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Abstract: Aiming at the vehicle routing problem with simultaneous pickup and delivery, considering the differences
in customer commodity demands and vehicle heterogeneity, a mathematical model was established with the objective
of minimizing the sum of vehicle carbon emission costs and total delivery distance. This model was used to describe
the multi-commodity heterogeneous green vehicle routing problem with split pickup and delivery (MCHGVRPSPD).
An enhanced variable neighborhood search (EVNS) algorithm was proposed to solve this problem. In the initial
phase of EVNS, distance-capacity balancing (DCB) was designed to generate the initial solution. In the global search
perturbation phase, one adaptive perturbation operation was incorporated to prevent the algorithm from prematurely
converging to a local optimum. In the local search phase, four types of neighborhood search operations with capacity
constraints were used to explore higher-quality neighborhood solution spaces. Finally, test case simulation
experiments were conducted using GA, VNS, and ALNS algorithms to verify the effectiveness of EVNS in solving
MCHGVRPSPD. The results show that compared to the three benchmark algorithms, the EVNS algorithm improves

solution quality by 15% to 25%, while also demonstrating superior convergence and stability. Thus, EVNS is an
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effective algorithm for solving the MCHGVRPSPD.
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F il /R C1, C2, C3 1 C4 1, Gurobi 153k 15
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EVNS 53R 1519 HFRE S Gurobi k(14 78 4 AH[F];
214 i) R M A 18 R, Gurobi B2 15 A T3 RE N ik 2 4
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Tab.3 The case solving results of EVNS and Gurobi algorithms

Gurobi EVNS
SV njefk — - — -
H b5 o6 BUE B 1] /s H #r o B (A B (7 /s
C1 10/2/1 917.70 381.03 917.70 1.17
C2 10/3/1 388.39 388.39 388.39 1.53
C3 20/2/1 438.59 977.89 438.59 3.67
C4 20/3/1 516.76 992.28 516.76 3.72
C5 40/3/2 — — 1037.56 7.62
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321 BEERKBRE

R PRI S 56 45 SR X H S, A 45 R
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Tab.4 Results of EVNS and GA,VNS and ALNS algorithms solving different test cases

% fi] wielk GA VNS ALNS EVNS
Al HH Rl HH A PfE A ¥1E
Cl 10/2/1 917.70 917.70 917.70 917.70 917.70 917.70 917.70 917.70
C2 10/3/1 388.39 388.39 388.39 388.39 388.39 388.39 388.39 388.39
C3 20/2/1 438.59 439.09 438.59 445.76 438.59 439.48 438.59 438.59
C4 20/3/1 523.25 527.01 525.63 530.03 516.76 526.42 516.76 516.76
C5 40/3/2 1129.84 1193.99 1052.13 1073.96 1039.69 1058.10 1037.56 1042.88
C6 40/4/2 1321.81 1364.73 1296.22 1310.52 1267.50 1289.15 1236.22 1256.81
C7 50/3/2 132251 1340.17 1269.74 1291.51 123991 1260.28 1231.43 1246.85
C8 50/4/2 1583.35 1601.26 1523.10 1545.67 1438.47 1461.04 1424.61 1441.75
C9 50/5/2 2440.02 2479.17 2297.15 2411.59 2271.69 2314.22 2235.64 2246.89
C10 75/4/2 3120.05 3192.28 2977.20 3025.72 2768.82 2834.64 2764.45 2 805.06
Cl1 75/5/2 2842.08 2882.40 2709.83 2755.34 2605.33 2629.71 2577.45 2607.65
C12 75/6/3 2460.20 2516.51 2382.30 2417.00 2219.25 2281.79 2185.77 2231.73
C13 100/3/2 1575.98 1 642.64 1478.37 1514.82 1463.96 1486.20 1428.05 1451.24
Cl4 100/4/2 3738.26 3799.84 369291 3810.72 3550.66 3624.25 3522.78 3579.84
Cl15 100/5/2 3962.23 4044.00 4071.93 4128.87 3858.82 3910.69 3849.16 3890.83
Cl6 100/6/3 2425.02 2475.61 2201.06 224487 2166.29 2202.81 2105.37 2164.18
C17 200/3/2 4862.33 4972.95 4824.59 4942.29 4513.75 4606.43 4479.42 4544.33
C18 200/4/2 7742.65 7855.97 7791.29 7903.56 7329.11 7414.17 7279.95 7369.04
C19 200/5/2 7700.81 7781.70 7 880.56 8011.17 7398.15 7507.76 7373.49 7452.66
C20 200/6/3 3624.43 3684.84 3713.21 3747.61 3493.20 3567.48 3387.26 3444.87
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