3 26 %51 6
2013 4 12 A

WL ERFR( A RAFR)

Journal of Sichuan University of Science & Engineering( Natural Science Edition)

Vol.26 No. 6
Dec. 2013

X E4S:1673-1549(2013) 06-0028-05

ETF k-means = FRIPLBEBN S TR

DOI:10.3969/j. issn. 1673-1549.2013. 06. 006

/)

ATA AR, TRkAR AT

BB B LR BT L Be , SRR 610225)

8 E:k-means F ik RIH L KR E R AL GAB TR, AR LG EERMED L s

LA FIANETFHRERES k-means k445 IR B T —HERGHER

Kk, Rt HEEAETH

KB 2RI R AN, x4 T KRR k-means BEATRAL , I f e S0k 0 SGR L BT E B &
BALAG AR, LR AR E PRGN TR LR, IR EEANA T SRR IR Y H o, K

F kA A

KHEIF k-means; T T AR S ERE ;£ AN E

FE 42 S . TP306. 1

il =

BRI AT 25 78 14 B s 56 142 IR A0 30 1) 9 A 1 T
53 Ja T2 AR I A, i i) B — R A R
FRA—DXR . I H Bl A — 5 o R e
AT REAML, AN RIS G Ia] ) ek 22 S R AT e . AL
BB JEE R T B0l X G 1 4 3 s 1 1 (DR
BRE o TERHE SR IS v, 3 R B R JEE A K5 A LA
P 38 e A% PR AR KBl ) B SIS A I 1Y e
HATENREHI AN SR UL, RERE D WR VR
AR JZ IR 23 IR PR, 2 U3 2 4 K gl 5 Xl
Vagr N D=27 O R D= P/ I R A I = RV G S 4 7
JEZEAUREAREE 4, (E 508 — BRI 3 A 153808, AT
ST 5 T 53 K] e DO S e 5 T o D) o 5l 4 Sl 73
—ERMHAREERN T4, /T 20K, UL,

k-means JEAE 1 MacQueen 2 i) 3L T 77 I A 4F
W R SRSk e v U BRI S ok e Sl 43
JEIIUE S i B T P, AT AT JBE PR, £E AR 22 B
ARG, B M 2 BB T a4 19 Se 3 A
WLEG AR IR T, Fkis 7l , AT E 5

75 B #5:2013-06-13
ESTH : A5 & TR R AEE2(KYTZ201108)

MERFREAD A

H M, It01tad M ARG, PR GG — E RAH L B
SEUEI]  Br BN R AR 3 T B B 1 A b, — R 43 2
WO KR EP.G, EEPIT RS R, ARE %R
B AR B SRR E (R P LA FR
B UUBARN) o BUARIZFEROR S BT A R I )
SR E RIS A2 28, i B 5 P AR 2 A B ol
BT TS o e e A A, i Tt AR SR R T —
FPEET k-means BHERY A BRSSP (dynamic clustering
based on k-means with QPSO,CDKQPSO) , By 248 5 ¥+
P RORIRE S k-means 4545, I8 id i HERL T Y 9 15 7
L HRREEE M A SRR B S E, LU R
R A S e R SRR EH .

I R FREHNA

BORIBEIAL ( particle swarm optimization, PSO) i
JE: iy Eberhart il Kennedy %8 A 365 5 B0 247 42 HH
() —FE A BB P A B30 o 2% B0 0 MR A T B L A TR
B SEITE SR R S ER E T HL R
=S [ RENEIE T L MR T T HE & i IR T 17 3 B
e R E B, & —Fr w8 i Rk, HHA

EBE A AT AR (1987-) , B T B EWA, ML A, £ ZNFEHE TR BKIEIEEF @095 E, (E-mail) 1g870905@ 163. com



%26 5% 6

AR K T k-means 09 - F B SR E 29

AT A SRR | FL A AR T
FIOLE FRRABEE . Pk, Sun 28 A T 1200 A
JE LR T R PSO Bk —— T OB ( quan-
tum — behaved particle swarm optimization, QPSO) 55 ¥,
L Delta BR8N bL T BA #7470, 78
S KA A RE M R UL R i . © 2 TS
HIBFFE R R QPSO Bk it —Fh 4 e S 8a 12, H if
TEAR Z O C 205 7T PSO SERRCR

1.1 PSO &%

PSO ZFEA % fE ( Swarm Intelligence, SI) 31748
REAR, BRTTE D A8 R4S AR AS BR(E” HE4 7
WR. A B 2], 58T A 3 SR E
Xp = (X, Xy, X)) FIBEEV, = (V) Voo, V), IF
RETCIC P IRAE : — R AR 5 R & I 1 e P, =
(P, Py, Py s — I BEASFREE FAT BT BE 4R 31 1 42
St P, = (P, Py, Py) o FERREIEGL R, 53
ASKL - HE B X AR AB AT 1 R, IR R P
AHRER HCHINLE

V,(t +1) = oV, (1) +e,r [P;(1) = X;(2) ] +

ey [Py = X;(1) ] (1)

X; (e +1) =X, (1) +V, (1 +1) (2)
Ho, i RALTHS,j = 1,2,-+,D, ¢ ¢, ZIEHN T,
IEHE o, L0 - 1] ZABENLEG o FROSIER T
1.2 QPSO #&#

QPSO 1E2 PSO MU R T vk , i Je BT ST Y
HATHREOR, FORL 718 725 [ 4 R AT AT, oh T4
TR BN E 1, BT s ] R AL, R 1 A 2
EE I TC 1 [ N R AE  (EL AT R FH SR 2 BEALL 0 7
TEARBALURL T A 0L B, Bl ORISR R i =425
KW AL :

1 N
b‘t=7 P =
moes N; i

1 < 1 & 1<
(W;P“’W;Pﬂ"“vﬁgpm) (3)

p,-jzgoXPi/-+(l—go)><Pg/- (4)

X;(t +1) =p; a|mbest, — X;(¢) | xIn(1/u) (5)
Hepei=1,2,-,N,j=1.2,-,D, NZh THEFPHRL
FE, D Bfias B LER, mbest T BT AT B
MY, p,; b @ LA B 4 Rt A B =2 TA) 1Y
AL E Ao o, u2TE[0 — 1] Z IR A BEALEL, 4 %
NI w>0.5, W (5) g5, H WIS . o & QPSO
TR sk B, B R A A A 2R, )
Je B AR b

o = Qi) X ; + Opin (6)

2.1 RERHFHE

WAL X = {X, = (X, X)), i =1, ,n} K
H D O REARAE JE PE R LR, REAS Y SO n, RS TR
R BEBT IR H I M, €, = 1X, e X,1 <k <
nf,i=1, MM<n, \li:X=UC, = {X, = (X,,
o X)) i=1,n},C o= X = (X, ,X,),i=1,
omb #= @, C NG FE DA, o C L m, =

1 n, . n, . n, ) - o §
n7( inl’ ZXiZ’ ) inD) ’ Ci %m%%ﬁ*ﬁ%qﬂﬁ}
rooi=1 i=1 i=1

WIS | A, m, FoRIHE C, [,
2.2 WFHIHE

BT A A5 SR P A2 2002 4F Omran 25 A\ 7E LT
PSO S F v 2 B3 T op O 1R SRR RS N , 5
BT X 0 T A 10— A 1 K1 4, sk S AR T
T M AR i TAEA BT R 2 ik
BB MR —E R, BRI, 8 — A oK AT RE 2
RECM,,., WA R0 LLUE SR —A M, * D B[
o BB T AT A -

e = (my,my, = e my,,.) (7)
HOHRTF e = (my,my, +++,my,,.), m JEfE C, [
L TREAR X, $fe e AR R M B 1 2 658 r 25, X, e C,,
15X B—WRI4> X = U C, o AT i, Bk AR
KR M AT, RS

M=M, -((t-1)mod(M_, —-M, +1)) (8)

X (8) ¢ TR SR EAREL, M., M, 73513
7N AT BB 20 i e K e/ NI SR H o M B 2R A8
TE M, M, FIEFRARCE . A R TR Rk
REFUDERIERT M A~ 2 M ARG T Jo/ N RO,
IR BN O ARG W 2 vh B e DA 26 7
HA 43 2 FA AR R kD T — AR M i
AN G, T EAMIN M, - M, DR, TR
R M, 25, Wk, AR IEER S E T Ak
TERNAS S . M BB R T LS 5 BEREUE
ety i M O] LU T EARRBGERAE . S ok
Wi, i k-means XF AR FREATARAL , FRH AL IS (9
HUL B R AT (S) BT L
2.3 EXEMERH

T IO B BRI R AT SR 2858 1 F A A, AT



30 W I ERFRARAFIR)

2013 5 12 A

INRRRILER, DIAR s 5 56 Bl 4R i e 40 o0 o [
I, ZEFE AT BRI T R BE A X — Fh R I R A5 1Y
ZERIATRALTIAN . TECA AR Z A BTG 50,
ACE| A Davies — Bouldins Index ( DB #5%%) 7! s %ok
PR, 207 1 10 1 A PN R R IR AR R Y 7 B
FoR S, HE AT

N B
S, =Y d(X,,m) (9)
n; i=c
A=Y
S; = d(m,.,mj) (10)
S +8S.
R. = max k) (11)
i Sl_]_
l M
DB(M) = — . 12
() = 3R (12)

Horrs n, 95 1 DRFETPRIREARNLL, m, 25 i DK
FEI L, C FRS i MEARTARIHE, d(+) SRt
B LM R

DB $5%07E [0, + oo ] BUE, ol LU T LB R A A )
IR E] R0 73 4055, DB RN, 27 SR SRR
U o PRI, AT R GE SRR

fitness = DB(M) (13)

TN RE (BB , TR BB . WA (12) 7]
DA i, BT DB 488U 5L T 2800 N AR Z 18] /Y Ho i,
FITLL, 2855/ T 2 1), DB f8 B0 Jo s S, R e
ER RS R, TR M, =2,

3 BRI R

(1) Wtk PRSI SEC FIERLEL N 23k
BRI M, M IR o BEPLSE @
5 s WG R R 19 g R R A R
FAEER R IE AR k-means ISR 0] 1 45 S 3E 4T H)
IR AE, XS RL T, Jo X RE AR HE PR AT — 1K k-means,
PAF M ATAE O, KX M A RERS L — KT
HE N W PAFR T

(2) TR (35 N FEAH fitness, o Q2R fitness, KT
P, B3 N BE AR, DU T > miORL T B AR B A s A
Sitness, KT P, B3 N FEARL, U)X A 07 B SRR A0 42
AR AR

(3) FIHIAX ) AR T 1) P08

(4) HHREAK(4) 5AK(S) EHkFIfE .

(5) XEARAF T k-means HATAL, LIS SR
25, 1M H B F k-means EA SR JR 548 2R A8 T, X FERE N

PR IS

5, AR (8 M, ARIBORLF 11T M A28 5%
O, F G B AR I P REAS B al AR AT R0 43, OF Hoad
BNRIEPIREARN T M AETF M, WA
B H D R T REAR R 43 45 R AR 1 AW 2R AR, AT
IR 1, A5 M -1 AR MET M, W
BURF B S /N A AR T R E R AT M, 42505
Hle o XFEARIAT —IK k-means, I M, - M, 2K
el B ETIE M., A BRI M., - M, ARG
—, AR T A M, DR, R AR
X BEAS PR TR 4

SRIG  FR RS R0 43, BB R b, 27t
PR A (i oI 300 i U e st i o B A 28 A R
A%) I AIRFF UG Y k-means R 4R AL A28 .0, BEHLIE £E
Ao HEARAR SRR PO B SR T IR A LG

(6) # RPN, S5 Rk i 42 )R e
e, S0 PR (2) .

R A E A 1R

BT K SBE R i F OB R e 7 A T — OB T
B AR B BELIE , T AAEAR KRR B iR T K ¥{E 5
B AR AR IMEL I ) B, i HL A AR e AR R S
ZE Rt B O LA BB SR A A,
e A FRAFE 7 R ka2 207 W S R TR B, S
PRAUE T AN GEBBERP R , B AY 0 285 R 1) IR i, PR 5
RIS R AR . ZESR b, K BT
BB A RAL , HE—25 IR T S IS B fE

4 RBALR

FOESEIAT 4 AR, A — A REPL
HBESE dataset F1 UCI H iris, wine | glass = ™ #4545
(F 1) FEHL™ A 8RS dataset HILA 4 205, 4
INIEREA 30 DHEATE  FEAR B 3 HEREAE R 1k 5 iris
FEALEALE 150 MEALEE , 5 MREAREE A 4 EFFAE
JETE, 730 3 2K, BE—RAEYIA 50 A5 wine Fdls SR AEAS
BT840 T 13 DMRHEE Y, 43 3 25 glass BdlatE
RAA 214 DMREAR K, 5% T 6 AN [ 9 B il dh
FEAFEARLT O YEFFHE R 1 o

F1 EXRENFHE
AL FEAA L FRIE4E R PR
dataset 120 3 4
iris 150 4 3
wine 178 13 3
glass 214 9 6




%26 5% 6

A% S AT k-means 89 B FREEHAHESE L 31

i fesH . i

A (8) FEM

DR T IIE N
FOH AR IR A4 )R
el

v

FAS (3) 315
FIREF R
firt

v

AR (4) (5)
FBRL L

v

JHK-means %451~
AT

A
7

1 BEEREREE
BEIER SIS A 55 o MATLAB2009a, Intel Core i5 @
3.20GHz,4.0GRAM, Z5#% % H L TR M, = 10,
M., =2; W4y kAT E TR, = 1.0, a,, =0.5;
T =1000, HPEIEHEIETFT 30 IR, UCI 11 Iris, glass #E4T
TR . SPRI30 RISE(3R2) .

F2 RBRER

PGS Bk ES 3 DB ARV
KPSO 4 7.97463 20
dataset KQPSO 4 7.97463 15
CDKQPSO 4 8. 62965 600
KPSO 3 32.20805 100
iris KQPSO 3 32.18232 60
CDKQPSO 3.2 32.22811 800
KPSO 3 39.75897 120
wine KQPSO 3 37.47355 100
CDKQPSO 3.9 68. 63963 900
KPSO 6 55.37359 100
glass KQPSO 6 55.237784 90
CDKQPSO 5.3 58.81264 800

HT k-means [ PSSO 5 QPSO LM HEAR LR
FERMETT B 45 M, AR SCH 3 CDKQPSO R A 4 5K

(8) M M EL, B RHURR AR T 553 X 0 0 2 1 1) A
Pho M2 Z55VR S IAHEAS REHR BRI 9 AR KL
HI T HEALE dataset HIREA A JERIN K5 JEHE A B
AU, B R AR, RS 4R iris  wine  glass
AP TE B REAS, WIN 7Rk  A  E D oh B ik
CDKQPSOZ 5 % Y LKL B A dataset LA HER |
T o dataset FEARSELE 30 YA, A 28 IKBERS 7
REFRRHICN 4 5iris ZHRARAE 30 YA P A 23 YCiiE R
RN 3, HA S50 KRR BCEAKAE 2 A4 ZJa), A
ANINEFEECH S MAEASE wine  glass W FEAS iy T
B REE R, 30 YOS Bl E 2RO 3 56 Y TR AER
D BRI 3 5 6, ARSI CDKQPSO i 7E 1Y)
B AR P 5 P W B SR KR % Ak, DB
ERE R, BEWIA SCRETE R AU R, BEE B 2
TAREVBAL A AR, BA R MBS E

5 S%RiE

k-means JERHEIZ I 0 2 B TE  LE R bl
BRI o k-means A MERA, GAFEA HGE
B33 — A2 FR T L6 ZT0RE S B0 H A Ol Se 5
P X RS A I AR SCER A B30, RE A8 v iR
— BRI A SEA AR B AT RE S B B B R SRR, OF
FOREA MR o3 B AR N A 2K AR . B SE IR UEN] T
AR RO AR 2 iy T Bk — 5 k- (1) AR
SRR T 2 IR T 1 o A B LA g 1 AR EL A
B0 F AN R A AR S O AR 25 5 (2) TE8h
e M AR R R k-means AL SS 5% o0 B 5 B
SRR IR

[1] Macqueen J.Some methods for classification and analy-
sis of multivariate observations [C]/ Lucien M,Le C,
Jerzy N.Proceedings of the Fifth Berkeley Symposium on
Mathematical Statistics and Probability,Volume 1:Statis-
tics,Berkeley,June 21-18,1965:281-297.

[2] Kennedy J,Eberhart R C. Particle swarm optimization
[C1//TIEEE.Proceeding of IEEE International Conference
on Neural Networks,Perth, WA, Nov.27-Dec.1,1995:
1942-1948.



32 W T RRFIR(EAFAFR) 2013 412 A

[3] Bergh F V d.An analysis of particle swarm optimeziers [6] Davies D L,Bouldin D W.A cluser separation measure
[D].South Africa:Universtiy of Pretoria,2001. [J]1.IEEE Trans on Pattern,Anaylsis and Machine Intelli-

[4] Sun jun,Feng Bin,Xu wenbo.Particle swarm optimization gence,1979,PAM(2):224-227.
with particles having quantum behavior[ C]/IEEE. Proc [7]1 B 45,5 =,3 8.5 —F 2T AETREKLLS
of Congress on Evolutionary Computation, USA, June AR F R AR BB R,2011,28(7):2432-
19-23,2004:325-331. 2435.

[5] FR 4,8 a7 & A TRREL R GEAIH 8] *FHM FmN FEL LA THEFHGKHMERE
MR R A 5.,2009:26(12):4423-4427 . Fk[)). A% A2k 5 5 3%,2005(6):54-58.

Quantum-behaved Particle Swarm Dynamic Clustering Based on K-means

FU Liu-qiang , ZHANG Hong-wei, XU Kai-kuo
(College of Computer, Chengdu University of Information Technology, Chengdu 610225, China)

Abstract: The traditional k-means is a simple and fast algorithm, but it’s easy to get stuck at locally optimal value. Fur-
thermore, the class number of clusters must be the priori knowledge in the k-means algorithm. Therefore, the quantum parti-
cle swarm algorithm combined with the k-means is introduced and an improved algorithm for dynamic clustering is put for-
ward. The improved algorithm has global search capability that quantum-behaved particle swarm algorithm has. In addition,
each particle trained by k-means algorithm is optimized, and the convergence speed is accelerated. Through the adjustment of
the value of the fitness function, the algorithm can search for the optimal clustering number of clusters, so that the number of
clusters and centers are not subject to subjective factors. The experiments show that the algorithm is effective.

Key words; k-means; quantum-behaved particle swarm; dynamic clustering; global search





