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ABSTRACT

Requirements Engineering (RE) is the primitive and most critical unit of the entire software

development process that determines the success rate of a software system. It is very well known

and well proven by the researchers that requirements are more important than any other

component of the system because requirements establish a founding block for any future

software project. Requirements Management is a challenging activity in collocated setting but it

becomes more complicated and demanding in the environment of Global Software Development

(GSD). To deal with the requirement's change, evaluating impact of change on the overall

system, then communicating change with the distant GSD group, is such a chaotic mission to the

point that it looks, since it produces misunderstandings and ambiguities among the GSD team.

Aforementioned issues can be resolved by employing knowledge management in GSD setting

that can be achieved through ontology. In this study, an ontology-based requirements

management approach for Global Software Development (GSD) domain is presented, for which

we have built up the ontology in four phases: Specification, Conceptualization, Formalization

and Implementation with a case study and ultimately domain specialists have done the evaluation

as well. The evaluation results and feedback from domain experts is an evidence that our

presented solution is a better way to deal with the activity of requirements management in Global

Software Development (GSD) set-up as it beefs up the communication structure that is an

essence of Global Software Development (GSD) projects. This approach will be usefuI in many

GSD organizations for requirements management and knowledge management where the

distance factor creates more obstruction among Global Software Development (GSD)

stakeholders.
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Chapter I

INTRODUCTION

1.1. Background

Software organizations understand and value the influential factors during developing a

software that leads towards the rewarding system. A successful software development process

relies upon the quality of requirements engineering (RE) process though RE phase is considered

to be an integral part of the entire software development process [1]. Requirements Engineering

(RE) can be divided into two major categories, Requirements Development and Requirements

Management.

The activity of Requirements Development covers all of those tasks that are concerned

with eliciting, collecting, understanding, analyzing and validating requirements for the software

system and Requirements Management deals with the requirement change and requirement

traceability [2] this whole process is catled Requirements Engineering (RE) because a systematic

and repeatable process is followed in arriving on a set of requirements that are considered

complete and consistent.

Requirements Engineering ensures that all stakeholders have agreed on a set of

requirements and have a mutual comprehension about the requirement engineering process

well [3]. Incomplete requirements, unsatisfactory comprehension and imperfect management

requirements are the real reasons of software system's failure.

At the present time, Trends have changed in the world of software development as

software companies are moving towards the "Globalization". The speed of global software

development is getting faster due to the utmost advantages that global software development

offers the stakeholders, and companies distribute their project's work all over the world for

having business benefits.

Global Software Development became more prevailing trend because of minimal

development cost, skilled professionals, nearness to the market and round the clock

development. Apart from that, GSD Projects are performed by distributed stakeholders so GSD

teams face issues of communication, coordination and control [4]. In the global so{tware

AS

of

Ontology-Based Requirement Management Approach for Distributed Software Environmenl



CHAPTER I I
INTRODUCTION

I
I

I

I

l
Ii.

development, disseminated stakeholders from various geographic sites work on a shared project

beyond the barriers such as culture, language and time variations and these factors provoked by

distance and also give rise to GSD challenges [5].

Hardly any other business is promoting globalization as much as the software and IT

industry remains does. It continues the drift to move software development preferably in those

countries that have cheap wages; For instance, In India one-hour programming only cost 20-25

percent of one hour in Germany. And it drives the companies all over the world to distribute their

work in India, China, etc. [6].

Due to the rapid expansion of dibtributed projects across the globe, it becomes

indispensable to understand the nature of these kinds of software development environment.

Distance is the key issue in globally distributed projects that aggravates other challenges such as

communication, coordination and control [5] therefore GSD projects face more trouble with

requirements change and requirements change management as compared to single site

development. Requirements are v_ery important because requirements are the bridge between a

real world problem that has to be addressed and software system.

In fact, the Requirements reflect the problems in the real world, but in a way that can be

utilized by the software engineers. Requirements have the embedded element of evolution that

keeps them alive and more beneficial, although It is very hard to capture all the requirements at

the initial stage because stakeholders don't know what they want from a new system. The

environment in which business operates evolves at a high speed [7] as a result their requirements

for software system are changing, therefore the change becomes unavoidable because human

beings learn with the passage of time and the change incorporation becomes imperative for the

system.

To accommodate change is not really simple task even in a single site development

environment, but it get worse in cross site projects due to difficulty in communication and

requirement change management is a communication and collaborative-intensive activity that

needs strong communication mechanism, furthermore GSD demands t8] continuous

communication and quick response for managing requirement's change that can be achieved

through solid communication structure because in-time and frequent communication is a key

ingredient of effective requirements change management (RCM) process.

,

Ontology-Based Requirement Management Approach for Distributed Software Environment
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When the change request is submitted from the user's end, at that time software experts

start to observe the change impact on the previous set of requirements, therefore there is a need

to have complete information about the domain and all the related requirements in the

developer,s mind. As the time passes, the requirements become more mature and domain

knowledge increases in size, thus it is difficult to keep the required information in the brains and

archives [7]. Many software companies fail to retain and utilizing the domain knowledge, user's

requirements and previous experiences, if organizations keep the important asset of previous

knowledge while developing a system, then the progress in development can be swift and more

productive.

Improper management of the requirement's knowledge is the flagrant weakness of the

existing RE methods. Ontologies are good candidates for handling these deficiencies and

concerns of requirements engineering because they represent the knowledge of a particular

domain and the relationships between concepts in a more formal manner t9]. Strong

requirements management ensures the success of a software project because it not only manages

the change in requirements but also assures the relationship among requirements.

Most certainly, Change impact analysis is an effective activity for figuring out the effects

of change functionality of the software and different artifacts of the system [10] and traceability

information is very important in impact analysis while managing requirement change.

Decisions about cost, impact and schedule are based on traceability information that

produces relationships between requirements and other artifacts. Our solution has been proposed

for GSD setting, which will helpful in managing requirement change along impact analysis and

also in visualizing change impact on the system.

1.2. Problem Description

Requirements Engineering (RE) is the basic and most significant unit of the entire

software development process. In this phase, requirements are collected from diversified

customers and users as the requirements are the foundation block of the future software system.

It is studied that more than 50Yo of project's requirements will be changed before its deployment

in the real environment [11].

Ontology-Based Requirement Management Approach for Distributed Software Environment



CHAPTER 1
TNTRODUCTION

The role of requirements engineering can't

development life cycle; in fact, all the software

engineering. In a survey of twelve companies [12] it

were due to the problems in requirements.

be denied at any stage of the software

projects strongly rely on requirements

was found that 48 % of software problems

t,
I

lnadequate, imperfect and wrong perbeived requirements Il] are the major reasons of

software disaster. However, change is accepted as an important element of software because it

keeps alive the system to be built although change management is a difficult job even in single

site environment and gets more challenging in multi-site due to less communication percentage

among distant team members [5]. Due to improper management of the change GSD team can

deliver a low quality software system that can deteriorate business objectives as well [15].

Managing software requirement's change along impact analysis in GSD seffings is still

almost a nightmare due to the following reasons. Improper communication structure among GSD

sites, knowledge management and knowledge sharing, high level of misunderstandings and

confusions among GSD teams and conflict management. All these issues are a consequence of

distance because distance is the key issue therefore the activity of requirement management

suffers a lot in a distributed environment'

A large number of these issues can be solved by using knowledge management in the

GSD set-up that can be achieved through software engineering ontology, because ontology

contain an agreed-upon vocabulary that is required for proper knowledge management and

minimize the ambiguities and misunderstandings among the distant team members. Moreover,

the process must facilitate in assessing and viewing the impact of requirement's change that can

be done with the help of ontology.

In the past, many frameworks have been introduced to manage the software

requirement's change in GSD settings, however requirements traceability (RT) has been used

less with requirements change management (RCM) process in order to analyze the impact of

change for the future implication of software practices.

If both the requirements change management process and requirements traceability are

added through some mechanism, we can manage requirement change efficiently and timely by

keeping in view the impact of requirements and here is no method to glue them together as a

whole. Researchers emphasized that robust models and efficient processes are a primary

necessity to perform GSD business t8]. Keeping in mind the discussed challenges, a

Ontology-Based Requirement Management Approach for Distributed Software Environment
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requirements management model is suggested in a globally distributed development environment

that is a humble addition in this research field.

1.3. Objective of Study

Research Goal: The key objective of the dissertation was to produce the requirements

management model to strengthen the requirement management process with a case study in the

GSD environment.

We have carried through the project by developing two ontologies; one for Requirement

Change Management in global software development (GSD) and another for Requirement

Traceability Matrix (RTM), in order to obtain the desired result, the ontologies are merged into a

single ontology. Our proposed approach has been assessed by a real case study that affirms the

effectiveness of the model. Following research questions are investigated:

RQl: What global software development (GSD) challenges affect the activity of requirements

management?

RQ2: How ontology can be used in requirements management in global software development

(GSD) environment?

RQ3: What challenges could be resolved using the provided solution?

1.4. Research MethodologY

This part discusses the research approach that is performed to carry out our research

work. Many research methodologies exist in a research setting, but we have chosen a qualitative

research method for this project.

1.4.1 QualitativeResearch"
This research adopted a qualitative methodology, that concentrates the words rather than

numbers [57]. we liked to study individuals, process and the process related technology in real

life setting therefore qualitative approach was an appropriate choice for this purpose.

Acquiring qualitative information from the individuals in real-life set-up takes the

adoption of qualitative methodology which is reasonable for such data gathering, thus this

method was picked as our selected approach of investigation [56].

Ontotogy-Based Requirement Management Approach for Distributed Software Environment
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Furthermore, researcher endorsed that qualitative approach is the best option for getting strong

comprehension of information gathered from individuals about their encounters alongside their

native setting [57].

1.4.2 Case Study
The research methodology selected to implement the requirements management approach

in GSD settings is an experimental case study. A Case study research is a pragmatic analysis that

investigates a current phenomenon (the case) in a real life setting and its emphasis on to answer

the "how" and "why" questions [58].

It is more suitable when studied case is not theorized properly or plenty of actors,

procedures and goals have to deal and there is no restriction among phenomenon and real life set

up.

We have used a qualitative approach to assess the requirements management issues in the

global software development environment. We have picked a real life case for investigation of a

software house located in Pakistan that also has a branch in the united states (U.S).

1.5. Contribution

The primary contribution has been prepared to serve the research questions mentioned in

Section 1.3. The aim of this research is to investigate the process of requirement change

management and requirement traceability in GSD setting, that is designed with the help of

ontology for the storage of knowledge of users' requirements and the domain knowledge of its

concern. Main contributions are:

1) All the stakeholders come to a consensus easily as all of them see the views with clear

vision and understanding and they don't have to make certain decisions on estimation.

2) Stakeholders and specially users can get clear pictures of what kind of product these

requirements will take shape, then they can timely decide if any change is to be made.

3) As an ontology is a uniform standard, therefore every project manager can use/reuse and

understand it due to its uniformity, no ambiguity remains in anyone's mind.

Ontology-Based Requirement Management Approach for Distributed Software Environment
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4) Since all the areas and artifacts are in the view of software engineers, they can do a better

analysis of change impact on the rest of the requirements, design and the product.

1.6. Thesis Structure

The structure of the study is illustrated in the figure below.

Figure l: Thesis Structure
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Chapter 2

REVIEW OF LITERATURE

2.I. CHAPTER OVERVIEW

In this section the overview of the literature related to requirements engineering,

distributed software environment and ontology is presented. In the light of literature, it was

studied that procedure for requirements change management must be efficient and well timed for

attaining software project's success.

2.2. Requirements Engineering & Requirement Change Management

The following section describes the concept of requirement engineering and informs how

to integrate changes.

Keeping in mind the divergent stages of the software development life cycle, it is realized

that Requirements engineering (RE) is one of the key phases and fragile as well. The rest of the

software development phases depend on this particular phase. Requirements engineering is

performed by a procedure which has distinctive stages with various activities to perform. It is

apparent from research that the software's quality is equally proportional to the caliber of its

process and requirements engineering 135,36,37). Inappropriate procedure for requirement

change management leads towards software system failure.

If errors or changes are not handled in timely then they can cost up to 200 times at later

phases of software development. In a study [38] it is revealed that if a change is managed or an

error is corrected at requirements definition phase and it costs I US$, the same activity will cost

5 US$ at the design phase and may cost up to 200 US$ after the system is delivered. Different

studies indicate that most of the softwares fail to finish in time, within budget and with real

planned features. Inadequate requirements [] are the major reason of software failure. In a

survey of twelve companies [12] it was found that 48 % of software problems were due to the

problems in requirements.

The primary concern of requirements engineering is to identify the goals of the

organization to build and It is the part of RE to convert these goals into services and constraints.

Ontology-Based Requirement Management Approach for Distributed Software Environment
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In this chapter Requirements engineering and its background are explained accompanying

requ irements engineering activ ities.

2.3. What is a Requirement

Requirements explain what we will have after a software is built. According to [39]

Definition of requirement is:

[. A condition or ability that is used for solving a user's problem for accomplishing the

project objectives.

II. A condition or ability that is required to fulfill by a system or system component to satisfy

an agreement, documentation or other formal reports.

III. A standard representation of a condition or ability that are mentioned in (l) and (ll).

Requirements are specifications to be implemented [2] and they also describe the

behavior, property or attribute and in some cases constraints of a system. These definitions

indicate that requirements are not only the needs of a user, but these also include the ones that

originate in an organization and also based on the government's and industrial laws and

measures. Thus we can say that requirements are the needs of all the stakeholders and these tell

'what' a system should do. It does not tell 'how' to achieve [].
Requirements can be classified as [2] Functional Requirements: something that the

software system is expected to accomplish, Non-functional Requirements: something that the

software system must have e.g. accuracy, reliability, security, scalability, usability etc. Goal

Level Requirements: these requirements link to business objectives, Domain Level

Requirements: requirements of that particular domain in which the problem lies and a product to

be developed, Product Level Requirements: requirements of the product itself, Design Level

Requirements: these requirements are about of what to fabricate, key requirements and derived

requirements etc.

2.4. Requirements Engineering Process

The journey of software development life cycle (SDLC) begins from Requirement

engineering (RE) activities that linked to the software requirements. Requirement Elicitation,

Ontology-Based Requirement Management Approach for Distributed Software Environment
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CHAPTER 2 REVIEW OF LITERATURE

Requirement Analysis, Requirement Specification, Requirement Validation & Verification and

Requirement Management are key activities in RE process. These activities can be performed by

fottowing different approaches. In [a9] a theoretical model is offered that shows iterations

between different activities, but it's a form of linear model while [40] has proposed a linear

model without overlapping or iteration of activities and the Spiral model [42] developed in

iterations in each cycle. It was analyzed in [al] that in current practice, normally a linear model

with iterations, is adoPted.

2.5. Requirements Engineering Activities

As cited earlier, RE process is framed up of two primary activities. Requirement

Development and Requirement Management. The first activity includes elicitation, analysis,

specification, validation and verification of requirements. The latter one includes requirement

change management and requirements traceability.

Requirements Engineering establishes the solid foundation for the future development of

a software system and guarantees that all stakeholders have achieved consensus on a set of

requirements. Thus, the proper requirement engineering process is necessary in the journey of

software development. Hence, poor management and insufficient understanding of requirements

are the major reasons of software project's failure [3].

The requirements engineering process consists on the following activities [2]..

2.5.1 Requirements Elicitation:
This activity is the first part of requirements engineering (RE) in which requirement

analyst/engineer starts to interact with the customers in identifying their needs, services and

constraints that are required to form a new system and domain knowledge where the software

system has to be used. Elicitation is made by performing interviews, questionnaires,

brainstorming session, document analysis and prototyping, etc. The main purpose of this activity

is to achieve consensus among stakeholders on a specific set of requirements'

2.5.2 Requirements Analysis and Negotiation:

In this activity, all the disputes and problems related to requirements are rectified.

Detailed analysis is performed to make sure about the impact of change on the project, cost,

ontologylBased Requirement Management Approach for Distributed Software Environment
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schedule and customers' satisfaction. Requirements are declared complete, consistent and correct

in this activity.

2.5.3 Requirements Specification:
In this activity, the requirements get the official and more formal place in a software

artifact that is known as software requirements specification (SRS) that describes the purpose of

software and how it will be expected to perform.

2.5.4 RequirementsValidation:
This activity is concerned with checking that the system satisfies the client's actual needs.

It additionally certifies the completeness, correctness and consistency of requirements and is

useful as a real world solution.

2.5.5 RequirementsManagement:
Requirements management is a critical activity for system development but this activity

guarantees that the software organization validates and conforms to the customer's needs. It

manages the change in requirements and establishes the interdependencies between

requirements. Change management, Traceability, and Version control have a place in this

activity.

2.6. LEVELS OF REQUTREMENTS

Understanding the requirements for the purpose of analysis and management is a heavy

and complex task. Requirements analysis and management need to distinguish among different

levels of requirements for better comprehension so that a project is finished on time and budget.

RE helps in realizing this job easier through structured and controlled specification of

requirements. Prerequisites can be classed in three levels [43] and each classification is divided

along a three floor model for making managerial decisions. Requirements are classified along the

layers of organization, product and project. For the purpose of decision making, each level is

divided into strategic, tactical and operational management.

' Requirements at Organizational level: Requirements are evaluated against the goals and

objectives of the organization.

' Requirements at Product Ievel: Customers' requirements and concerns are balanced with

the organizational concerns, goals and strategies.
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. Requirements at Project level: Definition of requirements under which a project will be

run keeping in view the project planning, scheduling, budget and risk management etc.

2.7. REQUIREMENTS CHANGE MANAGEMENT

Change is only constant and unavoidable; humans learn the things with the passage of

time therefore they feel the need of change for getting perfect outcome. In software development,

change management is an important activity and tricky as well. And handling change is a hard

core job of assuring project's success, therefore change should manage in time, the more it gets

later, more difficult is to manage $\. Software engineering [47] is an activity of managing

change in a business setting. Researchers [23] state that changes should be taken up to a certain

point, and this level must be stronger for having a useful product.

The following is different cases of change [45]

Adaptive Changes are those that cope up with environmental change or application

chan ge without affectin g soft ware fu ncti onal ity.

ii. Perfective Changes are those that increase the system's performance by implementing

new or modified requirements.

Corrective Changes are those that relate to fixing bugs in the software system.

iv. Preventive Changes are those proactive adjustments that are done after expected changes

that may come along later.

Change impact analysis is the significant activity for identifying the effects of change

functionality of the software and different artifacts of the system [0] and this assessment

finalize about the acceptance and rejection of change. Whether the change is positive or negative

l44l it will have an effect on the system's functionality, its quality, marketing, user's

expectations, time line and so on.

The processes of change management are performed by holding a conventional process.

Almost all the change management process models incorporate nearly all of primary functions

taken during the procedure ofhandling change.
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Following figure shows requirement change management activities [46]:

Change Initiation

-trl.

Change Evaluation

M,*rL

Change
Acceptance/Rejection

\'.,?

Change
lmplementation

"sl;'

Change Verification

Figure 2: Change Managemcnt Activitics

Requests for change is initially needed to evaluate for determining the impact of change,

afterwards the decision is made to accept or reject the requested change. It is very important to

encounterthe effect of change on different artifacts of the software system. If the modifications

are workable, then these are camied out.

2.8. CHAIIGE MANAGEMENT PROCESS MODELS

Literature has plentiful process models for managing requirement's change. Different

models have their own properties, but all of them serve the same purpose. CHAM, Olsen, V-like,

Need-based Requirements Management (NRM) are process models for change management that

exist in the literature, some of them are reported briefly.

2.8.1 CHAM
CHAM process [a8] is a good example that carries the related change record that is

useful for recommending changes in other tasks. Writer emphasized on these change

management tasks: change prevention, change prediction, impact analysis, change planning,

stability assurance and help change documentation. The CHAM Model contains the 4 units:

traceability analysis, change capture, reuse analysis and change management.

I

I
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2.8.2 OLSEN'S MODEL
The author [47] has used the approach named as rush hour for managing change' The

change management actions are treated as traffic jam and drivers with COP has to take on the

situation. There really is no silver bullet. Each activity of software engineering is alike to change

management. This model is selected as the abstraction software engineering process'

2.8.3 V-Like MODEL
Another model [a9] V-like model is proposed for change management. The model has a

feature of tailoring therefore it can be change according to the system's demands' The models

additionally utilized as a support model for change management after the final deliverable as

software maintenance activities [35] can be exercised in change management if all activities are

part of that process model. V-like model comprises on change identification, understanding,

solution analysis and specification, implementation and validation.

2.9. REQUIREMENTS TRACEABILITY

Gotel &, Finkelstein defined 126) Requirements Traceability as "Requirements

traceability refers to the ability to describe and follow the life of a requirement, in both forwards

and backwards.". Pinheiro & Goguen defined RT as "Requirements traceability refers to the

ability to define, capture and follow the traces left by requirements on other elements of the

software development environment and the trace left by those elements on the requirements'"

1271.

CMMI explained RT "A discernable association between requirements and related

requirements, implementations, and verifications." 8. Bi-directional Traceability as "An

association between two or more logical entities that is discernable in either direction (i.e., to and

from entity)." [28].

Study of requirerhents traceability is the significant activity in software development.

Traceability information is most imperative in impact analysis while managing change. Without

the knowledge of the relationship between requirements and other artifacts, decisions about cost,

impact and schedule are not possible. After the implementation of change, traceability gives the

assurance of accomplishment. In [50] authors say that neglecting traceability leads to low quality

software of high cost.
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2.9.1 TRACEABILITY TYPES

Generally, there are backward and forward traceability e.g. when requirements relate to

its domain, it is backward and when related to design it is forward. Similarly, when domain

relates to requirements it is forward and when design relates to requirements it is backward'

There are two types of traceability: Pre-traceability and Post-traceability'

2.9.2 PRE. TRACEABILITY
It is the status of requirements when they are not yet specified. During this life of

requirements, understanding is developed and elicitation is made. During this phase requirement

are related to their origin, e.g. stakeholders, standards and rules, etc' In short, pre-traceability

concerns with pre-production.

2.9.3 POST. TRACEABILITY
It starts when requirements are specified and they used in design and implementation. It

is assured that the implementation is according to the requirements. Specified requirements are

also related to test cases. Post-traceability concerns with requirements deployment'

Wieringa considered traceability in two types [29]

,.. l
}\r

Forward Traceability: A requirement is traced to constituents of a design or

implementation.

Backward Traceability: A requirement is traced to its source, that can be a person,

institution, law, and so on.

Lindval, Sandahl split requirement traceability in the two groups [30]

Horizontal Traceability is tracing the relevant items among various models.

Vertical Traceability is tracing dependent items within a model.

2.I0. DISTRIBUTED SOFTWARE DEVELOPMENT

The term "Distributed Software Development" has also been used [31] describing the act

of developing software in geographically distributed settings, but not necessarily on a global

scale. Another suitable term which carries with it less ambiguity is "Globally Distributed

Software Development (GDSD)" [32] [33]. Distributed Software Development DSD, OR Global
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Software Development GSD OR Global Software Engineering GSE OR Distributed Software

Engineering DSE OR Multi-Site Software Development, Offshore Software Development; All

these terms serve the same purpose of software development among globally dispersed locations

[ss]

Distributed software projects normally have two or more teams from various locations

that got connected to complete the project's objectives. When teams are globally distributed [34]
they face temporal, cultural and language barriers that give rise to communication issues while

GSD setting gives the opportunity of availing its attractive benefits. Cost effectiveness is the

momentous benefit to outsource the projects because software companies outsource their

projects to those places which cost relatively low. [14]

Some GSD advantages and issues that faced by GSD stakeholders are listed below.

2.11. BENEFITS OF GSD

The popular researchers of GSD domain such as Conchuir [6], Damian & Zowghi 1601,

Carmel [32], Herbsleb & Moitra [4] etc. have discussed the noteworthy advantages of GSD

settings. These are obviously great advantages and most frequently cited, e.g. Reduced cost of
development, Follow the sun development, Access to talented workers, Nearness to market, etc.

As the inclination to GSD development is because of its recognized and documented benefits.

2.12. CHALLENGES IN GSD

Regardless of the benefits that GSD offers to the distributed teams, it faces certain issues

that are spumed by distance. Distance has considered the key issue in GSD settings because it
provokes many other challenges that cause hindrance in the course of software development at

multiple locations. The GSD factors such as time variation, geographical distribution, cultural

and language barriers are dependent on the distance which produces the issues in
communication, coordination and control that become complex and chaotic during the software

development process. Moreover, insufficient communication, distant team members, different
kind of processes, different kinds of development & testing softwares, different knowledge and

expertise levels intensify the issues faced by GSD teams. Therefore, the projects that are being

developed in the distributed environment are perceived as troublesome and intricate efforts. [55]
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Following figure shows the effects of distance in GSD Setting.
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Figure 3: GSD concerns showing effects ofdistance

2.13. ONTOLOGIES

Thomas R. Gruber stated [59] ontology as "Ontology is an explicit specification of

conceptualization". The Concepts are the description of model and knowledge of a certain

domain. Ontology captures these concepts and specifies them formally by using some formal

language. Conceptualization consists of objects, concepts and entities of any particular domain'

There is also a relationship between these entities. No knowledge base of any type can be formed

without conceptual i zation.

2.13.1. COMPONENTS OF ONTOLOGY
The elements of an ontology are the foundation pillar of the ontologies and irrespective of

the language type and domain difference they have to use for ontology development.
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Classes: Classes describe the concepts in a domain and a concept is a key component that

is used to show different Individuals sharing typical features. These concepts may have

instances. Classes may have subclasses that represent concepts that are more speciflc than

the superclass, e.g. PastelColors for the superclass Colors.

Individuals: Individuals are specific instances (members) of a class. E'g' champagne

pink for the class PastelColors.

Attributes/Properties: Properties describe the instances of a class regarding the

parameters they can have. Properties express the relationship between individuals or from

individuals to data values, e.g. Brightness level or Wavelength for PastelColors.

4) Axioms: Axioms are assertions that also have rules in a logical form. They contain the

information described in the ontology for a specific domain'

Taxonomies: Hierarchical semantic relationship. Among concepts is provided by

taxonomies

Non-taxonomic relations: Non-hierarchical semantic relationships between concepts

(classes or instances) are expressed through non-taxonomic relations'

2.14. BENEFITS OF USING ONTOLOGIES IN GSD ENVIRONMENT

Researchers emphasized on strengthening communication mechanism and minimizing

ambiguities for a GSD project to work, because it is really difficult to understand and share the

common terminology about the problem domain from distant places, therefore researchers

accepted the ontology as a good candidate that can resolve communication and knowledge

mahagement issues [21]. The benefits of using ontologies in GSD settings are highlighted, some

of them are briefly mentioned'

r)

2)

3)

5)

6)

. Ontologies provide a shared vocabulary that is designed by a consensus of

stakeholders.

r Ontologies facilitate in transferring knowledge and simplifying the development process

from project to Project.

GSD
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Ontologies when as machine-understandable representations, helpful in the development

of tools for software engineering activities.

Ontologies help in conflict resolution between concepts and attributes of a specific

domain that can save time and effort throughout software project development'

Ontologies assist in simple knowledge acquisition process'

Ontologies support shared comprehension among programming engineers, and also being

utilized as domain models.

. Ontologies can help in developing benchmarks of software process by data collection

medium on the Internet and the use of the Semantic Web'

2.15. Comparative Analysis of the Related Work

This segment is composed of the existing literature about the requirement change

management in global software development environment, requirement traceability and

ontologies. It also represents the comparative analysis of the related work. Authors [5] designed

a framework for managing requirement change in globally distributed software projects. They

stated that to make a change in requirement is an uphill task and it becomes more difficult while

dealing with multi-site projects due to lack of communication among distributed stakeholders

and this communication barrier makes requirement change management process less efficient'

Consequently, they presented such framework that can minimize the communication matters in

global distributed setting. The model encompasses the required activities of the'requirement

change management process and likewise cuts down the challenges occur during Global

Software Development. The suggested inodel is measured by two different methods (i)

evaluation in real time environment through case study (ii) evaluation through comparison with

other models offered in recent literature. The framework also addressed the issues in GSD setting

such as culture and language differentiation and insufficient communication among globally

dispersed stakeholders. Although GSD Issues are highlighted, but they don't offer any detail

about how their model is addressing these subjects, no detailed flow or process is defined on how

to communicate between the different steps of the framework and also control is not defined'

They need to show such process or flow that illustrates the matters of GSD'

Another framework [13] is proposed for the requirement management activity in global

software development. Their approach assists stakeholders by establishing requirement

t9
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repository, by generating traceability matrix and establishing a communication plan for the

development team which facilitates the stakeholders in a proper manner. They validate their

method by applying case study ih real time environment However, their requirements change

management process lacks some activities, and few of these activities are not discussed, the

alternate conditions of change are not present'

A model is presented [1a] for managing requirement's change using ontology in multi-

site software development. Ontology is more appropriate choice when requirements dynamically

change because it minimizes the ambiguities among distributed stakeholders. Moreover, they

stated that Communication issues could be resolved by accomplishing knowledge management.

In the first step, they performed "specification" from literature (related to GSD & RCM)' The

next step called "Conceptualization" in which conceptual model (comprises on concepts and

relationships) was made which helps in ontology development. prot6g6 tool is used for ontology

development. ,'Implementation" is the final step in which ontology is developed using prot6gd'

The developed Ontology is evaluated through case study and they proved that ontology RCM-

GSD facilitates in knowledge sharing and management.

Another model for requirement change management for the global software environment

(GRCM) is presented in [15] and validated the model through case study' The model

incorporates the major change activities with a collection of activities, roles and artifacts (ARA)

but the model has a shortcoming as for communication no mediated technology was proposed,

Furthermore the model can't be used in the later phases of the software development life cycle

(sDLC).

A graph-based model is proposed for managing change in requirements in globally

distributed software projects [16]. Their approach accommodates the GSD team members in

bringing information about the current and modified requirements, identifying the scope of

change that can disturb the project work at various locations and analyzing the key changes in

requirements with reference to the development responsibilities at diverse localities, and making

decision about change with the agreement of GSD teams. Their method addresses the GSD

concerns, especially communication can be improving among dispersed teams and GSD

stakeholders require adequate time to implement this approach due to detailed RCM steps,

Moreover the model is not validated in real time environment.

i.r
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A framework for requirement change management is proposed in [17] using an ontology

for knowledge management and interchange. The framework was named as an Ontological

Requirement Change Management (ORCM) model for GSD. Any software organization can

acquire this ORCM model for the improvement of software products. Unified Modeling

Language (UML) facilitates the proposed framework as UML minimizes the communication and

collaboration issues in globally distributed software development. The framework was carried

out in a small organization and expert judgment reviews have been practiced for the framework

assessment. They used built-in ontology for their framework and defined the ontology at an

abstract level, but not provide the detailed mechanism'

The authors proposed the model for requirement change management in globally

dispersed software development U8]. The model comprises of different activities, roles and

artifacts IARA] which are stated in the model and it encompass the central activities of the RCM

process. The framework does not highlight the problems in the GSD environment like culture

and language differentiation, insufficient communication and some change management

activities such as change analysis, validation & verification are not incorporated. Moreover, their

model is not evaluated.

An ontology-based software requirement traceability matrix (RTM) is generated which

can trace vertical and lateral functionalrequirements [19]. Firstly, the authors constructed a RTM

ontology that contains the classes and their relations and later they constructed instances of the

ontology according to concepts and their properties. This approach is most appropriate to view

extensive areas of traceability and it involves graph implementation for better visualization. It

keeps track of all the business requirement and checks the consistency between requirements

document.

A framework is presented which shows the effect of GSD factors on communication

during Requirement Change Management process [20]. They stated that these three constraints

become serious bottlenecks in communication, coordination and control in GSD' The proposed

framework has three independent variables, namely geographical distance, socio-cultural

distance and temporal distance and model examine the negative impact of these factors on the

communication process. The findings from the study datd indicate that these three constraints

!?.

CHAPTER 2

Ontology-Based Requirement Management Approach for Distributed Software Environment



d
I

i

:

CHAPTER 2 REVIEW OF LITERATURE

have a substantial negative effect on communication and the results demonstrated that as the

impact of these elements increases the level of communication will be decreased.

Another framework is proposed in Ref [21] for requirement management in global

software development. Requirement management metrics are generated for determining the

whole set of requirements before and subsequently modifying the beginning requirements, the

average rate of requirements and the calendar plan of requirements. Ontology is used to manage

the project knowledge and authors suggested some constraints to control the requirement

management activity. In spite of that the way of dealing with the requirements repository is not

given and the mode of communication is not described.

Authors provided a solution for handling change in requirements [22] specifically in

gtobally distributed projects. They claimed that GSD stakeholders must be given with the shared

vocabulary for minimizing the ambiguities in requirements and an ontology is a potential

candidate for knowledge sharing and management. For developing ontology, the Concepts and

their relationships were separated associated to RCM in GSD and then a conceptual model was

made which assists in ontology development. A case study is used for evaluatin! the developed

ontology and to answer the competency questions.

One more framework is presented in Ref [2a] for ontology based knowledge

management. The approach has two phases; (1) knowledge representation and (2) knowledge

management. The framework consists effective components of knowledge management, for

example capture, store and deploy to address the issues of curent knowledge management. Each

component is described in detail. The proposed approach provides a better solution for some of

the open issues of ontology based knowledge management'

Authors proposed a knowledge management tool [25] that uses a domain-specific

ontology for distributed software environment. The primary aim of this study is the proposal of

both the ontology and the tool which will establish a proper mechanism to facilitate the

distributed software development operation. They created a common vocabulary for dispersed

stakeholders, their ontology consists of 50 classes, but they mentioned the core classes and the

tool supports the generation and distribution of knowledge, as well as it aids in decision making

in DSD setting.

g1
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Another solution is recommended for handling change in requirements for global

software development [7]. The method is made up of three steps (i) Change understanding (ii)

Change analysis (iii) Change Decision. Their method uses graph for representing existing and

changed requirements. They validated their approach by applying a case study and proved that

the approach facilitates GSD team to manage requirement change effectively'

9:l
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The comparative analysis of the related work is given in the tabular form:

REVIEW OF LITERATURE

Techniques Issues Description Significance Limitation

Approach for
Managing
Requirements
Change in Global
Software
Development
(Lai et al.2014)

How to handle
requirement
change in a

distributed setting.

Their graph model

assists the GSD

stakeholders in
gaining
knowledge of the

existing and

modified
requirements.

Their method

addresses the GSD
concerns,
especially
communication
can be improve
among dispersed
teams.

GSD team requires
more time to

implement this

approach due to

detailed RCM
steps.
The Model is not

validated in real

time environment.

Requirement
Change
Management
Framework in
Global Software
Development
(Minhas et al.

20t4)

To handle change

in requirements in
a global distributed
setting.

A Framework is

proposed to
manage changing
requirements in
GSD setting. It
also contains the

key activities of
the RCM process.

Facilitates
managing change

in globallY
distributed setting.
The framework
was evaluated in
real time on two
GSD projects and

the model is

validated through a
case study.

GSD Issues are

highlighted, but

they don't provide
any detail about
how their model is

addressing these

Issues, there is a

need to show such

process or flow
that illustrates the

matters of GSD.

Requirements
Management
Approach for
Global Software
Development
(Lai et al. 2013)

How to tackle

requirement
change
management
activity in globallY

distributed setting.

A requirement
repository for
managing the

requirement
change is

presented.

A repository
established
requirement's
change
management
GSD setting.

IS

for

in

The requirements
change
management
process lacks some

activities, theY

didn't consider the

substitute
scenarios of
change. Some

RCM activities are

not added in their
work.

Ontological
framework for
requirement
change
management in
distributed
environment
(Asma etal.2014)

Handling
requirement
change in

distributed setting.

They developed
their ontology in
three steps;

specification,
conceptualization
and
implementation
and protdg6 tool is
used.

Model lessen the

ambiguities
between dispersed

team members bY

using ontology and

knowledge
management is

done nicelY.

Moreover, the

model is validated
through case

study.

The develoPment
of ontology can be

bit lengthy because

of its detailed
mechanism.
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Model for Global
Requirements
Change
Management
(Hussain et al.
2012)

How to manage

requirements
change in GSD.

The
incorporates

model
the

major change

activities with a

collection of
activities, roles

and artifacts
(ARA).

The Model helPs

to refine the RE
process by
analyzing common
RE activities for
GSD organization.

The model is not

applicable on the

later develoPment
stages of the

software
development life
cycle (SDLC).

Study the ImPact

of Requirements
Management
Characteristics in
Global Software
Development
Project: An
Ontology Based

Approach
(Kumar et al.

20l l)

How to control
requirement
management
process in GSD.

Requirement
management
metrics
generated

determining
complete set

requirements
before and

modification.

are

for
the
of

after

Ontology is used

for knowledge
management.
Ambiguity can be

minimized among

team members
while using

ontology.

In spite of that the

way of dealing
with the

requirements
repository is not
given and

description of
communication
mode is likewise
lacking.

A method of RCM
for Global
Software
Development
(Ali et al.2016)

How to
change

manage

requirements
GSD projects.

ln
for

The method is

made up of three

steps.
Understanding,
Analyzing &.

Finalizing the

changes in the

requirements and

requirement is

represented bY a

graph.

Their graph based

approach helps the

team to build uP a

clear
understanding
the existing
modified
requirements.
Mathematical
measures
defined
analyzing
change.

of
and

are
for
the

Their RCM
approach is a

lengthy process

and GSD team

needs sufficient
time to follow the

method.

g1

@nalysis of Existing work

In this section, the overview of the requirements engineering, distributed software

environment and ontologies are presented. Besides it incorporates the existing literature on

requirement change management process in distributed setting, requirement traceability and

ontologies that helps in getting better understanding of the domain'
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Chapter 3

MATERIALS AND METHODS

3.l.BACKGROUND

As previously stated, software requirements change management is a crucial activity to

be practiced at the right time, during a software development life cycle, specifically in a

distributed software environment where stakeholders are dispersed at different positions' It is

also important to note that software project evolves over time and evolving stakeholder's needs

is a genuine reason that can demand change and this requirement change can affect the other

system components and business objectives as well. But the matters of a requirement change'

transform in different form completely in the case of Global Software Development' The GSD

main issue is communication that arises many other challenges. Research indicates that

managing change, analyzingimpact of change and collaborating change to distant colleagues is a

strenuous task that outcomes in misunderstandings and confusions among the GSD group' In our

research, we presented the solution to the above mentioned problems in the form of such

requirement management process for global software development projects that can handle

change in requirements along with an effective impact analysis. Besides process also embeds the

common vocabulary that is outlined after accomplishing accord of the GSD group as the

common vocabulary is valuable in knowledge management and minimize the perplexities and

ambiguities brought up in their minds. There is no standard framework available that deals with

the requirement change with the activity of impact analysis in GSD domain' An ontology is a

strong candidate for managing knowledge and minimizing misapprehensions and ambiguities by

offering an agreed upon vocabulary for requirement management process in Global Software

Development.

In this chapter, a framework is offered along with the details of its phases' Foremost of

all, we will design a concept model of the framework in which the concepts and relations (related

to Requirement change management, Requirement traceability matrix and Global software

development are determined. Defining concepts (classes) and their relationships, and objects of a

group of requirements will be examined alongside the definition of axioms' Unified modeling

,
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language (UML) is used for making conceptual models. The key concepts, properties and axioms

of RCM, RT, and GSD are expressed with the help of the conceptual model. For which purpose,

Violet UML Editor is used.

prot6gd tool and OWL (web ontology language) is utilized for ontology development that

expresses the concepts and attributes related to Requirement change management, Requirements

traceability matrix and Global software development, while to assess the impact due to change

on requirements or a module, Requirements traceability matrix (RTM) is being nominated.

C. Roussey et al. said that ontologies can be of different kinds [61] such as domain

ontologies, application or local ontologies, foundational or top level ontologies and task

ontologies and this classification is done on the base of scope of the ontology. Domain ontology

can be applied in such domain that have a particular view point e'g. electric network

management system, medicine, bioinformatics, and software engineering. Foundational ontology

is generic ontology that can be applied in many fields. It helps in describing the general concepts

e.g. objects, relations, time, events, processes and actions' Task ontology represents those

concepts that relate to the common tasks of a specific domain. Lastly, Application ontology is

the blend of task and domain ontology. Consequently, we built up an application ontology, since

requirement management and distributed software development are associated with the discipline

of software engineering.

3.2. ONTOLOGY DEVELOPMENT PROCESS

There are .several methods of developing the Ontology that has different sorts of

activities, but somehow all of them are used for ontology development and no individual method

is considered as a benchmark therefore ontology developer follows these development steps

according to their own needs. In my thesis, I have developed the "RM-GSD" Ontology that is

based on mainly four activities. These activities are:

1. Specification

2. Conceptualization

3. Formalization

4. Implementation

The following figure illustrates the steps of ontology development process'

ontology-Based Requirement Management Approach for Distributed Software Environment
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Trensfom
Conceptual Modd
into Formal Modct

Figure 4: Fnnelwort for Ortohgr Ilevelropment

33. Specification of the RM-GSD Ontologr:

The following part describes the tasks of specification.

33.f Description of the Ilomain
The domain knowledge of Require,ment change management (RCM), Requirements

traceability (RT) and Global software development (GSD) is presented in this section.

3.3.1.1 Description of Requirement change management (RCM)

We consulted a few papers for setting up htter comprehension of Requirement change

management (RCM) prccess. Many authors zuggested those RCM processes differently, but

following are the normal exercises for change management. The RCM process comprises on

different activities and roles zuch as change request originator, change confrol board (CCB),

change imple,menter, quatity assuranoe team. The change management process starts when a

clie,nt or any team member of the plojec't de,mand for a change and change request form (CRF) is

used for submitting the change request bythe change request originator.

The change request form (CRF) holds the complete details of the change request and

contact details ofthe change request originator. tn the next step, analyst evaluates the change for

cost estimation, time frame and resource utilization The decision about the acceptance or

Ontolory-Based Requirement Management Approach for Distribr*ed Software Environment



CHAPTER 3 MATERIALS AND METHODS

\r"l

N.
:g

(
\,1-

L\r

rejection of change depends upon the feedback on evaluation results by ccB, if all individuals

have accord on the assessment results, change is acknowledged for acceptance and approved for

execution, otherwise change request will be rejected. Change is implemented by the development

team as indicated by the calendar plan to meet the deadline. After that, quality assurance team

tests the functionality of the implemented change and assures the quality of the project.

3.3.1.2 Description of Requirement Traceability Matrix (RTM)

Requirement Traceability Matrix (RTM) is a vital artifact in requirement management,

which summarizes the relationships between requirements and test cases. In actual fact,

Traceability information, being able to know from where you come and where you going' It

indicates which requirement is implemented by which test case (one or more test cases) and

which test case tests which requirement (one or more requirements). RTM is generated by using

a table (in excel) that shows the requirements and test cases at (horizontal) x-axis and (vertical)

y-axis respectively.

In case of a requirement change, RTM is checked for knowing that which test case cover

that requirement and then the affected test case is modified for meeting the new requirement.

RTM has some common attributes that is followed in every project. These are: Project name,

project Description, Project Objective, Business Need, Functional Requirements, Nonfunctional

Requirements, Requirement Description, Relationship b/w requirements' etc'

3.3.1.3 Description of Global Software Development (GSD)

Software companies outsource their projects to globally distributed sites for having

potential benefits such as access to the large skilted workforce, access to cost-effective labor

pool,24 hours of development and nearness to market, but on the other side, GSD projects face

numerous difficulties of communication, coordination and control due to geographic, cultural

and time zone differences. RCM is a collaborative-intensive activity, it requires strong

communication mechanism for managing change in time and GSD demands a quick response to

change so there is an intense need to establish a such RCM process that improvises the

communication between the dispersed stakeholders'

3.3.2 Specification: Definition of the concepts in tabular form

In this step, concepts are defined in tabular format which assist in converting the

information into a conceptual model. Following tables present the concepts and concept

Ontology-Based Requirement Management Approach for Distributed Software Environment 29



I

i

i

t

i

;

CHAPTER 3 MATERIALS AND METHODS

relationships related to Requirement change Management (RCM), Requirement Traceability

Matrix (RTM) and Global Software Development (GSD) respectively.

RCM GSD RTM

Client/Customer GSD Project Project Name

Change Request Form GSD Benefits
o Skilled workforce
o Low cost labor
o 24 hours' develoPment

cycle
o Latest TechnologY

Project Description

Change Requester/Initiator
o Change Req. Name

o Change Req. Location
o Change Req. Contact Number
o Change Req. Department and

Designation

GSD Factors
o Cultural differences
o Geographical distance

o Time zone

o Knowledge
Management

Project Start Date

Change Request Details
o Change Request Date

o Change Request Time

GSD Challenges
o 3 C's (Communication,

Coordination &
Control)

Project Completion Date

Change Evaluation
o CCB (Change Control Board)

GSD Teams Requirements [d

Change Implementation
o DeveloPment Team

o Requirement AnalYst

o Designer
o Programmer

Roles
o User
o Team Members

Requirement Status

o Started
o In-process
o Withheld
o ComPleted

Change Request Log/HistorY
o Updated Change /It4odified

Reouirement

Project Activities Functional Requirements

Allocate Resources for change

implementation (time and cost)

Project Artifacts
o Change Request Form
o Use Cases & Test Cases

o Change Review RePort

Nonfunctional
Requirements

Change Verification
o Quality Assurance Team

o QA Manager
o S/W Tester

Location/Site Use Cases

Communication
o Synchronous

Communication
o Asynchronous

Communication

Test Cases

fant" Z, Concepts of RCM, RT and GSD

ontology-Based Requirement Management Approach for Distributed Software Environment
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The accompanying table illustrates the classes, relationships, domain, range and

constraints of our ontology as a whol'e.

Description of Class Name of the
Relationship

Domain Constraints Range Constraints

Change Originator
initiates change

request

initiates Change
Originator

I change request 1..*

Change request

submitted through
change request form

submitted
through

Change request I change request
form

Change request form
is received by change

manager

receivedBy Change request

form
I change

manager

Change request form
describes change

describes Change request

form

Change L.*

Change request form
need to be evaluated in
Decision making
activitv

isEvaluatedln Change request

form

Decision
Making

1.,*

.Decision making
results in imPact

analysis document

evaluatedChang
e

,Results

Decision
Making

1 impact analysis
document

I

Impact analYsis

document provide

support for change

support Impact analysis
document

I Change 1..*

Rejected request is roll
backed.

rejected request Decision
Makins

1 Rollback
Chanse

L.*

Rollback change

notified to the change
f\.i ni n afnr

notifiedTo Rollback
Change

1..* Change
Originator

1..+

Change requires
change in schedule

requlres Change 1..* Change
schedule

1..*

Change schedule
output artifact
schedule plan

outputArtifacts Change
schedule

I schedule plan 1..*

Change schedule is

scheduled by change

manager

scheduledBy Change
schedule

L.r Change
Manager

1..*

is
ln

Change
implemerited
change
implementation

islmplementedln Change [..* Change
implementation

1..*

ontology-Based Requirement Management Approach for Distributed Software Environment
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Change
implementation is

performed by change

imolementer

isPerformedBy Change
implementation

1..* change
implementer

1..*

Schedule plan is

followed by change

implementer

isFollowedBy schedule plan 1..* change
implementer

lmplemented change

is verified in change

Verification

isVerifiedln Change 1..* Change
verification

Change verification is

accomplished bY

quality assurance team

accomplishedBy Change
verification

1..* quality
assurance team

1..*

In change verification

Quality assurance

team uses test cases

for verification

USCS Change
Verification

1..* test cases 1..*

Change verification
failure results to

review report

failureResultsTo Chang'
verification

I review report 1

Verified change is

validated in change

validation

isValidatedln Change 1..* Change
validation

1..*

Change validation is
done by the change

request originator

doneBy Change
validation

1,.* change request

originator
1..*

Change validation
failure outputs in
review report

results in Change
validation

Review report I

Review report is re-

evaluated in decision
making

re-evaluated in Review report 1..* Decision
Making

1..*

Validated
closed
closure.

change is

in change

isClosedln Change 1..* Change closure 1..*

Closed change is

updated to version
isUpdatedTo Change closure I Version

Table 3: T-Box of RM-GSD OntologY

The Following tables represent the concept description and relationships of RCM, GSD and RT

separately.

ontology-Based Requirement Management Approach for Distributed Software Environment
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CIass Description Properties/

Relationships

Domain Range

Customer haslnterest in Project worksOn/

haslnterest

Customer Project

Change Request canlnitiate from
any Site

canlnitiate Change Request Site

Communication ismandatorY for
all Sites

ismandatory Communication Sites

Change Request Form
IsSubmiuedBy Change Requester

isSubmittedBy Change Request
Form

Change Requester

Change Requester Has Name

Change Requester Has location

Change Requester Has Contact

No.

Change Requester Has DePtt. &
Designation

has

has

has

has

Change Requester

Change Requester

Change Requester

Change Requester

Name.

Location

Contact No.

Department and

Designation

Change isRequested on Date

Change isRequested on Time

isRequested

isRequested

Change

Change

Date

Time

Change Evaluation
IsPerformedBy CCB

isPerformedBy Change Evaluation CCB

Change Implementation

isPerformedBy Development

Team

isPerformedBy Change
Implementation

Development
Team

Updated Change- isReceivedBY
Project Manager

isReceivedBy Updated Change Project Manager

Resources areAllocated to
Change Implementer

areAllocated Resources Change
Implementer

Change verification
isPerformedBy QA Team

isPerformedBy Change
verification

QA Team

ontology-Based Requirement Management Approach for Distributed Software Environment
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Table 4: T-Box for Requirement Change Management

Interrelations b/w
Classes

Properties Domain Range

Requirement-Req. Id has Requirement Req. Id

Project- Starting Date has Project Starting Date

Project- ComPletion
Date

has Project Completion Date

Teams-All sites workson Teams All sites

Teams- Roles &
Responsibilities

performs Teams Roles & Responsibilities

T"bt.5t lLB* for Requirement Traceability Matrix

(l

Interrelations b/w
Classes

Properties Domain Range

GSD Project- Benefits offers GSD Project Benefits

GSD Project- GSD

Factors

isAffectedBy Project GSD Factors

GSD Factors- GSD
Challenges

lncreases GSD Factors GSD Challenges

GSD Teams- Different
sites

perform GSD Teams Different sites

Roles- Project Activities perform Roles Project Activities

Project Activities-
Artifacts

produces Project Activities Artifacts

Trble 6t T-Box for Global Software Development

3.4. Conceptualization of the RM-GSD Ontology: Definition of conceptual Model

A conceptual model is produced by using the above table (given in Specification step)

which represents the main concepts and the association between concepts. The motivation

ontology-Based Requirement Management Approach for Distributed Software Environment
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behind making the conceptual model is to understand and separate the domain concepts and their

properties that will assist during the time of implementation. Unified Modeling Language (UML)

is used to conceptualize the concepts and relations among those concepts' UML is applied as a

graphical representation language that explain the elements of our ontology and conceptual

model is all about this graphic depictment. Finally, the conceptual model is worthwhile for

building an ontology using a tool as it captures the important entities and our conceptual model is

grounded on concepts, properties and cardinalities. The Conceptual Models for Requirement

Change Management (RCM), Global Soffware Development (GSD) and Requirement

Traceability Matrix (RTM) are presented below:

3.4.1 Conceptual Model for Requirement change Management (RCM)

The Conceptual Model for Requirement Change Management (RCM) is composed of

concepts, relationships and constraints. The key concepts are defined as super classes and other

classes will be set as sub classes. Requirement Change Management (RCM) process starts when

stakeholder demands for change. This change is recorded on a paper that is well-known as a

change request form (CRF), this CRF asks for complete details about change initiator and the

change itsetf. Afterwards that, this change request form (CRF) is forwarded to the project

manager officer (PMO) for fulfilling the new demand. Now the change control board (CCB)

takes on board for impact analysis of the change whether the change is suitable for development

and it will not cause any harm to the other components of the system. The change control board

(CCB) is the representative body of all the stakeholders where all the major changes are

discussed, evaluated and impact analysis is done where the future of change is finalized'

Analyzing the effect of change is more significant job [10] during requirement change

management (RCM) process and is also useful for managing change evolution. After the change

evaluation, change control board (CCB) takes a decision based on the evaluation report. If the

evaluation results have a negative impact, then the change request will be discarded and project

manager informs the concerned party. If the change evaluation report is positive and this change

is considered wo(hwhile for the system, and so a change schedule is planned for implementing

the new change and change implementer follows that timeline given by the project manager.

After that, quality assurance team uses the test cases and verifies the functionality of the

implemented change and assures the quality of the project.

Ontology-Based Requirement Management Approach for Distributed Software Environment
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In Addition, more than one change requests can be requested'and a change request form

(CRF) will be used for a single change request. Every request has its own individual change

request form (CRF) submitted by the change request originator.

3,4.2 Conceptual Model for Global Software Development (GSD)

The Conceptual Model for Global Software Development (GSD) is made up of concepts

and their associations in the Global Software Development (GSD) domain. "GSD Project" is the

super class.that offers some "GSD Benefits" which are defined as subclasses of the "GSD

Project".

GSD Project gives the potential benefits like access to skilled professionals, state of the

art technology, low labour cost and 24 hours of development. On the other hand, Global

Software Development (GSD) projects face many challenges like geographic and cultural

distribution, time variation and knowledge management, and these challenges create a hindrance

in communication, coordination and control. Distance is the key issue in distributed software

development that trigger many other problems and the flow of information delays from different

locations due to the 3 C's (communication, coordination and control). The main concepts of the

Global Software Development (GSD) environment is captured as classes, and classes are

represented as Boxes and the relationships are shown by the arrows. As mentioned before,

Unified Modelling Language (UML) is utilized for conceptualizing the entities and relationship

among those entities.

3.4,3 Conceptual Model for Requirement Traceability Matrix (RTM)

The Conceptual Model for Requirement Traceability Matrix (RTM) also has the main

entities of the Requirement Traceability Matrix (RTM). This is the brief model of the (RTM) that

contains the main concepts along with their relationships. This model conceptualizes the

COnCeptS like "ReqUirements", "USe cases", "TeSt CaSeS", "ReqUirement Type" and "Design"'

These concepts will be used while developing ontology using Protdgd, for this purpose an RTM

will be designed that wilt define these classes with their properties of RTM. Moreover,

functional requirements and non-functional requirements will be mapped in Requirement

Traceability Matrix (RTM) and then ontology of Requirement Traceability Matrix (RTM) will be

developed by using ontology development tool Protdg6. The next chapter contains these

implemented details. The following figure illustrates the conceptual model of RM-GSD

ontology.

Ontology-Based Requirement Management Approach for Distributed Software Environment
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Figure 5: Concepturl Model of RM-GSD Ontology

3.5. Formalization of the RM-GSD Ontology:

The goal of this activity is to formalize the conceptual model into a formal model

therefore formally the concepts and relations between concepts can be formalized as C : {GSD

Project, GSD Factors, GSD Challenges etc.) where each c1 E C and R= {offers, follows' has'

etc.) where each r; e R. Entities are shown as rectangles and the relationships are shown using

arrows and direction from which entity to another entity. Unified Modeling Language (uML) is

used to formalize concepts and relations.
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3.6. Implementation of RM-GSD Ontology:

Following section contains the implementation details of our Requirement Management

for Global Software Development (RM-GSD) ontology.

3.6.1 OntologyDevelopment Language:

Requirement Management for Global Software Development (RM-GSD) ontology is

implemented by selecting most suitable ontology development language, development tool.

There are many ontology development languages that supports differentlY, for example; Web

Ontology Language (OWL), Resource Description Framework (RDF), Agent Markup Language

(DAML) and Interchange Language (OIL). We have selected OWL for ontology implementation

as it provides a perfect set of expressions for eliciting concepts and relations. Subsequently

ontology development tool will be chosen after selecting ontology development language.

3.6.2 Ontology Development Tool: Prot6g6

Protdgd is a versatile and configurable platform for the development of arbitrary model-

driven applications and components. It has an extensible and customizable tool set for building

ontologies and for developing applications that use these ontologies [52,53]. Protdgd has some

prominent features:

! Automatic generation of graphical-user interfaces that focused on user-specified models.

r Empowering the scalability of ontologies to the huge knowledge bases.

. Extensible knowledge model and architecture.

The Prot6gd OWL editor is a free and open source that represents different types of

classes, properties, individuals and rules, as well as it provides the features of editing and

browsing for OWL models, and so supports the rapid application development. [54]

The Protdgd platform atlows to generate and edit (Resource Description Framework)

RDF schema and Web Ontology Language (OWL). Requirements Management for Global

Software Development (RM-GSD) ontology in OWL is developed by using the above standards

and consistency checking is performed using a HermiT reasoner. Hermit helps in finding out the

taxonomic relationships, hence it will help in removing ambiguities, sharing and managing

domain knowledge about requirement's change in global software distributed environment. The

Graphical User Interface (GUI) of Protdgd 4.3 is composed of some tabs that are utilized for
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holding concepfis md properties. These tabs ue entities, classes, object properties' data

individuals,0,rl Viz, DL Qu€ry, Onto Gra[, SPARQL auery for class hierarchy and

consistency checking In fu figue, highlighted pmt is showing all the tabs in which well suited

data n€ed to be idedified-
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3.63 UscofReasoncn
A Reasmer is a softrrare or tool that EntracB new facts fiom the existing ontologies. A

semantic reason€r is used to dedrre the logical stflt€ments from any set of Rules or Axioms.

Protdg6 ofrers two tlpes of models ass€rtd md inferred- Humm beings face difficulties while

storing tre knowledge in a knowledge base rdhcr tnowledge exffiion should be implicit.

Reasoner assists for reasming rasks like classfficaion, debugging md querying. [48] Some

difrerent kinds of reasoners ae available such as Pellet, HffmiT, FACT+}, RACER' CEI, ELK

TroWL etc. Some mtologrreasrers ue described briefly as rmder.

r HemiT:

HermiT is the first open sognoe reasoner and is written in a web ontology language

(OWL), It is helpful in cmsistency checking of odologies and it also dAermines the taxonomic

relatimship among entities. It sryports classificatim of complex ontologies- [24]

. Pellet:

Pella is mother op€n soure realrrn€r softrrrc that stryports description logcs. Pellet

also gives the explmdion of bugs md supports incremental consistency checking. Furttrernore,

it provides serrrices for analping d€bugging md repairing of ontologies [24].

' FACT#}:
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FACT++ (Fast Classification of Terminologies) is an open source reasoner that is

implemented in C++. This reasoner implements the procedure of tableaux decision with the

support for all data types of strings and integers [2a]. It supports the Description logic (DL) and

web ontology language (OWL).

3.6.4 Adding Classes in Prot6g6 4.3:

Requirement change management and requirement traceability in global software

development ontology is a collection of information about the project's domain that further

transforms in concepts or classes. Now the next step is to select super-classes and sub-classes

from among the identified objects and few of them are named in the following table. The root

class or parent class of the protdgd is called 'Thing' and all the super classes thus formed by

ontology developers are the subclasses of Thing. An individual can have more than one class,

consequently they are declared as disjoint classes that cannot hold the common members' This

attests that an individual belongs to one or more classes but if a member is from more than one

class, these classes must not be disjoint with each other. Main concepts or classes related to

requirement change management (RCM), requirement traceability (RT) and global software

development (GSD) are listed below. For example; In the ontology of RTM, Use-Cases'

Test_Cases, Design are disjoints because these concepts/classes are different from each other' At

this point in time we have developed strong enough understanding about the concepts, object

properties, data properties and rules that can be mapped in the domains of requirement change

management (RCM), requirement traceability (RT) and global software development (GSD).

The concepts of our RM-GSD domain are separated that will direct in the ontology

development process. Following section comprises on the rigorous analysis of the concepts of

Requirement change management (RCM), Requirement Traceability Matrix (RTM) and Global

Software D'evelopment (GSD) separately.

Ontology-Based Requirement Management Approach for Distributed Software Environment
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Super Classes Class Description Sub Classes

Thing The Thing is the parent class in Prot6g6,

its union ofall classes.

Roles
Activities
Artifacts
Change
Version

Activities The actions that must be done for
project completion.

Change Request
Change Evaluation
CCB Decision
Change Schedule
Change Implementation
Change Verification
Change Validation
Change Closure

-Roles The Role is assigned to each team

member that has some responsibility to

perform.

Project Manager
Change Request Originator
Change Implementer
S/W Tester
CCB
User

Artifacts Artifacts refer to deliverables that are

performed by Roles.

Change Request Form
Schedule Plan
Use cases & Test Cases

Implemented Change
Change Review rePort

Change Request Log/HistorY
Version

.LI.l Tabt.J, C"r*pt *.f., of super classes & sub classes of RCM
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Super Classes Class Description Sub Classes

Thing The Thing is the root class in Prot6g6, its

union ofall classes.

GSD Project
GSD Benefits
GSD Factors
GSD Challenges
GSD Location

GSD Project Any project that is developed in in multi-
site, therefore a project that is being

developed in GSD setting is a GSD
project and

This is the subclass of Thing.

GSD Teams
Project Requirements

GSD Benefits This is the subclass of Thing that have

other subclasses.

Skilled Workforce
Follow the Sun DeveloPment
Latest Technology
Low Labor Cost

GSD Factors GSD Factors is another subclass of
Thing that have other subclasses.

Time Variation
Geographical Distribution
Socio Cultural Differences
Knowledge Management

GSD Challenges GSD Challenges
is some other subclass of Thing that

have other subclasses & faces by GSD

teams.

Communication
Coordination
Control

GSD Location This is the subclass of Thing that have

other subclasses.

Site I
Site 2.t

Trbl. St C"r..pt...tion ofsupcr classes & sub classes ofGSD
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Super Classes Class Description Sub Classes

Thing The thing is rooted. class that always

exists which deals out all the concepts

and individuals.

Requirements
Requirement Type
Design
Use Cases

Test Cases

Requirements Requirements is the subclass of Thing
that describe the user's demands,

Business Requirements

Requirement Type Requirement Type is another subclass of
Thing that has information about the

Requirement Type.

Functional Requirements
Non- Functional Requirements

Design Oesign is the subclass of Thing that is

divided in two more sub classes.

Architecture Design
Detailed Design

Use Cases A subclass of Thing that has information

about the Use Cases.

UC_o1
uc_02
UC_o3
UC 04

Test Cases A subclass of Thing that has information

about the Test Cases

TC_01
TC_02
TC_03
TC-04

Trbt. 9: C"r.ept te.aon of super classes & sub classes of RTM
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3.7. Competency Questions:

Competency Questions play a vital part in the ontology engineering as they define the

scope of an ontology. Competency Questions represent the ontology requirements and an

ontology must be competent enough to answer the competency questions. For our RM-GSD

Ontology, the following are the possible competency questions:

1. Who initiated change request?

2. Which location can initiate change?

3. Which requirement affects the use case?

4. Who is the system admin?

5. Can PCM1 initiate change?

6. Which requirement impact the other requirements?

7. What Change Request was initiated by PCMI ?

8. Who validates the implemented change?
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3.t. RM-GSD Ontologr:

\[/e have develo,ped a requirement menagement ontologl for a global software

development envirorm€,nt thrr is made up of sme important elements &at establish a standing

ground for an ontologr. Following segme,nt rc,pres€Nrts fte implemented screenshots of the RM-

GSD ontolorythdue develo@ inProtdgd 4.3.

l. Classes aod class hierrchy

2. Object Properties

3. DataPrroperties

4. Define Instances

5. Axioms or Rules of ontologr

3.t 1 Define the Chsscr rnd cless hforerchy of RM-GSD Ontologr:
The classes (also recognized as conceprts) ae fre founding blocks of an ontology and it

captures the backgrormd knowledge of a specific domain The size of an ontolory varies; small

or large as it is determined by the developer th* how much the developer want to cover the

domain The classes and class hie,rarchy ae $own in the following figure. For example,

'Activities- and'Artifacts'ae sgbclasses of the root class *Thing- that are declared as disjoint

classes and both classes have some subclasses also. The following figure is showing the classes

and class hierarchy of RMCSD ontolory by using difrerent tabs of Prot6gd 4.3.
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3r.2 Define thc Obiccf Pnopertics of RMGSD Ontotogr:
The object poeerties consist of dmain md rmge thet credes a link between two

differeirt Individuals. For exmple, *GSD Projccf and *GSD Challenges' are two separate

classes 
.(^t 

are associaed wift an object prop6ty ffi. In this example: 'GSD Project" is the

range and'GSD Challenges" is fte domain that ae linkd by objoct pnoperty'Taces", Hence we

can describe it as GSD Prcject faces GSD Challenges. In this work many object properties are

used that are presented in the following figure.

19 "llrj
raffcct
rUalldatcs
aAislCrcd-to
-rcan-odolnrtc-from

- !Dcpcodt-on: rDcDcndson
; aEududGd-By
, lFacas
: aHat
i-rh!3-tntcrus$n
i rhuRcqTvpc. rlmglGmtlrt, !lold.tca
i alt
: lI5
: -f13
: alt-ln
, rls_Submlttcd_by
, fHckc: lo(fct:
i aOtIhetG
i aPcrfomGd-by
: aPetforms
: lPttduccr
, tRcsullln
' asubmlltGd_tlrrtugh
: lTcsts
; ru'Gdln
, !uset
: aUtGt: awotts-ott

Figurc 9: Oqie.t Prroperties of RM4SD Onblogr

3.E3 Define thc Deh Type Properties of RMGSD Ontologr:
Data prroperties are used to dessibe tk associdion among classes and data values. Some

RMSSD classes cm be regesentea by dda values. For ex*mple, a requircme,lrt or a test case

CIrtologr-Basod Roquircmcut ttrtanagerem eWoa* fu DisrihrEt Softwee Environment



CHAPTER 3 MATERIALS AND METHODS

rEquirEs to be rc,peselrted by some ID. The pupose of defining the dm prqperties is to save the

d& value, For Instace, "dding the prroperty name, address and contact # etc. Folowing figrJre is

showing the dataproperties rhat have be€n used-

IEIEE
v rtopoataProp€rty

: t!ffiffi
-Addr.rs
-BR.qDarc
-BR.qID
-FRcqDCJc
-FRcqlD.NFRDGSG
.NFRID
-PnorcqHan.ecr_N.mG
-Projcct_N.mc.TCID
.UCID
-Vcrilon

Ilrrc fG lht Propcrt . dRllt4SD Otblogr

3.&4 Define the Instrnces (IndivfoIurk):
Individuals ae specific inshces of a class. For examplg FREQ.0I is the

instance of a class'Frmctional Requir€xn€nfl. Following figure illusffies the instances of RM-

GSD Ontolory.
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3.t5 Axiomsofontologr:
Axioms e€ assertims thd also have ruIes in a logical form. They contain the information

des&:ribed in the ontolqgr for a specific domain For orample, following aniom is probed in DL

query tab: "initides some Change_Request', in which "initiates" is an object property and

'Chmge_Requesf is a subclass of Activities- thd gives the output shorm in following figure:

salt|c chanqe_Requ€st

| 
*'''"* ''"" ''

O Ch.ra.-RG{uGJt-dthd.r
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:,+ Eercaqcsa
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Figrrc 12: Addirg Arktr fo Cf.r€c ncqrc.t Ck
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Besides, following axioms (rules) can be applied in RM-GSD Ontology.

Team Members must exist in min 2 Sites (Due to GSD Setting)

Requirement Engineer generates Requirement Traceability Matrix (RTM)

Change Request Originator initiates change

Change request will be submitted through change request form (CRF)

Test Cases tests Requirements

GSD Challenges (Communication, Coordination, Control, Knowledge Management)

affect GSD Project

Change request affect Artifacts.

Artifacts affect modules.

Thus from the last two axioms we may infer another rule:

9. Change Request affect modules.

3.9. SELECTION OF THE CASE STUDY

The organization was worked in GSD setting, the software organization's name is not

cited due to company privacy policy. The software company has succeeded to complete

numerous offshore development projects. This software project is developed at two different

sites (Pakistan & U.S (Virginia)). Hence we divided work tasks between distant members on

both positions. We have selected E-Health Care Diagnosis System (EHDS) that comprises many

more modules discussed ahead. Thus, two modules of user management and doctor management

have been chosen to work for the evaluation of our research, also examined it in point of interest

to make sense of requirement management process.

3.9.1 A Case Study: E-Health Care Diagnosis System (EHDS)

E-Health Care Diagnosis System (EHDS) was an on-line health care program that gave a

complete medical management for the health care professionals and patients. The main purpose

of this project is to facilitate the patients by providing easy and fast access for efficient diagnosis

and their treatment. In order to facilitate the patients, the diagnose is done on the basis of

symptoms and provide treatment according to disease. EHDS system maintains the complete

record of patients and doctors, in fact it is a complete package for online health related issues and

their remedies. EHDS system had different modules which work successively to complete their

activities. Some of them modules have discussed below.

Ontology-Based Requirement Management Approach for Distributed Software Environment
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3.9.1.1 User Management Module:

This module is the first module of the system that is used to perform complete

registration process of the patients and users. After registration, patients spoke about their

symptoms to doctors and then disease is diagnosed for further treatment. This is a pre-requisite

of their system to getting health service from them.

3.9.1.2 Doctor Management Module:

This module keeps the information about doctors and every doctor is allowed to make his

own profile that holds a doctor's name, email, Specialty, license number, Board, gender, cell

number, province, city, country and picture. The Doctor can make his profile after sign in

process Further, every doctor's profile is visible to all users. And doctors placed their articles

about the diseases on the forums/Stories.

3.9.1.3 Patient Management Module:

This module helps the patient with a diagnosis according to the symptoms' After

successful diagnosis patient is asked to get treatment by sending email to doctor. Besides, this

module asks for creating a patient profile that maintains the patient's log which can be viewed by

system admin and patients themselves. This module is used to update and delete the profile of

any patient.

3.9.1.4 Disease Management Module:

This module is used by doctors and admin system, in which doctors add information

about new diseases. Further, doctor update/modify the information of existing diseases and

delete the information of any disease.

3.9.1.5 Blood Bank Module:

This module is made for people who want to donate blood to needy patients by

is integrated in the website. It also deals with the donor's

available donors; all relevant information is handled in this

3.9.1.6 Maps Management Module:

This module was designed for handling donor's address map, by using this users or

receivers easily locate the donor address. Admin or donor are able to update or add donor's

address map.

creating their profiles. Blood recipients used to check blood donor's profile by locating their

address through Google MaP that

record, request for blood donation,

module.

Ontology-Based Requirement Management Approach for Distributed Software Environment
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3.9,1,7 Language Integration Module:
This is an important module of EHDS system because it facilitates user the most, as by

using this function user would be able to change the language of the website. Website language

can be switch to default language such as US English.

3.9.1.8 E- Mail Checkup Module:

This is another important module in which patients email their health problems to doctor

and doctors reply to their queries and suggest some remedy to treat them. Besides, it shows the

profiles of all doctors so patients can choose the physician according to their own choice.

3.9.2 PROBLEM STATEMENT
E-Health Care Diagnosis System (EHDS) was an extensive venture and modules of the

system were created at two diverse locales (Pakistan & U.S (Virginia)). According to the need,

sometimes a single module was divided among team members at diverse locales.

Both User management and Doctor management module consists of sub modules that

were assigned teams of Pakistan and U.S. Sub modules of user management are following: Login

User, Update Account, Change Password, Sign Up, Emergency Login, Delete Account, Recover

Password, and View all Users. The Doctor management module also comprises sub modules

named as Add Doctor and View Doctor. The distribution of the both modules has done at both

locations, Module of user management is assigned to team Pakistan and module of doctor

management was undertaken by team U.S. It is the obligation of undertaking project manager to

track the project and project manager is assigned additional role of change manager in our RM-

GSD ontology. Team leads were selected from both teams in order to get any kind of help and

assistance of software developers and reporl back to project/change manager. Requirement

engineer is selected to generate a requirement traceability matrix (RTM) on the basis of elicited

requirements that shows the relationship between requirements, test cases and any other design

artifacts. The role of change implementer was assigned to software engineer or software

developer so they implemented the accepted change. Now verification of the change was

performed by quality assurance team for figuring out the defects and errors that can disturb the

other system components. After ensuring the functionality and wofth of implementing change, it

became the constituent of the software system.

As discussed in previous chapter, change is the most important element of the software

project that keeps a project alive and change can come at any time throughout the software
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development process, therefore the modules developing in Pakistan and U.S can be demand for

change. E-Health care professionals surveyed the other online health related websites and they

made changes to their requirements as well, eventually change occurred.

3.9.3 Conceptualization: Identifythe Instances

From the above case study, we have separated the instances. Requirement management

process was mapped with requirement's change in the module of doctor management of the E-

Health Care Diagnosis System (EHDS) in GSD environment (shown in Table # l0).

By using table l0 Instances of doctor management module for Health Care Diagnosis

System (EHDS) were taken out that are given in table 11. Subsequently, RM-GSD Ontology

(Ontology for requirement management in GSD setting) was developed and for the

evaluation/validation purpose, we implemented our ontology on the doctor management module

for Health Care Diagnosis System (EHDS). We identified the instances from table l0 to
implement them in RM-GSD Ontology. Table I I demonstrates the Concepts (Classes) and their

instances (Individuals). Due to company privacy, names of distant team members are not quoted

as we labeled them names abbreviations according to their roles and location for making a

difference.
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Requirement Management Process Requirement Management Process in E-Health Care
Diagnosis System (EHDS)

Requirement engineer generates a

requirement traceability matrix on
elicited requirements.

In (EHDS), Requirement engineer from Pakistan generates

requirement traceability matrix (RTM) that shows the

dependency and assess the impact ofchange that can occur in
future.

Change request originator initiated
change request.

System admin requested for change and this request will be

received by change manager in Pakistan.

Change request is submitted by
change request form (CRF)

System admin has used change request form (CRF)

Now change manager make a calendar
plan and inform all members at both
locations by using asynchronous
media.

Change manager taken the updated (CRF) and scheduled the

time for change request. Besides, change manager has

coordinated with the team leads of Team Pakistan and Team
U.S.

Change implementer implements the

change by the consensus of CCB
(change control board), project/change
manager and Change implementer.

Updated change request form that shows the change in any
sub module of doctor management is all set for evaluation.
The updated (CRF) is sent to the team leads of Pakistan or
U.S. Asynchronous communication mode is used for
forwarding updated (CRF). And concerned change

implementer will implement the change.

After change implementation,
verification has to take on board.

Team of quality assurance in Pakistan and U.S. verified the

implemented change from their positions.

After verification, the verified change
report is combined in change request
history/log with the stamp of
"Successfully Done". In the meantime
Change originator validated the
updated change.

Verified change report is combined in change request log and

then validated by the system admin.

In the last step, validated change will
be incorporated to the system.

Lastly, all the sub modules were integrated to form doctor
management module.

Table l0: Mapping requirement management process in GSD environment with E-IIealth Care Diagnosis System (EfIDS)
case study
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Concepts (Classes) Instances (I ndividuals)

User System Admin

GSD Project E-Health Care Diagnosis System (EHDS)

GSD sub Modules User Management
Doctor Management

Site/Location Pakistan & U.S (Virginia)

Synchronous Communication Mode Skype or Video Conference

Asynckonous Communication Mode Email or Instant Messaging (IM)

GSD Motivations Skilled professionals, latest technology, less

development cost
GSD Factors Geographical distribution, Time variation,

Language and cultural barriers

GSD Challenges Communication, Coordination & Control

Requirement Engineer R.EI

Requirement traceability matrix (RTM) RTMI

Change Request Form (CRF) CRI

Change Manager/Project Manager (PM has an
additional role of CM)

PCMl

Change Implementer CIP1, CIP2, CIP3, CIP4, CIP5, CIP6
CIUSl, CIUS2

Members from Quality Assurance QAPI, QAP2, QAP3, QAP4
QAUS1, QAUS2, QAUS3, QAUS4

Table ll: Instances from the E-Health Care Diagnosis System (EHDS) case study
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Chapter 4

RESULTS AND DISCUSSION
In this chapter we have evaluated the developed ontology by taking a case study and built

a requirement management model introduced and explained in the previous chapter. We built up

the application ontology which performed as a knowledge repository. The results were compiled

by measuring the effectiveness of ontology to determine that knowledge repository has been

made then the knowledge stored will be useful for the members involved in the project for

managing requirement change along impact analysis in Global Software Development Setting.

4.L EVALUATION:

We have executed the developed requirement management model. A questionnaire has

also designed and domain experts were the judges.

The worth of our RM-GSD Ontology has been assessed in two stages. Initially, generic

ontology of requirement management for Global Software Development has been assessed while

in second stage, specific case study of doctor management module (EHDS) instances has been

represented to the non-specific ontology and validated the developed ontology with a specific

end goal by answering competency questions.

4.1.1 Evaluation & Validation of RM-GSD Generic Ontology by Domain Experts

Domain expefts have evaluated our developed ontology named as (RM-GSD Ontology).

They assessed the developed ontology by validating its consistency and correctness. The choice

of the domain experts is made on the premise of their work experience in GSD as they are aware

of issues that arise in GSD settings. They used the Ontology development tool Protdgd by

selecting a reasoner HermiT 1.3.7 to verify consistency and correctness in an ontology. Domain

specialists approved the conceptual model of RM-GSD theoretically and co-ordinated the

inferred hierarchy with it by demonstrating the correctness in the developed ontology.

4.1.2 Use of Reasoner in RM-GSD Generic Ontology
Protdgd tool is chosen for ontology development that also facilitates in automatic

reasoning. It has some different kinds of reasoners. These are HermiT, FACT++ and Pellet. But

we have opted HermiT 1.3.7 reasoner for consistency checking. When reasoner was started, then

it infers the axioms for showing the inferred hierarchy. Protdgd has a tab of OwlViz that converts
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the concepts and treir cniburcs in a memingful visuatization. Ontology is tested by specialists

for investigding the complete tanonomy of concepts. Indee4 even a fem concepts are compared

with the conce,ptual model keeping in mind the €nd goal to errrre consistency and correctness

among rcpts.

Reasoner is a sort of compiler thet checks the consistency md in case of any

inconsistency it highlighs those cmcepts thd dm't match the consistency criteria of the

rleasorrcr. Competency qmtions ae answered by showing the right and desired results that

mea$me th€ calibrc of ontologr. The tool gives the choice of stop rea$)ner with start reasoner

and reasoner tlpe options, and inferrd model shows the concept Tothing" if reasoner was

stopped. Following figures prcves &at fte generic RM{SD ontologr has successfully worked.

Our ontologr is on its pnelimimry stage therefore we have applied some ruls for ta:ronomy of

concepts and consistency checking.

ftuc 13: OrIYiz ncprcrcrtrtor ofNo&iry CIs
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4.2 Evaluation and Validation of RII|-GSD Ontolog5l with a case s-tttdy E-

Health Care Diagnosis System IEHD$

The develo@ ontolory has be€n validated with the help,of a case study that manifest the

system fimctionality and efficacy of Requirement Management for Global Software

Development (RMCSD) Ontolory and additionally the users of ontolory are contented to see

their endeavours completely operationalized with the feature of visualization. Thelr.rrrlt,

obtained after the implementatim of Requirernent Management for Global Software

Develqment (RM-GSD) Ontolory in a softrrue house located in Islamabad. The experts of that

house taken up the ontolory if there should be m ooflrrence of change emergng in any

requiremenl We have already been assessed the generic (non-specific) ontology by grving

responses to competency questibns and specific ontolory of @HDS) doctor management module

also fulfilled the competency questions. The experts handled only one request of change that is

requested by the client. One development tem md quality assuranoe team positions in

U.S(Virginia) while change manager, development team and client resides in Pakistan

(slamabad). We have exhacted all the individuals or instances and mapped them to the generic

(non-specific) ontolory and ensured that the developed Requirement Management for Global

Sotr*,are Development (RM-GSD) Ontolory fimctionod admirably with the instances.

4.2.1 Usc of Reasoner in E-Health Cart Diagnmb System (EmS)
We reaffirm orn ontologl by malong a single chmge in requirements of EHDS, from the

case study that has been discussed in the former chryter. We mapped out those instances that

were parted in the p,revious chapter and inferred the results for ensuring that ontology is working

according to our aspirations. The participants of the GSD setting have used the ontology on the

basis of rules and they utilized the ontolory as a part of one module of the E-Health Care

Diagnosis System (EIDS).
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I

i'

422 Questionnaire lleveloped for the Evaluation of our Approach

We have designed a questionriaire for the evaludion of our requirement management

approach and the questionnaire is placed as rmder:

Tabtc 12: aucstonnaire for fhc Ev:Iuetin of orr h,opmcd ru}l Apprcen

J

I

rtr

Seriel
#

QrrEsrroNs
Stnondy

Agrce(&r0)
Partialty

lryrer-(+7)
Not Agree

(0-3)

I Does the proeosed requirement
management apercach make stnonger the
activities ofR.E?

2- Do€s the implememed rcquir€tn€nt
management rypmach achiwe coillensus
and resolving conflicts among the distant
stakeholders?

3. Does the proposd requiremeNt
management app,mach provide
completeness, consistency and curectness?

4. Can our proposod solrrion redum the
project development time?

5. Does the develo@ Int€rface of the tool is
userfriendly?

6. Do you think that our proposed ryp,roach
improves the commrmicdion strucnrc?

7- Does the provided solrtrion enhance the
precision and accuracy in the domain of
interest?

8. Can our proposed ryproach achieve
custom€r satisfaction?
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4.3 EYA"LUATION BY DOMAIN EXPERTS

Our proposed rcquirement manag€ment ryproach is evaluded by the experts (Members

of GSD teams), who used the ontolory of E-Health Care Diagnosis System @HDS). We

requested them for knowing the value and benefits of our RM-GSD Ontolory and developed

knowledge base of EHDS. The questionnaires ptt for& to the domain orperts for their views.

Experts are selected for review from both locales zuch as change man€er and team lead

ClPlfrrom Pakistan, change implementer and team lead CruSl from U.S, one requirement

engineer, three members ftrom quality as$ratroe tem, and two members from CCB (change

contnol board). Orn poposed aperoach is waluded by some given opions such as Strongly

Agrce{ Partially Agreed and Not Agleed by ratings (03, +7,8-10) separately.

First of all, expert-s checked the concepts tanonomy for assuring correctness and then they

moved towards practical ontolory for testing oonsistency among the classes. l,astly, we have

asked them to rate the ontolory on the base of some parameters that can be helpful in assuring

the validity of orn ontolory. Following parameters were investigated from the experts e.g.

Knowledge Managemen! Shfred conce,pts & Resolve Conflicts" Consistency & Completeness,

Customer Satisfaction, Easier to use, Impact on Cos! Improve Communication and Reduce

developmelrt Time. Mor@ver, the mean is ryplied to all the accompanlng values of each

parameter for obtaining the resulg and presented the solution as shown in following picture.
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Experts Experience and Numbers

!TotalParticipants rTotalExperience(Years)

Qrrc 21: Td prrliQrnr df Erpcrtao (ycen)

Followirg pictne shows &e raing scale betrveen (0-10) by fre software specialists.

6Omohg/-Ba$d ncqutemcnt tltqcmcr epoach frr DisrihEd Softrruc Emtimcnt



t.--**

CHAPTER4 RESULTS AND DISCUSSION

Penmcors Roqdrcmcnt
Enginccr

Ch.Ee
Mu+tr

Ctrogl
hplemcnter
(cIPr)

Chrlgc
Implcmcabr
(crusr)

ardity
Assur':rncc
Tcam(PAK)

ccB
Comnitice

Qoalrty
Assurenc
Team (U.S)

ccB
Committee

Knorledge
Manrg@t

Y Y Y Y Y PA Y PA

Sh.rcd
cotrccptE &
Rcsofvc
Colflicns

v Y Y Y Y Y Y Y

Consfuelcy &
Complcicncss

Y Y Y Y Y PA Y PA

Custorer
Satishctbn

PA Y Y Y Y PA Y PA

EaseofUsc NA PA Y Y Y NA Y NA

Imprctoa Cct Y Y PA PA NA Y NA Y

Improve
Comrnurirtion

Y Y Y Y Y Y Y Y

Redrce
dcvelopmcnt
Timc

PA PA Y Y PA NA PA NA

Y:SuonglyAgreed PA:PartiallyAgreed

T$lc 13: Ifomeil Erpcrts Rrvil'r

NA:NotAgreed

I

I

Grtotog-Based Requirernent Management Approach for Disrihmed Soflrvare Environment



CI{APTER4 REST'LTS AND DISCUSSION

Expert Rating Mean Value Based on Role

t Requirement Engineer lChange Manager I Change lmplementer (ClP1)

r Change lmplementer : Quality Assurance Team (PAK) I CCB Committee

I Quality fusurance Team (U.S) I CCB Committee

t2

10

8

6

4

2

0

*,-u**d -"'""'""'--"'
ooo -." .o,., 

.,"'-

80
70
60
50
40
30
20
10
0

..u."".".o'*.".d"ff ''"d

Ilrrc Z!: Erlcrt Xrli4 ltcer Ydrc Ber GnpL

Expert Rating Mean Value Based on Role

+Requirement Engineer .*fh3ngg Manager +-Change lmplementer (ClPl)

4-fh3ngg lmplementer +Quality Assurance Team (PAK) +-CCB Committee

{-Quality Assurance Team (U.S) 4p669 Committee

,'"d .*.""""".."""tdJ
..C 

"".""

"." "."-" ",."
'"-t .""C ".r"O.ca' 

""""

t
Io
8

I

fluc 23: Grepticd *rpaatltir dEryGrtr Opirior

Orftob5/-Basd Roquircmem Uaryemem Appmoch fu Digihned Softwuc Environment 6E



-lh

CHAPTER 4 RESULTS AND DISCUSSION

In the following section, the reasons are explained in the favor or against of the ontology

based approach and we also evaluafed the reasons for ontology approval or ontology refusal.

4.3.1 Knowledge Management

In Global Software Development environment, teams are locdted in different places and face

communication issues. As we have discussed earlier that knowledge management can minimize

the communication issues. Hence, we presented ontology as a solution that is used to store and

manage the information/knowledge of a specific domain.

4.3.2 Shared Concepts & Resolve Conflicts

An ontology based repository comprises on agreed upon vocabulary that lessen the

conflicts among distant members, since ontology can express the hierarchy of concepts and their

instances so it can make simpler for stakeholders to eliminate the conflict of information'

4.3.3 Consistency & ComPleteness

Consistency indicates about the knowledge contribution must not break any rule'

Completeness checks whether all fundamental meet the present and future business data interest

are presented in the information resource. In this thesis, ontology based requirement management

approach was developed in ontology development tool Prot6gd that have multiple reasoners

(FACT++, Pellet, HermiT) for checking consistency and completeness.

4.3.4 CustomerSatisfaction
The parameter identifies the level of customer satisfaction whether accomplished or not

by using ontology. The inference rules in ontology gives proper understanding about the domain

that raises the customer satisfaction level as well.

4.3.5 Ease of Use

_ According to experts Opinion, the interface of our ontology is quite simple and easy to

understand, though it demands technical expertise in the query process. Change implementers

and members of the quality assurance team (Pakistan &, U.S), were strongly agreed about the

simple use of ontology especially at the levelof super classes and sub classes'

4.3.6 Impact on Cost

Software companies operate in an unforeseen atmosphere as anything can be evolve or

change for the software system e.g. Government laws, company policy, technology Setup' etc' all

have some impact regarding to the situation. we have built up an evolving ontology that can be

Ontology-Based Requirement Management Approach for Distributed Software Environment
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affected by the new laws or patterns of the software company, Hence, it can affect the cost to a

certain extent.

4.3,7 Improve Communication
It is evident from the views of experts that ontology based approach can improve the

communication among the distant team members.

4.3.8 Reduce development Time
If development time can be reduced by using ontology, then it will definitely have an

impact on cost and budget. The underlying development time of ontology is more than

traditional development in view of expert opinions.

In the above part, we have examined the above clarification about the parameters and

condensed the level of acknowledgment or dismissal of ontology, and figured result in tabular

and also graphical strucfure.m
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Chapter 5

CONCLUSION

This thesis presents an ontology-based requirements management approach for the

globally distributed software development projects. Requirements management is a vital activity

that continues throughout the software development life cycle (SDLC) therefore ihe success rate

of the distributed projects affects the most because of the requirements management (RM)

process. Previously, numerous frameworks have been presented to handle the software

requirement's change in Global Software Development (GSD) environment, though requirement

traceability (RT) has been used less with requirements change management (RCM) process in

order to analyze the impact of change.

In this study, we have developed an ontology based process for the activity of

requirements management for Global Software Development set-up. The main objective was to

develop a solution made for managing requirement change and improve the communication

mechanism between distant GSD group and the developed ontology witl facilitate in knowledge

sharing and knowledge management. Ontologies are constantly evaluated by individuals, for

which our ontology has been tested by a group of people, they have assessed the ontology

theoretically and by applying it in a genuine case study. We used a case study from a vast project

for validation, yet it was confined to the single module to lessen the intricacy. The feedback from

experts shows that our ontology based requirement management approach offers better benefits'

Indeed, it's suitable for handling change, resolving conflicts and confusions, sharing and

managing knowledge as well as it establishes an appropriate communication mechanism that is a

crux of Global Software Development (GSD) projects'

In this research, the results have fetched from the small ontology, but if already

engineered ontology of any specific domain is combined and then the requirements and user's

knowledge are included in the same vocabulary, it will require less energy to perform the task

with multiple advantages.

ontology-Based Requirement Management Approach for Distributed Software Environment
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5.1 Recommendations for Future Study

In the future work it is recommended that the approach should be extended to the activity

of requirements development for the global software development projects. Another ontology

can be developed according to the format of our approach, that covers the requirements

development activity, afterwards it could be merged to our provided framework thus the new

ontology will resolve the issues of both activities of Requirements Engineering.

Ontotogy-Based Requirement Management Approach for Distributed Software Environment
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