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Abstract 
Due to increasing amount of data available online, the world wide web has becoming one of the most valuable resources for 
information retrievals and knowledge discoveries web mining is the application of data mining techniques to extract knowledge 
from web. The knowledge extracted from the web can be used to raise the performances for web information retrievals. This 
paper is a survey of recent work in the field of web mining as well as a review of the web mining categories. Then we focus on 
clustering techniques. Within this, we introduce the fuzzy c-means clustering. 

Keywords: web mining, clustering, fuzzy c-means clustering. 

1. Introduction 

With dramatically quick and explosive growth of information available over the internet, world wide web 
has become a powerful platform to store, and retrieve information as well as mine useful knowledge. However, 
the web demonstrates many differences to traditional information containers such as databases. Those 
differences make it challenging to fully use web information in an effective and efficient manner. Web mining 
is right for this need. 

The web mining is a natural combination of the two active areas of current research, the data mining and the 
world wide web. Web mining can be broadly defined as the discovery and  analysis of useful information from 
the world wide web. Web mining is the use of data mining techniques to automatically discover and extract 
information from web documents/services. Web mining is an emerging research area. Some of the important 
research issues in web mining deal with: automatic keyword discovery, automatic document classification and 
clustering improved page ranking techniques etc. further machine learning and soft computing techniques such 
as: neural network, genetic algorithms and fuzzy logic can play an important role in mining the web. 

In this paper, we provide an overview of web mining and its categories. Further, we will discuss automatic 
document clustering techniques. We devote the main part of this paper to the discussion of fuzzy clustering. 
Furthermore, we survey some of the emerging techniques, and identify several future research directions. 

2. WEB MINING 
 

Web mining - is the application of data mining techniques to extract knowledge from web data, 
including web documents, hyperlinks between documents, us-age logs of web sites, etc. 
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 Internet has became an indispensable part of our lives now a days so the techniques which are helpful in 
extracting data present on the web is an interesting area of research. These techniques helps to extract 
knowledge from Web data, in which at least one of structure or usage (Web log) data is used in the mining 
process (with or without other types of Web). 
Web Mining can be broadly divided into three distinct categories, according to the kinds of data to be 
mined. We provide a brief overview of the three categories. A figure depicting the taxonomy is shown in 
Figure 1: 

 
Fig. 1 web mining taxonomy 

 
WEB CONTENT MINING : Web content mining has to do with the retrieval of information (content) 
available on the Web into more structured forms as well as its indexing for easy tracking information 
locations. Content data corresponds to the collection of facts a Web page was designed to convey to 
the users. It may consist of text, images, audio, video, or structured records such as lists and tables. 
Web content may be unstructured (plain text), semistructured (HTML documents), or structured 
(extracted from databases into dynamic Web pages). Such dynamic data cannot be indexed and consist 
what is called “the hidden Web”. A research area closely related to content mining is text mining. 
WEB STRUCTURE MINING : The structure of a typical Web graph consists of Web pages as nodes , 
and hyperlinks as edges connecting related pages.The goal of Web structure mining is to categorize the 
Web pages and generate information such as the similarity and relationship between them, taking 
advantage of their hyperlink topology. the area of Web structure mining focuses on the identification 
of authorities, i.e. pages that are considered as important sources of information from many people in 
the Web community. 
WEB USAGE MINING : Web usage mining is the process of identifying browsing patterns by 
analyzing the user’s navigational behavior. This information takes as input the usage data, i.e. the data 
residing in the Web server logs, recording the visits of the users to a Web site. Usage data captures the 
identity or origin of Web users along with their browsing behavior at aWeb site. Web usage mining 
itself can be classified further depending on the kind of usage data considered: 

• Web Server Data: The user logs are collected by Web server. Typical data includes IP 
address, page reference and access time. 

• Application Server Data: Commercial application servers such asWeblogic StoryServer have 
significant features to enable E-commerce applications to be built on top of them with little 
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effort. A key feature is the ability to track various kinds of business events and log them in 
application server logs. 

• Application Level Data: New kinds of events can be defined in an application, and logging 
can be turned on for them - generating histories of these specially defined events. 

 
With the explosive growth of information sources available on the World Wide Web and the rapidly 
increasing pace of adoption to Internet commerce, the Internet has evolved into a gold mine that 
contains or dynamically generates information that is beneficial to E-businesses. A web site is the most 
direct link a company has to its current and potential customers. The companies can study visitor’s 
activities through web analysis, and find the patterns in the visitor’s behavior. These rich results 
yielded by web analysis, when coupled with company data warehouses, offer great opportunities for 
the near future. 

3. TYPES OF WEB MINING 
3.1 WEB CONTENT MINING 

Web content mining is the mining, extraction and integration of useful data, information and 
knowledge from Web page contents. Content mining is the scanning and mining of text, pictures and 
graphs of a Web page to determine the relevance of the content to the search query. This scanning is 
completed after the clustering of web pages through structure mining and provides the results based 
upon the level of relevance to the suggested query. With the massive amount of information that is 
available on the World Wide Web, content mining provides the results lists to search engines in order 
of highest relevance to the keywords in the query.  

The web content mining is differentiated from two different points of view : Information Retrieval 
View and Database View. R. Kosala et al. summarized the research works done for unstructured data 
and semi-structured data from information retrieval view. It shows that most of the researches use bag 
of words, which is based on the statistics about single words in isolation, to represent unstructured text 
and take single word found in the training corpus as features. For the semi-structured data, all the 
works utilize the HTML structures inside the documents and some utilized the hyperlink structure 
between the documents for document representation. As for the database view, in order to have the 
better information management and querying on the web, the mining always tries to infer the structure 
of the web site to transform a web site to become a database. This type of mining uses the ideas and 
principles of data mining and knowledge discovery to screen more specific data. The use of the Web as 
a provider of information is unfortunately more complex than working with static databases. Because 
of its very dynamic nature and its vast number of documents, there is a need for new solutions that are 
not depending on accessing the complete data on the outset. Another important aspect is the 
presentation of query results. Due to its enormous size, a web query can retrieve thousands of resulting 
webpages. Thus meaningful methods for presenting these large results are necessary to help a user to 
select the most interesting content. 

3.2 WEB STRUCTURE MINING 
The challenge for Web structure mining is to deal with the structure of the hyperlinks within the 

Web itself. Link analysis is an old area of research. However, with the growing interest in Web 
mining, the research of structure analysis had increased and these efforts had resulted in a newly 
emerging research area called Link Mining, which is located at the intersection of the work in link 
analysis, hypertext and web mining, relational learning and inductive logic programming, and graph 
mining. There is a potentially wide range of application areas for this new area of research, including 
Internet. The Web contains a variety of objects with almost no unifying structure, with differences in 
the authoring style and content much greater than in traditional collections of text documents. The 
objects in the WWW are web pages, and links are in-, out- and co-citation (two pages that are both 
linked to by the same page). Attributes include HTML tags, word appearances and anchor texts. This 
diversity of objects creates new problems and challenges, since is not possible to directly made use of 
existing techniques such as from database management or information retrieval. Link mining had 
produced some agitation on some of the traditional data mining tasks. As follows, we summarize some 
of these possible tasks of link mining which are applicable in Web structure mining. 

1. Link-based Classification. Link-based classification is the most recent upgrade of a 
classic data mining task to linked domains. The task is to focus on the prediction of the 
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category of a web page, based on words that occur on the page, links between pages, 
anchor text, html tags and other possible attributes found on the web page. 

2. Link-based Cluster Analysis. The goal in cluster analysis is to find naturally occurring 
sub-classes. The data is segmented into groups, where similar objects are grouped 
together, and dissimilar objects are grouped into different groups. Different than the 
previous task, link-based cluster analysis is unsupervised and can be used to discover 
hidden patterns from data. 

3. Link Type. There are a wide range of tasks concerning the prediction of the existence of 
links, such as predicting the type of link between two entities, or predicting the purpose 
of a link. 

4. Link Strength. Links could be associated with weights. 
5. Link Cardinality. The main task here is to predict the number of links between objects. 

There are many ways to use the link structure of the Web to create notions of authority. 
The main goal in developing applications for link mining is to made good use of the 
understanding of these intrinsic social organization of the Web. 

 
3.3 WEB USAGE MINING 

The purpose of Web usage mining is to apply statistical and data mining techniques to the 
preprocessed Web log data, in order to discover useful patterns. the most common and simple method that 
can be applied to such data is statistical analysis. More advanced data mining methods and algorithms 
tailored appropriately for use in the Web domain include association rules, sequential pattern discovery, 
clustering, and classification. 

Association rule mining is a technique for finding frequent patterns, associations, and correlations 
among sets of items. Association rules are used in order to reveal correlations between pages accessed 
together during a server session. Such rules indicate the possible relationship between pages that are often 
viewed together even if they are not directly connected, and can reveal associations between groups of 
users with specific interests. Aside from being exploited for business applications, such observations also 
can be used as a guide for Web site restructuring, for example, by adding links that interconnect pages 
often viewed together, or as a way to improve the system’s performance through prefetching Web data. 

Sequential pattern discovery is an extension of association rules mining in that it reveals patterns of co 
-occurrence incorporating the notion of time sequence. In the Web domain such a pattern might be a Web 
page or a set of pages accessed immediately after another set of pages. Using this approach, useful users’ 
trends can be discovered, and predictions concerning visit patterns can be made. 

Clustering is used to group together items that have similar characteristics. In the context of Web 
mining, we can distinguish two cases, user clusters and page clusters. Page clustering identifies groups of 
pages that seem to be conceptually related according to the users’ perception. User clustering results in 
groups of users that seem to behave similarly when navigating through a Web site. Such knowledge is used 
in e-commerce in order to perform market segmentation but is also helpful when the objective is to 
personalize a Web site. 

Classification is a process that maps a data item into one of several predetermined classes. In the Web 
domain classes usually represent different user profiles and classification is performed using selected 
features that describe each user’s category. The most common classification algorithms are decision trees, 
naïve Bayesian classifier, neural networks, and so on. 

There also exist other methods for extracting usage patterns from Web logs. The most important one is 
using Markov models. 

4. WEB DOCUMENTS CLUSTERING 
Clustering is one of the main data analysis techniques and deals with the organization of a set of 

objects in a multidimensional space into cohesive groups, called clusters. Many uses of clustering as part of 
the Web Information Retrieval process have been proposed in the literature. Firstly, based on the cluster 
hypothesis, clustering can increase the efficiency and the effectiveness of the retrieval. 
Furthermore, clustering can be used as a very powerful mechanism for browsing a collection of documents 
(e.g. scatter/gather) or for presenting the results of the retrieval (e.g. suffix tree clustering). Finally, other 
applications of clustering include query expansion, tracing of similar documents and ranking of the 
retrieval results. 
4.1 STEPS OF CLUSTERING PROCESS 
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• first choose the type of the characteristics or attributes (e.g. words, phrases or links) of the 
documents on which the clustering will be based and their representation. The most commonly 
used model is the Vector Space Model.  

• Clustering is then performed using as input the vectors that represent the documents and a Web 
document clustering algorithm. 
The existing web document clustering algorithms differ in many parts, such as the types of 
attributes they use to characterize the documents, the similarity measure used, the representation 
of the clusters etc. Based on the characteristics or attributes of the documents that are used by the 
clustering algorithm, the different approaches can be categorized into i. text-based, in which the 
clustering is based on the content of the document, ii. link-based, based on the link structure of the 
pages in the collection and iii. hybrid ones, which take into account both the content and the links 
of the document. 

4.2 WEB DOCUMENT CLUSTERING ALGORITHMS 
4.2.1 Text based Clustering 

The text-based web document clustering approaches characterize each document 
according to its content, i.e. the words contained in it (or phrases or snippets). The basic idea 
is that if two documents contain many common words then it is very possible that the two 
documents are very similar. 

The approaches in this category can be further categorised according to the clustering 
method used into the following categories: partitional, hierarchical, graphbased, neural 
network-based and probabilistic algorithms. Furthermore, according to the way a clustering 
algorithm handles uncertainty in terms of cluster overlapping, an algorithm can be either crisp 
(or hard), which considers non-overlapping partitions, or fuzzy (or soft), with which a 
document can be classified to more than one cluster. Most of the existing algorithms are crisp, 
meaning that a document either belongs to a cluster or not. In the paragraphs that follow we 
present the main text-based document clustering approaches, their characteristics and the 
representative algorithms of each category. 

• Partitional Clustering. The partitional or non-hierarchical document clustering 
approaches attempt a flat partitioning of a collection of documents into a 
predefined number of disjoint clusters. More specifically, these algorithms 
produce an integer number of partitions that optimize a certain criterion function 
(e.g. maximize the sum of the average pairwise intra-cluster similarities). 
Partitional clustering algorithms are divided into iterative or reallocation 
methods and single pass methods. Most of them are iterative and the single pass 
methods are usually used in the beginning of a reallocation method. The most 
common partitional clustering algorithm is k-means, which relies on the idea 
that the center of the cluster, called centroid, can be a good representation of the 
cluster. The  algorithm starts by selecting k cluster centroids. Then the cosine 
dictance between each document in the collection and the centroids is calculated 
and the document is assigned to the cluster with the nearest centroid. Then the 
new cluster centroids are recalculated and the procedure runs iteratively until 
some criterion is reached. Other partitional clustering algorithms are the single 
pass method and the nearest neighbor algorithm. 

• Hierarchical Clustering. Hierarchical clustering algorithms produce a sequence 
of nested partitions. Usually the similarity between each pair of documents is 
stored in a nxn similarity matrix. At each stage, the algorithm either merges two 
clusters (agglomerative methods) or splits a cluster in two (divisive methods). 
The result of the clustering can be displayed in a tree-like structure, called a 
dendrogram, with one cluster on the top containing all the documents of the 
collection and many cluster on the bottom with one document each. By choosing 
the appropriate level of the dendrogram we get a partitioning into as many 
clusters as we wish. Almost all the hierarchical algorithms used for document 
clustering are agglomerative (HAC). A typical HAC algorithm starts by 
assigning each document in the collection to a single cluster. The similarity 
between all pairs of clusters is computes and stored in a similarity matrix. Then, 
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the two most similar (closest) clusters are merged and the similarity matrix is 
updated to reflect the change in the similarity between the new cluster and the 
original clusters. This process is repeated until only one cluster remains or until 
a threshold is reached. The hierarchical agglomerative clustering methods differ 
in the way they calculate the similarity between two clusters. The existing 
methods are the single link method , complete link method , the group average 
method , Ward’s method , and centroid/median methods. 

• Graph based clustering.The documents to be clustered can be viewed as a set 
of nodes and the edges between the nodes represent the relationship between 
them. The edges bare a weight, which denotes the degree of that relationship. 
Graph based algorithms rely on graph partitioning, that is, they identify the 
clusters by cutting edges from the graph such that the edge-cut, i.e. the sum of 
the weights of the edges that are cut, is minimized. Since each edge in the graph 
represents the similarity between the documents, by cutting the edges with the 
minimum sum of weights the algorithm minimizes the similarity between 
documents in different clusters. The basic idea is that the weights of the edges in 
the same cluster will be greater than the weights of the edges across clusters. 
Hence, the resulting cluster will contain highly related documents. The most 
important graph based algorithms are Chameleon, Association Rule Hypergraph 
Partitioning (ARHP) and the one proposed by Dhillon. 

• Neural Network based Clustering. The Kohonen’s Self-Organizing feature 
Maps (SOM) is a widely used unsupervised neural network model. It consists of 
two layers: the input layer with n input nodes, which correspond to the n 
documents, and an output layer with k output nodes, which correspond to k 
decision regions. The input units receive the input data and propagate them onto 
the output units. Each of the k output units is assigned a weight vector. During 
each learning step, a document from the collection is associated with the output 
node, which has the most similar weight vector. The weight vector of that 
‘winner’ node is then adapted in such a way that it will become even more 
similar to the vector that represents that document. The output of the algorithm 
is the arrangement of the input documents in a 2-dimensional space in such a 
way that the similarity between the input documents is mirrored in terms of 
topographic distance between the k decision regions. Another approach 
proposed in the literature is the hierarchical feature map model, which is based 
on a hierarchical organization of more than one self-organizing feature maps. 

• Fuzzy Clustering. All the above approaches produce clusters in such a way that 
each document Is assigned to one and only one cluster. Fuzzy clustering 
approaches, on the other hand, are non-exclusive, in the sense that each 
document can belong to more than one clusters. Fuzzy algorithms usually try to 
find the best clustering by optimising a certain criterion function. The fact that a 
document can belong to more than one clusters is described by a membership 
function. The membership function calculates for each document a membership 
vector, in which the i-th element indicates the degree of membership of the 
document in the i-th cluster. The most widely used fuzzy clustering algorithm is 
Fuzzy c-means , a variation of the partitional kmeans algorithm. Another fuzzy 
approach is the Fuzzy Clustering and Fuzzy Merging algorithm (FCFM) . 

• Probabilistic Clustering. Another way of dealing with uncertainty is to use 
probabilistic clustering algorithms. These algorithms use statistical models to 
calculate the similarity between the data instead of some predefined measures. 
The basic idea is the assignment of probabilities for the membership of a 
document in a cluster. Each document can belong to more than one cluster 
according to the probability of belonging to each cluster. Probabilistic clustering 
approaches are based on finite mixture modeling. Two widely used probabilistic 
algorithms are Expectation Maximization (EM) and AutoClass. The output of 
the probabilistic algorithms is the set of distribution function parameter values 
and the probability of membership of each document to each cluster. 
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4.2.2 Link based clustering  
Text-based clustering approaches were developed for use in small, static and 

homogeneous collections of documents. On the contrary, the web is a very large collection of 
heterogeneous and interconnected web pages. Moreover, the web pages have additional 
information attached to them (web document metadata, hyperlinks) that can be very useful to 
clustering. The link-based document clustering approaches characterize the documents by 
information extracted by the link structure of the collection. The underlying idea is that when 
two documents are connected via a link, then there exists a semantic relationship between 
them, which can be the basis for the partitioning of the collection into clusters. The use of the 
link structure for the clustering of a collection is based on citation analysis from the field of 
bibliometrics. Link based clustering is an area where Web content and Web structure mining 
overlap. 

Botafogo proposed an algorithm which is based on a graph theoretic algorithm that finds 
strongly connected components in a hypertext’s graph structure. The algorithm uses a 
compactness measure, which indicates the interconnectedness of the hypertext, and is a 
function of the average link distance between the hypertext nodes. Another link-based 
algorithm was proposed by Larso, who applied co-citation analysis to a collection of web 
documents. Finally, another interesting approach to clustering of web pages is trawling, which 
clusters related pages on the Web in order to discover new emerging cyber-communities that 
have not yet been identified by large web directories. The underlying idea in trawling is that 
these relevant pages are very frequently cited together even before their creators realize that 
they have created a community. Furthermore, based on Kleinberg’s idea, trawling assumes 
that these communities consist of mutually reinforcing hubs and authorities. So, trawling 
combines the idea of co-citation and HITS to discover clusters. Based on the above 
assumptions, Web communities are characterized by dense directed bipartite subgraphs1. 
These graphs that are the signatures of web communities, contain at least one core, which are 
complete directed bipartite graphs with a minimum number of nodes. Trawling aims at 
discovering these cores and then applies graph-based algorithms to discover the clusters. 

4.2.3 Hybrid Approaches  
The link-based document clustering approaches described above characterize the 

document solely by the information extracted from the link structure of the collection, just as 
the text-based approaches characterize the documents only by the words they contain. 
Although the links can be seen as a recommendation of the creator of one page to another 
page, they do not always intend to indicate the similarity. Furthermore, these algorithms may 
suffer from poor or very dense link structures. On the other hand, text-based algorithms have 
problems when dealing with different languages or with particularities of the language 
(synonyms, homonyms etc.). Also, web pages contain other forms of information except text, 
such as images or multimedia. As a consequence, hybrid document clustering approaches 
have been proposed in order to combine the advantages and limit the disadvantages of the two 
approaches. 

Pirolli described a method that represents the pages as vectors containing information 
from the content, the linkage, the usage data and the metainformation attached to each 
document. The ‘content-link clustering’ algorithm, which was proposed by Weiss, is a 
hierarchical agglomerative clustering algorithm that uses the complete link method and a 
hybrid similarity measure. Finally, another hybrid text- and link-based clustering approach is 
the toric k-means algorithm, proposed by Modha & Spangler. The algorithm starts by 
gathering the results returned to a user’s query from a search engine and expands the set by 
including the web pages that are linked to the pages in the original set. Modha & Spangler 
also provide a scheme for presenting the contents of each cluster to the users by describing 
various aspects of the cluster. 

4.3 FUZZY CLUSTERIN 
Clustering techniques are mostly unsupervised methods that can be used to organize data into 

groups based on similarities among the individual data items. Most clustering algorithms do not rely on 
assumptions common to conventional statistical methods, such as the underlying statistical distribution 
of data, and therefore they are useful in situations where little prior knowledge exists. The potential of 
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clustering algorithms to reveal the underlying structures in data can be exploited in a wide variety of 
applications, including classification, image processing, pattern recognition, modeling and 
identification. 

Fuzzy Partition 
Generalization of the hard partition to the fuzzy case follows directly by allowing µik to attain real 

values in [0, 1]. Conditions for a fuzzy partition matrix are given by ��� ∈ �0,1						1 ≤ � ≤ , 1 ≤ � ≤ �                                           (1a) ∑ ��� = 1,				1 ≤ � ≤ �����                                      (1b) 0 < ∑ ������� < �, 1 ≤ � ≤                           (1c) 
The ith row of the fuzzy partition matrix U contains values of the ith membership function of the 

fuzzy subset Ai of Z. Equation (1b) constrains the sum of each column to 1, and thus the total 
membership of each zk in Z equals one. The fuzzy partitioning space for Z is the set ��� = �� ∈ ��×�|��� ∈ �0,1	; ∀�, �; ∑ ������� = 1, ∀�; 0 < ∑ ������� < �, ∀�   (2) 

the hard c-means algorithm to allow a point to partially belong to multiple clusters. Therefore, it 
produces a soft partition for a given dataset. In fact, it produces a constrained soft partition. To do this, 
the objective function J1 of hard c-means has been extended in two ways: 

• The fuzzy membership degrees in clusters were incorporated into the formula, and 
• An additional parameter m was introduced as a weight exponent in the fuzzy 

membership. 
The extended objective function, denoted Jm, is !"#$, %& = ∑ ∑ '���#(�&)"‖(� − ,�‖-./∈0����                             (3) 
Where P is a fuzzy partition of the dataset X formed by C1,C2,…,Ck. The parameter m is a weight 

that determines the degree to which partial members of a cluster affect the clustering result.Like hard c-
means, fuzzy c-means also tries to find a good partition by searching for prototypes vi that minimize the 
objective function Jm. Unlike hard c-means, however, the fuzzy c-means algorithm also needs to search for 
membership functions µc that minimize Jm . To accomplish these two objectives, a necessary condition for 
local minimum of Jm was derived from Jm. This condition, which formally stated below, serves as the 
foundation of the fuzzy c-means algorithm. 

4.4 FUZZY C-MEANS THEOREM 
A constrained fuzzy partition {C1,C2,…,Ck} can be a local minimum of the objective function Jm 

only if the following conditions are satisfied: �12#(& = �
∑ 3 45672489567:98;

<=6</:><
									1 ≤ � ≤ �, ( ∈ ?                                       (4) 

,� = ∑ @AB2#.&C=×.5∈0
∑ @AB2#.&C=D5∈0 										1 ≤ � ≤ �                                                       (5) 

Based on this Theorem, FCM updates the prototypes and membership function iteratively. 
 

Algorithm: FCM(X, c, m, e) 
 X: an unlabeled data set 
 c : the number of clusters to form 
 m : fuzziness parameter 
 e : Termination Criterion 
 
Initialize prototype V= {v1,v2,…,vc} 
Repeat  
 %EFGH�IJK ← % 
 Compute membership functions using equation 4.2 
 Update the prototype, v in V using equation 4.3 
 
Until  ∑ 4,�EFGH�IJK − ,�4 ≤ M����  
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Fuzzy c-means clustering gives best result for overlapped data set and comparatively better then k-

means algorithm. Unlike k-means where data point must exclusively belong to one cluster center here data 
point is assigned membership to each cluster center as a result of which data point may belong to more than 
one cluster center. 

4.5 PARAMETRS OF FCM ALGORITHM 
Before using the FCM algorithm, the following parameters must be specified: the number of 

clusters, c, the ‘fuzziness’ exponent, m, and the termination tolerance, e. The choices for these 
parameters are now described one by one. 

Number of Clusters. The number of clusters c is the most important parameter, in the sense that 
the remaining parameters have less influence on the resulting partition. When clustering real data 
without any a priori information about the structures in the data, one usually has to make assumptions 
about the number of underlying clusters. The chosen clustering algorithm then searches for c clusters, 
regardless of whether they are really present in the data or not. 

Fuzziness Parameter. The weighting exponent m is a rather important parameter as well, because 
it significantly influences the fuzziness of the resulting partition. As m approaches one from above, the 
partition becomes hard ��� ∈ �0,1  and vi are ordinary means of the clusters. As N ← ∞, the partition 
becomes completely fuzzy ��� = 1 ⁄  and the cluster means are all equal to the mean of Z. These limit 
properties of (4.6) are independent of the optimization method used. Usually, m = 2 is initially chosen. 

Termination Criterion. The FCM algorithm stops iterating when the norm of the difference 
between v in two successive iterations is smaller than the termination parameter e.  The usual choice is 
e =0.001, even though e= 0.01 works well in most cases, while drastically reducing the computing 
times. 

5. CONCLUSIONS 
Fuzzy c-means clustering is a powerful unsupervised method for the analysis of data and 

construction of models. In this paper, an overview of the most frequently used fuzzy clustering algorithms 
has been given. The choice of the important user-defined parameters, such as the number of clusters and the 
fuzziness parameter, has been discussed. 
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