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Vehicle Routing with Multiple Trips and Multiple Time Windows

WU Tingying, LU Jiaqi, XIA Yang
(School of Management, Shanghai University, Shanghai 200444, China)

Abstract: Focusing on the multi-trip transportation of terminal logistics and the diverse demand of customers for service
time, a vehicle routing problem with multiple trips and multiple time windows is studied. A bi-objective mixed integer
programming model is established to minimize the number of vehicles and the total transportation cost, while an improved
adaptive large neighborhood search algorithm is designed to solve the problem. In this algorithm, a variety of efficient
destroy and repair operators based on three levels of routes, travel distances and customer points are constructed to expand
the search space of solutions. An adaptive strategy is used to select efficient search operators and a simulated annealing rule
is introduced to avoid the solution from falling into local optimum and improve the search efficiency. By analyzing the
experimental results of instances with various scales, the advantages of the improved adaptive large neighborhood search
algorithm are verified, and the positive impact of the model considering multiple trips on the total transportation cost is
analyzed.
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Table 2 Calculation results of small-scale benchmark instances

SRR IALNS
FH) - - - - AObj Gap/%
VN/4 TC/Jt VN/4 TC/G
R102 17 1486.12 17 1 486.12 0.00 0.00
RI111 10 1096.72 10 1096.72 0.00 0.00
C101 10 828.94 10 828.94 0.00 0.00
C106 10 828.94 10 828.94 0.00 0.00
RC104 10 1135.48 10 1135.48 0.00 0.00
RC107 11 1230.48 11 1230.48 0.00 0.00
R201 4 1252.37 4 1252.37 0.00 0.00
R206 3 906.14 3 906.14 0.00 0.00
€201 3 591.56 3 591.56 0.00 0.00
C202 3 591.56 3 591.56 0.00 0.00
RC204 3 798.41 3 798.41 0.00 0.00
RC206 3 1146.32 3 1146.32 0.00 0.00
£3 BEHES RS, R10. R20 BitELER
Table 3 Calculation results of random instances R5, R10 and R20
HAl - CPLfX - IALNE AObj, Gap,/%
VN/4ili TC/7G RT/s VNV TC/7G RT/s
R5_1 2 185.29 129 2 185.29 0.93 0 0.00
R5_2 1 145.25 0.62 1 145.25 0.54 0 0.00
R5 3 2 159.20 6.73 2 159.20 3.90 0 0.00
R5_4 1 124.54 3.24 1 124.54 1.74 0 0.00
R5 5 2 163.52 0.89 2 163.52 0.68 0 0.00
R10_1 3 220.81 126.71 3 220.81 4.62 0 0.00
R10_2 5 348.39 157.84 5 348.39 3.46 0 0.00
R10 3 3 259.83 87.38 3 259.83 2.42 0 0.00
R10_4 2 278.64 5568.95 2 278.64 50.79 0 0.00
R10 5 6 340.67 200.60 6 340.67 2.69 0 0.00
R20_1 4 567.81 10 800 4 564.39 28.83 0 -0.60
R20_2 5 521.49 10 800 4 484.53 6.44 -1 ~7.09
R20_3 6 498.26 10 800 5 474.29 56.81 -1 —4.81
R20_4 7 516.48 10 800 7 509.53 13.44 0 -1.35
R20_5 4 615.03 10 800 3 611.96 17.59 -1 -0.50
322 Hikfe KA ey R H1, AObj, A TALNS Hik 5 VORI IF RS 5 CR

4 TALNS 5y5 % B ALAE B 50, 100 %% fif V38 i 0 B2 A 22 4, Gaps N TALNS &k 5Kk
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Table 4 Calculation results of random instances R50 and R100
) IALNS,., IALNS,,
Al - - AObj, Gap,/%
VN/4 TC/7E VN/4 TC/G

R50_1 5 648.64 5 652.01 0 -0.52
R50 2 5 523.49 5 525.06 0 —0.30
R50_3 4 636.37 4 641.47 0 —0.80
R50_4 5 562.84 5 565.94 0 -0.55
R50 5 5 499.37 5 502.76 0 —0.67
R100_1 8 1326.12 8 1331.00 0 -0.37
R100_2 6 1193.82 6 1196.28 0 —0.21
R100_3 10 1107.60 10 1110.74 0 —-0.28
R100_4 6 1033.12 6 1037.03 0 —0.38
R100_5 8 1126.41 8 1129.98 0 -0.32

R 40 W, X RMARENLE B, ££ RS0 323 FEZ EAZQGBA B R A R AT
[ 5 AR, TALNS 802k 15 I iR 51 34 5 FE %2 TR R A TR SO A 38 B AR P B 40 #T 485
fift ) 1 %5 EE R 7E—0.80% ~ —0.30% 2 [8]; 7E R100 BN 5 fon. Hd VRPMTW NAE L ZE R
S AR E A A, 22 B R AE-0.38% ~ —0.21% A, VRPMTMTW AFEREZ R, Hrdr, AObj,
2. DA EZEBREY, TALNS 83R48 iR 51 79 VRPMTMTW FE AR fiF 45 R 5 VRPMTW FEALK
B ZEUN, SRIEBCR TR E - fRZE R E W Z L, Gap, ¥ VRPMTMTW # %!

RAFARE VRPMTW BADLRMRE R A S AR

%5 VRPMTW 5 VRPMTMTW HItb%;
Table 5 Comparison of results between VRPMTW and VRPMTMTW

o VRPMTW : VRPMTMTW A AOb, Gaps%
VN/4F TC/7t VN/4 TC/Jt

R5_1 2 185.29 2 185.29 0 0.00
R5 2 1 145.25 1 145.25 0 0.00
R53 2 161.51 2 159.20 0 —1.43
R10_1 3 220.81 3 220.81 0 0.00
R10_2 5 350.92 5 348.39 0 —0.72
R10_3 3 262.83 3 259.83 0 -1.14
R20_1 4 567.81 4 567.81 0 0.00
R20 2 5 487.72 4 484.53 -1 —0.65
R20_3 5 474.29 5 474.29 0 0.00
R50_1 5 659.62 5 648.64 0 —-1.66
R50_2 5 523.49 5 523.49 0 0.00
R50_3 5 657.1 4 636.37 -1 -3.15
R100_1 9 1374.42 8 1326.12 -1 -3.51
R100_2 7 1265.61 6 1193.82 -1 —5.67
R100_3 10 1 124.06 10 1107.60 0 —1.46

3 5T, MEFREAIEE A, F27% 2881, HAbOy 0 ERMBE I, A 50% [
MEFRBAERT 2 EREE R ERORE R MW SO EMREEON-1. NEEARE, mKmER
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Table 6 Comparison analysis of solutions obtained by ALNS and IALNS algorithms

) ALNS IALNS

HA - - AObj, Gapy/%

VN/A# TC/7t RT/s VN/A# TC/7t RT/s

R20 1 4 567.81 158.87 4 567.81 28.83 0 0.00
R20 2 5 503.52 28.55 4 484.53 6.44 -1 -3.77
R20 3 6 487.28 115.28 5 474.29 56.81 -1 -2.67
R20 4 7 518.53 84.92 7 516.53 13.44 0 -0.39
R20 5 4 615.03 208.51 3 611.96 17.59 -1 -0.50
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