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GERINDO: Managing and Retrieving Information
in Large Document Collections

Nivio Ziviani, Alberto H. F. Laender, Edleno Silva de Moura,
Altigran Soares da Silva, Carlos A. Heuser, and Wagner Meira Jr.

We present in this article a summary of some of the main results produced in the five years of the GERINDO research
project. This project aims to address the increasing demand for software tools capable of dealing with information avail-
able in large document collections, such as the World Wide Web, and involves the participation of several researches from
three Brazilian universities. The project efforts have been focused on a number of research topics on web information
retrieval and management, such as information retrieval models, searching techniques, document categorization, semi
structured data management, generation of agents for document collection, and efficiency issues. In addition to its spe-
cific research contributions, the project has stimulated the interaction among the researchers of the three universities and
has promoted other collaborations with research groups from North America and Europe.
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Figure 1: Architecture of an Advanced Environment for Web Information Retrieval and Management.
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1 Introduction

GERINDO! is a research project, funded by the Brazil-
ian National Council for Scientific and Technological De-
velopment (CNPg/CT-INFO grant number 55.2087/02-5),
that aims to address the increasing demand for software tools
capable of dealing with information available in large docu-
ment collections, such as the World Wide Web. In addition
to the virtually limitless amount of documents available on
the Web, it is now common to find institutions (e.g., com-
panies and governmental departments) where most of the
documents produced are stored in electronic media avail-
able in their intranets. It is, therefore, not surprising that
there is an increasing demand for new technologies capa-
ble of efficiently managing and retrieving information avail-
able in electronic documents.

The project? involves the participation of more than 30
researchers (professors and research students) from three
Brazilian universities: the Federal University of Minas
Gerais (UFMG), the Federal University of Amazonas
(UFAM), and the Federal University of Rio Grande do Sul
(UFRGS). The project efforts have been focused on a
number of research topics on web information retrieval and
management, such as information retrieval models, search-
ing techniques, document categorization, semistructured
data management, generation of agents for web page col-

lection, and efficiency issues. The groups from these three
universities cooperate very intensively to develop integrated
solutions. The project has fomented the collaboration with
research groups from several universities from North
America and Europe, including the Virginia Technology
Institute and State University, the University of Rochester,
the University of Utah and the University of Pennsylvania,
in the USA, the University of Alberta, in Canada, the Uni-
versity Pompeu Fabra, in Spain, and the Instituto Superior
de Tecnologia, in Portugal. The project also established a
strong and successful collaboration with Akwan Informa-
tion Technologies®, a Brazilian search technology company
acquired by Google Inc. in July 2005.

This article reports on the main research results that have
been produced by the project over the last five years and is
organized as follows. Section 2 briefly describes the infra-
structure and methodological aspects regarding the coordi-
nation of the project’s activities. Section 3 summarizes the
main results produced so far in some of the main research
topic addressed by the project. Finally, Section 4 presents
conclusions and directions for future research.

2 Infrastructure and Methodology

The project adopts as its main methodological strategy
the use of a unified repository to store the work produced
by the research groups of each university. The repository
uses the Savannah environment*, a GNU Public License
(GPL) software that provides facilities for project manage-

1 GERINDO means managing in Portuguese and is an acronym for "Geréncia e Recuperacdo de INformagdo em
DOcumentos" (Managing and Retrieving Information in Documents).

2 <http://www.dcc.ufmg.br/gerindo>.
3 <http://www.akwan.com.br>.
4 <http://www.dcc.ufmg.br/repositorio>.
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ment, such as version control and concurrent access. The
idea of using a centralized software repository is to provide
support for reuse of code and easy access to previous re-
search work, make easier the transfer of technology to soci-
ety, and support collaborative work among researchers of
the three universities involved. Using Savannah and com-
munication tools (e.g., voice over ip software and messen-
gers), we have been able to work in a collaborative envi-
ronment, involving people from different institutions, and
to conduct regular remote technical meetings whenever
necessary.

In addition, the project researchers have visited each
other regularly. These technical visits have provided op-
portunities for defining new research directions and for con-
ducting collaborative work involving researchers from the
three universities. We have also organized regular work-
shops to discuss new results, to evaluate partial results, and
to plan future research directions.

The project has also played an important role in making
reference collections available for its research groups. Ref-
erence collections are essential for evaluating new algo-
rithms and information retrieval models, and therefore we
have not only acquired a number of such collections but
also developed new ones.

3 Research Results

Figure 1 describes the architecture of an advanced envi-
ronment for web information retrieval and management,
which we will use as a reference for discussing some of our
main research results. As we can see, this architecture in-
cludes a number of modules, for instance the Crawler, the
Indexer and the Query Processor, that are also part of any
search engine available on the Web. Briefly, the Crawler is
a software agent that navigates through the Web and col-
lects all documents it is able to reach, storing them in a
repository for further processing. The Indexer processes
the collected documents and builds indexes that are then
used by the Query Processor to retrieve those documents
that are more relevant to the users’ queries. Traditionally,
such indexes are built based only on the content of the docu-
ments, i.e., considering only the list of terms (words) found
in the documents. However, new generation search engines,
such as Google®, also build other indexes that consider ad-
ditional information on the Web topology, i.e., information
on how the web documents are linked to each other.

Two additional modules in this environment enhance
the functionality of a traditional search engine. The
Categorizer improves the effectiveness of the retrieved
information by automatically categorizing the collected
documents according to some predefined taxonomy. The
Extractor provides facilities for extracting data from the
documents, storing them according to some specific format

5 <http://www.google.com>.
6 <http://trec.nist.gov/data.html>.
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(e.g., relational tables or XML), in order to allow for fur-
ther processing such as mining, database-like querying,
application-oriented publishing, and integration to other data
applications (e.g., digital libraries, e-brokers, etc.).

In the following, we summarize the main results pro-
duced so far in some of research topics addressed by the
GERINDO project. A more complete and detailed descrip-
tion of these results can be found in [25].

3.1 Information Retrieval Models and Searching
Techniques

A major aim of the GERINDO project is to develop novel
techniques for constructing a new generation of informa-
tion retrieval systems. This includes the development of new
information retrieval models, query refinement techniques,
and noise removal methods for improving the quality of the
results provided by such systems.

Models are at the core of the information retrieval tech-
nology. They determine the accuracy in providing relevant
answers to the users, and are also the technological basis of
the main component of any information retrieval system,
the query processor (see Figure 1). Therefore, in this project
we have spent significant effort in developing new infor-
mation retrieval models [17] [19] [21] .

A major result in this topic is a model that combines
data mining techniques with traditional information retrieval
models. This has originated a new technique for comput-
ing term weights for index terms, which leads to a new rank-
ing mechanism, referred to as the set-based model [17]. The
components of this new model are no longer terms, but
termsets. The novelty is that we compute term weights us-
ing a data mining technique, association rules, which is time
efficient and yet yields important improvements in retrieval
effectiveness. The set-based model function for computing
the similarity between a document and a query considers
the termset frequency in the document and its scarcity in
the document collection. Experimental results show that
our model improves the average precision of the answer set
for all three collections evaluated. For the TReC-3 collec-
tion®, which is almost a standard for comparing informa-
tion retrieval systems, our set-based model led to a gain,
relative to the standard vector space model [2], of 37% in
average precision and of 57% in average precision for the
top 10 documents. Like the vector space model, the set-
based model has linear time complexity in the number of
documents in the collection [17].

We have also worked on the development of models that
use taxonomies for categorizing and retrieving information.
As shown in Figure 1, taxonomy-based models are key to
improve the effectiveness of the information retrieved. We
have firstly tested this idea in the medical domain, using
the International Code of Diseases (ICD) as the taxonomy
to categorize and retrieve information available in medical
document collections [19]. In this work, the ICD codes are
represented as a directed acyclic graph, and supplemented
with acronym and synonym dictionaries. For each section
of each document, the acronyms and synonyms are con-
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verted to code strings and root node codes are identified. A
window of document terms around each root node term is
created and the longest path from the graph including these
terms is extracted. These codes are assigned to the docu-
ment in a ranked order by relative path length for that root.
As a result, we have a model that allows the development
of high quality information retrieval systems and high quality
categorization systems that deal with medical documents.
Moreover, this model has provided a very effective frame-
work for cross-language information retrieval in the medi-
cal domain [9]. Based on these results, we are now working
on a generalization of this strategy in order to apply it to
other applications, such as categorization of Web news,
processing of juridical information [21], and categorization
of office and clerical documents found in many company
intranets.

Query refinement techniques [2] are also an important
issue for improving the quality of query results provided by
information retrieval systems. In this project, we have pro-
posed a method that automatically generates suggestions of
related queries to queries submitted to a search engine [8].
The method uses information on previously submitted que-
ries extracted from the search engine’s log by using algo-
rithms for mining association rules. Experimental results
obtained with a commercial search engine indicate that our
method generates valid related queries for 90.5% of the top
5 suggestions for common queries extracted from its log.
Further, the related queries can also be used as information
for a query expansion strategy, resulting in an improvement
in the final quality of the answers provided by the search
engine.

We have also proposed a novel method for removing
noisy links from the collection of web documents indexed
by a search engine [6]. Unlike prior works on this topic, our
method detects and removes noisy link structures residing
at the site level, instead of at the page level. Thus, we have
proposed site level versions for existing noise detection al-
gorithms. With this slight change in the noise detection strat-
egy, we have obtained an improvement in the ranking qual-
ity and a significant reduction in the number of links be-
tween pages in the experiments we have conducted with a
collection crawled from the Brazilian Web. Our algorithms
have identified as noisy up to 16.7% of the links from our
test collection, thus demonstrating that searching for noisy
links in search engine document collections is more impor-
tant than searching only for spam.

3.2 Document Categorization

In addition to the categorization model proposed in [19],
we have investigated other issues on automatic categoriza-
tion of web documents [5] [7]. Thus, the aim of this re-
search topic is to develop algorithms capable of automati-
cally identifying important features of documents and then
apply such features to determine whether or not the docu-
ments belong to a specific category.

In [5], we have investigated how link information can
be accurate in predicting document categories. Tests per-
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formed in a web directory show that link information alone
allows the classifying of documents with an average preci-
sion of 86%. Further, when combined with a traditional text-
based classifier precision increases to values up to 90%,
representing gains that range from 63 to 132% over the use
of text-based classification alone. Also, we have found that
the best categorization results can be obtained by using only
the title of the web pages, combined with anchor text infor-
mation and with link information. This means that full-text
might be discarded during the categorization process, which
significantly reduces the computational efforts to determine
the category of each page.

We have also investigated whether techniques that are
used on the Web can be applied to collections of documents
containing citations between scientific papers [7]. In this
work we have conducted a comparative study of digital li-
brary citations and web links in the context of automatic
text classification. We have shown that there are in fact dif-
ferences between citations and links in this context. For the
comparison, we have run a series of experiments using a
digital library of computer science papers and a web direc-
tory. In our reference collections, measures based on co-
citation tend to perform better for pages in the web direc-
tory, with gains up to 37% over text-based classifiers, while
measures based on bibliographic coupling perform better
in a digital library.

A practical, but very important categorization problem
we have addressed is how to determine the best advertise-
ment to be shown for each web page presented to a user in
a web portal. In this problem an advertisement company
has a set of clients that are willing to pay every time a user
clicks on their advertisements. Thus, advertisements should
be presented to the users trying to maximize the chance of
reaching people interested in their subjects. The final goal
is to maximize the gain with the advertisements shown. The
task of automatically associating ads to a web page based
on its content is known as content-targeted advertising. In
[11] we propose a new method for associating ads with web
pages based on Genetic Programming (GP). The GP method
aims at learning functions that select the most appropriate
ads, given the contents of a web page. These functions are
designed to optimize overall precision and minimize the
number of misplacements. By using a real ad collection and
web pages from a newspaper, it was obtained a gain over a
state-of-the-art baseline method of 61.7% in average preci-
sion. Further, by evolving individuals to provide good rank-
ing estimations, GP was able to discover ranking functions
that are very effective in placing ads in web pages while
avoiding irrelevant ones.

3.3 Semistructured Data Management

Traditional information retrieval systems provide only
two ways of handling web documents: querying and brows-
ing. However, the Web is a vast repository of data that might
be useful for a huge number of applications [13]. Thus, the
main aim of the research in this topic is to develop methods
and tools for dealing with data available on the Web, and

© Novatica



Next Generation Web Search

also in other non-structured data sources (e.g., XML docu-
ments), in order to provide facilities similar to those avail-
able in traditional database systems for managing such data,
as suggested in Figure 1. Specific problems addressed in
this topic include data extraction [12] [18] [23], query
processing [4] [10] [15] [20], and XML views [3].

3.3.1 Data Extraction

Extracting data from the Web has been a challenging
problem over the past years and several techniques and tools
have been developed to address it [13]. In the GERINDO
project, we have proposed an approach to extracting data
from web pages, called DEBYE (Data Extraction By Exam-
ple), that is based on a small set of examples specified by
the user [12]. A major difference of our approach when com-
pared with other ones is the fact that the user specifies ex-
amples according to a structure of his liking and that this
structure is described at example specification time. For the
specification of the examples, the user interacts with a tool
we developed which adopts nested tables as its visual para-
digm (see Figure 2). Nested tables are simple, intuitive, and
allow the user to be shielded from technical details (such as
HTML tags, formatting operators, and learning automata)
related to the extraction problem. The examples provided
by the user indicate the structure and the textual surround-
ings of the data to be extracted, and are then used to gener-
ate patterns that allow extracting data from new pages.

Despite the large number of general purpose techniques
and tools for extracting data from the Web, in some practi-
cal situations the best solution is to develop domain-ori-
ented methods. Thus, in this project we have also proposed
a domain oriented approach to automatically extracting news
from web sites [18], which is based on a highly efficient
tree structure analysis that produces very effective results.
We have tested it with several important Brazilian on-line
news sites and achieved very precise results, correctly ex-
tracting 87.71% of the news in a set of 4088 pages distrib-
uted among 35 different sites. This approach has been par-
tially implemented as part of a commercial tool for auto-
matic news clipping.

In some situations, a distinct but relevant problem is that
of extracting noisy information from web pages. This is the
case of the so called templates, i.e., pieces of HTML code
presenting common information that are automatically in-
serted into web pages of a given site. The widespread use
of templates on the Web is considered harmful, not only
because they compromise the relevance judgment of many
information retrieval and mining methods, such as cluster-
ing and categorization, but because they negatively impact
the performance and resource usage of any tool that proc-
esses web pages.

For dealing with templates, we have developed a new
method that efficiently and accurately extracts templates
found in web pages collections [23]. Our method works in
two steps. Firstly, the costly process of template detection
is performed over a small set of sample pages, then the de-
tected template is extracted from the remaining pages in the
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collection. This leads to substantial performance gains when
compared to previous approaches that combine template
detection and extraction. An experimental evaluation has
shown that our approach is quite effective, being able to
correctly detect and extract around 90% of the information
available on templates of real web pages from a representa-
tive sample we have used for tests.

3.3.2 Query Processing

Regarding query processing, we have addressed a
number of distinct, but related problems. The first one deals
with automatic structuring of keyword-based queries when
searching web databases [4]. We have proposed an approach
that allows the use of keywords (as in a web search engine)
for querying databases over the Web. The approach is based
on a Bayesian network model and provides a suitable alter-
native to the use of interfaces based on multiple forms with
several fields. Two major steps are involved when querying
a Web database using this approach. Firstly, structured (da-
tabase-like) queries are derived from a query composed only
of the keywords specified by the user. Next, the structured
queries are submitted to a web database and the retrieved
results presented to the user as ranked answers. A simple
prototype web search system has been developed to dem-
onstrate the feasibility of this approach. Experimental re-
sults obtained with this system indicate that our approach
allows for accurately structuring the user queries and re-
trieving appropriate answers with minimum intervention
from the user. Moreover, considering that structured or
fielded metadata is the basis for many digital library serv-
ices, including searching and browsing, we have success-
fully applied this approach to automatically structuring que-
ries for such services [10].

This approach has been further extended to deal with
valuable information stored in relational databases. There
has been an ever increasing demand for having these
databases published on the Web, so that users can query the
data available in them. An important requirement for this to
happen is that query interfaces must be as simple and intui-
tive as possible. For addressing such a requirement we have
developed LABRADOR, a system for efficiently publish-
ing relational databases on the Web by using a simple text
box query interface [15].

As illustrated in Figure 2, this system operates by tak-
ing an unstructured keyword-based query posed by a user
and generating a set of ranked candidate structured queries
that fits this user’s information needs, as expressed by the
original query. Then, an SQL query is derived for one of
the structured queries (the system can automatically pick
up this query or the user can choose it from the top ranked
ones) and sent to a relational DBMS for execution, being
its results processed by LABRADOR to create a relevance-
based ranking of the answers. Experiments we have carried
out show that LABRADOR can automatically find the most
suitable SQL query in more than 75% of the cases, and that
the overhead introduced by the system in the overall query
processing time is almost insignificant. Furthermore, the
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Figure 2: Query Processing in LABRADOR.

system operates in a non-intrusive way, since it requires no
modifications on the target database schema.

Another query processing problem we have addressed
deals with vagueness when processing queries over XML
documents. This problem appears in applications accessing
data whose representation the user is unaware of. Some typi-
cal scenarios are a database that stores data extracted from
the Web (see Figure 1) or when the issued queries include
conditions that may contain misspelling errors. In such sce-
narios, queries having equality operators can lead to empty
results. A solution is the use of similarity functions for com-
paring data. In our research we have tackled several prob-
lems related to the application of similarity functions. One
such a problem is the determination of the threshold to be
applied when processing range-queries in a database. We
have developed a semi-automatic process for the estima-
tion of precision and recall values for several thresholds for
a database attribute and a specific similarity function. An-
other problem is that of evaluating the quality of similarity
functions.

In [20] we introduce the concept of discernability, a
measure to evaluate similarity functions for range queries.
We propose two different methods for estimating this meas-
ure, one algorithmic and the other one statistical. Experi-
ments empirically corroborate the effectiveness of both
methods and show that they produce similar results.

3.3.3 XML Views

Finally, as a very important issue related to semistructured
data management, we have addressed the problem of updating
relational databases through XML views [3]. Using query trees
to capture the notions of selection, projection, nesting,
grouping, and heterogeneous sets found in most XML query
languages, we have studied how XML views expressed us-
ing query trees can be mapped to a set of corresponding
relational views. Then, we have studied how updates on the
XML views are mapped to updates on the corresponding
relational views. Existing work on updating relational views
can then be leveraged to determine whether or not the rela-
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tional views can be updated with respect to the relational
updates, and if so, to translate the updates to the underlying
relational database.

3.4 Agents for Web Page Collection

Another research topic addressed in the GERINDO
project is the automatic generation of agents (or crawlers)
for collecting web pages. However, we have focused our
work on this topic upon very specific types of agent. For
instance, as the Web grows, more and more data has be-
come available under dynamic forms of publication, such
as legacy databases accessed by an HTML form (the so
called hidden Web). In such situations, the integration of
this data relies on the fast generation of agents that can au-
tomatically fetch these pages for further processing. As a
result, there is an increasing need for tools that can help
users generate these agents.

Thus, we have created a method for automatically gen-
erating agents to collect hidden web pages for data extrac-
tion [14]. This method uses a pre-existing data repository
for identifying the contents of these pages and takes the
advantage of some usual patterns that are found in many
web sites to identify the navigation paths to follow. To dem-
onstrate the effectiveness of our method we have carried
out experiments with sites from different domains. The re-
sults of these experiments show that our method has been
able to successfully generate a complete agent for 80% per-
cent of the sites considered.

Agents are also used in many web applications (e.g.,
web directories and digital libraries) to build collections of
similar pages required to accomplish their tasks. Usually,
the criteria to determine whether a page belongs to a collec-
tion are related to the page content. However, there are im-
portant situations in which the inner structure of the pages
provides better criteria than their content to guide the crawl-
ing process. With this in mind, we have developed a new
structure-driven approach for generating web agents that
requires a minimum effort from the users to construct them
[22]. The idea is to take as input a sample page and an entry
point to a web site, and then to generate a structure-driven
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agent based on navigation patterns, i.e., sequences of link
patterns that should be followed to reach pages that are struc-
turally similar to the sample page. In the experiments we
have conducted, structure-driven crawlers generated accord-
ing to our approach have been able to collect all pages that
match the given samples, including those pages added after
the agents have been generated.

3.5 Efficiency Issues

Information retrieval systems need to be not only highly
effective but also extremely efficient, since query through-
put is a central problem in these systems. Thus, the devel-
opment of efficient query processing strategies as well as
of methods that reduce the amount of data handled at query
time is key to improve the performance of the query proc-
essor (see Figure 1).

A major effort in this research topic has been the devel-
opment of new distributed query processing strategies for
search engines. The performance of parallel query process-
ing in a cluster of index servers is crucial for modern web
search systems. In such a scenario, the response time basi-
cally depends on the execution time of the slowest server to
generate a partial ranked answer. Previous approaches in-
vestigated performance issues in this context using simula-
tion, analytical modeling, experimentation, or a combina-
tion of them. However, these approaches simply assume
balanced execution times among homogeneous servers (by
uniformly distributing the document collection among them,
for instance), a scenario that we did not observe in our ex-
perimentation in [1]. On the contrary, we found that even
with a balanced distribution of the document collection
among index servers, correlations between the frequency
of a term in the query log and the size of its corresponding
inverted list lead to imbalances in query execution times at
these same servers, because these correlations affect disk
caching behavior. Further, the relative sizes of the main
memory at each server (with regard to disk space usage)
and the number of servers participating in the parallel query
processing also affect imbalance of local query execution
times. These are relevant findings that have not been re-
ported before and that, we understand, are of interest to the
research community.

Another research direction in this topic is the develop-
ment of new pruning methods for search engines [16]. One
way to address query processing efficiency without losing
effectiveness is to reduce the amount of data to be proc-
essed at query time. We adopt a new pruning strategy capa-
ble of greatly reducing the size of search engine indices.
Experiments show that our technique can reduce the indi-
ces storage costs by up to 60% over traditional lossless com-
pression methods, while keeping the loss in retrieval preci-
sion to a minimum.

We have also worked on the use of data compression
algorithms to reduce the size of text and indexes [24]. The
technique combines several data compression features to
provide economical storage, faster indexing and acceler-
ated searches. Compressing both the index and the com-
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plete text cuts the total space in half the size of the non-
compressed text. The time required to build the index and
answer a query is far less than if the index and text had not
been compressed. This illustrates a rare case where there is
no space-time trade-off.

4 Conclusions and Future Directions

Developing core technologies for managing and process-
ing information on electronic documents has been the fo-
cus of the GERINDO project. Several algorithms and tech-
niques proposed represent the state-of-the-art in document
management and information retrieval solutions. This has
called the attention of the international research commu-
nity to our groups and gives to Brazil an excellent opportu-
nity to be seen in the near future as a leading country in
software development in this area.

Besides these important research contributions, the
GERINDO project has also made other significant achieve-
ments. First, it has provided a stimulating environment for
collaboration in distinct research topics that have produced
solutions for a number of problems using a combination of
different approaches. Second, the project has been an im-
portant source of new and challenging problems that have
served as research topics for several MSc and PhD students.
Third, the project results have been applied to practical prob-
lems and helped to improve existing tools and applications
such as search engines, digital libraries, and geographical
information systems. Finally, the project has opened a
number of opportunities for collaboration with other re-
search groups, especially the interaction with the Brazilian
company Akwan Information Technology, which is now part
of Google Brazil. Therefore, we expect the project will keep
its course of action in order to consolidate the undergoing
work. Future work will include additional topics such as
focused crawling, integration of data from heterogeneous
web sources, web data mining, information retrieval in sen-
sor network environments, generation of minimal perfect
hash functions for improving index structures, and detec-
tion of duplicate and near-duplicate web pages.
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