
                                                   International Journal of Reviews in Computing 
            © 2009-2010 IJRIC. All rights reserved.                                                                    IJRIC                                             

 
ISSN: 2076‐3328                                                              www.ijric.org                                                                   E‐ISSN: 2076‐3336 

 
16 

 

AOSD – FINE-GRAINED & INTEGRATED AORE PROCESS 
 

1 ISLAM ALI,  1JAHANGIR MARWAT, 2S. A. K. GHAYYUR 
1Research Scholar Department of Computer Science – Faculty of Basic & Applied Sciences 

International Islamic University – Islamabad 
2Assistnat Professor Department of Computer Science – Faculty of Basic & Applied Sciences 

International Islamic University – Islamabad 

E-mail: iajauher71@gmail.com, jahangir_marwat@hotmail.com, shahbaz.ahmed@iiu.edu.pk    

 

A B S T R A C T 

Focus of Aspect Oriented Software Development is on the identification, separation, representation and 
composition of crosscutting concerns. Crosscutting concerns behavior effects the whole system 
development. Traditional requirement engineering process does not cater for these crosscutting concerns. A 
new aspect oriented requirement engineering process is proposed to overcome this deficiency. Focus of 
this research activity is to justify why this new aspect oriented requirement engineering process is needed. 
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1. INTRODUCTION 

Aspect Oriented Software Development is one of 
the emerging development paradigms, which aims 
at addressing the crosscutting concerns.  

Organization of the paper is as follows: In this 
section we are going to highlight some terms and 
basic concepts of this new paradigm. In section 2, 
we present characteristics of AOSD. In section 3, 
we uncover the characteristics of AOSD, which 
influence traditional RE Process. In section 4, 
traditional RE process is described. In section 5, 
we bring to light the Aspect Oriented Requirement 
Engineering. In section 6, evaluation of AORE 
Process is presented. In section 7, we propose RE 
process for AOSD. Finally in section 6, 
conclusion and results are presented. 

1.1 .  Concern 
“Concern is an interest which pertains to the 
system’s development its operation or any other 
matters that are critical or otherwise important to 
one of the stakeholders”. [1] 

 

1.2 .  Crosscutt ing Concern 
“A crosscutting concern is a concern, which 
cannot be modularly represented within the 
selected decomposition. Consequently, the 
elements of crosscutting concerns are scattered 
and tangled within elements of other concerns”. 
[1] 

Another definition of crosscutting concern given 
in [4] is “Parts or aspects of the program that in 
standard design mechanisms end up scattered 
across multiple program modules, and tangled 
with other modules”. 

1.3 .  Separation of  concern 
“Separation of Concerns is an in depth study and 
realization of concerns in isolation for the sake of 
their own consistency”. [1] 

1.4 .  Composit ion 
“Composition is the integration of multiple 
modular artifacts into a coherent whole”. [1] 
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1.5 .  Join Point   
“A join point is a point of interest in some artifact 
in the software lifecycle through which two or 
more concerns may be composed”. [1] 

1.6 .  Join Point  Model  
“A join point model defines the kinds of join 
points available and how they are accessed and 
used”. [1] 

1.7 .  Pointcut  
“A pointcut is a predicate that matches join points. 
More precisely, a pointcut is a relationship from 
JoinPoint -> Boolean, where the domain of the 
relationship is all possible join points”. [1] 

1.8 .  Advice 
“An advice is an aspect element, which augments 
or constrains other concerns at join points matched 
by a pointcut expression” [1] 

1.9 .  Aspect  
“An aspect is a unit for modularizing an otherwise 
crosscutting concern” [1]. 

1.10.  Aspect  Oriented Software 
Development 
“Aspect-oriented software development aims at 
addressing crosscutting concerns by providing 
means for their systematic identification, 
separation, representation and composition”. [8] 

“Aspect Oriented Software development is a 
software development paradigm that emphasis the 
separation of concerns and the encapsulation and 
modularization of crosscutting concerns as 
aspects.” [12]. 

1.11.  Aspect  Oriented Requirement 
Engineering 
“Requirements engineering techniques that 
explicitly recognize the importance of clearly 
identifying and treating crosscutting concerns are 
called Aspect-oriented Requirements Engineering 
Approaches (AORE approaches)”. [5] 

In object oriented software development basic 
constructs used are classes, objects, methods and 
attributes. According to [6] these abstractions may 
not be able to separate some special concerns 
known as crosscutting concerns. According to the 
definition of AOSD its main emphases is on 

crosscutting concerns. Crosscutting concerns can 
both be the functional and non functional [8].  

2. CHARACTERISTICS OF AOSD 

Aspect Oriented Software Development is not the 
replacement of the existing development 
paradigms but is advancement in software 
development. AOSD has some characteristics, 
which distinguish it from other development 
paradigm. Here are some of the characteristics, 
which distinguish it. 

2.1 .  Identi f icat ion of  Crosscutt ing 
Concerns 
A crosscutting concern is a concern whose 
implementation impacts on more than one 
implementation modules of the requirements [10]. 
Crosscutting concerns does not come across 
directly from the requirements but they are the 
characteristics that affect the system as the non-
functional characteristic [10]. As from the 
definition it is claimed that Aspect Oriented 
Software Development systematically identifies 
these concerns. Decomposition of the 
requirements results in crosscutting concerns and 
other concerns [11].  

On the other hand if we talk about the traditional 
development as object oriented software 
development, these concerns are not separately 
modularized and as a result implementation 
suffers from tangling and scattering of code 
[1][4][10]. This crosscutting concern’s scattered 
and tangled representation results in a system that 
is harder to design, understand, implement, 
maintain and evolve [10]. 

2.2 .  Separation Of Crosscutt ing Concerns 
According to the definition of AOSD in [12] 
separation of concerns is the main emphasis of 
AOSD. In object oriented software development 
separation of concern principle is also supported. 
AOSD enhances this principle as a concern can be 
well treated separately from other concerns [3]. 
Concerns separated are core concerns and 
crosscutting concerns. Due to the separation of 
crosscutting concerns they can be represented in 
requirements artifacts [3]. As these crosscutting 
concerns can be the functional or non functional. 
Separate modularization of these crosscutting 
concerns improves the software development [9]. 
These separate modules are called aspects [1] [9]. 
According to [10] all the concerns cannot be 
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separated by using the current development 
paradigms. 

2.3 .  Representat ion of  Crosscutt ing 
Concerns 
Aspect Oriented Software Development represents 
crosscutting concerns as a separate module known 
as aspect [3]. Different aspect oriented design 
languages are used to specify crosscutting 
concerns [3]. AODM, Theme/UML, SUP, UFA, 
AML are the extension to UML which enable to 
represent the AOSD concepts at design level [3]. 
With the standard UML it was difficult to describe 
all the constructs of AOSD specially crosscutting 
concerns [3].  

2.4 .  Composit ion 
As in AOSD aspects and other requirements are 
modularized so to combine these separate 
modules, composition is used [3]. Composition 
rules are specified to compose these requirements 
[8]. By this property we can not only view the 
requirement in their entirety but also check their 
consistency [2]. Conflicts can arise due to 
composition of requirements [3]. AOSD specify 
how to resolve these conflicts [3]. In AOSD 
weaving of different artifacts is used to compose 
the aspects with other concerns [1].  

From the above discussion it is clear that AOSD is 
different from other traditional developments 
because it separately addresses crosscutting 
concerns [11]. 

3. CHARACTERISTICS OF AOSD 
WHICH INFLUENCE TRADITIONAL 
RE PROCESS 

Here we discuss some of the characteristics of 
AOSD, which influence RE process for the 
development. 

3.1. Identification and separation of 
Crosscutting Concerns 

In AOSD crosscutting concerns are identified and 
separated from the elicited requirements. Due to 
the separation of crosscutting concerns they can be 
represented in requirements artifacts [3].  By 
separating these concerns as core concerns and 
crosscutting concerns, each requirement is studied 

independently [5]. In traditional requirement 
engineering the requirements are separated as 
functional and non-functional requirements and 
are specified in SRS [13]. No crosscutting 
requirements are identified and specified in SRS. 
Due to the identification and separation of 
crosscutting concerns they can be represented in 
requirements artifacts [3]. If the influence of these 
crosscutting concerns on other concerns is not 
handled then there are more chances that they will 
cost more to rectify in the later development 
stages [14].  

3.2. Modular Representation 

Explicit representation of the crosscutting 
concerns is also one of the characteristics, which 
influences RE process [3]. By this explicit 
representation we can ensure the traceability of the 
crosscutting concerns from requirements artifacts 
[3]. These modules used for concerns can be use 
cases, goal models, viewpoints etc [2][3]. 

3.3. Requirements Composition 

Concept of composition is not new; it is already 
used in other development paradigms. 
Composition like activity is performed in 
traditional RE process in requirement analysis 
activity. It is claimed that requirement level 
composition [2] [5] is one of the characteristics of 
AOSD, which is not thoroughly investigated by 
traditional RE approaches [2] [5] [8].  As in 
AOSD crosscutting concerns are composed with 
other concerns, so the traditional RE lack in the 
support for trade-off identification and resolution 
and influence detection of requirement level 
crosscutting concerns on other concerns of later 
stage [2][5]. The concept of join point is used in 
AOSD to compose the concerns [3]. In AOSD join 
point is not used only in program execution but is 
used throughout the entire lifecycle [3].  

3.4. Easy change Adoption (Evolvability) 

As business rules changes rapidly and changes to 
the system are likely so the system should be easy 
to adopt any change and evolve [15]. Due to 
separation of crosscutting concerns and 
composition rules defined, it would be easy to 
trace the requirements that need to be changed 
[15]. 

Table 1, illustrates AOSD characteristics influencing RE process activities
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4. TRADITIONAL RE PROCESS 

Requirement Engineering practices vary from 
each other depending on the application domain, 
the people involved and the organization 
developing the requirements. However, there are 
a number of generic activities common to all 
processes. The process defined here is taken 
from [17]. 

4.1. Requirements elicitation 

“Elicitation refers to gathering the requirements 
of the system from different stakeholders. 
Boundaries, identification of stakeholders, goals 
and tasks performed are discovered in this 
phase” [16]. Different people define elicitation 
in different ways as to gather, to determine or to 
capture.  

Requirements elicitation can also be known as 
requirements discovery [7]. In this process the 
customers find out their requirements, i.e. 
services that the system should provide [7].   

4.2. Requirements analysis 

During the analysis activity of RE process, 
elicited requirements are examined, to check 
whether they should be the part of the system or 
not. Requirements are classified; conflicts are 
identified and subsequently resolved [17]. At the 
end, the requirements are checked for their 

completeness and consistency in accordance 
with stakeholder needs [7].   

4.3. Requirement Specification 

After the analysis of the requirements, these 
requirements are recorded in some written form. 
It can be natural language etc. Outcome of this 
activity is a structured document, which is about 
the system services in detail. Requirements are 
specified in a template known as SRS [13]. 
Specified requirements are the source of contract 
between the development team and owner [7]. 

4.4. Requirements validation 

In requirements validation activity, it is ensured 
whether the specified requirements are the ones 
needed by the user [7]. In nutshell, shared 
understanding of the requirements is developed 
so that user and system analyst speak the same 
language. Output of this process can be the list 
of problems found and the agreed actions [7]. 
Requirement validation can be done through 
requirement reviews, prototyping and test case 
generation [7].  

 

4.5. Requirements management 

According to RUP requirement management is 
“A systematic approach to eliciting, organizing, 
and documenting the requirements of the system, 

Table1. Factors Effecting RE Process 

                  
Factors 

Identification and 
Separation of Crosscutting 

Concerns 

Modular 
Representation 

Evolvability Composition 

RE Activities 

Requirements 
Elicitation 

    

Requirements 
Analysis √   √ 

Requirements 
Specification √ √   

Requirements 
Validation √ √  √ 

Requirements 
Management √ √  √ 
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and establishing and maintaining agreement 
between the customer and the project team on 
the changing requirements of the system”. So 
requirement management is about to plan, 
executing that plan, monitor any deviation from 
plan and control [7]. 

4.6. Actors/Roles in Traditional RE Process 

Actors in RE process are the people that carry 
out that process. Each actor can have different 
role to play. In RE actors can be the end users, 
system requirement analysts, software engineer, 
project manager and domain expert [17]. 

5. ASPECT ORIENTED 
REQUIREMENT ENGINEERING  

In literature, there are as many AORE 
approaches as there are variations in traditional 
RE process [17]. Number of factors affects this 
variability in process.  Each AORE approach has 
some deficiencies [2]. To solve the identified 
deficiencies in existing AORE approaches an 
integrated AORE process is recently proposed in 
[2].  

5.1. AORE Process 

As AORE process is an integration of existing 
AORE approaches. Few of the approaches, 
which are integrated in this process, are AORE 
with Arcade, CORE, Multidimensional approach 
and Theme/Doc [2].  

AORE process is composed of the following 
activities:  

5.1.1. Concern Elicitation 

In concern elicitation activity concerns of the 
stakeholders to the system are gathered [2]. 
Requirement engineers and other stakeholders 
are actors of this activity [2]. Concerns 
elicitation is carried out in the same way through 
interviews, observation etc as traditional RE 
elicitation. Output of this activity is the list of 
elicited concerns [2]. 

 

 

5.1.2. Concern Identification 

In concern identification activity further detail is 
added to the concerns already elicited [2]. In this 
activity elicited concerns are separated as 

functional concerns, non-functional concerns 
(both known as non aspectual concerns), 
functional crosscutting concerns and non-
functional crosscutting concerns (both known as 
aspectual concerns) and their crosscutting 
relationship at requirement level [2].  

This activity is somewhat like analysis activity 
of traditional RE process except its difference of 
crosscutting concerns treatment. [2].   

Concern Representation 

During concern representation activity, 
identified concerns are represented [2]. There 
can be different representation of concerns as 
goal, soft-goal graphs, viewpoints and theme [2]. 
From concern representation we can perform the 
refinement or the composition activity depending 
upon the satisfaction that desired concerns are 
identified and represented. 

5.1.3. Requirement Refinement 

During this stage requirements are iteratively 
refined and represented [2]. These iterations are 
carried out until all the desired concerns are 
identified and represented [2]. 

5.1.4. Requirement Composition 

In composition activity concerns are composed 
and conflicts raised are identified [2]. 
Composition is carried out for those concerns, 
which influence each other mutually [2].    

5.1.5. Trade-off Resolution 

This activity is to resolve the conflicts identified 
during composition activity [2]. 

After trade-off resolution we represent any 
change and can iterate through refinement, 
elicitation, identification and representation until 
all the desired concerns become the part of 
requirement set [2].  

5.1.6. Requirement Mapping     

In requirements mapping, decision is made about 
the system architecture [2]. A set of guidelines is 
used to decide about the conversion of 
requirements into architecture and design 
representation [2]. 

5.1.7. Actors/Roles 

Actors in the AORE process are the same as in 
the traditional RE process such as requirement 
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engineer, project manager, end user, and other 
stakeholders [2]. 

6. CRITICAL ANALYSIS OF 
CURRENT AORE PROCESS 

In current AORE process concern elicitation is 
same as requirement elicitation in traditional RE 
process. The process has defined the activities to 
identify the concerns and separate them as 
aspectual or non-aspectual as it is one of the 
AOSD core characteristics. Through requirement 
refinement all the desired concerns can be 
elicited and identified early on otherwise they 
can create problems in latter stages.  
Requirement mapping activity to decide the 
architecture of the system is a new addition to 
the AORE process, as it was not supported in 
traditional RE process. The process defined 
above does not have much documentation 
available. One major deficiency in this process is 
that it does not include the activity of 
requirement change management. Requirement 
change is a very important factor in the volatile 
environments where changes occur frequently.   

7. PROPOSED FINE-GRAINED AORE 
PROCESS FOR AOSD 

The proposed process has many of the activities 
borrowed from already proposed process given 
in [2]. It renders the already defined process in 
[2] further fine-grained. In [2], identification of 
concerns subsumes two activities i.e. 
identification of concerns itself and Separation 
of crosscutting concerns. We believe the 
separation as full-fledged activity and thus 
divides this into two separate activities by 
following the rule of divide and conquer. 
Requirements validation as in traditional RE 
process acts as source of confirming either the 
system to be engineered is the one, the users 
really looking for. At the end we have also 
introduced an activity of requirement 
management as it is missing in the process given 
by [2]. 

 

 

7.1. Process 

7.1.1. Concern Elicitation 

Concerns of different stakeholders to the system 
are elicited. This activity is same as concern 
elicitation of process in [2].  

7.1.2. Concern Identification 

Further elaboration of the concerns is added to 
provide a base for their separation. 

7.1.3. Separation of Crosscutting Concerns 

After identifying the concerns they are further 
divided to core concerns have the business 
functionality and crosscutting concerns, which 
influence other concerns. 

7.1.4. Representation Of Cross-Cutting 
Concerns 

This activity is same as concern representation in 
[2]. Concerns are represented during this 
activity. These represented concerns become the 
source of validation. 

7.1.5. Refinement of Requirements and 
Shared Understanding 

This refinement activity is to ensure that the 
developers have fully understood the system and 
all the desired concerns are identified and 
represented. 

7.1.6. Requirement Composition 

Core concerns and crosscutting concerns are 
integrated. Similar activity to the composition 
activity of process given in [2]. Conflicts that 
arise due to this integration are identified and 
resolved. Join points should be used to compose 
the requirements. A join point model with kinds 
of join points and their accessibility is created. 
This will increase traceability of the 
requirements. 

7.1.7. Requirement Mapping 

This activity is also borrowed from process in 
[2]. We have to decide about the architecture 
alternatives of the system to be developed and 
select appropriate one. 

7.1.8. Requirement Management 

Requirement management activity as in 
traditional RE process manages overall 
activities. We have to decide what type of 
changes can be either minor or major and how to 
deal with these changes.   
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8. CONCLUSION & RESULTS 

By the literature survey I have concluded that if 
no proper early attention is given to crosscutting 
concerns, more difficult it would be to design a 
simple, easily evolvable and more traceable 
system. So to deal with these both functional and 
non-functional crosscutting concerns, they 
should be carefully treated from the very onset 
of the system development (i.e. requirement 
engineering). As the traditional RE process does 
not cater for the crosscutting concerns, so a 
process with explicit identification of 
crosscutting concerns is necessary. Further 
research is needed to improve the AORE process 
for better requirement engineering process.   
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