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CTATILISTI SETS  IN  IVATUATION CF  FUZZY

CTIUSTERING  ALGORITHIIS
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Avetwaet The naner points out arn application of probabhilistic

aets,esnecially thelr erntropy ieasures, in evaluation
cery ¢luvstering elzjorithrs.We discuss several
penperties of the structure detected by the clustering

slora-ithusg,
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Concpriasd pattern rcCﬂiultlox(clus;aflng tec! Tnec )oar

wnsased as ern important tool for discovering a siruture ol

consideration [1]BI6ELThe clustering alworitinm
; ] -~ - . m
ooates wartition of the entire data set X=§§1,§2,...,§£},§-6B
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peo armets guch that mors or lese homezenous elements of X are

~immnd ta the same subset.In seneral,the c-clusters ottaire
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- va sharecterized in a unique way by 2 set of'"c" dicjoint
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1’82""’Sc ,that union is X,
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c
A= U Si . (1)

i=1
A ivalent way of defining the clusters is obtained using chara-
~toviztie funetions of Si’s
r: x — {0,1} . (2)

21 ourse,due to the properties of subsets Si specified above,one

k% :Zj: Xd(zj) =1 x, belongs to exactly one cluster
’fﬁ;jén i=1 o
(3)
‘V 2 ;{(§3)2>0 each cluster is a nonempty subset
gisc  J=1 007 \
of X (4)

Prom a formal point of view,fuzzy sets allow us to rel=x the

+

~nrnatraints showvn before,viz.every gj may belong to the cluster

rre-ified with a certain grade within[0,1] interval.This zrade re-

R =Tehs
L ep

ts a strength of belonginess of the element of X to the clu-

c+ar.fhus we can speak the clusters are fuzzy indeed,and therefore

i~ is rossible to analyze the data in more extended fashion.An ad-

we=rtace of the use of fuzzy sets is twofold:

~ ‘rstly,we have at our disposal a deep insight into a structure

~¢ t+he data set(srades of belonginess of the element to the clu-
<er)that allows the user to compare the most significant

etrneture in X and a residual one,

~rnvdly, fuzzy sets offer us a tool for selectins the nost~plau-

Ty

Livle'number of clusters in the structure discussed (for exhaustive
‘arussion the reader is referred e.g.tol[2]a],[107, [11]).

Sirilarly as in the situation while one aprlies hard clustering

sockrnioues,we have to look for an effective mechanism of interpre-

+a4 inn ~f the results of fuzzy clustering.For hard clustering one
v.allv prefers cross-partiticn method(cf.[1]).ln this case for
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> now o elustering,the proolenm of evaluation of the results has

1~ veen completely solved.Remembering the fact the clustering forms
- i+ ial atace for data processing and creates a fedback lcop

beoom o 4he plustering mechanis al-sorithms and a data-analyst,the

~

a7 0F evaluation of the results ottained is a crucial one [%].

)

iR EE

dars the number of fuszy clustering aloorithms is rather
“re,lakas for instance:Fuzzy c-means(an extendea version of ISu-
QAwAM?J,Fuzxy c-varietes[3] or senerally seometrical fuzzy clustering
1] .clustering with dissimilarity measures(cf. [¢] [9]) .Zach of
t ey wpaduces a nartition of the data set X Moreover some of them
-y~ nroferrable with respect to the shape of the clusters in X ,
Mavarthel pga, in 2enerai ,ore 1is interested in evaluation of the
tooof the overarl analysis.
in tiiis never we shall present the way how the results of
Tering car te interpreted in terms of probatilistic sets [7]and
“ileg ~ I wrebabilistic sets.lue to extensive analro's of this
“lizmofon of fuzzv sets wiich exists in literature(see[7] [2])
ooli o regirict ourselves to  applicaticonal aspects of nrotabi-
‘ot i gets in clustering.

<

sva.uation of the results of the fuzzy clustering

Let ou

53]
(6]

tart with the results of the fuzzy clusterin~ methods
cLeerted in a form of 2 partition matrix U =Euij],i:1,2,...,c,
C i, esegn According to the previous discussion U fulfills a col-

tion o corditvions,
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Y V g s€f0,1] (5)

‘Ls?Ln — 1571 ®)
! 2—, "ip° (7)
L e ;:

"+ o -vvious that every column of V represerts grades of belongi-
“hie elements in ¥ to the concrete classjisay

Uy oy, uppeeeuy ] (8)

e nerrership funcition of the furzy set Yy .
en X iz analyzed by "' clustering metheds,we obtein "H"
M

+Airst of all we are intere-

caricas nartition watrices ﬁ4,®2,...{U
ir. cetallishing a correspondence between the clusters genera-

‘ot various alzerithms.This step may be performed in diverse

“+ iang, 4 foundation of one of the method lies in comparison

Sirtences Letween rows of'Uj’ 3,The assisgnment leads us to "c" ta-

Vs contzining the values of the membership functinrns of the clu-

e in X, “hey take the following form,
“tering method meth»>d 1 method ¢ .,... method I

PP R SN ¢
e (N T £y

, 1 Z I3
=1 hett Y1 seee Mgy

. 1 2 M
=7 MEZ ium2 ceee M

Lo m1 mg m@
- mn mn e

Table for the m-th cluster
(m:’i,d,...,c)

o

e higye "el mrals

R ey

that are repre-

i?;stic SO)CS U1 ,Ué,goo.,Uc

oo ted I the talles shown atove,

Let ue discuss the representation of these resvlits in terms



—62-

“vavy ol preobobilistic sets(cf.[SD.The complexity of the

R 3
B

s2with respect to the catepgory Ui is =ziven by entrory

1yt )eThe mutual entropy between Ui’Ul for Ej is ziven by H(gj,

, ) Ji level of interactivity between Ui and U, for x. 1is indi-

1 J

Ly Ikx4,Ui,U1)equal to sam of entropies H(gi,Ui)and H(gj,Ul)
— o
i+ irisked by a wutual entropy H(gj,Ui,Ul):
KxsoUsply)= B4,V ) +H(x5,0p) -H(x4,05,0;) (%)
\=307irT] =j*7i =j*1 =3 i1 \

sravement ionee indices are of a local character due to the fact
“merete object X5 is taken into account.The global indices

cenrecenting the properties of the overall structure may he of a

e YooY
ER O RGN
. i ,

n
?:(}:,Ui)=1/nz H(zj.Ui) (10
=1
n
:;(X,Ui,ul)-_-1/n?é1 H(gc_j,Ui,Ul) (1)

3(x,0,,0,)=1/n Z Iz, 05,07 ) (12)

oy eopvey an information about complexity of the data structure

“iorovered by the clustering methods and interactivity between the

irteractivity is high enoush,we may suspect that the

nre not well separated or the clustering methods are not appro-
t2 and cannct detect the structure in X,
serical illustration

rder to visualize the performance of the entropy of the

“arilistic sets for unsupervised classification let us consider
aet ghown in Fig.d
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2

i wgists of 18 nainte §-

Y

a1, Two dimensional data set with three clusters detected

“ree oluztering alzorithms were used?
(1) FUZZY ZISODATA with p=1.5
(0} 7072y ISODATA with p=2,5
(ﬁ)&cuiens’ method[9]with the dissimilarity measure between th
erenty treated as Iuclidean distance.

cting with c=3 we have the following values of the entropies of
do o clusters:

—

GlK,1,)=1.595 LH(Z,Uy)=1.68 ,E(X,U'3)=1.52

-
A

?(;;x:,?:1,92)=o.87 ,f(X,U1,U3)= 0.83 , T(X,UZ,U3)= 0.85 ,

Dete that the complexity of all the clusters is the same;similarly



>f the clusters does not vary in X,
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antion between the pair

aftervards,the data set X is forced to be splitted into two
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Shg.? ,Mwe dimensional data set with two clusters detected
roeonne mets,

T(r,7.)=2.07 LH(X,U,)=2.03  I(X,U,,U,)=1.36.
oreover,a hypothesis aprzars that the measure of interactivity

to use it for aetectins the most"plausible" number of

R st Tt

0

a3
~ waters.For this purpose consicer an averaged interactivity between

-

~"uaters,

T= 1/L Z E(X,Ui,U ) (13)

1, 303L
sur is taken over all the oairs of i,j=1,2,...,c such that i<j.

. . s o~
“re nupter of pairs is equal to L,L- ¢(e-1) /2 ,The plot I versus c

£

iec Aenicted in Fig.3.
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~
 drenectien,l is a decreasing function of c.A simnificant jump in
LY
2 oze nf T for a certain "e" suzzests us to treat it as the most

Toorusitle” nurmber of zroups.liere,the jump occurs while "e'" chanres

2 to %,that susrests =3 clusters detected in X,
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