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A dynamic clustering algorithm based on a particle swarm

optimization with clonal selection
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Abstract; In order to achieve cluster analysis with high-dimensional and unknown number of clusters, a new clustering
algorithm based on a particle swarm optimization algorithm ( PSO) with clonal selection operator was proposed. Directed
by the nature of PSO, this new algorithm could randomly search the clusters centers, and control the clone numbers and
variation range by affinity. This algorithm could also avoid being trapped in local optima and could overcome being sen-
sitive to initialization. Experimental results on benchmark clustering problems showed that this new algorithm could a-

daptively determine the amount and the center’ s positions of clustering. The results also showed that the average correct

rate of the new algorithm was higher than the compared algorithm by at least 7. 0% .

Key words: clonal selection; particle swarm; clustering validity; affinity

0 3

padll%

PR AR B A R ) — A FE ) 5, K
AR AR R LU B LD — A B 2RI
R 3 70  TA HA AR IR RIEHE, 1l
[l —SR2EHE P A G R AT B R B, AN]SR 26
R A B A SR o PR, FER S A
ARLYE I JEE L U i, 2R & 73 A i e 2R 19 A O Bt I -
Wb B A7 A2 2 A0 R HE e T 410X BE R 19 oL

5 B H#A:2010-02-14
EL£ WA HRTTHZREHART 5% I H (KJ091309)

VA=W

ERE IR LB ARSI R
¥, W k-means 28 %E 7%  FCM ( Fuzzy C-means )
PP AR ARAG T L T [R) B A A7 7 — 2 i
L, AR A E AR 25 2 B A\ B R BB e A0 A SR
TARPERL2E To AL IR ARG 55 . Ay fifp o ik £
(B, AT RS I AR i, $2 it 17—
FRYVHET AT SRR TE, i T FE
RAOIE Y TR R G RE LY ST %
P 4 A IR A3 0 A T e I Ty vk A A B K

EBER A ESBR(1971 - ) 0 FEIRAAEN, BIBZ, WL, TSR 5E 05 o) o R PE AR R RE AR AL 2. E-mail : fhlmx@ 163. com



24

oI, 55—l sE R AR TS S R IR 13

MRS EIRHR 4 (0 R, (HJEAE— S8 52 IR %
PEERFRIE R 4 RRBOAHIE R OL T 0 REH
EIUHUR I TR RETT I 10 R L P R T SR
OAR R T BRI, 7 4R AR
Pa AR HAHBON E 1 RE i v, 2 T AT
9 RIFE AP R I R BOR B 1R B AR B SR L7
T 3 AR A A o

AT SR SR TR AS & T
IO TR T AR o R B A 1) — Bl 2R
e 7377 3, RIS A e, Xk [l i
i B A i/ o U7 i P B U s A VAR B 3
RN W IRMUE AT OB 4% T Ak BE I LE
PEAT ORI FZ R AN S R RS LR AT Ry AL e
T8 SRR 2R 2 B A 27 1k B AR R e G 14
H.

1 RFREENE

L1 B FAHEIA K B AR R H A e it

BRI BIRSE X = 1X,, X,, -, X, |, Hop
X, = w20, X b O d AEFFAESS 1) RY ol —A>
A RRMH R 2R E — AR5y € = 1 C,, G,
o, Gl AR

X=.©1Ci3‘4°ECi7é®, Vi#j, C,1C, =@ (1)
T, (A5 S 2 PR 15
JV=_§kl > dX,,Y) (2)

BER/N, Y, R AREFL,A(X,Y) N
X, BRI IR O SR B RS SR AN [ 6
7€ SC, A T AR o0 A BB (19 R I o0 o ABF
TR PRI B 0 R A HAT BRRFFAE 18 830 4 i
PRI B, LUBRIESE A Rtk 1 e 5K
(2) Hofg d—A> R SRS 1 TR A AR ] 1 B
AR, ARG DR DA 3R 2 M i o 1P 11 200 30 AN [ 2
IV R 22 R 20 TR SO0 Mty R Y S, AT 5
180T LT Bt

B RS X A AR B x4k (3) 1A

— AR X', 3 rhmax x, FORPEAT n A HC
s j SRR

- , I<isn, 1<j<d, (3)
max x;;

WK, = (4) s, 5L - LA X 43 A [A) J& 1
TER IS RE P G Tk

k

Jo=2 ¥ e"xd(X',,Z), Istsd, (4)
J i€Cj

=1X'

i

Horp, e" R e ¢« ANE PRI 7, JF B 2
Sw,=0, 1 [Te" =1, (5)
1.2 MFEREEREZE
LT AE DA 1O SRR i 388 5 i AT ) i A A
G ok b AR T O A SR (SPREE RS V61 .
) —Fh SRR 73 72X, 6 T el & AN O AR
1) d HEEHR RIS 2 | PRI R 5307 20, AW 5E
Z = %Zil Ziz"' Zid’ Z;l Zéz"' Z;a” ”"Zzl Z;cz"' Z;cd} o
S5 iR e [ 2 e 2, )RR | R Ry
TraRHEs j AP O AL E . BRI R
P HEREIC R Vo= vy vy e
ViaVie Vi b FEH [V, v e v DRSS | PR S H
TS AR O B AR A d 405 1
U 5 AR R R B R pe = (P P
“Plas P P Pas P Pl Pual BB TRE
124 N IEH RPN B EIC N g = 18 &n &
821 82 8aas 2 8n 8t Guat » WIRLTRERIEAIL L
SEAET(6) AN (T ) AW & = AT 72 R B o7
DA R L, LSS 2 20 (1) B2 o 2%
T H AR e K (4) BUS e/ ME R AR TR
Vi(t+1) =w -V, (t) +c, ~r, - (p;(1) -Z,(1)) +
c, oy (g(1) -Z,(1)), (6)
Z(t+1)=Z(t)+V.(t+1), (7)
Hop, X (6) th w BB HERUE , B 7R 0. 40 ~
0.95,Z,(t) F1V, (1) 53 IR i ASRLFAE ¢ I 201
PLEFGELE ¢, Fl ¢, AIMEE T, Flr, EWRETE
[0, L JYE RN RIS BEALE p, (1) 7226 | RT3 1
I 220 P 0 380 1) e s o7 (%o o ) 6 B, g () S b
FER ¢ i 221 i $ 30 14 dpe i VA0S 17 87 7
1.3 3R H O R R EEEAYIEE
WG IFE O MBI A X7 rh BEAL e I, T 2R 2R
FEHONR LT I sh 88 : NRARE k=2 JF
B ARG NG 2 W R EEH , BB k<V/n(n AKX
PRI REAK) 1 AR LR A i k(R
ISR R, PR SR [ 14 ] 4 1) SR 2RO 1
TEPR (2 (8) ) THA TERA M, B 2 e i /2 48 bR 1Y
RRWER LA 2R R S R v, R R iy
R LR P I N BRI B R FE ek o0 1 2 4>
2, PRI R B 2R oD OB T B 2 iR P o
I(k)z(llcxizvka) , (8)
Horp ke g REHA IR B r=1, Bk P IR 25, X T
BB — G, 31 (4) TR, R 4%

i i i
Vigs VoV """ Vag, 7%




14 Ll

KOR ¥ %

e (L % WO F41 5

P 9 515 % 2 o 10 B 5 0 0B D, =
max || C, - €, || Fos  H Kb L W 2 I
BEL SR 3 R A R
AN TR BT R L B, 5(8)
9 10k) KBRS

2 WHBREEFWRIHISKRERH
*

TERLTHER LA R L m L, 1815 0 2R B
DO B E /W W AR W/ 1IN N W AR R A
R —A> d JER R RPTIR I 1 AR A B, I 4
APUA kA IXRE R N Bk A (kO SRR
B0 o B m YGENAF IR, n B9 BTIRFIE
A(m) =1A,(m), Ay(m) -, A, (m) | IR21%F
BEE SO PRI AR, HEsi b B i 1 s

s R B V3%
A(m)i»n x A(m)—5Z(m) UA(m)%A(m+l)

B peRER P Al e
Fig.1 The process of clonal selection

2.1 HFREEFNHTFREREELZEARE

EErE N AR (2350 B — R SRR 53 T7
) TR FHEREMPERTT WA IX N SR 4L
B VR B IE B RE, AR5 0K N AR
Pk - BUTCRE 1 BT - BUARAR B AT AR 2K
R O RE , SR R S AT 5K 5 v RS B B PR LE
LI BT A S AR IS, S AR (SRR RTAY
P HiAs A ptiA - STECE G 91, o v ik
FEOR B 2R 1 o e R R B e = 1] 4 /9 H
) HEATT —UGEAR, BB e 7 AR ] DU R4t
JEU Y B T AR B TR B S R AREO 1k

B — 5 M FDRL 5 MR 5 SRR T 10, T
— 5 TG RL T 3 0 A U U™ A Y 45 R AT 58
B, KR BRG44SR 5K 3 S R A R e s
[Ea) 308 b %o 950 A DR A7 A () B 10 2 S S B B Oy
KA R 2, R G 200 9% K R AR R4
FUBEARE S (6] RN, NI RIE S A B R 22 )R
TR R R
2.2 HWEBHE

B RIBUAR RS — R, R TR
LIRS T 5 AR A BUETE ] 5 HR AL (e
iR 5 1 AR AUERAS | AR RIS L AR 3 Ty
ANZ' =1Z,,Z,,,Z;} K k WRENHLZ, =
{2 2o 2o | FRES | PRSI SU0ER m A>3

UL OLE, d Ry e R
2.3 Bk -MEEEHEH

120 (4) FIAN, SRS H AR s BUE RN, R 2H%0
MR, TR - PR A TR . R,
F B B bR R B @R - BUEE A 1,5 i R R
R4 (XFREER @ ASRLF B PR - PUFCEE

Rz =m/J,,, (9)
Hop g, 30 (4) 7 M R - SRR A TR
B, FEHFMHAZ) EATIXE[0,1]Z (8], H
AEFRKFAK AN W T 4558 EEE M J2—4
W
2.4 Pk -REEUESRBRRERE

PUA — PO RUEE B PUIA S HTiAR Z 0] (4 AH LR
B TEARTE B AR — PR, ST -
LA F5 L 5007 [H] 45 B e i Rkl 4y
Jr AR EE . BL T @ SR PR E Sk

S(l,]) :e—d(Z[,Zf), (10>
H d(Z',Z7) Fm kT i 5 ) AR B B, B
T AEARLBEBRR .

FEPUR — B 2 LR SERE T, B IAR YR
JEFRPURALEEABUARTE i L], Bk @ ik B2
C, ELmT
C=" (11)
Hory N RPURFIBER /N, S, 8 L= (12) , B3
RYPUE 5 AR APTIR § 5 S AT AR
AR 14 Foe FROFEARLRE B4 7 4N SR K F TR AR M R %k
(T BEL » BEERE S 1, S IERAE O

SGLj) .
s, =) maxiS(i,v)|

y

(12)
0, else,

C, WMELBR , R R PURTE ST AT b /Y L 9]

R, A SERE IR A

3 IR KA

3.1 mRERERREEMNR

ARG I o I R AR S BT A B 2 A A 7
5k, R E R B SR L SE R L AR iR
PEHAUR - PUBCRA T3 Ui - FUARABLEE Ll K4t
PR BETF R 2T IR B e R SR, SEA ROARUE - LA -
PURSES s ppiiR se e o 2, ] i SR Y
RN, SIATUAHR B LU ] 3 38 v e , sl 1 3l



24

o ik i pypERCR TR
g, =Int[ M, xf(Z') x(1-C,) ], (13)

Hdr M, ke i se b B IR, B B oK e B g i,
AZHFR(9) 15, € #eX (1) 315, Int[ « ] 3%
NSRS e
3.2 ERTRRME

BARR TR R A G B A5 SR I m i fE
FH AR F B2 70 XL 7 i BRI A I i A B 0
RO E W A % & 7 1 R BB, 45 b Bkt B4R
BCE AU A B v R R AR S A X R
FERE BB AUE B R CRP TR A5 43 38
F B (AR BOW R — ANl ) #5720 (14)
HEATAS AR AT 800 K T W20 24 i o7 B
MRS R, B0 DRTFRIE m AREPLZ, 1Y
SRR E LT

Z +A x(l —%) xe ™ xRand, r,=p,;

Z' =
VAR else,
(14)

P max (1)) "

L\ P 2 S B ) R B, Rand S £ 7
[ 11T i d SEBHLI B ¢ B SRR T
BAHEARYCH RIS § BT 55 m -5
L P —REAEL 0, 1] HIBERLEC, 3K (15) 5
SUT 45 i AT AR H B 2 1R 5 A
P FCZ)HER(9) 3158, A (14) L(15) AT 1,
I A M P 2 S
[ S IPNNGE AL SPiT PE TT RS
b R A SRS B > 55—y 5 5 U
E R AINEFC R — FUFUR A 1 R (R YR B
BUk - SUSHR AT F(Z) K, WIS SRR A8 B
T AR UCR I RIS 25 53 W QSO
33 BRI

X AR BB 1,75 OB 0 SR B o, FLI
KA - SO A I BT W54 T f(27) >
A2 SUFPRT I8 § 2 5F YR TR L.
3.4 HARKEENR

SERETRIUE % 145 S M B BN k=2
BRI ks 5P A R AR L SR
LA & T S SRRAR B 1K) B 0
R RS0 FOESEE T T

IR TR N KRR T, 25 S
RN SRS n 58
BEAFFRISHUE X b (3) L X' = | X',

DR 1 R U i ral (g ik el Op STAR BV (B PO BN RN 15
X’2 AT ,X’n } ;
WA R LR k=2;
While (k</n)

PR AR R h AR IR 21 = 1 Z2),2,,
L HHEEV = VL,V Vi
While (Y RTEARE 1 < T)
Fori=1 to ki FE N
Fiedpe /NI S SR U X T ke X o3
BRI Z; RF NS
$2230(9) THE AR T (RO ) 1038 N (8
(RIiR - Bk & 71)
Fea0(13) TR OB PR T 1EA T Dk
P2 (14) BT RERAR S84 5
TEREEHE
GBS ¥ A RVECTIE NN () 2%
SUHTREA M Hi e 0 g5
Fie 2 (6) BBDRL (1) 4 5
Fe 3 (7) ORI B 5
endfor
endwhile
Fie X (8) THA R EBOERHEHR 1(K)
BBk ++ 5
endWhile
RRBORIEIR 1(k) AR ALY k A/F R 250, 0
INRIEPA AR VP s S €/ D Qb S4B e S

4 fFREEE G AT

T A AR B 5T 4 S SR RO A R, A UCT
(University of California) #J.#§ 2~ > J&E b % B Iris |
Wine M- EE , ISR R S S R 36 RE T, JF 6
AT 9 05 R 1 A5M0 R 2 500k (FCM)
FETRL TR BOR) 5 S 5501 (particle swarm optimi-
zation based fuzzy C-means, PSOFCM ) SR T
TE R 1k B Y AR 3R 25 4809 (clonal selection based
fuzzy C-means, CSFCM ) ') 75 528 TF i 5 )y THI 3#E4 T
FeAL
4.1 SHEEE

ARSI R R BRI L, BT
Bk it I SR 4R AR R A SO S A 0 g 1
fne M A2 18 1 ) B e, X (4) wy M
BR 0, Pk - PUERG  REM BN KT
Jows HRRAEZ(O) 1 A(Z) A TIXIEI[0,1]Z
], I HAE T KRR RN e KyckEssE M, &
AR SR AR, WIS 2R A TR, {HLBR i Y I



16 TR N N i (L % WO %41 5
TSR . HURAARIE RE n R AR W BERGSHE R 1,
LA RHARU R B, R8O 5 % AR AL R B2 1) 24
*1 BESHOE
Table 1 Parameters setting for different data sets
Bolids e ﬁ";—'dn% rrE AT ) H K@) K@) X9 E‘%i& 728 S *H{Wé
KN REKEBET BEw o i w, 4 E, i r MM M, JE A FHn
Tirs 10 50 0. 65 1 100 2 15 10 1 0.7
Wine 30 50 0. 65 1 0 1 000 2 50 10 1 0.7

4.2 ZHEHERKTH
ARWFFEIR L AL B XS Tris F1 Wine £icdi 45
AT BN AR MIRLGERANR 2 Fos .
F2 BURSEAEREIE k BORIRIERT 1Ck) H3853%F R (.

Table 2 Comparison of partial /( k) with different k values

RIEHON ko B LR 1(k) {H

R 2 3 4 5 6
Iris 1.185 1.786  1.451 1. 029 0. 925
Wine 1.292  2.338 1.684 1.326 0. 698

Iris 2427 150 /N E Y)Y BTS2 B0R 45, 40 1 3
2 BAEERED 4 A @M, Hodp Iris-setosa F1 Iris-ver-
sicolor  Iris-virginical J&Z& 44355 i, Iris-versicolor
Iris-virginical Z [B]fF1E— € M TS, Wine 5 ¥ £
A 178 DEE, 73 3 28, AN BRI 14 SR,
AR A 22 PR AK, Ju 2 Proline Ja& 14 1 28
(R RAEIE FZ [ 278 ~ 1 680 ], WA FE AW 5 1Y)
T7 RSP EE ]2 S X SR 2RSS SR R K .

AT R A S HA AR 1217 10 5153
R IERH R0 HE AR 3 Fros, Hrp RKEH

YA % A R AN

EHi = ) Ea%u%@i;;ﬁf?i;ﬂ% M «100%
3 USRI RA G R L

Table 3 Comparison of the clustering results of different

algorithms

. . IE#R/ %
VACITE S SRR i o A
AT 96.0 96.0 96.0
Iris FCM 89.0 89.0 89.0
PSOFCM 89.0 89.0 89.0
CSFCM 89.0 89.0 89.0
VN RES 92.1 93.3 92.7
Wine FCM 78.6 84.5 82.1
PSOFCM 81.2 88.3 84.8
CSFCM 82.5 88.9 85.2

M2 M3k 3 aTLIAE L ARAE(8) IR
SRS T B, A BIF 5 488 /9 5595 AT DLIE A 4%
Tirs F1 Wine Hdf £ i B H: R IEAL 3, 9 Hax S ik 41
Xt Tris Koda e A9 RIS IE Bl R IRFFAE 96. 0% , HH At

AR 89. 0% M IEB 48 = 1 7. 0% 5 BH XS
Wine By 4R (19 58 IS 1E ) R e ik 51 90. 1% , B
EREARER S T —Jrm, AV R A
XX PN BRI 10 Y, AR IR R 5 e
IEF AR R R, U] T AT Rk HAT IR Gy
AT ETE o

5 %

RRMBAE—E &M T AT UAS N — i 4R
MPEAEInE . AATFOR BEAL B 32 F 2R Ml AR
fife , FEBICHE H AR R B0 HE At T, 25 G se B R,
Fyid TR X RAE R I A A kLT s S Rk
05 A PR A A A AL 7 %
PasR A 15 FHIFEHLR R R I O s 55— 7 I,
it v A [l — LS [ 1 224 05 T A T 2R
s R TR R AR AR P AR T PRIE AL , DT 2%
SEAE AR S AE R B IR S TR, AT 1 A%
GERIST XTI (EL AR A e AT TT L RE AT 250
TP SRR IR , B R T R P e T A o
AR BA PRt — 2 WSSOt B bR s A, IR A
18 B SCAR R AR A AEBR A 1 2R 200
Pl

S 30k

(U] BAER, 0 P, 55 AR i BE SRR IA [T ).

HEHWIFE S & B ,2010,47(6) :1045-1052.
WU lJiawei, LI Xiongfei, SUN Tao, et al. A density-
based clustering algorithm concerning neighborhood bal-
ance [ J]. Journal of Computer Research and Develop-
ment, 2010, 47(6) :1045-1052.

[2] TSENG L, YANG S. A genetic approach to the automatic
clustering problem [ J]. Pattern Recognition, 2001, 34
(2):415-424.

[3] UJWAL M, SANGHAMITRA B. Genetic algorithm-
based clustering technique [ J ]. Pattern Recognition,
2000, 33(9) :1455-1465.

(4] VWi, BIEEH], 2Jets. AL T RGN RGER TR
(3] IR K244 24, 2010, 40 (3) :13-18.



24

oI, 55—l sE R AR TS S R IR 17

SHA Lu, BAO Peiming, LI Nige. The research of a clus-
tering algorithm based on the ant colony system[J]. Jour-
nal of Shandong University : Engineering Science: 2010,
40 (3):13-18.

[S] ABR, B2, S0, & TR A TR

BB RS IRAEE T ] A fazdi, 2008, 34
(3):367-375.
GONG Maoguo, JIAO Licheng, MA Wenping, et al.
Unsupervised classification and recognition using an artifi-
cial immune system based on manifold distance[ J]. Acta
Automatic Sinica, 2008, 34(3) . 367-375.

[6] FERREIRA C. Gene expression programming: a new a-

[

daptive algorithm for solving problems[ J]. Complex Sys-
tems, 2001, 13(2) .87-129.
XIER, WIER, SO, 2. BET S fu 3 o ve e i #%
BB [T]. 244, 2010, 38(4) :960-964.
LIU Ruochen, SHEN Zhengchun, JIA Jian, et al. Immu-
no domain based clonal selection clustering algorithm
[T]. Acta Electronica Sinica, 2010, 38(4) :960-964.
(8] XU, Bu]. —Fhi A AR pobL RS [T ] 3t
BHLTAE SR, 2010, 46(16) :130-132.
LIU Qiong, LUO Ke. Clustering algorithm based on par-

[7

[

ticle swarm optimization with mutation[ J]. Computer En-
gineering and Applications, 2010, 46(16) ;130-132.

(9] RBEnle, AN, TRk TR0 AU s i RO 5 2%

SOHEAE [T ] T 5 05 i, 2010, 32(6) : 1277-
1283.
TANG Chenglong, WANG Shigang, XU Wei. Improved
fuzzy clustering algorithm based on data weighted ap-
proach[ J]. Journal of Electronics & Information Technol-
ogy, 2010, 32(6) :1277-1283.

[10] B8, 22403, HokoR, 45 A& BOR & 28 52l

ok 5k [T ). Bk 24, 2007, 18 (11) : 2740-
2751.
LU Yanping, LI Shaozi, CHEN Shuili, et al. Particle
swarm optimization based on adaptive diffusion and hy-
brid mutation[ J]. Journal of Software, 2007, 18(11):
2740-2751.

[11] LIANG J J, QIN A K. Comprehensive learning particle
swarm optimizer for global optimization of multimodal

functions[ J]. IEEE Trans on Evolutionary Computa-

tion, 2006, 10(3) :281-295.

XA, R, TR @A PSO Sk B AR Y ik ik
BELY]L WARR 54l o7 R, 2010, 40(S5) :34-
40.

LIU Jianhua, HUANG Tiangiang, YAN Xiaoming. Ev-

olutionary algorithm based on the idea of particle swarm

[12

[

optimization[ J]. Journal of Shandong University ; Engi-
neering Science, 2010, 40(5) :34-40.
[13] T8, R, BOMRATT L B R R B R
JLEEILT]. P ERLEE $5, 2002, 32(2) ; 274-280.
YU Jian, CHEN Qiansheng. Optimal number of clusters
in fuzzy clustering [ J]. Science in China; Series E,
2002, 32(2) . 274-280.
[14] MAULIK U, BANDYOPADHYAY S. Performance e-
valuation of some clustering algorithms and validity indi-
ces [J]. IEEE Trans on Pattern Analysis and Machine
Intelligence, 2002, 24(12) : 1650-1654.
HKIE, FBJR. BT e B PR PR B SRR [T ],
HAHLLFRE, 2007, 33(23) :16-18.
ZHANG Xu, GUO Chen. Fast dynamic clustering algo-
rithm based on clone selection[ J]. Computer Engineer-
ing, 2007, 33(23) .16-18.
(16 ] X3, R/MR. — Pkt i S e ve B e R 5k [T ] 1l
R TR, 2009, 39(6) :8-13.

LIU Qiong, WU Xiaojun. An improved immune clonal

[15

(-

selection algorithm[J]. Journal of Shandong University ;
Engineering Science, 2009, 39(6) .8-13.

(17] Fota, Fm. Bk i LT ] i EpLT .,
2009, 26(12) : 154-156.

YU Zongyan, WANG Li. An immnue optimization al-
gorithm and its application [ J]. Computer Simulation,
2009, 26(12) : 154-156.

[18] De CASTRO L N, Von ZUBEN F J. Learning and opti-
mization using the clonal selection principle[J]. IEEE
Transactions on Evolutionary Computation, 2002, 6
(3) : 239-250.

[19] PAKHIRA M K, BANDYOPADHYAY A, MAULIK
U. Validity index for crisp and fuzzy clustering[ J]. Pat-
tern Recognition, 2004, 37(3) . 487-501.

(%% AAT)



