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Abstract. SUPeRB is a digital library helper that aims at updating and maintaining specific publication
repositories, and assisting in the publishing of publication records, for institutions and individual actors. It
gathers bibliographic data from Web pages and documents and integrates that data into a local repository of
bibliographic data on a specific domain. By collecting information from these resources, SUPeRB also
assists in building a bibliographic database with the specific domain intervenients such as authors,
conferences and scientific journals. The computational processing of the Portuguese language has been the
considered domain .

1 Introduction

Since 1999, Linguateca has been offering a portal about the computational processing of Portuguese aiming at a
reasonable complete overview of the field. Linguateca’s goal is to provide a place that helps researchers and
developers not to start from scratch and keep them informed of the work of their peers.

One of the resources we maintain is a publication catalogue surveying published work in this field. From 1999 to
2003, we manually gathered approximately 750 items, including, if available, their electronic version.

Although our team routinely screens mailing lists and lists of accepted papers in calls for participation for
relevant conferences, it is hard to maintain this catalogue updated. It is especially troublesome to find accurate and
complete information about papers and other works, since researchers often fail to keep their publications pages up
to date. Furthermore, it is frequent to find barriers that difficult processing the information, such as:

* Incomplete citing by omitting the conferences’ full names, the volume editors, conference edition or place of
conference;

» Several bibliographic styles employ author’s initials, making it hard to identify them;
» Electronic version is not exactly the same as the published one (at least in what formatting is concerned).

It should be added that virtually none of the authors we survey in our catalogue uses meta-data or any kind of
categorization of their own works. Usually, their publications list is a web page presenting only their textual
references, in some cases, without links to the electronic versions.

This lack of data can make it difficult to decide, only by the title, whether or not to include the item as relevant.
Furthermore, users are rarely motivated enough to help us catalogue more publications by suggesting their own
publications or others that they could find relevant.

In any case, with the overwhelming increase of information on the Web it is consensual that one needs digital
methods to help to organize and make useful the distinct information.

We have therefore tried to address the need for an automated helper to support searches and to obtain
bibliographic data from Web documents, as well as evaluating their relevance for our catalogue and organize it
accordingly. Our goal was not to provide a fully automated system, but rather deploy a supervised approach to help
humans obtain better results in the task of aiding an expert to create a meaningful and coherent publication list, and
help maintain it with contributions from the particular community of interest. Our goal is thus similar to the one of
Feitelson [6], and not in any way an attempt to replace or compete with CiteSeer [9]. SUPeRB aims at providing the
publication catalogue with organized data, which can later be updated and allows also better means of accessing that
bibliographic data.

2 SUPeRB, a (digital) library helper

SUPeRB, as described in detail in [4], is a semi-automatic system whose purpose is to help searching and processing
bibliographic references from the Web, with a specific contextual bias, as well as aid an expert to construct and
maintain bibliographic meta-data collections from information given by several users.



SUPeRB is intended to serve as a tool which provides means to gather information from online data and to insert
and validate this bibliographic data into a publication catalogue. The data is supplied by a user in several possible
methods:

» atextual reference;
» aset of keywords or expressions that are to be used to find web pages with relevant bibliographic content;
» a URL that contains one or more relevant bibliographic references.

For example, a user can provide an author’s name and a title (complete or partial) and, in this case, SUPeRB’s
task is to retrieve the complete bibliographic reference using online resources and present it in a format that can be
handled by the publications catalogue, together with links for the online documents if possible.

In fact, SUPeRB was designed for two kinds of users, that interact with SUPeRB through a Web interface:

1. Repository users, who may use SUPeRB, searching and classifying references according to their interests
and knowledge;

2. Repository managers, who ultimately decide what is to be kept in the repository by validating the
repository users actions within the publications catalogue.

In order for these steps to take place, SUPeRB was conceived as a set of stand-alone modules, each addressing a
specific task. This modular structure allows the modules to interact together or to work independently, allowing each
to be implemented on its own in third parties applications. We have therefore set to handle each of the following
tasks:

e Compose keyword-based query searches on the Web, that retrieve related content, focusing on the
bibliographic domain;

» Extract text from different document formats;

» Extract bibliographic references from text;

» Decompose a text bibliographic reference into its bibliographic elements (title, author, place of publication,
journal title, etc.) paying special attention to the Brazilian and Portuguese bibliographic cases [1, 71;

» Convert references among different bibliographic styles and formats such as BibTeX or EndNote export
formats;

» Compare and merge apparently different references, improving bibliographic related ontologies concerning
publishers, conferences, authors, places of publication and so on;

» Provide means for storing the gathered information as well as provide further information (such as tagging).

Figure 1 describes the architecture of SUPeRB, composed of several modules which we will describe in some
detail in what follows.

2.1 The WebSearch module

This module uses words or expressions given by the user, in a way similar to [2], to generate queries that are then
used in Web services such as Google’s and Yahoo’s search APIs. The result is a set of URL candidates that should
be relevant to the expressions given. The data provided by the user can also be structured data, where bibliographic
attributes such as the author’s name, title, or year can be specified, allowing to generate several combined queries
that contain the most relevant attributes. Furthermore, the produced queries are complemented with specific

keywords. These keywords are indicative of bibliographic content. Some examples might be “article”, “reference” or
“publications”. Portuguese words are also used anticipating articles written in Portuguese.
As it is not feasible to process all the obtained links, which are a considerable amount since several queries are

made to external APIs, the results are ordered according to the returned ranking and the number of ocurrences of
each link (and occurences of its base path) in the different query results.
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Figure 1. SUPeRB architecture

2.2 The DocumentHandler module

This module receives a document’s file name or a URL as input and returns the document in plain text. This module
extracts the text content of several document types (HTML, Microsoft Word and PowerPoint, Open Office Word and
Presentation, Adobe PDF, PostScript, Rich Text Format), converting it into a common format, plain text, because
this was a transformation feasible for all these document types. Apart from the HTML conversion which is done
using a built-in method, all other document conversions are done using third party programs, easily available in
Linux. The module can also be easily configured to use other programs that extend the format types handled.

2.3 The ReferenceExtractor module

This module receives a document in plain text and returns a list of textual bibliographic references. For this task, it
relies on heuristics inferred by another module, the DocumentClassifier, which gathers information on the textual
data that indicates the structure of the document, trying to match its structure to classes like: academic written work,
a list of references, a presentation or even irrelevant formats such as a blogs, relying on the occurrence of specific
words, the size of document, the distribution of text (words per line, lines per page).

Upon identifying the structure type of the document, the most likely blocks of text are analised to retrieve
references. This may include:

1. Process the beginning of the text to obtain the authors, title, abstract and other bibliographic data from an
academic work;

2. Process the document’s ending block to retrieve references in cases of an academic work;
3. Process the entire text to obtain a list of references.

As for separating lists of references it is necessary to determine where that block starts, usually looking for
specific expressions such as “References”, or looking for the enumeration of references. This process is made harder
by the limitations of the text extraction application and methods used in the DocumentHandler module, which may
not convert the newlines properly, spread a reference through several lines or place two references (or the ending part
of one and the start of another) in the same line. A battery of heuristic tests is therefore applied, looking for the
reference enumeration, line breaks and looking to specific bibliographic style marks (such as starting with authors,
authors initials, starting or ending with the year, enclosed title in quotes, ending with page numbers). All gathered
candidates are later analysed, assuring that they are not too small or too big, and their position in the text is compared
to assure that no overlap has occurred.



2.4 The ReferenceParser module

This module parses individual textual references, returning its bibliographic elements, properly separated and
identified. The output format is consistent with our publications catalogue’s storing format, described in [10, 3]. This
module uses several methods, such as a Perl package described by Jewell in [8], together with heuristics for
tokenizing the text reference and a gazetteer-inspired module called REB (Portuguese acronym for Repositério de
Elementos Bibliograficos, which means Bibliographic Elements Repository). The REB module has two parts:

» An ontology of authors, editors, places and conferences, gathered from our publications catalogue and from
the newly introduced data. Currently REB contains about 2000 authors and editors, 550 conferences names
and short conference names, 185 publishers and 132 locations. It contains also relations between different
names for the same entity (identifying abbreviations such as Bento C. Dias da Silva with Bento Carlos Dias
da Silva and Dias da Silva, Bento, translations or even misspellings).

* A et of programs that provide validation and update methods.

2.5 The ReferenceMerger module

This module aims at identifying duplicates but also to add missing fields in one reference which are present in others.
It compares two or more references and searches for identical fields in both. As this module handles formatted
references, it processes individually each field, author, title, year, and so on. It requires several specific combinations
of fields to be identical on both references to consider them as duplicates. Also, if one of the references evaluated is
already included in the publications catalogue, it allows the updating of stored references with the new information.

2.6 Other modules and design options

There are other modules that provide useful methods to perform several tasks that improve the user interaction with
the catalogue data.

1. The ReferenceTagger provides an interface that allows users to tag stored references with keywords,
providing important information that can be used in searchs and presentation of results by allowing grouping
of related references;

2. The ReferenceConverter is a module that provides conversion methods between several known formats that
include the internal format used in our publications catalogue, BibTeX, RIS, EndNote and Refer. This makes
it easier for users to suggest new bibliographic data.

The temporal axis of maintenance was contemplated in our design from the start: often, several relevant pieces of
information such as page numbers, when an article appears finally in print, or the URL (when the publisher allows
public release on the Web) are missing when a publication is first registered. It is also possible that papers are
republished, and then cross-links should be added. URLSs keep changing and an automatic helper should take care of
that, periodically checking the availability and correctness of the information. We have thus catered for periodic (or
scheduled) updates by SUPeRB, as a particularly relevant feature of automated help.

Also, as each module provides results, these intermediate data can be supervised by the user before feeding it to
the following modules, allowing a human filtering of the processed data. This allows a better control of the data
being processed, allowing one to remove or edit irrelevant data that would reduce the efficiency and quality of the
results of the tasks performed by the remaining modules.

Finally, we have been very careful to make available multilingual capabilities to allow citing of the very same
publications in a Portuguese, English or other language context, which implies the need for keeping different
names/alias for different locations, publishers and even dates. Currently, there is full support for Portuguese and
English and we are considering extending it to other languages.

3 Partial component evaluation of SUPeRB

We have previously evaluated the ReferenceExtractor module, using a methodology inspired by the HAREM
evaluation setup [12, 11]. In the present paper we choose to evaluate the ReferenceParser component, one of
SUPeRB’s core modules. Given a set of right elements and the set of elements suggested by SUPeRB, we count the
following cases:

e #c - Number of elements correctly classified and delimited,;

» #w - Number of elements correctly delimited, but incorrectly classified;



e #i - Number of elements correctly classified but the data is incomplete;

» #e - Number of elements with excess of information, correctly classified considering only part of the data;
* #m - Number of elements with which were was not returned nor identified;

o #tf - Total number of elements found;

o #te - Total number of elements retrieved.

We then compute the following measures:
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We used 33 real bibliographic references manually extracted from 33 different homepages of researchers who have
either recently sent messages to the Corpora List and/or are researchers listed as actors in the computational
processing of Portuguese.

Table 1. Evaluation of the ReferenceParser module

Precision  Recall F Measure L-Precision L-Recall = Under-Gen. Over-Gen.

author 0.72 0.40 0.26 1.00 0.56 0.44 0.00
year 0.41 0.50 0.23 0.80 0.97 0.03 0.21
title 0.39 0.57 0.23 0.50 0.73 0.27 0.43

conference  0.36 0.44 0.20 0.45 0.56 0.44 0.39

location 0.75 0.40 0.26 0.75 0.40 0.60 0.00
pages 0.83 0.77 0.40 0.92 0.85 0.15 0.08

volume 1.00 0.33 0.25 1.00 0.33 0.67 0.00

institution ~ 0.33 0.40 0.18 0.50 0.60 0.40 0.50
Total avg.  0.60 0.427 0.25 0.74 0.62 0.38 0.20

Globally, out of 239 expected elements, 102 were correctly identified, 47 were incorrectly identified, 53 where
either incomplet or exceding elements (14+39) and 84 were missing as displayed in Table 1 (We have ignored
distinctions between some fields, such as authors and editors, conference title and conference short title or location
and address).

This study showed not only the global results but also the analysis of several elements in particular. Closer
analysis showed that:

» Detection of authors has a good precision (for Portuguese names) with a few exceptions with non-Portuguese
names;

» Numerical elements are handled rather well, with the exception of the year;
» The REB module can produce noise for some types, leading to over-generation;

» Overlap of data in REB can occur (universities acting as publishers, authors are also editors) and therefore we
need to improve the contextual analysis of the reference context to single out these properties.

4 Concluding remarks

From a concrete problem in the daily life of our project, which we set out to solve using our own tools and resources
for the computational processing of Portuguese, we arrived at a more general system that we hope can help
researchers or expert librarians in their work with references in other specific areas.

In fact, most citations and ranking, even Portuguese and Brazilian, are done on "international” publication, which



means English. There was, therefore, very little going on on this subject in and about Portuguese, notwithstanding
the fact that there are also international publications written in Portuguese.

Especially, we were not able to find any system developed specifically to deal with Portuguese references. Our
system was thus geared towards publication of Portuguese native speakers — in Portuguese, English, or other
languages.

In addition to supporting the management of a medium-sized publication catalogue (ca. 2080 publications and
120 conferences, books or journals), SUPeRB modules are publicly available as open-source software, to be used in
other projects dealing with references in the Portuguese-speaking world, being distributed as Perl modules. For more
information, visit http://www.linguateca.pt/SUPeRB.

As future work, we intend to improve SUPeRB with keywords and abstracts. This will allow the use of subject
ontologies and allow better methods of text searches. We note that references are a kind of semi-structured text,
which has been rather neglected in Portuguese but constitutes an important area of (scientific) information extraction

[5].
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