Object Oriented Programming with
C++(BCS306B)

Module - 4
Chapter 1:

Virtual Functions and
Polymorphism:

SYLLABUS:

Virtual Functions and Polymorphism: Virtual Functions, The Virtual Attribute is Inherited, Virtual Functions are Hierarchical

Pure Virtual Functions, Using Virtual Functions, Early vs Late Binding. Templates: Generic Functions, Applying Generic ’
Functions, Generic Classes. The type name and export Keywords. The Power of Templates.

notesforvtu.in



4.1 Virtual Functions

A virtual function is a member function in the base class that we expect
to redefine in derived classes.

Basically, a virtual function is used in the base class in order to ensure
that the function is overridden. This especially applies to cases where
a pointer of base class points to an object of a derived class.

For example, consider the code below:

class Base { class Derived : public
public: Base { .
void print() { PUb}lC: |
// code void print() {
} // code
}; }
};
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if we create a pointer of Base type to point to an object of Derived class and call
the print() function, it calls the print() function of the Base class.

In other words, the member function of Base is not overridden.

int main() {
Derived derivedl;
Base* basel = &derivedl;

// calls function of Base class
basel->print() ;

return 0;

In order to avoid this, we declare the print() function of the Base class as virtual
by using the virtual keyword.
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class Base {
public:
virtual void print() {

// code

}i
Here, we have declared the print() function of Base as virtual.

So, this function is overridden even when we use a pointer of Base type that

points to the Derived object derived1.
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// C++ program to illustrate
// concept of Virtual Functions

#include <iostream>
using namespace std;

class base {

public:
virtual void print() { cout << "print base class\n"; }
void show() { cout << "show base class\n"; }

};

class derived : public base

{

public:
void print() { cout << "print derived class\n"; }
void show() { cout << "show derived class\n"; }

};
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int main()

{
base* bptr;
derived d;
bptr = &d;

// Virtual function, binded at runtime
bptr->print() ;

// Non-virtual function, binded at compile time

bptr->show() ;

return 0;

Output:
print derived class
show base class
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G{planation: \

= Runtime polymorphism is achieved only through a
pointer (or reference) of the base class type.

= Also, a base class pointer can point to the objects of the
base class as well as to the objects of the derived class.

= In the above code, the base class pointer ‘bptr’ contains

k the address of object ‘d’ of the derived class. /




4.2 The Virtual Attribute is Inherited

= When a virtual function is inherited, its virtual nature is also inherited. This
means that when a derived class that has inherited a virtual function is itself
used as a base class for another derived class, the virtual function can still be

overridden.

= Put differently, no matter how many times a virtual function is inherited, it

remains virtual.

notesforvtu.in



#include <iostream>
using namespace std;

class base {
public:
virtual void vfunc() {
cout << "This is base's wvfunc().\n";

}
};

class derivedl : public base {
public:
void vfunc() {
cout << "This is derivedl's vfunc().\n";

}
};
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/* derived2 inherits virtual function vfunc /()
from derivedl. */
class derived2 : public derivedl
{
public:
// vfunc() is still wvirtual
void vfunc()
{
cout << "This is derived2's vfunc().\n";
}
}s
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_ _ ﬂs expected, the preceding program displays this outputx
int main ()

{ This is base's vfunc().

base *p, b; This is derived1's vfunc().
derivedl dil;

derived? d2; This is derived2's vfunc().

In this case, derived2 inherits derived1 rather than

// point to base| pase, but vfunc() is still virtual.
p = &b; \\‘

p->vfunc(); // access base's vfunc/()

J

// point to derivedl
p = &dl;
p->vfunc(); // access derivedl's vfunc()

// point to derived2
p = &d2;
p->vfunc(); // access derived2's vfunc()

return 0O;

}
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4.3 Virtual Functions are Hierarchical

= when a function is declared as virtual by a base class, it may be
overridden by a derived class. However, the function does not have to be
overridden.

= When a derived class fails to override a virtual function, then when an object
of that derived class accesses that function, the function defined by the base

class is used.

* For example, consider this program in which derived2 does not override

viunc() :
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#include <iostream>
using namespace std;

class base
{public:
virtual void vfunc() {
cout << "This is base's vfunc().\n";
} o}
class derivedl : public base {
public:
void vfunc () {
cout << "This is derivedl's vfunc().\n";
H};
class derived2 : public base {
public:

// vfunc() not overridden by derived2, base's is used
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int main ()
{ base *p, b;
derivedl di;
derived2 d2;
// point to base
p = &b;
p->vfunc(); // access base's vfunc()
// point to derivedl
p = &di1;
p->vfunc(); // access derivedl's vfunc()
// point to derived2
p = &d2;
p->vfunc(); // use base's vfunc/()

return O;
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The program produces this output:

This is base's vfunc().

This is derived1's vfunc().

This is base's vfunc().

= Because derived2 does not override vfunc(), the function defined by
base is used when vfunc() is referenced relative to objects of type
derived?2.

= The preceding program illustrates a special case of a more general rule.
Because inheritance is hierarchical in C++, it makes sense that virtual
functions are also hierarchical.

»= This means that when a derived class fails to override a virtual
function, the first redefinition found in reverse order of derivation is

used.
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For example, in the following program, derived2 is derived from
derived1, which is derived from base.

However, derived2 does not override vfunc() . This means that,
relative to derived?2, the closest version of vfunc() is in derived1.
Therefore, it is derived1::vfunc() that is used when an object of

derived2 attempts to call vfunc() .



4.4 Pure Virtual Functions

* A pure virtual function (or abstract function) in C++ is a virtual function for

which we can have an implementation, But we must override that function in
the derived class, otherwise, the derived class will also become an abstract
class. A pure virtual function is declared by assigning 0 in the declaration.
A pure virtual function is a virtual function that has no definition within the
base class.
To declare a pure virtual function, use this general form:
virtual type func-name(parameter-list) = 0;
= When a virtual function is made pure, any derived class must provide its own
definition.
= [fthe derived class fails to override the pure virtual function, a compile-time

error will result.
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Example of Pure Virtual Functions

// An abstract class
class Test {

// Data members of class

public:
// Pure Virtual Function
virtual void show() = O;

/* Other members */
};
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Complete Example
A pure virtual function is implemented by classes that are derived from an

Abstract class.

// An abstract class

class Test {
// Data members of class

public:
// Pure Virtual Function
virtual void show() = O;

/* Other members */
};

// C++ Program to illustrate the abstract class and

virtual
// functions
#include <iostream>

using namespace std;
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class Base {
// private member variable

int x;

public:
// pure virtual function
virtual void fun() = O;

// getter function to access x
int getX() { return x; }

};

// This class inherits from Base and implements fun/()

class Derived : public Base {
// private member variable

int y;

public:
// implementation of the pure virtual function

void fun() { cout << "fun() called"; }
ndtesforvtu.in



int main (void)

{

// creating an object of Derived class
Derived d;

// calling the fun() function of Derived class
d.fun() ;

return 0O;
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4.5 Using Virtual Functions

* One of the most powerful and flexible ways to implement the "one
interface, multiple methods" approach is to use virtual functions, abstract
classes, and run-time polymorphism.

= Using these features, you create a class hierarchy that moves from general

to specific (base to derived).
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#include <iostream>

using namespace std;

class Base({

public:

virtual void Output () {

cout << "Output Base class" << endl;
}

void Display () {

cout << "Display Base class" << endl;
H};

class Derived : public Base{

public:

void Output () {

cout << "Output Derived class" << endl;
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void Display ()

{

cout << "Display Derived class"
}

};

int main () {

<< endl;

-

Output:
Output Derived class
Display Derived class

Base* bpointr;

Derived dpointr;

bpointr = &dpointr;

// virtual function binding
bpointr->Output() ;

// Non-virtual function binding

bpointr->Display () ;
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* In the below example, you will create a base class and a derived class. In
both classes, you will create two functions: Output and Display.
= To see the difference between the virtual function and a regular function,

you will only declare the Output function of the base class as virtual, and

keep the display function as it is.



4.6 Early vs Late Binding

Binding refers to the process of converting identifiers (such as variable
and performance names) into addresses.
Binding is done for each variable and functions. For functions, it means that
matching the call with the right function definition by the compiler. It takes place

either at compile time or at runtime.

Binding
Early Binding Late Binding
(Function Over]oadj_ng, (Virtual Functions)
Operator Overloading,
..... )
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Early Binding (compile-time time polymorphism) As the name indicates,
compiler (or linker) directly associate an address to the function call. It
replaces the call with a machine language instruction that tells the mainframe

to leap to the address of the function.

// CPP Program to illustrate early binding.
// Any normal function call (without wvirtual)
// is binded early. Here we have taken base
// and derived class example so that readers
// can easily compare and see difference in
// outputs.

#include<iostream>

using namespace std;

class Base

{
public:
void show() { cout<<" In Base \n'"; }

};
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class Derived: public Base

{
public:

void show() { cout<<"In Derived \n"; }

};

int main (void)

{

Base *bp = new Derived;

// The function call decided at

// compile time (compiler sees type
// of pointer and calls base class
// function.

bp->show () ;

return 0O;

notesforvtu.in



Late Binding : (Run time polymorphism) In this, the compiler adds code that
identifies the kind of object at runtime then matches the call with the right

function definition .This can be achieved by declaring a virtual function.

// CPP Program to illustrate late binding
#include<iostream>
using namespace std;
class Base
{
public:
virtual void show() { cout<<" In Base \n"; }
};
class Derived: public Base
{
public:
void show() { cout<<"In Derived \n"; }

};
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int main (void)
{
Base *bp = new Derived;

bp->show(); // RUN-TIME POLYMORPHISM

return 0;

Output:
In Derived
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