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Abstract: The paper deals in the preliminary way with the 
problem o f  an evaluation offuzzy clustering results. Basic 
concepts o f  the AFC-method o f  fuzzy clustering are 
considered and som e measures f o r  the evaluation o f  fuzzy 
clustering results are proposed. Results o f  numerical 
experiments are presented and preliminary conclusions 
are made.

Keywords: fuzzy cluster, allotment, linear index of 
fuzziness, quadratic index of fuzziness, density of fuzzy 
clu' ter

fuzzy cluster A'a), а  є  (0,1],/ є [I, n] can be defined as

Pu = i
P a1(Xi), x ,eA 'a 

0, else
( I )

where A1a = { x t є  X I p A, (Xi) > a } , а  є  (0,1] is the support 

of the fuzzy cluster Afa). A condition A1a =  Supp(A1fat) is 

met for each fuzzy cluster A[a), а  є (0,1], l =  \,n .

I. INTRODUCTION
An outline for a new approach to fuzzy clustering was 
presented in [1], where a concept of allotment among 
fuzzy clusters was introduced and a basic version of 
heuristic fuzzy clustering method was described. The 
main goal of the paper is a consideration of a problem of 
inspection of fuzzy clustering results. For this purpose, 
basic concepts of the allotment among fuzzy clusters 
(AFC) method are considered. Illustrative examples are 
shown and conclusions are formulated.

П. BASIC CONCEPTS
Let us consider basic definitions of the AFC-algorithm 
which are considered in detail in [1].

Definition I. Let X  = {x,.... xn] be the initial set of
elements and T : X  x X  —> [0,1] some binary fuzzy 
relation on X  = {x,,...,x„} with
p T ( x n  X j  ) є  [0,1 ], Vxi, X j  є  X  being its membership
function. The fuzzy binary intransitive relation T which 
possesses the symmetricity property and the reflexivity 
property is the fuzzy tolerance relation on X  .

Let Г be a fuzzy tolerance on X  and a  be a  -level 
value of T , а  є (0,1].

Deflnition 2. The a  -level fuzzy set 
4 a ,  ={(*,>P a- O /)) I P a- (Х,)>а,х,. еХ ,Іє [\ ,п ]}  is 
fuzzy a-cluster or fuzzy cluster in simple words. So
A1w  c  A1 , а  є  (0,1], A1 e { A l ....... A"} and p H is the
membership degree of the element x, є X  for some fuzzy 
cluster Afa), a  є (0,1],/ є [I,л ] . Value of a  is the 
tolerance threshold of frizzy clusters elements.

The membership degree of the element X 1 є  X  for some

D efin itio n  3 . If Г is a fuzzy tolerance on X , where X  
is the set of elements, and {A'fa),..., A"a)} is the family of

fuzzy clusters for some а  є (0,1], then the point т[ є A1a , 
for which

r ' = arg max p u, Vxi є A1a (2)
X,

is called a typical point of the fuzzy cluster 
A{a),cte(0,\},le[\ ,ri\ .

D e f i n i t i o n  4 .  Let R° (X ) =  {Afa) \ I = l,c,2 <, с й n} be a 
family of fuzzy clusters for some value of tolerance 
threshold а , а  є  (0,1], which are generated by some fuzzy 
tolerance T on the initial set of elements X  = {x,,...,x„}. 
If a condition

^ jP n  >  OtVxi є X  (3)
/=1

is met for all A[a),l = l,c ,c  < n , then the family is the
allotment of elements of the set X  = {x,....x ,} among
fuzzy clusters {A[B),l  = l,c,2 < c < n) for some value of 
tolerance threshold а , а  є (0,1].

If some allotment R“ (X) = {A‘(a) \ I =  I,с ,c < n}
corresponds to the formulation of a concrete problem, 
then this allotment is an adequate allotment. In particular, 
if a condition

I j A 1a = X ,  (4)
(=i

and a condition
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card( A1a n  A” )  =  0 , VA'(a) ,А та),1 ф т , а  є (  0,1] (5)

are met for all fuzzy clusters AM ,l  =  \,c of some 
allotment R f (X ) = {A'a) 11 = I,c ,c  < n , a  є (0,1]} then
the allotment is the allotment among fully separate fuzzy 
clusters. However, fuzzy clusters in the sense of definition 
2 can have an intersection area. So, the conditions (4) and 
(5) can be generalized [2]. In particular, a condition

Y card(A1a ) > card(X ),
/=1 »

VA1m  є R f  (X ), card  (R f (X )) =  c 

and a condition

card(A ‘a п Л ” )<  w,

are generalization of the conditions (4) and (5).

So, the problem of discovering the unique allotment
R *(X )  of the initial set of elements X  = {л:,.... х л }
among c fully separate or particularly separate fuzzy 
clusters is the problem of classification. The matrix of 
similarity coefficients T = [ fJT(x„xJ ) ] , i , j  =  I,...,и is the 
matrix of initial data for the AFC-algorithm. The 
allotment R * (X )  among c fuzzy clusters and tolerance 
threshold a  are results of the classification process. The 
general plan of the AFC-algorithm for the problem 
solving is presented in [1].

ІП. EVALUATION OF FUZZY CLUSTERS
The qualitative inspection of fuzzy clustering results can 
be done, e.g., with a linear index of fuzziness or a 
quadratic index of fuzziness, used for evaluation of 
fuzziness degree of fuzzy clusters. These two indexes are 
introduced and considered in [3].

The linear index of fuzziness is defined as

h ( AL ) ) = ~ - < * » « ) >  AL))> (8)
ni -----

where n, =card (A a ), Â a) є  R *  (X ) is the number of 

objects in the fuzzy cluster Am  and d H(A'M ,AM ) is the 

Hamming distance

(6)

(7)

function of the crisp set A1m  can be defined as

f°.Av (jc,) <0.5
H . ,  CO = j " , Vxi є  A ,

^  "  [I,Z4 i (Xl) >0.5’ ' -

where а  є  (0,1].

The quadratic index of fuzziness is defined as

( 1 0 )

Tq(^ia))-  і— • d E(AM , AM ) , 
v ni —

(H)

where n, = C a r d ( A 1a ) , A1m  є  R * (X )  and d e (A'M ,AM ) 

is the Euclidean distance

(j4Ia) > j4Ia)) ~ J  Y  ( aa ( x i ) j  (12)

between the fuzzy cluster A1m  and the crisp set Am  

which are defined by formula (10). For each fuzzy cluster 
Am  in R * (X ) , evidently, the following conditions are 

met:

0 -  ^i (A1m ) <  I , (13)

0 <  I q(A1m ) <\ . (14)

Indexes (8) and (11) show the degree of fuzziness of 
bounds of fuzzy clusters which are elements of the 
allotment R * ( X ) .  Obviously, that

j l( a ‘(°)) =  1Q(a L )) =  0 for a crisP set A'a) є  R * ( X ) . 
Otherwise, if Hli =  0.5, Vxi є A1a then fuzzy cluster 
Am  g R * (X ) is a maximal fuzzy set and

Tl (a U )  = S0(a L))  = l -

A density of fuzzy cluster can be defined as

D ( j4L)) =  - > 05)
nI х,сл‘,

where Iil =  card(Aa ), A1m  є  R * (X )  and membership 
degree Hu Is defined by formula (1). It is obvious, that a 
condition

dll  (A (a) > (9)

between the fuzzy cluster A1m  and the crisp set Am  

nearest to the fuzzy cluster Am  . The membership

0 < D(Am ) <  I , (16)

is met for each fuzzy cluster Am  in R * (X ) . Moreover, 

D(A1m ) = I for a crisp set Al(a) e  R * (X ) for any 
tolerance threshold а ,  а  є  (0,1]. The density of fuzzy
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clu s ter show s an average m em bersh ip  degree  o f  elem ents 
o f  a  fuzzy  cluster.

IV. EXPERIMENTAL RESULTS
T he A nderson 's Iris d a ta  [4] consist o f  sepal leng th , sepal 
w id th , petal length  and pe ta l w id th  fo r 150 irises. The 
problem  is to  c lassify  the  p lan ts  in to  th ree  subspecies on 
the  basis o f  th is in form ation . T h e  real assignm ents to  the 
three c lasses are show n in T ab le  I.

T a b ic  I .  R e a l  o b je c ts  a s s ig n m e n t

Class Numbers of objects
Number Name

I, 6, 10, 18, 26, 31, 36, 37, 
40, 42, 44, 47, 50, 51, 53, 
54, 55, 58, 59, 60, 63, 64,

I SETOSA 67, 68, 71, 72, 78, 79, 87, 
88, 91, 95, 96, 100, 101, 
106, 107, 112, 115, 124, 
125, 134, 135, 136, 138, 
139, 143,144, 145, 149
3, 8, 9, 11, 12, 14, 19, 22, 
28, 29, 30, 33, 38, 43, 48, 
61, 65, 66, 69, 70, 76, 84,

2 VERSICOLOR 85, 86, 92, 93, 94, 97, 98, 
99, 103, 105, 109, 113,114, 
116, 117, 118, 119, 120, 
121, 128, 129, 130, 133, 
140, 141, 142, 147, 150
2, 4, 5, 7, 13, 15, 16,17, 20, 
21, 23, 24, 25, 27, 32, 34, 
35, 39, 41, 45, 46, 49, 52,

3 VIRGINICA 56, 57, 62, 73, 74, 75, 77, 
80, 81, 82, 83, 89, 90, 102, 
104, 108, HO, 111, 122, 
123, 126, 127, 131, 132, 
137, 146,148

application  o f  com plem en t operation

Mt (x ,, Xj ) =  I  -  fi, (x„ Xj  ) , V f, j  =  I , . . . ,  n ( 18)

to  th e  m atrix  o f  fuzzy  intolerance

A few  d istances can be used  as the d (x i , x J) , i , j  = \ ,n 

distance. The m o st w id e ly  used  d istances fo r any two 
fuzzy  sets Xn Xj in  X = { x ....... *„} are [3]:

•  T he norm alized  H am m ing  distance:

I(Xn Xj ) = - X I i j  = h n ,  (19)

•  T he norm alized  E u clid ean  distance:

e(x,I .Xj )  = . Д о р ч , ,  ( x ' ) - M Xj( x ' ) f , l j  = \ , n ,  (20)

•  T he squared  n o rm alized  E uclidean  distance: 

^ i . x J ) = —  J ^ i u Xl( x ' ) - / i Xj( x ' ) f ,  i , j  = l , n .  (21)

In the case  o f  the  no rm alized  H am m ing  distance the 
a llo tm ent R*(X)  w h ich  co rresponds to  the result, was 

ob ta ined  fo r the to le ran ce  th resho ld  a  = 0.8192 . Fourteen 
m istakes o f  c lassification  w ere  received. Supports o f  
fuzzy clusters in the  case  o f  th e  norm alized  H am m ing 
d istance are  p resen ted  in  T ab le  2. M isclassified  objects 
are d is tingu ished  in  T ab le  2.

T a b le  2 . T h e  o b je c ts  a s s ig n m e n t  In th e  ca se  o f  th e  
n o r m a l iz e d  H a m m in g  d is ta n c e

The matrix of attributes is the matrix
Xmxn = [x '] ,/= l......n,t =  I.......m , where n = 150,/n = 4.
So, the value X 11 is the value of t  -th attribute for і  -th 
object. The data can be normalized as follows:

M,, (x')  =  —  = ( 1 7 )
maxx,

X,

for all attributes x ' , t  . So, each object can be
considered as a fuzzy set x,,i = I,... ,л and
Mx ( x<)  є  [0 ,1 ] ,і  =  I , . . . ,  n,t  =  I ......... m are their membership
functions. After application of a distance
d ( x t , X j ) , i , j  = 1,л to the matrix of normalized data

^ x ,= [A ,( t ') ] , i  = 1 ,...,я ,/= I......m a matrix of fuzzy
intolerance I  = [jJI(xi, x J) ] , i , j  =  l,...,n  can be obtained. 
The matrix of fuzzy tolerance
T =  Itir (XitXj )],i , j  = 1,..., n can be obtained after

Class Numbers of objects
Number Name

I, 6, 10, 18, 26, 31, 36, 37, 
40, 42, 44, 47, 50, 51, 53, 
54, 55, 58, 59, 60, 63, 64,

I SETOSA 67, 68, 71, 72, 78, 79, 87, 
88, 91, 95, 96, 100, 101, 
106, 107, 112, 115, 124, 
125, 134, 135, 136, 138, 
139, 143, 144, 145, 149
3,5, 8, 9,11,12,14,16,19, 
22, 25, 28, 29, 30, 32, 33, 
34, 38, 43, 46, 48, 52, 56, 
61, 62, 65, 66, 69, 70, 75,

2 VERSICOLOR. 76, 82, 84, 85, 86, 90, 92, 
93,94, 97, 98,99,103, 105, 
108, 109, 113, 114, 116, 
117, 118, 119, 120, 121, 
128, 129, 130, 133, 137, 
140, 141, 142, 150
2, 4, 7, 13, 15, 16, 17, 20, 
21, 23, 24, 27, 35, 39, 41,
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3 V IR G IN IC A
45, 4 9 , 57, 73, 74 , 77, 80, 
81, 83, 89, 102, 104, H O,
111, 122, 123, 126, 127, 
131, 132, 137, 146, 147, 
148

The object x95 is the typ ical p o in t r 1 o f  the  fuzzy  c luster 

w hich corresponds to  the  firs t class. T he o b jec t x 98 is the

typical po in t z 2 o f  the  fu zzy  c luster w h ich  corresponds to  
the  second class and the  o b jec t x]26 is the typ ical po in t

r 3 o f  the  fuzzy  c lu s te r w h ich  co rresponds to  the  th ird  
class. M em bersh ip  va lues o f  the Setosa  c lass are 
p resented  in  F ig . I.

ro
0 9  

0 8 

0 . 7

0.6

0 . 5

0 . 4

0 3

0.2

01

F ig . 3 . -  M e m b e rs h ip  v a lu e s  o f  th e  V IR G I N I C A  c lass  in  th e  
c a s e  o f  th e  n o r m a l iz e d  H a m m in g  d is ta n c e

Mn

0 9  - •  •

0 8  - 

0 7  - 

0 6  - 

0 5  - 

0 4  - 

0 3  - 

0 2  - 

01 •

00 I------------------1------------------ 1------------------  г
0  5 0  1 0 0  1 5 0

Fig . I .  -  M e m b e rs h ip  v a lu e s  o f  th e  S E T O S A  c la s s  in  th e  ca se  
o f  th e  n o rm a liz e d  H a m m in g  d is ta n c e

V alues o f  th e  lin ear index  o f  fuzziness, the  quadratic  
index and the  d ensity  o f  fuzzy  c lusters are  p resented  in 
Table 3.

T a b le  3 . R e s u l ts  o f  th e  e v a lu a t io n  o f  fu zzy  c lu s te r s  in  th e  
ca se  o f  th e  n o r m a l iz e d  H a m m in g  d is ta n c e

N u m b e rs  
o f  c lasses

T h e  v a lu e  o f
th e  l in e a r  
in d e x  o f  
fuzz in ess

th e  q u a d r a t ic  
in d e x  o f  

fu zz in ess

th e  d en s ity  
o f  fuzzy  
c lu s te r

I 0 .07199 0 .08409 0.96400
2 0.21713 0 .23934 0.89143
3 0 .21044 0.22273 0.89478

M em bership values o f  th e  V ersico lo r c lass are  p resented  
in Fig. 2.

In  the case o f  the  no rm alized  E u clid ean  d istance the 
allo tm ent R * (X )  w h ich  co rresponds to  the result, w as 

ob tained fo r th e  to le ran ce  th resh o ld  or =  0 .8 1 0 4 . Six

ro
0 9  

0.8 

0 7  

0 6  

0 5

0 4  

0 3  

0.2 

0.1 

00і
F ig . 2. - M c m b e r s W p  v a lu e s  o f  th e  V E R S IC O L O R  c la s s  In  

th e  ca se  o f  th e  n o rm a liz e d  H a m m in g  d is ta n c e

M em bership  values o f  th e  V irg in ica  class are p resen ted  in 
Fig. 3.

m istakes o f  c lassifica tion  w ere  received . T h e  o b jec t Z95

is the typ ical p o in t r '  o f  th e  fuzzy  c luster w hich 
corresponds to  th e  firs t class. T he o b jec t Z 98 is the typical

po in t T 2 o f  the  fu zzy  c lu s te r w h ich  corresponds to  the 

second class and the o b jec t X23 is the  typ ical po in t r 3 o f  

th e  fuzzy c lu s te r w h ich  co rresp o n d s to  the third class. 
Supports o f  fuzzy  c lusters in  th e  case  o f  th e  norm alized  
E uclidean d is tance  are  p resen ted  in  T ab le  4. M isclassified  
objects are d is tingu ished  in  T ab le  4.

T a b le  4 . T h e  o b je c ts  a s s ig n m e n t  In th e  ca se  o f  th e  
n o r m a l iz e d  E u c l id e a n  d is ta n c e

C la ss N u m b e rs  o f  o b jec ts
N u m b e r N a m e

I ,  6, 10, 18, 26, 31, 36, 37, 
40 , 42 , 44 , 47 , 50, 51, 53, 
54 , 55, 58, 59, 60, 63, 64,

I SE TO SA 67, 68 , 71, 72, 78, 79, 87, 
88 , 91 , 95, 96, 100, 101, 
106, 107, 112, 115, 124, 
125, 134, 135, 136, 138, 
139, 143, 144, 1 4 5 ,1 4 9
3, 5 , 8, 11, 12, 14, 19, 22,
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25, 28, 29, 30, 33, 38, 43, 
48, 56, 61, 65, 66, 69, 70, 
76, 84, 85, 86, 90, 92, 93,

2 VERSICOLOR 94, 97, 98, 99, 103, 105, 
109, 113, 114, 116, 117, 
118, 119, 120, 121, 128, 
129, 130, 133, 140, 141, 
142,150
2, 4, 7, 9, 13, 15, 16, 17, 20, 
21, 23, 24, 27, 32, 34, 35, 
39, 41, 45, 46, 49, 52, 57,

3 VIRGINICA 62, 73, 74, 75, 77, 80, 81, 
82, 83, 89, 102, 104, 108, 
HO, 111, 122, 123, 126, 
127, 131, 132, 137, 146, 
147, 148

Мы

O R -  

0 . 7  -

0 6  - H

0 . 5  -

0  4 - 

0 . 3  ■

0 2  - 

0 1-
001 ------------------1------------------ 1------------------  I

О  5 0  1 0 0  1 50

F ig . 6. -  M e m b e rs h ip  v a lu e s  o f  th e  V IR G IN IC A  c lass  in  th e  
c a s e  o f  th e  n o rm a liz e d  E u c l id e a n  d is ta n c e

M em bership  va lues o f  th e  S etosa  class are  p resen ted  in 
F ig. 4.

Mh

0.0 ■
0 7  - 

0 6  - 

U . 6  - 

0 . 4  -

0 3  ■

0.2 

0 1 •

0 0 O ...............~  5 0  1 0 0  1 5 0 і

F ig . 4 . -  M e m b e rs h ip  v a lu e s  o f  th e  S E T O S A  c la s s  In  th e  case  
o f  th e  n o rm a liz e d  E u c l id e a n  d is ta n c e

M em bersh ip  values o f  th e  V ersico lo r class are presen ted  
in  Fig. 5.

0.8 ■

) 7  

0.6 ■

0 5  ■

0 4  

UO- 
0 2  - 

0 1

Q 0 '------------------- '-------------------'------------------  I
0  5 0  1 0 0  1 5 0

F ig . 5. -  M e m b e rs h ip  v a lu e s  o f  th e  V E R S IC O L O R  c la s s  In  
th e  c a s e  o f  th e  n o r m a l iz e d  E u c l id e a n  d is ta n c e

V alues o f  the  linear index  o f  fuzziness, the quadratic 
index and the density  o f  fuzzy  c lusters are presented  in 
T able 5.

T a b le  5. R e s u lts  o f  th e  e v a lu a t io n  o f  fu zzy  c lu s te rs  In th e  
ca se  o f  th e  n o r m a l iz e d  E u c l id e a n  d is ta n c e

Numbers 
of classes

The value of
the linear 
Index of 
fuzziness

the quadratic 
Index of 
fuzziness

the density 
of fuzzy 
cluster

I 0.09497 0.10955 0.95251
2 0.21005 0.22987 0.89497
3 0.22848 0.24782 0.88576

In  the  case  o f  the  n o rm alized  E uclidean  distance the 
a llo tm ent R*(X')  w h ich  co rresponds to  the result, w as 

ob ta ined  fo r the  to le rance  th resho ld  a  -  0 .9642 . Six 
m istakes o f  classification  w ere  received. T he object X95

is the  typ ical po in t r '  o f  the  fuzzy cluster w hich 
co rresponds to  the  first class. T he ob ject x 98 is the typical

po in t T 2 o f  the fuzzy c lu s te r w hich  corresponds to the 

second  c lass and th e  ob ject x 73 is the  typical po in t r 3 o f  
th e  fuzzy  c lu s te r w hich  co rresponds to  the third class. 
V alues o f  the m em bersh ip  function  o f  typical points o f  
fuzzy  c lusters a re  equal one. T he ob ject assignm ents 
resu lting  in  the case o f  the n o rm alized  Euclidean distance
(21) fo r the A n d erso n ’s Iris d a ta  preprocessing  are 
p resen ted  in  T able 6. M isclassified  objects are 
d istingu ished  in T ab le  6.

T a b le  6 . T h e  o b je c ts  a s s ig n m e n t  in  th e  ca se  o f  th e  s q u a re d  
n o r m a l iz e d  E u c l id e a n  d is ta n c e

Class Numbers of objects
Number Name

I SE TO SA

I, 6, 10, 18, 26, 31, 36, 37, 
40, 42, 44, 47, 50, 51, 53, 
54, 55, 58, 59, 60, 63, 64, 
67, 68, 71, 72, 78, 79, 87, 
88, 91, 95, 96, 100, 101,

M em bersh ip  values o f  th e  V irg in ica  c lass are  p resen ted  in 
F ig. 6.
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Fig . 9.106, 107, 112, 115, 124, 
125, 134, 135, 136, 138, 
139, 143, 144, 145, 149

V E R S IC O L O R

3, 5, 8, 11, 12, 14, 19, 22, 
25, 28 , 29, 30 , 33 , 38, 43, 
48 , 56, 61 , 65, 66, 69, 70, 
76, 84, 85, 86, 90 , 92, 93, 
94, 97, 98, 99 , 103, 105,
109, 113, 114, 116, 117,
118, 119, 120, 121, 128,
129, 130, 133, 140, 141,
142, 150___________________

V IR G IN IC A

2 ,4 ,  7 , 9, 13, 15, 16, 17, 20, 
21, 23 , 24 , 27 , 32, 34, 35, 
39, 41 , 45 , 46 , 49 , 52, 57, 
62 , 73, 74, 75, 77, 80, 81, 
82, 83, 89, 102, 104, 108, 
H O , 111, 122, 123, 126, 
127, 131, 132, 137, 146, 
147, 148____________________

M em bership values o f  th e  Setosa  c lass a re  presen ted  in 
Fig. 7.
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F ig . 7. -  M e m b e rs h ip  v a lu e s  o f  th e  S E T O S A  c la s s  in  th e  ca se  
o f  th e  s q u a r e d  n o r m a l iz e d  E u c l id e a n  d is ta n c e

M em bership values o f  the  V ersico lo r class a re  presen ted  
in Fig. 8.
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F ig . 8. -  M e m b e rs h ip  v a lu e s  o f  th e  VrE R S lC O L O R  c la s s  in  
th e  ca se  o f  th e  s q u a r e d  n o rm a liz e d  E u c l id e a n  d is ta n c e

M em bership  values o f  th e  V irg in ica  class a re  p resen ted  in
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F ig . 9. -  M e m b e rs h ip  v a lu e s  o f  th e  V IR G IN IC A  c lass  in  th e  
ca se  o f  th e  s q u a r e d  n o r m a l iz e d  E u c l id e a n  d is ta n c e

V alues o f  th e  lin ear index  o f  fuzziness, the  quadratic  
index and th e  density  o f  fuzzy  c lusters in  the  case  o f  the 
squared n o rm alized  E u clid ean  d is tance fo r the data 
p rep rocessing  are p resen ted  in  T ab le  7.

T a b le  7. R e s u lts  o f  th e  e v a lu a t io n  o f  fu zzy  c lu s te r s  In  th e  
c a s e  o f  th e  s q u a r e d  n o r m a l iz e d  E u c l id e a n  d is ta n c e

N u m b e rs  
o f  c lasses

T h e  v a lu e  o f
th e  L inear 
in d e x  o f  
fuzz in ess

th e  q u a d ra t ic  
in d ex  o f  

fu zz in ess

th e  d en sity  
o f  fuzzy 
c lu s te r

I 0 .00600 0 .00929 0.99700
2 0.02641 0.03265 0.98679
3 0.02942 0.03451 0.98529

I f  th e  linear index  o f  fuzz in ess  an d  the quadratic  index o f  
fuzziness a re  sm all fo r so m e  fiizzy  cluster, then  a  shape o f  
the  pattern  o f  th e  fu zzy  c lu s te r is crisp . F rom  o ther hand, 
i f  the  density  o f  fuzzy  c lu s te r is h igh  fo r som e fuzzy 
cluster, th en  m em b ersh ip  va lu es o f  elem ents o f  fuzzy  
c luste r a re  h igh  also. So, fu zzy  c lusters o f  the a llo tm ent 
R*{X)  w h ich  rece ived  in  th e  case  o f  the squared  

norm alized  E uclid ean  d is tan ce  using  in  data 
preprocessing  are  m o s t co m p ac t and  w ell-separated  fuzzy 
clusters. N o tab le , th a t the  sq u ared  n o rm alized  E uclidean 
distance is n o t m etric  [3].

V. CONCLUSIONS
The results o f  the a llo tm en t m ethod  o f  fuzzy  c lustering  
app lication  can  be v e ry  w ell in terpre ted . T he a llo tm ent 
m ethod o f  fuzzy  c lu s te rin g  is very  sim ple from  the 
heuristic p o in t o f  v iew . M o reo v er, th e  ob jective function- 
based  fuzzy  c lu s te rin g  algo rithm s are sensitive to  
in itialization . V ery  o ften , th e  algorithm s are in itialized  
random ly m ultip le  tim es , in  th e  hope tha t one o f  the 
in itializations leads to  goo d  c luste ring  results . F rom  o ther 
hand, the  A F C -algo rithm  clu s te rin g  resu lts  are stable.

The resu lts o f  app lica tion  o f  the A FC -algorithm  to 
A nderson’s Iris d a ta  show  th a t the  allo tm ent m ethod o f  
fuzzy  c luste ring  is a  p rec ise  an d  effective  num erical
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procedure for solving classification problems. Moreover, 
the linear index of fuzziness, the quadratic index of 
fuzziness and the density of fuzzy clusters are effectual 
tools for the inspection of results of the AFC-method 
application to solving of fuzzy clustering problems.
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