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The eXtensible Markup Language (XML) has recently emerged as a standard for 

data representation and interchange on the web. As a lot of XML data in the web, 

now the pressure is to manage the data efficiently. Given the fact that relational 

databases are the most widely used technology for managing and storing XML, 

therefore XML needs to map to relations and this process is one that occurs 

frequently. There are many different ways to map and many approaches exist in the 

literature especially considering the flexible nesting structures that XML allows. This 

gives rise to the following important problem: Are some mappings ‘better’ than the 

others? To approach this problem, the classical relational database design through 

normalization technique that based on known functional dependency concept is 

referred. This concept is used to specify the constraints that may exist in the relations 

and guide the design while removing semantic data redundancies. This approach 

leads to a good normalized relational schema without data redundancy. To achieve a 

good normalized relational schema for XML, there is a need to extend the concept of 

functional dependency in relations to XML and use this concept as guidance for the 

design. Even though there exist functional dependency definitions for XML, but 
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these definitions are not standard yet and still having several limitation. Due to the 

limitations of the existing definitions, constraints in the presence of shared and local 

elements that exist in XML document cannot be specified. In this study a new 

definition of functional dependency constraints for XML is proposed that are general 

enough to specify constraints and to discover semantic redundancies in XML 

documents.  

 

The focus of this study is on how to produce an optimal mapping approach in the 

presence of XML functional dependencies (XFD), keys and Data Type Definition 

(DTD) constraints, as a guidance to generate a good relational schema. To approach 

the mapping problem, three different components are explored: the mapping 

algorithm, functional dependency for XML, and implication process. The study of 

XML implication is important to imply what other dependencies that are guaranteed 

to hold in a relational representation of XML, given that a set of functional 

dependencies holds in the XML document. This leads to the needs of deriving a set 

of inference rules for the implication process. In the presence of DTD and user-

defined XFD, other set of XFDs that are guaranteed to hold in XML can be 

generated using the set of inference rules.  This mapping algorithm has been 

developed within the tool called XtoR. The quality of the mapping approach has 

been analyzed, and the result shows that the mapping approach (XtoR) significantly 

improve in terms of generating a good relational schema for XML with respect to 

reduce data and relation redundancy, remove dangling relations and remove 

association problems. The findings suggest that if one wants to use RDBMS to 

manage XML data, the mapping from XML document to relations must based be on 

functional dependency constraints.  
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XML (Extensible Markup Language) kini menjadi satu piawaian bagi persembahan 

dan perantaraan data di laman sesawang. Disebabkan semakin banyak data XML di 

gunakan, kini persoalan yang timbul adalah bagaimana untuk menguruskan data ini 

secara efektif. Disebabkan pangkalan data hubungan digunakan secara meluas untuk 

mengurus dan menyimpan data XML, oleh itu XML perlu dipetakan kepada skema 

hubungan dan proses ini berlaku agak kerap. Terdapat pelbagai cara bagaimana 

pemetaan boleh dilakukan dan terdapat pelbagai kaedah yang wujud berdasarkan 

kepada struktur XML yang fleksibel. Ini membawa kepada satu permasalahan yang 

penting: Adakah satu kaedah  pemetaan lebih baik daripada kaedah pemetaan yang 

lainnya? Sebagai pendekatan kepada masalah ini, reka bentuk pangkalan data 

hubungan yang klasik melalui teknik penormalan berdasarkan kepada konsep 

sandaran fungsian dirujuk. Konsep ini diguna untuk menyatakan kekangan yang 

mungkin terdapat dalam data hubungan dan sebagai panduan untuk mereka bentuk 

data hubungan di samping menghapuskan pertindihan data semantik. Pendekatan ini 

membuka laluan kepada satu reka bentuk skema hubungan normal yang baik tanpa 
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pertindihan data. Untuk mencapai skema hubungan normal yang baik, konsep 

sandaran fungsian dalam data hubungan perlu diperluaskan kepada XML dan 

seterusnya menggunakan konsep ini sebagai panduan untuk mereka bentuk. 

Walaupun definisi sandaran fungsian bagi XML telah wujud tetapi definisi ini belum 

mencapai taraf yang piawai dan masih mengalami pelbagai kekurangan. Disebabkan 

kekurangan ini, kekangan tidak dapat dinyatakan sekiranya elemen-kongsian dan 

elemen-lokal wujud di dalam dokumen XML. Di dalam kajian ini satu definisi 

sandaran fungsian yang lebih umum dicadangkan untuk menyatakan kekangan dan 

mengesan pertindihan data semantik dalam dokumen XML.  

 

Tumpuan kajian ini adalah mencadangkan satu kaedah pemetaan dengan kehadiran 

kekangan sandaran fungsian XML, kekunci dan Definisi Jenis Dokumen (DTD) 

sebagai panduan untuk menghasilkan satu skema data hubungan yang baik. Sebagai 

pendekatan kepada permasalahan ini, tiga komponen diterokai: algoritma pemetaan, 

sandaran fungsian bagi XML dan proses penaakulan. Kajian ke atas penaakulan 

XML adalah penting untuk mentaakul sandaran fungsian lain yang wujud dalam 

perwakilan data hubungan bagi XML, apabila diberi satu senarai sandaran fungsian. 

Ini membawa kepada keperluan menjana satu senarai petua taakulan. Dengan 

kehadiran DTD dan sandaran fungsian yang diberi oleh pengguna, sandaran fungsian 

lain yang dijamin menepati kekangan XML dapat dijana berdasarkan kepada petua 

taakulan. Kaedah pemetaan ini dibangunkan ke dalam alat pemetaan yang dipanggil 

XtoR. Keberkesanan cadangan kaedah pemetaan ini dianalisis dan hasil analisis ini 

menunjukkan XtoR mampu menghasilkan skema data hubungan yang baik bagi 

XML dari segi mengurangkan pertindihan data dan jadual, mengurangkan jadual 

tergantung dan mengurangkan masalah jadual berkait. Daripada penemuan ini, kajian 
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ini mencadangkan sekiranya XML dokumen ingin diuruskan oleh Sistem Pangkalan 

Data Hubungan, kaedah pemetaan mestilah berdasarkan kepada sandaran fungsian. 
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CHAPTER 1 

 
INTRODUCTION 

 

This chapter introduces the thesis. The discussion starts in Section 1.1 on the 

importance of Extensible Markup Language (XML) technology in data exchange 

environment. With the large amount of data being represented in XML on the web 

today, the question on how to manage this data effectively is raised. Studies (Liu et 

al., 2006; Fan, 2005; Kay, 2003) have shown that relational technology is still the 

best alternative to manage XML contents. Therefore, the need to map XML to 

relational schema has increased. The main problem in this context is to define what 

will be the best design in producing XML contents in the relational environment.  

 

To approach this problem, the first thing that needs to be done is to define what is 

meant by “the best mapping method”. This unsolved puzzle, finding the best 

mapping for designing XML in relations, has become the motivation for the study. In 

Section 1.2, the existing problems in the mapping methodology are being discussed 

extensively and the criteria for being good design for XML in relations are also 

precisely defined. The motivating examples in Section 1.3 discuss the remaining 

issues in the existing mapping problems and this is the key to the formulation of this 

study. Research questions are identified and defined in Section 1.4. Objectives of the 

study are outlined in Section 1.5. In Section 1.6, the significance of research is 

clearly stated. The limitation and key assumption for the study are defined in Section 

1.7. The methodology of research is broadly presented in Section 1.8. Finally, the 

overall organization of the thesis is described in Section 1.9.  
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1.1 Background Of Studies 

 

XML technology, (Bray et al., 1998) recommended by the World Wide Web 

consortium, has fast become the dominant standard for data interchange and data 

representation on the web. It enables the storage of structured information and 

provides a platform-independent means to describe data. Therefore, it makes 

transporting data from one platform to another become easy. With these features, 

XML has enabled the communication between different computing systems, which 

was impossible or very hard to do before. XML thus provides a universal framework 

for the interchange of data regardless of the platforms and data models of the 

applications. Computing world now has a new way of implementing a distributed 

application systems. Nowadays, the majority of both traditional business applications 

and Internet based applications depend on databases management system in order to 

be operational (Abiteboul et al., 2000). To maintain data in a database, it must be 

retrieved and stored in a consistent, reliable, and efficient manner. With the large 

amount of data now being represented in the XML on the web, the question raised is, 

how to manage the data in terms of storing, updating and accessing in the same 

manner as it was done in database information system.  

 

Since an XML document is a prime example of semi-structured technology, there has 

been an effort to use this technology to manage XML. Using semi-structured 

technology is indeed a viable alternative and there are considerable works in this 

community that focus on exploiting this approach. But the other issue that might rise 

is whether this is the only approach that we have. By using semi-structured database 

we may ignore nearly three decades of research and development in building and 
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maturing relational database systems, which have the commercial strength from the 

giant vendors. Furthermore, relational databases are famous for data management in 

terms of storing, updating and searching capabilities through its communication 

language (Structured Query Language). In view of the maturity of this technology, 

XML data shall adapt to the way how data has been managed in relational, therefore, 

need to be stored in relations. It is oblivious that relational database management 

systems (RDBMS) will remain dominant in managing business data in the 

foreseeable future due to their powerful data management services 

(Shanmugasundaram, 1999). With this approach, XML document will be represented 

as a relational database and users can access the document by using the same 

mechanism as being used in relational database. Once they are created, the queries 

(including search, insert, update, delete) over the document are translated into 

queries over a normal relational database and the result of the queries will be 

translated back into XML, where all these processes will be done internally 

(Krishnamurthy et al., 2004; Shanmugasundaram et al., 2000). 

 

Numerous researches focusing on the mapping process between XML documents 

and relational databases (Lv and Yan, 2006; Chen et al., 2003; Shanmugasundaram, 

1999; Florescu and Kossman, 1999a). The main intention was to take advantage of 

the properties from both presentations. This is the similar problem that we would like 

to address in this study. However, in the mapping context, another problem arises: 

Given an XML document and its constraints, how to design a good relational schema 

to store the XML data? The issue of how to design good relational database has been 

the central focus in the database research. The industry has gone through the bad 

experience and suffers a very high maintenance cost when the database was 
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poorly designed. To approach this problem, the analogy of designing relational 

database is referred, with regard that the design is considered good if the database 

schema is redundancy free without anomaly problems (Elmasri and Navathe, 2006; 

Abiteboul et al., 1995; Batini et al., 1992).  This design theory is based on the 

normalization technique which based on the well known functional dependencies. 

We believe that the study of this design technique in the context of XML is equally 

significant towards designing good relational schema for XML. To achieve good 

non-redundant relational schema for XML is important in order to avoid higher data 

storage cost, increased cost for data transfer, and data manipulation. Furthermore 

data redundancy could lead to potential update anomalies, rendering the database 

inconsistent. Therefore the problem that being investigated in this research is, how to 

extend the classical approach used in designing relational database and transform the 

finding to become the best mapping approach for designing XML in relations.  

 

The notion of functional dependency (FD) plays a central role in specifying 

constraints and discovering redundancies in relational databases, and should play a 

central role in XML as well. However, it is not immediately obvious how to extend 

the definitions of redundancies from relations to XML because of the flexible 

structure of XML. Also the concept of functional dependency in relations does not 

immediately applies to XML. Now, the theory of functional dependencies in 

relational database context has matured. If we are to achieve the same functionality 

for XML in relations, it is essential to adapt the study of functional dependency in 

the context of XML. Recent studies in the context of integrity constraint for XML 

paying particular attention to the class of functional dependencies (Wang and Topor, 

2005; Schewe, 2005; Arenas and Libkin, 2004; Vincent et al., 2004) as 
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renewed interest in designing XML schema in relational setting in the presence of 

these constraints (Lv and Yan, 2006; Chen et al., 2003; Qing et al., 2003). Figure 1.1 

summarizes the current trends using XML for data exchange that leads to the needs 

of mapping from XML to relations in the presence of functional dependency. The 

problems faced during the mapping have lead to the motivation of this study.  
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Figure 1.1: Trends for Data Exchange in Web Application Leading to the Problem 

Database design 

Pressures on Managing XML Data 
 
 XML data needs to be managed in terms of storing, updating and retrieving in a 

consistent and reliable manner. 
 XML suffers from conflicting manner and not suitable for managing data in a 

database. 

Challenges in the Mapping Process 
 
 XML comes with irregular structures with nested elements and redundancies. 
 Need a formalization to specify constraints and redundancies in XML.  
 Limited mechanism to express semantics and structural constraints for XML. 

The Problem 
 
 How to use functional dependency to capture constraints, identify redundancies in 
XML and guide the design processes. 

 Existing mapping that considers functional dependency fail to produce good 
relational schema for XML in the presence of shared, set and local element. 

Trends in Data Exchange in Web Application 
 

 XML becomes dominant in data exchange. 
 XML able to transport data from one platform to another. 
 Growing amounts of XML data to be managed. 

Advances in Relational Technology 
 
 Effective and mature technology. 
 Use FD to generate non-redundant 
database design thru normalization. 

 Maintain data consistency, reduce 
anomaly problems during update. 

Advances in XML Constraints 
 
 Integrity constraints for XML started to 
emerge (keys, foreign keys, FD, MVD, 
path inclusion). 

 Add semantics to XML. 
Can identify redundancy in XML.  
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