Object Oriented
Programming with

C++

SECOND EDITION

Sourav Sahay

Lead Consultant
Capgemini
Detroit, Michigan

1

3
Oxford University Press is a department of the University of Oxford.
It furthers the University’s objective of excellence in research, scholarship,
and education by publishing worldwide. Oxford is a registered trade mark of
Oxford University Press in the UK and in certain other countries.
Published in India by
Oxford University Press
YMCA Library Building, 1 Jai Singh Road, New Delhi 110001, India
© Oxford University Press 2006, 2012
The moral rights of the author/s have been asserted.
First Edition Published in 2006
Second Edition Published in 2012
All rights reserved. No part of this publication may be reproduced, stored in
a retrieval system, or transmitted, in any form or by any means, without the
prior permission in writing of Oxford University Press, or as expressly permitted
by law, by licence, or under terms agreed with the appropriate reprographics
rights organization. Enquiries concerning reproduction outside the scope of the
above should be sent to the Rights Department, Oxford University Press, at the
address above.
You must not circulate this work in any other form
and you must impose this same condition on any acquirer.
ISBN-13: 978-0-19-806530-2
ISBN-10: 0-19-806530-2
Typeset in Times New Roman
by Recto Graphics, Delhi 110096
Printed in India by Adage Printers (P) Ltd., Noida 201301 U.P.

Preface to the First Edition
C++ made its advent in the early 1980s and enabled programmers to write their programs
the object-oriented way. For this reason, the language quickly gained popularity and became
a programming language of choice. Despite the development of a number of competing
object-oriented languages including Java, C++ has successfully maintained its position of
popularity.
C++ starts where C stops. C++ is a superset of C. All the language features of C language
appear in C++ with little or no modi¿cation. Over and above such features, C++ provides a
number of extra features, which provide the language its object-oriented character.

About the Book
The continued popularity of C++ has led to considerable literature. Innumerable books, journals,
magazines, and articles have been written on C++. So, why another book on C++?
The aim of the book is to thoroughly explain all aspects of the language constructs provided
by C++. While doing full justice to the commonly explained topics of C++, the book does
not neglect the advanced and new concepts of C++ that are not widely taught.
This book is a power-packed instruction guide for Object-Oriented Programming and C++.
The purpose of this book is two-fold:
x
x

To clarify the fundamentals of the Object-Oriented Programming System
To provide an in-depth treatment of each feature and language construct of C++

This book emphasizes the Object-Oriented Programming System—its bene¿ts and its
superiority over the conventional Procedure-Oriented Programming System.
This book starts directly with C++ since the common features of C and C++ are anyway
covered in books on C language. Each feature of C++ is covered from the practical point of
view. Instead of brief introductions, this book gives an in-depth explanation of the rationale
and proper use of each object-oriented feature of C++.
To help the readers assimilate the large volume of knowledge contained in this book, an
adequate number of example programs, well-designed diagrams, and analogies with the real
world have been given. Some program examples given in this book are abstract in nature to
help readers focus on the concept being discussed.
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Preface to the Second Edition
The object-oriented programming system (OOPS) enables a programmer to model real-world
objects. It allows the programmer to add characteristics like data security, data encapsulation,
etc.
In the procedure-oriented programming system, procedures are dissociated from data and
are not a part of it. Instead, they receive structure variables, or their addresses, and then work
upon them. The code design is centered around procedures. While this may sound obvious,
this programming pattern has its drawbacks, a major one being that the data is not secure. It
can be manipulated by any procedure.
It is the lack of data security of the procedure-oriented programming system that led to
OOPS, in which, with the help of a new programming construct and new keywords, associated
functions of the data structure can be given exclusive rights to work upon its variables.
There is another characteristic of real-world objects—a guaranteed initialization of data.
Programming languages that implement OOPS enable library programmers to incorporate this
characteristic of real-world objects into structure variables. Library programmers can ensure
a guaranteed initialization of data members of structure variables to the desired values. For
this, application programmers do not need to write code explicitly.
OOPS further supports the following concepts:
x Inheritance This feature allows a class to inherit the data and function members of an
existing class.
x Data abstraction Data abstraction is a virtue by which an object hides its internal
operations from the rest of the program.
x Modularity This feature supports dividing a program into small segments and implement
those segments using different functions.
x Polymorphism Through polymorphism, functions with different set of formal arguments
can have the same name.
The ¿rst edition had covered the fundamentals of the object oriented programming system
in depth. These explanations in the ¿rst edition hold true for any programming language that
supports OOPS. This second edition enhances coverage, as listed below.

New to this Edition
x
x

New chapter on data structures containing new and original algorithms, especially an
elegant and simple recursive algorithm for inserting nodes into trees. The explanations
are elaborate and full of diagrams.
New sections on explicit constructors, command line arguments, and re-throwing
exceptions.

iv
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x
x

Expanded glossary.
Accompanying CD contains all the program codes given in the text.

Key Features
x
x
x
x

Simple and concise language eases the understanding of complex concepts that have
made C++ powerful but enigmatic.
Plenty of solved examples with complete program listings and test cases to reinforce
learning.
Review questions and program writing exercises at the end of each chapter to provide
additional practice.
Self-tests at the end of the book to prepare the students for examinations.

Organization of the Book
A brief knowledge of C language is a prerequisite for this book. The readers need to know
how programs are written in C, data types, decision-making and looping constructs, operators,
functions, header ¿les, pointers, and structures.
Chapter 1 contains an explanation of the procedure-oriented programming system, the
role played by structures in this system, its drawbacks and how these drawbacks led to the
creation of OOPS. The meaning and method of modelling real-world objects by the objectoriented programming system have been clearly explained. The chapter includes a study of
the non-object-oriented features of C++.
Chapter 2 is devoted to the study of objects and classes. It gives a thorough explanation
of the class construct of C++. Superiority of the class construct of C++ over the structure
construct of C language is explained. A description of the various types and features of member
functions and member data is included. Other concepts included are namespaces, arrays of
objects, arrays in objects, and nested classes.
Chapter 3 deals with dynamic memory management. It explains the use of the new and the
delete operators. It also explains the method of specifying our own new handler for handling
out-of-memory conditions.
Chapter 4 explains constructors and destructors. It discusses their importance, their features,
and the method of de¿ning them.
Chapter 5 is devoted to inheritance. Concepts like base class, derived class, base class
pointer, and derived class pointer are covered. The protected keyword and the implications
of deriving by different access speci¿ers are explained. This chapter describes various types
of inheritance.
Chapter 6 gives a detailed explanation of one of the most striking features of C++—
dynamic polymorphism. This chapter describes the virtual functions and how it enables C++
programmers to extend class libraries. The importance of pure virtual functions and clone
functions is also explained.
Chapter 7 describes the standard C++ library for handling streams. It explains the two
types of input and output—text mode and binary mode. Input and output from disk ¿les are
explained. The chapter also describes the use of error-handling routines of the standard C++
stream library and manipulators.
Chapter 8 is devoted to operator overloading, type conversion, new style casts, and RTTI.
This chapter explains the various intricacies and the proper use of operator overloading.
This chapter also explains how a C++ programmer can implement conventional style type
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conversions. New style casts for implementing type conversions are explained next. This
chapter ends with a treatment of run time type information (RTTI).
Chapter 9 explains and illustrates the most important data structures—linked lists and trees.
It includes full-Àedged programs that can be used to create various data structures.
Chapter 10 contains a detailed description of templates. The importance of function
templates and class templates and their utilization in code reuse is explained. This chapter
also provides an overview of the Standard Template Library (STL) of C++.
Chapter 11 explains the concept of exception handling. It begins with a section on
conventional methods and their drawbacks. This is followed by an explanation of the try-catchthrow mechanism provided by C++ and its superiority over the conventional methods.
The appendices in the book include a case study, comparison of C++ with C, comparison
of C++ with Java, an overview of object-oriented analysis and design, and self tests.
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Introduction to C++

This chapter introduces the reader to the fundamentals of object-oriented programming systems
(OOPS).
The chapter begins with an overview of structures, the reasons for their inclusion as a
language construct in C language, and their role in procedure-oriented programming systems.
Use of structures for creating new data types is described. Also, the drawbacks of structures
and the development of OOPS are elucidated.
The middle section of the chapter explains OOPS, supplemented with suitable examples
and analogies to help in understanding this tricky subject.
The concluding section of the chapter includes a study of a number of new features that are
implemented by C++ compilers but do not fall under the category of object-oriented features.
(Language constructs of C++ that implement object-oriented features are dealt with in the
next chapter.)

1.1 A Review of Structures
In order to understand procedure-oriented programming systems, let us ¿rst recapitulate our
understanding of structures in C. Let us review their necessity and use in creating new data
types.

1.1.1 The Need for Structures
There are cases where the value of one variable depends upon that of another variable.
Take the example of date. A date can be programmatically represented in C by three
different integer variables taken together. Say,
int d,m,y; //three integers for representing dates

Here ‘d’, ‘m’, and ‘y’ represent the day of the month, the month, and the year, respectively.
Observe carefully. Although these three variables are not grouped together in the code, they
actually belong to the same group. The value of one variable may inÀuence the value of the
other two. In order to understand this clearly, consider a function next_day() that accepts
the addresses of the three integers that represent a date and changes their values to represent
the next day. The prototype of this function will be
void next_day(int *,int *,int *); //function to calculate
//the next day

2
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Suppose,
d=1;
m=1;
y=2002;

//1st January, 2002

Now, if we write
next_day(&d,&m,&y);

‘d’ will become 2, ‘m’ will remain 1, and ‘y’ will remain 2002.
But if
d=28;
m=2;
y=1999; //28th February, 1999

and we call the function as
next_day(&d,&m,&y);

‘d’ will become 1, ‘m’ will become 3, and ‘y’ will remain 1999.
Again, if
d=31;
m=12;
y=1999;

//31st December, 1999

and we call the function as
next_day(&d,&m,&y);

‘d’ will become 1, ‘m’ will become 1, and ‘y’ will become 2000.
As you can see, ‘d’, ‘m’, and ‘y’ actually belong to the same group. A change in the value
of one may change the value of the other two. But there is no language construct that actually
places them in the same group. Thus, members of the wrong group may be accidentally sent
to the function (Listing 1.1)!
Listing 1.1 Problem in passing groups of programmatically independent but logically
dependent variable
d1=28; m1=2; y1=1999;
d2=19; m2=3; y2=1999;
next_day(&d1,&m1,&y1);
next_day(&d1,&m2,&y2);

//28th February, 1999
//19th March, 1999
//OK
//What? Incorrect set passed!

As can be observed in Listing 1.1, there is nothing in the language itself that prevents the
wrong set of variables from being sent to the function. Moreover, integer-type variables that
are not meant to represent dates might also be sent to the function!
Let us try arrays to solve the problem. Suppose the next_day() function accepts an array
as a parameter. Its prototype will be
void next_day(int *);

Let us declare date as an array of three integers.
int date[3];
date[0]=28;
date[1]=2;
date[2]=1999;

//28th February, 1999

Introduction to C++
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Now, let us call the function as follows:
next_day(date);

The values of ‘date[0]’, ‘date[1]’, and ‘date[2]’ will be correctly set to 1, 3, and 1999,
respectively. Although this method seems to work, it certainly appears unconvincing. After
all any integer array can be passed to the function, even if it does not necessarily represent
a date. There is no data type of date itself. Moreover, this solution of arrays will not work if
the variables are not of the same type. The solution to this problem is to create a data type
called date itself using structures
struct date
{
int d, m, y;
};

//a structure to represent dates

Now, the next_day() function will accept the address of a variable of the structure date
as a parameter. Accordingly, its prototype will be as follows:
void next_day(struct date *);

Let us now call it as shown in Listing 1.2.
Listing 1.2

The need for structures

struct date d1;
d1.d=28;
d1.m=2;
d1.y=1999;
next_day(&d1);

‘d1.d’, ‘d1.m’, and ‘d1.y’ will be correctly set to 1, 3, and 1999, respectively. Since the
function takes the address of an entire structure variable as a parameter at a time, there is no
chance of variables of the different groups being sent to the function.
Structure is a programming construct in C that allows us to put together variables that
should be together.
Library programmers use structures to create new data types. Application programs and
other library programs use these new data types by declaring variables of this data type.
struct date d1;

They call the associated functions by passing these variables or their addresses to them.
d1.d=31;
d1.m=12;
d1.y=2003;
next_day(&d1);

Finally, they use the resultant value of the passed variable further as per requirements.
printf(“The next day is: %d/%d/%d\n”, d1.d, d1.m, d1.y);

Output
The next day is: 01/01/2004

4
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1.1.2 Creating a New Data Type Using Structures
Creation of a new data type using structures is loosely a three-step process that is executed
by the library programmer.
Step 1: Put the structure de¿nition and the prototypes of the associated functions in a header
¿le, as shown in Listing 1.3.
Listing 1.3

Header ﬁle containing deﬁnition of a structure variable and prototypes of its
associated functions

/*Beginning of date.h*/
/*This file contains the structure definition and
prototypes of its associated functions*/
struct date
{
int d,m,y;
};
void next_day(struct date *);
//get the next date
void get_sys_date(struct date *); //get the current
//system date
/*
Prototypes of other useful and relevant functions to
work upon variables of the date structure
*/
/*End of date.h*/

Step 2: As shown in Listing 1.4, put the de¿nition of the associated functions in a source
code and create a library.
Listing 1.4

Deﬁning the associated functions of a structure

/*Beginning of date.c*/
/*This file contains the definitions of the associated
functions*/
#include “date.h”
void next_day(struct date * p)
{
//calculate the date that immediately follows the one
//represented by *p and set it to *p.
}
void get_sys_date(struct date * p)
{
//determine the current system date and set it to *p
}
/*
Definitions of other useful and relevant functions to work upon variables
of the date structure
*/
/*End of date.c*/

Step 3: Provide the header ¿le and the library, in whatever media, to other programmers who
want to use this new data type.
Creation of a structure and creation of its associated functions are two separate steps that
together constitute one complete process.
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1.1.3 Using Structures in Application Programs
The steps to use this new data type are as follows:
Step 1: Include the header ¿le provided by the library programmer in the source code.
/*Beginning of dateUser.c*/
#include“date.h”
void main( )
{
. . . .
. . . .
}
/*End of dateUser.c*/

Step 2: Declare variables of the new data type in the source code.
/*Beginning of dateUser.c*/
#include“date.h”
void main( )
{
struct date d;
. . . .
. . . .
}
/*End of dateUser.c*/

Step 3: As shown in Listing 1.5, embed calls to the associated functions by passing these
variables in the source code.
Listing 1.5

Using a structure in an application program

/*Beginning of dateUser.c*/
#include“date.h”
void main()
{
struct date d;
d.d=28;
d.m=2;
d.y=1999;
next_day(&d);
. . . .
. . . .
}
/*End of dateUser.c*/

Step 4: Compile the source code to get the object ¿le.
Step 5: Link the object ¿le with the library provided by the library programmer to get the
executable or another library.

1.2 Procedure-Oriented Programming Systems
In light of the previous discussion, let us understand the procedure-oriented programming
system. The foregoing pattern of programming divides the code into functions. Data (contained
in structure variables) is passed from one function to another to be read from or written into.
The focus is on procedures. This programming pattern is, therefore, a feature of the procedureoriented programming system.

6
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In the procedure-oriented programming system, procedures are dissociated from data and
are not a part of it. Instead, they receive structure variables or their addresses and work upon
them. The code design is centered around procedures. While this may sound obvious, this
programming pattern has its drawbacks.
The drawback with this programming pattern is that the data is not secure. It can be
manipulated by any procedure. Associated functions that were designed by the library
programmer do not have the exclusive rights to work upon the data. They are not a part of
the structure de¿nition itself. Let us see why this is a problem.
Suppose the library programmer has de¿ned a structure and its associated functions as
described above. Further, in order to perfect his/her creation, he/she has rigorously tested
the associated functions by calling them from small test applications. Despite his/her best
efforts, he/she cannot be sure that an application that uses the structure will be bug free. The
application program might modify the structure variables, not by the associated function he/
she has created, but by some code inadvertently written in the application program itself.
Compilers that implement the procedure-oriented programming system do not prevent
unauthorized functions from accessing/manipulating structure variables.
Now, let us look at the situation from the application programmer’s point of view. Consider
an application of around 25,000 lines (quite common in the real programming world), in
which variables of this structure have been used quite extensively. During testing, it is found
that the date being represented by one of these variables has become 29th February 1999!
The faulty piece of code that is causing this bug can be anywhere in the program. Therefore,
debugging will involve a visual inspection of the entire code (of 25000 lines!) and will not
be limited to the associated functions only.
The situation becomes especially grave if the execution of the code that is likely to corrupt
the data is conditional. For example,
if(<some condition>)
d.m++;
//d is a variable of date structure… d.m may
//become 13!

The condition under which the bug-infested code executes may not arise during testing.
While distributing his/her application, the application programmer cannot be sure that it would
run successfully. Moreover, every new piece of code that accesses structure variables will
have to be visually inspected and tested again to ensure that it does not corrupt the members
of the structure. After all, compilers that implement procedure-oriented programming systems
do not prevent unauthorized functions from accessing/manipulating structure variables.
Let us think of a compiler that enables the library programmer to assign exclusive rights to
the associated functions for accessing the data members of the corresponding structure. If this
happens, then our problem is solved. If a function which is not one of the intended associated
functions accesses the data members of a structure variable, a compile-time error will result.
To ensure a successful compile of his/her application code, the application programmer will
be forced to remove those statements that access data members of structure variables. Thus,
the application that arises out of a successful compile will be the outcome of a piece of code
that is free of any unauthorized access to the data members of the structure variables used
therein. Consequently, if a run-time error arises, attention can be focused on the associated
library functions.
It is the lack of data security of procedure-oriented programming systems that led to objectoriented programming systems (OOPS). This new system of programming is the subject of
our next discussion.

