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Reliability-oriented nearest neighbor synthesis of CNOT
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Abstract: In noisy intermediate-scale quantum (NISQ) devices, the reliability of quantum circuits is
affected by quantum noise. In order to realize the efficient and reliable execution of controlled-NOT
(CNOT) quantum circuit on a quantum chip, a cost measurement method for calculating the minimum
Steiner noise path length is presented, taking the interaction error rate of adjacent qubits as the weight.
Then based on this method, a noise-aware nearest neighbor synthesis algorithm for CNOT quantum
circuits is proposed. The experimental results show that, compared with the existing methods, the
proposed algorithm can effectively reduce the number of CNOT gates used in the synthesis process on the
premise of ensuring the reliability of the circuit. The average optimization rate of CNOT gate cost reaches

27.7%, and the optimization rate of 200-gate CNOT quantum circuits reaches 93.79%.
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Table 1 Boolean matrix representation of a CNOT gate
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Table 2 Calibration data of ibmq_5_yorktown

Qubit T,/us T,/us Single-qubit Pauli-X error CNOT error
Q0 41.17 22.74 226x107° 0_2:4.18x107%0_1:1.123 x 107>
Q1 67.13 25.99 1.23x107° 1_2:1.018x 1072 1_0:1.123x 10>
2 4:1.463x107%2_3:1.118x10%2_1:1.018 x 10°%;
Q2 71.89 69.81 496x10™
2_0:4.18x 107

Q3 46.73 29.12 4.11x10™* 3.4:1.429x107%3_2:1.118x 107
Q4 54.5 41.67 6.53x 107" 4 2:1.463x 107 4_3:1.429x 10
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Fig.3 ibmq_5_yorktown architecture
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Fig.5 An example of Steiner-tree elimination. (a) Elimination of the first column of a Boolean matrix;

(b) Eliminates qubit 3 and 4 with Steiner-Tree
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Table 3 The nearest neighbor synthesis process of CNOT quantum circuits

No. Boolean matrix Elimination processes
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Table 4 Comparison of noise path length

Min noise path length

NO. Size Reductionl Imp1/%
HA NASR

1 2 0.0296 0.0370 -0.0074 -25.11
2 4 0.0577 0.0676 -0.0098 -17.03
3 5 0.0591 0.0786 -0.0196 -33.10
4 8 0.0937 0.1270 -0.0333 -35.60
5 10 0.1097 0.1348 -0.0251 -22.88
6 15 0.1822 0.1518 0.0304 16.68
7 20 0.2246 0.1749 0.0497 22.11
8 30 0.3213 0.1415 0.1798 55.96
9 40 0.4339 0.1593 0.2746 63.29
10 80 0.9204 0.1476 0.7727 83.96
11 100 1.1793 0.1752 1.0041 85.14
12 200 2.3505 0.1622 2.1883 93.10

P 5 NE T RS T B BT A8 CONT [ 100 tegh 3, HoH Adjacent CNOT gate counts 2R EEZE A 7
ZLH) T 48 CNOT [ 131, Reduction2 37~ NASR J7 2 AHX T HA J7 7%k /b 1) CNOT [ 1%k, Imp2 24 CNOT [ 1%k
A LR34 M S M SEIR Bl 7T U B, 5 SRR (14177 A0 EE, AT 78 B NASR 77 23l i i 58 /)
Steiner M BRAT T, R 8 T AR LG I R W REIR/NE R, 4 1 B T2 IS AT 45 R IE#R I, 7ERIEZL
BTSRRI T, J> TR TR SR A I CNOT 8 . 12 R0 190 7 R sl 1 Ak, P 3y
27.7%. =5 CNOT 12 1 1140 £ 200 I, T K5 94%

Kl 6 s FI NASR 7735 SCHR [14] 177 V548 [7] — 1R R 544 b 1) AH 7] CNOT & 26 2% 55 I 1T 48 B 75 1)
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Table 5 Comparison of adjacent CNOT gate counts

Adjacent CNOT gate counts

NO. Size HA NASR Reduction2 Imp2/%
1 2 1.65 1.9 -0.25 -15.15
2 4 3.15 3.35 -0.20 -6.35
3 5 3.3 4.05 -0.75 -22.73
4 8 4.65 6.25 -1.60 -34.41
5 10 5.7 6.8 -1.10 -19.30
6 15 9.3 7.7 1.60 17.20
7 20 11.7 8.75 2.95 25.21
8 30 16.8 7.15 9.65 57.44
9 40 23.1 8.1 15.00 64.94
10 80 50.25 7.25 43.00 85.57
11 100 64.8 8.95 55.85 86.19
12 200 130.35 8.1 122.25 93.79
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Z 105
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g 70 643
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% 35
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Les 1o 315335 33 405 465625 57 68 93 77 W7g7s 715 8.1 725 8.95 8.1
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Fig. 6 Comparison of CNOT gate cost
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