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Quantum-Inspired Ant Colony Algorithm for the Multi-Trip Vehicle
Routing Problem with Simultaneous Deliveries and Pickups
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Abstract: The multi-trip vehicle routing problem with simultaneous deliveries and pickups
(MTVRPSDP) was studied in consideration of the loading and discharging time, maximum vehicle
transport time and load capacity. A linear integer programming model for the MTVRPSDP was
formulated,in which the objective function was to minimize the total distribution costs including
vehicle costs and transportation costs. A quantum-inspired ant colony optimization (QACO)
algorithm for solving the MTVRPSDP was proposed by combining the quantum computing and basic
ant colony optimization (ACO).Owing that the transition probability of artificial ants was improved
by using the heuristic factor of quantum bits in the QACQO, the global search ability and stability of
the algorithm have a better improvement,and its disadvantage of getting into the local optimum is
also effectively weakened. The numerical results show that the linear integer programming model
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for the MTVRPSDP is feasible and effective in real application. The solutions obtained by using the

basic ACO,QACO and other state-of-art algorithms presented in literatures were compared,and the

conclusion shows that the distribution routes, obtained by using the QACO to solve the linear

integer programming model for MTVRPSDP, are better in terms of economic efficiency and

reasonability .

Keywords: vehicle routing problem ; simultaneous deliveries and pickups; multi-trip; ant

colony algorithm ; quantum computing
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PSS BEHERR/km iRIER/t IR/t F PGS MR km BT R/t RGTR/C| FP4S BEHRGR/km RfTR/t REIRE/t
1 42,7 0.08 0.42 35 65,20 0.18 0.42 69 21,24 2.45 0.35
2 24,12 0.25 0.25 36 45,30 1.13 0.57 70 17,34 0.15 0.15
& 23,3 0.09 0.61 37 35,40 1.40 0.20 71 12,24 0.65 0.65
4 11.14 1.41 0.39 38 41,37 1.44 0.16 72 24,58 0.79 1.11
5 6,38 0.25 1.35 39) 64,42 0.59 0.31 73 27,69 0.39 0.61
6 2,48 0 0.10 40 40,60 1.40 0.70 74 15,77 0.18 0.72
7 8,56 0.39 2.31 41 31,52 1.61 1.09 75 62,77 1.61 0.39
8 13,52 0.90 2.70 42 35,69 1.17 1.13 76 49,73 1.68 0.82
9 6,68 0.26 2.74 43 53,52 1.08 0.02 77 67,5 0.19 2.31
10 47,47 1.30 0 44 65,55 1.18 0.22 78 56,39 2.51 1.09
11 41,49 0.84 0.16 45 63,65 0.78 0.02 79 37,47 0.47 0.13
12 35,17 0.34 0.36 46 2,60 0.02 0.48 80 37,56 0.33 0.17
13 55,45 1.06 0.24 47 20,20 0.80 0 81 57,68 0.26 0.24
14 55,20 0.69 1.21 48 5,5 1.60 0 82 47,16 0.85 1.65
15 15,30 1.30 1.30 49 60,12 0.62 2.48 83 44,17 0.35 0.55
16 25,30 0.25 0.05 50 40,25 0.56 0.34 84 46,13 0.23 0.57
17 20,50 0.20 0.30 51 15,19 0.08 0.02 85 49,11 0.40 1.40
18 10,43 0.21 0.69 52 22,22 0.20 0 86 49,42 1.11 0.19
19 55,60 1.47 0.13 53 18,24 1.65 0.55 87 53,43 1.14 0.26
20 30,60 0.80 0.80 54 26,27 2.60 0.10 88 61,52 0.26 0.04
2l 20,65 0.37 0.83 55 25,24 1.92 0.08 89 57,48 1.94 0.36
22 50,35 1.33 0.57 56 22,27 0.90 0.20 90 56,37 0.40 0.20
23 30,25 1.92 0.38 57 25,21 1.01 0.19 91 55,54 2.55 0.05
24 15,10 1.33 0.67 58 19,21 0.90 0.10 92 15,47 0.51 1.09
25 30,5 0.13 0.67 59 20,26 0.69 0.21 93 14,37 0.42 0.68
26 10,20 0.95 0.95 60 18,18 1.70 0 94 11,31 0.25 0.45
27 5,30 0.03 0.17 61 49,58 0.84 0.16 95 16,22 2.98 1.12
28 20,40 0.60 0.60 62 27,43. 0.57 0.33 96 4,18 0.78 2.72
29 15,60 0.43 1.28 63 37,31 1.17 0.23 97 28,18 1.67 0.93
30 45,65 0.62 0.28 64 57,29 0.92 0.88 98 26,52 0.45 0.45
31 45,20 0.49 0.61 65 63,23 0.07 0.13 99 26,35 1.11 0.39
32 45,10 0.40 1.40 66 53,12 0.14 0.46 100 31,67 0.14 0.16
33 55,5 0.26 2.64 67 32,12 0.26 0.44
34 65,35 0.16 0.14 68 36,26 1.30 0.50
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Tab.2 Comparison of the quantum-inspired ant colony algorithm with the basic ant colony algorithm
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Fig.1 Comparison between the iteration
convergences of QACO and ACO
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Tab.3 Comparison of results obtained in the paper with the ones shown in literature [14]
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