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Machine learning (ML) and quantum computing (QC) are two of the hottest
topics in research today, attracting the attention of scientific institutions, com-
panies, and policymakers worldwide, due to the life-changing potential and im-
portance. Promising the solvability of problems which are currently computa-
tionally unsolvable, both fields will have enormous impact on our lives. The
relationship between the two fields is double-sided. ML can enhance research
in QC, and quantum technologies can revolutionize the field of ML. ML tech-
niques, such as reinforcement learning and deep learning, due to their ability
to process large amounts of computed or experimental data and solve high-
dimensional problems are currently heavily applied to the study of quantum
systems. Another emergent area of research is the study of quantumenhanced
ML, a field focused on developing quantum algorithms to perform ML tasks.
Quantum ML further enhances the capabilities of ML algorithms to work with
immense amounts of data and will lead to exponential increases in speed and
power compared to the classical algorithms by using the principles of quantum
mechanics. The participants will study contemporary and prominent research
on the application of classical machine learning approaches for diverse areas
of quantum computing and will learn the implementation of certain aspects
of quantum computing and on different quantum machine learning algorithms.
Topics of the seminar are classical supervised, unsupervised, and reinforcement
learning approaches, commonly used in physics in general and in QC in par-
ticular, including deep learning architectures and deep reinforcement learning
algorithms. We will investigate prominent examples of how these techniques
are used in quantum state and process tomography, quantum state engineering,
and quantum error correction. The seminar will further cover topics of quan-
tum machine learning including quantum versions of classical ML algorithms
for classification, quantum optimization algorithms, quantum population-based
methods, quantum neural networks, quantum deep learning, quantum reinforce-
ment learning. Additional research topics include the near-term intermediate
scale quantum devices (NISQ) and hybrid quantum-classical algorithms that are
suitable for running on current hardware such as QAOA and VQE. The seminar
will include a few introductory talks/lectures and then continue with presenta-
tions by the participants. The topics will be from recent research. The scope
of the seminar includes the assessment of relevant literature including research
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articles and the preparation of the presentation. Both will be done under the
supervision of the course instructors.

Recommended Literature

• Quantum Computation and Quantum Information (Cambridge Series on
Information and the Natural Sciences)

by Michael A. Nielsen (Autor), Isaac L. Chuang (Autor)

Chapters 4, 8, and 10

• Machine Learning

by Tom Mitchel

1. Introduction

2. Concept Learning and the General-to-Specific Ordering 2.1-2.5

3. Decision Tree Learning 3.1-3.7

4. Artificial Neural Networks 4.1.-4.6

5. Evaluating Hypotheses 5.1., 5.2, 5.3.1-5.3.4

7. Computational Learning Theory 7.1-7.3

13. Reinforcement Learning 13.1-13.4, 13.7

• Deep Learning (Adaptive Computation and Machine Learning series)

by Ian Goodfellow, Yoshua Bengio, Aaron Courville

Chapters 6, 7, and 8

• Quantum Machine Learning: What Quantum Computing Means to Data
Mining

by Peter Wittek

Chapters 5, 6, (and 7)

• A high-bias, low-variance introduction to Machine Learning for physicists

Pankaj Mehta, Marin Bukov, Ching-Hao Wang, Alexandre G.R. Day,
Clint Richardson, Charles K. Fisher, David J. Schwab,

https://arxiv.org/abs/1803.08823

• Machine learning & artificial intelligence in the quantum domain

Vedran Dunjko, Hans J. Briegel

https://arxiv.org/abs/1709.02779

For optional further reading

• An introduction to quantum machine learning

M. Schuld, I. Sinayskiy, F. Petruccione,

https://arxiv.org/abs/1409.3097
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https://www.amazon.de/dp/1259096955?tag=hackr03c-21
https://www.amazon.de/-/en/Ian-Goodfellow/dp/0262035618/ref=pd_sim_14_1/258-6985426-7981940?_encoding=UTF8&pd_rd_i=0262035618&pd_rd_r=169f4159-8817-423a-b166-62b8dddb0db6&pd_rd_w=XoqEX&pd_rd_wg=X6KFb&pf_rd_p=f78f6e55-0d05-4384-889e-92d8e7ebcb72&pf_rd_r=8HC4EQ8WCKEP5FNM50GY&psc=1&refRID=8HC4EQ8WCKEP5FNM50GY
https://www.amazon.com/Quantum-Machine-Learning-Computing-Mining/dp/0128100400/ref=pd_lpo_14_t_2/141-7744769-4844519?_encoding=UTF8&pd_rd_i=0128100400&pd_rd_r=f40f098d-dbf7-4b05-a176-bbfba07868b8&pd_rd_w=yTWMp&pd_rd_wg=nQSTA&pf_rd_p=7b36d496-f366-4631-94d3-61b87b52511b&pf_rd_r=BRR181DX693DAT1Q20AT&psc=1&refRID=BRR181DX693DAT1Q20AT
https://www.amazon.com/Quantum-Machine-Learning-Computing-Mining/dp/0128100400/ref=pd_lpo_14_t_2/141-7744769-4844519?_encoding=UTF8&pd_rd_i=0128100400&pd_rd_r=f40f098d-dbf7-4b05-a176-bbfba07868b8&pd_rd_w=yTWMp&pd_rd_wg=nQSTA&pf_rd_p=7b36d496-f366-4631-94d3-61b87b52511b&pf_rd_r=BRR181DX693DAT1Q20AT&psc=1&refRID=BRR181DX693DAT1Q20AT
https://arxiv.org/abs/1803.08823
https://arxiv.org/abs/1709.02779
https://arxiv.org/abs/1409.3097


• Supervised Learning with Quantum Computers (Quantum Science and
Technology)

by Maria Schuld, Francesco Petruccione

• Machine Learning for Physicists, lecture notes

Florian Marquardt
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http://www.thp2.nat.uni-erlangen.de/index.php/2017_Machine_Learning_for_Physicists,_by_Florian_Marquardt

