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ABSTRACT

Quantum computing provides unprecedented computational power to tackle complex problems in domains like
cryp- tography, optimization, and artificial intelligence. How- ever, current quantum hardware limitations
necessitate the continued use of classical simulations and hybrid quantum- classical approaches to advance the
field. Graphics Pro- cessing Units (GPUs) have emerged as an efficient means to accelerate quantum circuit
simulations, optimize variational quantum algorithms, and enable efficient hybrid quantum- classical pipelines.
This article explores the relevance of GPUs to quantum computing, focusing on their applications in quantum
simulations, quantum machine learning (QML), and variational quantum algorithms.
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I. INTRODUCTION
1.1 Background and Motivation

Quantum computing represents a transformative paradigm cap- able of surpassing classical computing in solving
complex problems such as cryptography, material simulation, and large- scale optimization. However, current
quantum hardware faces challenges related to qubit coherence, error rates, and scalab- ility. Classical
computing resources, particularly Graphics Processing Units (GPUs), play a crucial role in quantum al- gorithm
simulations, hybrid quantum-classical computing, and quantum machine learning (QML). The parallel
processing power and computational strength of GPUs offer a cost- effective way to accelerate quantum state
evolution, improve variational quantum algorithms (VQAs), and facilitate hybrid quantum-classical workflows.
1.2 Literature Review

Numerous studies have highlighted the importance of clas- sical simulations in quantum computing,
particularly in eval- uating quantum algorithms before execution on real quantum hardware. Quantum
simulators such as Qiskit Aer, NVIDIA cuQuantum, and Google Cirq leverage GPU acceleration to ef- ficiently
handle large-scale quantum circuit simulations. Ad- ditionally, research in hybrid quantum-classical computing
has explored the use of GPUs to enhance Variational Quantum Al- gorithms (VQAs), which are essential for
achieving near-term quantum advantage.

1.3 Objectives
The primary objectives of this research paper are:
e To analyze the role of GPUs in accelerating quantum cir- cuit simulations and hybrid quantum-classical
algorithms.
e To explore GPU-based optimization techniques for Vari- ational Quantum Algorithms (VQAs) and Quantum
Ma- chine Learning (QML).

II. METHODOLOGY

This chapter outlines the research methodology for investig- ating the use of Graphics Processing Units (GPUs)
to accel- erate quantum computing. The methodology includes a thor- ough analysis of GPU-based quantum
simulators, quantum- classical hybrid architectures, and quantum machine learning algorithms. Additionally,
performance analysis, algorithmic benchmarking, and theoretical analysis are conducted to quantify the
efficiency of implementing GPUs in quantum computing processes.
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2.1 Research Approach

This work adopts a systematic approach, integrating theoretical analysis and a review of available GPU-
accelerated quantum computing platforms. The research explores various quantum simulation software,
quantum-classical hybrid optimization methods, and machine learning algorithms that utilize GPU ac-
celeration. It also performs a comparative performance ana- lysis of CPU versus GPU in quantum computing
operations using available benchmarks.

2.2 GPU-Based Quantum Simulation Analysis

Quantum circuit simulations are essential for validating quantum algorithms before execution on actual
quantum hard- ware. This paper examines the performance aspects of GPU- accelerated quantum simulators
such as Qiskit Aer, NVIDIA cuQuantum, and Google Cirg. The analysis focuses on execu- tion time, scalability,
and memory consumption for simulating quantum circuits of varying complexity.

III. RESULTS
3.1 Figures

GPU-Based Quantum State Simulation Efficiency
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Figure 1: Heatmap visualization showing GPU-based quantum state simulation efficiency. The intensity
represents the compu- tational effectiveness of GPUs in handling quantum state evol- ution.
GPU Acceleration Speedup in Quantum Computing
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Figure 2: Bar chartillustrating GPU acceleration speedup in quantum computing. The speedup factor is
calculated as the ratio of CPU execution time to GPU execution time for various quantum circuit sizes.
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Comparison of GPU and CPU Execution Time
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Figure 3: Comparison of GPU and CPU execution time for quantum circuit simulations. As the number of
qubits in- creases, GPUs demonstrate significant computational advant- ages over CPUs.

3.2 Tables

Table 1: Comparison of CPU and GPU Execution Time for Quantum Simula- tions

Number of | CPU Time | GPU Time Speedup
Qubits (s) (s) Factor

5 0.5 0.2 2.5x

10 15 0.5 3.0x

15 5.2 1.2 4.3x

20 15.4 35 4.4x

25 45.8 10.2 4.5x

30 120.5 25.8 4.7x

IV.  CONCLUSION

This article examines the crucial role of Graphics Processing Units (GPUs) in accelerating quantum computing.
GPUs re- main essential for advancing quantum research, overcoming hardware limitations, and enabling
classical simulations and hybrid quantum-classical methods. Our analysis demonstrates that GPUs enhance the
efficiency of quantum circuit simula- tions, improve Variational Quantum Algorithms (VQAs), and boost
Quantum Machine Learning (QML) applications.

Comparative analysis of CPU and GPU execution times highlights the significant acceleration provided by GPU
tech- nology, making large-scale quantum simulations more feas- ible. Furthermore, our results indicate that
hybrid computing systems leveraging GPUs for classical adaptation can enhance quantum algorithm efficiency
and bridge the gap between clas- sical and quantum computational paradigms.

Despite their benefits, GPU-based quantum computing faces challenges such as limited memory capacity,
software compat- ibility, and integration with Quantum Processing Units (QPUs). Future research should focus on
designing dedicated hardware architectures, optimizing software ecosystems, and developing advanced
adaptation functions tailored for quantum purposes.

In conclusion, GPUs serve as a powerful computational me- dium that facilitates scalable quantum computing.
Their integ- ration with future Quantum Processing Units (QPUs) is likely to play a pivotal role in overcoming
current quantum techno- logy limitations and paving the way for real-world quantum applications in the near
future.

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[7484]


http://www.irjmets.com/

e-ISSN: 2582-5208
International Research Journal of Modernization in Engineering Technology and Science

( Peer-Reviewed, Open Access, Fully Refereed International Journal )
Volume:07/Issue:03/March-2025 Impact Factor- 8.187 Www.irjmets.com

ACKNOWLEDGEMENTS

The authors would like to express their heartfelt gratitude to Parul University for providing the necessary
resources and computational infrastructure for the implementation of this re- search. We also extend our
thanks to open-source quantum computing software developers, such as Qiskit, NVIDIA cuQuantum, and
PennyLane, for their invaluable contributions to the field.

Additionally, we would like to thank our colleagues and researchers in the quantum computing and high-
performance computing sectors for their valuable discussions and input, which have significantly contributed
to this research. Special thanks are also due to Prof.Dinesh Swami and Prof.Akshara Prachi for their
insightful guidance and support.

Finally, we express our deepest gratitude to our peers, ad- visors, and mentors for their continuous support and
guidance throughout this research work.

V.  REFERENCES

[1] J. Doi, H. Horii, and C. Wood, “Efficient techniques to gpu accelerations of multi-shot quantum
computing simulations,” 2023, accessed: 2023-08-15. [Online]. Available:

https://arxiv.org/abs/2308.03399

[2] Anonymous, “Simulation of quantum computers: Review and acceleration approaches,” 2023,
accessed: 2023- 08-15. [Online]. Available: https://arxiv.org/html/2410. 12660v1
[3] A. W. Services and NVIDIA, “Advancing hybrid quantum computing research with amazon braket and

nvidia cuda-q,” 2023, accessed: 2023-08-15. [Online]. Avail- able:
https://aws.amazon.com/blogs/quantum-computing/advancing-hybrid-quantum-computing-
research-with-amazon-braket-and-nvidia-cuda-q/

[4] J. Faj, I. Peng, ]. Wahlgren, and S. Markidis, “Quantum computer simulations at warp speed: Assessing
the impact of gpu acceleration,” arXiv preprint arXiv:2307.14860, 2023, accessed: 2023-08-15.
[Online]. Available: https://arxiv.org/abs/2307.14860

[5] NVIDIA, “Cuda-q for hybrid quantum-classical comput- ing,” 2023, accessed: 2023-08-15. [Online].
Available: https://developer.nvidia.com/cuda-q, “cuquantum sdk: A high-performance library for
accelerating quantum science,” 2023, accessed: 2023- 08-15. [Online]. Available:
https://developer.nvidia.com/ cuquantum-sdk , “Nvidia/cuda-quantum: C++ and python support for
the cuda-q platform,” 2023, accessed: 2023- 08-15. [Online]. Available:
https://github.com/NVIDIA/ cuda-quantumgqBraid, “Unleashing the power of nvidia cuda quantum
with gbraid,” 2023, accessed: 2023- 08-15. [Online]. Available: https://qbraid.com/blog/ unleashing-
the-power-of-nvidia-cuda-quantum-with-qbraid[1-8].

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[7485]


http://www.irjmets.com/
https://arxiv.org/abs/2308.03399
https://arxiv.org/html/2410.12660v1
https://arxiv.org/html/2410.12660v1
https://aws.amazon.com/blogs/quantum-computing/advancing-hybrid-quantum-computing-research-with-amazon-braket-and-nvidia-cuda-q/
https://aws.amazon.com/blogs/quantum-computing/advancing-hybrid-quantum-computing-research-with-amazon-braket-and-nvidia-cuda-q/
https://aws.amazon.com/blogs/quantum-computing/advancing-hybrid-quantum-computing-research-with-amazon-braket-and-nvidia-cuda-q/
https://arxiv.org/abs/2307.14860
https://arxiv.org/abs/2307.14860
https://developer.nvidia.com/cuda-q
https://developer.nvidia.com/cuquantum-sdk
https://developer.nvidia.com/cuquantum-sdk
https://github.com/NVIDIA/cuda-quantum
https://github.com/NVIDIA/cuda-quantum
https://qbraid.com/blog/unleashing-the-power-of-nvidia-cuda-quantum-with-qbraid
https://qbraid.com/blog/unleashing-the-power-of-nvidia-cuda-quantum-with-qbraid
https://qbraid.com/blog/unleashing-the-power-of-nvidia-cuda-quantum-with-qbraid

