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Abstract 
 
The aim of this thesis work is to evaluate efficient storage and querying techniques for 
storing and querying XML based Bioinformatics data. Many XML based formats are 
available for representing biological data. 
 
Presently, many data storage tools along with strong query techniques are in use for 
handling XML data. These are categorized into three major types, Relational databases 
(RDBMS), Native XML databases and XML enabled databases. 
 
The test is performed on XML based SBML Data (level 2 version 1). Bioinformatics data 
has been stored in different types of databases with the goal of evaluating the 
performance of XPATH (Native XML Database, XEDB) and SQL (RDBMS).  
 
In case of RDBMS data has been mapped into tables. In case of Native XML databases 
and XEDB data has been stored as a whole in an XML variable. Furthermore, several 
XPATH is performed on Native XML database and on XEDB. SQL is performed on 
RDBMS.  
 
Our conclusion is that, the performance of XPATH on Native XML database is better 
than that of XEDB. Furthermore, when data is stored in RDBMS, SQL performed best 
for querying specific information. 
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Chapter 1 
 

INTRODUCTION 
 

1.1 Background 
 
One recent focus of molecular biology is to analyze the interactions among proteins 
[BIO]. Keeping track of participants and products of some biochemical reactions is not an 
easy task. Good data base system along with efficient query mechanism is required to 
store this huge amount of data produced from biological research areas [BIO].  
 
The main concern is to be able to store these datasets in a well organized format so that 
the specific data could be available at any time. To meet this goal, data is stored in 
different databases in their supported format. One such approach is Reactome Project. It 
is developed in a collaboration of Cold Spring Harbor Laboratory, The European 
Bioinformatics Institute and Gene Ontology Consortium [REA]. Reactome database 
mainly provides human biology reaction and pathways. It supports SBML data. 
 
Since, existing databases differs in their supported formats and tools, it might be difficult 
to exchange data in between these databases. Many existing databases use XML standard 
for representing protein, gene or protein reactions (SBML and PSI MI both are XML 
standard formats used by Reactome and IntAct databases consecutively) [LSP05]. 
 
Currently available RDBMS are well known for handling and querying large datasets 
stored in tabular format. Recently they offered many features for storing and 
manipulating XML standard data. 
 
In this thesis the aim is to investigate whether the XML features of currently available 
RDBMS databases (SQL Server 2005, IBM DB2) are able to deal with XML Standard 
biological data, in terms of efficient storage and querying techniques. 
 
For performance comparison, one native XML database (eXist) is chosen as well. 
 

1.2 Problem overview 
  
As, discussed before bio-chemical reactions producing huge bio-informatics data, so, 
there is a necessity to represent these data in a well organized format.  
 
XML standard formats are used to represent the bio-informatics data produced from bio-
chemical reaction. The reason of choice is due to flexibility of XML technology. 
 
Unlike HTML, XML is a technology that allows user to define own tag. Due to this 
excellent feature of XML many biological data representation standards have been 
introduced.  
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Consequently, the rapidly changing data sets are represented and exchanged using XML 
based data formats (PSI MI [PSI1], SBML [SBM1] etcetera). More about these data 
formats are discussed later in this thesis. 
 
It is an introductory question that, how well equipped the existing database tools to store 
and perform query on that data sets and whether there is any efficient mapping techniques 
to shred XML data in RDBMS tools. 

 
1.3 Goals 
 
In this thesis main concern is to investigate and analyze the XML support of XEDB, 
RDBMS and Native XML database tools. Here, XML standard biological data is selected 
for test purpose. As our main concern is bioinformatics, we have chosen SBML data from 
Reactome. 
 
The goal is to evaluate the possibilities of managing XML standard biological data by 
analyzing the features of RDBMSs and Native XML dbs on selected data format.  
 
In chapter 5, the test contents and the purpose of this thesis are more elaborately 
discussed.  
 

1.4 Method 
 
To accomplish this thesis work the following methods are considered. 
 
  1.4.1 Study of relevant areas 
 

i. At first theoretical study is done on several areas of XML technology, suppose, its 
strength, its features and several related topics like DTDs, XML schema, and 
XQuery 

 
ii. Similar type of study is performed on several database tools, suppose, Native 

XML, RDBMS and XML enabled databases. 
 
iii. Study of some biological fields keeping main focus on Proteins, Genes, 

Interaction of Proteins, Pathways and similar related fields. 
 
iv. Study of XML based format which allows representation of protein interaction 

and pathway data. 
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1.4.2 Implementation 
  

Steps: 

 
1. XML based SBML data is selected for performing the tests. 
 
2. Performance of Native XML, XEDB and RDBMS database is observed for same 

query. 
      

1.4.3 Result analysis 
 
Analysis is performed on XML Repository of IBM DB2 and Microsoft Sql Server. The 
capability of these tools for storing XML file in repository, mapping XML data into 
RDBMS and performing query is closely observed. Further explanation about the 
features of these tools is provided later.  
 

1.5 Thesis Structure 
 
The structure of the document is discussed here. 
 
Chapter 2: This chapter discusses XML features and components. Almost all major 
XML components and features like DTD, XML Schema, XML Namespaces, XPATH, 
XQuery are discussed here. 
 
Chapter 3: This chapter discusses about XML features of existing RDBMS, XML 
Enabled Database and Native XML database tools. This discussion includes tools like 
Oracle, DB2, SQL Server and eXist. 
 
Chapter 4:  Biological information like Genes, Protein, DNA, and Pathway are briefly 
discussed here. At the same time structure and purpose of some XML standard biological 
document are explained here. The discussion is limited within the scope of this thesis 
work. 
 
Chapter 5:   Test contents and test specifications are discussed here. Test cases for this 
project are defined here. The purpose of the test cases is discussed as well. 
 
Chapter 6:  This chapter discusses implementation phase of this project. It discusses 
database setup, data storage, data mapping and other technical processes. 
 

Chapter 7:   Outcome of the implementation phase is discussed here. Results of the tests 
are included here. Test results are analyzed here as well. 
 
Chapter 8:   This chapter concludes the thesis work. It includes further discussion of 
achieved results and suggestion for future work. 
 
Appendix and References are added at the end. 
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1.6 Reading Directions 
 
To get information about XML technology one must read chapter 2 at first. People who 
have in depth knowledge of XML technology can skip this chapter as because the chapter 
discusses very common and main elements of XML technology. 
 
Basic biological information which is relevant to this thesis work is added in chapter 4. 
Information of XML standard biological document also included here.  
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Chapter 2 
 

EXTENSIBLE MARK-UP LANGUAGE-XML 
 

2.1 BACKGROUND 
 
XML was introduced to provide flexible data storage and data representation technique. 
Among the existing technologies (HTML, DHTML) XML is the best option for 
representing data. 
 
As an example, representing data using HTML is not efficient as because in HTML data 
can not be separated from the tags that are used to format data for different types of view 
in the web page. In HTML data and tags are coded in the same place. It is shown in the 
example below. 
 
    Listing 2.1: HTML example 
 
<h4>Artist</h4> 
<table border="1"> 
<tr> 
  <th>First Name:</th> 
  <td>Ian Gillian</td> 
</tr> 
.. 
</table> 
 
Hence, the pure data field Ian Gillian and the tag field <td> are joined together [B01]. 
So, it is not possible to represent the same data in several other formats without changing 
the tags. If it is needed to represent the same data in several formats then distinct HTML 
file is needed to write which also includes the same data with different tags that 
corresponds to specific design format. As a result the HTML file becomes redundant. 
 
Suppose, if we want to show the data of Listing 2.1 with different header and different 
table border then we have to write the entire HTML file again with different header and 
table border. 
 
<h3>Performer</h3> 
<table border="3"> 
<tr> 
  <th>First Name:</th> 
  <td>Ian Gillian</td> 
</tr> 
.. 
</table> 
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Another problem with HTML is that, all the tags are predefined and users can not define 
his/her own tags which makes HTML truly restricted for users to use it freely.  
 
The main purpose of XML is to hold data. We can get different design view of same 
XML data using different style sheets (style sheets define the design view of data suppose 
header size, text size, title etcetera). In that case style sheets don’t need to include the 
data in its code rather a reference to the style sheet is added in the XML file. The 
following XML file adds a reference to the style sheet cdcatalog.xsl. 
 

Listing 2.2 A: XML example [W3S8] 
 
<?xml version="1.0" encoding="ISO-8859-1"?> 
<?xml-stylesheet type="text/xsl" href="cdcatalog.xsl"?> 
<catalog> 
  <cd> 
    <title>Empire Burlesque</title> 
    <artist>Bob Dylan</artist> 
    <country>USA</country> 
    <company>Columbia</company> 
    <price>10.90</price> 
    <year>1985</year> 
  </cd> 
. 
. 
</catalog> 
 
A style sheet (Listing 2.2 B) is defined below which specifies the design view of data 
(Listing 2.2 A). Hence, style sheet consists of HTML tags (header, body, title, color 
etcetera). Data are stored in an XML file separately (Listing 2.2 A). 
 
   Listing 2.2 B: cdcatalog.xsl [W3S8] 
 

<?xml version="1.0" encoding="ISO-8859-1"?> 
<xsl:stylesheet version="1.0" 
xmlns:xsl="http://www.w3.org/1999/XSL/Transform"> 
<xsl:template match="/"> 
  <html> 
  <body> 
    <h2>My CD Collection</h2> 
    <table border="1"> 
    <tr bgcolor="#9acd32"> 
      <th align="left">Title</th> 
      <th align="left">Artist</th> 
    </tr> 
    <xsl:for-each select="catalog/cd"> 
    <tr> 
      <td><xsl:value-of select="title"/></td> 
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      <td><xsl:value-of select="artist"/></td> 
    </tr> 
    </xsl:for-each> 
    </table> 
  </body> 
  </html> 
</xsl:template> 
</xsl:stylesheet> 
 
Hence, the data in the above xml file (Listing 2.2 A) would be shown according to the 
design specification of cdcatalog.xsl file. 
 
We can get another design view of the above xml file (Listing 2.2 A) by adding reference 
of another XSL file instead of cdcatalog.xsl. So, we don’t need to change the content of 
xml file. 
 
From this discussion it is cleared that unlike HTML in XML data is separated from 
design specifications (tags like title, font size, header size etcetera).  

 
2.2 XML COMPONENTS AND FEATURES 
 
XML stands for Extensible Markup Language [W3C 2006A]. It is developed by World 
Wide Web Consortium (w3c) in 1996 [W3C 2006A]. In XML extensible implies that, it 
is not restricted with predefined tags, user can add their own tags as their requirements. 
XML describes data and facilitates data sharing among different applications in the 
internet.  
 
In XML data are stored either as elements or as attributes. In case of elements data are 
stored in between starting and ending tags. In case of attributes data are stored in the 
beginning tags. 
 
Well formed XML documents 

 
• In well formed XML document there is exactly one root element which contains 

all other elements [W3C 2006A]. More about well formed XML document are 
discussed later in this section. 

 
• There can be many elements and these must be nested in an organized way, it can 

not be nested haphazardly within each other [W3C 2006A]. More discussion 
about the organization of an XML document is given below. 

 
The organization of the following tags is not well formed. Hence, tag <to> started first, 
but before it is ended another tag <from> started. Again to is ended in between starting 
and ending tag of from.  
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<?xml version="1.0" encoding="ISO-8859-1"?><note id="p501"> 
  <note>   
            <to>Tove<from> 
            </to>Jani</from> 
  </note> 
 
Well formed XML document does not support this mixing. The well organization of the 
above tags is as below. 
 
<?xml version="1.0" encoding="ISO-8859-1"?><note id="p501"> 
  <note>   
 <to>Tove</to> 
 <from>Jani</from> 
  </note> 
 
More complete example of a well formed XML document is given below. 
 

Listing 2.3: XML example [W3S1] 
 

<?xml version="1.0" encoding="ISO-8859-1"?><note id="p501"> 
  <note>   
    <to>Tove</to> 
    <from>Jani</from> 
    <heading>Reminder</heading> 
    <body>Don't forget me this weekend!</body> 
  </note> 

In listing 2.3; <to>, <from>, <note> all are user defined tags [W3S1]. In the same 
example, <note> is the root element and <to>, <from>, <heading>, <body> these are the 
child elements [W3S1]. At the same time <to>, <from>, <heading>, <body> are the 
siblings as because they have the same parent element <note> [W3S1]. The contents of 
elements represent the raw data. Hence, in our example Tove, Jani, Reminder etcetera are 
raw data, here id is an attribute which has the value p501 [W3S1]. It's mandatory to 
represent attribute value with quotation.  
 
The above document is well formed XML document as because it has only one root 
element (<note>) and root element contains all the child elements. Furthermore, starting 
and ending tags of the elements are not mixed within each other. 
 
Major capabilities of XML 
 

• Heterogeneity: In real world there exist different types of data. Real world data 
can be represented in XML document as different data fields [CRZ]. 

 

• Extensibility: Different types of data can be included in documents instantly if it 
is difficult to predetermine them [CRZ]. 
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• Flexibility: XML has no problem with the size of data. Data size may vary 
according to requirements [CRZ]. 

 
2.3 XML Namespaces 
 

As mentioned before, in XML, users are free to define their own tags and element names. 
So, there is good possibility of name conflicts when two different documents with same 
tags and element names are combined together. Namespace is used to avoid this name 
conflicts [W3C 2006B]. 
 
In a document, a namespace can appear anywhere [W3C 2006B]. If it is added in root 
element then it is applicable for whole document. If it is added in any other element then 
it is valid for the element itself and the elements nested in it. 
 
Reserved attributes are used for namespace declaration and it is restricted to use xmlns as 
attribute name [W3C 2006B]. The attribute value set to a Unified Resource Identifier 
(URI) [W3C 2006B]. Generally URIs indicates resource location for a particular web 
page. 
 
The URIs below can uniquely define two unique namespaces. 
 

• http://www.w3.org/TR/html4/ 
• http://www.w3schools.com/furniture 

 
Namespaces can be associated with prefix. In that case unique prefix are used for each 
namespace [W3S10]. Prefix connects elements and attributes with corresponding 
namespace. Namespace with prefix is shown in an example at the end of this section. 
 
Namespaces are further explained by following examples. 
   

Listing 2.4: XML document [W3S2] 
  

<table> 
   <tr> 
      <td>Apples</td> 
      <td>Bananas</td> 
   </tr> 
</table> 

     Listing 2.5: XML document [W3S2] 
<table> 
   <name>African Coffee Table</name> 
   <width>80</width> 
   <length>120</length> 
</table> 
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It is clear that, in above two documents root elements have the same name (table). So, 
there would be definite conflict when they are combined together. To avoid this problem 
these two documents could be represented as follows. 
    

Listing 2.6: XML Namespace [W3S2] 
 
<table xmlns="http://www.w3.org/TR/html4/"> 
   <tr> 
     <td>Apples</td> 
     <td>Bananas</td> 
   </tr> 
</table>            
    

    Listing 2.7: XML Namespace [W3S2]                                      
 
<table xmlns="http://www.w3schools.com/furniture"> 
   <name>African Coffee Table</name> 
   <width>80</width> 
   <length>120</length> 
</table> 

In the above examples, the attribute xmlns is used to represent namespace. The Unified 

Resource Identifier is used as attribute value which must be unique for each document 
[W3S2]. Although generally URIs represents resource locations but hence the URIs are 
not representing any resource location for attributes. Instead they just need to be unique 
to distinguish the elements with the same name in an XML document [W3S2].  
 
In listings 2.6 and 2.7 both have the root element table, but, one is in the scope of 
namespace "http://www.w3.org/TR/html4/” and another is in the scope of namespace 
http://www.w3schools.com/furniture. So, the possibility of conflict between element 
names has been removed. 
 
In the following example, namespaces are associated with prefixes h and f which are 
used with the elements and attributes as reference to the corresponding namespaces. In 
the above document h corresponds to URL http://www.w3.org/TR/html4/ and f 
corresponds to URL http://www.w3schools.com/furniture. 
 

Listing 2.8: XML Namespace [W3S10] 
   
<root> 
<h:table xmlns:h="http://www.w3.org/TR/html4/"> 
   <h:tr> 
   <h:td>Apples</h:td> 
   <h:td>Bananas</h:td> 
   </h:tr> 
</h:table> 
<f:table xmlns:f="http://www.w3schools.com/furniture"> 
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   <f:name>African Coffee Table</f:name> 
   <f:width>80</f:width> 
   <f:length>120</f:length> 
</f:table> 
</root> 
 

2.4 XML as a data model 
 
The main purpose of XML is to represent data. Heterogeneous data can be represented 
using XML and in XML technology user is free to define his/her own tag. So, there is a 
necessity to represent data in an organized way. To ensure this, XML documents are 
structured according to some specifications defined in DTD or in XML Schema. 
 
Following sections discuss about XML schema and DTD. 
 

2.4.1 DTD 
 

DTD [W3S3] (document type definition) defines the structure of XML documents. 
Suppose, it defines the root element and the elements root contains. Furthermore, element 
types are also defined by DTD. DTD can define element as PCDATA ( an element 
includes tags or text element) or CDATA (an element includes only text).  
An XML document is validated by the DTD defined for that document. 
 
In the example below DTD is defined in the XML file. It is wrapped inside DOCTYPE 
definition. The root element note contains four child elements (to, from, heading, body). 
All the child elements are defined as CDATA. 
 
   Listing 2.9: XML DTD [XML1] 
 
<!DOCTYPE root-element [element-declarations]> 
example:  
<?xml version="1.0"?> 
<!DOCTYPE note [ 
  <!ELEMENT note (to,from,heading,body)> 
  <!ELEMENT to      (#CDATA)> 
  <!ELEMENT from    (#CDATA)> 
  <!ELEMENT heading (#CDATA)> 
  <!ELEMENT body    (#CDATA)> 
]> 
<note> 
  <to>Tove</to> 
  <from>Jani</from> 
  <heading>Reminder</heading> 
  <body>Don't forget me this weekend</body> 
</note> 
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According to the definition of DTD all the child elements contain only text. Suppose, 
from element contains the text Jani. 
 
In the above example DTD is included with the XML document itself. DTD could also be 
defined separately; in this case the DTD file name must be added in DOCTYPE 
definition of an XML file. 
 
We can write the entire DTD definition in a separate file. The XML file can add a 
reference to that DTD file. It is shown in the example below. 
    

Listing 2.10: DTD [W3S3] 
 
The specification of note.dtd file is as below 
 
<!ELEMENT note (to,from,heading,body)> 
<!ELEMENT to (#PCDATA)> 
<!ELEMENT from (#PCDATA)> 
<!ELEMENT heading (#PCDATA)> 
<!ELEMENT body (#PCDATA)> 

 
The reference to that DTD file is added in following XML file as <!DOCTYPE note 
SYSTEM "note.dtd"> [W3S3]. So, here DTD file is separated from XML file. Here XML 
file became non redundant and DTD is fulfilling the same purpose as before. 
 

Listing 2.11: XML Document [W3S3] 
 
<?xml version="1.0"?> 
<!DOCTYPE note SYSTEM "note.dtd"> 
<note> 
 <to>Tove</to> 
  <from>Jani</from> 
  <heading>Reminder</heading> 
 <body>Don't forget me this weekend!</body> 
</note>  

2.4.2 XML Schema 
 

XML schema [W3S4] could be treated as an updated version of DTD. The main purpose 
of XML schema is to specify the structure XML documents.  
 
The structured description included in XML schema is used by many automated 
processors like parsers and other XML based tools [XML1]. 
 
XML schema is defined as XSD (XML schema definition) [W3S4]. XML schema 
includes more precise and restricted definition for the elements of an XML document. In 
an XML schema, element properties of an XML document are defined. Suppose an 
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element might be a complex type (element that can nest other elements in it) or a simple 
type element. It defines the type (string, integer or some other type) of data that an 
element may contain the maximum and minimum occurrence of an element in an XML 
document. 
 
In listing 2.12 element person is declared as a complex type element which contains 
full_name and child_name elements. Element full_name is declared as string. Element 
child_name is also declared as string. The constraints (minOccurs, maxOccurs) of 
child_name indicate that it can appear minimum zero time and maximum ten times in the 
document. 
 
Listing 2.13 is an XML document which includes elements according to the laws defined 
in family.xsd schema. 
 
   Listing 2.12: XML Schema family.xsd [W3S5] 
 
<xs:element name="person"> 
   <xs:complexType> 
     <xs:sequence> 
       <xs:element name="full_name" type="xs:string"/> 
       <xs:element name="child_name" type="xs:string"  
        maxOccurs="10" minOccurs="0"/> 
     </xs:sequence> 
  </xs:complexType> 
</xs:element> 

 
Listing 2.13: XML Document [W3S5] 

 
<?xml version="1.0" encoding="ISO-8859-1"?> 
<persons xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
xsi:noNamespaceSchemaLocation="family.xsd"> 
<person> 
   <full_name>Hege Refsnes</full_name> 
   <child_name>Cecilie</child_name> 
 </person> 
 <person> 
   <full_name>Tove Refsnes</full_name> 
   <child_name>Hege</child_name> 
   <child_name>Stale</child_name> 
   <child_name>Jim</child_name> 
   <child_name>Borge</child_name> 
 </person> 
 <person> 
   <full_name>Stale Refsnes</full_name> 
 </person> 
</persons> 
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2.5 Querying XML 
 
As discussed before, any type of data can be represented using XML. Data size varies 
from application to application. When biological data are represented using XML 
technology, document size can be huge. Any specific information could be required by 
any researcher at any time. XPATH and XQuery technologies are introduced to fetch 
specific information from an XML document. 
 
Following sections discuss about XPATH and XQuery techniques. 
 

2.5.1 XPATH 

 

XPATH [W3C 1999C] stands for XML Path Language and is proposed by W3C. 
XPATH defines path expressions. Nodes (namespace, elements etcetera) of XML 
documents are selected using these path expressions. Attributes inside the nodes can also 
be selected using XPATH.  
 
XPATH supports conditional logics (equals, less than, greater than etcetera) to find out 
more specific data from XML document. 
 
In XPATH node levels are represented by slash, which is pretty much similar to file 
system paths. The functions of some common path expressions are discussed below. 
 

Path Expression [W3S9] 
 

• Nodename  Selects all the children of this node. 
• /         Selects root element. 
•  //  Selects all nodes with similar name as declared in that expression.  

Selection starts from current node 
• .  Used to select current element 
• ..  Used to select parent of current element 
• @  Returns attribute 

 

 

The functions of above mentioned syntaxes are further explained by the examples below. 
 

   Listing 2.13: books.xml [W3S9] 
 

<?xml version="1.0" encoding="ISO-8859-1"?> 
<bookstore> 
<book> 
  <title lang="eng">Harry Potter</title> 
  <price>29.99</price> 
</book> 
<book> 
  <title lang="eng">Learning XML</title> 
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  <price>39.95</price> 
</book> 
</bookstore> 
 
 
    Listing 2.14: Path expressions [W3S9] 
 
Path Expression Results 
Bookstore Selects all the child nodes of the bookstore element 
/bookstore Selects the root element bookstore 

Note: If the path starts with a slash ( / ) it always represents an 
absolute path to an element! 

 
bookstore/book Selects all book elements that are children of bookstore 
//book Selects all book elements no matter where they are in the 

document 
bookstore//book Selects all book elements that are descendant of the bookstore 

element, no matter where they are under the bookstore element 
//@lang Selects all attributes that are named lang 

 
Hence bookstore expression is used to select all child nodes, like book and title.  
/bookstore selects root element i.e. bookstore itself. bookstore/book expression selects 
the contents of the book elements like title and price of book elements. 
 
The other expressions return results as discussed in the table. 
 

2.5.2 XQuery 

 
XQuery [W3C 2007D] represents XML Query Language. It is introduced to query 
specific data from XML file [W3C 2007D]. The role of SQL on RDBMS and the role of 
XQuery on XML data are analogous. SQL is well known as strong querying technique in 
RDBMS for decades. Unlike SQL, XQuery is a recent development to carry out query on 
XML data. 
 
The major strength of XML is its capability to represent various types of data. XML is 
vastly used for exchanging, representing and storing heterogeneous types of data from 
diverse sources. XQuery introduced to facilitate retrieval of data from XML file. 
 
XQuery is soley built on XPATH. XPATH can be treated as subset of XQuery. XQuery 
consists of FLWOR expression [W3C 2007D]. FLWOR expression includes iteration and 
it binds variables to results.  
 
The name FLWOR comes from the expressions for, let, order by, and return [W3C 
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2007D]. For expression in XQuery is similar to loop. The purpose of For expression is to 
iterate through elements. The syntax let assigns variable. The expression order by has 
the same purpose as that of SQL. Return expression is used to return the result of the 
query. 
 
Several data retrieval techniques from XML files using XQuery are explained with some 
examples below. If we consider the following document, hence, book names are selected 
which has price over thirty and the selected books are ordered by their title 

 
Listing 2.15: books.xml [W3S6] 

 
<?xml version="1.0" encoding="ISO-8859-1"?> 
<bookstore> 
<book category="COOKING"> 
  <title lang="en">Everyday Italian</title> 
  <author>Giada De Laurentiis</author> 
  <year>2005</year> 
  <price>30.00</price> 
</book> 
<book category="CHILDREN"> 
  <title lang="en">Harry Potter</title> 
  <author>J K. Rowling</author> 
  <year>2005</year> 
  <price>29.99</price> 
</book> 
<book category="WEB"> 
  <title lang="en">XQuery Kick Start</title> 
  <author>James McGovern</author> 
  <author>Per Bothner</author> 
  <author>Kurt Cagle</author> 
  <author>James Linn</author> 
  <author>Vaidyanathan Nagarajan</author> 
  <year>2003</year> 
  <price>49.99</price> 
</book> 
<book category="WEB"> 
  <title lang="en">Learning XML</title> 
  <author>Erik T. Ray</author> 
  <year>2003</year> 
  <price>39.95</price> 
</book> 
</bookstore> 
      

In the following XQuery, a conditional loop expression is written, which iterates through 
the specified path (/bookstore/book) in the books.xml file and returns the title of the book 
with price more than thirty 
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Listing 2.16: XQuery [W3S7] 
 
for $x in doc("books.xml")/bookstore/book 
where $x/price>30 
order by $x/title 
return $x/title 
 
The titles Learning XML and XQuery Kick Start are returned as they both have the 
price above thirty. 
 
    Listing 2.17: Result of Xquery [W3S7] 
 
<title lang="en">Learning XML</title> 
<title lang="en">XQuery Kick Start</title> 
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Chapter 3 
 

Storage of XML 
 
There are many database tools currently available. These are RDBMSs (used mainly for 
business and organizational data), Native XML Databases (introduced specially to handle 
XML documents), XML Enabled Databases (introduced to handle XML document). 
 
Several approaches are being in use for data management and storage. Native XML 
databases like eXist [EX1], Sedna [SE01] are developed only for XML standard formats. 
These systems include indexing and efficient query mechanism.  
 
Another approach is to map the XML standard data in relational tables. By mapping 
XML standard data into tables’ full strength of DBMS and SQL can be achieved for that 
XML data. 
 
Furthermore, a new approach called Hybrid XML database, can play the role of an XML 
enabled database or the role of a Native XML database depending on the requirement of 
the application [XML3]. Oracle, DB2 and SQL Server provide hybrid XML Storage. 
 
Ozone [OZO] is another example of Hybrid XML database. Ozone is an open source 
database, it is object oriented and completely built on java [OZO]. It includes DOM 
implementation to store XML data [OZO]. It is compatible with apache Xerces j and 
Xalan j and it doesn’t include any backend database or mapping mechanism to store 
objects [OZO]. It includes cache and clustered storage to maintain java objects [OZO]. 
 
Some of the above mentioned databases are discussed in this chapter. 
 

3.1 RDBMS and XML Enabled Databases 
 
This chapter focuses on several database management systems. Hence, most discussion is 
done on relational database management systems and the tools that support RDBMS and 
how RDBMS differs from XML representation of data.  
 
Historically, E.F. Codd presented a paper termed as “A Relational Model of Data for 
Large Shared Data Banks”, in 1970 [CODD]. By relational he meant that  
  

• Data are represented as relations to the user (tables with rows and columns). 
• Relational operators capable of manipulating these datasets. 

 
The main data structure of RDBMS is a table. A table includes attributes to represent real 
world data. Attributes must have data types which corresponds to the type defined within 
the specification of database management system. Tables contain data in the form of rows 
and columns. A simple example of tabular representation of data is given below. 
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ID Name 
  
001 Tomas 
002 Jenny 

 
RDBMS supports SQL. The most common operations of SQL are select, insert, delete 
and update. Some major relational database management systems are Oracle [ORA1], 
IBM DB2 [INF1], and Microsoft SQL Server [MSD1].    
 
Since, RDBMS is capable of storing data in an optimized way and it supports strong 
query technique, so, if it is possible to map XML data into RDBMS tables’ then full 
advantage of SQL can be achieved for XML standard data. 
 
In many aspects RDBMS differs from XML representation of data.  
 
The relational model has the following features. 
  

• As discussed before, relational model provides tabular representation of data. 
•  Data must be strongly structured. 
• Schema definition is static and mandatory. All rows of the table comply with the 

same schema definition. 
• Every relationship is represented by primary key and foreign key. 
• In the relational model all rows of a table have the equal number of columns and 

each column must be typed (data type of each column is explicitly defined in 
schema definition). 

 
So, it is clear that relational model follows very precise and strict rule for maintaining 
data but it provides very efficient manipulation of data.  
 
However, due to its stringent nature relational model may not be efficient to represent 
all types of data. 

 
Characteristics of XML is on the other hand, 
 

• XML provides hierarchical representation of data. 
• Data may not be strongly structured all time. 
• XML schema is optional which implies that an XML schema may or may not be 

associated with all XML documents [G05] 
• Both the data and all relationships are represented in XML document [G05] 
• In an XML document, an element can occur zero or more times below the same 

parent [G05]. It is also possible for an XML schema to define the structure and 
data type of a specific portion of an XML document and it may leave the rest of 
the parts of the document undefined [G05]. So, an XML attributes and elements 
might or might not have a defined data type [G05]. Mainly it depends on the 
requirements of the application. 
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The choice whether to use RDBMS or XML for representing data depends on the 
following factor. 
 
The RDBMS is better option if data has the following features. 
 

• It is easy to represent data in tabular format. 
• Data has to be processed with other relational data or same type of application. 
• If it is needed to achieve best possible performance for processing data then 

relational storage is the best choice as because XML data requires extra CPU 
time interpret and parse the document [G05]. 

• Data is independent of hierarchies (parent child relationship)  
 
On the other hand, it is better to represent data in XML if data fulfils following issues. 
 

• It is suitable to represent data hierarchically. 
• Data is changing (irregular or less structured) all time. Suppose data of business 

process and services are changes time to time. So, XML is flexible to represent 
this type of data as schema can be evolved according to the requirements of data 
[G05]. At the same time it is very easy to change XML schema than the relational 
schema [G05]. 

• Data has large number of sparse attributes. Sparse attributes all time contribute 
empty cells in relational table [G05]. 

 
Recently, many of the RDBMS vendors introduced XML support, to provide benefit of 
each storage model to the user. 
 
Hence the features offered by several relational database management systems (DB2, 
SQL Server) for managing XML data are discussed. 
 

3.1.1 Microsoft SQL Server 
 
Microsoft SQL server is provided by Microsoft Corporation. The query language is 
termed as T-SQL (Transact-SQL) [MSD1]. T-SQL is used to perform insert, update, and 
delete operations on RDBMS tables [MSD1]. 
  
As the other systems, Microsoft SQL Server also extended its database support for XML 
files. It includes XML variable which can store entire XML file from a specified 
directory. 
 
Since, SQL Server supports XML data type, so, a user created table can contain one or 
many XML type columns. 
 
In the following example, table XML_VAR declares two variables. It declares an integer 
variable as the primary key field and an XML variable to store XML document or 
content. 
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   CREATE TABLE XML_VAR 
   (prKey INT PRIMARY KEY,  
   xmlCol XML not null) 
  
SQL Server 2005 includes both XML schema based support and non schema based 
support. 
 
XML data is called typed XML when it is associated with XML schema. When XML 
data is not associated with XML schema, it is called untyped XML data.  
 

Untyped XML in SQL Server 2005 

 

The following code creates a table which defines an XML column. Since, xCol is not 
associated with any schema so, it is untyped XML variable. 
  

Listing 3.1: Table with untyped XML column [MSD3] 
 
   CREATE TABLE docs  
   (pk INT PRIMARY KEY,  
    xCol XML not null) 
 
Storing data into untyped XML variable 

 
The following codes insert distinct rows in the docs table. Hence, the insert statement has 
two parameters. First one is an integer value which will be stored in pk column and the 
second one is an XML content which will be stored in untyped XML variable xCol. 
 

Listing 3.2: Storing Data into untyped XML variable [MSD3] 
 
INSERT INTO docs VALUES (1, '<book genre="security" 
publicationdate="2002" ISBN="0-7356-1588-2"> 
   <title>Writing Secure Code</title> 
   <author> 
      <first-name>Michael</first-name> 
      <last-name>Howard</last-name> 
   </author> 
   <author> 
      <first-name>David</first-name> 
      <last-name>LeBlanc</last-name> 
   </author> 
   <price>39.99</price> 
</book>') 
 
INSERT INTO docs VALUES (2,  
'<doc id="123"> 
    <sections> 
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   <section num="1"><title>XML Schema</title></section> 
   <section num="3"><title>Benefits</title></section> 
   <section num="4"><title>Features</title></section> 
    </sections> 
</doc>') 
 
Storing Data into untyped XML variable from file 

 
Since, the size of xml document may vary from application to application and in some 
cases it could be huge. So, it is not realistic to include whole XML document into an 
insert statement when data size is big. 
 
SQL Server 2005 provides option to insert data from a file stored in a directory. 
 
In the following example xmlfile.xml is an xml document which is stored in C:\temp 
directory. This document is stored into xCol variable of doc table as a single blob object. 
 

Listing 3.3: Storing Data into untyped XML variable from a file [MSD3] 
 
INSERT INTO docs  
SELECT 10, xCol 
FROM    (SELECT * FROM OPENROWSET  
      (BULK 'C:\temp\xmlfile.xml', 
      SINGLE_BLOB) AS xCol) AS R(xCol) 
 
 

Typed XML in SQL Server 2005 

 
If an XML schema defines the structure of data in its definition then this schema could be 
associated with the XML type column of a table to make it typed XML column which 
would be used to store XML document structured according to the definition of the XML 
schema. 
 
For an example, in Listing 3.4 myCollection schema defines the structure of an XML 
document and in Listing 3.5 table XmlCatalog defines and XML variable named 
Document which is associated with myCollection schema.  
 

Listing 3.4: XML Schema collection [MSD3] 
 

CREATE XML SCHEMA COLLECTION myCollection AS  
'<xsd:schema xmlns:xsd="http://www.w3.org/2001/XMLSchema"  
  xmlns="http://myBooks"  
   elementFormDefault="qualified" 
  targetNamespace="http://myBooks"> 
  <xsd:element name="bookstore" type="bookstoreType" /> 
  <xsd:complexType name="bookstoreType"> 
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   <xsd:sequence maxOccurs="unbounded"> 
     <xsd:element name="book" type="bookType" /> 
   </xsd:sequence> 
  </xsd:complexType> 
  <xsd:complexType name="bookType"> 
   <xsd:sequence> 
     <xsd:element name="title" type="xsd:string" /> 
     <xsd:element name="author" type="authorName" /> 
     <xsd:element name="price" type="xsd:decimal" /> 
   </xsd:sequence> 
   <xsd:attribute name="genre" type="xsd:string" /> 
   <xsd:attribute name="publicationdate" type="xsd:string" /> 
   <xsd:attribute name="ISBN" type="xsd:string" /> 
  </xsd:complexType> 
  <xsd:complexType name="authorName"> 
   <xsd:sequence> 
     <xsd:element name="first-name" type="xsd:string" /> 
     <xsd:element name="last-name" type="xsd:string" /> 
   </xsd:sequence> 
  </xsd:complexType> 
</xsd:schema>' 
 
According to the above discussion in Listing 3.5, Document is a typed XML column and 
it can store XML documents which are structured according to the rules defined in 
myCollection schema.  
 

Listing 3.5: Table with typed XML Column [MSD3] 
 

  CREATE TABLE XmlCatalog (  
    ID INT PRIMARY KEY,  
    Document XML(CONTENT myCollection)) 
 
Storing Data into typed XML Column 

 
To insert data into typed XML column it is needed to specify the name space of the 
declared schema. In the following example the namespace http://myBooks is added with 
the XML content. Hence, the namespace corresponds to the namespace of the 
myCollection schema (Listing 3.4) 
 

Listing 3.6: Storing Data into typed XML variable [MSD3] 
 
INSERT XmlCatalog VALUES(1, '<?xml version="1.0"?> 
<bookstore xmlns="http://myBooks"> 
  <book genre="autobiography" publicationdate="1981"  
      ISBN="1-861003-11-0"> 
    <title>The Autobiography of Benjamin Franklin</title> 



 24 

    <author> 
      <first-name>Benjamin</first-name> 
      <last-name>Franklin</last-name> 
    </author> 
    <price>8.99</price> 
  </book> 
</bookstore> 
') 
 
Microsoft SQL Server 2005 has several options to map XML document in RDBMS table.  
 
One option is to use OPENXML function to shred data into RDBMS table [MSD2]. 
OPENXML function is similar to XMLTABLE function of DB2. This function returns 
row set view of the data.  
 
The OPENXML function is explained in the example below. Hence the XML file is 
stored in the @doc variable. Combination of XPATH and SQL is used to extract the data 
from XML document. Row set view of the data is provided below.  
 
So, by adding insert statement just before select statement, the rows can be inserted in a 
predefined table. 
    

   Listing 3.7: OPENXML [MSD2]    
 

DECLARE @doc varchar(1000) 
SET @doc =' 
<ROOT> 
<Customer CustomerID="VINET" ContactName="Paul Henriot"> 
   <Order CustomerID="VINET" EmployeeID="5" OrderDate="1996-07-04T00:00:00"> 
      <OrderDetail OrderID="10248" ProductID="11" Quantity="12"/> 
      <OrderDetail OrderID="10248" ProductID="42" Quantity="10"/> 
   </Order> 
</Customer> 
<Customer CustomerID="LILAS" ContactName="Carlos Gonzlez"> 
   <Order CustomerID="LILAS" EmployeeID="3" OrderDate="1996-08-16T00:00:00"> 
      <OrderDetail OrderID="10283" ProductID="72" Quantity="3"/> 
   </Order> 
</Customer> 
</ROOT>' 
 
Execute a SELECT statement that uses the OPENXML rowset provider. 
 
SELECT    * 
FROM       OPENXML (@doc, '/ROOT/Customer',1) 
            WITH (CustomerID  varchar(10), 
                  ContactName varchar(20)) 
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OPENXML function includes the XPATH expression. According to this XPATH 
expression customer ids and contact names are returned in the tabular format from the 
stored XML document.  

Here is the result set:  

CustomerID ContactName           
---------- --------------------  
VINET      Paul Henriot 
LILAS      Carlos Gonzlez 
 
So, by preceding an insert statement to the above-mentioned select statement, returned 
values can be inserted into a predefined relational table. 
 
Another option is to use node function of XML variable. In this project, node function of 
XML variable is used to map XML data into Microsoft SQL Server RDBMS table.  
 
Node function is almost similar to OPENXML function. As OPENXML function, node 
function takes XPATH expression as its parameter. Example of node function is included 
in section 6.6. 
   

3.1.2 IBM DB2 Express-C 

 
IBM DB2 is a well known relational database management system. It was the first tool to 
support SQL [INF1]. It is well known as an object relational database. Besides, relational 
schema and query techniques it also made an effort to manage large XML data files. It is 
designed to be platform independent [INF1]. 
 
In this project, XML file is stored in XML type attribute of a table and XMLTABLE 
[DB2 A] function is implemented in that stored file. 
 
We noticed earlier that XQuery (listing 2.17) returns the result as nodes of XML 
document. Unlike XQuery, XMLTABLE function returns the results in relational format 
[DB2 A]. This unique feature of XMLTABLE function makes it possible to map an XML 
document (stored in XML attribute) into relational tables. 
 
The mechanism of XML TABLE function is discussed below with an example. 
 
Hence, XML TABLE function includes XPATH expression which returns id and name 

value of all reaction from the XML document in tabular format. 
 
Since, XML TABLE function returns value into tabular format so it is possible to insert 
these values into table. 
 
To insert these returned value into a predefined relational table (reaction), an insert 
statement preceded by the select statement which inserts the values into reaction table. 
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insert into reaction(id, reaction) 
SELECT X.* 
FROM reactome_data,  
XMLTABLE ('$d/model/listOfReactions/reaction' passing reactome_doc as "d"  
   COLUMNS  
   id VARCHAR(200) PATH '@id', 
   name VARCHAR(250) PATH '@name' 
    
) AS X 
 
IBM DB2 9.5 offers update features which is a newly added functionality. The earlier 
version of DB2 like DB2 9 provides support to store and index data. At the same time, it 
provides support for querying data using SQL/XML and XQuery languages. But, only 
DB2 9.5 provides update functionality in DB2 family [IBM]. It also includes all the 
functionalities of the previous versions of DB2. 
 
Update functionalities of DB2 9.5 are discussed below with several examples. 
 
Following code defines a table with two fields. One is an integer and another is an XML 
type field. 
     
   Listing 3.8: Table xmlcustomer [IBM] 
    
   create table xmlcustomer  
   (cid bigint,  
   info XML); 
  
Followings are the insert statements which insert two rows in the xmlcustomer table. 
Later update functionalities are performed in the inserted data. 
 
   Listing 3.9: Inserting data into table xmlcustomer [IBM] 
 
insert into xmlcustomer values (1000, ' 
<customerinfo> 
        <name>John Smith</name> 
         <addr country="Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </addr> 
        <phone type="work">963-289-4136</phone> 
</customerinfo>'); 
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insert into xmlcustomer values (1001, ' 
<customerinfo> 
        <name>David Patterson</name> 
        <addr country="Canada"> 
                <street>Fifth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </addr> 
        <phone type="work">222-222-2222</phone> 
        <phone type="cell">333-333-3333</phone> 
</customerinfo>'); 
 
Following update statement is used to alter the phone number of a customer. Here, set 
clause is used to assign updated value to the XML variable info.  
 
Hence, XMLQuery function which contains XQUERY/XPATH expression is embedded 
with an SQL statement. As because in the following code, update and where clause are 
the part of SQL statement. So, SQL statement is combined with XMLQuery function to 
get desired result. 
 
   Listing 3.10: Inserting data into table xmlcustomer [IBM] 
 
update xmlcustomer 
set info = xmlquery( 'transform  
                   copy $new := $INFO 
                   modify do replace value of $new/customerinfo/phone with "905-477-9011" 
                   return  $new')  
where cid = 1000; 
 
Before the execution of update operation the document looks as follows. 
 
  Listing 3.11: The stored XML document before update operation [IBM] 
 
<customerinfo> 
        <name>John Smith</name> 
        <addr country=“Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </addr> 
        <phone type="work">963-289-4136</phone> 
</customerinfo> 
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After the execution of update operation the old phone number 963-289-4136 is changed 
to a new phone number 905-477-9011 which is specified in the update operation. 
 

Listing 3.12: The stored XML document after update operation [IBM] 
 
<customerinfo> 
        <name>John Smith</name> 
        <addr country=“Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>90111</zipcode> 
        </addr> 
        <phone type="work">905-477-9011</phone> 
</customerinfo> 
 
 
Update according to Schema validation 

 

If there exist a predefined schema for stored XML document then the updated value of a 
node must comply with the rule defined for that node in that schema. 
 
In the example below the role of XMLVALIDATE function is to justify whether the 
modified value is valid according to the rule defined in the XML schema with the 
identifier cust.custschema. The update statement will not work if the validity check fails. 
 

Listing 3.13: Update according to schema validation [IBM] 
 
update xmlcustomer 
set info = xmlvalidate(xmlquery(' 
              copy $new := $INFO 
              modify do replace value of $new/customerinfo/phone  
              with "905-477-9011" 
              return  $new ') 
              according to xmlschema id "cust.custschema") 
where cid = 1000; 
 
It is possible to insert, delete, rename and replace nodes with update statement. In all 
cases modify clause is used in the update statement and it is needed to specify the path of 
the node on which the operation is performed.  
 
Modify clause modifies the document by deleting or by inserting or by renaming a node. 
The desired operation is to be included in the modify clause. 
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Delete operation with update command 

 
The following code is used to delete an element from the stored XML document. It 
deletes the phone element from the XML document. The path /customerinfo/phone is 
specified in modify do delete statement. 
 

Listing 3.14: Delete Operation [IBM] 
 
update xmlcustomer 
set info = xmlquery('copy $new := $INFO 
              modify do delete $new/customerinfo/phone 
              return  $new') 
where cid = 1000; 
 

Listing 3.15: XML document before deleting the phone element [IBM] 
 

<customerinfo> 
        <name>John Smith</name> 
        <addr country="Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </addr> 
        <phone type="work">963-289-4136</phone> 
</customerinfo> 
 
The phone element along with its attribute and value is deleted as a result of the 
command mentioned in listing 3.14 
 

Listing 3.15: XML document after deleting the phone element [IBM] 
 
<customerinfo> 
        <name>John Smith</name> 
        <addr country="Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </addr> 
</customerinfo> 
 
 
 
 
 



 30 

It is also possible to delete attribute of an element the following statement deletes the 
type attribute of the phone element. 
 

Listing 3.16: Deleting attribute [IBM] 
 
update xmlcustomer 
set info = xmlquery('copy $new := $INFO 
              modify do delete $new/customerinfo/phone/@type 
              return $new' ) 
where cid = 1000; 
 
 
Listing 3.17: XML document before deleting the type attribute of phone element [IBM] 
 
<customerinfo> 
        <name>John Smith</name> 
        <addr country="Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </addr> 
        <phone type="work">963-289-4136</phone> 
</customerinfo> 
 
The command listed in 3.16 deletes the type attribute of the phone element. The 
following document is resulted after the execution of the above mentioned command 
(listing 3.16) 
 
Listing 3.18: XML document after deleting the type attribute of phone element [IBM] 
 
<customerinfo> 
        <name>John Smith</name> 
        <addr country="Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </addr> 
        <phone>963-289-4136</phone> 
</customerinfo> 
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Rename operation with update command 

 
Rename operation mainly renames the node name. The following statement renames the 
specified node into another name. 
 

Listing 3.19: Rename Operation [IBM] 
 
update xmlcustomer 
set info = xmlquery('copy $new := $INFO 
              modify do rename $new/customerinfo/addr as "address" 
              return  $new' ) ; 
 

Listing 3.20: Document before renaming the node addr [IBM] 
 
<customerinfo> 
        <name>John Smith</name> 
        <addr country="Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </addr> 
        <phone type="work">963-289-4136</phone> 
</customerinfo> 
 
The above command (listing 3.19) renames the addr element to address element 
 

Listing 3.21: Document after renaming the node addr to address [IBM] 
 
<customerinfo> 
        <name>John Smith</name> 
        <address country="Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </address> 
        <phone type="work">963-289-4136</phone> 
</customerinfo> 
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Replacing node with update command 

 
A node can be replaced by update operation as well. Suppose if it is needed to change the 
work phone to home phone then it could be done using following command. 

 
Listing 3.22: Replace operation [IBM] 

 
update xmlcustomer 
set info = xmlquery('copy $new := $INFO 
                     modify do replace $new/customerinfo/phone with 
                        <phone type="home">416-123-4567</phone>  
                     return  $new' ) 
where cid = 1000; 
 

Listing 3.23: Document before replacing the phone element [IBM] 
 
<customerinfo> 
        <name>John Smith</name> 
        <addr country="Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </addr> 
        <phone type="work">963-289-4136</phone> 
</customerinfo> 
 
Hence, the value of type attribute is changed to home and the element value is changed to 
416-123-4567. So, previous phone element is totally replaced. 
  

Listing 3.24: Document after replacing the phone element [IBM] 
 
<customerinfo> 
        <name>John Smith</name> 
        <addr country="Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </addr> 
        <phone type="home">416-123-4567</phone> 
</customerinfo> 
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Inserting Nodes 

 
Insert operation in update statement facilitates inserting of new nodes in an XML 
document. It is also possible to define the position of new node that is to be inserted.  
 
To insert a new node or element in an existing XML document following options are 
available. 
 

• New element can be inserted as a child of an existing element. 
 
• New element can be inserted as last child of an existing element. 

 
• It is possible to insert new element as a first child of an existing element. 

 
• New element can be inserted as siblings of existing element. It can be placed 

before the existing element or after the existing element. 
 
An example of insert operation in update statement is given below. It inserts a new phone 
element as the last child of customer info element. 
 

Listing 3.25: Insert operation [IBM] 
 
update xmlcustomer 
set info = xmlquery('copy $new := $INFO 
                     modify do insert<phone type="cell">777-555-3333</phone> 
                             as last into $new/customerinfo 
                     return  $new' ) 
where cid = 1000; 
 
   Listing 3.26: Document before Insert operation [IBM] 
 
<customerinfo> 
        <name>John Smith</name> 
        <addr country="Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </addr> 
        <phone type="work">963-289-4136</phone> 
</customerinfo> 
 
As we can see in the following document, a new phone element with type cell and value 
777-555-3333 is inserted as the last child of customer info element 
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Listing 3.26: Document After performing Insert operation [IBM] 
 
<customerinfo> 
        <name>John Smith</name> 
        <addr country="Canada"> 
                <street>Fourth</street> 
                <city>Calgary</city> 
                <state>Alberta</state> 
                <zipcode>M1T 2A9</zipcode> 
        </addr> 
        <phone type="work">416-123-4567</phone> 
        <phone type="cell">777-555-3333</phone> 
</customerinfo> 
 
The other options of insert operation could be executed in a similar manner. 
 
In IBM DB2 it is possible to import entire XML file into database. There are several 
ways to do that. One such option is to store entire XML file into CLOB type attribute. 
Another approach is to use XML type attribute [DB2 A].  
 

3.1.3 Oracle 

 
It is the most popular relational database management system developed by Oracle 
Corporation. Historically, Larry Ellison along with his friends established a consultancy 
named Software Development Laboratories (SDL) in 1977 [ORA1]; the real oracle 
version was developed by SDL [ORA1]. Today oracle provides very good storage for 
commercial data. At the same time, it introduces advanced querying techniques on its 
database.  
 
Oracle supports logical storage (tabular formats) as well as physical storage (file format) 
of data. The most recent version of oracle (Oracle database 11g release 1) included many 
extra features for storing and retrieval of XML data. 
 
Like DB2 and SQL Server, Oracle also support importing and exporting of XML 
standard data. 
 
Oracle introduced Oracle XML DB [ORA2]. It supports key XML standards as well as 
DOM, Namespaces, XQuery.  
 
Oracle XML DB is known to as first platform to support hybrid relational/XML storage. 
The main goal of this type of storage is to use full capability of SQL on XML content and 
to use full strength of XML language on Relational data [ORA2].  
 
It has schema based storage. In this case, at first schema of corresponding XML file is 
stored in the oracle database. The schema is then registered in the database. After then an 
XML type table is created which includes the namespace of registered XML schema in 
its declaration. Finally, entire XML file is stored in the table. 
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This offers the following features 
 

• It is easy to change XML schema. New elements and attributes can be added 
easily [ORA2]. For an example if we have an XML Schema which defines name 
and id field for an XML document. Suddenly if we think that a telephone 

number field should be added then we can add this field without changing the 
previously existing fields. 

• It enhances XQuery support. XMLExists and XMLCast are newly arrived SQL 
operators [ORA2]. Functions of these operators are enhanced to provide support 
for XQuery. 

• Oracle 11g is performing better than Oracle 10g Release 2; throughput is 
improved when storing specific types of XML data into schema based storage 
[ORA2]. 

 
 

3.2   Native XML Database (NXD) 
 
Native XML database (NXD) was introduced to handle (manipulating and storing) XML 
data. In RDBMSs, XML data is required to shred into relational tables. Unlike RDBMS, 
In Native XML databases, XML data is stored as a whole [XML2].  
 
Features of Native XML Database are as bellow.  
 

• It introduces a logical model for XML.  
• It does not require any physical storage model.  
• It uses object oriented, hierarchical or relational structures. 
• Storing and retrieving of XML document is done according to this model. The 

model includes PCDATA, document order, attributes, and elements [XML2].  
• It Supports XPATH and XQuery for querying the XML storage. 

 
The main advantage of Native XML Database is that it can store entire XML file as a 
unit. The XML file is stored as it is.  
 
NXD treats documents as collections and allows query on the documents. The difference 
between relational concept of table and NXD is, not all NXD associates a schema with a 
collection [XML2]. 
 
The real weakness of NXD is to update documents as because it is required to retrieve 
whole document and after updating document is stored back to database [XML2]. 
 
Some popular Native XML databases are discussed below.  
 
The following databases (eXist, Sedna) are chosen as because these are open source, 
freely available and most commonly used native XML database systems. Good 
documentations of these database systems are available as well. 
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 3.2.1 eXist 

 

eXist has been developed as an open source database system and it is built upon XML 
technology [EX1]. It is developed using java. It supports XQuery 1.0, XPATH 2.0. As 
such, it provides support for web applications that are dependant on XQuery. eXist does 
not allow database transaction but concurrent access is supported by eXist [XMLE]. 
 
In eXist  there are three types of indexes: 
 
Structural index: It is responsible for keeping track of occurrences of elements and 
attributes in a collection. Almost all XPATH/XQuery depend on structural index 
[XML2]. 
 
Fulltext index: It is responsible for mapping text into attributes and nodes according to 
their occurrence. It includes |= and &= operators, and match-all(), near() functions 
[XML2]. Furthermore, fulltext indexing is applied on text nodes by default. 
 
Range index: Range indexes are built when documents are loaded. If documents are 
updated, range indexes are maintained automatically [XML2]. It is possible to define 
range index by connecting data types to nodes [H05]. 
 
 3.2.2 Sedna 

 

Sedna is another open source Native XML database technology [SE01]. It supports many 
XML applications like content management. It can store XML documents which are not 
associated with predefined schema. 
 
It runs on following platforms 
 

• Windows 2000/XP 
• Linux x86 kernel version 2.4 or higher 

 
Flexibilities of Sedna are given below. 
 

• It stores XML document as a whole [SE01]. 
• Supports XQuery, Full text search, updates. 
• It provides database security (user, role, privileges) [SE01]. 
• Easy to use. 
• Extensive documentations are available. 

 
Basic features of Sedna is given below [SE01] 
 

• NXD is implemented using C/C++. 
• Supports ACID transactions. 
• Supports very large XML documents (large database, 100 of GBs) 
• Includes value indices (B-tree based) and structural indices (schema based). 
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3.3   Summary 
 
From the above discussion it is clear that Native XML databases are developed mainly 
for storing and manipulating XML data. XEDB is provided by RDBMS vendors for 
better support of XML data. And Hybrid storage is the recent research area to combine 
these two processes to offer better support for storing and querying XML data.  
 
Since, in recent years this task got too much importance, so all RDBMS vendors like 
Oracle, IBM DB2, and Microsoft SQL Server are trying to improve their existing features 
for better support of XML data. One major purpose of this thesis work is to analyze and 
investigate the features of several chosen database systems for managing XML standard 
biological data. 
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Chapter 4 
 

Biological Information 
 
With the experiments of molecular biology, huge amount of data has been produced 
[BIO]. A field called bioinformatics which is a combination of biology and information 
science has been introduced for easy and efficient processing of that large datasets [BIO]. 
 
Bioinformatics is contributing in the research areas of biology. It provides an efficient 
mean to the researcher to manage, access and to store data [BIO].  
 
Since, data is continuously growing from the research of molecular and protein 
interactions so, it is getting more importance to represent molecular pathways through 
XML standard formats [LS05]. 
 
Hence, in this chapter some basic parts of molecular biology as well as the databases 
providing the related data has been discussed. 
 

4.1 Basic Concepts 
 
DNA 
 
DNA is a nucleic acid molecule. It has the shape of twisted double helix. It is responsible 
for carrying genetic information. Except some viruses it is available in all living 
organisms. It has self-replicating capability. 
 
Genes 
 
Genes are made up of DNA molecule. It carries information which is responsible for 
determining human traits (characteristics inherited from parents). Genes could be treated 
as working subunits of DNA. 
 

Protein 
 
Proteins are constructed with amino acids which are linked together. Proteins are mostly 
responsible for building and replacing tissues in body. Suppose, organs, muscles and 
hormones are mostly made up of proteins. Proteins play a great role for the life of 
organisms.  
 
The roles are structural (On animal skin), catalysis (enzymes) etcetera [H05]. Proteins are 
also responsible for regulating and controlling genetic transcription [H05].  
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Pathway 
 
A biochemical pathway can be treated as some chemical conversion activities that took 
place in a cell. It can be defined as processes between proteins and molecules like protein 
protein interaction.  
 
The main focus of biology research is to concentrate on proteins interaction in a cell. Due 
to the enormous amount of protein, it is not a very much trivial task to find out the 
pathways among proteins even for an advanced computer. This has become the major 
concern of bioinformatics. 
 

4.2   Databases 
 
Recently, research of molecular biology produces a large volume of data. So, there arises 
a necessity to manage and analyze these data in an organized way. A new field called 
bioinformatics is introduced to mange biological databases. The main concern of these 
databases is to store, organize and analyze biological data. These data mainly represents 
Protein-protein interaction, protein-DNA interaction, and nucleic acid sequences. 
 
Two examples of such databases are IntAct and Reactome.  
 

4.2.1 IntAct 
 
IntAct [IntAct1] is a database for storing protein interactions. It stores interactions, 
participants name and experiments in PSI MI format.  
 
According to the recent statistics IntAct database consists of 163,107 binary interactions, 
62803 proteins, 8,123 experiments, and 1,250 controlled vocabulary terms [IntAct1]. 
 
It is an open source and freely available database. Besides database, it works as a simple 
search engine where user can enter character string to view desired proteins, reactions. 
 

4.2.2 Reactome 
 
Reactome [REA] is a biological pathway database with main focus on human beings. It 
also work as a search engine. It supports SBML formatted data.  
 
It provides more advanced search for data like proteins and interactions of proteins. Both 
simple and advanced level search is possible here. Reactome includes web-based tools so 
that user can see the map of protein interaction. 
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4.3   Standard formats 
 
There are many standard formats for representing biological data. Hence two formats are 
discussed which are mostly based on XML technology. Both of these are structured 
format and provides pathway data.  
 
SBML is structured to facilitate molecular pathway simulation [LSP05]. Specific 
experiments and interactions of proteins are more suitably represented by PSI MI 
[LSP05]. 
 

4.3.1 SBML 

 

SBML [SBM1] stands for System Biology Markup Language. It is introduced by the 
combined effort of System Biology Workbench Development group and several other 
bioinformatics tools and system development groups. 
 
This language is treated as standard for exchanging computational biology information, 
especially, molecular pathways.  
 
The purpose of SBML is to model biochemical reaction networks. It also models gene 
regulation, metabolic pathways and cell signaling. 
 
The main releases of SBML standards are termed as levels. Level 2 mainly facilitates the 
simulation of Biochemical network for analysis purpose. At the same time level 3 offers 
many features which includes model composition, spatial characteristics of models, 
layout information and description of molecules. 
 
SBML model consists of Compartment, Species, and Reaction. Each Compartment 
defines environment or container where Reaction occurs, Compartment contains 
several Species. Species defines entities that participate in Reaction. Reaction represents 
transition. Reaction takes place between different Species and new Species produces as 
the outcome of Reaction. 
 
The structure of SBML file is given below. 
 

Listing 4.1: SBML [REA1] 
 
<sbml> 
 <model> 
  <listOfCompartments> 
   <compartment name = ""    id= ""/> 
   <compartment name = ""    id= ""/> 
   .   . 
   <compartment name = ""    id= ""/> 
  </listOfCompartments> 
  <listOfSpecies> 
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   <species name =  "" compartment =  ""  id =  ""/> 
   <species name =  "" compartment =  ""  id =  ""/> 
   .   .  
   <species name =  "" compartment =  ""  id =  ""/> 
  </listOfSpecies> 
  <listOfReactions> 
   <reaction name = "" id = ""> 
    <listOfReactants> 
     <speciesReference species="" /> 
     <speciesReference species="" /> 
     .     . 
     <speciesReference species="" /> 
    </listOfReactants> 
    <ListOfProducts> 
     <speciesReference species="" /> 
     <speciesReference species="" /> 
     <speciesReference species="" /> 
     . 
     . 
     <speciesReference species="" /> 
    </listOfProducts> 

     <listOfModifiers>   
<modifierSpeciesReference species="" /> 
<modifierSpeciesReference species="" /> 
<modifierSpeciesReference species="" /> 
. 
<modifierSpeciesReference species="" />  

       </listOfModifiers> 
  </listOfReactions> 
 <model> 
<sbml> 
 
 
Hence, sbml is the root element which contains all elements. The model element 
contains three elements listOfCompartments, listOfSpecies, listOfreactions. Hence, 
listOfCompartment contains compartment name and id.  
 
ListOfSpecies contains species name, id and the compartment which refer to the 
compartment name stored in listOfCompartments element. 
 
ListOfreactions contains reaction name and id. Furthermore, it contains reactants that 
participate in a specific reaction, the products of a specific reaction and the modifier of 
that reaction. 
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Compartment element is look like: 
 
<compartment name="ER_Golgi_intermediate_compartment" id="190626"/> 
<compartment name="ER_to_Golgi_transport_vesicle_membrane" id="13945"/> 
 
Species looks like:  
 
<species name="REACT_10151_2_NA" compartment="extracellular_virion" 
id="REACT_10151_2_NA" /> 
 
Reaction looks like:  
 
<reaction> 

name="crosslinked_fibrin_multimer_tissue_plasminogen_activator_one_c
hain_crosslinked_fibrin_multimer_tissue_plasminogen_activator_two_cha
in_" id="REACT_2028.1"> 

 <listOfReactants> 
<speciesReference 
species="REACT_4365_1_fibrin_multimer_crosslinked_tissue_plasmino
gen_activator_one_chain_" /> 

 </listOfReactants> 
 <listOfProducts> 

<speciesReference 
species="REACT_3996_1_fibrin_multimer_crosslinked_tissue_plasmino
gen_activator_two_chain_" /> 

 </listOfProducts> 
 <listOfModifiers> 
  <modifierSpeciesReference species="REACT_4641_1_plasmin" /> 
 </listOfModifiers> 
</reaction> 

 
4.3.2 PSI MI 

 

PSI MI [PSI1] stands for Proteomics Standards Initiative Molecular Interaction. PSI MI 
is also an XML based format provided by Human Proteome Organization. The main task 
of PSI MI is to represent protein protein interaction. PSI MI is more complicated than 
SBML. It also facilitates data exchange on protein interaction. 
 
In PSI MI pathway is represented by interactor list, which defines list of proteins that 
takes part in interaction. List of interactions are defined by the interaction list. For every 
interaction a database reference can be set for getting more information about that 
interaction. 
 
Furthermore, in PSI MI entrySet is the root element. One or more entry elements can be 
nested under root element. PSI MI has two formats these are compact form and expanded 
form. The structure of compact form is briefly discussed here. 
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Compact form represents interactors, experiments as list elements and these elements are 
referred from interaction elements nested in interactionList elements.  
The format of PSI MI is given below 
 
    Listing 4.2: IntAct (PSI MI) [LS05] 
 
<entrySet> 
 <entry> 
  <source> 
  </source> 
     <experimentList> 
        <experimentDescription id>* 
     <interactorList> 
         <proteinInteractor id>* 
               <names> 
                       <shortLabel> <fullName> 
     <interactionList> 
          <interaction>* 
                 <names> 
                        <shortLabel> <fullName> 
          <experimentList> 
                 <experimentRef ref/>* 
          <participantList> 
                 <proteinParticipant> 
                        <proteinInteractorRef ref > 
 
The source of the entry is represented by source element (Organization that creates it). 
 

ExperimentList element consists of experimentDescription element which contains 
experiment description parameters like name, shortLabel, fullName.  

 

InteractorList represents set of interactors that take part in an interaction. It defines 
name, fullName and shortLabel of the interactor. 
 
InteractionList consists of interaction elements which contains name, shortLabel, 

fullName of the interaction. 
 
ExperimentRef elements are the reference to the experiments described in the 
experimentList element. 
 
ParticipantList contains interactors that take part in the interaction. 
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Chapter 5 
 

Test content 
 
The main purpose of the test is to investigate the performance of currently existing tools 
for managing XML standard biological data. The focus is to find out a system with most 
effective storage and querying techniques. At the same time, depending on the outcome 
of the result the best possible techniques (shredding data into RDBMS or storing the 
whole document into database without changing the contents) will be discussed for 
managing XML standard biological data. 
 
The following DBMS systems are tested in the project. 
 

• Native XML Database System (eXist). 
• Relational Database Management System (Database System 1 (DS1), 

Database System 2 (DS2)). 
• XML enabled database system (DS1, DS2). 
• SBML formatted reactome data has been chosen for this project 

 
eXist is chosen as native XML database system. It is chosen as because it is open source 
database system and freely available. Very well documentation is provided and it is easy 
to use. 
 
Both the chosen database systems (DS1, DS2) provide RDBMS and XEDB support. 
 
SBML data is chosen as because it is XML standard biological data. It is freely available. 
At the same time it has simple and complex nesting elements. It is well structured as well. 
The more specification of chosen SBML data is given later in this report (see 5.2.3). 
 

5.1   Test Specification 
 

• Hence the first approach is to test native XML database and XML enabled 
databases to investigate the performance of both systems in case of carrying out 
XPATH for retrieving specific information from stored XML standard SBML 
document. 

 
• The second approach is to map the SBML formatted reactome data into RDBMS 

table. At the same time the performance of SQL on RDBMS and the performance 
of XPATH on XML enabled databases are closely observed. 

 
The above two approaches are preferred as because we can test and compare Native 
XML Database, XML Enabled Database and RDBMS to store and retrieve XML 
standard biological data. 
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5.2   Test Cases 
 
Some simple as well as some complex test cases are chosen for the project. Few complex 
test cases are chosen to observe very precise difference of performance of several 
database systems to maintain XML standard biological data. In 5.2.1 and in 5.2.2 first six 
test cases are similar. Four different test cases are added in 5.2.2 
 
Test cases 2 and 3 are very simple, they perform query in one table in case of RDBMS 
and under one element in case of NXD and XEDB. Test case 1 is also simple but it 
returns more rows. Test cases 4, 5 and 6 are more complex they perform query in two 
tables in case of RDBMS (table reaction, reactants (case 4), table reaction, products (case 
5), table reaction, modifier (case 6)) and they perform query under two elements in case 
of NXD and XEDB.  
 
Last four test cases of 5.2.2 are chosen to observe very precise difference of XEDB and 
RDBMS support of the same tool. These test cases are performed both in DS1 and DS2 
to observe their XML enabled support and RDBMS support. 
 
In 5.2.2 test case 7 performs query in one table (RDBMS) and in one element (XEDB) 
and test case 9 performs query in two tables in case of RDBMS and under two elements 
in case of XEDB but both (test case 7, 9) of them return more rows. Test case 10 
performs query in three tables in case of RDBMS (reaction, reactants and products table) 
and under three elements in case of XEDB (reaction, reactants and products elements). 
 

5.2.1 Test Cases for native XML and XEDB 

 

1. Find out the name of all compartments 

2. Find out the name of compartments whose id is given 

3. Find out the name of species and compartment where id is given 

4. Find out the reactants of an specific reaction 

5. Find out the list of products of an specific reaction 

6. Find out the list of modifiers of an specific reaction 

 
5.2.2 Test Cases for XEDB and RDBMS 

 
1. Find out the name of all compartments 

2. Find out the name of compartments whose id is given 

3. Find out the name of species and compartment where id is given 

4. Find out the reactants of an specific reaction 

5. Find out the list of products of an specific reaction 

6. Find out the list of modifiers of an specific reaction 

7. Find out the species whose compartment is given 
8. Find out the reaction whose id is given 
9. Given a reactant look up the reactions that it participates in 
10. Find out the reactions which have the same species as reactant and product 
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5.2.3 Chosen XML data 
 
As mentioned before, SBML formatted Reactome data is tested in that project. It is Level 
2 Version 1 SBML document. It is 1.5 MB in size. It has 32 compartment entries, 3600 
species, 2229 reaction entries, 4240 reactants, 3940 products and 1280 modifier entries. 
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Chapter 6 
 

Implementation 
 
This chapter includes the explanation of entire implementation process. Installation, 
mapping and the querying process are discussed here elaborately. 
 

6.1   Databases 
 
The following databases are installed in the Windows XP platform. All the databases are 
installed in XP platform to make it possible to get identical system for all tests and to 
ensure fare comparison among the database tools.  
 

Native XML database 
 

eXist 1.1.2 developer version was downloaded from the eXist website and it was installed 
in the windows environment  without any hazards. 
 

RDBMS 
 
DS1 is downloaded and it is installed in the Windows XP platform. It is chosen as 
because it is the most updated and stable version provided by the vendor while this thesis 
is accomplished. 
 
DS2 is downloaded from their website and it is installed in the Windows XP platform. 
Still it is the most recent version of RDBMS tool provided by the vendor. 

 
 

6.2   Execution of XPath 
 
Queries that are mentioned in section 5.2.1 and 5.2.2 are performed in that phase. Some 
query specifications are given later. 
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6.3 E-R Diagram 
 
Hence the relationships among the elements of SBML document are represented through 
an E-R diagram. 
 
 
 
 
 
 
 
 
 
 
 
 
    
     
 
 
 

 
According to the above diagram each compartment contains one or more species. One or 
more species take part in one or more reaction (many to many). One or more species 
produced from one or more reaction. Furthermore, one or more species work as modifiers 
of one or more reaction. 

 
6.4   RDBMS Tables 
 
Following tables are created to store Reactome data into RDBMS (DS1, DS2). 
 
Compartment table corresponds to listOfCompartment elements which contain 
compartment name and id attributes. So, two fields are created in the table to store 
compartment attributes. 
 

compartment 

 id (primary key) 
 compartment 
 

Species table corresponds to listOfSpecies elements which contain species name, 
compartment and id attributes.  
Furthermore, this species name is used as reference for species name in listOfReactants, 
listOfProducts and listOfModifiers.  

            reaction 

Takes 
Part 
in 
 

Works             
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Three fields are created in species table to store species attributes. 
 

species 

 id (primary key) 
 compartment (foreign key references compartent_name of compartment table) 
 species 
 

Reaction table corresponds to listOfReaction elements which contain reaction name and 
id attribute. This id attribute of reaction element is used as a reference for id attribute in 
lisOfReactants, listOfProducts and listOfModifiers elements. 
 
Two fields are created in reaction table to store reaction attributes. 
 
reaction 

  

id (primary key) 
 reaction 
 
Below tables are created as usual according to their corresponding elements in the 
document and number of table fields correspond to the number of element attributes. 
 
The following tables added id as foreign key which refers to id field of reaction table and 
also added reactant, product and modifier as foreign key which refers to species field of 
species table.  
 
These relationships directly correspond to the relationship exist between the attributes of 
document elements (discussed earlier). 
 
reactants 

  

id (foreign key references id of reaction table) 
 reactant (foreign key references species of species table) 
 

products 

  

id (foreign key references id of reaction table) 
 product (foreign key references species of species table) 
 

modifiers 

  

id (foreign key references id of reaction table) 
 modifier (foreign key references species of species table) 
 
The codes written to create the above tables are included in Appendix C.1 
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6.5   Mapping data into RDBMS 
 
To map data in RDBMS tables, in both cases (DS1, DS2) at first data is stored in the 
repository as a whole document from a directory. 
  
Afterwards, XPATH is performed on that stored file to map data into RDBMS tables of 
DS1 and DS2. 
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Chapter 7 
 
Results and Analysis 
 

7.1   Test Cases on Native XML and XEDB 
 
The results achieved for performing XPATH in eXist, DS1 repository and DS2 repository 
are shown below. Every XPATH is performed four times and average of four estimates is 
included as well.  
 
 
 

XPATH 
 

eXist Avg. DS1 
 

Avg. DS2 Avg. 

1. 16 ms      
31 ms      
31 ms                                        
47 ms 

32 ms 61 ms 
39 ms 
 48 ms 
39 ms 

 

47 ms 
 

10 ms 
08 ms 
10 ms 
10 ms 

9.5 ms 

2. 15 ms                                           
46 ms         

 16 ms    
62 ms 

35 ms 78 ms 
76 ms 
75 ms 
80 ms 

 

78 ms 08 ms 
08 ms 
08 ms 
08 ms 

08 ms 

3. 47 ms 
31 ms 
32 ms 
46 ms 

39 ms 44 ms 
44 ms 
46 ms 
45 ms 

 

45 ms 389 ms 
318 ms 
332 ms 
391 ms 

357.5 ms 

4. 31 ms                              
47 ms                              
32 ms                                 
32 ms 

36 ms 114 ms 
111 ms 
127 ms 
109 ms 

 

116 ms 478 ms 
361 ms 
372 ms 
357 ms 

392 ms 

5. 47 ms                               
62 ms                               
94 ms                                
78 ms 

71 ms 110 ms 
112 ms 
109 ms 
112 ms 

 

111 ms 336 ms 
420 ms 
442 ms 
356 ms 

388.5 ms 

6. 63 ms                               
78 ms                                                          
47 ms  
55 ms 

61 ms 109 ms 
106 ms 
107 ms 
107 ms 

108 ms 338 ms 
422 ms 
483 ms 
387 ms 

407.5 ms 
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From the result presented in table 7.1 it is found that in most cases Native XML database 
eXist performed much better than other two XML enabled databases.  
 
In XEDB, DS1 showed better performance over DS2 most of the cases. 
 
Furthermore, it is found that in case of very simple queries when result is fetched from a 
single element (query 1 and query 2) DS2 performed best, then comes eXist and then 
DS1. 
 
For little more complex queries DS2 showed worst performance, and then comes DS1. In 
that case eXist performed best. 
 
Suppose, in case of query 3, 4, 5 and 6 when result is fetched from several elements 
(section 5.2), eXist took less time to return the result and it varies from 36 to 71 ms.  
 
In query 3 DS1 performed good, the average time to perform the query is 45ms. In case 
of query 4, 5 and 6 (section 5.2) DS1 takes almost similar time and it varies from 108 ms 
to 116 ms.  
 
DS2 performed worst in queries 3 to 6 and average execution time varies from 357 ms to 
407 ms.  
 
So, it is to be concluded when two attributes are returned by the query (test case 3) and 
when query is returning result by mapping under two elements, DS2 is performing worst. 
 
So, we can conclude that it is taking more time for DS2 to parse the document and return 
the result in case of fetching more attributes and in case of little complex queries.  
 
At the same time in case of parsing the document and returning the result eXist taking 
less time then comes DS1. 
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7.2   Test Cases on XEDB and RDBMS 
 
 
The results achieved for performing XPATH on XEDB and SQL on RDBMS are shown 
below in a tabular form. 
 
 
 
 
XPATH 

on 
XEDB 

and 
Sql on 

RDBMS 
 

DS1 
Repository 

Avg. DS1 
RDBMS 

Avg. DS2 
Repository 

Avg. DS2 
RDBMS 

Avg. 

1. 61 ms 
39 ms 
 48 ms 
39 ms 

 

47 ms 
 

 22 ms 
 01 ms 
 01 ms 
 01 ms 

6.25    
ms 

10 ms 
08 ms 
10 ms 
10 ms 

9.5 ms 01 ms 
01 ms 
01 ms 
01 ms 

01 ms 

2. 78 ms 
76 ms 
75 ms 
80 ms 

 

78 ms 01 ms 
01 ms 
01 ms 
01 ms 

01 
ms 

08 ms 
08 ms 
08 ms 
08 ms 

08 ms 09 ms 
01 ms 
0.6 ms 
0.7 ms 

2.825 
ms 

3. 44 ms 
44 ms 
46 ms 
45 ms 

 

45 ms 01 ms 
01 ms 
01 ms 
01 ms 

01 
ms 

389 ms 
318 ms 
332 ms 
391 ms 

357.5 
ms 

1.2 ms 
1.4 ms 
1.5 ms 
1.5 ms 

1.4 ms 

4. 114 ms 
111 ms 
127 ms 
109 ms 

 

116 ms 119 ms 
  03 ms 
  03 ms 
  03 ms 

32 
ms 

478 ms 
361 ms 
372 ms 
357 ms 

392 
ms 

92 ms 
33 ms 
42 ms 
42 ms 

52.25 
ms 

5. 110 ms 
112 ms 
109 ms 
112 ms 

 

111 ms 25 ms 
03 ms 
03 ms 
03 ms 

8.5 
ms 

336 ms 
420 ms 
442 ms 
356 ms 

388.5 
ms 

14 ms 
17 ms 

13.6 ms 
14.3 ms 

14.725 
ms 
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6. 109 ms 
106 ms 
107 ms 
107 ms 

108 ms 01 ms 
02 ms 
01 ms 
01 ms 

1.25 
ms 

338 ms 
422 ms 
483 ms 
387 ms 

407.5 
ms 

30 ms 
63 ms 

30.2 ms 
30 ms 

  

38.3 
ms 

7. 81 ms       
101 ms        
74 ms        
57 ms        

 

79 ms 18 ms 
30 ms 
40 ms 
31 ms 

 

30 
ms 

3450 ms 
3415 ms 
3401 ms 
3411 ms 

3420 
ms 

29 ms 
33 ms 

29.2 ms 
30.4 ms 

30.4 
ms 

8. 66 ms      
65 ms      
66 ms      
67 ms                 

66 ms 6 ms 
16 ms 
1 ms 
18 ms 

 

11 
ms 

 

504 ms 
500 ms 
455 ms 
434 ms 

474 
ms 

  1.1 ms 
1.12 ms 
1.15 ms 
1.15 ms 

1.13 
ms 

9. 2301 ms         
5328 ms     
2741 ms     
2208 ms 

3145 
ms 

27 ms 
3 ms 
3 ms 
3 ms 

 

9 ms 672 ms 
600 ms 
636 ms 
534 ms 

610 
ms 

95 ms 
41 ms 

41.6 ms 
41.4 ms 

54,75 
ms 

10. 6018 ms      
5096 ms              
5544 ms         
4630 ms 

5322 
ms 

92 ms                      
31 ms                        
28 ms                     
29 ms 

 

45 
ms 

3548 ms 
3556 ms 
3475 ms 
3569 ms 

3537 
ms 

248 ms 
114 ms 
63 ms 

62.65 ms 

121,91 
ms 

 
In result 7.2 test cases 1 to 6 are similar to that of result 7.1 so results of XPATH in DS1 
and DS2 XEDB are similar as before.  
 
Hence, the difference is that, same test cases are performed in DS1 and DS2 RDBMS 
table using SQL. Here, it is found that in all test cases (from 1 to 6) the performance of 
SQL (in RDBMS) of DS1 and DS2 is far better than the performance of XPATH  (in 
XEDB) of the same tools and it is even better than the performance of XPATH over 
Native XML Database eXist (see result 7.1). 
 
Furthermore, in most cases, SQL in DS1 RDBMS performed better than SQL in DS2 
RDBMS. In DS1 the average time of SQL execution for test cases 1 to 6 varies from 1ms 
to 32 ms. In DS2 it varies from 1 ms to 52.25 ms. 
 
The last four queries are performed only in XEDB and RDBMS of DS1 and DS2. Test 
cases 7, 9 and 10 are most complex as discussed in section 5.2. In test cases 9 and 10 
performance of DS1 XEDB is extremely bad and average time varies from 3145 ms to 
5322 ms and in DS2 XEDB it varies from 610 ms to 3537 ms. 
 
So, it can be concluded that when the complexity of query further increases suppose 
query is done under two elements and more rows are returned (query 9)  and under three 
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elements (query 10) then DS1 XEDB taking more time for parsing the document and 
returning the result. In the same cases DS2 XEDB performing little better. 
 
Still, performance of SQL in relational table is best in test cases 7 to 10. Furthermore, 
here SQL performs better in DS1 than that of DS2. In DS1 average time of SQL varies 
from 9 ms to 45 ms and in DS2 it varies from 1.13 ms to 121.91 ms.  
 
Finally, we can conclude that for DS1 and DS2 the performance of mapping between 
several tables and retrieving query result (RDBMS) is significantly faster than the 
performance of parsing several elements and retrieving the result. 
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Chapter 8 
 
Discussion 
 

8.1   Conclusion 
 
In this thesis many approaches to store XML document is discussed. For some 
applications CLOB may be the better option.  
 
Applications that require quick data storage and retrieval need to take advantage of SQL. 
This type of data might be shredded in relational databases.  
 
Native XML databases can also be better option for application that deals with large 
datasets.  
 
Business application require to deal with both relational and XML data. So, in some cases 
integrated approach is needed to process XML and relational data in a combined way, 
which results the concept of hybrid storage.  

 
The aim of this thesis work is to evaluate and to compare the XPATH on several data 
storage like Native XML database (eXist), XEDB(DS1, DS2) and SQL on RDBMS 
(DS1, DS2) for handling XML standard biological data.  
 
The success of this thesis work is that, the difference of capabilities of several tools for 
handling XML standard biological data is very clear. 
 
The weakness of this thesis work is that, no unstructured document is tested in that 
project. So, it remains for future research. 
 
From the outcome of that thesis it is clear that if data could be stored in RDBMS table 
then SQL is the best option for carrying out any type of query. Furthermore in case of 
SQL, DS1 performed better than DS2. At the same time Native XML database showed 
better performance over XML enabled database for performing XPATH.  

 
Finally, the decision should be made whether to use RDBMS for storing and retrieving 
XML based biological data. Because it is not easy task to map XML based biological 
data into RDBMS. The varying formats of XML data makes it difficult to find a 
generalize solution to map data into RDBMS.  
 
If RDBMS is chosen for storing and retrieving XML based biological data then 
concentration should be given to find out the generalize solution to map existing formats 
of data into RDBMS. 
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If NXD or XEDB is chosen for XML data storage then concentration should be given to 
improve the querying techniques as because storage capacity is not a problem in such 
case.  
 
In that project, Hybrid Storage (see section 3.4) of XML data is not evaluated. As it 
claims to combine the features of existing storage (NXD, XEDB, RDBMS) for managing 
XML document, it could be a very interesting area for future research. 
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8.2 Future Work 
 
In future similar type of tests should be performed more broadly for various data formats. 
As the performance of database tools greatly depend on the organization and the structure 
of the data formats.  
 
More analysis of RDBMS and Native XML databases should be done in terms of their 
XML features for supporting various XML documents.  
 
Furthermore, in this project tests are performed only on structured data format, so, in 
future, tests should be performed on unstructured data to get better evaluation of database 
tools. At the same time the tools providing hybrid storage should be evaluated as well. 
 
The outcome of such evaluation can contribute for designing the efficient mapping 
techniques and to find out the most effective storage. 
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Appendix A 
 
A.1 Software 
 

• Microsoft Windows XP Professional Version 2002 Service Pack 2 
• eXist 1.1.2 developers version 
• DS1 
• DS2 

 
A.2 Hardware 
 

• Intel(R) Pentium(R) D 2.8GHz Processor 
• 1 GB RAM 
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Appendix B 
 
Xpath in Native XML Database and XEDB 
 
B.1 XPATH in eXist 
 
1. find doc("homo_sapiens.xml")/model/listOfCompartments/compartment 
 
2. find doc("homo_sapiens.xml")/model/ listOfCompartments/compartment 
[@id="114521"] 
 
3. find doc("homo_sapiens.xml")/model/listOfSpecies/species[@id = 
"REACT_10173_1_OATP_C"] 
 
4. find doc("homo_sapiens.xml")/model/listOfReactions/ reaction[@id= 
"REACT_10000.1"] /listOfReactants 
 
5. find doc("homo_sapiens.xml")/model/ listOfReactions/reaction 
[@id="REACT_1000.2"] /listOfProducts     
 
6. find doc("homo_sapiens.xml")/model/listOfReactions/ 
reaction[@id="REACT_10003.1"]/listOfModifiers 

 
Appendix C 
 
Creating Tables and storing data into RDBMS Tables 
 
C.1 Create Tables 
 
COMPARTMENT 

 
create table compartment( 
  id integer not null, 
  compartment_name varchar(200) not null unique, 
  primary key(id) 
) 
 
 

 

SPECIES 
 
create table species( 
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  id varchar(200) not null, 
  compartment varchar(200), 
  species varchar(200) not null unique, 
  primary key(id), 
  foreign key (compartment) REFERENCES compartment (compartment_name) 
) 
 
REACTION 
 
create table reaction ( 
 id varchar(100) not null, 
 reaction varchar(250), 
 primary key(id) 
)                    
 
REACTANTS 
 
create table reactants( 
  id varchar(100), 
  reactant varchar(200), 
  foreign key(id) references reaction(id), 
  foreign key(reactant) references species(species) 
) 
PRODUCTS 

 

 create table products( 
   id varchar(100), 
   product varchar(200), 
   foreign key(id) references reaction(id), 
   foreign key(product) references species(species) 
) 
 
MODIFIERS 

 

create table modifiers( 
  id varchar(100), 
  modifier varchar(200), 
  foreign key(id) references reaction(id), 
  foreign key(modifier) references species(species) 
 ) 
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Appendix D 
SQL in RDBMS (DS1 and DS2) 
 

1. select * from compartment 
2. select compartment_name from compartment where id=114521 
3. select compartment, species from species where id = 

'REACT_10173_1_OATP_C' 
4. select reactant from reactants r, reaction rs where r.id=rs.id and rs.id 

='REACT_10000.1'  
5. select product from products p, reaction rs where p.id=rs.id and 

rs.id='REACT_1000.2' 
6. select modifier from modifiers m, reaction rs where m.id=rs.id and rs.id= 

'REACT_10003.1' 
7.  select species from species where compartment = 'mitochondrial_matrix' 
8. select reaction from reaction where id = 'REACT_10000.1' 
9. select r.reaction from reaction r, reactants rs where r.id = rs.id and rs. reactant = 

'REACT_10686_1_TetraHCA' 
10. select r.id from reaction r, reactants rs, products ps where r.id = rs.id and rs. id = 

ps.id and rs.reactant = ps.product 
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På svenska 
 
Detta dokument hålls tillgängligt på Internet – eller dess framtida ersättare – 
under en längre tid från publiceringsdatum under förutsättning att inga extra-
ordinära omständigheter uppstår. 

Tillgång till dokumentet innebär tillstånd för var och en att läsa, ladda 
ner, skriva ut enstaka kopior för enskilt bruk och att använda det oförändrat 
för ickekommersiell forskning och för undervisning. Överföring av 
upphovsrätten vid en senare tidpunkt kan inte upphäva detta tillstånd. All 
annan användning av dokumentet kräver upphovsmannens medgivande. För 
att garantera äktheten, säkerheten och tillgängligheten finns det lösningar av 
teknisk och administrativ art. 

Upphovsmannens ideella rätt innefattar rätt att bli nämnd som 
upphovsman i den omfattning som god sed kräver vid användning av 
dokumentet på ovan beskrivna sätt samt skydd mot att dokumentet ändras 
eller presenteras i sådan form eller i sådant sammanhang som är kränkande 
för upphovsmannens litterära eller konstnärliga anseende eller egenart. 
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