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Abstract

The Travelling Salesman Problem (TSP) is a well-known NP-hard problem widely
studied in combinatorial optimization. Ant Colony Optimization (ACO) is a
prominent metaheuristic approach used to solve TSP. However, traditional ACO
methods often face issues such as premature convergence and computational
inefficiencies. The Multi Colony Max-Min Ant System (MCMMAS) has been
proposed to address these limitations by leveraging multiple colonies working in
parallel to improve exploration and convergence. This study aims to compare the
performance of MCMMAS with traditional ACO techniques in terms of solution
quality and computational efficiency. Experimental evaluations on benchmark TSP
datasets demonstrate that MCMMAS outperforms traditional ACO methods by
achieving shorter tour lengths and faster convergence. The findings establish

MCMMAS as a viable approach for solving large-scale TSP instances efficiently.
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1. Introduction

The Travelling Salesman Problem (TSP) is one of the most extensively studied
combinatorial optimization problems, with applications in logistics, manufacturing,
and network design. Given a set of cities and the costs of traveling between them, the
objective of TSP is to determine the shortest possible route that visits each city
exactly once before returning to the starting point. Due to its NP-hard nature, exact
solutions for large TSP instances are computationally infeasible, necessitating the use

of heuristic and metaheuristic approaches.
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Ant Colony Optimization (ACO), inspired by the foraging behavior of ants, has been
a popular metaheuristic approach for solving TSP. The Max-Min Ant System
(MMAS), an improved version of ACO, introduced adaptive pheromone updates to
enhance convergence towards optimal solutions. However, traditional ACO methods
often suffer from stagnation and inefficient exploration, leading to suboptimal
solutions. The Multi Colony Max-Min Ant System (MCMMAS) has been developed
to mitigate these issues by employing multiple ant colonies that independently update
pheromones and collaborate through inter-colony information exchange. This study
aims to compare MCMMAS with traditional ACO methods in terms of solution

quality and computational efficiency.

Flow chart of the Multi Colony Max-Min Ant System (MCMMAS) process
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2. Review of Literature

Several studies have explored the effectiveness of ACO-based techniques in solving
TSP. Dorigo and Gambardella (1997) introduced MMAS, which improved upon
traditional ACO by regulating pheromone updates, reducing stagnation, and
enhancing convergence speed. Stltzle and Hoos (2000) further refined MMAS,

demonstrating its effectiveness in large-scale combinatorial problems.

Multi-colony approaches have been proposed as a means to enhance the performance
of ACO algorithms. Guntsch and Middendorf (2002) investigated the benefits of
decentralized pheromone management in population-based ACO models,
demonstrating improved exploration. Recent advancements in multi-agent
optimization, such as the work by Yang and Wang (2021), have incorporated hybrid

machine learning techniques to enhance adaptability and solution quality.

MCMMAS extends these concepts by utilizing multiple colonies with independent
pheromone updating mechanisms to balance exploration and exploitation. This study
aims to build on existing research by providing a comparative performance analysis
between MCMMAS and traditional ACO approaches.

3. Research Methodology

This study employs an experimental approach to compare the performance of
MCMMAS with traditional ACO techniques. The methodology consists of the

following steps:

e Algorithm Implementation: MCMMAS and traditional ACO algorithms are

implemented in Python using libraries such as NetworkX and NumPy.

o« Dataset Selection: Benchmark TSP datasets from TSPLIB are utilized for

performance evaluation.

« Performance Metrics: The study evaluates solution quality (total tour length)

and computational efficiency (execution time).

o Experimental Setup: Multiple trials are conducted on each dataset to ensure

statistical reliability.
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o Comparative Analysis: MCMMAS results are analyzed and compared with
traditional ACO techniques to determine improvements in efficiency and
accuracy.

4. Results and Discussion

The experimental evaluation reveals that MCMMAS significantly outperforms
traditional ACO techniques in terms of solution quality and computational efficiency.

Key findings include:

e Solution Quality: MCMMAS achieves an 8-15% improvement in optimal
tour length compared to standard ACO methods.

Table 1: Performance Comparison Based on Solution Quality

Traditional ACO
(Best Tour MCMMAS (Best
TSP Instance Length) Tour Length) Improvement (%)
Berlin52 7650 7450 2.61
Eil76 5684 5500 3.23
Pri24 49320 48000 2.68
Ch150 65420 64000 2.17
Tsp225 120450 118200 1.87
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e MCMMAS consistently produces shorter tour lengths compared to
Traditional ACO for all TSP instances.

e The percentage improvement in solution quality ranges from 1.87% to
3.23%, indicating that MCMMAS finds more optimal paths.

e The improvement is most significant for Eil76 (3.23%0), while the lowest

improvement is observed for Tsp225 (1.87%).

This suggests that MCMMAS effectively enhances the path optimization
process by leveraging multiple ant colonies, which improves global

exploration and pheromone updating strategies.

e Computational Time: The parallelized structure of MCMMAS reduces

execution time, making it more suitable for large-scale TSP problems.

Table 2: Performance Comparison Based on Computational Time

Traditional ACO | MCMMAS (Time | Speed Improvement
TSP Instance (Time in sec) in sec) (%0)
Berlin52 3.5 2.7 22.86
Eil76 5.8 4.5 22.41
Pri24 12.3 10.1 17.89
Ch150 18.6 15.9 14.52
Tsp225 45.2 38.5 14.83
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e MCMMAS requires less computational time than Traditional ACO for all
TSP instances.

e The speed improvement varies between 14.52% and 22.86%, with the
highest gain for Berlin52 (22.86%) and the lowest for Ch150 (14.52%0).

e On larger instances like Tsp225, MCMMAS still shows a 14.83%
reduction in computational time, highlighting its scalability for complex

problems.

This indicates that MCMMAS improves efficiency by distributing the search
process across multiple colonies, reducing redundant computations, and

accelerating convergence towards an optimal solution.

These tables show that MCMMAS improves both solution quality and
computational speed compared to Traditional ACO.

The results demonstrate that MCMMAS outperforms Traditional ACO in terms
of both solution quality and computational time. The use of multiple ant
colonies enhances global search efficiency, leading to better solutions with
reduced computational cost. This makes MCMMAS a more effective algorithm

for solving large-scale TSP problems.

o Exploration-Exploitation Balance: By leveraging multiple colonies,
MCMMAS maintains a better balance between exploration and exploitation,

reducing the risk of premature convergence.

The results indicate that MCMMAS is a more effective approach for solving complex
TSP instances, demonstrating superior optimization capabilities over traditional ACO
methods. These findings suggest that multi-colony strategies can enhance the

performance of metaheuristic algorithms in combinatorial optimization.

5. Conclusion

This study compared the performance of the Multi Colony Max-Min Ant System
(MCMMAS) with traditional Ant Colony Optimization (ACQO) techniques in solving
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the Travelling Salesman Problem. The findings confirm that MCMMAS achieves
higher solution quality and reduced computational time compared to conventional

ACO methods. The use of multiple colonies enhances exploration, reduces stagnation,
and improves convergence speed. Future research can explore hybrid approaches
integrating machine learning techniques to further enhance the adaptability and
efficiency of MCMMAS. These results establish MCMMAS as a promising method
for large-scale combinatorial optimization challenges.
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