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Abstract. This study investigates the application of quantum algorithms to multi-objective 

optimization problems, specifically focusing on resource allocation scenarios relevant to 

computational science. Through empirical analysis, we evaluate the performance of several 

quantum algorithms against classical counterparts using established benchmarks. We outline our 

methodology, which combines simulation of quantum circuits with classical optimization 

techniques, to address the inherent challenges of combinatorial complexity. Our results demonstrate 

that quantum approaches can significantly enhance solution quality while reducing computational 

time relative to classical methods. This research contributes to the evolving discourse on the 

practicality of quantum computing in solving complex optimization problems and highlights the 

potential for future applications in various fields. 
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Introduction 

In the context of contemporary computational science, multi-objective optimization has 

emerged as a pivotal area of study, especially given the rapid advancements in technology 

and the increasing complexity of decision-making problems across various domains. As we 



progress through the years 2024 to 2026, the necessity for efficient and effective 

optimization methodologies has never been more critical. The global challenges we face—

from resource management and environmental sustainability to logistics and supply chain 

optimization—demand innovative solutions that can simultaneously satisfy multiple 

conflicting objectives. This is where quantum computing enters the narrative as a 

transformative player in computational methodologies. Recent developments in quantum 

algorithms propose a paradigm shift in solving optimization problems, promising enhanced 

performance compared to traditional classical approaches. Despite the theoretical 

advantages heralded by quantum computing, empirical studies validating these claims 

remain scarce. This paper endeavors to fill this gap by conducting a detailed case study that 

employs quantum algorithms specifically for resource allocation problems, providing a 

concrete application that underscores the relevance of this technology in real-world 

scenarios. Our analysis utilizes various quantum algorithms, benchmarking their 

performance against classical optimization techniques such as genetic algorithms and 

simulated annealing. We aim to dissect the effectiveness of these quantum methods in 

achieving optimal solutions more rapidly and efficiently. By addressing the combinatorial 

nature of multi-objective optimization, we highlight the unique capabilities of quantum 

computing that do not merely mimic, but rather surpass classical efficiencies. Section 2 

outlines the methodologies employed in our empirical analysis, detailing the quantum 

simulation processes and the classical benchmarks used for comparison. In Section 3, we 

present our findings, providing a comprehensive discussion on the implications of our 

results. Finally, Section 4 concludes with insights into the future landscape of quantum 

computing in optimization, suggesting potential avenues for further research and 

application. 

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

subscription. 
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