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Chapter 1: Introduction

1.1 Background to the Research

This chapter introduces the rationale and objectives of this research. This section
presents a brief technical background to the research which is focused on the need to
explore novel ways for dealing with the problem of inconsistent and incomplete data in
semantic databases. Section 1.2 of the chapter presents the rationale for the research.
Section 1.3 states the research objectives and section 1.4 concludes with an overview
of this thesis.

Semantic technologies are becoming popular and increasingly important for
storing and processing data. A semantic technology (ST) uses techniques that support
and exploit the semantics of information, as opposed to syntax and
structural/schematic issues, to enhance existing information systems (Sheth 2005).
The semantics of information refers to the meaning associated with information, whilst
syntax and structural/schematic issues refer to the heterogeneity challenges existing in
traditional data processing systems. STs allow the meanings of and associations
between objects and attributes which constitute information in a knowledge base to be
known and processed at execution time (Sheth and Ramakrishnan 2003). Resource
Description Framework (RDF) data, for example, are processed in ST setting. The RDF
is a framework for representing information on the Web. Unlike relational data which
are stored and processed in a traditional database such as Oracle and MySQL, RDF
data are stored and processed in a semantic database. The processing of RDF in ST
setting is explained in details in chapter 3 of this thesis. ,

RDF database tolerates IID. It adopts Open World Assumption (OWA) principles
which implicitly assume that a knowledge base may always be incomplete (Hitzler et
al., 2011 p.131). For example, consider the following statement about Philip in an OWA
database: "Philip passed an English test." Under the OWA database, there is
incomplete knowledge about stored data. Statements such as "Philip failed an English
test" or "Philip did not take an English test" are allowed to exist in the same database.
Consequently, contradictory (inconsistent) data can exist in such databases.

Conversely, a Closed World Assumption (CWA) framework holds that all
relational statements in a knowledge base are completely listed, so that what is
currently not known to be true in the sense of not being included in the list is false.

1
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identified as a source of incomplete data. The various approaches used in addressing
IID in traditional databases are described in this chapter.

Chapter 3 provides an overview of ST, semantic database, RDF and the concept of
OWA. 1ID in semantic database are explained. The chapter also identifies and explains

existing approaches that are used in dealing with IID in a semantic database setting.

Chapter 4 describes the classical FCA approach. It explains how formal concepts are
derived from formal context and how they are displayed in a lattice structure. The
challenges of classical FCA approach in identifying and visualisation 1ID are also

explained.

Chapter 5 explains the research methodology, including how FCA is used to address
the issues of IID in an indicative case study - the Edinburgh Mouse Atlas Gene
Expression Database (EMAGE). The chapter explains case study research with
emphasis on single case study. The suitability of EMAGE as a case study is explained.
The chapter also identifies FCA as a research method. The criteria used in selecting
EMAGE as a case study are also explained.

Chapter 6 explains in detail the EMAGE, a database of gene expression data in the
developing mouse embryo, and an accompanying suite of tools to search and analyse
the data. The chapter particularly explains how the e-Mouse Atlas Project (EMAP) is
used in EMAGE. In addition, it describes the EMAGE RDF data set. The causes of IID
in the EMAGE data set are also identified and explained.

Chapter 7 explains how the RDF query language (SPARQL) can be used to retrieve 11D
from a semantic database. It provides comprehensive details about existing and new
FCA approaches to IID in RDF data set. Examples are also used to illustrate how these
approaches are applied. This prepares the ground for applying the approaches to the

case study.

Chapter 8 therefore explains how these FCA approaches are used to identify 11D
existing in an EMAGE data set.

Chapter 9 compares and evaluates the effectiveness of the FCA approaches.

Chapter 10 outlines the main contributions of the research to knowledge, concludes

this thesis, and discusses the challenges of the study and related future works.
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to process both the single sourced and the integrated data sets. Section 2.5 explains

how IID are dealt with, in such traditional database.

2.5 Approaches used to Deal with IID in Traditional Databases

There are several approaches that can be used to deal with the IID in traditional
databases. These approaches can be classified as follows:

2.5.1 Resolving/Repairing IID

Resolving IID involves identifying the 1ID and replacing or repairing the IID. It involves
applying some minimal change to IID as explained in Wijsen (2006). In data warehouse
for example, data cleaning provides an avenue to detect and remove errors and
inconsistencies in a data set (Rahm and Do 2000). Some of the approaches used in
data cleaning are documented in (Kimball and Caserta 2004; Rahm and Do 2000).

There are also tools developed for detecting and repairing data which violate
integrity constraints (Fan et al. 2008; Fazzinga et al.,, 2006; Raman and Hellerstein
2001). In addition, the works of (Flesca et al., 2010; Bertossi et al., 2008; Cong et al.
2007; Bravo and Bertossi 2006) demonstrate how inconsistent data can be identified
and resolved through the use of relational data queries. Missing attribute values in
incomplete data are resolved in relational database by either replacing them with null or
with other meaningful representations. The works of (Waraporn and Porkaew 2008,
Zimanyi and Pirotte 1997; Gottlob and Zicari 1988; Codd 1979) demonstrate how
missing values in relational databases can be replaced.

2.5.2 Preventing IID

The use of integrity constraints (see Section 2.4 above) can prevent certain IID from
entering the database. For example, the primary keys in most commercial relational
databases are specified as non-Null constraints by the DBMS. Such an integrity check
prevents records that have missing data in the field used as the primary key from being
admitted into the database. Works such as (Grefen 1993; Codd 1979) demonstrate
how constraints are used to prevent IID.

13
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