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ABSTRACT

Requirements crosscutting in software development and maintenance has 
gradually become an important issue in software engineering. There are growing 
needs of traceability support to achieve some possible understanding in requirements 
crosscutting throughout phases in software lifecycle. It is aimed to manage practical 
process in addressing requirements crosscutting at various phases in order to comply 
with industrial standard. However, due to its distinct nature, many recent works are 
focusing on identification, modularization, composition and conflict dissolution of 
requirements crosscutting which are mostly saturated at requirements level. These 
works fail to practically specify crosscutting properties for functional and non
functional requirements at requirements, analysis and design phases. Therefore, this 
situation leads to inability to provide sufficient support for software engineers to 
manage requirements crosscutting across the remaining development phases. This 
thesis proposes a new approach called the Identification, Modularization, Design 
Composition Rules and Conflict Dissolutions (IM-DeCRuD) that provides a special 
traceability to facilitate better understanding and reasoning for engineering tasks 
towards requirements crosscutting during software development and evolution. This 
study also promotes a simple but significant way to support pragmatic changes of 
crosscutting properties at requirements, analysis and design phases for medium sizes 
of software development and maintenance projects. A tool was developed based on 
the proposed approach to support four main perspectives namely requirements 
specification definition, requirements specification modification, requirements 
prioritization setting and graphics visualizing representation. Software design 
components are generated using Generic Modeling Environment (GME) with Java 
language interpreter to incorporate all these features. The proposed IM-DeCRuD was 
applied to an industrial strength case study of medium-scaled system called 
myPolicy. The tool was evaluated and the results were verified by some experts for 
validation and opinion. The feedbacks were then gathered and analyzed using 
DESMET qualitative method. The outcomes show that the IM-DeCRuD is applicable 
to address some tedious job of engineering process in handling crosscutting 
properties at requirements, analysis and design phases for system development and 
evolution.
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ABSTRAK

Keratan rentas keperluan dalam pembangunan perisian dan penyelenggaraan 
telah menjadi isu yang semakin penting dalam bidang kejuruteraan perisian. Terdapat 
permintaan yang semakin bertambah terhadap sokongan jejakan untuk memahami 
keratan rentas keperluan sepanjang fasa dalam kitar hayat perisian. Ianya bertujuan 
untuk mengurus proses yang praktikal dalam menangani keratan rentas keperluan di 
pelbagai fasa dalam usaha memenuhi piawaian indusri. Walaubagaimanapun, 
disebabkan tabiinya yang khusus, banyak kerja yang dijalankan pada masa kini 
menumpukan kepada pengenalan, modularisasi, komposisi dan penyelesaian konflik 
terhadap keratan rentas keperluan yang mana kebanyakannya tertumpu pada aras 
keperluan. Kerja-kerja ini gagal menentukan ciri-ciri keratan rentas secara praktikal 
bagi keperluan kefungsian dan bukan kefungsian pada fasa keperluan, analisis dan 
reka bentuk. Lantaran itu, situasi ini membawa kepada ketidakmampuan untuk 
menyediakan sokongan yang secukupnya untuk jurutera perisian mengendalikan 
keratan rentas keperluan merentasi baki fasa pembangunan. Tesis ini mencadangkan 
pendekatan baru yang dipanggil Pengenalan, Modularisasi, Peraturan komposisi reka 
bentuk dan penyelesaian konflik (IM-DeCRuD) yang menyediakan keupayaan 
mengesan yang khusus untuk membantu kefahaman dan pertimbangan lebih baik 
untuk aktiviti kejuruteraan ke arah keratan rentas keperluan semasa pembangunan 
dan evolusi perisian. Kajian ini juga menggalakkan cara yang mudah tetapi 
signifikan dalam menangani kesan perubahan secara pragmatik terhadap keratan 
rentas keperluan pada fasa keperluan, analisa dan reka bentuk untuk pembangunan 
perisian berukuran sederhana dan projek-projek penyelenggaraan. Alatan 
dibangunkan berdasarkan pendekatan yang dicadangkan untuk membantu empat 
perspektif utama iaitu pentakrifan spesifikasi keperluan, pengubahsuaian spesifikasi 
keperluan, aturan keutamaan keperluan dan perwakilan visualisasi grafik. 
Komponen-komponen reka bentuk perisian dihasil menggunakan persekitaran model 
generik (PMG) bersama penterjemah bahasa Java untuk merangkumi semua ciri-ciri 
ini. IM-DeCRuD yang dicadangkan telah dilaksanakan terhadap satu kes ujian 
industri yang berukuran sederhana yang dinamakan myPolicy. Alatan ini telah dinilai 
dan hasilnya telah disahkan oleh beberapa pakar untuk pengesahsahihan dan 
pandangan. Maklumbalas kemudian dikumpul dan dianalisa dengan menggunakan 
kaedah kualitatif DESMET. Dapatan kajian menunjukkan bahawa IM-DeCRuD 
boleh digunapakai untuk menangani proses kejuruteraan yang remeh dalam 
mengendalikan ciri-ciri keratan rentas keperluan pada fasa keperluan, analisis dan 
reka bentuk untuk pembangunan dan evolusi sistem.
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CHAPTER 1

INTRODUCTION

1.1 Overview

This chapter discusses the introduction to this research. First of all, brief 

introduction of requirements crosscutting is described. Consequently, background of 

the problem to be solved, problem statement, objective, scope, and also significance 

of the study are also described respectively.

1.2 Background of the Problem

Model is a representation that encapsulates details of a system pertaining to 

system structure or its processes. Model has been used to describe various angles of a 

system facilitated by Object-Oriented methods [1]. Besides, models are the main 

artifacts in Model Driven Engineering (MDE); they can potentially be included on 

several levels of abstraction as well as transformations to different code or models [1, 

2]. Generally, the maintenance and development of a full-scale software system are 

associated with a great deal of software models that include requirements, designs, 

implementations, testing suites and maintenance records.

Branching from MDE, Requirements Engineering (RE) which deals with 

requirements model is involved with requirements eliciting and analysis [2]. This is 

known as requirements engineering (RE). RE is referred to as systematic requirement
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analysis as it involves systematic requirements captured on the specification made by 

the stakeholders [2]. RE is a multi-disciplinary activity that implements various 

stages of development techniques and tools for application domains of various types 

[3]. In software development process as well as in the management of software 

change, RE is the front-end activity to be regarded.

As a result of requirements analysis, particular unique requirements are 

extracted and segregated in systematic form referred to as concerns that is of interest 

to one or more stakeholders. These concerns are in the forms of functional (system 

capabilities) or non-functional (system properties) that may affect one or more 

concerns. In other word, a system capability may be described by one or more related 

properties. For example, a stakeholder’s functional requirement with a capability of 

handling a user on-line transaction might be described by some properties i.e. the 

non-functional requirements such as user’s response time within acceptable limit, 

with appropriate security features and affordable workload. This type of scenario is 

called tangling.

In another situation, a concern of non-functional requirement may describe 

properties for several other functional requirements in order for the functional 

requirements to remain useful. For example, the performance as a property of a 

system would be applied to several other functional requirements i.e. concerns with 

similar or different specifications. This type of scenario is called scattering. Thus, 

RE which deals with requirements model is involved with concerns that may be 

scattered amongst other concerns as well as tangled within a concern.

In the context of RE, the above perspectives of tangling and scattering are 

also known as requirements crosscutting. Crosscutting concerns are related to each 

other within artifact as well as correlated artifacts across multiple phases [4]. 

Consequently, any changes to crosscutting concerns may yield direct or indirect 

impact to other artifacts. As such, it is necessary to have an approach supported by 

tool to store relationship dependencies since traceability is highly considered among 

artifacts in MDE to support understanding and maintenance of software systems [4]. 

Furthermore, design quality is difficult to be assured if obscure relationships exist,
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involving requirements and design for comparison. Without clear relationships of 

these artifacts evaluation of the quality of design is almost impossible to be done [5].

Nevertheless, new RE research domain, Aspects Oriented Requirements 

Engineering (AORE) dedicatedly deals with crosscutting concerns in term of 

processes like identification, modularization, composition and analysis of their effect 

on other concerns in documentation [6]. AORE capabilities is being supported 

further by Aspect Oriented Software Development (AOSD) in which crosscutting 

concerns in requirement can be consistently addressed across stages of software 

development lifecycle [7].

This research is inspired by research efforts in Requirements Traceability 

(RT) taking into consideration the crosscutting concept and design. RT is a sub

discipline under Requirement Engineering (RE) which is based on the capability to 

describe and follow the flow of a requirement in both forward and backward 

directions [8]. Forward traceability is related to the mapping of among the 

requirements or to the work products that implements them. Meanwhile, backward 

traceability supports mapping from the work product right back to its 

correspondences as well as tracing each requirement back to its source.

1.3 Statement of the Problem

Current object oriented analysis failed to identify and modularize crosscutting 

concerns [6]. Their characteristics are difficult to be identified as they may be 

obvious or subtle. In addition, crosscutting concerns identification involves in a 

tedious tracing process towards large amount of specification documents. Worse 

case, interview transcript documents are generally lack of accuracy and vague. In 

addition, crosscutting concerns are usually scattered across documents that 

complicate their identification [9, 10]. It is apparent that common requirement may 

occur in different segments of the documents and represent in other word.



4

The traceability of crosscutting associated properties on artifacts (or models) 

at upcoming stages of development, particularly design has not been properly 

identified [11]. Still, there are approaches that provide resolution pertaining to 

crosscutting concerns in initial stages of the software development process. Different 

approaches are being used to represent crosscutting properties for all stages [7]. This 

is in line with the situation where different properties of crosscutting concerns need 

to be specified when created. However, it seems that there is no approach that can 

support seamless and significant transformation of different level of crosscutting 

concerns artifacts in software development and evolution processes. Software 

engineers might not be provided with sufficient guides to deal with crosscutting 

issues throughout development stages. [7].

On the other hand, many researches address the crosscutting concerns conflict 

analysis at the requirement level due to its potential issues in which documentations 

are always related to high-level non-functional requirements. This is due to scattering 

and tangling properties of crosscutting requirements have direct impact on conflicts. 

However, there is lack of traceability research that is directed towards handling 

conflicts that may arise during crosscutting concerns composition at later stage. 

Furthermore, providing solutions to conflicts is crucial due to the problematic that 

issues contribute undesirable impacts on the full system and its composition. Poor in 

conflicts resolution will result in producing poor architecture [12]. It is also reported 

that consistencies and constraints of global scoped requirements is still largely 

unsupported [11].

Existing approaches have made some contribution to various aspects of 

traceability but lack for the purpose of handling crosscutting concerns at various 

stages. The aim of this research is to produce an improved software traceability 

approach to provide support for the crosscutting concern-driven evolution procedure 

among requirements, analysis and its association at the design level. With this, the 

general question that this research attempt to answer is:
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"H o w to  support evolution procedure including identification, modularization, 

propagation as well as conflict analysis of crosscutting concerns components 

between requirements, analysis and its correspondence in design phase via an 

improved traceability approach?"

To properly provide a solution this question, a number of research questions 

which address this issue are formulated, which are the following:

(a) RQ1: What are the requirements crosscutting approaches?

(i) What are the state-of-arts of the approaches?

(ii) What are the suitability of these approach -  when, where to 

use?

(iii) What are the advantages and disadvantages of these 

approaches?

(b) RQ2: Why engineers’ tasks are still not able to be accommodated by

the existing approaches?

(c) RQ3: How to provide an improved traceability approach to support

engineering tasks for requirements, analysis and design 

crosscutting?

(d) RQ4: How the proposed approach can be used by the engineers?

(e) RQ5: How to evaluate the proposed approach to ensure its defined

criteria?

(i) In order to identify the applicability of the proposed approach, 

what is the most suitable evaluation method?

(ii) How to conduct it?

(iii) How these obtained results can be analyzed?

1.4 Objective of Study

The research has the following objectives:

(a) To analyze and emphasize on crosscutting criteria applied to 

requirements, analysis and design phases.
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(b) To formulate and construct a traceability approach for requirements, 

analysis and design crosscutting.

(c) To develop a tool that supports the proposed approach.

(d) To evaluate the applicability of the approach proposed by applying it 

on a medium-scaled, standard industrial-strength application.

International Software Benchmarking Standards (ISBSG) defines the term 

applicability as process conformance. It is one form of quality management audit to 

benchmark the proposed approach against some evaluation criteria [13].

1.5 Scope of the Study

In order to produce an improved traceability approach, five research 

directions were inspired. They are the researches in Model Driven Engineering 

(MDE), Requirements Engineering, Requirements Traceability, Crosscutting 

Concerns and Aspect Oriented Requirements Engineering (AORE)/Aspect Oriented 

Software Development (AOSD). Those directions are presented here as the scope of 

the research subject in this research.

(a) Model Driven Engineering

Firstly, subject of this research is basically based on Model-Driven 

Engineering (MDE). MDE is the term used for development processes that 

are based on model (or artifacts) which opposites to code-centric [1]. In 

MDE, models are the prime artifacts and they may exist on multiple levels of 

abstractions and undergo transformations to other models and/or code. MDE 

enables fast system development, improved system quality, short time to 

market and software or hardware components reusability [14]. More 

explanation can be obtained in Section 2.2.
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(b) Requirements Engineering

Secondly, this research is inspired by research efforts in Requirements 

Engineering (RE). Branching from MDE, the term of RE is also known as 

systematic requirement analysis as it involves systematic requirements 

gathering captured upon specification made by stakeholders. RE is said to be 

multi-disciplinary activity which implements several different stages of 

development techniques and tools for application domains of various types 

[3]. In software development process as well as in the management of 

software change, RE is the front-end activity to be regarded. Subsection 2.3 

describes further on RE.

(c) Requirements Traceability

Thirdly, this research is inspired by research efforts in Requirements 

Traceability (RT). RT is a sub-discipline under Requirement Engineering 

(RE) which is based on the ability to describe and follow the life of a 

requirement in both ways of forward and backward direction [8]. Forward 

traceability is related to the mapping of among the requirements or to the 

work products that implements them. Meanwhile, backward traceability 

supports mapping from the work product right back to its correspondences as 

well as tracing each requirement back to its source. More explanation can be 

obtained in Section 2.4.

(d) Crosscutting Concerns

Fourthly, this research is also inspired by research efforts in Crosscutting 

Concerns. A requirement is a special kind of concern [15]. Concern can be 

defined as “anything that involved in a software system”. It could be 

associated to system functionalities (functional) as well as properties (non

functional) [9]. There are two types of concerns, which are core (or base) 

concerns and crosscutting concerns [12]. Crosscutting concern is related to a 

scenario when a concern crosscuts or influence one or more of other 

concerns. More explanation can be obtained in Section 2.5.
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(e) Aspect Oriented Requirements Engineering/Aspect Oriented Software 

Development

Lastly, this research is finally branching to the research efforts in Aspect 

Oriented Requirements Engineering/Aspect Oriented Software Development. 

Aspect Oriented Requirements Engineering (AORE) is relatively new area 

under RE domain [9]. AORE is directed to support crosscutting concerns by 

means of identification, modularization, composition and analysis of their 

influence on other requirements in the specification documents. Meanwhile, 

Aspect Oriented Software Development (AOSD) broadens the capability of 

AORE at each development stage in which it changes and expands available 

constructs and decision support among software engineer at each stage of 

software development life cycle [7]. Subsection 2.5.1 presents a discussion on 

the topic of AORE/AOSD and its state-of-the-art approaches can be found on 

the subsection 2.5.2.

This research will focus on object-oriented system to address the issue of 

crosscutting concerns handling for requirements, analysis and design artifacts. The 

outcome of this research will be evaluated to a medium-scaled, standard industrial- 

strength application to ensure its applicability.

1.5 Significance of the Study

Traceability feature is mainly applied in software development and evolution 

where its control and support is important in the context of crosscutting concerns at 

the requirement stage [16]. However, since crosscutting concerns rarely occur in 

isolation in such that they are related to other artifacts within a phase or across 

multiple phases, providing a traceability approach that can support explicit 

composition for crosscutting requirements in term of its mapping and influence on 

succeeding development stages [11, 17] is non-trivial. With this, changes to 

crosscutting concerns can have consequences for other artifacts, which are directly or 

indirectly related to it.
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AOSD has been gradually accepted to be technique in software development 

and maintenance. As such, several aspect-oriented approaches have been proposed to 

specify crosscutting concerns at different phases in the software life cycle [4]. Since 

visibility of crosscutting concerns is an important traceability issue that needs to be 

appropriately addressed, there are numerous efforts conducted towards crosscutting 

concerns visibility at various stages [18, 19]. However visualizing crosscutting 

concern without underlying formal semantic and syntax are not amendable to 

automated tool support. As such, this research supports the visibility of user 

requirements at the high level abstracts with appropriate schemas and syntax. In 

addition, AOSD also accommodates visualization to be weaved together with 

conflict analysis in order to increasingly support requirements engineers’ tasks in 

dealing with conflicting crosscutting concerns [18].

This research will contribute in providing a traceability approach to overcome 

the above challenges and opportunities for requirements, analysis and design phases. 

With the rising amount of support for crosscutting concerns at the particular design 

level, manipulation of crosscutting concerns at particularly the requirements level 

and recognition of their associated mappings will help to implement homogeneity 

within mainly aspect-oriented software development and maintenance processes.

1.6 Thesis Outline

This chapter covers some particular issues of requirements crosscutting in 

traceability approach. It also focuses on the limitations of the conventional 

approaches in dealing requirements crosscutting with maintenance process. It 

expresses a proposed approach of requirements crosscutting that able to improve 

traceability and maintenance process. The remaining of chapters will be organized as 

follow:

Chapter 2: This chapter discusses on the background information on 

requirements crosscutting. It starts with some preliminary studies on Model Driven
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Engineering (MDE). This is followed by Requirement Engineering (RE) and 

Requirement Traceability (RT). In this chapter also several identified state-of-the-art 

requirements crosscutting approaches that related to Aspects Oriented Requirements 

Engineering (AORE)/Aspects Oriented Software Development (AOSD) are 

discussed. This chapter also highlights seven evaluation criteria that are used to 

compare the selected AORE/AOSD approaches. The results of this evaluation as 

well as the need to solve the current limitations for further research are presented.

Chapter 3: This chapter is used to describe on the research procedure, 

operational framework, assumption and limitations of the research and the schedule 

of this research. It also includes a brief description of a medium-scaled, industrial- 

strength case study and its significance that will be applied in this research. It also 

covers an overview of data gathering and analysis.

Chapter 4: It presents requirements crosscutting-driven on traceability 

approach to deal with maintenance process. This is followed by a comprehensive 

description on the proposed approach which describes the 3 main components in the 

said approach and the expected findings at the end.

Chapter 5: It explains the design and implementation of the approach’s 

prototype tool that functions as a proof-of-concept. The prototype components are 

discussed in detail by describing the three important processes, namely as 

requirements boilerplates entries population, management and extend the saved 

requirements components to design elements.

Chapter 6: This chapter aims to furnish an in-depth example on the 

application of the approach on a medium-scaled, standard industrial-strength 

application. It begins with an outline of the chosen application. This is complimented 

by an explanation of identifying and analyzing requirements specifications obtained 

from the stakeholders. The description of the chosen application’s high level 

software design and a discussion on linking requirements specifications to the 

software design are presented in the next section. After that, an explanation on the
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method of implementation of both the simple and the complex changes depending on 

the chosen cases is shown in the succeeding section. Next, the prototype tool based 

on the proposed approach is assessed for its practicability. The assessment criteria 

and methods that are explained and carried out on the approach are features modeling 

validation, the case study’s results and briefing as well as demonstration sessions. 

This research provides assessment on the basis of qualitative findings. Qualitative 

outcomes are collected based on customer perception towards the demonstrated 

prototype tool. Lastly, a summary and presentation is given on the benefit of the 

application.

Chapter 7: This is a conclusion chapter that describes the research 

achievements and contributions. This is followed by the research summary and 

suggestions for research future works.
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