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Abstract. This paper investigates the efficacy of hybrid quantum-classical algorithms applied to 

optimization problems within large-scale machine learning frameworks. As the demand for efficient 

data processing continues to escalate, traditional algorithms often struggle to cope with complex 

datasets. We present a case study utilizing a modified variational quantum eigensolver (VQE) in 

conjunction with classical optimization techniques, highlighting significant improvements in 

convergence rates and solution accuracy over purely classical methods. Our results suggest that 

integrating quantum processing can effectively tackle optimization challenges, providing a salient 

step toward practical quantum advantage in machine learning. The paper concludes with 

implications for future research and applications of quantum computing in artificial intelligence. 
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Introduction 

The emergence of artificial intelligence (AI) and machine learning (ML) as pivotal 

technologies in various sectors is undeniable. With the proliferation of data generated in our 

increasingly digital world, the optimization of machine learning algorithms has become a 

paramount challenge—one that traditional computational methods are often ill-equipped to 



resolve. As we look toward the years 2024 to 2026, the significance of enhancing 

optimization processes is expected to grow, affecting industries ranging from finance to 

healthcare. Current classical optimization techniques face limitations in terms of time 

complexity and scalability when applied to large datasets, constraining their effectiveness 

and impeding the adoption of advanced machine learning solutions. Emerging quantum 

computing technologies present a potential paradigm shift in how we approach these 

optimization problems. Hybrid algorithms that leverage both quantum and classical 

resources have been proposed as a means to circumvent the limitations of classical 

approaches, yet empirical assessments remain sparse. This paper aims to fill this gap by 

conducting a detailed empirical analysis of a specific case study involving a hybrid 

quantum-classical algorithm, focusing on its application to optimization problems inherent 

in large-scale machine learning scenarios. We introduce a modified variational quantum 

eigensolver (VQE) algorithm, which we have augmented with classical optimization 

techniques to enhance its performance. Our investigation is structured as follows: we begin 

by outlining the theoretical foundations of our hybrid approach and the specific challenges 

it addresses within the scope of machine learning. Following this, we present our 

experimental setup, including the datasets utilized and the performance metrics assessed. 

We then discuss the results, highlighting the improvements observed in convergence rates 

and solution accuracy compared to classical methods alone. Finally, we consider the 

broader implications of our findings on the field of quantum computing and machine 

learning. This exploration not only contributes to the understanding of hybrid quantum-

classical algorithms but also posits important questions regarding their future applicability 

in real-world scenarios where optimization is crucial. 

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

subscription. 
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