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Abstract. This article investigates the efficacy of quantum-inspired algorithms in addressing
complex multi-objective optimization problems prevalent in large-scale computing systems. By
conducting a comparative study of three distinct quantum-inspired approaches—quantum genetic
algorithms, quantum particle swarm optimization, and quantum differential evolution—we evaluate
their performance in terms of convergence speed, solution quality, and computational overhead.
Empirical results indicate that quantum genetic algorithms outperform their counterparts in several
key metrics, thereby establishing a promising direction for future research in optimization
methodologies. The findings contribute to the ongoing discourse on efficient problem-solving
strategies in advanced computing, highlighting the significant potential of quantum-inspired
techniques in enhancing computational efficacy.
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Introduction

In the ever-evolving landscape of computer science, multi-objective optimization (MOO)
emerges as a pivotal topic, especially within the context of large-scale computing systems.
With exponential data growth and the increasing complexity of computational demands,
traditional optimization techniques often falter in providing optimal solutions that balance
competing objectives. These challenges necessitate innovative approaches capable of
navigating the intricate trade-offs inherent in MOO problems, making this field not only
relevant but critical in 2024-2026. As we stand on the brink of a technological renaissance,
the integration of quantum-inspired algorithms into optimization frameworks offers a



transformative potential that warrants thorough investigation. This paper presents a
comparative analysis of three prominent quantum-inspired algorithms: quantum genetic
algorithms (QGAs), quantum particle swarm optimization (QPSO), and quantum
differential evolution (QDE). Each approach represents a unique facet of quantum
computing principles applied to classical optimization problems, thus warranting their
exploration in a competitive context. The methodology section details the experimental
setup utilized to evaluate the algorithms, followed by an in-depth analysis of the results
obtained. By systematically examining the performance of these algorithms against various
benchmarks, we aim to elucidate their respective strengths and weaknesses. The outcomes
of this research not only illuminate the effectiveness of quantum-inspired methodologies
but also contribute valuable insights to the optimization community, fostering
advancements in algorithmic development and application. Furthermore, the discussion will
address the implications of our findings for future research directions in quantum
optimization. The paper concludes with recommendations for practitioners and researchers
interested in harnessing these advanced techniques for solving complex optimization
challenges.

This is a preliminary version. To read the full version of the article, please purchase a
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