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Abstract

The Traveling Salesman Problem (TSP), a classic challenge in combinatorial optimization, plays a vital
role in logistics path planning and related fields. While traditional Ant Colony Optimization (ACO) al-
gorithms demonstrate global search capabilities, they often suffer from being prone to local optima
and insufficient convergence speed. To address these limitations, this study proposes an enhanced
ACO variant (ACO-VNS) that integrates variable neighborhood search (VNS). The proposed algorithm
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dynamically adjusts pheromone decay rates and incorporates neighborhood disturbance strategies
during stagnation phases, thereby improving global optimization capabilities and convergence effi-
ciency. Experimental results based on typical problems from the TSPLIB benchmark demonstrate that
ACO-VNS significantly outperforms conventional methods like ACO, Ant Colony Search (ACS), Rank-AS,
and ACO-VNS in both solution quality and convergence speed, with superior solution stability. The
conclusions indicate that ACO-VNS effectively overcomes traditional algorithms' limitations of local
optima trapping and insufficient convergence through dynamic parameter adjustments combined
with variable neighborhood search, providing an efficient solution for complex TSP problems.
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Figure 1. Algorithm flow chart
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Figure 2. Schematic diagram of exchange operation
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Figure 3. Schematic diagram of insertion operation
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Figure 6. Iteration diagram
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