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ABSTRACT

Quantum machine learning (QML) is an area of quantum computing that leverages its principles to develop
machine learning algorithms and techniques. QML is aimed at combining traditional machine learning with
the capabilities of quantum computing to devise approaches for problem solving and (big) data processing.
Nevertheless, QML is in its early stage of the research and development. Thus, more theoretical studies are
needed to understand whether a significant quantum speedup can be achieved compared with classical machine
learning. If this is the case, the underlying physical principles may be explained. First, fundamental concepts
and elements of QML should be established. We describe the inception and development of QML, highlighting
essential quantum computing algorithms that are integral to QML. The advent of the noisy intermediate-scale
quantum era and Google's demonstration of quantum supremacy are then addressed. Finally, we briefly discuss

research prospects for QML.
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Google’s quantum supremacy proof

Quantum supremacy candidates:

Worst-case ; Average-case Anti- Experimentally
hardness hardness : Concentratio Feasible
Boson Sampling OK OK
Fourier Sampling OK OK
i QP OK OK
o RCS oK oK oK ok |
| !

[Nature Physics 15, 159 (2019)]

[Nature Physics 14, 595 (2018)]

Theoretical proof |:> Hardware demonstration
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