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Unit IV 

 

Addresses and pointers 

Pointers are powerful features of C++ that differentiates it from other programming languages like Java 

and Python. Pointers are used in C++ program to access the memory and manipulate the address. 

 

Address in C++ 

Each variable you create in your program is assigned a location in the computer's memory. The value the 

variable stores is actually stored in the location assigned.To know where the data is stored, C++ has an & 

operator. The & (reference) operator gives you the address occupied by a variable.Ifvar is a variable then, 

&var gives the address of that variable. 

Example 1: Address in C++ 

#include <iostream> 

using namespace std; 

int main() 

{ 

int var1 = 3; 

int var2 = 24; 

int var3 = 17; 

cout<<&var1 <<endl; 

cout<<&var2 <<endl; 

cout<<&var3 <<endl; 

} 

Output 

0x7fff5fbff8ac 

0x7fff5fbff8a8 

0x7fff5fbff8a4 

The 0x in the beginning represents the address is in hexadecimal form. 

Pointers Variables 

C++ gives you the power to manipulate the data in the computer's memory directly. Pointers variables are 

variables that points to a specific address in the memory pointed by another variable. 

How to declare a pointer? 

int *p; 

      OR, 

int* p; 

The statement above defines a pointer variable p. It holds the memory address 

The asterisk is a dereference operator which means pointer to. 

 

Here, pointer p is a pointer to int, i.e., it is pointing to an integer value in the memory address. 

Reference operator (&) and Deference operator (*) 

Reference operator (&) as discussed above gives the address of a variable. 

To get the value stored in the memory address, we use the dereference operator (*). 

Example 2: C++ Pointers 

#include <iostream> 

using namespace std; 

int main() { 

int *pc, c; 

     c = 5; 

cout<< "Address of c (&c): " <<&c <<endl; 
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cout<< "Value of c (c): " << c <<endl<<endl; 

 

pc = &c;    // Pointer pc holds the memory address of variable c 

cout<< "Address that pointer pc holds (pc): "<< pc <<endl; 

cout<< "Content of the address pointer pc holds (*pc): " << *pc <<endl<<endl; 

 

    c = 11;    // The content inside memory address &c is changed from 5 to 11. 

cout<< "Address pointer pc holds (pc): " << pc <<endl; 

cout<< "Content of the address pointer pc holds (*pc): " << *pc <<endl<<endl; 

 

    *pc = 2;  

cout<< "Address of c (&c): " <<&c <<endl; 

cout<< "Value of c (c): " << c <<endl<<endl; 

 

return 0; 

} 

Output 

Address of c (&c): 0x7fff5fbff80c 

Value of c (c): 5 

 

Address that pointer pc holds (pc): 0x7fff5fbff80c 

Content of the address pointer pc holds (*pc): 5 

 

Address pointer pc holds (pc): 0x7fff5fbff80c 

Content of the address pointer pc holds (*pc): 11 

 

Address of c (&c): 0x7fff5fbff80c 

Value of c (c): 2 

 

Pointer and arrays 

Pointers are the variables that hold address. Not only can pointers store address of a single variable, it can 

also store address of cells of an array. 

Example 1: C++ Pointers and Arrays 

C++ Program to display address of elements of an array using both array and pointers 

#include <iostream> 

using namespace std; 

int main() 

{ 

floatarr[5]; 

float *ptr; 

cout<< "Displaying address using arrays: " <<endl; 

for (int i = 0; i < 5; ++i) 

    { 

cout<< "&arr[" << i << "] = " <<&arr[i] <<endl; 

    } 

    // ptr = &arr[0] 

ptr = arr; 

 

cout<<"\nDisplaying address using pointers: "<<endl; 
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for (int i = 0; i < 5; ++i) 

    { 

cout<< "ptr + " << i << " = "<<ptr + i <<endl; 

    } 

return 0; 

} 

 

Output 

Displaying address using arrays:  

&arr[0] = 0x7fff5fbff880 

&arr[1] = 0x7fff5fbff884 

&arr[2] = 0x7fff5fbff888 

&arr[3] = 0x7fff5fbff88c 

&arr[4] = 0x7fff5fbff890 

 

Displaying address using pointers:  

ptr + 0 = 0x7fff5fbff880 

ptr + 1 = 0x7fff5fbff884 

ptr + 2 = 0x7fff5fbff888 

ptr + 3 = 0x7fff5fbff88c 

ptr + 4 = 0x7fff5fbff890 

In the above program, a different pointer ptr is used for displaying the address of array elements arr. 

But, array elements can be accessed using pointer notation by using same array name arr. For example: 

intarr[3]; 

&arr[0] is equivalent to arr 

&arr[1] is equivalent to arr + 1 

&arr[2] is equivalen to arr + 2 

 

Example 2: C++ Pointer and Array 

C++ Program to insert and display data entered by using pointer notation. 

#include <iostream> 

using namespace std; 

int main() { 

floatarr[5]; 

       // Inserting data using pointer notation 

cout<< "Enter 5 numbers: "; 

for (int i = 0; i < 5; ++i) { 

cin>> *(arr + i) ; 

    } 

    // Displaying data using pointer notation 

cout<< "Displaying data: " <<endl; 

for (int i = 0; i < 5; ++i) { 

cout<< *(arr + i) <<endl ; 

    } 

return 0; 

} 

Output 

Enter 5 numbers: 2.5 

3.5 
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4.5 

5 

2 

Displaying data:  

2.5 

3.5 

4.5 

5 

2 

 

Pointer and Function pointer 

This method used is called passing by value because the actual value is passed.However, there is another 

way of passing an argument to a function where where the actual value of the argument is not passed. 

Instead, only the reference to that value is passed. 

Example 1: Passing by reference without pointers 

#include <iostream> 

using namespace std; 

 

// Function prototype 

void swap(int*, int*); 

int main() 

{ 

int a = 1, b = 2; 

cout<< "Before swapping" <<endl; 

cout<< "a = " << a <<endl; 

cout<< "b = " << b <<endl; 

 

swap(&a, &b); 

 

cout<< "\nAfter swapping" <<endl; 

cout<< "a = " << a <<endl; 

cout<< "b = " << b <<endl; 

return 0; 

} 

void swap(int* n1, int* n2) { 

int temp; 

temp = *n1; 

    *n1 = *n2; 

    *n2 = temp; 

} 

Output 

Before swapping 

a = 1 

b = 2 

 

After swapping 

a = 2 

b = 1 
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Memory management: New and Delete 

Arrays can be used to store multiple homogenous data but there are serious drawbacks of using arrays. 

we should allocate the memory of an array when you declare it but most of the time, the exact memory 

needed cannot be determined until runtime. 

To avoid wastage of memory, you can dynamically allocate memory required during runtime using new 

and delete operator in C++. 

Example 1: C++ Memory Management 

C++ Program to store GPA of n number of students and display it where n is the number of students 

entered by user. 

#include <iostream> 

using namespace std; 

class Test 

{ 

private: 

intnum; 

float *ptr; 

public: 

Test() 

    { 

cout<< "Enter total number of students: "; 

cin>>num; 

 

ptr = new float[num]; 

 

cout<< "Enter GPA of students." <<endl; 

for (int i = 0; i <num; ++i) 

        { 

cout<< "Student" << i + 1 << ": "; 

cin>> *(ptr + i); 

        } 

    } 

        ~Test() { 

delete[] ptr; 

    } 

 

void Display() { 

cout<< "\nDisplaying GPA of students." <<endl; 

for (int i = 0; i <num; ++i) { 

cout<< "Student" << i+1 << " :" << *(ptr + i) <<endl; 

        } 

    } 

}; 

int main() { 

    Test s; 

s.Display(); 

return 0; 

} 

Output: 

Enter total number of students: 4 
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Enter GPA of students. 

Student1: 3.6 

Student2: 3.1 

Student3: 3.9 

Student4: 2.9 

 

Displaying GPA of students. 

Student1 :3.6 

Student2 :3.1 

Student3 :3.9 

Student4 :2.9 

When the object s is created, the constructor is called which allocates the memory for num floating-point 

data. 

When the object is destroyed, i.e, when the object goes out of scope, destructor is automatically called. 

 

 

The new Operator 

ptr = new float[num]; 

This expression in the above program returns a pointer to a section of memory just large enough to hold 

the num number of floating-point data. 

 

The delete Operator 

Once the memory is allocated using new operator, it should released back to the operating system. 

If the program uses a large amount of memory using new, system may crash because there will be no 

memory available for the operating system. 

The following expression returns memory back to the operating system. 

delete [] ptr; 

The brackets [] indicates the array has been deleted. If you need to delete a single object then, you don't 

need to use brackets. 

deleteptr; 

 

Pointers to objects 

A variable that holds an address value is called  a pointer variable or simply pointer. 

Pointer can point to objects as well as to simple data types and arrays. 

we can use new to create  objects while the program is running. new returns a pointer to an unnamed 

objects.  

Example: 

#include <iostream> 

#include <string> 

using namespace std; 

class student 

{ 

private: 

introllno; 

string name; 

public: 

student():rollno(0),name("") 

            {} 

student(int r, string n): rollno(r),name (n) 
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            {} 

void get() 

            { 

cout<<"enter roll no"; 

cin>>rollno; 

cout<<"enter  name"; 

cin>>name; 

            } 

void print() 

            { 

cout<<"roll no is "<<rollno; 

cout<<"name is "<<name; 

            } 

}; 

void main () 

{ 

student *ps=new student; 

            (*ps).get(); 

            (*ps).print(); 

deleteps; 

} 

 

Dangling pointer 

A pointer pointing to a memory location that has been deleted (or freed) is called dangling pointer. There 

are three different ways where Pointer acts as dangling pointer. 

De-allocation of memory 

// Deallocating a memory pointed by ptr causes 

 

 

 

// dangling pointer 

#include <stdlib.h> 

#include <stdio.h> 

int main() 

{ 

int *ptr = (int *)malloc(sizeof(int)); 

 

    // After below free call, ptr becomes a  

    // dangling pointer 

free(ptr);  

 

    // No more a dangling pointer 

ptr = NULL; 

} 

 

Virtual Function 

Giving new implementation of base class method into derived class and the calling of this new 

implemented function with derived class's object is called function overriding. 
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Giving new implementation of derived class method into base class and the calling of this new 

implemented function with base class's object is done by making base class function as virtual function. 

Virtual function is used in situation, when we need to invoke derived class function using base class 

pointer. We must declare base class function as virtual using virtual keyword preceding its normal 

declaration. The base class object must be of pointer type so that we can dynamically replace the address 

of ase lass fu tio  ith deri ed lass fu tio . This is ho  e a  a hie e "‘u ti e Pol orphis . If 
we doesn't use virtual keyword in base class, base class pointer will always execute function defined in 

base class. 

Example of virtual function 

 

       #include<iostream.h> 

       #include<conio.h> 

classBaseClass 

       { 

 

public: 

virtual void Display() 

               { 

cout<<"\n\tThis is Display() method of Base Class"; 

               } 

 

void Show() 

               { 

cout<<"\n\tThis is Show() method of Base Class"; 

               } 

       }; 

Class Derived Class : public BaseClass 

       { 

public: 

void Display() 

               { 

cout<<"\n\tThis is Display() method of Derived Class"; 

               } 

 

void Show() 

               { 

cout<<"\n\tThis is Show() method of Derived Class"; 

               } 

       }; 

void main() 

       { 

Derived Class D; 

BaseClass *B;            //Creating Base Class Pointer 

              B = new BaseClass; 

              B->Display();            //This will invoke Display() method of Base Class 

              B->Show();               //This will invoke Show() method of Base Class 

              B=&D; 

              B->Display();            //This will invoke Display() method of Derived Class 

                                               //bcozDisplay() method is virtual in Base Class 
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              B->Show();               //This will invoke Show() method of Base Class 

                                               //bcozShow() method is not virtual in Base Class 

 

       } 

Output : 

              This is Display() method of Base Class 

              This is Show() method of Base Class 

              This is Display() method of Derived Class 

              This is Show() method of Base Class 

 

Friend Function 

Private members are accessed only within the class they are declared. Friend function is used to access the 

private and protected members of different classes. It works as bridge between classes. Friend function 

must be declared with friend keyword. It must be declare in all the classes from which we need to access 

private or protected members. It will be defined outside the class without specifying the class name. Friend 

function will be invoked like normal function, without any object. 

 

Example of friend function 

 #include<iostream.h> 

 classRectangleTwo; 

 classRectangleOne 

 { 

  int L,B; 

  public: 

  RectangleOne(intl,int b) 

  { 

  L = l; 

  B = b; 

  } 

 

  friend void Sum(RectangleOne, RectangleTwo); 

 }; 

 Class RectangleTwo 

 { 

  int L,B; 

  public: 

  Rectangle Two(intl,int b) 

  { 

  L = l; 

  B = b; 

  } 

 

  friend void Sum(Rectangle One, Rectangle Two); 

 }; 

 void Sum(RectangleOne R1,RectangleTwo R2) 

 { 

  cout<<"\n\t\tLength\tBreadth"; 

  cout<<"\n Rectangle 1  :   "<<R1.L<<"\t  "<<R1.B; 

  cout<<"\n Rectangle 2  :   "<<R2.L<<"\t  "<<R2.B; 
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  cout<<"\n -------------------------------"; 

  cout<<"\n\tSum   :   "<<R1.L+R2.L<<"\t  "<<R1.B+R2.B; 

  cout<<"\n -------------------------------"; 

 } 

 void main() 

 { 

  RectangleOneRec1(5,3); 

  RectangleTwoRec2(2,6); 

  Sum(Rec1,Rec2); 

 

 } 

 

 Output : 

 Sum :      7          9 

  

Static Functions 

Static member functions have a class scope and they do not have access to the this  poi ter of the lass. 
When a member is declared as static, a static member of class, it has only one data for the entire class 

even though there are many objects created for the class. The main usage of static function is when the 

programmer wants to have a function which is accessible even when the class is not instantiated. Static 

function is defined by using the keyword static before the member function that is to be declared as static 

function. 

Syntax 

staticreturn_data_typefunction_name() 

//Static function defined with keyword static 

{ 

statement1; 

//Statements for execution inside static function 

statement2; 

... 

... 

} 

 

Friend Class 

A friend class can access all the private and protected members of other class.In order to access the private 

and protected members of a class into friend class we must pass on object of a class to the member 

functions of friend class. 

 

Example of C++ friend class: 

 #include<iostream.h> 

 class Rectangle 

 { 

  int L,B; 

  public: 

  Rectangle() 

  { 

   L=10; 

   B=20; 

  } 
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  friend class Square;        //Statement 1 

 }; 

 class Square 

 { 

  int S; 

  public: 

  Square() 

  { 

   S=5; 

  } 

  void Display(Rectangle Rect) 

  { 

   cout<<"\n\n\tLength : "<<Rect.L; 

   cout<<"\n\n\tBreadth : "<<Rect.B; 

   cout<<"\n\n\tSide : "<<S; 

  } 

 }; 

 void main() 

 { 

  Rectangle R; 

  Square S; 

  S.Display(R);       //Statement 2 

 } 

 

 Output : 

  Length : 10 

  Breadth : 20 

  Side : 5 

In the above example, we have created two classes Rectangle and Square. Using statement 1 we have 

made Square class, a friend class of Rectangle class. In order to access the private and protected members 

of Rectangle class into Square class we must explicitly pass an object of Rectangle class to the member 

functions of Square class as shown in statement 2.This is similar to passing an object as function argument 

but the difference is, an object (R) we are passing as argument is of different class (Rectangle) and the 

calling object is of different class (Square). 

Copy initialization 

Consider the following line of code: 

int x = 5; 

This statement uses copy initialization to initialize newly created integer variable x to the value of 5. 

Copy initialization for classes: 

#include <iostream> 

class Fraction 

{ 

private: 

intm_numerator; 

intm_denominator; 

public: 

    // Default constructor 
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Fraction(int numerator=0, int denominator=1) : 

m_numerator(numerator), m_denominator(denominator) 

    { 

assert(denominator != 0); 

    } 

friendstd::ostream& operator<<(std::ostream& out, const Fraction &f1); 

}; 

std::ostream& operator<<(std::ostream& out, const Fraction &f1) 

{ 

 out<< f1.m_numerator << "/" << f1.m_denominator; 

 return out; 

} 

int main() 

{ 

    Fraction six = Fraction(6);  

std::cout<< six; 

return 0; 

} 

output: 

6/1 

This form of copy initialization is evaluated the same way as the following: 

 Fraction six(Fraction(6)); 

 

This Pointer 

C++ provides a keyword 'this', which represents the current object and passed as a hidden argument to all 

member functions. The this pointer is a constant pointer that holds the memory address of the current 

object. The this pointer is not available in static member functions as static member functions can be called 

without any object. static member functions can be called with class name. 

Example of this pointer 

 #include<iostream.h> 

 #include<conio.h> 

 #include<string.h> 

 class Student 

 { 

  int Roll; 

  char Name[25]; 

  float Marks; 

 

  public: 

  Student(intR,floatMks,char Nm[])           //Constructor 1 

  { 

   Roll = R; 

   strcpy(Name,Nm); 

   Marks = Mks; 

  } 

  Student(char Name[],float Marks,int Roll)      //Constructor 2 

  { 

   Roll = Roll; 

   strcpy(Name,Name); 
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   Marks = Marks; 

  } 

  Student(intRoll,char Name[],float Marks)       //Constructor 3 

  { 

   this->Roll = Roll; 

   strcpy(this->Name,Name); 

   this->Marks = Marks; 

  } 

  void Display() 

  { 

   cout<<"\n\tRoll : "<<Roll; 

   cout<<"\n\tName : "<<Name; 

   cout<<"\n\tMarks : "<<Marks; 

  } 

 }; 

 void main() 

 { 

  Student S1(1,89.63,"Sumit"); 

  Student S2("Kumar",78.53,2); 

  Student S3(3,"Gaurav",68.94); 

 

  cout<<"\n\n\tDetails of Student 1 : "; 

  S1.Display(); 

 

  cout<<"\n\n\tDetails of Student 2 : "; 

  S2.Display(); 

 

  cout<<"\n\n\tDetails of Student 3 : "; 

  S3.Display(); 

 

 } 

 

 Output : 

 Details of Student 1 : 

 Roll : 1 

 Name :Sumit 

 Marks : 89.63 

 

 Details of Student 2 : 

 Roll : 31883 

 Name : ?&;6•#?#?6•#N$?%_5$? 

 Marks : 1.07643e+24 

 

 Details of Student 3 : 

 Roll : 3 

 Name :Gaurav 

 Marks : 68.94 
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In constructor 1,variables declared in argument list different from variables declared as class data 

members. When compiler doesn't find Roll, Name, Marks as local variable, then, it will find Roll, Name, 

Marks in class scope and assign values to them. 

But Constructor 2 will not initialize class data members. When we pass values to constructor 2, it will 

initialize values to itself local variables because variables declared in argument list and variable declared as 

data members are of same name. 

In this situation, we use 'this' pointer to differentiate local variable and class data members as shown in 

constructor 3. 

 

Dynamic type information 

In C++, RTTI (Run-ti e t pe i for atio  is a e ha is  that e poses i for atio  a out a  o je t s data 
type at runtime and is available only for the classes which have at least one virtual function. It allows the 

type of an object to be determined during program execution 

For e a ple, d a i _ ast uses ‘TTI a d follo i g progra  fails ith error a ot d a i _ ast `  of 
t pe ` lass B*  to t pe ` lass D*  sour e t pe is ot pol orphi   e ause there is o irtual fu tio  i  
the base class B. 

 

// Dynamic/Run Time Type Identification  

#include<iostream> 

using namespace std; 

class B  

{  

virtual void fun() {} 

 }; 

class D:  

public B 

 {  

 }; 

 

int main() 

{ 

    B *b = new D; 

    D *d = dynamic_cast<D*>(b); 

if(d != NULL) 

cout<< "works"; 

else 

cout<< "cannot cast B* to D*"; 

getchar(); 

return 0; 

} 

 

Output: 

works 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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