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This papsr presentsthe wk-clustering elgorithms. It is reputed that this
will be & simpler snd more convenient method for hierarchical cluster

analysic and fuzzy cluster analysis.and

1. Introduction

There are many hierarchical clustering methods to use at present, but
when there are many samples sizes, then there is a great amount of
computain. For surmounting these difficulties, we advance the wk-cluster-
ing algorithms.

By a proximity relation are mean a reflexive, symmetrical fuzzy relation
By a similarity relation are meen a reflexive, symmetrical, max-min tran-
sitive fuzzy relation.

L8 svervone knows, a proximity relation on finite universes can be

represented as matrix R:
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then, R* is the transitive closure of R.
As everyone knovs proximity coefficients between samples in the cluster
analysis cen be represented as a natrix (1. 1), and the distances between

samples can be represented as a matrix:
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2. Definition

n

e - " . _ .

Definition 2.1 let JV (r, J), li—jg1(rij), and li—rik . vwrite
j#n j#i

)={k,i}. C={B (%)}

Definition 2.2 let
then HC G is called a subteam of R iff:

1) For all h&HCG, there are g€ H\{h} and 1€ 3 , such that 1&B

g
2) ,’f \ ‘\
f'i Btl ' i% = ¢ »

& 1&H K\EG\H

In particular if H is set of simple point and iff 2) then H is called a

subteam of R.

write “H_PJHBh ther AP is z2alled an associated class of H.

Definition 2.3. let &% denote the family of 21l nssociated classes of the

subterm of R, and write e=cardQﬁ%), then, we call the matrices

K, = Ty
the associested submatrices of R, where 1, jé}ﬁﬁq s =Ty see 4 €
Definition 2.4 let [, .=X , then A, . denotes the submatrices which is
ii Hi ij

made of the intersectiors dvetween rows of Aii and columns of Ajj‘ and dij

denotes the greatest clement of A; .. We call the matrix D= difJ the

deputy matrix of R.
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Exemple 2.1 let
1 0.9 0.7 0.1 0.2 0.4
1 0.6 0.3 0.4 0.5
1 0.5 0.2 0.6
1 0.8 0.3
% 0.4

1 i
= &

then 1120.99 Azz-.o.g, /13=0,7, 2.420.8, .15=o.8, l6=o.5, B1(O.9)={ T, 2},
52(009)?{2,1 } 9 .)33(0.7):{301}, 34(008)2{ 49 5}, B5(0w8)={5, 4‘}
56(0.6)3{_6, 3}; C= {{1:9 2}’{39 1}: {40 5}!{6! 3} }9 G::{’l, 3’ 4’ 6}

Hy={1, 3, 6¢, Hy={4}, AH1={‘B, 2, 3, 61}, AH2={4, 5}

g S~ -

T 0.9 0.7 C.4 : 0.1 0.2
T“ 006 005 (1 Oc8 003 004 1 o.é
!\,h,,,, = A22 = f-’i,‘z = D=
’ 1 0.6 1 0.5 0.2 1
g 1 /1 \003 004/
Definition 2.5 Given R= [rij b then we obtain that G and
}.g1 9 ses .Agp (ng: G) (2.1)

and we call the (2.7) the fundamental elements of R. If p<{a-t%, then,from
the deputy matrix of R,i.e., the matriz D, we can obtain the funcdamental

clemerts of D. fnd so on and so fortb, we zlways con Seek n-p-1 clements

P

of B, and arrange these in order from large t¢ small, and denote as:
Cis Koy oes 3 K (2.2}
Pt * "n-p-1 “’
e caLll the
, k . X 243
Ty k19 2 e 0 N=p-1 ( oJ)

the noturael permutation of the fundamental elements of R.

5. Theorem
We carn obiain ihe folilwing theorem:

Thepren 2.4 Given Rzgrjj313x11’ then
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] ) n—p=e,
2) Gars (Ap)sCard(H)+1,

3} £ Uera (A, )=n.
di

Theoem 3.2 The trasitive closure of fuzzy proximity matrices R mekes up
fundamental elementvs of R.

Theorem 5.5 The result of fuzzy clustering only relates to the ordering
of the fucdamental elements of R.

Theorenm %.4 Any levels of the hierarchical clustering correspond to a
fundamental element of R, and the natural permutation without repetition
of the Tundamentsl elements of R determines a c¢lass of the hierarchical
clustering under the level

Up fo now, we have oniy discussed *he condition on the (1.1), but shall
can be discussSing dually the condition on the (1.2). This time, if the
diagonal elements "1", "large" and the mulliplying rule of the matrices,
1.0, Iég) = sup iﬁf { rigs Tyyd
change duelly into "0", "Small" and

(2) _ . .
tlJ = ini sup { tik’ tkj }

then, car obtain similar resuits.
Ao WK -~ Clustering g&ligorithns

Now, we can present the wk-clustering algorithms,and its steps are as fo

vieylate the proximity coefficients or the distences betvween

)

/1
.

{

sanplas,.

Sser 7. Select the natursl permutation ¢ the fundamental elements of
the proximity metrix or the distance matrix (not certainly fuzzy).

Ster 7. 2ccording to the natural permutation of the fundamentzl clements

directly obtain a clucster graph, and classify.
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1 0e1 0.9 0.3 0.8 0.1 0.2 0.1
1 0.1 0.3 0.1 041 0.1 0.1
1' 005 006 042 002 O¢1
) 1 0.5 0.1 0.1 0.1
7 =
1 0.2 0.2 0.1
1 0.7 0,3
1 0.4
. t
ther 8,(0.9)={ 1.3}, B,(053)={ 2.4}, 33(0.9)={ 3.1}34(015)={4, 53}
%(0:8)=15, 1} Bs(0.7)={6, T} B(0.7)={7,6 }5,(0.4)={ 5,7 }
C‘—"{{'{, 3}, {2, 4}, {49 5}9{501},{607},{8, 7}}

== 11, 24 4, 55 6, 8} ’ H1={:1’ 2y 4’ 5 }’ H2={6’ 8 }
‘t}T = i?, 2 ¢ 3, 4‘9 5}, A* ={6’ 7! 8}

' %

( ) (

1 0.1 0.9 0.3 0.8 1 0.7 0.3
gy = N = 1 0.1 03 0.1 b, = = . )
= " ? 4,7 Ao e 0.4

Te 0.5 0.6 T
. N /'
1 0.5
L /
1
¢ N
0s1 042 0.1
0.1 0.1 0.1 (1 002}
D = ! i
L= 042 0.2 0.1 o
Y L J
0.% 0.1 0.1
U2 0.2 041
N /

e catursl permutation of fundamental elements of R:

Value 0.9 0.8 0.7 0.5 0.4 0.3 0.2
You index 1 5 6 4 8 2 (
coluun index 3 4 7 5 7 4 7

Ootair a cluster graph sre as follows:
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