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ABSTRACT

Discovery of functional dependencies (FDs) from relational databases has been identified as an im-
portant database analysis technique. Various mining techniques have been proposed in recent years to
deal with crisp and static data. However, few have emphasized on fuzzy data and also considered the
dynamic nature that data may change all the time. In this work, the authors propose a partition-based
incremental data mining algorithm to discover fuzzy functional dependencies from similarity-based fuzzy
relational databases when new sets of tuples are added. Based on the concept of tuple partitions and
the monotonicity of fuzzy functional dependencies, we avoid re-scanning of the database and thereby
reduce computation time. An example demonstrating the proposed algorithm is given. Computational
complexity of the proposed algorithm is analyzed. Comparison with pair-wise comparison-based incre-
mental mining algorithm (Wang, Shen & Hong, 2000) is presented. It is shown that with certain space
requirement, partition-based approach is more time efficient than pair-wise approach in the discovery
of fuzzy functional dependencies dynamically.

INTRODUCTION by the values of some other attributes. It serves as a
constraint between the attributes and is being used
A functional dependency describes the relationship  in the normalization process of relational database
between attributes in a database relation. It states design. Therefore the discovery of functional
that the value of an attribute is uniquely determined  dependencies from databases has been identified
as an important technique for analyzing attribute
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semantics and redesign of relational schemas.
It has received considerable research interest in
recent years. For examples, from a database of
chemical compounds, it is valuable to discover
compounds that are functionally dependent on a
certain structure attribute (Huhtala, Karkkainen,
Porkka, & Toivonen, 1998). In addition, as a kind
ofdatadependency, alarge dataset can be losslessly
decomposed into a set of smaller datasets using
the discovered functional dependencies.

To find all functional dependencies from a
given database relation », we need to search for
all possible dependencies and test their validity.
There are essentially two approaches for search-
ing for all possible functional dependencies:
top-down searching and bottom-up searching.
The top-down approach starts with the set of
trivial functional dependencies and adds those
functional dependencies that are satistied by
r. It can be further classified into depth-first
search and level-wise (breadth-first) search. The
dependencies discovery techniques proposed in
Bell et al. (1995), Huhtala et al. (1998), Mannila
et al. (1997), Yao et al. (2002) are top-down ap-
proach. The bottom-up approach starts with the
set of all possible functional dependencies and
removes those functional dependencies that are
contradicted by r. The discovery techniques pro-
posed in Flach, (1990), Flach & Savnik (1999),
Mannila et al. (1997) are bottom-up approach.
To test the validity of a given dependency, pair
wise comparison method between any two tuples,
decision-tree method and a tuple-partition method
havebeen proposed. However, current data mining
techniques of determining functional dependen-
cies deal only with crisp databases. Although
various forms of fuzzy functional dependencies
have been proposed for fuzzy databases, they em-
phasized conceptual viewpoints, and few mining
algorithms are given.

To extend functional dependency, there are
many approximate dependencies proposed and
defined on the crisp relational data model. For
example, Haux and Eckert (1985) have extended

functional dependency to probabilistic depen-
dency. Saharia and Barron (1995) have extended
functional dependency to cluster dependency. To
extend functional dependency to fuzzy databases,
there are different forms of fuzzy functional
dependency on various types of fuzzy relational
data models. For example, Raju and Majumdar
(1988), Bosc et al. (1997), Chen (Chen, 1998),
have defined various forms of fuzzy functional
dependencies on the possibility-based fuzzy rela-
tional data model. For the similarity-based fuzzy
relational datamodel Bucklesetal. (1982), Sachar
(1985), and Yazici et al. (1999) have defined a
fuzzy functional dependency based on confor-
mance. Wang et al. (2001) proposed a form of
fuzzy functional dependency based on equivalence
classes induced by level values on given similar-
ity relations. Belohlavek et al. (2006) proposed a
fuzzy functional dependency using fuzzy predicate
logic on ranked database relations over domains
with similarities. For equivalence-class-based
fuzzy relational data model, Shenoi et al. (1990)
defined a fuzzy functional dependency based on
redundancy. These fuzzy functional dependencies
are basically intended to preserve the functional-
ity of classical functional dependency on the new
fuzzy relational data models so that semantics
between fuzzy attributes can be captured.
Mining extended functional dependencies has
been studied inrecent years. Currently, most of the
discovered dependencies are used for answering
imprecise or fuzzy queries. For example, Bosc et
al. (1997) proposed mining extended functional
dependencies for linguistic summaries of data
content and fuzzy-rule-based functional depen-
dency as knowledge from databases. Rasmussen
etal. (1999) proposed mining techniques of fuzzy
functional dependency using SummarySQL for
linguistic summaries of database. Nambiar et al.
(2004) proposed mining approximate functional
dependencies to answer imprecise queries. Car-
rasco et al. (2000) and Galindo (2006) proposed
FSQL for obtaining fuzzy dependencies and data
summarization. However, similar to the application
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