





ABSTRACT

Since the advent of XML technology, one of the areas where it has made its mark is in
data interchange between plications 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 she snance, performance, scalability,

usability, security, and flexibility.

This research focuses on one of these y metric performance when
executing basic database tasks (i.e. storag®Sgiiifnodification, and delete) using several
Open Source Native XML @meIW@kﬂ&-%W,ﬁ@ML, eXist, and
Xindice. Each product is deployddugd fe@ed msingdeneiaeark techniques. A number of
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 businesses, especially across the
Internet. As a result there has bee he number of XML documents
generated from business transaction 1d, the XML revolution has also
increased the need in the research ¢ an effective approach for storing

and processing XML documents. Wit':rable work being done by various

research communities in Thi%i‘é‘i ?d&fs ja%ésigfa Ia new kind of database

technology has emerged. A Na@g%ﬂaﬁb&@ YHERCls 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 X! _ database systems generated, many questions including:



e Why another kind of database technology?
e What Native XML database systems are available on the market?
e What differentiates them from other databases?

e How do these proi cts perform when handling different database tasks?

With these questions in n 1d, 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

The performance comparison evalua _ database systems is still an open
issue. There has been a I of researc As a result, a number of research
groups have come up with different apNGg#F addressing this matter. For example,
some research groups hav@nmmgngp@fnp@ﬁtﬂgf@njques as possible tools
for comparing the query procds%9mig péfonmdnrer ¢éNative XML database systems.
These include X007 {3, 4, 5, 6] which consists of eighteen queries, XMark [7] consists
also of twenty queries, > fach-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.






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:

e Selection of the Oper XML databases
A look at [20], reveals a list of sor XML databases. A quick survey,
showed that there are several Native XSlll®%ses that have been developed in both
industry and academia. Tﬁgqqpv@mgq@n@qcpt@p{izﬁ Jfetwo groups: commercial
and open source products. A cHdtomAS nbetd &é EIPER 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:
e Xindice [21] version 1.1b4, an open source native XML database by the
Apache Software Foundation
e eXist[22] v sion 0.9.2, an open source native XML database founded by
Wolfgang Meier at the Technical University of Darmstadt, Germany
e dbXML[23] version 2.0, an open source native XML database mainly
developed by dbXML Group
e Berkeley DB XML [24] versionl.1.0-Win32, an open source native XML
database by SleepyCat Software










































2.3.4. Features of Ni ive XML Databases

Another important questic 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]:

e Document Collections

The notion of a collection is suppoi e XML databases. A collection is
very similar to the concept of a tabl vases. It plays a role similar to that
of a table in a relational database or a dNjjjjj#*ile system.

Native XML databases Tjirﬁe‘ girg w BTWT‘FM It%at not all Native XML
databases require a schema to R apsphiatefwithce fefigegion. This means that you can

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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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 sec n 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 recommenda ee-based model to represent the
structure and content of the XML dc >d. The DOM tree built up by the
DOM parser usually resides in the m f different types of nodes that can
represent elements, attributes, CD 1 so on, defined in the XML

document. These nodes are arranged ’co the tree structure of the XML

document. DOM uses the CPpPpYIcofQ @i@frdﬁmpﬁgls@e relationship amongst
nodes in a DOM tree whereby yowhéhe parent,.obéldc Ribling, ancestor and descendant

just as in a family tree.

Consider the following simple XML document [37] containing employers’ information:
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DOM- based parsers are written in a variety of programming languages and are usually

available for download at no charge.

2.43.2. 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 dc xd.

Unlike the tree-based model, the eve stream based and does not build an
internal representation of the docu ds, SAX does not load the entire
document into memory at once. better for accessing large XML

documents. The SAX parsing process TSjj#¥ightforward. While parsing the XML

document it reports evenww@ﬁyabifw imit@t parts of the document

such as startElement, endEleméhbgbiteetern dhsce eyhycalling 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.
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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.

2.43.3. DOM vs. SAX

DOM and SAX are created to serve thijjjj#Pose, which is to provide access to the

information stored in an %Wﬁ?%s%%h%@ been implemented in a
number of programming langudFesjadiditon Fhdert:
The two aforementioned :chnologies 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 ¢ o 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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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 that will be used for choosing the
Open Source Native XML Databast died for this thesis, and then some
of the previous related studies done W% of the selected databases will be
highlighted. The chapter Wi glse [h;iegy Ottt gfée selected products by
giving a high level overview, apddethwingsdmeef grdesic 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 impleme Ing a particular product, it is necessary to know the benefits,
drawbacks, and risks of v "1g 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 proaches are available for assessing the quality of a particular
product; most of the ti e approaches taken during evaluation will depend on the

evaluator’s needs.

This thesis is not intended to conduc he Open Source NXD products in
depth, but rather to examine som 's’ attributes that are considered
relevant for the thesis. The idea bel mine the benefits, drawbacks and

risks of using such products.

A list of attributes that are considered J#e drawn up. The following attributes

will be used for the evalugtioq p{ @f@fw %frdﬁ@i(f)ﬂra%ts functionality, market

share, support, maintenance, peifggm}m:@, smalddee, fesabdity, security, and flexibility.

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 progr 1s 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 ) 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.

44
























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 roblem, diverse research groups have come up with different

approaches for solving this performance comparison dilemma.

Some research groups have proposec k techniques as possible tools that
could be used for investigating the ef ve XML databases. X007 [3, 4, 5,
6], XMark [7], Michigan benchmark , 9], and XBench [10, 11, 12, 13]

are examples of a number of available proyg#chmark techniques. These benchmark
techniques can be divided @ﬂmwal%f@ Hrgﬁseark and the Application
benchmark. The Micro benchmiaplg et destgnedibocedemdevidual system components to
isolate problems, measure, and, thus, improve a particular component of an XML system.
Amongst the above named benchmark techniques, [55] 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 [10] 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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3.3.3.4.3. Mailing List

Xindice support seems > 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.

3.3.35. 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

Xindice products’ maintenance appe v. For some time, there have been
numerous debates and questions mailing list about the Xindice

development status. There have been a Wggfattempts to explain this phenomenon

and many reasons have betg ﬂ'%f@i%&fryéffpdﬁnm%ebody said this”Xindice
seemed to have disappeared aro!m;@thtmem@ﬂimdbﬂb/ﬂbeersion 2.0 was released”.

3.3.3.6. Scalability

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 e further scrutinized in chapter 5.

59



















































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, > remember the commands every

time they need to use any of these tw

Regarding security issues, eXist a le basic security features. They
support basic user authentication and secjjJzement. At the same time, they lack a
transaction control mechpujippps, éf'@lﬂs 2@{ FopeteH a4y XML lack basic user
authentication. Xindice further, log affisy; in daeafaeensaction 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.

76















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 , or querying data.
The aim of this experimental evalue 1 metric performance comparison

of Open Source Native XML database PJ#th regards to handling basic database
operations like storing, q@mgv é?dsaiw @1& Fmtvitlg{_wedocuments. The metric
used for the performance compgogpe. hetha tebporet émeefor 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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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 & test performance are not only to
study how well an Open Source XM dle data storage but also to look at
the impact the different XML documen Q¥ are being stored in the database can

have on the database petg)ﬂlivgr '{We@}le, I@ YCH%&% the target the storage
performance tests will be caniedl"@g@mmiﬂ,wa@nfcgenerated XML documents.

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 6.37 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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4.53.2. 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 fol! vy target, query path, conditional
path, and operators. Beside this it include the logical operators such
as “AND”, “OR”, and “NOT” becar mmon in querying databases.

In the previous section 4.5.3.1 XML docwgg®re stored in the database. These stored
XML documents will also Wﬁi@f@f@ﬁtﬁﬂ@‘fwr Elgygsies performance tests. In
other words, the XML data to T@gmilmmmah@nggies performance tests are the

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 perfo 1iance tests, the queries that were designed are intended to

measure the performance of databases in processing XML queries.
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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, so s have already done performance
comparisons using some of the Open SSUJe XML databases that we have been
investigating in our work}, 14 Jesy qlfymgf Bofistapdy e performance of these
databases. For example, some fiodiaghevers thadeebie agdors [14, 15, 16, 56, and 57]
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 [17] 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 [17].

5.3. Experimental Results

The main concemn in these experi ire the response time needed to
complete a task by each of the Source Native XML databases.
Performance test runs have been done <yfJ#€c different sizes of generated XML
documents. The sizes OL@WWL(){OMWS 4 [(e37 KB, containing 50
generated part elements, 19.00 Kdganitemrg kxretiemaed 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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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 1formation but they differ in the number of items that were
generated and also the randomly ge amber of each part item. In Figure

5.1 we show a sample section of the ycument

<?xml version="1.
<parts> DN
<part skEFfYPFETSity of Fort Hare
<desc> Ball BEadret kédeder Excellence
<maker> S.K.F. </maker>
<instock> Yes </instock>
<price> $20.00 </price>
</part>
<part sku="30">
[--]
</part>
[..-]
</parfs>

Figure 5.1: Sample section of geherated 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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database and time for getting a particular database collection that is being queried is not

included in the timing res' s.

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 1s query results that were obtained

in the query performance tests.

In the interest of space, and also due to ‘§jJ#¥Fities of certain tests results obtained,
not all the results will be @W@fdw@ﬁw Hajljen some samples of these
results have been selected for diogpstives Frr dheett@nieee 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 quer  /parts/part

In query (Q1b), “/parts/, rt”, 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 atabases for accomplishing this operation are displayed.
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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 aforer ‘ML databases use XPath as their
query language for querying As pointed out, XPath also uses
model-based storage, namely data that is being stored. This fact
also gives Xindice and eXis :n using such techniques to query

data. Because of this similarity, Uil model-based storage XML databases
allow querying Wit@‘HWSFSﬂWr@![e Rorielfippmemory.

Referring back to the rasulfin@Rgtite. 518, tdikecXindice and eXist, the query
performance of dbXML is 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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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 ML databases as shown in Figure
5.9, Xindice and eXist show excelle: he same as in the previous Figure
5.8. There is also a change in tk Berkeley DB XML which has

performed better than in the previous tes" Gl provement should surely be attributed
to the indexing scheme usdd, m%mm $horrtheggition of the element node is
known, this can reduce the DOMuUsheéTg tithe andeediide dearch 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 w  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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Earlier in this subsection 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 (M1b). 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 (M1b) in

subsection 5.3.6.1.

With regard to the timing obtained 1 sults obtained for deletion (D1b)
are better than the ones for modific is reasonable, because a delete
operation involves searching and whereas modification involves
searching for the node and writing :ollection. This operation can be

time consuming especially for a big size SEJJJ#For example in the case of 1000 XML

documents, it took 469 mllﬁqueﬁqﬂ?cmmlﬂﬁlpé (M1b) and it took only
185 milliseconds for executing a HelgddhdD 1h)..

The timings for Xindice and eXist remain the same for executing a modification (M1b)

and a deletion (D1b).

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[.='S09']\"/>"

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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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 rtained using each of the studied
Open Source native XML databases id discussed. Before interpreting
and comparing the obtained test resu pphs, various technologies used by
native XML databases for carryi database operations that were

investigated were discussed, with the ain™ufjJ#® some insight into these Native XML
database related technolog[qsn"{megft@e@fl\ﬂbcﬁ?ﬂ@pehat were used in these
experimental tests were the baslOfpeahe disctssizer. dibecreason 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 un rstanding, 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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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 experience 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 spectr ing from an overview of XML
databases and their XML-related different factors affecting the
performance of Open Source Native The purpose of this work was to

compare the metric performance of OPuggj#”Native XML databa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>