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2. Abstract 

Quantum computing is emerging as a powerful computational paradigm capable of solving infeasible problems for 

classical computers. This review explores the intersection of quantum computing and artificial intelligence (AI), focusing 

on how quantum algorithms can enhance AI applications. The purpose of this review is to provide a comprehensive 

analysis of current advancements in quantum machine learning (QML), quantum optimization, and quantum neural 

networks, highlighting their implications for data processing, cryptography, and decision-making systems. The scope of 

the literature includes peer-reviewed articles, conference papers, and technical reports from 2020 to 2025, focusing on 

quantum algorithms, applications in AI, and hardware limitations. Key findings indicate that quantum computing can 

significantly accelerate data processing tasks, optimize complex problem-solving techniques, and improve the efficiency 

of AI models. However, challenges such as quantum noise, error correction, and hardware scalability remain substantial 

barriers to widespread adoption. This review concludes with discussing future research directions, including hybrid 

quantum-classical systems and advanced quantum error correction methods. This study serves as a foundational reference 

for researchers and practitioners aiming to leverage quantum computing for AI-driven applications. 
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4. Introduction 

Quantum computing leverages the principles of quantum mechanics to perform computations using qubits, which, unlike 

classical bits, can exist in multiple states simultaneously. This property, known as superposition, allows quantum systems 

to process vast datasets and solve complex problems exponentially faster than classical computers. 

The integration of quantum computing with artificial intelligence (AI) presents several compelling opportunities. It 

enables enhanced data processing, faster execution of algorithms, and the ability to tackle computationally intensive 

problems that are beyond the capacity of classical systems. Quantum algorithms are especially beneficial for analyzing 

high-dimensional data spaces, providing improvements in training AI models, cryptographic applications, and real-time 

decision-making systems. 

This review aims to offer a comprehensive examination of how quantum computing can enhance AI applications, with a 

specific focus on quantum support vector machines (QSVM), quantum neural networks (QNNs), and the quantum 

approximate optimization algorithm (QAOA). It evaluates both the opportunities and the ongoing challenges in this field 

and identifies promising future directions.The literature included in this review comprises peer-reviewed journal articles, 

conference papers, technical reports, and books published between 2020 and 2025. Studies were selected based on their 

demonstrated relevance to the application of quantum algorithms in AI, hardware advancements in quantum computing, 

and research on quantum error correction. 
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This paper is organized into six main sections: (1) Overview of Quantum Computing, (2) Quantum Algorithms in AI, (3) 

Applications in AI, (4) Challenges and Limitations, (5) Future Research Directions, and (6) Conclusion. 

 

5. Review Methodology 

Literature for this review was selected from established academic databases such as IEEE Xplore, Springer, and 

ResearchGate. The primary search terms included "quantum computing," "artificial intelligence," "quantum machine 

learning," and "quantum optimization." 

Studies were included if they provided empirical evidence of quantum algorithm implementation in AI, proposed 

quantum-enhanced learning frameworks, or discussed relevant hardware and algorithmic challenges. Excluded materials 

consisted of non-peer-reviewed articles, opinion-based content, and publications with minimal focus on either AI or 

quantum computing. 

The reviewed literature was categorized into thematic sections: foundational principles of quantum computing, specific 

quantum algorithms applied in AI, practical AI applications, and prevailing challenges and limitations. 

 

6. Thematic Review 

6.1 Chronological Development 

6.1.1 Early Foundations (Pre-2020) 

Initial research in quantum computing introduced foundational algorithms such as Shor’s algorithm (1994) for integer 

factorization and Grover’s algorithm (1996) for unsorted database search. These algorithms demonstrated potential 

breakthroughs in cryptography and data processing, laying the groundwork for quantum AI applications. 

6.1.2 Advancements (2020–2025) 

Recent years have seen the emergence of quantum machine learning models and their integration into AI systems. 

Research by Ahmadi (2023) and Pérez et al. (2023) highlighted the use of QSVMs and QNNs for processing large-scale 

data and optimization tasks. These models offer speed and efficiency that surpass classical methods in controlled 

environments. 

6.2 Data Processing and Optimization 

Quantum algorithms like QAOA and quantum annealing offer distinct advantages in solving combinatorial and 

optimization problems. Ahmed and Mähönen (2021) demonstrated how QAOA can optimize network configurations in 

real-world AI systems, indicating its practical utility. 

6.3 Cryptography and Security 

Quantum algorithms pose both a challenge and an opportunity for data security. Shor's algorithm can compromise classical 

encryption schemes, necessitating the development of quantum-resistant protocols. Moret-Bonillo (2014) addressed the 

urgency of integrating quantum cryptography into AI-based data systems. 

6.4 Machine Learning and Pattern Recognition 

Quantum-enhanced machine learning techniques, such as quantum clustering and quantum Fourier transforms, improve 

pattern recognition capabilities. Abdelgaber and Nikolopoulos (2021) demonstrated how QNNs can efficiently process 

high-dimensional data for complex machine learning tasks. 

 

 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                         Volume: 09 Issue: 06 | June - 2025                               SJIF Rating: 8.586                                           ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | www.ijsrem.com                                 DOI: 10.55041/IJSREM51022                                                   |        Page 3 
 

6.5 Quantum AI Algorithms 

• Quantum Support Vector Machines (QSVM): Improve classification efficiency while maintaining 

accuracy. Hybrid quantum-classical models have been proposed to enhance scalability. 

• Quantum Neural Networks (QNNs): Leverage quantum states for data representation, enabling faster 

training and complex pattern recognition. 

• Quantum Reinforcement Learning: Explores multiple actions simultaneously using quantum 

superposition. This has been particularly useful in robotics and autonomous systems. 

 

7. Discussion and Research Gaps 

7.1 Hardware Constraints 

Quantum computers are limited by current hardware capabilities, including qubit count, gate fidelity, and coherence time. 

These limitations hinder the practical implementation of complex quantum algorithms. 

7.2 Quantum Noise and Error Correction 

Quantum systems are highly susceptible to external noise and decoherence. Although quantum error correction schemes 

exist, they often require additional resources, increasing system complexity and reducing efficiency. 

7.3 Algorithmic Complexity 

Designing and implementing effective quantum algorithms requires deep expertise in both quantum mechanics and AI. 

Many promising algorithms remain in the theoretical or experimental phase and are not yet viable for commercial 

deployment. 

 

7.4 Conflicting Results 

While some studies report superior performance of quantum algorithms in AI tasks, others emphasize the challenges of 

maintaining quantum coherence, leading to inconsistent findings across various domains. This highlights the need for 

more standardized benchmarks and empirical validation. 

 

8. Future Research Directions 

• Quantum Error Correction: Develop more efficient and scalable error correction methods to reduce 

decoherence and increase computational accuracy. 

• Hybrid Quantum-Classical Systems: Combine quantum processors with classical computing 

frameworks to leverage the strengths of both systems for scalable AI applications. 

• Novel Quantum Algorithms: Innovate beyond existing algorithms by designing quantum-native 

solutions for deep learning and reinforcement learning. 

• Scalability Enhancements: Invest in improving qubit stability, coherence, and connectivity to make 

quantum systems capable of supporting large-scale AI models. 

• Quantum Cryptography Integration: Develop and implement quantum-resistant cryptographic 

systems for securing AI infrastructure. 
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9. Conclusion 

Quantum computing has shown substantial promise in transforming artificial intelligence through enhanced data 

processing, optimized learning models, and advanced cryptographic capabilities. Algorithms like QSVM, QNN, and 

QAOA demonstrate the potential to outperform classical systems in many AI domains. 

However, practical limitations remain, including hardware immaturity, quantum noise, and complex algorithm design. 

Overcoming these hurdles will require advancements in quantum error correction, hardware architecture, and hybrid 

computational models. 

As research continues, the synergy between quantum computing and AI is likely to redefine computational capabilities, 

ushering in a new era of intelligent systems. Continued interdisciplinary collaboration will be essential to fully realize the 

benefits of this transformative integration. 
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