
OOPC++ 

• created by Bjarne Stroustrup, Bell Labs 

• originally C with Classes, renamed as C++ in 1983 

• most recent specification of language in ISO/IEC 14882:2014 

(informally known as “C++14”) 

• directly supports object-oriented and generic programming 

maintains efficiency of C 

• application domains: systems software, application software, 

device drivers, embedded software, high-performance server and 

client applications, entertainment software such as video games, 

native code for Android applications 

• greatly influenced development of C# and Java 



 

Introduction to Object Oriented Programming 

 
Object-oriented programming (OOP) is a programming 

paradigm using "objects" – data structures consisting 

of data fields and methods together with their 

interactions – to design applications and computer 

programs. Programming techniques may include 

features such as data abstraction, encapsulation, 

messaging, modularity, polymorphism, and 

inheritance. Many modern programming languages 

now support OOP. 



Programming paradigms 

• procedural – implement algorithms via functions 
(variables, functions, etc.) 

• modular – partition program into modules (separate 
compilation) 

• object-oriented – divide problem into classes (data 
hiding, inheritance) 

• abstract – separate interface from implementation 
(abstract classes) 

• generic – manipulate arbitrary data types (STL: 
containers, algorithms) 



Class 
 

 

In object-oriented programming, a class is a construct that is used as a 

blueprint to create instances of the class (class instances, class objects, 

instance objects or just objects). A class defines constituent members which 

enable class instances to have state and behavior. Data field members 

(member variables or instance variables) enable a class object to maintain 

state. Other kinds of members, especially methods, enable a class object's 

behavior. Class instances are of the type of the associated class. 

 
For example, an instance of the class "Fruit" (a "Fruit" object) would be of 

the type "Fruit". A class usually represents a noun, such as a person, place or 

(possibly quite abstract) thing. Programming languages that include classes 

as a programming construct subtly differ in their support for various class- 

related features. Most support various forms of class inheritance. Many 

languages also support advanced encapsulation control features, such as 

access specifiers. 



Object 
 

 

 

 

 

Object is an run time entity. 

Is an Instance of class 

Represents a Place ,Person ,anything that have some 

attributes. 



Objects and Instances 
 

 

 

 

 

There is a very important distinction between an object 

and an instance of an object. An object is actually a 

definition, or a template for instances of that object. An 

instance of an object is an actual thing that can be 

manipulated. For instance, we could define a Person 

object, which may include such member data as hair 

color, eye color, height, weight, etc. An instance of this 

object could be "Dave" and Dave has values for hair 

color, eye color, etc. This allows for multiple instances of 

an object to be created. 



 

Data Encapsulation and Abstraction: 

 
Data encapsulation, sometimes referred to as data hiding. 

 
Data Encapsulation and Data Abstraction is one of the most 

striking feature of object oriented programming. 

 
The wrapping up of data and code into a single unit is 

called data encapsulation. The data is not accessible to the 

outside world only those functions which are wrapped into 

a class can only access the private data of the class. 

Contd… 



 

 

A superclass, base class, or parent class is a class from 

which other classes are derived. The classes that are 

derived from a superclass are known as child classes, 

derived classes, or subclasses. 

 
In object-oriented programming (OOP), inheritance is 

a way to compartmentalize and reuse code by creating 

collections of attributes and behaviors called objects 

which can be based on previously created objects. 



 

Variable Declarations and Definitions: 

 
variable declaration (a.k.a. object declaration) introduces 
identifier that names object and specifies type of object 

variable definition (a.k.a. object definition) provides all 
information included in variable declaration and also causes 
object to be created (e.g., storage allocated for object) 

example: 

int count; 

// declare and define count 

double alpha; 

// declare and define alpha 

extern double gamma; 

// declare (but do not define) gamma 



 

Arrays: 
array is collection of one or more objects of same type that are stored 

contiguously in memory 

each element in array identified by (unique) integer index, with indices 

starting from zero 

array denoted by [] 

example: 

double x[10]; // array of 10 doubles 

int data [512][512]; // 512 by 512 array of ints 

elements of array accessed using subscripting operator [] 

example: 

int x[10]; 

// elements of arrays are x[0], x[1], ..., x[9] 

in C++ rarely ever need to use arrays 

use std::array or std::vector type instead (as this has many 

practical advantages over array) 

will revisit std::array and std::vector types later 



 

Array Example 

code: 

int a[4] = {1, 2, 3, 4}; 

assumptions (for some completely fictitious C++ language 

implementation): 

sizeof(int) is 4 

array a starts at address 1000 

memory layout: 

Address Name 

1000 a[0] 

1004 a[1] 

1008 a[2] 

1012 a[3] 



 

Pointers: 

pointer is object whose value is address in memory where another object is stored 

pointer to object of type Tdenoted by T* 

null pointer is special pointer value that does not refer to any valid 

memory location 

null pointer value provided by nullptr keyword 

accessing object to which pointer refers called dereferencing 

dereferencing pointer performed by indirection operator (i.e., “*”) if pis 

pointer, *pis object to which pointer refers 

if xis object of type T, &xis address of object (which has type T*) 

example: 

char c; 
 

 
 

char* cp = nullptr; // 
char* cp2 = &c; // cp2 

cp is pointer to char is pointer to 
char 



 

Reference: 

reference is alias (i.e., nickname) for already existing object two 

kinds of references: 

1 lvalue reference 

2 rvalue reference 

• lvalue reference to object of type Tdenoted by T& rvalue 

reference to object of type Tdenoted by T&& initializing 

reference called reference binding 

• lvalue and rvalue references differ in their binding properties (i.e., to what kinds 

of objects reference can be bound) 

• in most contexts, lvalue references usually needed 

• rvalue references used in context of move constructors and move 

assignment operators (to be discussed later) 

example: 

int x; 
int& y = x; // y is lvalue reference to int 
int&& tmp = 3; // tmp is rvalue reference to int 
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References Example: 

code: 
 

int 

int& 

assert(j 

i = 42; 

j = i; 

== 42); 
 

assumptions (for some completely fictitious C++ language 

implementation): 

sizeof(int)is 4 

&iis ((int*)1000) 

memory layout: 
 

Address 

1000 

Name 

i, j 42 



 

Addresses, Pointers, and References 
 



 

Operators: 
 

Arithmetic Operators 

 
 

Bitwise Operators 
 

Operator Name Syntax 

bitwise NOT 

bitwise AND 

bitwise OR 

bitwise XOR 

arithmetic left shift 

arithmetic right shift 

ã 

a & b 

a | b 

a ̂  b 

a << 

b a 

>> b 

Operator Name Syntax 

addition 

subtraction 

unary plus 

unary minus 

multiplicatio 

n division 

modulo (i.e., remainder) 

pre-increment 

post-increment 

pre-decrement 

post-decrement 

a + b 

a - b 

+a 

-a 

a * b 

a / b 

a % b 

++ 

a 

a+ 

+ 

--a 

a-- 

 



Operators (Continued 1) 
 

 

 

 

Assignment and 

Compound-Assignment Operators 
 

Operator Name Syntax 

assignment a 

a 

a 

a 

a 

a 

a 

= b 

+= b 

-= b 

*= b 

/= b 

%= b 

&= b 

|= b 

ˆ= b 

<<= b 

>>= b 

addition assignment 

subtraction assignment 

multiplication assignment 

division assignment 

modulo assignment 

bitwise AND assignment 

bitwise OR assignment 

bitwise XOR assignment  

arithmetic left shift assignment  

arithmetic right shift assignment  



Operators (Continued 2) 
 

 

 

Logical/Relational Operators 

Member and Pointer Operators 
 
 

 

 

 

Operator Name Syntax 

array subscript 

indirection address 

of member 

selection member 

selection member 

selection member 

selection 

a[b] 

*a 

&a 

a.b 

a->b 

a.*ba- 

>*b 
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Operator Name Syntax 

equal 

not equal 

greater than 

less than 

greater than or equal less 

than or equal logical 

negation logical AND 

 
logical OR 

a == b 

a != b 

a > b 

a < b 

a >= b 

a <= b 

!a 

a && b 

a || b 

 



 

Operators (Continued 4) 
 

Other Operators (Continued) 
 

 

Operator Name Syntax 

type ID 

type cast 

const cast 

static cast 

dynamic cast 

reinterpret cast 

throw noexcept 

typeid(a) 

(T) a const_cast<T>(a) 

static_cast<T>(a) 

dynamic_cast<T>(a) 

reinterpret_cast<T>(a) throw a 

noexcept(e) 



 

Operator Precedence 
 

 

 

 

 

 

Precedence Operator Name Associativity 
    

1 :: scope resolution none 

2 . member selection (object) left to right 

-> member selection (pointer) 

[] subscripting 

() function call 

++ postfix increment 

-- postfix decrement 



 

Operator Precedence (Continued 1) 
 

 

 

Precedence Operator Name Associativity 
    

3 sizeof size of object/type right to left 

++ prefix increment 

-- prefix decrement 

˜ bitwise NOT 

! logical NOT 

- unary minus 

+ unary plus 

& address of 

* indirection 

new allocate storage 

new[] allocate storage (array) 

delete deallocate storage 

delete[] deallocate storage (array) 

() cast 



 

Precedence Operator Name Associativity 
 

4 .* 

->* 

member selection (objects) 

member selection (pointers) 

left to right 

5 * 

/ 

% 

multiplication 

divisio 

n 

modul 

us 

left to right 

6 + 

- 

addition 

subtraction 

left to right 

7 << 

>> 

left shift 

right shift 

left to right 

8 < less than left to right 

<= less than or equal 

> greater than 

>= greater than or equal 

9 == equality left to right 

!= inequality 



 

 

 

 

 

 

 

 

 

 

Precedence Operator Name Associativity 
    

10 & bitwise AND left to right 

11 ˆ bitwise XOR left to right 

12 | bitwise OR left to right 

13 && logical AND left to right 

14 || logical OR left to right 

15 ? : ternary conditional right to left 



 

 

 
 

Precedence Operator Name Associativity 
    

16 = assignment right to left 

*= multiplication assignment 

/= division assignment 

%= modulus assignment 

+= addition assignment 

-= subtraction assignment 

<<= left shift assignment 

>>= right shift assignment 

&= bitwise AND assignment 

|= bitwise OR assignment 

ˆ= bitwise XOR assignment 

17 throw throw exception right to left 

18 , comma left to right 



 

Expressions 
 

 

 
 

An expression is a sequence of operators and operands that specifies a 

computation. 

An expression has a type and, if the type is not void, a value. 

A constant expression is an expression that can be evaluated at compile time 

(e.g., 1 +1). 

Example: 

 

 

 
int* p = &x; 
double d = 0.0; 
// Evaluate some 
// expressions here. 

Expression Type Value 

x 
y = x 
x + 1 
x * x + 2 * x y = 
x * x 
x == 42 
*p 
p == &x x 
> 2 * y 
std::sin(d) 

int int& 
int int 
int& 
bool 
int& 
bool 
bool 
double 

0 
reference to y 1 
0 
reference to y 
false 
reference to x 
true false 
0.0 

 

int x = 0; 
int y = 0; 

 



 

Operator Precedence/Associativity Example 
 

 

 

 

 
 

Expression Fully-Parenthesized Expression 

a + b + c ((a + b) + c) 

a = b = c (a = (b = c)) 

c = a + b (c = (a + b)) 

d = a && !b || c (d = ((a && (!b)) || c)) 

++*p++ (++(*(p++))) 

a | ̃ b & c ̂ d (a | (((˜b) & c) ̂ d)) 

a[0]++ + a[1]++ (((a[0])++) + ((a[1])++)) 

a + b * c / d % - g (a + (((b * c) / d) % (-g))) 

++p[i] (++(p[i])) 

--*++p (--(*(++p))) 

a += b += c += d (a += (b += (c += d))) 

z = a == b ? ++c : --d (z = ((a == b) ? (++c) : (--d))) 



 

Short-Circuit Evaluation 
 

 

 

 

logical and operator (i.e., &&): 

groups left-to-right 

result true if both operands are true, and false otherwise second 

operand is not evaluated if first operand is false 

logical or operator (i.e., ||): 

groups left-to-right 

result is true if either operand is true, and false otherwise second 

operand is not evaluated if first operand is true 

example: 

int x = 0; 
bool b = (x == 0 || ++x == 1); 
// b equals 
b = (x != 0 
// b equals 

true; x equals 0 
&& ++x == 1); 
false; x equals 0 

 

above behavior referred to as short circuit evaluation 



 

The sizeofOperator 

 
• sizeofoperator is used to query size of object or object 

type (i.e., amount of storage required) 

• for object type T, sizeof(T)yields size of Tin bytes (e.g., 

• sizeof(int), sizeof(int[10])) 

• for expression e, sizeof eyields size of object required to hold 

result of 

• ein bytes (e.g., sizeof(&x)where xis some object) 

• sizeof(char), sizeof(signed char), and 

• sizeof(unsigned char)guaranteed to be 1 

• byte is at least 8 bits (usually exactly 8 bits except on 

more exotic platforms) 



 

Explicit type conversion 

• C++ casts 
– static_cast between 2 related types 

(int/float, int/enum, 2 pointers in class hierarchy) 

– reinterpret_cast between 2 unrelated types (int/ptr, 
pointers to 2 unrelated classes) 

– const_cast cast away constness 

– dynamic_cast used for polymorphic types 
Run-time type info (RTTI) 

• Avoid casts, but use these instead of C casts 
– e.g., compiler can perform minimal checking for 

static_cast, none for reinterpret_cast 



 

The while Loop 

• The general form of the while statement is: 
while (expression) 

statement 

while is a reserved word 

• Statement can be simple or compound 

• Expression acts as a decision maker and is 
usually a logical expression 

• Statement is called the body of the loop 

• The parentheses are part of the syntax 



The while Loop (continued) 
 

 

 

 

 

• Expression provides an entry condition 

 
• Statement executes if the expression initially 

evaluates to true 
 

• Loop condition is then reevaluated 

 
• Statement continues to execute until the 

expression is no longer true 



The while Loop (continued) 
 

 

 
 

• Infinite loop: continues to execute endlessly 

 
• Can be avoided by including statements in the 

loop body that assure exit condition will 

eventually be false 



 

 



 

The for Loop 

• The general form of the for statement is: 

for (initial statement; loop condition; 

update statement) 
 

statement 
 

• The initial statement, loop condition, and 

update statement are called for loop control 

statements 



 

The for loop executes as follows: 

1. The initial statement executes. 

2. The loop condition is evaluated. If the loop condition 

evaluates to true 

i. Execute the for loop statement. 

ii. Execute the update statement (the third expression 

in the parentheses). 

3. Repeat Step 2 until the loop condition evaluates to false. 

 
The initial statement usually initializes a variable (called the for 

loop control, or for indexed, variable). 

In C++, for is a reserved word. 



 

 
 
 
 
 

 



 

The do…while Loop 

• The general form of a do...while statement is: 

do 

statement 

while (expression); 

• The statement executes first, and then the expression is 

evaluated 

• If the expression evaluates to true, the statement executes 

again 

• As long as the expression in a do...while statement is true, the 

statement executes 



 

The do…while Loop (continued) 
 

• To avoid an infinite loop, the loop body must 
contain a statement that makes the expression 
false 

• The statement can be simple or compound 

• If compound, it must be in braces 

• do...while loop has an exit condition and 
always iterates at least once (unlike for and 
while) 



 

 
 

 



 

break & continue Statements 

• break and continue alter the flow of control 

• When the break statement executes in a 

repetition structure, it immediately exits 

• The break statement, in a switch structure, 

provides an immediate exit 

• The break statement can be used in while, for, 

and do...while loops 



break & continue Statements (continued) 
 

 

 

 

• The break statement is used for two purposes: 

1. To exit early from a loop 

2. To skip the remainder of the switch structure 

• After the break statement executes, the 

program continues with the first statement 

after the structure 

• The use of a break statement in a loop can 

eliminate the use of certain (flag) variables 



break & continue Statements (continued) 
 

 

 

 
 

 

• continue is used in while, for, and 

do…while structures 

 
• When executed in a loop 

 
– It skips remaining statements and proceeds with 

the next iteration of the loop 



break & continue Statements (continued) 
 

 

 

 
 

 

• In a while and do…while structure 
 

– Expression (loop-continue test) is evaluated 

immediately after the continue statement 

 
• In a for structure, the update statement is 

executed after the continue statement 
 

– Then the loop condition executes 



 

C++ Switch Statements 
Use the switch statement to select one of many code blocks to be 

executed. 

Syntax: 

switch(expression) { 

case x: 

// code block 

break; 

case y: 

// code block 

break; 

default: 

// code block 

} 



 

What is The Syntactic Structure of a C++ 

Function? 

• A C++ function consists of two parts 

– The function header, and 

– The function body 

• The function header has the following syntax 

<return value> <name> (<parameter list>) 

• The function body is simply a C++ code 

enclosed between { } 



Example of User-defined 

C++ Function 

 

 

 

 

 
 

double computeTax(double income) 

{ 

if (income < 5000.0) return 0.0; 

double taxes = 0.07 * (income-5000.0); 

return taxes; 

} 



Example of User-defined 

C++ Function 

 

double computeTax(double income) 

 

 
 

 

 

{ 

if (income < 5000.0) return 0.0; 

double taxes = 0.07 * (income-5000.0); 

return taxes; 

} 

Function 

header 



 

Call by value: 

A function can be invoked in two manners (i)call by 

value (ii)call by reference The call by value method 

copies the value of actual parameters into formal 

parameters i.e the function creates its own copy of 

arguments and uses them. 

add(a,b); 

void add(int x,int y); 

{ --------; } Values of variables a and b are passed to 

X,Y Now if you change the value of X and Y, those 

changes are not seen in a and b 



 

Call by reference 

In call by reference method in place of calling 

a value to the function being called , a 

reference to the original variable is passed .i.e 

the same variable value can be accessed by 

any of the two names. 

add(a,b); 

void add(int &x,int &y); 

{ 

} 



 

Inline Functions 

• Sometimes, we use the keyword inline to define user- 
defined functions 
– Inline functions are very small functions, generally, one or 

two lines of code 

– Inline functions are very fast functions compared to the 
functions declared without the inline keyword 

• Example 

inline double degrees( double radian) 

{ 

return radian * 180.0 / 3.1415; 

} 



 

Example 

• Write a function to compute the distance between two 

points (x1, y1) and (x2, y2) 

 
Inline double distance (double x1, double y1, 

double x2, double y2) 

{ 

return sqrt(pow(x1-x2,2)+pow(y1-y2,2)); 

} 



 

Example 

Function Overloading 

• Write functions to return with the maximum number of two 
numbers 

 
inline int max( int x, int y) 

{ 

if (x>y) return x; else return y; 

} 

 
inline double max( double x, double y) 

{ 

An overloaded 

function is a 

function that is 

defined more than 

once with different 

data types or 

different number of 

parameters 

if (x>y) return x; else return y; 

} 
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Example of Reference Parameters 

#include <iostream.h> 

void fun(int &y) 

{ 

cout << y << endl; 

y=y+5; 

} 

void main() 

{ 

int x = 4; // Local variable 

fun(x); 

cout << x << endl; 

} 
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Constant Reference Parameters 

• Constant reference parameters are used under the 
following two conditions: 
– The passed data are so big and you want to save time and 

computer memory 

– The passed data will not be changed or updated in the 
function body 

• For example 

void report (const string & prompt); 

• The only valid arguments accepted by reference 
parameters and constant reference parameters are 
variable names 
– It is a syntax error to pass constant values or expressions to 

the (const) reference parameters 



 

Recursive Function 

• The recursive function is 

– a kind of function that calls itself, or 

– a function that is part of a cycle in the sequence of 

function calls. 
 

 

 

 

 

 
 

f1 f1 f2 … fn 



 

Problems Suitable for Recursive Functions 
 
• One or more simple cases of the problem have a 

straightforward solution. 

• The other cases can be redefined in terms of 
problems that are closer to the simple cases. 

• The problem can be reduced entirely to simple 
cases by calling the recursive function. 

– If this is a simple case 
solve it 

else 
redefine the problem using recursion 
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Trace of Function multiply(6,3) 
 

 

 
 

 

 

The recursive step. 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

The recursive step. 
 

 

 

 
 

The simple case. 



 

Dynamic Memory allocation 

• Every program needs storage to be allocated to it for 
various purposes. 

• When you write a program, you specify what storage 
it needs by declaring variables and instances of 
classes, e.g: 

int a,b,c; 

float nums[100]; 

Circle myCircle(2.0,3,3); etc... 

• Then when the program executes, it can make use of 
this memory 

• It is not possible for variables or objects to be added 
during the execution of a program 



 

Programs and Memory 

• In order to execute a program, it must be loaded into 
RAM (Random Access Memory). 

• A certain amount of RAM is allocated as the 
permanent storage for your program, and this is where 
the global variables are stored. 

• A dynamic region of memory called the stack is where 
local variables are stored. 

• This storage is fixed at compile time. 

• Remember, global variables hold their value for the 
lifetime of the program, while local variables only 
hold their value for the lifetime of the function they 
are declared in. 



 

• However, there are times when it is necessary for a 

program to make use of variable amounts of storage. 

• For example, you may want to write a program that 

reads in a list of numbers (until 999 is entered) and 

finds their average. 

• You may want to store the numbers in an array, but of 

what size? 

• Each time the program is run, the user may enter any 

number of numbers, maybe 5, 50 or 5000. 

• One solution is to declare an array of the maximum 

size that it could ever be. E.g int nums[10000]. 

• However, this is wasteful of memory, as you may very 

often use only a fraction of the space allocated. 



 

• The solution is to use dynamic allocation of memory. 

• This is the means by which a program can obtain 

memory while it is running. 

• Powerful support for dynamic memory allocation is 

provided in C++, with the operator new. 

• Memory allocated by C++'s dynamic allocation 

function is obtained from the heap. 

• The heap is a region of free memory area that lies 

between your program and its permanent storage area 

and the stack. 

• C++ also provides the operator delete, which releases 

the memory once the program doesn't need it 

anymore. 



 

The new operator 

• The new operator returns a pointer to allocated memory 

from the heap. 

• It returns a NULL pointer if there is insufficient 

memory to fulfill the allocation request. 

• The delete operator frees memory previously allocated 

using new. 

• Example of usage: 

int *ptr; //Pointer that can point to an integer 

ptr = new int; //Now it points to allocated memory 



 

Example: new 

int *ptr; //Pointer that can point to an integer 

ptr = new int; //Now it points to allocated memory 

 
if(!ptr) //NULL pointer returned 

{ 

cout << "Allocation error\n"; 

} 

else  
{ 

*p = 100; 

cout <<"Memory location: "<< ptr; 

cout <<" contains the int value: "<< *ptr <<endl; 

delete ptr; //deallocate the memory 

} 



 

The #define Preprocessor Directive: Symbolic 

Constants 

 
• #define 

– Preprocessor directive used to create symbolic constants and 
macros. 

• Symbolic constants 
– When program compiled, all occurrences of symbolic constant 

replaced with replacement text 

• Format 
#define identifier replacement-text 

– Example: #define PI 3.14159 

– everything to right of identifier replaces text 

#define PI = 3.14159 
• replaces "PI" with " = 3.14159", probably results in an error 

– Cannot redefine symbolic constants with more #define statements 



 

The #define Preprocessor Directive: Macros 

 

• Macro 
– Operation defined in #define 

– Macro without arguments: treated like a symbolic 
constant 

– Macro with arguments: arguments substituted for 
replacement text, macro expanded 

– Performs a text substitution - no data type checking 

 
Example: 
#define CIRCLE_AREA( x ) ( (PI) * ( x ) * ( x ) ) 

 
area = CIRCLE_AREA( 4 ); 

is expanded to 
area = ( 3.14159 * ( 4 ) * ( 4 ) ); 



The #define Preprocessor Directive: Macros 
 

 
 

• Use parenthesis 
– Without them: 
#define CIRCLE_AREA( x ) ((PI) * ( x ) * ( x )) 

#define CIRCLE_AREA( x ) PI * x * x 

area = CIRCLE_AREA( c + 2 ); 

becomes 
area = 3.14159 * c + 2 * c + 2; 

• Evaluates incorrectly 
• Macor’s advantage is that avoiding function overhead 

– Macro inserts code directly. 

• Macro’s disadvantage is that its argument may be evaluated more than once. 

 
double circleArea ( double x ) 

{ return 3.1415926 * x * x ; 

} 



The #define Preprocessor Directive: Macros 
 

 
 

 

 

 

 

 

• #undef 

– Undefines a symbolic constant or macro, which 

can later be redefined 

 
• #define getchar() getc ( stdin ) 



Conditional Compilation 
 

 
 

 

 
 

• Conditional compilation 
– Control preprocessor directives and compilation 

– Cast expressions, sizeof, enumeration constants cannot be 
evaluated 

• Structure similar to if 
#if !defined( NULL ) 

#define NULL 0 
#endif 

– Determines if symbolic constant NULL defined 
• If NULL is defined, defined(NULL) evaluates to 1 

• If NULL not defined, defines NULL as 0 

– Every #if ends with #endif 

– #ifdef short for #if defined(name) 

– #ifndef short for #if !defined(name) 



Conditional Compilation (II) 
 

 
 

 

 

 

 

 

• Other statements 
#elif - equivalent of else if in an if structure 

#else - equivalent of else in an if structure 

 

• "Comment out" code 
– Cannot use /* ... */ 

– Use /* to prevent it from being compiled */ 

#if 0 

code commented out 

#endif 

to enable code, change 0 to 1 



13.5 Conditional Compilation (III) 
 

 
 

 

 

 

 

 

• Debugging 
#define DEBUG 1 

#ifdef DEBUG 

printf (“ Variable x = %d \n”, x) ; 

#endif 

– Defining DEBUG enables code 

– After code corrected, remove #define statement 

– Debugging statements are now ignored 



Assertions 
 

 
 

 

 

 

• assert macro 

– Header <assert.h> 

– Tests value of an expression 

– If 0 (false) prints error message and calls abort 

assert( x <= 10 ); 

• If NDEBUG defined... 

– All subsequent assert statements ignored 

– #define NDEBUG 



 

 

 

 

 

 

Unit-2 

 

Classes and Objects 



 

Introduction 

• Object-oriented programming (OOP) 
– Encapsulation: encapsulates data (attributes) and 

functions (behavior) into packages called classes 

– Information hiding : implementation details are 
hidden within the classes themselves 

• Classes 
– Classes are the standard unit of programming 

– A class is like a blueprint – reusable 

– Objects are instantiated (created) from the class 

– For example, a house is an instance of a “blueprint 
class” 



 

Class Scope and Accessing Class Members 

• Class scope 

– Data members and member functions 

• File scope 

– Nonmember functions 

• Inside a scope 

– Members accessible by all member functions 

• Referenced by name 

• Outside a scope 

– Members are referenced through handles 

• An object name, a reference to an object or a pointer to an object 



 

Class definition 

class class_name { 

public: 

 

 
private: 

 
}; 

constructor and destructor 

member functions 

 
data members 



 

Class Scope and Accessing Class Members 

 
• Function scope 

– Variables only known to function they are defined in 

– Variables are destroyed after function completion 

• Accessing class members 

– Same as structs 

– Dot (.) for objects and arrow (->) for pointers 

– Example: 

• t.hour is the hour element of t 

• TimePtr->hour is the hour element 



 

Controlling Access to Members 

• public 
– Presents clients with a view of the services the class 

provides (interface) 

– Data and member functions are accessible 

• private 
– Default access mode 

– Data only accessible to member functions and friends 

– private members only accessible through the public 
class interface using public member functions 



 

Access Functions and Utility Functions 

• Utility functions 
– private functions that support the operation of public 

functions 

– Not intended to be used directly by clients 

• Access functions 
– public functions that read/display data or check 

conditions 

– Allow public functions to check private data 

 
• Following example 

– Program to take in monthly sales and output the total 

– Implementation not shown, only access functions 



 

Implementing a Time Abstract Data Type 

with a Class 
 

• Classes 

– Model objects that have attributes (data 

members) and behaviors (member functions) 

– Defined using keyword class 

– Have a body delineated with braces ({ and }) 

– Class definitions terminate with a semicolon 

– Example: 



 

Public: and Private: are 
member-access specifiers. 

 

 

 

 

 

 

 

 

1 class Time { 

2 public: 

3 Time(); 

4 void setTime( int, int, int ); 

5 void printMilitary(); 

6 void printStandard(); 

7 private: 

 

 

 

 

 

setTime, printMilitary, and 
printStandard are member 
functions. 
Time is the constructor. 

 

 

 

8 int hour; // 0 - 23  

9 int minute; // 0 - 59 

10 int second; // 0 - 59 hour, minute, and 

11 }; second are data members. 

 



 

Implementing a Time Abstract Data Type 

with a Class 

• Member access specifiers 

– Classes can limit the access to their member functions and data 

– The three types of access a class can grant are: 

• Public — Accessible wherever the program has access to an object of the 

class 

• private — Accessible only to member functions of the class 

• Protected — Similar to private and discussed later 

• Constructor 

– Special member function that initializes the data members of a 

class object 

– Cannot return values 

– Have the same name as the class 



 

This Pointer 

The this pointer is a pointer accessible only within 
the nonstatic member functions of a class , struct , 
or union type. It points to the object for which the 
member function is called. Static member 
functions don't have a this pointer 

void Date::setMonth( int mn ) 

{ 

month = mn; // These three statements 

this->month = mn; // are equivalent 

(*this).month = mn; 

} 



 

Access functions 

• To allow clients to read the value of private data, 

the class can provide a get function. 

• To allow clients to modify private data, the class 

can provide a set function. 

#include <iostream.h> 
 

class rectangle { 
private: 

float height; 
float width; 
int xpos; 
int ypos; 

public: 
rectangle(float, float); // constructor 
void draw(); // draw member function 
void posn(int, int); // position member function 
void move(int, int); // move member function 
float get_height();  // access function 
void set_height(float); // access function 

}; 



 

float rectangle::get_height() 
{ 

return (height); 
} 

void rectangle::set_height(float h) 
{ 

height = h; 
} 

void main() 
{ 
rectangle rc(1.0, 3.0); 
float value; 

value = rc.get_height(); 
cout << "height: " << value << endl; 

rc.set_height(10.0); 
value = rc.get_height(); 
cout << "height: " << value << endl; 

} 



 

 

 

 

 

Friend functions 

• Friend functions of an object can "see" 

inside the object and access private member 

functions and data. 

• To declare a function as a friend of a class, 

precede the function prototype in the class 

definition with the keyword friend. 



 

class rectangle { 
 

friend void set_value(rectangle&, float); // friend declaration 
 

private: 

float height; 

float width; 

int xpos; 

int ypos; 

public: 

rectangle(float, float); // constructor 

void draw();  // draw member function 

void posn(int, int);  // position member function 

void move(int, int);   // move member function 

float get_height(); // access function 

void set_height(float); // access function 

}; 



 

 

 

void set_value(rectangle &rc, float h) 

{ 

rc.height = h; 

} 

 
void main() 

{ 

rectangle rc(1.0, 3.0); 

 
set_value(rc, 10.0); 

} 



 

Static class members 
We can define class members static using static 
keyword. When we declare a member of a class 
as static it means no matter how many objects of 
the class are created, there is only one copy of the 
static member. A static member is shared by all 
objects of the class. All static data is initialized to 
zero when the first object is created, if no other 
initialization is present. We can't put it in the class 
definition but it can be initialized outside the class 
as done in the following example by redeclaring 
the static variable, using the scope resolution 
operator :: to identify which class it belongs to. 



 

#include using namespace std; 

class Box 

{ public: static int objectCount; 

Box(double l=2.0, double b=2.0, double h=2.0) 

{ cout <<"Constructor called." << endl; 

length = l; breadth = b; height = h; 

objectCount++; 

} double Volume() 

{ return length * breadth * height; 

} private: double length; 

double breadth; 

double height; 

}; 

int Box::objectCount = 0; 

int main(void) 

{ Box Box1(3.3, 1.2, 1.5); 

Box Box2(8.5, 6.0, 2.0); 

cout << "Total objects: " << Box::objectCount << endl; 

return 0; 

} 



 

Constant member functions 

Constant member functions are those functions that 
are denied permission to change the values of the data 
members of their class. To make a member function 
constant, the keyword “const” is appended to the 
function prototype and also to the function definition 
header. 

Like member functions and member function 
arguments, the objects of a class can also be declared 
as const. an object declared as const cannot be 
modified and hence, can invoke only const member 
functions as these functions ensure not to modify the 

object. 
A const object can be created by prefixing the const 
keyword to the object declaration. Any attempt to 
change the data member of const objects results in a 
compile-time error. 



 

For function definition within the class 
declaration. 

 
<return_type> <function_name>() const 

{ 

//function body 

} 

Example: 

int get_data() const 

{ 

//function body 

} 



 

 

• Constructors 

Constructors 

– Initialize class members 

– Same name as the class 

– No return type 

– Member variables can be initialized by the constructor or 
set afterwards 

• Passing arguments to a constructor 

– When an object of a class is declared, initializers can be 
provided 

– Format of declaration with initializers: 
Class-type ObjectName( value1,value2,…); 

– Default arguments may also be specified in the 
constructor prototype 



 

Constructors 

when new object created usually desirable to immediately initialize it to some 

known state 

prevents object from accidentally being used before it is initialized constructor is 

member function that is called automatically when object created in order to 

initialize its value 

constructor has same name as class (i.e., constructor for class Tis 

function T::T) 

constructor has no return type (not even void) 

constructor cannot be called directly (although placement new provides 

mechanism for achieving similar effect, in rare cases when needed) 

constructor can be overloaded 

before constructor body is entered, all data members of class type are first 

constructed 

in certain circumstances, constructors may be automatically provided 

sometimes, automatically provided constructors will not have correct 

behavior 



 

Default Constructor 
 
 

constructor that can be called with no arguments known as default 

constructor 

if no constructors specified, default constructor automatically provided that 

calls default constructor for each data member of class type (does nothing for 

data member of built-in type) 
 

class Vector { // Two-dimensional vector class. 
public: 

Vector() { // Default constructor. 
x_ = 0.0; y_ = 0.0; 

} 
// ... 

private: 
 

}; 

Vector 
Vector 

 
 

u; // calls Vector(); u set to (0,0) 

x(); // declares function x that returns Vector 

double x_; // The x component of the vector. 
double y_; // The y component of the vector. 

 



 

Copy Constructor 
for class T, constructor taking lvalue reference to Tas first parameter that can be 

called with one argument known as copy constructor 

used to create object by copying from already-existing object copy 

constructor for class Ttypically is of form T(const T&) 

if no copy constructor specified (and no move constructor or move assignment 

operator specified), copy constructor is automatically  provided that copies each 

data member (using copy constructor for class 

and bitwise copy for built-in type) 

class Vector { // Two-dimensional vector class. 
public: 

// ... (e.g., default constructor) 
Vector(const Vector& v) { // Copy constructor. 

} 
// ... 

private: 

x_ = v.x_; y_ = v.y_; 

double x_; // The x component of the vector. 
double y_; // The y component of the vector. 

}; 

Vector v; 
Vector Vector 

 
w(v); // calls Vector(const Vector&) 
u = v; // calls Vector(const Vector&) 



 

Constructor Example 

class Vector { // Two-dimensional vector class. 
public: 

Vector() { // Default constructor. 
x_ = 0.0; y_ = 0.0; 

} 
Vector(const Vector& v) { // Copy constructor. 

x_ = v.x_; y_ = v.y_; 
} 
Vector(Vector&& v) { // Move constructor. 

x_ = v.x_; y_ = v.y_; 
} 
Vector(double x, double y) { // Another constructor. 

x_ = x; y_ = y; 
} 
// ... 

private: 
double x_; // The x component of the vector. 
double y_; // The y component of the vector. 

}; 

Vector 
Vector 
Vector 
Vector 
Vector 
Vector 

 
u; // calls Vector(); u set to (0,0) 
v(1.0, 2.0); // calls Vector(double, double) 
w(v); // calls Vector(const Vector&) 
z = u; // calls Vector(const Vector&) 
x(); // declares function x that returns Vector 
y = x(); // calls Vector(Vector&&) if move not elided 

 

four constructors provided 



 

Destructors 

when object reaches end of lifetime, typically some cleanup required before 

object passes out of existence 

destructor is member function that is automatically called when object 

reaches end of lifetime in order to perform any necessary cleanup 

often object may have allocated resources associated with it (e.g., memory, 

files, devices, network connections, processes/threads) 

when object destroyed, must ensure that any resources associated with object are 

released 

destructors often serve to release resources associated with object 

destructor for class Talways has name T::˜T 

destructor has no return type (not even void) 

destructor cannot be overloaded 

destructor always takes no parameters 

if no destructor is specified, destructor automatically provided that calls 

destructor for each data member of class type 

sometimes, automatically provided destructor will not have correct 

behavior 



 

Destructor Example 
 

 

example: 

class MyClass { 
public: 

MyClass(int bufferSize) { // Constructor. 
// allocate some memory for buffer 
bufferPtr = new char[bufferSize]; 

} 
˜MyClass() { // Destructor. 

// free memory previously allocated 
delete [] bufferPtr; 

} 
// copy constructor, assignment operator, ... 

private: 
char* bufferPtr; // pointer to start of buffer 

}; 
 

without explicitly-provided destructor (i.e., with destructor automatically provided 

by compiler), memory associated with bufferPtrwould not be freed 



 

Dynamic Creation and Destruction of Objects 

 
The objects in C++ are dynamically created and destroyed by 

using new and delete operators. 

new Operator 

An object can be dynamically created by using a new operator 
that returns a pointer to it. A default constructor is called for 
the newly created object. 

A special pointer called a NULL pointer is returned by the new 
operator if the requested memory is not available. 

An object created by new is alive till delete is encountered. 

General Form 

pointer variable = new data type 

Example 

int *ptr = new int; 



 

Program: 

#include<iostream.h> 

#include <conio.h> 

int main() 

{ 

int *p; //declaration of an integer 

// pointer variable 

clrscr( ); 

p=new int[15]; //allocation of memory for 15 

//integer values 

if(p=NULL) 

cout<< "\n Memory space is released"; 

else 

cout<< "\n Memory space is allocated”; 

getch(); 

return 0; 

} 



 

• Abstract Data Types 
– Introduction to...Object Models 
– Introduction to...Data Abstraction 
– Using Data Abstraction in C++ ...an introduction to the 

class 

• Members of a Class 
– The class interface, using the class, the class interface 

versus implementation 
– Classes versus Structures 
– Constructors, Destructors 
– Dynamic Memory and Linked Lists 



 

Programming Paradigms 

• The most important aspect of C++ is its ability 
to support many different programming 
paradigms 

• procedural abstraction 

• modular abstraction 

• data abstraction 

• object oriented programming (this is discussed 
later, once we learn about the concept of 
inheritance) 



 

Procedural Abstraction 

• This is where you build a “fence” around 

program segments, preventing some parts of 

the program from “seeing” how tasks are being 

accomplished. 

• Any use of globals causes side effects that may 

not be predictable, reducing the viability of 

procedural abstraction 



Modular Abstraction 
 

 

• With modular abstraction, we build a “screen” 

surrounding the internal structure of our program 

prohibiting programmers from accessing the data 

except through specified functions. 

• Many times data structures (e.g., structures) common 

to a module are placed in a header files along with 

prototypes (allows external references) 



Modular Abstraction 
 

 

• The corresponding functions that manipulate the data 

are then placed in an implementation file. 

• Modules (files) can be compiled separately, allowing 

users access only to the object (.o) files 

• We progress one small step toward OOP by thinking 

about the actions that need to take place on data... 



Modular Abstraction 
 

 

• We implement modular abstraction by 
separating out various 
functions/structures/classes into multiple .cpp 
and .h files. 

• .cpp files contain the implementation of our 
functions 

• .h files contain the prototypes, class and 
structure definitions. 



Data Abstraction 
 

 

• Data Abstraction is one of the most powerful 

programming paradigms 

• It allows us to create our own user defined data 

types (using the class construct) and 

• then define variables (i.e., objects) of those new 

data types. 



 

Abstract Data Types 
Data abstraction, or abstract data types, is a programming methodology where 
one defines not only the data structure to be used, but the processes to 
manipulate the structure 

– like process abstraction, ADTs can be supported directly by programming 
languages 

– To support it, there needs to be mechanisms for 

– defining data structures 

– encapsulation of data structures and their routines to manipulate the 
structures into one unit 

• by placing all definitions in one unit, it can be compiled at one time 

– information hiding to protect the data structure from outside interference or 
manipulation 

• the data structure should only be accessible from code encapsulated with 
it so that the structure is hidden and protected from the outside 

• objects are one way to implement ADTs, but because objects have 
additional properties, we defer discussion of them until the next chapter 



 

 

 

#include <iostream.h> 

class stack { 

private: 

int *stackPtr; 

int max; 

int topPtr; 

public: 

Example 

Unlike the Ada example, in C++, the 

entire definition is encapsulated in one 

location 

 
Information hiding is preserved through 

the use of a private part with the interface 

being defined in the public part 

stack( ) { // constructor 

stackPtr = new int [100]; 

max = 99; 

topPtr = -1; 

Any methods that are to be defined in this 

class but not accessible outside of the 

class would also be defined in the private 

section 

} 

~stack( ) {delete [ ] stackPtr;} // destructor 

void push(int number) {…} // details omitted 

void pop( ) {…} 

int top( ) {…} 

int empty( ) {…} 



 

ADT Design Issues 

• Encapsulation: it must be possible to define a unit that 
contains a data structure and the subprograms that 
access (manipulate) it 
– design issues: 

• will ADT access be restricted through pointers? 

• can ADTs be parameterized (size and/or type of data being stored)? 

• Information hiding: controlling access to the data 
structure through some form of interface so that it 
cannot be directly manipulated by external code 
– often implemented via two sections of code 

• public part (interface) constitutes those elements that can be accessed 
externally (often limited to subprograms and constants) 

• private part, which remains secure because it is only accessible by 
subprograms of the ADT itself 



 

C++ ADTs 
C++ offers two mechanisms for building data structures: 
the struct and the class 

– because the struct does not have a mechanism for information 
hiding, it can only offer encapsulation (and encapsulation is not 
enforced when using structs, merely available), so for a true 
ADT, we must use C++s object 

– C++ classes contain both visible (public) and hidden (private) 
components (as well as protected for inheritance) 

– C++ instances can be static, heap-dynamic and stack-dynamic 

• the lifetime of an instance ends when it reaches the end of the scope of 
where it was declared 

• a stack-dynamic object may have heap-dynamic data so that parts of the 
object may continue even though the instant is deallocated 

– we defer most of our discussion of objects in C++ to the next 
chapter, but we will see an example next 



 

 

 

 

 

 

 

Unit-3 

Inheritance 



 

Class Hierarchy 

Hierarchical Inheritance in C++ refers to the 

type of inheritance that has a hierarchical 

structure of classes. A single base class can 

have multiple derived classes, and other 

subclasses can further inherit these derived 

classes, forming a hierarchy of classes 



 

Different forms of Inheritance 

Inheritance is one of four pillars of Object- 

Oriented Programming (OOPs). It is a feature 

that enables a class to acquire properties and 

characteristics of another class. Inheritance 

allows you to reuse your code since the 

derived class or the child class can reuse the 

members of the base class by inheriting them. 

https://www.simplilearn.com/tutorials/java-tutorial/oops-interview-questions
https://www.simplilearn.com/tutorials/java-tutorial/oops-interview-questions
https://www.simplilearn.com/tutorials/cpp-tutorial/classes-in-cpp


 

Single Inheritance 

Single Inheritance is the most primitive among 

all the types of inheritance in C++. In this 

inheritance, a single class inherits the 

properties of a base class. All the data 

members of the base class are accessed by the 

derived class according to the visibility mode 

(i.e., private, protected, and public) that is 

specified during the inheritance. 



 

Multiple Inheritance 

The inheritance in which a class can inherit or 

derive the characteristics of multiple classes, 

or a derived class can have over one base 

class, is known as Multiple Inheritance. It 

specifies access specifiers separately for all the 

base classes at the time of inheritance. The 

derived class can derive the joint features of all 

these classes and the data members of all the 

base classes are accessed by the derived or 

child class according to the access specifiers. 



 

Multilevel Inheritance 

The inheritance in which a class can be derived 
from another derived class is known as Multilevel 
Inheritance. Suppose there are three classes A, B, 
and C. A is the base class that derives from class 
B. So, B is the derived class of A. Now, C is the 
class that is derived from class B. This makes 
class B, the base class for class C but is the 
derived class of class A. This scenario is known as 
the Multilevel Inheritance. The data members of 
each respective base class are accessed by their 
respective derived classes according to the 
specified visibility modes. 



 

Program: 

class electronicDevice 

{ 

public: electronicDevice() 

{ cout << "I am an electronic device.\n\n"; 

}}; 

class Computer: public electronicDevice 

{ 

public: Computer() 

{ cout << "I am a computer.\n\n"; 

}}; 

class Linux_based : public Computer 

{ 

public: Linux_based() 

{ cout << "I run on Linux.\n\n";; 

}}; 

int main() 

{ 

Linux_based obj; // constructor of base class 1, 

return 0; 

} 



 

Hierarchical Inheritance 

The inheritance in which a single base class 

inherits multiple derived classes is known as 

the Hierarchical Inheritance. This inheritance 

has a tree-like structure since every class acts 

as a base class for one or more child classes. 

The visibility mode for each derived class is 

specified separately during the inheritance and 

it accesses the data members accordingly. 



 

Hybrid Inheritance 

Hybrid Inheritance, as the name suggests, is the 

combination of two or over two types of 

inheritances. For example, the classes in a 

program are in such an arrangement that they 

show both single inheritance and hierarchical 

inheritance at the same time. Such an arrangement 

is known as the Hybrid Inheritance. This is 

arguably the most complex inheritance among all 

the types of inheritance in C++. The data 

members of the base class will be accessed 

according to the specified visibility mode. 



 

Base Class 
In C++ or object-oriented programming, a base class is 
defined as any existing class from which other classes 
can be derived. A base class is sometimes alternately 
called a parent class or a superclass. The members and 
functions of a base class can be acquired by other non- 
base classes. 

The syntax of the base class is the same as any other 
regular class syntax. The syntax is as follows: 

 
class base_class 

{ 

//class_members 

//class_member_functions 

} 



 

Derived class 

A derived class is defined by specifying it 

relationship with the base class in addition to its own 

details. 

 
Syntax: 

class derived-class-name : visibility-mode base-class-name 

{ 

//members of derived class 

} 



 

Access to the base class members 
The base class members can be accessed by its sub- 
classes through access specifiers. There are three types of 
access specifies. They are p 

Public: 
When the base class is publicly inherited, the public 
members of the base class become the derived class 
public members.ublic, private and protected. 

Protected: 
When the base class is derived in protected mode, the 
‘protected’ and ‘public’ members of the base class 
become the protected members of the derived class. 

Private: 
When a base class contains members, that are declared as 
private, they cannot be accessed by the derived class 
objects. They can be accessed only by the class in which 
they are defined. 



 

Base and Derived class constructor 
When we inherit class into another class then object of 
base class is initialized first. If a class do not have any 
constructor then default constructor will be called. But 
if we have created any parameterized constructor then 
we have to initialize base class constructor from 
derived class. 

We have to call constructor from another constructor. It 
is also known as constructor chaining. 

When we have to call same class constructor from 
another constructor then we use this keyword. In 
addition, when we have to call base class constructor 
from derived class then we use base keyword. 



 

public class Abc 

{ public int p, q; 

public Abc(int p1, int p2) 

{ p = p1; q = p2; } 

public int sum(int x, int y) 

{ return (x + y); } };//derived class/ child class 

public class Pqr : Abc 

{ public int a; 

public Pqr(int a1,int p1, int p2):base(p1,p2) 

{ a = a1; } 

public int sub(int x, int y) 

{ return (x - y); 

}} 



 

Destructors 

Destructors in C++ are members functions in a class 

that delete an object. They are called when the class 

object goes out of scope such as when the function 

ends, the program ends, a delete variable is called etc. 

Destructors are different from normal member 

functions as they don’t take any argument and don’t 

return anything. Also, destructors have the same 

name as their class and their name is preceded by a 

tilde(~). 



 

#include<iostream> 

using namespace std; 

class Demo 

{ private: int num1, num2; 

public: Demo(int n1, int n2) 

{ cout<<"Inside Constructor"<<endl; 

num1 = n1; num2 = n2; } 

void display() 

{ cout<<"num1 = "<< num1 <<endl; 

cout<<"num2 = "<< num2 <<endl; } 

~Demo() 

{ cout<<"Inside Destructor"; }}; 

int main() 

{ Demo obj1(10, 20); obj1.display(); 

return 0; } 



 

 
 

Virtual base class 

 
Virtual classes are primarily used during 

multiple inheritance. To avoid, multiple 

instances of the same class being taken to the 

same class which later causes ambiguity, 

virtual classes are used. 



 

#include <iostream> 

using namespace std; 

class A 

{ public: int a; 

A() 

{ a = 10; }}; 

class B : public virtual A {}; 

class C : public virtual A {}; 

class D : public B, public C {}; 

int main() 

{ //creating class D object D object; 

cout << "a = " << object.a << endl; 

return 0; } 



 

Static Binding 

 
Defining multiple methods with the same 

name but difference in the number of 

arguments or the data type of arguments or 

ordering of arguments and resolving this 

method calls among multiple methods at 

compilation itself is called Static Binding or 

Early binding or Method overloading 



 

#include <iostream> 

using namespace std; 

class ComputeSum 

{ 

public: 

int sum(int x, int y) 

{ 

return x + y; 

} 

int sum(int x, int y, int z) 

{ 

return x + y + z; 

} 

}; 

int main() 

{ 

ComputeSum obj; 

cout << "Sum is " << obj.sum(10, 20) << endl; 

cout << "Sum is " << obj.sum(10, 20, 30) << endl; 

return 0; 

} 



 

Dynamic binding 

 
Dynamic binding in C++ is a practice of 

connecting the function calls with the function 

definitions by avoiding the issues with static 

binding, which occurred at build time. Because 

dynamic binding is flexible, it avoids the 

drawbacks of static binding, which connected 

the function call and definition at build time. 



 

#include <iostream> 

using namespace std; 

class B 

{ 

public: 

virtual void f() { 

cout << "The base class function is called.\n“; 

}; 

class D: public B 

{ 

public: 

void f() { 

cout << "The derived class function is called.\n"; 

}}; 

int main() 

{ 

B base; 

D derived; 

B *basePtr = &base; 

basePtr->f(); 

basePtr = &derived; 

basePtr->f(); 

return 0; 

} 



 

virtual function 

 
A virtual function in C++ is a base class member 
function that you can redefine in a derived class 
to achieve polymorphism. You can declare the 
function in the base class using the virtual 
keyword. Once you declare the function in the 
base class, you can use a pointer or reference to 
call the virtual class and execute its virtual 
version in the derived class. Thus, it asks the 
compiler to determine the object’s type during 
run-time and create a function bind (late binding 
or dynamic linkage). 



 

Dynamic binding through virtual functions 

A virtual function is used where we want to allow the derived 
class to replace the implementation of the same function in 
base class. The compiler always calls the derived class 
function when called with object of the derived class or an 
object of base class holding the address of the derived class 
object. The derived class can fully replace the definition of the 
base class virtual function or could partially replace by calling 
the base class function in the implementation of the derived 
class function. 

A virtual function is declared by using the 'virtual' prefix to the 
declaration of that function. A call to virtual function is 
resolved at the run-time by analyzing the actual type of object 
that is calling the function. This is known as dynamic 
binding.if the object has one or more virtual functions, the 
compiler puts a hidden pointer in the object called a "virtual- 
pointer" or "v-pointer." This v-pointer points to a global table 
called the "virtual-table" or "v-table." 

http://www.go4expert.com/articles/virtual-static-friend-functions-cpp-t29967/


 

Virtual function call mechanism 

 
Virtual function call is usually implemented as an 
indirect function call through a per class table of 
function that are generated by compiler. Virtual 
function must be called by specifying objects pointed 
by the base pointers, so that it determines which 
function to be invoked. As the virtual function that is 
defined in base class is not required be to defined in 
derived class. Otherwise, the virtual function of base 
class will be used by default in all calls. If a virtual 
function is called through pointer or reference the 
actual object type is not known. For this reason, 
virtual function call mechanism is used. 



 

#include<iostream.h> 

#include<conio.h> 

class X 

{ 

int x; 

public: 2 

X() 

{ x=15; } 

virtual void display() 

{ cout<<“\n x=”<<x; } }; 

class Y: public X 

{ 

int y; 

public: 

Y() 

{ y = 25; } 

void display() 

{ cout<<"\ny="<<y; }}; 

int main() 

{ 

clrscr(); 

Y k; 

b = &a; 

b → display(); 

b = &k; 

b → display(); 

getch(); 

return 0; 

} 



 

pure virtual function 
A pure virtual function in c++ is a virtual function for 

which we do not have an implementation. We do not 

write any functionality in it, instead, we only declare this 

function. A pure virtual function does not carry any 

definition that is related to its base class. A pure virtual 

function is declared by assigning a zero (0) in its 

declaration. Any class that contains one or more than one 

pure virtual function, can not be used for defining any 

object. For this reason,   these   classes   are   known 

as abstract classes. Classes derived from abstract classes 

need to provide the implementation of the pure virtual 

functions of these classes. 



 

Abstract classes 
An abstract class in C++ has at least one pure virtual 

function by definition. In other words, a function that has 

no definition. The abstract class's descendants must define 

the pure virtual function; otherwise, the subclass would 

become an abstract class in its own right. 

Abstract classes are used to express broad concepts from 

which more concrete classes can be derived. An abstract 

class type object cannot be created. To abstract class 

types, however, you can use pointers and references. 

Declare at least one pure virtual member feature when 

creating an abstract class. The pure specifier (= 0) syntax 

is used to declare a virtual function. 

https://www.simplilearn.com/c-plus-plus-programming-for-beginners-article
https://www.simplilearn.com/tutorials/cpp-tutorial/cpp-functions
https://www.simplilearn.com/tutorials/cpp-tutorial/classes-in-cpp
https://www.simplilearn.com/tutorials/cpp-tutorial/pointers-in-cpp
https://www.simplilearn.com/tutorials/cpp-tutorial/call-by-value-and-call-by-reference-in-cpp


 

Virtual Destructor in C++ 

 
A destructor in C++ is a member function of a class 

used to free the space occupied by or delete an object 

of the class that goes out of scope. A destructor has 

the same name as the name of the constructor 

function in a class, but the destructor uses a 

tilde (~) sign before its function name. 



 

#include<iostream> 

using namespace std; 

class Base 

{ 

public: Base() 

{ 

cout<< "\n Constructor Base class"; 

} 

~Base() 

{ cout<< "\n Destructor Base class"; } }; 

class Derived: public Base 

{ 

public: 

Derived() // Constructor function 

{ cout << "\n Constructor Derived class" ; } 

~Derived() // Destructor function 

{ cout << "\n Destructor Derived class" ; } }; 

int main() 

{ 

Base *bptr = new Derived; // Create a base class pointer object 

delete bptr; /* Here pointer object is called to delete the space occupied by the destructor.*/ 

} 



 

 

 

 

 

 

 

 

 

 
 

 

 

UNIT-4 

Input and Output in C++ 



 

Introduction 

• Every program takes some data as input and generates 
processed data as output. 

• C++ supports set of I/O functions. 

• C++ uses the concepts of stream and stream classes to 
implement its I/O operations with console and disk 
files. 



 

Streams in C++ 

• Stream is a sequence of bytes. 

• If data is received from input device in sequence then 
it is called as source stream. 

• When data is passed to output devices then it is called 
destination. 

• The data is received from keyboard or disk and can be 
passed on to monitor or to the disk. 



 

 

 

 

 



 

 

Stream Classes 

 
1. Ios class is topmost class for 
stream,ostream,streambuf class. 

 
• 2. Istream and ostream seres the base classes for iostream 
class. 

• 3. Class ios is indirectly inherited to iostream class 
• using istream and ostream. 



 

 

 

 

 

 

 

Iosclass:The ios class is responsible for providing all input and 
output facilities to all other stream classes. 

 
Istream class: This class is responsible for handling input stream. It 
provides number of function for handling chars, strings and objects 
such as get,getline. 

 
Ostream class: This class is esponsible for handling output stream. It 
provides number of functon for handling chars strngs and objects such 
as write,put. 
Ios class has an ability to handle formatted and unformatted 
operations. 



 

 

 

 

 

Istream_withassign class:This class is variant of 

istream that allows object assignment. The 

predefined object cin is an object of the class and 

thus may be reassigned at runtime to a different 

istream object. 



 

 

 

Unformatted console I/O operations Input and output 
streams 
Input stream uses cin object to read data . 

 

Cin statement uses>>(extraction) operator before variable name 
. 
Syntax: 

cin>>variable; Example: 
int weight; cin>>weight; 



 

 
 

Unformatted console I/O operations 
Output Streams 

It displays the contents of variables on the screen. It 
uses cout object. 

 

cout statement uses <<(insertion) operator before 
variable name. 

Syntax: 
cout<<variable; Example: 
int weight; 
cout<<weight; 



 

Unformatted console I/O operations 

get() and put() 

• The single character input and output operations in c++ can be 
done with get() and put() functions. 

• get()-reads character. 

• Put()-displays the character. 

Syntax:get(char)-assign the input characer to its argument. 
char c; 
cin.get(c); 

get(void)-returns the input character. char c; 
c=cin.get(); 

Value returned by function get() is assigned to c. 



 

 

 

 

 

 

 

Unformatted console I/O operations 

 
The function put() can be used to output a 

line of text, character by character. 

cout.put(‘x’); 



 

Program: 

To write a program to read and print single character using 
get and put 
#include<iostream.h> 
#include<conio.h> Void 
main() 

{ 
char ch; char 
x; clrscr(); 
cout<<“enter character for ch\n”; 
cin.get(ch); 
cout<<“character ch=“; 
cout.put(ch); 
cout<<“\n enter character for x\n”; 
cin>>x; 
cout<<“character x=“<<x; 
getch(); 

} 



 

File I/O 

 
File 

A file represents a sequence of bytes on disk. Where a group of 

related data is stored. File is created for permanent storage of 

data. 

Types of files: 

Text file: 

Text files are named .txt files that you can easily create 

using Notepad. 

File contains plaintext you can easily edit or delete the 

content. 

Binary file: 

Binary files are mostly .bin files in your computer. 

Instead of storing data in plaintext .they store it in the 

binary form of(0’s&I’s) 



 

 

Iostream standard library 

 
which provides cin & cout methods 

f stream: 

supports for simultaneous i/p &o/p operations on 

files. 

if stream: 

provides i/p operations on files. 

of stream: 

provides o/p operations on files. 



 

file i/p & o/p streams 

 

 
Read data 

from disk 
 
 

 

 

 

 

 

 

 

 
 

o/p stream 

program Disk files 

  -   

 

i/p stream 

 



 

Stream 

classes 
 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 
 

istream 

iostream if stream 

ostream 

fstream 

of stream 



 

Opening a file 

 
A file must be opened before you can read from 

it or write to it. 

of stream or f stream obj may be used to open 

a file for write. 

if stream obj is used to open a file for reading 

purpose only. 

Syntax: for open() functionvoid open(const char 

*filename, ios:: open mode mode); 



 

 

Mode flags 

 
ios:: app -> Append mode. All o/p to that 

file to be appended to the end 

ios::ate-> open file for o/p & move the read/write 

control to the end of the file. 

ios:: in-> open a file for 

reading ios ::out-> open a 

file for writing 

ios::trunc-> if the file already exists, its contents 

will be truncated before opening the file . 



 

 

 

Closing A File 

Closing a file-> c++ automatically closes all 

the opened files &releases all the allocated 

memory. 

Synatx: 

void close(); 



 

 

 

writing to a file 

 

• writing to a file: 

• We use stream insertion operator(<<) only 

difference is we use of stream or f stream 

object instead of cout object. 

 
• Reading from a file: 

• We use stream extraction 

operator(>>) if stream or of stream 

object instead of cin object. 



 

File i/o with c++ 
 

Examples: 
#include<f stream> using namespace std 

int main() 

{ 

int a, b, c; 
if stream fin; // create file i/p stream object 
fin.open(my input.dat”); // open i/p file 
fin>>a>>b; //read two values from i/p file of stream fout; 
fout.open(“my output.dat”); //open o/p file 
fout<<c<<endl; 
fin.close(); 
fout.close(); 

} 



 

 

 

Using strings 

 
• The standard solution to the problem of dealing with 

unexpected user input is to read in data one full line at a 
time into a string 

– e.g. by using getline() functions 

 
• Problem is that extracting meaningful data from the string 

is hard 

– We lose all the advantages of the input routines 
provided by C++ stream types 



 

Stringstream 

 
• In C programming we are able to break up strings using 

sscanf(), which offers all the features of scanf(), but 

operates on strings 

• In C++ the stringstream class provides an interface to 

manipulate strings as if they were streams 

• We can use all the usual stream operators on objects of 

stringstream type 

– >>, <<, getline, etc. 



 

 

String 

stream 

•  The string stream class can be 

used 

– to extract data from a string 

– to build up a string of data using 

the notation for writing to a file 



 

 

 

String stream 

 
#include <sstream> 

 
int val; 

stringstream s; 

 
s << “120 42 277 6 5 200” 

for (int i = 0; i < 6; i++ ) 

{ 

s >> val; 

cout << val << endl; 

} 



 

C++ String Stream Classes 
 

#include <iostream> 

#include <fstream> 

#include <sstream> 

using namespace std; 

int main () 

{ 

ifstream ifs (“in.txt”); 

if (ifs.is_open ()) 

{ 

string line_1, word_1; 

getline (ifs, line_1); 

istringstream iss (line_1); 

iss >> word_1; 

cout << word_1 << endl; 

} 

• <sstream> header file 
– Use istringstream for input 

– Use ostringstream for output 

• Useful for scanning input 
– Get a line from file into string 

– Wrap string in a stream 

– Pull words off the stream 

• Useful for formatting output 
– Use string as format buffer 

– Wrap string in a stream 

– Push formatted values into stream 

– Output formatted string to file 



 

Operator Overloading 

• This chapter shows how to enable C++’s operators to work 

with objects—a process called operator overloading. 

• One example of an overloaded operator built into C++ is <<, 

which is used both as the stream insertion operator and as the 

bitwise left-shift operator.. 

• C++ overloads the addition operator (+) and the subtraction 

operator (-) to perform differently, depending on their 

context in integer, floating-point and pointer arithmetic with 

data of fundamental types. 

• You can overload most operators to be used with class 

objects—the compiler generates the appropriate code based 

on the types of the operands. 



 

Using the Overloaded Operators of 

Standard Library Class string 

• Figure 10.1 demonstrates many of class string’s overloaded 

operators and several other useful member functions, 

including empty, substr and at. 

• Function empty determines whether a string is empty, 

function substr returns a string that represents a portion of 

an existing string and function at returns the character at a 

specific index in a string (after checking that the index is in 

range). 

• Chapter 21 presents class string in detail. 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

Error Handling During File Operations 

 
It's quite common that errors may occur during file 

operations. There may have different reasons for arising 

errors while working with files. The following are the 

common problems that lead to errors during file 

operations. 

• When trying to open a file for reading might not exist. 

• When trying to read from a file beyond its total number 

of characters. 

• When trying to perform a read operation from a file that 

has opened in write mode. 

• When trying to perform a write operation on a file that 

has opened in reading mode. 

• When trying to operate on a file that has not been open. 



 

 

 

During the file operations in C++, the status of the current file stream 

stores in an integer flag defined in ios class. The following are the file 

stream flag states with meaning 

 
Flag BitMeaning 

badbit1 when a fatal I/O error has occurred, 0 otherwise. 

Failbit1 when a non-fatal I/O error has occurred, 0 otherwise 

Goodbit1 when no error has occurred, 0 otherwise 

Eofbit1 when end-of-file is encountered, 0 otherwise. 

 
We use the above flag bits to handle the errors during the file 

operations. 



 

Error Handling During the File Operations in C++ 
The C++ programming language provides several built-in functions to 

handle errors during file operations. The file error handling. The 

following are the built-in functions to handle file errors. 
 

 

 

 

Function Return Value 

int bad() It returns a non-zero (true) value if an 

invalid operation is attempted or an 

unrecoverable error has occurred. Returns 

zero if it may be possible to recover from 

any other error reported and continue 

operations. 

int fail( ) It returns a non-zero (true) value when an 

input or output operation has failed. 

int good() It returns a non-zero (true) value when no 

error has occurred; otherwise returns zero 

(false). 



 

Formatted I/O 
 

Formatted I/O functions are used to take various 

inputs from the user and display multiple outputs 

to the user. These types of I/O functions can help 

to display the output to the user in different 

formats using the format specifiers. These I/O 

supports all data types like int, float, char, and 

many more 



 

Formatting using the ios members 
The stream has the format flags that control the way of formatting it 

means Using this setf function, we can set the flags, which allow us to 

display a value in a particular format. The ios class declares a bitmask 

enumeration called fmtflags in which the values(showbase, showpoint, 

oct, hex etc) are defined. These values are used to set or clear the format 

flags. 

 
Few standard ios class functions are: 

width(): The width method is used to set the required field width. The 

output will be displayed in the given width 

precision(): The precision method is used to set the number of the decimal 

point to a float value 

fill(): The fill method is used to set a character to fill in the blank space of 

a field 

setf(): The setf method is used to set various flags for formatting output 

unsetf(): The unsetf method is used To remove the flag setting 



 

 

 

 

 

 

 

UNIT-5 

Exception Handling 



 

 

 

 

 

 

 

 

 

 

Types of Errors 

 Compile time 

 Run time 



 

 

 

 

 
 

Runtime 

Exameprler: ors: 
A= 
10 
B=0 
C=A/B->10/0 Division is not possible 
Division by Zero exception 



 

 

 

Exception 

 
• ->It is a runtime error. 
• ->It is any abnormal event or unexpected 
problem which occurs during the execution of a 
program. 
• ->That disturb the program flow of execution. 

• Exception Handling: 

• Exception Handling is a mechanism, which 

handle an exception. Exception Handling goes 

throw three keywords 



 

 

 
 

Try: It is a keyword, it contains block of statements or code which are 

doubt full or error generated. 

 

throw: When error is occurred in try block then throw a value with 

the help of throw keyword 

Syntax: 

try 

{ 
doubt full code throw value; 
} 



 

 

 

 

 

 

 

 

catch: It contains block of code which catch the error and 

handled. 

->It defines the action to be taken, when an exception 
occur. 

 
Syntax: 
catch(datatype variable) 

{ 

Handling code 

} 



 

 

 

 

 

 

 

Inheritance and Exception Handling 

 
base class(Existing) derived 

class(new) 

Syntax try 

{ 

throw object; 

} 

catch(A t1) 

{ 
 
 

}; 



 

 

 

 

Write a program to handle marks exception, age exception using single 

inheritance 
 

 

 
 

 

 

 
B 

 

A 



 

 

#include<iostream.h> 

#include<conio.h> 

class A 

{ 

public: 

int marks; 

void put marks() 

{ 

cout<<“Marks=“<<marks; 

} 

}; 

class B:public A 

{ 

public: 

int age; void putage() 

{ 

cout<<“age=“<<age; 

} 

}; 



 

void main() 

{ 

B b1; 

clrscr(); 

cout<<enter marks and 

age are\n”; 

cin>>b1.marks>>b1.age; 

try 

{ 

if(b1.marks<0&&b1.marks>1 

00)!!b1.age<0 throw b1; 

else 

b1.putma 

rks(); 

b1.putage 

(); 

} 

catch(B t1) 

{ 

cout<<“marks can’t be thrown & more than 100 or age 

can’t be lessthan 0\n”; 

} 

catch(A t2) 

{ 
cout<<“this catch block never exceuted\n”; 



 

 

 
 

Stack Unwinding 
 

The process of removing function entries from function call stack 

at run time is called Stack Unwinding. 

Stack Unwinding is generally related to exception Handling. 

 
In c++ when an exception occurs, the function call statck is 

linearly searched for the exception handler, and all the entries 

before the function with exception handler are removed from the 

function call stack. 
So exception handling involves stack unwinding if exception is 
not handled in same function(where it is thrown). 



 

#include<iostream.h> 

void f1() throw(int)//function f1()that throws an int exception 

{ 

cout<<“\n f1() Start”; throw 100; 

cout<<“\n f1() End”; 

} 

void f2()throw (int)//another function f2() that calls f1() 
{ 
cout<<“\n f2() Strat”; f1(); 
cout<<“\n f2() End”; 
} 

void f3() 

{ 

cout<<“\n f3() Start”; try 

{ f2(); 

} 

catch(int i) 

{ 

cout<<“\n Caught Exception:”<<I; 

} 

cout<<“\n f3() End”; 

} 

int main() 

{ f3(); 



 

 

Rethrowing an exception 

 
If a catch block cannot handle the particular exception it has 

caught, you can rethrow the exception. The rethrow expression 

(throw without assignment_expression) causes the originally 

thrown object to be rethrown. 

Because the exception has already been caught at the scope in 

which the rethrow expression occurs, it is rethrown out to the 

next dynamically enclosing try block. Therefore, it cannot be 

handled by catch blocks at the scope in which the rethrow 

expression occurred. Any catch blocks for the dynamically 

enclosing try block have an opportunity to catch the exception. 
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