AGILE DEVELOPMENT IN CLOUD COMPUTING FOR ELICITING
NON-FUNCTIONAL REQUIREMENTS

MUHAMMAD YOUNAS

A thesis submitted in fulfilment of the
requirements for the award of the degree of

Doctor of Philosophy

School of Computing
Faculty of Engineering

Universiti Teknologi Malaysia

MARCH 2019



DEDICATION

This thesis is dedicated to my beloved grandfather (late) for her love, concern and

support to make sure | achieve higher targets.

This thesis is dedicated to my father Rana Muhammad Latif, and their words of
encouragement, prays and support for completion of the PhD

A special feeling of gratitude to my loving Wife for her support, encouragement,
prayers and dua throughout the process and give me time to complete PhD. I will

always appreciate all they have done.

| also dedicate this to my kids Abd-ur-Ragib, Hayyab Younas, Muhammad Ismaeel,

Abdul Basit and Fatima, who have a suffer a lot due living away from me.

No words can express my gratitude for my beloved brothers, sisters and my loving
Khala. They have always been in the forefront of love, concern, dua, advice and
guidance to make sure | achieve the best of both worlds.



ACKNOWLEDGEMENT

All praise and glory to the Almighty ALLAH (Subhanahu Wa Ta’ala) who
gave me the courage and patience to carry out this work. Peace and blessings of
ALLAH be upon His last Prophet MUHAMMAD (Sallulaho-Alaihe-Wassalam).

I would like to express heartfelt gratitude to my supervisor, Assoc. Prof. Dr.
Dayang Norhayati Abang Jawawi for his constant support during my study at
UTM. He listened to my problem and helped me in solving them. He pushes me to
work freely on this thesis. His willingness to motivate me contributed tremendously
to completion of this work. | have learned a lot from him. | am also very thankful to
Universiti Teknologi Malaysia (UTM) | have learned a lot, theoretically, practically,
and improving the research capability since | entered the university. 1 am also
thankful to all the staff at UTM for their support and help.

| am also grateful for the support of Prof. Dr. Imran Ghani for his guidance
and help. 1 would also like to thank the authority of Universiti Teknologi Malaysia
(UTM) for providing me with an excellent environment and facilities such as
Computer laboratory to complete this project with software which | need during the

process.

Many thanks to my friends and colleagues especially, Syed Hamid Hussain
Madni, Muhammad Murad Khan, Ahmad Mustafa, Syed Arif Shah, Sami Ullah, Dr.
Shahid Kamal, Dr. Rafaqut Kazmi and Dr. Ali Shahid for all their inputs during the
numerous discussions. Also, Hafiz Faizan Akhtar, and Hafiz Faisal who have been a
source of moral support through their fervent prayers. | am lucky and glad to have
them in my life. Finally, |1 would like to thank all the persons who are not mentioned

here but have been a great help during my period of study.



ABSTRACT

Agile is a popular and growing software development methodology. In the
agile methodology, requirements are refined based on collaborations with customers
and team members. However, the agile process faces a lack of visibility across the
development and delivery processes, has complex and disjointed development
processes and lacks communication agility between disconnected owners,
development teams, and users. Furthermore, Non-Functional Requirements (NFR)
are ignored due to the nature of agile development that lacks knowledge of the user
and developer about NFR. In addition, extraction of the NFR is difficult and this
difficulty is increased because the agile methodology promotes change in
requirement at any stage of the development. Cloud computing services have helped
solve some of the issues in the agile process. However, to address the issues in agile
development, this research developed a framework for Agile Development in Cloud
Computing (ADCC) that uses the facilitation of cloud computing to solve the above-
mentioned issues. An Automated NFR eXtraction (ANFRX) method was developed
to extract NFR from the software requirement documents and interview notes wrote
during requirement gathering. The ANFRX method exploited the semantic
knowledge of words in the requirement to classify and extract the NFR. Furthermore,
an NFR Elicitation (NFRElicit) approach was developed to help users and
development teams in elicitation of NFR in cloud computing. NFRElicit approach
used components such as an organization’s projects history, ANFRX method,
software quality standards, and templates. The ADCC framework was evaluated by
conducting a case study and industrial survey. The results of the case study showed
that the use of ADCC framework facilitated the agile development process. In
addition, the industrial survey results revealed that the ADCC framework had a
positive significant impact on communication, development infrastructure provision,
scalability, transparency and requirement engineering activities in agile development.
The ANFRX method was evaluated by applying it on PROMISE-NFR dataset.
ANFRX method improved 40% and 26% in terms of f-measure from the Cleland and
Slankas studies, respectively. The NFRElicit approach was applied to eProcurement
dataset and evaluated in terms of more “Successful”, less “Partial Success” and
“Failure” to identify NFR in requirement sentences. The NFRElicit approach
improved 11.36% and 2.27% in terms of increase in “Successful” NFR, decrease of
5.68% and 1.14% in terms of “Partial success” and decrease of 5.68% and 1.13% in
terms of “Failure” from the Non-functional requirement, Elicitation, Reasoning and
Validation (NERV) and Capturing, Eliciting and Predicting (CEP) methodologies,
respectively. The findings have shown the process was able to elicit and extract NFR
for agile development in cloud computing.



ABSTRAK

Agil adalah metodologi pembangunan perisian yang popular dan
berkembang. Dalam metodologi agil, keperluan disempurnakan berdasarkan
kerjasama dengan pelanggan dan ahli pasukan. Walau bagaimanapun, proses agil
menghadapi kekurangan dari segi kejelasan proses pembangunan dan penghantaran,
proses pembangunan yang kompleks dan terputus, dan kekurangan komunikasi agil
antara pemilik, pasukan pembangunan, dan pengguna. Seterusnya, Keperluan Bukan
Fungsi (NFR) diabaikan kerana sifat semula jadi pembangunan agil yang kurang
pengetahuan pengguna dan pemaju berkaitan NFR. Di samping itu, pengekstrakan
NFR adalah tugas yang sukar dan kesukaran ini meningkat kerana metodologi agil
menggalakkan perubahan keperluan di mana-mana peringkat pembangunan.
Perkhidmatan pengkomputeran awan telah membantu untuk menyelesaikan beberapa
isu dalam proses agil. Walau bagaimanapun untuk menangani isu-isu dalam
pembangunan agil, penyelidikan ini membangunkan rangka kerja Pembangunan Agil
dalam Pengkomputeran Awan (ADCC) vyang menggunakan pemudahan
pengkomputeran awan untuk menyelesaikan isu-isu yang disebutkan di atas. Kaedah
Automasi pengekstrakan NFR (ANFRX) telah dibangunkan untuk mengektrak NFR
dari dokumen keperluan perisian dan nota temu bual yang ditulis semasa
pengumpulan data. Kaedah ANFRX memanfaatkan pengetahuan semantik perkataan
dalam keperluan untuk mengklasifikasi dan mengektrak NFR. Seterusnya,
pendekatan elisitasi NFR (NFRElicit) telah dibangunkan untuk membantu pengguna
dan pasukan pembangunan dalam elisitasi NFR dalam pengkomputeran awan.
Pendekatan NFRElicit menggunakan komponen seperti sejarah projek organisasi,
kaedah ANFRX, piawaian kualiti perisian, dan templat. Rangka kerja ADCC dinilai
dengan menjalankan kajian kes dan tinjauan industri. Hasil kajian kes menunjukkan
penggunaan kerangka ADCC memudahkan proses pembangunan agil. Di samping
itu, hasil tinjauan industri menunjukkan bahawa rangka kerja ADCC mempunyai
kesan positif terhadap komunikasi, penyediaan infrastruktur pembangunan,
penskalaan, ketelusan dan aktiviti keperluan kejuruteraan dalam pembangunan Agil.
Kaedah ANFRX dinilai dengan menggunakan set data PROMISE NFR. Kaedah
ANFRX meningkat 40% dan 26% dari segi ukuran-f masing-masing dari kajian
Cleland dan Slankas. Pendekatan NFRElicit diterapkan pada set data eProcurement
dan dinilai dari segi lebih "Berjaya" dan kurang "Separa Berjaya" dan "Gagal" untuk
mengenal pasti NFR dalam ayat keperluan. Pendekatan NFRElicit meningkatkan
11.36% dan 2.27% dari segi " Berjaya” NFR dan penurunan sebanyak 5.68% dan
1.14% dari segi "Separa Berjaya" dan penurunan sebanyak 5.68% dan 1.13% dari
segi "Gagal™ masing-masing dari kaedah NERV dan CEP. Dapatan menunjukkan
proses itu dapat membantu untuk mendapatkan dan mengektrak NFR untuk
pembangunan agil dalam pengkomputeran awan.

Vi
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CHAPTER 1

INTRODUCTION

1.1 Overview

This research is about the extraction and elicitation of the non-functional
requirement for Agile Development in Cloud Computing (ADCC). The goal of this
research is to enhance the agile software development through employing cloud
computing platform, and NFR elicitation and extraction. The enhancement in NFR
extraction and elicitation ultimately enhance the agile development methodology.
Therefore, this thesis has three components such as agile development methodology,
cloud computing and non-functional requirements. There are separate studies which
incorporate agile software development methodology, cloud computing environment
and eliciting and extracting non-functional requirement. In addition, there are studies
which have more than one combination, however; there is a lack of studies that cover
all these components together in one study. The thesis has focused on the
environment for Requirement Engineering (RE) activities especially NFR extraction
and elicitation in ADCC.

Agile software development methods are based on frequent delivery of
software, improved customer satisfaction, closed interaction with the clients and
accommodation of requirement change at any stage of development. However, these
agile guidelines are not practiced completely due to rapid change in market demand
and while teams are working in the distributed environment. Several challenges exist
such as scalability, transparency (Tuli et al., 2014), face-to-face communication
(Qureshi and Sayid, 2015), availability of experts (Nazir et al., 2013), smooth control
of development, ability to build applications from distributed locations (Wang, 2011)
and resource management (Dumbre et al., 2011; Tuli et al., 2014). The changing



demands require an environment to develop and test innovative ideas. The provision

of resources for testing innovative ideas increases the development cost.

In order to deal with these challenges, cloud computing provides an
environment to quickly test new ideas in the marketplace (Rathod and Surve, 2015).
Cloud Computing has the potential to reduce the cost of agile development through
data sharing, distributed application, prioritizing tasks and by providing infrastructure
(hardware and software). Cloud computing enhances the development process by
eliminating the need for installations procedures, software patches, and re-installation.
Cloud services provide storage and computing resource based on pay per use
(Franken et al., 2015; Peter Mell, 2011). Cloud computing extends the existing agile
process through fast delivery, lowering cost and increasing software quality (Tuli et
al., 2014; Wei-Tek et al., 2014).

Cloud computing comprises five resources, three service and four deployment
models (Peter Mell, 2011). Five resources are networks, servers, storage, applications,
and services. The services provided by cloud computing are platform, software and
infrastructure as a service (PaaS, SaaS and laaS) and deployment model are private,
public, hybrid and community.

Functional and Non-functional requirements are both important in agile
software development (Slankas and Williams, 2013). Functional requirement stated
as “what the system does” and Non-Functional Requirement deals “how the system
performs or exhibits the behavior” (Danylenko and Lowe, 2012). NFR also represents
the observable and available qualities of the system. The example of available
qualities is portability and maintainability whereas the example of observable
characteristics is performance, dependability and availability (Ameller et al., 2012).

In agile methods, Functional Requirements (FR) are considered important as
compare to Non-Functional Requirements (NFR) (Gregorio, 2012). NFRs are ill-
defined or ignored in the early stages of development or overlooked until the later

stages of software development. The NFR is ignored due to the user’s lack of



knowledge about NFR, lack of detail of the procedures to incorporate NFRs (Silva et
al., 2016). and the nature of agile methods. A project cost and wasted effort increase
if the NFR is detected in the later stages of software development (Silva et al., 2016).

1.2 Problem Background

Agile development methodology is based on twelve principles. However,
these principles are not fully practiced due to difficulties in distributed agile
development. The difficulties in distributed agile development are scalability,
transparency (Tuli et al., 2014), face-to-face communication (Qureshi and Sayid,
2015), availability of experts (Nazir et al., 2013), smooth control of development,
ability to build applications from distributed locations (Wang, 2011) and resource
management (Dumbre et al., 2011; Tuli et al.,, 2014). For overcoming these
difficulties cloud computing performs an important role. There are some studies that
proposed solution to solve these difficulties in agile development. However, there is
lack of evaluation and validation of approaches proposed by existing studies
(Abhishek and Frank, 2014; Akerele et al., 2013; Hasaba and Faraahib, 2014). There
need more studies to propose a solution for managing agile development in cloud

computing to overcome these difficulties.

The bottleneck in agile software development is the maturity of the
requirement that is implicitly improved with the involvement of client (Haig-Smith
and Tanner, 2016). The NFR in agile software development is neglected due to the
nature of agile software process (Jeon et al., 2011) and also neglected by the client
(Gregorio, 2012) and industry practitioners (Domah and Mitropoulos, 2015). The
improvement in extraction and elicitation of NFR would enhance the software quality
in the agile software development process (Farid, 2012a).

Usually, FRs are treated as primary requirements while NFR is ignored or

only treated at design and implementation level. NFRs such as performance,



reliability, scalability, security, and usability are handled later in an ad-hoc way
during the later phases of software development (Nguyen, 2009). In software
architecture, NFR has a critical role (Silva et al., 2013). Business analyst, software
architect, software integrators and customers depend on the identification of NFR in
order to implement their jobs (Nuseibeh, 2001; Slankas and Williams, 2013). The
mishandling of NFR in late stages of development leads to project failure
(Saadatmand et al., 2012). Security, load and usability are so important for software
systems, this improper dealing lead to detrimental of the whole system (Yin and Jin,
2012).

The ignorance of NFR in projects leads to an increase in the cost of a software
system. United States army’s project for intelligence sharing with troops costing $2.7
billion was declared as unworkable, due to performance and usability issues
(Hoskinson, 2011). Another system named Electronic Health Record (EHR) was
criticized for the lack of usability and eventually was not adopted by the medical
community (Bertman et al., 2010). A survey observed the failure rate of more than
60% of the projects were due to ignorance of NFR (Bajpai and Gorthi, 2012). The
software development without considering the proper NFR and their implementation
are vulnerable to failure (Boehm and In, 1996). The identification of NFR in the early
stage of development helps in the selection of technology, allocation of hardware,

selection of standards and licensing issues in software development.

During requirement gathering, it is difficult to capture NFR and this difficulty
increase if the requirement engineer has lack of deep technical knowledge about NFR
There is a need for elicitation approach (Farid, 2012a). In agile methods, NFR is
criticized for not having a method for NFR elicitation (Paetsch et al., 2003). Another
study (Maiti, 2016) suggests that there would be an NFR gathering technique which
uses historical data of projects to predict additional NFR and FR in agile software
development. Furthermore, the extraction method in cloud computing environment
helps in extraction of NFR by sharing information from agile members located at
different locations. Maiti (2016) study further describes that cloud storage can be

used to gather historical NFR from other agile team members.



The requirements are expressed in Natural Languages (NL) (Chung and do
Prado Leite, 2009b; Luisa et al., 2004). In software requirement documents (SRS),
FR and NFR are written in mixed. It is hard for a human analyst to identify NFR from
the functional requirements. There are techniques for identification of NFR.
However, most of the techniques are not automated or manual. In agile the process is
fast and there is always stress of in time delivery (Domah and Mitropoulos, 2015).
So, to analyze and implement NFR in software projects timely, the analyst needs
some automated system to identify and classify NFRs quickly from the SRS
documents (Maiti, 2016; Saadatmand et al., 2012). The process-oriented and non-
automated approaches cannot identify NFR quickly to meet the speed of agile
methods. Furthermore, the requirement is taken on a user story card in agile methods.
The NFR is defined with a high level of abstraction in later stages of development,
there need some tools and approach to deal with FR and NFR elicitation and
extraction in early stages of development (Saadatmand et al., 2012).

There are several techniques for extraction of NFR (Casamayor et al., 2010;
Cleland-Huang et al., 2006; Kaiya et al., 2004; Mahmoud, 2015; Slankas and
Williams, 2013). The review of the literature shows that most of the techniques for
extraction of NFR are supervised (Cleland-Huang et al., 2006, 2007). However, the
supervised learning methods are labor-intensive and have the overhead of training the
model (Mahmoud and Williams, 2016). If the training data is available, then train the
model or algorithm otherwise training data will be prepared manually. The analyst
reads the requirement document and classifies NFR manually. In the case of a large
dataset, a lot of effort is required to train the data, to get acceptable results. Manual
extraction of NFR from SRS document is a hard job. Another limitation is this the
existing extraction approaches has more false positives and do not consider the
historical data for additional prediction of NFR (Slankas and Williams, 2013).

NFRs are ignored due to unawareness of user about NFR and nature of agile
methods. There are quality standards to describe NFR terminologies and their
classifications, but these quality standards do not explain the procedure to incorporate
NFR elicitation. There are several NFR elicitation methodologies, processes (Boehm
and In, 1996; Maiti and Mitropoulos, 2015), templates (Kopczynska and Nawrocki,



2014), frameworks (Waleed Helmy, 2012) and elicitation guidelines (Gregorio, 2012;
Silva et al.,, 2016) to incorporate NFR. The majority of these NFR elicitation
solutions are for traditional software development. However, some studies (Haig-
Smith and Tanner, 2016; Karunakaran, 2013) describes requirement engineering
activities for distributed agile software development in cloud computing environment
through Team Foundation Server (TFS), Microsoft share point and Pivotal Tracker.

However, there is a lack of studies that incorporate NFR elicitation in ADCC.

The key points of the problems discussed above are: more consideration is
given to FR as compared to NFR, the ignores leads to budget and time overrun and
sometimes even failure of the system (Affleck and Krishna, 2012). The NFR is
subjective nature and stated with a high level of abstraction. So, NFR requires quick
attention in early stages of development. Furthermore, due to agile nature
(accommodates rapid change in requirements), there needs an automated method for
NFR extraction. The recent approaches are solutions are not up to mark and has some
limitation. The existing studies have less attention on the elicitation process,
knowledge base, the role of expert, project history, use of NFR extraction method,
use of glossary resources and user involvement. Due to lack of knowledge of user and
requirement engineers, there is a need for elicitation approach. There is a lack of
elicitation approach for agile methodology. Cloud computing storage helps in

elicitation process for distributed agile development environments.

1.3 Problem Statement

The review of the literature in Chapter 2 shows that the non-functional
requirement for agile software development in the cloud computing environment has
not yet reached the desired satisfaction level of the practitioners and researchers.
Although intensive research is gaining attention, there needs more research to extract
and elicit NFR for agile software development in the cloud computing environment.
There are some studies that provide a solution for agile development in cloud

computing. However, these studies have less discussion about RE activities and NFR.



For NFR extraction, there are several studies for extraction of NFR, but most of them
are supervised learning based. The supervised learning approaches are labor-intensive
and have the overhead of training the model. A lot of manual work must be done to
train the model. The approaches other than supervised learning based, have low
performance in term of precision-recall. As discussed in the previous section, most of
the approaches are for FR elicitation, some of them for NFR elicitation and very few
elicitation approaches for agile development. Farid (2012a) proposes a NORMAP
methodology for extraction of FR and NFR from a text document. The NORMAP
methodology links FR with Ws story card. Another study (Domah and Mitropoulos,
2015) extends the work of NORMAP methodology and include two more story cards.

A study (Maiti, 2016) proposed tool-based Capturing, Eliciting, Predicting
and prioritization (CEP) methodology for elicitation of NFR. The CEP enhances the
NFR Locator tool to extract NFR from the text in the images. However, the CEP
methodology does not consider the project history. Furthermore, CEP methodology
suggests that the elicitation process should be enhanced by extracting information
from other agile team members through cloud storage in distributed agile
development. However, there needs an environment that focuses on RE activities
especially NFR for agile development in cloud computing. More automated
extraction methods are required to extract NFR from text documents with high
precision and more recall (Mahmoud and Williams, 2016; Slankas and Williams,
2013). The semantic similarity measures and preprocessing methods have an
important role in NFR extraction (Farid and Mitropoulos, 2012). There need
elicitation methodologies to help user and developers because the quality standards
are not enough for requirement elicitation process. The historical data and use of
automated extraction tools increase the efficiency of the elicitation process to meet
the changing demand of the market. In short, the goal of this thesis is to enhance agile
software development. This research focuses on the role of cloud computing to
enhance the agile software development methodology and the improvement in NFR
elicitation and extraction in ADCC. The main research statement to solve the

described research problems is as follows:



How to elicit and extract non-functional requirements for agile software

development in cloud computing?

14 Research Questions

The main research question is broken down into the following research

questions:

I.  What is the necessary setup required to establish an environment for agile
software development in cloud computing?
ii. How can non-functional requirements be extracted for agile software
development in cloud computing?
iii.  How to elicit NFR for agile software development in cloud computing

environment?

1.5  Research Objective

The research focuses mainly on how to extract and elicit the non-functional
requirement for agile development in cloud computing. The objective of the research

thesis is organized as follows:

i. To designa framework for agile software development in the cloud
computing environment.
ii. To propose an automatic method for extracting non-functional
requirement in the requirements document.
iii.  To propose an NFR elicitation approach for agile development in a cloud
computing environment.



1.6 Significance

Agile development is based on less documentation whereas requirement
gathering activities involve requirement document, therefore, the requirement is
ignored in agile methods. The primary purpose of this research is to enhance agile
software development requirement engineering by eliciting and extracting non-
functional requirement. Cloud computing is introduced in agile software development
for overall enhancement of agile methods. A framework is proposed to provide an
environment for agile development in cloud computing. The framework also
describes how to incorporate RE activities in ADCC. The NFR extraction method
helps analyst and developers in the early stages of development. Furthermore, the
elicitation approach helps both users and requirement engineers in an agile elicitation
process. This help in the form of extracting NFR in requirement document and
guiding the elicitation process in ADCC.

1.7  Research Scope

The scope of the study is limited to the following aspects:

i.  This thesis focuses on agile software development in the cloud computing
environment in general and especially for RE activities.

ii.  This study finds the impact of the proposed ADCC framework on
scalability, transparency, communication and collaboration and RE
activities.

ilii.  This study proposes an NFR extraction method and explores the role of
indicator keywords and pre-processing in NFR extraction method

iv.  This study proposes NFR elicitation approach and the role of experts,
project history, and quality standards on the elicitation approach.

v.  Furthermore, the role of automated extraction method in NFR elicitation

approach is described.



1.8 Thesis Organization

This thesis is organized as follow: the background and literature review of
this research is provided in Chapter 2. It reviews different approaches for agile
development in cloud computing. This chapter also reviews the state-of-the-art
approaches for extraction and elicitation of the non-functional requirement in agile
development. The research methodology followed to conduct this research is
presented in Chapter 3. It also introduces case studies and industrial survey that are
used in this research. The framework for agile development in cloud computing is
presented in Chapter 4. The evaluation of the framework is also presented in this
chapter. In Chapter 5, an automated method for NFR extraction is introduced.
Chapter 6 presents the approach to elicit NFR for agile software development in
cloud computing. In Chapter 7, the evaluation of the extraction method and
comparison with existing work is presented. The evaluation of NFR elicitation
approach and comparison with existing methodologies is also presented in this
chapter. Chapter 8 concludes the thesis whereas highlighting the findings, resolved

issues and future work.
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