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Abstract — In this paper we describe two tools that form an
integrated environment which can be successfully used for
management and exploitation of linguistic resources. Both the
tools and the resources were developed within the University of
Belgrade Human Language Technology Group. The tools we
describe are WS4ALR, a software tool that has been developed
and used for solving different tasks within the Group, and a
web application named WS4QE, accompanied by several web
services, that enables the solution of various tasks via the web.
Besides a short description of the linguistic resources for
Serbian involved, we also describe how the functions of the
WS4LR tool can be used for their maintenance and
development, as well as some possibilities for web query
expansion offered by the WS4QE web application and the use
of these expanded queries. Application of expanded queries is
presented in web search, exploitation of aligned text and spatial
data retrieval.

1. INTRODUCTION

ARIOUS linguistic, that is, lexical and textual

resources, are being developed within the Human
Language Technology Group at the University of Belgrade
(further referred to as the HLT Group) , which gathers
researchers in the field of Computer Linguistics from
different departments. The most important and the most
developed among them is the system of morphological
dictionaries of Serbian (SMD). Another very important and
developed resource is the Serbian wordnet (SWN), a lexical
database representing the semantic network of words in
Serbian. Within this group of resources, the multilingual
ontological dictionary of proper names Prolex should also
be mentioned.

Besides these different types of dictionaries, the Group is
engaged in developing other resources, such as the e-corpus
of Serbian, as well as parallel multilingual corpora, with the
majority of parallel texts aligned.

The resources have been developed during several
decades in the framework of various projects, and hence
within  different methodological frameworks. Their
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heterogeneity called for the development of software tools
that would alleviate their maintenance and further
development. Another goal was their integration, which
would render the solution of various tasks related to
processing of e-texts much easier. Thus a tool, with the
acronym WS4LR (Workstation for Linguistic Resources),
was developed. This tool, which enables synchronized use
of various resources, is already being successfully used for
various tasks within the Group. Based on WS4LR, a web
application named WS4QE (Workstation for Query
Expansion) has further been developed within the Group,
with the aim of supporting the development and usage of
linguistic resources for Serbian via the web. In parallel with
this application, corresponding web services have been
developed. These services are of special interest as they can
also be used independently, as separate components.

This paper outlines how linguistic resources for Serbian,
developed within the HLT Group, can be further enhanced
and used with the help of the WS4LR software tool and the
WS4QE web application. In Section Two we will give a
brief description of linguistic resources for Serbian, in
Section Three the main functionalities of the WS4LR tool,
and in Section Four the query expansion possibilities offered
by the web application WS4QE applied on different
resources: web, aligned text and spatial database.

II. LINGUISTIC RESOURCES

In this Section we offer a brief description of three most
important linguistic resources for Serbian developed within
the HLT Group. Namely, the system of morphological
dictionaries of Serbian, the Serbian wordnet, and parallel
and aligned texts. They are the basic resources around which
the WS4LR and WS4QE tools were built.

A. The system of morphological dictionaries

The format chosen for morphological dictionaries was the
so-called LADL format developed within the Laboratoire
d'Automatique Documentaire et Linguistique under the
guidance of Maurice Gross [1]. Thus the core of the system
consists of the so called DELAS dictionaries of simple
words and DELAF dictionaries of their morphological



forms, with more than 120.000 simple words and 1.400.000
word forms.

In addition to that, dictionaries of compounds named
DELAC for the lemma dictionaries and DELACF for their
morphological forms, are also being developed. These
dictionaries are composed following a similar format, but
they also allow the lemma to contain non-alphabetic
characters: space, dash, apostrophe etc. Without going into
details, we shall only point out that the generation of
morphological forms of compound words is more complex,
which makes the data format in these dictionaries also
somewhat more complex. As dictionaries of compounds are
still under development, their dimensions are currently more
modest.

The aforementioned dictionaries compose the system of
morphological dictionaries of Serbian — SMD.

B. Serbian wordnet

The Serbian wordnet was developed in parallel with
wordnets for Bulgarian, Greek, Romanian and Turkish in
the scope of the BalkaNet project, funded by the European
Commission from 2001 to 2004 [2]. The enhancement of the
Czech wordnet, developed within the EuroWordNet project,
was also part of the BalkaNet project. Thirteen research and
scientific institutions were engaged in the project, mainly
from countries where the BalkaNet languages are spoken,
but also from France and the Netherlands. A national
development team was formed for each language, which in
the case of Serbian was the University of Belgrade HLT
Group. Upon the termination of this project, the
development of SWN continued, and this network to date
contains about 25,000 word-sense pairs organized in a little
less than 15,000 synsets.

Wordnets within BalkaNet were developed in XML
format following the pattern outlined by EuroWordNet.
Namely, synsets related to same (or similar) concepts in
different languages were connected via the Interlingual
index (ILI), integrating all BalkaNet wordnets into a
multilingual linguistic data base. This feature also provides
for a connection with the Princeton wordnet, the first
English wordnet, which is publicly available [3].

C. Parallel and aligned texts

Although monolingual parallel texts exist, parallel texts
are as a rule bilingual, composed of one original text and its
translation into another language. Thus, they represent two
texts having the same content, but in two different
languages. The majority of parallel texts collected within the
HLT Group, where Serbian was always one of the
languages, are aligned. The procedure of transforming
parallel texts into aligned texts followed two basic steps
with the goal of connecting equivalent segments. In the first
step parallel texts were segmented into sentences, and in the
second step the sentences were aligned by means of one of
the available alignment methods. The tool used for the
majority of alignments was XAlign, developed within

LORIA, Laboratoire Lorrain de Recherche en Informatique
et ses Applications [4].

Parallel and aligned texts were grouped in aligned
corpora. The HLT Group developed several aligned corpora,
among them the largest one being the French-Serbian corpus
which contains more than a million words [5].

III. THE WS4LR TooL

With the growth of the number of resources as well as
their volume and content, their maintenance and
development became more and more complex. In addition to
that, there was also a growing need to use several different
resources for solving a particular task. Thus the
development of a software tool for maintenance and
integration of multiple resources was initiated. There were
various problems to be solved, including different format of
resources, but also different coding schemes which were
used in practice and over time appeared in the resources.
The result was WS4LR, an integrated and adaptable
software solution, which provides for the management and
manipulation of individual resources, as well as their
integration [6]. A web application named WS4QE
subsequently emerged, based on WS4LR, followed by
corresponding web services. Its goal was to make some of
the functions related to the development and use of
linguistic resources available on the web as well.

As the majority of functions preformed by WS4LR and
WS4QE overlap, in this section we shall describe only some
of the basic functions of WS4LR related to management and
development of individual resources. Integrated use of
resources will be illustrated in the following section,
dedicated to WS4QE, as functions of this web application
are essentially also functions of WS4LR.

WS4LR provides the following functions related to
resources management and development:

- management and development of the
morphological dictionaries,

- management and development of wordnets, where both
manipulation of individual wordnets and synchronized use
of wordnets for different languages is supported,

- processing and visualization of aligned texts,

- conversions from one coding scheme to another, and

- migration form one resource format to another..

Although WS4LR has mainly been used for resources in
Serbian, it is not a language dependent tool. All of its
functions are usable for resources in other languages
provided that these resources follow the appropriate formats.

system of

A. Dictionary management

The first system for text processing on basis of
dictionaries in LADL format was Intex [7]. However, Intex
could not handle the processing of texts in Unicode, whereas
this coding scheme became more and more frequently used.
Thus two new systems, Unitex [8] and Nooj [9] were
developed, both allowing the processing of texts in Unicode,



and subsequently started to suppress Intex. Although text
processing in all three systems is based on dictionaries in
LADL format, none of them offered possibilities for
management of the content of the dictionaries themselves.
Thus a module was developed within WS4LR for the entry,
review and update of lemmas of simple words and
compounds within SMD. The module supports the specific
features of all three solutions (Intex, Unitex, NooJ), as well
as the distribution of lemmas in several dictionaries, such as
the dictionary of toponyms or dictionary of proper names.
This is important for practical reasons, because smaller
dictionaries are easier to manage.

The most important feature of the dictionary management
module is the possibility of very efficient search of
dictionaries, namely of finding subsets of lemmas based on
different criteria. Fig. 1 depicts a form for management of
dictionaries of simple words. Within this form, lemmas can
be changed, deleted and copied, and new information can be
added. It is also easy to obtain a contextual menu for a
lemma, with other possibilities offered (the smaller window
in the picture), including the establishment of a relation with
another important resource, the SWN.
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Fig. 1 Simple words dictionary management

The basic principles of search and management of data in
dictionaries of compounds are the same as for the
dictionaries of simple words. However, dictionaries of
compounds have a somewhat more complex structure,
which consequently makes their manipulation more
complex. The form allowing entry of new and update of
existing lemmas for compounds requires more information.
Fig. 2 depicts this form for the compound “ministar za
unutrasxnxe poslove” (minister for internal affairs). The
upper part of the form is used for data pertaining to the
compound as a whole: the code used for compound
inflection, syntactic and semantic categories, comments, etc.
The lower part of the form contains data related to simple

word forms that are parts of the compound (inflectional
class code of each simple lemma, the set of its grammatical
categories, etc).

View Delac Entry
i B save & cose <[

| e Inflect [#¥Predict CFlx | %% Checkin dictionary 5 Wardnet

Campound | Prediction

Lema (al] POS

Lema CFlx MC_NERARML

Comment | ministar of intemal affairs

‘wiordMet

SinSem +Comp+Hum

'—TF Add simple Farm g Refresh lema

DelaF: <Ctil+Enter><Ctrl+F> Copy: <Ctri+Enter><Ctl+C> Dela5: <Ctr+Enter><Chil+5>

RB Form Lema FSTCode GramCat Separator
k1 ministat ministar N4 sty

2 za

3 Unutrassnse Ut assg A3 aempda

4 poslove posan N115 mpdq
*

Fig. 2 Form for compound processing
Finally, the module for management of dictionaries
allows access to an editor of regular expressions, namely,
transducers that describe the inflectional characteristics of a
chosen lemma or class. This completes the set of tools the
user needs in order to be able to manage the dictionaries.

B. Development of dictionaries of compounds

Development of dictionaries of compounds (DELAC)
proved to be considerably more time consuming than in the
case of simple words. In order to speed up this process a
special component within WS4LR has been developed that
assists in obtaining some of the necessary information from
existing DELAS/DELAF dictionaries. Even with the help of
this feature (for instance by reducing the number of errors in
DELAC entries), the development of DELAC dictionaries
for Serbian remained at a slow pace. This initiated to the
development of a procedure for automatic (or
semiautomatic) construction of this type of dictionary on
basis of a simple list of compounds.

The procedure for automatic construction of entries for a
DELAC dictionary is based on a set of rules [10]. The rule
design strategy results from expert knowledge on
morphology and the analysis of an already existing,
manually created compound dictionary. The task of the rule
based procedure is to generate a complete compound lemma,
based on the strategy. However, the strategy and the
procedure are independent, and changes in the strategy, in
general, do not affect the procedure itself. Thus experiments
with various rule strategies were possible — the final strategy
being the result of several iterations.

The current strategy consists of 53 rules: 19 rules for
compounds with 2 components, 20 rules for compounds
with 3 components, 8 rules for compounds with 4
components, and 3 rules for compounds with 5 and 6
components. Each rule defines the conditions that
components of a particular compound and/or separators
between them have to fulfill in order that a particular
inflectional class be assigned to the compound. The rules are
applied in the order they are listed.



Conditions defined within each rule fall into two types:
conditions of the first type specify grammatical categories of
compound components and they usually apply to the
components that inflect, whereas the conditions belonging to
the second type are additional conditions like semantic
and/or syntactic markers. This can best be illustrated by the

example of rule number 43, as shown in the Table 1.
TABLEI
EXAMPLE OF RULE NUMBER 43, CLASS NC N6X

Class Gramm. Frequ Additional conditions
condition ency
NC_ fslq 3 (The first component is a noun )
N6X  :mslq 2 AND
_mslv__ 2 ((The second, the third and fourth
_mslq__ 1 component are in genitive) OR
fslv 0 (The second word is a preposition
_mslv__ 0 and the third word agrees with it))

This rule is applied as follows: if the first component of a
compound satisfies (according to the dictionary of simple
words) the grammatical conditions (which imply that this
component is a noun), and if the second and the third
component and the separator between them satisfy one of
the remaining additional conditions, then rule class NC_N6X
is suggested for that compound. The frequency column
gives the number of compounds in the existing DELAC
dictionary that satisfy each particular condition.

Conditions are ordered by frequency in order to prioritize
some conditions in case of multiple choices. The total
number of lines for 53 rules is 1014. Most inflectional
classes have only one rule, with multiple rules defined only
for a minority. The order of rules in the strategy reflects the
probability of their application.

C. Management of wordnets

The module for management of wordnets [11] provides
for manipulation of individual wordnets, as well as
synchronized use of two wordnets (for example, Serbian and
English), where corresponding synsets are linked via the
unique identifier ILI. While working with a particular synset
the user can use the hypernym/hyponym relations to ask for
a tree representing the synset with parent and child nodes
(Fig. 3). In that case, WS4LR also enables direct access to
all synsets within the tree.

Synsets from a wordnet can be selected in much the same
way as lemmas from dictionaries, using different criteria and
methods, from simple entry of one or more words, to
complex Xpath expressions, which can be predefined or
specified by the user. The use of Xpath expression is
possible because the internal representation of the wordnet is
in XML. As in the case of dictionaries, this module enables
update of existing synsets, but also creation of new ones. A
new synset in one language (for example Serbian) may be
created on basis of an existing synset in another language
(for example English). In order to support this feature, the
module provides access to bilingual, parallel word lists,

which can help in translating synset literals from one
language to another.
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Fig. 3 Synset with the corresponding hypernym/hyponym tree
This module also offers different options for data
consistency checking, such as detection of broken semantic
relations, as the data model of the network itself does not
provide referential integrity. Namely, it is possible to delete
a synset from the wordnet even if there is another synset
related to it. Thus a relation to a synset which does not exist
any more can remain in the wordnet. The module can also
check whether the same literal appears in two synsets related

by a hypernym/hyponym relation, which is not allowed.
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Fig. 4 The main panel for working with wordnets
Fig. 4 depicts the main panel for manipulating wordnets,
showing an example where the user, during his/her search of
the bilingual list positioned him/herself on the Serbian word



“zemlxa”, or English “country, land”. Based on this choice,
synsets that have these words in the set of their literals have
been selected both in SWN (lower left side) and the English
wordnet (lower right side). The user can now compare all
synsets containing the literal “zemlxa” in SWN and the
literals “country” or “land” in the English wordnet, and
consequently perform appropriate updates and additions in
SWN. This module also allows simple creation of
Intex/Unitex graphs that can detect all forms of literals of a
chosen synset in a given text, with the possibility of adding
hypernym literals.

D. Aligned texts

WS4LR contains a module for processing of parallel texts
which have previously been aligned using the text alignment
tool XAlign. The module enables the transformation of texts
aligned by XAlign into different formats: textual, XML,
tabular or Translation Memory eXchange (TMX) format.
The user can also choose the form of visualization of aligned
texts. Various XSLT transformations can be applied on
aligned texts in XML format, transforming them into HTML
or another format, depending on the type of visualization
required. The module operates on specific file structures that
result from alignment with XAlign, but it can also accept as
input other files that are already in TMX format.

IV. WS4QE WEB APPLICATION FOR QUERY EXPANSION

The motivation for the development of a web application
that would enable integrated use of linguistic resources in a
manner similar to the one offered by WS4LR initially
originated from the need to solve problems in formulating
queries for web search engines. This need and the possibility
to make some of the functions developed within WS4LR
also available on the web led to the development of the
WSA4QE web application for query expansion [12].

A. Web search

The problems in query formulation stem from the fact that
the user formulating a query is most often interested in
documents related to a specific concept, in the sense
concepts are defined in wordnets. On the other hand, queries
for search of textual contents are usually composed of one
or more keywords, or more precisely strings corresponding
to those words, connected by logical and/or operators. It is
obvious that the choice of keywords, that is, their
corresponding strings, is of paramount importance for the
results that are going to be obtained by the query. At first
glance, the main problem lies in the fact that the user might
omit some of the words denoting the concept while
formulating his/her query. This would reduce system recall,
a parameter that represents the ratio of relevant documents
obtained by the query to the total number of available
relevant documents in the textual resources being searched.
At first glance, this problem could easily be solved by
expanding the query, namely by adding the words the user
failed to use. However, the enlargement of the set of words

that denote a concept in a query, although contributing to the
recall in general, may also have an adverse effect. Namely,
as a great number of words are polysemous, and a
substantial homonymy of forms exists, the addition of new
words in the query can lead to an increase of irrelevant
documents in the query result, thus reducing precision,
which represents the ratio of relevant document obtained to
the total number of documents obtained. In view of this
trade-off between recall and precision, the words or strings
that are used in a query must be carefully selected in order to
obtain an optimal balance between these two parameters.

The choice of strings for a query becomes additionally
complicated in case of languages with rich morphological
structure, such as Serbian. Namely, strings corresponding to
morphological forms often need to be included in the query
in addition to the basic form of the word. Some web search
engines, such as Google, have attempted to solve this
problem, at least partially. Thus Google recently started to
expand queries in Serbian, although obviously by means of
some sort of a stemmer, a program for deleting suffixes and
inflectional appendices and reduction to the ‘root’ of the
word. This solves the inflectional problem, but only partially
and definitely not in a systematic way. In addition to that,
the user has no control of the way Google expands the
query, which can often lead to appearance of unwanted
words within the query. Finally, when Serbian is concerned,
there is also the problem of two alphabets, Cyrillic and
Latin. A query formulated in one of the two alphabets, tends
to produce primarily results that contain documents in the
alphabet used, which might not necessarily be the user’s
intention.

Lexical resources, such as electronic dictionaries and
wordnets offer possibilities for a more systematic solving of
the outlined problems related to query formulation. In order
to obtain a balance between recall and precision, it is
important to provide the user with the greatest possible
flexibility in the choice of strings to be used for formulating
the final query. To that end one of the basic functions of
WS4QE has been developed, namely query expansion. It
should be noted that a more adequate term might be query
“refinement”. Namely, besides query expansion, WS4QE
allows the user to choose, among the strings offered, the
ones to be included in the query. This means that the user
can also delete strings from the expanded query if he/she
estimates that they might substantially reduce precision and
thus disturb the balance between recall and precision.

Various possibilities for query adjustment that WS4QE
provides result, as in the case of WS4LR, from integration
of several available resources. Both WS4QE and WS4LR,
offer to the user the possibility to expand the query
morphologically, semantically, but also to another language
(English). Besides, the user has further possibilities to
control the query formulation, since in addition to being
expanded, the query can also be narrowed.



Morphological expansion is based on the use of
morphological dictionaries of simple words and compounds.
A possibility of morphological expansion, by a simple
selection of the appropriate checkbox, is offered to the user
within each form related to query formulation. If that
morphological expansion is selected, WS4QE finds all
inflectional forms for a given word, regardless of whether it
is a simple word or a compound, using SMD, and connects
these forms by logical “or” relations. In the same way the
user chooses whether he/she wants the query to be in
Cyrillic or Latin alphabet, or in both, by selecting the
corresponding checkboxes.

WS4QE realizes semantic expansion of a query using
SWN, namely, by selecting all synsets containing a given
word and offering them to the user. This provides the user
with an insight to all concepts the keyword pertains to, by
means of a list of synonyms for each concept, as well as a
definition of the concepts itself. The user then gets the
possibility to delete some of these synsets if he/she so
wishes, namely in the case he/she decides that they pertain
to concepts which are not of interest. The query can be
further semantically expanded by choosing a particular
semantic relation (e.g. hypernymy/hyponymy). In that case
synsets pertaining to hypernyms/hyponyms of concepts from
the initial group will also appear among the synsets.

When the choice of concepts of interest is finalized,
WS4QE uses them for generating a common set of words.
Here again the user gets the possibility to exclude some of
these words from the query. A particular word might be
excluded if it is polysemous or homonymous, and its
semantic relevance for the concept of interest is small,
whereas its semantic relevance to another concept, which is
not of interest, is considerably larger. Leaving such a word
in the query would probably generate a large number of
irrelevant documents. By adjusting the query with the choice
of concepts and keywords, the precision of the answer
obtained for the query can be considerably improved.
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Fig. 5 Combining semantic and morphological query expansion
The possibility of combining semantic and morphological
query expansion, coupled with a choice of the alphabet, is
illustrated in Fig. 5. Three synsets, with a total of four
different keywords were obtained for the initial keyword
“radnxa” (shop, action), each of them accompanied by a

definition of the concept. The delete option is offered for
each synset, but also the possibility of insight into its
hypernym/hyponym tree, which can help the user decide on
possible additional semantic expansion of the query. An
additional list of four keywords (“literals”) is generated, also
offering the possibility of deleting each of them. When the
user has reached his/her final decision on the keywords,
he/she may then proceed to morphological expansion, and a
possible change or addition of alphabet. The bottom part of
the screen shows a part of the expanded query, composed of
keywords or strings obtained by morphological expansion of
the query previously expanded semantically, along with a
change of alphabet from Latin to Cyrillic.

The third possibility is the formulation of a bilingual
query, namely the addition of another language to the query.
WS4QE, in the same way as WS4LR, can identify, for a
given set of concepts, all corresponding concepts in another
available wordnet, using the ILI. Thus, for example, for an
expanded query in Serbian, one could obtain the
corresponding expanded query in English, or let’s say in
French. This type of expansion is especially interesting if
used for searching aligned texts. The formulation of a
bilingual query can be combined with morphological and/or
semantic expansion. Fig. 6 depicts the results of such a
combination of expansions for the keyword “staklena
basxta” obtained by submitting the expanded query to
Google. The initial query “staklena basxta” was first
expanded semantically by its synonym “staklenik”, and then
again by adding the corresponding Cyrillic words “crakiena
Oamira, craknenuk”. Then the literals: “greenhouse, nursery,
glasshouse” from the corresponding synsets in English
wordﬁt were included in query.
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WhHtepHer Wikipedia Videos
the GLASS HOUSE
All ages music club. Includes show schedule, message

rd, photographs and virtual tour.
w theglasshouse us/

GlassHouse Technologies, Managing Data
May 26. 2009 ... GlassHouse Technologies. Inc.. leading
independent T infrastructure consulting and senices firm
acquires Data Center enabling the to move ...
www_glasshouse.com/

Green House Amsterdam

Coffeeshop and seed company. gives location and shop
details. [Flash required]

www.greenhouse.org/

www playgreenhouse com

2009 Greenhouse Interactive Inc_ All rights reserved. |
Terms of Use | Privacy Policy All trademarks are property of
their respective owners in the US, ...
playgreenhouse.com/

Greenhouse

www greenhouseusa com/

Greenhauses, greenhouse kits and all your green house
and gardening supplies.
www greenhouses.com/

Monrovia Nursery

Praducar of cantainar-arawn nlants snannina a ranae of

Greenhouses, Greenhouse Kits and Green House

"staklenik"OR"staklena basta"OR’c
nokpehe Google

Whtepwer Wikipedia Videos

Eureka staklenici, sve za vas staklenik

Nasa najbolja preporuka su zadovalini Klijenti. Jedini

koji nisu zadovoljni nama su konkurenti! Oceni sajt

Eureka staklenik ..

www.staklenik.com/

Staklena ba&ta - Bukunenuia

Staklena basta je gradevina gde se kultividu biljke.
Staklena basta je sagradena od stakla: ona se
zagreva jer suncevo elekiromagnetno zragenje
zagreva ...
srwikipedia_org/sr-el/%D0%A1%0D1%82%D0%B0%
D0%BA%D0%BB%D0%B5%D0%BD%D0%B0_%
D0%B1%D0%B0%D1%88%D1%82%D0%B0

Craknena bawra - Bukuneava

Craknexa bawrTa j& rpafjeanHa rae ce KynTHEMWY
6unske. CTaknena bawra je carpafjena og cTakna
OHa CE 33rPeBa |8 CYHUBBO ENEKTPOMATHETHO
3paverse 3arpeBa GULKE, ...
sr.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%
D0%BA%D0%BB%D0%B5%D0%BD%D0%B0_%
D0%B1%D0%B0%D1%88%D1%82%D0%B0

Globalno zagrevanje: Staklena basta i
Staklena basta i uglien-dioksid kao faktori zagrevanja.
lako nisam ekspert za prirodne nauke. izloZicu ukratka
populama osnave tearije o Govekovom uticaju ..
globalnozagrevanje blogspot com/2007/03/staklena-
bata--uglien-dioksid-kao_htm|

Arboretum - staklenik i rasadnik

Fig. 6 Bilingual query expansion and results of Google search



B. Aligned text search

When a bilingual query is applied to an aligned text,
WS4QE generates a filtered aligned document in TMX
format. Namely, based on the expansion of the query, which
can be morphological and/or semantic, segments that
contain one of the word forms from the expanded query are
extracted from aligned text and inserted in the filtered
document. As we have already mentioned, documents in
different formats, such as XML, TXT and HTML, can
subsequently be generated from the TMX document filtered
in this way.

n24 : The tax liability shall be determined based on the
regulations that were in effect at the time of its adoption,
unless certain provisions of the Law provide for a retroactive
effect, pursuant to the Constitution and the Law.

n52 : If simulated legal business conceals some other legal
business, the basis for assessing the tax liability shall be
the dissimulated legal business.

n53 : When income is made, or property gained in a manner

n26 : Poreska obaveza utvrduje se na osnovu propisa
koji su bili na snazi u vreme njenog nastanka, osim ako
je. u skladu s ustavom i zakonom, za pojedine odredbe
zakona predvideno da imaju povratno dejstvo.

n54 : Ako se simulovanim pravnim poslom prikriva neki
drugi pravni posao, za utvrdivanje poreske obaveze
osnovu €ini disimulovani pravni posao.

n55 : Kada su na propisima suprotan nacin ostvareni

that is against the regulations, the Tax Authority shall assess prihodi, odnosno ste¢ena imovina, Poreska uprava ce
the tax liability in accordance with the Law by which the utvrditi poresku obavezu u skladu sa zakonom kojim s
appropriate kind of tax is regulated. ureduje odgovarajuca vrsta poreza.

n58 : 1) the obligation of paying taxes, the obligation of
securing tax liability and the obligation of paying secondary
tax duties by an individual or legal entity and the
comesponding right of the Tax Administration to require
fulfilment of these obligations;

n61: 1) ohaveza placanja poreza, obaveza obezbedenja
poreske obaveze i obaveza placanja sporednih poreskil
davanja od strane fizitkog. odnosno pravnog lica i pravo
Poreske uprave da zahteva ispunjenje ovih obaveza;

nB5 : Punomocnik poreskog obveznika (u daljem tekstu
poreski punomocnik) je lice koje u granicama dobijenog
punomodja, u ime i za raéun poreskog obveznika izvr3a
poslove u vezi sa poreskim obavezama obveznika
(prima poreske akte, podnosi poreske prijave, placa por
idr).

n82 : The taxpayer's tax representative (hereinafter: tax
representative) shall be the person who, within the received
power of attorney, on behalf of the taxpayer performs duties
related to the taxpayer's tax liabilities (receives tax
documents, files tax returns, pays tax etc ).

Fig. 7 Aligned segments with highlighted forms of words
corresponding to a bilingual query

Fig. 7 depicts a HTML document in WS4QE with
segments containing one of the word forms from the
expanded query for the keyword ‘poreska obaveza’ (tax
liability) in at least one of the languages. Identified word
forms are marked by underlining and “highlighting”, namely
by representing them in blue, in order to make them more
easily recognizable in the text. The text in English is on the
left hand side, and the corresponding text in Serbian on the
right.

Given the fact that the compound ,,poreska obaveza* was
not in the dictionary of compounds, a straightforward
generation of its inflected forms was not possible. Thus the
system of rules had to be invoked for determining the
inflectional code of the class this compound belongs to,
which subsequently entails the FST that generates its
inflected forms. To that end components of this compound
were individually analyzed using SMD, and the outcome
was that ’poreska’ is an adjective belonging to the
inflectional class A2 with grammatical categories: aefslg
(positive, same written form, feminine, singular, nominative,
both animate and non-animate), and ’obaveza’ is a noun
belonging to the inflectional class N600 with corresponding
grammatical  categories: fslq  (feminine, singular,
nominative, non-animate). In this case the system found
only one rule, which determined the inflectional class as
NC _AXN. The next step was the invocation of the
corresponding FST, which expanded the query with
"poreske obaveze, poreskoj obavezi, poresku obavezu,
poreska  obavezo, poreskom  obavezom ,poreskoj
obavezi,poreske obaveze,poreskih obaveza, poreskima
obavezama, poreskim obavezama, poreske obaveze, poreske

obaveze...,” The query was further, expanded by means of
synchronized wordnets to include the English word ’tax
liability’, but as the morphological resources for English
were not available, the system was unable to perform
additional morphological expansion in English, which
would include ’tax liabilities’ as well.

Results obtained by searching aligned texts with bilingual
queries can be used for different purposes, one of them
being the refinement of wordnets. Namely, the analysis of
aligned segments may point out to segments where
translational equivalents for words in one language have not
been found in the other. As the bilingual expansion is based
on wordnets, the absence of a translational equivalent in
Serbian indicates that the concept in question has probably
not yet been included in SWN, and that its addition to SWN
should thus be considered. However, in the case of the
absence of a translational equivalent in English, one should
bear in mind that at this moment the morphological
expansion is available for Serbian only. It is thus
understandable why the English form ‘tax liabilities’ which
is the equivalent for the Serbian form ‘poreskim obavezama’
was not recognized in the last segment, marked as n82.

C. Spatial data search

The linguistic resources and tools presented were also
implemented for improvement of spatial data search in
GeolISS (Geological information system of Serbia) [13].
Bearing in mind the vast amount of textual data in GeolISS
(observations, interpretations, field work day books, etc.),
morphological and semantic query expansion was
introduced in the GeolISS search function. Apart from the
lexical resources we have mentioned so far, semantic query
expansion within GeolISS also relies on a specially
developed geological dictionary, which represents a
taxonomy with definitions for each entry, synonyms and
bibliographical references, as well as equivalent terms and
definitions in other languages (currently only English
equivalents are in the database).

For illustration purposes, a query asking for retrieval of
geological units with the “term” clay in their description
field was submitted twice: once without and once with
morphological expansion. The word clay, in Serbian ‘glina’,
has inflected forms ‘glina, glinama, glinom, glinu, glini,
gline’, and the morphologically expanded query included all
of them in the WHERE part of the SELECT query.

expanded query



The left hand side of Fig. 8 shows the results for the
unexpanded query, with 51 geologic units highlighted,
whereas the results for the expanded query are on the right
hand side, with 118 geologic units. The recall for the
expanded query was doubled, and the precision was not
reduced. Generally speaking, queries often need to be ‘fine
tuned’ in order to obtain an optimal balance between recall
and precision.

Semantic expansion can also be used in GeolISS to
include synonyms, obtained this time from the geological
dictionary, as for example:

Fold ‘nabor — bora’

Block faulting ‘blok stene — stenoviti blok, monolit’
Abyss, Swallow hole ‘bezdan — ponor’

Lower Pliocene ‘donji pliocen — pont’

Artesian spring ‘arteski izvor — izvor uzlaznog tipa’

As an example of semantic expansion, the query asking
for retrieval of geological units with the term Lower
Pliocene in the description field was submitted twice: once
without and once with semantic expansion. The word Lower
Pliocene, in Serbian ‘donji pliocen’, has synonym ‘pont’,
and thus the expanded query introduced both forms in the
WHERE part of the SELECT query. For the expanded query
33 geologic units have been retrieved, compared to 13
geologic units for the unexpanded query.

V.CONCLUSION

The results obtained so far by integration of linguistic
resources justify further research on integration in several
directions. In the first place, this pertains to further
development of the module enabling searches with all
morphological forms of compounds and free phrases. Since
this search, besides the dictionary of compounds, relies also
on specific rules for the generation of their inflected forms,
intensive development of the inflectional module for
compounds will be continued, both within WS4LR and
WS4QE. Morphological query expansion for other
languages (English, French...) is also planned, the main
problem at this moment being the absence of adequate
resources for these languages. Further enhancement of query
expansion on spatial data is envisaged that will improve
search results in various GIS databases.

Besides the conversions already implemented, conversion
to other standard formats, such as MULTEXT-east, DCR
(Data Category Registry) or MAF (Morphological
Annotation Framework) are also anticipated. The
implementation of derivations into WS4LR and WS4QE,
which is also planned, would open a new palette of
possibilities for the use of these software tools.

When the web is concerned, further development of
WSA4QE functions is underway, as well as the integration of
developed functions and the corpus for Serbian language,
which is also partly available on the web. Finally the
development of a mobile application, for PDA devices and
cell phones, which would enable local usage o some

WS4LR functions, with the possibility of access to the
WS4QE web application, is also being considered.
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