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BENCHMARKING QUANTUM COMPUTATION IS USEFUL
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Kim, Y., Eddins, A., Anand, S. et al. Evidence for the utility of quantum
computing before fault tolerance, Nature 618, 500-505 (2023)
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Quantum computers can now run interesting programs, but each processor’s capability—the set of programs that it can run suc-
cessfully—is limited by hardware errors. These errors can be complicated, making it difficult to accurately predict a processor's
capability. Benchmarks can be used to measure capability directly, but current benchmarks have limited flexibility and scale
poorly to many-qubit processors. We show how to construct scalable, efficiently verifiable benchmarks based on any program
by using a technique that we call circuit mirroring. With it, we construct two flexible, scalable volumetric benchmarks based on
randomized and periodically ordered programs. We use these benchmarks to map out the capabilities of twelve publicly avail-
able processors, and to measure the impact of program structure on each one. We find that standard error metrics are poor
predictors of whether a program will run successfully on today’s hardware, and that current processors vary widely in their
sensitivity to program structure.
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We test the performance
on a specific task: estimating
local observables



Average-computation
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1) The averaging procedure retains information about the original unitary
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Average-computation benchmarking strategy:
- involves running circuits of same layout/size/complexity
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OUTLOOK

Average-computation benchmarking strategy:
- involves running circuits of same layout/size/complexity

Connection between benchmarking and classical simulation of open

system dynamics.
Can we export it to other simulation methods?

- Simulation of noisy circuits
- Pauli path
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Define an averaging strategy such that the resulting channel is 4-way
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Define an averaging strategy such that the resulting channel is 4-way
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Define an averaging strategy such that the resulting channel is 4-way
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Define an averaging strategy such that the resulting channel is 4-way
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