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Determining Number of Cluster in Fuzzy
Clustering

Ozer OZDEMIR and Asli KAYA

Abstract— Clustering analysis is one of the multivariate
statistical techniques that help to divide data groups of which are not
exactly known to subgroups according to similarities and explore
different correlation and structures in large data sets. In particular,
fuzzy clustering analysis has recently been researched and used in
various fields. Determining the number of cluster is an important task
in fuzzy cluster analysis. In this study, notions relating to cluster
validity were introduced and cluster validity indices in literature were
reviewed. These indices were used in common genetic data set with
fuzzy c-means algorithms and changeable fuzzifier parameter. The
result was simply analyzed.
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1. INTRODUCTION

lustering is an unsupervised classification method which
is aimed to separate similar data to the same classes. A
data in a multi-dimensional space is edited by coherent
groups. While the data in same class are homogeneous, the
different ones are heterogeneous which are not resembled to
each other. The purpose of any clustering technique is find out
clustering number (c) by changing U( X ) partition matrices of

X = {Xl' x2 Xn} ,unlabeled. The size of U partition matrix

is ¢ x n and represented as Uz[ }izl,...,c and

UIJ

j=1,..,n where Ujj

clusters X;. In hard clustering the following condition holds:

this value is equal to 1 if Xj €X; else is 0. The purpose is to

is the membership of pattern x; to

classify data sets X such

Xj=0 fori=12...,¢c 1)
Ximxj:O fori=1,2,...,¢ j=12,..,Ci=#]j 2
and
c
iL:JlXi:X. (3)
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When the fuzzy clustering is main subject, the conditions
below is validated:

n

0< X2 u<nfori=12...,c 4)
=Y

5 for j=1,2

iEluij:l or j=1,2,...,n, (5)

53 ©)

Usi =N.
i=1j=1 Y

2. THE FUZZY C-MEANS CLUSTERING ALGORITHM

Fuzzy C-Means (FCM) algorithm is developed from Hard
C-Means algorithm in terms of partially belong a data to more
than one cluster. FCM unsupervised classification algorithm
defined through 1973. FCM attempts to find the most
characteristic point in each cluster, which can be considered as
the “centroid” of the cluster and, then, the grade of
membership for each object in the clusters. Such aim is

achieved by minimizing the objective function. Object
function:
nc g 2
J(U,U) = JE]JE]_UIJ HXJ —Ui (7)

where n is the total number of patterns in a given data set and ¢
is the number of clusters; X = {Xl’ x2,..., Xn} cRand V=

{vi, ..., vc} c R® are the feature data and cluster centroids;

and U = [uij} cxn is a fuzzy partition matrix composed of

the membership grade of pattern x; to each cluster i. J(u,v)

value is the total of pattern measurement of all weighted least
square errors. The weighting exponent m is called the being
effective on the clustering performance of FCM. The cluster
centroids and the respective membership functions that solve
the constrained optimization problem in (7) are

n
> (uij)™xj
= aci<,

(8)
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These equations form the iterative optimization process. The
aim is to iteratively improve a sequence of sets of fuzzy
clusters until no further improvement in J(u, v) is possible.
The FCM algorithm is executed in the following steps:

1) Initialize membership uij of xj belonging to cluster i., given

a pre-selected number of cluster c, a chosen value of m.
2) Calculate the fuzzy cluster centroid v; fori=1,2,...,¢
using Eq. (8).

3) Update the membership uij using Eq.(9).

4) Repeat 2) and 3) until the value of J(u,v)is no longer
decreasing.

3. COMPARING OF THE PERFORMANCES OF VALIDITY
INDICES

To test validity indices in a common used genetics data set,
comparing of defined indices above are done with fuzzy c-
means algorithm. In all experiments, different values used for
fuzzier parameter m in algorithm and observed impact of
cluster number of changing values. The test for convergence in

the FCM algorithm was performed using & =10_5, and the
distance function || was defined as Euclidean distance.

4.1. Yeast data

In this data set, the expression profiles of 6200 yeast genes
were measured 0-160 min times period during two cell cycles
in 17 hybridization experiments (Cho et al., 1998). We used
the same selection of 2845 genes made by Tavazoie et al.
(1999).

4, RESULTS

The main purpose of this section is to compare the
performance of some of the above mentioned indices at the
changing fuzzifier parameter level in determining the
number of clusters. Test results for real data set have been
reported.
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m=4d IF
PC CE & MFPC Aie Kwon
2 Q75 | 0042 | 0742 | 0.54% Q047 | 42509
3 958 | 0.053 | 0166 | 0.952 ai1ve | 511,17
4 0855 | 0069 | 0097 | 0944 a2ii | e F7
5 | 0952 | 0078 | 0255 | 0941 G255 | 81853
] 842 | 0098 | 020 0830 Q304 | 10018
m=i5
PC CE 5 MPC Kie Kwomn
aang 0155 | 0124 Q818 0134 35886
0878 Q219 | 0142 0814 0159 46244
0848 0279 | 0167 0795 0192 56348
0.813 0344 | 0219 0766 0239 77418
0778 Q413 | 0248 0733 0302 91321
m=2
€ PC CE 5 MPC Xie Ewon
2 0793 | 340 | A113 | O387 | A113 | 3277
3 070% | 0335 | Q27 | 0354 | 0427 3708
4 0627 | O706 | Qi35 | 0302 | i35 | 4582
b 0530 | OFad | Q210 | 0448 | 0210 | a3da
] 0305 | 0998 | 0220 | 0407 | 0220 | 6512
m=23
PC CE 5 MPC Xie Ewon
fne9g 0469 | 0124 0398 00872 266031
0564 0739 | 0150 034  60.000 2732
0467 0803 | 0498 0289 Q408 32545373
03ed LI97 | 0286 Q240 04042 435539
03i3a 1370 | 0300 Q204 043 437829

Table 1: Yeast Data Fuzzy Validity Indices
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Figure 1: Validity Indices Graphs

The m and the number of clusters ¢ values used for the FCM
clusters of the yeast data set is given in Table 1. Except for the
MPC and PC validity indices using the maximum value, the
best cluster result can be determined by the minimum index
value in other indices. The fuzzifier parameter selection should
be m=1.15 as appropriate with this constraint. However, when
determining the number of clusters, the value of the objective
function should also be considered in the yeast data set, as the
index values are very close to each other and the desired
criteria.

c Object Function Value
2 252053443.013685

3 144436156.901297

4 104203596.123227

5 85582718.0455856

6 75036793

Table 2: Object Function Values

5. CONCLUSION

This paper introduces the fundamental concepts of cluster
validity, while a review of a number of fuzzy cluster validity
indices available in the literature is presented. In addition, we
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conducted extensive comparisons of the mentioned indices in
conjunction with the FCM algorithm on widely used data set.

It has been shown that both the number of clusters and the
choice of the fuzzifier parameter are significant effects on the
algorithm results in the experimental results and that each
index does not always give the correct result at the level of the
different fuzzifier parameters and that the use of the weighting
parameter m= 2 in the general fuzzy clustering algorithm is not
suitable for some data sets. For real data, it is clearly it is
clearly more difficult to estimate the number of clusters. As a
result, mostly, there is no available parameter set and an
optimal solution should be applied by intuitively choosing the
best candidate.
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