g 1 2 40
JEREY s Glover SR FIAE 28 R R T 5514
B, B SR R I R IR 2 R
WAL TR SR A st i Bk X VRP [n) 8k A7 T B
G0 Az A5 SR FH 38 A5 530k Xt 0y 9 e 336 Hh e I [ 9 1
VRP [a] 47 T 5K AEAE 48 VRP [a] 8 (4 5L Ak 1
Xt FC 3% N B3 FE P s 1) R 45 T A T BRI 5 3R 4E
8256 T o ] 24 SRR A A 2 o 24 AR 0 B B/
e B bR R B 2, BT T I A T AR S 0 R

A RE AR R EAE AR TR A AR SRR T
W UL TR 3% 1 SR A DA I R 5 T 2 S X 43 X 1Y
ZWE Ik 0 1 22 4 B A A R B2 I BB 1 g AR Sk
PEAT SRS o IR R D 3t A2 Bk T SR AT 9 3 I
I8 FF R B AR G AR ) AL T AT AR S R L (HL AR
fifp 19 I AN AR s 2R TR AL R R R
RE A IRIE B . I B LA B BRI AR
(] (9 5 4 o 1M B A % 08 2 A A Z 18] B E Y m] RETE » B
SN D UME 558 S IF A7 DM R R AR DL
UF R E LA AR R TR TR AR IR 9T
TIEAL S . RS TR EC T U 2 8 RE R
ALk 5 R R ik AT Ay g e Jey L g
3T FLMSCSOHE S 5 0 T S B0 TR A 2 I
BRI ) 2 8 R AR AL Bk L 5 A A& 2
FEMILE 25k B W A OB o

AR SCAE B A WF S A Gl b B 68 B IE 2% el
) ) VRP (a0, 4 3 1 2% F o g A 5L S i AT
Buf ] 5 /) 1 25 0 4 Ao I 8] B A A 00 H AR 18 AR
Y32 TR R0 1 1 228 RE AR A 0k ol o v ik
PEAR KA 150 245 KA o 0T RE 1A 199 285 v 1) 2 RE AR BEA T
5o A S 2T L O B IE A R 26 b RE R A 0
REMR . JF 5 A MR L F L 2R A7 00 L 20 A7

1 @R SEEEST

L1 @RS R

VRP [ 1 — B 8 A4 3 I 26 P FH 22 40 2
Ii] 22> % 7 e R N B A P 7 SR oL A
it R AR T O AAY B0 Y B R R R e — E Y - 2R
r BHEHEIC 28 B 4R AT H AR oR B L OF HL AL A
TAEM AR EOR A AR — 4TI JF H A
RE VS [A] — U 5 340 42 AT 2 K HP 0 R i [l 5
Pk Rl s B ORI SR R A L
I E] % (9 VR (]38 £ 2 Al 1 3 7 22 3 2 i
55 I ] 249 5T RIVIE 56 N 5% 7 B2 AE — % 1A I [R]85
BE PR AT IS

B TSR A SO AT DU BB BT A Y 6
PR AT DUR R A — 3 5 AN 5 R 4 0 1) 2 BB A 5 4
T B8 o K R o e A I
1.2 ZTEEX

LHEPTRENESGH LESHAH n MUK,
iv g R T AR — e g R E] R O B3 SR8



% 3 P

W B E & VRP B A6 % A7 A ik it

W E 107

FOSEMERN Vo€ Vi ELE RO N o; FLiE F
TE ¢ FAS G CELRG L% 0y B9 as AT B 18] 2R ¢ 5 Bl ik
TR AL IR R 2,5 m0 7 BTG 26 R 55 I 1) oA
Loy T BRI B IR IR T s 5 0 SR i
MR 55 BNE B R Tos 851 PTG SK N pos R0 I
REFRN ps AR o, KR LT o &5 M
w2 B ALy BEATRCEE é@ﬂlﬁi%y\ﬁ (B G AT
Fict 326 BB 1, A5 I 05 PR SRR 3t v, RN E i 0
MAEL R G &, BT TR UU\@E%EPAD:EH?E
F A AE 0 P AR i 2y, TR B v A ] 5]
Bt 3% Hots s ey, B 1 R 4 M, @ 3R T C 2% ol
B0 N R REF LT . Rl Bt A

N= {&%1 (D
b

Aorpa[ e B #E.

1.3 WRET

P /N AT 3 [R] 5 g /s FH P S5 R IR TR SR H AR
PR ST R AL Ny
min Z;, = ZZZQIW (2)
veV jel iel
min Zg - Zt“‘ - T,']-j (3)
el
st Doa,, =1 D
jel
D, =1 (5)
€1
wa — ZIW =0 (6)
el jel
DD, =1 <)
veV iel
= 20> At e )x,, (8
veV el
T <t,<T. (9)
2]) ZT < (10

Xz, ?\JI'E'\E’\J??EEHHLIEH;ZZ R P AR A
(6] 3 20 (4) ~ (6) F Uk 72 470 M BIC 326 o Y 252 d i [ )
Pk A0 s D PRAIEREAS 5 il KRB B — 40 7 15 1)
1 H R BB 1] — U 20 (8) N R B 35 % il 5K s A
I 1) 243 5405 30 C9) g IR 55 6 1] 27 249 95 5 (10D 0 42 47
BIREZAR .

2 ZEBgEHATRRZITR

Z & R 1k B 3% (Multi-Agent Evolutionary
Algorithm, MAEA) J& F 8 G & (9] 45 v 47 ) X 4%
3 AL PR 05 B A RE AR KO H AR B 3R A% T L) 4R

$

i IFTE AR I T 2 5 5 A, 35 4 R W 4 3
B J R R RE AV R L RN T A R . X R
i nll = P/ BT P W 1 g SR L & T
£ B e R s (NC-MAEA) X il 47 7 18] B #E 47 T 3R
i UE W T R AE T AT R ) A e B T
GP i 4 R FRRE 0 OF AR e e AT, AR SR X
FYRE A, R TR B0 g 19 1) 2 8 Ae 1K B 7L (NG
MAEA) X4 B (8] % 1) VRP (] 8E 475K 7
2.1 MARERENTE

X ARE IR 55 19 % il SR s 4 BRI AT 9 5 &

P R BB BOR s B3 m X om A RE AR A
SR I WA BB R AT S B GR 5 (1 ~n 1 B WL HE
G s A H 5 T 2 T A ) 2 AR T SR A U
W7k 0 R 8 BEAAR  H HL A AR o, T SRS AT DA
WA H 2 A m X om AW AT RE AR 1R )
WHIRE BN 0,

SR 5 R AT o A G D 5 A P R A Tl 3%
s (BCE O F G5 0 327D o 1 X 50 o 249 o 1 e
[F1] i 249 SRR A T A 36 Fof 5 4 T 3% 0 TR i 7R R
ReR gt i DUE RS 5. o an B HL =4 1 BB 1A 1-
4-5-7-9-6-3-4-2, M 22 45 B0 545 4~ 75 2K o5
PR 0 R o A1 20 R e A % A e A Bk R L U
FERT— %P1 RS 0, 88 J5 ¥ B G (1 28 5 it
BR O PR R IEAT . LR B S Mg R R 0-1-
4-5-0-7-9-0-6-0-3-4-2-0, K/ 75 M e 2% 1 #2 b
B3 HIC % A L X8 LAY B8 AR 3 T R 0> 1450,
0—>7—>9>6—>0,0—>6—>3>4—>2—>0,

2.2 BHHET

o 4 TR AE WA RN A 5 AR
M RE R 55 4 AR SR B AR IR AL A7 I R R R L
AT AR 1 O 407 5 8 300 L 40 g 1L Al R R 44
’%‘“ﬁ%ﬁié’]éﬁﬂ%uﬁﬁw A0 T S b e A

M., 35 51 BB A HLAR I b 1 8 RE AR T 4 R I
1A RER I 5 4 0 G 02 4 4RI B 14k

B R IRE A — 2 M RE R, S8 Bk M 1 fE
o EQVD AR5 B R R KA R MY, 25 o
BRI AR U H bR R BN AL 1] o A= (4,54,
ANHRAEAF VA 5 A, WERECK DI A R
AT Bk ) 5 2 0 7 P A5 AR B T B /N 1) 8L E A 1 b
B AL Sy L H AR R Z, B

man—AIEZEZJIJ + A, Ez‘ — T (D

=4

pussiyg
o hH Bn &

Ly

veV jel el
HReRmBEE A
EM) = 12)
Al 2221‘117 T4, Zt — T
jel iel



108 R i

I )

I £ ¥ W 2014

A3 R R i e K AN R M it E(MD) >
EMD W M Bge M, BAR D7 3% ok - 78 M3 g
PR BE RO B A B — B B ML BE A 4 65 4 A 3] M
4 R L7 AR i 24 M R TR) ) G 65 G A BEAS
7S W At 07 AL 1 4 BT BT HE Y O B B R 30 2 TR
JE A W OR L W gk S HES L B = AR B v AT
R e A
2.3 BEIJETF

P T35 51 Ja 408 b /8 & B K A Rk
AR HEAT AN B T AR SRR Z B2 . %2
M7 A 2 i, 1 I 3 o A8 4 4 B 1 L O B2 T
i, 5 1 Al 2 SR FH RS ol 4 1 B i O 2U 4 T g o
DBk WE 1,

Tl
[ETR A AL 2 B
i B AT AR B

2.4 HiERRE
Y DA b2 BT DAAS SR i iy B ] 26 9 VRP [n)
B Z B Rk R R, WA 2,
[ PEETAEREEERLRE |

[ sArmammaes |

EEETE LT

BT

[ axagyenr |

[ =mme |

NI

K2 Jkime
Fig. 2 Algorithm flow

3 HESERSH

RBCA 13 ANTFHECIE B & 7 5K A (i 5 K
1.2,-+.13),0 FoRBCIE oL 5 D B IE 10 % )
KOG R S5 I 81228 5 min, B4 fi KRBT 3 ¢,
FE T R IIC A T 5RO 2 TR A AT I ] DA R i
[ %770 WL 1.2, B BEAR A HLRE S 70X 7, RIA9)

B2 d ik TR REARA Ky 49, B KA ARB S 200 3,
Fig. 1 Learning method SR 501 20 R B A 25 5 5 ) IR A
x1 FEHTREEE
Tab. 1 Vehicle travel times min
8oL LR _
i 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Lk S

0 0.0 1.0 6.0 7.5 9.0 20.0 10.0 16.0 8.0 8.0 7.0 6.5 9.0 4.0

1 4.0 0.0 6.5 4.0 10.0 5.0 7.5 11.0 10.0 7.0 7.0 4.0 10.0 6.0
2 6.0 6.5 0.0 7.0 10. 0 10. 0 7.0 7.0 7.0 10. 0 9.0 5.0 5.5 7.0
3 7.5 4.0 7.0 0.0 10. 0 5.0 9.0 9.0 15.0 5.0 12.0 7.5 6.4 2.5
4 9.0 10.0 10.0 10.0 0.0 10.0 7.5 7.5 10.0 6.0 4.0 4.0 9.0 6.0
5 20.0 10. 0 10. 0 5.0 10. 0 0.0 7.0 9.0 7.0 14.0 13.0 3.0 3.0 4.0
6 10.0 7.0 7.0 9.0 7.5 7.0 0.0 7.0 10.0 16.0 7.0 6.7 5.0 3.0
7 16.0 7.0 7.0 9.0 7.5 9.0 7.0 0.0 10.0 10.0 8.0 4.0 6.0 5.0
8 8.0 7.0 7.0 15.0 10.0 7.0 10. 0 10.0 0.0 10.0 9.0 8.0 7.0 7.0
9 8.0 7.0 10. 0 5.0 6.0 14.0 16. 0 10.0 10. 0 0.0 10. 0 10. 0 4.0 9.0
10 7.0 7.0 9.0 12.0 4.0 13.0 7.0 8.0 9.0 10. 0 0.0 5.0 6.5 3.5
11 6.5 1.0 5.0 7.5 1.0 3.0 6.7 1.0 8.0 10.0 5.0 0.0 8.0 6.0
12 9.0 10.0 5.9 6.4 9.0 3.0 5.0 6.0 7.0 4.0 6.5 8.0 0.0 6.0
13 4.0 6.0 7.0 2.5 6.0 4.0 3.0 5.0 7.0 9.0 3.5 6.0 6.0 0.0
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Tab. 2 Distribution volumes and time windows
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Pig 3% 4/t 0.4 0.5 0.8 0.7 0.6 1.0 0.8 0.8 0.6 1.0 0.4 0.2 0.6
A [A] % /min | [1,45] | [5.60] |[10,50]|[10,40]{[10,60]| [0,30] |[10,50]|[15,40]|[20,60]| [25.,60] | [30,70] | [30,60] | [50,80]
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Fig. 3 Optimal paths by using GA
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