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Abstract

In this paper, a capacitated vehicle routing problem is studied, in which a distribution center and
multiple customers are involved, and the optimization objective is to minimize the distance. For
this kind of problem, a genetic algorithm based on a local search scheme is proposed. First, a
crossover operator is investigated by the sum of parents. The crossover operator is different from
most of traditional crossover procedures in that it can generate new offspring when parents are
same, thus maintaining the diversity of population. In addition, in order to efficiently improve the
offspring individuals in the iteration process, a local search scheme based on probability selection
is presented. The simulation results show that the proposed algorithm is efficient.
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1. 53|

ZE 5 %42 0] @ (Vehicle Routing Problem, VRP)& ¥ 2% — AN EHEE R 4L a8, # Dantzig
Ramser [1]7E 1959 “E k4, 2 U4 EEAT In) T H IR Ay AN — Nk HhoC 1a] 23 BOEE AL L ) n A%
FUURIE m AR L B, ARUE RN R — 82 U5 i) HANUT 0] — IR, SR e B 42 AT 22 B 2 Rl A
INEUAS, AR T DR R AT, /N EOE NS R ROAR . FE R, RS AT N R 2 MY
3, B 7 B PR A 4499 4% 4% ) 1 (Capacitated Vehicle Routing Problem, CVRP) [2]. #4517 & f 2550
4% I {% (Vehicle Routing Problem with Time Window, VRPTW) [3], [F]I328 B 5% ) 424 4% 4% v /% (Vehicle
Routing Problem with Simultaneous Pickup and Delivery, VRPSPD) [4]%.

Lenstra A1 Rinnooy Kan [5]3EB] 7 JLF i 2584 (1) VRP %524 NP-Hard =) 8. Savelsbergh [6]#1 Solomon
[7]48 H A7 A B 1) VRP 1225 ROk B iy [|], B DALG— K VRP BEE % . ZEAMERAL Il A 42 H oK S
VT i R SR SRV — LR 0] RV F 1 B GO A ZE A A3 ) L PRI G SRR R B AT KR R
VAT ARM: . RERAVE TR T LASK HH FORS R B AR AR I B3, 04 43 SC5E 25 (Branch and Bound, BB) [8]. 33
F K172 (Dynamic Programming Method, DP) [9]5%; I bk (45 43 4% 2 5575 (Scatter Search, SS) [10]. i#tfE
5% (Genetic Algorithm, GA) [11]5, T i @2 NP M@, Fuk, *TREBERIER, 75308+
% B IRINESERE W SE — OO RAE R e N R N 45 A i UM, TR ABNE AR TGV AR IE 45 RS B 1)
LR, HREAETE I ] NSRS — N BT MR . B TR R R, 1EREE 21
il I, ReA Rk th R R AL, AEGRIA R R Eak, DLSHE R AR R AL E
2 C BN SRARZ T A A A vl A R 2 —

R[22 T % IR R A B A R B LR AT I (AR RIBERY , $& 1 SR AR 12 Il () 383 4% B35 o SC[13]
FETHEBZEAE T — A REEA ZHCE PO B AREEAR R B AL S . KT U ) ZE 50 R A2 1) R
SC[L4)5 T — AR ARIEUE K I R L . SC[IS)EM 0 B Y 2k 1 AU R AR ), 4h T — AN istg
Rk, W U A AR R T, S T ERAE R AR (16 5l N AN RS U TR T SRR
VRP i) 8 A% 5%

A SCHIE T 2 B PR 110 27 493 % 4% 1] 751 (Capacitated Vehicle routing problem, CVRP), CVRP %3k il &£ LA
AR R AR 1) A B B ARG IE o0 S SN R 2) RRARILIE R AR B RN R SR B 2 R
A EMREE: 3) BRI RMNE—E -T2 . AP, X T2 AR AR,
FEFE VO PR NS S R E I RAE T, BeA AU M AE R RABCRE[17]. Bk, Brxfizia e, Ascit
T AT R R EARREEA RS 2R SRS RS MR R E SO % P HE, sz
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2. CVRP ¥ F &R

BT 3CHR18], CVRP @A un . FBlikO0f mi%E, BEMAEEN q; BEPOLFHFZEN
N PREIRIBCEAT S, BRI IFEREN g (i=12,--,n), g, <q. BNESBHHERS. Hir
MGV, AEW R TS ZRMATIE T, S MEERNE XA 50AT 342, Wi 15 20585k
PN

BEWBAN MR RENRERAE. SEENHmTN 0 5T, SEFTEAMRSN
i(i=12,n), BETOEFRMGTHK(K=12,-,m); & c; FR&I M RPREE, I e LR A
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045607890), F/H=%5¢ MBLIEES, kKA 5N 0-1-2-3-0, 0-4-5-6-0, 0-7-8-9-0. N it
HOGE, 0k, RHAZEP S5 FIIRRE, W EETRRN(123456789).

3.2. AR

X5 € B gR RS AN A, 25 R BRI READ WA 250, RN I RS 5 3. H et i Oy L HES —
W IRCIE ST KR, EENHERBAR. HIXERRIMG RS E T, AL IR 2T 4
FBCIAAES it A, BHEB S IZEMERELAR. KIKET, BEEFARSEZHEE. flin, xTms
ME(1234567809), @B —MENRLIET OO K, RENFIPRE MR LIRS, HEE
LFRAT, POERBNE 2 55, WMRANRENF T 2 s, WEMBERNE S 1R FEERES G, K
—AMECEE L, B 0-1-0; FIRAEFELA MK, BEONES 2 kS5, MABENE 3RS, WEH—M4M
Pk #4209 0-1-2-0. 58— A AR B AR s lUA » RIREHRSE % =M%, HBIPTaESH
ZHETE N AL 2R TT 2 E B ORUE 2 BT R AR T T B ZE R D

3.3. ¥IyaFhEE

B[1,2,3,-,n] AT BEHLERM A n BIHES, 1X M ASHEFIE 9 A SRR M
HIRIUEFIHE o

3.4. BENEERH

SR M, ERIET RIS S BRI EERA, RNQ), W HAMEE XA i
N

35 XXHTF

T2 MRS, 7EKMF CVRP BB &AL @ st Bk, W S+ & 7 VLG
=74 (partially matched crossover, PMC) [17], #5222 5.-F-(cycle crossover, CX) [17]% .

1) #Br UL st an N7 kAT BENLEPI DN ZE XA A<B, AT A5 B Z AL ERRALEIX,
FH VT HL X PN AN DR T DG R o AZHRICFEIX UG 2R, 4% BRUTHC X P 10 R 5% 2 4 b UL fic [X 41
MEELL, BHAERAME. W, C. D AFEANRAAE
C =984:567:132
D =871:239:546
IZEAWAE
C' =784:239:165
D’ =891:567:243

2) AR E e N AR AS . AR RS — A BSAAME 128 1 AL AP Rk i 24
e, TECARAME 1 R SRR 2 158 k A2 AE R A, HEHIB AR B . Wikt R 2 H 3
PR, BT AMERR . HAEMERS, AR 2 5P A BRI, IR %
AR 2 BTN B AR ARG B . e SARAME
P, =12,3,4,5,6,7,8,9
p, =412,87,6,935
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ﬁgg% 1 0, =1

©



YA AR AR AR IR AL — N BT AR R

IR 2 0, =1, %%, 4, % % * 8 *
01:1,*,3,4,*,*,*,8,*
0, =1,2,3,4,% % % 8 %

(H ILIEEER)
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FALF 4 o,

R DL R T AR — 3, 277 A 5 RMRAMEM RIS AN, XS AR A% 5aE
TS MEEAMEE T — 8, B ERAME . A 7 BRI FE L, AR T — AT AL
HY o BRI T : BRSO RRAG B CRIBUE n, EXTRE n FE5, ME n. #HEin
FWIRET G BENICEME, &ERITE TR A K714
Bil: n=8, AARMAN:

A=15487362

B=27536148

XRGE A, f4: C=3 12 9 11 13 4 10 10

¥ C A TTERSE 8. AN ITER R 8 MM E, W8, 5: D=34135422

P EE NS T 5, 5 E=341 %5 * 2 =

BT ECEE A RPN T+ 279: E'=34 18 57 2 6
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R R R A A, I AR ORI A S A
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1) 7EASE IIRCIE T ROMR) T, AT PIAZE, 401 AN | . X P EER P A TR E S K
AE AP HZER R AR, B35 M.

2) AT PP AT BB A, T DU M S B NI KON . &4 NI
BESMR: A FIA, NGRS B A J(A+A,) FA, J(A+A, ) s 47 5 BRI TR Nk — B — ik,
T 8 R0 1 B 20t 05— R e TR P /N R 58— R R 0 P 25 B B RN, TR MK o
S5 — AR I L — o o O Pk A

3) AMARGHE: (25 HAMARE R ZE B A, SRR I, RS AR T AR



AR LR AR AR ) R ) — AN B AR Bk

Bik T % o

N TR, EQ) T, AT EMARAF R MAEEMNER, 1 1234 RIERFER 4321 FIBRFE—FE,
SERTCAMIER — A SEse b, AXER W, MR R A T 7 OO R BN 2-Hbr R T
o RKMEREAREIR L — KSR AENFERRR S, Bk, TR, £ RERPARE
BCHEANMA, U HE— DB TEIX B B8 AR WA Rt BN R

4. WHHIRIE IR

FET B —Ea istl, AR H— AN TR A 2R AR 1 35 1% 5% (Genetic Algorithm Based on a
Local Search Scheme, GA/LSS),

A 1 WIIRMAHRZHL, P AR A RE pop(0), 4 g =1;

A 2: % pop(g) TR S A

A 3: % pop(g) RIAMER A FIAR R T AR EAR JEARAMESRIL Y O;

A 4 X O HIAMRBEAT DAL, IR r AR R B 2SR AT IR

3 5. 15 pop(g) FI O FREFEEAF 9 M A MAALE T —CFEE pop (g +1) ;

6. HZARKM R, WELE, fibEpmAE, BN, Sg=9g+1, ¥ 3.

5. hEITEE SR

N T IRIR SR A b, AR I R EBI[16] [18]: A —ANECE R NN TG, e )
A EL 8 e %8 i (T o e SRR 22 L BT (5 s O IR TBC % ) o TIOR8 EE B 8T IR 7,
FUOR A H ZHEE TR, R IE I B MR . %8 C A E AR IZEE N 67.5 [16] [18]. Xt Lid
i), AR Matlab7.0 4w fE, 7E CPU B934 2.5 GHz, #:4F &4~ Microsoft Windows XP ] PC Hl |
BT . WERNEITRECH 50, MEMAELM =60, p, =07, p, =0.1, r=5 a=09.

Yo, NT BRATEEF R RANE, £ GAILSS FEkfHRMM RS, i GA. ik
GA/LSS Fl GA it H 458 . MR EIE&IZAT 10 Ik, THEER N 2. % 2 IR, GA/LSS {UH —kiEHk
IR, T GAH 4 K BIRAMM. 77 HWEUSICERE, &R EIEARAS R — KT 5
SRS R NARES, s 1 HEER: . [06740], 4 —: [0285310], mitizEN
67.5. (HILSUEEEAE, GA/LSS 7256 9 B MM, 1 GA 7E55 25 IR RN -

Table 1. Customer’s distance and demand
F= 1 BERBEBEMEKRE

0 1 2 3 4 5 6 7 8

0 0 4 6 75 9 20 10 16 8
1 4 0 6.5 4 10 5 75 11 10
2 6 6.5 0 75 10 10 75 75 7.5
3 7.5 4 75 0 10 5 9 9 15
4 9 10 10 10 0 10 75 75 10
5 20 5 10 5 10 0 7 9 7.5
6 10 7.5 75 9 7.5 7 0 7 10
7 16 1 75 9 75 9 7 0 10
8 8 10 7.5 15 10 75 10 10 0
TR EN 0 1 2 1 2 1 4 2 2
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N T BIRIRF B AR P A BRI R AR, ARSI s S IR E N 2k A, THEH bR R A
PEASIREL . & 3 45 TR RRIZAT 5 IR H AR RBOPAE IR B SR AT LG H, A SCHTHE GA/LSS 1)
B bs BRIl B AL T GA RS, RISRTS AR AR TR A F GA.

T BRSCERES SR LU, X GAJLSS AT 20 g7, i E SR SR 4. W35 4 AT LA H, GAILSS
(R)~F- 350 5 B DA R SR AR S A 1) B 4 EUAR T SR &5

GA GAILSS
725 . . . . . . : : : 7.5 T T T T
2r 1 71F i
715 1
70.5 1
1r 1
01 1
70.51 1
R " 4
‘EUE 704 B = 69.5
= =
69.5F 1 691 B
69 1
68.5 1
68.5 1
sk i 68 1
67.5 L L L L L L L L 675 L L L L L L L L L
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
ERRE ERRE

Figure 1. The result of Algorithm optimization
E 1 EEMREE

Table 2. Comparison of the calculation results of GA/LASS and GA
7% 2. GAILASS #1 GA Bt B R L

1 2 3 4 5 6 7 8 9 10
GA 67.5 70.0 67.5 69.0 67.5 67.5 69.0 69.0 67.5 67.5
GAJLSS 67.5 67.5 67.5 67.5 67.5 67.5 67.5 67.5 67.5 69.0

Table 3. Comparison of the function value of assessment number

7 3. RBERITARBERR

1 2 3 4 5 SEHIREL
GA 1791 2537 1396 1844 1911 1895.8
GAJLSS 619 817 468 730 531 633

Table 4. The statistical result

i 4 BIRERGTER

AR R R YRR AT BALSE (%)
SCHR[16] 675 71 69.0 417
SCHk[18] 67.5 69 67.875 75
GAILSS 675 69 67.725 85
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AUV T s A B R ) 2R RR AR IR A, VUt TR R B AR S . AR R IR T
AT BERIEF RS RER, ZHEARMERREENZCRI R, o, ACR4GH 17— MET RN
AR AZT T ST AT DA A R S A AN [F TSR Ja ARAME, XA SE RE A 2R
FHRER 2 FENE . (E SR R ASACRECT RN EAR R B E R S T

B oW

ABIHE I AR F A ZOR TALC5E M, ABREUESE . U7 FIRIER B AR AL, A
BERAEFZIMA O MAT K, R =S R0 Fe s STRAE TR, G2 B A S I ROk O 4R S A TE AL
KW, B2 ARHEA . A 17 20 R IR R IR 1R T R 52 e R AR

AR AT LA T, ABt g M R sE M, IR T $AERZ RN A 5T, HIRAEWIR LT
RIS L AR, BT R AT, IE2A TABATR B H B SORE, A H N Bl S T
YRR SE i, A2 BE A IR 2, PRS2 e A A Mo e 22 AR . R AT AT = 4 R A 3 Bk
B,

EHEUmHE

X E 4RI 410 H (61463045, 61065009), T4 H AR R K410 H (2013-2-937Q).
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