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A computer-aided-design methodology for quantum circuit
mapping based on stochastic optimization model
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Abstract: The limited connectivity between physical qubits is one of the most important constraints for
noisy intermediate-scale quantum (NISQ) computing devices. Quantum circuit mapping makes all qubits
in quantum circuits exchange mutually by inserting SWAP gates to satisfy the restricted connectivity
constraints of physical devices. In a noisy computing environment, reducing the number of inserted
SWAP gates is of great significance to improve the success rate of quantum computing. In order to
minimize the number of SWAP gates, a heuristic quantum circuit mapping algorithm is proposed, and
then based on the heuristic algorithm and the random search technology, a multi-iterative stochastic

optimization model for quantum circuit mapping is proposed. The experimental results show that the
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method can greatly reduce the number of quantum gates inserted during the quantum circuit mapping

process, and effectively reduce the dependence of the resulting physical circuit on the initial mapping.

Key words: quantum computing; quantum circuit mapping; noisy intermediate-scale quantum computing;

limited connectivity; stochastic optimization
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Fig. 3 Quantum circuit (a) and its quantum gate dependency graph (b)
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Fig. 4  Physical qubit coupling diagram (a) and physical quantum circuit (b)
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end if
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Fig.5 Optimization Effect of the Multiple Tterative Method
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Table2 Comparison of experimental results on IBM Q Tokyo

Inserted by this

Inserted Inserted Comparison )
Circuit name Blementery  CNOT by reference by refer- research Ru.nmng
Gate gate time/s
[16] ence [11] Mini- Max- with refer-  with refer-
mum mum ence [16] ence [11]
4mod5-vl_22 21 11 0 0 0 0 0/0 0/0 292
mod5Smils_65 35 16 0 0 0 0 0/0 0/0 6.49
alu-v0_27 36 17 3 6 3 3 0.00% 50.00% 6.42
decod24-v2_43 52 38 0 0 0 3 0/0 0/0 5.28
4gt13_92 66 30 0 0 0 0 0/0 0/0 6.83
ising_model_10 480 90 0 0 0 0 0/0 0/0 15.92
ising_model_13 633 120 0 0 0 0 0/0 0/0 19.82
ising_model_16 786 150 0 0 0 0 0/0 0/0 29.36
qft_10 200 90 54 36 27 30 50.00% 25.00% 39.27
qft_13 403 156 93 - 63 72 32.26% - 94.28
qft_16 512 240 186 135 126 135 32.26% 6.67% 175.52
qft_20 970 380 372 - 267 273 28.23% - 331.15
rd84_142 343 154 105 102 84 93 20.00% 17.65% 101.53
adr4_197 3439 1498 1614 711 651 690 59.67% 8.44% 634.53
radd_250 3213 1405 1275 729 687 726 46.12% 5.76% 600.99
z4_268 3073 1343 1365 546 507 546 62.86% 7.14% 478.22
symo6_145 3 888 1701 1272 744 534 573 58.02% 28.23% 477.73
misex1_241 4 813 2 100 1521 921 720 744 52.66% 21.82% 726.98
rd73_252 5321 2319 2133 1125 1089 1164 48.95% 3.20% 749.28
cyclel0_2_110 6 050 2 648 2622 1038 1023 1104 60.98% 1.45% 908.46
square_root_7 7630 3089 2598 1353 801 864 69.17% 40.80%  1231.32
sqn_258 10223 4459 4344 1953 2184 22717 49.72% -11.83%  1485.98
rd84_253 13 658 5960 6 147 3198 3087 3186 49.78% 347% 209592
col4_215 17 936 7 840 8982 4356 3702 3804 58.78% 15.01% 3 178.34
sym9_193 34 881 15232 16 653 6123 8 460 8 670 49.20% -38.17%  >3600
9symml_195 34 881 15232 17 268 6036 8652 9249 49.90% -43.34%  >3600
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