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A Semi-supervised Learning Approch for Document 

Clustering using FCM Algorithm 

Abstract— The data mining is a collection of algorithms which 

are employed on data to perform the required applications. In 

this context these algorithms are available in two main categories 

supervised and unsupervised. Both the techniques have their own 

advantages and limitations. But the main focus of the work is to 
study the unsupervised learning models and optimize the 

previous techniques that are demonstrated using the text mining 

applications. The text mining techniques are sometime need 

additional methods to implement and enhance the data for 

finding the required application oriented patterns. 

In this presented work for mining the text data and recognizing 

their subjects the semi-supervised learning model is proposed. 

The analysis of the data is performed in three major phases in 

first the data set preparation where the data according to the 

subjects are organized in terms of their domain names here the 
domains are working as the class labels of the files. In next phase 

the data is pre-processed and features are evaluated, in this 

phase the data noise is reduced by eliminating the stop words 

and the special characters. In further the data features are 

computed on the basis of two parameters namely word frequency 
and the domain frequency. Using these parameters the weights 

are computed which are used to select the effective features form 

the available data. In final step the data is utilized with the FCM 

algorithm where the centroid of data and the data instances are 

prepared. Using these centroids the test set is evaluated and the 
performance of the learning model is computed.  

The implementation of the proposed semi-supervised text 

clustering data model is performed using the JAVA technology. 

After that the experimental results are calculated according to 

the results the proposed technique is efficient as compared to the 
traditional fuzzy k means based text clustering approach. Thus 

the proposed data model is acceptable for the work. 

Keywords: data mining, clustering, document categorization, text 

processing, semi-supervised model 

I.  INTRODUCTION  

he two different kinds of learning techniques are supported 
by the data mining techniques i.e. supervised and 

unsupervised. Both the techniques are dissimilar from each 

other, but both are frequently used in various different kinds of 
data analysis. In most of the cases when the data is available in 

pre-defined manner or class labels with data are exist the 
supervised algorithms are used. The basic applications of 

supervised learning are the classification, pattern recognition 
and prediction. On the other hand the unsupervised learning 

techniques are used for making clusters of data in this kind of 

techniques the predefined patterns are not required to learn. 

The algorithms accept the unlabeled data and find the 

similarities among them to create clusters. 

In this presented work the data mining based unsupervised 
learning techniques are investigated. The unsupervised 

learning techniques are either works on the basis of data 
objects internal similarity or dissimilarity for creating the 

clusters. Basically these techniques are used in both kinds of 
data i.e. structured data and unstructured data. The structured 

data is always available in fixed formats and their features or 
properties lengths are similar or uniform for all the data set. 

But the unstructured dataset are not organized in a fixed format 

that may have different structures and manner of organization 
in addition of that the feature length of all the instances of data 

are dissimilar in nature thus the mining of such data is more 
complicated than the structured data formats. In this presented 

work the text mining is performed using the unsupervised 
learning approach. The text is also available in  unstructured 

manner and the length of all the data is not found in similar 

size. In addition of that the nature of unsupervised learning is 
not much accurate as compared to supervised learning. 

II. PROPOSED WORK 

This chapter provides the understanding about the proposed 

concept of text min ing using the semi-supervised learning 

technique. Therefore first the overview of the proposed model 

is defined and then the detailed methodology is described. 

Finally for summarizing the technique the algorithm steps are 

described. 

A. System Overview 

In data mining both kinds of techniques are used with 

different applications namely supervised and unsupervised. As 

compared to unsupervised learning the accuracy of the 

supervised learning is much accurate. But when the data is not 

available in a predefined manner the unsupervised learning 

approaches are used. The clustering is a technique of 

unsupervised learning in data mining. The clustering is a 

technique is used with the huge amount of data for making 

groups of similar kinds of data. Basically the clustering is an 

unsupervised technique of the data analysis. Additionally that 

supports the analysis of structured as well as unstructured data 

sets. But the analysis of the unstructured dataset needs 

additional processes to involve for effective data analysis. In 

this work the unstructured data in text format is considered for 

subject data clustering.  
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In order to perform such kind of subjective clustering a semi-

supervised data model is required which first learn with the 

data and their subjective patterns and then utilize this 

knowledge for cluster the new data. In this context a model is 

proposed that first analyse the content of the input subjective 

text  and then compute the probabilit ies of text  finally these 

selected features are used with the fuzzy c means clustering 

for computing the accurate clusters from the data. Therefore 

the proposed work includes the three main  phases of data 

analysis in first the data preparation is performed. In  next 

phase the data pre-processing and feature selection is achieved 

and the final phase is used for performing the clustering and 

testing of the prepared data model. In this section the 

overview of the proposed model is provided their detailed 

understanding is reported in next section. 

B. Proposed Methodology 

the proposed work and their solution modelling is divided in 

three major module each of the module accept the input from 

the previous step and process them to generate outputs for the 

next phase of data analysis. 

a. Data Preparation  

The proposed work is intended to perform the clustering on 

text data using the semi-supervised learning model.  

 

Figure 2.1 dataset organization  

Therefore this model is used with the training samples for 

computing the required features for performing  the clustering. 

Therefore in order to prepare the learn ing set the data is 

organized in a specific manner. Therefore first the root 

directory is established which contains the data on the basis of 

different subjects. In further data sub-directories are 

established with the contents of the target subjects. This data 

is further used for processing and analyzing the data. 

b. Pre-Processing and Feature Selection  

The pre-processing of the data is performed in this phase in 

addition of that the data is processed for recovering the 

fruitfu l features from the raw data. The understanding of the 

involved processes is described using figure 2.2. 

 

Figure 2.2 pre-processing and feature selection  

Input dataset: the prepared subject based data is utilized in 

this phase as input for finding the essential features according 

to the domain. In  this context the files stored in a sub-

directory is consumed and the class labels of the data is 

considered as the sub-directory name associated with the files. 

Remove stop words: that is the first step of the data pre-

processing, in this phase all the file contents are read 

separately and their stop words are removed. The s top words 

are considered on the basis of user input. Thus a list of stop 

words are prepared manually and supplied for removal from 

the data. To remove the data from the text  files a find and 

replace function is prepared that eliminate one word at a time 

form entire text. 

Remove s pecial characters:  the special characters are also 

removed from the text in this phase. Thus similar strategy as 

previous phase of stop word removal is used to eliminate the 

special characters form the input text file. After this phase the 

significant amount of text files data is reduced in terms of stop 

words and special characters. 

Term frequency: term frequency or word frequency is 

computed in  this phase thus the individual word available in 

all the domains and subjects are treated commonly in this 

phase. That is measured using a ratio of the total words in all 

the subjects and the occurrence of the word in all the subjects. 

That is represented using the following formula: 

   
  

  
 

Where the    is the word frequency of the word,    is the 

amount of total words in all the d irectories and subdirectories, 

additionally the    is the occurrence of the word in  all the 

directories. 



International Journal of Research and Scientific Innovation (IJRSI) | Volume IV, Issue VIII, August 2017 |  ISSN 2321–2705 

www.rsisinternational.org Page 111 
 

Domain probability: that computation indicates how 

important a word is in a particular subject thus according to 

the given number of subjects the word frequency is computed. 

That is defined using the following formula: 

   
   

   
 

Where    the word probability in a domain  or subject is, 

    is the total amount of word in a given domain,      is 

the total times appeared a word in a domain. 

Weight computation: after that the weights of the word 

computed for the domain basis thus both kinds of probability 

is need to be considered. In this context a weight is helpful fo r 

computing required features. Thus the weights of the words 

are computed using the following formula: 

                

Weight based feature selection: as we know the text  files 

may contains the different amount of words thus the size of 

features in different files are different from each other and that 

increases the complexity of the finding the optimal features. 

In this context  the files data is sorted according to the weights 

computed from the previous steps and a similar size feature 

list prepared. By defau lt the length of feature in this 

experiment is taken 50. 

c. Testing 

The training and testing of the data for proposed semi-

supervised data modelling is performed  in  this phase. In this 

context the required processes are described using figure 2.3.  

 

Figure 2.3 clustering and identification 

Selected features: the list of similar size of features form the 

different subject of data is given as input in this phase for the 

fuzzy c means algorithm. 

Fuzzy c-means: the fuzzy c means algorithm accept the data 

and perform the clustering on the input list of subject based 

features. The process of fuzzy c means clustering is reported 

as: 

FCM [30] is a representative algorithm of fuzzy clustering 

which is based on K-means concepts to partition dataset into 

clusters. The FCM algorithm is a „„soft‟‟ clustering method in 

which the objects are assigned to the clusters with a degree o f 

belief. Hence, an object may belong to more than one cluster 

with different degrees of belief. It attempts to find the most 

characteristic point in each cluster, named as the centre of one 

cluster; then it computes the membership degree for each 

object in the clusters. The fuzzy c -means algorithm minimizes 

intra-cluster variance as well. However, it inherits the 

problems of K-means, as the minimum is just a local one and 

the final clusters depend on the initial choice of weights. 

FCM algorithm follows the same principle of K-means 

algorithm, i.e. it iteratively searches the cluster centers and 

updates the memberships of objects. The main d ifference is 

that, instead of making a hard decision about which cluster the 

data should belong to, it  assigns a object a value ranging from 

0 to 1 to measure the likelihood with which the object belongs 

to that cluster. A fuzzy rule states that the sum of the 

membership value of a data to all clusters must be 1.  

Fuzzy c-means (FCM) is a method of clustering which  allows 

one piece of data to belong to two or more clusters. This 

method (developed by Dunn in 1973 and improved by Bezdek 

in 1981) is frequently used in pattern recognition. It  is based 

on minimization of the following objective function: 

    ∑ ∑    
  

   
 
          ,                          

Where m is any real number greater than 1,      is the degree 

of membership of    in the cluster j,    is the i
th

 of d-

dimensional measured data,    is the d-dimension center of 

the cluster, and ||*|| is any norm expressing the similarity 

between any measured data and the center. 

Fuzzy partit ioning is carried out through an iterative 

optimization of the objective function shown above, with the 

update of membership     and the cluster centers     by 

     
 

∑ [
       

       
]

 
   

 
   

 

    
∑    

 
      

∑    
  

   

 

As mentioned earlier, this has an iterative p rocess (FCM 

pseudo-code). 

FCM pseudo-code: 

Input: Given the dataset, set the desire number of clusters c, 

the fuzzy parameter m (a constant > 1), and the stopping 

condition, init ialize the fuzzy partit ion matrix, and set stop = 

false. 

Step 1: Do:  

Step 2: Calculate the cluster centroids and the objective value 

J.  

Step 3: Compute the membership values stored in the matrix.  
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Step 4: If the value of J between  consecutive iterat ions is less 

than the stopping condition, then stop = true. 

Step 5: While            

Output: A list of c cluster centers and a partition matrix are 

produced. 

Table 2.1 FCM Algorithm 

Centroid and clusters: the outcome of the FCM fuzzy  c 

means clustering is noticed as the computed centroids of the 

data and the data instances that belong to the particular 

centroids. 

Test data: in order to perform the test of the proposed data 

model a set of data is prepared which is termed as the testing 

set. The test dataset basically prepared on the basis of the 

training dataset by randomly selection of the data files for 

recognizing them for their domains.  

Pre-process: the test data is collected or sampled  in  random 

format thus the data is need to be transform first in terms of 

features list. Thus as defined in  the phases of training of the 

data model, the pre-processing of the data is performed by 

removing the stop words and the special characters. Finally 

the data is prepared in form of vector to use in next phase. 

Domain identification: the centroid  of data is compared  with 

the test dataset feature vectors and the most likely data 

centroid is predicted as the particular file domain or subject. 

Performance: on the basis of the identified domains the 

performance of the proposed semi-supervised text clustering 

data model is provided in terms of accuracy.   

C. Proposed Algorithm 

This section summarizes the step of the entire effort of data 

analysis and their domain or subject prediction using the fuzzy 

c means clustering. The table 2.2 contains the step process of 

the proposed algorithm. 

Input: training data T, testing data Ts  

Output: classes C 

Process: 

1.                      

2.                       

3.                         

4.                        

5.                  

a.                         

b.                             

c.                 

6. End for 

7.                                      

8. [             ]  
                            

9.                             

10. Return C 

Table 2.2 proposed algorithm 

III. RESULTS ANALYSIS 

 This chapter provides the analysis of the obtained 

experimental results. In this context the results are also 

compared with the tradit ional data model which described in 

[1]. The comparative performance outcomes in different 

parameters are demonstrated in this chapter. 

A. Accuracy 

The accuracy of a data min ing technique demonstrates the 

correctness of pattern recognition a data min ing or analysis 

technique. That is basically the ratio between the correctly 

recognized patterns and the total patterns provided for 

recognition. That can be calculated using the following 

formula: 

         
                           

                          
     

 

Figure 3.1 Accuracy  

Dataset Size  Fuzzy c-means  Fuzzy k-means 

30 87.3 82.4 

60 89.5 74.9 

90 92.8 90.3 

120 91.2 81.5 

150 93.9 84.2 

180 90.3 89.7 

210 92.6 86.3 

Table 3.1 Accuracy 
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The percentage accuracy of the implemented techniques of 

clustering namely fuzzy c -means based approach and k-means 

based approach is measured and reported in  table 3.1 and 

figure 3.1. Here the proposed approach is described using blue 

line graph and red line graph is used for the traditional k-

means based technique. To demonstrate the graphical results 

the accuracy percentage of methods are listed in Y axis with 

their corresponding size of data which  are listed in X axis. 

According to the experimental results with the increasing 

amount of data shows the performance of the proposed 

technique is not much variable and remains consistent with 

respect to the traditional approach. Additionally shows the 

higher accurate patterns as compared to  the tradit ional 

approach.  

B. Error Rate 

The error rate is measurement of incorrectly classified or 

recognized instances of data. That is basically the ratio o f 

misrecognized pattern and the total patterns. The error rate of 

the proposed and traditional data model is computed  and 

reported in this section which is calculated using the following 

formula. 

           
                        

                       
     

Or 

                         

Dataset Size Fuzzy c-means Fuzzy k-means 

30 12.7 17.6 

60 10.5 25.1 

90 7.2 9.7 

120 8.8 18.8 

150 6.1 15.8 

180 9.7 10.3 

210 7.4 13.7 

Table 3.2 error rate 

 

Figure 3.2 error rate 

The measured error rate of both the techniques proposed and 

traditional is given in figure 3.2 and table 3.2. The measured 

error rate is described here in terms of percentage in addition 

of that that with increasing amount of data. The developed 

graph contains two main axis first one X axis which contains 

the amount of data objects provided for recognition process 

and the second axis namely  Y axis shows the percentage error 

rate of the algorithms. The red graph demonstrates the 

performance of proposed approach and blue line graph shows 

the proposed approach performance. According to the 

experimental outcomes of both the techniques the proposed 

model demonstrate lower error rate as compared to the 

traditional approach. Thus the proposed technique produces 

the higher accurate clusters as compared to the tradit ional 

approach. 

C. Memory usages 

The memory  usages are also known as the space complexity 

of the algorithms. The required main memory space of the 

algorithm is considered here as the memory usage. The 

memory usage of the system for java applications are 

computed using the following formula: 

                                     

Dataset instances  Fuzzy c-means  Fuzzy k-means 

30 24857 25873 

60 25639 26716 

90 24883 25184 

120 26364 28476 

150 26773 28817 

180 27726 29448 

210 28475 30048 

Table 3.3 memory usage 

 

Figure 3.3 memory usages 
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The main memory requirements of both the techniques are 

given using figure 3.3 and table 3.3. The red line of the graph 

shows the performance of fuzzy k-means algorithm based 

approach‟s performance and the blue line shows the 

performance of the proposed fuzzy c means based algorithms 

performance. The X axis of the graph contains the amount of 

data objects participating in experiments and the Y axis shows 

the required memory of the algorithms. The memory usage of 

algorithm is measured here in terms  of KB (kilobytes). 

According to the results the performance of the proposed 

technique is acceptable because the proposed technique 

consumes less amount of main memory space as compared to 

traditional technique.  

D. Time Consumption 

The amount of time required to process the data using the 

input amount of data is termed here as the time complexity or 

time consumption. The time consumption of the proposed and 

traditional data model is measured here in terms of 

milliseconds (MS). Additionally computed using the 

following formula: 

                                  

 

Figure 3.4 time requirements 

Dataset instances  Fuzzy c-means  Fuzzy k-means 

30 38 47 

60 74 92 

90 118 139 

120 158 172 

150 182 219 

180 231 278 

210 269 307 

Table 3.4 time consumption  

The time requirements of both the algorithms are defined 

using figure 3.4 and table 3.4, which is measured in terms of 

milliseconds. According to the demonstrated diagram the X 

axis of the graph contains the data objects to be process and the 

Y axis shows the time requirements of the algorithms. The 

time requirements of the proposed algorithm are g iven using 

blue line graph and the traditional approach is demonstrated 

using red line graph. The obtained results shows the proposed 

approach requires less amount of time for subjective data 

clustering as compared to the traditional data model.  

IV. CONCLUSION AND FUTURE WORK 

The proposed technique is a based on unsupervised learning 

application for cluster analysis of subjective text data. The 

involve work is summarized in this chapter using the 

conclusion of work and the future extension of the work also 

reported. 

A. Conclusion 

The data mining has a rich verity of applications in various 

domains such as business intelligence, business analytics, 

industrial applications and others. Basically two kinds of 

learning approaches are exist in this domain first supervised 

and second unsupervised. The supervised approach usage the 

sample pattern and then formulate the patterns in some kind of 

data model. On  the other hand in unsupervised learning the 

data is directly utilized by the system or algorithm. In this 

process the data objects are evaluated on the basis of their 

self-properties and according to them they categorized in 

some user defined groups. In this presented work the semi-

supervised learning model is proposed for design and 

implementation. In this approach the system take training like 

the supervised model and then the unsupervised learning 

concept is used to perform the clusters of data over the testing 

set. Additionally the modelling of the system is performed for 

the text data which is obtained in unstructured manner. 

Therefore the additional effo rts of the clustering are also 

required to implement. 

The proposed model for performing clustering is works in  two 

phases first the processing of the init ial learning data and 

development of cluster. And in next phase the employment of 

test data for finding their subjects. In this context first a 

dataset is prepared with the d ifferent subjects of data. That 

phase of the system modelling is termed as the data 

preparation phase. After that the pre-processing on data is 

performed for finding the cleaned features. Thus the pre-

processing of data performed in two stages by removal of stop 

words and by removal of special characters. In next phase the 

cleaned data is used for estimat ing the weighted content in all 

the domains thus the individual word probability is estimated 

and then the domain based probability of same word is 

estimated. Using both the parameters the word‟s weights are 

computed and associated with the words. These weights are 

used for selection of optimal features from the text data. In 

final stage the data is passed on the fuzzy c -means clustering 

algorithm to perform the clustering. After clustering of data a 

test set is prepared on basis of random selection of training 

0

50

100

150

200

250

300

350

30 60 90 120 150 180 210

Ti
m

e
 in

 M
S 

Data Objects 

Fuzzy c-means Fuzzy k-means



International Journal of Research and Scientific Innovation (IJRSI) | Volume IV, Issue VIII, August 2017 |  ISSN 2321–2705 

www.rsisinternational.org Page 115 
 

inputs and using this testing set the performance of the 

proposed model is computed.   

The implementation of the proposed approach is performed 

using the JAVA technology and using the NETBEANS IDE. 

Additionally to store the performance outcomes the MySql is 

used. After the implementation the performance is evaluated 

over significant parameters and based on the obtained 

outcome a summary  of performance is reported using table 

4.1.   

S. 
No. 

Parameters Proposed Traditional 

1 Accuracy 87.3-93.9 % 74.9-90.3 % 

2 Error rate 6.1-12.7 % 9.7-25.1 % 

3 Memory usages 24857-28475 KB 25184- 30048 KB 

4 T ime requirements 38-269 MS 47-307 MS 

Table 4.1 performance summary  

According to the performance summary  as described in the 

table 6.1 proposed approach is able to distinguish the subjects 

of data according to their in itial learning of subjects. 

Additionally that optimizes the performance of the clustering 

approach previously available in literature in terms of 

accuracy and resource requirements. 

B. Future Work  

The main  aim of the work of investigation of unsupervised 

learning and implementation of an application for 

demonstration of their effectiveness in subjective data 

clustering is accomplished successfully. The given work can 

be extended by using the following concepts and application 

areas. 

1. Currently a limited subjects are used with 

limited amount of data for demonstrating the 

effect of clustering in near future need to 

increase the amount of subjects for their 

effectiveness measures  

2. The presented work is works only for normal 

computing technique in near future that is 

extended for implementing with the big data 

concepts too. 

3. The proposed work can also be used for the 

business analytics and big data mining domains  
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