Simulating Quantum Computers on

Forschungszentrum

9 JULICH

Supercomputers

Madita Willsch'?, Dennis Willsch?, Fengping Jin!, Hans De Raedt!?, Kristel Michielsen!24

L Institute for Advanced Simulation, Jiilich Supercomputing Centre, Forschungszentrum Jiilich, 52425 Jiilich, Germany
2AIDAS, 52425 Jiilich, Germany
3 Lernike Institute for Advanced Materials, University of Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands
*RWTH Aachen University, 52056 Aachen, Germany

Practical Aspects of Quantum Computer Simulations
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Fig. 2: Performance benchmark of » High-performance quantum computer simulator; very good scaling

JUQCS on JUWELS Booster [4]. . .
Weak scaling (left): The number of Study quantum algorithms, e.g. QAOA [4]:

GPUs is doubled with each added e Initialize variational parameters according to discretized quantum annealing schedule (AQA [4])

qubit. Strong scaling (middle and 2> Scaling with system size depends on choice of discretization parameters (but still exponential)
right): Number of qubits is constant

o e Optimize variational parameters for a “small” instance and reuse
but number of GPUs is increased.

e Optimize variational parameters for each instance (standard QAOA) — costly, and optimization can get stuck
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Fig. 3: Performance benchmark of JUQAS.
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» Can compare ideal QA to existing quantum
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2> Depending on problem instance, results
can be very different
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