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Abstract

This paper addresses the vehicle routing optimization problem with soft time window constraints
and low-carbon objectives, and develops a mathematical model aiming to minimize the number of
vehicles used and the total cost—including fuel cost, carbon emission cost, and time window viola-
tion cost. A multi-ant colony system (MACS) is adopted to solve this NP-hard problem. The approach
employs multiple ant colonies to conduct cooperative search and introduces a Cross exchange local
search operator, which enhances the algorithm’s global exploration and local exploitation capabilities.
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Numerical experiments based on a real-world case demonstrate that the proposed algorithm can
effectively reduce the number of vehicles, shorten travel distance, and lower the total cost, verifying
its feasibility and effectiveness in solving low-carbon and on-time delivery routing problems. The
study provides a decision-making reference for logistics enterprises to implement low-carbon op-
erations.
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Figure 1. Flowchart of the multi-ant colony algorithm
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Table 1. Relevant problem parameters

= 1. HxpEEH

SRR ZHUH AR ZHE
MR VE FEZE (L/km) 0.07 TRAL (/M) 30
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