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ABSTRACT

Abstract of thesis presented to Universiti Putra Malaysia in fulfiiment of the
requirement for the Master of Software Engineering

by Shaiful Farith Bin Ahmad

FACULTY OF COMPUTER SCIENCE AND INFORMATION TECHNOLOGY

Software Testing activities are important to find defects, gain confidence about
the level of quality, provide information for decision-making and prevent
defects. Nowadays, testing from independent organisations is the best practice
to measure the confidence level of stakeholders before deploying and using a
system, especially high impact ones. However, currently, the government
agencies of Malaysia do not have any cost estimation models to implement
quality and testing phase by independent organisations.

Therefore, the purpose of this study is to analyse and extract the cost of quality
and testing phase from the total cost of a software project. The objectives of
this study are to design an extraction model to extract the cost of quality and
testing phase from the total cost of a software project, to build a prototype for
the model and to evaluate it.

This study provides options to extract the cost of quality and testing phase from
the total cost of a software project. The options will be based on estimation
and/or prediction. Constructive Cost Model (COCOMO) and estimation model
by Saleh 2011 were chosen as estimation techniques, while linear regression
model was chosen to predict the cost of quality and testing phase. This study
used Function Point Analysis (FPA) to measure the size of system.

The best-fitting line that was developed based on four existing projects that
implemented the outsourced test team was § = 92,774.32 + 216.04 X, where
the slope of the line (8) was 216.04, and the intercept (a) was 92,774.32. This
study had validated the predicted linear regression by Mean Magnitude of
Relative Error (MMRE) and PRED (0.25). The result for MMRE was 0.15 and
PRED (0.25) was 1. A small value of MMRE means the estimation is
acceptable and PRED (0.25) of 1 means the Prediction Quality is acceptable.

Keywords: software testing; software cost estimation, function point;
COCOMO; linear regression.



ABSTRAK

Abstrak tesis yang dikemukakan kepada Universiti Putra Malaysia sebagai
memenuhi keperluan untuk ijazah Sarjana Kejuruteraan Perisian

Oleh Shaiful Farith Bin Ahmad

FAKULTI SAINS KOMPUTER DAN TEKNOLOGI MAKLUMAT

Aktiviti pengujian perisian adalah penting dalam menjejaki ralat sistem,
meningkatkan tahap keyakinan terhadap kualiti sistem, membekalkan
maklumat bagi memudahkan sesuatu keputusan dibuat, dan mengelakkan
sistem berlakunya ralat. Fasa pengujian dan kualiti daripada pihak ketiga yang
berkecuali pada masa kini adalah amalan terbaik untuk meningkatkan tahap
keyakinan pemegang kepentingan sebelum sistem dipasang dan digunakan
khususnya bagi sistem yang berimpak tinggi. Walau bagaimanapun, pada
masa kini, agensi kerajaan Malaysia tidak mempunyai model bagi
menganggarkan kos fasa pengujian dan kualiti oleh pihak ketiga.

Oleh itu, tujuan projek ini adalah untuk menganalisa dan ekstrak kos fasa
pengujian dan kualiti daripada kos keseluruhan projek perisian. Objektif projek
adalah untuk merekabentuk model bagi mengekstrak kos fasa pengujian dan
kualiti daripada kos keseluruhan projek perisian, membangunkan prototaip
untuk model pengekstrakan kos fasa pengujian dan kualiti, dan membuat
penilaian terhadap prototaip tersebut.

Projek ini menyediakan pilihan untuk ekstrak kos fasa pengujian dan kualiti
daripada kos keseluruhan projek perisian. Pilihan tersebut berdasarkan
anggaran dan/atau ramalan. Constructive Cost Model (COCOMO) dan
anggaran model oleh Saleh 2011 telah dipilih untuk pilihan teknik anggaran.
Manakala model regresi linear telah dipilih untuk meramal kos fasa penguijian
dan kualiti. Projek ini telah menggunakan Function Point Analysis (FPA)
sebagai asas untuk mengukur saiz sistem.

Regresi linear terbaik telah dihasilkan berdasarkan kepada 4 projek yang telah
melaksanakan pasukan pengujian luar iaitu “y = 92,774.32 + 216.04 X”, di
mana kecerunan garisan () adalah 216.04, dan pintasan (a) adalah
92,774.32. Projek ini telah validasi regrasi linear dengan Magnitude of Relative
Error (MMRE) dan PRED (0.25). Keputusan MMRE adalah 0.15 dan PRED
(0.25) adalah 1. Nilai kecil bagi MMRE menunjukkan hasil anggaran tersebut
boleh diterima dan PRED (0.25) adalah 1, bermaksud Kualiti Ramalan juga

boleh diterima.

Kata kunci: pengujian perisian, anggaran kos perisian, nilai saiz fungsi sistem,
model anggaran kos perisian, regresi linear
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CHAPTER 1

INTRODUCTION

This chapter will explain the importance of software testing, benefits of early

testing and level of independent testing.

1.1. Importance of Software Testing

The World Quality Report 2014-2015 stated that the proportion of the IT budget
allocated to Quality Assurance (QA) and testing has grown from 18% in 2012
and continues to increase, reaching 29% by 2017. The rise in the proportion
of corporate IT spend on QA and testing is linked to the growing importance of
application quality, driven by digital transformation initiatives (Capgemini, HP,

and Sogeti 2014).

Why Software Testing
m— 1] S @
Finding Defects Gaining Confidence Providing Information Preventing Defects
About The Level Of For Decision Making
Quality

Source: ISTQB

Figure 1.1 Importance of software testing

The increase in spending shows that the testing activities are getting more

important and are given more attention as illustrated in Figure 1.1. Generally,



the testing activities are crucial to find defects early, gain confidence of
stakeholders about the level of quality before deploying and using the system,
provide information for decision-making; either the system is ready to be used
or need to be tested again, and prevent defects during maintenance phase

(Graham et al. 2006).

1.2. Early Testing in Software Development Life Cycle

Testing activities are recommended to start as early as possible during the
Software Development Life Cycle (SDLC) stage as one of the General Testing
Principles is early testing. Samaroo, Thompson, and Hambling (2015)
developed a comparative cost to correct errors in the SDLC stage in Table 1.1.
The table shows that it is important to implement testing activities as early as

possible as it will reduce the cost to correct the errors.

Table 1.1 Comparative cost to correct errors

Stage error is found Comparative cost
Reguirements $1

Coding $10

Program testing $100

System testing $1,000

User acceptance testing $10,000

Live running $100,000

The Cost Escalation Model can be generated from the comparative cost table
to correct errors. Figure 1.2 shows the effect of identification time on the cost
of errors. It shows that the earlier an error is found, the less it costs to correct

it.



@
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- >
Time
Figure 1.2 Effect of identification time on the cost of errors
1.3. Level of Independent Testing

Implementation and execution of testing can be done by using the six levels of
independent testing as shown in Figure 1.3. The lowest level in the
independent testing is the developer, which is the testing executed by the
developer itself. The highest level in the independent testing is the outsourced
test team or tester, e.g., contractor or other organisations (Samaroo,

Thompson, and Hambling 2015).

The developer

Low

Independent testers ceded to the development team

Independent permanent test team, centre of excellence
within the organisation

Independent testers or test team provided by the
operational business units

Independence

Specialist testers such as usability testers, security

testers, or perfc-rmance testers
High

Outsourced test team or testers, e.g. confractors or
other organisations

Figure 1.3 Levels of independent testing

3



Nowadays, implementing quality and testing phase from an outsourced test
team is the best practice to measure the confidence level of stakeholders
before the system is deployed and used, especially for high impact system. An
outsource test team needs to be free from the management, finance and
development teams. Practically, the types of testing in the quality and testing
phase are not limited to Functional Testing, Performance Testing, Stress Test,

Load Test, and Security.

Developer’s Life Cycle Tester’ s Life Cycle
(Verification phase) (Validation phase)

BRS(Business req. Acceptance testing

specifications)

N

SR3(System req. bl

System testing

specifications)
HLD (High level System integration
design) 7| testing
LLD (Low level _| Component
design) 7| testing

Unit testing

Figure 1.4 Diagram of V-model

The implementation of quality and testing phase by an outsource test team
suits the V-Model, as it ensures that all levels are tested. In software
development, the V-model, from the International Software Testing
Quialifications Board (ISTQB) shown in Figure 1.4, represents a development
process that may be considered as an extension of the waterfall model and a
more general V-model. Instead of moving down in a linear way, the process

steps are bent upwards after the coding phase, to form the typical V shape.
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