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Polymorphism

• The word polymorphism means having many

forms. In simple words, we can define

polymorphism as the ability of a message to

be displayed in more than one form.

• Real life example of polymorphism, a person at

a same time can have different characteristic.

Like a man at a same time is a father, a

husband, a employee.

• So a same person posses different behavior in

different situations. This is called

polymorphism.



Types of Polymorphism

• Compile Time Polymorphism

• Run Time Polymorphism



Compile Time Polymorphism
• Early binding refers to events that occur at compile time. In essence, early

binding occurs when all information needed to call a function is known at

compile time. (Put differently, early binding means that an object and a function

call are bound during compilation).

• Examples of early binding include normal function calls (including standard

library functions), overloaded function calls, and overloaded operators.

• The main advantage to early binding is efficiency. Because all necessary

information to call a function is determined at compile time, these types of

function calls are very fast.



Run Time Polymorphism

• The opposite of early binding is late binding.

• As it relates to C++, late binding refers to function calls that are not

resolved until run time.

• As function calls are not determined at compile time, the object and the

function are not linked until run time.



Run Time Polymorphism

• The main advantage to late binding is flexibility.

• Unlike early binding, late binding allows you to create programs that
can respond to events occurring while the program executes without
having to create a large amount of "contingency code."

• Keep in mind that because a function call is not resolved until run time,
late binding can make for somewhat slower execution times.

• Virtual functions are used to achieve late binding.



Function Overloading

• Function overloading is the process of using the same name for
two or more functions.

• The secret to overloading is that each redefinition of the function
must use either different types of parameters or a different number
of parameters.

• It is only through these differences that the compiler knows which
function to call in any given situation.



Example

#include <iostream> 

using namespace std;

int myfunc(int i); // these differ in types of parameters 

double myfunc(double i);

int main()

{

cout << myfunc(10) << " "; // calls myfunc(int i) 

cout << myfunc(5.4); // calls myfunc(double i) 

return 0;

}

double myfunc(double i)

{

return i;

}

int myfunc(int i)

{

return i;

}

Output:
10 5.4



Example 2

#include <iostream>

using namespace std;

int myfunc(int i); // these differ in number of parameters

int myfunc(int i, int j); 

int main()

{

cout << myfunc(10) << " "; // calls myfunc(int i) 

cout << myfunc(4, 5); // calls myfunc(int i, int j)

return 0;

}

int myfunc(int i)

{

return i;

}

int myfunc(int i, int j)

{

return i*j;

}

Output:
10 20



Key Points

• The key point about function overloading is that the functions must differ in regard to the types 
and/or number of parameters. Two functions differing only in their return types cannot be
overloaded.

• For example, this is an invalid attempt to overload myfunc( ):
int myfunc(int i);
float myfunc(int i);

// Error: differing return types are insufficient when overloading.
• Sometimes, two function declarations will appear to differ, when in

fact they do not. For example, consider the following declarations.
void f(int *p);
void f(int p[]); // error, *p is same as p[]

• Remember, to the compiler *p is the same as p[ ]. Therefore, although the two prototypes appear 
to differ in the types of their parameter, in actuality they do not.



Example 3



Example 4 (Function overloading in classes)



Issue of Name Hiding

In C++, when you declare a function in the derived class that has the 

same name as a function in the base class, all functions with that 

name in the base class become hidden in the derived class, regardless 

of their parameter types. 







Inheritance based Polymorphism

Function Overriding through class Inheritance:

It is a language feature that allows a subclass overrides (replaces) the implementation 
in the super super class by providing a method that has same name, same parameters 
and same return type as the method in parent class.



Example



Draw()





Extend the Logic



Virtual Functions

• A virtual function (also known as virtual methods) is a member function 
that is declared within a base class and is re-defined (overridden) by a 
derived class. When you refer to a derived class object using a pointer or a 
reference to the base class, you can call a virtual function for that object 
and execute the derived class’s version of the method.

• They are mainly used to achieve Runtime polymorphism.

• Functions are declared with a virtual keyword in a base class.

• The resolving of a function call is done at runtime.

• Be aware that the virtual function mechanism works only with pointers to 
objects and, with references, not with objects themselves.



Rules for virtual function

• Virtual functions cannot be static.

• Virtual functions should be accessed using a pointer or reference of 
base class type to achieve runtime polymorphism.

• The prototype of virtual functions should be the same in the base as 
well as the derived class.

• They are always defined in the base class and overridden in a derived 
class. It is not mandatory for the derived class to override (or re-
define the virtual function), in that case, the base class version of the 
function is used.



Inheritance and Static Functions

• They are inherited into the derived class.

• If you redefine a static member function in derived class, all the other
overloaded functions in base class are hidden.

• Static Member functions can never be virtual.
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Abstract base class - interface

• It describes the capabilities of a C++ class without committing to a 
particular implementation

• A class is made abstract by declaring at least one of its functions 
as pure virtual function i.e. by placing "= 0" in its declaration



class Animal{
public: 
virtual void sound() = 0;
void sleeping() {cout<<"Sleeping"; }
};
class Dog: public Animal{
public:
void sound() {cout<<"Woof"<<endl;}
};
int main(){ 

Dog obj;  
obj.sound();  // Output: Woof
obj.sleeping(); //Output: Sleeping

}



class Animal{
public: 
virtual void sound() = 0;
void sleeping() {cout<<"Sleeping"; }
};
class Dog: public Animal{
public:
void sound() {cout<<"Woof"<<endl;}
};
int main(){ 

Animal *obj = new Dog;
obj->sound();

}



Abstract Class

• An abstract class is designed to act as base class. It is a design concept
in program development and provides a base upon which other
classes may be built.

• Abstract Class is a class which contains atleast one Pure Virtual
function in it. Abstract classes are used to provide an Interface for its
sub classes. Classes inheriting an Abstract Class must provide
definition to the pure virtual function, otherwise they will also
become abstract class.
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Characteristics of Abstract Class

• Abstract class cannot be instantiated, but pointers and references of
Abstract class type can be created.

• Abstract class can have normal functions and variables along with a
pure virtual function.

• Classes inheriting an Abstract Class must implement all pure virtual
functions, or else they will become Abstract too.
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//Abstract base class

class Base { 

public: 

virtual void show() = 0; }; 

class Derived:public Base { 

public: 

void show()

{ 

cout << "Implementation of Virtual 
Function in Derived class"; 

}

}; 

int main() 

{ 

//Base obj; (Compile Time Error)

Base *b;

Derived d; 

b = &d; 

b->show();

return 0; 

}
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Note:

• Pure Virtual functions can be given a small definition in the Abstract

class, which you want all the derived classes to have. Still you cannot

create object of Abstract class.

• Also, the Pure Virtual function must be defined outside the class
definition. If you will define it inside the class definition, complier will
give an error. Inline pure virtual definition is Illegal.
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Overloading vs overriding

• Function overloading – same function name but different 
arguments. Functions are defined in the same class. 

• Function overriding – same function name and arguments. 
Defined in different classes. 



Compile time and Run time Polymorphism

•Compile time OR static polymorphism is executed 
using function overloading.

•Run time polymorphism or dynamic/late binding is 
done using function overriding and virtual functions.



Compile Time Polymorphism Run-Time Polymorphism

At Compile time, which functions to be 
called is decided.

At Runtime, which function to be 
called is decided.

Also known as early or static binding Also known as late or dynamic binding

It executes faster because the function 
is resolved at compilation time only.

It executes slower because the function 
is resolved at Run-time.

It is achieved through function and 
operator overloading

It is achieved through function 
overriding and virtual functions



Ambiguity in Function Overloading

• You can create a situation in which the compiler is unable to
choose between two (or more) overloaded functions.

• When this happens, the situation is said to be
ambiguous.



Ambiguity in Function Overloading

int myfunc(double d);

// ...

cout << myfunc('c');

// not an error, conversion applied

• Although automatic type conversions are 
convenient, they are also a prime cause of 
ambiguity.



Example
#include <iostream> 
using namespace std; 
float myfunc(float i); 
double myfunc(double i);

int main()
{
cout << myfunc(10.1) << " "; // unambiguous, calls myfunc(double)
cout << myfunc(10); // ambiguous return 0;
}
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UTA 018: OOPs
Poly-morphism Part-2

(Operator Overloading)



Introduction

• Operator overloading

 Enabling C++’s operators to work with class objects

Using traditional operators with user-defined objects

 Examples of already overloaded operators

• Operator << is both the stream-insertion operator and the  

bitwise left-shift operator

• Operator >> is both the stream-extraction operator and the

bitwise right-shift operator



Introduction (Cont…)

• Overloading an operator

– Write function definition as normal
– Functionname is keywordoperator followed bythe symbol for the

operator being overloaded
– For e.g., operator+ used to overload the addition operator (+)

Returntype operator+(arg list){
//body

}



What are Operators in C++?

• Arithmetic Operators: +, −, /, ∗, %

• Assignment Operators: +=,+=, −=,−=, /=,/=, ∗=,∗=, %=%=

• Relational Operators: ==,==, !=,!=, >=,>=, <=,<=,etc.

• Logical Operators: &&,&&, ∣∣,∣∣, !!

• Bitwise Operators: &,&, ∣,∣, >>, <<etc.

• Other Operators: sizeof, ?:,etc.



Restrictions on Operator Overloading

• Overloading restrictions
– Precedence of an operator cannot be changed

– Associativity of an operator cannot be changed

– number of operands cannot be changed
• Unary operators remain unary, and binary operators remain binary

• Operators &, *, + and - each have unary and binary versions

• Unary and binary versions can be overloaded separately

• No new operators can be created
– Use only existing operators

• No overloading operators for built-in types
– Cannot change how two integers are added

– Produces a syntax error



Restrictions on Operator Overloading

• All the C++ operators can be overloaded except the following:

• Scope Resolution Operator (::)

• Conditional Operator (? :)

• Size Operator (sizeof)

• Class Member Access Operators (. and .*)



Operator Functions as Class Members vs. as friend Functions

• Operator functions can be either member or non- member
functions of a class.

• Operator functions as member functions
– Leftmost operand must be an object of the class

• Operator functions as non-member functions
– Must be friend functions of the class

– Enables the operator to be commutative

Note: If left operand is of a different type than class, operator function must be a non-member function



Creating a Member Operator Function

returntype classname::operator opname(arg-list)

{

// operations

} Keyword



Overloading of Unary Operator - (using member function)





Complex Class Example







Continued…



Overloading using Friend Functions

• There are certain situations where we would like to use a
friend function rather than a member function.

• For example, if we want to use two different types of a binary
operator, say, one an object and another a built in type as
shown below:

A=B+2, where A and B are objects of same class. This will
work for a member function, but the statement A=2+B; will
not work.

• This is because the left-handed operand which is responsible
for invoking the membership function should be an object of
the same class.

• Friend function allows both approaches as it is invoked
without the use of objects.



Continued…

• Unary operators, overloaded by means of a member function,
take no explicit arguments, but, those overloaded by means
of a friend function, take one reference 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.

• When using binary operators overloading through member
function, the left hand operand must be an object of the
relevant class.





Restrictions on application of friend function

• Operators that can not be overloaded using a friend 
function are:

= 

( )

[ ]

->

Assignment operator 

Function call operator 

Subscript operator

Class Member Access Operator



Overloading new and delete

// Allocate an object

void *operator new(size_t size)

{

/* Perform allocation. Throw

bad_alloc on failure.

Constructor called 
automatically. */

return pointer_to_memory; }

}

// Delete an object

void operator delete(void
*p)

{

/* Free memory pointed to by p.

Destructor called 
automatically. */



Example
#include <iostream> 

using namespace std; class loc {

int longitude, latitude; public:

loc() {}

loc(int lg, int lt) longitude = lg; 

latitude = lt;

}

void show() {

cout << longitude << " "; cout << latitude << 

"\n";

}

void *operator new(size_t size);

void operator delete(void *p);

};

// new overloaded relative to loc

void *loc::operator new(size_t size)

{

void *p;

cout << "In overloaded new.\n";

p = malloc(size);

return p;

}

// delete overloaded relative to loc void

loc::operator delete(void *p)

{

cout << "In overloaded delete.\n"; free(p);

}



Continued…
int main()
{
loc *p1, *p2;

p1 = new loc (10, 20);
p2 = new loc (-10, -20);
}
p1->show();
p2->show();  
delete p1; delete p2; 
return 0;
}



Overloading [ ] operator

• In C++, the [ ] is considered a binary operator when you are
overloading it.

• Therefore, the general form of a member operator[ ]( ) function is as 
shown here:
returntype classname::operator[](int i)

{
// . . .

}

• Technically, the parameter does not have to be of type int, but an
operator[ ]( ) function is typically used to provide array subscripting,
and as such, an integer value is generally used.

• Given an object called obj, the expression obj[3] translates into this 
call to the operator[ ]( ) function: obj.operator[](3)



Example 1

#include <iostream> 

using namespace std; 

class atype {

int a[3];

public:

atype(int i, int j, int k) { 

a[0] = i;

a[1] = j;

a[2] = k;

} }

int operator[](int i)

{ return a[i];

}

};

int main()

{

atype ob(1, 2, 3);

cout << ob[1]; // displays 2

return 0;

Output:

2



#include <iostream> 

using namespace std; 

class atype {

int a[3];

public:

atype(int i, int j, int k) { 

a[0] = i;

a[1] = j;

a[2] = k;

}

int &operator[](int i) {

return a[i];

}

};

int main()

{

atype ob(1, 2, 3);

cout << ob[1]; // displays 2

cout << " ";

ob[1] = 25; // [] on left of =

cout << ob[1]; // now displays 25

return 0;

}

Output:

2 25

Example 2



Overloading ()
• When we overload the ( ) function call operator, we are 

not creating a new way to call a function.

• Rather, you are creating an operator function that can be 
passed an arbitrary number of parameters.

Example:
double operator()(int a, float f, char *s);
and an object O of its class, then the statement
O(10, 23.34, "hi");
translates into this call to the operator( ) function.
O.operator()(10, 23.34, "hi");



Example
#include <iostream> 

using namespace std;  

class loc {
int longitude, latitude;
public:
loc() {}
loc(int lg, int lt)
{
longitude = lg; latitude = lt;
}
void show() {
cout << longitude << " ";
cout << latitude << "\n";
}
loc operator+(loc op2); loc operator()(int i, int j);
};
// Overload ( ) for loc
loc loc::operator()(int i, int j)
{
longitude = i; latitude = j; 
return *this;
}

// Overload + for loc
loc loc::operator+(loc op2)
{
loc temp;
temp.longitude = op2.longitude + longitude; 
temp.latitude = op2.latitude + latitude; 
return temp;
}

int main()
{
loc ob1(10, 20), ob2(1, 1);
ob1.show();
ob1(7, 8); // can be executed by itself 
ob1.show();
ob1 = ob2 + ob1(10, 10); // can be used in expressions 
ob1.show();
return 0;
}



Overloading the Comma Operator
#include <iostream> 

using namespace std; 

class loc {

int longitude, latitude;

public:

loc() {}
loc(int lg, int lt) { longitude = lg; latitude = lt;

}

void show() {

cout << longitude << " "; cout << latitude << "\n";

}

loc operator+(loc op2); loc operator,(loc op2);

};

// overload comma for loc

loc loc::operator,(loc op2)

{

loc temp;

temp.longitude = op2.longitude; temp.latitude =

op2.latitude;

cout << op2.longitude << " " << op2.latitude << "\n";

return temp;

}

// Overload + for loc

loc loc::operator+(loc op2)

{

loc temp;

temp.longitude = op2.longitude + longitude; 

temp.latitude = op2.latitude + latitude; return temp;

}

int main()

{

loc ob1(10, 20), ob2( 5, 30), ob3(1, 1);

ob1.show();

ob2.show();

ob3.show(); cout << "\n";

ob1 = (ob1, ob2+ob2, ob3);

ob1.show(); // displays 1 1, the value of ob3

return 0;

}



Overloading ->

• The –> pointer operator, also called the class member access operator, 
is considered a unary operator when overloading.

• Its general usage is shown here:

object->element;

• Here, object is the object that activates the call. The operator–>( )  
function must return a pointer to an object of the class that operator–>(
) operates upon.

• The element must be some member accessible within the object.

• The example illustrates overloading the –> by showing the equivalence 
between ob.i and ob–>i when operator–>( ) returns this pointer:



Example

• #include <iostream> using

namespace std; class

myclass {

• public:

• int i;

• myclass *operator->()

• {

• return this;

• }

• };

int main()

{

myclass ob; 

ob->i = 10;

// same as ob.i

cout << ob.i << " " << ob->i;

return 0;

}

Output:

10 10
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UTA 018: OOPs
Poly-morphism Part-3

(Type Conversion)



What is Type Conversions?

• When constants and variables of different types are mixed in an
expression, C++ applies automatic type conversion to the operand
as per certain rules. Similarly, an assignment operator also causes
the automatic type conversion.

• The type conversions are automatic as long as the data types
involved are built-in types.

What happens when they are user defined data types?

What if one of the operands is an object and the other is built-in 
type variable?

What if they belong to two different classes?



• Since the user-defined data types are designed by us to suit our
requirements, the compiler does not support automatic type
conversions for such data types.

• Types of conversions:  Three type of situations might arise in 
the data conversion between incompatible types:
• Basic to User-defined
• User-defined to Basic
• One User-defined to Another User-defined

What is Type Conversions?



Basic to User-defined (Class Type)

• In this type of conversion, the source type is basic type and the
destination type is class type, i.e. basic data type is converted into
the class type.

• The conversion from basic type to the class type can be
performed in two ways:

 Using constructor

 Using Operator Overloading



int main() {
int distance;
cout<<"Enter distance in meters";
cin>>distance;
Distance d = 5; // Implicit conversion from int to Distance

d.display(); // Output: 16 feet 4.12 inches
return 0;

}

Example (Using Constructor)

During type conversion using the 
constructor we can pass only one

can do typeargument and we  
conversion at the type of
initialization only.

#include <iostream>
using namespace std;

class Distance {
private:

int feet;
float inches;

public:
// Constructor for basic to user-defined conversion

Distance(int meters) {
feet = meters * 3.281; // Convert meters to feet
inches = (meters * 3.281 - feet) * 12;

}

void display() {
cout << feet << " feet " << inches << " inches" << endl;

}
};



Using Operator Overloading

• Type conversion from basic to class type can also be done by
operator overloading.

• Assignment operator can be overloaded for this purpose.

• Previous example of Disptance class can be rewritten for type
conversion using operator overloading concept to overload the
assignment operator (=).



#include <iostream>
using namespace std;

class Distance {
private:

int feet;
float inches;

public:
Distance(int f = 0, float i = 0) : feet(f), inches(i) {}

Distance& operator=(int meters) {
// Convert meters to feet and inches
feet = meters * 3.281;  // 1 meter = 3.281 feet
inches = (meters * 3.281 - feet) * 12;
return *this;

}

void display() const {
cout << feet << " feet " << inches << " inches" << endl;

}
};

int main() {
Distance d; // Default Distance object
int meters = 5; // Basic type (meters)

// Assign the basic type (int) to a user-defined object 
using overloaded assignment operator

d = meters;

// Display the converted distance
d.display(); // Output: 16 feet 3.36 inches

return 0;
}

Example (Using (=) Operator Overloading)



User-defined to Basic Type

• In this type of conversion the source type is class type and the
destination type is basic type, i.e. class data type is converted into
the basic type.

• The constructor functions do not support this operation.

• It requires special casting operator function.

• The syntax for an overloaded casting operator function, usually
referred to as a conversion function, is:

operator typename( )

{

//Function statements

}



Continued…

• The conversion function should satisfy the following condition:

 It must be a class member.

 It must not specify the return value.

 It must not have any argument.



Example #include<iostream> 

using namespace std; class Time

{

int hrs, min;

public:

Time (int ,int); // constructor

operator int(); // casting operator function

~Time() // destructor

{

cout<<"Destructor called..."<<endl;

}

};

Time::Time (int a,int b)

{

cout<<"Constructor called with two parameters..."<<endl; hrs=a;

min=b;

}



Continued…

Time :: operator int()

{

cout<<"Class Type to Basic Type

Conversion..."<<endl; 

return(hrs*60+min);

}

int main()

{

int h, m, duration; 

cout<<"Enter Hours ";

cin>>h;

cout<<"Enter Minutes ";

cin>>m;

Time t(h,m); 

duration = t;

// construct object

// casting conversion

OR duration = (int)t

cout<<"Total Minutes are "<<duration;

cout<<"2nd method operator overloading "<<endl; 

duration = t.operator int();

cout<<"Total Minutes are "<<duration;

return 0;

}



#include <iostream>
using namespace std;

class Distance {
private:

int feet;
float inches;

public:
Distance(int f, float i) : feet(f), inches(i) {}

operator int() { // convert Distance to int
return feet + static_cast<int>(inches / 12); 

}
operator float() {

float totalFeet = feet + (inches / 12);
return totalFeet / 3.281; // Convert feet to meters

}

void display() const {
cout << feet << " feet " << inches << " inches" << endl;

}
};

int main() {
Distance d(10, 6); // 10 feet 6 inches

// Implicit conversion from Distance to int
int totalFeet = d;
cout << "Total feet (as int): " << totalFeet << endl;

// Implicit conversion from Distance to float (in meters)
float totalMeters = d;
cout << "Total meters (as float): " << totalMeters << " 

meters" << endl;

return 0;
}

Example-2

static_cast<int> is a type of casting operator in C++ that is 
used to perform explicit type conversions between 
compatible types. It is a safer and more precise alternative 
to C-style casting (type)value and is part of C++'s explicit 
type conversion mechanisms.

Syntax: static_cast<new_type>(expression);



User-defined to User-defined Type

• In this type of conversion both the type that is source type and 
the destination type are of class type.

• Conversion from one class to another class can be performed  
either by using the constructor or type conversion function.



#include <iostream>
using namespace std;

class Distance {
private:

int feet;
float inches;

public:
Distance(int f, float i) : feet(f), inches(i) {}
int getFeet() { return feet; }
float getInches() { return inches; }

};

class MetricDistance {
private:

float meters;
public:

// Conversion constructor from Distance to MetricDistance

MetricDistance(Distance d) {
meters = (d.getFeet() + d.getInches() / 12) / 3.281;

}

void display() {
cout << meters << " meters" << endl;

}
};

int main() {
Distance d(10, 6); // 10 feet 6 inches
MetricDistance md = d; 

// Conversion to MetricDistance
md.display(); // Output: 3.2 meters
return 0;

}

Example



Example

#include<iostream>

using namespace std;

class Time{

private:

int hrs, min;

public:

Time(int h=0,int m=0): hrs(h), min(m){}

int getMinutes(){
int tot_min = ( hrs * 60 ) + min ;
return tot_min;
}
void display() {
cout<<"Hours: "<<hrs<<endl;
cout<<" Minutes : "<<min <<endl ;
}

};

class Minute{

private:

int min;

public:

Minute():min(0){}

void operator=(Time T) {

min=T.getMinutes();

}

void display()

{

cout<<"\n Total Minutes : " <<min<<endl;

}

};

int main()

{

Time t1(2,30);

t1.display();  

Minute m1;

m1.display();

m1 = t1; 

t1.display();

m1.display();

return 0;

}

// conversion from

Time to Minute



Type Conversions Summary

Conversion  
required

Conversion takes place in

Source Class Destination Class

Basic to Class Not Applicable Constructor

Class to Basic Casting Operator Not Applicable

Class to Class Casting Operator Constructor



Thanks


