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Dual-population co-evolutionary algorithm for solving
electric vehicle route problems

WANG Chao, QIN Fang, LIU Rongrong, JIANG Hao
(School of Artificial Intelligence, Anhui University, Hefei 230601, China)

Abstract: The emerging field of green logistics presents a challenge in the form of electric vehicle routing. This issue
requires simultaneous optimization of routing and charging decisions, significantly expanding the search space.
Moreover, solutions must comply with capacity and power constraints, making it difficult to quickly find feasible solu-
tions using existing methods. To address these challenges, we propose a dual population-based co-evolutionary al-
gorithm. This approach involves constructing a simpler problem to expedite the solution process for the original, more
complicated problem. To facilitate information exchange between these two heterogeneous problems, we designed a
solution representation method. This method, which is based on an improved distance adjacency matrix, allows to ob-
tain information on customer visits and vehicle assignments. Subsequently, we employed a commonly used denoising
autoencoder to establish the transformation relationship between solutions from these two problems. This step enables
knowledge transfer between the two problem domains. Our proposed algorithm was tested against three heuristic meth-
ods and two evolutionary algorithms on test sets of different sizes. The experimental results show that the proposed al-
gorithm not only converges faster but also yields solutions with superior convergence.

Keywords: green logistics; electric vehicle routing problem; electricity constraint; two-population; evolutionary al-

gorithm; distance adjacency matrix; denoising autoencoder; knowledge transfer
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Table 1 The effectiveness of two strategies of COEA algorithm

X COEA Variant 1 Variant I1 MOEA/D
[R5
Sym fo/47 Sfi/m fo/57 Si/m fo/ Sym Fo/4H
C200R9-1 3494.7 16 3838.3 16 33349 19 41422 16
C200R9-2 3350.8 16 3690.6 16 3361.0 16 3553.6 16
C200R9-3 33539 16 3847.7 16 3367.8 16 43284 16
C200R9-4 3306.3 16 4068.1 16 31244 18 4380.5 16
C200R5-1 24774 16 2707.1 16 2486.7 16 3032.6 17
C200R5-2 2357.2 16 2858.0 15 2390.2 16 2809.8 16
C200R5-3 2509.1 16 2989.7 16 25923 16 32193 16
C200R5-4 24544 16 2971.8 16 2412.1 16 3033.1 16
C400R9-1 6206.6 31 7193.8 31 6484.6 31 8561.5 32
C400R9-2 6161.8 32 6965.5 32 6107.7 32 8349.9 33
C400R9-3 5991.5 31 7014.9 32 6616.4 32 8334.7 31
C400R9-4 6296.7 32 6699.5 32 6439.6 32 8738.5 32
C400R9-5 6046.1 32 71243 31 6567.9 32 8296.3 32
C400R5-1 5166.6 32 5824.1 32 4809.0 32 6025.3 31
C400R5-2 4757.5 31 5630.7 31 5021.9 31 5997.3 31
C400R5-3 4992.6 32 5840.6 32 5046.8 32 5792.5 32
C400R5-4 5071.6 32 5793.2 32 5085.0 32 6295.1 32
C400R5-5 4914.4 32 6023.8 32 5512.1 32 5884.2 32

T RIS R, T,

F2 6MEZEEVRP FRENRE LR EMBERELER

Table 2 Objective values of the optimal solution obtained by the six algorithms on large-scale problems

COEA BACO KBEA ALNS HVNS TS-MCWS

[F] 7t
e fi/m ol fi/m §eXtiil fi/m §eYtiil fi/m NeYtiil fi/m NeYtiil fi/m /5

C200R9-1  3494.7 16 43452 16 3348.8 17 3654.6 17 4128.7 16 7405.3 16
C200R9-2  3350.8 16 38235 16 3046.4 16 3538.5 16 4161.7 16 6743.1 16
C200R9-3  3353.9 16 4016.7 16 32314 16 3852.0 17 4504.2 17 6775.2 16
C200R9-4  3306.3 16 41393 16 33194 16 36159 16 42643 16 7043.0 16

C200R5-1 24774 16 2876.1 16 2507.8 16 2717.9 17 2851.8 17 49422 16
C200R5-2 2357.2 16 29283 16 2596.8 16 2518.2 16 2728.9 16 5198.8 16
C200R5-3  2509.1 16 3279.9 16 2789.2 16 2978.8 17 3073.1 17 4784.7 16
C200R5-4 2454.4 16 28303 16 2458.5 16 2530.2 17 2813.6 17 4673.1 16

C400R9-1  6206.6 31 7267.8 32 7380.9 31 7417.1 31 9785.2 31 13537.6 33
C400R9-2  6161.8 32 7660.1 32 5873.3 32 7166.9 33 92354 33 12259.8 32
C400R9-3 59915 31 7820.2 31 6241.9 32 7531.2 32 9443.6 32 13486.8 32
C400R9-4  6296.7 32 7756.3 32 5562.9 32 7102.8 33 9217.9 33 12590.9 32
C400R9-5 6046.1 32 7507.2 32 6786.0 32 6738.8 44 9547.8 32 12399.2 32

C400R5-1 5166.6 32 5892.9 31 4683.3 32 5109.8 36 6369.9 32 9547.2 32
C400R5-2 47575 31 6054.7 31 5721.7 32 5181.3 32 6252.1 32 9153.8 32
C400R5-3  4992.6 32 5032.3 32 4690.4 32 6585.8 32 6186.7 32 93313 32
C400R5-4  5071.6 32 6189.7 33 5956.1 32 5903.7 33 7163.1 33 9458.1 32
C400R5-5 4914.4 32 5826.2 32 49923 32 5051.8 32 6289.8 32 9185.2 32
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Fig. 3 Average costs of four algorithms over the generation number
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Table 3 Average and standard deviation of the HV values obtained by the four algorithms on large-scale test problems

[in] L COEA Variant II Variant I KBEA
C400R9-1 1.8070x10°(1.95x10%) 1.4706x10°(1.34x107)~  6.6377x10'(4.82x10°)— 5.5429x10°(1.33x10")~
C400R9-2 1.6621x10%(1.05%10%) 4.0088x10°(4.85x10%)+ 2.6001x10'(1.95%10")— 1.4021x10'(2.36x10%)~
C400R9-3 2.0673x10°(8.74x10%) 1.5822x10°(6.86%10°)~ 1.0478%10°(5.51x10")~ 1.2611x10'(3.86x10 )~
C400R9-4 3.7079x10'(6.57%10") 1.1768x10°(4.53x10")+ 3.0047x10°(1.60x10")— 1.4371x10'(7.73x10 )~
C400R9-5 2.4629%107(7.78x10") 8.0531x10'(9.18x10")~ 1.9878x10'(9.59%10")— 1.9440x10'(2.64x10"")~
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