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ABSTRACT

One of the contributions of Component Based Software Development
(CBSD) is the reuse of software components across multiple systems by software
developers. However, the developers often face a difficulty to determine the
reusability of the components during the component selection process. Similarly, the
component developers also have a problem to measure the component reusability
during component development. Nowadays, even though many studies have been
conducted in this field, which the researchers suggested many approaches with
metrics but they still lack in empirical confirmation and evidences. Therefore, the
aim of this study is to investigate and develop the component reusability evaluation
approach to support CBSD. The proposed approach, which is called Component
Reusability Evaluation Approach (CREA), is supported by the developed automated
tool (CREATool) that may automate the reusability evaluation. CREA is then
evaluated by applying five Java component in this approach and CREATool to the
selected software components. The results from the application approach and then
validated with results from the controlled experiment using statistical analysis. The
results indicated that CREA able to provide an acceptable reusability measure, which
it is confirmed by similarity results between evaluation using statistical analysis
through the controlled experiment and by applying the CREATool. It shows that the
proposed approach could be used as an alternative approach in component reusability
evaluation. Although the developed approach are not intended to make a holistic and
an ultimate decision whether the components can be reused or not, but it is useful
enough to be considered as a guide for both component users and developers in

making decisions related to reusable components
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ABSTRAK

Salah satu sumbangan pembangunan perisian berasaskan komponen (CBSD)
adalah penggunaan semula komponen perisian merentas pelbagai sistem oleh
pembangun perisian. Walau bagaimanapun, pembangun perisian sering menghadapi
kesukaran untuk menentukan kebolehgunaan semula komponen semasa proses
pemilihan komponen. Selain itu, pembangun komponen juga mempunyai masalah
untuk mengukur kebergantungan komponen semasa pembangunan semula
komponen. Pada masa kini, walaupun terdapat banyak kajian telah dijalankan dalam
bidang ini oleh penyelidik yang telah mencadangkan banyak pendekatan dengan
pelbagai jenis metrik, kajian ini tidak mempunyai bukti dalam pengesahan empirikal.
Oleh itu, kajian ini mengkaji dan membangunkan pendekatan penilaian
kebolehgunaan semula komponen (CREA) dalam menyokong CBSD. Pendekatan
yang dikenali sebagai penilaian kebolehgunaan semula komponen (CREA) disokong
oleh peralatan automatik yang dibangunkan. Dalam kajian ini, CREATool telah
dibangunkan untuk kajian yang boleh mengautomasikan penilaian kebolehgunaan.
CREA telah dinilai dengan menggunakannya kepada komponen Java yang dipilih
menggunakan CREATool yang dibangunkan. Hasil daripada eksperimen ini
selanjutnya disahkan dengan menggunakan eksperimen terkawal berdasarkan analisa
statistik. Berdasarkan ketekalan hasil daripada kedua-dua eksperimen, keputusan
menunjukkan bahawa CREA menghasilkan ukuran kebolehgunaan semula yang
dapat diterima. Oleh itu, berdasarkan daripada keputusan CREA boleh dianggap
sebagai pendekatan alternatif dalam penilaian kebolehgunaan semula komponen.
Pendekatan yang dibangunkan tidak dapat membuat keputusan yang holistik dan
keputusan muktamad untuk pemilihan komponen sama ada boleh digunakan semula
atau tidak, tetapi ia boleh menjadi panduan bagi pengguna komponen dan pemaju
dalam membuat keputusan yang berkaitan dengan komponen yang boleh diguna

semula.
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CHAPTER 1

INTRODUCTION

This chapter provides an introduction to the research work presented in this
thesis. It describes the research background and reviews numerous important related
aspects of this research. In the first part, it explains the problem background followed
by the problem statements and objectives of the study. Next, it describes the scope of
the study and explains the importance of the study. Finally, it presents the outline of
the thesis.

1.1 Research Background

In this section, issues related to the main areas of the research are presented.
They are categorized into three parts, namely software reuse and component reuse,
component reuse problem and research direction for component reuse. The category

will be explained in the following sections.



1.1.1 Software Component Reuse

In software engineering, the trend is changing from the traditional software
development approach to the extension and integration with existing systems [3, 4].
An ideal software component reuse technology would enable software developers to
quickly use and adapt components in software development. In addition, this
technology could be used in all application domains, to reduce the time and effort
required to build and maintain software systems and to enhance the quality of

software systems by reusing quality and reusable software components.

Software component reuse is considered as an important solution to many
software engineering problems. It has been claimed to improve the productivity and
the quality of software development [5, 7]. Many organizations have benefited from
using reusable components in reducing the time and cost of software development
[8-10].

From exhaustive study in software component reuse, it can be concluded that
software component reuse is one of the important factors in facilitating software
reuse in new software development. Software become hard to be developed,
understood, managed, controlled and maintained without any software component
reuse. Software component reuse plays an important role as it always keeps track of
the relationships among the artifacts to help developers or system analysts in
performing their tasks. It helps ensuring that software development time could be
cut down and upon a change has been made and all of impacted components have
been reused, plug in into the new system and tested effectively. Finally, the new

software development cannot be developed from scratch.

1.1.2 Software Component Reuse Problem

Among the problems faced by software engineers in component reuse is the
difficulty to determine which set of components are suitable to use in new software

development. Problem of feature and component selection, if these are given a set of



such components, it is hard to determine a subset that it is minimize the risk and

maximize the commercial return

In addition, third-party users always face the problem on how to test software

component when its source code is unavailable [12].

1.1.3 Directions for Software Component Reuse

Software component reuse is considered as an important solution to many
software engineering problems. It is claimed to help improve the productivity and
quality of software development [4, 6, 7]. Many organizations have benefited from
using reusable components because it can reduce the time and cost of software
development [5, 11, 13]. Deng [14], suggested to reuse the component in software
development when the components that will be used exactly fit the need of the
software developer. It can be used without any modification or learn how to use it
[14].

Since software reuse is widely accepted as a solution to improve the quality
of both software products and processes, there are many research efforts devoted to
this area [3, 15, 16]. Such examples are the management of reusable component

reuses metrics, and the composition of reusable artifacts.

However, regarding software development using components based
approach, it requires more effort by the developers to reuse the component in new
systems developments. It needs the study of component evaluation approach that
may assist software engineers in developing and measuring their own reusable
components [17]. On the other hand, using this evaluation approach; it is easier for
software developers to determine which set of components that are useful to produce

new quality software in their future software project development.



Many component evaluation approaches that have been proposed such as
product line component approach [16-18], original component approach [17], quality
component approach [3, 18, 19] and reusability component approach [20, 21]. Most
of components evaluation approaches focus only on some limited aspects in
evaluating the components. The aspects only cover for components with reuse such
as a black box components that the source codes of the components are unavailable.
However, in order to support software component evaluation, a component
evaluation approach must take as much as possible important influencing aspects that
cover components with reuse and components for reuse in component evaluation.
This study focuses on component reusability evaluation of components for reuse.
This approach has many characteristics that minimizes software development time,
effort and cost in the development new systems, such as portability, adaptability,
understandability and confidence [20, 21, 106].

1.2 Statement of the Problem

This study covers software reuse in general and software component reuse in
specific. Shambhu and Mishra [71] stated that software component reuse helps
reducing production cost and time in a new software development. Component
Based Software Development (CBSD) is one of the techniques used by researchers
and practitioners to improve the quality of software systems with lower cost and
shorter time to market, where it uses existing reusable components instead of writing
from scratch [72].

It posits that utilizing a reusable software components reusability evaluation
approach to provide significant support for facilitating component for reuse in
CBSD. There are many characteristics of component reusability such as portability,
adaptability/legibility, understandability and confidence that are mentioned by
previous researchers [20, 21, 106]. The metrics of component reusability were

proposed based on these characteristics and sub characteristics.



From the study on the reusability component evaluation approach, component

evaluation is very important in order to select the suitable component for new

software development. Although, there are many software component reusability

evaluation approaches were proposed, but most of them lack empirical validation

[80]. The hypothesis leads to the following research questions.

The main research question is “How to evaluate component reusability in

component reuse for Component Based Software Development (CBSD)?”

The sub-questions about the main research question are as follows:

(i)

(ii)

(iii)

(iv)

1.3

What is the gap in the current component reusability evaluation approaches in
CBSD?

How to define the characteristics and sub characteristics of software
component reusability evaluation for CBSD?

How to develop a set of metrics suite of software component reusability
evaluation approach for CBSD?

To evaluate and validate the reliability of the proposed approach using

controlled experiments and appropriate supporting tools for CBSD?

Objectives of the Study

Based on the problem statements mentioned above, this research

encompasses a set of objectives of this research as follows:

(i)

(i)

(iii)

To investigate and identify the gap in the current component reusability
evaluation approaches in CBSD.
To define the characteristics and sub characteristics of software component
reusability evaluation for CBSD.
To develop a set of metrics suite of software component reusability

evaluation approach for CBSD.



(iv)  To evaluate and validate the reliability of the proposed approach using

controlled experiments and appropriate supporting tools for CBSD.

1.4 Scope of the Study

This research developed a set of metrics suite for software component
reusability evaluation approach to support software component for reuse in CBSD. In
this study only Java components are considered. The evaluation of the component
reusability was done using the development of the tool proposed approach. However,
this research will only focus on the components for reuse in the software

development.

Although numerous component evaluation approaches that supports many
software component reuse activities are available, there is a lack of metrics suites for
component reusability evaluation. The theory of fuzzy logic that is used in this study
was coined by Lotfi A. Zadeh, Professor at the University of California, Berkley
[67]. This research proposed a component reusability evaluation approach employing
fuzzy rules to calculate the reusability level of the components. The proposed

approach focuses on the following aspects:

(i) Selecting the Java components that can be used in the development of a
software.

(i)  Evaluating the reusable components based on reusability level for those
components.

(i) Adopting the reusable components in new software development that will
cover the process to select, reuse, evaluate and adopt the components that can

be deployed in the development of the new software [22].

In this research, a supporting tool has been created to implement the approach
and to simplify the component reusability evaluation. The tool will be integrated with
a specific ready-to-use Integrated Development Application (IDE) in order to select

the reusable components for software development processes.



In this study, four sample Java component/packages have been used as input
for the evaluation subject, namely BookPackage, FruitPackage, GeogmetricPackage
and PersonPackage. Every package was used as a subject for metrics calculation
using proposed metrics and the developed tool. These packages were also used as a
reuse component in simple Java programming development coupled with that a set of
questionnaire that need to be answered by target users. Software component model
for this study is waterfall software life cycle model. Software reuse can be applied at
any stage in software development processes. The reusable software artifacts such as
requirement documents, system specification, design patterns, software unit, test

cases and development artifacts can potentially be reused at the different stages.

1.5  Significance of the Study

Software component reuse is about reusing existing components in software
development rather than developing a software from scratch. Many literatures point
out that there is a close relation between software component reuse and software
development where in software component reuse the software developer develop
software using existing reusable component, instead of writing the coding from the
scratch [9, 13, 15].

Software component reuse plays an important role to support software in
CBSD because it can reduce cost and time during the lifecycle of a software
development. Thus, finding the approach for evaluating component reusability
among components that takes multiple aspects into consideration is very important in

order to simplify and minimize software development effort.

A more flexible and natural way of evaluating software component
reusability is by employing everyday natural human language. Thus by incorporating
fuzzy logic technique into software component evaluation, it will make the process

become more flexible and friendly to user.



1.6 Thesis Organization

This thesis is divided into seven chapters. Chapter 1 contains the overview of
the study, problem statement, objectives and scope and significance of the study and
finally, outline of the thesis. Chapter 2 to Chapter 7 are organized as follows:

Chapter 2: reviews the literature of software reuse and component reuse. It
presents the definitions of software reuse as well as discuss issues related to software
component reused as pointed out by some researchers. It is followed by component
reuse that will be used as a tool to compare some existing evaluation approaches. It
also reviews four existing component evaluation approaches, then explains
comparative approaches for various component evaluations. The comparative
approaches were focused primarily on their capability to support software component
evaluation. In addition, comparison of various metric suites was also performed. This
chapter is concluded with a discussion based on the evaluation results and a summary

of the approaches.

Chapter 3: discussions on the research methodology that describes the
research design and formulation of the research problems and validation
considerations. This chapter also presented procedures that were carried out in this
research. It also describes the experiments that were conducted to evaluate the
development tool as well as describing the validation process for this research.

Lastly, it explains some assumptions and limitations of this research.

Chapter 4: presents the details of the proposed component reusability
evaluation approach. It includes the proposed model for component reusability
evaluation approach and its rationale. Next, it describes the conceptual framework of

this study followed by explanations of the proposed approach.

Chapter 5: explains the design and functionality of Component Reusable
Evaluation Approach (CREA) tools as well as its accomplishment. This chapter

describes the design of the tool, the user interface, and the implementation.



Chapter 6: Provides evaluations and validation of CREA. The evaluations
focused on component reusable metrics, the methods used and the experiments that
had been conducted. Research findings based on the results of the analysis are
provided at the end of this chapter.

Chapter 7: Presents the achievements of the research objectives, the research

contributions, recommendations and future work of this study.
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