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Abstract— In comparison with hard clustering methods, in which a pattern belongs to a single cluster, fuzzy 

clustering algorithms allow patterns to belong to all clusters with differing degrees of membership. This is 

important in domains such as sentence clustering, since a sentence is likely to be related to more than one 

theme or topic present within a document or set of documents. However, because most sentence similarity 

measures do not represent sentences in a common metric space, conventional fuzzy clustering approaches 

based on prototypes or mixtures of Gaussians are generally not applicable to sentence clustering. This paper 

presents a novel fuzzy clustering algorithm that operates on relational input data; i.e., data in the form of a 

square matrix of pair wise similarities between data objects. The algorithm uses a graph representation of the 

data, and operates in an Expectation-Maximization framework in which the graph centrality of an object in 

the graph is interpreted as likelihood. Results of applying the algorithm to sentence clustering tasks 

demonstrate that the algorithm is capable of identifying overlapping clusters of semantically related 

sentences, and that it is therefore of potential use in a variety of text mining tasks. We also include results of 

applying the algorithm to benchmark data sets in several other domains. 
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I.  INTRODUCTION 

Sentence clustering plays an important role in many text processing activities. For example, various authors 

have argued that incorporating sentence clustering into extractive multi document summarization helps avoid 

problems of content overlap, leading to better coverage. However, sentence clustering can also be used within 

more General text mining tasks. For example, consider web mining, where the specific objective might be to 

discover some novel information from a set of documents initially retrieved in response to some query. By 

clustering the sentences of those documents we would intuitively expect at least one of the clusters to be closely 

related to the concepts described by the query terms; however, other clusters may contain information pertaining 

to the query in some way hitherto unknown to us, and in such a case we would have successfully mined new 

information. Irrespective of the specific task (e.g., summarization, text mining, etc.), most documents will 

contain interrelated topics or themes, and many sentences will be related to some degree to a number of these. 

The work described in this paper is motivated by the belief that successfully being able to capture such fuzzy 

relationships will lead to an increase in the breadth and scope of problems to which sentence clustering can be 

applied. However, clustering text at the sentence level poses specific challenges not present when clustering 

larger segments of text, such as documents. We now highlight some important differences between clustering at 

these two levels, and examine some existing approaches to fuzzy clustering. 

 

II. EXISTING WORK 

Clustering text at the document level is well established in the Information Retrieval (IR) literature, where 

documents are typically represented as data points in a high dimensional vector space in which each dimension 

corresponds to a unique keyword, leading to a rectangular representation in which rows represent documents 

and columns represent attributes of those documents (e.g., tf idf values of the keywords).The vector space model 

has been successful in IR because it is able to adequately capture much of the semantic content of document-

level text. This is because documents that are semantically related are likely to contain many words in common, 

and thus are found to be similar according to popular vector space measures such as cosine similarity, which are 

based on word co-occurrence. However, while the assumption that (semantic) similarity can be measured in 

terms of word co-occurrence may be valid at the document level, the assumption does not hold for small-sized 

text fragments such as sentences, since two sentences may be semantically related despite having few, if any, 

words in common. 

2.1. DISADVANTAGES OF EXISTING WORK 

The results often suffered from instability in the optimization algorithms that were used. 

A limitation of existing approach is the high dimensionality introduced by representing objects in terms of their 

similarity with all other objects. 

 

III. PROPOSED WORK 

This paper presents a novel fuzzy clustering algorithm that operates on relational input data; i.e., data in the 

form of a square matrix of pairwise similarities between data objects. The algorithm uses a graph representation 

of the data, and operates in an Expectation-Maximization framework in which the graph centrality of an object 
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in the graph is interpreted as a likelihood. Results of applying the algorithm to sentence clustering tasks 

demonstrate that the algorithm is capable of identifying overlapping clusters of semantically related sentences, 

and that it is therefore of potential use in a variety of text mining tasks 

3.1. ADVANTAGES OF PROPOSED WORK: 

Able to achieve superior performance to benchmark Spectral Clustering and k-Medoids algorithms when 

externally evaluated in hard clustering mode on a challenging data set of famous quotations, and applying the 

algorithm to a recent news article has demonstrated that the algorithm is capable of identifying overlapping 

clusters of semantically related sentences. 

 

IV. IMPLEMENTATION 

Implementation is the stage of the project when the theoretical design is turned out into a working 

system. Thus it can be considered to be the most critical stage in achieving a successful new system and in 

giving the user, confidence that the new system will work and be effective. The implementation stage involves 

careful planning, investigation of the existing system and it’s constraints on implementation, designing of 

methods to achieve changeover and evaluation of changeover methods. 

 

4.1. Graph-Based Centrality and Page Rank 

The basic idea behind the Page Rank algorithm is that the importance of a node within a graph can be 

determined by taking into account global information recursively computed from the entire graph, with 

connections to high-scoring nodes contributing more to the score of a node than connections to low-scoring 

nodes. It is this importance that can then be used as a measure of centrality. 

                          4.2.Fuzzy Relational Clustering 

Unlike Gaussian mixture models, which use a likelihood function parameterized by the means and covariances 

of the mixture components, the proposed algorithm uses the Page Rank score of an object within a cluster as a 

measure of its centrality to that cluster. These Page Rank values are then treated as likelihoods. Since there is no 

parameterized likelihood function as such, the only parameters that need to be determined are the cluster 

membership values and mixing coefficients. The algorithm uses Expectation Maximization to optimize these 

parameters. 
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Comparisons with the ARCA algorithm on each of these data sets suggest that FRECCA is capable of 

identifying softer clusters than ARCA, without sacrificing performance as evaluated by external measures. 

 

V. RESULT 

Clustering performance of FRECCA with that of ARCA, Spectral Clustering, and k-Medoids using the five 

cluster quality measures described in below, with best performance according to each measure depicted in 

boldface. 

                                         TABLE 5 

 

Hard Clustering Performance on Additional Data Sets 

 

 



Deepika U. Shevatkar et al, International Journal of Computer Science and Mobile Computing, Vol.3 Issue.12, December- 2014, pg. 11-15 

© 2014, IJCSMC All Rights Reserved                                                                                                        15 

 

VI. Conclusion 

The FRECCA algorithm was motivated by our interest in fuzzy clustering of sentence-level text, and the need 

for an algorithm which can accomplish this task based on relational input data. The results we have presented 

show that the algorithm is able to achieve superior performance to benchmark Spectral Clustering and k-

Medoids algorithms when externally evaluated in hard clustering mode on a challenging data set of famous 

quotations, and applying the algorithm to a recent news article has demonstrated that the algorithm is capable of 

identifying overlapping clusters of semantically related sentences. Comparisons with the ARCA algorithm on 

each of these data sets suggest that FRECCA is capable of identifying softer clusters than ARCA, without 

sacrificing performance as evaluated by external measures. Although motivated by our interest in text 

clustering, FRECCA is a generic fuzzy clustering algorithm that can in principle be applied to any relational 

clustering problem, and application to several no sentence data sets has shown its performance to be comparable 

to Spectral. Graph-based methods are an exciting area of research within the pattern recognition community. We 

have already mentioned some of the new work we are conducting in this area; however, what we are most 

excited about is extending the technique to perform hierarchical clustering. The concepts present in natural 

language documents usually display some type of hierarchical structure, whereas the algorithm we have 

presented in this paper identifies only flat clusters. Our main future objective is to extend these ideas to the 

development of a hierarchical fuzzy relational clustering algorithm. 
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