
 

 

  
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 
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1, ...,j n=  where uij is the membership of pattern xj to 

clusters Xi. In hard clustering the following condition holds: 
this value is equal to 1 if x Xj i∈  else is 0. The purpose is to 

classify data sets X such 
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When the fuzzy clustering is main subject, the conditions 
below is validated: 
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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: 
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where n is the total number of patterns in a given data set and c 

is the number of clusters; { }, , ...,
1 2

X x x x
n

=  ⊂ Rs and V = 

{v1, . . . , vc} ⊂ Rs are the feature data and cluster centroids; 

and U uij=  
   c×n is a fuzzy partition matrix composed of 

the membership grade of pattern xj to each cluster i.  ( , )J u υ  
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 
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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 υ 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 vi for i = 1, 2, . . . , c 
using Eq. (8). 
3) Update the membership uij using Eq.(9). 

4) Repeat 2) and 3) until the value of ( , )J u υ 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 510ε −= , 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.  
 
 

 

 
 
 
 
 
 
 
 

 

 
 

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

 
The m and the number of clusters c 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. 
 

 
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 

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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