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Abstract— Clustering is one of data mining task which aims to 

divides a set of objects into groups so that similar objects fall into 

the same group and objects with different features are put into 

different and separate groups. This paper presents a technique 

for semantic word clustering which is one of the applications of 

data mining techniques in the task of natural language 

processing. Word clustering is used in various fields of text 

mining such as word disambiguation, information retrieval, 

language modelling, and text classification. This paper proposes a 

graph based method to clustering Persian words. The proposed 

method is a type of pattern-based clustering. This method 

includes two parts; in the first part using statistical similarity 

measures such as Chi-Square, pointwise mutual information 

(PMI), and Cosine a word co-occurrence graph is obtained. In 

the second part, the graph is further divided into appropriate 

clusters by Newman’s graph clustering algorithm. Our 

researches show that Chi-square is the best measure to cluster 

the words in Persian. 

 

Keywords-component; Word Clustering; Text Mining; Persian 

NLP, Graph-base Clustering. 

I.  INTRODUCTION  

Word clustering is the task of divides a set of words into 

groups so that words within a group are closely related and 

have no strong relation with words in other groups. 

Relationships between and among words can be semantic or 

derivational. For example words such as Ping-Pong, world cup 

and football are semantically related with label sport whereas 

derivational relationships present words with the same root. 

Rapid grows of textual data in the world has increasing 

necessitated the application of data mining techniques. Word 

clustering is one of the practical techniques which on the one 

hand can improve performance of the text mining
1
 application 

and on the other hand can reduce the dimensions of textual 

data. 

Some natural language processing applications such as 

question answering, document clustering and text classifying 

employ word clustering techniques. For instance Momtazi and 

Klakow used a type of word clustering technique to the task of 

Question Answering (QA) (2009). They employed the word 

clustering technique to increase the efficiency of sentence 

retrieval in QA systems. Their results showed that using of 

word clustering can improve the average precision of data 

retrieval system from %23.62 to% 29.91. 

In the previous research, word clustering is also used to 

reduce dimensions of the data in text classification processes. 

Baker and McCallum (1998) believe that word clustering is 

better than other techniques such as Latent Semantic Indexing, 

Class-based clustering, Feature selection by mutual 

Information and Markov-blanket-based feature selection to 

reduce the dimension of textual data. 

This paper presents a two part method for clustering words. 

In the first part of the proposed method, various techniques for 

making word relationships graph have been examined. In the 

second part, employment of Newman’s graph clustering 

technique which has yielded good results in the previous 

studies (Matsuo et al., 2006) is explained. 

The rest of the paper has been organized as follows: In 

section 2 the related literature is reviewed and in section 3, a 

detailed description of the proposed algorithm is presented. 

Evaluation methods and results of evaluation are discussed in 

section 4. Conclusion and future work are stated in the last 

sections (section 5 and 6). 

                                                           
1 Text mining is one of data mining subfields. 
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II. RELATED WORKS 

One of the earliest researches on word clustering is done by 

Pereira et al. (1993). Their word clustering was based on 

distribution of the words in different grammatical contexts. In 

this method, the amount of entropy between distributions of 

two words is considered as a measure of similarity. Evaluation 

of this method was performed on a collection that contains 

1112041 verb-object pairs. Average retrieval entropy is their 

metric for evaluation that shows average of entropy in final 

clusters (Pereira et al., 1993). 

Another previous study in this area which is also used as 

the basis for this paper is done by Matsuo et al. (2006). Their 

method used graph of relations between words to the task of 

word clustering. Edges in this graph represent co-occurrence 

similarity of pair words that calculated using Google search 

engine. They employed PMI and Chi-square statistical 

measures to find the relationships between and among pair 

words. This algorithm after making the graph of words uses a 

graph clustering algorithm that named Newman clustering 

(Newman, 2004). The results of this algorithm show that Chi-

square is a better measure than PMI to build the word graph 

for word clustering applications. This algorithm at its best 

shows 48% of F-measure in clustering 90 Chinese words. 

These words have been distributed among 10 categories, so 

that for each category, there are 10 words. Improving this 

technique and using it in Persian are goals of this paper. 

Kaji and Kitsuregawa developed the above-mentioned 

clustering algorithm (2008). This method using Hidden 

Markov Random Fields utilizes combination of type of 

clustering technique (Distributional and patter-based 

clustering) to cluster the Chinese words. This study results 

show 7.4% improvement of F-measure for Chinese word 

clustering in contrast with individual using of Newman 

clustering technique. 

Long Distance Bigram Language Models is one of the 

techniques which are employed to cluster the words in English 

(Bassiou, Kotropoulis 2011). This technique has been 

evaluated on Gigaword corpus (second edition) by using a 

measure that called Variation of Information. This method of 

clustering evaluation was proposed by Meil˘a (2003). 

Words are traditionally grouped into equivalence classes 

called parts of speech, word classes, morphological classes, or 

lexical tags (Jurafsky et al., 2000). One of the main word 

classes is verb class that shows a part of speech without case 

inflection, but inflected for tense, person and number, 

signifying an activity or process performed or undergone. 

Sun and Korhonen (2011) conducted a study on verbal 

word clustering. They presented Hierarchical Graph 

Factorization Clustering (HGFC) technique to cluster verb 

words. This method used for hierarchical clustering of the 

taxonomy of Levin (1993) groups for English verbs. They 

reported 41.2% of purity for clustering comparing to cutting 

hierarchical graph at first level with 13 different verb classes. 

 

III. Proposed Algorithm 

Our proposed algorithm is composed of two stages. In the 
first stage, word graph is made and in the second stage, the 
graph is clustered by Newman’s algorithm. In what follows, 
the measures for making word graphs are explained. At the end 
of this section Newman’s algorithm is presented in detail. 

A. Making a word graph 

For making a word graph, first a matrix which shows the 

relationships between and among words should be generated. 

This matrix that is an upper-triangular matrix shows the 

relationship of each pair words with Boolean values. 

Corresponding field between two words in this matrix is equal 

to 1, if concerning two words are semantically related 

otherwise this field is equal to 0. 
Statistical similarity measures which are used in this study are 

PMI, Chi-square, and Cosine. We considered a threshold for each 
similarity measure that if the similarity value between two words is 
greater than this threshold, corresponding filed is equal to 1. 

1) PMI 
For filling corresponding field between two words using 

this measure, two type of search are done. First a search is 

done to obtain the documents which contain each word 

respectively. In second type, to find the documents containing 

both words, another search is run. In this search, occurrence of 

pair of words is calculated. In fact, a query is done for each 

pair word to reflect document frequency of them. The total 

number of searches are needed to construct the desired matrix 

for n words (n is number of distinct words) equals to   
 . 

After these two stages, PMI relationship between w1 and 

w2 can be obtained by equation (1):  

(1)     (    2)      

 (    2)

 (  ) ( 2)
 

In this equation,   (  )  is equal to  (  )   where  (  ) 

represent the number of documents which have the word    in 

them. N is the total number of pages that the search can be 

done on it. Similarly,   (    2)  is equal to  (     )  , 

where  (     ) is the number of documents which exist both 

w1 and w2 in them. 

2) Chi-Square 

This method also uses word count like PMI. If it can be 

assumed that contingency matrix of w1 and w2 is shown in 

table I:  

TABLE I.  CONTINGENCY MATRIX OF W1 AND W2 

  
      

b a    

d c   
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where a equals to  (     ) , b equals to  (     
 ) , c 

equals to  (  
    ) ,and d equals to  (  

    
 ) . Each   

  in 

this table equals to set of any word except    . 

After the calculation of the value of a, b, c, and d     
      (     ) can be calculated too. To obtain the     
       similarity between           which is presented as 

  (      ), as it is shown in equation 2. 

 (2)     (      )  
  (       ) 

(   )  (   )  (   )  (   )
 

In this formula, also N is the total number of documents 

which is searched.  

3) Cosine Similarity 

Like two previous methods, this method can also be 

employed to count the words and find the relationships 

between them. Cosine similarity is one of the famous 

similarity measures that have been used in previous text 

mining literature (Kwon, 2003; Steinbach, 2000). We adopted 

a version of this measure to calculate similarity between word 

pairs. Equation (3) shows how to calculate this similarity: 

(3)       (     )  
∑ (  

   (    )   (    ))

(√∑  (    )
  

    √∑  (    )
  

    )
 

 
where value of  (    ) equals to TF-IDF weight of    in 

document i. This weight is obtained through equation (4) as 

follows: 

 
(4)  (    )     (  )     (  ) 

 
where    (  ) is equal to total number of repetitions of     

in ith document. Value of    (  ) is obtained by equation 

(5): 

 
(5)    (  )     (      (  )) 

In this equation, function      equals to the total number of 
documents which contain   . 

IV. GRAPH-BASED CLUSTERING  

Graph clustering method which is used in this paper is 
known as Newman’s algorithm. This algorithm is based on the 
edge betweenness which shows the number of the shortest 
paths between the pairs of nodes. 

It should be mentioned that calculation of the shortest path 
between the nodes is time-consuming, difficult and sometimes 
inaccurate. Therefore, instead of using this for graph clustering, 
an objective function can be used. This function is presented in 
equation (6) (Newman 2004): 

(6)   ∑(     (∑    )

 

 

)

 

 

Values i and j in function Q represent respectively ith and 
jth cluster.     equals to the number of edges that exist in the ith 
cluster divided by all the edges of the graph. eij is the fraction

2
 

of edges in the network that connect nodes in cluster i to those 
in cluster j.  

It is notifyable that, matrix of relationship between words 
should be used for computing     and     . In fact, number of 

edges between two clusters or within a cluster computed using 
this matrix.  

At the start of the algorithm, each node is considered as a 
separate cluster. Later, in the process of clustering, these 
individual nodes (clusters with one member) are combined and 
form larger clusters which contain several individual nodes. 
Combined clusters create new nodes for the graph and these 
nodes replace the combined nodes. 

The objective function Q is used to determine the best 
combination of clusters. At each stage, the cluster combination 
that have better results than other combinations in function Q is 
considered as the best combined cluster.  

Combining clusters process continues until the value of Q 
remains unchanged or the desired number of cluster is 
obtained. In these two situations algorithm terminates. 

The following is the summary of the algorithm: 

1. First, for each pair of words using one of the 
statistical measures such as PMI, Chi-square or 
Cosine, the semantic similarity values are 
calculated. 

2. After calculating the relationship between two 
words if the value of similarity is greater than a 
specific threshold, an edge is established 
between those two words, otherwise there will 
be no edge between the words. (In this paper, 
the threshold value for Chi-square in Persian test 
set experiments is 100; and 0.2 and 2 for Cosine 
and PMI respectively.). 

3. Finally, produced graph in stage 2 are clustered 
to detect appropriate clusters by Newman 
clustering algorithm. 

V. EVALUATION  

For evaluation of proposed method we use one of the 

approaches that are used in previous literature (Matsuo et al, 

2006; Kaji and Kitsuregawa, 2008; Sun & Korhonen, 2011). 

In this type of evaluation, a collection of text documents 

which are categorized into various subjects is used. For each 

category used in the evaluation, a number of more important 

words are selected for clustering. 

 The corpus of this study in Persian language is Hamshahri 

corpus (Darrudi et al, 2004). Hamshahri corpus is the 

                                                           
2 We can calculate eij using the number of edges between cluster i and 

j divided by the number of all edges. 
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collection of 100000 textual documents from 82 different 

categories. For this study 7000 documents from 7 categories 

such as economy, politics, literature & art, science, social, 

sport, and tourism   are selected. 

For our each experiment, 50 more important words in each 

category are chosen for clustering. Therefore, 350 words are 

chosen as the sets of word for word clustering. More important 

words in every category are determined by using TF-IDF 

measure. Words with higher value of this measure in one 

specific category have a semantic relation with a label 

appropriate to that category. 

At the end the clustering process of Persian words, 

integration of clusters is continued to reach the final seven 

clusters. Finally, for each cluster, the category which contains 

the most number of the words in the cluster is considered as 

category of the concerned cluster. 

Three common measures for classification evaluation can 

be employed to assess the clustering process. These three 

measures which are Precision, Recall and F-measure are 

calculated for each cluster. 

Precision on a category is the number of correct 

assignments to this category and recall on a category signifies 

the rate of correct classified words to this category among the 

total number of words belonging to this category. There is a 

trade-off between precision and recall of a system. The F-

measure is the harmonic mean of precision and recall and 

takes into account effects of both precision and recall 

measures. 

Figure1 shows the evaluation results of the proposed 

algorithm for Persian words: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chart shows the F-measure of each category after the 

clustering process. The tourism F-measure for PMI measure is 

ziro becouse none of clusters contain tourism words with a 

predominate manner when clustering process achived seven 

cluster. 

 Average F-measure for each similarity measure is shown 

in Table II. 

TABLE II.  AVERAGE F VALUES FOR EACH SIMILARITY MEASURE IN 

CLUSTERING OF THE PERSIAN WORDS 

Chi-Square Cosine PMI  

0.851 0.764 0.698 Average F-measure 

    As it is shown in table II, Chi-square has yielded the best 

clustering results. Among these three measures PMI had the 

worst results. It seems that, this measure failure in separating 

tourism words cluster in an individual cluster is the cause of 

these results.  

VI. CONCLUSION AND FUTURE WORK  

This paper explains a words clustering method which is 

based on counting. Three measures of similarity namely, PMI, 

Chi-square and Cosine alongside Newman’s graph clustering 

algorithm are tested. It has been found that combination of 

Chi-square and Newman’s algorithm leads to better results in 

Persian Language. This method is easy to implement and does 

not require many parameters, therefore, can be used in words 

clustering. This type of word clustering evaluation is done for 

the first time in Persian languages .This study is of high 

significance because of rare similar studies on Persian texts. 

To improve this algorithm, weighted versions of Newman’s 

algorithm and stronger measures of similarity can be 

investigated. Using this algorithm, performance of document 

clustering and text categorization for Persian language can be 

improved. Findings of this research would be helpful in other 

areas such as information retrieval and text semantic similarity 

detection. 
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