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A Novel Clustering Method with Network Structure Based on Clonal Algorithm

LI Jie, GAO Xin2bo, JIAO L2 cheng
(School o Eledronic Engineering, Xidian Univ. , Xi. an, Shaanxi 710071, China )

Abstract: Inthe field of cluster analysis, dbjective function based clustering algorthm is one of widely applied methods so far.
However, this type algarithms need the priar knowledge about the cluster number and the type of clustering protatypes, and can anly
process data sets with the same prototypes. Moreover, these algarithms are very sensitive to the initialization and easy to get trapped nto
local optima. To this end, this paper presents a novel clustering method with netwark structure based on clonal algorithm to realize the
automation of cluster analysis. Since the new algorithm combines the clonal selection algorithm and forbidden clonal operation, the o2
tained network has not only the specificity but also the tderance of immunity. By analyzing the neurons of ottained netwark with min2
mal spanning tree, one can easily get the cluster number and related classification information. The test results with various data sets iR

lustrate that the nowel algorthm achieves more effective performances on cluster analyzing the data set with mixed numeric values and

categorical values.
Key words:  cluster analysis; numeric feature; categorical feature; clonal selection; farbidden clone

(21
[

[6]

120020219; 1200401220
(\No.,60073053; 60202004 )-863 (No. 2002AA135080)



1196 2004
71 3 (
c 1(a) )s 1(b)
[8]
, + L gy SR 0.5
Hatals +td ow'l _0-1-280 09
++ + +4++
191 +++++ +3+ 0.1 \ ol
03\ S
> 5 +I:++ \ ,’, 03
’ *+ or®
(a) BA 3XBEXOBERE (b) P45 H) BAd N W2 7T
’ 1
1(b) , 3
, R , c
- (Forbidden Clme), >
, , 3
X={x1,X2,, ,Xn}
, n , xi= [ Xit, X2, ,  Xim] | i
9] m c , X
, X c
311
31111
2 (1]
Jerne 1974 U3 T eap . X<R", Xj i Pi
dro Jerne , 2000 (D
2 _ T,
(Evolutionary Attificial Immune Network) % . d*(xj, pi)= (%= pi) #(X- pi) (1
X= {X1,X2, , ,Xn} , Xi= ,  Pi= [pi, pi2> » >
[ xi1, Xi2, , ,ij]T i m L Xi piin],i: 1,2,, ,c,in i
s" s , . Pie= [Pie.t> Pie.2s » » Pieam] > 2= 1,2, , 5 in i
- - g X; i
d* (x5, Pi)= min{(x- pi) "#(x- pw), g= 1,2, ,in} (2)
1 G, 31112
. Xi= [XIh, XX e, > XmlT

-+

m- t



7 1197
X i g Pig Step1 1= 1, , A(l);
(3 Step 2 Xi, (6)
t m
d*(x,pe)= EIxj- pial®™ K E Dixf,pk)  (3) ’
=1 E el Step 211 k s
- Di#) : N
a=b>b
Da,b)= (4) Step 212 8, Ne
1, aXb
Xi , 2 ;
K s
K . Step 213 X; ,
: 2 x e
, M, ;
¢ Step 214 M, , 2 Ry
dz(Xj,Pi):mﬂ'{E|Xjrl' Plg 1 +K#E]xle,plg l)} 2 R
1=1 1= t+-1
g= 1,2, .,k (5) ;
Step 215 A(l) M,
, , A(D z [A(l);
312 M1;
1958  Burnet , Step 3 ,
, R Ry R,
, , Step 4 R R
(1 > Step 5 %
Step6 1= 1+ 1, s R s
X= {X1,X2,, , X} X;j step2.
’ ’ > R ) )
Xj ( ) , i
> ; Ra ) ; Re
s 5 - Xi,
RS b .
- A(D= A(1)- ACA(D)- x) (3)
X= xl#INaN: Ei‘::Iina 9IN N
1
f(X_la pig)7 5 1 ’ A N ’
1+ E|XJ1' Pl 1| + K ED(XJI P.1)
1= t-1
i=1,2,, ,c, g=1,2,, ,in (6) (D ? (2)
2 ? (Min2
Dj= * pig- pit, mal Spanning Tree, MST) (13 14g
i,j=12,, ,c, g=12,, ,in, 1=12,, ,a (7) 2 G G
A+ D= (Dj)nan - ) , G
N= E¢ i, .
s MSTI'  bar
(i,3) Dj, Dy ,

MST  (1,]) ;



1198 2004

> : ’ 180 180, 180
. . 160} g oo | 160F 160 ’
Xj 1 ’ : 140 o < | 140 . 2 "Ca\\ }h
2 s 12 _ "
d*(x, Py)=min{d*(x, P), 1= 12,, ,¢} (9) @ i 1 & = Sy
of ' 80| 8o} , !
60} 1% ) e 60} 4 60} $e3..__ . c
4 4w s A a0 & * L+ 0 S‘Ex P VA >
41 20540 60 80 100120140 760180 220 40 60 80 100120140 160180 20 40 60 B0 100 130 140 160 180
(@ RATHERIMMR  (0) RINT ERIFEN R (o) B/NERHB MST
s 90 180 180
80 160 , 160} ek
. ;g 140 /cg; Xﬁ 140 ﬂ m
120 120
R 600 s 2( a) ig 100 s, 100 >
( o 80 @ 80 . .
20 60 . ¢ g sof 4 .
2(b)). 10 40} » ,@,. @ 40 * ?’{i
2b) SC= 5 %95 10 15 20 25 30 35 40 45 30 40 60 80 100 120140 160180 220 40 60 80 100 120 140 163 180
(d) #1 MSTBFfK) bar (e) SREMHLH (N=42) (f) rRER
2(c¢) , 2
,  2(d) bar , 200 200 200
180} 180
160 .
2’ c 140 @ 40 % .
120 5
(o) () o , g8 o T
. 80f g o : &0
60| 3 €0 N
412 S G S qo0p 4 —aX
20,540 50 80 100 G20 60 80 100120140 160180 220 40 60 80 100120140 180160
’ @ZH-SARSHHR GBNTEBRER K (c) BN E R MST
. S 60 200 200
180 p 180
50 160 @ 160 @
) > 40 , . w | 140 . 140
120 20
’ ’ %0 100 fz:\’ ;oo %
20 80 > 80 5
. o 60 M 60 .
41211 , 40 40r TR ORCE

o s
0 5 10 15 20 256 30 35 40 2020 40 B0 80 100120140 180180 2cZCJ 40 80 80 100120140 160180

(d) th MSTE 3] bar & @FHENRER (1=2) (N E-BEHEHENRER

3 ( 3 )
1500 ), s 411 >
, , 3(a) (b) ~ 41212 ,
3(b) 3 3 L4 AHb)~ (d)
(o)~ (f), ; 3(d) ,
SC=5 . 3(f) bar
180 - 180 - 60
180, o . 160
140 :)*“ % © 140 fi}*) 'iﬂt %
120 "\ o © 120 40
100 R 100 30
60 i 60 .
40 ° 0 ° 10
20 20 0
20 40 60 B0 100 120 140 160 180 20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180
() B/ ERAH (c) BRMELH (N=39) (d) H MST{33|# bar B
180 180 180 o o o

T R M . eof ~ ¥ adages L T T 160} oe
- % . !
L R L2 TR ¥
100p - :* Y= L M"m

oo} Wae, AR Y 80} 13 "
sof L. i 6o ETRTRRE . sof
P N ¥, e . a0p 2 37 ¥ o}

. e o -, 20" 7 e 20

ey eateas Tho a0 a5 s 26408080 106120 740 1;6 780 0 20 40 60 80 100 1500 180 20 40 80 80 100 120 140 160 180
(e) FEENHLER U=2) () k- RBUE Sy R R (@) RS LAEREN (h) bRAEREIL SRR 1K)
BAE#o=10 BAEM 0,20

4 )



clustering algorithms and their application to boundary detection and
surface approximatior?Part I[ J]. IEEE Trans FS, 1995, 3(1): 29- 43.

7 1199
4(e) , (el s [J.
, , ,1999, 27(12): 72- 75.
, , [7] GA [R].
: ,2002.
4(F) e ’ ’ [ 8] Wilian H H, Loretta S A, William M P, David T, Michael W. Sel202
ganizing Systems for Knowledge Discovery in Large Databases[ OL].
2 http: / / www. kddresearch. org/ Publications/ Conference/ HAPTW1. pdf
4(g) (h) [ 9] LeandroN C, Fernando J Z An evolutionary immune nework for data
’ R, clustering[A], Proceedings of the IEEE Computer Society Press[ C].
4 > > USA: IEEE Press, 2000. 84- 89.
> s [10] Jerne N K. Towards a Network Theory of the Immune System[M].
2 , s ANN. Immunol, Paris( Inst Pasteur) , 1974, 125C: 373- 389.
[11] B Everitt. Cluster Analysis| M].Hemnemann Educational Books Ltd. ,
, 1974.
, [12] . [M].
, 1999.
[13] Zahn C T. GrapRtheoretical methods for deteding and describing
5 gestalt clusters[ J].IEEE Trans on Computers, 1971, 20(1) : 68- 86.
[14] Leclerc B. Mininum spaming trees for tree metrics: Abridgements and
adjustments[ J]. Joumal of Classification, 1995, 12:207- 241.
’ ’ , 1972 s
R Re
) K 5
[ 1] [ o ’
, 1998, 12(2): 89- %. ’ > , IEEE
-iys s >
[2] (D]
, 1999. -y
[ 3] Bezdek J C. Patten Recognition with Fuzy Objedive Function Alg® h
rithms[ M] . New York: Plenum Press, 1981.
[ 4] DaveR N, Bhaswan K. Adaptive fuzzy @shells clustering and det ection ,
of ellipses[ J]. IEEE Trans NN, 1992,3(5):643- 662. ,195 10 , 1984 1990
[ 51 Krishmapuram R, Frigui H, Nasraoni O. Fuzzy and possiblistic shell , IEEE s



