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ABSTRACT

Requirement engineering is the most important phase 
within the software development phases since it is 
used to extract requirements from the customers which 
are used by the next phases for designing and 
implementation of the system. Because of its 
importance, this thesis focuses on the term aspect 
oriented requirement engineering, which is the first 
phase in aspect oriented software development used 
for the identification and representation of 
requirements gathered in the form of concerns. 
Besides the overall explanation of aspect oriented 
requirement engineering phase, detail attention is 
given to a specific activity within AORE phase called 
conflict resolution. Several techniques proposed for 
conflict resolution between aspects is discussed along 
with an attempt to give a new idea in the form of an 
extension of the already proposed model for conflict 
resolution. The need for extension to the already 
proposed model is justified by the use of a case study 
which is applied on both the models i.e. on the original 
model and on the extended model to compare the 
results.

Keywords: Aspect oriented requirement engineering 
(AORE), conflict resolution, concerns and priority 
comparison.
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1 INTRODUCTION

This chapter provides the background along with the purpose, aims and objectives of the 
thesis. The research questions along with the research methodology are also provided here.

1.1 Background

Requirements engineering is an organized, iterative process for identifying, analyzing, 
specifying and verifying system requirements [1]. A typical RE process consists of five 
activities [2]: Requirements elicitation, requirements analysis, requirements specification, 
requirements validation and requirements management. In the initial stage of Requirement 
engineering i.e. Requirement elicitation, the requirements from the customers along with the 
information related to the development process are gathered. Several techniques are used for 
eliciting requirements from the customers, like interviews, questionnaires, workshops, 
prototyping, brainstorming etc. In the requirement analysis phase, the high-level 
requirements gathered in the elicitation phase are analyzed and refined further to get a clearer 
picture of the system to be developed. Several techniques are used for requirement analysis, 
such as Joint Application Design, Quality Function Deployment, Structured System Analysis 
and Object-Oriented Analysis [3]. During requirement analysis phase, prioritization of 
requirements is also performed. Requirement prioritization corresponds to the concept of
classifying requirements according to their priority. The priority of the requirement is 
measured by the importance of the requirement with respect to the customer along with the 
cost and time needed to implement the requirement. In the requirement specification phase, 
the requirements are documented properly in a document template using natural language 
and formal languages. During specification, every requirement is specified with some 
attributes. Some common attributes are id, title, description, rational and risks involved. In 
the next stage, requirements are validated with all the stakeholders for their importance, 
completeness and precision. Some of the techniques used for requirement validation are 
requirement reviews, prototyping and requirement based testing [1]. Finally, Requirements 
management is the activity which is conducted throughout the entire RE process. Proper 
definition and organization of all the RE activities is maintained during this phase [1]. 

Aspect Oriented Software Development (AOSD for short) is a new discipline that allows 
Aspect- Orientation in the fashion similar to object-orientation in Object Oriented Analysis 
and Design (OOAD) approach of software development. In AOSD crosscutting concerns are 
separated to avoid tangling and scattering of requirements at the stages of software 
development lifecycle. These crosscutting concerns can be identified in each phase of 
software development. In AOSD the crosscutting concerns are modularized in modules 
called Aspects [7].

Aspects are identified in requirement phase of software development to avoid the 
propagation of crosscutting concern in later phases of development. This early identification 
reduces the cost and time constraints of implementation [7]. New ways of modularizing 
requirements are offered by aspect oriented requirement engineering (AORE for short) in 
order to improve separation of concerns in a particular problem domain. Modern requirement 
techniques such as viewpoints, scenarios and goal-based models are used to develop new 
AORE approaches in recent years [6].

AORE is a relatively new terminology and there is not much work done to date for coping 
with problems within this domain. Some of the problems which are being faced during 
AORE implementation are:
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1. Obliviousness to dependency issues
2. Lack of catering AOSD properties 
3. Conflicts between aspects

[4].

The first problem corresponds to the fact that since requirement flow is based on two types 
of dependency i.e. control and data dependency so there must be a discussion about the flow 
or sequence between the requirement compositions.  Numerous AORE models are unaware 
of the dependency issues [4]. The second problem depicts the deficiency of neither 
addressing two AOSD properties i.e. reusability and scalability simultaneously nor 
individually within different AORE models [4].

The third and the last problem, which is the main target of this thesis work is conflicts which 
arise during separation of concerns in AORE. Conflict arises due to the negative influence of 
different concerns on same set of requirements [5]. Influence among aspects can also be 
positive which strengthens each other. The entire composition and the system are adversely 
affected by the negative contribution of concerns, which should be resolved. Deficiency in 
resolving conflicts will result in poor architecture [4].

Since separation of concern can be done at any stage of the software development life cycle, 
like in the requirement stage, design stage and in the implementation stage so separating the 
concerns in the early stages i.e. in the requirement stage and also resolving the conflicts early 
can result in untangled and non-scattered design and code. The maintainability will also be 
enhanced and the cost of implementation will be reduced [4].

To overcome the problem of conflicts between aspects there are several AORE models being 
proposed i.e. models like View points-based, Multidimensional separation of concern, 
Aspect oriented requirement analysis and Goal based AORE [6] are proposed for fulfilling 
several process activities like identification of concerns, composition of concerns and 
conflict resolution between concerns. Most of the models resolve conflicts through priority 
assignment among concerns with respect to stakeholder’s preferences [4]. 

Conflict resolution activity in Aspect oriented requirement engineering is a compulsory 
process, so it is of immense importance to achieve this activity. Current research shows that 
there is not much work done in this regard; also the small amount of work which is done is 
based too much on the traditional requirement engineering artifact. There is a deficiency 
regarding approaches which are not based on requirement artifacts. To the best of our 
knowledge one such kind of approach which is a new concept is known as Theme/Doc 
approach. Apart from this there is no other approach which proposes a completely new idea. 

Our main contribution is done with in the field of conflict resolution in AORE. The 
contribution is made with an attempt to make an already proposed conflict resolution model 
more formal and independent of the stakeholders thus making it more efficient.
  

1.2 Aims and objectives

The main aim of this thesis is to propose an extension of one of the already defined models 
for resolving conflicts in aspects. The extension will be based on proposing procedures for 
better conflict resolution. Either the extension will be in the form of mixing two already 
defined models or by proposing new procedures for a model. In order to validate our propose 
model a sample application will be selected on which our proposed model and any other 
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already defined Aspect Oriented RE model will be applied. The comparison between both 
the models on the basis of resolving conflicts between different aspects will be recorded.  

1.3 Research questions

1. What other software development techniques are available in addition to aspect 
oriented software development? Why there was a need of new approach such as 
AOSD.

2. Why separation of concern in aspect oriented software development is important in
requirement phase?

3. How much important it is to fulfill the process activity “Conflict Resolution” in 
aspect oriented requirement engineering?

4. What are the differences in formal procedures and informal procedures for conflict 
resolution?

5. Which aspect oriented RE models are less efficient with respect to resolving 
conflicts between aspects?

The reason for making this type of research questions is to understand the importance of 
aspect oriented software development and to get a deeper understanding of the term aspect 
oriented requirement engineering. To understand the activities inside AORE and more 
specifically focus on conflict resolution are also some reasons for these questions.

1.4 Expected outcomes

The main outcome of this thesis will be a proposed extended model for an already defined 
model based on conflict resolution with in the field of AORE. In order to achieve this 
extension, the research questions will be answered though the knowledge gathered during the 
literature study which will provide us with the platform for contributing our extension.
  

1.5 Research Methodology

Qualitative research methodology in the form of detailed and widespread literature study 
with a case study to provide proofs about the competency of our proposed model will be 
carried out for this thesis. Such particular type of research methodology will enable us to 
gather data generally and specifically for (AORE) and procedures for conflict resolution 
respectively. The sources which will be used from whom data will be gathered during 
literature study will be articles, books and web references.

1.6 Related work

Chung et al propose a reasoning schema to detect and solve conflicting situations between 
non-functional concerns [69]. The identification of conflicts is based on positive and 
negative contributions. In [70] a formal framework is presented that facilitates the 
identification and the tradeoff analysis of conflicting requirements based on fuzzy sets. 
Viewpoints techniques determine inconsistencies (i.e., conflicts) by applying consistency 
rules within and among viewpoints [65, 71]. To solve these inconsistencies the approach 
applies a resolution rule. Similarly, KAOS detects inconsistencies based on conflict, 
divergence, competition and obstruction interactions among goals [71]. In [72] a goal-
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oriented approach is presented to manage conflicts in COTS-based development. This work 
aims at developing a selection process of how to identify and manage conflicting interests 
between costumers and vendors in order to support COTS decision-making. CORA 
(Conflict-Oriented Requirements Analysis) incorporates requirements ontology and 
strategies for restructuring requirements transformations as a means to reduce or remove 
conflicts [73].

Several AORE approaches [60, 74-58] handle conflicts mostly based on intuitive and very 
simple reasoning methods that are error prone and do not allow a rigorous engineering
approach to the problem. In [74] conflict solving is based on the principle of iteratively 
identifying the dominant candidate aspect (i.e. a crosscutting concern). This is achieved by 
priority comparison, which may involve trade-off negotiations with stakeholders. [60, 58] 
use a similar idea, by assigning weights to those aspects that contribute negatively to each 
other in relation to a set of stakeholders’ requirements. Weighting allows them to describe 
the extent to which an aspect may constrain a base module. The main limitations of these 
approaches are: (1) each concern must be allocated a different priority, (2) conflict handling 
is based on one criterion, the priority and (3) trade-offs must be negotiated with stakeholders 
to resolve conflicts without offering them any systematic analysis technique or tool.

1.7 Thesis outline

The rest of the thesis is followed by chapter 2 which explains different software development 
techniques, chapter 3 explains aspect oriented software development process in detail, 
chapter 4 explains one specific phase of AOSD and that is aspect oriented requirement 
engineering along with explanation of non-aspect oriented and aspect oriented approaches. 
Further more this chapter explains the term conflict resolution and also gives detail about the 
proposed models that mentions different approaches for resolving the conflicts between 
aspects. Chapter 5 and 6 are dedicated to our proposed model for resolving conflicts and a 
case study to validate our proposed model respectively. Finally, in chapter 7 we will discuss 
our conclusions about the thesis and any future work that can be done with in this area.
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2 SOFTWARE DEVELOPMENT TECHNIQUES

In this chapter and in the next chapter we will introduce some already defined software 
development techniques, together with a detail explanation of the newly emerged software 
development technique called AOSD. Furthermore a comparison is done at the end between 
AOSD and other software development techniques to give an idea that why there was a need 
of AOSD. (Note for the comparison see section 3.3)

Software development techniques along with different software development models make 
up a software development methodology [9]. For instance Models like water fall model, 
iterative model and spiral model are combined with techniques like agile software 
development, clean room software development and object oriented software development to 
come up with a methodology for the development of software. According to [9], these 
software development techniques can be combined into any model dependent upon the best 
situation. No technique is bound to be used with any specific software development model. 
However, note that some of the aforementioned techniques and models might not be used 
frequently in combination, but it is still possible to combine them.

Following sections will explain some of the well known software development techniques in 
use:

2.1 Agile software development

During the last few years agile software development approaches have become more 
popular. For the software to meet with the changing customers needs and also for faster 
development of the software, several agile methods have been developed. The approaches 
which have been developed with in agile technology exhibits some identical principles 
which are: Improved customer satisfaction, to adjust according to changing requirements, 
able to deliver software in multiple releases and to have a closer association between 
developers and business people [10].

As compared to traditional software processes, agile development is more focused towards 
implementation than documentation. This difference is due to symptom of two deeper 
differences between both the software development processes, which are [10]:

1. Agile methods are not predictive rather they are adjustable according to the situation. 
In traditional software development, the software processes are planned for a longer 
timer period. This approach is good if there is minimal change in the domain or in the 
requirements. Also if the application domain and the software technologies are well 
understood by the software developers then this kind of approach is suitable. But it 
usually fails in a scenario where change is inevitable. Agile methods were specifically 
developed to adapt on changes during the software development. 

2. Agile methods are people-oriented rather than process leaning. They are dependent on 
people’s knowledge, competency and direct cooperation rather than on precise, 
document centric processes to produce high-quality software.

Most common agile methods are discussed in the following subsequent sections:

2.1.1 Agile modeling
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AM helps the developers to give guidelines for developing models for design issues of the 
software but does not support spending too much effort on these models [10]. AM indicates 
that changes are normal in software development. As compared to traditional requirement 
engineering it does not explicitly refer to any technique but some of the practices are similar 
to traditional testing and brainstorming. The primary purpose of AM is to make 
differentiation between different informal models, such as those which support face to face 
communication and those which are conserved and maintained as part of the system 
documentation [10].

2.1.2 Scrum

Scrum is a method used to apply ideas of flexibility, adaptability and productivity from the 
industrial process control theory to manage the flexibility, adaptability and productivity with 
in system development process. Scrum focuses on production of quality work by indicating 
how a team should work together in a changing environment. The main Scrum techniques 
are the product backlog, sprints, and daily scrums [10].

Product backlog plays a vital role in scrum with regards to requirement engineering. All 
requirements which are considered to be Useful or necessary for the system are stored in the 
product backlog. Information related to Features, functions, enhancements and bugs are all 
stored in a prioritized form within product backlog. The traditional requirement engineering 
activity i.e. requirement documentation can be compared with product backlog. Since it 
contains information needed for development [10].

Sprint corresponds to a development process. The time frame for the development process is 
normally 30 days. Before the start of the sprint process the highest level requirements from 
the product backlog are transferred to the sprint backlog. There is no flexibility in 
requirements when sprint is under progress. Although after the completion of a sprint the 
requirements can be asked for reprioritization from the customers before the start of the next 
sprint. After the sprint process a meeting named sprint review meeting is arranged for 
demonstration of the product to the customer and also for getting feedbacks from them. The 
sprint review meeting and the current product backlog are used for planning the next sprint 
process. With respect to traditional requirement engineering activities, the sprint review 
meeting is much similar to requirement review and also to the presentation of an 
evolutionary prototype which uses the prototype for further development instead of throwing 
it away [10].

2.1.3 The crystal methodologies

Crystal methodologies are a suit of different methodologies from which most appropriate 
methodologies can be selected depending upon the nature of the project. In order to cope 
with the varying circumstances with in the project the members of the crystal family can be 
tailored according to the situation. Different colors denote the level of heaviness for the 
members of the crystal family. Such as clear, yellow, orange, red, magenta, blue and violet. 
Most used crystal methodologies are clear, orange and orange web. Some of the crystal clear 
and orange policy standards can be compared with traditional requirement engineering 
techniques [10]:

• Incremental time-boxed delivery (Prototyping, Reviews)
• Automated regression testing of functionality (Testing)
• Two user viewings per release (Review)
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• Workshops for product- and methodology-tuning at the beginning and in the middle 
of each increment (Review)

2.1.4 Feature driven development

Feature driven development (FDD for short) is a short process which works in iteration and 
does not cover the entire software development process. It only focuses on design and 
implementation phases [10]. The domain model is first developed in the first phase by 
domain experts and developers. The model consists of class diagrams with classes, 
relationships, methods and attributes. The functionality of the system is expressed by 
methods and is the foundation for building a feature list. A feature in FDD is a client-valued 
function. The team is responsible for prioritizing the features from the feature list. Domain 
members are responsible to review the feature list [16]. A 30 minute weekly meeting is done 
under FDD in which the status of the features is discussed and a report is written about the 
meeting [10]. 

2.1.5 Extreme programming

Extreme programming (XP for short) is based on values of plainness, communication, 
reaction, and courage [10]. It brings the whole team to one platform and enables the team to 
see what their current status is. This is possible due to the simple practices which extreme 
programming exhibits. The old, tried and tested techniques already in application are 
combined in such a way that strengthen each other. XP focuses explicitly about the general 
software development process and what is to be done during the process rather than focusing 
on requirement techniques individually. With comparison to traditional requirement 
elicitation activities like interviews, brainstorming and prioritization, XP uses story cards for 
elicitation. Business values to the customers are provided by the user stories which are 
description for a feature. The process of brainstorming is also involved in such a way that 
customers are asked to think about what they expect from the system to do before story cards 
can be written. More user stories and ideas are emerged when more thought is involved for a 
specific functionality. Every story is discussed in an open ended way before implementation. 
During the initial stages the developers ask the customers for enough detail so that they can 
have a clearer view about the estimation for story implementation. Customers prioritize the 
stories based on these estimates made by the developers so that they can be addressed for the 
next iteration. One things on which extreme programming emphasizes is writing tests before 
coding. The completion of a story card is validated by definition of acceptance tests from the 
customers.  

  

2.2 Clean room software development

Clean room process is a mixture of team-oriented and theory based process for the 
development of high reliability software with statistical control of quality. The main 
objective of this process is to produce software that contains zero failures. That is why the 
life cycle of clean room software development process is different from the conventional 
software development process. This approach certifies software fitness by combining 
mathematical based methods of software specification, design and correctness verification 
with statistical, usage based testing. Good and correct designs are one of the purposes of 
clean room process to avoid rework and to minimize the number of failures found during 
testing [11].
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2.2.1 Specification
    
Clean room software engineering describes the external behavior of the system by a set of 
formal specification methods [11]. A box structured approach is used in clean room process 
to under go strict stepwise refinement and verification process that allows system object 
architecture and user functions to be defined accurately. The approach allows the product to 
be developed incrementally in order to increase productivity. Object based technology of box 
structures called black, state and clear boxes are used to implement this approach. A black 
box is specification for the external behavior of the system which state box is a specification 
for the external behavior plus the data needed to implement the external behavior. The last 
box structure technology is clear box which contains all the functions of the state box plus 
the procedure needed to implement the external behavior [11].

2.2.2 Correctness verification

Reviews are conducted for formal or informal verification of the system using correctness 
proofs as standards. Correctness verification is done until the software is executed so that the 
developers do not need to debug the software [11].

2.2.3 Statistical usage based testing and certification

Clean room tests the software by using formal statistical approaches that indicate the quality 
of the software and also the point at which testing should be stopped. This approach is 
different from the traditional approach where errors are found through testing and it is 
assumed that the software quality will increase if more and more errors are discovered. 
Certification is a clean room way of testing which ensures software reliability. The methods 
used in certification are statistical quality control and statistical usage testing [11].  

In statistical usage based testing the defects are not measured in line per code but instead the 
quality is measured in sigma units. When a certain quality level is reached using clean room 
certification then the product can be shipped or deployed even though complete path 
coverage is not achieved. Clean room certification indicates about the end point of testing 
and time to market terms [11].

2.2.4 Incremental development

The development of the software using clean room methodology is done in successive 
increments [11]. All the increments sum up at the end to make the whole product. Every 
increment results in the development of certain user operational functions. The integration of 
all these increments is done top down

2.2.5 Clean room Reference Model

The Clean room reference model or CRM is composed of 14 processes and the result of 
these 14 processes is a collection of 20 work products [11]. It is a guide of clean room 
project management and efficiency, process accountability and perfection and technology 
transfer and implementation.CRM is a high level clean room process template that must be 
molded for use by a specific company or organization.

The set of 14 CRM processes are described in the subsequent 4 sections [11]:
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2.2.5.1 Clean room Management processes

Project Planning: Project planning process is used to produce tailor made clean room 
software engineering process for a specific project. It is also used to define and document 
strategies for the project and review those strategies with the customer and the project team. 
The need for project planning process arises when there appears a new or revised statement, 
modified requirements or a revised software development plan.

Project Management: This process manages communications with the customers and peer 
organizations, create and train clean room teams, initiate tracking. Further it is used to 
control clean room planned processes, reduce risks or even eliminate it, tailor plans to adjust 
changes and gradually improve team performance.

Performance Improvement: This clean room process involves processes like certification 
and correctness verification for fault finding and casual analysis of deviation from plans for 
continual improvement of team performance. This process also introduces appropriate new 
technologies and processes.

Engineering Change: To undergo changes to the work product like additions, update and 
corrections in such a ways that correctness is reserved and it is according to the configuration 
management plan. The highest level of specification or design is considered to be the starting 
point for any re-specification, redesigning, re-verification and recertification when any 
change is introduced.

2.2.5.2 Clean room Specification processes

Requirement Analysis: This process is used for the definition of the requirements for the 
software product and to have an agreement with the customer about the requirements which 
are the basis for functions and usage specifications. The customer’s initial product ideology 
is simplified through requirements analysis and also it helps to uncover those requirements 
which are not addresses by the customer initially

Functional specification: This process is used to define the requirements in a precise, 
complete and consistent form. It is made sure that the functional specification is complete, 
correct, consistent and traceable to software requirements. One more objective of this 
process is to take the customer in confidence that this specification is the basis for software 
development and certification.

Usage specification: This process is used to establish the highest level structure and to 
analyze the probability distribution for software models. In addition to that it identifies 
software users, usage scenarios.

Architecture specification: 3 key dimensions of architecture are defined with in this process 
i.e. conceptual architecture, module architecture and execution architecture. The 
decomposition of history-based black box functional specification into state-based state box 
and procedure-based clear box specification is clean room aspect of architecture 
specification.

Increment planning: This process corresponds to development of software in increments 
which allocates the customer requirements defined in the functional specification and also 
which satisfies the software architecture.
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2.2.5.3 Clean room Development processes

Software Reengineering: The purpose is to prepare reused software for integration into the 
software product. The semantics and interface syntax of the reused software must be 
understood and documented, and if incomplete, can be recovered through function 
abstraction and correctness verification. 

Increment design: The idea is to design and code a software growth that conforms to Clean 
room design principles. Increments are designed and implemented as usage hierarchies 
through box structure decomposition, and are expressed in procedure-based clear box forms 
that can introduce new black boxes for further decomposition. The design is performed in 
such a way that it is provably correct using mathematical models. 

Correctness verification: The correctness of the software growth is verified through this 
process using mathematically based techniques. Black box specifications are verified to be 
complete, consistent and correct. State box specifications are verified with respect to black 
box specifications, and clear box procedures are verified with respect to state box 
specifications. Any part which changes after verification must be verified again

2.2.5.4 Clean room Certification processes

Usage modeling and test planning: For software testing and for the definition of test plans 
the usage models are created under this process. For the purpose of software certification 
customer agreement is made based on the usage models and test plans

Statistical testing and certification: This is where the software fitness for use is tested. This 
testing is done through formal statistical experiment. The software increments are executed 
first time here. The success and failure of the test cases is determined by the comparison of 
the actual software behavior with the required behavior. [11]

2.3 Rapid application development

Rapid application development (RAD for short) is a software development technique that 
focuses on faster and high quality development of products through the following points 
[12]:

1. Collecting requirements using workshops or focus groups
2. Continuous user testing of design through prototyping
3. Maximum reusability of software components
4. A tightly paced schedule that defers design improvements to the next product 

version
5. Informal reviews and other team communication

RAD methods featured several novel techniques to achieve the goal of faster and high 
quality products such as automated tools are used for requirement diagrams creation instead 
of manual work, group interviews are conducted between developers and customers for 
application design replacing one-to-one interviews and users become part of the 
development team. 
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Every software vendor and consulting firm has there own version of RAD which best suits 
there required product nature. No matter which version of the RAD is being adopted by any 
company, the methods inside any RAD process must have the following common properties 
[13]:

Requirements gathering: Effective gathering of requirements should be conducted by 
developers using business-centric approach which breaks the language barrier between 
information technology and business communities.

There are two main perspective of RAD approach to requirement gathering [13]:

1. The task-oriented business community, which supplies the development team with 
information and feedback on system components and confirms that all requirements 
have been filled

2. The system-oriented IT team, which organizes components, controls system 
development, and checks for missing requirements.

Customers and developers are linked through a partnership with the use of these 
perspectives. Both parties are able to understand the whole picture i.e. what are the main 
components of the software, how they will interact with each other and how they will going 
to be used [13].

Development activities: System delivery time is reduced by simultaneous development 
activities in the form of small task which is being taken up by different sub teams. The 
system must be delivered in increments and each increment must be a usable application. For 
larger projects the RAD process is used to divide the project in chunks and deliver it in 
increments. This modifies the structure of the development team i.e. small teams are 
assigned for different aspects of the software.

In most of the projects RAD implementation can fail any one of these properties [13]:

1. Picking the right team
2. Management and customer support
3. Methodology

Development approach: Iterative development approach is encouraged by RAD for the 
reduction of delivery time. The delivery team should identify and detail system components 
in an evolutionary process that overlaps the classic stages of analysis, design, code, and test. 
Evolutionary prototyping is being implemented in RAD as it creates prototype and retains it 
for next iteration until the final system is developed [13].

2.4 V model software development

The V model includes following three levels [14]:

1. The life cycle process model
2. The allocation of methods
3. The functional tool requirements

At all levels the standard are structured according to the area of functionality. These areas of 
functionality are called sub-models. There are four sub-models [14]:
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1. Project Management
2. System development
3. Quality assurance
4. Configuration management

                                              

Figure 1 – The architecture of the V model [14]

2.4.1 The allocation of methods and functional tool requirements

The adjustment of appropriate selection and application of methods for all sub models is 
done by the allocation of methods level. It complements the life cycle process model. It 
mentions the details about how some thing is done while the life cycle process model 
specifies what has to be done [14].

Two kinds of methods are there in allocation of methods level i.e. basic and complex. Basic 
methods consist of those procedures which describes a certain functionality of the system for 
example data oriented aspects [14]. In addition to that they also contain procedures for a 
certain portion of the system development. Different categories are defined for basic 
methods which correspond to several solutions for certain problems.

Complex methods on the other hand refer to the procedures which negotiate different 
methodical components of the system and integrate them.

For each activity a method is selected. This selection of methods is made easy by the 
allocation of method level which provides with a limited set of methods to be selected. The 
description of every method consists of these points [14]:

1. Identification and definition of the method
2. Brief feature of the method
3. Vicinity of the method.
4. Specification of the method
5. Interfaces
6. Further literature

The functional tool requirement level adjusts the selection and application of tools for all sub 
models. It also complements the life cycle process model. Further it supports the allocation 
of methods level too. Dependent on the activity, several or only one tool can be used by a 
method.

A tool is defined as “A tool is a software product supporting the development or 
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maintenance/modification of IT systems”. The tools are packed into service units. A service 
unit provides the necessities for the tools in the specific service unit. Service units can either 
be applied in an activity in the Life Cycle Process Model or a method in the Allocation of 
Methods level or in both. The service units are further grouped into service complexes. A 
service complex can for example be one of the sub models. 

The selection of tool is done in 4 steps. The steps are described below [14]:

1. The first step corresponds to the specification of required functionality of the tools on 
the basis of the functionality which has to be fulfilled for a project. This steps results 
in a number of service units.

2. Second step is further divided into 2 activities:

a. In the first activity the selected service units are taken as input for the 
tools. The output of this activity is the functional requirements of the 
tools.

b. In the second activity the application condition is taken as input for the 
tools. The output of this activity is technical requirements

3. The third step summarizes the technical and functional requirements for the tool. The 
summarization results in the final requirements of the tool in the form of operational 
criteria catalogue

4. In the last step the different tools are compared with operational criteria catalogue 
which results in some applicable tools.

  

2.4.2 The life cycle process model

The basic elements in the life cycle process model are as follows [14]:

2.4.2.1 Activities and products

Activities and products are the two basic steps of the processes as described by the life cycle 
process model. Moreover it describes the states of product and linkage between the activities 
and products through the use of product flow schema.

The work step in the development process is the activities. The description of the execution 
and result of an activity are exact. Sub activities are also contained in a single activity. The 
activity at the highest level is called main activity. Product is a result from an activity. The 
products can be modified, states changed and generated by an activity. Activity description 
describes for each activity an activity pattern called activity schema 

A product can be a manuscript, piece of software or hardware. A product is the outcome from 
an activity. As with activities, the products may be decayed into sub products. A product is 
described with a product schema. It contains a short summary of the product and a listing of 
the structural items of the product.

2.4.2.2 Activity schema

An activity schema pattern consists of [14]:
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1. The name of the activity
2. The product flow
3. The handling
4. The recommendation and explanations

2.4.2.3 Product states

A product changes from one state to another during its generation and processing. This 
change of state in the product is caused by the activities. The activity schema has the record 
of all the states of a product from the start of the activity till the end.

A product may have the following states [14].

 Planned – The product is being planned. The product does not exist yet. It is the 
initial state of all products.

 Being processed – The product is being processed. It is in control of a developer. It is 
either checked-out from the product library or checked-in to the product library.

 Submitted – The product is from the developer’s point of view finished. The product 
is submitted to the QA for assessment. If the QA assessment rejects the product it is 
returned to the being processed state otherwise it is accepted.

 Accepted – The product has been accepted by the QA assessment and is therefore 
released. It can only be further modified if the version number is updated.

Figure 2 – The Product states and transitions [14]

2.4.2.4 Organization and roles

The allocation of tasks to individual project members is done by roles. A set of roles are listed 
for each sub model. The organization is built up by selecting project members for each sub 
model and assigning them roles [14].

Planned
Being 

processed Submitted Accepted
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2.5 Object oriented software development

Object oriented software development consists of 3 main areas which are object oriented 
analysis, object oriented design, and object oriented programming. All these are related to 
each other but are distinct.

 Object oriented analysis is concerned with the development of object model of the 
application domain.  

 Object oriented design is concerned with the development of object oriented system 
model to implement the requirements

 Object oriented programming is concerned with comprehending an OOD using a 
language such as java or C++.
[15]

In the following sections all the Object oriented software development phases are explained

2.5.1 Object oriented analysis

The purpose of the OOA is to model required computer software as it works to satisfy user 
requirements. The intent is to define some classes, relations between the classes and their 
behavior according to system which is under investigation. This activity is also called 
requirement engineering since the customer requirements influence the creation of models 
[16].

There are 5 principles in object oriented analysis which are [16]:

1. Modeling of the information domain
2. Description of the module function
3. Representation of the model behavior
4. Partitioning of the models to exhibit greater detail.
5. Early and later models provide basic and detail information about the system 

respectively.

Some commonly knows object oriented analysis methods are:

Booch Method: Booch defines two processes describing the layout of the object oriented 
development, which are [17]:

Macro process:
 Establish core requirements
 Develop a model of the desired behavior
 Create an architecture
 Evolve the implementation
 Manage post delivery evolution

Micro process:
 Identify the classes and objects at a given level of abstraction. 
 Identify the semantics of these classes and objects. 
 Identify the relationships among these classes and objects. 
 Specify the interface and then the implementation of these classes and objects.

Jacobson’s Use case approach: Jacobson's Use Cases are defined as a model in parallel 
with the object model.  The Use Case model consists of classes of use cases, with use case 
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instances.  The use case shows interactions between objects in the same object model and 
between objects in different object models.  Scenarios are "use case instances" used to show 
interactions between objects [18].  

Rambaugh method: It is also known as the Object Modeling Technique which creates three 
models- object model, dynamic model, and a functional model [16].

Of all the different proposed object oriented analysis methods, there are some common steps 
which are found in every model. These steps are [16]:

1. Identification of customer requirements
2. Identification of classes and objects using the requirement model
3. Identification of attributes and objects for each class
4. Definition of structures that will organize the classes
5. Build the object-relationship model
6. Build the object-behavioral model
7. Revision of OOA model against the requirements

2.5.2 Object oriented design

The purpose of this phase is to develop a design model from the analysis model of OOA 
phase. The design model serves as a draft for the software construction. It must describe the 
specific data organization of attributes and the procedural detail of individual operations 
[19].

Five basic principles of object oriented design are [19]:

1. Linguistic modular units
2. Some interfaces
3. Weak coupling or low dependency between interfaces
4. Explicit interfaces
5. Information hiding

The methods defined for the OOA phase are also used in object oriented design phase. 
Because these models are developed for both phases and we cannot draw a strict line 
between the analysis and the design phase, they tend to merge or overlap.

Among the methods propose for OOD, there are some common steps found in every method 
which are [19]:

1. Define the subsystems of the software by determining data-related subsystems 
(entity design), control-related subsystems (controller design), and human 
interaction-related subsystems (boundary design). 

2. Define class and object design
3. Define message design

The main work products in the object oriented design phase are [19]:

 Software architecture
 Data design
 Interface design
 Component level design
 Deployment design
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2.5.3 Object oriented programming

Object oriented programming develop its power from its view of calculation as the 
simulation of real-world entities. The most important terminology regarding this view of 
calculation is data abstraction. OOP languages facilitate the description of collection of 
“objects”. Objects are type of agents which exhibits their own individual state and perform 
some behavior and communication with other objects by sending messages through classes. 
The main OOP advantage comes from the fact that once classes are defined they can act like 
a type. Through classes, objects can be used and accessed with out taking care of the 
implementation with in these objects and it can be protected from other users as well. 
Objects can be used according to a standard notation, using names, symbols and operations 
and finally objects can be combined with more objects to create complex user defined types 
[19].

Each object has three aspects i.e. what it is, what it does and what it is called. The state of the 
objects consists of properties and the value of its properties. For most of the objects the state 
value is not changed but it can be changed in some special conditions. The collection of 
actions which an object may perform is called behavior. This is an important feature of 
Object oriented programming. Encapsulating data and behavior together in an object helps to 
understand and design the program easily [19]. 

A class is a template which consists of set of objects sharing common properties. An object 
can never be created in isolation. It must be an instance of some class. This means that if we 
want to use an object in our program then we would have to access the class first and then 
we can create object from that class [19].  

A class can also be thought of as an abstract data type. It consists of properties which will be 
included in all the instances of this class i.e. object. Properties of the class are member 
variables which correspond to attribute and methods which corresponds to the action of the 
object [19].

An object of a class can also be included as a member variable of another class. This feature 
corresponds to an important term called inheritance. Inheritance means that a sub class can 
be derived from a base class. The advantage is that the sub class contains all the feature of 
the base class plus its additional specific features. 
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3 ASPECT ORIENTED SOFTWARE DEVELOPMENT

In this chapter we will discuss the general activities involved in aspect oriented software 
development technique such as aspect oriented requirement engineering, aspect oriented 
design, aspect oriented programming and aspect oriented testing. This chapter also highlights 
the terminologies and concepts regarding aspect oriented software development.

3.1 Core concerns and crosscutting concern

Before explaining the AOSD there is a need to know about the terms that is mostly used in 
AOSD related literature i.e. core concerns and crosscutting concerns. 

Core concerns are mostly related to functional requirements of the system. These concerns 
can be modularized easily in the form of a class or module. Core concerns reflect the system 
requirements and the priorities of the system stakeholders. The requirements contained 
inside these concerns do not tangle with requirements of other concerns. In other words we 
can say that core concerns are cohesive in nature.

Some concerns may affect (crosscut) the other concerns, this nature of concerns makes a title 
for them crosscutting concerns. These crosscutting concerns are encapsulated into separate 
modules / Entities called aspects [20].

An aspect is a collection of advices, segments of code that collectively implement a 
particular concern [20]. Examples of crosscutting concerns are design or architectural 
constraints, systemic properties or behaviors (e.g., logging and error recovery), and features,
security, mobility and real-time constraints [21]. 

In our thesis, we will mainly focus on crosscutting concerns.

3.2 Aspect oriented software development

Aspect-oriented software development is an approach of software development for 
separation of concerns (SOC) in a proposed system. There are AOSD techniques that 
provide a way to modularize the crosscutting aspects [21]. By using these techniques the 
crosscutting concerns can be identified, modularized, represented and composed in a 
systematic way [22]. AOSD is based the idea of an abstraction- an aspect ,same like  Object 
Oriented Software Development is based on the idea of object [23].

The Aspect-oriented software development is a new discipline and aspect orientation is 
being promoted to progress through the all stages of software development life cycle 
including requirement, design and development phase. A faultless software development 
process is the main aim of AOSD where crosscutting concerns are the main drivers of the 
software development through requirement to implementation [24].

AOSD promote a culture of developing software systems using techniques and tools that can 
be used in every phase of SDLC including architectural design of software system.

3.2.1 Aspect oriented requirement engineering
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The cost of fixing a requirements defect later stages of development life cycle is much higher 
than the cost of discovering and fixing it in the early phases of development [25]. It is 
important to thoroughly recognize and analyze proposed system’s requirements during the 
early development to avoid defects or errors that occur in the later stages of development. 
Proper analysis and understanding of system requirements would not only make the design 
simpler, but also help to reduce the defects that occur in the later stages of development [1].
Requirements Engineering (RE) covers very important activities of the software engineering 
lifecycle such as requirements elicitation, analysis, specification, conflict resolution and 
validation. The main goal of RE is to clearly specify stockholder’s requirements enabling the 
software engineers to increase a deeper understanding about the functionalities, boundaries 
and properties of the system to be developed .RE also identify the environment in which the 
system will operate [6]. There are five stages in a typical Requirements Engineering process. 
They are requirements capturing, requirements analysis, requirements specification, 
requirements verification and requirements management [1].

It is explained earlier that concerns which may affect the other concerns in the systems are 
called crosscutting concerns, due to this behavior the specification and implementation of 
these concerns is scattered in several other concerns. Crosscutting concerns crosscut multiple 
requirements with possible consequences to later stages of software development. AORE 
help to solve these issues in early stages of software development. Aspect oriented 
requirement engineering provides a way to find the early aspect in the system which have 
behavioral influence on other concerns residing in the system. The definition of has been 
given by authors [29] as “We define Aspect-Oriented Requirements Engineering as the  
requirements engineering approaches which address identification, representation, and 
treatment of all types of requirements (functional, non-functional, localized, and broadly 
scoped) and their mutual influences. The novel perspective contributed by of AORE is the 
systematic addressing of crosscutting concerns (aspects) and their influences.”

As the main activity of AORE is to separate the crosscutting concerns so, over recent years 
several researchers [30] developed Aspect-Oriented Requirements Engineering (AORE) 
approaches. The goal of these approaches is to progress in separation of concerns at the 
requirements level. These approaches provide new ways of modularising system 
requirements in units called early aspects. If the requirements are not modularized in early 
stages of software development then these are scattered over and tangled with various other 
requirements to later stages of development [6].  All AORE approaches have been defined 
either by evolving current approaches of Requirement Engineering such as viewpoints- [30], 
scenarios- [31] and goal-based [32] models or by developing new approaches [33, 34].
The decision process of choosing an approach require a criteria (some requirements) to 
achieve besides the other issues of an organization such as cost, technical individual. 
The criteria to an approach may consist on these points [35].

 Support for aspectual concepts or the AOSD basic concepts.
 Support of Activities of lifecycle.
 Does the approach provide Composition rules to compose aspects with 

requirements?
 Method of Handling and resolving conflicts.
 Has the approach been used in real projects?
 Does the approach foresee how the aspectual requirements are mapped 

onto design and implementation artefacts?
 Support on a Tool [35].

3.2.2 Aspect oriented design
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During the design activity of software development, the designer tries to reason, about the 
proposed systems which is composed by a set of requirements. In the process of reasoning, 
in design stage of development, there is needed to consider the behavioral aspect of the 
systems as well as the structural aspect of system. In an object-oriented software system, the 
design stage of development consider behaviors in terms of  interaction and state diagrams, 
and structure in terms of class and object diagrams. The goals of the system are achieved by 
theses behaviors and the related structures are necessary to achieve the behaviors. The 
designers may iterate over the behaviors and structures many times in design activity in a 
given time interval. The resulting output of the design activity is a set of models and these 
models, as model characteristics, have the behavior and structure of the required system [36].

Aspect-oriented design (AOD) has the same objectives as any software design activity such 
as to characterize and specify the behavior and structure of the software system. AO software 
design relates to extensions to modularity capabilities in addition to general requirements of 
software design stage. Concerns of a software system that are necessarily scattered and 
tangled in non-AOD approaches can be modularized [36]. After designing the system the 
resulting model of systems have high cohesive and low coupling. An AOD approach 
includes a process and a language. An Aspect Oriented Design process is one that takes as 
input requirements and produces a design model that may partially realize architecture of the 
system. The AOD model produced during the Aspect Oriented Design process represents 
separate concerns and relationships between these concerns. An Aspect Oriented Design 
language is a language that has ability to describe the elements to be represented in design 
and the relationships between those elements. Modularization of concerns and specification 
of concern composition can also be possible with Aspect Oriented Design language [22].
Aspect Oriented Design Modeling is an example of Aspect Oriented Design approach and 
other approaches of Aspect Oriented Design can be compared with each other on the basis of 
the level of abstraction and the level of concerns separation. While selecting the any suitable 
approach for Aspect Oriented Design the approach should show the high degree of 
traceability, change propagation, reusability, flexibility, comprehensibility, parallel 
development and easy to use and learn [35].

3.2.3 Aspect oriented programming

AOP is new programming paradigm used to implement the systems with the goal to provide 
a better and efficient target system. There are some basic concepts which are important to 
understand such as [37].

Join point: joint point is a well-defined point in the execution of a program. Examples of 
joint points are calling or execution of methods.

Point cut: pinpoint is a set of patterns that are used to select join points.

Advice: Is a method-like construct that contains additional behavior to be added at the 
matched joint point. 

Aspect: An aspect is a construct that encapsulates a cross-cutting concern. Aspects are 
similar to class in object oriented programming.

Aspect weaving: Is the process by which behavior on aspects are merged to the original 
code. In other words, weaving is the process of merging the cross-cutting concerns to the 
core concerns of a program or system. 

The core idea of AOP is to capture the crosscutting concerns throughout the system, and 
support them as main issue, in order to allow the modeling and reusing of them [38]. There 
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are high level goals of AOP approach, given in various publications; two of these goals are 
as. First: AOP makes programming easier and faster, closer to the human perception. 
Developers understand the concept of crosscutting concerns and crosscutting functionality, 
and they use it in understanding the whole system, but there is no easy way except AOP, to 
implement such a crosscutting concern. As for as Aspect Oriented programming concern, 
with  the use of AOP, aspects are closer to the human perception for crosscutting concerns 
and simplify the design and implementation of systems with such requirements. 

Code reusability is also possible with Aspects Oriented programming for the functionality 
the Aspect provides, which usually crosscut the whole system. Thus, they make system 
implementation easier and faster.  Second: The second goal of AOP is to makes 
programming less error-prone and easier to debug and maintain. With the approach of AOP 
there not only the code becomes more modular but also the goal for debugging is more easily 
gained and because of this modularity the maintenance and enhancement is possible.  
Besides the two goals, mentioned above, AOP favors reusability and modular representation 
of crosscutting concerns and this makes the code more readable and prevent tangling code. 
The AOP approach is already used in the implementation of several academic-oriented 
systems such as [38]. There is a need of much AOP work relating with industrial 
environment [38]. 

The principle of separation of concerns [39] has long been used by software engineers to 
deal with the complexity of software system development. By providing different sub-
languages/language constructs for expressing the structure of data versus the functionality to 
be performed on that data, there are many programming language which have support for 
separation of concerns. Pascal [39] is one example of a language with this design. The same 
idea has been used by software engineers and designers, when they use notations, such as 
UML, which place structure and functionality information into separate diagrams. Aspect-
oriented programming is a new programming technique that takes another step towards 
increasing the kinds of design concerns that can be captured cleanly within source code [39].  

Aspect-oriented programming provides explicit language support for modularizing design 
decisions that cross-cut a functionally-decomposed program. Instead of spreading the code 
related to a design decision throughout a program’s source, a developer is able to express the 
decision within a separate, logical piece of code. For example, ensuring that a set of 
operations do not execute concurrently typically requires spreading code throughout the 
operations; an aspect-oriented approach allows the synchronization check to be specified in 
one separate piece of code. The aspect code is combined with the primary program code by 
an aspect weaver. Several aspect oriented systems have been developed [39].

3.2.4 Aspect oriented testing

Testing is an important component of the software development process. The detection of 
faults in the software is one of the major goals of testing. Testing is done throughout the 
process of software development. While developing the software systems the defaults are 
detected as early as possible. There are several types of testing techniques available such as 
unit testing, integration testing, and black-box testing and white box testing. These testing 
techniques have been applied to different programming paradigms such as object oriented 
programming. Aspect- oriented programming is a relatively new programming paradigm that 
offers many advantages. 

Aspect-Oriented Programs (AOPs) have some characteristics that differ from object oriented 
programs or procedural oriented programs and it brings new challenges and questions as 
AOP support aspects. Aspects Oriented Programs have characteristic other than those 



22

characteristic which are present in Object Oriented Programs. Some of these characteristics 
were presented in [37]. These are as follows:

 • Aspects are dependent on the context of other classes.

 • Aspects are tightly coupled to the classes they are weaved in.

 • When dealing with aspects, it is not clear the control and data dependencies of       
source code.

 • There are many possible sources for a fault. 

To deal with these characteristics there are testing techniques for AOPs and these approaches 
of testing may have the ability to find faults and these faults can be categorized in classes. 
These classes based on faults can be used to compare the testing techniques as described in 
[37]. These classes are as follows. Incorrect strength in point cut patterns, incorrect aspect 
precedence, Failure to establish expected post conditions, failure to preserve state invariants, 
incorrect focus of control flow, incorrect changes in control dependencies.

3.3 Comparison of aspect oriented software development 
with other software development approaches

Software technology has become the vital part in business and in organizations and demand 
of software technology is increasing day by day and ultimately this includes communication 
networks and other difference devices as well and hence the demand of excellent 
development framework is increasing as well.

To produce systems with these new challenges and new requirements the traditional methods 
and tools are not enough and by [35] enterprise software developers recognize that it is hard 
to deal all of a product's requirements in its first release and hence developers deal the 
requirement in many revisions of systems in the product's lifetime. Due to increasing 
functionality of the systems, the features, such as software reusability, adaptability, 
flexibility, and evolution are becoming mandatory [35].

The comparison on the software development techniques can be done on the phase level of 
SDLC because there are specific requirement for each phase of development, so there is 
different criteria for each phase of development for comparison. For requirement engineering 
phase the criteria based on these requirement such as the AORE should support the aspectual 
concepts at early stage of development and there should be a clear mapping of aspects to 
artifacts in later phases. The criteria on software specification might be to look, the degree of 
supported tools, the verification of specification and language independency. Quality 
properties, assessing the traceability and reusability may be the criteria for software design 
phase while comparing the software development techniques [35].

Software systems and the concerns addressed by these software systems are becoming more 
and more complicated and in result posing new challenges to the conventional software 
engineering paradigms such as OO paradigms. The object-oriented paradigm is not sufficient 
to modularize crosscutting concerns, such as persistence, distribution, error handling, and 
security, because they naturally crosscut the borders of other concerns [51]. AOSD [35] 
tackles the specific problem of managing crosscutting concerns during the software 
development lifecycle. It supports a new abstraction – the aspect – and new composition 
mechanisms to make possible for developers to modularize reason and analyze about 
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crosscutting concerns. Improved comprehensibility, reusability, and maintainability of the 
final system are the benefits of AOSD [51].

Traditional software development techniques provide some general capabilities of any 
design language. Design language of AOSD must have three high level capabilities other 
then general capabilities of design language. There three capabilities are as [35]

1. Capability of Modularizing concerns into separate module because AOSD is all 
about decomposing the system in modules.
2. Capability of Separate modules integration (composition of modules)
3. Design should include a semantic to composing the modules.

As there is a need of alignment between the requirement specification and coding for better 
system production so in practice [52], object-oriented design models have been considered 
less efficient throughout the stages of software development.

The structure of designs is generally not compatible with what the requirement specification 
stage specifies because design models are generally large and huge. So ultimately the design 
has been discarded in later stages of software development as it is very difficult to keep 
relationship alive between what is being developing and what are goals of development [52]. 

There must be some techniques to resolve this gap at design level as well as in other 
development stages. Designs are also very difficult to reuse as in a design of any system the 
complete classes for a system are in special form and might provide more functionality that 
leads a difficulty in reusability [52]. The standard object-oriented constructs such as sub-
classing, polymorphism, delegation and design patterns are useful but not sufficient and 
hence provide no support of crosscutting concerns. This leads to tangling and scattering of 
cross cutting concerns in traditional design approaches.
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4 ASPECT ORIENTED REQUIREMENT ENGINEERING

As the main goal of AOSD is to separate the concerns in every phase of the software 
development life cycle, so it is important to achieve the separation of concern in the earlier 
stages i.e. in the requirement engineering phase in order to avoid tangling and scattering of 
concerns in the later stages and also to introduce traceability in the further stages. Our main 
research work lies with in the field of AORE (see figure 3). 

This chapter explains the general process of AORE and the already proposed approaches for 
this phase. The sub-activity with in this phase i.e. conflict resolution is discussed in detail 
along with the approaches which are already proposed for this activity. Conflict resolution is 
the main issue in our proposed model since every proposed model for AORE mentions 
different techniques for conflict resolution. 

4.1 Introduction

Whether new product is developed or there is an evolution in an existing product dependent 
on the business problem, there always is a software system developed for the operation to get 
successful. A system is composed of interfaces to human users, business process elements or 
other hardware or software elements [36]. The need of these interfaces for the system 
originates from the business problem which in turn gives birth to different types of 
requirements.  

A requirement is composed of an ability which is to be fulfilled by a system in order to solve 
the business problem [36]. Requirements can be classified into two types. First one is the 
functional requirements and the other one is the non functional requirements. The functional 
requirements emphasizes on a particular functionality of a system which it must fulfill. On 
the other hand non functional requirements express the quality of a system. Most important 
of all functional requirements is to check whether the performance of the system is 
satisfactory with in its environment or not. In other words this type of requirement specifies 
the quality of the delivery of functional requirements.

Aspect 
Oriented

RE

Aspect 
Oriented
Design

Aspect 
Oriented

Programming

Aspect 
Oriented
Testing

Figure 3: Aspect oriented software development phases
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Requirements can be classified into several levels as well, like technical requirements and 
business requirements [36]. Technical requirements are meant to fulfill the business 
requirements in broader terms. Business requirements corresponds to high level requirements 
which can be considered as goals of the company, while technical requirements are the one 
which can be derived from these identified goals.

Concern: A concern is not in general a requirement but requirements do represent concerns 
[41]. This means that concerns comprises of more than one requirement dependent upon the 
conceptual boundary of the concern. Concerns play a first class role in software development 
and they arise in every stage of the life cycle, artifacts, methods, activities and tools. They 
must have independent representation at every level of the software life cycle i.e. 
requirement, design, implementation and testing.

To give concerns a first class status in software development, they must be defined clearly 
and individually from any specific type of software object or software artifact in general 
[41]. According to one source concern are defined as “a matter for consideration” [42]. This 
means that concerns are those issues or those affairs which are considered to be important or 
inevitable dependent upon the system being examined. If these issues are neglected then it is 
impossible to have the system being developed. More specifically to software, an IEEE 
standard defines the concerns for a system as “... those interests which pertain to the 
system’s development, its operation or any other aspects that are critical or otherwise 
important to one or more stakeholders” [43, p.4]. This means that concerns are recognized in 
2 ways. The first way is that they can be originated from thinking of issues which are related 
to systems development, the functionality of the system and other critical aspect of the 
system. The second way from which concerns can arise is dependent on the views of 
different stakeholders, since different stakeholders have different interest from the developed 
system so different types of concerns can be originated. 

Concern is a conceptual phenomenon [41]. It is not an artifact but artifacts can represent 
concerns. Similarly a concern model is not in general a domain model although a domain 
model may contribute concerns.

There may be many solutions to fulfill the requirements which originate from the business 
goals. But practically speaking we have to consider the constraints as well [36]. The 
constraints are limitation to the available solution for fulfilling the requirements or the 
specified concern. Considering these constraints, it is very difficult to satisfy requirements 
and concerns through software components. Developers feel themselves very comfortable 
when it is possible to allocate requirements to a particular software component which 
assumes to take the responsibility of fulfilling it. When such allotment is possible, the 
consequential software is well modularized, the modules have clear interfaces with each
other, and all requirements are cleanly divided. However, there are many types of 
requirements for which clear distribution into modules is not possible using ‘traditional’ 
software development techniques [36]. Many concerns or non functional requirement come 
into this category. For instance performance is an issue related to the system architecture and 
its operating environment. One cannot allocate performance activities in one module and 
make it independent of other software system. In the similar fashion it is difficult to provide 
cohesion and loosely coupled functionality for other non functional requirement or concerns 
as well. If some requirement are not modularized completely, or in other words if a separate 
software components is not established for such requirements then it is hard to mention the 
effect of such requirements on the system or even the effect on other such requirements. To 
get comprehensive grip on all the requirements it is important that they should be separated 
in components. Lack of doing so may lead to ripple effect, which means that the effect of 
such requirements will get out of control and modification in any component which 
implements such requirements will always tend to modify other components which are not 
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assumed to be measured. This concept gives rise to trade off between such requirements or 
concerns which should be made at the earlier stage of the software development in order to 
have effective handling. Such requirement or concerns are called crosscutting requirement or 
concern respectively. Examples of such crosscutting concerns are security, mobility, 
availability and real time constraints. Such type of concerns has a vast effect on other 
requirements of the system and architectural components [36]. 

Aspect oriented requirement engineering is a terminology which aims at addressing such 
type of requirements which are difficult to modularize in separate components [36]. The 
identification and handling of crosscutting concerns (requirements) is therefore the focus of 
this terminology. Traditional requirement engineering approaches like view point, use cases 
and goals provide good support for elicitation and identification of most requirement but 
they do not focus on crosscutting concerns. Aspect oriented requirement engineering aims to 
complements these approaches and tries to handle these crosscutting concerns with the help 
of these traditional approaches [36].

Aspect oriented requirements engineering not only aims to provide improved support for 
separation of  crosscutting concerns during requirements engineering, but also to provide a 
better means to identify and manage conflicts arising due to tangled representations of 
crosscutting concerns. Such means of early conflict resolution help to establish critical trade-
offs even before the architecture is derived. [36][4]

Basically are two types of concerns: core concerns and crosscutting concerns. Crosscutting 
concerns are spread over multiple modules [4] or are unpredictable in nature, which are tried 
to be separated and modularized into independent modules called aspects. By separating 
crosscutting concerns and core concerns, the effect of the requirements contained in such 
concerns can be reasoned easily as there is no longer scattering or tangling. This separation 
of crosscutting concerns also supports extensibility, since changes are brought about in 
aspect code without altering base code. The early identification of concerns will result in 
untangled and non-scattered design and code. This will reduce the cost of implementation 
and enhance maintainability. [4]

4.2 Separation of concerns in AORE

Separation of concerns is the main activity in AORE. Basic activities for AORE are the
following.

 Identify concerns
 Separate concerns
 Represent concerns
 Compose concerns

4.2.1 Identify concern

It is the first activity of separation of concerns [4]. The functional and non functional 
requirements are realized in the form of concerns and are tried to be elicited. A concern is 
any matter of interest in a system, i.e., it is a goal or a set of properties that the system must 
satisfy. The identification of concerns is fulfilled by undertaking a complete and full analysis 
of the documentation and any other information provided by the system’s stakeholders.
Stakeholders are all the people that have a direct or indirect influence in the system under 
study. They may be users, clients, managers, developers, etc. Requirement elicitation is done 
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through already available techniques like viewpoint and UML. Some techniques focus on the 
main functionality that future system is expected to implement while other techniques 
focuses on constraints and certain properties that affect the whole system [44]. 

Identification of concerns in the requirement phase is important also because of better 
traceability of the system. The concerns identified in the earlier stages are easy to map on the 
later stages i.e. design and coding phases.

4.2.2 Separate concern

It is the second activity for separation of concerns. In this step, the crosscutting concerns and 
the core concerns are separated from the identified system concerns. Separation of concerns 
deals with every problem individually so that every individual problem can be focused 
comprehensively with out the interference of other problems [45]. The benefit of such kind 
of approach is that, 1) it makes the problem easy to solve my dividing it into smaller chunks, 
2) the effort is divided into smaller areas and responsibilities are decreased, 3) the systems 
artifacts are modularized. The advantages of this approach are loosely coupled and cohesive 
nature of the artifacts, understanding of the artifact in isolation, reusability of the artifacts 
and minimum dependency of one artifact with other artifacts [45]. 

Non-functional requirements and functional requirements show an inherent relationship 
between each other. Most of the times the references to the condition of non functional 
requirements are scattered across multiple artifacts (scattering) and inversely the 
requirements artifacts contain reference to multiple requirements (tangling). For instance, 
every non functional requirement is repeated in each artifact which is affected by the non 
functional requirement. This increases the dependency between requirements and it is 
difficult to keep all the requirements updated separately and to ensure modularity. Moreover, 
the evolution and maintenance of the requirements becomes a challenge due to scattering and 
tangling of requirement artifacts [45].

4.2.3 Represent concern

The focus of the third activity for separation of concern is to represent the identified 
concerns in use case, goal graphs, feature lists, graphical representations, templates, or as 
XML specifications.

Once the concerns and their relationships are identified [5], the next step is to decide which 
concerns and relationships are suitable or would be the best match for the proposed system. 
Also the list of the concerns and their relationship is checked for repletion among concerns. 
After the scanning the remaining significant concerns and their relations ships and the 
requirements which are contained inside these concerns are represented in a chosen format. 
This can be text, graph or any other format i.e. This representation of the concerns is 
supported by the specific AORE approach used for the analysis for instance, requirements 
can be structured in for the form of viewpoints and aspects and requirements can be 
structured in the form of base and crosscutting themes. The completions of this step ensure 
the production of the final requirement specification document. However, it can be a case 
that during the representation of the concerns, the concerns can be identified for refinement. 
The refinement results in the form of some new concern and new relationship between 
concerns [5].
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4.2.4 Compose concern

The fourth activity merges the core concerns and crosscutting concerns. The composition is 
preceded by conflicts resolution between the concerns. The task involved in this activity is to 
compose all the concerns so that the developer cans the essential understanding for the whole 
system. Composition of crosscutting concerns is important to handle, while the non 
crosscutting concerns bring no new problem. There are four sub tasks for composing 
concern, which are [44]:

 Identify match point: In this sub task the identification of the match point is 
performed. Match point is identification of the points where the composition will 
take place. It indicates that which crosscutting concern should be composed with a 
given concern. This identification is made simpler by creating a bi-dimensional table 
of stakeholders X Concerns. Each cell is filled with the list of crosscutting concerns 
that affect a given concern and represents a match point. For every match point one 
composition rule is defined. [44]

 Identify conflicts: This subtask supports the identification of conflicting states
between concerns. For a given match point we need to investigate if any of the 
concerned crosscutting concerns donate negatively to any other. Concerns 
contributing positively to other concerns raise no problems. [44]

 Identify dominant concern: This subtask helps to resolve the conflicts which arose in 
the earlier sub stage by giving priority to concern on the basis of importance 
regarding the proposed system. The purpose of this task is to pick the dominant 
concerns from the list of all concerns. If the priority level of all the concerns is 
different then to chose the dominant concern is relatively easy and i.e. just to pick 
the concern with highest priority. In case if the crosscutting concerns are of same 
priority then negotiation must be done with the user. The negotiation can be guided 
among user by picking the most dominant concern with respect to the user from the 
identified similar priority concerns. For condition where there are more than two 
concerns then the process should go like this, first the most dominant concern is 
selected and then it is compared with every other concern if it turns out to be of 
highest priority then it is named as the first dominant concern. Same procedure 
continues for the rest of the concerns, until we achieve a hierarchical list of concerns 
with most dominant concern at the top and least dominant concern at the bottom. 
[44]    

 Defining composition rules: The composition rule defines the order in which the 
concerns will be applied in a particular match point. It takes the form: <concern> 
<operator> <concern>.  There can be other composition rules as well but the 
following are some of the examples of them, 

I. Enabling (denoted by C1>>C2): This is a sequential composition and means that 
the behavior of C2 begins if and only if C1 terminates successfully.

II. Disabling (denoted by C1 [>C2): This is the disabling composition and means 
that C2 interrupts the behavior of C1 when it starts its own behavior. This allows 
the representation of interruptions.

III. Pure interleaving (denoted by C1|||C2): This is a parallel operator and means that 
C1 evolves separately from C2. It represents concurrent composition without 
interaction.
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IV. Full synchronization (denoted by C1||C2): This is another parallel operator and 
means that the behavior of C1 must be synchronized with the behavior of C2. It 
represents concurrent composition with interaction.

A composition rule can be defined based on simpler composition rules, separated by one of 
the above operators. [44]

In figure 4, we summarize the aspect oriented requirement engineering model in general. The 
rectangular box called resolve conflict is the area where our main contribution is made. 

Figure 4: Generic model for AORE [46]

Resolve
Conflicts
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4.3 AORE approaches

The approaches proposed for aspect oriented requirement engineering can be classified into 
two main categories, these categories are namely:

 Non aspect oriented approaches

 Aspect oriented approaches

4.3.1 Non aspect oriented approaches

In this section we look at the approaches which are derived from several classes of 
Requirements Engineering approaches. These classes have been selected because they are 
both analytical to the contemporary RE work, and have served as a basis for the emerging 
AORE techniques.

The discussed classes of approaches are [36]:

• Viewpoint-based approaches 
• Goal-oriented approaches 
• Problem frames 
• Use case- and scenario-based approaches 

4.3.1.1 Viewpoint based approaches

Viewpoint oriented requirement engineering approaches considers the problem from 
different agents or users of the system [36]. These users have different and sometimes same 
perspectives for the problem. The perspectives from the user are usually partial or 
incomplete. Incomplete perspectives are due to different responsibilities, goals and different 
interpretation of the problem. These incomplete perspectives are used for establishing 
solution for a given problem [47]. The view which the agent hold and the combination of the 
agents is called viewpoint [48].

Viewpoint assist in understanding and controlling the complexity involved while working 
with large system by separating interests of various actors [36]. Large systems are meant to 
be those which have complex structure and many interleaving constraints on system 
construction and behavior. The approaches based on viewpoint formalize these multi-
perspective views into analysis methods. The multi-perspective view concept of viewpoint 
oriented approach is the basis for aspect oriented requirement engineering work [48].

The PREview and VIM are the approaches based on the viewpoint oriented technique [36]. 
They use the viewpoints to focus on the early requirement elicitation and consistency 
management stages. These approaches can be used complementarily. The combination can 
be resulted in the form of PREview approach being applied to identify the viewpoints while 
the VIM approach used to manage the potential inconsistencies [36].

The drawbacks in these two techniques are that the PREview approach is limited to small 
number of pre-defined non functional concerns, while it does not focus on any other non 
functional concerns which indicate the narrow vicinity of this approach [36]. On the other 
hand the VIM considers every concern as part of the viewpoint which is not correct because 
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it does not take into account the individual modularization issues of every concern. The 
result of this shortcoming in both approaches is the remains of tangled and scattered concern.

4.3.1.2 Goal oriented approaches

A goal is an objective which the system should achieve on completion of its construction 
[49]. Goals are composed of intended properties which covers both the functional concern 
and non functional concern. Functional concern represents the functionality which the new 
system should provide while the non functional concerns represent the properties like 
security, safety, availability etc. Achievement of a goal is different from achieving a 
requirement because goal involves cooperation among numerous agents [36]

Justification for requirements, measuring requirement completeness and importance of 
requirement as well as requirement detection are provided by goals [36]. For instance, upon 
completion of a goal leads to a justifiable and relevant requirement. Also requirements are 
said to be complete if all goals are satisfied with the set of defined requirements.

There are many approaches which indicate the wide range of usage of goal terminology. For 
instance, the NFR framework deals with the non-functional goals and their breakdown into 
smaller and more understandable sub goals. Another approach called I* deals with the agents 
in goal analysis. It explains the importance of agents, their properties, dependencies and the 
environment. Finally, KAOS is an approach which looks for formalizing goals and 
acquisitioning of knowledge. More or less all there approaches are very much 
complementary to each other. The complementary effect is due to the fact that NFR provides 
knowledge structures about the non-functional goals, while I* provides the agent related 
knowledge for the same non-functional goals and KAOS helps in formalizing and reasoning 
about the same knowledge which is presented by the earlier two approaches. [36] 

The goal decomposition structure of above mentioned approaches is a good way for 
identifying and treating the crosscutting concerns individually [36]. But there has been no 
explicit behavior shown in these approaches for identification and treatment of concerns. The 
KAOS domain knowledge base is not generalized in the sense of crosscutting goals. This 
means that this approach might well be suitable for providing some guidelines for 
composition of some crosscutting goals but it does not give guidelines for all crosscutting 
goals. In short the issue of crosscutting has not been clearly understood.

4.3.1.3 Problem frames

The key point of the PF approach is breakdown of complex problems into well-known sub-
problems, because if one has solved a similar problem in the past it will be easier for one to 
deal with the current problem [36]. Thus, the approach sets out to categorize the common 
simple problems which can be used as patterns onto which the complex problems should be 
decayed. 

Problems frames is an extraction and classification of the vast properties of the problem 
classes which are identified along with the reasoning of communication of the real world 
problem domain with the computer system of the particular problem classes [36]. 

Problem frames provide a way of decaying problems into a set of recognizable sub problems 
with known solutions [4_1]. In their purpose and origin problem frames are similar to design 
patterns: they are intended to ease problem acknowledgment and clarification, and are 
derived from the “good practice” and experience of requirement engineers. 
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Neither functional nor non-functional crosscutting concerns are identified and treated 
modularly in the Problem Frames approach [36].

4.3.1.4 Use case and scenario based approaches

The most popular and re known approaches for eliciting requirements in the industry are 
considered to be scenarios and use cases. A scenario is defined as “a sequence of actions 
carried out by intelligent agent” [50]. The scenarios which are also represented as short 
stories are used for reasoning on the basis of story telling. Requirements in the form of 
stories are more supportive towards detecting inconsistencies, omissions and threat in the 
system being built. Scenarios can be organized into use case by analyzing the multiple 
options, conditions and branches in scenarios [36].

The approach in [50] presents a survey on scenario-based work. This work deploys scenarios 
for deducing test, validation of requirement and discovering requirement. In [40] an 
approach which is a combination of scenario-based approach and misuse cases is presented 
which is used for reasoning non-functional requirements.  

The Use case approach focuses on useful functionality of the system and system-actor 
interaction. The second approach develops solutions against abusive conditions which are 
identified by examining the incorrect use of the system and its resources

The approaches discussed above are both focused more towards analyzing functional 
concerns while largely disregarding the non-functional concerns [36]. There are some non-
functional concerns which are being addressed by the misuse cases but it is accidental and 
not all the concerns are addressed. Also, the use cases can be used for modularizing the 
functional crosscutting concerns but it is impossible for this approach to analyze, compose 
and resolve the conflicts which occur between the functional crosscutting concerns.

4.3.2 Aspect oriented approaches

Aspect oriented requirement engineering approaches are those approaches which focus not 
only on the core concerns (those concerns which are not crosscutting) [4] but also those 
functional and non-functional concerns which are crosscutting. The need for these 
approaches is initiated by three main factors which are need for composition, traceability and 
new technology development.

The first factor because of which aspect oriented approaches have been proposed is the lack 
of integration of different traditional requirement artifacts. Traditional requirement artifacts 
include viewpoints, goals, and soft goals, use cases, etc [36]. For instance, it is difficult to 
integrate different viewpoints from several stakeholders when considering the whole system. 
Similarly when talking about goals, it is hard to integrate the security and response time 
goals with the distributed data retrieval goals. This difficulty in integration is due to 
scattering of concerns and interlocking of concerns. Scattering of concern means that the 
concern is spread over multiple modules. For instance, the security concern is scattered over 
many viewpoints. Interlocking of concern means that the concern depend too much upon 
each other so by changing the functionality of one concern will affect a lot to the other 
concern. For instance, security concern and response time concern influence each other a lot 
and may constraint the data retrieval concern. The result of this integration deficiency is that 
the concerns which reside inside the artifacts are not viewed and reasoned modularly which 
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in turn result into poor understanding of the stakeholders requirements as well as their trade-
offs.

The second factor indicates that traceability between the crosscutting properties during the 
whole software life cycle should be a necessity [36]. It is not enough to just identify and give 
rationales about crosscutting functional and non-functional concerns during requirements 
engineering. It should be possible for the software engineers to trace the concerns to 
architecture, design, and implementation and later on in maintenance stages once the 
concerns are established. The first step towards maintaining such traceability is to 
modularize the crosscutting properties at the requirement level.

The third factor due to which new approaches are being proposed is the arrival of aspect 
oriented programming [36]. It is a new terminology which focuses on modularizing scattered 
and tangled concern and also introduces some new techniques for composing concerns i.e. 
point cut and joint points. Since this approach is introduced at the implementation level so 
homogeneity of this approach among all the software stages is minimal that is why new 
approaches are being introduced in order to initiate it from the requirement level and bring 
homogeneity in the aspect oriented software development process. Further more by doing 
this, traceability will be introduced automatically.

Thus, Aspect-Oriented Requirements Engineering approaches focus on systematically and 
modularly treating, reasoning about, composing and consequently tracing crosscutting 
functional and non-functional concerns through appropriate abstraction, representation and 
composition mechanisms customized to the requirements engineering area.

In the following subsections we discuss the most prominent and broad classes of Aspect 
oriented approaches, which are as follows [36].

• Viewpoint-based AO approaches 
• Goal-oriented AO approaches 
• Multidimensional separation of concern
• Use case- and scenario-based AO approaches
• AO component based approaches
• Other approaches  

4.3.2.1 Viewpoint based AO approaches

The classical viewpoint work is extended by the concepts of crosscutting concerns and 
composition to introduce the viewpoint-based AO approach [36]. The only known 
viewpoint-based AORE approach currently is PRVeiw.

4.3.2.2 Goal oriented AO approaches

The goal based approaches are based on the fact that several goal or soft goals can contribute 
to other existing goals. This kind of relationship is very suitable for crosscutting pattern of 
scattering and tangling. However, there is not much work present in goal based aspect 
oriented requirement engineering [36].
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4.3.2.3 Multidimensional separation of concern

The class which says that multiple and overlapping concerns are the source for the 
construction of all software development artifacts is known as Multidimensional separation 
of concern class [27]. Moreover this approach emphasizes that if software systems can be 
flexibly decomposed and composed according to the alternative combination and 
organization of concern then the software development will benefit a lot [28]

The approaches discussed under the multidimensional separation of concern class explain 
that no concern is more important than any other concern [36]. All concern should be treated 
equally i.e. there is no evident base and crosscutting difference between concerns. Since all 
concerns are treated uniformly, it is possible to measure the influence of each concern to one 
another and eventually analyze the crosscutting behavior amongst them.

4.3.2.4 Use case and scenario based AO approaches

With regards to composition the use cases and scenario based approaches have been 
somewhat ahead as compared to other approaches [36]. This is due to the fact that these 
approaches analyze the term composition in a better way i.e. through extend and include 
relationships. But the issue of non-functional concerns is not effectively tackled by these 
approaches because of the functionality-centered nature. Therefore the composition support 
is tried to be extended to cover the non-functional properties as a part of AORE work in 
these approaches.

4.3.2.5 AO component based approaches

The Component-Based Aspect-Oriented techniques address the effectiveness of aspects 
within a component-based system, thus, applying the concept of aspects specifically to 
modules of a large granularity [36]. This type of concept is not addressed in earlier 
approaches of AORE.

4.3.2.6 Other AO approaches

Most AORE approaches have emerged as addition of some non-AO approaches. Yet, there 
are also a small number of AORE approaches which are totally new or are determined by the 
needs of existing AO approaches at design and implementation level. Currently, the most 
prominent such approach is Theme/Doc [36].

Although the Theme approach has surfaced from the work on Subject-Oriented 
Programming [26], Theme/Doc itself has not: it is a new approach developed to present 
requirements analysis competencies for succeeding aspect-oriented design with 
Theme/UML.

4.4 Conflicts in concerns

Concerns may have conflicts when they are under the process of composition with core 
concerns i.e. those concerns which can be modularized easily. These conflicts can be of 
many types, the following discussion will elaborate the different types of conflicts which 
arise with in the concerns. 
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Through out the history of software engineering the principles of separation of concerns has 
been established and complex problem had been broken down into smaller and simpler parts 
to minimize the complexity of each task to be handled. The process of this minimization is 
called modularization of concerns.

The solution of the parts, the parts which has been created in modularization process, 
collectively makes up the solution to the initial problem. And this process of combining 
called composition of concerns .Composition requires a mechanism for module interactions 
facilitation, as well as conflict identification and resolution [59].

With the help of modularization and composition the problems in software development 
phases, such as architecture, design, and implementation, are solved and similarly RE 
methods (viewpoints, goals, or use cases) also present the elements for requirements 
modularization. For example, the viewpoint-based approaches [64] provide the facility of 
modularization but do not address requirements composition, conflict identification while 
composing and resolution of conflicts.

Same like view points the technique in [65] provides a way to analyze the non-functional 
requirement but do not provide a clear understating of resolving the conflicts .On the other 
hand, the goal-based approaches [66] closely focus on conflict identification and resolution 
issues which are requirements given by composition. With this type of technique there is 
need of reasoning about the whole goal graph hierarchy.

All the three types of RE techniques, explained above, provide the partial achievements of 
composition ad hence leave a demand of more powerful technique to resolve the issues of 
composition. The Semantic-Based composition [59] is more powerful technique that states 
“The more requirements level interactions are explicitly stated, the more of the unexpected 
relationships and undesired cross- influences (i.e., conflicts) between requirements can be 
exposed and redressed.” This technique divides the conflicts into two categories such as 
temporal conflicts and semantic conflicts [59].

Since in software engineering the complex problem is broken down into smaller and simpler 
parts to minimize the complexity of each task to be handled so the process by which these 
tasks are completed is termed as modularization of concerns and at other hand the solutions 
to these parts need to then collectively provide the solution to the initial problem. This is 
called composition of concerns. Composition also requires a mechanism for conflict and 
inconsistency identification and resolution.

Temporal conflicts are those that depend on each other with respect to time and the temporal 
conflicts may be identified by Composition and one such temporal conflict states that the 
constraint about “system holding users” (i.e., allowing a number of connections to users) 
should be applied (note use of the constraint operator: apply) before (note use of the base 
operator: before) “data is sent or received” over the system.

Another type of conflict that can be identified with the help of compositions is the semantic 
or qualitative conflict. Such conflicts can occur if: a) a requirement selected by a constraint 
is conflicting with the requirement selected by the base query of the given composition. For 
instance, if a constraint states that “authorization is required for use of the system”, while the 
base requirement states that “the system must be freely accessible to all users” – there is a 
clear mismatch between these two requirements.

In the history of software engineering, as the time passes, the objective point has been to 
organize and decompose software system into most important and comprehensible 
components. This practice has been followed from the arrival of structured programming to 
other  programming practices and these all provide the constructs for encapsulation of state 
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and behavior of software systems these constructs includes abstract data types, objects 
procedures, classes, monitors etc. Current methods, notations, and languages concentrate on 
finding and composing the functional units of an application.

 Non-functional requirements have significant importance and must be taken into 
consideration. Non-functional requirements also provide a complexity to the software 
systems. However, as non-functional requirements have also added to the scope and 
complexity of current applications, obtaining and maintaining a separation of concerns 
through all levels of software development continues to be a problem [62]. The AOSD 
techniques may be used to overcome these problems and removes the gap of concern 
separation. 

In AOSD the crosscutting concerns, such as synchronization, tracing, error handling, 
persistence, resource sharing, performance optimization, etc., are encapsulated in separate 
modules called aspects. The Aspect Oriented paradigm allows capturing and modularizing 
concerns that crosscut a software system in aspects and these Aspects are constructs that can 
be identified and manipulated throughout the development process. To model the software in 
AO paradigm the AOSD allows new constructs that are necessary to handle the different 
aspects in the systems. So there is a need to categories the concerns and in [63] following 
four categories of conflicts in Aspect Oriented soft wares were identified:

1. Crosscutting specifications: Currently, aspect-oriented approaches specify crosscutting
in terms of join points in the base concerns. These conflicts are related to the way the aspects 
are integrated to the classes.

2. Aspect-aspect conflicts: When multiple aspects exist in a system, they can conflict with 
each other, which is called aspect interaction and these can be divided into five categories of 
interactions:

 Conditional execution where applicability of one aspect is dependent on another aspect 
being applied.

 Mutual exclusion when composing one aspect implies that another one must not be 
composed.

 Ordering required when aspects influence the same point in the base concerns.
 Dynamic context dependent ordering which differs from simple ordering in that aspect 

ordering depends on the dynamic state of the system 
 Tradeoffs and conflicts at requirements and architectural level where aspects 

influencing the same elements can result in having to compromise particular
requirements in favor of others.

This is the type of conflict on which our proposed model for conflict resolution is based.

3. Base-aspect conflicts: Aspects can have conflicts with each other but also can have 
conflicts with the base concerns. These kinds of conflicts occur when the base concerns 
explicitly refer to or depend on aspect behavior.

4. Concern-concern conflicts: Similar to the previous category (aspect have conflicts with 
each other), conflicts can also occur between concerns. A concern may affect another one 
and hence takes effect on Change of functionality etc.

In [67] the classification of conflicts has been tried by using a new aspects and the 
classification has been achieved by two levels of conflicts i.e. direct level and indirect level. 
The first level conflicts represent the direct conflicts and this type of conflicts occurs in those 
aspects which have direct connections generating conflicts. This type of conflicts may occur 
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if two aspects share the same join point and sometimes it is the case where an aspect is 
having a join point in another aspect. These types of conflict are easy to detect. The other 
types of conflicts, indirect conflicts, which have indirect nature, are not easy to find 
comparatively to the first type of conflict which are direct conflicts in nature. 

4.5 Conflict resolution

4.5.1 Introduction

As mentioned above a conflict occurs when two or more aspects try to introduce variation to 
a concern through conflicting behavior [57]. This conflicting behavior is due to the fact that 
one aspect tries to vary the concern in a certain way while the other aspect try to vary the 
same concern in a way which is totally opposite or negative to the first aspect. Conflict 
resolution is an activity which introduces trade-off among such kind of aspects. This trade-
off can be a priority check of both aspects and then selecting that aspect which has more 
priority than the other. Similarly, another approach for conflict resolution can be to 
determine the stakeholder preference between the two conflicting aspects.

In the following section we will talk about certain conflict resolution techniques in aspect 
oriented requirement engineering.

4.5.2 Conflict resolution techniques

4.5.2.1 Pair wise comparison method

Pair wise comparison method (PCM for short) is the technique for conflict resolution, which 
is the simplest technique proposed up till now to the best of our knowledge. The procedures 
involved in this technique are more informal rather than formal. (Note that our work lies 
around this point and i.e. to make this approach more formal and independent of 
stakeholder’s views). 

We have selected the method of pair wise comparison as a target for extension. The reason 
behind this is that it is an answer to our last research question, namely “which aspect 
oriented requirement engineering models were less efficient in regard to resolving 
conflicts?” The answer to this question is important because our target was to develop a 
model, which is more formal then the model identified through the answer of this question. 
That is why in the process of answering this question we came across with pair wise 
comparison method (PCM), which was less formal and efficient in resolving conflicts with 
in aspects.

The following steps are performed in order to resolve conflicts according to this technique 
[58],

1. Building a contribution matrix (see figure 5) where each aspect which may 
contribute negatively (-) or positively (+) to the others. Negative contribution means 
that the aspects do not compliment each other rather they intersect. One the other 
hand positive contribution among aspects means that both aspects compliment each 
other.
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2. Assigning weights to candidate aspects with respect to the importance of that aspect 
according to a particular stakeholder. Each stakeholder requirements (view point) 
assigns weight to each candidate aspect which is involved in the contribution matrix. 
The weight assignment is made according to a scale. The scale is ranged from 0 to 1 
and any real number is assigned with in this range to a particular aspect according to 
stakeholder requirements. The assignment of weight to every aspect by every 
stakeholder’s view is tabularized in the form of a matrix.  Figure 6 mentions the 
relation of 7 stakeholder classes with 7 aspects (The contribution matrix (figure 5) 
for such an example will contain n=7). The cells containing the tick sign indicates 
that the stakeholder for this cell is in someway related the aspect of this cell. The cell 
which contains nothing indicates that the stakeholder for these cell don’t care about 
the aspects of these cells.

3. Solving the conflicts with the stakeholders, using step 1 and 2 above for
prioritization approach to help communication.

                       
              Aspects

Aspects
Aspect 1 Aspect 2 …… Aspect n

Aspect 1 +
Aspect 2 -

……. -
Aspect n

Figure 5: Contribution matrix

    
                         Vp

Concerns
P Gz Ds Atm Tg Pt St

Response time √ √ √ √ √
Availability √ √ √ √ √

Security √ √ √
Legal issues √

Compatibility √ √ √
Correctness √ √ √ √ √ √
Multi access √ √ √ √ √

Figure 6: Concern / Stakeholder matrix

When a conflict occurs on the basis of a particular stakeholder during the composition of 
aspects, then the tick signs on the figure are replaced with the weights that are assigned by 
the stakeholder for the aspects. The weights are then compared and conflict is removed. For 
example “aspect i” and “aspect j” both are related to a particular stakeholder call it “Sk”. 
Then during the composition of aspects the nature of both these aspects will be checked with 
respect to the contribution matrix (see figure 5). We say that both the aspects contribute 
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negatively. In this case the weight of each aspect according to “Sk” will be checked. We 
assume that the weights of both the aspects are same. Now if the weight of both the aspects 
would have been different then this conflict was very easy to resolve. Because we could have 
simply compared the weights and then select that aspect which is more important in priority 
than the other. But in case if both the aspects have equal weights according to “Sk” then we 
will have to consult with the stakeholder in an informal way to resolve this conflict by 
picking the most important one by them. This activity is a weakness in this proposed model.

4.5.2.1.1 Example

We will now illustrate PCM on a toll collection system on the Portuguese highway [58]. In 
this example we will try to highlight the weaknesses inside the PCM model which will try to 
be resolved in our proposed model in chapter 5.

After considering the problem the concerns and stakeholders which are identified according 
to [58] are:

 Expected concerns
Response time, availability, security, legal issues, compatibility, correctness 
and multi access

 Stakeholders
ATM, vehicle, gizmo, police, debiting system, toll gate, vehicle owner and 
system administrator

During the identification, specification of the concerns according to this problem, following 
conflicts was resulted:

 Response Time contributes negatively to Security, Correctness and Multiple Access 
and positively to Availability, for example. Whenever there is a negative 
contribution between aspects we are faced with conflict if these aspects apply to the
same or overlapping sets of requirements in the viewpoints.

To solve this conflict the aforementioned steps will be applied again:

1. Build a contribution matrix for the aspects (see figure 7). The matrix shows the 
influence of aspect on each other.

Figure 7: Contribution matrix for the toll gate problem
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It can be seen from figure 7 that concern response time has negative effect on the 
concern correctness which means that there is a conflict between these two concerns. 
On the contrary, availability concern has a positive effect on the concern multi-
access, which means that both these concerns compliment each other.

2. Attributing weight for every aspect according to every stakeholder requirements and 
then composing it in a form of a matrix.

    

Figure 8: Matrix in PCM with weights to conflicting aspects (The gray shading indicates that 
these concerns need to be resolved).

3. To resolve the conflict among response time, security and, multi-access with respect 
to ATM as viewpoint, we will compare the weights of the concerns that was 
assigned according to ATM. The matrix shows that the weight for security is the 
lowest so it is kept at minimum priority and removed from the conflict race. While 
the two aspects left have same weigh that is 0.3 for response time and 0.3 also for 
multi access. So in this situation the stakeholder will be consulted for picking out the 
most important aspect between the two. Same is the case with response time and 
correctness. This is also the point where we have made our contribution and made 
the propose model more formal.

4.5.2.2 MRAT

The use of temporal conflicts in concern composition leads to temporal conflicts which are 
resolved using the technique known as MRAT. The operators which are used during 
composition are “before”, “concurrent”, “after’ etc, which are used for requirement 
structuring in time with respect to each other [59].

For example, a requirement from security concern can demand that data must be encrypted 
then it should be sent to the server and another requirement can come from a log concern that 
the request for update should be logged. According to this scenario we have two 
compositions: encrypt before send and log after send. In this case the ordering between 
requirements is simple. But if we had composition like encrypt before send and log before 
send then we can see that such undetermined ordering leads to conflicts. These conflicts 
occur when a requirement participates in multiple compositions with incompatible 
composition operators [59].
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MRAT defines two operators as incompatible, if any part of one of the operators is more 
than one step away from any part of the other, as per the operators distance chart, shown in 
Fig [59].
                     

Figure 9: a) Distance of MRAT temporal operators b) MRAT link derivation

Here before and meets are only 1 step away, so they are companionable, on the other hand, 
before and after are not [59]. MRAT takes a set of all composition stipulation as an input and 
analyses for compatibility all binary operator combinations for compositions that a given 
requirement contribute in. Inherent relationships are made visible by the combination of 
existing operators where these do not form temporally invalid pairs. Derivation of these 
transitive links utilizes knowledge of operator compatibility, for example substituting 
realistic approximations of variant operators. These relationships are classified into severity -
conflict, redefinition or compatible [59]. Redefinition relationships are those where operators 
are similar but not identical (e.g., After and MetBy).

4.5.2.3 Compositional intersection with PCM

Composition interaction is a technique used to find out the trade-off points in a 
multidimensional approach to separation of concern. In two dimensional approaches as 
stated in [44] and [58] the effect of concern over other concerns is recorded with respect to 
functional requirements. In this case functional requirements play the role of trade-off points. 
But in multidimensional approach the functional requirement itself can influence other non 
functional concerns so they cannot be taken as trade-off points [60]. 

The trade-off analysis for multidimensional separation of concern must be multi dimensional 
in nature. This can be accomplished by choosing every possible combination of concerns as 
a basis to study interactions among two concerns and then synthesizing the results of such an 
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analysis. However, this poses a significant overhead, even in the presence of tool support, as 
the number of potential combinations of concerns to be used as a base would be extremely 
high. Therefore the notion of compositional intersection (denoted by “”) is introduced to 
constrain the potential combinations of concerns to be used as a base to those combinations 
that have real value to offer in terms of requirements-level trade-off analysis [60].

Let C1, C2, C3, …, Cn be the concrete concerns in our system requirements and Sc1, Sc2, 
Sc3, …, Scn be the sets of concerns that each of them cuts across respectively. Let us 
suppose we want to identify the trade-offs (if any) between C1 and C2. In order to do this we 
should take the compositional intersection of Sc1 and Sc2. However, note that a 
compositional intersection is not a simple intersection as in set theory. Let Ca be a member 
of both Sc1 and Sc2. Ca will appear in the compositional intersection if both C1 and C2 
influence/constrain the same or overlapping set of requirements in Ca. That is, if C1 and C2 
influence disjoint sets then Ca will not be in the compositional intersection [60].

If the result of the compositional intersection is a non-empty set, we need to analyze the 
trade-offs and specify any priorities. The process is repeated for C1 and C3 and so on until 
C1 and Cn. It is then repeated for C2 but, obviously, the compositional intersection for C2
and C1 does not need to be repeated since it has already been carried out when identifying 
trade-off points for C1. The process continues to be repeated for all concerns up to Cn. This 
means that the maximum number of compositional intersections we have to take is given by
[60]:

C2
n =         n  / ((n-2) *2)

Where n is the number of concerns.

Let us consider a requirements specification with n concerns where the set of concerns each 
concern cuts across is given by SC1= {C2, C5, C7, Cn}, SC2 = {C5, C6, Cn} and SCn = 
{C1, C2, C9}. The remaining concerns do not cut across any other concern. Let us represent 
the compositional intersection set between concerns Ci and Cj as SCi  SCj. The list of 
possible compositional intersection sets will be [60]:

SC1  SC2 = {C5, Cn}
SC1  SCn = {C2}

SC2  SCn = null set

This illustrates that the number of compositional intersections is likely to be smaller than the 
combinatorial number, since some concerns may not affect, i.e., be related to, many other 
concerns.

After finding the base through this approach which will acts as the trade-off point, the next 
part is to analyze the trade-off which is done using the same technique known as “PCM”.

4.5.2.4 Capturing elasticity

Handling Conflicting requirements has now days become a very increasingly important topic 
[61]. One property of such system requirements is that they exhibit some kind of elasticity 
which means that they can be satisfied to some degree. This property of requirement is 
captured and it is used for the identification and the trade-off analysis of conflicting 
requirements. Based on a fuzzy set theoretic foundation for representing imprecise 
requirements, systematic approach is developed for analyzing the tradeoffs between 
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conflicting requirements using the techniques in decision science [61]. The systematic trade-
off analyses are used for three important tasks in the requirement engineering process: (1) for 
validating the structure used in aggregating prioritized requirements, (2) for identifying the 
structures and the parameters of the underlying representation of imprecise requirements, 
and (3) for assessing the priorities of conflicting requirements.

Imprecise requirements are represented by fuzzy logic so that the elasticity of constraints 
imposed by imprecise requirements can be captured. The conflicting relationships between 
two imprecise requirements can be inferred based on a reasoning scheme. Once the conflicts 
between requirements are identified, tradeoffs are made between conflicting requirements
[61].
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5 OUR PROPOSED MODEL FOR CONFLICT 

RESOLUTION

We will now propose our new model for conflict resolution with in AORE. Our proposed 
model the Scenario-based priority comparison method (SB-PCM for short) is an extension of 
the well known model by [58]. The conflicts resolution procedures as defined by [58] are 
more informal in nature because frequent interaction with the stakeholders is needed for the 
resolution of the conflicts within aspects which bear equal weights. This procedure is good 
enough and looks formal too only if the priority of the concerns are not same, but if we 
encounter with such an application which come up with concerns that are almost identical to 
each other with respect to the importance of stakeholders then the formality of this procedure 
is minimized and interaction with the stakeholders are increased making it an informal 
approach.

5.1 SB-PCM

Specifically, our new model about conflict resolution with in AORE is an attempt to make 
the approach presented in [58] more formal. This formality will be achieved through 
introducing scenarios for concerns to remove conflicts.  Our proposed model has the 
following feature; the impact of the stakeholder with respect to prioritization of concerns will 
be unaffected in the absence of a conflict within aspect. However, in the case of a conflict 
within aspects, our proposed model will solve this in the following way, increase the impact 
of the system analyst, i.e., in our model the earlier prioritization of the stakeholder will be 
weighted with the prioritization done by the system analyst. Our model is based on the 
assumption that a system analyst is capable to do this prioritization. Thus, the validity for the 
chosen model is context dependent.   

Our extended approach about conflict resolution with in aspects is described here as follows:

1. Building the (concern*concern) matrix for relationship between the concerns. This 
step is same as the step described by [58].

2. Prioritization of every concern on the basis of scenario modeling.

3. Building the modified (stakeholder*concern) matrix for representing weights for 
concerns with respect to each stakeholder.

4. Resolving the conflicts on the bases of above three steps.

We will now continue by describing the steps of SB-PCM in detail.

5.1.1 Contribution matrix (concern*concern)

Building a contribution matrix where each aspect may contribute negatively (-) or positively 
(+) to the others. Negative contribution means that the aspects do not compliment each other 
rather they intersect. On the other hand positive contribution among aspects means that both 
aspects compliment each other. This step is same as described by PCM.
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5.1.2 Scenario modeling of concerns

The next step in SB-PCM is creating scenarios for already identified concerns for particular 
software under observation. The scenarios for different concerns are created through the use 
of general scenario table and then a utility tree is derived for these scenarios which represent 
the importance of concerns. Finally the first step ends with a prioritized list of concerns on 
the basis of generated scenarios.

The next 4 subsection explains about the detail functionality within scenario modeling step.

5.1.2.1 Scenario generation

As unified modeling language is used to represent the functional requirements in a graphical 
format, in the same way scenarios are used to represent the non functional requirements or 
concerns in a graphical format. This representation is necessary for the better understanding 
of the system under observation. Scenarios are used to satisfy the non functional 
requirements contained inside the concerns.

Since utility tree (which is a facility borrowed from architectural tradeoff analysis method) 
displays scenarios in a graphical format with weights attached with every scenario, so in 
order to apply utility tree in our method it was a prerequisite to use scenarios for functional 
requirements. Note that the scenarios are a good way of capturing the non-functional 
requirements correctly, and in detail. Furthermore, crosscutting concerns are mainly 
composed of non-functional requirements, so in order to better understand the non-functional 
requirement, and in turn the crosscutting concern, it is important to use scenarios. 

There are six parts of a scenario in general, and they are as follows,

a. Source of stimulus
b. Stimulus
c. Artifact
d. Environment
e. Response
f. Response measure

Stimulus, environment and response are essential entities for every scenario because on the 
basis of these three elements it is decided that weather the scenario has achieved its desired 
functionality or not. Response is additionally important because it provides us with the result 
of the application of the scenario. The source of the stimulus is also important because 
different source yields possibly different responses. Response measure is included in the 
scenario in order to make the concern requirements explicit. Artifacts are included to 
mention the portion of the system being stimulated.

In figure 10 we depict the graphical representation of a scenario that we use:
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5.1.2.2 Concrete scenario table

To generate scenarios for a particular concern, it is possible either by developing 
requirements on ad-hoc basis or through the use of generic scenario table also called 
concrete scenario tables [68]. These scenario tables consist of all the possible values for 
every portion of the scenario regarding a specific concern. A new scenario is developed by 
selecting appropriate value from each portion of the table. 

For example if we talk about the concern security then the general/ concrete scenario table 
for security will be as follows see figure 11. Concrete scenario tables can be found for the 
other concerns in [68]. We are aware that there could be other concrete scenario tables for 
general type of concerns for example correctness etc. (see chapter 7 for future work).

Figure 11: Concrete scenarios for Security concern

An example of a possible scenario from this table will then be,

“A correctly identified individual tries to modify system data from an external site; system 
maintains an audit trail and the correct data is restored within one day”

Source of Stimulus

Stimulus
Artifact

Environment

Response

Response 
measure

Figure 10: General Scenario representation in SB-PCM
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Then the representation of this scenario is depicted in figure 12,

5.1.2.3 Utility tree

Utility tree is a procedure used with in “Architecture Tradeoff analysis method” [68] for 
classifying the scenarios on the basis of importance with respect to the system under 
observation. We will utilize this procedure in our approach for prioritizing the concerns by 
analyzing the scenarios.

A utility tree begins with utility at the root. The second level is formed by all the concerns 
which are identified for a particular system. The scenarios which are described in the earlier 
step form the leaves of the utility tree, grouped by the concern they express.

Utility generation also includes a prioritization step (High H, Medium M or Low L), i.e. a 
priority is assigned for each scenario based on how important the scenario is for the system. 
After this, the scenarios are prioritized again on the basis of how difficult it will be for the 
system to satisfy this scenario. All the scenarios are associated with one of the following 
ordered pair: (H, H), (H, M), (H, L) and so forth. By virtue of this process, the scenarios will 
be classified on the basis of their importance which in turn will guide us for the prioritization 
of concerns.

Next let us assume that availability, modifiability, security and usability are the concerns 
identified for a system. Then the utility tree is as follows (see figure 13). Note that the utility 
tree is not restricted to only these concerns; the utility tree can incorporate any given 
concern.

Correctly
Identified individual

Tries to 
modify 
information

Data within 
the system

Under normal 
operation

System 
maintains 
audit trail

Correct data 
is restored 
within a day

Figure 12: Security Scenario representation
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Figure 13: Utility tree

5.1.2.4 Prioritized list of concern

A list of prioritized concerns can be obtained by the help of utility tree. Since the utility tree 
assigns weights to each scenario with respect to importance so by analyzing the concern 
related to every scenario we can do the classification.

The first step in prioritizing the concern is that the system analyst will assign weights to its 
associated scenarios. The scale on which the scenarios will be weighted is from {2 to 10}. 
The input for the system analyst is the already identified aspect. In order to illustrate this, 
consider the following example.  

The table 1 represents the corresponding weight against the importance of the scenario as 
described above in figure 13.

Importance Weight

(H,H) 10

(H,M) 9

(H,L) 8

(M,H) 7

(M,M) 6

Availability

Modifiability

Security

Usability

Scenario A1

Scenario A2

Scenario M1

Scenario M2

Scenario S1

Scenario S2

Scenario U1

Scenario U2

Utility

(H, M)

(H, L)

(L, M)

(M, M)

(H, H)

(L, M)

(M, H)

(H, M)
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(M,L) 5

(L,H) 4

(L,M) 3

(L,L) 2

Table 1: Weights for corresponding importance of scenarios

If we look at the above table we see that we can assign weights for each concern. For 
instance, if a concern (ci) has two scenarios, which were analyzed for a given system, then 
the importance of the scenarios can be assumed as follows, for the first scenario the 
importance is (H,H) while for the second scenario the importance is (M,H).  By checking the 
table we can find that the first scenario weights 10, while the second scenario weights 7. By 
taking the average of the weights of these two scenarios we can get the weight of the 
concern. In this case the weight of the concern (ci) is 8.5. This value is also ranged in a scale 
from {2  ... 10}.

The weights for every concern which is identified during the prior steps of AORE for a given 
system will then be calculated. This list of weights for concerns will be used in the matrix of 
stakeholder and concern as a next step in SB-PCM.

5.1.3 Modified (Stakeholder*Concern) matrix

In this step the importance of the concern with respect to the stakeholder class is represented 
in a matrix form (This matrix is created from PCM see figure 8). The difference in the matrix 
in SB-PCM and the matrix of PCM is that the weight assigned by the stakeholder for each 
concern is multiplied by the weight of the concern, which is calculated in prioritization of 
concern step (see section 5.1.2.4). The weight assigned by the stakeholder class in PCM for a 
concern ranges from {0 … 1}.

Considering the above example we assume that the weight assigned by the stakeholders for 
concern (ci) is 0.5 in the system under consideration. This value will be multiplied by the 
weight of the concern (ci) itself, which is 8.5 to get the final value denoted by Vf as 4.25. 
This final value will then be used for resolving the conflicts between the concerns.

5.1.4 Resolving conflicts

The procedure for calculating the Vf as obtained above for a specific concern will be 
repeated for all the concerns which are identified for a specific application. These final 
values will be compared with each other in order to resolve conflicts between different 
concerns associated to a specific stakeholder class. For an illustrating example of how to 
resolve conflicts see chapter 6.

If the concerns associated with a stakeholder class effect negatively between each other then 
in order to resolve such a conflict the weights of the concerns (Vf   for each concern) will be 
compared and the concern with the highest Vf value will be selected and composed with the 
stakeholder requirements discarding all other low weights concerns. In a case where the 
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concerns associated with a stakeholder class effect negatively and have the same Vf value 
also, will be resolved by informally questioning the stakeholder about the most critical 
concern. Note that this is a risk but we judge it as minimal since our model is more formal.

5.2 Benefits of our approach

As discussed in earlier sections SB-PCM is more formal than PCM. Less interaction with the 
stakeholder is required for resolving conflicts. This makes our approach more efficient 
because it will not be dependent on the feedback of different stakeholders. Majority of the 
work will be done formally through tables and matrices. Also functional requirements are the 
one which with whom customers are concerned; they do not have much idea about the non 
functional requirements. So we have to create such a formal model which has less interaction 
with the customers. Furthermore if in case the stakeholder interprets the importance of the
concern in a wrong way, we still can have better resolution of conflicts through scenario 
prioritization of concerns.

In short SB-PCM offers following benefits,

1. Efficiency
2. Independency from stakeholders
3. More automatic way
4. Formal
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6 CASE STUDY

The case study which has been chosen for the validation of the proposed model is the same 
case study it was used by PCM for validation. The reason for selecting the same case study is 
to better judge the difference in the PCM and SB-PCM.

The case study is based on the toll collection system on the Portuguese highway [58], which 
is discussed below.

"In a road traffic pricing system, drivers of authorized vehicles are charged at toll gates 
automatically. The gates are placed at special lanes called green lanes. A driver has to install 
a device (a gizmo) in his/her vehicle. The registration of authorized vehicles includes the 
owner's personal data, bank account number and vehicle details. The gizmo is sent to the 
client to be activated using an ATM 2 that informs the system upon gizmo activation. A 
gizmo is read by the toll gate sensors. The information read is stored by the system and used 
to debit the respective account. When an authorized vehicle passes through a green lane, a 
green light is turned on, and the amount being debited is displayed. If an unauthorized 
vehicle passes through it, a yellow light is turned on and a camera takes a photo of the plate 
(used to fine the owner of the vehicle). There are three types of toll gates: single toll, where 
the same type of vehicles pay a fixed amount, entry toll to enter a motorway and exit toll to 
leave it. The amount paid on motorways depends on the type of the vehicle and the distance 
travelled."

Since our work is only based on conflict resolution between concerns so the identification, 
representation and separation of concern will be assumed to be the same as mentioned in 
[58]. The concerns as identified in [58] for this case study is,

1. Security
2. Response time
3. Multi access system
4. Compatibility
5. Legal issues
6. Correctness
7. Availability

Similarly the stakeholder requirements (viewpoints) as identified in [58] are,

1. ATM
2. Vehicle
3. Gizmo
4. Police
5. Debiting system
6. Vehicle owner
7. System administrator
8. Toll gate

8.1 Entry toll
8.2 Paying toll

8.2.1 Single toll
8.2.2 Exit toll
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6.1 Resolving conflicts

Recall that a conflict is occurred when two or more aspects contribute negatively to each 
other for the same or overlapping set of requirements in the viewpoint.

According to the case study in [58] the “Entry Toll” viewpoint shows a conflicting behavior 
between response time and correctness because both the aspects contribute negatively to 
each other. Similarly viewpoint “Gizmo” also exhibits conflicting behavior between three 
concerns which are response time, correctness and multi access.

In order to solve these kinds of conflicts, we will now apply the steps involved in SB-PCM.

6.1.1 Contribution matrix

The contribution matrix (see table 2) defines the relationship between different concerns. 
The relationship can be positive or negative depending upon the application being 
considered. In our case study the relationship between concerns is given as,

Concern / 
Concern

Response 
time

Availability Security Legal 
issues

Compatibility Correctness Multi 
Access

Response 
time

+ - - -

Availability +
Security +
Legal issues + +
Compatibility
Correctness
Multi access

Table 2: Contribution Matrix for case study in [58]

The cells which contain negative sign indicate that the concern associated to that cell is 
opposing each other thus creating the chances for a conflict depending upon the stakeholder.

6.1.2 Prioritization of concerns

Response time, security, correctness and multi access are the concerns which contain 
negative signs in their respective cells in the matrix, while the other concerns contain 
positive signs which mean that those concerns affect each other in a positive manner thus not 
leading to a conflict. In SB-PCM we will deal with these four concerns i.e. response time, 
security, and correctness and multi access.

6.1.2.1 Scenario modeling

In this phase of SB-PCM two scenarios for each concern will be generated according to 
specific non functional requirements related to the concerns.
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We first generate the scenario for the concern security, see figure 14 and figure 15.

Requirement #1: “If an unauthorized vehicle passes through a green lane, yellow light is 
turned on and camera takes a photo of the plate”.

Requirement #2: “If for some unexpected reasons the toll sensors malfunction then it will 
automatically close the entry toll”

Next, we generate the scenario for the concern response time, see figure 16 and figure 17.

Requirement #1: “If an unauthorized vehicle passed through the green lane then the camera 
should take the photo of the plate within 0.1 second”

Requirement #2: “If a vehicle tries to pass through the green lane then the toll gate sensor 
should read the information from the gizmo within 0.5 seconds”

Unauthorized 
Vehicle

Passes 
through the 
green lane

Toll gate 
system

Under normal 
operation

Take photo 
of the plate 
within 0.1 
sec

Amount is 
displayed

Figure 16: Response time Requirement Scenario (R1)

Unexpected 
Reasons

Sensor 
malfunctions

Toll gate 
system

Under 
abnormal 
operation

Entry toll 
will be 
closed

Malfunctioning 
of system will be 
reported

Figure 15: Security Requirement Scenario (S2)

Unauthorized 
Vehicle

Passes 
through a 
green lane

Toll gate 
system

Under normal 
operation

Yellow 
light is 
turned on 
and photo 
is taken Owner of 

vehicle is 
fined

Figure 14: Security Requirement Scenario (S1)
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Now, we generate the scenario for concern multi access, see figure 18 and figure 19.

Requirement #1: “if two vehicles try to pass the toll gate simultaneously then the yellow 
light should turn on”

Requirement #2: “if two vehicles try to pass the toll gate simultaneously then the camera 
must take photo of the plates of both the vehicles”

Finally, we generate the scenario for concern correctness see figure 20 and figure 21.

Requirement #1: “if an authorized vehicle passes through the green lane then the toll gate 
should display the correct amount”

Two vehicles

Tries to pass 
toll gate 
simultaneously

Toll gate 
system

Under normal 
operation

Take photo of 
both the 
plates

Refrain from 
passing the 
toll gate

Figure 19: Multi access Requirement Scenario (M2)

Two vehicles 

Tries to pass 
toll gate 
simultaneously

Toll gate 
system

Under normal 
operation

Yellow light 
should turn 
on

Refrain from 
passing the 
toll gate

Figure 18: Multi access Requirement Scenario (M1)

Authorized / 
unauthorized vehicle

Passes 
through the 
green lane

Toll gate 
system

Under normal 
operation

Read 
information 
from gizmo 
within 0.5 sec

Check for 
authorization

Figure 17: Response time Requirement Scenario (R2)
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Requirement #2: “if an unauthorized vehicle passes through the green lane then the yellow 
light must turn on”

6.1.2.2 Utility tree

In this step the utility tree is made which is used to prioritize the concerns on the basis of two 
aspects which are,

1. How important is the scenario for the system
2. How difficult it would be for the system to satisfy the scenario

The scenarios are given importance in the form of High, medium or low for the above two 
aspects. If for example a scenario has a weight of (H,H) this means that the first H 
corresponds to the importance of the scenario while the second H corresponds to that the 
system will face much difficulty in order to satisfy this scenario.

Unauthorized 
Vehicle

Passes the 
green lane

Toll gate 
system

Under normal 
operation

Yellow 
light must 
turn on

Take photo of 
the plate

Figure 21: Correctness Requirement Scenario (C2)

Authorized 
Vehicle

Passes the 
green lane

Toll gate 
system

Under normal 
operation

Toll gate 
should display 
correct amount

Allow the 
vehicle to 
pass

Figure 20: Correctness Requirement Scenario (C1)
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Figure 22: Utility for the case study

6.1.2.3 Prioritization of scenarios

The prioritization of the scenario is done by assigning weight to each scenario according to 
the table described below,

Importance/ 
Difficulty

Weight

(H,H) 10

(H,M) 9

(H,L) 8

(M,H) 7

(M,M) 6

(M,L) 5

(L,H) 4

(L,M) 3

(L,L) 2

Table 3: Weight assignment table

Weight for security scenario S1 is equal to “8” and for S2 is “7”. 
Weight for multi access scenario M1 is equal to “6” and for M2 is “5”. 
Weight for response time scenario R1 is equal to “7” and for R2 is “8”. 
Weight for correctness scenario C1 is equal to “10” and for C2 is “8”. 

Multi access

Correctness

Security

Response time

Scenario M1

Scenario M2

Scenario C1

Scenario C2

Scenario S1

Scenario S2

Scenario R1

Scenario R2

Utility

(M, M)

(M, L)

(H, H)

(H, M)

(H, M)

(M, H)

(M, H)

(H, M)
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See figure 22 and table 3 for the possible weights of all the above scenarios.

The weight for each scenario depicts the importance of it. C1 is considered to be the most 
important scenario because its weight is equal to 10, while M2 is considered to be least 
important scenario because its weight is equal to 5.

6.1.2.4 Prioritization of concerns

Now in SB-PCM the prioritization of concerns is done by taking the average of the weights 
of the associated scenarios.

The weight for correctness concern is (C1 + C2) / 2 = 9
The weight for multi access concern is (M1 + M2) / 2 = 5.5
The weight for response time concern is (R1 + R2) / 2 = 7.5
The weight for security concern is (S1 + S2) / 2 = 7.5

From the above calculation we see that correctness concern is the most important concern 
since its cumulative weight is the highest, while concern response time and security are 
equally important and multi access is the least important concern.

6.1.3 Stakeholder/concern matrix

The matrix in [58] for stakeholder and concern is shown below,

Vp/Concern P Gz Ds Atm Tg Pt St Ext Et Vh Uv Vo Reg Act Bill Adm
Response 
time

1 0.3 0.1 0.1 0.1 0.1 0.1 1 1

Availability

Security 1.0

Legal issues

Compatibility
Correctness 0.8 0.1 0.1 0.1 0.1 0.1

Multi access 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Table 4: Stakeholder / Concern Matrix [58]

The table above is the table from PCM without the adjustment of weights of particular 
concern for every cell. The modified table according to SB-PCM is shown below.

Vp/Concern P Gz Ds Atm Tg Pt St Ext Et Vh Uv Vo Reg Act Bill Adm
Response 
time (7.5)

7.5 2.2 0.7 0.7 0.7 0.7 0.7 7.5 7.5

Availability

Security (7.5) 7.5

Legal issues

Compatibility
Correctness 
(9)

7.2 0.9 0.9 0.9 0.9 0.9

Multi access 
(5.5)

1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6

Table 5: Modified Stakeholder / Concern Matrix
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6.1.4 Resolving conflicts by SB-PCM

The table above indicates that the conflicts which were not resolved by [58] between the 
concerns response time and correctness for “Tg”, “Pt”, “St”, “Ext” and “Et” viewpoints and 
the conflict between response time and multi access for the viewpoint “Atm” were resolved 
by prioritizing the concerns first and then associating the weights of these concerns with the 
weight assigned by particular stakeholder for a concern. The new weights which we get for 
each cell are compared with each other for conflict resolution. For viewpoint “Atm” the 
importance of response time concern is more than multi access so the concern response time 
will be composed with the requirements associated with the “Atm”. Similarly for viewpoints 
“Tg”, “Pt”, “St”, “Ext” and “Et” the correctness concern will be given more importance than 
response time. 

Recall that we multiply the concern weight with the assigned stakeholder weight for concern. 
In PCM the resolution of conflicts is done by the participation of stakeholder which makes 
the procedure informal, on the other hand SB-PCM uses only the table 5 to solve the conflict 
with in the concerns without any interaction with the stakeholders. The PCM model 
explicitly decreased the weight of multi access to resolve the conflict and make response 
time the highest concern. But SB-PCM has automatically calculated response time as the 
most important concern.
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7 EPILOGUE

This chapter contains the conclusions and areas where future work is needed.

7.1 Conclusions

Since aspect oriented software development is a relatively new field with respect to other 
software development techniques, so it can be said that in order to make this technique 
mature and more concrete lot of further research will be needed. Although a lot of practical 
work has been already published within aspect oriented programming but aspect oriented 
requirement engineering is a field which is still new and number of attempts are being made 
to map the output of this phase to aspect oriented design and programming. 

Talking about the specific activity with in aspect oriented requirement engineering i.e. 
conflict resolution, it can be said that the major contribution towards this work was 
performed by Dr. Awais Rasheed by presenting a rather semi formal model for resolving the 
conflicts between aspects. Several other authors have also reused his approach for conflict 
resolution within there proposed model for AORE. 

The problems which were identified during the analysis of the procedures for resolving 
conflicts were too much dependency on the customer or the stakeholders for resolving those 
conflicts which were almost equally important, this makes the approach less efficient and 
informal. Our proposed model which is an extension of the model already proposed by Dr. 
Awais Rasheed in [58] is an attempt to make the conflict resolution procedure more formal, 
automate, less dependant on stakeholders and customers thus making the approach more 
efficient.

7.1.1 Threats to validity

Two types of validity threats come into relation with respect to this thesis. These threats are,

 Internal validity threat
Due to this extended model the internal validity threat has been reduced as compared 
to the internal threat involved in the previous model. The outcome produced from 
PCM is dependent on stakeholder at two stages. The first stage is where the aspects 
are assigned weights according to the stakeholder decisions, while the second stage 
is where the conflicts among aspects are resolved. So due to this double interaction 
of stakeholders the results of the PCM have internal threats. As compared to PCM 
the SB-PCM has interaction with stakeholder at only one stage. That stage is where 
the aspects are assigned weights according to the stakeholder decisions, while the 
prioritization of scenarios and aspects is done by the system analyst but it does not 
involve all kinds of stakeholders. So because of this reduced interaction of the 
stakeholder with the system and formal nature makes our extended model more 
valid.

 External validity threat
There is of course an external threat to the validity of this thesis. This threat exists 
because the generalization of a common outcome when applying this extended 
model on any case study can not be achieved. It is not possible to apply this model 
on all kinds of case studies, so we can say that there might be a possibility that the 
outcome produced from our model is dependent on the nature of the case study. 
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7.2 Future work

The area where it is thought that more research and new model should be proposed lies 
within the increased formality of procedures regarding conflict resolution. New ideas should 
be brought up in order to make the conflict resolution activity less dependent on 
stakeholders. Instead of deciding only upon the opinion of stakeholders at the last stages for 
resolving conflicts it is better to create such a model at the initial stages which can guide 
through the process of resolving conflicts with out much interaction with the stakeholders. 

Because of the shortage of time we used ad-hoc based scenario for all the concerns. More 
research work can be done on this field by identifying the concrete scenario table for all the 
general concerns. Furthermore SB-PCM can be applied on other case studies as well as in 
order to check the accuracy of it as a future work since it was not possible to do in such short
time.
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