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Fig. 1. Specific clustering process diagram of the K-means
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Fig. 5. The quantum circuit diagram corresponding to solving the inner product of quantum states.

230305-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 23 (2024) 230305

4 LI 5 At

R T XA SR H T QK-means [ 14
SRR AT AT A RO AN ERR MR IR, AR Seik
B UCI(University of Californialrvine) %4 & H
9 Haberman, Iris, Diabetes, Wine PU-/™/ 345
EAE A AW LI B E e 4, R4 A 4 K-
means FETEAH RS0 N -7 05 A28 5 404, H:
R, ASEZ AL RIS VR ks bl iR e A48 38 > i
ERSC THRSCT & LB AT e R, M SR
A5 24 LA K-means 8032: [F] B FH TR fifF
B R E R, XL IR AT AR &5, A
SCHEH LT QK-means & T 50K i 7 00
TR ERESZ M K-means B EEMTTH B 24 F
FEXFEE AT HT.

4.1 PHYEEHESH

Haberman, Iris, Diabetes, Wine P4~/ 344
PR B A BN 1 PR, A SURUCKIHAE T
PR I AT S IR, S50 4% 5 = S R R |
3z A I ] 3% A YOS 5 TR P A 3025 R A T 0
S3HT. BT HEXS X PR A A T S B, 7R
IR H IR RAT —E R BEALE, 3 L

USRI AR T REH BRI 22, i 1 SR IX Pl iR 22
SR, AR SCBCE A B S Bas ATk 104K
SKICERAN A AR, A SR M7 R IR
N 2 FroR.

F 1 OIRAHRER R

Table 1.  Experimental dataset information table.

VGRS AR FIEAE AL %

Haberman 306 3 2
Iris 150 4 3
Diabetes 768 8 2
Wine 178 13 3

K 6 i 3T QK-means 81 14 50 0K i
Ik M2 K-means FIEFE 4 FpA 56 4E Lk
TR MET R L. FiE A 4 AL
BAREREAT AR, BN EARAEAER A [ SRR
Hr2pR%S, I Lhak B DL 25 SR S E i ) o3 i B d
FEARA GRS B AR A DG 1Y FUABAE by A ot 5 1>
VA AERR R RS DI Ham ik o A e AR, 7E 4
PR AR T A SCHR B 7 7 Lh 28 K-means 8.7k
AR AT, FEFPREZLM K-means 5.
IRTERE R I RIS b S B, SR 2 RELAE
FI A B FEAS st B, M) AG RSl i EARSS

SO B R, S s R S8R A Sn
BB RZIAZE, B9 BB RSB AL,

# 2 T QK-means [ THESRRAM I H PILHS

Table 2.  Pseudo code of the quantum enhancement solution method based on QK-means.

HEL. BT QK-means T HE5R R AR 7 EE 1 O 1LY

A FABIRAES(N, M, K), o NSOREHRER AR, MBORBARAEALLE, KRR EUR S Pn i TR AT R 55

FAFA

fitt: KB AL ST S R
PRI R PRI R IR Q, R T AL

1) M AR5 A O K

2) B E NIRRT O, ARYES. 1 P TR IR PO s TR, M R ER SR A B A AR B2 pL R

3) XA TR 0 AT Tk, TR SSEM— MR (H

5) il id 4 T QK-means i T2l # it T4, MR S A R PO R Z B A ERICEE RS D (a4, i)

)
)
4) while SSEfH > M{H do
)
)

6) AR5 D (x4, ) , 24 D (w4, ¢p) BFH miélD(Eth) i, ¥z — Cy

1
7) WA Ny IBREESEAROTIE G, = 1 D @

kxieck
8) il o, THEE LR

K

9) AN BABHRE R TH R SSE =D > |D (zi,c1)]

k=12,€Cy
10) end while
11) ft &4 Cy
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Fig. 6. Comparison of accuracy between two algorithms on

four common datasets.

K7 ATE 4 R A LB T RS L B is 1T
A X EE L. ANIEL 7 AT LAr M A5 ) 7E 4 FhEcdis =
ASCHR A7 s A T A B A T 28 0 K-means
RIS AT E], R YRR A R B s
A FE BB, PN R 032 47 B ) X6 LL B A B I
LA BT A Ry 3 D R AR SR ) O R
FHERBOR M EA I TR MRS, KR4 T
LR T R, MR IR R ), B A
SRR 2 BE R, KB B PR I . S —
AR AR SCER W 7 A T R IR 2 s s
IO 2, — R bl i R B e e T
L BB T ]

16
—o— ZMK-meansHiE 134

14+ —o— HFQK-meansf 3.42
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2 10+
=
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&
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Fig. 7. Comparison of runtime between the two algorithms

on four common datasets.
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BRI IRIT, 52 M K-means FIEM LG, ASCEEH
17 BAT R o B I R 3 B A S
Y 7 AR R B 1 RS v AR A 4E N R
R AR HGE ], B BR A — R R 2L
B PR, BT BEALM: 25 SRR A5 A ok s, A
T 3303 AT DA B AR A A e, s/ T Rk i %
R, MEARFEAAS IS 2 Z4h}, 228 K-means 5
38 3k Bl B X R s SR 2 s A 1 SR PR A
K E PO 58 ) T R AR U £
A SCH L A 3 DU AR 32 B A R 2 B 1Y)
M.

B 2K -meansH %
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Fig. 8. Comparison of iteration times of two algorithms on

four common datasets.

4.2 T EBEEFKE

Ui 9 Jir 7R o e 2 2 SR R AR OB Bl 3L
AU ~J T H A AT 55 DXIRL. 20T FAR A X I
FEM A XS B B, ASCHX A X
PR 5 PRI G AR A S A AT 30 P 5 R 2K )
BUETY. Segd R, A KIETERCT 5268 12 i
B 2340, AP 668 B9 BRI R 12 A
12 Fift, [RIZRBS AN R 5 2R AN TR P A5 24T 3R
S I B8R R A ST AT T R A XA
1P 5 Bt JEAT AR B B R0 T |, BB B HCAY
3 HARSCT & 8, A BIR S 23 5 2E
FEA.
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Fig. 10. Comparison of experimental results of two algorithms under three sets of platform data.
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Abstract

The paper proposes a quantum enhanced solution method based on quantum K-means for platform
clustering and grouping in joint operations campaigns. The method first calculates the number of categories for
platform clustering based on the determined number of task clusters, and sets the number of clustering
categories in the classical K-means algorithm. By using the location information of the tasks, the clustering
center points are calculated and derived. Secondly, the Euclidean distance is used as an indicator to measure
the distance between the platform data and each cluster center point. The platform data are quantized and
transformed into their corresponding quantum state representations. According to theoretical derivation, the
Euclidean distance solution is transformed into the quantum state inner product solution. By designing and
constructing a universal quantum state inner product solution quantum circuit, the Euclidean distance solution
is completed. Then, based on the sum of squared errors of the clustering dataset, the corresponding quantum
circuits are constructed through calculation and deduction. The experimental results show that compared with
the classical K-means algorithm, the proposed method not only effectively solves the platform clustering and
grouping problem on such action scales, but also significantly reduces the time and space complexity of the

algorithm.
Keywords: QK-means algorithm, quantum enhancement, platform clustering
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