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Foreword

It was not long ago that database systems were revolutionized through the birth of
the relational concepts and theory, which are now materialized in most commer-
cial database management systems. It was then thought that data should be struc-
tured in a rather simple way to support the day-to-day business operations. This
has certainly been made possible and supported by the mature transaction man-
agement concepts, and mathematically based query language and processes.
Whilst this has been the backbone of businesses today, it cannot be ignored that
most data in the world is not structured, or at least, easily and conveniently struc-
tured in a relational way.

The rise of an Internet world has undeniably contributed to the explosion of
data in the digital universe. It has been reported not so long ago that there were
over 1 trillion web pages — this roughly equals to almost 150 web pages per man,
woman, and child on Earth, and the number of web pages increases billions per
day. Another good example to illustrate data explosion in the digital universe is
facebook. Also, it has been reported that the number of facebook users has sur-
passed the 500-million mark and is still growing strongly. If facebook users were
citizen of a country called facebook, this country would have been the third largest
country in the world, after China and India. And the kind of data is not easily
categorized as structured data, since mostly, they are free from rigidly and con-
straining structures.

It was estimated slightly more than a couple years ago in 2008 that our digital
universe grew by almost by half zertabytes — this is more than the data collected in
the previous 5,000 years. To give readers perspective on this size, imagine giga-
bytes, terabytes, and then petabytes. It doesn’t stop there; it continues to exabytes,
and now zettabytes. It will not be surprising that in the near future, it will even
surpass zettabytes to reach yottabytes. Next year in 2012, it is predicted that the
annual growth rate of data will be 5 times that of 2008 — so, yottabytes, literally,
are not far away. Of this data, it is estimated that 95% of them is unstructured.

Now how about the database market? It is not surprising to know that large enter-
prises have almost 10 thousand databases with 30-50 major data warehouses — many
in tera-peta-exa byte range and double in size every 18 months. The database market
is almost $30billion a couple of years ago with 4 major vendors growing at 7%. The
database infrastructure is the largest, fastest growing and highest priority software
category. Hence, the structured concept still governs. It is still expected that the
structures and schemas still exist in the so-called unstructured world of data. It is
undeniably that structures and schemas play an important role in any aspect of data —
either it is in data processing, data management, data manipulation, data analysis and
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knowledge discovery, or even simple data or information retrieval. Every organiza-
tion depends critically on the notion of structures and schemas of data.

This book addresses an important issue — that is finding, discovering, learning
structures and schemas from documents and unstructured data. There is nothing
more critical in the data explosion age in our digital universe than knowing that
data have some degree of structures and schemas, as this is the foundation in many
important applications, such as digital libraries, imaging, biomedical, medicine,
and bioinformatics. This book covers the most comprehensive range of topics re-
lated to the importance of learning structures and schemas from documents — from
basic techniques to advanced applications. I believe readers, from different sort of
fields and background; from data oriented researchers to application practitioners,
will benefits from reading a fine collection of articles compiled in this book.

Melbourne, June 2011 David Taniar
Editor-in-Chief International Journal of
Data Warehousing and Mining (SCI-E)
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The rapidly growing volume of available digital documents of various formats and
the possibility to access these through internet-based technologies, have led to the
necessity to develop solid methods to properly organize and structure documents
in large digital libraries and repositories. Specifically, since the extremely large
volumes make it impossible to manually organize such documents and since most
of the documents exist in an unstructured form and do not follow any schemas,
most of the efforts in this direction are dedicated to automatically infer structure
and schemas that can help to better organize hue collections. This is essential in
order for these documents to be effectively and efficiently retrieved.

Dealing with unstructured information is currently a hot research topic. A grow-
ing body of work is addressing the problem of recognizing structure and schemas in
documents of various types. Some areas are mainly concerned about the visual rep-
resentation of documents and increasing improvements are being made in the area
of pattern recognition and document layout analysis to classify documents accord-
ing to structure found in their layout. On the other side, extensive research is being
done in the field of machine learning to exploit attributes of documents and rela-
tionships among different documents to infer structures in large collections of
documents. Important work is also being performed in the data mining and knowl-
edge discovery community which has traditionally dealt with raw data but recently
is dedicating attention to learning structure from unstructured information. In addi-
tion, Semantic Web researchers are dedicating important efforts to the problem of
identifying structure and schemas in order for them to achieve ontology matching
or alignment. Another related area regards the database community that has long
worked with integration problems but only recently this community has started
considering automatic structure and schema learning as a potential approach for
schema and database integration. Finally information retrieval and extraction seek
to infer structure and schemas from free text in order to build efficient information
seeking models from large corpora.

Main Contributions of This Book

This book covers the latest advances in structure inference in heterogeneous col-
lections of documents and data. The goal is to present the state-of-the-art in the
area in order to describe some lessons learned, identify new research issues and
challenges as well as opportunities for further developments.
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Overall, the book contributes with the following:

e Presenting state-of-the-art approaches to learning and inferring structure and
schemas from documents

e Assessing whether methods and techniques of one approach can be ex-
tended or exploited by the other approaches in a multi-strategic effort to the
problem

e Assisting in the identification of new and future challenges and opportuni-
ties that will raise the bar in the state-of-the-art of several research areas at-
tacking the same problem.

e Case studies and best practices from real large scale digital libraries, reposi-
tories and corpora.

Organization of the Book
The book consists of 19 chapters, organized as follows:

Chapter 1: Learning Structure and Schemas from Heterogeneous Domains in
Networked Systems Surveyed

Marenglen Biba and Fatos Xhafa

This chapter presents a survey of the state-of-the-art methods for inferring struc-
ture from documents and schemas in networked environments. The survey is
organized around the most important application domains, namely, bio-informatics,
sensor networks, social networks, P2P systems, automation and control, transporta-
tion and privacy-preserving.

Chapter 2: Handling Hierarchically Structured Resources Addressing Interoperability
Issues in Digital Libraries

Maristella Agosti, Nicola Ferro, and Gianmaria Silvello

This chapter presents the NEsted SeTs for Object hieRarchies (NESTOR) Frame-
work that allows to model, manage, access and exchange hierarchically structured
resources. The authors envision the framework in the context of Digital Libraries as
a mean to address the complex and multiform concept of interoperability when deal-
ing with hierarchical structures.

Chapter 3: Administrative Document Analysis and Structure

Abdel Belaid, Vincent Poulain D’Andecy, Hatem Hamza, and Yolande Belaid

This chapter presents a novel technique about the analysis and recognition of
scanned administrative documents. This technique is related to the case-based rea-
soning already used in data mining and various problems of machine learning.
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Chapter 4: Automatic Document Layout Analysis through Relational Machine
Learning

Stefano Ferilli, Teresa M.A. Basile, Nicola Di Mauro, and Floriana Esposito

This chapter presents a prototypical version of the document processing system
DOMINUS, using the incremental first-order logic learner INTHELEX. The au-
thors propose the application of supervised Machine Learning techniques to infer
correction rules to be applied to forthcoming documents.

Chapter 5: Dataspaces: where structure and schema meet

Maurizio Atzori and Nicoletta Dessi

This chapter investigates the crucial problem that poses the bases to the concept
of dataspaces: the need for human interaction/intervention in the process of orga-
nizing (getting the structure of) unstructured data. The authors survey the existing
techniques behind dataspaces to overcome that need

Chapter 6: Transductive Learning of Logical Structures from Document Images

Michelangelo Ceci, Corrado Loglisci, and Donato Malerba

This chapter investigates the induction of a classifier for the automated recogni-
tion of semantically relevant layout components. In particular, it investigates the
combination of transductive inference with principled relational classification.

Chapter 7: Progressive Filtering on the Web: the Press Reviews Case Study

Andrea Addis, Giuliano Armano and Eloisa Vargiu

This chapter presents NEWS.MAS, a multiagent system aimed at: (i) extracting
information from online newspapers by using suitable wrapper agents, each asso-
ciated with a specific information source, (ii) categorizing news articles according
to a given taxonomy, and (iii) providing user feedback to improve the perform-
ance of the system depending on user needs and preferences.

Chapter 8: A Hybrid Binarization Technique for Document Images

Vavilis Sokratis, Ergina Kavallieratou, Roberto Paredes, and Kostas Sotiropoulos

This chapter presents a binarization technique specifically designed for histori-
cal document images. The technique is based on a hybrid approach that first ap-
plies a global thresholding technique and, then, identifies the image areas that are
more likely to still contain noise.
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Chapter 9: Digital Libraries and Document Image Retrieval Techniques:
a Survey

Simone Marinai, Beatrice Miotti, and Giovanni Soda

This chapter presents a survey about the more recent techniques applied in the
field of recognition and retrieval of text and graphical documents is presented. In
particular it describes techniques related to recognition-free approaches.

Chapter 10: Mining Biomedical Text Towards Building a Quantitative
Food-disease-gene Network

Hui Yang, Rajesh Swaminathan, Abhishek Sharma, Vilas Ketkar, and
Jason D Silva

This chapter presents an information extraction system that analyzes publica-
tions in the emerging discipline of Nutritional Genomics. The system is used to
systematically extract relationships among bio-entities from biomedical articles.

Chapter 11: Mining Tinnitus Data based on Clustering and new Temporal
Features

Xin Zhang, Pamela Thompson, Zbigniew W. Ras, and Pawel Jastreboff

This chapter presents an initial research on data mining of medical data about
Tinnitus Retraining Therapy. The authors present Interesting rules about the rela-
tionship recovery against symptoms, audiological therapy parameters, and other
factors revealed during the experiments.

Chapter 12: DTW-GO Based Microarray Time Series Data Analysis for
Gene-Gene Regulation Prediction

Andy C. Yang and Hui-Huang Hsu

This chapter introduces a novel approach that provides an effective distance
measurement for genes based on gene ontology annotations. The authors show
that the proposed approach facilitates analysis for microar-ray time series data.

Chapter 13: Integrating Content and Structure into a Comprehensive Framework
for XML Document Similarity Represented in 3D Space

Eric Draken, Tamer N. Jarada, Keivan Kianmehr, and Reda Alhajj

In this chapter the authors have presented a novel way to represent XML
document similarity in 3D space. Their approach benefits from the characteristics
of the XML documents to produce a measure to be used in clustering and classifi-
cation techniques, information retrieval and searching methods for the case of
XML documents.
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Chapter 14: Modelling User Behaviour on Page Content and Layout in
Recommender Systems

Kin Fun Li and Kosuke Takano

This chapter presents a literature survey on Web browsing behaviour, a re-
commender system based on user browsing behaviour, and the representation and
manipulation of attributes associated with the design and layout of Web pages. A
proof-of-concept system is designed with the objective to study whether there is a
correlation between all these factors.

Chapter 15: MANENT: An Infrastructure for Integrating, Structuring and Searching
Digital Libraries
Angela Locoro, Daniele Grignani, and Viviana Mascardi

This chapter describes MANENT, an infrastructure for integrating, structuring
and searching Digital Libraries. The technologies and standards enabling the reali-

sation of infrastructures of this kind have been reviewed, as well as the related
work.

Chapter 16: Low-Level Document Image Analysis and Description: From
Appearance to Structure.
Emanuele Salerno, Pasquale Savino, and Anna Tonazzini

This chapter deals with the problem of processing and analyzing digital images
of ancient or degraded documents to increase the possibilities of inferring their
structures.
Chapter 17: Model Learning from Published Aggregated Data
Janusz Wojtusiak and Ancha Baranova

This chapter describes the problem of machine learning of models from aggre-
gated data as compared to traditional learning from individual examples. It pre-
sents a method of rule induction from such data as well as an application of this
method.
Chapter 18: Data De-duplication: A Review
Gianni Costa, Alfredo Cuzzocrea, Giuseppe Manco, and Riccardo Ortale

This chapter presents an overview of research on data de-duplication, with the

goal of providing a general understanding and useful references to fundamental
concepts concerning the recognition of similarities in very large data collections.
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Chapter 19: A Survey on Integrating Data in Bioinformatics

Andrea Manconi and Patricia Rodriguez-Tomé

This chapter discusses the current approaches, methods, systems, and open is-
sues of integrating biological data.

Targeted Audience and Last Words

The audiences of this book are those working in or interested in joining interdiscipli-
nary and trans-disciplinary works in the areas of data mining, machine learning,
pattern recognition, document analysis and understanding, semantic web, databases,
artificial intelligence and digital libraries, whose main focus is that of learning struc-
ture and schemas from unstructured information. The book also brings contributions
from application areas such as from bioinformatics, web mining, text mining, infor-
mation retrieval, real-world digital libraries, data warehouses and ontology building.
Specifically, audiences who are broadly involved in the domains of computer science,
web technologies, applied informatics, business or management information systems
are: (1) researchers or senior graduates working in academia; (2) academics, instruc-
tors and senior students in colleges and universities, and (3) business analysts from
industries interested in data integration, information retrieval and enterprise search.

Finally, academic researchers, professionals and practitioners in the field can
also be inspired and put in practice the ideas and experiences proposed in the book
in order to evaluate them for their specific research and work.

We hope that the readers will find this book useful in their academic and
professional activities!
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