Evaluating Performance of Quantum Computers
with Cycle Benchmarking
Megan Dahlhauser1,2, Travis Humble1,2
1Bredesen Center

for Interdisciplinary Research and Graduate Education at the University of Tennessee, Knoxville;
2Quantum Science Center, Oak Ridge National Laboratory

EXPERIMENT PROCEDURE

CYCLE BENCHMARKING
Cycle benchmarking (CB) is a protocol for estimating the
process fidelity of a clock cycle of operations on a quantum
register.
The process fidelity provides an estimate of the effect of all
global and local error mechanisms on the clock cycle.
Protocol: Green gates indicate a change of basis, blue gates
indicate Pauli twirling gates, and the red gate indicates the
noisy process of interest. The grey box is repeated 𝑚 times.

IBM “toronto” QPU: a 27-qubit processor of which we use
20 qubits, with layout shown below.
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The results of the wider cycle are only predicted by the
results of the smaller cycles for the A3 cycle. This most likely
indicates that there are additional noise processes present
in the larger cycle that are not observed in the smaller
cycles.

13

2

3

𝑞1
𝑞2
𝑞3

17

6

CYCLE BENCHMARKING RESULTS

5

8

11

14

9

20

True-Q software: developed by Quantum Benchmark to
generate CB and RC results.
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RC: Pauli twirling to compile GHZ-state preparation circuits
into 32 logically-equivalent circuits. Results from these
circuits are combined to represent the RC circuit output.

The estimated process fidelity is calculated by averaging
overlap over a collection of these circuits constructed for a
set of basis changes (n-qubit Pauli matrices; green):
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RANDOMIZED COMPILING
Randomized compiling (RC) transforms a quantum circuit by
injecting twirling gates around ‘hard’ gates, which are
expected to have high error rates.
Twirling gates convert the noise processes experienced by
the hard gate to a stochastic channel.
The results of cycle benchmarking provide estimates of
performance for randomly compiled circuits.
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Cycles: different counts of CNOT gates used in the GHZ
circuits to estimate their process fidelities.
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RANDOMIZED COMPILING RESULTS
We execute RC GHZ circuits and uncompiled GHZ circuits
on toronto.
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