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Abstract

The maintenance phase in software engineering is considered the most
resource-consuming, often accounting for a large proportion of the total
costs and efforts throughout the system’s life cycle. One of the
fundamental approaches to addressing maintenance challenges is
Software Module Clustering (SMC), a technique rooted in reverse
engineering practices. It is employed to analyze software systems that
lack sufficient documentation, aiming to enhance system maintainability
and comprehensibility by extracting a structural model directly from the
source code. However, the SMC problem is classified as computationally
NP-hard, as it requires optimizing the configuration of clusters to
minimize inter-cluster coupling and maximize intra-cluster cohesion.

This study presents a novel solution to the SMC problem by combining
three advanced techniques: the Black Widow Optimization (BWO)
algorithm, the Teaching-Learning-Based Optimization (TLBO)
algorithm, and a hybrid BWO-TLBO optimization algorithm that
integrates both methods. These techniques were applied to the clustering
of software modules, with their performance evaluated based on key
metrics, including stability and modularity quality (MQ). Additionally,
the Louvain algorithm was used to identify communities within the
Module Dependency Graphs (MDG) to determine the optimal number of
clusters.

The study also explored the impact of different initial solution generation
methods on the quality and stability of the clustering process, including
chaotic maps such as the Lorenz system, chaos theory approaches, and
random initialization. Experiments were conducted on eight open-source
Python applications of varying complexity levels.

This study contributes an efficient and scalable solution to the SMC
problem by leveraging advanced optimization techniques and chaotic
initialization methods. The proposed framework supports superior
clustering strategies, facilitating the maintenance and evolution of
complex software architectures.

The study’s results showed that the hybrid BWO-TLBO algorithm
outperformed the standalone TLBO and BWO algorithms based on the
modularity quality (MQ) metric, which served as the primary measure for



evaluating clustering output quality. The average MQ value achieved by
the hybrid algorithm across all test cases was 6.6445, compared to 6.3183
for BWO and 4.3757 for TLBO. Furthermore, the hybrid algorithm
recorded the lowest standard deviation, indicating the consistency and
stability of its performance across different experiments.

Regarding initial solution generation, the results revealed that using
chaotic initialization—particularly the Lorenz system—Ied to significant
improvements in both the average MQ and the standard deviation,
compared to random initialization. This finding highlights the enhanced
effectiveness of early-stage exploration in the solution space and the
reduction of result variability.



