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ABSTRACT

The eXtensible Markup Language (XML) is fast emerging as the dominant standard for
storing, describing and interchanging data among various systems and databases on the
internet. It offers schema such as Document Type Definition (DTD) or XML Schema
Definition (XSD) for defining the syntax and structure of XML documents. To enable
efficient usage of XML documents in any application in large scale electronic
environment, it is necessary to avoid data redundancies and update anomalies.
Redundancy and anomalies in XML documents can lead not only to higher data storage

cost but also to increased costs for data transfer and data manipulation.

To overcome this problem, this thesis proposes to establish a formal framework of
XML document schema design. To achieve this aim, we propose a method to improve
and simplify XML schema design by incorporating a conceptual model of the DTD with
a theory of database normalization. A conceptual diagram, Graph-Document Type
Definition (G-DTD) is proposed to describe the structure of XML documents at the
schema level. For G-DTD itself, we define a structure which incorporates attributes,
simple elements, complex elements, and relationship types among them. Furthermore,
semantic constraints are also precisely defined in order to capture semantic meanings
among the defined XML objects.

In addition, to provide a guideline to a well-designed schema for XML documents, we
propose a set of normal forms for G-DTD on the basis of rules proposed by Arenas and
Libkin and Lv. et al. The corresponding normalization rules to transform from a G-
DTD into a normal form schema are also discussed. A case study is given to illustrate
the applicability of the concept. As a result, we found that the new normal forms are
more concise and practical, in particular as they allow the user to find an ‘optimal’
structure of XML elements/attributes at the schemé level. To prove that our approach is
applicable for the database designer, we develop a prototype of XML document schema
design using a Z formal specification language. Finally, using the same case study, this
formal specification is tested to check for correctness and consistency of the
specification. Thus, this gives a confidence that our prototype can be implemented

successfully to generate an automatic XML schema design.
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Chapter 1

Introduction

1.1 Motivation of the Research

With the wide utilization of the web and the availability of a huge amount of electronic
data, XML (eXtensible Markup Language) has been used as a standard means of
information representation and exchange over the Web. Its usage has increased
extensively in many commercial applications with complex data structures such as
Manufacturing, Bioinformatics, B2B (Business to Business), Medicine and
Geographical data (Powell, 2007; Ma and Yan, 2007; Pankowski, 2009). Thus,
effective means of the management of XML documents as databases are needed for
query, consistent and efficient storage. Various databases, including relational, object-
oriented, and object-relational databases have been used for mapping to and from XML
documents (Florecsu and Kossmann, 1999; Runapongsa and Patel, 2002). Among this
kind of database, most researchers use a relational database as a persistent storage since

it is a more promising alternative, because of its maturity.

However, this approach has disadvantages, since it does not support well complex data
structures such as scientific data because it cannot retain the original of XML documents
(Bourret, 2007). With such problem, has led to the development of native XML
database system for a number of applications and its use is increasingly rapidly because
its ability to hold and manage highly complex data structures (Bourret, 2007; Philippi
and Kohler, 2004; Lee et al., 2010). Such applications may use native XML database
facilities (Kanne and Moerkotte, 2000) to store and update XML data (Tatarinov et al.,
2001). The native XML database stores XML documents directly without performing
any conversion or shredding the XML documents into another format thus reduce
processing time and provide better performance. However, native XML database is still
in its infancy and not as mature as traditional databases (e.g. relational database), hence
many important problems and questions remain unanswered, especially on the principles
of XML database design (Arenas, 2006; Schewe, 2005; Libkin, 2007).
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Essentially, an XML document can be regarded as a native XML database because
every XML document contains both metadata and data (Powell, 2007). It is important
to design non-redundant XML document for the sake of readability and manageability.
The non-redundant design means there are no duplicate information, store correct and
complete information. This is because duplicate information will waste space and

increases the likelihood of errors and inconsistencies.

Like managing traditional database, the management of XML documents requires
capabilities to handle with integrity, consistency, data dependency, redundancy, views,
access rights, integration, and normal forms (Yu and Jagadish, 2008; Libkin, 2007;
Arenas and Libkin, 2004; Dobbie, 2001; Feng et al., 2002). Amongst the important
problem related to XML database design are data redundancies and update anomalies.
Similar to relational database, reducing data redundancy is an important step in XML

design because it cause update anomalies, which lead to an efficient use of the database.

In XML documents, redundancies and update anomalies occur when the schema such as
Document Type Definition (DTD) allows addition of redundant values (Arenas and
Libkin 2004). The redundancy of data in XML documents highly depends on how the
schema is designed. Thus, we can say that efficient use of XML documents depends on

the quality of schema design.

However, to formulate the criteria for non-redundant of XML document schema design

is very challenging for the following reasons (Arenas, 2006; Libkin, 2007):

o The structure of XML documents is different from that of relational databases
which contain a complicated path structure, so it is difficult to see whether it

contains redundancies.

e Expression of semantic constraints of XML documents imposed by schema such
as DTD and XML Schema Definition (XSD) is limited.



e There are problems of ensuring that data and semantic constraint of designed
schema are not lost and preserved after the process of normalization of the

schema.

® No acceptable notion of an XML updates as yet exists, comparable to the notion
of the relational updates, which makes it hard to say what makes an update

anomaly.

e There is no standard query language for XML document compared to relational

algebra for relational databases.

Thus, the above challenges and issues motivate us to investigate further the needs and
requirements to achieve a non-redundant XML document design, particularly one that is

free from data redundancy.

1.2 Outline of Research Problems and Hypothesis

XML can be classified into two main types (Bourret, 2007; Wang and Topor, 2005;
Vincet et al., 2007). The first type of application is called document centric XML and the
second type is called data centric XML. Document centric XML is used as a mark up
language for semi-structured text documents with mixed-content elements, where the
content and order of sibling elements is significant, for instance a user’s manual,
webpage, etc. Data centric XML consist of more regular structured data for automated
processing and there are few or no elements with mixed content, comment and
processing instruction, such as geographic and scientific databases which contain
complex semi-structured data, e.g molecular biology, protein data being the most
prevalent example. In this thesis, we will focus on data centric applications and we will
refer to data centric XML as XML documents.

To date, several normal forms and normalization algorithms for XML documents have
been proposed. The reason for this is to give a guideline to the user to eliminate data

redundancy in XML documents. For example, different notions of normal forms for
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XML documents have been proposed by Arenas and Libkin (2004), Lv et al., (2004),
Wang and Topor (2005), Kolahi (2006), and Yu and Jagadish (2008). Generally these
normal forms are based on functional dependency (Yu and Jagadish, 2008; Arenas and
Libkin, 2004; Vincent et al., 2004; Wong and Topor, 2005; Emberly and Mok, 2001;
Ling, 2001, Lee et al., 1999; Mani et al.,, 2001; Wu et al., 2001) or multivalued
dependencies (Vincent, 2003; Emberly and Mok, 2001). Many notions of XML
functional dependencies (XFD) have been defined by them to represent 