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AQC Learning agent
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Fig. 1. Schematic diagram of the reinforcement learning ap-
proach for quantum adiabatic algorithm design/'™. The
learning agent collects the reward according to the result
obtained from adiabatic quantum computing (AQC) and
produces an action to update the quantum adiabatic al-
gorithm based on its @ table represented by a deep neural

network.
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Fig. 2. Performance of reinforcement learning designed quantum adiabatic algorithm in success probability for Grover search prob-
lem'™]. The success probability is obtained by taking the square of wave-function overlap of the final evolved quantum state with
the target state. The total adiabatic evolution time is chosen as T = /2™ where n is the system size. The blue dashed line denotes
the success probability of linear path which decreases as increasing the system size. The red solid line and black dashed line denote
the performance of the reinforcement learning designed path and the nonlinear pathlS9, respectively. Given the choice of total evolu-
tion time, the success probability close to 1 by both implies that they both exhibit quadratic quantum speed up.
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Fig. 3. Transferability of reinforcement learning based
quantum adiabatic algorithm design for Grover search prob-
lem!'™], The green line denotes the infidelity of linear path.
The blue line denotes the infidelity of the path obtained by
training the 10 qubits system. The orange line denotes the
performance of applying the path learned from the n qubits
system to the n + 1 qubits system.
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Abstract

Quantum computing has made dramatic progress in the last decade. The quantum platforms including

and atomic ensembles,

have all reached a new era, with

unprecedented quantum control capability developed. Quantum computation advantage over classical

computers has been reported on certain computation tasks. A promising computing protocol of using the

computation power in these controllable quantum devices is implemented through quantum adiabatic

computing, where quantum algorithm design plays an essential role in fully using the quantum advantage. Here

in this paper, we review recent developments in using machine learning approach to design the quantum

adiabatic algorithm. Its applications to 3-SAT problems, and also the Grover search problems are discussed.
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