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Abstract. This paper presents document comparison and classification model for Lithuanian 
language texts based on weighed ontology. The tests have been performed to measure several 
aspects: i) quality of comparison of documents; ii) optimal size of ontology; iii) type of part 
of speech words used to create ontology. Final results indicate 96% of correct classification 
cases and suggest that all the main part of speech terms should be used from the text. The 
proposed model can be used to classify texts more efficiently than keyword based systems. 
 
 
1. Introduction 
The standard process of searching for information is very limited. Usually we have an idea 
what we want to find. If we put it in written form, a short paragraph can represent our ideas 
quite well. But if we start searching for this idea in the Internet, we will have to compress it 
into 2-5 keywords. This step becomes a main problem as we loose a lot of meaning and other 
people might use different keywords in their texts. Usually it takes a lot of time to find infor-
mation or documents we need from WWW. 

We propose an idea of using weighted ontology for document comparison. This on-
tology is created automatically using entire document text, but contains only a fixed number 
of terms. Later we put weights on each connection between two words according to the dis-
tance between them. This weighted ontology of one document is compared to the ontology of 
some category and result is the similarity value. The main idea is to classify one document 
into one of the categories. 

The method has several advantages: 
• the difference of frequencies of terms is measured between documents, 
• the distance between terms is taken to the account, 
• combination of both features ensure that we have more precise document comparison 

only.  
The main task was to check the quality of proposed weighted ontology system and 

find out the optimal size of it. 
Ontology is an organized set of concepts having relations between them [2, 3]. In a 

general case, relation connects two terms and can define the type of connection like ‘syno-
nym’ or ‘is a’ and etc. In our approach, the relation represents connection without any label. 
We try to represent the strength of relation rather than a type of it. A weight of relation shows 
the distance between terms. Bigger weight means stronger connection and thus allows us to 
judge if two texts having almost same words have the same structure. 

Another issue, we have encountered, is the specific grammar of Lithuanian language. 
Almost every part of speech (nouns, verbs, adjectives) has different endings according to the 
situation they are used. To minimize the effect of it, we use word stems instead of words. 
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Document classification using different algorithms is described in many articles. One 
of the classic document comparison algorithms is tf–idf (term frequency–inverse document 
frequency). It is based on measuring statistical frequencies of terms [1]. The difference of 
frequencies represents the difference of ‘meaning’ between documents. Research in docu-
ment classification field has many possibilities: some authors write articles about automatic 
ontology construction [4, 5], others about theme extraction of a document [6, 7] or classifica-
tion of documents [8]. We have chosen to use automatic ontology construction together with 
automatic weight calculation between terms and use it for document classification problem. 
In following sections we describe document classification model and results of tuning and 
testing its performance. 
 
2. Model 

Document preparation and construction of weighted ontology. Every document 
goes through preparation and transformation to weighted ontology steps before it can be 
compared to another ontology. The preparation step clears the stop words from the text and 
cuts the endings of the words leaving only word stems. Stop words are defined as a set of 
words that are either used very often in every text, or don’t carry any essential meaning (like: 
and, or, thus, etc.). Afterwards all endings from nouns and adjectives are cut off – this step 
we call ‘stemming’. It is not 100% accurate because some endings of nouns, adjectives and 
other parts of speech are the same. As an example, we also cut endings from some verbs. As 
we show later, such inaccuracy is acceptable and does not reduce the quality of the algorithm. 
After stemming is done, all stems shorter than 3 symbols are removed. This is needed as 
stems of two or one symbol are meaningless. Later the frequency of terms in document is 
counted and only the most frequent ones are selected. The threshold of maximum number of 
stems was made variable to see which the best is. We need to take only the most important 
words, as it would increase the speed of document processing and will reduce the quality of 
comparison very little. Technically weighted ontology is stored as matrix of size 2N , where 
N  is the number of terms taken from the document. It is obvious that increase in a document 
size would result in exponential increase in computation time. Let nM  be the matrix of 
document nD , where Nn∈  and N  is the set of all document numbers. Let ijm  be the ele-

ment of the matrix nM  holding weight between terms (stems) it  and jt  in the document nD . 

The element ijm  is calculated in such way: 
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for all ji < , where ip  is term it  position in the sentence s , 
x
jp  is term jt position in the 

same sentence. Counting weight for all x  (all positions of term it  in the same sentence) gives 
us the representation how often two words are used together; ijm  represents it. Calculations 

are performed according to several rules:  
• it  is unique term in the whole document;  

• ji pp ≠  means that we do not count relationships between the same terms, and thus 

0mii = ;  

• relation between two terms positions is counted only once (according to the rule ji < );  

• relations are calculated only inside one sentence, thus we need to count the sum from all 
sentences ( s∀ ).  

The main issues are as follows: if the threshold is too high (we take many words into 
ontology) the comparison step takes too much time, if the threshold is too low (ontology is 
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small) – the quality of comparison is lost. One of the aims of the paper is to determine the 
right size of ontology for Lithuanian language texts. 

Construction of weighted ontology for the category. A set of related documents can 
define some category. To be able to find documents related to this category, we need to create 
a weighted ontology for all documents which we call ontology of one category (OOC as 
shortcut). For every document we use the method of ontology creation described in section 
2.1. Afterwards, all ontology matrixes are incorporated into one. Every element in OOC ma-
trix is a triplet holding three values: minimum, maximum and average weight of two terms. 
Minimum and maximum values are needed as some of the documents might have very low 
weights of some term pairs resulting in big difference values and thus distorting the real re-
sults. An element average j,im′  is calculated like this: 
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where Nn∈ . Maximum is always the biggest value from all j,im  elements, and minimum is 

either the smallest element, or equal to zero, if only one not empty j,im  element exists in all 

M  matrixes. 
Classification of a document. A document can be classified by comparing its own 

weighted ontology with a weighted ontology for the desired category. The comparison algo-
rithm:  
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• 0, otherwise.  
Similarity value shows document similarity to the compared category in range of 0–

100%, where 100% means identical document and is a theoretical value rather than practi-
cally reachable one. It is because a document never contains exact amount of all term pairs 
with exactly the same weight values. 
 
3. Results 
In this part of article we describe the results of tests and conclusions derived from them. The 
main objectives are: 
• Determining the quality of document classification system using Lithuanian language 

texts; 
• Finding the optimal size of ontology; 
• Clearing out what type of part of speech words should be used to create ontology. 
The data used for testing was gathered from the internet. All documents were placed in three 
categories:  
• S – relative texts, the main group for creating OOC matrix, including documents on me-

dicaments; 
• D – partially relative texts group; it consists of texts about medicine, illness and so on;  
• N – non relative texts; it consists of documents about meals.  

30 documents of S group were used to create OOC matrix. Afterwards 15 different 
texts from each group were used to establish similarity intervals. Later 10 texts of each group 
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were used for testing phase. During the testing if a document similarity value is clearly in one 
interval – the document is assigned to that class, if value falls in two or three intervals – we 
call it “unclassified”. 
 The amount of documents is not very large, but it is enough to check the model as the 
main idea of it, to be able to find relevance of documents given to several documents which a 
person already has. Usually people have several documents from which they can start the 
search, but not a huge electronic library.  
 
Table 1. Similarity intervals depending on OOC matrix size. 

Ontology matrix size 

20 terms 40 terms 80 terms Similarity 

N D S N D S N D S 
Minimal % 0 0 9.36 0 0.27 4.38 0 0.14 1.59 
Maximal  % 0.37 7.88 24.71 0.14 5.34 15.87 0.24 2.46 9.,90 

 
There is a clear decrease of maximal similarity values and size of intervals in D and S 

categories in Table 1. This means that having a bigger OOC matrix decreases the preciseness 
of our algorithm. Intervals of all (N, D and S) categories overlap having 80 terms in matrix 
and interval of N is totally covered by D having 20 terms in a matrix.  

In Table 2 the test results are presented. Looking at both testing results the best ontol-
ogy matrix size is: i) 20 terms if we look for very similar documents; ii) 40 terms if we need 
to categorize documents in all three classes. Theoretically if we combine both methods (first 
doing categorization with 20 terms, later with 40 terms) we can obtain 96% correct answers, 
as only 10% of D documents will be incorrectly classified. 
 
Table 2. Quality tests using similarity using OOC matrixes from table 1. 

Ontology matrix size 

20 terms 40 terms 80 terms Classification 

N D S N D S N D S 
Correct 0% 90% 100% 100% 90% 70% 90% 90% 70% 
Incorrect 0% 0% 0% 0% 10% 0% 10% 0% 0% 

Belongs to 2 categories 100% 10% 0% 0% 0% 30% 0% 10% 30% 

 
Table 3. Similarity intervals depending on OOC matrix size (only nouns) 

Ontology matrix size 

20 terms 40 terms 80 terms Classification 

N D S N D S N D S 
Correct 0% 60% 100% 100% 70% 40% 100% 60% 40% 
Incorrect 0% 30% 0% 0% 20% 0% 0% 30% 0% 
Belongs to 2 categories 100% 10% 0% 0% 10% 60% 0% 10% 60% 

 
Another task, we had, was to check if using all part of speech words is better then us-

ing only nouns. The main concern here is that while cutting the endings of the nouns we also 
cut some endings from the other part of speech words and incorporate them in OOC matrix. It 
was not clear if such thing is acceptable or is lowering the quality. To clear out this issue, we 
created OOC matrix completely from nouns. Table 3 shows the test results performed with 
new matrixes. It is obvious that results are worse. Hence we can make a conclusion that some 
of the frequent meaningful terms are needed even they are used not in basic forms. 
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4. Conclusions 
The main task of this paper was to present a new approach in document classification tech-
niques than documents are in Lithuanian language. This approach constructs weighted ontol-
ogy for a document and later compares it to the ontology of some theme. We have shown that 
it is possible to achieve 96% of correct classification cases, using the combination of two dif-
ferent methods. We also demonstrated that using all part of speech terms increases the quality 
of classification. 

While the word order in sentences of English is strictly defined, Lithuanian language 
has flexible word order system. Words can be in different places of the sentence, but the 
meaning will be the same. Such issue limits the use of some algorithms possible in compari-
son of strict sentence order texts, but gives more space for future research.  
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