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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 useful 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 1

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

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 software

Ontology-Based Requirement Management Approach for Distributed Software Environment 1
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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 distributed 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 very 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 [8] 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 2
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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 [9]. 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 50% of project’s requirements will be changed before its deployment

in the real environment [11].

Ontology-Based Requirement Management Approach for Distributed Software Environment 3
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The role of requirements engineering can’t be denied at any stage of the software
development life cycle; in fact, all the software projects strongly rely on requirements
engineering. In a survey of twelve companies [12] it was found that 48 % of software problems
were due to the problems in requirements.

Inadequate, imperfect and wrong perceived requirements [1] 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 settings 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 [8]. Keeping in mind the discussed challenges, a

it

Ontology-Based Requirement Management Approach for Distributed Software Environment 4




CHAPTER 1 INTRODUCTION

-

w7

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 afﬁrmé the

effectiveness of the model. Following research questions are investigated:

RQI1: 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 Qualitative Research-

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].

Ontology-Based Requirement Management Approach for Distributed Software Environment 5
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Requirement Analysis, Requirement Specification, Requirement Validation & Verification and
Requirement Management are key activities in RE process. These activities can be performed by
following different approaches. In [49] 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 [41] 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,

Ontology-’Based Requirement Management Approach for Distributed Software Environment 10
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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 [49] 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 [26] 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.”

[27].

CMMI explained RT “A discernable association between requirements and related
requirements, implementations, and verifications.” & 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 requirements 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 [S0] authors say that neglecting traceability leads to low quality

software of high cost.

Ontology-Based Requirement Management Approach for Distributed Software Environment 14
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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]

* 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.

2.10. 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

Ontology-Based Requirement Management Approach for Distributed Software Environment 15
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2)

3)

4)

5)

6)

2.14.

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 specific 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.

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.
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

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

of them are briefly mentioned.

Ontologies provide a shared vocabulary that is designed by a consensus of all GSD

stakeholders.

Ontologies facilitate in transferring knowledge and simplifying the development process

from project to project.
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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 model 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
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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 in 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 [14] 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. protégé tool is used for ontology
development. “Implementation” is. the final step in which ontology is developed using protégé.
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 né 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.

Ontology-Based Requirement Management Approach for Distributed Software Environment 20

I



e ™ [ = —— R TA Tl ec—

CHAPTER 2 REVIEW OF LITERATURE

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 [18]. The model comprises of different activities, roles and
artifacts [ARA] 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 functional requirements [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 data indicate that these three constraints
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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
globally 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 evaluating the developed

ontology and to answer the competency questions.

One more framework is presented in Ref [24] 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 current knowiedge 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.

e =
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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.
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The comparative analysis of the related work is given in the tabular form:

Change in Global
Software
Development

(Lai et al. 2014)

distributed setting.

gaining

knowledge of the
existing and
modified

requirements.

especially
communication
can be improve
among  dispersed
teams.

Techniques Issues Description Significance Limitation

Approach for | How to handle | Their graph model | Their method | GSD team requires
Managing requirement assists the GSD | addresses the GSD | more  time to
-Requirements change  in  a | stakeholders in | concerns, implement this

approach due to
detailed RCM
steps.

The Model is not
validated in real
time environment,

Requirement To handle change | A Framework is | Facilitates GSD Issues are
Change in requirements in | proposed to | managing change | highlighted,  but
Management a global distributed | manage changing | in globally | they don’t provide
Framework in | setting. requirements  in | distributed setting. | any detail about
Global  Software GSD setting. It { The  framework | how their model is
Development also contains the | was evaluated in | addressing these
(Minhas et al. key activities of | real time on two | Issues, there is a
2014) the RCM process. | GSD projects and | need to show such
the  model s | process or flow
validated through a | that illustrates the
case study. matters of GSD.
Requirements How to tackle | A requirement | A repository is | The requirements
Management requirement repository for | established for | change
Approach for | change managing the | requirement’s management
;J Global  Software | management requirement change process lacks some
Development activity in globally | change is | management  in | activities, they
(Lai et al. 2013) distributed setting. | presented. GSD setting. didn’t consider the
substitute
scenarios of
- change. Some
RCM activities are
not added in their
work.
Ontological Handling They developed | Model lessen the | The development
framework for | requirement their ontology in | ambiguities of ontology can be
requirement change in | three steps; | between dispersed | bit lengthy because
change distributed setting. | specification, team members by [ of its  detailed
management in conceptualization | using ontology and [ mechanism.
distributed and knowledge
environment implementation management is
(Asma et al. 2014) and protégé tool is | done nicely.
used. Moreover, the
mode| is validated
through case
study.
o
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Model for Global | How to manage | The model | The Model helps | The model is not
Requirements requirements incorporates  the | to refine the RE | applicable on the
Change change in GSD. major change | process by | later development
Management activities with a | analyzing common | stages  of  the
(Hussain et al. collection of | RE activities for | software
2012) activities, roles | GSD organization. | development life
and artifacts cycle (SDLC).
(ARA).
Study the Impact | How to control | Requirement Ontology is used | In spite of that the
of Requirements | requirement management for knowledge | way of dealing
Management management metrics are | management. with the
Characteristics in | process in GSD. generated for | Ambiguity can be | requirements
Global  Software determining  the | minimized among | repository is not
Development complete set of | team members | given and
Project: An requirements while using | description of
Ontology  Based before and after | ontology. communication
Approach modification. mode is likewise
(Kumar et al lacking.
2011)
A method of RCM | How to manage | The method is | Their graph based | Their RCM
for Global | change in { made up of three | approach helps the | approach is a
Software requirements  for | steps. team to build up a | lengthy  process
Development GSD projects. Understanding, clear and GSD team
(Alietal. 2016) Analyzing & | understanding of | needs  sufficient
Finalizing the | the existing and | time to follow the
changes in the | modified method.
requirements and | requirements.
requirement is | Mathematical

represented by a
graph.

measures are
defined for
analyzing the
change.

Table 1: Summary of Comparative Analysis 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.

Ontology-Based Requirement Management Approach for Distributed Software Environment 25




CHAPTER 3 MATERIALS AND METHODS

»

S

Chapter 3

MATERIALS AND METHODS

3.1.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, analyzing impact 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.

Protégé 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.
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Figure 4: Framework for Ontology Development

3.3. Specification of the RM-GSD Ontology:

The following part describes the tasks of specification.

3.3.1 Description of the Domain
The domain knowledge of Requirement 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 better comprehension of Requirement change
management (RCM) process. Many authors suggested those RCM processes differently, but
following are the normal exercises for change management. The RCM process comprises on
different activities and roles such as change request originator, change control board (CCB),
change implementer, quality assurance team. The change management process starts when a
client or any team member of the project demand for a change and change request form (CRF) is
used for submitting the change request by the change request originator.

The change request form (CRF) holds the complete details of the change request and
contact details of the change request originator. In the next step, analyst evaluates the change for

cost estimation, time frame and resource utilization. The decision about the acceptance or
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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 skilled 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
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relationships related to Requirement Change Management (RCM), Requirement Traceability

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

e RCM GSD RTM
| Client/Customer GSD Project Project Name
b
Change Request Form GSD Benefits Project Description
t o Skilled workforce
| o Low cost labor
i o 24 hours’ development
t cycle
o Latest Technology
: Change Requester/Initiator GSD Factors Project Start Date
E o Change Req. Name o Cultural differences
[ o Change Req. Location o Geographical distance
i o Change Req. Contact Number o Time zone
[ o Change Req. Department and o Knowledge
: Designation Management
: Change Request Details GSD Challenges Project Completion Date
: o Change Request Date o 3 C’s (Communication,
: o Change Request Time Coordination &
: Control)
; Change Evaluation GSD Teams Requirements Id
[ o CCB (Change Control Board)
| Change Implementation Roles Requirement Status
o Development Team o User o Started
2 o Requirement Analyst o Team Members o In-process
o Designer o Withheld
o Programmer o Completed
Change Request Log/History Project Activities Functional Requirements
) o Updated Change /Modified
Requirement ,
Allocate  Resources  for  change | Project Artifacts Nonfunctional
implementation (time and cost) o Change Request Form | Requirements
o Use Cases & Test Cases
o Change Review Report
Change Verification Location/Site Use Cases
o Quality Assurance Team
o QA Manager
o S/W Tester
Communication Test Cases
o Synchronous
Communication
o Asynchronous
Communication
Table 2: Concepts of RCM, RT and GSD
o
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The accompanying table illustrates the classes, relationships, domain, Eange and

constraints of our ontology as a whole.

X Description of Class | Name of the | Domain Constraints | Range Constraints
Relationship
Change Originator | initiates Change 1 change request | 1..*
’ initiates change Originator
~ request ]
j&s:“ Change request | submitted Change request | 1 change request | |
e submitted through | through form
o change request form
e Change request form | receivedBy Change request | | change 1
is received by change form manager
manager
. Change request form | describes Change request | 1 Change 1.*
¢ describes change form '
= Change request form | isEvaluatedin Change request | 1 Decision l1.*
: need to be evaluated in form Making
= Decision making
activity )
S -Decision making | evaluatedChang | Decision 1 impact analysis | 1
b results in  impact | e Making document
o analysis document Results
:5‘ Impact analysis | support Impact analysis | 1 Change l1.*
W document provide document
2
support for change
: Rejected request is roll | rejected request | Decision 1 Rollback 1..*
' backed. Making Change
- Rollback change | notifiedTo Rollback 1.* Change 1.*
' notified to the change Change Originator
’ QOriginator
" Change requires | requires Change 1.* Change 1.*
4 change in schedule schedule
si‘; Change schedule | outputArtifacts | Change 1 schedule plan 1.*
i output artifact schedule
schedule plan
%
= Change schedule is | scheduledBy Change 1..* Change 1.*
= scheduled by change schedule Manager
: manager
o
wh Change is | isImplementedIn | Change 1.* Change l1.*
* implemented in implementation
change
implementation
o |
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Change isPerformedBy 7 Change 1.* change X
implementation is implementation implementer
performed by change
implementer ‘
\ Schedule  plan is | isFollowedBy schedule plan 1.* change
b followed by change implementer
! implementer
i Implemented change | isVerifiedIn Change 1.* Change
is verified in change verification
Verification
Change verification is | accomplishedBy | Change 1.* quality WX
accomplished by verification assurance team
quality assurance team
In change verification | uses B | Change 1.* test cases WX
Quality assurance Verification
team uses test cases
for verification o
Change  verification | failureResultsTo | Chang’ | review report
failure  results to verification
review report
Verified change is | isValidatedin Change L.* Change ¥ L
validated in change validation ;
validation ‘r
Change validation is doneBy Change l.* change request | 1..* ,
done by the change validation originator
request originator
Change validation | results in Change 1 Review report
failure outputs in validation

% s

review report

Review report is re-
evaluated in decision
making

re-evaluated in

Review report | 1..*

Decision
Making

Validated change is | isClosedIn Change 1.* Change closure | 1..*
closed in change
closure. _
Closed change is | isUpdatedTo Change closure | 1 Version
updated to version '
Table 3: T-Box of RM-GSD Ontology

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

separately.
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Class Description Properties/ Domain Range
Relationships
Customer haslnterest in Project worksOn/ Customer Project
hasinterest
Change Request canlnitiate from | caninitiate Change Request Site
any Site
Communication ismandatory for | ismandatory Communication Sites
all Sites
Change Request Form | isSubmittedBy Change  Request | Change Requester
IsSubmittedBy Change Requester Form
Change Requester Has Name has | Change Requester | Name,
Change Requester Has location
Change Requester Has Contact | has Change Requester | Location
No.
has Change Requester | Contact No.
Change Requester Has Deptt. &
Designation
has Change Requester | Department  and
Designation
4 Change isRequested on Date isRequested Change Date
Change isRequested on Time isRequested Change Time
Change Evaluation | isPerformedBy Change Evaluation | CCB
IsPerformedBy CCB
Change Implementation isPerformedBy Change Development
Implementation Team
isPerformedBy Development
Team |
Updated Change- isReceivedBy | isReceivedBy Updated Change Project Manager
Project Manager
Resources areAllocated  to | areAllocated Resources Change
Change Implementer Implementer
Change ' verification | isPerformedBy Change QA Team
isPerformedBy QA Team verification
3
% 1
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Table 4: T-Box for Requirement Change Management

J
d Interrelations b/w | Properties Domain Range
Classes
Requirement-Req. Id has Requirement Req. Id
Project- Starting Date has Project Starting Date
Project- Completion | has Project Completion Date
Date
Teams-All sites “workson Teams All sites
Teams- Roles & | performs Teams Roles & Responsibilities
Responsibilities

Table 5: T-Box for Requirement Traceability Matrix

Interrelations b/w | Properties Domain Range
Classes
GSD Project- Benefits offers GSD Project Benefits
GSD  Project- GSD | isAffectedBy | Project GSD Factors
Factors

i} GSD  Factors- GSD | increases GSD Factors GSD Challenges
Challenges
GSD Teams- Different { perform GSD Teams Different sites
sites
Roles- Project Activities | perform Roles Project Activities
Project Activities- | produces Project Activities Artifacts
Artifacts

Table 6: 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
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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 Software 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 itself. 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 worthwhile 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.
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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 Protégé, for this purpose an RTM
will bé designed that will 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 Protégé. The next chapter contains these
implemented details. The following figure illustrates the conceptual model of RM-GSD

ontology.
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Figure 5: Conceptual 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 ¢; € C and R= {offers, follows, has,
etc.} where each r; € 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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holding concepts and properties. These tabs are entities, classes, object properties, data
properties, individuals, Owl Viz, DL Query, Onto Graf, SPARQL Query for class hierarchy and
consistency checking. In the figure, highlighted part is showing all the tabs in which well suited
data need to be identified.

Figure 7: Protégé Interface

3.6.3 Use of Reasoner:
A Reasoner is a software or tool that extracts new facts from the existing ontologies. A

semantic reasoner is used to deduce the logical statements from any set of Rules or Axioms.
Protégé offers two types of models asserted and inferred. Human beings face difficulties while
storing the knowledge in a knowledge base rather knowledge extraction should be implicit.
Reasoner assists for reasoning tasks like classification, debugging and querying. [48] Some
different kinds of reasoners are available such as Pellet, HermiT, FACT++, RACER, CEL, ELK,
TrOWL etc. Some ontology reasoners are described briefly as under.

®= HermiT:

HermiT is the first open source reasoner and is written in a web ontology language
(OWL), 1t is helpful in consistency checking of ontologies and it also determines the taxonomic
relationship among entities. It supports classification of complex ontologies. [24]

= Pellet:
Pellet is another open source reasoner software that supports description logics. Pellet

also gives the explanation of bugs and supports incremental consistency checking. Furthermore,
it provides services for analyzing, debugging and 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 [24]. It supports the Description logic (DL) and
web ontology language (OWL).

3.6.4 Adding Classes in Protégé 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 Protégé 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 Development (GSD) separately.
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Super Classes

Class Description

Sub Classes

Thing

The Thing is the parent class in Protégé,
its union of all 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

Table 7: Concept section 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 Protégé, its | GSD Project
union of all classes. GSD Benefits
GSD Factors.
GSD Challenges
GSD Location
GSD Project Any project that is developed in in multi- | GSD Teams
site, therefore a project that is being | Project Requirements
developed in GSD setting is a GSD
project and
This is the subclass of Thing.
GSD Benefits This is the subclass of Thing that have | Skilled Workforce
other subclasses. Follow the Sun Development
Latest Technology
Low Labor Cost
GSD Factors GSD Factors is another subclass of | Time Variation
Thing that have other subclasses. Geographical Distribution
Socio Cultural Differences
Knowledge Management
GSD Challenges GSD Challenges : Communication
is some other subclass of Thing that | Coordination
have other subclasses & faces by GSD | Control
teams.
GSD Location This is the subclass of Thing that have | Site 1
other subclasses. Site 2

Table 8: Concept section of super classes & sub classes of GSD
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A

Super Classes Class Description ]  Sub Classes
Thing The thing is rooted: class that always | Requirements
exists which deals out all the concepts | Requirement Type
and individuals. Design
Use Cases
: | Test Cases
Requirements Requirements is the subclass of Thing | Business Requirements
that describe the user’s demands.
Requirement Type | Requirement Type is another subclass of | Functional Requirements
Thing that has information about the | Non- Functional Requirements
Requirement Type.
Design Design is the subclass of Thing that is | Architecture Design
divided in two more sub classes. Detailed Design
Use Cases A subclass of Thing that has information | UC_01
about the Use Cases. UcC_02
UC_03
UcC 04
Test Cases A subclass of Thing that has information | TC_01
about the Test Cases TC_ 02
TC 03
TC 04

Table 9: Concept section of super classes & sub classes of RTM

P:}
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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?

Which location can initiate change?

Which requirement affects the use case?

Who is the system admin?

Can PCM1 initiate change?

Which requirement impact the other requirements?

What Change Request was initiated by PCM1?

© N AW

Who validates the implemented change?
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3.8. RM-GSD Ontology:

We have developed a requirement management ontology for a global software
development environment that is made up of some important elements that establish a standing
ground for an ontology. Following segment represents the implemented screenshots of the RM-
GSD ontology that are developed in Protégé 4.3.

Classes and class hierarchy
Object Properties

Data Properties

Define Instances

A O

Axioms or Rules of ontology

3.8.1 Define the Classes and class hierarchy of RM-GSD Ontology:
The classes (also recognized as concepts) are the founding blocks of an ontology and it

captures the background knowledge of a specific domain. The size of an ontology varies; small
or large as it is determined by the developer that how much the developer want to cover the
domain. The classes and class hierarchy are shown in the following figure. For example,
“Activities” and “Artifacts” are subclasses 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 RM-GSD ontology by using different tabs of Protégé 4.3.

Figure 8: Protégé Interface Showing Eatities with taxonomic hierarchy
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3.8.2 Define the Object Properties of RM-GSD Ontology:
The object properties consist of domain and range that creates a link between two

different Individuals. For example, “GSD Project” and “GSD Challenges” are two separate
classes that are associated with an object property “faces”. In this example: “GSD Project” is the
range and “GSD Challenges” is the domain that are linked by object property “faces”, Hence we
can describe it as GSD Project faces GSD Challenges. In this work many object properties are
used that are presented in the following figure.

Figure 9: Object Properties of RM-GSD Ontology

3.83 Define the Data Type Properties of RM-GSD Ontology:
Data properties are used to describe the association among classes and data values. Some

RM-GSD classes can be represented by data values. For example, a requirement or a test case
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)

Besides, following axioms (rules) can be applied in RM-GSD Ontology.

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

2. Requirement Engineer generates Requirement Traceability Matrix (RTM)

3. Change Request Originator initiates change

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

5. Test Cases tests Requirements

6. GSD Challenges (Comfnunication, Coordination, Control, Knowledge Management)
affect GSD Project

7. Change request affect Artifacts.

8. 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 sofiware 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.
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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 those people who want to donate blood to needy patients by
creating their profiles. Blood recipients used to check blood donor’s profile by locating their
address through Google Map that is integrated in the website. It also deals with the donor’s
record, request for blood donation, available donors; all relevant information is handled in this

module.

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.

9]
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e

4.2 Evaluation and Validation of RM-GSD Ontology with a case study E-
Health Care Diagnosis System (EHDS)

The developed ontology has been validated with the help of a case study that manifest the
system functionality and efficacy of Requirement Management for Global Software
Development (RM-GSD) Ontology and additionally the users of ontology are contented' to see
their endeavours completely operationalized with the feature of visualization. The results
obtained after the implementation of Requirement Management for Global Software
Development (RM-GSD) Ontology in a software house located in Islamabad. The experts of that
house taken up the ontology if there should be an occurrence of change emerging in any
requirement. We have already been assessed the generic (non-specific) ontology by giving
responses to competency questions and specific ontology of (EHDS) doctor management module
also fulfilled the competency questions. The experts handled only one request of change that is
requested by the client. One development team and quality assurance team positions in
U.S(Virginia) while change manager, development team and client resides in Pakistan
(Islamabad). We have extracted all the individuals or instances and mapped them to the generic
(non-specific) ontology and ensured that the developed Requirement Management for Global
Software Development (RM-GSD) Ontology functioned admirably with the instances.

4.2.1 Use of Reasoner in E-Health Care Diagnosis System (EHDS)

We reaffirm our ontology by making a single change in requirements of EHDS, from the
case study that has been discussed in the former chapter. We mapped out those instances that
were parted in the previous 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 ontology as a part of one module of the E-Health Care
Diagnosis System (EHDS).

-

e T
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Figure 20: Resalts in DL Query5 Tab
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422 Questionnaires Developed for the Evaluation of our Approach
We have designed a questionnaire for the evaluation of our requirement management

3 approach and the questionnaire is placed as under:
Stro Partia ,
Serial | QUESTIONS Agreelzg;'()) Agree (.l;l_y7) Not Agree
# ©-3)

1. | Does the proposed requirement
management approach make stronger the
activities of R.E?

2. | Does the implemented requirement
management approach achieve consensus
and resolving conflicts among the distant
stakeholders?

3. |Does the  proposed  requirement
management approach provide
completeness, consistency and correctness?

4. { Can our proposed solution reduce the
project development time?

5. | Does the developed Interface of the tool is
user friendly?

6. | Do you think that our proposed approach
improves the communication structure?

7. | Does the provided solution enhance the
precision and accuracy in the domain of
interest?

8. | Can our proposed approach achieve
customer satisfaction?

Table 12: Questionnaire for the Evaluation of our Proposed RM Approach
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]

4.3 EVALUATION BY DOMAIN EXPERTS

Our proposed requirement management approach is evaluated by the experts (Members
of GSD teams), who used the ontology of E-Health Care Diagnosis System (EHDS). We
requested them for knowing the value and benefits of our RM-GSD Ontology and developed
knowledge base of EHDS. The questionnaires put forth to the domain experts for their views.
Experts are selected for review from both locales such as change manager and team lead
CIP1from Pakistan, change implementer and team lead CIUS1 from U.S, one requirement
engineer, three members from quality assurance team, and two members from CCB (change
control board). Our proposed approach is evaluated by some given options such as Strongly
Agreed, Partially Agreed and Not Agreed by ratings (0-3, 4-7, 8-10) separately.

First of all, experts checked the concepts taxonomy for assuring correctness and then they
moved towards practical ontology for testing consistency among the classes. Lastly, we have
asked them to rate the ontology on the base of some parameters that can be helpful in assuring
the validity of our ontology. Following parameters were investigated from the experts e.g.
Knowledge Management, Shared concepts & Resolve Conflicts, Consistency & Completeness,
Customer Satisfaction, Easier to use, Impact on Cost, Improve Communication and Reduce
development Time. Moreover, the mean is applied to all the accompanying values of each
parameter for obtaining the result, and presented the solution as shown in following picture.
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é
Parameters Requirement | Change Change Change Quality CCB Quality CCB
¢ Engineer Manager | Implementer | Implementer | Assurance Committee Assurance Committee
N (CIP1) (CIUSI) Team (PAK) Team (U.S)
F Knowledge Y Y Y Y Y PA Y PA
" | Management
Shared Y Y Y Y Y Y Y Y
concepts &
Resolve
Contflicts
Consistency & | Y Y Y Y Y PA Y PA
Completeness
Customer PA Y Y Y Y PA Y PA
Satisfaction
Ease of Use NA PA Y Y Y NA Y NA '
ImpactonCost | Y Y PA PA NA Y NA Y
Improve Y Y Y Y Y Y Y Y
Communication
Reduce PA PA Y Y PA NA PA NA
development
~| Time
;<
Y=Strongly Agreed PA=Partially Agreed NA=Not Agreed
Table 13: Domain Experts Review
]
£
b
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In the following section, the reasons are explained in the favor or against of the ontology
based approach and we also evaluated the reasons for ontology approval or ontology refusal.
4.3.1 Knowledge Management

In Global Software Development environment, teams are located 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 Protégé that have multiple reasoners
(FACT++, Pellet, HermiT) for checking consistency and completeness.
4.3.4 Customer Satisfaction

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 level of super classes and sub classes.
4.3.6 Impacton 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
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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 the success rate
of the distributed projects affects the most because of the requirements managément (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 reqhirements 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 xhain objective was to
develop a solution made for managing requirement change and improve the communication
mechanism between distant GSD group and the developed ontology will 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 71




T T e s - - e i —_—

CHAPTER 5 CONCLUSION

o

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.
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