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Foreword

Since Zadeh’s Fuzzy Sets Theory was formulated, a lot of efforts have been
devoted to extend databases with mechanisms to represent and handle infor-
mation in a flexible way. The proposals appearing in the literature to deal with
this aim are mainly supported in the possibilistic models, similarity relationship
models, or the combination of both perspectives. This fact, together with the
variety of database models susceptible of extension (i.e., relational model,
object oriented models, logic model, object-relational model, etc.), has given
rise to many approaches of fuzzy database models.

The materialization of these models in Fuzzy DBMS has not been so fructuous,
and the development of applications supported by these systems is in an ex-
ploratory stage.

The implementation of Fuzzy DBMS will be determined by the development
of applications that take advantage of the capabilities of these ones to operate
with flexible information when solving real-life problems. In this sense, differ-
ent areas of application have appeared, and in this book, some examples are
collected, such as data mining, information retrieval, content-based image re-
trieval, and classical applications in the management field, improved with the
possibility of manipulating flexible information (see, for example, http://
idbis.ugr.es/immosoftweb for an online real-estate portal based on flexible
search. It is built on the FSQL server developed by José Galindo and other
members of the IDBIS group).

One issue that, from my point of view, has not been paid enough attention
from the scientific community has been the extension of the conceptual models
for the design of databases to the ambit of the representation of incomplete



information. In this sense, this book put together the most important propos-
als present in the literature. This study is completed with a deep analysis of the
features of modeling susceptible of fuzzy treatment to present, next, a fuzzy
extension of the EER model, which gives a notation for each of these features.
The fuzzy concepts identified in the ambit of modeling require, in a similar way
as in the classical case, a DBMS that permits the representation and handling
of this type of information. The authors have incorporated these new charac-
teristics to previous models and prototypes of fuzzy databases. The new model,
the new data structures, and the new capabilities of handling have given as a
result FIRST-2 and a new extension of FSQL (Fuzzy SQL), both of them
thoroughly described in this book. The creation of an algorithm that permits
the translation of the conceptual definition in terms of F uzzyEER into FSQL
sentences completes an important cycle in relation to the conceptual design
oriented to fuzzy databases.

Though the central argument of the book is the description of a notation for
the conceptual design in an imprecise environment, this volume collects and
proposes many worthy resources in the area of fuzzy databases, which makes
it an important reference for those people interested in this field in general.

Dr. Juan Miguel Medina
Senior Researcher

Member of the IDBIS Group
Granada, Spain, January 2005
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Preface

In 1965 at the University of California, Berkeley, also called the “Athens of
the Pacific,” Lotfi A. Zadeh' introduced the theory of fuzzy sets and fuzzy
logic, two concepts that laid the foundation of possibility theory in 1977. These
terms were coined by him to deal with the phenomenon of vagueness, in the
cognition process of the human being. According to Zadeh, “the theory of
fuzzy sets is a step toward a rapprochement between the precision of classical
mathematics and the pervasive imprecision of the real world... a rapproche-
ment born of the incessant human quest for a better understanding of mental
processes and cognition®.”

Since then, an enormous quantity of congresses and publications around the
world has intended to explore and develop this basic idea of vagueness and
its industrial application. Zadeh also said: “at present, we are unable to design
machines that can compete with humans in the performance of such tasks as
recognition of speech, translation of languages, comprehension of meaning,
abstraction and generalization, decision-making under uncertainty and, above
all, summarization of information.”

When we look at the growth of the Japanese industry in the 1980s we can
understand the relevant impact of “fuzzy technologies” in the modeling and
design of new products’.

In these aspects, the gap between the industrial domain and the research do-
main can be seen in books, journals, articles, cases studies, proceedings, and
so forth. In fact, these are the greatest tools to put the theoretical knowledge
in action (i.e., in Idea Group Publishing you can find the latest advance in the
research of information science, technology, and management). But it is diffi-
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cult to find a pedagogical book to help the learning process of the students in
computer science in the area of fuzzy databases.

I'am glad to tell you that the book you have in yours hands has the courage to
attack the problem of fuzzy databases, with a clear and direct approach guid-
ing the reader step-by-step through the understanding process. Indeed this
book has the ability to help you in the modeling, design, and implementation
processes of fuzzy databases. This book gives you a first glance at a systematic
exposition of the three issues (modeling, design, and implementation). Perhaps
the only regret [ have in this book is the use of Oracle platform, which, in my
view, has the influence of the industrial software of the 1990s. However, the
definitions, ideas, and new approaches are platform independent.

Before I say something about the features of the book, I would like to explain
some historical aspects that I find interesting to being taken into account by
readers. First, in Europe there are two cities well known by the implication of
the database in the Zadeh legacy: Toulouse and Granada.

In 1985 Didier Dubois* and Henry Prade’ published Théorie des Possibilités
— Applications a la représentation des connaissances en informatique,
which was translated into English three years later as Possibility Theory: An
Approach to Computerized Processing of Uncertainty. In Chapter VI of
this book the authors introduce the use of the possibility distribution to repre-
sent incomplete and uncertain dates in a relational database. This chapter was
the result of a PhD thesis written in Toulouse by Claude Testemale® and co-
directed by Prade. In this work you can see the original code in MACLISP
for fuzzy query processing.

Some years later, in Granada, the book of Dubois and Prade, in particular
Chapter VI, had a great impact on the PhD thesis of Juan Miguel Medina’. In
that work Medina summarized the main fuzzy database models in three fami-
lies (Chapter III): The fuzzy relational model (with a fuzzy degree in each row
or tuple), the model based in similarity relations by Buckles and Petry, and the
relational models with possibility distributions by Umano, F ukami, Prade,
Testemale, Zemankova, Kaendel and other authors. Medina’s PhD thesis also
embraced the generalizations of fuzzy models. Medina proposed a conceptual
framework for fuzzy representation called GEFRED (Generalized Model for
Fuzzy Relational Databases) and a language called F SQL (Fuzzy SQL). In
the same research group a young mathematician and informatic José Galindo®
started his PhD research under the supervision of Medina, in order to improve
the relational algebra of the GEFRED model, to define a fuzzy relational cal-
culus and to implement other fuzzy comparators. In fact, the possibility and
necessity measures, shown by Dubois and Prade, do not only allow the con-
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struction of two fuzzy comparators, but 14 of them. The implementation of a
new FSQL server running in Oracle and a new GUI interface of the FSQL
language was included too.

In these two theses, part of the job was concluded; that is, the physical and
logical approaches for development of fuzzy databases. Nevertheless, the
conceptual design of fuzzy entities and relations was still missing.

This last step was achieved in 2003 by Angelica Urrutia’, in her PhD research
under the supervision of José Galindo and Mario Piattini. In this work, you
find a conceptual fuzzy model, so-called FuzzyEER, and a case tool
(FuzzyCASE), to help the database engineers to build the conceptual model
for fuzzy databases.

Herein lie the roots of this book, the logical fuzzy models of Medina (1994)
and Galindo (1999) on one hand, and, on the other hand, the conceptual fuzzy
model of Urrutia (2003).

Personally, I find the name of the book Fuzzy Databases: Modeling, Design
and Implementation quite right because the work of Galindo, Urrutia, and
Piattini is a highly important contribution to understanding the fuzzy database
process, not only by professionals of software engineering, but also by com-
puter science students. I hope this book has a real influence in the orientation
of the databases courses.

Chapter I, dedicated exclusively to the fuzzy logic, should be appreciated.
This chapter could be very useful to new students in this area.

Chapter II brings up to date the classification of fuzzy database models, in-
cluding some ideas about fuzzy object-oriented database models centered in
the relational model, even though these ideas are not used in this book. In
spite of this, the contributions of this book will turn out to be very useful for
the definition of a complete fuzzy object-oriented database model.

Chapter I1I is focused on fuzzy database modeling, showing some of the more
important approaches by other authors. This chapter is important in order to
understanding the importance of the Fuzzy EER model defined in Chapter IV,
an extension of an EER model to create a model with fuzzy semantics and
notations. Although the model has numerous characteristics, the main compo-
nents of this data modeling tool are: imprecise attributes; fuzzy attributes associ-
ated to one or more attributes or with an independent meaning; degrees of fuzzy
membership to the model itself, such as fuzzy aggregation, fuzzy entity, weak
fuzzy entity, fuzzy relationship; and defined specialization with fuzzy degrees.

Chapter V describes how to represent fuzzy knowledge in relational data-
bases. This methodology is debatable. Nevertheless, as the authors said, it is
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complete enough for the immense majority of the applications. On the other
hand, the possible lacks in that methodology may be easily solved in each spe-
cific application. Chapter VI gives the steps of an algorithm for mapping FuzzyEER
models to that methodology. This algorithm relates Chapter IV and V.

Chapter VII describes the more important statements of the FSQL language.
This definition improves upon the previous version of this language in many
aspects. The educational experience of the authors is noted also in this chap-
ter, which includes a multitude of examples that permits understanding of the
utility of each definition.

With all the tools defined in previous chapters, Chapter VIII studies some
applications of fuzzy databases. These applications show that fuzzy databases
are useful in areas other than management applications (storing and querying
information). Of course, FSQL may be used for fuzzy querying, but it can also
be used for fuzzy clustering and fuzzy classification, for defining fuzzy depen-
dencies, and for the fuzzy characterization of images in a system of fuzzy im-
age retrieval. The last chapter, the appendices, and references close the book,
giving additional information. The open research lines are especially interest-
ing, because they prove that this matter is not closed.

Finally, I borrow the words said by Zadeh in May of 1972, in his Preface of
Kaufmann’s book, “Professor Kaufmann’s treatise is clearly a very important
accomplishment. It may a well exert a significant influence on scientific think-
ing in the years ahead and stimulate much further research on the theory of
fuzzy sets and their applications in various field of science and engineering.”
Well, I think these words match the aim of this book too.

Endnotes

See http://www.cs.berkeley.edu/~zadeh

*  This proposal was mentioned by Zadeh, in the he wrote for the preface of
the book written by A. Kaufmann in 1977, Introduction a la théorie des
sous-ensembles flous a l'usage des ingénieurs.

The reader can find some ideas related to fuzzy control of engineering
systems in the book by Kazuo Tanaka in 1996, An Introduction to F uzzy
Logic for Practical Applications.



Xv

Dubois, D. (1983). Modeéles mathématiques de l’'imprécis et de
l’incertain en vue d’applications aux techniques d’aide a la decision.
Doctoral dissertation. Medical and Scientific University, Grenoble, France.

Prade, H. (1982). Modéles mathématiques de |’imprécis et de
’incertain en vue d’applications au raisonnement naturel. Doctoral
dissertation. Paul Sabatier University, Toulouse, France.

Testemale, C. (1984). Un systéme de traitement d’informations
incomplétes ou incertaines dans une base de données relationnelles.
Doctoral dissertation. Paul Sabatier University, Toulouse, France.

Medina, J.M. (1994). Bases de Datos Relacionales Difusas: Modelo
tedrico y aspecto de su implementacion. Doctoral dissertation. Univer-
sity of Granada, Spain.

Galindo, J. (1999). Tratamiento de la imprecision en bases de datos
relacionales: Extension del modelo y adaptacion de los SGBD actuales.
Doctoral dissertation. University of Granada, Spain.

Urrutia, A. (2003). Una definicién de un modelo conceptual a una
base de datos difusa. Doctoral dissertation. University of Castilla-La
Mancha, Spain.

On February 22,2005, Dr. Jiménez was awarded with the Trophy Fernand
Gallais, who grants the Ecole Nationale Supérieure des Ingénieurs in
Arts Chimiques et Technologiques of the Polytechnic Institute of
Toulouse, France, for his PhD thesis Gestion des connaissances
imparfaites dans les organisations industrielles: Cas d’'une industrie
manufacturiére en Amérique Latine.

Dr. Leoncio Jiménez'"®
Talca, Chile, June 2005



XVvi

Acknowledgments

The authors would like to thank the CyTED project VII-J-RITOS2 (and its
main researcher, Professor Nieves R. Brisaboa) and MCYT project TIC2002-
00480 for their partial support, which contributed to the final formulation of
this work.

In addition, IDBIS Research Group (Intelligent DataBases and Information
Systems; see http://idbis.ugr.es or http:/frontdb.ugr.es) has been one of our
inspirations. The works of these researchers have been and are very impor-
tant in the field of fuzzy logic and fuzzy databases. Thank you very much.

Of course, many people collaborated directly or indirectly so that this book
could finally be published. They know who they are. Thanks to all, and espe-
cially to Dra. M. Carmen Aranda for her useful technical revisions in Chapter
VIIL.



Experience the latest full-text research in the fields
of Information Science, Technology & Management

InfoSci-Online

InfoSci-Online is available to libraries to help keep students,
faculty and researchers up-to-date with the latest research in
the ever-growing field of information science, technology, and
management.

The InfoSci-Online collection includes:

B Scholarly and scientific book chapters

B Peerreviewed journal articles

B Comprehensive teaching cases

B Conference proceeding papers

B All entries have abstracts and citation information

B The full text of every entry is downloadable in .pdf format

Some topics covered: “...The theoretical bent

B Business Management of many of the titles

B Computer Science covered, and the ease

B Education Technologies of adding chapters to

B Electronic Commerce reading lists, makes it
InfoSci-Online ® Environmental IS particularly good for
features: B Healthcare Information Systems institutions with strong
B Easy-to-use B Information Systems information science
B 6,000+ full-text B Library Science curricula.”

entries B Multimedia Information Systems s (s Ao S et

B Aggregated B Public Information Systems Technology Librarianship
B Multi-user access W Social Science and Technologies

To receive your free 30-day trial access subscription contact:
Andrew Bundy
Email: abundy@idea-group.com  Phone: 717/533-8845 x29
Web Address: www.infosci-online.com

|Ilflls&‘ﬁ3|||llle

Full Text Cutting Edge - Fasy Access

infosci-online.com




New Releases from Idea Group Reference .{dﬁﬁ’ﬁ

The Premier Reference Source for Information Science and Technology Research

ENCYCLOPEDIA OF
DATA WAREHOUSING
AND MINING

Edited by: John Wang,
Montclair State University, USA

Two-Volume Set = April 2005 = 1700 pp
ISBN: 1-569140-557-2; US $495.00 h/c
Pre-Publication Price: US $425.00*
“Pre-pub price is good through one month
after the publication date

B Provides a comprehensive, critical and descriptive exami- 0 .
nation of concepts, issues, frends, and challenges in this Five-Volume Set * Jonuary 2005 ¢ Bﬂ}?m:
rapidly expanding field of data warehousing and mining ‘_ Wx”‘%"%’“‘?mm{ .

| Asingle source of knowledge and latest discoveries in the \
field, consisting of more than 350 contributors from 32
countries

m Offers in-depth coverage of evolutions, theories, method-
ologies, functiondlities, and applications of DWM in such
interdisciplinary industries as healthcare informatics, artifi-
cial intelligence, financial modeling, and applied statistics

B Supplies over 1,300 terms and definitions, and more than

3,200 references
. s%psﬁé .
ENCYCLOPEDIA OF  redmaceiid
DISTANCE LEARNING =~ “cpokcainoregodivough
_ one month affer publication date.
: Four-Volume Set « April 2005 « 2500+ pp .
i ISBN: 1-69140-655-6; US $995.00 h/c . ENCYCLOPEDIA OF
: Pre-Pub Price: US $850.00*
[ o *Pre-pub price is good through one . MUL“MEDM m"mv
& :ﬁ G ;ﬁ gg; month after the publication date . AND HE‘!WORKING
L " | v

B More than 450 international contributors provide exten-
sive coverage of fopics such as workforce fraining,
accessing education, digital divide, and the evolution of
distance and online education into a multibilion dollar
enterprise

m Offers over 3,000 terms and definitions and more than
6,000 references in the field of distance learning XS « 650 \
1S8N: 1:59140-561.0 US $275.00 1/

®  Excellent source of comprehensive knowledge and liter- Pro-Publicotion Price; 0SB0
ature on the topic of distance learning programs . ol el d

0 monih affer plblcation dots
B Provides the most comprehensive coverage of the issues, L e
concepts, trends, and technologies of distance learning WWW.idea-group-ref.com

Idea Group Reference is pleased to offer complimentary access to the electronic version
for the life of edition when your library purchases a print copy of an encyclopedia

For a complete catalog of our new & upcoming encyclopedias, please contact:
701 E. Chocolate Ave., Suite 200 » Hershey PA 17033, USA « 1-866-342-6657 (toll free) « cust@idea-group.com




o
ENCYCLOPEDIA OF
E-Commerce,
E-Government

and Mobile Commerce
Edited by Mehdli Kbossawe Bour
Towo-Voburse Se1

Narch 2008 1200 pp

BN 1-53190-79%-4 118 A545.00 hir
Pre-Publication Price: U5 $850.8D"

Dedine Eiectroric Actess Ordy*= U5 $435.00

# Inciudes quality ensriistions highfighding
<urrend ponts, teads, thallenges,
and gt Lom ExpRriRace in
the el of ecnmmerne, eguvernment,
anis mobilg commerce

& Consists of arabreds of ctributives
from experts and ressarchers workdwide,
ad exteraive reberente seatinrs which
list sdditional resenrch vnrks

HANDBODK OF
Research on Literacy
in Technology at the
K-12 Level

Erditest by deo Tan Wee Hin &

R Subramaniam

Decornber 2D0%; H0U ppy

ISEN: 1-52160-404-0; US 319506 hiv

Pre-Publivation Prive: US $175.80%

Onlise Electronic Access Only*: US §156.60

# Cwer W0 seternational experts bave com-
biredt their sosvarch and practical saper
#oge ko 35 wbaindiusive chapiers,
mededining the way seaching and learning
is disprnsesd
This authrititive handbook details the
fierds f trachers, researthees, s sthol-
ey hrgugh state-of the-ant perspettives,

2 kO vy ideas and interest
Sy

ENCYCLUPEDLA O
Yirtual Communities
and Technologies

e

ENCYCLOPEDIA OF
Virtual Communities
and Technologies

Extited by: Subhasish Dasgupts

September 200% 650 g

1580 1-59180-563-7, US $255.00 hi

Onfiee Electranic Access Onby™: U8 $304.00

# The hundreds of entrizs included in
Shis ermycinpediao have tiven authored
by 162 leading internations! researchers,
preventing an indepth snalyes of
shae toreegds, technologies, arad impacts
of wirtwal enviroaments in our globat
vitlage

Offers roverage of uperming and
weneeging technologies for victual
coprunites haman-compiner imer-
faces, new netwiorking, mobite compan-
g, web vervices, aod synchronous and
aynchronmg environments

i 17 S 3 M

w.ideézf-group-fe‘f.cérﬁ :

(o

ENCYCLOPEDIA OF
Data Warehousing

and Mining

Eddited by oha Wang

Teso-Wndume a2

July 3605, 1382 pp

SN 1-A91A0-557-2; US $495.00 hic

Qnling Blectronic Access Duly** US $396.00

“The Encystopedia of Data
Warehousing and Mining is an
agsesnible yet comprehensive resource
for students, researchers and practi-
tuaneos, The carspe of wpics covered by
the entyrinpedia is very broad indeed,
aed it should prove extremely usefs!
#3 @ desktop reference fur those active
in data mining and warehousing, as
well as in related fasids

o Prsdisuar Sach Mskburne,

J ¢ of Catoed, UK

ENCYCLOPEDIA OF

Digital Government

Edited by: Ar-Veikko Anttiraiko

Matti Matkia

TepVolume Sex

March 2008; 1000+ pp

ISEN: 1591407893 US $565.00 hic
Pre-Publication Price; US $450 06+

Online Electronic Awcess Only*: U5 $4%2 00

# Offees e most comprehensivn Loverage
of She Bsuss, sonceps, trends, and tech-
nalogies of digital government

# Lontaining swer 200 detailert articies,
this twnvidume set provides a beoar
baws for understanifing the jssues, theo-
fugs, and applications faced by pulilic
administrations and public wrgariza
tions 35 they strive for more etiective
aovenment through the sse of ermery-
ingy dechnalogies

s




IGP Release!
Web-Powered Databases

David Taniar, PhD
Monash University, Australia

Johanna Wenny Rahayu, PhD
LaTrobe University, Australia

Web-Powered Databases provides an excellent snapshot of
currentresearch and developmentactivities in the area of Web
or Internet databases. Its content supplies
potential answers to many questions that
have been raised regarding database
accesses through the Web. This book also
provides a number of case studies of
successful Web database applications,
including multiple-choice assessment
through the Web, an online pay claim, a
product catalogue, and content management
and dynamic Web pages.

ISBN 1-59140-035-X (h/c)e eISBN 1-59140-092-9e US$89.95 « 340 pages = © 2003

“With theincreasing use and development of Internet technology, it makes
sensetohavea databasesystem implemented on the Web, so thatinformation
stored in the database can be more accessible.”

—David Taniar, Monash University

It’s Easy to Order! Order online at www.idea-group.com
or call 717/533-8845 x10!
Mon-Fri8:30 am-5:00 pm (est) orfax 24 hours aday 717/533-8661

Idea Group Publishing

Hershey « London « Melbourne * Singapore * Beijing

An excellent addition to your library




Fuzzy Databases:
Modeling, Design
and Implementation

Table of Contents

FOTEWOId ....oaaaneeeeeeeeneeeeecreencnnreessensecessssessenssesssnseesssnsasssssssssssssessnennes ix

Juan Miguel Medina, Spain

PTOIACE cinsssississssscoservessanensnsepsasersnossunsrsssamsssssssmissssn e smsmssss s ssoasssssssssmesnn xi

Leoncio Jiménez, Chile

Chapterl
Introduction to Fuzzy Logic .............coueeueuen... 1
FUZZY SELS ...t 2
Types of Membership FUnctions .......................cccocuevevemmonnn., 5
Membership Function Determination......................................... 11
Concepts About Fuzzy Sels...................cccovieeoeeoemeoooo. 13
Fuzzy Set Operations .......................cccccooeeeeeeeeeeeeeoo 16
Union and Intersection: t-conorms and t-norms ................. 16
Complements or Negations .................cccoocooeeeoeeooeoo 19
Comparison Operations on Fuzzy Sets ...............c....cooovooo.. 22
Fuzzy Relations ..................c......co.oo.ooooeeeeoeeeeeeeooeeo 32
Operations and Compositions of Fuzzy Relations ... 33
Fuzzy NUMDeFS ...........cccoooooiiioiiiooiieeeeeeeeeeeeooe 34
The Extension Principle....................cccccoeveeoooeooo . 36
Fuzzy AVItRMeLic ..........................ccooooeeeeeeeeoeoooooo 38
POSSIBIlity TREOTY ... 39

Fuzzy QUAnLIfiers .........................ccooooeeeeeeoeoeooooo 40



