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A circuit with single- and multi-qubit gates
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Developed by the company Quantum Benchmark and implemented in True-q software
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Insert Pauli gates around multi-qubit gates
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Compile Pauli gates with single-qubit gates
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• Run quantum circuits on ibmq_toronto
• 27-qubit superconducting QPU
• Online since August 2020
• Access through the cloud using Qiskit
• Code publicly available on our repo

Image Credit: IBM
H. Abraham et al. “Qiskit: An opensource framework for quantum computing,” 2019. DOI 10.5281/zenodo.2562110
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• Encode each binary secret string from 
zero to 2n

• For each one in the binary string, add 
CNOT with control qubit on 
corresponding string location
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Conclusions

Increased noise model detail does not 
correlate with improved accuracy

Noise model performance degrades 
for larger qubit registers



Conclusions
Best characterization method 
depends on the application

Structure, size, context of circuit 
are primary contributing factors



Conclusions KNR could be applied to BV circuits to 
predict QPU performance

No model described all noise present in 
the system

Non-Markovian noise present in CNOT 
gates might be the additional error





Summit Supercomputer
Credit: ORNL

arXiv:2201.02243 

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & 
Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. 

Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.



ᵅ� 1ᵅ� 2
ᵅ� 3

ᵅ� 4

W
id

th

Depth

A circuit with single- and multi-qubit gates

states

pr
ob

ab
ili

ty Experiment

states

pr
ob

ab
ili

ty Simulation

states

pr
ob

ab
ili

ty Ideal

arXiv:2201.02243 



State result index

Number of times state i is measured

Total number of samples

Probability distributions A and B

Low TVD: close, good agreement; minimum zero
High TVD: far, bad agreement; maximum one
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Method Details Time Taken

GST Calculate results 70.13 hours

KNR Simulate noisy RC GHZ circuits 
(2-20 qubits, local)

1.95 hours

EDC Simulate noisy BC GHZ circuits 
(2-18 qubits, local)

33.53 minutes

EDC Simulate noisy BC GHZ circuits 
(19-27 qubits, backend)

21.02 hours

KNR Simulate noisy RC BV circuits 
(4 qubits, local)

1 minute

EDC Simulate noisy BC BV  circuits 
(4 qubits, local)

1 minute

Local calculations: personal laptop with 16 GB RAM and Intel Core i7 processor
Backend calculations: IBM classical computer dedicated to quantum circuit simulations accessed through cloud



Method Details Circuits Time

GST 20094 2.28 hours

KNR (GHZ) Per-gate cycles (20) 10440 17 minutes

RC GHZ 2-20-qubit GHZ circuits compiled into 32 each 608 12 minutes

KNR (BV) Time step cycles (5) 1980 6 minutes

RC BV All 3-bit string encodings compiled into 32 each 256 6 minutes

EDC 27-qubit characterizations 205
11 minutesBC GHZ 2-27-qubit GHZ circuits 26

BC BV All 3-bit string encodings 8

Quantum circuits run on ibmq_toronto during a 12-hour window of reserved computation time FEB 2021


