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Multi-depot vehicle routing problem with split pickup and cross-dock door
assignment collaborative optimization

FAN Hou-ming', BAI Xue, TIAN Pan-jun
(Transportation Engineering College, Dalian Maritime University, Dalian 116026, China)

Abstract: For the collaborative optimization of multi-depot vehicle routing problem with split pickup and cross-dock door
assignment, considering joint distribution of the multiple cross-dock center, split pickup and cross-docking operation,
an optimization model is established to minimize the sum of vehicle dispatching cost, vehicle fuel cost, fixed and
transportation cost of forklift in the cross-dock center and time window penalty cost. According to the characteristics of
the problem, the hybrid genetic algorithm is designed through adding the directed optimization method of the particle
swarm algorithm, the evolutionary reversal and elitist retention strategies are also used to improve the solution quality.
The validity of the model and algorithm is verified by multiple examples, the influence of distribution mode and vehicle
type on the distribution scheme formulation are also analyzed. The results show that the proposed model can effectively
reduce the cross-dock centers’ operation cost. The research results expand and enrich the research of the vehicle routing
problem with cross-docking, and provide theoretical basis for logistics enterprises with multiple cross-centers to make
use of resources efficiently and formulate the decision distribution scheme scientifically.

Keywords: multiple cross-dock center; dock-door assignment; split pickup; heterogeneous fleet; hybrid genetic algorithm
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UIE, 9% 9 72 4£ ] Matlab R2018b 7E PC #l |32 17,

HL I 4 & 48 4 Window 10,3247 W 774 8 G, CPU N

Intel (R) Core (TM) i7-7700, = 4l A 3.60 GHz. i it >R

fit VRPCD X} fIT$2 H IFVR & 8% VA AT 38AIE, IF 5

2k T A R0V [ 3 R AR S A LR BT 25 Bk AT b

BORVAH T AT BN 104 304 50 = 2RE 1K

fif 2t B, 43 IS AT 10 T 384E, % 25 H solution 5 &
LR BKS I ZE GAP N

solution — BKS

GAP = — K (28)

H1 2 1 0] 0, Vi 38t A% SRR SR P & LA (1 P 388

I HINT663.2. 7548.7. 18102.3, 5 CL A AL iR 214

GAP /351 °40.01. —0.02. 0.02, K il i -4 . 4 b

RS AT, AT IRAE BT B VTR A B AL SR R R %

8 A I R R T

®1 AEEZEMAEREE
ITS ANSA BKS HGA GAP
=81l
10 30 50 10 30 50 10 30 50 10 30 50 10 30 50
0 6847.6 76929 20704.6 6823 7559.8 188468 6823 7559.8 18846.8 6823 7426 18796 0 —0.02 0.00
1 68168 77872 208168 6741 78059 176654 6741 77872 176654 6741 75377 17289 0 —0.03 —0.02
2 96156 7893.6 196122 9269 7625 17102.8 9269 7625 17102.8 9269 73057 17392 0 —0.04 0.02
3 72897 77922 19549 7295 7661.8 18015.7 7289.7 7661.8 180157 7295 74213 17878 0 —0.03 —0.01
4 6599 72248 20448 6991 74148 179452 6599 72248 179452 6991 7174 18545 0.06 —0.01 0.03
5 93246 72459 21212 7392 69428 18523.6 7392 6942.8 18523.6 7434 6619.7 17621 0.01 —0.05 —0.05
6 12083 82069 20640.2 11713 77639 18779.5 11713 77639 18779.5 11713 7869.7 19579.7 0 0.01  0.04
7 8719.6 78809 20664.1 8158 7540.4 18008.8 8158 75404 18008.8 8158 77543 18054 0 0.03  0.00
8 73622 81573 18920 6989 7711.1 174364 6989 7711.1 174364 6989 7498.7 18219.4 0 —0.03 0.04
9 62045 79247 203842 5970 7726.1 187485 5970 7726.1 187485 5970 76853 18682 0 —0.01 0.00
10 76353 7452.6 19941.6 6932 76132 17988.8 6932 7452.6 17988.8 6916 7248 18130 0 —0.03 0.01
11 78672 8320 172584 7784 7827 16396.1 7784 7827 16396.1 7656 75053 17129.3 —0.02 —0.04 0.04
12 70979 82227 178299 6783 77573 170712 6783 77573 170712 6783 7691.7 17378 0 —0.01 0.02
13 5208 8211.7 198452 4906 8141.1 172044 4906 8141.1 172044 4743 7636.7 17627 —0.03 —0.06 0.02
14 71032 81446 21863 7088 7806.6 18872 7088 7806.6 18872 7088 7648 18850 0 —0.02 0.00
15 8768.7 7451.7 201442 8440 7820.7 176953 8440 74517 176953 8440 7201 17861 0 —0.03 0.01
16 9003 8086.2 20093.3 9306 7967.3 18036.8 9003 7967.3 18036.8 9306 7838 18595 0.03 —0.02 0.03
17 68875 7576 202448 6760 7749.5 172177 6760 7576 172177 6760 7363.3 17493 0 —0.03 0.02
18 7123 7871.2 19955 7051 77044 176388 7051 77044 17638.8 7051 7494 17867 0 —0.03 0.01
19 10471 7883.7 19267.7 10004 74773 168524 10004 74773 168524 11344 7474 17162 0.13 0 0.02
20 54314 7914.1 195334 4753 77832 17830 4753 77832 17830 5690 74763 18145 02 —0.04 0.02
21 6908 80053 19032.1 6442 7867.2 176357 6442 78672 176357 6442 75483 18315 0 —0.04 0.04
22 92241 78835 205625 9156 76744 179853 9156 76744 179853 9156 7515 18609 0 —0.02 0.03
23 11976 7731.2 192882 11976 79059 175582 11976 7731.2 175582 11976 7398 17999.7 0 —0.04 0.03
24 6638 7884.8 196959 6346 76719 17897.7 6346 76719 17897.7 6346 75843 18183 0 —0.01 0.02
25 72169 8001.6 20610.5 6915 7783.3 183338 6915 77833 18333.8 6915 7635 18614 0 —0.02 0.02
26 9709.8 8899.4 189428 9541 79703 175063 9541 79703 175063 9541 8159.7 18239.7 0 0.02  0.04
27 7408 10131 200973 6782 82268 178424 6782 82268 178424 6782 8353 18525 0 0.02  0.04
28 67485 82769 22248.1 6672 8024.6 18153.6 6672 8024.6 18153.6 6591 7930.7 18571 —0.01 —0.01 0.02
29 73044 8251.6 193219 6988 7706 175279 6988 7706 175279 6988 74673 17718 0 —0.03 0.01
Avg 7886.4 8000.2 19957.6 75989 7741 17810.6 75989 7741 17810.6 76632 75487 18102.3 0.01 —0.02 0.02
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EH T T A 0 1 22 F ok PR T3S ) RV K B B 75
KATHR4r . 2B b L R O DA PE 1) 43 BT 55 AR
Z K 2, H A% A B % e &l A ) 4R xS
MDVRP #7 #5451 prO4(https://neo.lcc.uma.es/vrp/vrp-
instances/multiple-depot-vrp-instances/) 3 17 1& &4, F+
AINGERIR S B[R] 4545 S, AT 5 2] MDVRPSP-
CDA H5]. S5 2 AN G (D) Do) 104
PN R A1 10028 7 AL, 25 P SR vt () AR AR AL B
5 FRAE S pro4 AH [F], 2 7 RS 5 SR & bR v 541
prO4 T &5 1 75 SR B 4/ 31 R 11 0.37 4545 21, 1 8]
T 7E [10, 1000] Z 8] B ATLAE B, A RS 757 A AR AR
5 Y ABRAE [2,125] 2 (B BEHL A 1, % B2 p it 1% B 7
3t~ St [AIBEALAE i, B L 2. R 5L T2 2 e L
AT 42 52 IR 55 I Z1) Bk () A 7% §1 A N 0.5 J6/min,
TIP3 7 e W P 52 IRk 55 I 20 3] 58 1) LA FE
BA Y 1 70 /min, 2240 R AR S 8Os B AR 3.

N TTRTH T 43 ) oy A AR T B R 4R, R — 2%
2 B WARAR EE T T EE RS N 2 m, NPT 5 H 1] 2 [H]
FEEBS N 6 m, B3 J2E 9 X2 R RR AR ST T b A T ek
PR EANECA X E B EEA R, X ERRE A
BT 38 B AR 43 5310 A 20 TG/ 1 70 /m, 5 AN R 26 o
AR TR 3 Foh 63 47 56 RS A
422 MihgER
K B ¥ VIR A 18 AR SR SR AR, 1847 10 IR 45
K AFTR. HER AT LUEH, 10 KR fF 45 R 07
RN 8068.45. it Z il N 8217.76,10 UK fiF
45 BT 8 4E R 8 142.39, T 18 5 & A 8 1 %=
N 73.94, 5 B ZE AR ) 2 D 75.37, VRIS AT I A
110s LA . |1 AT %, %5 T MDVRPSP-CDA, fit i% it
(155 R Fa e MW SRR A, L SR A1k P2 e ] 52
TG Z . LR AR BT R B B4R 40 i
UE Y AREN YE JERY IET
# 4 BABEEERRMBMDVRPSP-CDA GBI THER
BT OBIRECE BEWER R BER BT

£ HEFHSER WH JG) ) (JT) ) (s)
. - - 1 3967.30  620.00  3509.12 809642  102.62
s SRR B Tk 147 1%
S Buihs SRb BORRL M2 RS 2 396827 70000 3487.07 815534  105.39
1 2 105 3.19 - - 3 396731  620.00 351245 8099.76  106.93
2 12 107 3.37 - - 4 396730  660.00 35003 8127.60  108.35
3 36 125 3.35 - - 5 396824  740.00 349625 8204.49  108.80
4 48 111 3.27 - - 6 396825  740.00  3509.51 821776  103.36
5 96 105 - 4.54 - 7 396825  700.00  3507.12 817537  105.63
6 1 89 - 4.24 - 8 3967.30  700.00 348505 8152.35  105.63
7 77 120 - 4.43 - 9 396729  660.00  3499.05 812634  108.43
8 9 101 - - 4.28 10 396826  620.00 3480.19 806845  109.59
- - 4.07
190 11050 24 : B B 478 FHME — — — 814239  106.47
) TR e - — - 8068.45  109.59
*3 TREFEBSHLE
— — NN 18 12 4 ED R
P T ®"S5 KEBERNENHELR
(km /h) O/ ) ot/L) S ER B R RRE/ % A
4t 20 300 1 8t D,12-Dy 654 82 Dy-NFEI]3
St >0 350 3.65 2 8t Dy2-34-D, 664 83 D-AFET1
8t 80 500 3 8t Dy-5-7-Dy 749 o4 Do-NJFETT1
NI N . . 4 8t  D;-7-6-D 5.72 72 Dy-NJETT3
g JL A\ 1 1 1
AR SCRR (220 AT e R g pesp s 1 3 Doele e e e
ASNETTRIZ AN H 1T, e vty PS5 9 RE T 25 44, 6 8t D,98D, 766 96 Da-NFEI12
=6 MEBERHEISEASR
s ER Az Tl BRAh2 BRIl EHE /% HEETT
1 4t D,-81-75-98-80-61-19-45-38-50-83-65-85-84- D 1.31 1.32 1.27 98 D,-HEIT2
2 4t D,-72-37-31-82-32-51-52-47-102-103-70-28-D> 1.14 2.00 0.82 99 D,-HE3
3 4t D5-76-43-68-105-109-95-24-D, 1.23 1.06 1.62 98 Do-tHEET1
4 5t D, -33-77-49-66-14-64-86-60-30-40- D, 2.65 0.58 1.76 100 D, - T3
5 5t D,-54-110-108-101-71-93-18-58-57-21-73-100-20-D,  1.73 1.65 1.61 100 Dy -1 T1
6 5t D5-91-17-55-27-16-87-13-88-44-39-78-36-97-D, 0.59 2.20 2.18 99 Do- T2
7 4t D1-63-35-34-90-22-11-41-74-59-46-29- D, 1.34 1.44 1.20 100 D,-HFETT2
8 4t D,-107-23-89-62-99-106-15-94-56-92-D, 0.92 2.05 0.90 97 D, - ET3
9 5t D,-42-79-104-69-26-96-48-53-25-67-12-D, 227 0.91 1.77 99 Do-H T2
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