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Thesis Summary

Quantum computers are expected to solve certain problems more efficiently than conventional
computers by leveraging the laws of quantum mechanics. With rapid advancements, these devices are
now widely accessible via cloud platforms. However, current devices are limited to a restricted number
of noisy quantum bits (qubits), constraining the range of executable algorithms. Working with current
devices poses the challenge of utilizing a restricted number of noisy qubits with limited access to
hardware parameters. This thesis addresses the following problems: the lack of a simple method for
benchmarking qubits of quantum computing devices, and the limited understanding of the noise
robustness of optimization algorithms using Quantum Random Access Code (QRAC). Solving these
problems provides tools and insights into utilizing devices with limited resources.

Chapter 1 introduces the background and provides an outline of the thesis, with particular focus on
the limitations of current quantum computers and approaches to addressing them.

Chapter 2 outlines the foundations of quantum computing, covering topics such as qubits, quantum
states, quantum gates, quantum circuits, and descriptions of noise in quantum computing.

Chapter 3 presents the first key result of the thesis, which is the proposal of a method for evaluating
qubits. Current devices are prone to noise, which makes evaluating their qubits a crucial task. The
proposed method leverages quantum random number generation as an inherently quantum mechanical
task to evaluate qubits. It highlights the limitations of applying conventional methods for evaluating
random number generation to the task of evaluating qubits and presents a suitable method for the task.
Furthermore, the method is applied to real devices, demonstrating the instability of their qubits.

Chapter 4 outlines the second key result of the thesis, which is the analysis of the noise robustness
of the quantum random access optimization (QRAO) algorithm. Originally proposed as a qubit-efficient
way of solving combinatorial optimization, QRAQO’s behavior under noise was unknown. Given the noisy
state of current quantum computers, understanding algorithm behavior under noise is essential.
Through simulation, we demonstrate that the quality of QRAQO’s solution is robust to noise. Additionally,
we theoretically derive the number of measurements required to achieve a certain error threshold in
obtaining the correct classical variables.

Chapter 5 provides the conclusion and outlook of the thesis.

The findings of this research provide a method for easily evaluating the stability of noisy qubits and
offer insight into the design of quantum algorithms for combinatorial optimization. These contributions

are expected to help address key challenges for utilizing quantum computers with limited resources.




