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Application of Multi-strategy Quantum Sparrow Search Algorithm in NISQ Qubit Mapping
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Abstract: In the noisy intermediate-scale quantum (NISQ) era, due to hardware coupling constraints, CNOT gates often
cannot be executed directly. Additional SWAP gates need to be introduced to map logical qubits to suitable physical
locations for ensuring circuit executability. To reduce the additional overhead caused by SWAP operations during
traditional qubit mapping, this study proposes the multi-strategy quantum sparrow search algorithm (MQSSA) and applies
it to qubit mapping. The qubit linkage count is defined based on the number of non-nearest neighbour (non-NN) CNOT
gates acting on the same qubit pair. Combined with the physical spacing of CNOT gates, a linked quantum gate set is
defined, and a fitness function is constructed based on the qubit linkage count and SWAP gate number. Simultaneously,
the individual with the optimal fitness is defined as the discoverer. A quantum superposition state mechanism is

introduced to equip the discoverer with parallel search capabilities, enabling the simultaneous exploration of multiple
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positions to expand the search space. Furthermore, to avoid falling into local optima, MQSSA introduces Gaussian noise

as a follower position update perturbation mechanism, enhancing the ability to jump out of local optima. Additionally, the

sentinel mechanism is implemented to maintain search diversity. Experimental results demonstrate that within the

tlket)and Qiskit compilers, MQSSA achieves average reductions of 37.5% and 46.6% in SWAP gate counts respectively,

alongside average hardware overhead reductions of 13.3% and 13.2% respectively. This indicates the proposed algorithm

has more efficient performance in qubit mapping, thereby improving the quality of optimization outcomes.

Key words: coupling constraint; qubit mapping; multi-strategy quantum sparrow search algorithm (MQSSA); qubit

linkage count; linked quantum gate set; fitness function; Gaussian noise; perturbation mechanism
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AN 4 51 5 IR 2 9 R L LA B

s v, SRR TR T 2 1 A AR
ST 51 J1, A BT 2 0 B B A, LA U
2 TSP 0 S 3L VAR, 5 R,
FE BN  AK. 7E MQSSA 1, 512 IS AR A T 1
LR DA P B A S T 31 0, A phe s
SR AR AT, 58, R R BIE, RENE At

7R T LRSS R e, BB 0 2 5 4 AR
S R BT AN S, I R R R AR T A
B o T G R B B R AR, 7 S oA
DN 7, o B ST A2, B o
OB, WA S0 R B S XL BB 5
B A (7):

Xnew = Xold + @+ (Xteader — Xold) + 77 N<O’ 0-2) @)
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Fort, Xnew NG HIMMEAL B xoig 91T HIAL
B o NIRRT, AR R IE A B R S R
Xleader N AT RILE BIALE; NO,0%) N —A> Wisi i 7
A TR FE AR A R R RELAS IR, Ros sl n
T T R P A Bl A U DR, R R R R A A
BTk, Ht S At (8):

—r.l1_ F(Icurrent)
n=k (1 F (Tpest) ) ®

Horb, KR REL F Uurrent) NG RIARIIE L, F (Toest)
NI PRI R 4 i g 5 e DA P 22 BE ORI, Y
TR P iR s 2 BRSNS, 9N B

ey TR AN RO R R A A, B TR
IR 2R Z R, b7 RS N I B SR AR A, RIS A A%
T G TG R LA 7 AN R, DARE SR SRR S . i
I IE TN 5], e LA R T A
T CRAE 52 2% 1) 52 7 B 20 3R 48 21 S8 A i i 5 2%
L 2 A 10%, TERFICGEARET B AS B HLIEH,
HA B H = 9):

Xt

Ayt _ oyt
best +'8 'Xi,j Xbest

. fi>fe

X5t = Xt —x! ©)

i,j worst

Xf,ﬁK'[m], fi=fe

Ho, Xoest N AR A R AL E ; BUENID KIEHI S 4L,
HRMISHE R 0, 529 1 FIES D AIBENIALG K € [-1,1]
N BEBLEL f; 0 2 AR A8 AR 1R 3 B BE A f, AT
Foo S I A ) B AR R B 22 (1038 I P A &2 e/
WH, DS BEN R KRR A KR 4L
2.2.3 MQSSA Bk
ZHRMEETREMREEE Ml & 71 E
R B B AL B, B AEALAL NISQ W& L& T
ARG i) 7. MQSSA 45 & & it Bl &1
PERr A B R . FFATH R g B a5
M, PEAE T — b i RO T LR R v 1 Bk
BT 2 LR B L, T HERB B TR ik
B MR IE B B KL, 45 A s TR AT R
WA, B &IAT I R MR T, v DABh A R R
ANRIE 2R T 1), A4 2R B N R S o PR BE it 0
e 0T T B S AL, 1 SR A 2R BE AL, R )R R
R P 29 10% WAMAENE i, T W I Fh i
WEE, P R 2 . B MQSSA BT,

AR R AR 2 MR A L 3 R B AT IR A B B, 2 UKk
IEAUR, MQSSA iZ P s & s LW i U5 %8 A
TR FEARAE RT3 AT MO H s i SRR
AR 3 Fros.

| wEBshETi% |

|
| s, MR |

IR PR DA

20%IR LG RLE

R4 (4)-3(6)
R E

IR (7))

o & S o T BR

s A (9)
B E

o

JE i kA
2 kA

B3 MQSSA #ikmifE K

BB R,

B 1 SRR T R BE S K, TR B &
T4,

IR 20 BET3E N RE B B A A, 0 B B )
AT 20% MATE R R I, H4x 80% MATE MR BE#,
FrEREHLIE BN EE 27 10% METE N E R L

IR 3 SINE TR T, R AT & I,
BATHATIRR, ¥ R R =),

IR A XoF PR e v BT TR B BN, 1 5 R B
B, B3 J=) 35 B

LIS WHRIE . IREEE. ERE i E, W
HWEI5 A, SRR,

LU 6: PR L RS, T, A
PO, 750, 56 205 0% 2 4k sAR.

2 HEMS T IR R E AR AD A B 1.
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Hk . 2R TR R Ak

BN ARG R, UM 7, BB NS, IR ARV
B B R RS, — R ), — BB NN [1{G,.}.

1. Begin

2. Initialize the set of qubit maps 7'= {x}

3. Initialize the set of NN gates for each map, G = {G,}, G« all NN
two-qubit gates for map 7

4. Initialize G, < all non-NN two-qubit gates

5. Initialize population P with N individuals

6. while G, =2 do

7. Select the coupled quantum gate set G, € G, in 7;

8. for iteration = 1 to Max_iterations do

9. Discoverers«Introduce quantum representation to enable
parallel search

10. Followers«<—Apply Gaussian perturbation to enhance search
diversity

11. Scouters«—10% of the population monitors the population
environment to enhance search diversity

12. end

13. Update positions of discoverers, followers, and scouts

14. Z<Find all SWAP gates on qubits in G,

15. Select the best SWAP from Z and add it to z;
16. Update qubit map from z; to 74,

17. Gir1<—Find NN gates in G, for map 7;.,

18. Remove all NN gates from G,

19. end while

20. end

3 SEEG T

T B6AE MQSSA A %k, A SCR I SCk[21]
(& HL B HEAT DR, 1% HE B n] BT X AN [E] 1 = 1 LU AR
PN FOEE R AR AT S 3, & T 2 P& i 2.
T ARAIE MQSSA 7B Ak A e SICHE AT o B3k,
WA R BN 50, EARELE N 100, DUk G A

B MQSSA
60+ o = 2QAN

22 20 18 16 14 12 10 8 6 4
Qubits

TR A Jo /N B KT 5 B ARSI, R B A DR AE &
PRTTSI [B] A RIS AR A

ASCLAR N SWAP M1 CNOT | THIB A N iRAG &
G DEAS TERR M OCEFR bR, XA BUME BN, U BA 4 PR3
AR A R AR, o 1 R R . S5 v AR 37 IBM
i) Qiskit B T, 4T CX/CNOT 14, fdi Fil Qiskit
G PR AR ITEAT A3 AR AK,, FF R FH SCHR[24] 0 ZE AE D7
#%:. MQSSA £ Python 3.11 N2, J7E— G #5% Intel
Core i5 4bFH 2% (2.50 GHz, 8GB RAM) fIZE 10 A Hi i k-
BEATHTA Ja . (6 tket)Zh % 28 (ARAS 0.11.0, HE#E
“FullPass™) A1 Qiskit 4w P52 (A 0.26.2, 4424 5
N 3) HEAT IR, S56 R B A [R) KRR 1) & L B (4-22
B LR BEAT IR, IR AT BN HUBE ) F B B AT S
R, o 234 BB A 45 SRA'E D St 12 e ) PP Al R 94

# MQSSA 5 tlket)Fl Qiskit )4 3 T84 347 %F
b, B 4 F1iE 5 7R T MQSSA 7 IBM _ERJIE T4 .
B 4 FE 5 fros, MHECT tlket) 1 Qiskit, MQSSA
TERRAME SWAP [ 1VRUBUET I R4 7 T ¥ A B
b, BLBEAE & H AR I 1K, AR B 2. A
IS, X T 22 B LR B R L%, SWAP [H1
CNOT TR E L tlket) 73 Al Jk> 43.1% F1 16.7%; AH
bt Qiskit W43 7k /b 68.3% F1 13.3%.

1E tlket)d RS, X1 4-10 MU &7 %, Bt
I SWAP |1 HIHCE T35 43 7l k) 26.4%, CNOT [11#1%k
AT AR 13.8%:; KT 12-22 UK & T HL %, SWAP
['TF1 CNOT [T & &35 43 kb 42.9% F1 13%, L
A% FH JE 4 13 2% 2QAN, SWAP [JHI CNOT [ THI ¥ &
143 HIED 5.8% Al 6.1%, WK 4 Fios.

MQSSA
=3 2QAN
tlket)

CNOT| 1% &

40

B

18 16 14 12 10 8 6 4
Qubits

oL
2220

Kl 4 tket)fRiEas SWAP [TH1 CNOT [ TH44 %} Lk

1E Qiskit Z i 8%, X T 4-10 HURE &7 B, B
n SWAP '] HI % =T34 43 3l k2> 26.9%, CNOT [T/

8

B B/ 13.2%; 4T 12-22 P& T B, SWAP
[ TF1 CNOT [T 3R89 50 5 R % 61.8% #113.3%, 5
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JH 4 P 2% 2QAN AHLEL, SWAP [JH1 CNOT [T 3 EF

140
E= MQSSA
120 & E= 2QAN
I8 100 | = tket)
B
— 80+t
=
60 |
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40
o L0

o L SHERY
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Qubits

5T % 8.8% F11 9.7%, tnE 5 Ffizs.

CNOT[ 1% &
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22 20 18 16 14 12 10 8 6 4
Qubits

K5 Qiskit 4mi¥5% SWAP [ JH1 CNOT [ 8% H

7E t|ket) Al Qiskit 4w i #% 1, 2QAN [ il SWAP
[T I MQSSA £, 22 K4 2QAN 1 4b 21 Bt
] BRI, R 784 2% FE T LR TR R S M AR AL X T
W3 1A PE AH 55 19 non-NN ], 2QAN B2 {5 ] T 47 b
LI R AL 3, X 5 805 8250 40 & 7 11 i 1) 8 0 s
K, T 75 B 5] NE 22 SWAP [ K 43 HL 1% 1) 7] Bk
TPk
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’5 25
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AL H I

100
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80 \\ —&—CSOS
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5
Z 40
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HE 5 E T IR s, A R R s il
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f AL, BARAEID R SWAP FF4Y, (B AR 784> % &
T PRI BN BSOS F AR AL (1 R IR HQAA 2

BUR BT A B & 7 LR 2 FL S, 7R b i
W OCVE R R AME B, AR R, 5 5 R 2R
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T HL R AT BT (R R Ak, B AR ER R AR TR 3R 2
JE7R T 2QAN 5 MQSSA 7 tlket) Al Qiskit 2 % 2%t i)
SIS AT IR (A0 Ll 45 SR B A 1 bR AR 1 3G, B
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