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Fig.1 Framework diagram of the qubit mapping method

Bk 1 IR A Rk
WA HTHEC AR CG.EEETILRES Q. 12. forq in Q:

WHETILRESV 13. if ¢ in temp_map://q JE T LLH
Bl N 2)E BRI IR WL map 14. continue
1.g<inter_graph(C) // ¥ #32 H & 15. for p in OccCand://p AP & T LLFF
2.ma p=<big_submapping(CG,g)//F K ILE 16. temp_map<—CompletMapping(map ,q,p)
3.if lenGma p)<<len(Q) : 17. T.,<C_W(emp_map,TLG,C,V,S,y)
4. temp_map<-map2temp(map ,V) 18. if T,<W.
5. UnOcc<-initUnoccupiedQubits() 19. W<T.,//BH W
6. Occ<initOccupiedQubits() 20. candidate_map<{q:p}/ /50 H 24 Ay wlt 5
7. if not Occ: 21. map.update(candidate_map) // 5 H map
8. OccCand=<—AllPhysicalQubits ) 22. return map
9. else: 23.else:
10. OccCand=<findNearbyUnQubits(Occ, UnOcc,2) 24. return map

11. W=—max_num
W84 HiE - LR 58 B S 7 43 BCJS 5 AR 5 9 26 B I BF B S 48 it 1) W 38R 8 I AU L 32 4 A e

/N B S5 Ty SRR
W<f>_27 X 2 deo (q+q' ) (07 < 1un =0, (D

(g+q" YES;

Horr, o FoR Y Hr L yi'éfofREI? BT 58 7B AR TR S, FR M B E )2 (gD
FR CNOT [T.q HEEGIEF . b EARE T R d R /0BT BTG 5 1w 204 2 3 4% 1
I B 22 AL
22 EFLESMETH

TE i F URE WU i R oh  FE PP ST SWAP [ 146 A#RAEXT 5 e i+ 1T PUAT R SE I B, J5 2 1124
R Ry IS RS O B, 06 B 5 3 ) T S VR B Tt L B e R PRUA T 85 R 2 DG R T A N e D I T AR
PRI (2) PR

it+f
S, g =2d[g]+wx (D) Didle, D (2)

gEeL; j=i g€L;

Hop, S ®mzgihg, Mg, 5. 0rA &1 TG B G B a6 F B bR i e 22 8] 09 5 B AR . ¢ R
HFI.CC Rn FREMAE o FREWHA T, f FoRaTHEHRE.

AR AR H — o 3 T AR LR KA A A O A R T O T e B A Al A AR M A R R A
SWAP TR A K B o0 1A LB DR kB 56 5 2 50, 4 45 8 4R R B L 2K 1k 38 13 R g AR VR B TR) s A i A0 435
T RS VS R R 2 Uk PR A P ) 400 i 1 B R SRR bR BV SR A A A B A 35 b L DA A 2> SWAP 18K
SRR R T R 2 A R T R R T L e A A i R v e X 2 A i ML B0 A R G e R DR
K B Metropolis 1 ] He 5 %Eﬁé%%ﬁiﬁié@%,ﬂu%%ﬁﬁﬁﬂgﬁiﬂiﬁﬁ?%ﬁﬁ%,mﬂiﬁ%4¢?%§,ﬁnﬁ%%ﬁﬁﬁéﬁ

=52, DT 3 B B A Jr) 36 e (10 A% T 5 L L 114 320 3 e A oo dL B B )

AR 22 U DAHE R exp(



146 T IR IL K FIRCA RAF RO 2026 4

2SR AR DR ) B fige 25 18] AR B B 3R A JR B 0I0 A LIOKS 40 18] 2 fige 1) Jo 82, DT 7 48 R 5 MR Bl 1) 3k 51
i 3 SE AL AL BARGE P RN 2 P,
Bk 2 WORE Lk

AN BEARREL iter HIURIRSE T, L ILIRE T, ATHE 8. fnew s Whew < generate_new( f; yw; )

W [T w 9. S new <S core (Waew 3 f new )
Btk A B S A , S—S..
LT<T, 10. if §p00 =5 or exp( ) >random() :
2. f<—generateSequence() 11. Si< fuew
3.w=<generateRandomNumbers() 12. Wi <" Whew
4.iter<—setlterationNumber() 13, T<axT
S5.while T>T, . 14.s,, < findBestScore( f s w)
6. for i in range(iter): 15.return s,
7. $<Seore (ws [

3 ZWHH

FIGF- 6 A IBM Q20 Tokyo &t FALHLEHAE N B AR 52961 & % 5k 3047 PP A0 R o Bir A #3002
X R Y 5 LA g o) 2 4 1 0 3L i -6 2 1) A A T 1) R A CNOT T4 AE.

FEVEDAR SR i 4R B S ME DI 48 RevLib™ ™ Fl IBM qiskit™ i 35 43 ik 2R B, Hy LA i T/ 41
B3 IBM R AT B QASM B8 5 dhAT S B
3.1 EFLLEiam gt iEse o0

PRAT S LU AR WS 5k 2 DG T X L A SR 2 4 SR 1 BIF 5 R0 s SR A 1 OG TR R D AR T
93 5y WS 2 Wb 255 M e 28 W SRR AU A SR — R R T R R A IR SRR 4 1 ) T S 2R BB L g
55 QIAN S5V 1 4] Uy i S8 2 R0 R AT XE B e 7 o B 3k A S R i i 43 A S IBM Q F B Y
BasicSwap % H 3 1 StochasticSwap I H 5B 15 i % A . BasicSwap % H 8.1 #1 StochasticSwap % 1 8203
TAE 45 8 W) U WS A Bl b S [ SWAP 1145 A SR 22E 47 it 555 A5 8 4] 4y B S 8 % L A B SR 2% S1
JR 56 1 3 3ROR FE K 44 FR L 56 2 9 R it L b i - LU RRAL B 5B 3 B ROR L TP T R B R
4 525 6 5K IRTE BasicSwap 535 T W Fl0) If WS 5 25 O 0T HE 45 2R, TWP SRR SR T SCHR [ 11 15 v 7 24
A SWAP 15U, Ours T R AR CH LT EH AN SWAP ['J8& , Discrepancy 78 SWAP [ 5 11) [&
IR HE AR 7 1 =50 9 3 W) 6 7 W 4] B it 55 05 36 7E. StochasticSwap % fi 53036 T B9 G 45 .48 10 51 e
11 5143530 e 7= SCHRL 11 JRIAS S5 2k Az JA) s W S5 1) Bk (1]

S 48 ML W AR SR M T G B S AR BT SR AR B0 TR IS T SWAP [T A B Dy T M B AR L 3
F IBM Q ¥ A BasicSwap B H1 83 Fl StochasticSwap %l 8 2 F X0 1.65 % 1 3.73%. HLAEKR
2R L B b, AR SO VR AR LR G B S 4 B ) BN T SCHRC1L ] el 3R S8 WI A, AR SO B A A B S
A AEAE AL B modSmils_65 JEHENNKET , SWAP |14 B AR L 2235 5] 100 %0, B A IR &4 1) 1 171,
R AE T AE4H FH big_submapping BRE T FR I itk A F B 1 & v, 32 58 i LR RS E DL C T RS A R i B
P T HORRO B 45 modSmils_65 Hedf il i v i Ir A dE - 1) #4068 0% L2 06 A2 BB R PAT A5 A T R AT B
SRR L ) B ol S 5 2R B A e A WS AR IR 25 R (g0 g0 00 g g b Q1 0 Qs s Qe Q1 s QWA LG U5 ¥R FE
FH T R A A0 PN L 38 o i KL% 58 L 5 4 B LG R A D 0 R A O T R BB A 1 R AUA T ok i A 4
JR B LR A  TEAL B rd84 253 FEMEIN G A SOy B WIS AT I [R] Ry 2.06 s, AHEC T SCHER[ 11 JAY 3.14 s, I
V) ok 20> A oy Y S D PR R f o 1 B 22 A PR AR 2N B L SCRRC 1L BT R A IR T B A =
T 1V FN A8 L B rh R A% 30 Y B A B 5 D R B 1) A O R R — A5 AT A E RO i B R A
AE T R B R Bl it - 11 91 A I 33 5 21 P vy S 800 W5 T R 00 3 . AR S ki ok i big_sub-
mapping PR, ELIEAE B FRE G 18] 4R 5 B IR R B K A - BT, kB T R 4 ) I A R 98— AR, DT
T b 5 A= ) G e S



% 2 X H LKL EARAR S LR B T AN A S B AR AL T EAF R 147

3.2 SWAP [1#ixttt

T SE ] IBM Q20 Tokyo f 74 BEAFRE AS SCHE HY Y 1 HE AR B G 5 1 15 SCHR 10, 12 TR 2 1 Y 28 i AR
FVEF VL SABRE Al QMAP BT AN [R] KU H B HEAT X L 23 B, 88 4 S 45 R an sk 1 FoR 565 1 4 3R7R S
WAFR LSS 2 P3RBT i LR AR B 3 91 SRR L R B T B B 4 S A 6 41 03 Bl ROR
FIH SABRE.QMAP LA KA SC 7 15 HEAT W S A2 0 6] 85 ZEAS i) SWAP T8, 55 7 9IRS 8 51 73 il 3Ron 5
SABRE Fll QMAP B3 X} Lt SWAP [THUE A9 FEAR LK.

%® 1 5 SABRE.QMAP 7k i) 2 F i B S SU R 3T LE
Tab. 1 Comparison of quantum circuit mapping effect with SABRE and QMAP method

Circuit NUM GATE SABRE(g;) QMAP(g;) Ours(gs) Discrepancyl((g1—g3)/g1)/% Discrepancy2((g,—g3)/g2)/%
4modb5-vl_22 5 21 0 1 0 0.00 100
mod5mils_65 ) 35 0 6 0 0.00 100
decod24-v2_43 4 34 0 6 0 0.00 100

4gt13_92 5 66 0 18 0 0.00 100
ising_ model_10 10 480 0 3 0 0.00 100
ising_model 13 13 633 0 10 0 0.00 100
ising_model_16 16 786 0 24 0 0.00 100

rd84_142 15 343 25 45 25 28.57 44,44

radd_250 13 3213 425 432 358 15.76 17.13

z4_268 11 3073 455 382 331 27.25 13.35

cyclel0_2_110 12 6 050 874 812 770 11.90 5.17
sym6_145 7 3 888 424 582 268 36.80 53.95
adr4d_197 13 3 439 547 464 278 48.32 40.09
rd73_252 10 5321 711 731 631 11.25 13.68

square_root_7 15 7 630 866 822 825 4.73 —0.36

misex]1_241 15 4 813 507 648 329 35.11 49.23

sqn_258 10 10 223 1448 1389 1186 18.09 14.61

rd84_253 12 13 658 2 049 1921 1509 26.35 21.45

sym9_193 10 34 881 5551 5 050 3935 29.11 22.08

cold_215 15 17 936 2 994 2928 2 817 5.91 3.79

9symml_195 11 34 881 5 756 5 050 5121 11.03 —1.41

average 18.77 13.79
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Tab. 2 Comparison of quantum circuit mapping effect with PQA method

Circuit NUM GATE PQA(g1) Ours(g2) Discrepancy((g1—g2)/g1)/%
3713 3 36 54 36 33.33
449 16 5 217 358 268 25.14
4gtd-v0_73 6 395 647 551 14.84
4gi5 77 5 131 203 140 31.03
4gt10-v1_81 5 148 247 190 23.08
1gtll 82 5 27 32 30 6.25
4gtl1_84 5 18 32 18 43.75
4gt12-v0_86 6 251 404 260 35.64
4gtl2-v1_89 6 228 381 336 11.81
4gt13_90 5 107 173 116 32,95
4gt13-v1_93 5 68 104 68 34.62
4mod5-bdd_287 7 70 112 88 21.43
4mod5-v0_18 5 69 114 78 31.58
4mod5-vl_23 5 69 120 81 32.50
4mod7-v0_94 5 162 261 174 33.33
4mod7-v1_96 5 164 260 206 20.77
aj-ell_165 5 151 247 169 31.58
alu-bdd_288 7 84 141 111 21.28
alu-v0_26 5 84 129 108 16.28
alu-vl_29 5 37 58 46 20.69
average 24.60
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Epidemiology and intervention strategies for chikungunya fever

Wang Jianhua, Zhang Shuang

(State Key Laboratory of Antiviral Drugs, Henan Normal University, Xinxiang 453007, China)

Abstract: Chikungunya fever is an acute viral infectious disease caused by the chikungunya virus(CHIKV). This disease
is primarily transmitted through the bite of Aedes mosquitoes. The disease is currently endemic in over 119 countries across the
Americas, Asia, and Africa. As of August 2025, over 270 000 cases have been reported globally, posing a significant threat to
public health worldwide. The disease is spreading across southern China, with Guangzhou reporting 4 014 confirmed cases in
2025. This paper briefly reviews the epidemiological characteristics. pathogenesis. diagnostic methods, and treatment strate-

gies for chikungunya virus., aiming to promote effective prevention and control of chikungunya fever.

Keywords: chikungunya fever; chikungunya virus; epidemiology; clinical manifestations; prophylaxis and therapy
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Research on qubit mapping completion and dynamic optimization

methods with nearest-neighbor coupling constraints

Liu Hui', Yang Hanxiao', Li Wenze', Zhao Bo*, Nie Kai*, Zhang Bingjie'

(1. College of Computer and Information Engineering(School of Artifical Inteligence) ; Key Laboratory of Artificial Intelligence and
Personalized Learning in Education of Henan Province, Henan Normal University, Xinxiang 453007, China; 2. School of
Cybersecurity, Information Engineering University, Zhengzhou 450002, China; 3. National Supercomputing

Center in Zhengzhou, Zhengzhou University, Zhengzhou 450001, China)

Abstract: To address the issue that most quantum algorithms cannot be directly executed on Noisy Intermediate-Scale
Quantum(NISQ) devices due to limited qubit nearest-neighbor restriction, and that the introduction of SWAP gates through
dynamic remapping reduces algorithm fidelity, an efficient qubit mapping method is proposed. First, the method performs the
initial mapping allocation based on the principle of graph isomorphism and a mapping completion strategy. This step aims to
satisfy the qubit connectivity requirements while reducing the number of SWAP gate insertions required for subsequent mapping
transformations. Second, we enhance the heuristic cost function used during mapping transformation. By harnessing the fast
convergence and adaptive nature of the simulated annealing algorithm, our method dynamically determines the optimal look-a-
head depth and decay factor for the quantum circuit, enabling the dynamic computation of the optimal cost. Experimental
results show the superior performance of the proposed method over existing ones, achieving a substantial reduction in SWAP
gate insertions. This reduction directly leads to improved execution efficiency and higher fidelity for quantum algorithms on
NISQ devices.

Keywords: nearest-neighbor restriction; qubit mapping; mapping completion; simulated annealing
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Tab. S1 Comparison of initial mapping performance
BasicSwap StochasticSwap Time/s
Circuit NUM GATE

TWP  Ours  Discrepancy/%  TWP  Ours  Discrepancy/%  TWP  Ours
4mod5-vl_22 5 21 5 0 100.00 8 0 100.00 0.06 0.06
mod5mils_65 5 35 14 0 100.00 18 0 100.00 0.06 0.04
decod24-v2_43 4 52 2 0 100.00 15 0 100.00 0.05 0.05
4gt13_92 5 66 9 0 100.00 14 0 100.00 0.05 0.05
ising_model_10 10 480 24 0 100.00 40 0 100.00 0.11 0.11
ising_model_13 13 633 35 0 100.00 82 0 100.00 0.12 0.12
ising_model 16 16 786 48 0 100.00 73 0 100.00 0.17 0.15
rd84_142 15 343 69 69 0.00 137 123 10.22 0.9 0.2
adrd_197 13 3 439 697 697 0.00 1106 996 9.95 0.76 0.59
radd_250 13 3213 669 669 0.00 1028 994 3.31 0.76 0.56
z4_268 11 3073 550 550 0.00 1073 908 15.38 0.7 0.49
sym6_145 14 3 888 896 856 4.46 1165 1047 10.13 0.59 0.59
misex1_241 15 4 813 710 710 0.00 1649 1314 20.32 1.01 0.99
rd73_252 10 5321 296 1076 16.98 1728 1692 2.08 1.01 0.94
cyclel0_2_110 12 6 050 085 1085 0.00 1898 1 898 0.00 1.21 1.14
square_root_7 15 7 630 430 2 324 4.36 2 267 2 264 0.13 1.52 1.39
sqn_258 10 10 223 021 2021 0.00 3 446 3 334 3.25 1.63 1.58
rd84_253 12 13 658 625 2625 0.00 4 670 4670 0.00 3.14 2.06
cold_215 15 17 936 840 3 840 0.00 7 069 6 899 2.40 4.15 3.37
sym9_193 10 34 881 749 6 749 0.00 11 837 11 816 0.18 6.51 6.07
9symml_195 11 34 881 749 6 749 0.00 12 100 11 550 4.55 6.06 5.86

average 1.65 3.73




	2026_2_18.pdf
	2026_2_19
	2026_2_18

