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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
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By
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January 2016
Chair: Hazura Binti Zulzalil, PhD
Faculty: Computer Science and Information Technology

Modularity aims to increase the maintainability of a software program by
fostering reusability, assist in reducing development cost and enhancing the
quality of the software. Although modularity gaining popularity, yet it hard to
be realized due to the existence of stakeholder interest in the primary
programs. Thus, maintainability became an unresolved issue. This issue may
be compromised by isolating stakeholder interests, yet the system still contains
interests which hard to be located. Therefore, an essential approach for
managing and controlling those crosscutting stakeholder interests became
tremendously important. Accordingly, Aspect-Oriented Approach (AOA) is
employed the concept of crosscutting concern and aspect as the representation
of those stakeholder interests. At the present time, the software practitioners
have preferred to conduct crosscutting concern isolation at coding level, which
have been resulting in ambiguous situation. Therefore, the crosscutting
concern isolation process was transformed into requirement specifications.
Since Early Aspect concept stay in line with new software development, the
attempt to make existing application’s to be AOA compatible became the
matter in question. For this reason, the refactoring effort which started at
requirement specification has become absolutely necessary. In that case, this
study seeks to address the issue by proposing a conceptual framework known
as Requirement-Oriented Aspect Refactoring (ReqOAR). In order to view the
issue comprehensively, the ReqOAR aims to handle concern at requirement
level and to facilitate aspect candidate flow throughout existing software
artefacts. To foster effective concern handler at requirement level, ReqOAR
conceptual framework were included with the process components such as
concern identification, concern isolation and aspect formation. Whereas, to
ensure the flow of aspect candidate throughout the software artefacts, ReqOAR
comprise of process called as concern mapping. Apart from process



components, ReqOAR also contain techniques components which associated
with aforementioned process components. For instance, Crosscutting Concern
Domain Library Listing (CCDLL) and Concern Associated Terms Glossary
(CATG) are among the ReqOAR proposed techniques. Furthermore, ReqOAR
was validated using empirical evaluation. According to the evaluation, an
optimum accuracy value was recorded from the treatment technique compared
to control technique. These current findings would definitely empower the
growing body of AOA in the context of restructuring the requirement
specification.
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PENSTRUKTURAN SEMULA ASPEK BERORIENTASIKAN KEPERLUAN
UNTUK PEMBENTUKAN AWAL ASPEK DAN PEMETAAN SEMASA
PENYELENGGARAAN PERISIAN

Oleh
HEMA A/P SUBRAMANIAM

Januari 2016

Pengerusi: Hazura Binti Zulzalil, PhD
Fakulti: Sains Komputer dan Teknologi Maklumat

Kemodularan bertujuan untuk meningkatkan penyelenggaraan perisian
dengan memupuk kebolehan untuk penggunaan semula, membantu dalam
mengurangkan kos pembangunan dan meningkatkan kualiti perisian.
Walaupun kemodularan semakin popular, tetapi ianya sukar untuk
direalisasikan kerana adanya kepentingan pemegang taruh dalam aplikasi
utama aplikasi. Oleh itu, penyelenggaraan menjadi isu yang tidak
berkesudahan. Isu ini boleh dikompromi dengan mengasingkan kepentingan
tersebut, tetapi kebanyakan sistem mengandungi kehendak yang sukar untuk
dikesan. Jadi, satu pendekatan asas untuk mengurus dan mengawal kehendak
tersebut amat diperlukan. Sehubungan itu, pendekatan berorientasikan-aspek
(AOA) menekankan konsep saling pemangkasan kepentingan dan aspek
mewakili kehendak pihak berkepentingan. Pada masa ini, pengamal perisian
lebih suka melaksanakan aktiviti pemisahan saling pemangkasan kepentingan
di peringkat pengekodan, yang mana ianya boleh menyebabkan keadaan
ketaksaan (kekeliruan) berlaku. Oleh itu, pemisahan saling pemangkasan telah
dialihkan ke spesifikasi keperluan. Oleh kerana, konsep Aspek Awal (EA)
memberi perhatian kepada pembangunan perisian baharu, konsep EA menjadi
persoalan untuk sistem yang sedia ada supaya serasi dengan pendekatan
berorientasikan aspek. Atas alasan ini, usaha menstruktur semula aplikasi
perisian pada spesifikasi keperluan amatlah diperlukan. Sehubungan itu,
kajian ini bertujuan untuk membangunkan rangka kerja konseptual yang
dikenali sebagai Penstrukturan Semula Aspek Berorientasikan Keperluan
(ReqOAR). Bagi melihat isu tersebut secara menyeluruh, ReqOAR berperanan
mengendali saling pemangkasan kepentingan pada peringkat spesifikasi
keperluan dan membantu aspek yang berpotensi bergerak melalui seluruh
artifak perisian sedia ada. ReqOAR juga mengandungi komponen proses
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seperti pengenalan kepentingan, pemisahan kepentingan dan pembentukan
aspek bagi menggalakkan keberkesanan pengendali kepentingan pada
peringkat keperluan. Manakala, untuk memastikan aspek yang berpotensi
bergerak melalui seluruh artifak perisian, ReqOAR mengandungi proses yang
digelar sebagai pemetaan kepentingan. Selain daripada komponen proses,
ReqOAR juga mengandungi komponen teknik yang berkaitan dengan
komponen prosesnya. Misalnya, Crosscutting Concern Domain Library Listing
(CCDLL) dan Concern Associated Terms Glossary (CATG) adalah antara teknik
yang dicadangkan berkaitan dengan ReqOAR. Selanjutnya, kaedah empirikal
telah digunakan untuk menentusahkan keberkesanan rangka kerja ReqOAR
yang dicadangkan. Berdasarkan kepada penilaian tersebut, ketepatan yang
optimum telah direkodkan daripada teknik rawatan iaitu ReqOAR berbanding
dengan teknik kawalan. Penemuan ini, semestinya akan memantapkan
pengetahuan AOA dalam konteks penstrukturan semula spesifikasi keperluan.
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CHAPTER 1

INTRODUCTION

1.1 Overview

This chapter explores the requirement-oriented aspect refactoring as a research
topic. Beginning with the overview of the Aspect - Oriented Approach (AOA),
it covers a situation where aspect refactoring known to be a central challenge
for requirement engineers. Apart from the limitation of existing aspect
refactoring methods were explained, this chapter argues that the flow of aspect
candidate throughout the software process might be a useful indicators for
comprehensive aspect refactoring. Since the terminology used in AOA is
similar to natural language, this chapter provides the research associated
terminologies as well. The chapter also gives the list of contributions made by
this thesis, followed by thesis scope. Finally, this chapter provides a brief
explanation on the remaining chapters at the end of this chapter.

1.2  Research Background

Modularization is one of the sub-characteristics listed under the software
maintenance quality factors. Modularity refers to an ability of a program to be
breakdown into a smaller and more manageable units (Singh and Goel, 2007).
Previously, ISO 9126 had excluded modularization from maintainability.
However in recent years, modularization has gaining popularity among
researchers and software practitioners. Indeed, ISO 25010 had defined
maintainability by extending it with two more sub-characteristics: reusability
and modularity (ISO Joint Technical Committee, 2011). Thus, it shows that
there is an increasing interest on modularization among upcoming industries.
As such, the software programs which equipped with a comprehensive
modular decomposition techniques become the centre of focus.

Modularity refers to degree to which a program composed of a smaller
components, such that changes in one part expected to have minimal impact on
the another component (Yu, Ramaswamy and Vaidyanathan, 2012). This
definition notably exhibits the low coupling among those components. So, the
Object-Oriented Approach (OOA) has practices low coupling and high
cohesion among their class instances. However, stakeholder interest such as
response time, authorization, authentication, consistency and other non-
functional requirements are still remain to be a part of class instances which
can impact the modularity. Since it repeatedly used in many parts of an
application, OOA seems not to be comprehensively adhere to modularization



requirements (Mcheick, Mili, Sadou, and El-kharraz, 2006; Madeyski and
Szala, 2007).

Stakeholder interest explores stakeholder concern towards an application
(Mussbacher, Amyot, and Edward, 2009). Thus, stakeholder interest also
known as concern. Concern can be in a form of non-functional characteristics,
functional characteristics or system constraints. Generally in object-oriented
application, a concern is common to few numbers of classes and methods. In
that case, a concern creates a tendency to crosscut among few numbers of
classes and methods. Those crosscutting feature known as crosscutting
concerns. The detachment of those crosscutting concerns and an explicit
definition of it is essential in modularizing the software applications
comprehensively.

For this reason, in the year of 1997 Aspect-Oriented Approach (AOA) was
proposed to exhibit the concept of Separation of Concern (SoC) (Kiczales et al.,
2007). In essence, the separated crosscutting concerns composed into aspect
instances as illustrated in Figure 1.1. This indicate the embark AOA as one of
the prominent modular decomposition approach (Yvonne, Hans-Arno, and
Mario, 2006; Wehrmeister, Pereira, and Rammig, 2013).

Stakeholder 5 OO Classes
and Objects _

OO Classes
and Objects +

stakeholder
Qterest)

Aspects Aspect
(Collection of Oriented
stakeholder Interest Paradigm

Figure 1.1. Aspect-Oriented Approach Overview
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Knowingly the benefits of AOA, most of the software developers have started
to manifest the aspect into their upcoming software projects. However, the
focus on the existing application to be compatible with AOA was less explored.
Therefore, the changes to the existing application were viewed as absolutely
necessary (Miguel and Fernandes, 2006). For this reason, the refactoring efforts
towards the existing applications are fundamentally important. Refactoring
refers to the process of changing the internal structure of the program by
remaining external behaviour of it. In this case, internal structure refers to the
base program which already in object-oriented manner. Aspect refactoring
aims to restructuring the existing applications to be compatible with AOA
(Mortensen, Ghosh and Bieman, 2012).

Even though, the refactoring activities become a key enabler for an aspect
composition, but the realization of it yet to be widely explore. The delay mainly
caused by an abstract nature of crosscutting concerns. Moreover, the unclear
representation of the crosscutting concerns in existing programs, had led to an
ambiguous situation (Joncheere et al., 2014). There are considerable amount of
researches were conducted in an effort to suggest the way to handle those
ambiguous situation especially at the source code level (Kiczales et al., 1997;
Marin, Deursen and Moonen, 2007; Marin, Deursen and Moonen, 2004).

Refactoring effort at source code level seems to root a number of challenges.
For instance, it has creates an obstacle to locate and filter concerns at an
extensive number of Line of Code (LOC). Hence, source code level refactoring
had caused the precision and recall issues (Mens, Kellens, and Krinke, 2008). In
fact, the previously proposed techniques (Marin et al., 2004), have highlighted
on the issue of missing out crosscutting concerns while performing refactoring.
Surely, the source code level refactoring viewed to be less efficient in
improving the applications modularity. Indeed, legacy applications which
contains huge number of LOC definitely create more problems while attempt
to refactor.

As an alternative, researchers had explored on the other software artefacts for
aspect identification and aspect isolation purpose. One of the most current
discussions on aspect isolation was on conceptual models to discover
crosscutting concerns as early as possible. Among those models, Early Aspect
(EA) is one of the most widely used approaches. In fact, it had supported in the
aspect candidate’s discovery at the requirement specification via viewpoint
strategy (Rashid, Sawyer, Moreira, and Araujo, 2002).

Recent development on EA, have heightened the needs for suitable techniques
to identify and isolate crosscutting concerns comprehensively. In fact, there are
number of studies were conducted on the concern identification and concern
isolation at requirement specification (Abebe and Yoo, 2014; Antonelli, Rossi,
and Sampaio, 2010; Joncheere et al., 2014). However, far too little attention has
been paid to EA in the context of refactoring. Generally, most of the
discussions were focused on the new software development instead of
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restructuring back the existing applications (Syed Ali and Mohd Kasirun,2008;
Antonelli, Rossi, and Sampaio, 2010; Rashid et al., 2002). After all, the focal
point of attention was on crosscutting concern’s identification and isolation
process instead of aspect formation process. This creates a gap in the early
aspect formation process while attempt to refactor. Additionally, number of
findings from the current studies were indicated that the flow of aspect
candidates from requirement specification was poorly mapped into the next
level of software artefacts (Abebe and Yoo, 2014). Again, this definitely creates
an ambiguous situation in handling crosscutting concerns at requirement level.
Those findings had suggested that refactoring effort at requirement level
should not be stopped at identification and isolation stage. Indeed, it should go
further into aspect formation stage. Correspondingly, it ensures the
comprehensive and cost effective flow of aspect candidates to the next software
artefacts.

Thus, the existing requirement-oriented aspect refactoring process acquires few
refinement in terms of crosscutting concern identification, isolation and aspect
formation. Indeed, a clear flow on aspect candidates among the distinctive
software artefacts would ensure smooth refactoring processes. So, this research
investigates the requirement-oriented aspect refactoring’s effort in the
paradigm of concern handler at requirement level and crosscutting concern

mapping.

The proposed Requirement-Oriented Aspect Refactoring (ReqOAR) conceptual
framework strives to handle the crosscutting concerns through an
enhancement on existing EA processes. For instance, concern identification
process enhanced using the Crosscutting Concern Domain Library Listing
(CCDLL). It was believed that crosscutting concerns can be handled effectively
using domain analysis to facilitate identification of functional concern.
Obviously, domain knowledge have ability to reveal more uniformly
distributed concerns through the domain specific keywords (Li, 2009).
Especially, at the requirement specifications, the existence of aspect candidate
was likely to be uncertain due to abstract nature of it. In that case, domain
knowledge work as early detector for crosscutting concerns
(Baniassad,Clements,Araujo, Moreira,Rashid and Tekinerdogan, 2006).

As for the concern isolation process, the Concern Associated Terms Glossary
(CATG) was proposed. CATG able to enhance the way to locate the
crosscutting places. Meanwhile, Aspect Lexicon Guideline (ALG) proposed to
emphasize on the aspect formation. ALG endeavour to give earlier suggestion
on aspect candidate elements by looking at the verb form of the requirement
statements. Apart from that, the Mapping Workflow proposed with the
intention to facilitate the aspect candidate flow from one software artefacts to
another.
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This thesis targets to discuss on the related work on aspect refactoring at
requirement specification as well as to propose a conceptual framework for
that purpose. Identically, the proposed conceptual framework believed to serve
the aspect refactoring as a whole. Moreover, the thesis also stresses out the
empirical study which was conducted to know the strength of the proposed
conceptual framework.

1.3 Problem Statement

Generally, requirement specification consists of stakeholder’s needs. Use case
scenario, viewpoints, main flow activities, alternative flow activities are among
commonly used requirement specifications artefacts. So, requirement
specification is known to be a textual based representation of user requests
(Broden, 2011). EA model caters the aspect candidate’s identification and
isolation for new software development at those textual based representation.
Indeed, it has suggests the way to capture stakeholder interest using viewpoint
strategy. Viewpoint strategy is a kind of aspect-oriented requirement
specification which based on the view of stakeholders. Further, it has striven
the way to write requirement specification with focus on stakeholder interest
for upcoming development. In contrast, requirement-oriented aspect
refactoring activities does not involve any new user requirement capturing
processes. So, the existing EA technique such as viewpoint strategy seems not
appropriate to be adopted during refactoring activities (Rago, Marcos and
Diaz-Pace, 2011; Yu et al., 2009). Therefore, it creates an unclear situation in
handling crosscutting concerns while attempt to transform existing application
to be AOA compatible. In particular, those unclear situations have fostered to
the comprehensive EA formation and aspect candidate flow during the
requirement-oriented aspect refactoring activities. =~ But, this yet to be
compromised although there are number of concern isolation techniques have
been proposed at various software artefacts (Huang, Lu and Yang, 2010; Marin
et al., 2007; McFadden and Mitropoulos, 2012). Most of the proposed solutions
lead to the imprecise identification of functional concerns, incomplete
crosscutting concern isolation and uncertain mapping of the concern flow from
requirement to the next software specifications. These issues can be classified
into two major categories; concern handlers at requirement level and aspect
candidate flow. Chapter 4 explains further on those two major categories in
details.
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1.3.1 Ambiguity in Concern Handler

A fundamental theory of EA model was introduced by Awais Rashid with the
focus on new software development (Rashid et al.,, 2002). However, several
practical questions raised when endeavour to adopt the EA model for
refactoring purpose. For instance, there are increasing beliefs (Glinz, 2007;
Rashid, Moreira and Araujo, 2003; Yu et al., 2009) that crosscutting concerns
and aspects are mainly from non-functional requirements. Meanwhile, on the
refactoring part there is a contradictory finding about this. Whereby,
crosscutting concern fulfils the both functional and non-functional stakeholder
interests (Fox, 2007). Apart from that, the available evidence (Zhang and Su,
2010) had suggested that crosscutting concern exists in various places at
requirement specification such as at system constraints levels, at high level
requirements, at business rules and etc. Thus, it shows a distinctive view
between EA and its adoptability towards refactoring effort. Particularly, those
consensus views have affected the way of handling crosscutting concerns at
requirement specification which lead to an ambiguous situation. Moreover it
provides a serious impact on aspect candidate’s accuracy which isolated at the
requirement specifications. Thus, this ambivalent environment has acquires the
need to restructure the current requirement-oriented aspect refactoring
processes.

1.3.2  Uncertain Aspect Candidate Flow

It is become increasingly difficult to ignore that an aspect formation only can
be completed when there is a clear flow of aspect candidates during refactoring
process (Fox, 2011). In contrast, most of the current refactoring processes had
paid wide attention at one of the software artefacts only. Therefore, the aspect
candidates which formed at the earlier stage become unusable since it was
suspended at that phase itself without move further into next software
artefacts (Conejero, Hernandez, Jurado and Berg, 2010). This suspension
viewed as a serious problem because the actual purpose of refactoring activity
was to refactor aspect completely at the source code level. Obviously, this
uncertainty has fostered the further revision on requirement-oriented aspect
refactoring.
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1.4  Research Objective

The main objective of this research is to develop a conceptual framework for
requirement-oriented aspect refactoring. From the listed problem statement, it
is anticipated that the proposed conceptual framework contains two important
components. Such as unambiguous concern handler at requirement level and a
complete aspect candidate’s mapping workflow. In order to achieve those
stated research purposes, two main objectives together with their respective
sub-objectives stated as follows:

1. To propose concern handling processes and its associated techniques
in eliminating the ambiguity situation. This objective involves the
following sub-objectives:

a) To propose the crosscutting concern listing which would
enhance the ability of concern identification based on domain
its belong to. The collection of crosscutting concern generated
through systematic review of literature.

b) To propose a concern associated terms glossary for the purpose
of concern isolation at the requirement level. This would
eliminate the ambivalent situation in identifying terminology
which contain same meaning.

c) To propose lexicon-oriented aspect formation technique which
expected to suggest possible aspect candidate elements such
as joinpoint, pointcut and advice at requirement specification
itslef using postagger.

2. To propose the mapping workflow by specifying the flow of
crosscutting concern from requirement specification to the next
subsequent software artefacts.

1.5 Scope of Study

Scope statement means to limit the research elements into more manageable
and appropriate context. Indeed, scope statement for this research is even
needed more since requirement is an abstract thing and may vary from one
requirement engineer to another requirement engineer (Aboutaleb and
Monsuez, 2015). Thus, the scope of this research discussed in terms of
refactoring effort, Aspect-Oriented Requirement Engineering (AORE) concept,
aspect related definition and quality characteristics.
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Scope 1: Refactoring Concept

Refactoring refers to the restructuring activity towards the existing system.
This restructuring activity normally executed without making any changes to
the external behaviour of an application. There are many ways refactoring can
be applied. Such as creating abstract component, breaking the program into
more manageable component and rearranging the code according to the
standard programming language syntax (Thompson and Li, 2013). In
accordance with this general definition of refactoring, this research highlights
the aspect refactoring in the following facets:

i) Facet 1: create abstract component by identifying crosscutting
components

ii) Facet 2: breaking the program by isolating those identified components

iii) ~ Facet 3: rearranging by forming the requirement- oriented aspect
candidates.

Scope 2: Aspect Oriented Requirement Engineering (AORE) Concept

AOA is a new software development paradigm which emphasizes on SoC
concepts. Aspect-Oriented Requirement Engineering (AORE) is the
representation of requirement engineering processes of those AOA. Since, this
research focuses on AOA refactoring; the concepts of AOA and AORE in
accordance to the existing system used in determining its generic processes.
Notably, the focus into new software development would not be a part of this
research.

Scope 3: Aspect related Definition

The various definition of EA and crosscutting concerns at requirement
specifications were defined previously (Fox, 2007; Amirat, 2007). This research
was limited to the following definition in the context of crosscutting concern
and aspect:

i) Crosscutting concern is a requirement that under every possible translation
from the problem space to the solution space is expressed in more than one
modularization unit in a lower level of abstraction. This means the
crosscutting concerns will have an equal impact on the functional and non-
functional requirements.

ii) Aspect is the representation in the solution space of a requirement (problem
space) that under every possible translation to the solution space is expressed
in more than one modularization unit e. §. class, component, and function;
depending on the underlying architectural framework of the solution space.

Scope 4: Quality characteristic that has been studied
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Quality characteristic which is studied during this research is limited to aspect
candidate’s accuracy. Preciseness, recalling ability and F-measures are among
those focused quality characteristics.

1.6 Research Associated Terms

There are few terminologies which commonly used in this research. Among
those terminologies, almost all are similar to natural language idioms. Hence, it
might confuse readers on the terminology usage. So, all the terminologies
which are regularly practiced in this research listed and explained as follows:

a) Concern - referring to any interest, constraints, requirements that exist
in an application

b) Crosscutting concern- referring to concern which cut across the core
concern of an application

c) Aspect candidates- referring to the isolated crosscutting concern with
specified advice, joinpoint and pointcut.

d) Advice, Joinpoint and Pointcut - referring to the components of an
aspect

e) Stakeholder interest- referring to the concern which relate to the
interest express by stakeholders. Generally stakeholder interest will
differ from main functionality of an application.

1.7  Contribution of the Thesis

This research has been set out to determine and propose a conceptual
framework for requirement-oriented aspect refactoring. As such, there are list
of contribution expected to be produced at the end of this research. Figure 1.2
lists the research contributions in the context of four main research activities:
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Proposed ReqOAR Conceptual
Framework

*ReqOAR framework shows the component related to concern
handler atrequirementlevel and aspect candidate flow through
out the software processes.

Propose new aspect candidate ]
identification technique )

* Crosscutting concern domain library listing (CCDLL) contain the
list of concerns based on the domain it belongs to

Fropose new aspect candidate 1solation
technique
* Crosscutting concern associated terms glossary

—[ Propose new aspect candidate formation technique

*» Aspect Lexicon Guideline (ALG) which aid in forming aspect
candidates using requirement statement verb forms

Figure 1.2. Conceptual View of Thesis Contribution

The Requirement-Oriented Aspect Refactoring (ReqOAR) conceptual
framework is the main contribution of this research. It is expected to serve as
reference for those who wish to refactor the existing programs to be compatible
with the AOA especially on the text based artefacts. ReqOAR which consist of
CCDLL, would instrument the crosscutting concern identification at the
requirement specifications. It mainly focuses on the domain oriented
crosscutting concern identification.

Besides that, ReqOAR able to serve in when isolating those crosscutting
concerns from requirement specifications using Crosscutting Concern
Associated Terms Glossary (CATG). Again this would be another contributing
component of this research. Whereas, the Aspect Lexicon Guideline (ALG)
expected to serve as guidance for requirement engineers in forming an aspect.
In particular, ALG indicates the aspect candidate’s elements by referring to the
requirement statements. Moreover, the mapping between aspect idioms and
language lexicon inside ALG would be the major contributor in determining
aspect candidate’s elements such as joinpoint, pointcut and advice.
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1.8  Thesis Organization

This thesis is divided into six chapters. The first chapter is the introduction of
the thesis. A brief background of the research is included in this chapter.
Additionally, introduction chapter has merely covered the problem statement,
scope of the thesis, objective that achieved by the thesis and etc.

The second chapter is literature review. It presents the Aspect-oriented
Software Development (AOSD) backgrounds. In particular, the discussion
focused on the crosscutting concern and the concept of SoC. Apart from that,
the related works on aspect refactoring also covered in this chapter.

The third chapter is the research methodology. The chapter outlines the
methods that been used in the process of creating ReqOAR conceptual
framework. The explanation is further expanded into empirical validation
strategy.

The fourth chapter provides explanation on the proposed ReqOAR conceptual
framework. The chapter covers the flow of extracted crosscutting concern from
requirement to design and further into source code.

The fifth chapter comprises about the empirical validation result and analysis.
The experiment was explained in details and the results were discussed. The
sixth chapter includes the conclusion and future work. It gives a general
conclusion and suggests the research path that can be further explored in
future.
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