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A mapping method to improve fidelity of quantum circuits

NIU Yiren, GUAN Zhijin", MA Tianhong, JIN Shengxiang
(College of Information Science and Technology , Nantong University , Nantong Jiangsu 226019, China)

Abstract: The error of the double—qubit gate operation caused by the noise is an important reason
for the reduction of the fidelity of the execution result in the reversible quantum circuit. A strategy for
mapping quantum circuits to noisy quantum computing devices is proposed, so as to improve the success
rate of quantum circuits on quantum computing devices. This strategy first provides a method for finding
the neighbor path of two qubits on a quantum computing device in which the qubits are not fully
connected; since the noise of any two neighbor qubits on the neighbor path is generally different, a
heuristic function is constructed based on the execution success rate of the double—qubit gate on the
nearest neighbor path to estimate the fidelity of the line in the look—ahead window, and the nearest
neighbor method with the highest fidelity is selected according to the cost function. After testing multiple
Benchmarks, the experimental results show that the proposed strategy improves the fidelity of the
quantum circuit by an average of 65.67% and 71.60% respectively compared with the SabreSwap and
BasicSwap methods in Qiskit. The proposed method can improve the fidelity of quantum circuits

Keywords: quantum circuit; mapping; quantum computing device; fidelity; reversible
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(a) visited qubit (one) (b) visited qubit (two) (c) visited qubit (three) (d) visited qubit (four) (e) visited qubit (five)

Fig.5 Find the nearest neighbor path on the connected graph
P 5 iR SR AR e

algorithm 1 find the nearest neighbor path
input:C, T, path, Paths, records, G(V, E)

output:Paths

function GET_PATH(G,C,T)

AdjList <graph[C]; /* get a qubit that can interact with the current qubit */

If records[AdjList[i]] = 0

for AdjList do
If records[AdjList[i]] = 0
path.add(AdjList[i]) /* add the qubit to a nearby path*/
recordsAdjList[i]] «<-1  /* mark that the current qubit has been visited */

if AdjList[i] = T then /* If the current visited qubit is the target bit */

Paths.add(path)

10 GET _PATH(G,C.T); /* call the current algorithm recursively */

o 0 9 N B W N~

11 path.pop(); /* retrace the last visited qubit */

12 records[AdjList[i]] <=0 /* mark that the current qubit has not been visited */
Foni I AdjList 845, WU B — A 5 7 FORAHE 9 M HT i 7 HORE . A parh B, IR IRCE YT E T I &5
B3k, Q2R Y AT VTR A 5 LA HARAL, WK parh BN 3 Paths o 55 10 47 R 8 0 Y AT . 55 1147 R0 12
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Fig.6 Formation process of neighboring paths
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algorithm2

input:the sliding window W, the path set between two qubits pathall
output:the nearest neighbor method of the first gate in the sliding window NNCNOT
Initialize the root RNode
CREATE_TREE(F_W, Node,Pathall)
LNodes <— FLN (RNode) ;/* find the leaf nodes */
SNodes <— Sort(LNodes,B) ; /* sort the leaf nodes */

for i <— 1 to depthcount do
LNodes<— @ ; /* empty the leaf nodes */

1

2

3

4

5 depthcount «—C.size/ Wsize ;
6

7

8 for j <— 1 to SNodes.size do
9

Node <— SNodes[j];
10 E_W-<— Node.leftqc;/* retrieves the unexecuted gate stored in the leaf node*/
11 CREATE_TREE(E_W, Node, Pathall),
12 LNodes<— FLN(Node);,
13 SNodes<— Sort(LNodes,B); /* sort the leaf nodes */

14 NNCNOT<— Uplter(SNodes); /* get the nearest neighbor method of the first gate in the sliding window */

Hikov, B wWERRESNEOTRATTNES, WEETEF WHE W; A4 Node F/m ik 8L H A L1
45 A5 Layer Ko PUAT R W AYEE JLANTT; BREL CREATE TREE F/n M EEM 145 555 BB B FLN Fon S48 48
PRARRE R T 45 55 R AR Sort 22 s AR IR I 145 55 b 59 ESP B9 K BN NFEATHEF S, 2 ESP Bk & BT B A4
Ms AE LNodes 32 m M B IE 125 855 78 B SNodes F/n Xt I B AN F 25 MBS . B 1T RRVIRILRZE S, )
45 5 ESP IH BN 1 58 34T R BB 2 A M 45 SO S B LNodes W5 55 4 15 3R 6 B o HE e AR U5
ESP ({8 K B /N5 B HEF 42 & LNodes " 9 45 i, 3 45 T B v 45 55 SNodes ; 55 8 17 2w DL fie #7 J2 45 13
SNodes ™" ESP $5 i (W R B AT 25 S 7, Ak 28 gl SRR A 1 45 0 38 1447 3R w BLTH 19 1T T $RAT 45
AT AR AR B rp BT 2 00 04 7 45 05 P i B BSP i KB4 a5, 1 B G REEE 12 Mas s, MRS E D8 1A
R A8 T7 . LA il 2k — AN BB Bk 2 i R

Fo@E—1T&Heg . & g & & gL 6 MR EFLE, FIOL)ERWVHI KNS, FWHg . g.
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Fig.9 Selection of neighbor method of the first gate in the sliding window
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algorithm 3 quantum circuit transformation strategy
inpu:quantum circuit C, the sliding window ¥, topology diagram of quantum computing device G(V, E)

output:quantum circuit C' satisfying the connectivity constraint
1 C={}, Pathall={}

2 fori<1toNdo

3 for i <=1 to N do

4 Pathall«— Pathall JGET_PATH(G,N,N)

5  fori<«1to C.size do

6 W<—Cli:i+W.size]

7 NNCNOT«—CREATE_TREE(W, Node, Layer, Pathall)
8 C«—CUNNCNOT

10 AR A B . B 10 Rm Fl sl b w3, 1T g, whg. g, g, (g,
{14 30 40 7 AR 35 XF N S A B ESPAH AR AE 5 ML o, T BT 3 00n , ARZEReah el 1. s Hhs—
TR gy, KRR g BRI, WA 10(b) Bz o 45 132 A B il i TR IL PR AT S8 58, A i 0 2 3
SHEA PR = 0

3 MiKER

it FH 35 v I 3 FH 1) (Benchmarks)!'!, 6 A SC AP 32 28 % 5 Qiskit 1. ELf7 v SabreSwap £l BasicSwap 5. 125 ik 47 X
L2, B SEER I AE IBMQ b i F A R A i R — SR HE R N B 1T .
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Fig.10 Sliding window
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Tablel Fidelity comparison(%)

name benchmarks S s S . (S,,.~S" /S . (S,,~S% /S .
alu-v0_27.qasm 6.17 4.87 2.30 26.71 168.12
alu-v1_28.qasm 5.50 3.03 1.67 81.32 230.00
3_17_13.qasm 20.47 12.97 19.27 57.84 6.23
ibmq_santiago 4gt13_92.qasm 3.43 3.00 1.17 14.44 194.29
decod24-v2_43.qasm 7.70 9.20 10.13 -16.30 -24.01
mod5d2_64.qasm 4.83 3.90 4.47 23.93 8.21
modSmils_65.qasm 4.90 8.07 4.80 -39.26 2.08
alu-v0_27.qasm 50.20 27.50 28.47 82.55 76.35
alu-vl_28.qasm 45.77 17.53 24.40 161.03 87.57
3_17_13.qasm 32.43 22.87 25.57 41.84 26.86
ibmq_qutio 4gt13_92.qasm 16.63 8.03 12.57 107.05 32.36
decod24-v2_43.qasm 29.10 6.10 14.70 377.05 97.96
mod5d2_64.qasm 16.97 18.15 13.03 -6.52 30.18
mod5mils_65.gasm 14.47 13.43 8.70 7.69 66.28
avg 65.67 71.60
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