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Preface

Building software applications is a complex task that requires a comprehensive
understanding of the latest technologies and trends. The powerful techniques of software
engineering have become increasingly popular in the field of software development.

This book is designed to provide a comprehensive guide to building software applications
with software engineering. It covers a wide range of topics, including the basics, advanced
concepts such as object-oriented design, software implementation, software testing
strategies, and the use of software metrics for building robust and scalable software
applications.

Throughout the book, you will learn about the key features of software engineering
and how to use them to build software applications that are efficient, reliable, and easy
to maintain. You will also learn about best practices and design patterns for creating
software applications and will be provided with numerous practical examples to help you
understand the concepts.

This book is intended for developers who are new to the concepts of software engineering
and want to learn how to build software applications. It is also helpful for experienced
developers who want to expand their knowledge of these technologies and improve their
skills in building robust and reliable software applications.

With this book, you will gain the knowledge and skills to become a proficient engineer in
the field of software engineering. I hope you will find this book informative and helpful.

The primary goal of this book is to provide information and skills that are necessary for
end users as well as engineers to understand the real scenario of software engineering.
This book contains real-life examples that will help you remember, analyze, apply, and
create the various trends and techniques of modern software engineering. The book is
composed of an introduction with 15 chapters each consisting of conclusions at the end.
The conclusions present the original contributions of the author and point out directions
for the next chapter. Over the fifteen chapters of this book, you will learn the following:

Chapter 1: Introduction to Software Engineering - explains everything needed for the
engineer to develop software applications based on the phases of software engineering,
including requirements, analysis, design, development, testing, implementation, and
maintenance. Furthermore, the chapter also gives the reader an overview of the software
characteristics, software applications, and objectives of software engineering.
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Chapter 2: Software Processes - presents a detailed overview of the software engineering
process and shows the differences between software process, project, and product. This is
essential content for the entire book as this chapter covers fundamental aspects of process
assessment that lead to process improvement and capability determination. In addition,
the description of the software process capability maturity model and software life cycle
models define the task that tasks that are performed at each phase in the development of
software.

Chapter 3: Software Life Cycle Models - covers the extended discussion on software life cycle
models, including prototyping, object-oriented, agile, rapid application development, iterative
enhancement, v-model, and extreme programming. Furthermore, the chapter shows how
various software life cycle models work with their benefits and drawbacks.

Chapter 4: Software Requirements - allows the reader to learn fundamental concepts
related to functional requirements and non-functional requirements, including product,
organizational, and external. Furthermore, the chapter explains user requirements and
system requirements with details and practical examples. The users of a requirement
document are highlighted in the shape of a software requirements document for better
description and understanding.

Chapter 5: Software Requirements Engineering Process - gives special attention to
feasibility study and requirements elicitation and analysis, demonstrating how to
implement robust and extensible software applications and explaining concepts related to
requirement validation and its related techniques. Close-ended and open-ended software
prototyping concepts help the user satisfy the requirement and achieve a workable version.
For problem analysis, change analysis, and change implementation, the requirement
change management process plays a vital role.

Chapter 6: Software Reliability - shows basic concepts of software reliability and its
related metrics. It also shows the differences between fault, error, and failure. The chapter
includes practical examples of programming for reliability and software reuse. Several
levels at which software reuse can be taken into consideration are highlighted for further
comprehension.

Chapter 7: Software Design - explains the basics of software design and its design process.
This chapter also allows the reader to learn the concepts of data, architectural, component-
level, and user interface design. The fundamental design concepts and structured design
techniques provide model support for the establishment of software systems.

Chapter 8: Object-Oriented Design - is dedicated to highlighting the role of object and
object classes to give the reader more familiarity with the description of objects and their
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relationship. It also talks about the various activities in the object-oriented design process
with its associated phases. This chapter covers practical examples of design models such
as the sequence model and state machine model.

Chapter 9: Software Implementation - presents the structured coding techniques. This
chapter covers practical examples of coding styles and coding methodology. It also
describes the list of some of the frequently used coding tools. In addition, emphasize
the usage of code documentation and further follow code standards with well-stated
guidelines.

Chapter 10: Software Maintenance - covers the concept of the software re-engineering
process model. This chapter describes the elements, objectives, and issues of change
management. For document specification, the essential tasks of configuration management
are discussed. Furthermore, several tools and techniques used for software maintenance
are described with their respective appellation.

Chapter 11: Software Testing Strategies - allows the reader to understand the importance
of software testing and its strategies. This chapter covers various levels of testing such
as black box, white box, validation, alpha, beta, system, recovery, security, stress, and
performance testing with their benefits and drawbacks. It also highlights the process of
debugging and its related approaches.

Chapter 12: Software Metrics - focuses on software quality metrics. This chapter covers
practical instances of metrics for analysis, design, source code, testing, and maintenance.
The discussion on software metrics is well addressed to quantify object-oriented principles
such as polymorphism, inheritance, coupling, and cohesion.

Chapter 13: Quality Management - shows the concept of quality with its quality-
determining elements. This chapter covers relevant concepts such as software quality
assurance, software reviews, and formal technical reviews. Three standards for ISO-9000
with its related guidelines were discussed for the creation of a quality software system.

Chapter 14: Software Project Management - is dedicated to showcasing the concept of
project planning to give the reader more familiarity with the main principles associated
with project progression. This chapter covers practical examples of project scheduling and
project staffing. It also describes the goals of the capability maturity model in the five
defined levels.

Chapter 15: Latest Trends in Software Engineering — highlights the rise and exponential
growth of software engineering. It discusses the trends in software engineering and top IT
job profiles in the current environment.
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CHAPTER 1

Introduction to
Software
Engineering

Introduction

Understanding software engineering is crucial to building high-quality, error-free software
on schedule and at a lower cost. The field of software engineering assists in assessing
the opportunities and hazards that software brings to our daily lives. Computers are
now a necessary component of almost every economic sector. A crucial component of
any computer-based system is software. Software development calls for a methodical
approach. Even the development of a single element of software is considered a project
since it involves numerous tasks. Software developers are responsible for every user-
friendly user interface, flawless online transaction, and interactive application. Their work
is thorough. They put the user experience first, making sure that software is not only useful
but also simple to use and intuitive, which improves our interactions with technology.
Software engineering is the result of the evolution of all the engineering facets of software
development. You will find the answers to these queries in this and subsequent chapters.

Structure

In this chapter, we will cover the following topics:
e Basics of software engineering

e Principles of software engineering
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e Software characteristics
e Software applications
e Objectives of software engineering

e Phases of software engineering

Objectives

In this chapter, we will define software engineering and its related principles. We will also
learn about software characteristics, kinds of software applications, objectives of software
engineering, and phases of software engineering.

Basics of software engineering

The term software engineering was originally mentioned during a meeting that was held
in Germany in 1968 and was hosted by the North Atlantic Treaty Organization (NATO).
The creation of high-quality software at a low cost is the primary focus of the technical
discipline known as software engineering, which is a subfield of computer engineering.
It is a subdiscipline of computer science that seeks to apply engineering concepts to the
process of creating, operating, modifying, and maintaining the software components of a
variety of different systems. A generalist understanding of all the interrelated components
of contemporary computers can be obtained through computer science, whereas large-
scale, complicated software systems, like personalized recommendation algorithms, are
the domain of software engineering or development.

The field of software engineering focuses on the operational aspects of creating and
delivering software that is of value to users. The cost of developing software comprises
approximately 60% of the total, while the cost of testing accounts for 40%. System models,
notations, rules, design guidance, and process guidelines are all components of structured
approaches to the software development process. The most significant issues that software
engineering must face are accommodating a growing range of requirements, meeting
customer expectations for shorter delivery periods, and creating reliable software.

Engineering concepts
Engineering is the development, operation, modification, and maintenance of useful

objects and systems via the use of well-understood scientific procedures.

Software

The term software refers to not merely the programs themselves but also all of the
documentation and configuration data that is associated with the programs and is required
for them to function properly. A software system will typically consist of a number of
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individual programs, configuration files that are used to set up the programs, system
documentation that describes the structure of the system, user documentation that explains
how to use the system, and websites that allow users to download the information.

A system is a collection of elements that interact with one another and possibly with
the environment outside the system's boundaries. By breaking down systems into their
constituent subsystems, we can comprehend them better. Distinguishing a system's
software components from its other components is a very challenging task.

Principles of software engineering

Software engineers create software solutions for end users by utilizing engineering
principles and their understanding of programming languages. Among the numerous
job options open to software engineers include the design and development of operating
systems, network control systems, middleware, business applications, and computer
games. One of the first scholars to propose a set of software engineering principles was
Alan Davis in 1994. The following are some software engineering tenets:

e Delivering goods to clients ahead of time: Since it is very difficult to fully
comprehend and record user needs at the requirement phase, it is more efficient to
present a product prototype to consumers, solicit their comments, and then move
forward with full-scale development of the product.

e Identifying the issue before drafting the requirements: According to this
theory, we must make sure the problem is fully understood before the software
engineering team rushes to provide a solution. Next, investigate the different
options and the possible fix. This principle highlights the necessity of having a
thorough understanding of the issue before establishing requirements.

e Assessing design options: Examine various design architectures and associated
algorithms once the requirements have been comprehended and decided upon.
Make sure the design and algorithms you have chosen are the best fit for achieving
the requirements.

e Choosing the right process model: Every project has to choose a process based on
factors like corporate culture, project conditions, user expectations, requirements
volatility, and the experience of the project participants. There is not a single
process model that works for all projects.

¢ Putting technique before tools: According to this idea, the technique must be
thoroughly understood before using the tools. If so, the program only pushes us
to complete the incorrect task more quickly. Tools are used to do tasks quickly and
error-free. This idea suggests that the tools to be utilized should be determined by
the technique.
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Getting it right before you make it faster: According to this theory, software must
function correctly before any improvements can be made. This means that after
ensuring that the software functions properly, developers should concentrate on
enhancing its performance.

Inspecting code: According to this theory, finding problems through inspection—
first put out by IBM's Mike Fagan—is far more effective. An inspection's initial
results revealed a 50% to 90% reduction in test time.

Effective management outperforms advanced technology: According to this
theory, an accomplished manager can achieve remarkable outcomes with little in
the way of resources.

People are the key to success: According to this theory, success in the labor-
intensive field of software development depends on having individuals with the
right combination of talent, experience, and motivation. Many of the limitations in
process, approach, or tools can be solved by the appropriate people.

Accepting accountability: According to this theory, you should assume full
responsibility for doing the system correctly if you designed it.

The following is another set of widely accepted software engineering principles that are
adhered to during the software creation process:

Formality and rigor: Exactness or precision are the definitions of rigor. It is
important to specify the level of rigor when developing software. For software
to be dependable and verifiable, this idea is crucial. Different rigor degrees exist.
When outputs are defined by mathematical laws, formality is the maximum level
of rigor. Formality and rigor can be described not just in terms of the software
being developed but also in terms of the procedures utilized in its creation.

Separations of concerns: There are a number of factors to consider when
developing software. There could be additional features in addition to the basic
functions, such as security and the capacity to operate with various databases. Each
of these facets must be addressed independently while developing and designing
the program. Generally, the software should be designed so that distinct modules
handle the various functions. A web application must possess distinct modules for
managing incoming web traffic and another for gaining access to the database. To
carry out that role, the core ought to call upon these modules. It is crucial that the
module addresses multiple facets.

Modularity: The ideas of separation of concerns and modularity are closely related.
Modules for a complex system should be broken down into simpler ones. Only
explicitly defined interfaces should be used for communication between the
modules. The ability to reuse code across many systems is facilitated by modularity.
It also contributes to the system's maintainability. The relationship between
the methods and functions inside a module is implied by cohesiveness. The
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interdependence between modules is referred to as coupling. The ideal properties
of a module are low coupling and high cohesion.

e Abstractions: The capacity to extract the functionality's key features without
requiring knowledge of its specifics is known as abstraction. Programming
languages are a common illustration of the abstraction notion. The language gives
us a strong syntax to design software that can address issues on several platforms
while abstracting hardware-specific information.

¢ Be prepared for changes: Frequently, the earliest iterations of software products
lack clarity regarding their precise requirements. Therefore, it is important to
design the program such that it can easily adapt to changes.

¢ Generality: Software might be general or specially designed. Generic software is
more advantageous in the long run, even though it costs more to produce. This
idea is the foundation of several tools, including spreadsheets and document
writers. These programs can be used for a variety of purposes.

¢ Incrementality: Thisidea dictates how the software mustbe developed. Itis usually
advised to develop a behemoth instead of adding functionality to everything
at once. We can offer preliminary prototypes for early input. This will facilitate
quicker consumer deployment of the product.

Software characteristics

Software is not a physical component of a system; it is logical. As a result, software and
hardware have different properties. Software is developed and engineered rather than
produced in the conventional sense. There is no wear down of the program. Even while
component-based assembly is becoming more common in the business, most software
is still created on demand. Any physical component of a computer is referred to as
hardware. This covers both external components like keyboards and monitors as well as
internal components like hard drives and microchips. Software, which includes computer
programs and phone apps, is anything that instructs hardware on what to do and how to
accomplish it.

Functionality
It speaks to the extent to which the program performs in opposition to its intended use.

The features and capabilities that a software program or system offers to its users are
referred to as its functionality. It is among the most crucial features of software since it
establishes whether or not the program will be beneficial for the intended usage.

Software can be more powerful and diverse, but it can also be more complex, as its
capability increases. It is critical to strike a balance between functionality and requirements
for usability, maintainability, and scalability.
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