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An ant colony optimization algorithm for vehicle routing problem

with cargo coefficient
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Abstract: A distribution network between one warehouse and multiple retailers is considered. A model named weighted
vehicle routing problem(VRP) is built. Being contrary to many other VRP models, the weight loaded in a vehicle through
a route between two customers is considered as an important factor of system cost when a routing decision is made. With
this method, the retailers with larger demands will have priority to be visited earlier. Finally, an ant colony optimization
algorithm named PMMAS (partition based max-min ant system) combined with a special partition method is proposed to
solve this model. Some illustrative examples are introduced to test the efficiency of the PMMAS, and comparison analysis

is conducted with commonly used heuristic algorithms for vehicle routing problem.
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2 HAILET (Model)

2.1 9] @338 (Problem formulation)

H 7Y (P VRP) 2 A7 75 5 BE il ) VRPEJCVRP,
— OISR R, AR AN E R
(1) R tq;, BF— X% (i, §) A — AN 2
Bdy, RO A A TS AR 1) AR, 12 RE
J1w. CVRPI H b 3 31— 4% B 241 5 118 K 9%
e/, 35 B 4R AR U Re s — 4 s
— U ARG T D EAEEAB T w. 7E
W LR AR, WVRPH RE 2% &6 9% B H br 1)
SR, DR A T 4 0 B 450 ) AT U 2 LS B
BRI s AR ) AR ZE 2.

2.2 fF5(Symbol)

R b 75 B 2 A5 e SR

D Fhr: i, j=0Rnmm8hty;i,j=1,2,--- | N
LKIRE N FE.

2) B8 di R RGRGIRIEE R, 0,5 = 0,1, - - -,
N; g NBEEAGTE R, i = 1,2,--- ,N; a4
PR B4 T B 9 L ook R P 2 R A8 T R I S o
s w AR A OV .

3) PRRAR L U W B% ) I H AR -
MEkE R, Z,; 2 {0, 1R — jIEH
1.

2.3  WYVRPH) %% # & (Mathematical model for
weighted VRP)

WVRPH H b 2 e /ME 2, ol b s B R
A, £ VRPHERC LW M, ARIMEHET
Hig mAA Mo, e e/ K K& P, AF
TGS s i A

AT 2 RS 2 el 2 = s i R 45 ek, L
— PR G A 7 20 EUARANAEAE G A R, AH
DRIk A FH — 50 25 A8 15 8l — 5 IO R 2% il d, JiT LA
TEFENAL 20 85 W 25 1 sk R b, ] eI > ZE 5 4L
Wt 2 I — AN 2. B R s Uk
25— AN A B 5 IR B4 8 oy, AELEARAL ) L A
AN e 75 KN TR S I DL

BT UL B b, B 5 B (1) 4 5 8% A% 1)
W VRPH] LR Ay

N N
lé;&:jo i=1
)]
N
=
0 < Uij < U}Zij, Vi,j, (3)

%25 %
N
7=0
N
7=0
N N
Z ZO] - Z ZJO = 07 (6)
j=1 7j=1
ZZU< S|—1,SC{1,2’ "aN}v @)
2,728
Zij=0or1, Vi, j. (8)

TEWVRPHIECEE T, H bR & (1) B s 2
H, B dfiz i s AR, ARG G A%
FRBE IR 25— R T T K, £ IR (3) B o 2 A
A it w, R (6)(T)PRIE A4 45 T 40 A5 rhno, % -
ZIRASTE LA R,

3 i AU TR AR AR ) A e K e NI
#%:(Max-min ant system for weighted VRP)
MMAS! 213 gy Stiitzle % A\ T-20004F 71 48 I 5 4t

(AS)FLIL AL b g A2 ok ). 5 Ui R GEAH L,

MMASE i FIT A — L6 ek, fiE 5 47 ke S A Ak 5

AL RIS X SO S R R

Bk R, A AV B LA I B 3R S B E

KNG BR 8 AE X T [Tinin, Tonax) N FEAE LRI

N Tonaxs BN JRALBAARAE J LA P A ik,

PRIHALE B,

A AN W WSO 7 AR B A TR O R o S S i — TRORE
FITAT 5 (XD R 35.  Sm SFL dsUE F  Fef o U (an
BEALE T2 5 b, A7 1%/ b s ik B DS
HPL fa HELIE P (random proportional rule)ik
FET A g, Mg AR iR —A> ke

e, 18
S b 17N
Ti, Z..
Ph=Q S ©)
0, if j ¢ NJ.

Ny S WS AT J0 i i 1T LG $E % 7 4R s miy N
HAR (1, 7) B R K X & H, s XA0)5E X 7,8 B
124, 7) B rfE B

n;; = (demand(i) + demand(j))/d;;.  (10)

AR, LI e fa K KM%, A Ity
PR AR 1. o A5 BRI T, Ko
(RIAF R F 2L, GO0 B R IR 1, R RE LS I
R B BRI A7 W58 B — O I 2 (R 34 A
EOUM AR B R AT R AL B, R R R R L
WA IR S SRR T

7 = (1 = p)735, (11)



% 4 27

Jehmda g KT X 50 B R R R AR S A E F 49447 P AL 701

Tij = Tij + AT, (12)
ATZCSt — 1/CbCSt. (13)
RADTp AR RZEL 1 — pHE R ZERE R T N
TR 5 BTERRFLE, p 5 [0, 1]; CPes & i i ig
W) H AR AR, IX A 5 A ] DL 8 4 1 e A A —
iteration-best ant, Bl 7 4 fijiteration ] i) B AL AR, 14 A]
A3k 4> J5) 55 AL fif— best-so-far ant, Bl £ H 574 1E4
ERBIM B, — AL, MMASAE B H X
PN R
AP BE: Toax = 1/pC%, Tonin = Tmax(1 —
30.05)(n — 1)/2, n i % F 8CE, CY k2 H T
W B AL fE, MU CY = O, O It R el AR vk
132011 H e,
W A1, R B 7R — 40T e H DL 1%
18, TTAE e BT3RO AR =, /NS 5 TR A
T-RINIE 7K.

c: o@26)] 6] 20|19 |56 pe[e)o@|s@[ine)se)

1 W S T VS
Fig. 1

K FH — o ] s K1) A3 DBV, AR IR & 3o 4%
) B A 7, 3 SR 2 K T 4 A ) 2
B2 O 10, ) T BRI 23 SRR AR R AR
K2R, R8I N : 0—59—12—6—0, 0—2—0,
0—1—5—0, 0—3—0, 0—»7—10—0, 0—8—11—0,
0—4—0. IXFP 757 7 SR, BN B 4% 1 HE 7 1O
PR, AR AR o, X AL 7343
S ERAT IS S0 ), EEA N5 B2 9,12), (12,6),
(1,5), (7,10), (8,11).

An ant’s tour
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Fig. 2 The vehicle routes after simple partition
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Fig. 3 The vehicle routes after Christian partition
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Table 2 The algorithms comparison of WVRP

v 5t CcwW CVRP#41: MMAS PMMAS
A-n69-k9  14679.7 13718 14249 12304
A-n80-k10  22270.5 20427 22259 19991
B-n78-k10 16350 14722 15212 13801
E-nl01-k14  15628.8 — 16335 13861
M-n101-k10  19184.4 17306 19351 16226
M-nl121-k7 241428 23660 23662 20573
M-151-k12  23354.6 — 26563 18923
M-n200-k17  31127.2 — 32846 25264
P-n70-k10  13807.2 13345 13448 11394
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