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MACHINE LEARNING TO APPROXIMATE HARD-TO-COMPUTE PROPERTIES OF QUANTUM CIRCUITS
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CLASSICAL SHADOWS MAGIC
The protocol of classical shadows [1] provides classical The magic, or nonstabilizerness, of a quantum state [i)) measures
representations of quantum states based on randomized the amount of non-Clifford resources required to prepare It.
measurements. Magic Is a key measure in the study of quantum advantage.
Given a state p, classical shadows allow to predict M linear Example: Stabilizer Renyi Entropy [2]
functions of p, in the form Tr(p0;), up to an additive error e. | | |
They are efficient in the sample complexity: Given a pure n-qubit state |i)):
1
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N: Size of the classical shadow In general, the SRE Is hard to compute as the

number of Pauli strings grows exponentially.

MAGIC-INFORMED QUANTUM ANSATZ SEARCH FOR VARIATIONAL QUANTUM ALGORITHMS

Repeated N times < _
« Monte Carlo Tree Search is employed to explore the
Selection > Roll-out Expansion Backpropagation Space of parametrized quantum clrcuits
 Machine Learning models are employed to bias the
search towards magic states
A selection strategy is Onees:gcl.:::;:jon > One or more nodes The result is propagated * MaChine L_earning mOdeIS _are .employed tO Support MCTS
used to traverse the tree Jre created backiin the tree In the design of quantum circuits that avoid barren
plateaus.
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Universal Gate Set = {CX,Rx(08),Ry(6),R,(6)}

Sudoku

* Number of qubits

* Number of gates

[1] Huang, H. Y., Kueng, R., & Preskill, J. (2020). Predicting many properties of a quantum system from very few measurements.
Nature Physics, 16(10), 1050-1057.

[2] Leone, L., Oliviero, S. F., & Hamma, A. (2022). Stabilizer rényi entropy. Physical Review Letters, 128(5), 050402.

[3] Sack, S. H., Medina, R. A., Michailidis, A. A., Kueng, R., & Serbyn, M. (2022). Avoiding barren plateaus using classical shadows.
PRX Quantum, 3(2), 020365.




	Slide 1

