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Computer-Aided Document Indexing for Accessing
Legislation: A Joint Venture between Flanders and
Croatia
Bojana Dalbelo Ba{i}, Marie-Francine Moens, Marko Tadi}

This book presents a collection of selected relevant papers that were
published during the CADIAL (Computer-Aided Document Indexing for
Accessing Legislation) project. Taken as a whole, this collection represents a thorough description of the motivations, methods, procedures,
and results of the project within the covers of a single book. The chapters of this book are composed of these papers, and while some were
simply corrected, others were rewritten to a certain degree, and some are
being published here for the first time. We believe that this book presents
the overall goal of the project – the construction of a durable infrastructure for a publicly accessible service for automatic indexing and retrieval
from a database of 20,000 official documents of the Republic of Croatia
– along with the way this goal was achieved.

1 Motivation for the CADIAL project
Of the numerous collections of documents currently stored in a digital
format, the official documentation of public authorities, (including legislation), probably represents one of the largest classes of such collections. At the same time, access to these documents should be efficient
and open to the public in order to make a transparent legal documentation system available to professionals and all citizens.
An efficient way to tackle this problem is to apply document indexing – a standard approach in documentary domains that facilitates access
to large searchable collections (Maron 1961, Moens 2000). Document

CADIAL_01.QXD

4

2009-09-09 04:42

Page 4

Bojana Dalbelo Ba{i}, Marie-Francine Moens, Marko Tadi}

indexing refers to the assignment of index terms, or descriptors, from a
controlled thesaurus to each document in a collection. Descriptors are
labels that represent and briefly describe the content of a document.
Such labels are being used for document retrieval from large document
collections such as parliamentary discussions, interpellations, legislation,
and collections of technical documentation.
Document indexing has traditionally been done manually. It is therefore a very expensive, tedious, error-prone, and slow process, because a
well-trained human indexer can process only about 30 documents a day.
Comparing this to the sizes of document collections, which can contain
hundreds of thousands or even millions of documents, the picture clearly indicates the difficulty of manual indexing. There is also a severe
problem of consistency when several human indexers operate together,
or even when the same indexer processes the same document at different times. In such cases, the results are not always consistent, which
could be quite an undesirable outcome in sensitive documentary systems.
Could computers be of any help in this process? Could they help us to
overcome the limitations of human effort? We have seen the construction of a Computer-Aided Document Indexing System (CADIS) – that
helps in the process of human indexing and makes it more consistent –
as a first step in solving to this problem. The second step is to build a
fully automated system for document indexing to replace the human
indexers’ effort and save his or her time for the supervision and control.
Section 2 of this chapter describes the AIDE project, the predecessor
of the CADIAL project. The CADIAL project and its results are
described in Section 3. Section 4 gives a brief overview of this book, and
Section 5 places the CADIAL system in a wider context.

2 The AIDE project
HIDRA (Hrvatska informacijsko dokumentacijska referalna agencija or
Croatian Information Documentary and Referral Agency) is the agency
of the government of the Republic of Croatia that is responsible for collection, digitisation, and public access to all official documentation of
the Republic of Croatia. As a part of this responsibility, HIDRA also produced the Croatian version of Eurovoc (EUROpean VOCabulary)1, a
standard documentary thesaurus used in documentation systems of
1

See http://europa.eu/eurovoc/ for the official EU version and http://www.hidra.hr/eurovoc/ for the official Croatian translation of Eurovoc with Croatian addendum.

CADIAL_01.QXD

2009-09-09 04:42

Page 5

Computer Aided Document Indexing Accessing Legislation: A Joint Venture...

5

European institutions (the European Parliament, the Office for Official
Publications of the European Communities) and national and regional
parliaments in Europe. Since the Republic of Croatia is an EU candidate
country, the use of this thesaurus for indexing official Croatian documentation – an activity strongly promoted by HIDRA – also helps to harmonise Croatian legislation with that of the EU.
In 2004, HIDRA and two faculties from the University of Zagreb –
the Faculty of Electrical Engineering and Computing, and the Faculty of
Humanities and Social Sciences – initiated the project Automatic Indexing of Documents with Eurovoc (AIDE). The overall aim of the project
was to build a system to improve the indexing of documents in a collection of official documentation of the Republic of Croatia using a controlled vocabulary of index terms from the Eurovoc thesaurus.
The whole idea for the project was initiated at a workshop held in
2004 at the Joint Research Centre of the EC in Ispra, Italy, where plans
and activities were presented for the development of similar systems in
different languages. Organisers of this workshop suggested the use of
machine learning methods (Pouliquen et al. 2003; see Steinberger et al.
2005 for a different application of the same idea) to train the system on
a set of manually indexed documents. Several requirements had to be
met in order to enable successful completion of this task: 1) at least
10,000 manually indexed documents; 2) a minimum of 3-5 descriptors
assigned per document; 3) a minimum of 10-15 documents per descriptor; 4) indexed documents stored in XML format.
Unfortunately, manually indexed official Croatian documents in digital format were in a poor state in 2004: there were only a few hundred
documents indexed, and the manual indexing rate was very slow. Thus,
we opted to speed up the manual indexing.
We had to convert 10,000 documents from different formats (mainly HTML, but in several “flavours”) to XML. For this purpose, a
HTML2XML conversion tool was developed (Miji} et al. 2005).
We also made an effort to develop tools in the field of computational linguistics and language technology (Tadi} 2003) that were requred in
this type of document processing. We included that knowledge in a
Computer-Aided Document Indexing System (CADIS). Essentially, this
system is a workstation that allows human indexers to index documents
more efficiently and more consistently. A detailed description of the
CADIS system is given in (Kolar et al. 2005).
The CADIS workstation was developed and tested during 2005, and
in 2006, it was used by HIDRA to assist in the indexing of 10,000 offi-
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cial Croatian documents. That indexed document collection represents
an irreplaceable resource for machine learning procedures on which
automatic indexing is based.
Valuable experience gathered by the University of Zagreb team during the AIDE project, together with expert knowledge support (Moens
2000, Moens 2006) from Katholieke Universiteit Leuven, constituted
the basis for the development of an automatic document indexing system for accessing legislation, which was the aim of the CADIAL project.

3 The CADIAL project
In 2007, the Computer-Aided Document Indexing for Accessing Legislation (CADIAL)2, a joint Flemish-Croatian project, was launched. The
Flemish and Croatian governments supported the CADIAL project with
partners consisting of Katholieke Universiteit Leuven (Department of
Computer Science), University of Zagreb (the Faculty of Electrical
Engineering and Computing together with the Faculty of Humanities
and Social Sciences), and HIDRA. The project started in March 2007
and was completed in September 2009. The overall goal of the project
was to build a durable infrastructure for a publicly accessible service for
automatic indexing and retrieval of official documents of the Republic
of Croatia. To achieve this goal, we built an eCADIS system for automatic indexing with descriptors from Eurovoc, as well as a publicly available CADIAL search engine operating on 20,000 official documents of
the Republic of Croatia that are maintained by HIDRA. The search
engine is available through HIDRA’s website as well as through the website of the CADIAL project. These aims were achieved by incorporating
Flemish expert knowledge in the domain of knowledge extraction and
information retrieval (Moens 2000, Moens 2006) and transferring this
knowledge to the Croatian governmental agency HIDRA and the
University of Zagreb.
3.1 eCADIS workstation: a system for automatic document indexing
The eCADIS workstation added automatic indexing functionality to the
existing CADIS workstation.
2

The website of the CADIAL project can be consulted at http://www.cadial.org. The extensive list of
project activities can be found at http://www.cadial.org/index.php?sel=activities.
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Figure 1: The Document window of the eCADIS workstation

The eCADIS workstation system works using two parallel windows:
the Document window (Figure 1) and the Eurovoc browser window
(Figure 2).
The Document window displays the document that is being indexed
together with the results of its computational linguistic processing
(alphabetical and frequency lists of types, lemmas, literal descriptors
appearing in the text, word digrams, word trigrams, and word tetragrams), and descriptors that are already assigned to the document.
The Eurovoc browser window allows the user to freely browse
through the hierarchy of index terms of the Eurovoc thesaurus and to
select the descriptors to be assigned to the document.
Automatic indexing was achieved by applying machine learning techniques to over 10,000 manually indexed Croatian official documents.
Additionaly, we used 20,000 manually indexed documents from the
Acquis communautaire to train the system for automatic indexing of
documents written in English.
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Figure 2: The Eurovoc browser window of the eCADIS workstation

We experimented with different types of already existing classifiers
and their parameters, such as the profile classifier (Pouliquen 2003), the
support vector machine (SVM), the logistic regression classifier, the
Rocchio classifier, the naïve Bayes classifier, etc. For eCADIS, we implemented logistic regression trained on 10,000 Croatian documents and an
SVM classifier trained on 20,000 English documents. We trained on
Croatian documents over 3,500 independant binary classifiers, each
binary classifier for each descriptor with a minimal training set.
The result of the CADIAL project is a prototype of a system – named
eCADIS – which has the option of suggesting descriptors to human
indexers (Figure 3), or, in its off-line version, to assign descriptors fully
automatically.
We see this step as a turning point, because at this point, the system
started to behave “intelligently” in the sense that it had become capable
of replacing the real human effort. The evaluation of the automatically
assigned descriptors, undertaken by human indexers, gave very promising results: the system suggested descriptors that, although quite appropriate, were previously overlooked by human indexers. Parallel to this
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Figure 3: The suggestions of appropriate descriptors by the eCADIS system

task, a Document Type Definition (DTD) has been designed that is used
for description and validation of documents in the document collection
at HIDRA. This DTD has been designed to take into account two EU initiatives for using XML in the encoding of legal documents: MetaLex3
and the European Forum of Official Gazettes4. Our DTD is not fully
compliant with either of these initiatives, but it is easily convertible to
any of them if required.
The machine learning part of the system benefited from feature
selection methods that included linguistic processing aimed at avoiding
the data sparseness problem introduced by a morphologically rich language such as Croatian.
In the eCADIS system, we implemented a morphological normalisation module for dimensionality reduction in the vector space model
([najder et al. 2008a and Chapter 3). We also implemented new collocation extraction co-occurence measures for word n-grams. These collocations are highlighted in gray in the eCADIS document window (Figure
1), thus helping human indexers to obtain a quick overview of relevant
terms appearing in the document. These measures are described in detail
in (Petrovi} et al. 2006 and Petrovi} et al. 2009). Based on the same
ideas, we developed the TermeX, a collocation extraction tool (Dela~ et
al. 2008 and Chapter 9). This tool is now used by HIDRA as an aid in
improving the Croatian translation of Eurovoc and the Croatian addendum.
3
4

http://www.metalex.eu.
http://circa.europa.eu/irc/opoce/ojf/info/data/prod/html/.
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Figure 4: CADIAL search engine

3.2 CADIAL search engine
The CADIAL search engine is designed and specialised for use with the
collection of Croatian legislative documents. The search engine uses
morphological normalisation procedures to deal with the morphological
complexity of the Croatian language and to improve retrieval performance. The search engine is upgraded with new language modelling
retrieval methods and support for structured documents. We participated in the INEX 2008 competition with the CADIAL search engine and
achieved good results (Miji} et al. 2009 and Chapter 14). The CADIAL
search engine (Figure 4) provides a full-text search, as well as title and
descriptor searches. For a given query, the descriptors associated with
the retrieved documents can be displayed in the thesaurus tree, thus
showing the overall distribution of these descriptors in the Eurovoc thesaurus. The search engine also supports exact and fuzzy phrase-matching, which could bee useful when searching for exact or partially known
information or text.
One of the main benefits of document indexing with the Eurovoc
descriptors is the potential of enabling cross-language information
retrieval. Because each descriptor in the Croatian language has an
English language counterpart, the user query could also be given in
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English. In that case, only the assigned descriptors would be used in the
search. The search could similarly be expanded to any other language,
provided that the Eurovoc thesaurus exists in that language. The CADIAL search engine is described in detail in (Miji} et al. 2008 and
Chapter 12).

4 About this book
This book is divided into two main parts. The first part (Language
Technologies for Information Retrieval) covers the language technologies
needed for pre-processing of and retrieval from semi-structured documents. This part includes procedures that were developed in order to
deal with a morphologically rich language such as Croatian: morphological normalisation ([najder et al. 2008a and Chapter 3), lemmatisation (Agi} et al. 2009 and Chapter 8), and formal representation of morphological processes ([najder and Dalbelo Ba{i} 2008 and Chapter 4).
Since single word units are not the only features that are used in efficient
automatic indexing together with document classification and retrieval,
other systems were developed for (pre-)processing of Croatian texts.
These comprise a system for named entity recognition and classification
(Bekavac and Tadi} 2007 and Chapter 5), a generic method for
multi-word extraction (Bekavac and Tadi} 2008 and Chapter 6), procedures for detecting multi-word units by generating lexical association
measures using genetic programming ([najder et al. 2008b and Chapter
7), and a tool for extraction of statistically relevant multi-word terms
(Dela~ et al. 2009 and Chapter 9).
The second part (Knowledge Technologies for Information Retrieval)
describes a series of experiments that were conducted by applying
machine learning techniques to document indexing – including feature
selection (Chapter 10) and comparison of different classification
schemes ([ili} et al. 2007b and Chapter 11) – where automatic indexing
was framed as a classification problem ([ili} et al. 2007a and Chapter
13). Because efficient access had to be provided to 20,000 official documents, there are also chapters presenting experiments with an intelligent
search engine that takes into account information about the structure of
the semi-structured documents (Miji} et al. 2008 and Chapter 12; Miji}
et al. 2009 and Chapter 14).
The book concludes with Chapter 15, discussing possible future
directions for dealing with semi-structured documents and the necessary
prerequisites.

CADIAL_01.QXD

12

2009-09-09 04:42

Page 12

Bojana Dalbelo Ba{i}, Marie-Francine Moens, Marko Tadi}

5 Conclusion and the wider context
This book presents the results of the Flemish-Croatian project CADIAL.
The results of this project present a successful proof-of-concept for the
usage of such a system in Belgium and other EU countries. Now that the
system is available through a web interface, we expect that it will offer
better public access to Croatian official documentation as well. A very
important target user group is officials within the public authorities who
are producing the official documents. They are expected to index their
documents right at the place of their origin. In this way, the documents
will flow through the legislative system (ministries, government, parliament, official publications) already indexed, and they will be easily
retrievable at any phase of their production. The capability to automatically generate content metadata (including compliance with initiatives
such as the Semantic Web) is now also available.
With documents indexed using the described system, users such as
lawyers, judicial staff, etc. have an opportunity for easier document
retrieval and exploration of legislation. Since our system uses the standardized EU thesaurus Eurovoc, full cross-language querying is also
available. Official documentation indexed in such a way will certainly be
more readily available and transparent to all Croatian and EU citizens.
We believe that this project will directly contribute to the effort of the
alignment of the Republic of Croatia with the EU.
Furthermore, eCADIS could be adapted to index documents in languages other than Croatian or English. It is usable for other languages as
it is, merely requiring language-specific modules, such as a lemmatisation
module. Cooperation with language technology experts in different languages for the development of linguistic modules is needed in this
respect. When this requirement is met, the system could be trained for
automatic indexing of documents written in other languages.
Although it is beyond the scope of the CADIAL project, we would
like to promote the use of eCADIS in other countries, e.g., Belgium. In
this particular case, the linguistic modules for Dutch and French would
be needed, while the training data from Acquis communautaire in Dutch
and French could be used for the machine learning part.
Although the aim of the project was to transfer knowledge and technology from K.U.Leuven to HIDRA and the University of Zagreb in
order to realise a technological system that is applicable and publicly
available, many generic problems, for which even a scientific basis did
not exists, had to be solved to achieve the goal. In the framework of the
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CADIAL project, some original scientific ideas were developed for these
generic problems were then implemented in the eCADIS system and
CADIAL search engine. In that sense, we believe that the CADIAL
results will have an important impact on the fields of natural language
processing (at the language-specific level as well as at the general level)
and information retrieval. This project is an excellent example of the
successful application of scientific results to a practical system.
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