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Deep neural networks have had a profound impact on the field of reinforcement
learning by recently achieving unprecedented performance in challenging decision-
making tasks [1]. Almost in parallel, in the world of near term quantum computers,
the idea that limited quantum computations, called variational quantum circuits [2]
or quantum neural networks [3], could be used as building blocks of hybrid quantum-
classical machine learning systems started gaining increasing traction. Such hybrid
systems have already shown the potential to tackle real-world tasks in supervised [4]
and generative learning [5], and recent works have established their provable advan-
tages in special artificial tasks [6]. Yet, in the case of reinforcement learning, which is
arguably most challenging and where learning boosts would be extremely valuable,
no proposal has been successful in solving even standard benchmarking tasks, nor in
showing a theoretical learning advantage over classical algorithms. In this work, we
achieve both. We find numerically that shallow quantum circuits acting on very few
qubits are competitive with deep neural networks on well-established benchmarking
environments. Moreover, we demonstrate, and formally prove, the ability of vari-
ational quantum circuits to solve certain learning problems that classical models,
including deep neural networks, cannot, under the widely-believed classical hard-
ness of the discrete logarithm problem. This constitutes clear evidence of the power
of quantum learning agents and suggests that important reinforcement learning ap-
plications such as robotics, biology, or healthcare, can be meaningfully impacted by
quantum machine learning.
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