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Summary of the subject (maximum 1 page) :

Statistical physics and machine learning have a long shared history, and new connections are
being discovered. In many-body quantum physics, tensor networks have already provided
significant breakthroughs, such as the method of projected entangled pair states in studying
two-dimensional systems, and multi-scale entanglement renormalization ansatz for the one-
dimensional case. Boltzmann machines and deep learning bear strong similarities with these
methods, and an emergent body of work studies the accuracy and computational cost of using
neural networks for representing quantum systems with some promising results [1-3], albeit a
complete characterization of what is possible is still lacking.

Of particular interest are the layers of abstraction in a deep learning network, and the
representation accuracy of a matching tensor network method to study physical systems, and
how these could lead to novel numerical methods that draw on efficient machine learning
libraries, such as TensorFlow, instead of the computational tools typically used in
computational physics. The interesting insight here is that these machine learning libraries
have a much broader developer and user base, they are tested just as rigorously as scientific
tools, but given the larger number of contributors, their overall performance is potentially
better tuned.

Parallel to this, there is a growing interest in using reinforcement learning schemes in
quantum control [4-5]. Reinforcement learning enables controlling quantum systems in
realistic settings, accounting for the presence of noise, decoherence, loss, and other factors
that arise in implementations. Most approaches until now focused on reinforcement learning
that used global heuristic search, but this has a very high computational cost [6]. The purpose
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of this project is to rely on more recent developments in reinforcement learning that combine
a deep learning network with heuristic search to keep the problem computationally feasible
[7]. Applications include quantum phase estimation [4] and generating Bose-Einstein
condensates [8].
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