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Abstract

Vehicle routing optimization is a core issue in improving logistics efficiency and reducing transporta-
tion costs. To address the limitations of traditional methods in handling complex constraints, this study
proposes a single-objective and multi-objective vehicle routing optimization model based on genetic
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algorithms. The single-objective model minimizes the maximum transportation distance of delivery
vehicles, while the multi-objective model introduces carbon emission constraints and balances trans-
portation costs with environmental requirements through weighted summation. An integer encoding
scheme and tournament selection strategy are designed, combined with greedy initialization and dy-
namic adjustment mechanisms to enhance solution feasibility. Experimental results show that the sin-
gle-objective model reduces the maximum transportation distance to 25.79 km, and the multi-objec-
tive model achieves a balanced solution of 100.42 km total distance and 86.65 kg carbon emissions
when the weight coefficient is 0.6. This study provides a framework for green logistics that integrates
efficiency and environmental protection.
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Table 1. Coordinates of distribution centers and demand points (unit: km)
=1 EEAD, FREAISIRERNAL: km)

[ 0 1 2 3 4 5 61 7 8

X 8.3 3.1 11.8 16.4 11.6 9.2 2.6 1.4 7

y 9 2.5 1 7.1 11.3 17 15.8 10.3 5.2
e Hii= 0 RRBLEF L, 121, 2, , 8RR BATRA.
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Table 2. Daily demand of demand points (unit: t)
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Figure 1. Schematic diagram of the locations of the distribution center and the demand points
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Figure 2. Overall flowchart of the algorithm
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Figure 3. Sample distribution result
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Table 5. Parameter settings
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def calculate_fitness(individual):
vehicle_loads = [8] * num_vehicles
for idx, vehicle in enumerate(individual):
demand = demands|[idx + 1]
vehicle_loads|[vehicle] += demand
if any(load > 26 for load in vehicle_loads):
return 1e18

f calculate_weighted_objective(individual, w1, w2):

total_distance = sum(distance_matrix[i][j] for path in routes)

total_emission = sum(distance * emission_rates|[v] for v, path in routes)
return wl * total_distance + w2 * total_emission

Figure 7. Debugging and optimizing key code
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