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Clustering is the unsupervised classification of patterns into groups. Database is one of the
common inputs for clustering which is usually processed in the form of a matrix of attributes
(features) and records (data). This dissertation is concerned with the optimization of database
clustering using evolutionary computation and fuzzy database modeling, and proposes four
rule based clustering algorithms. Rule based clustering is one of the solutions to provide
automatic database clustering and interpretation of data patterns. Rule based clustering
represents data patterns as rules by analyzing database structures on both of attributes and
records. Each cluster is created by a rule pool where there are many rules which have
similarity values to other rules in the internal cluster and dissimilarity values to the other
rules in the external clusters.

The aim of the optimization proposed in this dissertation includes : improvement of clustering
quality for large databases, making clusters with different capacity limitation, and online rule
updating capability to handle data changes in databases. The optimization of database
clustering is realized by evolutionary rule based clustering using genetic network

programming (GNP).

GNP is an evolutionary optimization technique, which uses directed graph structures instead
of strings in genetic algorithm or trees in genetic programming, which leads to enhancing the
representation ability with compact programs derived from the re-usability of nodes in a graph
structure. In this dissertation, GNP is used to handle rule extraction from databases by
analyzing the attributes and records. Clustering is processed by grouping rules into the
clusters based on the similarity measurement. This dissertation also uses fuzzy database
modeling as a feature representation method to improve clustering ability to handle high
dimensional databases. The proposed method optimizes the parameters of fuzzy membership




functions and automatically finds good fuzzy rules for making clusters.
This dissertation is composed of the following chapters.
Chapter 1 describes the background and objective of this study.

Chapter 2 discusses implementation of GNP and standard dynamic programming to realize a
decision support system for record clustering in distributed databases, where the concept of
knapsack problem (KP) is introduced to the cluster optimization. This chapter also discusses
partial random rule extraction method in GNP to efficiently discover frequent patterns in a
database for improving the clustering performance. The concept of KP in clustering is
discussed, which is to distribute rules to each site by considering similarity (value) and data
amount (weight) related to each rule to match the site capacities. From the simulation results
using databases downloaded from UCI machine learning repository, it is clarified that the
proposed method can create clusters considering the site capacities. In addition, to show the

basic clustering ability of the proposed method, the clustering performance is compared to
other five conventional clustering algorithms using six databases and the best average results
are achieved.

Chapter 3 discusses database cluster optimization using GNP with online rule updating based
clustering. In this chapter, online algorithm is utilized to maintain the cluster adaptability
against several unbalanced data growth. To realize this ability, start node i1s added to
represent the start positions of the node transition in GNP, and processing node which
determines addition/deletion of rules and to which cluster each rule should be assigned is
added to the conventional GNP based rule extraction method. The simulation results show
that the better clustering results and iteration time comparing to GNP rule-based clustering

without on-line adaptation.

Chapter 4 discusses a clustering method using GNP with the advantages of fuzzy object
oriented database (FOOD) modeling. The main purpose of this chapter is to provide an
additional mechanism to database clustering, that is, a data mining algorithm for extracting
fuzzy rules, and building clusters based on the extracted fuzzy rules. The adoption of FOOD
model to GNP rule extraction can increase the clustering quality and interpretability of
clustering structures. The simulation results show the better clustering results comparing to
GNP without FOOD and the conventional clustering methods.

Chapter 5 discusses a database clustering using GNP with feature selection and
representation of fuzzy database. This chapter is an expansion of chapter 4 that aims for the
improvement of clustering quality on high dimensional databases. Feature selection with fuzzy
database is introduced in this chapter, where database is examined and many fuzzy
membership functions are generated to calculate attribute relevancy. After the feature
selection, attributes are grouped by considering their relevancy, then, rule extraction is
performed by GNP separately using each group of attributes. The simulation results show that



the better clustering results are obtained for high dimensional databases comparing to the
conventional clustering methods
Chapter 6 describes the conclusions of the dissertation and future research.
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