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A conversion method for improving fidelity
of quantum circuits
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Abstract: In actual quantum computing, qubits and quantum operations exhibit different quality
characteristics, which affect the fidelity of quantum computing results. While among the quality
characteristics, the error rate of controlled-NOT (CNOT) quantum gate occupies a major position. This
research proposes a quantum circuit conversion method that not only satisfies the connectivity constraints
but also improves fidelity. The method first finds out the qubit moving path through Floyd algorithm, and
constructs a heuristic function based on the success rate of one or more two-qubit gates on the path, then
select the high-fidelity switching mode in this circuit. Multiple benchmark experiments show that
compared with SabreSwap and StochasticSwap algorithms in IBM Qiskit toolkit, the proposed method
improves the quantum line fidelity by 39.29% and 36.06% respectively.
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Fig. 1  Quantum circuit (a) and it's directed acyclic graph (b)
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Fig. 4 A converted quantum circuit of Fig. 1 Fig. 5 The result of execution of Fig. 4
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Fig. 6 Quantum circuit conversion process
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(1 2 MR b G 4 R BRI, PR TV AE B R I R AE OU R, £E T2 ik SR i g 07 2, TR TR
TFLREE IR . H3E 1 F JL =4 10 R B IR T SabreSwap Al StochasticSwap 77725, e 32 % 5 [A] & HiAh
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Table 1 Fidelity comparison

S Benchmarks S s' s? (S-S5 S (S-8) &
ibmq_belem mod5mils_65.qasm 52.22% 24.82% 28.45% 110.41% 83.54%
3_17_13.qasm 63.85% 29.50% 60.93% 116.44% 4.79%
4gt13_92.qasm 12.72% 16.38% 13.42% -22.38% -5.22%
alu-v0_27.qasm 56.62% 47.83% 45.12% 18.36% 25.49%

alu-vl_28.qasm 39.83% 34.50% 41.45% 15.46% -3.90%
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Continued
B AR Benchmarks S s' s (S-S S (S-8) 8
decod24-v2_43.qasm 41.53% 14.55% 12.15% 185.45% 241.84%
mod5d2_64.qasm 21.05% 18.07% 18.17% 16.51% 15.87%
ibmq_maila mod5mils_65.qasm 53.93% 52.20% 52.82% 3.32% 2.11%
3_17_13.qasm 53.02% 36.92% 49.47% 43.61% 7.18%
4¢t13_92.qasm 21.30% 19.70% 16.08% 8.12% 32.44%
alu-v0_27.qasm 30.80% 39.95% 36.98% -22.90% -16.72%
alu-vl_28.qasm 49.95% 59.18% 56.43% -15.60% -11.49%
decod24-v2_43.qasm 54.53% 31.18% 28.58% 74.88% 90.79%
mod5d2_64.qasm 33.18% 28.03% 24.03% 18.37% 38.07%
avg 39.29% 36.06%
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