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Abstract
This paper outlines the main features of Bibliša, a tool that offers various possibilities of enhancing queries submitted to large
collections of TMX documents generated from aligned parallel articles residing in multilingual digital libraries of e-journals. The
queries initiated by a simple or multiword keyword, in Serbian or English, can be expanded by Bibliša, both semantically and
morphologically, using different supporting monolingual and multilingual resources, such as wordnets and electronic dictionaries. The
tool operates within a complex system composed of several modules including a web application, which makes it readily accessible on
the web. Its functionality has been tested on a collection of 44 TMX documents generated from articles published bilingually by the
journal INFOtecha, yielding encouraging results. Further enhancements of the tool are underway, with the aim of transforming it from
a powerful full-text and metadata search tool, to a useful translator’s aid, which could be of assistance both in reviewing terminology
used in context and in refining the multilingual resources used within the system.
Keywords: multilingual digital libraries, query expansion, TMX

1.

Motivation

In this paper we outline the main features of Bibliša
(http://hlt.rgf.bg.ac.rs/Biblisha), a tool developed within
the Human Language Technology group at the University
of Belgrade, aimed at enhancement of search possibilities
in multilingual digital libraries of e-journals. The tool
offers cross-lingual search functions for large collections
of aligned texts, which enable users to compose queries
both with simple and multiword keywords in more than
one language. In addition to that, user queries can be
expanded, both semantically and morphologically, the
latter being very important in highly inflective languages,
such as Serbian.
Open access Serbian scientific journals are increasingly
present on the web. However, they are in general
monolingual, but even then full-text search is either not
supported or remains very limited (e.g. string search).
INFOtheca (http://infoteka.bg.ac.rs/), which covers the field
of Library and Information Sciences, is one of the few
journals that publish all articles both in Serbian and in
English, and was thus an almost perfect resource for
testing our tool.
The interest in collections of aligned texts and tools
tailored for their search is increasing substantially,
primarily due to the growing needs of statistical machine
translation. Thus, for example, the OPUS corpus offers
freely available parallel corpora in many languages, as
well as interfaces for querying the corpus data
[Tiedemann, 2009]. Another example of a system that
uses parallel corpora for information retrieval is given in
[Gravano, 2006].
The HLT group has previously tackled the issue of
enhanced cross-lingual search, albeit for individual texts

only. Namely, one of the tools developed within the group,
dubbed LeXimir, was designed as an integrated
environment for various resources, such as morphological
e-dictionaries, wordnets, and multilingual proper name
databases, which enables, among other things, versatile
handling of both monolingual and aligned or comparable
texts. LeXimir provides for enhanced querying of aligned
texts by using available lexical resources to perform
semantic and morphological expansion of queries. The
tool was, however, unsuitable for large collections of
documents such as multilingual digital libraries of
e-journals. Namely, as the search in LeXimir is performed
with XPath queries the documents had to be previously
loaded in internal computer memory, which is not a
feasible request in the case of large collections of texts. In
order to realize cross-lingual search for such collections
we had to turn to XML databases, which handle storage
and indexing of collections of XML files, and enable their
search by means of the XQuery language. Thus, the
development of a new tool was necessary, one that would
extend LeXimir’s capabilities to XML databases.

2.

The resource

Journal articles from INFOtheca fall in the category of
unstructured and semi-structured collections of data. This
term generally refers to heterogeneous (different in format,
standard and size, etc.) data, of a potentially variable
structure, the content of which can grow exponentially.
Manipulation of such data, which in general encompass
documents, metadata content, user-generated content,
RSS feeds, e-mails, geospatial data, etc. asks for an
approach that differs from data manipulation in classical
relational databases.
Development of XML databases was a natural response to
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exponential growth of interchange and storage of data in
XML format. A database that manages XML files can be
directly integrated into applications (e.g. web services),
without the unnecessary slowdown caused by additional
layers for interpretation. Native XML databases (abbr.
NXD) handle XML documents as their basic logical units,
pretty much the same way as relational databases handle
rows in tables. Data in NXDs are manipulated only
indirectly, by means of database and XML query
languages: XQuery, XPath, XML Infoset, DOM and
events from SAX 1.0. The NXDs are not expected to
substitute existing databases, but rather to offer a tool for
development of more robust systems that enable efficient
management of XML documents. For the purpose of our
research, we have tested two NXD implementations,
eXist-db and MarkLogic, and we chose the latter as the
more robust and stable platform.
MarkLogic Server 5 (http://www.marklogic.com) is a
database for managing, leveraging and delivering
unstructured information, developed to meet today’s
information management requirements. It is designed and
optimized to address the common characteristics of
unstructured information in terms of handling information
that may be human-generated, textual, irregular,
hierarchical, de-normalized, time-varying, and/or big.
Bibliša, the tool we have built using MarkLogic is aimed
for search of document collections consisting of aligned
parallel texts converted in TMX (Translation Memory
eXchange) format. TMX is an open XML-based standard
intended for easier exchange of translation memory data,
that is, aligned parallel texts, between tools and
translation vendors [TMX, 2005].

TMX uses ISO standards for country and language codes,
as well as for date and time. A TMX document consists of
a header (metadata describing the aligned texts) and a
body, containing a set of translation units (TU) composed
of two or more semantically equivalent translation unit
variants (TUVs). Each TUV contains the text (one or
more sentences or segments) in one of the TMX
document languages, where the text in the first TUV is
usually in the source language, and the texts in the
remaining TUVs are in one or more target languages.
Although the order of languages is the same in each TU,
there is a TUV attribute xml:lang that denotes the
language of the text within the TUV.
The performance of Bibliša was tested on a TMX
document collection generated from journal articles
published in INFOtheca by another of our tools, dubbed
ACIDE [Obradovic et al., 2008]. ACIDE is an integrated
development environment for generating aligned parallel
texts. It is basically a front-end for two alignment tools
developed by LORIA (Laboratoire lorrain de recherche en
informatique et ses applications), one for automatic
sentence
alignment
of
texts
(Xalign,
http://led.loria.fr/outils/ALIGN/align.html), and another
for alignment visualization and manual correction of
alignment errors (Concordancier). ACIDE provides
export routines for automatic generation of TMX and
HTML versions of parallel texts aligned by the two
LORIA tools. The original languages of articles in
INFOtheca can be either Serbian or English, thus they
switch places as the source and target language. The
example in Figure 1 shows a TU from an INFOtheca
journal article in English translated into Serbian:

Figure 1. A translation unit (TU) from text in English translated into Serbian
Besides TMX documents generated from articles
published bilingually in INFOtheca, our document
collection contains metadata in XML format (Figure 2) on
all articles and the journal itself, structured as follows:
1. metadata on the journal <JournalCollection> – journal
title, ISSN (International Standard Serial Number)
and URL of the collection;
2. metadata on the journal issue <Journal> - numeration
– number, volume, month and year of publication;

3. metadata on each article <Document>:
- description metadata – authorship and title proper –
author name, affiliation, e-mail, article title and its
categorization as well as pagination within the issue,
and
- content metadata – abstract, keywords, and expert
classification according to Universal Decimal
Classification (UDC).
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Figure 2. An example of metadata
All metadata, except language independent data, such as
the numeration metadata (<ID>, <Number>, <Volume>,
<Month>, <Year>), the <UDC> and <Mail>, are entered
in both languages (Serbian and English), using the
attribute xml:lang to denote the language of the content
(see Figure 2). These metadata can be used for refinement
of “full text” document search, as well as for additional
forms of searching and browsing, as illustrated in
Section 5.
The current collection consists of 44 TMX documents
representing aligned parallel versions of INFOtheca
articles published in the period 2007-2011. Both Serbian
and English version of journal articles were manually
preprocessed and then automatically aligned, and the
alignments manually corrected using ACIDE. Table 1
shows the total, minimum, maximum and average length
of articles (in words and sentences), given separately for
Serbian and English.
Sr

Tokens

Types

Words

total
min
max
avg

200,694
746
12,214
4,561

68,501
369
3,260
1,557

159,031
609
8,440
3,614

En

Tokens

Types

Words

total
min
max
avg

220,120
838
13,919
5,003

50,747
336
2,300
1,153

178,269
718
10,005
4,052

Word
types
65,488
342
3,105
1,488
Word
types

Sent
ences
7,986
27
414
182
Sent
ences

47,719
310
2,183
1,085

7,986
27
414
182

Table 1: Statistics for Serbian and English documents

3.

Software implementation

The Bibliša tool operates within a complex system
composed of several modules as depicted in Figure 3.
Targeted at textual resources in the form of collections of
TMX documents and the corresponding metadata, the
system has at its disposal several other lexical resources,

such as morphological e-dictionaries. Together with the
system of rules for compound inflection, finite automata
and transducers, these dictionaries represent the basis for
morphological expansion of queries. As for semantic and
bilingual expansion, the system relies on wordnets
(Serbian and English at present) and a bilingual
English/Serbian dictionary of Library and Information
Science technology (see Section 4).
Bibliša’s user formulates the initial query in the form of
one or more simple or multiword keywords, which is then
forwarded for further morphological and semantic
expansion, depending on the user’s preferences. Query
expansion is basically handled by a web service
(wsQueryExpand.asmx) and a web application
(VebRanka). VebRanka, a workstation for query
expansion, was developed as a web extension of our
multipurpose tool LeXimir [Stankovic et al., 2011], with
the aim of managing the complex task of query expansion
on the web. The web service, which receives the query
from the web application, invokes the function library
(LeXimirCore), a component of LeXimir. The library
uses
lexical
resources
and
Unitex
(http://igm.univ-mlv.fr/~unitex) routines to perform an
expansion of the query according to user specifications,
and returns the result to the web service, which in its turn
returns it to the web application that invoked him. When
the expanded query reaches Bibliša, the tool forwards it to
the document collection in the form of a XQuery. In the
excerpt from XQuery code shown in the following
example the variable $x creates a collection of “tu” XML
nodes (elements), which can subsequently be queried,
yielding the results obtained by $query tagged with
<em>:
for $x in cts:search(fn:doc()//tu,$query)
return
cts:highlight($x, $query, <em>{$cts:text}</em>)
The results, a set of aligned concordances, are formatted
and presented to the user. The concordances are preceded
by information identifying the document they originate
from, and a link to summary metadata for this document
in both languages .
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Figure 3. Bibliša+LeXimir UML component model

4.

Supporting resources

Three types of lexical resources are used for the
expansion of queries submitted to our collection of
documents. The most important resources are Serbian
morphological dictionaries of simple words and
multi-word units [Krstev, 2008]. These comprehensive
resources were developed and are being mainly used
within two corpus processing systems: Unitex and Nooj.
However, Unitex standalone routines enable the usage of
morphological dictionaries developed under Unitex in
other environments. The dictionaries are used to generate
all inflective forms of query keywords, thus improving
the system recall without negative effects on precision.
Moreover, for multi-word units not found in dictionaries,
there exists a rule-based strategy, which attempts to
recognize syntactic structure of the multi-word and how it
should be inflected [Stankovic et al., 2011].
Another type of resources used by Bibliša for bilingual
and semantic expansion of queries are wordnets. At
present we use the Princeton English Wordnet (PWN),
version 2.0, as well as the Serbian Wordnet (SrpWN —
http://korpus.matf.bg.ac.rs/SrpWN), initially developed in
the scope of the BalkaNet project [Tufiş, 2004] and
subsequently enhanced and upgraded. Most of the synstes
in Serbian Wordnet are aligned with PWN synsets via the
Interlingual Index, with the exception of Serbian specific
synsets that are not available in PWN. The Interlingual
Index enables bilingual query expansion, while
synonymous relations expressed by synsets themselves

enable semantic expansion. At present, we do not use
other semantic relations available in both Wordnets.
Finally, Bibliša also uses the “Dictionary of librarianship:
English-Serbian and Serbian-English” that is available
online at http://btr.nb.rs. The production of this dictionary
started in 2001 at the National Library of Serbia's, with
the aim of producing a domain specific dictionary in
various formats and on different media. This endeavour
was the continuation and upgrade of the international
project “Multilingual dictionary of library terminology”
that started in the 1990s, with the aim of collecting and
presenting the librarianship terminology for 16 European
languages [Kovačević et al., 2004].
The online version of the Dictionary currently contains
23 400 terms – 11 300 in English and 12 100 in Serbian,
910 definition or annotation terms which belong to library
standards, and 2 200 acronyms of international and
national entities. It covers both the ekavian and ijekavian
Serbian dialects. For our purposes we used the Excel
format of the dictionary, which we transformed into a MS
SQL Server 2008 relational database. Due to the
complexity of the Excel format the transformation turned
out to be a rather complicated procedure. Nevertheless,
we managed to preserve all important features of the
original dictionary: the relations between translational
equivalents, the synonymous relations within each
specific language, and for Serbian, both the ekavian and
ijekavian. Finally, this newly obtained resource was
normalized in order to make it more suitable for the search
of collections of aligned texts.
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5.

User interface

The user can search the INFOtheca collection in two
different ways. A typical search, yielding a set of aligned
concordances is a full text search based on a query, and we
will discuss this type of search shortly. However, Bibliša
offers also the possibility of a monolingual search of
metadata, associated with every article in the collection
and described in more detail in Section 2. When
performing such a search the user can make use of a form
with predefined fields for the most commonly used data:
author’s name, words from an article title, year of
publication, and article keywords. The search can be
performed either in the English or the Serbian part of the
collection (Figure 4).

As a result, a list of all articles in the language of the query
that fulfill the required conditions is produced with all
available metadata. In addition to that, for each article,
links are offered to the full text of the article in .pdf format
(residing on the official site of the INFOtheca journal) as
well as the entire aligned parallel text of the article
in .html format.
More powerful is the full-text search (Figure 5). The user
initiates this search by submitting a keyword in English or
in Serbian and choosing the resources to be used for its
semantic expansion by checking appropriate boxes
(WordNet and/or Dictionary of librarianship). The system
responds with several editable lists of keywords
depending on what is found in resources chosen for
expansion. The user can edit these lists by deleting some
keywords or adding new ones. For example, if the user
submitted biblioteka, as the query keyword in Serbian,
and asked for semantic expansion using wordnets, Bibliša
would use the Serbian wordnet to connect to the English
wordnet. The English wordnet would then expand the
query by the following keywords: library, program
library, subroutine library, bookcase and bibliotheca. It is
quite probable that the user might want to remove some of
these keywords, e.g. bookcase.

Figure 4. Interface for metadata search

Figure 5. Interface for query expansion and submit
After semantic expansion, the set of Serbian keywords
chosen and verified by the user is expanded
morphologically. Namely, MarkLogic supports stemming
in several languages including English but not Serbian.
Thus, the morphological forms of English keywords are
taken care of by MarkLogic’s stemming capability. As for

Serbian, Bibliša must expand the initial query with all
morphological forms of the keywords using the available
Serbian resources (SrpRec) (see Section 4).
The fully, semantically and morphologically expanded
query is then used to search through TUVs taking into
account the value of the xml:lang attribute. Namely,
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English keywords will search only through TUVs with
xml:lang attribute set to en, while Serbian keywords will
search through TUVs with xml:lang attribute set to sr. For
instance, if the search is initiated with the English
keyword online, and the Dictionary of librarianship is
selected as the resource for semantic and bilingual
expansion, on-line will be added as another English
keyword, and onlajn and u mreži as Serbian keywords. A
concurrent search with these two lists will reveal that both
English terms: online and on-line are used in Serbian texts
as well. However, they will not be looked for and hence
not recognized and highlighted in the results.
To illustrate morphological expansion of a query in
Bibliša we will use the keyword digitalna biblioteka
(digital library). As we have already mentioned,
MarkLogic stemming capability will take care of the
morphological forms of the compound in English, while
Bibliša needs to expand the query with all morphological
forms of the compound in Serbian. The expanded query
generated by Bibliša thus consists of several Serbian
entries and one English entry:

Morphological expansion is performed automatically and
is not transparent to the end user. Part of the XQuery code
that follows is used for transforming the expanded query
to the proper XQuery form:
cts:or-query((cts:word-query(“digitalna biblioteka”,
("stemmed", "lang= sr") ).
cts:or-query((cts:word-query(“digitalnih biblioteka”,
("stemmed", "lang= sr") ).
cts:or-query( (cts:word-query(“digitalne biblioteke”,
("stemmed", "lang= sr") ),
cts:or-query( (cts:word-query(“digitalnim bibliotekama”,
("stemmed", "lang= sr") ),
.....
cts:word-query(digital library,
("stemmed", "lang= en") ) )) )))
Starting from the initial query, processed as outlined, the
system finally generates aligned concordances in which
all retrieved keywords are highlighted in both languages.
Each concordance line is preceded by an identification of
the document it originates from. Within this identification
is also a link to full metadata of the document. A part of
concordances for the initial query digitalna biblioteka is
presented in Figure 6.

Figure 6. Concordances for the initial query digitalna biblioteka
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If the user is interested in metadata, or the full text of a
specific document, he/she can obtain it by clicking on the
“metadata” link shown in the leftmost column in Figure 6.
This opens the metadata window (Figure 7) showing the
document metadata in both languages and offering further
links to full texts of the document in both languages (pdf),
as well as to the full parallel aligned text in TMX format
(tmx).
The user can choose between two options for retrieving
concordances: either only concordances where one or
more keywords were found in both languages (AND), or
concordances in which one or more keywords were found
in at least one of them (OR). By default, English and
Serbian keyword lists are used as if connected by the
“OR” operator. This way, the user can obtain text
segments in which either the Serbian or the English term
was translated in an unexpected way. For instance, for the
English term browser the Dictionary of library and
information science terminology offers the Serbian
translations pretraživač. The system retrieves 14
segments none of which contain both the English and the
Serbian highlighted term. Namely, English browser,

referring to web browser program is never translated with
either pretraživač, while retrieved occurrences of
pretraživač never refer to a browser.
However, in some specific cases it can be useful to search
with English and Serbian keyword lists connected by the
“AND” operator. This type of search retrieves only
segments that contain both the English and the Serbian
term, thus excluding unwanted hits resulting from the
ambiguity of terms. For instance, when initiating a search
with the Serbian term novine, and expanding it with both
the Wordnets and the Dictionary of librarianship the
following keyword lists are obtained: newspaper, paper
and press for English and dnevne novine, dnevnik, novine,
and štampa for Serbian. If the search is performed with
the “OR” option, 238 resulting aligned segments are
obtained. However, the English term paper is highly
ambiguous and as a consequence, numerous retrieved
results containing it are false. By performing the search
with the “AND” option the number of concordances is
reduced to 29, and all false results disappear.

Figure 7. Metadata window with links to full texts (pdf) and to full parallel aligned text (tmx)
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6.

Future work

The performance of Bibliša, our tool enabling enhanced
search of multilingual digital libraries of e-journals, has
been tested on a TMX document collection generated
from 44 articles and their translations published in the
journal INFOtecha. Although the tool is still under
development, and hence not fully operational, the results
of the initial tests were very encouraging.
In the nearest future the interface of the tool will be
further enhanced, and its functionalities improved, taking
especially into account the comments and suggestions of
future users. Our aim is to enable Bibliša to become more
than a tool for powerful full-text and metadata search. We
believe that with some additional modules we can make it
a useful translator’s aid in reviewing terminology used in
context. Furthermore, it could be used to improve existing
terminology in the domain of Library and Information
Science. For example, the analysis of concordances
obtained for browser/pretraživač (Section 5) revealed that
the correct translation for browser in Serbian should be
prelistač, whereas the correct translation for pretraživač
in English should be search engine. Hence, the Dictionary
of librarianship should be amended accordingly. In this
context, an additional module is planned, which would
enable privileged users to enhance and correct the
dictionaries used in query expansion on the basis of
search results.
So far, we have used wordnets and the Dictionary of
librarianship as supporting multilingual resources. In the
future we plan to expand the set of these resources with
Prolex-a, a multilingual ontology of proper names
(http://www.cnrtl.fr/lexiques/prolex) and possibly other
multilingual resources as well. On the other hand, we also
plan to exploit more the possibilities for semantic
expansion offered by existing resources, especially the
abundance of semantic relations that exist in wordnets
besides synonymous. For example, the use of derivational
relation would enable us to expand novine (newspaper –
noun) with novinski (newspaper – adjective) thus
improving recall in the case when the user opts for the
“AND” search (Section 5).
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