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Simulation of the operation of one section of the superconducting magnet

Solving intelligent control problems using soft and quantum computing
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Tools for creating and debugging quantum algorithms

Flexibility and
scalability

Availability and
low cost

Ease of debugging
and testing
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No dependency on
physical condition

v' Multithreading.
v" Distributed computing.

v Work on 2 types of classical computing architectures (CPU, GPU).

on classical computers
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Limited accuracy and
realistic modeling
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Limited possibilities
for modeling complex
quantum effects and

noise

v" Multiple servers or multiple GPUs on the same server.
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éWide functionality and features.\

& Good documentation and
community.

® Integration with various
frameworks and devices.

® The possibility of hybrid classical-

quantum computing.
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Supercomputer
«Govorun»

€5 Qiskit

Simulators on classical architecture using CPU and GPU

The dimension of the state vector grovh

exponentially with the increase in the
number of qubits, therefore, due to memory
limitations, the quantum circuit 1s limited to
38 qubits on the CPU and 31 qubits on 1
GPU and 34 qubits on 8 GPU. However,
despite the CPU's ability to simulate a larger
number of qubits on the existing
infrastructure, the simulation speed on the

GPU on all simulators is several times
i - \higher than the simulation speed on the CPy

CPU GPU
38 qubits 34 qubits

( With an increase in the numbeh
of qubits, the speed difference
becomes more noticeable with

(

WV PENNYLANE

The limiting computational capabilities for the supercomputer «Govorun» are revealed by
the example of modeling quantum algorithms (quantum Fourier transform, quantum phase

an increase in the number of

GPUs (from 1.5 (1 GPU) to
\ 3.76 times (4 GPU)) )
\

1 QuEST estimation, Grover's algorithm, test synthetic algorithm, VQE) using a different class of
¢ qsim (UANTUN quantum implementation schemes for the following quantum simulators: QuEST, Qiskit,
\ / \_ CuQuantum, PennyLane. )
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Quantum fuzzy inference for a quantum fuzzy controller
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Using different knowledge bases
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Using different types of
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The intellectual state according to
the maximum of the probability
amplitude

\_
-

\_

J
N

The output result is a generalized
robust control signal
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Quantum Fuzzy Inference (QFI)
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maximum amplitude
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Quantum Fuzzy Inference (Steps)
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first controller
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Scaling solutions

Gain factors for the first controller
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Summary

@ The capabilities of the SC «Govorun» infrastructure make 1t possible to
simulate the operation of several sections of a superconducting magnet using
quantum simulators on a classical architecture.

& The results of searching for one sensitivity coefficient using the
quantitative fuzzy inference algorithm on PennyLane for a section match the
previously obtained results on another simulation within the margin of error.

The scaling of the problem of searching for gain coefficients using the
algorithm of quantum fuzzy inference for two sections of the SP magnet has
been performed.
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cuQuantum

Qiskit & QUEST & cuQuantum
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