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ABSTRACT 

Since the advent of XML technology, one of the areas where it has made its mark is in 

data interchange between applications or businesses. As a result, there has been an 

increase in the number of XML documents generated from business transactions. 

Consequently, there is considerable work being done in the database research community 

with the aim to develop software to effectively process and manage XML documents. 

Open Source Native XML database systems are one example of a new generation of 

database technologies developed to address this issue. The decision to adopt these 

technologies can be based on several factors depending on the user's needs. Among these 

factors are functionality, market sh su.01000~ • enance, performance, scalability, 

usability, security, and flexibility. 

This research focuses on one of these 

executing basic database tasks (i.e. storag ,~=--~ 

Open Source Native XML oatm1ms-.;11,£e ,..,H ~',W,.•'l!L.-r.,•'ti....!•)a,iLJ 

Xindice. Each product is deploydcetfflf:trR:~ 

ly metric performance when 

odification, and delete) using several 

ML, eXist, and 

interesting insights are gained from the experiments and a summary of the strengths and 

weaknesses of each of these products is presented. 
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This introductory chapter discusses the motivation for studying XML databases, 

including some questions that provide direction for the work. It also briefly introduces 

previous research, the scope of the thesis and also the research methodology. Chapter one 

concludes by giving the organization of the thesis. 

1.1. Introduction and Motivation 

Since XML [ 1] technology was launched on the world in 1998, it has, without doubt, 

made a serious impact on web publishing [2]. One of the areas where XML has made its 

mark is in data interchange betwee 

Internet. As a result there has bee 

generated from business transaction . 

increased the need in the research c 

and processing XML documents. 

o businesses, especially across the 

the number of XML documents 

Mkl~ n~nd, the XML revolution has also 

an effective approach for storing 

erable work being done by various 

research communities in eaf e new kind of database 
i:rvt<:smi!J'tt~ Jic:t,1.~ ~ :~'~m-.,is· a typical example of one of 

these new generations of technologies. 

A great deal of comment, publicity, and media hype has been, and is still being, 

published on the Internet and also in journals about Native XML database systems. 

However, what has been said about these XML databases does not necessarily guarantee 

by any means that these products will be widely accepted. Like most other technologies, 

native XML databases face challenges. There are some factors one might want to 

consider before deciding to select a particular technology. One of the most important 

factors is performance: end users expect the database to handle their tasks as quickly and 

efficiently as possible. 

The arrival of Native XML database systems generated, many questions including: 
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• Why another kind of database technology? 

• What Native XML database systems are available on the market? 

• What differentiates them from other databases? 

• How do these products perform when handling different database tasks? 

With these questions in mind, this research was initiated in order to explore some Native 

XML database systems. The project focused on the performance issues of Native XML 

database systems. 

1.2. Related Work 

L database systems is still an open 

~~~~~tlc;a. As a result, a number of research 

The performance comparison evalua i 
issue. There has been a lot of researc 

groups have come up with different ap addressing this matter. For example, 

some research groups hav 11>F(lno~,sect-.a.tt~~ttt@ JtD~a~l:Jn~:ie<;i:lmiques as possible tools 

for comparing the query proc_..,..,.. __ .,... U~t'fO]tm.,itttl:ee ... _. ............ 

These include X007 [3, 4, 5, 6] which consists of eighteen queries, XMark [7] consists 

also of twenty queries, XMach-1 [8, 9] consists of eight queries, and XBench [10, 11, 12, 

13] consists of twenty queries. XMach-1 [8, 9] is the only one which contains queries and 

update operations. It contains three simple update operations. Although, it contains 

queries and update operations, it is still not complete because it lacks other databases 

operations. 

Additional to the proposed benchmarks, other research groups [ 14, 15, 16] concentrate 

their efforts on doing performance comparison studies of XML-enabled and Native XML 

database systems. 
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As indicated in the previous paragraphs, the performance comparison of XML-enabled 

database and Native XML database systems was the foremost focus for most of the 

previous studies done. As a result, there are few studies that attempt to compare the Open 

Source Native XML database systems against each other. 

So far various studies comparing the Open Source Native XML database systems can be 

separated into two groups. These two groups are ( 1) studies comparing the features of 

Open Source Native XML database systems, and (2) studies comparing the capacities of 

some Open Source Native XML database systems for handling common database 

operations. The scope of this thesis will focus on the previous studies comparing the 

capacities of Open Source Native XML database systems in handling common database 

operations. Some research groups like [ 17] and [ 18] have conducted some performance 

comparison studies using some of t tive XML database systems that 

have been investigated in this proje t. oes not intend to use any of the 

previous studies' results (e.g. [17, 18 ). wn performance comparison tests 

and compares its results with those o evious studies. Furthermore, this 

will help in examining different factors ......... ""-31:i~-...... ect the performance of Open Source 

Native XML databases wi strengths, weaknesses, 

and limitations of Open Source 11i, ;to.cWl~1l•~~OO~, 

1.3. Scope of the thesis 

Databases are the prime storage engines for many types of data. Furthermore, there are 

four basic processing functions for a database application: create, read, update, and 

delete. These functions are referred to by the (unfortunate) acronym CRUD [19]. 

The goal of this project is not to build a new Native XML database system or to improve 

on any of the existing ones, but rather to investigate and compare the performance of 

some chosen Native XML database systems in handling the four basic database 

processing functions mentioned in the previous section. The focus will be on the time 
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taken by each of these chosen Native XML databases in performing a basic database 

function. There is also an attempt to understand how these chosen Native XML databases 

systems work when carrying out their different database processing functions and gain 

some insight into the different related technologies that they use. This will clarify and 

identify different factors that can influence their performance. 

1.4. Research Methodology 

The following factors were considered in conducting this study and in answering some of 

the questions listed in section 1.1: 

• Selection of the Open 
A look at [20], reveals a list of som 

showed that there are several Native 

industry and academia. T 

and open source products. A c.ltdl~Wat~ 

databases 
XML databases. A quick survey, 

---=~-ases that have been developed in both 

two groups: commercial 

l::Jr-;;t.4~;t"""'Wol_,t.,..:•,n.._;;YQ~¢,v<',I~» Source native XML database 

products. The next step involved selecting the specific open source candidates to be used 

in this study. Comprehensive documentation, popularity, support in the form of 

newsgroups, and the Java programming language were chosen as the criteria for 

selection. Based on these criteria, the following were selected: 

• Xindice [21] version 1.1 b4, an open source native XML database by the 

Apache Software Foundation 

• eXist[22] version 0.9.2, an open source native XML database founded by 

Wolfgang Meier at the Technical University of Darmstadt, Germany 

• dbXML[23] version 2.0, an open source native XML database mainly 

developed by dbXML Group 

• Berkeley DB .XML [24] versionl.l.0-Win32, an open source native XML 

database by SleepyCat Software 
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Each of the indicated versions of these selected candidates was available as a free 

download. At the time these products were downloaded, the versions stated in the 

previous section were the latest versions from their respective open source projects. At 

the time of completion of the project some of these products were already on a different 

version. 

• Setting up the Native XML databases 
To conduct this study, an experimental test environment was set up for each of these 

chosen products. They were all installed in a Windows 2000 Professional machine with 

512 RAM, 40 GB hard disk and 1.80 GHz of CPU. 

• Experimental data set 
A program was written that generate 

full code for this program can be fo 

the purpose of these experiments were 

a were used in the experiments. The 

B. In addition, test hypotheses for 

ni er ·t f Fort Hare 
• Experimenta res 6gi ~r 1n Excellence 

Graphs were used to display and compare the different results obtained from various 

conducted tests. Each of the results displayed in graphs was discussed and a short 

conclusion was drawn based on the results obtained with regards to the products' 

behavior on that specific operation. 
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1.5. Organization of the thesis 

Chapter 2 introduces XML databases and lays the foundation for the rest of the thesis. 

It gives an overview of XML databases, and also explains the reason for XML databases' 

existence, their benefits, and the different type of XML databases available. The chapter 

focuses on Native XML databases, their features as well their storage techniques. It 

furthermore explains the various technologies and mechanisms used by Native XML 

databases for managing their database content and for performing various database 

operations. 

Chapter3 discusses the evaluatio 

some criteria that were used for s 

d in this thesis. It also introduces 

died Open Source Native XML 

erformance studies done with the 

~~~~~;elected Open Source Native XML 

databases. Some of the previous re a~l;lq11;.u;~n>a6 

selected databases are highlighted. 

databases for this project are also briefly tnnX).(11ble-ed and their basic features are discussed 

as well. The chapter ends lb.Mrl@lnt:~i..i.~ll.L...,~ ........... fo and attributes of these 
selected Open Source database;fogether in Excellence 

Chapter 4 explains the motivation, aim, and hypotheses being tested by the 

experiments. It furthermore describes and motivates the test environment. Methodologies 

used to conduct the performance comparisons tests are discussed as well. Chapter 4 also 

provides detailed descriptions of each of the performance test operations conducted. 

Chapter 5 introduces some findings from the previous related works. It also presents 

and discusses the response time results obtained from each of the experimental 

performance tests conducted using Open Source Native XML databases as described in 

chapter 4. These response times are shown in the graphs and they are analyzed and 

explained with respect to each database operation. Lastly, in this chapter, a comparison 

of findings from this project and the previous related studies will be done. 
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Chapter 6 is a concluding chapter. It summarizes the whole thesis, highlighting both 

the positive and negative findings. It also suggests future research directions. 

University of Fort Hare 
Together in Excellence 
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2.1. Introduction 

This chapter introduces XML Databases. An XML Database is a specialized kind of 

database, designed to store XML documents. The chapter defines XML Databases and 

provides an overview of XML Databases. It discusses the reason for XML Databases ' 

existence, the benefits of using such technology, the types of XML Database available, 

and focuses on Native XML Databases (NXDs). The features ofNXDs, and their storage 

techniques, are discussed as well. 

This chapter also further examines the different XML-related technologies used by 

Native XML Databases for performing their basic database tasks, including different 

techniques for reading, querying an ' c ,ill ents of XML documents stored in' 

a Native XML Database. A comp~ ... .,,_v, .... erent techniques for reading the 

contents of an XML document will b 

2.2. XML Datab~---·versity of Fort Hare 
Together in Excellence 

2.2.1. What is an XML Database? 

Before discussing XML Databases, it will help to understand what an XML database is. 

There is no incontrovertible answer to what an XML database is exactly. In fact, there are 

different views about what constitutes an XML database. 

For the purpose of this thesis, we will consider an XML database as a collection of XML 

documents that persist and can be manipulated [25] . This definition is provided by Mark 

Graves in his book entitled Designing XML databases . 

A collection is similar to a table in a relational database whereas XML documents are 

equivalent to records in a relational database. 



 

 

XML documents can be classified on the basis of structure and the data they contain. 

They tend to be either Data Centric documents or Document Centric documents. These 

two types of documents will be explained in the following sections. 

Data Centric documents are documents that use XML for data transport. They are 

designed for machine consumption and the fact that XML is used at all is usually 

superfluous [26]. The order of XML elements and overall physical structure of Data • 

Centric documents are often unimportant. These elements can contain other elements or 

data. 

Data Centric documents are characterized by a highly regular structure with many 

repetitions of data structures. The processing of the document is usually focused on its 

use and exchange by applications [2 ] . 

Examples of Data Centric docume t e s, price lists, scientific data, and 

stock quotes. 

Data of the kind that is found in ~ ~tae:~ftffl~ ~.¢uments can originate both in the 

database and outside the database [26]. 

University of Fort Hare 
Document Centric documents Tat • ll l sually designed for human 

consumption. In contrast to Data Centric documents, the order of XML elements does 

generally matter in this type of document. 

They are characterized by a complex or irregular structure and mixed content, and their 

physical structure is important. Examples are books, email, advertisements, and almost 

any hand-written XHTML document [26]. The processing of the document is focused on 

the final presentation of the information to the user [25]. 

Document Centric documents are usually written by hand in XML or some other format, 

such as RTF, PDF, or SGML, which is then converted to XML. Unlike Data Centric 

documents, they usually do not originate in a database [26]. 

The two types of XML document discussed above differ in their structure and 

characteristics. Also the kind of operations that are desired on these XML documents will 

vary depending on the structure and content of a particular document. 
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In a Document Centric document, desired operations include retrieving the entire 

document, searching for a word, finding previous words or following words, modifying a 

section, or reordering a section [25]. In a Data Centric document, desired operations 

include retrieving a specific fragment of the document, searching for a particular 

combination of elements and data, modifying or deleting a single element or a single 

piece of data, or adding a new element to the document [25]. 

In spite their differences, both follow the XML specification and the distinction between 

the two is not always clear. 

These two types of XML documents can be combined to form hybrid documents that are 

both Data Centric and Document Centric [27]. 

2.2.2. Why XML Database 

Since XML was launched on the wor e of the areas where XML has made 

its mark is in data interc g_e- betweei;i~li s 01 inesses, especially for use on rnverSIJy o orr are . 
the Internet. As consequence • th~ .... ,u .......... ,,,.¥e etfMf documents generated from 

business transactions has increased. These XML documents can be of different types, as 

mentioned in the previous section. Also their contents may vary. Some may contain 

simple elements, and others may contain complex elements. This has raised the need in 

the research community to find an effective way of storing and processing XML 

documents. 

All major vendors of traditional databases, both object-oriented and object relational, felt 

the need to extend functionalities and capabilities of their products to handle XML 

documents by providing some utilities, tools or techniques for converting data between 

XML and Relational database formats. 

Because traditional databases originally were designed to store structured data, 

converting data between these two formats is not easy; it always comes at a price, 
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especially when dealing with an XML document containing complex elements. The 

mapping strategy is difficult to achieve. As a result, when an XML document containing 

complex elements is stored in a relational table, information can be lost, such as element 

ordering and the distinction between attributes and elements. 

In an effort to address the shortcomings of traditional databases when handling a complex 

XML document, the XML community initiated an effort to develop a new kind of 

database: the so-called XML database. In contrast to traditional databases, XML 

databases are designed to store semi-structured data. Semi-structured data are defined as 

data whose structure is not rigid, complete, or fixed. 

The main motivations for developin 

• To use the data model of an 

describes. 

come out in exactly the same wa 

• To enhance spee . 

ases [28] are 

ather than the model of the data it 

The key difference between XML databases and other databases, such as relational and 

object-oriented, is that the internal models of XML databases are based on XML. 

XML databases can handle both categories of XML documents discussed previously in 

section 2.2.1. This does not mean that the XML databases are perfect technologies or 

have come to replace the existing databases whose technology is proven and mature. 

"I do not view XML and relational storage as competitors; each has its strengths and may 

be better suited to particular purposes. There is room for coexistence in a well-planned 

environment [29]". This thesis by no means aims to provide a discussion on the topic 

"XML database Vs traditional database systems". 

The following section describes the different types of XML databases. 
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2.2.3. Types of XML Databases 

As discussed earlier, different kinds of XML documents exist and also different 

approaches to storing and managing XML documents have emerged. These approaches 

can roughly be classified into two types of XML databases: XML-enabled databases 

(XEDB), and Native XML databases (NXD). 

This next section differentiates between these two types of XML databases. 

As discussed by Ronald Bourret in his-H. lt«J~(;U(m-l~~ 

databases differ from XML-enabled d ta,n'o~"~ '"Tn-.wn~,.a. 

L databases [20], Native XML 

databases can do th4; .µi theory, it.is gene not (never?) done in practice. 

N . XML d b un1versitv n .rort H re kn . h . h • at1ve ata ases c sto ---X-M:.C' cu nts w1 out owmg t eu sc ema oge ner zn xce ence 
(DTD), assuming one even exists. Although XML-enabled databases could 

generate schemas on the fly, this is impractical in practice, especially when 

dealing with schema-less documents. 

• The only interface to the data in native XML databases is XML and related 

technologies, such as XPath, the DOM, or an XML-specific API, such as the 

XML:DB APL XML-enabled databases, on the other hand, offer direct access to 

the data, for example through Open Database Connectivity (ODBC). 

While XML-enabled databases are not used in this thesis, some of their features are 

briefly discussed. 

XML-enabled databases (XEDB) are traditional databases with added features for 

supporting XML. They have an added XML mapping layer provided either by a third 
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party or by the database vendor. This layer is used for storage and retrieval of XML data. 

For example the XML solutions provided by vendors like Oracle, IBM, and Microsoft 

fall in this category. 

The table-based and the object-relational mappings are the two mapping techniques 

commonly used to map an XML document schema to a relational (database) schema. 

When transferring data between relational databases, the table-based mapping is useful. 

The table-based mapping technique cannot easily be used, however, for XML data that 

has a highly irregular structure. 

The object-relational mapping is used by most XML-enabled database systems to model 

an XML document as a tree of objects, which are specific to the data in the documents, 

although the way this technique is supported varies from product to product. 

A relational query language like S me shortcomings when querying 

XML. As a result, for querying the X.Ml~~-sto~~1XML-enabled databases, an XML 

query language must be implemented 

Section 2.3 describes in detail Native XM[ ases (NXD). 
University of Fort Hare 

Together in Excellence 

2.3. Introduction to Native XML Databases 

2.3.1. Introduction 

Native XML databases (NXD) are databases designed especially to store XML 

documents [26]. They store XML documents in their original form. In other words Native 

XML databases store XML documents in their native form without decomposing them or 

without performing any conversion on them. 

Like other databases, they support features like transactions, multi-user access, security, 

query languages, programmatic AP Is, and so on [26]. There are other features , such as 

document storage techniques, which differ from product to product. 
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Before continuing the discussion further about NXDs, it will be better to understand what 

aNXD is. 

In order to answer this question, let us examine one possible definition of NXD proposed 

by XML:DB Initiative, which is a consortium developing and implementing XML 

database standards. 

According to XML:DB Initiative, a native XML database is one that [26, 30]: 

• Defines a (logical) model for an XML document -- as opposed to the data 

in that document -- and stores and retrieves documents according to that 

model. At a minimum, the model must include elements, attributes, 

PCDAT A, and document or~i~,Xi:t.Eftf}teS--ttt-5UCh models are the XPath 

data model, the XML Infose, a implied by the DOM and 

the events in SAX. 

• Has an XML document as its ~~11::N~J1J'·t of (logical) storage, just as 
a relational database has a reco able as its fundamental unit 

of (logical) storage\la • • f F H n1vers1tv o o~t are • Is not required to ave lY 1t uJar deli ;v-mg _pliys1cal storage model. For oy er zn xcet .--ence 
example, it can be built on a relational, hierarchical, or object-oriented database, 

or use a proprietary storage format such as indexed or compressed files. 

One important point that we can learn from this definition is that NXDs provide robust 

storage and manipulation of XML documents. 

2.3.2. Why do Native XML Databases exist? 

As indicated earlier, a significant amount of research has already been done to adapt 

traditional databases for handling XML documents. But there are still certain cases where 

these XML-enabled databases have disadvantages, especially when dealing with complex 

XML documents. A few examples of these shortcomings are: 
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• There is a lack of perfect mapping between XML data and the relational schema. 

• XML-enabled databases do not easily handle documents without a schema 

• Retrieval of an XML document from an XML-enabled database may not 

reproduce exactly the same document as the original. 

Native XML databases were created to resolve these problems. 

Native XML databases are also useful for storing documents whose "natural format" is 

XML, regardless of what those documents contain [26]. They store XML documents 
. 

without decomposing them. This gives the Native XML databases the capability to 

retrieve XML documents in exactly the same form in which they were stored. 

Several other uses for Native XML databases are to store semi-structured data, to 

increase retrieval speed in certain si .... , ~--- ,, tore documents that do not have 

Data Definition Types (DTD) or i---.-,.,-- f XML Schema (i.e. Schema-less 

documents) [26]. 

Native XML databases support XM~ allowing for questions like "Get 

me all documents in which the third pa ______ r the start of section contains a bold 

word". Such queries are cl ~1;,e:ti~P QL. 

Together in Excellence 

2.3.3. Storage in Native XML Databases 

From Ronald Bourret's point of view [26], the architecture of a Native XML databases is 

categorized as one of two types: text-based and model-based. 

To get a clear idea about the architecture of a Native XML database, let us investigate 

further to discover how each of these two types of Native XML database architectures 

store XML documents. 

Naturally, these two approaches differ in their ways of storing XML documents within 

databases. The two approaches are discussed in the next sections. 
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• A text - based NXD approach 

In this approach, the entire XML document is stored as text. This might be a file system, 

a BLOB in a relational database, or a proprietary text format [26]. 

All text-based NXDs use indexing techniques. This allows the query engine to easily 

point to any part of the XML document. As a result such databases obviously have an 

enormous performance advantage when retrieving entire documents or document 

fragments. 

In this sense, a text-based Native XML database is similar to a hierarchical database, in 

that both can outperform a relational database when retrieving and returning data 

according to a predefined hierarchy [26] . 

As with hierarchical databases, per:DQi:tl1{Ul-Ce~~m-oe.~egraded when returning data in a 

form other than the entire document, u he hierarchy or portions of it. 

• A model-based NXD app 

Unlike the text-based ap r 

represents the contents of the XiQib~1tni~ 

Before storing any data ( contents of XML document), the database builds an internal 

object model from the document and stores this model [26]. The storage of this model is 

database dependent. Whatever model (relational, object-oriented, or proprietary database) 

is selected, it needs to support the mixed content and semi-structured nature of a complex 

XML document. 

This approach has the advantage of combining fragments from different documents. 

Like a text-based NXD, model-based NXDs are likely to encounter performance 

problems when retrieving and returning data in any form other than that in which it is 

stored, such as when inverting the hierarchy or portions of it. Whether they will be faster 

or slower than text-based databases is not clear [26]. 

The following section explains the features of Native XML databases (NXD). 
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2.3.4. Features of Native XML Databases 

Another important question that needs to be answered is, "what features are available in 

these Native XML databases?" 

Not all Native XML databases are exactly the same. In spite of that, there is a 

considerable similarity amongst them. 

The following items are the most common features of Native XML databases [26, 30]: 

• Document Collections 

The notion of a collection is suppo~1rtifk"~;:;:;-6;~:11cr0 

very similar to the concept of a table • 

of a table in a relational database or a d1 

Native XML databases ro·1ff"0
• .. "

0 

databases require a schema to mFr., ~il-R 

e XML databases. A collection is 

ases. It plays a role similar to that 

t not all Native XML 

store any XML document in the collection, regardless of schema. Native XML databases 

that support this functionality are termed schema-independent [30]. 

Usually, a document collection contains documents of the same type. Its aim is to be able 

to focus on a certain kind of document when querying the database. 

For example, suppose you are using a Native XML database to store sales orders, you 

might want to define a sales order collection so that queries over sales orders could be 

limited to documents in that collection [26]. 
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• Query Languages 

Almost all Native XML databases support one or more query languages. The most 

popular of these are Xpath (with extensions for queries over multiple documents) and 

Xquery, although numerous proprietary query languages are supported as well [26]. 

• Updates and Deletes 

There are a variety of strategies for updating and deleting documents in Native XML 

databases. 

These strategies are database depenµ.w.1.u.-.......,_._.t.U..U~ 

existing documents, others use mo itt¢.a..t~m,J'mtP'11 

databases use special query language 

modify a fragment of a document. 

• Transactions, Lo~king, and Concu 
Un1vers1ty o 

ases simply replace or delete the 

a DOM tree, whereas yet other 

or Xquery, which specify how to 

Together in Excellence 
All Native XML databases support transaction and rollback. However, locking in most 

NXDs takes place at the document level, rather at the document fragment level. This 

makes the multi-user concurrency relatively limited in such databases. 

• Application Programming Interface ( API) 

Almost all Native XML databases offer APis. They usually come in the form of an Open 

Database Connectivity (ODBC) Interface, with methods for connecting to the database, 

exploring metadata repository, executing queries, retrieving results and communicating 

over HTTP. 
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• Round-Tripping 

This is one important feature of Native XML databases. It refers to the ability to store a 

document and get the same document back again. This feature is very important for 

document centric applications because they need exact ordering of a document. 

All Native XML databases can round-trip documents at the level of elements, attributes, 

PCDATA, and document order [26]. 

• Indexes 

All Native XML databases use indexes to s eed u 

There are three types of indexes [2 ] . 

full-text indexes. Value indexes inde 

the location of elements and attribut 

al e indexes, structure indexes, and 

u e values. Structural indexes index 

e es index the individual tokens in 

text and attribute values. 

Most Native XML databases support bot ue and structural indexes. Some Native 

XML databases support fu • • o. f Fort Hare 
Together in Excellence 

2.4. XML-related technologies for Native XML 

Databases 

2.4.1. Introduction 

As has been indicated, Native XML databases (NXD) are databases designed especially 

to store XML documents. Once XML documents are stored in an NXD, the need arises to 

manipulate the contents of the XML document collections. 
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The following sections discuss the different technologies that will be used throughout this 

thesis for performing different tasks with an NXD. These tasks include: accessing, 

manipulating, querying, and updating the contents of the XML document collections. 

2.4.2. XML:DB API 

Currently, there is a proliferation of Native XML databases on the market. This makes 

developing applications rather more difficult. Each Native XML database defines its own 

APL Therefore, interoperability is difficult. In other words it is hard for a programmer to 

develop software, which can work 

any changes to the software. 

In an effort to overcome the aforem 

Group L.L.C, SMB GmbH, and the 

n database without having to make 

I Wfl(!jlJ}Jem, a decision was made by db XML 

e Group to start the XML:DB API 

project. University of Fort Hare 
Together in Excellence 

The XML:DB API [3 1] is designed to enable a common access mechanism to XML 

databases. The API enables the construction of applications to store, retrieve, modify and 

. query data that is stored in an XML database. These facilities are intended to enable the 

construction of applications for any XML database that claims conformity with the 

XML:DBAPI. 

The goal of the XML:DB API is to bring similar functionalities like an Open Database 

Connectivity (ODBC) or Java Database Connectivity (JDBC) style access API to native 

XML databases. The API is intended to be language independent. It is targeted towards 

all object oriented programming·languages, but most of the early work was done in Java. 

Implementations in other languages are also of great interest. It is also platform and 

vendor-independent. This allows it to provide as much as flexibility as possible and to be 

implemented by several XML databases 
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The API is built around some core concepts. These are: drivers, collections, services, and 

resources. We will only introduce the most important aspects of these core concepts here. 

For interested readers, we recommend the API specification [31] . 

• Drivers 

Each database that supports the XML:DB must provide a specific driver that encapsulates 

all the database access logic. Drivers are implementations of the Database interface and 

are managed by the DatabaseManager [32]. The driver concept in XML:DB API does not 

differ much from JDBC, or ODBC. 

• Collections 

Collections are roughly equivalent t 

databases XML documents are store 

e ational database. In native XML 

e XML:DB API makes intensive 

use of the collection concept and ass11«~:t'm~~~1plementing database has at least one 

collection where documents are store Ile • s are represented in the API by the 

Collection interface [32]. University of Fort Hare 
Together in Excellence 

• Services 

The flexibility and extensibility of the XML:DB API is achieved through services. 

Services allow one to do a whole lot of useful work with the APL XPathQueryService is 

an example of a very widely used service; it enables execution of XPath queries against 

the database. 

The API specification defines several services including XPathQueryService, 

XUpdatequeryService, and CollectionManagementService [32]. 

• Resources 

Since there are numerous common ways of working with XML data, the XML:DB API 

defines an abstraction for the content stored in the database. This abstraction is 

encapsulated in the generic Resource interface. By specializing Resource it is possible to 
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support types of data beyond XML, for example, binary data. For XML the 

XMLResource specialization is provided and allows one to easily access and update the 

underlying XML data as textual XML, a W3C DOM, or a SAX event stream [32]. 

The XML:DB API is still currently evolving. Most of the core framework is stable, and it 

has been already implemented by most database products. There is also a reference 

implementation in Java available, and there are several other implementations in progress 

including some commercial databases [32]. 

All Native XML databases that will be discussed m this thesis have completely 

implemented this standard for their products. 

2.4.3. XML Parser 

An XML document consist.~mc1,inly of Qbjects.~~se objects can be elements, attributes, . . un1vers1t o t·ort Hare comments, processmg mstructJ.Qns, t1 . ae 1t1 s, entity references, or CDA TA 
1 oger1 e zn xce ence 

sections. Elements are the most common form of markup. Delimited by angle brackets, 

some elements may be empty, in which case they have no content. Attributes are name-

value pairs that occur inside start tags after an element name. 

In order to access data contained in an XML document, one needs a program than can 

read and understand the syntax and XML content model. Fortunately, the XML 

recommendation makes certain assumptions about the way in which an XML document 

will be processed. Rather than an application just treating the document as a piece of text, 

the model indicates the use of an XML processor that passes the content and structure of 

the document to an application [33]. An XML processor is also termed an XML parser. 
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Figure 2.1 above shows an overvie 

finds the XML processor. It acts as 

document. In other words, the XML 

Application 

and puts it in a format that the application '-''11-!l-W'.tu 

. In the middle of the figure one 

een the application and the XML 

e XML document as a data source 

University of Fort Hare 
There are two kinds of XML , 73 i . l Cf/ion-validating and validating 

parsers. 

A non-validating parser simply checks that the document is "well formed", i.e. that it 

conforms to the basics of XML specification; a validating parser ensures that the 

document conforms to the DTDs or XML schemas specified within it. DTDs and XML 

schemas are different mechanisms that are used to specify valid elements that can occur 

in a document, the order in which they occur and constrain certain aspects of these 

elements. 

There already exist a number of XML parsers, which are of quite professional quality 

today, from different vendors and in different programming languages in addition to Java. 

In addition, there are different types of Application Programming Interface (APis) that 

can be used by XML parsers. 
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This thesis will limit the discussion to the two types of APis that are commonly used by 

XML parsers. These are Document Object Model (DOM) and Simple API for XML 

(SAX). 

DOM is discussed in section 2.4.3.1, SAX in 2.4.3.2 and these two distinctly different 

ways of working with XML will be compared in section 2.4.3.3. 

2.4.3.1. Document Object Model (DOM) API 

DOM [36] is a W3C recommendat ee-based model to represent the 

structure and content of the XML do ed. The DOM tree built up by the 

DOM parser usually resides in them f different types of nodes that can 

represent elements, attributes, CD so on, defined in the XML 

document. These nodes are the tree structure of the XML 

document. DOM uses the e relationship amongst 

nodes in a DOM tree whereby 

just as in a family tree. 

Consider the following simple XML document [3 7] containing employers' information: 
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Figure2.3 DOM tree of simple XML document 
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Figure 2.3 shows the visualization of the XML document in Figure 2.2 Both <EMP> 

elements are children of <EMPLIST> and siblings of each other, while both these 

elements and all those below them are descendants of <EMPLIST>. 

DOM API is essentially platform-independent and is language neutral for XML 

documents and HTML. I ts purpose is to provide a standard set of interfaces for accessing 

and manipulating the content of an XML document. The API consists of a number of 

interfaces, each representing part of an XML document. 

Table 2.1 [38] gives a summary of several important DOM classes and interfaces and 

their descriptions. 

;f~~~~~,s~~ijg~''.i&f~ffa,c~••·•r:!i~!: :IRi~i?r~s~ri1~;1~ilJQ~1;~·•,~~•~~!~P~·,1J~#yesi(ror1.•.17ext. -•• 
,J:.::::;r:'.\; ~: :..,;,:·t:).~,;< .· •• \' .. ' -~'-·' ;., :.-.: -..... ~:;_:.:. -~-

Table 2.1 DOM classes and interfaces 

The interfaces listed in Table 2.1 provide convenient operations for accessmg and 

manipulating documents. 
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DOM- based parsers are written in a variety of programming languages and are usually 

available for download at no charge. 

2.4.3.2. Simple API for XML {SAX) API 

Shortcomings of DOM, particularly problems with processing arbitrarily large XML 

documents, motivated application programmers to use other technologies. One of these is 

SAX [39]. 

SAX was developed by the members of the XML-DEV mailing list. It is an alternative 

approach for parsing XML documents that uses an event-based model to represent the 
structure and content of the XML doh ........... ,:u"\:t-

• s stream based and does not build an 

ds, SAX does not load the entire 

better for accessing large XML 

Unlike the tree-based model, the eve 

internal representation of the doc 

document into memory at once. 

documents. The SAX parsing process 

document it reports even 

ightforward. While parsing the XML 

feapW~ parts of the document 

croJt~. tMll .. .-l'Vll,r,""alling functions (methods) of 

event handlers. These events provide information such as the element name, its value, its 

attributes, and so on as defined in the XML document. Events are also referred to as 

• callbacks. 

Methods that SAX parsers invoke when events occur are listed in Table 2.2 [38]. A short 

explanation for each of these methods is also provided. 

29 



 

 

XML document in Figure 2.2 into a series V'i-.t¼HV,U,J. 

University of Fort Hare 

Figure 2.4 SAX events generated in simple XML document 
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There are three basic kinds of event handlers within SAX. These are: 

DTD handler- for accessing contents of XML Data Type Definition 

Error handler - for low-level access to parsing error 

Content handler - for accessing the contents of the documents. 

These handlers are bits of code that do something suitable when the occurrence of an 

event triggers them [33]. It is the duty of application programmers to write handlers for 

each event. 

Like DOM- based parsers, SAX- based parsers also are available for a variety of 

programming languages and there are several available for free downloading. 

2.4.3.3. DOM vs.SAX 

DOM and SAX are created to serve th ose, which is to provide access to the 

information stored · in an .~,.r,._.,.., ........ been implemented in a 

number of programming languaKtm llttJ~~~rw. 

The two aforementioned technologies differ in their parsing models. DOM uses a tree-

based model and SAX uses the event-based model. Each of these models has its 

advantages and disadvantages. 

DOM provides easy access to any nodes in the DOM tree, and also provides facilities for 

manipulating nodes such as adding, removing, or updating a node in the tree. A 

disadvantage of using DOM is that it consumes more memory especially when 

processing large XML data sets because it loads a whole document into memory before 

processing can occur. It also takes time to build the tree. 

DOM is useful for applications that include changes. For example reordering, adding, or 

deleting elements. 
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SAX, on the other hand, does not allow random access to the document, does not provide 

any means of updating XML documents, and also SAX events are not permanent. 

An advantage of using SAX is that it does not build an internal representation of the 

XML document into the memory. This makes SAX better for accessing large documents. 

Also its approach of presenting the document as a sequence of events makes it a 

lightweight API that is good for fast reading. 

SAX is useful for applications such as search and retrieval that do not change the XML 

tree. 

The differences between DOM and SAX are summarized in the table below. 

Table 2.3 SAX and DOM comparison 
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Despite their difference as shown in the Table 2.3 above, these two technologies can be 

complementary. In fact, many DOM parsers use a SAX parser to retrieve data from a 

document for building the DOM tree [38]. 

• Other techniques 

Additional to DOM and SAX, there are other techniques that can be used to parse XML 

documents. These will not be discussed in detail here. For the sake of completeness, the 

following list has been provided. For the interested readers, see the literature references 

in order to read more about alternative ways besides DOM and SAX. 

• JAXB - Java Architecture fo 

• JAXP-The Java API for X'""~-... .,,. ... 

• JDOM - The Java Documen ] 

• DOM4J - Document Object l\cjl~~@1~~ 1~ 

2.4.4. XPath 
University of Fort Hare 

Together in Excellence 

XPath [44] is a selection language defined by the W3C that provides syntax for extracting 

a node or a set of nodes from an XML document effectively and efficiently. 

Xpath is a string-based language of expressions that may be used in many contexts with 

other XML technologies such as XML Pointer, which is a technique for building pointers 

into XML documents and also XSL for specifying patterns in style sheets. 

Like DOM, the data model in Xpath treats a document as a tree of nodes of which there 

are seven types: root, element, attribute, text, namespace, comment, and processing 

instruction. 
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Xpath supports the location path method. Location path defines the context of the nodes 

to be found, and the condition that the selected nodes must satisfy. It also allows for 

navigating an Xpath tree from one node to another. A location path consists of one or 

more location steps. A location step is made up of axis, node test, and optional predicate. 

XPath path expressions are broadly similar to a set of street directions. You have a 

defined starting point (in XPath jargon, the context node), a direction (called in XPath an 

axis), and some description of the final destination, which distinguishes it (in Xpath, a 

predicate) [45]. 

The Axis is the direction of movement. It indicates which nodes, relative to the context 

node, should be included in the search. The axis also dictates the ordering of the nodes in 

the set [3 8]. 

The Node test refines the set of sel c 

type of an axis for selecting nodes in a 

tests rely upon the principal node 

Predicates are expressions used as cr·t~~~~~l9n in the set of nodes selected. They 

are placed in square brackets. 

University of Fort Hare 
XPath expressions also use soniE('111""Wffl:l"',.rmt • s • etble 2. 4, to shorten their path 

expressions for the location path. 

Table 2.4 some location-path abbreviations 
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Referring to our sample XML example figure 2.2, the syntax in table 2.4 can be used to 

create the following example queries in XPath, as in table 2.5. 
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Table 2.5 XPath example queries 

These are just some simple queries. Xpath provides several functions and special 

elements that allow the creation of quite complex selection expressions. An XPath 

expression is a union of one or mor 

context node, which is the node t ... 11.~,_y..,Lv 

document, into a set of nodes. 

In addition to being able to select p 

ts aim is to map a node called the 

.. .._..,..-, ....... .n . ..,ression has reached in the XML 

L document, XPath also supports 

functions and node-set op r- toPs. • f F t H n1vers1ty o or are 
XPath provides a number of 1 • ~fo nt::.~~=-~:~t:~ -on of strings, booleans, and 
numbers. 

Node-set operators allow us to manipulate these node sets to form other node sets. Xpath 

. also provides node-set functions that perform an action on a node-set returned by a 

location path. 

It is recommended that readers, who would like to know more about Xpath, see 

W3 Schools Tutorial [ 46] and Xpath tutorial [ 4 7]. They have a comprehensive set of 

practical examples explaining the various ways of selecting data with Xpath. 
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2.4.5. XUpdate 

Unlike XPath, XUpdate [48] is not a W3C recommendation. It is an XML update 

language developed by the XML:DB initiative. Xupdate is designed to work with regular 

XML documents as well as XML database collections and even virtual XML data 

models. The main purpose of this update language is to provide open and flexible update 

facilities for modifying data in XML documents. To achieve this, Xupdate provides 

functionality for creation, insertion, deletion, value updating and renaming of XML 

nodes. It uses XML syntax for the query. In order to select the nodes to be updated, 

Xupdate makes heavy use of the expression language defined by Xpath. This also applies 

for conditional processing. 

XUpdate has specialized elements t a.QJAe:ti1l8((~PUt 

specialized elements allow one to 

document that needs to be modified. 

perations. In other words, Xupdate 

ges should be made in the XML 

Universi of Fort H e 
In the next section, some speci • zecI e eRtS e h rea..;,,. an a so, a short explanation for age er zn xce e, ice 
each of the listed elements is provided. For a detailed description of these functions, 

please refer to [ 48]. 

An update in the XUpdate language is basically a well-formed XML document by itself, 

because it only contains one top-element, often called the root element, tags are properly 

balanced, and attribute names are unique and their values quoted. 

An update is represented by an Xupdate: modifications element in an XML document. 

Every update needs to have the following root element: 

<xupdate:modifications version ="1.0" 

xmlns:xupdate ="http://www.xmldb.org/Xupdate"> <IX update :modifications> 

An Xupdate: modifications element must have a version (e.g. "1.0") attribute which 

specifies the version of the XUpdate as shown above. 
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As the root element (top-element), the Xupdate:modifications can contain one or more of 

the following types of elements: 

Xupdate: insert-before 

Xupdate: insert-after 

Xupdate:append 

Xupdate:update 

Xupdate:remove 

Xupdate: rename 

Xupdate:variable 

Xupdate:value-of 

Xupdate:if 

To insert data before the selected element 

To insert data after the selected element 

To append data to the selected element 

To update the content of the selected element 

To remove the selected element 

To rename the selected element 

To define a variable that can be used by other 

Xupdate elements 

u ssigned to a previously defined 

tional processing 

The insert and append elements, in their ntain the following types of elements: 

University of Fort Hare 
Xupdate:element 

X update: attribute 

Xupdate:text 

Togefi • i~~t 

Xupdate :processing-instruction 

Xupdate: comment 

To add an attribute to an element 

To add a text node in the result tree 

To create a processing instruction node 

To create a comment node in the result tree 

In order to illustrate the basics of the XUpdate language, a simple example in which 

Xupdate renames an element is provided. A simple XML document in Figure 2.2 is used 

to illustrate this example. 
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Figure 2.5 An Xupdate rename 

The piece of code shown in Figure 2.5 would rename the element "ENAME" to 

"ES URN AME" 

As we can see, the Xupdate rename in Figure 2.5 is a well-formed XML document, 

because it obeys all the syntax rules for XML in that every start tag has a corresponding 

end tag and it has exactly one root e e u 1\.l,l¼t:-''l-J.Q..14 .l:'ely Xupdate: modifications. The root 

element Xupdate: modifications als -u es whose names are unique (e.g. 

version, and xmlns:xupdate) values ( "1.0" and 

"http://www.xmldb.org/Xupdate'') are 

The following Table 2.6 gives a summary of the XML technologies that will be used 

throughout this thesis. 

Table 2.6 Various XML Technologies used 

The XML technologies shown in Table 2.6 are not the only XML technologies available. 

There are others that are not discussed here. For the sake of completeness, the following 
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list has been compiled, which contains some of these technologies. See literature 

references in order to read more about these technologies. 

• XSL T - Extensible Style Sheet Language [ 50] 

• XSD - XML Schema Definition Language [ 51] 

• DTD - Data Type Definition [52] 

2.5. Open Source Native XML Databases 

There are a number of Native XM 

These come in two groups: Commer i 

.,,. .... .:, .... u, ~~•U.U..Jeting for this expanding market. 

ce Native XML databases. 

atabases are considered. There are 

number of reasons for choosing Open So~~·~~ucts such as the licensing costs issues, 

and access to source code.University of Fort Hare 
Before continuing further, let ul't,_.,._.,,.,,,,._ .. ...,... ,... • Source means. 

In general, Open Source refers to any program whose source code is made available for 

use or modification as users or other developers see fit [53]. 

For the· rest of this thesis only Open Source Native XML databases will be considered. 

Some of these Open Source Native XML database products are discussed in detail in 

Chapter 3. 
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2.6. Summary 

This chapter gave an overview of XML databases and XML-related technologies. The 

XML document is the storage unit for XML databases. XML documents can be classified 

according to the structure and data they contain. Based on that, an XML document can be 

a Data Centric document or a Document Centric document. There are two different types 

of XML databases, XML-enabled databases (XEDB), and Native XML databases (NXD). 

These two are related but have different approaches for handling XML documents. For 

the scope of this thesis only NXD was considered for discussion. The features, and 

storage strategies used by Native XML databases (NXDs) were examined. 

NXD are specialized databases for s 

contained in XML documents can a 

data contained in an XML documen 

o uments. On the other hand, data 

gular structure. In order to access 

:M~~~~r9gram than can read and understand 

the syntax and XML content XML-related technologies used for 

accessing, parsmg, que 

discussed. 

i ~t-(;jl'.Nfe~~Plft t QE)(rtfflttmts contents were also 

Together in Excellence 
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EVALUATIO ---- TERIA AND 
University of Fort Hare 

SELECT (J 1<J lJDUCTS 
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3 .1. Introduction 

In the previous chapter, we defined the XML database, gave overview of it, the reason for 

its existence, its benefits and its features. Also the types of XML databases available were 

discussed, focusing more on Open Source Native databases. Furthermore technologies 

used to access the XML databases and also different techniques for manipulating data 

contained inside the database were examined. 

This chapter will discuss the evaluation methodology. It will start by identifying 

attributes that are felt to be important for carrying out our evaluation. Each of these 

attributes will be explained. 

Chapter 3 will further talk about th 

Open Source Native XML Database 

of the previous related studies 

highlighted. The chapter N. 
giving a high level overview, aint!D,01,irs:t,LL~;,1t~ITTS1~:.tee 

that will be used for choosing the 

died for this thesis, and then some 

selected databases will be 

e selected products by 

sic features for each of them. 

Features that will be considered for discussion here are only those that are judged as 

significant for the scope of this thesis. In addition to this, each of the studied products 

• will be evaluated using a drawn up list of attributes that are considered important. 

Lastly, this chapter will briefly compare some of the key features and attributes of all the 

selected Open Source Native XML Database products. 
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3.2. Evaluation Criteria 

Before using or implementing a particular product, it is necessary to know the benefits, 

drawbacks, and risks of using that particular product. One of the ways to accomplish this 

is by evaluating that product. 

The evaluation of product or software is an entire field in the Information Systems 

profession. A number of approaches are available for assessing the quality of a particular 

product; most of the time approaches taken during evaluation will depend on the 

evaluator' s needs. 

This thesis is not intended to conduc 

depth, but rather to examine som 

relevant for the thesis. The idea heh 

risks of using such products. 

A list of attributes that are considered 

will be used for the evalu t 

f the Open Source NXD products in 

ts ' attributes that are considered 

ine the benefits, drawbacks and 

~~~ ·-e drawn up. The following attributes 

ts: functionality, market 

share, support, maintenance, pettoOlmaJ:tersm -:J..f'U,1Allffl' 

The next sections will discuss each of these attributes. 

3 .2.1. Functionality 

This refers to the capabilities of a particular product to do what the user wants it to do. It 

is difficult to find programs that provide all the functionality that one would like. For that 

reason, functionality is dependent on the particular user' s need. Therefore its evaluation 

will vary from one user to another. When assessing functionality of a particular product, 

it is often useful to write down at least a brief list of the functions that are important to 

the evaluator. 
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The scope of this thesis is limited to the discussion of the general functionalities of 

Native XML databases. The term general functionalities refers to common functions that 

need to be performed when working with a database. These include: storing, querying, 

updating, and deleting data. The platform or operating systems requirements for Open 

Som~ce Native XML database products will also be investigated. 

3.2.2. Market Share 

This section refers to the popularit'(--,__,,,-___ _ -t"iff~,....,product. When planning to use a 

product, it is also important to kn larity, because most of the time 

products with high popularity are ofte~~~~ ~m 

Market share is extremely hard to me Open Source product_s, because they 

can be downloaded and i t lled withoqt regist • with .pt}.yone [ 54]. . n1vers1tv o ort ttare . . 
Judgmg a product only acco n t< its . o ant-," can oe m1sleadmg, because the o et er z xce[lence 
popularity of a product can just be an indication that a particular product is more widely 

admired than others. This means that popularity may show widespread interest ( e.g. it is 

an interesting product), rather than that the product is widely used or ready for use. 

Another factor that one needs to consider when evaluating the market share of a product 

may be the mailing list activities. The activities in the mailing list can give one an idea 

about the popularity of a particular Open Source product. 

3.2.3. Support 

In this context, the word support will refer to the assistance that users of a particular 

product can obtain when they encounter specific problems during product usage. Support 
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is a very important issue for the success of an open source project. The level of support 

provided to the users can determine the future of a particular project. Users or developers 

lose interest in using products that off er little assistance because no one would bother 

working with a project that leaves his/her questions unanswered. As result, Open Source 

projects that provide good support to their users seem to have many users and developers. 

On the other hand, Open Source projects that do not provide adequate support to their 

users tend to collapse. This is an indication that product support is the key to or the 

foundation for the survival of a particular open source project. 

When working with OSS products, there are different approaches to how support can be 

handled. For the purpose of this thesis, the term "support" covers several areas: installing 

the product, documentation availabl ' ~ u-+, ... -~_.,• .. 1,,•,ti...,,}1
,1/
1 li,_ll'l ,~~.ll, 

3.2.3.1. Documentation 

This will refer to the 

product. Documentation is soIU~[)W!'.Bt"Jfc!011<lffl Jj~~~n~r~en working with an OSS/FS 

product. Most of the Open Source projects seem to have a serious problem with 

supplying decent documentation to their users, or, if they provide any documentation at 

all, it is not updated regularly or maybe it does not say everything that a user would need 

to know about the product. It is usually intended to be a general guide rather than a 

complete manual that could be handed to a beginner. 

The lack of adequate documentation for OSS makes the task difficult for users of that 

particular product. One of possible reasons for the lack of adequate documentation for 

OS S products might be the fact that many times, OS S developers consider their 

involvement in a particular OSS project as a voluntary contribution. Many OSS projects 

are viewed as voluntary work; OSS developers prefer spending their time writing the 

software and do not really care about documenting it since they do not really have a 

contractual responsibility to provide the documentation. 
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Documentation is imperative for a given product that is to be used by someone other than 

the developer of that particular product. On the other hand, when writing documentation 

for a particular product, one needs to know that it is not the amount of information 

available in the documentation that counts but rather the quality of the documentation. 

The better the quality of the documentation, the easier it will be for the user of that 

particular product. Most of OSS/FS products face the problem of quantity Vs quality. 

3.2.3.2. Installation 

The complexity of installing a pa i u 

words, there is an investigation oft e 

user of a particular product to follo 

steps themselves will not be covered Jl.~~ ~~===~ 

As was acknowledged i 

complete manual that could be 

oduct is evaluated here. In other 

ation available that will guide the 

lation process. Product installation 

should always cater to the lowest common denominator. Information contained in 

documentation must give the user clear installation instructions about that specific 

product so that, after a user has followed all those instructions, he/she would be able to 

use the product and also get responses to what, why, and how questions about a particular 

product. 

In reality, installation and documentation are interconnected; they go hand in hand and 

are not completely separate. 
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3.2.3.3. Mailing List 

This is an interactive way commonly used by the OSS/FS community to provide support 

for a given product. It also facilitates the interaction between developers and users of a 

given product. Through the mailing list, users who have specific problems trying to use a 

working product can ask their questions. Mailing list participants can also discuss other 

issues such as the products' features and can report bugs, and so on. However, this does 

not mean that all OSS/FS products are well supported in this way, or that all users should 

choose this route. 

The activities in the mailing list can determine the future or success of a particular 

product. OSS/FS projects are ea i 

developers are originally users, so i 

having more users often translates i t 

want their work wasted, so they 

ce they have many users; many 

a e of the users become developers, 

evelopers. Also developers do not 

W~!!fts~~rprk with projects perceived to be 

successful [54]. 

3.2.4. Maintenance 

University of Fort Hare 
Together in Excellence 

Product maintenance is very important because from time-to-time, needs change; new 

uses are continuously created, and so on. This is the challenge faced by most OSS/FS 

projects to keep their products alive, and also determine their future. If a product is being 

actively maintained, it is far more likely that the product will continue to be useful. 

OSS/FS maintenance options are essentially the same as those for support. In reality, 

maintenance and support go hand in hand and they are not completely separate. 

A general way to measure maintenance is to examine developers, or users ' mailing list 

activities or archives to check if there is evidence that they are actively discussing 

improvements to the product. More often, the OSS/FS developers that have experience 
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in providing support, and maintaining their products, will be able to make changes or 

fixes as necessary. 

3.2.5. Performance 

This refers to the ability of a product to perform under different workloads. Here the 

emphasis is on the speed at which a given OSS/FS product performs under different 

conditions. The best way to obtain more detailed information about performance of a 

given OSS/FS product is through that particular project's mailing list. Performance will 

not be referred to further here; rathe 

the aspect of XML databases that we 

3 .2.6. Scalability 

• t in more detail in chapter 5. It is 

o~..,· ~h n this thesis. 

University of Fort Hare 
This refers to the capability of Ji..,.,......~"'""""rptfJ-c!u~q@l6§llt· ue to function well when it is 

changed in size or volume to meet the user needs. In other words, scalability refers to the 

size of data or problem a given OSS/FS product can handle. 

3.2.7. Usability 

Usability measures the quality of the human-machine interface for its intended user. A 

highly useable product is easier to learn and easier to use [54]. There are some elements 

that should be taken into consideration when assessing usability of a pr_oduct such as 

visual consistency, user interface (i.e. Command line interface or Graphical User 

Interface), and so on. 
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3.2.8. Security 

In general, evaluating a product's security is complicated, in part because different uses 

and different environments often impose different security requirements on the same type 

of product [54]. 

In this context, the discussion will be limited only to the basic security issues of a given 

product ( e.g. user authentication). Advanced security features are beyond the scope of 

this thesis. Therefore they are not considered for discussion here. 

3.2.9. Flexibility 

that it wasn't originally designed for. In thi • ute, OSS/FS products have a significant 

advantage: since the user • • sE \:1-V\ll~ ... a:M'Y OSS/FS products can 
. . To ether in Exe llence be modified to handle any circums1: ce not prev10us y considered [ 54]. 

3.3. Open Source Native XML Database products 

3.3.1. Introduction 

As pointed out earlier, there are several Open Source Native XML Database systems that 

have been and are still being developed both in industry and academia. 

Ronald Bourret in his article entitled XML Database Products: Native XML Databases 

[20] gives a list of some of Open Source XML Database products that are available. A 

detailed discussion of all these Open Source XML Database products is beyond the scope 
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of this thesis. Interested readers are referred to [20] in order to read more about these 

products. 

Taking into account what has been revealed in the previous paragraph, the first step of 

this work was to select appropriate candidates for this thesis. Section 3 .3 .1.1 explains the 

selection criteria that were applied in choosing the Open Source Native XML Database 

products that have been used. 

3.3.1.1. Selection Criteria 

Specific criteria were 

products used for this study. Some CY. 

products, which are written in the J v 

which is most familiar. Documentatio 

should have comprehensive documentatI 

e Source Native XML Database 

n Source Native XML Database 

J,ILU. .1.11.-i:1.ll'fl"'g language, as this is the language 

o considered. _A particular product 

in the form of newsgroups. 

University of Fort Hare 
After reviewing the available • • tH~}c,~if~.tlt':~n Source solutions met the 

requirements. The choice was quickly narrowed down to the following Open Source 

Native XML Database products: 

• Xindice [21], an Open Source Native XML database by the Apache Software 

Foundation 

• eXist [22], an Open Source Native XML database founded by Wolfgang Meier at 

the Technical University Darmstadt, Germany 

• dbXML [23], an Open Source Native XML database mainly developed by 

dbXMLGroup 

• Berkeley DB XML [24], an Open Source Native XML database by SleepyCat 

Software. 
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3.3.2. Previous studies using the selected Open Source Native 

XML databases 

The various studies done in the field of Native XML database performance have shown 

that performance comparison evaluations of Open source native XML database systems 

is ongoing research and still remains an open issue. Furthermore, there is no unique 

approach or tools available for tackling this entire performance problem. 

In an effort to address this problem, diverse research groups have come up with different 

approaches for solving this performance comparison dilemma. 

Some research groups have proposed k techniques as possible tools that 

could be used for investigating the ef e t ve XML databases. X007 [3 , 4, 5, 

6], XMark [7], Michigan benchmark l~~~ !!!::!!J 8, 9], and XBench [10, 11 , 12, 13] 

are examples of a number of available pr chmark techniques. These benchmark 

techniques can be divided n ark and the Application 

benchmark. The Micro benct..:n1lri:Df{J ;fStt1tSt 

isolate problems, measure, and, thus, improve a particular component of an XML system. 

Amongst the above named benchmark techniques, [ 5 5] is the only one that belongs in 

this category. The Micro benchmark category is outside the scope of this thesis. On the 

other hand, application benchmarks measure the overall performance of a Database 

management system. The other four benchmarks, namely [3], [7], [8], and [1 O] fit in the 

application benchmark category. All of the application benchmarks listed above center 

more on testing the query processing abilities of XML databases. For example, [7] and 

[10] each consist of twenty queries, [3] consists of eighteen queries, and [8] consists of 

eight queries. They differ in terms of their query functionalities, in the sense that each 

benchmark is superior to the others in one or more features; but their similarity is that 

they do not include all the databases operations. [8] is the only one which contains 

queries and update operations. It contains three simple update operations. Although it 

contains queries and update operations, like those other listed benchmarks, it is still not 
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complete because it lacks other database operations. So far, there is not yet an official 

benchmark. Most of these proposed benchmarks are just individuals' benchmarks. 

Other research groups have concentrated their effort in doing performance comparison 

studies of XML-enabled and Native XML database systems. For example, [14] 

compared two different approaches to XML data management. For the first approach, 

they use Oracle, a widely used commercial XML-enabled database DBMS. For the 

second approach, they used eXist, an open source native XML database. These two 

databases were compared in terms of their response times for some common database 

operations. The database query operation was the only operation that they investigated in 

their study. 

The study in [15] compared the time 

systems when storing and extracting 

the aim of determining the suitabili 

8.'eevcmnsumed by five different database 

ommumt . This comparison was done with 

ives for storing XML documents. 

The five database systems investigate -----.. rformance comparison study are the 

following: relational, oblleCW:trt~M~~ f)rt>A~~,tre!J~~a l-<11H~3:ilry servers, and native 

XML database systems. Together in Excellence 

[16] also conducted a performance comparison of an XML-enabled database and a native 

XML database (for legal reasons they said that the products cannot be named) 

As explained in earlier sections, many of these performance comparison studies that have 

been done by various research groups focused on comparing the XML-enabled and 

Native XML databases capabilities. In particular, their capacities for handling database 

query operations were investigated. There are few studies that attempt to compare Open 

Source Native XML database products against each other. As results of this, the 

performance difference between various existing Open Source native XML database 

products is still an open issue. This results in hesitation among the database community 

members to approve this new technology. 
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The next section, will introduce some of these studies that attempt to compare Open 

Source Native XML database products against each other. So far, the various studies 

done for comparing the Open Source Native XML database systems can be divided into 

two categories. The first category consists of studies done in comparing the features of 

Open Source Native XML database systems. Researchers in the second category 

compared the capabilities of Open Source Native XML database systems in performing 

common database operations. 

In [ 56] the authors discussed and compared the features of five native XML databases 

products. These include three leading commercial products and two Open Source Native 

XML databases. The three commercial products investigated were: excelon's extensible 

information server (XIS), Ipedo XM 

eXist were the two open source na i 

comparison study. The performance 

the technologies used by these prev1 

update stored documents. 

amino XML server. Xindice and 

a es that were considered in their 

in [ 69] was done with respect to 

e databases to access, query, and 

University of Fort Hare 
Similar to [56], [57] also evaluattclltai1tr/dmt'l}bll:" =::.::.:~~:;~~ Xindice, eXist, and Tamino. 

The comparison of these products was done according to the products' features that the 

evaluators were interested in. With their project objective in mind, the aim of the 

comparison was to show the strengths and weaknesses of each of the three named Native 

XML databases in order to have a basis to select one for their project's task. 

Unlike the first category as discussed above, in the second category researchers focused 

on comparing the ability of Open Source Native XML database systems in performing 

some of the common database operations. 

[17] reports the performance comparison study done on some Open Source Native XML 

database systems. The compared databases products include eXist, Xindice, and Berkeley 

DB XML. The aims of their comparison evaluation were to analyze and compare the 
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space required to store the XML documents, the time taken to insert XML documents, 

and time taken to perform different kinds of queries by each of these named databases. 

Like [17], [18] also compares the performance of eXist and Xindice in carrying out some 

common database operations. The database operations investigated in [ 18] include four 

common database operations i.e. insertion, query, modification, and delete. 

The aims of [18], and this work are essentially identical; both compare the performance 

capabilities of Open source Native XML databases in carrying out common database 

operations. This study extends [18] in several ways. First, eXist and Xindice are the only 

open Source XML databases considered in [ 18]. In our performance comparison, we 

considered four open Source XML ,, ____ ,, are eXist, Xindice, dbXML, and 

Berkeley DB XML. Secondly, these o ce ,,."J:---:-'h-:,,-- databases are explored in depth 
(i.e. the benefits of using such tee!".;.:.~~~~~~~~ architectures). Thirdly, different 

XML technologies used by the databases for achieving the 

investigated common database operation 

University of Fort Hare 
In the following sections, each JJ·O,[lf:!~~-a • • be introduced and evaluated 

using the attributes discussed in section 3 .2. The aim of this evaluation is to show the 

strengths and weaknesses of each of these Open Source products. Furthermore, a 

comparison of their features and attributes will be done as well, in order to examine the 

products' similarities and differences. 

For the sake of completeness, it is necessary to point out that not all the features of the 

aforementioned Open Source XML database products will be discussed here. The 

discussion is limited to some of the key features that fit in with the scope of this thesis. 

Readers, who would like a detailed technical explanation about all the features of these 

Open Source products, are referred to [21, 22, 23, and 24] which contain more 

information. 
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3 .3 .3. Xindice 

3.3.3.1. Overview and Features 

Xindice is a proprietary database developed by volunteers under the license of the 

Apache Software Foundation, which uses a model-based storage strategy for storing 

XML documents in the database system. Documents are not required to have a DTD or 

conform to a prescribed schema. XML documents are stored in a collection and are 

arranged into a hierarchy of collections like a traditional file system. In Xindice, one 

collection can contain sub-collections in a hierarchical manner. 

By default each document is assocli::· ~;t-;¥tt::ld-i:t-ttfittt. ue id when it is added into the 

database. 

Xindice can run on a Windows, UNii ... .. ,. ,~~:iij~~~~ orm. For the scope of this thesis, 

we will only consider the Windows pla 

. . Universit o Fort Hare . Xmd1ce supports XPath as a q r:Y fa u ge. IS T, tguage IS used for querymg XML oge er zn xce ence 
documents stored in a collection. In Xindice, XPath queries are executed at the collection 

level. Xindice does allow the manual creation of indexes through the command line 

interface. An index can be created based on element or attribute values of some elements 

or all elements in order to improve or speed up queries. 

For updates, Xindice supports the XUpdate language from the XML:DB Initiative. The 

update can be applied to either a single XML document or an entire collection of 

documents. 

Xindice provides excellent standards support for the vendor independent XML:DB API 

which comes with DOM and SAX support. It also supports others APis such as CORBA 

API, and an XML-RPC plugin which supports access from languages such as PHP, Perl, 

and AppleScript. 
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XML:DB API is the only API that will be considered for the scope of this thesis. 

3.3.3.2. Functionality 

Xindice provides good support for basic functionalities. It stores data in XML format. 

Apart from its storage capability, Xindice also offers a means of manipulating data 

contained in the database. It utilizes Xpath for querying data stored inside the database, 

and supports XUpdate for updating its data. 

3.3.3.3. Market Share 

As stated earlier, most Open Sourc 1 

mechanism for registering their user 

particular product, makes it difficult to 

side is that they lack a proper 

ormation about people, who use a 

University of Fort Hare 
There are many approaches tha N'-P'N IM-~1-,P-F'Cf • ion about a product's market 

share. In this case, two different approaches were used. 

In the first approach, the web search engine from Freshmeat [58] was used to get 

. information about "vitality" and "popularity" of these products. Freshmeat is the first 

stop for Linux users hunting for the software they need for work or play [59]. It offers a 

variety of information about thousands of applications, which are preferably released 

under an open source license including open source projects. The percentage figures that 

we used for evaluating the "popularity" and "vitality" of the different open source native 

XML databases used in this thesis is one example of the kind of information that is 

provided by Freshmeat. 

The second approach used the products' mailing lists to get opinions from users and 

developers about the products. 
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According to Freshmeat [58], Xindice has 1.62 % of popularity and its vitality is 0.01 %. 

In [60, 61], Xindice is classified amongst popular native XML databases. From feedback 

that was got from the mailing list, a considerable number of people seem to be happy 

working with Xindice. 

3.3.3.4. Support 

3.3.3.4.1. Documentation 

Xindice has good documentation available, which supplies enough information about the 

product and its related technologies; i 

In spite of the amount of in£ 

documentation is not updated regular! . 

mber of examples. 

documentation provides, this 

ks other details. 

3.3.3.4.2. Installation University of Fort Hare 
Together in Excellence 

Xindice documentation has a considerable amount of information that will guide the user 

on how to set up the build environment and how to install the server. 

As highlighted in the previous section, there are a few gaps in the Xindice 

documentation. For example, the Xindice source distribution was used. There was no 

information about where to put the file xindice.jar after building it. It took several hours 

to find out how to get the system running. After we found out where to put xindice.jar 

file, the rest of installation process was very easy to do. 

The database sever of Xindice is delivered as a servlet. It is not a standalone server 

anymore. 
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3.3.3.4.3. Mailing List 

Xindice support seems to be slow in providing help, responding to queries and 

suggestions on its mailing list. This is not a good sign for the future of this product. 

3.3.3.5. Maintenance 

Most Open Source products depend on users' feedback and comments in their mailing 

lists for making improvements or fixing bugs. Mailing list content can give an indication 

of whether a product is being maintained or not. Users tend to lose interest in a product 

when they do not get enough technic u 

Xindice products' maintenance appe 

numerous debates and questions 

development status. There have been a 

and many reasons have be 

3.3.3.6. Scalability 

o . For some time, there have been 

mailing list about the Xindice 

attempts to explain this phenomenon 

~nPJ!M~ebody said this"Xindice 

According to [62], Xindice was not designed to store and manage single monster sized 

documents, where one document is treated as a set of mini documents. It was specifically 

designed · for managing many small to medium sized documents. 

Xindice' s scalability will be further scrutinized in chapter 5. 
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3.3.3.7. Usability 

Xindice lacks a Graphical User Interface (GUI). It comes with a command line interface 

to perform the administration of the database. In order to use this interface, one must 

learn about the Xindice command line syntax and also remember the commands every 

time one needs to perform a task. Sometimes this can be annoying. 

3.3.3.8. Security 

Xindice lacks transaction control. It also has no administrator or user authentication 

method and· no security management. 

3.3.3.9. Flexibility 

Like any other Open So 

allow the product to handle any situation not previously considered. 

3.3.4. eXist 

3.3.4.1. Overview and Features 

eXist is a proprietary database developed by Wolfgang Meier [63] at the Technical 

University in Darmstadt, Germany which uses a model-based storage strategy for storing 

XML documents in the database system. Like Xindice, eXist XML documents are stored 

in a collection. They are managed in hierarchical collections, comparable to storing files 

in a file system. Inside the database, collections can contain child collections. In another 

words, collections may be arbitrary nested. 
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eXist provides schema or data definition as an option. Documents are not required to 

have an associated schema or document type definition (DTD). eXist automatically 

builds indices on the incoming XML documents to be stored. 

eXist also treats an XML document as a DOM tree. To speed up query processing, it uses 

a numerical indexing scheme, which supports quick identification of structural 

relationships between nodes, such as parent- child, ancestor- descendant, and so on. 

Furthermore, the indexing is applied to all nodes in the document, including elements, 

attributes, text, and comments. By default, eXist . creates full text indexing over all text 

and attributes values. 

Unlike Xindice, which allows for the manual creation of indexes, eXist indexes are 

created automatically for all elements and attributes and are managed by the database 

engme. 

Like Xindice, eXist also can run on a 

platform is the only one that will be c 

XPath is supported for qul!' ... 1J b'--\!'-11" ' " 11•••"P ·'"" ......... ,~,.,,~ .. , •I.A.·"'---,.tl b,\j, 

this, eXist extends the standardJXJlal?M 

X, and Linux platform. Windows 

keyword searches. This allows users to query a distinct part of the collection hierarchy or 

even all the documents contained in the database. In eXist, queries are executed at the 

collection level, as for Xindice. 

For updating XML documents, eXist uses Xupdate, which is a standard proposed by the 

XML:DB initiative. In eXist, documents may only be updated as a whole. 

Like Xindice, eXist also provides support for the vendor independent XML:DB API 

which comes with DOM and SAX support. 

Apart from the previously mentioned API, eXist also supports other APis including: 

XML-RPC, a REST-style Web Services API, SOAP, and WebDAV. These APis are 

beyond the scope of this thesis. 
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3.3.4.2. Functionality 

As in Xindice, basic functionalities are also well supported by eXist. In eXist, 

information is stored in XML format. For working with its database contents, eXist 

supports Xpath as its query language. This language is used to query XML data stored 

inside the database, and it also supports XUpdate as its update language. 

3.3.4.3. Market Share 

eXist also experiences the shortcomi 

eXist is fairly popular. Referring to 

1.94% and its vitality is 0.07%. e 

databases by [60, 61]. Considering the 

.3.3. 

s atistics, eXist has a popularity of 

cl amongst popular native XML 

the mailing list, many people seem 

to be happy working with -iversity of Fort Hare 
Together in Excellence 

3.3.4.4. Support 

3 .3 .4 .4 .1. Documentation 

eXist's documentation size is small compared to Xindice. Nevertheless, it is still 

informative, accurate and its quality is good as well. Unlike Xindice, eXist's 

documentation is updated frequently. 
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3.3.4.4.2. Installation 

eXist documentation provides guidance to the user on how to set up and build the 

environment and how to install the server. Referring to our experience with Xindice, we 

find the eXist installation process less challenging than Xindice' s one. 

The eXist database server offers three modes of operation: standalone, embedded, and 

servlet modes. The embedded mode is used here. The embedded mode allows the 

database to run in the same virtual machine as the client application. 

3 .3 .4 .4 .3. Mailing List 

Unlike Xindice, eXist support seem 

queries and suggestions on its mailin 

product. 

e in providing help, responding to 

~ ~ ~ ~~,psitive sign for the potential of this 

University of Fort Hare 
Together in Excellence 

3.3.4.5. Maintenance 

Maintenance for eXist products appears to be superior when compared with Xindice. As 

a result, eXist appears to be more actively developed than Xindice. Because of its 

development, there are more activities in the eXist mailing list and also it has more users. 

Users tend to have interest in a product that offers adequate help. 

3 .3 .4.6. Scalability 

eXist database is currently best suited for applications dealing with small to large 

collections of XML documents. 
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eXist' s scalability will be further looked at in chapter 5. 

3.3.4.7. Usability 

eXist comes with both a Graphical User Interface (GUI) and a command line interface. 

These two are designed to serve the same purpose, which is to perform the administration 

of the database. It is the users' responsibility to choose the tool that suits them from these 

alternatives. Most of the time, the choice is based on one' s ability to work with the 

technology. Obviously, those who want to remember the eXist command line syntax will 

choose the command line interface and those who do not want to remember it will go for 

the Graphical User Interface. 

3.3.4.8. Security 

In eXist, the database engir· L~ ~am~~™tl~l~ 

write and update permission). 

· 3.3.4.9. Flexibility 

As discussed in section 3.3.3.9, eXist also supports great flexibility. 
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3.3.5. dbXML 

3.3.5.1. Overview and Features 

Like Xindice, dbXML is also a proprietary database developed by the dbXML Group that 

uses a model-based storage strategy for storing XML documents in the database system. 

dbXML manages XML documents in collections. Collections can be laid in a 

hierarchical fashion. This is comparable to an operating system directory structure. 

Collections can be nested as well. The XML documents contained in a collection are 

schema or DTD independent. In other words, they do not need to be bound by a common 

schema or DTD. 

Although dbXML supports schema-I ss 

stored documents so that they match 

ts, it is also possible to restrict the 

In a database, indexes can be used to o I of documents in a collection. Like 

Xindice, dbXML allows inde es to .be cre~ ed manually by the programmers for 

nh . h U r- ~ ---~ I .Ol "Rort are~ hr d"f'C. e ancmg t e per1ormance o z9u nes. t currtnt y prov1u~ t ee 1 1erent types ogeuterzn xcellence 
of indexes. These are: value indexes, name indexes, and full-text indexes. 

Indexes are created based on element or attribute patterns as well as full-text. 

Similar to Xindice and eXist, dbXML also uses XPath as its database query language. In 

dbXML, queries are executed against specific collections or documents within a 

collection. It also supports full text searches. 

Like the two previous Open Source Native XML databases products, dbXML can run on 

a Windows, UNIX, and Linux platform. Additional to these platforms, dbXML can run 

on Mac OS X,.and Solaris. 

Resembling the other Open Source databases, dbXML too supports Xupdate technology 

for modifying the content of XML documents stored inside the database. It uses Xupdate 

to update the whole document. 

65 



 

 

Lastly, dbXML does have support for the vendor independent XML:DB API as well. 

For completeness sake, we would like to indicate that beside XML:DB API, dbXML also 

supports three others APis. These are: the direct API, client API, and Web Services. 

Although these are mentioned here, they will not be considered for further discussion. 

3.3.5.2. Fune ti onali ty 

Similar to Xindice, and eXist, dbXML also provides excellent support for basic 

functionalities. Data are stored in their native format inside the database. dbXML also 

uses different techniques for managing its database contents. Xpath is used for querying 

XML data stored inside the datab e, 

XUpdate. 

3.3.5.3. Market Share 

University of Fort Hare 
dbXML faces the same probl 'ghli t • z • 3.3.2.3, ~imilar to the two 

previous Open Source databases already discussed. 

Looking at the figures provided by Freshmeat [58], dbXML has 1.01 % popularity and its 

vitality is 0.01 %. In [60, 61], dbXML is not classified amongst popular native XML 

databases. Referring to the feedback from the mailing lists, not much has been said about 

dbXML. 
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3.3.5.4. Support 

3.3.5.4.1. Documentation 

dbXML has the smallest documentation set available of the four databases. It contains 

sufficient information regarding the product and its related technologies; but it does not 

provide many examples. 

In spite of the small amount of information available, dbXML documentation is not 

updated on a regular basis. Like Xindice, it is short of a comprehensive installation guide. 

3.3.5.4.2. Installation 

dbXML has the smallest documenta • 

very clear. It explains to the user ste 

how to install the db XML server. 

• k installation guide which is not 

ow to set· up the environment and 

contained in that guide makes the 

installation process easier sity of Fort Hare 
Together in Excellence 

The dbXML database server supports both embedded and client/server scenarios. Like 

eXist, for dbXML also we chose to use the embedded mode. 

3.3.5.4.3. Mailing List 

Resembling Xindice, dbXML support seems to be incredibly slow in offering help, 

replying to queries and suggestions on its mailing list. This is not a promising sign for 

this product. 
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3.3.5.5. Maintenance 

db XML products' maintenance appears to be very slow compared to Xindice. Since the 

dbXML main developer, Tom Bradford, got a new job, this has affected the dbXML 

development; it seems to have stopped. There have been debates on the dbXML' s 

mailing list about who's willing to take on the main developer's responsibility to 

continue this project. 

3.3.5.6. Scalability 

e numbers of XML documents. 

dbXML' s scalability will be further 

3.3.5.7. Usability University of Fort Hare 
Together in Excellence 

Comparable to eXist, dbXML also provides users with two options: Graphical User 

Interface (GUI) and command line interface. These two tools allow the users to perform 

all the basic database administration functions. It is up to users to decide which of these 

two alternatives to use. Most of the time, the choice will be based on the user' s 

familiarity with the technology. Naturally, the command line interface will be the best 

choice for users who have learned by heart the dbXML command line syntax whereas 

users who are not confident with the command line will definitely go for Graphical User 

Interface option. 

The dbXML command line includes a help system that can guide its user through using 

these commands. 
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3.3.5.8. Security 

dbXML also supports basic user authentication and security management. Unlike Xindice 

and eXist, it supports transactions control mechanisms. 

3.3.5.9. Flexibility 

Just like previously mentioned databases, dbXML as well supports flexibility. 

3.3.6. Berkeley DB XML 

3.3.6.1. 

Berkeley DBXML is a ke -value database eve oped by SleepyCat Software, which uses 
a text-based storage techni • • f ctt't!.1.ern.tc, ... ~~iiM-h~database system. 

To ether in Excellence . 
It relies on the Berkeley DB data ase library for basic functionalities ( e.g. update, and 

concurrency control). XML documents are directly stored in the database in their native 

formats. A container is the logical storage unit of the XML document. It can contain one 

or more XML documents. Each document stored in Berkeley DB XML can have 

metadata attributes associated with it. XML documents are not required to have a DTD or 

conform to a prescribed schema. 

Unlike the three previously discussed Open Source database products, Berkeley DB 

XML has no concept of collection hierarchy. 

Like Xindice, and dbXML, Berkeley DB XML also supports the manual creation of 

indexes. In order to enhance the performance of Berkeley DB XML queries, 

programmers can create indices for all documents in a container. Each container supports 

multiple indexes. An index can be built following four different types of information. 
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These are: path types, node types, key types, and syntax types. The idea behind this is to 

enable fast look up. An index can be added, deleted or replaced. 

Similar to those Open Source Native XML databases previously discussed, Berkeley DB 

XML also can run on Windows, and on the Linux platform. Additional to these 

platforms, like dbXML, Berkeley DB XML can run on Solaris platform as well. 

Berkeley DB XML queries are performed using the XPath language. To retrieve XML 

documents stored inside the database, XPath queries are issued against the DB XML 

containers in which the data resides. 

For updating XML documents cont i 

XmlModify. XmlModify is a progr 

XUpdate. 

ase, Berkeley DB XML supports 

ich has a similar functionality to 

Like those databases previously discuss DB XML also provides support for 

~JVll!:\tVO-iar\l'.l"(l -tJ~~cltlS .. ~l;rL1rv1.-11=~~~0.PI, Berkeley DB XML the vendor independent 

also supports XML-RPC. Together in Excellence 
As previously mentioned, XML:DB API is the only API that will be considered for the 

scope of this thesis. 

3.3.6.2. Functionality 

As with the three Open Source Native databases discussed earlier, Berkeley DB XML 

provides good support for basic functionalities. It stores data in the repository in XML 

format. It makes use of Xpath technique for querying XML data stored inside the 

database, like the other three databases do. Unlike them, Berkeley DB XML does not 

provide support for XUpdate. Rather it uses XmlModify for updating data stored !nside 

the database. The readers ' attention is drawn to the fact that this thesis does not aim to 

compare these two update techniques. 
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3.3.6.3. Market Share 

Like the three aforementioned Open Source products, Berkeley DB XML faces the same 

difficulty talked about in section 3.3.3.3. 

The figures provided by Freshmeat [58], indicate that Berkeley DB XML has 1.14% 

popularity and 0.09 % vitality. Like dbXML, [60, 61] do not classify Berkeley DB XML 

amongst popular native XML databases. Looking at the mailing lists' feedbacks, positive 

comments have been received from people who have worked with Berkeley DB XML. 

3.3.6.4. Support 

3.3.6.4.1. Documentation 

University of Fort Hare 
Berkeley DB XML has very • t • "W?le in contrast to the earlier 

mentioned databases. It is clear and contains an adequate amount of information about 

the product and its related technologies. It also contains many examples. 

3.3.6.4.2. Installation 

The documentation supplied with Berkeley DB XML gives clear instructions for 

installing the database. These are straightforward and easy to understand. This makes the 

Berkeley DB XML installation process very easy. 

As with the previous databases, the Berkeley DB XML database server supports the 

embedded mode. 
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3.3.6.4.3. Mailing List 

Berkeley DB XML support gives the impression of being more proactive in providing 

help, responding to queries and suggestions on its mailing list. This is a positive 

indication for the potential of this product. 

3.3.6.5. Maintenance 

Berkeley DB XML products' maintenance has proved to be very regular. As a result, 

Berkeley DB XML appears to have ,,__ __ 
11 

e , lopment than the other three Open 

Source databases. 

3.3.6.6. Scalability 

University of Fort Hare 
Kimbro Staken [ 64] claims thcJrn~r,w~ • signed around storing large 

document collections. It can easily hold gigabytes of XML data. 

Berkeley DB XML's scalability will be further inspected in chapter 5 

3.3.6.7. Usability 

Database administration of Berkeley DB XML is accomplished from the command line 

using Berkeley DB XML commands. This command line allows the performance of all 

the basic administration functions that would be expected. 

Before starting to use the Berkeley DB XML command interface, one must understand 

the Berkeley DB XML command line syntax and also remember the commands every 
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time there is the need to perform a task. This is a challenge that Berkeley DB XML users 

need to face. 

Like Xindice, Berkeley DB XML does not have a Graphical User Interface (GUI). 

3.3.6.8. Security 

Berkeley DB XML does not have basic user authentication. It uses Berkeley DB security 

and transaction features. Berkeley DB XML and dbXML are the only ones that have 

transaction control. 

3.3.6.9. Flexibility 

Comparable to all others Open S 

flexibility. 

erkeley DB XML too supports 

3 .3. 7. Comparison 

University of Fort Hare 
Together in Excellence 

While the chosen Open Source Native XML databases products discussed earlier are 

slightly different, they share almost the same key features, although maybe the way in 

which these features are supported varies from one database to another. 

Table 3.1 gives an overview of some key features and platforms supported by the chosen 

databases. 
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Table 3.1 above gives a 

one can see, all the NXDs 'Ptd~l!IM~;~Ule 

platforms. Additional to that, x· 

ologies and platforms. As 

JAUllC(\)tl qne Windows and Linux 

YMPfifu also on UNIX platform but 

Berkeley DB XML is the only one that does not run on UNIX. Furthermore, dbXML and 

Berkeley DB XML can also run on Solaris platform but both Xindice, eXist can't. Lastly, 

dbXML is the only one that can run on Mac OS X. 

All the NXD products that are listed in the Table 3.1 support XPath. This technology is 

used by NXDs to query XML data contained inside the database. It is a query language 

standard proposed by the W3 C. 

Indexes are also used by all the NXD products shown in Table 3.1. Although indexing is 

supported by all these databases, the indexing techniques used vary from one product to 

another. For example, eXist uses a full index technique, which means that everything 

inside the database is indexed. Also it supports an automatic indexing technique. This is 

done by the database itself. On the other hand, the other three databases: Xindice, 

dbXML, and Berkeley DB XML support a manual indexing technique where it is the 
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responsibility of the developer to specify which elements need to be indexed. Also, 

unlike eXist, they use a partial index technique. No matter what indexing technique is 

used, all the databases use indexes for a common purpose, which is to improve the speed 

of queries. 

All these databases also provide support for XML: DB API in which various methods are 

supplied for connecting and executing operations on the database. 

As shown in Table 3 .1, not all these database products support Xupdate as their update 

language. For updating its data, Berkeley DB XML uses XmlModify which is a 

proprietary update language developed by Berkeley DB XML. The other three (Xindice, 

eXist, and dbXML) use Xupdate which is a standard update language developed by 

XML:DB project initiative. The two 

doing the update operations. Some£ 

changes to be made, as for example i 

t techniques differ in their way of 

eley DB XML, while the XUpdate 

standard allows users to modify docu~[!!EfgJ~~~ 

For a summary comparis 1-~.,._.'!';:,..1,-• .,..,c111'-..1 .. , ,""tf'f'~~11t,~ --Y~1f'IFi-·t;.l:\e chosen Open Source 

..., .. ~f~~vl.- attributes comparison. 

All the Open Source Native XML Database products listed in Table 3.2 provide good 

support for basic functionalities that are of interest here (e.g. insert, update, and query). 

They also provide very good flexibility. 

As far as market share goes, . according to the statistics . provided by Freshmeat, eXist 

seems to be the one which is most popular and also has a good vitality. Xindice comes in 

second place in terms of its popularity but it does not have a good vitality. Berkeley DB 

XML occupies the third place in terms of popularity but it has a very good vitality 

compared to the other two products. Looking at db XML' s popularity, it seems to be the 

least popular compared to the other three products but it has the same vitality as Xindice. 

75 



 

 

In terms of support and maintenance, Berkeley DB XML seems to provide very good 

support and maintenance for its product compared to the others databases. eXist also 

provides good support but not as good as Berkeley DB XML. eXist support and 

maintenance seems to be much better than that provided by Xindice and dbXML. Xindice 

and dbXML support and maintenance seem to be slow. In comparing these two, dbXML 

seems to be the slowest. In fact, it seems even to have stopped. 

Looking at the chosen Open source XML database products' usability, some products 

present the users / developers with the ability to choose between a Graphical User 

Interface and Command line Interface. Examples of these products are eXist and dbXML. 

Others products, like Xindice and Berkeley DB XML provide only the Command line 

Interface. This means that the users/ d v o 

time they need to use any of these tw 

Regarding security issues, eXist 

support basic user authentication and sec • 

security features. They 

gement. At the same time, they lack a 

transaction control mech A~n-ateet1 lt$\t.~U:elH1~•ol\ ML lack basic user 

authentication. Xindice further,1fi~ 1a:ta';t£'~t" srum~3ll1aTZ11?ansaction control mechanism. 

On the other hand, Berkeley DB XML and dbXML support a transaction control 

mechanism. Furthermore Berkeley DB XML uses Berkeley DB security and transaction 

features. 

Lastly, looking at the storage issues, all these Open source XML database products can 

provide a schema-less storage for XML documents. Some manage XML documents in 

collections fashion, whereby collections can contain subcollections or child collections. 

Also these collections can be hierarchical. These kinds of databases include: Xindice, 

eXist, and dbXML. On the other hand, Berkeley DB XML stores XML documents in a 

container and also it lacks the concept of a collection hierarchy. 
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3.4. Summary 

This chapter discussed the evaluation methodology. The following attributes were found 

necessary and important: functionality, market share, support, mailing list, maintenance, 

performance, scalability, usability, security, and flexibility. An explanation of each of 

these attributes was provided. 

The chapter also introduced the criteria that were applied in selecting the Open Source 

XML database products that were used for this thesis. Based on these criteria, the 

following products were selected: Xindice, eXist, dbXML, and Berkeley DB XML. The 

previous performance studies done u i tt,_, , ..,.... fl.1 

were highlighted, and features of ea 

as well. Also each of these prod c 

mentioned previously. 

t e t died Open Source XML databases 

d products were briefly discussed 

t d using the evaluation attributes 

A comparison of some ke he chosen Open Source 

shown in Table 3 .1, which 

provided a summary comparison of the key features, including platforms supported by 

the chosen products, these products have similarities. The chosen Open Source native 

XML databases can run on the Windows platform and all support XPath, XML:DB API, 

indexes. The support or techniques used to implement these features might vary from one 

product to another, because each product is based on different architectures. Despite this, 

these Open Source products use the previously mentioned features for the same purposes. 

For example, they all use XPath as a query language, XML:DB API is used for 

connecting to the database, and indexes are used for speeding query processing. For 

updating data contained inside the database, these products do not support the same 

technology. For example Xindice, eXist, and dbXML support XUpdate, but Berkeley DB 

XML does not support this, and instead it uses XmlModify. 
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Table 3 .2 in Appendix A, compares attributes of the products that were discussed in this 

chapter. All these products provide good support for our basic functionalities, and can 

also provide good flexibility. The products like eXist and Xindice are more popular than 

others like Berkeley DB XML and dbXML. Furthermore, Berkeley DB XML has a 

greater vitality than eXist and Xindice. Berkeley DB XML also seems to provide very 

good product maintenance, followed by eXist. Xindice and dbXML seem to provide poor 

maintenance for their products. A number of questions are being asked about the future 

of these products. At least, Xindice is still struggling to remain alive but dbXML seems 

as to have stopped. 

For the products' usability, eXist and dbXML provide both Graphical User Interface and 

command line interface for their user and therefore it is up to the user to choose the one 

he / she is comfortable with. On th \L,l.~ .... µ_,,,~'l"r eley DB XML and Xindice only 

have a command line interface. 

Concerning security issues, prod c ist and dbXML provide user 

authentication and security managemep.J~ l@~~~~eley DB XML and Xindice do not. 

Also Xindice, eXist, and dbXML lack r transaction control mechanisms. In 

turn Berkeley DB XML us features. 

Together in Excellence 
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4.1. Introduction 

Chapter 3 briefly introduced each of the four selected open source native XML database 

products. Additional to this, some basic features and attributes of the selected products 

that were judged to be relevant to the scope of this thesis were identified and discussed. 

Finally, a comparison of some of the key features and attributes of all these products was 

also done. 

This chapter explains the motivation, aim, and hypothesis tested by the experiments. 

These tests carry out a set of experiments designed to evaluate the metric performance of 

the chosen open source database pr 

The chapter also describes the m 

performance of these open source pro 

Chapter 4 will also elucidate the motiva • 

and it furthermore provide 

c ti g the database basic operations. 

est suite setup used for testing 

osing the present testing environment 

""'...-_ ...... ~,, ...... )l;;)tiJi<m:»ance test operation that 

will be conducted. Together in Excellence 

4.2. Motivation 

As previously pointed out, there are currently a variety of Open Source Native XML 

database products available on the market. At the same time, as was seen in the preceding 

chapter, these chosen Open Source products have a low percentage in terms of popularity 

and vitality and this gives a clear indication that the acceptance of this technology in the 

database market is still an uncertain issue. There is a struggle for the survival of this 

technology and also this raises questions about this technology's maturity. Maybe one of 

the reasons that might explain this could be the fact that many people are still unaware of 

these Open Source products ' availability, capabilities, functionalities, and performances. 
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The focus here will be on the performance issues of the chosen Open Source Native 

XML database products introduced in chapter 3. 

4.3. Aim 

Databases have proved to be an extremely valuable technology for handling large 

amounts of data. Looking at it from the viewpoint of the database user, when working 

with a database there are always some kind of basic operations that the user has in mind 

and would like to perform dependin s. These operations can be one of 

the following: data insertions, data u f , or querying data. 

The aim of this experimental evaluatlf· ~~~~¥:!!!119 a metric performance comparison 

of Open Source Native XML database • h regards to handling basic database 

operations like storing, qqe~rW~rAi1~~J1l~ rq:~ t~l!Ji~ ~~ J~ documents. The metric 

used for the performance comp • ~~tt.,urro~ for executing instructions to 

carry out a particular database task, that is the amount of time taken to store, query, 

update, or delete XML data. At the same time, it is necessary to understand how a 

particular operation is completed because this will help in explaining the performance test 

results. 

4.4. Hypothesis 

The hypotheses tested by these experiments is that ( 1) it is possible to perform the 

following operations: store, query, update, and delete data when working with Open 

Source Native XML database products, (2) sometimes the performance of these primitive 

operations can be affected by the size of the database, (3) using database indexing 
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techniques on data stored inside the database can be beneficial to the improvement of the 

performance of a particular operation, and ( 4) some XML databases perform efficiently 

on certain operations but not on others. 

4.5. Methodology and Test suite set-up 

4.5.1. Timing Methodology 

There are a number of methodol at can be used to measure the 

performance of a database and t o groups: external performance 

measurement and internal perfomtt,am:~ m<:~~ment. The external performance 

measurement is used when measurin es of various requests on different 

databases. On the other hand, the in ance measurement is useful when 

measuring the time spent i he Narious c_2mpo tabase system. n1vers1cy o are 
Together in Excellence 

The two performance methodologies explained in the previous paragraph have the same 

objective, which is to collect timing data. This timing collection is done by placing check 

points within the database system. In [65] , a check point is defined as a procedural 

invocation inserted into the database system' s flow of control in order to call the 

performance measurement routines for the collection of timing data. 

Techniques used when placing check points within the database system may be different 

for these two approaches. The comparison of these two approaches is outside the scope of 

this thesis. 

The methodology used for measuring the response time is similar to the external 

performance measurement approach. As pointed out earlier, the aim of the experiment is 

to compare the metric performance of Open Source Native XML database products in 

handling basic database operations. In other words, in these experiments, our major 
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concern is the response time needed by an Open Source Native XML database product to 

execute an instruction for performing a particular database basic task such as insertion, 

deletion, update, and query. The response time captured calculates the full instruction 

execution process of a particular task, from the starting of a task's execution instruction, 

until the end of that particular instruction. 

In order to capture the response time for each of these basic tasks, two check points were 

placed in purpose-written benchmark programs to collect timing data. The first check 

point is placed to record the time before the task's execution begins and the second one is 

placed to record the time after the task's execution is completed. The response time is 

calculated by subtracting the timing recorded at the second check point from the timing 

recorded at the first check point. Th 

the average is taken. 

nstruction is repeated n times, and 

The code segment below in Figure 

milliseconds. 

University of Fort Hare 
Toget er zn Exce ence 

Date date·=newDate(); 
:_}:, ~1 -= g~J~~getTirne(); :'. ,. _ • 

- fot(iriti= 0; :k5 n;ld-+){ 
[. .. ] 

date new Date(); 
t2 = date.getTime(); 

total = t2 - t 1 ; 

p.println(Size + "," + ((double)(total/1000))); 

Figure 4.1: Response Time 

In Figure 4.1 above, tl represents the first check point which is placed before the task's 

instruction begins to execute, the for loop indicates the reiteration of the instruction that 
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must be executed, where n indicates the total number of times that a particular task's 

instruction needs to be repeated. [ ... ] inside the for loop denotes the task's (e.g. insertion, 

deletion, modification, and delete) instructions that need to be executed. This repetition is 

done because the time for only one execution is extremely small and may lead to 

misleading results. The second check point that collects the timing after the task's 

instruction has been executed n times is represented by t2 in Figure 4.1. The response 

time which is the difference between the timing recorded at the second check point (t2) 

and the timing recorded at the first check point (tl) is represented by total in Figure 4.1 

above. In this context, this total indicates the time required to repeat the instruction n 

times. Furthermore, in order to get the response time in seconds, the total is divided by a 

thousand. The different response times recorded are printed in an output file. Those 

response times contained inside th ,, ______ ,., • 1 be used for plotting the database 

performance comparison graphs. 

4.5.2. Experimental set-up 
University of Fort Hare 

Together in Excellence 
In the subsections 4.5.2.1 and 4.5.2.2 below, we provide more details about the hardware 

and software environments that were utilized to carry out the various kinds of 

performance tests that will be described in section 4.5.3. 

4.5.2.1. Hardware Environment 

The hardware used to carry out all these experiments consists of a single machine. This 

single machine was running as a client I server. The following are its specification; it 

includes an Intel Pentium 4 processor with 1.80GHz CPU, 512 MB RAM and 40 GB 

hard disk. 
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4.5.2.2. Software Environment 

The machine used in the test environment runs Microsoft Windows 2000 professional as 

Operating System. The service pack currently installed on this machine is Microsoft 

Windows 2000 Service Pack 4. 

The Open Source Native XML databases for which the metric performance is being 

measured in these experiments include Berkeley DB XML version l. l .0-Win32, dbXML 

version 2.0, Apache Xindice version l.lb4, and eXist version 0.9.2. 

The Java virtual machine (JVM) used in the test environment is Java 2 SDK, Standard 

Edition Version 1 .4.0. All the Jav / a JVM. The JVM serves as an 

intermediary between the applicatio 

The different memory settings for 

tested including the JVM were left i 

system (OS). 

University of Fort Hare 
The XML data set used to stud ~m,1n~ m ~ m@Q~~~e Open Source Native XML 

databases is a fragment of an XML document containing inventory information about an 

automobile's parts that was taken from a [66] example. Its contents can be seen in Listing 
. 4.1. 
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<?xml version=" l.0'.'?> 

<parts> .· 

. <part: sku=" lO 1 "> • • 

<desc> Ball Bearing</ desc> 

<maker>S .K.F. </maker> 

<instock> Y es</instock> 

<price>$20.00</price> 

</part> 

</parts> · 

Listing 4.1: Fragment of XML document used 

As shown in Listing 4. 1, the root el...,AA .. ,..,A ....... 

Furthermore <parts> element contai 

about a variety of automobile produc s. 

A <part> element has one attribute <s 

element. Additional to t 

elements (children). For 

's fragment document is <parts>. 

ch contains different information 

ct number) that describes the <part> 

also has four other 

specifies the part' s 

description, the element <maker> for specifying the part's maker, the element <instock> 

for indicating the part' s availability in stock, and finally the element <price> that 

indicates the part's price. 

On the basis of the information shown in Listing 4.1 , the Java program (CreateXML.java) 

was written that takes in an integer number as a parameter and generates an XML 

document. The integer number that has been passed to the program as input represents 

the total number of the <part> elements that should be generated inside the created XML 

document. Furthermore, each Sku attribute of the created part element will have a 

randomly generated number. Each of these numbers represents the product number or sku 

for every part element contained inside the newly generated XML document. The full 

code for generating nodes inside the XML document can be found in Appendix B. 
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4.5.2.3. Rationale for choosing to use a single machine 

For the context of this set of experiments, a performance comparison of Open Source 

Native XML databases with regard to handling some simple database operations is being 

provided. 

In order to accomplish this, the performance tests were conducted in a closed 

environment. This approach was taken to isolate others factors that might influence the 

final timing results like network overhead, communication costs (e.g. HTTP, CORBA, 

XML RPC, etc.) or transformations (e.g. XSL) of the output. 

For this rationalization, it was deci e I the experiments in a single-user 

machine. Even though using a single .... "!•¥...... be the best option for carrying out 

all the experiments in order to av I ing corrupted, it should not be 

overlooked that the load on the syst.ew~ ~~~ ~ still slightly influence the results. 

This factor is very small and has very Ii 

University of Fort Hare 
Together in Excellence 

4.5.3. Description of the tests 

The set of test performance operations that will be used to evaluate the metric 

performance comparison of the studied Open Source Native XML databases has been 

defined. 

XPath and XUpdate, which were introduced and discussed in sections 2.2.4 and 2.2.5, are 

respectively the two technologies that were used for formulating these metric 

performance tests operations. XPath was used for querying data whereas XUpdate was 

used for inserting, modifying, and deleting data. 

The following subsections give details for each of the different types of basic database 

operation that will be considered for testing the selected Open Source XML database 
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products' performance. A list is provided of all test performance operations that will be 

considered. 

4.5.3.1. Storage 

This involves inserting information or XML data into a XML database. The type of 

information that has been stored into the database will be different depending on the 

database user or the database administrator's needs. This information can be a whole 

XML document, a block of XML data, an element, or an attribute. 

In this context, the focus is on whole XML document storage operations, sometimes also 

referred to as bulk insertion. 

The bulk insertion operations that a e • test performance are not only to 

study how well an Open Source data storage but also to look at 

the impact the different XML documen are being stored in the database can 

have on the database p the target the storage 

In order to get a reasonable comparison, three different sized XML documents are 

generated using CreateXML.java as explained in section 4.5.2.2. The three generated 

XML documents include a small XML document with a size of 6.3 7 KB, a medium XML 

document with a size of 19.00 KB, and a large XML document with a size of 126 KB. 

Furthermore, these XML documents differ in the number of part <part> elements that 

have been generated inside each. The small XML document contains 50 generated part 

elements, the medium XML document contains 150 generated part elements, and the 

large document XML contains 1000 generated part elements. 

Each of these three generated XML documents will be stored in different databases. We 

will further study and compare the performance of the studied XML databases when 

storing each of these documents. 
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4.5.3.2. Queries 

Queries allow the database users or administrators to select or extract XML data 

contained in a database so these can be viewed, analyzed, or manipulated. Depending on 

one's needs, the type of XML data that are to be selected or extracted will differ. These 

can be simple element, attribute, portion of a document, or the whole document. 

There are a number of issues that also need to be considered when formulating or 

designing XML queries. The XML queries that were formulated for use in the 

performance tests, involved the foll 

path, and operators. Beside this it 

as "AND", "OR", and "NOT" becau e 

In the previous section 4.5.3.1 XML do 

XML documents will alsol!J:~ ·, (ii~~· 

ery target, query path, conditional 

include the logical operators such 

c mmon in querying databases. 

re stored in the database. These stored 

·es performance tests. In 

other words, the XML data to J .vinm~tz~Jf'Clff~~~UeJQ 

XML documents that were inserted in the database in the previous subsection. 

The following subsections introduce and describe the syntax for each of the XML queries 

that were formulated. 

Queries by query target: 

The targets of XML queries can vary according to a particular query's desired goal or 

aim. Whatever the desired goal might be, the query target will usually be one of the 

following: the whole XML document or specific XML data contained inside an XML 

document. This specific data can be encoded in either elements, or attributes. For the 

purpose of these performance tests, the queries that were designed are intended to 

measure the performance of databases in processing XML queries. 
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Q(la) Querying a whole XML document : To query all parts contained inside an XML 

document, the XPath syntax is /parts. 

Q(lb) Querying elements: To query all part elements contained inside an XML document 

that are children of parts, the XPath syntax is /parts/part 

Additional to querying elements, it has been decided to include queries for attributes in 

the query performance tests. The reason for doing so is to compare the attribute query 

with other queries (e.g. element). This comparison will assist in determining whether or 

not to use either elements or attributes to encode XML data for a particular database. 

Q(lc) Querying attributes of an ele 

that are children of a part, the Xpath 

Conditional Queries 

11 sku (product number) attributes 

a ts/partl@sku 

University of Fort Hare 
Unlike in the previous case, inl5(jmenm~~S.(X.., ia.lsle\~.,~.tlt1,l-~t.mmtulation of an XML query can 

also depend on several conditions such as the position inside the XML document for the 

element or attribute that needs to be selected or extracted, the type of XML data that is 

encoded in either elements or attributes, etc. 

The mam reason that query path and conditional path have been included in the 

performance tests is to measure how the depths of both affect the performance of XML 

quenes. 

Q(2a) Querying a whole XML document: To query all the <sku> (product numbers) 

attributes that are children of <part> and having value greater than 2414, the Xpath 

expression is /parts/part[@sku > '2414 '] 
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Queries using the position occupied by an element 

Q(3a) Querying elements: To query the description of the part which occupies position 1 

within the hierarchy of node elements contained inside the generated XML document, 

and whose parent is parts, the Xpath expression is /parts/part[l}/desc 

Q(3b) Querying elements: To query the description of the part which occupies position 

7 5 within the hierarchy of node elements, and whose parent is parts, the Xpath expression 

is /parts/part[75]/desc 

Q(3c) Querying elements: To query the description of the part which occupies the last 

position within the hierarchy of no 

expression is /parts/part [fost() JI desc 

Queries using value of an attribute 

d whose parent is parts, the Xpath 

ues of attributes <sku> 

119) is near the beginning of 

the document, the next (7199) in the middle and the last (8834) at the end. 

Q(3d) Querying attribute: To query the description for the part whose attribute is equal to 

3119, the Xpath syntax is /parts/part[@sku= '3119 Jldesc 

Q(3e) Querying attribute: To query the description for the part whose attribute is equal to 

7199, the Xpath syntax is lparts/part[@sku= '7199]/desc 

Q(3f) Querying attribute: To query the description for the part whose attribute is equal to 

8834, the Xpath syntax is /parts/part[@sku= '8834 Jldesc 
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Queries by operators 

Q(4a) AND: To query the part which is a child of parts and whose sku (product number) 

is equal to 7064 and maker equal to S.K.F, the Xpath expression is 

/parts/part[@sku= '7064' and maker = 'SKF'} 

Q(4b) OR: To query the part which is a child of parts and whose sku (product number) is 

equal to 7199 or sku is equal to 3191, the Xpath expression is 

lparts/part[@sku= '7199 ' or @sku = '3191 '} 

Q(4c) NOT: To query the parts that are children of parts and whose sku (product number) 

is not equal to 5604, the Xpath expre s; o i 

Missing information 

Missing information refers to the info es not appear in the document. 

University of Fort Hare 
Q(5a) Missing element: We trytTO<il~i~ 'JtQ 1p~~~.~~t .rnnn{O,rl- element whose hierarchical 

position is equal to 178, the Xpath expression is lpartslpart[l 78}/price 

Q(Sb) Missing attribute: Here, we are trying to query the description of a part whose sku 

(product number) is equal to 107, the Xpath expression is /parts/part[@sku= '107 '}/desc 

4.5.3.3. Modifications 

Modification operation refers to different kinds of amendments that can occur to 

information contained in XML documents. This includes altering, modifying stored data, 

or adding new XML data into the existing XML document. The new information being 

added can be a new element, attribute, or block of XML data. 
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In the context the performance tests, diverse reasons that can influence the performance 

of modification operations will be examined; for example the number of elements or 

attributes being modified in the database. 

Investigating the impact that altering XML data at different locations within XML 

documents can have on the database performance when working with databases that 

contain different XML documents sizes will also be considered. For the modification test 

performances, the following locatfons within the XML document will be considered 

beginning, middle, and end of the XML document. 

It is to be noted that the type of modification operations considered in these performance 

tests are only those that are regularl o ng with a database. An example of 

this kind of common modificatio 

elements. 

the values of attributes or 

The XML documents that were stor ase in subsection 4.5.3.1 will be used 

to test the performance ofp~~~~l~:tpp,. a1~atl'tmS.·t Hare 
Together in Excellence 

Below, the XUpdate syntax that is used to alter existing nodes ( element or attribute) is 

provided, with all test descriptions. 

Modify the value of an element 

M(la) To modify the value of the price (e.g. from its current value to $500.00) which is a 

child of the part occupying position 1 within the hierarchy of node elements contained 

inside the generated XML document, the Xupate syntax is 

"<xu:update select=\'1/parts/part[l]/price\">" + "$500.00" + "<lxu:update>" 

M(lb) To modify the value of the price (e.g. from its current value to $700.00) which is a 

child of the part occupying position 75 within the hierarchy of node elements contained 

inside the generated XML document, the Xupate syntax is 
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"<xu:update select=\''lparts/part[75]/price\">" + "$700.00" + "</xu:update>" 

(Mlc) To modify the value of the price (e.g. from its current value to $540.00) which is a 

child of the part occupying the last position within the hierarchy of node elements 

contained inside the generated XML document, the Xupate syntax is 

"<xu:update select=\ '1/parts/part[lastOJ/price\ ">" + "$540. 00" + "</xu:update>" 

Modifying an attribute value 

(Mld) To modify the value of the attribute <sku> (or product number) which is a child of 

the <part> element from 3119 to 65, the Xupdate syntax is 

"<xu:update select=\ "lparts/partl@s "65" + "</xu:update>" 

(Mle) To modify the value of the att roduct number) which is a child of 

the <part> element from 7199 to 509, 

"<xu:update select=\ '1/parts/partl@s + "509" + "</xu:update>" 

University of Fort Hare 
(Mlt) To modify the value oft • • t number) which is a child of 

the <part> element from 8834 to 2623, the Xupdate syntax is 

"<xu:update select=\ '1/parts/partl@sku[ ='88347\ "> + "2623" + "<lxu:update>" 

4.5.3.4. Deletions 

Like the aforementioned, deletion is also one of the important operations when using a 

database. It consists of removing unwanted data contained inside the database collection. 

The deleted data can be an element, an attribute, or a block of XML data. 

As in the case of modifications, an investigation of the most important factors that can 

affect the overall performance of the XML database when removing particular data 

contained in a database will be conducted. These include the number of elements or 

94 



 

 

attributes to be deleted and also the position of the to-be-deleted elements or attributes in 

files (XML documents). 

In the interest of readers, it is emphasized that, as in the case of those previous discussed 

operations, only the delete operations that are frequently done when working with a 

database will be considered in these performance tests. 

In the next subsections, a list is provided of the XUpdate syntax that is formulated in 

order to carry out these deletion performance tests and a short explanation for each one of 

them is also provided. 

Deleting an element 

D(la) To delete the price of the p h occupies position 1 within the 

hierarchy of node elements, the Xupa~i~ m!~~~ 

"<xu:remove select=\ "/parts/part[l}/prz 

University of Fort Hare 
D(l b) To delete the price of .L .... &,,[t• !JflJ'7Ji<li.CJ.""""'~ te • upies position 75 within the 

hierarchy of node elements, the Xupdate syntax is 

"<xu:remove select=\ '1/parts/part[75}/price\ '1/>" 

D(lc) To delete the price of the part element, which occupies the last position within the 

hierarchy of node elements, the Xupdate syntax is 

"<xu:remove select=\ '1/parts/part[l,astO]lprice\ "/>" 

Deleting an attribute value 

D(2a) To remove the attribute <sku> with value equal to 65 which is the child of the 

<part> element, the Xupdate syntax is 

"<xu:remove select=\ '1/parts/partl@sku[ ='65']\ '1/>" 
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D(2b) To remove the attribute <sku> with value equal to 509 which is the child of the 

<part> element, the Xupdate syntax is 

"<xu:remove select=\ '1/parts/partl@sku[ = '5097\ '1/>" 

D(2c) To remove the attribute <sku> with value equal to 2636 which is the child of the 

<part> element, the Xupdate syntax is 

"<xu:remove select=\ '1/parts/partl@sku[ = '263 67\ '1/>" 

4.6. Summary 

This chapter explained the motivati 

further provided a detailed descripf 

used to conduct the performance co 

onment and timing methodologies 

[p:@l~m'~ ~~ this chapter provided a detailed list 

and explanation of each of the database e.g. storage, query, modification, and 

delete) that will be carri ..... _.,,.._..t ~iro:l.lnfm .. __._,_.J$0rmance of the chosen v 

databases. Together in Excellence 
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Chapter 5 

OUTCOMES M \ ISCUSSION 
TUO EN 

OF T E ENTS 1ver are 
Together in Excellence 
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5 .1. Introduction 

Chapter five starts briefly by discussing some of the previous results obtained by 

different research groups that conducted similar database performance comparison works. 

The chapter furthermore presents and discusses the results from the experiments as 

described in chapter 4. Lastly, a comparison of the various results will be done with the 

intention of contrasting our research findings with the previous research results, and a 

conclusion will be made. 

5.2. Previous Research 

As pointed out in chapter three, soJ:i\~~ m~~m\n,s have already done performance 

comparisons using some of the Open • e XML databases that we have been 

investigating in our wor , performance of these 

who conducted a performance comparison study of XML-enabled and Native XML 

databases systems. Other researchers [56, 57] also made some findings when they 

compared features of some selected Native XML database products. 

In the interest of readers, mention is made of the fact that we limit the survey to the 

findings of the studies that are analogous to the scope of this thesis. In other words, only 

the previous findings for studies that involved comparing performance of the Open 

Source native XML databases will be considered. 

In what follows, a discussion of some of these previous research findings will be done. 

The results obtained from the performance tests conducted by [ 1 7] indicate that eXist 

database outperforms Xindice when querying XML documents stored in the database. On 

the other hand, the results that they obtained from the insertion performance tests 
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demonstrate that Xindice database carried out the insertion operation much more quickly 

than eXist. Similar to the [17] findings, the test results obtained by [18] as well indicate 

that the performance of Xindice when inserting XML documents in the database was 

faster than eXist database's performance and, in addition to this, they also claimed that 

their test findings show that Xindice presents satisfactory results as well for modification, 

and delete operations. Nonetheless, for the database query operation, their findings 

demonstrate that eXist surpassed Xindice. This result once more is similar to the query 

operation findings in [ 1 7]. 

The main concern in these expen 

complete a task by each of thes 

rn·M, f".!"1"1rl'C"'""'Jure the response time needed to 

Source Native XML databases. 

e different sizes of generated XML 

documents. The sizes o 7 KB, containing 50 

t:~T.:al'.e·d part elements, and 126 KB 

containing 1000 generated part elements. The focus of these performance tests is to 

investigate the ability of each of the studied Open Source XML databases to handle the 

basic database operations such as storing, querying, updating, and deleting. 

The response time of each of the Open Source native XML databases when executing 

each of these basic database operations was measured. The instruction part for executing 

a primitive basic database operation (e.g. store, query, modify, and delete) was repeated n 

times, and the average time was taken. In the experiment, the time required for 

connecting to the database, or the time required for creating a collection was not 

considered as only the basic database performance was of interest. Consequently only the 

time used by these XML databases to complete a particular operation was the focus . 
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The experimental results of these metric comparison performance tests are presented in a 

graphical format in the next subsections. A complete listing of the source code used for 

the different performance tests (i.e. storing, querying, updating, and deleting), and the 

tables containing results obtained from the experiments can be found in Appen~ices B, 

andC. 

For the rest of this chapter, each of the basic operations considered in these performance 

tests is introduced. The experimental results obtained for each of these basic operations 

are presented and discussed. 

5.3.1. Storage 

The first performance test was to sto 

Before discussing the storage perform 

ML documents into the database. 

different internal storage chanisms avtailabl used by Open Source native n1vers1 :y o are 
XML databases to store XML 8}1-et • t m11 understanding of how Open 
Source native XML databases internally organize XML data and will also assist in 

interpretation or explanation of the storage tests performance results. 

There are two approaches that Open Source native XML databases use to physically store 

collections of XML documents. These are text-based and model-based storage 

approaches. These two techniques have already been discussed in section 2.3 .3 in chapter 

2. To recapitulate what we said earlier concerning the two above-mentioned storage 

techniques, the text-based storage approach stores the entire XML document in text form 

as flat files, relational BLOBs with processing ability, or proprietary storage (text) 

format. It also provides some database transaction support in accessing the document. 

The model-based storage on the other hand first models the XML document using a 

model like the Document Object Model (DOM) to represent an XML document as a tree 

structure and then maps objects of this representation to a database. How the model is 
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stored depends on the database. Some databases store the model in a relational or object-

oriented database whereas others use a DOM persistent storage model, or a proprietary 

storage format suitable for their model. 

Each of these storage methods uses some kind of a mapping. The tasks of a mapping are 

to parse an XML document's representation, identify the relevant objects, and issue 

appropriate database calls to store objects. 

Referring back to the experiments, the data sets that were used to test the storage 

performance are the three XML documents that were generated. These documents 

contain the same kind of information but they differ in the number of items that were 

generated and also the randomly· ge 

5.1 we show a sample section of the 

umber of each part item. In Figure 

'<'.paI"ts> 

-<part sl{ll:PYt/i"lllrlr, '~ sity of Fort Hare 
· •. ~desc> Ball-· B}eg Excellence 

..... :··.. ··.: .. : •.. 

• • <rriclker> s~K.F. </~ak~r> · 
..... :.• :·· : . . . .• • -···· 

' <instock>. Yes </instock> •.. 

<price> $20.00 </price> 

</part> 

<part sku="30"> 

[ ... ] 

</part> 

[ ... ] 
<I arts>. , p 

Figure 5.1: Sample section of generated XML document 

The manner in which the generated XML document shown in Figure 5.1 will be stored 

into the studied Open Source native XML databases will depend on the ·storage 
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mechanisms employed by that particular XML database. This can be either of the two 

methods introduced previously, namely text-based storage or model-based storage. For 

this reason it will be significant to have an idea about how these two formats represent 

XML data. In Figures 5.2 and 5.3 the testing data sets (generated XML document) 

illustrate the storage representation of these two approaches. 

<?xml version="l.0"?> 

<parts> 
. . . . . 

... -~ •. . • . . 

. :<5Part sku="764l"? -
. . . : . . . . . ... . . •• . . . .· . . . . ' .. 

• 5deS?J3:aP-:1-~~~ ~g,:f 14i~'~/ <"/:;' 
<maker>·S.K.F. </maker> 

. <in.stock> Yes </mit~~ 

<price> $20.00 <,.u ... , . ..,~ 

·</part> 

<part sku="30"> 

[ ... ] 

</part>l.Jniversity of Fort Hare 
[ ... ] Together in Excellence 
</parts> 

Figure 5.2: Text-based storage representation of generated XML documents 

The Figure 5.2 above 1s similar to Figure 5.1. This shows that the text-based 

representation typically stores whole documents as a unit, without changing any 

information. In other words, in the text-based storage approach our generated XML 

documents are stored "as-is". 

The next Figure 5.3 shows the technique that the model-based format will use to 

represent our generated XML documents. 
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parts 

part part 

@sku desc maker instock pnce @sku 

• 
7641 Ball 

Bear S.K.F $ 20.00 30 
ing 

Figure 5.3: Model-based storage r of generated XML documents 

Universit 
Figure 5 .3 above illustrates ho g#_,,.,,t+'Yllo. ilds an internal object model 

of the generated XML documents before storing it into the database. This method views 

the XML document as a hierarchical structure of nodes as shown in figure 5 .3. These 

nodes can be of several types, such as element, attribute, character data, and so on. An 

element has a name and may have children. An attribute has a name and carries text. 

Lastly, character data carries text but has no name. For example, looking at the figure 5.3, 

the elements are: parts, part, desc, maker, instock, and price. An example of attribute is 

sku. 7641, Ball bearing, S.K.F, Yes, $20.00, and 30 are character data. 

When these two XML data representation approaches as illustrated in Figures 5.2 and 5.3 

are compared, it can be seen that text-based representations classically store the whole 

document, while model-based approaches store trees based on the data's hierarchical 

arrangement. 
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After getting insights into the two main storage approaches used by Open Source Native 

XML databases it is now pertinent to examine the impact that these two techniques can 

have on the storage capability of the studied Open Source Native XML databases. 

5.3.2. Test results for storage 

A set of experimental tests were run for comparing the storage capability of the studied 

Open Source Native XML databases. In all these experiments, the major concern is the 

response time needed for executing an instruction to carry out a task. A task is defined as 

a basic database operation that has Lti"\--n-ior-.::l"l"'nn:i~r-t-n,hich in this case is storing XML 

documents into a database. In othe xperiments the focus is on timing 

the execution of the database storag he time needed to store an XML 

document into a collection is measur red for connecting to the database, 

or time required to create a collection 

Universit of Fort Hare 
In the next subsections, the re y~f iW c~ mre~erated XML documents that 
are used for testing the storage performance of the studied Open Source native XML 

databases are presented. 

5.3.2.1. The storage for fifty part elements 

Figure 5 .4 presents a performance comparison graph of the time taken by the four studied 

Open Source native XML databases for storing a generated XML document that contains 

fifty part elements ( small.xml) in the database. 
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Generated XML document containing fifty part elements 

180.00 
i5 160.00 
(J 
Cl) 140.00 .!!? 

120.00 --+- Berkeley 

Cl) 100.00 -11-dbXML 
E 80.00 Exist ;; 
Cl) 60.00 -¾--Xindice C, 
cu 
I.. 40.00 0 - 20.00 en 

0.00 
0 200 400 600 800 1000 1200 

Number of XML documents 

XML document containing 

Prior to interpreting the data shown i raph above, a short explanation of 

rizontal axis is necessary. Numbers 

displayed on the horizont - • ... :!-... V.,.,~~,µ. d XML documents that 

are stored inside that particular 'tJllll~M~:~ ,ec~~~:e.~!e·~~ample, 100 represents hundred 
generated XML documents, 200 for two hundred generated XML documents, and so on. 

The numbers on vertical-axis are the various times obtained in milliseconds when storing 

different numbers of generated XML documents into diverse collections inside the 

database. For example, the time taken for storing a hundred generated XML documents, 

the time taken for storing two hundred generated XML documents, and so forth. Lastly, 

the four lines represent the four studied Open Source native XML databases that are 

being compared in this storage performance test, namely Berkeley DB XML, Xindice, 

dbXML, and eXist as shown in the legend. 

The results on the comparison graph above in Figure 5.4 reveal that the performance of 

Berkeley DB XML is much better than the other three, in the sense that its performance 

shows minor difference along the different generated XML documents. This is attributed 

to the fact that Berkeley DB XML uses text-based storage. As already mentioned, in the 

105 



 

 

text-based storage approach, the XML document is stored "as-is" without any 

conversion. Since Berkeley DB XML uses this text-based storage technique, when 

storing an XML document it does not need to spend time building a tree representation of 

that particular XML document. That is why Berkeley has an advantage over the other 

three when storing XML documents. For example, looking at the comparison graph when 

inserting from 100 to 1000 xml documents, Berkeley DB XML does show only a very 

slight change compared to the other three XML databases. 

eXist, dbXML, and Xindice make use of the model-based storage approach. Contrary to 

Berkeley, prior to storing an XML document, they must define an XML document 

representation model of the document being stored using (Document Object Model) 

DOM technique, and after this map t nt's representation model into the 

database. The mapping itself also dep n e database model which can be any 

database model. For example eXist t persistent DOM objects whereas 

dbXML uses a relational mapping mo{1t!)~ ~~~~ruses a proprietary storage format. 

Looking at the comparison 

documents increases from 100 t 

.. ~ - ${S.~.tnl4\as the number of XML 

~ii:G~'tl, ~~~~ eXist, dbXML, and Xindice 

also increase. This shows the disadvantage of model-based storage in the sense that when 

the XML document's size increases it also needs more time for building an XML 

• document representation model or the DOM tree structure for such document. 

Like Xindice and dbXML, eXist uses the model-based storage techniques but the results 

in the comparison graph in Figure 5 .4 demonstrate that eXist performs worse than the 

other three databases. This poor performance is caused by the mapping technique and 

indexing scheme used by eXist. As mentioned, eXist makes extensive use of the DOM 

technology. It stores the XML document as persistent nodes objects. Consequently when 

storing an XML document, eXist builds a node index for the top n level element nodes in 

the DOM tree. This process can be time consuming, especially when dealing with large 

XML documents. For example looking at the comparison graph in Figure 5.4, as the 

number of XML documents increases from 100 to 1000 XML, we can see that the storage 
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time is also highly increased. This can be explained by the fact that as the number of 

XML documents that are being stored in the collection increases, creating an index for 

every single element contained in the XML document in the collection leads to 

decreasing performance as well. 

5.3.2.2. The storage for hundred and fifty part elements 

In this subsection, the results of the second dataset that was used in the storage 

experiments will be presented. This dataset contains more elements than the previous 

one. 

The performance comparison grap 

studied Open Source native XML 

i7s ows the time taken by the four 

o ing a generated XML document 

containing hundred and fifty part elell\~~~~~~ 
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Figure 5.5: Timing comparison for storing generated XML document containing 

hundred and fifty part elements 
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Although the number of part items inside the generated XML document has increased 

from fifty to hundred and fifty part items, as shown in the comparison graph in Figure 

5.5, the performance results seem to be similar to the one in Figure 5.4. Here the 

performance of Xindice is slightly higher compared to the previous Figure 5.4. This 

shows that the Xindice's proprietary format storage indexing techniques has a 

disadvantage when storing big size XML documents. The Berkeley DB XML still shows 

a better performance than the other three. It is followed by Xindice and dbXML. eXist 

still performs worse than the other three databases 

5.3.2.3. The storage for thousand part elements 

The experimental results for the thir 

this subsection. 

is experiment will be discussed in 

Figure 5.6 presents the comparison gra g the time taken by the four studied 

Open Source native XML qc\1~1)tW~ 1M t-Slt>Ji11~ ~ ,,•2,~. ~."'~ ... ,..s..,.,. .. ~::jil':.1.-..~.,.il"'~L document containing 

thousand part elements. Together in Excellence 
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showing a better performance than the ___ ist still performs worse than the 

other three databases. In t • -H"lr't"'T.tt""',.~ ... _ ::.~ .. ~ ,, !fl~~!J:l.~~"" when storing from I 00 

technique used by eXist can 

be very difficult to handle especially when storing big XML documents in the database. 

Looking at the graph in Figure 5.6, Xindice's performance seems to be problematic for 

handling large size documents. For example, in inserting XML documents from 100 to 

1000 documents, its storage time has highly increased. This seems to be a common 

problem that might occur with databases that use the DOM mapping technique. As the 

XML document increases in size, building an XML document representation model for 

such document becomes time consuming and problematic. 

As a conclusion, the results displayed in these three comparison graphs 5.4, 5.5, and 5.6 

above have shown that the Berkeley DB XML is the fastest of the three Open Source 

native XML databases for storing XML documents and the slowest is eXist. 
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5.3.3. Queries 

After storing the generated XML documents in the database, the next performance test 

was to query those data contained in the stored XML documents. The XPath was used as 

the preferred query language for querying XML documents. The reason for choosing 

XPath is that it is a W3C Recommendation and also it is a popular language for querying 

XML data. Most of the Native XML databases support XPath, including the ones that 

are being studied here. 

Before examining the results of the query performance tests, a discussion of the different 

techniques used by XPath when quer • • ng XML documents stored in the 

database will be done. The XPath q ;tec:mtt'&tles~ ere already introduced in section 

2.4.4 in chapter two. Here, an attemPL;W..L,.-t:,MMC~tOI give an explanation of how these 

XPath query techniques work, refe • ated XML documents that were 

stored in the Native XML database a ___ he reason for doing this is to get 

some insight into the ma • hich t4o.ps will manipulate the stored 

d XML d er . .tt.are 1 .. generate ocuments. m o s1st m exp ammg our query test ge zn nee 
performance results. 

As revealed in the previous section 5 .3 .1, the storage model used by the studied Open 

Source XML databases varies. This can be text-based storage, as shown in Figure 5.2, in 

the case of Berkeley DB XML, or model-based storage as displayed in Figure 5.3, for the 

other three, namely Xindice, eXist, and dbXML. 

Regardless of the Open Source XML database storage models, XPath views an XML 

document as a tree of nodes. The nodes in the XPath tree are similar to those in the DOM 

tree. There are seven different types of nodes. These are: root, element, attribute, text, 

namespace, comment, and processing instruction. Each of these node instances is distinct 

from any other node instance. 
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In Figure 5. 7, we show a graphical representation of the XPath tree for the generated 

XML documents. 

@sku 

7641 

desc 

Ball 
Bear 
ing 

part 

Root 
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part 

@sku 

30 

Figure 5. 7: XPath tree for the stored generated XML documents 

As shown in Figure 5.7 above, XPath' s representation of the generated XML documents 

is similar to the model-based data representation in Figure 5.3. In other words, both 

model-based storage and XPath model the generated XML document as a tree of nodes. 

In the XPath tree, there is a single root node, which is different from the root element 

node of the document. The root node is the very first ( and essentially a virtual) element of 

the XML tree, whereas the root element node of the document is the root element of the 

XML document which, in this example in Figure 5. 7, is the parts element node. The root 

node in the XPath tree is the parent of the root element node of the document. The root 

node in the XPath tree also contains all other nodes in the tree. In addition, every node 

except the root node has a parent node, and parent nodes may have any number of child, 

or descendant, nodes. For example, looking at Figure 5.7, the root node contains one 
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child node (i.e. parts). Element node parts contains child element node part. The element 

node part is the parent of the attribute node sku, and element node part also contains 

child element nodes desc, maker, instock, and price. The element nodes desc, maker, 

instock, price, and also the attribute node sku, contain text nodes. 

The order of child element nodes is significant, since all information accessible in the 

XPath tree is in the form of sequences. This order is established by the order in which the 

nodes appear in the original XML document (i.e. the generated XML document shown in 

Figure 5 .1 ). 

Each node in an XPath tree has a string value that XPath uses for comparing nodes. For 

this reason XPath defines a way for computing a string value for each node type in the 

tree. The string value of a node is c o c tenating all text node descendants 

in the document order. For example, re: o Figure 5.7, the string value for the 

maker element node is S.K.F For th e that has four descendent element 

nodes ( desc, maker, instock, and pri~~~~mt~ El,lue consists of the concatenation of 

the string values for all its four descen t nodes in document order. Thus the 

resulting string value is BctJtl.tl11~m-;r~~l'l.T/t:·tr re 
Together in Excellence 

So far we have seen the how XPath models our stored generated XML as a tree structure. 

Now let us further examine how we can use this structure to situate or choose a particular 

fragment of our generated XML documents. 

An XPath query is evaluated by a top-down traversal of the XPath expression tree. The 

input XML tree is traversed according to each sub-expression and the context state is 

updated along the way [ 67]. 

XPath query uses an expression referred to as location path for specifying how to move 

from one node to another in an XPath tree. In section 2.4.4, it was explained that a 

location path consists of one or more location steps separated by slashes (/). Every 

location step is made up of three parts: axis, node test, and optional predicate. 
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Searching through an XML document begins at a defined starting point (the context 

node) in the XPath tree. Searches through the XPath tree are made relative to this defined 

starting point (the context node). 

Referring back to the example in Figure 5. 7, suppose that one wanted to know which 

parts have S .K.F makers available; using the root node of the XPath tree as the context 

node (starting point), one could use the location path /parts/part[maker = 'S.K.F'] to 

select the maker element node for each part that has a S.K.F maker. In this location path, 

the three parts of the location step mentioned in the previous paragraph are illustrated, 

namely axis, node test, and predicate. Here, the axis defines the direction to move in the 

document tree. In the example, the direction is from the root node to the maker node 

element. Location steps are separat d-n-,:t--c-i~s es A node test is an evaluation to 

determine which nodes along the axi f e next step which in our example 

is /parts/part. The first step selects t e a the second step selects the <part> 

elements that are children of that no edicate is an expression which is 

enclosed in brackets [maker= 'SKF'] t elected by the node test. 

After getting some insight • a!fl' ~me1~L .lfU3.(1Ltee~m~ues used for traversing 
Ta r_ether in nee an XPath tree, the performance o the stUcfle ource Native XML databases in 

handling XPath queries can now be studied. 

5.3.4. Test results for queries 

A set of experimental tests for comparing the query performance of the studied Open 

Source Native XML databases were run. As in the previous experiments, the major 

concern for these experimental tests is the response time needed to execute a task. In the 

context of the experimental tests, the only interest is in timing the database query 

execution part. Timing is started from the beginning of the query execution, until the 

query execution is completed. This query execution is repeated five times and the average 

time from all these repetitions is calculated. The time required for connecting to the 

113 



 

 

database and time for getting a particular database collection that is being queried is not 

included in the timing results. 

The text-based Open Source Native XML database was not able to query the generated 

XML document containing a thousand part elements because the machine ran out of 

memory when creating the DOM tree. Due to this problem, it was decided to use the 

19 .00 KB generated XML document containing a hundred and fifty part elements for the 

rest of the experiments. 

The queries are executed on a number of collections, containing 100, 200, ... , 1000 XML 

documents respectively. Each of these documents has a size of 19.00 KB. 

The rest of this section presents and 

in the query performance tests. 

us query results that were obtained 

In the interest of space, and also due to ities of certain tests results obtained, 

not all the results will be iq1wi~M•ffirN 1iS<t'liSS ~Tlr, nQ.ll'P ....,,~~e .. ~"-i!!Ut some samples of these 

itsm~snw tnr..L]ruclefl~l.tellte test results obtained in the 

various query tests conducted, please refer to Appendix C which contains all the test 

results. 

5.3.4.1. The query /parts/part 

In query (Ql b), "/parts/part", interest was in displaying all the <part> elements that are 

children of parts. The objective of the test was to measure the query performance for 

displaying all the appearances of the <part> element within all the XML documents that 

are stored in the database. In Figure 5.8, the different times taken by the four studied 

open source native XML databases for accomplishing this operation are displayed. 
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As in Figure 5 .4, the numbers displ Y.e • z ntal axis represent the number of 

generated XML documents that are t articular collection. The numbers 

on the vertical-axis represent variotis~~~~ ~Wdid in milliseconds when querying 

collections of different sizes. aphs represent the four Open Source 

native XML databases th rformance test, namely 

eXist (lower along the horizont 11 along the horizontal axis), 

Berkeley DB XML(middle) and dbXML(upper). 

The results obtained from the query performance tests, as shown in Figure 5.8, reflect the 

advantages and disadvantages of the two main storage techniques used by the studied 

XML databases namely model-based and text-based. To recap, in the text-based model a 

document is stored "as-is" without being parsed, whereas the model-based approach 

parses an XML document before storing it according to a specific model (e.g. relational 

model, DOM persistent, and so on.). The XPath technology uses DOM parser technique 

for querying a document. As with model-based Native XML databases, every query 

operation also requires parsing the XML document that has been processed. Additional to 

this, the parsed document needs to be loaded into memory. 

• The test results obtained reveal that the query performance of Xindice and eXist 

remains steady for all the documents' sizes. In other words, they show excellent 
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results when querying different document sizes contained in various collections. 

For example, looking at the comparison graph when querying from 100 to 1000 

XML documents, the time taken to execute queries in Xindice and eXist does not 

change.This is a very good performance. Such behavior can be explained by the 

fact the two databases use a model-based storage technique. When storing their 

data, they spend a lot of time building indices on the data being stored. As a 

consequence of this, their performances are poor for the insertion operation, 

especially for eXist database. But when querying their stored data they take 

advantages of the indices built during insertion to quickly get information about 

data being queried. As result, this makes it easy for them to efficiently retrieve the 

data. 

• Additional to this, the afore ML databases use XPath as their 

a As pointed out, XPath also uses 

model-based storage, namely tQll~~~~Htn data that is being stored. This fact 

also gives Xindice and eXist ~~§~~~Jien using such techniques to query 

data. Because of this similarity, model-based storage XML databases 

allow querying wi 11}.~~&.t~~~tttl~.,.., ... , ... -',I..., (lk),CUfll):eJlt-11.nt~~dllemory. 

• Referring back to the rds(l~~r~i~rszUrJeJ.~~e.Mell@•exindice and eXist, the query 

performance of dbXML 1s poor compared to the two model-based XML 

databases. The difference is caused by the mapping model used by dbXML. 

During its storage process, after parsing XML data that needs to be stored, 

dbXML uses a relational mapping model for storing the parsed data. The 

drawback of the relational model mapping approach is that the stored XML 

documents need to be reconstructed before being queried. As result of that, 

sometimes it can consume a lot of time when reconstructing the documents, 

especially when dealing with big documents or a huge collection of smaller 

documents. For example, Figure 5.8, shows that as the number of XML 

documents in the collection increases (e.g. from 100 to 1000) the performance of 

dbXML also starts dropping. On the other hand, since dbXML also uses XPath as 

its query language. XPath has to build a DOM tree of the document being 
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processed in memory before processing a query. One of the main problems with 

this technology (XPath) is its inability to process big size documents. 

• The results in the comparison graph in Figure5.8 demonstrate that Berkeley DB 

XML performs worse than the others three databases. This very poor performance 

is attributed to the type of storage techniques (text-based) used by Berkeley DB 

XML. Unlike the model based approach, in text-based storage the entire 

document has to be parsed to perform any queries on it. This is always a problem 

when dealing with big XML documents or huge collections of XML documents. 

Furthermore, Berkeley DB XML supports XPath as its query language. As 

mentioned, XPath uses the DOM parser technique for accessing information 

stored in an XML document. This always parses the entire document being 

processed and builds a D -n ation of the XML document as 

illustrated in Figure 5.7. In t e DOM tree representation of the 

XML document is loaded int e executing the query. This requires 

a high memory usage when pt,c1~~~~ill'g~:bllection of small documents or big 

documents. The shortcomings o parser which is the main technique 

used by XPath we e • r I[ • . • t takes time to build the 

tree, high memory usag~p!g,6tfe:~mllfjl~-~00ffll'.~Figure 5.8, when the number 

of XML documents stored in the collection increases, the time required for 

querying also increases. This is probably because the DOM parser required more 

time to build the tree. As a result, the Berkeley DB XML could not process all 

these data. It was just able to execute query from 100 to 500. After 500 it was 

impossible because the DOM parser required too much memory to load the whole 

dataset in the main memory before executing the query. As a result the machine 

runs out of memory when creating the DOM tree. Lastly, the other probable 

reason for the Berkeley DB XML's poor performance (i.e. machine runs out of 

memory) may be the fact that we used the default settings (i.e. default value of the 

duration of a single transaction for all Open Source NXDs tested) during the tests, 

as explained in section 4.5.2.2. Therefore if a single transaction takes a long time 

(i.e. when creating a DOM tree for big collection of XML documents), the 

machine may well run out of memory. 
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Based on our test results, we can conclude that Xindice and eXist have shown an 

excellent performance, followed by dbXML, and Berkeley DB XML has shown very 

poor performance. Furthermore, as mentioned, query (Qlb) involves displaying all the 

<part> elements that are children of parts. This was a general query without any precise 

specification. The results shown _in Figure 5.8 confirm that the execution of this kind of 

query is affected by the size of the database in the case of some databases, namely 

Berkeley DB XML and dbXML as well. 

5.3.4.2. The query /parts/part[75]/desc 

In this section, the results obtained Lv-J..w. --.u.~-~ type of query will be presented. 

Unlike the previous queries, which ~--~........ s involving a full scan of each node 

in the DOM tree, here some specifi l~:::::.iiiiiriiiiiiii:.::~J ated which depend on specific 

factors. For example, in query (Q3b J ~ --~ c, the part description <desc> 

example which is the miut::r1cs.a.e 

contained inside the generated 

• osition (i.e. 75 for this 

As explained in the previous section, the aim of the query (Q3b) is to investigate the 

performance the studied databases for retrieving an XML document fragment depending 

on the hierarchical position occupies by the element being queried within the XML 

document. 

The different times taken by the four native XML databases for executing the query 

(Q3b) are shown in Figure 5.9 below. 
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Unlike Figure 5.8, Figure 5.9 sho 

databases are able to perform this q e 
=------...-,--....._=-=ur studied open source native XML 

VIDE 

t all document sizes. Also the time 

taken by Berkeley and dbXML for e cuting tliis uery is faster than in the previous 

query. Note that for Xindice ~d eXist,. the execution times appear analogous as in the 

previous query. The resu lJt!tYi &- ..... - - . f fxg~ shown that the query 
Toaet er In Exce1lence 

execution time for Berkeley DB XML and dbXML was half reduced compared to the 

previous experiment. For example in dbXML for executing query QI b, it took 20.0 

milliseconds but for executing Q3b it took 10.0 milliseconds. Likewise for Berkeley DB 

XML for executing Ql b the timing was 5.00 milliseconds but for executing Q3 bit took 

2.00 milliseconds. The author in [73] says that every element and tag has a unique XPath 

address. For example in the query (Q3b) /parts/part[75}/desc, number [75] represents a 

unique XPath address for element <part>. Therefore when querying an XML document 

using a unique XPath address for an element the search should be faster than in the 

previous query QI b. The previous query QI b /parts/part is a general query. The query 

(Q 1 b) requires a full scan of each node. It can take a long time and a large amount of 

memory to process the request especially when dealing with big XML documents. This is 

a clear disadvantage for text-based storage database (e.g. Berkeley DB XML) when 

processing this kind of query (full scan of each node). 
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In section 2.3.3 in chapter 2, it was mentioned that the performance of Native XML 

databases is good when retrieving and returning data according to the predefined 

hierarchy (i.e. order in which elements nodes are stored inside the XML document). This 

query is trying to query an element according to the position that it occupies inside the 

stored XML document. 

On the other hand, as shown in Figure 5. 7, the XPath DOM tree is built according to the 

hierarchy of node elements contained inside the XML document. Therefore, when 

executing this kind of query (i.e. query (3b)), it will be easy for the DOM parser to locate 

a particular element node in the DOM tree, knowing its XPath address within the DOM 

tree representation. Therefore this query (Q3b) will be executed faster by XPath as well. 

Comparing the performance of each o 

5.9, Xindice and eXist show excelle t 

5.8. There is also a change in th 

performed better than in the previous te 

ML databases as shown in Figure 

infl'l"'t:-H,m s the same as in the previous Figure 

l~~~ffiamc@df Berkeley DB XML which has 

........... ~.-.u.provement should surely be attributed 

to the indexing scheme us a"i,.;t\,r"'Pl"!th b~r~;t'?~~ of the element node is 

earch time. Also there might 

be no need for parsing and loading the whole XML documents into the memory. On the 

other hand, dbXML has still shown poor performance. This can be attributed to the time 

consumed for reconstructing the documents before querying. 

From the test results, it can be concluded that, with query Q3b, Xindice and eXist have a 

steady performance, followed by Berkeley, and dbXML has shown poor performance. 

Furthermore, the execution of query Q3b is not affected by the size of the database. 

5.3.4.3. The query /parts/part[@sku=' 7199 ']/ desc 

The other factor that was considered when formulating the query was the attribute of 

element. The reason for considering an attribute in this query performance test is that an 
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attribute node can also contain information about an element node. In other words, an 

attribute can be used to describe an element node. 

This section, will present the results that were got from querymg an attribute of an 

element node. 

Each <sku> attribute of <part> element contained inside our generated XML document 

that is stored inside the database collection has a random generated value. 

In query (Q3e) /partslpart[@sku= '7199 ']ldesc, we queried the part description <desc> 

of the <part> element node that has an attribute <sku> value equal to 7199. 

Retrieve an Xml document fragment depending on the value of an attribute node 

contained within the XML document 

Figure 5 .10 displays the various time r studied open source native.XML 

databases for executing the query (Q3~lH!===~~====!J 
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Figure 5.10: Comparison of time taken for executing query Q3e 

121 



 

 

The results obtained from this query performance test, as shown in Figure 5.10, are also 

similar to the previous ones in Figure 5.9. This shows that the queries Q3e and Q3b have 

almost the same performance. 

As discussed above, the interpretation of the results shown in Figure 5 .10 is similar to the 

ones previously given for 5.9. Therefore no further explanation is needed but to simply 

refer our readers to the explanation given for query Q 3b. 

5.3.4.4. Other queries 

Some other queries in the query pe~r.:V'J-~....,_...,.u'..f¥"fLV~~a .,,!-'A''-!~/H 

queries discussed in subsections 5 .3. . 

those queries: 

Q(l a): /parts : display all (documents) 

Q(l c ): /parts/part/@sku: ,;iup~""'iot1t y ri,.1,. CliJ:1•'ry s 

re considered in additional to the 

.3.4.3. The following is the list of 

e are children of <part> 

element Together in Excellence 
Q(2a): /parts/part[@sku >'2414']: display all the <sku> attributes that are children of 

<part> and having value greater than 2414 

Q(3a): /parts/part[l]/desc: display part description <desc> element that is the child of the 

<part> element which occupies position 1 within the hierarchy of node elements 

contained inside the generated XML document. 

Q(3c): /parts/part[last( )]/desc: similar to Q(3a) and Q(3b) but here we want to display 

part description <desc> for the <part> element which occupies the last position within the 

hierarchy of node elements. 

Q(3d): /parts/part[@sku='3 l l 9' ]/desc: display part description <desc> element that is the 

child of the <part> element which has product number <sku> attribute equal to 3119. 

Q(3f): /parts/part[@sku='8834' ]/desc: like in Q(3d) and 3(e) but here we are interested in 

displaying part description <desc> for the <part> element whose product number <sku> 

attribute is equal to 8834. 
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Q(4a): /parts/part[@sku='7064' and maker ='S.K.F']: display <part> element that is the 

child of the <parts> element which has product number <sku> attribute equal to 7064 and 

maker's name S.K.F. 

Q(4b): /parts/part[@sku='7199' or @sku ='3191 ']: display <part > element that is the 

child of the <parts> element which has product number <sku> attribute equal to 7199 or 

which has product number <sku> attribute equal to 3 191. 

Q(4c): /parts/part[@sku!='5604']: display all <part > elements that are children of the 

<parts> element which have product number <sku> attribute not equal to 5604. 

Q(Sa): /parts/part[l 78]/price: similar to Q(3a),Q(3b), and Q(3c) but here we are trying to 

display price value <price> element of the <part> element whose position is equal to 178. 

Q(5b): /parts/part[@sku='107']/desc: like in Q(3d), Q3(e), and Q(3f) this query also 

displays part description <desc> oft e 

107. 

In the next sections, some remarks ng what was observed when the 

above listed queries were executed. F , all the different test results obtained 

from the above queries c 
Together in Excellence 

As for query (Ql b), when processing queries (Qla), (Qlc), (Q2a), and (Q4c) that were 

also general queries, the candidate databases also demonstrated the same performance 

behavior. Due to this we didn't consider representing them graphically. 

Apart from query (Q3e), which had a similar performance to query (Q3b), there are also 

other queries which show the same behavior and these include queries (Q3a), (Q3c), 

(Q3d), (Q3f), (Q4a), and (Q4b ). When these listed queries were executed, the 

performance of the studied Open Source XML databases was the same as with queries 

(Q3e) and (Q3b). Therefore, we didn't see a need for representing them graphically here. 

Lastly in the query performance tests, missing information or information that is not 

contained within the XML documents stored in the database was also tested. The reason 

we did this kind of query is to check how Native XML database handle this kind of 

operation. 
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When the query for missing data was executed, the response time that was got for 

querying a missing element in query (Q5a) was similar to the one got in query (Q3c), 

whereas the one got when a missing attribute was queried in query (Q5b), it was similar 

to the one got in query (Q3d). As with other queries that are not shown graphically here, 

the test results obtained for these two queries ((Q5a) and (Q5b )) can be found in queries 

results' table in the Appendix C. 

The queries test results obtained for eXist and Xindice, as shown in Figures 5.8, 5.9, and 

5.10, were very low timings for these two XML databases. For the sake of completeness, 

it was decided to re-run the experiment for these two named XML databases by 

increasing the number of query repetitions. The results that were got from the re-run 

prove that eXist's performance w,,.-C,---c<TI~l'"l"1'Ti..-T~ttwlt of Xindice. For example for 

executing query (Qlc), the timings fi'Y ~ "'l...--r•.L.L 

XML documents), the difference wa 

7.0 milliseconds. Although there is a 

show good performance for all these t 

tests can be found in the q results' tali!.e)n 1vers1Ly o 

look dissimilar ( over 100 to 1000 

illiseconds whereas Xindice took 

n the two of them, they both still 

he full test results from the re-run 

. Ta ether in Excellence . . 
In conclusion, the results got m t e vanous quenes as shown m the three comparison 

graphs 5.8, 5.9, and 5.10 above have shown that eXist and Xindice are the fastest of the 

four Open Source native XML databases for querying XML documents and the slowest is 

dbXML. 

5.3.5. Modifications 

There are many proprietary languages that have been developed for use in modifying the 

content of an XML document stored in an XML database. In the context of the 

modifications performance tests, XUpdate language was chosen. We are aware that 

XUpdate is not a W3C recommendation and also that not all the XML databases support 

XUpdate natively [69] . The reason for choosing to use XUpdate language for modifying 
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the content of XML documents is that it is an XML:DB initiative, which makes it an 

accepted update language, and most XML databases utilize the XUpdate language as 

their modification language. 

The presentation of the results of the modification performance tests will start by 

explaining the different techniques used by XUpdate for performing alterations to the 

contents of an XML document. The generated XML documents, which were stored in 

section 5.3.2, are the basis for this discussion. The idea behind this is to gain some 

insights on the way XUpdate will manipulate the generated XML documents. This will 

also assist in illuminating the modifications test performance results. 

In Figure 5 .11 , we show a section o s 

<price> element contained inside our ge 

code that will update the value of 

ocuments. 

String xupdate = 11 <xu:modificati version- l .0\1111 

+ " mlns:xu=\11http://www.xmldb.org/xupdate\">" 
+ "< • • 11 r1JW1Ta1''N('----"1.~~-~.._-~.J 1.IL~'.J/02 ']/price\">" 

+ 
11

$350-0 11

oaether in Excellence 
+ "</xu:upda~''r 
+ 11 </xu:modifications>"; 

Figure 5.11: an XUpdate update 

The piece of code shown in Figure 5 .11 above will update or change the content of the 

<price> element to $350.00 where sku (part number) is equal to 102. The basic idea 

behind XUpdate is to provide a way to make changes to an XML document using 

meaningful syntax [ 69]. Looking at the third line of code in Figure 5 .11 , it is evident that 

for selecting the part of the XML document that needs to be changed, XUpdate uses 

XPath syntax for specifying the path "/parts/part[@sku ='102']/price ". This fact allows 

for the conclusion that XUpdate uses XPath technology for navigating between nodes 

contained inside an XML document that is to be modified. It can further be confirmed 

125 



 

 

that XUpdate's representation of the generated documents is similar to XPath's one. In 

other words, both XUpdate and XPath represent the stored generated XML documents as 

a tree of nodes as shown in Figure 5. 7. Like XPath, an XUpdate statement would also be 

evaluated by a top-down traversal of the XPath expression tree. 

After getting a brief background about several techniques used by XUpdate for 

modifying the contents of XML documents an investigation of the performance of the 

studied Open Source Native XML databases in handling XUpate technology can now be 

done. 

In the modification performance tests, a modification will be considered of some of the 

existing data contained inside the c l c • ~__,, 

5.3.4. The two main kinds 

modification tests data are: 

ueried in the previous subsection 

i n that will be performed in the 

• Modification of the value of el~ia'et~ ~~~ 

• Modification of the value of an attn·bllt:e--

University of Fort Hare 
Berkeley DB XML does not su, .. w•td.at • Y- e language. Because of this, 

Berkeley DB XML is not tested in the experiments for modification and delete. 

5.3.6. Tests results for modification 

Similar to the previous experiments, the major concern for the modification performance 

experimental tests is the response time needed to execute a task. Only the timing of the 

execution of the database modification operation part will be done. Timing is started from 

the beginning of the modification execution until its end. This execution process will be 

repeated five times and the average time taken will be observed. The time required for 

connecting to the database and time for getting a particular database collection that is 

being modified are not included in the timing results. 
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In the next subsections, the tests results obtained from the various experimental tests that 

were conducted for comparing modification abilities of the studied native XML databases 

will be presented and discussed. 

5 .3 .6.1. The modification 
+ "<xu:update select=\"/parts/part[75]/price\">" + "$700.00" + "</xu:update>" 

The modification declaration (M 1 b) above is based on the query in 5 .3 .4 .2 but here an 

attempt is being made to change the value of the <price> element from its actual value to 

$700.00. This value modification is to be done for the <price> element that is a child of 

the <part> element which currently io~:..ui;:t\e.s.1r~•~.c1y1 Y-r,e","n 75 within the hierarchy of node 

elements. The aim of the modificatio the ability of each of investigated 

databases to handle such an operatio . -:,,rn_,rn~r• ~T rlier in this section, XUpdate uses 

the XPath technique for walking thro1U-'l~~~~~illed DOM tree and for searching for 

the node that needs to be at or example, the statement 

/parts/part[75}/price is si • 5}/desc in 5.3.4.2. The 

difference between the two stateb'Itml:S-'.l~;'1'11te ment. Here we are interested 

in the <price> element whereas in the 5.3.4.2, we were interested in <desc> element. 

In brief, we can say that for modifying the contents of any XML document, XUpdate 

• constructs first the DOM representation of that document using XPath procedure and 

after that locates the actual node within the DOM tree, before it can carry out any 

changes and update the database. 

In Figure 5.12, the various times taken by the investigated native XML databases for 

executing the modification (M 1 b) instruction are shown. 
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The modification test results, as <lisp e 5 .12, clearly reveal that Xindice 

and eXist (both lower along the ___ outperform dbXML (upper). This 

difference in the perf o ce of th¼Se datcJ,b s de strates the advantages and n1vers1tv or ort are . 
disadvantages of the mappmg oaelt sed b ch tliese databases when stonng the oge er z xce ence 
XML data. Referring to the mapping model used by dbXML, it was already mentioned in 

subsection 5.3.4.1, that the relational mapping model used by dbXML for storing the 

parsed XML data has a major drawback, which is the reconstruction of the stored XML 

document every time that a given task ( e.g. query, update, and so on) has to be 

performed. Therefore, when performing an update operation, additional to the time 

required by dbXML for reconstructing the XML document, there will be need also to 

take into account the time that XUpdate will spend in searching for the target node that 

needs to be modified within the constructed DOM tree. As a result the cost of these two 

operations (reconstruction, and update) can be time consuming. For example, looking at 

the comparison graph in Figure 5 .12, it is obvious that, as the number of XML documents 

in the collection increases (from 100 to 1000), the performance of dbXML also starts 

worsenmg. 
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The results obtained from the conducted tests as illustrated in Figure 5 .12 have shown 

that the update performance of Xindice and eXist are better than dbXML. This can be 

credited to the mapping model used by these two databases for storing their parsed XML 

documents and also probably to the indexing techniques that they use, as explained in 

subsection 5.3.4.1. 

Based on the test results as shown in Figure 5 .12, it can be concluded that Xindice and 

eXist have shown a very good performance, and dbXML has shown poor performance. 

In chapter two, it was mentioned that Berkeley DB XML does not support XUpdate. For 

that reason, it was not considered in the modification test. 

5.3.6.2. The modification 

+"<xu:update select=\"/parts/part/@s 

Similar to query performance tests, nd category of modification involved 

modifying the value of an ~~IM:at.Fort Hare 
This modification aims to upda& tt~ur b lfG!i eu1lf~sku> from 7199 to 509. This 

value modification is to be done for the <sku> attribute whose value (or product number) 

is equal to 7199 which is a child of the <part> element. 

As mentioned in an earlier chapter, every <part> element contained inside our generated 

XML document was assigned a randomly generated sku (or part number) when the XML 

file was created. The value 7199 that we are trying to modify is an example of one of 

those generated sku ( or product numbers). 

In Figure 5.13, the test results that were got when modifying the aforementioned attribute 

of an element are presented. 
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cuting modification (Mle) 

The general performance results obta 

are similar to the previous one in Fi 

ate test, as shown in Figure 5.13, 

in the previous results, here also, 

Xindice and eXist (both lo'¢:~ along the horizonµ.ulxis) do better than dbXML (upper). 

Ad. db h . un1v.ers ot..lf~_rtttr . 513 . 1 s 1scusse a ove, t e mterpre 110n t e res ts soiaye m 1gure . 1s ana ogous age er zn xce ence 
to the ones previously given for Figure 5.12. Therefore no further details will be given, 

however readers are referred to the justification given in the previous section. 

There are a few remarks that can be made concerning the timing results that were 

obtained in this update test. The execution times for Xindice and eXist remain very 

similar as in the previous performance modification test (Ml b ). On the other hand, the 

test results have shown that the update execution time for dbXML has greatly reduced 

compared to the previous experiment (5.3.6.1). For example for executing the update in 

the case of 700 XML documents it took 335 milliseconds for (Mlb) but it took 101 

milliseconds for executing (M 1 e ). As previously explained, (M 1 b) involves modifying 

the value of element whereas (Mle) involves modifying the value of attribute. This 

allows for the observation that updating a value of an attribute is faster than updating a 

value of element. The reason for this performance difference surely is due to the indexing 

schemes used by dbXML. In section 3.3.5.1 , it was pointed out that dbXML provides 
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value indexes. This kind of index is created based on attributes which may include the 

name and location of attributes, and their values. This can explain why (Mle) is executed 

faster than (M 1 b ). 

5.3.6.3. Other modifications 

Apart from the modifications (M 1 b) and (M 1 e) that have been discussed in subsections 

5.3.6.1 and 5.3.6.2, some other modification tests have also been investigated which 

show the same behavior as (Ml b) and (Mle). The following is the list of these 

modification tests: 

(Mla): + "<xu:update select=\"/parts/ 

In (Mla), we are trying to change th 

"$500.00" + "</xu:update>" 

llf'\-t-1-r- 1111"'1~ , 1r1·~ e> element from its current value 

to $500.00. This change is to be done \~~~~ ~ Js,lement that is a child of the <part> 

element which occupies position 1 wi y of node elements contained inside 

the generated XML docum niversity of Fort Hare 
Together in Excellence 

(Mlc): + "<xu:update select=\"/parts/part[last()]/price\">" + "$540.00" + "</xu:update>" 

Like in (Mla), (Mlc) also involves changing the value of the <price> element to 

$540.00. This change is to be done for the <price> element that is a child of the <part> 

element which occupies the last position within the hierarchy of node elements. 

When the aforementioned modification ((Mla) and M(lc)) were executed, similar results 

to those shown in Figure 5.12 for modification (Mlb) were achieved. For this reason, 

they were not graphically represented here. 

(Mld): +"<xu:update select=\"/parts/part/@sku[.='3119']\"> + "65" + "</xu:update>" 

In modification (M 1 d), we are trying to modify the value of the attribute <sku> from 

3119 to 65. This value change is to be done for the <sku> attribute whose value ( or 

product number) is equal to 3119 which is a child of the <part> element. 
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(Mlf): +"<xu:update select=\"/parts/part/@sku[.='8834']\"> + "2636" + "</xu:update>" 

Similar to (Mld), in (Mlf) as well, we are trying to modify the value of the attribute 

<sku> from 8834 to 2636 for the <sku> attribute which is a child of the <part> element. 

When the above modifications namely ((Mld) and M(lf)) were executed, the timing 

responses that resulted were similar to the ones shown in Figure 5 .13 for modification 

(Mle). Because of their similarities, they are not discussed here. 

Nevertheless, the update test results obtained for these update tests conducted ((Mla), 

(Mlc), (Mld) and M(lf)), can be found in the modification results' table of Appendix C. 

In conclusion, the results that were g 

5.12 and Figure 5.13 reveal that eX 

dbXML. 

o ification tests as shown in Figure 

re the fastest, and the slowest is 

very low timings that 

were got for eXist and Xindic OQ'~~aile .tl~tem~rJLttethe experiment for the two 

databases ( eXist and Xindice) by increasing the number of update repetitions. The results 

obtained from the re-run tests confirm that eXist performs better than Xindice. For 

example for executing modification (Ml b ), the timings for both databases seem to be 

distinct (from 100 to 1000 XML documents). The difference was that Xindice took 8.0 

milliseconds whereas eXist took 2.0 milliseconds. All the re-run test results can also be 

found in the update results' Table in Appendix C. 

5 .3. 7. Deletions 

XUpdate, from the XML:DB Initiative, is an XML-based update language that uses 

XPath to identify a set of nodes, then specifies whether to modify or delete these nodes, 
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or insert new nodes before or after them [70]. This implies that, apart from XUpdate's 

capability to perform the modification operation, it can also be used to carry out some 

other database basic operations. Therefore XUpdate was the preferred language of choice 

for the deletion performance tests. 

XUpdate and its related technology have already been discussed in the previous section. 

The discussion here will talk about the XUpdate deletion code. 

Figure 5 .14 displays a section of sample XUpdate deletion code that will remove the 

selected element, which this case is the <price> element. 

String xupdate = "<xu:modificat 
+ " mlns:xu=\"ht rg/xupdate \ ">" 

PM4vf~tlir.,,,r,{@$ku = 'l 02 ']/price\">" 

re 
Together in Excellence 

This piece of code deletes the <price> element that is a child of <part> element where 

sku (part number) is equal to 102. 

If the XUpdate code in Figure 5.14 is compared to the code in Figure 5.11 , it can be seen 

that both have similar syntax. The only difference is in the select part of the code, where 

for deletion XUpdate uses <xu:remove select> which is the case in Figure 5 .14, and for 

updating it uses <xu:update select> as shown in Figure 5.11. These two are children (or 

sub elements) of the <xu:modifications> which is the root element of the XUpdate 

document. <xu:modifications> can contain one or more elements. In the XUpdate 

statement the sub element ( child) of <xu:modifications> is used to specify the type of 

modification that needs to be done inside an XML document. 

1,,,, 
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Readers who would like to know more about other types of sub elements (children) that 

<xu:modifications> element can have, or different kinds of modification that can be done 

with XUpdate, are referred to section 2.4.5 of Chapter 2. 

The kind of delete operations that were considered for these performance tests involve 

attributes and elements contained inside the generated XML documents that were stored 

in section 5.3.1. 

The tests results obtained from each of the studied Open Source native XML databases 

will be analyzed in the next sections. 

5.3.8. Tests results for delet 

erformance tests, the major concern 

nl_yt t execution part of the delete or are 
n?fe the execution of the delete 

instruction until the execution of the delete operation is completed. This delete execution 

process is repeated five times from which the average time is decided. The time required 

. for connecting to the database and time for getting a particular database collection which 

contains the node to be deleted are not included in the timing results. 

This part of the performance evaluation, involved two types of deletion performance 

tests. These two include deleting the element, and deleting an attribute of an element 

from the database. 
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5.3.8.1. The deletion "<xu:remove select=\"/parts/part[75]/price\"/>" 

The deletion (D 1 b) code shown in above, involves removing the <price> element which 

is a child of <part> which currently occupies position 75 within the hierarchy of node 

elements. If this deletion is compared with the modification in 5.3.6.1 , they seem to be 

the same. The only difference is in the XUpdate instruction. In 5.3.8.1, a remove 

instruction is used whereas in 5.3.6.1 a modification instruction is used. Furthermore, 

both use the XUpdate. This means that there will be some kind of similarities in the 

manner in which these two operations will be carried out. For example, for deleting a 

node from the database collection XUpdate uses the same technique (XPath) (e.g. 

/parts/part[75]/price) for walking thr 

node that needs to de deleted from the d 

In brief, it can be said that modifica • 

same logic. There is not much differen 

The different times taken ~ &Jl.&,£St~i~a. 

deletion (D 1 b) instruction are shq~aa,irttz.~lJlqJ 
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Figure 5.15: comparison of time taken for executing delete (Dlb) 
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Earlier in this subsection it was suggested that there are similarities in the manner in 

which deletion and modification operations are carried out. The test results in Figure 5 .15 

show also some similarities in the database behaviors compared to the previous results 

obtained in modification tests (Mlb). For example, looking at Figure 5.15, both products 

Xindice and eXist have steady performances. They both outperform dbXML as in the 

previous experiments' results. The reason behind these databases performances are the 

same as the ones previously given for the Figure 5.12. Therefore no further explanation is 

needed but to simply refer readers to the explanation given in modification (Ml b) in 

subsection 5 .3 .6.1. 

With regard to the timing obtained :r; d e (c sults obtained for deletion (Dlb) 

are better than the ones for modific is reasonable, because a delete 

operation involves searching and r whereas modification involves 

searching for the node and writing i collection. This operation can be 

time consuming especially for a big size or example in the case of 1000 XML 

documents, it took 469 mil 1 (Ml b) and it took only 

185 milliseconds for executing a 

The timings for Xindice and eXist remain the same for executing a modification (Ml b) 

and a deletion (D 1 b ). 

The second part of the deletion performance tests involves deleting an attribute of an 

element from the database. 

5.3.8.2. The deletion "<xu:remove select=\"/parts/part/@sku[.='509']\"/>" 

The deletion (D2b) operation above, involves removing the attribute of an element from 

the database. Here, an attempt is made to delete the attribute <sku> with value equal to 

509. The <sku> attribute that needs to be removed from the database is the child of the 

<part> element. To recap, in section 5.3.6.2, it was pointed out that every <part> element 
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contained inside the generated XML document was assigned a randomly generated sku 

(or part number) when the XML file was created. 509 is one example of this randomly 

generated part number. 

Figure 5 .16 is a graphical representation of different timing results that we got when the 

studied XML databases executed the delete (D2b) operation. 

Delete timing 
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Cl) 80 
E 60 i= 

40 
20 

0 

Figure 5.16: comparison of time taken for executing delete (D2b) 

The performance's results obtained from this delete test, as shown in Figure 5.16, are 

very similar to the one in Figure 5 .13. 

Due to the performance result similarity of (D2b) and (M 1 e ), no further explanation 

about the behaviors of the databases will be given except to refer readers to the 

explanation given in modification (M 1 e ). 
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5.3.8.3. Other deletions 

Additional to the deletion operations which were discussed (D 1 b) and (D2b ), several 

other deletion performance tests were also conducted to study the deletion performance 

of the studied XML databases. These include D(la), D(lc), D(2a), and D(2c). 

D(la): + "<xu:remove select=\"/parts/part[l]/price\"/>" 

Like D(l b ), deletion D(1 a) also involves removing the <price> element which is a child 

of <part>, which occupies position 1 within the hierarchy of node elements contained 

inside the generated XML document. 

D(1 c ): + "<xu:remove· select=\"/parts p 

This is similar to D( 1 a) and D( 1 b ), 

child of <part> which currently occ 

1 ment that needs to be deleted is a 

s tion within the hierarchy of node 

elements. 

behavior, there is no need to discuss them here. The results obtained in the two deletion 

operations can be found in Appendix C. 

D(2a): + "<xu:remove select=\"/parts/part/@sku[.='65']\"/>" 

Similar to D(2b ), in D(2a), we would like to remove the attribute <sku> with value equal 

to 65. This <sku> attribute is the child of the <part> element. 

D(2c ): "<xu:remove select=\"/parts/part/@sku[.='2636']\"/>" 

Similar to D(2a) and D(2b ), the operation involves removing the attribute <sku> whose 

value is equal to 2636 which is a child of the <part> element. 

When the deletion operations D(2a) and D(2c) were executed the performance of D(2a) 

was similar to D(2b ). On the other hand D(2c) shows very little change compared to the 

138 



 

 

other two. The results obtained in the two deletion operations can be found in Appendix 

C. 

In conclusion, the results that were got in different delete tests as shown in Figure 5 .15 

and Figure 5 .16 show that, for executing the delete operation, eXist and Xindice are the 

fastest and slowest is dbXML. 

As with the previous tests, in deletion operations as well, the experiment for eXist and 

Xindice were re-run by increasing the number of deletion repetitions. The results 

obtained from the re-run tests prove that eXist's performance is better than Xindice. For 

example for executing deletion (D2b ), the timings for both databases appear different 

(from 100 to 1000 XML documents) as Xindice took 6.0 milliseconds 

whereas eXist took 2.0 milliseconds t 

deletion can be found in the delete re u 

eration. The re-run test results for 

5.4. Comparison \Y-2.. .... .l~:ft1~J1 ~-%1~1 of Fort Hare 
Together in Excellence 

This section compares our experimental test results with some previous findings from 

other related works. 

In general, most of the experimental test results discussed in the previous section 5.3 

supported some of the related previous research findings which were highlighted in 

section 5.2. 

The database storage test results that we obtained show that Xindice performed better 

than eXist. This supports previous research results by [ 17, 18] indicating the superiority 

of Xindice compared to eXist when carrying out the database insertion operation. 
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Regarding the database query operation, the results from the re-run query tests confirm 

that eXist outperforms Xindice. This finding is similar to the one made by authors in [ 17, 

18] who claimed that eXist's query execution was quicker than Xindice's one. The re-

run test results furthermore show that the Xindice' s modification test results were 

satisfying. This finding once more is similar to [ 18]. 

5.5. Summary 

This chapter started by introducing some of the previous related works' findings. 

Additional to this, the experimental r 

Open Source native XML databases 

and comparing the obtained test resul s 

..... ~-·-~,Lltained using each of the studied ,, ______ ,., 
d discussed. Before interpreting 

1m~i.ntlrngiaphs, various technologies used by 

native XML databases for carryingl!~ ~ ~~Wtt database operations that were 

some insight into these Native XML 

NMn 4ltt'CilllHUem1~.hat were used in these 

investigated were discussed, with the ai 

database related technolo 

experimental tests were the basJ[gJi~~.ntll,B..r cl~ ttslm~rt.1(:Jnreereason for doing this was to 

understand how the various Native XML databases related technologies managed the 

experimental datasets. Getting a better understanding of these various techniques was a 

prerequisite for us in understanding, explaining, and comparing the final experimental 

tests results obtained from each of the studied Open Source XML databases. 

The experimental results obtained from the performance tests conducted indicated that 

Berkeley DB XML was the fastest when executing database storage operation. For the 

others three database operations (e.g. query, modification, and delete), the results show 

that the performances of eXist and Xindice were better. Both performed equally well 

when executing the query, modification, and the delete operations. 

Low timings were recorded for eXist and Xindice when executing the three mentioned 

database operations. Due to that, it was decided to re-run the experiment for the two 
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databases. The results from the re-run experiments reveal that eXist was the fastest when 

executing the query, modification, and delete operations. 

The results obtained of our database performance tests do agree with findings from some 

previous related works. 

University of Fort Hare 
Together in Excellence 
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Chapter 6 

CONCLUSI FUTURE -
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6.1. Introduction 

This chapter brings to a conclusion this thesis on the comparison of the performance of 

Open Source native XML databases. It summarizes the most important findings of this 

work, and provides a summary of different steps taken during this project as well as the 

performance results. 

6.2. Thesis Contribution 

A number of issues surrounding Op n ML databases systems have been 

examined. A comprehensive analysi ;~~t't:: .. -:t~~t,",·.r,.1"~ of the various XML technologies 

behind Open Source native XML dafaij~~ ~ ~ ~ ·ed out. Further, diverse techniques 

used by these databases for carrying ou • itive database operations, how these 

work and what factors e were examined. Most 

importantly, the amount of tim d Open Source native XML 

databases for executing database basic operations serves as the core work of this thesis. 

A more concise summary of this aspect of the work appears in [71]. Furthermore, 

recently, this work has been selected for presentation at [72]. 

6.3. Work covered 

There has been an increase in the number of XML documents generated from business 

transactions. As a result, there is a need to find an effective approach for storing and 

processing XML documents. 

This project was inspired by a desire to make an informed choice about the efficiency of 

database technology for storing and processing XML documents. The project focused on 
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Native XML database products, namely Open Source. Some criteria were applied for 

selecting the Open Source native XML databases that were used in this project. The 

selection criteria were the following: 

• The databases products should be written in the Java language. 

• They must have a comprehensive documentation. 

• They must have support in the form of news groups. 

Based on the above criteria, the four selected products were the following: 

• Berkeley DB XML 

• dbXML 

• eXist 

• Xindice. 

For evaluating the chosen product , 

important was compiled. These co 

• utes that were considered to be 

elude functionality, market share, 

support, maintenance, pe , usability, security, and flexibility. More 
emphasis was placed on tH fOOl'.l~~~;,w~:~, At:.L·lD,TI"a'J~l1~:re ~Jlare 

Together in Excellence 

Often the selection of a particular Open Source native XML database is based on several 

factors. An imperative factor is performance. Performance tests were conducted on each 

of the chosen Open Source products, with the aim of measuring the response time taken 

to execute an instruction for carrying out a particular basic database operation. The basic 

database operations considered in these tests include storage, query, modification, and 

deletion. The purpose of the performance tests was twofold. Firstly, to determine which 

database product generated the fastest response (e.g. time taken when executing a 

particular task) and, secondly, to determine which open Source product performed best 

when performing a specific task. The performance test results in this experiment were 

compared with previous related works. 

However the metric performance was not the only issue considered. An attempt was 

made to understand how the different XML-related technologies used by the studied 
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database systems work and to gam some insight into these technologies. The 

understanding of these technologies helped in identifying different factors that can 

influence their performance. 

Below are the different stages that were carried out during the project. 

Selection of the Open Source XML database products 
The first step was to define the criteria for selecting the studied Open Source native XML 

database products. The Java programming language, comprehensive documentation, 

popularity, and support in the form of newsgroups were the criteria used in our product 

selection process. Based on these criteria the following products were selected: Xindice 

version 1.1 b4, eXist 0.9.2, dbXML 2. 1,~~J~.,r ... L~""~•.\:.~,, 

Setting up the Open Source Nat v 
After downloading these selected pro c , • ental test environment was set up 

as explained in section 4.3 tote d, in the same chapter, 

to describe the proposed te J,\ ..._,,'i,.'frJt .• .. ~-. .; "~..,.1'"""''ere formulated for the 

purpose of this exercise. 

Experimental data sets used 
A Java program was written that generated the data sets that were used for testing the 

performance of the studied open source XML database products in handling basic 

database operations. 

Experimental results 
Graphs were used as shown in chapter five for comparing the results that were obtained 

from the various performance test operations conducted on the studied products. Each of 

these results displayed in the comparison graphs was discussed and a short conclusion 

was drawn based on the results obtained with regard to the products' performances in the 

specific operation. 
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6.3 .1. Overall impression about Open Source Products 

At the start of this project, we were still new to the field of Open Source Native XML 

databases. As the project progressed, an effort was made to learn the studied Open Source 

native XML database technology. 

A lot of understanding has been gained about the technology, and how things are done in 

the Open Source Community. Hitherto unknown features, functionalities, and 

capabilities of some of these productcr-k"lT'O'l!:S-v~,.., .. ~,J.Jr7~,.'fTJ.J.°f7o~,v"" 

At the same time also, this journey in 

were different problems experienced • 

and running some of them. 

With regard to the diverse oble 

very little help or even no h 

e world proved challenging. There 

e e products, for example installing 

problems. A frequent answer in the mailing lists was "check archives ". It did not help at 

all because even in the archives no answers could be found for the problems. In such a 

situation, the only option was to research more about the problem and finds a way to 

solve it. Solving such problems led to a gain in knowledge of the studied Open Source 

XML databases technologies. 

On the other hand, the good thing about the OSS community is that they are a helpful 

faceless community. With some of the problems that were encountered, when a request 

was posted for help on the forum, positive replies · were received and the problems were 

thus solved. 

The other issue with these Open Source products was the speed of change in terms of 

version releases. There are frequent version releases for some of these Open Source 
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products. This was confusing sometimes because in such a situation one does not have 

time to get very deep knowledge about a particular version of a product. 

In summary, the expenence as being part of Open Source Community and also of 

working with Open Source Native XML databases throughout the duration of this work 

confirms the claims by Dan Farber [73] that there are still significant barriers to 

overcome before Open Source projects are broadly accepted across enterprises. 

6.4. Limitations of this project 

This work covered a broad spect ., ......--,cn•=lllg from an overview of XML 
databases and their XML-related h,,....,;:t,ln,:~~~i;..,.. factors affecting the 

The purpose of this work was to 

ative XML databases in handling 

.lJ~~~'¼il'E"f. -o--u.J:,s.,~ ... ~~,f-'"Vi'1~..P.IJll-tQ~ ~)l!Pt of time taken by each 

performance of Open Source Native 

compare the metric performance of 0 

basic database operations. 

of the studied Open Source na <(Jitr-l~tvt~~,r<11~ ffl~~~m.~~cuting a particular database 
basic operation. The approaches taken during the evaluation process were subject to the 

evaluator's needs. Based on this the following were some of the limitations of this work: 

• Not all the features of studied Open Source native XML databases were 

investigated in this project. 

• The studied databases were only a small selection of the Open Source native 

XML databases available for consideration in this project. 

• Being new to the Open Source native XML database field, it took some time to 

grasp the technology and, due to time constraints, there was not enough time to 

keep up with the new version releases of some of these studied databases 

products. 

• The datasets used in the performance test experimental were simple XML 

documents generated for the purpose of the project. It would be interesting to 

have had real world data. 
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• Tests were only conducted in the Windows operating System. 

6.5. Future work 

The previous section 6.4 highlighted some of the limitations of this project. Many areas 

of study can be initiated from this project and these are: 

• An extension to the research could include an investigation of new version 

releases of some of the studied databases products. Hopefully, these would show 

improvement over their prede 

• Conducting performance eva u 

database products would be u e 

• Another interesting extension 

test evaluation using a complex 

• In section 4.3 .2, it 

sed in this project. 

other Open Source native XML 

Id be to conduct the performance 

experiments consists of ffi'rl:!1/.--~f 'ejlffea~on of the work conducted in 

this thesis would be to conduct a performance tests on different database 

architectures such as three-tier client-server architectures. 
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6.6. Conclusion 

With regard to the various tests that were conducted on the four studied XML databases, 

the following observations were made. 

• Berkeley DB XML outperforms the other three Open Source native XML 

databases (i.e. dbXML, eXist, and Xindice) when storing XML documents of 

varying size in the database. 

• Based on the experimental results, it is shown that Berkeley DB XML had a very 

poor performance when executing general kinds of queries as the size of the XML 

documents increases. There ft ... ,__.. ____ ,, t ting a specific query (e.g. query 

based on the position occupi 

based on the value of an att • 

much better performance. 

• Furthermore, when execu • 

n the hierarchy of nodes, or query 

MAfi: l'lllltiUH11=mu~nt), Berkeley DB XML showed a 

em~r.u;-n1 ery, dbXML's performance was faster 

than in the previo ere faster than dbXML 
"1M'.w+•AVi<~ 1 'ti-n1~.M\-'~i;6.1t-~ and specific queries. 

• The experimental results, further reveal that Xindice and eXist perform equally 

well when executing modification and delete operations. Both outperform 

dbXML. 

• The results from the test re-run demonstrate that eXist performs better than 

Xindice for executing query, modification, and delete operations. 

Other findings 

• All the four Open source native XML database systems, which were used in this 

test performance evaluation, can basically do what is needed. 

• The storage techniques used by these database products have an impact on their 

performance when carrying out the basic database operations. Furthermore, each 

of these techniques was shown to have some advantages and disadvantages. For 
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example, the model-based database (i.e. dbXML, eXist, and Xindice) has to parse 

and build a model for the XML documents being stored whereas the text-based 

model just stores the XML documents as it is. 

• The experimental results have shown that indexing techniques used by these 

databases can, in some cases, improve the database performance. For example, a 

model- based storage database spends time building indexes when storing data. In 

return they are faster when executing queries, because they use the built indexes. 

• Some of our test results were similar to some of the results of other researchers. 

In review, the experimental results from the performance tests have revealed that none of 

the considered Open Source native XML databases presents the perfect solution for 

handling XML documents. Each of weaknesses and strengths, but the 

choice of the Open Source native X 

the size of the XML documents bein 

most important by the user. 

nds primarily on the structure and 

n which operations are considered 
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Products I 

Functionality Market share 
Xindice 3 2 

eXist 3 3 

dbXML 3 1 

Berkeley DB 13 I 1 
XML 

Legends 
Very Good: 3 Not Bad: 2 

Appendix A 

Attributes 
Support Maintenance 
1 

2 

1 

13 

1 

2 

~IS. 
"""""r:n 1--1• ~q 

Table 3.& t~ b 
t?'.1 

0 
:=:::!t-1 ~r-+ 

@ ::r= 
t-1 
C"D 

Scalability 
2 

2 

2 

12 

I Total 
Usability Security Flexibility 
2 1 3 15 

3 2 3 20 

3 2 3 16 

12 12 13 I 19 
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Appendix B 

B .1. Java Code for generating part elements 

// This program Create an XML file and generate a random number of items in the file 

import java.io. *; 

public class CreateXML { 

} 

public static String makeXML(int sku) { 

String str =" <part sku=" + "\"" + sku + "\"" +">\n"; 
str += "<desc> Ball Bearing </desc>\n"; 
str += "<maker> S.K.F. </makel'-,;>..\-n.';.;.:.';----
str += "<instock> Yes </instoc 
str += "<price> $20.00 </price> 
str += "</part>\n"; 

return( str ); 
} 
public static void makeXMLFi 

try { 

Print nrc = 
p.println{ . 
p.write ("<parts>\n"); 
for(int k = O; k < num; k++) { 

e, int num) { 

e 

int sku = (int) (10000 * Math.random()); 
p. println( makeXML( sku) ); 

} 

} 

} 

} 
p. println(" </parts>"); 
p.close(); 
f.close(); 

catch(Exception ex) { } 

public static void main(String[] args) { 
if( args.length < 1) { 

} 

System.out.println("USAGE: java CReateXML size"); 
System.exit(O); 

int size= Integer.parselnt(args[O]); 
makeXMLFile("jim.xml", size); 
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B.2. Databases Code used for storage operation 

B.2.1. Berkeley Database 
II Timing Insertion Operation 

import com.sleepycat.db. *; 
import com.sleepycat.dbxml. *; 
import j ava. util. *; 
import java.io. *; 

public class Insertion 
{ 

public static void main(String[] args) { 

long tl ,t2,total; 
XmlDocument doc 

try { 
File Writer f = ' BXMLCreationXlargel .txt"); 

(f); 

Stri data= ); n re 
for(int Si~cin.c£1n1._,,tt11Jf),..,_...fJJ,nJJ,. eL<1:!iJ.1~U&9mt:4= 100) { 

String dbname = "db" + Size+ ".dbxml"; 

long sumTimes = 0; 
int num = 3; 

for(int counter = 0; counter < num; counter++) { 
XmlContainer container= new XmlContainer(null, dbname + "-"+counter, 0); 

container.open(null, Db.DB_ CREATE, 0); 

document = new XmlDocument(); 
byte[] raw_ content = data.getBytes(); 
document.setContent(raw _ content); 

Date date = new Date(); 
tl = date.getTime(); 

for(int k = 0; k < Size; k++ ){ 
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} 
} 

} 

} 

container. putDocument( null, document, null, O); 

} 
- container.close(O); 

date= new Date(); 
t2 = date.getTime(); 

total = t2 - tl; 
sumTimes += total; 

} 

double avgTime = (double) sumTimes / num; 

p.println(Size + "," + (avgTime/1000)); 

p.close(); 
f.close(); 

} catch (XmlExceptio 
System.err.prin1tl~~e'flet<i~~:L exception: " + e ); 
e. printStackTrac 

} 
Qniversity of Fort Hare 

catch(Exception oh ether in Excellence 
System.out. p'nntln( e ); 

} 

public static String readFileFromDisk(String fileName) throws Exception { 
File file= new File(fileName); 
FilelnputStream insr = new FilelnputStream(file ); 
byte[] fileBuffer = new byte[(int) file.length()]; 
insr .read( fileBuff er); 
insr.close(); 
return new Stri~g(fileBuffer); 
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B.2.2. dbXML database 
I I Timing for insertion operations 

import com.dbxml.db.core. *; 
import com.dbxml.db.client.CollectionClient; 
import com.dbxml.db.client.dbXMLClient; 
import com.dbxml.db.client.local.dbXMLClientlmpl; 
import com.dbxml. util.dbXMLException; 
import com.dbxml.db.embedded. *; 
import com.dbxml.xml.dom.DOMHelper; 
import java.io. *; 
import org. w3 c.dom. *; 
import j ava. util.Properties; 
import java.io.File; 
import j ava.io.FileinputStream;. 
import java.util. *; 

public class Insertion { 

private static org.w3c.dom.D .. -,i.t11'~1~~'-.l.,~ffL.[fi. . ..5(String name){ 
org.w3c.dom.Docume 
String CLASS= "class"; 
String DEFAULl_CLA~S = 

com.dbxml.db.server.dbX ......... .irtr,, ...... nL ...... n~·,.,11~tp- ~Tf~~,nc.flL'"!:' 'T'"' T«"- •- ....... ,__.ort Hare 
String PAGESI2 - " - "Excellence 
String DEFAULT_ AGESIZE = "4096"; 
String TYPE= "type"; 
String DEFAULT_TYPE = "compressed"; 
Properties props = new Properties(); 
props.put(CLASS, DEF AULT_ CLASS); 
props.put(P AGESIZE, DEFAULT _P AGESIZE); 
props.put(TYPE, DEF AULT_ TYPE); 
try { 

String cname = props.getProperty(CLASS,DEF AULT_ CLASS); 
props.remove(CLASS); 
String type= props.getProperty(TYPE,DEF AULT_ TYPE); 
props.remove(TYPE); 
doc = com.dbxml.xml.dom.DOMHelper.newDocument(); 
org.w3c.dom.Element root= doc.createElement("collection"); 
root.setAttribute("name", name); 
root.setAttribute("type", type); 
doc.appendChild(root); 
org.w3c.dom.Element filer= doc.createElement("filer"); 
filer.setAttribute("class" , cname ); 
java.util.Iterator iter = props.entrySet().iterator(); 
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try { 

while ( iter.hasNext()) { 
java.util.Map.Entry entry= Gava.util.Map.Entry)iter.next(); 
String key= (String)entry.getKey(); 
String value= (String)entry.getValue(); 
filer.setAttribute(key, value); 
} 

root.append Child( filer); 
root.appendChild(doc.createElement("indexes")); 
root.append Child( doc.createElement("triggers ") ); 
root.append Child( doc.createElement(" extensions")); 
} 

catch (Exception e) { 
e. printStackTrace(); 
} 

return doc; 
} 

try { 

long tl ,t2,tota • 

File Writer f= bXMLDBcreationxXlargel.txt"); 
PrintWriter p = f); 

tHare 
= J;'.,J:1Jl~lJJ~QJ1.,,.,iornJ..guration(" db" dataDir)· efi -----~~·~-~- , ' Embedded atabase emb = new mbeddedDatabase( cf g); 

embdb.createCollection("data",cfg.getConfig()); 
dbXMLClient client = new dbXMLClientlmpl(); 
CollectionClient col = client.getDatabase(); 

String data= readFileFromDisk(args[0]); 

for (int Size= 100; Size<= 1000; Size+= 100) { 

long sumTimes = 0; 
intnum = 3; 

for(int count= 0; count< num; count++) { 
String COLLECTION_NAME = "mycollection" + Size; 

col.createCollection(COLLECTION_NAME, getConfig(COLLECTION_NAME + "-" + 
count)); 

CollectionClient cc= client.getCollection("/" + COLLECTION_NAME +"-"+count); 
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{ 

Date date = new Date(); 
tl = date.getTime(); 

for(int k = 0; k < Size; k++) 
cc.insertDocumentAsText( data); 

} 

date= new Date(); 
t2 = date.getTime(); 

total= t2 - tl; 
sumTimes += total; 
} 
double avg Time= (double) sum Times I num; 
p.println(Size +","+((double) avgTime/1000)); 

} 
p.close(); 
f. close(); 

System.exit(0); 

catch (Exception ex) { 
System.out.pri t 
ex. printStackTr~~ ~~~~ 
} 

} catch (IOException e) { 
Syst • • • of Fort Hare 

} 
Tog~ther in Excellence 

public static String readFileFromDisk(String fileName) throws Exception 

File file= new File(fileName); 
FilelnputStream insr = new FilelnputStream(file); 
byte[] fileBuffer = new byte[(int) file.length()]; 
insr.read(fileBuffer); 
insr.close(); 
return new String(fileBuffer); 

} 
} 
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B.2.3. eXist database 
// Timing for insertion operations 

import org.exist.xmldb. *; 
import org.xmldb.api.DatabaseManager; 
import org.xmldb.api.base. *; 
import org.xmldb.api.modules. *; 
import java.io. *; 
import java.util.Date; 

public class Insertion { 

protected static void usage() { 
System.out.println("usage: org.exist.examples.xmldb.Put docName"); 
System.exit(0); 

} 

public static void main(String ar ception { 

try { 

if( args.length < 1) 
usage(); 

String fi le = args[0]; 

String driver= "qrg.exist.xml .Databasel~ij.l"; 
Class cl = ~~:$J~H.Jil\~§Rll}lvEj]· Fort ttare 

Together in Excellence 
Database database = (Database) cl.new Instance(); 
database.setProperty("create-database", "true"); 
DatabaseManager .register Database( database); 

Collection col = null; 
XMLResource document= null; 
CollectionManagementService mgtService = null; 
long tl ,t2,total; 

File Writer f = new FileWriter("ExistDBcreationXXLargela.txt"); 
PrintWriter p = new PrintWriter(f); 

try { 
String xml = readFile(file); 

for(int Size= I 00; Size <= I 000;Size += 100) { 

long sumTimes = 0; 
int num = 3; 

167 



 

 

for(int count = O; count < mun; count++) { 

String collection= "mycollection" + Size; 

col= DatabaseManager.getCollection("xmldb:exist:///db/" +collection+ "-" + 
count "admin" null)· ' ' ' 

if(col == null) { 

Collection root= DatabaseManager.getCollection("xmldb:exist:///" +"db"+"/" 
"admin" null)· 

' ' ' 

mgtService = 
(CollectionManagementService )root.getService("CollectionManagementService", "1 .0"); 

col = mgtService.createColle • • "-" + count); 

} 

document = (XMLRe o,ffl~~t,00 
document.setC~~~~~!I 

esource( null, "XMLResource "); 

Date date = new Date ; 
t i = • y of Fort Hare 

Together in Excellence 
for(int k = O; k < Size; k++) { 

col.storeResource( document); 
} 
date= new Date(); 
t2 = date.getTime(); 

total= t2 - tl; 
sumTimes += total; 
} 
double avgTime = (double) sumTimes / num; 
p.println(Size +","+((double) avgTime/1000)); 

DatabaselnstanceManager manager = 
(DatabaselnstanceManager )col. getService("DatabaselnstanceManager"," 1. 0 "); 

manager. shutdown(); 
} 

p.close(); 
f.close(); 

} catch (XMLDBException e) { 
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System.err.println(11XML:DB Exception occured 11 + e.errorCode + " 11 + e.getMessage()); 
} 

} catch (IOException e) { 
System.out.println( e ); 

} 
} 

protected static String readFile(String fileName) throws IOException { 

File file= new File(fileName); 

} 
} 

FilelnputStream insr = new FilelnputStream(file ); 
byte[] fileBuffer = new byte[(int) file.length()]; 
insr .read( fileBuff er); 
insr.close(); 
return new String(fileBuffer); 

University of Fort Hare 
Together in Excellence 
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B.2.4. Xindice database 
// Timing for insertion operations 

import java.io.FilelnputStream; 
import java.io. *; 
import java.util. *; 

import org.xmldb.api.base.Collection; 
import org.xmldb.api.base.XMLDBException; 
import org.xmldb.api.modules.XMLResource; 
import org.apache.xindice.client.xmldb.services.CollectionManager; 
import org.apache.xindice.xml.dom.DOMParser; 

public class Insertion extends AbstractExample { 

public static void main(String[] args) throws Exception { 

Collection collection= null; 
XMLResource document = null 
long tl ,t2,total; L-...:::1,__,.....--,,.~ 

try { 

try { 

File Writer f 
File • creationXXLargel.txt"); 

;Hare 
Together in Excellence 

String data = readFileFromDisk( args[0]); 

for(int Size = 100; Size <= 1 000;Size += 100) { 

long sumTimes = 0; 
int num = 3; 

for(int count = 0; count < num; count++) { 

String COLLECTION_NAME = "mycollection" + Size; 

collection = getCollection("xmldb :xindice-embed:/// db/"); 

CollectionManager service= (CollectionManager) 
collection.getService("CollectionManager", "1.0"); 

String collectionConfig = 
"<collection compressed=\"true\" name=\""+ COLLECTION_NAME + " " 

+ count+ "\">" + " <filer class=\"org.apache.xindice.core.filer.BTreeFiler\"/>" 
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+ "</collection>"; 
service.createCollection(COLLECTION_NAME + "-"+count, 
DOMParser.toDocument( collectionConfig)); 

collection= getCollection("xmldb:xindice-embed:///db/" + 
COLLECTION_NAME + "-"+count); 

document= (XMLResource) collection.createResource(null, "XMLResource"); 
document.setContent( data); 

} 

Date date= new Date(); 
tl = date.getTime(); 

for(int k = 0; k < Size; k++ ){ 

} 
collection.storor1r. .... ~,~'7"1~1rrL.L.l...,..~<J:1~f7Jl.rr,urr.rent); 

date= newD e 
t2 = date.geff,·rri n ,;u._~ -...,,,---........, 

total = t2 - t 1 ; 
sum Times+= to • 
} 

University of Fort Hare 
double a l}IB ~lP' 'Hb~ .... ..,_,._._.6"#Times I num; 
p.println 1ze+ + ((dou e a~i11me/lOOO)); 

p.close(); 
f.close(); 

} catch (XMLDBException e) { 
System.err.println("XML:DB Exception occured " + e.errorCode + " " + e.getMessage()); 

finally { 
if ( collection != null) { 

collection.close(); 
} 

} 

} catch (IOException e) { 
System.out.println( e ); 

} 

} 
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} 

} 

} 

public static String readFileFromDisk(String fileName) throws Exception { 
File file= new File(fileName); 
FilelnputStream insr = new FilelnputStream(file ); 
byte[] fileBuffer = new byte[(int) file.IengthO]; 
insr .read( fileBuff er); 
insr.close(); 
return new String(fileBuffer); 

University of Fort Hare 
Together in Excellence 
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B.3. List of query operations considered in the performance test 

B.3.1. Berkeley DB XML 

//Get query-service (Query formulation) 
// 1. General Queries 

results= container.queryWithXPath(null,"/parts", context, 0); //1.a 
results= container.queryWithXPath(null,"/parts/part", context, 0);//1.b 
results= container.queryWithXPath(null,"/parts/part/@sku", context, 0);//1.c 

I /2. Query path and conditional path 
results= container.queryWithXPath(null,"/parts/part[@sku > 2414]", context, 0);//2.a 

I /3. Queries by position within the stored XML document 
//Element 

results= container.queryWithXPath( u /desc", context, 0);//3.a 
results= container.queryWithXPath( u , y.li}etnSi!cQa1r;i17 ]/desc", context, 0);//3 .b 
results= container.queryWithXPath( st()]/desc", context, 0);//3.c 

results= 
container.queryWithXPath(null, ' sku='3119']/desc", context, 0);//3.d 

results= 
c6ntainer.queryWi ~ !i!-llfl.,t.!,LJ::l,lY,..l_ ~U.-eJln::-::a..-•~-8:.'-u desc", context, 0);//3.e 

results= Together in Excellence 
container.queryWithXPath(hull,"/parts/part[@sku='8834']/desc", context, 0);//3.f 

//4. Queries by operators 
results= 
container.queryWithXPath(null,"/parts/part[@sku ='7064' and maker='S.K.F.']", context, 
0);//4.a 
results= 
container.queryWithXPath(null,"/parts/part[@sku ='7199' or @sku='3 l 91 ']" , context, 
0);//4.b 
results= 
container.queryWithXPath(null,"/parts/part[@sku !='5604']", context, 0);//4.c //consider 

//5. Queries by missing information 
// Missing element 

results= container.queryWithXPath(null,"/parts/part[l 78]/price", context, 0);//5.a 
/ /Missing attribute 

results= container.queryWithXPath(null,"/parts/part[@sku='107']", context, 0);//5.b 

The queries listed above were inserted into the database code (Berkeley DB XML) and 
execute one at a time. 
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B.4. Database Code used for query operation 

B.4.1. Berkeley DB XML 
// Timing for query operations 

import com.sleepycat.db. *; 
import com.sleepycat.dbxml. *; 
import java. util. *; 
import java.io. *; 

public class Query { 
public static void main(String[] args) throws XmlException { 

long tl ,t2,total=O; 
XmlResults results= null; 

try { 

File Writer f= h~~H t]p'\niri:~ a1-1 BXMLQuery5b.txt"); 
PrintWriter p r f); 

try { 
for(int Size • 

Stri ~~ll\.~~t"R -,1t'll,, e 
XmlContainer cam~~lfe H.~_C'i!J"fll~~~ 

container.open(null,O, O); 
XmlQueryContext context = new 

Xml QueryContext(XmlQueryContext.Result Values, XmlQueryContext.Eager ); 

Date date= new Date();// create object of the class 
tl = date.getTime(); 

for(int k = O; k < 5; k++){ 

results= container.queryWithXPath(null, '1/parts/part[@sku='107'}", context, 0) ;//5.b 

for (XmlValue value; (value= results.next(null)) !=null;) { 
} 
} 
container .close(O); 

date= new Date(); 
t2 = date.getTime(); 
total= t2 - tl; 
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} 
p.println(Size + "," + (double)(total/1000)); 

p.close(); 
f.close(); 

} catch (XmlException e) { 

} 

} 
} 

System.err.println("Got an XML exception:"+ e); 
e.printStackTrace(System.err); 

} catch (IOException e) { 
System.out. println( e ); 

} 

University of Fort Hare 
Together in Excellence 
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B.5. List of query operations considered in the performance test 

B.5.1. dbXML, eXist, and Xindice 

String query= 11/parts/part";//l .b 
String query = 11 /parts/part/ desc" ;//I . b I later 

I I Attribute 
String query= 11/parts/part/@sku11

; //1.c 
String query= "/parts/part/@sku/desc";//1.cl//not working 

//2.Query Path and Conditional path 
String query= 11 /parts/part[@sku >'2414']"; //2.a 

II 3.Queries by Positon within the stored XML file 
//Elem 

String query = 11 /parts/part[ 1 ]/ desc"; / 3 .a 
String query= 11/parts/part[75]/desc"; I . 
String query= "/parts/part[l50]/desc' ; 
String query= "/parts/part[last()]/des " 

/IA 
String query= 11/parts/partl@ =' 
String query= "/parts/part~;rl,...,,,,....,.,,.,,1·~nlill-fr-~ t Hare 
String query= "/parts/part[@ f'T,,.,,"""~'Vl ence 

// 4.Queries by Operators 
String query= "/parts/part[@sku='7064'and maker='S.K.F.']"; // 4.a 
String query= 11/parts/part[@sku='7199'or @sku='3 l 91 ']";//4.b 

• String query= "/parts/part[@sku!='5604']"; //4.c 

//5.Queries by Missing Information 
/ /Missing element 

String query= "/parts/part[l 78]/price"; // 5.a Missing element 
//Missing attribute 

String query= "/parts/part[@sku='107']/desc11
; // 5.b Missing attribute 

The queries listed above were inserted into the database code ( dbXML, eXist, and 
Xindice) and execute one at a time. 
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B.6. Database Codes used for query operation 

B.6.1. dbXML database 
// Timing for query operations 

import com.dbxml.db.core. *; 
import com.dbxml.db.client.CollectionClient; 
import com.dbxml.db.client.dbXMLClient; 
import com.dbxml.db.client.local.dbXMLClientlmpl; 
import com.dbxml. util.dbXMLException; 
import com.dbxml.db.embedded. *; 
import com.dbxml.xml.dom.DOMHelper; 
import java.io. *; 
import org.w3c.dom.*; 
import j ava. util.Properties; 
import com.dbxml.db.client.ResultS t 
import java.util.HashMap; 
import java.io.File; 
import java.io.FileinputStream; 
import java.util. *; 

public class Query { 

private static org. yy ~ ., .... "-1:!..v.~....,.!,/lii!,H~-u~ru .~:i;:!i:'. ~~·t..:.~r,~ ~l!i'k:,~;~e ){ 
org.w3c.dom.D~~mtl®J;.,l\U 
String CLASS = "class"; 
String DEFAULT_CLASS = 

com.dbxml.db.server.dbXML.DEFAULT_FILER; 
String PAGESIZE = "pagesize"; 
String DEFAULT_PAGESIZE = "4096"; 
String TYPE= "type"; 
String DEFAULT_TYPE = "compressed"; 
Properties props= new Properties(); 
props.put(CLASS, DEF AULT_ CLASS); 
props.put(PAGESIZE, DEFAULT _P AGESIZE); 
props.put(TYPE, DEFAULT_TYPE); 
try { 

String cname = props.getProperty(CLASS,DEF AULT_ CLASS); 
props.remove(CLASS); 
String type = props.getProperty(TYPE,DEF AULT_ TYPE); 
props.remove(TYPE); 
doc = com.dbxml.xml.dom.DOMHelper.newDocument(); 
org.w3c.dom.Element root= doc.createElement("collection"); 
root.setAttribute("name", name); 
root.setAttribute("type", type); 
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doc.appendChild(root ); 
org.w3c.dom.Element filer= doc.createElement("filer"); 
filer.setAttribute("class", cname); 
java.util.Iterator iter = props.entrySetO.iteratorO; 
while ( iter.hasNextO) { 

java.util.Map.Entry entry = Gava.util.Map.Entry)iter.next(); 
String key= (String)entry.getKey(); 
String value= (String)entry.getValue(); 
filer.setAttribute(key, value); 
} 

root.append Child( filer); 
root.append Child( doc.createElement("indexes ")); 
root.append Child( doc.createElement("triggers ") ); 
root.appendChild(doc.createElement("extensions")); 
} 

catch (Exception e) { 
e. printStackTr.....,c~ecf-rr-, -----
} 

return doc; 
} 

try { 

try { 

long tl ,t2,total=0; 
Col . • . • ·,Fort Hare 

File Writer f = new FileWriter("dbXMLDBqueryl bl.txt"); 
PrintWriter p = new PrintWriter(f); 

File dataDir = new File(" ./db"); 
EmbeddedConfiguration cfg = new EmbeddedConfiguration("db", dataDir); 

EmbeddedDatabase embdb = new EmbeddedDatabase( cfg); 
embdb.createCollection("data",cfg.getConfig()); 

dbXMLClient client= new dbXMLClientlmpl(); 
CollectionClient col = client.getDatabase(); 

for (int Size= 100; Size<= 1000; Size+= 100) { 

String COLLECTION_NAME = "mycollection" + Size; 

cc= client.getCollection('1/" + COLLECTION_NAME + "-011); 

HashMap nsMap = new HashMap(); 
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} 

String query = '1/parts "; I I 1. a 

Date date= new Date(); 
tl = date.getTime(); 

for(int k = O; k < 5; k++){ 
rs= cc.queryCollection("XPath", query, nsMap); 

while ( rs.next() ) { 
rs.getResultAsText(); 
} 

rs.close(); 
} 

date = new Date(); 
t2 = date.getT~·= ... ..-.-__ _ 

total= t2 - tl; 

p.println(Size 
} 
p.close(); 
f.close(); 

University of Fort Hare 
} Together in Excellence 

catch (Exception eX) { } 

} catch (IO Exception e) { 
System.out.println( e ); 

System.exit(O); 
} 

} 
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B.6.2. eXist database 
// Timing for query operations 

import org.xmldb.api.DatabaseManager; 
import org.xmldb.api.base.Collection; 
import org.xmldb.api.base.Database; 
import org.xmldb.api.base.ResourceSet; 
import org.xmldb.api.modulesJCMLResource; 
import org.xmldb.api.modulesJ(PathQueryService; 
import j ava. util.Date; 
import java.io. *; 
import org.xmldb.api. base.Resourcelterator; 
import org.xmldb.api. base.Resource; 
import org.xmldb.api.base.*; 

public class Query { 

protected static String URI = 11
.o,..u ,J.J.~ V 

protected static String driver 

public static void main( String 
Collection col = null; 
ResourceSet result= null; 

/"· ' .Databaselmpl"; 

Resource Iterator resour elterator=null; f 
XMLResource res·\YoU.JA.AA. 1ty O Fort Hare 

try { 

try { 

long tl,t2,total=0; Together in Excellence 

Class cl= Class.forName( driver); 
Database database = (Database) cl.new Instance(); 
database.setProperty( "create-database", "true" ); 
DatabaseManager .register Database( database ) ; 

try { 

File Writer f = new FileWriter("EXISTDBquery1005b.txt"); 
PrintWriter p = new PrintWriter(f); 

for(int Size= 100; Size<= 1 000;Size += 100) { 
String COLLECTION_NAME = "mycollection" +Size+ "-0"; 

col= DatabaseManager.getCollection(URI + COLLECTION_NAME,"admin", null); 

String query = '1/parts "; I I 1. a 

XPathQueryService service = 
(XPathQueryService) col.getService( "XPathQueryService", "1.0" ); 
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} 

Date date= new Date(); 
tl = date.getTime(); 

for(int k = 0; k < 5; k++){ 

} 

result= service.query(query); 
resourcelterator = result.getlterator(); 

while ( resourcelterator .hasMoreResources()) { 

resource = (XMLResource) resourcelterator.nextResource(); 

} 

date= new Date(); 
t2 = date.getTime(); 

total= t2 - tl; 

p.println(Size + "," + ((doubl ) 
} 
p.close(); 
f. close(); 

} catch (IOException e) { 
System.out.println( e ); 

} catch ( Exception e ) { 
e. printStackTrace(); 
} 
System.exit(0); 
} 

} 
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B.6.3. Xindice database 
// Timing for query operations 

import org.xmldb.api. base. Collection; 
import org.xmldb.api.base.Resource; 
import org.xmldb.api. base.Resource Iterator; 
import org.xmldb.api.base.ResourceSet; 
import org.xmldb.api.base.XMLDBException; 
import org.xmldb.api.modules.XPathQuefyService; 
import j ava. util. *; 
import java.io. *; 

public class Query extends AbstractExample { 

public static void main(String[] args) throws Exception { 

try { 

try { 

Collection collection = null; 
ResourceSetre ur e 
Resourcelterat r "'(,i..~n.t..,i->i~ "'""AJJ~l:t't!o'1a..,..~~'t .. 

Resource reso c 
long tl ,t2,total 

File Writer f= ne ileWri "XINDICEDBquery1005b.txt"); 
PrintWrit,r p = n"w PrintfWriter(f); 

Un1vers1ty o Fort Hare 
Together in Excellence 

for(int Size= 100; Size <= 1 000;Size += 100) { 
String COLLECTION _NAME= "mycollection" + Size; 

collection = 
getCollection("xmldb:xindice-embed:// /db/"+ COLLECTION_ NAME+ "-0"); 

String xpath = '1/partslpart[@sku >'2414']"; //2.a 

XPathQueryService service = 
(XPathQueryService) collection.getService("XPathQueryService", "1.0"); 

Date date = new Date(); 
tl = date.getTime(); 

for(int k = O; k < 5; k++){ 

resourceSet = service.query(xpath); 
resourcelterator = resourceSet.getlterator(); 
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} 

while ( resourcelterator .hasMoreResources()) { 
resource= resourcelterator.nextResource(); 
resource. getContent(); 

} 

date= new Date(); 
t2 = date.getTime(); 

total= t2 - tl; 

p.println(Size + "," + ((double)(total/1000))); 

} 

p.close(); 
f. close(); 

} catch (XMLDBException e) { 
System.err.println("XML:DB Exception~~~~ . rrorCode +" "+ e.getMessage()); 

} finally { 

} 

if ( collection != null) { 
collection.close(); 

} 
University of Fort Hare 

} catch (IOException e) { Together in Excellence 
System.out. println( e ); 

} 
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B. 7. Modification operations considered in the performance test 

B.7.1. dbXML, eXist, and Xindice 

String xupdate = "<xu: modifications version=\" I. 0\ "" 
+ ''xmlns:xu=\ "http:/lwww.xmldb.org1xupdate\ ">" 

//(1.1) Element Value Modification 
II l.a 
+ "<xu:update select=\"/parts/part[l]/price\">" 
+ "$400.00" 
+ "</xu:update>" 
111.b 
+ "<xu:update select=\"/parts/part[75]/price\">" 
+ "$700.00" 
+ "</xu:update>" 
111.c 
+ "<xu:update select=\' /_R 
+ "$540.00" 
+ "</xu:update>" 

//(l .2)Attribute Value 
111.d 
+ "<xu:updaFeJs:~~:~;,\l.' J.J~ai::[s1/p >" 
+ "65" Together in Excellence 
+ "</xu:update>" 

111.e 
+ "<xu:update select=\"/parts/part/@sku[.='7199']\">" 

+ "509" 
+ "</xu:update>" 
111.f 
+ "<xu:update select=\"/parts/part/@sku[.='8834']\">" 
+ "2636" 

+ "<lxu:update>" 

The Modification operations listed above were inserted into the database code ( dbXML, 
eXist, and Xindice) and execute one at a time. 
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B.8. Delete operations considered in the performance test 

B.8.1. dbXML, eXist, and Xindice 

String xupdate = "<xu:modi.fications version=\ "1. 0\ "" 
+ "xmlns:xu=\ "http://www.xmldb.org/xupdate\ ">" 

II (2)Delete [ delete an element and to delete attribute] 
11(2. l )Element 

II+ "<xu:remove select=\"lpartslpart[l]lprice\"I>" 

//1.b 
II+ "<xu:remove select=\"lparts/part[75]/price\"I>" 

//1.c 
II + "<xu:remove sele t- '-1..'1 n~~~tt111 

//2a 
II+ "<xu:remove select~ ~ ~ ~~~ 

112.b 
II+ "<xu:re \"I>" 

//2.c 
Together in Excellence 

II + "<xu:remove select=\"lpartslpart/@sku[.='2623']\"I>" 

+ "<lxu:modifications> "; 

The delete operations listed above were inserted into the database code ( dbXML, eXist, 
and Xindice) and execute one at a time. 
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B.9. Database Codes used for modification and delete operation 

B.9.1. dbXML database 
// Timing for modification and delete operations 

import com.dbxml.db.core. *; 
import com.dbxml.db.client.CollectionClient; 
import com.dbxml.db.client.dbXMLClient; 
import com.dbxml.db.client.local.dbXMLClientlmpl; 
import com.dbxml. util.dbXMLException; 
import com.dbxml.db.embedded. *; 
import com.dbxml.xml.dom.DOMHelper; 
import java.io. *; 
import org. w3c.dom. *; 
import java. util.Properties; 
import com.dbxml.db.client.ResultSe 
import java.util.HashMap; 
import java.io.File; 
import java.io.FilelnputStream; 
import com.dbxml.db.client.xmldb. *; 
importjava.util.*; 

public class Update { University of Fort Hare 
To ether in Excellence 

private static org.w3c.dom. ocument getConfig(String name){ 
org.w3c.dom.Document doc=null; 
String CLASS= "class"; 
String DEFAULT_CLASS = 

com.dbxml.db.server.dbXML.DEF AULT _FILER; 
String PAGESIZE = "pagesize"; 
String DEFAULT_PAGESIZE = "4096"; 
String TYPE= "type"; 
String DEFAULT_TYPE = "compressed"; 
Properties props= new Properties(); 
props.put(CLASS, DEF AULT_ CLASS); 
props.put(PAGESIZE, DEF AULT _P AGESIZE); 
props.put(TYPE, DEFAULT_TYPE); 
try { 

String cname = props.getProperty(CLASS,DEF AULT_ CLASS); 
props.remove(CLASS); 
String type= props.getProperty(TYPE,DEF AULT_ TYPE); 
props.remove(TYPE); 
doc = com.dbxml.xml.dom.DOMHelper .new Document(); 
org.w3c.dom.Element root= doc.createElement("collection"); 
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root.setAttribute("name", name); 
root.setAttribute("type", type); 
doc.appendChild(root); 
org.w3c.dom.Element filer= doc.createElement("filer"); 
filer.setAttribute("class", cname); 
java.util.Iterator iter = props.entrySet().iterator(); 
while ( iter.hasNext()) { 

java.util.Map.Entry entry= Gava.util.Map.Entry)iter.next(); 
String key= (String)entry.getKey(); 
String value= (String)entry.getValue(); 
filer.setAttribute(key, value); 
} 

root.append Child( fil_er); 
root.append Child( doc.createElement("indexes ") ); 
root.append Child( doc.createElement("triggers ")); 
root.append Child( doc.createElement(" extensions")); 
} 

catch (Exception e) { 
e.printStackTr c , 
} 

return doc; 
} 

public static void main(String[] args J 
University of Fort Hare 

try { 

long tl,t2,total= ogether in Excellence 
CollectionClient cc = null; 

try { 

FileWriter f= new FileWriter("dbXMLDBupdatela.txt"); 
PrintWriter p = new PrintWriter(f); 

File dataDir = new File(" ./db"); 
EmbeddedConfiguration cfg = new EmbeddedConfiguration("db", dataDir); 

EmbeddedDatabase embdb = new EmbeddedDatabase( cfg); 
embdb.createCollection(" data" ,cf g. getConfig()); 

dbXMLClient client = new dbXMLClientlmpl(); 
CollectionClient col = client.getDatabase(); 

for (int Size= 100; Size<= 1000; Size+= 100) { 

String COLLECTION_ NAME= "mycollection" + Size; 
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cc= client.getCollection("/" + COLLECTION_NAME + "-0"); 

String xupdate = "<xu:modifications version=\" 1.0\"" 
+ " xmlns:xu=\"http://www.xmldb.org/xupdate\">" 

+ "<xu:update select=\'1/partslpart[l}lprice\">" II l.a 
+ "$400. 00" 
+ "<lxu:update>" 

+ "</xu:modifications>"; 

Collectionlmpl impl = new Collectionlmpl( cc); 
XUpdateQueryServiceimpl service = new XUpdateQueryServiceimpl(impl); 

} 

Date date= new Date(); 
tl = date.getTime(); 

for( int k=0; k<5; k++ 
service.update( u 

date = new Dat ( 
t2 = date.getTim~~~~~~t 

total= t2 - tl; 
Universi 

p.println(Size + ",7'bA--AHf--H>at~j11n --~ ""'-V:'""'""'"')<J 'Pl,~f\,Dl.., f"" 

} 
p.close(); 
f.close(); 

} 
catch (Exception ex) { } 

} catch (IOException e) { 
System.out.println( e ); 

} 
System.exit(0); 
} 
} 

7 
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B.9 .2. eXist database 
I I Timing for modification and delete operations 

import org.xmldb.api.DatabaseManager; 
import org.xmldb.api.base.Database; 
import org.xmldb.api.base.Collection; 
import org.xmldb.api. base.XMLDBException; 
import org.xmldb.api.modules.XUpdateQueryService; 
import java.util.Date; 
import java.io. *; 

public class Update { 

protected static String URI= "xmldb:exist:llldbl"; 
protected static String driver= "org.exist.xmldb.Databaselmpl"; 

public static void main( String args 

try { 

try { 

Collection col = null; 
long tl,t2,total=0; 
long count=0; 

Class cl= Class.forName( driver • 
Database database = Database) ~I.new !}.Stance(); 
database.setPrope ., - ,l '-,._-,.,,._,.._ Hare 
DatabaseManager .registet.\!1iW~f'A1~ t~31~u 

File Writer f = new File Writer("EXISTDBupdate I a.txt"); 
PrintWriter p = new PrintWriter(f); 

try { 

for(int Size= 100; Size<= I 000;Size += I 00) { 

String COLLECTION_NAME = "mycollection" +Size+ "-0"; 

col= DatabaseManager.getCollection(URI + COLLECTION_NAME,"admin", null); 

String xupdate = "<xu:modifications version=\"1.0\"" 
+ " xmlns:xu=\"http:llwww.xmldb.org/xupdate\">" 

+ "<xu:update select=\'1/parts/part[l]lprice\">" II J.a 
+ "$500. 00" 
+ "</xu:update>" 

+ "</xu:modifications>"; 
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XUpdateQueryService service= 
(XUpdateQueryService) col.getService("XUpdateQueryService", "1.0"); 

} 
} 

Date date= new Date(); 
tl = date.getTime(); 

for( int k=0; k<5; k++) { 

service.update(xupdate ); 
} 

date= new Date(); 
t2 = date.getTime(); 

total = t2 - t 1 ; 
p.println(Size + "," + ((double)(total/1000))); 

} 
p.close(); 
f. close(); 

} catch (Exception ex) { 
System.out.println(ex); ex.print kTrace • 

} finally { . 
if(col !=null) { Un1vers1ty of Fort Hare 

} 
} 

col.close(); Together in Excellence 

} catch (IOException e) { 
System.out.println( e ); 

} catch ( Exception e ) { 
e.printStackTrace(); 

} 

System.exit(0); 

} 
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B.9.3. Xindice database 
I I Timing for modification and delete operations 

import org.xmldb.api. base. Collection; 
import org.xmldb.api.base.XMLDBException; 
import org.xmldb.api.modules.XUpdateQueryService; 
import j ava. util. *; 
import java.io. *; 

public class Update extends AbstractExample { 

public static void main(String[] args) throws Exception { 
Collection collection = null; 
long t1 ,t2,total; 

try { 

try { 

File Writer f = 
PrintWriter p 

for(int Size= l0Q; Size<_= 10 ;Size+= 100 { 
Stri.1~•-.:.-.L~ .. ~~ii....,., _ r t'uri:l~~~.JLI~~tion" + Size; 

Together in Excellence 
collection = 

getCollection("xmldb:xindice-embed:///db/"+ COLLECTION_NAME + "-0"); 

String xupdate = "<xu:modifications version=\" 1.0\"" 
+ "xmlns:xu=\"http://www.xmldb.org/xupdate\">" 

+ "<xu:update select=\ '1/partslpart[l]/price\ ">" 
+ "$400. 00" 
+ "<lxu:update> " II I.a 

+ "</xu:modifications> 11
; 

XUpdateQueryService service= 
(XU pdateQueryService) collection. getService(11XU pdateQueryService", 11 1. 0 "); 

Date date= new Date();// create object of the class 
tl = date.getTime(); 

for( int k=0; k < 5; k++ ){ 
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service. update( xupdate); 

} 

date= new Date(); 
t2 = date.getTime(); 

total = t2 - t 1 ; 

p.println(Size + 11
,

11 + ((double)(total/1000))); 
} 
p.close(); 
f.close(); 

} catch (XMLDBException e) { 
System.err.println(11XML:DB Exception occured 11 + e.errorCode + 11 11 + e.getMessage()); 

} 

} finally { 
if ( collection != null) { 

collection.close(); 
} 

} 
} catch (IOException e) { 

System.out.prin~~~!!:::::!!I 

} 
} 

University of Fort Hare 
Together in Excellence 
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APPENDIXC 

C. l. Timing Results for storage operations 
(See subsections 5.3.2.1, 5.3.2.2, and 5.3.2.3) 

C.1.1. Berkeley DB XML 

Size 50 generated part 150 generated part 100 generated part 

100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 

items 

0.64 
1.05 
1.47 
1.83 
1.86 
2.03 
2.34 
2.81 
2.79 
3.25 

items 

1.19 
1.80 
2.58 

items 

3.67 
7.25 
9.1 6 
10.5 1 
11.63 
13.02 
14.86 
17.04 
20.36 
21.3 1 

n1vers1 y o are 
C.1.2. dbXML Together in Excellence 

Size 50 generated part 150 generated part 100 generated part 
items items items 

100 6.67 8.32 13.11 
200 11.90 14.33 28.47 
300 19.39 23.18 43.12 
400 26.09 31.38 55.18 
500 33.29 37.36 73.70 
600 38.44 42.54 90.69 
700 44.07 51.80 102.28 
800 53.46 61.08 126.10 
900 65.12 73.23 137.06 
1000 68.63 79.65 148.01 
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C.1.3. eXist 

Size 50 generated part 
items 

100 17.14 
200 33.86 
300 50.33 
400 66.99 
500 83.93 
600 100.24 
700 117.06 
800 133.89 
900 150.53 
1000 167.42 

C.1.4. Xindice 

Size 

100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 

50 generated part 
items 

3.63 
7.05 
10.48 
14.06 
17.90 
21.13 
24.67 
27.53 
29.96 
33.34 

150 generated part 
items 

21.22 
41.46 
61.43 
81.29 
100.74 
122.40 
141.89 
163.78 

19.65 
26.22 
32.79 
39.27 
45.98 
48.24 
52.34 
59.46 

100 generated part 
items 

64.14 
125.99 
187.73 
248.84 
321.05 

100 generated part 
items 

.43 
50.94 
75.93 
100.31 
126.46 
151.39 
176.09 
200.42 
233.23 
279.12 
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C.2. Timing Results for Query operations 

(See subsections 5.3.4.1, 5.3.4.2, 5.3.4.3, and 5.3.4.4) 

C.2.1. Berkele DB XML 
Size Qla Qlb Qlc Q2a Q3a Q3b Q3c Q3d Q3e Q3f Q4a Q4b Q4c Q5a Q5b 
100 4.0 5.0 6.0 4.0 3.0 2.0 2.0 3.0 3.0 3.0 3.0 3.0 4.0 4.0 3.0 
200 7.0 8.0 12.0 8.0 5.0 5.0 6.0 6.0 6.0 6.0 6.0 7.0 9.0 6.0 6.0 
300 23.0 29.0 17.0 15.0 9.0 8.0 8.0 9.0 9.0 9.0 10.0 11.0 19.0 9.0 9.0 
400 32.0 34.0 25.0 26.0 12.0 11.0 11.0 13.0 13.0 13.0 14.0 14.0 37.0 11.0 13.0 
500 77.0 78.0 29.0 40.0 13.0 14.0 14.0 16.0 15.0 16.0 16.0 18.0 114.0 14.0 16.0 
600 20.0 17.0 16.0 19.0 19.0 19.0 20.0 22.0 17.0 20.0 
700 22.0 20.0 20.0 23.0 23.0 23.0 24.0 25.0 21.0 23.0 
800 25.0 23.0 23.0 26.0 26.0 27.0 27.0 32.0 24.0 25.0 
900 28.0 26.0 27.0 30.0 30.0 31.0 30.0 33.0 25.0 29.0 
1000 31.0 29.0 0 33.0 33.0 38.0 30.0 32.0 

C.2.2. dbXML 
Size Qla Qlb Qlc Q2a Q3a Q3b e Q3f Q4a Q4b Q4c Q5a Q5b 
100 15 20 16 21 10 10 11 11 13 23 10 11 
200 25 36 27 35 17 16 17 18 21 40 17 17 
300 33 52 39 51 23 22 25 25 27 61 23 24 
400 45 68 52 64 29 27 31 31 34 75 28 30 
500 54 75 58 73 n r 38 39 91 34 37 
600 66 89 65 96 44 eh 46 47 100 41 45 
700 77 109 78 112 51 4 51 1 52 57 · 121 50 51 
800 139 173 139 165 84 113 119 122 113 115 119 123 183 96 117 
900 161 198 157 187 133 128 129 135 136 131 131 137 209 127 131 
1000 175 217 179 213 143 151 144 146 151 148 146 152 233 143 145 

C.2.3. eXist 
Size Qla Qlb Qlc Q2a Q3a Q3b Q3c Q3d Q3e Q3f Q4a Q4b Q4c Q5a Q5b 
100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
200 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
300 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
400 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
600 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
700 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
800 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
900 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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C.2.4. Xindice 
Size Qla Qlb Qlc Q2a 
100 0.0 0.0 0.0 0.0 
200 0.0 0.0 0.0 0.0 
300 0.0 0.0 0.0 0.0 
400 0.0 0.0 0.0 0.0 
500 0.0 0.0 0.0 0.0 
600 0.0 0.0 0.0 0.0 
700 0.0 0.0 0.0 0.0 
800 0.0 0.0 0.0 0.0 
900 0.0 0.0 0.0 0.0 
1000 0.0 0.0 0.0 0.0 

Q3a Q3b Q3c Q3d Q3e Q3f Q4a 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 · 0.0 

University of Fort Hare 
Together in Excellence 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Q4b Q4c Q5a Q5b 
0.0 1.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
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Size 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 

Size 
100 
200 
300 
400 
500 
600 
700 
800 
900 . 
1000 

C.3. Timing Results for the Query re-run operations 
(See subsection 5.3.4.4) 

C.3.1. eXist 
Qla 
1.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Qlb 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Qlc 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

C.3.2. Xindice 
Qla Qlb Qlc 
7.0 11.0 7.0 
6.0 11.0 7.0 
6.0 11.0 7.0 
6.0 11.0 7.0 
6.0 11.0 7.0 
6.0 11.0 7.0 
6.0 9.0 7.0 
6.0 8.0 7.0 
6.0 8.0 7.0 
6.0 8.0 7.0 

Q2a Q3a 
3.0 2.0 
3.0 1.0 
3.0 1.0 
3.0 1.0 
3.0 1.0 
3.0 1.0 
3.0 1.0 
3.0 1.0 
3.0 . 1.0 
3.0 1.0 

Q3b 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Q3c Q3d 
2.0 4.0 
1.0 4.0 
1.0 4.0 
1.0 3.0 
1.0 3.0 
1.0 3.0 
1.0 3.0 
1.0 3.0 
1.0 3.0 
11\ '11\ 
.l.•V -' • V 

" l\ " II ,. 

Q3e 
4.0 
4.0 
4.0 
4.0 
3.0 
3.0 
3.0 
4.0 
3.0 
;, 0 

Q3f 
4.0 
4.0 
4.0 
4.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

Q4a 
7.0 
6.0 
6.0 
6.0 
6.0 
7.0 
7.0 
7.0 
7.0 
7.0 

Q2a Q3a Q31', )JOO Q3e Q3f Q4a 
9.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 

5.0 5.0 y_.O - s.O v'5 .0 5.0 5.0 
5.0 5.0 5¥ 5.0 5.0 5.0 

J5TQ, . ?Jlr.,. o!--~f 01i.P , """ o 5.o '5'.0.l. s.(f ~,J_ • • • 
1
t.b J 11.'cf'lv 5.0 

5.o r ~ j !, -~ zrz :t -•-V•: ~ L•~~ .o 5.o 
5.0 5.0 6.0 5.0 5.0 5.0 5.0 
5.0 5.0 6.0 5.0 5.0 5.0 5.0 
5.0 5.0 7.0 5.0 5.0 5.0 5.0 
5.0 5.0 6.0 5.0 5.0 5.0 5.0 
5.0 5.0 6.0 5.0 5.0 5.0 5.0 

Q4b 
7.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 

Q4b 
6.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

Q4c 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

Q4c 
11.0 
11.0 
11.0 
11.0 
11.0 
11.0 
11.0 
11.0 
11.0 
11.0 

Q5a 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Q5a 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

197 

4.0 
4.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

Q5b 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
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C.4. Timing Results for Modification operations 
(See subsections 5.3.6.l', 5.3.6.2, and 5.3.6.3) 

C.4.1. dbXML 
Size M(la) M(lb) M(lc) M(ld) M(le) M(lf) 
100 52.0 50.0 51.0 20.0 20.0 21.0 
200 99.0 96.0 96.0 35.0 35.0 36.0 
300 149.0 144.0 145.0 49.0 48.0 48.0 
400 196.0 191.0 193.0 60.0 60.0 60.0 
500 251.0 243.0 244.0 72.0 72.0 73.0 
600 292.0 280.0 279.0 81.0 82.0 83.0 
700 351.0 335.0 340.0 100.0 101.0 101.0 
800 399.0 389.0 386.0 157.0 161.0 158.0 
900 428.0 408.0 406.0 166.0 167.0 167.0 
1000 485.0 469.0 .0 190.0 198.0 

C.4.2. eXist 
Size M(la) M(lb) d) M(l e) M(lf) 
100 0.0 0.0 .0 0.0 0.0 
200 0.0 0.0 0.0 0.0 0.0 
300 0.0 0.0 0.0 0.0 0.0 . H 400 0.0 IV fSl . 0 re o.o 0.0 
500 0.0 o.o To eth Pin xce ce 0.0 0.0 
600 0.0 0.0 0.0 0.0 0.0 0.0 
700 0.0 0.0 0.0 0.0 0.0 0.0 
800 0.0 0.0 0.0 0.0 0.0 0.0 
900 0.0 0.0 0.0 0.0 0.0 0.0 
1000 0.0 0.0 0.0 0.0 0.0 0.0 

C.4.3. Xindice 
Size M(la) M(lb) M(lc) M(ld) M(le) M(lf) 
100 0.0 0.0 1.0 0.0 0.0 0.0 
200 0.0 0.0 0.0 0.0 0.0 0.0 
300 0.0 0.0 0.0 0.0 0.0 0.0 
400 0.0 0.0 0.0 0.0 0.0 0.0 
500 0.0 0.0 0.0 0.0 0.0 0.0 
600 0.0 0.0 0.0 0.0 0.0 00 
700 0.0 0.0 0.0 0.0 0.0 0.0 
800 0.0 0.0 0.0 0.0 0.0 0.0 
900 0.0 0.0 0.0 0.0 0.0 0.0 
1000 0.0 0.0 0.0 0.0 0.0 0.0 
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C.5. Timing Results for Delete operations 
(See subsections 5.3.8.1, 5.3.8.2, and 5.3.8.3) 

C.5.1. dbXML 
Size D(la) D(lb) D(lc) D(2a) D(2b) D(2c) 
100 21.0 20.0 19.0 20.0 21.0 11.0 
200 35.0 34.0 33.0 35.0 36.0 18.0 
300 51.0 47.0 46.0 47.0 50.0 23.0 
400 62.0 58.0 57.0 60.0 61.0 28.0 
500 75.0 70.0 69.0 72.0 72.0 35.0 
600 84.0 79.0 78.0 82.0 83.0 43.0 
700 102.0 93.0 94.0 99.0 97.0 52.0 
800 168.0 129.0 156.0 161.0 154.0 111.0 
900 164.0 162.0 166.0 167.0 165.0 121.0 
1000 185.0 185.0 .0 186.0 131.0 

C.5.2. eXist 
Size D(la) D(lb) a) D(2b) D(2c) 
100 0.0 0.0 0 0 0.0 0.0 
200 0.0 0.0 .0 0.0 0.0 
300 0.0 0.0 0.0 0.0 0.0 
400 0.0 0.0 . 0.0 0.0 0.0 
500 0.0 IV H reo.o 0.0 
600 0.0 O.O To xce ce 0.0 0.0 
700 0.0 0.0 0.0 0.0 0.0 0.0 
800 0.0 0.0 0.0 0.0 0.0 0.0 
900 0.0 0.0 0.0 0.0 0.0 0.0 
1000 0.0 0.0 0.0 0.0 0.0 0.0 

C.5.3. Xindice 
Size D(la) D(lb) D(lc) D(2a) D(2b) D(2c) 
100 0.0 0.0 0.0 0.0 0.0 0.0 
200 0.0 0.0 0.0 0.0 0.0 0.0 
300 0.0 0.0 0.0 0.0 0.0 0.0 
400 0.0 0.0 0.0 0.0 0.0 0.0 
500 0.0 0.0 0.0 0.0 0.0 0.0 
600 0.0 0.0 0.0 0.0 0.0 0.0 
700 0.0 0.0 0.0 0.0 0.0 0.0 
800 0.0 0.0 0.0 0.0 0.0 0.0 
900 0.0 0.0 0.0 0.0 0.0 0.0 
1000 0.0 0.0 0.0 0.0 0.0 0.0 
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C.6. Timing Results for the Modification re-run 
(See subsection 5.3.6.3) 

C.6.1. eXist 
Size M(la) 
100 2.0 
200 2.0 
300 2.0 
400 2.0 
500 2.0 
600 2.0 
700 2.0 
800 2.0 
900 2.0 
1000 2.0 

C.6.2. Xindice 
Size M(la) 
100 8.0 
200 8.0 
300 8.0 

M(lb) 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

M(lb) 
8.0 
8.0 

M(lc) 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

M(ld) 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

.------,---.v-.--1----1-. 0 

8.0 5.0 

M(le) 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

M(le) 

400 8.0 
500 8.0 

8.0 5.0 
U ·ve a e 

6.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

600 8.0 
700 8.0 

8.0Tog l 
8.0 11.0 5.0 

800 8.0 8.0 11 .0 5.0 
900 8.0 8.0 11.0 5.0 
1000 8.0 8.0 11.0 5.0 

M(lf) 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

M(lf) 
6.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
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C.7. Timing Results for the Delete re-run 

(See subsection 5.3.8.3) 

C.7.1. eXist 
Size D(la) D(lb) D(lc) D(2a) D(2b) D(2c) 
100 2.0 2.0 2.0 4.0 4.0 4.0 
200 2.0 2.0 2.0 4.0 4.0 4.0 
300 2.0 2.0 2.0 3.0 3.0 3.0 
400 2.0 2.0 2.0 3.0 3.0 3.0 
500 2.0 2.0 2.0 3.0 3.0 3.0 
600 2.0 2.0 2.0 3.0 3.0 3.0 
700 2.0 2.0 2.0 3.0 3.0 3.0 
800 2.0 2.0 2.0 3.0 3.0 3.0 
900 2.0 2.0 2.0 3.0 3.0 3.0 
1000 2.0 2.0 2.0 3.0 3.0 3.0 

C. 7 .2. Xindice 
Size D(la) D(lb) a) D(2b) D(2c) 
100 5.0 6.0 6.0 6.0 
200 5.0 5.0 5.0 5.0 
300 5.0 5.0 5.0 5.0 
400 5.0 5.0 5.0 5.0 5.0 . 
500 5.0 IV re5.o 5.0 
600 5.0 5.0~ xce ce 5.0 5.0 
700 5.0 5.0 5.0 5.0 5.0 
800 5.0 5.0 7.0 5.0 5.0 5.0 
900 5.0 5.0 7.0 5.0 5.0 5.0 
1000 5.0 5.0 7.0 5.0 5.0 5.0 
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