
Abstract
Words can have more than one distinct meaning called as 
polysemous words. This paper concentrates on Word Sense 
Disambiguation (WSD) which refers to the resolution of 
lexical ambiguity that arises when a given word has several 
different meanings. The paper presents a hybrid approach 
for this problem based on the basic principle by Yarowsky’s 
unsupervised algorithm for WSD. It also employs Naïve Baye’s 
theorem to find the likelihood ratio of the sense in the given 
context. This way, the approach preserves the advantage of 
principles of Yarowsky’s (one sense per discourse and one 
sense per collocation) and utilizes Baye’s theorem for the better 
performance of the system. The seed/sense selection can be 
done either manually or automatically to find the local or global 
dependency of a given sense in a given window. To find the 
local dependency, the system uses the definitions provided 
by the dictionary (Word Net) for the target word whereas the 
global dependency is determined on the basis of fact that the 
word that occurs with significantly higher frequency in an entire 
corpus can be used as seed word. The proposed approach 
is applied on some ambiguous words for which training and 
test data is developed and the performance of the system is 
determined, listed in the form of tables. Finally the comparison 
is made between the two seed selection methods i.e. local 
and global.

I. Introduction
Natural languages are an integral part of our lives. They not 
only help us to communicate our day to day ideas but also 
play an instrumental role to record our knowledge. If we 
want to develop the applications such as machine translator, 
information retrieval, grammatical analyser, speech processor 
etc., we have to resolve the ambiguity inherent in the natural 
language. We are unaware of ambiguities in the natural 
language may be because we as human are good at resolving 
them but computationally removing ambiguities is not so 
easy and obvious. In the domain word sense disambiguation 
(WSD), a field of computational linguistics, the sense of word 
is determined by using the context in which word is used 
in sentence or discourse. The algorithms used in WSD can 
be classified as knowledge based and corpus based which 
involves supervised learning and unsupervised learning[4]. 
Knowledge based approach disambiguation is carried out using 
information from an explicit lexicon or knowledge base. The 
lexicon may be a machine readable dictionary, thesaurus or it 
may be hand-crafted. Supervised learning can be viewed as a 
classification task while unsupervised learning can be viewed 
as clustering task[4]. 
A standard approach to WSD is to consider the context of the 
ambiguous word and use the information from its neighbouring 
or collocation words. It requires use of training and test corpus 
and considers a stop-list and list of suffixes to be used for the 
purpose of stemming.  The basic concept of this approach is 
based on Yarowsky’s unsupervised algorithm [1,2].
The hybrid approach which we are presenting in this paper 
can be viewed as an amalgamation of both knowledge based 
approach and corpus based approach. However, the proposed 
approach assumes that the stopping and stemming of the 

words has already been performed by a separate module.

II. Basis for the proposed work
The basis of the proposed approach is that there are constraints 
between different occurrences of the ambiguous word within 
the corpus [6]. The constraints are:
1. One sense per discourse- The sense of a target word is 

highly consistent within any given document.
2. One sense per collocation-Nearby words provides 

consistent and strong information about the sense of the 
target word. Word not only tends to occur in collocation 
that indicates their sense but they tend to occur multiple 
times in collocation.

 
Our Hypothesis-In addition to these basic constraints, we are 
also proposing a hypothesis that there will certainly be some 
of the words which are common in the definition of a word in 
the dictionary and in the collocation of the word. 

III. System Architecture
In this section, we are presenting the architecture of the 
proposed system.

A. Model of the system
In our approach, first the system is trained on the basis of 
knowledge from Word Net and from a given set of corpus 
taken from various news papers, web sites, articles etc. as 
depicted in Fig. 1.During the training of the system, the local 
dependency among the words is determined automatically 
whereas the global dependency of a word in the corpus is 
manually determined on the basis of most frequent word in 
the corpus. The trained data is stored in the form of decision 
lists. The system is then tested on the basis of these decision 
lists. 

 

Fig. 1 : General format representing system

The organization of  test and training corpus of a  target word 
is done word per sense basis i.e. separate documents for each 
sense of the ambiguous word were collected. 
Therefore, the basic steps involved in the development of the 
proposed system are:
• forming a list of ambiguous words and selection of corpus 

for training,
• performing pre-processing,
• frequency calculation,
• selection of seed word,
• creation of decision lists based on local and global 

dependency.
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• testing the system for a fresh text related to the domain.

1. Pre-processing:
During the training as well as testing the system, a step called 
Pre-processing is performed for improving the performance in 
terms of time. The step involves
Tokenization- here text is broken into separate lexical items.
Stop word removal- In this sub-step most frequent and 
unimportant words such as articles, conjunctions and 
prepositions are removed. 
Stemming-In this process different words are converted 
into a root word or stem and prefix or suffix using Porter (a 
stemming tool). For example, 'Banking”, “Banker”,” Banks” all 
are converted into “Bank” the only stem so that variations on 
a word are considered equivalent when comparing. This could 
be done because we are assuming that a word in a discourse 
can be used in a particular sense[2].   

2. Frequency calculation:
In this step, the number of occurrences of the words in a window 
defined for a particular target word is calculated which is used 
to create the decision list. 

3. Selection of seed word:
The algorithm starts with selecting the seed word i.e. the context 
in which the target word is used. This seed word should be able 
to correctly distinguish all the different senses of the ambiguous 
word. The selection of a seed word is performed using the 
concept of local dependency and global dependency.
Local dependency-In this step, the system is using dictionary 
i.e. Word Net to find the possible senses of the given target 
word. An intersection operation is performed between/among 
the words in the window defined in corpus for the given target 
word  and the words in the entries of dictionary corresponding 
to different senses. The words in the intersection are used a 
seed words. 
Global dependency- The word that occurs with highest frequency 
in the entire corpus is used as seed word. 

IV. Algorithm for PROPOSED APPROACH
Following is the algorithm used for training of the system.
/* In the algorithm following notational are used 
T: Text, an ordered list of sentences
S: Sentence, an ordered list of words

w i : Polysemic word

kE : Overlapped words corresponding to different senses 

C={c iccc ..., 3,21 } is context window for w i */

A. Algorithm (Training)
1) Input a sentence S,

W={w | w’s  part of speech is noun, verb, adjective ,wε  S}

i.e  S = w niii wwwww ,..,,,.., 1110 +− .
2)  Perform stemming and stop word removal
3)  Apply seed selection method

1. Local Dependency

Let D={ kddd ,.., 10 } be the possible set of senses for wi from 
word net/dictionary.
  While (! EOT)

  {

  For all the senses kd  of w i  do
//overlap the given word in a sentence with the dictionary 
meaning

kE =( nk wd  )

  Let C={c iccc ..., 3,21 } be the context window for w i of size    

five  i.e   2112 ,,,, ++−− iiiii ccwcc  
 Calculate frequency count for all the words in the context 
window which can be as

  => kF = fkic )2( −     
After calculating frequency count, likelihood ratio is calculated 

for the sense kE  depending on the nearby words or words in 
the context window of the target word such as
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           Where kC =  2112 ,,, ++−− iiii cccc                      
}                                                                                               //
END of WHILE   
The overall score is the sum of frequency count which should 
has it’s minimal value as 4 and likelihood ratio i.e
Overall score (θ ) =frequency count (

kF ) + Likelihood ratio
This forms the basis for local decision list DL1.

2. Global Dependency (Global seed selection)

From nwww ...10  find the highest frequency word as the seed 
word which could be considered more close to the target word 

w i  . Let it be pw .
Calculate frequency (

pF  for the words in context window 

nearby pw . i.e 2112 ,,,, ++−− ppppp ccwcc .

Calculate likelihood ratio as 
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 where pC =

2112 ,,, ++−− pppp cccc
.The overall score (θ )=frequency count(

pF
)+ Likelihood ratio. 

This forms the basis for manual decision list DL2 .

4 ) Compare the two decision lists. 

B. Algorithm (Test)
Consider anew text which contains the polysemic word and 
which needs to be disambiguated.
Perform stemming and stop word removal.
Find the seed word using local and global dependency and their 
nearby words/ collocation words within a given window size.
The collocation words obtained are matched with the Decision 
list corresponding to the senses and the one with the highest 
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value ‘θ  ‘constitutes to be the sense of the target word.
Let us consider an example where word bank has to be 
disambiguated. So following are the steps required for the 
same:
Step1. An initial context for word is considered and pre-
processing is performed on it shown in Fig.2 & Fig.3.

Fig. 2:  Raw Data

Fig. 3: Pre-processed Data

Step2. Select a seed word for each sense of the word.
a) Local Dependency: here dictionary is used to find the 
sense of the target word.

  Sense Id       Overlapped words

         1 credit  finance building; so here credit is      
used as overlapped word

          2 River  canoe shore ; here river is used as   
overlapped word

Fig. 4: Seed Word( Local Dependency)

b) Global Dependency : the word with the highest frequency is 
considered to be the sense of a word.

 Sense id  Seed word for corresponding sense id 

     1           Money
     2           Water
Fig. 5: Seed Word (Global Dependency)

Step3: A decision list is created in term of log likelihood ratio. 
For each collocation ‘J’ and sense ‘S’ the log likelihood ratio for 
that sense ‘S’ given that collocation ‘J’ is defined as:    

)](![
)]([

JSp
JSp

∩
∩

                                                  
Thus,
Θ(overall score)=frequency count + likelihood ratio ; (discarding 
terms with frequency count less than four)
 In the considered example for local dependency , the first 
overlapped word is credit so considering credit it’s conditional 
dependency on collocation words nearby all the occurrences 
of word bank (in a window of five )is calculated 
Let S1 and S2 be the sentences (in the text containing word 
bank)  after performing preprocessing
S1= breakfast explore river bank foot take
S2=motoriz canoe bank downstream lodge plant
All the collocations in window five of bank are considered and 
their score is calculated.
Let the number of times breakfast occurred = 2 , so its frequency 
count= 2 and let p (credit)/(breakfast)=.02 As it’s frequency 
value is less than 4 we will discard it.
Similarly we will calculate θ for explore=7+.03=7.03 and in this 
way whole of the decision list is created for different senses 
shown below:

     
Fig. 6: Decision List using Local Dependency
Similarly for global dependency decision list is 
created by considering the seed word with the 
highest frequency and the collocations nearby 
this word is considered for creating a decision list. 
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As here seed word is water all the collocations near it are 
considered.

   
Fig.7: Decision List using Global Dependency

Step4: Suppose we have a test data as:
“Bank fraud is the use of fraudulent means to obtain money, 
assets, other property owned or held by a financial institution. 
In many instances, bank fraud is a criminal offense. While 
the specific elements of a particular banking fraud law vary 
between jurisdictions, the term bank fraud applies to actions 
that employ a scheme or artifice, as opposed to bank robbery 
or theft. For this reason, bank fraud is sometimes considered 
a white-collar crime.”
Tokens when generated here like (bank,fraud,obtain,money
,assest,property,financial,institution,instance,crminal….) and 
when matched with both of the senses  of the bank gives the 
output as sense 1 .

V. Experimental Results
The accuracy of WSD depends on the size of the training data. 
Consider the case of ambiguous word having three senses, 
average numbers of training instances for target word bass are 
92 and for word plant average numbers of training instances 
are 77 so the accuracy is higher for word bass as it has more 
number of training instances. This effect is shown in Fig.  8.

Fig. 8 : (x=bass, y=plant)
 
Also for local dependency the first overlapped word from the 
Word Net [3] was selected as the seed word for each sense of 
the target word. There is no such rule to select the first word 
as seed word, this is arguable. Selecting an overlapped word 
other than the first overlapped word may too lead to higher 
accuracy.

VI. Conclusion And Future Work
A Hybrid approach WSD which has been proposed in this 
paper. This work used Word net [3] to determine the senses 
of a target word and the approach was based on the concept 
from Yarowsky’s unsupervised algorithm for WSD [1]. It 
employed Naïve Baye’s theorem to find the likelihood ratio 
of the sense in the given context preserving the advantage 

of principles of Yarowsky (one sense per discourse and one 
sense per collocation) with the high performance of the Baye’s 
algoritm. 
The approach was applied on some ambiguous words for 
which training and test data was developed. A stop word list 
was used to remove the stop words from the corpus which 
helped to improve the accuracy of the system and for further 
improvement in performance stemming was applied on the 
words obtained after stop word removal which improved the 
accuracy to 4%. 

Following points give some future scope to solve and improve 
WSD - 
• Continue to build the knowledge base, enlarge the 

coverage and improve the system performance. More word 
instances can improve the disambiguation accuracy.

• Although most of the semantics is carried by the noun 
words verbs, adjectives adverbs are also important factors 
that help in disambiguation. This system deals with noun 
only so a lot of work has to be done to disambiguate nouns 
as well as other parts of speech.

• Merging of some of the senses which were not able to 
classify even manually is done so there is a need to develop 
a standard way to define the senses of the ambiguous 
word.

• One word is possible to be used multiple times in one 
document while each appearance uses different sense. 
But here each word is mapped to a unique sense.
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