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Adaptive multi-programming mapping based on dynamic partitioning

DIAO Rong', LI Yuhang', SONG Xiaoyu', CHENG Xueyun'’, DING Fei', and GUAN Zhijin"?
(1. School of Artificial Intelligence and Computer Science, Nantong University, Nantong 226019, China;

2. School of Internet of Things Engineering, Wuxi Taihu University, Wuxi 214063, China)

Abstract: Mapping logical quantum circuits onto quantum devices with constrained connectivity and noise is
a critical bottleneck for quantum computing. Executing multiple circuits in parallel on quantum hardware can
increase qubit utilization, but it will also exacerbate mapping complexity. To reduce SWAP gate overhead and
improve fidelity, an adaptive multi-programming mapping approach based on dynamic partitioning is proposed. A
preprocessing mechanism filters out qubits with high error rates from physical connections prior to mapping. A
dynamic partitioning strategy guided by a comprehensive quality metric is employed, and adaptive mapping is
applied to generate high-quality mappings. Experiments on IBM Quantum Toronto achieved an average fidelity of
52.39%, representing a 2.17% improvement over existing methods. Regarding mapping overhead, an average of
26.25 additional CNOT (controlled NOT) gates were inserted, while SWAP gate overhead was reduced by 1.5
CNOT gates compared to other methods. The proposed method provides an optimized solution for multi-
programming mapping, demonstrating the merits of both high fidelity and low mapping overhead.
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end if
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for each circuit ¢ in C do
n «— num_qubits(c);
if n < THRES then//Ab 332 5 LU AT AN T 4 1)
2
Lyest < ExhaustiveSearch(c, P, G);/k& i 3K fig 1%
HHREON T 4 24
MapRse[c] « Lyes;
else
Linit < GreedySeed (c, P, G);//& AU 45 &)
if Linit = null then
MapRes|[c] < False;
else
Loy < Linity// 4T BNV G 7
Lpesy < Linity// e RAF BN IAG
T — To/IWIE AR B
while TerminationCondition(7, L.q) = False
do// AL L 1 ZEAF G ER
for i=1 to ITER do// Al B T i%4R
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AE « Cost(Lyew» W) — Cost(Ley, w)i// 1T 5
e 2
if AE <0 or Random() < exp(—AE/T) then//
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Lewr < Luew! B2 TR
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Lpest < Leurs
end if
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end for
T « cooling(T);// G A F
end while

if not IsValid(Ly.y, G) then//36 i ¥ $h A %% 1k

MapRes|[c] < False;

else
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end if
end if
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end for
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13 aj-ell_165 5 69

14 4gt4-v0_72 6 113

15 sf 276 6 336

16 ham?7_104 7 149

17 C17_204 7 205

18 ex2 227 7 275

19 dnn_n8 8 192

20 ising_model 10 10 90

21 qft_10 10 90

22 sys6-v0 111 10 98

23 sym9_146 12 148

24 rd53_311 13 124

25 hwb4_49 16 107

26 decod24-enable 126 16 149

27 cnt3-5_180 16 215

28 qft_16 16 240

29 cm82a_208 16 283

30 qec9xz _nl7 17 32

2) WG CNOT 14k : AL FR(K SWAP JF
BHTHMEE S . AXSBOCHR (1] 7k, @it
Guit i fE CNOT I, KREMAF T IELE
/> SWAP JF85 77 TH TR .

413 gk

NT AHEVHAS A7, T DU A%
W2 & TREMmE FZHATXIL, XA
SABRE #H [F] ) B i 457732

1D BLS: &t T M2 E TR R,
5 7 PR BILS Xo) (R P 52

2) SABRE": it Jz [y [T 5 A A BT 4
S, FIHE LRSI PE, R IE 170308 7 1) S 2wk
SRR S )3 1 IR e W 55F DA A AR AT) 43 55
o EI, K2R E TR G H VAL
JE AT A B

3) QuMCH: HJ4f S d i P A & T B AR
X S5 GSP Sydm I 4k ¥ 4h B F- 4k i A o
X, QHSP % NI 2 1 £ i O B % B 7 LR i

431X

4) CDAP"™: J&T FN #h DX A ) 50k 4t |2 I
B, A SRR AN RS HE RS, K BT L
I3 NEEMERAIX, RS RSN E T
Eds, JF4% CNOT %5 FF 6 £ 1 ke Ay i 4 X,
DAL AR AT UR B 55
414 HHRE

KTTEW M2 KB4, KR TEIEB R
5 SEaoxt oyt

D WEGAEREENE: L), &4
FERIRE 2 W Na =01, B=0.1, y=08. %M
BEERBHINERME (y=0.8) X AR b
IDCERAE T, FE55 40 R 0 R 75 0 AR PPl 1 o BE 5
W, DARE i vP o AR fE T

2) X EEEENE: L@+, a=06,
b=04, SRR XA &R I LA IR B oI AT E,
[ BT % B 36 244 (14 X 8 B A . DA AT HR o

3) WA BCE S (7)) PRI Ew S
wo MR 28 2% 1132 4 LU AR B F IE B W e o X T8
LeFr Bn<am &%, KA ERE (w =05,
wy=0.5) , {ER] [ (1) R 25 8] H 4T SWAP JH4
H5REE. W T >4, KHZIEBCENLS],
HABHEARE LB CNOT 5, Wk (8) M
3 (9), FRLEARILLIR KO FE A il iR 5 0 B

4) HASCHZH: WAL FE SRR ik &+
PUARE 5 T R R 58 90% (E N IRIME, DAt e 4s
R R I 10% 5y BAGR K S 8 (WIih
BIETo=10, FFiRREN 095, B EIER R
100> Z/NERPLELSLIE KL (Wi 5~20. %
I 241 0.9~0.99, EAREL 50~200) , EAEE
WINIZATH RIS T, fREEFBSMEAN CNOT
MBI M X AR R RS, DR & 2 M T S5
HE.

4.2 SKWERKSH

ARCEFER 2 PRI SR LR BE AT S5, WS I
{REER SWAP [ 114 .

K8 BN T4 T 2kl (ID 1~6) 4T3
TR AR LG, AR BRI R 2=
S, PrEREIREHIME I CNOT 18 & . fEit
% % F, Baseline. SABRE. CDAP f1 QuMC [
V- 351 PSTAH 73 5l N 70.91%. 75.79%- 78.55% Al
79.77%, T A% 3L J7 1 P 38 OR B FE =rI8 83.06%,
77 %l b Baseline. SABRE. CDAP il QuMC & H



o4 1

A%, G AT X2 R LR A G RmAg 637

T 1215% 7.27% 4.51% 1 3.29%, FE TR
f] CDAP 1 QuMC Htf5 1 #27+.

== Baseline == SABRE
—Baseline —SABRE

CDAP == QuMC == Ours
CDAP —QuMC —Ours 20

Average fidelity/%

1,1 1,2 1,3 1,4 1,5 1,6
Test circuit combination

K8 ID 1~6 P&k P~ ER CNOT [T E

The additional number of CNOT gates

G TSGR CNOT [13(&Z K, Baseline.
SABRE. CDAP 1 QuMC [ ~F 14 4 4} 34 in CNOT
1%y 51 9 8.5 (Baseline) fl16 (H4=%) , i
I HFAN 4, % Baseline J§/0 4.5, % SABRE.
CDAP Al QuMC &b 2,

IR 3A E ZIR T T X RO 4 1
LEMR VL RS R A R (VEL 3.1 71D, %R
RE A% 7 R 42 (1 v S8BT ] N 38 173 BT A AT 6 1Y) IR 5
%, IR AR A .

MR SEL T mREE T EImE GEW
219 JERRINE BT, R B, mUEA
IAESR S b, T BB R A P & 7 bRt 2
RN SR S E A

9 BN T Ik (ID 7~12) FEATHATI K
PEREXTLE, W& T PRI AR, FHadsk T A
SNBEINIY CNOT 14 . IG5, i ik
MR E E )5 2% %, Baseline. SABRE. CDAP
1 QuMC ¥ PST 15 73 7l N 18.63%- 16.45%.
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R3 TREIRARRBGERMEREXT LSS
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PST1/%  PST2/%  Addi/™  PST1/%  PST2/%  Addi/t™  PST1/%  PST2/%  Addi/4~  PST1/%  PST2/%  Addi/1
1.1 87.99 85.96 0 85.63 85.86 0 85.45 87.57 0 84.85 88.11 0
1. 2 85.93 80.69 0 85.72 81.14 0 85.16 80.47 0 84.33 80.88 0
1. 3 87.79 77.47 6 84.13 69.92 6 85.79 7274 6 84.53 72.69 6
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