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Vehicle Routing Problem with Soft Time Windows

for the Chain supermarkets
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Abstract

To reduce the distribution system cost of chain supermarkets and facilitate the timeliness of supermarket
distribution, in this paper, we propose a vehicle routing problem ( VRP) with soft time windows and working
time, and design a corresponding dual-objective mathematical model and an adaptive tabu search algorithm to
solve the problem. We also embed some strategies to improve the performance of the optimization algorithm.

First, we adopt a “random tabu length” and “tabu list re-initialization” to fully search the neighborhood.
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Next, we use a “multi-neighborhood structure” and “adaptive mechanism” to enhance the global optimization

ability of the algorithm. Then, we apply benchmark examples of the VRP with time windows to test the new

algorithm and verify its effectiveness.
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WA TS SRR FEAMESE , ATS SEEHARLNT

Step 1 W1k
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Step 9 FFIECHEATATIEGESAR ST HLIR S" B, MHE ST
VL AR S ™, G TR B S™ 5 H A
MRS, MRS S™, JHEHBHIY S

Step 10 BUHiAR R

Step 11  End.
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F1 ATSHI Z{H
Tab.1  Z value of the ATS

Pr best.Z avg.Z worst.Z std.Z
C101 828.94 828.94 828.94 0
C102 828.94 828.94 828.94 0
C103 828.94 828.94 828.94 0
C104 828.94 849.09 875.20 22.59
C105 828.94 828.94 828.94 0
C106 828.94 828.94 828.94 0
C107 828.94 834.51 862.37 14.95
C108 828.94 828.94 828.94 0
C109 828.94 847.18 859.79 12.45

TE: avg.Z FR Z WIME; st Z 3R Z RIBRiEZE.

#2 ATSHBIE
Tab.2 B value of the ATS

Pr best.3 avg.8 worst.3 std.8
C101 100% 100% 100% 0
C102 100% 100% 100% 0
C103 100% 100% 100% 0
C104 100% 99.50% 98% 0.01
C105 100% 100% 100% 0
C106 100% 100% 100% 0
C107 100% 100% 100% 0
C108 100% 100% 100% 0
C109 100% 98.67% 96% 0.02

TE: K2 PRARSHEGE LR L, TR

33 XfLe&aR
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C103 10/828.94/0 10.9/909.99/51.69 831.36
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C105 10/828.94/0 11.2/897.55/51.45 828.94
C106 10/828.94/0 10.7/882.89/64.82 828.94
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C109 10/847.18/12.45  11.5/959.95/69.68 830.91
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Tab.4 Results comparison of the ATS with other literatures

x| P_best SA GA SS TS ATS
C101 828.94 828.94 828.94 828.94 828.94 828.94
C102 828.94 923.38 868.80 838.90 828.94 828.94
C103 828.06 994 .87 (11)939.46 832.48 828.94 828.94
C104 824.78 (11)1 130.85 963.72 840.65 858.47 828.94
C105 828.94 828.94 828.94 841.34 828.94 828.94
C106 828.94 1 052.07 828.94 839.63 828.94 828.94
C107 828.94 867.23 828.94 828.94 828.94 828.94
C108 828.94 876.43 828.94 834.98 - 828.94
C109 828.94 1124.44 828.94 828.96 - 828.94
#5ATS 5 TS [ %] b Yy Be e SEER TP AETE T V2 N . AR SR IR T 7% B8 T
Tab.5  Time comparison of the ATS with TS F‘iun@ﬂﬁﬁ% THARL X B AREee sy, IRt 7 —1 8
E2x1]| TS fi ] /s ATS FYE] /s %K PAR SIS R B, SO HLARBA, A SCBTHRY ATS Jk
C101 949 26 442.60 2.14 E/‘J%/TE RS-0 RE B B 5 T X HE SRk RS SA L GA
102 1 034.92 289.81 3.57 HGA J TS k.
C103 2117.92 658.92 301 WAL REFE A5 R, TR v R A 3 R AR 5K
c104 2 713.62 664.77 408 W, 2R 1 I 20 R B AN BT A7 i BB 3 SR AR S 4 R R
€105 53256 279 88 190 P, ARTEI B RTIF AT AT Bk, 2R
106 5 094.34 622,99 336 HRAELTRITEISRKE, £ ?Kiﬂji(n*’lﬂﬁii\@%ﬁi‘éﬁ
107 5 10746 20612 6.88 F I LS AR A B TR AR G e bk, B e )R 5
T8 1 650.01 466.44 3.54 pLse
ZLU'CX]‘?fEﬁé A VRPSTWWT 2R34T T 5%,
4 LER TG [ ) 305 5 X s 2 P ) s 25 VRP 2 I T 34 40 R T

P32 S B R TRT I ) MRS, PRI, 2 AT A o ] el BB &

AflE % VRP FeRE RS (] 25 VRP BB & It i i As, o] RIS VRPSTWWT S8R 47 R A R BF 5T, JEdt—4

SRR G, A TR ) RUBCHE B VRP £ DA ATS 1T bkAe
57530k

(1]

[2]

[3]

[4]

(5]

Barkaout M, Berger J, Boukhtouta A. Customer satisfaction in dynamic vehicle routing problem with time windows[ J]. Applied Soft Compu-
ting, 2015(35) ; 423 —432.

Shi Y, Boudouh T, Grunder O. A hybrid genetic algorithm for a home health care routing problem with time window and fuzzy demand[J].
Expert Systems with Applications, 2017(72) ; 160 — 176.

Tan K C, Lee L H, Zhou Q L, et al. Heuristic methods for vehicle routing problem with time windows[ J]. Artificial Intelligence in Engineer-
ing, 2001, 15(3): 281 —295.

Fu Z, Eglese R, Li Y O. A new tabu search heuristic for the open vehicle routing problem[ J]. Journal of the Operational Research Society,
2005, 56(3) : 267 —274.

Salani M, Vacca I. Branch and price for the vehicle routing problem with discrete split deliveries and time windows[ J]. European Journal of
Operational Research, 2011, 213(3) ; 470 —477.

Belfiore P, Yoshizaki H T Y. Heuristic methods for the fleet size and mix vehicle routing problem with time windows and split deliveries[ J].
Computers & Industrial Engineering, 2013, 64(2) : 589 —601.

B, VPR, T TG IR BT YRRk AR AL [T ] il 5P, 2016, 31(3) : 503 -512.

Ge X L, Xu M Z, Wang W X. Route optimization of urban logistics in joint distribution[ J]. Control and Decision, 2016, 31(3) : 503 —512.
WA, EAl, BRI, SF. ZIETREMIRITTIRACIE S R[], AERSSE R AAAE, 2015, 39(6) ¢ 85 -91.

Yao EJ, Lu N, Lang Z F, et al. Optimization of city logistics delivery plan with the objective of energy saving[ J]. Journal of Beijing Jiaotong
University, 2015, 39(6) ; 85 -91.

R, AR, AR, . EBUR TRt 0 m P i S A A BRI ()], P EE R, 2016, 24(10) : 78 - 85.

Wu P F, Deng A M, Yang C C, et al. Study of the reverse logistics quantity and its inventory cost on supermarket chain distribution[ J]. Chi-



53] R, A RN IR B B S T O A A ) 605

nese Journal of Management Science, 2016, 24(10) ; 78 - 85.

(10] W25, 5. SRARA I ) o R AR DB ARG IR [T ], R TR 59288, 2012, 32(2) : 319 -322.
Pan L J, Fu Z. Insertion detection method for vehicle routing problem with time windows[ J]. Systems Engineering-theory & Practice, 2012,
32(2): 319 -322.

[11] peste, B4, 3PL ZAMERMKEITEN[T]. skl B4k, 2015, 35(12) : 117 -122.
Pang Y, Xia Y K. Risk evaluation of furniture logistics finance of third party logistics enterprise[ J]. Journal of Central South University of For-
estry & Technology, 2015, 35(12) . 117 - 122.

[12] F55i, XI3C, BRBY. 8RNI O SRAKIT 597 40 R 4R AR (RIS B HAS R R AL [T]. T EEHRLE, 2017, 25(5) : 78 - 86.
Fu Z, Liu W, Qiu M. A tabu search algorithm for the vehicle routing problem with soft time windows and split deliveries by order[ J]. Chinese
Journal of Management Science, 2017, 25(5) : 78 - 86.

[13] ZefiRie, RSP, St WO AR E s b L] 58 54, 2015, 44(6) : 753 -758.
Pei Z B, Chen X B. Improved ant colony algorithm and its application to vehicle routing and scheduling[ J]. Information and Control, 2015,
44(6) : 753 -758.

[14] BIEFE, VrPdERE, BRaET, 5. TR eI IR G AMREMERR )], [FR5%0, 2014, 43(6) : 744 -749.
Zeng ZY, Xu W S, Xu Z Y, et al. Open-close mixed two echelon vehicle routing problem in city logistics[ J]. Information and Control,
2014, 43(6) : 744 - 749.

[15] Wang H, Du L, Ma S. Multi-objective open location-routing model with split delivery for optimized relief distribution in post-earthquake[ J].
Transportation Research Part E: Logistics and Transportation Review, 2014, 69(3) : 160 —179.

[16] Nishi T, Izuno T. Column generation heuristics for ship routing and scheduling problems in crude oil transportation with split deliveries[ J].

Computers & Chemical Engineering, 2014, 60(2) : 329 —338.

b, f55, PWILE. KITHIMZ A 35 FYRECE BRI L] . T LR RHIE R 5, 2017, 23(7) : 1520 - 1528.

Xia Y K, Fu Z, Xie J Y. Material distribution route planning for multiple automated guided vehicles with split deliveries by order[ J]. Comput-

er Integrated Manufacturing Systems, 2017, 23(7) : 1520 — 1528.

[17

[

[18

[

Chen P, Golden B, Wang X, et al. A novel approach to solve the split delivery vehicle routing problem[ J]. International Transactions in Op-
erational Research, 2017, 24 . 27 —41.
[19] BrdiRte. 220 05Ul ——CRET IR -7 ) MR EE (T ] MR = BE R 274, 2014, 13(6) = 2 +129.
Chen Z H. New concept of learning style - Interpretation for the book “brain-based learning” [ J]. Journal of Educational Science of Hunan
Normal University, 2014, 13(6) : 2 +129.
[20] B8y, 20 AR R A BRI RTL )], =h 53k, 2010, 25(12) : 1913 - 1916.
Luo J, Li Y. Artificial bee colony algorithm with chaotic-search strategy[ J]. Control and Decision, 2010, 25(12) : 1913 - 1916.

(=
i3 (1989 - ), B3, WA, WM. DR aush YR Rl s B SR BRI
FF5(1960 - ), i, ML, Ho, WA SO BRSO S s LRI S A B, MR R AL



