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ABSTRACT 

Software engineering is a discipline concerned with manufacturing or developing software. 
Software plays a pivotal role in everyday life, an absence of which will be devastating to a 
number of governmental, recreational and financial activities, amongst many others. One of the 
latest branches of software engineering, component-based software engineering, is concerned 
with the development of software systems using already existing components which specula
tively will ensure rapid and inexpensive software development processes. 

Parallel with the advances in software engineering, the field of digital libraries - a field deal
ing with Web-based access to and management of structured digital content - has adopted this 
development model from software engineering to shift focus from developing and using tradi
tionally monolithic software systems to developing and using more flexible component-oriented 
software systems. 

Since componentised development approaches are relatively recent, other areas such as packag
ing and managing component-based software systems still remain unattended to. This disserta
tion presents research on techniques and methodologies for packaging customisable component
based digital libraries such that deployment is rapid and flexibility is not compromised. Al
though the reference point of this research was that of component-based digital library systems, 
it is believed that this research can be generalised across the family of Web-based component
based software systems. 

An outcome of this research was a prototype packaging system consisting of a pair of tools: 
a package builder tool and a package installer tool. This packaging system was developed 
to model the ideas and methodologies that were identified as important to the processes of 
packaging and installing component-based digital library systems. These tools consequently 
underwent a user evaluation study whereby they were evaluated for understandability, usability 
and usefulness to the processes of packaging and installing component-based digital libraries. 

A key contribution of this research was identifying requirements for a generic component pack
aging framework. For a component to be seen as "fit-to-package", it must posses the following 
at the very least: the component must be configurable automatically; the component must have 
a formal description of its dependency software; there must be formal descriptions that describe 
individual components as well as systems composed of components; and there must be a way 
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- ii -

whereby installation questions are formally encoded such that components are able to correctly 
receive configuration information. 

In totality, this research has shown that component-oriented software development approaches 
can benefit from an infrastructure which allows for component-based software systems to be 
composed, distributed and installed effortlessly. 
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CHAPTER 1 

INTRODUCTION 

The Web, a global collection of resources accessible via the Internet, is one of the most useful 
inventions to come about in the field of computing yet. It has informed the current state of 
affairs across myriad societies and disciplines since its inception almost two decades ago. A 
consequent of the Web is the Web-based services paradigm of computing. With this paradigm, 
corporate and academic institutions alike have had much success in terms of economic growth, 
structural reformation and deliverance, mostly through an adoption of some or other kind of 
Web-based solutions [21, 25, 36]. With current and predicted future Web-based applications, 
the Web will remain integral to daily life, making it more comfortable, more endurable and 
more affordable. 

To take full advantage of Web-based services and what they have to offer, software engineers 
need to equip themselves with necessary tools and strategies to deal with the dynamics of this 
computing paradigm. Inevitably for software developers, developing Web-based applications 
will become a natural choice. This will be driven by an expectation of simpler, better and 
faster methodologies with which to configure, deploy and manage applications from the general 
public. Dividing a software system into smaller parts (or components) has become common 
practice in software development in general and is encouraged by the software engineering 
field [14, 15]. This already is a remarkable step towards simplifying software development 
processes which offers a multitude of benefits such as component reuse, which are otherwise 
unattainable. However, as good a practice as this might be, there are challenges associated 
with this approach. One of these challenges is the effort required to develop, maintain and 
provide support for these components. This research has focused on investigating the effects 
of introducing a packaging solution for Web-based component-based software systems, paying 
particular attention to the processes of embodying a Web-based software system as a single 
installable package, configuring and deploying the resultant package as well as maintaining the 
deployed package throughout its lifetime. 

This chapter introduces the bigger project which this research is part of. The research problem 
is briefly introduced in Section 1.2. Section 1.3 presents the domain and scope within which 
this research is confined while Section 1.4 gives a detailed breakdown of the structure of this 
dissertation thenceforth. 
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- 2 - Chapter 1 - Introduction 

1.1 FLEXIBLE DIGITAL LIBRARIES 

The Flexible Digital Libraries (FDL) project is a research initiative which aims to investigate 
certain issues surrounding component-based approaches to building and maintaining Web-based 
component-based software systems in the context of component-based digital library systems. 
Suleman et al. break down the aims of the FDL project into the following subgoals [48]: 

Visual Component Composition - Many software components provide a manner with which 
they can be instantiated and be connected with other software components or complete 
software systems. Usually, this is done through interfaces that are command-line-based 
and difficult to work with. Eyambe [19, 20] has shown that a component-based digital 
library can be constructed visually using the BLOX system [37]. 

Interface Customisation - This is work in progress which deals with the customisation of 
digital library interfaces to accommodate varying system configurations. The general idea 
is that a digital library user can design, from within a Web-based interface, a front-end 
interface by selecting elements (including but not limited to text boxes, images and page 
types) to form part of the interface, identifying digital library services (such as content 
searching, browsing and rating) that are to be accessible over this interface and defin
ing the workflow to which the selected elements and services must adhere. Preliminary 
results obtained through a series of participatory design sessions have shown that this 
approach is preferable over traditional approaches seen in many digital library systems 
where interfaces are either hard-coded or require programming knowledge for their cus
tomisation. 

Flexible Component Packaging - In order to show that there is no loss of generality in em
ploying component-based approaches over traditionally monolithic systems, components 
must be packaged into a single distributable package together with their formal descrip
tions, connectivity specifications as well as any other entities necessary for installation. 
This package must appear as a single entity and should maintain flexibility while pro
moting rapid deployment. Research presented in this dissertation attends to this subgoal. 
Section 1.2 elaborates further on this topic. 

Scalability of Component-based Systems - This part of the FDL project is concerned with 
identifying techniques and methodologies whereby any relatively large component-based 
digital library system can be distributed over a cluster of computers. Initial research has 
demonstrated that it is possible for a simple digital library to run on a distributed set of 
machines. Future work will be looking at issues surrounding migration and replication of 
component instances on a computing cluster. 

The visual component composition and flexible component packaging goals are closely related. 
Putting this relation into perspective, a digital library user can visually compose a component
based digital library - an outcome of which can be a package representation of this visual 
composure and possibly a live demonstration ofthe composed digital library. The BLOX system 
already provides functionality to instantiate and test a fully functional digital library live on a 
server. Later chapters discuss how a digital library package can be created as a consequence of 
this visual composition. Figure 1.1 demonstrates these two outcomes. 
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- 4 - Chapter 1 - Introduction 

the dissertation unfolds, the following definitions present the fields of computing which this 
research spans. 

1.3.1 Web Service 

A Web service is an application or an integrated set of applications that appear as one and 
which can be invoked through the Internet. Web services are usually accessed over the Hyper 
Text Transfer Protocol (HTTP) through messages that are encoded using Web-related standards 
such as Web Services Description Language (WSDL), Simple Object Access Protocol (SOAP) 
and eXtensible Markup Language (XML) [7]. 

Web services offer an array of benefits over using other kinds of Internet protocol-based ser
vices. Classically, they provide very loose coupling between applications that use these Web 
services and the actual Web services themselves. This promotes flexibility and allows for either 
of these entities to be altered without negatively affecting the other. Other advantages of utilis
ing Web services lie in their interoperability, usability, re-usability, reliability and deployability. 

1.3.2 Information Management 

Historically, information management has been perceived as the process of administering the ac
cess to, usage of, dissemination of and life-cycle of traditionally filed, mostly paper-documented 
information. However, with the proliferation of the Information and Communication Technol
ogy (lCT) era, information management has grown to mean a lot more [33]. In addition to 
the above definition, information management is concerned with administering knowledge that 
is acquired through some study or experience or both, by ensuring that the tasks of creating, 
capturing, registering, classifying, indexing, storing, retrieving, modifying and disposing of 
this knowledge, in digital format or otherwise, are clearly accounted for. Some distinguished 
branches of information management include imaging, records management, document man
agement as well as knowledge management systems. 

1.3.3 Digital Library 

A digital library is an organised integrated set of services for capturing, cataloguing, storing, 
searching, protecting and retrieving information all of which is accessible over the Internet. 
In other words, a digital library is a type of Web service that deals with information and the 
management thereof through a series of identified services. 

There is an array of other definitions, each with its own historical connotations, which have 
prevailed in this field such as those given by Gladney et al. in [24] and Suleman in [47], 
however the definition that has been provided above will suffice throughout this dissertation. 
Chapter 2 dwells more on the history of research in the digital libraries field. 

1.3.4 Software Component 

A software component is a piece of software that provides functionality, usually a single func
tion, service or commodity, in a black-box manner through a well defined interface to human 
agents or other software artifacts. A good component, at least in the context of this research, 
can be identified as one which can stand alone, is reusable, adheres to some specification and 
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Chapter 1 - Introduction - 5 -

can be easily integrated with other components with relatively minimal effort. 

The history of software components goes as far back as in the late 1 960s, but it has only been 
in the last decade or so that the computing industry has taken much interest in the principles 
of software components. The field of software engineering is especially active when it comes 
to component research and this has resulted in a number of novel solutions and practices that 
govern the development of software in a componentwise environment. Chapter 2 gives a more 
detailed discussion on this matter. 

1.3.5 Software Installation Authoring 

Software installation authoring is a process that deals with drafting the process of installing 
some software. A common and somewhat traditional manner with which to achieve software 
installation authoring is to compile a set of instructions, usually as a readme file, that users need 
to read and follow so to accomplish the task of installing some software. Over the years, this 
practise has proven to be cumbersome. This can be attributed to the facts that: increasingly 
many derived software solutions tend to require much more attention at installation time; and 
documentation that accompanies software that is meant to assist users during its installation 
process is inadequately compiled. 

Current software installation authoring practices are aligned more towards automation, which 
will ultimately make things easier. Chapter 2 elaborates more on a kind of software installation 
authoring commonly known as software packaging. 

1.4 DISSERTATION OUTLINE 

The remainder of the dissertation is arranged as follows: 

Chapter 2: This chapter presents relevant researched information pertaining to this research 
that was available at the time of writing this dissertation. The chapter first introduces 
software engineering and one of its branches that deals with component-based software. 
Subsequent sections in the chapter report on available tools and resources relating to this 
research project as well as report on the history of digital libraries. The main purpose of 
the chapter is to draw attention to the convergence of research in the software engineering 
field towards a component-based platform, while analogously linking these proceedings 
to developments in the field of digital libraries and Web-based services in general. 

Chapter 3: The aim of this chapter is to introduce the problem statement of this research 
project. This problem statement is then broken down into a series of smaller manage
able tasks, which are further structurally outlined. The remainder of the chapter is con
cerned with the procedures and methodologies that were adopted in addressing each of 
the problem statement tasks. 

Chapter 4: The outcome of Chapter 3 was that a component management platform, a set of 
tools, to deal with the issues raised by the problem statement was to be developed. This 
chapter therefore introduces the design and implementation of this component manage
ment platform. There is a clear distinction between specifications and tools that formed 
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- 6 - Chapter 1 - Introduction 

part of the design and implementation process, supported by adequate illustrations and 
examples. 

Chapter 5: Following the design and implementation of the tools described in Chapter 4 was 
an appropriate evaluation process in order to assess the acceptability of this component 
management platform across different criteria. This was in a form of a user study where 
25 users participated in a questionnaire-based experimental study. The balance of the 
chapter presents a thorough statistical analysis of the obtained results and correlates this 
analysis to the problem statement outlined in Chapter 3. 

Chapter 6: This chapter draws conclusions to this research based on the results and the analysis 
thereof portrayed in Chapter 5. These conclusions show that the approach that has been 
taken in addressing the problem statement of Chapter 3 is favourable and overwhelmingly 
preferred. 

Chapter 7: In this chapter, other approaches that would speculatively have improved the results 
of this research are presented. Also included in this chapter are means with which the 
current component management platform can be improved in order to attend to those 
needs where minimal effort has been put or to those that are currently unattended. 
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CHAPTER 2 

BACKGROUND 

Software engineering, although the very nature of its title warrants it to be an engineering, 
has been caught in a war of decidability of whether it should belong to one field or the other. 
Contributors of high stature in software engineering have argued on different grounds, some 
saying that it should be a branch of mathematics, an argument raised by Edsger Dijkstra [16], 
while others believe that it is somewhat artistic and therefore should be an art, as Donald Knuth 
famously argued in his seven-volume series entitled The Art of Computer Programming. The 
reality of this matter is that although software engineering reflects traces of other renowned 
fields, it is too big a discipline to perfectly fit as a branch of any other. It goes without saying 
that software engineering is understood differently by different communities and such is even 
reflected by well established bodies of standards that govern the specifics oftechnology that are 
failing to agree on a unified definition of what software engineering is or should be. Perhaps it 
should be viewed as a field in its own right, which is the view that will persist for the remainder 
of this dissertation. 

Since its inception not five decades ago, the field of software engineering has grown to become 
one of the pioneering disciplines at the forefront of this revolutionary ICT era. Software engi
neering is concerned with manufacturing or developing software. Undeniably, software plays 
a pivotal role in everyday life and as emphasised by the Software Engineering 2004 Volume, 
government, recreational and financial activities amongst other things will be hindered by the 
absence of software [41]. 

Software engineering is a relatively new field and as such: it is vastly dynamic; other advanta
geous practices that are evident in other fields, such as componentisation I and automation, are 
still being experimented upon; and the credibility of design methodologies, tools and entities 
is still questionable. This can arguably explain why software development projects often run 
behind schedule and exhaust their allocated budgets. Wang believes that software engineering 
still has a long way to go and further postulates that software engineering has not benefitted 
from automation to the same extent as other disciplines [52]. 

I Henceforth, componentisation should be understood as i) an approach of utilising parts (or components) to 
form, build or compose a whole entity; or ii) a decomposition of traditionally monolithic entities into parts (or 
components). 
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- 8 - Chapter 2 - Background 

Software is developed with an eventual intent that it will be utilised by users, hence the many 
user-aware software development models and methods where users give constant input, es
pecially feature-based input, during software development. Unfortunately, users (and conse
quently, software developers) often tend to concentrate more on software features and in the 
process, overlook equally important areas such as the ease of installing the software on target 
systems as well as dealing with post-installation (or maintenance) issues that may arise and 
complicate their lives. Figure 2.1 shows a software publishing process, roughly illustrating 
where users and developers fit in this process. 

I 
I 
\ 

/ 
I 

\ 
\ 

/ 

',,-

Software Engineering 
For Developers 

r-------
I 
I 

Software Engineering 
For Users 

Software 
Deployment 

Developer 1 ~ .-___ -----'~ 1<111+--_ ... ; - ;o;w~r: - ~ ~ 
~ '--__ ---': _ ~S~i~U~O~ _:+--+ ~ 

Developer n ~ 
~ 

Figure 2.1: A software engineering aware process of publishing software 

Figure 2.1 emphasises that software engineering should devote as much attention to users as it 
does to developers. The remainder of this chapter is centered around this figure. Sections 2.1 
and 2.2 respectively give an analysis of current provisions of software engineering for develop
ers and users as well as an account ofthe direction that this field might be heading towards in the 
near future. Section 2.3 looks into the field of digital libraries relative to the current progress in 
the field of software engineering and reflects on how successful software engineering has been 
with respect to Web-based systems. 

2.1 SOFTWARE ENGINEERING FOR DEVELOPERS 

Software developers are now able to draw from a variety of available resources when develop
ing software systems. There are hundreds of programming languages and development meth
ods that are at the disposal of developers, each of which is favourable more than others with 
respect to the tasks at hand and of course the preferences of the developers. Since the days 
of the Fortran and Cobol programming languages, there has been much progress in the types 
and paradigms of programming languages and in ways that software systems are developed in 
general. The following section looks at how programming languages have evolved relative to 
periodic improvements in computer hardware as well as resultant changing needs in various 
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socIetIes. Section 2.1.2 then discusses one of the latest branches of software engineering -
component based software engineering (CBSE). 

2.1.1 Why did Programming Languages Evolve? 

There are mainly four programming paradigms into which programming languages can be clas
sified: procedural, logical, functional and object-oriented. Object-oriented programming, the 
examples of which include C++ and Java™, is regarded as the latest of these paradigms and 
has been appraised for attending to areas of development where other paradigms were still 
struggling. Prior to object-orientation, it was considered normal to write a computer program 
line-by-line, which consequently led to delayed project deadlines and other significant disad
vantages. With the advent of the object-oriented paradigm, software development became more 
bearable and more practical as this paradigm gained support from diverse communities. It 
seemed probable that object-orientation was the solution to reusability of software [18]. 

Object-oriented programming is structured around objects. Objects are better understood as 
distinct individual elements (blocks of code) that are sometimes able to receive messages, pro
cess these messages and produce some outcome. Furthermore, object-oriented programming 
is founded upon three concepts that govern how these objects are manipulated: encapsulation, 
polymorphism and inheritance. Encapsulation ensures that objects are prohibited from altering, 
in any way, the internal structure of other objects. This ultimately implies that an object can be 
altered only by itself. Polymorphism allows for different objects to respond to a single method 
call. The concepts of encapsulation and polymorphism can then be enhanced by inheritance. 
Inheritance allows for objects to be defined as specialised types of other objects that already 
exist. These three concepts ultimately reduce the number of lines of code in a program, a result 
that would otherwise not be possible with earlier programming paradigms. 

Wang in [52] argues that although object-oriented programming results in shortened solutions 
to many programming problems, it still is just programming but based on a totally different 
way of thinking. This way of thinking is mostly unique to individual developers and can be 
difficult to learn and apply in practice. Emmerich takes the argument further and discredits 
object-orientation saying that software reuse in a broader view has never been achieved by 
object-oriented development [18]. Emmerich further emphasises that the reuse of objects in 
object-oriented development is hampered due to a large number of fine-grained objects that are 
developed in accordance with some design but are then buried deep within other aggregations 
and generalisations, which consequently makes it hard for them to be extracted and used in 
other contexts. 

From what has been stated above, it can be affirmed that one of the reasons why programming 
languages evolved (but more importantly, why the object-oriented paradigm of programming 
emerged) was the need to urgently meet the changing needs of society by offering better solu
tions whereby software systems can be developed at much faster rates hence lowering costs. 
This of course has been facilitated by accommodating improvements in hardware systems. 
What has been changing over the years is the manner with which to reason about, and ulti
mately formulate an informed solution to, particular programming problems. Writing code 
line-by-line has persisted. Wang insists that line-by-line coding should be replaced by a more 
coarse-grained process of developing systems, a process that will require minimal programming 
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knowledge from a developer in order to develop some software system. This process can theo
retically continue from where the efforts ofthe object-oriented paradigm ended [52]. Inevitably, 
code must be written, but there can be solutions in place that will shift the focus of producing 
software systems from writing code to other higher levels of abstraction. 

The Software Engineering Institute (SEI) at Carnegie Mellon University has speculated that one 
of the latest branches of software engineering, CBSE, promises to deliver exactly what has been 
missing in the field of software engineering to date [2]. The following section introduces CBSE 
and discusses its advantages and disadvantages as an approach to composing software systems. 

2.1.2 Component-based Software Engineering 

CBSE is concerned with the development of software systems using already existing compo
nents. According to Crnkovic, CBSE has been put in place to attend to the development of 
systems as an assembly of parts (components) [11]. Crnkovic further elaborates saying that 
CBSE also encompasses the development of parts as reusable entities and qualifies the mainte
nance and upgrading of systems by customising and replacing such parts as an elementary part 
ofCBSE. 

There are component-oriented models and technologies that directly or indirectly form a sub
domain ofCBSE. These include Sun Microsystems' JavaBeans™ and Microsoft's Component 
Object Model (COM+). Commercial off-the-shelf (COTS) systems are a variation of compo
nentised approaches. These systems are commercially focused and in most cases, are more 
coarse-grained than other component-oriented models. Developing software involves a number 
of necessary steps, which can be a variation of requirements analysis, specification, design and 
architecture, coding, testing, documentation and maintenance. This process will soon be altered 
by the prevalence of these component-oriented approaches and these steps will become more 
applicable to developing components rather than to developing complete software systems. Fig
ure 2.1 has illustrated that developers are able to choose from various development styles when 
developing software and componentisation can/should/will now be one of those styles to choose 
from. Putting this into perspective, from user requirements, the developer can infer whether to 
develop a system from its roots or gather together some components and produce the required 
system or an amalgam of both. In whichever case, the requirements will inform the developer 
of an approach to adopt and determine what is ultimately packaged. 

CBSE promises to offer a variety of advantages such as a decrease in development cycles of 
projects, an increase in the usability and reusability of developed software entities as well as a 
decrease in production costs. It is undeniable however that as CBSE is a recent sub-discipline 
of software engineering, it is subject to an array of disadvantages which the proponents of this 
field still need to attend to. Crnkovic et al. believe that there soon will be what they term "auto
mated component-based software engineering" which will primarily deal with the intricacies of 
software deployment in an automated manner [12]. Other areas that are still lacking attention 
include the availability, testing, adaptability, security, performance, versioning, maintenance 
and credibility of these components [5,9,11, 12,38]. On the area of testing for instance, once 
these components have been made available, whose responsibility is it to test them and against 
whose specifications should these tests be conducted? How trustworthy are these components 
and what should the key distinguishing factors be between components aligned with carrying 
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Chapter 2 - Background - 11 -

out identical tasks? 

In general, eBSE has many obvious benefits but other areas in this sub-discipline still need 
thorough attention in order to not jeopardise the future success of eBSE. Software packaging 
(see Figure 2.1) is a gateway to delivering software systems to users and it is arguably through 
this packaging process that most or all of these problematic areas of eBSE can be addressed. 
The following section discusses software engineering for users with a specific interest in users' 
involvement in the the processes of software packaging and deployment. 

2.2 SOFTWARE ENGINEERING FOR USERS 

User requirements and software packaging are an intersection of developers' and users' partic
ipation in a software engineering aware process of publishing software portrayed in Figure 2.1. 
Ideally, users should be able to create their own software systems - this, with the proliferation 
of eBSE and similar component-oriented approaches, without relaying their requirements to 
developers. However, this is still work in progress. The process of packaging software strongly 
relies on the type of software that must be packaged, the operational platform that this package 
must be created for and the packaging tool that is used in creating such a software package. It 
is disappointing to reveal that packaging tools are not intuitive enough to be utilised by typical 
users and furthennore, they are still playing catchup to recent software development solutions 
such as eBSE. In the following section, the design and functionality of various prominent pack
aging tools is looked at with an aim of highlighting most of the prohibiting factors that make 
these tools difficult to handle. The final section looks at how these tools facilitate the processes 
of installing software as well as managing installed software. 

2.2.1 Software Packaging 

Software packaging is a process concerned with creating a single bundle of software, in most 
cases executable, for distribution and installation on a target computer. Installing software 
from source is regarded as a painstaking and error-prone practice that is seldom admired by 
the majority of software users [40]. It is therefore imperative that solutions which attempt to 
simplify the process of installing software be effective enough to make the software installation 
process minimally frustrating to its intended audience. More often than not, software developers 
derive brilliant solutions to various problems but the brilliancy of those solutions never quite 
makes it through to consumers, thanks to unnecessarily complicated installation instructions 
and procedures. 

Before elaborating further on the process of and tools for software packaging, it is best to 
first define fonnally what a software package is and what constitutes the process of building a 
software package. 

Building a Software Package 

A software package is a bundle of software that projects itself as a coherent software system 
once installed on a target system. Just like a physical package, it has a descriptor that describes 
the contents, contents that make up a specific object as well as instructions on how to assemble 
and use the contents. 
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- 12 - Chapter 2 - Background 

When building a software package, the type and size of the anticipated package informs the 
building steps that need to be followed. Generally, the package building process encompasses 
the preparation of all the elements needed for successfully creating an installation package. 
Staelin breaks this process down into five steps explained below [46]: 

Create Package Manifest - A manifest is a list of files that the package will install on the 
target machine when the package is deployed. It is critical that all files be included in the 
package, otherwise the package might not behave as it is expected to behave. For some 
packages, creating a manifest is a relatively straight-forward task that can be accom
plished easily by visually inspecting the software at hand. For other packages however, 
this process is inundated by hundreds or even thousands of files in which case it becomes 
a bit more difficult to produce an accurate and complete package manifest in an ad hoc 
manner. The two most common errors that arise when creating a package manifest are 
including unrelated files and excluding necessary files. 

Determine Package Dependencies - It is often the case that a package depends on other 
software packages in order for it to function as desired. It is therefore important that 
when building a package the package composer is presented with the ability of specifying 
dependency software for the package. Some dependencies are able to be bundled with 
other package files and be distributed while others have intellectual property rights (IPRs) 
restrictions imposed on them. Depending on the dependency type, the onus is on either the 
package composer or the package user to ensure the availability of dependency software 
when it is needed. 

Develop Scripts - The specifications of a candidate system that is likely to have the package 
being constructed installed on are usually unknown when the package is being built and 
as such, it is desired that the package being built be 'smart' enough to be able to deter
mine most, if not all, the characteristics of a target system that it will need in order for it 
to be installed successfully. A multitude of tasks such as detennining the operating sys
tem that a target system runs, the version thereof and other system dependent variables 
amongst other things may need to be known to the package before, during or even after 
package deployment. This requires that there are scripts, whether pre-built or built on
the-fly, which are able to attend to the above mentioned tasks and which also control the 
installation process as a whole. 

Gather Package Contents - The gathering of package contents involves collecting all the 
files that have been identified as belonging to the package (i.e., all the files that are in
cluded in the package manifest), all the packagable dependencies as well as all the control 
scripts that have been developed. All these entities are then usually placed in some pro
visional location in preparation for the remaining step of assembling the package. 

Assemble Package - At this stage of the package building process, most of the work is al
ready done. Assembling the package simply means bundling everything found in the 
provisional location mentioned in the previous step into a single package file. This pack
age file can be as simple as a ZIP file or a tarball, or as complex and custom as the 
packager may wish it to be. 
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Chapter 2 - Background -13-

Most tools that are (or can be) used to create software packages adhere to the steps that are listed 
above. The following section looks at some of the prominent package managers and analyses 
the stages and procedures that these tools follow when creating software packages. 

Software Packagers 

Software packagers, which are alternatively known as package builders or package managers, 
are tools which are in place to ease the process of building (and sometimes installing) a software 
package by introducing simpler and sometimes automated solutions to achieving the five steps 
that have been mentioned in the previous section. The work of most package managers is 
twofold: building a software package; and managing the package throughout its lifetime once 
deployed on a particular system. Figure 2.2 show the structure of a typical package manager as 
well as other entities that it interacts with. 

User Interface 

~ ~ 
Package Files l Installed Files 

I f f~~ ------. ~. · ij[I 
, ,2:::i paCkCllag-e-r ...... anager 

l~j 
Packaging Database 

Figure 2.2: Interactions of a typical package manager 

Each of these entities playa special role in the way the package manager functions. These roles 
are described briefly below: 

User Interface - The user interface provides a platform through which a user can communi
cate and interact with the package manager. Most package managers that are available for 
open source operating systems employ a command-line-based user interface with a select 
few providing a graphical user interface. Where graphical user interfaces are provided, 
they often operate as a layer above the text interface (e.g., rpmdrake, a graphical-based 
tool for Red Hat Package Manager (RPM) on Mandriva GNU/Linux distributions). 
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- 14 - Chapter 2 - Background 

Package Files - A package file, as earlier defined, is that which includes all the parts (pro
gram, data, documentation and configuration files) necessary to carry out an installation. 

Installed Files - These are files that have been installed on a particular system as a result of 
a package installation. 

Package Database - This database describes every installed package. For each installed 
package, it stores its descriptor as well as information pertaining to files that the pack
age owns. For instance, given an arbitrary file, it should be possible to associate that file 
with a package to which it belongs, provided of course that the files belongs to a package, 
and not the base operating system. 

The balance of this section looks at a few package building tools with respect to the manner 
in which they handle the package building process. It is worth noting that in order to build a 
software package in general, one needs a thorough understanding of how the software works 
and how it is installed manually. 

Red Hat Package Manager 

RPM is the most widely used package manager that most commercial GNU/Linux distributions 
are based on [3, 23]. An entry point into building an RPM package is creating a formal recipe 
that RPM will understand and convert into a package according to the recipe's specifications. 
This recipe, or better known as the RPM specification file, has sections that address specific 
aspects of the package creation process as well as characteristics of the distribution package to 
be built. Figure 2.3 shows an example of an RPM specification file showing some of the sections 
that are important when creating an RPM package. These sections are analysed in greater detail 
next. 

preamble - The preamble is an unlabeled section that constitutes everything appearing be
fore the %prep section in an RPM specification file. The preamble presents a human 
readable descriptor of the package to be built by RPM, which is returned when a user 
requests information about the package. When building a package, details such as Name, 

Version and Release are used to ensure uniqueness of the package amongst other sim
ilar ones. Although some of the fields are not mandatory in the preamble section of an 
RPM specification, it is usually best practice to include as much information as possi
ble. The field names in an RPM specification are relatively straight forward save for the 
Source and Requires fields, which are explained further below: 

Source - This field tells RPM where to find the source files of the package being de
scribed by the specification. If this field contains a Uniform Resource Locator (URL), 
RPM will attain these files automatically from the enlisted URL, otherwise RPM will look 
for the source file locally in the RPM SOURCES directory (see Figure 2.4). In the case 
where there are more than one source files, the listing convention becomes SourceO f 

Source 1 f Source2 and so on until all the source files can be listed. 

Requires - To specify dependencies manually, a package composer can list such de
pendencies under a Requires field. Dependency specification can be as simple as just 
stating that the package requires a particular dependency package - as is the case with 
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Summary: 
Name: 
Version: 
Release: 
Copyright: 

Version 2 of the spreadsheet formulae package 
spreadsheet-formulae 
2 

11 

GPL 

- 15 -

Group: 
Source: 
URL: 

Applications/Office 
http://www.spreadsheet.org.uk/downloads/spreadsheet-formulae-2.11.tar.gz 
http://www.spreadsheet.org.uk/documents/ 

Packager: 
ExclusiveArch: 
Requires: 
Requires: 
Requires: 

%description 

Matthew Stone 
i386 
spreadsheet >= 2.1 
perl 
postgresql 

This is Version 2 of the spreadsheet formulae package distribution. This version includes 
support for most Fourier Analysis and Mechanical Engineering formulae as well as a rich 
database of common equations and examples. 

%prep 
rm -rf $RPM_BUILD_DIR/spreadsheet-formulae-2.11 
zcat $RPM_SOURCE_DIR/spreadsheet-formulae-2.11.tar.gz I tar -zvf -

%build 
./getsystemdeps.sh 
./createconfig.sh 
./configure.sh 
make 

%install 
make install 

%files 
%doc README 

Figure 2.3: Example of an RPM specification file 

perl and postgresql in the illustration. It is possible also to specify dependencies in 
a more thorough fashion. This is seen with the spreadsheet dependency in the illus
tration where the least version of the dependency is specified (at least version 2.1). Other 
version range combinations can be stated in this manner. RPM also claims that shared 
library dependencies are automatically determined and satisfied by RPM [3]. 

%prep - The %prep section is where preparation for installing the package is done. Like 
any of the remaining sections, any shell constructs can be included in this section. As 
illustrated in Figure 2.3, RPM is told to remove any old builds of the same package 
(for precautionary measures) and extract the contents of the source tarball into the build 
directory. For packages that require patching and other similar tasks, such tasks can be 
done or prepared for in this section. 

%bui Id - This section contains the exact instructions that would need to be executed in the 
case of a manual build process. In the case of the example in Figure 2.3, to build the 
package being described, a series of shell scripts will need to be run before running the 
make utility command-line tool. 
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- 16 - Chapter 2 - Background 

%install- The %install section, just like the %build section, contains the exact instruc
tions that would be executed for a manual installation process. The illustration shows that 
installation instructions are contained in a makefile, however, other custom scripts can be 
included in this section. 

%files - One of the five steps for creating a package mentioned earlier was concerned with 
creating a package manifest. Together with the preamble section of an RPM specifica
tion file, this section completes the task of creating a manifest for the package being 
described. In this section, all files that cannot be specified anywhere else in a spec
ification file are specified. These are usually documentation files, such as in the ex
ample, which RPM will consequently place in a documentation directory on a target 
system once the package is deployed. A typical directory for this example would be 
/usr/doc/spreadsheet-formulae-2.11/. 

Once an RPM specification file has been constructed, it can then be placed in the SPECS direc
tory. Figure 2.4 shows how all the RPM build directories are structured. 

o lusrlsrc/redhaU 

o SOURCES 

o SPECS 

o BUILD 

OSRPMS 

o RPMS 

Figure 2.4: Layout of RPM build directories 

RPM can then be told to create the package using the rpm command. The command rpm 

-ba spreadsheet-formulae-2 .11. spec executed from within the SPECS directory will 
tell RPM to build all (-ba) packages (i.e., the binary and source packages) by iterating through 
%prep, %build and % install sections of the RPM specification file shown above in the above 
example. The output packages are placed in their respective locations (SRPMS for source pack
ages and RPMS for binary packages). When the -b flag is used alone, only the binary package 
will be built. However, there are no specific entries in the specification file to differentiate be
tween source and binary packages. If there are any errors with the specification file, RPM will 
report these to the package composer - otherwise the package(s) will be available and will be 
ready to be tested and distributed. 

RPM is known to have inconsistencies when it comes to package names, package contents 
and dependency handling, but perhaps the most noticeable disadvantage is that only privileged 
users are able to build and install RPM based packages, since the RPM database (as shown in 
Figure 2.2) can be accessed only by privileged users. Another negative with RPM is that it is 
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command-line-based and as such, offers a steep learning curve for those interested in learning 
how it works. There are other systems that are used in open source operating systems, which 
are somewhat similar to RPM. These are briefly looked at in the next section. 

Other Software Packagers for GNu/Linux-based Operating Systems 

Debian and Gentoo are two types of GNU/Linux distributions that each employ a different 
package manager tool, just as RPM is to Red Hat and its derivative distributions. This section 
briefly looks at two tools that these systems as well as their derivatives employ for their package 
management needs. 

Debian GNU/Linux Package Manager - This is a suite of programs for creating, installing 
and removing package files, which was initially targeted at Debian and Debian-based 
GNU/Linux distributions but may now work on or be ported to other GNU/Linux systems 
[28]. More commonly known as 'dpkg', it is functionally similar to RPM, but differs in 
its architecture in that it employs other tools such as the Advanced Packaging Tool (APT) 
to sit at a higher level of abstraction and provide a simplified interface for accessing the 
functionalities it provides. 

The process of building a Debian package, commonly known as a 'deb', begins with 
creating a specification file, called a control file, which holds all the information about 
the deb to be built. This file is strikingly similar to that employed by RPM. Once this 
control file has been constructed, its corresponding package can then be built using a 
combination of the dpkg-deb, dpkg-source and dpkg-buildpackage tools. A big 
advantage in using Debian-based GNU/Linux distributions is that there are thousands 
of software packages which have been created and are ready for download (whether as 
stand-alone applications or as specified dependencies of other packages) using the APT 
apt -get command. This provides a smooth procedure when creating and deploying 
debs. For RPM, resources such as http://rpmseek.com/and http://rpmfind.netlallow users 
to search for and download any packages that they may be requiring. 

Notable disadvantages with dpkg are that, just like RPM, it maintains a database for ac
counting for all the packages that it installs on a target system. This of course means that 
only privileged users are able to find complete satisfaction when working with debs. An
other point worth noting is that the modularised structure of the dpkg tool may intimidate 
novice users since there are many tools to get around. 

Portage - The Gentoo GNU/Linux distribution employs Portage as its package management 
system. Unlike RPM and dpkg, Portage does not support the notion of packages in a 
traditional sense, but prefers that software be acquired as source code, and be compiled 
and installed on demand [10]. 

The common element that Portage has with RPM and dpkg is that it also has build recipes, 
called ebuilds, which describe candidate packages. Essentially, each ebuild describes 
the package's metadata (which includes amongst other things, source and dependency 
information) and contains instructions on how the package can be compiled, installed 
and configured on a target system. In general, creating ebuilds is a lot more complicated 
than creating RPM's specification or dpkg's control files. This can be attributed to the 
fact that ebuilds are shell-based scripts with various subroutines for controlling each step 
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of the deployment process and as such, implementing these subroutines can quickly get 
confusing and complicated. 

On the front-end of the Portage package management system is the emerge utility com
mand (or tool) that users use to access the features of Portage. The emerge utility tool 
has many useful (and sometimes elaborate) commands but a simple command such as 
emerge mozilla- firefox will tell the emerge tool to download the Mozilla Fire
fox Web browser as source, compile all the downloaded source files and install the Web 
browser in a sandbox environment. This sandbox environment is one of the prime attrac
tions of how Portage manages packages. It ensures that the rest of the system is relatively 
safe from whatever harm may be inflicted by an installation. Portage is also a global 
package management system and as such, the emerge utility can be used only by users 
with specific privileges. 

Software Packaging for the Microsoft Windows Operating System 

The Microsoft Windows operating system is different from any GNU/Linux-based operating 
system and as such, package management follows a slightly different approach to those dis
cussed in earlier sections. At the heart of the Microsoft Windows operating system is the 
Windows Installer tool. Rather than an installation program or package manager, Windows In
staller is the base installation tool with which applications are installed on Microsoft Windows 
systems. Many package management applications such as Altiris's Wise [1], Macrovision's 
InstallShield [32], Proggle's Installer GD [42] and Caphyon's Advanced Installer [4], to name 
but a few applications, use the Windows Installer engine when installing software in order to 
maintain consistency in the internal database that Windows Installer maintains. This ensures 
reliable operation of important installation features such as rollback and software versioning. 
Another powerful feature inherent in using Windows Installer is the automatic generation of the 
uninstallation sequence for a particular application. 

Characteristic of the Microsoft Windows operating system, all of the package management 
tools mentioned above employ a graphical user interface, which makes for a much favourable 
experience if compared with package managers of GNU/Linux-based operating systems. Figure 
2.5 shows a screen-shot of a general setup interface of the Installer GD software packager tool. 
The interface in other tools is typically similar to the one shown in this figure. 

The Windows Installer tool does not provide for any dependency handling methods. It is there
fore up to package managers to deal with dependency issues. Some of these tools, such as the 
Advanced Installer tool, go a certain distance towards entertaining dependency specific issues 
while other tools do not even look into such matters. Ideally, all tools should attend to depen
dency issues. It is interesting to note that the latest version of InstallShield (version 11) now has 
support for RPM and a few other packaging platforms as well as support for various other op
erating systems beyond Microsoft Windows. Perhaps in the not so distant future, such practices 
will become a norm in package management software, which will be a welcomed improvement 
in current software publishing processes. 
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The remainder of this section explains some of the activities that constitute the process of soft
ware deployment before looking at a number of issues that complicate the process of deploying 
software. 

Software Deployment Activities 

For the purposes of this research, the process of software deployment was regarded as that which 
could be arranged into four distinct groups as described below. These groups of activities differ 
slightly to those mentioned in the literature but in general, present similar ideas. The main cause 
of this difference is that other software deployment activities are not applicable to certain types 
of software systems. 

Packaging and Distribution - The process of packaging software has already been intro
duced in the previous section. This process is undergoing a transformation due to various 
recent models for developing and delivering software to consumers. User requirements 
now play an increasingly important role in informing software vendors and/or develop
ers of what to package and distribute. Ideally (presumably in the near future should the 
promises of CBSE materialise), users should be able to craft and package their own soft
ware systems with minimal effort. Software packaging can be viewed as an entry point 
to the process of software deployment, following which is the distribution of a packaged 
software solution. 

With the advent of the Web, it has become intuitive for software vendors and/or develop
ers to make software available over the Internet. This allows users to easily search and 
download software at their will, provided of course that the luxury that is the Internet is at 
their disposal. Other methods of distributing software include DVD-ROMs, CD-ROMs 
and floppy disks and these methods are preferable for distributing either relatively large 
software systems (such as comprehensive word processors, accounting packages and op
erating systems) or software (such as software drivers) that accompanies new hardware. 
It is equally important, especially if the software is not tailored according to a particular 
consumer, that software be advertised appropriately to ensure that interested parties are 
made aware of the characteristics of the system [5]. 

Installation - Software installation is introducing a software system (software package) to a 
consumer's machine. From this process on, the user interacts directly with the software 
system as it was developed and packaged. At this stage of the deployment process, the 
software system is configured and prepared to interact with the user's system. This usually 
includes evaluating the package's software and possibly hardware prerequisites as well as 
gathering other required input from the user. The installation process culminates in a 
coherent software system at a consumer's site, which can then be launched and utilised 
on demand. Using the installed software differs with respect to the type of software 
in question. For instance, some software systems are launched through some sort of a 
clickable icon, others are Web-based and require some URL to be accessed while others 
are command-line-based daemons. 

Updating and Upgrading - Updating and upgrading a software system are two amongst 
many post-installation activities. Updating encompasses modifying the current system 
to a logically next version, usually referred to as a minor version. This can be achieved 
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through applying patches, which themselves can be perceived as stand-alone, deployable 
packages [13]. Other means of updating software include automated procedures such as 
those employed by Microsoft Windows XP and Mozilla Firefox but these rely entirely on 
the availability of the Internet. The frequency of updates vary from weeks to months ac
cording to a number of factors such as the system's stability in the conditions it is exposed 
to and bugs that have been identified since its distribution. 

Upgrading a software system is slightly more complex than updating it. This usually re
quires that the current version of software be completely removed from the consumer's 
system so that the logically next version (usually referred to as a major version) can be 
installed. This is evident mainly in operating system software where is it common to 
upgrade, say, from Microsoft Windows 98 SE to Microsoft Windows XP or from Man
drake 9.1 to Mandriva 11.0. The granularity of upgrading software also varies according 
to certain conditions but it is commonly in a range of months to years. 

Uninstallation - When a software system is no longer needed by a consumer it, in most 
cases with its prerequisite software packages, can be totally removed from the consumer's 
system. For some software systems, this process can be devastating. Consider removing 
a software system that shares dependency software with one or more other systems. If 
removing a software system implies removing its dependency software, other software 
systems that rely on the dependency may not function appropriately at its removal should 
the software being removed not be aware of these other software systems. This has been 
the motivation behind keeping a database of all installed software and its metadata at the 
disposal of package management tools as discussed in Section 2.2.1. In ideal situations, 
the stability of a consumer's system should not be compromised by the removal of some 
or other software system. 

Software Deployment Issues 

The process of deploying software systems, whether it is identical software packages or not, is 
almost always unique to the characteristics of the consumer's site. Nevertheless, there are some 
aspects in which all the instances of deploying software are comparable. This section lists some 
of the common complications that surface at software deployment. 

Heterogeneous Operational Platforms - Developing software for use in more than one op
erating system has always been a challenge. Different consumers are comfortable with 
different platforms and as such, it is required of the software developers that the software 
they develop be able to work on various operational platforms with little or no extra effort 
required from consumers. Carzaniga et al. qualify that the coexistence and the interop
erability of heterogeneous platforms pose new challenges for software deployment and 
furthermore, the platform type becomes a new variable that has to be taken into account 
when dealing with configuration and dependencies [5]. Coupaye et al. emphasise the 
importance of ensuring uniformity across all computers at an organisation, even if the 
computers are running different platforms [9]. 

If developers are using cross-platform tools such as JavaT AI for development, then the 
issue of developing for different operational platforms becomes a step closer to being 
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solved, but even with such practices, software may still be interacting with platform
specific libraries, which is still undesirable. Other means of dealing with this issue is to 
have different ports2 of the software for as many operating systems as is possibly required. 

Resolving Dependencies - There are various types of dependencies that software packages 
have to resolve during the deployment process. Some of these are hardware types, for in
stance, a specific type of a graphics card may be required for an image editing/processing 
software package. The majority of these dependencies however, are software-based. Sec
tion 2.2.1 has introduced how some package managers handle dependency specification 
and satisfaction. During the process of specifying dependencies, it sometimes may be
come tricky to specify those dependencies that are known by more than one name such 
as the Apache Web server, which can either be apache or httpd depending on the server's 
configuration and platform it is configured on. For these types of dependency software 
packages, some packagers do make provision for an or (as in apache or httpd) during 
specification, but for RPM, or is not defined. Another overhead at dependency specifica
tion is that package composers need to know the exact versions of dependency software 
packages that the package needs, which may take some effort to discover. 

When a software package has been distributed to a consumer's site, it needs to resolve 
(if possible) dependencies upon installation. Some of these dependencies are required 
to drive the installation process. For example, the software package require the Perl 
interpreter to execute configuration scripts or an archiving tool for those packages that 
are distributed as compressed archives. Other types of software dependencies that are 
required for the functioning of the software can be checked for on a user's system - oth
erwise some software packagers allow for these dependencies to be automatically down
loaded and then installed. The download process alone can prove to be a complication, 
but another is when installing the downloaded dependency at a consumer's site. Some 
dependency packages are accompanied by licence enforcements where users are usually 
required to accept or agree to the terms stated in the licences before the installation can 
continue. Licence restrictions may also prohibit dependency software from being bundled 
and distributed with software packages or even from being automatically downloaded, in 
which case it is up to the consumer to resolve any dependencies manually. 

Interoperability - Software systems usually have features that are absent in other similar 
software systems. In this case, consumers may want to access the same piece of work us
ing different software systems or access data belonging to other applications from within 
another application without any complications. An example of this is using Microsoft 
Paint for basic image editing and Adobe Photoshop for advanced image editing. 

Data Migration - It is sometimes desirable that data be migrated from system to system. For 
example, if upgrading a database management system (DBMS), it is often the case that 
the user might still need the data (both content- and configuration-type data) from the 
old DMBS to be available for the latest system. Many software systems provide for such 
deployment issues, but in most of these systems, this is poorly done and not as effective 
as it ought to be. 

2Modified versions of software for use on different machines or platforms. 
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An alternative view to data migration is seen in content management systems, where it 
makes sense that content management software systems be distributed with some data, 
sufficient to demonstrate the functionality of the system and also be readily usable. This 
however depends on users' preferences since different users may require different content 
distributed with their packages, which may impose a lot more work on current packaging 
processes. 

Updates and Upgrades - These two processes are multifaceted. Generally, they refer to any 
change in the environment in which a software system is deployed, which can conse
quently affect the functioning of the software system. On the hardware side, computer 
systems can be upgraded by adding better hardware components such as network adapters 
and other peripherals, which in tum will require respective changes in software (e.g., 
newer software drivers) that could then affect the functioning of the installed software. 

Another instance of this problem is when dependency software is updated either by other 
systems or voluntarily, which can cause the software system to not function with the new 
update of the dependency software. 

A less common problem, although equally problematic, can occur when a software sys
tem composed of different components is updated/upgraded componentwise, that is, some 
components get updated and/or upgraded while others remain unaltered. This may result 
in a mis-communication between system components where components are failing to 
communicate or are communicating incorrectly with others. 

Internet Solutions - The Internet has significantly improved the software deployment pro
cess by providing a common interface through which software developers communicate 
with consumers. However, the Internet has also fallen victim to criticism when consider
ing certain aspects of security relating to the deployment process. Consumers need pro
cedures to ensure the integrity of the software (and software-related information) that is 
distributed over the Internet. It can be devastating for a consumer to install an application 
acquired over the Internet only to find that it violates the coherency of that consumer's 
system. For those types of applications requiring constant contact with online servers for 
updates or whatever other reasons, authentication and privacy should be guaranteed for 
the consumer. No unauthorised party should have access to the data being transmitted by 
an application at a consumer's site. 

Besides security aspects, not having access to the Internet can prove to be unsettling, 
especially when looking at applications that have some interaction with it, since the con
sumer should probably now have to derive other means of mimicking what the Internet 
would otherwise have been responsible for. 

So what this means is that developers should be extra cautious when it comes to devel
oping applications that might utilise the Internet in some way. They must address both 
security aspects in the case where the Internet is available to consumers and the possibility 
that the Internet might not be present at a consumer's site. 

The issues that have been presented above are some of many that cause complexities during 
the software deployment process. The stem of many of these issues is at the development 
phase and it is at this stage that counter-measures can be introduced. In most instances, it is 
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difficult for system developers to infer counter-characteristics to the above issues from user 
requirements. It is therefore at their discretion that these issues can be implemented for. In 
an ideal scenario, there should be regulations or policies in place that govern the process of 
developing software so to ensure that certain software deployment requirements are met before 
advertising and distributing software packages to consumers. 

2.3 DIGITAL LIBRARY SOFTWARE SYSTEMS 

A digital library, as initially defined in Section 1.3.3, is an electronic platform that provides 
an organised integrated set of services for capturing, cataloguing, storing, searching, protecting 
and retrieving information, all of which may be accessible over the Internet. Digital library 
software systems are a specialisation of what is commonly known as information management 
systems since they possess most, if not all, characteristics of information management systems. 
This section covers most of the recent developments in the field of digital libraries with an 
intention of highlighting the effects of software engineering in Web-based software systems. 

In the late 1990s, the need to efficiently and effectively disseminate scholarly content without 
any prohibiting factors arose [26]. The Open Archives Initiative (OAI) stepped into the chal
lenge and provided a Protocol for Metadata Harvesting (OAI-PMH) which has since been a 
key player in promoting interoperability amongst digital library systems through a simplified 
approach, addressing the issue of connecting multiple digital library systems in a distributed en
vironment [30]. The OAI-PMH has since been implemented and supported by various projects 
worldwide, some of which include Kepler [34, 35] and NCSTRL [50]. These digital library 
software systems were initially aimed at disseminating scholarly content. Other digital library 
systems such as Greenstone3 [43], DSpace [31,45] and EPrints [39] mimic, as closely as pos
sible, traditional libraries in that they were designed to house and manage any type of digital 
content beyond documents. 

Initially, the systems that have been mentioned above were relatively monolithic by the nature 
of their design. This presented a problem when it came to the portability of as well as user 
requirements for each system amongst other things. For instance, since these systems were 
inflexible, users would often be overwhelmed by features that they do not require, which would 
in tum overshadow the basic features that each of the systems claim to provide. As research 
progressed, modularisation or componentisation approaches begun to emerge in the field of 
digital libraries, which ultimately saw prominent digital library systems adopt modular-based 
designs. This process has already been witnessed in other branches of computing such as in 
programming languages. Figure 2.6 depicts the structure of a typical component-based digital 
library composed of two components: the Search and Browse components. These components 
work on the digital library data Collection and their services are made available to users through 
the User Interface. 

According to Witten et aI., digital libraries need to be dynamic [17]. They (Witten et al.) 
support this by emphasising the need for administrators to routinely add new collections or 
new user interfaces or completely new kinds of services to a digital library at runtime, that 

3Greenstone is not a digital library system per se, but rather, a software suite for building and distributing digital 
library collections [43]. 
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User Interface 

,--__ ----'A'--__ ~ 

Browse Search 

Figure 2.6: A typical component-based digital library system 

is, without bringing it to a complete halt. These requirements are also applicable to other 
software systems that have adopted a component-based approach in their design [13]. This has 
seen the realisation of the recent Greenstone 3 project, now an agent-based (component-based) 
digital library tool, something that its predecessors were not. Other digital library systems are 
following in Greenstone's footsteps. 

The transition from the mentioned monolithic systems to more flexible approaches was initiated 
by research efforts like the OpenDLib [6] and Open Digital Libraries (ODL) [47,49] projects. 
The primary aim of the OpenDLib project was to create a system that manages digital library 
services by providing an infrastructure with which a digital library can be customised on-the
fly, hence making the digital library expandable. The outcome of the ODL project was an 
array of lightweight components that can be connected and can communicate with one another 
through a well defined set of protocols influenced by the OAI-PMH where each component 
corresponds to a typical digital library service such as searching or browsing. These efforts 
have partly been driven by the growing need for simple digital libraries in varied communities. 
Another influencing factor was that breaking down a complex Web-based system into smaller 
manageable pieces can be motivated as being a good strategy for taking maximum advantage 
of the distributed nature of networks within which the resultant component-based system will 
be housed. A more classical factor however is that it is regarded as good practice in the field of 
software engineering to break down a complex system into smaller manageable pieces. 

It is characteristic of most digital library systems to utilise some sort of DBMS for data storage 
or perhaps some Web-server for publishing purposes. In general, prerequisite software for 
most digital library systems is similar. Rhyno suggests that using open source systems for 
digital libraries will facilitate the development and functioning of digital libraries in today's 
communities [44]. 

From the above discussion, it can be ascertained that the design trends in the field of digital 
libraries are similar to those in the software engineering discipline - a shift from inflexible de
signs to much more flexible component-based approaches. This means that the same problems 
such as component testing, integrity, maintenance and so forth, as well as all the advantages 
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of component-based design that are associated with CBSE, are equally applicable to the digital 
libraries field. If considering the deployment process of current digital library software systems, 
including the processes of packaging and distributing a digital library system, there are varying 
degrees of similarities in the way these processes are handled. With EPrints for instance, al
though it only functions in Unix-like operating systems, it does not employ any of the package 
management solutions as it is distributed as a tarball and installed and configured by manually 
running corresponding scripts from command-line. DSpace operates in a similar fashion. This 
is possibly the case to avoid any limitations to the operational platforms since there is no generic 
package management tool to span across most Unix-like systems. Greenstone 3 on the other 
hand boasts a JavaTJIf design, which means that it is flexible across most platforms. Although 
there are different distributions for various operating systems (Microsoft Windows, Unix and 
Macintosh OS X) due to different platform-specific dependencies, the underlying features are 
the same and each distribution package, when executed, presents a graphical user interface 
where the installation and configuration processes are carried through. 

2.4 SUMMARY OF KEY POINTS 

Software engineering as a field in its own right has seen much progress in the past decade, with a 
shift of focus from developing complete systems to developing components that can ultimately 
be glued together on demand to create flexible systems according to consumer's needs. This 
approach is also witnessed in other fields concerned with the development of software such as 
in Web-based service-oriented fields (of which digital libraries is an example) where the design 
of software systems in such fields is adapting to meet the changing needs in their respective 
societies. There are still some inconsistencies with component-based approaches despite all 
the colourful advantages and it will be with a firm addressing of these inconsistencies that the 
success of modularised approaches will be determined. 
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CHAPTER 3 

RESEARCH OVERVIEW 

Previous chapters have been employing a relatively general tone and have not been thoroughly 
specific with respect to defining the problem statement that this research has been guided by. 
The main aim of this chapter is to introduce the problem statement to the reader and put into 
context some of the theories, concepts and practices that were discussed in Chapter 2. Section 
3.1 gives a brief discussion on some of the points that motivated this research. The problem 
statement is explained in detail in Section 3.2. 

3.1 MOTIVATION 

Any field that falls under the computing industry, or any industry for that matter, is subject to 
growth as time progresses. Notwithstanding this unavoidable growth, it is equally important 
that the stakeholders associated with any field that is subject to this growth are well prepared 
in order to avoid any possible shortcomings. Following are some anchoring points that have 
motivated the proceedings of this research: 

• Digital libraries are evolving: This can be attributed to the change in needs in the au
diences and communities that these systems are applicable to. Suleman et al. in [48] 
reaffirm that traditional digital library platforms, often portrayed as immutable and mono
lithic, are now facing extinction and are making way for much tidier, simpler and flexible 
compositional platforms to challenge the future of the digital libraries field. However, 
there are still some concerns due to various inadequacies that are inherent in component
based approaches as discussed in detail in Chapter 2. 

• Current packaging practices are delaying to adjust accordingly: The design of cur
rent package management tools is unable to accommodate software systems composed 
from a pool of components. This is so because, traditionally, these tools were not devel
oped for the possibility that they would one day need to align their functionality and goals 
with those of technology trends such as component-based solutions. 

• There is a need to complement and support the growth in the field: This should be 
in a timely manner so to promote continuity and encourage future growth. Successfully 
attending to the inadequacies of component-based approaches will demonstrate that these 
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approaches are sound and will shift the focus to possibly exploring other avenues where 
component-based approaches can prove to be equally rewarding. 

3.2 PROBLEM STATEMENT 

This research is part of a bigger project whose aim was concerned with investigating techniques, 
models and tools for constructing flexible digital libraries by addressing the question of how to 
effectively and efficiently build digital library systems based on simple components arranged 
into a network of services. Specifically, this research tackled the component management issue 
as thoroughly manifested in Chapter 2 and in the previous section by formulating the following 
problem statement and employing it as a starting point. 

To investigate techniques and methodologies for packaging component-based 
digital library systems such that deployment is rapid and flexibility is not com
promised. 

This problem statement was further broken down into a series of distinct smaller tasks in order 
to promote manageability. The remainder of this section presents each of these tasks. For 
each of the identified tasks, a motivational description is given as well as methodologies and 
strategies that were followed in addressing that particular task. 

3.2.1 Packaging of Heterogeneous Components for Heterogeneous Operational Platforms 

Description 

Recent research has shown the idea to compose a component-based digital library system from 
components initially developed under different environments and attending to different needs 
to be possible [19, 20]. This given, the first part of this task was to achieve whether or not the 
process of moving from a specification of such a heterogeneous composure of a component
based digital library system to a readily installable package is possible, and if it is, within which 
scope can this process be useful. The second part of this task is dependent on the outcome of the 
first part. It seeks to determine if this installable package can be built irrespective of operating 
systems' barriers. 

Methodology 

Fundamentally, this task was the cornerstone of this research, the outcome of which influenced 
that of the other three. It was not arguable that some sort of a packaging and management 
platform was to be employed, whether developed from scratch or adopted from existing solu
tions, en route to completing this task. The main issue of concern was that of heterogeneous 
packaging, however attained. The following are steps that were followed in completing this 
task. 

• Launched a study into existing packaging tools: This study commenced by looking 
into popular package management tools (e.g., RPM, InstallShield, etc. as documented in 
Chapter 2) with a goal of establishing whether any ofthem are suitable to serve as a basis 
of this research. 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter 3 - Research Overview - 29 -

• Employed the most flexible of these tools: RPM proved to be the viable choice due 
to its functionality and overwhelming popularity as a package management tool amongst 
the general public [3, 23]. 

• Evaluated the chosen tool against the intentions of this task: A component-based 
digital library was built into an RPM package and these were the main observations: 

- RPM packages are only compatible with Red Hat and Red Hat-based Linux distri
butions, thus they do not offer a great degree of heterogeneity. 

- To install an RPM package, one requires special administrative rights, otherwise the 
installation will not succeed. This goes against the rapid and flexible goals of this 
research. 

- Finally, RPM does not allow for an interactive installation process, forcing for pre
and post-installation user interaction, which is less than desirable for component
based digital libraries and once again is in conflict with the rapid and flexible goals 
of this research. 

Taking the observations noted on the final step above into consideration, it was then decided 
that a new packaging system would be designed specifically to be as portable and minimalistic 
as possible, with an emphasis on the ability to compose and configure individual components 
during installation. The design and implementation of this system is presented in Chapter 4. 

3.2.2 Comparatively Assessing the Effort in Installing Individual Components Making 
up a Bigger System and Installing the Same System but as Packaged Components 

Description 

Background research revealed the advantages and disadvantages associated with package man
agement software. Consolidating all the advantages and putting them into practice minimises 
the amount of work that users have to go through to successfully install software. However, as 
involved as the individual component installation might be, many users still prefer it over pack
aged solutions, claiming that individual component installation offers more freedom. Putting 
this into perspective, suppose a simple digital library system is available as both a package and 
as loose components (typically, ODL components). Some users might not be interested in how 
the components are connected and will settle for the default settings that the package provides 
while other users may want to manually configure each component according to their desires. 
This task has been set out to uncover the preferences of the majority of the users. 

Methodology 

To comparatively assess these two processes, a comparative user experiment was constructed 
and incorporated into the final evaluation process. In this experiment, users were requested to 
perform both processes, namely, installing a component-based digital library system by con
figuring each component separately and through a package, and give feedback on their experi
ences. Chapter 5 gives a detailed breakdown of the results obtained from this user evaluation 
process. 
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3.2.3 Efficiently and Effectively Dealing with Package Dependencies and their Intricacies 

Description 

Software installations are hampered due to license restrictions which forbid bundling of all nec
essary dependency packages in a single distribution [14]. More often than not when installing a 
software package, it is the case that the package may depend on other packages in order for it to 
function as desired. There are a number of employable solutions, but mostly outdated, that can 
address this matter. One of these, and a trivial one at that, is to shift the dependency burden to 
be dealt with by users whereby they have to manually satisfy dependency requirements prior to 
installing software packages. This is only reliable pending both the availability of these depen
dency packages from their nominated locations and the clarity in the communication between 
the package and the user in terms of requirements and so forth. This solution is regarded as 
unacceptable and painstaking by users. Another of these solutions, which seems to be more 
profitable, is that of automating this dependency requirements satisfaction process. Chapter 2 
has presented a detailed discussion on this matter and from that it is evident that automation 
will yield desired results but not before founding a normalised, uniform and flexible manner to 
create packages and specify dependencies. 

Methodology 

Most package management tools have various means of dealing with dependencies. At first 
glance, these seem uniform but differ drastically at ground level. A step taken in dealing with 
this task was to learn how prominent package managers dealt with dependencies, all of which is 
shown in Chapter 2. A satisfactory level of automation is achieved by these package managers 
but there are still areas that lack attention. For instance, when specifying dependencies in 
the Preamble section of an RPM specification, one does so under the Requires tag where 
one specifies these dependencies by name. In this case, a problem is encountered when a 
dependency goes by more than one name such as the Apache Web Server which some systems 
understand as apache and others as httpd. It then becomes more complicated to specify these 
types of dependencies. 

A more serious problem, however, is that of attending to dependencies that have strict license 
restrictions. These are more complicated to provide automation for and it seems that package 
managers have turned a blind eye to these. Chapter 4 presents an approach which has been 
formulated and structured to deal with dependencies within the scope of this research project. 

3.2.4 Identifying and Addressing Users' Post-deployment Needs 

Description 

Software is developed with an eventual goal of making the lives of its end users simpler. It 
is therefore imperative that users' input and experiences are incorporated at software develop
ment level. This becomes especially essential once the software has been installed on a user's 
machine after which point it will require constant maintenance to keep it going. Depending on 
the type of software system installed, there are different maintenance processes but the most 
common include updates, upgrades and uninstallations. Completing this task meant identifying 
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pressing post-deployment user needs in the field of digital libraries and consequently devising 
means with which to address the most pressing of these user needs. 

Methodology 

Digital library communities are dispersed globally and, as such, it can prove to be ineffective, 
if not redundant, attempting to determine digital libraries users' post-deployment interests by 
simply looking at a local user sample representing such large communities. This motivated the 
idea of methodically scanning mailing lists of prominent digital library systems, specifically, 
those of DSpace and EPrints, with a hope that this will offer maximum insight into users' post
deployment needs on a global front as communities worldwide contribute to these mailing lists. 

Fourteen months (to the end of February 2005) worth of mailing list entries were scanned for 
possible post-deployment needs and the following list presents the most popular ofthese needs. 
Section 5.1 shows the complete list of possible post-deployment user needs from scanned en
tries. 

- Upgrading to newer software versions 
- Migrating data from system to system, and 
- Clarifying installation instructions and requirements 

Some of these needs have been incorporated into the design of the packaging system and Chap
ter 4 elaborates more on this while a more thorough analysis on relevant scanned entries is done 
in Chapter 5. 

3.3 SUMMARY OF KEY POINTS 

The problem statement - conveniently broken down into a series of smaller, manageable tasks, 
commanded initial research on a number of topics that this research touched on. The outcome 
of this preliminary research showed that current technologies are inappropriate in attending to 
the aims presented in the problem statement. This resulted in a decision that a new packag
ing system be built with an emphasis on the minimalistic and portable characteristics that this 
system must possess. 

Univ
ers

ity
 of

 C
ap

e T
ow

n



CHAPTER 4 

DESIGN AND IMPLEMENTATION 

Chapter 3 has presented the overview of this research giving the problem statement broken into 
simpler goals. The outcome of the initial research showed that in order to properly attend to the 
problem as stated, a packaging system was to be developed accordingly. This chapter therefore 
discusses the design and implementation strategies that were adopted in the development of 
this packaging system. The immediate section looks into the specifications that played a major 
role in the design stages of this packaging system. Subsequent sections describe the system 
architecture in depth. 

4.1 SYSTEM ARCHITECTURE: SPECIFICATIONS 

The design and implementation of the packaging system was enhanced by formalisms, some of 
which have been developed from scratch and others adopted from elsewhere. In this section, 
these specifications are introduced and discussed, aided by illustrations and examples where 
appropriate. 

4.1.1 Component Connection Language 

The Component Connection Language (CCL) stems from the design of the BLOX component 
composition Integrated Development Environment (IDE). Eyambe describes the CCL as a sim
ple and effective XML-based manner with which to formalise the connectivity of components 
within the BLOX framework [19]. This formal specification has since been adopted and is now 
a vital entity in the package building and installation processes described in later sections. The 
next two sections will show and describe the original and modified CCL specifications. 

Original CCL Specification 

The CCL specification contains instance descriptions of all connected components. Figure 4.1 
shows a shortened example of the original CCL specification. In this case, all the elements have 
been collapsed but briefly explained below since the details contained within are not a very 
important part of this research. For a full example, see Appendix A (A.l). 

Within the instance elements are all the details pertaining to a particular component includ
ing configuration details, server details as well as details applicable only to the BLOX IDE. 
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Chapter .j De.\;/:n 1l1lI/lmplementllt;"" -- JJ 
--~-

<',~l vcm_""-',,," e,,-od'oO " 'C'I" "'_ 
[-I .,C,-,CCO uc",,'''_"',ll.p'i/'''''''" ""t"c',,,/c''''''. 
[.] ,ioot<nce> 
1·1 ,1,_"1.,,,,,,,, 

',] ,In,,l.,n,,", 
[.] ·-C00nO,">00-· 

[.] ,",",,'''0.,'10'', 
,/lo,(:,'C> 

Figure 4. I: Abridg~d original eel specification example 

Pan, oftl->e in~t" r.<::: " dement are analysd funher in bt~r ,""<:tion,_ Conn~ctivity information 
d~scribing the conn~ctivity of ~ach ofth~ compOll~nts d eSCl ib~d withi n the ins t<u:ce dements 
is contained within th~ conLectlur_ d~m~nts, On~ of th~ important ad\'antagc, oj' th,' eeL 
specification is that it facilitate, automatic configuration of the ,pecified C0111pon~nl'_ l 'his is 
achic\'cd by ~xtracting a partIcular instancc's configmatiOil and its associatcd connectivity in
fonnation off th~ CC L specification and feeding that infonnation lo the component', automatic 
configltratiOil script. \1uch of this process is described in Section 4,J,2, 

MOllified ceL Sl'ecification 

\\,h~n configuring any OOL COlllPOMlll manually, th~rc i, a ,erics of qucstions aimcd at gath
~ring configuration information. which are asked by lhe component'> configuralion ,cript If 
installing a dIgItal library cOl1lpo,~d of nwny ODl COmp(~l~nt'. all th~ qucstion, for each of 
the components (some oh,'hich are r~p~at~d for 1110,t if nO! for all componcnts) ne~d to be at
tcnd~d. Thi, clearly shows that the amollnt of ~lIor! rcqUlr~d to i nsta II such a component-based 
digital library i, multipiJ~d, In the BLOX !DE, lh~ no lion of a qu~stion tu" b~~n ab~tracted 10 
an wtel'f~c e "'here re)ev"nt values are insel'ted hy the digital library composer per component 
H(",e .. ~r, lhi, manMr ofab,lraClioll c~rmot be dircclly inherited by [hc lInplem~ntation of the 
packaging system 

Ihi, mO[iyat~d lhc d~sign of the q.lest i ons clement. which forms part of the modified eCI. 
'peci fication, TIli, ~l ernem enclose, an lInlllnited numbcr of '1l1"S lion dcm~nts ~ach of" hich 
formally describes ~ si ng le 'lue,tion, Figure 4_2 show, a skd~wn .~ampl e of a modified eCL 
sjX'cification, a fufl vcl'sion of which can I", seen in Appendix A (A.I). Figure 4,] ,100", the 
'tnLClur~ of ~ach of [h" qc.es t .iCL ~bn~nts with annotations . The purpose Jilr wclud ing qu~s

tions in tm, CeL s!",<'ificatioll is l,,,,[,,ld: allh" very l~ast, to Cnsure that th~ most mandatory 
of these questions (i_e_, lhos~ 'lue,tions that ask for the import~nl configur~tion infOlmation 
,,'ithout wh ich the component, will not function) areljst~d to b~ utilis~d by thc package builder 
tool. and to r~dllC~ th~ dTort reqUlr~d [i-Oln [he dlgl[al library compo'~r in 'jX'cifying thes~ 
in,tallation qu~,tions. 
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I·; "'-"~.,.. 
1'1 • ,,,,,,,.",,,,. 

[.J ,i"" .",-·,. 
I.J <co<,nO<'I~~' 

[oj <Co.O"oo·,,~, 

[ J <"C,,""~., 
[oj ,'''" ',';=> 

I·J "' ... " j",." 

'_."CO'_. 

Figure 4,2: Abridged modified eCl spcc i1ic~ti ou c):ampic 

r.'",,'''''' 
""""-""""<" .... " ,." ..... "-, 
'" ~"~ .......... ,I. 

"," ' .... ~,.." 
• '0, 

Figure 4,): Slruct LIrC> orth~ q-",c g t ~on ~b\l c~L t vr lhe modL)I ~d eel spc .. :;lk..Lt i'M l 
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<'lL'" ,,',0, 
,d •• oripti,·;n-. 

"'hi. i. ,h. L .. r~ • • . ' thot .",'" b. Lud to 0"0"'" ,,'; 
l>_c' ",oc,ob.,, ',. C 'ot hao ~" " • c'oifi"o. 

<'/o",o"i,ti0<" 
.-, .. t>,·, .... in,L' CC,. ~.tob ... U •• ro"'''i,,"xt, 

<.","""" g' 1 ·'''.~"c> <;.,., .u 11. ,U""·O,o"". ;,,'j.-, r.,' c' 
<.l"".oio.-. • > 

dco.'t i""";'C-oLI;" ,, ·'nc. Iii . 1 ;"obld=.·,"~,o • . c'< 1 1=.t ie·,._ 
<' ,,,,,I. j ""';',C"!.i ; C, " ""(·C· lei i _ _ ;'c<c"", "ol;'J~" """",,,~d I ,,(.' ,., ,,,,, 

,;loo o Uo".·, 
,iqL .. bcn> 

-~-~~-----

Figure 4.4: Examrl~ of lh~ quest ~on elem~nl 

- JS -

In Figure 4.4 is a populated example of the q""" t ion elemem Th LS enmp Ie gives the actual 
wording of the ql"',lion a, well as a brief dcscriplion of what the quc,lion asks ilOOUI. In 
addit ion. two X Path 1(IC~tio n s into ", hich the ~nswer to this que81ion should go are ,hown_ 
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4.1,2 C umpunent Ka me !\l apping' 

The pocbging 0)1<1 installation pron-ss~s, as will be ,hown in Sl'Cti(~1 4.\ need to I"., ~b l e to 
map li:om any component" nam e thot con I"., contnined within ~ eeL specili~ntion OUlO an 
acmal ~ Ie nnme o"",oc ioted with thnt )Ml'ticulof component , Th~re i:; no defmed r,-Ialionship 
hetween ~O ll1 pon~nt Iile Hames and thos~ componl'llt name, thot ~Jn be contnined within a eeL 
sp tTiliemion, Thi, prompted th at a fonn" I method of describing the s~ mappings he devised. 

Figure 4.6 shows an anootated strudme of th e component nome llloppings sjXTifieation, l\n 
elahorate- mapping' example can be found in Appendix A (A.2). There are no limitat ion, to the 
nlLmber of ~ompon~nt mapping deslTlptions tl-.at can he comai ned in n mnpping:; spccitl Gltion 
as illlLs!ratc-J in FIgure 4.6. 

An exomple 'howing mapp ing information oLm ODL component. DB:J~ i ,,,no is shown in fjgur~ 
4,S. It gives a shan dncrip tion of the component nnd shows that the component has three 
VtT"Ons b:ach -,-"rs 1 or. e le m~nt contains text corrt-,ponding to a f,l ename of" component 
k ing des~l'ibed from which an a~1lLal w r,ion nlLmber c"n he extrnded. Th~se Y~TSions ar~ 
listed chronological ly, with the first \ ers;on list ed Iirst and Ihe latest yersion listed ]a.,!. 

<,,,0] '", n;cn. -l ,. oncdir." " ''':''_'"'' 
«~' ""'",",,.I C> 

<'''''pcr.o c" 
' _. <"""pener." 

1- <cor.pnont> 

Po, c<)!. ".;v<. " d,;.·" "cc,,,,,,e,,,, j-: •• ~ .. to .. voed 00'" .,,,t.;V'·', 
on" .G1 .. .. . " ,'v;o, em" 1,',, 'C<' o,",c', CDC CG,,"".or." 

< i"""c<""t>u,,. 

<-."oc . i "".ml"ioo_1 C I.,,, . ",< !_ .•• " " ; "', > 

"""",iv",,"'''''. ''''' 1 1 tor ],.,/vo"io,,> 

<i~e,' .-" u"o> 

"1" ".,0.-"",,1., . 

. '. ..,,,.,,,,,,,,,,., 
'0 _0:>'''''» 

figure 4.S: E,-alllple orthe CC''lpc"",nt. element 
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- 38 - Chapter 4 - Design and Implementation 

4.1.3 Dependency Specification 

The primary aim for developing a dependency specification was so that components are able 
to formally describe software packages that they require in order for them to function appro
priately. Each of the components describes its own set of dependencies together with sufficient 
information per dependency which can lead to various automated solutions at different stages 
of building and installing a package. Appendix A (A.3) shows a detailed example of the depen
dency specification. 

If there are no dependencies associated with a component, the dependency specification can be 
without any dependency elements. Section 4.2 shows how dependency specification fits into 
the file structure of a component. Figure 4.7 shows the structure of the dependency specification. 
From this figure, it is evident that even a dependency can have its own set of dependencies 
which can be recursively specified. The dependency specification also allows for operating 
system (interchangeably used with 'platform ') related information to be encoded for each of 
the specified dependencies. Figure 4.8 structurally shows how this can be achieved. 
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l--~'~'-~' I 
,,~ ","", ." If.. """'''' 
~ d·","""! 

, ( -_. :r reomm""riJI 
"" , '" "I _, .' 

" -" 
,,,. 

An I~I'.' ,,, «"'"" -,do I" 
~'" '''':'.1 •. '~" ,.,o<~.d 
do""",~ ,. ,t.· ~'I"'~'-'"' 
,,~, .... J -0 ,o. '""'"' 0< 

not. I"" ,"""",, b,; ~ <"." ",." .. ,I «do, '<>c' '" 
fic;, "" ;''''l <omm .... w I 
bo ".", .. , fic;I .Ie 

An ... "" '_""-' from 
wh,,, ,o. ''''''' of ,o. 
dopondo",¥ "" bo 
",",",d 

I "", .. tl §l 6-l'<omm.nd JI 
~~,"-'y_,,,~ 1..00 

",," ,.",' t. "'I"~' 
on ~.' ,';",m,. 

A ,""o. of <omm.-..k I" 
,. '" "fi" whKh i ""'" .. •. ,h. ,,'" Ih" I"", ..... ., 
"'" '0" .. "._ "_P"~'''''' . "'" ,'~' .m 

figure -I . ~: Slmcture of the plat form ebnenl uf thc depcmkncy spccificJtion 

figure ... ~ is an extension of Figu", ... 7 ami shows how platform mformation call be encoded 
wilhin lhe dependellcy spccific ~tion. ~I~ny software systems have varying ver,>jons for JilT erenl 
operating systems, wh,ch i< why it ,,·as ~",ellliallo ~nable lh~ ~m,udillg ofinform~lion for each 
orthe sotlw~rc system vcrsions. This in formation CJn then he u'>ed m variou, WJ)' '" w,lI be 
sh(",· n in <;~ction 4.3 

An example uf ~ deper.GEllcy clement lS shown in Figuf" 4.9. It d~scr ihes jnfomlJliof1 of 
the my~c::l J~p~IlJ~nl'Y, gi' illg infoTllwtioll ur lwu platforms in which this dej)Cl1<kocy can oc 
J~plo)eJ_ APP"ooix A (A.3) shuw< a cumplele ex~mplc ufspecifying dependencies. 
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,,",,_ ·'"",io<>-"l'" e'"cocL,,"_"CTF_'·" 
[-I "doc""d",,, ,.,., 
: _I d"p"nd,,,,cy-. 
l_] de'p',,,,I<.-,,,,y, 

"'''p''n'''',_cy, 
,'no"">. ,-,,,,'< i""",, 
<do ''''','-b" 

- 41 -

;co CP"~ "our",,, "o"_u,, ",1."=01 o~'-~h .. " M.o.q ....... "y"" . :DOI"i 
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<~t""" -., '_"d~o""", 

, i"oc,;o<o> 
<d_""b 

<,,,-,,nd '1,'"' c"'''''.y.q: <' '''',,",n O-. 
</ch"C:-" 

""""",' 
"uc _ ,to' tp, ,1,1''-'', . y'ql ,o ",, /du.'''' =""""'-',1-, "" 1 , ,'," ",/ "~iud, 
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<,n.t,L-

,',-", .. ,,,,",, ""',~1_ -, _" , '/ ; "",,,': < 'c",""",,", 
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",,' _ ,,", '~1U".'< / ""'." 
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<uc: ,C"t~ ' ",.--. "f.~l, o""/du'.,d",,,l,,"r"ll-c,. 0, 1, "",,> /u, 1, 

</Oou,'o" • 
. ;'00«1:> 
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Figure 4,9: Example ofthe l1epenliency clement 
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-1, 1,4 In§tlllllltion S~ri pt 

The il1stallation process is ,omrol l~d hy lh ~ installati"n >eript which is created by th~ padager 
m(\1 al package creati(\n (im ~ . Th ~ insta ll ati(m script is divided mtn two main secli(}IlS, t h~ 

p.reaLllble "nd lhe installation sc,tions, as sccn in r igmcs -1,10 and 4_11, 

"x~ l "· .. i,,,,-· 1 , 0" ,'"cc>di"~- ' ~IF-" ,> 
I I <"c"cr' > 
I I ·-w .. 0010-. 

• ·db,..".! • 

<'"c." ',~,!. 

I-I """.HAte",,._ 
1.1 <q,e,;,.'.,,,,·. 
1.1 <q'"" , ,,,,> 

1.1 ",,,.,,,,,,,> 
,! ;r.otdlo' icr._ 

<.!oc'·':'t. 

Figur~ 4.1 0 Abridg-~d in'lallali(\n s,ripl example 

~----- - _._---------, 

preomble --{ . -}i-
,,,, "",..,,"", ,~"'" '. i-.. 
~""";on """ W'"" 
~dudo, ''''''~ ",,,.d ... f« 
'f~~",,~i;b,..-,-, 

T~" ;; ~"""'" ~ ",," 
• ~~ Iib,..-,- w·", '''' 

".d·...,." ".~.d. T~, 
,,,~, .. '."1 .. ,,.,..,..-.1, 

; d,,,,,>, ,h .. ·" ,h. ~" ... "'" 

LB'" Io<atio," 
• 

T", do',J' ~".'" • 
~ .. "" ., .. " ".' ;,h" 

'''' ,..ok .... " " .. " UI<, 
<lIn""",,>o,~ h""" 

---i in~t.I;"',,'n I) - l ~.;.uesOio" Jj 
11 •• ',.".'.'" ._h. 1.«> 

;.-,IT.m."," (~""''''" "',k""- 0,,, ,,,.' 
..... ","", ,,- ,.,""', ."J ,,~,i.od ~ ,,,' '''' " .... ,'" 
",,",',,.),, ,,,,... '.',. ".'.,' .,,1 ',0-,"', 
~" .... "" P"""" """uqI> ,,"~ 

•. _-
F igurc 4. I I, Struc tllre or the installali(\n scripl 

The pr~~ ",.~~l" s~ction mnt"ins ,impl~ melooJla rur the digilal li hr"ry. The name and the 
installati ol1 location of the dig ilal lib rary package are r~sp"clively cn,O<kd lII'I<kr lhc 61nae'.e 

and loc~ t. i em elen"'" ts_ The i n"~.~ 11 .~ t i GP_ clcm~l1 t mnta;ns install"l;"n qucstions tlWI arc 
itld uckd at packagmg timc al1d ar~ asked at installatiol1 tim e_ These follow t h~ euct structure 
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a, lhal which i, depicl~d in Figure, 4_-' and4A. A full example oflhe in'lallation 'cripl is seen 
In Appendix A, (A,,4) 

4,2 SYSn: .\l AflCHlT lCTlJln:: F ILL S I'RLCrURKS 

The core of the de'ign and implement~tion procc" ofthis re'earc h w~' 10 devise a methodology 
whcfcb) ~n insmll~b1c pack~gc can be buill fi'om loosc componcnts , Thcse components, ODL 
components, have ixen introduc L"tl in ~arlier chapt~rs but not much detail ha' beL." provided 
~boUllhcir inlcrnal filc Sll'uclUfCS. Inlhi s sl'clion, lhc intcrnal Jilc Sli'uclUl'C of (hesc componcnt' 
is highlighted together with that of package, that are created with the package builder tool 
discllssed in Scction4.3_ 1, This has becn donc so th~t th~ intcrt~cc throllgh which lhc p~cbging 
system as a who le interact' wilh compo~ents is clear ly defined before delving into how the tool, 
carry out lh~ir I'espccli\-c pfoc~sses. 

4_2_ 1 0 ()I _ Compnnents' H (e Strll~tllre 

The file structure ofODL componcnts is similar ~nd as sUch it is sufficient to descl'ibe il usillg 
ally onc component as an examp le_ Figure 4.1 2 partially show, how lile, are orgam,ed in ODL 
components rdati,c 10 thl' rool IOC ~l ion lI sing Ihc D3Ur, i on compon~nt as an ~xamp l e_ For 
clarity purposes, files Ihat are not direclly relaLed to this rl'scarch havc ocen omitted in the 
ligure, 

-------

o DBUnioo (l I~ 
- El "UIXOl1~ilr> 

"" 
reaGrne 

L-::J type 

_~ 1t;·';" '~·.,,1 

Il'I hlsle<y 

~ licence 

- [;] confi gLXe.pI 

F igufe 4.12 : File muchl rat organ isatlon of (1) ( componcms 

TIIC DBUr,i or. dir~clOry contaills two il11 ponan! fi k" ,",on:" ig-. l'-" _ p'l and " -.1 c_o,","nf ig I'L 

TIlese Ji Ie' arc re')'Ollsible for manua lly ~lld automatical ly cOllJiguri n g an instance of the D3Un~on 
componenl respecl i\'c1y upon f"qUl'SI. Thl' type dil'cclOry, ~Iso cOlllaincd within thc DBCr.ior, 
dircctory, hold, the X\1l ,c'hl'llla cldinition 01 thl' lBlL.i.on componcnt. Libmri", (hal the 
component rel ies on are cont~ined in the lit directory_ The ,-"~d"·.,,, hi~c_G'-y and ~ ic"nc" 
Ii Ie> arc selt:e~ pl~natory_ 

An unportant addition to the lik slruclure of (he components is Ihat of Ihc dep"ndl'llc) spec-
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ification filc, 6.e p"Ldenc i "3 . xml highHghteci with a white hackgrounci ill Fig"'~ 4_12. 
d~scrihill g alllh~ dep~l1d~l1ci es th~t the Cotnpon"nt requires in ,'rder to function ~ppl'upri~tejy. 
The structure ~nd format of this file is as ciOClLmenteci in Section 4_1.3. 

4.2_2 I'ackage Format 

Tllte output of the padag~ creatioll pmce," i, a pa~kage Thi, pa~kage i., in th~ form of a 
compressed ~I!' file which conmin., ai llhe lil~s lleces,m) for Wl instal latioll t" can)' through 
successflLl ly. FIgure 4. 13 shows the structure "nd organisation of this package_ 

;:::l. ccpcndcncics 

"::::l chocks 

o components ~ Installer 

figure 4_13: Padage strudure and contents 

Tllte syale;ll director) contains ~ 11 the important scripts ami sp~c ifications thal are r"'luireci at 
insm ilation Ii me_ To ciriw the in,tallation process is tm, inst"lla tion script i:18 l OIl L8 ~l' i pt .. xm' . 
TIle componcnt namc nwppings sp~cific~tiolls, :nappi r_gs _ xm 1 > and tbe eeL speci fication. 
desc'ripLiu'L eeL also form pan of the sy8~"m directory. Tbese hil\'" all n"en introduc~d 
and des.crihed in Sectioll 4.1 

Alithc cump<lnents that fonn part of the p~ckage (d ~>crihed in Ihe ('C!. sp""ification) are cOn
ta ineci in the cCmpU:leLl S ciiredory. The file structlLre of components has been descrih"ci in 
the pre.-ious section. I f ~ny of the"e compo""n!., have any ciepenciency reqlL iremcnts. scrip ts 
anci/()[ program, that are resp<Jflsible lur checking lor tile ~va i I~ b!l i ty " f th"s,e dep"nd~nc i es call 
he found in the ch" "ks cii rectory anci lfth~se ci~penJcncies are allO\,ed to be blLndled and dis· 
trihut~d with ~l1y software package, lhe,~ ciepenciencie, ~an then be found in the dep"n1eLc iea 
directory. 

To install th~ p~cbge. the lLser needs to tun the instc.de:c pwgrarn. Th is is an ~xeCUlahle 
JavaT M Archive (JAR) lile w hidt con tains tm, compiled sourC e' of the package installcl' t(Xl I. The 
imag~ ~ directory contnins i mage, that a."ist in renciering the interfa~e of tm, package ll1st~lIer 
tooL Sect ion 4.3.2 further discusses the packag~ installer t'KlL 
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4,3 SYSTE;\I ARC IIl TECTlIRE: TOOl.S 

Tbe packaging :;yste1l1 is comprised of a pJir of tool:; lbat complete the proce,ses of conmucling 
and ultimately in,talling a component-ba~d digilallibmry packagc, Onc of the sllbta,h o1'tl1<: 
problem SlJtemCn! pre'Cllted in Chapt~r 3 wa, to deSigll for heterogeneous operatillg systems 
Employing the cross-plmform JavaF,H progrnmming lJnguage in conjunction with XML for 
data presenlJtiot1,"" mall ifested ill Ifle de'i gll ofspeciflcJtions in Section 4_1, wa., a design 
strategy adopted to deal with tbc bcterogencity of opcrmionJI plJlforll1s. 

Thc rcmJinder of this ,ectioo looks into tfle de'ign aJld implemelltJtion of the pmr of toob 
Ihm are kcy to the packJging systcm, Thi' will put ;lltO COlltCxt tbe 'pecifiCJtion, and other 
information Ji-Olll prevl{)u, ~diom o1'th i, chapter, 

4,3 .1 P~ck~ge Builder 

\3uiiding J packagc c,"ent ially me"n, ,tructuring the package ,uitably by mcluding 1Il the pack
age all files nece",ary, excludlllg all files unnecessary and rcsol ving most possible compl icalion' 
that may arisc at pack"gc in,taflation time, all in a ~onsolidated effort to improve and make the 
pnx:c,-, of lIlstalllllg software mo",: bCJrablc. Figurc 4.14 :;ummarily ,how, afl the ,tel" of the 
PJckagc building process_ 

Blo~+ eel Out,,", 

F [gure 4, i 4: Packagc building proces, 

This packJg~ building proce:;s can be bdter undCf'loo<i '" th"t compri,ing oftwo dIStinct ,tages: 
gathering and analysing input; and slructurin!; tbe outpul packagc, rbc following two ,cel ioll '> 
look into these lwo steps in fUrlher detail 
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Input and Input Analy.,i.,· 

The aim oftoc packagc bllildcr is to bllLld a digital iLbmry packagc aecordwg to an inpllt spec" 
iflcation. The input lo the packaging pn)C~ss i" a CCL "p"ciflcalion fLie a" ,hown in Figure 
4.t4, rhi" specification file i, produced primarily by the llLOX system and i, slightly mrtd
ificd a:; detailed in Scetion 4.1,1 10 sCr,C a, inplLt to tilc package creation procc", Once thc 
"pecifieatirtn ha, !Jt,en ,upplied lo tl", package buil""r tool, tilt' COmp'"lt'nts thal make up the 
digital library arc systematically identified and crtnseguemly. other informatirtn related to t~ 
componem" ,"ch a, dcpcndcac)-' infonnalioll, is idcmL!kd. At this point!oc component name 
mapp ing" specificatirtn, rna roro i ng~ xrnl', i, lI<ed to fllld the nact fllename, of component:; in 
preparation for the final stcp of :;tructuring the package. 

S/rllc/uri"g Ihc Pacliage 

Structuring the package i, concerned .... itil ~athcring tile packa~e':; metadata as well a, Olher 
information and el1titie" tllal are il1b",d from the il1put speciflcation to ullimaleiy produce a 
smgle lIl,mlbblc package. Thi, procc:;, can llKrefore be se~mented into three sections which 
are elaborated uprtn in the following section<. 

Slatic qlJestion, are designcd to galocr information ahout tiK package (metadata) that is used at 

in:;wllallrtl1 time These are "lalie in thal tl"':>' aT~ bui lt into the packaging 1001 and need to be 
answcred irrespective of the package fx,il1g bui It, Figure 4, 15 sho", an ~~ample of one >eTCh 

"talic'l"",lion. 

Instllltlition 1.0t;ttion 

Tho """" _ '..0_'" "" ... '00"'" "" ,"'"' "" ".,.. '''~, ~ • 
.. """"' 0" , .• ,~ ... " ,,"," "" ... . >ct, tI·~ ... """if """",, ""'" ""'''' _,", " .... ,.~;, ,.odoO ~ ; .. ".,,_,,~ ""~, ,_. ,._ 

",'., "'''~~ "" "'. ",. X'"" 0' ~-"" "" 0"" ""'" ., "coho< T" 
".."., ,,"' .... 

- " 
Figure 4, 15: Stalic <jlLestion; Det:tlLl! dLgilal library in,ta lIalion location 

'Tho m"rop i lOqs ,xtr, l speci lication can be created manual I:>' a' new \'~r,ion< of componelll' 
h.:come a\'ailablc. Ideally, a :;implc application that handle, component addi!irtl1:; can be 1l1Or~ 
meful 
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Thi, qlle,t ion a,ks for th ~ e!efault instal lation location whereas the oth~r ,t~tic 'luestion asks 
for th~ defaulT dig ital library name. These stat ic qu<:stions are given defilult vil lucs whcn the 
package is being budt and t he~e values are presentee! at in,tallatlOn time 

Dynamic quest ions are tilO,e t h~t are constructed by thc pachg~ designcr when the pachge 
is being blL ilt. To reducc the dfort reqUlrni Ii-om the package designer, the essential of these 
question, ~r~ already enmd~d with in the input eCL 'peciflcation. h~nce th~ moe!ifled Cel 
speci fic at ion in Scction 4, I, I, 'nlcse questions arc 'pccific to the configuration of the compo
nenl, lhallhe digi lallibmry i, comp0sed or: Figure 4, 16 shows an intcrface through which thcse 
questions ar~ ~cce"ihk Each oflhese que~liom Can be edited hy the pad .age lk>lgner ifthcre 
is a need to do so , Additional qucstions can also be consllucted, 

,.r, " . .... 

... 

tnsUltatlon QUO!stlons 

-.'''.,~ ,. ,,,'""" .... """' . .. ,,0 c, ."'" ~ ....,,,_ ..... -, 
.Jd " " ""","",~,..., Mol "'~ ..... ,,-,," ,~" ,~"' ~,~ co 
" ... " __ ......... rn" ,rt" ~"'_'"'''''' on , ,,-,,~on,rt', 

.,,_,. ""'" .. v_. , ... .. '"".,,~ '" ' '''' ,""if< _ .... 10 

" •• "":. ,, '''-~ ""-'~.,!~--, .-",~ .... '''''
~" "~"",,, 
. .. ",,"' ''' 0 .... . .. _"_."n.m • 

.... """, ~ . 0 .... . .. "~.""'" 
_." ... ~ ... o ....... r""p_Io, ... un . ." Co"",,"" 

Figurc 4, 16: Dynamic qllestions: Constructing digital library lIlstalialion q lLeslions 

When instilli ing COlIlPOlK:ntS individually, each component has it s Wi of questions that it a,h of 
a "ser. For ODL comp0ncnts, the,e questions have il vilrying degrce of similarity across most of 
Ihcm, It i, therefore nec~S"\1) 10 ellsur~ that dllring paclage in , tallation, the ll,er is presented 
with a secmingly uniform installation process while cilch of rhc componcnts' configurations 
lake place transpareIll 10 the us~r. Thi, w~, one of the problems lhal lhe packager tool deillt 
w ith. Figure 4, 17 shows all example que,t ion which ash for a datab~sc username ofa databa,e 
shared bnween two comp0ncnts, 

What Figure 4.1 7 al,o ,how, i, a que,lion ediling/adding interf~~e ' I'hree of the field, in thil 
inlc rfuce. the qu"~ti.cm. d"~cr'_rti.0n and d" f ~u lt fields arc rebtivel y , el f-explanatory_ 
Thc lms;.·era' ?at h:: S;. deservcs further explanation_ The pachge de> igncr necds to spec ify 
components which expect illl answcr to th is question . rhis is done through thc Thc Ar_ ~ ;.;"r~' 
",,~h:~: bullon. which presents the pilckage composer " ' it h an intcrl:1ce containing a graphical 
presentalion or the input eel ' peciJiciltion, ThrolLgh thi> inkrfilce, the pilckage composer 
can ,~ I ~c l a path to whi~h t he aIlSwer to the question heing asked mu,1 go, once available at 
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-----

installation time. figure 4.1 R ,hows this illtcrtilCC. 

Question [3] 

--

Figure 4. j 7: Dynam i c qu e<l i(m: Question C()[]structi Ill; interface 

_.-
Figu", 4. 18 _ Spccif-. illg allsw~r l(leat",n from eeL s!",ciiicatiOll 

A paclage compm;er is able 10 select the an,we,,' path guided by the Ncae v~ l -J ~ and XP"tL 
fields. The,e fields ,lwlW the fwd" value arKllhe Xl'ath expre"ion orlhe seiel'lcd node 
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<iud'. 

" I ,".cripe ion', 
in. t .~, .. "' •• c,-; ,,,icc.> 

FIgure 4. 19: S!,<,clal token for path to CGI 10catio/1 

The re is another question type which th~ package builder t[)()1 deal, wuh mtcrnally. Thi, Can 
k tbought oj as a static dyn~rnic que,tion ty[X: - ~ static que,lion "hich gets dynarnie~lly 
added lf n~~ded . To put thi, in to I"'r;p~ctiw, consi""r a ~a,e o f the inslallat][)n loCa ll[)/] or an 
OD!.-componem-based dig.ital library_ OD!. components need to be instamiated in a location 
where CGUP~rI ,~npts ar~ excc-lItable. For these cOl11pon~nls 10 intercormect. ea~h component 
require, li R 1.< (ba,eli R I.,) of all the component, that it con nects to. I low",",er. for other (ype' 
of componems. this may not llecess~['ily be the case. So. the paehge build~r tool needs !O 
dynamically determine "hether to inclllde a 'tllCstioll , slK:h ~s asking fur a URL to a CG! lo
cation. for the in,tal lat;llll proc~" or no L To achiL>Vc this, sl"'cial tohns are el11m,dd~d m th~ 
eCL <pecification file. which cons~quently in tOrm Ihe packager tool of (hese swtic dynamic 
yue,tions to include "h~n linalising the paek~ge. Figure 4.19 shows ~n "",cerpt Ii-om a CeL 
specification fil e with a 'p"~ial token " I - - ;HL TU ~:1:1I LO~:AT=U~J- - > 

Special toke", , ul-h a, these corre'lX>!ld to pr~<lc~ n~,l Yllestion, buth (th~ 'I"'cial token and ih 
corre'pomling prNI~fln~d yu ~,t ilm) of which can he 'pecifled in th~ ,ource code 0 I- th~ package 
b"i ld~ r t[)() i. The packag~ build~r [lwl ,ystematically ,cans (he CO. <pecification file for any 
'pecial tokens and in clude any corresponding questions when fin~lising Ihe pachge. The spc
cialtoken illustrated in Figure ·U9 tells the package blli l,l~r 1001 to mdude lt, corr~sronding 
qlK:,tlOn ,ho"n Figure 4.20. 
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"". UP.L 00 C'." '=.c,or. i . H.ot 

<1,",",;(,;>", 

·,hi,,'. ~, aot" .'''0';'' ,,0 "h. 
1,'h,', Y .'11 ' b. i n ot . 11 ... 

Figure 4 20: Static dynam i c qllC,tion: Que,tion for palh 10 CGI location 

Once !h ~ answer lo lhis 'llLc,liml is a'~llublc at instulluti on time, it repbc~, the 'peciall{)kcn 
found in the eeL specification fik olrnerwise the defalL1I ,allLe replaces the speeiu l token. 

Final;.;nl: Ihe Output Pack~ gr 

The linal stage ,-,I' the package creation process follows lhis ,equcn~c: c{)llecl all questions 
and their associateu uata. ~reatc an in,tallation script: collect component< anu oth~r associ~lcd 
entities (from (he compone nt, and r~,oo r~es r"p'-'s;lories a, In Figurc 4. 14); create Ih~ actual 
pacbg~; and lhsposc of um"lnted files that were util iseu by the pacbge bui lder 1001 during 
(he pucbge creation proce". FIgure 4.2 1 ,hows lhe illlcl"l;ICC Ihut gives feedhuck on the,e 
sC'lumtial processes. 

I',n.(i>;ing I'nkag" 

Figure 4.2 1' I'ucbge flnalising proce" 
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I h~ in,tallation ,cripl is made up of all the quc'tiOtl' thilt are collected ill the fJrst 'lep. n,e 
p:ce"",b l e ,~ctiol1 of Hoe inst~llalion ,crip! (rec~ll Irom Section 4.).4) i, made lip of all lhe 
infonmtion gathct\:d by static quest ion, . The remainder of the lJu~sti on s (th~ dyn~mic and 
stalic dynamic que,tions) fonn the res! 01 thc in,wlliltion script and al'e el1coded wilhin thc 
i :lS t ,,1 b t. i 011 clement of the installation script. 

F rom lh~ input slag~ or the p~ckage cr~il!i On pl'ocess, coml"m~nt' and othn ~s.sociated em it ks 
at\: known. Th~s e arc tl-.en wl l~Cled ~nd slrudured ~ccordingly, conforming to the package 
l,ml1al tkstribed 1Il Section 4.2.2. bct'ore heil1g hundled and compres.sed ~, a ~ H' EI c re~dy lew 
distl'ihution. 

The process of in,wlJing il digital library packa)!e i, rdatively .simpler if wmpared 10 that of 
buildin)! a di)!iw l libmry pack~ge ~nd I'eally d~pel1d, on how the packa)!e wa.' structured ~t 
creatiOl1 time. Figur~ 4,22 ,hows a summary orslcp, that arc t~ken when !05talling a package. 

Figure 4.22: Package in,talbtion pl'Oce" 

['her~ are fo ur ,t~p, that lhi, proccss follow,. These ilre: pilckage contcnt' extl'action: sy,tem 
checks: question il1g: ,md til1 ahsing the il1.,tallatiml proce". n,e follov.in)! scct ions el~bora!e 
mOre oflthe,~ steps. 

Paekuj!e COn/en/s ExtraC/;on 

['he ~x traction of the conl~nt, or th~ p~ckage is lwolold: it is the extraci ion of tlx: package it,~ 1 f 
as il is il compre"ed ZIP tile: and it is the ex tradion ol'th~ compo.-l~nts into thdr nominatcd 
in,tallation loc~tion . Th~ formcr ~nraCliOtl process is innlith'c and I'e,ult s in ~ mOl directory 
adhering to the packa)!" fonnat described in Section 4.2 .2. Th~ 1~ ller proccs, happen, during 
the ~ctllill in,!allation of the pachige Ol1ce the i:-l~ u!.l ~ " r progmm ha.' Ixen launch~d . 

The insl~ller tool prompt' the USer to supply an inswllatiOll loc,lliol1 into which the digitill libmry 
should be inslalled. 'll1~ components are thcn eXlmclcd into this 10CiltiOtl ,!lier which lh~y are 
ready to be in'tm li~led. Figure 4.23 .,hm" thl' extrllClion or ~ IIthc component lik, into a target 
install"tion locatiol1. 
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Extracting Fites 

IT~=·~~-~=-==" 

.11. IROB ·"".'" 

00l·· ROIl" . 3'>J , ""~ '''' ~,."'" 
OOl,'ROIl·' 1HSTOI<"! 
O"-··ROIl· ' .3'I~OO·"""' I),'" ~ 

'~~ """~ .!'.'iOO'<. """ ".e." " 

Figlll'c 4.23: Extracting compon~[]t fiks into an installmionlocmio[] 

System Ch",.h 

Onc~ the compon~nts ha\'c kcn ~xtractcd into an installation loco ti on. the packagc installcr 
tool thcll ,y'te!ll~tically ,callS thmllgh ai l lhe ('O!llp<lllellt,' root directorie, [or lhe ir associatcd 
dcpendcncics spee ificd in depc01der.c \ es . xm 1 fi Ics. th~ ,trlleturc of which i, introdllccd in 
Scction 4.2.1 OllCC al l thc <kpcndcllcy in formal lO n has t..:cn coIlC~lCd . lhc pad,ag~ insl~ll,r is 
thell ahle to perform ' ome c heds hased O<l the dependency spec i fleat; ons. Figlll'e -1 .2-1 soo,,", a 
!ypicall'csuit ~t aftcl' )X'rfonning SOIll ~ Of lh~s~ checks . 

• 
• Dependency SummalY 

,,~ .~ ,,010,, ""." "",~., • .,,"" " ""'." •. -.. ~" , .. ...... '" 
tho do" ... ~). ' .... " ri __ Mo""""", ~ _ _ ,,,,,"'., "'", . 

".~, "'_., ,, .,""' __ ", ..... " w,,",''''_ '' ( ...,.,., ~.~ _,"',. ""'''''''''.'.,0.""""", • ., t.-, 'k .. ~ ..... 

Figlll'e 4.24 Dependency check summary 

Tfle dcpendcncy summary shcw.'s lh~ dcpendcncics as wcll as their aSSoCil1 lCd componcIlls. 
For cX~I)1pk, perl " ERSUI , I mCan, thl1l per l is a dcpendency "s",ciated with tJoe E:~SU: 
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component. The ,tatus column sh",>" the outcome ,tatu, after the dependency check< have 
been performcd, Thc checking procc>s <lcj)Cnds on thc availability of chccking ,~ril'ts and /or 
progr"ms found in the c::h"cb directory (recal l from Section 4.2.2) which ,hould ('OlTe'lxmd 
to the dependencie< 'I:>ecif,ed by mmponcnts. Should thes~ chech return unfavourab le re,ult" 
it is likely tllat tllc installation pwccss will not succe~d, 

Qu(!,<thm;lIg 

The que,tioning lUoc"," i, thc mOot important part of the In,tallarion pmcc". This i, whcrc 
tile installer tool gets to ask the dynanlic ~nd static dynamic questions that h~\'e heen indude<:! 
at packa!?e creatlOntirne, Fl~lLTe 4.25 shows an interface throllgh which a qucstion is asked at 
in,tallation time. 

_It::ni! 

Question [3 or 7] 

" ,," ... """_,,,"" ~,' '" "''''''' ""_ """ """"'" M '''" "''"--
""'" • ...,.. ... ""' .... " u,""'" .. 

~ ...... ". 

[ 'lID 

Figll1\; 4,25: A"kl!l~ a qucstion at in,tallation time 

i 

Thi, qucstion a;;ks for a dat~basc uscrname of a datahase to he used hy the components fleing 
in'talled. At thi, poml. as empha"iscJ in Section 4.3.1, tlK lI;;Cr i, unaware that this qucstion is 
in fact linked with 1;1.'10 components. Once all th~ qu"stiot1s h~ve been answered, the next ,tel' 
is to fin"hsc the in ,t"llation proce>s , 

Fina/NII!: Im/ailu/iun Proce,<,< 

Th,S proce" i, seqlL~ntiall y ,imilar to thc final ,t<1} oftJ-.., package cfC"lion proce", Fi~urc 4.26 
shows how (h is process is c~rried through in three simpte steps. tn thc in it ia I step of thi, proce"" 
all the amwcr;; to th~ qu~stioIlS that havc becn a;;kcd arc collccted, Thcse an';wcrs ~re then 
stored in thc lll>lallation ,cript. under corrcsponding ~r.S',' e r clemcnts. for future refercnces 
and arC ab, distriblLted to "II the XPath k-caliom. fOllnd undcr thc loc"tioLS clement of the 
q\l es~io" element a, ,~en in Scction 4, I, I. in the eel sf"'cific"lion file. Th~ foll()win~ two 
stcps build towards instantiatingiconfigur ing each of II", component, to produce a fully neJgeJ 
di~i(at libmry, 

Recall from the SlructUl\.' of ODl <:OlIlponcnh in Section 4.2.1 that there arc 1\<0 scripts, 
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Figure 4.2h: FmalJ'ing m,mllation pn"'ts> 

G(Or. fi 'Cur" . pl al1d " " ~.()c:()"f i 'C . to 1, that deal ",ith the ~onliglLration or the ~()ll1pom:nL For 
alltomatic wnti~uratioo, the" U lccod ig . pl seript is used. This script is ~ byproduct of the 
work done hy r:yamhe (Hl a componenl conneclion a,semhly of digital libraries [19]. rhis 
script t~kes as input ~11 in't~nc e l1ame ~l1d ~11 inqance descriptioll encoded in an XML file 
n"med C:CJl[.ig . xllll. Figure 4.27 shows "n example or how this inslance Jcscriptioll file is set 
up for the I?C·li ODL compollent 

<,,,' ,""" . ioo _": , . ~=odi''II_ ·~n'_"· 

<:Olex irdb nco . :Olex _"i",; 1/=1" c. "". ' C.'O.'K07. · ' 
<r"1'0"" C"i".",, ',OOL ,,"""0" 'ne ;,,,"< i ,~]X',,' "'"TN' '''' > 

.. " " .- """. ; 1 "d,' '~"">"',". ,,,,,,, '0. ",<, "" " .- ,,, ... i 1 , 

<'~- ~" .. o>cnj . }.q. e , •• ,~""" "" , ""'''' .. 0, 

",", '" . ,,"""" ,_root < I olliyo<o "'''''''' • 
'"OI'"'''''C nhw)l < i""" ,·,,,,,,'c,. 
c.~,,· . " . "ob. , t~b' . , 

btop 'l"d~. co . YO, . "0. n/o,:,i hir.,' ovo, "~, '00,- "~:._ 

"~'h,; '-", -.. '1"~'h,iCn/"""c ""l ; ,-"J~"i'" p' 

Figure 4.27: Exmnple of an ODL componmt instance contigul'ation infonnatioo 

This imtance de,cril'tion can in fdCl he den\'ed from ca~h of the iJl~~.""C" elemel1ts that are 
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part of the CCL specification. So, after the answers to all the questions have been made avail
able to the components that need them, the package installer tool is then able to extract instance 
descriptions (DiS) from the CCL specification and use them as input in the automatic configu
ration of each of the components (CiS) making up the digital library. This is illustrated by steps 
2 and 3 of Figure 4.26. The order of the configuration is determined by the connection informa
tion, also encoded in the CCL specification under connection elements. Besides instantiating 
a component, it may be required that it harvests (collects) data from other components or Open 
Archives2 that it connects to before other components that connect to it can be fully functional. 
This task also forms part of the installation finalisation process. 

4.4 SUMMARY OF KEY POINTS 

The design and implementation phase of this research was concerned with identifying develop
ment strategies aligned with meeting the requirements presented in Chapter 3. A clearly defined 
set of specifications was developed to be ultimately used in the development of the packaging 
system composed of two tools: the package builder and package installer. The specifications 
were presented in XML format while the tools were a Java™ implementation. This ensured 
the heterogeneity ofthe packaging system, which was one of the aims presented by the problem 
statement. 

2 An Open Archive is a data store which is compliant with the OAL 
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CHAPTER 5 

EVALUATION AND RESULT ANALYSIS 

" ... evaluation is what it takes in order to know if all your hard work is achieving 
the results you seek! "- http://www.benton.org/-

Chapter 3 introduced the problem statement of this research. This problem statement was sub
sequently broken down into smaller tasks and the methodologies that were employed in com
pleting these tasks were then outlined. The key outcome was that a packaging system for 
packaging and managing component-based digital libraries was to be implemented in meeting 
some of these tasks while some research was concerned with discovering user requirements in 
the field of digital libraries, some of which would later be incorporated into the design of the 
packaging system. In this chapter, an analysis of these user needs is presented in the immediate 
section. Section 5.2 presents and discusses results that were obtained from the controlled user 
study that was conducted in order to evaluate the packaging system across different criteria. 

5.1 DIGITAL LIBRARY USERS' NEEDS 

Identifying digital library users' post-deployment needs was one of the key tasks related to the 
problem statement. In Chapter 2, an outline of activities constituting a software deployment 
process as well as issues that complicate this process was presented. Although these activities 
and issues are applicable to the deployment process of digital library systems, it was necessary 
to uncover those which were (or more correctly, are) most important to digital library commu
nities. This was achieved by periodically scanning the mailing lists of the DSpace and EPrints 
digital library systems, as these systems are two of the highly regarded in the field. Fourteen 
months (to the end of February 2005) worth of mailing list entries were manually scanned for 
possible deployment needs. The most relevant of the scanned entries are shown in Figures 
5.1 and 5.2. Table 5.1 shows how each of these entries can be distributed across 6 different 
categories and the analysis of these categories is presented in the following sections. 

56 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter 5 - Evaluation and Result Analysis 

1 License agreement for each item [2003-12-30 15:31] 
2 DSpace running problems: am I missing a package of some sort [2004-05-11 12:25] 
3 Batch import tools [2004-06-23 12:05] 
4 Importing items [2004-08-18 13:42] 
5 Moving items from one collection to another [2004-09-01 09:48] 
6 Migrating data between servers [2004-09-07 08:59] 
7 Java component license [2004-09-10 08:37] 
8 Moving items from one collection [2004-09-29 01:34] 
9 Moving a collection [2004-10-18 05:39] 
10 Upgrade 1.1.1 to 1.2, now select e-person doesn't pop up [2005-02-11 12:33] 
11 Need information on possible DSpace security issue [2005-02-16 06:59] 
12 Import problem [2005-02-24 08:23] 
13 FW: DSpace upgrade - please help!!! [2005-02-28 00:36] 

Figure 5.1: Scanned entries from the DSpace technical mailing list 

1 Mass import of files [2005-01-26] 
2 Export citation function[2004-11-30] 
3 Moving an archive from one table to another [2004-11-01] 
4 EPrints 3 update [2004-09-10] 
5 Moving databases [2004-09-24] 
6 Loss of eprints in database when moving to new server [2004-08-17] 
7 When are upgrades appropriate [2004-08-26] 
8 Problems with eprints installation [2004-07-15] 
9 New installation: Configuration files [2004-07-27] 
10 Installation problems [2004-07-29] 
11 Importing external data [2004-07-29] 
12 New install [2004-05-28] 
13 Import EPrints [2004-05-31] 
14 Moving EPrints to a new server [2004-03-15] 
15 Migrating EPrints to new server [2004-02-16] 
16 Also stuck while migrating/upgrading [2004-02-21] 
17 Perl modules bundled with EPrints [2004-02-26] 
18 Security & memory [2004-02-29] 
19 Importing data into EPrints [2004-03-03] 
20 Problems with apache.conf in EPrints 2.3.3 [2004-03-08] 
21 Moving EPrints to another server [2004-01-20] 
22 Moving EPrints to a new server [2004-02-10] 
23 Upgrade blues [2004-02-09] 

Figure 5.2: Scanned entries from the EPrints technical mailing list 

5.1.1 Post-deployment User Needs 

- 57 -

Data and System Migration - Out of all the entries that are shown in Figures 5.1 and 5.2, 
more than half are concerned with moving data into or out of systems and moving com
plete systems from one server to another. Data migration is mostly a result of a fresh 
installation of a similar digital library system being installed elsewhere, whereby data 
needs to be moved out of an existing installed system to a newly installed one. Another 
factor leading to data migration is system backups (especially upgrade-induced). It is safe 
that when upgrading a digital library system, data be somehow backed up to be restored 
once the upgrade has succeeded so that at no point during the upgrade process is the 
data compromised (see Figure 5.2 entry 6). A simple example of data migration is with 
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Category DSpace Entries EPrints Entries Total 

Data System Migration 3,4,5,6,8,9, 12 1, 2, 3, 5, 6, 11, 20 
13,14,15,16,19, 
21,22 

System Installation 2 8,9,10,12,20 6 

System Updates and Upgrades 10,13 4,7,23 5 

Entity and Prerequisite Software Licences 1, 7 - 2 

Security Measures 11 18 2 

Dependency Packaging - 17 1 

Table 5.1: Classification of user needs into categories 

MySQL's mysqldump command, where data stored in some database can be 'dumped' 
into a file to be restored at a later point. This and other similar commands on DBMSs can 
playa pivotal role during data migration in systems that utilise a DBMS for data storage. 

Moving an entire system to a newer server is a result of a server software/hardware up
grade, where the new system has better performance than the older one. This is a complex 
process since there may be some mismatches between the digital library system and the 
new software/hardware which will need to be attended to before the digital library system 
can again function as expected. 

System Updates and Upgrades - The main concern is the frequency with which updates and 
upgrades should be carried through. Digital library system administrators are concerned 
with updating and upgrading the systems they maintain, saying that updating or upgrading 
whenever a newer version is released is not worth the effort since, especially with updates, 
new versions are released quite often. A discussion in the thread of entry 7 in Figure 
5.2 affirms that this is not worth the effort because there is a lot that is bound to go 
wrong during these processes such as other features of the digital library system failing 
to function as they ought to (see Figure 5.1 entry 10), which will consequently increase 
the digital library system's downtime. 

5.1.2 Additional User Needs 

System Installation - Issues surrounding system installation largely stem from the documen
tation that has been provided to facilitate the installation process. Sometimes this docu
mentation is too summarised and does not highlight other important procedures for the 
installation process. Provided documentation usually lists prerequisite software, instal
lation steps and troubleshooting information for certain common problems. If the docu
mentation is relatively acceptable, installation problems can arise from the heterogeneity 
of consumers' systems, where maybe some system libraries are missing or system con
figuration files, such as Web server configuration files, are problematic and so on. Some
times it is possible that the software be installed without any notable complications but 
gives unexpected performance at runtime as a result of missing/incorrect configuration 
information. 
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Entity and Prerequisite Software Licences - The DSpace, EPrints and possibly other digi
tal library systems hold data that may have intellectual property restrictions enforced over 
it. These restrictions apply to, amongst other things, modifying and distributing these 
data entities. Some entity licences, such as the GNU Public Licence (GPL), are flexible 
enough to facilitate the functionality of digital library systems while others are not as 
accommodating. Dependency software licences also present some or other difficulty to 
digital library systems' administrators. 

Security Measures - System administrators are increasingly getting concerned with security 
issues that are associated with digital library systems they manage. Although this is not as 
urgent as other needs, it is still important that there are counter measures in place, should 
the digital library system be subject to any external threat. Most of these systems employ 
different levels of access to users which, to a certain extent, ensure that certain features 
of the system are accessed only by relevant entities. 

Dependency Packaging - The final need prevalent in the scanned entries is that of packag
ing some of the important modules (dependency software) with the digital library system 
distribution. This is possible if there are no restrictions on bundling of dependency ma
terial. The thread of entry 17 in Figure 5.2, entitled' Perl modules bundled with 

EPrints' , discussed this further and it is evident from this discussion that in general, 
this may prove to be unsuccessful since bundled versions of dependency software may 
conflict with other versions already installed on a consumer's system. However, this can 
be useful for consumers in the case where the dependency does not exist on their systems. 

There is a correlation between the above needs (issues) with those mentioned in Section 2.2.2. 
A distinguishing factor with software deployment issues is the type of software system in ques
tion which, together with users' experiences, determines the most frequent of these issues. Ulti
mately, these issues should be taken into account during the design stages of software packaging 
systems. 

5.2 PACKAGING SYSTEM EVALUATION 

The main aim of the packaging system evaluation exercise was to comparatively assess the effort 
in installing individual components making up a bigger system and installing the same system 
but as packaged components. This assessment was done across different aspects, including un
derstandability and usability associated with both installation methods. The packaging system 
was evaluated in a controlled exercise session in which each of the participants had to perform a 
series of exercises and provide feedback on a questionnaire. The structure of this questionnaire 
as well as the results obtained in the exercises are all discussed in subsequent sections. 

5.2.1 About the Questionnaire 

The questionnaire that was used for the evaluation exercise was divided into 5 different sections: 
introduction; background; digital library componentwise instaIlation; digital library package 
building and installation; and an overall survey. Appendix B shows the questionnaire. A brief 
explanation of each of the sections is given below: 
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Introduction - The purpose of the introduction section was to introduce some background 
information relevant to the exercise, introduce the tools that the participants were to in
teract with as well as define some terminology that was used throughout the evaluation 
exercIse. 

Background Information - The background information section was aimed at gathering par
ticipants' background knowledge relevant to the evaluation exercise. This section also 
collected qualification details from the participants. 

Installing a Digital Library Componentwise - This was an exercise in which participants 
were requested to install a component-based digital library by configuring each of the 
components individually. To ease this process, one of the three components had already 
been configured on behalf of the participants. 

Building and Installing a Digital Library Package - In this exercise, participants were re
quested to build and install a component-based digital library package using the packag
ing system that had been designed and described in Chapter 4. 

Survey - Feedback on each of the two exercises described above was gathered directly af
ter each exercise. This section therefore collected overall feedback of the participants' 
experiences during these two exercises. 

There were no guarantees that the participants will be random. Furthermore, it was possible 
that the participants' feedback on the first ofthe two exercises could influence their feedback on 
the second exercise. To counter both these concerns, the two exercises were swopped around in 
about half of the questionnaires. 

The majority of the questions that were asked during feedback stages throughout the question
naire were in a form of 5-point Likert-type questions. The rest of the questions were open
ended questions where participants were able to respond with open and constructive comments. 
Before presenting the results and the analysis thereof, the next section introduces Likert-type 
questions, highlighting some of the problems associated with gathering data using these types of 
questions, and presents a statistical analysis method that has been used in analysing Likert-type 
data collected during the evaluation exercise. 

5.2.2 Methods for Collecting and Analysing Data 

Likert-type Questions 

These types of questions are a simple way in which to gather feedback especially if there is a 
lot of feedback required. For these to be effective, it is best to present them in a balanced form 
(i.e., with two or an odd number of choices). An option of 'no response' can also be provided 
over and above specified choices and this can prove to be useful ifthe meaning of this choice is 
properly introduced. 

Problems that arise with Likert-type questions are due to the interpretation of the centre choice, 
usually denoted as 'neutral', and that of the 'no response' or 'not applicable' choices if such 
choices are part of the question being presented. A summary online discussion conducted by 
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the Overseas Chinese Association for Institutional Research (OCAIR) presented a discussion 
on "Neutral and Not Applicable on the Likert Scale. [22]" In this discussion, amongst other 
points, it was said that some users choose the centre choice as a way of implying "1 do not 
know" while others treat it as " I do not want to take a stand on either side." Further to these, 
some users even leave the entire question unanswered, which subsequently complicates the data 
analysis process. 

The X2 Analysis Test 

Data collected from Likert-type questions is categorical and as such, it does not make much 
sense to statistically reason about characteristics like the standard deviation and mean in the 
context of this data and in general, well known statistical analysis methods, such as Pearson 
Correlation and {-test which are primarily targeted at non-categorical data, do not readily apply 
[8,27, 29]. This leaves only a handful of analysis methods of which the X2 (chi-square) test 
is the most prominent. Howell defines the X2 test as a statistical test often used for analysing 
categorical data and further discusses this statistical analysis test in Chapter 19 (pages 371 -
392) of his book [27]. 

There are two types of X2 tests that have been used in the result analysis stages. These are 
the goodness-of-fit test and the test of independence, and are both types of hypothesis testing. 
The X2 goodness-of-fit test is used to compare recorded results with some theoretical expected 
distribution as an indicative measure of how these results might vary for an arbitrary group of 
participants. The test of independence on the other hand is used to determine if two or more 
variables are independent of one another. The first step in employing any of these tests is to for
mulate a hypothesis to test, often called a null hypothesis or hypothesis of no difference, which 
is usually denoted by Ho and from that, apply the X2 formula to determine if the formulated 
hypothesis does or does not hold. For the two types of tests mentioned above, the applicable 
formula follows: 

X2 = L [(E~O)2] 

In this formula, E is the expected frequency while 0 is the observed frequency per category. 
The 5-point Likert-type questions used throughout the exercises each contain 5 categories, 
hence 5-point. Table 5.2 defines other symbols that are used during the analysis. 

To determine if the null hypothesis should or should not be rejected, the significance level (0:) 
or rejection level is considered. This is the criterion that is used to reject the null hypothesis. 
Traditionally, most research cases use the 0: = 0.05 (or 5%) level of rejection. There is no rule 
regarding this choice but in general, the lower the significance level, the more the data must 
converge from the null hypothesis so as to be statistically significant. If the calculated P-Value 
is lower than the significance level, then the null hypothesis is rejected. Alternatively, if the 
calculated X2 value is greater than or equal to X; (D F) for a particular value of D F and 0:, then 
the null hypothesis is rejected. 

The X2 test has a few disadvantages/constraints associated with it [29]. A few of these are 
shown in the list below: 

• The representative sample must be random. 
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- 62 - Chapter 5 - Evaluation and Result Analysis 

Symbol Definition 

IV Number of categories 

DF Degrees of freedom computed as N - 1 

P-Value Probability that the obtained results occurred by 
chance 

X;(DF) The critical value of X2 value given D F and sig-
nificance level Q 

BE A set of IV expected frequencies 

Table 5.2: Chi-square analysis symbol table 

• The acquired data must be categorical. 

• Individual observations must be independent of each other. 

• Although not obligatory, the sum of observed frequencies (0) must equal that of expected 
frequencies (E) especially for smaller sample sizes. 

• The size of the representative sample must be adequate. In a 2 x 2 table (test for inde
pendence) X2 should not be used if the number of participants falls below 20. In a larger 
table, no expected value should be less than 1 and not more than 20% of the variables can 
have expected values of less than 5. 

These constraints are addressable with relatively minimum effort save for the last one. It speci
fies some constraints regarding the allowed values of expected frequencies. Hidden within this 
constraint is the fact that the more categories the data may fall into, the larger the random sample 
must be so that this constraint is met. The minimum number of participants to fit five categories 
(as in the 5-point Likert-type questions in the evaluation exercise) is thus 21 (typically, with BE 
being a permutation of {5, 5, 5, 5, I}) such that not more than 20% of the expected values are 
less than 5 (i.e., only one category can have an expected value ofless than 5 and that value must 
at least be 1). 

One of the positives with employing the X2 test for evaluation data analysis is that it does not 
require a normally distributed population, which means that the manner with which the sample 
was acquired, as will be explained in later sections, is adequate enough to analyse the resultant 
data using the X2 test. 

5.2.3 Participants' Background Analysis 

This section presents the background information that was gathered from the participants. This 
information is structured into four sections as in the questionnaire and is presented below. 

Qualification Details 

In the advertisement for participating in the evaluation exercise, it was mentioned that partici
pants needed to be at least in their second year of study and be in either of the computer science 
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or information systems fields. The reason behind this was to ensure that participants focus their 
attention only to the evaluation exercise rather than on other factors, such as computer affor
dances etc., which could have unnecessarily prolonged the evaluation exercise. Table 5.3 shows 
a breakdown of the participants' qualification/study details. 

I Question I Responses 

Total Number of Participants 25 

Students: 24 

Professionals: 1 

Majors/Fields Computer Science: 24 

Information Systems: 1 

Study Levels B.Sc. 2nd Year: 6 

B.Sc. 37"d Year: 13 

B.Comm. y·d Year: 1 

B.Sc. (Hons): 2 

M.Sc.: 2 

Ph.D.: 1 

Table 5.3: Qualification details of the evaluation exercise participants 

Software Installations 

The software installations part of the background section uncovered participants' installation 
patterns on the Microsoft Windows and GNU/Linux operating systems. Participants were asked 
to indicate if they had installed any software packages on these two platforms. The results are 
presented in Table 5.4. 

Operating System Responses 

Yes No Blank 

Microsoft Windows 25 0 0 

GNU/Linux 8 13 4 

Table 5.4: Responses on the participants' software installation background 

In the case where participants responded with a Yes, they were asked to mention a few examples 
of the software packages they had installed. These user examples included installing Microsoft 
Office and Winamp for the Microsoft Windows operating system and Open Office and DSpace 
for GNU/Linux-based operating systems. 

Software Management Tools 

In this section, participants were asked to rate their ability to install, configure, manage and 
un install software packages created with various packaging tools. Table 5.5 shows the partici
pants'responses. 
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- 64 - Chapter 5 - Evaluation and Result Analysis 

Tools Responses 

Very Good Good Neutral Poor Very Poor No Response Blank 

InstallShield 6 13 1 0 0 3 2 

WiselUn Wise 4 6 4 0 0 7 4 

RPM 1 8 2 0 0 10 4 

Table 5.5: Responses on the participants' familiarity with various packaging tools 

This question was one of many that followed to be presented as a 5-point Likert-type ques
tion. In addition, it had an option that participants respond with a No Response choice, an 
option which had initially been introduced in the introduction section of the questionnaire and 
essentially meaning that, in this case, the participant did not know or had not used the tool in 
question. Users were requested to comment on any other packaging tools that they had encoun
tered before. The Portage package management system was one of the tools mentioned. 

Software Systems 

The final part of the background section gathered users' understandings of types of software sys
tems from user and programmer perspectives. These types of software systems were: component
based; Web-based; and online information management. Table 5.6 shows the participants' re
sponses from a user perspective. 

Software Systems Responses 

Very Good Good Neutral Poor Very Poor Blank 

Component -based 7 5 8 4 0 1 

Web-based 5 8 9 2 1 0 

Information Management 4 8 9 3 1 0 

Table 5.6: Participants' user perspectives on certain types of software systems 

Participants were further questioned if they are (or have ever been) computer programmers. 
Those participants that fell in this category had to give their responses pertaining to their un
derstanding of these software systems from a programmer's point of view. Table 5.7 shows 
responses from 22 programmers. 

Software Systems Responses 

Very Good Good Neutral Poor Very Poor Blank 

Component-based 5 10 4 2 0 1 

Web-based 5 8 5 1 2 1 

Information Management 2 10 6 2 1 1 

Table 5.7: Participants' programmer perspectives on certain types of software systems 
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The final question in this section asked participants if, prior to the evaluation exercise, they knew 
what digital libraries were. 21 of the 25 participants responded positively (i.e., with a Yes) to 
this question and Table 5.8 shows how these participants were familiar with digital libraries. 

Installed Used Heard About 

3 11 7 

Table 5.8: Participants' familiarity with digital libraries 

All this gathered background infonnation played an important part in analysing and understand
ing the results that were obtained from the remaining sections of the questionnaire. The next 
section provides a detailed analysis of these results. 

5.2.4 Results Analysis 

Sections 3 through 5 (Sections B.2 through B.4 in Appendix B) of the questionnaire presented 
exercises and surveys which participants undertook. This section presents an analysis of the 
restricted-type questions' responses to these sections. The X2 goodness-of-fit test as well as the 
X2 test of independence are partly employed in this analysis. Section 5.2.5 consolidates this 
analysis with the qualitative responses gathered from the open-ended questions as well as with 
participants' background analysis. 

Building and Installing a Digital Library Package 

Building and installing a digital library package was one of the exercises that participants had to 
carry out. This was split into two sub-exercises: building a digital library package and installing 
the package once it had been built. Figure 5.3 shows this digital library composed of 3 ODL 
components: DBUnion - which harvests (collects) data from one or more Open Archives and 
keeps it in a local archive; IRDB - a search engine which searches specified Open Archives 
and returns results; and BRSUI - a Web-based user interface through which various services, 
including those provided by IRDB, can be accessed and utilised. 

IROB BRSUI 

Figure 5.3: The component-based digital library used for the evaluation exercise 

All participants managed to build the digital library package without any complications. Feed
back questions on the exercise of building a digital library package requested users' under
standing of the package building process as well as their perspective with respect to the usabil
ity associated with building a component-based digital library package. Table 5.9 shows these 
results. 
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Aspect Responses 

Very Good Good Neutral Poor Very Poor Blank 

Understanding 9 11 4 1 0 0 

Usability 10 14 1 0 0 0 

Table 5.9: Understanding and usability aspects of the package building process 

Once the participants had successfully created the digital library package, the second part of 
the exercise was to then install the package that they had built. The DBUnion component 
was configured to harvest a specific set of data from Hussein's Photo Album with baseURL 
http://www.husseinsspace.com/cgi-binIVTOAllhspicslhspicsloaipl. 24 out of the 25 partici
pants successfully installed the digital library. From passive observation, the only participant 
who could not install the digital library successfully failed to configure the database as per the 
instructions. Feedback questions on this exercise requested users' understanding of the package 
installation process as well as their perspective on the usability associated with installing the 
component-based digital library as a package. Table 5.10 shows the participants' responses. 

Aspect Responses 

Very Good Good Neutral Poor Very Poor Blank 

Understanding 7 12 5 1 0 0 

Usability 6 16 2 I 0 0 

Table 5.10: Understanding and usability aspects of the package installation process 

Besides knowing for instance that a majority of the users (20' out of the 25 users) at least 
significantly understood2 the process of building a component-based digital library package, 
there are other meaningful conclusions that can be drawn from the results in Tables 5.9 and 5.10. 
The following section looks at the above results and analyses them using the X2 goodness-of-fit 
test. 

IThis is the sum of the responses from the Very Good and Good categories in Table 5.9 since the Very Good 
category subsumes the Good category. 

2 As defined in the questionnaire, category Good meant: Significantly agree with, significantly acquainted with, 
or significantly accept the idea, concept or subject presented by the question at hand. See introduction section of 
the questionnaire in Appendix B 
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Statistics on the Understanding and Usability Results 

By observing the results presented in Tables 5.9 and 5.10, it is clear that these results are any
thing but uniformly distributed. However, as a way of introducing the X2 goodness-of-fit test, 
consider the following null hypothesis: 

HOa = There is an equal chance that participants are evenly spread across 
all categories in the context of understanding the process of building a 
component-based digital library package. 

This means that the expected frequency (E) across all categories is uniform when considering 
the understanding aspect of building a component-based digital library package. Table 5.11 
tabulates this comparison and shows calculations towards a respective X2 value. 

Very Good 

Good 

Neutral 

Poor 

Very Poor 

I Expected (E) I Observed (0) I (E - 0)2 I 
5 9 16 

5 11 36 

5 4 1 

5 1 16 

5 ° 25 

(E-0)2 
-E-

3.2 

7.2 

0.2 

3.2 

5 

Table 5.11: Chi-Square goodness-of-fit test for package building understanding 

From Table 5.11, the following can be calculated: 

X2 = 18.8 

In this case, DF = N -1 = 5 -1 = 4, and X6.05( 4) = 9.49. Because the obtained value is 18.8 
and is clearly greater than 9.49, null hypothesis HOa can be rejected. This means that the results 
are statistically significant and it can be concluded that the participants are unevenly distributed 
across categories of understanding the component-based digital library package building pro
cess. 

This confirms that there is no uniform distribution of the observations across categories as as
sumed above. Now consider the following null hypothesis: 

HOb = There is a normal distribution in the participants' understanding of the 
the process of building a component-based digital library package with 
a mean centred on Good. 

To theoretically assume expected frequencies to fit this null hypothesis, consider Figure 5.4. 

This figure shows a bar chart of the observed frequencies for the aspect of understanding the 
process of building a component-based digital library package. Superimposed over this bar 
chart is a normal distribution curve with a mean centred on Good. From the curve, the following 
set of expected frequencies can be estimated: 
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12 

10 

8 

6 

4 

2 

o 
Very Good Good Neutral Poor Very Poor 

Figure 5.4: A theoretical assumption of expected frequencies for package building understand
mg 

eEl = {6, 12,5, 1, I} 

Using set eEl yields the following results: 

x2 = 2.78 

However, the set of expected frequencies, eEl' does not meet the requirements to be used in a 
X2 test as explained earlier in Section 5.2.2. The following set of expected frequencies is the 
closest x2-safe expected frequencies set that can be used for this analysis: 

eE2 = {6,8,5,5, I} 

With this set of expected frequencies, calculating the X2 value gives: 

X2 = 7.025 

This means that null hypothesis HOb cannot be rejected since the obtained X2 value (in both 
cases) is smaller than the critical value (9.49) with DF = 4 and 0: = 0.05. Therefore, it is true 
that there is a normal distribution in the participants' understanding of the process of building a 
digital library package. Furthennore, the participants' mean response is Good. 

For the understanding of the package installation process, consider the following null hypothe
SIS: 

Hoc = There is a normal distribution in the participants' understanding of the 
process of installing a component-based digital library package with a 
mean centred on Good. 
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To theoretically assume a set of expected frequencies to fit this null hypothesis, consider Figure 
5.5. 

14 ,----------------------_ .. __ ._. __ .. _-_. __ .. _._---- ._._ .• _ .•. _ ... 

12 

10 

8 

6 

4 

2 

o 
Very Good Good Neutral Poor Very Poor 

Figure 5.5: A theoretical assumption of expected frequencies for package installation under
standing 

This figure shows a bar chart of the observed frequencies for the aspect of understanding the 
process of installing a component-based digital library package. Superimposed over this bar 
chart is a normal distribution curve with a mean centred on Good. From the curve, the following 
set of expected frequencies can be estimated: 

eE3 = {6,12,5, l,l} 

U sing set e E3 yields the following results: 

With the same argument as above, the following set of expected frequencies is the closest X2-

safe expected frequencies set that can be used for this analysis: 

eE4 = {6,8,5,5, I} 

With this set of expected frequencies, the following X2 value can be obtained: 

X2 = 6.37 

This means that null hypothesis Hoc cannot be rejected since the obtained X2 value (in both 
cases) is smaller than the critical value (9.49) with DF = 4 and 0: = 0.05. Therefore, it is true 
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that there is a normal distribution in the participants' understanding of the process of installing 
a component-based digital library package. Furthermore, the participants' mean response is 
Good. 

In the analysis of the usability results, a similar approach to the above was taken. The following 
null hypotheses were tested: 

HOe = There is a normal distribution in the participants' usability ratings of 
the process of building a component-based digital library package with 
a mean centred between Very Good and Good. 

HOi There is a normal distribution in the participants' usability ratings of 
the process of installing a component-based digital library package with 
a mean centred between Very Good and Good. 

Table 5.12 summarises the results from these null hypotheses. Shown in this table are theoretical 
estimations (from a normal distribution curve superimposed over each set of results and from 
creating a closest x2-safe set to the one obtained from the normal distribution curve) of the 
expected frequencies sets as well as their respective X2 value calculations. 

Aspect Process 

Usability Building 

Installing 

Normal Distribution Estimation x2-safe Estimation 

OE = {9, 12,2,1, I} OE = {6, 8, 5, 5, I} 

X2 = 2.95 

OF = {6,14,3,1,1} 

X2 = 1.62 

X2 = 16.37 

OE = {5,9,5,5,1} 

X2 = 11.65 

Table 5.12: Chi-square analysis results of the usability aspect of the package building and 
installation processes 

From Table 5.12, if considering the X2 values obtained from the normal distribution curve es
timation, null hypotheses HOe and HOi can be accepted since the obtained X2 values are both 
smaller the than the critical value of X2 with D F = 4 and C\' = 0.05 (recall X6.05 (4) = 9.49). 

If looking at the x2-safe estimations however, it is clear that both the calculated X2 values are 
greater than the critical value, which means that null hypotheses HOe and HOi can be rejected 
on these values. This means one of two possibilities: 

• There is no normal distribution in the way that the participants rated the usability associ
ated with building and installing a component-based digital library package. This further 
means that there may be another type of distribution curve, such as a log-normal distri
bution curve or a positively skewed distribution curve (since at least 88% of the observed 
frequencies in both usability cases are clustered on the Good and Very Good categories)3, 
which can be superimposed on each set of the observed usability results. 

3For package building: 14 + 10 = 24 out of25 participants (96%) occupy the Good and Very Good categories. 
For package installation: 16 + 6 = 22 out of 25 participants (88%) occupy the Good and Very Good categories. 
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• The size of the sample from which the results were obtained was not suitable for the 
analysis test that was used for testing hypotheses Hoc and HOJ and as such, incorrect 
results may have been obtained (due to the limitations of the )(2 test). However, it is 
interesting to note that if the significance level is reduced to (from 0.05 to 0.001) both 
null hypotheses can be accepted since )(6.001 (4) = 18.47 and the calculated)(2 values are 
both smaller than this critical value. 

In whichever case, more results per category are required in order to formulate more accurate 
estimations. This ultimately means that a larger group of participants could be required (assum
ing that this group of participants will distribute, in the same manner as in the observed results, 
their responses across all categories). 

Testing for Prior Understanding Effects 

To establish if any two or more given variables depend on one another, the )(2 test of inde
pendence can be used. The same formula as previously introduced applies for the test of in
dependence but there are slight variations to some variables. The degrees of freedom are now 
computed as: 

DF = (R - 1) x (C - 1) 

Where R is the number of rows and C is the number of columns of the computation table. The 
expected frequencies are computed as: 

E .. = T,xT] 
'J T 

Where Eij is the expected value for the entry at row i and column j, Ti is the total of all entries 
of row i, Tj is the total of all entries in column j and T is the total number of participants in the 
computation table. 

Now consider the following null hypothesis: 

HOg = The participants' understanding of the component-based digital library 
package installation process is independent of their previous under
standing of component-based software systems from a user's perspec
tive. 

Table 5.13 shows the computation table which tests this null hypothesis. 

The expected frequencies have been calculated using the formula described above and the values 
are shown in parentheses. In this table, the final category (Very Poor) has been omitted. This 
is because there are no responses on this category in both sets of observed values. Calculating 
the )(2 value from this table gives the following result: 

)(2 = 1l.86 
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Prior Understanding 

Very Good Good Neutral Poor TOTAL 

Very Good 3 2 2 0 7 

(2.04) (1.46) (2.33) (1. 17) 

Good 1 3 3 4 11 

(3.21) (2.29) (3.67) (1.83) 

Installation Understanding Neutral 2 0 3 0 5 

( 1.46) (1.04) (1.67) (0.83) 

Poor 1 0 0 0 1 

(0.29) (0.21 ) (0.33) (0.17) 

TOTAL 7 5 8 4 24 

Table 5.13: Chi-square test of independence for prior understanding of component-based soft
ware systems and component-based digital library package installation process 

In this case, DF = (R - 1) x (C - 1) = (4 - 1) x (4 - 1) = 9, and X6.05(9) = 16.92. 
Because the obtained value of 11.86 is smaller than this critical value of X2, null hypothesis 
HOg cannot be rejected. It can thus be concluded that the participants' understanding of the 
component-based digital library package installation process does not necessarily depend on 
their prior understanding of component-based software systems from a user's perspective. 

Now consider the following null hypothesis: 

HOh = The participants' understanding of the component-based digital library 
package installation process is independent of their previous under
standing of component-based software systems from a programmers's 
perspective. 

In testing this null hypothesis, a similar test as detailed above results is a X2 value of 11.83. 
Since this value is smaller than the critical value of X2 with D F = 9 and Ct = 0.05, this means 
that null hypothesis HOh can be accepted, implying that the participants' understanding of the 
process of installing a component-based digital library package does not necessarily depend 
on their prior understanding of component-based digital library systems from a programmer's 
perspective. 

Further tests of independence were conducted to test for the independence of the package build
ing process. The following null hypotheses were tested and the obtained results are summarised 
in Table 5.14. 
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Ho, = The participants' understanding of the component-based digital library 
package building process is independent of their previous understand
ing of component-based software systems from a user's perspective. 

HOj The participants' understanding of the component-based digital library 
package building process is independent of their previous understand
ing of component-based software systems from a programmer's per
spective. 

Aspect Perspective x2 Value 

Building Process Understanding User 6.79 

Programmer 6.14 

- 73 -

Table 5.14: Chi-square test of independence analysis results of the understanding aspect of the 
package building processes 

Both X2 values shown in Table 5.14 are less than the critical value of X2 with DF = 9 and 
a = 0.05. Therefore, null hypotheses HOi and HOj can be accepted. This means that the 
participants' understanding of the process of creating a component-based digital library package 
does not necessarily depend on their prior understanding of component-based software systems 
as either a user or a programmer. 

To summarise the results from these tests, it can be concluded that, since the participants' prior 
understanding (from user and programmer perspectives) of component-based software systems 
is independent of the participants' understanding of the component-based digital library pack
age building and installation processes, the packaging system as a whole is simple enough to 
be understood and utilised satisfactorily without any prior knowledge or understanding of the 
types of software systems that can be modeled with the packaging system. 

Componentwise Digital Library Installation 

This was another of the exercises that the participants had to carry out in which they had to 
install a component-based digital library one component at a time. This was the same digital 
library as depicted in Figure 5.3. To reduce the amount of effort and time required from the 
users, the DBUnion component had already been configured on their behalf. 24 out of the 25 
participants managed to successfully install the digital library componentwise. The only partic
ipant who could not install the digital library successfully failed to configure the database as per 
the provided instructions. However, this was a different participant to the one who could not 
install the component-based digital library package. In a similar fashion as with the package 
installation exercise, feedback questions on this exercise requested participants' understanding 
of the componentwise installation process as well as their perspective with respect to the us
ability associated with installing the digital library componentwise. Table 5.15 shows the users' 
responses to the feedback questions. 

Section 5.2.5 comments further on the results presented in Table 5.15. 
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Aspect Responses 

Very Good Good Neutral Poor Very Poor Blank 

Understanding 3 16 3 3 0 0 

Usability 4 6 11 3 0 1 

Table 5.15: Understanding and usability aspects of a componentwise installation 

Survey 

The survey section of the questionnaire gathered overall feedback on all the exercises that users 
performed. This section was comprised of four questions, three of which were open-ended. The 
only restricted-type question gathered the users' views on the aesthetic design of the packaging 
system tools (i.e., the package builder and installer tools). Table 5.16 shows the responses to 
this question. 

Very Good Good Neutral Poor Very Poor 

6 17 2 o o 

Table 5.16: Responses on the aesthetic design of the packaging system 

These responses show that a majority of the participants rate the packaging system as either 
Good or Very Good in terms of its aesthetic design. The other three questions are discussed in 
Section 5.2.5 below. 

5.2.5 Discussion 

This section finalises the packaging system evaluation section by consolidating the responses 
from Sections 2 through 5 (Sections B.l through BA in Appendix B) of the questionnaire. 
The analysis that has already been presented on Likert-type questions, the open-ended-type 
questions as well as the users' background details are taken into account in this discussion 
which is presented in the following subsections. 

Understandability 

On an overall basis, the participants showed a significant level of understanding of all the con
cepts and methods that were presented in each of the exercises that they had to carry out. This 
can partly be attributed to their relative backgrounds in fields of study since these concepts and 
methods are not totally foreign within these fields and the participants may have, directly or 
indirectly, encountered similar ideas. The statistical analysis tests affirmed the significance of 
the results which further shows that any random sample of users from a similar population will 
have an either Good or Very Good understanding of all the ideas presented in the evaluation 
exercIse. 
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Usability 

It was not an unexpected outcome that users rated the componentwise installation process as 
less usable than the package installation process (considering that a majority of the participants 
(22) were concentrated on the Good and Very Good categories for the digital library package 
installation process (see Table 5.10), while a majority of the participants (17) were concentrated 
on the Good and Neutral categories for the digital library componentwise installation process 
(see Table 5.15)). The main visible difference with these processes was that one was command
line-based while the other was presented as a graphical user interface. Table 5.4 shows that all 
users have, at some point, installed software on the Microsoft Windows operating system while 
less than half of the participants previously installed software on the GNU/Linux operating 
system. This said, it was not surprising that users preferred a graphically presented installation 
process over the command-line-based. Software users in general tend to avoid cases where 
they have to interact with systems at command-line level and this was evident from the users' 
responses on the usability aspect. The test for independence also showed that there is a possible 
link in the manner that users view these two processes. 

Overall User Preference 

From the survey section of the questionnaire, it can be inferred that an overwhelming percent
age (92% - 23 out of 25) of participants preferred the package installation process over the 
componentwise installation. Below is a summary of some of the comments that the participants 
provided to motivate their selection: 

• "The package installation process is a lot faster and it is less likely that mistakes are 
made during this process whereas with a componentwise installation process, one needs 
to know a lot more about the components." 

• "The interface presented by package installation process is a lot easier to use and is more 
familiar while the componentwise approach presents a command-line-based installation 
process which is more error-prone and confusing." 

• "The package had a better looking interface and was easier to follow while the compo
nentwise approach did not have a friendly interface and required lots of unnecessary user 
input." 

Other user comments were some or other variation of these. As for the feedback from the 
remaining participants, 1 of them preferred the componentwise installation process while the 
other was indifferent. Their motivating points were as follows: 

• "The componentwise approach is easier to work with and provides for a flexible configu
ration process whereas with the package approach, most processes are abstracted." 

• "For power users, componentwise is the best option and for novice users, the package is 
a lot simpler." 

Common with these two participants was the fact that they were both in their final year of study 
(3rd year), which means that they had a higher level of experience to reason about these two 
processes adequately. 
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In general, all users believed the packaging tools to be fairly similar to orthodox installers that 
they have, at some point, come across. Most users offered suggestions as to how they could go 
about improving on these tools. Some of these suggestions are incorporated in Chapter 7. 

5.3 SUMMARY OF KEY POINTS 

Digital library users' needs were uncovered by periodically scanning the mailing lists of the 
DSpace and EPrints digital library software systems and ranked according to popularity. Some 
of these needs were addressed in the design of the packaging system that was described in 
Chapter 4. This packaging system was subsequently evaluated across different criteria, in
cluding understandability and usability of the packaging system tools. The evaluation analysis 
process employed the X2 goodness-of-fit and independence tests to statistically reason about the 
results that were obtained since most of the collected data was categorical. The overall result 
analysis process shows that there is an exceptional level of acceptance of the packaging systems 
amongst most participants. 
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CHAPTER 6 

CONCLUSION 

This dissertation presented work towards simplifying the process of software deployment mainly 
concentrating on packaging software systems for a better installation process. Software sys
tems now come in various flavours thanks to advances in relevant fields, mainly software en
gineering, responsible for software delivery. With current component-oriented developments 
and Web-based solutions, it has become increasingly important that current software deploy
ment procedures be substituted by simpler, better and faster methods that deal with software 
deployment needs in the context of all the latest advances. 

Although the reference point to this research was component-based digital library systems, 
the findings of this research can apply to Web-based component-based software systems and 
to component-based software systems at large. The remainder of this chapter presents some 
concluding remarks with respect to the initial goals of this research. 

Building Heterogeneously for Heterogeneous Platforms - It is possible to build a component
based digital library package composed of different components. The designed packaging 
system boasts a Java™ implementation and a strong utilisation ofXML for data presen
tation and interoperability, all of which promote heterogeneity. 

Effort in Installation Processes - Installing a digital library componentwise is more effort 
than installing the same component-based digital library using the developed packaging 
system. The evaluation study uncovered that in the context of understandability and us
ability, a majority of the employed participants preferred the functionalities presented 
by the packaging system over the componentwise installation. These findings can be 
summarised as meaning that the packaging system simplifies the process of installing 
component-based digital libraries. 

Dealing with Dependencies - Software dependencies are a 'necessary evil' when it comes 
to software development - software is hardly usable if its dependency requirements are 
not met but attending to these requirements can prove to be a rather daunting task. The 
packaging system presented a manner with which to deal with managing dependencies in 
its context. For this approach to be generalised across software systems, more factors may 
need to be taken into consideration implying that more work may be required. In an ideal 
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situation, a dependency specification standard which software developers can adhere to 
can dismiss all the complications currently presented by software dependencies. 

User's Post-deployment Needs - In general, software systems have similar user needs. How
ever, the priority of these needs is informed by the type of software system in question. 
With digital library communities, it is more urgent to be able to migrate data or an entire 
digital system or both while the need for a tightly secure digital library system is some
what not as urgent. A common set of user needs in general covers: simple installation 
procedures; addressing of heterogeneous operational platforms; adequate upgrade/update 
methodologies; interoperability at various levels; software system security; and software 
uninstallation. 

An outcome of this research was identifying requirements for a generic component packaging 
framework. There are four aspects that components or a component packaging framework must 
adhere to. These are: components must be configurable automatically; each component must 
possess a formal description of its dependency software; there must be formal descriptions that 
describe individual components as well as systems that are composed of components; and there 
must be a way whereby installation questions are formally encoded such that components are 
able to correctly receive configuration information. These four aspects are the least that are 
expected of a component packaging framework. 

A consolidated outcome of this research was to show that flexible packaging methodologies for 
Web-based component-based applications in general facilitate the management of these applica
tions. It is hoped that with better management in place, it can be more likely that end users will 
adopt Web tools based on components and that developers will create more Web-based software 
components to be used in various contexts of composing software systems. Ultimately, this will 
increase the quantity and quality of applications and services delivered over the Web. 
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CHAPTER 7 

FUTURE WORK 

This chapter presents alternative approaches and outstanding issues, an addressing of which 
would speculatively have improved the results of this research. 

A Web-based Packaging System 

As it stands, the packaging system is a pair of desktop applications which is controlled by a 
user and adheres to the environment in which this pair of tools exist. The packaging system 
could have been implemented as a hybrid of a Web-based solution and a desktop application. 
Although the main aim of this design strategy was that users gain full control of the package 
building and package installing processes, the package building process is more of an adminis
trative process than the package installation process. If the packaging process could be shifted 
to be accessible over the Web, the following would be attained: 

• The eeL specification could still be an input to the packaging process, but a Web interface 
could be easily suited for building a digital library package from bottom up (i.e., without 
a eeL specification file as input). This can be done in a similar manner as that presented 
by von Thile et al. on Web-based IDEs [51). 

• With a Web-based packaging process, all the components (together with all their available 
versions and, if possible, all the necessary dependencies) could be located in a central 
location. This can infonn the manner in which users can issue update/upgrade requests 
from their installed packages. 

The output of this Web-based packaging process could still be a package as in the current 
process. One of the disadvantages with this solution is that it requires the Internet to function 
adequately. Furthermore, constant maintenance of this central location may be required to 
ensure that all the available resources are up to date. 

Specifying Dependencies 

The main challenge during the design and implementation process was dealing with dependen
cies. Admittedly, dependency related matters are often too complex to attend to since they too 
are dependent on other factors. A serious question that can be raised in relation to the manner 
in which dependencies were handled in the context of this research is: between the package 
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composer and component creator who should be liable for building the dependency checking 
procedures and scripts as well as for compiling a dependency specification for each compo
nent? Ideally, this should be done by a person well acquainted with the component in order to 
ensure correctness. In addition, there should be a common and well defined set of specifications 
that all the dependency checking entities and dependency specifications adhere to. This set of 
specifications should address issues such as dependencies going by multiple names amongst 
other things. In this manner, this set of specifications can facilitate the way in which package 
management software functions while improving the quality of component-oriented approaches 
such as eBSE amongst other things. 

Packaging and Installing the DSpace Digital Library 

By the nature of the design of the packaging system, it may be possible that other types of 
software can be packaged and installed using the packaging system provided that such a soft
ware system can be described using the eeL specification. In the case of the DSpace digital 
library system software, a eeL specification describing this system would consist of a single 
component. This component would be represented by the DSpace main program, which could 
subsequently describe as its dependencies, all the prerequisite software packages. 

The following processes would need to be clarified before the DSpace system can be packaged 
for a successful installation process: encoding configuration questions; relaying configuration 
information from the packaging system interface at installation time to the DSpace system; and 
automatically (silently) configuring and installing the DSpace system. 

Addressing User Deployment Needs 

From this research, it was evident that in certain types of software systems, certain user de
ployment needs are more urgent than in other types of software systems. This makes it more 
challenging to formulate a generalised approach for addressing users' deployment needs. How
ever, the process of packaging software was discovered to be the entry point to the process 
of software deployment and as such, it is at this level that most (if not all) user needs can be 
attended to. This means that current packaging solutions need to flex and generalise their func
tionalities such that most software systems that employ them for software distribution are able 
to address as much of their associated user needs as possible. 

Evaluation Methodology 

The evaluation exercise was composed of three different exercises: building a digital library 
package; installing a digital library package; and installing a digital library componentwise. 
The most important of these three processes were the last two exercises. A better approach to 
the evaluation process would be to separate the whole process into two parts, part I concerned 
with evaluating only the package building process and part II concerned with evaluating the two 
installation processes, with both parts having two separate and different groups of participants. 
A bottleneck to this approach would be the availability of participants to participate in this two
part evaluation process. However, the participants would be focusing on either the building 
or the installation process and not both (as was done in the evaluation exercise whereby the 
participants' responses may have been influenced by the other process). 
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Another improvement to the evaluation process could be in the gathering of results. The evalu
ation questionnaire could be structured in such a way that the data collectible from the partici
pants accommodates more than one statistical analysis method. This would provide alternative 
angles from which to view and analyse results. 
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ApPENDIX A 

SPECIFICATIONS 

A.I COMPONENT CONNECTION LANGUAGE 

<?xml version="l.O'1 encoding::;:::IIUTF-8 11 ?> 

cCCL xmlns:blox="http://nala.cs.uct.ac.za/blox"> 
<instance> 

cinstanceDescription> 
cname>Ulc/name> 
cdescription> 

cblox:ui> 
cuiname>ODL User Interfacec/uiname> 
cadminEmail>smhlongo@cs.uct.ac.zac/adminEmail> 
csearchbaseurl> 

c!--URL_TO CGI LOCATION-->/ODL-IRDB-l.3/IRDB/evaluation/search.pl 
c/searchbaseurl> 
ctitlebar>Digital Library User Interfacec/titlebar> 
cbodytitle>Experimental Digital Library User Interfacec/bodytitle> 
<message> 

This is an experimental user interface that allows you to search, 
browse and rate resources depending on the services and components 
that have been installed and configured. 

c/message> 
cfooter>If there are queries, send them to the administrator.c/footer> 
<webservices> 

cname/> 
c/webservices> 

c/blox:ui> 
c/description> 

c/instanceDescription> 
c/instance> 
<instance> 

<instanceDescription> 

<name>Search</name> 
cdescription> 

cblox:irdb> 
crepositoryName>ODL Search Enginec/repositoryName> 
cadminEmail>smhlongo@cs.uct.ac.zac/adminEmail> 
cdatabase>DBI:mysql:testc/database> 
<dbusername>root</dbusername> 
cdbpassword>rootc/dbpassword> 
ctable>searchc/table> 
<archive> 

cidentifier>HUSPICSc/identifier> 
<urI> 

c!--URL_TO_CGI_LOCATION-->/ODL-DBUnion-1.2/DBUnion/evaluation/union.pl 
c/url> 
cmetadataPrefix>oai_dcc/metadataPrefix> 
cinterval>86400c/interval> 
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<interrequestgap>lO</interrequestgap> 
<overlap>86401</overlap> 
<granularity>second</granularity> 

</archive> 
</blox:irdb> 

</description> 
</instanceDescription> 

</instance> 
<instance> 

<instanceDescription> 
<name>Union</name> 
<description> 

<blox:dbunion> 

Chapter A - Specifications 

<repositoryName>ODL Union Engine</repositoryName> 
<adminEmail>smhlongo@cs.uct.ac.za</adminEmail> 
<database>DBI:mysql:test</database> 
<dbusername>root</dbusername> 
<dbpassword>root</dbpassword> 
<table>union</table> 
<recordlimit>200</recordlimit> 
<archive> 

<identifier>HUSPICS</identifier> 
<urI> 

http://www.husseinsspace.com/cgi-bin/VTOAI/hspics/hspics/oai.pl 
<furl> 
<metadataPrefix>oai_dc</metadataPrefix> 
<interval>86400</interval> 
<interrequestgap>lO</interrequestgap> 
<set>200301ctcs</set> 
<overlap>86400</overlap> 
<granularity>day</granularity> 

</archive> 
</blox:dbunion> 

</description> 
</instanceDescription> 

</instance> 
<connection> 

<from>UI</from> 
<to>Search</to> 

</connection> 
<connection> 

<from>Search</from> 
<to>Union</to> 

</connection> 
<questions> 

<question> 
<description> 

The administrator's e-mail is that to which all correspondence about the 
digital library will be directed. 

</description> 
<text>Please Input the Administrator's e-mail Address</text> 
<answer> </answer> 
<default>administrator@domain.suffix</default> 
<locations> 

<location>/CCL/instance[O]/ ... /description/ui/adminEmail</location> 
<location>/CCL/instance[l] I . .. /description/dbbrowse/adminEmail</location> 
<location>/CCL/instance[2]/ ... /description/irdb/adminEmail</location> 
<location>/CCL/instance[3]/ ... /dcscription/dbunion/adminEmail</location> 

</locations> 
</question> 
<question> 

<description> 
Some of the components need to use a database to store their internal data. 
This database should already be created. If not, please create it before 
continuing. 

</description> 
<text>Please Input the Database</text> 
<answer> </answer> 
<default>etds db</default> 
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<locations> 
<location>/CCL/instance[l]/ ... /description/dbbrowse/database</location> 
<location>/CCL/instance[2]/ ... /description/irdb/database</location> 
<location>/CCL/instance[3]/ ... /description/dbunion/database</location> 

</locations> 
</question> 
<question> 

<description> 
This is the username that will be used to connect to the database that has 
been specified. 

</description> 
<text>Please Input the Database Username</text> 
<answer> </answer> 
<default>username</default> 
<locations> 

<location>/CCL/instance[l]/ ... /description/dbbrowse/dbusername</location> 
<location>/CCL/instance[2]/ ... /description/irdb/dbusername</location> 
<location>/CCL/instance[3]/ ... /description/dbunion/dbusername</location> 

</locations> 
</question> 
<question> 

<description> 
This is the password that will be used in conjunction with the username that 
has been specified to connect to the database. 

</description> 
<text>Please Input the Database Password</text> 
<answer> </answer> 
<default>password</default> 
<locations> 

<location>/CCL/instance[l]/ ... /description/dbbrowse/dbpassword</location> 
<location>/CCL/instance[2]/ ... /description/irdb/dbpassword</location> 
<location>/CCL/instance[3]/ ... /description/dbunion/dbpassword</location> 

</locations> 
</question> 
<question> 

<description> 
This is the database table prefix that will be used within the database in 
order to differentiate data that belongs to the Union [dbunion] component. 

</description> 
<text>Please Input the Database Table Prefix for the Union Component</text> 
<answer> </answer> 
<default>union_archive</default> 
<locations> 

<location>/CCL/instance[3]/instanceDescription/description/dbunion/table</location> 
</locations> 

</question> 
</questions> 
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A.2 COMPONENT NAME MAPPINGS 

c?xml version="l.O'l encoding=I'UTF-B I1 ?> 

<components > 

<component> 
cname>irdbc/name> 

Chapter A - Specifications 

<description>An ODL resource searching component.</description> 
<versions> 

<version>IRDB-l.O.tar.gz</version> 
<version>IRDB-l.l.tar.gz</version> 
<version>IRDB-l.2.tar.gz</version> 
<version>IRDB-l.3.tar.gz</version> 

</versions> 
</component> 
<component> 

<name>dbbrowse</name> 
<description>An ODL resource browsing component.</description> 
<versions> 

<version>DBBrowse-l.O.tar.gz</version> 
<version>DBBrowse-l.l.tar.gz</version> 
<version>DBBrowse-l.2.tar.gz</version> 

</versions> 
</component> 
<component> 

<name>dbrate</name> 
<description>An ODL resource rating component.</description> 
<versions> 

<version>DBRate-l.O.tar.gz</version> 
</versions> 

</component> 
<component> 

cname>uic/name> 
<description> 

A user interface that is designed to interact with, and deliver services offered 
by ODL components. 

</description> 
<versions> 

<version>BRSUI-l.O.tar.gz</version> 
</versions> 

</component> 
<component> 

<name>dbunion</name> 
<description> 

An ODL union archive component. Harvests several open archives and roles as a 
service provider for other ODL components. 

</description> 
<versions> 

<version>DBUnion-l.O.tar.gz</version> 
<version>DBUnion-l.l.tar.gz</version> 
<version>DBUnion-l.2.tar.gz</version> 

</versions> 
</component> 

</components> 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter A - Specifications 

A.3 DEPENDENCIES 

< ?xml version= n 1.0 II encoding:::; "UTF- 8 "? > 

<dependencies> 
<dependency> 

<name>mysql</name> 
<description> 

An Open Source Software relational Database Management System (DBMS) 
which uses a subset of ANSI SQL (Structured Query Language). This 
DBMS is be used by various components for data storage and retrieval 
purposes. 

</description> 
<version> 

<atleast>4.1.1</atleast> 
<atmost>S.O.lS</atmost> 

</version> 
<platforms> 

<platform> 
<name>GNU/Linux</name> 
<version> 

<atleast>2.2.13</atleast> 
<atmost>2.6.15</atmost> 

</version> 
<check> 

<command>java checkmysql</command> 
</check> 
<source> 

<url>http://www.mysql.com/downloads/mysql-5.0.15.tar.gz/</url> 
</source> 
<install> 

<command>gzip -cd I tar -xf - mysql-5.0.15.tar.gz</command> 
<command>mysql-5.0.15/install</command> 

</install> 
</platform> 
<platform> 

<name>Windows</name> 
<version> 

<atleast>98</atleast> 
<atmost>XP</atmost> 

</version> 
<check> 

<command>java checkmysql</command> 
</check> 
<source> 

<url>http://www.mysql.com/downloads/mysql-5.0.15.exe/<furl> 
</source> 
<install> 

<command>mysql-5.0.15.exe</command> 
</install> 

</platform> 
</platforms> 
<rights/> 
<dependencies/> 

</dependency> 
</dependencies> 

- 91 -
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A.4 INSTALLATION SCRIPT 

<?xml version="l.O" encoding=1IUTF-8"?> 
<script> 

<preamble> 
<dlname>My First Digital Library</dlname> 
<location>/installations/dls/</location> 

</preamble> 
<installation> 

<question> 
<description> 

The administrator's e-mail is that to which all correspondence about the 
digital library will be directed. 

</description> 
<text>Please Input the Administrator's e-mail Address</text> 
<answer> </answer> 
<default>administrator@domain.suffix</default> 
<locations> 

<location>/CCL/instance[O]/ ... /description/ui/adminEmail</location> 
<location>/CCL/instance[l]/ ... /description/dbbrowse/adminEmail</location> 
<location>/CCL/instance[2]/ ... /description/irdb/adminEmail</location> 
<location>/CCL/instance[3]/ ... /description/dbunion/adminEmail</location> 

</locations> 
</question> 
<question> 

<description> 
Some of the components need to use a database to store their internal data. 
This database should already be created. If not, please create it before 
continuing. 

</description> 
<text>Please Input the Database</text> 
<answer> </answer> 
<default>etds db</default> 
<locations> 

<location>/CCL/instance[l]/ ... /description/dbbrowse/database</location> 
<location>/CCL/instance[2]/ ... /description/irdb/database</location> 
<location>/CCL/instance[3]/ ... /description/dbunion/database</location> 

</locations> 
</question> 
<question> 

<description> 
This is the username that will be used to connect to the database that has 
been specified. 

</description> 
<text>Please Input the Database Username</text> 
<answer> </answer> 
<default>username</default> 
<locations> 

<location>/CCL/instance[l]/ ... /description/dbbrowse/dbusername</location> 
<location>/CCL/instance[2]/ ... /description/irdb/dbusername</location> 
<location>/CCL/instance[3]/ ... /description/dbunion/dbusername</location> 

</locations> 
</question> 
<question> 

<description> 
This is the password that will be used in conjunction with the username that 
has been specified to connect to the database. 

</description> 
<text>Please Input the Database Password</text> 
<answer> «answer> 
<default>password</default> 
<locations> 

<location>/CCL/instance[l]/ ... /description/dbbrowse/dbpassword</location> 
<location>/CCL/instance[2]/ ... /description/irdb/dbpassword</location> 
<location>/CCL/instance[3]/ ... /description/dbunion/dbpassword</location> 

</locations> 
</question> 
<question> 

<description> 
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This is the database table prefix that will be used within the database in 
order to differentiate data that belongs to the Union [dbunionJ component. 

</description> 
<text>Please Input the Database Table Prefix for the Union Component</text> 
<answer> </answer> 
<default>union archive</default> 
<locations> 

<location>/CCL/instance[3]/instanceDescription/description/dbunion/table</location> 
</locations> 

</question> 
<question> 

<description> 
This is the database table prefix that will be used within the database in 
order to differentiate data that belongs to the Search [irdbJ component. 

</description> 
<text>Please Input the Database Table Prefix for the Search Component</text> 
<answer> </answer> 
<default>search</default> 
<locations> 

<location>/CCL/instance[2]/instanceDescription/description/irdb/table</location> 
</locations> 

</question> 
<question> 

<description> 
The URL to CGI location is that which grants access to the CGI location where this 
Digital Library will be installed. 

</description> 
<text>Please Input URL to CGI Location</text> 
<answer> </answer> 
<default>http://localhost/cgi-bin/</default> 
<locations> 

<location> <!--URL TO CGI LOCATION--> </location> 
</locations> 

</question> 
</installation> 

</script> 
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ApPENDIX B 

EVALUATION EXERCISE 

FLEXIBLE PACKAGING METHODOLOGIES FOR RAPID DEPLOYMENT OF 
CUSTOMISABLE COMPONENT-BASED DIGITAL LIBRARIES 

EVALUATION EXERCISE 

CONTENTS 

- INTRODUCTION -

- SECTION I -

Background Infonnation 

- SECTION 2-
Installing a Digital Library Componentwise 

- SECTION 3-
Building and Installing a Digital Library Package 

- SECTION 4-
Survey 

Approximate Duration Time: 30 Minutes 

94 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter B - Evaluation Exercise - 95 -

INTRODUCTION 

Before commencing with the evaluation exercise, it is essential to paint a clear picture of what it is all 
about, as well as introduce some unfamiliar terms that are used throughout this evaluation exercise. This 
section introduces some background information relevant to this study, the tools that will be used in 
various sections and used tenninology, all of which will help in successfully completing the evaluation 
exercise. 

Digital Library 

Simply put, a digital library is a managed and accessible electronic information management system. 
This information can be any of, but not limited to, documents or multimedia items. Each information 
item is associated with metadata - information about an information item, encoded in one or more 
metadata encoding standards, like the Dublin Core Metadata Standard, and is used for describing that 
particular information item. There are several services that a digital library can provide to access and 
sometime alter its contents. These include the ability to search through an archive, browse through an 
archive as well as record other high level annotations to each information item. There are various means 
that can be used by digital libraries in sharing and passing information amongst themselves, the most 
prominent being the Open Archives Initiative Protocol for Metadata Harvesting (OAI-PMH). 

Open Digital Libraries 

The Open Digital Libraries (ODL) project was concerned with building digital libraries out of compo
nents. The outcome of the ODL project was a suite of lightweight components, ODL components, which 
can be connected together and can communicate with each other and with other OAI compliant digital 
libraries using an extension of the OAI-PMH. The table below presents some ODL components that will 
be used throughout this evaluation excrcise, with their associated functions . 

. ~ompoI1~nt 1 Function 

DB Union Harvests (collects) data from one or more Open 
Archives - OAI compliant archives and keeps it in 
a local archive 

IRDB A search engine which searches a specified Open 
Archive and returns results 

BRSUI A user interface through which various services, in
cluding those provided by IRDB, can be utilised Univ
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The diagram below shows a component-based digital library composed of ODL components that have 
been described above. For the remainder of this exercise, this system will be referred to as "the digital 
library." 

Open Archives 

OBUnion IROB BRSUI 

baseURL 

A baseURL is a Uniform Resource Locator (URL) that can be used in accessing an ODL component's in
formation or accessing any other OAI compliant digital library's information over the Web. Considering 
the digital library shown above, the BRSUI component connects to the IRDB component using IRDB's 
baseURL, the IRDB component connects to the DB Union component using DBUnion's baseURL and 
so on. 

Questions 

Most of the questions that are asked throughout the exercise, are scaled questions. The table below 
explains the vocabulary that is used in the scaled questions. 

Phrase i-Explanation 

Very Good Exceptionally agree with, exceptionally acquaiTlted 
with, or completely accept the idea, concept or sub

I ject presented by the question at hand 
Good . Significantl)' agree with, sIgnificantly acquainted 

with, or significantly accept the idea, concept or 
subject presented by the question at hand 

Neutral Moderately agree with, moderately acquainted with, 
or moderately accept the idea, concept or subject 
presented by the question at hand 

-

Poor Somewhat agree with, somewhat acquainted with, 
or somewhat accept the idea, concept or subject pre

, sented by the question at hand 
Very Poor 'InsufficientTy agree with, insufficiently acquainted 

with, or insufficiently accept the idea, concept or 
i subject presented by the question at hand 

No Response Do not know or are not is a position to give a mean
ingful or appropriate answer to the question at hand 

. --- --

For questions that present a choice box (D), use either a tick ( V) or a cross (x) to indicate your preferred 
answer. Other questions are open-ended and require written feedback. These will offer an opportunity 
to express your views in an unconstrained manner. 
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Tools and Exercises 

The system that will be evaluated is composed of two tools, the Packager and the Installer tools. The first 
exercise will involve using the Packager tool to build the digital library package. The second exercise 
is divided into two sections; the first involving installing the digital library from the package created in 
the first exercise and the second involving installing the digital library from loosely placed and partially 
configured components. At the end of each exercise as well as in the final section, there are questions 
aimed at gathering feedback. 

PLEASE NOTE that you are taking part in this exercise on a voluntary basis, purely for academic pur
poses, and the observations that will be recorded by means ofpencillpen and paper as well as the results 
thereof, will be confidential. This analysis is strictly based on the tools provided, and at no point will the 
focus of the analysis be on you or your computer literacy. Feel free to ask questions at any time while 
performing the tasks and you are not obliged to complete any or all of the tasks, should there be a need 
for you not to. 
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B.I BACKGROUND INFORMATION 

In this section, you are requested to provide some background details relating to your Qualifications, 
Software Installations, Software Management Tools as well as some aspects of Software Systems. 

B.I.I Qualification Details 

Please fill in appropriate fields below. If you are a student, fill in under Student otherwise fill in under 
Professional: 

Student 

Programme 
Year of Study 
Major(s) 

B.I.2 Software Installations 

Professional 

Profession: 
Qualification: 

Have you installed any software packages on the following platforms? If Yes is selected, please supply 
at least one example. 

Windows: 

Linux: 

Yes D 

Yes D 

NoD 

NoD 

Example(s) : ............................................... . 
-1 

Example(s) : ............................................... . 
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B.1.3 Software Management Tools 

How would you rate your ability to install, configure, manage and uninstall packages created with the 
following tools? Recall: No Response = Do not know or have not used the tool in question. 

InstallShield. 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 No Response 0 

Wise/Un Wise. 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 No Response 0 

RedHat Package Manager (RPM). 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 No Response 0 

Other: ............................................... . 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 

Other: ............................................... . 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 

8.104 Software Systems 

As a user of software systems, how would you rate your understanding of the following? 

Component-based sofnvare system (E.g. JavaBeans, C++ Builder, ActiveX) 

Very Good 0 Good 0 Neutral 0 Poor 0 Vcry Poor 0 

Web-based software systems (E.g. Online Guestbook, Online Photo Album, Online Store) 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 

Online information management systems (E.g. Britannica Online, Wikipedia, ACM Digital Library) 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 

Are you, or have you ever been a computer programmer? 

- -- - -1 

! 

Yes 0 NoO 
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If Yes, how would you rate your understanding of the following from the perspective of using the tools 
as a programmer? 

Component-based software system (E.g. JavaBeans, c++ Builder, ActiveX) 

Very Good D GoodD Neutral D Poor D Very Poor D 

Web-based software systems (E.g. Online Guestbook, Online PhOTO Album, Online Store) 

Very Good D GoodD Neutral D Poor D Very Poor D 

Online information management systems (E.g. Britannica Online, Wikipedia, ACM Digital Library) 

Very Good D GoodD Neutral D Poor D Very Poor D 

Prior to this exercise, did you know what Digital Libraries are? 

YesD NoD 

If Yes, how would you rate your knowledge about them? 

Installed D Used D Heard About D 
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H.2 DIG ITAL LIBRARY CO\IPONICNTWISIC 11'ISTALLATION 

I tl th i, exerc",e. you" ill he ,nswllJng the dig imllibrmy on, componom ,I " limo. DlI,ill!; the in"allalion. 
thoro ore son" cas~, whcr~ thor, will ,I,e, uy be debull ,'alue, to, ,ome rlClds. II is lhe,~h-.re odvi,abk 
10 ro,u lh, que,lioll Iho'oughl y, 111 o<dtt 10 deckle whelher 10 le~p the default value or specify, ]IlOCO 

TTlCatlingful answer (iu ide lin e< on .,,,,"',, 0'" given where releyom, 

Aim 

To j<l<lall the digitallibr""y comJX',,,,nnois.c 

Method 

The di'gram below shov. s p"rt or ~he ill,I, lIa~ion p"",e~, (lhe ,haded "r~a) wh ich ha< ol['eody l",etl per
fom1,,1 011 )-OU' behaH. What this enwiled was c,,,,figur ing {he DBUnion compon~nt W ga lher ,1,1" from 
I {"s-"eln.\' ' Photo .~II",", w,th the bJseURL hllf!-'/'''''w~',h1l-\seiluspacc, c(J1>I/(gi-bi" n0-1 f.--)"pi('.,//o.'pil.'s oaip/, 
Th is data "'as th en ,tCtf,,1 ill ""'yS(JI. ualal,",o "valuation JI!. I'or lh is exe .. ci,~, you arc requesled I~ 
configuro Iho remailling oomp"'lCnt;; - IR Dn and llRSLL using {ll<> 11l,tbcx1s all,l p"n",lCle,-, given 
bo low, 

I~DB 

(:(In{iguring the IRDB L.·ompo"cm 

A term;,,,,/ ulwu!;b whioh you wi ll he able to cotlfigure the IRDn comJ"""",m ha, beell ope"",1 for yo u. 
To run tho;; co nfiguration script. type th~ t~llowing conlln,nu; ]Xrl (XJI!/!gw'li.pll'Fal",,/ill" !()llm. ed by 

< E"<TE R '.>, Y"" wi ll thell 1>0:; "blo;; ~o ''''''"' the '1ue,llOns that folio", with the tollowing glliMline" 

Driwr /n)'sql 

Name - ",,,,h,,,/i,,,ull! 

Table - irJb .2 

• Rcpositol)'''",11<> - I<",'cepl deJaull1 

• Archi\'e 

- luelltifier Loca/ I)HLinu", 
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- URL - http://nala.cs.uct.ac.za/cgi-bin/evaluation2/0DL-DBUnion-I.2/DBUnion/evaluation2/union.pl 

- Harvesting Interval- [accept default] 

- Harvesting Overlap - [accept default] 

- Harvesting Granularity - [accept default] 

- Metadata Prefix - oai_dc 

- Sets - [accept default] 

To verify if the configuration was successful, type the following commands in the terminal: 

cd evaluation <ENTER> 
perl harvest.pl <ENTER> 
perl testsearch.pl 'uct' <ENTER> 

Configuring the BRSUI Component 

switching to the configured instance 
gathering data from the DBUnion archive 
issuing a test query to verify that IRDB has 
been properly configured 

A terminal through which you will be able to configure the BRSUI component has been opened for you. 
To run the configuration script, type the following command: perl configurepl evaluation followed by 
<ENTER>. You will then be able to answer the questions that follow, with the following guidelines. 

• User Interface Name - Evaluation Exercise User Interface 

• Administrator E-Mail-fcp@cs.uct.ac.za 

• Title Bar - BRSUI User Interface 

• Body Title - [accept default] 

• Message - [accept default] 

• Footer - [accept default] 

• Search baseURL - http://nala.cs.uct.ac.zalcgi-binlevaluation210DL-IRDB-I.3IIRDBlevaluationlsearchpl 

• Browse baseURL - [leave blank] 

• Rate baseURL - [leave blank] 

To verify if the configuration was successful, point a browser at the the following URL: 
http://nala.cs.uct.ac.zalcgi-binlevaluation2IBRSUIIBRSUIIevaluationlindexpl and issue a test search query 
'uct' 
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Feedback 

Have you successfully installed the digital library? 

Yes 0 NoD 

How would you rate your understanding of the installation process? 

- I 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 

How would you rate the overall usability associated with installing the digital library componentwise? 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 

Comment on any other aspect of the componentwise installation process. 
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B.3 DIGITAL LIBRARY PACKAGE BUILDING AND INSTALLATION 

This exercise is divided into two sections. The first section will be to build the digital library package 
while the second section will be installing the digital package that will be built in the first section. 

B.3.1 Building the Digital Library Package 

The process of building the digital library package is concerned with specifying default values like name 
and installation location which will be used when the package is installed at a later point. Furthermore, 
when building a package, additional questions to be asked at installation time which do not form part of 
the initial digital library specification can be specified and any of the questions edited or removed. This 
exercise will cover most of the aspects of creating a digital library package. 

To build the digital library package described by the CCL file: evaluation.eel 

Method 

1. Launch the Packager tool to begin building the package 

2. Follow on-screen instructions to progress through the following stages of building a package 

• Welcome: 
Gives an overview of the package building process 

• Load CCL File: 
Load a specification file describing the digital library. Find the CCL file at this location: 
Desktop 

• Digital Library Components: 
Shows all the components that make up the digital library 

• Digital Library Name: 
Specify the default name with which the digital library will be known. This can be any name 
you wish it to be. For example: My First Digital Library, mylib or Library 

• Installation Location: 
Specify the default installation location for the digital library. For example: Idlslinstallationsl 

• Installation Questions: 
Add, edit or remove questions to be asked during installation. Please perform the following 
tasks: 

- Edit the 'Please Input the Database' question by changing the default value to 
'DBI:mysql:evaluation_db' 

- Add a new question with the following fields: 

Question: 
Description: 

Default: 
Path: 

Please Input the Database Table Prefix for the Search Component 
This is the database table prefix that will be used within the database in order 
to differentiate data that belongs to the Search [irdb] component 
irdb 
ICCLIinstance[ 1 ]/instanceDescriptionidescriptionlirdb/table 
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• Save Package: 
Specify the name of the package as well as the location where it should be saved. Use the 
Desktop location 

• Finalising Package: 
Creates the package and removes unwanted data 

• Verify by checking in Desktop if the package has been created and stored 

Feedback 

Have you successfully created the digital library package? 

Yes 0 NoD 

How would you rate your understanding of the package building process? 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 

How would you rate the overall usability of the Package Builder tool? 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 

Comment on any other aspect of the package building process. 
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B.3.2 Installing the Digital Library Package 

The process of installing the digital library package has a similar feeling to that of building the digital 
library package as in Section B.3.1. During the installation, there are some cases where there will already 
be default values for some fields. It is therefore advisable to read the question thoroughly, in order to 
decide whether to keep the default value or specify a more meaningful answer. Guidelines on answers 
are given where relevant. 

To install the digital library package from the previous exercise, Section B.3.l. 

Method 

I. Unzip the package created in Section B.3.1 and launch the Installer tool. 

2. Follow on-screen instructions to progress through the following stages of installing a package. 

• Welcome: 
Gives an overview of the package installation process 

• Installation Location: 
Specify a location to which the digital library will be installed. Specify the package instal
lation location as: F:\Per/ and Apache2\Apache2\cgi-bin\evaluation 

• Extracting Files: 
Extracts all the necessary files for installing the digital library 

• Dependency Summary: 
Shows a summary of components and their associated dependencies 

• Questions: 
All the questions that have been specified at build time will be asked here. Give appropriate 
answers or accept the default values. For the question: Please Input URL to CGI Location 
use the value: http://nala.cs.uct.ac.za/cgi-bin/evaluation 

• Finalising Installation: 
Completes the installation process by running automatic configuration scripts and removing 
unwanted data 

3. Launch the installed digital library on a browser. Use the URL given at Finalising Installation 

4. Uninstall the digital library 

Feedback 

Have you successfully installed thc digital library package? 

Yes D NoD 
L __ _ i 
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How would you rate your understanding of the package installation process? 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 

How would you rate the overall usability of the Package Installer tool? 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 

Comment on any other aspect of the package installation process. 
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B.4 SURVEY 

How would you rate the overall aesthetic design of both the Package Builder and Package Installer 
tools? 

Very Good 0 Good 0 Neutral 0 Poor 0 Very Poor 0 

What would you omit, add or otherwise do if you were to design the Package Builder and Package 
Installer tools. 

Did the Package Builder and Package Installer tools strike you as something completely different to 
what you are already acquainted with? Explain. 

Which installation process, according to your experience, do you regard as better? Explain your choice 
comparatively i.e., by listing the strengths and weaknesses of both processes. 
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