Masterlng
C t +




Mastering C++

K R VENUGOPAL

University Visvesvaraya College of Engineering
Bangalore University, Bangalore

RAJKUMAR BUYYA
Department of Computer Science & Software Engineering
The University of Melbourne,
Australia

T RAVISHANKAR
University Visvesvaraya College of Engineering
Bangalore University, Bangalore

L/
N

Tata McGraw-Hill Publishing Company Limited
NEW DELHI
McGraw-Hill Offices

New Delhi MNewYork StLouis SanFrancisco Auckland Bogotd Caracas
KualaLumpur Lisbon London Madrid MexicoCity Milan Montreal
SanJuan Santiago Singapore Sydney Tokyo Toronto




Mastering

[ |

!

Ft

:
]
I
:

rm..

; 'K-I.{mVenugopal Rajkumar e T Ravishankar

T
(e




X|F,
Tata McGraw-Hill

© 1999, Tata McGraw-Hill Publishing Company Limited

25™ reprint 2006
RYLYYDDKRQZYD

No part of this publication can be reproduced in any form or by
any means without the prior written permission of the publishers

This edition can be exported from India only by the publishers,
Tata MeGraw-Hill Publishing Company Limited

ISBN 0-07-463454-2

Published by Tata McGraw-Hill Publishing Company Limited,

7 West Patel Nagar, New Delhi 110 008 typeset at Computer and
Computers, University Visvesvaraya College of Engineering,
Bangalore and printed at Krishna Offset, Vishwas Nagar, Delhi

The McGraw-Hill co mpanies



Mastering

Salient Features:

Clearly explains the language constructs using syntax,
illustrations,code segments,and simple examples.

O Important concepts such as classes and objects, object
initialization and cleanup, dynamic objects, polymorphism —
operator overloading and virtual funnctions, inheritance etc.

are covered exhaustively with well - designed programming
examples.

O Details topics like templates and exception handling,

[ A chapter exclusively devoted to object-oriented analysis,
design, and development. Explains the OOP. concepts and
their implementation In relevant chapters too.

Related'Books of Interest fromTata' McGraw-Hill

[ Venugopal: Programming with PASCAL and C

£l Venugopal: Programming with FORTRAN

[ Venugopal & Prasad: Programming with C (TMH Outline Series)
[ Venugopal & Maya: Programming with Pascal (TMH Outline Serles)
Bl Balagurusamy: Object - Oriented Programming with C+ +

[ Ravichandran: Programming with C++

The McGraw-Hill Companies

= Publishing Company Limited

| Tata McGraw-Hill “ah‘mﬂ”"
A o
~4||_J5,'3-_,'-,-'=q |,,' |~I|

7 West Patel Nagar, New Delhi 110 008

] Yisit oor webslie at : www. tatamcgrawhill. com




Dedicated
to
Tejaswi Venugopal



Mastering
C++

l

K fVéﬁugopai Rajkumar o T Ravishankar

|

B




Foreword

Object-oriented programming languages are playing an increasingly important role in computing sci-
ence and its applications. With the declining hardware costs, the cost of computing systems is largely
dominated by software. The software industry is facing a large-scale software development crisis
currently due to the usage of conventional technologies, which are turning obsolete by the end of the
day. It has resulted in considerable increase in development cost plus time pverrun and poor quality
products. Object-oriented analysis and design is an upcoming technology that software professionals
have employed successfully in the development of large software projects.

Programming as every practitioner knows is a delicate art, where the main problem is not so much to
obtain a working program (which is mandatory of course), but to have a.program designed in such a
way that it is not fragile, i.e., it can be modified/updatet/debugged easily. In order to attain these goals
programmers need tools.

Among the tools that-allow a programmer to express ideas are of course the programming lan-
guages. One such programming language used popularly these days is the C++ language. This book by
venugopal K R, Rajkumar and T Ravishankar is a timely and relevant publication.

This book is unique in many ways. The concepts such as programming paradigms, the need for
OOPs technology, extending C, C++ at a glance, fundamental constructs of the C++ language, classes
arid objects, inheritance, polymorphism, generic programming, streams computations, fault tolerant
programming with exceptions are covered prominently. Every aspect is prominently illustrated with
figures and examples which are well tested, illustrative and impressive in the manner the solutions are
designed. The authors, with their rich industrial and academic experience in Computer Science have
made their best effort to bring out this book for the benefit of students, teachers, and software profes-
sionals.

This book besides being illustrative includes a wide array of typical programs, which help OOT
aspirants to grasp the fundamentals of the subject without external assistance. The earlier works of the
authors Microprocessor x86 Programming has been very well received by the students of Science and
Engineering, [ am confident that this book will serve the needs of all those who are serious about object-
oriented technology.

In this book, the approach followed by the authors make the exploration of the OOPs territory as
easy and interesting as possible, starting slowly and working up gradually to more challenging
concepts. I am confident that the reader will find the book an appealing vehicle for embarking into the
challenging world of Object Oriented Programming with C++. Good Luck !

S Sasi Kumar

Director

Centre for Development of Advanced Computing
(A Scientific Society of Government of India)
Brunton Road, Bangalore 560 025

Karnataka, India



Preface

In the real-world everything (including you and me!) exist in the form of objects. These objects are
identified by the system analyst upon request of a customer (who actually uses services of objects) and
handed-over to the designer. The designer in turn creates classes which group all those objects exhib-
iting similar characteristics and behaviors into a single unit. These ynits are then passed to program-
mers, who implement object's framework given by the designer. Thus, objects move from the customer
to the programmer.

Programmers create objects using its framework. These objects work in a collaborative and coop-
erative manner to produce the required output. These software objects now start moving from program-
mers to test-engineers, and finally to the customer, who is the actual user of these objects, to solve real-
world problems. To realize this effective migration of objects from one person to another, there must be
an effective means of communication among all those involved in the development of a software
project. They need to communicate their ideas in terms of objects, That is, system analyst delivers
requirement specification in terms of objects, software designer delivers design specification in terms of
classes (object groups). And even programmers need to express their ideas or write code in terms of
objects. Hence, the demand for an object oriented requirement specification (OORS), object oriented
analysis (OOA), object oriented design (OOD), and object oriented programming (OOP) has grown
tremendously.

Currently there is no standard method of OORS, OOA, and OOD available. But, there are many
standard programming languages supporting OOP available and one of the most popular OOP lan-
guage is C++.

C++ is an object-oriented language that a C programmer can appreciate, especially who is an early-
age assembly language programmer, C++, was first oriented towards execution performance and then
towards flexibility. Most of the features which C++ adds to C involve no runtime overhead; few that do
can be avoided by the efficiency conscious programmers,

Yet, C being a structured programming language offered the ease of software development but failed
to support maintenance of large code. This has motivated the search for a new language which is as
efficient as C but simplifies the maintenance of large code. It is not enough to offer a language that is
just as good as C. If people are to switch, the replacement language must not only equal C in terms of
efficiency and code reuse, but it must also be a lot better in terms of productivity, maintenance, and
power. C++ meets these criteria, making it the first serious contender to challenge Fortran’s supremacy.

The last couple of years have seen a growing wave of enthusiasm for object-criented approaches to
requirements analysis, application design, and programming. The same period has been marked by the
increasing popularity of the C++ language and its acceptance as a logical successor to C. Since C++ is
designed to support object-oriented development, it seems only natural to see a strong link between
C++ and OOP. Programmers who move toc C++ will apparently adopt an object-oriented style of pro-
gramming.

With C++, it is much easier to build and maintain a really big code. This is made possible with
C++'s enhancements to C and more importantly its object-oriented support. Some of the most promi-
nent concepts of object-oriented programming are encapsulation, data abstraction, inheritance, delega-
tion, polymorphism, and streams. All these features are covered in this book with illustrative programs.
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A few other reasons for the success of C++.(unlike other OOP languages) are:
+ A strong backing from world class software organizations (such as AT&T, Borland, Microsoft,
Sun Microsystems Inc, etc.)
+ [Itis a mature language
+ Availability of programming environment (language sensitive editors, compilers, tools, profilers,
code analyzers, etc.)
« Itis available on machines from microcomputers to supercomputers

Organization of the Book

This book spreads discussion on C++ language and object-oriented concepts over twenty chapters.
Each chapter explains C++ constructs needed for object-oriented programming with numerous pro-
gramming solutions. The book is organized as follows:

Chapter 1 (Object Oriented Paradigm) discusses the need for new programming paradigms and
various aspects of object-oriented programming. It covers the evolution of programming paradigms,
elements of OOPs, popular OOP languages, OO learning curve, software reuse, and demonstrates how
objects hold the key in driving the future technologies.

Chapter 2 (Moving from C to C++) starts with the Hello World program demonstrating various
elements of a C++ program. It also presents new features added to C++ (apart from OOP) such as
streams based 1/O, scope resolution operator, inline functions, function overloading, enhancements to
C structures, function templates, new and delete operators for runtime memory management. Chapter 3
(C++ at a Glance) illustrates the various features supported by C++ for object-oriented programming.
Both chapters include illustrative examples of complete programs, rather than isolated fragments. Tt
discusses classes, objects, derived classes, operator overloading, virtual functions, class templates,
sxceptions handling, and streams.

Chapters 4 through 9, discuss various fundamental elerhents of C and C++. These chapters are
devised keeping in mind the readers who are not familiar to C language. The readers with C back-
ground will also benefit from these chapters, since emphasis is placed on their (data types, functions,
pointers, etc.) availability in C++ in a powerful form. Chapter 4 deals with basic data types, aperators,
and expressions. Chapter 5 explains control flow: if, if-else, switch, for, while, break, etc. Chapter 6
covers Arrays and Strings. Chapter 7 describes modular programming with functions. It presents
techniques of managing large software system development by breaking it into multiple functions and
modules. Chapter 8 emphasizes on structures and unions. Chapter 9 deals with runtime memory man-
agement using Pointers, emphasizing new features of C++ for dynamic memory management.

Chapter 10 (Classes and Objects) describes how data and functions can be combined into a single
unit. Such a unit (class) can be instantiated to create objects, and they can be manipulated. This chapter
covers class declaration, object creation, accessing class members, passing objects as arguments,
difference between structures and classes, and memory resource requirement for classes and objects.

Chapter 11 (Object Initialization and Cleanup) mainly focuses on two special functions called
constructors and destructors. These are invoked automatically during the creation of objects and
destruction of objects respectively. Chapter 12 (Dynamic Objects) covers the creation and manipulation
of objects at runtime.

Chapter 13 (Operators Overloading) illustrates overloading of C++ operators to operate on user
defined data types. It includes overloading of both unary and binary operators such as +, -, *. [], etc. It
also covers overloading of new and delete operator for tracing memory leaks.
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Chapter 14 (Inheritance) illustrates the creation of a new class called derived class from existing
classes. It covers various forms of inheritance with complete example programs. It also describes object
composition for delegation.

Chapter 15 (Virtual Functions) illustrates the dynamic binding of functions to realize runtime poly-
morphism. Chapter 16 (Generic Programming with Templates) discusses the creation of function and
class templates for those functions and classes having the same body but operating on different data
types.

Chapter 17 (Streams Computation with Console) discusses the unformaited and formatted 1/0
operations with keyboard and screen using streams. Chapter 18 (Streams Computation with Files)
deals with I/O operations on files used for storing data on secondary storage devices using file streams.
Chapter 19 (Exception Handling) covers error handling model of C++ and concludes with guidelines on
better handling of exceptions,

Chapter 20 (OO Analysis, Design, and Development) covers software life cycle, object-oriented
analysis, object-oriented design, and class design. It also provides some guidelines on how to build a
reliable code, OO software performance tuning, software project management, and a plan for OO battle.

The topics of Appendices include: C++ Keywords and Operators, C++ Library Functions, Glossary,
ASCII Character Set, Bibliography and Index.

Suggestions for further improvement of this book can be forwarded to vkrajuk@bronto.iitm.ernet.in,
raj@cdach.ernet.in or rthammai@in.oracle.com.

Road Map to Readers
This book is designed keeping in mind the following three categories of users:

1. Well-versed in C and wants to learn C++ thoroughly

2. Well-versed with C and wants to learn C++ quickly

3. Not familiar with C and has good knowledge of programming
The first category of users can read first three chapters: Object-Oriented Paradigm, Moving from C to
C++, and C++ at a Glance. The remaining seven chapters can be skipped without the loss of continuity.
However, it is advisable to study these chapters so that strong foundation on C++'s new features can
be built. The second category of users can read the first three chapters to learn C++ quickly. The third
caregory of users are advised to study the entire book. They can skip the second and third chapters in
the first reading and read them later after gaining some foundations of C++ programming.

Venugopal K R
Rajkumar
T Ravishankar
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1
Object-Oriented Paradigm

Object-Oriented Programming popularly called QOPs is one of the buzzwords in the software industry.
On one hand. OOP is a programming paradigm in its own right and on the other, it is a set of software
engineering tools which can be used to build more reliable and reusable systems. Another kind of
programming methodology which has already revealed its power in the software field. is structured
programming. At present, Object-Oriented Programming is emerging from research laboratories and
invading the field of industrial applications. The software industry has always been in pursuit of a
methodology or philosophy, which would eliminate the problems endemic to software in one shot. The
latest candidate for this role is Object Oriented methodology.

Structured programming and object-oriented programming are equally popular today although struc-
tured programming has a longer history. The current popularity of OOP and its connection to structured
programming is pointed out by Tim Rentsch—What is object oriented programming ? My guess is that
object oriented programming will be in the 1980's what structured programming was in the 1970'%.
Everyone will be in favor of it. Every manufacturer will promote his products as supporting it. Every
manager will pay lip-service to it. Every programmer will practice it (differently). And no one will
know just what it is. Rentsch’s predictions still hold true in the 90’s.

Structured programming and Object-Oriented Programming fundamentally differ in the following
way: Structured programming views the two core elements of any program—data and functions as rwo
separate entities whereas, OOP views them as a single entity. The benefits of uniting both data and
functions into a single unit, will be discussed in later sections.

Object-oriented programming as a paradigm is playing an increasingly significant role in the analy-
sis, design, and implementation of software systems. Object-oriented analysis, design, and program-
ming appear to be the structured programming of the 1990's. Proponents assert that QOP is the
solution to the software problem. Software developed using object-oriented techniques are proclaimed
as more reliable. easier to maintain, easier to reuse and enhance, and so on. The Object-Oriented
Paradigm is effective in solving many of the outstanding problems in software engineering.

1.1 Why New Programming Paradigms ?

With the continuous decline of hardware cost, high speed computing systems are becoming economi-
cally feasible. Innovations in the field of computer architecture supporting complex instructions is in
turn leading to the development of better programming environments, which suit the hardware archi-
tecture. More powerful tools, operating systems, and programming languages are evolving to keep up
with the pace of hardware development. Software for different applications need to be developed under
these environments, which is a complex process. As a result, the relative cost of software is increasing
- substantially when compared to the cost of the hardware of a computing system. Rate of increase in the
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the existing modules. Flexibility is gained by being able to change or replace modules without disturb-
ing other parts of the code. Software development speed is gained, on one hand, by reusing and
enhancing the existing code and, on the other hand, by having programming objects that are close in
representation to the real-world objects, thus reducing the translation burden (from a real-world repre-
sentation to the computer-world representation) for the programmer.

Encapsulation

Data abstraction

Single inheritance

Polymorphism
Object-oriented
programming

paradigm

Persistence

Delegation

Genericity

Multiple inheritance

Figure 1.2: Features of object-oriented paradigm

The fundamental features of the OOPs are the following:

Encapsulation

Data Abstraction

Inheritance

Polymorphism

Message Passing

Persistence

Delegation

Genericity

Multiple Inheritance

The important features supported by the object-oriented paradigm are depicted in Figure 1.2. It also
shows various features offered by C++ as a language for OOPs paradigm. OOP not only benefits
programmers, but also the end-users by providing an object-oriented user interface, It provides a
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consistent means of communication between analysts, designers, programmers, and end users. T2
following terms are most often used in the discussion of OOPs:

Encapsulation: It is a mechanism that associates the code and the data it manipulates into a single
unit and keeps them safe from external interference and misuse. In C++, this is supported by a construct
called class, An instance of a class is known as an object, which represents a real-world entity.

Data Abstraction: The technique of creating new data types that are well suited to an application to
be programmed is known as data abstraction. It provides the ability to create user-defined data types,
for modeling a real world object, having the properties of built-in data types and a set of permitted
operators. The class is a construct in C++ for creating user-defined data types called abstract data
types (ADTS).

Inheritance: It allows the extension and reuse of existing code without having to rewrite the code
from scratch. Inheritance involves the creation of new classes (derived classes) from the existing ones
(base classes), thus enabling the creation of a hierarchy of classes that simulate the class and subclass
concept of the real world. The new derived class inherits the members of the base class and also adds
its own. Two popular forms of inheritance are single and multiple inheritance. Single inheritance refers
to deriving a class from a single base class—supported by C++.

Muitiple Inheritance: The mechanism by which a class is derived from more than one base class is
known as multiple inheritance. Instances of classes with multiple inheritance have instance variables
for each of the inherited base classes. C++ supports multiple inheritance.

Polymorphism: It allows a single name/operator to be associated with different operations depend-
ing on the type of data passed to it. In C++, it is achieved by function overloading, operator overload-
ing, and dynamic binding (virtual functions).

Message Passing: It is the process of invoking an operation on au object. In response to a message,
the corresponding method (function) is executed in the object. It is supported in C++.

Extensibility: It is a feature, which allows the extension of the functionality of the existing software
components. In C++, this is achieved through abstract classes and inheritance.

Persistence: The phenomenon where the object (data) outlives the program execution time and exists
between executions of a program is known as persistence. All database systems support persistence. In
C++, this is not supported. However, the user can build it explicitly using file streams in a program.

Delegation: It is an alternative to class inheritance. Delegation is a way of making object composition
as powerful as inheritance. In delegation, two objects are involved in handling a request: a receiving
object delegates operations to its delegate. This is analogous to the child classes sending requests to
the parent classes. In C++, delegation is realized by using object composition. Here, new functionality
is obtained by assembling or composing objects. This approach takes a view that an object can be a
collection of many objects and the relationship is called the has-a relationship or containership.

Genericity: It is a technique for defining software components that have more than one interpretation
depending on the data type of parameters. Thus, it allows the declaration of data items without
specifying their exact data type. Such unknown data types (generic data type) are resolved at the time
of their usage (function call) based on the data type of parameters. For example, a sort function can be
parameterized by thg type of elements it sorts. To invoke the parameterized sort (), just supply the
required data type parameters to it and the compiler will take care of issues such as creation of actual
function and invoking that transparently. In C++, genericity is realized through function templates and
class templates. . .
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1.3 Evolution of Programming Paradigms

As many software experts point out, the complexity of software is an essential property, not an acci-
dental one, This inherent complexity is derived from the following four elements:

+ The complexity of the problem domain

+ The difficulty of managing the development process

« The flexibility possible through software

« The problems of characterizing the behavior of discrete systems

The sweeping trend in the evolution of high-level programming languages and the shift of focus
from-programming-in-the-small to programming-in-the-large has simplified the task of the software
development team. It also enables them to engineer the illusion of simplicity. This shift in programming
paradigm is categorized into the following:

« Monolithic Programming

+ Procedural Programming

« Structured Programming

« Object Oriented Programming

Like the computer hardware, programming languages have been passing through volutionary
phases or generations. It is generally observed that most programmers work in one language and use
only one programming style. They program in a paradigm enforced by the language they use. Fre-
qusntly they may not have been exposed to alternate ways of solving the problem and hence, they will
have difficulties in exploiting the advantages of choosing a style more appropriate to the problem at
hand. Programming style is defined as a way of organizing the ideas on the basis of some conceptual
model of programming and using an appropriate language to write efficient programs. Five main kinds
of programming styles are listed in Table 1.1 with the different types of abstraction they employ.

Programming Style Abstraction Employed
Procedure-oriented Algorithms

Object-oriented Classes and Objects

Logic-oriented ‘Goals, often expressed in predicate calculus
Rule-oriented if-then-else rules

Constraint-oriented Invariant relationship

Table 1.1: Types of programming paradigms

There is not a single programming style that is best suited for all kinds of applications. For example,
procedure-oriented programming would be best suited for the design of computation-intensive prob-
lems, rule-oriented programming would be best suited for the design of a knowledge base. and logic-
oriented programming would be best suited for a hypothesis derivation. The object-oriented style is
best suited for a wide range of applications; indeed, this programming paradigm often serve¥ as the
architettural framework in which other paradigms are employed. Each one of these styles of program-
ming require a different mindset and a different way of thinking about the problem, based on their ows
conceptual framework.
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The emergence of data-driven methods provides a disciplined approach to the problems of data
abstractions in algorithmic oriented languages. It has resulted in the development of object-basec
language supporting only data abstraction. Object-based languages do not support features such as
inheritance and polymorphism which will be discussed later. Depending on the object features sup-
ported, the languages are classified into two categories:

1. Object-Based Programming Languages .
2. Object-Oriented Programming Languages .

Object-based programming languages support encapsulation and object identity without support-
ing important features of OOP languages such as polymorphism, inhéritance, and message based
communicatign. Ada is one of the typical object-based programming languages.

Objec:-ba:s'ed language = Encapsulation + Object Identity

Object-oriented languages incorporate all the features of object-based programming languages
along with inheritance and polymorphism. Therefore, an object-oriented programming language is
defined by the following statement:

Object-oriented language = Object based features + Inheritance + Polymorphism

The tﬁiogy of object-oriented programming languages is shown in Figure 1.6 for small, moderate,
and large projects. The medules represent the physical building blocks of these languages; a module is
a logical collection of classes and objects, instead of subprograms as in the earlier languages. Thus
making classes and objects as the fundamental building blocks of OOPs.

-
\
~
\ /
Object-A Object-C

Object-B
Figure 1.6: Object oriented programming

Object-oriented programming is a methodology that allows the association of data structures with
operations similar to the way it is perceived in the human mind. They associate a specific set of actions
with a given type of object and actions are based on these associations.

The following are the important features of object-oriented programming:

» Improvement over the structured programming paradigm
« Emphasis on data rather than algorithm
¢ Data abstraction is introduced in addition to procedural abstraction
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+ Data and associated operations are unified into a single unit,thus the objects are grouped with
common attributes,operations and semantics
+ Programs are designed around the data being operated, rather than operations themselves (data
decomposition-rather than algorithmic decomposition)
+ Relationships can be created between similar, yet distinct data types
Examples: C++, Smalltalk, Eiffel, Java, etc.

1.4 Structured Versus Object-Oriented Development

Program and data are two basic elements of any computation. Among these, data plays an important
role and it can exist without a program, but a program has no relevance without data. The conventional
high level languages stress on the algorithms used to solve a problem. Complex procedures have been
simplified by structured programming which is well established to date. Software designers and pro-
grammers have faced difficulty in the design, maintenance, and enhancement of software developed
using traditional languages, and their search for a better methodology has resulted in the development
of the object-oriented approach. In the conventional method, the data are defined as global and acces-
sible to all the functions of a program without any restriction. It has reduced data security and integrity.
since the entire data is available to all the functions and any function can change any data without
impunity. (See Figure 1.7.)

Unlike the traditional methodology (Function-Oriented Programming -FOP), Object-Oriented
Programming emphasizes on the data rather than the algorithm. In OOPs, data is compartmentalized or
encapsulated with the associated functions (that operate on it) and this compartment or capsule 1s
called an object. In the OO approach, the problem is divided into objects, whereas in FOP the problem
is divided into functions. Although, both approaches adopt the same philosophy of divide and con-
quer, OOP conguers a bigger region, while FOP is content with conquering a smaller region. OOP
contains FOP and so OOP can be referred to as the super set of FOP (like C++, which is a superset of C) -

and hence, it can be concluded that OOP has an edge over FOP.
Global Data Global Data Global Data

Function Function Function Function

Figure 1.7: Function oriented paradigm
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1.5 Elements of Object-Oriented Programming

Object-Oriented Programming is centered around new concepts such as objects, classes, polymor-
phism, inheritance, etc. It is a well-suited paradigm for the following:
+ Modeling the real-world problem as close as possible to the user's perspective.
« Interacting easily with computational environment using familiar metaphors.
+ Constructing reusable software components and easily extendable libraries.
+ Easily modifying and extending implementations of components without having to recode every
thing from scratch.

A language's quality (and its elements) is judged by twelve important criteria. They are a well
defined syntactic and semantic structure, reliability, fast translation, efficient object code, orthogo-
nality (language should have only a few basic features, each of which is separately understandable),
machine independence, provability, generality, consistency with commonly used notations, subsets,
unifermiry, and extensibility. The various constructs of OOP languages (such as C++) are designed to
achieve these with ease.

Definition of OOP

In the 70s, the concept of the object became popular among researchers of programming languages. An
chject is a combination or collection of data and code designed to emulate a physical or abstrzct
entity. Each object has its own identity and is distinguishable from other objects. Programming with
objects is as efficient as programming with basic data items such as integers, floats, or arrays. Thus, it
provides a direct abstraction of commonly used items and hides most of the complexity of implementa-
tion from the users.

Object-Oriented Programming is a programming methodology that associates data structures with a
sct of operators which act upon it. In OOPs terminology, an instance of such an éntity is known as an
ohject. It gives importance to relationships between objects rather than implementation details. Hiding
the implementation details within an object results in the user being more concerned with an object’s
relationship to the rest of the system, than the implementation of the object's behavior. This distinction
is a fundamental departure from earlier imperative languages (such as Pascal and C), in which functions
and function calls are the centre of activity.

C++ Style of OOP Definition

Grady Booch, a renowned contributor to the development of object-oriented technology defines OOFs
as follows: OOP is a method of implementation in which programs are organized as co-operative
collections of objects, each of which represents an instance of some class and whose classes are all
members of a hierarchy of classes united through the property called inheritance.

Three important concepts to be noted in the above definition are: objects, classes, and inheritance,
OOP uses objects and not algorithms as its fundamental building blocks. Each object is an instance of
some class. Classes allow the mechanism of data abstraction for creating new data types. Inheritance
tllows building of new classes from the existing classes. Hence, if any of these elements are missing in
u program, then, it is not object-oriented. In particular, a program without inheritance is
definitely not an object oriented one; it resembles the program with abstract data types.
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Unlike traditional languages, OO languages allow localization of data and code and restrict otaer
objects from referring to its local region. OOP is centered around the concepts of objects, encapsula-
tions, abstract data types, inheritance, polymorphism, message based communication, etc. An 00
language views the data and its associated set of functions as an object and treats this combination as
a single entity. Thus, an object is visualized as a combination of data and functions which manipulate
themn.

Object

Figure 1.8: -Object-oriented paradigm

During the execution of a program, the objects interact with each other by sending messages and
receiving responses. For instance, in a program to perform withdrawals from an account, a customer
object can send a withdrawal message to a bank account object. An object communicating with other
objects need not be aware of the internal working of the objects with which it interacts. This situation
is analogous to operating a television receiver, a computer, or an automobile, where one need not know
the internal operations since these machines provide the user with some system controls that hide the
complexity of internal structure and working. Likewise, an object can be manipulated through an inter-
face that responds to a few messages. The object's internal structure is totally hidden from the user and
this property is called data/information hiding or data encapsulation.

The external interfaces are implemented by providing a set of methods (functions), each of which
accepts and responds to a particular kind of message (see Figure 1.8). The methods defined in an
object's class are the same for all objects belonging to that class but, the data is unique for each object.
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1.6 Objects

Initially, different parts (entities) of a probleém are examined independently. These entities are chosen
because they have some physical or conceptual boundaries that separate them from the rest of the
problem. The entities are then represented as objects in the program. The goal is to have a clear
correspondence between physical entities in the problem domain and objects in the program. A well
designed object oriented program is organized according to the objects being manipulated.

Figure 1.9 shows few entities and each of them can be treated as an object. In other words, an object
can be a person, a place, or a thing with which the computer must deal. Some objects may correspond
to real-world entities such as students, employees, bank accounts, inventory items, etc., whereas,
others may correspond to computer hardware and software components. Hardware components in-
clude a keyboard, port, video display, mouse, etc., and software components include stacks, queues,
trees, etc. In an application simulating a parking lot, car, parking spaces, traffic signals, or even the
persons manning the parking lot can be conceptualized as objects. Objects can be concrete such as a
file system, or conceptual such as a scheduling policy in a multiprocessor operating system. Objects
mainly serve the following purposes:

« Understanding of the real world and a practical base for designers.

« Decomposition of a problem into objects depends on judgement and nature of the problem.

vbu BOOK TREE TRIANGLE

CAR BOY GIRL CLOCK
|
|
|

Figure 1.9: Examples of objects

Every object will have data structures called attributes and behavior called operations. The different
notations of an object uniting both the data and operations, are shown in Figure 1.10.

Consider the object account having the attributes: AccountNumber, AccountType, Name, and Bal-
ance and operations:Deposit, Withdraw, and Enquire. Its pictorial notation is shown in Figure 1.11.
Each object will have its own identity though its attributes and operations are same; the objects will
nover become equal. In case of person object for instance, two persons have the same attributes like
neme, age, and sex, but they are not equal (technically). Objects are the basic run-time entities in ar.
coject-criented system.
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Person Objects

K N
L]
: Abstract Person Class
into = Adributes: Name, Age, Sex
//:-. Operations: Speak(), Listen(), Walk()
-
1

Vehicle Objects
| il'ilil
Abstract  Vehicle Class
into* Atuibutes: Name, Model, Color
Operations: Start(), Stop(), Accelerate()
A1
0O O

Polygon Objects @

A Polygon Class
Abstract Attributes: Vertices, Border,
T '
Into Color, FillColor
Operations: Draw (), Erase(), Movel()

Figure 1.12: Objects and classes

Every object is associated with data and functions which define meaningful operations on that
object. For instance, in C++, related objects exhibiting the same behavior are grouped and represented
by n class in the following way:

class account
{
private:
char Name{[20]; // data members
int AccountType;
int AccountMNumber;
float Balance;
public:
Deposit(); // member functions
Withdraw() ;
Enguire();
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Figure 1.13: Multiple views of an object-oriented tree

1.9 Encapsulation and Data Abstraction

Encapsulation is a mechanism that associates the code and the data it manipulates and keeps them safe
from external interference and misuse. Creating new data types using encapsulated-items, that are well
suited to an application to be programmed, is known as data abstraction. The data types created by the
data abstraction process are known as Abstract Data Types (ADTs). Data abstraction is a powerful
technique, and its proper usage will result in optimal, more readable, and flexible programs.

Data Structure

.

v

Operations
(Functions)

Figure 1.14: An abstract data type
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gets all the features of the polygon. Further, the polygon is a closed figure and so, the rectangle inherits
all the features of the closed figure.

Triangle

Figure 1.16: Inheritance graph (class hierarchy)

Multiple Inheritance

In the case of multiple inheritance, the derived class inherits the features of more than one base class.
Consider Figure 1.17, in which the class Child is inherited from the base classes Parentl and Pareni2.
Here, the class Child possesses all the properties of parents classes in addition 1o its own.

Parent 2
(Mother)

Parent 1
(Father)

Parent 1&2

Features
Child's
Features

Figure 1.17: Muitiple inheritance

Base or Super Classes

Derived or Sub Class

Benefits of Inheritance

There are numerous benefits that can be derived from the proper use of inheritance, which include the
following:

« The inherited code that provides the required functionalities, does not have to be rewritten. Benefits
of such reusable code include, increased reliability and decreased maintenance cost because of
sharing by all the users.

+ Code sharing can cccur at several levels. For example, at a higher level, individual or group users can
use the same classes. These are referred to as software components. At a lower level, code can be
shared by two or more classes within a project.
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+ Inheritance will permit the construction of reusable software components. Already, several such
libraries are commercially available and many more are expected to come.

+ When a software system can be constructed largely out of reusable components, development time
can be concentrated for understanding that portion of the system which is new and unusual. Thus,
software systems can be generated more quickly, and easily, by rapid prototyping.

All the above benefits of inheritance emphasize code reuse, ease of code maintenance, extension,
and reduction in development time.

1.11 Delegation - Object Composition

Most people can understand concepts such as objects, interfaces, classes, and inheritance. The chal-
lenge lies in applying them to build flexible and reusable software. The two most common techniques for
reusing functionality in object-oriented systems are class inheritance and object composition. As
explained, inheritance is a mechanism of building a new class by deriving certain properties froin other
classes. In inheritance, if the class D is derived from the class B, it is said that D} is @ kind of B. The new
approach to object composition, takes a view that an object can be a collection of many other objects.
and the relationship is called a has-a (D has-a B) relationship or containership.

Delegation is a way of making object composition as powerful as inheritance for reuse. In delega-
tion, two objects are involved in handling a request: a receiving object delegates operations Lo its
delegate. This is analogous to subclasses sending requests to parent classes. In certain situations,
inheritance and containership relationships can serve the same purpose. For example, instead of creat-
ing a class Window as a derived class of Rectangle (because, the window happens to be rectangu-
lar), the class Window can reuse the behavior of Rectangle by having a Rectangle instance variable
and delegating the Rectangle specific behavior to it. In other words, instead of the class Window
being a Rectangle, it would have a Rectangle composed into it. Window must now forward all requests
to its Rectangle instance explicitly. In inheritance, it would have inherited the same operation from the
class Rectangle. The Window class delegating its Area operation to a Rectangle instance is depicted in
Figure 1.18.

Window Rectangle
delegating
Area() © » Area() 9
, width '
' height
i \
1 |
! 1
1 1
! ]
[} ]
) h " ‘ ' b
return rectangle->Area( ), return width * height;

Figure 1.18: Delegation-object composition
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Delegation makes it easy to compose behavior at runtime and to change thie manner, they are
compaosed. The window can become circular at runtime, simply by replacing its Rectangle instance with
a Circle instance, assuming Rectangle and Circle have the same type. Thus, delegation shows that
inheritance can be replaced with object composition as a mechanism for code reuse.

1.12 Polymorphism

In the real world, the meaning of an operation varies with context and the same operation may behave
differently, in different situations. The move operation, for example, behaves differently on the class
person, and on the class polygon on the screen. A specific implementation of an operation by a certain
class is called a method. An object oriented operation, being polymorphic, may have more than one
method of implementing it. The word palymorphism is derived from the Greck meaning many forms. It
allows a single name to be used for more than one related purpose, which are technically different. The
following are the different ways of achieving polymorphism in a C++ program:

+ Function Name Overloading

+ Operator Overloading

¢ Dynamic Binding
Polymorphism permits the programmer to generate high level reusable components that can be tailored
to fit different applications, by changing their low level parts.

Dynamic Binding
Binding refers to the tie-up of a procedure call to the address code to be executed in response to the cali.
Dynamic binding (also called late binding) means that the code associated with a given procedure cail
is not known until its call at run-time. For example, consider a graphics application (see Figure 1.17),in
which the class Figure, contains a procedure draw () . By inheritance, every graphics primitive in this
diagram has a procedure draw () . The draw () algorithm is, however, unique to each graphical shap,
and so the draw () procedure will be redefined in each class that defines a graphic primitive. To redraw
the entire graphics window, the following code will suffice:

for i = 1 to number_of_shapes do

ptr_to_figure([i]->draw();

At each pass through the loop, the code matching the dynamic type of ptr_to_figure(i] will be
called. Even if additional kinds-of shapes are added to the system, this code segment will still remain
unchanged. This is, in contrast to the traditional case/switch statement design of a program.

Another example could be that of an operationprint in aclass File, Different methods could be
iaplemented to print ASCII files, binary files, digitized picture files, etc. All these methods logically
perform the same task - printing a file; thus the corresponding generic operation is print. However,
the individual methods may each be implemented by a different code.

1.13 Message Communication

In conventional programming languages, a function is invoked on a piece of data (function-driven
commiunication), whereas in an object-oriented language, a message is sent to an object (message-
driven communication). Hence, conventional programming is based on functional abstraction whereas,
object oriented programming is based on data abstraction. This is illustrated by a simple example of
evaluating the square root of a number. In conventional functional programming, the function sqgrt (x)
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for different data types (x's type), will be detined with different names, which takes a number as an input
and returns its square root. For each data type of x, there will be a different version of the function sgrt.
In contrast., in an OOPL (Object-Oriented Programming language), the expression for evaluating the
square root of x takes the form x. sqrt (), implying that the object x has sent a message to perform
the square root operation on itself. Different data types of x, invoke a different function code forsgrt,
but the expression (code) for evaluating the square root will remain the same. By its very nature, OO
(Object-Oriented) computation resembles the client-server computing model.

In object-oriented programming, the process of programming involves the following steps:
+ Create classes for defining objects and their behaviors.
+ Define the required objects.
« Establish communication among objects through message passing.

Communication among the objects occur in the same way as people exchange messages among
themselves. The concept of programming, with the message passing model, is an easy way of modeling
real-world problems on computers. A message for an object is interpreted as a request for the execution
of a function. A suitable function is invoked soon after receiving the message and the desired results
are generated within an object. A message comprises the name of the object, name of the function and
the information to be sent to the object as shown in Figure 1.19.

Object I Message ‘Information

Student .Marks{ RollNo )
Figure 1.19: Object-oriented message communication

Like in the real world, objects also have a life cycle! They can be created and destroyed automati-
cally, whenever necessary. Communication berween the objects can take place as long as they are
alive! In Figure 1.19, student is treated as an object sending the message Marks to find the marks
secured by the student with the specified Ro11No. In this case, a function call Marks () is treated as
a message and a parameter RollNo is treated as infermation passed to the object.

In OOPs, the correct method to execute an operation based on the name of the operation and the
class of the object being operated, is automatically selected depending on the type of message re-
ceived. The user of an operation need not be aware of the alternative methods available to implement a
given polymorphic operation, New classes can be added without changing the existing code, but
methods have to be provided for each applicable operation on the new class,

1.14 Popular OOP Languages

Every programming methodology emphasizes on some new concepts in programming. In OO program-
ming, the attention is focused on objects. In this, data do not flow around a system; it is the messages
that move around the system. By sending messages, the clients (user/application program) request
objects to perform operations. The kinds of services the objects can provide are known to the clients.
This, basically, represents the client-server model, where the client calls on a server, which performs
scme service and sends the result back to the client. The client must know the interface of the server, but
tk e server need not know the interfaces of the clients, because all the interactions are initiated by clients
using the server’s interface.
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Table 1.2: Comparing object-oriented language features

Every OO language implements the basic OO concepts in a different way. They vary in their support
of some of the advanced OO concepts such as multiple inheritance, class library, memory management,
templates, exceptions, etc. Some of the popular OO languages namely C++, Smalltalk, Eiffel and CLOS
are discussed. The genealogy of different languages is shown in Table 1.2 indicating various features
supported by them.

One great divide in programming exists between exploratory programming languages that aim at
dynamism and run-time flexibility, and software engineering languages which have static typing and
other features that aid verifiability and/or efficiency. While both languages have their applications, the
latter group to which C++ belongs, is of interest for further discussion. Smalltalk is the best-known
representative of the former group.

C++

Bjarne Stroustrup developed C++ at AT & T Bell laboratories as an extension of C in the year 1980. (in
fact, C was also invented at the same place by Dennis Ritchie in the early 1970's). C++ was first installed
outside the designer's research group in July, 1983; however, quite a few current C++ features had not
teen invented. Suggested advantages of C++ are the "...previous C users can quite well upgrade



Chapter 1: Object-Oriented Paradigm 23

gradually to programming in C++. in the /It step Justfeeding their existing C cade through the -+
translator and checking if some small modifications woul ry". However, same consider

s as & disadvantage. They claim that an Abrpt changic of PAraciem 15 MCCCstary 16 make program.
mers think in an object oriented fashion

Co+ is evolved from a dialect of C known as C wirh Classes as a language for writing effective event-

ure 1.20. Farlicr version of the language. collectively
known as "C with Classes” has been in use since 1980. It lacked operator overloading, references,
virtual functions, wnd all these are overcome in C+-+. The name C++ (pronounced as C phus plus) was
coined by Rick Mascitti in the summer of 1983. The name signifies the evolutionary nature of the
changes from C. "++" is the C increment operator. The slightly short name C+ is a syntax error it has
also been used as the name of an unrelated language. Connoisseurs of C semantics find C-+—+ inferior to
he language is not called D, because it is an extension of C, and does not atempt 1o remedy the
problems by removing features.

Simula 67 Algol 68

c with
c asse:

ATET

Figure 1.20: Heritage of C++

“The C++ language corrects most of the defiviencies of C by offering improved compile-time type
checking and support for modular and object-oriented programming. Seme of the most prominent
featurcs of Cr are classes, operator and function overloading, free store management, consia
types, references. inline functions, e i
tation, remplates, and exception handling.

In C++. both attributes (data) and methods (functions) are members of a class. The members must be
declared either as private or public. Public by any function:
an only be accased by methiods of the same class, C.—+ has 8 special comsmructor Amcrion to inidalize
new instances and a destructor finction to perform necessary cleanup when an object is
stroyed. i+ provides three kinds of memory allocation for rari by the compiler
in fixed global ¥ automati the stack) and (allocated from a heap). Static
storage is o y defining a variable outside any function using the stacic keyword
s sithin fanctons normally ase auomatic storage. Dynammic storage 1+ alocaied from a heap on
an explicit request from the programmer and it must be explicitly released since, standard implementa-
tions of C++ do not have a garbage collector.

The of aclass fied as a part of class A is known as base

ciass and a aubelass is known a5 derived cirss. Altributes once declared in the superclase. which are

inherited by its subclasses, need not be repeated. They can be accessed from any subclass . by
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are declared private. Only the methods of a class can access ils private attributes: Attributes declared
protected, are accessible to subclasses, but not to a direct client object like private members, Methods
declared in a superclass are also inherited. If a method can be overridden by the subclass, then it must
be declared virtual in its first appearance in a superclass. Thus, the need to override the method must be
anticipated and written into the base class itself. C++ does not support the concept of dynamic binding
in a thorough sense and hence it is (some times) considered as a poor OOP language.

Smalltalk

Smalltalk is the first popular OO language developed at Xerox’s Palo Alto Research Center (PARC).
Apart from being a language, it has a development environment. Smalltalk programs are normally
entered using the Smalltalk browser. Objects are called instance variables. All Smalltalk objects are
dynamic, and are allocated from a heap. Smalltalk offers fully automatic garbage collection and
deallocation is performed by a built-in garbage collector. All variables are untyped and can hold objects
of any class. New objects are created using the same message passing mechanism used for operations
on objects. All attributes are private to the class. There is no way to restrict the operations of a class. All
operations are public.

Inheritance is achieved by supplying the name of the superclass. All attributes of the superclass are
available to all its descendants. All methods can be overridden. The standard implementation of Smalltalk
does not support multiple inheritance. Smalltalk is weakly typed, so errors are more likely to appear at
runtime. It provides a highly interactive environment, which permits rapid development of programs. It
has arich class library designed to be extended and adapted by adding subclasses to meet the needs of
a specific application.

Charm ++

Charm++ is a portable, concurrent, object-oriented system based on C++. Itis an extension of C++ and
provides a clear separation between sequential and parallel objects. The execution model of Charm++ is
message driven, which helps the programmer to write programs that are latency-tolerant. The language
supports multiple inheritance, dynamic binding, overloading, strong typing, and reuse of parallel ob-
jects. Charm++ provides specific modes for sharing information between parallel objects. It is based on
the Charm parallel processing system and its runtime system implementation reuses most of the runtime
system of Charm. Extensive dynamic load balancing strategies are provided. Charm++ has been imple-
mented to run on different parallel systems, including shared memory machines (e.g., Sequent Symme-
try), non-shared machines (e.g., nCUBE/2), uniprocessor, and network of workstations,

Java

The Java programming language is the result of several years of research and development at SUN
(Stanford University Net) Microsystems, Inc., USA. SUN defines Java as follows: Java is anew, simple,
object-oriented, distributed, portable, architecture neutral, robust, secure, multi-threaded, inter-
preted, and high-performance programming language. Java is mainly intended for the development of
object-oriented network based software for Interner applications. Its syntax is similar to C and C++, but
it omits semantic features that make C and C++ complex, confusing, and insecure. It does not support
some of the more difficult to use features of C++ such as pointers. It also features built-in safety
mechanisms (like absence of pointers) which provide some level of security on network. Hence, Java as
a logical successor to C++ can also be called as C++—++ (C-plus-plus-minus-minus-plus-plus i.e.,
remove some difficult to use features of C++ and add some good features).

Java is the first language to provide a comprehensive, robust, platform-independent solution to the
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challenges of programming for the Internet and other complex networks. Java features portability,
security and advanced networking without compromising on performance. Sun Microsystems'
tradiional family of SPARC processors. as well as processors of other architectures; will run Java
software. By optimizing the new Java processor family for Java-only applications. an unprecedented
level of price versus performance will be reached. Java was initially designed to address the problems of
building software for small distributed systems to embed in consumer devices. As such it is designed
for heterogeneous networks, multiple host architectures, and secure delivery. To meet these require-
ments. compiled Java code had to survive transport across networks, operate on any client, and assure
the client that it 1s safe to run.

Java's future is promising. It is robust, object-oriented, and portable (source and byte code-execut-
ableyi.e., Java's application byte code runs on any platform without any modification or re-compilation:
Java byte codes are interpreted by Java Virtual Machine (JVM) running on a local machine. Java
integrates the flexibility of interpreted languages and power of compiler languages. Java comes bundled
with a suite of classes for GUI (Graphical User Interface), multithreading, networking, file I/O, and the
like. To add to this, APIs (Application Program Interface) for database access (Java Database Connec-
tivity), more robust multimedia processing, and remote object access are in the development.

1.15 Merits and Demerits of OO Methodology

OOP systems are sold on the promise of improved productivity through object reuse and high level of
code modularity. These aspects precisely lead to their greatest benefit, namely improved software
quality, considering the objective of OO design is to mirror the real world objects in the software
systems. OO languages have many advantages over traditional procedure-oriented languages.

Advantages

We perceive the world around us as being made up of objects and the brain arranges this information
into chunks (groups). OO design uses objects in a programming language. which aids in trapping an
existing pattern of human thought into programming.

Since the objects are autonomous entities and share their responsibilities only by executing meth-
ods relevant to the received messages, each object lends itself to greater modularity. Cooperation
among different objects to achieve the system operation is done through exchange of messages. The
independence of each object eases development and maintenance of the program.

Information hiding and data abstraction increase reliability and help decouple the procedural and
representational specification from its implementation. Dynamic binding increases flexibility by permit-
ting the addition of a new class of objects without having to modify the existing code. Inheritance
coupled with dynamic binding enhances the reusability of a code, thus increasing the productivity of
a programmer.

Many OO languages provide a standard class library that can be exiended by the users, thus saving
alot of coding and debugging effort. Reducing the amount of code simplifies understanding and thus
allows to build reliable programs. Code reuse is possible in conventional languages as well, but OO
languages greatly enhance the possibility of reuse.

Object-oriented design involves the identification and implementation of different classes of ob-
jects and their behavior. The objects of the system closely correspond and relate in a one-to-one
manner o the objects in the real world. Thus, it is easier to design and implement the system consisting
of objects, as observed and understood by the brain.
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Object orientation provides many other advantages in the production and maintenance of software:
shorter development times, high degree of code sharing and malleability (can be moulded to any shape .
These advantages make OOPs an important technology for building complex software systems.

Disadvantages

The runtime cost of dynamic binding mechanism is the major disadvantage of object oriented lan-
guages. The following were the demerits of adopting object-orientation in software developments in
the early days of computing (some remain forever):
Compiler overhead
Runtime overhead
Re-orientation of software developer to object-oriented thinking
Requires the mastery over the following areas:
* Software Engineering
* Programming Methodologies
« Benefits only in long run while managing large software projects, atleast moderately large ones.

Object oriented concepts are becoming important in many areas of computer science, including
programming, graphics, CAD systems, databases, user interfaces, application integration platforms.
distributed systems and network management architectures. OO technology is more than just a way of
programming. It is a way of thinking abstractly about a problem using real world concepts rather than
computer concepts.

Although object orientation has been around for many years, it is only recently that it has received
major attention from vendors and methodologists. OO programming is gradually picking up as an
important technology for building complex software systems. For any programming language to suc
ceed, it must be easy to learn i.e., programmers must be able to master language constructs easily; they
must be able to reuse code written by them earlier without much modifications in a new software project:
and above all, the programming language should be received well by application and system software
developers. The following sections (OO Learning Curve, Software Reuse, and Objects Hold the Key)
discuss these issues by taking object-oriented methodologies into consideration.

1.16 OO Learning Curve

The transition from an early linear programming language, BASIC, to the latest structured programming
language, C, is easy as long as an if statement is an if statement, and a function is a function
regardless of the language. While using function oriented methodology, the programmers need not
think in terms of a specific language, because the individual syntax and capabilities are generally
equivalent.

Programming.in an objeet oriented paradigm, is different from programming in function oriented
paradigm. Object-oriented programs should be structurally different from function oriented programs.
Whereas a function-oriented program is organized around the actions being performed, a well designed
object-oriented program is organized according to the objects being manipulated. This shift in perspec-
tive causes trouble for function-orienied programmers stepping into an object-oriented programming
environment. Obviously, they have to unlearn known concepts while switching to object-oriented
programming. (The communication between subroutines takes place through an explicit call to a re-
quired subroutine in the functional languages; whereas in QO languages, it takes place through mes-
sage communication.) '

Object-oriented techriques have promised to produce faster, smaller, and easier-to-maintain pro-
¢ ams. The difierence between function-oriented and object-oriented programming is that the program-
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mer must switch from designing programs based on actions to designing programs around data types
and their interactions.

he designer of Cr-r. Bjame Stroustrup, recommends that the shift from C 1o Ca-+ should be
gradual one. with learning the a small step at a Gime. With C-++. quite often,
eople. a5 a First Cxereise. wiite a String class and as a second exerise. try 0 implement & Sraphics
system. That is very challenging and might be good for a professional programmer, but it’s not the best
way of teaching an average student programmer. What we need environment that has a very good
string class that you can take apart and look at one which has a very nice graphics system, 5o that you
n about’ again. unless you absolutely want to. So. the (wo compo-
nents needed to start OO are an and a libra

1.17 Software Reuse
Programmers have to write code from scratch, when a new software is being developed, using tradi-
tional languages. because there is hardly any reuse of the existing components. Software systemis have
become so complex. that even coding is considered as a liabiliry today. Reusing existing 5o
components is treated as a key element in softw;
The thae of axisting well tested and proven software code as & base module and then develop on .
instead of developing from serarch. The simplest approach in this dircetion involves the development
and use of libraries of software components.
Once a class has been developed. implemented. and tested, it can be distributed (o other program-
mers for use in their programs (called reusability). It is similar to the way library functions are used in
ortant extension to the
d acd new additional
features and capabilities to build a new class. A newly created derived class has all the inherited
features of the old vne with additional features of its own. The case with which the existing software can
be reused is & major benefit of OO,

Reuse is becoming onc of the key areas in dealing with the cost and quality of the software systems.
The be ' for reuse is the reliability of the components intended for reuse an\l gains achieved through
The aquality stam ple, concerned
with reliability and performance. Object-Oriented techniques makes it hossible t6 develop companemts
in ge nd to develop reusable components in particular.
oo nf the important problems of the software component reuse consists of their localization and
rewieval from a large collection. In fust. reuse implies the following three actions: (i) Retrieve noeded
-omponcnt. (1) Understand them., and (i) Use t
methad 10 reduce the effort of reusable * scarch,
consists of developing a reuse, strategy which defines a component classification, a component struc-
ture. and search-and-use mechanism. The OO concepts such as classes and inheritance provide a
better mechanism for grouping related cntitics and simplifying the identification of reusable
components

Reuse through Inheritance and its Quantification

Inheritance s considored as an excellent way 1o organize abatraction. and s a tool to support reuse
s S have somme oot (eos)  imberitance incroases the complexity o the
o5 t1em and the coupling between classen. Booch be built as

B e tees aay i e maiemtre miTncs o Tevela and trete wichth be Honitos 105 3 rasase
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A study of inherilance was conducted on nineteen C++ software systems ranging from language
tools, Graphical User Interfaces and toolkits, applications, thread packages from public domain to
proprietary systems implemented using C++. It revealed that, only 37% of the systems have a median
class inheritance depth greater than 1. However, an individual inheritance tree can be deep.

The inheritance depth varies from system to system depending on the application domain. Software
systems that have been designed as applications also differ notably from the reuse libraries. The
Graphical User Interface (GUI) applications tend to have greater reuse through inheritance. GUI soft-
ware are more suitable for design with inheritance. The reuse of classes in a reusable software library is
more than in an application system. Developers put more effort into the design of reusable libraries than
application software. Therefore, the reuse software library developer can take greater advantage of
inheritance. Experiments have revealed that, a lot of code and standard structures are common in many
applications and a great improvement in programmers' productivity can be achieved by code reusabil-
ity. Before the use of software components become an established methodology (code reuse), major
efforts are needed in the area of reusable data, reusable architecture, and reusable design.

Reusable Data: The concept of reusable data implies a standard data interchange format. However
there is no universal format to allow easy transport of data from one system to another.

Reusable Architecture: The architecture of reusable components should have the following at-
tributes:

« all data descriptions should be external to the programs or modules intended for reuse

« all literals and constants should be external to the programs or modules intended for reuse

«+ all input/output controls should be external to the programs or modules intended for reuse

+ the programs or modules intended for reuse should consist primarily of application logic
Reusable Design: A factor affecting the software reusability is the non-availability of good design
principles for major application types. OO software components can be designed in a consistent way
and can become a defacto standard for further development.

Reuse and Porting

Software reuse refers to the usage of existing software knowledge or artifacts to build new software
artifacts. It is sometimes confused with porting. Reuse and porting are distinguished as follows: Reuse
refers to using an asset in different systems; Porting is moving a system across different environments
(moving software from DOS to UNIX operating system) or platforms (moving software from x86 10
SUN's UltraSPARC processor). For example, in Figure 1,21, acomponent in System A is used again in
System B, which is an example of reuse. System A, developed for Environment 1, is moved into Environ-
ment 2, which is an example of porting.

Environment 1

S";"Sten'li;/ Reuse @

Porting

Environment 2

System A

Figure 1.21: Reuse versus porting
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Factors Iinfluencing Reuse

An organization trying to improve systematic reuse, should concentrate on educating developers
about reuse so as to improve their understanding of the economic feasibility of reuse, instituting a
common development process, and making high-quality assets available to developers (see Figure
1.22a). The other factors (see Figure 1.22b), do not seem to be important, inspite of conventional
wisdom. [t should be understood, however, that these conclusions are based on data gathered from the
industries; the salient factors of a particular organization may be different. The best course is to inves-
tigate the factors affecting reuse in the targel organization (througa surveys, case studies, or other

techniques), and take action based on those results.

Type of
Industry

v
L

i S

Reuse

Perceived
Heusg Economic
Education Feasibility

ok

(2]

Common High
Software Quality
Process Assels

(a) Factors Affecting Reuse

= } = /. 4 o @
Programmin: . Recognition, Legal ——
La?'lguagell 91| case Experionce Awards Problems Repositories
H & Ol @
£
Organization Quality Reuse
Size Concemns Measurement| NIH

(b) Factors Not Affecting Reuse

Figure 1.22: Effects on systematic reuse of the factors
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1.18 Objects Hold the Key

Popularity of OOPs in the development of most software systems with case, has created a great deal of
excitement and interest among software communities. OOP finds its application from design of database
systems to the future generation operating systems, which have computing, communication, and
imaging capabilities built into it. Today, OOP is used extensively in the design of Graphics User Inter-
faces on systems such as Windows. Some promising applications of OOP include the following:

Object-Oriented Database Systems
Object-Oriented Operating Systems
Graphical User Interfaces
Window based Operating System Design
Simulation and Modeling Studies
Multimedia Applications
Design Support Systems
Office Automation Systems
Real-Time Systems
Computer Aided Design/Manufacturing (CAD/CAM) systems
Computer-Based Training and Educational Svstems

The object-oriented paradigm, which initiali, started with the introduction of OO programming
languages, has maoved into design, and recently even into analysis. Thus, new object technologies
such as object-oriented analysis and object-oriented design have emerged and are getting mature. 0O
technology not only increases the productivity of the developer, but also increases the quality of the
software systems. A software designer will think, analyze, design, implement, and even maintain future
software systems in terms of object-oriented technology.

OOP-based computing solutions are expected to hold the key in the development of application and
system software. Operating systems (OSs’) of the future will be OOPs-based and compatibility and
interoperability will no longer be a critical issue. OOPs is to tomorrow’s O8s'what C means to UNIX in
the form of portability. In fact, UNIX and C are a made-for-each-other couple. Sophisticated features of
today's operating systems like Networking, Internet Connectivity, Multimedia, Database management,
etc., will all be represented as objects. Spreadsheets can look up data by automatically retrieving it from
a database. Object-based Internet connectivity feature can automatically locate information on the
World Wide Web (WWW) and load this data into the local database. It would lead to fewer bugs and
the burden on virtual memory would be reduced by a large degree, since the code would be smaller.
Instead of using swap files the way most applications do today, tomorrow’s programs will communicate
by passing messages through data structures in memory. A background program will monitor and
continually clear up the stack, heap, and other critical data structures, thus reducing chances of a
system crash and making them stable and reliable computing entities. Objects no longer in use will be
automatically cleaned up by making use of destructors and the RAM made available dynamically.

* & & & & & & & & »

The features discussed above resembles Plug-and-Play, which allows a call to any object and get
the job done anywhere (local or remote computing}; and there will be no linking of applications (appli-
cations will be dynamically linked when they are called upon to perform a particular task). System down
time due 1o reinstallation will just disappear. New objects will be automatically added and made available
to any program that needs them, thereby eliminating the redundancy of code. OOPs is an indispensable
part of the future, and it calls for an unconditional restructuring of today's methodologies. These
features will automatically migrate to tomorrow's operating systems.
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The usage of OO concepts in the development of futuristic operating systems sounds impossible
yet fascinating. An OO-based operating system, Oberon, has already been implemented by Nicklaus
Wirth, the chief proponent of Pascal and Moduia-2. Another implementation of Object-Oriented OS is
Cronus. Cronus is a distributed operating system developed at BBN Laboratories Inc., Massachusetts,
to interconnect cluster of heterogeneous computers on high-speed LANs (Local Area Networks). It
supports three types of objects: primal objects (bound forever to the host that created them), migrat-
ing objects (basis for system reconfiguration-load balancing to improve performance), and replicated
objects (to achieve survivability).

Object-Oriented Programming has made long lasting changes in programming methodology. The
old style of programming referred to as structured programming is now dead. OOP has emerged as the
winner. All new operating systems and development tools will support OOPs and make the life of the
programmer easier and the life of the program longer. Revolutionary features of modern operating
systems such as Object Linking and Embedding (OLE) in Microsoft Windows have given rise to the
Common Object Model (COM), which is expected to become a standard and leading Object-Oriented
Operating System.

Review Questions

1.1 Whatis a software crisis ? Justify the need for a new programming paradigm. Explain how object-
oriented paradigm overcomes this software crisis.

1.2 What is object-oriented paradigm 7 Explain the various features of OO paradigm.

1.3 Define the following terms related to OO paradigm:
a) Encapsulation b) Data abstraction ¢) Inheritance d) Multiple Inheritance €) Polymorphism
f) Message Passing g) Extensibility h) Persistence i) Delegation j) Containership k) Genericity
1) Abstract Data Types m) Objects n) Classes

1.4 What are the programming paradigms currently available 7 Explain their features with program-
ming languages supporting them,

1.5 Compare structured and OO Programming paradigms.

1.6 What are the elements of Object-Oriented Programming ? Explain its key components such as
objects and classes with examples.

1.7 Write an object representation (pictorial) of Student class.

1.8 Explain multiple views of an object with a suitable example.

1.9 What is the difference between inheritance and delegation ? Illustrate with examples.

1.10 List different methods of realizing polymorphism and explain them with examples.

1.11 What are the steps involved in OO Programming ? Explain its message communication model.

1.12 List some popular OOP Languages and compare their object-oriented features.

1.13 Which is the first object-oriented language ? Explain the heritage of C++.

1.14 What is Java 7 Why is this language gaining popularity now-a-days ?

1.15 Discuss the merits and demerits of object-oriented methodologies.

1.16 What is software reuse 7 What is the difference between reuse and porting 7 What are the factors
influencing the software reuse ?

1.17 Identify reusable components in software and discuss how OOPs helps in manag.ng them.

1.18 Justify "Objects hold the key." List some promising areas of applications of OOPs. Discuss how
object-oriented paradigm affects different elements of computing such as hardware architectures.
operaling systems, programming environments, and applications ?



2

Moving from C to C++

2.1 Introduction

C++ has borrowed many features from other programming languages. It includes the commenting style
from BCPL, the class concept with derived classes and virtual functions from Simula 67. It owes the
concept of operator overloading and freedom to place definitions wherever necessary, to Algol 108,
while the template facility and inline functions were borrowed from Ada. The concept of parametrized
modules is borrowed from Clu programming language.

This chapter is a guideline for C programmers to transit from C to C++ programming without really
bothering about C++'s OOP features. Mastering non-class features of C++ will provide impetus to the
user to appreciate the influence of object oriented concepts over the conventional style of program-
ming. Even if the programmers are not interested in OO programming, the other benefits, which are
essential for structured programming with C, can be found in a more powerful form in C++. For instance,
features such as strict prototyping as demanded by the compiler and others such as function overload-
ing, single-line comment, function templates, etc., greatly improve productivity of the programmer. The
various non-OOP features supported in C++ have greater role to play while writing OOP based pro-
grams.

2.2 Hello World

Similar to C, C++ programs must contain a function called main (), from which execution of the
program starts. The function main () is designated as the starting point of the program execution and
it is defined by the user. It cannot be overloaded and its syntax type is implementation dependent.
Therefore, the number of arguments and their data-type is dependent on the compiler. The most popu-
larly used format for defining the function main () is shown below:

void main()
{

// Program Body
}

The traditional beginner's C program, usually called Hello World, is listed inhello. c. It has one
of the heavily used header file stdio . h, included for supporting standard I/O operations. The print £
statement outputs the string message Hello World on the console. The function body consists of
statements for creating data storage variables called local variable and executable statements. Note
that although the program execution starts from the main (), the data variables defined by it are not
visible to any other function. With all the pieces of the program in place, a driver is needed to initialize
and start things. The function main () serves as a driver function.
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7= hello.c: printing Helle World message =/
#include <atdio
void main()
«
printe( "Helle worlas ):

Aur
Hello world

The standard C library function print€ () sends characters to the standard output device- The
Hetlo World program will also work in C++, since it supports the ANSI-C function library. Howe ver. the
program could be rewritten using C++ streams. The C-++ equivalent of the Hello World progr:
in the program hellocpp.

s listed

/7 hello.cpp: printing Hello World message
#include <iostream.h>

void main()

¢

cout <= *Hello World:;
i

Hello wor.d

‘The header file iostrean.h supports streams programming features by including predefined
stream objects. The C-++'s stream insertion operator, << sends the message *Hello Wor1d* 1o the
predefined console object, c out.which in turn prints on the console. The Hello World program in C+-+
is shown in Figure 2.1 for the purpose of comparative analysis.

/7 hello.cpp: printing Hello World message ———e—  comment
2: #include <iostream. hs ——e——— preprocessor directive
void main( ) e function declarator
(e function begin
s cout << "Hello World", —ee.  body of the function main
€ function end

Figure 2.

Hello World program in C++

The various components of the program hello.cpp,shown in Figure 2.1, are discussed in the
following section:

First Line - Comment Line

The statement which starts with symbols #/ (i.e., two slash characters one after another without a space)
is treated as comment. Hence the compiler ignores the complete line starting from the // character pair.
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Sixth Line - Function End

The end of a function body in a C/C++ program is marked by the closing flower bracket (}). When the
compiler encounters this bracket, it is replaced by the statement,
return;

which transfers control to a caller. In this program, the last line actually marks the end of program and
control is transferred to the operating system on termination of the program.

Compilation Process

The C++ programhello.cpp, can be entered into the system using any available text editor. Some of
the most commonly available editors are Norton editor (ne), edline, edit, vi (most popular editor
in UNIX environment). The program coded by the programmer is called the source code. This source
code is supplied to the compiler for converting it into the machine code.

C++ programs make use of libraries. A library contains the object code of standard functipns. The
object code of all functions used in the program have to be combined with the program written by the
programmer. In addition, some start-up code is required to produce an executable version of the pro-
gram. This process of combining all the required object codes and the start-up code is called linking
and the final product is called the executable code.

Most of the modern compilers support sophisticated features such as multiple window editing,
mouse support, on-line help, project management support, etc. One such compiler is Borland C++. It can
be invoked through command-line or integrated development environment (refer to Borland C++ devel-
opers guide).

Command Line Compilation

Most of the compilers support the command line compilation of a program. All the required arguments
are passed to the compiler from the command line. For the purpose of discussion, consider the Borland
++ compiler. (However this process is implementation dependent. For more details, refer to the manual
supplied by the compiler vendor.)

The command-line compiler is invoked by issuing the command:

toce filename.cpp (in the case of Turbo C++)
bece filename.cpp (in the case of Borland C++)

at the DOS prompt. It creates an object file £i lename . obj, and an executableé file £ilename. exe.
In the case of multiple file compilation, they must be compiled through -c option to create only the
object file as follows:

tec/beec -c filename.cpp
The linker is invoked to link multiple object files and to create an executable file through the explicit
issue of the linking command:

tlink filenamel.obj filename2.obj <library name>

The library file can also be passed as a parameter to the linker for binding functions defined in it. To
create the executable of hello. cpp, issue the command bece hells.cpp at the MS-DOS prompt.

2.3 Streams Based /O

C++ supports a rich set of functions for performing input and output operations. The syntax of using
these 1/O functions is totally consistent, irrespective of the device with which I/O operations are
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Although comments do not contribute to the runtime of a program, when used properly, they are the
most valuable part of a piece of source code,

The word cpp, in the programhello. cpp, is an acronym for CPlusPlus (C++). The compiler will
recognize program as a C++ program only when it has an extension cpp. (However, the extension is
compiler dependent and most of the compilers assume cpp as default extension. Some C++ compilers
such as GNU under UNIX system, expect program files to have cc as an extension).

Second Line - Preprocessor Directive

The second line is a preprocessor directive. The preprocessor directive

#include <iostream.h>
includes all the statements of the header file iostream.h. It contains instructions and predefined
constants that will be used in the program. It plays a role similar to that of the header file stdio . hof
C. The header file iostream.h contains declarations that are needed by the cout and cin stream
objects. There are a number of such preprocessor directives provided by the C++ library, and they have
to be included depending on the built-in functions used in the program. In addition, the users can also
write preprocessor directives and declare them in the beginning of the program (usually, but they can
be declared anywhere in the program). In effect, these directives are processed before any other executable
statements in the source file of the program by the compiler.
Third Line - Functian Declarator
The third line in the program is

void main()
Similar to a C program, the C++ program also consists of a set of functions. Every C++ program must
have one function with name main, from 'where the execution of the program begins. The name main
is a special word (not a reserved word) and must not be invoked anywhere by the user. The names of the
functions (except main) are coined by the programmer. The function name is followed by a pair of
parentheses which may or may not contain arguments. In this case, there are no arguments, but still the
parentheses pair is mandatory. Every function is supposed to return a value, but the function in this
example does not return any value, Such function names must be preceded by the reserved word void.

Fourth Line - Function Begin
The function body in a C/C++ program, is enclosed between two flower brackets. The opening flower

bracket ({) marks the beginning of a function. All the statements in a function, which are listed after this
brace can either be executable or non-executable statements.
Fifth Line - Function Body
The function body contains a statement to display the message Hello World, The output statement
cout is pronounced as C-out (meaning Console Qutput). It plays a role similar to that of theprint £ ()
in C. The first statement in the main () body (of course it is the last statement in themain () body in
this case)

cout << "Hello World";
prints the message "Hello World" on the standard console output device (VDU, video display unit
by default). It plays the role of the statement

printf( "Hello World" );
as in the hello.c program.
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performed. C++'s new features for handling IO operations are called streams. Stréams are abstractions
that refer to data flow. Streams in C++ are classified into

« Qutput Streams
« Input Streams

Output Streams

The output streams allow to perform write operations on output devices such as screen, disk, etc,
Output on the standard stream is performed using the cout object. C++ uses the bit-wise left-shift
operator for performing console output operation. The syntax for the standard output stream operation
is as follows:

cout << variable;
The word cout is followed by the symbol <<, called the insertion or put-to operator, and then with the
items (variables/constants/expressions) that are to be output. Variables can be of any basic data type.
The use of cout to perform an output operation is shown in Figure 2.2,
object cout
insertion or put-to operator
variable of standard or user defined data type

cout << variable;

HELLO @

[TTTTITGE=E] Variable

Figure 2.2: Output with cout operator

The following are examples of stream output operations:

1. cout << "Hello World";
2 int age;
cout << age;
3 float weight;
cout << weight;
4, double area;
cout << area;
5. char code;

cout << code;

More than one item can be displayed using a single cout output stream object. Such output
operations in C++ are called cascaded output operations. For example, output of the age of a person
along with some message can be performed by cout as follows:

cout << "Age = " << age;
The cout object will display all the items from left to right. Hence, in the above case, it prints the
message string "Age = * first, and then prints the value of the variable age. C++ does not enforce
any restrictions on the maximum number of items to be output. The complete syntax of the standard
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output streams operation is as follows:

cout << variablel << variable2 << .. << variablel;

The object cout must be associated with at least one argument. Like print£, a constant value can
also be sent as an argument to the cout object. Following are some valid output statements

cout
cout
cout
cout
cout
cout
cout
cout

=
<<
<<
<<
<<
Ll 4
<=
o

'H":;

“Hello";

420 ;

90.25;

1234567;

©o*; J// will display blank
"\n*; // prints new line

X << " Y <o oy

The last output statement prints the value of the variable x followed by a blank character, and then the
value of the variable y.

The program cutput.cpp demonstrates the various methods of using cout tor performing
output operation.

/ / output.cpp: display contents of variables of different data types
#include <iostream.h>
void main()

{

char sex;
char *msg =

int

age;

"C++ cout ocbject";

float number;

sex
age

= 'M
= 24

number =

cout
cout
cout
cout
cout
cout

}
Run

M 24 42

L4
<<
<
<<

-

0.5

[
H

420.5;

seX;

woow

<< age << " " << number;

“\n" << msg << endl;
1 << 2 << 3 << endl;
<< number+1;

“\n" << 99.99;

C++ cout object

123
421.5
99.99

The item endl in the statement
cout << "\n" << msg << endl;

serves the same purpose as “\n" (linefeed and carriage return) and is known as a manipulator. It may
be noticed that there is no mention of the data types in the /O statements as in C. Hence, I/O statements
of C++ are easier to code and use. C++, as a superset of C, supports all functions of C. however, th2y are
not used in the above C++ program.
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cin >> i »>> j => k;
cin >> name >> age >> address;
The program read.cpp demonstrates the various methods of using cin for performing input
operation.

// read.cpp: data input through cin cbject
#¢include <iostream.h>
void main{()
{
char name[25];
int age;
char address[25];
// read data
cout << "Enter Name: ";
cin »> name;
Jout << "Enter Age: ";
cin >> age;
cout << "Enter Address: ";
cin »>> address;
// output data
cout << "The data entered are:" << endl;
cout << "Name = " << name << endl;
cout << *Age = " << age << endl;
cout << "Address = " << address;
}

Run

Enter Name: Rajkumar

Enter Age: 24

Enter Address: C-DAC-Bangalore
The data entered are:

Name = Rajkumar

Age = 24

Address = C-DAC-Bangalore

Performing I/O operations through the cout and cin are analogous to the print f and scanf of
the C language, but with different syntax specifications. The following are two important points to be
noted about the stream operations.

+ Streams do not require explicit data type specification in I/O statement.

« Streams do not require explicit address operator prior to the variable in the input statement.

In scanf and printf functions, format strings are necessary, while in the cin stream format
specification is not necessary, and in the cout stream format, specification is optional. Format-free
input and output are special features of C++, which make I/O operations comfortable for beginners. The
input stream cin accepts both numbers and characters, when the variables are given in the normal
form. The function scanf requires ampersand (&) symbol to be prefixed to a numeric or a character
variable, (whereas, the string variables can be given as they are). One must, therefore, carefully follow
the syntax requirements in coding the different statements.
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Input Streams

The inputstreams allow (o perform read aperation with input devices such as keyboard, disk, etc. Input

from the standard stream is performed using the < in object. C++ uses the bit-wise right-shift operator

for performing console input operation. The syntax for standard input streams operation is as follows:
cin >> variable:

The word < in is followed by the symbol >> (extraction operator) and then with the variable, into which

the input data is to be stored. The use of < in in performing an input operation is shown in Figure 2.3.

object cin
extraction or get operator
variable of standard or user defined data type

&in 55 variabie

Hinn_ == -
e cin

Variable

: Input with cin operator
The following at i
1 int age;
cin >> age:
2 float weight:
cin > weight.

Input of more than one item can also be performed using the cin input stream object. Such input
operations in C++ are called cascaded input operations. For example, reading the name of a person
followed by the age. can be performed by the cin as follows:

in >> name >> a
The c in object will read all the items from left to right, Hence, in the ahove case, it reads the name of the
person as a string (until first blank) first, and then the age of person into the varisbleage . C++ does not
impose any restrictions on the number of items 10 be read. The complete syntax of the standard input
streams operation is as follows:
cin > variablel >> variable2 >> .. >> variableN;

The object cin, must be associated with at least one argument. Like scant (). constant values
cannot be sent as an argument to the cin object. Following are some valid input statements:
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Another point to be noticed is that, the operator << , is the same as the left-shift bit-wise operator
and the operator >>, is the same as the right-shift bit-wise operator used in C and also in C++. In C++,
operators can be overloaded, i.e., the same operator can perform different activities depending on the
context (types of data-items with which they are associated). The cout is a predefined object in C++,
which corresponds to the output stream, and cin is an object in the input stream. Different objects are
instructed to do specified jobs,

2.4 Single Line Comment

C++ has borrowed the new commenting style from Basic Computer Programmiing Eanguage (BCPL), the
predecessor of the C language. In C, comment(s) is/are enclosed between /* and * / character pairs. It
can be either used for single line comment or multipie line comment.
Single line comment runs across only one line in a source program. The statement below is an
example of single line comment:
/* I am a single line comment */
Multiple line comment runs across two or more lines in a source program. The statement below is an
example of multiple line comment.
/* I am a multiple line comment.
Hope you got it. */
Apart from the above style of commenting, C++ supports a new style of commenting. It starts with
two forward slashes i.e., // (without separation by spaces) and ends with the end-of-line character. The
syntax for the new style of C++ comment is shown in Figure 2.4.

— any C++ executable statement, optional
two slash characters without spacing

— single line comment upto end of line

[any C++ statement] // I am a C++ comment

Figure 2.4: Syntax of single line comment

The following examples illustrate the syntax of C++ comments:

int acc; // Account Number

acc = acc + 1; // adding new account number for new customer
In C, the above two statements are written as

int acc; /* Account Number */

acc = ace + 1; /* adding new account number for new customer */
The above examples of comments indicate that, C++ commenting style is easy and quicker for single line
commenting. Although, C++ supports C style of commenting, it is advisable to use the C style for
commenting multiple lines and the C++ style for commenting a single line,
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Some typical examples of commenting are listed below:

// this is a new style of comment in C++

/* this is an old style of comment in C++ */

// style of comment runs te the end of a line

/* runs to any number of lines but hard to type and takes up more space
and coding time alseo. */

5. (i) /* Here is a comment followed by an executable statement */ a = 100;

(ii) // Here is a comment followed by a non-executable statement a = 100;

Pl )=

The statement (i) has a comment followed by an executable statementa = 100; but, the statement
(ii) is entirely treated as a commented line.

Large programs become hard to understand even by the original author (programmer}, after some
time has passed. Even a few well-placed comments which explain why and whar of a variable, expres-
sion, statement, or block, help tremendously. Comments that simply restate the nature of a line of code,
obviously do not add much value, but comments which explain the algorithm are the mark of a good
programmer.

Comments are integral part of any program and they help in program coding and maintenance. The
compiler completely ignores comments, therefore, they do not slow down the execution speed. nor do
they increase the size of the executable program. Comments should be used liberally in a program and
they should be written during the program development, but not as an after-thought activity.

The program simpint . cpp for computing the simple interest demonstrates how comments aid in
the understanding and improving redability of the source code.

/¢ simpint.cpp: Simple interest computation
#include <iostream.h>
void main()
{
// data structure definition

int principle; // principle amount

int time; // time in years

int rate; //f rate of interest

int SimpInt; /f Simple interest

int total; // total amount to be paid back after 'time' years

// read all the data required to compute simple interest
cout << "Enter Principle Amount: ";
cin >> principle;

cout << "Enter Time (in years):
cin »> time;

cout << "Enter Rate of Interest: ";

cin >> rate;

// compute simple interest and display the results
SimpInt = (principle * time * rate) / 100;

cout << "Simple Interest = ";

coutb << SimplInt;

// total amount = principle amount + simple interest
total = principle + SimpInt;

cout << "\nTotal Amount = *;

cout << total;
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2.5 Literals—Cx a

Literals are constants, to which symbolic names are associated for the purpose of readability and case
of handling standard constant valucs. C-+-+ provides the following three ways of defining constants:
+ # define preprocessor directive
+ enumerated data types.
« conat keyword

The variables in C can be created and initialized with a constant value at the point of its definition
For instance, the statement
float BT - 3.1452;

defines a variable named PL and is assigned with the floating-point numeric constant value 3.1452. Itis
known that the constant value does not change. In the above case, the variable PI is considered as a
constant, whose value does not change throughout the life of the program (complete execution-time)
However. an accidental change of the value of the vasiable PLis not restricted by C. C4+-+ overcomes this
by supporting a new constant qualificr for defining a variable, whosc value cannot be changed once it
is assigned with a value at the time of variable definition. The qualifier used in C++ to define such
Variabies 15 the conat qualificr. The syntax of defining variables with the constant qualifier 15 shown
in Figure 2.5. Note that if DataType is ommitted, it is considered as in by default

andard or user defined data type: numeric constant must be of
Keyword Chnar. short, int, loat. type DataType as specified
N

const [DataTypel VvariableName = Constantvalue;

Figure 2.5: Syntax of constant variable definition

The following examples illustrate the declaration of the constant variables:
- 2:

The program area . cpp. illustrates the declaration and the use of constant variables.
/s are a circle

Finciude Sioscrean.he

const fleat ri = 3.1453;

Chapter 2: Moving from C to C++ a3

veid main ()
<

float radius:
float area:

B radius * radius;
cout << "Area of Circle = * << area;

Enter Radius of Circle: 2
Area of Circle = 12.5808

In the above program, the use of the statement such as
» x

o modily a constant type variable leads (o the compilation error: Cannot modify a const object

Thus, the keyword const, can be used before a type to indicate that the variable declared is
constant, and may therefore not appear on_the left side of the assignment rator. In C++,the
const qualifier can be used 1o indicate the parameters that are 1o be teated as read-only in the
function bod:

Consider the C program aisp . <, having the function to display any string passed 1o it

4+ disp.c:  display message in C */
finclude <stdio.h>
#include <string.h>
void displayl char *msg )
«
prince( "%av, msg
/~ modify the message =/
strepy( msg, "Misuses );

)
voia main()
«

char string(151;:
atrepy( string, "Helle worla® )

ng );
printe( "\n%s", string ):

Hello world
Misuse

“The function display (). is supposed to output the input string argument passed 1o it onto the
console. But accidental use of a statement such

strepy( meg. Misuse® ):

indisplay () modifics i ification i in the calling function:
(ime the second message in tie output) the string argument is & pointer typs and any modification in
function will also be reflected i function. an be avoided by defining
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the input parameter with the const qualifier. The C++ program disp . cpp illustrates the mechanism
of overcoming the problem of modifying constant variables.

// disp.cpp: display message in C++
#include <stdio.h>
#include <string.h>
void display( const char *msg )
{
cout << msg;
/* modify the message */
// strepy( msg, "Misuse" ); this produces a compilation error
}
vaid main{()
{
char string(15];
strcpy({ string, "Hello World" );
display( string };
cout << endl << string;
}

Run

Hello World
Hello World

The use of a statement such as,
strcpy( msg, "Misuse® );
indisplay () leads to a compilation error. Thus, reminding the programmer regarding the accidental
modification of read-only type variables will protect from common programming errors.

2.6 Scope Resolution Operator ::

C++ supports a mechanism to access a global variable from a function in which a local variable is
defined with the same name as a global variable. It is achieved using the scope resolution operator. The
syntax for accessing a global variable using the scope resolution operator is shown in Figure 2.6.

Scope resolution operator:
two colons without space

N

:: GlobalVariableName

C++ global variable

Figure 2.6: Syntax of global variable access

The global variable to be accessed must be preceded by the scope resolution operator. It directs the
compiler to access a global variable, instead of one defined as a local variable. The programglobal . cpp
illustrates the access mechanism to the global variable num from the function main (}, which has a
local variable by the same name. Thus, the scope resolution operator permits a program to reference
an identifier in the global scope that has been hidden by another identifier with the same name in the
local scope,



Chapter 2: Moving from € ta C4+ as

© <= num; /7 local variable
= << ::num; /7 @lobal variable
“\nGlobal+Local = * << ::numénum; // both local & global use

Globals+Local = 30

“The program loop . cpp illustrates the accessing of local and global variables within a £ox loop.
Italso shows mixing of the si € stat i tat ¢

// 100p.6pp: 1ocal and global variables in a loop
#include =icstream.h>

inc counter = 50; // glebal variable
int main

register int counter; // local variable
for(counter = 77 thia refers to the
counter < 10 77 local variable

counter+)

cout << endl << /7 print new line followed by
: scounter /7 ‘global variable
3 77 aividea b
counter: 77 local variable

3
recurn( 0 }:

2.7 Variable Definition at the Point of Use

In C. local variables can only be defined at the top of a function, or at the beginning of a nested biack.
In Co++, local variables can be created. at any position in the code, even between statements. Further
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more, local variables can be defined in some statements, just prior to their usage. The programvarl. cpp
defines the variable in the for statement and its scope continues even after the for statement.

// varl.cpp: defining variables at the point of use
#include <iostream.h>
int main()
{
// variable i cannot be referred before 'for' statement
for { int 1 = 0; 1 < 5; i++ ) // variable i is defined and used here
cout << i << endl:
cout << i; // i visible after the 'for' statement also
return( 0 );

WFWNHQE et

In main (), the statement
for ( int d. = 0; i < 5; i++ )
creates the variable i inside the for statement. The variable does not exist prior to the statement, but
continues to be available as a local integer variable even after the block scope of the for statement.
The statement outside the for loop
cout << i;
refers to the variable created in the for loop.

The program def2.cpp illustrates the scope of variables and the usage of scope resolution
operator.

// def2.cpp: variable scope demonstration
#include <iostream.h>

int a = 10: // global variable

void main()

(

cout << a << "\n"; // uses global variable
int a = 20;
{

int a = 30;
cout << a << "\n"; // uses locally defined wvariable within a block
cout << ::a << *\n"; // uses global variable

} // variable a defined within a block goes ocut of scope here
cout << a << "\n"; // uses local variable a defined near main()
cout << ::a << "\n"; // uses glecbal variable
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Run
10
30
10
20
10

The definition of variables at any position in the code can reduce code readablity. Therefore local
variables should be defined at the beginning of a function, following the first {, or they should be
created at intuitively right places.

2.8 Variable Aliases—Reference Variables

C++ supports one more type of variable called reference variable, in addition to the value variable and

pointer variables of C. Value variables are used to hold some numeric values; pointer variables are used
to hold the address of (pointer to) some other value variables, Reference variable behaves similar to

both, a value variable and a pointer variable. In the program code, it is used similar to that of a value

variable, but has an action of a pointer variable. In other words, a reference variable acts as an alias

(alternative name) for the other value variables. Thus, the reference variable enjoys the simplicity of
value variable and power of the pointer variable. It does not provide the flexibility supported by the

pointer variable. Unlike pointer variable, when a reference is bound to a variable, then its binding cannot

be changed. All the accesses made to the reference variable are same as the access to the variable, 10

which it is bound. The general format of declaring the reference variable is shown in Figure 2.7,

——— standard or user defined data type: char, short, int, float; etc.
reference operator

r—» C++ alias variable

— C++ value variable

e .———-—'L——_

DataType & ReferenceVariable = ValueVariable;

Figure 2.7: Syntax of reference variable declaration

The reference variable must be initialized to some variable only at the point of its declaration,
Initialization of reference variable after its declaration causes compilation error. Hence, reference vari-
ables allow 1o create alias (another name) of ¢xisting variables, The following examples illustrate the
concept of reference variables.

1. char & chl = ch; // chl is an alias of char ch
2 int & a = b; // a is an alias of int b
3. float & x = y;
4, double & height = length;
5. int &x = y[100]; // % is an alias of y[1u0] element
6. int n;
int *p = &n;
int &m = *p;
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These declarations cause m to refer n, which is pointed to by the pointer variable P
7 int &num = 100; // invalid

This statement causes compilation error; constants cannot be made to be pointed to by a reference
variable. Hence the rule, no alias for constant value.

Reference variables are not bounded to a new memory location, but to the variables to which they
are aliases. For instance, the reference variable height is bound to the same memory location to which
the value variable length is bound. The program refvar.cpp, illustrates the use of reference
variables.

/ 7/ refvar.cpp: reference variable for aliasing
#include <iostream.h>
void main()
( i .
inta=1, b=2, ¢=3;
int &z = a; // variable z becomes alias of a
cout << "as" << & << " b=" << b << " g=" << ¢ << " z=" << z << endl;

z = b; // changes value of a to the value of b
coUut << "as=" << & << " h=" << b << " g=" << ¢ << " z=" << Z << endl;
z =g} // changes value of a to the value of ¢

cout << "a=" << A << " b=" << b << " c=" << € << " z=" << z << endl;
cout<<"ka=" << ka << " kb=" <<ikb << "kC=" << &kC << " kZ=" << &Z << endl;

}

Bun

a=1l b=2 ¢c=3 z=1

a=2 b=2 ¢=3 2z=2 ~ -

a=3 b=2 c=1 z=3

&a=0xfffd &b=0xfff2 Lo=0xfff0 &z=0xfE£f4

In main(), the statements
I z = b;
z=c;
assign the value of variables b and ¢ to the variable a since, the reference variable z is its alias variable.
It can be observed that, in the last line of the above program output, the memory addresses of the
variables a and z are same. The reference variables are bound to memory locations at compile time only.
Consider the following statements:

int n;
int *p = &n;
int &m = *p;

Here m refers to n, which is pointed to by the variable p. The compiler actually binds the variable m to
n but not to the pointer. If pointer p is bound to some other variable at runtime, it does not affect the
value referenced by m and n. It is illustrated in the program reftest.cpp.

/+ reftest.cpp: testing of reference binding
#include <iostream.h> :
void main()
{
int n = 100;
int *p = &n;
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/7 m i= bound to n

m o oe et omo<e S e m s " *p = v =< *p << endl;
// pointer value ia changed

4/ is there change in m value ?

Cout << "n = " << n << " m =" <<m << " "p = " << "p << endl;

»
Bun
n = 100 m = 100 *p = 100
n - 100 m = 100 *p = 200
In main (). the statement

P - &k; // pointer value changed
changes the pointer value of . but does not effect the reference variable m and the variable n.

2.9 Strict Type Checking
C++is aswongly-typed language and it uses very strict type checking. A prototype must be known for
pe. The prototype provides informa-
e return type (if any) of the
is not placed before the function
cpp for i i of two numbers

call whereas. in C, it is optional. The
illustrates the need for the function prototype.

// max.cpp: maximum of two numbers
#include <iostream.h>
int main €

* ¥:
cout << “Bnter two integers: °;

cout << "Maximum = " << max( x, y )i // Error max.cpp 1li...

return a;
else
return b;

Compilation of the above program produces the following errors:
Rrror max.cpp 11: Function 'max’ should have a prototype in function main()
C++ checks all the parameters passed to a function against its prototype declaration during compila-
tion. It produces errors if there is a mismatch i types and this can b by placing the
prototype of the function max () before it is invoked. The modified program of max . cpp is listed in

wmax . cpp. which is compiled without any errors.
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// newmax.cpp: maximum of two numbers
#include <iostream.h>

int max{ int a, int
void main ()
{

int x, vy

b ); // prototype of max

cout << "Enter two integers: ";

gin >> x >> y¥;
cout << "Maximum

}

= " << max( x, y };

int max{ int a, int b )
{ L]
if{ a > b}
recturn a;
else
return b;
}
Run
Enter two integers: 10 20

Maximum = 20

The advantages of strict type checking is that the compiler warns the users if a function is called
with improper data types. It helps the user to identify errors in a function call and increases the reliability
of a program. The program swap_exrr . cpp shows notification of the compiler, when improper data
type parameters are passed to the function, The program swap_err . cpp illustrates the detection of
the statement calling the function with improper data items.

// swap_err.cpp: swap integer values by reference
#include <iostream.h>

void swap{ int * x,
{

int * y )

int t; /{ temporarily used in swapping

£t = *x;
ﬁx = ‘ty;
Yy = &£
}
void main{)
{
int a, b;
swap( &a, &b );
float c, d;
swap( &c, &d );

/! OK

// Errors

The compilation of the above ﬁrogrm produces the following errors:
Error swap_err.cpp 20: Cannot convert ‘float *' to ‘int *” in function main()

Error swap_err.cpp 20: Type mismatch in parameter ‘x" in call to ‘swap(int *,int *)" in function main()

Error swap_err.cpp 20: Cannot convert ‘float *” to *int ** in function main()

Error swap_err.cpp 20: Type mismatch in parameter 'y’ in call to ‘swap(int *.int *)’ in function main()
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The above errors are produced due to the following statement in main ()

swap( &, &d ); // Compilation Exrers
Becuuse the expressions &e und &d passed to swap () are not pointers o intoger dat type. When a
<all to a function is made. the C++ compiler checks its
in the function prototype. The compiler flags errors if improper lrgurn:ms are passed

2.10 Parameters Passing by Reference

A function in C++ can take arguments passed by value, by pointer, or by reference. The arguments
passed by reference is an enhancement over C. A copy of the actual parameters in the function call is

assigned (o the formal parameters in the case of pass-by-value. whereas the address of the actual

parameters is passed in the case o In the case of . an alias (refer-

ence) of the actuai parameters is passed. Mechanism of parameter linkage is shown in Figure 2.8,

Variable Name Data Type

Actual
[ chtmer | e o] vawe |
[ poamater | e o] vawe |

(a) Call-by-value

Storage Location

Actual
parameter

(b) Call-by-pointer/reference

Figure 2.8: Parameter passing mechanism

Consider an example of to illustrate of parameter passing by
reference. The function definition with polnter type patamcu:mis listed below:
void swap( int * p. int * g )} // by pointers

<

)
/. call 10 the function swap ()
swap( &x, &y )
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location of the actual parameter. Thus, any access made (o reference formal parameters in cwap ()
refers (o the actual parameters. The statements
x = vr
v o=t
in the body of swap () function, internally (as treated by the compiler) have the following meaning.
€ o= exs 77 store the value pointed by x into t
- /7 store the value pointed by y into lacation pointed by x
e /7 store the value hold by 't' into location pointed by y

because. the formal parameters are of reference type and therefore. the compiler reats them similar to
nters, but does not allow the modification of the address stored in them.

Void Argument List
A function prototype in C with an empty argument list, such as

extern void func ();
implics that the argument list of the declared function is not prototyped; the compiler will not be able to
warn against improper argument usage. To declare a function in C which has no arguments, the keyword
weid is used, as indicated:

tern veid func (veid);

In Cr, the above (wo declarations are cquivalent. Because C++ maint
empty argument list is interpreted as the absence of any parameter.

s strict type checking. an

2.11 Inline Functions

Function exceution involves the overhcad of jumping to and from the calling statement. Trading of this
n time is considerably large whenever a function is small, and hence in such cases,

n C++ can be treated as a macro if the keyword inline
precedes its definition. The syntax of representing the inline function is shown in Figure 2.9.

inline Funct

19 e =)

/7 Body of a main function

Figure 2.9: Syntax of inline function
An inline function (o find square of a number is as follows:

Examp!
inline float square( float x )
«

recurn( x )

The significant feature of in1ine functions is that there is no explicit function call the function
body is substituted at the point of inline function call. Thereby, the runtimz overhcad for function
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has effect on the values of x it exchanges the contents of variables x and y. The above
v (1 Tunction can be redefined by using a new parameter passing scherne, call by reference. ae

follows:
void swap( int & x, int & y ) // by reference
€
ine €
[
¥

)
A call to the function swap ()
SwapC x, v )
with integer variables > and y, has effect on the values of x and ¥ variables. It exchanges the contents
of the variables x and y. The body and the call to the function swap appe me as that of call-by-
value case. but has an effect of call-by- r. Thus, call by reference combines the flexibility (case of
programming ) of call by value and the power of call by wlllten
¢..) function with call-b; i T

passing is listed in swap . cpp.

// swap.cpp: swap integer values by reference
#include <ioatream.h>
void swap( int & x, int & y ) // by reference

inc &5 /7 iable used in

a, b
cout << "Enter two integers
cin >> a => b;
swap( a, B )
cout << ron swapping <a, b>: ' << a << * " << b;

3

Bun
Enter two integers <a, b>: 2.3
on swapping <a, b>: 3 2
In main(), the statement
swapt a, b )
is ranslated into
swap( & a, & b )
internally during compilation; the prototype of the function
vold swap( int & x, int & ¥ ) // by reference
indicates that the formal are of refe d hence, they must be bound 1o the memory
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linkage mechanism is reduced. The program square . cpp uses an inline function in the computation
of the square of a number.

// square.cpp: square of a number using inline function
#include <iostream.h>
inline fleoat sguare( float x )
{
X=X " X;
return{ x };

}
void main()
{
float num;
cout << "Enter a Number =float>: *;
cin >»» num;
cout << "Its Sguare = " << square( num );
}
Run

Enter a Number <float>: 5.5
Its Sguare = 30.25

In main (), the statement
cout << “Its Sguare = * << sguare( num );

invokes the inline function square (. .). It will be suitably replaced by the instruction(s) of the
square (. .) function body by the compiler. The execution time of the function square (. .) isless
than the time required to establish a linkage between the function caller (calling function) and the
callee (called function). This process involves the operation of saving the actual parameters and
function return address onto the stack, followed by a call 1o the function. On return, the stack must be
cleaned to restore the old status. This process is costlier in comparison to having square computation
instruction within a program itself instead of a function. Thus, support of inline functions allow to
enjoy the flexibility and benefits of modular programming, while at the same time delivering computa-
tional speedup of macros. Functions having small body do not increase the code size even though they
are physically substituted at the point of a call; there is no code for function linkage mechanism. Hence,
it is advisable to define functions having small function body as inline functions.

2.12 Function Overloading

A word is said to be overloaded when it has two or more distinct meanings. The intended meaning of
any particular use is determined by its context. In C++, two or more functions can be given the same
name provided each has a unique signature (in either the number or data type of their arguments).

In C++, it is possible to define several functions with the same name, but which perform different
actions. It helps in reducing the need for unusual function names, making code easier to read. The
functions must only differ in the argument list. For example

swap( int, int }; // prototype
swap({ float, float }); // prototype
From a user’s vie'w point, there is only one function performing swapping of numbers.
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void show( double val )
«

cout << *Double: " << val << endl:

)
void show( char -val )
cout << "String: ° << val << endl:

int main O

show( 420 ) // calls show( int val 1:
show( 3.1415 ) /7 ealls show( double wal ):
show( "Hello Worldin'® ): /7 calls show( char *val ):

retuzn( 0 )

Aun
Integer: 420
Double: 3.1415
String: nello World

In the above program, three functions named show () are defined. which only differ in their argu-
ment lists: int. double. of char*. The functions have m= same name. The definition of several
functions with the same name is ealled function overloadin,

L is interesting to note the way in which the C++ Eumpllcr implements function overloading. Al-
though. the functions share the same name in the source text (as in the example above. show () ), the
ompiler (and hence the linker) uses diffesent names. The conversion of a name in the source file to an
internally used name is called name mangling. For instance, the C++ compiler might convert the name
veid show(int) Io the internal name VshowT, while an analogous with a char>
arpument might be called vohowce, The actual names which are used imternally depend on the fom-
piler and are not relevant to the programmer, except where these names shown in the example. a listing
of the contents of a function fibrary.

Afew function i the
with the same name, but quite different actions should be
the;

« The usage of more than one func:

avoided. In the above example, the fi ) are still ey print informa-
tion on the screen). However, it is also quite possible to define two functions, say 1Lookup (), one
of which would find a name in a list, while the. other would determine the video mode. In this case, the

two fi have nothing in name. It would therefore be more practical 1o use
names which suggest the action; say, £indname () and getvidmode ()

< Ci+ does mot allow overloaded functions to only differ in their rerum value. The reason
processing (testing) of a function rewurn value is always left to the programmer. For instance. ‘e
Fragmen

nce ("Hello World!\n«):
holds no information concerning the return value of the function print £ () (The return value is, in
case, an integer value that states the number of printed characters. This rewrn value is practically

“his
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Consider the C program show . c having multiple show () functions for displaying input messages
to illustrate the importance of function overloading.

/* show.c: display different types of information with different functions */
#include <stdio.h>
void show_integer( int val )
{
printf ("Integer: %d\n", val);
}
void show_double( double val }
{
printf ("Double: %1f\n", val);
}
void show_string( char *val )
{
printf ("String: %s\n", val);
}
int main ()
{
show_integer( 420 );
show_double( 3.1415 });
show_string( "Hello Worldin!" };
return{ 0 };
}

Run

Integer: 420
Double: 3.141500

String: Hello World
!

The above program has the following three different functions

void show_integer( int val );

void show_double( double wal );

void show_string( char *val };
performing the same operations, but on different data types. Logically, all the three functions display
the value of the input parameters. It has unusual names such as show_integer, show_double,
etc., making the task of programming difficult and recalling function names although all of them perform
the same operation logically. In C++, this difficulty is circumvented by using the feature of the function
name overloading. All the functions performing the same operation must differ in input arguments data-
type or in the number of arguments. The program show.cpp equivalent of C's show. c is written
using function overloading features.

// show.cpp: display different types cf information with same function
#include <iostream.h>
veid show( int val }
{
cout << *Integer: " << val << endl;
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never inspected.). Two functions e int £ () which differ in their return type could therefore. not be
distinguished by the compiler.
+ Fun

ction overloading can lead 10 surprises. For instance, imagine a usage of a statement such as
show( 0 1:

in e program show. cop: it is dilficult o predict wiich one ol the above three ahow () functions

is invoked. The zero could be interpreted here as a NULL pointer (o achar, i.e..a (Char*) 0.oras an

integer with the value zero. C+-+ will invoke the function expecting an integer argument, which

not be what one expects.

2.13 Default Arguments,

In a C++ function call, when one or more arguments are omitied, the funct
default values for omitted arguments by providing the default values in the function prototype. The
arguments are supplied by the compiler when they are n fied by the programmer explicitly. The
program prastx . cop illustrates the passing of default arguments to function.

n may be defined to take

{/ prmstropp: default argumenta and message printing
Sinclude ~iostream.h

Vol showstring( char *str = "Hello Worldiin® )

€

)
ine main ()
«
showstring( "Here i
showstrina () /1
return 0:

an it argumentin® );
nFact this save: showstring

)
Run
Here is an explicit argument
Hello world!
In main (), when the compiler encounters the statement
showstring () ;
it is replaced by the statement
showstring ( *Helle Werld:
internally. When the function parameter is missing, (he compiler substitutes the default parameter in
that plac
The possibility of omitling arguments in situations where default arguments are defined is clegant
the compiler will supply the missing arguments, when they are not specificd. The code of the program
y no means becomes shorter or more efficient. Functions may be defincd with more than one default
argument.

Default arguments must be known to the compiler prior to the ofa function
arguments. It reduces the burden of guments explicitly at the point of a function call. The
program defargl . cpp illustrates the concept of default arguments.
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void PrintLine( char ch, int RepeatCount, int nlLines )
¢

nLines; j++ )

cour << enai;
for( i = 0; i < RepeatCount; ivs )

|(lHllsllnlluunuluuwu.

L ERAASLELEEALEEAEEERLL
e e o e e e e e

The following statements in the above two programs.
// uses both default argument
7/ assumes 2nd argument as default
/7 ignores defanlt arguments
/7 icnores default arguments

of the function Printr is cnhanced in defargz . cpp
ng to it remains unaffected in terms of its functionality; the compiler
ion does the same operation-as Ut of the ol one.

are the same. Although, the
program, the old code referr
supplies the lastargument as 1., thereby the new func
Thus. default arguments feature can &
the old code. Note that all arguments in a multiple argument function need not have default values,

2.14 Keyword typedef
The keyword eypedat is allowed in v, but no longer necesanry, when it is uscd ns o prefix in «num,
e ar o o deciarations. This i ilusteated i ahe following example:

struct somestruct

<

acunie a;
char serina [801;
3
When a stxuct, enum, or any other compound type is defined, the tag of this type can be used as

1type name (somestruct is the tag in the ahove example). For instance, the statement

somestruct what;
defines the structure variable what. In C, the same variable is defined as

struct somestruct what;
Thus. the use of keyword struct in the structure variable is default. In C++, the members of the
structure variables are accessed similar to C. The statement

what.d = 3.1415;
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7/ defargl.cpp: Default arguments £o functions
#include <iostream
void PrintlLine( char = *=', int = 70 );

void main()

¢

princline (s - /7 uses both default argument
PrintLine( "1 ); /7 assumes 2nd argument as default
PrintLine( '+, 40 74 ignores dsfault arguments

PrintiLine( 'R', 55 ); // ignores default arguments
»

void PrintLine( char ch, int RepeatCount )

inc 1
cout <= endl;
for( i = 0; i < RepeatCount; is++ )
cout << ch:
»
Run

The featuce of default arguments can be utilized to enhance the hmcuonaluy of the program. with-
out the need rying the old functions. e function in the above
program

void Printiine( char = ‘-, int = 70 ):
prints a line with default character *-* in case it is not passed explicitly. This function can be enhanced
to print multiple number of lines, whose new prototype is
void PrintLine( char = '=°, int = 70, int = 1 );

It may be noted that in the new function, the last parameter specifies the number of lines (o be printed
and by default, it is 1. Therefore, the old code referring to this function need not be modified and new
statements can be added without affecting the functionality. The program defarg2.cpp has ex-
tended the capability of defargl.cpp program.

7+ defarg2.opp: Defaulc arguments to functio
Ming rhe Funetionality of Aefargl.cpp module */

#include ciostream.h>

void PrintLine{ char = '=', int = 70, iat =1 );

void main()

¢

Printline () ; /7 uses both default argument
PrintLine( 't ) 7/ assumes 2nd argument as default
Princiine( '**, 40 ); // ignores default arguments
princline( 'R'. 55 );  // ignores default arguments

new code, Note: old code listed above is unaffected
PrintLine( "&, 25, 2 );
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assigns the numeric value 3.1415 to d, which is a member of the structure variable what. The
structure declaration and its use in the definition of variables is illustrated in the program datel . cpp.

// datel.cpp: displaying birth date of the authors
#include <iostream.h>
struct date
{ //specifies a structure
int day;
int month;
int year;
}i
void main()
{
date d1 = { 26, 3, 1958 };
date d2 = { 14, 4, 1971 };:
date 43 = { 1, 9, 1973 };
cout << "Birth Date of the First Author: =;
cout << dl.day << "-" << dl.month << "-" << dl.year << endl;
cout << "Birth Date of the Second Author: *;
cout << d2.day << "-" << d2.month << "-* << d2.year << endl;
cout << "Birth Date of the Third Author: *;
cout << di3.day << "-" << d3.month << "-" << d3.year << endl;

}
Run

Birth Date of the First Author: 26-3-1958
Birth Date of the Second Author: 14-4-1971
Birth Date of the Third Author: 1-9-1973

2.15 Functions as aPartof astruct

Structures in C++ have undergone major revisions. Like C structures, C++ structures also provide a
mechanism to grovp together data of different types, into one unit belonging to the same family. In
addition to this, C++ allows to associate functions as a part of a structure. Thus, C-++ structures provide
a true mechanism to handle data abstraction. This is the first concrete example of the definition of an
object, as described previously. An object is a structure containing all involved code and data. The
general syntax of the C++ structure is:

struct StructureName
{
public:
// data and functions
private:
// data and functions
protected:
// data and functions
bi

The structure has two types of members: data members and member functions. Functions defined
within a structure, operate on any member of the structure. The keywords public, private, and
protected are called access specifiers. If none of these keywords appear in the structure declaration,
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all the members of the siructure have public access. The private and protected members of a structure
can be accessed only within the structure. Public members of a structure are accessible to both member
functions and its instances (structure variables). Internal functions of a structure are privileged code
and they can see all the features of a structure, but external code ean see only the public features

A definition of the structure point is given in the code fragment below. In this structure, (wo int

data ficlds and one function draw () are declared.
seruce poine
<
int % i 77 coordinates
veid draw (veid): 77 arawing funcrion
¥

milar structure could be a part of the painting program used (o represent a pixel in the drawing
The following are the points 1o be noted about stuctures:
= The function dxaw () . which occurs in the structure body is only a declaration. The actual code of

the function. or in other words, the actions 10 he performed by the function are located elsewhere in
the code section of the program. Member function can also be defined within the body of a structure.
The size of the structure po int is just two integers. Though a function is declared in the structure,
its size remains The compi behavior by allowing the function dzaw (3
to be known only in the context of the peint structure

The point structure could be used as follows:

.

b /7 twe points on the screen
77 Qefine first dot
77 ana araw it

74 copy a
// redetine y-coerdinate
/4 ana araw it

The function draw () . which is a part of the structure, is selected in a manner similar 1o the selection of
data ficlds: i.e.. using the field selector operator (.) with value structures or —> with pointers to
structures.

structure data

Toe moren;

members
voia stow 0

Figure 2.10: Date structure having function show()

} swucture member
function

The idea behind this syntactical construction is that several structures may contain functions with
same name. For instance, a structure representing a circle might contain three integer values: two
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values for the coordinates of the center of the circle and one value for the radius. Analogous (o the
point structure, a draw () could be declared in the cirele stricture which would draw the circle.

The program date2 . cpp is C++ equivalent of the carlier program date1l. cpp. It illustrates the
concept of associating functions operating on structure members as shown in Figure 2.10. The struc-
ture aare has both the data members and functions operating on them. The user accesses the member
functions additionally, when compared to C's structure using the dor operaior.

/7 datez.cpp: displaying birth date of the authors
#include <iostraeam.h:
struct date

« r/speciries a structure

e of the First Author:

Date of the Second Autho!

Date of the Third Author: *

a3.show() s

Birth Date of the Firat Author: 26-3-1958
Birth Date of the Second Author: 14-4-1971
Birth Date of the Third Auther: 1-9-1973

a )
invoke the function show() defined in the structure date.

2.16 Type Conversion

The basic data types can be used with great ility in and due to the
implicit type conversion facility provided, whereas with the user-defined data types, the same can be
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achieved through explicit type conversion (the type cast operator). The syntax of type conversion
‘specification in C and C++ is shown in Figure 2.11.

data type is enclosed variable name is enclosed
between parentheses between parentheses
(DataType) Variable DataType (Variable)
Ex: (int)age, (float)weight Ex: int(age), float(weight)
(a) Type casting in C (b) Type casting in C++

Figure 2.11: Syntax of data type casting in C and C++

Consider the following statements

float weight;

int age;

weight = age;
where weight is of type float and age is of type int. Here, the compiler calls a special routine to
convert the contents of age, which is represented in an integer format, to a floating-point format, so
that it can be assigned to weight. The compiler has built-in routines for conversion of basic data
types such as char to integer, float to double, etc. The feature of the compiler that performs data
conversion without the user intervention, is known as implicit type conversion.

The compiler can be instructed explicitly to perform type conversion using the type conversion

operators known as type cast operator. For instance, to convert int to £loat, the statement is
weight = (float) age;

where the keyword £1loat is enclosed between braces. Here, float enclosed between braces is the

type casting operator. In C++, the above statement can also be expressed in a more readable form as
weight = float( age );

The explicit conversion of £1oat to int uses the same built-in routine as implicit conversions. The

program cast . cpp illustrates the explicit type casting in C++.

// cast.cpp: new style of typecasting in C++
# include <iostream.h>

void main()

{

int a;

float b = 420.5;

cout << "int(10.4) = " << int( 10.4 ) << endl;
cout << "int(10.99) = * << int{ 10.99 ) << endl;
cout << "b = " << b << endl;

a=int( b
cout << "a
b = fleoat(
cout << "b

int(b) = " << a << endl;
) + 1.5;
float(a)+1.5 = * << b;

[

n
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Aun

ine(10.4) = 10

int(10.93) = 10
az0.5

a = incb) = a

20
b = float(a)+1.5 = 421.5

2.17 Function Templates

Templates provide a mechanism for creating a single function possessing the capability of several
functions, which differ only in their parameters and local variables data type. Such a function is called
function remplate. It permits writing one source declaration that can produce multiple functions differ-
ing only in their data types. The general format of a template function is depicted in Figure 2.12.
function generated from a function template is known as remplate funcrion, which is created by the
compiler internally and is transparent (o the user.

Keyword for declan

1 function template
name of the template data-type

ction parameters of type

template, primitive or user-defined

template < class TL, class 712, ..».
B 1 <

of type w1 ana 73, ... )

4/ lecal varimbles of type T1, T2, or any other
s b on variables of type T1. T2

oay,
77 and other variables

Figure 2.12: Syntax of function template

The syntax of template function is similar to a normal function, except that it uses variables whose
data types are not known until they are invoked. Such unknown data types (generic data rypes) are
resolved by the compiler and are expanded (o the respective data types (depending on the data type of
actual parameters in a function call statement). A call (o a template function is similar to that of a normal
function. It can be called with arguments of any data-type. The complicr will create functions internally
without the user intervention, depending on the data types of the input parameters. The function
template for finding the maximum of two numbers is shown below:

template <class T

T max( T a T b)

The program mawap . cpp illustrates the need for function templates. It defincs multiple swap
functions for swapping the values of different data types.
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// Mmswap.cpp: Multiple swap functions
#¢include <iostream.h>
void swap( char & %, char & y } // pass by reference
{
char t: // temporary used in swapping

T = X;
x Vi
y = t;

void swap( int & x, int & vy ) // pass by reference

int t; // temporary used in swapping
o= X
X = yi
¥y o= t;

void swap( float & x, float & ¥ ) // pass by reference
{
float t; // temporary used in swapping

t o= %;
X = ¥;
y =t

}

void main(}

{
char chl, ch2;
cout << "Enter two Characters <chl, ch2>: ";
cin »> chl >> ch2;
swap( chl, ch2 ); // compiler calls swap( char &a, char &b };
cout << "On swapping <chl, ch2>: " << chl << " " << ch2 << endl;
int a, b;
cout << "Enter two integers <a, b>: ";
cin »>> a >> b;
swap( a, b ); // compiler calls swap{ int &a, int &b };
cout << "On swapping <a, b>: " << a << " " << b << endl;
float ¢, d;
cout << “"Enter two fleoats <c, d»: *;
cin »>> ¢ >> 4d;
swap{ c, 4 ); // compiler calls swap( float &a, float &b };
cout << "On swapping <c, d>: " << c << " " << d;

}
Run

Enter two Characters <chl, ch2>: R K
On swapping <chl, ch2>: KR

Enter two integers <a, b>: 5 10

On swapping <a, b=: 10 5

Enter two floats =<c, d>: 20,5 93.5
On swapping <c, d»: 99.5 20.5

The above program has three swap functions
void swap( char & x, char & y );

65
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void swap( int & x, int & y };
void swap( flocat & x, float & y );

whose logic for swapping is same. Such functions can be defined as template functions without rede-
fining it for every data type. The program gswap.cpp makes all those functions as templates and
avoids the overhead of wriling the same pattern of code again and again, operating on different data
types.

// gswap.cpp: generic function for swapping
#include <iostream.h>
template <class T>
void swap( T & x, T & v )} // by reference
{
T t; // temporary used in swapping, template variable
t = %
X =¥
y = t;
}
void main()
{
char chl, ch2;
cout << "Enter two Characters <chl, ch2s: *;
cin >> chl => ch2;
swap({ chl, ch2 );//compiler creates and calls swap( char &a, char &b );
cout << “On swapping <chl, ch2>: * << chl << * " << ch2 << endl;
int a, b;
cout << "Enter two integers <a, b>: ";
cin »>> a >> b;
swap( a, b ); // compiler creates and calls swap( int &x, int &y );
cout << "On swapping <a, b>: " << a << " " << b << endl;
float ¢, 4;
cout << "Enter two floats <c, d>: *;
cin »>> ¢ »>> d;
swap{ c, d ); // compiler creates and calls swap(float &x, float &y );
cout << "On swapping <c, d>: " << ¢ << " " << d;

}
Bun

Enter two Characters <chl, ch2>: R K
On swapping <chl, ch2>: K R

Enter two integers <a, b>: 5 10

On swapping <a, b>: 10 5

Enter two floats <c, d»: 20.5 99.5
On swapping <c, d»: 99.5 20.5

In main (), when the compiler encounters the statement
swap( chl, ch2 );
calling the swap template function with char type variables, it creates an internal function of type
swap{ char &a, char &b );

The compiler automatically identifies the data type of the arguments passed to the template function,
creates a new function, and makes an appropriate call. The process of compiling a template function is
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torally invisible 1o the user. Similarly, the compiler translates the following calls
swap( a, B )

#/ compiler creates swap( int &x, int &y
swap( o, 4 )

#/ compiler creates swap( float fx,

>:
floar ny )
into appropriate functions (if necessary), and calls them based on their input parameter data Ly pes.

Template Function Overloading

A template function can be overloaded in two ways - (i) by other functions of its name or (ii) by other

template functions of the same name. Overloading resolution for functions and template functions can

be done in the following three steps

+ Ifan exact match for the function is found, call it

+ If a function can be generated fr.
function.

om a function (emplate matching exuctly, then call the generated

+ If a function can be found by trying ordinary overloading resolution techniques then call it.
+ Ifno match is found, report an error.

2.18 Runtime Memory Management

ran array is defined, a specified amount of memory is set aside at compile time, which may not
e utilized fully or may not be sulTic tion arises in which the 2 of memory required is
unknown at compil the

y b Such a technique
of allocating memory during runtime on demand is known as dynamic memory allocation

Ca+ provides the following two special operators (0 perform memory management dynamically.
+ new operator for dynamic memory allocation
+ delete operator for dynamic memory deallocation
The memory management functions such as malloc (). calloc (), and tree() in C, have
been improved and evolved in C++ as the new and de Lt e operators to accomplish dynamic memory
Mlocation and i i

new Operator

The new opes i allocation similar rary i 110e Te
is particularly designed keeping OOP in mind and throws an exception if memory allocation fails. The
general format of the new operator is shown in Figure 2.13.

return type, painter to data type

new operator data ype  nber of items
4_4 1o'be allocated; optional
Batamme ® hew DataType(mize in tnrezer):
(&) Memory allocation in C++
voil *malloc (mizect (DataType) “Size in Integer):
() Memory allocatianin C

Figure 2.13: Syntax of memory allocation in C and C++
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The C++ statement
PtrVar = new DataTypel IntegerSize ];
is equivalent to C's
PtrVar = (DataType *) malloc( sizeof( DataType ) * IntegerSize );
The operator new allocates a specified amount of memory during runtime and returns a pointer 1o
that memeory location. It computes the size of the memory to be allocated by
sizeof( DataType ) * IntegerSize
where DataType can be a standard data type or a user defined data type. IntegerSize can be an
integer expression, which specifies the number of elements in the array. The new operator returns
NULL, if memory allocation is unsuccessful.

The following examples illustrate the allocation of memory to various data types.
1. int *a;
a = new int([ 100 1;
is equivalent to C's .
a = (int *) malloc( sizeof( int } * 100 });
It creates a memory space for an array of 100 integers. a [ 0] will refer to the first element,a (1] to the
second element, and so on

2. float *b;

b = new float([ size |; // size is integer variable
is equivalent to

b = (float *) malloc( sizeof( float ) * size );
3 double *d;

d = new double| size ]; // size is integer variable

is equivalent to

d = (double *) malloc( sizeof( double ) * size );
4. char *city;

city = new char[ city name_size ]1; // city_name_size is int variable
is equivalent to

city = (char *) malloc( sizeof( char ) * city_name_size );

5. struct date
{ //specifies a structure
int day;
int month;
int year;

}i
date *date_ptr;

The statement
date_ptr = new date;
is equivalent to
date_ptr = (struct date *) malloc( sizecf( date ) );
The new operator allows the initialization of memory locations during allocation as follows:
PtrVar = new DataType( init_wvalue });
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2. delece by
is equivalent 10
free( (floac =) b )
s delete a,
is cquivalent to
free( (doubie *) a)
4 delere eitys
is equivalent to
free( (char =) ity s
s, delete date per;
is equivalent 10
free( (struct date *) date_pex );

The program vector.cpp illustrates the concept of dynamic allocation and deallocation using
new and delere operators.
/4 vectorepp: addition of two vectors

#include ~lostxeam.h>
void Addvectors( int *a. int *b, int *c, int size )

For( dnt & = 0; i < aize; d++ )
= ali] + BI1];

3
void Readvector( int *vector, int size )

for( ime i = 0 < size; d+s )

in >> vector([i]
)
void Showvector( int =veector, int size )

fox( int i = 0; i < size; v+ )

cout == vectorlil

)
void main()
«

cout << *Enter Size of vector: *
7/ allocate m all the thres vectors
1:  // x bucomes array of size ve

7/ v becomes array of size vec_size
/7 = becomes array of size vec_size
cout << "Enter elements of vector x: °

cout << "Enter elements of vector y: *;
Readvector ( v, vec_size ):
Lz e

Adavectors ( x, /2 o= oy
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cout << "Summation Vector z = x + y: ";

ShowVector( z, vec_size );

// free memory allocated to all the three vectors

delete x; // memory allocated to x is released

delete vy; // memory allocated to v is released

delete z; J/ memory allocated to z is released
}

Run

Enter Size of Vector: §

Enter elements of vector x: 1 2 3 4 5
Enter elements of vector v: 2 3 1 0 4
Summation Vector z = x + y: 3 54 4 9
In main (), the following statements
x = new int[ vec_size ]; // x becomes array of size vec_size
¥y = new int[ vec_size ]; // y becomes array of size vec_size
z = new int|[ vec_size ]; /! z becomes array of size vec_size

allocate memory of size vec_size (integer value read previously) to the integer pointer variables x, v,
and z respectively. It is equivalent to defining an array of size vec_size statically but the size of the
array must be known at compile time. This inflexibility of array definition is circumvented by using
dynamic allocadtion known as programmer-controlled memory management. The following statements

delete x; // memory allocated to x is released
delete y; // memory allocated to y is released
delete z; // memory allocated to z is released

release the memory of size vec_size (integer value read previously) allocated to the integer pointer
variables x, v, and z respectively. An array defined statically is released automatically by the system
whenever the array goes out of scope. But dynamically allocated arrays must be explicitly released by
the delete operator.

Comments

Most of the concepts introduced in this chapter serve as a quick introduction to enhancements made to
C++ language apart from another notable enhancement that is object-oriented programming support.
All the material covered in this chapter are discussed in detail in later relevant chapters. This chapter is
mainly aimed at those who are familiar with C and want a quick introduction to C++ language. It allows
them to extrapolate from the material in this chapter and similarly from the next chapter (C++ ara
Glance) to their ow » programming needs. Beginners should supplement it by writing small; similar

programs of their own. Both groups can use this and the next chapter as a frame to hang on to the more
detailed descriptions that begin in Chapter 4.

Review Questions

2.1 What are the enhancements added to C++ apart from the object-oriented features ?

2.2 Compare the traditional beginner's Hello World program written in C and C++.

2.3  List the compilers supporting C++. Explain their compilation features.

2.4 InC/C++, why isthemain () function popularly called as the driver function ?

25 Enumerate the important features of stream-based IO and provide a comparative analysis with its
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where init_value specifies the value to be initialized to a dynamically created element. Note that,
DataType is optional. It is illustrated by the following examples:

int *a = new{ 100 };

fleat *rate = new( 5.5 );
The first statement creates a memory for an integer and initializes it with 100 and the second statement
creates a memory location for float and initializes it withs . 5.

delete Operator

The new operator’s counterpart, delete, ensures the safe and efficient use of memeory. This operator
is used to return the memory allocated by the new operator back to the memory pool. Memory thus
released, will be reused by other parts of the program. Although, the memory allocated is returned
automatically to the system, when the program terminates, it is safer to use this operator explicitly within
the pointer. This is absolutely necessary in situations where local variables pointing to the memory get
destroyed when the function terminates, leaving memory inaccessible to the rest of the program. The
syntax of the delete operator is shown in Figure 2.14.

pointer returned through

delete operator | new operator

delete PointerVariable;

(a) Memory deallocation in C++

free (PointervVariable);
(b) Memory deallocation in C

Figure 2.14: Syntax of memory deallocation in C and C++

The C++ statement
delete PtrVar;
is equivalent to C's
free( Ptrvar );

where PtrVar holds the pointer returned by the memory allocation functions such as new operator
and malloc () function. The memory allocated using the new operator or malloc () function
should be released by the delete operator and £ree () function respectively.

It should be noted that, by deallocating the memory, the pointer variable does not get deleted and
the address value stored in it does not change. However, this address becomes invalid, as the returned
memory will be used up for storing entirely different data,

The following examples illustrate the use of the delete operator in releasing memory ‘allocated in
the earlier memory allocation examples.

1. delete a;

is equivalent to C's
free{ (int *) a );
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C counterpart statements such as scanf () and print£ ().
Write an interactive program for computing the roots of a quadratic equation by handling all
possible cases. Use streams to perform 1/O operations.
What are the benefits of commenting a program ? Develop a program to illustrate how comment-
ing helps in writing a program, which can be understood by others easily ?
Why are variables defined withconst called as read-only variables 7 What are its benefits when
compared to macros ?
Justify the need of the scope resolution operator for accessing global variables,
What are the benefits of defining variables at the point of use ? In me'folluwing statement:

for( int i = 0; 1 <« 10; i++ )

XXX

is the variable i visible after the termination of loop ?
What are the differences between reference variables and normal variables ? Why cannot a
constant value be initialized to variables of reference type 7
What are the benefits of strict type checking ? Explain with suitable examples.
What are the different types of parameter passing methods supported in C++ ? Provide a com-
parative analysis between pass-by-pointer and pass-by-reference methods.
What is the difference between inline functions and normal functions ? Write an interactive
program with an inline function for finding the maximum value of two numbers.
What is function overloading ? Explain how it helps in writing well thought-out programs.
What is name mangling and explain its need ? Is this transparent to the user ?
Write an interactive program for swapping integer, real, and character type variables without
using function overloading. Write the same program by using function overloading features and
compare the same with its C counterpart.
Explain the need of default arguments. Write an interactive program for drawing chart of marks
scored by a student in different subjects. A default arguments function has to support statements

such as:
DrawChart( 50 );
DrawChart( 60, '*' };
DrawChart( 34, "?' );

By default, DrawChart () draws chart by using star symbols.

What are the improvements made to the struct construct in C++ ? What are the benefits of
having functions as a part of the structure declaration. Write an interactive program for process-
ing a student record using structures. All functions manipulating structure variable members
must be members of that structure.

Explain the need for type conversion with suitable examples.

What are function templates 7 What are the differences between function template and template
function? Write a program to sort numbers using function templates,

Explain the constructs supported by C++ for runtime memory management. Write an interactive
program processing student's results using C++'s memory management operators.

Write a program for creating variables of the da te structure dynamically. Can a pointer variable
be used to store data in a memory location pointed to by them, with the binding pointer to a
specific location.
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C++ at a Glance

3.1 Introduction
The'C#+ language evolved as a result of extensions and enhancements to C. It has cfficient memory
management techniques, provisions for building new concepts, and a new style of program analysis
and design. The reason for retaining C as a subse( is its popularity among programmers, and moreover.
millions of lines of code already written in € can be directly moved to C++ without rewriting. The other
advantages are: the syntax and structure of many statements of C closely resemble the actual operation
on the computer's internal registers and allow (o produce fast executable code.

‘The most interesting features of C++ are those which support a new style of programming known as
object-oriented ing. Tt on data rather than algarithm decomposi-

tion. OOP is generally useful for any kind of suited for
computer graphics, si ions, datab: artificial intelli high: ing, and
system i Th P the first i ion of C++ with its f r
object-oriented programming
Co+-+as an object ted language easy
intainability. The most i £C++ for data and
are the i

« Data Encapsulation and Abstraction: Classes
« Inheritance: Derived Class

«+ Polymorphism: Operator Overloading

« Friend Functions

« Polymorphism: Virtual Functions

+ Generic Classes: Class Templates
+Exception Handling

+ Streams Computation

3.2 Data ion and Cl
Data abstraction is the ability 10 create user-defined data types for modeling real world ohjects using
built-in data types and a set of permitted operators. Encapsulation is achieved by using the class,
which combines data and functions that operate on the data. Data hiding is achieved by restricting the
members of classes as private or protected.

The object oriented programming technique involves the representation of real world problems in
terms of objects. C- ides a new dat: dobject. A class
consists of procedures or methods and data variables.

Class is the basic construct for creating user-defined data types called abstract data types: in a way
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it supports encapsulation. Encapsulation allows to combine data and functions that operates on them
into a single unit. One or more classes grouped together constitute a program. The program
counterl.cpp illustrates various concepts such as classes and objects, encapsulation, and decla-
ration of abstract data types. The program creates a class with one data member and instantiates two
objects to demonstrate the features of classes. It simulates the behavior of an upward counter.

// counterl.cpp: counter class having upward counting capabilicy
#include <iostream.h>
class counter

{

private:
int value; // counter value
public:
counter () [/ No argument constructor
{
value = 0; // initialize counter value to zero
}
counter( int wval ) /! Constructor with one argument
{
value = val; // initialize counter wvalue
}
~counter() // destructor

( cout << *object destroyed" << endl;
fnt GetCounter() // counter Access
{ return value;

'.zoid up i) //{ increment counter

{

value = value + 1;

}i
void main{)
{

counter counterl; /¢ calls no argument constructor
counter counter? = 1; // calls one argument constructor
cout << "counterl = " << counterl.GetCounter{} << endl;

cout << "counter? = " << counter2.GetCounter () << endl;
// update counters, ‘increment

counterl.up();

counter2.upl);

cout << "counterl " << gcounterl.GetCounter() << endl;
cout << *counter? = " << counterZ.GetCounter() << endl;

}

Run

counterl = 0
counter2 = 1
counterl = 1
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counter2 = 2
object destroyed
object descroyed

'The following section describes the various parts of the program:

+ Class, encloses the data and functions into a single unit. The name of the class is counter. The
class counter can be used as the user-defined data type for defining its variables called objects.

+ Data Members, describe the data in the abstract data types. The data member in the class counter
is value. A class can have any number of data members.

+ Member Functions, define the permissible operations of the data type (member variables). The
class counter has the following member functions:

1. counter () : constructor with no argument
2, counter(int wval) : constructor with one argument
3, ~counter() : destructor

4, GetCounter () : counter value access interface
5. up() : increment counter

+ Constructor, is a member function having the same name as that of its class and is executed auto-
matically when the class is instantiated (object is created). It is used generally to initialize object data
members and allocate the necessary resources to them. The class counter has two constructors to
initialize the data members of the class.

counter ()

counter (int)

Similar to normal functions, member functions of a class including constructors (but not destructor)
differ in their specifications (data types of argument or number of arguments); this feature is called
function overloading. The compiler will identify a svitable constructor, whose formal parameters matches
with those actual parameters passed to it at the time of creation of objects.

« Destructor, is a member function having the character ~ ( tilde) followed by a function name, which
is same as the class name (i.e., ~classname () ) and is invoked automatically when class's object
goes out of scope (i.e., the object is no longer needed). It is generally used to reclaim all the resources
allocated to the object. The above program has the destructor named ~counter () in the class
counter. It is automatically invoked whenever objects go out of scope {when program terminates in
the above case). A class can have at the most one destructor.

+ Access Specifiers, control the visibility status of the members of a class. Access specifiers in the
above program are the keywords privace and public. The members of the class counter de-
clared following the keyword private are accessible to only members of its own class, Thus, hiding
the data inside a class, so that it is not accessed mistakenly by any function outside the class. Whereas,
the members of the class counter declared following the keyword public are accessible from
objects of the class in addition to their own class members.

In the above program, the data member value is declared as private and member functions are
declared as public. By default, these ure private. The explicit declaration public means that
these functions can be accessed from outside the class.

.« Object, is an instance of a class. The objects created in the program are counterl and counter2
which are the instances of the class counter. The first object’s data membervalue is initialized using
zero-argument constructor, whereas the second object is initialized using one-argument constructor.
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The pictorial representation of the class counter and invocation of its members by various
statements in main () is shown in the Figure 3.1a.

Instances of the class counter

Client program

S~

constructor
counter();

a
. g counter counterl;
private member = . . torzod
. .
variables %?‘_ counter counter F
W
g3 counterl.up();
int value; % counter2.up();
5]

cout <<

l_ counterl.GetCounter () ;

(a) Counter object and member access

counter counterl; counter counter2;

int value; int wvalue; int value; int value;
—> —
[ ] [ ]
counterl.up(); counter2.up();

(b) Counter objects status

Figure 3.1: Counter class and objects

In main (), the statements

counter counterl; // ecalls no argument constructor

¢counter counter? = 1; // calls 1 argument constructor
create two objects called counterl and counter2 of the class counter. The first statement
invokes no-argument constructor, counter ()} automatically, which initializes its data member value
to zero, whereas the second statement invokes a single argument constructor, counter (int) auto-
matically and initializes its data member value to 1 (as mentioned in the statement). The statements

counterl.up(};

counter?.up();

invoke member function up () defined in the class counter and increment the data member value

by one. Thus, the two objects counterl and counter2 of the class counter have different data
values as shown in Figure 3.1b. Each object of the counter class is stored in a separate area in memory.
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Classes are ically, an extension of structures. The is that; all the members of
structures are public by defauli, whereas members of classes are private by default. Class follows the
principle of all the information aboul @ module shoutd be private 1o the module unless it is specifically
declared public.

Member Functions
The data members of a class must be declared within the body of a class, whereas the member functions
of a class can he defined in one of the following ways:

« Inside th s body

2 Oucside the class body

he eyntax of & member function definition changes depending on whather it is defined inside oc

wunside e clase However, e location of i in
the class bady), the member function must perform the same ope:
function body would be identical in both the cases. The compiler treats membe:
inside @ class as infine functions. whereas those defined outside a class are not treated as inline
functions. The program stdclass.cep illustrates the mechanism of defining member functions
outside the body of the class.

/7 stdclass.cpp: member functions defined outside a body of the class
#include <iostream.h:
#include <string.h-
class scudent
«
private:

inc roll_no: 7/ roll number
har namel 20 1) 7/ mame of a student
public:

void setdata( int roll no_in, char *name_in )7
veia ourdara():

%
/7 initializing daca members

void student::setdata( int roll no_in, char *name_in )
«

roll_ne = roll_no_in;
strcpy( name, name_in ):

)
77 aisplay data members on the console scraen

veid student::outdata ()
cout == "Roll Ne = * <= roll_no == endl;
cout << "Name = * << name << end:
void main ()
3
student =1; // firac object/variable of class studenc
student s2; /7 second object/variable of class student
sl.sctdaca( 1, -~Tejaswi® ); // object sl calls member function setdata

a2z setdata( 10, "Rajkumar- ); // calls member function secdata

Chapter

/7 counter2.cpp: new counter having upward and downward counting capability
#include <iostream.h>
clasa counter

«

protected: 7/ mote: it is private in COUNTER1.CPP
int value; 7/ counter value
public:
counter () 74 No argument comstructer
value = 0; /¢ inicialize counter value to zero
counter ( int val ) /4 Constructor with one argument
¢
value = 74 dnitialize counter value

int Getcounter () // counter Access
return value;

voia up() /7 increment counter
value = value + 1:

iy
/7 NewCounter is derived from the old class counter publically
class NewcCounter: public counter

public:
NewCounter () : counter ()
[§]
Newcounter ( int val ) : counter( val-)
<
void down () /# decrement counter
«
value = value - 1; // decrement counter

)i
void main()
3
cwCounter counterl: 7/ calls no argument conmatructor
/4 calls 1 argument constructor

cout << *counterl inmitially = - << counterl.GetCounter() << endl;
cout << "counterz initially = " << counter2. GetCounter() << endl:

< ) << endl;
. << R () << enal;

7/ Aecrament counter
counterl.down ()
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cout << "Student details...® << endl;
si.outdaca(); 7/ object s1 calls member function outdata’
52._ouraaca(); 77 object s2 calls member function outdaca

Bun

Student details
Roll No

name = wojaswi
Rall Ne

Name = RS jeumaz

In the class studenc. the prototype of member functions secdata and outdata are declared
within the body of the class and they are defined outside the body of the class. In the declarator
veid student::outdata)
studeat ¢ ndicaies that the' function cutdata (), belongs (o tho class student and it fs »
member function of the class studen

3.3 W D [~

is in the form. It is similar to a child
inheriting the features such as beauty of the moﬂ\er and intelligence of the father. It is an impartant
feature of object xtond thout

e ot Eoomm sermtch., Inmeritance savolves derivation of me classcs Fom the existing ones, thus.
enabling the creation of a hicrarchy of classes, similar to the concepts of class and subclass in the real
world. A new class created using an existing class is called the derived class. This provess is called
inheritance. The derived class inherits the members - b and functions of the base class. It can
also modify or add to the members of a base class. Inheritance allows a hicrarchy of classes to be
derived.

Derived classes, inherit data members and member functions from their base classes, and can be
enhanced by adding other data members and member function:

Recall that the program countesl. cop discuased above, uses the class countes ut & general
purpose counter variable. A counter could The class can be
i rinded 1o suppor dawhward counting. 1t can b achieved by sither modifying the countex class or
by deriving a new class called NewCountex from the counter class. The Program councer2 . cop
is an extended version of the previous program and has two classes. one. countex as a base class and
two, NewCounter as a derived class. The private members of a base class cannot be inherited.

e+ supports ancther scous spocilier called proteated. lts acosss privileges e similas o

private except that they are acces: its derived classes. Protected access privilege is used

Tihon membere n bato clasa"s section are 10 be tromed as privere and they st b ermable by &

derived class. The public members of the base class are accessible to the derived class., but the private

members of the base cldss are not. However. the profected members of the base class are accessible to
e derived class, but they are private to all other classes.
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counter2.down(};
cout << "counterl on decrement = " << counterl.GetCounter() << endl;

cout << "counter2 on decrement = " << counter2.GetCounter();
}
counterl initially = 0
counter2 initially =1

counterl on increment
counter2 on increment
counterl on decrement
counterZ on decrement

oo

fl

Ll =T S I

In the above program, the NewCounter class has its own features to perform counter decrement

by using the member functions of the counter. The statement
class NewCounter: public counter

derives a new class NewCounter known as derived class from the base class counter. The base
class counter is publicly inherited by the derived class NewCounter. Hence, the members of
counter class that are protected become protected and public become public in the
derived class NewCounter. The NewCounter class can treat all the members of the counter
class, as though they belong to it.

When an object of the derived class is created, one of the constructors of the base class must be
executed before a constructor of the derived class is executed. In the case of destructors, the body of
the derived class destructor is executed first followed by that of the base class. The specification of the
constructors in the following statements

NewCounter (}: counter()

NewCounter{ int val ) : counter( val )
indicate as to which one of the constructors in the base class has to be selected while creating objects
of the derived class. If no explicit specification of the base class constructor is made in the derived class
constructor, the compiler will select the no-argument constructor of the base class by default as indi-
cated in Figure 3.2.

In main (), the statements

NewCounter counterl; // ecalls no argument constructor

NewCounter counter2 = 1; // calls 1 argument constructor
create two objects called counterl and counter2 of the NewCounter class. The first statement
invokes the no-argument (default) constructor NewCounter {) automatically, which in turn calls the
base class constructor counter () to initialize the data member value to zero. Whereas, the second
statement invokes the one-argument constructor NewCounter {(int) automatically, which in turn
calls the base class constructor counter (int) to initialize the data member value to 1 (as men-
tioned in the statement), Derived class can also initialize its own data members or base class data
members explicitly.

The statements

counterl.up():

counter2.upl);
call member function up () of the base class to increment the counter value by one. Whereas the
siatements
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counterl.down() ;

counter2 . down () ;
call member function down () of the derived class to decrement the counter value by one. C++ sup-
ports derivation of a class from more than one base class, which is called multiple inheritance. Some of
the other forms of inheritance supported by C++ are hierarchical, multilevel, hybrid, and multipath.

constructor
countar();

private
members

constructor

counter{int val);

int value;

Client program

/_‘v

| - NewCounter counterl;

,fNewCounter counter2=1;

constructor
NewCounter ()

\{ counterl.up(};
counterZ.up(};

counterl.down();
counter?.down () ;

cout <<
counterl.GetCounter();

/_\\""“-\___z

Instances of the class NewCounter

Figure 3.2: NewCounter class and inheritance

3.4 Polymorphism—=Operator Overloading

Polymorphism allows a single name/operator to be associated with different operations depending on
the type of data passed. In C++, it is realized by using function overloading, operator overloading, and
dynamic binding. The operators such as +,-,*,/ etc., dealing with basic data types can be extended to
work on user-defined data types by using the facility of operator overloading. Overloaded operators
work with user-defined or basic-data types depending upon the type of operands. Operator overload-
ing allows the user to give additional meaning to most operators so that it can be used with the user’s
own data types, thereby making the data-types easier to use.
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Operator overloading, similar to function name overloading, helps to reduce the need for unusual
function names, making code easier to understand. [t also supports programmer-controlled automatic
type conversion, which blend user defined data types, appear and work in the same way as fundamental
data types provided by the C++ language.

Operator overloading extends the semantics of an operator without changing their syntax. The
grammatical rules defined by the C++ that govern its use such as the number of operands, precedence,
and associativity of the operator remains the same for overloaded operators. Therefore, it should be
remembered that overloading of an operator does not change its original meaning. C++ allows overload-
ing of both unary and binary operators.

In the program counterl.cpp and counter2.cpp, the functions up () and down () are
invoked explicitly to update the counters. Instead of using such functions, the operators like ++ (incre-
ment operator) can be used to perform the same job, while increasing the program readability without
the loss of functionality. The enhanced version of the class counter declared in the program
counter2.cpp is rewritten to use overloaded increment operator in the program counter3.cpp.
It overloads increment and decrement operators to operate on user defined data items.

// counter3.cpp: increment and decrement operation by operator overloading
#include <iostream.h>
class counter

{
private:
int wvalue; // counter value
public:
counter () // No argument constructor
{
value = 0; // initialize counter value to zero,
}
counter{ int wval ) // Constructor with one argument
! .
value = val; // initialize counter value
}
int GetCounter () // counter Access

{
return value;
}
// overloading increment cperator
void operator++() // increment counter
{
value = value + 1;
}

void operator --() // decrement counter

{
value = value - 1; // decrement counter
}
}i
void main()

{
counter counterl; // calls no argument constructor
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counter counterZ = 1; // calls 1 argument constructor
cout << "counterl initially = * << counterl.GetCounter() << endl
cout << "counterz initially = " << counterZ.GetCounter() << endl;

cunterl.GetCounter () << =ndl
. 6) == enai

-counterl on decrement

<< counterl.GotCounter() << endl
cout << ‘counter? on - e . ¢

counterl initially = 0
counter2 initially = 1
counterl on increment
counterz on increment
counterl on decrement
counter on decrement

The word cperator is a keyword. It is preceded by the return type void. The operator to be
overloaded is immediately written after the keyword operat or, followed by the void function sym-
bol as operator++ (). This declarator syntax informs the compiler to call this member function
whenever the ++ operator is encountered. provided its operand is of type countes.

robe

The statement in the class counter
veoia ) e s counter

overloads the increment operator (++) to operate on the user defined data type. Whan the compiler
encounters statements such as

/# decrement counter
overloads the decrement operator (~-) 1o operate on objects of the user defined data type. When the
compiler encounters statements such as

it calls the overloaded operator function defined in the user-defined class. It can be observed that the

function body of an anda pes ion is same; the only change is in

the function prototype and method of calling. For instance, the stalement in counter2.cpp
counterz.up () ;

can be replaced by a more readable equivalent statement:

counterzes;
in the above program



84 Mastering C++

Instances of the class counter

constructor

counter(); Client program

/_\\\_'/_,

counter counterl;

- counter counter2=1;

-{ ++ counterl;
counter2++;

’{ -- counterl;
counter2- -;

cout <<
counterl.GetCounter () ;

/\

Figure 3.3: Unary operator overloading in counter class

The concept of unary operator overloading also applies equally to binary operators. Addition of
two counters without using operator overloading can be performed by a statement such as
counter3 = counterl.AddCounter( counter2 };
It invokes the member function AddCounter () of counterl object’s class. By overloading the +
operator, the above clumsy and dense-looking expression can be represented in a readable and simpli-
fied form as:
counter3 = counterl + counterl;

A detailed discussion on operator overloading can be found in the chapter on Operator Overloading.

3.5 Friend Functions

C++ provides the concept of a friend class whose member functions can access the private members of
another class. A friend function accesses the private data variables of another class. The major differ-
ence between an ordinary class function and a friend function is that the ordinary function accesses the
object that involves the member function, while a friend function requires objects to be passed by
reference or value.

Friend functions play a very important role in operator overloading by providing the flexibility,
which is denied by the member functions of a class. It allows overloading of stream operators (<< or >>)
for stream computation on user defined data types. The only difference between the friend function and
member function is that, the friend function requires all formal arguments to be specified explicitly,
whereas the member function takes first formal argument implicitly and the remaining arguments (if any)
explicitly. Friend functions can either be used with a unary or binary operator.



Chapter 3: C++ at a Glance 85

Similar to the built-in variables, the user-defined objects can also be read or output using the stream
operators: insertion and extraction operators. In the case of the overloaded << operator, the ostream &
is taken as the first argument of a friend function of a class. The return value of this friend function is of
type ostream &. Similarly, for overloading the >> operator, the istream & is taken as the first argument
of a friend function of a class. The return value of this friend function is of type istream &. In both the
cases, a reference to an object of the current class is taken as a second argument and after storing the
result in its second object, its first argument, the istream object would bé returned.

The program counterd4 . cpp illustrates the flexibility of overloading the output stream operators
and their usage with the user defined objects.

// counterd.cpp: overloading stream operator cout << value
#include <iostream.h>

class counter

{

private:
int value; // counter value
public:
counter () // No argument constructor
{
value = 0; /{ initialize counter value to zero
}
counter{ int val ) // Constructeor with ocne argument
{
value = val; // initialize counter value
}
int GetCounter() // counter Access

{

return value;

}
// overloading increment operator
void operator++|() // increment counter

{
value = value + 1;
1
// overloading decrement operator
void operator --{) // decrement counter
{
value = value - 1; // decrement counter
}
// overloading binary operator
counter operator +( counter counterZ );
friend ostream & operator << ( ostream & Qut, counter & counter );
};
// operator function defined cutside the class body, hence use :: operator
counter counter::operator +( counter counter2 )
{
counter temp;
// value belongs to counterl and counter2.value is of counterZ
temp.value = value + counterZ.value;
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recurn tems:
3
// it is Just a friend function, it is not a member of counter classes
ostream & operator << ( ostream & Out, counter & counter
¢
// aisplay all incernal data of counter class
cout << counter.value;
// return output stream Out for cascading purpose
recurn ouc:
)
void main ()
<
councer counterl; // calle no argument constructor
counter counter? s 77 calls 1
cout == ‘counterl initially = * <=
cout << -counter2 initially = * <<

<< rcounterl on increment = * << counterl << endl:
- 2 on i =< << enal:

" << counterl << endl;

cout << "counterl on decrement
cout == © on - 7
counter counter3; // calls no argument constructor
; 4/ calls «
<< ter3

counterl initially
counter2 initially
counterl on increment
counter2 on incrementc
counterl on decrement =
counter? on decrement = 1

x3 = counterlscounter2 = 1

1
2
o

The contents of the object counterl can be displayed by using the statement
cout << counterl:
instead of using the statement
cout << counter.Gercounter () ;
“This is the same as the use of the stream operator to display the contents of variables of standard data
type. The operator member functi
ostream & operator <= ( ostream & Out, counter & counter )
defined in the counter class displays the contents of the objects of the counter class (see Figure
3.4). The steam classes, istream and ostream are declared in the ios tream. h header file.
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The input stream operator can also be overloaded to read objects of the counter class, whose
prototype can be:
istream & operator >> ( istream & In, counter & counter );
Note that C++ does not allow overloading of operators =, (), {], and ->as friend operator functions.
however, they can be overloaded as member operator functions.

Instances of the class counter

constructor
counter () ;

Client program

S~

counter counterl;

private members - counter counter2=1;

++ counterl;

, { +4
int value; ( counter2++;

-- counterl;
"{ counter2--;

cout << counterl;
cout << ceounter2;

T~

Figure 3.4: Operator overloading and friend functions

3.6 Polymorphism~=Virtual Functions

In C++, runtime polymorphism is achieved using virtual functions. Virtual functions facilitate dynamic
binding of functions to the appropriate objects. They are the medns by which functions of the base
class can be overridden by functions of the derived class.

Virtual functions allow derived class to redefine member functions inherited from a base class.
General programs can then be written that are obvious to the classes of the objects they manipulate,
through dynamic binding. The runtime system will choose the function appropriate to a particular class.

Virtual functions allow programmers to declare functions in a base class that can be redefined in
each derived class. When a pointer to the base class is used with a base or derived class object, the
object to which it points determines the activation of an appropriate member function call. That is, when
a base class pointer points to the object of a derived class, the derived class's member function is
selected and when it points to the object of the base class, the base class's member function is selected
at rantime.

In C++, calls to virtual member functions are linked at runtime, as a result of which an object’s
behavior is determined only at runtime. This binding procedure is termed as late binding. The keyword
virtual instructs the compiler that the calls to these member functions are to be linked only at run
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time. Thus, the choice of member function to be executed depends on the object of a class, the pointer
is addressing at runtime. The program virtual . cpp illustrates the concept of virtual functions.

// virtual.cpp: Binding peinter to base class’'s cbject to base or derived
// objects at runtime and invoking respecdtive members if they are virtual
#include <iostream.h>
class Father
{
protected:
int f_age;
public:
Father( int n )
{
f_age = n;
1 .
virtual int GetAge(void)
{
return f_age;
1
}:
// Son inherits all the properties of father
class Son : public Father
{
protected:
int s_age;
public:
Son{ int n, int m ):Father(n)
{
s_age = m;
}
int GetAge(void)
{
return s_age;
}
}i
void main()
{
Father *basep;
basep = new Father (45}; // pointer to father
cout << "Father's Age: ";
cout << basep—>GeiAgef} << endl; // calls father::GetAge
delete basep;
basep = new Son (45, 20}; // pointer to son
cout << “"Son's Age: “;
cout << basep->GetAgel() << endl; // calls son::GetAge()
delete basep;
}

Run

Father's Age: 45
Son's Age: 20
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In the base class Father, the statement
virtual int GetAge(void)
indicates that, an invocation of GetAge () through the pointer to an object must be resolved at
runtime based on which class’s object the pointer is pointing to. A pointer to the object of the base
class can be made to point to its derived class.

Instances of the class Father

constructor
Father(int n);

Client program

/_\/

Father *basep;

int f£_age;

virtual int GetAge();

basep = new Father (45);
—basep->GetAge();

- constructor
Son{int n,int m):
Father(n);

|- basep=new Son(45,20);
|~ basep->Getage () ;

int s_age;

/\J

int GetAgel):

Instances of the class son

Figure 3.5: Virtual functions and dynamic binding
(base pointer accessing derived objects)
In main (), the statement
Father *basep;
creates a pointer variable to the object of the base class Father and the statement
basep = new Father (45); // pointer to Father

creates an object of the class Father dynamically and assigns its address to the pointer basep. The
statement

cout << basep->GetAge(} << endl; // calls father::GetAge
invokes the member function Getage () of the Father class.
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class myclass

inc arr(s];

1 ion of class is i in the prog .cpp.Ithasa
data member which is a pointer to an array of generic type T. The type T can be changed to int,
f1oac, etc.. depending on the type of object to be created.

/7 vector.cpp: parameterized vector class
#imclude <iostresm.h>

template <class T>

<lass vector

«

T v // changes to int *v, float *v, . ste.
ine size: /7 size of vector v
public:

vector( int vector_size )
<

size = vector_size;
v = new T[ vectesx_size 1; //e.g., v=new int( size ],if T is int

ector()

deles

i
T & elem{ int i )
<

FEXIEY

= size )
cout == endl <= "Erzox: Out of Range”
recturn viil:

void show()
¥
template <class T
void vector<Ts: :show()
«
for( int i = 0; i < size; i++ )
cout << elem( & ) << -, *;

)
void main()
<
vector <int> int_vect( 5 ):

vector <float> float_vect( 4 );
for( i = 0; i < 5; i+

ine_vect.show ()
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Similarly, the statement

basep = new Son(45, 30); // pointer to son
creates an object of type class Son dynamically and assigns its address to the pointer basep. The
statement

cout << basep->GatAge() << endl; // calls Son::GetAge
invokes the member function GetAge () of the class Son (see Figure 3.5). If a call to a non-virtal
function is made in this case, it will invoke the member funct base class FatLhex instead of the
derived class Son. Note that the some pointer is able to invoke base or derived class
depending on the class's object to which it is bound (and this is true only with virtual functions)

Itis important to note that, virtual functions must be accessed through the pointer to a base class.
However, they can be accessed through objects instead of pointers, but note thai the runtime polymor-
phism is achicved only when a virtual function is accessed through the pointer to a base class. Also
another important aspect is that, when a function is defined as virtual in the base class and if the same
function is redefined in the derived class, that function is also treated as virtual function by default.
Only class member functions can be declared as virtual functions. Regular functions and fréend func-
tions do not qualify as virtual functions

3.7 Generic Ciasses—Class Templates
The container class (i.c., a class that holds objects of some other type) is of considerable importance
when implementing data structures. The limitation of such classes to hold objects of any particular data
type can be overcome by declaring that class as a template class. It allows several classes which differ
only in the data type of their data members 1o be declared with a single declaration
A class template arguments can be of type strings, function names.
addition to template t <
piler handles creation of objects using the class templates:
template <class T. int size>
ciass myela

constant expressions, in
template to illustrate., how the com-

)
When objects of template class are created using the statement such as,

myclass <float,10> newl
the compiler creates the following class:

class myclass

<

float arr(101;

i

Again if a statement such as,
myclass =int, S= new2:

is encountered for creating the object newz, the compiler creates the following class:
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cout << endl << "Floating Vector: “;
float_wvect.show();
}

Run

Integer Vector: 1, 2, 3, 4, 5,
Fleating Vector: 1.5, 2.5, 3.5, 4.5,

Note that the class template specification is similar to an ordinary class specification except for the
prefix template <class T> and the use of T in place of the data-type. This prefix informs the
compiler that the class declaration following it is a template and uses T as a type name in the declaration.
Thus, the class vector becomes a parameterized class with the type T as its parameter, The Lype T
may be substituted by any data type including the user defined types.

In main(), the statements
vector <int> int_vect( 5 );
vector <float> float_vect( 4 );
create the vector objects int_vect and float_wvect to hold vectors of type integer and floating
point respectively. Once the objects of class template are created, their usage is same as the objects of
non-template classes.

3.8 Exception Handling

An exceptional condition is an error situation that occurs during the normal flow of events and prevents
the program from continuing correctly. C++ provides exceptioh handling mechanism for handling error
conditions that should not be ignored by & caller. Error condition suchr as division of a number by zero
is difficult to predict; however, that can be handled by using exceptions.

C++ offers the following three constructs for handling exceptions:
e LIy
¢ throw
e« catch
A block of code in which an exception can occur must be prefixed by the keyword try. This block
of code is called try-block. It indicates that the program is prepared for testing the existence of excep-
tions. If an exception occurs, the program flow is interrupted; call to an exception handler is made if one
exists, otherwise, abort () is invoked.

The exception handler is indicated by the catch keyword and it must be specified immediately after
the try-block. The keyword catch can occur immediately after another catch. Each handler will only
evaluate an exception that matches, or can be converted to, the type specified in its argument list. Every
exception thrown by the program must be caught and processed by the exception handler. If the
program fails to provide an exception handler for a thrown exception, the program will call the terminate
function.

The mechanism suggests that error handling code must perform the following tasks.

+ Detect the problem causing exception (Hit the exception)
« Inform that an error has occured (Throw the exception)

+ Receive the error information (Catch the exception)

« Take cotrective actions (Handle the exceptions)



Chapter 3: C++ at a Glance 23

The program number . cpp illustrates the mechanism of handling exceptions. It has the class
numberx to store an integer number, the member function read () to read a number from the console
and the member function div () to perform the division operation. It raises an exception if an attempt
is made to divide a number by zero.

// number.cpp: Divide Exceptions, divide by zero exceptions
#include <iostream.h>
class number
{
private:
int num;
public:
void read()
{
cin >> num;
}
class DIVIDE (}; // abstract class used in exceptions
int div( number num2 )
{
if{ num2.num == 0 ) // check for zeroc divisor if yes
throw DIVIDE(); // raise exception
else
return num / num2.num; // compute and return the result
}
}i
int main{()
{
number numl, num2;
int result;
cout << "Enter Number 1l: *;
numl.read() ;
cout << "Enter Number 2: *;
num2 .read () ;
// statements must be enclosed in try block if exception is to be raised
try
{
cout << "trying division operation...";
result = numl.div( num2 );
cout << "succeeded" << endl;
}
catch( number: :DIVIDE ) /{ exception handler block
{
// actions taken in response to exception
cout << "failed" << endl;
cout << "Exception: Divide-By-Zero";
return 1;
}
// no exceptions, display result
cout << "numl/num2 = " << result;
return 0;
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Auni
Enter Number 1: 10
Enter Number 2: 2

trying division operation...succeeded
numl/num? = S
Aunz

trying division operation...failed
Exception: Divide By-Zero

Inmain (), the try-block

cxy
result = numl.div( numz );
invokes the member function div () to perform the divisi i i ion defined in the

number class. (See Figure 3.6.)

Instance of the class number
Client program

void read();
number numl,num2;

result=numl.div(num2);
)
caten(DTVIDE)
<

>

Figure 3.6: Exception handling in number class

If any attempt is made to divide by zero, the following statement in d4v () member function
if( numz.num == 0 ) // check for zero division if ves
throw DIVIDE(): // raise exception
same and raises the exception by passing a nameless object of the DIVIDE class. The
following block of code inmain () immediately after the try-block.
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catch( number::DIVIDE )
{
cout << "Exception: Divide-By-Zero";
return 1;
}
will catch the excepiion raised due to a malfunction (divide-by-zero) in the preceding try-block and
executes its (catch-block) body. When an exception is raised and if the exception matches with any of
the catch's exception type, its catch-block will be executed; otherwise, the program terminates. The
execution skips the catch-block and proceeds with the normal operations when no exception is raised.

3.9 Streams Computation

Stream is a name given to the flow of data and it acts as an interface between the program and the input/
output devices. Streams provide a consistent interface irrespective of the device with which they
operate (see Figure 3.7). For instance, the output operation can be performed either on the console or
file; the interface for accessing these devices is the same as shown in the following statements:
cout << "Hello World";
outfile << "Hello World";
The first statement prints the message Hello World to a standard output device whereas the second
statement prints the same in a file to which the variable out £ile is the file handler.

Monitor |ye11o

Printer 5

Disk Q

float

User
Object

Figure 3.7: Consistent stream computation

Input-output operations in C++ are interpreted as a flow of stream of bytes. The program extracts
bytes from the input stream when read operation is initiated and inserts bytes to the output stream when
the output has to be performed.

C++ provides the following predefined stream objects (declared in iostream.h):

ein Standard input (usually keyboard) corresponding to stdin in C.
cout Standard output (usually screen) corresponding to stdout in C.
cerr Standard error output (usually screen) corresponding to stdexr in C.
clog A fully-buffered version of cerr (no C equivalent).

The statement
cin >> m;
reads data from the console (keyboard) and stores it into the variable m. The statement
cout << "Helleo World" << m;
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prints the string message followed by the value stored in the variablem onto the console (monitor). The
statement,

cerr << "Error: Hello World";
prints the string message onto the standard error device (usually monitor). The statement,

clog << "Log Errors";
prints the message to standard error device and displays when the buffer is flushed or \n (new line)
character is encountered.

In C++, streams with operator overloading provide a mechanism for filtering. The standard stream
operators << and >> do not know anything about the user-defined data types. They can be overloaded
to operate on user-defined data items, which comprise operations on basic data items with standard
stream operators. For example, consider the statements:

cout << counterl;

cin »>> counter2;
The data-items counterl and counter2, are the objects of the counter class (see friend.cpp
program discussed above). The operators >> or << do not know anything about the objects counterl
and counter2. These are overloaded in the counter class as member functions, which process the
attributes of counter objects as if they are basic data-items. Collectively, it appears as if the stream
operators are operating on the objects of the class counter. This is possible due to overloading
stream operators to operate on the user defined data types.

File Streams

A file is a unit of storage. The file handling technique of C does not support object oriented program-
ming, hence C++ has come out with a new set of classes to deal with files.

As discussed earlier, the standard objects cin and cout have been used to deal with the standard
input and the standard output. The objects cin and cout are declared in iostream.h header file.
There are no such predefined objects for handling disk files. C++ supports the following classes for
handling files:

e ifstream - for handling input files.

+ ofstream - for handling output files.

+ fstream - for handling files on which both input and output are done.

These classes are designed to manage the disk files and are declared in the £stream.h header file. To
use file streams, include the following statement in the program:
#include <fstream.h>

The general pattern of accessing the data in a file is similar to the stdio.h functions. First, of
course, the file has to be opened. In all the three classes, a file can be opened by giving a filename as the
first parameter in the constructor itself. For example, the statement,

ifstream infile("test.txt");
will open the file test . txt for input operation,

The classes ifstream, ofstream, and fstream are derived from the classes istream,
ostream, and iostream respectively to handle file streams and file input/output. The ifstream
is meant for input files and of stream for output files; the £stream is meant for both the input and
output files,
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File Input with i£stream Class

The class ifstream supports input operations. It contains the function open () with the default
input mode. Inherits get (), getline (), read(),seekg(),and tellg() functions fromistream.
The program infile.cpp illustrates the use of ifstream class in file manipulation. It reads the
contents of the file sample. in line by line and prints the same on the console.

/¢ infile.cpp: reads all the names stored in file 'sample.in’
#include <fstream.h>

#include <process.h>

#include <iostream.h>

void main()

{
char buff[ 80 1;
ifstream infile; // input file
infile.open(*sample.in"); // open file
if( infile.fail()) // open.fail
{
cout << "Error: sample.in non-existent®";
exitc( 1 );
}
while( !infile.eof(}) ) // until end-of-file do processing
{
infile.getline(buff, 80); // read complete line from file
cout << buff << endl;
}
infile.close();
}
Bun

Rajkumar, C-DAC, India
Bjarne Stroustrup, AT & T, USA
Smrithi, Hyderabad, India
Tejaswi, Bangalore, India
The input file sample . in contains the following information before the execution of the program:

Rajkumar, C-DAC, India

Bjarne Stroustrup, AT & T, USA
Smrithi, Hyderabad, India
Tejaswi, Bangalore, India

In main (). the statement

ifstream infile; // input file

creates the object infile and the statement
infile.open("sample.in"); // open file

opens the file sample. in in the input mode. The statement
if({ infile.fail()) // open fail

<hecks for the status of file open operation. If file-open fails, it returns 1, otherwise 0. The statement
while( tinfile.eof() ) // until end-of-file, do processing
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repeats the file reading operation until the end-of-file. And the statement
infile.getline(buff, 80); // read complete line from file
reads a single line from the file or maximum of 80 characters from that line and proceeds to the next line.
The statement,
infile.close(};
closes the file and thus preventing it from further manipulation.

File Output with ofstream Class

The class of stream supports output operations. It contains the function open () with output mode
as default. It inherits put(),seekp(),tellp(), and write() functions from ostream. The
program outfile.cpp illustrates the use of the class ofstream in the file manipulation. It reads
information entered through the keyboard and writes the same into the output file sample.out.

// outfile.cpp: writes all the input into the file ‘sample.out’
#include <fstream.h>

#include <process.h>

#include <iostream.h>

#include <string.h>

void main()

{
char buff[ B0 ];
cfstream outfile; // output file
outfile.open("sample.out"); // open in output mode
if( outfile.fail()) // open fail
{
cout << "Error: sample.out unable to open®;
exit( 1 );
}
s/ loop until input = "end"
while(l)
{
cin.getline(buff, B0); // read a line from keyboard-
if( strcmp( buff, "end" ) == 0 )
break;
outfile << buff << endl; // write to output file
}
outfile.close();
}
Aun

Q0P is good
C++ is OOP
C++ is good
end

Note: On execution, the file sample.out has the following:
QOP is good

C++ is OOP

C++ is good
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Data Types, Operators and Expressions

4.1 Introduction

Variables and constants are the fundamental elements of any programming language. Variables allow to
name memory locations and use that name to access memory contents instead of accessing it through
the physical address. Constants are those whose value never change during the execution of the
program. Operators are used to specify the type of operation to be carried out on the variables and
constants, Expressions combine the variables and constants to produce new values. The type of an
object (variable/constant) determines the set of values it can represent and various operations that can
be performed on it. When an expression has variables of different types, they need to be coerced (type
converted) before their use. It can be either performed by the compiler implicitly, or by the user explicitly,
C++ qualifiers allow promotion of any fundamental data type. The precedence and associativity of
operators specify the order of evaluation of an expression to generate a valid output.

4.2 Character Set

The C++ character set consists of the upper and lower case alphabets, digits, special characters and
white spaces. The alphabets and digits together constitute the alphanumeric set. The complete charac-
ter set is shown in Table 4.1. The compiler ignores white spaces unless they are a part of a string
constant. White spaces are used to separate words (and sometimes to increase the readability of a
program), but cannot be embedded in the keywords and identifiers.

Alprabets:
Uppercase: A B ... Z
Lowercase: a b ... =z
Digits
0123456789
Special Characters:
. comma < opening angie bracket > closing angle bracket
. period _ underscore ( left parenthesis
. semicolon $ dollar sign ) right parenthesis
. colon % percent sign [ left bracket
# number sign 7 question mark ) right bracket
* apostrophe & ampersand { left brace
" guotation mark A caret } right brace
! exclamation mark * asterisk I slash
| wertical bar - minus sign \ blackslash
= tilde + plussign
White space characters:
blank space newline carriage return
formfeed horizontal tab vertical tab

Table 4.1: C++ character set
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In main(), the statement
ofstream outfile; // output file
creates the object cut£ile and the statement
outfile.openi"sample.out"); // open in output mode
opens the file sample.out in output mode. The statement

if( outfile,fail(}) // open fail
checks for the status of file open. If file open fails, it returns 1, otherwise 0. The statement
outfile << buff << endl; // write te output file

writes the buf £ contents and new-line character to the output file. The syntax of writing to the disk file
resembles the writing to the console.

Guidelines

This chapter has given a glimpse on various prime features of C++. The fundamental construct of C++
1.e., class has been used to explain data encapsulation and abstraction features. More details on this can
be found in chapters 10 and onwards. Other features discussed are inheritance, polymorphism, friend
functions, virtual functions. class templates, exceptions handling, and streams computation.

Review Questions

3.1 State some reasons for C++ gaining popularity over other object-oriented programming languages.

3.2 Date consists of day, month, and year. Can this item be modeled as a class? What are the permis-
sible operations this class needs to support ? Write a complete program having class declaration
and the main () function to create its objects and manipulate them.,

3.3 List the various object-oriented features supported by C++. Explain the constructs supported by
C++ to implement them.

3.4 Whatis inheritance ? What are base and derived classes ? Give a suitable example for inheritance.

3.5 What are the different types of access specifiers supported by C++. Explain with a suitable
example.

3.6 What is polymorphism ? Write a program to overload the + operator for manipulating objects of
the Distance class.

3.7 What are friend functions 7 Can they access members of a class directly ? Enhance the Date class
such that it allows to read and display its objects using stream operators.

3.8 What are the differences between static binding and late binding ? Explain dynamic binding with
a suitable example.

3.9 What are generic classes? Explain how they are useful. Write an interactive program having
template-based Distance class. Create two objects: one of type integer and another of type float-
ing-point.

3.10 What are exceptions 7 What are the constructs supported by C++ to handle exceptions ?

3.11 What are streams ? Write an interactive program to copy a file to another file. Both source and
destination files have to be processed as the objects of file-stream classes.
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4.3 Tokens, Identifiers, and Keywords

C++ program consists of many elements, which are identified by the compiler as tokens. Tokens sup-
ported in C++ can be categorized as keywords, variables, constants, special characters, and operators

as shown in Figure 4.1.
r Tokens l

v v v Jr v

Keywords Variables Constants Special Operators
characters

int marks, 121 # +

switch age 350.75 ? -

class name 2&3 ~ ;7

Figure 4.1: C++ tokens

In a C++ program, every word can be either classified as an identifier, or a keyword. As the name
suggests, identifiers are used to identify or name variables, symbolic constants, functions, and so on,
Kzywords have predefined meanings and cannot be changed by the user. The following rules need to
be followed while naming identifiers:

+ Identifier name is formed by using alphabets, digits, or underscore characters.

+ Identifier names must begin with an alphabet or underscore character.

« The maximum number of characters used in forming an identifier must not exceed 31 characters. Some
compilers allow the identifier length to be more than 31 characters, however, only the first 31 charac-
ters are significant.

+ C++ is case sensitive (since the upper and lower case letters are treated differently). For instance,
names such as rate, Rate, and RATE are treated as different identifiers. It is a general practice to
use lower or mixed case letters to name variables and functions, and upper case to name symbolic
constants.

+ C++ has standard identifiers called keyweords. Keywords are declared by the C++ language and have
a predefined meaning. Hence, they cannot be used for any other purpose other than that specified by
the C++ language. The keywords supported by C language are shown in Table 4.2 and they are also
available in C++ (C++ is a superset of C).

auto double int struct
break else long switch
case enum register typedef
char extern return union
const float short unsigned
continue for signed void
default goto sizeof volatile
do if statiec while

Table 4.2: Keywords common to C and C++
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C++ Specific Keywords

There are several keywords specific to C++ which are listed in Table 4.3. These keywords primari|yv deal
with classes, templates, and exception handling. For more details on keywords, refer to Appendin. C++
Keywords and Operators.

| asm new template
i catch operator this
class private throw
delete protected try
friend public virtual
[ inline

Table 4.3: Keywords specific to C++
4.4 Variables

A variable 1s an entity whose value can be changed during program execution and is known to the
program by a name. A variable definition associates a memory location to the variable name. A variable
can hold only one valuc at a time during the program execution, Its value can be changed during the
execution of the program. The various components associated with variables are the following:

+ Data type - char, int, float, date (user defined), etc.

+ Variable name - User view

+ Binding address - Machine view

+ Value - data stored in memory location
The relation among the above components is shown in Figure 4.2, In the statement

f=1.8"*¢c + 32.

the symbols £ and c are variables. Memory location

Variable name >

Figure 4.2: Components of variables

v

DataType

Variable Names

Variable names are identifiers used to name variables. They are the symbolic names assigned 1o the
memory locations. A variable name consists of a sequence of letters and digits, the first one being a
letter. The rules that apply to identifiers (given above), also apply to variable names. The following are
some valid variable names:

i sum MAX min
class_mark student_name emp_num fact_recur
classMark StudentMame rankl _xl _num

The following are some invalid variable names (with reasons given along side):

a's illegal character(*)
fact recur blank not allowed
class-mark illegal character(-)
Sroot first character should be a letter

student, rec comma not allowed
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4.5 Data Types and Sizes

C++ supports a wide variety of data types and the programmer can select the type appropriaic io the
needs of the application. However, storage representation and machine instructions 1 manipulate cach
data type differ from machine to machine, although C++ instructions are identical on a!l muchines C++

supports the following classes of data types:

« Primary (fundamental) data types

« Derived data types

+ User-defined data types

The primary data types and their extensions is the subject of this chapter. Derived data types such
as arrays and pointers, and user defined data types such as structures and classes arc discusscd in the
later chapters.

C++ language supports the following basic data types:

char a single byte that can hold one character.
int an integer.

float - asingle precision floating point number.
double a double precision floating point number.

Further, applying qualifiers to the above basic types yields additional types. A qualifier alters the
characteristics such as the size or sign of the data types. The qualifiers that alier the size are short and
long. These qualifiers are applicable to integers, and yield two more types:

short int Integer represented by 16 hits irrespective of machine type.
long int Integer represented 32 bits irrespective of machine type.
The exact sizes of these data types depend on the compiler as shown in Table 4.4.
Data Size Minimum Maximum
Data Type (bytes) value value
char 1 -128 127
short 2 -327868 327867
int 2 (16 bit compiler) | -327868 327867
4 (32 bit compiler) | -2147483648 | 2147483647
long 4 -2147483648 | 2147483647
float 4 -3.4E-38 3.4E+38
double 8 -1.7E-308 1.7E+308
long double| 10 -3.4E-4932 1.1E+4932

Table 4.4: Data types and their size

The qualifier long can also be used along with the double precision floating point type:
long double — an extended precision floating point number,

The sign qualifiers are signed and unsigned. The sign qualifiers are applicable to the integer data
lypes (int, short inf,and long int) resulting in six additional data types given below:

signed short int

unsigned short int

signed int

unsigned int

signed long int

unsigned long int
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Qualifiers are also applicable to the chaxr data type as follows

Size qualifiers (shorr and 1ong) cannot be applied 1o the char and £1oat data types and
qualifiers (signed and unsigned) cannot be applied to float. double. and long double

4.6 Variable Defin n

A variable must be defined before using it in a progra
and associates it with a symbolic name. The syntax for defining variables is shown in Figure 4.3. The
variable name can be any valid C++ identificr except the reserved words. The data type can be any
primitive or user-defined data type such as int, £1oat, double, and so on

T
e 10a. wre.

Data Type VarNamel,, ..., VarNameN;

. I reserves memory required for data storage

Figure 4.3: Syntax of variable definition

“The following are some of the valid variable definition statements:
int a, // a is an integer variable
ine b, o, 4 // B, =, and d are valid integer variables
float total, length; // total and length are valid real variables
dounle suml, preduct: // suml and product are valid double variables

Variables can be defined at the point of their usage as follows:

Note that the variables 4 and 1 arc defined at the point of their usage.

4.7 Variable Initialization

In C++, a variable can be assigned with a value during its definition. or during the execution of a
prograri. The assignment operator (=) is used in both the cases. A variable can be initialized during its
definition using any one of the following syntax

data-type variable-name = constant-value;
daza iype variable-name( constant-value):

This syntax is most commonly used since it avoids chances of using uninitialized variables leading to
runtime errors. The following i i i i

20: /7 or ine o)
float © - 1920.9. & - 4.5; // or float <(1920.9), a(4.5);
double g = 123455.56;
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The value to be initialized to a variable at the time of definition must be known while writing the
program i.e., it must be a constant value or must have been assigned at runtime before its definition as
follows:

int i = 3;

int k = i + 3;
A variable which is initialized at its definition is called value-initialized variable. However, its value can
be modified during the program execution at a later point. When multiple variables are being declared in
a single statement, initialization is carried out in the following way:

int i = 10, § = 5;
The right side of the assignment operator can be any valid expression as given below:

int k=1 / j;
It assigns the value 2 to k if i=10 and j=5.

The variables can be initialized by using any valid expression at runtime. The general format is as
follows:

variable-name = expression;

The expression can be a constant, variable name, or variables and/or constants connected by using
operators (mathematical expression). For example,

a=10;

a = b;

a = c+d-5;
where the symbols + and - represent addition and subtraction operation respectively. The program
showl . cpp illustrates the initialization of variables in the definition or during its execution.

// showl.epp: variable definition and assignment
#include <iostream.h>
void main ()}

{

int a, b; // integer type variable definition

int ¢ = 100; // variable definition and initialization
float distance; // floating-point type variable definition
// initialization during execution time

a=c;

b =«¢+ 100;

distance = 55.9;
// display contents of the variables

cout =< "a = " <« a <= "\n";
cout << "bh = " << b << "\n";
cout << "g = " << ¢ << "\n";

cout << "distance " << distance;

Run

a = 100
b= 200
c = 100

distance = 55.9
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In maini}. the statement
ine ¢ = 100;
defines a variable calied ¢ and initializes it with the constant integer value 100. The statement
a = c;
reads the contents of the variable ¢ and assigns it to the variable a. The statement
b =c + 100;
adds the contents of the variable ¢ with the numeric constant 100, and assigns the result to the variable
b. The stitement
distance = 55.9;
assigns the {loahing-point constant value 55.9 to the variable distance. The statement
coun << "a = " << a << "\n*;
displays a message a = followed by the contents of the variable a and then a newline. Input and output
operations in C++ have already been discussed in Chapter 2. For more information refer to the chapter,
Streams Compuration with Console.

4.8 Characters and Character Strings

A character variable can hold a single character. For instance, the statement

char code = 'R';
assigns the character constant R to the variable code. The value stored in the variable code is the
ASCII equivalent of the character R. Note that the character constant is enclosed in a pair of single
quotes and each character representation requires 8 bits (one byte).

A sequence of characters is called a string. String constants are enclosed in double-quotes as
follows:
*Hello World*
String constants are useful while conveying some messages to the user. For instance, the statement
cout << "I love C++ programming”;
displays the message indicated by the string constant as follows:
I love C++ programming
In C++, characters can be treated like integers. A character variable holds one character such as a letter,
adigit, or a punctuation mark. These characters are represented in memory by a number, called the code
for the character. For example, the code for the letter A may be 65, that for letter B may be 66, and so on.

Actually, any number can represent the letter A, any other number can be used for B and so on, but
these numbers should be fixed by a coding convention. For example, when the computer wants the
printer to print the letter A, it actually sends the number 65 to the printer. The important point here is that
the printer accepts the number 65 and prints the letter &. Hence, the printer must also use the same code
to represent character as that is used by the computer. This requirement led to the establishment of a
standard called ASCII {American Standard Code for Information Interchange). ASCII codes are widely
used all over the world to represent various symbols in a computer.

The program ascii.cpp reads the ASCII code of a character and prints out the symbol associ-
ated with the code.
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¢/ aseil.epp: ASCII code example
#include <iostream.h>
void main()

int code;

char symbol;
cout << "Enter an ASCII code (0 to 127): ":
cin »>= code; // reads integer value

symbol = code; // store into character wvariable
cout << "The symbol corresponding to " << code << " ig " << symbol;
¥
Runi
Enter an ASCII code (0 to 127): £5
The symbeol corresponding to 65 is A

BRun2

Enter an ASCII code (0 to 127): §7
The symbol corresponding to 67 is C

In main{), the statement
svmbol = code;
assigns the value of the integer variable code to the character variable symbol. In the output state-
ment
cout << "The symbol corresponding to " << coede << " is ¥ << symbol;
the character variable code forces cout to display the ASCII symbol corresponding to the value
stored in it.

A string in C++ is just a séquence of consecutive characters in memory, the last one being the null
character. A null character has an ASCII code O and is called the end-of-string marker in C++. For
instance, consider the following string constant:

“I love C++ programming*
In memory, it is stored as a sequence of bytes as shown in Figure 4.4, Each location holds ASCII
equivalent of the respective character. The null character (a byte with value zero) is placed at the end of
the string. It serves to terminate the string. i.e., to mark the end of the string.

T i T
| e[

1
mimii

1

i i

»ls[o]

I start of string end of string-——
h 4
I a

L= ool o] Je

Figure 4.4: String representation in memory
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4.9 Operators and Expressions

C++ operators are special characters which instruct the compiler to perform operation on some oper-
ands. Operation instructions are specified by operators, while operands can be variables, expressions,
or literal values. Some operators operate on a single operand and they are called unary operators. Some
operators are indicated before operands and they are called prefix operators. Others, indicated after the
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operand are called postfix operators. For instance, expressions ++1 or i++ use unary prefix and postfix
operators respectively. Most operators are embedded between the two operands, and they are called
infix binary operators. An expression a+b uses the binary plus operator. C++ has even an operator
that takes three operands, called a ternary operator. Unification of the operands and the operators
results in the formation of expressions.

Types of Operators
In C++, operators can be classified into various categories based on their utility and action as follows:

Anthmetic operators

Relational operators

Logical operators

Assignment operators

Incremen! and decrement operators
Conditional operator

Bitwise operators

Special operators

* & 2 2 b

An expression is a combination of variables, constants and operators written according to the
syntax of the language. In C++, every expression evaluates to a value. i.e., every expression results in
some value of a valid data type, that can be assigned to a variable. The following are some of the valid
expressions:

a+b
a+200+40
c+b*z

z+20
total+20+c/3

Expressions having operands of different data types are called mixed-mode expressions. Consider the
following statements:
int a, <
float d, e;
The expression
{a+die+c)
is called mixed-mode expression, since it contains variables of types; integer and floating-point.

Assignment Operator =
As in most other languages, the equal (=) sign is used for assigning a value to a variable. It has the
following syntax:

variable = expression;
The left hand side has to be a variable (often called Ivalue) and the right hand side has to be a valid
expression (often called rvalue). The following are some valid assignment statements:

a = 32000; // rvalue is constant
b=2=z+ 10 * a; // rvalue is expression
c = sgrel 20.2 ); // rvalue is function

The program temper . cpp illustrates the conversion of temperature value in fahrenheit to centigrade
and vice-versa using the following relation:
fahrenheit = 1.8 * centigrade + 32
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// temper.cpp: conversion of centigrade to fahrenheit and vice-versa
#include <iost:

void main ()

€

float =, f;
cout << “Enter temperature in celsius: *;

£ . 1.8+ ¢« 32;

cout << -Equivalent fahrenheit = - << £ << enal;

cout << "Bnter temperature im Fahrenheit

e = (£ - 32) s 1.8
cout << "Equivalent celsius = = << o

Enter temperature in celsius: 5
Equivalent fahrenheit = 41

Enter temperature in fahrenheit: 40
Equivalent celsius = 4.442445

4.10 Qualifiers

Qualifiers modify the behavior of the variable type, to which they are applied. Qualifiers can be classi-
fied into two types:

« Size qualifiers
+ Signqualifiers
Consider the variable definition statement:
1

It specifies that i is an integer. which takes both positive and negative values. That is, i is a signed
integer by default. The above definition could also be written as.

signed inc i;
Prefixing of the qualificr =i gned cxplicitly, is unnccessary, since int data type definitions are = i gnect
by default. If the-variable 5 is used to hold only positive values (for example, if it is used 1o hold the
number of students in a class), it can be defined as follows:

unsigned int i:
Here, the qualifier 1n =i gned is applied to the data type int. This qualifier modifies the behavior of
the integer so that a variable of this type always contains a positive value.

int with Size Qu:
Size qualifiers alier the size of the basic type. There are two size qualifiers that can be applicd to integers
(i.¢.. to the basic type int): short and long. In any ANSI C++ compiler, the sizes of shox t int, int
and long int have the following specification:

« The size of a short int is 16 bits.

« The size of an int must be greater than or equal to that of @ short int.

« The size of @ 1ong int must be greater than or equal 1o that of an int.

© The sice ol w lons iat is 32 bits.

iers
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aoubie B
long double ) = 10

Note: The outpur displayed is generated by executing the program on the DOS system
compiled with Borland C++ compiler. Run2 is generated by executing the program on the UNTX system.

I'he name of the variable type is passed to the sizwof operator in parentheses. The number of
bytes occupied by a variable of that type is given by the sizeot operator. The 5izeof Operator is
very useful in developing portable programs. It is a bad practice to assume the size of a particular type.
since its size can vary from compiler to compiler.

The sizeof operator also takes variable names and returns the size of the variable given, in bytes.
For example. the statements

cout << *The =ize of i is ¢ << sizecf(i);
will output

The size of i is 2

The resultof sizeof (int) or sizeof (1) will be the same, since 1 is an int. However, it is a betier
practice to pass a variable name to the sizeo £ operator: if the data-type of i has to be changed later.
then rest of the program need not be modified.

Size qualifiers, as applied to dcuble
The type qualifier 1ong can also be applied on the data type double. A varinble of fype long
Acuble has more precision when compared (© a variable of type double. C++ provides three data
types for real numbers: £loat, double and long double. In any C++ compiler, the precision of a
double is greater than or equal (o that of a £1oat, and the precision of a-long double is greater
than or equal to that of a double. i.c., precision-wise,
precision of long double >= precision of double >= precision of floar

find out the actual range that offers. a can refer to the in

the header file float.h

Sign Qual
The keywords o igmed and unsigmed are the (wo sign qualifiers which inform the compiler whether
a variable can hold both negative and positive numbers, or only numbers. These qualifiers can
be Spplicd 10 the data types 1t and Shar only. For example, an unsigned integer can b declarcd ae

unsigned int i
As mentioned earlier, signed int is the same as int (i.c., int is signed by default). The chax data
type can be treated as either signed char, or unsigned char, and the exact representation is
compiler dependent.

ers
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In most compiters available on DOS, the size of ashort int and an i nt are the same (16 bits). A

long int occupies 32 bits. But in 32 bit compilers such as GNU C/C i+, an int and a Long int

of the same size (32 bits), while a short int is 16 bits. On the other hand, almost all UNEX compilers

have the size of int as 16 bits, int and long int being 32 bits.

sizect operator R

The operator = i zeo€ rewrns the number of bytes required 1o represent a data type or variable. It has

the following form:
siceofl data-type
Sacott varabic

“The data type can be standard or user defined data type. The following statements illustrate the usage

of sizeot operator:

)

ine ;
float o}

sizmeaf ( int ) s 2 or 4 i compiler
stzeof( float ) Tetrns 4

sizeof ( long ) returns 4

sizesf( i) returns 2 or 4 ing on compiler
sizect( < ) returns 4

The program & determines the size of an integer and its variants. It uses the function
aimant (3, which gives the size of any data tyne in bytes

/7 size.cpp: size qualifiers and sizeof ocperatox
#include <iostream.h>
void main(

¢

cout <= "sizecf( char ) = = sizeof (char) << endl:

cour << *aizecf( short ) = * << aizeof (short) << endl

cout <= “sizect( shoxt int ) = * =< sizeof(short int) <= endl;
cout << "sizeof( int ) = * << sizeof (int) << B

cout << "sizeof( lomg ) = = << cizcof(long) << endl;

cout << tsizecf( long int } < sizeof(long int) << endl;

cout ~= ‘mizecf( Eloat ) = * -« sizecf(float) =< endl;

cout << -sizeof( double ) = * << sizecof (double) << endl

cout << vaizeof( long double mizeot (long double) << endl;

sizeof( char ) = L
sizect( shore
sizeof( short int ) = 2
sizeof( inc 2

sizeof( long int ) = 4
rizeof( flomt ) = 4
(izeof( deub:

TLInof{ Tong Geltmie = 10
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4.11 Arithmetic Operators

The C++ langudge has both unary and binary arithmetic operators. Unary operators are those, which
operate on a single operand whereas, binary operators operate on two operands. The arithmetic opera-
tors can operate on any built-in data type. Arithmetic operators and their meaning are shown in Table
4.5. Note that, C++ has no operator for exponentiation. However, a function pow{x, y) exists in
math.h which returns x¥

Operator Meaning
Addition or unary plus

+
- Subtraction or unary minus
* Multiplication

/ Division

% Modulo Division

Table 4.5: Arithmetic operators

Unary Minus Operator (Negation)
The unary minus operator can be used to negate the value of a variable. It is also used to specify a
negative number; here a minus (-) sign is prefixed to the number. Consider the following examples

1. int x = 5;

Y = =X;
The value of x after negation is assigned to v i.e., v becomes -5.
2 int x = -5;

sum = =X;

The value of sum is +5. The unary minus operator has the effect of multiplying its operand by -1.

3. The use of unary + operator does not serve any purpose. However, it can be used as follows:
a = +100;
By default, numeric constants are assumed to be positive.

Binary Operators

Binary arithmetic operators such as +, -, *, etc., require two operands of standard data types. Depending
on the data types of the operands, these operators perform either integer or floating-point arithmetic
operation.

Integer arithmetic: When the two operands say x and y are defined as integers, any arithmetic
operation performed on these operands is called integer arithmetic, which always yields an integer
result.

Example:
Let x and v be defined by the statement:
int x = 16, y = 5;
Then the integer arithmetic operations yield the following results:

x +y =21
x -y =11
x *y = 80
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x {fy=3 The result is truncated, the decimal part is discarded.
The result is the remainder of the integer division. The sign of the result is
always the sign of the first operand.

-
L
L
]
bt

In integer division operation, the result is truncated towards the lower value if both the operands are of
the same sign, and is dependent on the machine if one of the operands is negative.

Example:
6 / 8 =
-6 / -8 0
-6 + 8 = 0 or -1 The result is machine dependent.

0

Floating-point arithmetic: Floating-point arithmetic involves operands of real type in decimal or
exponential notation. The floating point results are rounded off to the number of significant digits
specified. and hence the final value is only an approximation of the correct result. The remainder
operator % is not applicable to floating point operands.

Example:
Let a and b be defined by the statement
float a = 14.0, b = 4.0;

and p, g and r be floating point variables; then the floating point arithmetic operations will yield the
following results

p=a/b=3.500000
g=b/ a-=0.285714
r=a+b=18.00000

Mixed mode arithmetic: In mixed mode arithmetic, if either one of the operands is real, the resultant
value is always a real value. For example, 35 / 5.0 = 7.0. Here, since 5.0 is a double constant, 35 is
converted to a double and the result is also a double

The expression
x %y
produces the remainder when x is divided by v (it returns 0 when vy divides x exactly). The program
modulus . cpp illustrates the use of the modulus operator.

// modules.cpp: computation of remainder of division operation
#include <iostream.h>
void main(}
{
int numerator, denominator;
float result, remainder;
cout << "Enter numerator: *;
cin >> numerator;
cout << "Enter denominator: *;
cin >> denominator;
result = numerator / denominatoer;
remainder = numerator % denominator;
cout << numerator << "/" << denominator << " " <« result << endl;
cout << numerator << "%" << denominator << * = * << remainder;



114 Mastering C++

Run

Enter numerator: 12
Enter denominator: 5
12/5 = 2

12%5 = 2

An arithmetic expression without parentheses will evaluate from lefi to right using the following

rules of precedence for operators:

High priority: * / %

Low priority: + —
The basic evaluation process requires two passes. During the first pass, the highest priority operators
are applied as they are encountered and in the next pass, the low priority operators are applied. Consider
the following statement:

a=b+c*5+d /2 - 3;
Whenb = S5, c = 2,d 10, the statement becomes

a=5+2*54+ 10 /2 - 3:

It 1s evaluated as follows:

First pass:
step 1 a =5 + 10 + 10 / 2 - 3;
step 2: a = 5 + 10 + 5 - 3;

Second pass:

step 3: a = 15 + 5 - 3;
step 4: a = 20 - 3;
step 5: a = 17;

These evaluation steps are shown in Figure 4.5, which illustrates the hicrarchy of operators. When
parentheses are used, the expression within the innermost parentheses gains highest priority.

a=b+c* 5 +d/2 -3

=5+ 2 * 5 4+ 10/2 - 3 Stepl
]

10 5 Step2

15 Step3
o
20 Step4 8

a = 17 Step5

Figure 4.5: Hierarchy of operations

A program for swapping two integer numbers without using a temporary variable, is listed in
notemp . cpp. The steps involved are illustrated in Figure 4.6,
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Moo
oo

;

(a) Steps for swapping two numbers

Stepl: a = (a + b)

Step: b =a-b

a
a -b

o
L]

Step3:

b

(b) Swapping steps derivations

(a + b} - b

a

Figure 4.6: Swapping without using temporary variable

// notemp.cpp: swapping two numbers without using temporary variable
#¢include <iostream.h>
void main()

{

}

int a, b;

cout << "Enter two integers <a, b>: ";
cin >> a >> b;

a=a + b;

b=a-b;

a=a - b;

// logic for swapping a and b ends here

cout << "Value of a and b on swapping in main():

Run

Enter two integers <a, b>: 1_{1 20
Value of a and b on swapping in main(): 20 10

4.12 Relational Operators

A relational operator is used to make comparisons between two expressions. All these operators are
binary and require two operands. Logically similar quantities are often compared for taking decisions.
These comparisons can be done with the help of relational operators as shown in Table 4.6. Each one of
these operators compares its left hand side operand with its right hand side operand. The whole
expression involving the relational operator then evaluates to an integer. It evaluates to zero if the
condition is false, and non-zero value if it is true.

" << a << * " << b;

115
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Operator | Meaning

< less than
> greater than
<= less than or equal to
= greater than or equal to
e equal to
1= not equal to

Table 4.6: Relational operators

In order to understand the relational operators, it is necessary to know the basics of an i f state-
ment. (The i £ statement is elaborately discussed in the next chapter.) If condition-expression is true, it
executes the then-part only, otherwise, it evaluates the else-part, as shown below:

if{ condition )

statementl; // executed when condition is true
else
statement2; /{ executed when condition is false

The program relation.cpp illustrates the use of the relational operators in taking decisions.

/ / relation.cpp: relational operator usage
#include <iostream.h>
void main()
{
int my_age, your_age;
cout << "Enter my age: ";
cin >> my_age;
cout << "Enter your age: ";
cin >» your_age;

if{ my_age == your_age ')
cout << "We are born in the same year.";
else

cout << "We are born in different years";
}

Run1

Enter my age: 25

Enter your age: 25

We are born in the same year.

Run2
Enter my age: 25
Enter your age: 21
We are born in different years
In main(), the statement
if( my_age == your_age )
has the expression my_age == your_age as a conditional expression. It returns rrue if my_ag«
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and your_age are equal, otherwise it returns false. Note that 0 is trgated as false, whereas any non-
zero value is treated as true.

Note that in C++, the operator for testing equality is == (two = signs placed together). One of the

most common mistakes is to use a single = sign, to test for equality. For example, consider the statement
if( my_agé = your_age )

The conditional expression evaluates to true even if my_age and your_age are unequal (except
when yvour_age is equal to zero). This happens because the result of an assignment operator is the
assigned value itself. (Consider my_age is 25 and your_age is 21.) Here, the value of your_age
(25) is assigned to my_age, and the assignment expression evaluates to 25, which is non-zero. Since
any pon-zero value is considered to be true, the statements following the if (then-part) are executed.

While using the relational operators, the fact whether the numbers being compared are signed or not
becomes important. Neglecting this fact can lead to hard-to-find errors. The program charl.cpp
illustrates the use of char type variables as 8-bit integers.

// charl.cpp: Using char as an B-bit integer
#include <iostream.h>
void main()
{
// Integer value being assigned to a char
char ¢ = 255;

char d = -1:
if{ c =<0 )

cout << "¢ is less than 0\n":
else

cout << "¢ is not less than 0\n";
if(d<0)

cout << "d is less than 0\n";
else

cout << "d is not less than 0\n";
if( c ==4d )
cout << "¢ and 4 are equal";
else
cout << "¢ and d are not equal";
}

Run

c is less than 0
d is less than 0
c and d are equal

In main (), the statement
if( ¢ ==4d)
treats c and d as equal, although c is assigned with 255 and 4 is assigned with -1. It is because both of
them are treated as signed numbers by default. This can be overcome by explicitly defining variables of
type char as signed or unsigned while using them as 8-bit integers, as illustrated in the program
char2.cpp.
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// char2.cpp: Using char as an 8-bit integer
#include <iostream, h>
void main{()
{
// Integer value being assigned to a char
unsigned char ¢ = 255;
char d = -1;

ifi c < 0)

cout << "¢ is less than 0\n";
else

cout << "c is not less than O\n";
if(d < 0)

cout << "d is less than 0\n";
else

cout << "d is not less than 0\n";
if{ e ==4a)

cout << "c and d are equal";
else

cout << "¢ and d are not equal®;
}

Run

¢ is not less than 0
d is less thah 0
c and d are not equal

4.13 Logical Operators

Any expression that evaluates to zero denotes a FALSE logical condition, and that evaluating to non-
zero value denotes a TRUE logical condition. Logical operators are useful in combining one or more
conditions. C++ has three logical operators shown in Table 4.7.

Operator | Meaning
&& Logical AND
| Logical OR
! Logical NOT

Table 4.7: Logical operators

The first two operators &d& and |l are binary, whereas the exclamation (!) is a unary operator and is
used to negate a condition. The result of logical operations when applied to operands with all possible
values, is shown in Table 4.8.

Logical AND: For example, consider the following expression
a > b &&k x == 10

The expression on the left is @ > b and that on the right is x == 10. The whole expression
wvaluates to true only if both expressions are true (if a is greater than b as well as x is equal to 10)
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T- True, F- False

operand1 nre;:\mﬂ -a b |aa& b all b
¥ F T T F F
F T T F F T
T F F T ¥ T
T T F F T T

Table 4.8: Truth table for logical operator

Logical OR: Consider the following example involving the | | operator.
a<m|las<n
Ihe expression is rue if one of them is frue. ot if both of them are irue Lc..if the valuc of a i less than
that of m. o1 ess than n. Needless to say. it evaluates to #rie when a is less thanm
Logical NOT‘ The ! (NOT) operator takes a single expression and evaluates to true if the expression
is false, and evaluates to false if the cxpression is frue. In other wi t just reverses the value of the
expression. For example, consider:
Cx ==y

It has the same meaning as
x <y

The ! operator can be conveniently used to replace a statement such as
o

by the statement

1£( ta
The expression ! a evaluates to frue if the variable a holds zero, false otherwise.

The unary negation operator (!) has a higher precedence amongst these, followed by the logical
AND (&&) operator and then the logical OR (| |) operator, and are evaluated from left to rig!

The logical operator is used to connect various conditions to determine whether a given year is a
leap year or not. A year is a leap year if itis divisible by 4 but not by 100, or that is divisible by 400. The
program leap . cpp illustrates the use of the modulus operator.
|/ leap.cpp: detects whether year is leap or not
#include <iost
void main()

«

cout << "Enrer any year: "

0 && year % 100 1= 0 ) || (year % 400 == 0) )
* ia a leap year;:

cout << year << " is not a leap vear®:
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inverted 1o ones and a new value becomes the largest possible number. The program large .cpo
illustrates this conversion process.

/[ Iarge.cpp: detects laxgest possible unsigned integer

#include <iostream
nt main ()

«

unsigned u =

cout << "Value befors conversion: * << u << endl;
cout << "value after conversion : " << u << endl;

return 0;

Value befors conversiom: 0
value after conversion : 65535
Bun2

Value before conversion: 0
Value after conversion : 4294967295
@ Runl is executed on the MS-DOS based machine using a 16-bit compiler.

Run2 is executed on the UNIX based machine using a 32-bit compiler.
Binary Logical Bit-wise Operators
There are three binary logical bit-wise operators: & (and). | (or) and " (exclusive on). The operations are
carried out independently on cach pair of the corresponding bits in the operands, i.c. the bit 1 of
operand| is logically operated with the bit 1 of operand 2. The operations using these operators are
discussed in the following sections.
Bitwise AND: The statement

= a&b:

‘makes use of the bitwise AND operator. After this statement is executed. each bitin  will be 1 only if the
corresponding bits in both  and b are 1. For example, the rightmost bit of both integers is 1. and hence
the rightmost bit in < is 1. The next bitis 0 in = and 1 in b Hence the sccond bit (from the right) in
0. Appl: same reasoning for all the bits in cach one of the integers, the value of < after the abave
statement is executed will e 0000 0000 0000 0101 which, in decimal is S and is illustrated below:

Bhwise ANDoperator: @ & b

a 0000 0000 0000 1101
b 0006 0000 0000 0111
b 0006 6000 6000 010L

Bitwise OR: The statement

< | B
makes use of the bitwise OR operator. After this statement is executed, a bit in ¢ will be 1 whenever at
least one of the comresponding bits i cither a orb is 1. In the example given below. the value of ¢ will
De 0000 0000 0000 1111 decimal 15 and is illustrated belo
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Bunil

Enter any year: 1296
1996 i= a leap year
Runz2

Enter any vear: 1997
1997 i= not a leap year

In main (). the statement
1f£( (year % 4 == 0 && year % 100 t= 0 ) || (year % 400 == 0) )
can be replaced by
(t(year % 4) && year ® 100 t= 0 ) || t(year ¥ 400) )
4.14 -wise Operators

\c support of bit-wise manipulation on integer operands is useful in various applications. Table 4.9
shows the bit-wise operators supported by C++. To illustrate these operators with examples, assume
that &, © and ¢ are defined as integer variables as follows:

int a = 13, b = 7, e
Consider the variables o 1 and  as 16-bit integers, and the valuc stored in a andi> have the following
representation in the binary for

The binary reprgsenln on of a is 0000 0000 0000 1101

The binary representation of b is 0000 0000 0000 0111
(The spaces appearing after cvery 4 bits arc only for clarity. Actually, the integers are merely 16 continu-
ous bits.)

Operator Meaning
& Bitwise AND
1 Bitwise OR
~ Bitwise EX-OR
~ Bitwise complement
<= Shift left
>> Shift right

Table 4.9: Bit-wise operators

(i) Logical Bit-wise Operators
Logical bit-wise operators perform logical operations such as AND, OR. EX-OR, NOT between corre-
sponding bits of operands (if binary) and negation of bits (f unary)

Unary Operator : One’s Complement Operator (~)
“The complement operator causes the bits of its operand to be inverted, i.e., 1 becomes 0 and 0 becomes
1. For instance, the largest possible number, which can be stored in an unsigned integer can be fo

as follows. When one’s complement operator is applied on this word holding zero, all the bits will be
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Bitwise OR operator: a I b
a 0000 0000 0000 1101
0000 0000 0000 0111
al b 0000 0000 0000 1111
Bitwise XOR: The statement
~ b
makes use of the bitwise XOR operator, After this statement is executed, a bit inc will be 1 whenever the
corresponding bits in a and I differ. So in the example given below, the value of ¢ will be 0000 0000
0000 1010 which, in decimal is 10 and is illustrated belo:

Bitwise EX-OR operator: a ~ b
a 0000 0000 0000 1101
b 0000 0006 0000 6111
b 0000 ©000 0000 1010
) Shift Operators
There arc two shift operators in C -+ left shift (<<) and right shift (>>). These are binary operators and
have the following synta;

operand << count for left shift

operand =» count for right shift
first operand is the value which is to be shifted. The second is the number of bits by which it is
shifted. The left shift operator moves the count number of bits to the left, whereas the right shift
operator moves the coun t number of bits to the right. The leftmost o the rightmost bits are shifted out
and are lost.

Left Shift Operator
Consider the statement
a << 3

The valuc in the integer a is shifted loft by three bit positions. The result i assigned to the intoger <
Since the value of a is 0000 0000 0000 1101 the value execution of the above
tatement 15 0000 0000 0110 1000 (104 in decima. and is illustrated belo

Leftshin <<

drop off 0000 0000 0000 1101 inser 0's

after Left-bit shift by 3 places ...

G006 0000 01310 1000

The three leftmost bits drop off due to the left shift (i.e., they are not present in the result). Three
zeros are inserted in the right. The effect of shifting a variable to the left by one bit position is equivalent
to multiplying the value by 2. If the initial value of a is 13, shifting left by 3 bit positions yields
1378=

While multiplying & number with a power of 2, considerable savings in execution time can be
achieved by using the left bit-shift operator instead of the multiplication operator, since a shift is faster
than multiplication.
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4,15 Compound Assignment Operators

As discussed earlier, the assignment operator = (equal sign) evaluates the expression on the right and
assigns the resulting value to the variable on the left. Other forms of assignment operators exist, which
are obtained by combining operators such as +, -, *, etc., with the = sign as follows:

variable operator= expression/constant/funztion;

For example, expressions such as

i=1i+10;
in which the variable i on the left hand side is repeated immediately after = sign, and can be rewritten in
the compact form as follows:

io+= 10;
The operator += is known as compound assignment operator. Various possible compound assignment
operators are shown in Table 4.10. These operators evaluate the expression on their right, and use the
result to perform the corresponding operation on the variabie on the left. Note that, only the binary
operators can be combined with the assignment operator.

Operator Usage Effect
+= a += exp; a =a + (exp);
-= a -= exp:; a =a- (exp);
*= a *=exp; |a=a™" (exp);
/= a /=exp; |a=a/ (exp);
%= a %= exp; a=a% (exp);
= a k=exp; |a=ak& (exp):
|= a |=exp; |a=a | (exp);
~= a "= exp; a=a " (exp);
<<= a <<= exp;| a = a << (exp);
S>u= a »»>= exp;| a = a »> (exp);

Table 4.10: Compound assignment operators

The statement
variable operator= expression;
is equivalent to
variable = variable operator (expression);
chce. a statement such as
X *= y + 2;
is equivalent to
x =x * (y + 2);
rather than
X =x "y + 2;
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Right Shift Operator
Consider the statement

c=a > 2;
“The value of a is shifted right by 2 positions. Since the value of a is 0000 0000 0000 1101 the
value of < after the execution of the above statement is 0000 0000 0000 0011 (3 in decimal) and
is illustrated below:

Right-shift >=

insert 0's 000 0000 0000 1101 drop off

after right shift by 2 places l.e..a >» 2
©000 0000 0660 6021 ]

The 2 rightmost bits drop off (ar€ not present in the result), and zeros are inserted in the left. The.
effect of shifting a variable to the right by one bit position is equivalent to dividing the value by 2
divide by 2 and truncate the result). As the initial value of a is 13, shifting it right by 2 bit positior
yiclds the value 3 (the result of dividing 13 by 4 and truncating the result). ch that if the aegaive
number is shifted right, then I is inserted at the left for every bit shifted to the

The pros xtract.cpp illustrates the binary operators. It reads an mlegﬂ' and prints the
Valuc of & specificd bit in the integer. The position of bits are Aumbered starting with O from rifht to 106
For example, to find the value of the second bit of an integer 1, it is necessary to shift i to the right by
two bits, and take the least significant digit.

4 extractopp: risning the nth bit

// & is the input integer and n, the bit position te extract
inc a. n, bic;

cout << "Enter an integer:
cin >> a;

cout << "Enter bit position to extract: -

Bic = (82> @) & 1) s/ bit is che value of the bic extracted (0 or 1)
cout << "The bit is = <<

Enter an integer
Enter bit position to extract: 2

The bit is

In main (), the statement
pit = (a >> n) & 1;

fist shifts a Lo he cight by n bits and then masks (clears) al the bits of a except he least significant bit
(rightmost bit), retaining the bit which is required.
sinos the operalor >> has moro &ie. expression, i both o and & are pmmu,
the > operator is executed first). Since this fact is not obvious, it is always better to use parentheses in
Fuch situations, for the sake of readab
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4.16 Increment and Decrement Operators

The C++ language offers two unusual unary operators for incrementing and decrementing variables.
These are ++ and -- operators and are known as increment and decrement operators respectively.
Thes~ operators increase or decrease the value of a variable on which they operate by one. The
speciality about them is that they can be used as prefix or postfix and their meaning changes accord-
ingly. When used as a prefix, the value of the variable is incremented/decremented before being used in
the expression. But when used as a postfix, it's value is first used in the expression and then the value
is incremented/decremented. The syniax of the operators is given below:

++VariableName

VariableName ++

--VariableName

VariableName - -

The operator ++ adds 1 to the operand and - - subtracts 1 from the operand. The prefix and postfix for
increment expressions are shown below:

++m and m++

a = ::Ei//f ‘H\\\\\\\i‘z b++;

T T
a 11 a 10
b 11 b 11

—

Figure 4.7: Prefix and postfix increment

Consider the following statements

++;
m++;

In the above statements, it does not matter whether the increment operator is prefixed or suffixed, it will
produce the same result. However, in the following examples, it does make a difference:

inta =20, b = 10;
The statement

a = ++b;
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is different from

a = b++;
In the first case, the value of a after the execution of this statement will be 11, since b is incremented first
and then assigned. In the second case, the value of a will be 10, since it is assigned first and then
incremented.(see Figure 4.7). The value of b in both the cases will be 11. These unary operators have a
higher precedence than the binary arithmetic operators. The increment and decrement operators can
only be applied to variables; an expression such as (i+3) ++ is illegal.

4.17 Conditional Operator (Ternary Operator)

An alternate method to using a simple if-else construct is the conditional expression operator ? ;. Itis

called the ternary operator, which operates on three operands. It has the following syntax:
expressionl] ? expression2 : expression3

Here the expressionl is evaluated first; if it is true, then the value of expression2 is the result; otherwise,
the expressiond is the result. The if-else construct

if(a = b)
z = aj;
else
z = b;

which finds the maximum of a and b; it can be alternatively realized by using
z=f{(a>b) ? a:b;
Itis illustrated in Figure 4.8.

True False

| ’
' ’
\ )\b| z =result ! -

Y I bl -
\ \ - -~
~ = -~ <
' N s
~ ¢
~ 2z =.(a > bl ?ta):l.b"?
. Seeee” -

Figure 4.8: Ternary operation evaluation
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integers and displays the valuc of the larger of the two numbers

The program masx . cpp reads two.
of them can be printed,

computed using the ternary operator. If they are equal, then naturally, either

/ max.cpp: finding the maximum using the conditional cperator
finclude <iostream.h>

¢

<< larges;

Enter two integers: 10 20
The larger of the two is 20
In main (). the statement
larger = a>b 7 a : b:
has three . The conditi i ? a : 1) rernsaifa > b, otherwise
it returns 1. It can be equivalenty coded using the i £ statement as follows:

larger = bs
The expressions in the ternary operator can be any valid variable, constant, or an expression. The
program oddeven .cpp cheeks whether the number is odd or cven using the ternary operatos

// oddeven.cpp: checks whether the number is odd or even
#include <iostream.

void main()

¢

cout << "The nwaber * <<
cout << ((num % 2) 7 -oddr : *Evens);
cour << endl << -Enter the numbe:
cout << "The number ° << num << °
(aum % 2) 7 cout << "0Ad" : cout << "Even®;
)
Aun
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In main (), the statements

cout << ((num % 2) ? "0dd" : “"Even");
(num % 2) ? cout << "0dd" : cout << *Even®;

produce the same result. In the first statement, when the input value is 10, it returns the string Even,
which is passed to cout for display. The second statement executes

cout << "Even®
when the input is a even number, otherwise, it executes the first expression

cout << "0d4dd"

4,18 Special Operators

Some of the special operators supported by C++ include sizeof, indirection, comma, etc. The
sizeof () operator returns the size of the data type or the variable in terms of bytes occupied in
memory, as illustrated earlier. Another class of operators is the member selection operators (. and ->)
which are used with structures and unions. The indirection and address operators * and & respectively
are explained in detail in the later chapters.

Comma Operator

A set of expressions separated by commas is a valid construct in the C++ language. It links the related
expressions together. Expressions linked using comma operator are evaluated from left to right and the
value of the rightmost expression is the result. For example, consider the following statement that makes
use of the comma operator.
i=1(3j=3,3+2);

The right hand side consists of two expressions separated by commas. The first expression is j=3 and
the second one is j+2. These expressions are evaluated from left to right. i.e., first the value 3 is
assigned to j and then the expression j+2 is evaluated, giving 5. The value of the entire comma-
separated expression is the value of the right-most expression. In the above example, the value as-
signed to i would be 5.

Some other typical situations' where the comma operator can be used are the following:

l. for({ int i =2, j = 10; ..; .. )
2Z.t=X, XxX=y, ¥ =t; // exchanges x and y values

4.19 typedef Statement

The typedef statement is used to give new names to existing data types. It allows the user to declare
an identifier to represent an existing data type (with enhancement) as shown in the following syntax:
typedef type identifier;
where type refers to an existing data type and identifier refers to the new name given to the data
type. For example, the statement,
typedef unsigned long ulong;
declares ulong to be a new type, equivalent to unsigned leng. It can be used just like any standard
data type in the program. For example, the statement

ulong u;
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defines u 10 be of type ulong. Also sizeof {ulong) returns the size of the new variable type in
bytes.

4.20 Promotion and Type Conversion

A mixed mode expression is one in which the operands are not of the same type. In this case, the
operands are converted before evaluation. to maintain compatibility between data types. It can be
carried out by the compiler automatically or by the programmer explicitly.

Implicit Type Conversion

The ¢compiler performs type conversion of data items when an expression consists of data items of
different types. This is called implicit or automatic type conversion. The rules followed by the compiler
for implicit type conversion 1s shown in Table 4.11.

Operandl | Operand2 Result
char int int
int leng long
int float float
int double double
int unsigned unsigned
long double double
double float double

Table 4.11: Automatic type conversion rule table

Consider the following staternents to illustrate automatic type conversion

float £ = 10.0;

int i = 0;

i=€f€, 3;
In this expression, the constant 3 will be converted to a f 1oat and then the floating point division will
take place, resulting in 3.33333. This (integer to float) type of conversion, where the variable of a lower
data type (which can hold lower range of values or has lower precision) is converted to a higher type
(which can hold higher range of values or has higher precision) is called promotion. But the 1value
is an integer variable, hence, the result of £ /3 will be automatically truncated to 3 and the fractional part
will be lost. This (float to integer) type of conversion, where the variable of higher type is converted to
a lower type is called demorion.

The implicit conversions thus occurring are also called silent conversions since the programmer is
not aware of these conversions, The flexibility of the C++ language, to allow mixed type conversions
implicitly, saves a lot of effort on the part of the programmer, but at times, it can give rise to bugs in the
prograr.

The following statement illustrates the process of type conversion:

int a, ©i
long 1;



130 Mastering C++

floar £;

double d;

l=1/7/a+f*d-d;
The variables a and £ are type converted to long and double respectively. The process of type
conversion leading o data promotion or demotion whilé assigning the computed result (if necessary ).

is shown in Figure 4.9.

int a;
long 1:;
float £
double d;
1 =1/ a + £t * 4 - 4d
@D |
I
double
1 -

Figure 4.9: Automatic type conversion

Explicit Type Conversion
Implicit type conversions, as allowed by the C++ language, can lead to errors creeping into the program,
if adequate care is not taken. Therefore, the use of explicit type conversion is recommended in mixed
mode expressions. It is achieved by typecasting a value of a particular type, into the desired type as
follows

(type) expression

(rype) variable_name
The expression/variable is converted to the given type. Consider the expression:

(float)i+f
It rype casts the variable i of type integer to £loat. Another syntax for type conversion, which is
specific to C++ is as follows:

type( expression )

type( variable_name )
Typecasting can also be used to convert from a higher type to a lower type. For example, if £ is a float
whose value is 2.7, the expression

int (f)
evaluates to 2. The program coerce. cpp illustrates the different ways of achieving type conversion
/{ coerce.cpp: type conversion

#include <iostream.h>
void main()
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int i, j;

float f;

i = 12;

4 = 5§5;

cout << "when i = " << i << " j = " << j << endl;

£f=1i/3;

cout << "i/j = " << £ << endl;

f = (floac)i/j;

cout << "(float)i/j = " << £ << endl;

f = floac(i)/3;

cout << "float(i)/j = " << £ << endl;

f = i/float(j);

cout << "i/float{j) = " << f << endl;
}

Bun

when i = 12 § = 5
i/ = 2
(float)i/j = 2.4
float(i)/j = 2.4
i/float{j) = 2.4

4.21 Constants

A constant does not change its value during the entire execution of the program. They can be classified
as integer, floating point, character, and enumeration constants.

(i) Integer Constants
C++ allows to represent the integer constants in three forms. They are octal, decimal, and hexadecimal.

Octal System (Base 8): Octal numbers are specified with a leading zero, rest of the digits being
between 0 and 7. For instance, 0175 is an integer constant specified in octal whose base-10 (decimal)
value is 125.

Decimal System (Base 10): It is the most commonly used system. A number in this system is
represented by using digits 0-10. For instance, 175 is an integer constant with base 10.

Hexadecimal System (Base 16): Hexadecimal numbers are specified with 0x or 0x in the begin-
ning. The digits that follow 0x must be numbers in the range 0-9 or one of the letters a- £ or A-F. For
example, Oxal is an integer constant specified in hexadecimal whose base-10 or decimal value is 161.
0Xal is the same as Oxal, or 0xAl, i.e., either a lower case or an upper case x can be used.

A size or sign qualifier can be appended at the end of the constant. The suffix u is used for
unsigned int constants, 1 for long int constants and s for signed int constants. It can be
represented either in upper case or lower case.

Examples:

1. Unsigned integer constants

567890
3678%u
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2. Long integer constants

7689909L

76899091

0675434L (A long integer constant specified in octal).

0x34ADL (A long integer constant specified in hexadecimal).

0xf4A3L (A long integer constant in hexadecimal with upper and lower case letters).

3. The suffixes can be combined, as illustrated in the following unsigned long integer constants. The
suffixes can be specified in any order.

6578890994U1
65768890994ul

(ii) Floating Point Constants
Floating point constants have a decimal point, or an exponent sign, or both.
Decimal notation: Here the number is represented as a whole number, followed by a decimal point
and a fractional part. It is possible to omit digits before and after the decimal point.
Examples of valid floating point constants:
125.45 241, .976 -.71 +.5

Exponential notation: Exponential notation is useful in representing numbers whose magnitudes
are very large or very small. The exponential notation consist of a mantissa and an exponent. The
exponent is positive unless preceded by a minus sign. The number 231.78 can also be written as
0.23178e3, representing the number 0.23178*10" The sequence of digits 23178 in this case
after the decimal point is called the mantissa, and 3 is called the exponent.

For example, the number 75000000000 can be written as 75e9 or 0.75e11, Similarly , the
number 0.00000000045 can be written as 0.45e-9,

(i) The following examples are valid constants

2000.0434

3.4ed

3E8

(ii) The following are some invalid constants.
2,000.0434 -comma not allowed.

3.4E.4 - exponent must be an integer.
3e 8 - blank not allowed.

Normalized exponential representation is one in which the value of the mantissa is adjusted to a
value between 0.1 and 0.99, for example, the number 75000000000 is written as 0.75el11l

The rules governing exponential representation of the real constants are given below:

+ The mantissa is either a real number expressed in decimal notation or an integer.
+ The mantissa can be preceded by a sign.

« The exponent is an integer preceded by an optional sign.

+ The letter e can be written in lowercase or uppercase.

+ Embedded white space is not allowed.

By default, real constants are assumed to be double. Suffixes £ or F can be used to specify the float
values. For example, 0. 257 is assumed to be a double constant, while 0.257f is a f1ocat constant.
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The character 1 or L can be used to specify long double values. For example, 0. 257L is a long
doukle constant

(i) Character Constants
A character constant is enclosed in single quotes
Examples: Valid characier constants: :

S

Invalid character constants: ‘ab’ '54"

Note that multiple characters can also exist within single quotes. The compiler will not report any error.

The value of the constant however, depends upon the compiler used. This notation of having multiple
characters in single quotes is practically never used.

ash character starts an escape sequence. \xhh speeifics a charac-

imal digits hh gives the

the BELL character.

Inside the single quotes, a backs
ter constant in where h is any igit.
ASCII value of the character. ample, the ch; constant \x07
The complete list of escape sequences is shown in Table 4.12.

Operator | Meaning
\a Beep
\p Backspace
\E Formfeed
\n
\e
A Backslash
A" Single quote
N Double quote
v Vertical tab
\? Question mark
\o Null
\oooo Code specified in octal
\xhh Code specilied in hexadecimal

Table 4.12: Escape sequences
ccifics a character constant in octal, where O denoies any octal
ccified in octal. For example. the ASCI code
character in octal. The program beep
generates the beep sound using the cseape sequence. The escape sequence \=07 (ean be \7) in the
out can be replaced by \a.

The escape sequence \OXXX sp

As before, %xx is the ASCII value of (

// beep.epp: generating baep mound
#include ~iostream.hs
voia main()

¢
cout << "\x07'; // computer generates sound
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Run

Note: You will hear a beep sound.

Examples:

(i) cout << "\\ is a backslash.": will print as follows:
“ is a backslash.

(i) cout << *This \" is a double quote."; will print
This " is a double quote.

(iv) String Literals
A string literal is a sequence of characters enclosed in double quotes. The characters may be letters,
numbers, escape sequences, or blarik space. To make it easier, string constants are concatenated at
compile time. For example, the strings:

*"C++ is the best® and,
"C++ is * “the best" are the same.

An important difference: 'A* and A"
The notations ' A* and "A" have an important difference. The first one { ' A') is a character constant,
while the second (*A*") is a string constant. The notation 'A' is a constant occupying a single byte
containing the ASCII code of the character A. The notation "A" on the other hand, is a constant that
occupies two bytes, one for the ASCII code of A and the other for the null character with value 0, that
terminates all strings. The statement

char ch = 'R';
assigns ASCII code of the character R to the variable ch, whereas the statement

char *str = "Hello OOPs!";
assigns the starting address of the string Hello 00Ps! to the variable str.

4.22 Declaring Symbolic Constants~Literals

Literals are constants to which symbolic names are associated for the purpose of readability and ease
of handling. C++ provides the following three ways of defining constants:

« # define preprocessor directive

« enumerated data types

+ const keyword
The keyword const is already discussed in the chapter 2. The following section discusses macros and
enumerated data types.

#define Preprocessor Directive
The preprocessor directive #define, associates a constant value to a symbol and is visible through-
out the module in which it is defined. The symbols defined using #define are called macros. The
syntax of #define directive is

#define SymbolName ConstantValue

Examples:
# define MAX_VAR 100
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# define PI 3.1452
# define NAME "Rajkumar"
The preprocessor will replace all the macro symbols used in the program by their values before
starting the compilation operation. For instance, the statement,
area = PI * radius * radius;
is translated as,
area = 3.1452 * radius * radius;
by the processor if there exist a preprocessor directive,
#define PI 3.1452
in the program and before the statement referencing to it. The definition of macros can be superseded
by a new definition. For instance, the symbol PI can be redeclared as,
¢define PI (22/7)

The program city . cpp illustrates the superseding of the value of old macro symbol by a new decla-
ration.

/ / city.cpp: superseding of macros
#include <iostream.h>
#define CITY "Bidar"
void which_city();
void main()
{
cout << “Earlier City: *;
cout << CITY. << endl;
#define CITY "Bangalore"
cout << "New City: *;
cout << CITY << endl;
which_city();
}
wvoid which_city()
{
cout << "City in Function: ";
cout << CITY;
}

Bun

Earlier City: Bidar

New City: Bangalcre

City in Function: Bangalore

In the above program, initially the macro constant CITY is declared with the value *Bidar~. The
statement in the beginning of the main () function
cout << CITY << endl;
will print the message
Bidar
as seen in the output of the program. However, the same statement at the end of main () and in the
function which_ecity () prints the message
Bangalore
Thus, the most recent declaration of the macro constant will supersede the earlier one. Macro constants
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behave similar to global variables except that they are visible from the point of their declaration.

The important advantages of using macro symbols include the following:

« Program coding is easier

« Enhances program readability

+ Program maintenance is easier

The disadvantage of macro constants is that, they do not support the specification of the data-type
in the declaration; any type of value can be assigned (either integer, float, or string).

4.23 Enumerated Data Types

An enumerated data type is a user defined type, with values ranging over a finite set of identifiers called
enumeration constants. For example,
enum color {(red, blue, green};
This defines color to be of a new data type which can assume the value, red, blue,or green. Each
of these is an enumeration constant. In the program, color can be used as a new type. A variable of
type color can have any one of the three values: red, blue or green. For example, the statement
color c;
defines c to be of type color. Internally, the C++ compiler treats an enum type (such as color) as an
integer itself. The above identifiers red, blue, and green represent the integer values of 0, 1, and 2
respectively. So, the statements

c = blue;
cout << "As an int, ¢ has the value " << ¢;

will print
As an int, ¢ has the value 1
Constant values can be explicitly specified for the identifiers. When the value for one identifier is
specified in this manner, the value of the next element is incremented by one (next higher integer). For
example, if the definition of color is
enum color {red = 10, blue, green = 34);
then the statement ¢ = red will assign the value 10 to c. Thereafter. the statement
c = blue;
assigns the value 11 to ¢, and the statement
c = green;
assigns the value 34 to c. (If no value is specified for green in the declaration, it would assume the
value 12).
Enumeration is a convenient way to associate constant integers with meaningful names. They have
the advantage of generating the values automatically. Use of enumeration constants, in general makes
the program easier to read and change at a later date.

Names of different enumeration constants must be distinct. The following example is invalid.

enum emotion {happy, hot, ccool};

enum weather (hot, cold, wet};
It is not difficult to see why the above declarations are invalid; the name hot has the value 1 in the
enum emotion and the value 0 in weather. In the program, if the name hot is used, there is
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ambiguity as to which value to use. On the other hand, values need not be distinct in the same enumera-
tion, For example, the following declaration is perfectly valid:

enum weather (hot, warm = 0, cold, wet);

The names hot and warm can be interchangeably used, since both represent the value 0.

Consider the following enumeration statement
enum flag { false, true };

It declares the identifier £1ag as an enumerated data type. It can be further used in the definition of
enumerated variables as follows:

flag flagl; // holds either false or true
In this case, the variable £1lagl is defined as an enumerated variable of type £ lag and always holds
the value either true or false as follows:
flagl = true;
If an attempt is made to assign any value other than true or false, the compiler generates a warning.
flagl = 3; // warning: trying to assign integer to flagl
Use only enumerated constants with enumerated variables. The multimodule programs colorl.cpp
and color2 . cpp illustrate some critical points on enumerated data types.
// colorl.cpp: main having enum typedef and calling function from color2.cpp
#include <iostream.h>
typedef enum Color { red, green, blue }; // red = 0, green = 1, and blue = 2
void PrintColor( Color ¢ };
wvoid main()
{
cout << “Your color choice in colorl.cpp module: green” << endl;
PrintColeor{ green }; /{ calls module in color2.cpp
}

// color2.cpp: prints color name based on color code

#include <iostream.h>

typedef enum Color { red, blue, green }; // red = 0, blue = 1, and green = 2
void PrintColor( Color c )

{

char *color;

switch{ ¢ )
{
case red: /{ case 0
color = "red";
break;
case blue: // case 1l
color = "blue";
break;

case green: // case 2
color = "green”;
break;

}

cout << "Your color choice as per color2.cpp module: " << color;
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Run

Your color choice in colorl.cpp module: green
Your color choice as per color2.cpp module: blue

The modules colorl.cpp and color2. cpp must be compiled and linked together in order to
create an executable code. The command to create an executable version of these modules, in the
Borland C++ environment is:

bee colorl.cpp color2.cpp
It creates the executable file colorl . exe.

The enumeration declaration statement in colorl.cpp
typedef enum Color { red, green, blue };
creates three constant symbols red, green, blue with 0, 1, and 2 respectively. It can be written without
the use of typedef keyword as follows:
enum Color { red, green, blue };
An enumerated variable can be defined using the statement
Color cl;
although, the typedef keyword is missing. The enumeration declaration statement in color2 . cpp
typedef enum Color { red, blue, green };
creates three constant symbols red, green, blue with 0, 1, and 2 respectively. Note that, the enumerated
symbol green has the value 1 in the first module colorl . cpp whereas, it has the value 2 in the module
color2.cpp. The statement in colorl.cpp
PrintColor( green }; // calls module in color2.cpp
invokes the PrintColor () defined in the color2. cpp module with the enumerated symbol green
{whose value is | in coloxl.cpp) to print the message green. Instead it prints the message blue;
the enumeration declaration incolor2 . cpp declares the symbol green having the value 2 and blue as
1. The value of symbol green incolorl. cpp is the same as that of the symbol blue incolor2 . cpp.
This can be observed from the switch statement with the enumerated variable ¢ in the color2.cpp
module. Such inconsistent enumeration declaration must be avoided, and they must have the same
declaration in all the modules constituting a program. Thus, enumeration variables can be defined in
any module, but it is defined according to the enumeration declaration in its own module. Enumerated
constants will have the same value as declared in the current module. In the above program, the module
colorl.cpp has enumeration declaration:
typedef enum Color { red, green, blue };
and the module color2.cpp has the enumeration declaration:
typedef enum Color { red, blue, green };
Note that, in the above declarations, enumeration constants green and blue will have different value
in different modules. Such mismatch in declaration will generate wrong results. Therefore, the call
PrintColor( green );
in the module colorl.cpp prints blue instead of green.

4.24 Macro Functions

The preprocessor will replace all the macro functions used in the program by their function body before
the compilation. The distinguishing feature of macro functions are that there will be no explicit function -
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call during execution, since the function body is substituted at the point of macro call during compila-
ton. Thereby the runtime overhead for function linking or context-switch ime is reduced. The directive
#de £ ine. indicates the start of a macro function as shown in Figure 4.10. The macro function speci-
fication spans for a maximum of one line only. However, macto function body can spread to multiple
lines if cach new line is followed by *\' character.

tor

Start of pre-processor directive indi
pre-compiler (pre-processor) directive
name of the macro function
macro parameters
’L T ——
Macro Function Operation

4 dafine MacroFuncrame (Faramecors) “inqle line function body

Figure 4.10: Syntax for declaring macro function
Examples:
#define inc( a ) a+l
#define add( a, b ) (a+b)
The program masxmaczo.cpp illustrates the use of macro function in the computation of the
maximum of two numbers.
// maxmacro.cpp: maximum of two NURDErs USing MACTOS

#define max(a, b) (a>b ?.a : b}

<< max( 2, 3 ) << endl;
© << max( 10.2, 4.5 ) == endl;

1
“On execution of k = max( ++i, ++3 )i..." << endl;

On exscution of k = max( ++i, ++3
i-6
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In main (). the expressions
max( 2. 3

max( 10.2, 4.5 )
m masx . Unlike normal functions, macro functions can take parameters of
the the point of call, but

at the time of their usage. Thus, the sikement

Sne e = max( sri, 443 )z
is processed by the preprocessor as follows
Ant deom (44do> 443 7 4ato: a3 )

It can be observed that, the variable with areater value, will be incremented twice. The macro function
body can spread across multiple lines as follows:
#define princ( n ) \

For( int i = G; 1 < ni dwr )\
cout << i:

4.25 O] and iativity

Every operator in C++ has a iated with it rules help in removing the

ambiguity about the order of The
OF the operators is Aleo important. Associativity specifies the dirsction in which the oxprossion s

T
including those introduced by C++ are shown in Table 4.13. It is imy t to note the order of prece-
dence and evaluation (associativity) of operators. Consider the following two statements:

int a - 10. b = 15, © = 3, a;

In the second statement, first b is multiplied by <, and then the result is added to a and the su
assigned to 4. Multiplication is done hefore addition, since it has higher precedence than the ndd;
aperator. In order to override the precedence, braces can be used. For example., the statement

A ta By v

would add 2 (o irst, multiply the result by < and assign (he product (o &, Associativity of an operator

can be from . For example, in

a=a b-oa;
the leftmost minus is evaluated first and then the second minus is evaluated, causing < to be subtracted
from the result. Thus, in case the same 1 in an without

braces, the operators are normally evaluated starting from the lefrmast aperator, proceeding rightward,
hence the minus operator associates from left (o right. On the other hand. the assignment operator
associates from right to left. For example, in the statement

a

the sceond (right-most) assignment operator is evaluated first. The variable ¢ is assigned t© a and then
this value is assigned (o d.

Like most programming languages, C++ does not specify the order in which the operands of an
operator are cvaluated. Such operators are & | |. - and ", ) For example. in the stuement such s

a0 O

() may e avalumted bafore . () or vice versa: thus ifg () orh () alters a variable global) on which
the other depends, then the resultant value of = is dependent on the order of evaluation. Similarly, the
rder in which function arguments are evaluated is not specified, so the statement
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add( ~en. pow( 2. n ) ):

can produce different results with different compilers. However, most C++ compilers evaluate function
arguments from right to lefr. There are cases such as in function calls, nested assignments. increment
and decrement operators cause side effects —some variable is changed as a by-product of the evalua-
tion of the expression. The (C language and hence, C++) standard intentionally leaves such matters
unspecified. When side effects (variable modification) take place within an expression. it is left to the
discretion of the compiler, since the best order depends strongly on the machine architecture..

“The moral is that developing a code that depends on the order of evaluation, is not a good program-
ming practice in any lang Hence, it is necessary ta know what to avoid. but if it is not known how
they are treated, the programmer should not be tempted to take advantage of @ particular implementa-
tios

Review Questions
4.1 What are variables ? List C++ rules for variable namin,
4.2 Why cutput and output are considered as different identifiers ?
4.3 What are keywords ? List keywords specific to C++. Can these keywords be used as variables ?
4.4 What is a data type 7 What are the different data types supported by C++ 7
4.6 Wlat is new about C++ in terms of the variable definition 7
4.7 What is the difference between a character and a character string representation ?
4.8 What is an expression ? Is this different fmm a statement ? Give reasons.
4.9 List categories of operators supported by C+-
470 Wha arc qualificrs 3 Iusteate them with cxamples.
4.11 Develop an interactive program to compute simple and compound interest.
4.12 List evaluation steps for the expression (a+(b*c)) *c+d/2.
4.13 Write an interactive program to find the largest of two numbers.
4.14 How C++ represents true and false values ? Are the expressions !a and a
meaning 7 Give reasons.
4.15 Write e type of 16 or 32-bit) used to compile i
4.16 Write a program to multiply and aronae a given number by 2 without using * and / operators.
417 Mlustrate how compound assignment porators allow 1o write compact expressions 2
18 What is the effect of the following expressions if 31 and 34
@) ire B3 o= jees 3 o= atds @ 443 @) 4= fereesds
4,15 Write o interaciive program 1o find clder amon g you and me waing the termary operator
4.20 What is the outcome of the statement: a= (a=10, a++, a--) ; if a holds the value § initially.
4.21 What is type conversion ? What are the differences between silent and explicit type conversion?
Write type conversion steps required for evaluating the statement:
e T Cahere i and  are ints. b is flont, and k is double, and 2 is long type)
4.2 What are escape sequences ? Write a program to output messages in double quotes.
4.23 What ar macros 7 Wiite a program: to find the minimum of two numbers using macros. What is the
output of the statement: a = min{ ++a, ++b); (fa=2andb=
4.24 What is operator precedence ? Arrange the following operators in the order of their precedence:
- e == L L], & 7, and
£.25 What is the significance of the associativity of operators 7 What is the order of evaluation of the
operator 7 : in the statement
a e

0 have the same
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Control Flow

5.1 Introduction

In real-world, several activities are initiated (sequenced), or repeated based on some decisions. Such
activities can be programmed by specifying the order in which computations are carried out. Flow
control is the way a program causes the flow of execution to advance and branch based on changes in
the data state. Branching, iteration, dispatch, and function calls are all different forms of flow control.
Flow control in C++ is nearly identical to those in C. Many C programs can be converted quite easily to
C++ because of this similarity. The C++ language offers a number of control flow statements: for,
while, do-while, if-else, else-if, switch, goto. Although all of them can perform opera-
tions such as looping or branching, each one of them is convenient for a particular requirement. The
control flow statements can be broadly categorized as, branching and looping statements.

Branching Statements

Branching statements alter sequential execution of program statements. Following are the branching
statements supported by C++:

(a) if statement

(b) if-else statement

{c) switch statement

{d) goto statement

Among all the above statements, goto is the only unconditional branching statement.
Looping Statements

Loops cause a section of code to be executed repeatedly until a termination condition is met. The
following are the looping statements supported in C-++:
(a) for statement

(b) while statement
(c) do-while statement

The goto statement can be used for looping, but its use is generally avoided as it leads to haphazard
code and also increases the chances of error.

5.2 Statements and Block

An expression such as a = 1000, x++, or cout << "Hi", when followed by the semicolon,
becomes a statement. For example, the following

a = 1000;

o

cout << “"Hi";
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are treated as C++ statements. In C++, the semicolon is a statement terminator, rather than a separator as
in Pascal.

C++ allows grouping of statements, which have to be treated as an entity and the resulting group is
called compound statement or block. It consists of declarations, definitions, and statements enclosed
within braces { and } as follows:

{

int a;
int b = 10;
a=>b + 100;

)

Note that, there is no semicolon after the right brace that ends a block. A block is syntactically
equivalent to a single statement. Any variable defined within a block is local to the block and it is not
visible outside the block. Blocks are very useful when branching or looping action is to be applied on
a set of statements depending on a particular decision. Examples illustrating the use of a block will be
discussed later.

5.3 if Statement

The i £ construct is a powerful decision making statement which is used to control the sequence of the
execution of statements. It alters the sequential execution using the following syntax:
ifl test-expression )
statement;
The test-expression should always be enclosed in parentheses. If test-expression is true (nonzero),
then the statement immediately following it is executed. Otherwise, control passes to the next statement
following the i £ construct. The control flow in the i £ statement is shown in Figure 5.1.

false’.--.-..__” ___________ r,-\m
[/ if (:expression’:)’
---------- "l
' { -
U A'
Al .
N e e -
A L

‘statement;i- -
Figure 5.1: Control flow in if statement

Notice that there is no then keyword following the test expression, as there is in BASIC and Pascal.
The program agel . cpp illustrates the use of if statement for making a decision.

// agel.cpp: use of if statement
#include <iostream.h>
void main()
{
int age;
cout << "Enter your age: “;
cin >> age;
if( age > 12 && age < 20 )
cout << *"you are a teen-aged person. good!*®:
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Auni
sncer your age: 15
you are a teen-aged person. good!

Enter your age: 20

In main (). the statement
Sif( age > 12 && age < 20 )
st evaluates the test expression and executes the if-part only when it is true. In Run/, the input data
entered is 15 which lics between 13 and 19 and hence. the statement
cour << "you are a reen-agad person
ot crecuted. Whereas, in RunZ. the input data is 20 which does not lie within this range and hence. the
control proceeds to the next statement.

Compound Statement with if
In the 1 £ construct, the if-part can be represented by a compound statement as follows:

ifitese-expression)

statement 1;
statement 2:

In this case, when test-expression is true, the statements enclosed within the curly braces, representing
a compound statement, are executed. The program age2 . cpp illustrates the use of the compound-if

statement.

// age2.cpp: use of if statement and data validation
#include <iostream.h>

void main()

<

cout << "I am sorry!® << endl;
Z3ut << -age can mever be negativer:
return; // terminate program

)
if( age > 12 && age < 20 )
cout << "you are a teen-aged person. good!";

Enter your age: =10
I am sorzy!
age can never be negative
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In main(). the statement
if( age <
validates the input data and accordingly takes action. It terminates the program after issuing the warn-
ing message. when the input data is negative,
The program 1arge . epp illustrates the use of multiple decision statements to compute the maxi-
e of three murmbers.

// large.cpp: find the largest of three numbers
#include <iostream.h>

votd main()

€

float a, b, c, big;
cout << "Enter three floating-point numbers: -;
cin >> a >> b

[/, Fompucing the largest of three numbers
big

e > b)gJ

ig = b
1l(c > bu:

cout S< *Targest of the three numbers = - << big:

Bun
Encer enree floaring poine numbers:10.2 15.612.8
Largest of the three number: 15

5.4 1f-else Statement

The sf-elae statement will exceute o single staement or a group of statements, when the test
fail

iE-

‘o perform some action even when the test sxpression Fails. Th.cnnlrul flow in the 1 £ - else statement
is shown in Figure 5.2.

eney—

if |
i

< false

s .
else ~
<
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When test-expression is true (nonzero), the if-part is executed and control passes to the next state-
ment following the if construct. Otherwise, the else-part is executed and control passes to the next
statement. The program age3 . cpp illustrates the use of the if-else statement.

// aged.cpp: use of if..else statement
#include <iostream.h>
void main()
{
int age;
cout << "Enter your age: *;
cin >> age;
if( age > 12 && age < 20 )
cout << "you are a teen-aged person. goed!";
else
cout << "you are not a teen-aged person.";

)

Bun1

Enter your age: 15
you are a teen-aged person. good!

BRun2

Enter your age: 20
you are not a teen-aged person.

In main(), the statement

if( age > 12 && age < 20 )
generates different types of output depending on the input values
statement

cout << *you are a teen-aged person. good!";
is executed. Otherwise, the statement

cout << "you are not a teen-aged person. ";
in the else-part is executed.

Compound Statement with 1£-else

. If the test expression is true, the

In the i - else construct, the if-part, or else-part, or both can have a compound statement as follows:

ifl test-expression)
{
statement I;
statement 2;

else

{
statement 3;
statement 4;

}

The program lived.cpp illustrates the use of the compound if-else statements.
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// lived.cpp: single if statement validates input data
#include <iostream.h>
void main()
{
float years, secs;
cout << "Enter your age in years: ";
cin »> years;
if{ years < 0 )
cout << "I am sorry! age can never be negative" << endl;
else
{
secs = years * 365 * 24 * 60 * 60;
cout << "You have lived for " << secs << " seconds";

)
Auni

Enter your age in years: -1
I am sorry! age can never be negative

BRun2

Enter your age in years: 25
You have lived for 7.884e+08 seconds

5.5 Nested 1£-else Statements

Multi-way decisions arise when there are multiple conditions and different actions to be taken under
each condition. A multi-way decision can be written by using i f-else constructs in the else-part as
follows:

ifl test-expressionl )
statementl;
else
ifl test-expression2’)
statement2;
else
ifi test-expression3)
statement3;
Here, if test-expression1 is true, the whole chain is terminated. Only if test-expression1 is found false,
the chain of events continue, At any stage if an expression is true, the remaining chain will be termi-
nated. The program age4 .cpp illustrates the use of nested if-else statements,

// aged.cpp: use of if..else..if statement
#include <iostream.h>
void-main()
{
int age;
cout << "Enter your age: ";
cin >> age;
if( age > 12 &&k age < 20 )
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cout << "you are a teen-aged person. good!";
else
if( age < 13 )
cout << "you will surely reach teen-age.":;
else
cout <£ "you have crossed teen-age!";

3

Runi

Enter your age: 16
you are a teen-aged person. good!

Run2
Enter your age: 25
you have crossed teen-age!

In the above program, the nested if-else statement takes decisions based on the input data and
displays appropriate messages for any given input. It proceeds to match the input data with various
conditions when the earlier condition fails to decide the fate of the input data. Note that in case of
nested if-else statements, the else statement is always associated with the corresponding inner most
if statement,

Indentation

In all the above examples, the statements inside the if construct are indented. The C++ language,
however, does not expect indentation of statements. It is done merely for improving program readability.
The importance of indenting becomes evident during the usage of nested if statements (if statements
within other if statements; any number of nested-if statements are allowed). For example, consider the
following if statement

if{a>b) if(.a > ¢ } big = a;

else big = ¢;
The above statement is perfectly valid as far as the compiler is concerned, but it is very difficult for the
programmer to decipher it. An indented version of this is listed below:

if(a=hb)
if{ a=>c)
big = a;
else
big = c;

From the above code it can be observed that, indentation enhances the readability of the code and
helps in understanding the flow of control with ease.

Nested if-else statements can be conveniently replaced by a new construct called switch. It
allows to choose among several alternatives; it isdealt later in this chapter.

5.6 for Loop

The fox loop is useful while executing a statement a fixed number of times. Even here, more than one
statement can be enclosed in curly braces to form a compound statement. The control flow in the for
loop is shown in Figure 5.3,
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entry

for (.imicializacion s -

«

D R o \ false *

]
statement; @~ - -

Figure 5.3: Control flow In for loop
The fox statement is a compact way to cxpress a loop, All the four parts of a loop are in close
with the for stat The 7t is executed only once. Next the test condi-
From in evalunted. Tf the rest evalantcs 1o falac, then dhe mext statomont afes the. for loop is executed. If
the tesr expression cvaluates to true, then after executing the body of the loop, the updare part is
executed. The test is evaluated again and the whole process is repeated as long as the test expression
evaluates to true as illustrated in the program count1.cpp.

N using for loop

// counti.cpp: display numbers 1.
#include <icstream.h:
1a main ()

«

© n:
cout << "How many integers to be displayed: °:
for( int 4 = 0; 4 < n: des )

<< 3 << enal;

How many integers to be displaved: 5

aunpo

In main (), the smtement

for( int i n: e )

has four components. The first three components enclosed in round braces and separated by semico-
lons are the following:

“The first component int 1 = 0 is called the initiatization expression and is executed only once prior
to the statements within the for loop. The second component i < n is called the tesf expression and
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is evaluated cvery ti ion of the loop body. If this expression is truc, the statement in the
1o0p gets executed. In case it is false, the loop terminates and the control of exccution is transferred to
the statement following the for loop. The third component 1++. is called updare expression. and is
every f the in the loop. The is the loop-body. The
program sumsal . cop, finds the sum and the sum of squares of the first 15 positive even integers.
7/ sumsql sum of firsc 15 even numbers and their squares' sum
#include<ioatream.h>
veid main ()

b

int sum = 0, sum_of_squares = 0;
for( i =-2; 4 <= 305 i += 2 )

sum =
sum_of_aquares += i*i;

)

gout << 'Sum of first 15 posicive even numbers = * << sum << endl:

cout << "Sum of their squ: sum_of_squares;:

Sum of first 15 positive even numbers =
Sum of their squares = 4960

In main (), the statement
for( i = -2

crements the loop variable 1 by 2 using the update expression

The body of the loop consists of multiple ng a The for loop

counts from 210 30 in steps ur two. It is just as easy fora ll)op o count down, from 30103, a8 lluetated

in the program sumsq2 .

// sumsqz.cpp: sum of first 15 even numbecs and their squares’' sum

#include<iostream.h>

void main ()

<

ine 4
int sum = 0, sum_of_squares
for( i = 307 i »= 27 i 2
«

sum_of_squares += i*ir
3
cout << -Sum of Lirwt 15 positive even numbers - - << sum << endl;
cout << "Sum of their squares = * sum_of_squares;
i
Run
Sum of first 15 positive even numbers = 240
Sum of their squares 960
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Notice the changes: the value of i is initialized to 30, the test expression involves the >= condition
instead of the <= as in the previous example, and the update expression i -= 2"decrements the value
of i. But the output in this case is identical to the first.

The comma aperator is especially useful in for loops. The initialization, test, or update part having
multiple expressions can be be separated by commas. For instance,
for( i = 0, j=-5; i < 25; i++, j-- )
{

cout << i << * " << j;

}

Another interesting feature of the for loop is that any of the three components (the initialization,
test and the update components) may be left out, however, the separating semicolons must be present.
The variants of the for loop are shown in Figures 5.4.

— Keyword

! ’——D Initialization expression

Test expression
’—D Update expression

) for ( m :§ < 25 ; ;r:) — X No semicolon here

statement ; —e====mm...  §Single-statement body

(i) Eor (3=0: 3<15; j++ ) —— X Nosemicolon here

statement ;

ceva } Compound statement body

statement ;

0 ; § <25 : j++ ) ; ——» Hasthe same effect as j = 25;

H i i

(iiy for( j

Multiple initialization and
multiple update using
comma operator

(iv) for( i =0 ,3 =10 ; j < 25; j++, i-=) e
cout << 1 << j;

(V) for( éoit:?{‘i“ ) -——— Initialization expression
3 not used
Vi) for( : ; j++) ——» Initialization and test

cout << j; expressions not used

vii) for( ; ; )

cout << "I cannot stop."; » [Initialization, test, update

expressions not used

Figure 5.4: Variants of for loop

The program noinit . cpp, prints the first 10 multiples of 5, in which the for loop has only the test
COII'IPOHC[II.

/ / noinit.epp: for loop without initialization and updation
#include <iostream.h>
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void main{)
{
int 1 = 1;
for( ; i<=10; )
{
cout << i*5 << " *;
++1i;
}
}
Run

5 10 15 20 25 30 35 40 45 50

In main (), the statement
int i = 1;
is introduced before the for loop. Also, instead of the update expression, i is incremented inside the for
loop body. Note again that the C++ language does not require the user to indent statements in a for
loop. The lines are indented merely for enhancing program appearance (readability).

The nested for loops are used extensively in developing programs for solving matrix multiplica-
tion, numerical analysis, sorting, and searching problems. The program pyramid. cpp illustrates the
use of nested £or loops in generating a pyramid of numbers.

/ ¢ pyramid.cpp: constructs pyramid of digits
#include <iostream.h>
void main()
{
int p, m, g, n;
cout << "Enter the number of lines: *;
cin »» n;
for(p = 1; p <= n; p++)
{
// Teo print spaces
for(g = 1; g <= n-p; g++)

cout =< * "3
// To print numbers
m = p;

for{g = 1; q <= p; g++)
{
cout.width(4) -
COUt << Mm++;
}
m=m-=- 2
forig =1
{
cout.width(d);
cout << m~;

P Q< p; og++)

}
cout << endl;
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Bnter the number of lines: 5

1
2 3 2
3 a s a 3
4 5 6 7 6 5 a
s & 7 8 s 8 7 6 s

5.7 while loop

The whilé loopis used when the number of iter:

s to be performed are not known in advance. The

condition is true and the execution continues as long as it remains true. The program count2 . cpp
illustrates the use of the while loop to perform the same function as the for loop.

Figure 5.5: Control flow in while loop

7/ count2.opp: display numbers 1..N using while loop
#include <iostream.h>

How many integers to be displayed: 3

sunRO
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while loop is often used when the number of times the loop has to be executed is unknown in
advance. Tt is illustrated in the program averagel.cpp.
// mveragel.cpp: find the average of the marks
#include <iostream.
void main()
<

int i, ount = 0, marks;
Soue << -Encer the marks. -1 at the end...\n",

-1

float average = sum / count;:
cout << "The average is ' <= average;

Enter the marks, -1 at the end...

LEBRB

The average is 77
The first ¢ in statement, just before the while loop, reads the marks scored in the first subject and
stores in the variablemaxrlks. 5o that the statement inside the loop can have some valid data to o)
The cin staiement inside the loop reads the marks scored in the other subjects one by one. When -1 is
entered. the condit
marks !
evalustes 1o falee in the while loop. So, the while loop terminates and the program exccution procecds
withthe statement immediately after the while loop, which in the above program is
average = sum / count:
Consider the case when the user inputs -1 as the first marks. The condition in the while statement
evaluates io false, and the ststensents iusido the loop are ot cxccuted atall, In this case, the valus of
Sount continues to be zero \g the average it lcads to division by zero causing a
-rm; can bo provontad by using the L€ staroment as follows:

i£(

°)
averase = sum / count
The above statement can also be written as
£( count )
average = sum / count;

expression whose value is nonzero is treated as true. The program binary. cpp illustrates
such situations. It uses the while construct to convert a binary number to its decimal equivalent. The
shifi-left operator << is used for shifting bits stored in a variable in this program.
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// bin2decl.cpp: conversion of binary number to its decimal equivalent
#include <iostream.h>
void main ()
{
int binary, decimal = 0, digit, position = 0;
cout << "Enter the binary number: *;
cin >> binary;
// converting binary to decimal
while( binary )
{
digit = binary % 10; // extract binary bit
decimal += digit << position; // newvalue = oldvalue + 2”position
binary /= 10; // advance to next bit
position += 1; // advance to next bit position

}
cout << "Its decimal eguivalent = " << decimal;

}
BAun

Enter the binary number: 111
Its decimal eguivalent = 7

5.8 do..whileLoop

Sometimes, it is desirable to execute the body of a while loop at least once, even if the test expression
evaluates to false during the first iteration. In effect, this requires testing of termination expression at
the end of the loop rather than the beginning as in the while loop. So the do-while loop is called a bottom
tested loop. The loop is executed as long as the test condition remains true. The control flow in the
do. .while loop is shown in Figure 5.6. Note the semicolon (;) following the while statement at the

bottom.

emry—l
do

Tearennes vaeenaaat ’
}while( condition’ );
statement ;4= - -~ false
Figure 5.6: Control flow in do..while loop

The program count3.cpp illustrates the use of the do. .while loop.

// countd.cpp: display numbers 1..N using do..while loop
#include <iostream h>

void main()

{
‘int n;
cout << "How many integers to be displayed: ";
cin »>> n;

int i = 0;
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cout << i << endl:
Py
3 while i <n )

How many integers to be displayed: 5

punFo

To realize the usefulness of the do . .whi Le construct, consider the following problem: The user
has 1o be prompred to press m 6r . In reality. the user ean press any key other than m or £. In such a
case, the message has to be shown again, and the users should be allowed to re-enter ane of the two
options. An ideal construct (o handle such a situation is the do. .while loop as illustrated in the
program dowhile.cpp.

// dowhlle.cpp: do. .while loop for amsking data uncil it is valia
#include <i he
void main()

«

char inchar:
ao

<
cout << "Enter vour sex (m/f): °;
cin >> inchar;
)} while( inchar I=
i£( inchar == 'm"
cout <= "So you are male. good!®;

m' && inchar 1=

cout << "Se you are female. good!

Inmain (), thedo. .while loop keeps prompting for the user input until the character m for male
or £ for female is entercd. Such validation of data is very important while handling sensitive and critical
data.

The solution to certain problems inherently requires data validation only after some operation i

the 1.cpp. Itchecks if the user entered number is a palindrome

Lsing the do-while construct.



158 Mastering C++

// palepp: to check for a palindrome
#include<iostream.h>
void main()
{
int n, num, digit, rev = 0;
cout << "Enter the number: *;
cin >> num;
n = num;
do
{
digit = num % 10;
rev = rev * 10 + digit;
num /= 10;
} while{ num != 0 };
cout << "Reverse of the number = * << rev << endl;
if(n == rev)
cout << "The number is a palindrome\n";
else
cout << *The number is not a palindrome\n";
}

Buni

Enter the number: 123

Reverse of the number = 321
The number is not a palindrome

Bun2

Enter the number: 121
Reverse of the number = 121
The number is a palindrome

5.9 break Statement

A break construct terminates the execution of loop and the control is transferred to the statement
immediately following the loop. The term break refers to the act of breaking out of a block of code. The
control flow in for, while, and do-while loop statements with break statement embedded within
their body is shown in Figure 5.7.

for{init; exprl; expr2) ] while (expr) do
¢ - = alrue { eatrue | L
TR LY e oaw - CEE R
if (condition) ! if (condition) M .l.f{candil:i;nl
break; _ .-~ break; _ .-’ break; o - -
~ \\ b -
v ~ eae R -
} \ } [ } while(condition); s
statement; Lt statement; M statement; 7
- - e PP

Figure 5.7: break statements in loops
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The program averagel.cpp discussed earlier has the following code:

cin >> marks;

while( marks -1

aricas

cin >> marks;
»
It computes the sum of marks entered by the user and maintains their count. This segment of code can
replaced by the following piece of code using the break statement:

whilel 1 )
<

>
Note that it avoids the use of two cin statements. Whenever -1 is input, the condition marks==-1
evaluates 1o true, and the break statement is exccuted, which leads to the termination of loop. Control
passes to the statement following the whi le construct. Observe that the condition in the while loop
has been specified as 1 (one) which is nonzero and hence s always true. The condition specif
situation. The ab: e can also

infinite loop, but
by the following £62 100p segment:
£ox( ;

cin >> marks;

est-expression is not mentioned in the £ox loop, it is implicitly treated as true
causing an mfinite 10op conaition. However, it doos not lead 16 o infiniie 100p a4 the r aas statement
takes over the responsibility of 1oop termination. In general, the break statement causes control to
pass to the statement following the innermost enclosing £or, while, do-while, or switch state-
ment. The same action can also be achieved by using do. .while loop as follows:

S
3

<
) while¢ 115

gram average2 .cpp illustrates

The pros the use of break in loop statements. It performs the
same operation as that of the program averagel.cpp.
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// average2.cpp: find the average of the marks
#include <iostream.h>
void main()
{
int i, sum = 0, count = 0, marks;
cout << "Enter the marks, -1 at the end...\n*;
while( 1 )
{
cin =>> marks;
if( marks == -1 )
break;
sum += marks;
count++;
}
float average = sum / count;
cout << "The average is " << average;

g -

Enter the marks, -1 at the end...
1]
13
82

74

0

The average is 77

5.10 switch Statement

The switch statement provides a clean way to dispatch to different parts of a code based on the value
of a single variable or expression. It is a multi-way decision-making construct that allows choosing of a
statement (or a group of statements) among several alternatives. The control flow in the switch state-
ment is shown in Figure 5.8, The swi tch statement is mainly used to replace multiple if-else sequence
which is hard-to-read and hatd-to-maintain.

The expression following the switch keyword is an integer valued expression. The value of this
expression decidés the sequence of statements to be executed. Each sequence of statements begins
with the keyword case followed by a constant integer. (Note that constant characters may also be
specified). Control is transferred to the statements following the case label whose constant is equal to
the value of the expression in the switch statement. The default part is optional in the switch
statement. The keyword break is used to delimit the scope of the statements under a particular case.

switch( option )
(
case 1l: cout << "QOptiocn # 1 entered”;
break;
case 2: cout << "Opticn # 2 entered";
break;
default: cout << "Invalid option entered";
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In the above segment, if option is 1, then the first cout will be executed and the control will pass
to the next statement after the switch, Otherwise, the rest of the case statement will be evaluated in
the same way. If none of them match, then the last cout with the defaulc will be executed.

- -

switch ( e It “a
- ~ LY
{ . \ \
' | \
Y T 1 \
case cl: y ifle==el) | .
. . ,' ]
break; - ’ Il
= T 7 iffe==cy )
- -
Le” case €2: )
’ ca ”
' -
[ emmmme s Preaks L
\ ¢ -
Y Cees L
Lo default: .- if(except above cases)
Nt
AR % ottt
oM e break;
‘\ } ..........
statement;

Figure 5.8: Control flow in switch statement

The break statement is essential for the correct realization of the switch structure. It causes exit
from the switch structure after the case statements are executed. The break can be omitted in which
case the control falls through to the next case statements. For example, omitting the break statement
in the first case statement will cause both the case 1 and case 2's body to be executed. The
break statements can be omitted when the same operation is to be performed for a number of cases as
illustrated below:

switch{ ch )
{

case 'a':

case ‘e':

case 'i’

case 'o':

case 'u': ++ vowel;
break;

case ' ': ++ spaces;
break;

default : ++ consonant;
}

In-the above segment, when the contents of ch is equal lo a vowel character, the statement
++vowel ;
is executed.

The different cases and the default keyword may appear in any order. The program sex2 . cpp
iltustrates the use of switch construct in replacing the nested if-else statements.
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// sex2.cpp: use of switch statement
#include <iocstream.h>
void main{)
{
char ch;
cout << "Enter your sex (m/f): *;
cin >> ch;
switch( ch )
{
case 'm':
cout << "So you are male. goeod!*®;
break;
case 'f':
cout << "So you are female. good!";
break;
default: // if none of the above match any cases
cout << "Error: Invalid sex code!*;

)
Bunt

Enter your sex (m/f): @
So you are male. good!

Bun2
Enter your sex (m/f): b
Error: Invalid sex code!

5.11 continue Statement

The continue statement skips the remainder of the current iteration and initiates the execution of the
next iteration. When this statement is encountered in a loop, the rest of the statements in the loop are
skipped, and the control passes to the condition, which is evaluated, and if true, the loop is entered
again. The continue statement has the following syntax:

continue;
The control flow in for, while, and do. .while loops with continue statement embedded within
their body is shown in Figure 5.9.

. g
for (o ;e el sy V| while (07w do
; . ; X ~ p
Al
if (expr] e if (expr) " if (expr)
continue; —w--=" continue; - continue; -
Al
) ) } while( -7 >;a-’

Figure 5.9: Operational flow with continue statement

The program sumpes . cpp accepts an indefinite number of values from the keyboard and prints
the sum of only the positive numbers. It demonstrates the use of break and continue statements.
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/7 sumpos.cpp: sum of positive numbers
#include <iostream.hs
voia main ()

«

int num, total = 0;

ao

3
cout << "Enter a number (0 to quit): =
cin >> num;
if( num == 0 )

cout << *end of data entry." << endl;
break: /¢ terminates loop

b
if( num < 0 )
«

cout <<
continu

skipping this number.: << end
 Enine et tacements and Lransfers to start of loop

)
total == num;
) while(1):
cout << -Total of all +ve numbers is - << total;

Bun

Enter a number. (0 to

Enter a number (0 to
umbe:

°E LBE

Total of all +ve numbers is 40

In 2o . whie loop of the shove program, on encounterlng bixeak, control is mansfored ouside

the loop. On control is 10 the whi 1e condition which is always
true (nonzero). Figure 5.10 shﬂws action d(ffmnms balween break and continue statements in
loops. The break and st be used and their i

can hamper the clarity of the Iog:c.

£ar B - R
<

if'e srpression i sxpression )
> ) S
Atatement; statemenc:4

Figure 5.10: Control flow for continue and break
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5.12 goto Statement

The C++ language also provides the much abused goto statement for branching unconditionally to
any part of a program . A debate on whether the use of the goto construct in structured programming
is essential or not, is purely academic, but practically, the goto, is never necessary and therefore is not
used by many programmers. However, there are certain places where the use of got o becomes manda-
tory. For instance, to exit trom some deeply nested loops, goto can be used. The general format of a
goto stalement is:

goto label;

Here label is an identifier used to label the target statement to which the control should be trans-
ferred. Control may be transferred to any other statement within the current function. The target state-
ment must be labeled and the 1abel must be followed by a colon. The target statement will appear as

label: statement;

Note that the declaration of the label symbol is not required. The program jump . cpp is equiva-
lent to the program sumpos.cpp discussed above. It uses goto statement instead of the break
statement.

// jump.cpp: sum of positive numbers using goto construct
#include <iostream.h>
void main()
{
int num, total = 0;
do
{
cout << "Enter a number (J to guit): *;
cin >> num;
if( num == 0 )
{
cout << "end of data entry." << endl;
goto dataend; // transfer to dataend position
}
if{ num < 0 )
{
cout << 'skipping this number." << endl;
continue; // skips next statements and transfers to start of loop
1
total += num;
} while(l);
dataend: cout << "Total of all +ve numbers is " << total;
}

Bun

Enter a number (0 to quit): 10
Enter a number (0 to quit): 20
Enter ‘a number (0 to guit): =35
skipping this number.

Enter a number (0 to guit): 10
Enter a number (0 to quit): 0
end of data entry.

Total of all +ve numbers is 40
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Any loop (£ox, while, or do. .while) statement can be replaced by an if statement coupled
with a goto statement. But this, of course makes the program unreadable. On the other hand. there are
situations wherein goto statement can make the flow of control more obvious. For example. the follow-
ing segment determines whether two arrays x and v have an element in common or not. The clementx.
has n clements and y has r elements.

go
// Element not found
founa:
7/ Element £ound
Except in cases such as the one cited above, the use of the goto statement must be avoided.
It is possible to use goto statement to jump from outside a loop to inside the loop body, but it is

logically incorrect. Hence, goto jumps shown in Figure 5.11 would cause problems and therefore must
be avoid

MEISI e

Figure 5.11: Invalld goto's

5.13 Wild Statements
Itis very difficult to detect semantic errors in a program when semicolons are used improperly
loops. One such case is illustrated in the program ageS . cop

/{ 89e5.cpp: if statement with wrong usage of syntax
#include <iostream
>

ge:
cout << "Enter vour age: °

ag
Lf(ege > 1z &8 age < 20 );
Nt << myou are a teen-aged person. goodlt:

Enter your age: 14
you are a teen-aged person. good!
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Aunz
nter your ag

e: 50
you are a teen-aged person. good!
In main (). the statement
if( age > 12 && age < 20 );
effectively does nothing; observe the semicolon after the condition statement. The program displays

the same message for any type of input data. Whether the input age lies in range of teenage or not. it
produces the message

you are a teen-aged peraon. gaod!
See RunZ output which shows even 50 year aged person as teen-aged!
Equality Test

The program agecmp . cpp is written for i f Iepri illogi
except for some typical value.

message

/ / agecmp.cpp: age comparison
¥include <iost
void main()
«
int myage = 25, yourage:
cout << "Hi! my age is - << myage << ond:

if{ myage = yourage )
<< “We are born on the same day. Are we twins!®

Hil my age is 25
What is your age ? 25
We are born on the same day. Are we twins!

Hit my age is 25
What is your age ¥ 10
We are born on the same day. Are we twins!

Hit my age is 25
What is your age 7 Q

The statement in main ()

1f( myage = yourage )

has the expression myage age. It assigns the contents of the variable youxrage, 1o myage.
It is evaluated to true. for all nonzers values of yourage and hence, the program prints the same
‘message excopt for zero input value. The while writi which
checks for the equal data.
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Review Questions

5.1 Discuss the need of control flow statements in C++.

5.2 What are the differences between break and continue statements ? Develop an interactive pro-
gram which illustrates the differences.

5.3 Justify that "goto statement cannot be used to transfer control from outside to inside the loop”

5.4 Write an interactive program to print a given integer in the reverse order. For instance, 1234 should
be printed as 4321.

5.5 Write an optimized algorithm (program) to print the first N prime numbers, where N is a number
accepted from the keyboard.

5.6 Write a program to print the sum of all squares between 1 and N, where N is a number accepted
from the keyboard. ie.,1 + 4 + .... + (N*N).
5.7 Develop a program to find the roots of a quadratic equation. Use switch statements to handle
different values of the discriminant (b®-4*a*c),
5.8 State which of the following statements are TRUE or FALSE. Give reasons.
(a) Use of goto helps in developing structured programming.
(b) In i £ statement, if the if condition fails, else-part is executed.
(c) The value -1 is treated as false.
(d) The switch statement can have more than one matching cases.
(e) The break statement terminates the execution of the loop.
(f) Explicit transfer of control from outside the loop to inside is logically correct.
" (g) The use of an expression such as a = b as a test expression is not encouraged.
5.9 Write a program to compute the exponential value of a given number x using the series
e(X)= 14x+x3214%x°31+...
5.10 Write an interactive program for computing the factorial of a number using the while loop.
5.11 Write a program to generate reverse pyramid of digits.
5.12 Write an interactive program to compute the cosine of a number using the series:
cos(x)=1-x¥214+x4/4!-x8/6'+...
5.13 Write an interactive program to compute the area of a triangle for the following cases:
a) for 3 sides of a triangle (a, b, and c):
p=a+b+c;
s = (a+b+c)/;
area = sqgrt((double) (s* (s-a)*(s-b)*(s-¢c)));
b) for right angle triangle: area = (base*height)/2;
5.14 Write a program to print the multiplication table using do..while loop.
5.15 Write an interactive program to draw a histogram of marks scored in different subjects as follows:

subj&ctll LAA AR AL ALL LA L LR L Ll bbb -1}

su'bjactzg (A2 RS2 T 2Rt Rttt R fdl g t?z‘}

5,16 Write a program to print a conversion chart of various currencies as shown in the table below:

o e



6
Arrays and Strings

6.1 Introduction

An array is a group of logically related data items of the same data-type addressed by a common name,
and all the items are stored in contiguous (physically adjacent) memory locations. For instance, the
statement
int marks[10);
defines an array by the name marks that can hold a maximum of ten elements. The individual elements
of an array are accessed and manipulated using the array name followed by their index. The marks
scored in the first subject is accessed as marks[0] and the marks scored in the 10" subject as
marks [9]. In this case, a sequence of ten integers representing the marks are stored one after another
in memory. A sequence of characters is called string. It can be used for storing and manipulating text
such as words, names, and sentences. The arrays can be used to represent a vector, matrix, etc., as
shown in Figure 6.1.
2

l r
|

3
+— § ——» «— 3 —» l-l— 3 —
Vector Matrix Three dimensional array

Figure 6.1: Single and multidimensional arrays

6.2 Operations on Arrays

To see the usefulness of arrays, consider the problem of reading the ages of five persons and comput-
ing the average age. Five variables need to be defined for storing the age of five persons and they have
to be read and processed using distinct statements as illustrated in the program agel.cpp.

// agel.cpp: multiple variables to handle data which are logically same
#include <iostream.h>
void main()
{
int agel, ageZ, age3, aged4, age5;
float sum = 0;
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person 1 age: "

person 2 age: ":

person 3 age: ":

person

person 5 age: i

age = * << sum/5;

REEEE

“The above program uses distinct statements to read and add the age of cach person. The resulting
value of summation is stored in the variabl Finally, the average age is computed by dividing the
aum by 5. A program written in this style is very clumsy, and difficult to enhance. If there are a large
number of individuals, the number of statements increase proportionately. A more elegant approach is
(0 use an array type variable to store the age of persons, and process them using loops as illustrated
in the program age2 . cpp.

/7 age2.cpp: arrays to handle data which are of the same type
#include <iostream.h
veid main()
<
inc age(s): /7 array definition
At sus o
for( inme 1 = 0; 1 < 55 dee )

i

cout << "Enter person * << i+l << = age: "7
cin => agelil: /7 reading array elements

)
for( i i< 5; des)

= agelil; /7 array manipulation
~average age = * << sum/5;

]
Fun
Enter person 1 age: 23
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Enter person 2 age:
Enter person 3 age:
Enter person 4 age:
Enter person S age:
Average age = 29

RREBE

Handling arrays involve array definition, array initialization, and accessing elements of an array. In

main (), the statement

int age(5];
defines an array of five elements of integer type with the name age. It reserves 5*sizeof (int)
bytes of memory space for storing the five integer numbers. The statement

cin >> age([i];
reads each integer value and stores it in the array element indexed by the variable i. Here, the variable
i is known as the array index or subscript and hence, arrays are popularly called subscripted vari-
ables. Note that an array of ¥ elements has indexes in the range 0 to N-1. The statement

sum += agel[i};
accesses the contents of the (i+1)™ element of the array age and adds it to the variable sum.

Array Definition

Like other normal variables, the array variable must be defined before its use. The syntax for defining an
array is shown in Figure 6.2

integer constant
or expression

primitive or
| user-defined

Array variable

DataType ArrayName[array_sizel,...;

Figure 6.2: Array definition

In the definition, the array name must be a valid C++ variable, followed by an integer value enclosed
in square braces. The integer value indicates the maximum number of elements the array can hold. The
following are some valid array definition statements:

int marks[100]; // integer array of size 100

float salary([25]; // fleating-point array of size 25
char name[50]; // character array of size 50

int a[l10], b(12], c(25]; // defines three arrays

double d1, num[IO0]; // defines a variable and double array

The last statement indicates that a normal variable and array can be defined in a single statement. The
representation of an array defined using the statement

int age[5];
is shown in Figure 6.3 by assuming that each element of the array (i.e., each integer) occupies two
bytes.
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)

age—> [ xx age[0] bye—> 23 lage(0]
xx age(1] 40 age[1]
xx age[2] 30 age(2]
xx age[3] 27 age(3]
xx age([4] 25 age[4]

"l-u—-l""-—'_-
int age(5]; for(i=0; i<5; ++)

cin >> agel[i];

Figure 6.3: Storage representation for an array

Accessing Array Elements

Once an array variable is defined, its elements can be accessed by using an index. The syntax for
accessing array elements is shown in Figure 6.4

integer constant, variable,
or expression

V

ArrayName [index]
Figure 6.4: Accessing an array element

To access a particular element in the array, specify the array name followéd by an integer constant
or variable (array index) enclosed within square braces. The array index, indicates the element of the
array, which has to be accessed. For instance, the expression

age([4]
accesses the 5* element of the array age. Note that, in an array of N elements, the first element is
indexed by zero and the last element of an array is indexed by N-1. The loop used to read the elements
of the array is:
for( int i = 0; 1 < 5; i++ )
{
cout << "Enter person " << i+l << * age: ";
¢in >> age(i];
}
" The variable i varies from 0 to N-1 (i.e., 0 to 4 in the above segment). Statements such as,
age[i]l++;
can be used to increment the value of the i item in the array age and hence the following,
age[i] = 11;
agel[3] = 25;
are valid statements. Note that, the expression age[i] can also be represented as i [age]; simi-
larly, the expression age (3] is equivalent to 3 [agel.

The program nodup . cpp illustrates the manipulation of a vector. It reads a-vector and removes all
duplicate elements in that vector. The vector is adjusted after removing all the duplicate elements.
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// nodup.c: Deleting duplicates in a vector
#include <iostream.h>
void main{)
{
int i, j, k, n, num, flag = 0;
float a[50];
cout << “Enter the size of a vector: *;
cin >> n;
num = n;
cout << "Enter vector elements ..." << endl;
for( i = 0; i < n; i++ )
{
cout << "a[" << i << "] = ? *;
cin >> a(i];
}
// removing duplicates
for (1 = 0; i < n - 1; i++)
for (3 =4 + 1; § < n; j++)
{
if( afil == al[3j] ) // duplicate found
{
// remove duplicate and adjust vector and its size
n=mn-=-1;
for (k = j; k < n; k++)
alk)] = afk+1];
flag = 1; // wector has duplicates
j=3-1;
}
}
if( flag )
{
cout << "vector has ' << num-n << " duplicate element(s).\n";
cout << “"Vector after removing duplicates ...\n";
for({ i = 0; i < n; i++ )
cout << "a[* << i << "] = " << a[i] << endl;
1
else
cout << "vector has no duplicate elements";
}

Run

Enter the size of a vector: §
Enter vector elements ...

a[0] =71
afl] = ? 5
af2] =7 &
a(3l =78
af4] = 7 3
af5] =73

vector has 1 duplicate element(s).
Vector after removing duplicates ..
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al0]
afl}
al2]
al3]
al4]

LU L |
0 v U

Initialization at Definition
Arrays can be initialized at the point of their definition as follows:
data-type array-name[size] = { list of values separated by comma };
For instance, the statement
int age[ 51 = ( 19, 21, 16, 1, 50 };
defines an array of integers of size 5. In this case, the first element of the array age is initialized with 19,

second with 21, and so on as shown in Figure 6.5. A semicolon always follows the closing brace. The
array size may be omitted when the array is initialized during array definition as follows:

int age[] = { 19, 21, 16, 1, 50 };:
In such cases, the compiler assumes the array size to be equal to the number of elements encloscd
within the curly braces. Hence, in the above statement, the size of the array is considered as five.

=
int age(5) = (19,21,16,1,50); 15 | agel0]
or 21 age[1l]
16 age[2]

int = {19,21,16,1,50};

nt agel[] { } - age(3]
t-—nnuwwshe 50 age(4]

e

Figure 6.5: Array initialization at its definition

Caution! No Array Bound Validation

C++ does not support bound checking i.e., it does not check for the validity of the array index value
while accessing the array elements. If the program tries to store something beyond the size of an array,
neither the compiler nor the run-time will indicate the error. Such a situation may cause overwriting of
data or code leading to fatal errors. Therefore, the programmer has to take extra care to use indexes
within the array limits. For example, consider the following program:
void main()
{
int age( 40 );
age[ 50 ] = 11;
age[ 50 ]++;
}

It defines age to be an array of 40 integers, and then modifies the 51* element! The compiler does not
consider such an access as illegal and produces the executable code. Execution of such programs can
behave in an unpredictable manner. Detecting such errors in a program is a difficult and time consuming
task. Thus, it is the responsibility of the programmer to see that the value of an array index is within the
a'ray bounds while accessing an array element.
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6.3 Array lllustrations

The program elder . cpp finds the age of the eldest and youngest person in a family. It reads the ages
of all the members of a family stores them in an array and then scans the array to find out the required
information.

// elder.cpp: £inding youngest and eldest person age
#include <sostream.h>
veid main ()

«

float age(25]. vounger, elder:
cout << -How many persons are there in list <max-25> 2 -;
<in == n;
for( 4 = 0; i < my d+r )
«

cout << "Enter person® << i+l << *
cin >> agelil:

age: *;

3
// finding youngest and eldest person age begins here

i£( ageli]) < younger )
younger = mge(il;
else
if( ageri] > elder )
=lder = agelil;

)
// finding younger and elder person ends here

cout <= "Age of eldest person is * << elder << endl;
cout << “Age of youngest persom is " << younger:

3
A

Age of eldest person is 45
Age of youngest person is 4

Bubble Sort
A classical bubble sort is the first standard sorting algorithm most programmers learn to code. It has
gained popularity because it is intuitive, easy to write and debug, and consumes little memory. In each
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pass, the first two items in a list are compared and placed in the correct order. Items two and three are
then compared and reordered, followed by items three and four, then four and five, and so on. The sort
continues until a pass with no swap occurs. High-value items near the beginning of a list (as shown in
Figure 6.6) move to their correct position rapidly and are called turtles, because they move only one
position with each pass. The program bubble . cpp illustrates the implementation of the bubble sort.

i=0; i =20 i=1 j =2 j =3
6 ) 6 6 6
10 10 ) 2 2 2
2 2 10 D 8 8
8 8 10 ? 3
3 3 3 3 10
I=1; i =0 j =1 j = 2
6. > 2 2 2
2 6 ] 6
8 8 ? 8 ) 3
3 3 3 8
10 10 10 10
1=2; i=0 i=1
2 2 2
6 ) 6 ) 3
3 3 6
8 8 8
10 10 10
i=3; i =0
2 2
3 D 3
6 6
8 8
10 10

Figure 6.6: Trace of Bubble Sort
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/ / bubble.cpp: sorting of numbers using bubble sorting
#include <iostream.h>
void main()
{
int i, j, n, age([25], flag, temp;
cout << "How many elements to sort <max-25> 7 *;
cin »> n;
for{( i = 0; 1 « n; i++ )
{
cout << "Enter age[ " << i << " ]: ";
cin >> age(i];
}
// sorting starts here using bubble sort technigue

for{ i = 0; i <« n-1; i++ ) // for i = 0 to n-2
( .
flag = 1;
for{ j = 0; 3 < (n=1-i); j++ ) // for j = 0 to (n-i-2)

if({ age[j] > age[j+1] )
{
flag = 0; // still not sorted and requires next iteration
// exchange contents of age([j] and age[j+1]
temp = age[j];
age[j] = age[j+1];
age[j+1l] = temp;
}
}
if{ flag )
break; // data are now in order; no need of next iteration
}
f/ sorting ends here
cout << "Sorted list..." << endl;
for{ i = 0; i <n; i ++ )
cout << age[i] <& * *;
)

Run

How many elements to sort <max-25> ? 7
Enter age[ 0 ]:
Enter agel
Enter agel
Enter agel
Enter age|
Enter agel
Enter agel|
Sorted list...
123456289

Comb Sort

(Comb sort is a generalization of the bibble sort that permits comparison of non-adjacent items. It retains
‘he simplicity of a bubble sort, but with a dramatic increase in speed. Consider a sample list of 100

[
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elements to be arranged in the ascending order. In this method elements are compared to sort them and
the space between the elements to be compared is known as the gap. (For instance, the gap in bubble
sort is one.) A gap of 80 would compare elements | and 81, 2 and 82, ..., and 20 and 100, and switch pairs
when appropriate. Such a pass would take 20 comparisons rather than the 99 of an equivalent bubble
sort. The benefit i$ that the swap could move the elements as much as 80 notches closer to their final
destination. It is found that the ideal way to select the next gap is to divide the previous gap by 1.3
(which is known as the shrinking factor). The shrinking factor 1.3 has been experimentally found out to
be the optimal value. The gap value remains constant once it reaches 1. A bubble sort is converted into
comb sort by the following process:

«.Initialize the gap with | in the inner loop.
« Initialize the gap size and the dimension of the list.

« Recalculate the gap with the do-loop by dividing the previous gap by 1.3, taking the integer part and
using the result or 1, whichever is greater.

« Repeat the loop until the gap is 1 and the switch counter is 0, indicating that the sort operation is
completed.

The program comb . cpp illustrates the implementation of the comb sort. The only difference be-
tween bubble sort and comb sort is that, in bubble sort, the wurtles (data) crawl whereas in comb sort
they jump. Successively shrinking the gap is analogous to combing long, tangled hair—stroking first
with fingers alone, then with a pick comb that has widely spaced teeth, foilowed by finer combs with
progressively closer teeth. Comb sort has a similar shrinking effect on the gap (hence, the name comb
sort). Each stroke presorts the list (i.e., it kills or winds up some turtles). Therefore, by the time the gap
declines to unity (a Bubble sort), all the elements are so close to their final position that applying a
bubble sort at this stage is efficient.

I comb.cpp: sorting of numbers using comb sorting
#define SHRINKINGFACTOR 1.3
#include <iostream.h>
void main{()
{ .
int i, j, n, agel25], flag, temp;
cout << "How many elements to sort <max-25> ? *;
cin »>> n;
for{ i = 0; 1 <= n; i++ )
{

cout << "Enter age[ " << i << ™ ]J: ";

cin >> agel[i];
1
// sorting starts here using comb sort technigue
int size = n;
int gap = size; // gap is initialized to size i.e, length of a list
do
{

gap = (int) (float(gap)/SHRINKINGFACTOR) ;

switch( gap )

{

case 0:
gap = 1; // the smallest gap is 1 as in bubble sort
break;
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Although the algorithm for comb sort and shell sort appear to be very similar (both usc a gap and a
shrink factor), they do in fact perform differently. The shell sort does a complete sort (until there are no
more swaps Lo be made) for each gap size. comb sort makes only a single pass for each gap size--it can
e thought of as a more optimistic version of the shell sort. There are other differences that result from
this optimism: The ideal shrink factor for shell sortis 1.7, compared with 1.3 of comb sort. The complexity
obtained by plotting sorting time against the List of size n. for shell sort, appears as a step function of
(n*log n*log,n), whereas for comb sort it approximates to a flatter curve of (n * log,n).

6.4 Multi-dimensional Arrays
Most of the seientific data can be easily modeled using ional arrays. Such
allow man ¥

of and even simple ient programs.
Matrix is a two dimensional arfay and two subscripts are required Lo access each element.
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Definition
A multidimensional array is defined as follows:

data-type array-name[s11{s2]...[sn};
For instance, the statement
int axis[31[31([2];
defines a three-dimensional array with the array-name axis.
The general format for defining a two-dimensional array is
data-type array-name[row-size][column-size];
For instance, the statements
int marks([41(3];
float b[3]1([3];
define arrays named marks and b respectively. The expression marks [0] [0], accesses the first
element of the matrix marks and marks [3] [2] accesses the last row and last column. The expres-
sion b[2] [1], accesses the 3" row and 78 column element of the b matrix. The representation ofa
two-dimensional array in memory is shown in Figure 6.7.

marks [0] — ]

RO T }marks[ﬂ][O]

{ |----75---.| } marks [0][1]
: ks [0] [2

subject code marks (1] \ |7 merte 1
. 1 ) ( vera PG I'I'IErkS“] [0]

o] |m [F— { ---'55-.----}marks[1][1]
A EA A ED ]———-mamm g }marks[1][2]

..... } marks [2] [0]

-

L]
(5.
o
=
=
&

&
&
8
I

~

S PUOOE T ERp } marks (2] [1]

int marks[4]1[3];

marks [3] | 5 } marks [2] [2]
([ e } marks (3] [0]
G EERRY-L P }maﬂ(sfa][‘l]
(e }marks[a][zl

Figure 6.7: Two dimensional array to store marks
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Accessing two Dimensional Array Elements

The clements of a two dimensional array can be accessed by the following statement

marks([i] (7]

where i refers to the row number and j refers to the column number. The subscripts must be integer
constants or variables or they can be expressions generating integer results. The programmatrix. cpp
illustrates the use of two dimensional arrays in matrix addition and subtraction.

// matrix.cpp: addition and subtraction of matrices
#include <iostream.h>
void main()

{

int a[5](5), b(5]1(5], c[5][5];

int 1, j, m, n, p, 4d;

cout << "Enter row and column size of A matrix: ";

cin »>> m >> n;

cout << "Enter row and column size of B matrix: ";

cin >> p >» q;

if((m == p) && (n == g)) // check if matrices can be added

{

cout << "Matrices can be added or subtracted...\n";
// Read matrix A
cout << "Enter matrix A elements...\n";
for{ i = 0; i < m; ++1i )
for{ 3 = 0; 3 < n; ++3 )
cin >> a[il[jl:
// Read matrix B
cout << "Enter matrix B elements...\n";
for{ i = 0; i < p; i++ )
for{ j = 0; J < g; j++ )
cin »> b[i][3]:
// Addition of two matrices: C <- A + B
for( i = 0; i < m; i++ }
for( j = 0; j-< n; j++ )
c[i][3] = al[i][]j] + b[i][]];
// printing summation
cout << "Sum of A and B matrices...\n";
for(i = 0; i <« m; ++1i)
{
for(j = 0; j < n; ++3)
cout << c[i][j] << » °;
cout << endl;
}
// Subtraction of two matrices: C <- A - B
for( 1 = 0; 1 < m; i++ )
for( j = 0; j < n; j++ )
clil (3] = alilld] - bIil(F):
// printing matrix subtraction result
cout << "Difference of A and B matrices...\n";
for{(i = 0; i < m; ++i)
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for(j = 0; 3 < n; ++3)
{
cout.width({ 2 );
cout << cfil[j] << * *;
}
cout << endl;

)
Run

Enter row and column size of A matrix: 3 2
Enter row and column size of B matrix: 3 3
Matrices can be added or subtracted...
Enter matrix A elements...

123
431
212
Enter matrix B elements. ..
221
332
121
Sum of A and B matrices...
4 4 4
7 6 3
4 3 3
Difference of A and B matrices. .
-2 0 2
1 0 -1
2 -1 1

Initialization at Definition
A two-dimensional array can be initialized during its definition as follows:
data-type matrix-name|row-sizel[col-size] = |
{ elements of first row },
{ elements of second row },

{ elements of n-1 row }

|5
For instance, the statement

int a[3]1([3] =

{
1,
4,
3

r

"

o e
[l T I S ]
L
e

}:
defines two dimensional array of order 3x3 and initializes all its elements. The first subscript {size of the



182 Mastering C++

row) can be omitted. Hence, the above definition can be replaced by

int a(}(3] =

{
{1, 2. 3
{4, 3,11,
(3,1, 2

The inner braces can be omitted, permitting the numbers to be written in one continuous sequence as
follows:

int all[3] = (1, 2, 3, 4, 3, 1, 3, 1, 2 };
It has the same effect as the earlier definitions, but it suffers from readability.

6.5 Strings
Strings are used in programming languages for storing and manipulating text, such as words, names,
and sentences. It is represented as an array of characters and the end of the string is marked by the
NULL { '\ 0 ') character. String constants are enclosed in double quotes. For instance,

"Hello World"
is a string. A string is stored in memory by using the ASCII codes of the characters that form the string.
The representation of the string Hello Worldin memory is shown in Figure 6.8.

— ]
f H
e
1
1
[+]
character string
terminated by a
null character "0’ :
r
1
d
0
_____._'.f""_"‘-

Figure 6.8: String representation in memory

Definition
An array of characters representing a string is defined as follows:
char array-name([size);
As usual, the size of the array must be an integer value. For instance, the statement
char name [50];
< efines an array and reserves 50 bytes of memory for storing a set of characters. The length of this
string cannot exceed 49 since, one storage location must be reserved for storing the end of the string
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marker. The program name . cpp defines an array and uses it to store characters.

// name.cpp: read and display string
#include <iostream.h>
void main()
{
char name([50]; // string definition
cout << "Enter your name <49-max>: ";
cin >> name;
cout << "Your name is

}

Run

Enter your name <49-max>: Archana
Your name is Archana

<< name;

In main (), the statement
cin »>> name;
reads characters and stores them into the variable name. The statcment

cout << "Your name is
outputs the contents of the string variable name.

<< name;

Initialization at the Point of Definition
The string variable can be initialized at the point of its definition as follows:

char array-name(size] = { list of values separated by comma };
For instance, the statement
char month([] = { 'A','p','x","1i"','1", 0 };
defines the string variable and assigns the character ' A to month[0], 'p* to month[1],.., 0 to month[5).
The end of the string in the above statement can also be represented as follows:
char month([] = { 'A",'p",'x',"1"','1", "\O"' };
C++ offers another style for initializing an array of characters. For instance, the statement
char month[] = "April";
has the same effect as the above statements. In this case, the characters of the string are enclosed in a

pair of double quotes. The compiler takes care of storing the ASCII codes of the characters of the string
in memory, and also stores the NULL terminator at the end.

Special characters can also be embedded within a string as illustrated in the program succ. cpp.
When manipulated using C++ I/O operators, they are interpreted as special characters and action is
taken according to their predefined meaning.

// sJucc.cpp: string with special characters

#include <iostream.h>

void main()

{
char msg[)] = "C to C++\nC++ teo Java\nJava to ...";
cout << "Please note the following message: " << endl;
cout << msg;
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Please note the fallowing message:
C to ces

C++ o Java
Java te ...
Note that the characters \ and n used in the string definition
har msg(] = "C to C++\nCi+ to JavainJava to

are treated as a new line character.

6.6 Strings Manipulations
C++ has several built-in functions such as strlen (), streat (), stxlws (), etc., for string ma-
nipulation. To use these functions, the header file stxing. h must be included in the program using
the siatement

#include <string. h>
String Length
The string function serlen () returns the length of a given string. A sring constant or an array of
characters can be passed as an argument. The length of the string excludes the end-of-string character
(NULL). The strien.cpp illustraies the use of strlen() and user defined function to find the
length of the string.
/7 strien.cpp: computing length of string
binclude ~iostream.hs
#include <atring.h>
void main()

¢

char 510251
cout << "Enter your name:

cin =~ =1z
cour << -strlen( s1 ): * << strlen(sl) << endl;
)
Run

Enter vour name: smrithi
strien( =1 y: 7

String Copy
The string function strepy () copies the contents of one string to another. It takes (wo arguments,
the first argument is the destination string array and the second argument is the source string array. The
source string is copied into the destination string. The program strcpy . cpp illustrates the use of
strepy () to copy a string

/7 strepy.cpp: copying stxing
+iiclude <iostream.h>

char =1(25], a2(25];
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7/ stremp.epp: string concatenation
#include iostzeam.bs
#include <string.h>
void main()
¢
char 511251, s21251:
cout << "Enfer string sl: :

cin »» s1;
cout << "Bnter strina s2:
int status = stremp( s1. s2 )
s2
cout << =1 << * is equal to - << =2;
clse
if( status > 0 )
cout a1 << " ia greater than " << =2;
slse
cout << sl =« * ic less than * << £2:
y
Bun

Enter string s1: Computes
Encer scring £2: Computing
stremp( sl. s2 ): Computer is less than Compuring

String to Upper/Lower Cas
The functions st x Lwx () and sexrupr () convert a string to 5
and return the address of the converted siring. The program uprlwr . cpp illustrates the conver:
of string 10 lower and upper cases.

and

// UPFIWFREPP: converting string to upper or lowe:r case
#include <iostream.h:

#include <string.hs

veid main()

«

char s1(251, templ251:
cour << tEnter a atring:

<< strupr( temp ) << endl:
Erlwr( temp ) << endl;

cour << racrupr( cemp ):
cout == “strlwr( temp ): " =< s

Hun
Enter a string: Smrithi
srrupr ( temp ): SMRITHT
Striws( temp ): smrithi
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Aun

Enter a string: Garkage
screpy( 52, 51 ): Garbage

String Concatenation
The string function strcat () concatenates two strings resulting in a single string. It takes (wo
arguments. which are the destination and source strings n and source strings are con-
catenated and the resultant string is stored in the destination (first) string. The program strcat - cpp
illustrates the use of strear() to concatenate two strings.

s/ strcatepp: string
#include <iostream.h>
#include <string.h>
void main ()

ehar =1040). =2(25]1;

cout == "Enter string sl

cin >> s1

cout << "Enter atring az:
=2

streac( s1. s2 )1
cour << "mtrear( =i, =2 ): * << =1;

Enter string s1: ©
Enter string s2: =
stxcat( 51, 52 )i Cee

String Comparison
The string function st rcmp () compares two strings, character by character. It accepts two strings as
parameters and returns an integer, whose value is

if the first string is less than the second

if both are identical

if the first string is greater than the second

in the string differ. the string which has the character with
the higher ASCII value is greater. For example, consider the strings hello and Hello! t. The first
character differs. The ASCII code forh is 104, while the ASCII code for  is 72. Since the ASCIT
code of h 15 greater. the siring helle is greater than the sring Hello!. Once a differing character is
found. there is no need 1o compare remaining characters in the string. The program stremp . cop
illustrates the use of stromp () 1O COMPare two strings.
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6.7 Arrays of Strings
An array of strings is a two dimensional array of characters and is defined as follows:

char array-namelrow_sizellcolumn_sizel;
For instance, the statement

char person(101(151:
defines an array of siring which ean store names of 10 persons and cach name cannot exceed 14
characiers: 1 eharacter is used to represent the end of a sring. The name of the first person is acecssed
by the expression on (0], and the second person by person (1. and so on. The individual
characters of a string can also be acce: For instance, the first characier of the first person is
accessed by the expression person (0] [0) and the fifth character in the 3% person's name is
accessed by person (2] (41. The program names . cpp illustrates the manipulation of an array of

strings.
7/ names.ci ray of strings storing names of the persons
#inciude <ioatream.hs

void main ()

<

int i, n;
char person[10] [LEN];

cout << ~low many persons ? °:
for( i = 0: i < m: der )

€

cout << *BEnter person® << i+l <= " name:
cin >> person(il:
\ne
. o Parscn Name Length In lowsr case In UPPER case\n®
- —— N

cout<<
fort i o= 0: i < n; ies )
¢

cour widen( 2 )

\n=
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Enter personl name: Anand
Enter person2 name: Viswanath
Enter personl name: Archana
Enter persond name: Yadunandan
Enter personS name: Mallikarijun

P# Person Name Length In lower case 1In UPPZR case
1 Anand 5 anand ANAND
2 Viswanath 9 viswanath VISWANATH
3 Archana 7 archana ARCHANA
4 Yadunandan 10 yadunandan YADUNANDAN
5 Mallikarjun 11 mallikarjun MALLIKARJUN

An array of string can be initialized at the point of its definition as follows:
char array-name[row_sizel[column_size] = | “rowl string”, “row2-string”, ... };
It can also be defined as
char array-namel[row_size|[column_size] =
{ { rowl string characters), | row2 string characters}, .. };
For instance. the statement
char person[][12]={"Anand", "Viswanath*, "Archana", "Yadunandan", *Mallikarjun"}:
defines an array of strings and initializes them at the point of definition (see Figure 6.9 for the memory
representation). The above statement is equivalent to
char person[5][12]={*Anand", "Viswanath", "Archana", "Yadunandan®, "Mallikarjun"};
The second dimension must be specified explicitly in the array definition, otherwise, the compiler
generates an error message. However, the first dimension can be skipped; the compiler computes this
value based on the number of values specified in the initialization list. This rule applies only when the
initialization appears at the point of definition.

0 1 2 3 4 5 6 7 8 9 10 M

0 A n a n d \0 person[0]
1 v i s W a n a t h N D person(l]
2 A r c h a n a \NO person[2]
3 Y a d u n a n d a n \O personl3]
4 M a 1 1 i k a r 3 u n \0 | personl4]

Figure 6.9: Array of strings representation in memory

6.8 Evaluation Order/Undefined Behaviors

The order of evaluation of sub-expressions within an expression is undefined. Consider the following
segment of code:
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int i = 0;
v[i] = i++;

The second statement can be evaluated either as:

v[o] = 0;
or
v[l] = 0;

The compiler can generate better code in the absence of restrictions on the expression evaluation order.
It can take advantage of underlying hardware architecture and generate the most optimal code. The
compiler can warn about such ambiguities. Unfortunately, most compilers do not report a warning about
such ambiguities.
The operators
&& ||

guarantees that their left-hand side operand is evaluated first before their right-hand side operand. For
instance, in the statement,

x = (y =25, y+tl);
the expression (y = 5, y+1), the comma operator first assigns 5 to y and then evaluates the right-
hand side operand and the resulting value 6 is assigned to the x variable. Note that the sequencing
operator comma (, ) is logically different from the comma used to separate arguments in a function call.
Consider the following statements:

£1( a[i], i++ }; // two arguments

£2( (alil, i++) ) // one argument
The call of £1 () has two arguments, a[i] and i++, and the order of evaluation of the argument is
undefined. However, most compilers follow evaluation of arguments at a function call from right to left.
The function

fl1( int a, int b )

{ cout << a << " " << b;

}
when invoked as

£1( ali), i++ );
where a[] = { 1, 2, 3, 4, 5 }Yand i = 0. The output will be 2 and 0. The parameters
evaluated are passed in the following order:

1. The contents of the variable i whose value is 0 is assigned to b, and then the expression i++ will be
evaluated, thereby i becomes 1.
2. The value of a[i] (now i holds the value 1) is 2 and is assigned to the variable a.

Review Questions

6.1 What are arrays ? Explain how they simplify programming with suitable examples.

6.2 Explain how comb sort algorithm is superior over bubble sort. What is their time complexity. Hint:
time complexity is measured in terms of number of elements compared, since comparison opera-
tion is the active operation in any sorting algorithm.

6.3 What are the side-effects of the following statements:

int a[100]);



6.6
6.7

6.8
6.9

612

613

614

Does the compiler reports an error when illegal accesses are made to an array 7
‘What are multi-dimensional arrays ? Explain their syntax and mechanisim for accessing the
ments.

ir ele

active program for calculating grades of N students from 3 tests and present the
resultin the following format

scores

Write a program for computing the norm of the matrix
Can arrays be initialized at the point of their definition ? If yes. explain its syntax with suitable
examples 2

Write a program to find the symmetry of the matiix.

What are strings ? Are they standard or derived daia type ? Write an interactive program to check
whether a given string is palindrome or not. What happens if the end-of-string character is
missing 7

Write a program (o sort integer numbers using shell sort and compare its
of the comb sort

Write a program for computing mean(m), variance, and standard deviation(s) of a set of numbers
using the following formulae:

1e complexity with that

Write a program to find the ranspose of a matrix. (The transpose can be obrained by inter-

changing the clements of rows and columns).

Write a program to find the saddle points in a matrix. Tt is computed as follows: Find out the
inarow. jint exists in arow if an element is the largest element in that

corresponding column. For instance. consider the following matri:

7 5 &

10 2 3
103 3

The saddle point results are.as listed below:

In row 1. saddle point exists at column 2.

In row 2, saddle point does not exist

In row 3. saddle point does not exist.

Write an interactive program to multiply two matrices and print the result in a matrix form.
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Modular Programming with Functions

7.1 Introduction

It is difficult to implement a large program even if its algorithm is available. To implement such a program
with ease, it should be split into a number of independent tasks, which can be easily designed, imple-
mented, and managed. This process of splitting a large program into small manageable tasks and
designing them independently is popularly called modular programming or divide-and-conquer tech-
nigue. Large programs are more prone to errors and it is difficult to locate and isolate errors that creep
into them. A repeated group of instructions in a program can be organized as a function. It can be
invoked instead of having the same pattern of code wherever it is required as shown in Figure 7.1.

void main()
PN,

E B

B I TN

=h e code duplication
g Posvieen if function not used
— PR .

o e
oy A ARASA AR /

g Py

c-fj-‘ L ittt ]

vold main{()

{ CalculateTax()
{ code
/ ‘/ / wnitten

Pahsviviind

CalculateTax(); g Acranann -_:mly once
g Ao if function is
8 i } used

CalculateTax(); ] L,

P e,

PPN

Figure 7.1: Functions for eliminating redundancy of code
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A function is a set of program statements that can be processed independently. A function can be
invoked which behaves as though its code is inserted at the point of the function call. The communica-
tion between a caller (calling function) and callee (called function) takes place through parameters.
The functions can be designed, developed, and implemented independently by different programmers.
The independent functions can be grouped to form a software library. Functions are independent
because variable names and labels defined within its body are local to it. The use of functions offer
flexibility in the design, development, and implementation of the program to sclve complex problems.
The advantages of functions include the following:

+ Modular programming

+ Reduction in the amount of work and development time

+ Program and function debugging is easier

+ Division of work is simplified due to the use of divide-and-conquer principle

+ Reduction in size of the program due to code reusability

+ Functions can be accessed repeatedly without redevelopment, which in turn promotes reuse of code
« Library of functions can be implemented by combining well designed, tested, and proven functions

The program taxl.cpp computes the tax amount of two persons based on their annual salary
without the use of functions,

// tax1.cpp: tax calculation without using function
#include <iostream.h>
void main{) '
{
char Name[25];
double Salary, Tax;
cout << "Enter name of the lst person: *;
cin »>> Name;
cout << "Enter Salary: *;
cin »> Salary;
if( Salary <= 20000 )
Tax = Salary * 12.5 / 100;
else
Tax = Salary * 18.0 / 100;
cout << "The tax amount for * << Name << " is: " << Tax << endl;
cout << "Enter name of the 2nd person: *; cin >> Name;
cout << "Enter Salary: *; cin »>> Salary;
if( salary <= 90000 )
Tax = Salary * 12.5 / 100;
else
Tax = Salary * 18.0 / 100;
cout << "The tax amount for " << Name << * is: " << Tax << endl;
}

Run

Enter name of the lst person: Rajkumar
Enter Salary: 130000

The tax amount for Rajkumar is: 23400
Enter name of the 2nd person: Savithri
Enter Salary: 90000

The tax amount for Savithri is: 11250
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Multiple copies of the same pattern of code can be eliminated by grouping repeated statements
together to generate a funcion CalculateTax (). as illustrated in the program tax2.cpp.

// tax2.cpp: tax calculation using function
#include <iostream.h>
void CalculateTax()
{

char Name[25];

double Salary, Tax;

cout << "Enter name of the person: ";

cin >> Name;

rcout << "Enter Salary: ";

cin >> Salary;

if({ salary <= 90060 )

Tax = Salary * 12.5 / 100;
else
Tax = Salary * 18.0 / 100;

cout << "The tax amount for " << Name << " is: " << Tax << endl;
}
void main{()
{

CalculateTax();

CalculateTax();

}

Run
Enter name of the person: Rajkumar

Enter Salary: 130000
The tax amount for Rajkumar is: 23400

Enter name of the perscn: Savithri
Enter Salary: 90000
The tax amount for Savithri is: 11250

In main (), the statement
CalculateTax() ;

is invoked twice to calculate tax for two persons. [t computes the tax amount and displays it. The same
function can be invoked to calculate tax amounts for a large number of people using a loop construct.

7.2 Function Components

Every function has the following elements associated with it:

« Function declaration or prototype.

+ Function parameters (formal parameters)

« Combination of function declaration and its definition.

« Function definition (function declarator and a function body).
+ return statement.

» Function call.

A function can be executed using a function call in the program. The various components associated
with functions are shown in Figure 7.2,
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void func(int a, int b}; = proiotype

formal parameters

void func(int a, int b) e declarator

.......... _— body

—.. call

actual parameters

Figure 7.2: Components of a function

The program max1 . cpp illustrates the various components of a function. It computes the maxi-
mum of two integer numbers.

// maxl.cpp: maximum of two integer numbers
#¢include <iocstream.h>
int max( int %, int ¥y ); // prototype
void main{() // function caller
{
int a, b, c;
cout << "Enter two integers <a, b>: ";
cin =»> a >> b;
c =max{ a, b }); /¢ function call
cout << "max{ a, b): " << ¢ << endl;
}
int max( int x, int y ) // function definition
{
// all the statements enclosed in braces forms body of the function

if( x> vy )
return x; // function return
else
return y; // function return
}
Run
Enter two integers <a, b>: 20 10
max({ a, b ): 20

As discussed earlier, main() is a function, so it is not surprising that max () which is also a
function, appears similar to main (). The only special feature about main () is that it is always
executed first. It does not matter whethermain () is the first function in the program listing or is placed
elsewhere in the program; it will always be the first one to execute.
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There are five elements involved in using a function: the function prototype, the function definition,
the function call, the function parameters, and the function return.

Function Prototype

The first function related statement in max1 . cpp is the function prototype. This is the line before the
beginning of main():

int max( int x, int vy }; // prototype
It provides the following information to the compiler:

+ The name of the function,
+ The type of the value returned (optional; default is an integer),
« The number and the types of the arguments that must be supplied in a call to the function.

Function prototyping is one of the key improvements added to the C++ functions, When a function call
is encountered, the compiler checks the function call with its prototype so that correct argument types
are used. The compiler informs the user about any violations in the actual parameters that are to be
passed to a function.

A function prototype is a declaration statement which has the following syntax:
ret_val function_name( argumentl, argument2, ... , argumentn };

The ret_val specifies the datatype of the value in the return statement. The function can return any
data-type; if there is no return value, a keyword void is placed before the function name. In a function
without any return value, a dummy return statement can be included before the closing brace. A
program can have more than one return statements. (Note: return is a keyword. The statement
return 0; is sufficient in place of the return (0); ). The number of arguments to a function can be
fixed or variable. The function declaration terminates with a semicolon.

Consider the prototype statement
int max( int x, int vy }; /{ prototype

It informs the compiler that the function max has two arguments of type integer (the list of data types
separated by commas form the argument list). The function max () returns an integer value; the com-
piler knows how many bytes to retrieve and how to interpret the value returned by the function.
Function declarations are also called prororype, since they provide a model or blue print for the func-
tion. C++ makes prototyping mandatory if functions are defined after the functionmain. C++ assumes
voidtype in case no arguments are specified in the argument list; the default return type is an integer.

Function Definition

The function itself is referred to as function definition. The first line of the function definition is known
as function declarator and is followed by the function body. Figure 7.3 shows that the declarator and
the function body make up the function definition, The declarator and declaration must use the same
function name, the number of arguments, the arguments type and the return type. No other function
definitions are allowed within a function definition.

The body of the function is enclosed in braces. C++ allows the definition to be placed anywhere in
the program. If the function is defined before its invocation, then its prototypes declaration is optional.
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Function name

defines function X no semicolon

int max({int x, int y) -  function declarator

if (x » v)
return x;
else
return y;

wemee function body

Figure 7.3: Function definition

Function Call
A function is a dormant entity, which gets life only when a call to the function is made. A function call
is specified by the function name followed by the arguments enclosed in parentheses and terminated by
a semicolon. The return type is not mentioned in the function call. For instance, in the functionmain ()
of the program max1 . cpp, the statement

c =max( a, b ); /{ function call
invokes the function max () with two integer parameters. Executing the call statement causes the
control to be transferred to the first statement in the function body and after execution of the function
body the control is returned to the statement following the function call. The max () returns the
maximum of the parameters a and b. The return value is assigned to the local variable ¢ inmain ().

Function Parameters

The parameters specified in the function call are known as actual parameters and those specified in the
function declarator are known as formal parameters. For instance, in main (), the statement

c = max{ a, b ); // function call

passes the parameters (actual parameters) a and b to max (). The parameters x and y are formal
parameters. When a function call is made, a one-to-one correspondence is established between the
actual and the formal parameters. In this case, the value of the variable a is assigned to the variable x
and that of b is assigned to y. The scope of formal parameters is limited to its function only.

Function Return
Functions can be grouped into two categories: functions that do not have a return value (void
functions) and functions that have a return value. The statements

return x; // function return
and
return y; // function return

in function max () are called function return statements. The caller must be able to receive the value
returned by the function (but not mandatory). In the statement

c =max{ a, b }): // function call
the value returned by the function max () is assigned to the local variable ¢ in main (). Figure 7.4
shows the function max () returning a value to the caller.



caller

Chapter 7: Modular Programming with Functions

callee
void main{() int max{x, vy)
AN, Bt o
R o e v
else
c=max{a, b) ;e return y;
NPT, !
500r00s }
B

The value of y is,
returned to main{)
and assigned to c.

Figure 7.4: Function returning a value
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The return statement in a function need not be at the end of the function. It can occur anywhere in

the function body and as soon as it is encountered. execution control will be returned to the caller.

A function that does not return anything is indicated by the keyword void. It has the following

form:

void FunctionName( ParameterList )

{
statement (s);

return; // return is optional

}

In void functions, the use of return statement is optional.

Elimination of the Function

Prototype

The function declaration can be eliminated by defining the function before calling it. The program

max2 .cpp illustrates this concept.

// max2.cpp: maximum of two
#include <iostream.h>
int max( int x, int y )

{

// all the statements enclosed in braces forms body of the function

if{ x> vy )
return X;
else
return y;
}
void main()
{
int a, b, c;

integer numbers

// function definition

f/ function return
// function return

// function caller

cout << "Enter two integers <a, b»: ";

cin => a => b;
c =max{ a, b }:

/¢ function call
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cout << "max({ a, b): " << ¢ << endl;

Run

Enter two integers <a, b>: 20 10
max( a, bl: 20

The definition of max () occurs before itis invoked inmain (), eliminating the need for a function
prototype. In the case of a program having a large number of functions, the programmer has to arrange
the functions, such that they are defined before they are called by any other function.

7.3 Passing Data to Functions

The entity used to convey the message to a function is the function argument. It can be a numeric
constant, a variable, multiple variables, user defined data type. etc.

Passing Constants as Arguments

The program chartl.cpp illustrates the passing of a numeric constant as an argument to a function.
This constant argument is assigned to the formal parameter which is processed in the function body.

// chartl.cpp: Percentage chart by passing numeric value

#include <iostream.h>

void PercentageChart( int percentage );

void main()

{
cout << "Sridevi : ";
PercentageChart{ 50 );
cout << "Rajkumar:
PercentageChart( 84 )
cout << *“Savithri: *
PercentageChart( 79 )
cout << "Anand "
PercentageChart( 74 };

}

void PercentageChart{ int percentage )

{
for{ int i = 0; i < percentage/2; i++ )

cout << '"\xCD'; /{ double line character (see ASCII table}

cout << endl;

Rajkumar :
Savithri:
Anand

In main (), the statement
PercentageChart( B4 };
invokes the function PercentageChart with the integer constant 84 to draw a chart. It draws a’
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horizontal line, made up of the double-line graphic character (' \xCD"' ) on the screen.

In the function definition, the variable name percentage is placed between the parentheses
following the function name PercentageChart. The invocation of this function by the statement
PercentageChart( 84 );

ensures that the numeric constant 84 is assigned to the variable percentage as shown in Figure 7.5.

. - - h
void main (veid) int PercentageChart(int percentage)
{ {
PercentageChart (B4); }
P g,
}
Caller

Figure 7.5: Passing value to a function

Passing Variables as Arguments

Similar to constants, variables can also be passed as arguments to a function. The program chart2 . cpp
illustrates the mechanism of passing a variable as an argument to a function.

// chart2.cpp: Percentage chart by passing variables
#include <iostream.h>
void PercentageChart( int percentage };
void main()
{
int ml1, m2, m3, m4;
cout << "Enter percentage score of Sri, Raj, Savi, An: *;
cin >> ml >> m2 >> m3 >> md;
cout << "Sridevi : ";
PercentageChart( ml );
cout << "Rajkumar: *“;
PercentageChart( m2 );
cout << "Savithri: *;
PercentageChart({ m3 );
cout << “Anand t "3
PercentageChart( md );
}
void PercentageChart( int percentage )
{
for( int 1 = 0; i < percentage/2; i++ )
cout << "A\xCD'; // double line character (see ASCII table)
cout << endl;
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Run
Enter percentage score of Sri, Raj, Savi, An: 55 92 83 &7
Sridevi -
Rajkumar:
Savithri:
Anand

In main(}, the statement
PercentageChart{ mZ };
invokes the function PercentageChart. It draws a horizontal line, made up of the double-line
graphic character ('xCD") on the screen. It ensures that the contents of the variable m2 is assigned
to the variable percentage as shown in Figure 7.6. Note that the names of-the parameters in the
calling and called functions can be the same or different, since the compiler treats them as different
variables.

void main (wvoid)

X
{ int PercentageChart(int percentage)
T, {
T
e i
m2=92 F } .
PercentageChart (m2) ;

Caller

Figure 7.6: Variable used as argument

Passing Multiple Arguments

C++ imposes no limitation on the number of arguments that can be passed to a function. The program
chart3.cpp passes two arguments to the function PercentageChart (), whose purpose is to
draw various style charts on the screen.

// chart3.cpp: Percentage chart by passing multiple variables
#include <iostream.h>
void PercentageChart( int percentage, char style };
void main(}
(
int ml, m2, m3, m4;
cout << "Enter percentage score of Sri, Raj, Savi, An: ";
cin »>> ml »> m2 >> m3 >> md;
cout << "Sridevi : *;
PercentageChart( ml, '**' );
cout << "Rajkumar: *;
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PercentageChart{ m2, '\xCD' };
cout << "Savithri: =;
PercentageChart( m3, "~'});
cout << "Anand s "3
PercentageChart{ md, '!" };

}

void PercentageChart( int percentage, char style )

for{ int i = 0; i < percentage/2; i++ )
cout << style;
cout << endl;

2 -

Enter percentage score of Sri, Raj, Savi, An: 55 92 83 67

sridevi = AR RS R R LSRR RS ERE SRS EREEESS

Rajkumar: s==========S========S==s=======sSISsSsS==ss=s===
SAVIEREL: = o o e e e e e s e
Anand L S R AN

The process of passing two parameters is similar to passing a single parameter, The value of the first
actual parameter in the caller (calling function) is assigned to the first formal parameter in the callee
(called function), and the value of the second actual parameter is assigned to the second formal param-
eter, as shown in Figure 7.7. Of course, more than two parameters can be passed in the same way.

void main (void)

N

{ int PercentageChart(int p::"cenlage. char style)

= {

D e

m2=92; }

PercentageChart (m2, '\xCD"') ;

N Ca] ]ec
}

Caller

Figure 7.7: Multiple arguments passed to a function

7.4 Function Return Data Type

The return value can be a constant, a variable, a user-defined data structure, a general expression
(reducible expressions), a pointer to a function or a function call (in which case the call must return a
value). C++ does not place any restriction on the type of return value, except that it cannot be an array
(a pointer to an array can be returned. A function can return an array that is a part of a structure).
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7.5 Library Functions

Library functions are shipped along with the compilers. They are predefined and pre-compiled into
library files, and their prototypes can be found in the files with . h (called header files) as their extension
in the include directory. The definitions are available in the form of object codes in the files with
.1ib (called library files) as their extension in the 1ib directory. In order to make use of a library
function, include the corresponding header file. Once the header file is included, any function available
in that library can be invoked. The linker will add such functions to a calling program by extracting them
from an appropriate function library. Some of the library calls are sqrt (), pow() (declared in the
header filemath.h),strlen(),strcat (), strcpy(),andstrncpy () (declared instring.h).
In case of user defined functions, the prototype and definitions of the functions must be a part of a
program module. The program namelen. cpp illustrates the use of library functions.

/ ¢/ namelen.cpp: use of string library functions
#include <iostream.h>
#include <string.h> // string function header file
void main()
{
char name[ 20 );
cout << "Enter your name: °;
cin »> name;
int len = strlen( name ); // strlen returns the length of name
cout << "Length of your name = " << len;

}

Run

Enter your name: Rajkumar
Length of your name = 8

Note that, the statement
#include <string.h>
informs the compiler to include the prototypes of the string related functions. The statement
int len = strlen( name };
invokes the library function strlen and assigns the length of the string stored in the variable name
to the variable len.

The calls may be mathematical, such as sin (), cos (), 1ogl0 ()} or may even include functions
to round a value or truncate a resultant value. The program maths . cpp accesses mathematical func-
tions.

// maths.cpp: Use of library function calls to round and truncate a result
#include <iostream.h>
#include <math.h>
void main(void)
{
float num, numl, num2;
cout << "Enter any fractional number: ";
cin >> num;
numl = ceil( num }; // rounds up
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I Hachpp: factorial computation Returns a long integer value
#include <iostream.h>
long fact( int n )
{
long result;
if(n==10)
result = 1; // factorial of zero is cne
else
{
result = 1;
for( int i = 2; i <= n; i++ )
result = result * i;
}
return resuJlt;
1
void main( void }

{
int n;
cout << “Enter the number whose factorial is to be found: *;
cin >> n;
cout << "The factorial of " << n << " is " << fact(n) << endl;
}
Bun

Enter the number whose factorial is to be found: 5
The factorial of 5 is 120

The definition before main() indicates that the function fact takes an integer argument and
returns a long datatype. It ensures that the correct value is returned by defining the appropriate data
type (i.e, a Long variable) and placing it in the return statement. Suppose that the variable result was
defined as an integer, the compiler performs the necessary type conversion (i.e., to type long) and
returns a value of type long, irrespective of the data variable to which the return value is assigned.

A function with a return value can be placed as an individual statement (i.e.. the return value need
not be assigned to any variable(s)). An example is given below.

int SumTwo( int nl, int n2 ) // nl and n2 are the parameters
{

return nl + n2;

)
When a function has nothing specific to return or take, it is indicated by void. Typically, such func-
tions are called void functions. The following is the prototype of a void function:

void func( wvoid };

However, the keyword void is optional. C++ maintains strict type checking and an empty argument list
is interpreted as the absence of any parameters.

Limitation of return

A key limitation of the return statement is that it can be used to return only one item from a function.
An alternative method to overcome this limitation is to use parameters as a media of communication
between calling and called functions.
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4/ swapi.cpp: swap integer values by value
void swap( int x. int y )

// temporary used in swapping
cout<<-value of x and y in swap before exchange: "<=< X <<=

x << <<y << snay;

Enter two integers <a, b>
cin >> a >> b

swapt a, b
cout << "Value of a and b on swap( a, b ) in main(): * << a << * * << b

>

Run

Enter two integers <a. b>: 10 20
Value of x and y in swap before exchange: 10 20
value of x and v in swap after exchange: 20 10
Value of a and b on swap( in main(): 10 20

In main (), the statement

ap ¢

invokes the function swap () and assigns the contents of the actual parameters a and b to the formal
parameters x and y respectively. In the swap () function, the input parameters are exchanged, how-
ever it is not reflected in the caller; actual parameters a and b do not get modified (see Figure 7.8).

void main (veid) void swap(int =, int y)
<
inc a, b;

Swap (3, B)

%

1552 [ __g5--da

_
1

1554 [ --20--db

Figure 7.8: Parameter passing by value
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num2 = floor({ num }; // rounds down
cout << "ceil( * << num << * )} = * << numl << endl;
cout << "floor( * << num << * } = " << num2 << endl;
}
Runi
Enter any fractional number: 2.9
ceil( 2.9 ) = 3
floor( 2.9 ) = 2
Bun2
Enter any fractional number: 2.1
ceil( 2.1 ) =3

floor( 2.1 ) = 2

Library functions improve the program design, reduce debugging and testing time, thereby reduc-
ing the amount of work needed for the development of the program. These functions are certainly better
programmed, tested, and well proved. Hence, the use of library functions increases the program
reliability and reduces the complexity.

7.6 Parameter Passing

Parameter passing is a mechanism for communication of data and information between the calling
function (caller) and the called function (callee). It can be achieved either by passing the value o
address of the variable. C++ supports the following three types of parameter passing schemes:

« Pass by Value
« Pass by Address
« Pass by Reference (only in C++)

The parameters used to transfer data to a function are known as input-parameters and those used to
transfer the result to the caller are known as output-parameters. The parameters used to transfer data in
both the directions are called input-outpur parameters.

Parameters can be classified as formal parameters and actual parameters. The formal parameters are
those specified in the function declaration and function definition. The actual parameters are those
specified in the function call. The following conditions must be satisfied for a function call:

+ the number of arguments in the function call and the function declarator must be the same.

« the data type of each of the arguments in the function call should be the same as the corresponding
parameter in the function declarator statement. However, the names of the arguments in the function
call and the parameters in the function definition can be different.

Pass by Value

The default mechanism of parameter passing is called pass by value. Pass-by-value mechanism does
not change the contents of the argument variable in the calling function (caller), even if they are
changed in the called function (callee); because the content of the actual parameter in a caller is copied
to the formal parameter in the callee. The formal parameter is stored in the local data area of the callee.
Changes to the parameter within the function will effect only the copy (formal parameters), and will have
no effect on the actual argument. It is illustrated in the program swapl . cpp. Most of the functions
discussed earlier fall under the category pass-by-value parameter passing.
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Pass by Address

C++ provides another means of passing values to a function known as pass-by-address. Instead of
n, the address of the argument is.
copied into a memory location instead of the value. Thé de-referencing operator is used to access the

passing the value, the address of the variable is passed. In the funct
variable in the called function.

// awapz.epp: swap integer values by pointers
#include <iostream.h>

void swap( int * x, int * ¥ )

/7 temporary used in swapping

Enter twe inte: <a, b>: %3
s, &b )
‘Value of & and b on swap( &, b ): " << a << " " << by

Bnter two integers <a, b>: 10 20
Value of a and b on swap( @, b ): 20 10
In main (), the statement
Pl Ex, &y

)
invokes the function swap and assigns the address of the actual parameters a and b to the formal

parameters x and y respectively.

void main (void)
¢

void swap(int +x, int +v)
«

ine a, bs

Swap (ka, &B):
) — |
F-1s52-]x
L -assa_ ]y
L

Figure 7.9: Parameter passing by address
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location of the actual parameter. Thus, any access made to the reference formal parameters in th:
swap () function refers to the actual parameters. The following statements in the body of the swap ()
function:

=&
(as treated by the compiler) have the following interpretation internally:
© = *x; // store the value pointed by x into &

/7 store the value peinted by v into location pointed by x
/7 atore the value hold by 't inte lacation pointad by y

This is because, the formal parameters are of reference type and therefore the compiler treats them
similar to pointers but does not allow the modification of the pointer value (cannot be made 1o point to
some other variable). Changes made to the formal N on the actual

and b (see Figure 7.10).

Void main (veid) void swap(int &x, int &y)
<

int &, b; ine e

Swap(a, b7 g

> -

ss2 [ _3o--4

1ssa [--20-—

L_—

Figure 7.10: Parameter passing by reference

The following points can be noted about reference parameters:

« A reference can never be null, it must always refer to a legitimate objeet (variable).

+ Once established, a reference can never be changed so as (o make it point to a different object.

+ A reference does not require any explicit mechanism to dereference the memory address and access
the actual data value.

Note
Procedures can be implemented using functions. A function with no return value can be treated similar
wa of Pascal. The i using functi 4 in C++ (or O) is

that function can be the right side of the *=" (assignment) and on cither side of == (equal)

cperator. Procedures (function with no return values) cannot be used with these operators. The return

~value from the function can be directly passed to cout for display, whereas procedurcs cannot be used
atement.
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In swap (), the statement
assigns the contents of the memory location pointed 1o by the pointer (address) stored in the variable
(It is effectively accessing the contents of the actual variable a in the caller. larly, the parametery
holds the address of the parameter b. Any modification to the memory contents using these addresses
will in the actual ay (i Figure 7.9).

Pass by Reference
Passing paramcters by reference has the functionality of pass-by-pointer and the syntax of call-by-
value. Any modifications made through the formal pointer parameter is also reflected in the actual
parameter. Therefore, the function body and the call to it is identical to that of call-by-value, but has the
effect of call-by-pointer.

To pass an argument by reference, the function call is similar to that of call by value. In the function

i e received by by the& tor.

The reference type formal parameters arc accessed in the same way as normal value parameters. How-
ever, any modification to them will also be reflected in the actual parameters. The program swap3 . PP
illustrates the mechanism of passing parameters by reference.

// Swap3.cpp: swap integer values by =
#include <iostream.h>

void swap( int & x, int & ¥ )

i

int £; // temporary used in swapping

%
s

int a. b
cout << "Enter two integers <a, b>: *7
cin > s> b

swap(

R
cout << "VAlue of a and b on swap( a, b ): " << a << " *

Enter two integers ©>: 10 20
ana a, b: 20 10

value of a b on swap (
In main (). the statement
awap( a, b ):
is wanslated into
awap( & a. & b )
internally during compilation. The function declarator
void swap( inc & a, int & b
indicates that the formal parameters are of reference type and hence, they must be hound to the memory
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Niceties of Parameter Passing

Pass by address/reference is also used when the size of the user defined data-structure is large, since a
large number of arguments cannot be accommodated in the limited stack space. Consider the following
declaration:

struct LargeStruct

{

char Name[30];

unsigned int Age, Sex;

char Address([50];

enum MartialStatus { Married, Unmarried } Ms;
| ¥

If a variable of the above structure type is passed by value, 85 bytes of data movement between the
caller space and a function stack space is required. If it is passed by address, it just requires 4 bytes
movement and thus reduces the function context switching overhead.

7.7 Return by Reference

A function that returns a reference variable is actually an alias for the referred variable. This method of
returning references is used in operator overloading to form a cascade of member function calls speci-
fied in a single statement. For example,

cout << i << j << endl;

is a set of cascaded calls that returns a reference to the object cout. The program ref . cpp illustrates
the function return value by reference.

/ / ref.cpp: return variable by reference
#include <iostream.h>
int & max( int & x, int & vy ); // prototype
void main()
{
int a, b, ¢;
cout << "Enter two integers <a, b>: *;
cin >> a >» b;
max( a, b ) = 425;
cout<<*The value of a and b on execution of max(a,b) = 425; ..." << endl;
cout << "a = " << a << " b =" << b;

}
int & max( int & x, int & y ) // function definition

{
// all the statements enclosed in braces form body of the function

if(x>y)
return x; // function return
else
return y; // function return
1
Buni

Enter two integers <a, b>: 1 2
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The value of a and b on execution of max(a, b) = 425
a =156 - 425

Aunz

Encer two integers <a, 21

The value of a and b on execution of max(a, b) = 425, .

a =425 b =1
In main (), the statement
max( a, b ) = 425:
It returns the reference to the variable holding the maximum value and
assigns the value 425 (o it (see Run2). Since the retumn type of the max () is int &, it implies that the
call 1o max () can appear on the left-hand side of an assignment statement. Therefore, the above
statement is valid and assigns 425 1o a if it is larger. otherwise. it is assigned Lo b.

7.8 Detault Arguments

Normally, a function call should specily all the arguments used in the function definition. In a C++
function cail. when one or more arguments are omitted. the function may be defined to take default
values for the omitted arguments by providing the default values in the function prototype.

without defaul first, and those with default vall Tater
(because of the C++ convention of storing the arguments on the stack from right to left). Hence the
feature of default arguments allows the same function to be called with fewer arguments than defined
in the function prototype.

To establish a default value. the function prototype or the function definition (when functions are
defined before being called) must be used. The compiler checks the function prototy pe/declarator with
the arguments in the function call values (if available) to those which are
omived, The srguments specified in the function call explicitly n.lwsyl override the default values
spec the funcrtion prototype/declarator. In a function call, all the trailing missing arguments are
Teptaced by defaul arguments at shown in Figure

veoid PrintLine (cha:

void maim () Void mainO S

i « )
Erinciine()s .- - > PrincLinc ('Y, 70):
Printiine('1°); - > PrintLine('t'; 70) ;4
Brinciine!: o ---]> Printiine ('~ 40):
PrintLine ('R’ 55) L S erintrine CRreL 55);

» )

Figure 7.1

P! missing
at function call using default -rgumonu

Whena fnncuon is called by omittin, they i
The code of the program by no means becomes shorter or fore cfficient, bul Tt provides nigh flexi
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on programming. Functions may be defined with more than one default argument.

Default arguments must be known to the compiler prior to the invocation of a function. It reduces
the burden of passing arguments explicitly at the point of the function call. The program defargl.cpp
illustrates the concept of default arguments.

// defargl.cpp: Default arguments to functions
#include <iostream.h>
void PrintLine( char = '=', int = 70 );
void main()
{
PrintLine(}; // uses both default arguments
PrintLine( *'!' }; // assumes 2nd argument as default
PrintLine( '*', 40 ); // ignores default arguments
PrintLine{( 'R', 55 ); // ignores default arguments
}
void PrintLine( char ch, int RepeatCount )
{
int i;
cout << endl;
for( i = 0; i < RepeatCount; i++ )
cout << ch;

. T N P Y B B N e B R T e N

RN R R R R R R N R R R R R N R R R R R R R R R R R R R AR RN P RN R R RN NN Y

W v e e e i ok ok e i e e e e o T o W e e e e o e e e e o e e e e e o

Inmain (), when the compiler encounters the statement
PrintLine();

it is replaced by the statement
PrintLine( '-", 70);

internally by substituting the missing arguments. Similarly, the statement
PrintLine( '!' );

is replaced by
PrintLine( '!"',70 };

Note that in the first statement both the arguments are default arguments and in the second case only
the missing argument (second argument) is replaced by its default value.

The feature of default arguments can be utilized in enhancing the functionality of the program
without the need for modifying the old code referencing to functions. For instance, the function in the
-above program .

void PrintLine( char = '-', int = 70 );
prints a line with default character ‘-’ in case it is not passed explicitly. This function can be enhanced
to print multiple lines using the new prototype:

void PrintLine( char = '-', int = 70, int =1 );
In this new function, the last parameter specifies the number of lines to be printed and by default, it is
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I Therefore, the old code referring to this function need not be modified and new statements <
ndded without affecting the functional program defarg2.cpp extends the capability of
Gefargl.cpp program.

// detarg2.epp: extending the functicmality without modifying old calls
#include <iostream.h:

void PrintLine( char = '-. int = 70, int = 1 );
void main()

«

v

PrintLine () th default argument

void PrintiLine( char ch, int RepeatCount, int nLines )
i

ine i, §:
ford §
¢

nLines; jee )

cout << endl;
for( i = 0: i < RepeatCount: is+ )
cout << ch:

PRy
e e e BB B BB BB e

The following statements in the above two programs

Printiine () // uses both default arguments
Princtiine( 't* ) /7 assumes 2nd argument as default

Printiine( ‘=, 40 ); // ignores default argumen:
PrintLine( 'R*, 55 ); // ignores default arguments

are the same. Though the functionality of PrintLine () is enhanced in the program de farg2 . cop.

the old code referring to it remains unaffected in terms of its functionality; the compiler supplies the last

argument as 1. and thereby the new function does the same operation as that of the old one. Thus. the

C++ feature of default can i ilized i ing a function without modifying

A default argument can appear <ither in the function prototype or definition. Once it is defined, it
cannot be redefined. It is advisable to define default arguments in the function prototype so that it is
known to the compiler at the time of compilation. Variable names may be omitted while assigning default
~alues in the prototype.

Chapter
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Function calls involve branching to a specified address. and returning to the instruction following the
function call. That is, when the program cxecutes a function call instruction. the CPU stores the memory
address of the instruction following the function call, copies the arguments of the function call onto the
stack. and finally transfers control to the specified function. The CPU then cxecutes the function code.
stores the function return value in a predefined memory location/register. and returns control to the
calling function. This constitutes an overhead in the exccution time of the program. This overhead is
relatively large if the rime required (o execute a funcrion is less than the context switch time

C++ provides an alternative to normal function calls in the form of inline functions. Inline funcrions
are those whose function body is inserted in place of the function call statement during the compilation
process. With the inline code. the program will not incur any context switching overhead. The concept
of inline functions is similar W macro functions of C. Hencé, inline functions enjoy both the flexibi

and power offered by normal functions and Macro funclions respect

3

ely.
An inline function definition is similar to an ordinary function except that the keyword inline
precedes the function definition. The syntax for defining an inline function is shown in Figure 7.12..

inline int sgr( int num)
[

return numenums

void main () Void main ()

acsar5); - -l
bosqgrin) ;- -|-

Figure 7.12: Inline function and its expansion

The significant feature of inline functions is: there is no explicit function call and body is substituted
at the point of in1ine function call, thereby, the run-time overhead for function linkage mechanism is
reduced. The program square.cpp uses inline function to compute the square of 4 number.

// square.epp: scuare of a number using inline function
#include <iostream.n>
inline int sgr( int num )

<

)
void main()
«

“Enter a number:

cout <= "Ite Square = * << sgr( n ) << endl:
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void swap_int( int & x, int & y )

int t; // temporary used in swapping
t = x;
X = ¥:
Yy = t;

void swap_float( float & x, float & y )

{
float t; // temporary used in swapping
Lt = x:
X =¥
Yy = t;

}
veid main()
{
char chl, ch2;
cout << "Enter two Characters <chl, ch2>: *;
cin »» chl =»»> ch2;
swap_char ( chl, ch2 };
cout << "On swapping <chl, ch2>: " << chl << * " << ch2 << endl;
int a, b;
cout << "Enter two integers <a, b>: ";
cin »>> a >>» b;
swap_int( a, b );
cout << "On swapping <a, b»: " << a << " " <2< b << endl;
float c, d;
cout << "Enter two floats <c, d»: ";
cin »>> ¢ »>> d;
swap_float( c, 4 );
cout << "On swapping <c, d>: " << ¢ << " " << d;

}
Run

Enter two Characters <chl, ch2>: R K
On swapping <chl, chiZ>: KR

Enter two integers <a, b»: 5 10

On swapping <a, b»: 10 5

Enter two floats <c, d=>: 20.5 99.5
on swapping <c, d>: 99.5 20.5

The above program has three different functions:

void swap_char( char & x, char & vy )

void swap_int( int & %, int & y )

void swap_float( float & x, float & y )
performing the same activity, but on different data types. Logically, all the three functions display the
value of the input parameters. It has names such as swap_char, swap_int, swap_£1leat. eic.,
making the task of programming difficult and creating the need to remember function names, which
perform the same operation. In C++, this difficulty is circumvented by using the feature of overloading
the function.
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In C++, two or more functions can be given the same name provided the signaturé (paramelers cournt
or their data types) of each of them is unique either in the number or data type of their arguments. It is
possible to define several functions having the same name, but performing different actions. It helps in
reducing the need for unusual function names, making the code easier to read. The functions must only
differ in the argument list. For example

swap{( int, int ); // prototype

swap{ float, float ); // prototype
From user’s view point, there is only one operation which performs swapping numbers of different data
types.

All the functions performing the same operation must differ in terms of the input argument data-types
or number of arguments. The program swap5 . cpp illustrates the benefits of function overloading.

/ / swap5.cpp: multiple swap functions, function overloading
#include <iostream.h>
void swap( char & x, char & y }
{
char t; // temporarily used in swapping

t = x;
X = Y
y = t;

void swap({ int & x, int & y )

int t; // temporarily used in swapping
£t = X;
X = ¥i
Yy = t;

void swap( float & x, float & vy )

float t; // temporarily used in swapping

Lt = X;
x =¥
v o= L

}
void main{)
{
char chl, chi;
cout << "Enter two Characters <chl, chi>: *;
cin >> chl >> ch2;
swap( chl, ch2 }); // compiler calls swap( char &a, char &b );
cout << "0On swapping <chl, ch2>: " << chl << " " << chZ << endl;
int a, b;
cout << "Enter two integers <a, b>: ";
cin »>» a »> b;
swap( a, b ); // compiler calls swap( int &a, int &b );
cout << "On swapping <a, b>: " << a << " " << b << endl;
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cout << "sqgr( 10 }) = " << sqr( 10 ):
}
Bun
Enter a number: 5
Its Square = 25
zgr( 10 ) = 100

"n main. the statement

cout << "Its Square = " << gguare( num );

invokes the inline function square (. .). It will be suitably replaced by the instruction(s) of the
body of the function square (. .) by the compiler. The execution time of the function square( . .)
is less than the time required to establish a linkage between the caller {calling function) and callee (called
function). Execution of a normal function call involves the operation of saving actual parameter and
function return address onto the stack followed by a call 1o the function. On return, the stack must be
cleaned to restore the original status, This process is costly when compared to having square compu-
tation instructions within a caller’s body. Thus, inline functions enjoy the flexibility and modularity
of functions and at the same time achieve computational speedup. Functions having small body do not
increase the code size, although they are physically substituted at the point of a cali; there is no code
for function linkage mechanism. Hence, it is advisable to declare the functions having a small function
body as inline functions.

The compiler has the option to treat the inline function definition as normal functions (a warning
message is displayed). The compiler does not allow large segments of code to be grouped as inline
functions. The compiler does not treat functions with loops as inline, Programs with inline functions
execule faster than programs containing normal functions (non inline) at the cost of increase in the size
of the executable code.*

7.10 Function Overloading

Function polymorphism, or function overloading is a concept that allows multiple functions to share
the same name with different argument types. Function polymorphism implies that the function defini-
tion can have multiple forms. Assigning one or more function body to the same name is known as
Sfunction overloading or function name overloading.

The program swapd4 . cpp illustrates the need for function overloading. It has multiple functions
for swapping numbers of different data types but with different names.

// swapd.cpp: multiple swap functions with different names
#include <iostream.h>
void swap_char{ char & x, char & vy )
{
char t; // temporary used in swapping
t = x;
X = ¥y
v = t;
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floac c, d;
cout << "Enter two floats <o, d: "

swap( o, d /7 compiler calls swap( float &a, float &b )
cout << "On swapping <c, d> < a:

ﬂ.lm

ster two Characters <chl, ch2s: R K
.)n swapping <chl. ch2>: K R

nrer two integers <a, b>: 5 10
:n swapping <a. b-: 10 S

ncer two floats <o, d»:
on uapming ce. A 99 4 307

In the above program, three functions named swap () are defined, which only differ in their argu-
ment data types: char, int, or £loat. Inmain (). when the statement

swap{ chi, ch2 );

is encountered, the compiler invokes the swap () function which takes character type arguments. This
decision is based on the data type of the arguments. (see Figure 7.13).

void swap(float sx, float &Y); <= __
void swap(int sx, int &y)7 %= _
veid swap(chaz &x, char By); = - —.

void main()

Figure 7.13: Function overioading

1t is interesting to note the way in which the C++ compiler implements function overloading. Al-
though the functions share the same name in the source text (as in the example above. swap). the
compiler (and heace the linker) uses quite different names, The conversion of  name in the source file
10 an internally used name is called name mangling. It can be performed as follow: Crcom
might convert the name void swap(int &, int &) o the internal name say VehowT,
analogous function with a char= argument might be called Vawapcp. The actual names. ‘hich are
internally used. depend on the compiler and are transparent to the programmer.

Another typical example program of function overloading is illustrated in show . cpp.

with came

// show.cpp: display different types of
#include <iostream h>
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void showt int val )

cout << ~Integer: * << val << endl:

3
void showt double val )

cout << "Double: * << val << andl;

)
veid show( char *val )

cout < “String: * < val << endl;

show( 820 ) // calls show( int val ):
show( 3.1415 ); /7 calls show( double val ):
show( "Helle Werldin!® ): /7 calls show( char *val )1
rarurnt 0 ) :

integer: 420
Double: 3.1435
String: Hello World

The following remarks can be made on function overloading:
+ The use of more than one function with the same name, but having different actions should be
avoided. In the above example. the functions show () are somewhat related (they print information
on the sercen). However. it is also possible to define two functions, say lockup (); one of which
would find a name in a list, while the other would determine the video mode. In this case. the two
functions have nothing in common except their mame. It would, therefore, be more practical to use
names such as £indname () and getvidmode (). which suggest the action they perform.
~ C+ docs not permit overloading of functions differing only in their return value. The reason is that
itis always the programmer’s choice to inspect or ignore the return value of a function. For instance.
the fragment
printf("Hello Worldi\n®):
holds no information concerning the return value of the function print£ (). (The return value in
this Gase is an integer, which states the number of printed characters. This return value is practically
never inspected). Two functions print £ () . which would only differ in their return types and hence
they are not distinguished by the compiler.
- Function overloading can lead to surpriscs. For instance, imagine the usage of statements

anow( NUL
\hee dhere are multiple overloaded functions as in the program shes. cpp. The zero could be
interpreted here as aNULL pointer to a chax, i.c., & (chax*) 0, or as an integer with the value zero.
Cit will invoke the function expecting an integer argument, which might not be what the user
expects.
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7.11 Function Templates

C++ allows to create a single function possessing the capabilities of several functions, which differ
only in the data types. Such a function is known as function template or generic function. It permits
writing one source declaration that can produce multiple functions differing only in the data types. The
syntax of function template is shown in Figure 7.14.

Keyword for declaring function template
Keyword class
name of the template data-type
Function parameters of
type template, primitive

or user-defined
template <class Tl, class T2, ..>

ReturnType FunctionName(Arguments of type Tl and T2, ...)
{

// local variables of type T1l, T2, or any other

// function body, operating on variables of type T1, T2
// and other variables

Figure 7.14: Syntax of function template

The program swap5.cpp has functions with the same code pattern (same function body but
operating on different data types). The program swapé . cpp illustrates, declaring a single function

template from which all those functions having the same pattern of code, but operating on different data
types can be created.

// swap6.cpp: multiple swap functions, function overloading
#include <iostream.h>

template <class T>
void swap( T & x, T & v )
{

t

; // temporarily used in swapping, template variable
x;
Yi
t;

mon

T
t
X

Y

}
void main()
{
char chl, ch2;
cout << "Enter twe Characters <chl, chi2»: *;
cin »> chl »> ch2;
swap{ chl, ch2 }; // compiler creates and calls swap( char &x, char &y );
cout << "0On swapping <chl, ch2>: " << chl << * * << ch2 << endl;
int a, b;
cout << "Enter two integers <a, b>»: ";
gin >> a >> b;
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swap({ a, b }; // compiler creates and calls swap{ int &x, int &y );
cout << "0On swapping <a, b»: " << a << " * << b << endl;

float <, d;

cout << "Enter two floats <c, d»: *;

cin »>> ¢ >> d;

swap{ ¢, d }); // compiler creates and calls swap( float &x, float &y );:
cout << "On swapping <c, d>: " << ¢ << " " << d; {

}

Run

Enter two Characters <chl, ch2»>: R K
Oon swapping chl, ch2>: KR

Enter two integers <a, b>: 5 10

On swapping <a, b>: 10 5

Enter two floats <c, d>: 20.5 99.5
On swapping <c, d>: 99.5 20.5

Inmain (), when the compiler encounters the statement

swap( chl, ch2 );

calling swap template function with char type variables, it internally creates a function of type
swap ( char &a, char &b );

The compiler automatically identifies the data type of the arguments passed to the template function,

creates a new function and makes an appropriate call, The process by which the compiler handles

function templates is totally invisible to the user. Similarly, the compiler converts the following calls
swap( a, b }; // compiler creates and calls swap( int &x, int &y );
swapl ¢, d ); // compiler creates and calls swap( float &x, float &y ):

into equivalent functions and calls them based on their parameter data types.

For more details on function templates, refer to the chapter: Generic Programming with Templates.

7.12 Arrays and Functions

The arrays are passed by reference or by address. To pass an array to a function, it is sufficient to pass
the address of the first element of the array. The program sort . cpp illustrates the concept of passing
array type parameters to a function.

/1 sort.epp: function to sort elements of an array
#include <iostream.h>

enum boolean { false, true };

void swap( int & x, int & vy )

{

int t; // temporary used in swapping
£ = ¥
X =vy;
Yy =t

}
wgid BubbleSort( int * a, int size
{

boolean swapped = true;
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these values are pushed onto or popped from the stack using the C convention for parameter passing.
The argument values are pushed in order, from right to lefi. When they are popped out. the topmost
value stored in the stack will be passed to the first parameter in the function parameter list. The order of
storing the function parameters in the stack when the statement
func{ a, b, ¢, 4 };

is invoked is shown in Figure 7.15. Note that, the Pascal convention of parameter passing is to push
parameters from left to right when a function is invoked. Knowledge of parameter passing convention
is essential while doing mixed language programming.

Function call: func{a, b, c, d);

Parameters are pushed Parameters are pushed

from right to left from left to right
-._-f/‘_—_ _/—_]
- - - - - Y -
---b -- be-c - -
---c-- L o _p--
L --d - . L o —a __
-._‘-/‘— t-._/_
C++ stack Pascal stack

Figure 7.15: Parameter passing and Stack

The program funcstk. cpp demonstrates the concept of storing and retrieving the elements from
the stack.

/ / funcstk.cpp: C++ convention of using stack
#include <iostream.h>
veid Func( j, k)
{
cout<<*In the function the argument values are " << j<< " ., "<<k<< endl;
}
int main( veoid )
{
int i = 99%;
Func( ++i, i };
}

Run

In the function the argument values are 100 .. 99

The output of the program is not 100 .. 100 as expected, because of the C convention for passing
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for( imt i = 0; ( i < sime - 1 ) &% swapped; i++ )
swapped = false;
for¢ imt j = 0; § < ( sime - 1) - »

sECal 5 ) > al 3 w1
«

swapped = crue;
swap( al 3 1, al j = 1]

b
»
void main( veid )
¢

int arzs):

cout << "Program to sort clements
cout << "Bnter the =ize of the inte

<< enal
r vector <max-25-: ©

cout << "Enter the eclements of the integer vecror..." << endl:
for( i = i< size: i
>~ atils

Program to sort elements.
Encer the size of the integer vector <max-25>: §
Enter the elements of the intager vactor...

Fhlohm

Sortea vector:
3 s a s
In main (). the statement
Bubblesorc( a, size ):
invokes the sorting function by passing the address of the array variable a and the value of the variable
size toit. Hence. any modification made to the elements of the array a will be reflected in the caller.

7.13 C++ Stack
The medium for communication between a caller and the callee is the stack, which is used to store

function parameters, return address. local variables, ctc. When the function is invoked. the information
such as return address and parameters. are pushed onto the stack by the function linkage mechanism:
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parameters, In the function call, first the value of right-most parameter i, which is 99 will be pushed
onto the stack, and will be followed by ++1,i.e., 100. Hence, the stack will have 99 at the bottom and
100 at the top. Hence, the statement

Func( ++i, 1 );
assigns the value 100 and 99 to the formal parameters j and k respectively.

7.14 Scope and Extent of Variables

Every variable in a program has some memory associated with it. Memory for variables are allocated and
released at different points in the program. For example, in case of normal local variables defined in
functions, memory is allocated when the function starts execution and released when the function
returns. A variable defined outside all function bodies is called a global variable, Its extent is the entire
life-span of the program. The period of time during which the memory is associated with a variable is
called the extent of the variable. Consider the following function

void func()
{
int i;
i = 10;
}

Allocation of memory to the integer variable i is the process of deciding the memory locations to be
occupied by i. The memory of such local variables is allocated in the program stack when the function
func () is invoked. Naturally, the memory that was allocated to i is released when the function
terminates, and that memory space is available for use. Identifiers defined in a function are not acces-
sible outside that function and hence, their extent is limited to life of that function. However, there are
exceptions (static variables). For instance, consider the following segment of a program code:
void fune()
{
int i;
i = 10;
}
void main()

{

i = 20;
funec();
i = 30;

}

When this program is compiled, the statements,
i= 20;
i = 30;
lead to compilation errors; the variable i is not visible inside the main (). So the definition of the
identifier 1 is valid only inside the func (). The region of source code over which the definition of an
identifier is visible is called the scope of the identifier. The scope of the variable i defined in func ()
is limited to this function only. If the statement
int i;
is defined in the beginning of main (), then no errors occur, but nevertheless, the variable i in the
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block.cpp: illustration of the variables scope in blocks

/v nescea blockss
12;

ine k =
cin >> ks
1= ko

)

ifc s o
cout == * L is a divisor of - << k; // Error: k undefined in main()

rarurn 0;

Reference to variable k in the main sults in a ile-time error: Undefined symbol k in the
function main () the variable k is declared inside the nested block within main (). The memory
space for the variable k is allocated when the execution of the block starts, and released when execution
reaches the end of the nested block. When a variable is accessed, the compiler first checks for its
existence in the current block. and then moves outwards if it does not exist in the current block: this
process continues until the global definition. The function can access the identifiers in the parameter
list, the local definitions and the global definitions (if any).

7.15 Storage Classes

The period of time during which memory is associated with a variable is called the extent of the variable.
s i v The f a variable indicates the allocation of storage
space to the variable by the compiler. Storage classes define the extent of a variable. C-++ supports the
following four types of storage classes:

The syntax for defining variables with explicit storage class is shown in Figure 7.16. The storage
classes except extern are used for defining variables; extern is used for declaration of variables.
The scope and extent of auto and register swrage class is the same. The scope of scacic
variables is limited to its 0 a file). but its extent time of the
program (does not matter whether it is Iocal or global type).

aure, register.

scacic, or extern

StorageClass DataType Variablel.....:

Figure 7.16: Storage classes and variable declaration



224 Mastering C++

func () and that in function main () are different. Modifications to one variable do not affect the
other variables. Notc that the scope of the variable defined in main () is limited to main () only,
whereas its extent is entire life-span (execution time) of the program. The program variable.cpp
illustrates the scope and extent of local and global variables.

/ / variable.cpp: scope and extent of different variable
#include <iostream.h>
int g = 100; // global variable
void funcl ()
{
int g = 50; // local variable
cout << "Local variable g in funcl(): " << g << endl;
)
void func2{)
{
cout << "In func2{) g is wvisible, since it is global." << endl;
cout << "Incrementing g in func..." << endl;
g++; //accesses global variable
}
void main()
{
cout << "In main g is visible here, since it is global.\n";
cout << “"Assigning 20 to g in main...\n";

g = 20; // accesses global variable
cout << "Calling funcl...\n";
funcl();

cout << "funcl returned. g is " << g << endl;
cout << "Calling func2...\n";

func2();

cout << "funcZ returned. g is " << g << endl;

}
Run

In main g is visible here, since it is global.
Assigning 20 to g in main...

Calling funcl...

Local variable g in funcl(): 50

funcl returned. g is 20

Calling funcz...

In func2() g is visible, since it is global.
Incrementing g in func...

func2 returned. g is 21

The global variable g is visible to all functions (entire file) and its extent is the entire execution time
of the program. The scope and extent of local variable g of func1 () is limited to its function body.

The scope of a variable can confirm to a block, a function, a file, or an entire program (in case of
multimodule file). The variables defined within a block can be accessed only within that block. The
program blockl. cpp illustrates the block scope of variables.
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Declaration Versus Definition

A declaration informs the compiler about the cxistence of the data or a function some where in the
program. A definition allocates the storage location. In C++, a piece of data or function can be declared
in several different places, but there must only be one definition. Otherwi
(zenerates muliple definition crror) while uniting all the object modules. §
definition for the same function ar piece of data. Almost all € and C++ programs require declarations.
Therefore. it fal for the the correct way to write a declaration. As far

A Gata s ComCerned, CrCepl oot opn sorage Clase, all lere de e data i they not only direct the
mpiler, but also allocate resource for a variable.

Auto Variables

By default, all the variables are defined as auto variables. They are created when the function/block
entered and destroyed when the function/block is terminated. The memory space for local auto vari
ables is allocated on the stack. The global auto variables are visible to all the modules of a program. and
hence. they cannot be defined many times unlike the declarations.

Register Variables

The allocation of CPU (processor) registers to variables, speeds up the execution of a program: memory
is not referred when such variables are accessed. The number of variables. which can be declared as
register are limited (typically two or three), within any function or as global variables (else they are
weated as auto variables). A program that uses register variables executes faster when compared to a
similas program without register variables. It is possible to find out the allocation of register variables
only by exccuting and in

Tuis the responsibility of the compiler to allox register variables. In case the compiler is unable 10 do so.
Iheat variapies are treated as futd variables. Tt 1s advisable o define frequendly used variables. such o8
Ioop indices. as register variables. It is illustrated in the program regvar .cpp.

// regvarepp: use of register variable as loop index
#include iostream.h:

cout << "The reverse of the string is;
for( i = strlen( name )-1; i 0; d-- )
cout << mame(il:

Enter a atring:

mahacma
The raverse of the string amtanam

ARunz
Enter a string: malavalam
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The reverse of the string is: malayalam

Static Variables

The static storage class allows to define a variable whose scope is restricted to either a block, a
function, or a file (but not all files in multimodule program) and extent is the life-span of a program. The
memory space for local static and global variables is allocated from the global heap. Static variables
that are defined within a function remember their values from the previous call (i.e., the values to which
they are initialized or changed before returning from the function). The static variables defined outside
all functions in a file are called file static variables. They are accessible only in the file in which they are
defined. The program count . cpp illustrates the use of function static local variables.

// counf.cpp: use of static variables defined inside functions
#include <iocstream.h>
void PrintCount( void )
{
static int Count = 1; // Count is initialized only on the first call
cout << "Count = " << Count << endl;
Count = Count + 1; // The incremented value of Count is retained
}
void main( void )
{
PrintCount();
PrintCount();
PrintCount () ;
}

Bun

Count = 1
Count = 2
Count = 3

The output of the program is a sequence of numbers starting with 1, rather than a string of 1's. The
initialization of static variable Count is performed only in the first instance of the function call. In
successive calls to the function, the variable Count has the same value as it had before the termination
of the most recent call. However, these static variables are not accessible from other parts of the
program.

Extern global variables are global to the file in which they are defined. They are used when the same
global variable is referenced in each one of the files and these variables must be independent of each
other across files. The use of global variables is not recommended, since they do not allow to achieve
function independence which is one of the basic ideas of modular programming,

Extern Variables

When a program spans across different files, they can share information using global variables. Global
variables must be defined only once in any of the program module and they can be accessed by all
others. It is achieved by declaring such variables as extexrn variables. It informs the compiler that
such variables are defined in some other file. Consider a program having the following files:
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/ / filel.cpp: module one defining global variable
int done; // global variable definition

void funcl()

{

}
void disp()
{

1

// file2.cpp: module two of the project

extern int done; // global variable declaration
void func3

{

In filel.cpp, the statement

int done;
defines the variable done as a global variable. In £11e2. cpp, the statement

extern int done;
declares the variable done and indicates that it is defined in some other file. Note that the definition of
the variable done must appear in any one of the modules, whereas extern declaration can appear in any
or all modules of a program. When the linker encounters such variables, it binds all references to the
same memory location. Thus, any modification to the vadriable done is visible to all the modules
accessing it.

If the global variable done is defined as static, it can be again defined in other modules since the
linker treats each as a different variable. Such global static variables have scope restricted to a file and
extent is equal to the entire life-span of the program. The auto and static global variables are used mainly
in managing large multimodule software project. Note that, the memory space for global variable is
allocated from the global heap memory,

7.16 Functions with Variable Number of Arguments

C++ functions such as vEfprintf () and vprintf () accept variable argument lists in addition to
taking a number of fixed (known) parameters, The va_arg, va_end, and va_start macros provide
access to these argument lists in the standard form. They are used for stepping through a list of
arguments when the called function does not know the number and types of the arguments being
passed. The header file stdarg.h declares one type (va_list) and three macros (va_start,
ra_arg, and va_end).

The syntax of macros handling variable number of arguments are the following:

#include <stdarg.h>
void va_start (va_list ap, lastfix);
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type va_argiva_list ap, type);
veid va_end(va_list ap):

va_list: This array holds information needed by va_arg and va_end. When a called function takes
a variable argument list, it declares a vanable ap of type va_list.

va_start: This routine (implemented as a macro) sets ap 1o point to the first of the variable arguments
beng passed to the function. va_start must be used before the first call to va_arg or va_end.
The macro va_scare takes two parameters: ap and last£ix. ap is a pointer to the variable argu-
ment list. last £1ix1s the name of the last fixed parameter passed to the caller.

va_arg: This routine (also implemented as a macro) expands to an expression that has the same type
and value as the next argument being passed (one of the variable arguments). The variable ap to
wva_arg should be the same ap that va_start initialized. Note that because of default promotions,
char. unsigned char. or float types cannot be used with va_arg.

When va_arg is used first time, it returns the first argument in the list. Every successive use of
va_arg, returns the next argument in the list. Tt does this by first dereferencing ap, and then incrementing
ap to point to the following item. va_arg uses the type to perform both the dereferencing and o
locating the following item. Each time va_arg is invoked, it modifies ap to point to the next argument
in the list.

va_end: This macro helps the called function to perform a normal return. va_end might modify ap in
such a way that it cannot be used unless va_start is recalled. va_end should be called after
va_arg has read all the arguments; failure to do so might cause a program to behave erratically.

Return Value: va_start and va_end return no values: va_arg returns the current argument in
the list (the one that ap is pointing to).

The syntax of function receiving variable number of arguments is:
ReturnType Func{ argl, [arguments], ... );

it is same as the normal function except for the last three dots, which indicates that the function is of
type variable arguments. The program add. cpp illustrates the use of variable number of arguments.

// add.cpp: variable number of arguments to a functien
#include <iostream.h>
#include <stdarg.h>
int add{( int argec, ... )
{
int num, result;
va_list args;
va_start( args, argc ): // link to variable arguments
result = 0;
for(int i=0; 1 < argc: i++)

{
num = va_arg( args, int ); // get argument value
result += num;

}

va_end( args ); // end of arguments

return result;
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va_starc (ap, msg)
while ((arg = wa_arglap.int)) i= 0)
cotal <= arg:
]
< msg == total;
va_end(ap) ;
¥

ine main(void)
¢

sum(“The total of 1+2+3+4 iz *. 1.2,3.,4.0);
rn 0s

Run
The total of 1+2+3+4 is 10
In main (). the statement
sum(~The total of 1+2+3+4 15 ", 1,2,3.4.0
invokes the vasiable argument function. The fanction sum() is designed such that when a 2ero valued
iis

argument is t no. exists for ence.,
the last argument 0 (zero) in this casc, is the end-of- indicator. The has full
freedom i

77 Hecursive Functlons
Many of | are expre: relations. C- the
1o cxpress such arclation using fanctions. A fnction that contains a fanction call 1o HselF. or & function
Calt to.n second fanction which cvenmually calls the first fanction 1s knawn a¢ a recursive fanction. The
recursive definition for computing the factorial of a number can be expressed as follows

1ifn =0
sacem = {1 F500% 1), ormerwiee
Recursion. as the name suggests. revolves around a function recalling itself. Recursive functions
are those. in which there is atleast onc function call to itsclf (there can be more than one call to itself as
in the tower of hanoi algorithm). The recursive approach of problem solving substitutes the given
problem with another problem of the same form in such a way that the new problem is simpler than the
original.
Two important condi which must be satisfied by any recursive function are:
1 Each vime a function calls RSelf It must be ncarcr, in some sense, 16 & solution-
2. There must be a decision criterion for stopping the process or computation.

Recursive functions involve the overhead of saving the return address. formal parameters, local
variables upon entry, and restore these parameters and variables on completion.

I of a Number
cpp computes the factorinl of a number. Tt has a recursive function £act ()
which implements the abave stated definition of recursion.

Factori
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// rfact.epp: factorial of a number using recursion
#include <iostream.h>
void main( void )
{
int n;
long int fact( int ) // prototype
cout << "Enter the number whose factorial is to be found: *;
cin >> n;
cout << "The factorial cf " << n <<
}
long fact( int num )
{

is " << fact(n) << endl;

if({ num == 0 )
return 1;
else
return num * fact( num - 1 };
}

Run

Enter the number whose factorial is to be found: 5
The factorial of 5 is 120

Tower of Hanoi

Tower of hanoi is a historical problem, which can be easily expressed using recursion. There are N disks
of decreasing size stacked on one needle, and two other empty needles. It is required to stack all the
disks onto a second needle in the decreasing order of size. The third needle can be used as a temporary
storage. The movement of the disks must conform to the following rules:

1. Only one disk may be moved at a time
2. A disk can be moved from any needle to any other
3. At no time, a larger disk rests upon a smaller one.

The program hanoi . cpp implements the tower of hanoi problem. The physical model of a tower of
hanoi problem is shown in Figure 7.17.

/ / hanol.cpp: Tower of hanoi simulation using recursion
#include <iostream.h>
void main({ void )
{
unsigned int nvalue;
char source = 'L', intermediate = 'C', destination = 'R';
void hanoi( unsigned int, char, char, char });
cout << "Enter number of disks: *;
cin >> nvalue;
cout << "Tower of Hanoi problem with * << nvalue << * disks" << endl;
hanoi( nvalue, source, intermediate, destination );
}
void hanoi( unsigned n, char left, char mid, char right )
{
if(n = 0}
{
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void maint()
int suml, sumZ, sum3;
suml = add{ 3, 1, 2, 3 );
cout << "suml = " << suml << endl;
sumZ = add{ 1, 10 ):
cout << "sum " << gumZ << endl;
sum3 = add( ©
cout << "sum3l

n o= i

<< guml << endl:

Run
suml = 6
sum2 = 10
sum3d = O

The function declarator (prototype)

int add( int argc, ... !
indicates that it takes one known argument and the remaining are unknown number of arguments. The
three dots indicate that the function takes variable arguments, to which a chain has to be built. In
add() function, the statement

va_list args;
creates a pointer variable named args. The macro call statement

va_start( args, argec ); // link to variable arguments
links variable arguments to the variable args. The variable args is the last known argument and those
that follow are variable arguments. The statement

num = va_arg( args, int ): // get argument value
accesses the argument of type integer and assigns to the variable num. Later, args is updated to point
to the next argument. The statement

va_end( args ); // end of arguments
indicates the end of access to variable arguments using args. In main (), the statement

suml = add( 3, 1, 2, 3 );
invokes the function add () and the first argument is a known argument indicating the number of
variable arguments.

The last argument in the list of variable number of arguments must be established by the user.
Another way of indicating the end of variable arguments is illustrated in the program sum. cpp.

// sum.cpp: variable arguments example
#include <iostream.h>
#include <stdarg.h>
// calculate sum of a 0 terminated list
void sum({char *msg, ...)
{

int total = 0;

va_list ap;

int arg;
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/i Move n-~1 disks from starting needle to intermediate needle
hanoi( n-1,
Move disk n from start to destination

cout<< "Move disk "

left, right

, mid };

<< n << " from " << left<<" to " << right <<endl:

/! Move n-1 disks from intermediate needle to destination needle
hanoi( n-1, mid, left, right ):

1
.

Run

Enter number of disks: 3
Tower of Hanoi problem with 3 disks:

Move disk
Move disk
Move disk
Move disk
Move disk
Move disk
Move disk

1 from
2 from
1 from
3 from
1 from
2 from
1 from

@t gt

L to
L to
R to
L to
C to
C to
L te

W™ o 0w

Initial Configuration

Move 1

[ <

S\ £oe T

Move 2 Move 3
[ 2\ [&
Move 4 Move 5
/ d
Move 6 Move 7

Figure

7.17: Tower of Hanoi
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7.18 Complete Syntax of main ()

The functionmain () takes three input parameters called command-line arguments. These are passed
from the point of program execution (usually operating system shell or command interpreter). The
general format of themain () function is shown in Figure 7.18

Function return tvpe:
void or int Arguments count
Array of pointers to command line arguments

Pointers to
environment variables
I e
ReturnType main ({int argc, char *argv([]l, [char **envpl])

{
// body of the main function

Figure 7.18: Syntax of the main function

The return type of the main function must be either int or void. It is normally used to indicate the
status of the program termination. The command-line arguments have the following meaning:

arge: argument count, holds the value of the number of arguments passed to the main () function
and its value is always positive.

argv: argument vector, holds pointers to the arguments passed from the command line. The meaning
of various elements of the argv vector is as follows:

argv|[ 0 ] = pointer to the name of the executable program file (command)

argvl 1 ] .. argv[ arge - 1 ] = pointers to argument strings

envp: environment parameter, holds pointers to environment variables set in the operating system
during the program execution. It includes path and environment parameters. It is optional and not a
ANSI specification.

When the command disp hello isissued at the system prompt, the arguments are set as follows:
argec = 2
argv|[ 0 ] = *"disp*
argv( 1 ] = "hello" .
The program args . cpp prints the list of arguments passed to it. To execute this program, issue the
command args Hello World at the system prompt.

// args.cpp: printing command line arguments
#include <iostream.h>

void main( int arge, char *argv(] )

{

int 1i;

cout << "Argument Count = " << argc;
cout << "\nProgram Name = " << argv([ 0 ];
cout << "\nArgument Vectors Are:\n";

for ( 1 = 0; i < argc; i++ )

cout << argvi] << “\n";
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Bun

Argument Count = 3

Program Name = D:\CPP_SRC\MC2CPP.CO02\ARGS.EXE
Argument Vectors Are:
D:\CPP_SRC\MC2CPP.C02\ARGS.EXE

Hello

World

Program Execution Status
Normally, after the complete execution of the program, it exits from themain () function itself. How-
ever, programs can be terminated from anywhere within the program. The return type of the main

function can be used by the system to decide whether the program terminates with successful execu-
tion or not. The return statement in main ()

return 0; // program return type
or the exit () statement anywhere in the program
exit( 0 )

terminates the program with the program execution status as zero. The general convention is that, the
return value O is treated as a successful execution of the program and nonzero value is interpreted as
unsuccessful execution of the program. The method of identifying this return value from outside the
program (from where it is invoked), depends on the operating system environment in which the program
is executed. For instance, under MS-DOS operating system, the system sets the environment variable
errorlevel to the value returned by the programmer. The user can inspect the value held by the
errorlevel variable to decide the status of program execution. The program fullmain.cpp
displays the command line arguments and environment variables.

// fullmain.cpp: prints command line arguments and environment variables
#ineclude <iostream.h>
int main( int argc, char **argv, char **envp )
{
cout << “The number of command line arguments is: " << argc << endl;
cout << "The command line arguments are as follows" << endl;
for( int 1 = 0; i < arge; i++ )

cout << "argv[" << i << "] : " << argv(i] << endl;
cout << “The environment variables are:" << endl;
i=0;

while( *envp([i] )
cout << envpli++] << endl;
return 0;

)
Run

The number of command line arguments is: 3

The command line arguments are as follows

argv[0] : C:\CPP_SRC\FUNCTION.CO7\FULLMAIN.EXE

argv[l] : Hello

argv[2] : World

The environment variables are:

COMSPEC=C : \COMMAND . COM

PROMPT=5pS$g

PATH=C: \BC4A\BIN; C: \EXCEEDW\ PATHWAY ; C: \BC4\BIN;C: \WINDOWS;C:\DOS5;C: \PATHWAY ;
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Review Questions

7.1 What is modular programming and what are its benefits ? Explain the same with a C++ example.

7.2 Explain different components of a C++ program with a suitable example program.

7.3 What are the differences between actual parameters and formal parameters ?

7.4 What are caller and callee ? List the various components causing the overhead of function
invocation.

7.5 What are library functions ? Explain how they ease program development. What are the different
categories of functions supported by C++ library ?

7.6 What is parameter passing ? Explain parameter passing schemes supported by C++.

7.7 Develop a function to sort numbers using bubble sort technique. Write a driver function also.

7.8 What are the differences between parameter passing by value and passing by address ?

7.9 What arc the benefits of pass by reference method of parameter passing over pass by pointer ?

7.10 What are default arguments ? Write a program to compute tax. A tax compute function takes two
arguments: amount and tax percentage. Default tax percentage is 15% of income,

7.11 State whether the following statements are valid or not ? Give reasons.
tax_amount( int amount, int percentage = 15 }; // prototype
tax_amount( , 5 );
show( char ch = 'A', int count = 3 }; // prototype
show( , 2 );
show( , )
show() ;

7.11 What are inline functions 7 Write an inline function for finding minimum of two numbers.

7.12 What is function overloading ? Write overloaded functions for computing area of a triangle. a
circle, and a rectangle. Develop a driver function.

7.13 What are function templates ? Write a template based program for sorting numbers.

7.14 What is the difference between parameter passing in C++ and Pascal 7 What is the result of:

sum = add( i++, a(i) ); // if i=1 and a[)] = { 5, 10, 15, 20 }

7.15 Define terms: scope and extent. Explain different storage classes supported by C++, Also explain
there scope and extent.

7.16 Write a program having a variable argument function to multiply input numbers.

7.17 What are recursive functions ? Write a program to find the ged of two numbers using the follow-
ing Euclid’s recursive algorithm.

gedin, m) ifn>m
gcd(m,n) = m ifn=20
gcd{n, m¥n), otherwise

7.18 Write a program for adding integer parameters passed as command line arguments.
7.19 Write a program to generate fibonacci series using the following recursive algorithm:

0 ifn =0
fibin) ={ 1 if n = 1
fib(n-1) +£fib(n-2), cotherwise

7.20 Implement a recursive binary serach using divide and conguer technique.
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Structures and Unions

8.1 Introduction

Structures combine logically related data items into a single unit. The data items enclosed within a
structure are known as members and they can be of the same or different data types. Hence, a structure
can be viewed as a heterogeneous user-defined data type. It can be used to create variables, which can
be manipulated in the same way as variables of standard data types. It encourages better organization
and management of data in a program.

8.2 Structure Declaration

The declaration of a structure specifies the grouping of various data items into a single unit without
assigning any resources to them. The syntax for declaring a structure in C++ is shown in Figure 8.1.

| keyword | structure namcl
{

struct StructureName

DataType memberl;

DataType memberl;
structure members

DataType memberN;
}i

Figure 8.1: Structure declaration

The structure declaration starts with the structure header, which consists of the keyword struct
followed by a tag. The tag serves as a structure name, which can be used for creating structure vari-
ables. The individual members of the structure are enclosed between the curly braces and they can be
of the same or different data types. The data type of each variable is specified in the individual member
declarations. Like all data structure declarations, the closing brace is terminated with a semicolon.

Consider a student database consisting of student roll number, name, branch, and total marks
seored. A structure declaration to hold this information is shown below:

struct Student

{
int roll_no;
char name[25];
char branch[15];
int marks;
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The daw items enclosed between flower brackets in the above structure declaration arc called
structure elements or structure members. Student is the name of the structure and is called structure
sag. Note that, some members of Student structure are integer type and some are character array type.
The description of various components of the structure Student is shown in Figure 8.2

struct Student
<

int roll no;
har Dlmncniiby, [ members of
ine marks; “ | the structure
3

Figure 8.2: Declaration of structure Student

The individual members of a structure can be variables of built. ta types, pointcrs, arrays, o
even other structures. All member names within a particular structure must be different. Howe:
member names may be the same as those of variables declared outside the structure. The
members cannot be initi
invalid:

iviu
ar example. the following declaration is

seruce Student
<
// Error: initialization not allowed here
char branch(1S]:
int marks;
3
8.3 Structure Definition

The declaration of a structure will not serve any purpose without its definition. It only acts as a
blueprint for the creation of variables of type struct (structure). The structure definition creates
structure variables and allocates storage space for them. Structure variables can be created at the point
of structure declaration itself, or by using the structure tag ex.pllculy as and when required. The most
Commanty used syntax for strueture definition is sShown in Figure 8.3

stracture variables
)

[struct]) StructureName varl, var2,

Figure 8.3: Syntax of structure definition

T'he use of the keyword stxuct in the structure definition statement is optional. The follow;
statements create variables of the structure Studs

ent declared

240

Multiple variables of a structure can be created using a single statement as follpws:
acruct srudent =1, =3, =4

Student a1, a3,
All these instances are allocated separate memory locations and hence, cach one of them arc indepen-
dent variables of the same structure type as shown in Figure 8.5

Struct Student -
3

inc roll

Figure 8.5: Variables of type Student

84 A g S
-+ provides the period o dot (.) oper access the tructure i The dot
operator ¢ ber. The syntax i truct

CEriable is shown in F gure 8.6.

structure variable | structure member]

structvar .membername

Figure 8.6: a using dot operator
tructvar is a structure variable an name is one of its members. Thus, the dot
operator must have a structure variable on its left and a legal member name on its right. Consider the
following statement:
Student s1:
Each member of the structure variable 21 can be accessed using the dot operator as follows:
s1.roll_no
=1._name

will access s1's xoll_no
will access s1's name
=1_branch will access =1's branch
s1.marks will access s1's marks
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Branch ? Computex
Total Marks <max-325> ? 290
Student Report

Percencage: 89.230769

Precedence of the DOT operator

The dot operator is a member of the highest precedence group, and its associativity is from left to right.
Hence, the expression such s ++scvar .membern is cquivalent (o ++ (stvar .membexrn) , imply-
ing that the unary operator will act only on a particular member of the structure and not the entire
structure.

8.5 Structure Initialization

Similar to the standard data types, structure variables can be initialized at the point of their definition.
Consider the following structure declaration:
struce student
«
ine roll no:
char name(25];
char branch(15];

A variable of the structure Student can e initialized during its definition as follows:

Student s1 ={ 5. "Mangala®, “Computer”, 290 };
The initial valucs for the components of the structurs are placed in curly braces and separated by
comunas. The members of the ble 51, roll_no. 05,
s . and 250 (see Flgm e

The program days . cpp illustrates the initialization of the members of a structure at the point of a
structure variable definition.

// days.cpp: structure members initialization at the point of definition
#include <ioscream.h>

// structure declaration

struce dac

int day:
int month
int year:

3
void main()

date A1 = € 14, 4, 1971 )»
date @2 = ¢ 3, 7, 1996 );
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struce Student si;
Student s1:

Figure 8.4 shows the storage of the members of the structure Student.

f

[4

2byies

struce Student 25bytes

inc roll no: s1;
char name(25]; i~y

char branch(is] 15bytes
¥
7 2 byees
-

Student =1
Figure 8.4: Storage organisation when structure variable is defined

The structure variables can be created during the declaration of a structure as follows:
struct Student
€
int rell_no;
char name[25];
char branch(151;
int mark

) s

In the above declaration, Student is the structure tag, while =1 is a variable of type Student. If
variables of this structure type are not defined later in the program, then the tag name Student can be
omitted as shown belo

)y s1;

It is not a good practice, to have both declaration and definition in the same statement.
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The following are valid operations on the structure variable =1:

s1.ro11
A e o1l e
strcpy( s1.name, -Mangala® );

cout << s1.name;
strepy ( sl.branch,

omputars )

Accessing members of a structure using structure tag is not allowed. Hence, a statement such as

dent . roll_n. 5; s/ Brror dent is not a structure variable
is invalid; structure name Student is a data type like int, and not

invalid. Student.roll mo = 5 is invalid.

variable. Just as int = 10 is

“The program studentl.cpp illustrates the various concepts discussed in the earlier sections
such as sirucrure doclaration, definition, and accessing members of 2 strachare.

// studentt.cpy

processing of student data using structures
R~

3
<

<< enal;

// acceseing structure member

e (100 07328) << emat;

Roll Numbe:
Name 7

Encer data for student.
25
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cout << *Birth date:

Cout == Al.day <<e-"<< a1. month <<t-v<< Al.vear:
cout << endl << *Today date

cout << d2.day <<'-"<< d2.month <<"-‘<< d2.year;

Birch date: 14-4-1871
Today date: 3-7-1996

— ]

lyro11_no

| » name
branchw |

marks a—]

L_—

Studene s1 = (5, *Mahgala®, “Compurer”, 290);:

Figure 8.7: during

8.6 Nesting of Structures
A member of a structure may itself be a structure. Such nesting enables building of very powerful data
structures. The Student structure can be enhanced to accomodate the date of birth of a student. The
new member bixrthday is a structure of type date by itself as shown below:

struct date

<
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The structure to be embedded must be declared before its use. Another way of declaring a nested The dot operator accessing a member of the nested structure birthday using the statement
structure is to embed member structure within the follows:
P sl.birchday.year = 1972;
srruce st is shown in Figure 8.8. The program student2 . cpp illustrates the declaration

cessing of nested structure members.

definition. and pro-

int roll_no:
char name(251; A statement such as
arrucr dare =1 date. day - 2; 77 exxzer

is invalid. because a member of the nested structure must be accessed using its variable name

inc day
int month; // student2.cpp: processing of student data using structures
int yeax; #include <iostream.h>
) birthday: / structure declaration
char branch(15]; seruct A
int marks I
i ine aa:
The embededed structure date is declared within the enclosing structure declaration. A variable of int month;
type Student can be defined as follows: ine v
Student s1; jd
struct Student
The year in which the stdent 51 was born can be accessed as follows: A

s1.birthday.year int roll_no;
char name(25];

The following are the some of the valid operations on the variable s1:
struct date birthday: // structure within a structure
char branch(15]:
int mark:

)
void main()
«

) Student s1: // structure definition
ter daca for studenc...- << endl;

// accessing structure member

roll_no
name e of birth <day month year>: *:
day cin >> 5l.birthday.day >> sl.birthday.month >> sl.birthday.year;
Student s1: month birthday cout << *Branch ? =;
cin »> s1.brane

cout << *Student Report® <= endls
Ze << enal

cout << *Roll Number: * << sl.roll no << endl;
cout << "Name: - << s1.name << endl;

-<<sl.birthday.vear:

<< s1.birchday.month<<"
S1.bircEdny.ye&s = 1972; “out << endl << "Branch: " << sl.branch << endl:
coat << *Percentage: * << sl.marks®(100.0/325) << endl;

Figure 8.8: of nested
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Bun

Enteyr data for student...

Roll Number ? 9

Name ? Savithri

Enter date of birth <day month year>»: 2 2 1972

Branch ? Electrical
Total Marks <max-325> ? 285
Student Report

Roll Number: 9

Name: Savithri

birth day: 2-2-1972
Branch: Electrical
Fercentage: 51.076923

8.7 Array of Structures

Itis possible to define an array of structures; each array element is similar to a variable of that structure.
The syntax for defining an array of structures and accessing its members using an index, is shown in
Figure 8.9.

integer constant value

Vv

StructureName ArrayName(size];

(a) Array of structures definition

ArrayName [index]

(b) Accessing a particular array element

ArrayName [ index] . MemberName

(c) Accessing a particular member
Figure 8.9: Array of structures and member access

The following examples illustrate the concepts of defining arrays of structures and manipulating
their members. Consider the structure declaration given below:

struct Student

{
int roll_no;
char name[25];
struct date birthday;
char branch(15];
int marks;
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An array of the above structure can be defined as follows:
Student s[10];

The variable s is a 10 element array of structures of the type Student. The 5* structure can be
accessed as follows:

s[4]; // arrays are numbered from 0 to n-1

The following statements access members of the structure array elements:

s[4] .name; // access the name of 5th structure
s[0] .marks[5]; // access 6th character of lst structure
&s[2] .name /{ address of 3rd s structure member name

Another method of defining an array of structures is as follows:

struct Student

{
int rell_no;
char name[25];
struct date birthday;
char branch([15];
int marks;

} s[10];

More than one array of structure variables can be defined in a single statement as follows:
Student classl1[10], class2([15]);

It defines two arrays of structure variables classl and class2 of size 10 and 15 respectively. Each
element of the c1ass1 will be a structure of type Student. The program student3 . cpp illustrates
the method of processing of an array of structures.

/ / student3.cpp: processing of student data using structures
#include <iostream.h>
struct Student
{
int roll_no;
char name[25];
char branch([15];
int marks;
}i
void main()
{
// data definitions of 10 students
Student s[10];
int n;
cout << "How many students to be procassed <max-10»: *;
cin >> n;
/{ read student data
for( int i = 0; 1 < n; i++ )
{
cout << “Enter data for student " << i+l << *..." << endl:
cout << "Roll Number ? *;
cin »>> s[i].roll_no;
cout << "Name ? ";
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cin >> =[i).name;

cout ~= *Branch ?

cout <« *Students Report® << endl;
- - << enal;

/7 process student data
for( i Pio< on: der )
cout << "Roll Number: * << a[i] roll_no << endl;

<< [i].name << endl:
cout << =Branch: * << 5[i).branch << endl;
- < s(i) .marks~(100.0/325) << endl;

ed <max-10>: 2

Students Repox

Roll Number: 5

percentage: 76.923077

Initialization of Array of Structures

An array of structures can be initialized in the same way as a
regarding the initialization of a single structure is still relevant. This
example:

d hence. the di
illustrated by the following
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9, "Savithri®, "Electrical*, 250

“The variable s is an array of 5 elemenis of type Student. Thus, structure clement s{0] will be
assigned the first set of values, s [1] the second set of values, etc. Note that there are 5 sets of values
in the initialization. which are placed in different rows for clarity. The values are separated by commas
and enclosed within braces, with the closing brace being followed by a semicolon. To improve the
readability of the program code, it is advisable to enclose the individual sets of values within braces as
shown below:

Student s{5] = {
{ 2, "Tejaswi", "CS", 200 },

{ 3, "Laxmi", "IT", 2157,

{ 5, "Bhavani", "Electronics", 250 },
{ 7, "anil", "Ccivil®, 215 1}, _

{ 9, "Savithri", "Electrical®, 290 }

}i

The program studentd4 . cpp illustrates the initialization of an array of structures at the point of its
definition.

// studentd.cpp: array of structures and their initialization
#include <iostream.h>
struct Student
{
int roll_no;
char name[25]);
char branch(15];
int marks;
i
int const STUDENTS_COUNT = 5;
void main{()
{
// data definitions of 10 students
Student s[ STUDENTS_COUNT ] = {
{ 2, "Tejaswi®, *CS", 285 },
, "Laxmi*, "IT", 215 },
, "Bhavani*, "Electronics®, 250 },
, "Anil", *ciwvil*, 215 },
, "Savithri*, *"Electrical®, 290 }

Ll e B B
W] o

}:
cout << "Students Report" << endl;
COUt <<€ "----m-—mm—————— * << endl;
// process student data
for( int i = 0; i < STUDENTS_COUNT; i++ )
{
cout << "Roll Number: " << s[i].roll_no << endl;
cout << "Name: " << g[i].name << endl;
cout << "Branch: " << g[i].branch << endl;
cout << "Percentage: " << s[i].marks*(100.0/325) << endl;
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per the
“The individual structure member can be used in an assignment statement just like any other ordinary
variable. It in th
501).marks = 290;  // marks set to 290
=(1) marks += 5; 77 marks is incremented
Notice that only the individual structure members are accessed, and not the entire structure. If the
structure member is itself a structure, then the embedded structure’s member is accessed as follows:
5011 .birthday.day
It accesses the member day of the structure variable birthday embedded in the 2
array of structure variable 5. The assignment operator can also be used to copy variables of the same
structure. For instance, the statement,

clement of the

s1 = =25

52 to 51, which are variables of the s tudent structure. It is performed by copying

copies contents of
can also be copicd as follows:

cach member

st11:
si31;

If a structure has members of type pointers, then only the address stored in that pointer member is
copied and hence, such members still point 10 that pointed to by the source variable. In such a situation.
make sure that memory is allocated, and explicitly copy the elements pointed to by the pointers. If this
is not done, it might result in a dangling reference. It happens when the destination variable relcases
memory and the source Variable continue 10 exist. (Dangling reference: it refers to a situation when a
pointer to the memory item continues to exist, but memory allocated to that item is released. Garbage
memory: it indicates that the memory item continues to exist but the pointer to it is lost; it happens when
memory is not released explicitly.)
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8.8 Structures and Functions

Structure variables may be passed to functions just like any other variables. It is also possible for
functions to return structure variables through the use of the return statement. Note that any number
of structure variables can be passed to the function as arguments in the function call, but only one
structure variable can be returned from the function by the return statement. The program
student5 . cpp illustrates the passing of structure parameters and returning of a structure value.

/ / studentS.cpp: structure data type parameter passing
#include <iostream.h>
struct Student
{
int roll_no;
char name([25];
char branch[15];
int marks;
}i
// reads data of type Student and returns
Student read()
{
Student dull;
cout << "Roll Number 7 *;
cin »>> dull.roll_no;
cout << *Name ? ";
cin >> dull.name;
cout << "Branch ? *;
cin >> dull.branch;
cout << "Total Marks <max-325> ? ";
cin >> dull .marks;
return dull; // returning structure variables
}
// displays contents of the structure Student
void show( Student genius ) // takes structure type parameter
{
cout << "Roll Number: * << genius.roll_no << endl;
cout << "Name: " << genius.name << endl;
cout << "Branch: * << genius.branch << endl;
cout << "Percentage: * << genius.marks* (100.0/325) << endl;
}
void main()
{
// data definitions of 10 students
Student s[10];
int n;
cout << "How many students to be processed <max-10>: *;
cin »>> n; /
t/ -read student data
for({ int i = 0; 1 < n; i++ )
{
cout << "Enter data for student " << i+l << ",,." << endl;
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Branch ? Genetics

Total Marks <max-325> ? 295
Encer data for scudent 2...
Roll Number ? 15

Name ? Rajkumar

Branch ? Computer

Total Marks <max-325> ? 3115
Enter data for student 3...
Roll Number ? 7

Name ? Laxmi

Branch ? Electronics

Total Marks <max-325> ? 255
Details of student scoring highest marks...
Roll Number: 15

Name: Rajkumar

Branch: Computer
Percentage: 96.9231

In main (), the statement
id = HighestMarks( s, n );
invokes the function HighestMarks () and finds the student with the highest marks. It accepts two
arguments, the first is an array of structures and the second argument is an integer which denotes the
number of students, The index of the student record with the highest marks is found by this function
and returned to its caller (in this case, main () is the caller).

8.9 Data Type Enhancement Using typedef

C++ provides a facility called type definition by which new type names can be created. This is accom-
plished by using the typedef keyword as shown in Figure 8.11.

standard or user
defined data type

for pointer/reference
type only

typedef ExistingTypeName [*/&] NewTypeName;
Figure 8.11: Enhancing existing data types

ExistingTypeName is the name of an existing data type, and NewTypeName is the new user
defined data type. Notice that a new user defined data type is created only from the existing data types
such as int. float. struct, etc. The following examples illustrate the concepts introduced.

typedef int Length;
Length now becomes a synonym for int and variables can be defined using the new type name.
Length denotes a type name like int and is not a variable. Consider the following statement:
.Length lenl, len2:
The above statement defines two variables of type integer and is equivalent to
int lenl, len2:
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Note that the operations possible on the variables lenl and len2 are precisely. the same as the
operations permilted on integer variables defined using the keyword int. Consider the following set of
statements.

typedef int emprec[10];

emprec personl, personl;
The type emprec is now a new data type which is a 10 element array of integer quantities. personl
and person2 are two variables of this new type and each variable is a 10 element array of integer
quantities. The following are valid expressions:

personl{3] access the 4th element of personl
personl access the starting address of personl
&personl [0] access the starting address of personl

The typedef statement for defining string data type is
typedef char * String;
It can be used as follows:
String name;

It is equivalent to
char * name;

The typedef can be used to create reference type (alias) integer data type as follows:
typedef int & INTREF;

Aliases for variables can be created using INTREF as follows:
INTREF b = c;

It is effectively equivalent to
int &b = c;

Benefits of the typedef statement

There are several important uses of the typedef statement:

« It helps in effective documentation of a program, thus increasing its clarity. This in turn enhances the
ease of maintenance of the program, which is an important part of software management.

+ The typedef statement is often used for declaring new data types involving structures. A new data
type representing the structure is declared using the typedef keyword. Since all structure declara-
tions in C++ are typedef by default, explicit use of the st ruct keyword during structure variable
definition is optional. It is used explicitly when the structure’s pointer or alias type is to be created.
The usage of the typedef statement is illustrated below:

typedef struct tag
{

type memberl:
type member2;

type membern;
} [*/&)] NewDataType:;

Consider the following declarations:
struct date
{
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int day;
int month;
int year;
bi
vypedef date * DATEPTR;
The type name DATEPTR can be used to define a pointer to the structure date as follows:
DATEPTR dp:

It is equivalent to
date * dp;

« The third important use of the typedef statement is its usage in writing portable programs. The
sizes of different data types are dependent on the compiler. For instance, the size of an integer is two
bytes on a 16-bit compiler and four bytes on a 32-bit compiler. Portability is achieved by type-
declaring an integer as follows:

typedef long int INT;
In the program, use definitions such as
INT a, b;
instead of the statement
int a, b;
to increase the portability of a program.

8.10 Structures and Encapsulation

Structures in C++ have undergone a major revision. Like C structures, C++ structures also provide a
mechanism to group together data of different types into a single unit. In addition to this, C++ allows to
associate functions as part of a structure. Thus, C++ structures provide a true mechanism to handle
data abstraction. Such structures have two types of members: data members and member functions.
(See Figure 8.12) Functions defined within a structure can operate on any member of the structure.

The program complex.cpp illustrates the concept of associating functions operating on the
structure members. The functions enclosed within a structure can access data or other member func-
tions directly. Similar to the data members, member functions can be accessed using the dot operator.

struct complex

int x;
data members
int y;
void read()
member functions
void show()

Figure 8.12: Functions as a part of C++ structures
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// complex.cpp: functions as a part of C++ structures
#include <iostream.h>
#include <math.h>
struct complex
{
int x; // real part
int y; // imaginary part
void read()
{
cout << "Real part ? ";
cin >> x;
cout << "Imaginary part ?";
cin »>> y;
}
veid show({ char *msg )
{
cout << msg << X;
ifl y < 0 )
cout << "-i";
else
cout << "+i";
cout << fabs(y) << endl;
}
void add( complex c2 )
{
X += c2.x;
y += c2.y;
}
bi

void main(}

{
complex el, c2, c3;
cout << "Enter complex number cl .." << endl;
cl.xead();
cout << "Enter complex number c2 .." << endl;
c2.readl);
cl.show( "cl = " );
c2.show{ "ec2 = " );
c3 = cl; // assignment
cl.add( c2 ); // 3 = 3 + c2;
c3.show{ “¢c3 = ¢cl +c2 = " );
}
Aun

Enter complex number cl ..
Real part 7 1

Imaginary part 72

Enter complex number c2
Real part ? 3

Imaginary part ? 4

cl = 1+i2
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3+i4
cl + c2 = 4+16
In main{}, the statement

c2

c3

cl.read();
invokes the member function read (), defined in the structure complex. The data members of the
variable ¢1 are assigned with the input values. The statement,

cl.show( "cl = " };
displays data members with suitable messages. The statement,

c3 = cl; // assignment
assigns the contents of all the data members of the variable c1 to corresponding members of 2. The
statement,

ci.add( c2 ); // €3 = c3 + c2;
adds the contents of the variable ¢2 to c3.

Note that, structures and classes in C++ exhibit the same set of features except that structure members
are public by default, whereas class members are private by default. Most of the C++ programmers
prefer to use a class to group data and functions; a structure to group only data which are logically
related. Hence, through out this book, a construct called class (instead of struct) is used as a
means for implementing OOP concepts. More details on classes can be found in the chapter: Classes
and Objects.

8.11 Unions

A union allows the overlay of more than one variable in the same memory area. Normally, each and every
variable is stored in a separate location and as a result, each one of these variables have their own
addresses. Often, it is found that the variables used in a program appear only in a small portion of the
source code. Consider the following situation to illustrate the benefits of union data type:

Suppose, a string of 200 bytes is needed to store filename in the first 500 lines of the code only, and
another string of 400 bytes is needed to use as buffer in the-rest of the code (that is from the 500™ line
onwards) Note that, no part of the code will access both the variables simultaneously. In such a
situation, it would be a waste of memory if two arrays of 200 bytes and 400 bytes are defined; it requires
600 bytes of memory. The union provides a means by which the memory space can be shared, and only
400 bytes of memory is needed.

Declaring a Union

In terms of declaration syntax, the union is similar to a structure as shown in Figure 8.13. The method
used to declare a structure is adopted to declare a union. A union data type is like a structure, except
that it allows to define variables, which share storage space. Note the only change 1s the substitution of
the keyword struct by the keyword union. The rest of the discussion regarding the declaration is
the same as that given for the structure (i.e., even functions can be a part of union).

The compiler will allocate sufficient storage to accommodate the largest element in the union. Unlike
a structure, members of a union variable occupy the same locations in memory (starting at the zero
offsets). Thus, updating one member will overwrite the other. Elements of a union type variable are
accessed in the same manner as the elements of a structure.
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| keyword I | union name |
{

union UnionName

DataType memberl;
DataType memberl; |ypion members
Béé;rype memberN;

};

Figure 8.13: Union declaration

The memory space required for defining a variable of the union is:
max( sizeof (memberl), sizeof( member2;, ..., sizeof (memberN) )

That is, the member of biggest size should fit in the common memory space.
Defining Variables

Union variables can be defined at the point of union declaration or can be defined separately as and
when required. Consider the following declaration:
union X // unicon declaration
{ int a;
char ch;
double b;
}i
The variables of the above union X can be defined as follows:
union X x1;
The storage space required to represent the variable x1 is max( sizeof(int), sizeof(char), sizeof( double)).
At any point of time, the union variable can hold data of any one of its members. It is the responsibility
of the programmer to decide to which of its members the data stored in the union variable is meaningful.

Member Access
Members of the union can be accessed using either the dot or the arrow (->) operator. It is similar to
accessing the structure variable. Consider the following declaration:
union person
{ char name[25];
int idno;
float salary;
}i
The variables of the above union person can be defined as follows:
union persen varl,*var2; // varl is value variable, var2 is pointer
The statement to assign the address of a variable var1 to the pointer variable var2 is as follows:
varZ = &varl;
The individual members can be accessed as follows:
varl.name access the name
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varl.idno access the idno
var2->salary access the salary

The members can be assigned in the same way as the members of a structure. For instance,

varl.idno = 20;
strepy( varl.name, “Vijayashree" );

the content of the members of the union variable varl can be displayed as follows:
cout << varl.name;
The program union.cpp illustrates the usage of union to share the storage space.

// union.cpp: union of two strings
#include <iostream.h>
#include <string.h>
unien Strings
{
char filename[200];
char output400];
}i
void main()
(
Strings s;
fdeea.
strepy( s.filename, “/cdacb/usrl/raj/cops/microkernel/pserver.cpp" ):
cout << "filename: " << g.filename << endl;

I

L P

strepy(s.output, "O0OPs is a most complex entity ever created by humans®);
cout << "output: * << s.output << endl;

cout << "Size of union Strings = * << sizeof( Strings );
}

Run

filename: /cdacb/usrl/raj/cops/micrckernel/pserver.cpp
output: OOPs is a most complex entity ever created by humans
Size of union Strings = 400

8.12 Differences between Structures and Unions

Stfuctures and unions have the same syntax in terms of their declaration and definition of their vari-
ables. However, they differ in the amount of storage space required for their storage and the scope of
the members.

Memory Allocation

The amount of memory required to store a structure variable is the sum of the size of all the members. On
the other hand, in the case of unions, the amount of memory required is always equal to that required by
its largest member. The program sudif £ . cpp illustrates the memory requirements for variables of the
structure and union types.
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/¢ sudiff.cpp: memory regquirement for structures and unions
#include <iocstream.h>
struct
{
char name[25];
int idno;
float salary:
} emp;
union
{
char name[25];
int idno;
float salary;
} desc;

void main()

{
cout << "The size of the structure is " << sizeof(emp) << endl;
cout << "The size of the union is " << sizeof (desc) << endl;

}

Run

The size of the structure is 31
The size of the union is 25

Operations on Members

Only one member of a union can be accessed at any given time. This is because, at any instant, only one
of the union variables can be active. The general rule for determining the active member is: only that
member which is updated can be read. At this point, the other variables will contain meaningless
values. It is the responsibility of the programmer to keep track of the active members, The program
uaccess.cpp illustrates accessing of a union variable and its members.

// uaccess.cpp: accessing of union members
#include <iostream.h>
#include <string.h>
union emp
{

char name(25];

int idno;

float salary;
}i
void show( union emp & )
( .
cout << "Employes Details ..." << endl;
cout << "The name is " << e.name << endl;
cout << "The idno is * << e.idno <z endl;
cout << "The salary is " << e.salary << endl;

-
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void main ()
«

union emp &;  // or emp e
stropy(e.name, "Rajkumaz®):

1.stxcpy(e.name, “Rajkumar®);
2. e.ianc = 10; ana
3.e.salary = 90005
is shown in Figure 8.14a, 8.14b, 8.14c respectively. Note that, access of i will lead to
meaningless values.

(a) strepy (e name,

union emp o -
<
char name(25)m
int idno;
float salary
.

woe |25 | Rajkumar| 10 9000
L _— e _— L__—
union emp e; (b) e.ifno=10; (¢) w.salary=5000;

Figure 8.14: Unlon varlable Initialization
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Operation on Unions

In addition to the features discussed above, the union has all the features provided by the structure

except for minor changes, which is a consequence of the memory sharing capabilities of the union. This

is made evident by the following legal operations.

« A union variable can be assigned to another union variable, if their tags are same.

« A union variable can be passed to a function as a parameter.

+ The address of the union variable can be extracted by using the address-of operator (&). This union
pointer can be passed to functions.

« A function can return a union or a pointer to the union.

Performing operations on the unions as a whole, for example, arithmetic or comparison operations
are illegal.

Scope of a Union

The members of a union have the same scope as the union itself. It is illustrated in the program
uscope.cpp. The union definition having no tag or instance variable is called anonymous union.

// uscope.cpp: scope of union declaration
#include <iostream.h>
void main ()
{
union // anonymous union definition
{
int i;
char ¢;
float £;

10;

9;

4.5;

cout << "The value of i is " << i << endl;
cout << "The value of ¢ is " << c << endl;
cout << "The value of £ is " << f << endl;

LU ]

Fh () e e

}
BRun

The value of i is 0
The value of ¢ is
The value of £ is 4.5

In the above program, the scope of the union definition is limited tomain () and henoe, the scope
of its members, i, ¢ and £ is limited tomain (). Inmain ()}, they can be accessed like any other local
variables. The only difference is that the variables share the same memory.

8.13 Bit-fields in Structures

C++ allows packing many data items into a single machine word for efficient and optimal usage of the
storage space. This facility is useful when a program needs flags to keep track of status information
related to various activities. Consider a program, which stores information about a person including the
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following:
+ Are you possessing any formal degree ?
+ Are you employed ?
+ Single or married ?
+ Male or Female ?
+ Are you ateenage 7
+ Are you Indian ?

The simplest way of achieving the above task is to define six integer variables, each keeping the
status of one item. This method requires 6*sizeof (int) bytes of memory locations. Another
mechanism of achieving it is through the use of bit masks (macros) as follows:

#define DEGREE 01

#define EMPLOYED (02
#define MARRIED 04

#define MALE o8
#define TEENAGE 16
#define INDIAN 32

Note that, the numbers must be powers of two, so that they can act as masks corresponding to the
relevant bit positions, thus accessing the bits by shifting, masking, and complementing. For instance,
the statement
flags |= DEGREE;
sets the first bit to 1 and the statement
flags &= ~MARRIED;
clears the second bit indicating that a person is unmarried. The conditional statement
if{ flags & MARRIED )
cout << "Married person";
else
cout << "Unmarried person';
is valid. These idioms (mode of expressions) are easily prone to errors. As an alternative to this mecha-
nism, C++ offers the capability of defining and accessing fields within a word directly rather than by
bitwise logical operators. A bir-field or field in short, is a set of adjacent bits within a single implemen-
tation-defined storage unit called a word. The syntax of field definition and access is based on struc-
tures. For instance, the above #de f ine statements could be replaced by the definition of six fields as
follows:
struct
{

unsigned int is_degree

unsigned int is_employed:

unsigned int is_married :

unsigned int is_male

unsigned int is_teenage :

unsigned int is_indian :
} flags:

el e e

It defines a variable called £1ags which contains six single-bit fields. The number following the colon
represents the field width. The fields declared are of type unsigned int (can be int) to ensure that
they are unsigned quantities.
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The Individual fields are referenced in the same way as other structure members. For instance,
flags.is_married
expression accesses the contents of its corresponding bit. Fields act like integers and can be used in
arithmetic expressions just like other integers. Thus, the previous examples can be written more natu-
rally as follows:
flags.is_degree = 1;
sets the first bit to 1 and the statement
flags.is_married = 0;
clears the second bit, indicating that a person is unmarried. The conditional statement
if({ flags.is_married )
cout << "Married person”;
else
cout -< "Unmarried perscon®;
is valid.

Consider the following declaration which illustrates bit-fie'ds of larger width:

struct with_bits
{
unsigned first : 5;
unsigned second : 9;
}i
The identifier with_bits is a structure containing 2 members: £irst and second. The member
first isaninteger with 5 bits, and second is an integer with 9 bits. Both the numbers can be stored
iin a single 16-bit entity (even though they add up to 14 bits, a 14-bit entity cannot exist in memory),
rather than two separate integers. It is illustrated in the program share.cpp.

// share.cpp: union and structure combined
#include <iostream.h>
struct with_bits
{
unsigned first : 5;
unsigned second : 9;
¥i
void main()
{
union
{
with_bits b;
int i;
}i
i=0; // Both first and second are cleared to 0
cout << "On i = 0: b.first = " << b.first << " b.second = "<< b.second;
b.first = 9; // Eirst is set to 9; second remains 0
cout << endl << "b.first = 9: ";
cout << "b.first = * << b.first << * b.second = * << b.second;

2 -

On i = 0: b.first = 0 b.second = 0
b.first = 9: b.first = 9 b.second = 0
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In main (), the union defines two variables b and i, and they are stored in the same memory
location. In a way, they can act as aliases. The statement,

i=0;
clears the complete word and inturn clears members of the structure with_bits. The statement
b.first = 9;

updates only the first 5-bits of the word. Note: the maximum size of each bit-field is sizeof (int).

Review Questions

8.1 What are structures ? Justify their need with an illustrative example.

8.2 Why structures are called heterogeneous data-types ?

8.3 Explain storage organization of structure variables.

8.4 Write an interactive program, which processes date of birth using structures. Enhance the same
supporting processing of multiple students date of birth.

8.5 Write a short note on passing structure type variables to a function, and suitability of different
parameter passing schemes in different situations.

8.6 Develop a program for processing admission report. Use a structure which has elements repre-
senting information such as roll number, name, date of birth (nested structure), branch allotted.
The functions processing members of a structure must be a part of a structure. The format of
report is as follows:

e T

8.7 What are unions? Write & program to illustrate the use of the union.
8.8 What are the differences between structures and unions.
8.9 Write an interactive program to process complex numbers. It has to perform addition, subtraction,
multiplication, and division of complex numbers. Print results inx+1iy form.
8.10 Write a union declaration for representing register model of x86 family of microprocessors. Note
that general purpose registers such as AX are also accessed by lower and higher word registers
AH and AL respectively.
8.11 Consider the following structure declaration:
struct institution
{
struct teacher {
int empl_no;
char name([20];
}i
struct student (
int roll_no;
char name([15];

}i
What 1s the sizeof (institution), sizeof (teacher), and sizeof {student)?
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Pointers and Runtime Binding

9.1 Introduction

The use of pointers offers a high degree of flexibility in the management of data. Knowledge of memory
organization plays a very important role for understanding the concept of pointers. As the name
implies, pointer refers to the address identifying a programming element (data or function). Interestingly,
the system main memory is organized into code and data area as shown in Figure 9.1. Although in many
situations programming can be done without the use of pointers, their usage enhances the capability of
the language to manipulate data. Dynamic memory allocation is a programming concept wherein the use
of pointers becomes indispensable, For instance, to read the marks of a set of students and store them
for processing, an array can be defined as follows:
float marks[100]:;

But this method limits the maximum number of students (to 100), which must be decided during the
development of the program. On the other hand, by using dynamic allocation, the program can be
designed so that the limit for the maximum number of students is restricted only by the amount of
memory available in the system. The real power of C++ (of course C) lies in the proper use of pointers,

0 —
main()
{
data
}
funcl ()
g o A
wode «  data - local data
SO ~N
. code
}
func2 () function stack

{
}

program memory

max addr. —

main memory

Figure 8.1: Primary memory organization
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Memory is organized in the form of a sequence of byte-sized (8-bits per byte) locations or storage
cells containing either program code or data. These bytes are numbered starting from zero onwards,
The number associated with each cell (byte location) is known as its address or memory location. A
pointer is an entity, which contains a memory address. In effect, a pointer is a number, which specifies
a location in memory. The key concepts and terminology associated with memory organization are the
following: '

« Each byte in the memory is associated with a unique address.

« An address is a sequence of binary digits (0 or 1) of fixed length, used for labeling a byte in the
memory.

« Address is a positive integer ranging from 0 to maximum addressing capability of the microprocessor
(for instance, 8086 processor has 20-address lines and hence, it can address upto 2* locations: 1 MB).

« Every element (data or program codc) that is loaded into memory is associated with a valid range of
addresses. i.c., each variable and function in the program starts at a particular location and spans
across consecutive addresses from that point onwards depending upon the size of the data item.

+ The number of bytes accessed by a pointer depends on the data type of an item to which it is a pointer.

The address stored in a pointer variable can be relative or absolute. Most of the modern systems use
the relative addressing mode to access memory, by default. In relative addressing mode, an address
consists of two components: the base (or the segment) and the offser address. The base or segment
address designates a specific region of memory, and the offset specifies the distance of the desired
memory location from the beginning of the segment. The effective address is computed by combining
both the segment and offset values. In absolute mode, the address stored in a pointer is itself the
effective address, and hence, memory can be directly accessed using this address. Note that, relative
addressing requires mapping of logical address (offset) to physical address.

It is not always necessary to be aware of the segments and offsets while programming in C++.
unless the pointer is used to hold the address of any device specific information. For instance, in IBM-
PC and its compatibles, the display memory is located at the segment and offset value, 0xb800: 0000.
(The display memory address changes from one video mode to another.)

9.2 Pointers and their Binding

Pointer is defined as a variable used to store memory addresses. It is similar to any other variable and
has to be defined before using it, to hold an address. Just like, an integer variable can hold only integers.
each pointer variable can hold only pointer to a specific data type such as int, char, flcat, double.
etc., or any user defined data type).

The allocation of memory space for data structure (storage) during the course of program execution
is called dynamic memory allocation. Dynamic variables so created can only be accessed with pointers.
Thus, pointers offer tremendous flexibility in the creation of dynamic variables, accessing and manipu-
lating the contents of memory location and releasing the memory occupied by the dynamic variables,
which are no longer needed. (A more detailed account of dynamic memory allocation and de-allocation
is discussed in the later sections of this chapter.) The usage of the pointer is essential in the following
situations: ' '

+ Accessing array elements.
+ Passing arguments to functions by address when modification of formal arguments are 1o be
reflected on actual arguments.
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« Passing arrays and strings to functions.
+ Creating data structures such as linked lists, trees, graphs, etc,
+ Obtaining memory from the system dynamically.

9.3 Address Operator &

All the variables defined in a program (including pointer variables) reside at specific addresses. It is
possible to obtain the address of a program variable by using the address operator &(ampersand).
When used as a prefix to the variable name, the & operator returns the address of that variable. The
program getaddr . cpp illustrates the use of the & operator.

// getaddr.cppc: use of ‘&' operator to access address
#include <iostream.h>
void main()
{
// define and initialize three integer variables
int a = 100;
int b = 200;
int ¢ = 300;
/! print the address and contents of the above variables
cout << "Address " << &a << " contains value " << a << endl;
cout << "Address * << &b << " contains value " << b << endl;
cout << "Address " << &c << " contains value " << ¢ << endl;
}

Run

Address Oxfffd4 contains value 100
Address O0xfff2 contains value 200
Address Oxfff0 contains value 300

In main (), the statement
cout << "Address " << ka << " contains value " << a << endl;
displays the address and contents of the variable a. The expression &a returns the address of the
variable a. It should, however, be noted that the addresses printed by the above program, depend on
the current configuration of a system. This is because the memory occupied by the program’s variables
depend on several factors such as memory management scheme, memory model, and the current status
of the memory contents.

The output shows the addresses of the variables in hexadecimal notation, and they are in the
decreasing order. From this, it is evident that all avtomatic variables are created in the program’s
stack area and that the stack always grows from a higher to a lower memory address. Further, each of
the addresses differ from others by exactly two bytes, since integer variables are allocated 2 bytes of
memory. The sizeof () operator can be used to determine the number of bytes allocated to each type
of variable. The integer is the fundamertal data type and hence its size depends on the processor word
size, compiler, and operating system memory manager. For instance, the size of an integer data type in
MS-DOS based machines is two bytes, whereas in UNIX based machines it is four bytes.

Sufficient care must be taken to avoid any kind of confusion between the following:

+ unary address operator & which precedes a variable name.
« binary logical operator & which performs a bit-wise AND operation.
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9.4 Pointer Variables

Pointers are also variables and hence, they must be defined in a program like any other variable. Rules
for variable names and declaring pointers are the same as for any other data type. This nawrally gives
rise 10 questions aboul the data type of a pointer, size ol memory allocated (o a pointer and the format
for defining different types of pointers.

P iter Definition

When a pointer variable is defined, the C++ compiler needs to know the type of variable the pointer
points to. The syntax of pointer variable definition is shown in Figure 9.

Char, short, int, float. etc.

standard or user defined data type: Es‘u.;k followed by a
poin:

ter variable name

DataType * PtrVar, -..:
Figure 9.2: Syntax of painter definition
Datarype could be a primitive data type or user defined structure (such as structures and classes).
The Pervar could be any valid C++ variable name. The character star (*) following the DataType

Pexvar isa pointer variable. The pointer so crented can hold the
address of any variable of the specified type. Some typical pointer definitions are:

int *int_ptr: // int_ptr is a pointer to an integer
char *ch ptr: // ch ptr is a pointer to a character
Date =d_ptr: // a_ptr is a pointer to user defined data type

The pointer variable must be bound to a memory location. It can be achieved either by assigning the

address of & variable. or by assigring the sddress of the memory allocated dynamically. The address of
variable can be assigned (o a pointer variable as follows:

ine_prr = amark:

where the variable marks is of type integer.
Pointer to characters (a string) can be defined as follows:
char "meg;
It can be initialized at the point of definition as follows:

ca.
Or, itcan also be initialized during execution as follows:
meg = tabed. .xyz®

Dereferencing of Pointers

L is th d in the memory location pointed
to by a pointer. The aperator * (asterisk) is used to dereference pointers in addition to creating them. A
oointer variable is dereferenced when the unary operator * (in this case, it is called as the indirection
opi raror) is prefixed to the pointer variable or pointer expression. An; n that is performed on
(- dereforeneed poimier dirocly affects the value of the varable it poimts (o, The syntax For dere/orencing
Fointers is shown in Figure 9.3.
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1000 95 marks
1002 84

int_ptr

[

(a) int *int_ptr;

1000 95 marks

int_ptr

2
3

(b) int_ptr = &marks;

* 1000 10 marks

int_ptr 1000
1002 84 a

() *int_ptr = 10;

* 1000 10 marks

int_ptr 1000

K

1002 10 |a

(d) a = *int_ptr;

h—-—’ﬁ
Figure 9.3: Pointers binding and dereferencing

Consider the statement
int_ptr = &marks; .
It stores the address of the variable marks in the pointer variable int_ptr. The contents of the
variable marks can be displayed using the following statement:
cout << *int_ptr;
Effectively, the above statement achieves the same result as the statement
cout << marks;
Thus, accessing information using pointers is called indirect addressing. It refers to accessing informa-
tion, whose address is stored in a special type of variable, which is a pointer variable.
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The contents of memory locations can be modified by using a pointer variable as follows:
*int_ptr = 25;
It assigns the value 25 to the memory location pointed to by the variable int_ptr. The contents of
the memory location can be read by using the pointer variable as follows:
a = *int_ptr;
It assigns the contents of the memory location pointed to by the address stored in the variable int_ptr

to the variable a of type integer. The program initptr.cpp illustrates the mechanism of pointer
variable definition, binding and dereferencing.

/ / initptr.epp: pointer {address variables) usage demonstration
#include <iostream.h>

void main ()

{

int *iptr; // pointer to integer, figure 9.4a

int varl, wvar2; // two integer variables, figure 9.4b

varl = 10; // figure 9.4c

var2 = 20; /¢ figure 9.44

iptr = &varl; /¢ figure 9.4e

cout << "Address and contents of varl is " << iptr << " and " << *iptr;
iptr = &var2; /! figure 9.4f

cout<<"\nAddress and contents of var2 is " << iptr << " and " << *iptr;
*iptr = 125; // figure 9.4g
varl = *iptr + 1; // figure 9_4h

}

Run

Address and contents of varl is OxlfBafff4 and 10
Address and contents of var2 is 0x1fBafff2 and 20

In main (), the first statement

int *iptr;
specifies that iptr is a pointer to an integer. The asterisk prefixed to the variable name specifies that
iptr is a pointer variable. The data type int specifies that iptr can point to any integer type item(s)
stored in the main memory. The statement

int *iptr; // peointer to integer, figure 9.4a
could also be written as

int* iptr;
It makes no difference as far as the compiler is concerned. But there are certain advantages in following
the former convention (i.e., placing the * closer to the variable name). The compiler always associates
the * with the pointer variable name rather than the data type, thns allowing both pointer variable type

and non-pointer variable of a particular data type to be defined in a single definition. Thus, the following
statements

int *iptr; // pointer to integer, figure 9.4a
int wvarl, var2; /f two integer variables, figure 9.4b

are +alid. They can also be written in a single equivalent statement as follows:
int *iptr, varl, wvar2;
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An asterisk must be prefixed to the name of each pointer variable to define multiple pointers using
a single statement, For instance, the statement,

~f1, *f2, *£3;
defines £1. £2. and £3 as pointers to float variables.

float

The program initptr.cpp has highlighted the following important facts about pointers:

« The asterisk (*) used as an indirection operator has a different meaning from the asterisk used
while defining pointer variables,

« Indirection allows the contents of a variable to be accessed and manipulated without using the
name of the variable.

iptr — — ] —
8 :l fd varl mar 0 yar 1 fita 101 varl
{a) int *iptr; fif2 - var2 e var2 itz - 20----1 var2
{b) int wvarl,var2: (e) warl = 10; (d) varz = 20;
iptr —_— ] —_— )
fite fﬁ4 ---40----{ warl iptr M 10+ wvarl
fif2 ---20----{ var2 e E_’ fit2 ---20----{ wvar2
— —
(e} iptr = &varl; (f) iptr = &var2;
— — ]
iptr faf 10----{ wvarl iptr fita 1261 varl
fira E_. fif2 | ---495---{ var2 s E_. fif2 F---125---- var2
e L
(g) *iptr = 125; (h) varl = *iptr + 1;

Figure 9.4: Dereferencing of pointers

All variables that can be accessed directly (by their names) can also be accessed indirectly by
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means of pointers. The power of pointers becomes evident in situations, where indirect access is the

only way to access variables in memory. Figure 9.4 gives a pictorial representation of accessing a
variable using a pointer.

Pointers and Parameter Passing

Pointers provide a two way communication between the service requester and service provider. It is
achieved by passing the address of the actual parameters instead of their contents. Any modification
done to formal variables in the function will be automatically reflected in the actual parameters when
they are passed by address. A program 1o swap two numbers is listed in swap . cpp.

// swap.cpp: swap 2 numbers using polnters

#include <ioatream.n

void swap(float *, float =) :

void main ()

<

cin >> b;

/7 Pass address of the variablus whose values are to be swapped
sby:  // figure 9.6a

“After swapping .

cout << "a contains = << a << endl:

cout << *b contains = << b:

veid swap( float *pa. floar =pb ) // function to swap two numbers

float cemp

temp = *pa; // figure 9.6b
“pa /7 figuze 9.6c
“ph = 77 figure 9.6a

B

Bun

Enter real number <a»: 10.5
r <b=: 20 9

b contains 10.5
In main (), the statement
Swap (&a. &)
assigns addresses of the actual parameters (o the formal parameters, which are of type pointers. How
ever, they are manipulated differendy (sce Figure 9.5). Inmadin (), (he parameters are accessed direcly
with theil s whereas in swap () , they are accessed using the indirection operator.
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& b

main() wap ()

— |

1310 -10.5--|a

o

1312 F=20.9-4

-______,-"'_‘-\.
Figure 9.5: Data addressing in different perspectives

In swap (), accessing contents of the memory location pointed to by the variable pa, actually
accesses the contents of the variable a. Similarly, accessing the contents of the memory location
pointed to by the variable pb actually access the contents of the variable b. Hence, swapping the
contents of memory using pointer variables pa and pb along with the indirection operator will in fact
exchange the contents of the actual parameters a and b (passed by caller) as shown in Figure 9.6.

9.5 Void Pointers

Pointers defined to be of a specific data type cannot hold the address of some other type of variable i.e.,
it is syntactically incorrect in C++ to assign the address of (say) an integer variable to a pointer of type
float. Consider the following definitions

float *f_ptr; // pointer to float

int my_int; // integer variable

The assignment of incompatible variable address to a pointer variable in a statement such as

f_ptr = &my_int;
results in compilation error. Sucn type-compatibility problems can be overcome by using a general-
purpose pointer type called void poainter. The format for declaring a void pointer is as follows:

void *v_ptr; // define a pointer to void

It uses the reserved word void for specifying the type of the pointer. Pointers defined in this

manner do not have any type associated with them and can hold the address of any type of variable.
The following are some valid C++ statements:

void *vd_ptr;

int *it_ptr;

int invar;

char chvar;

float flvar;

vd_ptr = &invar:; J/ valid

vd_ptr = &chvar; // wvalid
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vd_ptr = &flvar; // wvalid
it_ptr = kinvar; // walid
The following are some invalid statements:

it_ptr = &kchvar; // invalid

it_ptr = &flvar; // invalid
swap( ) swap()
main(} P in{} pa
maln
- {800 -i":. & {800 1 : |
a o a "
wo[ 105 | L e02 [0 I/ Aseor [ ]
b temp b temp
ff2 fif2
A | e o s ]
—sswapi&a, &b) temp = “pa swapl(&a, &b} —p temp ="pa
"pa = "pb *pa ="pb
“pb = temp “pb =temp
(a) swap(&a, &b) (b) temp = *pa;
swap () swap ()
main () e

pb
o209 o 1802 ffio - {802 ‘Il
b b
temp — /] / temp
2 s I ST

. pa
1800 main() o 1800
a

pb

- /
swap{&a, &b) temp = "pa swap(&a, &b) temp = "pa
— ‘pa="pb ! *pa = "pb
‘pb = temp

— *pb =temp

(¢) *pa = *pb; (d) *pb = temp;

Figure 9.6: Swapping of two numbers.

Pointers to void cannot be directly dereferenced like other pointer variables using the indirection
operator. Prior to dereferencing a pointer to void, it must be suitably typecasted to the required data

type. The program voidptr . cpp illustrates the typecasting of void pointers while accessing memory
locations pointed to by them. ’

¢/ voidptr.cpp: the use of void pointers to hold pointer of any type
¢include <iostream.h>

void main()

{
int i1 = 100; // define and initialize int il to 100



278 Mastering C++

float f1 = 200.5; // define and initialize float f1 to 200.50

void *vptr; // define pointer to void

vptr = &il; // pointer assignment

cout << "il contains * << *{(int *) wptr) << endl;
vptr = &£fl; /! pointer assignment

cout << "fl1 contains " << *{(float *) vptr);

)

Run

il contains 100
f1 contains 200.5

The expression * { (£loat*}vptr) in the statement
cout << *"fl contains " << *{((float *) wptr);
displays the coments of the variable £1 using a void pointer variable with typecasting. Figure 9.7

indicates various components of the expression * ( (£loat*)vptr) ). When a function is designed
to do similar operations on different data types, void pointers can be used 1o pass parameters to the

function.
pointer typecasting I | void pointer |

*((float *) wvptr)

Figure 9.7: Typecasting void pointer

9.6 Pointer Arithmetic

The size of the data type to which the pointer variable refers is the number of bytes of memory accessed
when the pointer variable is dereferenced using the indirection operator. The number of bytes accessed
by using a pointer depends on its type, but the size of the pointer variable remains the same irrespective
of the data type to which it is pointing (see Table 9.1). The size of the pointer variable is large enough 10
hold the memory address, For example, when dereferenced (in a particular implementation of the C++
compiler—on 16-bit system),

« a pointer to an integer accesses 2 bytes of memory

« apointer to a char accesses 1 byte of memory

« a pointer 1o a float accesses 4 bytes of memory

» a pointer to a double accesses 8 bytes of memory

The C++ language allows arithmetic operations to be performed on pointer variables. It is, however,

the responsibility of the programmer to see that the result obtained by performing pointer arithmetic is
the address of relevant and meaningful data.

The arithmetic operators available for use with pointers can be classified as

« Unary operators : ++ (increment) and -- (decrement).
« Binary operators : + (addition) and - (subtraction).
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Pointer
Data type Data size type
near far
char 1 2
short 2
int 2
(16-bit compiler)
4
(32-bit compiler)
long 4
float 4
double 8 2

Table 9.1: Size of data types and their pointers

The following are some of the examples of pointer arithmetic:

int a, b,
P = Qi

o)
A
A
1
=

b;
=p - q;

!
ko]
]

=p-d

+ A;
a;
a
=H
a;
-8
b:
p:
= P LR

* ® 4+ +

pOTTUTTOUTOODOOOT
n n

*@oYo o oY g

e e

*p, *qi

= (int *)(p - q);

- a;

= (int *){(p - q)

+ a;

=

// Illegal use of pointer
// Illegal use of pointer

/4 Valid

// Invalid: Nonportable pointer conversion

[/ valid

// Invalid: Nonportable pointer conversion

a; /7 valid

A/ Valid

// Invalid pointer addition
// Invalid pointer addition

// Illegal
// Illegal
// Illegal
// Illegal
// Illegal

// Valid and it is same as a

use
use
use
use
use

of pointer
of pointer
of pointer
of pointer
of pointer

(*q);

The C++ compiler takes into account the size of the data type being pointed, while performing
arithmetic operations on a pointer. For example, if a pointer to an integer is incremented using the ++
operator (preceding or succeeding the pointer), then the initial address contained in the pointer is
incremented by two and not one, assuming that an integer occupies two bytes in memory. Similarly,
incrementing a pointer to float causes the initial address contained in the float pointer to be actually
incremented by 4 and not 1 (if the size of the float variable is 4 on the machine). In general, a pointer 1o
some type, d_type (where d_type can be primitive or user defined data type), when incremented by
an integral value 1, has the following effect:

(current address in peointer) + i * sizeof(d_type)
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Consider the following statements:

sumes; OF +esum;
advances the pointer variable sum to point to the next element. If the pointer variable sum holds the
address 1000. on execution of the above statement, the variable sum will hold the address (1000+4)
1004 since the size of £loat is 4 bytes. Similarly, when a statement such as

names+; of ++name:
is executed, and if the pointer variable name points to address 2000 earlier, then it will hold the address
(2000+1). since the size of char is one byte. This concept applies ta all*arithmetic operations
performed on pointer variables.

n a pointer variable is incremented. its value actually gets incremented by the size of the type
to which it points. For example, let pi be a pointer to an integer defined with the statement

incs pis
Also, letps point 1o the memory location 1020. i.c., the number 1020 is stored in the pointerpi. Now.
2 starement which increments pi . such as

pise;
will add two top 1, making it 1022 (assuming that the size of an integer is 2 bytes). This makes p3 point
10 the next integer. Similarly, the statement

pi--;
will decrement the value of pi by 2. The pointer arithmetic on different types is shown in Table 9.2.

Pointer variable | Pointer value | Pointer increment Pointer value
after increment
char * az 10 at+;savas 11 (a+sizeof (chax))
acas3; 13 (a+sizect (chaz)*3)
ine + B; 10 bexs/eabs 12 (besizeof (ine))
Bebez; Ta(besizact (int)=2)
tona + e: cossroess la(ciaizent (long))
one Lo 3; 22(c+sizeot (lona)*3)
floae + ar 10 Aew; fovd; 14 (@rsizeof (float))
a=aiz; 18 (d+sizect (float)=2)
douple * a: 10 16 (e+sizecf (doubles)
26 (e+sizeol (double) =2)

Table 9.2: Pointer arithmetic
Pointer arithmetic becomes significant for accessing and processing array clements efficiently (a
niore detailed account of array processing with pointers is taken up later in this chapter). Note that
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pointer arnthmetic cannot be performed on void pointers without typecasting, since they have no type
associated with them.

The elements of an array can be efficiently accessed by using a pointer. The programptrarrl.cpp
illustrates the use of pointer holding the address of arrays and pointer arithmetic in manipulating large
-amount of data stored in sequence.

// ptrarri.cpp: smallest in an array of 'n' elements using pointers
#include <iostream.h>
veid main()
int i,n, small, *ptr, a([50];
cout << "Size of the array ?
cin > n;
cout << "Array elements ?\n";
for {1 = 0; 1 < n; i++)
cin >> ali];
i/ assign address of a[0] to pointer 'ptr'. This can be done in twe
/f way: 1. ptr = &al0]; 2. ptr = a;
ptr = a;
// contents of al0] assigned to small
small = *ptr;
// pointer points to next element in the array i.e., all]
pLtr++;
// loop n-1 times to search for smallest element in the array
for (i = 1; i < n; i++)

i

if(small > *ptr)
small = *ptr;
pLr++; // pointer is incremented to point to ali+l]

}

cout << "Smallest element is " << small;
}
Run

Size of the array ? 3
Array elements 7
42612

Smallest element is 1
In main (), the statement
ptr = a;
assigns the address of the 0™ element of the array to the integer poinier ptr. Hence, the statement
small = *ptr;
effectively assigns the value of a[0] to the variable small. When ptr is incremented, the value
stored inptr is incremented by sizeof (int) (i.e..=2 in DOS and = 4 in UNIX) to point to the next
clement of the array.
It is interesting 1o note that the name of the array represents the starting address of the array 1.e.. 1t

is the address of the first element in the array. Hence. the expressiun a [1] can also be represenied by
the expression * (a+1i).
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9.7 Runtime Memory Management

C++ provides two special operators new and delete to perform memory allocation and deallocation
at runtime respectively. These operators with their syntax and suitable examples are already discussed
in the earlier chapter on Moving from C to C++. An additional discussion on new operator follows:

The new operator must always be supplied with a data type in place of type-name. Items sur-
rounded by angle brackets are optional. The syntax of new operator is as follows:

<::>» new <new-args> type-name <{initializer)>
<::> new <new-args> (type-name} <(initializer)>

The components present in the syntax has the following meaning:
+ :: operator, invokes the global version of new.
+ new-args car be used to supply additional arguments 1o new. It is used when the program has an
overloaded version of new that matches the optional arguments.
+ initializer.if present, is used to initalize the memory.
A request for non-array allocation uses the appropriate operator new () function. Any request for

array allocation will call the appropriate operatornew [ ] () function, Selection of the operator is done
as follows:

+ By default, the operator new[] () calls the operator new ()

« I a class Type has an overloaded version of operator new [ ] (), arrays of Type will be allocated
|.l.‘.'|n‘:,r Type: :operator newl[] ()

» If a class Type has an overloaded version of new and 1t is not the array allocation operatornew [ ] ().
then the arrays of Type will be allocated using Type: :operator new()

+ If none of the above cases apply, the global ::operator newl) is used.

More details on dynamic objects is discussed in later chapters.

Handling Errors for the new Operator

The new operator offers dynamic storage allocation similar to the standard library functionmalloc. It
is particularly designed keeping OOPs in mind and throws an exception if the allocation fails. For more
details on handling exceptions raised by the new operator, refer to the chapter on Exception Handling.

The user can define a function to be invoked when the new operator fails. The new operator can be
informed about the new-handler function, by using set_new_handler () and pass a pointer to the
new-handler. The new operator can be configured to return NULL on failure as follows:

set_new_ handler(0) .
It sets the handler 1o NULL so that the new operator returns NULL when it fails to allocate the requested
amount of memory and thus exhibiting the behavior of the standard functionmallee (). The program
newhand . cpp illustrates the mechanism of handling the failure of memory allocation.

// newhand.cpp: new operator memory allocation test
#include <iostream.h>

#include <process.h>

#include <new.h>

void main(veoid)

{
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cout << "ptriptr is pointing to

}

Run

The variable ‘data’ contains 100
The variable ‘data’ contains 200
ptriptr is pointing to 300

In main (), the statement
int **ptriptr;

" << **ptriptr << endl;

creates a pointer variable which holds a pointer to another pointer variable. The statement

ptriptr = &iptr;

assigns address of the pointer variable iptr to ptriptr. The value pointed by iptr can also be

accessed by ptriptr as follows:
**ptriptr

The expression **ptriptr effectively accesses the contents of the variable data. The various opera-
tions on the pointer to a pointer are shown in Figure 9.8.

-
iptr ptriptr fit4 dat
- a
m [ wo [
(@) int *iptr:; (b) in:c =*prripetr;
-\-_.-ﬂ’-_q‘-
(¢) int data;
prriptr
fro IE‘L iptr
mo [as 1  — )
4
w-= ----1 data

(e) ptriptr = &

pecriptr
o s iptr
- —
fff4
200 -
(@) ~**ptriper = 2007

Figure 9.8:

iptr;

data

iptr
4
e [ e f—p e T
u_/—_-"
(d) iptr = adata;
plLripry
"”IEI—L iptr
e e
4
=100 -1 data
e
N ~iper = 100:
ptripcr
f"" iptr
o [y
L 114 )
F--300--1 dara
-_/"-.
(h) data = 300;

Pointers to pointer and dereferencing
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set_new_handler( 0 ) :
cout << “How many bytes to allocate: *;

cout << "Could not allocate. Bys ...=;
exic(l):

delete data:

How many bytes to allocate: 100
Memory allocation success. addreas = 0x16be
Bun2

How many bytes te allocate: 30000
could not allocate. Bye .

Note: A request for allocation of O bytes returns a non-null pointer. Repeated requests for zero-size
allocations return distinct. non-null pointers.

9.8 Pointers to Pointers
C++ allows programmers 1o define a pointer to pointers. which offers flexibility in handling arrays,
passing pointer variables (o functions. etc. The syntax for defining a pointer (o pointer is:

DataType *-PerToPtr:
which uses (wo * symbols (placed one beside the other). It implies that PtrToPrx is a pointer to-a
pointer addressing a data object of type DataType. This feature is often used for representing (wo
dimensional arrays. The program ot £ 2pt r . cow illustrates the format for defining and using a pointer
to another pointer.

// ptr2ptrepp: definition and use of pointers to pointers
#include <iostream.hs

void main(void)

¢

/7 iptr am a pointer to an integer, figure 9.8a
74 Defines pointer to int peinter, Ligure 9.8b

74 iptr now p o to data, figure 9.8d
7/ ptriper points to iptr, figuxe &
s/ Same as data = 100, figure 9.8f
“The variable 'data‘ contains " < <% enan;
// Same as data - 200, Eigure 9.8g
“rhe wariable 'data‘ contains - << data << endl:
tigure 5 8n
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a ofa
When a pointer variable is defined, a memory lacation for the pointer is allocated. but it will not be
initialized. Before using the pointer variable, it should be initialized. If the pointer variable has to be
lized in a function other than where it is defined. then the pointer’s address has (o be passed to the
function. The contents of the poinier 10 @ poinrer variable can be used to access or modify the poi
vpe formal variable. The program big.cpp illustrates passing the address of a pointe;
pointer can be made to point 1o a desired variable (in this program. it is the biggest of two integers),

Program to find the biggest number using pointers

int =pb, int *ewbig)
compare the contents of *pa and *pb and asslon their address to sbig
i£¢ *pa > “pb
“pbig = pa;
elae
“pbig = po:

void main()

int a. b. *big:
cour << tpnter rwo integers
Cin =e a s b:
FindBig( &a. &b, &big ):
“The vaiue as obtained from the pointer
)
Bun
Enter two incegers: 10 20
The value as obtained from Che pointer: 20
In main (). the statement
FindBig( &a, &b. &big ):
passes a. b. and big variables by address. It ussigns the address of the variable a or b 1o the pointer
variable big. In FindBia (). the statement
“phig = pa;
efféctively stores the address of the variable a in the pointer variable big. wh
main () fu

i is defined in the

9.9 Array of Pointers
An array of pointers is similar to an array of any predefined data type. As a pointer variable always
contains an address, an array of pointers is a collection of addresses. These can be addresses of
ordinary isolated variables or addresses of array elements. The elements of an array of poiniers are
stored in the memory just like the elements of any other kind of array. Al rules that apply (o other arrays
also apply (© the array of pointers.

The syntax for defining an array of pointers e same as array definition. except that the array
name is preceded by the star symhbol during definition as follows:
DataType *ArrayNamel ARRSIZE );
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An array of pointers is useful for holding a pointer to a list of strings. They can be utilized in
implementing algorithms involving excessive data movements. It is a traditional style to sort data, by
data movement. This method of sorting incurs much overhead in terms of both the time and space
complexity, as it requires temporary space for exchanging the data between the records and has exces-
sive data movement. This is especially true if the size of the data being sorted is large. Pointers can be
utilized to perform the same with much flexibility and less overhead. In this method, instead of data
exchange, pointers are exchanged to accomplish the same task. The program sortptr . cillustrates a
method of sorting data without swapping their contents.

// sortptr.cpp: sorting of strings by pointer movement
#include <iostream.h>
#include <string.h>
// bubble sort algorithm based sorting functicon. It speeds up sorting
// by exchanging the pointers instead of heavy data movement
void SortByPtrExchange( char ** person, int n )
{
int i1, j, flag:
char *temp;

for{ i = 0; 1 < n-1; i++ ) // for i = 0 to n-2
{
flag = 1:
for{ j = 0; § < (n-1-1i); Jj++ ) // for j = 0 to (n-i-2)

{

if( stromp( person(j], person[j+l] ) > 0 )

{
flag = 0; // still not sorted and requires next iteration
// exchange pointers
temp = person[j);
person(j] = person(ji+l];
person([j+l] = temp;

}
if( flag )
break; // data are in sorted order now; no need of next iteration
}
}
void main()
(
int i, n = 0;
char *person[100];
char choice;
do
{
person[n] = new char{40]; // allocate space for a string
cout << "Enter Name: ";
cin >> person(n++];
cout << "Enter another (y/n)} ? *;
cin >> choice;
} while( choice == 'y' };



cout <= “Unsorted list: *
for( i = 0: i < mn: i 4+

cout << endl << person(il:
SortmyPtrExchange ( person, n )

delete personl(i];

Enter Name: Tei
Enter another (y/m) 2 x
Enter Name: Prasad
Enter another (y/n) 7 ¥
Enter Name:

Encer another (y/m) 7 ¥

r/my Py

(v/m) 7n

In main). the statement
personin] = new char[401;
allocaies 40 bytes of memory 1o the (n+1)” element and stofes its memory address in the array of
pointers to strings indexed by n. The statement
SortByPtrExchange( person, n s
invokes the sorting function by passing the array of pointers and dala cownt as actual parameters. Note
that, array is passed to a function just by ment
array. the address of the first clement of an array can be used (o access any clement in the array by using
offset values. The data sorted by SortByPtrExchange () do not change their physical location
(see Figure 9.9). The cffect of sorting is seen when strings are accessed using pointers in a sequence.
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“has “person(100]

1000 7800 =1 & 1500 person(o]
1002 [1540 _——» 1840 person(1]
1008 [eeg 1 & 1580 person (2]
1006 [Te20 — — = 1620 person(3]

1008 [ 1560 _————» 1680 person(al
=

unsorted pointers

chas “person(100]

person(0]

erson(1]
person(2)
person(3)
personlal

Figure 9.9: Sorting using pointers

Precedence of * and [ ] Operators
In Co+-+, the notations g [3] and (*) (3] are different since * operator has a lower precedence than
[ 1 operator. The following examples illustrate the difference between these two notations:
1. int *dacaf101;
It defines an array of 10 pointers. The increment operation such as
datase; or +edaca;

invalid; the array variable 44 ca is a constant pointer.
2 int (-data)(10];:

It defines a pointer to an array of 10 elements. The increment operation such as

Aatass; or ++data;

is invalid; the variable data will point beyond 10 integers. i.e.., 10 *sizeof (int) will be added to
the variable da ta. The program show . cpp illustrates the use of defining a pointer to a matrix having
arbitrary number of rows and fixed number of colu
/ /8how.cpp: matrix of unknown number of rows and known number of columns
#include <iostream.h>
void show( int all[3], imt m )
<

int (*e)(31; // pointer to an array of 3 elementa

for( int 4 = 0: i = m: ies )
3
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for{ int j = 0; 3 < 3; Jj++ )
cout << cl[i][j] << = ";
cout << endl;
]
}
void main()

{
inc ¢[2](3]=({1,2,3}, (4,5,6}};
show(c, 2);

;)

Run
123
456
In show ()}, the statement
int (*c) [3];
defines a pointer to an array of three elements. It is useful for processing two dimensional array param-
eter declared with unknown number of rows. The statement
c = a;
assigns the address of a two dimensional array having three columns. The variable ¢ allows to access
all the array elemenits in the same way as a matrix. It allows pointer increment operations such as
C++; O ++C;

It increments pointer by 3*sizeof {(int).

9.10 Dynamic Multi-dimensional Arrays

Pointers permit the creation of multi-dimensional arrays dynamically so that the amount of memory
required by the array can be determined at runtime depending on the problem size. A two dimensional
array can be thought of as a collection of a number of one dimensional arrays each representing a row.
The 2D array is stored in memory in the row major form and it can be created dynamically using the
following steps:

1. Define a pointer to pointers matrix variable: int **p;

2. Allocate memory for storing pointers to all rows of a matrix:
p = new int *[ row ];
3. Allocate memory for all column elements:
for( int i = 0; i < row; i++ )
pli] = new int({ col ];

The model of a dynamic matrix is shown in Figure 9.10. Itis possible to access the two dimensional
array elements using pointers in the same way as the one-dimensional array. Each row of the two
dimensional array is treated as one dimensional array. The name of the array indicates the starting
address of the array. The expressions arrayname [i] and (arrayname+i) point to the i*" row of
the array. Therefore, * (arrayname+1i) +3 points to the " element in the i*" row of the array. The
subscript j actually acts as an offset to the base address of the i*® row. The two dimensional dynamic
matrix elements can also be accessed by using the notation a[1] [7].



290 Mastering C++

penew intlool]:

sizecf(ine) = 2 bytes
sizeof (int*) = 2 bytes, near pointer

= 4 bytes, far pointer
Figure 9.10: Model of dynamic matrix

// matrix.epp: matrix manipulation and dynam
#include <icstream.h>

#include <process.h>

inc **MatAlloc( int row, int col )

B

ine =p:

b = new int *[ row 1;

for( inc i = < row: ier )
[3) - new int( col J;

recurn p;

void MatRelease( int **p, int row )
¢
fort int i = 0; 1 < rows irs )
delete plil:
aelete »:

Void MatRead(int *va, int row, int col )
«

ically rescurce allocation

cin >> alil(§1:

)
¥
7/ multiplication of matrices, c3.mul(cl,
void MalMul( int **a, int m, int n, int
¢

int i, 5.
if(n
€

® )
cout << “Errer: Invalid matrix orde:
exit( 1 )7

< m; ik )
i ar des )

k< n; ke )

L3031 += alil (k] = BIkIL31:
)

3

void MatShow( int **a, ‘int row. int col )

«

int i,
for( i

i< rows i+ )

cour << enal;
fort 3 = 0; j < col; jee )
cour << alill(j] =< = "1

. as
“Enter Matrix A details...® <<
“How many rows ? -

eAllect m. m o)

)i
“Enter Matrix B details...® =<

c2y: e3 = clwcz

“*b, int p, int g, int *vc

for mulciplicacion®s

ena1;

endl;

)

200
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cout << "Matrix C=A *B ...";
MatShow( ¢, m, g );

}

Bun

Enter Matrix A details...
How many rows ? 3

How many columns ? 2

Matrix([(0,0] = 7 1
Matrix(0,1] = 7 1
Matrix[1,0] = ? 1
Matrix{l,1] = 7?1
Matrix[2,0) = ? 1
Matrix[2,1] = 7 1
Enter Matrix B details...

How many rows ? 2
How many columns ? 3
Matrix([0.0] = 7 1

Matrix([0,1) = ? 1
Matrix(0,2] = 72 1
Matrix[1,0] = ? 1
Matrix([l,1] = ? 1
Matrix[1,2] = ? 1

Matrix C = A *

222

222

222

Three-dimensional Array

A three dimensional array can be thought of as an array of two dimensional arrays. Each element of a
three dimensional array is accessed using three subscripts, one for each dimension.

As usual, the array name points to the base address of the three dimensional array. The array name
with a single subscript i contains the base address of the i®" two-dimensional array. Hence
arrayname(i] or (arrayname+i)is the address of the i® two dimensional array. The expres-
sion arrayname[1i] [j] or * (arrayname+1i)+J represents the base address of the j*" row in
the i®" two dimensional array. Similarly, the expression * (* (arrayname+3j) +k) points to the k®
element in the 3" row in the i*™ two dimensional array. The program 3ptr.cpp illustrates these
concepis.

/ / 3ptr.cpp: pointer to 3-dimensional arrays
#include <iostream.h>
void main()
{
int arr(2])(3]([2] =( {{2,1},{(3,6},(5,3}}, {{0,9},(2,3}),(5,8}});
cout << arr << endl;
cout << *arr << endl;
cout << **arr << endl;
cout << ***arr << endl;



cout << arr+l << endl;
cout << *arr+l << endl;
cout << **arr+l << endl;
cout << **T"arr+l << endl;
for{ int i=0;

{

for{ int j=0; 3§ < 3;

(

for{ int k=0;

{

i< 2; i++ )

k < 2;
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jo+ )

k++ )

cout << "arr[" << i <<
cout << *({*{*{arr+i)+j)+k) << endl;

Oxffb8
0xffb8
Oxffbs

2

Oxffcd
Oxffbe
Oxffba

3

arr (0] [0][0]

arr[0)[0] (1) =

arr[0][1] (0]
arr[0][1] (1]
arr[0][2](0)
arr(0][2] (1]
arr[1][0](0]
arr(1l]{0][1]
arr(1]1[1]1(0]
arr[1)[1](1]
arr([1](2] (0]

0w Wk W o W o b e b

arr[1](2][1] =

n][u

<< j << "][" << k << "]

293

The array arr will be stored in memory as shown in Figure 9.11. In the above program, the array
name arr is the base address of the three dimensional array. The expression *arr is the base address
of the 0% two dimensional array, **arr is the 0" row in the 0* two dimensional array and ***arr
contains the value stored in the 0** column and 0*" row of the 0** two dimensional array. The expression
arr+1 is the base address of the 1** two dimensional array, *arr+1 is the address of the 1** row in
the 0" two dimensional array, **arr+1 gives the address of 0*" row and 1** column of a zero dimen-
sional array, ***arr+1 adds 1 to its current value (2) obtained from the 0*" element in the 0*" row of
the 0*" two dimensional array. The expression within the for loop prints the contents of the three
dimensional array in the order in which they are stored in memory,
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2/' |-l— Zeroth 2-d array -—-p‘d— First 2-d array —b|
I e zlelsTa e s 2 =[5 [l
l Oxffb8 Oxffcd
|+—3—|
(a) Three dimensional array (b) Memory organisation for 3-D array

Figure 9.11: Pointer to 3-dimensional arrays

9.11 Pointer Constants

As mentioned earlier, the name of an array holds the starting address of the array. Hence if arr [3) is
an array of any data type, then the name of the array arr is the address of (and does not point to) the
0" element of the array and arr+1 is the address of the 1= element of the array. If arr is a pointer,
then arr+i cannot be replaced by an expression arr++ executing i times. Using the increment
operator with it (the name of the array) is incorrect as the starting address of the array has been placed
in the code directly by the compiler, thus making the array name a constant. The array name does not
have any storage location allocated unlike a pointer variable which itself has a storage location. Hence,
performing an increment operation on the address of the array (which is a constant) is like performing
the increment operation; 5++, which is meaningless. The program ptrinc.cpp illustrates these
concepts.

// ptrinc.cpp: pointers can be incremented but not an array
#include <iostream.h>
void main()
{
int ial3] = { 2, 5, 9 };
int *ptr=ia;
for( int i = 0; 1 < 3; i++ )
{
// cout << *(ia++); error, array address of ia cannot be changed
cout << " * << *ptr++; // note: pointer update

}

Run
259

In the above program, the elements of the array are accessed using the pointer ptr which is
assigned the starting address of the array ia. The pointer variable ptr is incremented every time to
point to the next element. The expression ia++ is incorrecl.

9.12 Pointers and String Functions
Like arrays, pointers holding address of strings are widely used for manipulating strings. C++'s library
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or user defined functions can be used for manipulating strings. These functions assume the character
\ 0 as the end-of-string indicator and hence, it is not considered as part of a string data. Therefore to
store a string of length L, allocate (L+1) bytes of memory. A pointer to the string is passed to these
functions instead of the entire string. The program strfunc.cpp illustrates string manipulations
using strandard and user defined functions.

/ / strfunc.cpp: user defined string processing functions
#include <iostream.h>
#include <string.h>
// user defined string processing functions prototype
int my_strlen( char *str );
void my_strcpy( char *s2, char *sl );
vold my_strcat( char *s2, char *sl };
int my_strcmp( char *sl, char *s2 );
wvoid main()
{
char temp[100], *sl, *s2, *s3;
cout << “Enter stringl: *;
cin »> temp;
sl = new char[ strlen(temp)+1 ];
my_strepy( sl1, temp );
cout << “"Enter string2: *;
cin »> temp;
- 82 = new char|[ strlen(temp)+1 ];
my_strcpy( s2, temp );
cout << "Length of stringl: * << my_strlen( sl ) << endl;
s3 = new char[ strlen(sl) + my_strlen(s2) + 1 ];
my_strcpy( s3, sl });
my_strcat( s3, s2 };
cout << “Strings’ on concatenation: " << s3 << endl;
cout << “String comparison using ...* << endl;
cout << * Library function: “ << strcmp( sl, s2 ) << endl;
cout << * User’s function: * << my_strcmp( sl, s2 )} << endl;
delete sl;
delete s2;
delete s3;
}
int my_strlen{ char *str )
{
char *ptr = str;
while( *ptr != "\Q0" ) // move ptr to end of string
+4+ptr;
return ptr-str; // address of last character - starting address = length
}
void my_strcpy( char *s2, char *sl )
{
while( *sl1 != *\Q0‘ )
*S$2++ = *sl++;
*s2 = '‘\0‘; // copy end of string
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void my_strcat( char *s2, char =sl )
€

4/ move end of string

whilet 252 t= *\0° )
2es

©/ append sl to s2

whilet *s1 o
“s2 = \0': // copy end of ctring

»
int my_stremp( char *sl, char *s2 )

7/ compare as long as they are equal
whilael ==1 %s2 && (*s1 1= NULL || *s2 1= NULL) )

)

Run

Enter stringl: Object
Enter string?. Oriented
Length of stringl:

Strings® on concatenation: Objectoriented

user s

9.13 Environment Specific Issues
Pointer variables, like other variables are also allocated memory whenever they are defined. The size of
the memory allocated (in bytes) to a pointer variable depends on whether the pointer just holds the
offsct part of the address, or both the segment and offsct values. The memory model in witich the
program is compiled also influences the size of the pointer variables used in that program. C++ compil-
ers (such as Borland or Microsoft C-++) running under DOS envi support six different
models. each of which determines the amount of memory allocated to the program’s data and code (see
Tuble 9.3).

lormally, all pointers defined in a program in the small model contain only the offsct part of the
address. Such pointers are known as near pointers, for which two bytes of memory arc allocated. The
use of near pointers limits the programmer to access only those memory locations, which lie within a
single segment only. (The maxin ize of a segment is 64 KB). This limitation can be overcome by the
use of pointers, which are capable of holding both the segment as well as the offset part of an address.
Such pointers are called far pointers, for which four bytes of memory is allocated. It is possible o
access any memory location. using far pointers. The far pointers can be defined (even in a small memory
model) by using the keyword £ar as follows:

int far *ifarptr; // defines a far pointer o int
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char far *cfarptr; // defines a far pointer to char

In the compact and large models, the data area can be more than 64K but any single data structure (like
array or structure) should be smaller than 64 KB. For example, if an array is defined as int far
=ary:, then ary will have both a segment and an offset part, but when pointer arithmetic is done. only
the offset part is used and not the segment part. If ary = 0x5437:0x£ffe and it is incremented
then ary will become 0x5437:0x0000 i.e., the offset part wraps around and the segment part
remains unchanged, hence any single data structure should be less than 64 K. However, such limita-
tions are overcome in other memory models such as hiuge.

Memory Segment Pointer
medel Code Data Stack Code | Data
Tiny 64K near near
Small 64K 64K near near
Medium IMB 64K far near
Compact 64K IMB near far
Large IMB IMB far far
Huge IMB 64K each 64K each far far

Table 9.3: Memory models

C++ compilers in MS-DOS normally provide three specialized, predefined macros viz., MK_FP,
FP_SEG, and FP_OFF for use with far and huge pointers. The MK_FP macro takes two unsigned
integer input arguments which are the segment and the offset addresses of the location to be accessed
and returns a value that can be used to initialize a far or huge pointer variable. Here is an example for
initializing a far pointer variable.

char far *cptr; // define a far pointer wvariable

cptr = (char far *) MK_FP({ 0xb800, 0x0000 };

It causes the far pointer ecptr to point to a byte which resides in segment 0xb800 (in hex) and
at an offset 0x0000 (in hex). Note that. the macro function MK_FP returns a far pointer to
void which must be typecasted suitably before its use.

The macros FP_SEG and FP_OFF require a £ar pointer as their only input argument, and they
return the segment and offset parts of the address contained in that far pointer. The three macros
mentioned above become available by including the header file dos . h.

The program farptr.cpp defines a far pointer to a character, initializes it with an arbitrary
address (say segment = Oxb800 and offset= 0x0000), extracts and prints the segment and
offset of the same pointer. It also prints the ASCII character residing at the address b800 : 0000.

i farptr.cpp: far pointers and related macros to access display memory
#include <dos.h>

tinclude <iostream.h>

roid main()
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char ch;

char far *cptr; // define far pointer to character
unsigned int seg_wval, off_wal;

/4 initialize far pointer

cptr = (char far *) ME_FP( OxbBOO, 0x0000 );

// fetch segment address from far pointer

seg_val = FP_SEG(cptr):

/i fetch offset address from far pointer

off_wval = FP_OFF(cptr);

ch = *cptr:

cout =< “Character at 0xbB00:0x0000 = " << ch =< endl;

cout << "Segment part of cptr = " << hex << seg_wval << endl;
cout << "Offset part of cptr = * << hex << off_val << endl;

Run

Character at 0xbB800:0x0000 = 5
Segment part of cptr = bB00
Dffset part of cptr = 0

Note: The ASCII character printed by the above program will be the same as the first character on the
top left corner of the monitor. It is because the address b8000 : 0000 is a location in the video memory,
which holds the: ASCII value of the character appearing in the top left corner in the text mode.

9.14 Pointers to Functions

A pointer-to-function can be defined to hold the starting address of a function. and the same can be
used to invoke a function. It is also possible to pass addresses of different functions at different times
thus making the function more flexible and abstract. The syntax of defining a pointer to a function is
shown in Figure 9.12.

pointer to function

ReturnType (*PtrToFn) (arguments_if_any);
Figure 9.12: Syntax of defining pointer to function

The definition of a pointer to a function requires the function’s return type and the function’s
argument list to be specified along with the pointer variable. It should be remembered that the function
prototype or definition should be known before its address is assigned to a pointer.

Once a pointer 1o a function is defined, it can be used to point to any function which matches with
the return type and the argument-list stated in the definition of the pointer to a function. Consider a
statement such as

int (*any_func) (int, int)
It defines the variable any_funec as a pointer to a function. The variable any_ funec can point to any
function that takes two integer arguments and returns a single integer value. For instance. it can po:nt
to the following functions:

int min{ int a, int b };
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int max{ int a, int b };
int add( int x, int vy };

Address of a Function

The address of a function can be obtained by just specifying the name of the function without the
trailing parentheses. The following statements assign address of the functions to pointer to the
function variable any_ func since prototype of all of them is same:

any_func = min;

any_func = max;

any_func add;

L]

Invoking a Function using Pointers

The syntax for invoking a function using a pointer to a function is as follows:
(*PtrToFn) arguments_if_any);
or
PtrToFn(arguments_if_any);

Consider the following pointer to functions
int (*pfuncl){ int );
float (*pfunc2)( float, float );

If these hold addresses of an appropriate function, the statements
(*pfuncl) ( 2 );
(*pfunc2) ( 2.5, a };
pfuncl({ i };

invoke functions pointed to by them. The parameters can be constants or variables.

In the definition of pointers to functions, the pointer variable along with the symbol * plays the role
of the function name. Hence, while invoking functions using pointers, the function name is replaced by
the pointer variable. The program rfact . cpp illustrates this concept.

/+ rfact.epp: pointer to function and its use
#include <iostream.h>
long fact( int num )
{
if{ num ==.0 )
return 1;
else
return num * fact{ num - 1 );
}
void main{ veoid )

{

int n;

long (*ptrfact) (int); // definition of pointer to function
ptrfact = facr; // address of function to pointer assignment
cout << “Enter the number whose factorial is to be found: *;

oin => n:

long £i = (*ptrfact)(n);

cout << "The factorial of " << n << " is " << fl << endl;
cout << "The factorial of " << n+l << * is * << ptrfact(n+l) << endl:
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Run
Enter the number whose factorial is to be found: 5
The factorial of 5 is 120
The factorial of 6 is 720

In the above program, a pointer ptrfact is defined 1o point to a function which takes an integer
argument and returns an integer value. Then the address of the function fact is assigned to the
pointer ptr fact. The function fact computes the factorial of a given positive integer. The function
fact is invoked using the pointer variable ptrfact,

Recursive call tomain ()
When an attempt is made to invoke main () within a program, generally compilers generate an error
message such as:
cannot call main from within the program

Because in C++, main () cannot be invoked recursively; however it is compiler dependent. The
following operations cannot be performed on main ():

« main{) cannot be invoked recursively.

« main{) cannot be overloaded

emain () cannot be declared inline

emain () cannot be declared static

The first restriction can be violated by using a pointer to functions. The program rmain.cpp
invokes main () recursively using a pointer to functions.

/ / rmain.cpp: recursive call to main() using a pointer to functions
#include <iostream.h>
void main()
{
void (*p)();
cout << "Hello...";
p = main;
(*p) ()
}

Run

Hello...Hello...Hello.. .Helle.. .Hello...Hello...Hello.. . Hallo.. .Hello.. . Hello...

The above program generates Hello. . . message indefinite number of times. It stops when stack
overflow occurs. In main (), the statements
p = main;
(*pl{};
assign the address of main to the pointer p and transfer control tomain {} using pointer to a function
respectively.

Passing Function Address

The address of a function can be passed as an argument to functions, either by a function name or a
pointer holding the address of a function. The program passfn.cpp illustrates these concepts. It
takes two integer parameters and returns the largest and smallest among them.
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passfn.cpp: passing pointer to function type parameters

sincilude <lostresam.h>
smalli int a, int b
return a < b ? a : kb

nt large( int a, int b
13
return a > b ? a : b:

int select({ int (*fn) (int, int), int x, int y )

int value = fn( x, vy !:
recurn value;

void maini void )

int m, n;
int (*ptrf) (int, int); /7 definition of pointer to function

cout << "Enter two integers: ";
cin »>> m >> n;

int high = select{ large, m, n ); // function as parameter
ptrf = small;
int low = select!{ ptrf, m, n }; // pointer te function as parameter
cout << "Large = " << high << endl;
cout << "Small = * << low;
Run
Enter two integers: 10 20
Large = 20
Small = 10

In the above program, the function declarator

int select( int (*fn} (int, int), int x, int y )
indicates that it takes the pointer to a function as the first parameter and the remaining two nteger
parameters. In main (). the statement

int high = select( large, m, n ); // function as parameter
passes the address of the function large () and two integer variables as actual parameters. The
pointer to the function parameter large operates on the last two parameters m and n and returns an
integer result. Similarly, the statement

int low = select( ptrf, m, n }; // pointer to function as parameter
passes a pointer to a function variable pt r £ (note that, pt r £ is initialized to the address of small () ).
Such a mechanism is useful in selecting the type of operation to be performed at runtime.

9.16 Pointers to Constant Objects

Consider the statement
const int* pi; // it is the same as: int const * pi:
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It defines pi as a pointer to a constant integei, Lel pi be initialized by the statement
int 1] 20 ]:
pi = 1;
i.e., *pi would refer 1o the integer i [0]. Due to the definition of pi (which. as mentioned above. is
=onst int* pai;). statements such as
*pi = 10; or even pi[ 10 ] = 20;
are invalid. It results in compile time errors. But pi itself can be changed. i.e.. a statement such as
pi++;
is perfectly valid. Such pointers can be used as character pointers, when the pointer has to be passed
to a function for printing. It is a good praclice to code such a function for instance, print () as
follows:

volid print( const char™ str )

{

cout << str;

}

It accepts a const char * (pointer to constant character). The string being pointed to cannot be
modified. This is a safety measure, since it avoids accidental modification of the siring passed to the
function. In the function, the pointer str can be changed and a statement such as

Str++;.

is valid. But this does not affect the calling procedure, since the pointer is passed by value.

9.17 Constant Pointers

The statement

int* const pi = i;
defines a constant pointer 1o an integer (assume that i is an integer array). In this case, the use of a
statement such as

*pi = 10;
is perfectly valid, but others that modify the pointer, such as
pi++;

are invalid and result in compile time errors.

A pointer definition such as
const int* const pi = i;
will disallow any modifications to pi or the integer to which pi is referencing. (Assume as before that
i is an inleger array).

9.18 Pointer to Structures

A pointer can also hold the address of user defined data types such as structures. Similar to pointers to
standard data types, pointers to user defined data types can be initialized with address of statically or
dynamically created data items. Note that in C++, structures can combine both the data and functions
operating on it into a single unit. Both the data and function members of structure are accessed in the
same way. The syntax for defining pointer to structures is shown in Figure 9.13.



Chapter 9: Pointers and Runtime Binding

name of the structure pointer to structure

StructureName *ptrl, ...;

Figure 9.13: Syntax of defining pointer to structure

The syntax for accessing members of a structure using a structure pointer is as follows:
StructPrrvar->MemberName;

303

The symbol -> is called the arrow operator. ( The dot operator connects a structure with a member of
the structure; the arrow operator connects a pointer with a member of the structure). The program

bdate.cpp illustrates the mechanism of creating user defined data type variables dynamically.

// bdate.cpp: displaying birth date of the authors
#include <iostream.h>
struct date
{ //specifies a structure
int day:
int month;
int year;
void show()
{
cout << day << "-" << month << "-" << year << endl;
}
}i
void read( date *dp )
{
cout << "Enter day: ";
cin »> dp-=>day:
cout << "Enter month: ";
cin >> dp->month;
cout << "Enter year: *;
cin »> dp->year;
}
void main()
{
date dl, *dpl, *dp2;

cout << "Enter birth date of boy..." << endl;
read( &dl );

// read date2

dp2 = new date; // allocate memory dynamically
cout << "Enter birth date of girl..." << endl:

read( dp2 };

cout << “Birth date of boy: *;

dpl = &d1; // dpl points to statically allocated structure
dpl->show() ;

rout << "Birth date of girl: “;

a; 2->show() :
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Figure 9.14: Linked list with self-referential structures

L It supports creace. de-

The program 1ise.cpp illustates the manipulation of a linked |
i self referential structare.

lece. and display operations on the linked list. The structure LIST i
since it has @ pointer (o the next node as one of the data items.

/7 listepp: self referantial structure-linked list
#include <iostream,h~
#include <new. h>
#include <process.hs
Gefine SUCC( node ) node->next
struct LIST
¢
int data; // node data
LIST *next; // pointer to next node

3
/7 creates node using data and returns pointer to first node of the list
LIST + InsertNode( int data, LIST »first

«
LIST *newnode;
newnode - new LIST: /7 allocate memery for node
3F( newnode NULL )

cout << "Error: Out-of-memory® << endl:
exit (1)

newnode->data = data; // Tnitialize list data member
firet:; // new node becomes first node

)
/7 deletes node whose data matches input data and returns updated list
LIST * DeleteNode( int data, LIST *fizst )

«
/7 work space for insercion

LIsT venrrent, =pred
Aif( 1fizst
«

cout << "Empty list®
recurn firse;

urrent, current - SUCC( cur

)
for(pred-current=first;current; pred:
£( currenc >daca

// node found, release this node
i£( curr irst ) 7/ if node to be deleted is first node

ent =
rst - SUSC( curzrent );// then update 1list point;
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delete dp2; // release memory

}

BRun

Enter birth date of boy...

Enter day: 14

Enter month: 4

Enter year: 71

Enter birth date of girl...
Enter day: 1

Enter month: 4

Enter year: J2

Birth date of boy: 14-4-71
Birth date of girl: 1-4-72

In main (), the statement
date dl, *dpl, *dp2:
creates variable d1 and two pointers of type structure date. The statement,
dp2 = new date; // allocate memory dynamically
creates the structure date type item dynamically and stores its address in a pointer variable dp2. The
statement
dpl = &dl; // dpl points to statically allocated structure
assigns the address of statically created variable d1 to the pointer variable dp1. The statement,
dpl-=show() ;
accesses the member function show () of date using the pointer variable dpl. The statement
delete dp2;
releases the memory allocated to the pointer variable dp2.

Arithmetic Operations on Pointer to structures

Consider the statement
data *dl;

It defines the pointer variable dl to the structure date. The statement
++dl->day;

increments the contents of the member variable day and not 41. However, the statement
(++dl) ->day;

increments dl first, and then accesses day. The statement
dl++->day;

increments d1 after accessing the member variable day. The statement
dl++; or ++dl;

increments d1 by sizeof (date).

Self Referential Structure

A structure having references 1o itself is called a self-referential structure. It is useful for implementing
Jata structures such as linked list, trees, ete. A linked list consists of structures related to each other
shrough pointers. The self referential pointer in the structure points to the rext node of a list. The
organization of a linked list is shown in Figure 9.14.
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else
SUCC( pred ) = SUCC( current ); // bypass the node
deleta current; // release allocated memory

yerurn firar

recurn( firse )i

pisplay <
veid pisplayList( LIST *first )
LIST “lisc
for( liae = first: list: list = SUCC( list ) )
cout << towt << list--data;
cout << endl:

51 main()

<

LIST -list = NOULL: // list is empty

int choice, data;

set_new_handler( 0 ):; // makes new to return to NULL if it fails
cout << "Linked-1list manipulations program...\n";

while (1)

«

cout << "List operation, 1- Insert, 2-Display, 3-Delete, 4-Quit:
>> choices
switch( cheice )

“Enter daca for node to be crearaed: -

ca;
InsertNode( data, list ):

“List contents
DisplayList( lise );

"Fnter data for node to be delate: "
Qata;
DeleteNode( data, list )1

“End of Linked List Computation

"Bad Optien Selectedin
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Bun

Linked-list manipulations program...

List operation, 1- Insert, 2-Display, 3-Delete, 4-Quit: 1
Enter data for node to be created: 5

List operation, 1- Insert, 2-Display, 3-Delete, 4-Quit: 1
Enter data for node to be created: 7

List operation, 1l- Insert, 2-Display, 3-Delete, 4-Quit: 1
Enter data for node to be created: 3

List operation, 1- Insert, 2-Display, 3-Delete, 4-Quit: 2
List contents: ->3->7->5

List operation, 1- Insert, 2-Display, 3-Delete, 4-Quit: 3
Enter data for node to be delete: 7

List operation, 1- Insert, 2-Display, 3-Delete, 4-Quit: 2
List contents: ->3->5

List operation, 1- Insert, 2-Display, 3-Delete, 4-Quit: 4
End of Linked List Computation !!.

In main (), the statement
list = InsertNode( data, list );
takes an integer type data and a pointer to the first node as input parameters. It returns a pointer to the
updated linked list. Initially, the second parameter has to be set to NULL indicating a empty linked list.

The statement
list = DeleteNode( data, list );
deletes a node which matches with the parameter data and returns the address of the first node in the
linked list to the pointer 1ist. The statement
DisplayList( list );
prints the data information contents of a linked list on the console.

9.19 Wild Pointers

Pointers have to be handled very carefully since, issues associated with them are confusing. Especially,
the scope and extent of a data object, to which a pointer is pointing to is a crucial aspect. Pointers exhibit
wild behavior if these crucial issues are not taken into consideration while accessing data. A pointer
becomes a wild pointer when it is pointing to an unallocated memory or when it is pointing to a data
item whose memory is already released. Side effects of such pointers are creation of garbage memory
and dangling reference. The memory becomes garbage memory when a pointer pointing to a memory
object (data item) is lost; i.e., it indicates that the memory itern continues to exist, but the pointerto it is
lost; it happens when memory is not released explicitly. A memory access using a pointer is known as
dangling reference when a pointer to the memory item continues to exist, but memory allocated to that
item is released; i.e., accessing memory object, for which no memory is allocated. Pointers become wild
pointers under the following situations:

+ When a pointer is uninitialized

« Pointer modification

+ Pointer referencing to a data which is destroyed

(1) When pointer is uninitialized: It contains an illegal address and it is difficult to predict the outcorne
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of a program. For instance, in the definition

int *p;
it is impossible to predict which integer value the pointer p is pointing to. The pointer wildl.cpp
illustrates accessing data through the uninitialized variables.

// wildl.cpp: accessing uninitialized pointer
#include <iostream.h>
void main()
{
int *p; // peinter is uninitialized
for({ int 1 = 0; i < 10; i++ )
cout << p(i] << * *; // accessing uninitialized pointer

}
Run (under MS-DOS)
0 21838 19532 17184 17736 19267 0 14 0 -1

Run (under UNIX)
-2130508557 73728 8192 O 105384 8224 0 0 -113979%3920 -B0O506873

It can be observed that, the output generated by the program is different from system to system. The
use of a statement such as
pll] = 10;
might modify some sensitive data pertaining to a system leading to corruption of the whole system or
the program may behave erratically. Under UNIX system, such errors will lead to segment violation error
as illustrated in the program wild2.cpp.

// wild2.cpp: assigning data using uninitialized pointers

#include <iostream.h>

#include <string.h>

void main()

{
char *name;
strepy ( name, “Savithri * ); // assigning without memotry allocation
cout << name; '

)

Run (under MS-DOS)
Savithri Null pointer assignment

Aun (under UNIX)
Segmentation fault (core dumped)

In main (), the statement

strcpy( name, "Savithri " );
assigns the string *Savithri " to a pointer to string, for which memory is not allocated. From the
output, it can be noted that, in the UNIX environment the program immediately terminates by core
dumping when such a situation is detected. Hence, use a statement such as

name = ncw char{ 10 ];
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to avoid such runtime errors before trying to store anything in the memory.

(2) Pointer modification: The inadvertent storage of a new address in a pointer variable is referred to as
pointer modification. This situation will occur when some other wild pointer modifies the address of a
valid pointer. It transforms a valid pointer to a wild pointer.

{3) Pointer referencing to a data which is destroyed. In this case, the pointer tries to access memory
object or item which no longer exists. It is illustrated in the program wild3. cpp.

¢/ wild3.cpp: assigning destroyed cbject
#include <iostream.h>
#include <string.h>
char * nameplease();
char * charplecase();
void main()
{
char *pl, *p2:
pl = nameplease();
p2 = charpleasel();
cout << "Name = " << pl << endl;
cout << "Char = " << p2 << endl;
}
char * nameplease ()
{
char name[] = "Savithri =*;
return name;
}
char * charplease()

r
.

char ch;
ch = 'X*;
return &ch;

}

Name = SavivN'
Char = i

In the function nameplease (), invoked by the statement

pl = namepleasel();
when the address of the variable name is returned, the control comes out of the functionnameplease (|
and hence, the variable name dies (since it is an auto variable). Thus p1 would contain the address of
the variable which does not exist. In effect, this is a situation of dangling reference. In such a situation
the compiler issues a warning such as

Suspicious pointer refsrence

or

Returning a reference to a local object
It implies that a pointer or reference to a local (auto) variable/object should never be returned. As scon
as the function is terminated, the memory assigned to the local variable is released or gets destroyed,
and any reference or pointer points to some invalid data. However, returning a copy (return by value) of
a local variable/object is valid. '
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Another important point to be noted is that, avoid storing the address of a variable or an object inte
apointer in the inner hlock, and using the same in the outer block. The program wi 14 . cpp illustrates
the wild pointer accessing garbage location.

// wilda.epp: out of scope of a block variable access

char name(] = "Savithri

3
/7 Qo some processing here
cout << "Name = * << pl << endl;

Name = saviches:

In main (). the statement
cout << *Name = * << pl << endl;

accesses the data pointed to by the pointer variable p1. The variable pl is assigned to point o the
variable name defined within an inner block. When the execution of this block is completed. all the
variables are destroyed and hence, accessing of dat din the becomes invalid data.
In some situation, the programs might execute properly. but they may corrupt other program’s data and
lead to system crash.

“The above discussion also holds good for pointer (© objects. Like variubles, whenever ohjects gocs
out of scope, they are destroyed. Referencing such objects is like accessing invalid data variable and
hence, such reference should be avoided.

Review Questions
9.1 What are pointers ? What arc the advantages of using pointers in programming ? Explain
addressing mode required to access memory locations using pointers.
9.2 Under what sitations, the use of pointers is indispensable 2
9.3 Write a program to print address of the variables defined by the following statemen:
a. 10;
float < = 2, a:
9.4 Explain the syntax for defining poinier variables. How different are these from normal variables?
9.5  Whatis dereferencing of pointers ? Write a program to dereference the pointer variables in the
following statements (print value pointed to by pointer variables
inc

a = &i: b o= &C
9.6  Whatare the differences between passing parameters by value and by pointers ? Give examples.
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What are the different arithmetic operations that can be performed on pointer variables ? Con-
sider the following definitions:

int *a, *b, c¢; float *e; char *p;
The pointer variables a, b, and ¢ are initially pointing to memory locations 100, 150, and 50
(assume) respectively. What is the address stored in the pointer variable (a, b, and ¢) on execu-
tion of the following statements ?

a++;

b= --a;

cout << *be+;

cout << *++p;

e++;

a = &c;
Consider the following definitions:

int *a, *b, c; floa: *e; char *p, int il, *ip;

char ch; long 1; double *d; long double lb;
What is the return value of sizeof () operator when applied to the variatles created by the
above statements individually? For instance, the return value of sizeof (int) orsizeof (il)
is 2 (in DOS) and 4 (in UNIX). Comment on such differences.
What is runtime memory management ? What support is provided by C++ for this and how does
itdiffers from C's memory management ?
Write a program for finding the smallest and largest in a list of N numbers. Accept the value of
N at runtime and allocate the necessary amount of storage for storing numbers.

Write an interactive program for manipulation of matrices. Support addition, subtraction, and
multiplication operations on them. Create matrices dynamically.

‘Write a program for sorting names of persons by swapping pointers instead of data. Use Comb
sort algorithm for sorting. (Comb sort is explained in the chapter Arrays and Strings).

Explain syntax for defining pointers to functions. Write a program which supports the following:
a = compute( sin, 1.345 );
b = compute( log, 150 };
c = computer( sgrt, 4.0 );
Consider the function show (), which is defined as follows:
void show( int a, int b, int ¢)
{

cout << a << " " << b << " " << g

}

int *i, j;

i=&7;

j o= 2;

int k(] = {1, 2, 3 };
What is the output of the following statements: (Note that actual parameters are evaluated from
right to left while assigning them to formal parameters)

show( *i, j, *k ):

show( *1i, *i++, *i);

show( *k, *k++, *k++ );
‘What are the differences between pointers to constants and constant pointers 7 Give examples.

Write a program for creating a linked list and support insertion and deletion operaticns on it
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Nodes of linked list have to be modeled using nested structures,
Define the following: (a) Wild pointers (b) Garbage (¢) Dangling reference. Consider the follow-
ing program:
#include <iostream.h>
void main()
{
int * a;
const int *b;
int *const p;
int ¢ =2, d = 3;
cout << a; b = &c; p = &d;
*b = 10;
b = new int;
*b = 10;
delete b;
cout << *h;
a = new int[10];

al9] = 20;
afl0] = 30;

a = new int[5];
a++;

++b;

cout << *a;
}
Observe the above program carefully and find out where all garbage, dangling reference, and
wild pointers exist. Identify statements which are treated as errorneous by the compiler.

Write the function locate (s, pattern), which returns -1 if the string pat tern does not
exist in s, otherwise returns location at which it is found.
Consider the following statements:

char *name;

chat stx[20]:;

name = new char| strlen(str)+1l ];

strcpy( name, str );
Why one more extra byte is allocated to the stringname ? What will happen if one extra byte is
not allocated ? What is the effect of the following statements during runtime:

char *s;

cin »> s5;
Does the second statement leads to any runtime error 7 Give reasons.
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Classes and Objects

10.1 Introduction

Object-oriented programming paradigm is playing an increasingly significant role in the design and
implementation of software systems. It simplifies the development of large and complex software sys-
tems and helps in the production of software, which is modular, easily understandable, reusable, and
adaptable to changes. The object-oriented approach centers around modeling the real world problems
in terms of objects (data decomposition), which is in contrast to older, more traditional approaches that
emphasize a function oriented view, separating data and procedures (algorithm decomposition). Ob-
ject oriented modeling is a new way of visualizing problems using models organized around the real-
world concepts. Objects are the result of programming methodology rather than a language.

Data

datal
data2
data3l

Functions

funcl ()
func2 ()

func3 ()

Figure 10.1: Class grouping data and functions

Object-oriented programming constructs modeled out of data types called classes. Defining vari-
ables of a class data type is known as aclass instantiation and such variables are called objects. (Object
is an instance of a class.) A class encloses both the data and functions that operate on the data, into a
single unit as shown in Figure 10.1. The variables and functions enclosed in a class are called data
members and member functions respectively. Member functions define the permissible operations on
the data members of a class.

Placing data and functions together in a single unit is the central theme of object-oriented program-
raing. The programmers are entirely responsible for creating their own classes and can also have access
to classes developed by the software vendors.
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Classes are the basic language construct of C++ for creating the user defined data types. They ae

an extension of st The s that, all the members of structures are public

v dlegnils whereas, the momers of c1asscs are prtvare by defilt. Clans Tohowa the principle that tie
informartion abowt a module should be private to the module unless it is specifically declared public

10.2 Class Specification

C++ provides support for defining classes. which is a significant feature that makes C++ an object
oricnted language. In C terms. a class is the natural evolution of a structure. Classes contain not only
data but also functions. The functions are called member functions and define the set of operations
that can he performed on the data members of a class. Thus, a class can he deseribed as a collection of
datn members along with functions. Th of C-+. which all of data and
functions into a single unit is called encapsulation. Sometimes. classes may not contain any data
members or member functions (and such classes are called as empiy classes). The syntax of a class
specification is shawn in Figure 10.2

Name of the user

defined cla

class classwame
/7 body of a class
L+ ¢ semicoton required here

Figure 10.2: Syntax of class specification

The class specifies the type and scope of its members. The keyword class indicates that the name

which follows (C1aselame) is an absiract data type. The body of a class is enclosed within the curly

braces followed by cnd of a class The body of a class contains decla-

ration of variabias and funciions, colte y known as members. The variables declared inside a class

re Kmown s diris memtbers, and funciions e known semember fumetions. These members are usually
grouped under two sections. prévate and public. which define the visibility of members.

The private members are accessible only to their own class’s members. On the other hand, public
‘members are not only accessible to their own members. but also from outside the class. The members in
the beginning of class without any access specifier are private by default. Hence. the first use of the
keyword private in aclass is optional. A class which is totally private is hidden from the external
world and will not serve any uscful purpose.

The following illustrates the ofaclass
and name as its data members:

£ havingroll_no

class student
R

int roll_s /7 roll number
char mamel 50 1: 77 mame of a studenc
public
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e data member name appears in the student class and in the Person class declarations. but th
seope is limited (o their respective classes. However, more than one class with the same class-name in
@ program is an error, 1. A class can have multiple member
Tumctsame (but ot data mermbers) sith the Same name a5 long as they Siffer i 1erms of signature . this
feature is known as method overloading.

h of the itialized during thei but they
can be initialined by ite member Fanctions as .
class GeoObject
«
flaar x, v // Brror: data members cannot be initialized here
TelF il /Sl Teint Coeriain

«
x -y =o0.0;
)

The dat bers x ory of the b j <t cannot be initialized at the point of their declaration,
but. they can be initialized in s fumctions 2% indieated in the SetOrigin () member function.

10.3 Class Objects

A class specification only declares the structure of objests ud it must be instantiated in order to make
of the services provided by it. Th of creating of the class

Imsranticrion. 1t s the definiion of an Ghject that actually treates ohjects in the program hy seting

reide memory space for is storage. Hence. a class is 1ike a blueprint of a house and 1 indicates how e

dates and functions are used when the class is instantiated. The necessary resources are allocated only

when a class is The syntax for of aclass is shown in Figure 10.4. Note that

the keyword class is optional.

Name of the user Name of the user-defined

m defined class object

class 1

aName ObjectName, ...;

Figure 10.4: Syntax for creating objects

tion for creating objects is shown below:

An cxample of class insta
class student s1;
udent s1;
It creates the ohject s1 of the class student. More than one object can be created with a single
statement as follows:
class student =1, =2, =3, s4;

or
student s1, s2, =3, sa;

It creates multiple objects of the class student.
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void setdata( int roll mo_in, char *name_in )
¢

roll_no = roll_no_in;
strepy( name, name_in )

3
void outdata()
t

cout << Roll No - - <« rollno << endl;
cout << "Name = * << name << end.

)
)
A class should be given some ful name, (for inst ©)

it holds. The clase name s Cudent becomes anew data type idenificr, which satisfiss the propertics of
abstraction; it can be used to define instances of class data type. The class student contains two
data members and two member functions. The data members are private by default while both the
member functions are publ n setdata() can be used to assign
values 1o the date membe: o
displaying the valuc of data members. The data members of the class student cannot be accessed by
any other function except member functions of the student class. It is a general practice to declare
functions as public. Three different notations for representation
of the s tudenct class is shown in Figure 1

inc roi.

:
=

(@) ®) ©

setdata()

Figure 10.3: Different representations of the class student

The name of data and member functions of a class can be the same as those in other : the
members of different classes do not conflict with each other. Essentially, a class identifies it the data
bes inted with i ion. The £ ple illustrates thi:
class Person
B

privace:
char name(2017
int age
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The definition of an object is similar to that of a variable of any primitive data type. Objects can also
_be created by placing their names immediately after the closing brace like in the creation of the structure
variables, Thus. the definition

zlass student

} sl, 82, s3, s4;
creates objects s1,s2,s3, and s4 of the class student. In C++, the convention of defining objects at

the point of class specification is rarely followed; the user would like to define the objects as and when
requiired, or at the point of their usage.

An object is a conceptual entity possessing the following properties:

« itisidentifiable.

+ it has features that span a local state space.

+ it has operations that can change the status of the system locally, while also inducing operations in
peer objects.

+ it refers to a thing, either a tangible or a mental construct, which is identifiable by the users of the
target system.

10.4 Accessing Class Members

Once an object of a class has been created, there must be a provision to access its members, This is
achieved by-using the member access operator, dot (.). The syntax for accessing members (data and
functions) of a class is shown in Figure 10.5. '

— Name of the user defined object

member access specifier

_,—E data member of a class
e

ObjectName . DataMember

(a) Syntax for accessing data member of a class

—»Name of the user defined object

member access specifier

— name of the member function
|—b arguments to the function

ObjectName  FunctionName(Actual Arguments)

(b) Syntax for accessing member function of a class

Figure 10.5: Syntax for accessing class members’
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If a member to be accessed is a function, then a pair of parentheses is to be added following the
function name. The following statements access member functions of the object s1. which is an in-
stance of the student class:

sl.setdata( 10, "Rajkumar" };

sl.outdatal();
The program student . cpp illustrates the declaration of the class student with the operations on
its objects.

¢/ student.cpp: member functions defined inside the body of the student class
#include <iostream.h>

#include <string.h>

class student

{

private:

int roll_no; // roll number

char name[ 20 ]; // name of a student
public:

// initializing data members
void setdata{ int roll_no_in, char *name_in )
{
roll_no = roll_no_in;
strepy | name, name_in );
}
// display data members on the conscle screen
void outdatal)
{
cout << "Roll No = " << roll_no << endl;
cout << "Name = * << name << endl;
}
}i
void main()
{

student sl; // first object/variable of class student
student s2; // second objett/variable of class student
sl.setdatal( 1, "Tejaswi" ); // object sl calls member setdataf()
s2.setdata( 10, "Rajkumar* }; //object s2 calls member setdata()
cout << "Student details..." << endl;
sl.outdatal(); // object sl calls member function cutdataf()
s2.outdata(); // object s2 calls member function outdatal()
) .
Run

Student details...
Roll No = 1

Name = Tejaswi
Roll No = 10

Name = Rajkumar

The various actions performed on objects of the class student are portrayed in Figure 10.6 with
the client object accessing the services provided by the class student.
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. the statements

firsc object/variable of class student

74 second object/variabl class student

create two objects called 51 and s2 of the studenc class. The statements

s1.setdatal 1, "Tejaswi® ); //object function setdata

16, *maikumax }: //object 83 calls member function secdaca

e the data members of the objects =1 and =2. The objcct =1 = data member roll_no is
ned 1 and name is assigned Tejaswi. Simi

n.\-ugnad 10 and name is assigned Ra3kumar.

iarly, the objcct =2 s data member roll no is
Instance of the class student

Client program
cecaacatroll no.name)

private member
iables

int roll_no

char name(20]

Figure 10.6: Student object and member access
The statements

s1.outdatal : /7 object s1 calls member function cutdata

a2 ouraacac) 77 objact a2 calla mamber function ourdata
<call their member outdata () (o display the contents of data members namely, £011 _no and name of
student objects =1 and =2 in succession. Thus, the two objects =1 and =2 of the class student have
different data values as shown in Figure 10.

Client-Server Model

In conventional programming languages, o function is invoked on a piece of data (function-driven
‘communication), whereas in a PL.

r0.an
abstrac-

riven iom) i o s e
Irom wherces, object oriented programming is based on data abstraction.

The object accessing its class members resembles a client-server model. A client secks a service
whereas, a server provides services requested by a client. In the above example, the class student
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resembles a server whereas, the objects of the class student resemble clients. They make calls to the
server by sending messages. In the statement

s2.setdata( 10, "Rajkumar" ); // object s2 calls member function setdata
the object s2 sends the message setdata to the server with the parameters 10 and Rajkumar. As
a server, the member function setdata() of the class student performs the operation of setting
the data members according to the messages sent to it. Similarly, the statement

s2.outdata();
can be visualized as sending message (outdata) to object 52 's class to display object contents. The
term message is commonly used in OOPs terminology to provide an illusion of objects as discrete
entities, and a user communicates with them by calling their member functions as shown in Figure 10.8.
Thus, by its very nature, OO computation resembles a client-server computing model.

objects of class student

student sl; student s2;
roll _ne roll_no
name name

Figure 10.7: Two objects of the class student

In OOPs, the process of programming involves the following steps:

«+ Creation of classes for defining objects and their behaviors.

« Creation of class objects; class declaration acts like a blueprint for which physical resources are not
allocated.

« Establishment of communication among objects through mcssage passing
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nilar to the real world objects. OO objects also have a life cycle. They can be created and de-
(2 between the objects can take place as

cation among the objects takes place in the same way as people
ing with i an efficient

long as they are alive (active). Commur
Ppass messages to one another. The concept of

way of modeling real-world problems on computers.

student s2:

class scudent

_ v Server Services

setdata O

Client's Data Server
Getdata()
s2.setdata ( 10, "Rajkumar® ): Client
— i
Object — i
2 Message Information
Figure 10.8: model for icati

A message for an object is imterpreted as a request for execution of a proce lure. The subroutine or
function is mvoked soon after recerving the message and the desired results are generated within an
object. It comprises the name of an object. the name of a function, and the information to be sent to an
object.

40.5 Defining Member Functions
The data members of a class must be declarcd within the body of the class, whercas the member
functions of the class can be defined in any one of the following ways:

« Inside the class specification

« Outside the class specification

The syntax of a member function definition changes depending on whether it is defined inside or
outside the class specification. However, irrespective of the location of their definition (inside or out-
side a class), the member function must perform the same operation. Therefore, the code inside the
function body would be identical in both the cases. The compiler treats these two types of function
deiinitions in a different manner.
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Member Functions Inside the Class Body
The syntax o i similar o a normal function definition except
that it is enclosed within the body of a class and is shown in Figure 10.9. All the member functions
defined within the body of a class are treated as inline by default except those members having looping
statements such as for, while, etc., and it also depends on compilers.

class ClassName

privace:
int SetAge(int agein) ——  Member function
age = agein; // body of the function
public:
int bs
void myfunmc() ——=  Member function
<
// body of a function

) i
Figure 10.9: Member function defined within a class

e program aatel . cpp demonstrating the definition of member functions with the class speci
fication of the date class. It has private data members Aay, month, year and inline member func-
tions, see () which initializes data members and show (), which displays the value stored in the data
members.

/7 date1.cpp: date class with member functions defined inside a class
#include ~iostxeam. h=
class dace

public:
void set( int DayIin, int MenthIn, int YearIn }

day = payIn:
month = MoncthIn:
year = Yearin;

)
veia show()
€

cout <= day << "-* <= month <<
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void main()
{
date dl, d2, d3; // date objects dl, d2, and d3 creation
// set date of births
dl.set{ 26, 3, 1958 );
d2.setc{ 14, 4, 1971 );
d3.set( 1, 9, 1973 );
cout << "Birth Date of the First Author: ";

dl.show();
cout << "Birth Date of the Second Author: ";
d2.show();
cout << "Birth Date of the Third Author: *;
d3i.show();

1

Bun

Birth Date of the First Author: 26-3-1958
Birth Date of the Second Author: 14-4-1971
Birth Date of the Third Auther: 1-4-1972

Member functions defined inside a class are considered as inline functions by default thus, offering
both advantages and limitations of inline functions. However, in some implementations, member func-
tions having loop instructions such as for, while, do. .while, etc., are not treated as inline
functions. The compiler produces a warning message if an attempt is made to define in1ine member
functions with loop instructions. Normally, functions with a small body are defined inside the class
specification. In the above student class specification, the functions set () and show() are
treated as infine functions by the compiler.

Member Functions Outside the Class Body

Another method of defining a member function is to declare function prototype within the body of a
class and then define it outside the body of a class. Since the functions defined outside the class
specification have the same syntax as normal functions, there should be a mechanism of binding the
functions to the class to which they belong. This is done by using the scope resolution operator(::). It
acts as an identity-label to inform the compiler, the class to which the function belongs. The general
format of a member function definition is shown in Figure 10.10. This form of syntax can be used with
members defined either inside or outside the body of a class, but member functions defined outside the
body of a class must follow this syntax.

class ClassName
{

ReturnType MemberFunction(arguments); - function prototype

ceen user defined class name
}i —_’K ,L_’ Scope resolution operator

ReturnType ClassName :: MemberFunction ( arguments )
{

// body of the function
}

Figure 10.10: Member function definition outside a class declaration
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The label ClassName : : informs the compiler that the function MemberFunction is the mem-
ber of the class ClassName. The scope of the function is restricted to only the objects and other
members of the class. The program datel.cpp having member functions inside the body of the
date class is modified to date2 . cpp which defines member functions outside the body of a class.

// date2.cpp: date class with member functions defined outside the class body
#include <iostream.h>
class date
{
private:
int day:
int month;
int year;
public:
void set( int DayIn, int MonthIn, int YearIn ); //declaration
void show(); // declaration
)i
void date::set( int DayIn, int MonthIn, int YeariIn ) //definition
{
day = DaylIn;
month = MonthIn;
year = YearIn;
}
void date::show() // definition
{
cout << day << "-" << month << "-" << year << endl;
}
void main()
{
date 41, 42, d3; // date objects dl, d2, and d3 creation
// set date of births
dl.set( 26, 3, 1958 });
d2.set( 14, 4, 1971 );
dl.set( 1, 9, 1973 );:
cout << "Birth Date of the First Author: ";
dl.show();
cout << "Birth Date of the Second Author: *;
d2.show!();
cout << "Birth Date of the Third Auther: *;
d3i.show();
}

Bun
Birth Date of the First Author: 26-3-1958
Birth Date of the Second Author: 14-4-1971
Birth Date of the Third Author: 1-4-1972
Consider the member functions set and show defined in the above program:
void date::set{ int DayIn, int MonthIn, int YearIn )
{
day = DaylIn;
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void date: :show()
.
cout << day << "-" << month << "-" << year << endl;

In the above definitions, the label date: : informs the compiler that the functions set and show
are the members of the date class. It can access all the members (date and functions) of the date class
and also global data items and functions if necessary. Some of the special characteristics of the member
functions are the following.

« A program can have several classes and they can have member functions with the same name, The
ambiguity of the compiler in deciding which function belongs to which class can be resolved by the
use of membership label (ClassName: :). the scope resolution operator.

« Private members of a‘class, can be accessed by all the members of the class, whereas non-member
functions are not allowed to access. However, friend functions (discussed later) can access them.

« Member functions of the same class can access all other members of their own class without the use
of dot operator.

+ Member functions defined as public act as an interface between the service provider (server) and
the service secker (client).

+ A class can have multiple member functions with the same name as long as they differ in terms of
argument specification (data type or number of arguments).

10.6 Outside Member Functions asinline

OOP provides feature of separating policy from the mechanism. Policy provides guidelines for defining
specification whereas mechanism provides guidelines for design and implementation. It is a good
practice 1o declare the class specification first and then implement class member functions outside the
class specification. The inline member functions are a group of member functions that decrease the
overhead involved in accessing member functions and make the usage of member functions more
efficient. An inline member function is treated like a macro; any call to this function in a program is
replaced by the function itself. This is called inline expansion. By this, the overhead incurred in the
transfer of control by the function call ang the function return statements are cut down. Note that inline
functions are also called open subrounnes since they get expanded at the point of a call whereas,
normal functions are called closed sihremtines since only call to a function exists at the point of their
call. A member function prototype deffned within a class is declared without any special keyword.

C++ treats all the member functions that are defined within a class as inline functions and those
defined outside as non-inline (outline), Member function declared outside the class declaration can be
made inline by prefixing the inl ine to its definition as shown in Figure 10.11.

Keyword : indicates function defined
outside a class body is inline

o

inline ReturnType ClassName :: FunctionName (arguments)

// body of Inline function
}

Figure 10.11: Inline function definition outside the class declaration
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The keyword inline acts as a function qualifier. The modified program of date2 . cpp is listed
in date3 . cpp, making all the member functions of the class date as inline member functions.

/ / dated.cpp: date class with member functions defined outside as inline
#include <iostream.h>
class date
{ /{ specifies a structure
private: '
int day;
int month;
int year;

public:
void set( int DayIn, int MonthIn, int YearIn }; //declaration
void shew(); // declaration

}i
inline void date::set{ int DayIn, int MenthIn, int YearIn )
{
day = DayIn;
month = -MonthIn;
year = YearIn;
}
inline void date::showl() // definition
{
cout << day << "-* << month << "-" << year << endl;
}
void main()
{
date dl, d2, d3; // date objects dl, d2, and d3 creation
// set date of births
dl.set( 26, 3, 1958 });
d2.set( 14, 4, 1971 });
di.set( 1, 4, 1972 );
cout << "Birth Date of the First Author: *;
dl.show();
cout << "Birth Date of the Second Author: ";
d2.show();
cout << "Birth Date of the Third Author: *;
d3.show();
}

Run

Birch Date of the First Author: 26-3-1958
Birth Date of the Second Author: 14-4-13971
Birth Date of the Third Author: 1-4-1972

In the above program, the member functions set () and show () of the class date are considered
as inline member functions defined outside the body of the class date. They are explicitly defined as
inline functions with the use of the inline qualifier. The use of the inl ine qualifier in the statements

inline void date::set{ int DayIn, int MonthIn, int YearIn )
inline void date::show()
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inform the compiler to treat the member functions set and show as inline functions. The method of
nvoking inline member functions is the same as those of the normal functions. In main (), the state-

ments
al.setd 26, 3, 1358 );
a2 .show()
will be replaced by the function itself since the function is an inline function. Note that, the inline
qualifier is tagged to the inline member function at the point of its definition

The feature of inline member functions

s useful only when they are short. Declaring a function
having many statements as inline is not advisable. will make the object code of a program
very large. However, some C++ compilers judge (determine) whether a given function can be appropri-
ately sized to inline expanded. If the function is (0o large 10 be expanded. it will not be treated as inline.
In this case, declaring a function inline will not guarantee that the compiler will consider it as an inline
function

When to Use inline Functions

The following are simple thumb rules in deciding as to when inline functions should be used:

= In general, inline functions should not be used.

« Defining inline functions can be considered ance a fully developed and tested program runs too
slowly and shows hotrlenecks in certain functions. A profiler (which runs the program and deter-

es where most of the execution time is spent) can be used in deciding such an optimizatior

« Inline functions can be used when member functions consist of one very simple statement such as
the return stalement in date : : getday (). which can be implemented as follows:

inline int date::getday() // definition
B

return day;

« It is only useful to implement an inline function if the time spent during a function call is more
compared to the function body exccution time. An cxample, where an inline function has no effect at
allis the following:

inline void date::show() // definition
¢

cont << day << "-° << momth << "o << year << endl:
»
The above function, which is presumed to be a member of the class date for the sake of argument.
contains only one statement; but takes relatively a long time to execute. In general, functions which
perform input and output operation spend a considerable amount of time. The effect of conversion of
the function show () to inline would lead to reduction in execution time.

Inline functions have one disadvantage: the actual code is inserted by the compiler and therefore it
should be known at compile-time. Hence, an in1ine function cannot be located in a run-time library.
Practically, an i n1ine function is placed near the declaration of a class, usually in the same header file.
Tt results in a header file having the declaration of a class with its implementation visible to the user
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10.7 Accessing Member Functions within the Class

A member function of a class is accessed by the objects of that class using the dot operator. A member
function of a class can call any other member function of its own class irrespective of its privilege and
this situation is called nesting of member functions. The method for calling member functions of one's
own class is similar to calling any other standard (library) functions as illustrated in the program
nesting.cpp.

/ / nesting.cpp: A member fur~tion accessing another member function
#include <iostream.h>
class NumberPairs
{
int numl, num2; // private by default
public:
void read()
{
cout << "Enter First Number: *;
cin >> numl;
cout << "Enter Second Number: *;
cin >> num2;
}
int max() // member function
{ .
if( numl > num2 )
return numl;
else
return num2;
}
// Nesting of member function
void ShowMax()
{

// calls member function max()
cout << "Maximum = " << max();

};
void main ()

{
NumberPairs nl;
nl.read();
nl.ShowMax();

1

Run

Enter First Number: 5
Enter Second Number: 10
Maximum = 10

The class NumberPairs has the member function ShowMax () having the statement
cout << "Maximum = * << max(};
It calls the member functionmax {) to compute the maximum of class data members numl and num?..
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10.8 Data Hiding

Data 1s hidden inside a class, so that it cannot be accessed even by mistake by any function outside the
class, which is a key feature of OOP. C++ imposes a restriction to access both the data and functions of
a class. It is achieved-by declaring the data part as private. All the data and functions defined in a class
are private by default. But for the sake of clarity, the items are declared as private explicitly. Normally,
data members are declared as private and member functions are declared as public. This is illustrated in
the program part.cpp.

// part.cpp:class hiding vehicle details
#include <iostream.h>
class part

private: /¢ private members
int ModelNum; // model number
int PartMNum; // part number

float cost; /{ cost of a part
public: /) public members

void SetPart( int mn, int pn, flecat c }

{

ModelNum = mn;
PartNum = pn;

cost = C;

}

void ShowPart()

{
cout << "Model: " << ModelNum << endl;
cout << "Number: " << PartNum << endl;
cout << "Cost: " << cost << endl;

}

}i

void main()

{
part pl, p2: /{ objects pl and p2 of class part are defined
// Values are passed to their object
pl.SetPart( 1996, 23, 1250.55 );
p2.SetPart( 2000, 243, 2354.75 };
/{ Each object display their values
cout << "First Part Details ..." << endl;
pl.ShowPart();
cout << "Second Part Details ..." << endl;
p2.ShowParc();

}

BRun

First Part Details ...
Model: 199€

Number: 23

rost: 1250.550049
3econd Fart Details ...
Model: 2000
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Mumber: 2a3
Cost: 2354.75

In the above program, the data fields Mode 1nNum, Parenum, and coat of the class part cannot
be accessed by direct refercnces using p1.ModelNum. pl.Parcium. and pl.cose respectively.
When a class is used, its declaration must be available. Thus, a user of the class is presented with a
description of the class. The internal details of the class, which are not essential o the user are nol
presented to him. This is the concept of hiding or data As far as the user
is the of data and member functions of a class is enough. These
interfaces, usually called the wser interfuce methods, specify their abstracted functionality. Thiss. o the
user, aclass is like a black box with acharacterized behavior

The purpose of data is to prevent ion of ion of a class. Tt
is achieved by imposing a set of rules—the manner in which a class is to be manipulated and the data
and functions of the class can be accessed. The following arc the three kinds of users of a class:

+ A class member, which can access all the data members and functions of its class.
+ Generic users. which define the instance of a class.
+ Derived classes. which can access members based on pri

eges.
Each user has different access privileges (o the object. A class differentiates between uccess privi
leges by partitioning its contents and associating each one of them with any one of the following
keyw

These keywords are called access-control specifiers. All the members that follow a keyword (upto
another keyword) belong to that type. If no keyword is specified, then the members are assumed (o have
private privilege. The following specification of a class illustrates these concepts:

class PiggyRank
<

inc Money: 4/ Private by default
void pisplay () 77 private by defaulr
¢
private: /4 Private by declaration
£ AccNumber:
publi
int codes /7 Public
void setpata(int a. int b)  // Public
«

>
protected
ine PolicyCodes // Protected
voia GerpolieyCode () 77 prorecrea
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In the above declaration. the members Money, AccNumber, and Display () will be of type
private: the members code and SetData () will be of type public; and the members Pol icyCode
and GetData() will be of type protected

Data hiding is uainly designed o protect well-intentioned programmers from honest mistakes. 1t
protects access (o the data according (© the design deci aclass.
who really want 1o figure out a way 10 access mgmy pxnl:u:d data such as private. ind it hard (o
do so even by accident. There are mechanisms to access even private data using friends. pointer to
members. etc. from outside the class.

Private Members

The private members of a class have strict access control. Only the member functions of the same class
can access these members. The private members of a class are inaccessible outside the cluss. thus.
providing a of the data members. It is il lustrated in
Figure 10.12. Strictly speaking, information hiding is implemented only partially, the pri

can A1l e acecased, Atcess CORTal ih Cr 1 has the abjective of reducing the Tkelihaod of bugs and
enhancing consistency. Since the basic intention of declaring a class is o use it in a program, the class
should have atleast one member that is not private.

class Person
T v Note: colon here
privace access specifier
77 privace members

int age; ————  private dat
ine secage () ——— " private function

i ace: 3 cannot access private data
21750005007 s canner private function

Figure 10.12: Private members accessibility

The following example illustrates the situation when all the members of a class are declared as private
class Inaccessible
<«

ine x;
void Display ()

cout << "\npData = * << %

voia main()

/s creating an obje
ob31.x = 5z /7 Error: Tavalid accesa.
obil pizplay () ; /7 Exror: Invalid access.
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The class having all the members with private access control is of no use; there is no means
available to communicate with the external world. Therefore, ciasses of the above type will not contrib-

ute anything to the program.

Protected Members
The access control of the protected members is similar to that of private members and has more signifi-
cance in inheritance. Hence, detailed discussion on this is postponed to the chapter on Inheritance.
Access control of protected members is shown in Figure 10.13.

=1 P
'; ass Ferson Note: colon here
protected: ————— access specifier
// protected members

int age; ==  protected data
int getage(); === protected function

}i
Person pl;
a=pl.age; }

pl.getage(); (— ¥ cannot access protected member

{ same as private )
Figure 10.13: Protected members accessibility

Public Members

The members of a class, which are to be visible (accessible) outside the class, should be declared in
public section. All data members and functions declared in the public section of the class can be
accessed without any restriction from anywhere in the program, either by functions that belong to the
class or by those external to the class. Accessibility control of public members is shown in Figure 10.14.

class Person
{ Note: colon here

public ===  access specifier
[/ public members

- -

int (;tge; — public data

int getage(}; ——==.  public function
}i
Person pl; .
a=pl.age; ¢ can access public data
pl.getage() ; o can access public function

Figure 10.14: Public members accessibility

10.9 Access Boundary of Objects Revisited

Hierarchy of access, in which privilege code can see the whole structure of an object, but external code
can see only the public features. The access-limit of members within a class, or from objects of a class

is shown in Table 10.1 and Figure 10.15.
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Accessible to
Access ifi
Own class Members | Objects of a Class
privare Yes No
srotectea: Yes No
Yes Yes

Table 10.

: Visibility of class members

class c:
[ private: J+{-+ 3€ Notallowed
| pubiic v———T v

Object of class C

can access only
public members of C

=
both private and
public members

Figure 10.15: Class member accessibility
The following declaration of a class illustrates the visibility limit of the various class members:
=lass MyClass
privace:
int a;
void £1¢)
<

//can refer to data members a, b, © and functions £1, £2, and £

protected:
int b
veid £20

//cen xeter to data member a. b, c and functions £1. £2, and £3

/scan refer to data member a. b, © and functions £1, £2. and £7
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Consider the stalements
MyClass objx: // objx is an object of class MyClass
int d; // temporary variable @
They define an object objx and an integer variable® d. The accessibility of members of the class
MyClass through the object objx is illustrated in the following section.
1. Accessing private members of the class MyClass:
d = obix.a; // Error: 'MyClass::a' is not accessible
objix.f1(}; // Error: 'MyClass::fl(}' is not accessible

Both the statements are invalid because the private members of the class are inaccessible.

Z. Accessing protected members of the class MyClass:
d = opix.b; // Error: 'MyClass::b' is not accessible
objx.f2(}; +/ Error: "MyClass::f2()' is not accessible
Both the statements are invalid because the protected members of the class are inaccessible.

3. Accessing public members of the class MyClass:
d = objx.c; // OK
objx.£3(); // OK
Both the statements are valid because the public members of the class are accessible.

10.10 Empty Classes

Although the main reason for using a class is to encapsulate data and code, it is however, possible 10
have a class that has neither data nor code. In other words, it is possible to have empty classes. The
declaration of empty classes is as follows: '

class xyz { }:

class Empty { };

class abc

{

¥z

During the initial stages of development of a project, some of the classes are either not fully identi-

fied, or not fully implemented. In such cases, they are implemented as empty classes during the first few
implementations of the project. Such empty classes are also called as srubs. The significant usage of
empty classes can be found with exception handling; itis illustrated in the chapter Exceprion Handling.

10.11 Pointers within a Class

The size of data members such as vectors when defined using arrays must be known at compile time
itself. In this case, vector size cannot be increased or decreased irrespective of the requirement. This
inflexibility of arrays can be overceme by having a data member for storing vector elements whose size
can be dynamically changed during runtime. The program vector . cpp facilitates the creation of the
vector of varying size during runtime. It has a pointer member instead of an array member. The size of
the vector is varied by creating an object whose vector size is known only at runtime.

‘/ vector.cpp: vector class with array dynamically allocated
finclude <iostream.h>
class vector
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int *v

// pointer to a veator

int sz: // size of a vector

public
void VectorSize( int size ) // allocate memory dynamically
©

new intl size 1; // aynamically allocate vector
B

void read():

void show_sum():

void release() /7 release memory allocatea

«

delece v;

void vector

wad ()
Eor( imt i = 0; & < =mz; Ses )
3
cout << "Enter vecterl " << i << * ] 2 *
cin »>> viil:
>
)
void vector:
«
inc
for( ine

“How many elements are there in vector: =

/7 set vector aize

7/ free vector resources

in vector: 5

vwwn
Wi kbm

Vector Sum
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In main (). the statement
vecter vi:
creates an obiect v1 of the class vector and the statement
1. Vectorsize( count );
allocates the required amount (speci
elements storage. The last statement

vector size

fied by the parameter count) of memory, dynamically for vector

1.release(

releases the memory allocated to the pointer data member v of the vectox class. The operation of
dynamie allocation of memary 1o data members can be at best realized by defi nstructor and
destructor functions. (More details can be found in the chapter Object Initialization and Cleanup)

10.12 il Obj as

It is possible to have functions which accept objects of a class as arguments, just as there arc functions
which accept other variables as arguments. Like any other data type. an object can be passed as an
argument (o a function by the following ways:

= pass-by-value, a copy of the entire object 13 passed 10 the funcrion

« pass-by.reference, only the address of the object is passed implicitly to the function

+ pass- by pointer, the address of the object is passed explicitly (o the function
In the case of pass-by-value, a copy of the object is passed to the function and any modifications made
to the object inside the function is not reflected in the object used to call the function. Whereas, in pass-
by-reference or pointer, an address of the objct s passed to the function and N4 changes made 1o the

cctinside the function i the actual objec by reference or pointer

is more efficient since, only the P bject is passed and not a copy of the entire object.
Passing Objects by Value
The program distance.cpp illustrates the use of objects as function arguments in pass-by-value
mechanism. It performs the addition of distance in feet and inches format.

7/ distance.cpp: distance manipulation in feet and inche
#include <iostream.h>
Class aiscance

privace
float feet;
float inches:
public
veid $nir( fleac fr. fleat im )
€
feer = fc
inches =
3
void read()
€

cout << tEnter feer: »
cout == *Entex inches:

cin >> feer:
cin >> inches:




[
L
~1
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void show(}
L
cout << feet << "-" << inches << '\"';
}
void add{( distance dl, distance 42 )}
{
feet = dl.feet + di.feet;
inches = dl.inches + d2.inches;
if({ inches »>= 12.0 )
{
i+ 1 foot = 12.0 inches
feet = feer + 1.0;
inches = inches - 12.0;

}
}i
void main()
{
distance dl, 42, d3;
d2.init( 11.0, 6.25 };
dl.read();
cout << "dl = "; dl.show();
cout << "\nd2 = *; d2.show(});
dl.add( d1, 42 ); // d3 = d1 + 42
cout << "\nd3 = dl+d2 = *; d3i.show();

2 -

Enter feet: 12.0
Enter inches: 7.25

dl = 12'-7.25"
d2 = 11'-6.25"
d3 = d1+ d2 = 24'-1.5"

In main(), the statement
d3.add( 41, 42 ); // d3'=dl + 42
invokes the member function add () of the class distance by the object 43, with the object d1 and
d2 as arguments. It can directly access the feet and inches variables of 3. The members of d1 and
42 can be accessed only by using the dot operator (like d1. feet and d1.inches) within the
add () member. Figure 10.16 shows the two objects d1 and d2 being added together with the result
stored in the recipient object 3. Any modification made to the data members of the objects d1 and a2
are not visible to the caller's actual parameters.

Passing Objects by Reference

Accessibility of the objects passed by reference is similar to those passed by value. Modifications
carried out on such objects in the called function will also be reflected in the calling function. The
method of passing objects as reference parameters to a function is illustrated in the program
account . cpp. Given the account numbers and the balance of two accounts, this program transfers
2 specified sum from one of these accounts to the other and then, updates the balance in both the
gocounts.
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d3

feet
fest

inches

inches
S

Member functions of
d3 can refer to its
data directly

d3.add ( d1, dz ); Data in objects passed as

4 4 arguments is referred
with the dot operator
dl az
feet feet
inches inches
dl.inches d2.inches
“ [ 6.25 |

Figure 10.16: Objects of the distance class as parameters

// account.cpp: passing objects as parameters to functions
#include<iostream.h>

class AccClass
{
private:
int accno;
float balance;
public:
void getdatal)
{

// class data members
// class function members

cout << "Enter the account number for accl object: *
cin »> accno;

cout << “Enter the balance: *;
cin >> balance;

H
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void setdata( int acclIn )
{
acenoe = accln;
balance = 0;
}
void setdata({ int accIn, float balancelIn }
{
accno = accln;
balance = balancelIn;
}
void display()
{
cout << "Account number is: " << accno << endl;
cout << *Balance is: " << balance << endl;
}
void MoneyTransfer( AccClass & acc, float amount );
}i
// acecl.MoneyTransfer( acc2, 100 },transfers 100 rupees from accl to acc2
void AccClass: :MoneyTransfer( AccClass & acc, float amount )
{
balance = balance - amount; /{ deduct money from source
acc.balance = acc.balance + amount; // add money to destination
¥
void main() .
{
int trans_money;
AccClass accl, acc2, ace3;
accl.getdata();
accd.setdata( 10 );
accl.setdata( 20, 750.5 });
cout << "Account Information..." << endl;
accl.display();
acc?.display();
accl.display();
cout << "How much money is to be transferred from acc3 to accl: *;
cin >> trans_money;
accl .MoneyTransfer (accl, trans_money) ; //transfers money from acc3 to accl
cout << "Updated Information about accounts..." << endl;
accl.display(); ’
acc2.display(};
accl.display();
}

Run

Enter the account number for accl object: 1
Enter the balance: 100

Account Information...

Account number is: 1

Balance is: 100

Account number is: 10

Balance is: 0
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Account number is: 20
Balance is: 750.5
How much monmey is to be tramnsferred from acc3d to accl: 200
Updated Tnformation about accounts. .
Account number is:
Balance is: 300
Account number is: 10
is: 0
Accounc number is: 20
Balance im: 550.5
In main (). the statement

ace3.MoneyTranafer ( acel, trana_money ) :
transfers the object ace1 by reference to the member function MoneyTransfex () . It is to be noted
that when the MeneyTransfer () is invoked with acc1 as the object parameter, the data members
of ace3 are accessed without the use of the class member access operator, while the data members of
accl are accessed by using their names in association with the name of the object to which they
belong. An object can also be passed to a non-member function of the class and that can have access
to the public members only through the objects passed as arguments to it.
Passing Objects by Pointer

e members of objects passed by pointer are aceessed by using the —> operator, and they have similar
effect as those passed by value. The above program requires the following changes if paramerers are to
be passed by pointer:
L. The prototype of the member function MoneyTranafer () has to be changed to:
void MoneyTransfer( AccClass * acc, float amount

2. The definition of the member function MoneyTranafer () has to be changed to:

void AccClass: :MoneyTransfer( AccClass & acc, float amount )

«

balance = balance - amount; // deduct money from mource
acc->balance = acc->balance + amount: // add money to destination
)
3. The swatement invoking function ¥ O has o be changed to:

acc3 MoneyTransfer( Eaccl, trans_money )

10.13 Returning Objects from Functions

Similar to sending objects as parameters to fuactions, it is also possible 1o return objects from func-
syntax used is similar to that of returning variables from functions. The return type of the

function is declared as the return object type. It is illustrated in the program complex . CPP

// complex.cpp: Addition of Complex Numbers, class complex as data type
#include <iostream.h>

loat real; // real part of complex number

float imag: // imaginary part of complex number
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public:
void getdatal)
{
cout << "Real Part ? ";:
cin »>> real:
cout << "Imag Part ? ":
cin >> imag;
}
void outdata( char *msg ) // display number in x+iy form
{
cout << msg << real;
(if( imag < 0 )
cout << "-1i";
else
cout << "+i";
cout << fabs(imag) << endl;
}
complex add( complex c2 ); // addition of complex numbers
}i
codpLex complex: :add( complex c2 } // add defailt and c2 objects
{

complex temp; // object tenip of complex class
temp.real = real + cZ.real; // add real parts

temp.imag = imag + c2.imag; // add imaginary parts

return{ temp }; // return complex chject

}
wvoid main()

{
complex cl, c2, 23; // el, c2, and c2 are objects of complex

cout << "Enter Complex Number cl ..®" << endl;
cl.getdatal();
cout << "Enter Complex Number c2 ..* << endl;
c2.getdatal);
c3 = cl.add( c2 ); J/ add cl and c2 assign to c3
c3.outdata( "c3 = cl.add{ c2 }): "};

}

Aun
Enter Complex Number cl ..
Real Part ? 1.5
Imag Part 7 2
Enter Complex Number c2 ..
Real Part ? 3
Imag Part ? =4.3
el = cl.add( c2 ): 4.5-12.3
In main (), the statement
¢l = cl.add{ c2 }; // add cl and c2 assign to c3
invokes the function add () of the class complex by passing the object 2 as a parameter. The
statement in this function,
return( temp ); // return complex object
returns the object temp as a return object,
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10.14 Friend Fur and Friend Ci

The concept of encapsulation and data hiding dictate that non-member functions should not be al-
lowed o access an object’s private and protected members, The policy is. if you are not a member you
canner get it this feature leads in ing. Imagine that
the user wants a funcrion 1o operate on objects of wao different classes. At such times. it is required to
allow functions outside a class 1o access and manipulate the private members of the class. In C++. this
is achieved by using the concept of friends

One of the convenient and a controversial feature of C++ is allowing non-member functions to
access even the private members of a class using friend functions o friend classes. Tt permits a function
or all the functions of another class o access a different class’s private members. The accessibility of
class members in various forms is shown in Figure 10.17.

class X

private:

data or function

protecteas N
Ry —
o ol

friend class
friend functionl();:
friend z:fz

friend of X

| S

Figure 10.17: Class members accessibility In various forms

“The function declaration must be prefixed by the keyword £ riend whereas the function definition

ust not. The function could be defined anywhere in the program similar to any normal C++ function.

The functions that are dectared with the keyword £ riend are called friend funcrions. A function can
be a friend to multiple classes. A friend function possesses the Tollowing special characteristics:
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+ The scope of a friend function is not limited to the class in which it has been declared as a friend.

+ A friend function cannot be called using the object of that class; it is not in the scope of the class. It
can be invoked like a normal function without the use of any object.

+ Unlike class member functions, it cannot access the class members directly. However, it can use the
object and the dot operator with each member name to access both the private and public members.

+ It can be either declared in the private part or the public part of a class without affecting its meaning.
Consider the following skeleton of the program code to illustrate friend functions.

class A
{
private:
int value; // wvalue is private data
public:
void setval( int v )
{ value = v; }
int getval ()
{ return({ value ); 1}
}i
// function decrement: tries to alter A's private data
void decrement( A &a )

{

a.value--; // Error:: not allowed to access private data
}
class B // class B: tries to access A's private data
{

public:

void touch (A &a)
{ a.value++; }
}i

This code will not compile, since the function decrement () and the function touch () of the
class B attempt to access a private data member of the class a.

The function can be allowed explicitly to access A’s data and class B members can be allowed to
access the class A's data. To accomplish this, the offending classless function decrement () and
the class B are declared to be friends of the class A as illustrated in the following code:

class A

{

public:
friend class B; // B is my friend, I trust him
friend void decrement (A &what); // decrement() is also a godod pal

¥i
Concerning friendship between classes, the following should be noted:
« Friendship is not mutual by default. That is, once B is declared as a friend of A, this does not give A
the right to access the private members of the class B,
« Friendship, when applied to program design, is an escape mechanism which creates exceptions to the
rule of data hiding. Usage of friend classes should, therefore, be limited to those cases where it is
absolutely essential.
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Bridging Classes with Friend Functions

Consider a situation of operating on objects of two different classes. In such a situation, friend func-
tions can be used to bridge the two classes. It is illustrated in the program friendl . cpp. The syntax
of defining friend non-member function is shown in Figure 10.18.

class Testclass
{ .
int numl, num2;
public:
// public members

keyword
frI;;E*‘;I;::—f:::_:—;:;hcla.l obi });

¥ No friend keyword
3 No scope resolution operator, Testclass :: sum cannot be made

float sum (Testclass obj) private data member
float result;
result = obj.numl + obj.num2;
return result;

}
Figure 10.18: Friend function of a class

/ / friend1.cpp: Normal function accessing object's private members
#include <iocstream.h>

class two; // advance declaration like function prototype
class one
{.
private:
int datal;
public:
veid setdata{ int init )
{
datal = init;
}
friend int add_both( one a, two b ); /{ friend function
}i
class two
{
private:
int dataZ2;
public:
void setdata{ int init )
{
data2 = init;
}
friend int add_both( one a, two b.); // friend function
}i
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// friend function of clas= one and two
int ada_both{ one a, two b )
X .
return a.datal = b.data2; // a datal and b.data? are private
)
void main ()
«
cwo b
A merdaral s 3
b.setdatal 10 ):
cout << "Sum of one and twe: " << add_both( a, b ):
3
ARun

Sum of one and two: 15
The above program. contains two classes named one and two. To allow the normal function
ada_boch() to have an access to private data members of objects of these classes, it must be
declared as a (riend function. It has been declured with the £riend keyword in both the classes as:
Friend int add_both( one a. two b ):
This declaration can be placed either in the private or the public section of the class.
An object of cach class has been passed as an argument (o the function aad both (). Being a
friend function. it can access the private members of both classes through these arguments.

Observe the following declaration at the beginning of the program
class twe: // advance declaration like function prototvpe
Itis necessary, since a class cannot be referred until it has been declared before the class one. It informs
the compiler that the class two's specification will appear later.
Though friend functions add flexibility 1o the language and make programming convenient in cer-
tain situations. they are controversial: it goes against the philosophy that only member functions can
access a class’s private data. Friend functions should be used sparingly. 1T a program uses many friend
functions, it can easily be concluded that there is a basic flaw in the design of a program and it would be
better to redesign such programs. However, fricnd functions are very useful in certain situations. One
such example is when a friend is used to increase the versatility of overloaded operators, which will be.
discussed in the chapter Operator Overloading
Friend fun
+ Function operating on vbjects of two different classes. This is the ideal situation where the friend
function can be used to bridge two classes.

+ Friend functions can be used to increase the versatility of overloaded operators.

< Sometimes. a friend allows a more obvious syntax for calling a function, rather than what a member
function can do.

ions are useful in the following situation:

Friend Classes
Friend functions permit an cxception to the rules of data encapsulation. The £x i wnd keyword allows
a function. or all the functions of another class to manipulate the private members of the original class.
‘The syntax of declaring friend class is shown in Figure 10.19.
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class boy
<

private spex
imcomel;
income2

public specitier
gectoral ()

return incomel + income2:
friend class girl; //class girl can access private members

»

class girl

<

7/ all the members of class girl can access actributes of boy

Gpiic: private data of
int girlfunc{boy bl) class boy
<
result = bl.incomelebl.income?
return result:

2 private data of

yold showty Class boy
boy bls
cout =< "Incomel: " << bl.incemel; // private data of boy

Figure 10.19: girl class is a friend of class boy
All the member functions of one class can be friend functions of another class. The program
£riendz.cpp demonstrates the method of bridging classes using friend class.

// friend2.cpp: class girl is declared as a friend of class boy
#include <iostream.h>
// forward declaration of class girl; is optional

private // private members

public
void secdata( int inl, int in2 )
«

incomel = inl;
incomez - in2:

3
friend class girl; // class girl can access private data
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class girl

{
int income; // income is private data member
public:
int girlfunc( boy bl )}
{

return bl. incomel+bl.income2;
}
void setdatal( int in )
{
income = 1n;
}

void show()

{

boy bl;

bl.setdata( 100, 200 );

cout << "boy's Incomel in show(): " << bl.incomel << endl;
cout << "girl’'s income in show(): " << income << endl;

}
}:
void main{)
{
boy bl;
girl gl;
bl.setdata( 500, 1000 );
gl.setdata( 300 ); . . '
cout << "bov bl total income: " << gl.girlfunc(bl) << endl;
gl.show();
}i

Bun
boy bl total income: 1500
boy's Incomel in show(): 100

girl’'s income in show(): 300

The statement in the class boy
friend class girl; // class girl can access private data members
declares that all the member functions of the class girl are friend functions of class boy but not the
other way. (Thus in C++, class girl, the friend class of the class boy, does not mean that the class
boy is the friend of the class girl). The objects of the class girl can access all the members of the
class boy irrespective of their access privileges.

The function show () in the girl class
cout << "boy's Incomel in show(): " << bl.incomel << endl;

accesses the private data member incomel of the boy class.

Class Friend to a Specified Class Member

When only specific member function of one class should be friend function of another class, it must be
specified explicitly using the scope resolution operator as shown in Figure 10.20. The function
girlfunc () is a member function of class girl and a friend of class boy.
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class boy
{
private:
int incomel; =~ — private specifier
int income2;
public:
int gettotal() =—=  public specifier
{

}

return incomel + incomeZ;
class name to which this function is a member

friend girl :: girlfunc(boy bl): //class girl's girlfunc() is allowed to
}i /! access data and functions of class boy

class girl

{
public:
int girlfune( boy bl lm”’#f’:;;y
{

result = bl.incomel + bl.income2;
return result;

private data members of class boy

}
void show () // cannot access private members of boy
{

)

boy bl; // only public members can be accessed

Figure 10.20: Member function to which class boy is a friend

In the class girl, only function girlfunc () is allowed to access the private data and functions
of the class boy. So only this function could be specifically made a friend in the class boy as illustrated
in the program friend3.cpp.

/ / friend3.cpp: specific member function class girl is friend of boy
#include <iostream.h>
clase boy; // advance declaration like function prototype
class girl
{
int income; // income is private data member
public:
int girlfunc( boy bl };
void setdata{ int in )
{
income = in;
}
void show()
{
cout << "girl income: " << income;

}
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class boy
{
private: // private members
int incomel:
int income2;
public:
void setdata{ int inl, int in2 )
{
incomel = inl;
income2 = in2;

}
/{ only this function can access private data of boy
friend int girl::girlfunc( boy bl );
}:
// only this function can access private data of the boy class
int girl::girlfunc( boy bl )}
{
return bl.incomel+bl.income2;
}
void main({)
{
bey bl;
girl gl;
bl.setdata( 500, 1000 );
gl.setdata{ 300 );
cout << "boy bl total income: " << gl.girlfunc(bl) << endl;
gl.show();
}

Run

boy bl total income: 1500
girl income: 300

The null-body class declaration statement,

class boy; // advance declaration like function prototype

349

appears in the beginning of the program; a class cannot be referred until it has been declared before the
class girl. It informs the compiler that the class boy is defined later. The statement in the class boy

friend int girl::girlfunc( boy bl };

declares that only member function girlfunc () of the class girl can access private data and

member functions of the class boy.

10.15 Constant Parameters and Member Functions

Certain member functions of a class, access the class data members without modifying them. It is
advisable to declare such functions as const (constant) functions. The syntax for declaring const
member functions is shown in Figure 10.21. A const member function is used to indicate that it does

rot alter the data fields of the object, but only inspects them.
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Keyword

ReturnType FunctionName (arguments) const
Figure 10.21: Syntax of declaring a constant member function

A member function, which does not alter any data members in the class can be declared as const
member function. The following statements illustrate the same:
veid showname () const;
float divide() const;
The qualifier const is suffixed to the function in both the declaration and the definition. The compiler
will generate an error message if such functions attempt to alter the class data members. The concept of
constant member functions is illustrated in the program constmem. cpp.

// constmem.cpp: person class with const member functions
#include <iostream.h>

#include <string.h=>

class Person

{

private:
char *name; // name of person
char *address; // address field
char *phone; // telephone number
public:

void init();
void clear(};
// functions to set fields
void setname (char const *str);
void setaddress(char const *str);
void setphone{char const *str};
// fun~tions to inspect fields
char const *getname({wvoid) const;
char const *getaddress(veid) const;
char const *getphone(void) const;
}i
// rnitialize class data members to NULL
inline void Person::init ()
{
name = address = phone = 0;
}
// release memory allncated to class data members
inline void Person::clear()
{
delete name;
delete address;
delete phone;
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// interface functions set... ()
void Person::setname( char const *str )
{
if( name )
delete name;
name = new char[ strleni(str) + 1 1;
strepy( name, str );
}
void Person::setaddress( char const *str )
{
if( address )
delete address;
address = new char| strleni(str) + 1 1;
strcpy( address, str );
}
void Person: :setphone( char const *str )
{
if( phone )
delete phone;
phone = new char[ strlenistr) + 1 ];
strepy( phone, str );
}
inline char const *Person::getname{} const
{
return name;
1
inline char const *Person::getaddress() const
{
return address;
}
inline char const *Person::getphone() const
{
return phone;
}
void printperson( Person const &p |
{
if({ p.getname{)
cout << "Name : " << p.getname() << endl;
if( p.getaddress() )
cout << "Address: " << p.getaddress() << endl ;
if{ p.getphone() }
cout << "Phone : " << p.getphone() << endl;
}
void main{)
{
Person pl, p2;
pl.init();
p2.init();
pl.setname( "Rajkumar® );
pl.setaddress( "E-mail: raj@cdacb.ernet.in" );

351
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pl.setphone( "90-080-5584271" };
printperson( pl };
p2.setname( "Venugopal K R" };
p2.setaddress( "Bangalore University* );
pZ.setphone( "-not sure-=" });
printperson( p2 );
pl.clear();
p2.clear(});

}

Run

Name : Rajkumar
Address: E-mail: raj@cdacbh.ernet.in
Phone : 90-0B0-5584271

Name : Venugopal K R
Address: Bangalore University
FPhone : -not sure-

As illustrated in this program, the keyword const occurs following the argument list of functions.
Again the following Const-Rule applies: whichever appears before the keyword const must not alter
its contents and if any attempt is made to alter data, the compiler issues an error message. The same
specification must be repeated in the definition of member functions:

char const *Person::getname() const

{

return name;
}
A member function, which is declared and defined as const, should not alter any data fields of its
class. In other words, a statement like
name = 0;
in the above const function getname (} would lead to a compilation error.

The formal parameter to the function
void printperson( Person const &p )
is declared as a constant object, The private data members, by specification itself cannot be modified.
If the object parameter is declared as const, even its public data members cannot be modified. Thus the
function printperson() can only read public data members, but cannot modify them.

The purpose of const functions lies in the fact that C++ allows const objects to be created. For
such objects only the const member, which does not modify them has to be called. The only exception
to the rule are the constructors and destructors: these are called automatically. This featuré is compa-
rable to the definition of a variable int const max=10; such a variable may be initialized on its
definition. Analogously, the constructor can initialize its object at the definition, but subsequent as-
signments cannot be performed. Generally. it is good to declare member functions which do not modify
their object to be const.

10.16 Structures and Classes

Structures and classes in C++ are given the same set of features. For example, structures may also be
used to group data as well as functions, In C++, the difference between structures and classes is that by
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default, structure members have public accessibility, whereas class members have privale access
control unless otherwise explicitly stated. The declaration for a structure in C++ is similar to a class
specification. Itis illustrated in the following declaration:

class complex

privatce: r¢ private part
float real; /¢ real part of complex number
float imag; // imaginary part of complex number
public: /¢ public part

void getdatal();

void outdata( char *msg ):

complex AddComplex( complex c2 );
Y

A similar structure may be created as shown below:

struct complex

private: // private part
float real; // real part of complex number
float imag; // imaginary part of complex number
public: /¢ public part

void getdatal);
wvoid outdata( char *msg ) ;
complex AddComplex( complex c2 );

}i
The above declarations of class and structure can be written without any loss of meaning as follows:

class complex

{
/{ by default private part, the keyword private is omitted
float real; /{ real part of complex number
float imag; J/ imaginary part of complex number
public: // public part
void getdatal();
void outdata( char *msg };
complex AddComplex( complex <2 };
};

Thus, in the absence of the keyword private, the members of a class are treated as private till another
access-specifier keyword (private or public) is encountered. However, in a structure, the members are
treated as public by default. It is illustrated in the following declaration:

struct complex
{
// by default public, the keyword public is omitted
void getdatal();
void outdata( char *msg );
complex AddComplex( complex c2 );
private: // private part
float real; // real part of complex number
float imag: // imaginary part of complex number
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Note: Most programmers prefer 10 use a class to group data as well as functions, a structure to group
only data, following the conventions of C. It is advisable to use the keywords private and public
explicitly in the declaration of classes and structures to improve readability of the program code.

10.17 Static Data and Member Functions

Earlier examples of classes have shown that, each object of a class has its own set of public or private
data. Each public or private function then accesses the object’s own version of the data. In some
situations, it is desirable to have one or more common data fields, which are accessible to all objects of
the class. An example of such a situation is keeping the status of how many objects of a class are
created and how many of them are currently active in the program. Another example is a flag variable.
which states whether some specific initialization has occurred: only the first object of the class performs
the initialization and then sets the flag to done.

Such situations are analogous to C code, where several functions need to access the same variable.
A common solution in C is to define all these functions in one source file and to declare the variable as
static: the variable name is then not known beyond the scope of the source file. This approach is quite
valid, but does not agree with the philosophy of one data or function per program having multiple
source files. Another C-like solution is to create the variable in question with unusual names such as
__MYFLAG, _6ULDVS, etc., with the hope that other parts of the program (libraries, link modules, etc.)
do not make use by defining these variables by accident. Neither the first, nor the second C-like solution
is elegant. C++ therefore allows static data and functions, which are common to all objects of a class.

Static Data Member Definition

In Turbo C++ version 1.0, static data members were not required to be explicitly defined. When the
linker finds undefined static data, it would automatically define them and allocate storage for them
instead of generating errors, but both new versions of Turbo C++ and Borland C++ insist on the explicit
definition; no other way to define a static data exists. The syntax of defining static data member of a
class is shown in Figure 10.22.
class ClassName

—» storage qualifier Static data member

{
static DataType DataMember; e -
...... | Initialization is optional
}i
DataType ClassName :: DataMember = InitialValue;

Figure 10.22: Static data member declaration in a class
and its definition outside the class

The static data members can be initialized during their definition cutside all the member functions, in
the same way as global variables are initialized. The definition and initialization of a static data member
usually occur in one of the source files of the class functions, The statement which defines and
initializes the variable MyClass: :count (count is a data member of MyClass) is always valid
whether count is declared private, public or protected inside the class MyClass. The reason is tha
static data members accessed in this way are essentially global data.
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Private static data members

When a data member is required to be accessible to more than one function, the normal procedure
adopted in a function-oriented language is to declare it as an external variable. But this technique may
be dangerous as it exposes external data variable to accidental modification, which may have undesir-
able effects on the efficient and reliable working of the program.

C++ provides an elegant solution to that problem in the form of static data members. The usual
technique that is adopted is to declare the static data member in the private section of a class. Thus,
effective data hiding is achieved, as the data is only accessible through the member functions, while
providing access to all the objects of that class. This is illustrated in the program count . cpp.

/ / count.cpp: counts how many calls are made to a member function set()
#include <iostream.h>
class MyClass
{
static int count; // static member
int number;
public:
// initializes object's member and increments function ecall
void set( int num )
{
number = num;
++C0untc;
}
void show()
{
cout << "\nNumber of calls made to 'set()' through any ocbject: *
<< count;
}
}i
f// static member count is shared by all the objects of class MyClass
int MyClams::count = 0; // definition and initialization of a data member
void main{()
{
MyClass objl;
objl.show();
cbjl.set( 100 );
objl.showl) ;
MyClass obj2, objl;
obj2.set( 200 );
obj2.show(); //same result even with objl.show and cbj3.show!();
obj2.sec( 250 );
obj3.set( 300 );
objl.show(); //same result even with obj2.show and obj3.show();

i

Bun

Number of calls made to 'set()' through any object: 0
Number of calls made to '"set()' through any object: 1
Sumber of calls made to 'set()' through any object: 2
Number of calls made to 'set()' through any object: 4
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Omission of the statement

int MyClass::count = 0;
in the above program would generate linking error although program is compiled successfully. This is
because the statement in the class MyClass

static int count;
would not have been defined anywhere and it is a static variable within a class. Hence, an error would
be generated if a value is assigned to count without any memory being allocated to it. It is possible to
omit initialization of a static membe: variable when it is defined, as shown below:

int MyClass: :count;

Irrespective of whether the data member is private, public or protected, it must always be defined
using the scope resolution operator. Static variables act like a bridge between objects of the same class.
The linker allocates storage for a static member when the variable is defined even if no objects are
actually created from the class,

Access Rules for Static Data Members

The public static data members can be accessed using the scope resolution operator or through objects
with member access operator. Using the scope resolution operator is a completely new notation for
member access. However, the accessibility of private static data members is same as that of normal
private members.

The static data members which are declared public are similar tonermal global variables. They can
be addressed by the program by prefixing class name and scope resolution operator. It is illustrated in
the following code fragment:

class Test
{
public:
static int public_int;
private:
static int private_int;
};
void main()
{
Test::public_int = 145; // ok
Test::private_int = 12; // wrong, do not touch the private data members
Test myobj;
myobj.public_int = 145; // ok
myobj.private_int = 12; // wrong, deo not access the private data member

The static data member public_int defined in the class Test can be accessed using the scope
resolution operator prefixed by its class name as follows:
Test::public_int = 145; /i ok
Whereas, the data member private_int cannot be accessed using the scope resolution operator.
Therefore, the statement
Test::private_int = 12; // wrong, do not touch the private data members
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leads to a compilation error. Objects accessing the static data member access the same data that is
accessed by using the scope resolution operator. The statement

myoby.public_int = 145; It ok
refers to the public static data member, However, a private static data member cannot be accessed either
by using the scope resolution or the dot operator.

Static Member Functions

Besides static data, C++ allows the definition of static functions. These static functions can access only
the static members (data or function) declared in the same class; non-static data are unavailable to these
functions. Static member functions declared in the public part of a class declaration can be accessed
without specifying an object of the class, It is illustrated in the program dirs.cpp.

¢/ dirs.cpp: static data and member functions of a class
#include <iostream.h>
#include <string.h>
class Directory
{
public:
// the static string
static char path []; /! declaration
// constructors, destructors etc. not shown here
// here's the static public function
static void setpath( char const *newpath );

// the static function
void Directory::setpath (char const *newpath])
{
strepy( path, newpath };
}
ff definition of the static variable
char Directory::path [199] = "/usr/raj®; // definition
void main ()

{
// static data member access, which is defined as public
cout << "Path: * << Directory::path << endl;
// Alternative (1l): calling setpath() without
// an object of the class Directory
Directory::setpath (“/usr");
cout << *Path: * << Directory::path << endl;
// Alternative (2): with an object
Directory dir;
dir.setpath ("/ete");
cout << "Path: " << dir.path;

}

Run

Path: fusr/raj
Path: /usr
Path: /etc
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in the same memory locations. Thus each object has a separate copy of the automatic data members and
they share static data members among them.

Object 1 Object 2 Object N

Comr | | [Comr ]

[emmz | |[Cemz ]| ..
- - -

L - -
[awam ]| | [Comam ]
~ .. - -
. P | - -
N AR N .-

"\\ | "-._‘.-' |
= | -7 |
\\. f‘ \\

sl = . #

Separate memory for object’s data members
Shared memory for class functions

Figure 10.23: Memory for objects' data and function members

A static data member is allocated a fixed area of storage at link time, like a global variable, but the
variable's identifier is accessed only using the scope resolution operator with the class name. Thus
static data is useful when all the objects of the same class must share a common item of information
having same characteristics as non-static members. It is visible only within the class, but its extent
(lifespan) is the entire program execution period.

Data members are generally allocated with the same storage class. If an object i1s declared auto, all
its data is auto; static objects have static data members. Static data members are an exception to this
rule; when an object is created, memory is not allocated to its static members (if there are any), because
this weuld cause multiple copies of the static data member appear in every object.
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Static member functions can also be defined in the private region of a class. Such private static
member functions can access only static data members and can invoke static member functions. The
following points should be noted about static members:

« Only one copy of static data member exists for all the instances of a class.
« Static member functions can access only static members of its class.
«» Static data members must be defined and initialized like global variables, otherwise the linker gener-
ates errors.
« Static members defined as public can either be accessed through the scope resolution operator as
ClassName: :MemberName
or it can be accessed through the object of a class as
ObjectName . Memberllame
That is, static members can be accessed using only the class name, without referring to a particular
object.

10.18 Class, Objects and Memory Resource

When a class is declared, memory is not allocated to the data members of the class. Thus, there exists
a template, but data members cannot be manipulated unless an instance of this class is created by
defining an object. It might give an impression that when an object of a particular class is created,
memory is allocated to both its data members and member functions. This is partly true. When an object
is created, memory is allocated only to its data members and not to member functions.

Member functions are created and stored in memory only once when a class specification is de-
clared. All objects of that class have access 1o the same area in the memory where the member functions
are stored. It is alse logically true as the member functions are the same for all objects and there is no
point in allocating a separate copy for each and every object created using the same class specification.
However, separate storage is allocated for every object’s data members since they contain different
values. It allows different objects to handle their data in a manner that suits them.

The organization of memory resource for the objects is depicted in Figure 10.23. It can be observed
that N objects of the same class are created and data members of those objects are stored in distinct
memory locations, whereas the member functions of objectl to objectN are stored in the same
memory area. Thus, each object has a separate copy of data members and the different objects share the
member functions among them. Itis simpler to visualize each object as containing both its own data and
functions. But the knowledge of what happens behind the scene is useful in estimating the time and
space complexity of a program during its execution.

Static Data Members

Whenever a class is instantiated, memory is allocated to the created object. But there exists an excep-
tion to this rule. Storage space for data members which are declared as static is allocated only once
during the class declaration. Subsequenily, all objects of this class have access to this data member, i.e.,
all instances of the class access the same data member. When one of them modifies the static data
member, the effect is visible to all the instances of the class.

The organization of memory resource for the object's static data members is shown in Figure
10.24. It can be observed that in the N objects of the same class, automatic data members (of each
object) are stored in distinct memory locations, whereas static data members (of all objects) are stored
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Figure 10.24: Memory for objects' static and automatic data members

10.19 Class Design Steps

As pointed out by the designer of C++, Dr. Bjarne Stroustrup, “Considering designing a single class is
typically not a good idea. Concepts do not exist in isolation; rather, a concept is defined in the context
of other concepts. Similarly, a class does not exist in isolation, but is declared together with logically
related classes. Such a set is often called a class library or a component. Sometimes all classes in a
component constitute a single class hierarchy, sometimes they do not.”

The set of classes in a component is united by some logical criteria, often by a component style and
by a reliance on common services. A component is thus the unit of design, documentation, ownership,
and often reuse. However, to use any part of a component, one needs 1o understand the logical criteria
that define the component, the conventions and style embodied in the design of the components and

its documentation, and the common services (if any),

The design of a component is a challenging task. It can be easily handled by breaking it into steps
so that focus can be placed on the various sub-tasks in a logical and complete way. (Unlike structured
programming, OOPs concentrates on data decomposition instead of algorithm decomposition.) How-
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functions inline or not ?

What is the difference between member functions defined inside and outside the body of a
class? How are inline member functions defined outside the body of a class 7

What is data hiding ? What are the different mechanisms for protecting data from the external
users of a class’s objects ?

What are empty classes ? Can instances of empty class be created ? Give reasons.

Write a program for adding two vectors (which are objects of the class Vecror). Use dynamic
data members instead of arrays for storing vector elements.

Explain the different methods of passing object parameters,

Write an interactive program for manipulating objects of the Distance class. Support member
functions for adding and subtracting distance members of two objects,

What are friend functions and friend classes ? Write a normal function which adds objects of the
complex number class. Declare this normal function as friend of the Complex class.

Write a program for processing objects of the Student class. Declare member functions such
as show () as read-only member functions.

Bring out the differences between auto and static storage class data members, Canstatic
member functions of a class access all types of members of a class. Give reasons. What are the
access rules for accessing static members ?

Discuss memory requirements for classes, objects, data members, member functions, static and
non-static data members.

Why object-oriented programming approach is the preferred form of programming over other
approaches.

Write a program for manipulating coordinates in Rectangle coordinate system. Represent points
as objects. The class Point must include members such as x and v (as data members), and
add(),sub(),angle (), etc. (as member functions).

Write a program for manipulating coordinates in Polar coordinate system. Represent points as
objects. The class Polar must include data members such as radius and theta, and
member functions such as add (), sub(), angle(), etc.

Explain steps involved in designing class components as suggested by the C++ designer.
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ever. there 1s no one right method for component design, Here is a series of steps that have worked well
in the design of components with most designers:

{1]. Find the concepts/classes and their most fundamental relationships.
[2]. Refine the classes by specifying the sets of operations on them.

a. Classify these operations, In particular, consider the needs for construction, copying, and de-
struction. C++ features for defining such operations are discussed in the chapter on Object
Initialization and Cleanup.

b. Provide standard interface. It must provide the same look and feel of standard data types to user
defined data types. C++ has constructs for defining such standard interfaces and are discussed in
the chapter on Operator Overloading.

¢. Consider minimalism, completeness, and convenience,

[3]. Refine the classes by specifying their dependencies on other classes:

a. Inheritance. (Discussed in the chapter on Inheritance.)

b. Use dependencies.

[4]. Specify the interfaces for the classes.
a. Separate functions into private, public, and protected operations.
b. Specify the exact type of the operations on the classes.

Note that these steps are iterative in nature and hence, several sequences over these steps are
required to produce a design code. It is advisable to design these classes as template classes as
discussed in the chapter Generic Programming with Templares. The error handling model adopted in
these classes must use exceptions to report runtime errors; discussed in the chapter Exception Han-
dling. Once objects are created dynamically, there must be provision to invoke operations on these
objects dynamically. These features are discussed in the chapter Virtual Functions. Apart from the
class design steps, a true object-oriented development passes through object-oriented analysis, de-
sign, testing, etc., phases; discussed in the chapter OO Analysis, Design and Development.

Review Questions

10.1 What s a class 7 Describe the syntax for declaring a class with examples.

10.2 What are the differences between structures and classes in C++ 7

10.3 What are objects 7 Describe the syntax for defining objects with examples. Explain how C++
supports encapsulation and data abstraction.

10.4 Write a program illustrating class declaration, definition, and accessing class members,

10.5 Explain the client-server model of object communication.

10.6 The University requires an interactive student database package that permits one to keep track
of the dynamic student population in the campus. This database maintains at the minimum, a
student's name, roll-no, marks of three hardcore subjects and three soficore subjects. The
information about any student can come at any time.

(a) What kind of data structure is suited for the above implementation and why ?
(b) Give the class specification.
(c) Given a student's roll-no, how do we determine the marks scored by the student ?
10.7 What are the guidelines that need to be followed for deciding whether to make the member
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Object Initialization and Cleanup

11.1 Class Revisited

A class encapsulates both data and functions manipulating them into a single unit. It can be further
used as an abstract data type for defining a class instance called object. As with standard data types,
there must exist a provision to initialize objects of a class during their definition itself. Consider an
example of the class bag having 1wo data members: conrents 10 h and 1 remCount 1o hold
the number of items currently stored in the bag. It has interface functions such as SetEmpEy ().
and show () whose usage is illustrated in the program bag . P,

put ()

// bag.cpp: Bag into which fruita can be placed
#include —iostream.h-

const ine MAX_ITEMS
class Bag

<

25, // Maximum number of items that a bag can hola

privare:
int contents[MAX_ITEMS]; // bag memory area
int Itemcount: // Nunber of items present in a bag
public:
/7 sete ItemCount to empty
void setEmpty ()
Itemcount = 0; //when you purchase a bag, it will be empty
void put( int item ) 7/ puts item into bag
contents( TremCount+s ] = item; s/ counter update
void showO:
)i
77 Aisplay contents of a bag
void Bag: :show()

for( int i = 0; i < ItemCount
cout << contents(il << " "1
cout <= endl;
>
veia main ()

Bag bag:

bag.SetEmpty () // Set bag to empty
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while( 1 )
{
cout<<"Enter Item Number to be put into the bag <0-no item>: *;
cin >> item;
if{ item == 0 ) // items ends, break
break;
bag.put( item };
cout << "Items in Bag: *;
bag.show () ;

}
Run

Enter Item Number to be put into the bag <0-no item>: 1
Items in Bag: 1

Enter Item Number to be put into the bag <0-no item»>: 3
Items in Bag: 1 3

Enter Item Number to be put into the bag <0-no item>: 2
Items in Bag: 1 3 2

Enter Item Number to be put intc the bag <0-no item=>: 4
Items in Bag: 1 3 2 4

Enter Item Number to be put into the bag <0-nco item>:

In main (), the statement
Bag bag;
creates the objectbag without initializing the I temCount to 0 automatically. However, it is performed
by a call to the function SetEmpty () as follows:
bag.SetEmpty() ; // set bag to empty
According to the philosophy of OOPs, when a new object such asbag is created, it will naturally be
empty. To provide such a behavior in the above program, it is necessary to invoke the member function
SetEmpty explicitly. In reality, when a bag is purchased, it might contain some items placed inside the
bag as gift items. Such a situation in C++ can be simulated by
Bag bagl = 2;
It creates the object bag and initializes it with 2, indicating that the bag is sold with two gift items. It
resembles the procedure of initialization of a built-in data type during creation, i.e., there must be a
provision in C++ to initialize objects during creation itself.

It is therefore clear that OOPs must provide a support for initializing objects when they are created,
and destroy them when they are no longer needed. Hence, a class in C++ may contain two special
member functions dealing with the internal workings of a class. These functions are the constructors
and the destructors. A constructor enables an object to initialize itself during creation and the destruc-
tor destroys the object when it is no longer required, by releasing all the resources allocated to it. These
operations are called object initialization and cleanup respectively.

11.2 Constructors

A constructor is a special member function whose main operation is to allocate the required resources
such as memory and initialize the objects of its class. A constructor is distinct from other member
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functions of the class, and it has the same name as its class. It is executed automatically when a class is
instantiated (object is created). It is generally used to initialize object member parameters and allocate
the necessary resources to the object members. The constructor has no return value specification (not
even void). For instance, for the class Bag, the constructor is Bag: :Bag|().

The C++ run-time system makes sure that the constructor of a class is the first member function to
be executed automatically when an object of the class is created. In other words, the constructor is
executed everytime an object of that class is defined. Normally constructors are used for initializing the
class data members. It is of course possible to define a class which has no constructor at all; in such a
case, the run-time system calls a dummy constructor (i.e., which performs no action) when its object is
created. The syntax for defining a constructor with its prototype within the class body and the actual
definition outside it, is shown in Figure 11.1. Similar to other members, the constructor can be defined
either within, or outside the body of a class. It can access any data member like all other member
functions but cannot be invoked explicitly and must have public status to serve its purpose. The
constructor which does not take arguments explicitly is called default construcror.

class ClassName

..... // private members

Public :  ee— must be public
// public members

TC lassName ( ) ; === Constructor prototype
¥ no return type nor void

ClassName :: ClassName( ) === (Constructor definition
{

}

// ceonstructor body definition

Figure 11.1: Syntax of constructor

The initialization may entai calling functions, allocating dynamic storage, setting variables 1o spe-
cific values, and so on. Since the constructor is executed every time an object is created, it can be used
to assign initial values to the data members of the object. It will reduce the burden on the programmer
to specifically initialize the data within each object that is created and hence, prevent errors. These
constructors do not have any return type, since they are invoked during the creation of objects trans-
parently. But they can have as many arguments as necessary.

The program newbag . cpp has a counter, which can be used to count events or objects placed in
a bag. Since the counter has to start from zero value and count upwards, a mechanism is required by
which the counter can be set to zero as soon as it is created. An appropriate solution to this situation,
is 10 use a constructor.

// newbag.cpp: Bag into which fruits can be placed with constructor
#include <iostream.h>
const int MAX_ITEMS = 25; // Maximum number of items that a bag can hold
class Bag
{
private:
int contents[MAX_ITEMS]; // bag memory area
int ItemCount; // Number of items present in a bag
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publi
/7 sets ItemCount to empty
Bag () /7 constructor
Itemcount = O // when you purchase a bag, it will be empty
)
void put( int item ) 7/ puts item inte bag
contents[ ItemCount++ ] = item; // item into bag, counter update

veoia show():
)

/7 Qisplay contents of the bag
void Bag: :show ()

¢

for( int i = 0; i < TtemCount; i+s )
cout «= contentslil == * *;
cout << endl:
3
void main()
¢

“Encer item Mumber to be put inte The bag <0 no items:

) // items ends. break

bag.put( item ):
cout << "Items in Bag:
bag . show () ;

Enter Item Number to be put into the bag <0-no items:
i g: 1

Encer Item Number to.be put into the bag <0-no items:
H

[

Enter Trem Number to be put into the bag <O-no items:
32
Enter Item Number to be put into the bag <0-no item=:
a

Enter Item Number to be put into the bag <0-no items:

IS

In main (). the class instantiation statement
Bag bag;
creates the object bag and initializes TtemCount 10 zero by invoking the no-argument constructor
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Bag: :Bag(
automatically. In the carlier program bag . cpp. these actions are performed by the following state-
ments

Bag bag:
bag.SetEmpty(): // set bag to empty
First, the object bag is created and then, SetEmpty () is explicitly invoked to initialize the data
member I cemCount to zero.
‘When an object is a local non-static variable in a function, the constructor Bag () is called when the
function is i When an object is a global or a static variable, the constructor Bag () is invokec
bhefore the execution of main () as illustrated in the program test1 . cpp.

5

// testl.cpp: a class Test with a constructor function
#include <iostream.h>
clasms Teme
¢
public - 74 ‘public’ function
Tesc () ) // the constructor

)i
Test::Test () #/ here is the definition

cout <= "constructor of class Test called® <= endl;
/7 and here is the test program:
Test G /7 global object
veid func )
«

Test Ly 7/ local object in function func ()
cout << *here’'s function func()* << endl:

void main()

Test X 7/ local object in function main ()
cout << *main() function® << endl;
func ()3

3

Aun

constructor of class Test called
constructor of class Test called
main() function

constructor of class Test called
here’s function func()

(gloval object G)
(object X in main())

(object L in funcO)

The output produced by the program is as desired (see Run - the text in parentheses indicates
comment). The program shows how a class Test is defined, which consists of only one function: the
constructor. The constructor performs only one action; a message is printed. The program contains
three objects of the class Test: first a global object, second a local object in main (), and third
arther local object in £une (
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A constructor has the following characteristics:

+ It has the same name as that of the class to which it belongs.

It is executed automatically whenever the class is instantiated.

It does not have any return type.

It is normally used to initialize the data members of a class.

It is also used to allocate resources such as memory, to the dynamic data members of a class.

11.3 Parameterized Constructors

Constructors can be invoked with arguments, just as in the case of functions. The argument list can be
specified within braces similar to the argument-list in the function. Constructors with arguments are
called parameterized constructors. The distinguishing characteristic is that the name of the construc-
tor functions have to be the same as that of its class name. In the earlier program newbag.cpp,
another constructor with arguments could have been provided with one integer value to initialize the
data members ItemCount and contents (] . The syntax of parameterized constructors and their
access is shown in Figure 11.2. .
class Test

{

};

Test tl(2) ;: —, 2 is passed as parameter
Test t2=3; —.

3 is passed as parameter

Figure 11.2: Parameterized constructor

Since C++ allows function overloading, a constructor with arguments can co-exist with another
constructor without arguments. The class Bag would thus have two constructors. The usage of a
constructor with arguments is illustrated in the modified program giftbag. cpp of newbag.cpp.
The object is initialized during its creation.

/ / giftbag.cpp: Bag which has some items when gifted
#include <iostream.h>
const int MAX_ITEMS = 25; // Maximum number of items that a bag can hold
class Bag
{
private:
int contents[MAX_ITEMS]; // bag memory area
int ItemCount; // Number of items present in a bag
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public:
// sets ItemCount to empty, it is gifted as empty bag
Bagl(!} // constructor without arguments
{
ItemCount = 0;
1
Bag({ int item )} // constructor with arguments

{
contents[ 0 ] = item; // when bag is gifted, it'll have some items

ItemCount = 1;

}
void put( int item } // puts item into bag
{

contents| ItemCount++ ] = item; // item into bag, counter update

}
void show();

/{ display contents of a bag
void Bag: :show()

{

if({ ItemCount )
for({ int i = 0; i < ItemCount; i++ }
cout << contents[i] << * *;
else
cout << "Nil";
cout << endl;

void main()

{

}

int item;
Bag bagl; // uses Bag::Bagl) constructor
Bag bag2 = 4; // uses Bag::Bag( int item ) constructor
cout << "Gifted bagl initially has: *;
bagl.show() ;
cout << "Gifted bag2 initially has: ";
bag2.show() ;
while( 1 )
{
cout << "Enter Item Number to be put into the bag2 <0O-no item>»: *;
cin >> item;
if( item == ) // items ends, break
break;
bag2.put{ item );
cout << "Items in bag2: ";
bagZ.show();

Run

Gifted bagl initially has: Nil
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Gifted bagZ initially has: 4

Enter Item Number teo be put intec the bag2 <0-no item>: 1
Items in bag2: 4 1

Enter Item Number to be put into the bagZ <0-no item>: 2
Items in bag2: 4 1 2

Enter Item Number to be put into the bag2 <0-no item>: 3

Items in bag2: 4 1 2 3
Enter Item Number to be put into the bag2 <0-no item>: 0

The Bag class has two constructors. The first constructor does not have any arguments. The next

constructor has a single argument. The statement

Bag bagl:
creates the object bagl and initializes its data member ItemCount by invoking the no-argument
constructor Bag: :Bag (). The next statement

Bag bagl = 4;
creates the object bag2 and sets its data members ItemCount to 1 and contents to 4 by invoking
the on¢-argument constructor Bag: :Bag( int item ). The concept of having multiple construc-
tors and their invocation based on suitable arguments during the creation of objects bagl and bag2
with user interface is shown in Figure 11.3.

Instances of the class Bag

Client program

sy o]

Bag bagl;

private:

| -Bag bag2=4;
int contents|]);
int ItemCount;
- bag2.put (item) ;

bag2.show () ;

/—"\\J

Figure 11.3: Bag class and parameterized constructor

When a constructor is declared not to accept any arguments, it is called a default constructor. It is
invoked when the object is instantiated with no arguments. The constructor Bag () is a default con-
structor. Since a default constructor takes no arguments, it follows that each class can have only one
default constructor. The operation of the default constructor function is usually to initialize data, used
subsequently by other member functions. It can also be used to allocate the necessary resources such
as memory. dynamically.
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11.4 Destructor

When an object is no longer needed it can be destroyed. A class can have another special member
function called the destructor, which is invoked when an object is destroyed. This function comple-
ments the operation performed by any of the constructors, in the sense that, it is invoked when an
object ceases to exist. For objects which are local non-static variables, the destructor is called when the
function in which the object is defined is about to terminate. For static or global variables, the destructor
is called before the program terminates. Even when a program is interrupted using an exit () call, the
destructors are called for all objects which exist at that time.

The syntax of the destructor is shown in Figure 11.4, Destructor is a member function having the
character ~(tilde) followed by the name of its class and brackets (i.¢., ~classname (} ). It is invoked
automatically to reclaim all the resources allocated to the object when the object goes out of scope and
is no longer needed.

class ClassName
..... // private members
public : == must be public

// public members
~ ClassName{); - Destructor prototype

Tilde character, destructor returns nothing

ClassName :: ~ ClassName{) - Destructor definition
{

}i

// destructor body definition
}

Figure 11.4: Syntax of destructor

Similar to constructors, a destructor must be declared in the public section of a class so that it is
accessible to all its users. Destructors have no return type. It is incorrect to even declare a void return
type. A class cannot have more than one destructor. The program test . cpp illustrates the use of
destructors.

// test.epp: a class Test with a constructor and destructor
#include <iostream.h>
class Test

{

public: // ‘*public' function:
Test(); // the constructor
~Test ()} // the destructor
}; .
Test::Test() // here is the definition of constructor
{
cout << *constructor of class Test called" << endl;
1
Test::~Test() // here is the definition of destructor

{
cout << "destructor of class Test called* << endl;

}
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void main()

{
Test x; // constructor is called while creating
cout << "terminating main()" << endl;

} // object x goes out of scope, destructor is called

Run

constructor of class Test called
terminating main()
destructor of class Test called

An interesting aspeci of constructors and destructors is illustrated in the program count . cpp. It
keeps track of the number of objects created and how many of them are still alive.

// count.cpp: counts how many objects are created and how may are alive
#include <iostream.h>
int nobjects = 0; // number of objects of the class MyClass
int nobj_alive = 0; // number of objects present of the class MyClass
class MyClass
{
public:
MyClass () // -increments objects count
{
++nobjects; // add to total
++nobj_alive; // add to the active
}
~MyClass() // decrements active objects count
{
~--nobj_alive; // deduct one from active objects list
}
void showl()
{
cout << "Total number of objects created: " << nobjects << endl;
cout<<"Number of objects currently alive: "<<nobj_alive << endl;
}
}:
void main{()
{
MyClass objl;
objl.show();
{ // new block
MyClass objl, obj2;

obj2.show(); // can be objl.show()
} // objl and obj2 goes out of scope, hence deleted
objl.show() ;

MyClass obj2, objl;
obj2.show(); // can be objl.show(} or obj3.show()
}

Bun
Total number of objects created: 1
Number of objects currently alive: 1
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Total number of objdcts created: 3
Number of objects currently alive: 3
Total number of cbjects created: 3
Number of objects currently alive: 1
Total number of cbjects created: 5
Number of objects currently alive: 3

The constructor in the above program increments the global variablesnobjects andnobj_alive,
by one. Whenever an object is created, the constructor is invoked automatically and counters are
updated to maintain the object's statistics. The destructor decrements only the count variable
nobj_alive by one. Whenever objects go out of scope, the destructor is invoked automatically and
the counters will get updated (decremented). The status can be retrieved by using the member function
show () of the class MyClass. It prints the same message irrespective of the object invoking it; (it
uses global data, which remains the same irrespective of the object’s message).

The following rules need to be considered while defining a destructor for a given class:

+ The destructor function has the same name as the class but prefixed by a tilde (~). The tilde distin-
guishes it from a constructor of the same class.

+ Unlike the constructor, the destructor does not take any arguments. This is because there is only one
way to destroy an object.

+ The destructor has neither arguments, nor a return value,

+ The destructor has no return type like the constructor, since it is invoked automatically whenever an
object goes out of scope.

+ There can be only one destructor-in each class. This is essentially a violation of the rule that a
function can take arguments, thereby making function overloading impossible.

11.5 Constructor Overloading

An interesting feature of the constructors is that a class can have multiple constructors. This is called
constructor overloading. All the constructors have the same name as the comresponding class, and
they differ only in terms of their signature (in terms of the number of arguments, or data types of their
arguments, or both) as illustrated in the program account.cpp.

/ / accoumt.cpp: passing objects as parameters to functions
#include<iostream.h>
class AccClass
{
private: // class data members
int accno;
float balance;
public: /{ class function members
AccClass () // Constructor no.l
{
cout << "Enter the account number for accl cbject: ";
cin >> accno;
cout << “Enter the balance: ";
cin >» balance;
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AccClass(int an) // Constructor no.2
{
accno = an;
balance = 0.0 ;
}
AccClass{int acval, float bal) // Constructer no.3
{
aceno = acval;
balance = bal;
}
void display{}
{
cout << "Account number is: " << accno =< endl;
cout << *"Balance is: " << balance << endl;
}
void MoneyTransfer( AccClass & acc, float amount );
}i
/{ accl.MoneyTransfer( acc2, 100 ),transfers 100 rupees from accl to acc2
void AccClass: :MoneyTransfer( AccClass & acc, float amount )
{
balance = balance - amount; // deduct money from source
acc.balance = acc.balance + amount; // add money to destination
}
void main{()
{
int trans_money; )
AccClass accel; // uses constructor 1

AccClass acc2( 10 ); // uses constructor 2
AccClass acc3( 20, 750.5 ); // uses constructor 3

cout << "Account Information..." << endl;
accl.display();
acc2.display();
acc3.display();
cout << "How much money is to be transferred from accld to accl: *;
cin »> trans_money;
// transfer trans_money from accl to accl
acc3 . MoneyTransfer( accl, trans_money });
cout << "Updated Information about accounts..." << endl;
accl.display();
acc2.display();
accl.display();
}

Run

Enter the account number for accl cbject: 1
Enter the balance: 100

Account Information...

Account number is: 1

Balance is: 100

Account number is: 10
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Balance is: 0

Account number is: 20

Balance is: 750.5

How much money is to be transferred from acc3 to accl: 200
Updated Information about accounts...
Account number is: 1

Balance is: 300

Account number is: 10

Balance is: 0

Account number is: 20

Balance is: 550.5

In case of a class having multiple constructors, a constructor is invoked during the creation of an
object depending on the number and type of arguments passed. The default constructor can also be
defined along with other constructors, if necessary. The invocation of different constructors during the
creation of an object of the class AccClass is shown in Figure 11.5.

- class AccClass

toot . overloaded constructors
public: _—"
e #AccClass();
- —®AccClass( int an );

v AccClass( int acval, float bal );« .
/ .
\ i
N\ _‘AccClass accl;
AccClass acc2( 10 )
AccClass acc3( 20, 750, 5 };. ...

.

Figure 11.5: Constructor overloading

In this program, whenever a new account is created, one of the three steps is chosen:
« If no arguments are passed, then the program prompts the user for an account number and balance
by invoking the no-argument constructor, AccClass ().
« If only an int argument, is provided, then the account number is initialized with the value passed as
an input argument while, the balance is set to 0.0 by invoking the one-argument constructor
AccClass(int).

« Ifboth an int as well as a f Loat argument is provided, then the account number is set to the inc
value while the balance is set to the float value by invoking the two-argument constructor,
AceClass (int, . float).

Differences between Constructors and Destructors
The following are the differences between constructors and destructors:

« Arguments cannot be passed to destructors.

« Only one destructor can be declared for a given class as a consequence of the fact that destructors
cannot have arguments and hence, destructors cannot be overloaded.

+ Destructors can be virtual, while constiuctors cannot be virtual. More details can be found in the
chapter Virtual Functions.
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11.6 Order of Construction and Destruction

The possibility of defining constructors with arguments, offers an opportunity to monitor (examine) the
exact moment at which an object is created or destroyed during the execution of a program. This has
been illustrated in the program, test2.cpp using the Test class.

// test2.cpp: the class Test with a constructor and destructor function
#include <iostream.h>

#include <string.h>

class Test

{

private:
char *name;
public: // 'public' function:
Test(): // the constructor
Test( char *msg ); // one-argument constructor
~Test();
Yi
Test::Test () // here is the
{ // definition

name = new char| strlen("unnamed®)+1 ];
strcpy( name, "unnamed" ;;
cout << ."Test object ‘'unnamed' created" << endl;
}
Test::Test( char *NamelIn )
{
name = new char[ strlen(NameIn)+1 ];
strcpy( name, Nameln );
cout << "Test object " << NamelIn << " created" << endl;
}
Test::~Test ()
{
cout <<"Test object " << name << * destroyed" << endl;
delete name; /! release memory
}
/f and here is the test program:
Test g("global"); // global object
void func()
{
Test 1("func"); // local object in function func(}

cout << "here's function func()" << endl;

}

void main()

{
Test x("main”); // local object in function main()
func (};

cout << "main() function - termination" << endl;



Chapter 11: Object Initialization and Cleanup 377

Run

Test object global created
Test object main created
Test object func created
here‘s function func()

Test object func destroyed
main() function - termination
Test object main destroyed
Test object global destroyed

By defining .objects of the class Test with specific names, the construction and destruction of
these objécts can be monitored. In the above program, global objects are created first, hence the
statement
Test gi{"glckal”);

creates the object g and initializes its member name to "global”. In func (), the statement
Test 1("func");

creates the local object 1 and initializes its member name to " func*®. Inmain (), the statement
Test x{("main"); // local object in function main()

creates the local object x and initializes its member name 10 "main".

The object which goes out of scope is immediately destroyed. In the above program, the function
func () terminates first and hence, the local object 1 is destroyed first, which can also be observed
from the program output. Secondly, the object x is destroyed during the termination of the function
main (). Finally, the global object g is destroyed. When more than one object is created globally, or
locally, they are destroyed in the reverse chronological order (object created most recently is the first
one to be destroyed).

11.7 Constructors with Default Arguments

Like any other function in C++, constructors can also be defined with default arguments. If any argu-
ments are passed during the creation of an object, the compiler selects the suitable constructor with
default arguments. The program complexl.cpp illustrates the usage of default arguments during
the creation of objects of the complex type class.

// complexl.cpp: default arguments to complex class
#include <iostream.h>

#include <math.h>

class complex

{

private:
float real; // real part of complex number
 float imag; // imaginary part of complex number
public:
complex () // constructor 0

{
real = imag = 0.0;

}



378 Mastering C++

complex( flecat real_in, fleoat imag_in = 0.0 ) // constructerl

{
real = real_in;
imag = imag_in;
}
void show( char *msg ) // display complex number in x+iy form
{
cout << msg << real;
if( imag < 0 )
cout << *-i%;
else
cout << "+i";
cout << fabs({imag) << endl;
}
complex add( complex c2 ); // Addition of complex numbers

|
// temp = default sbject + c2;

complex complex::add{ complex c2 ) // add default and c2 complex objects
{
complex temp; // object temp of complex class
temp.real = real + c2.real; // add real parts
temp.imag = imag + c2.imag; // add imaginary parts
return{ temp ); // return complex cbject

}
void main()

{

complex c1( 1.5, 2.0); // uses constructorl
complex c2( 2.2 ); // uses constructorl with default imag value
complex c3; // uses constructor0

cl.showi("cl ")

c2.show("c2 = "};

c? = cl.add{ c2 ); // add cl and c2 assign to c3
cl.show( "c3 = cl.add( c2 }): ");

}

Bun

cl = 1.5+12

€2 = 2.2+10

c3d = cl.add( c2 ): 3.7+1i2

The constructor complex (), in the class complex is declared as
complex( float real_in, float imag_in = 0.0 ) // constructorl
The default value of the argument imag_in is zero. Then, the statement in main (),
complex c2( 2.2 );
passes only one parameter explicitly to the constructor. The compiler treats this statement as,
complex c2( 2.2, 0.0 );

by assuming the second argument to have default argument value (image_in = 0.0) specified at
tke declaration of the constructor. However, the statement,

complex cl( 1.5, 2.0);
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assigns 1.5toxeal_inand 2.0 to imag_in. If the actual parameter is explicitly specified. it overrides
the default value. As stated earlier, the missing arguments must be the trailing ones. The invocation of
a constructor with default arguments while creating objects of the class complex is shown in Figure
1

class complex
€

lex() :
- complex(float real_in,float imag_in=6.0); -

i

complex ©1(1.5,2.0)
complex ©2(2.2)
complaex &3:

Figure 11.6: Default arguments to constructor

Suppose the specificati

n of the constructor complex (Floac, £1loac) is changed to,
complex( float real in = 0.0, float imag_in = 0.0
in the above program. it causes ambiguity while using a statement such as,

complex ci:
The confusion is whether to call the no-argument constructor,

Lo scomplen()

or the two argument default constructor

complex: :complex( £loat = 0.0, float = 0.0)
Hence, such a specification should be avoided. If no constructors are defined, the compiler tries to
generate a default constructor. This default constructor simply allocates storage to build an object of
its class. A constructor that has all default arguments is similar to a default (no-argument) constructor.
because it can be called without any explicit arguments. This may also lead to errors as shown in the
following program segment:

class x
«
int value;
public:
xey

value=0;

X(ine 1

)
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void main()
{
X c; // Error: This leads to errors as compiler will not be
// able to decide which constructor should be called
X clid); // OK
}
Trying to create an object of the class X without any arguments, will cause an error as two different
constructors satisfy the requirement. Hence, the statement,
X c;
causes the ambiguity whethertocall X: : X () orX: : X (int i= 0). In this, if the default constructor
is removed, the program works properly.

11.8 Nameless Objects

C++ not only supports the creation of named objects, but also the creation of unnamed objects. In the
object creation statement, the name of an object need not be mentioned. The general format for instan-
tiating nameless objects is shown in Figure 11.7,

| arguments to conslrul:lor]

ClassName ( arguments );

Figure 11.7: Syntax of creating nameless objects

In the above syntax, the name of the object is not mentioned. However, the method of passing
arguments 1o a constructor, and the procedure for creating the nameless object is similar to the proce-
dure for creating named objects. Passing arguments to an object is optional and if no-arguments are
mentioned, a default constructor of the class is invoked. If arguments are mentioned in the object
creation statement, C++ invokes a constructor of the class that matches with the argument types. After
execution of the constructor, nameless objects are immediately destroyed and the destructor of the
class is invoked as a part of the object cleanup activity. Hence, the scope of a nameless object is limited
only to the statement in which it is created.

The feature of nameless object creation is useful in functions returning an object. The program
‘noname . cpp demonstrates the creation of nameless objects.

// noname.cpp: Nameless object creation
#include <iostream.h>
class nameless
{
int a;
public:
nameless ()
{
cout << "Constructor" << endl;

}
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~nameless ()
{
cout << "Destructor® << endl;
}
¥;
void main()
{
nameless(); // nameless object is created as well as destroyed here
nameless nl;
nameless n2;
cout << "Program terminates" << endl;

}
Run

Constructor <—nameless()

Destructor <— nameless()

Constructor <—namelessnl()
Constructor <— namelessn2()

Program terminates

Destructor <— during program termination
Destructor <— during program termination

From the output it is observed that the first two output statements are generated by the statement
nameless();// nameless ocbject is created as well as destroyed here
It can be observed that, a nameless object is created and destroyed at the same point. But this is not the
case with named objects. The statements,

nameless nl;
nameless n2;

create the named objects n1 and n2 and they are destroyed during the termination of the program.

11.9 Dynamic Initialization through Constructors

Object's data members can be' dynamically initialized during runtime, even after their creation. The
advantage of this feature is that it supports different initialization formats using overloaded construc-
tors. It provides flexibility of using different forms of data at runtime depending upon the user's need.

Consider an example of naming persons. Some persons have only the first name (person name),
some have the first and second name {person name and surname), and others have all the three (person
name, surname, and third name). The program name. cpp illustrates the use of objects for holding
names and constructing them at runtime using dynamic initialization.

// name.cpp: ocbject with different name pattern
#include <iostream.h>
#include <string.h>
class name
{
private:
char first[15]; // first name
char middle{15]; // middle name
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char last[15]; // last name
public:
name { ) /{ constructor(

{
// initialize all string pointers to NULL

first[0] = middle([0] = last[0] = *\O';
}
name ( char *FirstName ); // constructorl
name( char *FirstName, char *MiddleName ); // constructor2
//eonatructor3

name( char *FirstName, char *MiddleName, char *LastName );
void show( char *msg );
}i
inline name: :name( char *FirstName )
{
strepy | first, FirstName ) ;
middle[0] = last[0] = "\O"; // others to NULL
}

inline name: :name( char *FirstName, char *MiddleName )
{

strepy{ first, FirstName );

strcpy({ middle, MiddleName };

last[0] = "\O*; // others to NULL
}

name: :name ( char *FirstName, char *MiddleName, char *LastName )
{
strepy{ first, FirstMName );
strcpy{ middle, MiddleName };
strepy( last, LastName ) ;
}
void name: :show( char *msg )
{
cout << msg << endl;
cout << “First Name: " << first << endl;
if( middle[0]
cout << "Middle Name: " << middle << endl;
if( last[0] )
cout << "Last Name: " << last << endl;
}
void main()

{
name nl, n2, n3; // constructor0

nl = name( "Rajkumar" ); // constructorl
n2 = pname( "Savithri", "S" ); // constructor2
n3d = name( "Venugopal®", "K", "R" }; /{ constructor3

nl.show{ "First person details..." );
n2.show({ "Second person details..." };
n3.show( "Third person details...* );
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Bun

First person details...
First Name: Rajkumar
Second person details...
First Name: Savithri
Middle Name: S

Third person details...
First Name: Venugopal
Middle Name: K

Last Name: R

The program has four constructors. The arguments to the last three constructors are passed during
runtime. The user input is used to initialize the name class's objects in one of the following form:

+ No name at all: default constructor (constructor() is invoked
+ The first name: constructorl is invoked

« The first and second name: constructor2 is invoked

« The first, second, and third name: constructor3 is invoked

The compiler selects an appropriate constructor while creating objects by choosing one that matches
the input values. For instance, in the situation
n2 = name( "Savithri®, "s" ); // constructor2
the compiler selects the two argument constructor
name( char *FirstName, char *MiddleName }; // constructori
which matches the call for initializing the object n2's data members.

11.10 Constructors with Dynamic Operations

A major application of constructors and destructors is in the management of memory allocation during
runtime. It will enable a program to allocate the night amount of memory during execution for each object
when the object’s data member size is not the same. Allocation of memory to objects at the time of their
construction is known asdynamic construction. The allocated memory can be released when the object
is no longer needed (goes out of scope) at runtime and is known as dynamic destruction. The program
vectorl.cpp shows the use of new and delete operators during object creation and destruction
respectively.

/ / vectorl.cpp: vector class with array dynamically allocated
#include <iostream.h>
class vector
{
int *v; // pointer to a vector
int sz; // size of a vector
public:
vector( int size ) // constructor
{
sz = size; .
v = new int[ size ]; // dynamically allocate vector
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~vector () 7/ deatructer

Aelete v; // release vector memory
>

veid read():

void show_sum();

sziodee )

“Enter vector[ * << i << * ] ? *;
cin >> v{ils

count ) ;

Run

How many clements are in the vector: S
Enter vector( U ) 7 1

Enter vector[ 1] 22

Encer vector( 2 1 7 3

Fnter vectorl 31 2 4

Enter vector[ 4 1 2 5

Vector sum = 15

In main{), the statement,
vector wi( count 1:
creates the object v1 of the class vector dynamically of the size specified by the variable count (it is
also read at runtime). The function read () accepts clements of the vector from the console and
show_sum () computes the sum of all the vector elements and prints the same on the console.
“The following points can be emphasized on dynamic initialization of objects.
« A constructor of the class makes sure that the data members are initially O-pointers (NULL).
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initializes one object with another object during definition. The data members of v2 are copied member-
by-member, into v3. It is the default action performed by the copy constructor. The statement,
vector v3( v2 )
is treated in the same way as the statement,
vector v3 = v2;
by the compiler.

The default actions performed by the compiler are insufficient if data members of an object are
dynamically changeable. It can be overcome by overriding these default actions. The program

vector2.cpp illustrates the concept of overriding default operations performed by an user-defined
copy constructor.

/ / vector2.cpp: copy constructor for vector elements copying
#include <iostream.h>

class vector
I

int * v; /{ pointer to vector
int size; // size of vector v
public:

vector{ int vector_size )
{
size = vector_size;
v = new int[ vector_size );
}
vector ( vector &v2 );
~vector ()
{
delete v;
]
int & elem( int i )
{
if{ i »= size )
{
cout << endl << "Error: Out of Range";
return -1; // illegal access
}
return v[i];
}

void show();

i
// copy constructor, wector vl = vZ;
vector::vector( vector &v2 )

{

cout << "\nCopy constructor invoked";

size = v2.size; // size of vl is equal to size of w2
v = new int[ v2.size ]; // allocate memory of the vector vl
for({ int 1 = 0; 1 < v2.size; i++ )

v[ii]l = v2.v([i];
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+ A constructor with parameters allocates the right amount of memory resources. .
+ A destructor releases all the allocated memory.

11.11 Copy Constructor

The parameters of a constructor can be of any of the data types except an object of its own class as a
value parameter. Hence declaration of the following class specification leads to an error.

class X

{

private:

public:
X ( X obj ); // Error: obj is value parameter
}:

However, a class's own object can be passed as a reference parameter, Thus the class specification
shown in Figure 11.8 is valid.

class X
{
------ reference to an object of the class X
public
X0
X( X &bj ); == copy constructor
X{int a );
}:

Figure 11.8: Copy constructor

Such a constructor having a reference to an instance of its own class as an argument is known as copy
constructor,

The compiler copies all the members of the user-defined source object to the destination object in
the assignment statement, when its members are statically allocated. The data members, which are
dynamically allocated must be copied to the destination object explicitly. It can be performed by either
using the assignment operator, or the copy constructor. Consider the following statements,

vector v1( 5 ), v2( 5 );

vl = v2; // operator = invoked

vector vi = v2; // copy constructor is invoked
Assuming that v1 and v2 are the predefined objects of the class vector. The statement

vl = v2;
will not invoke the copy constructor even though v1 and v2 are the objects of class vector. It must
cause the compiler to copy the data from v2, member-by-member, into v1. This is the task of the
assignment operator. For more details on assignment operator overloading refer to the chapter on
Operator Overloading. The next statement,

vector v3 = v2;



Chapter 11: Object Initialization and Gleanup 387

show ()

void vector
«

for( ine 0 i < size; i+ )
cout << elem( i ) =< -

void main()

ine i
vector vi( § ). v2( 5 );
For( i = 0: 3 < S; ies )
v2.elem( i ) = i + 1:
vi o= vz // copy comstructor is met invoked
vector v3 = v2; // copy comstructor is invoked, vector v3(v2)

5.

A copy constructor copies the data members from one object to another. The function also prints
the message (copy constructor invoked) (o assist the user in keeping track of its execution
The cupy constructor takes only one argument, an vbject of the type vector, passed by reference. The
prototype is
vector ( vector &vZ ):

It is essential to use a reference in the argument of a copy constructor. It should not be passed as a
values if an argument is passed by value, its copy constructor would call itself to copy the actual
parameter to the formal parameter. This process would go on-and-on until the system runs out of
memory. Hence. in a copy constructor. the argument must always be passed by reference. preventing
creation of copies. A copy comstructor also gets invoked when the arguments are passed by value to
functions, and when values are returned from functions. If an object is passed by value, the argument
on which the funetion operates is ereated m: copy constructor. If an object is passed by address.
or reference, the copy constructor would not be invoked. since, in such a case. copies of the objects
need not be created. When an object is returned from a function. the copy constructor is invoked (o
create a copy of the value returned by the function.

11.12 Constructors for Two-dimensional Arrays

A class can have multidi ional arrays Their size can be either statically defined or
dynamically varied during runtime. A matrix class can i be: &
matrix elements, which are created dynamically. The program mat rix . cpp illustrates the method of
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constructing a matrix of size MaxRow x MaxCo1l.It has member functions to perform various matrix
operations such as addition, subtraction, etc. The destructor releases memory allocated to the matrix
whenever an object of the class matrix goes out of scope.

/ / matrix.cpp: Matrix manipulation class with dynamic resource allocation
#include <iostream.h>
#include <process.h>
const int TRUE = 1;
const int FALSE = 0;
class matrix
{
private:
int MaxRow; // number of rows
int MaxCeol; // number of columns
int **p; // pointer to 2 dimensional array
public:
matrix()
{
MaxRow = 0; MaxCol = 0;
p = NULL;
}
matrix{ int row, int col };
~matrix();
void read();
void show!();
void add( matrix &a, matrix &b );
void sub( matrix &a, matrix &b );
void mul( matrix &a, matrix &b );
int egl( matrix &b );

}:
matrix::matrix{ int row, int col ) // constructor
{
MaxRow = row;
MaxCol = col;
p = new int *[ MaxRow ]; // dynamic allocation
for( int i = 0; i < MaxRow; i++ )
pli] = new int[ MaxCol ];
}
matrix::-matrix() // destructor

{
for{ int i = 0; i < MaxRow; i++ )
delete p[i];
delete p;

}
// addition of matrices, c3.add{cl, c2): c3 = cl+c2

void matrix::add( matrix &a, matrix &b )
{

int i, 3j:

MaxRow = a.MaxRow;

MaxCol = a.MaxCol;
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if{ a.MaxRow '= b.MaxRow || a.MaxCol != b.MaxCol )
{

cout << "Error: Invalid matrix order for addition";

exit( 1 );
}
for( i = 0; i <« MaxRow; i++
for( j = 0; j < MaxCol; j++
plil (i) = a.pli](j] + b.plil(j];

i
// summation of matrices, ecl.sub(cl, ¢2): 3 = cl-c2
void matrix: :;sub( matrix &a, matrix &b )

{
int i, j:
MaxRow = a.MaxRow;
MaxCol = a.MaxCol;
if({ MaxRow !'= b.MaxRow || MaxCol '= b.MaxCol )
{
cout << "Error: Invalid matrix order for subtraction";
exit( 1 );
}
for{ i = 0; i < MaxRow; i++
for( j = 0; j < MaxCol; j++ )
plil (3] = a.p[i][]j] - b.plil(j];
}

// multiplication of matrices, ci.mul(cl, c2): c3 = cl*c2
void matrix::mul{ matrix &a, matrix &b )
{

int i, j, k;

MaxRow = a.MaxRow;

MaxCol = b.MaxCol;

if( a.MaxCol !'= b.MaxRow )

{

cout << "Error: Invalid matrix order for multiplication®;
exit( 1 );

0; i < a.MaxRow; i++ )
= 0; j < b.MaxCol; j++ )

plillj]l = 0;
for{ k = 0; k < a.MaxCol; k++ )
plil[i] += a.plil(k] * b.p(k]l[3];:
}

}
// compare matrices

int matrix::egl( matrix &b )
{
int i, j;
for{ i = 0; i < MaxRow; i++ )
for( j = 0; J < MaxCol; j++ )
if( plil (31 != b.pl(il[3] )
return 0;



= MaxRow; ie+ )
3 < MaxCol: F++ )

cout << "Matrix[" << i <<
cin >> pr43(3);
)

y
void matrix::show()
8
int i, 3
for( i = 0; i < MaxRows i++ )
<

cout =< endl:
for( 35 = 0: 3 < MaxCol; 3++ )
cout << pLil(3] << = -
3
»
void main()
«

int m, n. p. a:
cour << “Enter Marrix A derails.

A.sub( a, b );
cout << endl << "D

<< ena1;

<< enai;



d.show () ;

matrix e{ m, q };

e.mul( a,

cout << endl << "E

e.show();

cout << endl << " (Is matrix A equal to matrix B) ? *;

b };

if( a.eql( b )

cout << *Yes";

else

cout << "No";

}
Run

A*B...

Enter Matrix A details...
How many rows ? 3

How many columns ? 3

Matrix([0,0]
Matrix([0,1]
Matrix([0,2]
Matrix([1l,0]
Matrix[1l,1]
Matrix([1,2]
Matrix[2,0]
Matrix[2,1]
Matrix[2,2]
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Enter Matrix B -details...
How many rows ? 3

How many columns ? 3

Matrix[0,0]
Matrix[0,1)
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Matrix([1,1)
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111

111

111

E=A*B

6 66

6 66

6 6 6

{Is matrix A egual to matrix B) ? No

class matrix
{

private:

int**p; // point to matrix
publie:

matrix()

{

p = new int * [MaxRow];
for (int i=o; i<MaxRow;i++)
plil=new int[MaxCol];

........

........

MaxCol

s Y
p—> 0 1 2 3 4
o [ [ 1)
o [ =T TT T
p2 | A T T T T ] (maxrow
el | | | [ [ ]}

Nt ——

sizeof (int*) sizeof(int)=2 bytes
= 2 bytes, near pointer
= 4 bytes, far pointer

Figure 11.9: Constructor creating matrix dynamically

The constructor first creates a vector pointer to a list of integers of size MaxRow. It then allocates
an integer type vector of size MaxCol pointed to by each element p[i]. Figure 11.9 shows the
allocation of memory for the elements of a matrix whose size is MaxRow x MaxCol dynamically.
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11.13 Constant Objects and Constructor

-C++ allows to define constant objects of user-defined classes similar to constants of standard data
types. The syntax for defining a constant object is shown in Figure 11.10.

[ object of type read only
7

ClassName const ObjectName (parameter})

Figure 11.10: Constant object creation

The data members of a constant object can be initialized only by a constructor, as a part of object
creation procedure. Once a constant object is created, no member functions of its class can modify its
data members. They can only read the contents of the data member. Such data members are termed as
read-only data members and the object is termed as constant, or read-only object. The const objects
behave like a ROM (Read Only Memory) of a computer. In such a memory, the data is stored during their
fabrication, like constant objects are initialized only by a constructor during its creation. It is illustrated
in the program person.cpp.

/ / person.cpp: person class with const member functions
#include <iostream.h>

#include <string.h>

class Person

private:
char *"name; // name of person
char *address; // address field
char *phone; // telephone number
public:
Person{ char *NameIn, char *AddressIn, char *Phoneln });
~Personl();

/4 functions to set fields )
void Person::changename{ char const *Nameln );
f+ functions to inspect fields
char const *getname{void) const;
char const *getaddress{void) const;
char const *getphone(void) const;
}i
// constructor
void Person::Person( char *Nameln, char *AddressIn, char *PhonelIn )
{
name = new char[ strlen{ NameIn }+1];
strecpy ( name, NameIn };
address = new char| strlen( AddressIn }+1];
strcpy( address, AddressIn );
phone = new char{ strlen( Phoneln )+1];
strepy ( phone, Phoneln );
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// destructor, release memory allecated to class data members
inline void Person::~Person()
{
delete name;
delete address;
delete phone;
}
// interface functions get... ()
inline char const *Person::getname() const
{
return name;
}
inline char const *Person::getaddress() const
{
return address;
}
inline char const *Person::getphone() const
{
return phone;
}
void Person: :changename{ char const *Nameln )
{
if{ name J
delete name;
name = new char| strlen{ NameIn )+1 ];
strepy( name, NameIn );
1
void printperson{ Person const &p )
{
if{ p.getname() )
cout << "Name : " << p.getname() << endl;
if( p.getaddress|() )
cout << "Address: " << p.getaddress() << endl ;
if( p.getphone() )
cout << “Phone : " << p.getphone() << endl;
}
void maini()
{
Person const me("Rajkumar"®, "E-mail: raj@cdacb.ernet.in",
"91-080-5584271");
printperson( me );
Person you( "XYZ", "-not sure-", "-not sure-" );
cout << "You X¥Z by default...* << endl;
printperson( you };
you.changename ( "ABC" };
cout << "You XYZ changed to ABC ..." << endl;
printperson( you };
}

Run

Name : Rajkumar
Address: E-mail: raj@cdacb.ernet.in
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Phone : 91-080-5584271
You XYZ by default...

Name : XYZ

Address: -not sure-

Phone : -not sure-

You XYZ changed to ABC ...
Name : ABC

Address: -not sure-

Phone : -not sure-

The above program shows how a constant object of the class Person can be defined. At the point
of the definition of an object, the data fields are initialized (this is the action of the constructor).
Following the definition,

Person const me{“Rajkumar"”, "raj@cdach.ernet.in", "91-0B0-5584271");
it would be illegal to try to redefine the name, address, or phone number for the object me; hence, the
statement

me.setname("Bill Gates");
would not be accepted by the compiler. Generally, it is a good habit to define objects and member
functions, which do not modify their data as constant type.

11.14 Static Data Members with Constructors and Destructors

Each object of a class has its own public or private data members, which are accessible only to its
member functions. In certain situations, it is desirable to have one or more common data fields, which
are accessible to all the objects of the class. An example of such a situation is to keep track of the status
of how many objects of a class are created and how many of them are currently active in the program.
Based on the number of objects present, some specific initialization has to be performed; only the first
object of the class would then perform the initialization and set the flag to done.

The use of static data members with constructors and destructors is illustrated by the program
graph.cpp. It has a class called Graphics, which defines the communication of a program with a
graphics device (such as EGA or VGA screen). The initial preparation of the device, i.e., switching from
text mode to graphics mode, is an action of the constructor and depends on a static flag variable
nobjects. The variable nobjects simply counts the number of objects of the class Graphics
present at that time. Similarly, the destructor of a class may switch back from graphics mode to text mode
when the last graphical object ceases to exist.

// graph.cpp: keeps count of how many objects are created
#include <iostream.h>
class Graphics
{
private:
// counter of number of objects
static int nobjects;
// hypothetical functions to switch to graphics
// mode or back to text mode
void setgraphicsmode ()
{}



public:

¥

void settextmode ()

)
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// econstructor,

Graphics

():

~Graphics ();

//other interface is not shown here, to draw lines,

destructor

int get_count() const

{

return nobjects;

// the constructor
Graphics: :Graphics ()

{

if {! nobjects)

setgraphicsmode (});

nobjects++;

}

// the destructor

Graphics::~Graphics ()

{
nobjects—;
if {! nobjects)
settextmode ();
}

void my_func ()

{

Graphics obj:

cout<<"\nNo. of Graphics Object's while in my_func
} // obj goes out of scope, destructor is called

// the static data member

or circles etc.

// nobject is incremented by its constructor

“<<obj.get_count();

int Graphics::nobjects = 0;//global:if not defined generates linker error

void main{)

{

Graphics objl;

cout<<"No. of Graphics Object’'s before my_func = “<<objl.get_count();
my_func();
cout<<*"\nNo. of Graphics Object’'s after my_func = *<<objl.get_count(};
Graphics obj2, objl,
cout=<"‘\nValue of static member nobjects after all 3 more objects...":
cout <<
cout <<
cout <<
cout <<

}
Run

No.

“\nIn
"\nIn
“\nIn
"\nIn

abjl

obj2 =

obj3
obj4

objd;

"

<€
s
o
<<

objl.get_count();
obi2.get_count();
obili.get_count(});
obj4.get_count();

No. of Graphics Object's before my_func = 1

of Graphics Object's while in my_func

2
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Ne. of Graphics Object's after my_func = 1

Value of static member nobjects after all 3 more objects...
In objl = 4

In obj2 = 4

In obj3 = 4

In objd4 = 4

The purpose of the variable nobjects is to count the number of objects of the class Graphics,
which exist at a given time. When the first object is created, the graphics device is initialized. When the
last object is destroyed, the switch from graphics mode to text mode is made. The statement

int Graphics::nobjects = 0;
defines and initializes the static data member. If this statement is missing, the linker will generate the
error: undefined Graphics::nobjects symbol.

It is obvious that when the class Graphics defines more than one constructor, each constructor
would need to increment the variable nobjects and possibly would have to initialize the graphics
mode. The constructor

Graphics: :Graphics ()
increments the variable nobjects by one and the destructor

Graphics::~Graphics ()
decrements the variable nobjects by one. Therefore, for every object created, the variable nobjects
is incremented by one and whenever an object of the class Graphics goes out of scope, the variable
nobjects is decremented by one.

11.15 Nested Classes

The power of abstraction of a class can be increased by including other class declarations inside a
class. A class declared inside the declaration of another class is called nested class. Nested classes
provide classes with non-global status. Host and nested classes follow the same access rules for
members that exist between non-nested classes, Nested classes could be used 10 hide specialized
classes and their instances within a host class.

A member of a class may itself be a class. Such nesting enables building of very powerful data
structures. The Student class can be enhanced to accommodate the date of birth of a student. The
new member data type date is a class by itself as shown below:

class Student
{
private:
int roll_no;
char name([25];
char branch[15];
int marks;
public:
class date
{
int day:
int month;
int year;
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public
date()
«

L 7/ smitializing members of date class

)
read();
. // other member functions of date class
) birthday; // instance of the nested date class
Scudent ()
€

// initialize members of Student class

¥
~studenc ()
<

»
read ()
/rread members of Student class's object including ‘hirchday’
Sin > roll_ne;

birthday.read(); // accessing member of a nested class date
H
4/ other member functions of Student class
3:
The embedded class aate is declared within the enclosing class declaration. An object of type
Student can be defined as follows:
Student s1;
The year in which the student s1 was born can be accessed as follows:
s1.pirthaay.year
A statement such as,
s1.dace.day = 2 /7 errox
is invalid, because members of the nested class must be accessed using
The feature of nesting of classes is useful while implementing powerful data suructures such as
finked lists and trees. For instance. stack data structure can be implemented having a node data
member which is an instance of another class (node class).

s object name.

Review Questions

111 What are constructors and destructors ? Explain how they differ from normal functions.
11.2 What are the differences hetween default and parameterized constructors ?

113 What are copy constructors and explain their need 7

11.4  What is the order of construction and destruction of ohjects 7

11.5  What are read-only objects ? What is the role of constructor in creating such objects ?
11.6  State which of the following statements are TRUE or FALSE. Give reasons.




11.7

11.8
11.9

1..10

11.11
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(a) Constructors must be explicitly invoked.

(b) Constructors defined in private section are useful.

(c) Constructors can return value.

(d) Destructors are invoked automatically.

(e) Destructors take input parameters.

(f) Destructors can be overloaded.

(g) Constructors cannot be overloaded.

(h) Constructors can take default arguments.

(i) Data members of nameless objects can be initialized using constructors only.
(j) Constructors can allocate memory during runtime.

(k) A class member function can take its class's objects as value arguments.
(I) Constant objects can be initialized by using constructors only.

(m) Data members of a class can be initialized at the point of their definition.

Consider a class called MyArray having pointer to integers as its data member. Its objects must
appear like arrays, but they must be dynamically re-sizable. Write a program to illustrate the use
of constructors in MyArray class.
Write a program to model Time class using constructors.
Distinguish between the following two statements:
String name{ "Smrithi" );
String name = "Smrithi*;
Declare a class called St ring. It must have constructors which allow definition of objects in
the following form: (The class String has data member str of type char *)
String namel; // str points to NULL
String name2 = "Minu"; // one-argument constructor is invoked
String name3 = name2; //one-argument constructor taking String object
Write a program to model String class and to manipulate its objects. The destructor must release
memory allocated to the str data member by its counterpart.

Create a class, which keeps track of the number of its instances, Use static data member, con-
structors, and destructors to maintain updated information about active objects.
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Dynamic Objects

12.1 Introduction

C++ takes the middle ground between languages (such as C and Pascal) which support dynamic
memory allocation (discussed in the chapter Pointers and Runtime Binding) and languages (like Java),
in which all variables are dynamically allocated. C++ supports creation of objects with scoped lifetimes
(stack-based objects) and with arbitrary lifetimes (heap-based objects). Stack-based objects are man-
aged by the compiler implicitly, whereas heap-based objects are managed by the programmers explicitly.

C++ is different from C because it not only allocates memory for an object, but also initializes them.
Thus when a dynamic object is created, it creates a live object, and not just a chunk of memory big
enough to hold the object. It is initialized with necessary data at runtime. Unlike dynamic memory
allocation which just allocates memory, dynamic object creation supported by C++ allocates and initial-
izes objects at runtime,

A class can be instantiated at runtime and objects created by such instantiation are called dynamic
objects. The lifetime of dynamic objects in C++ (which is allocated from heap memory—the free store)
is managed explicitly by the program. The program must guarantee that each dynamic object is deleted
when it is no longer needed, and certainly before it becomes garbage. (There is no garbage collection in
standard C++, and few programs can afford to produce garbage.) For each dynamic allocation, a policy
that determines the objects’s lifetime must be found by the programmer and implemented. These poli-
cies used in managing dynamic objects will be discussed at the end of this chapter. The lif~time of an
object in C++ is the interval of time it exists by occupying memory. Creation and deletion of objects as
and when required, offers a great degree of flexibility in programming.

Objects with scoped lifetimes are created in the stack memory. Stack memory is a storc house which
holds local variables or objects, and whenever they go out of scope, the memory allocated for them in
the stack is released automatically. Objects with arbitrary lifetimes are created in the heap memory.
These dynamic objects can be created or destroyed as and when required, explicitly by the programmer.
The operators new and delete used with standard data type variable's management can also be used
for creating or destroying objects at runtime respectively.

12.2 Pointers to Objects

The C++ language defines two operators which are specific for the allocation and deallocation of
memory. These operators are new and delete. The new operator is used to create dynamic objects
and delete operator is used to release the memory allocated to the dynamic object by the new
operator. A pointer to a variable can be defined to hold the address of an object, which is created
statically or dynamically. Such pointer variables can be used to access data or function members of a
class using the * or -> operators.
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Pointer to Object Definition

Pointers can be used to hold addresses of objects, just as they can hold addresses of primitive and user-
defined data items. The need for using pointers to objects becomes clear when objects are to be created
while the program is being executed, which is an instance of dynamic allocation of memory, The new
operator can also be used to obtain the address of the allocated memory area besides allocating storage
area to the objects of the given class, Thus, the address returned by the new operator may be used 10
initialize a pointer to an object.

The general format for defining a pointer to an object is shown in Figure 12.1, which is similar to the
way in which pointers to other data types are declared and defined. A pointer can be made to point to
an existing object, or to a newly created object using the new operator, The address operator & can be
used to get the address of an object, which is defined statically during the compile time. In the following
slatement

ptr_to_object = & object;
The & operator in the expression &object returns the address of the object and the same is
initialized to a pointer variable ptr_to_object.

name of the class name of the pointer to the object of the class

vV

ClassName * ptr_to_object;

address of a statically created object

V

ptr_to_object = &object;

object created dynamically

Vv

ptr_to_object = new ClassName;

Figure 12.1: Syntax of defining pointer to object

Accessing Members of Objects
In order to utilize a pointer to an object, it is necessary to have some means by which the members of
that object can be accessed and manipulated. As in the case of pointers to structures, there are two
approaches to referring and accessing the members of an object whose address resides in a pointer. The
operator —> can also be used to access member of an object using a pointer to objects. The expression
to access a class member using pointer is as follows:

pointer_to_object -> member_name

or

*pointer_to_object.member_ name
The member to be accessed through the object pointer can be either a data, or function member (see
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Figure 12.2). The program prtrobjl.cpp illustrates the definition of pointers to objects and their
usage in accessing members of a class.

class x¥z
i

b

e.a:
int funel ()

ool |s

N
xXvz obil:
x¥z *pers

ptr = obil;
ptr-sc

ptr->funcl ()

Figure 12.2: Pointer accessing class members

// ptrobjl.cpp: pointer to object. pointing to statically created objects
#include <iostream. h>
class someclass
i

public
int dacal;
char dacaz:
someclass ()
«

antal =

)
-someclass ()

cout << “Descructor -someclass() is imvoked\n
void show()
«

cout << “datai = * << datal;
cout << % data2 = * << data? << endl;

)i

void main(void)
someclass =per; // @efine a pointer to object of class somaclasa

/7 object of type someclass created statically

per = &objectl:
cout <= “Accessing object through objectl.show()...~ << endl;
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objectl.show();
cout << “Accessing object through ptr->show()...” << endl;
ptr->show() ; // it can be *ptr.show();

}

Run

Constructor someclass() is invoked
Accessing object through objectl.show()...
datal = 1 dataZ = A

Accessing object through ptr->show() ...
datal = 1 data2 = A

Destructor ~someclass() is invoked

In main (), the statement,
ptr = kobjectl;
assigns the address of the object cbject1 of the class someclass to the pointer ptr. The state-
ment
ptr->show() ;
or
l'ptr‘shcw(l
invokes the member function show () of the object pointed to by the pointer ptr. It points to the
objectl, and hence executes the function show () of the respective class.

Creating and Deleting Dynamic Objects

A dynamic object can be created by the execution of anew operator expression. The syntax for creating
a dynamic object using the new operator is as follows:

new ClassName

It returns the address of a newly created object. The returned address of an object can be stored in a
variable of type pointer to object (ptx_to_ocbject) as follows:

pir_to_object = new ClassName;
While creating a dynamic object, if a class has the default constructor, it is invoked as a part of object
creation activity. Once a pointer is holding the address of a dynamic object, its members can be
accessed by using -> operator.

The entity that executes the new expression is the dynamic object’s creator. The creator may be a
(member) function, an object, or a class. The creator of a dynamic object must be in a position to fully
determine the object’s lifetime. The creator cannot be inferred from the source code alone. Although,
the creator is determined by the intent of the programmer, the language constrains the choice. In the
program ptrobjl.cpp, the function main() is the creator of the object pointed to by variable
ptr_to_object and hence, it is responsible for destroying it.

The syntax of the delete operator releasing memory allocated to dynamic object is as follows:
delete ptr_to_object;
It destroys the object pointed to by ptr_to_object variable. It also invokes the destructor of the

class if it exists as a part of object destruction activity before releasing memory allocated to an object
by the new operator.
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The program ptxobj2 . cpp illustrates the binding of dynamic objects’ address (v a pointer vari-
able. The pointer defined is initialized with the address returned by the new operator. which actually
creates the object.

// ptrobj2.cpp: pointer to object, pointing to dynamically created objects
# include <iostream.h>
clasa someclass

public:
e

cour << "Constructor someclass() is inveked\n~:
Qatal = 1, dataz = ‘A

)
~someclass ()
cout << "Destructor -someclass() is invoked\n®
void show()
«
dout << "datal = * << datal:
cout << % data2 = * << data2 << endl;

B

void main (void)

¢

someclass *pt: {4 Sefine a pointer to opject of class someclass
Cereating aynamic obdect. . .

Sor - mew someclases /7 obiect created dymamically

cout <= “Accessing dynamic object through ptr->show()...~ << endl;

prr->show()

Spat << “Destroying dynamic obie ndl;
delete ptx et s troyed Avnamicaily

)

Bun

Creating dynamic object ..

Constructor someclass () .is invoked

Accessing dynamic object through per->show() .

datal = 1 data2

Dattroying Avnamic object. .-

Destructor “lomeciane () is invokea

In main (), the statement

ptr = new someclass: // object created dynamically
creates the nameless object of the class someclass dynamically and assigns its address (o the object
pointer prr. It executes the of the clas: during the creation of

vmamic objects. The default armument constructor initiallzes the data members daral and daras.
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These data can be referenced by other member functions of its class. The statement

ptr->show() ;
invokes the member function show () of the object pointed to by the pointer variable ptr. It points to
the object of the class someclass and hence, executes its member function show () as illustrated in
Figure 12.3.

When the dynamic object pointed to by the variable ptr goes out of scope, the memory allocated
to that object is not released automatically. It must be performed explicitly as follows:

delete ptr;
The above statement releases the memory allocated to the dynamically created object by the new
operator. In addition to this, it also invokes the destructor function ~someclass () to perform cleanup
of resources allocated to the object's data members. In this class, object data members are not allocated
with any resources dynamically and hence, no need to release them explicitly.

class someclass
( !

------

. » wveoid show(); objl
}: obj2

* someclass *ptr; | HHX '

: ptr

someclass objl;
someclass obj2;

ptr = &objl; [ —F——obin

ptr obj2
objl
ptr
' ptr = new someclass;
ptr->show() ;
objl
obj2

Figure 12.3: Object pointers and dynamic binding
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Whenever it is necessary to determine the size of the memory area allocated to an object by the new
operator, the sizeof operator may be used. For instance, the expression sizeof (someclass)
returns the number of bytes required for the creation of an object of the class someclass.

Dereferencing Pointers

As the new operator returns a pointer to an area of memory that holds an object, it should be possible
to refer to the original object by dereferencing the pointer. This method of memory allocation requires
the use of both, the indirection operator * and the reference operator &. The general format for such a
declaration is shown in Figure 12.4,

data indirection operator ldynamic allocation

N V

DataType & ReferenceVar=*(new DataType);
Figure 12.4: Syntax of dereferencing pointers

Such reference variables can be used like other variables without any special mechanism. The
program useref . cpp illustrates the concept of binding reference variables at runtime.

// useref.cpp: Illustrates a variant usage of reference operatoer
#include <iostream.h>
void main(void)
{
int & tl = *(new int); // Declares an integer variable using new

int £2, t3; // Regular int definitions
tl = £3 = §5;

£t2 = 10;

tl = £l + £2;

cout << "Sum of " << t3; // Display old value of tl

cout << * and " << t2 ;

cout << " is : " << tl; // Prints sum of tl and t2
)

Run

Sum of 5 and 10 is : 15

Observe that the variable t1 in the program is a variable of type reference to an integer. Also, the
pointer returned by new is dereferenced, * (new int), in order to refer to the original integer object
which is finally associated with the reference variable t1. In the case of reference variables to class
objects or structures, the members are accessed with the usual dot membership operator.

Reference to Dynamic Objects
The address of dynamic objects returned by the new operator can be dereferenced and reference to
them can be created as follows:

ClassName &RefObj = *(new ClassName) ;
The reference to object Re£0b3j can be used as a normal object; the memory allocated to such objects
cannot be released except during the termination of the program. The program refobj.cpp illus-
trates the dereferencing of objects using reference pointers.
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/7 retobl.cpp: reference to dynamic objects
#include <iostream.n>
#include <string.hs
class student
<
privace:
int roll no;
chax namel 20 ]
public:
// initializing data members
void setdata( int roll no in, char *name i

/7 roll number
/7 name of a student

01l _no = roll no_in:
screpy( name, mame_in )
3
// display data members on the console screen
veia ouraara ()
€
cout << "Roll No

= " << roll_no << endl;
cout << “Name << n ;

. ama << endl

)

3
void main ()
<

student &sl = *(new student); // reference to a dynamic object

sl.secdata( 1, "savichrir

s1.outdata)y
&s2 = * (new student); // reference to a dynamic object
e

s2.setdata( 2, "Bhavani-

s3.setdatal 3, "Vani® );
3 7/ reference to static object

[
s
9
£
@
o
8
o
H

In main(), the statement
student &sl = * (new student):

creates a dynamic object of the class student and binds it 10 the reference variable 21. The expres.

sion * (new student) creates a dynamic object. The memory allocated to such objects cannot be
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released except during the termination of the program. The statement
sl.setdata( 1, "Savithri* };

accesses the member setdata () in the same way as normal objects accesses. The statement
student &s4 = s3;

creates the reference to normal object with the name s4. Note that, reference objects are accessed in the
same way whether normal, or dynamic type objects.

12.3 Live Objects

The operator new allocates memory big enough to store an object and initializes it with the required

data. Objects created dynamicaliy with their data members initialized during creation are known as live

objects. To create a live object, constiuctor must be invoked automatically which performs initialization

of data members. Similarly, the destructor for an object must be invoked automatically before the

memory for that object is deallocated. The syntax for creating a live object is as follows:
Jtr_to_object = new ClassName( parameters )

A class whose live object is to be created must have atleast one constructor. The number of
parameters passed specified at the point of creation of dynamic objects can be zero or more. If no
arguments are specified, the default constructor (constructor with zero arguments) will be invoked
automatically. If a class has more than one constructor, the constructor that matches with the param-
eters specified is invoked for initialization of the dynamic object. Note that there is no special syntax for
releasing memory allocated to the objects, which are created and initialized by passing parameters.
Hence, the syntax for destroying live objects is the same as that of normal dynamic objects.

The program student3 . cpp illustrates the creation of live objects and their manipulation. It has
a class called student having three constructor functions for initializing static or dynamic objects. The
information required for initializing some dynamic objects is passed as parameters and some are initial-
ized with information read at runtime.

/ / student3.cpp: manipulation of live objects
#include <iostream.h>

#include <string.h>

class student

{

private:
int roll_neo; // roll number
char *name; // name of a student
public:
// initializing data members using constructors
student () // constructor 0

{
char flag, str([50];
cout << *Do you want to initialize the object (y/n): *;
cin >> flag;
if( flag == 'y' || flag == 'Y' )
{
cout << "Enter Roll no. of student: ";
cin >> roll_no;



Chapter 12: Dynamic Objects 409

cout << "Enter Name of student: *;
cin >> str;
name = new char[ strlen(str)+1 ]; // dynamic initialization
strepy( name, str };
}
else
{
roll_no = 0;
name = NULL;
1
}
student( int roll_no_in ) // constructor 1
{
roll_no = roll_no_in;
name = NULL;
}
student({ int roll_no_in, char *name_in } // constructor 2
{
roll_no = roll_no_in;
name = new char{ strlen(name_in})+1 ];
strepy( name, name_in );
}
~student ()
{
if( name )
delete name; // release memory allocated to name member
} N
void set{ int roll_no_in, char *name_in )
{
student( roll_no_in, name_in );
}
// display data members on the console screen
void show()
{
if( rell_no ) // if( rell_no != 0 )
cout << "Rell No: " << roll_no << endl;
else
cout << "Roll No: (not initialized)" << endl;
if( name ) // if( name != NULL )
cout << "Name: " << name << endl;
else
cout << "Name: (not initialized)*® << endl;
}
}i
void main()
{
student *sl, *s2, *s3, *sd;

sl = new student; // will be initialized during run time by the user
s2 = new student; // will be initialized during run time by the user
83 = new student( 1 ); // partially live object

s4 new student( 2, "Bhavani® ); // fully live object
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cout << "Live objects contents..." << endl;
// display contents of all live objects
sl-»show() ;

s2->show();

s3->show();

sd-»show() ;

// release the memory allocated to dynamic objects sl, s2, s3, and =4
delete s1;

delete s2;

delete s3;

delete s4;

}
Run

Do you want to initialize the object (v/n): n
‘Do you want to initialize the cbject (y/n): ¥y
Enter Roll no. of student: 5

Enter Mame of student: Rekha

Live cbjects contents...

Roll No: (not initialized)

Name: (not initialized)

Roll No: 5

Name: Rekha

Roll No: 1

Name: (not initialized)

Roll No: 2

Name: Bhavani

In main (), the statement

student *sl, *s2, *s3, *s4;
creates pointer variables to objects of the class student. The statements

51 = new studant;

52 = new studer-;
create two objects dynamically and store their addresses in the variable s1 and =2 respectively. These
objects are initialized by invoking the default constructor which reads the data entered by the user at
runtime. The statement

s3 = new student({ 1 );
creates an object and initializes its first data member by invoking the one-argument constructor. The
object s3 is partially initialized object. The statement

s4 = new student( 2, "Bhavani” );
creates an object named s4 and initializes all its data members by invoking the two-argument construc-
tor. The member function show (} of the class student is invoked for all the objects pointed to by
s1, 52, 83, and s4 to display students' roll number and their name. All the objects created in this
program are destroyed explicitly by using delete operator. The destructor is invoked automatically
for each one of these objects to release the memory allocated to their string data member name. For
instance, the statement,

delete s2;

releases the memory allocated to the object pointed to by s2 and also invokes the destructor to cleanup.
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12.4 Array of Objects
C#+ allows the user to create an array of any data type including user-defined data types. Thus, an array
of variables of a class data type can also be defined, and such variables are called an array of objects.
An array of ohjects is often used to handle a group of objects, which reside contiguously in the memory.
Consider the following class specification:

class student

// roll number
77 name of a student

void setdata( int roll no_in., char *name in ):
void outdata():

dentifier studenc is a user-defined data type and can be used to create objects that refate to
students of different courses. The following definition creates an array of objects of the student
class:

student science(10]; // array of science course students

student medical(5]; // array of medical course students

student enggl25]1;  // array cf enginesring course students
The aray science contains ten objects. namely science(0]. science(9] of type stu-
dent class, the medical array contains 5 objects and the engg array contains 25 objects.

An array of objects is stared in the memory in the same way as a multidimensional array created at
compile time. Th of an array of Figure 12.5. Note that, only the
‘memory space for data members of the objects is created; member functions ars stored separately and
shared by all the objects of student class.

zollne }mwu;
o -
zoll_no }.m“m;

Figure 12.5: Storage for data items in an array of objects

An array of objects behaves similar to any other data-type array. The individual element of an array
of abjects is referenced by using its index. and member of an object is accessed using the dof operator
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For instance, the statement
engg(i].secdatal 10, "Rajkumar® ):

sets the data members of the 1= clement of the array engg. Similarly, the statement
engalil .outdatal);

will display the data of the i element of the array engg (i1. The program scudentl . cpp illus-
wates the use of the array of objects.

/¢ studentl.cpp:array of student data type
Jinclude <iostream. h>
#include <stxing.h~

artudent

_no: /4 roll number
20 1. 74 name of a student

// inicializing data membe:
CoiaTsctiata int tollonooin. char *name_in 3
«

roll no = roll_no_in;
strepy ( name, name_in )

)

7/ display data members on the comsole screen
void outdata()

«

cout << "Roll Ne = * << roll mo << endl:
cout << "Name = * << name << endl
)
i
void main()
¢

t i, rell_no,

for( L = 07 4'< 105 iws )

cout << “Initimlize student obiect (y/n):
in >> response;

if ( response == 'y' || response =
B

tyr )

Sgue << Eates mell no. of student: *
_no

cin >> name
s(i).secdata( roll no, name );
count++
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else
break;
1
cout << *"Student details...* << endl;
forli i = 0; 1 < count; i++ )
s(i].outdatal();
¥

Run

Initialize student object (y/n): y
Enter Roll no. of student: 1
Enter Name of student: Rajkumar
Initialize student object (y/n): v
Enter Roll no. of student: 2
Enter Name of student: Teiaswi
Initialize student object {y/n): ¥y
Enter Roll no. of student: 3
Enter Name cf student: Savithri
Initialize student object (y/n): n
Student details...

Roll No = 1

Name = Rajkumar

Roll No = 2

Name = Tejaswi

Roll No = 3

Name = Savithri

In main (), the statement
student s(10];
creates an array of 10 possible objects of the student class. It should be clearly understood that an
array of objects allow better organization of the program instead of having 10 different variables and
each one of them is the object of the student class. Note that the subscripted notation used for object
is similar to the manner in which arrays of other data types are usually handled. The statement
s[i].outdata();
executes the outdata () member function in the student class for the i*" object of the s array.

12.5 Array of Pointers to Objects

An array of pointers to objects is often used to handle a group of objects, which need not necessarily
reside contiguously in memory, as in the case of a static array of objects. This approach is more flexible,
in comparison with placing the objects themselves in an array, because objects could be dynamically
created as and when they are required. The syntax for defining an array of pointers to objects is the
same as any of the fundamental types. The program student2.cpp illustrates the concept of array
of pointers to objects.

// student2.cpp: array of pointers to student
#include <iostream.h>
#include <string.h>
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class scudenc
«
private
11 _nos /7 xoll number
char name( 20 1 74 name of a student
// initializing dacta members
void setdata( int roll no_in, char *name_in )
Toll_no = roll _no_in;
strepy ( name, nameiin );
)
/4 Aisplay data members on the console screen
void eutdata()
«
cout << "Roll No = * << rall_no << endl;
cout << "Name = * << name << =ndl;

)
i
veid main()
¢
int i, roll_no, count;
char response, name(20]:
student * s(10] // array of pointers to objects

1ev

“Create student object (y/n):
cin >> response;
if ( vesponse .

«
cout << "Enter Roll no. of student

ey

¥ || zesponse

// dynamically creating objects
sfi)->setdata( roll no, name-)

slse
break;

cout << "Student details..
i = 0; 4 iie

a » << endl;
i < count; is+ )

for( i = 0; i < count:; is+ } // release memory allocated to all

delete s(il;

create student object (y/n): ¥

objects



Enter Roll no. of student: 1

Enter Name of student: Raikumar
Create student cbject (y/n): ¥

Enter Roll no. of student: 2

Enter Name of student: Tejaswi
Create student cbject (y/n): v

Enter Roll no. of student: 3

Enter Name of student: Savithri
Create student object (y/n): n

Student details...
Roll No = 1

Name = Rajkumar
Roll No = 2

MName = Tejaswi
Roll No = 3

Name = Savithri

In main(), the statement
student * s[(10];
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creates an array of pointers of 10 possible student objects. It should be clearly understood that the
space required for an array of 10 pointers to student objects is certainly less than the space for an array
of 10 student objects. Hence, the student class objects are created by the program as and when they

are needed (see Figure 12.6).

student*s(10)

s[0) = new student;
s[0] 2 1
s(1l] = new student;
si1] Rajkumar
s[2]
s[3]
s[4] > 2
s[5] Tejaswi:
s[6]
s[7] s[2] = new student;
s[8] 3
s19] Savithri

rell_no

name [20]

roll_no

name[20]

roll_no

name[20]

Figure 12.6: Array of pointers to objects and dynamic binding

Note that the subscripted notation used for object pointers is similar to the manner in which arrays
of other data types are usually handled. Thus, s [count]issameas * (s + count) in the program.

Similarly the statement
s[i]-»outdatal) ;
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executes the outdata () member function in the student class for the i™ object of the s array.
Pointers to objects could be effectively used to create and manipulate data structures like linked-lists,
stacks, queues, etc.

12.6 Pointers to Object Members

‘Whenever an object is created, memory is allocated to it. The data defining the object is held in the
space allocated to it, i.e., the data and member functions of the object reside at specific memory loca-
tions subsequent to the creation of the object. Thus, a pointer to an object member can be obtained by
applying the address-of operator (&) to a fully qualified class member-name (which may be a dataitem
or amember function). A fully qualified member name is used to refer to a member of a class without any
ambiguity. For instance, the declaration
<class_name>: : <member_name:>;

is a fully qualified declaration naming the member <member_name> of the class <class_name>.
Preceding the above member reference with an & operator causes the address of the member
<member_name> of the class <class_name> to be returned.

Members of a class can be accessed using either pointer to an object, or pointer to members itself.
The address of a member can be obtained by using the address operator (&) to a fully qualified
member name of a class similar to variables. A pointer to class members is declared using the operator
: : * with the class name. The syntax for defining the pointer to class members is shown in Figure 12.7.

pointer to a member of a class

|74

DataType ClassName :: *PointerName ;

address of a member of a class

V

PointerName = &ClassName :: Member

Figure 12.7: Syntax of defining pointer to class members

A variable of type pointer to a member of class X can be defined as follows:

DataType X::*ptr_name;
The ptr_name is a pointer to a data member of class X, which is of type DataType. A pointer to a
member function can be defined as follows:

ReturnType ( X::* fn_ptr ) ( arguments );
It defines a pointer variable £n_ptr as a pointer to a member function of the class X which takes one
or more arguments as specified by arguments and returns a value of type ReturnType. Consider
the following specification of the class X1

class X

{

private:
int v
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public:
int a:
public:
int b:
int init( int z };
HE
A pointer to the member a or b is defined as follows:
int X::*ip;
The address of the member a can be assigned by
ip = &X::a;
Similarly, the address of the member b can be assigned by
ip = &X::b;.
The address of the member a can also be assigned to a pointer during its definition as
int X::*ip = &X::a;
The pointer variable ip, acts like the class member so that it can be invoked with a class object. In the
above statement, the phrase X::* implies pointer-to-member of the class X. The phrase &X::a
implies address of the member a of the class X.

The address of the private member y cannot be assigned by using the statement
ip = &X::vy;
Private members have the same access control privilege even with a pointer to the class members.
Normal pointer variable cannot be used as a pointer to the class member. Hence, the statement
int *ptr = &X::a;
is invalid; The pointer and the variable have meaning only when they are associated with the class to
which they belong. The scope resolution operator must be applied to both the pointer and the member.
Like pointers to data members, pointers to member functions can also be defined and invoked using
the dereferencing operators. A pointer to the member function init () is defined as follows:
int (X::*init_ptr) (int);
The address of the member init () can be assigned by
init_ptr = &X::init;
to the pointer variable init_ptr. The different methods of accessing class members is shown in
Figure 12.8.

Access through Objects
C++ provides operator, . * (dot-star) exclusively for use with pointers to members called member
dereferencing operator. This operator is used to access class members using a pointer to members and
it must be used with the objects of the class. The following statement,
X obil;
creates the object obj1 of the class X. Using the pointer variable ip, the following statement accesses
the data member variable.
objl.*ip = 20; // if ip is bound to a, it is same as the ebjl.a;
cout << objl.*ip;
int k = objl.*ip;
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Member functions can also be accessed using the operator . * as follows:

{ebjl.*init_ptr)( 5 }; // same as the objl.init() call
int k = (ebjl.*inic_ptr)}{ 5 );

The general format can be deduced to the following:
(object-name. *pointer-to-member-function) (arguments) ;

In such calls, the parentheses must be used explicitly, since the precedence of () is higher than the
dereferencing .* operator.

ObjectName . Member

(a) Common way of accessing a class member

pointer to class member

V

ObjectName *PointerToMember ;

(b) Accessing class member through its pointer

pointer to object |

PointerToObject -> Member;

(c) Accessing class member through the pointer to object

pointer to object | pointer to class member
L

PointerToObject -> *PointerToMember;

(d) Accessing class member through the pointer to object and member

Figure 12.8: Different ways of accessing class members

Access through Object Pointers

C++ provides another operator ->* for use exclusively with pointers to members called member
dereferencing operator. This operator is used to access a member using a pointer to it with pointer to
the object. The following statement
X objl;
X *pobj;
create the object obj1 of the class X and the pointer pobj to the objects of the class X. Using the
pointer variable ip (defined earlier), the following statements access the member variables.
pobj->*ip = 20; // accesses a if ip is bound to data member a
cout << pobj->*ip; // display data member a
int k = pobj->*ip; // k = data member a's contents
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Member functions can also be iv:ceised using the operator -~ as follows.
(pow3 . =inir_per

):

ST RS e

The general format can be deduced to the following
(pointer-to-object-=*)

In such calls, the

dereferen:

members.

ion)

must be used explicitly, since the Of () is higher than the
ing —>= operator. The program pt-rmemb . cpp illustrates the concept of a pointer 1o class

// ptrmemb.cpp: pointer to class members
#include <iostream.h>

class x

«

private
int v: // throush pointer it cannot be accessed
public // all public members can be accessed through pointers
int
ine b
int inie( ine z )
<

return z;

3
void main()
<
7/ pointer to data membe:
ax: J7 Gddcess of date member & is assigned to pointer
77 accans through obde
- 10.
“a in obj, after obi.*ip = 10 is * << obj.*ip << endl;
[ pointer to onject of tne class x
77 accems ehwrough objaer poincar
pobj->*ip = 10;
cout << *a in obj, after pobj->*ip = 10 is " << pobj->*ip << endl:
et ocper_inic) (ot pointer to member function
pEx_init = // pointer to member function imit ()
S amcess theousn object
(ob3 . *ptr_init) (5
cout <= “a in obj. after (obi.*ptr_init)(5) = * << obj.a << endl:
/7 access through object pointer
(pobj->*ptr_init) (5):
cout << "a in obj, after (pobj->*ptr_init)(S) = * <= obj.a =< endl;
)
Aun
a in obj. after obj.*ip - 10 is 10
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» << mum( obix ) << endl;
Bun
Sum = 11
Sum - 15

12.7 Functionset_new_handlex ()

The C-++ run- time system makes sure that when memory allocation fails, an error function is activated.
By default, this function returns the value 0 (o the caller of new. so that the pointer which is assigned
by new is set to zero. The error function can be redefined. but it must comply with a few prerequisites.
which are. unfortunately, compiler-dependent.

e function set_new_handlex (). sets the function to be called when a request for memory
allocation through the operator new () function cannot be satisfied. Iis prototype is

veid ( * set_new_handler(veid (* my_handler) () )) ():

Ifnew () cannot allocate the requested memory. it invokes the handler setby set_new_handler ().
The user defined function, my_handlex (} should specify the actions to be taken when new ()
cannot satisfy a request for memory allocation.

Ifmy_handler () remrns, new () will again attempt to satisfy the request. Ideally, my_handler
would relesse the memory and retucn. new () would then be able (o'

tisfy the request and the program
would ¢ wever, if my_handlex () cannot provide memory for new (). my_handler
st ermanate the program. Otherwise. an infinite 100p will be created.

The default handler is reset by set_new_handl ex (0) . Preferably, it is advisable to overload the

new() to ke appropriate actions as per the application mqu.wmm.

function set_new_handler returns the old handler. if it has been defined. By default. no
handler is installed. The user-defined argument function. my. handlex. should not retumn a val

rogrammemhnd the ion of function (in Borland
Cis ) 1o handle memary resoutce shortage error.
{{ memhnd.cop: user-defined handler to handle cut-of-memory issus
#include <iost
#include <new. h>
#include =process.h>
voiad out_of_memory
<
cout << "Memory exhausted, cannot allocate”:
exit( 1 ): // terminate the program

>
void main ()
«
int vip;
long total_allocated = O

/7 install error function
set_new_handler( out_of_memory ) :
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after pobj->=ip
after Cobj. *pex_:
after (pobj-~*prr_init)(5) =5

Access Through Friend Functions

The friend functions can access private data members of a class although it is not in the scope of the
class. Similarly, members of any access privilege can be accessed using pointers to members. Both the
dereferencing operators = and —> can be used to access class members. The program Lxiond. cpp
illusirates the concept of accessing class members through pointers from £xiend functions.

{{Mrend.cpp: friand functions and pointer to meabers
finclude <iostr
class x
privace:
ne
ine o
public:
x0)
«
a=01b=o0;

void SetMembers( int al, int bl )
<

)
friend inc sum( X x )
N
int sum( X objx )
¢
44 pointes vo member &

7/ pointer
1 BSiRSE 5 IS5SSE Ge ene crass x

/7 the member a is accessed through obj
74 and tho member b ia accossed throush on3ece  posncer
Katit Tonn wpn v ponsxrepbs 17 sum & and
roturn resulc;

)

void main()

(ine. ant)

o aquivalent to objx.SetMembers (S, &)
2 g oy ST
// pointer to object of the class X

33
(pobjx->=plunc) (7, B): /7 equivalent to pobjx->SetMembers(S, 6)
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/4 eat up all memory
cout << "0k, allocating.." << endl;

while (1)
r

ip = new int [100};
total_allocated += 100L;
cout << "Now got a total of " << total_allocated << " bytes" << endl;

}
Run

Ok, allocating. .
Now got a total of 100 bytes
Now got a total of 200 bytes

Now got a total of 29300 bytes
Memory exhausted, cannot allocate

The advantage of an allocation error function lies in the fact that once installed, new can be used
without bothering whether the memory allocation has succeeded or not: upon failure, the error function
is automatically invoked and the program terminates. It is a good practice to install a new handler in each
C++ program, even when the actual code of the program does not allocate memory. Memory allocation
can also fail in code which is not directly visible to the programmer, e.g., when streams are used or when
strings are duplicated by low-level functions.

Most often, even standard C functions, which allocate memory such as strdup (), malloc(),
realloc|(), elc., trigger (invoke) the new handler when the memory allocation fails. That is, once a
new handler is installed, such functions can be used in a C++ program without testing for errors.
However, compilers exit where the C functions do not trigger the new handler.

12.8 this Pointer

It is observed that a member function of a given class is always invoked in the context of some object
of the class; there is always an implicit substrate (implicitly defined) for the function to act on. C++ has
a keyword this to address this substrate (it is not available in the static member functions) . The
keyword this is a pointer variable, which always contains the address of the object in question. The
this pointer is implicitly defined in each member function (whether public or private); therefore, it
appears as if each member function of the class Test contains the following declaration:
extern Test *this;

Every member function of 4 class is born with a pointer called this, which points to the object with
which the member funciion is associated.

Thus, member function of every object has access to a pointer named this, which points to the
object itself. When a member function is invoked, it comes into existence with the value of this setto
the address of the object for which it is called. The this pointer can be treated like any other pointer
to an object. Using a this pointer, any member function can find out the address of the object of which
it is a member. Method of accessing a member of a class from within a class using this pointer is
shown in Figure 12.9.



Chapter 12: Dynamic Objects

class Test

( refers to data member

int a;
public:
funcil ()

{ refers to member function

func2 ()
{
this -> a; or a
this -> funcl() or funcl()
}i —_—

Figure 12.9: Accessing class members using this pointer
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The this pointer can also be used to access the data in the object it points to. The program

this.cpp illustrates the working of this pointer.

// this.cpp:accessing data members through this pointer
#include <iostream.h>
class Test
{
private:
int a;
public:
void setdata( int init_a )
{
a = init_a; // normal way to set data
cout<<"Address of my object, this in setdatal(): "<< this <<endl;
this->a = init_a; // another way to set data
}
void showdatal)
{
// normal way to show data
cout << "Data accessed in normal way: " << a << endl;
cout<<"Address of my object, this in showdata(): "<< this<<endl;
// data access through this pointer
cout << "Data accessed through this-»a: " << this->a;
}
}i
void main()
{
Test my;
my .setdata( 25 );
my . shiowdata () ;
}

Run

Address of my object, this in setdata(): Oxfff2
Data accessed in normal way: 25
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Address of my cbject, this in showdata(): Oxfff2
Data accessed through this-»>a: 25

A more practical use of this pointer is in returning values from member functions. When an object
is local to the function, the object will be destroyed when the function terminates. It necessitates the
need for a more permanent object while returning it by reference. Consider the member function add ()
of the class complex:

complex complex: :add{ complex c2 )

{

real = real + c2.real; // add real parts
imag = imag + c2.imag; // add imaginary parts
return complex( real, imag ); // create an ocbject and return

}
It adds the object c2 to a default object and returns the updated default object by explicitly creating a
nameless object using the statement
return complex( real, imag };
It can be replaced by the statement
return *this;
without the loss of functionality. The modified definition of add () appears as follows:

complex complex::add{ complex c2 )
{
real = real + cl.real; // add real parts
imag = imag + c¢2.imag; // add imaginary parts
return *this;
}
Since this is a pointer to the object of which the function is a member, *this naturally refers to the
object pointed to by this pointer. The statement
return *this;
returns this object by value,
For a given class X, in each one of its member functions, the pointer this is implicitly declared as
X *const this;
and initialized to point to the object for which the member function is invoked. As the pointer this is
declared as * const, it cannot be changed for a particular object ensuring that the access to the object
is not lost, even accidentally. However, the value of this is different for every individual object
declared or created in the program. The compiler treats this as a keyword (reserved word) as a result
of which it cannot be explicitly declared. Further, it (the compiler) also places a restriction which
prevents the keyword this from being used outside a class member function body.

12.9 Self-Referential Classes

Many of the frequently used dynamic data structures like stacks, queues, linked-lists, etc., use self-
referential members. Classes can contain one or more members which are pointers to other objects of the
same class. This pointer holds an address of the next object in a data structure. Such a feature is
essential for implementing dynamic data structures such as linked lists, stack, trees, etc.
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Linked List

A list having node, which is a pointer to the next node in a list is called linked list: The pictorial
representation of a linked list having pointer to the next object of the same class is shown in Figure
12.10. The program listed in 1ist . cpp implements a linked list of integers using such a self-referential
class. The program uses a pointer called this pointer.

class linked list

first

— kI —EI3—E

*nextc

Figure 12.10: Linked list with self-referential classes

s/ list.epp: Linked list having self reference
#include <iostream.h>

#include <process.h>

// linked list class

class list

{

private:
int data; // data of a node
list *next; // pointer to next node
public:
list()
{
data = 0;
next = NULL;

}
list{int dat)
{
data = dat;
next = NULL;
}

~list() {}

int get{) { return data; }

void insert(list *node); //{ Inserts new node at list
friend void display(list *); // Display list

};
// Inserts node. If list empty the first node is created else the
// new node is inserted at the end of a list
void list::insert( list *node )
{
list *last = this; // this node pointer to catch last node
while( last-=next )} // if node-next != NULL, it is not last node
last = last->next;
last->next = node; // make last node point to new node
I
// Displays the doubly linked list in both forward and reverse order by
// making use of the series of next and prev pointers.
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veid display( list ~first )
<

list reraverse:
cout <v "List traversal yislds
/7 scan for all the slements

veid main(veid)
«

inc choice, data;

list -first = NULL; // initially points to NULL
list *node; 7/ pointer to new node to be created
while( 1 )

€

cout << “Linked List.. . * << andl;

switch (choice)
¢

case 1:

node = new list( data )
i£( firsc
firse =
1se
firsc->insert( node ):
braak

Qisplay( firsc ):
// Display lisc.

cour << "Bad oprion aelecteds << endl;

Linked Lisct...
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class doubly
linked list first

antn

~prev

Figure 12.11: Doubly linked list representation
7 ditopp: douply linicea liac
einetane <ioscraam
Sinciude Seeocoms ne
1

class ai: // @oubly linked list clasa
¢
private:
inc dac // @ata of a node
A1l *prev; // pointer to previous node
All *next: // pointer Lo next node
public:
ario
3

o:
next = NULL;

)
Al1( int daca_in )
3

nta = Aata_in:
prev = next = NULL;

)

—ar1 0

<
Cout we "ot cx datar

y

int get() { return data; )

void inserct(dll *node): // Tasercs new mode at lise

friend void diaplay(dll ~): 77 Diaplay 1

void FresAllNodes();
2
/7 Inserts mede. If list empty the first node is created else the
77 mew node is inserted immediately after the £

1::insert( all *node )

ail ~ias
7/ £ind out last node. this points to first node
for( last - this; last-snext:; last = last->next )
/7 imsert mew node ar the end of lisc
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11 ~firse - initially points to NULL
e S Dounie Linked Lice Hanimuiacion. ..o << endls

while( 1 )

«

cout <= “Enter Cholce ([1) Insert, (2) Display, (3] Quit):

cout << "Enter Data: "

in =» data
fitoe = Tmoertiode( fizst, data )s

Qisplay( first
mak: s Biemiay 11se
case 3:
firscooFresalinodes(); // relesse ali nodes

cout << "Bad option selected” << endl;

Double Linked List Manipularion.
Enter Choice ([1] Tnsert, (2] Display, [3] Quit): 1

e a3
Encter choice ((1) Insert, (2) Display. (3) @uie):2

Enter choice ((1) Insert, (2] Display. (3) Quie): 1
e

Znter Choice ([1] Insert, (2] Display. (3] Quit): 2
Processing with forward -> pointer: ->3->7
yroceasing with backward < pointer: ->7

Enter Chdice ([1] Insert, (2) Display. (3] Quit): 1

Entor Choice ([1) Insert, [2) Display. (3] guied:2

€h forwara -> pointe 37>
5 with bacrward o= poincer: -~5oa7-a3

Encer Choice (11) ineert, 13 Dispiay. [3] uic): o

Bad oprion selecrea

Enter cnoice (11) Tnsert, (21 Display. (3] Quit): 3

Freeing the node with a

>3-

Besides handling dynamic data structures, 'he this pointer finds extensive application in the

following contexts:
* Member functions returning pointers to their respective obiects.
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Fnter Choice: 1
Enter Data: 2

2,3, 4

2.Display
Quir
Enter Choice: 3

The use of a self-referential class is inevitable
a pointer to another node of its own type, which

the above program, since cach node in the stack has
s predecessor (in the case of the stack).

Several problems whose solutions are based on the use of data structures like trees, graphs and-lists

make extensive use of self-referential class.

Doubly Linked List
Using thi= pointer when referring 1o a member of
carlier; the major use of the this pointer is for wri

s own class is often unnecessary, as illustrated

ting member functions that manipulate pointers

directly. The doubly linked list has two pointer nodes: one pointing (o the next node in the list and
another pointing to the previous node in the list. The pictorial representation of a doubly linked list is

shown in Ligare 12.11

The program @11 . epp makes use of the data suructure, doubly linked list, illustrating the typical

use of the ch
node while traver:

ng through the entire list.

Chapter 1

node-sprev = lasc
nexc - lasc-anext:
last >next = node:

FreeallNodes ()

“Freeing the node with data
points to first node, use it to release all the nodes
“Eirst = this; first; first = first->next )

delete first:

ime of the serica of mext and prev pointers
void display( dll =first )

411 -rraverse = firact;
if¢ traverse == NULL)
¢
cour << *Nothing to display !* << end
revurn;

3
lse
3
cout << *Processing with forward -> point:
// ccan for all the elements in forward direcction
for( :traverse >next; traverse = traverae >next )
cout cc "->° < traverse->data;
/7 dieplay last elemenc
out << "->% << traverse->data << endl:
cout << "Processing with backward <- pointer: "
/7 acan for all the elements in reverse direction
for( :traverse-prev: traverse - traverse->prev )
cout =< "-»" << traverse->data:
/s @ispiay firac clemen:

)
dll * IncertNode( dll *first, int data )

a1l sncae;

node = new d1l( data );

if( firac == NULL
first = node;

else

firat >inserc( node ):
return first:

i

void main( void )

inc choice. dacar

Dynamic Objects

ays che doubly linked list in both forward and reverse order

= pointer at relevant paints. The this pointer is particularly used as 4 pointer to the first

429

making
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- # Overloaded operators which return object values by reference.
* Virtual functions wherein decisions, as to which version of an overloaded function is to be executed,
is taken only during runtime (late binding).

12.10 Guidelines for Passing Object Parameters

The parameters to normal functions or member functions, of a class can be passed either by value,

pointer, or reference. However, passing some objects by pointers or reference is much efficient when

compared to passing by value even though modification in a callee need not be reflected in the caller. A

few guidelines that help in taking decision on choosing appropriate parameter passing scheme are the

following:

[1] If a function does not modify an argument, which is a built-in type or a “small" user-defined type
(class objects), pass arguments by value. The meaning of "small” refers to data-type, which require
few bytes to represent its objects and it is system dependent.

(2] If a function modifies an argument, which is a built-in type, pass arguments by a pointer. It makes
processing of data explicit to anyone reading the code, which modifies built-in type variables.

[3] If a function modifies or does not modify a "large” user-defined type, pass arguments by reference.
Any function, which modifies private data (and hence protected) of an object must either be a
member function, or a friend function. This is justifiable, since the "class" has control over the
functions which modify class’s private data. In this case, just because the address of an object is
handed over to a function does not mean the function can secretly modify the private data of an
object. As far as object data members are concerned, it is very clear and straight forward to answer
"whd has permission to modify this object ?" Hence, it is advisable to pass reference to an object
instead of value or a pointer.

Review Questions

12.1 What is the difference between dynamic memory allocation and dynamic objects ?
12.2  Justify the need of object cleanup and initialization facility for creating live objects
12.3 Explain why C++ is treated as the middle ground between static and dynamic binding languages.
12.4 What is the difference between stack based and heap-based objects ? _
12.5 What is dereferencing of objects ? Write a program for illustrating the use of object references.
12.6 What are self-referential classes ? Write a program to create an ordered linked list.
12.7 What are live objects ? Write a program to illustrate live objects supporting different ways of

creating them. Will an object created using new operator occupy more space than necessary ?
12.8 Write a program to access members of a student class using pointer to object members.
12.9 Justify the need for "allowing pointers to class members accessing private members of a class"”
12.10 Explain how memory allocation failure can be handled in C++ 7.
12.11 What is this pointer 7 What is your reaction to the statement:

delete this;
Write a program demonstrating the use of this pointer.

12.12 Write an interactive program for creating a doubly linked list. The program must support ordered
insertion and deletion of a node.
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Operator Overloading

13.1 Introduction

The operatars such as +, -, +=, >, >>, cic., arc designed 1o operate only on standard data types in

Strucrared programming languages such as C. The + operator can be used 10 porform the addition

operation on integer. floating-point. or 1

expression. the data type of the operands @ and 1> on which the = operator is operating. is not me

tioned expiicitly. In such cases, the compiler implicitly selecis suirable addition operation (integer,
g ing on the data type of operands without any assistance from the

integer addition and assignment

floacing-poinc addition and assignment
integer adaition Apd fleating moint assignment
The operators = and + behave quite in the above the first integer

addition and assigns the result (o c, the sccond performs floating-point addition and assigns the result
nd the last performs integer addition and assigns the result to the floating-point variable x. It

Indicates that. the & operaor is overloaded Implicidy 10 Operate on Operands of any standard data (ypo
supported by the language. Unlike C, in C++, such operators can also be overioaded explicitly to
operate on operands of user-defined data types. For instance, the statement

©3 = rdacemplex( ci, 2 );
performs the addition of aperands <1 and 2 belonging to the user defined data type and assigns the
result 10 &3 (which is also operand of the user defined data type). In Ci++, by overloading the + operator.
the above statement can be changed to an casily readable form:

3 moel v oe2:
It tries to make the user-defined data types behave in a manner similar (and have the same look and feel)
10 the buili-in data types. thereby allowing the user to redefine the language itself. Operator overload-
ing. thus aliows to provide additional meaning to operators such as +.%, >=+=.etc., when they are
applicd (o user defined data types. It allows the user to program (develop solution 1o} the problems as
perceived in the real world.

e operator overloading feature of C4++ is one ul‘lhe methods of .cahz.ngwtm.wph..m. The word
polymorphisim is derived fron the Greek words poh
Here, p to many i ctions with
B Singie operatorn. A Stated carler (ho + Oper AT performe imiesor addition if e Operands ars of mieger
type and floating point addition if the operands are of real type.
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13.3 Unary Operator Overloading

Consider an example of class Index which keeps track of the index value. The program index1 . cpp
having class members to maintain the index value is listed below:

// index1.cpp: Index class with functions to keep track of index value
#include <iostream.h>
class Index

{

private:
int value; // Index Value
public:
Indexi) // No argument constructor

{
value = 0;
}
int GetIndex() // Index Access,
{
return value;
}
void NextIndex() // Advance Index
{
value = value + 1;
}
i
void main ()
{
Index idxl, idx2; // idxl and idx2 are cbjects of Index class
// Display index values
cout << "\nIndexl = " << idxl.GetIndex();
cout << "\nIndex2 = " << idx2.GetIndex();
// Advance Index objects
idxl.NextIndex():
idx2 NerxtIndex();
idx2.NextIndex() ;
// Display index valuesg )
cout << "‘\nIndexl = * << idxl.GetIndex();
cout << "\nIndex2 = " << idx2.GetIndex();

]

Bun

Indexl = 0
Index2 = 0
Indexl = 1
Index2 = 2

The function Next Index () advances (increments) the index value. Instead of using such func-
tions, the operators like ++ (increment operator) can be used to perform the same job. It enhances the
program readability without the loss of functionality. A new version of the class program index1 . cpp,
is rewritten using overloaded increment operator. The program index2 . cpp illustrates overloading
of ++ operator.
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The concept of operator overlaading can atso he applicd to data conversion. C .+ offers suomatic
1 . in the statement x=a +b, the compiler implicitly con-
verts the .m..k..r Fesult to Mo ing pommt repreventation and then asigns to the £1.6a ¢ vaable . Fu
e Comversion of wier delined data types requircs some elion on the port of the prog rammer. Th:
operator overloading concepts are applicd to the following two principle areas:
- Extending capability of operators (o perate on user defined data
« Data conve
erator ovurk)adlng extends the semantics of an operator without changing its syrax. The gram
matical rules defined by C++ that govern its use such as the number of operands. pr and
ssociativity of the opsrator remain the same for overloaded operators. Therefore, it should e
bered that the not change ng. However, semantics (mean-
inty can be changed. but it 1s advisable 10 retain the predefined logical meaning.

13.2 Overloadable Operators
C++ provides a wide variety of operators to perform operations on various operands. The operators are
classified into unary and binary operators based on the number of arguments on which they operate.
Ci+ allows almost all operators to be overloaded in which case atleast one operand must be an instance
of a class (object). It allows overloading of the operators listed in Table 13.

The precedence relation of overloadable operators and their expression syntax rem

18 the same

even after overloading. Even if there is a provision or the
syntax, it does not offer any advantage. For instance, it is improper to define a unary division (/) ora
binary complement (~), since the change of precedence or syntax leads to ambiguity. For example,

defining an operator * = 10 represent exponentiatior: as in the case of Fortran language, appears to be
obvious, however, interpretation of the expression a* b, leads to confusion: whether to interpret it as
a*(*b) or (a)** (o). because, C++ already interprets it as a* (

Operator Category Operators

or Initialization

Arithmetic Assignment = s= =, &=, fe, ce
Shift <<, >>, <<=, >
Unary RO
Subscripting 0
Function Call o
referencing ->
Unary Sign Prefix .-
Allocate and Free new, delete

Table 13.1: C++ overloadable operators
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// index2.cpp: Index class with operator overloading
#include <iostream.h>

class Index

{

private:
int value; // Index Value
public:
Index() // No argument constructor
{
value = 0;
}
int GetIndex() /{ Index Access
{
return value;
}
void operator ++() // prefix or postfix increment operator
{
value = value + 1; /! value++;
}
}i
void main()
{
Index idxl, 1dx2; // idxl and idx2 are objects of Index class

// Display index values

cout << "\nIndexl = " << idxl.GetIndex();

cout << "\nIndex2 = " << idx2.GetIndex();

// Advance Index objects with ++ operators

++1idx1; // equivalent to idxl.operator++();
idx2++;

idx2++;

cout << "\nIndexl
cout << "\nIndex2

* << idxl.GetIndex();
* << idx2.GetIndex();

}

Aun

Indexl = 0

Index2 = 0

Indexl = 1

Index2 = 2
In main (), the statements
++idxl; // equivalent to idxl.operator++();
idx2++; .

invoke the overloaded ++ operator member function defined in the class Index:

void operator ++() // prefix or postfix increment operator

The name of this overloaded function is ++. The word operator is a keyword and is preceded by the
return type void. The operator to be overloaded is written immediately after the keyword operator.
This declarator informs the compiler to invoke the overloaded operator function ++ whenever the unary
increment operator is prefixed or postfixed to an object of the Index class.
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The variables idx1 and idx2 are the objects of the class Tndex. Th
using satements guch 83 +vidl; id
Mesxr inde

c index value is advanced by

x2++; instead of explicitly invoking the member function

¢ as in the earlier program_The operntor is applied to objecis of the Index class. Yet

Gperator function + 1 takes no arguments. It increments the data member va e of the Index ciass s

objects. Figure 13.1 shows the Index class representation and invocation of its member functions
implicit!

Instances of the class Index

Client program
Index ()
(constructor)

private member Tndex idx1,taxz;
varigbles

idix1.GetIndex ()

Yaxz Getindex () ;

{15, e

igure 13.1: Index class and ++ operator overloading

13.4 operatoxr Keyword

The keyword facilitates ing of the C The general format of operator
averloading is shown in Figure 132 The kevward operncor ndicates that the aperaror ambol

following it, is the C++ operator to be overloaded 1o operate on members of its class. The operator
overloaded in a class is known as overloacded operator fiunction

Function retum type: primitive. void, or user defined
Keyword
‘Operator to be overloaded (see Table 13.1)
r Arguments to Operator
l'\ln:unn

ferwemiyPe Sperator OFerarersymnel ({argl, (areiil)

// pody of operator function

Figure 13.2: Syntax of operator overloa
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int GetIndex() // Index Access

{
return value;

1

Index operator ++(} // Returns ‘Index cbject

{
Index temp; // temp object
value = value + 1; // update index value
temp.value = value; // initialize temp object
return temp; // return temp object

}
}i
void main()
{
Index idxl, idx2; // idxl and idx2 are objects of class Index
cout << *\nIndexl = * << idxl.GetIndex();
cout << "\nIndex2 = " << idx2.GetIndex();
idxl = idx2++; //returned object of idx2++ is assigned to idxl

idx2++; // returned object of idx2++ is unused
cout << "\nIndexl = * << idxl.GetIndex();
cout << "\nIndex2 = * << idx2.GetIndex();

}

Aun

Indexl
Index2
Indexl
Index2

o
M= oo

In main (), the statement

idxl = idx2++; //returned object of idx2++ is assigned to idxl
invokes the overloaded operater function and-assigns the return value to the object idx1 of the class
Index. The operator ++ () function creates a new object of the class Index called temp to be used
as a return valug; it can be assigned to another object. The value data member of the implicit object
idx2 is incremented and then assigned to the temp object which is returned to the caller. The returned
object is assigned to the destination object idx1.

13.6 Nameless Temporary Objects

In the program iridex3 . cpp, an intermediate (a temporary) object temp is created as a return object.
A convenient way to return an object is to create a nameless object in the return statement itself. The
program index4 .cpp, illustrates the overloaded operator function returning a nameless object.

// index4.cpp: Index class with overloaded operator returning nameless object
#include <iostream.h>
class Index
{
private:
int value; // Indux Value
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Cverloading without explicit arguments to an operator function is known as uniary operaior over-
loading and overloading with a single explicit argument is known as binary operator overloading.
However, with friend functions, unary operators take one explicit argument and binary operators take
two explicit arguments. The syntax of overloading the unary operator is shown in Figure 13.3.

— Function return type: primitive, void, or user defined

Keyword
—= Operator to be overloaded

|—DNO explicit arguments
e ——— e

ReturnType operator OperatorSymbol ()
{

// body of Operator function

Figure 13.3: Syntax for overloading unary operator

The following examples illustrate the overloading of unary operators:

(1) Index operator +();
2) int operator -(};
3) void operator ++();
4) void operator --();
(5) int operator *();

Similar to other member functions of a class, an overloaded operator member function can be either
defined within the body of a class or outside the body of a class. The following class specification
defines an overloaded operator member function within the body of a class:

class MyClass
{
// class data or function stuff
int operator++() // member function definition
{
// body of a function
}
Yi

A skeleton of the same class having the operator member function definition outside its body is as
follows:

class MyClass
{
// class data or function stuff

int operator ++(); // prototype declaration
}i
/! overloaded member function definition
int MyClass: :operator++ ()
{

// body of a function
}
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The process of operator overloading generally involves the following steps:

.1. Declare a class (that defines the data type) whose objects are to be manipulated using operators.
2. Declare the operator function, in the public part of the class. It can be either a normal member function
or a friend function.
3. Define the operator function either within the body of a class or outside the body of the class
(however, the function prototype must exist inside the class body).
The syntax for invoking the overloaded unary operator function is as follows:
object operand
operator object
The-first syntax can be used to invoke a prefix operator function, for instance, ++idx1, and the second
syntax can be used to invoke a postfix operator function, for instance, idx1++.

The syntax for invoking the overloaded binary operator function is as follows:
object] operator object?
For instance, the expression idx1+idx2 invokes the overloaded member function + of the idx1
object’s class by passing idx2 as the argument. Note that, in an expression invoking the binary
operator function, one of the operands must be the object. The above syntax is interpreted as follows:
objectl.operator OperatorSymbol{ object2 )

Operator Arguments

In main () of index2.cpp program, operator++ ()} is applied to the object of the class Index
as in the expression idx2++; it can be observed that the operator++ () takes no arguments
explicitly. The execution of the expression idx2++ invokes a member function operator++ ()
defined in the class Index. In this function, the data members of the object idx2 are manipulated.

13.5 Operator Return Values

The operator function in the program index2 .cpp has a subtle defect. An attempt to use an expres-
sion such as
idxl = idx2++;

will lead to a compilation error like Improper Assignment, because the return type of operator++ is
defined as void type. The above assignment statement tries to assign the void return- type to the
object (idx1) of the Index class. Such an assignment operation can be permitted after modifying the
return type of the cperator++ ()} member function of the Index class in the index2.cpp pro-
gram. A program with required modifications is listed in index3 . cpp.

// index3.cpp: Index class with overloaded operator returning an object
#include <iostream.h>

class Index

{

private:
int value; /4 Index Value
public:
Index() // No argument constructor

{
value = 0;
}
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public:

Tndex () // No argument conatructor
¢ value = 0; )
Index( inc val ) // Constructor with one argument
«

value = val;
ine GetIndesx () /7 Index Access
«

return value;
)
Index operator ++() // Returns nameless object of class Index
«

1 value + 1
return Index( value );  // calls one-argument cONSTructor

3
void maincy
«

Index idx1, idx2; // i@x1 and idx2 are the objects of Index
cout << "\nTndexl = * << idx1.GetTndex(}:

cout == *\nIndex2 = * << idx2.GetIndex():

idx1 = idx2++; // return object idx2++ is assigned to object idxl
iax2e /7 retusn object idx2es iz unused

cour << "\nindexl = * << idx1.GetIndex():

Gout == *\nIndex2 = * <= idx2.GetIndex():

wroo

In this program, the statements.
value = value + 1;
return Tndex( value );
perform the same operation as achieved | the above four statements. It creates a nameless object by
passing an initialization value. To perform this operation, the following parameterized constructor is
added as the constructor member function to the Index class:
Index( int val )
B

valu-s = val;
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13.7 Limitations of Increment/Decrement Operators

The prefix notation causes a variable (of type standard data type) to be updated before its value is used
in the expression, whereas the postfix notation causes it to be updated after its value is used. However,
the statement (built using user-defined data types and overloaded operator),

idxl = ++1idx2;
has exactly the same effect as the statement

idxl = idx2++;
When ++ and -- operators are overloaded, there is no distinction between the prefix and postfix
overloaded operator function. This problem is circumvented in advanced implementations of C++,
which provides additional syntax to express and distinguish between prefix and postfix overloaded
operator functions. A new syntax to indicate postfix operator overloaded function is:

operator ++{ int )

The program index5 .cpp illustrates the invocation of prefix and postfix operator functions. Note
that the old syntax is used to overload prefix operator function.

/ / index5.cpp: Index class with overloaded prefix and postfix unary operators
#include <iostream.h>
class Index
{
private:
int value; // Index Value

public:

Index() // No argument constructor

{ value = 0; }

Index( int val ) // Constructor with one argument

{
value = val;

}

int GetIndex() // Index Access

{
return value;

}

// Operator overloading for prefix operator

Index cperator ++{)

{
// Object is created with the +svalue, hence object is
// created with a new value of ‘value’ and returned
return Index( ++value );

}

// Operator overloading for postfix opeiator

Index operator ++(int)

{
// Object is created with the value++, hence object is
// created with old wvalue of 'value' and returned
return Index{ value++ )};
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void main()

{
Index idx1(2), idx2(2), idx3, idx4:

* << idxl.GetIndex();
" << idx2.GetlIndex();
postfix increment
prefix increment

* << idxl.GetIndex();
" <« idx3.GetIndex () ;
* << idx2.GetIndex();
v << idx4.GetIndex();

cout << *‘\nIndexl
cout << "\nIndex2
idx3 = idxl++;  /
idxd4 = ++idx2; /
cout << "\nIndexl
cout << "‘\nIndex3
cout << *\nIndex2
cout << "\nIndex4

H ™S>~ nm n

non

)
Run

Indexl
Index2
Indexl =
Indexl =
Index2 =
Index4d =

Wow

I
WL B W

In the postfix operator ++(int) function, first a nameless object with the old index value is
created and then, the index value is updated to achieve the intended operation. The compiler will just
make a call to this function for postfix operation, but the responsibility of achieving this rests on the
[rogrammer.

The above discussion on unary plus overloading is also applicable to overloading of unary decre-
ment and negation operators. It is illustrated by the program index6 . cpp.

// index6.cpp: Index class with unary operator overloading -, ++, and —-
#include <iostream.h>
class Index

{

private:
int value; // Index Value
public:
Index () // Wo argument constructor
{ wvalue = 0; }
Index( int wval } // Constructor with one argument
{
value = val;
}
int GetIndex() // Index Access
{
return value;
}
Index operator =-() // Negation of Index Value
{

return Index( -value };

}



}i

Chapter 13: Operator Overloading

Index cperator ++{) // Prefix increment
{
++value;
return Index( wvalue );
}
Index operator --1{) // Prefix decrement
{
--value;
return Index( value );

}

void main()

{
Index idxl, idx2;
cout << *"\nIndexl = * << idxl.GetIndexl();
cout << "\nIndex2 = " << idx2.GetIndex({);
idx2++;
idxl = -idx2; // negate idx2 and assign to idxl
++1idx2;
-=idx2; // prefix decrement
cout << "\nIndexl = " << idxl.GetIndex();
cout << "‘\nIndex2 = " << idx2.GetIndex();
}
Run
Indexl = 0
Index2 = 0
Indexl = -1
Index2 = 1

443

Overloading of unary operator does not necessarily mean that it is overloaded to operate on a
class's object, which has a single data member. Within the body of a overloaded unary operator func-
tion, any amount of data can be manipulated. One of the best example is manipulation of date object
data members. A class called date can have three data members day, month, and year. To increment
date by one, it may necessitate updation of all the ficlds on the date class. It depends on the current
values of date class's object data members as illustrated in the program mydate . cpp. It has over-
loaded unary increment operator function to update date object's data members.

// mydate.cpp: overloading ++ operator to increment date
#include <iostream.h>
class date

{

int day;

int month;

int year;

public:
date()
{

day = month = 0; year = 0;

o

}
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date( int d, int m, int y )
{
day = d; month = m; year = y;
}
void read()
{
cout << "Enter date <dd mm yyyy>: *;
cin >> day >> month >> year;
}
void showl()
{
cout << day << “:% << month << “:" << year;
}
int IsLeapYear()
{
if({ (year % 4 == 0 && year % 100 != 0 ) || (vear % 400 == Q) )
return 1;
else
return 0;
}
int thisMonthMaxDay ()
{
int m(12) = { 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 };

if( month == 2 && IsLeapYear() )
return 29; // February month with leap year will have 28 days
else

return m[month-1];
}
// unary increment operator overloading
void operator ++()
{
++day;
// adjust all fields of date according to current day
// so that they hold valid date
if( day > thisMonthMaxDay() )
{
// set day to 1 and increment month
day = 1;
month++;
}
if{ month > 12 )
{
// month to January (1) and increment year
month = 1;
year++;

}
};:
void nextday( date & d )
{
cout << "Date "; d.show();
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++d; // invokes coperator function
cout << * on increment becomes ™; d.show();
cout << endl;
}
void main()
{
date dl1( 14, 4, 1971 );
date d2( 28, 2, 1992 ); // leap vyear
date 43( 28, 2, 1993 );
date d4( 31, 12, 1995 );
nextday( dl );
nextday( d2 };
nextday( d3 );
nextday( d4 );
date today;
today.read();
nextday( today )
}

Bun

Date 14:4:1971 on increment becomes 15:4:1971
Date 28:2:1992 on increment becomes 29:2:1992
Date 28:2:1993 on increment becomes 1:3:1993
Date 31:12:1995 on increment becomes 1:1:1996

Enter date <dd mm yyyy=>: 11 9 199% \
Date 11:9:1996 on increment becomes 12:9:1996

. The updation of date requires to take care of conditions such as whether the year is a leap year or
not. If it is leap year and month is February, it will have 29 days instead of usual 28 days. Such cases
need to be handled explicitly (sec the second and third output line in Run).

13.8 Binary Operator Overloading

The concept of overloading unary operators applies also to the binary operators. The syntax for
overloading a binary operator is shown in Figure 13.4.

Function return type: primitive, void, or user defined

Keyword
— Operator to be Overloaded
Argument to Operator.
Function

ReturnType coperator OperatorSymbel (arg)

// body of Operator function

Figure 13.4: Syntax for overloading a binary operator

The binary overloaded operator function takes the first object as an implicit operand and the second
operand must be passed explicitly. The data members of the first object are accessed without using the
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dot operator whereas, the second argument members can be accessed using the dot operator if the
argument is an object. otherwise it can be accessed directly. Note that, the overloaded binary operator
function is a member function defined in the first object’s class.

The following examples illustrate the overloading of binary operators:

complex operator + ( complex cl );

int operator - ( int a );

vold operator * ( complex cl );

void operator / ( complex cl );

cemplex operator += ( complex ¢l );
Similar to unary operators, binary operators also have to return values so that cascaded assignment
expressions can be formed. The programs illustrating the overloading of binary operators are discussed
in the following sections.

13.9 Arithmetic Operators

Consider an example involving operations on complex numbers to illustrate the concept of binary
operator overloading. Complex numbers consists of two parts: real part and imaginary part. It is repre-
sented as (x+iy), where x is the real part and y is the imaginary part. The process of performing the
addition operation is illustrated below. Let ¢1, ¢2, and c¢3 be three complex numbers represented as
follows:

cl = x1 + i yl;

c2 = x2 + i y2;
The operation c3 = ¢l + c2 is given by

ci = (el.xl + e2.22 ) + i ( cl.¥vl + c2.y2 };
The program complexl . cpp performs addition of complex numbers without operator overloading.

// complexl.cpp: Addition of Complex Numbers
#include <iostream.h>

class complex

{

private:
float real; // real part of complex number
float imag; // imaginary part of complex number
public:
complex() /J/ no argument constructor

{
real = imag = 0.0;
}
void getdataf()
{
cout << "Real Part 7 *;
cin >> real;
cout << “Imag Part 7 *;
cin >> imag;
}
complex AddComplex( complex c2 ); // Add complex numbers
void outdata({ char *msg ) // display complex number
{

cout << endl << msg;
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cout << (= << real:

cour << ", % << imag << "3%;
ye
/7 adds default and c2 complex objects
complex comple: dacComplesx( complex c2 )
«

complex temp: // object temp of complex class
real + cz.real; // ada real parts

imag + c2.imag; /¢ add imaginary parts

return( temp ): /7 return complex object

)
veid main()
«

complex ci, o2, c3; s 1, o2,
1

©3 are object of complex class
cout << “Enter Complex Number c << enal;

<< ena1;

cal);
©3 = cl.AddComplex( c2 ); // add c1 and c2 and assign the result to c3
c3.outdata( "c3 = cl.AddComplex( 2

In main(). the statement
€3 = c1.AddComplex( =2 ):
invokes the member function AddComplex () of the c1 object’s class and adds 2 (o it and then the
re assigned to =3. By overloading the + operator. this clumsy and dense-looking
in the si standard (usual) form as follows:

€3 = c1 4 e2:
The program coinp1ex2 . epp illustrates the overloading of the binary operator + in order to perform
addition of complex numbers.

/7 complex2.cpp: Complex Numbers cperations with operator overloading
¥include <iostream.h>
class complex

real part of complex number

2 e:
float imag: 77 imaginary part of complex number
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public:
complex () // no argument constructor
{
real = imag = 0.0;
}
void getdatal) // read complex number
{
cout << "Real Part ? ";
cin »> real;
cout << "Imag Part ? ";
cin »>> imag;
}
complex operator + ( complex c2 ); // complex addition
void outdata( char *msg ) // display complex number
{
cout << endl << msg;
cout << "(" << real;
cout << ", * << imag << ")*;
}
}i
// add default and c2 complex objects
complex complex::operator + ( complex c2 )

{

complex temp; // object temp of complex class
temp.real = real + c2.real; // add real parts

temp.imag = imag + c2.imag; // add imaginary parts

return( temp }; // return complex cbject

}

void main()

{
complex cl, c2, c3; /7 cl, c2, c3 are object of complex class
cout << "Enter Complex Number cl ..* << endl;
cl.getdata();
cout << "Enter Complex Number c2 .." << endl;
c2.getdatal();
¢3 = ¢l + ¢c2; // add cl and c2 and assign the result to &3
c3.outdata(*'c3 = ¢l + ¢2: " }; // display result

}

Run

Enter Complex Number cl
Real Part ? 2.5
Imag Part ? 2.0
Enter Complex Number c2
Real Part 7 3.0
Imag Part ? 1.5
c3 =¢cl + c2: (5.5, 3.5)

In the class complex, the operator+ () function is declared as follows.
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complex operator + ( complex c2 };
This function takes one explicit argument of type complex and returns the result of complex type.
In a statement such as

el = cl + c2; /4 €3 = cl.operator+( c2 };
it is very important to understand the mechanism of returning a value and relating the arguments of the
operator to its objects. When the compiler encounters such expressions, it examines the argument
types of the operator. In this case, since the first argument is of type complex, the compiler realizes
that it must invoke the operator member + () function defined in the complex class (Figure 13.5).

Instances of the class complex

Client program

v-‘-'-—_—-"'\-____

complex ()
{constructor)

private member
variables

complex cl,c2,c3;

_[cl.getdat.a (I
cZ.getdata();

outdata ()
(ozmenuT)
() e3epiab

float real;

float imacg; cl=cl+c2;

ci.outdatal);

operator+ (complex cZ)
(addition)

Figure 13.5: Complex numbers and operator overloading

The argument on the left side of the operator (c1 in this case) is the object of a class having
overloaded operator function as its member function. The object on the right side (2 in this case) of
the operator is passed as the actual argument to the overloaded operator function. The operator refurns
a value (complex object temp in this case), which can be assigned to another object (c3 in this case) or
can be used in other ways (as argument or term in an expression, etc.).

The expression c1+c2 invokes operator + () member function, c1. object's data members are
accessed directly since, this is the object of which the operator function is amember. The right operand
is treated as an argument to the function and its members are accessed using the member access dot
operator (as c2.real and c2.imag).

In the overloading of binary operators, as a rule, the lefi-hand operand is used to invoke the
operator function and the right-hand operand is passed as an argument to the operator function. The
inechanism of handling operands of an overloaded binary operator is illustrated in Figure 13.6.

Similarly, functions can be created to overload other operators to perform addition, subtraction,
multiplication, division, etc. The program complex3. cpp illustrates the overloading of various arith-
metic operators for manipulating comp'ex numbers.
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complex operators (complax =2)
€

J

Figure 13.6: in class

// complex3.cpp: Manipulation of Complex Numbers
#include <iostream.h>
clasa complex
<
private:
loat real:
£loat imag;

public
complex ()
«
real = imag = 0
voia getaata() // read complex number
«
-
B
void cutdata( char *msg ) /s @isplay complex number
«

cout << endl << msg
cour << * (% << real
| cout << *, * << imag <<

' complex operator + ( complex 2 )
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complex operator - ( complex c2 );
complex operator * ( complex c2 );
complex operator / ( complex c2 });

Y
// addition of complex numbers, c3 = cl + c2
complex complex::operator + ( complex c2 )
{
complex temp;
temp.real = real + c2.real;
temp.imag = imag + c2.imag;
return{ temp );
1
// subtraction of complex numbers, c3 = cl - ¢c2;
complex complex::operator - ( complex c2 )
{
complex temp;
temp.real = real - c2.real;
temp.imag = imag - c2.imag;
return{ temp );
}
// Multiplication of complex numbers, c3 = cl * c2
complex complex::operator * ( complex c2 )
{
complex temp;
temp.real = real * c2.real - imag * c2.imag;
temp.imag = real * c2.imag + imag * c2.real;
return( temp );
1
+/ Division of complex numbers, c3 = ¢l / c2
complex complex: :operator / ( complex c2 )
{
complex temp;

float qt:
gt = c2.real*c2.real+c2.imag*c2.imag;
temp.real = (real * c2.real + imag * c2.imag)/qgt;

temp.imag = (imag * c2.real- real * c2.imag) /gt;
return{ temp );

}

void main()

{ .
complex cl, c2, c3;
// read complex numbers cl and c2
cout << "Enter Complex Number cl .." << endl;
cl.getdata();
cout << "Enter Complex Number c2 .." << endl;
c2.getdata();
cout << "Entered Complex Numbers are...";
cl.outdata( "cl = " );
c2.outdata( "c2 = " );
cout << endl << "Computational results are...";
c3 = ¢l + €2;

451
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cl.outdata("cd = ¢l + e2: ");

cl = cl - c2;

c3.outdata("c3 = ¢l - £2: ");

c3 = cl * c2;

c3.outdata("c3 = ¢l * e2: ");

c3d = ¢cl / c2;

c3.outdata("c3 = cl / c2: "};

c3 =cl + c2 + cl.+ c2;

c3l.outdata{ "c3 =cl + ¢c2 + ¢cl + c2: " );
cd =cl * c2 + ¢l / ¢2;

cl.outdata( "c3 =¢cl * ¢c2 + ¢l /f c2: "});

)
Run

Enter Complex Number cl ..
Real Part ? 2.5

Imag Part ? 2,0

Enter Complex Number c2 ..
P2al Part ? 3.0

Imag Part ? 1.5

Eatered Complex Numbers are...
cl = (2.5, 2)

=2 = {3, 1.5)

Computational results are...

e3 = el + c2: (5.5, 3.5)

¢l = ¢l - ¢2: (-0.5, 0.5)

cld = ¢l * c2: (4.5, 9.75)

€3 = ¢l / c2: (0.933333, 0.2)
cli =gl + 2 +cl +c2: (11, 7)
€3 =¢cl * c2 + ¢l / c2: (5.43333, 9.95)

In main (), the statement,
cd = el + ¢c2 + ¢l + ¢c2;
is evaluated as
{(cl.operator+(c2) ) .operator+(cl)) .operator+{(c2);
from left to right, since all the operators have the same precedence. However, the statement
cl =cl * c2 + ¢l / c3;
is evaluated as
{cl.operator*(c2)) .operator+(cl.operator/ (c2))
Operators with higher precedence are evaluated first, followed by those with lower precedence.

13.10 Concatenation of Strings

Normally, concatenation of strings is performed by using the library function strcat () explicitly. To
illustrate this concept, consider the strings strl and str2 which are defined as follows:

char strl[50] = "Welcom= to ";
char str2[25] = "CUperator Overloading”;

The strings strl and str2 are combined, and the result is stored in str1 by invoking the furcticn
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/¢ display strings of strl, str2, and str3
"cout << "\nAfter str3 = strl + str2; ..";
cout << *\nstrl = *;
strl.echo();
cout << *‘nstr2 b
str2.echo();
cout << *\nstrl
str3.echol);

}

Bun

Before strd = strl + str2; ..
strl = Welcom= to

str2 = Operator Overloading
strld =

After str3 = strl + str2;

n
-

strl = Welcome to
str2 = Operator Overloading
strl = Welcome to Operator Overloading

The prototype of the string concatenation operator function X
string operator +( string s ) // overloading + operator
indicates that the + operator takes one argument of type string object and returns an object of the
same type. The concatenation is performed by creating a temporary string object temp and initial-
izing it with the first string. The second string is added to first string in the object temp using the
streat () and finally the resultant temporary string object temp is returned. In this case, the length
of strl plus str2 should not exceed BUFF_SIZE. If it exceeds, then the behavior of the program
may be unpredictable, It can be overcome by testing the length of str1 plus str2 before concatenat-
ing them in the operator + () function of the string class and then taking appropriate actions.

13.11 Comparison Operators

Similar to arithmetic operators, the relational operators can be overloaded for comparing the magnitudes
of the operands. The relational operators can also aperate on the user defined data-types similar to the
way they operate on primitive data-types. The program idxcmp.cpp demonstrates the overloading
of the comparison operator < to compare indexes.

// ldxemp.cpp: Index comparison with overloading of < operator
#include <iostream.h>

enum boolean { FALSE, TRUE };

class Index

{
private:
int value; // Index Value
public:
Index() // No argument constructor
( .

value = 0;
}
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strcat () as follows:

strcat( strl, str2 );
On execution str2 remains unchanged. In C++, such operations can also be performed by defining a
string class and overloading the + operator. A statement such as,

strl = strl + str2;
for concatenation of string, (where strl and str2 are the objects of a class string) would be
perfectly valid. The program string. cpp defines a string class and uses it to concatenate strings.

/ / string.cpp: Concatenation of strings
#include <iostream.h>

#include <string.h>

const int BUFF_SIZE = 50; // length of string

class string // user defined string class
{
private:
char str[BUFF_SIZE];
public:
string() // constructorl without arguments

{ strepy( str, ** );

s}tring{ char *MyStr ) // constructor?, one argument

[ strepy( str, MyStr ); // MyStr is copied to str
joid echo () // display string

{ cout << str;

s}tring operator +( string s ) // overloading + operator

{
string temp = str; // creates object and strcpy( temp.str, str );
strcat( temp.str, s.str ); // temp.str = temp.str + s.str
return temp; // return string object temp

}
}:
void main()
{
string strl = "Welcome te "; // uses constructorz
string str2 = "Operator Overloading®; // uses constructor2
string str3; // uses constructorl, str3.str = NULL
// display strings of strl, str2, and str3
cout << "\nBefore str3 = strl + str2; ..";
coyut << "\nstrl = *;
strl.echol);
cout << "\nstr2 = *;
str2.echol);
cout << "\nstrld = *;
stri.echo();
str3 = strl + str2; // strl invokes its operator + function with str2
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Index( int val ) /4 Constructor with one argument
<
value - val:

b
int GetIndex() 7/ index Access
«

return value
boolean operator < ( Index idx ) //compare indexea

zeturn( value = idx.value ? TRUE : FALSE )
>
)i
void main ()
Index idxl = 5
Tndex idx2 = 10;
cout << "\nIndexl = * << idxl.GetIndex():
cout << -\nTndexz = = << idx2.GetTndex():

1€ 1ax1 < 1ax2
cout << "\nIndexl is less than Index2":

cout << "\nIndexl is not less than Index2®

2 = 10
Tndex1 is leas than Index2

The operator < in the above program is similar to overload-
ing arithmetic operators. The operator function < () returns TRUE or FALSE depending on the magni
tudes of the Index operands.

Strings Comparison

The relational operators such as < .etc., can be overloaded to operate on strings. These operators
return TRUE of FALSE depending on the contents of the sting srguments. The program stxcmp- <pp
illustrates the overloading of relational operators in a s tring.class.

{1 stromp.opp: Comparison of strings
#include <i -n
tincivae Sseeing.m

Sonec imt BUFE BIZE = 50;
enum boolean ( FALSE, TRUE );

class string /7 user Aefined string class

#/ length of string

private
chax ‘strrurr_sizE);
public
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string(} // constructor without arguments
{
strepy( str, *" };
1
void read() // read string
{
cin »>> str;
//  cout <<« str;
}
void echol) // display string
{
cout << str;
}

boolean nperator < ( string s ) // overloading < operator
{
if( stremp( str, s.str ) < 0 }
return TRUE; // str < s.str in lexicographical order
else
return FALSE;
1
boolean coperator > ( string s ) // overloading > operator
{
if( stremp( str, s.str ) > 0 )

return TRUE; // str > s.str in lexicographical order
else
return FALSE;
}
boolean operator == ( char *MyStr ) // overloading == operator
{
if( stremp{ str, MyStr ) == 0 )
return TRUE; // str and MyStr are same
else

return FALSE;
}

void main()

{

string strl, str2; // uses constructor 1
while( TRUE )

{

cout << "\nEnter Stringl <'end’ to stop>: *;
strl.read();
if( strl == "end” )
break;
cout << "Enter String2: "“;
str2.read();
cout << "Comparison Status: “;
//{ display comparison status
/¢ display format: Stringl "comparison status <, >, = " String2
strl.echo();
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if({ strl < str2 )}
cout << " <« *;
else
if( strl > str2 }
cout << " > ";
else
cout << " = *;
str2.echol);
¥
cout << "\nBye.!! That's all folks.!";
1

Run

Enter Stringl <'end' to stop>: C

Enter String2: C++

Comparison Status: C < C++

Enter Stringl <'end' toc stop>: Rajkumar
Enter String2: Bindu

Comparison Status: Rajkumar > Bindu
Enter Stringl <'end' to stop>: Rajkumar
Enter String2: Venugopal

Comparison Status: Rajkumar < Venugopal
Enter Stringl <'end' to stop>: HELLO
Enter String2: HELLQ

Comparison Status: HELLO = HELLO

Enter Stringl <'end' to stop>: end
Bye.!! That's all folks.!

The overloaded operator functions of the class string uses the library function stremp () to
compare the two strings. The stremp (. .} operates as follows:
« It returns O if both the strings are equal
« It returns a negative value if the first string is less than the second one
« It returns a positive value if the first string is greater than the second one
The terms less than, greater than, or equal to are used in lexicographic sense to indicate whether the
first string appears before or after the second in the alphabetical order.

The prototype of string comparison function
boolean operator == { char *MyStr )
indicates that the == operator takes one argument of type pointer to character and returns TRUE or
FALSE depending on the operands weightage in lexicographical order. The st remp () in the function
body compares the object’s attribute str with the argument MyStr. From this example, it is under-
stood that the arguments to an overloaded operator need not be of the same data-type, but the over-
loaded operator must be a member function of the first object.

13.12 Arithmetic Assignment Operators

Like arithmetic operators, arithmetic assignment operators can also be overloaded to perform an arith-
metic operation followed by an assignment operation. Such statements are useful in replacing the
expressions involving operations on two operands and storing the result in the first operand. For
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instance, @ statement such as
can be replaced by

el a= e2;
“The program complexd . cpp illustrates the overloading of arithmetic assignment operators (o ma-
nipulate complex numbers.

L{ complexa.cpp: overloading of +=, -=. *=. /= operatoxs for complex class
finclude <iostre:

class complex

«
privace:
float xeal:
float imag:
public:
complex() /4 constructorl
t
real = imag = 0;
void getdaca () #/ xead complex number
«
cout << "Real Part ? "
ein >> real:
cout << "Imag Pare ?
)
void outdata( char *msg ) // Qiaplay comples.number
cout << endl << msg:
cour << m(= << real;
cout << =, " << imag << ")*;
)
void operator += ( complex cZ )i
void operator —= ( complex 2 );
void operator *= ( complex 2 ):
void operator /= ( complex c2 ):
i

{7 masicion of complex sumbare, 1 v= 03 inacasd of ol = &l + e

void complex; :operator += ( complex c2
c
real = real + c2.real:
imag = imag + c2.imag;
y
(7 Butraction of complex numbers, cl €2, 1l.e., el = el - e2;
voia o operace: ¢ complex c2
<
real = real - =2 .real:
imag = imag - ©2.imag;
»
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Entered Complex Numbers are

1 = (2.5, 2)

2 = (3. 1.5

Computational results are.

pes (5.5, 3.5)
Jer o3 ez (0.5, 0.5)
lec 3 = 5)

a.s,’9.7
c2: (0.933333,

Observe i between the +() defined in the program complex3 . cpp.
and operator function += () defined in the program complesx4 . cpp. In the former, a new temporary
object of complex type must be created and returned by the function, 5o that the resultant object can
be assigned to a third comp1ex object, as in the statement

€3 = e1 - c2;

In the latier the function operator += () s a member function of the object (destination objects class).
which receives the result of compu ion cperator +=() has no retum value:

ncti
it returns void type. Normally, e resalt or the asngmnent ‘operation s not roquired. Tn a statoment,
such as,

0.2

o2
the operator alone is used without bothering about the return valuc.
The use of the.

o3 = el 4= e2;

requires a return value. Such requirements can be satisfied by having the function operator += ().,
which terminates with the statement such as

operator in a statement such as,

return( =this )y orrecurn complex( real, imag );
In the first case, the current object is returned and in the latter case, a nameless object is created with

initialization and is returned as illustrated in the program complex5 . cpB.

// complexS.cpp: Overloading of += cperator for complex expressions
#include
Sides comelex
private:
float real;
floact imag
public
complex()
i

/7 mo argument comstructor

real = imag = 0.0
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{7 puitiplicacion of complex numbsrs. ol <= c2.

woid complex::operator = complex oz
«
complex old = *this; s/ =this is an object of
real = old.real * c2.real - old.imag * c2.ima
imag = cld.real * c2.imag + old.imag * c2.rea.
»
7/ Division of complex numbers, el /= €2, i.e
void complex::operator /= ( complex c2 )
r
complex old = ~this;
£loac gt
qt = c2.realvc2.real+c?.imagrc?.imag;
real = (old.real * c2.real + old.imag
imag = (old.imag = c2.real - old.real = c
>
void main()
complex c1, 2. 3;
7/ read complex numbers c1 and c2
omplex Number cl ..° << endl:

omplex Number ¢2 ..° << endl;

Complex Numbers are
Y

are. ..
o3 = o2,
cllouraara(-ler €3 = €1, €3 += €2: *);
/7 e3 = el - e2
o3 = c1:
©3 -= c2;
c3.outdata(-let 3 = cl. c3 ")
/7 e3 =1 * c2
=2 - e
<3
33 cucaata(rier o3 = o1, o3 *= c2: s
/73 = el /2
c3 1,
e3 =
c3.cutdata(*let c3 = cl, e3 /= c2: *);
¥
Chapter 13:
veid gecdaca () /7 read complex number
cout << "Real Parct 7 .
cin =» zreal;
cout << -"Imag Part 7 ":
cin s> imags
complex oparator + ( complax <2 )i //

instead of c1 = cli=c2

type complex
as
1;

el = cl s ez

c2.imag) /qtr
Jimag) /qr;

Operator Overloading

complex addition

void outdata( char *msa ) // dieplay complex number

cout ce endl == msg

Cout <= 1.t << imag =< *)-
complex operator += ( complex €2 1

3:

77 aadicion of complex numbers, cl ©2 inscead

/4 return complex object *this or build

temporary
complex complex::operator += ( complex c2 )
€

imag;
/7 =this is current object

return( *this )

3
void main ()
<

complex cl, 2, c3;
cout <= "Enter Complex Number cl ..
c1.gecaatay:

uE << "Enter Complex Numbex <2 . .=

3 gecdatail

{{ Performs 1. oi = o2 end
e e e e evatuatea £irsc,

“\non execution of <3 1 =

of el = e1 + o2,
object and return

and assigred to e3
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13.13 Overloading ofnew and delete Operators

The memory allocation operators new and delete can be overloaded to handle memory resource in a
customized way. It allows the programmer to gain full control over the memory resource and to handle
resource crunch errors such as Qur of Memory, within a class. The main reason for overloading these
functions is to increase the efficiency of memory management. An application designed to handle
memory allocation by itself through overloading can easily detect memory leaks (improper usage). It
can also be used to create the illusion of infinite amount of main memory (virtual memory. which exists
in effect but not in reality).

The program resource.cpp illustrates the overloading of new and delete operators. The
normal call to the new operator, such as
ptr = aew vector;
dynamically creates a vector object and returns a pointer to that object. The overloaded operator
function new in the vector class not only creates an object, but also allocates the resource for its
internal data members.

// resource.cpp: Overloading of new and delete operators
#include <iocstream.h>
const int ARRAY_SIZE = 10;
class vector
{
private:
int *array; // array is dynamically allocatable data member
public:
/! overloading of new operator
void * operator new| size_t size )
{
vector *my_vector;
my_vector = ::new vector; // it refers to global new, otherwise
// leads to recursive call of vector::new
my_wvector-»array = new int[ARRAY_SIZE]; // calls ::new
return my_vector;
}
// overleoading of delete operator
void operator delete( void* vec )
{

vector *my_vect;

my_vect = (wvector *)} wec;
delete (int *) my_vect->array; // calls ::delete
::delete vec; // it refers to global delete, otherwise

// leads to recursive call of vector::delete
}
void read();
int sum();
};
void vector::read()
{
for({ int i = 0; i < ARRAY_SIZE; i++ )
{

cout << “wector[" << i << "] = ? ";
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tor function is called recursively leading to stack overflow. Hence, prefixing of the scope resolution
operator 10 the new operator forces ta use the standard new operator supported by the language
instead of the one defined in the program. The class vectox has a data item of type dynamic array,
defined by inc *array. Another statement in the above function

my_vector->array = new int[ARRAY_STZE); // calls : :new
creates an array and dynamically allocates m:mary toit.

r 10 the ov Aelere operator function handles
the pnx.ess of releasing memory that has been al]uc:\l—ed during the dynamic object creation by thenew
operator; it also releases the memory allocated (o the internal data-item array through the function call

a - ;
It invokes the overloaded operator function

0id operator delete( void~ vee )
to release the entire memory resource allocated 1o the my_vector object and its data members.

13.14 Data Conversion
Representing the same data in multiple forms

8 common practico fn scioatific computations. It in-

volves the conversion of data from one for instanc radian to degree,
polar to rectangular, and vice versa. Implicit of the 2 Ci+ is achieved
by overloading the assignment operator, =. The i of a variable,

the resul of un expression. or a constant, (© another variable. Fureximple.
; // vari and var2 are defined as integer variables
assigns the value of a2 tovaza which are of the same data- -type. User defined objects of the same.
class can n.lso be uslgncd to one another. In a statement such as
c1, <2, and 3 are objects of complex class
the m!ull af addition. whn:h is of type complex is assigned to another object ¢3 of complex class.
of one o another which are of the same data-type is
oiaved by copying the contents of all member items from source object.
Such operations do not require any conversion procedure for the data-type conversion. In the above
cxpression, the result of (c1+c2) is of the same data-type as that of the destination object o3. Hence,
oes not of objects.
Thus, assignment of data items are handled by the compiler with no effort on the part of the user,
whether they are basic or user defined provided both source and destination data items are of the same
data-type. Tn case the data items are of different types, data conversion interface function must be
explicitly specified by the user. These include conversions between basic and user-defined Lypes oF
between the user-defined data items of different types.

1 = var2

13.15 Conversion between Basic Data Types
Consider the statement

weight = age; // weight is of £loat type and age is of integer type
“wher= weight is of type float and age is of type integer. Here. the compiler calls a special routine 1o
the value of aga, which is represented in an integer format, (o a floating-point format. so that




cin
}
}
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>> array(i];

int vector::sumf()

{

int sum = 0;
for( int 1 = 0; i < ARRAY_SIZE; i++ )

sum
return

}

+= arrayl[il;
sum;

void main()

{
vector

*my_vector = new vector;

cout << "Enter Vector data ..." << endl;
my_vector->read () ;
cout << “"Sum of Vector = * << my_vector->sum();

delete
}

Run

my_Vector;

Enter Vector data ...

vector[0]
vector([l]
vector([2]
vector([3]
vector([4]
vector([5]
vector[6]
vector(7]
vector([8]
vector([9]

= ? 1
=72
=73
74
?E
=?_6_
=77
=78
=79
= ? 10

Sum of Vector = 55

.In main (), the statement
vector *my_vector = new vector;
invokes the overloaded operator member function
void * operator new( size_t size )
defined in the class vector as
void * operator new( size_t size )

{

)

vector *my_vector;

my_wvector = ::new vector; // it refers to global new, otherwise
// leads to recursive call of vector::new

my_vector->array = new int[ARRAY_SIZE]; // calls ::new

return my_vector;

In the above function, the statement
my_vector = ::new vector; // it refers to global new, otherwise
c:eates an object of the vec Lo class. If scope resolution operator is not used, the overioaded opzra-
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it can be assigned to weight. The compiler has several built-in routines for the conversion of basic
_datatypes such aschar to int, float todouble, etc. This feature of the compiler, which performs
conversion of data without the user intervention is known as implicit type conversion.

The compiler can be instructed explicitly to perform type conversion using the type conversion
operators known as rypecast operators. For instance, to convert int to £loat, the statement is
weight = (float) age;
where the keyword float enclosed between braces is the typecast operator. In C++, the above
statement can also be expressed in a more readable form as
weight = float{ age ):
The explicit conversion of £loat to int uses the same built-in routine as implicit conversion.

13.16 Conversion between Objects and Basic Types

The compiler supports data conversion of only built-in data types supported by the language. The user
cannot rely on the compiler to perform conversion from user-defined data types to primitive data types
and vice-versa, because the compiler does not know anything about the logical meaning of user defined
data types, Therefore, to perform a meaningful conversion, the user must supply the necessary conver-
sion function. In this case, the conversion process can be from basic data types to user-defined data
types or from the user-defined data types to basic data types.

The process of conversion between the user-defined type and basic type is illustrated in the pro-
gram meter.cpp listed below. In this example, the user-defined type is the class Meter, which
represents a unit of length in the MKS measurement system.  The basic type is £1cat, which is used to
represent a unit of length in CGS measurement system.

The conversion between centimeter and meter can be performed by the following relations:
Length in Cms = Length in Meters * 100
Length in Meters = Length in Cms/ 100

Where and How the conversion function should exist ?

To convert data from a basic type to a user-defined type, the conversion function should be defined in
user-defined object's class in the form of the constructor. This constructor function takes a single
argument of basic data-type as shown in Figure 13.7.

Constructor of a class 1 | Primitive data itcml

Constructor (BasicType)
{

// steps for converting
// BasicType to Object attributes

}

Figure 13.7: Conversion function: basic to user-defined

In the case of conversion from a user-defined type to a basic type, the conversion function should
be defined in user-defined object's class in the form of the operator function. The operator function is
defined as an overloaded basic data-type which takes no arguments. It converts the data members of an
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object 10 basic data types and returns a basic data-item. The syntax of such a conversion function is
shown in Figure 13.8.

Keyword operator Primitive data type: char. int, float, etc.

operator BasicType()
<

7/ stepa for converting
/7 Object arrribures to BasicType

Figure 13.8: C to basic

In the above syntax, it can be observed that the conversion operator function has no return fype
specification. However, if should return Bas icType value. The programmeter . cpp illustrates the
conversion of the Metex class's object to £1oat representing centimeter and vice-versa,

// meter.cpp: Convexsion from Meter to Centimeter and vice-versa

float length; // length in meter

public
Meter () /4 constructer0, mo arguments
«
length =

// cConversion from Basic data-item to user-defined type
7/ InitLength is in centimeter umit
Meter( float InitLength ) // comstructorl, one argument

length = TnitLength / 100.0; // centimeter to meter

/7 comversion from user-defined type to Basic data-item
7/ i.e., from meter to centimetex

operator floact()

<

float LengthCms:
Lengthcms = length * 100.0; // meter to cencimeter
return( LengthCms );

)
void Getiength ()
«

cout << *\nEnter Length (in meters):
cin >> length:

)
void ShowLength ()
€
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cout << "Length (in meter) = " << length;
}i

void main()
{
// Basic to User-defined conversion demonstration Section
Meter meterl; // uses constructor(
float lengthl;
cout << "Enter Length (in cms): *;
cin >> lengthl;
meterl = lengthl; // converts basic to user-defined, uses constructorl
meterl.ShowLength() ;
// User-defined to Basic conversion demonstration Section
Meter meter2; // uses constructor(
float length2;
meter2.GetLength();

length2 = meter2; //converts user-defined to'basic, uses operator float()
cout << "Length (in cms) = " << length2;
}

Bun

Enter Length (in cms): 150.0
Length (in meter) = 1.5

Enter Length (in meters): 1,669
Length (in cms) = 166.900009

Basic to User-Defined Data Type Conversion
In main (), the statement

meterl = lengthl; // converts basic to user-defined, uses constructorl
converts basic data item lengthl of £loat type to the object meter1 by invoking the one-argu-
ment constructor:

Meter( float InitLength )} // constructorl, one argument
This constructor is invoked while creating objects of the class Meter using a single argument of type

float. It converts the input argument represented in centimeters to meters and assigns the resultant
value to length data member.

The statements such as
Meter meterl = 150.0;
meterl = lengthl;
invokes the same conversion function. The only difference is, in the case of the first statement, the
conversion function is invoked as a part object creation activity, whereas in the case of the second
statement, the compiler first searches for the overloaded assignment operator function, and if that is not
found, it invokes the one-argument constructor.

The distinction between the function definition and the assignment operator overloading for type
conversion is blurred by the compiler; the compiler locks for a constructor if an overloaded = operator
function is not available to perform data conversion.
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User-Defined to Basic Data Type Conversion
Inmain (), the statement,
length2 = meter2; // convert user-defined to basic, uses operator float()
converts the object meter2 to the basic data-item of £1oat type by invoking the overloaded opera-
tor function:
operator float()
{ float LengthCms;
LengthCms = length * 100.0; // meter to centimeter
return{ LengthCms );
}
The above conversion function can also be invoked explicitly as follows:
length2 = ( float ) meter2;
or as
length2 = float( meter2 );
The compiler searches for the appropriate conversion function. First, the compiler looks for an over-
loaded = operator. If it does not find one, then it looks for a conversion function and invokes the same
implicitly for data conversion.

Conversion between Strings and String Objects

The program strconv.cpp demonstrates the use of a one argument constructor and a conversion
function.

/ / strconv.cpp: conversion between basic string (char *) and class string
#include <iostream.h>

#include <string.h>

const int BUFF_SIZE = 50; // length of string

class string // user defined string class
{
private:
char str[BUFF_SIZE];
public:
string() // constructorl without arguments

{
strepy( str, ** )
}
string{ char *MyStr ) // constructor2, one argument
{
strcpy( str, MyStr }; // MyStr is copied to str
1
void echel() // display string
{
coukt << str;
1
// conversion function to convert String object item te char ™ item
operator char * () // invoked if destination data-item is char* type
{
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return str;
1
}:
void main()
{
// Conversion from string of type char * to string object
char msg[20] = "OOPs the Great®;

string strl; // uses constructor 1
strl = msg; // uses the function 'string{ char *MyStr )°'
cout << "strl = ";

strl.echo();

// Conversion from cbject toc char * type

char *receive;

string strZ = "It is nice to learn";

receive = str2; // uses the function ‘operator char * {)*
cout << "\nstr2 = *;

cout << receive;

}

Bun

strl = O0Ps the Great

str2 = It is nice to learn

In the above example, the one argument constructor

string( char *MyStr ) // constructor2, one argument
{

strepy( str, MyStr ); // MyStr is copied to str
}

converts a normal string defined using char#* to an object of class string. The string is passed as
an argument to the function; it copies the string MyStr to the sty data member of the object.

The conversion will be applied during creation of the string object with initialization or during the

assignment of a normal string to the string object. In the statement

string str2 = "It is nice to learn”;
the conversion of normal string to string object initialization is performed during creation of the
object str2. Whereas, in the statement

strl = msg; // uses the function ‘string( char *MyStr )
the conversion of normal string defined as char* type variablemsg to string object initialization is
performed during assignment. The conversion function

operator char * () // invoked if destination data-item is char * type
{

return str;
}
is used to convert from a string object to a normal string. It is invoked by the the statement,
receive = str2; // uses the function 'operator char * (}
The object st r2 can also be passed to the indirection operator << to display a string stored in the data
member str as shown in the statement,
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cout << str2;
The object str2 is passed as an argument to the overloaded output stream operator <<. But, it does
not know anything about the user-defined object stx2. This is resolved by the compiler by searching
for a function which converts the object to a data-type known to the operator << (). In this case, the
compiler finds the operator function char* (), returning the char* type known to the stream opera-
tor. If the compiler does not find the conversion function, it reports an error

“Operator cannot be applied to these operands in function main()"

The program strconv.cpp clearly demonstrates the data conversions that take place not only
during object creation and in assignment statements, but also in the case of arguments passed to
operators (for instance, <<} or functions. Incompatible arguments can also be passed to an operator or
a function as long as there exists a conversion function. The incompatibility between the formal argu-
ments of the operator function and actual arguments is resolved by the compiler.

13.17 Conversibn between Objects of Different Classes

The C++ compiler does not support data conversion between objects of user-defined classes, The data
conversion methods: one-argument constructor and conversion function can also used for conver-
sions among user defined data types. The choice between these two methods for data conversion
depends on whether the conversion function should be defined in the source object or destination
object. Consider the following skeleton code:

Classh cbijecta;

ClassB objecth;

cbjecta = cbjecthb;
wiere cbjecta and objectb are the objects of classes Classa and ClassB respectively. The
conversion method can be either defined in Classa or ClassB depending on whether it should be a
one-argument constructor or an operator function.

Conversion Routine in Source Object: operator function

The conversion routine in the source object’s class is implemented as an operator function. The seg-
ment of code shown in Figure 13.9 for class declaration demonstrates the method of implementing a
sonversion routine in the source object’s class.

In an assignment statement such as,
objecta = cbhjecth;
objectb is the source object of the class ClassB and cbjecta is the destination object of the
class ClassA. The conversion function operator ClassA() exists in the source object’s class.
The program d2r1l.cpp illustrates the concept of defining a conversion routine in the source
object. The conversion of an angle between degrees and radians is achieved by the following relations:

+ Angle in Radian = Angle in Degree * PI/180.0
« Angle in Degree = Angle in Radian * 180.0/PI, where PI=22/7
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// Destination object clast.
class ClassA

// ClassA stuff here

}i
// Source object class

class ClassB

{
private:
// attributes of classB

public: Destination object's class name

operator Classh () - Conversion operator function
{

// program stuff for converting ClassB cbject
// to ClassA cbject attributes

Figure 13.9: Conversion routine in source object

// d2ri.cpp: Degree to Radian, Conversion Routine in Source class
#include <iostream.h>
const float PI = 3.141592654;
class Radian
{
private:
float rad; // radian
public:
Radian() // constructor(, no arguments
{
rad = 0.0;
} _
Radian( float InitRad ) // constructorl
{
rad = InitRad;
}
float GetRadian() // Access function
{
return( rad };
}
void Output () // Display of radian

{
cout << "Radian = * << GetRadian();

}

471



472 Mastering C++

class Degree
{

private:
float degree; // Degree
public:
Degree () // constructer(, no arguments

{
degree = 0.0;
}
// radian = degree; conversion routine at the source
// This function will be called if we try to assign
// object degree to object of type radian
operator Radiani()
{
// convert degree to radian and create an cbject radian
// and then return, here radian constructorl is called
return({ Radian( degree * PI / 180.0 ) };
}
void Input() // Read degree
{
cout << "Enter Degree: ";
cin »>> degree;
}
Yi
void main( void )
(

Degree degl; // degree using constructor(
Radian radl; // radian using constructor(
// Read Input values

degl.Input();

radl = degl; // uses 'operator Radian()'
// display radian and degree
radl.Output();

1

Runi

Enter Degree: 20
Radian = 1.5707%6

Run2

Enter Degree: 180
Radian = 3.141583

In main{), the statement
radl = degl; // uses ‘operator Radian()’
assigns the degl object of class Degree to the radl object of the class Radian. Since both the
objects degl and radl are instances of different classes, the conversion during assignment opera-
tion is performed by the member function:
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operator Radian()

(
/{ convert degree tec radian and create an object radian
// and then return, here radian constructorl is called
return( Radian( degree * PI / 180.0 ) );

1

It is defined in the source object’s class Degree; it is chosen by the compiler for converting the object
degl to radl implicitly.

Conversion Routine in Destination Object: constructor function

The conversion routine can also be defined in the destination object’s class as a one-argument con-
structor. The segment of code shown in Figure 13.10 for class declaration demonstrates the method of
implementing a conversion routine in the destination object’s class.

// Source object class

class ClassB

{
// ClassB stuff here

Yi

// Destination object class
class ClassA

{

private:
// attributes of classA Destination object's class name
public: object of a source class

ClassA(ClassB objecth) —ee——Smmu. Constructor function

// program stuff for converting ClassB cbject
// to ClassA object attributes
// Private attributes of ClassB are accessed
// through its public functions

Figure 13.10: Conversion routine in destination object

In an assignment statement such as
objecta = objectb; .
objectb is the source object of ClassB and objecta is thc destination object of class Classa.
The conversion function (constructor function in this case) ClassA{ ClassB objectb ) is
defined in the destination object’s class. The program d2r2.cpp illustrates the concept of defining
conversion function in the destination abject.

// d2r2.cpp: Degree to Radian. Conversion Routine in the Destination object.
#include <iostream.h>
const float PI = 3.141552654:
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class Degree

{
private:
float degree; // Degree
public:
Degree() // constructor0, no arguments
{
degree = 0,0;
} .
float GetDegree() /! Access function
{
return{ degree*);
}
void Input() // Read degree
{
cout << "Enter Degree: ";
cin >> degree;
}
}i

class Radian
{

private:
float rad; // radian
public:
Radian() // constructor(, no arguments
{
rad = 0.0;
}
float GetRadian() // Access functien

{
return( rad );
}

// radian = degree: Conversion routine is in destination object's class
Radian( Degree deg )

{ rad = deg.GetDegree() * PI / 180.0;

icid output() // Display of radian

{ cout << "Radian = ' << GetRadian();

}

}i

void main( void )

{
Degree degl; // degree using constructor0
Radian radl; // radian using constructor0
// Read Input values
degl.Input();
radl = degl; // uses Radian( Degree deg |}
radl.output(); // display radian and degree
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Runi
Enter Degree: 30
Radian = 1.570796

Bun2
Enter Degree: 180
Radian = 3.141593
In main(), the statement
radl = degl; // convert degree to radian, uses Radian( Degree deg )
assigns the user-defined object degl to another object radl. Since, the objects degl and radl are
of different types, the conversion during the assignment operation is performed by a member function

Radian( Degree deg )
{

rad = deg.GetDegree() * PI / 180.0;
}
defined in the destination object’s class Radian as a one-argument constructor. It is chosen by the
compiler for converting the object degl's attributes to radl’ s attributes implicitly. The construc-
tor must be able to access the private data members defined in the source object's class. The Degree
class defines the following interface function
float GetDegree() // Access function
{
return( degree );
}
to access the private data members. Note that, the body of the functionmain () in the programd2r2.cpp
is the same as that in the program d2r1.cpp, although the conversionamethods have appeared in
different forms.

Complete Conversion

The program degrad. cpp illustrates the concept of defining conversion functions in the source or
destination object’s class. In this program, angles in degrees can be converted to radians or angles in
radians can be converted to degrees. The class Degree has conversion functions: constructor func-
tion and operator function. A class can have any number of conversion functions as long their signa-
tures are different.

// degrad.cpp: Degree to Radian data conversion and vice-versa
#include <iostream.h>

const fleat PI = 3.141592654;

class Radian

{

private:
float rad; // radian
public:
Radian() // constructor(, no arguments

{
rad = 0.0;
}
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Radian( float InitRad ) // constructorl, one argument
( raa = initrRad; 1

float GetRadian () // Access function

<

recurn( rad )

veia Imput() /7 Read raaian
«

cout << "Enter Radian:
cin >> rad;

bl
void output () // Display of radian
<
cout << "Radian = * <= GetRadian() == endl;
) ;
class Degree
privacte:
floac degree; 7/ Degree
public:
pegree() // constructor0, no arguments
3
degree = 0.0;
// degzree = radian: Conversion routine at the destination
G

Degree ( Radian rad ) .
<

degres = rad.GetRadian() * 180.0 / PI;
float Gerpegres () 7/ mccess funcrion
<

return( degree )

/7 radian = ae
cperator Radian()
<

7/ convert degree to radian and create an object
7/ ena then return, here radian constructor 1 is
return( Radian( degree * PI / 180.0

3
veia Impur () // mead degree
<

cout =< "Enter Degree
cin >> degree:

3
void output () // Display output

cout << "Degree = " << degree << endl;

ree; conversion routine at the source

radian
callea
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An array of primitive data type can be accessed using integer subscripts only. However, when it is
overloaded, it can take parameters other than integer types, i.e., the argument of an operator function
[] need not be an integer; it can be of any data type. The program script.cpp illustrates the
concept of overloading the subscript operator [].

// seript.cpp: Subscripted operator overloading
#include <iostream.h>
#include <string.h>
typedef struct AccountEntry
{
int number; // account number
char name[25]; // name of account holder
} AccountEntry;
class AccountBook
{

private:
int aCount; // account holders count
AccountEntry account[10]; // accounts table
public:

AccountBook( int aCountIn )} // censtructor 1
{
aCount = aCountln;

}

void AccountEntry();

int operator [] ( char * nameIn );

char * operator [] ( int numberIn };
}i
// takes name as input, returns account number
int AccountBook: :operator [] ( char *nameln }
{

for({ int i = 0; i < aCount; i++ )
if( stremp( nameIn, account{i].name) == 0 )
return account(i] .number; // found name, return its account number
return 0;
}
// takes number as input, returns name corresponding teo account number
char * AccountBook::operator [] ( int numberIn )
{
for({ int i = 0; i < aCount; i++ )
if( numberIn == account(i].number )
return account[i].name;

return 0;
1
void AccountBook: :AccountEntry ()
{

for( int i = 0; i < aCount; i++ )
{
cout << "Account Number: *;
cin >> acceunt[i] .number;
cout << "Account Holder Name: *;
cin >> account[i].name;
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void main( void )
{

Degree degl, degl; // degree using constructor(
Radian radl, rad2; // radian using constructor(
// degree to radian conversion

degl.Input();’

radl = degl; // convert degree to radian, uses 'operator Radian()'
radl.Qutput(};
// radian to degree conversion
rad2.Input();
deg2 = rad2; // convert radian to degree, uses Degree( Radian rad )
deg2.0utput () :

}

Run

Enter Degree: 180
Radian = 3.1415893
Enter Radian: 3.142
Degree = 180.023331

One-Argument Constructor or Operator Function ?

From the above discussion, it is evident that either the one-argument constructor or the operator
function can be used for converting objects of different classes. A wide variety of classes in the form of
class libraries are available commercially. But, they are supplied as object modules (machine code in
linkable form) and not as source modules. The user has no control over the modification of such
classes. This leads to a problem of conversion between the objects defined using the classes supplied
by the software vendors and objects defined using the classes declared by the user. This problem can
be circumvented by defining a conversion routine in the user-defined classes. It can be a one-argument
constructor or a operator function depending on whether the user-defined object is a source or destina-
tion object. The thumb rules for deciding where conversion routine has to be defined are the following:

« If the user-defined object is a source object, the conversion routine must be defined as an operator
function in the source object's class.

« If the user-defined object is a destination object, the conversion routine must be defined as a one-
argument constructor i the destination object’s class.

+ If both the source and destination object are the instances of user-defined classes, the conversion
routine can be placed either in source object’s class as a operator function or in destination object’s
‘class as a constructor function.

13.18 Subscript Operator Overloading

The subscript operator [] can be overloaded to access the attributes of an object. It is mainly useful
for bounds checking while accessing elements of an array. Consider the following definition

int a[l0]; .
An expression such as a[20] is syntactically valid though it is accessing an element beyond the
range. Such an illegal access can be detected by overloading subscript operators. The user defined
class can overload the []operator and check for validity of accesses to array of objects and permit
access to its members only when the index value is valid.
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}

}

void main()

{
int accno;
char name[25];
AccountBook accounts( 5 ); // account having 5 customers
cout << "Building 5 Customers Database® << endl;
accounts.AccountEntry(); // read

cout << "\nAccessing Accounts Information";
cout << "\nTo access Name Enter Account Number: *;
cin »> accno;
cout << "Name: " << accounts[accnc); //operator [] ( int numberiIn )
cout << "\nTo access Account Number, Enter Name: *;
cin >> name;
cout << "Account Number: " << accounts[name];
/4 uses, operator [] ( char *nameIn )
}

Run
Building 5 Customers Database
Account Number: 1
Account Holder Name: Raikumar
Account Number: 2
Account Holder Name: XKiran
Account Number: .-3
Account Holder Name: Ravishanker
Account Number: 4
Account Helder Name: Anand
Account Number: 5
Account Holder Name: Sindhu
Accessing Accounts Information
To access Name Enter Account Number: 1
Name: Rajkumar
To access Account Number, Enter Name: Sindhu
Account Number: 5
In main(), the statement
accounts.AccountEntry() ; // read
reads a database of five account holders and initializes the object's data members. The statement
cout << "Name: " << accounts[accno]; // operator [] ( int numberIn )}
uses the function
char * operator [] ( int numberIn };
and returns the name of the account holder for a given account number. The statement
cout << "Account Number: " << accounts(name];
uses the function
int operator [] ( char *nameln )
and returns the account number corresponding to the name of the given account holder's name. The
compiler selects the appropriate function which matches with the actual parameter's data type.
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}

void getdata(); // read complex number
void outdata( char *msg ); // display complex number
// overloading of unary minus operator to suppert c2 = - cl

friend complex operator - ( complex cl )
{
complex C;
c.real = -¢cl.real;
c.imag = -cl.imag;
recurni{ c };
}
void readdatal);
}i
void complex: :readdata()
{
cout << "Real Part ? *;
cin »> real;
cout << "Imag Part ? *;
cin »> imag;
}
void complex::outdata( char *msg )
{
cout << endl << msg;
cout << " (" << real;
cout << ", " << imag << ")";
}
void main()
{
complex c¢l, ¢2;
cout << "Enter Complex cl.." << endl;
cl.readdata():
c2 = =cl; // invokes complex operator - ()
cl.outdata( "Complex cl " );
c2.,outdata( "Complex c2 -Complex cl: " };

.

}
.Bun

Enter Complex cl..

Real Part ? 1,5

Imag Part ? 2.5

Complex cl (1.5, -2.5)

Complex c2 = -Complex cl: (-1.5, 2.5}

The complex number negation function without a friend is declared as follows:
complex operator - ()
In this case, arguments are implicitly assumed. Using the keyword friend, itis declared as follows:
’ friend complex operator - ( complex cl )
The above friend operator function cannot access members of the class complex directly, unlike its
member functions. In main (), the statement
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13.19 Overloading with Friend Functions

Friend functions play a very important role in operator overloading by providing the flexibility denied
by the member functions of a class. They allow overloading of stream operators (<< or >>) for stream
computation on user defined data types. The only difference between a friend function and member
function is that, the friend function requires the arguments to be explicitly passed to the function and
processes them explicitly, whereas the member function considers the first argument implicitly. Friend
functions can either be used with unary or binary operators. The syntax of operator overloading with
friend functions is shown in Figure 13.11.

—— friend keyword

— Function return type : primitive, void, or user defined
Keyword
— Operator to be overloaded
—— ATguments to
operator function
—— —— e ——— e

friend ReturnType operator OperatorSymbol (argl [,arg2))

// body of Operator Friend function
}

Figure 13.11: Syntax of overloading with friend function

The prototype of the friend function must be prefixed with the keyword £riend inside the class
body. The body of friend function can appear either inside or outside the body of a class. It is advisable
to define a friend function outside the body of a class. The definition of the friend function outside the
body of a class is defined as normal function and is not prefixed with the friend keyword. The
arguments of the friend functions are generally objects of friend classes. In a friend function, all the
members of a class (to which this function is a friend) can be accessed by using its objects. Friena
Sunction is not allowed to access members of a class (te which it is a friend) directly, but it can access
all the members including the private members by using objects of that class. Hence, a friend function
is similar to a normal function except that it can access the private members of a class using its objects.

Unary Operator Overloading using Friend Functions
The prograin complexé . cpp illustrates the concept of negation of complex numbers. The negation
function returns negated object without modifying the source object.

// complexB.cpp: Negation of complex number with Unary Operator
$¢include <iostream.h>
class complex
{
private:
float real;
float imag;
public:
complex () // no argument -constructor
{
real = imag = 0.0;
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c2 = -cl; // invokes unary operator function, complex operator - {)

computes the negation of cl and assigns it to 2. It returns the negated result without negating
contents of the c1 object. The object c1 is passed as a value parameter to the negate operator function
and any modification to its data members will be reflected in the ¢ 1 object.

The negation operation can also be applied to an object to modify its data members. In this case, the
same object acts both as a source and a destination object. It is similar to representing a negative
number. This can be achieved by passing the object as a reference parameter to the negation operator
function so that, the negation of its data members can be also reflected in the calling object. The
program complex7.cpp illustrates the concept of negation of complex numbers having the same
source and destination operands.

// complex7.cpp: Negation of Complex Number with Unary Operator Overloading
#include <iostream.h>
class complex
{
private:
float real;
float imag;
public:
complex() { real = imag = 0; }
void readdata();
void outdata( char *msg );
// Note: friend function with explicit reference parameter
// overleocading of unary minus, -cl
friend void operator - ( complex & ¢l ); // definition outside
}i
// friend function of the class complex
// Note that, the keyword friend should not prefixed while defining outside
void operator - { complex & cl )
{
c¢l.real = -cl.real;
cl.imag = -cl.imag;
}
void complex: :readdata()
{
cout << "Real Part ? *;
cin >> real;
cout << "Imag Part ? ";
cin >> imag;
}
void complex::outdata( char *msg )
{
cout << endl << msy;
cout << *{* << real;
cout << *, * << imag << ")*%;
}
void main()
{
complex ¢l;
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cout << "Enter Complex cl.." << endl;
cl.readdata();
-cl; // invokes unary operator function, complex operator - ()
cl.ocutdata( "Result of -Complex cl: * );
}

Run

Enter Complex cl..

Real Part ? 1.5

Imag Part ? =2.5

Result of -Complex cl: (-1.5, 2.5)

Inmain (), the statement
-cl; [/ invokes unary operator function, complex operator - ()
invokes the function
void operator - ( complex & cl )

by passing the object c1 by reference. Thus, the negation of c1 in the function is also reflected in the
calling object. Note that, the definition of operator friend function is the same as normal functions.

Binary Operator Overloading using Friend Function

The complex number discussed in the program complex2 . cpp can be modified using a friend opcra-
tor function as follows:

1. Modify the member function prototype as follows:
friend complex cperator + ( complex cl, complex c2 )
2. Redefine the operator function as follows:
friend complex operator + ( complex cl, complex c2 )
{
complex c;
c.real = cl.real + c2.real;
c.imag = cl.imag + c2.imag;
return{ ¢ );
}
In the above definition, the input object parameters c1 and c2 are handled explicitly without consider-
ing the first argument as an implicit argument. The statement
€3 = cl + c2;
is equivalent to the statement
€3 = gperator + ( cl, <2 };
The result generated by the friend function is same as that generated by the member function. But,
friend functions offer the flexibility of writing an expression as a combination of operands of user
defined and primitive data types. For instance, consider the statement
el =cl + 2.0;
The expression c1 + 2.0 is made up of the object c¢1 and a primitive type. In case of an operator
member function, both the operands must be of object’s data type. When the friend operator functions
are used, both the operands need not be instances of user-defined data type. It requires a parameterized
constructor taking a primitive data type parameter. The program complex8 . cpp illustrates the con-
cept of overloading an operator function as a friend function.
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// complex8.cpp: Addition of Complex Numbers with friend feature
#include <iostream

complex(

int realpart )
real = realpart;

veid readdata()
3

voia outdaca( char *msg ) // aisplay complex number
4

endl << msg:

"(* << real:
cout << 7, " << imag <<

¥
friend complex operator + ( complex cl, complex c2 );
3:

/7 note that friend keyword and scope resolution operator are not used
complex cperator complex o1, complex <2 )

b

veoid main()

<
complex cl, ©2
cout << “Enter
c1.readdaca()
cout <<

. €3 = 3.0;
complexl cl..:" << endl;

“Enter Complex2 cZ..:*

i+ << enal;
©2.readdacal)

3 = c1 3

3.ourdata( "Result of c3 = €l + c2: " )
7/

c3.outdata( "Result of ©3 - cl +
77

3.0 im conaidered as real part of complex
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c3d = 3.0 + c2; /i ¢3 = complex( 3.0 ) + c2
r3.outdata( "Result of 3 = 3.0 + c2: * );

}

Run

Enter Complexl cl..:

Real Part 7 1

Imag Part ? 2

Enter Complex2 c2..:

Real Part ? 3

Imag Part ? 4

Result of ¢3 = ¢l + c2: (4, &)

Resvlt of ¢3 = ¢l + 2.0: (3, 2)

Result of c3 = 3.0 + c2: (6, 4)

In main (), the statement

cid =gl + 2.0; // €3 = el + complex{2.0)
has an expression, which is a combination of the object c1 and the primitive floating point constant 2.0.
Though, there is no member function matching this expression, the compiler will resolve this by treating
the expression as follows:

€3 = ¢l + complex{ 2.0 };
The compiler invokes the single argument constructor and converts the primitive value to a new tempo-
rary object (here 2.0 is considered as a real part of the complex number) and passes it to the friend
operator function:

friend complex operator + ( complex cl, complex ¢2 )
The sum of the object c1 and a new temporary object complex( 2.0 } is computed and assigned
to object 3. The new temporary objects are destroyed immediately after execution of the statement due
to which it is created. The above expression can also be written as

c3d = 2.0 + ¢cl;
Recall that the lefi-hand operand is responsible for invoking its member function: but this statement has
a numeric constant instead of an object. The outcome of either expression is the same, since the
compiler treats it as follows:

c3 = complex( 2.0 ) + el;

In C++, an object can be used not only to invoke a friend function, but also as an argument to a

friend function. Thus, to the friend operator functions, a built-in type operand can be passed either as
the first operand or as the second operand.

Overloading Stream Operators using Friend Function

The iostream facility of C++ provides an easy means to perform I/O. The class i st ream uses the
predefined stream cin that can be used to read data from the standard input device. The extraction
operator >> is used for performing input operations in the iostream library. The insertion operator
<< is used for performing output operations in the iostream library.

Similar to the built-in variables, the user-defined objects can also be read or displayed using the
siream operators. In case of the overloaded operator << function, the ostream & is taken as the first
argument of a friend function of a class. The return value of this friend function is of type ostream &
as shown in Figure 13.12,
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—» Keyword

——» Quiput stream class

Reference type return
Keyword
Output stream operator
Output stream object: cout
F l_. |—' User defined object
—_—— e——— e

friend ostream & operator << ( ostream &Out, arg )
{

// display attributes of user defined object:arg with cout or Cut

return Out; ee———. Reference object return: cout
)

Figure 13.12: Overloading output stream operator as friend function

Similarly, for overloading the >> operator, the istream & is taken as the first argument of a friend
function of the class. The return value of this friend function is of type istream & as shown in Figure

13.13. In both the cases, a reference to an object of the current class is taken as the second argument and
the same is returned by reference.

—» Kevword
~— Input stream class
Reference type return

Keyword
Input stream operator
Input stream object: cin
| |~" User defined ohject
e — — —— ——

friend istream & operator >> ( istream &In, arg )

{

/{/ read attributes of object arg with In or cin object

return In; s ——————. Reference object return: cin
}

Figure 13.13: Overloading input stream operator as friend function

The program complex? . cpp illustrates the flexibility of overloading stream operators and their
usage with objects of the user defined data type.

/ ¢/ complex9.cpp: Additicn of Complex Numbers with stream overloading
#include <iostream.ii>
class complex
{
private:
float real;
float imag;
public:
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complex() ( )
complex( float InReal )
€

real

nReal;
imag :

»
void outdata();
friend complex operator + ( complex <1, complex c2 )

imag + c2.imag:

>
friend istream & operator >> ( istream &In. complex &c
friend ostream & operater << ( ostream &Out, complex &c )

3
istream & operator > ( istream & In, complex & ¢ )
«
cout << "Real Part 2 *;
In >> c.real:; // cin >> c.real;
cout << *Imag Part ? =
In >> c.imag; // cin »> c.imag;
return In:
3
Oscream & operator << ( ostream &Out, complex & )
<< c.real; /7 or cout << "Real = - << c.real;
Out <= ", " << c.imag << *)"; // cout in place of Out

«
complex <l, ¢2, ©3 = 3;

cout << "Enter Complexl cl..:" << endl;

<< enal;

cout << <3:
/7 2.0 ia considered as real part of complex
“e1+2.0 7/ €3 = €1 + complex(2.0)

cout<<endlec”Result of <3 = cl =+ 2 LPa
cour << e3;

/7 3.0 is considered as real part of complex
€3 = 3.0 + c2s

cout<< endl<<-Result of c3 = 3.0 + c2:
cout << e3:

1 + complex(2.0);

/e

//e3=complex(3.0)« c2:
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Run

Enter Complexl cl..:
Real Part ? 1

Imag Part ? 2

Enter Complex2 c2..:
Real Part ? 3
Imag Part 7 4
Result of <3
Result of <3
Result of c3

cl + 22: (4, 6)
cl + 2.0: (3, 2)
3.0 + c2: (6, 4)
In main (), the statements
cin »» cl;
cin >> ¢2;
read user-defined class's objects c1 and ¢2 in the same way as built-in data type variables by using the
input stream operator. Also, the sum of the complex numbers c1 and c2 stored in 3 is displayed by
the statement,
cout << c3;
similar to any built-in data item using the output stream operator. The overloaded stream operator
functions performing I/O operations with complex numbers are the following:
friend istream & operator »>> ( istream &In, complex &c );
friend ostream & operator << ( ostream &Out, complex &c );
The classes istream and ostream are defined in the header file iostream.h, which has been
included in the program. C++ does not allow overloading of operators listed in Table 13.2 as friend
operator functions. They can, however be overloaded as operator member functions.

Operator Category Operators
Assignment =
Function call ()
Subscribing {1
Class Member Access ->

Table 13.2: Operators that cannot be overloaded as friend operators

13.20 Assignment Operator Overloading

The compiler copies all the members of a user-defined source object to a destination object in an
assignment statement, when its members are statically allocated. The data members, which are dynami-
cally allocated must be copied to the destination object explicitly by overloading the assignment opera-
tor. Two examples of this process are the assignment operator and the copy constructor. Consider the
following statements:

vector vi( 5 ), v2( 5 );
vl = v2; // operator = invoked
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vector v3 = v2; // copy constructor is invoked
The first statement defines two objects v1 and 2 of the class vector. The second assignment
statement

vl = v2;
will cause the compiler to copy the data from v2, member-by-member, into v1. The action is similar to
the default operation performed by the assignment operator. The next statement

vector v3 = v2;

initializes one object with another object during definition. This statement causes a similar action after
creating the new object v3. The data members from v2 are copied member-by-member into v3. This
action is similar to the operation performed by the copy constructor, by default.

The default actions performed by the compiler (to perform assignment operation) are insufficient if
the object’s state is dynamically varying. Such objects can be processed by overriding these default
actions. The program vector . cpp illustrates the concept of overriding default actions by the user-
defined overloaded assignment operator and copy constructor.

/ / vector.cpp: overloaded assignment cperator for vector elements copying
#include <iostream.h>
class vector-

{

int * v; // pointer to wvector
int size; // size of vector v
public:

vector( int vector_size )
(
size = vector_size;
v = new int[ vector_size ];
}
vector( vector &vZ );
~vector ()
{
delete v;
}
void operator = ( vector & vZ );
int & elem{ int i )
{
if( i »>= size )
cout << endl << "Error: Out of Range";
return v[i];
}
void show();
}i
// copy constructor, vector vl = v2;
vector: :vector( vector &v2 )
{
cout << "\nCopy constructor invoked";
size = v2.size; /¢ size of vl is egqual to size of v2
v = new int[ vZ.size ]; // allocate memory of the vector vl
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for( int i = 0; i < v2.size; i++ )
viil = v2.vI[i];
1
// overloading assignment operator, vl = v2, vl is implicit
void vector: :operator = ( vector & v2 )
{
cout << *\nAssignment operation invoked";
// memory is already allocated to the vector and vl.size = vZ.size
for( int 1 = 0; i < v2.size; i++ }
v[i] = wv2.v[i];

}

void veccor::show()

{
for( int 1 = 0; 1 < size; i++ )

cout << elem( i ) << *, *;

}

void mai..()

{
int i;
vector vi( 5 ), v2( 5 };
for( i =0; i < 5; i++ )

v2.elem( i ) =1 + 1;

vl = v2; // operator = invoked
vector v3 = v2; // copy constructor is invoked
cout << "\nvector vl: ";:
vl.show();
coukt << "\nvector w2: ";
v2.show();
cout << "\nvector w2: ";
v3.show();

}

Bun

Assignment operation invoked
Copy constructor invoked
vector vl: 1, 2, 3, 4, 5,
vector v2: 1, 2, 3, 4, 5,
vector v2: 1, 2, 3, 4f 5.,

The overloaded = operator function does the job of copying the data members from one object to
another. The function also prints a message to assist the user in keeping track of its execution.

The copy constructor
vector ( vector &v2 );
takes one argument, an object of the type vector, passed by reference. It is essential to pass a
reference argument to the copy constructor. It cannot be passed by value. When an argument is passed
by value, its copy is constructed using the copy constructor, i.e., the copy constructor would call itself
to make this copy. This process would go on until the system runs out of memory. Hence, arguments ro
the copy constructor must be always passed by reference, thus preventing creation of copies. A copy
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constructor also gets invoked when arguments are passed by value to functions and when values are

returned from functions. When an object is passed by value, the argument on which the function
operates is created using a copy constructor. If an object is passed by its address or reference. the copy
constructor of course would not be invoked, and the copies of the objects are not created. When an
object is returned from a function, the copy constructor is invoked to create a copy of the value returned
by the function

13.21 Tracing Memory Leaks

mory but memory cause programs
to crash. A memory leak occurs when the user program fails to frec an allocated memory block. The
new operator can be overloaded to write signature bytes for the blocks it allocates. The meaning of
memory leak is that dynmlc memory being allocated (newed) without heing releasing (deleted). The.
in the machine, requiring an undesirable amount of
S vapping activity. The First step in attucking this problem is 1 find where memory is being requested.

used, and not returned.

Approach
In C+, itis casy to overload the built-innew and delete operators with user-supplied versions and
thereby dotocmine when the memory is roqacsred and 10 which mamory location ft is bounded. The
mleak.cpp overloads new and delete operators and records the memory location to
Wwhich the reques: {s bound, in tha Gisk file space . saw Tt also records all thass bindings that are
using explicit memory free request command..

7/ mileak.cpp: Memory leak tracing
#include

#include
#include
#include
#include
//g1obal
sracic ap. :  // space_debug switch,
FILE = £p_spac x: 77 £ile pointer to the debug info
void * operator mew( size_t size )

<

voia *ptr;
i£( space_debug )

if( fp_space NULL ) // £irst time call to new or delete
«

7/ open leak debug info file which is unepencd
if( (fp_space = fopen( "space.raw" 5 NULL )

cout << "Error opening space.raw in write mode’:
exit{ 1)
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if( (ptr = malloc( size )} == NULL )
{
cout << “out of memory space”;
exic( 1 );
}
if( space_debug ) // debug switch is ON, store memory info
fprintf( fp_space, "new( %d ) -> $x\n", size, ptr });
return ptr;
}
void operator delete( void *ptr )
{
if({ space_debug )
{
// open leak debug info file which is unopened
if( fp_space == NULL ) // first time call to new or delete
{
if( (fp_space = fopen( "space.raw", "w" )) == NULL )
{
cout << "Error opening space.raw in write mode";
exic( 1 );

}

}
if({ ptr ) // if valid pointer
{
free( (char *) ptr });
if( space_debug ) // debug switch is ON, store memory info
fprintf( fp_space, "free <- %x\n", ptr );
1
}
void main()
{
int *vector;
char *buffer;
vector = (int *) new int[ 10 1;
buffer = (char *) new char[ 6 ];
for( int i = 0; 1 < 10; i++ )
vector([i] = i+1;
strepy( buffer, "hello" );
cout << "vector = *;
for( i = 0; 1 < 10; i++ )
cout << wvector([i] << * *;
cout << endl << “"buffer = " << buffer;
delete vector; // vector is deallocated
fclose( fp_space );
}

Run
vector = 12 345678910
buffer = hello

L]
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The space_debug variable allows the programmer to decide whether 1o trace a particular portion
of code or not. When tracing is desired it must be set 10 a nonzero (debug ON) value. When he
following statements:

(int *) new ine( 10 ]

(chal *) new chax( 6 ]

buffer
are invoked in the program. the overloaded new operator allocates the requested amount of memory
and returns a pointer (© the memory location 1o which it is bound. In addition, it records this memory
address to which it is bound, in the disk file space . x aw. Similarly, the overloaded delete operator
releases the memory pointed 1o by the input pointer and also records the memory address in the disk
file.In the above Run, the information recorded in space . raw file is the following:

38

The first six requests are made by the program execution start-up routine. They can be discarded in
the memory leak tracing analysis. The seventh and cighth requests are made in the program explicitly
Similarly. the last six memory free requests made by the system, can be discarded during analysis.
These requests vary from system to system. The first request (o free memory is made by the statement

delete vector: 7/ vector is deallocated
The pointer returned for the requests

Gint *) mew incl 10 1;

(char *) new charl 6 1:

By tracing the above allocation address information in the free list. it can be detected that new (6)
painter address is not released, leading to memory Ieak. In the program it can be observed that, the
memory allocated for the variable vector isreleased explicitly whereas, the memory allocated for the
variable bu £ Eex is not released. It can also be noticed from the trace of memory debug information.

13.22 Niceties of Operator O ing and Cor
Operator overloading and data conversion features of C++ provide an opportunity to the user 1o
redefine the C++ language. Polymorphism feature of C++ is 2 bonus for the user 1o customize C++ 10
their taste. Of course, it can be misused, since C++ does not restrict the user from misusing (exploiting)
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the feature of operator overloading. Consider an example of overloading the + operator to perform
arithmetic on the user-defined objects x, v, and z. The statement,
X =y +oz;

can represent a different meaning as compared with that conveyed by the operazion with basic data
types. In the body of overloaded function, even if subtraction operation is performed instead of addi-
tion, C++ neither signais an error nor restricts such operation. The above operation can also mean
concatenation of strings v and z, and storing the result in x (x, v, and z are object's of String class).
Thus, operator overloading provides the ability to redefine the building blocks of the language and
allows to manipulate the user-defined data-items in a more intuitive and readanle way.

The program misuse . cpp illustrates the misuse of the operator overloading feature in C++. The
compiler only validates syntax errors but not the semantics.

// misuse.cpp: Misuse of operator overleoading, performs subtraction instead
/i of addition operation

#include <iostream.h>

class number

{
private:
int num;
public:

void read() // number read function

{
cin »>> num;

}

int get(} // private member num access function

{
return num;

}

// overloaded operator for number addition

number operator+( number num2 )

{
number sum;
sum.num = num - num2.num; // subtraction instead of addition
return sum;

}

}i

void main()

{ .
number numl, numZ, sum;
cout << "Enter Number 1: *;
numl.read();
cout << "Enter Number 2: ";
num2.read();

sum = numl + num2; // addition of number
cout << "sum = numl + num2 = " << sum.get();
}
Runi

Enter Number 1: 20
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Enter
= 10
Bunz
Enter
Enter
sum = m - -5
In main(), the statement
sum = numl + num2: // addition of number
is supposed 1o perform addition of two numbers il and num2, but instead it performs subtraction.
The statement in the body of the overloaded operator function number operator+ (. .)

sum.num = num - num2.num; // instead of addicion, subtraction is done
performs subtraction instead of addition. Such neglected use of operator overloading is not taken care
by the Cs-+ compiler, but it is the responsibility of the programmer.

As operator overloading is only a notational convenience. the language should try to prevent its
misuse (but C++ does not prevent). Itis indeed said that the meaning of operators applied to standard
data types cannoi be redefined. The intent is 1o make C++ exiensible. bui not muiable. Hence,
operators cannot be overloaded for enumerations. although it would be sometimes desirable and fully
sensible.

Guidelines

Itis essential to follow syntax and semantic rules of the language while extending the power of C++
using operator In fact, operator feature opens up a vast vistas of opportuni-
ties for creative programmers (for instance. new and delete can be overlvaded Lo detect memory
Ieaks as illustrated carlicr). The following are some guidelines that necds to be kept in mind whiic
overloading any operators to support user defined data types

1. Retain Meaning
Overloaded operators must perform operations similar to those defined for primitive/basic data types.
The operator + can be overloaded to perform subtraction: operator = can be overloaded to perform
division vperation. However. such definitions should be avoided to retain the intuitive meaning of the
operators. For example. the overloaded operator + () function operating on user-defined data-items
must retain a meaning similar to addition The operator + could perform the union operation on sef data
type. concatenation on sfring data type, etc.

2. Retain Syntax
The syntactic characteristics and operator hicrarchy cannot be changed by overloading. Therefore.
overloaded operators must be used in the same way they are used for basic data types. For example. it
<1 and <2 are the vbjects of complex class, the arithmetic assignment operator in the statement

el += e2;
sets ©1 to the sum of c1 and The overloaded version of any operator should do somcthing
analogous (o the standard definition of the language The above statement should perform an opera-
on similar to the statement

el = el - c2;
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3. Use Functions when Appropriate

An operator must not be overloaded if it does not perform the obvious operation. It should not demand
the user's effort in order to identify the actual operation performed by the operator. The main aim of
overloading is to make the program code more readable. If the meaning of an operation to be performed
by the overloaded operator is unpredictable or doubtful to the user, it is advisable to use a more
descriptive and meaningful function name.

4. Avoid Ambiguity

The existence of multiple data conversion routines performing the same operations, places the compiler
in an ambiguous state. It does not know which one to select for conversion. For instance, existence of
a one-argument constructor in the destination object’s class and operator function also in the source
object’s class performing the same conversion function, confuses the compiler; it does not know which
one 1o select and issues an error message. Therefore, avoid defining multiple routines performing the
same operation, which become ambiguous during compilation. The program confuse. cpp illus-
trates the ambiguity which arises when multiple conversion routines exists in a program.

// confuse.cpp: conversion routines for object A's to object B
class B; //{ forward specification
class A // source class
{
/{ data members of the class A
public:
Al)
()
// conversion routine in source, operator function
operator B()
{
B b_obj;
// convert A class's object into class B's object, b_obj
return b_obj;
}
// other member functions of the class A
};
class B // destination class
{
// data members of the class B
public:
B{()
{}
// conversiocn routine in destination, one-argument constructor
B( A a_obi )
{
// convert source class A's object to initialize data members of B
}
// other member functions of the class B
};
void main( wvoid )

A a_obj;
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B b_obj:
b_obj = a_ocbij;
// other operations on cbjects of the classes A and B if necessary

In main (), the statement
b_obi = a_obj;
leads to the following compilation error:
Error confuse.cpp 35: Ambiguity between 'A::operator B()' and 'B::B(A)"
in function main(}
It is because the source object a_obj’s class A has operator conversion function and the destination
objectb_obj's class B also has conversion function in the form of one-argument constructor function.

5. All Operators Cannot be Overloaded

C++ supports a wide variety of operators, but all of them cannot be overloaded (see Table 13.3) to
operate in an analogous way on standard operators. These excluded operators are very few compared
to the large number of operators, which qualify for overloading.

Operator Category Operators
Member access (dot operator)
Scope resolution ::  (global access)
Conditional ?: (conditional statement)
Pointer to member "
Size of Data Type sizeof(..)

Table 13.3: Non-Overloadable C++ operators

An operator such as ?: has an inherent meaning and it requires three arguments. C++ does not
support the overloading of an operator, which operates on three operands. Hence, the conditional
operator, which is the only ternary operator in the C++ language, cannot be overloaded.

Review Questions

13.1 What is operator overloading 7 Explain the importance of operator overloading.

13.2 List the operators that cannot be overloaded and justify why they cannot be overloaded.

13.3 What is operator function ? Describe operator function with syntax and examples.

13.4 Write a program to overload unary operator, say ++ for incrementing distance in FPS system.
Describe the working model of an overloaded operator with the same program.

13.5 What are the limitations of overloading unary increment/decrement operator ? How are they
overcome ?

13.6 Explain the syntax of binary operator overloading. How many arguments are required in the
definition of an overloaded binary operator ?

13.7 Write a program to overload unary operator for processing counters. It should support both
upward and downward counting. It must also support operator for adding two counters and
storing the result in another counter.
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13.8
13.9

13.10

13.11

13.12

13.13

13.14
13.15

13.16

13.17

13.18

13.19

13.20

Mastering C++

Write a program to overload arithmetic operators for manipulating vectors,
Overload new and delete operators to manipulate objects of the Student class. The stu-
dent class must contains data members such as char *name, int reoll_no, int branch,
etc. The overloaded new and delete operators must allocate memory for the Student class
object and its data members.
Design classes called Polar and Rectangle for representing a point in the polar and rect-
angle systems. Support data conversion function to support statements such as:
Rectangle rl, r2; Polar pl, p2;
rl = pl; p2 = r2;
Write a program to manipulate N student objects. Overload the subscript operator for bounds
checking while accessing i™ student object.
Why is the friend function not allowed to access members of a class directly although its body
can appear within the class body ?
Write a program to overload stream operators for reading or displaying contents of Vector
class's objects as follows:
cin »> vl; cout << v2;
Suggest and implement an approach to trace memory leakage.
State with reasons whether the following statements are TRUE or FALSE:
(a) Precedence and associativity of overloaded operators can be changed.
(b) Semantics of overloaded operators can be changed.
(c) With overloading binary operator, the left and right operands are explicitly passed.
(d) The overloaded operator functions parameters must be user-defined objects only.
(e) A constructor can be used to convert a user-defined data types only.
(f)  An object of a class can be assigned to basic type operand.
(g) Syntax of overloaded operators can be changed.
(h) The parameter type to overloaded subscript [] operator can be of any data type.
(1) Friend function can access members of a class directly.
(j) The ternary cperator can be overloaded.
(k) The compiler reports an error if overloaded + operator performs - operation.
Design classes such that they support the following statements:
Rupee rl, r2; Dellar 41, 42;

dl = r2; // converts rupee (Indian currency) to dollar (US currency)
r2 = d2; // converts dollar (US currency) to rupee (Indian currency)
Write a complete program which does such conversions according to the world market value.

Write a program for manipulating linked list supporting node operations as follows:
node = node + 2; node = node - 3;
The first statement creates a new node with node information 2 and the second statement
deletes a node with node information 3.
Write a program for creating a doubly linked list. [t must support the following operations:
firstnode = nnde; firstnode += 10; MNode *n = nodel + node2;
The doubly linked list class should have overloaded node creation and deletion operator func-
tion should appear in the form of overloaded + and - operator functions respectively.
Write an interactive operator overloaded program for manipulating matrices. Overload operators
such as >>, <<, +, -, *, ==.
Write an interactive operator overloaded program to manipulate the three-variable polynomial:
ax"y'z +a_ x"y"z4 L+ alxlylzl +2,
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Inheritance

14.1 Introduction

Inheritance is a technique of organizing information in a hierarchical form. It is like a child inheriting the
features of its parents (such as beauty of the mother and intelligence of the father). In real world, an
object is described by using inheritance. It derives general properties of an object by tracing an inher-
itance tree from one specific instance, upwards towards the primitive concepts at the root.

Inheritance allows new classes to be built from older and less specialized classes instead of being
rewritten from scratch. Classes are created by first inheriting all the variables and behavior defined by
some primitive class and then adding specialized variables and behaviors. In object oriented program-
ming, classes encapsulate data and functions into one package. New classes can be built from existing
ones, just as a builder constructs a skyscraper out of bricks, stone, and other relatively simple material.
The technigue of building new classes from the existing classes is called inheritance.

Feature A

Base class Feature B

Feature C

Feature D } Defined in derived class

Feature A

Derived class Defined in base class

Feature B and also accessible from
derived class

Feature C

Figure 14.1; Base class and derived class relationship

Inheritance, a prime feature of OOPs can be stated as the process of creating new classes (called
derived classes), from the existing classes (called base classes). The derived class inherits all the
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capabilities of the base class and can add refinements and extensions of its own. The-base class remaii:s
unchanged. The derivation of a new class from the existing class is represented in Figure 14.1. The
derived class inherits the features of the base class (A, B, and C) and adds its own features (D). The
arrow in the diagram symbolizes derived from. Its direction from the derived class towards the base
class, represents that the derived class accesses features of the base class and not vice versa,

A number of terms are used to describe classes that are related through inheritance. A base class is
often called the ancestor, parent, or superclass, and a derived class is called the descendent, child, or
subclass. A derived class may itself be a base class from which additional classes are derived. There is
no specific limit on the number of classes that may be derived from one another, which forms a class
hierarchy.

14.2 Class Revisited

C++, not only supports the access specifiers private and publie, but also an important access
specifier, protected, which is significant in class inheritance. As far as the access limit is concerned,
within a class or from the objects of a class, protected access-limit is same as that of the private
specifier. However, the protected specifier has a prominent role to play in inheritance. A class can use
all the three visibility modes as illustrated below:

class ClassName
{

private:
// wisible to member functions within
e // its class but not in derived class
protected: '
// wvisible to member functions within
PR // its class and derived class
public:

e // wisible to member functions within
PR // its class, derived classes and through cbject

}:

Similar to the private members of a class, the protected members can be accessed only within the
class. That is, in the hierarchy of access, privilege code (members and friends) can see the whole
structure of an object whereas, the external code can see only the public features. Consider the follow-
ing definition of a class to illustrate the visibility limit of the various class members:

class X
{
private:
int a;
void £11()
{
// .. can refer to members a, b, ¢, and functions f1, £2, and £f3
}
protected:
int b;



Chapter 14: Inheritance 501

void £2()

{

// .. can refer to members a, b, ¢, and functions fl1l, f2, and £f3
1

public:
int e;
wvoid £3()
{
// .. can refer to members a, b, ¢, and functions fl1, f2, and f£3

}
}i

The data member a is private to class X and is accessible only to members of its own class, that is,
member functions £1() ,£2(), £3 () can access a directly. However, statements outside and even
member functions of the derived class are not allowed to access a directly. In addition, the member
function £1 () can be called only by other members of class X. The statements outside the class cannot
call £1 (), which is exclusively a private property of the class X.

The data member b and the member function £2 () are protected. These members are accessible to
other member functions of the class X and member functions in a derived class. However, outside the
class, protected members have private status. The statements outside the class cannot directly access
members b or £2 () using the class.

The data member c and the member function £3 () are public, and may be accessed directly by all
the members of the class X, or by members in a derived class, or by objects of the class. Public members
are always accessible to all users of the class,

The following statements,
X obix; /{ objx is an object of class X
int 4; // temporary variable d

define the object objx of the class X and the integer variable d. The member access privileges are
illustrated by the following statements referring to the object objx.

1. Accessing private members of the class X

d = objx.a; // Error: 'X::a' is not accessible

objx.£f1(); ¢/ Error: 'X::f1()' is not accessible
Both the statements are invalid because the private members of a class are inaccessible to the object
objx.

2. Accessing protected members of the class X

d = cbjx.b; // Error: 'X::b' is not accessible

objx.£2(); // Error: '¥::f2()' is not accessible
Both the statements are invalid because the protected members of a class are inaccessible since they are
private to the class X.

3. Accessing public members of the class X

d = ebjx.c; // OK

objx.£3(); // OK
Both the statements are valid because the public members of 4 class are accessible to statements
outside the scope of the class.
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The program bag . cpp uses the access modifier protected to hold data members, instead of using
the private access specifier. It indicates that the protected members are inheritable to derived classes,
However, they have the same status as private members in the base class.

// bag.cpp: Bag into which fruits can be placed
#include <iostream.h>

enum boolean { FALSE, TRUE };

// Maximum number of items that a bag can hold
const int MAX_ITEMS = 25;

class Bag
{
protected: // Note: not private
int contents [MAX_ITEMS]; // bag memory area
int ItemCount; // Number of items present in a bag
public:
Bag() // no-argument constructor
{
ItemCount = 0; // When you purchase a bag, it will be empty

}
void put{ int item } // puts item into bag
(
contents|[ ItemCount++ ] = item; // item into bag, counter update
}
boolean IsEmpty() /i 1, if bag is empty, 0, otherwise
(
return ItemCount == 0 ? TRUE : FALSE;
}
boolean IsFull() /f 1, if bag is full, 0, otherwise
(
return ItemCount == MAX ITEMS ? TRUE : FALSE;
}
boolean IsExist( int item };
void show();
}i
// returns 1, if item is in bag, 0, otherwise
boolean Bag::IsExist( int item )
{
for( int i = 0; i < ItemCount; i++ )
if{ contents([i] == item )
return TRUE;
return FALSE;
}
// display contents of a bag
void Bag: :show()
{
for( int i = 0; i < ItemCount; i++ )}
cout << contents[i] << " *;
cout << endl;



void main()

{
Bag bag;
int item;
while{ TRUE )
{

cout << "Enter Item Number toc be put into the bag <0-no item>:

cin >> item;

if( item == 0 )
break;

bag.put( item });

cout << "Items in Bag:

bag.show();
if( bag.IsFull()
{

)
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// end of an item, break

cout << "Bag Full, no more items can be placed";

break;

)
Run

Enter Item Number to be
Items in Bag: 1

Enter Item Number to be
Items in Bag: 1 2

Enter Item Number to be
Items in Bag: 1 2 3
Enter Item Number to be
Items in Bag: 1 2 3 3
Enter Item Number tc be
Items in Bag: 1 2 3 3 1
Enter Item Number tc be

In main (), the statement,
Bag bag:

put

put

put

put

put

put

into

into

into

into

into

into

the
the
the
the
the

the

bag
bag
bag
bag
bag

bag

<0-no

<0-no

<0-no

<0-no

<0-no

<0-no

item>: 1
item>: 2
item>: 3
item>: 3
item>: 1

item>: 0

v
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creates the object bag and initializes the data member ItemCount to 0 through a constructor. The

statement
bag.put({ item );

stores the items into the bag. It does not check for the entry of duplicate items into a bag. Any item type
can be placed any number of times into a bag and of course, without exceeding the limit or size of bag.

14.3 Derived Class Declaration

A derived class extends its features by inheriting the properties of another class, called base class and
adding features of its own. The declaration of a derived class specifies its relationship with the base
class in addition to its own features. The syntax of declaring a derived class is shown in Figure 14.2.
Nete that no memory is allocated to the declaration of a derived class, but memory is allocated when it
is instantiated to create objects.
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— derived class name

is derived from
— Inheritance type: public or private

base class name

class DerivedClass: [VisibilityMode] BaseClass

// members of derived class
// and they can access members of the base class
}i

Figure 14.2: Syntax of derived class declaration

The derivation of DerivedClass from the BaseClass is indicated by the colon (:). The
VisibilityMode enclosed within the square brackets implies that it is optional. The default visibil-
ity mode is private. If the visibility mode is specified, it must be either public or private.
Visibility mode specifies whether the features of the base class are publicly or privately inherited,

The following are the three possible styles of derivation:

1. «class D: public B // public derivation

{ // members of D
2, ;];.ass D: private B // private derivation
[ // members of D
3. ::;.ass D: B // private derivation by default
{ // members of D
}i

Inheritance of a base class with visibility mode public, by a derived class, causes public
members of the base class to become public members of the derived class and the protected
members of the base class become prot ected members of the derived class. Member functions and
objects of the derived class car treat these derived members as though they are defined in the derived
class itself. It is known that the public members of a class can be accessed by the objects of the class.
Hence, the objects of a derived class can access public members of the base class that are inherited as
public using the dot operator. However, protected members cannot be accessed with the dot opera-
tor. (See Figure 14.3.)

Inheritance of a base class with visibility mode private by a derived class, causes public
members of the base class to become private members of the derived class and the protected
members of the base class become private members of the derived class. Member functions and
objects of a derived class can treat these derived members as though they are defined in the derived
class with the private modifier. Thus objects of a derived class cannot access these members.
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Figure 14.4: Members of derived class on inheritance

A Sample Program on Single Inheritance

A derived class may begin its existence with a copy of its base class members, including any other
members inherited from more distantly related classes. A derived class inherits data members and
member functions, but not the constructor or destructor from its base class. Recall that the program,
bag. cpp discussed earlier has the class Bag and its instance, the bag object. A bag could be made
empty or filled with items (fruits). The Bag class can be subjected to set operations such as union.
intersection, etc.. It can be achieved by either modifying the Bag class or by deriving a new class called
Set from the Bagy class as shown in Figure 14.5,

class Bag Bag Base class
r

class Set:public Bag S.et Derived class
Figure 14.5: Inheritance of bag class

Considering that a large amount of time is spent in the development of the Bag class as well as in
testing and debugging, it is not-at-all advisable to extend the Bag class by modifying as it will be
impractical to rewrite or modify the original class especially in a large project when many programmers
are involved. Also such a change would not be possible if the Bag class is a part of a commercial class
library for which no source code is available to the user. Hence, rather than modifying Bag, a new class
Set can be derived from it and the required new features can be added. It saves development cost,
effort, and time.
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class Base

o |
I ouwlic |

private
protected

public +

¥ protected
» _ public I:'
Base
Base obiB

—(_)

i

Derv objD

i

Figure 14.3: Access control of class members
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Subsequent derivation of the classes from a privarely derived class cannot access any members of
the grand-parent class. The visibility of base class members undergoes modifications in a derived class

as summarized in Table 14.1.

Derived class visibility
Base class visibility

Public derivation Private derivation
private Not Inherited Not Inherited

(inherited base class (inherited base class

members can access) members can access)
protected protected private
public public private

Table 14.1: Visibility of class members

The private members of the base class remain private to the base class, whether the base class is
inherited publicly or privately. They add to the data items of the derived class and they are not directly
accessible to the member of a derived class. Derived classes can access them through the inherited
member functions of the base class (see Figure 14.4).
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The pro union. the of the Bag class by using the
feature of inheritance. In this case, a new class Set is derived from the cxisting class Bag out any
modifications. A derived class Set inherits all the properties of the class Bag and extends itself by
adding some of its own features to support sct assignment and union operation_

// union.cpp: Union of sets. Set class by inheritance of Bag class
#include <icatream.h>
ALSE, TRUE ):
const int MAX ITEMS = 25; // Maximum number of items that bag can hold
= Bag

claas Ba
protected: /4 Note: not private
int contents [MAX_ITEMS]; // bag memory area
inc Tt #/ number of items present in the bag
public:
Bag () /4 mo-argument constructor
TtemCount // Wnen you purchase a bag, it will be empty

void put( int item ) /7 puts item into bag

contents{ ItemCount++ )} = item; // item into bag,counter update

boolean IsEmpty () // 1, if bag is empty, O, otherwise
«

return ItemCount == O ? TRUE : FALSE:

boolean IsFull() // 1, if bag is full, 0, otherwise

return ItemCount MAX_TTEMS 7 TRUE : FALSE;

boolean IsExiac( int item );
void show():
2
// returns 1, if item is in bag. 0, otherwise
boolean Bag: :IsExist( int item )
for( int i = 0; i < TtemCount; iss )
if( contents(i]
return TRUE:
return FALSE;

// aisplay contents of a bag
void Bag: :show()
for( int i = 0; i < ItemCount; i++ )
cout << contents(i] << *
cout << endl;
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class Set: public Bag
<

public:
void add( int element )
«
if( 1IoExisc( element ) && !IsFull() )
put( element ):

// element does not exist in set and it is not full

perator =

set

¢ s1);
friend set operator + ( Set sl. Set s2 )i

)i,
voia set
¢

read()

int alement:
while( TRUE )
3

“Enter Set Element <0- end>:
element;

)

braak;
add( element ):

)
void set

( ser s2 )

i < s2.ItemCount; i++ )

s2.contents(il; /7 access Bag::contents

ItemCount = s2.ItemCount:

set temp:

i

// copy those el

’
for( int

if( 181l Temxisr(
temp.ada( s2.contents(i] )i

+ ( ser s1,

»
return( temp

void main()
€

© 51, s2

0;

):

ser =2 )

copy all elements of set sl to t

omp
ements of set s2 intc temp, those not exist in set sl

i < s2.TtemCount; i+s

7/if element of 82 is mor in
/7 copy the unique element

conzents(il ) )

/7 uses no-argument constructor of Bag class
<< enal,

se
cout << "Enter set 1 elements .

<< ena1;

a1
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cout << endl << "Union of sl and s2 : *;
sd.show(); /{ uses Bag::show() base class
}
Bun

Enter Set 1 elements ..
Enter Set Element <0- end>:
Enter Set Element <(0- end>:
Enter Set Element <0- end>:
Enter Set Element <0- end>:
Enter Set Element <0- end>:
Enter Set 2 elements

Enter Set Element <0- ends>:
Enter Set Element <0- end>:
Enter Set Element <0- end>:
Enter Set Element <0- end>:
Enter Set Element <0- end>:
Union of sl and s2 : 1 2 3 45 6

e L N N S Y W™

In the above program, the Set class has its own features to perform set union by using the member
functions of Bag. The statement
class Set: public Bag
derives a new class Set from the base class Bag. The base class Bag is publicly inherited by the
derived class set. Hence, the members of Bag class, that are protected become protected and
public become public in the derived class Set. The Set class can treat all the members of the Bag
class as though they are its own.

The relationship between the base class Bag and the derived class Set has been depicted in Figure
14.5. Remember, that the arrow in the diagram, means derived from. The arrow indicates that the derived
class Set refers to the data and member functions of the base class Bag, while the base class Bag has no
access to the derived class Set.

Access to Constructor

In main (), the statement

Set sl1, s2, 83; // uses no-argument constructor of Bag class
creates three objects s1, s2, and s3 of class Set and initializes the ItemCount variable to 0 in all
the three objects, even though a constructor does not exist in the derived class Set. Thus, if a
constructor is not defined in the derived class, C++ will use an appropriate constructor from the base
class. In the above example, there is no constructor defined in the class Set and therefore, the compiler
uses the no-argument constructor

Bag() // no-argument constructor

{
ItemCount = 0; // When you purchase a bag, it will be empty

}
defined in the Bag class. The use of the base class’s constructor, in the absence of a constructor in the
derived class, exhibits the true nature of inheritance that happens normally in day-to-day life.



Base Class Unchanged
It may be recalled that the base class remains unchanged even if other classes have been derived from
it In main () of the program union . cpp, objeets of type Rag could be defined as,
object of the base class

Behaviors of such objects remain the same irrespective of the existence of a derived class such as Set

It should also be noted that inheritance does not work in reverse. The base class and its objects do
not know about any classes derived from it. In the example union . cpp, the Objects of the base class
Bag, cannot use the function, operator+ () of the derived class Set.

A Base Class

The object s3 of class Set  also uses the function show () from the base class Bag. The statement
s3.show() 2 // uses Bag::ishow() base class

in the main (), refers 10 the function show (), which does not exist in the derived class Set. It is

resolved by the compiler by selecting the member function show () defined in the base class Bag.

14.4 Forms of Inheritance
The derived class inherits some or all the features of the base class depending on the visibility mode
and level of i Level of tothe length of its (derived class) path from the root
(top base class). A base class itself might have been derived from other classes in the hierarchy.
Inheritance is classified into the following forms based on the levels of inheritance and interrelation
among the classes involved in the inheritance proce:

+ Hierarchical Inheritance
« Multilevel Inheritance.
« Hybrid In ce

« Multipath Inheritance

The different forms of inheritance relationship is depicted in Figure 14.6. The pictorial representa
tion of showing the among the classes involved is known as the inherit-
ance tree or class hierarchy. Basc classes are represented at higher levels (top of the hierarchy, say root)
and derived classes at the bottom of the hicrarchy. The arrow directed from the derived class towards
the base class, indicates that the derived class accesses features of the base class without modifying i
but not vice versa (Some use convention of representing the arrow in the opposite direction to indizate
inherited from or derived from)

Single Inheritance: Derivation of a class from only one base class is called single inheritance. Th
sample program. union.cpp, discussed above falls under this category. Figure 14.6a depicts single
inheritance.

Muitiple 4 Derivation of a class fr 1 (two or more) base classes is called multipie
inherif Figure 14. Itipl

Hierarchical Inheritance: Derivation of several classes from a single base class i
class may be inherited by more than one class, is called hisrarchical inheritance.
hierarchical inheritance.
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Mulitilevel Inheritance: Derivation of a class.from another derived class is called multilevel inherit-
ance. Figure 14.6d depicts multilevel inheritance.

Hybrid Inheritance: Derivation of a class involving more than one form of inheritance is known as
hybrid inheritance. Figure 14.6e depicts hybrid inheritance.

Multipath inheritance: Derivation of a class from otherderived classes, which are derived from the
same base class is called multipath inheritance. Figure 14.6f depicts multipath inheritance.

A] [&] ‘
8| (8] [c] [o]

a) Single inheritance b) Multiple inheritance  ¢) Hierarchical inheritance

>

Ll

A |
8]

d) Multilevel inheritance ) Hybrid inheritance f) Multipath inheritance

e

Figure 14.6: Forms of inheritance

14.5 Inheritance and Member Accessibility

The examples discussed earlier demonstrated the features of inheritance, which enhances the capabili-
ties of the existing classes without modifying them. It is also observed that the private members of
a base class, which cannot be inherited, are overcome by the use of access specifier protected.
Accessibility refers to the authorization granted to access the members of a class by using an access
specifier or modifier with or without inheritance. It defines the guidelines as to when a member function
in the base class can be used by the objects of the derived class.

A protected member can be considered as a hybrid of a private and a public member. Like private
members, protected members are accessible only to its class member functions and they are invisible
outside the class. Like public members, protected members are inherited by derived classes and are also
accessible to member functions of the derived class, The following rules are to be borne in mind while
deciding whether to define members as private, protected, or public:

1. A private member is accessible only to members of the class in which the private member is declared.
They cannot be inherited.

2 A private member of the base class can be accessed in the derived class through the member
functions of the base class.
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3. A protected member is accessible to members of its own class and to any of the members in a derived
class.

4. If a class is expected to be used as a base class in future, then members which might be needed in the
derived class should be declared protected rather than private.

5. A public member is accessible to members of its own class, members of the derived class, and outside
users of the class.

6. The private, protected, and public sections may appear as many times as needed in a class and in any
order. In case an inline member function refers to another member (data or function), that member
must be declared before the inline member function is defined. Nevertheless, it is a normal practice to
place the private section first, followed by the protected section and finally the public section.

7. The visibility mode in the derivation of a new class can be either private or public.

8. Constructors of the base class and the derived class are automatically invoked when the derived
class is instantiated. If a base class has constructors with arguments, then their invocations must be
explicitly specified in the derived class’s initialization section. However, no-argument constructor
need not be invoked explicitly. Remember that, constructors must be defined in the public section of
a class (base and derived) otherwise, the compiler generates the error message: unable to access
constructor.

Consider the following declarations of the base class to illustrate public and private inheritance:

class B // base class
{
private:
int privateB; // private member of base
protected:
int protectedB; /! protected member of base
public:
int publicB; // public member of base
int getBprivate()
{
return privateB;
}
i

Public Inheritance

Consider the following declaration to illustrate the derivation of a new class D from the base class B
publicly declared earlier:
class D: public B // publicly derived class
{
private:
int privateD;
_protected:
‘int protectedD;
public:
int publicD;
void myfunc()
{
int a;
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a = privateB; // Brror: B::privateB is not accessible

a = getBprivate(); // OK, inherited member accesses private data
a = protectedB; [ OK

a = publicB; /i OK

};

The member function, myfunc () of the derived class D can access protectedE and publicB
inherited from base class B, Since the class B is inherited as public by the derived class D. the status
of members protecteds, publicB, getBprivate () remain unchanged in the derived class D.
The-statements

D objd; // objd is a object of class D

int d; // temporary variable d
define the object objd and the integer variable d. Consider the following statements referring to the
object objd. Access to the protected member of the base class B in the statement,

d = objd.protectedB; // Error: 'B::protectedB' is not accessible
is invalid; protecteds has protected visibility status in class D. However the public member of the
class B in the statement

d = objd.publicB; // OK
is valid: publicB has public visibility status in class D. The inherited member function,
getBprivate () in the statement

d = objd.getBprivate(); //OK, inherited member accesses private data
accesses a private data member of the base class.

In a subsequent derivation such as

class X : public D
{
public:
void gi);

};
the member function g ()} in the derived class X may still access membersprotecteds andpublicB
and even retains the original protected and public status. Note that, private members of the classes B
and D can be accessed through inherited members of the base class.

Private Inheritance

Consider the following declaration to illustrate the derivation of the new class D from the existing base
class B privately:

class D: private B // privately derived class
{
private:
int privateD;
protected:
int protectedD;
public:
int publieD;
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void myfunc()
{

int a;

a = privateB; /f Error: B::privateB is not accessible

a = getBprivate(); // OK,inherited member accesses private data
a = protectedB; /Il OK

a = publicB; // OK

The member function myfunc ()} of the derived class D may access protectedB and publicB
inherited from the base class B. Sifice, the base class B is inherited as the private base class of the
derived class D, the status of members protectedB, publicB, and getBEprivate() become
private in the derived class D. The statements

D objd; // objd is a object of class D

int d; // temporary variable d
define the object objd and the integer variable 4. Consider the following statements referring to the
object objd. Access to'the prorected member of the base class B in the statement

d = objd.protectedB; // Error: B::protectedB is not accessible
is invalid; protecteds has private visibility status in the class D. Access to the public member
of class B in the statement

d = objd.publicB; // Errer: B::publicB is not accessible
is also invalid; publicB has private visibility status in the class D. The use of inherited member
function, getBprivate () in the statement

d = objd.getBprivate(); // Error: getBprivate() is not accessible
is invalid; it has become a private member of the derived class D, however, a member function of the
derived class can access—myfunc({) accesses getBprivate() function.

In a subsequent derivation such as

class X : public D // X is derived with D as base class
{
public:
void g();

}i
the member function g() in X cannot access members protectedB and publicB since these
members have gainedprivate visibility status in class D. However, they (including private members
of the classes B and D) can be accessed through inherited members of the base class.

Member Functions Accessibility
The various categories of funciions which have access to the private and protected members could be
any of the following:

+ amember function of a class

+ amember function of a derived class

+ afriend function of a class

+ a member function of a friend class
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Access directly to
Function Type
Private Protected Public
Class Member Yes Yes Yes
Derived class member No Yes Yes
Friend Yes Yes Yes
Friend class member Yes Yes Yes

Table 14.2: Access control to class members

The friend functions and member functions of a friend class have direct access to both the private
and protected members of a class. A member function of a class has access to all the members of its own
class, be it private, protected, or public. The member functions of a derived class can directly access
only the protected or public members; however they can access the private members through
the member functions of the base class. Table 14.2 and Figure 14.7 summarizes the scope of access in
various situations.

class B
private
» protected |e
public
& 'y
class D1 : public B class D2 : private B
private private
> protected protected |«
public public
>
class X : public D1, public D2
private
protected

public

Figure 14.7: Access mechanism in classes
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14.6 Constructors in Derived Classes

The constructors play an important role in initializing an object’s data members and allocating required
resources such as memory. The derived class need not have a constructor as long as the base class has
a no-argument constructor. However, if the base class has constructors with arguments (one or more),
then it is mandatory for the derived class to have a constructor and pass the arguments to the base
class constructor. In the application of inheritance, objects of the derived class are usually created
instead of the base class. Hence, it makes sense for the derived class to have a constructor and pass
arguments to the constructor of Uie base class. When an object of a derived class is created, the
constructor of the base class is executed first and later the constructor of the derived class.

The following examples illustrate the order of invocation of constructors in the base class and the
derived class.

1. No-constructors in the base class and derived class

‘When there are no constructors either in the base or derived classes, the compiler automatically creates
objects of classes without any error when the class is instantiated.

// consl.cpp: No-constructors in base class and derived class
#include <iostream.h>
class B // base class
{
// body of base class, without constructors
}:
class D: public B /¢ publicly derived class
{
// body of derived base class, without constructers
public:
void msg()
{
cout << "No constructors exists in base and derived class® << endl;
}
}i
void main()

D objd; // base constructor
objd.msg{);
}

Run

No constructors exists in base and derived class

2. Constructor only in the base class

// cons2.cpp: constructor in base class only
#include <iostream.h>
zlass B // base class
{
public:
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B()
{
cout << "No-argument constructor of the base class B is executed*;
}
}:
class D: public B // publicly derived class
{
public:
Yi
void main(}
{
D objl; // accesses base constructor

}
Run

No-argument constructor of the base class B is executed

3. Constructor only in the derived class

// consd.cpp: constructors in derived class only
#include <iostream.h>
class B // base class
{
// body of base class, without constructors
Yi
class D: public B // publicly derived class
t
// body of derived base class, without constructors
public:
D)
{
cout << *Constructos exists in only in derived class* << endl;
}
yi
void main()
{
D obijd; // accesses derived constructor
}

Bun

Constructos exists in only in derived class

4. Constructor in both base and derived classes

/ / consd.cpp: constructor in base and derived classes
#include <iostream.h>
‘class B // base class

{
public:
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BO
«
cout=<No-argument constructor of the base class B executed firstin®;

public B // publicly derived class

Cout««"No-argument constructor of the derived class D executed next
»

3

void main()

D objd: // acceas both base conatructor
Bun

Wo-argument constructor of the base class B executed fi
No-argument constructor of the derived class D executed mext

rec

5. Multiple constructors in base class and a single constructor in derived class

’r : multiple in base and single in derived classes
#include <icstream.h~
class B 7/ pase class

B() ( cout << "No-argument constructor of the base class B
Blint a) [ cout <<"Ome argument constructor Gf the hase class B*; )

)i
clase D: public B // publicly derived class
«
public
D( int

a)
¢ cout << "\none-argument constructor of the derived class D"; )
i
volid main()
D ob3a( 3 3
Run
No-argument constructor of the base class B
one-argument constructor of the derived class D

6. Constructor in base and derived classes without default canstructor
i the base class. IT there is

for th
in the base class, the following conditions must be met:
+ The base class must have a no-argument constructor
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+ If the base class does not have a default constructor and has an argument constructor, they must be
explicitly invoked, otherwise the compiler generates an error.

// cons6.cpp: constructor in base and derived class
#include <iostream.h>
class B // base class
{
public:
B{int a) { cout << "One-argument constructor of the base class B"; }
}i
class D: public B // publicly derived class
{
public:
D{ int a )
{ cout << "\nOne-argument constructor of the derived class D"; }
}i
void main ()
{
D objd( 3 );
}

The compilation of the above program generates the following error:
Cannot find 'default' constructor to initialize base class 'B’
This error can be overcome by explicit invocation of a constructor of the base class as illustrated in the
program cons7.cpp.

7. Explicit invocation in the absence of default constructor

// consT.cpp: constructor in base and derived classes
#include <iostream.h>

class B // base class
{
public:
Blint a)

{ cout << "One-argument constructor of the base class B"; }
}i
class D: public B // publicly derived class
{
public:
D{ int a )} : B(a)
{ cout << "\nOne-argument constructor of the derived class D"; }
};
void main()
{
D objd( 3 }:
}

Bun

une-argument constructor of the base class B
One-argument constructor of the derived class D
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In the derived class D, the statement
D({ int a ) :B(a)
defines the derived class constructor D( int a) and calls the constructor of the base class using the
special form :B(a). Here, the constructor of B is first invoked with an argument a specified in the
constructor function D and then the constructor of D is invoked.

8. Constructor in a multiple inherited class with default invocation

// consB.cpp: constructor in base and derived class, order of invocation
#include <icatream.h>

class Bl // base class
{
public:
Bl() { cout << "\nNo-argument constructor of the base class Bl1"; }
};
class B2 // base class
{
public:
B2() { cout << "\nNo-argument constructor of the base class B2"; }
};
class D: public B2, public Bl // publicly derived class
r
public:
D()

{ cout << "\nNo-argument constructor of the derived class D*; }
}:
void main()
{
D objd;
}

Run

No-argument constructor of the base class B2
No-argument constructor of the base class Bl
No~-argument constructor of the derived class D

The statement
class D: public B2, public Bl // publicly derived class
specifies that the class D is derived from the base classes B1 and B2 in order. Hence, constructors are
invoked in the order B2 (), B1(), and D(); the constructors can be defined with or wjthout argu-
ments.

9. Constructor in a multiple inherited class with explicit invocation

// cons9.cpp: constructors with explicit invocation
#include <iostream.h>
class Bl // base class
{
public:
Bi() { cout << "\nNo-argument constructor of the base class Bl"; }
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class B2 // base class
{
public:
B2{) { cout << "‘\nNo-argument constructor of the base class B2"; }
1. -
class D: pubiic Bl, public B2

public:
D(): B21), B1l() // explicit call to constructors
{ cout << "‘“nNo~argument constructer of the derived class D"; }
}:
volid main()
{
D objd;
)

Run

No-argument constructor of the base class Bl
No-argument constructor of the base class B2
No-argument constructor of the derived class D

In the above program, the statement
class D: public Bl, public B2 // publicly derived class
specifies that, the class D is derived from the base classes B1 and B2 in order. The statement
D(): B2(), B1()
in the derived class D, specifies that, the base class constructors must be called. However, the con-
structors are invoked in the order B1 (), B2, and D, the order in which the base classes appear in the
declaration of the derived class.

10. Constructor in base and derived classes in multiple inheritance

// consl0.cpp: constructor in base and derived classes, order of invocation
#include <iostream.h>
class Bl // base class
{

public:

Bl{) { cout << "\nNo-argument constructor of the base class B1"; )}

}i
class B2 // base class

{
public:
B2() { cout << "‘\nNo-argument constructor cf a base class B2"; }
}i
class D: public Bl, wirtual B2 // public Bl, private wvirtual B2

{
public:
D(): B1(), B2({)
{ cout << "\nNo-argument constructor of the derived class D"; }
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void main()
€

D obid; // base constructor
»
Bun
No-argument constructor of a base class B2
No-argument constructer of the base class Bl
No-argument constructor of the derived class D

The statement

class D: public Bl, virtual B2 s/ public Bl, private virtual B2

specifies that the class D is derived from the base classes B1 and B2. The statement
DOEBLO . B2 O

in the derived class D, specifies that, the base class constructors must be called. However, the con-
and D (), instead of the order in which base clzs:es
nce. the. irtnal e c1atn comstrictors ane imveken fie

.

7/ eonsi1.cpy

. order of invec:
Binclude <iostream.h>

class B // base class
public:
B() ( cout << "\nNo-argument constructor of a base class B=: )
¥
class Di: public B // derived class
public:
D1() ( cout << "\nNo-argument constructor of a base class D1"; )

¥
class D2: public D1 // publicly derived class
<
public:
D2 ()

{ cout =< *\nNo-argument constructor of a derived class D27;

)

void main()
D2 obid: // base constructor
Bun
No-argument constructor of a base class B

No-argument constructor of a base class D1
No-argument constructor of a derived class D2
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The statement
class D2: public D1 // publicly derived class
specifies that the class D2 is derived from the derived class D1 of B, The constructors are invoked in
the order B{), D1 (), and D2 () corresponding to the order of inheritance.

In the derived class, first the constructors of virtual base classes are invoked, second any non-
virtual classes, and finally the derived class constructor. Table 14.3 shows the order of invocation of
constructors in a derived class.

Method of Inheritance Order of Execution
class D: public B B( ): base constructor
{ ' D( ): derived constructor
}:
class D: pl.lbl ic Bl ’ publlc B2 B l[ ): basc constructor
( B2( ): base constructor
} ' o D( ): derived constructor
class D: public Bl, virtual B2 B2( ): virtual base constructor
{ B1(): base constructor
N - D( ): derived constructor
class D1: public B
{
}i
class D2: public D1 B( ): super base constructor
{ D1( ): base constructor
} e D2( ): derived constructor

Table 14.3: Order of invocation of constructors

14.7 Destructors in Derived Classes

Unlike constructors, destructors in the class hierarchy (parent and child class) are invoked in the
reverse order of the constructor invocation. The destructor of that class whose constructor was ex-
ecuted last, while building object of the derived class, will be executed first whenever the object goes
out of scope. If destructors are missing in any class in the hierarchy of classes, that class's destructor
is not invoked. The program cons12.cpp illustrates the order of invocation of constructors and
destructors in handling instances of a derived class.
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/7 consi2.cpp: order of invocation of constructors and destructors
#include <iostream.h>

class Bl // base class
{
public:
Bl() { cout << "\nNo-argument constructor of the base class Bl"; }
~B1()

{

cout << "\nDestructor in the base class Bl";

}

}i

class B2 // base class

{

public: )

B2() { cout << *\nNo-argument constructor of the base class B2"; }
~B2 ()
{

cout << "\nDestructor in the base class B2";
}
}s
class D: public Bl, public B2 /{ publicly derived class
{
public:
D()
{ cout << '\nNo-argument constructor of the derived class D"; }
~D()
{
cout << "\nDestructor in the base class D";
}
}i
void main()
{
D objd;
}

Run

No-argument constructor of the base class Bl
No-argument constructor of the base class B2
No-argument constructor of the derived class D
Destructor in the base class D

Déstructor in the base class B2

Destructor in the base class Bl

Note that, in this program the constructors are invoked in the order of B1 () , B2 () , D() whereas,
the destructors are invoked in the order of D{) ,B2 (), B1 ()}, which is in reverse order,

In case of dynamically created objects using the new operator, they must be destroyed explicitly by
invoking the delete operator. More specialized class’s (which are at the bottom of the hierarchy?
destructors are called before a more general one (which are at the top of the hierarchy). As usual, no
arguments can be passed to destructors, nor can any return type be declared,
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14.8 Constructors Invocation and Data Members Initialization

In multiple inheritance, the constructors of base classes are invoked first, in the order in which they
appear in the declaration of the derived class, whereas in the case of multilevel inheritance, they are
executed in the order of inheritance. It is the responsibility of the derived class to supply initial values
to the base class constructor, when the derived class objects are created. Initial values can be supplied
either by the object of a derived class or a constant value can be mentioned in the definition of the
constructor. The syntax for defining a constructor in a derived class is shown in Figure 14.8.

— Constructor name: derived class name

Separator for derived and base class constructors
Base class] constructor
’—' Arguments
———

— B
DerivedClass (arg_list) :Basel (arg_listl), Base2(arg_list2)..,BaseN(arg_listM)
{

// boedy of the constructor of derived class
}:

Figure 14.8: Syntax of derived class constructor

The parameters arg_listl, arg_list2, .., arg_listM are the list of arguments passed to the constructor
or they can be any constant value those match with the arguments of the constructor list of base
classes.

C++ supports another method of initializing the objects of classes through the use of the initializa-
tion list in the constructor function. It facilitates the initialization of data members by specifying them
in the header section of the constructor. The general form of this method is shown in Figure 14.9,

— Derived class constructor name

Separator for derived class constructor and

initialization section

— Initialization of data members and
invocation of base class constructors

e — ______——l——"———_______
DerivedClass( arg_list ) : InitializationSection

{
/{ body of the constructer of derived class

}i
Figure 14.9: Syntax of initialization at derived class constructor

Data member initialization is represented by
DataMemberName ( value )
The data members (DataMemberName) to be initialized ae fuilluwed by thie initiahzation value enclosed



526 Mastering C++

in parentheses (resembles a function call). The value can be arguments of a constructor, expression or
other data members. In the initialization section, any parameter of the argument-list can be used as an
initialization value. The data member to be initialized must be a member of its own class. The program
censl4. cpp illustrates the use of initialization section of the constructor. The following rules must
be noted about the initialization and order of invocation of constructors:

« The initialization statements (in the initialization section) are executed in the order of definition of data
members in the class.

+ Constructors are invoked in the order of inheritance. However, the following rules apply when class
is instantiated: first, the constructors of virtual base classes are invoked, second, any non-virtual

classes, and finally, the derived class constructor.

/1 cons13.cpp: data members initialization through initialization-sectien

#include <iostream.h>

class B
{
protected:
int %, y;
public:
B(int a, int
}i
class D: public B
{
private:
int a, b;
public:
D(int p, int
void output()
{

cout << "x
cout << "y
cour << "a
cout << "b =

}
};
void main()
{

b):

q.

D objb(5, 10, 15);

objb.output();

}

Run
x =5
y = 10
a=>5
k=15

The constructor statement in the class B

// base class

x(a), y(b)

{} // x = a,

// derived class

int

<<
<<
<<
<<

oe X

y=Db

r): alp), Bl p, g ), b(r) ()

=<

<<
<<

endl;
endl;
endl;
endl;

B(int a, int b): x(a), y(b)

(y // x=a, y=Dhb
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initializes the data members x and y to a and b respectively. The constructor statement in class D
D(int p, int g, int r): alp), Bl p, g ), bir) {}

initializes the data members a and b to p and r respectively. It invokes the constructorB(int, int)
of the base class B.

Consider the following declaration of class to illustrate the order of initialization:

class B // base class
{
private:
int x, v
public:
Blint a, int b): x{a), ¥v(b) {} // x=a, vy =b
}i

Assume, the constructor of the class B is rewriiten for illustration and object objb is defined as
B objb( 5, 10 );
The following examples illustrates the initialization of data members with different formats:

1. B{ int a, int b ): x(a), y(a+b)

The data member x is assigned the value a and v is assigned the value of the expression (a+b), i.e., x =
5andy=(5+10)=15.

2. B( int a, int b ): n(a), y(x+b)

The data member x is assigned the value of a and y is assigned the value of the expression (x+b), i.e.,
x =5 and y = (5+10) = 15. Note that the newly initialized data member can also be used in further
initializations.

3. B( int a, int b ): y{(a), x(y+b)

It produces a wrong result, because, the statement which initializes the data member x is the first one to
be executed (x is defined first data member in the class B). Hence the computation x (y+b) (i.e x =y+b)
produces a wrong result because the data member y is not yet initialized. The program runtime.cpp
illustrates this case. Thus, the order of data members in the initialization list is important.

/ / runtime.cpp: initialization through constructor header
#include <iostream.h>
class B
{
private:
int x, v
public:
B( int a, int b }: y(a), x{y+b) {} // No compilation, but run-time
void print()
{
cout << x << endl;
cout << y << endl;
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void main()

BB(2.3);
b.princO;
3y

Bun
a211
2
The compiler converts the constructor of the class B into the following form:
B( int a, int b )

)
In the above converted constructor, it should be noted that the statement
x = dy+B):

¥ which is still not initialized. Hence, prods
149 O s

The members of a derived class can have the same name as those defined in the base class. An object
of a derived class refers to its own functions even if they ore defined in both the base class and the
derived class. The program cons14 . cpp illustrates the overloaded data and member functions in the
base and derived classes.

7/ cons14.cpp: overloaded members in base and derived classes
#include <iostream.h>
class B // base class

protectea:
int x

cout << "X in class B ? %,

cout << ¥ in class B ?

- << x << ena:
= << y << ena

cout - "X in class B
cout << *¥ in class B
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class D: public B // publicly derived class
{
protected:
int y;
int z;
public:
void read()
{
B::read(); // read base class data first
cout << "Y in class D ? ";
cin >> y;
cout << "Z in class D ? ";
cin >> z;
}i
void show()
{
B::show(); // display base class data first
cout << "Y¥ in class D = " << y << endl;
cout << "Z in class D = " << z << endl;
cout<<"Y of B, show from D = "<< B::y; //refers to y of class B
¥
}i
void main()
{
D objd;
cout << "Enter data for object of class D .." << endl;
objd.read();
cout << "Contents of object of class D .." << endl;
objd.show();
}

Bun

Enter data for object of class D ..
X in class B ? 1

Y in class B 7 2

Y in class D ? 3

Z in class D ? 4

Contents of object of class D .

¥ in class B = 1

Y in class B =
Y in class D = 3
Z in class D =
Y of B, show from D = 2

In the derived class, there can also be functions with the same name as those in base class. It results
in ambiguity. The compiler resolves the conflict by using the following rule:

If the same member (data/function) exists in both the base class and the derived class, the member
’n the derived class will be executed.

“he above rule is true for derived classes. Objects of the base class do not know anything about the
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derived class and will always use the base class members. Consider the statements

objd.read();
objd.show()

in functionmain (). In the first statement, ob3d, the object of a class D, invokes the read () function
defined in the class D, instead of the read () function of the class B. Similarly, the function show ()
referenced by the objd uses the function defined in the class D.

Scope Resolution with Overriding Functions
The statement in class D
B::read(); // read base class data first
refers to the function read () defined in the base class B due to the use of scope resolution operation.
Similarly, the staternent
B::show(); // display base class data first
in the function show () of derived class D refers to the show () function of the base class B.
The statement
cout << "Y of B, show from D = * << B::y; // refers to vy of class B
in the function show () has B::y, which refers to the data member defined in the base class B and not
the one defined in the derived class D. These features of C++ demonstrates the creation of powerful

functions using primitive functions. The general format of scope resolution for class members is shown
in Figure 14.10.

—* Name of a class
Scope resolution operator

— Name of the member

function to be Invoked
e ——— e ——— e
ClassName :: MemberName()

Figure 14.10: Syntax of member function access through
scope resolution operator

For instance, as in the following statements
B::read() refers to the member function read () defined in the class B
B: :y refers to the data member y defined in the class B
prefixing the class name to the member separated by scope resolution operator :: informs the compiler
to call the member function specified in the class B.

Inheritance in the Stack Class

The various programs discussed so far, belong to the category of single Inheritance. Another practical
example of inheritance is the stack, which is the most popularly used data-structure in building compil-
ers, execution of recursive programs, allocating storage for local variables, and so on. The stack oper-
ates on the principle of Last-In-First-Out, popularly called LIF0 policy. The last item entered into the
stack is the first one to come out as shown in Figure 14.11.
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The program stack . cpp has two classes, Stack as the base class and MyStack as the derived
class of Stack. The base class Stack models a stack as a simple data storage device. It allows to push
integers onto the stack and pop them off. However, it has a potential flaw. It does not check for the
underflow or overflow that occurs in the manipulation of a stack. The program might not work since data
would be placed in memory beyond the end of the stack [ ] array. Trying to pop too many items from

the stack results in popping out meaningless data since, it would be reading data from memory locations
outside the array.

‘Figure 14.11: Stack operations

The potential flaw, in the class Stack can be overcome by developing a new ciass MyStack, a
derived class inherited from the old stack class Stack. Objects of MyStack operate exactly the same
way as those of Stack, except that it will issue a warning if an attempt is made to push an item onto a
stack which is already full, or try to pop items out of an empty stack.

// stack.cpp: Overloading of functions in base and derived classes
#include <iostream.h>

const int MAX_ELEMENTS = 5; // maximum size of stack, you can change this

class Stack // base class
{
protected: // Note: cannot be private
int stack([ MAX_ELEMENTS + 1 ]; // for stack([l]..stack[MAX_ELEMENTS]
int StackTop; // 1t points to current stack top element
public:
Stack()
{
StackTop = 0; // Initially no elements in stack, stack empty

}
void push( int element )
{
++StackTop; // Update StackTop for new entry

stack[StackTop] = element; // put element into the stack
}

void pop( int &element )
.
element = stack| StackTop ):

--StackTop; // Update StackTop te point to next element
}
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// derivation of a new class from the class Stack
class MyStack : public Stack
{
public:
int push( int element ) // return 1, if success, 0 otherwise
{
if( StackTop < MAX_ELEMENTS ) /4 if stack is not full
{
Stack: :push( element }; // calls base class push
return 1; // push successful
¥
cout << "Stack Overflow" << endl;
return 0; /! stack overflow
}
int pop( int & element } // return 1, if success, 0 otherwise
{
if( StackTop > 0 ) /¢ if stack is not full
{
Stack: :pop( element }; // calls base class pop
return 1; // pop successful
}
cout << "Stack Underflow" << endl;
return 0; // stack underflow
}
bi
void main()
{
MyStack stack;
int element;
// push elements into Stack until it overflows
cout << "Enter Integer data to put into the stack ..." << endl;
do
{ .
cout << *"Element to Push ? *;
cin »> element;
b
while( stack.push( element ) }; // push and check for overflow
// pop all elements from stack
cout << "The Stack Contains ..." << endl;
while( stack.pop!( element ) )
cout << "pop: " << element << endl;
}

BAun

Enter Integer data to put into the stack ...
Element to Push ?
Element to Push
Element to Push
Slement to Push

lement to Push
Elen=ant to Push

EE R IR R N
I ke e
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Stack Overflow
The Stack Contains ...

pop: 5
pop: 4
pop: 3
pop: 2
pop: 1

Stack Underflow

14.10 Abstract Classes

In order to exploit the potential benefits of inheritance, the base classes are improved or enhanced
without modifications, which results in a derived class or inherited class. The objects created often are
the instances of a derived class but not of the base class. The base class becomes just the foundation
for building new classes and hence such classes are called abstract base classes or abstract classes.
An abstract class is one that has no instances and is not designed to create objects. An abstract class
is only designed to be inherited. It specifies an interface at a certain level of inheritance and provides a
framework, upon which other classes can be built.

In the previous example {stack.cpp), the class Stack serves as a framework for building the
derived classes and it is treated as a member of the derived class MyStack. The abstract class s the
most important class and normally exists at the root of the hierarchy; it is a pathway to extending the
system. Hence, the class Stack is sometimes loosely called as abstract class or abstract base class,
meaning that no actual instances (objects) of these classes are created. However, abstract classes, in
addition to inheritance, have more significance in connection with virtual functions, which will be
discussed later in the chapter on Virtual Functions.

Abstract classes have other benefits. It provides a framework upon which other classes can be built
and need not follow the trick of C (language, C++'s base class) programming. Most of the C program-
mers follow tricks of creating skeleton code and then copying and modifying the skeleton to create new
functionality. One problem with skeleton code is if any modification is done to skeleton code, the
changes must be propagated manually throughout the system -- an error prone process at best. In
addition, it is difficult to find out whether bugs are in original skeleton or in modified system versions.
By using abstract classes, interface can be changed which immediately propagate changes throughout
the system with no errors. All changes made by the programmer in the derived classes are shown
explicitly in the code, any bugs that show up are almost isolated in the new code,

14.11 Multilevel inheritance

Derivation of a class from another derived class is called multilevel inheritance. It is very common in
inheritance that a class is derived from a derived class as shown in Figure 14.12. The class B is the base
class for the derived class D1, which in turn serves as a base class for the derived class D2. The class
D1 provides a link for the inheritance between B and 02, and is known as infermediare base class. The
‘chain B, D1, D2 is known as the inheritance path.

A derived class with multilevel inheritance is declared as follows:

class B { ... }; // Base class
class D1: public B() // D1 derived from B
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class D2: public D1() // D2 derived from D1
The multilevel inheritance mechanism can be extended to any number of levels.

class B Base Class B

class Dl:public D Derived Class D1
(Intermediate base class)

class DZ:public Bl Derived Class D2

Figure 14.12: Multilevel inheritance

The inheritange relation shown in Figure 14.13 is modeled in the program exam. cpp. It consists of
three classes namely, person, student, and exam. Here, the class person is the base class, student is the
intermediate base class, and exam is the derived class. The student class inherits the properties of
person class whereas, the exam class inherits the properties of the student class (directly) and
properties of the person class (indirectly).

class person person

class student:public person student

class exam:public student exam

Figure 14.13: Multilevel inheritance

// exam.cpp: Models Examination database using Inheritance
#include <iostream. h>

const int MAX_LEN = 25; // maximum length of name
class person

{

private: // Note: cannot be referred by derived class

char name( MAX_LEN ]; // person name
char sex; // person sex, M - male, F - female

int age; // person age



public:

void ReadDatal()

{
cout << "Name ? *;
cin >> name;
cout << "Sex ? “;
cin >> sex;
cout << "Ag> ? *;
cin >> age;

}

veid DisplayData()

{
cout << "Name: * << name << endl;
cout << "Sex : " << sex << endl;
cout << *Age : " << age << endl;

}

|

class student : public person // publicly derived intermediate-base class
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{
private:
int RollNo; // student roll number in a class
char branch[20]; // branch or subject student is studying
public:
void ReadDatal()
{
person: :ReadData(); // uses ReadData of person class

cout << "Roll Number 7 ";
cin >> RollNo;
cout << "Branch Studying ? *;
cin »>> branch;

}

void DisplayDatal()

{

person: :DisplayData(); // uses DisplayData of person class

cout << "Roll Number: " << RollNo << endl;

cout << "Branch: " << branch << endl;
}
¥
class exam: public student // derived class
{
protected:
int SublMarks;
int Sub2Marks;
public:
woid ReadData()
{

student: :ReadData(); // uses ReadData of student class
cout << "Marks Scored in Subject 1 < Max:100> ? *;

cin »> SublMarks;

cout << "Marks Scored in Subject 2 < Max:100> 2 *;

535
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cin >> SubZ2Marks;
}
void DisplayDatal()
{
student: :DisplayData(); // uses DisplayData of student class
cout << "Marks Scored ir Subject 1: " << SublMarks << endl;
cout << "Marks Scored in Subject 2: " << Sub2Marks << endl;
cout << "Total Marks Scored: " << TotalMarks();
}
int TotalMarks()
{
return SublMarks + Sub2Marks;
1
}i
void main()
{
exam annual;
cout << "Enter data for Student ..." << endl;
annual .ReadData(); // uses exam: :ReadData
cout << "Student details ..." << endl;
annual .DisplayDatal() ; /{ exam::DisplayData
}

Bun

Name ? Rajkumar

Sex ? M

Age 7 24

Roll Number ? S

Branch Studying ? Computer-Technology
Marks Scored in Subject 1 < Max:100> ? 92
Marks Scored in Subject 2 < Max:100> ? 88
Student details ...

Name: Rajkumar

Sex : M

Age : 24

Roll Number: 9

Branch: Computer-Technology

Marks Scored in Subject 1: 92

Marks Scored in Subject 2: BB

Total Marks Scored: 180

In main (), the statements

annual .ReadData(); // uses exam::ReadData
annual.DisplayData(); // exam::DisplayData

refer to the member functions of the class exam, since annual is its object. The statements in
ReadData () function of the class exam

student: :ReadData(); // uses ReadData of student class
student::DisplayData(); // uses DisplayData of student class

refers to the functions defined in the student class.
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14.12 Multiple Inheritance

A class can be derived by inheriting the traits of twa or more base classes. Multiple inheritance refers
to the derivation of a class from several (1wo or more) hase classes. It allows the combination of the
features of several existing. tested. and well proven classes as a starting point for defining new classes
Multiple inheritance model is shown in Figure 14.14a and its syntax is.shown in Figure 14.14b.

l Base class 1 I IV Base class 1 | - - ' Base class 1 |

i i i
il

Derived class

(a) Mutiple inheritance model

derived class name

is derived from
Tnheritance type.
’L [ tese coset

class DerivedClass:[VisibilityModel BaseClassl, .
<

// members of derived class
/7 and can mccass membars of base class

(b) Syntax of mutiple inheritance

Figure 14.14: Mutiple inheritance

The default visibility mode isprivate. If visibility mode is specified, it must be either publ i e or
privace. In multiple inheritance also. the inheritance of base classes with visibility mode public.
implics that the pub1ic members of the base class become public members of the derived class and
Protected members of the base class become prot ected members of the derived class. Inherit-
ance of base classes with visibility mode private causes hoth the public and protected
members of the base class 1o become private members of the derived class. However. in both the
cases pr i vate members of the base class are not inherited and they can be accessed through member
functions of the base class.

The

z of muldple i
class D: public B1, public 32 // multiple inheritance

private:
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int privateD;
void funcl() ([}
protected:
int protectedD; // D's own features
void func2()
{ /* Null body function */ }
public:
int publicD; // D's own features
veid fune3();
b
The base classes B1 and B2 from which D is derived are listed following the colon in D’s specifica-
tion; they are separated by commas.

Constructors and Destructors

The constructors in base classes can be no-argument constructors or multiple argument constructors
as discussed in the following sections.

No-Argument Constructor

Consider an example with the base classes A and B having constructors and the derived class ¢ which
has a no-argument constructor as in the program mudl _inhl.cpp.

// mul_inh1.cpp: no-argument constructors in base and derived classes
¢include <iostream.h>
class A // base classl
{
public:
Al
{ cout << "a"; }
}i
class B // base class2
{
public-
B()
{ cout << "b"; }
}:
class C: public A, public B // derived class
{
public:
ci
{ cout ¢< *“c"; }
};
void maini{)
{
C obic;
}

Bun
abe

The base class constructors are always executed first, working from the first base class to the last
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and finally through the derived class constructor, Since the derived class is declared as

class C: public A, public B
The constructor of the base class A is executed first, followed by the constructor of the class B and
finally the constructor of the derived class C. Hence, the above program would print abe on the screen.
If classes involved in multiple inheritance have destructors, they are invoked in the reverse order of the
constructors invocation.

Passing Parameters to Multiple Constructors

Some or all parameters that are supplied to a derived class constructor may be passed to the base
class(es) constructor. Therefore, if any base class constructor has one or more parameters, all classes
derived from it must also have constructors with or without parameters.The programmul_inh2 . cpp
illustrates the base classes A and B having constructors with arguments; their derived class C must also
have constructors.

// mul_inh2.cpp: constructors with arguments, must be called explicitly
#include <iostream.h>
class A // base classl
{
public:
A( char c )
{ cout << c; }
}i
class B // base class2
{
public:
B( char b )
{ cout << b; }
};
class C: public A, public B // derived class
{
publiec:
C( char cl, char c2, char c3): A( ¢l }, B e2 )
{ cout << e¢3; }
}i
main()
{
C objc( *a', 'b', 'c");
]

Run

abe

In this case, the parameters c¢2 and c3 are passed to the constructors of the base classes A and B
respectively. The arguments a, b and ¢ are actually passed to the constructors of A, B, and C respec-
tively even though they are parameters to the constructor of the class C. The constructors are executed
in the order &, B, and C, hence, the above program wou.. print abc on the screen. In general, parameters
can be passed to the constructors of the base class as shown in the following syntax:
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derived (parameter list) :basel (parameter listl), basel (parameter list2), ...

The parameter lists of the base classes’ constructors may contain any expression that has global
scope (e.g., global constants, global variables, dynamically initialized global variables), as well as
parameters that were passed to the derived class’s constructor. The program mul_inh3 . cpp illus-
trates the handling of constructors with arguments in the base class and the derived class.

// mul_inh3.cpp: constructors with arguments, if not called explicitly
#include <iostream.h>
class A // base classl
{
public:
A{ char c )
{ cout << e; }
}i
class B // base class2
{
public:
B( char b )
{ cout << b; }
}:
class C: public A, public B
{
public:
C{ char cl, char c2, char c3): B{ c2 )
{ cout << c3; }
}i
maini{)
{
C objc( 'a', 'b', 'c');
]

The above program cannot be executed, since the following error is generated during compilation:
Error: Cannot find 'A::A()' to initialize base class in function C::C(char,
char, char)

If there are constructors in the base class and all of them are of type constructors with arguments,
they must be explicitly specified in the derived class constructor. Otherwise, the compiler generates a
compilation error. However, if a no-argument constructor also exists along with other constructors in
base class, the compiler invokes the no-argument constructor as a default. Note that the base classes
used in inheritance must preferably have a no-argument constructor.

Ambiguity in Member Access

Ambiguity is a problem that surfaces in certain situations involving multiple inheritance. Consider the

following cases:

« Base classes having functions with the same name

+ The class derived from these base classes is not having a function with the name as those of its base
classes

+ Members of a derived class or its objects referring to a member, whose name is the same as those
in base classes
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“These situations create ambi guity in deciding which of the base class"s function has to be referred. This
problem is resolved using the scope resolution operator as shown in Figure 14.15. The program
mul_inhd.cpp illustrates the same.

instance of the derived class
member specifier

base class in which function is defined

Function to be invoked
n base class

ObjectName . BaseClassName :: MemberName(..)

Figure 14.15: Syntax of handling ambiguity in multiple inheritance

7/ private data, default

clasa B // base clasez
t

char ch; /4 private data. default
public
( char b )
n o= b: )

i
class ©: public A, public B

char ch: 7/ privace data. default
public:
C( chax cl, char <2, char €3): A( <l ), B ¢z )
«
en = c3;
>
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main(}

{
C obje( 'a', 'b', 'e');
// objc.show(); [/ Error: Field 'show' is ambiguous in C
cout << endl << "objc.A::show() = *;

objc.A::show();
cout << endl << "objc.B::show() = *;
objc.B::show();

}

Run
objc.A::show() = a
objec.B::show() = b

In main(), the statement
objc.show(); // Error: Field 'show' is ambiguous in C
is ambiguous (whether to choose A: : show () or B: : show () 7) to the compiler resulting in a compi-
lation error. It is resolved using the scope resolution operator as follows.
objc.A::show();
refers to the version of show () in the class A, while,
objc.B::show() ;
refers to the function in the class B. Thus, the scope resolution operator circumvents the ambiguity.

The program mul_inh5 . cpp illustrates the base and derived classes, which have members with
the same name.

// mul_inh5.cpp: overloaded functions in base and derived classes
#include <iostream.h>
class A // base classl

i
char ch; // private data, default
public:
A{ char c )
{ eh =c¢; 1}
void show()
{
cout << ch;
}
Yi
class B // base class2
{

char ch; // private data, default
public:

B( char b )

{ ch = b; }

void show()

{

cout << ch;

)
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class C: public A, public B
{

char ch; // private data, default

public:
C( char cl, char c2, char ¢3): A( ¢l ), B{ c2 )
{ ch = c3; }

void show()
{
// show(); invokes C::show(), leading to infinite recursion
A::show();
B::show();
cout << ch;

}i

main ()
{
C objec( 'a*', 'b', 'c');
cout << *objec.show() = *;
objc.show(} ; // refers to show() defined in the derived class C

cout << endl << "objec.C::show() = *;
objc.C::show();
cout << endl << "objc.A::show()
objc.A: :show();
cout << endl << "objc.B::show()
objc.B::show();

)
Run

objec.show() = abc

objc.C::show() = abc
objc.A::show() = a
objc.B::show() = b

In main(), the statements

objec.show() ;
objc.C: :show() ;

refer to the same version of show () defined in the class ¢, while
objc.A::show();
refers to the version of show () defined in the class A, and
objc.B::show();
refers to the function defined in the class B. In the derived class C, statements in show ()

A::show();
B::show();

refer to the functions defined in the classes A and B respectively.

Example on Multiple Inheritance

Consider a publishing company that publishes and markets books, whose activities are shown in Figure
14.16. Create a class publicat ion that stores the title (string) and price (float) of a publication.
Create another class sales that holds an array of three float's so that it can record the sales of a
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particular publication for the last three months. From these two classes, derive a new class called book
that hold pages of integer type. Each of these classes should have the member functions getdata ()

and display().
publication sales I

| pamphiet | [ book | | tape
r 3

| notice |

Figure 14.16: Multiple products company

From the publication and sales classes, derive the tape class, which adds playing time in
minutes (type float). Create another class pamphlet from publication, which has no features of its
own. Derive a class notice from pamphlet class having dat. members char whom[20] and
member functions getdata() and putdata().

The program publishl . cpp models the class hierarchy shown in Figure 14.16. Note that, inher-
itance of the class publication by the classes, pamphlet, book, and tape illustrates the reuse
of the code.

/ / publishl.cpp: Multiple products company modeling with multiple inheritance
#include <iostream.h>

class publication // base class, appears as abstract class

{

private:
char title[40]; // name of the publication work
float price; // price of a publication
public:

void getdataf()
{
cout << "\tEnter Title: *;
cin »>> title;
cout << "\tEnter Price: *;
cin >»> price;
}
void displayl()
{
cout << "\tTitle
cout << "\tPrice

* << title << endl;
<< price << endl;

won

}
Y;
class sales // base class
{
private:
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float PublishSales[3];//sales of a publication for the last 3 months
public:

void getdatal();
void display(});

void sales: :getdatal()
{
int i;

for( i = 0; 1 <« 3; i++ )
{

cout << "\tEnter Sales of " << i+l << " Month: *;
cin >> PublishSales([i];

}

)

void sales: :displayl(}
{

int i;

int TotalSales = 0;

for( 1 = 07 1 < 3; i++ )
{
cout<<*\tSales of "<<i+l << " Month = " << PublishSales[i] << endl:
TotalSales += PublishSales[i];
}
cout << "\tTotal Sales = " << TotalSales << endl;
}
class book : public publication, public sales // deriwved class
{
private:
int pages; // number of pages in a book
public:
void getdata() // overloaded function
{

publication::getdata();
cout << "\tEnter Number of Pages: *;
cin >> pages;

sales::getdata();
}

void display()
{
publication: :display();

cout << "\tNumber of Pages = " << pages << endl;
sales::display();

)
Y

class tape : public publication, public sales
{

// derived class
private:

float PlayTime; /{ playing time in minutes
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public:

void getdatal)

{
publication: :getdatal();
cout << "\tEnter Playing Time in Minute: ";
cin >> PlayTime;
sales::getdatal();

}

wvoid display()

{
publication: :display();
cout << “\tPlaying Time in Minute = " << PlayTime << endl;
sales: :display(};

}i

//for pamphlet class, sales class is not inherited, because, pamphlets
// cannot be sold, they are published for advertisement purpose

class pamphlet : public publication // derived class

{

}i

class notice: public pamphlet /¢ derived, can access publics of pamphlet

v
L

private:
char whom([20]; // notice to all distributors
public:
void getdataf()
{
pamphlet::getdata(}; // intern calls getdata of publication
cout << "‘\tEnter Type of Distributor: *;
cin >»>> whom;
}
void display()
{
pamphlet::display(); // intern calls display of publication
cout << "\tType of Distributor = " << whom << endl;
}
}i
void main()
{
book bookl;
tape tapel;
pamphlet pampl;
notice noticel;

cout << "Enter Book Publication Data ..." << endl;
bookl.getdata();

cout << "Enter Tape Publication Data ..." << endl;
tapel.getdata(};

cout << "Enter Pamphlet Publication Data ..." << endl;
pampl.getdata();

cout << "Enter Notice Publication Data ..." << endl;

noticel.getdatal);
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cout << "Book Publication Data ..." << endl;
bookl.display();

cout << "Tape Publication Data ..." << endl;
tapel.display(};

cout << "Pamphlet Publication Data ..." << endl;
pampl.display();

cout << "Notice Publication Data ..." << endl;

noticel.displayl(});
}

BRun

Enter Book Publication Data ...
Enter Title: Microprocessor-x86-Programming
Enter Price: 180
Enter Number of Pages: 750
Enter Sales of 1 Month: 1000
Enter Sales of 2 Month: 500
Enter Sales of 3 Month: 800
Enter Tape Publication Data ...
Enter Title: Love-1947
Enter Price: 100
Enter Playing Time in Minute: 10
Enter Sales of 1 Month: 200
Enter Sales of 2 Month: 500
Enter Sales of 3 Month: 400
Enter Pamphlet Publication Data ...
Enter Title: Advanced-Computing-95-Conference
Enter Price: 10
Enter Notice Publication Data ...
Enter Title: General-Meeting
Enter Price: 100
Enter Type of Distributor: Retail
Book Publication Data ...
Title = Microprocessor-xB86-Programming
Price = 180
Number of Pages = 705
Sales of 1 Month 1000
Sales of 2 Month 500
Sales of 3 Month = 800
Total Sales = 2300
Tape Publication Data ...
Title = Love-1947
Price = 100
Playing Time in Minute = 10
Sales of 1 Month = 200
Sales of 2 Month = 500
Sales of 3 Month = 400
Total Sales = 1100
Fzmphlet Publication Data ...
Title = Advanced-Computing-95-Conference

]

547
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Type of Distributor = Retail

14.13 Hierarchical Inheritance

A well established method of program design is the hicrarchical model, which can be modeled better

using the concepis of inheritance. Many programming problems fall into this category. Hicrarchical

model follows a top down approach by breaking up Class int classes. In

other words. in the hierarchical model. a complex class is conceptualized as being made up of simpler

classes. Figure 14.17 illustrates the hierarchical classification of vehicles in a vehicle license department
the in which only

class path is taken into consideration.

“++, hicrarchical programs can be casily - (base
class) includes the features that are common to all the subelasses (derived classes). A subclass is
created by inheriting the properties of the base class and adding some of its own features. The subclass
can serve as a superclass for the lower level classes again and 50 on. The program vehicle.cpp
models the class hicrarchy in C++ for the problem shown in Figure 14.17.

Vehicle

1 —1

cervimer | [Foncwrviom] [ remense | [ cen |

Figure 14.17: Classification of vehicles

// vehicle.cpp: Vehicle Database Hierarchical Model
#include <iostzemm.h>

const 2
CTans Venicie

/7 lengeh of string

protected:
char namel MAX_LEN]; /7 name of the vehicl
int WheelsCount; // number of wheels to vehicle
public

void Getpata ()
3

Gout <= "Name of the Vehicle ? *:
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cin >> name;
cout << “Wheels ? *;
cin >> WheelsCount;

}

void DisplayData()
{

cout << "Name of the WVehicle :

" << name << endl;
cout << "Wheels : " << WheelsCount << endl;
3

Y
class LightMotor: public Vehicle
{
protected: .
int SpeedLimit;
public:
void GetData()
{
Vehicle: :GetDatal();
cout << "Speed Limit ? *;

cin »> SpeedLimit;
}

void DisplayDatal()
{
Vehicle: :DisplayData();

cout << *Speed Limit : * << SpeedLimit << endl;
}

}i

class HeavyMotor: public Vehicle
{

protected:

int LoadCapacity; // load carrying capacity

char permit [MAX_LEN]; // permits: state, country, international
public:

void GetData()

{
Vehicle: :GetData();
cout << "Load Carrying Capacity ? *;
cin »> LoadCapacity;
cout << "Permit Type ? *;
cin >> permit;
}
void DisplayData()
{

Vehicle::DisplayDatal);

.cout << "Load Carrying Capacity :

cout << "Permit: " << permit << endl;
}

}i

* << LoadCapacity << endl;

54
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class GearMotor: public LightMotor
{

protected:
int GearCount;
public:
void GetDatal()
{
LightMotor::GetDataf();

cout << "No. of Gears ? *;
cin »> GearCount;
}

void DisplayDatal()
{

LightMotor: :DisplayDatal() ;
cout << "Gears: " << GearCount << endl;
}

}i

class NonGearMotor: public LightMotor
{

publiec:

void GetDataf()
{

LightMeotor: :GetDatal();

}
veid DisplayData()
{
LightMotor: :DisplayData();
}

}i

class Passenger: public HeavyMotor
{
protected:
int sitting;
int standing;
public:
void GetData()
{

HeavyMotor::GetData();

cout << "Maximum Seats ? *;
cin »> sitting;

cout << "Maximum Standing ? *
cin »>> standing;

}

void DisplayDataf()
{

HeavyMotor: :DisplayDatal();
cout << "Maximum Seats:

" 2« gitting << endl;
cout <<

"Maximum Standing: " << standing << endl;
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class Goods: public HeavyMotor
«

public:
void GetData()
3
HeavyMotor: :Getpata () ;

void DisplayData()
3

HeavyMotor: :DisplayDa

3
void main()
<

GearMotor vehil:
Passenger vehiz;
+/ read vehicle data
cout << "Enter Data for Gear Motor Vehicle .
vehil.Getpata();

“Enter Data for Passenger Motor Vehicle ...* << endl:
wehi2.Getpata () ;

= << enal:

/ display vehicle data
out << "Data of Gear Motor Vehicle ... << endls
rehil.pisplaybata();

out << "Data of Passenger Motor Vehicle ...* << endl;

vehi2.DisplayData();
»
Bun
Enter Data for Gear Motor Vehicle .
Name of the Vehicle ? Maruti=Car

Data of Gear Motor vehicle ...
Name of the Vehicle : Maruti-Car
a

Data of Passenger Motor Vehicle ...
Name of the Vehicle : KSRTC-BUS
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Permit: National
Maximum Seats: 45
Maximum Standing: 15

14.14 Multipath Inheritance and Virtual Base Classes

The form of inheritance which derives a new class by multiple inheritance of base classes, which are
derived earlier from the same base class, is known as multipath inheritance. It involves more than one
form of inheritance namely multilevel, multiple, and hierarchical as shown in Figure 14.18. Thechild
class is derived from the base classes parentl and parent2 (multiple inheritance), which them-
selves have a common base class grandparent (hierarchical inheritance), The child inherit. the
properties of the grandparent class (multilevel inheritance) via two separate paths as shown by the
broken line. The classes parentl and parent2 are referred to as direct base classes, whereas
grandparent is referred to as the indirect base class.

® Grandparent [¢
f

|

Parentl |
7 |
|

Child

Figure 14.18: Multipath inheritance

Multipath inheritance can pose some problems in compilation, The public and protected members
of grandparent are inherited into the child class twice, first, via parent1l class and then via
parent2 class. Therefore, the child class would have duplicate sets of members of the grand-
parent which leads to ambiguity during compilation and it should be avoided.

C++ supports another important concept called virtual base classes 1o handle ambiguity caused
due to the multipath inheritance. It is achieved by making the common base class as a virtual base class
while declaring the direct or intermediate classes as shown below:

class A
{
public:
void func()
{
// body of function
1
}i
class Bl: public virtual A
{
// body of class Bl
}i
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class B2: public virctual A

J/ Body of class B2
3:

class D: public B1, public B2

/) Body of class B

Consider the statement
ob3d. func ) s
where objd is the object of class D and invokes the func () defined in the class A. If the keyword
vircual does not exist in the declaration of classes 51 and B2, a call to func () leads to the
following compilation error
ror: Member is ambiguous: func: and ‘A
C++ takes necessary care to see that only one copy of the class is inherited. when a class is inherited as
vireual imrespective of the number of paths that exist between the virtual base class and the derived
class. The keywords virtual and public OF protected may be used in any order.

Consider the processing of the result of student depicted it the Figure 14.19. In this case. the
resulc class is derived from the classes T 1Exam and Ext 1E: which are derived
classes of the common class student. The program int_ext.cpp implements the concepts of
virtual classes.

func*

[ erogermt |k
[ swsen 1}

Internal Exam

Figure 14.1

Student result based on internal and excernal marks
Multipath Inharitance with virtual classas

7/ int_ext.cpy

#include <iostream.h>
LEN

const - 2s: 7/ maximum length of name
class student
<
protecrea:
int RollNo /7 mtuaent rell number in a clasa
Char branch(20]; // branch or subject student is studying
public:

void ReadStudentData ()
€

cout << "Roll Number ? ":
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cin => RollNo;
cout << "Branch Studying ? *:
cin >»> branch;
}
vold DisplaySrtudencDatal)
{
cout << "Roll Number: " << RolllNo << endl;
cout << “"Branch: " << branch << endl;
}
};
=lass InternalExam: virtual public student

protected:
int SublMarks;
int SubZMarks;
public:
void ReadDatal)
{
cout << "Marks Scored ia Subject 1 < Max:100> ? *;
cin >> SublMarks;
cout << "Marks Scored in Subject 2 < Max:100> ? *;
cin >> Sub2Marks;
}
void DisplayDataf)
{
cout<<"Internal Marks Scored in Subject 1: "<<SublMarks << endl;
cout<<"Internal Marks Scored in Subject 2: "<<SubZMarks << endl;
cout<<"Internal Total Marks Scored: "<<InternalTotalMarks ()<<endl;
}
int InternalTotalMarks()
{
return SublMarks + SubZMarks;
}
}i
class ExternalExam: virtual public student
{
protected:
int SublMarks;
int SubZMarks;
public:
void ReadData(}
{
cout << "Marks Scored in Subject 1 < Max:100> ? ";
cin »> SublMarks;
cout << "Marks Scored in Subject 2 < Max:100> ? ";
cin »> Sub2Marks;
}
wvoid DisplayData(}
{
cout<<"External Marks Scored in Subject 1: "<<SublMarks << endl;
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cout<<"External Marks Scored in Subject 2: "<<SubZMarks << endl;
cout<<"External Total Marks Scored: "<<ExternalTotalMarks()<<endl;
}
int ExternalTotalMarks ()
{
return SublMarks + Sub2Marks;
}
}i
class result: public InternalExam, public ExternalExam
{
private:
int total;
public:
int TotalMarks()
{
return InternalTotalMarks () + ExternalTotalMarks();
}
+i
void main()

{
result studentl;
cout << "Enter data for Studentl ...* << endl;
studentl.ReadStudentData(); // virtual resolves ambiguity
cout << "Enter Internal Marks ..." << endl;
studentl.InternalExam: :ReadData() ;
cout << "Enter External Marks ..." << endl;
studentl.ExternalExam: : ReadData() ;
cout << "Student details ..." << endl;
studentl.DisplayStudentDatal) ; // virtual resolves ambiguity
studentl.InternalExam: :DisplayData() ;
studentl.ExternalExam: :DisplayData(};
cout << "Total Marks = " << studentl.TotalMarks();

}

Bun

Enter data for Studentl ...

Roll Number ? 2

Branch Studying ? Computer-Technology
Enter Internal Marks ...

Marks Scored in Subject 1 < Max:100>
Marks Scored in Subject 2 < Max:100>
Enter External Marks ...

Marks Scored in Subject 1 < Max:100>
Marks Scored in Subject 2 < Max:100>
Student details ...

Roll Number: 9

Branch: Computer-Technology

Internal Marks Scored in Subject 1: 80
Internal Marks Scored in Subject 2: 8BS
Internal Total Marks Scored: 165
External Marks Scored in Subject 1: 89

BE BE
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External Marks Scored in Subject 2: 90
External Total Marks Scored: 179
Total Marks = 344

Another typical example of virtual classes having their derived-classes invoking their base class's
constructors is through the initialization section. The program vir.cpp has classes A, B, C, and D
representing multi-path inheritance.

// virepp: virtual classes with data members initialization
#include <icstream.h>

class A
{
protected:
int x;
public:
A()

{ x=-1; )
A( int i )
{ =x==1; }
int getal)
{ return x; }
Yi
class B: virtual public A
{
protected:
int v;
public:
B{ int i, int k) : A(i)
{ v=ki }:
int getb()
{ return y; }
void show(}
{
cout << x << " " << geta() << " " << getb();
}
}i
class C:virtual public A
{
protected:
int z;
public:
Clint i,int k) : A( 1)
{ z=k; };
int getc{)
{ return z; }
void show()
{
cout << x << " " << geta() << " " << getc|();

}
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~lass D: public B.public C

public:
// invoke A() and then Bi(i,3j) and C{i,1)
D{ int i, int j )} : B(i,3), Cli,3) {}

void show()

{
cout << x << " " << geta(} << " " << getb();
cput << " " << getc() <« " " << getcl);

}
Jola maini!

Ddli 3. 58 );
cout << endl << *"Object dl contents: *;
dl.show():
Bbl{ 7, 9 ;
cout << endl << *“Cbject bl contents: “;
bl.show();
Cc el 11, 13 1}
cout << endl << *Ob-ect cl contents: ";
cl.show():

}

Run

Object dl contents: -1 -1 555
Object bl contents: 7 7 9
Jbject cl contents: 11 11 13

In main (), the statement
Bbl{ 7, 9);
invokes the constructor of the class B
B{ int i, int k) : A(i)
which calls the single argument constructor of the class 2 and then it executes. Similarly, the statement
Cecl( 11, 123 );
invokes first the single argument constructor of the class B and then it executes. The first statement in
the main () function
D dl( 3, 5);
is supposed to invoke the constructor
pD{ int i, int 4 ) : B(i,3), ci(i,3) (}
which in turn invokes the constructors of the B and ¢ classes and is expected to produce the results:
Object dl1 contents: 3 3 555
assuming that the constructor A (i} is invoked, but this has not happened.
According to the inheritance principle, first, the super base class must be instantiated and then
.ullowed by the lower level class, finally the one whose object has to be created (No grand child withow

grand father). When an object of the class D has to be created, first the constructor of the class £ is
10 e invoked. The default no-argumert constructor A{} is invoked instead of the onc-argument
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zonstructor, Even if it invokes the one-argument constructor, either through the
Bint i,int k) : A( i )
or through the
Clint i,int k} : - A( 1 )
it leads to confusion; there are two calls to the constructor which is illegal. It is similar to arguing father
i, ureated before the grand father, which is neither true in real life nor in C++. Therefore, C++ selects, the
no-argument constructor to avoid all these issues. If the constructor of D specification is changed to.
D{ int i, int j ) : A{i), B(i,3)., C(i,3) {}
It produces the result as expected; the one-argument constructor of the super class A 1s explicitly
specified in the initialization section..

14.15 Hybrid Inheritance

There are many situations where more than one form of inheritance is used in designing the class. For
example, consider the case of processing the student results as discussed in the program, exam. cpp
in multilevel inheritance. Suppose the weightage for a sport is also taken into consideration for final-
izing the results, The weightage for sports is stored in a separate class called sports. The new
inheritance relationships between various classes would be as shown in Figure 14.20, which indicate

both multilevel and multiple inheritance.
| person ’

3

student
ry

[ sports |

F 3

T

-
L4

| result [

Figure 14.20: Hybrid (multilevel, multipath) inheritance

The inheritance relation shown in Figure 14.20 is modeled in the program sports. cpp. It consists
of five classes namely person, student, exam, sports, and result, The class examis derived
by multilevel inheritance. The derivation of the class result from the classes exam and sports
exhibits multipath inheritance. Therefore, it has properties of the class per son indirectly through two
paths: from the exam class and sport class.

// sports.cpp: Models student grading based on exam score and sports

#include <iostream.h>
const int MAX_LEN = 25; // maximum length of name
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char branch(20]; 7/ branch or subject student is studying
public
void ReadData()
«

“Roll Number ? *;

3
veid pisplaybata()

cout << "Roll Number: -
= << branc

<< RollNo << endl;
cout << ~Branch: n enal;

)
1
class exam: public student

protected:
inc SublMarks
inc SubzMarks
public:
void ReadData()
€
“Marks Scored in Subject 1 < Max:100>

cin >> SublMarks;
cGout <= "Marks Scored in Subject 2 - Max:100= ? -
cin >> Sub2Marke

) -

void Displaybata()

uses DisplayData() of student class
+ << SublMarks << endl:

Displaypata(): £/
SubZMarks << endl;

“Marks Scored in Subject

student

cout << "Marks Scored in Subject 2: -
cout == "Total, Marks Score: << TotalMarks() <= endl;
»
inc Totalmarks ()
return SublMarks + Sub2Marks:
3
class result: public exam, public sports
privace
puplic
void Readbata ()
Readrerson () ; // areens person ~lama member
‘ReadData () ;

student
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class person
{
private: f// Note: cannot be referred by derived class
char name[ MAX_LEN ]; // person name
char sex; // person sex, M - male, F - female
int age; // person age
public:
void ReadPersoni()
{
cout << "Name ? “;
cin >> name;
cout << "Sex ? ";
cin >> sex;
cout << "Age ? ";
cin >» age;
}
void DisplayPerson()

r

cout << "Name: " << name << endl;
cout << "Sex : " << sex << endl;
cout << "Age : " << age << endl;

+i
class sports: public virtual person. /f nowe: virtual class
{
private:
char name[MAX LEN]; // name of game
int score; // score awarded for result declargation
protected:
void ReadDatal)
{
cout << "Game Played ? “;
cin >> name;
cout << "Game Score ? ";
cin >>, score;
}
void DisplayDatal)
{
cout << "Sports Played: " << name << endl;
cout << "Game Score: " << score << endl;
}
int SportsScore()
{
return score;

Y
class student : public wvirtual person // note: virtual class
{
private:
int RollHNo; // student roll number in a class
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exam: : ReadDartal) : // uses ReadData() of exam class
sports: :ReadbData();

}

veid DisplayData()

i
DisplayPerson(); // access person class member
student: :DisplayDatal();
exam: :DisplayData();
sports: :DisplayData();

coukt<<"Overall Performance, (exam+sports): "<<Percentage()<<" %";

}
int Percentage()
{
return (exam::TotalMarks() + SpcrtsScore())/3;
}
yi
void main()
{
result student;
cout << *Enter data for Student ...* << endl;
student .ReadData() ;
cout << "Student details ..." << endl;
student.DisplayDatal();
}

Run

Enter data for Student ...

Name ? Rajkumar

Sex ? M

Age ? 24

Roll Number ? 9

Branch Studying ? Computer-Technology
Marks Scored in Subject 1 < Max:100> ? 92
Marks Scored in Subject 2 < Max:100> ? B8
Sports Played ? Cricket

Game Score ? 85

Student details ...

Name: Rajkumar

Sex : M

Age : 24

Roll Number: 9

Branch: Computer-Technology

Marks Scored in Subject 1: 92

Marks Scored in Subject 2: B8

Total Marks Scored: 180

Sports Played: Cricket

Game Score: BS

Overall Performance, (exam+sports): 88 &
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14.16 Object Composition—Delegation

Most of us understand concepts such as objects. interfaces. classes. and inheritance. The challenge
Ties in applying them to build fexible and reusable software. The two most common techniques for
revsing Sunctionality in objest-oriented systems are class inhestiance wnd object composition. £s
& certain properties from other
rita Gerived from the class. 1, 1115 said that D> 15 & Kind of B, the elacs
5 has all the propertics of & in addition to the featares of s own.

A commonly recurring situation is one where objects are used as data members in a class. The use
of objects in a class as data members is referred 10 as object composition. Object composition is an

10 class i Here, new is obtained by assembling or composing ob-
jeets 1o support more powerful functionality. This new approach takes a view that an object can be a
collection of many other objects and the is called a has-a or. n

OP, the has-a relationship occurs when an object of one class is contained in another class as a data

Icmber T athor wards, a class can contain ohjects of other classes as its members (see Figure 14.21).

class B class B
< -

Figure 14.21: Object composition

In the case of (kind of relationship), the of base class are first invoked
before the constructor of the derived class. Whereas, in the case of has-a relationship. the constructor
of the class D is invoked first and then the object of B is created. The concept of creating the member
objects first using respective member constructors and then the other ordinary members can also be
ip by using an i in of the nested class

Consider the following class declarations

class B

¢

7/ Boay of a class
I
class D

B Objeces; /4 B is a object of class B

public
D( arg-list ) : ObjectB( arg-listl ),



Chapter 14: Inheritance 553

where arg-1ist is the list of arguments to be supplied during the creation of objects of the class D.
These parameters are used in initializing the members of class D. Thearg-1ist1 is used to initialize
the members of the class B. In this case, first, the constructor of the class B is executed and then the
constructor of the class D, The program nesting.cpp demonstrates the method of invoking a
constructor of another object in a class,

/ / nesting.cpp: Nested class constructor invocation
#include <iostream.h>
class B
{
public:
int num;
B() // nmo argument constructor
{ num = 0; }
B( int a )
{
cout << "Constructor B( int a ) is invoked® << endl;
num = a;
}
}:
class D
{
int datal;
B obijb; // object of another class
public:
D( int a }): objb( a ) // invokes the constructor of 'objbk’
{
datal = a;
}
void output()
{
cout << "Data in Object of Class D = " << datal << endl;
cout<<"Data in Member object of class B in class D = "<<objb.num;
}
}i
void main()
{
D objd( 10 });
objd.output();
}

Run

Constructor B( int a ) is invoked
Data in Object of Class D = 10
Data in Member object of class B in class D = 10

Delegation

Delegation is a way of making object composition as powerful as inheritance for reuse. In delegation,
two objects are involved in handling a request: a receiving object delegates operations to its del-
egate. This is analogous to subclasses deferring requests to parent classes. In certain situations,
inheritance and containership relationships can serve the same purpose. It is illustrated by the follow-
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ing code:

class publication // base classl
{ // body of the publication class
iiass sales // base class2
{ // body of the sales class

}i

The book class can be derived from the publication and sales classes using inheritance
relationship as follows:

class book: public publication, public sales
{
// body of the book class

bi
The above functionality can also be achieved by composing objects of the classes publication
and sales into the class book as follows:

class book
{

publication pub; // composition of object of the class publication
sales market; // composition of ebject of the class sales

};

The book class contains instances of the classes publication and sales. The book class
delegates its publication and sales issues to instances of the publication and sales classes (see
Figure 14.22). Delegation shows that inheritance can be replaced with object composition as a mecha-
nism for code reuse. The program publish2 . cpp models the delegation shown in Figure 14.21.

sales book publication
o getdata( ) + getdata() © » getdata() 9
L] + T
' PublishSales[3] ! title '
X : price ;
[ i i
I i i
] i i
] i i
I i i
] i 1
] i ]

, . . pub.getdata(); cin>>title;
cin>>Publish(i] market.getdata(); cin>>price:

Figure 14.22: Delegation in publication class
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TotalSales += PublishSales([i];
}
cout << "\tTotal Sales = " << TotalSales << endl;
}
class book
{
private:
int pages; // number of pages in a book
public:
publication pub;
sales market;
void getdata() // overloaded function
{
pub.getdatal() ;
cout << "\tEnter Number of Pages: ";
cin »> pages;
market.getdatal();
}
void display()
{
pub.displayl();
cout << "\ tNumber of Pages = " << pages << endl;
market.display();
}
}i
void main()
{
book bookl;

cout << "Enter Book Publication Data ..." << endl;
bookl.getdata();
cout << "Book Publication Data ..." << endl;

bookl.display();
}

RBun

Enter Book Publication Data ..
Enter Title: Microprocessor-x86-Programming
Enter Price: 180
Enter Number of Pages: 750
Enter Sales of 1 Month: 1000
Enter Sales cof 2 Month: 500
Enter Sales of 3 Month: 800
Becok Publication Data ...
Title = Microprocessor-x86-Programming
Price = 180
Number of Pages = 705

Sales of 1 Month = 1000
Sales of 2 Month = 500
Sales of 3 Month = 800
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The classes publicacion and sales have the same declaration as in inheritance relation but

they are used in a different way by the book class. Although containership is an alternative (o inher-

itance and offers the functionality of inheritance. it does not provide flexibility of ownership. Inherit-
i is simpler to i and offérs a

/7 publishz.cpp: Publication, Sales details, Objects inside a clas:
#include <iostream.h~

class publication  // base class, appears as abstract class
private
char titla(40): // name of the publication work
float price; /7 price of a publication
public:

bt << "\LEater Price: "
cin >> price:

)

void aisplay()

¢

cout << "\eritle
cout << "\tPrice

- << title << enal;
% << price << endl;

)

I
class sales 7/ pase class
i
privace:
Lloat PublishSales(3]; //sales of publication for the last 3 months
public:

void getdara();
void display();

)
veid sales

¢

gerdaca()

inc i;
for( i Saoe 3 des
«

Enter Sales of * << i+1 << * Montl

cin >> Publishsales(il:

>

aisplay ()

3
veid sales
«

int i;

inc Totalsales

for( i = 0: i < 3: ivv )
«

cout<="\LSales of * << i+l <<* Month = * << PublishSales(i] << endl:
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14.17 When to Use Inheritance ?

The following principles have to be followed to promote the use of inheritance in programming, which
leads to code reuse, ease of code maintenance and extension:

+ The most common use of inheritance and subclassing is for specialization, which is the most obvious
and direct use of the is-a rule. If two abstract concepts A and B are being considered, and the
sentence A is a B makes sense, then it is probably correct in making A as a subclass of B. Examples,
Car is a Vehicle, Triangle is a Shape, etc.

+ Another frequent use of inheritance is to guarantee that classes maintain a certain common interface;
that is, they implement the same methods. The parent class can be a combination of implemented
operations and operations that are to be implemented in the child classes. Often, there is no interface
change between the supertype and subtype - the child implements the behavior described instead of
its parent class. This feature has much significance with pure virtual function and will be discussed
in the chapter Virtual Functions.

» Using generalization technique, a subclass extends the behavior of the superclass to create a more
general kind of object. This is often applicable when one is building on a base of existing classes that
should not, or cannot be modified.

+ While subclassing for generalization modifies or expands on the existing functionality of a class,
subclassing for extension adds totally new abilities. Subclassing for extension can be distinguished
from subclassing for generalization in derivation. Generalization must override at least one method
from the parent, and the functionality is tied to that of the parent whereas extension simply adds new
methods to those of the parent, and functionality is less strongly tied to the existing parent methods.

+ In subclassing for limitation, the behavior of the subclass is more restricted than the behavior of the
superclass. Like subclassing for generalization, subclassing for limitation occurs most frequently
when a programmer is building on a base of existing classes that should not or cannot be modified.

+ Subclassing for variance is useful when two or more classes have similar implementations, but there
does not seem to be any hierarchical relationship between the concepts represented by the classes.
Often, however, a better alternative is to factor out the common code into an abstract class, and derive
the classes from these-.common ancestors.

» Subclassing by combination occurs when a subclass represents a combined feature from two or more
parent classes.

14.18 Benefits of Inheritance

There are many important benefits that can be derived from the proper use of inheritance. They are code
reuse, ease of code maintenance and extension, and reduction in the time to market. The following
situations explain benefits of inheritance:

+ When inherited from another class, the code that provides a behavior required in the derived class
need not have to be rewritten. Benefits of reusable code include increased reliability and a decreased
maintenance cost because of sharing of the code by all its users.

+ Code sharing can occur at several levels. For example, at a higher level, many users or projects can use
the same class. These are refeired to as software components. At the lower level, code can be shared
by two or more classes within a project.

+ When multiple classes inherit from the same superclass, it guarantees that the behavior they inherit
will be the same in all cases.
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« Inheritance permits the construction of reusable software components. Already, several such libraries
are commercially available and many more are expected to be available in the near future.

+ When a software system can be constructed largely out of reusable components, development time
can be concentrated on understanding the portion of a new systerh. Thus, software systems can be
generated more quickly and easily by rapid prototyping.

14.19 Cost of Inheritance

Inspite of many benefits of inheritance, it incurs compiler overhead. In inheritance relationship, there
are certain members in the base class that are not at all used, however data space is allocated to them.
This necessitates the need for specialized inheritance, which is complex to develop. The following are
some of the perceived costs of inheritance:

+ Inherited methods, which must be prepared to deal with arbitrary subclasses, are often slower than
specialized codes.

+ The use of any software library frequently imposes a size penalty over the use of systems specially
constructed for a specific project. Although this expense may in some cases be substantial, it is also
true that as memory cost decreases, the size of programs is becoming less important.

+ Message passing by its very nature is a more costly operation than the invocation of simple proce-
dures. The increased cost is however marginal and is often much lower in statically bound languages
like C++. Therefore, the increased cost must be weighed against the benefits of the object oriented
techniques.

+ Although object oriented programming is often touted as a solution to the problem of software
complexity, overuse or improper use of inheritance can simply replace one form of complexity with
another.

Review Questions

14.1 What is inheritance 7 Explain the need of inheritance with suitable examples.

14.2 What are the differences between the access specifiers private and protected ?

14.3 What are base and derived classes 7 Create a base class called Stack and derived class called
MyStack. Write a program to use these classes for manipulating objects.

14.4 Explain the syntax for declaring the derived class. Draw access privilege diagram for members of
a base and derived class.

14.5 What are the differences between a C++ struct and C++ class in terms of encapsulation
and inheritance ?

14.6 What are the different forms of inheritance supported by C++ ? Explain them with an example.

14.7 Whatis a class hierarchy ? Explain how inheritance helps in building class hierarchies.

14.8 Can base class, access members of a derived class 7 Give reasons.

14.9 Whatis visibility mode? What are the different inheritance visibility modes supported by C++ 7

14.10 What are the differences between inheriting a class with public and private visibility mode ?

14.11 Declare two classes named Window and Docr. Derive a new class called House from those
two classes. The Window and Door bases classes must have attributes which reflects happy
home. All classes must have interface functions such as overloaded stream operator functions
for reading and displaying attributes. Write an interactive program to model the above relation.
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State with reasons whether the following statements are TRUE or FALSE:

(a) Both base and derived classes need not have constructors.

(b) Only base class cannot have constructors.

{c) Only derived class can have constructors.

(d) No-argument constructor of the base class is invoked when a derived class is instantiated.

(e) When a derived class is instantiated only the derived class constructors are invoked.

(f) Derived class members cannot access private members of a base class.

(g) When a derived class is instantiated, memory is allocated to all data members of both the

base and derived classes.

{h) If a base class does not has no-argument constructor and has parameterized constructors, it
must be explicitly invoked from a derived class.

(i) Constructors are invoked starting from the top base class to derived class order.

{(j) Destructors are invoked starting from the top base class to derived class order.

(k) Destructors are invoked in the reverse order of constructors.

(1) Base class constructors can be explicitly invoked from the derived class.

Explain how base class member functions can be invoked in a derived class if the derived class
also has a member function with the same name.

What are virtual classes ? Explain the need for virtual classes while building class hierarchy.
What are abstract classes ? Explain the role of abstract class while building a class hierarchy.
Consider an example of declaring the examination result. Design three classes: Student, Exam,
and Result. The Student class has data members such as those representing roll nurnber,
name, etc. Create the class Exam by inheriting the Student class. The Exam class adds data
members representing the marks scored in six subjects. Derive the Result from the Exam class
and it has its own data members such as total_marks. Write an interactive program to model
this relationship. What type of inheritance this model belongs to ?

A new scheme for evaluation of students performance is formulated that gives also weightage
for sports. Extend the inheritance relation discussed in the above program (14.16) such that the
Result class also inherits properties of Sports class. Note that the Sports class is a
derived class of the student class. Write a program to model this relationship such that
members of the Students class are not inherited twice. What type of inheritance this model
belongs to ?

What is containership or delegation 7 How does it differ from inheritance ?

It is required to find out the cost of constructing a house. Create a base class called House.
There are two classes called Doeor and Window available. The House class has members
which provide information related to the arca of construction, door, windows details, etc. It
delegates responsibility of computing the cost of doors and windows construction 10 Door
and Window classes respectively. In C++, this can be achieved by having instances of the
classes Door and Window in the House class. Write an interactive program to model the
above relationship.

Write an interactive program to create a graphic class hierarchy. Create an abstract basc class
called Figure and derive two classes Close and Open from that. Declare two more classes
called Polygon and Ellipse using the Close class. Create derived classes Line and
Polyline from the Open class. Define three objects (triangle, rectangle, and pentagon) of the
class Polygon. All classes must have appropriate member functions including constructors
and destructors.

Discuss cost and benefits of inheritance emphasizing ease of design, code reusability, over-
head, etc.
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Virtual Functions

15.1 Introduction

Polymorphism in biology means the ability of an organism (0 assume a variety of forms. In C++. it
indicates he form of a member function that can be changed at runtime. Such member functions ure
called virtual functions and the class is called class. The objects of the
polymarphic cinss, addressed by pointers, chango at runtime and respond dﬂ'ﬁ-rcr\uy for the same
message. Sucha inding of a 0 the

requi
(Geclared asvix tual) until runtime,
Polymorphism

Function Operatar B Vu‘lual
i Overioading | | Overloading | Functions

Figure 15.1: Types of polymorphism in C++

1t hias been observed that, function overloading and operaior overloading features of Ct bave
allowed to

through dynamic binding. Figurc 15.1, |1Insuams the taxonomy of porymorphiam in Cra. Fancrion

operate on the user defined data-types with the same interface as that of the standard data types. In
both cases, the compiler is aware of the complete information regarding the type and number of oper-
ands. Henee, it is possible for the compiler 10 select a suitable function at the compile-time.
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15.2 Need for Virtual Functions

When objects of different classes in a class hierarchy, react to the same message in their own unique
ways, they are said to exhibit polymorphic behavior. The program parent1 . cpp illustrates the need
of such polymorphic behavior. It has the base class Father and the derived class Son and has a
member function (called show) with the same name and prototype. Note that, in C++ a pointer to the
base class can be used to point to its derived class objects.

// parentl.cpp: invoking derived class member through base class pointer
#include <iostream.h>
#include <string.h>
class Father
{
char name[20]; // father name
public:
.. Father( char *fname )
A
' strepy( name, fname ); // fname contains Father'’s name

}
void show () // show() in base class
{
cout << "Father name: " << name << endl;
}
}i
class Son: public Father
{
char name(20]; // son name
public:
// two-argument constructor; invekes one-argument constructor of Father
Son( char *sname, char *fname ): Father({ fname )
{
strcpy( name, sname ); // sname contains son’'s name
}
void show() // show(}) in derived class

{

cout << "Son name: " << name << endl;

}i
void main()
{
Father *fp; // pointer to the Father class’s cbjects;
Father f1( "Eshwarappa" )
fp = &fl; // £p points to Father class cbject
fp->show(); // display father show() function
Sen sl( "Rajkumar®, *Eshwarappa" );
fp = &sl; // wvalid assignment
fp-»showl(); // guess what is the output ? Father or Son!
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Bun
Father name: Eshwarappa
Father name: Eshwarappa

In main (). the statement
Father fp: // pointer to the Father class’s objects;
defines a pointer variable £p. The statement

€0 = uf1:  // £p poinca to Facher class object
assigns the address of the object £1 of the class Father to fp. After this, when statement such as.
fo-~show(): // display father show() function

is executed, the member function defined in the class Pather is invoked. Tn C++ base class pointer is
fully type-compatible with its derived class pointers and hence, the siatement such as
o = &s2 // valid assignment
is valid. It assigns the address of the object s1 of the class Son to £p. After this. when statement
£p->show(); // guess what is the output » Father or Son!
& to note that) it still invokes the member function show () defined in the

is executed. (it is interess
class Fathex!

There must be a provision o use the member function show () 1o display the state of objcets of
both the Father and Son classes using the same interface. This decision cannot be taken by the
compiler. since the prototype is identical in both the cases.

In i+, a function call can be bound to the actual function o
Resolving afunction call at compile time is known as compile-time or early ox static binding whereas.
resolving a function call at runtime is known as runfime or lafe ot dynamic binding. Runtime polymor-

1 decisi ing itable member functions until runtime. In C-+-+,

her at compile time or at runtime

of s
this is achieved by using virmal functions.
Virtual functions allow programmers to declare functions in a base class, which can be defined in
cach derived class. A pointer to an object of a base class can also point to the objects of its derived
classes. In this case, a member function to be invoked depends on the the class's object 1o which the
pointer is pointing. When a call to any object is made using the same interface (irrespective of object to
which pointer variable is pointing). the function relevant to that object will be selected at run time. The
program parent2 . cpp illustrates the effect of virtual functions on an overloaded function in a class
hierarchy.

// parentl.cpp: base class pointer and virtual function
#include <iostream.h>
#include <string. hi
class Father
3

char name(20] 7 // facher name

publics

Father ( char *fname )

strepy ( mame. fname }; // fname contains Father’'s name
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virtual void show() // show() in base class declared as virtual
{
cout << "Father name: " << name << endl;
)
}i
class Son: public Father
{
char name(20]; // son name
public:
// two-argument constructor; invokes one-argument constructor of Father
Son( char *sname, char *fname ): Father( fname }
{
strepy( name, sname ); // sname contains son's name
}
void show() // show() in derived class
{
cout << "Son name: " << name << endl;
1
}i
veid main()
{
Father *fp; // pointer to the Father class‘s cbjects:
Father f1( "Eshwarappa" };
fp = &£1; // fp points to Father class object
fp->show(); // display father show() function
Son s1( "Rajkumar", "Eshwarappa" };
fp = &sl; // valid assignment
fp-»>show(); // guess what is the output ? Father or Son!

}

Run

Father name: Eshwarappa
3on name: Rajkumar

It is interesting to note that the output generated by the above program is as expected. (What is
interesting about the above program when compared to the earlier parentl.cpp 7) The only differ-
eace is, the member function show () defined in the class Father has the following declarator:

virtual woid show() // show{) in base class declared as virtual
It indicates that the member function show () is virtual and binding of a call to this function must be
postponed until runtime. Hence, the last statement inmain (),

fp->show(); // guess what is the ocutput ? Father or Son!
invokes the member function defined in the class Son!; during the execution of this statement, the
system notices that, show () is a virtual function in base class and hence, it decides to invoke the
member function defined in the derived class (instead of the base class) if the base class pointer is
pointing to the derived class object.

The knowledge of pointers to base class and derived classes is essential to understand and to
explore full potential of virtual functions, Hence, a detailed discussion on how the above program is
able to work as expected and syntax of virtual functions is postpoued to later section.
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15.3 Pointer to Derived Class Objecis

The concept of derived classes specifies hierarchical relationship beiwsen various objects and ex-
presses the commonality hetween them. The propertics common to different classes are placed at the
top of the hierarchy. which becomes the base class, and all other classes are derived from this base
class. A derived class is often said to inherit properties of the base class. and so. this relationship is
known as the inheritance relationship.

Pointers can be used with the objects of hase classes or derived classcs. Pointer to objects of a base
class are type-compatibie with pointers (0 objects of a derived class, thus allowing a single pointer
variable to be used as pointer to objects of a base class and its derived classes. For instance. in the
above declaration having the classes Parent and Child, a pointer declared as 4 pointer o Parenc
ohjects can also he used as a pointer 10 Chi 1d objects. C++ makes polymorphism possible through a
rule that one should memorize: a base class poinier may address an object of its own class or an object
of any class derived from she base class. (See Figure 15.2.)

ot may

A desived class pointer

kS
[ omemormmeains ] |

Base class / — [(omectorderived ey Jwe
pointer Derived class
o
Object of derived class

Figure 15.2: A base class pointer may address a derived class object

Consider the following illustrate type of pointers.
; // pointer to parent class

// base class object

/7 derived class object

basep - &f;
assigns the address of the object £ of the class Father to the pointer variable basep. The siatement
basep = &

assigns the address of the object s of the class Son to the pointer variable bas ep. Such an assignment
is perfectly valid in C-++, since the pointer to an object of a base class is fully rpe-compatible with
pointer to ohjects of its derived classes.

The use of a pointer (o the objects of a base class with the objects of its derived class raises anew

derived class. Even in case, any member of the Son class has the same name as one of the members of
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the Father class, reference to it using the basé class pointer basep will always access the base class

member and not the derived class member. The program family1 . cpp illustrates the use of the base
pointer with the derived objects.

// familyl.cpp: pointer to base class and derived class objects
#include <iostream.h>
class Father
{
protected:
int f_age;
public:
Father( int n )
{
f_age = n;
}
int GetAge (void)
{
return f_age;
}
};:
// Son inherits all the properties of father
class Son : public Father
{
protected:
int s_age;
public:
Son{ int n, int m ) :Father(n)
{
s_age = m;
}
int GetAge(wvoid)
{
return s_age;
}
void son_func()
{
cout << "son's own function";
}
Y.
void main()
{
Father *basep;
basep = new Father (45); // pointer to father
cout << "basep points to base object...* << endl;
cout << “Father's Age: ";
cout << basep->GetAge() << endl; // calls Father::GetAge
delete basep;
// accessing derived object
basep = new Son (45, 20); // pointer to son
cout << "basep points to derived object..." << endl;



class Father

basep=new Father({45);

basep->GetAge()
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class Son : public Father

Father *basep;

[ —F——

basep=new Son(45,20);

v

Father *basep;

[ —3

Y

r————’ GethAge () |Father

basep->Getige()

basep=new Son(45,20);

{Son *)basep->GetAge()

Gethge{() | SO0

Son object
Father *basep;

_—

v

GetAge () | Father

derivedp=new Son{45,20);

derivedp->GethAge()

* | GetAge () | Son

Son *derivedp;

[ 3

v

GetAge () | Father

Son

L
7]
]
-
£
)
m

Son object

Figure 15.3: A base pointer accessing derived objects
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cout << "Son's Age: “;
cout << basep->GetAge()} << endl; // calls Father::GetAge()

cout << "By typecasting, ((Son*) basep)..." << endl;
cout << "Son's Age: ";
cout << ((Son*) basep)->GetAge() << endl; // calls Son::GetAge()

delete basep:;

// accessing with derived object pointer

Son sonl( 45, 20 );

Son *derivedp = &sonl;

cout << "accessing through derived class pointer..." << endl;
cout << "Scn’'s Age: *;

cout << derivedp->GetAge();

)
Run

basep points to base cbject...

Father's Age: 45

basep points to derived object...

Son's Age: 45

By typecasting, ((Son*) basep)...

Son's Age: 20

accessing through derived class pointer...
Son's Age: 20

The expression, basep->GetAge() in the statement,

cout << basep->GetAge() << endl;
invokes GetAge () defined in the Father class; basep holds the address of the Father class
object. Even when the pointer basep is made to point to the derived object, it invokes the function
defined in the Father class. However, the typecasted expression

{{Son*) basep)~>GetAgel)
invokes the GetAge () defined in the derived class Son since the pointer is explicitly typecasted. In
the above program, the use of the statement

basep->son_func(); // error: not member of Father
generates a compilation error since, son_func () is not a member of the Father class or it is not
within the scope of the Father class. However, when typecasted as

({Son *)basep)-»son_func(); // OK
it will not generate any errors and will invoke the function defined in the Son class. (See Figure 15.3.)

The rule, a base class pointer may address an object of its own class or an object of any class
derived from the base class is a one-way route. In other words, a pointer to a derived class object cannot
address an object of the base class. If a pointer to a derived class is allowed to address the base class
object, the compiler will expect members of the derived class to be in the base class also (which is not
possible). (See Figure 15.4.) A pointer to the derived class can be used as a pointer to other classes
which are derived from it. In general , a pointer to a class at a particular level can be used as a pointer
to objects of classes which are below that level in the class hierarchy. Any attempt to override this rule
is treated as an error.
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Base class pointer

ok Ok Ok
[ Base class | Derived class A Derived class B
Bd==h-|l>> data inherited data inherited base and
members members derived class data
New data members (| Members
3 New data members

Not allowed!

Pointer to
derived class A

s data members inherited by a derived class

Figure 15.4: A base class polinter can addr

15.4 Definition of Virtual Functions

C++ provides a solution to invoke the exact version of the member function, which has to be decided at
time using virwal functions. They are the means by which functions of the base class can be
rridden by the functions of the derived class. The keyword viztual provides a mechanism for
defining the virtual functions. When declaring the base class member functions, the keyword vix—
used with those functions, which are to be bound dynamically. The syntax of defining a virtual
in a class is shown in Figure 15.5

run
ov

class MycClass
i
public keyword

~vireaal

Figure 15.5: Syntax of virtual function
Virtual functions should be defined in the public section of a class 1o realize its full potential
benefits. When such a declaration is made, it allows to decide
based on the type of object, pointed (o by the base pointer, rather thay
program Lamily2.cpp illustrates the use of base pointer to point to different objects for executing
different implementations of the virual functions.
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// family2.cpp: Binding pointer to base class's object to base or derived
// objects at runtime and invoking respective members if they are virtual
#include <iostream.h>
class Father
{
protected:
int f_age;
public:
Father( int n )
{
f_age = n;
}
virtual int GetAge(void)
{
return f_age;
}
}i
// Son inherits all the properties of father
class Son : public Father
{
protected:
int s_age;
public:
Son{ int n, int m ):Father(n)
{
sS_age = m;
}
int GetAge(void)
{
return s_age;
}
}:
void main()
{
Father *basep;
// points to Father's object
basep = new Father (45); // pointer to father
cout << *Father's Age: ";
cout << basep->GetAge() << endl; // calls Father::GetAge
delete basep;
// points to Son‘s object
basep = new Son(45, 20); // pointer to son
cout << "Son's Age: ";
cout << basep->GetAge() << endl; // calls Son::GetAgel()
delete basep;
}

Run
Father's Age: 45
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Son‘'s Age: 20
The statement in the base class Father
virtual int GetAge(void) )
indicates that an invocation of the GetAge () through the pointer to an object must be resolved at
runtime based on to which class’s object the pointer is pointing. A pointer to objects of the base class
can be made to point to its derived class objects. Figure 15.6 illustrates the use of virtual functions in
invoking functions at runtime.

Instances of the class Father

Client program

K—\/,.,

Father *basep;

virtual int GethAge()

' basep = new Father (45);
“basep->GatAga();

basep = new Son(45, 20);
basep->Gethge();

Son{int n.int m}:
Father(n};

int s_age;

/\

int GetAge();

Instances of the class Son

Figure 15.6: Virtual functions and dynamic binding
(base pointer accessing derived objects)

In main (), the statement
Father *basep:
creates a pointer variable to the object of the base class Father, and the statement
basep = new Father (45} ; // pointer to Father
creates an object of the class Father dynamically and assigns the pointer to the variable basep. The
statement
cout << basep->Gethge() << endl; // calls father::GetAge
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invokes the member function GetAge () of the Father class. The statement

basep = new Son(48, 20); // pointer to sen
creates an object of the class Son dynamically and assigns its address to the pointer variable basep.
The statement

cout << basep->Getage() << endl; // calls Son::GetAge
invokes the member function GetAge () of the Son class. If a call to a non-virtual function is made in
this case, 1t invokes the member function of the class Father instead of the class Son. Note that the
same pointer is able to invoke base or derived class's member function depending on which class's
object the pointer is addressing.

It is important to note that, virtual funcrions have to be accessed through a peinter to the base
class. However. they can be accessed through objects instead of pointers. It is to be remembered that
runtime polymorphism is achieved only when a virtual function is accessed through a pointer to the
base class. Note that. when a function is defined as virtual in the base class, and the same function is
redefined in the derived class, then that function is virrnal by defaulr. Only class member functions can
be declared as virtual functions. Regular functions and friend functions do not qualify as virtual func-
tions.

15.5 Array of Pointers to Base Class Objects

A Key property associated with polymorphism is late or dynamic binding, which ensures that if an
operation with more than one implementation (method) is called on a polymorphic entity, then the
appropriate version is selected on the basis of its dvnamic type (and is called runtime dispatch). In C++
runtime dispatch is only available for operations declared as virtual in the superclass. The process of
runtime dispatch of a function call request is illustrated in Figure 15.7. The code which requests runtime
dispatcher holds pointers to objects of different classes of the same class hierarchy. One of the simplest
methods of implementation is to create an array of pointers (or pointers to pointers or linked list or any
other data structure suitable for holding pointers to objects) as a pointer store house and invoke
functions dynamically by scanning over them.

In Figure 15.7, it can be observed that, the class graphics has the function draw (), which plots
the points and each of the derived classes, 1ine, triangle, rectangle, and circle have their
own draw () function, which plots the corresponding entities on the screen. In the absence of virtual
functions, all the outputs would be picture of paints because all the calls refer to the function draw ()
of the base class. However, with virtual functions, the same segment of program code generates
different outputs by invoking the member function of the corresponding object.

The program draw. cpp illustrates a practical usage of virtual functions and models the problem
described above. [t uses an array of pointers to objects for storing pointer to objects of different derived
classes of the base class graphics. The common interface function in all the classes is draw (),
which is declared as virtual in the base class and defined as a normal function in all the other derived
classes.

// draw.epp: graphic class hierarchy with virtual functions
#include <iostream.h>
class graphics
{ ;
public:
virtual wvoid draw() [/ wvirtual draw function in base class
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cout << "poinc” << endl;

3
class line: public graphics

<
public
void draw()

cout << "line® << endl

class triangle: public graphics
<

public:
void draw()

cout << "triangle’ << enal;

3
class rectansle: public graphics
<

public:
void araw()
13

cour << srectangl

<< anal;

»
¥
clasa circle: public graphies
public:
veid araw()
«

cout <= "circle” << endl;
¥

void main ()
«

graphica peint_obj:

graphics *basepl] =
3

spoint_obj. &line_obj,
&tri_obj, &rect_obj, &circle_obj

for( int i = 0; i < 5;
basep (1] ->draw() 1

“Following figures are drawn with basep(i]->draw()
s PR

_=<< enal:;
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Following figures are drawn with basepli] >draw() ...

for( dmt i = 0; i = 5; di+e )

s8=

invokes a different draw () version based on the object to which the current pointer basep[1] is

pointing. {See Figure 15.7.)

araw()

graphics * basepl] = ( &line obj. atri obj:
srect_obj, &cir_obj ):
i < NO_PICTURES; 3+

for S, Tes
basep(i] -> draw():

without virtual with virtual
function function

—_——

Figure 15.7: Com

plle time and runtime binding of functions
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15.6 Pure Virtual Functions

Virtual functions defined inside the base class normally serve as a framework for future design of the
class hierarchy; these functions can be overridden by the methods in the derived classes. In most of
the cases, these virtual functions are defined with a nuli-body; it has no definition. Such functions in
the base class are similar to do-nothing or dummy functions-and in C++, they are called pure virtual
functions. The syntax of defining pure virtual functions is shown in Figure 15.8. Pure virtual function is
declared as a virtual function with its declaration followed by = 0.

class Myclass

public: keyword null function body

—

Figure 15.8: Syntax of pure virtual function

A pure virtual function declared in a base class has no implementation as far as the base class is
concerned. The classes derived from a base class having a pure virtual function have to define such a
function or redeclare it as a pure virtual function. It must be noted that, a class containing pure virtual
functions cannot be used to define any objects of its own and hence such classes are called pure
abstract classes or simply abstract classes. Whereas all other classes without pure virtual functions
and which are instantiated are called as concrete classes.

A pure virtual function is an unfinished placeholder that the derived class is expected to complete.
The following are the properties of pure virtual functions:

+ A pure virtual function has no implementation in the base class hence, a class with pure virtual
function cannot be instantiated.
+ It acts as an empty bucket (virtual function is a partially filled bucket) that the derived class is
supposed to fill.
+ A pure virtual member function can be invoked by its derived class.
The concept of abstract class (a class with pure virtual function) is necessary in order to understand
pure virtual functions and it is illustrated in the program pure . cpp. Note that a class with one or more
pure virtual functions cannot be instantiated.

// pure.cpp: pure virtual function with abstract class
#include <iostream.h>
class AbsPerson
{
public:
virtual void Servicel (int n); // normal virtual member function
virtusl void Service2 (int n) = 0; // Pure virtual member function
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oid absPersan: ::Servicel (int nl-

Servicelin);
class Person : public AbsPerson
d
public:
colid Serviceliint n)

void Person::Servacelint ny
{
cout << "The number of Years of service: * << (58 - n) << endl;
}
void main()
{
Person Father, Son;
Father.Servicel(50);
Son.Service2 (20);

-

Run

The number of Years of service: B
The number of Years of service: 38

Inmain(), the statement
Father.Servicel(50) ;
invokes the virtual function Servicel () defined in the class AbsPerson and this in turn invokes
service2 (). The Service2 () of the class Person is invoked instead of AbsPerson: it is
declared as a pure virtual function.

15.7 Abstract Classes

Abstract classes (classes with atleast one virtual function) can be used as a framework upon which new
classes can be built to provide new functionality. A framework is a combination of class libraries (set of
cooperative classes) with predefined flow of control. It can be a set of reusable abstract classes and the
programmer can extend them. For instance, abstract classes can be easily tuned to develop graphical
editors for different domains like artistic drawing, music composition, and mechanical CAD. Abstract
classes with virtual functions can be used as an aid to debugging. Suppose. it is required to build a
project consisting of a number of classes, possibly using a large number of programmers. It is necessary
to make sure that every class in the project has a common debugging intcrface. A good approach is 1o
create an abstract class from which all other classes in the project will be inherited. Since any new
classes in the project must inherit from the base class, programmers are not free to create a different
interface. Therefore, it can be guaranteed that all the classes in the project will respond to the same
debugging commands.

The implementation of such a software system is illustrated by creating a header file containing an
ahstract debugger class with abstract functions. The header file debug . h is an example of an abstract
bas: class for debugging. (The program pure.cpp has the pure abstract class AbsPerson.)
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++ debug.h: Abstract class for debugging
#i1nclude <iostream.h>
class debuggable
public:
virtual void dump(})
{

cout<< "debuggable error:no dump() defined for this class"<<endi;

If someone derives a new class from the class debuggable and does not redefine dump (§. 1t
warns when the user tries to dump any object of that new class. because the base class version of
dump (} will be used. A few classes derived from the class debuggable are listed in the program
dbgtest.cpp, for testing the debuggable class.

7/ / dbgtest.cpp: testing of debuggable class
#include "debug.h"
class X: public debuggable
{
int a, b, <¢;
public:
X( int aa = 0, int bb = 0, int cc = 0

a = aa; b = bb; ¢ = co;

// other implementation of dump
void dump ()
{
cout << "a=" << a << " h=" << b << " ¢c=" << ¢ << endl;
}
}i
class Y: public debuggable
{
int i, j, k;
public:
¥{ int ii = 0, int jj = 0, int kk = 0 )
{
i =di; j = 3j: k = kk;
}
// other implementation of dump
void dump ()
{
cout << "i=" << [ << " j=" << j << " k=" << k << endl;
}
}i
class Z: public debuggable
{
int p, g9, x;
public:
Z{ int pp = 0, int gg = 0, int rr = 0 )



Chapter 15: Virtual Functions 547

{
P =PpPi 9@ = gg; r = rr;

} .

}:

void main()

{

.
H

Xx(1, 2, 3 )
5);

Y y( 2, 4, ;
Z z;

x.dump () ;
y.dump () ;
z.dump() ;

// you can treat x, y, and z as members of the class debuggable
debuggable *dbg(3];

dbg[0] = &x;

dbg[1l] = &y;

dbg(2] = &=z;

cout<< "Dumping through passing the same message to all objects...\n*;
for( int i = 0; i < 3; i++ )

dbg[i]->dump () ;
}

Bun

a=1 b=2 c=3

i=2 j=4 k=S

debuggable error: no dump() defined for this class
Dumping through passing the same message to all objects...
a=1 b=2 c=3

i=2 :|=4 k=5

debuggable error: no dump({) defined for this class

In main(), the statements

%.dump () ;

y.dump () ;
invoke their own implementation of dump ()} whereas, the statement

z.dump () ;
executes the virtual function dump () defined in the base class since it does not have an implementa-
tion of dump () in its own class. The statement which is in the scope of the for loop

dbg(i]->dump () ;
passes the same messages to all the objects, which are instances of the class derived from the class
debuggable. All of them respond in different ways to the same message. If they do not have any
response-function of their own, they respond through their parent function (in this the object z re-
sponds by invoking the dump () defined in the parent class debuggable). Thus, any object in the
system can be dumped or can add the object’s address to the list of debuggable pointers and call
dump () as a member of the object. Hence, it is said that "switch statements are to C whar vir-
tval functions are to C++."

An abstract class becomes very powerful when it is integrated into a system and changes ar:
required for the interface. Imagine how difficult this would have been in a conventional language. First,
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it is required to make sure that the debugging interface is properly implemeniced in all parts of the
system. If changes to the interface are to be made, it is required to check each part separately to ensure
that the new interface is properly added. With the availability of abstract classes in C++. it just requires
to change the abstract class and recompile the system. The new interface automatically propagates
throughout the system; when virtual function(s) added in the new interface is redefined in the derived
class, the compiler ensures strict conformation to the interface. For instance, suppose the programmer
is required to add a function called trace () toclass debuggable, the header file can be modified
to accommodate this function as shown in debug2.h.

// debug2.h: Abstract class for debugging
#include <iostream.h>
class debuggable

{
public:
virtual void dump ()

{
cout<<"debuggable error: no dump{) defined for this class"<<endl;:
}
virtual void trace()
{

cout<<"debuggable error: no trace{) defined for this class"<<endl;
}
}i

When this new abstract class is used in dbgtest . cpp, the viriual function trace () may or may
not be redefined in the derived classes X, ¥, and z. It is optional until needed. That is, the debugging
framework can be designed into classes, and even changes can be made to the framework midway so
that it can reflect throughout the project without any problem. When trace () is redefined in the new
classes, the interface (function prototype) must be identical as in the base class debuggable. If they
do not conform to the interface declared in the parent class, the compiler will either generate an error or
make the function non-virtual, depending on how the compiler implementation handles this issue.

An abstract class with one or more pure virtual functions has the following properties:

+ Describes an unrealized concept (which is yet to be conceived).

« Objects of an abstract class type cannot be created.

« Derived classes can be built from these abstract classes.

« Objects of the derived classes can be created provided these derived classes do not have any pure
virtual functions.

15.8 Virtual Destructors

Just like declaring member functions as virtual, destructors can be declared as virtual, whereas con-
structors cannot be virtual. Virtual destructors are controlled in the same way as virtual functions.
When a derived object pointed to by the base class pointer is deleted, destructor of the derived class as
well as destructors of all its base classes are invoked. It is illustrated in the program family3 . cpp. In
this program, if the destructor is made as non-virtual destructor in the base class, only the base class's
destructor is invoked when the object is deleted.
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basep->show(};
delete basep;
// points to Son's ocbject
basep = new Son("Eshwarappa®, "Rajkumar"); // peointer to son
cout << "basep points to derived object..." << endl:
basep->show() ;
delete basep;
}

Bun

basep points to base object...
Father's Name: Eshwarappa
~Father{) is invoked

basep points to derived object...
Father's Name: Eshwarappa

Son's Name: Rajkumar

=-Son() is invoked

~Father() is invoked

Inmain(}, the variable basep is a pointer to the base class Father. The statement

basep = new Son("Eshwarappa®, "Rajkumar"); // pointer to son
creates dynamic object of the class Son by allocating memory required for its data members also. It is
important that memory allocated to object and its data members has to be released explicitly when the
object pointed to by basep goes out of scope.

In the normal case, when the destructor of the base class is not a virtual function, the statement

delete basep;
would have deleted only the first string through the base class destructor, but in this case it also deletes
the string, Eshwarappa through the derived class destructor. The base class destructor is declared as
virtual and basep actually addresses the Son's object and hence, the destructors in the Son's
class as well as the Father's class are invoked. Note that while constructing an object, the construc-
tors are invoked from the top of a hierarchy (top most base class) upto the current class and while
destroying an object, destructors are invoked from the current class to the top most base class in the
hierarchy. For instance, in the above program, the statement

basep = new Son("Eshwarappa”, "Rajkumar"); // pointer to son
invokes the constructor of the class Father first and then the constructor of the class Son. The
statement

delete basep;
having basep pointing to the dynamically created instance of the class Son, invokes destructor of the
class son first and the destructor of the class Father (unlike in the natural world, in C++ son dies first
before his father; however there are exceptions).

Virtual destructor is used in the following situations:

+ A virtual destructor is used when one class needs to delete object of a derived class that are ad-
dressed by the base-pointers and invoke a base class destructor to release resources allocated to it,

« Destructors of a base class should be declared as virtual functions; When a delete operation is
performed on an object by a pointer or reference, the program will first call the object destructor
instead of the destructor associated with the pointer or reference type.
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// family3.epp: virtual destructers in parent class
#include <iostream.h>
#include <string.h>
class Father
{
protected:
char *f_name;
public:
‘Father( char “name )
{
f_name = new char{ strlen(name)+1 ];
strcpy{ f_name, name );
}
virtual ~Father() // virtual destructors
{
delete f_name; )
cout << "~Father() is inwvoked" << endl;
1
virtual void show() // wvirtual function
{
cout << "Father's Name: " << f_name << endl;
}
¥i
// Son inherits all the properties of father
class Son : public Father
{
protected:
char *s_name;
public:
Son( char * fname, char * sname ):Father( fname )
{
s_name = new char|[ strlen(sname)+l ];
strepy( s_name, sname );
}
~Son()
{
delete s_name;
cout << "~Son() is invoked" << endl;
}
void show()
{
cout << "Father’'s Name: " << f_name << endl;
cout << "Son's Name: " << s_name << endl;
}
i -
void main()
{
Father *basep;
{// points to Father's object
basep = new Father( "Eshwarappa" ); // pointer to father
cout << "basep points to base object...*.<< endl;
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15.9 How is Dynamic Binding Achieved ?

To perform dynamic binding of a member function in C++, the function is declared as virtual. Any
function in a class can be declared as virtual. When functions are declared as virtual, the compiler adds
a data member secretly to the class. This data member is referred to as a virtual pointer (VPTR). Virtual
Table (VTBL) contains pointers to all the functions that have been declared as virtual in a class, or any
other classes that are inherited. The program vptrsize.cpp shows evidence of the secret existence
of VPTR.

// vptrsize.cpp: using sizeof operator to detect existence of VPTR
#include <iostream.h>
class nonvirtual
{
int x;
public:
void funec()
{}
}i
class withvirtual
{
int =
public:
virtual void func()
{}
}i
void main()

{
cout << "gizeof( nonvirtual ) = * << sizeof( nonvirtual ) << endl;
cout << "sizeof( withvirtual ) = " << sizeof( withvirtual };

}

Run

sizeof( nonvirtual ) = 2

sizeof( withvirtual ) = 4

Whenever a call to a virtual function is made in the C++ program, the compiler generates code to
treat VPTR as the starting address of an array of pointers to functions. The function call code simply
indexes into this array and calls the function located at the indexed addresses. The binding of the
function call always requires this dynamic indexing activity; it always happens at runtime. That is, if a
call to a virtual function is made, while treating the object in question, as a member of its base class, the
correct derived class function will be called. It is illustrated in the program shapes . cpp.

// shapes.cpp: inheritance and virtual functions
#include <iostream.h>
class description
{
protected: // so derived class have access
char *information;
public:
description( char *info ):information( info }

{1
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virtual void show()
{
cout << information << endl;
¥
}i
class sphere: public description
{
float radius;
public:
sphere( char *info, float rad ):description(info), radius( rad )
{}
void show()
{
cout << information;
cout << " Radius = " << radius << endl;
}
}i
class cube: public description
{
£loat edge_length;
publiec:
cube (char *info, float edg_len) :description(info),edge_length(edg_len )
{}
void show()
{
cout << information;
cout << " Edge Length = " << edge_length << endl;
}
}i
sphere small_ball( "mine", 1.0 ),
beach_ball( "plane*, 24.0 },
plan_teid( "moon", le24d );
cube crystal{ "carbon", le-24 },
ice( "party", 1.0 ),
box( "card board®", 16.0 );
description *shapes(] =
{
&small_ball,
&beach_ball,
&plan_toid,
kcrystal,
&ice,
&box
};
void main()
{
small_ball.show();
beach_ball.show();
plan_toid.show() ;
crystal.show() ;
ice.show() ;
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box.show() :

// put all description in the list

cout << "Dynamic Invocation of show()..." << endl;

for{ int i = 0; i < sizeof( shapes )/sizecf( shapes[0] }; i++ )
shapes[i] ~»show() ;

g -

mine Radius = 1

piane Radius = 24

moon Radius = le+24

carbon Edge Length = le-24
party Edge Length = 1

card board Edge Length = 16
Dynamic Invocation of show()...
mine Radius = 1

plane Radius = 24

moocn Radius = le+24

carbon Edge Length = le-24
party Edge Length = 1

card board Edge Length = 16

From the output, it can be observed that virtual functions are essential for creating objects with the
same interface and similar functionality but with different implementations. A debatable issue is "Why
is the programmer given the option to make a function virtual and why not just let the compiler create all
functions as virtual 7" C++ allows the programmer to decide whether to declare function as virtual or
non-virtual. This design decision has been made to favor runtime efficiency. A virtual function requires
an extra dereference to be made when it is invoked. The language defaults are in favor of maximum
efficiency, which is accomplished through static binding. Thus, the programmer is forced to be aware of
the difference between early and late binding, and to know when to apply late binding. Several other
object-oriented languages, such as Smalltalk and Java, always use late binding.

Virtual Functions Trade-Offs

C++ stores the addresses of the virtual member functions in the internal table. When C++ statements
call these member functions, the correct address is fetched from the internal table; this process con-
sumes some time. Hence, the use of virtual functions reduces the program’s performance to a certain
extent but at the same time offers greater flexibility.

15.10 Rules for Virtual Functions

The following rules hold good with respect to virtual functions:

+ When a virtual function in a base class is created, there must be a definition of the virtual function in
the base class even if base class version of the function is never actually called. However pure virtual
functions are exceptions.

+ They cannot be static members.

« They can be a friend function to another class.

» They are accessed using object pointers.
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+ A base pointer can serve as a pointer to a derived object since it is type-compatible whereas a derived
object pointer variable cannot serve as a pointer to base objects.

« Its prototype in a base class and derived class must be identical for the virtual function to work
properly.

+ The class cannot have virtual constructors, but can contain virtual destructor. In fact, virtual destruc-
tors are essential to the solutions of some problems. It is also possible to have virtual operator
overloading.

« More importantly, to realize the potential benefits of virtual functions supporting runtime polymor-
phism, they should be declared in the public section of a class.

Review Questions

15.1
15.2
15.3
154

15.5

15.6
15.7
15.8

Describe different methods of realizing polymorphism in C++.

Justify the need for virtual functions in C++.

Why C++ supports type compatibles pointers unlike C ?

State which of the following statements are TRUE or FALSE. Give reasons.

(a) In C++, pointers to int data type can be used to point to float types.

(b) Pointer to base class can point to an object of any class.

(c) Pointer to a class at the top of the class hierarchy can point to any class objects in that

hierarchy.

(d) Virtual functions allows to invoke different function with the same statement.

(e) The sizeof a class having virtual function is the same as that without virtual functions.

() A class with virtual function can be instantiated.

(g) A class with pure virtual function can be instantiated.

(h) A class with pure virtual functions is created by designers whereas, derived classes are
created by programmers.

(i) Specification of a virtual function in the base class and its derived class must be same.

(j) Pure virtual functions postpone implementation of a member function to its derived class.

Create a vehicle class hierarchy with top most base having the following specification:
class vehicle
{
int reg_no;
int cost;
public:
virtual veid start() = 0;
virtual void stop();
virtual void show();

}i
Write a complete program having derived classes such as heavy, lightweight vehicle, etc.
What is runtime dispatching ? Explain how C++ handles runtime dispatching.
What are pure virtual functions ? How do they differ from normal virtual functions ?

What are abstract classes ? Write a program having student as an abstract class and create
many derived classes such as Engineering, Science, Medical, etc., from the student class.
Create their objects and process them.
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What are virtual destructors 7 How do they dif 2c: e
declared as virtual constructors ? Give reasons.

Explain how dynamic binding is achieved by the C- pi i ize of the following
classes:

class x
«
public:
void reaa():

2
class v
¢

public:
virtual void read():

25
class z
<
ine a;
public:

virtual void read():

virtual void show() .
3
1511

‘What are the rules that need to be kept in mind in deciding virtual functions ?
1512

Correct the errors in the following program and include missing components:
class ABC

c a2 = 10
a2.show() ;

)

15.13 Consider an example of book shop which sells books and video tapes. These two classes are
herited from the base class called mecii a. Themedia class has command data members such
ascicle and publicacion. The book class has data members for storing number of pages.
in a book and the tape class has the playing time in a tape. Each class will have member
ctions such as read () and show () . In the base class. these members have to be defined
as virtual functions. Write a which models the class hierarchy for book shop and

processes objects of these classes using pointers o the base class.
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Generic Programming with Templates

16.1 Introduction

A significant benefit of object-oriented programming is reusability of code which eliminates redundant
coding. An important feature of C++ called templates strengthens this benefit of OOP and provides
great flexibility to the language. Templates support generic programming, which allows to develop
reusable software components such as functions, classes, etc., supporting different data types in a
single framework. For instance, functions such as sort, search, swap, etc., which support various data
types can be developed.

A template in C++ allows the construction of a family of template functions and classes to perform
the same operation on different data types. The templates declared for functions are called function
templates and those declared for classes are called class remplates. They perform appropriate opera-
tions depending on the data type of the parameters passed to them.

A C++ function/class is normally designed to handle a specific data type. Often, their functionality
makes sense conceptually with other data types. Considering a class/function as a framework around a
data-type and supporting various operations on that data type, makes sense to isolate the data type
altogether from the function/class. It allows a single template to deal with a generic data type T.

16.2 Function Templates

There are several functions of considerable importance which have to be used frequently with different
data types. The limitation of such functions is that they operate only on a particular data type. It can be
overcome by defining that function as a function template or generic function. A function template
specifies how an individual function can be constructed. The program mswap . cpp illustrates the
need for function templates. It consists of multiple swap functions for swapping different values of
different data types.

// mswap.cpp: Multiple swap functions
#include <iostream.h>
void swap({ char & x, char & y )
{
char t; // temporary variable used in swapping
£ = X;
xX =Y
Yy = t;
}
vaid swap( int & x, int & y ) // by reference

{
int t; // temporary variable used in swapping
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£ = x;
X =¥
Yy = t;

)

Such functions are known as function templates. When swap operation is requested on operands of
any data type, the compiler creates a function internally without the user intervention and invokes the
same.

Syntax of Function Template

A function template is prefixed with the keyword template and a list of template type arguments.
These template-type arguments are called generic data types, since their exact representation (memory
requirement and data representation) is not known in the declaration of the function template. It is

known only at the point of a call to a function template. The syntax of declaring the function template is
shown in Figure 16.1.

template

keyword data types atleast one argument
' must be template type

template <class T, ...> V

ReturnType FuncName (arguments)
{

// body of tmlpla.t.e function

Figure 16.1: Syntax of function template

The syntax of a function template is similar to normal function except that it uses variables whose
data types are not known until a call to it is made. A call to a template function is similar to that of a
normal function and the parameters can be of any data-type. When the compiler encounters a call to
such functions, it identifies the data type of the parameters and creates a function internally and makes
acall to it. The internally created function is unknown to the user. The program gswap . cpp makes use
of templates and avoids the overhead of rewriting functions having body of the same pattern, but
operating on different data types.

// gswap.cpp: generic function for swapping
#include <iostream.h>

template <class T>

void swap( T & x, T & ¥ ) // by reference
{

(o

// template type temporary variable used in swapping

CE I ]
wowou
M

g

}
void main()
{
char chl, ch2;
cout << “Enter two Characters <chl, chi>: *;
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. enz;
“Enter two Characters =chl, ch2=: *;

cin >> chl >> cha;

swap( chl, chz ); // compiler invokes swap( char &a, char &b );
cout << "On swapping <chl, ch2=: * =< chl << * * =< ch2 =< endl:

B
“Enter two integers <a, b>: *;

b)), // compiler invekes swap( int &a, int &b );
cout << "On swapping <a, b>: " << a << " * << b << endl;

cout << “Enter two floats <c,. d>:
cin »> ¢ >> a;

swap( ©, @ ); // compiler invok
cout << "on swapping <c, d>: *

s swap( float &a, floac &b ):

ter two Characters <chl, ch2>: R K
On swapping <chl, ch2>: K R

Enter two floata <e, d>: 20.5
on swapping <c, d»: 99.5 20.5

The above program has three swap functions

whose logic of swapping is same and diffcrs only in terms of data-type. Such functions can be deelared
as asingle function template without redefining them for each and every data type. The C++ template
feature enables substitution of a single piece of code for all these overloaded functions with a single
template function as follows:

templace <clasa T>

void swap{ T & x, T & y ) // by re
«

T €; // template type temporary variable used in swapping
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cin »» chl »» ch2;

swap{ chl, ch2 ); // compiler creates and calls swap( char &x, char &y }:
cout << "On swapping <chl, ch2>: " << chl << " " << ch2 << endl;

int a, b;

cout << "Enter two integers <a, b>: *;

cin »>> a >> b;

swapl a, b ); // compiler creates and calls swap ( int &x, int &y );
cout << "On swapping <a, b>: " << a << " " << b << endl;
float ¢, d;

cout << "Enter two floats <c, d>: ";
cin »> ¢ >> d;
swap( ¢, d ); // compiler creates and calls swap( float &x, float &y );
cout << "On swapping <c, d>: " << ¢ << " " << d;
}

Run

Enter two Characters <chl, ch2>: R K
On swapping <chl, ch2>: K R

Enter two integers <a, b>: 5 10

On swapping <a, b>: 10 5

Enter two floats <c, d>: 20,5 99.5
On swapping <c, d»: 99.5 20.5

In main (), the statement

swap( chl, ch2 );
invokes the swap function with char type variables. When it is encountered by the compiler, it
internally creates a function of type,

swap( char &x, char &y );:
The compiler automatically identifies the data type of the arguments passed to the template function
and creates a new function and makes an appropriate call. The process of handling the template func-
tions by the compiler is totally invisible to the user. Similarly, the compiler converts the following calls
' swap({ a, b ); // compiler creates swap( int &x, int &y );

swap( ¢, d ); // compiler creates swap{ float &x, float &y );
into equivalent functions and calls them based on their parameter data types. Theoretically speaking,
all the data types share the same template function swap. However, the ocmph?- has created three swap
functions operating on char, int, and float.

Invocation of Function Template
The example of the function template for finding the maximum of two data items is given below:

template <class T>
Tmax{ T a, Tb)
{

if{a=>b)
return a;
else
return b;

}
The function template is invoked in the same manner as a normal function as follows:
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x =max(y, z );
However, it is processed differently by the compiler. The compiler creates a new function using its
template and makes a call to it. A function generated internally from a function template is called
template function. Template arguments are not specified explicitly while calling a function template. The
program max1 . cpp demonstrates the method of declaring a function template and its usage.

// maxl.cpp: finding maximum of two data items using function template
#include <iostream.h>
template <class T>
Tmax{( T a, T b )
{
if{a=>b)
return a;
else
return b;
}
void main()

{
// max with character data types
char ch, chl, ch2;
cout << "Enter two characters <chl, ch2>: *;
cin >> chl >> ch2;
ch = max( chl, ch2 );
cout << "max( chl, ch2 ): " << ch << endl;
// max with integer data types
int a, b, c;
cout << "Enter two integers <a, b>: *;
cin >> a >>» b;
c =max( a, b );
cout << "max{ a, b): " << c << endl;
// max with floating data types
fleoat £1, £2, £3;
cout << "Enter two floats <fl, f2>: ";
cin >> £1 >»> £2;
f3 = max( £1, £2 );
cout << "max( f1, £2): " << £3;
}
Bun

Enter two characters <chl, ch2>: A B
max( chl, ch2 ): B

Enter two integers <a, b>: 20 10
max( a, b): 20

Enter two floats <f1l, f2>: 20,5 30.9
max( £1, £2): 30.9

In the above program, the compiler creates as many max () functions as the number of calls to the
function template max (). Once, an internal function is created for a particular data type, all future
invocation to the function template with that data type will refer to it. For instance, the statement

c = max( a, b ); //{ a, b, and ¢ are integers



Chapter 16: Generic Prcgramming with Templates 601

invokes function template max () first time. the compiler creates max () which handles integer data.
Future invocation such as, '

i=max( j, k ) f/ i, j, and k are integers
accesses the function created at the first call since, the data type parameters j and k is the same as that

of the first call. However, if j and k are other than integers, it creates a new function internally and
makes a call to it

Function and Function Template

Function templates are not suitable for handling all data types, and hence, it is necessary to override
function templates by using normal functions for specific data types. When a statement such as
max( strl, scr2 )

is executed, it will not produce the desired result. The above call compares memory addresses of strings
instead of their contents. The logic for comparing strings is different from comparing integer or floating-
point data type. It requires the function having the definition:
char * max(char * a, char * b)
{
return( strcmp(a, b) > 0 ? a : b);
}

If the program has both the function and function template with the same name, first, the compiler
selects the normal function, if it matches with the requested data type, otherwise, it creates a function
using a function template. This is illustrated in the program max2 . cpp.

// max2.cpp: maximum of standard and derived data type items
#include <iostream.h>
#include <string.h>
template <class T>
Tmax({ Ta, T b))
{
if(a>b)
return aj;
else
return b;
}
/! specifically for string data types
char * max( char *a, char *b )
{
if( strcmp( a, b ) > 0 )
return a;
else
return b;
}
void main()
(
// max with character data types
char ch, chl, ch2;
cout << "Enter two characters <chl, ch2>: *;
cin »>> chl >> ch2;
ch = max( chl, ch2 );
cout << *max({ chl, ch2 }): ¥ << ch << endl;
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// max with integer dacta types

. b,
fone ie “Emter two incegers <a. bs

c = max(a, bs
cout << "max( a. b): " << & << endl
with string data types
char scri(20], ser2(20):
-~Ent o strings <serl. scras: -

cin »> serl >> serz;

cout <= "max( strl, str2 ): * << max( strl, str2 ):
3
Hun
Enter two characters <chl, ch2>: & Z

I
be: 5 &
a, Ly 6

Enter two strings <strl, str2>: Ielaswi Baikumar
max ( strl, str2 ): Tejaswi

In main (), the statement

cout << tmax( strl, str2 ): * << max( strl, str2
has the expression.
max( stri, sctr2 )
compiler selects the user-defined normal function instead of creating a new functior . since the
function call is matching with the user-defined function.

Bubble Sort Function Template

Sorting is the used i i in dat These appli-
i ire function 10 sort d i data lypasA Such functions can be declared as
function template and can be used Lo sort data items of any type.

cpp illustrates
the declaration of function template for bubble sort and its use on lnnegeland ﬂonung point data types.

7/ bsortcpp: template functions for bubble-sort

void swap( T & x, T & v ) // by reference

€ // template type temporary variable used in swapping

»
template= cla
void Eemmleserc( T & sorcpata, int size )

boolean swapped = tru
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for{ int i = 0; ( i < Size - 1) && swapped; i++ )
{
swapped = false;
for{ int j = 0; j < ( Size - 1 ) -
if( SortDatal j ] » SortDatal j
{
swapped = true;
swap( SortDatal j ], SortDatal j + 1 ]');

}

void main( void )

{

}

int IntNums([25];
float FloatNums[25];
int i, size;
cout << "Program to sort elements..." << endl;
// Integer numbers sorting
cout << "Enter the size of the integer vector <max-25>: *;
cin >> size;
cout << "Enter the elements of the integer vector..." << endl;
for( i = 0; i < size; i++ )
cin »>> IntNums[il;
BubbleSort( IntNums, size );
cout << "Sorted Vector:" << endl;
for{ i = 0; i < size; i++ )
cout << IntNumsfi] << * *;
// Floating point numbers sorting
cout << "\nEnter the size of the float wvector <max-25>: ";
cin >> size;
cout << "Enter the elements of the float vector..." << endl;
for{ i = 0; i < size; i++ )
cin »> FloatNums([i];
BubbleSort( FloatNums, size };
cout << "Sorted Vector:" << endl;
for{ i = 0; i < size; i++ )
cout << FloatNums([i] << * *;

Bun

Program to sort elements. ..

Enter the size of the integer vector <max-25>: 4
Enter the elements of the integer vector...

8
4
i
(]

Sorted Vector:

1

4 6 8

Enter the sizeé of the float vector <max-25>: 3
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Enter the elements of the f£loat vector...

In main (). when the compiler encounters the statement

RubbleSort ( TntNums, aize ):
it creates the bubble sort function internally for sorting integer numbers: the parameter IntNums is of
type integer. Similarly, when the compiler encounters the statement

BubbleSort ( FloatNums, size ):
itcreates bubble sort function internally ing floati i The plate function
can be used to sort any Other data types. Note that the compiler creates a function internally for a
particular data type only once and if there are more requests with the same data type. the compiler
accesses the old internally created function.

Usage of Template Arguments

Every templ. ified in the templ 5 2 be used as a generic data type for

the definition of the formal parameters. If any of the generic data type is not used in the definition of

formal such function invalid “The use of partial number of

generic data types in a function defining formal parameters is also treated as an error. All the form:
eters need not be of generic type. The following sections show some function templates which

arc invalid declarations:

1. No-argument template function
mplate < clasa T
T pop( void ) 7/ erzor: T is not used as an argument
¢

rerurn *--stack:

2. Template-type argument unused
cemplate < class T >

voic rest( int x ) 7/ exror: T is not used as an argument
¢

T cemp;

/7 .. test sturs

)
3. Usage of Partial mumber of template arguments
template< class T, class U >
void immert( T & x ) // error: U ia not used in the argument
«
U 1PL:
70 test seus
3
The template argument U is not used in argument types, and hence, the compiler reports an error.
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16.3 Overloaded Function Templates

The functions templates can also be overloaded with multiple declarations. It may be overloaded either
by (other) functions of its name or by (other) template functions of the same name. Similar to overload-
ing of normal functions, overloaded functions must differ either in terms of number of parameters or
their type. The program tprint .cpp illustrates the overloading of function templates:

// tprint.cpp: overloaded template functiens
#include <iostream.h>
template <class T>
void print({ T data ) // single template argument
{

cout << data << endl;
}
template <class T>
void print( T data, int nTimes) // template and standard argument
{

for( int i = 0; i < nTimes; i++ )

cout << data << endl;

}

void main()

{
print( 1 };
print( 1.5 );

print( 520, 2 );
print({ "OOP is Great", 3 );
)

Run

1

1.5

520

520

Q0P is Great
OOP is Great
O0OP is Great

In the above program, the templates

void print( T data ) // single template argument

void print( T data, int nTimes) // template and standard argument
overload the function template print (), but each one of these functions is distinguishable by the
number of arguments and the type of the arguments. In main (), the statements

print( 1 );

print( 1.5 );
access the one-argument function template whereas, the statements

print( 520, 2 );

print( "OOP is Great", 3 };
access the two argument function template. Note that in these statements, the required function is
selected based on the number of arguments supplied at the point nf call.
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The compiler adopts the following rules for selecting a suitable template when the program has
overloaded function templates.

[1] Look for an exact match on functions; if found, call it.

[2] Look for a function template from which a function that can be called with an exact match can be
generated; if found, call it.

[3] Try ordinary overloading resolution for the functions; if found, call it.

If no match is found in all the three alternatives, then that call is treated as an error. In each case if
there is more than one alternative in the first step that finds a match, the call is ambiguous and is an error.

A match on a template (step [2]) implies that a specific template function with arguments that exactly
matches the types of the arguments will be generated. In this case, not even trivial type-conversion is
applied while matching a call to a function template.

16.4 Nesting of Function Calls

Recursively designed algorithms will have nested calls to themselves. Their implementation in the form
of function templates will also have recursive calls (calls to itself). The binary search can be imple-
mented by using recursion. It searches for an item in a list of ordered data by applying the divide and
conguer strategy. The program bsearch. cpp illustrates the template based implementation of recur-
sive binary search algorithm.

// bsearch.cpp: binary search function template
#include <iostream.h>
enum boolean {( false, true };
// recursive binary search
template <class T>
int RecBinSearch( T Data[], T SrchElem, int low, int high )
{
if( low > high )
return -1;
int mid = ( low + high ) / 2;
if( SrchElem < Data[mid] )
return RecBinSearch( Data, SrchElem, low, mid - 1 };
else
if( SrchElem > Data[mid] )}
return RecBinSearch( Data, SrchElem, mid + 1, high );
return mid;
}
void main( void )
{
int elem, size, num[25], index;
cout<< "Program to search integer elements..." << endl;
cout << "How many elements ? ";
cin >> size;
cout<<*Enter the elements in ascending order for binary search..."<<endl;
for( irit i = 0;1i < size; i++ )
cin >> num([i];
cout << "Enter the element to be searched: *;
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cin >> elem;
if( ( index = RecBinSearch{ num, elem, 0, size ) ) == -1 )
cout << "Element " << elem << " not found" << endl;
else
cout << "Element " << elem << " found at position " << index;

}
BRun

Program to search integer elements...

How many elements ? 4

Enter the elements in ascending order for binary search...
1

4

&

-

Enter the element to be searched: §

Element 6 found at position 2

Inmain (), when the compiler encounters the expression,
RecBinSearch( num, elem, 0, size ) .

it creates the search function internally. The function RecBinSearch () has recursive calls to itself.
In this case, the compiler will not create a new function instead, it uses the internally created function.

16.5 Multiple Arguments Function Template

So far, all the function templates dealt with a single generic argument. Declaration of a function template
for functions having multiple parameters of different types requires multiple generic arguments, The
program multiple.cpp illustrates the need for multiple template arguments.

// multiple.cpp use of multiple template arguments
struct A
{
int x;
int y;
};
struct B
{
int x;
double y;
}i
template < class T >
void Assign A( T a, T b, A & S1 )
{
51.x
Sl.y

-

a
b
}

template < class T >

void Assign B( Ta, Th, B & S2 )
{

S2.x = a;
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s2.y = b,

void main( veid )
<

Assign_A( 3. 4, S1 s
Assign_B( 3, 3.1415, S2 );//Brror: no match for Assign_B(int, double,B)"

In main (), the statement

ssign B( 3, 3.1415, 52 );
leads to compilation errors, since the is neither having the normal i function
template matching with its parameters data types. Both the L the firsttwo

E he same data.type and mone OF themt matches the above call. The solution 0 the problerm
encountered in the above program is to declare the second template function in the above program as
follows:

templace < class T. clzss U >

void Assign_B( T a, U b, B & 52 )

s2.x = &
s2.y = b

>
The declaration of the function template is the same. except that it has an cxtra argument in the
template-argumes ©. This declaration informs the compiler that the template function
it e argamenis shoutd be Instantintod. The compilcr canis the appropriate
stantiation. Any number of generic data types can be declared, provided all these generic data types
are used in declaring formal parameters. The funclion Assign A can also be declared as follows:

template< class T, class U >

veid Assign_A( T a, Ub, A & 52 )

<

)
sr

x = a
v = b
)
Since the dummy arguments T and U are same in the function call Assian_a. it would be better to
define the function template with a single dummy argument rather than two dummy arguments.
All template arguments for a fus
leads to an error. For

template must be of template type-arguments, otherwise,
stance, the following declaration,

template< class T, unsigned SIZE >

void BubbleSort( T & Data, unsigned SIZE )

)
not allowed. However. such dlowed with class lat
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16.6 User Defi A

n addition to primitive data-types. user defined types can be passed to function templates. Its declara-
tion is same as the function template processing standard data types as illustrated in the program
student.cpp.

// student.cpp: student record and template with user defined data types
#include <i b

atruct stuRec

<

ghax name(30):
e Cel1esecode:

I

template <class T>

void pisplay( T& € )

i

Cout <= t == endl;

ostreamk operator << ( ostream & out, stuRec & s ) N
i

out << *Name: * <<

ge "
out << *College
£

void main( veid )

atuRee a1
Sout =< "Enter seudent record details...® << endl;

Display( sl.collegeCode ); // it in turn calls operator << defined above
ut << "The student record:® << end:
Display( s2 )1

Enter student record details...
Name : Chinamma

e : 18
College Code
The student record:
Name: Chinamma
18
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College Code: A
The student record:
Name: Chinamma

Age : 18

College Code: A

In main{). the statement
Display( sl );
accesses the function template; the statement
cout << t << endl;
in Display () invokes the nver]o:.adcd operator function,
ostreamé onerator << ( ostream & out, stuRec & s )

In the cout statement, when the compiler encounters the user defined data item, it searches for the
overloaded stream operator function and makes a call toit. '

16.7 Class Templates

Similar to functions, classes can also be declared to operate on different data types. Such classes are
called class templares. A class template specifies how individual classes can be constructed similar to
normal class specification. These classes model a generic class which support similar operations for
different data types. A generic stack class can be created, which can be used for storing data of type
integer, real, double, etc. Consider an example of a stack (modeling last-in-first-out data structure) to
illustrate the need and benefits of class templates. The class declaration for stacks of type character,
integer, and double would be as follows:

class CharStack
{
char array[25]; // declare a stack of 25 characters
unsigned int top;
public:
CharsStack() ;
void Push{ const char & element });
char Pop( wvoid };
unsigned int GetSize( void ) const;
}i
class IntStack
{
int array(25]; // declare a stack of 25 integers
unsigned int top;
public:
IntStack();
void Push( const int & element );
int Pop{ void );
unsigned int GetSizel( void ) const;
}:
class DbleStack
{
double array([25]; // declare a stack of 25 double
unsigned int top;
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public:
DbleStack();
void Push( const double & element );
double Pop( veid )
unsigned int GetSize( void ) const:

¥
As seen in the above three declarations, a scparate stack class is required for cach and every data
pe. Te enables of code for all the three declarations of stacks with
a single wmplaw class as follows:
template < class T >
clace Davastack
«

T arrav(25]; // declare a stack of 25 <lements of data type T
unsigned int top:
public:

unsigned int GetSize( veid ) comst;

¥
The syntax of declaring class templates and defining objects using the same is shown in Figure 16.2.
Thy it template impli platc data

functions.
template datatypes T1, TZ....
template <class T1, class T2, ...>

class ClasaName
<

// daca items of template type T1
T1 aacal

of 1
void funcl (T1 a, T2 &b);

T fune2 (T2 Tk, T2 *y):

Figure 16.2: Syntax of class template declaration

The prefix template <class T> specifies that a template is being declared, and that a ype-narme
T will be used in the In isa class with T as its
generic data type.

Any call to the template functions and classes, needs to be associated with a data type or a class.
The compiler then instantiates a copy of the template function or template class for the data type
specified. The syntax for creating objects using the class templates is shown in Figure 16.3.

A statement to create an object of type stack that can hold integers is as follows:

Datastack <int> stack_int; // stack of integers
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Gatatype to be substituted
type

for template datar

ClassName <char> objectl
ClassName <int> chjact2;

ClassMame <some_other_class> objects;

Figure 16.3: Syntax for class template instantiation
Similarly. objects those hold characters, floats, and doubles can be created by the following statements:
¢/ stack of characters
Datastack <float> stack_float: 77 atack of fle.

Darastack Sheubies stack.doumie: /) Stack or acubies
However, the usage of these stack objects is similar to those of normal objects. For instance, to push the
integer value 10 into the stack_int object, the following statement is used:
tack_int.push( 10 )

Template Arguments

A template can have character strings. function names, and constant cxpressions in addition to tem-
remplate to Mustrate, how the compiler handles the

pla
creation of objects u<lng class templates:
template <class T, int size»
class myclass
«

T arc(sizel;

2
The value supplied for a non template type 2 t must be a constant i s value must be
known at compile time. When the objects of the class template are created using a statement such as
myclass <fleat,10> newl;
the compiler creates the following class:
ass myclass

£loa:

arr(101;

2
Again if a statement such as,

lass <int, 5= new2;
encountered for creating the ohject new2, the compiler creates the following class:

class myclass
€

int arr(s):

Member Function Templates
A member function of a template class is implicitly treated as a template function and it can have
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template arguments which are the same as its class template arguments. For instance, the class template
DataStack has the member function,

void Push( const T &element };

The parameter element is of type template-argument. Its syntax when defined outside is as follows:
template <class T>
void DataStack <T=>::Push( const T &element )i

The syntax for declaring member functions of a template class outside its body is shown in Figure 16.4.

template <class T1, ...=>
class BaseClass
{
// template type data and functions
void fanel(Tl a);
}i
template <class T1, ...>
void ClassName <T1,...>::funcl(Tl a)
{ .
// function template beody
HE

Figure 16.4: Syntax for declaring member function
of class template outside its body

The program vector.cpp illustrates the declaration of the vector class and its usage in
defining its objects. It has a data member which is a pointer to an array of type T. The type T can be int,
float, etc., depending on the type of the object created,

// vector.cpp: parametrized vector class
#include <iostream.h>

template <class T>

class vector

{
T * v; // changes to int *v, float *v, ..., etc
int size; // size of vector w
public:

vector( int vector_size )
{
size = vector_size;
v = new T[ vector_size ]; // v = new int([ size ],

}
~vector()
{
delete v;
}

T & elem( int i )

if( 1 >= size )
cout << endl << "Error: Out of Range";
return v([il;
}
volid show();
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cemplate <class T
veid vecteoreTs::show()
for( int 1 = 0; 1 < size: i++ )
cout << eleme 3 ) << . ":
3
void main()

vector -ints
vector <float> float_vect('4 )y

nt_vect( 5 )

i+ 1.5

) s
cout =< endl << *Floating Vector
floac_vect.show()

Tnteger Vector: 1, 2, 3, 4, 5.
Floating Vector: 1.5, 2.5, 3.5, 4.5,
Note that the class template specification is very much similar to the ordinary class specification
except for the prefix,
late <class T

and the use of T in the place of data-type. This prefix informs the compiler that the class declaration
following it is & (emplate and uses T as & type name in the declaration. The type T may be substituted
by any data type including the user defined types. In main () . the statement.

vector <inc> int vect( 5 ):

vector <fleats> fleat_veet( 4 );
creates the vector objects int_vect and £1oat_vect to hold vectors of type integer and floating
of class 1 the use of those objects is the same as the

point
non-template class objects.
Class Template with Muitiple Argumem-

by data type or user defined data classes. The
ed in angular braces <>. The syntax for instanating class template is as follows:

The
data type is spe

TemplateClassName < typel, type2 > instance( arguments ):

The instantiation specifiex she ohjects of specified data type. If 2 different data type s to be specified,
a new declaration statement must be u:

- with multiph is similar o the funcri late with

multiple Hows need not be of
strings. addresses of Sojects ...d fanctions with external linkage, static class members, and constant
c
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template < class T, unsigned SIZE >
class StackN
{
protected:
T Array[SIZE];
unsigned int top;
public:
Stack20( ) { top = 0; }
void Push( const T & elem ) { Array{ top++ ] = elem; }
T Pop( void ) { return Array[ --top ]; }
int GetSize( void ) const { return top+l; }
T & GetTop( void ) { return Array[topl; }
}i
The declaration of the class template StackN is preceded by,
template < class T, unsigned SIZE >

as before, except that it has two arguments. The second argument is an (typed) unsigned argument.
Making SIZE an argument of the template class St ackN rather than to its objects, infers that the sizes
of class Stackn is known at compile time so that class StackN can be fully declared at compile time.
The class template StackN with a variable stack size can be instantiated by specifying the size in the
argument list. This makes a template, such as Stackn, useful for implementing general purpose data
structure. The above declarations provide the user freedom to define many instances of the class
StacknN, each.operating on different data-types and of variable size. The following statements define
objects of the class template StackN for storing integers and characters respectively.

StackN < int, 20> Intstk;

StackN < char, 50 > Chrstk;
A known type argument in the template class (second argument in the above case) must be a constant
expression (evaluated at the compile time) of the appropriate type.

The list allows insertion operation at the front and deletion operation at the end of a list. The list
class can have any number of template data elements, as shown in the following declaration,
template< class R, class S, class T >
class SnglList
{

private:

R data_1l;
S data_2;
T data_3;
public:
SnglList< R, S, T > *next;
SnglList( wvoid ) { next = NULL; }
friend ostream & operator<<( ostream &, SnglList< R, S, T >
friend istream & operator>>{ istream &, SnglList< R, S, T >

The objects of class templates having multiple arguments can be created as follows:

SnglList <int, float, double> node;
SnglList < int, unsigned, double > *Root, *End;
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16.8 Inheritance of Class Template

A combination of templates and inheritance can be used in developing hierarchal data structures such
as container classes. A base class in a hierarchy represents a commonality of methods and properties.
Use of templates with respect to inheritance involves the following:

« Derive a class template from a base class, which is a template class.

+ Derive aclass template from the base class, which is a template class, add more template members in
the derived class.

+ Derive a class from a base class which is not a template, and add template members to that class.

+ Derive aclass from a base class which is a template class and restrict the template feature, so that the
derived class and its derivatives do not have the template feature. -

The template features provided.in the base classes, can be restricted by specifying the type, when
the class is derived. All the arguments in the template argument list of the base class have to be replaced
by predefined types. In such a case, the derived class does not inherit the template feature, but is just
a class of specified data rype stated at the point of inheritance declaration. The syntax for declaring
derived classes from template-based base classes is shown in Figure 16.5.

template <class T1, ...>
class BaseClass

{
// template type data and functions
} "l
' datatype for template
in base class
template <class T1, ...> \V/

class DerivedClass : public BaseClass <Tl, ...>
{
// template type data and functions

}i
Figure 16.5: Syntax for inheriting template base class

The class deriving a template type base class can be a normal class or a class-template. If a new
derived class is a normal class, the data-type of template arguments to the base class must be specified
at the point of derivation. Otherwise, template arguments type specified at the point of instantiation of
a class template can also be passed.

Consider an example of declaring the template class Vector. Itinherits all the properties from the
base template class sVector. The derived template class Vector is still a static vector containing
twenty elements. Member functions that perform insert, delete and search are added to the derived
class. The member functions have the prefix <template class T>, since the derived class oper-
ates on the undeclared type T. The specification of a new template class created by inheriting another
template-based base class is given below:

template< class T >
class Vector : public sVecter< T >
{

readl);
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i
The member funciions defined with its class body have the same syntax as members of non-template-
type classes. However. member function defined outside the body of a class. for instance. has
ollowing specificatipn:

cemplace ~class T
148 Veeror<rs:iread(:

.../ pPody of the read()

Note that, the member functions of aclass-template are reated as function-emplate type
class Vector can be instantiated as follows

1bers. The

vector <inth vis
In this case, the int speeified in angular bracket is first a
class and then the same is also passed 1o its base class.

signed 1o generic data type in the Vactor

A derived class of a templare based base class is not necessarily templare derived class. That is. the
non-template-based derived classes can also be created from the template-based base classes. In
case, the undefined template argument T has to be specified during derivation, for instance. as follows:
class Vector : public sVectors int >
€

I
It creates a new class called Vectox from the template-based base class sVector. The int is passed
as template argument type (o the base class.
“The program union. cep illustrates the mechanism of extending the class template Bag by using
the feature of inheritance. In this case, a new class template Set is derived from the existing class
without any modifications. A deri s inherits all the ies of the
class template Bag and extends itself by adding some more features of its OWn 10 SUPPOTt set assign-
ment and union operation.

// union.epp: Union of sets. Set class by inheritance of Bag claas
#include =iostream.h»
enum boolean { FALSE. TRUE ):

T -

comst int MAX_ITEMS = 25; // Maximum number of items that the bag can hold
templace <class T>
class bag
<
protected: // Wote: not private
contents[MAX_ITEMS); // bag memory area
int ItemCount; // Numbar of items present in the bag
public
Bag ) 7/ no-argument comstructor

ItemCount = O /7 Wnen you purchase a bag, it will be smpty
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void put{ T item ) // puts item into bag
{
contents | ItemCount++ ] = item; // item into bag, counter update
}
boolean IsEmpty() i/ 1, Lf bag is empty, 0, otherwise
[
return ItemCount == 0 ? TRUE : FALSE;
}
boclean IsFull() f4 1, 1f bag is full, 0, cctherwise
{

return ItemCount == MAX_ ITEMS 7 TRUE : FALSE:;
}
boolean IsExist{ T item );
void show();
}i
// returns 1, if item is in bag, 0, otherwise
template <class T>
boolean Bag<T>::IsExist({ T item )
{
for{ int i = 0; 1 < ItemCount; i++ )
if( contents(i] == item )
return TRUE;
return FALSE:
}
/4 display contents of a bag
template <class T>
void Bag<T>: :show()

{
for( int i = 0; i < ItemCount; i++ )
cout << contents|i] << * *;
cout << endl;
1

teamplate <class S>
class Set: public Bag <S>
{
public:
void add( S element )
{
if( 'IsExist( element ) && !'IsFull() )}
put ( element };
}
void read();
void operator = (Set sl};
friend Set operator + { Set sl, Set s2 };
}:
template <class 5>
vaid Set<S>::read()
{
S element;
while( TRUE )
{



»
)

cout
ife
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"Enter Set Element <8- ends:
>> elemencs
element == 0 )

braak

elemenc ):

template <class s>

veid Set<s

i

operator = ( set <s> 22 )

i = s2.ItemCount; i+s )

a2.contentalil;

template <class s
Seces> operator + ( Set <S> s1, Set <S> s2

¢

Ser <5> temp:

'_
ir

For( i

1£¢

recurn(

)

copy all elements of s

s1;
copy those elements of set s2 into T
nt =0

1 < s2.TtemCount;

151, IsExist( 52.contents(i] ) )
— s2.contents [

cemp )

void main()
¢

Set <int> s=1;
Sec <int> s2;
Sec <int> s3
cout <<

sl.zead()

s2.read();
s3

1

)

et 51 to temp
emp. those not exist in set sl

7/ if element of 52 is not in sl
copy the unique element

“Enter Set 1 elements ..= << endl:

“Enter Set 2 elements

<< endl;

cout << endl << "Union of sl and 82 : ";
s3.show() s // uses Bag::show() base

set

1 elements

PhuNE

Element <0

class

619
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Enter Set Element <0- end>: 4
Enter Set Element <0- end>: 5
Enter Set Element <0- end>: §
Enter Set Element <0- end>: 0
Union of 51 and 82 : 1 2 3 4 5 6

In the above program, the template class Set has its own features to perform set union by using the

member functions of the class Bag. The statement

template <class S>

class Set: public Bag <S>
derives the new template class Set known as derived class from the base class Bag. The base class
Bag is publicly inherited by the derived class Set. Hence, the members of -Bag class, which are
protected remain protected and public remain public, in the derived class Set. The Set class can treat
all the members of the Bag class as they are of its own. The derived class Set refers to the data and
member functions of the base class Bag, while the base class Bag has no access to the derived class
Set,

16.9 Class Template Containership

The usage of delegation (containership) with templates allows to build powerful programming compo-
nents (data structures). It refers to having an object of one class contained in another class as a data
member. The container class (i.e., a class that holds objects of some other type) is of considerable
importance when implementing data structures. Inheritance supports the is-a relationship whereas
containership supports the has-a relationship. The program tree.cpp illustrates the use of
containership in building an unbalanced binary tree. It has two classes TreeNode and BinaryTree.
The first class represents the node structure of a binary tree where as the second class represents the
set of operations which can be performed on a tree. The class TreeNode has two pointers to objects
of its own which serve as the pointers to child nodes. The class BinaryTree has a pointer to the root
node of the tree, which is an instance of the class TreeNode and thus delegating node handling
issues to the TreeNode class.

// ftree.cpp: Binary Tree Operations (create, print, traverse, and search)
#include <iostream.h>

#include <stdioc.h>

template <class T>

class TreeNode

{

protected:
T data; /* data to be stored in a tree */
Treelode <T> *left; /* pointer to a left sub tree */
TreeNode <T> *right; /* pointer to a right sub tree */
public:
TreeNode | const T& dataln)
{
data = datalIn;
lefr = right = NULL;
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TreeNode ( const T& dataln, TreeNode <T»> *1, TreeNode <T> *r )
{
' data = dataln:
left = 1;
right = r;
}
friend class BinaryTree <T>;
}i
template <class T>
class BinaryTree
{
protected:
TreeNode<T> *root;
TreeNode<T> *InsertNode( TreeNode <T> *root, T data );
public:
BinaryTree()
{
root = NULL;
}
void PrintTreeTriangle( TreeNode <T> *tree, int level );
void PrintTreeDiagonal ( TreeNode <T> *tree,-int level };
void PreOrderTraverse( TreeNode <T> *tree );
void InOrderTraverse( TreeNode <T> *tree };
void PostOrderTraverse( TreeNode <T> *tree );
TreeNode <T> * SearchTree( TreeNode <T> *tree, T data ):
vaid PreOrder()
{
PreQrderTraverse( root };
}
void InOrder()
{
InCOrderTraverse( root );
}
void PostOrder()
{
PostOrderTraverse( root );
}
void PrintTree( int disptype )
{

if( disptype == 1}
PrintTreeTriangle( root, 1);
else

PrintTreeDiagonal ( root, 1);
}
void Insert({ T data )
{
root = InsertNode{ root, data };
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TreeNode <T> * Search( T daca )
<

return Searchrree( root, data );

i

/7 insert ‘data‘ into tree
template <class Tx
TrecNodwsT= * BinaryTree<T=

/7 Post Order Traversal
template <class T>
void Bi <

if( cree )
«

PostorderTraverse( tree->left )
PostOrderTraverse( tree->right ):

InsertNode( TrweNode =T> *Lree. T data )
cout << tree->data << - *: // Process node

/% Ta mree NULL *s

iE( teres )

«
eree

return( tree

)

/= 1s data less than the parent element */
Sif( data < tree->data
>left = InsertNode( tree->left, data );

S£( Aata > tree--daca )
o->right - InsertNode( tree->right. data )

)
// Tree printing in Triangle Form
template <class

void Bi apri iangle (

«

new TreeNode<r>( data, NULI

. NuLn ) :

Sif( tree )
«

printTreeTriangle ( tree->right, levelsl )
con “\ne:

for( int i ’O: i = level; ies )
out << - 5

cout << tree->data;
PrintTreeTriangle( tree->left, levelsl ):

/* data already exists "/
ee )

)
// Preorder Traversal
templace <claas T>

)
// Tree Printing in Diagonal Form
template <class T:

vaia yTree cpri 5 14

voia
¢
10 txree

cout << Eree->data <<
Preczde
PreorderTraverse( trec->right ):

)

// In order Traversal
template <class T>
void BinaryTree<Ts

«
if( eree

PostorderTraverse( tres-=left );
cout << tree-~data << * -; // Process node
PostOrdertraverae( tree >right ):

oo se( Tre <T> tree )
«
) i£( tree )
«
cout << *\n-:
for( int i = 0r i < level: ivs )

// Process node
rTraverse( tree->left )

cout <= tree->dat.
PrincTreebiagonal ( tree->left, levelsl ):
PrintTreeDiagonal( tree->right. levelsl ):
>
:InOrderTraverse ( TreeNode <T> *tree ) !
// search for data item in the tree
template <class T
1> + Bi

>

<T> vtree )
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<T> *tree, int level )

<T> ttree

<T tree,

while( tree )
3

/% Is Aacta less than the parent element */
arg )

int level )

T data )
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/* Is data greater than the parent element */
if( data > tree->data )
tree = tree->rights-"
else
return( tree );
}
return( NULL );
1
void main()
{
float data, disptype;
BinaryTree <float> btree; // tree's root node
cout << "This Program Demonstrates the Binary Tree Operations" << endl;
cout << "Tree Display Style: [1] - Triangular [2] - Diagonal form: *;
cin »>> disptype;
cout << "Tree creation process..." << endl;
while( 1
{
cout << "Enter node number to be inserted <0-END>: *;
cin >> data;
if( data == 0 )
break;
btree.Insert( data );
cout << “Binary Tree is...";
btree.PrintTree( disptype );
cout << "‘\n Pre-Order Traversal: *;
btree.PreOrder|();
cout << *\n In-Order Traversal: *;
btree.InOrder();
cout << "\nPost-Order Traversal: ";
btree.PostOrder();
cout << endl;
}
cout << "Tree search process...* << endl;
while( 1 )
{
cout << "Enter node number to be searched <0-END>: *;
cin >> data;
if( data == 0 )
break;
if{ btree.Search( data ) )
cout << "Found data in the Tree®" << endl;
else
cout << "Not found data in the Tree" << endl;

}
Run

This Program Demonstrates the Binary Tree Operations
Tree Display Style: [1] - Triangular [2] - Diagonal form: 1



Tree creation process...

Enter node number to be
Binary Tree is. ..
5
Pre-0Order Traversal: 5
In-Order Traversal: 5
<45t -Order Traversal: &
inter node number to be
3inary Tree is. ..
3
Pre-Order Traversal: 5
In-Order Traversal: 3
Post-Order Traversal: 3
Enter node number to be
Binary Tree is...
8
5
3
Pre-Order Traversal: 5
In-Order Traversal: 3
Post~-Order Traversal: 3
Enter node number to be
Binary Tree is...
B
5

2
Pre-Order Traversal: 5
In-Order Traversal: 2
Post-Order Traversal: 2
Enter node number to be

Binary Tree is...

9

8

2

Pre-Order Traversal: 5

In-Order Traversal: 2
Post-Order Traversal: 2
Enter node number to be
Tree search process...
Enter node number to be
Found data in the Tree
Enter node number to be
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insertced

inserced

3
5
5
inserted

3
5
8

u o o

inserted

328
358
3865
inserted

3
3
3

(F= S ]
wom o

8
9
8
inserted

searched

searched

Not found data in the Tree

Enter node number to be

searched

<0-END>: 5
<0-END>: 3
<0=END>: B
<(-END>: 2
<()=-END>: 9§
<0-END>: 0
<0-END>: 8
<0-END>: 1

<0-END>: Q

625
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16.10 Class Template with Overioaded Operators

The class template can also be declared for a class s . The
syntax for declaring operator overloaded functions is the same as class template members and over-
loaded functions. The class template with operator overloading will allow o nuly extend the language
and at the same time retaining the ility of obsj ion code. Tk comples.cpp
illustrates the overloading of the + operator in the Py Lemplate compl ax. 1 this case. he members
of the complex number (real and imaginary) can be any of the standard data types.

s i : 1 <lass fox overloaded complex class
¥include <iostream.h~

class
«
privacte:
T reals /7 real part of complex number
T imag: /7 imaginary part of complex number
public:
complex () /7 mo argument constructor
«

zeal = imag = 0.0

void getdata() // read complex number
§

complex opwrator + ( complex o2 )i // lex addition
void outdata( char =msg 7/ aieplay complex number
«

cour << myg << *(* << zmal:

cout =< *, * <= imag == ")

)

3y:

template <class T

complex <T> complex<T»::operator + ( complex <T>c2 )
«

complex <T> temp: /7 object temp of complex class
temp.rwal = real + c2.real; /4 add real part:

imag = imag + c3.imag; 7/ 304 imaginary pa:
return( temp ) 77 Eaturn Sompiex obiect

)
void main()
i

complex <imc> cl. 3. o3; // incteger complex objects
cout << "Addition of integer complax objects nal;
cout =< "Enter complex numbe:
cl.getdaca();
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cout << "Enter complex number c2 .." << endl;
c2.getdatal();

c3 = cl + c2; // integer addition

c3.outdata("c3 = cl + €2: * ); // display result
complex <float> cd4, c5, c6; // integer complex cbjects
cout << "Addition of float complex cbjects..." << endl;
cout << "Enter complex number cd4 .." << endl;
c4d.getdata();

cout << "Enter complex number c5 .." << endl;

c5.getdatal();

c6é = cd + c5; // floating addition

cb.outdata("c6 = c4 + c5: " }); // display result
}

Run

Addition of integer complex objects...
Enter complex number cl ..

Real Part ? 1

Imag Part ? 2

Enter complex number c2

Real Part ? 3

Imag Part ? 4

cl =c¢cl + c2: (4, B)

Addition of float complex objects...
Enter complex number c4

Real Part ? 1.5

Imag Part ? 2_,_5,'

Enter complex number c5 ..

Real Part ? 2.4

Imag Part ? 3,7

cb = cd + c5: (3.9, 6.2)

In main(), the statements
complex <int> cl, c2, c3; // integer complex objects
complex <float> cd, <5, c6; // integer complex objects
when encountered by the compiler, it creates two complex classes internally forhandling numbers with
integer and real data type members and instances of those classes. The statement

cd = ¢l + c2; // integer addition
performs integer operation on complex objects, and the statement
c6 = cd + c5; // floating addition

performs floating-point operation on complex objects.

Review Questions

16.1 What is generic programming ? What are its advantages and state some of its applications 7

16.2 Whatis a function template ? Write a function template for finding the largest number in a given
array. The array parameter must be of generic-data types.

16.3 Explain how the compiler processes calls to a function template.

16.4 State whether the following statements are TRUE or FALSE. Give reasons.
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16.5
16.6
16.7
16.8

16.9

16.10

16.11

16.12

Mastering C++

(a) generic-data type is known at runtime.
(b) function templates requires more memory space than normal function.
(c) templates are processed by the compiler.
(d) Special mechanism is required to execute function templates.
(e) The compiler reports an error if any one of the generic data-type indicated in template-type
list is unused for defining formal parameters.
(f) A derived class of a template-based base class is not necessarily template derived class.
(g) Overloaded operator fuiictions can be function templates.
(h) The syntax for defining objects of a class template is slightly different from the definition of
the normal class’s objects.
(i) Parameters to constructors can be of template type.
What is a class template ? Explain the syntax of a class template with suitable examples,
Explain how the compiler processes calls to a class template ?
Explain the syntax for inheriting template-based superclass. Note that the derived class can
again be a template-based or non-template-based. Illustrate with suitable programming examples.
Write a template-based program for adding objects of the Vector class. Use dynamic data
members instead of arrays for storing vector elements.
Write a program for manipulating linked list supporting node operations as follows:
node = node + 2; node = node - 3;
Node <int> *n = nodel + nodel;

The first statement creates a new node with node information 2 and the second statement
deletes a node with node information 3. The node class must be of type template.
Write an interactive program for creating doubly linked-list. The program must support ordered
insertion and deletion of a node. The doubly linked-list class must be of template type.
Design template classes such that they support the following statements:

Rupee <float> rl, r2;

Dollar <fleoat> d1, d2;

dl = r2; // converts rupee (Indian currency) to dollar (US currency)

r2 = d2; // converts dellar (US currency) to rupee (Indian currency)
Write a complete program which does such conversions according to the world market value.
Consider an example of book shop which sells books and video tapes.It is modeled by book
and tape classes. These two classes are inherited from the base class called media. The
media class has common data members such as title and publication. The book class
has data members for storing a number of pages in a book and the tape class has the playing
time in a tape. Each class will have member functions such as read () and show (). In base
class, these members have to be defined as virtual functions. Write a program which modeis this
class hierarchy and processes their objects using pointers to base class only. (Use virtual
functions and all classes must be template-based.)
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Streams Computation with Console

In general, there are several kinds of streams 1o [orm physical entitics such s streams of water (rivers),
srcams of electrons (electricity), steams of cars (u d sueams of characters (messuge packen.
The notion of streams and streams red through the of ariver. It
may be the Amazon river flowing into the Atlantic occan as shown in Figure 17.1. Drops of water
collectively form a continuous stream. Streams join to form a river. Looking over the upper river area to
the lower river area, streams converge into one stream <o that a tree of sreams is formed. Whose root
stream goes into the ocean. One drop from one branch stream may reach the ocean a slightly carlier or
later than another in a different branch stream.

Water drops

Figure 17.1: Streams of water drops flowing into ocean

17.1 What are Streams ?
Every program must go through the process of inpier-compitation-output flow so that it can take some
data as input and generate the processed data as output. It necessitates the need for a mechanism.
which supplies the input data (0 a program and presents the processed data in the desired form. In th
cariier chapters. the input and output operations were performed using < in and cout with the siream
. Streams handling I/O operations are different from ANSI C func-

ons. Ca-+ supports a wide variety of features to control the way data is read and the output is
presentcd

C++ uses the concept of streams to perform 1O ions with le and disk

files. The stream classes supporting console-based input and output operations are discussed in this
chapter and those supporting file-based input and output operations are dic=ussed in the next chapier.
Se-cams Computation with Files.
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Cos streams deal with a sequence of characters and hence. ocean in the above figure can be
visualized as an object or a receiver and each drop of water as a character, flowing into the ohject
ms are classified into input streams and output streams. Streams resemble the prodiecer and
consumer madel. The producerp s items 10 be the e producers and
are by the C++ > or <<. In C++. the VO system is designed to operate
ona wide variety of devices including console. disks, printer etc. It is designed to provide a consistent
and device independent interface. Tt allows uniform use of any /0 device—he it a disk, a terminal, or a
printer as shown in Figure 17.2a. The computer resources involved in the stream compuration include
display. keyboard. files. printer. etc. The sweam is an object flowing from one place 1o another. For
instance. in nature, a stream normally refers to the flow of water from the hills to the oceans. Similarly, in
Cer. a stream is used to refer o the flow of data from a particular device to the program s variabl
device here refers to files. memory arrays. keyboard, console, and so on. In C++. these streams are
wreated as objects (o SUPPUTL comsistent access interface.

Monitor @

rrimer
o

(@) Consistent stream interface with devices

Input stream

from input

Output Pt
device
(b) Data streams
Figure 17.2: C++ streams
Some of the ab i of either ser or a consumer and others

exibit the characteristics of both the producer and consumer depending on the operations performed
5n them. For instance, the keyboard exhibits the nature of only a producer; printer or monitor screen



Chapter 17: Steams Computation with Console 631

exhibit the nature of only a consumer. Whereas, a file stored on the disk, can behave as a producer or
consumer depending on the operation initiated on it. The stream model of C++ is shown in Figure 17.2b.

A stream is a series of bytes, which act either as a source from which input data can be extracied or
as a destination to which the output can be sent. The source stream provides data to the program called
the input stream and the destination stream that receives data from the program is called the output
stream.

What are C++ Streams ?

The C language supports an extensive set of library functions for managing VO operations. Every C
programmer is familiar with princf, scanf, puts, gets, fopen, fwrice, fread. fscanf,
fclose, and related I/O functions defined in the header file stdiec . h. These functions have served
programmers very well, but they are inadequate and clumsy when used with object-oriented program-
ming. For instance, the user cannot add a new format either for print£ or scanf function to handle
the user-defined data type. Further, the stdio . h functions are inconsistent in parameter ordering and
semantics.

In C++, streams with operator overloading provide a mechanism for filtering. The standard stream
operators << and >> do not know anything about the user-defined data types. They can be overloaded
to operate on user-defined data items. Overloaded stream operators filter the user-defined data items
and transfers only basic data items to the standard stream operators. Consider the following statements
to illustrate the streams capability:

cout << complexl;

cin »>> complex2;
The data-items complex1 and complex2 are the objects of the complex class. The operators »> or
<< do not know anything about the objects complexl and complex2. These are overloaded in the
complex class as member functions, which process the attributes of complex objects as basic data-
items. Collectively, it appears as if the stream operators operate even on objects of the complex class,
This illusion is made possible because of the feature of overloading the stream operators.

The C++ language offers a mechanism which permits the creation of an extensible and consistent
input-output system in the form of streams library. It is a collection of classes and objects which can be
used to build a powerful system, or modified and extended to handle the user-defined data types. There
are different classes for handling input and output streams, as also for streams connecting different
devices to the program. C++ streams are also treated as filters, since they have capability to change the
data representation from one number system to another when requested.

17.2 Predefined Console Streams

C++ contains several predefined streams that are opened automatically when the execution of a pro-
gram starts. The most prominent predefined streams in C++ are related to the console device. The four
standard streams cin, cout, cerr, and clog are automatically opened before the functionmair. ()
is executed; they are closed after main () has completed. These predefined stream objects (are de
clared in iostream.h) have the following meaning:

cin  Standard input (usually keyboard) corresponding to stdinin C.

cout  Standard output (usually screen) corresponding to ~<dout in C.
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cerr Standard error output (usually screen) corresponding to stderr in C.
clog A fully-buffered version of cerr (no C equivalent).

The stream objects cin and cout, have been used extensively in the earlier chapters. It is known
that cin (console input) represents the input stream connected to the standard input device and cout
(console output) represents the output stream connected to the standard output device. The standard
input and output devices normally refer to the keyboard and the monitor respectively. However, if
required, these streams can be redirected to any other devices or files.

Comparison of I/O using C’s stdio.h and C++'s iostream.h
The functions declared in the header file, stdio.h such as printf, scanf, elc., require the use of
format strings. Consider an example of displaying the contents of the integer variable on the console to
illustrate the flexibility offered by the C++ streams. If the variable i were to be defined by the statement
int i;
then the print £ statement to display the value of the variable i would be,
printf("%d", 1i);
and the statement to read data would be,
scanf("%d", &i);

Consider a situation in which the printf or scanf statement occurs at several places in a
program. Suppose the program specifications are changed, and it is decided that the variable i must
hold larger values, the definition of i would be changed to,

long i;
The user is now left with the thankless job of searching for all the statements that read or display the
variable i and replacing %4 by $1d in the format strings. On the other hand, in C++, the iostream.h
functions are overloaded to take care of all the basic types. For instance, the statements

cout << i;

cin >> 1;
will work correctly without the need for any modification irrespective of the data type of the i variable.
The stream based /O operations can be performed with variables of all the basic data types such as
¢ har, signed char, short int, long, etc. In addition to these, the << and >> operators are
« erloaded to operate on pointers to characters also (for performing input or output with the NULL
1 rminated strings). The traditional beginner’s C program is usually called "Hello World" and is listed in
the program hello.c.

/* hello.c: printing Hello World message */
#include <stdio.h>
void main(}
{
printf( "Hello World" );

» -

Hello World

The standard function printf () is in the C library that sends characters to the standard output
device. The Heilo World program will also work in C++, because C++ supports ANSI-C function library.
A new C++ program that does the same operation as C's Hello World is listed in hello. cpp.
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// hello.cpp: printing Hello World message
#include <iostream.h>
void main()
{
cout << "Hello World";
}

Bun

Hello World

The header file, iostream.h supporis streams programming features by supporting predefined
stream objects. The C++'s stream insertion operator, << sends the message Hello World to the
predefined console object, cout which, in turn, prints on the console.

Output Redirection
The output generated by cout can be redirected to files whereas, that generated by cerr and clog
cannot be redirected. That is, the following on the command line,

shell: hello > outfile

redirects console output to the file named cutfile. The output file contains only those messages
generated by cout but not by cerr and clog. They always redirect to console as illustrated in the
program redirect.cpp.

// redirect.cpp: printing Hello World message
#include <iostream.h>
void main()
{
cout << "Hello World with cout\n";
cerr << "Hello World with cerr\n";
clog << "Helle World with clog\n";

[y

Run
Hello World with cerr
Hello World with cleg

Note: The program is executed by issuing the following command at the shell prompt:
redirect > outfile

On execution, the messages shown at RUN appear on the console whereas the first messageHello
World with cout is stored in the file cutfile.

The main advantage of using iostream.h functions over the stdio.h functions is data-inde-
pendence; the freedom to write code without worrying too much about the variable types. Mixed usage
of stdio and the st ream class functions to perform output is not advisable. This is because they use
different buffers and the order in which the output appears may not conform to the order in which the
output statements appear in the program.

Features of cin and cout

Before examining the facilities available with cout and cin, itis useful to know that the objects cin
and cout are instances of certain classes defined in iostream.h. The object cout is an instance of
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class ostream_withassign, which is derived from the superclass ostream. Hence, effectively
cout has the functionality of the class ostream. Similarly, cin an instance of the class
istream_with_assign has the functionality of the class istream.

17.3 Hierarchy of Console Stream Classes

The C++ input-output system supports a hierarchy of classes that are used to manipulate both the
console and disk files, called stream classes. The stream classes are implemented in a rather elaborate
hierarchy. The knowledge of C++'s input and output stream class hierarchy will result in the potential
utilization of stream classes. Figure 17.3, depicts hierarchy of classes, which are used with the console
device.

»| streambuf *bp =

ios
& strstreambase: :buf
3 h
pointer
istream | Istreambufi ostream |
input T output

[ iostream '

iostream_withassign|

—

istream_withassign ostream_withassign

Figure 17.3: Hierarchy of console stream classes

The iostream facility of C++ provides an easy means to perform I/O. The class istream uses
the predefined stream c in that can be used to read data from the standard input device. The extraction
operator >>, is used to get data from a stream. The insertion operator <<, is used to output data into a
stream. A stream object must appear on the left side of the << or >> operator; however, multiple stream
operators can be concatenated on a single line, even when they refer to objects of different types. For
instance, consider the following statements: -

cout << iteml << "**" << ¢l << my_object << 22;

cin »» int_wvar »>> fleoat_war >> my_object;
The first statement outputs objects of different types (both the standard and user defined) and the
second statement reads data of different types.

The classes istream, ostream, and iostream, which are designed exclusively to manage the
console device, are declared in the header file iostream.h. The actions performed by these classzs
related to console device management are described below:
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ioa class: It provides operations common to both input and output. It contains a pointer to a buffcr
object (streambuf). It has constants and member functions that are essential for handling formatted
input and output operations.

The classes derived from the ios class (istream, ostream, iostream) perform specialized
input-output operations with high-level formatung:
« istream (input stream) does formatted input.
+ ostream (output stream) does formatted output.
« iostream (input/output stream) does formatted input and cutput.

The pointer st reambu f in the ios class provides an abstraction for communicating to a physical
device and classes derived from it deal with files, memory, etc. The class, ios communicates to a
streambuf, which maintains information on the state of the streambuf (good, bad, eof, ctc.), and main-
tains flags used by the istreamand ostream

istream class: It is a derived class of ios and hence inherits the properties of ios. It defines input
functions such as get (), getline (), and read(). In addition, it has an overloaded member
function, stream extraction operator > >, to read data from a standard input device to the memory items.

ostream class: It is a derived class of ios, and hence, inherits the properties of ios. It defines
output functions such as put () and write (). [n addition, it has an overloaded member function,
stream insertion operator <<, to write data from memory items to a standard output device.

iostream class: It is derived from multiple base classes, istream and ostream, which are in turn
inherited from the class ios. It provides facility for handling both input and output streams. and sup-
ports all the operations provided by istream and ostream classes.

The classes istream_withassign, ostream_withassign, and iostream_withassign
add the assignment operators to their parent classes.

17.4 Unformatted /O Operations

The most commonly used objects throughout all C++ programs are cin and cout. They are pre-
defined in the header file, iostream.h, which supports the input and output of data of various types.
This is achieved by overloading the operators << and >> to recognize all the basic data types. The
input or extraction operator is overloaded in the istream class and output or insertion operator is
overloaded in the ostream class.

put () and get () Functions
The stream classes of C++ support two member functions, get () and put (). The function get () is
a member function of the input stream class istream and is used to read a single character from the
input device. The function put () is a member function of the output stream class ostream and is used
to write a single character to the output device. The function get () has two versions with the follow-
ing prototypes:

void get( char & });

int get(void);
Both the functions can fetch a white-space character including the blank space, tab, and newline
character. It is well known that, the member functions are invoked by their objects using dot operators.
Hence, these two functions can be used to perform input operation either by using the predefined
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object, cin or an user defined object of the istreamclass. The program get . cpp illustrates the use
of get () function to read a line (until carriage return key is pressed).

// get.cpp: Read characters using get () of istream
#include <iostream.h>
void main()

{
char c;
cin.get( ¢ };
while( ¢ !'=s '"\n' )}
{
cout << ¢;
cin.get( ¢ ); // reads a character
// replace the above statement by c¢in »> c¢; and see the ocutput

}

Run

Hello World
Hello wWorld

In main(), the statement
cin.get( ¢ );
invokes the member function get () of the object cin of the i st ream class. It reads a character into
the variable ¢ from the standard input device. If this statement is replaced by the statement,
cin »>> c;
it ‘¥ill not work as desired, since the operator >> will skip blanks and newline characters. Another
version of get () can also be used in the above program: as follows:
c = cin.get();
It reads a single character and returns the same,

The function put (), which is a member function of the output stream class ostream prints a

character representation of the input parameter. For instance, the statement,

cout.put( 'R" );
prints the character R,and the statement

cout.put{ ¢ );
prints the contents of the character variable c. The input parameter can also be a numeric constant and
hence, the statement

cout.put{ 65 };
prints the character A (65 is a ASCII code of character A). The programput . cpp prints the ASCII table
(since put () considers input parameter as a ASCII code of a character to be printed.)

// pul.epp: prints ASCII table using put() function
#incliude <iostream.h>
void main()}
{
char c;
for{ int i = 0; i < 255; i++ }

{
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char tesc(40]
cout << "Enter sering: *;
cin.getline( test, 40 )
cout << "Output string: °:
cout << e

3

Aun

Enter string: Hello world
output string: Hello world

In main (). the stement
cin.getline( test, 40 ):
reads ast he new " number of (40). Now, an
aput of “Hello World” will produce the output as desired. The istream: :getline member func-
tion has the following versions:
iscreami getline(signed char*, int len, char o
iscreams getline(unsigned char*, int len, char = ‘\n');:
They operate in the following ways:
+ extracts character up to the delimiter
+ stores the characters in the buffer
+ removes the delimiter from the input stream
« does not place the delimiter into the huffer
+ maximum number of characters extracted is 1en-1
he terminator character can be any character. The terminator character is read but not saved into a
buffer: instead. it is replaced by the null character.
The prototype of write () functions is:
write( char + buffer, int size ):

It displays = i ze (sccond parameter) number of characters from the input buffer. The display does not
stop even when the NULL character is encountered: If the length of the buffer is less than the indicated
size, it displays beyond the bounds of buffer. Therefore, it is the responsibility of the user 1o make sure
that the size does not cxceed the length of the string. The program s tand. epp illustrates the use of
write in string processing.

// stand.cpp: display stand of "Object Computing with Ceer;

#include <iostream.h~

#include <string.h>

void main()

char *stringl = "Object-Computing”:
char =acring: ien o1

int lenl = strlen( stringl );
int len2= strien( string3 )i
for( i = 1; i < lenl; i++ )
¢
cout write( stringl, i ):
cout - endl;
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if{ 1 == 26 )

continue;
cout << i << * *;
cout _put( i }; // change to cout << i; and see the output difference
cout << endl;
}
}
Bun
[ prints ASCII code and its character representation )

In main (), the statement
cout.put{ i );
prints a character represented by the ASCII code whose value is passed as an input argument through
the variable i.

getline() and write() Functions

The C++ stream classes support line-oriented functions, getline () and write () to perform input
and output operations. The getline () function reads a whole line of text that ends with new line or
until the maximum limit is reached. Consider the program spacel.cpp for reading an input string
naving a blank space in between.

// spacel.cpp: the effect of white-space characters on the >> opera.or
#include <iostream.h>
#include <icomanip.h>
void main()
{
char test[40];
cout << "Enter string: *;
cin >> test;
cout << "Qutput string: ";
cout << test;
}

Run

Enter string: Hello World
Output string: Hello

In main (), the statement
cin >> test;
reads a string until it encounters a white space. If the input to the above program is "Hello World",
the output is going to be just "Hello". The reason being the operator >> considers all white-space
characters in the input stream as delimiters. To remedy this, use the member function getline () of
the cin object's class as shown in the program space2 .cpp.

// space2.cpp: the effect of white-space characters on the >> operator
« include <iostream.h>

#1nclude <iomanip.h>

void main()

{
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3
fox( i = lenl
«

cout write( atringl, i ):
cout << endl;

)

// print both the string

cout_write( stringl, lenl ).

cout.write( string2, len2 )

cout << endl;

/] above twe write() can be replaced below single statement
e writel stringl, lenf ) write( string2, lem2 ):

cour wrice( arringl, & ):
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In main (), the last statement
. cout.write( stringl, 6 );
indicates to display six characters from the string, stringl even though the input string has more
characters than the number of characters requested to be displayed. The two statements,
cout.write( stringl, lenl );
cout.write( string2, len2 );
can be replaced by the single statement,
cout.write( stringl, lenl ) .write( string2, len2 );
The dot operator with the predefined object cout indicates that the functionwr i te is amember of the
class ostream. The invocation of write() function returns the object of type ostream which
again invokes the write () function.

17.5 Formatted Console I/O Operations

Most programs need to output data in various styles. A common requirement is to reserve an area of the
screen for a field, without knowing the number of characters the data of that field will occupy. To do this,
there must be a provision for alignment of fields to left or right, or padded with some characters. C++
supports a wide variety of features to perform input or output in different formats. They include the
‘ollowing:

+ ios stream class member functions and flags

+ Standard manipulators

+ User-defined manipulators

ios Class Functions and Flags

The stream class, ios contains a large number of member functions to assist in formatting the output
in a number of ways. The most important among these functions are shown in Table 17.1.

Function Task Performed

width{) SPecifit_:s the required number of fields to be used while
displaying the output value.

precision() | Specifies the number of digits to be displayed after the
decimal point.

£i11() Specifies a character to be used to fill the unused area

of a field. By default, fills blank space character.
setf() Sets format flag that control the form of output display
unsetf() Clears the specified flag

Table 17.1: ios class member functions

Defining Display Field Width

The functionwidth () is amember function of the ios class and is used to define the width of the field
1o be used while displaying the output value. It must be accessed using objects of the ios class
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(commonly accessed using cout object). It has the following two forms:

int width();

int width(int w);
where w is the field width i.e., number of columns to be used for displaying output. The first form of
width () returns the current width setting whereas, the second form width(int) sets the width to
the specified integer value and returns the previous width. It specifies field width for the item, which is
displayed first immediately after the setting. After displaying an item, it will revert to the default width.
For instance, the statements

cout.width( 4 );

cout << 20 << 123;
produce the following output:

The first value is printed in right-justified form in four columns. The next item is printed immediately after
first item without any separation; width (4) is then reverted to the default value, which prints in left-
justified form with default size. It can be overcome by explicitly setting width of every item with each
cout statement as follows:

cout.width( 4 );

cout << 20;

cout.width( 4 );

cout << 123;

These statements produce the following output.

210 1 2 3

It should be noted that field width should be specified for each item independently if a width other
than the default is desired for output. If the field width specified is smaller than the required width to
display items, the field is expanded to the required space without truncation. For instance,

cout.width( 2 )
cout << 2000;

These statements produce the following output:

21010 0

without truncating eventhough width is specified as two. The program student . cpp illustrates the
use of width function in formatting the displayed output.

// student.cpp: printing student details in the form of table
#include <iostream.h>
const int MAX_MARKS = 600; // maximum marks
class student
{
private:
char name[11]; // name of a student
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int marks; ++ marks scored by a student
public:
void readl):
vold show();
i
void student: :read()
{
cout << "Enter Name: ";
cin >> name;
cout << "Enter Marks Secured: “;
cin »> marks:
}
void student: :showl(}

cout.width( 10 );
cout << name;
cout .width{ & };
cout << marks;
cout.width( 10 );
cout << int(float(marks)/MAX_MARKS * 100); // percentage
}
void main()
{
int i, count;
student *s; // pointers to objects
cout << "How many students ? =;
cin »> count;
8 = new student[count]; f/ array of objects, student s{count]
for{ 1 = 0; i < count; i++ )
{
cout << "Enter Student " << i+l << * details.." << endl;
s(i]) .readl):
}
cout << *Student Report..." << endl;
cout.width( 3 )
cout << "R#";
cout.width( 10 )
cout << "Student";
cout.width({ & );
cout << "Marks";
cout.width( 15 );
cout << "Percentage” << endl;
for( i = 0; i < count; i++ )
{
cout.width({ 3 };
cout << i+l; // roll_no
s(i].show(};
cout << endl;
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Aun

How many studenes 2 3

percencage
25

87
71

The function precision () is a member of the ios class and is used to specify the number of digits
ing a floating-point number. By default, the precision
g ohjects of the ios class (commonly accessed using

int precision(); // returns current precision

where @ is the number of digits to the right of the decimal point. It sets the floating-point precision and

returns the previous setting. For example, the statements.

2.23
5.17
3ls1
4 eruncacea)

After displaying an item. the user defined precision will not revert 1o the default value. Different
values can be pi with di precision by havi i isi For instance,
cout.precision(

I produce the following output:
2.2 (cruncated)
s.1e9 (truncated)

Consider the statements:
cout.precision(3);
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cout << 12.53 << 20.5 << 2;
which produce the following output all packed together:

1]121]. 51 3]2]0]. 51 2

It can be overcome by the combined use of width () and precision to control the output format. The
statements

cout.precision( 2 );

cout.width( 6 };

cout << 12.53;

cout.width({ 6 );

cout << 20.5;

cout.width({ 6 );

cout =< 2;

will produce the following output:

1] 2 . 51 3 210 . 5

38

It must be noted from the above output that the unused width is filled with blank characters. Unlike
width(), the precision() must be reset for each data item being output if new precision is
desired.

Filling and Padding
The function £111 () is a member of the 10s class and is used to specify the character to be displayed
in the unused portion of the display width. By default, blank character is displayed in the unused
portion if the display width is larger than that required by the value. It has the following two forms:
int £i11¢(); // returns current fill character
int £ill( ch );
where ch is the character to be filled in the unused portion. For example, the statements
cout.fil1( *** );
cout.precision( 2 );
cout.width( 6 };
cout << 12.53;
cout.width( 6 );
cout << 20.5;
cout .width( 6 );
cout << 2;

will produce the following output:

* 1 2 . 5 3 * * 2 0 . 5 * * * * - * 2

It is seen from the above output that the unused width is filled with asterisk character as set by the
statement cout . fill('*') ;. Similar to precision(), the effect of £i11 () continues unless
explicitly modified by the other £111 () statement. It is illustrated by the program salary.cpp.
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// salary.epp: £illing and padding
#include <iostream.h>

0id main ()

«

char *desig(S] = ( "CEHO®, "Manager®, "Receptionist®, *Clerk®, =Peon® }:
int salary(5] - { 10200, 5200, 2950, 950, 750

cout << "Salary Structure Baced on Desiagnation- << end

cout << * - " << endl

cout width( 15 );
cout <= "Designation’;
cour << *

cout.width( 15 };
cout << "Salary (in Ra )" << endl;
cout << - P
for( inc i
B

Cout.£ill(t.0);
cout.widtn(is) :

< desiglil;
cout.£i11( ")
cout widrh(1s)
cout <= salaryl[i] =< endl;

b
cout == * ce-=® <= endls

»

salary Based on i

Deaignarion

ote that such a form of output representation is extensively used by financial institutions ©
mprescnl money transactions 5o that no one can modify the amount (money representation) casity.

Formatting with Flags and Bit-Tields
From the carlicr cxamples. it can be noted that, when the functionwidth () is used. results are printed
in the right-justificd form (which is not a usual practice). C++ provides a mechanism to set the printing
of results in the left-justified form, scientific notation etc. The member function of the ios class,
metf () (setf stands for set flags) is used to set flags and bit-fields that control the output. It has the
following two forms:

long setf(long _setbits, long _tield):

long setf(long _setb.
where _sethbits isone of the flags defined in the class 3. It specifics the format action required for
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the output. and _L1s1d specitics the group to which the formatting tlag belongs. Both the forms
return the previous settings. The flags, bit-ficlds when set wi nd their actions is shown in
Table 172 There are thre bit-fields and cach sroup has format flags that are mutually exclusive. For

Note that the flag argument (first) should be one of the group (bit-field) of the second argument.

Flags value Rit ficld Effect produced

lefe cadjustriela | Leftjustified output

Right-adjust output

Padding occurs between the sign
or basc indicator and

when the number Dulpul fait o 1

the full width of the fic

ios::righe

internal

Decimal conversion
Octal conversion
Hexadecimal conversion

ios:sfloatfield Use exponential floating notation
floatfiela Use ordinary floating notation

Table 17.2: Flags and bit fields for setf function

Consider the following statements:
ios::adjustfield );

The output produced by the above statements is:

l=l- D=0 -Te0eT To1-
The statements
cout- v
o
SmRLLGA

BB

:internal, ios::adjustfield );
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cout.width( 10 ) ;
cout << -420.53;

will produce the following output:

-1 * * 14120 . 51| 3

If the last statement is replaced by,
cout << -420.534;
the following output will be generated:

-l *|*|a|l2]lo] .[5]|3]4

Note that the sign is left justified and the value is right justified. The space between them is filled with
stars. '

Displaying Trailing Zeros and Plus Sign
Streams support the feature of avoiding truncation of the trailing zeros in the output. For instance, the
following statements: '

cout << 20.55 << endl;
cout << 55.40 << endl;
cout =< 10.00 << endl;

produce the output as shown below:

2 0 . 5|5
5 5 .| 4
1|0

It can be observed that the trailing zeros in second and third output have been truncated. The ios class
has the flag, showpoint which when set, prints the trailing zeros also. It is set by the following statement
cout.setf( ios::showpeoint );
which causes the cout to display the trailing decimal point and zero. The following statements
cout.setf( ios::showpoint ):
cout.precision( 2 );
cout << 20.55-<< endl;
cout << 55.40 << endl;
cout << 10.00 << endl;

would produce the output as shown below:

2 0 . 515
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Similarly, the plus symbol can be printed using the following statement:
cout.setf( ios::showpos );

For example, the statements
cout.setf( ios::showpos }; // positive sign
cout.setf( ios::showpoint ); // trailing zero and point
cout.setf( ios::internal, ios::adjustfield );
cout.precision( 3 );
cout .width( 10 };
cout << 420.53;

will produce the following output:

+ 4 1210 .| 51310

Table 17.3 presents summary of flags that do not have bit fields for the set £ function.

Flag's value Effect produced
ios: :showbase Use base indicator on output
ios: :showpos Add *+' to positive integers

ios: :showpoint | Include decimal point and trailing zeros in output

ios::uppercase | Upper-case hex output

ios::skipws Skips white-space characters on input.
ios::unitbuf Flush after insertion. (i.e., use a buffer of size 1)
ios::stdio Flush stdout and stderr after insertion

Table 17.3: Flags that do not have bit fields for setf function

The flag setting ios::skipws is set by default. The white-space characters are space, lab,
newline, carriage return, form feed and vertical tab. While performing formatted input (with the >>
operator), an input stream (such as cin) behaves as if these characters are not present in the input. Use
this flag with the resetiosflags manipulator, to prevent skipping white-space characters.

The flags can be reset by using the ios: :unsetf member function. It has the following syntax:

long unsetf (long};
and is invoked as follows:

cout.unsetf({ ios::showpos );
It clears the bits corresponding to show positive-sign symbol (when number displayed is positive) and
returns the previous settings.

17.6 Manipulators

The C++ streams package makes use of the notion of stream manipulators, principally as a means of
manipulating the formatting state associated with a stream. These manipulators are functions that can
be used with the << or the >> operator to alter the behavior of any stream class instances including the
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cin and cout. C++ has manipulators which produce output and consume input to extend stream /O
formatting. Such manipulators can be especially useful for simple parsing of stream inputs. Manipula-
tors are broadly categorized as producers and consumers. A producer manipulator is one which gener-
ates output on an output stream, for example, endl. Similarly, a consumer manipulator consumes input
from an input stream, for example, ws. '

Manipulators are special functions that are specifically designed to modify the working of a stream.
They can be embedded in the I/O statements to modify the form parameters of a stream. All the pre-
defined manipulators are defined in the beader file iomanip . h. Manipulators are more convenient to
use than their counterparts, defined by the ios class. There can be more than one manipulator in a
statement and they can be chained as shown in the following statements:

cout << manipl << manip2 << manip2 << item;
cout << manipl << iteml << item2 << manip2 << item3;

This kind of chaining of manipulators is useful in displaying several columns of cutput. Manipula-

tors are categorized into the following two types:

« Non-Parameterized Manipulators
« Parameterized Manipulators
As mentioned before, cout and cin work elegantly with any basic type. They do not require
specification of type of variables while performing I/O. The format string of C's I/O function requires
display control information such as width, number system, etc., apart from the variable types in the
format string. The program hex. ¢ clarifies these concepts.

/* hex.c: read hexadecimal number and display the same in decimal */
#include <stdio.h>

void main()

{

int num;
printf( "Enter any hexadecimal number: * };
scanf( "%x*, &num ); /*Input in hexadecimal=*/

/*output i in decimal,in a field of width 6*/
printf( "The input number in decimal = * );
printf( "%6d4", num);

}

Run

Enter any hexadecimal number: ab
The input number in decimal = 171

This kind of code is often useful. The question arises—How can this be done with cin and cour ?
The answer lies in the manipulators. For example, the above lines of code that used scanf and
printf can be rewritten as listed in the program hex.cpp.

// hex.cpp: read hexadecimal number and display the same in decimal
#include <iostream.h>
#include <iomanip.h> // for manipulators
void main()
{
int num;
cout =< "Enter any hexadecimal number: "*;
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cin >> hex >> num; // Input in hexadecimal
// output i in decimal,in a ficld of width &
cout == "The input number in decimal =
cout << setw( 6 ) << num;

3

Bun
Enter any nexadecimal number: ah
The input number in decimal = 171

The manipulator hesx sets the conversion base for ¢in (o 16. So e in interprets the input characters
as digits of a hexadecimal number. The manipulator setw sets the field width as 6 for cout.
input 10 the above program (a5) is converted into decimal and displayed (16*a+b=16~10+11

The C++ iostream package contains a rather small handful of predefined producer consumer
wianipulators. the only instance of consumer being the white-space eater, for example. ws. Other pre-
defined manipulators set stream state variables which influence processing of input and output, for
example. hex. The implementation of the 105 class as well as the implementation of the insertion and
extraction operators correspond to the data type of an item they process. The list of non-parameterized

functions are shown in Fable 17.4 and 17.5 respectively.
Tach one of these can be used with ither the << or the >> operator without incurring any compile-time:
errors. But some of them affect only output streams such as cout . and some others, only input streams
such as cin. Unless otherwise mentioned. these manipulators affect both types of streams. The first six
manipulators - de<, hex, ©ct,ws,endl, and ends are defined in iostream.h itself and the
rest are in the header file iomanip. h.

ulator Action Performed
dec Sets the conversion base to 10
hex Sets the conversion base o 16

Sets the conversion base to 8

we Lixtracts white-space characters from an
\put stream. Characters in the stream will

be extracted until a non-white-space

character is found, or an error (such as EOF)
occurs. As expected. it alfects only input streams.

newline and flushes stream

enal 1y
Affects only output streams “\n”

ends Outputs a NULL character (\0")
Affects only output streams

£1ush Flushes the stream. Affects only output streams
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Manipulator Action Performed Equivalent to
setw(int width) Sets the field width width
setprecision(int prec) Sets the floating-point precision precision
setfill (int fchar) Sets the fill character fill
setbase(int base) Sets the conversion base

0: Base 10 is used for output

8: Use octal for input and output

10: Use decimal for input and output

16: Use hexadecimal for input and output

setiosflags(long flags) Sets the format flag setf
resetiosflags(long flags) | Resets the format flag unsetf

Table 17.5: C++'s predefined parameterized manipulators

Buffering

When a stream is buffered, each insertion or extraction does not have a corresponding /O operation to
physically write to or read data from a device. Instead, insertions and extractions are stored in a buffer
from which data is written or read in chunks.

In C++, itis possible to force data buffered in an output stream to be written. It is called flushing and
it ensures that everything stored in an output buffer has been displayed. In general, flushing is done
when interactive input is requested by the user, so that the program can be sure that information
displayed on the screen is completely up-to-date. The cout’s buffer can be flushed using the statement,

cout. flush(};

A program can tie an input stream to an output device. In this case, the cutput stream is flushed
when any characters are fetched from the input stream. For instance, cin is automatically tied to cout
to be sure that everything has been physically displayed before any input occurs. The user defined
streams can be tied using the tie function as follows:

istream input;
ostream output;

input.tie( output };
The last statement forces the C++ I/O system, to flush the object stream, output every time the fetch
operation is initiated using the object, input.
The parameterized manipulators are described below:

setw(int width): Sets the width of the output field specified by the integer parameter width. The
output field width is reset to 0 every time an output is performed using the << operator. When the
output field width is 0, normal output is done (without filling or aligning). Hence, use the se tw manipu-
lator to specify the field width before every output for which a particular field width is desired.

setprecision(int prec): Sets the précision used for floating point output. The number of
d:gits to be shown after the decimal point is given by the integer prec.
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et£ill(int £chax): Sets thefill character to that specificd in £ char. The fill character is used
10 fill (or pad) the empty space in the output field when the width of the ourput variable is less than the
width of the output field. The default fill character is the space character.
setbase(int Seis the conversion base according (o the integer base, which can assume
any one of the following four valucs:

0: Base 10 is used for outpur;

8: Use octal for input and output.

10: Use decimal for input and outpat.

16: Use hexadecimal for input and output

The base to be used for input is specified as a part of the input itself - inputs beginning with 0 are

treated as octal, those beginning with Ox are treated as hexadecimal. Otherwise, the base is assumed as
decimal.
setiosflags(long £lags): The parameter £1ags can be any of the flags listed in i os stream
class. More than one flag can be set with the same manipulator by ORing the flags.

The statement
cout << secw( 8 ) << 1234
prints the value 1234 right-justified in the ficld width of 8 characters. The output can be left justificd
using the statement,
Gout << setw( 8 ) <= setiosflags( ios::left ) =< 1234;

The k ference berween manipulators and the i oa class interface functions mplemen-
w@tion. The ios member functions are used (o read the previous format-state, which can be used to
know the current state or save for future usage, whereas, the manipulators do not return the previous
format state. The program fourpur . cpp illustrates the use of some of the manipulators with ourput
sweams.

in thei

7/ foutput.cpp: various £ ing flags with the << operator
#include <iostream.h>
s

cout e hex = x << ' =< dec << x << endl;

a1
cout << setiosflags( ios::scientific ) == £ << endl;

>

G4 100

222.343399

122

0x0064

1.223e+02
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In main (). the statement
cout << hex << x << endl;

outputs 0x0064, since the field width 6 and the fill character ‘0" is filled between the base indicator *0x’
(due to ios::showbase) and the number 64 (padding like this occurs due to ios::internal being set).

The program payroll. cpp uses the manipulators for displaying numeric quantities for account:
ing purposes so that the decimal points are aligned in a single column.

// payroll.cpp: payroll like output example
#include <iostream.h>
#include <iomanip.h>
void main()
{
float £1=123.45, £2=34.65, £3=56;
cout << setiosflags(ios::showpbint|ios::fixed)
<< getiosflags(ios::right);
cout << setw(6) << fl << endl;
cout << setw(6) << £2 << endl;
cout << setw(6) << £3 << endl;

)

Run

123.45
34.65
56.00

Setting the flag i0s : : showpoint will display the point even though a floating point number has
no significant digits to the right of the decimal point (the variable f3). Setting ios: : fixed ensures
output in fixed point rather than in exponential notation. The decimal points happen to be aligned due
to two manipulators: setprecision(2)— show two digits after the decimal point and
setiosflags (ios::right)— display output in right-justified manner.

// oct.cpp: Usage of number-base manipulators with cin
#include <iostream.h>
#include <iomanip.h>
void main()
{
int i;
// The statement below always interprets the input as octal digits
cout << "Enter octal number: “;
cin »> oct >> i;
cout << "Its decimal equivalent is ";
cout << i << endl;
//The base used by c¢in in the statement is decided at the time of input
cout << “"Enter decimal number: *;
cin >> setbase( 0 ) »> i;
cout =< "Its output: “;
cout << i;
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Runi

Enter octal number: 111

Its decimal equivalent is 73
Enter decimal number: 0111
Its output: 73

Bun2

Enter octal number: 111

Its decimal equivalent is 73
Enter decimal number: 0x111
Its outpur: 273

In the cin statement
cin »> oct »> i;
data input is always interpreted as an octal number. So, if the input is 111, the output using the cout
statement here is 73. Whereas, in the statement
.. cin >> setbase( 0 ) »> i;

if the input tothe cin statement here is 111, then it is assumed to be a decimal number. Ifitis 0111, itis
assumned as an octal number. Finally, an input such as Ox111 is assumed hexadecimal. So the output of
the last cout statement will be 111 in the first case, 73 in the second, and 273 in the third.

The programmat tab . cpp illustrates the use of manipulators and ios functions in formatting the
output.

// mattab.cpp: prints mathematical table having sqr, sgrt, and log columns
#include <iostream.h>
#include <iomanip.h>
#include <math.h>
// macro for computing sguare of a number
#define sgr({ x } ((x)*(x))
void main()
{
int num;
cout << "Enter Any Integer Number: ";
cin >> num;
OO o O o o e e e e T << endl;
cout << setwl( 5 ) << *NUM" << setw({ 10 ) << "SQR";
cout << setwl 15 ) << "SQRT" << setw( 15 ) << "LOG" << endl;

COUL €€ Mo mm s s s s m e " << endl;
cout.setf( ios::showpoint }; // display trailing zeros

for{ int 1 = 1; i <= num; i++ )

{

cout << setwl 5 ) << i
<< setw( 10 ) << sgr( i )
<< setwl 15 )} << setprecision{ 3 ) << sgrt{ (double} 1 )
<< gsetw( 15 ) << setprecision( 4 )} <<setiosflags(ios::scientific)
<< log( (double) i ) << endl << resetiosflags|( ios::scientific );
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Run
Enter Any Integer Number: 10
NUM SQR SQRT LOG
1 1 1.000 0.0000e+00
2 4 1.414 6.9315e-01
3 9 1.732 1.0986e+00
4 16 2.000 1.3863e+00
5 25 2.236 1.6094e+00
6 36 2.449 1.7918e+00
7 49 2.646 1.9459e+00
8 64 2.828 2.0794e+00
9 81 3.000 2.1972e+00
10 100 3.162 2.3026e+00

17.7 Custom/User-Defined Manipulators

An important feature of C++ streams is that they also work well with the user-defined manipulators as
they do with built-in manipulators. Hence, the users can design their own (customized) manipulators
to control the appearance of the output depending upon their taste and need. The syntax for creating a
custom manipulator is shown in Figure 17.4. In the syntax, manipulator is the name of the user-
defined manipulator.

name of the user arguments for parame-
defined manipulator terized manipulator

ostream & manipulator( ostream & output, arguments_if_any )

AN

...{ manipulator code )
- manipulator caller and
return output; stream cascading object

Figure 17.4: Syntax of creating a custom manipulator

The program space3.cpp creates and uses the user-defined manipulator sp that inserts space
into the output stream and flushes it. It eliminates the usage of messy statements such as,
cout << x << ' ' << y << ' ' << z << ' ' << W << endl;
to output a series of variables separated by spaces. The statement can be written as,
’ CoOUL << X << Sp << Y << Sp << Z << Sp << W << endl;
which appears more elegant and simple to use and understand.
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// spaced.cpp: custom built manipulator
#include <iostream. h>
/¢ The user-defined manipulator
ostream & op( ostream& os
¢
©s << ' ' << flush; // or ceut =< << flush
return os

)

void main()
«

ine x=1, =4;
Gout << % << 3 4% ¥ << op << = << 8P << w << enal

B

Hun
1234
In the above program. the function
cam & sp( ostreams os )
defi called sp 1
display without buffering,

d flushes the same to console for immediate

nother use of in the program currency.cpp. It de-
fines mwaipulators for prefixing the currency » ol 16 an ftem cost depending on the curcmcy 4sed by
the country which has manufactured the it

/7 eurrency.epp: custom built manipulator for currency unit representation
#include <icstxeam.h~
// currency in Indisn rupses
oatream & rupee( oatreams )
<
om «< "Rs. * << Llush:
recurn os:
)
7/ currency unit in US dellar
ostream & dollar( cstreamk os )
<

cout << "USS * << £lush:
return os:

)

void main ()

char iteml([25], item2([25];:
unsigned int costl. cost2
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public:
//Constructor

omanip_int( ostreams& (*tf) (ostream&,int), int tw )

CE -

w = tws

)

// overloading stream output operator

friend ostreams operator << (oStreamk oS, omanip_int o)

4

eturn o.f( o8, o.w ); £/Call the actual manipulator

Two more fus re now required; one that actually stream, and is
invoked from the output statement. They are declared as follows:

//actual manipulator

ostreams setw( ostreams os, int w )

os.width( w )

)
7/ This is called first from the cutput statement.

7/ it accepts an integer and recturns tance of class omanip_:
omanip_int setw( int w )

nt( setw, w ); £/ returns nameless object

return omanip_i
b

Now, the statement
cout << setw( 6 ) << i;
will first call the second setw manipulator that remembers the width passed in an instance of the class
omanip_int. The actual function to be called is also recorded here. Thi

first << above now has the return value of setw (5

cout on the left. The overloaded function (defined in the class omanip_int)
Calla the actual manipulator, The same concept can be utilised while implementing the wwor defined
manipulators.

Custom
Most manipulators do not accept parameters and are simple to use. Sometimes it is necessary to pass
dst# 10 the manipulators, however, as with the bullt-in masipulator setw (int) . The program pre.
pmani . cpp. implements a manipulator that accepts throe arguments - widih, precision. and
wr -:imsa.uex The m: lator is useful as a shorthand notation for setting the above parameters (o
outpt floating point variables with diffcrent width, precision, and fill characters.

s d.cpp:
#include <iostream.h>
#include <iomanip.h>

/7 output manipulator taking arguments of type int, int, char

Chapter 1

Steams Computation with Console 657

item Name: CRAY Supercomputer

The previous example was casy, since the manipulator did not accept any parameters in the output
statement. The function that overloads the << operator to accept manipulators merely needs to call the
manipulator with the output siream ohject (cous in thix caxe) Manipulators acccpting parmeiers
initiates many actions. Consider the manipulator declared in {omanip . h header file. setw (int).
illustrate the “Th of this s:

ostream & setw( ostreams, int ):
But in the output statement, setw is called with only onc integer argument:

Another function (also called setw) is needed that accepts only one argument of type integer. It does
not know which output object needs to have its field-width set. Assuming the output object as cout
will unduly restrict its use (For instance, it would not be possible to use it directly with files). To resolve
this impassc, the following solution is wsed. A class called omanip_ine. is declared. It ha two privare
members: nter co function (the astual manipulator) and an integer that specifies the width. It has a
Comatructor that sets these members, and & friend Function that overloads the < operator and calls the
actual manipulator.
class omanip_int
<
private:
ostream& (*L) ( ostreamk, int ); // Pointer to the actual manipulator
ne wi 7/ wiach to be set
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class my_manipulator
<

precision:

oy manibulatos (nt tw. int tp, char ©f) iwidch(cw),procision (tpl, £111(ee)
¥

//0verloaded << operator

friend ostream & <<« o3, my. ipul object )z
3
//nctusl manipulator called by overloaded cpasator << £xland function
ostream & « oa, my. objact

o5 << setw( object.width ) << ion( object. isiom 3 \

<< setfill( object.fill ):
os << setiosflags(ios: :showpoint|ics
return os;

ighe);

b
J/Function called first from the output statement
manipulator set float( int w, int p, char £ }

return my_manipulator( w, B, £ ); // nameless object is returned
veoid main()
«

floar £1=123.2734, 23.271. £3=16.1673;

- ana Fi1l
) << £1 << enal
) << £2 << enal:
cout w< sat_float( B, 3, "#° ) << £3 << endl;

w-v123.273
~n223.27
##16.167
In main (), the statement
€ << set_float( 10,
has the call t the normal function us.
et_floar( 10, 3, ** )
which in turn creates the nameless object of the classmy_manipulator (and initializes its members)
and returns the same. Thus, the above output statement effectively becomes,
cout << my manipulator( set_float, 10, 3, '*') == £1 =< endl;
pulator is 2 friend of the overloaded operator funciion and honce, the mutated

tet ) = £1 << enai;

class my_
output statement invokes the functi
friend ostreams operator << ( ostream os, my_manipulator object )
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which actually sets the format for the output’s appearance and returns the reference to cout so that the
item that immediately follows it will be printed in the desired format. After printing one item, format
specification will immediately revert to the default.

17.8 Stream Operators with User-Defined Classes

The elegance of streams is that, it can, not only be used with built-in C++ data types, but also with user-
defined classes. It requires overloading of the stream insertion and extraction operators. In case of the
overloaded friend stream operator << function, the ostream & is considered as the first argument.
The return value of this friend function is of type ostream&. Similarly, for overloading the friend
stream operator >> function, the i st ream& is considered as the first argument. The value returned by
this friend function is of type istream&. In both the cases, a reference to an ebject of the class to,
which this operator function is a friend is taken as the second argument, After processing the data
members of the second argument, the first argument i st ream object would be returned. Overloading
of stream operators to support user-defined data types has been discussed earlier in detail in the
chapter on Operator Overloading.

The insertion operator, << has been overloaded to have an instance of ostream (or one of its
derived classes) on the left and an instance of any basic variable type on the right. Similarly, the >>
operator is overloaded to have an instance of istreamclass on the left and any basic variable type on
the right.

Insertion Operator << Overloading
Consider the prototype of the overloaded << operator to gain a better understanding of streams
computation. For instance, the prototype of insertion operator overloaded to display integer data is as
follows:

ostream & operator << (ostreamék, int);
Recall that, effectively cout is an instance of class ostream. Hence, if the variable num is an integer,
then, the statement

cout << num;
invokes the overloaded operator function with a reference to cout as the first parameter, and the value
of the variable num as the second. For further overloading, i.e., for this operator to work with user-
defined classes, ancther overloaded function is necessary, similar to the above function declaration. A
new operator function accepts a reference to the instance of user-defined class instead of an integer.

Extraction Operator >> Overloading

The »>> operator (used with istream) can also be overloaded to take care of user-defined types.
Inclusion of a function to overload the >> operator helps in writing more compact and readable code in
the main (). The program point.cpp illustrates the overloading of stream operators to operate on
user defined data items.

// point.cpp: use of both << and >> with a user-defined class.
#include <iostream.h>

/{ user defined class

class POINT

{
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private:
int x, ¥;
public:
POINT()
{
x =y = 0;
}

friend ostream & operator << ( ostream &os, POINT &p );
friend istream & coperator >> ( istream & is, POINT &p );
}i
// friend function to POINT
ostream & operator << ( ostream& os, POINT &p )
{
0o << '(' << p.,X << ',' << p.y << ")},
return os;
}
istream & operator >> ( istream &is, POINT &p )
{
is »>> p.x *> p.y;
return is;

}

void main()
{
POINT pl, p2:
cout << "Enter two coordinate points (pl, p2): *;

cin >> pl >> p2; /! invokes overloaded operator >> ()

cout << “Coordinate points you entered are: " << endl;

cout << pl << endl << p2 << endl; // calls overloaded operator << ()
}
Bun

Enter two coordinate points (pl, p2): 2 3 5 6
Coordinate points you entered are:

(2,3)

(5,6)

In main (), the statement
cin >> pl >> p2; // invokes overloaded operator >> ()
illustrates cascading of stream operators to read data; the leftmost >> is executed first, and invokes the
overloaded operator function with the first parameter as a reference to cin, and the second parameter
as a reference to the instance of POINT pi. The return value of this function (which is cin itself) is
used as the left hand side of the second >> operator and so on,

The friend function of the class POINT,
istream & operator »>> ( istream &is, POINT &p )

overloads the >> operator. It is similar to overloading the output operator. Again, note that the return
value enables cascading of the >> operator.
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of Friend
“The function overloading the operators >> and << need not always be declared as friend. If the data
members x and y were public members of the class POTNT, or, if a public member funcrion cxisted in
POINT which output the values of x and v, the friend function declarations would be unnecessary
inside the class.

How do the manipulators work with the << operator?
Consider the usage of the manipulator endl:
cout << enal;
in the previous examples, 10 insert amewline. The manipulator andl is the function that is declared as.
far & endl(ostream far &);

in the header file. iostream.h. Thus, endl. is a function that accepts a refercnce to an ostream
(such as cout) and returns the same (a reference to an ostream). Recall that invocation of a function
with its name without any parentheses is considered as a pointer to a function. Now it is simple o
undurstand the appearance of the end 1 on the right side of the << operator; the operator is overloaded
to have pointers to functions of this type (that accept a reference 10 an ostream and returns the
same).

Review Questions
17.1  What are streams ? Explain the featres of C+-+ stream 1/O with C's VO system
172 ListCes them with suitable
17.3 Draw console stream class hierarchy and explain its members.
17.4 What is the difference between the statements 7

cin >> ch;

h = cin.get();

17.5 Write a program to illustrate the difference between cin and get 1ine while reading strings.
17.6 What is the output of the following statements:

[ cout << 65;
®) cout.puc( 65 ) ;
(©) cout.put( ‘A’ )

17.7 Write a program to print the ASCII table using streams.
17.8  ‘Write an interactive progr: print a string entered in a pyramid form. For instance, the string
"object” has to be displayed as follows:
°

17.9  Write an interactive program to print a rectangle with diamond shape gap exactly at the centre of
that rectangle. Accept string from standard input device and print output on standard output
device. Here is the sample output when the string "ob3 ect -ob3 ect” is entered by the uses
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object-object

b ecc
ob =
° ©
ob cc
obj ect
obj wct

object-object
17.10 Write ani i

program to print the salary-slip in the 3
Centre for Devel € of
Bangalore, India - 560 025
Salary-sSlip for the Month of XXXKXX 1996

Employee Name: 3oxxccxx loyee No
Grade: xx
No. of days present: sxx

BASTC Sesesesee o PE s LIC e %
oA ———— L xx.xx CCUBE CONTR. o
HRA s ver X.%x  SOCIETY ADV .
cca psiapey BEFUND > xx RE ook x
oA . P.TAX ¢ %% PE LOAN o0k %
ARREARS .30 CANTEEN e %% SALARY ADV staeene 3¢
ADHOC . ALW 2000 30 WELPARE xx.x TOUR ADV 00 %
TOTAL PAY  scoeee.c TOTAL DED o006 TOTAL RECY pe
NET PAY: ocooc. 00

(SIGNATURE)

17.11 Explain the various method:

17.12 Whatare ?Li by C#+ /O streams.

17.13 How are the input and output sireams tied using istream. tio () member function 7

17.14 Write a program to display numbers 0 to 10 in octal, decimal, and hexadecimal sysiems.

17.15 What are custom manipulators 7 Write a custom manipulator for inserting § spaces in output.

17.16 Explain how arci

17.17 Niustrate i astom using a program.

17.18 Write a program to overload stream operators for reading and displaying the object of a class
lovee. The members of this class include name, emp_no, DateOfBirth, basic.

grade, qualification, etc.
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Streams Computation with Files

18.1 Introduction

A computér system stores programs and data in secondary storage in the form of files. Storing pro-
grams and data permanently in main memory is not preferred due to the following reasons:

+ Main memory is usually too small to permanently store all the needed programs and data.

+ Main memory is a volatile storage device, which loses its contents when power is turned off.
The most visible entity in a computer system is a file. The operating system implements the abstract
concept of a file by providing file services and managing mass storage devices such as floppy disks,
tapes, and hard disks. The various components involved in file processing are shown in Figure 18.1.

Secondary storage
Data Files
write data N read data
(to files) - (from files)
program-file
interaction
Primary storage
Program + Data ‘ i it
—
cin >>var; cout << var;
(get data (put data
from key- to screen)  program-console.
board) interaction
Hello »
v
— L.
Keyboard

Figure 18.1: Program-console and file interaction
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What is a File ?

A file is a collection of related information defined by its creator. Commonly, files represent programs
(both source and object forms) and data. Data may be numeric, alphabetic, or alphanumeric. Files may
be free-form, such as text files, or may be rigidly formatted. In general, a file is a sequence of bits, bytes,
lines, or records whose meaning is defined by its creator and user. A file is named and is referred to by
its name, To define a file properly, it is necessary to consider the operations which can be performed on
files. The operating system provides most of the essential file manipulation services such as create.
open, write, read, rewind, close, and delete.

A program typically involves data communication between the console and the program or between
the files and program, or even both. The program must atleast perform data exchange between proces-
sor and main memory, Note that a program without the capability to communicate with the external world
will serve no useful purpose (irrespective of the objective with which it is designed).

The streams computation model for manipulating files resemble the console streams model. It uses
file streams as a means of communication between the programs and the data files. The input stream
"supplies data to the program and the output stream receives data from the program. Thus, the input
stream extracts the data from the file and supplies it to the program, whereas outpur stream stores the
data into the file supplied by the program. The movement of data between the disk files and input/
output stream in a program is depicted in Figure 18.2,

Input stream

read data

Y

data
input

Disk

O Anvien | Frogram

files AAARANAA
0

data

Qutput stream
output

write data J l

Figure 18.2: File input and output streams

18.2 Hierarchy of File Stream Classes

The file handling techniques of C++ support file manipulation in the form of stream objec:s. The stream
objects cin and cout are used extensively to deal with the standard input and output devices. These
Ethccr.s are predefined in the header file, iostream.h as a part of the C++ language. There are no
such predefined objects for disk files. All class declarations have to be done explicitly in the program.
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There are three classes for handling files:

+ ifstream - for handling input files.

+ ofstream - for handling output files.

+ £stream - for handling files on which both input and output can be performed.
These classes are derived from fstreambase and from those declared in the header file icstream.h
(istream, iostream, ostream). The hierarchy of C++ file stream classes is shown in Figure 18.3.

1 ointer
" ios | P =|| streambuf |

iostream.h istream ostream
file T
streambut |

| L T A e e e e e

fStl'?iT:n-h | ifstream | | tstream lofstreém' 1 filebuf |

r k.

| ;stres;m base |

Figure 18.3: Hierarchy of file stream classes

The classes ifstream, ofstream, and £stream are designed exclusively to manage the disk
files and their declaration exists in the header file £stream.h. To use these classes, include the
following statement in the program

#include <fstream.h>

The actions performed by classes related to file management are described below:

filebuf: The class filebuf sets the file buffer to read and write. It contains constant openprot
used in open () of file stream class. It also contains close () as a member.

fstreambuf: The class £streambuf supports operations common to the file streams. It serves as a
base class for the derived classes ifstream, cfstream, and £stream and contains open () and
close () as member functions.

ifstream: The class ifstream supports input operations. It contains open () with default input
mode and inherits get (), getline(), read(), seekg(}, and tellg () functions from ist ream.
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fetream: The class o £xcxean supports output operations. It containg open () with default output
mode and inherits pur (), seekp (). tellp(), and write () functions from ost
ports simultaneous input and output operations. It contains open ()

fstream: The class Lotz wam sup)
d ostrean classes through

with default input mode and inherits all the functions from istrean an
iostre.

18.3 Opening and Closing of Files
1o ocdex 10 process & file, first, It st be opened to get @ handle. The file handle serves as a pointer (o
the file. Typically, ofafi <

« Name the file on the disk

+ Open the file to get the file pointer

¢ Process tho file (read/writs)

+ Check for errors while processing

2 Clomahe e afe its complete usage

The filename ix a string of characters, with which a il is logically i 1dennl’=d hy the uscr. Tt provides
Th used i

2 ile dlapenda om the operating sy stem. Normally, o file has two
extension. If the file name has an extension, it is separated by a period from the primary name. Some of
file names in the MS-DOS based machines are the following:

In MS-DOS systems, ofaps is 1 that of
is three characters. However, in umx he fil be upto 31 andany
number of extensions separated lid file names in the UNIX system include all those
valid in the MS-DOS and in .damon e inctudcs the follaw

;1egin (no primary name. acts as hidden file)

1In order to get a file pointer, first the file must be created (if it does not exist) and linked to the file
name. A file stream can be defined using swream classes, i facream, ofscream, or farrean de
pending on the purpose (read or write). In C-++, a file can be opened using the following:

+ The constructor function of the class.

+ The member function open () of the class.
After processing an opened file, it must he closed.
=lose () member fi the class or it i
the file stream object goes out of scope (expires).

can be closed either by explicitly using the.
closed by the destructor of the class, wi
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Opening Files Using Constructors
In order to access a file, it has to be opened either in read, write, or append mode. In all the three file
stieam classes, a file can be opened by passing a filename as the first parameter in the constructor itself.
For example, the statement
ifstream infile("test.txt"):
opens the file test . txt forinput. Itis known that, a constructor is used to initialize an object during
its creation, Hence, the constructor can be utilized to initialize the filename to be used with the file stream
object. The creation and assignment of file name to the file stream object involves the following steps:
« Create a file stream object using the appropriate class depending on the type of file stream required.
For example, ifstream can be used to create the input stream, ofstream can be used to create
the output stream, and f£stream can be used to create the input and output stream.
« Bind the file stream to the disk. In disk, file stream is identified by a file name.
For instance, the following statement opens a file named database for input:
ifstream infile ( "database” };
It creates infile as the object of the class i fstream that manages the input stream, and opens the
file database and binds it to the output stream disk file. Similarly, the statement
ofstream cutfile( "data.out" );
defines cut £ile as the object of the class ostream, and binds it to the file data. out for writing.

The program.statements can refer to the file objects similar to the stream objects. The syntax for
performing 1/O operations with standard input-output devices also holds good for files. For instance, to
orint the message Helloc World on the console and into the file, the following commands can be
issued:
cout << "Hello World";

prints the message Hello World on the standard output device. Whereas, the statement
myfile << "Hello World":

prints the message Hello World into the file pointed-to by the file pointer my£ile (Figure 18.4).

Disk
Output stream
—)
— L[ [ ] 0
outfile << "Hello Wor'ld"; E result file
E mﬁ E‘
80 | anavaion e
1=
Input stream g‘ —
— [ [ ][ T g
infile >> name; data file

Figure 18.4: File I/O with stream operators
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The following statements:

outfile << "Hello World*; // write string constant
outfile << salary; // write variable content
cutfile << 750; // write 750 to file

prints the string "Hello World" and the contents of the variable salary to the output file.
Similarly, the following statements:

infile >> name; // read string
infile »> age; // read integer
infile >> number; // read float

read the variables name, age, and number from the input file stream infile.

The constructors of all these classes are declared in the header file £stream.h. The prototypes of
file stream constructors are shown in Figure 18.5,

filename with its path open mode access permission

™

ifstream(const char *path, int mode=ios::in, int prot=filebuf::openprot);

(a) constructor of class ifstream
ofstream(const char *path, int mode=iocs::out, int prot=filebuf::openprot);

(b) constructor of class ofstream

fstream(const char *path,int mode=ios::in|ios::out,int prot=filebuf::openprot);
(c) constructor of class fstream

Figure 18,5: Prototype of file stream class constructors

The stream class arguments have the following meaning:

path: It specifies the pathname of the file to be opened. If the file is in the current directory, only the
filename needs to be specified. Otherwise, separate the directory names by a backslash (\) in the MS-
DOS or a slash (/) in the Unix operating systems.

mode: It specifies the mode in which the file is to be opened. The argument may be specified by using
enumerated constants declared in the ios class.

prot: It specifies the access permission. It is not used if ios: :nocreate is used in mode. The
default permissions are set in the static variable £ilebuf: : openprot for both read and write (The
file can be read from and written to) permissions. The access permissions can be read only (S_IREAD)
or write only (S_IWRITE). Under UNIX, prot parameter can be used to specify read, write, and
execute permissions to specific owner categories (viz., user, group and others).

The file must be closed to release all the resources allocated to it. It is known that, the destructor
normally does the cleanup operation. Whenever file stream object goes out of scope or the program
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terminates its execution, the file is avtomatically closed by destructor, The program stdfile.cpp
creates a file student . out using constructors and writes student details into it.

// stdfile.cpp: student file, creating file with constructor function
#include <fstream.h>
void main()
{
char name[30];
int marks;
cfstream fout { "student.out" }; // connect student.out to fout
// read first student details
‘cout << "Enter Name: ";
cin >> name;
cout << "Enter Marks Secured: “;
cin >> marks;
/{ write to a file
fout << name << endl;
fout << marks << endl;
// read second student details
cout << "Enter Name: ";
cin »> name;
cout << "Enter Marks Secured: *;
cin »> marks;
// write to a file
fout << name << endl;
fout << marks << endl;
}

Run

Enter Name: Rajkumar
Enter Marks Secured: 35

Enter Name: Tejaswi
Enter Marks Secured: 30

Note: On execution the file student . out contains the following.
Rajkumar
95
Tejaswi
90
In main (), the statement
ofstream fout ( "student.out” ); // connect student.out to fout
creates the object fout and binds it to the file student.out by opening it in the write mode. The
statement -
fout << name << endl;
writes the string name to the file, and the statement
fout << marks << endl;
writes the integer variable marks to the file. The file student . out is closed automatically when the

program terminates.
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Note that, when a file is opened in write-only mode, a new file is created if a file with the same name
does not exists. Otherwise, the current contents of the file is truncated and opened in write mode. The
program stdread.cpp opens file student . cut using a constructor and prints its contents on the
console.

// stdread.cpp: student file, read the file student.out
#include <fstream.h>
void main{()
{
char name([30];
int marks;
ifstream fin ( "student.out" ); // connect student.out to fout
// read first student details
fin >> name;
fin >» marks;
cout << "Name: " << name << endl;
cout << "Marks Secured: " << marks << endl;
// read second student details
fin >> name;
fin >> marks;
cout << "Name: " << name << endl;
ecout << "Marks Secured: * << marks << endl;

}
Bun

Name: Rajkumar
Marks Secured: 95
Name: Tejaswi
Marks Secured: 90

The above program must be executed only when a file with the name student . out already exists and
has data as expected by the program.

Opening and Closing of Files Explicitly
The file can also be opened explicitly using the function open () instead of a constructor. This mecha-
nism is generally used when different files are to be associated with the same object at different times.

The syntax for opening a file is shown in Figure 18.6. The file can be closed explicitly using the
close () function as follows:

stream_¢bject.close();
The following examples illustrates file open and close operations.

1. Opening file in write mode:

ofstream fout; // create stream for output
fout.open( "student.out* ); // bind stream to file
fout.close() ; // disconnect stream from student.out
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fout.open( "person.out" ); // bind stream to another file

2. Opening file in read mode:

ofstream fin; // create stream for input
;'::Lrll..open( *student.in" ); // bind stream to file

;‘:.i.::::close(}; // disconnect stream from student.in
;!i:;.OPen[ *student.out" ); // bind stream to another file

There is a limit on the maximum number of files which can be opened. This constraint is imposed by
the underlying operating system on which a program executes. For instance, in MS-DOS, the entry
FILES=N in the CONFIG.SYS file; the entry FILES = 20 indicates there can be a maximum of 20
files opened at a time. If any attempt is made to open a file above this limit, it fails and returns the NULL
handle. Therefore, it is advisable to close a file when it is no longer needed.

ifstream, ofstream, fstream user defined object disk filename

N yd

file-stream-class stream-object ( "filename" );

(a) file stream object and attaching file name

file-stream-class stream-object; —-——e—— Stream object creation

ééx.-éam—object .open( “filename" ); === attaching the file name
(b) file stream object and attaching file name explicitly

Figure 18.6: Syntax of opening the file

18.4 Testing for Errors

The assumption of a file operation (opening, processing, or closing) is always successful in an ideal
situation. There are situations, when the user tries to open a non-existent file in read-mode or tries to
open a file in write mode which has been marked as read-only. File operations fail under such circum-
stances. Such errors must be trapped and appropriate actions must be taken before further processing.

This can be done using the operator ! with an instance of the i fstream, of stream or fstream.
The operator ! is overloaded to return nonzero in case any stream errors have occurred. For example, to
vpen a file for input and test whether it has successfully opened (it will not be opened if the file does not
exist), the following code may be used:
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ifstream in_file( "test.txt" };
//test for error
if( lin_£file )
{ //File wasn't opened
cerr << "Cannot open test,txt\n";
exit( 1 );
}

Once the file has been opened successfully, acommon activity is to read from the file while the end-
of-file has not yet been reached. Using the name of a file stream instance in place of a condition
expression (such as inside an i £ or while statement) evaluates to nonzero only when no errors have
occurred in the file. Hence, errors such as end-of-file can be tested as follows:

while( in_£file ) // while EOF has not been reached
{

//Read from the file.
}

where in_file is an instance of ifstream, but an instance of ofstream or fstream can
equally be used in such situations.

An example using i fstream to output the contents of a file is given below. Note that, the use of
the manipulator reset iosflags to prevent skipping white-space characters in the input. A program
to display the contents of a file (filename is entered interactively) on the console is listed in fdisp. cpp.

// fdisp.cpp: display file contents using ifstream to input from a file
#include <fstream.h>
#include <iomanip.h>
int main()
{

char ch;

char filename( 25 ];

cout << “Ehter Name of the File: *;

cin >> filename;

// create a file object in read mode

ifstream ifile( filename );

if( tifile ) // file open status

{

cerr << "Error opening " << filename << endl;
return 1;

ifile »> resetiosflags( ios::skipws ); // do not skip space or new line
//Comment above line; then execute the program, you will see funny result
while( ifile ) // while EOF not reached.
{

ifile »> ch; // read a character from file

cout << ch; // display character on console
}

return 0;



674 Mastering C++

Run

Enter Name of the File: mytvpe.cpp
¢ The contents of the input file, mytype . cpp is displayed on console ]

In main{). the-statement

ifstream ifile( filename ):
creates the disk file object, 1 £11e for a file name entered interactively in the read mode. In the absence
of the statement,

ifile >> resetiosflags({ ios::skipws };
the file will be displayed without any spaces or newlines, since the >> operator, neglects any white-
space characters by default. The statement

ifile »> ch;
reads a character from the file in a manner similar to cin. It does not skip white-space characters since
ios::skipws flag is reset. The object i£ile becomes 0 as soon as it reaches the end of the file and
hence, the statement

while( ifile )

loops until end of file is reached. All those files that are opened by a program must be closed by it.
Otherwise, the system closes all those files which are in open state during the termination of a program,

The program keyin.cpp waits for keyboard input and dumps all input characters into the file
key . txt until the end-of-file (Ctrl-Z) character is pressed followed by the carriage-return key.

// Keyin.cpp: Reads all the characters entered and stores the same in the file
#include <fstream.h>
void main()
{
char ch;
cout<<"Enter characters..<Ctrl-Z followed by carriage-return to stop>\n";
ofstream ofile( "key.txt" }); // opens file in output ASCII mode
while( cin ) // not end of file
{
cin.get({ ch }; // read character from conscle
ofile << ch; // write to file
}
ofile.close(); // cleose file
}

Bun

Enter characters..<Ctrl-Z followed by carriage-return to stop>
1

ABC .. XYZ2Z

~Z

Note: The file key. txt has-all the above characters except ~2

In main, the statement
ofstream ofile( "key.txt" );
o-ens the file key. txt in output mode. The statement
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cin.get( ch };
reads a character from the input device without skipping white-space characters. Hence, the
resetiosflags (ios::skipws) manipulator need not be used to prevent skipping of white-
space characters, The statement

ofile << ch;
writes character to the output file. The statement

ofile.close(}:
closes the file.

Another approach for detecting the end-of-file condition is using the member functioneo€£ { ). This
operates as follows:

stream-cbject.eof() = 0 if end-of-file is not detected
= non-zero if end-of-file is detected

The function eof () is a member function of the class ios. For example

if( fin.eof() )

// end-of-file
else

// not end-of-file

The program stdwr . cpp illustrates the processing of errors that occur while manipulating files.

/ / stdwr.cpp: student file, creating, writing, and reading the same
#include <fstream.h>
void student_write( int count )
{
char name([30];
int i, marks;
/¢ create a file, open it in write mode and save data
ofstream fout; // create a file object
fout.open( "student.out" }; // connect file object to file
if( tfout )
{
cout << "Error: " << “student.out cannot be opened in write mode";
return;
}
for{ i = 0; i < count; i++ )
{
cout << "Enter Name: ";
cin >> name;
cout << "Enter Marks Secured: *;
cin »>> marks;
// write to a file
fout << name << endl;
fout << marks << endl;
}
fout.close(): // disconnect a file
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void student_read()
{
char name[30];
int i, marks;
// create a file, open it in write mode and save data

ifstream fin; // create a file object
fin.open( "student.out" ); // connect file object to file
if( !fin )

{
cout << "Errer: " << "student.out cannot be opened in read mode*;
return;
}
while(l)
{
fin »> name;
fin »> marks;
if( fin.eof() )
break;
cout << "Name: " << name << endl;
cout << "Marks Secured: " << marks << endl;
}
fin.close(); // disconnect a file
}
void main()
{
int count;
cout << "How many students ? ";
cin »> count;
cout << "Enter student details to be stored..." << endl;
student_write( count );
cout << *"Student details processed from the file..." << endl;
student_read() ;
}

Run

How many students ? 3

Enter student details to be stored...
Enter Name: Mangala

Enter Marks Secured: 75

Enter Name: Chatteriee

Enter Marks Secured: 39

Enter Name: Rag-M-G

Enter Marks Secured: 50

Student details processed from the file...
Name: Mangala

Marks Secured: 75

Name: Chatterjee

Marks Secured: 99

Name: Rao-M-G

Marks Secured: 50
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In student_write(), the statement

fout.open{ "student.out" }; // connect file object to file
opens the file student . out and connects the same to the stream object fout. The statement
if({ 'fout )

verifies whether the file is opened successfully or not. If condition is true, when ! fout is nonzero.

The statement in student_read()
if( fin.eof () )
break;
checks for the end-of-file and terminates file processing if the end-of-file is reached.

18.5 File Modes

The constructors of ifstream and key.txt and the function open () are used to create files as
well as open the existing files in the default mode (text mode). In both methods, the only argument used
is the filename. C++ provides a mechanism of opening a file in different modes in which case the second
parameter must be explicitly passed. The syntax is as follows:

stream-object.open( "filename”, mode );
It opens the file in the specified mode. The list of file modes are shown in Table 18.1 with mode value and
their meaning.

mode value Effect on the mode
ios::in open for reading.
ios::out open for writing.
ios::ate seek (go) to the end of file at opening time.
ios: :app append mode: all writes occur at end of file.
ios::trunc truncate the file if it already exists.
ios::nocreate open fails if file does not exist.
ios: :noreplace open fails if file already exists.
ios::binary open as a binary file.

Table 18.1: File open modes
The following points can be noted regarding file modes:

+ Opening afileinios: : out mode also opensitinthe ios: : trunc mode by default. That is, if the
file already exists, it is truncated.

+ Bothios: :appand ios: : ate sets pointers to the end-of-file, but they differ in terms of the types
of operations permitted on a file. The 1o0s : : app allows to add data from the end-of-file, whereas
ios: :ate mode allows to add or modify the existing data anywhere in the file. In both the cases, a
file is created if it is non-existent.

« The mode ios: :app can be used only with output files.

+ The stream classes i fstream and ofstream open files in read and write modes respectively by
default.
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o Forfscre must be explicitly passed.
+ More than one value may be ORed to have a combined effect. For instance, the following statement
opens afile for reading in binary mode:
istream in_file( "myfile-,

class. the mode paramete

|
The program payfile.cpp gencrates a p.ayrl)ll like output and directs the output to the file
pay. txt instead of cout. It stores floating point data in the form of ASCII characters instead of
machine representation (binary form).

binary )

payfile: payzoll
#include <fotream.h>
#inciude <iemanip.n>
veid main()
¢

floac £1-123.45, £2=

ke cutput example printing results to file

its contents if exists

In main (). the statement

ofstream out_file( “pay.txts, ios::trunc );
creates the file pay . txt and truncates its contents if the file already exists. As with the console
streams. manipulators can be used with any of the file stream instances.

18.6 File Pointers and their Manipulations

The knowledge of the logical location at which the current read or write operations oceur is of great

importance in achieving faster access to information stored in a file. The file management system
ociates two pointers with each file. called file poiniers. In Co. they arc called get poinier Gnput

pointer) and pur poinier (output pointer). These pointers facilitate the movement across the file

Tending o wiiting, The §er pomrer specifics a location from where the current 1eading aperation is

initiated. The put pointer specifies a location from where the current writing operation is initiated. On

of arcad or the e dvanced

Default Actions

The file pointers are st to a suitable location initially based on the mode in which the file is opened.
Fundamentally, a file can be opened in the read mode, write mode, or append mode. The log on
of file pointers when a file is opened is discussed below ( see Figure 18.7.):
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+ Read-only Mode: when a file is opened in read-only mode. the input (get) pointer is initialized to point
to the beginning of the file. so that the file can be iead from the st

« Write-only Made: when a filc is opened in write-only mode. the existing contents of the file are
deleted (if a given file already exists) and the ouIpI POInTer is St 10 point to the beginning of the file,
50 that data can be writien from the start

- Append Mode: when a file is opened in append mode, the existing contents of the file remain unal-
fected (if a given file already exists) and the ouiput pointer is sct o point 1o the end of the file so that
data can be written (appended) at the end of the existing contents.

art.

ut poinier

"hello” file

[TTTITTITITIT]

output pointer

Wiite mode

—,—

“hello" file

—nannn

output pointer

Figure 18.7: File pointer position on opening a file

i for i of File Poi
The C—+ IO system supports four functions for seuing a file pointer to any desired position inside the
file or (o get the current file pointer. These allow the programmer 1o have control over a position in the

File where the read or write Speration takes place. The funciont are listed in the Tabte 185

Function | Member of the class Action Performed

R ifstream Moves gt file pointer 1o a specific location
seekp () ofscream Moves put file pointer to a specific location

cellg () itarream Returns the current position of the get pointer
cellp() ofstream Retumns the current position of the put pointer

Table 18.2: File pointer control functions
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The seekp () and tellp() are membér functions of ofstream. The seeky and tellg are
member functions of i fstream. The class £stream deals with files in both input and output modes.
Hence, there are two file pointers in class fstream - the put pointer used for writing and the get
peinter used for reading. All four functions mentioned above are available in the class £stream. The
seekp () and tellp() deal with the put pointer, while seekg () and tellg() deal with the get
pointer.

The two seek functions have the following prototypes:
istream & seekg(long offset, seek_dir origin = ios::beg);
ostream & seekp(long offset, seek_dir origin = ios::beg);:
Both functions set a file pointer to a certain offset relative to the specified origin. The second parameter
origin, represents the reference point from where the offset is measured. It can be specified by using
an enumeration declaration (seek_dir) given in the ios class. (See Table 18.3.)

origin value Seeks from...

ios::beg | seck from beginning of file
ios::cur seek from current location
ios::end seek from end of file

Table 18.3: File seek origins

For example, the statement
infile.seekg( 20, ios::beg );
or
infile.seekg( 20 );
moves the file pointer to the 20th byte in the file, inf i1e. After this, if a read operation is initiated, the
reading starts from the 21st item (bytes in file are numbered from zero) within the file. The statement
outfile.seekp( 20, ios::beg );
or
outfile.seekp( 20 );
moves the file pointer to the 20" byte in the file out £ile. After this, if write operation is initiated, the
writing starts from the 21 item (bytes in file are numbered from zero) within the file. Consider the
following statements:
ofstream outfile( "student.out", ios::app };
int size = gutfile.tellp();

The first statement creates the file stream object outfile, and connects it to the disk file.
student . out. [t moves the output pointer to the end of the file. The second statement assigns the
value of the put pointer (0 the integer variable size, which in this case represents the number of bytes
in the file, The program £size . cpp prints the size of a file, whose name is given as a command line
parameter.

// 1size.cpp: file size finding using seekg and tellg
#include <fscream.h>
int main( int arge, char *argv{] }
{
if( argc <= 2 } // no filename is passed



}
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cout << “Usage: fsize <filename>";

return 1;
}
ifstream infile( argv[ 1 ] ); // file open in read and write mode
if( tinfile ) // open success
{

cerr << “Error opening * << argv[ 1 ] << endl;

return 1;
)
infile.seekg( 0, ios::end ); // set read pointer to end of file
cout << "File Size=" << infile.tellg(); // read current position
return 0;

Runi

Usage: fsize <filename>

BRun2

File Size=437

In main (}, the statement
infile.seekg( 0, ios::end };

moves the read pointer to the end of the file, and the statement

infile.tellg();

reads the get pointer value. In this situation, it represents the size of the file.

681

The seekg () sets the get pointer while seekp () sets the put pointer to the specified location.
Some of the pointer offset calls and their actions are shown in Table 18.4 and Figure 18.8. It is assumed
that the variable £out is the object of the stream class of st ream and £in is the object of the stream
class ifstream.

Seek call Action performed
fout.seekg(0, ios::beg) Go to the beginning of the file
fout,seekg(0, ios::cur) Stay at the current file
fout.seekg (0, ios::end) Go to the end of the file
fout.seekg(n, ios::beg) Move to (n+1) byte location in the file
fout.seekg(n, ios::cur) Move forward by n bytes from current position
fout.seekg(-n, ios::cur) Move backward by n bytes from current position
fout.seekg(-n, ios::end) Move backward by n bytes from the end
fin.seekp(n, ios::beg) Move write pointer to (n+1) byte location
fin.seekp(-n, ios::cur) Move write pointer backward by n bytes

Table 18.4: Seek calls and their actions
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ios: :beg ios: :cur ios: :end
seek-origin
A J v
e file  m---mmemmeeoo—-
(1) .
(ios:beg,offset)
1 (2)
| {ios:cur, offset)
(1) seekp/g(offset,ios:;beg); (3)
(2) seekp/gloffset,ios::cur); )
(ios::end,offset)

_{3) seekp/gl(offset,ios:;end);

Figure 18.8: Seek positions and their origin

18.7 Sequential AccesstoaFile

Unlike other programming languages (such as COBOL), C++ does not provide commands organizing
and processing files as sequential or direct (random) files, However, it provides file manipulation com-
mands which can be used by the programmer to device access to files sequentially or randomly. A
sequential file has to be accessed sequentially; to access the particular data in the file all the preceding
data items have to be read and discarded. A random file allows access to the specific data without the
need for accessing its preceding data items. However, it can also be accessed sequentially. Organizing
a file either as sequential or random depends on the type of media on which the file is organized and
stored. For instance, a file on a tape must be accessed sequentially, whereas, a file on a hard disk or
floppy disk can be accessed either sequentially, or randomly. In C++, it is the responsibility of the
programmer to devise a mechanism for accessing a file.

The C++ file stream system supports a wide variety of functions to perform the input-output opera-
tion on files. The functions, put () and get (), are designed to manage a single character at a time.
The other functions, write () and read(), are designed to manipulate blocks of character data.

The put() and get() Functions

The function get /) is a member function of the file stream class f st ream, and is used to read a single
character from the file. The functionput () is amember function of the output stream class fst ream,
and is used to write a single character to the output file. The program putget . cpp reads a string from
the standard input device, and writes the same to a file character by character. A sequential file is
created and its pointer is positioned at the beginning of the file. It is processed sequentially until the
end-of-file is encountered.
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/7 putgerepp: writes and reads chavacters from the £ile
ream.n>

file.get( ¢ 1; // reads a character
cout

Enter String

Output String: ObIECT-COMPUTing with Crt

Note: The file atudent . txt contains the entered string

€ modes: so that the

e stream £ € ream provides the facility 1o open a file in both read and wr
file can be processed randomly by positioning the file pointers.

18.8 ASCIl and Binary Files

The stream operators insertion and always d deal with data. Data has
to be formatted to produce logical information. This is because, most of the /O devices commus
to the computer system using ASCII code, but CPU processes these data u nary system
Hence. it is necessary 10 convert data while reading from the input device or displaying data on ourput
device. Most visible data formatting operation is alignment of display ficlds. In addition 1o this. data
operation also while data between the program and console
or a file. For example. in order to display an integer value, the <= operator converts the number into a
stream of ASCII characters. Similarly, the - operator converts the input ASCII characters 10 binary
data from the i when a number. say, 120 is typed in response 1o
an input statement such as:
The user enters data by typing on the keyboard. In this case. stream operator seceives ASCII codes of
the 49,50, and 48). The > operator function converts the input
ASCIH data to binary ot assigns to the variable 3. Similarly, the << operator in a swtement such as:

cout <= ir
converts the content of the variable i (say 120) into three ASCII characters, 49. 50. and 48 and then
sends the same (© the standard output device. The representation of an integer in the character form
and binary form is shown in Figure 18.9.
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ASCII format Binary format

[3Tz] loJofofofofofofofofofoJefofofi1]4]

— |« 2 bytes ’|

1 byte

[s]2]e6fafo] KNI

le |

|¢——— 5 bytes ———»| « 2 bytes d
+ Representation size varies + Representation size remains constant

according to magnitude irrespective of magnitude
+ File IO requires + File I/0O requires no

data conversion, Binary conversion of data and

to ASCII while writing to file hence fast access to a file

and ASCII to Binary while

reading a file

Figure 18.9: Integer representation in ASCIl and binary format

When the character \n is written to a text file (ASCII file), it is actually converted into the sequence
\r and \n and then written to a file. Similarly, while reading a character if this sequence is encountered,
it is converted to a single character \n and transferred to the reader. The following section discusses
other distinction between file operations on ASCII and binary files.

write() and read() functions

At the user end, generally the values are represented in ASCII, whereas, inside the machine their binary
equivalents are used. In certain cases, it is not necessary to store information in the form of ASCII
characters. For instance, in a database application, storing an integer in binary form instead of a string
of ASCII characters saves a lot of disk space and makes retrieval faster. To store or retrieve data in
binary form, the member functionswrite () orread() can be used.

Unlike put () and get (}, the write () and read() functions access data in binary format. In
binary format, the data representation in the file and in the system is the same. The difference between
the representation of data in text form and binary is shown in Figure 18.9. The number of bytes required
to represent an integer in text form is proportional to its magnitude, whereas, in binary form, the size is
always fixed irrespective of its magnitude. Thus, the binary form is more accurate, and provides faster
access to the file because no conversion is required while performing read or write. The read () and
write () functions have the following syntax:

infile.read( (char *) &variable, sizeof( variable ) )

outfile,write{ (char *) &variable, sizeof( variable ) );
The first parameter is a pointer to a memory location at which the data retrieved from the file is to be
stored in case of read () and address at which data is to be written when retrieved from a file in case
of write (). The second parameter indicates the number of bytes to be transferred. The program
fwr . cpp illustrates the creation and manipulation of binary files.
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r/ twrcpp: use of write and read member of file streams
#include <fstream.h>
void main()
{ 5
int numl = 530;
 fleoat num2 = 1050.25;
/{ open file in write binary mode, write integer and close
ofstream out_file( "number.bin®, ios::binary );
out_file.write( (char *) &numl, sizeof(numl) };
out_file.write( (char *) &num2, sizeof (float) );
out_file.close();
// open file in read binary mode, read integer and close
ifstream in_file( "number.bin", ios::binary );
in_file.read( (char*)&numl, sizeof(int) };
in_file.read( (char™)&num2, sizeof (num2)} };
cout << numl << " " << num2 << endl;
in_file.close(};

}
Run

‘330 1050.25
In main (), the statement
out_file.write( (char *) &numl, sizeof (numl) );
writes the contents of the integer variable num1 to the disk file. The number of bytes to be written can
be computed by sizeof( numl ) or sizeof( int ). The statement
in_file.read( (char*)&numl, sizecf(int) );
reads sizeof ( int ) number of bytes from the file and stores in the memory location pointed to by
the second parameter.

18.9 Saving and Retrieving of Objects

C-++ does not support the creation of persistence-objects. Persistence objects are those which outlive
the program execution time and exist between executions of a program, All database systems support
persistence. In C++, this is not supported, however, the programmer can build it explicitly using file
streams in a program. The stream operators can be overloaded to save objects into a file or retrieve
objects from a file. The stream operators << and >>are also member functions of the file manipulation
stream classes ofstream and ifstream. The concept of overloading file stream operators is the
same as that of overloading of console stream operators as discussed in the earlier chapter: Operator
Overloading.

The stream operators have to be overloaded as friend operator functions of user-defined classes
whose objects are to be manipulated with file streams. The stream operator << function takes the
ofstream & (reference object parameter) as the first argument and the second parameter can be a
reference object of a class. The return value of this operator function is object of the ocfstream &
type. The operator >> function takes the ifstream & (reference object parameter) as the first
argument and the second parameter can be a reference object of a class. The return value of this
operator function is the object of the type ifstream &. Thus, in both the cases, a reference to an
ohject of the current class is taken as the second argument and after manipulating the second paramete”.
+ reference to an object of the respective stream class is returned.
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The program objsave . cpp illustrates the flexibi

exwraction operators while saving objects into a file or retrieving objects from a file.

ve.cpp: saving a object to a file with stream cperator overloaded

i
#include <fstream.h;

#include <ctypa h> /7 £ox roupper
#include <stzing.h> /7 for

class person

«

private
Char name( MAXNAME

/7 this function writes the class's data members to the file
veid write( ofstream sos :

os.write( name, strlen( name ) );
< enas

os.write( (char-)sage, sizeof( age ) ):
3

// this function reads the class's date member from the file

77 Tt soturns monsere LE mo Srrors were encountered while reading
inc reaa( ifscream &is )

B

is.get( name, MAXNAME, 0 )
o

namel is.geount() ] =
is.ignore( 1 ); // ignore the NULL terminator in the file.
is.read( (char~)szage. sizeof( age )

return is.good ()
)
/¢ stream cperator, << overloading

friend ootream & operator << ( ostream Los, Persom &b )r
/ srx overloadi

fricnd istream toperator ~> ( istream kio. Person &b )
/. outpur file stream operator overloading

Eriend ~< ¢ &fos, Persen &b )

«
b.wrice( €os )i
return fos:

3
/7 output f£ile stream operator overloading
friend ifstream &operator => ( ifstream afos, Person &b )

b.read( fos ).
return fos

)

N
istream koperator =» ( istream &is, Person &b )

cout << -name:

y gained by overloading the inscrtion and
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»
oscream Koperator << ( ostream &os, Person &b )
13

o5 << b.name << endl:
os << b.age << enal;
return os;

)

void main()

«

person p_ob:
77 epen a File in binary mode and write chjects to it
ofstraam ofile( “paxson-tat’. Fou::trumc|ios: binesy s
cha:

do

<

/7 reaa object
// write object to the output. file

) while( toupper( ch )
ofile.close ()
/7 Output loop, Qisplay file content

ifstream ifile( "person. txt-, binary )
cut << *The cbiccte written to the file weie:..? <= end
while(

ifile > p obi: // extract person object from file

IECTeiie a1 ) rTEIIe PIAETR T GNT 1e

break:

cout << p_obi: // display person object on comsole

>

The objects written to the file were
Tejaswi
s

Savithri
23



688 Mastering C++

In the above program, the object p_ob of the class Person is retrieved from or saved to a file just
like a variable of a built-in data type. The statement
cin >> p obj;
reads the object, p_ob3j from the standard input device, whereas, the statement
ifile >> p_obj;
retrieves the object, p_ob3j from the input file i file. The statement
cout << p_obj;
displays the object, p_obj on the standard output device and the statement
ofile << p_obj;
stores the object p_ob3 in the file. The mechanism of manipulating user defined objects with stream
operators is depicted in Figure 18.10.

Client program

/—_\\__/_/

person per_obj;
ofstream ofile

{"person.txt",..);
cin >> per_obj;
—ofile << per_obj;
ifstream ifile

("person.txt",..);
| -ifile >> per_cbj;

‘meaIlsIof
»3» Jojersdo

L cout << per obj;

/—\J

Figure 18.10: Files and objects interaction

The classes i fstreamand ofstream are declared in the fstream. h header file. The member,
functions of the stream classes ifstream and ofstream, get () and write () can be used to}
manipulate user defined objects in disk files. These functions handle the entire structure of an object as}
a single unit, and store or retrieve in binary format. For instance, the member functionwrite () ofthe
class o £stream, writes a class's object from memory byte-by-byte without conversion to the target -
disk file opened in binary mode. It is important to note that, only data members of a class are copied to
the disk file. For instance, the statement in the above program,

ofile << p_obj;
can be replaced by the statement,
ofile.write( (char *} &p_obj, sizeof(p obj) );
to store the object p_ob3 to the disk file. Likewise, the statement
ifile >> p ebj;
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can be replaced by:

in order to retrieve the object from the disk file. The length of the object is computed using the sizeof
operator. It returns the number of bytes required to hold all the data members of the p_ob7 object.

ifile.read( (char *) &p_obj, sizecf(p_obj) );

18.10 File Input/Output with fstream Class

The class fstream supports simultaneous input and output operations. It contains open () with
input mode as default. It inherits all the functions from istream and ostream classes through
iostream. The program student . cpp illustrates the role of £ st ream class in the manipulation of
files. It reads the data from the input file student.in and writes the processed information into

another disk file student.out.

// student.cpp: reads students from files and writes result to ancther file
#include <iostream.h>
#include <fstream.h>
#include '<conio.h>
#include <process.h>
void main ()

{

fstream infile; // input file

fstream outfile; // output file

int i, count, percentage;

char name[30];

// Open source file for reading

infile.open( "student.in", ios::in );

if( infile.fail() )

{
cout << "Error: student.in file non-existent"”;
exit( 1 );

}

outfile.open( "student.out”, ios::out );

if( outfile.fail() )

{
cout << "Error: unable to open student.out in write mode*;
exit( 1 )

}

infile »>> count; // how many students

// write header to output file

outfile << * Students Information Processing” << endl << endl;
outfile €€ "—c-mmmc e e " << endl;
for( i = 0; i < count; i++ )

{

// read data and percentage secured from the input file

infile >> name;

infile »>> percentage;

// write name and class secured based on percentage to output file
outfile << "Name: " << name << endl;

outfile << "Percentage: " << percentage << endl;
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}

outfile << “Pagsed in: *;
if( percentage »>= 70 )
putfile << "First class with distinction®;
else
if( percentage >= 60 )
outfile << "First class";
else
if( percentage >= 50 )
outfile << “Second class*;
else
if( percentage >= 35 )
outfile << "Third class";
else
outfile << "Sorry, Failed!";
outfile << endl;
ocoutfile << "-==--------""————— e e * << endl;
}
// close files
infile.close();
outfile.close();

Run

Note that before running the above program, create the input file student . ir containing the data

according to the following format:

1, Number of students
2. First student name (without blanks)
3. First student percentage score

N. Last student name
Last student percentage score

it processes the input file and writes results to the output file; see the contents of the student. ocut.
The input file student . in contains the following information:

6

Rajkumar

84

Tejaswi

82

Smrithi

60

Anand

55

Rajshree

40

Ramesh

33

The above Run has crefited the output file student . out containing the following:



Chapter 18: Streams Computation with Files 691

Students Information Processing

Name: Rajkumar
Percentage: B4
Passed in: First class with distinction

Name: Tejaswi
Percentage: 82
Passed in: First class with distinction

Name: Smrithi
Percentage: 60
Passed in: First class

___________________ e s e e o . B

Name: Anand
Percentage: 55
Passed in: Second class

Name: Rajshree
Percentage: 40
Passed in: Third class

Name: Ramesh
Percentage: 33
Passed in: Sorry, Failed!
In main(), the statements
fstream infile; // input file
fstream outfile; // output file
create objects of the stream class £stream, and the statements
infile.open{ "student.in", ios::in );
outfile.open( "student.out", ios::out );
bind the stream objects infile and out £iletodisk files named student . inand student . out
respectively. Note that the stream objects infile and outfile are instances of the fstream
class, but they are opened in different modes i.e., infile is opened in the read mode, whereas
out file is opened in the write mode. The statement
infile >> name;
reads name string from the input disk file, and the statement
outfile << "Name- " << name << endl;
writes the same to the output disk file. The file processing is carried on until all the records are pro-
cessed. Note that the syntax for writing to the disk file resembles that used for writing to the console.

18.11 Random Access to a File

The program fio.cpp handles files using the fstream class. It uses fstream to perform both
input-output operation on the test .del file. Since, the class £streamis derived from iostream,
both input and output can be done on the same stream (same file in this case).
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flo.cpp: Input and output operations on file, random accoss
tineiuae <iogtcoam na T o = = // direct.opp: ing cbiects random
sindimal LTy inciude CEotremmie
$dcfine READ STZE 6 include <cevpe.me /7 For coupper
Voia main () incluas <=tring n> [ e v
v *aazine wAnaE 40

ciaaa Feraon

char reader( READ_SIZE + 1 1.
/! Estresm constructor. open in binary inpuc and output mode ¢ :
Tnlie private
char name( MAXNAME ) ;
int age:

; public

11 Set the wiite (put) polater. 7/ thia function writes the claaa‘a daca members to the file
5 void write( ofstream &os )
«

os.write( name, strlen( name ) );

os.write( (chaz*)&age. sizeof( age ) )

ZE 1 = 0;
ot it eades o% anay 7/ this function reads the class's date member from the £i

77 It returns monzero Af mo errers were encountered while roading.
nt read( ifstream &is )

116789 is.get( name, MAXNAME, 0 )
namel Ss.gcount() ] = 0;
am has two file pointers associated with it: a get pointer used while is.ignore( 1 ); // ignore the NULL terminator in the
is.read( (char=)zage, sizeof( age ) )
Teturn is.good()

Note that an instance of £at-

reading, and a puc file pointer used while writing. The statement
fatr. meekp( 2 ):

)

sets the put pointer to an offsct 2. /4 stream operator, << overloading

The first writes ASCII codes of the digits 0 to 9 to the file test.del. moves the pur friend ostream & operator << ( ostream &os, Person &b ):
pointer by an offset 2 from the beginning of the file and the overwrites the numbers 3 through 6 with the /7 stream operator »> operator overloading
string “Hello”. It then reads 6 characters from the offset 4 into the array r eadex. The last line of the £riend istream moperactor >» ( istream wis. Person &b )i
rogram will display these 6 characters, which will be 116789 After all writes are completed, the N /¢ output file stream operator overloading
contents of the file test.del will be: 01Ho110789 }irenm noperater > ( iacream 4is. peraon &b )
The facilty for direct fle processing s cusential in databaze applications. They perform extensive «
dara read, write, update, and search activities. Thes 7 the file p
r P> frim ome position L6 anotiier. This can be sasily performed by using the s ook ()« < cad (1+and flusk inpue butcer

write() functions.
The location at which the m* object is stored can be computed using a relation:
tocation = m = sizeof{ object )

N Ny . et i - )
:—:.s sp«:cluf'l:s the offset at which the object s stored in a file. I can bo used (o manipulats the =" object ) cream soperator -« ( ostream os. Person &b )
using the rea weite() functions. °
e program airect . cpp illustrates the mechanism of updating a file by random access. It uses. os << "Name: * << b.name << anal
o Tile Bermon ot Hor objects and thon these objects can be updated if necessary. The file o5 << "age : * << b.age << endl;
return os;

pointers ger and put are positioned based on the objcct 1o be accessed. N
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void main()
{
Person p_obj;
int count, obj_id;
cout << "Database Creation..." << endl;
// open a file in binary mode and write objects te it
ofstream ofile( "person.dat*, ios::trunc|ios::binary );
count = 0;
char ch;
do
{
cout << "Enter Object " << count << " details..." << endl;
cin => p_obj;
count = count + 1;
// write object to the output file
cfile.write( (char *) &p_obj, sizeof( p_obj });
cout << "Another ? ";
cin »> ch;
} while( toupper{ ch )} == 'Y' };
ofile.close();
// Output loop, display file content
fstream iofile( "person.dat”, ios::binary|iocs::in|ios::out );
cout << "Database Access..." << endl;
while( 1 )
{
cout << "Enter the object number to be accessed <-1 to end>: *;
cin »>> obj_id;
if( obj_id < 0 || obj_id »>= count )
break;
int location = obj_id * sizeof( p_obj );
iofile.seekg( location, ios::beg );
iofile.read( (char *) &p_obj, sizeof( p_obj ) );
cout << p_obj;
cout << "Wants to Modify ? *;
cin »> ch;
if( c¢h == 'y' || ch == '¥" )
{
cin >>» p_obj;
// update the object in the file
iofile.seekp( location, ios::beg );
iofile.write( (char *) &p_obj, sizeocf( p_obj )} );
}
}
iofile.closel();

I

Run

Database Creation...

" Enter Object 0 details...
Name: Rajkumar

Age : 25
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Another ? ¥

Enter Object 1 details...

Name: Tejaswi

Age : 20

Another ? ¥

Enter Object 2 détails...

Name: Kalpana

Age : 15

Another ? n

Database Access...

Enter the object number to be accessed <-1 to end>: 0
Name: Rajkumar

Age : 25

Wants to Modify ? n

Enter the object number to be accessed <-1 to end>: 1
Name: Tejaswi

Age @ 20

Wants to Modify ? ¥

Name: Tejaswi

Age : §

Enter the object number to be accessed <-1 to end>: 1
Name: Tejaswi

Age : 5

wants to Meodify ? n

Enter the object number to be accessed <-1 to end>: =1

In the program, initially a database is created without supporting its modification during creation.
After creating the database file, the object iofile of class £stream is created using the statement,
fstream iofile! *person.dat”, ios::binary|ios::infies::out );
It connects the file person.dat to the stream based object and permits both the read and write
operations to be performed on the same file.
To read objects randomly, there must be a mechanism for converting object-id (object request) into

the location at which it is stored. This is achieved by computing the location of the object storage using
the relation :

int location = obj_id * sizeof( p_obj });
and put pointer is set to this by:

iofile.seekg( location, ios::beg );
and the statement:

iofile.read( (char *) &p_obj, sizeof( p_obj ) );
reads the file and stores into the object,

18.12 In-Memory Buffers and Data Formatting

The C’s I/O system has two functions: sscanf () and sprintf () (whose prototypes appear in the
stdio.h header file) for formatted I/O with memory buffers. The function sscanf performs format-
ted input from a character array, and sprintf does formatted output to a character array. These
functions are normally used while displaying numbers in graphical environments (like BGI and Win-
dows) where the output functions accept only strings.
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C++ supports stream classes (declared in strstrea.h): istrstream (handling input of data
from the array), ostrstream (handling output of data to the array), and strstream (transfer of
data both ways) to handle character arrays in memory. In many cases, these streams may be easier to
use than ordinary strings, since their buffers are dynamic. These streams can be used with stream
opcrators, manipulators, ete., in the same way as the file streams. But their constructors have different
specification. The program cmdadd. cpp illustrates the use of istrstream class in creating stream
buffers and using it for extracting the data. It adds all the numbers passed as command line argumenits.

// emdadd.cpp: addition of numbers passed through command line
#include <strstrea.h>
void main( int argc, char *argv([] )
{
int i = 1;
long num, sum=0;
if{ argec < 2 )

{
cout << "Usage: cmdadd list_of_numbers_to_be_added";
return;

}

while( --argc )

{
istrstream arg{ argv[ i | );
arg >> num;
SUIm += num;
i+4;

}

cout << sum << endl;

}

Run
At System prompt: cmdadd 1 2 3
-]
In main (), the statement
istrstream arg{ argv{ 1 ] );
creates an object of the class istrstreamand connects the same to a buffer. This object can now be
used to read data from the associated buffer. The statement
arg >> num;
extracts the data value and stores into the variable num. This method of accessing data is similar to
performing /O with the console and a file.

18.13 Error Handling During File Manipulations

In the real time environment, many users access different files without any predefined access pattern.
The following are the different situations that can arise while manipulating a file:

+ Altempting to open a non-existent file in read-mode.

« Trying to open a read-only marked file in write-mode.

» Trying to open a file with invalid name.
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/7 £ile does mot exist
)
2. Open fail: opening read only marked file
cfstream cutfile( "myfile.dat" )
1£( tinfile ) /7 or if( infile.bad() )
«
// £ile already exist and marked as read only
)
3. Detecting end of file

while( !intile.est() ) // processes until end-of-tile is reached
7/ process file

4. Read fail
infile.read(...):
if( infile.bad() )

// £ile cannot be processed further
B!
5. Invalid filename.
infile.open( " [-** };
if( tinfile )
«

/7 invalid £ile name

b
6. Processing unopened file
intile ) /¢ read £ile
if( infile.fail() )
«
/7 £ile is not opened
)

The program sut £ile. cpp illustrates the trapping of all possible errors, which may be encoun-
tered during file processing

/7 outfile.cpp: writes all the inmput into the file 'sample.out’
#include <fscream.h~

void main()
«
char buff( 80
cfstream outfile; // output file
oucfile.open(sample.out”); // open in output mode
if( outfile.bad() ) // open fail
¢

rror: sample.out unable to open-:
exitt 1)
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« Attempting to read beyond the end-of-the-file.

« Sufficient disk space is not available while writing to a file.

« Attempting to manipulate an unopened file.

+ Stream object created but not connected to a file.

« Media (disk) errors reading/writing a file.
Such conditions must be detected while manipulating files and appropriate action should be taken to
achieve consistent access to files.

Every stream (ifstream ofstream, and fstream) has a sfafe associated with it. Errors and
nonstandard conditions are handled by setting and testing this state appropriately. The stream status
variable and information recorded by its bits is shown in Figure 18.11.

X X X X

B e
Unused

—— end-of-file
F—— R/W fail
———— invalid operation
» hard error

Figure 18.11: State variable format

The ios class supports several functions to access the status recorded in the data member
io state. These functions and the meaning of their return values are shown in Tabile 18.5.

Function Meaning of Return Value
eof () TRUE, (non-zero) if EOF encountered while reading
FALSE, (zero) otherwise
fail{() TRUE, if read or write operation has failed; FALSE, otherwise
bad () TRUE, invalid operation is attempted or any unrecoverable errors

FALSE, otherwise however, it can be recovered

good () TRUE, if operation is successful i.e., all the above are functions
that return false , if file.good () is true, everything is fine and
can proceed for further processing

rdstate ()} returns the status-state data member of the class ios

clear() clear error states and further operations can be attempted

Table 18.5: Error handling functions and their return values

The following examples illustrates the mechanism for checking errors during file operations:

1. Opening a non-existent file in read mode:
ifstream infile{ "myfile.dat" );
if ( 'infile )
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}
// loop until input = "end"
while(1l)
{
cin.getline(buff, 80); // read a line from keyboard

if( strcmp( buff, "end" ) == 0
break;
outfile << buff << endl; // write to output file

if( outfile.fail() )
{
cout << "write operation fail";
exit( 1 );
}
}
outfile.close();

)
Bun

O0OP is good
C++ is OOP
C++ is good
end

Note: On execution of the above program, the file sample . out contains the following information
entered through the standard input device, keyboard:

Q0P is good
C++ is OOP
C++ is good

In main(), the statement

ofstream outfile; // output file

creates the object outfile and the statement
outfile.open(®"sample.out"); // open in output mode.

opens the file sample.out in the output mode. The statement
if( outfile.bad() ) // open fail

checks for the status of the file open command. If open fails, it returns 1, otherwise 0. The statement
outfile << buff << endl; // write to output file

writes the contents of the variable buf £ followed by a new-line character to the file. The statement
if( outfile.fail() )

checks for the status of the preceding write operation.

18.14 Filter Utilities

The operating system provides many tools for browsing through the contents of the file, copying one
file to another, printing files on the printer, and beautifying the content of files, Such utilities are called
filter utilities because of their nature of filtering input files and presenting them in an appealing form. For
instance, the more command (DOS or UNIX) display the contents of the files page by page on the
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console. Using the services of C++ streams such filter utilities can be built. Filter utilities are designed
usually to accept the name of a file to be processed through the command-line arguments.

The command-line arguments are entered by the user at the shell prompt, and are delimited by white-
space. (The first argument is a name of the command; filename containing the executable program.)
These arguments are passed to the main () function of the program with the following syntax:

main{ int argc, char *argv(] )
The first argument argc represents the argument count, whereas, the second argument is a pointer to
an argument vector. For instance, when the following command is issued at the shell prompt,

copy boy.exe girl.exe
the value of argc and argv are as follows:

argc = 3

argv([0] = copy
argv[l] = boy.exe
argvi2] = girl.exe

The program cp . cpp is designed as a filter utility. It copies the source file into another destination
file in the disk. The names of the source and destination files have to passed through the command line
arguments. It can be used to copy both the ASCII and BINARY files.

// ep.cpp: Copy a file to another file
#include <iostream.h>
#include <fstream.h>
#include <conioc.h>
#include <process.h>
const int BUFFSIZE = 512;
int CopyFile( char *SourceFile, char *DestinationFile )
{
fstream infile; // source file
fstream outfile; // destination file
char buff[ BUFFSIZE + 1 ];
// Open source file for reading
infile.open( SourceFile, ios::in | ios::binary );
if({ infile.fail() )
{
cout << "Error: " << SourceFile << " non-existent";
return 1; // no input file
}
outfile.open( DestinationFile, ios::out | ios::binary );
if( outfile.fail{) )
{
cout << "Error: " << DestinationFile << " unable to open";
return 2; // cannot be written to a destination file
}
while( !infile.eof()
{
infile.read( (char *) buff, BUFFSIZE };
outfile . write( (char *) buff, infile.gcount() );
if( infile.gcount() < BUFFSIZE )
break;
}
infile.close();
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outfile.closel};
return 0: // successful copy
void maini{ int argc. char *argv(] )

cout<< "cp - Copy file, Copyright (C) 1996, RAJ, C-DAC, Bangalore.'\n";

if{ argc < 3 )

{
cout << "Usage: cp <source file> =destination file>";
exit( 1 };

}

if( CopyFile( argv([l], argv[2] )} !'= 0 )

cout << "‘\nfile copy cperation failed.";

}

Runi
cp - Copy file, Copyright (C) 1996, RAJ, C-DAC, Bangalore.
Usage: cp <source file> <destination file>

Run2

cp - Copy file, Copyright (C) 1996, RAJ, C-DAC, Bangalore.
Error: noname.cpp non-existent
file copy operation failed.

Run3
cp - Copy file, Copyright (C) 1996, RAJ, C-DAC, Bangalore.

The arguments passed at the command line for the above three executions are as follows:
Runl: g¢p

Run2: gp nopame.exe name.exe
Run3: cp cp.cpp temp.cpp

In main(}, the statements

fstream infile; // source file
fstream outfile; // destination file

create two objects infile and cutfile of the class £stream. They can be used either to read or
write to the disk. The statement
infile.open( SourceFile, ios::in | ios::binary );
opens SourceFile in binary read mode and assigns the handle to the object infile. Whereas, the
statement
outfile.open( DestinationFile, ios::out | ios::binary );
opens DestinationFile in binary write mode and assigns the handle to the object cutfile.
The statement
infile.read{ (char *) buff, BUFFSIZE );
reads the BUFFSIZE number of characters from the infile into the variable bu f £,and the statement
coutfile.write( (char *) buff, infile.gcount() };
writes the number of characters that are read (gcount () returns the count of the number of characters
tead successfully) from the input file into the destination disk file.
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The statement

if( infile.gcount() < BUFFSIZE )

checks whether the number of characters read from the input file is less than the requested number. If
yes, it indicates that the input file has no more characters to be read and terminates the reading process.
The statements

infile.close();
outfile.closel};

close both the input and output files from further processing.

Review Questions

18.1 Whatis a file 7 What are the steps involved in manipulating a file in a C++ program ?

18.2 Explain the various file stream classes needed for file manipulations ?

18.3 Describe different methods of opening a file. Write a program to open a file named "xxx.bio" and
write your name and other details into that file.

18.4 What are the different types of errors that might pop-up while processing files ?

18.5 Write an interactive program that accepts student's score and prints the result to a file.

18.6 Explainhowwhile(input_£file) expression detects the end of a file ?

18.7 What are file modes 7 Describe various file mode options available ?

18.8 The file open modes ios: :app and ios: : ate set file pointer to end-of-file. What then, is
the difference between them ?

18.9 What are file pointers ? Describe get-pointers and put-pointers.

18.10 What are the differences between sequential and random files ?

18.11 What are the differences between ASCII and binary files ?

18.12 Write a program which copies the contents of one file to a new file by removing unnecessary
spaces between words.

18.13 Create a class called student. This class should have overloaded stream operator functions
to save or retrieve objects of the student class from a file. Write an interactive program to
manipulate objects of the student class with a file.

18.14 What are filter-utilities ? Write a program to display files on the screen page-wise. The output
must pause after every page and continue until carriage return (enter) key is pressed. Accept
name of a file to be processed from the command-line.

18.15 Explain how memory buffers can be connected to stream objects.

18.16 Write an interactive program to maintain an employee database. It has to maintain information

such as employee id, name, qualification, designation, salary, etc. The user must be able o
access all details abcut a person either by entering employee name or by employee id, Note that
request for information may come randomly. It has to support an option for creating, updating,
and deleting a database (in addition to query).
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Exception Handling

19.1 Introduction

The increase in complexity and size of the software systems and the increase in society's dependence
on the computer systems have been accompanied by an increase in the costs associated with their
failure. The rising cost of failure in a computer system has stimulated interest in improving software
reliability.

Software does not degrade physically as a function of time or environmental stress. It was assumed
earlier that the concepts such as reliability or failure rate were not applicable to computer programs. It is
true that a program that has once performed a given task as specified will continue to do so provided
that none of the following change: the input, the computing environment, or user requirements. How-
ever, it is not reasonable to expect a program to be constantly operating on the same input data, because
changes in computing environment and user requirements must be accommodated in most of the
applications. Past and current failure free operation cannot be taken as a dependable indication that
there will be no failure in the future.

The two main techniques for building reliable software (for dependable computing) are fault avoid-
ance and fault tolerance. Fault avoidance deals with the prevention of fault occurrence by construc-
tion. It emphasizes on techniques to be applied during system development to ensure that the running
system satisfies all reliability criteria a priori. It emphasizes that a sound way to deal with design faults
is to stop them from getting into the system in the first place. Fault tolerance deals with the method of
providing services complying with the specification inspite of faults having occurred (or occurring) by
redundancy. In C++, exception handling allows to build fault tolerant systems.

Fault tolerance approach attempts to increase reliability by designing the system to continue to
provide service inspite of the presence of faults. It begins with error detection. It must be possible to
detect the occurrence of a latent error before it leads to failure. Once an error has been detected, the goal
is error recovery. The goal of fault tolerant design is to improve dependability by enabling the system
to perform its intended function in the presence of a given number of faults.

The Annotated C++ Reference Manual (ARM) by Ellis and Stroustrup states Exception handling
provides a way of transferring control and information to an unspecified caller that has expressed
willingness to handle exceptions of a given type. Exceptions of arbitrary types can be ‘thrown and
caught’ and the set of exceptions a function may throw can be specified. The termination model of
exception handling is provided. Exception handling can be used to support notions of error handling
and fault tolerant computing.

19.2 Error Handling

.n traditional programming techniques, validation of input data and some runtime errors were handled
axplicitly by the module in which the error occurred. Although, the users of these modules know how to
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cope with such errors, there is no means to detect the errors and handle them in the user's code instead
of the library. The notion of exceptions is supported in C++ to deal with such problems. Here, exception
refers to unexpected condition in a program. The unusual conditions could be faults, causing an error
which in turn causes the program to fail. The error-handling mechanism of C++ is generally referred to
as exception handling. It provides a straightforward mechanism for adding reliable error handling
mechanism in a program.

Generally, exceptions are classified into synchronous and asynchronous exceptions. The excep-
tions which occur during the progra: execution, due to some fault in the input-data or technique that is
not suitable to handle the current class of data, within the program, arc known as syachronous excep-
tions. For instance, errors such as out-of-range, overflow, underflow, and so on belong to the class of
synchronous e¢xceptions. The exceptions caused by events or faults unrelated (external) to the program
and beyond the control of program are called asynchronous exceptions. For instance, errors such as
keyboard interrupts, hardware malfunctions, disk failure, and so on belong to the class of asynchro-
nous exceptions. The proposed exception handling mechanism in C++ is designed to handle only
synchronous exceptions caused within a program.

Exception handling is an integral part of the ANSI/ISO C++ language standard. This standardization
ensures that the power of object-oriented design is supported throughout the program. An especially
strong feature of the standard is the availability of virtual functions and the use of objects to define
exceptions. Virtual functions guarantee a minimum runtime overhead—zero additional program over-
head if no exceptions are thrown. When used properly, C++ exception handling solves many problems
with alternative error handling techniques (such as returning error values from methods or using global
error handlers).

In aceordance with ANSI specifications, recent implementation of inost C++ compilers are support-
ing the exception-handling model. When an abnormal situation arises at runtime, the program should
terminate. However, throwing an exception allows the user to gather information at the throw point that
could be useful in diagnosing the causes which led to failure. An user can also specify in the exception
handler the actions to be taken before the program terminates. Only synchronous exceptions are handled
(the cause of failure is generated from within the program). An event such as Control-C (which is
generated from outside the program) is not considered to be an exception.

19.3 Exception Handling Model

When a program encounters an abnormal situation for which it is not designed, the user may transfer
control to some other part of the program that is designed to deal with the problem. This is done by
throwing an exception. The exception-handling mechanism uses three blocks: try, throw, and catch.
The relationship of these three exception handling constructs called the exception handling model is
shown in Figure 19.1.

The trv-block must be followed immediately by a handler, which is a catch block. If an exception is
thrown in the try-block, the program control is transferred to the appropriate exception handler. The
prﬂgran‘i should attempt to catch any exception that is thrown by any function. Failure to do so could
result in abnormal termination of the program, Though C++ allows an exception to be of any type, itis
useful to make exceptions as objects. The exception object is treated exactly the same way as other
normal objects. An exception carries information from the point where the exception is thrown to the
point where the exception is caught. This information allows the program user to know as to when the
nrogram encounters an anomaly at runtime.
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try Block

Perform operation which may throw or
invoke external function if needed

Invoke function having throw block

¥

throw Block

if(failure)
throw cobject;

%,
a-
%,

catch Block

catches all exceptions thrown from
within try block or by function
invoked within a try block

Figure 19.1: Exception handling model

19.4 Exception Handling Constructs

Exception handling mechanism transfers control and information from a point of exception in a program
to an exception handler associated with the try-block. An exception handler will be invoked only by a
thrown expression in the code executed by the handler’s try-block or by functions called from the
handler’s try-block. C++ offers the following three constructs for defining these blocks.

e bry

+ throw

+« catch

The exception handler is indicated by the catch keyword. The handler must be used immediately
after the try-block. The keyword catch can also occur immediately after another catch. Each
handler will only evaluate an exception thai matches, or can be converted to the type specified in its
argument list. Every exception thrown by the program must be caught and processed by the exception
handler. If the program fails to provide an exception handler for a thrown exception, the program will call
the terminate () function

Exception handlers are evaluated in the order they are encountered. An exception is said to be
caught when its type matches the type in the catch statement. Once a type match is made, program
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control is transferred to the handler. The handler specifies what actions should be taken to deal with the
program anomaly. The stack-unwinding (catch-cicanup) operation is initiated immediately after pro-
cessing the catch block that matches with the exception type. In normal sequence (no exceptions are
raised) stack-unwinding is performed immediately after the try-block and program execution continues.
{A goto statement can be used to transfer program control out of a handler but such a statement can
never be used 10 enter a handler.) After the handler has been executed, the program continues its
execution from the point after the last handler for the current try-block and no other handlers are
evaluated for the current exception.

throw Construct

The keyword throw is used to raise an exception when an error is generated in the computation. The
throw-expression initializes a temporary object of the type T (to match the type of argument arg) used
inthrow (T arg). The syntax of the throw construct is shown in Figure 19.2,

Named object,nameless object,
Keyword or by default, nothing

v

throw T;:

Figure 19.2: Syntax of throw construct

catch Construct

The exception handler is indicated by the catch keyword. It must be used immediately afier the
statements marked by the try keyword. The catch handler can also occur immediately after another
catch. Each handler will only evaluate an exception that matches, or can be converted to the type
specified in its argument list. The syntax of the catch construct is shown in Figure 19.3.

object name, or nameless object
(same as throw argument)

7

catch ( T )
{

Keyword

// actions for handling an exception
}

Figure 19.3: Syntax of catch construct

txry Construct

The try keyword defines a boundary within which an exception can occur. A block of code in which an
exception can occur must be prefixed by the keyword try. Following the try keyword is a block of
code enclosed by braces. This indicates that the program is prepared to test for the existence of
exceptions. If an exception occurs, the program flow is interrupted. The syntax of the try construct is
shown in Figure 19.4.
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Keyword

try
{
// code raising exception or referring to
// a function raising exception
}
catch( type_idl }
{
// actions for handling an exception
}

catch({ type_idn )
{

}

// action for handling an execption

Figure 19.4: Syntax of try construct

A block of code in which an exception can occur must be prefixed by the keyword try. The try
keyword is followed by a block of code enclosed within braces. It indicates that the program is prepared
for testing the existence of exceptions. If an exception occurs, the program flow is interrupted and the
exception handler is invoked.

The mechanism suggests that error handling code must perform the following tasks.

1. Detect the problem causing exception (Hit the exception)
2. Inform that an error has occurred (Throw the exception)
3. Receive the error information (Catch the exception)

4. Take corrective actions (Handle the exceptions)

Exception handling code resembles the following pattern:
my_function()

if( operation_fail )
throw Objectl; // throw-point

my_function(); // call the function my_function
if{ overflow )
throw Object2; // throw-point

} // end of try block
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catch( objeccl )
«

// take corrective action for operation_fail

3
catch( Objectz )
«

4/ take corractive action far overflow

“The following sequence of steps are performed when an cxception is raised:
~ The program searches for a matching handler.
« Ifa handler

« found, the stack is unwound 1o that point.
« Program control is transferred to the handler.

« If no handler is found, the program will invoke the terminate () function (explained later). If no
exceptions are thrown, the program executes in the normal fashion.

The program divzero . cpp illustrates the mechanism for detecting errors, raising exceptions, and
handling. Tthas the to store an i the me: tion
read() to read a number from the console and the member function iv () o perform

n if an attempt is made to perform divide-by-zero operation.
empty class named DIVIDE used as the throw's expression-id.
4/ @b

w
operations. Tt raises excel

division
It has an
: Divide validat (v,
#include <iestream.h>

class number

ro

public:
void read() // read number from keyboard
3

>
class DIVIDE €): /4 abstract class used in exceptions
int Qiv( number numz )

LFC num2 . num

= 0) // check for zero division if yes
throw DIVIDE(): // raise exception

; // compute and return the result
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int main()

{
number numl, num2;
int result;
cout << "Enter Number 1: ";
numl.read() ;
cout << "Enter Number 2: ";
num2 .read () ;
// statements must be enclosed in try block if you intend to handle
// exceptions raised by them
try
{
cout << "trying division operation...";
result = numl.div{ num2 );
cout << "succeeded" << endl;
}
catch( number: :DIVIDE ) // exception handler block
{
// actions taken in response to exception
, cout << "failed" << endl;
cout << "Exception: Divide-By-Zerc";
return 1;
}
// no exceptions, display result
cout << "numl/num2 = " << result;
return 0;
}
Runi

Enter Number 1: 10

Enter Number 2: 2

trying division operation...succeeded
numl,/num2 = 5

BRun2

Enter Number 1: 10

Enter Number 2: 0

trying division operaticn...failed
Exception: Divide-By-Zero

Inmain (), the try-block

try .

{ ...; result = numl.div( num2 ); ...; }
invokes the member functiondiwv () to perform the division operation. If any attempt is made to divide
by zero, the following statement in div ():

if( num2.num == 0 ) // check for zero division if ves

throw DIVIDE() ; // raise exception

detects the same and raises the exception by passing a nameless object of type class DIVIDE. All the
statements following the one which raised the exception are skipped (see output of Run2 above) and
search for an exception handler begins. The runtime system searches catch-block to detect the handler
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The block of code inmain () following the try-block:

catch( number: :DIVIDE }
{
cout << "Exception: Divide-By-Zero";
return 1;
}
will catch the exception raised due to the call to the function in the rry-block and executes its body (see
Figure 19.5). If no exception is raised, the exception handliag catch-block will not be executed and
execution proceeds to the next statement, which displays the result.

Instance of the class number

Client program

T~

number numi, num2;.

fnum1.read( );
tnum2.read( );
try {
| _ result=num1.div(num2);

void read();

private:

int num;

}
L, catch( DIVIDE )
int div( number num2 ) { {
try {
ifl num2.num==0)

}
throw DIVIDE()

/\

Figure 19.5: Exception handling in the number class

Array Reference Out of Bound

The program arrbound . cpp illustrates the mechanism of validating array element references. If any
attempt is made to refer to an element whose index is beyond the array size, an exception is raised.

/ / arrbound.cpp: Array Reference Bound Validation
#include <iostream.h>
const int ARR_SIZE = 10; // maximum array size
class array
{
private:
int arr[ARR_SIZE];
public:
class RANGE {}; // Range abstract class
int & operator[]{ int i )
{
if( i < 0 || i >= ARR_SIZE )
throw RANGE(); // throw abstract object



Chapter 19: Exception Handliny 711

return arr(i); // valid reference
}
vold main(}
{
array a; // create array
cout << "Maximum array size allowed = " << ARR_SIZE << endl;

try
{
cout << “Trying to refer a(l]l...";
all] = 10;
cout << "succeeded"’ << endl;
cout << "Trying to refer a[l5]...";

a[l5] = 10; // refer 15th element from array a, causes exception
cout << "succeeded" << endl;
}
catch( array::RANGE ) // true if throw is executed in try scope
{
// action for exception
cout << “Qut of Range in Array Reference®;

}

BRun
Maximum array size allowed = 10
Trying to refer a[l]...succeeded

Trying to refer a[l5)...0ut of Range in Array Reference

The statement in try-block of main():

a[l] = 10;
updates the first element of the array. However, another statement
a[l3] = 10;

in the same block, tries to update the fifteenth element. It leads to an exception since the array size is
only 10. This exception is caught by the. statement

catch( array: :RANGE )
vhich issues a warning message on the standard output.

19.5 Handler Throwing the Same Exception Again

There are several good reasons to allow an exception to be implicitly propagated from a function (callee)
to its caller. Of course, it follows the democracy principle: a client (caller) is the better candidate to
decide what acticns are to be taken when something goes wrong. If a function does not want to take any
corrective action in response to an exception, it can pass the same to the caller of a function. The
throw construct without an explicit exception parameter raises the previous exception. An exception
must currently exist otherwise, terminate () is invoked. The program pass.cpp illustrates the
method of passing the same exception to the caller if the current handler is unable to handle it.



T2 Mastering C++

// pass.cpp: passing all exceptions that occur in parent to child
#include <iostream.h>
#include <process.h>
const int ARR_SIZE = 10; // maximum array size
class array
{
private:
int arr[ARR_SIZE];
public:
arrayl();
class RANGE ()}; // Range abstract class
int & operator[)( int i )
{
if( i « 0 || i »= ARR_SIZE )

throw RANGE(); // throw abstract object
return arrlil; // valid reference
}
}i
array::array()
{
for( int i = 0; i < ARR_SIZE; i++ )
arr[i] = i;
}

// read an element from the array, if any exception pass the same to caller
int read( array & a, int index )
{
int element;
try
{
element = a[ index ];
}
catch(array::RANGE) // catch the exceptions raised in class
{
cout << endl<< "Parent passing exception to child to handle*<<endl;
throw; // pass all exceptions to the caller
}
return element;
}
void main{()
{
array a; // create array object
int index, element;
cout << "Maximum vector size allowed = " << ARR_SIZE << endl;
while( 1 )
{
cout << "Enter element to referenced: ";
cin >> index;
try
{
cout << *Trying to access object array 'a' for index = "<<index;
element = read( a, index );
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cout << endl << "Element in Array = " << element << ehdl;
}
catch( array::RANGE ) // true if throw is executed in try scope
{

// action for exception

cout << *Child: Out of Range in Array Reference*;

exit( 1 );

}
Run

Maximum vector size allowed = 10

Enter element to referenced: 1

Trying to access cbject array ‘a’ for index = 1
Element in Array = 1

Enter element to referenced: 5

Trying to access object array ‘a’ for index = 5
Element in Array = 5

Enter element to referenced: 10

Trying to access cbject array ‘a’ for index = 10
Parent passing exception to child to handle
Child: Out of Range in Array Reference

The catch-block in the function read() does not take any corrective action for the exception
array: : RANGE. It throws the exception to the caller and the catch-block in main() terminates the
program after displaying the message:

Child: Out of Range in Array Reference
on the standard output device.

19.6 List of Exceptions

Raising or caiching an exception affects the way a function relates to other functions. C++ language
makes it possible for the user to specify a list of exceptions that a function can throw. This exception
specification can be used as a suffix to the function declaration specifying the list of exceptions that a
function may directly or indirectly throw as a part of a function declaration. The syntax for exception
specification is shown in Figure 19.6.

Function definition: List of exceptions that can |
Eg: int func(arguments) be raised

N /

FunctionSpecification throw (type idl, type id2,...)

// Function body raising exceptions if error occurs

Figure 19.6: Syntax of specifying a list of exceptions
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The exception-list, which is the function suffix is not considered to be a part of the specification of
a function. Consequently. a pointer to a function is not affected by the function’s exception specifica-
tion. Such a pointer checks only the function’s return value and argument types. Therefore, the follow-

ing is legal:
void £1l{veid) throw(); // cannot throw exceptions
veid £2(voi1d) throw (BETA): // can throw BETA objects
int fur-' rhrow( X, ¥ ) // can throw only X and Y exceptions

C++ allows 1o have pointers o a function raising exception, for instance,

void {* fptr)i); /¢ Pointer teo a function returning veid
fptr = £1;
fprr = £2;

However, extreme care should be taken when overriding virtual functions; the exception specification is
not considered as a part of the function type, it is possible to violate the program design. If an exception
which is not listed in the exception specification is thrown, the functionunexpected () will be called
{discussed later in this chapter).

In the following example, the derived class BETA: : vfunc is defined so that it should not throw
any exceptions—a departure from the original function declaration.

class ALPHA
{
public:
struct ALPHA_ERR (};
virtual veid vfunc(veoid) throw (ALPHA_ERR} (};
// Exception specification
};
class BETA : public ALPHA
{
void vfunc({void) throw() {(}; // Exception specification is changed

}:

The following are examples of functions with exception specifications.

void £1(); // The function can throw any exception
void £2(] throw(): // Should not throw any exceptions
void £3() throw( A, B* ); // Can throw excepticns publicly derived

// from A,or a pointer te publicly derived B

Raising an Unspecified Exception
The definition and all declarations of such a function must have an exception specification containing
the same set of type-ids. If a function throws an exception not listed in its specification, the program will
call the function unexpected(). This is a runtime issue and it will not be flagged at compile time.
Therefore, care must be taken to handle any exception which can be thrown by statements/functions
invoked within a function.

void my_funcl() throw (A, B)

{
// Body of function.

}
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This example specifies a list of exceptions that my_funcl () can throw. No other exception will
propagate out of my_funcl. If an exception other than A or B is generated within my_funci, it 1s
considered to be an unexpected exception and program control will be transferred 1o the predefined
unexpected function. The program signl.cpp illustrates raising of an exception other than that
specified in the exception list..

// signil.cpp: determine whether the input is #+ve or -ve through exceptions
#include <iostream.h>
class positive {};
class negative (};
class zero {(};
// this function can raise only positive and negative exceptions
void what_sign( int num ) throw( positive, negative )
{
if( num > 0 )
throw positivel();
else
if( num < 0 )
throw negative();
else
throw zero(); // unspecified exception
}
void main ()
{
int num;
cout << “*Enter any number: *;
cin >» num;
try
{
what_sign( num };
}
catch({ positive )
{ cout << "+ve Exception*; }
catch( negative )
{ cout << "-ve Exception"; }
catch( zero )
{ cout << "0 Exception"; }

)
Runi

Enter any number: 10
+ve Exception

Run2

Enter any number: =10
-ve Exception

Bun3

Enter any number:
Abnormal program termination
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The prototype of the function what_sign () is specified as
void what_sign( int num ) throw( positive, negative )
It indicates that, this function can raise exceptions positive and negatiwve, but the statement
throw zero(); // unspecified exception

raises the exception zero, which is not in the exception list of this function. It calls the default excep-
tion handler, which aborts the execution of the program (see Run3) although there exists an explicit
exception handler in the caller of this function.

Exceptions in a No-Exception Function
The following function and exception specification indicates that it will not generate any exception:

void my_func2 () throw ()

{

// Body of this function.

}
If any statement in the body of my_func2 () throws an exception, the control is transferred to library
functionabort (), which terminates the program by issuing an error message. The program sign2 . cpp
illustrates the effect of raising an exception in a function which is not supposed to raise any exception.

/ / sign2.cpp: determine whether the input is positive or negative
#include <iostream.h>
class zero (};
// this function cannot raise exception
void what_sign( int num ) throw()
{
if( num > 0 )
cout << "+ve number";
else
if( num < 0 )
cout << “-ve number";
else
throw zero(); // unspecified exception
1
void main()
{
int num;
cout << "Enter any number: *;
cin »» num;
try
{
what_sign({ num );
}
catch( zero )
{ cout << "0 Exception"; }
}

Buni

Enter any number: 10
+ve number
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Bun2

Bnter any number: =10
“ve number

Enter any number: 0
Abnormal program termination
The prototype of the function what_aign ():
void what_sign( int num ) throw()
indicates that it does not raise any exception, but the statement
thzow u:uu 1/ umspecified exception

of
(see Run3) though there exists an explicit =xca‘puun handler in the callm’ of this function.

19.7 Catch All Exceptions

C++ supports a featurs (o catch all the exceptions raised in the try-block. The syntax of the catch
construct to handle all the exceptions raised in the try block is shown in Figure 19.7.

three dots:
all exceptions

catch (. . .)

// actions for handling an exception
>

Figure 19.7: Syntax of catch all construct
dots in the cacch(. . .) indicates that it catches all types of exceptions

rais
prgoedlns try-block. The program catal11 . epp illustrates the of handiing all hes excep
tions raised by a single handler.

7/ catall.cpp:ali exceptions are caught
#include <iostream.h>

txy

cout << "Throwing uncaught exception- << endl;
throw excep2():

Gcatoh( ... ) // catch all the exceptions
«

// action for exceptio:
Lt < catane a1t emeeptions® << endl:
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}
cout << "I am displayed";

}
Run

Throwing uncaught exception
Caught all exceptions
I am displayed

The statement in the try-block of main():
throw excep2();
raises the exception excep2 (). It is caught by the statement,
catch( ... ) // catch all the exceptions
The program having multiple catch-all exceptions is illustrated in catall2.cpp. It has multiple
functions calling one another.

/1 catall2.cpp: making exception-specifications and handle all exceptions
#include <iostream.h>
class ALPHA(};: // Exception declaration
ALPHA _a; // object of ALPHA
void £3(void) throw (ALPHA)
{
// Will throw only type-alpha objects
cout << *£f3() was called" << endl;
throw( _a ); //{ throw exception explicit object
}
void £2(void) throw()

{
// should not throw exceptions

try

{ // wrap all code in a try-block
cout << "f2() was called" << endl;
£30);

}

catch ( ... )

{ // trap all exceptions

cout << *f2() has elements with exceptiuns!" << endl;
}
}
int main()
{
try
{
£2();
return 0; // £2 succeeds, terminate
}
catch{ ... )
{

cout << "Need more handlers!";
3
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public:
class SIZE ()}; // S8ize abstract class
class RANGE {}; // Range abstract class’
array( int SizeRequest ) // constructor

{
if( SizeRequest < 0 || SizeRequest > ARR_SIZE )
throw SIZE();
// allocate resources
size = SizeRequest;
arr = new int| size ];
}
~array() // destructor
{
// deallocate resources
delete arr;
}
int & operator[]( int i ) // subscript operator overloading
{
if(i<0|] i> size)
throw RANGE(); // throw abstract object
return arr[i]; // valid reference
}
}i
void main()
{
cout << "Maximum array size allowed = * << ARR_SIZE << endl;
try
{
cout << "Trying to create ocbject al(5)...";
array al(5); // create array
cout << "succeeded" << endl;
cout << *Trying to refer al[5]...%;
al(5] = 10;
cout << *succeeded..*;
cout << *al[5] = " << al[5] << endl;
cout << *Trying to refer al(l5])...";
al{l5] = 10; // causes exception
cout << *"succeeded* << endl;
} .
catch( array::SIZE )
{
// action for exception
cout << "..Size exceeds allowable Limit* << endl;
}
catch( array::RANGE ) // true if throw is executed in try scope
{
// action for exception
cout << *,.Array Reference Out of Range® << endl;
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cout << endl << "continued after handling exceptions®;
return 1;

}

Run

£2() was called
£f3i() was called
f2{) has elements with exceptions!

In £3 (), the statement
throw({ _a ); // throw exception explicit object
throws the exception using named object _a, which is the instance of the class ALPHA. It is caught by
the handler in the caller function £2 () . There is a handler to catch all exceptions in main (), butis not
activated; all the exceptions are caught in £2 () and no exceptions are passed to its caller,

19.8 Exceptions in Constructors and Destructors

When an exception is thrown, the copy constructor is invoked as a part of the exception handling. The
copy constructor is used to initialize a temporary object at the throw point. Other copies may be
generated by the program. When the program flow is interrupted by i n exception, destructors are
invoked for all automatic objects which were constructed from the entry point of the try-block. If the
exception was thrown during construction of some object, destructors will be called only for those
objects which were fully constructed. For example, if an array of objects was under construction when
an exception was thrown, destructors will be called only for the array elements which were fully con-
structed. -

As a building block of design patterns for proper handling of exceptions, there is a need for secure
operations that allow transfer of resource responsibilities without throwing exceptions. In C++, itis a
bad idea to leave a destructor by throwing an exception. This is because a destructor may be invoked
during runtime stack unwinding when another exception was thrown; a second throw that aborts one of
these destructors will immediately invoke terminate (), which aborts the program by default. In
other words, all destructors in a C++ program should have an empty specification throw (). This is
called secure operations.

Those objects which are created from a try-block to any statement raising an exception serve no
purpose if any exception is raised. Hence, they must be destroyed by releasing the allocated resources.
The process of calling destructor for automatic objects constructed on the path from a try-block to a
thrown expression is called stack unwinding. The program twoexcep . cpp illustrates the concept of
having multiple types of exceptions in a program.

/ / twoexcep.cpp: Array Creation and Reference Bound Validation
#include <iostream.h>
const int ARR_SIZE = 10; // maximum array size, that can be allocated
class array
{
private:
int *arr; // pointer to array
int size; // maximum array size
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/4 Array creation unsuccessful, Request > ARR_SIZE
ey

B

eout << +Trying co create object a2(1s).
2 ate array, causes exception
Gadn << endls

/7 action for excepsie
cout. aize exceeds allowable Limit® << endl;

catch( array::RANGE ) // true if throw is executed in try scope
«

27 aetion fox excwptic
couc ay Reference out of Range- << endl;

Bun

Maximum array size allowed = 10

Trying to create object al(s)

Trying to refer all[5]...succeed
rying to refer alll5].....Axr:

Trying to create object az(15).

The one-argument constructor of the class arrav.
rray( intc
throws an exception,
throw SIZEC):
if an attempt is made to create an array beyond the allowable range. The statement

£ 4 <0 || 4> size)
throw RANGE(): // throw abstract obiect

chy ion if an attempt to access an array g invalid index (lower than

ini higher bound).

19.9 Handling Uncaught Exceptions
‘The uncaught exception handling mnchl.m!m relies on two library functions, z.minav_-t) lmi
unexpected (), for coping with xplicitly. C4++ supports

functions to handle uncaught exceptions in a nylt:u'mllc manner:

cerminata()
The function terminate () is invoked when an exception is raised and the handler is not found. The
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default action for cerminate is to invoke abort ( ) . Such a default action causes immediate termina-
tion of the program execution. The program uncaught . cpp illustrates the series of events that can
occur when the program encounters an exception for which no handler can be found.

/ / uncaught.cpp: Uncaught exception invokes abort({) automatically
#include <iostream.h>
class excepl (};
class excep2 (};
void main ()
{
try
{
cout << “"Throwing uncaught exception" << endl;
throw excep2();
}
catch( excepl ) // true if throw excepl is executed in try scope
{
/¢ action for exception
cout << "Exception 1*;
}
// excep? is not caught hence, program aborts
// here without proceeding further
cout << *I am not displayed®;
}

Bun

Throwing uncaught exception
Abnormal program termination

The statement in main () 's try-block:
throw excep2();
raises an exception excep2 for which no handler exists. Here, terminate () comes to rescue this
condition. When terminate () function is called, the program aborts by displaying the message,
Abniormal program termination
and does not proceed further.

The programmer can modify the way the program will terminate when an exception is generated. The
terminate () function can call user defined function instead of abort () if the user defined func-
tion is registered with set_terminate() function.

set_terminate()

The set_terminate function allows the user to install a function that defines the program’s actions
to be taken to terminate the program when a handler for the exception cannot be found. The actions are
defined in t_func, which is declared to be a function of type terminate_function. A termi-
-nate_function type defined in except . h, is a function that takes no arguments, and returns nothing.
By default, an exception for which no handler can be found results in the program calling the termi-
nate function, This will normally result in a call to abort function. The program then ends with the
message, Abnormal program termination. If some function other than abort () is to be invoked by
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the cerminate (). the user should define t_£func function. This £_; :un: function can be installed
by set. as the function. The t_func allows the user o
Iomplemant any action that 1s not taken by AboTE () The syntax e set_terminate function
declared in the header file except . h is as follows:

typedef void (*terminate_function) ();
termi funct set. i

_ function t_func );
// Define your termination scheme
terminate_function my_terminate( void )

<
// Take actions before terminating
/7 ahould met throw axcep
exit(1); // must end somehow

)

v i your

set_terminate( my_terminate )
“The program myhand. cpp handles uncaught exceptions with the user specified terminate function.

// myhand.cpp:All exceptions are not caught. executes MyTerminate()
#include <ioatream.h>
#include <except.h-
Class excepl ():
class excep2 ();
MyTerminate ()

¢

cout << "My Terminate is invoked-:

exit( 1 );

void main ()
€

to our own terminate function

set_terminate( MyTerminate ); // set
try
i

cout << "Throwing uncaught exception\n
throw excepz () ;

)
cacch( excepl )
«

/7 mction For exc

ept
e e S e e on, excepivns

]/ program abort () here; MyTerminate() will be called
Cout << "I am not displayed-;
)

Run
Throwing uncaught exception
My Terminate is invokea
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In main(), the statement
set_terminate( MyTerminate );

sets the function MyTerminate as a termination function to be invoked when there exists no excep-
tion handler for the exception raised. The statement in the try-block ,

throw excep2();
raises the exception excep2, which is uncaught. The system automatically invokes the function
MyTerminate as a part of unhandled exceptions.

unexpected()

The unexpected function is called when a function throws an exception not listed in its exception
specification. The program calls unexpected () which calls any user-defined function registered by
set_unexpected. If no function is registered with set_unexpected, the unexpected()
function then invokes the terminate () function. The prototype of the unexpected()call is

void unexpected();

The function unexpected returns nothing (void) but it can throw an exception through the execu-
tion of a function registered by the set_unexpected function.

// slgnd.cpp: unexpected exceptions
#include <iostream.h>
#include <process.h> // has prototype for exit()
#include <except.h>
class zero (};
// this function cannot raise exception
void what_sign( int num ) throw()
{
if( num > 0 )
cout << "+ve number*;
else
if( num < 0 )
cout << "“-ve number”;

else
throw zero(); // unspecified exception
}
void main()
{
int num;

cout << “Enter any number: ";
cin >> num;
try
{
what_sign( num );
}
catch(...)
{
cout << *catch all exceptions*®:

}
cout << endl << "end of main()*;
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Buni

Enter any number: 10
+ve number
end of main()

Bun2

Enter any number: -3
-ve number
end of main()

Run3

Enter any number: Q
Abnormal program termination

The function
void what_sign( int num ) throw()
raises an unspecified exception
throw zero(); // unspecified exception
leading to the invocation of the unexpected () function automatically (see Run3).

set_unexpected()

The function set_unexpected() lets the user to install a function that defines the program’s
actions to be taken when a function throws an exception not listed in its exception specification. The
actions are defined in unexpected_func () library function. By default, an unexpected exception
causes unexpected() to be called, which in turn calls unexpected_func.

Program behavior when a function is registered with set_unexpected():

// Define your unexpected handler
unexpected_function my_unexpected( woid )
{

// Define actions to take

// possibly make adjustments
}
// register your handler
set_unexpected( my_unexpected );

The program signd .cpp illustrates the mechanism of defining the user defined unexpected ex-
ception handler. The user defined unexpected_func must not return to its caller. An attempt o
return to the caller results in an undefined program behavior. The unexpected_func () can invoke
abort(),exit (), orterminate () functions.

/ / signd.cpp: unexpected exceptions through user-defined functien
#include <iostream.h>

#include <process.h> // has prototype for exit()

#include <except.h>

class zero {}; // empty class
// this function cannot raise exception
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void what_sign{ int num } throw()
{
if{ num > Q0 )
cout << "+ve number";
else
if({ num < 0 )
cout << "-ve number";
else

throw zero(); // unspecified exception
}

F

// this is automatically called whenever an unexpected exception occurs
void MyUnexpected ()
{
cout << "My unexpected handler is invoked®;
exit{ 1 };
}
void main ()
{
int num;
cout << "Enter any number: ";
cin >> num;
set_unexpected( MyUnexpected }); // usz2r defined handler
try
{
what_sign( num )} ;
}
catch(...) // catch all exceptions

{

cout << "catch all exceptions";

}

cout << endl << "end of main()"*;
}

Buni

Enter any number: 10
+ve number

end of main()

Run2

Enter any number: -3
-ve number

end of main()

Run3

Enter any number: 0
My unexpected handler is invoked

The function what_sign () raises an unspecified exception,
throw zero(); // unspecified exception
leading to the invocation of the user defined MyUnexpected () automatically (sece Run3).
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19.10 n O Over Fur

The program incerace.cpp illustrates the mechanism for handling exceptions in the vector class.
while creating its objects and accessing its elements either for a read or wite operation. [ overloads the
operator [] to simulate the array operations on the user defined data type

// interact.cpp: interactive program raises exception for improper data
#include <iomtream h>

#include <process.h~
const int VEC_SIZE = 10
class veector

7/ maximum vector size. that can be allocated

// pointer to array for vector slements
/7 maximum vector size

/7 Size abstract class
// Range abstract class
vecror( int Sizenequesc

0 || sizeRequest » VEC_SIZE )

/7 subscripted operator overloading
int & operator(]( int i );
i
// subscripted operator overloading
int & vector: .eperater(]( int i )
¢

ifC 4 <0 || 4 >= size

throw RANGE(); // throw abstract object
recurn vecfil; // valid reference

voia mainO
«

inc size, data, index;
cout << ‘Maximum vector size allowed = ° << VEC_SIZE << endl;
[
<
cout << -what is the size of vector you want to create: *;
co Trying to create object vector vl of size =
vector vi(size): // create vector
ut << "...succeeded" << endl:
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cout <= "What is the new value Lox vl[ *

cout << *Trying te medify all - << index
V1lindex] = data;
cout <= tsucces: << enal

ae ;
cout <= "New Value of all * << index <= -
»
catoh( vector::SIZE )
3
/7 action for exception

Sout << failed® << endl;
cout == *Vactor creation size exceeds all

<= index == * ]

<< "

1 = * << vifindex);

ble Limit:;

exit( 1 35

>
cateh( vector::RANGE ) // true if throw is e
3

7/ action for exception

cout << *...failed® << endl:

cout << "Vector reference out-of-range’;
exit( 135

Maximum vector size allowed = 10

(inaex)

Trying to medify all 2 J-..succeeded
New Value of all 2 1 = 7

Bunz
Maximum vector size allowed - 10

H £ vector you want to create
Trying to create object vector vl of size = 5.
wh. t to access (index)

Trying to modity all 10 J...failad
Vector reference out-of-range
Run3

Maximum vector size allowed —

te:
Runl: All operations are valid. no exception is generated

xecuted in try scope

succeeded
a0
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Run2: Invalid vector reference, exception generated
Run3: Invalid size for vector creation, exception generated

In Run2, an attempt is made to refer to the 11* element (but index is 10) of the vector whose size is 10,
It raises an exception, which is caught by the statement,
catch( vector: :RANGE }

In Ren3, an attempt is made to create the vector of size 15, but the allowable limit is 10 as restricted by
the value of VEC_SIZE constant. The statement

catch( vector::SIZE )
catches the exception raised while creating objects of the vector class.

19.11 Exceptions in Inheritance Tree

The mechanism of handling exceptions in the base and derived classes is illustrated invirtual . cpp.

2 UH1Uchpp:Binding a pointer to base class' object to base or derived
// objects at runtime and invoking respective members if they are virtual
#include <iostream.h>
#include <process.h>
// empty class for Father and Son inheritance
class WRONG_AGE
{};
class Father
{
protected:
int f_age;
public:
Father( int n )
{
ifiln=<0)
throw WRONG_AGE() ;
f_age = n;
}
virtual int GetAge(void)
{
return f_age;
}
}i
/{ Son inherits all the properties of father
class Son : public Father
{
protected:
int s_age;
public:
Son( int n, int m ):Father(n)
{
// if son's age is greater or egual to father, throw exception
if(m>=n)
throw WRONG_AGE() ;
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agme = m

virtual int Gerage (veid)

return s_age;

void main()
int fatner_age:
inr son_age
Father ~basep: pointer to father objects

Enter Age of Father: "

cin >> farher_age

ry

«

basep = new Facher( facher_age ); 7/ pointer to father

)
catch ( WRONG_AGE )
«

cout <<
exicl 1

Error: Father's Age is < 0°;
)

s/ calis fachor
class object

cetage

basep = new

n( father_age, son_age ): // pointer to son

>
cacch( WRONG_AGE )
«

cout << "Error:
)

Father age cannot be less than son age
exit(

cout << -sen's Age: *;
cout << basep->GetAge() << endl;

/4 calls son
delete basep; //

remove Son class object

:Getage ()

Father: 45
a5

son: 20
o

Enter Age of Fathexr: 20
Fachar's Age: 20



Chapter 19: Exception Handling 731

Enter Age of Son: 45
Error: Father age cannot be less than son age!!!

Run3

Enter Age of Father: -2
Error; Father's Age is < 0

The first try-block in themain (} will check for the validity of the father's age. Asin Run3. if the
fathers' age is less than the zero, the exception WRONG_AGE is raised.

The second try-block in the main () will check for the validity of son’s age in accordance with
father’s age. As in Run2, if son's age is greater than the age of father, the exception WRONG_AGE s
raised.

19.12 Exceptions in Class Templates

The program matrix.cpp illustrates exception handling mechanism along with other features of
OOPs such as class templates, operator overloading including friend functions, binary operators, as-
signment through object copy, etc. The specification of the template class matrix with exceptions is
similar to that without exceptions, but, errors are handled using exceptions instead of returning an error
code as a function return value.

/ / matrix.cpp: Matrix manipulation class template and exception handling
#include <iostream.h>

#include <process.h>

const int TRUE = 1;

const int FALSE = 0;

// empty class for matrix exception
class MatError

{};

// template matrix class

template <class T>

class matrix

{

private:

int MaxRow; // number of rows

int MaxCol; // number of celumns

T MatPtr[5](5]; // if T is int, int MatrPtr(5](5];
public:

matrixi)

{
MaxRow = 0; MaxCol = 0;

}

matrix::matrix{ int row, int col }

{
MaxRow
MaxCol

row;
col;

}

friend istream & operator >> ( istream & cin, matrix <T> &dm );
friend ostream & operator << ( ostream & cout, matrix <T> &sm };
matrix <T> operator + ( matrix <T> b );



732 Mastering C++

matrix <T> operator - { matrix <T> b }
T> operator ~ ( matrix <T> b ):

¥i
template <class T
mAtrix<T> matrix<T>::operator + ( matrix <T> b )

matzrix <T> ©( MaxRow, MaxCol );

ine i, 3:

if( MaxRow != b.MaxRow || MaxCol 1= b.MaxCol )
throw MatErrox () ;

for( i ;i < MaxRow: i+s )
for( 3 = 0: 3 < MaxCol: Fe+ )

©.MatPEr(i](3] = MatPer(il(3] + b.MarPer(il(31;
xeturnt c );
cemplate <clasa T>
matrix <T> matrix<T>::operater — ( matrix <T> b )
«
matzix <T> ©( MaxRow, MaxCol );
ine 1, 4:
if( MaxRow != b.MaxRow || MaxCol 1= b.MaxCol )
throw MatError () :
for( i - 0; i = MaxRow: i++ )
for( 3 - 0; j = MaxCol; je= )
©.MACPEX(1103] = MatPer(i113) - b.Macper(il (3]
rerurne & )
)
template =class T=
matrix <I> macrix<T>
3

::1operator * ( matrix <T> b )
matrix <T> o MaxRow, b.MaxCol )

int i, 3,
Lf( MaxCol I- b.MaxRow )

For( i = 0; i < o MaxRow: i+4 )
for( 3 = 0; 3 « c.MaxCol; j+e )
«
c.Macper(il(§] = 0
for( k = 0: k < MaxCol; k++ )
C.MaEPEr(i]13] += MatPrr(il (k] = b.Marerr(k](31;

>
return( ¢ )
»
template <class T
int matsixeT

perator —= ( matrix <T> b )

w 1= b.Maxrow || MaxcCol
return( FALSE ):

b.Maxcol )
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for{ i = 0; i < MaxRow; i++ )
{
for( j = 0; j < MaxCol; j++ )
if( MatPer[i][j] !'= b.MatPrr(il(j] )
return{ FALSE );
}
return{ TRUE );
}
// function invoked when statement of type matrix a = matrix b is used
template <class T>
void matrix<T>::operator = [ matrix <T> b )
{
int i, 3;
MaxRow = b.MaxRow;
MaxCol = b.MaxCol;
for( i = 0; i < MaxRow; i++ )
for{ j = 0; j < MaxCol; j++ )
MatPtr([i]([j] = b.MatPtx[i]l(j]:
}
template <class T>
istream & operator >> ( istream & cin, matrix <T> &dm )
{
int i, 3;
cout << "How many rows ? ";
cin »>> dm.MaxRow;
cout << "How many columns ? “;
cin >> dm.MaxCol;
for{ i = 0; i < dm.MaxRow; i++ )
for{ j = 0; j < dm.MaxCol; j++ )
{
cout << "Matrix[" << i << *,* << j << *] = 2 *;
cin »>> dm.MatPtri{il[j];
}
return{ cin );
1
template <class T>
ostream &Loperator << ( ostream & cout, matrix <T> &sm )
{
int i, g;
for{ i = 0; i <= sm.MaxRow; i++ )
{
cout << endl;
for( j = 0; j < sm.MaxCol; j++ )
cout << sm.MatPtr([il[j] << " ";
)
return( cout };
}
void main()

{

matrix <int> a; // to store float elements
matrix <int> b; // matrix <float> a; matrix <float> b;
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cout << "Enter Matrix A details..." << endl;
cin >» a;
cout <« “"Enter Matrix B details..." << endl;

cin => b;

cout << "Matrix A is ...";

cout << a << endl;

cout << "Matrix B is ...";

cout << b;

matrix <«int> co:

try

{

" ¢ =a«+b;
cout << endl << "C = A + B...";
coukt << ¢;

}

catch{ MatErroxr )

¢
3

cout << endl << "Error: Invalid matrix order for addition”;
}
matrix <int> d;
try
d=a - b;
cout << endl << "D = A - B...";
cout << d;
}
catch{ MatError
{
cout << endl << "Error: Invalid matrix order for subtraction*;
1
matrix <int> e( 3, 3 );
try
{
e =a * b;
cout << endl << "E = A *.B...";
cout << e;
}
catch( MatError )
{
cout << endl << "Error: Invalid matrix order for multiplication";
}
cout << endl << *(Is matrix A egual to matrix B) ?
if( a ==b )
cout << "Yes";
else
cout << “No*;

}
Fun

Fnter Matrix A details...
How many rows ? 1
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Invalid matrix order for addition
Invalid matrix order for subtraction
B ..

(Is matrix A equal to mactrix B) ? No

Tn the definition of matr i x class’s member functions, it can be observed that the validity of a matrix
operation is handled by exceptions. For instance, in the overloaded member function opa
the statement

£ masiow

«

boMasxiow || Maxcol t= b.MaxCol )

cout << "Error: Invalid matrix order for addition”
Ehrow MatError

y
Taises an exception Ma tEXT there is a mismatch in the row and column count of the two matrices
involved in the addition operation. Note that, function templates can also raise exceptions.

19.13 Fault Tolerant Design Techniques
Fault tolerant software design technigues can be clas:
) N-version programming

(2) Recovery block
These schemes correspond to the hardware fault tolerance methods, static redundancy (fault masking
or voting) and dynaméc redundeancy respectively.
N-version Programming
In thi develop N ‘or the same problem without interacting with
“ach oimer. Al these algorithms arc exccuted simultancously on a multiprocessor system and the
majority solution is taken as the correct answer.

ied into the following:

Recovery Block
block structure the dynamic approach to software fault tolerance.
It cansists of three softwars elements: (1) primry musine, which exeeutes critioul softwars fanctions:
2 iest, which utine afte: o

«
routine. which performs the same runceion as the PrmAKY FOVting (but may be Jess capable or slowes),
and is invoked by an acceptance test after detection of a faul
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19.14 Case-Study on Software Fault Tolerance

A simple example is chosen for the study of fault tolerance programming and the same is used for

implementation in C4+-+. C++ does not provide any explicit constructs for fault tolerance, however, the

constructs throw, try, and carch can he suitably used 10 simulate the action of fault olcrance

The handling are suitable for i the recovery block technique.
Consider a procedure (P) for computing:

5k
The body of P is the ition of the '
(1) 1
(c2) i

The behavior of the above procedure P can be examined by considering various versions of the proce-
dure P(proc o) for different values of the variables 1. 5, and k.

Version 1:
proc P signal oW
Buain
it [ ov -» signal ow 1;
i [OV ->4i=3-3; =signal ow 1;
end
Th definition of the assi  operator = specifies that whenever the evaluation of the
right hand side i is occurs, OV), no new v s assigned

16 the 161 band side vasiable. Then. B will (cenimate cxceptionally by < xecutng the recovery BIock (1 1t
Sxiste) and signals an OW (overflow word) exception fabel in the finai sate

DataCase1: i < Maxvalue, 5 <- Maxvalue, and k <- (-Maxvalu

Operation weg-x (as per data case 1) 1s valid, but £+3 exceeds the representation limi leading (o an
exception

Version 2:
proc P signal ow
beuin
1= %4 x oV > oignal ow 1,
i-ie3 (OV o> ki mignal ow 1:
end
This version terminates with a valid final state for the data case 1.
Data Case2: i <- MaxValue. j <- (-MaxValue), and X <- (MaxValue)

Operation 1+3+k (as per data case 2) is valid. but (i+k) exceeds the representation limit leading o an
exception.

Version 3:
proc P aignal ow
Begi
3= 4+ k[ OV->signal oW 1:
i=343 C0v->3=3 - ke cignal ow 1:
ena

This version terminates with a valid final state for the data case 1 and case 2.
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In fault tolerance, once the error has been detected, the next goal is error recovery. The erroneous
state must be replaced by an acceptable valid state from which processing may proceed. Forward error
recovery attempts to identify any damage to the system state and to repair it in some way, so that failure
may be avoided. It simply restores previously saved values of the system state and proceeds from
there, possibly using a different program than the one that led to the error. Backward error recovery can
be used with unanticipated faults and unlike forward error recovery, it can be used to recover from
design faults. Figure 19.8, demonstrates the model of a recovery block and its requirements.

The simplest structure of the recovery block is:
Ensure T
By P
Else
By Q
Else
Error
where T is the acceptance-test condition that is expected to be met by successful execution of either
primary routine P or the alternate routine Q. The structure is easily expanded 10 accommodate several

alternatives Q1, Q2, .., Qn.

Version - 1

Output

Version - 2

Output

Version - N

Signal
FAILURE

Figure 19.8: Recovery block programming model
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DataCase3: i <- (-Maxvalue), j <- Maxvalue, and k <- (Maxvalue)
Operation i +5 +i (as per data case 3) is valid, but 5 +k exceeds the representation limit leading 10 an
exception

Recovery Block for Procedure P35 < 14+5 )k

Recovery Block implementation
The recovery block technique can be implemented by nesting the exception handling consiructs of
C++. To undersiand the concepts of fault tolerant programming. consider a computer system having a
4-bit processor, supporting both signed and unsigned numbers. Some of its characteristics are the
following

« Maximum signed number can be represented is 7 ( 2+ - 1),

- Maximum unsigned number can be represented is 15 (24 13,

« Overflow will be indicated if the result exceeds the limit of representation.

“Ihe program recovery.cpp handles all the three data cases and demonstrates the characteris-

tics desired in a fault tolerance program.

// recovery.cpp: Recoves Block of swml i, §, k)

#include <iostream.h>

const int MAX SIG_INT = 7: /4 say, maximum signed integer number
NSIG_INT = 15; // say, maximum unsigned integer number

// Overflow abstract class

int sum( int i, iat j, int k

¢

int resule:
try
¢
{7 veraionl procedure
resule =
ir( resulr
i OVERFTOR ) 5
zesult — xesultek;
if( result > MAX SIG_INT )
hrow OVERFLOW()
cout << "Version-1 succeeda' << endl;

catch( OVERFLOW )
3

cout << *Version-1 fai
try
¢

<< endl;

71 Versiond procadura
resule
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version-2 succeeds
Sum 523, 3, 2 computation
Version-1 fails

version-2 fail

Error: Overflow. All versions failed
Sum = &

19.15 v ion Fail i
The operator new tries (o create an object of the data type Type dynamically by allocating (if possible)
sizeof (Type) bytes in fice store (also called the Aeap). It calculates the size of Type without the
need for an explicit sizeof operator. Further, the pointer returned is of the correct type, pointer 10 Type,
without the need The ion of the new object is from the point of creation
until the operator delete destroys it by deallocating its memory, or until the end of the program. If
successful, new returns a pointer to the new object. By default, an allocation failure (such as insuff
iont or fragmented heap megory) rexuls in the predsfined exceptionxcalLoc being thown. The user
program should always be pr t© catch the xalloe exception before trying to access the new
object (unless user-defined new-handler function is defined). The program newl . cpp illustrates the
simple of handlin, d by the new ope:

// mewl.cpp: new cperator memcry allocation test
#include <except.h:

#include <icstroam.h>

oid main(void)

«
int * daca;
inc size
cout << "How many bytes to be allocate: *;
try
«
@ata = new int( size 1;
cout << “Memory mllocation success, address = * << data;
)
catch( xalloc new fail excepti
< cnces ihis Block enly of xaliec is chrown.
/7 You coula requ otner actions before rerminaring
cout << "Could not allocate.
exit (1)
)
Aelete data;
b

How many bytes to be allocate: 100
Memory allocation success, address = 0x16be
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Pif( result > MAX_SIG_INT !
throw OVERFLOW ()
resulr = resuless;
If( result > MAX_SIG_INT )
hrow OVERFLOW ()1
cout << "version-2 succesds® << endl:

cacch( OVERFLOW )
<

cour << tveraion-2 faila® << endl
try
€

// Version3 procedure

1
1f( result > MAX SIG INT )

throw OVERFLOW() :
cout <= "Version-3 succeeds” <= endl:

)
catch( OVERFLOW )
R
cout <= "Erzor: Overflow. All versions failed” << cndls
»
return resulr;
)
void main()
¢
2 computation...® << endl;

2 ): // versionl computes
Sum = ¢ << result <<

cout << *Sum = - << result << end

Bun

Sum of 7. -3, 2 computation.
Veraion-1 succeeds

Sum =

Sum of 7, 2, -3 computation
version-1 fails
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Run2

How many bytes to be allocate: 30000
Could not allocate. Bye ...

A request for allocation of 0 bytes returns a non-null pointer. Repeated requests for zero-size
allocations return distinct, non-null pointers. The program new2 . cpp illustrates the handling of ex-
ceptions while allocating memory for matrix.

// new2.cpp: Allocate a two-dimensional space, initialize, and delete it.
#include <except.h>
#include <iostream.h>
void display( long **data, int m, int n );
void de_allocate( long **data, int m };
long main (void)
{
int m, n; // m rows and n columns
long **data;
cout << "Enter rows and columns .count: ";
gin >> m >> n;

try

{ // Test for exceptions
data = new long *[m]; // Step 1: Set up the rows.
for (int j = 0; J < m; Jj++)

datal(j] = new longn]; // Step 2: Set up the columns
}
catch( xalloc )
{ // Enter this block only if xalloc is thrown.
// Other actions could be requested before terminating
cout << "Could not allocate. Bye ...";
exit(l);
}
for{ long 1 = 0; i < m; i++)
for(long j = 0; § < n; j++)
data(i]l [j) = 1 + 3; // Arbitrary initialization
display( data, m, n );
de_allocate( data, m };
return 0;

}
void display( long **data, int m, int n )
{
for( int i = 0; L < m; i++ )
{
for( int § = 0; 3 < n; j++ )
cout << data(i] [j] << ™ *;
cout << endl;
}
} .
void de_allocate( long **data, int m)
{
for( int i = 0; 1 < m; 1i++ )
delete[] data(i]; // Step 1. Delete the columns
delete[] data; // Step 2: Delete the rows
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Bun1

Enter rows and columns count: 3 4
g123

1234

2345

Bun2

Enter rows and columns count: 100 300
Could not allocate. Bye ...

19.16 Ten Rules for Handling Exceptions Successfully

The amount of madification required to fully exploit the feature of exception handling in existing soft-
ware is high. Experts point out ... If you want to design your own exceptions and integrate them into
preexisting classes, first understand the engineering effort—not only throwing exceptions but to
handle them as well. Many experts are concerned that exceptions will lull programmers into a false
sense of security, believing that their code is handling errors, while in reality the exceptions are com-
pounding more errors and hindering the software development. Implementing a real class such that it is
exception safe can be challenging; sometimes it is not feasible.

In general, the use of exception handling is complicated by the interaction of C++ language features
with certain C/C++ idioms, as well as the demanding robustness requirements expected of exception-
safe. For instance, the combination of exception handling, templates, dynamic memory, and destructors
make expressions containing multiple side-effects difficult to program robustly. For instance, consider
the following simple C++ pseudocode function:

template <class T>
void SomeClass::add( parameters )
{
element_array[ element_number++ ] = T( parameters );
..
}
which uses a standard C/C++ idiom (auto incrementing) for adding a new element into an array. How-
ever, both the (unknown) constructors of T and its assignment operator might potentially throw excep-
tions. In both the cases, it is unclear whether element_number will be incremented or not. More-
over, the array element being assigned to, will also be in an uncertain state, which might even cause the
destructor of the class SomeClass to fail!

Resources

The most vexing problems of exception handling arise from improper resource management. It leads to
unrelease or double-release of resources. Here, the central concept of a resource is something that
provides functionality. In many cases, a resource is equivalent to a data structure. However, a data
structure is considered as a resource if it lives beyond a single operation. This constraint implies that
resources have an internal state. This state is identified by all the resource's data values, which may be
modified by operations on the resource. Often, a resource corresponds to one or more components in
a subsystem such as a search table or a database. Smaller entities can also be considered as resources
such as single elements of a search table or records in a database. Likewise, large systems such as a all-
user processes in an operating system or a network of computers can be viewed as resources.
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An important operation on a resource is releasing it, i.¢., changing the state of a program in suck a
way that this resource is no longer active. In C++, this release is usually accomplished by a destructor-
either in a delete expression, at the end of a block, or within another destructor. However, other opera-
tions can be used to release resources such as:

+ The C standard library function fclose () releases a resource of the type FILE *.

« A list node might be shut down by putting it into a free-list rather than returning it to heap memory by
calling delete.

« A stack class may store its elements in an array. In this case, releasing the resource (i.e., top element
of the stack) is often accomplished by a simple decrement of the index. Thus, the top element is no
longer accessible after this operation.

It is necessary to design all the resources in an exception safe way because exceptions might be
thrown at arbitrary places in a program.

Problems with Exception Handling

There are several ways to integrate exception handling into a subsystem. One way is to design it during
the initial development of the subsystem. Often, however, exception handling declarations and state-
ments are added to an existing subsystem after it has been designed with the intent of making it more
robust. In both the cases, especially in the latter, the following issues might be considered and solved.

1. The design of the exception class types and the class hierarchy. It should address the issues such as,
which exceptions should be distinguishable by their type, which should be distinguished by data
member values, which standard exceptions are to be reused, or which special purpose exception
classes are to be defined 7.

2. How to throw an exception i.c., the C++ syntax for raising an exception.

3. How to pass exceptions upwards i.e., what must be doneto correctly manage the resources that are
affected as the stack unwinds.

4. How to handle an exception, i.e., remedying the problem that was the original reason for throwing an
exception.

5. Syntactic and readability issues. For instance, indentation, grouping of handlers etc,

6. Use of exception handling in large systems. For example, how to handle more than one exception at
the same time, how to indicate more than one problem with more than one resource etc.

7. Testability of programs with exception handling. For example, how should the “all branches™-cover-
age criterion for sufficient testing be redefined in the presence of exception handling ?

8. Maintenance of exception handling declarations and statements in the life cycle of software systems,
For example, how does the presence of exception handling influence the understandability of code?
How might the extension of class hierarchy interact with exception handling (—for example, if virtual
functions in derived classes need to throw exception different from those in base class 7).

The concept of simply throw an exception if you de not know what to do will reduce program
robustness and frustrate programmers who have to deal with all these exceptions. Therefore, the ten

‘rules discussed below need to be followed in order to manage the exceptions well:

Rule 1: Do not throw an exception unless absolutely necessary.

A basic principle of software engineering: Allow composition of resources i.e., complex resources are
composed from simpler ones. C++ has many construction methods to facilitate resource composition,
Improper handling of an exception in such systems can lead to bad (inconsistent) states. A bad re-
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source cannot be repaired — sometimes it may not even be possible to destroy it. Consider the follow-
ing definition of the member function push () in the Stack class:

template <class T>
void Stack<T>::push({ T e )

vec[top++] = e; // vector insertion can cause exception

An exception in the assignment will leave the top index incremented, yet the assignment to the new
top element will not occur. Any access to the top element will find an unassigned value. Such excep-
tions must be carefully designed so that consistency of resource is maintained. Throwing exceptions
cause some resources to be in bad state that could be cleaned up by some handler.

Rule 2: It is not advisable to simply throw some exceptions deep in the call stack and then let C++
unwind the stack until a handler is found; this might leave behind damaged resources that cannot even
be destroyed afterwards.

Two appealing solutions for handling bad resources are:

a) Reorder the statements in each update method so that no bad composite states are encountered,
even between two sub-resources.

b) Modify each update so that if a resource enters a bad state it is restored to the original state it had
before the update occurred.

The push () member function of the Stack class can be reordered as follows:

template <class T>
void Stack<T>::push( T e )

-----

vec[top) = e; // vector insertion can cause exception
++top;

.....

In the above case, the stack index top will not lead to a bad state when exception occurs at
assignment of e to vec.

Restoring the state back to its original value before the operation is started is complex with non-
trivial C++ programs. Classes with virtual functions and templates are commonly used to write code that
calls functions which are unkrnown at the time when the calling code is written, Therefore, it is much
more harder to integrate exception handling into C++, compared to C. However, it is possible to handle
exceptions without too much effort.

Rule 3: All the resources should be designed in such a way that every technically possible state is a
shut-down state.

The following design principle can be concluded when resources are designed according to Rule 3: The
only thing an exception handler can do with a damaged resource is to shut it down (release or free).

Rule 4: The responsibility for managing a resource lies either with a class (i.e., the destructor of the
class releases the resource); or with the block that acquired the resources (i.e., the resource is released
on exit from the block).
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Consider a simple example of Stack data structure, It has apush () function that sometimes has
to allocate a new array. It does this in the following way:
if( buffer is too small )

{

T *new_buffer = new T[ nelems ]; o (a)
...Eill new_buffer...;
delete [] wvec; /7 (b)

vec = new_buffer;
}
At step (a) in the above segment, the resource new_buf fer is created under the responsibility of the
block. If anything goes wrong after this point, it would be the responsibility of the block to delete the
buffer again (which it does not do in the code). At step (b), the responsibility is transferred to the stack
object by assigning it to the member vec of the class Stack. The responsibility to release resources
now lies with the object’s destructor, Thus, if a function is exited due to an exception, the destructor has
to release the buffer.

Rule 5: Symmetric resource management; resource management of a purely block-local resource: The
responsibility of a block-local resource always lies with the acquiring block.

Of course, with this method, it is not possible to put a resource under the object responsibility,
which is necessary for all asymmetric resource management problems, Two general schemes (or pat-
terns) for solving this type of problem are 1) setting resource of an object and 2) replacing an object
resource. As a building block for these patterns need secure operations that allow to transfer resource
responsibilities without throwing exceptions i.e., all destructors in a C++ program should have an empty
specification throw (). The first problem arises most often in constructors and assignment operators
where a new dynamic resource is needed to store part of the object's value, Resource management for
such a resource is done as indicated in the Rule 6. The second problem arises in the implementation of
containers that automatically adjust their size, for example, the Stack class. Again, clear responsibility
management is the key to the correct design as indicated in the Rule 7.

Rule 6: Resource management for a new object resource. To handle this, use the following pattern:
a) A load resource of suitable size is acquired
b) The resource is used (usually initialized) as necessary
¢) The resource is put under an object’s responsibility
The responsibility of the resources lies with the acquiring block in the above step a) and b) and with
some object after c). The responsibility transfer at ¢) must happen in such a way that the responsibility
is always with exactly one agent—either the object or the block.

Rule 7: Resource management for replacing an object resource. To handle this situation, use the
following pattern:

a) A local resource of suitable size is acquired under block responsibility

b) The resource is used (usually initialized) as necessary

¢) The responsibility for the object resource and local resource are exchanged

d) The new local resource (the former object resource) is released

The following is an example of such a sequence:

template <class T>
void Stack::pop(}( T & e ) // throw{ bad_alloc, ..T(),..)
{
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if{ top == nelems }
{
nelems *= 2;
AutoPtrArray <T> new_buffer = nelems; /7 (a)

for( int i = 0; i < n; ++i ) /{ (b)
new_buffer([i] = vec[i];
new_buffer.swap_with( vec }; /1 Le)
/* destructor of new _buffer */ /7 {d)
)
vec[top++] = e;

Rule 8: When designing a throw-and-keep resource, all operations with side effects on subresources
occurring in some resource constraint must be viewed as resource acquisitions.

Rule 9: Each modification of a subresource of a throw-and-keep resource that might throw an excep-
tion must be wrapped as shown in the following code:
try

{

//... modification...;
}
catch(...})

{
// make subresource invisible to all operations
// except those that destroy it
throw;

}

Moreover, all the actions in the catch-block must be secure operations.

Rule 10: Resource management for a new object resource with return statement. To handle this
situation, use the following pattern:

a) A local resource is acquired.
b) The responczibility of the local and the object resources are swapped.
c¢) The resource is used as necessary (including the return statement).

If an exception is thrown in (c), perform d) and e):
d) The responsibility of the local and the object resources are swapped back.
e) The exception is re-thrown (in order to avoid losing information about error occurrence and reason

for its occurrence).
The following is an example of such a sequence:
template <class T>
T KeepableStack::pop(}( T & e ) // throw( XPopOnEmptyStack,...T( T&))
{

if( top == 0 )
throw XPopOnEmptyStack( "Stack<T>::pop");

Auto_uinit new_top(top-1); /i (a)
new_top.swap_with(top); I/ (b)
try
{

return vec[top]; /1 (e)

}
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catch{ ... )

{
new_top.swap_with( top ); /o (d)
throw; il (e)

}
}
Based on the background of the above ten rules in managing exception handling, it is possible to
design new patterns. A new pattern for responsibility management includes transferring responsibili-
ties from an acquiring block to a surrounding block; or from one object to another, and so on.

Review Questions
19.1 What are exceptions ? What are the differences between synchronous and asynchronous
exceptions ?

19.2 Explain the techniques of building reliable software.

19.3 Explain the exception handling model of C++ with various constructs supported by it

19.4 Write an interactive program to compute square root of a number. The input value must be tested
for validity. If it is negative, the user defined function my_sgrt () should raise an exception.

19.5 What is the syntax for indicating a list of exceptions that a function can raise. What happens if
an unspecified exception is raised ?

19.6 Write a program to demonstrate the catching of all exceptions.

19.7 What happens when an exception is raised in a try-block having a few constructed objects ?
What is stack unwinding ?

19.8 What happens when a raised exception is not caught by catch-block ?

19.9 How does C++'s throwing and catching exceptions differ from C'ssetjmp () and longjmp () ?

19.10 Write a program which transfers the control to user defined terminate function when raised
exception is uncaught.

19.11 When does the function unexpected() isinvoked ? Write.a program which installs the user
defined unexpected function to handle exceptions.

19.12 Write an interactive program which divides two complex numbers. Overload divide (/) operator.
Handle cases such as division-by-zero using exceptions.

19.13 Consider that the base class Stack is available. It does not take care of situations such as
overflow or underflow. Enhance this class to MyStack which raises an exception whenever
overflow or underflow error occurs,

19.14 What are the different fault tolerant design techniques available ? Explain recovery block pro-
gramming technique with a suitable example. :

19.15 When memory allocation fails, how does the new operator notify the error to the caller ?

19.16 Write a program to add two vectors. Each vector object, instance of the class Vector, is having
dynamic allocation of their data members. Catch exception raised by new operator and take
corrective actions.

19.17 Explain why addition of exceptions to most software is likely to diminish the overall reliability
and impede the software development process if extraordinary care is not taken ?

19.18 List the ten rules for handling exceptions successfully

19.19 What are the issues that need to be considered while designing fault tolerant software 7

19.20 Write a program for matrix multiplication. The matrix multiplication function should notify if the
order of matrix is invalid using exceptions.
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OO0 Analysis, Design and Development

OOP systems are sold on the promise of improved productivity through object reuse and high level of
code modularity. These aspects precisely lead to their greatest benefit, namely, improved software
quality, considering “the objective of OO design is to mirror real world objects” in the software systems.
00 Technology encompasses not only OOPs but also other OO concepts such as user interface,
analysis, design, and data base management systems, Lastly, using OOPs facilitates an iterative style of
development rather than the traditional waterfall approaches. The object-oriented approach centers
around modeling the real world in terms of objects, in contrast to the traditional approaches which
emphasize function oriented view and separates data-and-functions.

Customer Account

===~ BSystem Operation
——ip Data Flow

(a) Structured computational model .- # Control Flow
Account_1 Account_History
----- -

A i1

artributes

(b) Object-oriented computational model

Figure 20.1: Structured Vs. Object-oriented computational model

Software engineering deals with the various tools, methods, and procedures required for controlling
the complexity of software development, project management, and its maintenance. Object-oriented
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development emphasizes on using programming languages with certain unique capabilities for real-
world object modeling. Object model is the conceptual framework for object-oriented development. The
four major elements of this model are encapsulation, abstraction, modularity, and hierarchy. The compu-
tational model of the structured and object-oriented model is shown in Figure 20.1. OO development

tends to be iterative and incremental growth, compared to conventional development.

A systems development methodology combines tools and techniques to guide the process of
developing large scale information systems. Dramatic improvement in hardware performance and the
adoption of high-level languages has enabled to build large and more complicated systems. The con-
ventional methodologies decompose the process of system development life cycle into discrete project

phases with frozen deliverables or formal documents, which serve as the input to the next phase.

20.1 Software Life Cycle: Water-Fall Model

Software systems pass through two principal phases during their life cycle:

« The development phase
« The operations and maintenance phase

The development phase begins when the need for the product is identified; it ends when the imple-
mented product is tested and delivered for operation. Operation and maintenance include all activities
during the operation of the software, such as fixing bugs discovered during operation, making perfor-
mance enhancements, adapting the system to its environment, adding minor features. etc. During this
phase, the system may also evolve when major-functions are added. To illustrate the software life cycle,

the waterfall model or conventional life cycle model (see Figure 20.2) has proven convenient.

Problem
definition
-

Analysis

l

Coding

Testing

r

Maintenance

Figure 20.2: Water fall model for software development
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Conventional life cycle of software development passes through various phases. They include
definition of system requirements, generation of software requirements, software design, coding, and
final testing and reliability modeling.

Problem Definition: The first stage in the development process is undersianding the problem in
question and its requirements. Requirements may be specified by the end-user, or, if the software
system is embedded within a larger system, they may be derived from the system requirements. Require-
ments, therefore, include the context in which the problem arose, functionality expected from the sys-
tem, and system constraints, At this point, the managers and software specialists decide whether it is
feasible to build the system.

Analysis: A system analyst observes the feasibility of system development. I svstem development is
cost effective based on the management approval, then design, coding. etc., phases will be executed,
otherwise, it will be aborted; no progress of other phases will be made. Analysis phase delivers require-
ments specification. If project is approved, software specialists try to understand the requirements and
define the specifications to meet those requirements. The system specification serves as an interface
between the designer and implementor as well as between the implementor and user. This describes
external behavior of the software without bothering about the internal implementation. Specification
must be carefully checked for suitability, omission, inconsistencies, and ambiguities.

Design: Design is the process of mapping system requirements defined during analysis to an abstract
representation of a specific-system implementation, meeting the cost and performance constraints, The
detailed design involves the analysis of various alternatives, including tradeoff among the number of
possible solutions based on the existing constraints.

It describes how the system is to be implemented so that, it meets the specification. Since the whole
system may be very complex, the main design objective is decomposition. The system is divided into
modules and their interactions. The modules may then be further decomposed into submodules and
procedures until each module can be implemented easily.

Coding/Implementation: Once the specification and the design of the software is over, the choice
» of a programming language remains as one of the most critical aspect in producing reliable software.
. Implementation involves the actual production of code. Although it is one of the important phases. it
takes only 20% of the total development time. The reliability of the code produced depends on the
coding standards, implementation strategies and the facilities provided by the host language for reli-
able programming.

Testing: The truth hurts: Many software development organizations pay lip service to quality—
shipping untested software when deadline pressures dictate,a not-so-surprising conclusion drawn
from many surveys,

Testing is the process of exercising or evaluating a system or system component by manual or
automated means to verify that it satisfies the specified requirements. Normally, most of the testing and
debugging is done after the system has been implemented (integrated testing). A large percentage of
errors are discovered during testing originates in the requirement and design phases. Requirement and
design errors are more expensive to correct (typically, about 100 times more expensive than implemen-
tation errors). Clearly, more efforts are needed to be spent in requirement definition and design, which
must be considered as separate stages in software development. People must become more aware of the
importance of earlier phases in the software life cycle,
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Once the software is developed, it has ta be subjected to tests at module (unit) level, module
integration level, software/hardware integration (system) level and finally at the system level. Module
testing focuses on individual software units or related group of units. Module integration testing
focuses on combining software and hardware units, to evaluate the interaction among them, System
testing focus on complete, integrated systems to evaluate compliance with requirement specification.

A module has to be tested for logical errors and computational errors while the interface is checked
to see whether the interaction between the modules are proper. The.techniques that have been pro-
posed for unit testing include the following:

« Path testing: cach possible path from input to output is traversed once.

« Branch testing: each path must be traversed at least once.

« Functional testing: each functional decomposition is tested at least once.

« Special values testing: testing for all values assumed to cause problems.

« Anomaly analysis: testing the program constructs that can cause problems.

« Interface analysis: testing for problems at module interfaces.

Maintenance: Once the system is put into operation, it must be maintained, which includes fixing
bugs discovered during operation, adapting the system to a particular environment, and tuning it to
improve performance. If some major changes or improvements are made to increase the functionality or
performance, the system may undergo an evolution. The boundary between maintenance and evolu-
tion is fuzzy because what constitutes a major change is a subjective-opinion,

Maintenance absorbs a large fraction of the cost incurred during the software life cycle. A major
portion of maintenance activity is a consequence of misinterpreted user requirements or faulty debug-
ging during operation, which thereby introduces errors that did not exist earlier. Some of these mainte-
nance problems could be reduced if more attention is paid to the development. If programmers have
clearly understood the users’ requirements, if they have documented the specification, design, and
code properly, and if they have tested the system fully before its release, maintenance would not be so
difficult and costly. To reduce maintenance costs, the software life cycle is divided into two fundamen-
tal phases—development and operation/maintenance. Software engineers should view these as dis-
tinct phases so that, both receive sufficient attention during the software life cycle.

20.2 Cost of Error Correction

Software development process includes analysis and generation of software requirements, software
design, coding, final testing, and reliability modeling. Each one of these development phase. includes
verification, since it is easy to detect errors at each stage and also it will avoid error propagation from
one stage to another. Further, it has been shown that the cost of correction of errors increases sharply
as the development stage advances. The relative cost of correcting errors is 1% during the design
phase, 3 during the coding phase, 21% during the testing phase and rises to 75% when the sofiware is
put into operation. (See Figure 20.3.)

The following are the different types of errors that may creep into the design of a software system:

+ Incomplete or erroneous specification

+ Intentional deviation from specification
+ Violation of programming standards

+ Erroneous data accessing

+ Erroneous decision logic or sequencing
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« Erroncous arithmetic computations
« Invalid timing

« Improper interrupt hapdling

+ Wrong constants and data values
« Inaccurate documentation

Figure 20.3: Cost of error correction Vs. development stage

20.3 Change Management

Changes to system are bound to happen many times either during the system design, or after complete
implementation of the system, or during system operation. Hence, it is very essential to define change
management process. The changes can be in the form of any modification to functionality during the
design phase. It can also be due to any modification to agreed functionality or deliverable description
in any phase. Some of the factors causing changes in a project are the following:

« Customer misunderstanding

« Inadequate specification

« New customer request

« Organization changes

« Government regulation

What is a Change ?

A change is an alteration to the project scope, deliverables, or milestones that would affect the project
cost, schedule, or quality. Change is inevitable and occurs during the course of a project as shown in
Figure 20.4. Once the implemented system becomes stable, many new requirements can be incorporated
with minimal change to the design. The project manager is responsible for change control. Different
categories of change exist: mandatory, critical, and nice to have. These changes must pass through
proper channel and all documents must be updated. Before initiation of the change process, it must be
first investigated and its impact on various factors must be thoroughly studied. The project manger can
accept the change request, or reject the change request, or return the change request for further
investigation or clarification. Once a change request is approved, it has to be incorporated appropri-
aely at respective level or may even be carried out to all other phases. If it is improperly handled, it
n ight even lead to the collapse of the whole system.
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Figure 20.4: Change requests during system development

20.4 Reusable Components

Another important strategy that helps in reliable programming is to use all well proven, tested software
modules without redesigning them. The usage of such well proven modules decreases the development
effort and increases reliability. Though this idea is not very popular, except in scientific subroutines and
some database applications, it is becoming increasingly acceptable to the software development com-
munity since the recent languages support the concept of modularization and separate compilation of
those modules.

Some of the important components of reusability or levels of reusability are: code, data, design,
specification, etc. The most popular level of reusability is code reusability.

Reusing Code -

It can be in the form of making a call to subroutines library. Other forms of code reusability are the

following:

+ Cut and paste of code: In this method, the required portion of a code is cut and pasted in another
module and necessary changes are incorporated.

« Source-level includes: In C++, it is performed by including the header file by using the include
preprocessor directive.

+ Binary links: Making a call to a function stored in the library in the form of executable code.

+ Runtime invocation: In all the above three forms of source code reuse, while writing program itself the
programmer has to know which component they wish to reuse. The binding of the reused compo-
nents takes place at coding time, compile time, or link-time. In some cases, the flexibility of runtime
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binding is essensial. In-C++, it'is supported by virtual functions. The important point to be noted
about the OO paradigm: the degree to which the OOPL supports dynamic binding may strongly
influence the degree of reusability in the organization.

Reusing Data

Some of the data declared in a header file can be reused extensively by including that in a program.
These can be in the form of macro constants, literals, enumerated constants, etc.

Reusing Designs

The major problem with code reuse is that coding takes place after major activity: analysis and design.
It is well known that only 15 percent of project duration is used by coding phase, so any attempt to
increase coding productivity (through high level languages) can have only a limited impact on overall
project productivity.

Earlier major focus was given to source-level components. Today, focus is shifted to achieving
significant results through reuse of the design and specification level. As pointed out by experts, code
reuse typically occur at the bottom levels of a system design hierarchy whereas, design reuse occur in
most of the branches of hierarchy (see Figure 20.5).

Code reuse Design reuse

Figure 20.5: Code reuse Vs. Design reuse

Reusing Specification
Although design reuse is good, specification reuse is much better. It eliminates completely (almost) the
effort needed in designing, coding, and testing an implementation of that specification.

Miscellaneous Reuse Components
While code, data, design, and specification are the most obvious candidates for reuse, they are not the
only ones. Some of the possible candidates are:

« Cost-benefit calculations

+ User documentation

+ Feasibility studies

+ Test cases, test procedures, test drivers, test stubs

Among all the entities involved in the software project, one component that cannot be reused is the
people (who make up the project team). The experience, infrastructures, etc., gained by a project team
Auring one project should be carried over, that is, reused in the ncxt project whenever possible. This
seem to be a common sense, but it 15 not common in software industry, It is because, teams are busted
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apart at the end of the project and individuals are scattered and reassigned 1o other projects or they
might change which i tence.
1o Sofcware productivity ofien achicve reaults scveral times greater than technical approaches

20.5 Software Life Cycle: Fountain-Flow Model

The conventional model requires a large amount of time to be spent in formulating the problem specil

life cycle. Al this point. if the system does not meet the specifications, the design and code becomes
very expensive. Itis often easier to change an existing system than to redevelop the specifications and
design a new system. The conventisnal model fuils to address software reusability, c the existing
software is not usable as a starting point.
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Figure 20,

Objects interacting with each other
Obiects are represented as individual entities which uniqueiy identify icir own contents as well as

the aperations that may be performed on them. Thus, 1 18 8 of system design

a problem into a set of abstract object types or resources in the system and a set of operations that

manipulate instances in the system; and a set of operations that manipulate instances of each object

Tope The OO paradigm views & sysiom o & collecrion of entities catled abjocts thar imeract wi h

other to meeta specific objective. (See Figure 20.6).

0 methodology stlows the end.uers, analyss, designers, and peogrammers 10 view various

components of th in the same way. thus simplifying the process of mapping the custmer
o the « entities are in the form of objects.

Obijects play the central role in all phases of the software development process. Therefore, there is a

high degree of overlap and interaction among the phases. The use of warerfall madel in the design of

OO -based system does not allow overlap and among the phases. Thi

can be circumvented by using a model fountain. T is
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jvsw inodel and is shown in Figure 20.7. It allows a higher level phase to interact with its lower phase and
again proceed 1o a higher level phase.

Maintenance Further development

\

Application

Object-oriented Objects
programming in program
Object-oriented Object
design in solution space

Object-oriented
analysis

Object
in problem space

Figure 20.7: Fountain-flow model for OO system development
20.6 Object-Oriented Notations

Graphical notations play a major role while representing the design and development processes, and
object-oriented design is no exception. They increase the ease with which ideas can be exchanged
among the members of a project team. Object-oriented design requires notations for representing classes,
objects, derived classes and their interrelationship, and interactions among objects. Unfortunately, for
representing these aspects, there are no standard notations. In this book, authors have used their own
notations and in addition to some of the commonly used notations, which are discussed in ecarlier
chapters such as Object Oriented Paradigm, Classes and Objects, Inheritance, etc.

20.7 Object-Oriented Methodologies

Many object-oriented analysis (OOA) and object-oriented design (O0D) methodologies have emerged
recently, although the concepts underlying object-orientation as a programming discipline has been
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developed long time ago. Object orientation certainly encompasses many novel concepts, and is popu-
larly called as a new paradigm for software development. Object-oriented methodologies represent a
radical change over conventional methodologies such as structured analysis.

Various object-oriented methodologies can be best investigated by dividing them into two camps—
revolutionaries and synthesists, Revolutionaries believe that object-orientation is a radical change that
renders conventional methodologies and ways of thinking (about design) obsolete. Synthesists, by
contrast, view object-orientation as simply an accumulation of sound software engineering principles
which adopters can graft onto their existing methodologies with relative ease.

The revolutionaries (Booch, Coad, Yourdon) state the following:

+ There should be no doubt that object-oriented design is fundamentally different from traditional
structured design approaches, it requires a different way of thinking about decomposition, and it
produces software architectures that are largely outside the realm of the structured design culture.

«+ There is no doubt that one could arrive at the same results using different methods; but it is revealed
from experience that the thinking process, the discovery process, and the communication between
the user and analyst are fundamentally different with OOA than with structured analysis.

On the other side the synthesists (Wasserman, Pircher, Muller, Page Jones, and Weiss) state the
following:

+ Object-oriented structured design (OOSD) methodology is essentially an elaboration of structured
design. They state that the foundation of O0SD is structured design, and that structured design
includes most of the necessary concepts and notations for O0SD.

+ The problems that object orientation has been widely touted as a revolutionary approach is a
complete break with the past. This would be fascinating if it were true, but it is not like most engineer-
ing developments, the object oriented approach is a refinement of some of the best software engi-
neering ideas of the past.

The leading analysis methodologies are the following:
+ DeMarco structured analysis
+ Yourdon modern structured analysis
« Martin information engineering analysis
« Bailin objectpriented requirements specification
« Coad and Yourdon object-oriented analysis
+ Shlaer and Mellor object-oriented analysis

The leading design methodologies are the following:
+ Yourdon and Constantine structured design
« Martin information engineering design
« Wasserman et al. object-oriented structured design
« Booch object-oriented design
« Wirfs-Brock et al. responsibility-driven design

Object-Oriented Analysis

Object-oriented analysis provides a simple, yet powerful mechanism for identifying objects, the build-
ing blocks of the software to be developed. It is mainly concerned with the decomposition of a problem
into component parts and establishing a logical model to describe the system. The various steps
involved in OOA are shown in Figure 20.8.
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The two general findings about object-oriented analysis are:
1. OOA fulfills the properties of analysis, and
2. OOA has a smooth transition to design
OOA model should cover objectives, application domain knowledge, requirements of the environ-
ments, and requirements of the computer system.

+ Objectives: These are the ultimate expectations of the users towards the entire information system
(both computerized and manual). i.e., the objectives which are to be fuliilled through the interplay
between the computer system and the surrounding human organization.

+ Application domain knowledge: This defines the vocabulary of the application, its meaning, and
properties.

+ Requirements of the environment: This is a description of the behavior required from the human
organization to meet the objectives.

+ Requirements of the computer system: This is a description of the behavior required from the
computer systemn to meet the objectives.

Problem
definition
-
¥
Requirement
specifications
Objects in Y
problem space Identify
objects
v ¥
Identify _ o Identify
services - | collaborations

v

| Design

Figure 20.8: Steps in object-oriented analysis

For most OOA/QOOD approaches, the difference between analysis and design is not recognized as
the difference between the user requirement and the solution, but simply as the difference between
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“what” and “how". It is interpreted as "Analysis is aimed at describing what a target system is sup-
posed to do 1o obtain an agreement with a customer bearing the expenses. While design is aimed at
describing how the designed system will work...”.

Positive Trends in OOA
OOA has evolved and focuses on system dynamics. Novel features of this method include:

1. It does not assume that a previously written requirement specification exists.

2. It focuses on the analysis content, including goals and objectives.

3. It considers external objects as initiators of the scenario.

4. Attention to requirement elicitation is given by creating scenarios from a structured interview pro-
cess.

5. Symbolic execution can be obtained, because scripts and state transition are coupled through pre-
and post- condition.

Object-Oriented Design

Object-oriented design is a radical change from both process-oriented and data-oriented methods. The
00D methodologies collectively model several important dimensions of a target system not addressed
by conventional methodologies. These dimensions relate to the detailed definition of classes and
inheritance, class and object relationships, encapsulated operations, and message connections, The
need for adopters to acquire new competencies related to these dimensions, combined with Booch's
uncontested observation that OOD uses a completely different structuring principle (based on object-
oriented rather than function-oriented decomposition of system components), renders OOD as a radical
change.

Object-oriented design is concerned with mapping of objects in the problem space into objects in
the solution space. It creates overall architectural model and computational model of the system. In
00D, structure of the complete system is built using bottom-up approach whereas, class member
functions are designed using top-down functional decomposition. It is important to construct struc-
tured hierarchies, identify abstract base classes, and simply the inter-object communication, Reusabil-
ity of classes from previous design using inheritance principle, classification of objects (grouping) irto
subsystems providing specialized services, and determination of appropriate protocols are some of the
considerations of the design stage.

Most of the object-oriented methodologies emphasize the following steps:
1. Review of objects created in the analysis phase.

2. Specification of class dependencies

3 Organization of class hierarchies using inheritance principles.

4. Design of classes.

5. Design of member functions.

6. Design of driver program.

20.8 Coad and Yourdon Object-Oriented Analysis

Coad and Yourdon OOA methodology can be viewed as building upon the best concepts from informa-
tion modeling, object-oriented programr-ing languages, and knowledge-based systems. OOA results
in 1 five-layer model of the problem domain, where each layer builds o1 the previous layers. The layered
model is constructed using a five-step procedure.
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« Define objects and classes. Look for structures, other systems, devices, events, roles, operational
procedures, sites and organizational units.

« Define structures. Look for relationships between classes and represent them as either general-to-
specific structures (for example, employee-to-sales manager) or whole-to-part structures (for example
car-lo-engine).

+ Define subject areas. Examine top-level objects within whole-to-part hierarchies and mark these as
candidate subject areas. Refine subject areas to minimize interdependencies between subjects.

+ Define attributes. Identify the atomic characteristics of object as attributes of the object. Also look for
associative relationships between objects and determine the cardinality of those relationships.

+ Define services. For each class and object, identify all the services it performs, either on its own behalf
or for the benefit of other ciasses and objects.

The primary tools for Coad and Yourdon QOA are class and object diagrams and service charts. The
class and object diagram has five levels, which are built incrementally during each of the five analysis
steps outlined above. Service charts, which are much similar to a (traditional) flow chart, are used
during the service definition phase to represent the internal logic of services. In addition, service charts
portray state-dependent behavior such as preconditions and triggers (operations that are activated by
the occurrence of a predefined event).

20.9 Booch’s Object-Oriented Design

While there are many object-oriented design methodologies, one approach that reflects the essential
features of object-oriented design is presented by Grady Booch. The four major steps involved in the
object-oriented design (OOD) process are:

1. Identification of Classes (and Objects)

2. Identification of Semantics of Classes (and Objects)

3. Identification of Relationship between Classes (and Objects)

4. Implementation of Classes (and Objects)
Identification of Classes (and Objects)

In this step, key abstractions in the problem space are identified and labeled as potential candidates for
classes and objects.

identification of Semantics of Classes (and Objects)

In this step, the meanings of classes and objects identified in the previous step are established, which
includes definition of the life cycles of each object from creation to destruction.

Identification of Relationship between Classes (and Objects)

In this step, interactions between classes and objects, such as, patterns of inheritance among classes
and patterns of visibility among objects and classes {what classes and objects should be able to “see”
each other) are identified.

Implementation of Classes (and Objects)

In this step, detailed internal views are constructed, including definition of methods and their behav-
iors. Objects and classes have to be allocated to modules (as defined in the target language environ-
ment) and resulting programs to processor (where the target environment supports multiple proces-
. T8).

The primary tools used during OOD are:
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+ class diagrams and class templates (which emphasize class definitions and inheritance relationships)

+ object diagrams and timing diagrams (which stress message definitions, visibility, and threads of
control)

« state-transition diagrams (to model object states and transitions)

+ operation templates (to capture definitions of services)

+ module diagrams and templates (to capture physical design decisions about the assignment of ob-
jects and classes to modules)

« process diagrams and templates (to assign modules to processors in situation where a multiprocessor
configuration is supported)

20.10 Class Design

Whether the design methodology chosen is Booch's OOD or any of the several other methodologies,
design of classes is consistently declared to be central to the OO paradigm. Note that class design has
the highest priority in OOD, and since it deals with the functional requirements of the system, it must
occur before system design (mapping objects to processors/processes) and program design (reconcil-
ing of functionality using the target languages and tools etc.). Classes are developed either for building
applications or for building class libraries or hierarchies. The class hierarchy is built by combining data
hierarchy and procedure hierarchy as shown in Figure 20.9.

Conventional procedural approach Object-oriented approach
m is
data structure hierarchy replaced

by
W class hierarchy

procedure hierarchy
Figure 20.9: Class hierarchy combining data and procedure hierarchy

The output of the analysis phase must be transformed into a set of abstract class designs. Class
design methods arrive at internal representational and algorithmic specifications that meet the declara-
tive constraints of analysis models. The various steps involved in class development are shown in
Figure 20.10. It includes class requirements, class design, testing, debugging, and finally ends with
class certification. The various OOA/OQOD methodologies discussed earlier have emphasized on class
development.
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Class
Requirements

Class
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Design 1

Component
Search

Black Box
Unit Test Design

Figure 20.10: Steps in class design and development

A design framework states that every class should be designed 5o as to be amenable for use as a
component by other classes. The class désign principles focuses on design for reuse and it includes the
following:
1. Design of (abstract) class rather than one shot objects.
. Design of class interfaces (accessors, methods) rather than of attributes and transitions.
2 Stndardization of interfaces, leading o the specification of i and the cre-
ation of applications frameworks.
Design of reliable interaction protocols, often supplementing pure event-driven models.
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5. Design of mechanisms and protocols for transmitting state information between cooperating objects.

6. Design of service and enslavement protocols (access control, locking, etc.) so that objects may be
used more predictably and reliably by its users.

7. Minimization of representational and informational demands upon clients (low coupling).

Design of Members

Properly designed member functions of a class help in processing an object with ease. They define
operations that are to be performed on the object’s data. These funcivions are similar to C functions and
hence, algorithm decomposition (functional decomposition) can be used as shown in Figure 20.11,

Class Name

| A
Function 1 /
Data

l3] [c| [»o]
Function 2 / \/ /\
I
Bl B2 D1 D2
Object
B12 D12
Modules of function 2

Figure 20.11: Top-down design approach for functions

Design of the Driver Function

The execution of a program written in any language always starts from the fixed subroutine. In C++, it
starts from the main () function and hence, every program must contain a main () function code
known as the driver program. Execution of the program begins and ends normally from this main ()
The driver program is responsible for processing command line arguments, creating objects which
require throughout the life-span of the program, handling communication between objects, providing
necessary user-interface, controlling resources, and displaying results.

The driver program is the gateway to the end-users. Therefore, the user-system interface should be
carefully designed to be user-friendly so that users can operate in a natural way,

Implementation

Tmplementation phase is mainly concerned with conversion of OOD into program code. It also includes
testing of software to some extent. A suitable object-oriented language such as C++ has to be employed
for writing programs. In coding phase, codes of classes, member functions, and the main () function
have to be developed. It becomes easy once a detailed design has been done with care.
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Once the system is coded, it has to be-tested and testing is an essential part of the software
development process. A detailed test plan should be designed as to what, when, and how system has
to be tested. Testing of class interfaces and class dependencies has to be carried out by programmers
during development. Once the complete system is integrated, it can be tested as a whole to see whether
the system performs as intended.

20.11 How to Build Reliable Code?

The first thing that one should understand is it is hard to build a complex software that warks well. In
the search of salvation, or what the software engineer and author Fred Brooks calls the silver bullet,
many people concentrate on models, techniques, and tools. Once upon a time, they were structured
programming and high level languages, now they are application builders, componentware, and object-
oriented programming techniques. Reliable software can be written using gotos and assembly lan-
guage, and truly dismal code has been produced using impeccably modern tools and techniques.

The reality is that one factor which completely dominates every other in determining software
quality is how well the project is managed. A development team must know what code it is supposed
to build, must test the software constantly as it evolves, and must be willing to sacrifice some develop-
ment speed on the altar of reliability. The leaders of the team need to establish a policy for building and
testing code. Tools are valuable because they make it easier to implement a policy, but they cannot
define a policy. That is, if the team leaders fail to do their job, no tool or technique can save them.

One reasori that quality often takes a backseat is that it is not free. Reliable software often have
fewer features and takes longer time to produce. No trick or technique will eliminate the complexity of a
modern application, but here are a few guidelines that are extremely useful. Nine ways to write more-
reliable software are the following:

+ Fight for a Stable Design

« Cleanly Divide Up Tasks

+ Avoid Shortcuts

+ Use Assertions Liberally

+ Use Tools Judiciously

+ Rely on Fewer Programmers

+ Deligently Fight Features

+ Use Formal Methods Where Appropriate

+ Begin Testing Once You Write the First Line of Code

Fight for a Stable Design
In addition to the changing system specifications, another obstacle to building a good system is a

design that keeps changing. Each change means redoing the code that has already been written,
shifting plans in midstream, and disturbing the internal consistency of the system.

The problem is that, often nobody knows precisely what the program should do until there is a
preliminary version to run. An excellent strategy is to build mock-ups and prototypes with which
potential users can start working initially, so that the design settles down as soon as possible. Once
designers chalk out basic structure of the system, any changes that are not critical can wait until the
next version. This is a hard line to hold on, but the developer can come close to it.
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Cleanly Divide Up Tasks

When designing a complex system, remember to divide the work into smaller pieces that have good
interfaces and share the appropriate data structure. If this is done properly, even some bad implementa-
tion decisions will not ruin the overall design and performance of the system. Object-oriented lan-
guages provide a easy way to express and enforce the decomposition strategy, but they do not tell the
designer how to do the job. It is definitely better to have a good design implemented in C than a poor
one in C++. However, C++ will help in the long run in terms of better management, reusability, under-
standing (coordination) among team members, future enhancements, code maintenance, etc.

Avoid Shortcuts

Programmers often do not bother to fix design-errors while coding. Most of them are more fascinated
toward writing cryptic code. Avoid shortcuts by insisting that each procedure is carefully documented.
The implementation tricks clearly written can act as a useful document.

Use Assertions Liberally

An assertion is simply a line of code that says, “I think this is true. If it is not, something is wrong, so
stop execution, and let me know immediately.” If a value is supposed to be within a certain range, it must
be checked first. Make sure that pointers point to valid locations and that internal data structures are
consistent. Just like code inserted for debugging a program, the designer can compile assertions out of
production code (using conditional compilation facilities) before it enters final testing stages. There are
many reason for writing program code with assertions. They enable to find problem quickly and makes
them easier to track down,

Use Tools Judiciously

Tools are not a panacea to all problems, they cannot help to fix (detect) bug in a project that has bcen
administered badly. But tools can make it easier for development teams to put good policies into effect.
The source code management tools help to coordinate modules being used by multiple developers.

There are also some tools that can find certain errors in the program code instead of forcing the
developer to do it, The UNIX utility lint (or the turbo-charged version offered in Centerline’s Code
Center) will find some syntax errors and mismatches between different source code files. Purify, from
Pure Software, and Bounds Checker from Numega Technologies, catch a wide variety of memory errors
as soon as they occur, rather than letting them to manifest themselves later on. Other tools perform
regression tests or perform code-coverage analysis to see if there are any dusty corners in program that
are not being exercised.

Rely on Fewer Programmers

An easy way to reduce the number of bugs in a project is to cut down the number of people who are
involved in it. The advantages are: less management overhead, less need for coordination, and more
interaction among the team members, who are building the system. The number of members can be
reduced by having individual programmers produce code more quickly or by reducing the amount of
code that needs to be written. CASE tools, application builders, and code reuse attempt to meet one or
both of these goals. While these products do not always live up to their promise, they can simplify a
project development so that a smaller team can handle it.

20.12 OO Software Performance Tuning

Performance is defined as the number of instructions executed along the critical paths. Following are
some of the guidelines to be kept in mind while optimizing the program code for tuning its performance:



766 Mastering C++

+ Move assumptions from a method to its callers

For example. a method might validate that the appropriated semaphore is locked by the current thread
before modifying a shared resource protected by that semaphore. Instead, if all callers lock the sema-
phore before the call, it would no doubt be efficient, but also more dangerous and less general, to
explicitly move the assumptions of lock ownership to the callers.- This category of change tends to
remove code from a method, and proportionally increase the number of warnings in the commentary
describing the assumption made by the method.

+ Move code from callers of a method into the method

The objective here, is to move the context of a call from the caller into the method. For example, if a caller
is looping through hundreds of page table addresses in order to convert disk request to disk sector
addresses, the conversion method can be augmented with a fatter interface that passes a collection of
addresses, and the loop can be moved into the method. This is important in methods with protocol
considerations such as lock ownership.

+ Object pools

This technique minimizes calls to constructors in a manner analogous to memory pools minimizing the
calls to operator new. The key is to reuse objects rather than constructing new ones. For example, if 80%
of the fields in a page-fault object are the same for most page faults, it is possible to avoid the overhead
by preconstructing page-fault objects, and adjusting the object’s state via a method rather than initial-
izing all the fields using a constructor. This is a special case of avoiding data movement.

« Caches

Instruction counts could sometimes be reduced by introducing caches. Note that the implied increase
in data size can produce more page-faults, however, there were no tools available to predict the correla-
tion. This issue is still being investigated. '

+ Dead code removed

Implicit C++ constructor and destructor calls provide a new variant of dead code removal. In some
cases, the previous changes made to the local objects are superfluous. Removing these local objects
can avoid wasting instructions. In some case, removing these has saved over 1,000 instructions along
acritical path.

+ Inlining

A function is expanded inline when the compiler replaces a traditional CALL instruction with code
contained in the body of the function. In addition to eliminating the cost of setting up the stack frame,
the optimizer can procedurally integrate the called function body into the caller's code by performing
traditional optimization techniques across the call boundary by using techniques such as register
liveness, constant propagation, and loop invariant code motion.

20.13 Software Project Management

Software project management is a complex undertaking, It requires project managers who are competent
technical specialists and have some level of understanding and appreciation for the management prin-
ciples as computer professionals. Knowing how to manage large projects is a critical skill for the
computer professional. Many projects in the computer industry have failed to achieve their objectives
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due to lack of managerial skills. Consider the following circumstances:

«+ Project objectives are poorly defined and/or understood, even by members of the project team.

« Project deadlines are dictated by external events or imposed arbitrarily by administrators.

« Project budgets are based on naive estimates given by inexperienced managers.

+ Project staffing is determined more by availability than ability.

The outcome of projects launched under such circumstances is easily predicted. Managing a well-
planned and well-staffed project is challenging; with fuzzy objectives, unrealistic schedules. inad-
equate budget, and weak staffing, project managers would need a miracle to succeed.

Guidelines for Launching a'Project

Every project is unique in its management requirements, but certain steps can be taken at the time the

project is launched to improve the prospects. The following guidelines are offered for managing the

project well:

+ Establish a realistic project objective, setting forth in detail what will be accomplished if the project is
successful.

+ Appoint acompetent project manager whose administrative, technical, and political skills commensu-
rate with the task.

« Set up the project organization at an appropriate level and establish the appropriate communications
links among all the elements of the organization that must play a role in the project’s success.

« Staff the project with the proper mix of technical and administrative skills. Avoid, whenever possible,
part-time assignments so that the individuals who are working on the project can devote their full
attention to it.

» Identify key project milestones which, when achieved, will demonstrate definitive progress toward
the ultimate project objective.

Note: This step, plus Steps 6-11 below, may require several iterations before a satisfactory plan,
schedule, and budget can be developed and approved.

+ Plan the project in detail, identifying all tasks that must be completed to reach each milestone.

+ Assign each task to an individual or to a specific organization so that responsibility for its completion
is unambiguous.

« Estimate the time required to complete each task. It is essential that the time estimate for each task be
made by the individual or organization that bears the responsibility for completing it.

« Estimate the cost of completing each task (or groups of tasks); again, these estimates should be made
by the responsible person.

+ Produce a project schedule and time-phased budget (using critical-path or similar network techniques
when the size of the project warrants).

+ Distribute the plan, schedule, and budget to all concerned parties and confirm their “ownership” of
the tasks assigned to them.

+ Review the project schedule and budget regularly. At 2ach review meeting, ask for reaffirmation of
plans and schedules (for the forthcoming period). While managing a large and complex projects. carry
out project reviews, take minutes to document key decisions and follow-up assignments.

+ Update project plans and schedules after each review meeting and distribute them as noted
previously.

+ Manage the project!
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Of course. no project management philosophy can guarantee the success of any project, no matter
how noble its objectives are, or how diligently it is applied. It can, however, materially improve the
prospects for success, provided all project participants accept the philosophy and it is administered in
a consistent and disciplined manner.

20.14 Plan for OO Battle

After all the theory and discussions about object-oriented programming, success with OO (Object-
Oriented Technology) requires a commitment, as well as a plan, for action. The software designers, who
excited by the new technology, are often ready to make the commitment with no planning at all. Just to
recall, if you are not planning, you are planning for failure. Here are a series of planning steps
articulated by OO experts for the major management planning activities required for successful imple-
mentation of object-orientation:

+ Obtain Initial Advice

It is necessary to have consultation with experienced OO consultant before embarking on the OO
bandwagon, to take a decision on suitability of OO methodologies and its benefits. This must provide
an insight into the key decision makers in the organization what steps are involved, how long it will 1ake,
how much it will cost, what benefits are likely to accrue, and what risks must be accepted.

« Obtain Management Commitment

This is a crucial issue and important for the success of the object-orientation in the organization than
the technical features of OO technology or the choice of C++ over Smalltalk. If management is opposed
to this, then it probably won't work-out.

« Conduct Pilot Projects

Similar to all new technologies, OO needs to be validated and demonstrated to the organization. This is
usually demonstrated through the use of a pilot project. A pilot project should be medium-sized and
within the context of the organization. It is known that the failure of a pilot project will not bankrupt the
organization. A good pilot project should be staffed by enthusiastic volunteers who are well trained
and well supported by expert consulting assistance. A final conclusion can be reached from the viabil-
ity of the proposed new technology.

+ Develop a Training Plan
Training for object-orientation is important before taking any initiative to switch over to QO develop-
ment. It is necessary to train programmers, designers, system analysts, and project leaders. If the
management cannot afford to train all of them at once, it can be done in multiple phases.

+ Document Management Expectations

+ Develop an OO Development Life Cycle

+ Choose OOA/OOD/OOP/OOT methods

+ Choose OOP Language and Compiler

+ Choose OO Case Tools and Repository

« Identify OO Based Matrices

+ Revise Software Development Plan
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20.15 A Final Word

The activities summarized in this chapter and C++ programming issues discussed in the carlier chapters
can be mastered only with hands on experience. OO is surely not suitable for managing small projects
and it may appear to be very costly. OO methodology has born to stay and is all set to win. It will surely
help in long term and has impact right from the system study to the system maintenance and of course,
even in training the end-users.

There are many optimistic and pessimistic views on adopting this new technology. The use of latest
technology has played a very significant role in the success of several (world-class) organizations and
even individuals. It is well known that “future belongs to those who use latest technology”, and you
might as well start now; delaying the decision by a day will just add one more day to a process that is
bound to take several years. If you are worried that you are not the first one in industry (state, country,
or world) to adopt OO, do not worry, you are not the last person. Perhaps the best advice (drawn from
the Proceeding of the National Conference on Computers in Education and Training, India) on
adopting new technology in the rapidly changing computer world is here:

“Our initial backwardness, our late arrival on the scene, and the small investments we made in the
past need not remain as our handicaps but can be turned into our most valuable advantages if we
make the right decisions now, order judicious investments and march forward with determination.”

Review Questions

20.1 Compare the object-oriented computational model with the structured computational model.

20.2 Explain the water-flow model of software development.

20.3 Why does the cost of error correction increase as the development phase progresses ?

20.4 What are the issues to be considered while selecting a language for software implementation ?

20.5 What is change 7 Explain how change management can be handled ?

20.6 What are the different reusable components ? Explain why code reusability occurs at the bottom
of hierarchy and design reuse occurs in most of the branches of hierarchy ?

20.7 Explain the fountain-flow model of software development.

20.8 Draw object-orientated notations for class, object, inheritance, delegation, etc.

20.9 Investigate object-oriented methodologies as viewed by revolutionaries and synthesists.

20.10 Explain the steps involved in object-oriented analysis.

20.11 Explain the Coad and Yourdon object-oriented analysis method.

20.12 Explain the Booch object-oriented design method.

20.13 Compare the object-oriented and traditional analysis methodologies.

20.14 Compare the object-oriented and traditional design methodologies.

20.15 What is design for reuse 7 Explain the steps involved in a class design.

20.16 What is a driver function ? What are its responsibilities ?

20.17 What are the steps involved in building a reliable code ?

20.18 State and explain the guidelines for tuning performance of an OO software.

20.19 What is the software project management ? State guidelines for launching a project.

20.20 What are the steps involved in the major management planning required for successful imple-
mentation of the object-oriented system ?



Appendix A:
C++ Keywords and Operators

C++ supports a wide variety of keywords and operators to support object-oriented programming. The
following sections illustrates them with syntax, description, and examples.

asm, _asm, __ asm: embed assembly statements

Syntax:
asm <gpcode> <operands> <; or newline>
_asm <opcode> <operands> <; or newline>
__asm <opcode> <operands> <; or newline>

Description: It allows to embed assembly language statements in between C++ statements. These
assembly language statements are machine dependent; portability of a program is lost when such
statements are used.

Example: asm mov ax, _stklen
asm add bx, cx
asm add bx, 10

Any C++ statement can be replaced by the appropriate assembly language equivalent statements. In
order to include a number of asm statements, surround them with braces by using the following format:
asm {
pop ax; pop ds
iret

}

auto: define variables

Syntax: [auto] <data definition>;

Description: It defines variables whose resources are released as soon as they go out of scope. All the
local variables are auto by default and hence, auto storage class is rarely specified explicitly.

Example:
int main(int arge, char **argv)
{
auto int i;
i=25;
return i;

]

brsalk: pass control out of the current loop

Syntax: break;
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Description: It causes control to pass to the statement following the innermost enclosing while. do.
for, or switch statement

Example:
For( i = 0: 4 < n: ses )
9
1£( wants_to_rerminate_loop
break; // transfers control fo the next statement outside loop
)
case: specify actions when the switch expression matches with

Syntax: caze ~constant expression
where <constant expression> must be a unique integer constant value.

Description: The list of possible branch points within switch «statements is determined by the
matching case statement within the switch body. Once a value is computed for <exprassions, the
list of possible on> values from all case is searched
for amatch. If a match is found, execution continues after the matching case sttement until abr eak
statement is encountered or till the end of swi tch is reached

Example:
switch( Figure_type ) // €igure_cype -s character variable
case ‘1:
Araw_linel x1, y1, x2. y2 );
break; // transfers to next statement to switch
case ‘er:
araw_eircle( v, £
// transfers to next statement te switch
default: // execute if none of the cases match with switch expression
cout << “invalid figure coder:
break: // it can be omitt
)

catch: capture exception thrown

Syntax: catch( <exception-objects> )

Description: An exception thrown i rogram is caught by the cacch statement. It follows try
statement and is responsible for taking corrective actions in response 1o an exception.
Example:

class aiv_by zers ( ); // empty class

o)
throw div_by_zero(); // divide by zexo error;
rocurn asb
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}
try
{
// read a and b value if necessary
int ¢ = div( a, b );
// no exception... do other activities
}
catch( div_by_zerc )
{
cout << "Divide by zero";
// take necessary action

}

char: define character variables

Syntax: char <varl>, .., <varn>;

Description: It defines variable(s) of type character which is 1 byte in length. They can be signed
(default) or unsigned.

Example: char chl, *name;

clasa: encloses data and functions into a single unit

Syntax: class <classname> [<:baselist>] { <member list> };

+ <classname> can be any identifier unique within its scope.

+ <baselist> lists the base class(es) that this class derives from and it is optional.

e <member list> declares the class’s data members and member functions.
Description: It declares C++ class which combines both the data and functions on those data into a
single unit. Within a class, the data are called data members and the functions are called member
functions.

Example:
class student // declares class called student
{
char *name; // data member
char *getname() // member function
{
return name;
}
}i

consat: define constant variable

It creates a constant variable and makes it a read-only variable.

const [data type] <variable name> [ = <value> ] ;
<function name> | const <type>» <variable name> )
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Description: In the first version, the const modifier enables to assign an initial value to a variable that
cannot be changed later by the program. It can be used to define constant variables of primitive and
user-defined data types.

Example: const int my_age = 25;
Any assignments to my_age will result in a compiler error. Note that, a const variable can be indi-
rectly modified by using a pointer as follows:

*{int *)&my_age = 35;
When the const modifier is used with a pointer parameter in a function’s parameter list, the function
cannot modify the variable that the pointer points to as follows:

double sgrt(const double a );
Here the sqrt () is prevented from modifying the input value passed through a variable.

continua: transfer control

Syntax: continue;

Description: It passes control to the end of the innermost enclosing while, do, or for statement, at
which the loop continuation condition is evaluated.

Example:

for( i = 0; 1 < 20; i++ )

{

if (array(i] == 0)
continue; // skips this iteration
array(i] = l/array([i];

}

default: default operation when all cases fail

Syntax: default:

Description: In a switch statement, if a case-match is not found and the default : prefix is found
within the swiltch body. control is transferred to that point, otherwise, the switch body is skipped
entirely.

Example: (seec case)

delete: deallocate memory

Syntax: delete <pointer_ to_name>;

Description: It destroys an object by releasing all the resources allocated to it by the new operator.
The delete operator destroys the object <name> by deallocating sizeof( <name> ) bytes
(pointed to by <pointer_to_name>). The storage duration of the new object is from the point of
creation until the operator delete deallocates its memory, or until the end of the program.

Example:
int *p; // pointer to integer
p = new int[100]; // allocate memory for 100 integer elements

e

delete p: // deallocate memory allocated to p using new operator
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do: do..while loop

Syntax: do <statement> while (expression>;

Description: The <statement> enclosed within the body of a loop is executed repeatedly as long as
the value of <expression> remains nonzero. Irrespective of the value of a <expression>, this
loop executes its body atleast once.

Example:

i = 1; factorial = 1;

factorial *= i;
i+4;
} while (i <=n );

double: define double precision real variable

Syntax: double <varl>, ...<varn>;

Description: It defines variables of type real type which is 8 bytes in length. Use of double or float
requires linking in the floating-point math package if numeric coprocessor does not exist in the system.
Most of the compilers include math package automatically if floating point numbers are used in a
program.

Example: double a, b; // a and b are double type variables

elsa: actions when the if condition fails

Syntax:
if{ condition )
statementl; /! 1if condition is true
else
statement2; ff if condition is false

Description: It specifies the alternate statement to be executed when the if condition fails

Example:
if( boy_age > girl_age )
cout << *boy is elder than girl”;
else
cout << “girl is elder than boy”;

enum: declare enumerated constants

Syntax: enum [<type_tag>] {<constant_name> [= <value>], ...} [var_list];

Description: It declares a set of constants of type int. A <type_tag> is an optional and is used to
name the set. <constant_name> is the name of a constant that can optionally be assigned the value
of <value>. Note that, <value> must be an integer. If <value> is missing, it is assumed to be
<prev> + 1 where <prev> is the value of the previous integer constant in the list. For the first
integer constant in the list, the default value is 0. <var_list> is an optional variable list that can
follow the type declaration. It assigns variables to the enum type.
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Example: enum modes { LASTMODE = -1, BW40 = 0, €40, BW80, CB0, MONO = 7 };

In the above declaration, modes is the type tag, LASTMODE, BW40,C40, etc. are the enumerated
constant names. The value of C40is 1 (Bw40 + 1) and BW8BO = 2 (C40 + 1}, elc.

extern: specify variable/function type which is defined elsewhere

Syntax: extern <data definition>;
extern <function prototype>;
Description: It declares variables/functions and indicates that the actual storage and initial value of a

variable or the body of a function, is defined elsewhere, usually in a separate source code module. The
keyword extern is optional for a function prototype.

The extern variables cannot be initialized at the point of declaration and if they are not defined a
linker error Undefined symbol ‘symbol -name' in module ‘module-name’ is generated.

Example:
extern int _fmode;
extern void factorial(int n);

float: define float variables

Syntax: float <varl>, ...<varn>;

Description: It defines variables of £1oat data type, which are 4 bytes in length. Use of double or
float requires linking in the floating-point math package. Most of the compilers including Borland
C++ will do this automatically, if floating point numbers are used in a program.

Example: float a, b;

forx: loop

Syntax: for ( [<exprl>] ; [<expr2>] ; [<expr3>] ) <statement>

Description: The <statement> enclosed with the body of a loop is executed repeatedly as long as
the value of <expr2> remains nonzero. The <statement> is executed repeatedly until the value of
<expr2> is 0. The <exprl> is evaluated before the first iteration and is usually used to initialize
variables of the for loop. The <expr2> is evaluated before entering the loop statement. Afier each
iteration of the loop, <expr3> is evaluated, and is usually used to increment a loop counter.

In C++, <expr1> can have an expression or variable definition. The scope of any identifier defined
in <exprl> is extended to outside its loop and those defined within the loop body is limited to that
loop iteration. All the expressions are optional. If <expr2> is left out, it is assumed to be 1.
Example:

for{ i=0; i < 100; i++ )
cout << *i = * << i << endl;

£riend: allow other function/class to access private members of a class

Syntax: friend <identifiers>;

Description: A friend of a class can be a function or a class. Friend function or friend class is allowed
1o acress private or protected members of a class. A class which wants other class or function
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t0 be its friend. should explicitly declare itas its friend. Friend function or class cannot access members
of aclass to which it is a friend directly: it has to access them using class objects.
Example:
class stars
«
privace:
int magnitude;
friend galaxy: // galaxy is friend class

Vi
claas galaxy

«

voia func()
«

atars s1;

agnitude = 100; // valid since galaxy is a friend of stars

3

The above declaration states that, the class galaxy can access all the members of the class stars
but not vice-versa. -

goto: uanster control

Syntax: goto <idencifier> ;
Description: It transfers control 10 the specified location. Control is unconditionally transferred to the.
location of a local label specified by <identifier>.
Exampie:
Again:

gote Again:
Note Ut Labels must be followed by a statement.

ig: actions when the if condi

on succeeds

Syntax:
Lif( <expression> ) // if statement
<statemenctlss
if( <expression> ) // if-else statement
<statementl>;
else
<stac
Descriptior

It transfers control conditionally to a required statement based on the conditional result.
If cexpressions i w tatementl> is executed. In the second case.
tatementz> is executed if the <expressions is 7zero. An optional else can follow an i€
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statement, but no statements can come between an if statement and an else; however, multiple
statements can be enclosed within flower brackets.

Examples:
if (count < 50)
count++;
if(x < v)
small = x;
else
small = y;

The #if and #else preprocessor statements (directives) look similar to the i f and else state-
ments, but have very different effects and their effect can be seen only at compile time. They decide
which source file lines are to be compiled and which are to be ignored.

inlinae: substitute the function body at the point of call

Syntax:
inline <datatype> <function> (<parameters>) { <statements>; }
inline <datatype> <class>::<function> (<parameters>) { <statements>; ]}

Description: It declares/defines C++ inline functions. The compiler substitutes function call by the
body of a function so that program execution speed increases, Member functions defined within the
body of a class are treated as inline functions by default.

The first syntax declares an inline function by default, This syntax can be used to define normal
functions or member functions as inline function. The second syntax declares an inline function
explicitly and such definitions need not fall within the class definition,

Inline functions are best reserved for small, frequently used functions, and any normal function
can also be made as inline.

Example:
// Implicit inline statement
int num; // global num

class cat
{
public:
char* func(wvoid) { return num; } // inline function implicitly
char* num;
}
// Explicit inline statement
inline char* cat::func(void) { return num; }

Any C++ function can be declared inline as follows:
inline swap( int *a, int *b )

{
// swap without using temporary variable

*a = *a + *b;
*b = *a - *b; // *b = (*a + *b) - *b = *a
*a = *a - *b; /f *a = (*a + *b)} - *a = *b
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int: define integer variable

Syntax: int <varl>, .., <varn>;

Description: It defines variables of integer data type which is one word in length. They can be signed
(default) or unsigned. Itis represented by 2 bytes under 16-bit operating system (e.g., MS-DOS) and 16-
bit compiler (Borland C++) and 4 bytes under 32-bit OS and compilers (e.g., Under UNIX).

Examples:
int i, j;
long x; // int is implied
signed int i; /f signed is default
unsigned long int 1;. // int CK, not needed

new: allocate memory

Syntax:

<pointer_to_name> = new <name> [ count ];

<pointer_to_name> = new <name> ( init_wvalue );
Description: The new operator creates an object <name> by allocating sizeof {(<name>) *count
bytes from the heap. The storage duration of the new object is from the point of creation until the
operator delete deallocates its memory, or until the end of the program.

Example: (see delete)
int *iptr = new int[ 15 ]; // allocates 15 integer memory
int *a = new ( 10 ); // allocates a integer and assigns 10

operator: overload operator

Syntax:
operator <operator symbol>( <parameters> )

{

<statements>;

)

Description: It allows to define a new action for the existing C++ overloadable operators to operate on
user defined data types. The keyword operator followed by an operator symbol, defines a new
(overloaded) action for the given operator.

Example:

complex operator +(complex cl, complex c2)

{
return complex(cl.real + c2.real, cl.imag + c2.imag);

}

private: specify class members access scope

Syntax:
private: <declarations>
Description: It explicitly declares members of a class to have private privilege. If amemberis pri-

vate, it can be accessed only by member functions or friends of the class, Members of a class are
private by default unless otherwise specified explicitly.
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Example:
class Abc
{
int a; // private by default
public:
int ¢;
private: // private by explicit
int b;
protected: /{ protected by declaration
int c¢;
public: // public by declaration

Yi

protaected: specify class members access scope

Syntax: protected: <declarations>

Description: It explicitly declares members of a class to have protected privilege so that they are
inheritable to derived classes similar to public members. They can either have private or pro-
tected status in derived classes depending on type of derivation. Note that protected members have
the same privilege as private member except that they are inheritable.

Example: (see private)

public: members accessible to all users

Syntax: public: <declarations>

Description: It explicitly declares members of a class to have public privilege and they are accessible to
all the users. If a member is public, it can be used by any function. In C++, members of a struct or
union are public by default.

Example: (see private)

register: allocate a register for the variable

Syntax: register <data definition>;

Description: It informs the compiler to allocate a CPU register if possible for the variable to speedup
data access.

Example: register int i;

return!: transfer control to the caller

Syntax: return [ <expression> ] ;

Description: Returns control immediately from the currently executing function to the calling routine,
optionally returning a value.
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Example:
double sqr (double x)
{

return x*x;
}

short!: define 16-bit integer variables

Syntax: short <varl>, .., <varns;

Description: It defines variables of type integer each having 2 bytes in length. They can be signed
(default) or unsigned.
Example: short i, j; // i and j are variables

signed: declare variables as signed

Syntax: signed <data type> <varl>, .., <varn»;

Description: The keyword signed is a qualifier (modifier) which allows to define variables of type
char, int, and long, etc., as signed numbers. Even if this type qualifier is omitted the variables are
treated as signed by default.

Example: signed int i, j;
sizaeof: determine the number of bytes required to represent a data-type or its variable
Syntax:

sizeof( <expression> )
sizeof( <type> )

Description: It returns the size, in bytes, of the given expression or data type.
Examples:

a = sizeof( int ); // size of integer
nitems = sizeof(table) /sizeof (table[0]); // number of entries in a table

static! scope of variable

Syntax:
static <data definition>;
static <function definition>;

Description: It declares variables as static and preserves the variables' value. A function or data
element is only known within the scope of the current function or module. If a local variable is defined
as static, its value is preserved between successive calls to that function.

Examples:
static int i; // scope is restricted to a module
static void printnewline(void) {} // restricted to a module
void funcl()
{
static int a = 0; //this is executed only once in lifetime of program

a++; // ite value is preserved
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gtruct: creates heterogeneous data-type

Syntax:
struct [<struct-type-name>]
{
[<type> <variable-name[, variable-name, ...]>] ;
[<type> <variable-name(, variable-name, ...]>] ;

} [<structure variables>] ;

Description: It groups variables into a single record. Though both <struct type name> and
<structure variables> are optional, one of the two must appear. Elements in the record are
defined by specifying a <type> followed by one or more <variable-name> (separated by com-
mas). Different variable types can be separated by a semicolon.

Example:

struct my_struct

{
char name[80], phone_number [B0];
int age, height;
} my_£friend;

The above statements declare a structure containing two strings (name and phone_number) and
two integers (age and height). It also defines the variable my_friend. To access members of a
structure, use a member access operator as illustrated by the statement below:

strepy(my_friend.name, “Mr. Anand”);
To define additional variables of the same type, use the keyword struct followed by the <struct
type name>, followed by the variable names as follows:

struct my_struct my_friends([100];
struct my_struct a, b;

Structure variables can be defined without prefixing the struct keyword as follows:
my_struct c, d;
Functions can also be defined within C++ structures.

switch: transfers control to matching case

Syntax:
switch ( <expression> )
{

case <constant_expression>:

Description: The switch causes control to branch to one of a list of possible statements specified in
:ase/default block. The case statement whose constant value matches with the switch expression
result will be executed. If none of the cases match, then default statement is exccuted if it exists.

Example: (see case)
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template: declare generic functions or classes

Syntex: 2 - 1 lisc > decl 4

Description: It constructs a family of related functions or classes. It can be used to declare function
wemplates and class templates.

Example:
template < class T >
oswap( T & a, T & b ) // function template
B

T temp
temp
a = br

b = temp;

as

»
template <class T> // class template
class myclass

this: pointer to current object
Syntax: .
chis // adaress of the class in which it is referenced
this->member // access a membex
Description: It is a predefined pointer variable within every class and points to the current object.
£his is passed as a hidden argument in all calls to non-static member functions. The keyword this is
a local variable availablc in the body of any nonstatic member function. The keyword this does not
need to be declared and referred to explicitly in a function definition. However, it is used
implicitly within the function for member references.
Example:
<1

ass date

int aay:

veia
«

ie O

this->day = 1; // same as day = 1
bl

¥
If x.func (v) is called. where y is a member of x. the variable this is set to &x and v is set
this->y. which is cquivalent to x . v

throw: raise an exception

Syntax: enrow object: 4/ object of a class
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Description: It allows to raise an exception when an error is generated during computation. It normally
raises exception using temporary object of a empty class.

Example: (see catch)

try: enclose a code raising an exception

Syntax: try {

., // code raising exception

)

Description: A code raising an exception or exceptions must be enclosed within try-block. It indicates
that the program is prepared to test for the existence of an exception if it accurs within the scope of the
try-block. The catch-block following the try-block will actually take appropriate action for all those
exceptions raised.

Example: (see catch)

typedef: enhance existing data type

Syntax: typedef <type definition> <identifier>;

Description: It assigns the symbol name <identifier> to the data type definition <type defi-
nition>. It helps in declaring a convenient name for the existing data type and thus simplifies
representation of complicated statements,

Examples:
typedef unsigned char byte: // a new data type called byte is created

typedef struct

{
double re, im;

} complex;
typedef int * array_t; // array_t p; is same as int *p;
The definition such as
byte a, b;
is actually treated as
unsigned char a, b;

union: all members share the same memory
Syntax:

union [<union type name>]

{

<type> <variable names> ;

} [<union wvariables>] ;
Descriptlon: It is similar to a struct, except that its members share the same storage space.
Example:

union int_or_long

{
int i;
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long 1;
} a_number;

The compiler will allocate enough storage in a_number to accommodate the largest element in the
union. Unlike a struct, the variables a_number. i and a_number . 1 occupy the same location
in memory. Thus, writing into one, will overwrite the other. Elements of a union are accessed in the
same manner as a struct.

virtual: declares virtual functinn or class
Syntax:

class classname

{

virtual int myfunc()=0;
}:

Description: It can be used to make a function or class virtual. Virtual function allows derived classes
to provide different versions of a base class function, which is declared as virtual function. Virtual class
allows to inherit only one copy of a base class indirectly from more than one immediate base classes.

Examples:
Virtual function:

class figure
{

virtual void draw() = 0; // definition in derived class
}:
class line: public figure
{

draw() // implements virtual function declared in base class

{
// draw line

}
}i

figure *fig; // can point teo its derived class objects also
line 11;

fig = &l1;
fig-»>draw(); // invoke draw() defined in the class line
Virtual class:

class B { ...};
class D : B, B {( ... }; // illegal

However, a base class can be indirectly passed to the derived class more than once:

class X : public B { ... };
class ¥ : public B { ... };
class Z : public X, public ¥ { ... ); // Error

"n this case, each object of class 2 will have two sub-objects of class B.
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while( i <= n )

{

factorial *= i;

i++;

}
C++ Operators

Some of the operators such as new, delete, etc. have been discussed in the previous section. In
addition to them, C supports many other operators which are summarized in Table A.1. Every operator
has precedence and associativity associated with them. Precedence specifies the operator to be evalu-
ated first when an expression is of type mixed-mode, whereas, associativity specifies the order in which
operands associated with each operator are to be evaluated.

Operator Summary
B Scope resolution ClassName :: member
1e global i1 name
member selection object . member
- member selection pointer -> member
(] subscripting pointer [expr]
() function call expr (expr_list)
t) value construction type (expr_list)
e post increment lvalue ++
- post decrement lvalue -~
gizeof Size of object size of expr
sizeof size of type sizeof (type)
+4 pre increment ++ lvalue
-- pre decrement -= lvalue
- complement ~ exor
! not ! expr
- unary minus - expr
+ unary plus - expr
f address of ; ?x'pi'
new dereference N egrue
delete :::Irc::'t: (além]l]c ) ¢ new type
delete [] d::l:)g i;;; ocate) delete pointer
() - N delete [] pointer
cast (lype conversion) (type) expr
. member selection object .* pointer-to-member
- member selection pointer -»>* pointer-t0-member
* multiply expr * expr
/ divide expr / expr
% modulo (remainder) expr % expr
+ add (plus) expr + expr
- subtract (minus) expr - expr

Table A.1:

C++ operators

(Continued)

‘
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If this causes problems. the keyword virctual can be added to a base class specifier. For Example,

class X : virtual public B { ... }:
class Y : virtual publiec B { ... }:
class Z : public X, public ¥ { ... }:

B is now a virtual base class. and class Z has only one sub-object of the class B.

void: empty data type

Syntax: wveid varl, var2, ..., varn;

void funcnamel..};

Description: It can be used to define variables or declare functions which return nothing. When used
as a function return type, void means that the function does not return a value.

Example:

The function definition returning no data to a caller is as follows:

void hello{char *name)
{

cout << "Hello, " << name;
}

The function that does not take any parameters is indicaled by void, for instance, int init(veid)

Void pointers cannot be dereferenced without explicit type casting. This is because the compiler
cannot determine the size of the object the pointer points to. For Example,
int x; float r;
void *p = &x; /* p points to x */
int main (veid)
{
*{int *) p = 2;
p = &r; /* p points to r */
*({float *)p = 1.1;
}

volatile: update memory when the variable is assigned 1o register

Syntax: volatile <data definition> ;

Description: It indicates that a variable can be changed by a background routine. Every reference to the
variable will reload the contents from memory rather than take advantage of situations where aregister
is allocated 1o the variable for efficiency purpose. Note that, C++ allows volatile to be applicd to
ohjects.

Example: volatile int i;

while: while loop, repeats execution

Syntax: while ( <expression> ) <statement>

Description: The <statement> is executed repeatedly as long as the value of <expression>
remains nonzero, The test takes place before cach execution of the <statement>.
Example:

3

i = 1; factorial = 1;
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Operator Summary (Continued)
<< shift left expr << expr
>> shift right expr >> expr
< less than expr < expr
<= less than or equal expr <= expr
> greater than expr > expr
»w greater than or equal axpr >= expr
== equal expr == expr
I= not equal expr != expr
& bitwise AND expr & expr
- bitwise exclusive OR expr " expr
l bitwise inclusive OR expr | expr
&k logical AND expr && expr
I logical inclusive OR expr || expr
? conditional expression expr ? expr : expr
= simple assignment lvalue s expr
= multiply and assign lvalue *= expr
I= divide and assign Ivalue /= expr
= ! lvalue %= expr
modulo and assign ivalue += r
+= add and assi ue += e
- en lvalue -= expr
<<= subtract and assign lvalue <<= expr
soe shift left and assign lvalue >>= exXpr
- AND and assign lvalue &= expr
I= inclusive OR and assign lvalue |= expr
A exclusive OR and assign lvalue "= expr
throw throw exception throw expr
comma (sequencing) expr  expr

Table A.1: C++ operators
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abstract class It acts as a frame work for creating new classes. It appears normally as the root of a class
hierarchy. Its instances cannot be created.

abstract data type It is a data type whose internal representation is fully transparent to the user. They are
popularly called ADTs (Abstract Data Types).

access operations They allow access to the internal state of objects without modifying them.

actor A model of concurrent computation in distributed systems. Computations are carried out in
response to the communications sent to the actor system.

alias A different name given to a variable. Variable aliasing allows to access the same data with different
namecs.

attributes Data members of an object.

base class A class from which new classes can be created.

callee A function which is called. It is also known as called function,

caller A function which calls. It is also known as calling function.

class It is the basic language construct in C++ for creating user-defined data types.-It unites both the
data and functions that operates on data.

class hierarchy The set of superclasses and subclasses derived from the superclasses can be arranged
in a tree-like structure, with the superclasses on top of all classes derived from them. Such an arrange-
ment is called a hierarchy of classes.

class object A variable whose data type is a class.

client An object which request services of other objects.

constructor A special member function of a class, which is invoked automatically whenever an instance
of a class is created. It has the same name as its class,

container class A class that can store objects of other classes. Normally data structure classes act as
container classes.

copy constructor A constructor which receives objects of the same class as argument. Object param-
eters to copy constructors must be passed either by reference or as pointers.

CORBA It is an acronym for Common Object Request Broker Architecture. Object Management Group
(OMG) developed standards for connecting and integrating object applications running in heteroge-
neous, distributed computing environments. Defines the request protocol used by objects in communi-
cating across platform and machine boundaries,

data abstraction It refers to creation of new data types that are well suited to an application to be
programmed. It provides the ability to create user-defined data types, for modeling a real world object,
having the properties of built-in data types and a set of permitted operators.

data flow diagram A diagram that shows the flow of data through a system. It can have nodes to
process those data also.

data hiding It hides data from rest of the program. Internal representation of hidden data is unknown to
its psers. However, it can be accessed by using interface functions.

data member A variable that is defined in a class declaration.

default parameter A parameter whose value is specified at the function declaration and is used if the
corresponding actual parameter is missing in a call to that function.

790
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delegation It is an alternative to class inheritance. Delegation is a way of making object composition as
powerful as inheritance for reuse. In delegation, two objects are involved in handling a request: a
receiving object delegates operations to its delegate.

derived class A class that inherits properties of other classes (base classes).

destructor A special member function of a class, which is invoked automatically whenever an object
goes out of scope. It has the same name as its class with a tilde character prefixed.

dynamic binding It postpones the binding of a function call to a function until runtime. This is also
known as late or runtime biding.

dynamic memory allocation It allows to allocate the requested amount of primary memory at runtime.
dynamic objects A class can be instantiated at runtime and objects created by such instantiation are
called dynamic objects.

early binding The binding of a function call to a function is done during compile time. This is also
known as static or compile-time biding.

encapsulation It is a mechanism that associates the code and the data it manipulates into a single unit
and keeps them safe from external interference and misuse. In C++, this is supported by a construct
called class. An instance of a class is known as an object, which represents a real-world entity.
exception It refers to any unu<ual condition in a program. It is used to notify error to a caller.
exception handling It provides a way of transferring control and information to an unspecified caller
that has expressed willingness to handle exceptions of a given type. Exception handling can be used to
support notions of error handling and fault tolerant computing.

extensibility It is a feature which allows to extend the functionality of existing software components. In
C++, this is achieved through abstract classes and inheritance.

extraction operator The operator >> which is used to read data from input stream object.

free store A pool of memory from which storage space of objects or variables is allocated. This is also
know as heap.

friend A function which has authorization to access the private members of a class though it is not a
member of the class.

friend class A class that can access private members of another class. That is, all member functions of
a friend class are friend functions.

function overloading It allows multiple functions to assume the same name as long as they differ in
terms of number of parameters or their data type.

function prototype It just specifies function return type and its arguments data type with function
implementation, It is also know as function declarator.

genericity It is a technique for defining software components that have more than one interpretation
depending on the parameters data type. It allows the declaration of data items without specifying their
exact data type. Such unknown data types {generic data type) are resolved at the time of their usage
(function call) based on the data type of parameters.

header file A file containing declaration of new data types, macros, and function prototypes. For
example, iostream.h is a header file.

‘indirection operator The * operator prefixed to a pointer variable. It is used to access the contents of
the memory pointed to by a pointer variable,

inheritance It allows the extension and reuse of the existing code without having to rewrite the code
from scratch. Inheritance involves derivation of new classes from existing ones, thus enabling the
creation of a hierarchy of classes that simulates the class and subclass concept of the real world. A new
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class created using existing classes (base classes) is called the derived class. This phenomenon is
called inheritance. The derived class inherits the members - both data and functions of the base class.
inheritance path A series of classes that provide a path along which inheritance can takes place.
inline function A function whose body is substituted at the place of its call.

insertion operator The operator << which is used to send data to output stream object.

instance A variable or an object of a class is known as instance of a class.

instantiation The process of creation of objects of a class is called class instantiation.

interface Member functions that allow to access data members of a class.

late binding Refer to dynamic binding.

lifetime It is the interval of time an object exists by occupying memory.

manipulator A data object that is used with stream operators.

member Data and functions defined with a class are called members except friend functions.
member functions Functions which are members of a class are known as member functions.

message It is a request sent to an object.

message passing It is the process of invoking an operation on an object. In response to a message, the
corresponding method (procedure) is executed in the object.

method A member function is also called as method.

multiple inheritance The mechanism by which a class is derived from more than one base class is
known as multiple inheritance. Instances of classes with multiple inheritance have instance variables
for each of the inherited base classes.

NULL The character that is used to indicate the end of the string.

NULL pointer A pointer that does not hold the address of any object.

object It is an instance of a class.

ODMG It is the acronym for Object Database Management Group. Small consortium, loosely affiliated
with OMG, established to define a standard for data model and language interfaces to object-oriented
database management systems.

OMG It is the acronym for Object Management Group. Consortium of OO software vendors, develop-
ers, and users promoting the use of objects for the development of distributed computing systems.
World-Wide-Web (WWW) home page located at http://www.omg.org.

0O It is the acronym for Object-Oriented. It is an adjective (modifier) indicating that the associated
noun has features to support role-oriented decomposition, modeling, or construction.

QOA It is the acronym for Object-Oriented Analysis. Use of role-oriented decomposition techniques to
model a system.

QOBE It is the acronym for Object-Oriented Business Engineering. Application of object concepts to
the design or restructuring of business processes or enterprise architecture.

00D It is the acronym for Object-Oriented Design. Application of object concepts to the design of
software.

OQODB It is the acronym for Object-Oriented Database. A database where units of information are
defined and managed as objects.

QOP It is the acronym for Object-Oriented Programming. An application of object concepts to the
implementation of software, employing an OOPL.

QOPL It is the acronym for Object-Oriented Programming Languages. Programming language that
includes features to support objects, such as data abstraction, encapsulation, sub-classing, inherit-
ance, and polymorphism; examples include C++, Smalltalk, Self, Eiffel. May be a hybrid (incremented)
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language that extends an otherwise non-0O0 base language through the addition of OO constructs (e.g.,
C++, Objective-C, Object Pascal, Ada).

OOPSLA A conference called Object-Oriented Programming, Systems, Languages, and Applications.
operator overloading It allows to extend functionality of a existing operator to operate on user-defined
data type also.

pass by pointer The address of an actual parameter is explicitly passed to a function.

pass by reference The address of an actual parameter is implicitly passed to a function.

pass by value A copy of the actual parameter value is passed to a function,

persistence The phenomenon where object (data) outlives the program execution time and exists be-
tween executions of a program is known as persistence. All database systems support persistence. In
C++, this is not supported. However, the user can build it explicitly using file streams in a program.
polymorphism It is a feature that allows a single name/operator to be associated with different opera-
tions depending on the type of data passed. In C++, it is achieved by function overloading, operator
overloading, and dynamic binding (virtual functions).

preprocessor A part of the compiler that processes header files, macros, and escape sequences with the
designated character.

private member A class member which is accessible to only members of a class or friend functions.
protected member A class member whose scope is the same as private except that it is inheritable.
public member A class member which is accessible to external users through dot operator.

pure virtual function A function whose declaration exist in a base class and implementation in derived
classes. A class having pure virtual member functions cannot be instantiated and hence, such classes
are called abstract classes.

reusability A feature which allows to build new classes from existing classes.

scope The region of code in which an item is visible.

scope resolution operator It permits a program to reference an identifier in the global scope that has
been hidden by another identifier with the same name in the local scope.

server An object which services the client’s requests.

static binding Refer to early binding.

static member A class member which is declared as static. A static data member of a class is shared by
all the instances of the class. A static member functions cannot access auto members of a class.
stream A sequence of characters is called stream. It can be an input stream or an output stream.
structured programming Software development methodology which employs functional decomposi-
tion and a top-down design approach for developing modular software (traditional programming tech-
nique of breaking a task into modular subtasks).

sub-class Another name for derived class.

super-class Another name for base class.

templates See genericity.

this pointer It is a pointer (named as this) to the current object.

type conversion A conversion of a value from one type to another,

virtual base classes A class which gets inherited to a derived class more than once has to be declared
as virtual. Such base classes are called virtual base classes.

virtual functions A member function prefixed with the keyword virtual. It allows to achieve dynamic
binding.
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Character Decimal Character Decimal
s 210 a 233
I 211 Q 234
= 212 3 235
F 213 o0 236
T 214 & 237
H 215 € 238
+ 216 N 239
Jd 217 = 240
" 218 + 241
! 219 = 242
220 = 243
ll 221 f 244
222 J 245
- 223 + 2486
= 224 ’:’ 247
B 225 248
r 226 o 249
£ 227 . 250
)2 228 v 251
o 229 n 262
H 230 z 253
Y 231 " 254
¢ 232 (SP) 255
(THE ASCII SY LS |
NUL - Null DLE - DatalLink Escape
SOH - Start of Heading DC = Device Control
STX =~ Startof Ten NAK - Negative Acknowledge
ETX - End of Text SYN - Synchronous Idle
EOT - End of Transmission ETE - End of Transmission Block
ENQ - Enquiry CAN - Cancel
ACK - Acknowledge EM = End of Medium
BEL - Bell SUB - Substitute
BS - Backspace ESC - Escape
HT - Heorizontal Tabulation FS - File Separator
LF = Line Fead GS = Group Seaparator
VT - Vertical Tabulation RS - Record Separator
FF - Form Feed us = Unit Separator
CR - Carriage Return SP - Space (Blank)
SO - Snift Out DEL - Delete
si = Shift In
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! (not equal) relational operator,

! (NOT) logical operator, 118-119
I=(not equal to) relational operator, 116
#define preprocessor directive, 32, 134

% (remainder) arithmetic operator, 112-114

%= (remainder) assignment operator, 124

& (address) operator, 128,270-278,283-285

& (AND) bitwise operator, 120-121
&& (AND) logical operator, 118,119

&= (bitwise AND) assignment operator, 124

* (indirection) operator, 128,271
* (multiplication) operator, 112-114

*= (multiplication assignment) operator, 124

+ (addition) arithmetic operator, 112-114
++ (increment) operator, 125
+= (addition) assignment operator, 124

—(subtraction) arithmetic operator, 112-114

——(decrement) operator, 125

—= (subtraction) assignment operator, 124

/ (division) arithmetic operator, 112-114
/= (division) assignment operator, 124

< (lessthan) relational operator, 116

<< (left shift) bitwise operator, 120-121
<<= (left shift) assignment operator, 124

<= (lessthan or equal to) relational operator, 116

=(equal) assignment operator, 124
== (equal to) relational operator, 116
> (greater than) relational operator, 116

>=(greater than equal to) relational operator, 116

>> (right shift) bitwise operator, 120-]21

~ (exclusive OR) bitwise operator, 120-121
A=(bitwise exclusive OR)assignment operator, 124

| (inclusive OR) bitwise operator, 120-121
Il (OR) logical operator, 118-119

~ (compliment) bitwise operator, 120-121
?: (ternary operator), 126

A

absolute address, 268
abstraction, 2-3,315

abstract class, 584
access control specifier, 330
address operator, 128, 270-278, 283-285
addresses,
absolute, 268
offset, 268
arrays, 168-182
passing to function, 206
returning from functions, 209
segment, 268
segment offset, 268
variables, 102
algorithm decomposition, 313
arguments,
arraysas, 220-221
command line, 700
in function cells, 196
in function declarator, 195
passing datato, 198-201

passing multiple functions, 200-201

passing variables as, 199-200
arithmetic operator,
%(remainder), 112-114
*(multiplication), 112-115
+{addition), 112-114
-(subtraction), 112-114
Kdivision), 112-114
arrays, 168-182
arrays of strings, 187-188
arrays of structures, 246-249
accessing members of, 246
initialization, 248
as arguments, 220-221
bound checking, 173
definition, 171
entering data into, .
initializing, 173
multidimensional, 178-182
objects, 411-413
passing to functions, 220-221
pointer variables, 271
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pointers, 268-310 mposition. 562-566
sorting, Conditional operlmr(hem-ry operator), 126:128
bubble sort, 174-176 constant object, 3
combsort, 176-178 comstants,
strings, L82:188 . 26
124 continue sttement,

assignment operniors,

auto string class, 226 conceptual entity, 317

concrete class,
copy constructor, 387

B
ography, 799
bmary 120 D
mode files, 683 data,

105
decomposition, 313
demotion, 129
entering into structures, 242

operator overloading, 437
binding, 268

carly, 2
late, g.z_. 8z hiding, 329:332
. 120 passing to functions, 198-201
bitwise operators, 120-123 promotion,
bound checking arrays. 173 returning from functions. 201:203
break statement, embers, 313-114
don types, 103

bubble sort, 174-
character(char),

C
calting functions.  LO&

ction calls with arguments, 196
cast uperi\lur 129
character(ehas) varisble type.
character set.

umerated(e
floating pmn!(ﬂonl)‘ 103
103

integer(
103 long double presision loating point.

closing files, b_ﬁz 1on, ey
classes, short integer(short). 103
declaration of, 314 structure, 237
instantiation, 313,316
rivate, 314,331 destructors.
protected, 314,332 delete operator, 69, 40%
delcgation, ?

public, 314,332
mplates, 4
classdesign, 761-764
class emplate. 610
client server model, 319

Jo-while loop, 156-158

default arguments, 210-212

default constructor, 365,370

driver function. 153

. dynamic construction, 383

command line arguments, 700 dynamic dcsu'ucllon “383
dynamic bin 570,

comments, 33,40-41
command line compilation, 35 Gynamic objects, 400-431
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carly binding, 22

empty classes, 314
encapsulation, 43,44

enteving data into arrays, 173
entering data into structures, 242
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recursive functions, 231-238
main(), 234 ~
parameter passing 204-209
passing addresses to 206
passing arguments to 198-201
passing arrays to 220-221
passing datato 198-201

passing multiple arguments to 200-201
passing structures to, 252-253

passing two-dimensional arrays te, 220-22]
passing objects as arguments, 336-340

enumerated(enum) data type
escape sequences,
expression, 107-109
external variables, 227-228

extensibility, 44 passing constants as arguments, ]98-199
exception, 703 prototypes, 195
catch, 704-706 variable number of arguments, 228-23]

handling, 703-747
synchronous exception, 704
asynchronous exception, 704
throw, 704-706

try, 704-706

F

farkeyword, 296-297
far pointer, 296-297

fault tolerance, 703

fault avoidance 703
file streams, 97

file strings, 96

floating point(float) variable type, 103

forloop, 149-153
body, 150
comma operator, 152
compound statements, 152
loop expressions, 149

increment(update) expression, 152

initialize expression, 152
test expression, 152
multiple statement, 152
fountain flow model, 756
friend functions, 342, 345-349
function template, 596
function overloading 214-218
functions, 191-220
default arguments, 210-212
inline functions, 213-214

function components, 193-198
function templates, 64-67,219-220

G

genericity, 3-4
generic datatype, 596
generic programming, 596-628

H

header files, 34
compiler directives, 34
function prototypes, 195
hierarchy of operations, 114
heritage of C++, 23
hello world, 32
huge pointer, 297

I

I/O (input/output)
operations, 630
system, 631

identifiers, variables, 101

if statement, 144-149
multiple statements, 145
multiple statements, 145
nested, 148-149

if-else statement, 146-149
compound statement, 147-148
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nested, 148-149
increment operator, 125
inheritance, 499-524

heirarchical, 548

hybrid, 558

multiple, 537

multilevel, 533

multipath, 552

single, 510
inline functions, 53-54
instance, 314
internet, 24,30
integer(int) variable type, 103

J

java, 24
java virtual machine, 25

K

keywords, 102
delete, 403
far, 296-297
new, 403

L

late binding, 20,22, 87
lifetime of variables, 225
automatic, 226
external, 227-228
static, 227
library functions, 203
live objects, 408-410
literals, 134
logical operators, 118-120
long double precision floating point -
(long double) variable type, 104

long integer(long or long int) variable type, 104

loops, 149-162
break statement, [58-160
continue statement, 162-163
do-while loop, 156-158
forloop, 149-153
while loop, 154-156

M.

macros, #define preprocessor directive, 138-139

main() function, 234

members of structure accessing, 240
member functions, 313-314
method overloading, 316
message communication, 20
message passing model, 321
memory leak, 491-493

migrating objects, 31

modulus operator, 113
monolithic programming, 6
multilevel inheritance, 322,510-511
multipath inheritance, 510-511
multiplication(*) operator, 112-114
multiple inheritance, 333

N

names of variables, 102
naming classes, 313
name mangling, 56

near pointer, 296
networking, 30

new operator, 67

new keyword, 67-68,282 -

0

object, 1,13,316
cleanup, 363-399
initialization, 363-399
object-oriented, 1-31, 748-769
analysis, 758

design, 759
methodologies, 756
programming, 1,7

00 learning curve, 26

open subroutine, 325

operator overloading, 432-497

operator, 432-497

operators, 107-128
associativity, 140
precedence, 140



overloading, 432-498
binary operator, 433,445
unary operator, 433,434

P

Passing, 204-209
addresses to functions, 206
arguments to functions, 198-201
structures to functions, 252-253
parameters, 51

persistence, 3-4

pointers, 268-310

pointer arithmetic, 278-281

porting, 28

polymorphism, 20,570

polymorphic class, 570

preprocessor directives, 140

Programming paradigm, 5-8
monolithic programming, 5-6
procedural programming, 5-6
structured programming, 5-7

object-oriented programming, 5,7-8

Project management, 766-768

private, 314-315,501

protected, 501

profiler, 327

programming styles, 5
constraint oriented, 3
logic-oriented, 35
object oriented, 35
rule-oriented, 35
procedural oriented, 3

public, 314-315,501

Q

qualifiers, 109-111
sign, 111
size, 109

R

recurrsion, 231-233
recursive functions, 231
redundancy, 735
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static, 735

dynamic, 755
reference variables, 47
register variables, 227
relational operators, 115-118
reliable code, 764
runtime despatch, 581
runtime binding, 268-312
return() statement, [96
reuseable components, 753

S

scope resolution operator, 44-45, 323
scope of variables, 223
size of operator, 110-111
software engineering, 22
software reuse, 27,28
sorting arrays, 174-178
bubble sort, 174-176
combsort, 176-178
stack, 221-223,270,531
static binding, 372
static variables, 227
streams, 35-40, 629-702
stream variables, 227
stream I/O function, 629-702
strings, 182-189
structured programming, 7
single inheritance, 510
structures, 237-259
accessing, 223
array of, 246-248
declaration, 237
initialization, 240
nesting of, 243-246
pointer to, 304-306
smalltalk, 24
switch statement, 160-162

T

templates, 4,596-628
template class, 610
template function, 600
time checking, 49
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this pointer, 422-424
tokens,
typecast operators. 465

(ypedef statement, 59, 128

U

unary operator overloading, 437
unions, 259-266

unsigned (unsigned)variable type, 103

unsigned integer variable type, 103

v

variable, 102
definition, 104
extent, 223

initialization, 104
scope, 223
virtual destructors, SE9

virtal functions, 87,570-594

-virtual pointer(

(VPTR), 591

virtual table(VTBL), 591

void,

void pointer, 276-27%

w

water falling model. 749
e loop. 154-156

while loop.
wild pointer, 307-310
world wide web, 30
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gets all the features of the polygon. Further, the polvgon is a clesed figure and so. the rectangle inherits
all the features of the closed figure.

Figure 1.16: Inheritance graph (class hierarchy)

Triangle

Muitiple Inheritance

In the case of miltiple inherilance, the derived class inherits the features of more than one base class.
Consider Figure 1.17, in which the class Child is inherited [rom the base classes Parent] and Pareni?2,
Here, the class Child possesses all the properties of parents classes in addition 1o its own.

Parent 1
{Father)

Parent 2
(Mather)

Parent 1&2

Features .
Childs Derived or Sub Class
Fealures

Figure 1.17: Multiple inheritance

Base or Super Classes

Benefits of Inheritance

There are numercus benefits that can be derived from the proper use of inheritance, which include the
following:

« The inherited code that provides the required functionalilies, does not have to be rewritien. Benefits
of such reusable code include, increased reliability and decreased maintenance cost because of
sharing by all the users.

« Code sharing can ceeur at several levels. For example, at a higher level, individual or group users can
use the same classes. These are referred 1o as software components. At a lower level, code can be
shared by two or more classes within a project.
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« Inheritance will permit the construction of reusable software components. Already, several such
libraries are commercially available and many more are expected to come.

« When a sofiware system can be constructed largely out of reusable components, development time
can be concentrated for understanding that portion of the system which is new and unusual. Thus,
software systems can be generated more quickly, and easily, by rapid prototyping.

All the above benefils of inherilance emphasize code reuse, ease of code maintenance, extension,
and reduction in development time.

1.11 Delegation - Object Composition

Most people can understand concepts such as objects, interfaces, classes, and inheritance. The chal-
lenge lies in applying them to build flexible and reusable software. The two most common techniques for
reusing functionality in object-oriented systems are class inheritance and object composition. As
explained, inheritance is a mechanism of building a new class by deriving certain properties froin other
classes. In inheritance, if the class D is derived from the class B, it is said thatD is a kind of B. The new
approach to object composition, takes a view that an object can be a collection of many ather objects,
and the relationship is called a has-a (I3 has-a B) relationship or containership.

Delegation is a way of making object composition as powerful as inheritance for reuse. In delega-
tion, two objects are involved in handling a request: a receiving object delegates operations to its
delegare, This is analogous to subclasses sending requests to parent classes. In certain situations,
inheritance and containership relationships can serve the same purpose. For example, instead of creat-
ing a class Window as a derived class of Rectangle (because, the window happens lo be rectangu-
lar}, the class Window can reuse the behavior of Rectangle by having a Rectangle instance variable
and delegating the Rectangle specific behavior to it. In other words, instead of the class Window
being a Rectangle, it would have a Rectangle composed into it. Window must now forward all requests
to its Rectangle instance explicitly. In inheritance, it would have inherited the same operation from the
class Rectangle, The Window class delegating its Area operation to a Rectangle instance is depicted in

Figure 1.18.
Window Rectangle
delegating

Area() © » Area() ©
: width :
' height 1
| \
i I
|l I
1 )
: :
. - . N

return rectangle->Area( ); return width * height;

Figure 1.18: Delegation-object composition

R



