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Abstract: In the last decade, the management of IT projects has 
become a challenging task. The latest published figures on the status 
of IT projects indicate a large failure rate, which has created a crucial 
challenge for project managers. In maintenance phase, the impact of 
changes is an important aspect due to the evolving environment of 
the software development life cycle. The aim of this book is to 
investigate the need and significant use of the traceability matrix for 
effort estimation to accommodate changes request in maintenance 
tasks. Change request is necessary to keep task current and reusable. 
Software evolves over time due to specific changes during 
development and maintenance at every point, the management 
aspect of modifications can become more complicated and 
potentially risky.  Many of the current traceability approaches and 
tools are devoted to and restricted to high-level objects such as 
specifications and fewer capabilities made available to handle lower-
level artefacts such as classes and codes While effort estimates have 
been in place for decades, it remains a major challenge for project 
management to make accurate estimates and, ultimately, to 
successfully complete the IT project.
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Software engineering is, a critically important technology for 
the future of  mankind. We must continue to educate software 

engineers and develop the discipline so that we can create more 
complex software systems. Of  course, there are still problems with 
software projects. Software is still sometimes late and costs more 
than expected. However, we should not let these problems conceal 
the real successes in software engineering and the impressive 
software engineering methods and technologies that have been 
developed. Software engineering is now such a huge area that it 
is impossible to cover the whole subject in one book. My focus, 
therefore, is on key topics that are fundamental to all software 
maintenance processes. We need to combine the best of  these 
approaches to build better software systems. Books inevitably 
reflect the opinions and prejudices of  their authors. Some readers 
will inevitably disagree with my opinions and choice of  material. 
Such disagreement is a healthy reflection of  the diversity of  the 
discipline and is essential for its evolution. Nevertheless, I hope 
that all software engineers and software engineering students can 
find something of  interest here.

This book addresses software testing and effort estimation in the 
context of  an overall effort to achieve quality. It is designed for 
use as a primary textbook for a course in software testing or as 
a supplementary text in a software engineering course, and as a 
resource for software developers. The main characteristics of  this 
book are: • It assumes that the reader’s goal is to achieve a suitable 
balance of  cost, schedule, and quality. It is not oriented toward 
critical systems for which ultra-high reliability must be obtained 
regardless of  cost, nor will it be helpful if  one’s aim is to cut cost 

Preface

Converted Traceability Matrix.indd   19Converted Traceability Matrix.indd   19 1/19/2023   11:00:46 AM1/19/2023   11:00:46 AM



xx

or schedule regardless of  consequence. • It presents a selection 
of  techniques suitable for near-term application, with sufficient 
technical background to understand their domain of  applicability 
and to consider variations to suit technical and organizational 
constraints. Techniques of  only historical interest and techniques 
that are unlikely to be practical in the near future are omitted. • It 
promotes a vision of  software testing and analysis as integral to 
modern software engineering practice, equally as important and 
technically demanding as other aspects of  development. This vision 
is generally consistent with current thinking on the subject, and is 
approached by some leading organizations, but is not universal. • 
It treats software testing and static analysis techniques together in 
a coherent framework, as complementary approaches for achieving 
adequate quality at acceptable cost. I hope this book can help 
student, industry worker and lecture in software engineering field.

Ts. Dr. Mazidah Binti Mat Rejab
Faculty of  Computer Science & Information Technology,
Universiti Tun Hussein Onn Malaysia.
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1.1	 Overview

Software maintenance generally involves changing the software 
product following delivery to end-users. It is a broader task 
involving correcting errors, improving performance, improving the 
functionality, and removing obsolete functionality. It is, therefore, 
not limited to programming only but also refers to other parts of  
the lifecycle of  software such as software specifications, testing, 
and development. Model Rajlich and Bennett (2001) differentiate 
between the phases of  development, evolution, and maintenance. 
The maintenance process comes to an end when the main system 
development finishes. The development phase will last until the 
system enters operation. The evolution process is between, where 
the system is still in development but still increasing. Developing 
software is necessary to deal with emerging changes.

Many tasks need to be handled during the maintenance phase. 
Such practices maintain traceability, change management, and the 
maintenance of  artefacts. Before any changes are implemented, 
they need to be known before and after changes occur. Mäder et al., 
2012 say modifications made throughout the software development 
process at the test level or at any other stage have often occurred 
without updating the relevant documentation. Functionality 
changes may occur due to internal or external requirements, i.e., 
user requests. When a software project complete, a user changes 
requirements will arise, such as frameworks, documents, or as the 
software development process progresses, including configuration, 
design, and testing. Software changes or software evolution are, 

Chapter 1
CHALLENGE SOFTWARE CHANGES 

IN SOFTWARE MAINTENANCE
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Chapter 2
SOFTWARE LIFE CYCLE OF 
SOFTWARE MAINTENANCE

2.1	 Overview

Software maintenance is an indispensable part of  a software life 
cycle. According to IEEE Inc. (1991), “it is the process of  modifying 
the software system or component after delivery to correct faults, 
improve performance or other attributes, or adapt to a change in an 
environment”. The objective of  software maintenance is to modify 
existing software while preserving its integrity (IEEE SWEBOK, 
2012). 

There are four (4) software maintenance types that IEEE Inc., 1998 
classify as follows:

a)	 Corrective maintenance - this category includes repair 
structure and programming defects discovered after 
delivery. This category also includes emergency repair, 
which is an unscheduled alteration operation.

b)	 Adaptive Maintenance-it refers to the alteration of  a 
software system to environmental changes without first 
altering the functionality of  the program. Operating 
systems, for example, maybe upgraded.

c)	 Good maintenance-Improvements are made in this 
maintenance category to add new functionality to improve 
performance, maintainability, documentation of  the system, 
or other software attributes.

d)	 Preventive maintenance -it is performed after distribution 
to adjust a software product to avoid the faults before they 
occur.
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3.1	 Overview

Software traceability is useful to detect the affected software artefact 
during change. Software change not only affects source code but 
also other artefacts like design, test artefacts, and requirements. 
Requirements traceability is one of  the most important and 
challenging tasks in the software industry to ensure that a software 
product meets all user requirements. It is linking requirements 
to software artefacts, such as source code, test cases, and design 
documents.

Requirement traceability offers support for numerous software 
engineering tasks like requirement verification and validation, 
coverage analysis, impact analysis, and regression testing.  In 
addition, requirement traceability is the recognized component 
of  several software process improvement campaigns. Since the 
software evolution is inevitable, any traceability approach must 
consider signification affecting aspects so that it can reduce the 
evolution attempt (Rochimah, S. et al., 2007).  

Requirement traceability is concerned with the documenting of  
the life of  a requirement and extending di-directional traceability 
between other associated requirements. It enables individuals to 
capture the origin of  each requirement and inherit any change that 
was made to this requirement with the passage of  time.

Abran A. et al. (2001) describes requirement tracing as being 
concerned with recovering the source of  requirement and 
predicting the effect of  requirement. Ramesh (2001) relates 

Chapter 3
SOFTWARE TRACEABILITY
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4.1	 Overview

Estimation is governed by the intelligent belief  of  the quantity of  
area to be performed and the specific material (i.e., human resources, 
financial resources, material resources, and time resources) needed 
to conduct the finding in a given environment with specified 
methods at a future date. Test Effort Calculation is the estimate 
of  the test duration, effort, expense, and schedule for a particular 
software test project in an individual setting with various methods, 
tools, and techniques (A. Bertilino 2007). The test effort is to 
determine the effort spent on test operation and the effort spent on 
debug operation (E. Aranha et al. 2007).

For the evaluation of  test effort, the earlier part of  approaches 
was created, but the majority of  the estimate of  effort considers 
the basis for classification of  use case, code, and requirement. A. 
Bertilino (2007) presents a similar machine check effort estimation 
work with drawbacks. A. Bertilino (2007) suggested a roadmap 
evaluating applications to clarify the software development benefits, 
challenges, and goals. E. Aranha (2007) considered a method to use 
managed natural language (CNL) tool to translate test specifications 
into natural language and quantify effort. This instrument also 
computes the calculation of  test quantity and the complexity 
of  test execution. Z. Xiochun (2008) suggested an approach to 
estimate test suit sizes. The number of  test cases, the complexity of  
execution, and the tester are defined as a 3-dimensional vector for 
finding a test fit. Aranha & Borba (2007) addressed a model for test 
selection on test execution and test automation effort estimation. 

Chapter 4
TEST EFFORT ESTIMATION
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5.1	 Overview

In this book had discussed an overview of  software change and 
issues and challenges related to a software change. Next, further 
reviewed on software testing, regression testing, software 
traceability, test coverage, and large software system development. 
This chapter also consists discussion on the effort the estimation 
and do some evaluation and comparative about the traceability 
approach from another informtaion that come out with the proposed 
model. This book explained an overview of  the software change 
and its current issues, software maintenance, change management 
process, traceability, test coverage, impact analysis, and regression 
testing. The later part describes the methods, steps, algorithms, 
and formal models used in a few state-of-art approaches and tools 
related to test coverage measurement and analysis. Then presented 
a comparative analysis for all the approaches and tools related to 
test coverage that was introduced in the chapter. Some potential 
information problems can be summarised as follows:

Software maintenance and software change management have 
some common issues like traceability problems, requirements 
change reasons, and higher cost and tools related issues. All these 
concerns are related to changes in software artefacts. Most of  the 
information deal with change before its real implementation. As of  
now, there is no such support for change management of  artefacts 
that can address both before and after change issues.

Coverage measurement output is utilized in many manners for 
improvement of  the verification process and software quality. 

Chapter 5
CONCLUSION
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