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PREFACE

For over a decade, C++ has been one of the most popular and widely used programming
languages. It is used for computer applications development in a broad variety of fields in both
industry and business. C++ and its predecessor, C, have been dominant programming languages
in diverse areas of engineering and engineering technology; such as, control systems,
telecommunications, computer-aided design, and embedded systems. Estimates suggest that there
are several million C++ programmers worldwide. The C++ standard, ratified in 1998, has made it
easier to teach, learn, and develop applications using C++.

INTENDED AUDIENCE

This book is ideal for students in engineering, engineering technology, computer science, or
computer studies technology programs who have completed a procedural programming course
using C language. It contains many practical examples from electrical engineering, and therefore
relates well to students in electrical engineering or electronics technology programs. Ob-
Jject-Oriented Programming: Using C++ for Engineering and Technology is aimed specifically at
intermediate-level programmers. This book is also intended for programmers, engineers, or any-
one who is familiar with C and wants to learn C++. Those who already have had experience with
C++ will find the latest developments in C++ programming useful.

ABOUT THIS BOOK

C++ is a general-purpose programming language that supports low-level programming, pro-
cedural (structured) programming, object-oriented programming (OOP), and generic program-
ming. The authors of C++ books, therefore, have faced a difficult challenge when making a deci-
sion about the approach to use. A common dilemma when writing a C++ book is whether the
book should present a pure object-oriented approach, or a hybrid approach balancing procedural
programming with OOP. In most of the engineering schools, students are required to successfully
complete procedural programming using C prior to taking a C++ course. Most of the C++ text-
books, however, use the hybrid approach and contain a significant amount of redundant material
for those who have completed a C course. This results in an unnecessarily lengthy text that dis-
courages students from learning new OOP concepts.

This textbook’s author has taught C++ to engineering students for more than eight years. He
has been searching for a C++ book that uses a pure object-oriented approach and contains pro-
gram examples from a variety of engineering disciplines. Not being able to find such a textbook,
the author decided to write a book that met these requirements. Object-Oriented Programming:
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Using C++ for Engineering and Technology uses a pure object-oriented approach to teach C++
and avoids redundant material for those who have already completed a C course. The book also
discusses the differences between C and C++. It contains many practical examples from the elec-
trical and computer engineering disciplines. The text is based on the C++ programming language
as defined by the ANSI/ISO C++ standard.

BOOK ORGANIZATION

The book is organized into 12 chapters. The introductory chapters (Chapters 1 through 3)
discuss both the differences between C and C++ and the C++ enhancements to procedural pro-
gramming in C. The remaining chapters (Chapters 4 through 12) present OOP concepts with a
rich collection of program examples. The chapters are organized in the following manner:

e  Chapter 1, Moving from C to C++, addresses the fundamental differences between C

and C++ and discusses both namespaces and C++ input/output.

e  Chapter 2, C++ Function Enhancements, explains the advantages of C++ functions
over C functions and discusses C++ function enhancements.

e Chapter 3, Pointers, References, and Dynamic Memory Allocation, emphasizes the
use of pointers and references and discusses the concept of dynamic memory allocation
and its implementation in C++.

¢  Chapter 4, Classes and Objects, explains the key OOP concepts and terminology and
introduces C++ expanded structures, classes, and mechanisms of creating and destroy-
ing class objects.

e  Chapter S, Classes: Advanced Topics, explains the procedures of passing and return-
ing objects from functions and discusses copy constructors, friend functions and friend
classes, static class members, the this pointer, and const member functions.

¢  Chapter 6, Operator Overloading, discusses all aspects of operator overloading and
demonstrates practical examples of programs that implement operator overloading.

¢  Chapter 7, Inheritance, addresses the most important aspects of the implementation of
inheritance; such as, constructing and destroying derived class objects, using multi-
ple-direct and multiple-indirect inheritance, and overriding and dominating inherited
class members.

*  Chapter 8, Composition, discusses and demonstrates some practical examples of com-
position, as well as program examples that combine composition and inheritance.

¢  Chapter 9, Polymorphism and Virtual Functions, explains the difference between
static and dynamic binding and addresses the importance of both virtual functions and
abstract base classes when implementing run-time polymorphism.

o  Chapter 10,Templates, explains class templates, containers and iterators, and intro-
duces the STL library.

¢ Chapter 11, Exception Handling, describes and demonstrates the exception-handling
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mechanisms and tools in C++.

Chapter 12, File I/O, discusses the steps in C++ file I/O processing and demonstrates
some commonly used C++ techniques when processing sequential and random-access
files.

FEATURES

The text uses a pure object-oriented approach to teach the essentials of programming using

C++. It also discusses the C++ enhancements to procedural programming in C. This text could be

used as a learning tool, or as a valuable reference sourcebook. It includes many practical examples

from the electrical and computer engineering disciplines. The text presents many aspects of soft-

ware engineering and program design using C++.

Every chapter is divided into sections. To make the text more readable, code listings, figures,

tables, and important programming tips are set off from the text using different graphic styles.

Program examples are numbered for easy reference to specific lines in the text. Short code seg-

ments are inserted directly into the text without line numbers.

The book uses a wide spectrum of pedagogical features, such as

A set of chapter objectives and a table of contents at the beginning of every chapter.
Programming tips and important notes that are emphasized.

Program examples in every chapter to exhibit specific programming concepts and C++
tools.

Case studies that solve typical problems in a variety of engineering disciplines. The
problems are analyzed and the programs are developed in logical steps using pseu-
docode and flowcharts.

Chapter summaries of key points.

End-of-chapter review questions and problems follow every chapter to check the
understanding of the material covered. Some problems require an analysis and tracing
of program segments, while the others require writing, modifying, or troubleshooting
code segments. Answers to the odd-numbered questions are provided at the end of the
text.

Programming projects at the end of every chapter that require complete solutions to
typical engineering problems using the programming tools and techniques discussed in
that particular chapter.

An accompanying CD-ROM contains the C++ compiler (Microsoft Visual C++, Learn-
ing Edition) and source code files for all program examples and case studies in the text.

The following conventions are used to make the text more readable

Important terms and definitions are shown using a bolded text font (e.g.multiple in-
heritance, abstract class).

C++ keywords and standard library functions are shown in a bolded and italicized font
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(e.g., new, static, push_back()).

e  User-defined identifiers and functions are shown in Courier font (e.g., amplifier, get-
Current()).

e Keywords with the prefix “non”- will be shown in italicized text font. Italicized text
font is also used to emphasize important concepts or words (e.g., non-friend, parent
class).

SUPPLEMENTS

To supplement this text, an Instructor’s Manual, (ISBN#:0-7668-3895-1) contains solutions
to the programming projects and exercises. This manual also includes necessary information
about different C++ compilers.

ABOUT THE AUTHOR

The author is a professor in the Faculty of Technology at Seneca College and a group facili-
tator for software engineering in the School of Electronics and Computer Engineering Technology.
He has taught a variety of courses in computer science and control systems at colleges and uni-
versities for over 18 years. He has also been responsible for course and curriculum development
for a number of programming languages (Pascal, C, C++, Visual Basic, and JAVA).
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Chapter 1

MOVING FROM C TO C++

OBJECTIVES
¢  To understand the differences between C and C++
e To be able to use C++ input/output and formatting
®  To understand the namespace mechanism and to be able to define and use namespaces
¢  To become familiar with the C++ standard

CHAPTER CONTENTS

1.1 Differences Between C and C++
1.1.1 The C++ Standard and Compilers
1.1.2  C++ Comments
1.1.3 Header Files
1.1.4 Data Types
1.1.5 Resolving Scope and Variable Declarations
1.1.6 Constants

1.2 C++ Input/Output
1.2.1 C++ /O Methods
1.2.2 C++ Formatting

1.3 Namespaces

INTRODUCTION

Although C++ evolved from C, it is considered to be a different programming language.
Many programmers also consider C++ as a superset of C. C++ adds new, enhanced features to
some important C concepts such as functions, pointers, and structures.Unlike C, which is a pure
structured (procedural) language, C++ also provides another approach to programming called ob-
Ject-oriented programming. Objectoriented programming is more efficient when dealing with
large, complex projects and requires a different way of visualizing solutions to programming
problems.

Instead of C’s standard /O functions, C++ uses different tools to get input and produce out-
put. C++ also provides a new tool called a namespace to prevent errors that may occur when
linking multiple files containing source code into one application. This chapter will first address
the fundamental differences between C and C++. It will then discuss the concepts of C++
nput/output and namespaces.
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1.1 DIFFERENCES BETWEEN C AND C++

C has been used for almost three decades and has been the most popular structured pro-
gramming language in engineering. Its structured approach, however, limits its use in large and
complex projects. The main reasons for expanding C and creating C++ were the following:

®  To provide a new approach to programming (object-oriented programming) that would

overcome the limits of C’s structured approach when dealing with large and complex
programming problems.

®  To design new programming tools that would help programmers write code quickly and

efficiently, as well as help improve maintainability of large projects.

®  To design a more rigid programming language that would require programmers to fol-

low certain strict rules, thus reducing chances for making errors.

*  To create a highly extendable programming language.

®  To enhance some important C concepts such as functions, pointers, and structures and

make these tools even more powerful.

These five reasons for creating C++ are fundamental to the differences between C and C++.
When problems in programming exceed a certain size, C’s structured approach makes such
programs hard to design and maintain. C++’s object-oriented approach is much more efficient
when dealing with large and complex programming problems. Using object-oriented tools when
developing a large project decreases the program’s development time and improves its maintain-
ability.

C is less rigid than C++. For example, C does not require programmers to specify a function
type or function arguments when writing function prototypes. There are many other examples of
C’s lack of rigidity that will be discussed in this book. A flexible programming language like C
allows the compiler to make certain decisions for programmers. This is a disadvantage because
the compiler may make an incorrect guess as to the programmer’s intention, leading to increased
errors. C++ is much more rigid than C and forces programmers to follow very strict rules when
writing code.

C++ is much larger (provides more programming tools) and more complex than C. C may
also be defined as a subset of C++. Any C++ compiler can therefore compile C programs as well,
with very few coding changes. The relationship between C and C++ can be graphically repre-
sented, as shown in Figure 1.1. A small circle representing C is located almost entirely within a
large circle representing C++. Only a small component of C does not also belong to C++.

C is very efficient when solving small and simple programming problems. C++ is the lan-
guage of choice when dealing with large and complex problems. There is no reason to use C++’s
advanced tools in small and simple programs—it may even needlessly increase their complexity.



