Government Arts College(Autonomous)
Coimbatore — 641018

Re-Accredited with ‘A’ grade by NAAC

Dr. S. Chitra
Assoclate Professor
Post Graduate & Research Department of Computer Science
Government Arts College(Autonomous)
Coimbatore — 641 018.



OBJECT ORIENTED PROGRAMMING WITH C++ 11 18BCS33C

Learn the fundamentals of input and output using the C++ library
*Design a class that serves as a program module or package.
*Understand and demonstrate the concepts of Functions, Constructor and inheritance.
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Oriented Programming - Object Oriented Programming Paradigm - Basic concepts and benefits of
OOP - Object Oriented Languages - Structure of C++ Program - Tokens, Keywords, Identifiers,
Constants, Basic data type, User-defined Data type, Derived Data type — Symbolic Constants —
Declaration of Variables — Dynamic Initialization - Reference Variable — Operators in C++ - Scope
resolution operator — Memory management Operators — Manipulators — Type Cast operators —
Expressions and their types — Conversions — Operator Precedence - Control Structures
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Functions in C++: Function Prototyping - Call by reference - Return by reference - Inline functions -
Default, const arguments - Function Overloading — Classes and Objects - Member functions - Nesting
of member functions - Private member functions - Memory Allocation for Objects - Static Data
Members - Static Member functions - Array of Objects - Objects as function arguments - Returning
objects - friend functions — Const Member functions .
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Constructors: Parameterized Constructors - Multiple Constructors in a class - Constructors with
default arguments - Dynamic initialization of objects - Copy and Dynamic Constructors - Destructors
- Operator Overloading - Overloading unary and binary operators — Overloading Using Friend
functions — manipulation of Strings using Operators.



UNIT - 1V

Inheritance: Defining derived classes - Single Inheritance - Making a private member inheritable — Multilevel,
Multiple inheritance - Hierarchical inheritance - Hybrid inheritance - Virtual base classes - Abstract classes -
Constructors in derived classes - Member classes - Nesting of classes.
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Pointers, Virtual Functions and Polymorphism: Pointer to objects — this pointer- Pointer to derived Class -
Virtual functions — Pure Virtual Functions — C++ Streams —Unformatted 1/O- Formated Console I/O — Opening

and Closing File — File modes - File pointers and their manipulations — Sequential 1/0 — updating a file :Random
access —Error Handling during File operations — Command line Arguments.
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Unit — I[II Constructors & Overloading

Constructor

*A constructor Is a special member function whose task Is to initialize the objects of
Its class.

*1t is special because its name iIs the same as the class name.

*The constructor Is invoked when ever an object of its associated class Is created.

*1t is called constructor because it construct the values of data members of the class.

class ClassName

/4 privace members
T — must be public
S public members

ClassName ( ) ; w— Constructor prototype
‘}"—T_ no return type nor void

ClassMName :: ClassName( ) - Constructor definition
{

// constructor body definition

}

Syntax of constructor




A constructor is declared and defined as follows:

//'class with a constructor

class student

{

Int m,n:

public:

student(void); //constructor declared

student :: student(void)

{

m=3;

n=0;

h

When a class contains a constructor like the one defined above it is guaranteed that an object created
by the class will be initialized automatically.

For example:-

student s1; //object sl created

This declaration not only creates the object s1 of class integer but also initializes its data members ‘m’
to 5 and ‘n’ to 0.



*A constructor that accept no parameter 1s called the default constructor.

*The default constructor for class A is

*If no such constructor is defined, then the compiler supplies a default constructor .

Therefore a statement such as :-

A al ; //Anvokes the default constructor of the class A to create the object "al" ;



The constructor functions have some characteristics:-
* They should be declared i the public section .

* They are invoked automatically when the objects are created(default
constructor).

* They don't have return types, not even void and therefore they cannot return
values.

* They cannot be inherited , though a derived class can call the base class
constructor .

*Like other C++ function , they can have default arguments,
*Constructor can't be virtual.

* An object with a constructor can't be used as a member of union.



Example of default constructor:
#include<iostream.h>
#include<conio.h>

class abc

d

private:
char nm[];
public:
abc( )

{

cout<<’enter your name:\n”;
cin>>nm;

b

void display()

{

cout<<*“n Name:”<<nm;
getch( );

§
i}ﬁt main( )
{

clrser();

abc d;
d.display( );
return(0);

)

Output:

enter your name:
Akil

Name: Akil



PARAMETERIZED CONSTRUCTOR:-

*Disadvantage of default constructor 1s that all objects of the class will have the same
initial values. So parameterized constructors were used.

*The constructors that can take arguments are called parameterized constructors.

*Using parameterized constructor, the data members of different objects can be
initialized with different values when they are created.

Example:-

class mteger integer::integer (int x, mty) //
constructor defined

{ {

It m,n; m=X;

public: n=y;

integer( mt X, int y); }



The arguments can be passed to the parameterized constructor by
two ways:

1. explicit calling.
2. implicit calling

1. explicit call syntax
classname objectname = classname(arguments);
eg. mteger 11 = mteger(0,100); // explicit call

2.1mplicit call syntax
classname objectname(arguments);
integer 12(10,320); /implicit call



CLASS WITH CONSTRUCTOR:-
#include<iostream.h>
class integer

{

int m,n;

public:

integer(int,int);

void display(void)

{
cout<<’nr:"’<<m<<endl;
cout<<’n="<<n;

b

}5

integer :: integer( int x,int y) // constructor defined
{

MEX;

=y,

h

int main( )

{

integer 11(0, 100); // implicit call
integer 12=integer(25,75);
cout<<’ \nobjectl “<<endl;
1l.display( );

cout<<” \n object2 “<<endl;
12.display( );

b



output:
objectl
m=0
n=100
object2
m=25
n=/75



Example:-
#include<iostream.h>
#include<conio.h>
class abc

d

private:

char nm [30];

int age;

public:

abc (){ }// default

abc ( char x[], mt y);
void get( )

{

cout<<’enter your name:”;
cin>>nm;

cout<<” enter your age:”;
cin>>age;

b



void display()

d
cout<<nme«endl;
cout«age;

h

1§

abc : : abc(char x[], int y)
d

strcpy(nm,Xx);

age=y;

§

vold main( )

{abc |;

abc m=abc("computer”,20000);
Lget();

l.dispalay( );

m.display ();

getch( );

b



OVERLOADED CONSTRUCTOR:-
#include<iostream.h>
#include<conio.h>

class sum

{ private;

Int a;

int b;

Int c;

float d;

double ¢;

public:

sum ()

d

cout<<’enter a;”’;

cin>>a;

cout<<’enter b;”’;

cin>>b;

cout<<’sum= “<<at+b<<endl;
h

sum(int a,int b);

sum(int a, float d,double c);

55



sum :: sum(int x,int y)

d

a=Xx;

b=y; cout<<*\nsum=""“<<a-+b;

b

sum :: sum(intp, float q ,doubler)
d

C=p;

d=q;

e=r; cout<<“‘\nsum=‘<<d+e+c;

void main( )

d

clrscr();

sum I;

sum m=sum(20,50);
sum n= sum(3,3.2,4.55);
getch( );

h

output:

entera: 3

enter b : 8

sum=11

sum=70

sum=10.75



Dynamic Inazation hrough Constructor

Object's data members can be' dynamically initialized during runtime, even after their creation, The
advantage of this feature is that it supports diffecent 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 sumname), 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,




A mame.cpp: object with different namese patterm
#Fimclude <=jiostream. h>
gincludse =string.kh>

ol ass Tiame

€
DPrivwate :
char firscl[l15S] ;: Sy First name
char middle[l15] : Y middle name
—char last[15] - o last rname
pulbl ic:
TrEarme [ ) A4 comns crac oo
1
S dmicialize all string pointers to NULIL.
Firsc[O]J = middlile [ O] = lastc [O] = WD T o2
¥
nam=I[{ char *“Firsthhame } ; AV constructorl
mname { char "FirsthMame, chair *"MiddlelMames ) ; A4 constructor 2
S A oconstrrucEtorr3
mname { —char *FirsthName, char *MiddleMNMame, char "“"LastiName ) ;
woid show({ char *msog ) :
} :
inline mame: :name { charr *Firsthhame )
L
strocpy i Efixrxstc, Firsthha=ame ) ;
middle[0O] = lasci[do] = RO S orthers to NUOLL
}
imlimne rmrame: tmname{ char *Firstctiams=s, char *MiddlelName )
L
stcropy { £first, FirstctiName ) ;
strcpy { mMiddle, MiddlelNams )}
lasc[OF = Dt Ay others to MIJLIL.
3
rraamee =z srmame | charr *"FirsctiMNMame, char *"MiGal eddourme char “"Lasthharme )
L
stcrcpy first . Firsthame )}
strocpy { middle, MiddlelMame )} ;
STtrocpy last, LastiName J ;
3
W didd mame r r showi{ char "msag )

€
COLT e MSO < eryvcadl ;

“First Name : * me= First == aendl;

ot -l
i F{ mMmiddle([T7] b]
cout <= *"Middle IMName : " m= middle <= endl

A F{ lasc[O] »

Lo ) 1 T el - - "Liast Name : - - dlast == ernndadl ;

¥
wrerdd maimn )

{
name nl, 2, 3 A conmnstructord
ral = rarmee | “Fajllumar ™ Yy = Ly COoOnS Tractorr 1L
N2 = name | “Sawithxri™, = Y consctcrucocor2
3 = rTiaarme | =t Fenaogoea 1", -EL "R ¥ S constructorr3
o)

"First person details. . .
"Second person details . .
“Third person details. . .

nl . shomw {
M2 . skhosr |
3 . shotw {

P
£
LT T
L1




Run

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: constructor] is invoked
+ The first and second name: constructor?2 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=, "S5" }; /{ constructor
the compiler selects the two argument constructor
name{ char *FirstName, char *MiddleName }; J/ constructors

which matches the call for initializing the object n2's data members.




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:

L

public:
X ( X obj ) // Error: obj is value parameter

However, a class’'s own object can be passed as a reference parameter. '




class X
{

&

REREE reference to an object of the class X
public:
X()

X( X &obj ) j===== " copy constructor
X{int a );

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.




COPY CONSTRUCTOR:
A copy constructoris used to declare and initialize an object from another object.

Example:-
the statement integer 12(il);
would define the object 12 and at the same time initialize it to the values of'il.

Another form of this statement is : integer 12=il;
The process of initialization through a copy constructor is known as copy initialization.

Example:-

#include<iostream.h>

class code

{

int id;

public

code () { } // defult constructor

code (int a) { id=a; } // parameterized constructor
code(code &x) // copy constructor
{

1d=x.1d;

h



void display()
d

cout<<id;

h

s

int main( )

d

code A(100);

code B(A);

code C=A;

code D;

D=A;

cout<<’\n id of A :’; A.display( );
cout<<’\nid of B :”’; B.display( );
cout<<’\n 1d of C:”; C.display( );
cout<<’\n i1d of D:”; D.display( );
j

output :-

id of A:100

id of B:100

id of C:100

id of D:100



DYNAMIC CONSTRUCTOR:-

* The constructors can also be used to allocate memory while creating objects.

*This will enable the system to allocate the right amount of memory for each object when the
objects are not of the same size, thus resulting in the saving of memory.

* Allocation of memory to objects at the time of their construction is known as dynamic constructor

of objects.

* The memory 1s allocated to the object with the help of operator when the object is created and
the memory 1s deallocated using operator when the object is no longer needed.

Example:-

#include<iostream.h>
#mnclude<string.h>
class string

{

char *name;

int length;

public:

string ()

{

length=0;

name=new char [length+1]; /* one extra for \O */

b



string( char *s) //constructor 2
{

length=strlen(s);

name=new char [length+1];
strcpy(name,s);

§

void display(void)

{

cout<<name<<endl,;

§

void join(string &a .string &b)
{

length=a. length +b . length;
delete name;

name=new char[length+1]; /* dynamic allocation */
strcpy(name,a.name);
strcat(name,b.name);

}
Iis



int main( )

{

char * first = “Joseph”;
string name (first),name2(“louis”),name3( “LaGrange™),sl,s2;
sljoin(namel,name?2);
s2.join(s1,name3);
namel.display( );
name?2.display( );
name3.display( );
sl.display( );
s2.display( );

b

output :-

Joseph

Louis

language

Joseph Louis

Joseph Louis Language



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 right amount of memory during execution for each object

when the object’s datamember size 15 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
15 no longer needed (goes out of scope) at runtime and 1s known as dynamic destruction. The program
vectorl.cpp shows the use of new and delete operators during object creation and destruction

respectively.




S wectorl.cpp: vector class with arrayw dynamically allocated

#include <iostream.h>
class wvector

L
S O pointer to a wvector

it *w;
Sy size of a wvector

int s=;

pulhl ic =
wector({ int size )
€

S S constcructor

sz = size; .
w o= mew inc[ size J;

S dymnmamically allocate wector

}

—wractor () S S destructer

1
delaete w; S release vechtor memeorhy
¥
wiold readd({) ;
wold show_ _swumd{ ) ;
» 2
waoild wector: rxreadl()
i

for{ imt i = O;: i = sS=Zz; i++ )
i
cout << "Enter wvector[ " << i << ™
cinm => w[4i] ;
3
¥
wold wector :
{

Ford{ imt i = 0O
swum +=— =il

coul == "YVector Swum
3
wold madin ()
£

int cowunt;
coutt << "How many elements are in the vectoxr: ™

cim => count;
Sy ocreate an object of wector class and compute sum of vector elements

wector wili{ count ) ;
wl . readi()} ;
wl o show _=sumi{) ;

-

3
Rerry

How many elements
Enter wectoxr[ O
Enter wvwectoxr [ 1
Entaer wvector | 2
Entexr wvectoxr [ 3
Enter vector [ 4
Vector Sum = 15




DESTRUCTOR:-
* A destructor 1s used to destroy the objects that have been created by a constructor.

* Like a constructor, the destructoris a member function whose name 1s the same as the class
name but is preceded by a tilde.

For Example:-

~ integer( ) { }

* A destructor never takes any argument nor does it return any value.

* It will be invoked mmplicitly by the compiler upon exit from the program to clean up storage
that is no longer accessible.

2 (BRI R CInalefs] class ClassName ses memory space for

future USC. // private members

. ic : - must be public
1s used to freg /7 public hembers

~ ClassName(); -—— Destructor prototype
Tilde character, destructor returns nothing

ClassName :: ~ ClassName{) -——— Destructor definition
{

*

};:

// destructor body definition
}

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.cpp: a class Test with a constructor and destructor
#include <iostream. h>
class Test
{
public: /7 'public’' function:
Testc () /4 the constructor
~Test () /4 the destructor

: :Test () é! here is the definition of constructor

cout =< "constructor of —~lass Test called” << endl;

}
Test: :~Test () // here is the definition of destructor

{
cout << "destructor of class Test called"” =< endl;
}
wvoid maini)
{
Test x; dFf constructor is called while creating
coulkt == "terminating maini{) "™ << endl;
75 object x goes out of scope, destructor is called

Hun

constructor of class Testc called
terminating maini(()
destructor of class Test called




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.




Diferences between Constructors and Destructors
The following are the differences between consiructors and destructos

o Arguments cannol b pased to destructrs

o Only one detrctorca be declred for  given classas @ consequence of the fct that destrctr
cannot have arguments and henc, destructos cannot b overloaded,

o Destructors can be virtual, while constuctars cannot be virual,

Constructors with Default Arguments

Like other functions in C++, Constructors can also have default
arguments



s complexl.cpp: default arguments to complex class
#include <iostream.h>
#include <math .h>
class complex
{
private:
floatc real; A real part of complex number
CEloat imag:; Y imaginary part of complex number
public:
comp lesx () Sy constructoxr O
{
real = imag = 0.0;

>

complex( float real__in, float imag__in = 0.0 LY constructorl

L

real real_ in
imag imag in

¥
wold show( char "msg ) A display complesx number in x+iy form
{
Cout = msg == real s
if{ dmag = O )
Cout << " —4i";
else
[=T=TTE St o B
cout == fabs{imag) == erndl;
¥
complex add( complex <2 }); /) Aaddition of complex numbers
¥ o:
A cemp = default object + o2
complex complex: tadd{ complex o2 ) P oadd default and o2 complex obij=scts
{
complex Ttemp; A object temp of complex class
temp ..real = real + o2 . .real; S ¢ add real parts
cemp . imag = imag + c2 . imag; LS add imaginary parcs
returni{ temp ) Sy return complex object
}
wreadid madrn )
i
complesx o1 ( uses constructorl
complex o2 ( uses constructorl with default imag wvalue
complex <3 ; usaes Cconstructor-0
cl . showi{*“cl
c2 .. show("c2
o = ocl.add{ <2 Y add cl and o2 assign to <3
c3 . showi{ "c3 = cl.addi <2 »: =9%;
}

Run

ol 1.5+31i2

o2 2.2+10

=3 cl.add{ o2




The constructor complex (), in the class complex is declared as

complex( float real_in, float imag_in = 0.0 ) S 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 cl1{( 1.5, 2.0);
assigns l.5toreal_inand 2.0to imag_in. If the actual parameter is explicitly specified, it override

the default value. As stated earlier, the missing arguments must be the trailing ones. The invocation ¢
a constructor with default arguments while creating objects of the class compl ex is shown in Figur

11.6.
class complex

public:
e -pcomplex() ;
complex{float real_in, float imag_in=6.0}; % .

}:

complex cl(1.5,2.0);

complex o2 (2.2);
complex o3

Default arguments to constructor

Suppose the specification of the constructor complex{float, £loat) 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 cl;
The confusion is whether to call the no-argument constructor,
complex: :complex()
or the two argument default constructor
complex: :complex({ £float = 0.0, float = 0.0}




OPERATOR OVERLOADING:-
* Operator overloading Is giving additional definition to the C++ opearators.
* All the C++ operators can be overloaded except the following:

1. Class members access operator (. , .*)
2. Scope resolution operator (: :)

3. Size operator(sizeof( ))

4. Conditional operator (? :)

Although the semantics of an operator can be extended, we can't change its
syntax, the grammatical rules that govern its use such as the number of
operands, precedence and associativty.

For example the multiplication operator will enjoy higher precedence than the
addition operator.

When an operator Is overloaded, its original meaning is not lost.

For example, the operator +, which has been overloaded to add two vectors,
can still be used to add two integers.



Arithmetic

Bit-wise

Logical

Relational

Assignment or Initialization
Arithmetic Assignment
Shift

Unary

Subscripting

Function Call
Dereferencing

Unary Sign Prefix

Allocate and Free new, delete

C++ overloadable operators




DEFINING OPERATOR OVERLOADING:

 To define an additional task to an operator, we must specify what it means in relation to
the class to which the operator is applied .

 This is done with the help of a special function called function, which describes
the task.

operator Keyword

The keyword operator facilitates overloading of the C++ operators. The general format of operator
overloading is shown The keyword operator indicates that the operator symbol
following it, is the C++ operator to be overloaded to operate on members of its class. The operator
overloaded in a class is known as overloaded operator function.

Function retumn type: primitive, void, or user defined
Keyword
Operator to be overioaded

Arguments to Operator
Function

ReturnType operatcr OperatorSymbol ([argl, [arg2]l])

{
// body of Operator function

Syntax of operator overloading



 operator functions must be either member function, or friend function.

« Abasic difference between them is that a friend function will have only one
argument for unary operators and two for binary operators.

« This Is because the object used to invoke the member function is passed
implicitly and therefore is available for the member functions.

« Arguments may be either by value or by reference.

The process of overloading involves the following steps:-

1. Create a class that defines the data type that is used in the overloading operation.

2. Declare the operator function operator op() in the public part of the class

3. It may be either a member function or friend function.

4. Define the operator function to implement the required operations.



Unary Operator Overloading

Cverloading without explicit arguments to an operator function is known as unary 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

Function return type: primitive, void, or user defined

Keyword

Operator to be overloaded
‘ I—D No explicit arguments

e _---_-_-'-_
ReturnType operator OperatorSymbol{)
{

// body of Operator function

Syntax for overloading unary operator




Unary — operator overloading(using member function):
class abc

{

int m,n;

public:

abc()

{

m=8;

n=9;

b

void show()

{

cout<<m<<n;

}

void operator -- ()

It

void main()
{

abc x;
x.show();
__X;
X.show();

}



Example 2

// index2.cpp: Index class with operator overloading
#include <iostream.h>
class Index

(

private:
int value; // Index Value

public:
Index() // No argument constructor

{

value = (;

}
int GetIndex() // Index Access

{
return value;

}
void operator ++()

{
value = value + 1; /] value++;

}

// prefix or postfix increment operator




void main()

{
Index idxl, 1dx2; // idx] and idx2 are objects of Index class

// Display index values

cout << "\nIndexl = * << idx1.GetIndex();
cout << *\nIndex? = * << idx2.GetIndex();
/| Advance Index objects with ++ operators

#+idxl; /| equivalent to idxl,operator+();
1dx2++;

1dx2++;

cout << "\nIndexl = * << idxl.GetIndex();

cout << "\nIndex2 = * << idx2.GetIndex();




hun

Indexl = 0
Index2 = 0
Indexl = 1
Index2 = 2

In main(), the statements

++idxl; /] equivalent to idxl.operator++();
1dx2++; '

invoke the overloaded ++ opérator 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.




Example 3

/¢ index3.cpp: Index class with overloaded operator returning an cbject
#include <iostream.h>
class Index

{

private:
int value; S/ Index Value

public:
Index() /4 HNo argument constructor
{

value a;

}
int GetIndex() Index Access
{

return value;

}
Index operator ++() Returns ‘Index object

{
Index temp; ' temp object
value = value + 1; '/ update index value
temp.value = value; initialize temp object
return temp; return temp ocbject
}
};
void main()
{
Index idxl, idx2; // idxl and idx2 are chjects of class Index
cout << "‘\'nIndexl = " << idxl.GetIndex();
cout << "‘nIndex2 = " << idx2.GetIndex();
idxl = idx2++; //returned object of idxZ2++ is assigned to idxl

idx2++; // returned object of idx2++ is unused
cout << "\nIndexl = " << idxl.GetIndex({();
cout << "\nIndex2 = " << idx2.GetIndex():;




Run

Index] = 0
Index2 = (
Index] = 1
Index2 = 2

In main(), the statement

idxl = idx2++; //returned object of idx2++ is assigned to idxl
invokes the overloaded operator function and assigns the return value to the object 1dx1 of the class
Index, The operator ++ () function creates a new object of the class Tndex called temp (o be used
a5 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 whichis returned to the caller. The returned
object is assigned to the destination object idx1,




Binary Operator Overloading

The concept of overloading pnary operators applies also to the binary operators. The syntax for
overloading a binary operator is shown

Function return type: primitive, void, or user defined
Keyword
Operator to be Overloaded
Argumr:nt to Operator.
Funntinn

Return'I‘ype operator OperatorSymbol (arg)

// body of Operator function

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

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.




/| complex2.cpp: Complex Numbers operations with operator overloading
$include <iostream,h>

class complex
{

private:
float real; /! real part of complex number
float imag; // imaginary part of complex number

public:

complex () // no argument constructor
{
real = imag = 0.0;
)
void getdata() // 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 << *)¥;
]
Vi
// 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 ); /1 return complex object




void main()

{
complex cl, ¢2, c3; /] cl, c2, ¢3 are object of complex class
cout << "Enter Complex Number ¢l .." << endl;
cl.getdata();
cout << "Enter Complex Number c¢2 .." << endl;
c2.getdatal();
c3 =cl +c2; // add cl and c¢2 and assign the result to ¢3
c3.outdata("cd =cl + ¢2: * }; // display result
}

Bun

Enter Complex Number cl ..
Real Part ? 2.5

Imag Part ? 2.0

Enter Complex Number c2 ..
Real Part ? 3.0

Imag Part 7 1.5

el = el + e2: (5.5, 3.5)




I the class complex, the operator+ ) function is declared as follows
complex operator + ( complex ci )i

Thi functon takes one explictargument of type conpLex and teturn the result of complex type.
[na statement such as

cd=cl+cli /] cd = cl.operatort( cl |;

s vry importantto undertand the mechanismofrefurming  value and relatingthe arguments ofthe
aperaor {0 it bjets, When the compile encounters such expression, i examimes (he argumen
tpes of the operaor nthis case, sine the first argument is o type comple, te compiler reaze
(hat it must vk the operator member + ) function definedinthe complex clss




The expression c1+c2 invokes operator +() member function, c1.object's data members are

accessed directly since, this 1 the object of which the operator function isamember. The right operand
1§ treated s an argument to the function and its members ar 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 1nvoke the
operator function and the right-hand operand is passed as an argument {o the operator function,




complex complex::operator + ( complex c2 )
l
complex temp;

/| object temp of complex class
temp.real = real + cl.real; /

/

/

/
/ add real parts

/ add imaginary parts

| return complex object

i
[
I
i
[
[
i
i
I
I
[
I
I
1
1
I
i
i

temp. imag = imag + c2.imag;
return( temp );

Operator overloading in class complex




Instances of the class complex

complex () Client program

(constructor)

private member
variables

complex cl,c2,c3;

cl.getdatal();
| c2.getdatal);

o
g &
B -
iy
Tt
5
T

float real;
float imag; cl=cl+cl;

ci.outdatal);

operator+ (complex c2)

(addition) /

Complex numbers and operator overloading




Overloading with Frignd 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 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
function is not allowed to access members of a class (to 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.

// complex6.cpp: Negation of complex number with Unary Operator
#include <iostream.h>
class complex
{
private:
float real;
float imag:
public:
complex() // no argument -constructor
{

}

void getdatal); // read complex number

void outdata( char *msg ); {f display complex number

/{ overloading of unary minus operator to support c2 = - cl

friend complex operator - ( complex cl )
{

real = imag = 0.0;

complex <;
c.real = -cl.real;
Cc.imag = -cl.imag;
return{ c };

}

void readdatal);




volid complex: :readdata()}
{
cout << "Real Part 7 *;
cin >> real;
cout << "Imag Part 7 *;
cin »> imag;
}
void complex::outdata( char *msg )
{
cout << endl << msg;
cout << "(" << real;
cout << ", " << imag << ")";
}
void main()

{

complex cl, c2;

cout << "Enter Complex cl..*" << endl;
cl.readdata() :

c2 = -cl; // invokes complex operator - ()
cl.outdata( "Complex cl : " };

c2.outdata( "Complex c2 = -Complex cl: " };

}
Hun

Enter Complex cl..

Real Part ? 1.5

Imag Part 7 ~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, it is declared as follows:
5 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

c2 = -¢l; // invokes unary operator function, complex operater - ()
computes the negation of c1 and assigns it to c2. 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.




f/ complex7.cpp: Negation of Complex MNMumber with Unary Operator Overloading
#include <iostream.h>
class complex
{
privatcte:
float real;
float imag:;
public:
complex() { real = imag = 0; }
void readdata();
void outdata{ char *msg ) ;
S/ Note: friend function with explicit reference parameter
S/ overlocading of unary minus, -cl
friend void cperator - { complex & cl }; // definition cutside
¥
ff friend function of the class complex
Jf Note that, the keyword friend should not prefixed while defining outside
void operator - { complex & cl )
{
cl.real = -cl.real;
cl.imag = -cl.imag;
¥
wvold complex: :readdata ()
{
cout << "Real Part 7 “;
cin »>» real;
cout << "Imag Part ? ";
cin »> imags;
}
wold complex: :outdata({ char *msg )
{
court << endl << msa;
cout =< "{*" << real:;
cout =< ", " =< imag << ") ";
}
void main{()

{
caomplex cl;
cout << "Enter Complex cl.." << endl;
cl.readdata () ;
-c=1; /S invokes unary operator function, complex operator - ()
cl.outdata{ "Result of -Comolex cl: * };




Bun

Enter Complex cl..
Real Part ? L5

Imag Part ? =2.5
Result of -Complex cl: (-1.5, 2.5)

Inmain (), the statement

-¢l; // invokes unary operator function, complex operator - ()
invokes the function

void operator - ( complex & ¢l )

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.




Unary — - operator overloading(using friend function):
class abc

{

it m,n;

public:

abc()

{

m=8; n=9;

void show()

{

cout<<m<<n;

§

friend void operator --(abc p);
&

void operator -- (abc p)
{

-=p.m; --p.n;

}

55

void main()

{

abc x;

x.show();

operator--(X);

x.show();

j



Binary Operator Overloading using Friend Function

S complexx8.cpp: Aadditcion of Complex Numbers with friend feature

#include <=jostream.h>
Cclass Complesx
£
private:
float real
float imag;
pulbl 1o
come Lexx { )
{3
complex{ int realpart
{
real = realpart;

¥
woild readdatad)

{
coue << "“YReal Parxrtc
cim >>»> real;
coutt << " Imag Part
cirmn >> EDmagr
p
wold outdata{ char “"msg Sy display complesx numbexr
{
cout << endl << msg.;
cout <ae MY " ww raal:
cowut =< =, " e Amac bl |

-
i

¥
friend complex operacor { complex cl, complex o2 ) 7
}
S Y notce cthat friend keyword and scope rescolution operator are not used
complex operator + { complex cl, compleasx o2 )
€
complelx o;
c.real = cl.real =+ cZ.real;
. idmag = cl.imag + 2 imag;s
returni{ < )} ;7

3

wold mainrm ()

i
complex cl, 2, <3 = 3.0;
cout << "Enter Complexl o1 . . " e aradl
ol . readdata ) ;
coult == “"Enter Complexl2 o2 .. W e endl
o2 . readdatca ) ;
c3 = ol =+ <Z;
=3 _.outdata | "Result of c3 = cl =+ c2Z: - )y
S 2.0 is considered as real part of complesx
=3 = <1 + 2 .0; S 3 = cl + comprlex {2 .0
c3d.outdata{ "Result of <3 = <cl + 2.0: ™ }»;
SS9 3.0 is considered as real part of compleax
c3F = I .0 =+ o2 S e = complex | 3.0 ) ] + o2
3 . outdata | "Result of o3I = 3 .0 + o2Z: -




Run

Enter Complexl
Feal Part 7 1
Imag Part ? 2
Enter Complex2

Real Part ? 3
Imag Part ? 4
Result of ¢3 = ¢cl + ¢c2: {4, &)
Resvult of c3 =¢1 +« 2.0: (3, 2)
Result of c3 = 3.0 + c2: (6, 4)




In main (), the statement
c3 =¢cl + 2.0; ff €3 = ¢l + 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:

c3 = cl + 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 c2 )

The sum of the object ¢1 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

c3 = 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 ) + cl;
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.




Binary operator - for subtracting two complex numbers (using friend function)
class complex

{

float real,img;
public:
complex()

{

real=0:;
Img=0;

}
complex(float r,float i)
{

real=r;

Img=i;

}

void show()

{

cout<<real<<-i’<<impg;

}

friend complex operator-(complex p,complex q);

};



complex operator-(complex p,complex q)
{

complex w;

w.real=p.real-g.real;
w.img=p.img-g.img;

return w;

}

¥

void main()

{
complexs(3,4);complext(4,5);
complexm;

m=operator-(s,t);
s.show();t.show();

m.show();

}



Overloading an operator does not change its basic meaning. For example assume the + operator can be overloaded to
subtract two objects. But the code becomes unreachable.

class integer

{

intx, y;

public:

Int operator + () ;

¥

Int integer: : operator + ()
{

return (x-y) ;

}

Unary operators, overloaded by means of a member function, take no explicit argument and return no explicit values. But,
those overloaded by means of a friend function take one argument (the object of the relevant class).

Binary operators overloaded through a member function take one explicit argument and those which are overloaded
through a friend function take two explicit arguments.

Operator to Overload  Arguments passed to the Member Function Arguments passed to the Friend Function
Unary Operator No 1
Binary Operator 1 2



operator functions are declared in the class using prototypes as follows:-
vector operator + (vector); /./ vector addition

vector operator-( ); /unary minus

friend vector operator + (vector, vector); // vector add

friend vector operator -(vector); / unary minus

vector operator - ( vector &a); // substraction

Int operator = =(vector); //comparision

friend int operator = =(vector ,vector); / comparision

vector 1s a data type of class and may represent both magnitude and direction
or a series of points called elements.



Manipulation of Strings Using Operators

Concatenation of Strings

Normally, concatenation of strings is performed by using the library function st rcat () explicitly. To
illustrate this concept, consider the strings str1 and str2 which are defined as follows:

char strl[50] = "Welcom2 to *;
char str2[25] = "Cperator Overloading*;

The :trings str1 and str2 are combined, and the result is stored in stx1 by invoking the furcticn
strcat () as follows:

strcat( strl, str? );

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 + strl;

for concatenation of string, (where str1 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.




S/ string.cpp: Concatenation of strings

finclude <iostream.h>

#include <=scring.h>

const int BUFF_SIZE = 50; // length of string

class stcring Y user defined string class

{
pPrivate:
char str [BUFF_SIZE] ;
public:
string() Y constructorl without arguments
{
strcpy({ stx, ** );:
}

string{ char *MyStr ) S 4P constructor2, one argument
L
strecpy ( str, MyStr ) ; S MyStr is copied to str
}
woid echol() S display string
i
cout << SsStr;
}
string operator +{( string s )} .,/ overloading + operator
{
string temp = st S S ocreates object and stropy( temp.sty, str
strcatc{ temp.sryr, s.strx ) JJS temp .Sty = temp.sStr + S ._str
return temp; SS return string object temp

}

r
wold maini()

g

=l

stcring strl = "Welcome to "; S uses constructorz
string str2 = "Operator Overlocading"; S 4 uses constructorl
string stxr3; Y umses constructorl, str3.str = MNULL

fSYd display stcrings of strl, strZ, and str3

cout << "\ZwnBefore strld = strl + stxr2; ..";

coutt == "‘Znstcrl = "

stcrl.echoil) ;

coutt =< "“ZYnstrld = H
sctr2.echol) ;

cout =< "Z\nstrld =
str3d.echol) ;

L0

PO setrl dnvokes its operator + function with str2

str3 = sSstrl + sStr2;
.If display strings of strl, str2, and str3
cout =< "“nAfter str3 = strl + sStr2; ..
cout =< *"“Znstrl = ";

=crl . .echo () ;

cout << "‘“Z'nstr2 =
str2.echol) ;

cout << *"\Znstrd = *;.
str3.echol):

L1

]




Run

Before stcr3 = strl + str2;: .
str]l = Welcom= to

strd = Operator Overloading
str3 =

After str3 = strl + str2; ..
stxrl Welcome to

strl Operator Over loading
str3 Welcome to Operator Overloading

The prototype of the string concatenation operator function
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
strcat () 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.




Comparison Operators

// ldxemp.cpp: Index comparison with overloading of < operator
#include <iostream.h>

enum boolean { FALSE, TRUE };

class Index

{

private:
int wvalue; /i Index Value
public:
Index()
{

// No argument constructor

value = 0;
)

Index( int wal )
{

// Cogstructor with one argument

value

}
int GetIndex() f ¢ Index Access

{
return value;

}
boolean operator-< ( Index idx ) /fcompare indexes

{
return{ value idx.value ? TRUE : FALSE );:
}
Y
void main()

{

Index idxl = 5;

Index idx2 10;

cout << "‘\nIndexl = << idxl.GetIndex();
cout << "‘\nIndex2 = << 1dx2.GetIndex() ;

if{ idxl = idx2 )
cout << "‘\niIndexl is less than Index2";

else
cout << "‘ZnIndexl is not less than Index2";




Run

Indexl = 5
Index2 = 10
Indexl is less than Index?

The concept of overloading the comparison 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.




/A stremp.cpp: Comparison of strings
#include =iostream.h>

#include <string.h>
const int BUFF_SIZE = 50; # 4 length of scring

enum boolean { FALSE, TRUE )};
class string
{

Ff user defined string class

private:
char scr [BUFF_SIZE] ;

public:

string () S constructor without arguments
{

- }._

strepwy{ str,
}
wvoid readi() A read stcring
{

cin >> sStcr:

Fa coulbt == str;
3
woid echol) Sf display string

{
cout << str;

Strings Comparison }

boolean ~perator = ( string s ) // overloading < operator
{

ifi{ strocmp( str, s.stxr ) < 0O )

return TRUE; Y str = s.str in lexicographical ordexr
aelseae

recurn FALSE;

3
boolean operator > ( string s )} // overloading > operator

{
if{ stremp{ str, s.str ) = 0 )
return TRUE; A4 ostr > s.str in lexicographical order
else
return FALSE;

3
boolean operator == ( char *MyStr )} // overloading == operator

{
if{ stremp{ str, MyStr ) == 0 )
return TRUE:; S/ str and MyStr are same

else
recturn FALSE;




void main()

{
gtring strl, str2; // uses constructor 1

while( TRUE )
{
cout << "\nEnter Stringl <'end' to stop>:
strl.read();
if( strl == *end” )
break;
cout << "Enter String2: “;
strZ.read();
cout << "Comparison Status: ";
// display comparison status
// display format: Stringl "comparison status <, >, = * String2
strl.echol);
if( strl < str2 }
cout == " < *;
else
if( strl » str2 )
cout << " > "
else
cout << " = ",
str2.echol};
}
cout << "‘nBye.!! That's all folks.!";




Run

Enter Stringl ='end' to stop>: C

Enter Stringd: C++

Comparison Status: C < C++

Enter Stringl <'end' to stop>: Rajkumar
Enter String2: Bindu

Comparison Status: Rajkumar > Bindu
Enter Stringl <'end' to stop>: Eajkumar
Enter Stringl: Venugopal

Comparison Status: Rajkumar < Venugopal
Enter Stringl <'end' to stop>: HELLO
Enter Stringl: HELLO

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:
o 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 siring appears before or after the second 1n the alphabetical order.

The prototype of string comparison function
boclean 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 stremp () 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.




Unit IV - Inheritance
Reusability is yet another feature of OOP. C++ strongly supports the concept of reusability using Inheritance.

Inheritance is a technigue of organizing information in a hierarchical form.

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 vaniables and behaviors. In object oriented program-
ming, classes encapsulate data and functions into one package. New classes can be built from existing
ones. 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

Base class and derived class relationship




Inheritance, a prime feature of OOPs can be stated as the process of creating new classes (called
derived ctasses), from the existing classes {(called base classes). The derived class inherits all the
capabilities of the base class and can add refinements and extensions of its own. The-base class remain:=

unchanged.
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.

class ClassName
{

private:
// visible to member functions within

// 1ts class but not in derived class

protected:

/| visible to member functions within
e /1 1ts class and derived class
public:
// visible to member functions within
// its class, derived classes and through object




class X
{
private:
int a;
void £1()
{
/f .. can refer to members a, b, ¢, and functions £f1, £2, and f3
1
protected:
int b;
void £21()
{
/f .. can refer to members a, b, ¢, and functions fl1, f2, and f3
}
public:
int c;
void £3()

. can refer to members a, b, ¢, and functions £1, f2, and f3




The following statements,

X obijx; // 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 = cbjx.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
obix.

2. Accessing protected members of the class X

d = cbjx.b; // Error: 'X::b' is not accessible

objx.£2(); // Error: 'X::f2()' is not accessible
Both the statements arc 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 = obijx.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.




derived class name

is derived from
Inheritance type: public or private
-"_:}ase. class name

class DerivedClass: [VisibilityMode] BaseClass
{

/7 members of derived class
/4 and they can access members of the base class
}:

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:

class D: public B // public derivation
{

// members of D
;{nss D: privacte B // private derivation
{ // members of D
::.':.ass D: B // private derivation by default
‘ // members of D
)i




protected/public
functions

inherited members
of a base class

data/ functions

data members of member functions of
derived class derived class

derived class's
own members

Members of derived class on inheritance




class Base

class Derv: public Base

privatﬂ, Base ﬂhj B

Derv obijD

Access control of class members




Access directly to
Function Type
v | proes_| o

Class Member

Yes Yes Yes

Derived class member No Yes Yes

Friend

Yes Yes

Friend class member Yes Yes

Access control to class members

private
protected
public

class D1 : public B class D2 : private B

private’

protected protected

class X : public D1, public D2

Access mechanism in classes




Base class visibility

private Not Inherited Not Inherited

{(inherited base class (inherited base class
meimbers can access) members can access)

protected protected private

public public private

Visibility of class members




Types of Inheritance

+ Single Inheritance

« Multiple Inheritance

«» Hierarchical Inheritance
« Multilevel Inheritance
« Hybrid Inheritance

o Multipath Inheritance

Single Inheritance: Derivation of a class from only one base class is called single inheritance.

Multiple Inheritance: Derivation of a class from several (two or more) base classes is called multiple

inheritance.

Hierarchical Inheritance: Derivation of several classes from a single base class i.e., the traits of one
class may be inherited by more than one class, is called hierarchical inheritance.,

Multilevel Inheritance: Derivation of a class from another derived class is called multilevel inherit-

ance.

Hybrid Inheritance: Derivation of a class involving more than one form of inheritance is known as
hybrid inheritance.

Multipath Inheritance: Derivation of a class from other derived classes, which are derived from the
same base class is called multipath inheritance.




b) Multiple inheritance  ¢) Hierarchical inheritance

d) Multilevel inheritance €) Hybrid inheritance f) Multipath inheritance




Inheritance and Member Accessibility

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.
3. A protected member is accessible to members of its own class and to any of the members in a derived

class.

4. If aclass 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.




Constructors in Derived Classes

The constructors play an important role in init'ializing 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 inhentance, 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 tie 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
}i
class D: public B // publicly derived class
{
// body of derived base class, without constructeors
public:
void msg()
{
cout << "No constructors exists in base and derived class" << endl;
}
}i
void main()
{
D ecbjd; // base constructor
objd.msg{) ;
}

Run

Mo 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:
B()
{

cout << "No-argument constructor of the base class E is executed”;
}
}i
class D: public B /1 publicly derived class
{
public:
}i
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

// cons3.cpp: constructors in derived class only
#include <iostream.h>
class B // base class
{
/f body of base class, without constructors
}i
class D: public B // publicly derived class
{.
/{ body of derived base class, without constructors
public:
D{)
{
cout << "Constructos exists in only in derived class® << endl;
}
}i
volid main()
{
D objd; // accesses derived constructor
}

Run

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:
B()
{

cout=<=<"No-argument constructor of the base class B executed first\n=":
}

}:

class D: public B // publicly derived class
{
public:
D{)
{

cout<<"No-argument constructor of the derived class D executed next";
}

}:

wold main()

f/f access both base constructor

No-argument constructor of the base class B executed first
No-argument constructor of the derived class D executed next




5. Multiple constructors in base class and a single constructor in derived class

// cons5.cpp: multiple constructors in base and single in derived classes
#include <iostream.h>
class B // base class
{
public:
B() { cout << "No-argument constructor of the base class B"; -}
B{int a) { cout <<*One-argument constructor &f the base class B"; }
bi
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 );
}

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 constructor

The compiler looks for the no-argument constructor by default in the base class. If there is a constructor
in the base class, the following conditions must be met:

+ The base ciass must have a no-argument constructor

+ 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:
Bl{int a) { cout << "One-argument constructor of the base class B*;
}:
class D: public B // publicly derived class
{
public:
D( int a )
{ cout << *"\nOne-argument constructor of the derived class D"; }
}:
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 cons’/.cpp.




7. Explicit invocation in the absence of default constructor

/7 consT.cpp: constructor in base and derived classes
#include <iostream.h>
class B S/ base class
{
public:
B(int a)
{ cout == "One-argument constructor of the base class B"; }

| 3
class D: public B /Y publicly derived class

{
public:

D{ int a } : Bi(a)
{ cout =< "\nOne-argument constructor of the derived class D";

}:
volid main()

{
D objd( 3 );

}
BRun

vne—-argument constructor of the base class B
tne-argument constructor of the derived class D

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 <iostream.h>

class Bl // base class
{
public:

Bl() { cout <= *"‘\nNo-argument constructor of the base class Bl1"; }
Y
class B2 // base class
{

public:

B2() { cout << "‘\nNo-argument constructor of the base class B2"; }

};

class D: public B2, public Bl /f publicly derived class
r

public:
D)

{ cout =< "‘Z\nMNo-argument constructor of the derived class D"; }
}:
vold main{)

No-argument constructor of the base class B2
No-argument constructor of the base class Bl
No-argument constructor of the deriwved class D

The statement

clagssg D: public B2, public Bl S 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 without argu-
ments.




9. Constructor in a multiple inherited class with explicit invocation

// cons9.cpp: constructeors with explicit invocation
#include <iostream.h>
class Bl /7 base class
{
public:

Bi() { cout << "\nNe-argument constructor of the base class B1"; }
}:
class B2 // base class
{

public:

B2{) { cout =< "‘\nNo-argument constructor of the base class B2"; }

¥
class D: pubiic Bl, pubklic B2

public:

D{): B2i), BLl() // explicit call to constructors
{ cout <= "‘\nNo-argument constructoy of the derived class D"; 1}

}:
vold main()
{

D objd;
}
Run

No-argument constructor of the base classzs 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 El, public B2 ff 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

// cons10.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"; )}
}:
class D: publie Bl, wvirtual B2 /f public Bl, private virtual B2
{
public:

D{): B1(), B2()
{ cout =< *"‘\nNo-argument constructor of the derived class D"; }

};:
vold maini()

{
D obkjd; // base constructor

1

Run

No-argument constructor of a base class BZ
No-argument constructey of the base class Bl
No-argument constructor of the derived class D

The statement

class D: public Bl, wirtual B2 // public Bl, private virtual B2
specifies that the class D is derived from the base classes B1 and B2. The statement
D():B1{(), B2()

in the derived class D, specifies that, the base class constructors must be called. However, the con-
structors are invoked in the order B2 () ,B1, and D(), instead of the order in which base classes
appear in the declaration of the derived class, since, the virtual base class constructors are invoked first
followed by an orderly invocation of constructors of other classes.




11. Constructor in multilevel inheritance

/s constl.cpp: constructor in base and derived classes, order cof invocation
#include <iostream.h>
class B /ff base class
{
public:
Bl { cout =< "‘\'nNo-argument constructor of a base class B"; ]}
}:
class D1: public B Jf derived class
{
public:
D1{} { cout =< *"\nNo-argument constructor of a base class D1"; }
}i
class D2: public D1 // publicly derived class
{
puhli:::
D21{)
{ cout << "‘\nNo-argument constructeor of a derived class D2Z"; }
|
vold maini()
{
D2 obijd:; f/ base constructor

}:
Run

No-argument constructor of a base class B
No-argument constructor of a base class D1
No-argument constructor of a derived class D2

The statement
class DZ2: public D1 FS publicly derived class
specifies that the class D2 is derived from the derived class D1 of B. The constructors are invoked in
the order (), D1 (), and D2 () cormresponding 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: public Bl, public B2 B1( ): base constructor
{

B2( ): base constructor
D( ): derived constructor

class D: public Bl, wvirtual B2 B2( ): virtual base constructor
B1( ): base constructor
D( ): derived constructor

class D2: public D1 B( ): super base constructor
({ DI1( ): base constructor
) o D2( ): derived constructor

Order of invocation of constructors




Destructors in Derived Classes

Unlike constructors, destructors in the class hierarchy (parent and child class) are invoked n the
reverse order of the constructor invocation. The destructor of that class whose constructor was ex-

ecuted Jast, 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, thatclass's destructor

15 not invoked.




S/ consl12.cpp: order of invocation of constructors and destructors
#include <=icstream.h>

class Bl SY base class
{
public:
Bl{) { cout << "‘\‘niNo-—-argument constructor of the base class B1*: }
~B1{)

i
cout == "‘“\nDestruvctor in the base class B1l":

3
} s
class B2 SS base class
{
public: ,
B2() { cout << "‘\niNo—-argument constructor of the base class B2"; }
-B2()
{
cout =< "‘'nbDestructor in the base class B2";
}
Y
class D: public Bl, public B2 LY publicly derived class
{
public:
D)
{ cout << *'‘“niNo—argument constructor of the derived class D"; }
~D ()
{

cout == "\ZnDestructor in the base class D";
}
¥}
void main()
i
D obijd;
¥

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

Destructor in the base class B2

Destructor in the base class Bl

Note that, in this program the constructors are invoked in the orderof B1 () ., B2 () , D () whereas,
the destructors are invoked in the order of D()Y . 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.




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 dertved class or a constant value can be mentioned in the definition of the
constructor. The syntax for defining a constructor in a denived class is shown

— Constructor name: derived class name
— Separator for derived and base class constructors

Base class1 constructor

|—' Arguments
i

DerivedClass (arg_list) :Basel (arg_listl),h BaseZ(arg_listl)..,BaseN({arg_listM)
{

}:

// body of the constructor of derived class

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 inirializa-
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

# Derived class constructor name

» Separator for derived class constructor and
initnalization section
— [nitialization of data members and
invocation of base class constructors

DerivedClass( arg_list ) : InitializationSection

{
/4 body of the constructcer of derived class

Syntax of initialization at derived class constructor

Data member initialization is represented by
DataMemberName ( value )
The data members {DataMemberMName) to be initialized aic fuiluwed by thie imbiahzation value enclosed
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
cen=l4d . cpp illustrates the use of initialization section of the constructor. The following rules must
be noted about the iniualization and order of invocauon of constructors:

« The initialization statements (in the inmttalization 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.




// consli3d.cpp: data members initialization through initialization-section
#include <iostream.h>

class B // base class

{

protected:
int x,. v;
public:
B(int a, int b): x{a), yv(b) {} // x

| 3
class D: public B /4 derived class
{
private:
int a, b;
public:
Di(int p, int i : a(p), B({ p, @ ), bixr) {}
volid output(}
{
cout << "x = endl ;
cout << "y endl;
coutr << "a endl ;
cout << "b endl ;
}
};:
void main()
{
D objbi{(5, 10, 15);
objb.output{);




Single Inheritance

When a class inherits from a single base class, it is known as single inheritance. Following program shows the single inheritance
using public derivation.
#include<iostream.h>
#include<conio.h>

class worker

{

Int age;

char name [10];

public:

void getworker ();

void showworker( );

¥

void worker : : getworker()
{

cout <<’yout name please”
cin >> name;

cout <<’your age please” ;
cin >> age;

b

void worker :: showworker()

{

cout <<’\n My name is :’<<name<<"\n My age is :’<<age;

b

class manager : public worker //derived class (publicly)
{

Int now;

public:

void getnow( ) ;

void shownow( ) ;

55



void manager : : getnow( )
cout << “number of workers under you”;
cin >> now;

void manager :: shownow( )

{

cout <<*\n No. of workers under me are: “ << now;
h

main ()

{

clrser () ;

manager M1;

Ml .getworker( ); M1.getnow( );
MI1.showworker( ); M1.shownow( );
)

RUN OUTPUT:

Your name please

REAGTI (S

Your age please

27

number of workers under you

30

Then the output will be as follows:
My name is : Ravinder

My age is: 27

No. of workers under me are : 30



The following program shows the single inheritance by private derivation.
#include<iostream.h>

#include<conio.h>

class worker //Base class declaration
{

int age;

char name [10] ;

public:

void getworker( ) ;

void showworker( ) ;

¥

void worker : : getworker( )

{

cout << “your name please” ;

cin >> name;

cout << “your age please”;

cin >>age;

h

void worker : showworker( )

{

cout << “‘\n my name is: “ <<name<< “\n” << “my age 1s : “ <<age;

h

class manager : private worker //Derived class (privately by default)
{

nt now;

public:

void getnow( ) ;

void shownow( ) ;

¥



void manager : : getnow( )

getworker( ); //calling the get function of base
cout << “number of worker under you”;
cin >>Now;

j

void manager : : shownow( )
{

showworker( ) ;

cout << “in no. of worker under me are : “ <<now;
J

main ()

{

clrser () ;

manager ml;

ml.getnow( ) ;

ml.shownow( );

b



The following program shows the single inheritance using protected derivation
#include<conio.h>

#include<iostream.h>

class worker //Base class declaration
{ protected:

int age; char name [20];

public:

void getworker( );

void showworker( );

55

void worker :: getworker( )

{

cout >> “your name please’;

cin >> name;

cout << “your age please”;

cin >> age;

h

void worker :: showworker( )

d

cout << “in my name 1is: “ << name << “in my age 1s “ <<age;

j

class manager:: protected worker // protected inheritance
!

1nt now;

public:

void getnow( );

void shownow( ) ;

fi:



void manager : : getnow( )

cout << “please enter the name In”;

cin >> name;

cout<< “please enter the age In”; //Directly inputting the data
cin >> age; members of base class

cout << ““ please enter the no. of workers under you:”;

cin >> now;

void manager : : shownow( )

cout « "your name is : "«name«" and age is : "«age;

cout «“No. of workers under your are : "«now;

main ()

clrser () ;
manager ml;
ml.getnow( ) ;
cout « "\n \n";
ml.shownow( );

j



Making a Private Member Inheritable

Basically we have visibility modes to specify that in which mode you are deriving the another class
from the already existing base class. They are:

a. Private: when abase class is privately inherited by a derived class, 'public members' of the base
class become private members of the derived class and therefore the public members of the base
class can be accessed by its own objects using the dot operator. The result is that we have no
member of base class that is accessible to the objects of the derived class.

b. Public: On the other hand, when the base class i1s publicly inherited, 'public members' of the base
class become 'public members' of derived class and therefore they are accessible to the objects of the
derived class.

c. Protected: C++ provides a third visibility modifier, protected, which serve a little purpose in the
inheritance. A member declared as protected is accessible by the member functions within its class
and any class immediately derived from it. It cannot be accessed by functions outside these two
classes.



The below mentioned table summarizes how the visibility of members undergo modifications when
they are inherited

Base Class Visibtlity | Derived Class Visthility

Public Private Protected
Private X X X
Public Private Protected

The private and protected members of a class can be accessed by

a. A fonction e, friend of a class.

b. A member function of a class that &5 the friend of the class.

C. A member finction of a derived class.



Alultilevel Inheritance

When the mmberitance is such that. the class A serves as a base class for a derived class B which in
turmn serves as a base class for the derived class C. This type of inheritance i1s called "MULTILEVEL
INHERITEMCE . The class B is known as the 'INTERMEDIATE BASE CLASS™ since it provides a
link for the mheritance between A and . The chain ABC is called ‘TTNHERITENCE*PATH' for
eg

Base class

Inheritance path Intermediate base
class

The declaration for the same would be:
Class A

)

1

{body

1

i

Class B - public A
i

fMoody

¥
Class C - public B

1
/Mody
1

i




This declaration will form the different levels of mheritance.
Following program exhibits the multilevel mheritance.
#include<iostream.h>

#include<conio.h>

class worker // Base class declaration - worker
{

mt age;

char name [20] ;

public;

void get( ) ;

void show( ) ;

}

void worker: get ()

cout << “your name please” ;
cin >> name;
cout << ““your age please” ;

h

void worker : : show ()

d

cout << “Inmy name is : “ <<name<< ‘““ In my age is : *“ <<age;

h

class manager : public worker //Intermediate base class derived - manager
{ //publicly from the base class

nt now;

public:

void get () ;

void show( ) ;

¥



void manager :: get ()

worker : :get () ; //calling get () fn. of base class
cout << “no. of workers under you:”;
cin >> now;

b

void manager : : show ()

{

worker : : show () ; //calling show () fn. of base class
cout << “In no. of workers under me are: “<< now;

}

class ceo: public manager //publicly inherited from the intermediate base class - ceo
{

1nt nom;

public:

void get () ;

void show () ;

fi5

void ceo : : get ()

{

manager : :get ();

cout << “no. of managers under you are:”’; cin >> nom;

j

void manager : : show ()

d

cout << “No. of managers under me are: “<<nomy;

j



main ()

{

clrser () ;

ceocl;

cl.get () ; cout << “\n\n”;
cl.show () ;

j

oorker
Frivane:
int age;

char marme [ 2400]);
PFrotocted:

FPublic:
wroicl geeatd )
wraoricd slheoawsd )
Alanager:WWorker

Frivate:
LA TR

Pulslsc:
woid get)
woid showi()
wrorker - Tt b
worker c1zeti)

Ceo: Manages-
Private:
Protected:

Al the mhermed
memlbers




Muldple Inheritances

A class can mhernt the attributes of two or more classes. This mechamsm 15 known as ‘MULTIPLE
INHERITENCE'. Multiple mheritance allows us to combine the features

of several existmg classes as a starnng pomt for defining new classes. It 15 Like the chuld mheriting
the physical feature of one parent and the intellizence of another. The syntax of the denved class 15
as follows:

Class derived : visibality basel, visibility base?

/Mbody3

Where the wisibility refers to the access specifiers 1e. public, pnvate or protected Following
program shows the nmltiple mhertance.




#include<iostream.h>
#include<conio . h>
class father

{

It age ;

char name [20] ;
public:

void get () ;

void show () ;

¥

void father : : get ()

{

cout << “your father name please”;

cin >> name;
cout << “Enter the age”;
cin >> age;

void father : : show ()
{

cout<< “My father’s name is: * <<name<< “My father’s age is:<<age;

j

//Declaration of base classl



class mother //Declaration of base class 2

char name [20] ;

int age ;

public:

void get ()

{

cout << “mother’s name please” ;
cin >> name;

cout << “mother’s age please” ;
cin >> age;

void show ()

d

cout << “My mother’s name is: “ <<name;
cout << “My mother’s age is: “ <<age;

class daughter : public father, public mother //derived class inheriting publicly the features of both the base class
{

char name [20] ;

nt std;

public:

void get () ;

void show () ;

55



void daughter :: get ()

{

father :: get () ;

mother :: get () ;

cout << “child's name:
cin >> name;

cout << “child's standard”;
cin >> std;

}

void daughter :: show ()

{

father :: show ();

mother :: show () ;

cout << “In child’sname is : “ <<name;
cout << “In child's standard: ““ << std;

}

main ()

{

clrscr () ;
daughter d1;
dl.get();
dl.show ();

}



Dnagrammatic Representation of Multiple Inheritance 1s as follows:

Father MMother

Privrate: Prowate:
mt age; it age;
char mame[ 20]; char nanee]207];

Public: Public:
void get() void get(D
wold show () woid show()

Class daughter: publhic Father, public Mother

Private: char name[20]; int age;

Protected:

Public:
Meelf

voud get(); void showi();
Sfrom Father

voud get(); void show();
Sifrom hMother

voud get(); void show();




Hierarchical Inheritance

Another mteresting application of mhentance i1s to use 15 as a support to a luerarchical design of a
class program. Many programming problems can be cast mio a lnerarchy where certam features of
one level are shared by many others below that level fore g

—

Accounts

Saving Accounts

Current Accounts

In general the syntax 1s given as

{

Class A

i body A

i }

¥

{
}

Class B: pubbc A

/body B

Class C: public A
{

}

/body B

In C++, such problems can be easily converted mto hierarchies. The base class will melude all the
features that are common to the subclasses. A sub-class can be constructed by mheriting the features
of base class and so on.




// Program to show the hierarchical inheritance
#include<iostream.h>

# include<conio. h>

class father //Base class declaration
{

int age;

char name [15];

public:

void get ()

{

cout<< ““father name please”’; cin >> name;
cout<< “father’s age please”; cin >> age;

}

void show ()

{

cout << “father’s name is : “<<name;

cout << “father’s age is: “<< age;

¥

¥

class son : public father /lderivedclass 1
{

char name [20] ;

int age ;

public;

void get () ;

void show () ;

},



void son: : get ()

{

father :: get () ;

cout << “your (son) name please” ; cin >>name;
cout << “your age please” ; cin>>age;

}

void son :: show ()

{

father : : show () ;

cout << “my name is : “ <<name;

cout << “my age is : “ <<age;

}

class daughter : public father /Iderived class 2.
{

char name [15] ;

int age;

public:

void get ()

{

father :: get () ;

cout << “your (daughter’s) name please”; cin>>name;
cout << “your age please”; cin >>age;

}



void show ()

{

father : : show () ;

cout << “my nameis: “ << name;
cout << “my age 1s: “ <<age;
by

b

main ()

{

clrscr () ;

son S1;

daughter D1 ;

S1.get () ;

D1. get ();

S1 .show() ;

D1. show () ;

}



Hybrid Inheritance

There could be situations where we need to apply two or more types of inheritance to design a program. Basically
Hybrid Inheritance is the combination of one or more types of the inheritance. Here is one implementation of
hybrid inheritance.

/[Program to show the simple hybrid inheritance

#include<i sos t ream. h>

#include<conio . h>

class student //base class declaration

{

protected:

int r_no;

public:

void get _n (int a)

{

r no =a;

¥

void put_n (void)

{

cout << “Roll No. : “<<r_no;

cout << “\n”;

}
}



class test : public student /lIntermediate base class
{

protected : int partl, part2;

public :

void get m (int X, int y)

{ parti=x; part2=y, }

void put_m (void) {

cout << “marks obtained: “ << “In”

<<“Part 1 = <<partl <<“in”

<< “Part 2 = << part2 <<*“In”;

}

};

class sports /] base for result
{

protected : int score;

public:

void get_s (int s)

{score=s}

void put_s (void)

{ cout << “sports wt. : “ << score << “\n\n”’; }

}

class result : public test, public sports //Derived from test & sports
{

int total ;

public:

void display (void);

};



void result : : display (void)

{

total = partl + part2 + score;

put n () ;.

put_m ();

put_S ();

cout << “Total score: *“ <<total<< “\n”

}

main ()

{

clrscr () ;

result S1;
Sl.get n (347);
Sl.get m (30, 35);
Sl.get s (7);
Sl.dciplay () ;

}



Virtual Base Classes

Parent 1

The duplication of the inherited members can be avoided
by making common base class as the virtual base class: for
e.g.

class g_parent

{
//Body

)

class parentl: virtual public g_parent

{
// Body

b

class parent2: public virtual g_parent

{
/I Body

)

class child : public parentl, public parent2

{
/I body

¥



The 'child' has two direct base classes ‘parentl’ and ‘parent2’ which themselves has a
common base class ‘grandparent’.

The child mherits the traits of ‘grandparent’ via two separate paths. It can also be inhertit
directly as shown by the broken line.

The grandparent is sometimes referred to as ‘INDIRECT BASE CLASS’.
Now, the inheritance by the child might cause some problems.

All the public and protected members of ‘grandparent’ are mherited mnto ‘child’ twice, first
via ‘parentl’ and again via ‘parent2’.
So, there occurs a duplicacy which should be avoided.

When a class is virtual base class, C++ takes necessary care to see that only one copy of that
class Is inherited, regardless of how many Inheritance paths exists between virtual base class
and derived class.

The keywords ‘virtual’ and ‘public’ can be used in either order.



//Program to show the virtual base class
#include<iostream.h>

#include<conio . h>

class student // Base class declaration

{ protected: int r_no; public:

void get_n (int a)

{rno=a;}

void put_n (void)

{ cout << “Roll No. “ << r_no<< “In”;}
o
class test : virtual public student // Virtually declared common {//base
class 1

protected:

int partl;

int part2;

public:

void get_ m (int X, int y)

{ partl= x; part2=y;}

void putm (void)

{

cout << “marks obtained: “ << ‘“\n”;

cout << “partl = << partl << “\n”;

cout << “part2 = “<< part2 << “\n”;

}
+



class sports : public virtual student// virtually declared common { //base class 2
protected:

int score;

public:

void get_s (inta) {

score=a;

¥

void put_s (void)

{ cout << “sports wt.: “ <<score<<‘“\n”;}

o

class result: public test, public sports //derived class
{

private : int total ;

public:

void show (void) ;

¢

void result: : show (void)

{ total = partl + part2 + score;

put_n();

put_m ();

put_s() ; cout << ‘“An total score=* <<total<<“\n” ;

}



main ()

{

clrscr () ;

result S1;
S1.get _n(345)
S1.get m (30, 35) ;
S1.get-S(7) ;

S1. show () ;

by



//Program to show hybrid inheritance using virtual base classes
#include<iostream.h>
#include<conio.h>
Class A

{

protected:

int X; public:

void get (int) ;

void show (void) ;

¢

void A: : get (inta)

{

X=a;

by

void A : : show (void)
{

cout<< X ;

}



Class Al : Virtual PublicA
{

protected:

inty ;

public:

void get (int) ;

void show (void);

o

void Al :: get (inta)
{y=a}

void Al :: show (void)
{

cout<<y;

{
class A2 : Virtual publicA

{

protected:

intz;

public:

void get (inta)
{z=a}

void show (void)
{ cout<<z}

¥



class Al12 : publicAl, public A2
1

Intr, t;

public:

void get (int a)

{r=a}

void show (void)
{t=x+y+z+r;

cout << “result =" <<t;
by

b

main ()

{

clrscr () ;

Al2r;

rrA::get(3);
rrAl::get(4);
rrA2::get(5);

r.get (6) ;

r.show();

}



Abstract Classes

An abstract class is one that is not used to create objects. An abstract class is designed only
to act as a base class (to be inherited by other classes). It is a design concept in program
development and provides a base upon which other classes may be built,

Member Classes: Nesting of Classes

Inheritance is the mechanism of deriving certain properties of one class into another. We
have seen in detail how this is implemented using the concept of dernved classes. C++ supports
vet another way of inheriting properties of one class into another. This approach takes a
view that an object can be a collection of many other obgjects. That 18, a class can contain

objects of other classes as its members as shown below:

class alpha {....}:

1

class beta {....}:
class gamma

alpha a; // a is an object of alpha class

J// b ts an object of beta class




All ohjectz of gamma class will contain the objects & and b. This kind of relationship is
called containership or nesting. Creation of an object that contains another object is very
different than the creation of an independent object. An independent object is created by its
constructor when it is declared with arguments. Un the other hand, a nested object is created
in two stages. First, the member objects are created using their respective constructors and
then the other 'ordinary' members are created. This means, constractors of all the member
objects should be called before its own constructor body is executed. This is accomplished
using an initialization list in the constructor of the nested class.

Example:

class gamma

i

S a is object of alpha
fS b is object of beto

gamma(arglist): a(arglistl), bl{arglistZ)

L]

¥,

S constructor body

} 3

arglist is the list of arguments that is to be supplied when a gamma object is defined. These
parameters are used for nitializing the members of gamma. arglistl is the argument hist




for the constructor of a and arglist2 is the argument list for the constructor of b. arglist]
and arglist2 may or may not use the arguments from arglist. Remember, alarglistl) and
blarglist2) are function calls and therefore the arguments do not contain the data types.
They are simply variables or constants,

Example:
garma(int x, int y, float z) : a(x), b(x,z)

4
Assignment section(for ordinary other members)

We can use as many member objects as are required in a class. For each member object
we add a constructor call in the initializer list. The constructors of the member objects are
called in the order in which they are declared in the nested class.
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