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Thesis Title
Analysis and experiments of quantum amplitude estimation under noisy environment

Thesis Summary
This paper is composed of seven chapters.

In chapter 1, | explain the research background and structure of this paper, and in chapter 2, the basics
of quantum information theory used in this study are explained.

In chapter3, | first describe the conventional quantum amplitude estimation proposed by Brassard et al.
Note that, this method consists of amplitude ampilification and phase estimation, and thus requires a
large number of qubits and number of gate operations. Therefore, | explain the new amplitude
estimation proposed by the authors, which does not use the phase estimation, by executing the
amplitude amplification in parallel and processing the results obtained from the quantum computer by
maximum likelihood estimation. As a result, this amplitude estimation method using maximum likelihood
estimation (MLAE) succeeds in significantly reducing the required resources.

In chapter 4, | explain the MLAE using a real quantum computer. Because of the noise in current real
devices, it is necessary to consider the effect of the noise, but it is difficult to identify the noise in the
actual quantum computers. Therefore, | assume the depolarizing noise model, which show that this
model is reasonable based on the results of the actual devices. The value of the noise is also treated as
an unknown parameter, that is, the problem is treated as a multi-parameter estimation problem.

In chapter 5, | describe a new MLAE to improve the estimation error in the presence of depolarization
noise, using another operator in a different space from the operators using in previous chapters.

In chapter 6, | deal with an extended model of the depolarizing noise model described in Chapter 4.

In extending the model, that is, increasing the number of parameters, the estimation of the interest
parameter becomes impossible. Therefore, by introducing ancillary quantum circuit and use parameter
orthogonalization method, | can estimate the parameter of interest only using one-dimensional
maximum likelihood estimation instead of multi-parameter maximum likelihood estimation. Finally, |
verify this method using a real quantum computer.

In chapter 7, we summarize and discuss the prospects of this paper.




