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Abstract

Automatically created thesauruses are used in order to improve meth-
ods for clustering, mining and determining the sentiments of some specific
data corpus. There are different methods for the automatic discovering of
similar words. Some of them are based on text corpora and mathematical
similarity measures, while others use graphs and monolingual dictionar-
ies. Serbian language is the richer than the English, by vocabulary and
grammatical issues. Known methods for automatic thesaurus generation
may neglect some of these specific issues. This paper deals with a method
for automatic generation of a thesaurus from the repositories of docu-
ments in the Serbian language based on mathematical methods such as
chi-square test, cosine similarity and Jaccard similarity coefficient. The
proposed method can be applied either to normalized or non-normalized
documents.

1 INTRODUCTION

With development of computer technology and context-aware computing, nu-
merous data is collected on daily basis in order to obtain information that would
facilitate user interaction with computer applications. An important task in this
process is to determine which groups of documents carry similar information,
and how to get these groups on automated way so that answers are as relevant
and closer to human understanding, and yet more objective and more compre-
hensive than human conclusions in choosing: ”What is similar?” .

Data mining is the process of finding interesting information in large collections
of inadequately structured data [1, 2]. Interesting information is non-trivial,
available, previously unknown and potentially useful information.

Data mining was created as a result of the growing need for market research
and detecting potential customers and understanding and meeting the needs of
existing ones. This is a method of data search, which developed rapidly thanks



to the development of computer technology. Only with the development of fast
computer systems has made it possible to efficiently search large amount of accu-
mulated data. Thanks to ”data mining”, data sets are converted into structured
information and knowledge and thus are useful and valuable for research.

Text mining is a branch of data mining that seeks to find interesting patterns
from large databases of text written in natural languages [3].

Thesauruses are specific dictionaries, lexicons that are typical for a particular
domain. In the field of data analysis and text analysis, creating a thesaurus
includes the formation of lists of synonyms, i.e. words that is related or similar
to a given word in a given domain. A domain is defined by corpus of documents
in which synonyms are looking for. Since that it is difficult to automatically
distinguish between synonyms, antonyms and hypernyms, this term synonyms
refers to the words with close semantic meaning.

Synonyms are words that have the same or similar semantic meaning, but dif-
fer in form, i.e. their grammatical composition is not the same. Therefore,
the automated solution of this problem has long been a challenge, both in the
field of artificial intelligence and in the field of text analysis. It is not only a
challenge ”to teach a computer to understand” that two apparently different
words actually carry the same meaning, but after that computers objectivity
should be used in the selection of what is similar, having in mind that every
“human expert” could overlook, forget or neglect something, based on his own
experience.

Depending on the type of corpus, different resulting list of synonyms could be
obtained. Dictionary made from the corpus is specific to that corpus domain
and is more adapted to a particular use in that field than the general dictio-
nary made by people. There are several advantages for using computer-made
thesaurus. In particular, they can be easily edited to reflect the changes in the
collection of documents (in the appropriate field). These thesauruses are not
based on the subjectivity of the writer (they are, of course, based on the corpus
in use). It is obvious, however, that writing a dictionary of synonyms by the
people should be more responsible, with less errors in total. According to two
classical measures for finding information, it is expected that computer-made
lexicons have a better response (or coverage) and a lower precision (except for
the words whose meaning is much related to the scope of application) than
general-purpose dictionaries of synonyms made by human [4].

This paper gives an overview of existing methods for generating thesaurus that
have been used and applied for English language. They are divided into two
groups, those that use ready-made lexical resources and those that are based
only on the corpus of documents and mathematical methods. Serbian language
is grammatically and linguistically much richer than the English language, with
richer vocabulary and grammatical categories, such as cases, voice changes, gen-
ders and numbers. Therefore, known methods have their own advantages and
disadvantages for application on documents written on the Serbian language.
The lack of adequate Serbian-Serbian morphological dictionaries in digital form
is one more drawback in solving problems for documents written on the Serbian
language.



After that, a method for automatically generating a thesaurus for one corps
documents in the Serbian language, as well as the results obtained by its ap-
plication have presented. At the end, the conclusions and directions for further
research are given.

2 RELATED RESEARCH

This section provides an overview of the methods used for the automatic ex-
traction of similar words from a variety of sources: a large corpus of documents,
web and monolingual dictionaries. The goal of these methods is to automati-
cally find synonyms. Most of the methods finds words that are similar to each
other with vague notation of semantic similarity.

The most of these approaches have a main assumption that similar words are
used in the same context. These methods differ in the way of defining context
(document, text, or less or more complex grammatical context). They also use
different method for calculating the similarity function. Vector space model
and cosine similarity measurement has been used to extract information from a
specific corps by Chen and Lynch [5]. Crouch in [6] proposed a method for the
automatic construction of the thesaurus. This method is based on term vector
model and terms discrimination values [7], and this approach is particularly
suited for words that do not occur frequently. Then a significant Grefenstettes
SEKSTANT system [8] uses partial syntactic analysis, and solutions similar
to this are described in [9] and [10]. Hierarchical clustering provides a rich
thesaurus of similar words and has been discussed in [11]. Sometimes, a combi-
nation of several techniques can improve the list of synonyms. General solution
to this problem is a mixed method [12]. Tourney dealt with Web as a corpus in
[13], while the method for creating graphs that uses a thesaurus and dictionary
has been described in [14].

The latest discoveries which use mathematical methods in creating thesaurus
are useful for us, given the absence of morphological Serbian-Serbian language.
One such method is described in the work [15]. It is particularly significant
contribution of WordNet for Serbian language. The problems of synonyms in
Serbian language for WordNet were engaged in the works of authors [16-18].
It should also be noted that in the experimental analysis has not started from
scratch, but used part of the system for eGovernment for inserting documents
described in [19].

3 METHOD DESCRIPTION

As noted earlier, unlike the English, the Serbian language has a lot of specifics
rules like the voice changes and cases, verbal changes and numbers. All this
makes the word to be in a different form from its base, although all this words
form has the same semantic meaning. So, finding synonyms is essential in order



to effectively search documents written in Serbian language.

Serbian language is also lexically rich, and without morphological vocabulary
available in electronic form, this similarity problem is even more difficult. There
are online solutions that are incomplete, such as the project Vokabular [20], but
the number of words contained here are so small that it is still practically un-
usable.

For automated extraction of similar words characteristic for a large body of doc-
uments, it is necessary to represent any document like set of key words (words
and phrases that describe the content of the document). Automated extraction
of keywords is a way of finding words that carry the meaning of the document.
The form in which they appear in the document does not affect their semantic
meaning. In order to find keywords in the document, the document first have
to pass all levels of normalization.

The process of normalization of the document include: removal of stop words
and no-letter signs, arranging numerical data, abbreviations, and splitting docu-
ment on sentences, and then reducing all the words to their basic form (lemmati-
zation in our case). Keywords have been extracted using the algorithm described
in [19]. Most frequently occurring words have been extracted to the set of basic
keywords. Extracting additional keywords has been done by calculating the
deviation occurrence of specific words in the same sentence with the words in
the basic set of keywords. The word that occurs more often with one specific
keyword q seems to be the part of the key-phrase or new keyword. The sig-
nificance of the deviation was assessed by chi-square test. The expected value
has been calculated as the product of n,, (total number of words in sentences
in which the word w appears), and p, (the sum of the total number of words in
sentences where the keyword q appears divided by the total number of words
in the document) (Formula 1).

1 2 _ (freq(w, q) — ny *pq)2
(1) X gezg; P

Here is freq(w,q) the number of sentences in which the word w appears the
together with keyword q [21]. This method is significant because the extract-
ing keywords have been done at the level of the document, without the need
for multiple documents belonging to different corps. Once keywords, which are
terms in a thesaurus, have found, those terms must be explained by stating the
terms that are linked with them in a given corpus. These related terms, syn-
onyms, have been found in the following manner: for each keyword in corpus
(get keywords that appear in most documents in corpus) takes the vector of
words that commonly appear next to it. Calculate the similarity between these
vectors for all keywords using cosine similarity measure and Jaccard similarity
coefficient. Thus, synonyms are declared as any keywords which vectors are the
most similar. Pseudocode algorithm for creating thesaurus is shown below.



Algoritm 1: Finding related terms for key terms in a thesaurus
: keyl[] < keywords in corpus;
: n < the number of key words taken;
114+ 0;] « 0
: Whileijndo
: while j j n do

i_key_pair[] < words that occur the most frequently with the keyl1[i];
: jkey_pair[] + words that occur the most frequently with the keyl1[j]
: cos_coefli,j] <— cosine similarity between i_key_pair[] and j_key_pair[];
: jacc_coef[i,j] + Jaccard coefficient for i_key_pair[] and j_key_pair|[;
100 i+ j++;
11: end while’
12: end while;
13: key2[] < repeat steps 1-12 for the same documents with 4-gram cut
14: keywords[] < key1]] intersection key?2||

i
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Applying this algorithm on prepared but not normalized documents, results
can be the words that are meaningful synonymous but also a derivation of the
same word, so it may be possible to declare a synonym word as a case form of
key terms.

4 EXPERIMENT RESULTS

The corpus of documents over which the experiment was carried out is a set
of documents whose content consists of the Law on Higher Education. Figure
1 depict a part of the result of applying the intersections of two methods over
the documents. First method presents results without document normalization
and second method presents results with 4-gram normalization. By crossing the
results, only those keywords that have emerged as candidates in both methods
and only their associated words that have occurred by using both methods were
taken, all this in order to maximize the accuracy of the result. Using the method
described above, as the most important terms of the corpus, the following words
were selected: ”zakon”, "rad”,” program”, ”opsti” and ”"nastavnik”. The table
presents representative words of certain groups of related terms isolated using
automated thesaurus. The first three words in the table are those that received
more related words. Since this is a small number of documents, cosines coef-
ficient values are high and equalized, but by adding new document to corpus,
thesaurus is dynamically changing and obtaining more precise results.

By applying the algorithm, the last two words in the table produced by a
small number of related words, but words are thereby significantly related to
each other (eg. ”opsti”, "akt”). Hence we conclude that the words associated
with fewer words with which occur together in sentences can determine the as-
sociated words more accurately. The first method did not use normalization,
while the second method used normalization by discounting the first four letters



over the

CSC - Cosine
Similarity Results without Results with 4-
Coefficient JC - document gram
Jacquard normalization normalization
Coefficient
Related words csc | Jc csc | JC
Thesaunrus entry zakonom zako
Skladu 08176 | 04577 | 0791 0.4487
Obavlja 0.8281 | 0.3298 | 0.8603 04581
Thesaunrus entry rada ada
Skladu 0.7746 | 04388 | 0.7564 0.4403
Okviru 0.798 | 04677 | 0.8625 05313
Nastavnika 0.7702 0.487 | 0.7533 0.4846
Uslovi 0.7531 | 0.3497 | 0.8183 04329
Thesaurus entry program rog
Pravo 0.7838 | 04095 | 0.8111 0.4453
Delatnost 0.7605 | 04948 | 0.7695 0.4054
Thesaurus entry opstim opst
Aktom 0.8106 | 03953 | 0.8718 | 0.5
Thesaurus entry nastavnika uasﬂ
Rada 0.7702 | 03478 | 0.7533 | 0.3769
Figure 1: The result of applying the intersections of two methods
documents
M Felatedwords without norm alization
b Relatedwordswith 4-gram nosw alization
HIntersection
a5
20 4—
15
I =
- | ¥
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zakonom  rada prograt opdtim nastavnila
Figure 2: The number of related words in both methods and in their intersection



[22]. Thus, prepositions and one word derivatives incurred by adding a suffix
were eliminated.

Figure 2 shows the amount of reduction of related words when you make a cross
section of both applied methods. The results indicate that the normalization
done by cutting off the first 4 letters produce a larger number of synonyms, so
it can be used in cases where it is essential to expand a set of related words and
reduce the precision of the results.

5 CONCLUSION

There are a number of different methods for the automated detection of similar
words. Some techniques rely on different text corpora and mathematical simi-
larity measures, while others use graphs and monolingual dictionaries.
Compared with hand-made dictionaries, computer-made lexicons have advan-
tages such as their ease of construction and maintenance. Also, depending on
the context, the term ”similarity of the words” may or may not include the
concept of synonyms, almost synonyms, antonyms, hyperonyms and so on.
The presented method use sentence as a context in which similar words exists.
A function of the similarity between the words is calculated by comparing the
word vectors with the chosen words appearing the most in a given context. The
proposed method is based on mathematical methods and can be used without
any normalization of documents and dictionaries. Normalization is improving
the results, but the degree of automation of the process decreases. Subject to
further work will be improving the algorithm using n-gram analysis and other
forms of document normalization.
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