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PREFACE

This volume presents the results of approximately 15 years of work from
researchers around the world on the use of fuzzy set theory to represent imprecision
in databases. The maturity of the research in the discipline and the recent
developments in commercial/industrial fuzzy databases provided an opportunity to
produce this survey. In this introduction we will describe briefly how fuzzy
databases fit into the overall design of database systems and then overview the
organization of the text.

FUZZY DATABASE LANDSCAPE
The last five years have been witness to a revolution in the database research
community. The dominant data models have changed and the consensus on what
constitutes worthwhile research is in flux. Also, at this time, it is possible to
gain a perspective on what has been accomplished in the area of fuzzy databases.
Therefore, now is an opportune time to take stock of the past and establish a
framework. A framework should assist in evaluating future research through a
better understanding of the different aspects of imprecision that a database can
model [ 1 l.
It is becoming evident on the commercial side that we are well within the era
of the third generation of databases. (The first was graph-oriented models and the
second relational systems.) Perusal of the proceedings of present-day conferences
will strengthen this observation. The trend is undeniably in the direction of
object-oriented databases. Deductive databases are also important, but it appears
that their contribution will be in the form of logic-enhanced object-oriented
databases.
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Figure 1 illustrates a general view of the overall environment in which
databases are designed. Enterprises are either precise or vague. The database
extension that represents the enterprise is either precise or imprecise. Query
languages are designed to express the user's retrieval requests in either a crisp
manner or not. It should be noted that there is no general agreement on the use of
terms such as " imprecise, vague, uncertain, etc. "
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Figure 1: The Fuzzy Database Landscape
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Databases are one form of modeling aspects of the real world. The specific
segment of the real world which a specific database models is called the enterprise.
Nearly all present databases model enterprises that are crisp. A crisp enterprise is
one that is highly quantifiable - all relationships are fixed and all attributes have
one value.
The case of precise enterprise-precise data includes virtually all database
systems in widespread use. The potential payoff of exploiting the subcase in
which the data, while precise, is considered uncertain is largely yet unexplored. If
the query language is crisp or not, the issue is whether a particular data item
matches a query term when it is not identical to the term. It was the precise
enterprise and imprecise data that inspired one of the earliest seminal efforts on
uncertainty in databases.
Certain enterprises are not crisp, but vague. For example, the family
relationships among the world's languages can be fixed only in an arbitrary manner
and in such enterprises, values are not necessarily crisp. Examples for which crisp
values are not realistic include an international investment database containing, for
each country, attributes such as "strength of judicial system", "extent of federal
control over private enterprise", and "stability of government."
The lack of commercial/industrial impact of the research in fuzzy databases has
been of concern [ 2]. It should be pointed out that other methods of uncertainty
management have suffered similar fates. Most will agree that databases, like any
model, are imperfect realizations of the artifact modeled. Nevertheless, there is not
yet on the horizon a system having potential widespread use that incorporates a
fully general means for representing or manipulating uncertainty. However a
number of more specialized systems are making their appearance leading to the
belief that successful commercialization of fuzzy database approaches is beginning
to emerge.
ORGANIZATION OF VOLUME

This volume is organized into three major parts. The first part provides
background and introductory material in the first two chapters. The next three
chapters covering the major approaches in fuzzy databases comprise the second
part. Finally the last chapter discusses commercial fuzzy databases.
In chapter 1 the basic concepts of databases are reviewed and a brief discussion
of the major database models is provided. Then a variety of approaches to
incomplete and inexact data is surveyed. These non-fuzzy representations help in
understanding much of the context in which fuzzy database development has taken
place. The second chapter contains an introduction to the formalisms of relational
databases and their design. This is needed as the major fuzzy databases have been
developed as extensions of the relational model. Finally the chapter has an
overview of basic fuzzy set theory and the specific aspects commonly used in fuzzy
database models.
The main approaches in fuzzy databases are covered in chapters 3, 4 and 5.
Chapters 3 and 4 discuss the extensions to the major database paradigm - the
relational model. Although there is a clear movement toward object-oriented
models, the major developments in fuzzy databases have occurred during the past
15 years during which time relational database systems were dominant. Chapter 3

Preface

x

covers the use of similarity and proximity measures as the fuzzy techniques used to
extend the data model; chapter 4 introduces the use of possibility theory approaches
in the relational model. Both chapters discuss basic extensions to the data model,
querying approaches and functional dependencies. Various other topics include
implementation issues, information measures and database security. Chapter 5
surveys alternative fuzzy data models and other approaches. These include fuzzy
extensions to the entity-relationship model, the IFO model and the network data
models. A number of object-oriented extensions are also discussed. The use of
fuzzy data modeling in geographical information systems (GIS) is described. This
is an area in which there is a significant perceived need for representing imprecision
at several levels. Finally the use of rough sets to represent imprecision is
described and rough and fuzzy rough relational data models are presented.
The final chapter examines the issues related to commercialization of fuzzy
databases. In the context of the issues relevant to practical use of fuzzy databases,
several specific industrial/commercial products and applications are described.
These include approaches to developing fuzzy front-end systems and specialpurpose systems incorporating fuzziness.
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