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Data encoding and model selection in quantum machine learning

Thesis Summary

Quantum computers are believed to efficiently solve some of the problems that are computationally hard for
classical computers. The famous areas where quantum computers excel include prime factoring and
database search. The performance of machine learning (ML) algorithms is also expected to be improved for
more general applications.

In this thesis, ML algorithms that run on quantum computers are referred to as quantum machine learning
(QML) algorithms. QML algorithms takes as inputs both classical data, such as images handled by classical
computers, and quantum data, such as the ground state of a Hamiltonian. Under this setting, how QML
algorithms should be designed and whether QML algorithms really has any advantages over the classical
counterparts are important themes in QML research. For the latter problem, there have been only a few
learning tasks with the proven quantum advantage, but gradually more and more effort is being put into
elucidating such tasks theoretically.. While the former problem has been investigated up to the specific circuit
configuration, many issues remain. In this thesis, we focus on two issues for designing QML algorithms.

The first issue is data encoding. For QML algorithms, there remains the challenge of how to input classical
data into a quantum computer, for which no systematic framework yet exists. Since binary and categorical
variables are non-trivial to handle statistically but play an important role in ML applications, we focus on
discrete data among classical data. To encode such discrete data into quantum computers, we propose to
use quantum random access coding (QRAC) with the provable advantage in quantum communication theory.
Since QRAC defines an encoding of a number of bits into a smaller number of qubits, the number of qubits
required for the QML algorithms can be reduced depending on the difficult of the learning task. We examine
the performance of QML algorithms with QRAC through numerical experiments.

The second issue is model selection. An important design guideline for both classical and quantum ML
algorithms is to choose the best model among possible candidates in order to not only explain the observed
data but also make accurate predictions for unknown data. Designing ML algorithms with consideration on
their generalization performance has long been investigated classically, but it is still in the early stages in
QML. For this perspective, we propose a quantity called quantum information criterion as a model selection
metric in quantum state estimation. Quantum state estimation is a fundamental task in QML and aims at
estimating a density operator from measurement outcomes on an unknown quantum state. A quantum
information criterion is the first quantity that evaluates the estimated state based on quantum relative entropy.

Numerical simulations are conducted to compare it with conventional information criteria.




